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1 %$%s%H%M%@%/%7%g%s
1.1  K\8&5f$NL\E*

KL3$F;Bg3X$GS$O!"KL3SF;L>4s; TSK@_CVS7$AKBIRGHT%]|%+K>156 @SKEK:\$9$k$?$a$NOG
@140QB,MQBg5$MI$i$.Jd=~8w3X70$r3+H/$7$F$$Sk!#Id=~8w3X7O$HS$O!"Bg5$MI$i$.SK$h$CSFMp
$I$?E7BNSNBWSNGHLLSr!"85SN@5$7$SGHLLEKD>$9%7%9%F% $G$"$k!#=>Mh$NE7I8MQJId=~8w3X70
$r;H$C$?0G@1$N4QB,$G$0!"4QB,BP>]$N6aK5$SKGHLL;2>HBQENEERD $,1, MWSHSJ
$k$?$a!"8BSiSI$?;~4|SK$7$+40QB, $roT$&S3FHS, $G$-$I$$3,!"K\Id=~8wW3X70$G$O0G @ 1LK\BN$r
GHLL$N;2>H8wW8;$HSISkS3ISHSG!"$3SNLAB|j$r2r>C$Ok$3SHSr8IFSS7SF SISk #$"$?=>Mh7?$N
Jd=~8w3X703$G3$0!"Id@5;kLn%5%%$%:$,0GCG@1;kD>7B$h$j$b69$SLdB}$,$"$k!#$=3$33CGOC @1%5%$
%:3N;kLn(50") $rid=~$98k$?$a$K!"9-;kLn$JIId=~8w3X70%7%9%F% $G$"$kCOI=LLId=~8w3X70O
(GLAO) I"$b$7$/$0I#HAXGHLLE&LIId=~8W3XMTAO) $NI=@.$r8IF$S7SFSSKI#SISNS!
FSEN$?$a$KS$O!"L>4s; T>e6u$NBg5SMI$i$. SNM-8z9bEYSrDASY $ki, MWSE,$"$k!#$=$3$GK\8&5f$G
$O!"MASS-DIMM(Multi-Aperture Scintillation Sensor with Dier ential Image Motion
Monitor; Kornilov et al. 2007) $r;H$C$F!"E7J8Bf>e6uSNBg5$MISiS.SNObEY J,[[$rB,Dj$7
$2#

1.2 Bg5$MI$i$.Jd=~8w3X70

Jd=~8w3X70$0!"CO5e$NBg5$MISi$.$KShSKGHLLENMpSISro6j% %6k ?%$% $GId@5$7!"6u4Vd,2r
G=$N8~>e$r<B8=$9$Kk%7%9%F% $G$"SKI#SISNSW3IX70$0!"GHLL%;%s%5!"2DIQ7A6@!" @)8{%7%9%F
% $NB SDSNMWAGSG<gSK@.$iN)$CSFSSSKI#GHLLY%;%65%5$0!" GHLLEN79$-$d6IN($rB, DjSOSk$3$H
$,$G$-$k!#B,Dj$7$2%G!<%?$0@)8%7%9%F% $KAWSIS!!" GHLLY%;%s%5$GB, Dj$7$?GHLLSN>pIs$+
$i2DIQ7AB@SKM2$($k?.9Fr7W:: $9SK I #$=$7SFBg5SMISIS. $r%-06c%s%; %k $OSKShSESI7TASK2DIQ
7A6@$rIQ7AS$5$;$F!"Bg5$MISiS. SN1F6ASrId@5$9$KI#$3$NITDX$rBg5$MIS$is. $N;~Dj2t$h$ish
Aa$/9T$&SISHSG!" %j%"%k%2%$% $SGB5SMISIS. SN1F6ASId@5$7B3$1$kS3SHS, $G$-$k!#

E7J8BI$NES7?E*$J%7!<%$%s %@ Bg5SMI$is. AXSNM-829bE Y km $H2>Dj$9SkeH!"=>
Mh$NE7J8MQJd=~8w3X7O0$NId@5;kLn%50BWHHISKI#$3$I$00G @ 1;kD>7BSh$i$b69$SSN
$G!I"=>Mh7?$NJId=~8w3X70$G$00G @ 1A4BNSrId@5$9$k$3SHS, $C$-$I$$1#S3SNLAB|$r2r7Th$ISkS?
$a$K!"COI=LLId=~8W3XTGLAO) I"J#HAXGHLL6&LrId=~8W3X{MMCAO) $H$$$&9-;KLn$J
Jd=~8W3X70%7%9%F % $,B8; $OED $O!"@\COAXSNBg5SMISIS. NS $rId@5$9$kId=~8w3X
70$G$"$kI#Dc$SSAXSCSNGHLLENMpSI$SO9-$$3QEYHOOOFb$GOIDj$HS_$I$:SkSNSG!"Hs>0$K9-$$:k
Ln$NId@5$,2DG=$G$"$k!#COI=LL$d7zI*$KShSKK ;$SGMpN.$,H/@8$9$k$?$al"Bgs$MISis. SNBy
1tJ, $OCOI=LL$K=8CI$7SF$SSKI#ShSCSF@\COAXSNMISi$.$,6/$$%5%$%HSCSO!"$3$NI=@.$G==J,
$JJ,2rG=$N8~>e$,4|BT$G$-$kI#0IJIMCAO $O!"J#?tSNIbEYSNBg5$MI$i$. $rd,N%6$7$FB, Dj
$71"$=$I$>$ISNODE YSKBP1~$7$2I#2t$SN2DIQ7A6@$r;HSCHFI-$$;KLNSCSNGHLLENId=~$roT$&!#
$hSCSFI#?tSNIDE YSGBg5SMISi$. $,Bg$-$$;~SKI"$3SNY%67969%F% SNMXMQ$,4|BTSGS-$kI#$7$+$7
2DJQ7A6@$rI#?tHS$&S$?$SELAO $h$i$bAUCVS,Bg5,LOSKSISk2DG=@-$,$"$k!#!!
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1.3 %T%|%+K>1s6@

%T%]%+K>1s6 @$0!"<g6 @8LZBH SN2D; K @V30K>1s6 @$G$"$kI#<g$SKOG@14QB, $rL\E*$SHS7
$?7K>1s6@$G$"$)!"B@M[700G@14QB,MQ$NBW3IXK>1s6 @SHS7$F$O @$3&:GRIBFPBE $k!# 1=
1s6 @$N<g$J;EMMSPr<($9'#

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

7A<0 %j%C%A!<%/%I|%A%" %S
>GE@%b!<%l %+%;%0%|%ds$EEI%9% _%69> 3 5
M-8z8}7B 1600 mm

9g@.>GE@5wNP8237.7 mm (F/12.0)

2N 1.3 %T%j%+K>1s6@



%T%j%+K>1s6 @$N%+%;%0%I%s>GE@3$K$O!"KL3$F;Bg3XBg3X1!IM}3X8&5f1I0OG@11'Ch%0%k!<%V
PKSh$CSF3+H/$551$7%9%Z%/%H%k;#A| AdENMulit-Spectral Imager)[Watanabe et al.,
2012]$,Ek:\$5$ISFSSSKkI# MSI SN<gSJ;EMMS$rIE. 2 $K5-=R$ISKIM S| $SNY%6+%a%isGSCH200-
13(IM>>%[%H%K%8a@"EM-CCD(Electron Multiplying CCD : EM-CCD) $rMQ$$$FS$SKk!I#
$3$NCCD $H1U>=2DIQ%U%#%KkRAqikd Crystal Tunable Filter : LCTF) $rMQ$$$k$3$H
$G!"2D;k6a@V@~30GHD90h$K$*$$$FB?GHDISNG9BS0%9%Z%/%HY%k%$%a!<%8%rC;;~4V$G8zN($h$/
HA|SISKSISHS, SCS-$k!#

I= 1.2: MSI$N<g$J;EMMVatanabe et al.]
GHD90h 360{1050 nm
;kLn3Q
{%N!<%"%k%b!<%!| 3.3' 3.3' (0.389"/pixel)
{9b2rA|[EY%b!<%|  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,Ic
CCD %+%a%i C9100-13 (M>>%[%H%K%/%9
%"%I1%$%5%$%: 512 512 pixel
%T%/%;%k%5%$%: 16 16 m




1.4 %5%$%(%S%9%11<%9

KL3$F;Bg3X$G3+H/CISNOG@ 14QB,MQBg5$MI$i$.Jd=~8w3X70$0!">WSK$ISC$?LE@ 1$N;kD>7B
47") $rJd=~$CS-$kB[$ISNI-$$Id@5;KLNSr;}$DI#$3ENSh$&$I9-;KLN$IId=~8W3X7O$G4|BT$5$
$k%5%$%0(%s%9%1!<%I$HS$7SF!"LZ@1Bg5$SNBPN.%W%m%;%9$,$"$k!#

2D;k8WSG8+$kLZ@1I=LL$KSO!" @VF;$KI?9T$I?t=CHRBSYSP AvSCIFSSKI#$3SISISNYoP
%s%I$SO@VF;$KI?9T$I6/$SIWSKShSCSFEh@ZSiSISFS*$j!"9b$$%" %ok % Y %ISNY6PY6s%I$O%>!<%s!"De
$$%"%k%Y %ISNY%P%s%I$O0%Y %k % HSHBFSPSISF$S$k!I# 1A @ISNTRO020 KK S Sk Y Yok
%H$OFN@VF;%Y(GRBY $H$$$$!"2D;KGHDI$SG%"%k% Y %I$,JQ2=$9$kI SEBEAABNSG %" %ok
%Y%I$,9b$/$I$k8=>]$SEBF $HBFSPSISF$*$]!"$38N;~SEB SONY @\$7$F$$$k%>!1<%s$HENIL
$G$-$I$$$[$IC82=$9$kBEBF $OHs>0$KC;$/1"?t$+7n8eS$K$O5"7cSKG;2=$7$F85SN%Y %K% HSK
La$k8=>](SEBD) $,5/$-$k!# SEB $01{14 G/$N4V$=$N>UBV$rI]$/BEBF $X${4 $+7n$G
0\9T$9$kI#SEBF $O1{3 G/;}B3$9$k$,!"$=$N8e SEBD $,5/$-$F 2{3 $+7n$G%Y%k%H$,==J,$K
H/IC#$ISKHBEB $N%"%k%Y %1JQ2=$N860X$O!" 1 @SH>AX%X%$%:$NI=BS$$d@-<A$NIQ2=$,860x$G$"
SkSHOMS(SIBISFSSSKS,!I"$=$N<~4|@-$N2DG=@-$d3FCJI3,$GEN% @%$%I%_%/%9I$SN8E0x$ISISOL @$i
$+EKSISCHFSSSISSIH#

1 1.4: (a)%"%k%Y%ISNDSER $,$_$iSIsk!# (B) 40A4SKSEBF $,H/ICH#$7$?MM;R$,$_SiSISk!#
SEBN $HSEBs$O!"SEBF Cf$G$b%"%k%Y %I1JQ2=$,5/$3$j$K$/$SNNOhSC$Rekies-Hoyos
et al.]



:G6a$G3$Q009G/ 07 7n$+$i SEBF $SXINH/C#S,;0$7$j1"2009G/ 11 7Tn$KSEBF $XSNO\ITS,
40N;$73?$35H$,3NG'$55ISF$$Sk!#5=3N8elL &/4VSEBF $N$"$"$G$"$j!"2010G/ 11 7n$+S$i
SEBD $,5/$-$?1#3$38N;~%0%C%V%k1'ChK>1s6 @$r; ISHEH?$N4QB,$, @h9T8&5f$GITS0SI$F
$$k!#[Peres-Hoyos et al., 2011$38N40QB,$G$0!"225nm"  350nm" 500nm" 600nm"
890NM$SNGHDIBSSr;H$S$!"LZ@1$NO[$ISKODEY $r8+SFSSSRIABO 225nm$H  350nm
$NGHD90h$G40QB,$7$?7k2L$GSH "$BEHNMSNGHDI0h$O!"B>SNGHD90h$NAQB, 7k2L$SHHTEY $k$H
Hs>0$KBg$-$J%"%k% Y %ISNIQ2=3,8+$i$I$k! #$7HFBIG/ 04 7Tn$+SILZ@1$09gSK$I$j!"40A4
SKSEBF $KH/C#$9$kS"SGSN>\:Y$IIQ2=303NG'$G$-$I$+$CH? BRI SKH/C#S$ISk$"$G
BNY%"%k%Y%I1JQ2=3r!"B?GHD9$G;~4VJ,2rG=3N9b$$%b%K%?%j%s%04QB,$roT$&$3$HS, $G$-SISP!"
SEBF $X$NO0\9T4|4V$G$N1tD>J}8~SNIwB.$r5a$aSk$3$HS, $GS-SEBF $N3FCJI3,$GSN1tD>
J}18~$NN3;RENFO$-SrL @3$i$+IK$ISkS3I$HSO!"LZ@ 1SNBPN.%W%m%; % 9ISNM}2r$r?<$a$k%9%F%CY%WSH
$IBKI#

27 1.5: (@) 225nm$N%"%k%Y%IIQR= 350nMINY%"%k%Y %lIQ2D<4%"%k%Y Y%ol" 2#+Z
@10"BfPeres-Hoyos et al.]

E7J8Bf$GSNES7?E*$I%7!<%$%sY0AMBES650nm)$GS $kI#$3$I$OLZ@1$NOEY I}8~$K
49;;$9$k$HLs 4.3 118G$"$k!#$7$+$7SEB SNHOOOSOLB!IBISNSG!"8=>u$G$0==J,$J6u4VJ,2r
G=$rF @$k$3H$,$C$-$I$$!#$=$3$GCId=~8W3X70$G6U4V I, 2rG=%$r!"LZ@1$N?eI26@INAOSN
$KAJEV$I$I0.4"$"$G8~>e$5$;$kS3ISHSCIEB $NAQB,$K==J,$I2rA|EY$r4|BTSGS$-$k!#



2 MASS-DIMM  $K$h$kBg5%>qMp$NBg$-$5$NB,Dj86M}
2.1 %7'<%$%s%0$HY%7%s%A%|!<%7%g%s

CO>eK>1s6 @$G40B,$r9T$&$H!"4QB,E7TBNSN@ 1A|$,5\$d$ 1Sk!#5=3I$OBg5$MI$i$. SKShSE7BNS+
SISNSBWENGHLLS MpSISFS7$"$&S+FiPCH"SkiI#SIEN@ 1A [SNS\SAS1SrDjNL2=$7$?SbSNS$,%7!<%$%s%0
$GS$"$"@ 1A|SNSIEYJ I[SNFWHM [arcsec]$GI=$9!1#535N% 7!<%$%s% F@d parameter(ro)
PHP$$&%Q%I%al<%?$KCVS-49$($k$3$HS, $GHiBklparameter $O!"GHLLS,J?LLSGS$"$k$H
$_$I$;SK6UAVINY5%$%:$CS"$i!"BgESSNY7!<%$%EHM o SH  SNHISGI=$9$3$HS, $C$-Sk!#

0=0:98 2.1)

K>1s6@$NMJA[E*$I3QEYJ,2rG=$0!"4QB,GHBI>1s6 @INSDBNHI 5 $GI=$9$3$HS$,$G
$-$kI#K>156 @$N8}7BSBg$S-$/$9$ISPI, 2rG=%,9b$/$I$k$, " <B:]$Q o SN%5%$%:$GETBO
F,BGSASH$IS)!"%7!<%$%s%O0S[SISNI, 2rG=3$7$+F @ ISk$3$HS$,$G$-$I$$!#

%7%s%A%I!<%7%g%s$H$O!"Bg5$MI$i$.$,C;;~4VEGIQ2=$9Sk$3$HSKShSCSF5/$33K!" $"$k6u4V
Fb$SNE7BNSNBWNLENIQ2=$G$"$k!#0IHLE*$SK$O!" @1$,$"$?$?7$SSF8+F($k$3SHSr; X$9!#

2.2 Bg5$%Q%i%al<%?

FCDj$NBg5$$SNAX$SGSNMpN.6/ECEM@ @ N(9=B$4XNBCI=$53I$k!#C2 SNCI10L$D =3
$G$"$kI#$3SNMpN.6/EY$SO5(@a!"7n!"$5$i$K$0JI, C10LSGBg$-$5%,JQ2=$9%k!#%8%%CU%H5$N.$,
5/$3$k9bEY  10km) $h$j$bOb$SSIBEYSGSO!I"MpN.6/EYS,>.$58/$I%D 18m 228 $@$HS$S0SI
$FSSSKIHC? $r;HSCHFI"<I$N<O$rDjSASISK!#

28 2.1: C2 %W%m%U%!G6BXAObE Y km]!"2#<4:C2[m 27°]) [K. Robert., 2000]
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Z
J= CA(2)dz (2.2)
path
path $0!"4QB,E7BN$N8w$,DL2a$7$?Bg5$SNEAGE7PO)$G$" $k!# % 7 (<@ BRIy $-$50
J $GI=$9$3$H$,$G$-$k!#

- 2 2
ro =8 = 0:423(— J) (2.3)

2.3 MASS

Jd=~8W3X70%7%9%F% $N@-G=$r8+@Q$b$k$?$a$K$O!"%5%$%HENIDE Y $4$HSNBG5SMISi$.SN>pJs
$,1, MWSGS$"SKI#FCSK%j%"%6k%2%$% $IBg5$%Q%i%al<%?$0!" % 7%9%F% $réh$i8z2L E*$K$O$KI#Bg
5$MI$i$.$rB, Dj$ISkIIKISHS7SFSO!"5$5e$r;H$CS?D4::$BCIDAR $I$1$,$"$k1# SCIDAR
$H$O8}7B$1 #M0I>e$NK>1s6@$r;HMQS ZBEE@1$r4QB,$7$FBg5$MISi$. $rB,Dj$9$kIIKISG
$"SkI#S3BISISNIIKISOIDEY I, 2rG=$NIb$$B, Di$roTSE&$3ISHS, $G$-$k$,I"4QB,>170$K @)8BS$, $+
$+$kSNSG!"5$5e$ECIDAR $0O;~4VJ, 2rG=$NIb$$B, Dj$roT$&SISHS, Fq$7$$1#$=$3$G%j%"%k
%2%3$% $GBg5$MISi$.SNB, Dj$roTS&AUCVIKBIMIlov et al. 2003 $KShSCSF3+H/$5$1$21#$3
$N3+H/$5$I$MASS SOABPE*SIE7BNSNI7%s%A%II<%7%g%s$NIQ2=$+$il" Bg5$MISi$.$rB, Dj
SOSKAUCVSGS SKI#1tD>I}8~$NJ, 2rG=SOIDAR $HHISYSk$HHS>0$K> $5$$$, "L @ SHEHD
$NIL@1$r;HS&S3SHSG%b %K %?%j%5%04QB,$,2DG=HEIBGHBESKMASS $SOBg5SMISi
$.SNODEY$K 1~$8SF!"067%s%A%|!<%7%g%sSNEUAVI69%11<96kS, Bg$-$/$ISKSISHSMXMQS7SFSS$k!#
0J2<$G$O!"0[$ISkY6"%QI<VAYC!<$r;HECS?%7%Ss%A% <% 7%g%sM}O @$r@bL @ $ISKI#
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?7 2.2: Bg5$MI$i$. SNIbS5$K$h$k6u4V%9%1!<%kSNIQ2=
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MpN.G"<A$NI8="E*$JGHLLSNEAGEM}O @$0!"<e$$@y0Baba;w) SKApSESSSFSSKI#GH
$NABP?61}$r $HSISKkSH!"K>1s6 @SNF7FbSNBWHANT, I[$O!"<I$SN$h$&SKI=$9$3$HS,$G
$-Sk!#

I = lgexp(2 ) (2.4)

Rytov 6a;w$0 << 1 $N;~$KM-8z$G$"$k!#8W6/EYSN<+A3BP?tSNJ,;63G$"$k%7%5%A%I!<%7%g
%s; X?t$O<!ISNShSESKM?$(SiSISK !#

&% h(Inl hinli)? (2.5)

$3$N6/EYJ,:6 (%7%S%A%|1<%7%g%ESCM'6~@ N(9=B$4X A2 $H=E$_4X?0) SN@QS$rIObEY
$G@QJI,$7$?<0SHEYS$7$3!1#<ISN<0$GSO!"E7BAINB,DjSroMN8FISkS?$a$K!"IHESNBeS0
$j$K z = hsec SHB7SF$SSk!#

Z max

Z
&R = dzQ(z)CZ(2) (2.6)
0

@QJ,$OK>1s6@$NZ28D) $+$il"MpN.AX$ "$GSN:GBg5WRY4, SNHOOO$SG<BITSSSISKI#=ES
4X?t Q $OMPN.%9%Z%/%H%k$HY%U%I%NESKZRE $N@ Q$r!"6u4V<~GH?I$G@QJ,$7$?$bSNSG
$"Ski# zZ,
Q(z)=9:62 ? df 83sin?( zf )A(f) (2.7)
0

<02.7$NA(f) $0%"%Q!<%A%C<%UV6H0kY I <YBR$XIB% "% Q! <%6A%cI<SNF)2a4{RtX; y)
$r W(X,y) $N%UI<%j%(JQA9$r$7$?27ASHSIBKIE y) = 0 $KSISk$h$&@55,2=$7!"6u4V<~GH
2ALLf = (fx;fy) Sr6K:BIBSKD>$91#$=$N7k2A(f) $NOIHL<0$O0<!<0$GI=$5$I$k!#
z 2
Af)=@ )t djE )P (2.8)
0

<I$K%7%Ss%A%I!<%7%gYBPDBENY"%Q!<%AWEIL" W, $GF1;~$KAQB,$7$?7SHSISK!#:9],
%7%S%A%I!<%7%g%s;)§?$®!"\’2$D$N%U%i%C%/%9$NHf$N<+A3BP?t$NJ,;6$H$7$FDj5A$5$I$k!#
&R = h(ln'—1 hn I—li)zi (2.9)
P P
<02.93K<@.4$rBeF~$IBkS3SHSGI'ER 4N 1 5)2i $r5a$asks3SHS,SGS-SKI#1(X)  2(X)
$N%U!I<%]j%(IQ49$0!"%"%Q!1<%AY%C! <% U%#%k%?I<$NS_$,0[$I$k%U!I<%j%(JQ49$N:9J, SHE7SF7W;;
$ESISKIHShSCSFW (fx; fy) SOWL(Fy;fy)  Walfy; fy) SN:OSHS7SFI=$9$3$HS, $GS-SKRSD
$NY%"%Q!<%AYMIL" Wy $GF1;~$K4QB,$7$?;~SN%"%Q!1<%A%C!<%U%H#%K%?!<$O<ISNShSESKSJ
$ki#
YA 2
Ag(f)=(2 ) * i djivi( ) W )j? (2.10)

2 $D$NY%"%QI<%AY%CI<SNTASUSI"F1241_$GAD>USN%"%Q!<%AYRAZSBIEESHr301_$N
D>7BI"&E $rFb1_$ND>7BSHSISKSH!"%"%Q!<%6A%%C! <% UYHAYEKYPO<ISNShSESKI=$5$Ik!#

i(f) = 5 1&g[2J1éd‘ ) &éz‘]léd )2 2.11)
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fy(r) = ZUEED)

2J1(d ) 2J1(&Ed )
d 4E &Ed

$3$38G) 1 $ONY%C%;%kaX?t$CS"SK2HIPr8+Sk$H!"$"SkODEYSG=E$_4X?t$,Dj>0$K$ISCSF

$ESKB3IBHS, $0S+BKI#S3BISO?2.4 SNDLSj!"=E$_4X?t$O9bEY$,JQ2=$7$F$bBg$-$/IQ2=$9$k$N

$ODc<~GH@.J,$N$_$@$+$i$GCH "$k!#%"%Q!<%A%C!<%U%#%k%?!<3$,%P%s%1%Q%9%U%#%k% 2! <SN7/

<h$CHF$*$jl"$3$1$0%7%s%AY%II<% 7%g%sSNEUAVY%69%11<%k$GS " Sk% U%RAMIBRIBXES $G

$"$KIENCH($P&KS500nmM, z=1km $N;~%U%I%M%KkH>ZERI $G$"$jI"?" 2.3$G$@=4cm $N

=E$_4X?t$,z=1km $+3iDj?tSKSISCEFS$SkS3EHS, $0$+SkI#$DS"$j0[$I$kD>7BINY%"%Q!<%A%C!<

SNAHS_90%0$;$CS=3I$>FISNG/EYSNAjAXSr<h$k$S3$HSG!"MISi$. SNIDE Y $r<1IL$I$k$3$HS, $G$-

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

(2.12)

Ag(f)=(1 &B) I (2.13)

M 2.3: F1?41_%"%Q!<%A%C!<$N;~$N:9J,%7%s%A%I!<%7%g%s; X ?tSN=ESUZP'EKE
=500nm!# (=D<4=E$_4X?2{10m 1=3]I"2#<4:9bEVkm]) <B@€&=4cm!"GK@:d=8cm!"E@
@:d=16cm [A.Tokovinin., 2002]
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7 2.4: :9J,%7%s%A%I!<%7%g%s; X ?tSN=E$_4RBHONI SN@QJ,$G@.$jN)SCSF$$SK!# %Q
%01<%9%Z%/%HY KERA' % U%I% M%K% U%!%/%21sBNG” zf ) 1'% "% QI<%A%CI<%U%#%k% 1<
A(f) <B@%8=3 $Hsin?2( zf 2) $N@@=4km) E@ @3 $Hsin?( zf 2) SN@@=6km) GK
@=4cm $H2cm SN%"%Q!<%AY%C!<%U%#HIBkIEA$A. Tokovinin., 2002]

<I$K<B:]$K;HMQS$OIBMASS $N86MSKSDSSSFMIO @E*$SK@bL @$9$K#MpN. MIDEHEBO<0
$&BKI"967%s%A%II<%7%g%s; X 2tSOBP 2SN, :6<0$GI1=$5$I$kS, I"<B:]$NB, Dj$G$OB, Di$5$I$ 7%+
%&%s%HCHMBGS"$C$?$j!"Dj>0$I8WSG$5$($b%+%8&%s%HCMS,JQFOSIBRBSSHNT7W;;$G
<B:]$K;HMQ$9$k%7%5%A%I!<%7%g%s; X t$O<ISN<0$GI=3$53$I$k!#

s32 = h 12i=HAi? (2.14)

A $0%"%Q!<%AYR!ISIDL$7$F<u$1<h$C$?=VAVE*$IBWNLSGS "SR’ $OI o SNIQ2=NL$G$"
SKI#S$?1":97,%7%s%A%I!<%7%g%s; X tSb<ISNShS&SKI=$5$I$k #

2 _p_ta 1By
Sa = r'(HAi HBi) ' (2.15)
sz $Hszg $0!"C3(z) SHAJAX@-$,$"SkSNSG
Z
s2=  Wy(2)C3(2)dz (2.16)

SHI=$91#K $0%"%Q!<%A%C!I<!I"$"$2BDSN%"%6Q!<%A%CI<SNAHS_9g$0$;$redH) <O$N=FE

$_AX2tW, (2) $O!"k $ASHSNOIDE YH?1~$r=$7$F$$SKI#<e$$%3%k%b%4%m%bUMpN.$G$O!"=E$_4X?t
$0%"%Q!=%A%Cc!<$N7A>USAB, Di$5$I$?8WSNI69%Z%/%HIKSNS_$KOMBSESISKIHUIIAQ!<%AYC!<S,
$HD g $N:9J,%7%S%A%II<%7%g%s; X?BM < jf j < 1=Da $N%7%s%A%II<%7%g%sSNIPYs
%1%Q%96U4VYU%#%k% 2I<SNLr3d$r$ 7$SF$SSKOIIISG "% % QIUBAIET %S %A%II< %6 7% %s; X

2t$0jf j < 1=Dp $N%7%s%AY%II<%7%g%sSNYMI<%QY69%U%H%6k% ?$NLr3d$r$7SFSSSKI#=>SCSFI"L
7ASNY%"%Q!<%A%C!<$r; HPEASS $O!"%63%k%b%4%m%bUMPN.SNCAV9%1I<%kSKABEY $,$"$KI#

2 SDSNO[$ISk%"%QI<%A%CI<EN:9J,%7%s% A%l <%7%g%s; X 2t$GS$O!" FhB&SN%"%Q!I<%A%c!<$,%U
%I%M%KH>7B$GS Sk $h$j$bBg$-$/$I$k;~1"=E$_4X?t$OEAHBSWK% zpg = D2, = $G
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$[$HS$s$IOMB8S7$I$D g = (D a + D =2))1#$33$I$0OB, Dj$5$1$?:93,%7%S%A%I!<%7%g%s; X
2t$+$iD>@\MpN.@QJ,$r5a$a$k$3SHSrOUL#$I$KI# S=$NOII}$G%7%S%A%I!<% 7%g%s; XSG $O!"=E
$_4X?t$0>.$5$$EAHBEWR< D 2= ) $N;~$z°° $K!I"Bg$-$$SEAHBEWIEG>> D 2= ) $G

$0z2 $KHFNCc$ISK!#DL>0$N%7%s%A%II<%7%g%s; X t$SGSOIb$SSIDEY SN<e$$SMpN.$H!"Dc$$IbEY SN
6/$$SMpN.$rehIL$ISk$3SHS, $GS-SISSINSG!":9,%7%S%A%|!I<%7%g%s; X 2t$r; H$&$3SHSGIDE Y $4
$HSKBhILSISKS3I$HS, $GS-$k!#

MASS $K$Ot $DSN%"%Q!<%A%C!<$,$"SkSNSGIUBDSN $rB,Dj$SI$Kk!#$3ENB,Dj$7$2s)
$HO.5" 11" 21" 41" 8I" 16km $NE6 $DSNAXSKIgH0$;$?MpN.AX%b%GY%k$GC%U%#0CY%FY%#%s%0Sr$I$k$3
$HSG!"ObEYSASHENF $r7W;;$98k!#<ISN<0$O!"MpN.%W%m%U%!%$%kSNAPK\SHSISk<0$GS Sk #

21 2.5::8)4 $D$N%"%Q!<%AWAI<B!" C!" D $N=E$_4AXAWV (2) '#%"%Q!<%A%AL" B!" C!"
D $ND>7B3O$=3$I$>3L9" 3.2" 5.6!" 8cm $GC$"$k!#( 184 SDINY%"%Q!<%A%C!<$N:9J,$N=E$_4X
?t Wi (2)#[V.Kornilov et al., 2007]

s=WJ (2.17)
Z
Ji = C2(h;)dh (2.18)
ithlayer
S $0%7%s%A%I!<%7%g%s; X ?tBN% Y %/%HY%KSCHISBBS0S? 6 SN=E$ 9TNs$@!"SOMpN.%W
%m%U%!%$BEESNMWAGSG @ . $jN)SCIFS$Sk% Y %/%HIGKBCBIGHKD:5; 1; 2; 4; 8; 16km $G
$"$k!#[V:Kornilovetal:; 2007]
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24 DIMM

18="E*$J DIMM $0!"2 $DSNN%$I$?3+8}AGDIN@ 1$+$iIF@SiSIBSDSN@ 1A|$r4QB, $9$K!#

$=$7$F2 SDSN@1A|$NAJBPE*$I=E24MISI$.$+$i1"0671<%$%s%0$KA9;;: $OSk$3$HS, $G$-$k 453
$3$G2 $DSN3+8}$NS}7BAVI}8~$KI?9T$III8+dmgnitudal J}8~1"$=$I$KD>9T$O$kI}8~$r
TransverseJ}8~$H$7$F!"%71<%$%s%0SORBDENI}8~$4SHSK5a$ak: 2.6)#A|SNAJBPMI
$i$. $+$i%671<%$%S%0Sr 7W::$7TSFSSSKENSG!"K>156 @ $NYH%i% CY%-%5%0% (%l <$dIWSISISKSh$kooV
%ISKBPSOSKABE Y$, Hs>0$K>. $5$$1#$h$CSFHS>0SK<BMQE*$J%7!1<%$%s%0%b%K % ?!<$G$ " SkSHB @$(
Skl

0J2<$G$ODIMM $GF@3$i$ISR $SDSN@ LA|SNABPMISIS. SH%7!<%$%s%0SNAX78<0$rMIO@E*$K

?7 2.6: DIMM $N35N,?27
@bL@$9%k!#

E7BN$+$iJ|<M$531$28w@~$OCO5e$KFO$/$"$GSOI?LLGHSGS $K!#$7$+$7CO5eBg5$$rDL2a$9I$k
$HI"Bg5$SN>qMpSN1F6ASr<u$1$FGHLLS, MpSISFS$7$"$&1#$3SNGHL LG BEBISKSH!"
GHLLOLAj8M:9(X,y) $r;H$CSF<ISNAX78<0$rI=$9$3$HS$, $G$-$k!#

2(6y) = 5= (Xy) (2.19)
BW@~$N?J$ J}8~$SHGHLLSO?bD>$ISNBEHSNE~CH3QEYSNIQFOSHS*$/SH!"
()= SN = e KY) (2.20)
SHSISKI#ShSCIF SN6&J,;6$00I2<SNSh$&SKDJSASGS-SKi#
B (;)=h(Xxy) x+ y+ ) (2.21)
(, ) $O(X,y) $+$ISNS:SINLSGS " $KI#$"$P0LABM:I$N6&I, ;B (; ) $bDjSASISKI#
B (; )=h(xy) (x+ ;y+ )i (2.22)
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(2.21) <0$H2.22) <0$+$i!"<ISNAX78<0$rF3=P$I$k$3$HS, $G$-$k!#
‘@,
4 a4 2 @2

$3$3$GOLAJ9=B$AXPL () $rF3F~$9$KIHOLAJO=BSAXMD () $O!I"Bg5$SN>qMpSGFL1ZSKSISC
$?GHLLSNI=B$S$rDJNLE*$KI=$9J*MINLSG$"$jl" 0J2<SNSh$&SK DjSASESISFSSK!#

B (; )= B (; ) (2.23)

D =hj(x+r) )i (2.24)

(x) $Ox SGSNOLAJSNS: SINLEGS"$k1#$331$0!"K>156 @SN3 +8}LL>e$GMMHS 2 E@SNOLA|
$N:9$N#2>hI?6QSHSISCIFSSBkit( ; ) $GI=$7$D (; ) $0!"6&J,;6$N<0$rMQ$$$F0I2<

27 2.7: GHLL$NOLA]:9
SNShS&SKI=$9$3$HS,$G$-$k!#
D (; )=2[B (0;0) B (; )] (2.25)

$33I$K (2.23) <0$rBeF~$7$F

@@ ) (2.26)

2

B (; )= g2

$HPI$k!#Kolmogorov MpN.M}O @$N6I=jE*EyJ}@-$N2>Dj$KSh$j!"OLA]9=BSEXTt; ) $O<!
SNShSE&SKM 2 ($isISk!# r

D (; )=6:88(—)% (2.27)

$3$3%$G = o + 2$G$"$!" ro $OFried parameter $G$"$k!#(2.27) <0$r (2.26) <0$rBeF~
$9Sk$H!"

B (; ) = 0:087 2r05=3§[ 24 256

(2 H ™ (2.28)

0:145 2ry >°[( 2+ 2) 1%©

Wl =
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= 0 $H$9$k$H!Longitudinal J}8~$N6&J,;68N<0$O!" = d SNAX?tSHS$7SF0I2<$N<0$GI=$5
I$k!#
B(d) = B (d;O):o:097(G)%(a)% (2.29)
= 0 $H$9ISkSH!TransverseJ}8~$N6&J,;6$N<0$0!" = d SNAX?tSHS7SF0I2<EN<0$GI=$5
BISk!#

Bi(d)= B (0;d) =0:145(R)%(8)% (2.30)
$35N$h$&SKransversel}8~$N6&J,;6$0!"Longitudinal J}8~$N6&J,;6$h$jLs 1.5G\Bg$-$$CM
SHBISKI#S$?2$I$A$ISh8}7B4VEWNESN1/3 >h$G8:?j$9$k!#$3$I$OBorgnino et al. (1978)
SKShSCEF<BBIE*SKINS+$aSiSISFSSSKI#SISISISN<OSK=>$&FSH!"8}7B4\BHVNPBK6aSES 1Sk
$HB $,H/;6$7SF$7$"$&$ISHIKSIBk!#$75+$7<Bd]= 0 $GSNCMIO!"3+8}$NI?6Q$G@)8BS53!
SkSNSGH/;630$7$I$$th= 0 $GSNCMEBed(1965, 1975)$HTatarski (1971) $KShSCSF<ISN
Sh$&SKM?$(SiSISk!#

B,(0) = B{(0) = B (0:0) :0:179(7)%(5)% (2.31)
0
D $OK>1s6@3$N8}7BSGS"$k!#

0J>e$N$3SH$+3il"B, Dj$5$1$2@1A|=E?4SNABPE*$IMISIS. SNJ,;6$00J2<SN<0$GI=$53I8k!#
7(d)
HE)

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

2[Bi(0) By(d)] (2.32)
2[B¢(0) Bi(d)] (2.33)

5
2(d)=2 2r,°[0179D 3 0:0968& 3] (2.34)
d D $N;~!I"TransverseJ}8~$NJ,;6 ?(d) $0O
5
2(d)=2 2ry*[017D 3 0:145d 3] (2.35)

0J>e(2.34) <0$H2.35) <0$+3i!" Longitudinal " TransverseJ}8~$=$I$>$I$N Fried parameter
ro $,5a%"$k!#[M.Sarazin and F. Roddier., 1990]

$73+37<B:]$KDIMM $GB,Dj$53I$k$N$O!"=E?4$GSOSIS/GHLRIME $,:G>.$GS$"SkOLCV!"
Z-tilt(Zernike tilt) $G$"SkI#=E?4SH-tilt SN8M:9$0>.$5$$53F,!"L5;k$OBkSISHSOSGS-$I$$!#
ShSCHRZ-tilt SrOMN8S7SEy SN7W;;$roT$&I,MWS,$"$k!€onan et al. (2000)$KShSCSF<!$N
<0%,5a%a3i$I$?!#

5
0:340 %r,°[D

5
0:340 2r,3[D

0:570d
0:855d

0:040d
0:03d

] (2.36)
] (2.37)

2(d)
2(d)

Wk Wk
Wik W
w[~N w[~N
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4QB,BP>]$NE7BNSNIDEYS,Dc$/$ISKS[$I!"E7TBNS+SISNSWS, $h$iB2$/SNBg5$SN>qMpSNIF6ASr
<u$1$k$?$al'FWHM $SNCM$,Bg$-$/$ISKI#$3SNS?$aBg5$MISiS. SNBY$-$5$r<($9;XIBSHS7SF
%71<%$%s%0$r5a$a$k>19g$O!" >0$KE7D:$KAQB, E7TBNS,$"$k$H2>Dj$7$F!" E7D:3QId@5$roT$&#

0=(cos) 35 (2.38)

$OE7D:3Q$G$"$kI#0J>e$N<0$rMQ$$$k$3$DHEN $GF@$?@1AISN=E?4MIBI$; 2) $+
$i1"%71<%$%s%0$r5a$ask$3SHS, $G$-Sk!#

2.5 MASS-DIMM

MASS-DIMM $0V.Kornilov ;a$i$KSh$CSF3+H/$53I$?AUCVIGSH K 2.8)1#6aG/$GSO!"B?
$/ISNK>156 @%W9%mM%8%'%/%HSENY%5%$%HY%F%9%HSAId=~8w3X7OIN@-G=3$N8+@ Q$bSjSN$?$a$K;HN
SFSSSKIHMASS $O9bEY.5km $+3i 16km SN>qMpSNLF6ASr<u$l1$?%7!<%$%s%0$rB,Dj$7!"$"$?
DIMM $,B,Dj$7$?%7!<%$%s%0$OE7BN$N8WS, DL2a$9$kA4Bg5$SN>qMpSN@QJ,CM$G$"$ki#$h$CHF
(2.2) <0%$r;HSCHF!"9bEND.5km $"$GEN@\COxound-Layer) $N>gMp6/EY$r5a$ask$3sHS, $G
$-$ki#

JoL = Jpivm JmAss (2.39)

$"$?<02.398N<0%r;H$$!"DIMM  %7!<%$%s%OBASS %7!<%$%s%0$+$iDE@ V0 7!<%$%s%0
$rB,Dj$9Sk$3$HS, $CS-$k!#

=3 =3 —!
&L = (8B um  &Brass ) (2.40)

8:;:$r9b$$@:EYSGITSES?$a$KSMIASS $HDIMM $GB,Dj$9$k8wsS, F1$8Bg5$$rDL2a$o$kI,
MW, $"$KI#=>$CSFF1$88WO)$r; HEES?$aBBDSNAUCYSrIgBNS7$F; HMQSISKI#$3SNSh$&SKDC
$$MpN.AXSN>gMp$b5a$ask$3$HS, $GS$-SkSNEES-DIMM $NM%OL@-$OL @$iS+$GS " $k!#

?" 2.8: MASS-DIMM $N304Q
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3  %0!<%I%&%'%"

MASS-DIMM $G$0!">GE@5wWN28D0-3000mnBNK>1s6 @SN;HMQ$,?d>)$5SISFSSSK!#:#2s
$0OL>4s;T$+$iCelestron CLISH!I"$3ENK>1s6 @IrEK:\2DG=$J@VF;57$G$"$k9b66 @Nhr200
Temma2 $r<ZMQ$7$?14$"$RIMM $NB,Dj$KI,MWSTCD %+%a%i$0!"9qN)E7ISBIS+H T
<R$NProsilica GE-680$r<ZMQ$7$F;HMQ$7$F$$$k!#K\>0$G$0O!"B,Dj$K; HMQFI$k%O!<%1%&%'%0"
$H%=%U%H%&%'%"$N>\:YSKSDISSF=RSPY Sk!#

3.1 MASS $N8w3X70

MASS $N8W3XG[CVICTR1T $K<($5BISFSSIKI#K>1s6 @SN3 +8}$+BiF~$CIFS-$?E7BNINBwWSO!"
%U%!%V%j!<%I|%E0h) SH>GE@%"%Q!<%AHY)<SHDL2a$7$F!"<M=PF7LLSKF3F~$7$F$$Sk
Segment mirror(PSU) $H$$$&%_%il<$KH?<M$OBIBH $04 $SDSNF1?41_>u$N%"%Q!<%A%c!<
$,1" 4J18~BKS$=3I$>$I79$$SFS$Sk4D>USN%_%i!<%7%9%F% TBB IMIH#S=3I$>SISN%"%Q!<
%A%CI<ENL>>N$O>.$5$$J}$ASI B!" C!" D $SHE7SFS$SKIPSU $G4 J}8~$KJ,3d$551$?8w@~
$ORA{RD $G:FH?<M$7!"BP1~$7$?8WEE;RAIGRVIT) A{D $KF~<M$O$KBSU $N$=$I$>
SI$N%"%Q!<%A%C!<$0!"8_$$SKBPS BRI $SFISKI#ShSCSRA $+$i RD $"$G$OL30 'k
SN79$-$,$"Sk!#

MASS $N%"%Q!<%AYA{D SNF~<MF7A|SNBg$-$550!"K>156@$HY%I%S%:%7%9%F% $NSWIXG\
N(782t k SKOMB8$9$KI#NCcS($SP8}ZBcm" F/10 $NK>1s6@$H>GE@50MAM" +75mm $N
%U%!%\%j1<%|%S%:%7%9%F% $G$O!" R\N (1670 SHEISKIHSISN; ~$SIMASS SNPSU $ND>
7B$H$=$ISKBP1~$9$kF~<MF7A|$NBgS$-$5BASK5-\$98k!# k $0%U%!%V%]!<%I%s%:$N>GE@
S5WN%SrIQ$($kS3SHSG!" $=SN8W3X7OSKE,$7$??tCMSKD4@0$9$k$3$HS, SG$-Sk!#

I= 3.1: PSU$SND>7B!"<M=PF7A|$ND>7B
Aperture  PSU $SND>7Bnm] F~<MF7A|$SND>[fBm]

A 1.27 20.3
B 2.16 34.6
C 3.86 61.8
D 5.41 86.6
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27 3.1: (> MASS-DIMM $r2#3$+$i8+$?;~SNMASS $NBW3XG[CUZMASS-DIMM $r>e
$+$i8+$?;~SNMASS SNSWIXG[CMHF - 11%U%1%V%j!<%|%sYFP{ >GE@LLFA{ >GE@%"%Q!<
%A%C!<EXP{ <M=PF7LLRA,RB,RC,RD{re-imaging mirror !" PMT A,B,C,D{ 8wEE;RA}G\
41 [V.Kornilov et al., 2007]

?7 3.2: Segment mirror [V.Kornilov et al., 2007]
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3.2 DIMM $N8w3X70

DIMM $N8w3XG[CV$OR1 $K<($7SFS$SKIMASS $O<M=PF7LLESU $KH?<M$7$?8w$r
MXMQ$7$F$$$k$ DIMM $ODM1,DM2 $KH?<M$7$?8w@MR $GCCD $KF~<M$7SF$SSK!#
DM1,DM2 $CPSU$HH{$Y$SFD>7B$,Bg$-$$$M1!" DM2,PSU $NAOLLSKS "$k%"%ERHE04D)
$NBg$-$5$G@)8B$5%I$k ! #$h$CHF<B:[$K6 @SHS7$F;HS0$I$kD>7B SO %" %9 %BEBINIBEE Y0:
OMB8$9$k!K=16.0 $N;~!"F~<MF7A|$ND>7B88MM $G$"$k!#$"$?2 $DSEN%"%9%/$SN8}7B4V5w
N%$02.1mm$GS"$j!"F~<MF7LLIGEDAmMmSKBP1~$9$k!#

?7 3.3: MASS-DIMM $r>e$+3i8+$?,~SNDIMM  $N8W3XG[CVIF { %U%!%V%;j!<%l%sTHRA{
>GE@LLIFA{ >GE@%"%Q!<%AYXE{ <M=PF7LLDM1!" DM2{DIMM re-imaging mirror !"
MR{ @"$jIV$7%_%i!<PMT A-D{ 8WEE;RA}G\4I

27 3.4: (:8)DM1!" DM2!" PSU (18) %_%il<AOLL$K%"%69%/$rCV$$$S?MM;R
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3.3 MASS-DIMM  $N8w3X70

$3$33GSOMASS-DIMM 8wW3X7O0$N>\:YSKSDSS$F=R$YARES-DIMM $ro=@.$9%$kit1J
SHS=SISKBP1~$9SkHVIf$r!"I3.2 $K5-:\$9%k!# MASS-DIMM $NA4ABN?"$r?3.5$H?"3.6 $K
<($91#

?7 3.5: MASS-DIMM $NB&LIV.Korinilov et al.,2007]
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?7 3.6: MASS-DIMM $NCGLL?V.Korinilov et al.,2007]
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I= 3.2: tIIL>$HBP1~$9$kHVOf

HVOf

ItIJL>

MEO1A
MEO1B
MEO1C
MEO1D
MEO1E
MEO1F
MEO1G

MEO2

MEO2A
MEO2B
MEO2C
MEO2D
MEO2E
MEO2F
MEO02G

MEO3A
MEO3B
MEO3C
MEO3D
MEO3E

MEO4A
MEO4B
MEO4C
MEO04D
MEO4E
MEO4F
MEO04G

Device base

Box cover

Main beam

Bottom tie

Optics bench
Segmentator cover
CCD camera interface

Fabry lens unit
Mount ring

Fabry lens tube
Positive lens holder
Negative lens holder
Locking nut

Fixing nut

Fixing nut

Eyepiece socket
Viewer tube
Viewer socket
Locking nut
Viewer cup

PSU support

DIMM mirror plates

MASS segmentator holder
Aperture mask

PSU locking plate

Pupil control tool

Pupil control tool
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HVof

[tIaL>

MEO5A
MEO5B
MEO5C
MEO5D
MEOSE
MEOS5F
MEO5G
MEOSI
MEO5J
MEO5K

MEOGA
MEOGB
MEOQO6C
MEO6D
MEOGE

MEOQO7A
MEO7B
MEOQO7C

MEOSA
MEO8B
MEO8C
MEO8D
MEO8H
MEO8F
MEO8G
MEO8H

Support

Mirror holder
Clamping cramp
[lluminators plate
Right axis

Knob axis
Swithing knob
Bushing nut

Left axis

switch spring

Field aperture
Aperture support
Central blind

Folding mirror support
Spring cover plate

MASS mirrors socket
Mirrors cover plater
PMTs side blind

PMT house
Detectors cover
PMT separator
Shutter blade
Shutter cramp
Shutter lever
Shutter axis
Electronics frame




%U%!%V%j!<%|%s%:$0!"K>156 @$N>GE @LLSh$|$bAOSKOLCVS7SF$$SK!#$3SI$O#1KgSNFLY6I%s%:
$H#1KgSN12%I1%s%:$rAHS_9g$0%:$2#2KgBNY6I%s%:% 7%9% (R BBHBHY6s%0:4VSNSWNY6Sr
JQ$($k$3$HSG!"K>1s6 @MIASS-DIMM $r9g$0$;$?A4BNSNEW3IX7O$SNM-82>GE @5WN%$,JQ2=$9
$k (2 3.8)# ME02C $OFL%I%s%:$N%[%k% @' <SQHBP2D $012%1%%:$N%[%6k% @'<$C$ "$k!#

MEO2D $r ME0O2C $KBP$7$F8W<4>e$KF0$+$9$3$HSG!"9g7W>GE @5WN%$rI QRIEEKEEESK!#
$HMEO02G $0%I1%5s%:%[%k%@!<$r%m%Co%/$9$k$?$asK; HEoSISk!#

27 3.7 %U%!%V%j!<%l%p%aKorinilov et al.,2007]

2N 3.8: #2Kg$N%1%s%:$NAIBKBP$9$k9g7W>GE @5WNYofNIQIYEs%: SN>GE @bvibamm "
12%I1%s%:$N>GE @58 m) [V.Korinilov et al.,2007]

27



MEO1E $0Optical bench $G$"$k(?" 3.9)1#$3$3$K$GB $DSN=EMW$I%%K%CYHSIHK!#
L\SOMASS $Nre-imaging mirrors RA!" RB!" RC!" RD $G$"$k!#2 $DL\$,%U%j%C%W%_%:i!<$G
$"Sk VM $G$"Sk!#$351$0%"%$% T1<%9$G40QB,E7BNS, ;KLNFhbSKF~SCIFSkENSrING'$9$kS?$asK!"
>GE@LLAOSKCVS$+SISFSTIRIB\SO>GE @ L L% % KFACSGS $k!#>GE@LLSN%"%Q!<%BB0C! <
$O!"9IF|SNLI3dSr2L$?$7$FS$SKI#M>J,$5J%9%+%SSN8WSd%3%"<}:95r8: $i$9S ? FASKIF 3
F~$98k$3$HSG; KLN$r@)8BS7SFSSFALSOLA IC3QIND>7BSGS $k!#

?7 3.9: Optical bench [V.Korinilov et al.,2007]
MEO3(Viewer) $O!"MEO3A(%"%$%T!<%9%=%)%ERHED3B (viewer tube)!" MEO3C $G
9=@ $5$ISFSSSK 2" 3.10)#9%"%$% T!<%9%=%1% CIMSTSUFK " Yoa%]%+%s %S5, 3I$G
$"$kI#4QB,BP>]@1$r8+$D$1$k$?$a$k2{15mm $N>GE@5WN%S$r;}$D%"%$% T!<%9$, 2d>)$5$
$k!#

?/ 3.10: Viewer [V.Korinilov et al.,2007]
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MEO4(Optical plate) $O!"MASS $N%_%il<$G$"IRSU $H!"2 KgSNDIMM % _%il<DM1!"
DM2 $N%"%i%$%a%s%H$rOBDj$5$;$k$2$a$N% W%l <UPSESIgK PSU SOME0AC $SN%|
%k%@'<$GY%MAbCIH/$SSISFSSSKBHIT? DM2 SNY%mMICOMEDAB SNY%[%6k% @!<$GY%m%CY%/$5$!
SFSSSKIHME0AD $O<M=PF7LLSNY"%9%/$GS$"$jl"$3SNY6"%9%/$r79%+$;SkI3pHES plate
BN%_%i!<$r8w<4SKBP$7$FDA@0S9BkS3ISHS, $GS-Bk!#

?7 3.11: Optical plate [V.Korinilov et al.,2007]

EE5$%b%8%e!<%k$GHIBRS $O!I"MASS 8!=P40$G$"$PMT $HS$=SNEE5$70$GI=@.$5$I$F
$$$k (2" 3.11)# MEOSA $K$OI'4 SDSNPMT $H5!3#<0% 7% C%?!<$,4°$ $ISFSSBIT $O
IM>>%[%HY%K%//R0BA00$r; HMQS 7SF$$$KI#5!3#<0% 7% C%? <SO#2K gSNEASN20$HY6[| <%k $GO=
@.$53ISF$*$j!" MEOBG(%7%6C%?1<YoREDG7 % C%?1<$r3+IDSISkSISHS, SCB-BKL3)1#
PMT $rD>@\8w$+$iKI$0$?$a$K!"B,Dj0J30$GS$0% 7% C%?1<$0>0$KID$aSF$*$+$I$1$ISPSISi
$ISSI#

?7 3.12: Electronics module [V.Korinilov et al.,2007]

29



27 3.13: %"%K%e%"%k% 7% C%?!<

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

MASS-DIMM $NAH$_N)$F9)Dx;~$K!" $[SHSsSISNBW3IX%"%i%$%a%s%HSOITSoSISF$SK!#$7
$+$7MASS-DIMM $rK>1s6 @$K<h$jlUSLEK;~SK!"$$$/$D$+IN%"%i%$%a%s%HIroT$&I, MWS,$"
$kI#$3$3$GHO!"B,DjAOSKITSCH?%"%i%$%a%s%HINIIK!$r@bL @$O$k!#

3.41 MASS 8w3X70$N%"%i%$%a%s%H

PSU$N8w<4$KBP$9$k79$-$H2SE><4SNDA@0$rOT$&IH#S3IEN:n6HSOK>1s6 @$K<h$jlUS1$:$KOTH&!#
:0$a$KME08(EE5$%b%8%ex$6KVIASS-DIMM $+$i30$91#<I$K MEO1B(%5%$%I%-+0p i<
MEO1F(DISN%+%PI FL( %U%!%V%j!<%I|0)st30$9 (7" 3.14)#%S!<% $FA $KD>@\F~<M
$7$F!"MASS $Nre-imaging mirror RA!" RB!" RC!" RD $K%S!<% $,Ev$?$CSF$SSk$+3NG'$9
SKIHEVSPSCEF$$$I$$>I9g$OME04(Optical plate) SNME04C $N2 $D$NOz$-%6MUBEDSN2!
$7%M%8%r;H$CSFe“imaging mirror $K%S!<% $,EvE?$k$h$&BRU $N79$-$H2SE><4$rD4@0
$I$Kk (21 3.11)# PSU $N4 $DSN%"%Q!<%A%C!<SNCI$G%"% Q! B %BHkBgS-S$SENSGIRD
$K$O:GEhCMOUS7$ISLBISPSISiSISS!#

3.4.2 DIMM 8w3X70$N%"%i%$%a%s%H

$3$NY%"%i%$%a%s%HSNMBEBC $r30$7$F$*$/#MASS-DIMM $rk>1s6@$K<h$jlU$1
$FI"K>156 @$rL@$K$$BWS;$X8~$1$FS$HIE04(Optical plate) $N4 $DSNOzS$-%6MUBEDSN2!
$7%M%8$r;HSCSBIMM $N%_%ilDM1!" DM2 $N79$-$rDA@0$ISKS3SHS, SCH SR 3.11)#
$3BISISNUMASEED %U%II<% $K<LSCSFSRBOSNY$%0a!<%8SrCFL{SK JSCSFS/SKI#S=$7$F
2 $DSN%$%6a! <%8$r$"SKDXEYNY%$IShEEEK HoU% 1<% $KBP$7$F2eJ2?2bD>$K$ISkSh$&SKDA@0
$9$k (2" 3.15)#
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?7 3.14: MEO1B$r30$7$?MM;R

?7 3.15: DIMM %"%i%$%a%s%H
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3.4.3 %U%!%V%)j!<%I%s%:3N%"%i%$%a%s%H

FL( %U%I%V%ijl<%IA B U%)! <%+%7%s%0$ro T$&I#S3SNI TDXSOK >156 @$K<h$jl US1$FITS&I#K>
1s6@$r;vVAOSKL58B1sSKSIFMASS-DIMM $+$i MEO1B(%5%$%I1%+%BRMEO1E(Optical
bench)" MEO4(Optical plate) $r<h$j30$7$F!"Be$o$j$K pupil control unit $r<h$jlus1$k
(?" 3.16)#3$3%5150%"%9%/$rDLS7SFF~<MF73N%$%a!<%85r8+Sk$3SHS, $G$-SkI#K>1s6 @SrGre$JI
PKB~$1BF!I"K>1s6 @SN3+8}7BAABNSr>HSiISIShS&SKFPRIA SN2!$7%M%IBBSS-DIMM
$r79$1$FI"F~<MF7A|$,%"%9%/$NY%[1<%k$KBPS7$FEQEYSK$ISk$hSESKSI$k!I#K>156 @SN3+8}7BSK!"
%U%i%C%HSGITF)L@SIDIB0S$! ) $rCV$/#pupil control unit $rDL$7SF$IENI*BNSN%S%0al<
%8%r4Q;!$9$KIHFL $,@557$/%U%)!<%+%7%s%0S5SISF$SSISLSISP!" $3$N%$%0al<%8%,%0\%1$F8+
B(SKI#ShSCIF%$%a!<%83%,%7%c!<%WSKSISkSHALSKDA @ 0$95k

?7 3.16: Pupil control unit [V.Korinilov et al.,2007]
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3.4.4  %7%9%F% $NG\N(787t

0J>e$N%"%i%$%a%s%HSIITSCS?8e!": GBeSKGMERERD|SrITS&IHS3SNB, Di$EL $N%"%i
%$%a%s%HSNB3$-$SHHIBREcontrol unit SNMEOAH $r<h$j30$7$F!" CL2(%I%s%:$K6/$$
BWSIEVSFSKSH!"K>1s6@$N3+8}t, IME04D SN %9%/$N%$%0al<%8%, Ej<MSEBISK17)l#
$=$N%$%al<%8SND>7B$r%N%.%9$G B, DiSOSkI#$ $2$35N;~$KI"%$%al<V68$N%(%C%8It],$,$1$i$!
SF$SISSSISHEr3NG ' $IBKI#G\N(782t$OB, Di$5$I$2%65%$%: $+$i7W;; $ISK$3SHS, $G S-Sk I#

27 3.17: <M=PF7A|

3.5 K\B,Dj$G$NJIQ99E@

#25$NB,Dj$G;HMQSIMKASS-DIMM $OI"9gN)E7I8B1%0%0%$4QB,=j$,=jM-$7SFHEEES-
DIMM MD26( @=B$HV9$r<ZMQ$7$F$$Sk!#$38MD26 $O!"Meade LX-200K>1s6 @IBBIG
<R$NCCD %+%a%i$G$ S -20008N;HMQIrAODsSHS7$F @):nS53ISF$SSk#$7$+37B,Dj$G$O
Celestron C11K>1s6@3%Prosilica <R$NCCD %+%a%i$G$"EE-680 $r;HMQPIPkS?SasK!"
MD26 SN$$S/SDS+SNItIISr<h$iBX$($?!1#IQ9957$?ItIISN@=""$OIUD BK5-:\$9k!#

MD26 $NCCD %%$%s%7?!<%U%'<MB01G) $0!"SBIG <R$NST-2000$N;EMM$rAODS$HS7
$?7@_7WSGH"$k!#:#2sSNB,Dj$G; HMQBGEBIES0 $OC %% &%s%HSISNS B9 &%s¥%HMQSN%$%s
%?21<%U%'|<YPIEOLG) $r:n@.$7$?(?" 6.3)1#$=$7$FCCD %+%a%i$rE, @Z$IOLCVSG;_$ask
$?7$a$N;_$aNXMEO1H) $r:n@.$7$?(?" 6.4)# Meade<R$NK>1s6 @SElestron <RSNK>1s6@
$N%"%E&%SYHISNBY$-$5$,0[$ISKSNEBPE SN %&%s%HYEERA) $rJQI9$7$Y 2"
6.1)1#$3$N; ~%6"%8&%s%HY|PABDRA) SNI6M%SSNOLCVSr4VOCS(SF@ _7WS7SEIBaISK
@\B3$5$;$k$38HS, $G$-$I$+SCS?SNSASS-DIMM  K\BNSHY"% &YYo HY(REDRA) $roo”
%@%W%?!<$G7RS2$EBIGR) #
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3.6 K>1s6@

Celestron C11

?7 3.18: Celestron C11

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

8}7B 280mm (11%$%s%A

8}7BHf F/10

>GE@5wWNZB00mm

%5%%$%: D9$5:EBOMM"307BLs 320mm
=E$5 Lsl2kg

$3$NCelestron C11K>1s6@$OVIASS-DIMM $KBP$7$F:GE,$I8W3X%Q%Ii%a!<%?$r;}$DK>
1s6 @$M SDSH$7$F5s$23iBI$FS$H.Kornilov et al. 2007]'#
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3.7 @VF;57

9b66@=:n=EM-200 Temmaz2

27 3.19: EM-200 Temma2

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

7A<0 2 <4%b!<%?!<FbB"!"%|%$%D<0@VF;57
@V7PHYF@VOMHYFO  %9%F%C%T%s%0%b!<%?!<$K$ShSKEEF06NnFO
Ek:\<ANL Ls16kg

K\BN<ANL L55.5kg ©6P%i%s%9%&%(Yeb%HJIL

EES8;EEQ5 Dj3DC24V

<+FOF3F~ %Q%=%3%s$r@\B3$9$k$3ISHIK$h$j2DG=

I= 3.4$G5-\$53ISF$SSKDLS)!" EM-200 Temma2$OM>M5$r;}$CSEL1 $rEk:\SISkS3ISHS,
2DG=$G3$"3k!#:#2s$NB,Dj$K$*$15k$3SN@ VF;57$SNMXE @ SAGHRE7I8MQ%=%U%H%&%'%"$r
MXMQS$7SF@VF;57$r@)8f$G$-Sk$3$HS,55$25i$BKAV $NB,DjSGSOICCD $N%=%U%H%&%'
%"$r;HMQ$7$F%j%"%k%?%$% $G;KLNFhSNMM; R$r3NG'$9$k$3HS, $G$-$k!#B,DjSGIOHSs>0$K69%$
;KLn$r;H$&$?$a!"?t],$G4QB,BP>1$N91@13,2hLLS+Fi0\FOS7$F$ 73" $&!#$=$33G%=%U%H%&%'%"
$+SI@VF;573r@)8f$7$F!"?t], KL EY91@1$r; KLNSNCI?4$KF~$ISk$S3$HSGB8zN($h$/B,Dj$roTS&
$33HS,2DG=3HSIBk!#:#2sSNB,Dj$G$0O!"%"%9%HY%m%" 1<% D<RINE7I8MQ%=%U%H%E&%'%" "% 9% F%0i¥
%S%2!<%?Ver.9 $r;HMQ$7$?14#
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3.8 CCD %+%a%i

Prosilica GE-680

27 3.20: Prosilica GE-680(Allied Vision Technologies Canaddnc. $h$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
%1%5%:%"%&%s%H C

A/D 12bit

O*=P;~4V 25 s-60s

:GBg%U%I!<% %I!<%205fps
%W%%"%s%W%2%$063-24dB

=ENL 169g

%5%$%0: 39mm(=D !" 51mm2#!" 80mm(D9$H
%$%5%7?!<%U%'I<%9Gigabit Ethernet

DIMM $NB,Dj$roT$&$7$a$K!"9b$$%U%I!I<% %l!<%H$+$D==J,$KC;$$0*=P;~4VIG;#A|$GS$-Sk
CCD %+%a%i$,|, MWSH$ISK!#$3EN%+%a%iSN:G>.O*=P24¥$Q$"Sk!#$"$?PC $+$iHs>0
SKN%SIS?$SHS3SMSGB,Dj$roT$&S?$a!l" MFNLENBgS$-$$2hA|%6G!<%?$r9bB.$G EXRigdidts- Sk
Ethernet SODIMM B,Dj$GBg$-$IMXE@$G$"Sk!#

0J2<$G$CCD %+%a%i$NFI=P$7%N%$%:!"%2%$%s!"K>1s6 @SKAUCeS7$?$HS-SN% T %/%;%0k%9%1!<
%k$NB,Dj$KSDSSSF5-:\$7$F$Sk!# $3BIBIEN%Q%i%al<%?$0!"8e=R$G5-THOMM %7!<%$
%Ss%O0SN7W;; SN$?$asKI, MWSHSISKk!#%U%I!<% $NBBRMISKSO!"E7I82hA|%G!<%?2r@0%=
%U%H%&IDNBAO/IRAF  $rMQ$$$?!1#
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27 3.21: CCD$N46EY6J@Allied Vision Technologies Canada Inc. $h$j)

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

FI$_=P$7%N%$%:$SHEID $KC_@Q$7$?EE2YSIFI$_=P$I$SHS-SKH/@8$ISK%i%s%@% Y%6N%$%:
$GS"SKIHFIS_=P$7%N%$%: SRYSNI6PY$%"%9%U%I!<% $+$i5a$ask$3SHS, SG$-Ski#

Read noise[ADU] = ;2 (3.2)
<0(3.1) $r;H$$!" CCD $NFI$_=P$7%N%$MDU] $rB,Dj$7$214#

DIMM $NB,Dj$G;HMQ$7$?%W%]%"%s%W¥22iBibdB,18dB,20dB,24dB)$H!"Hf3S$N
$?7$a$K0dB ;~$NFI$_=P3$7%N%$%:$rB,Dj$7$?1#0E<<$G%P%$%"%9%U%I!<% $r<hF@B7!"$=$NFb
Kg$N%U%I!'<% $N:9$N%U%I!<% %+%&%s%HIN IB="dP Br5a$ask!#$3$3$GIN%P%$%"%9%U
%I!<% $OI'CCD $N:G>.@QJ,;~4V$GC$"$5 S$C<hF@I7$F$SSKI#7k2L$BIESKS-\$7SFSS
$ki#

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

%W%j%"%s%W%RIBE%S B, B, 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 7427 0.22 5252 0.15

24 1135 04 80.24 0.29
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3.8.2 %2%$%UA/D JIQ49787)

CCD $N%2%$%s$HEBD $KC_@Q$5$I$?EE2YNABrIQA9$r9T$&: [$NI"EE2YNLSH=PNO?.
OfSNIQ4978?213GS"Ske /ADU) 1#962%$%@[e /ADU] $N:~I"I[e ]$+$i VIADU] $,5a$ $ki#

V = Gl (3.2)

FI$ =P$7%N%$%:$K$h$kJ,:6CMESHSIOSKSH!"%+%&%s%HSNJ, ;6 GMBO!"<I$NAX78<0$G
I=$9$3$H$, $C$-Bk!#
2=+ 2 (3.3)
<0(3.3) $K<0(3.2) $rBeF~$9$k$H
V
V2 = G + r2 (3.4)
=>$CHF%+%&%0sY%HSHI,; BICNIBRX<0SN79$-$+$i!" CCD $N%2%$%s$r5asak$3sHS, $GS-Sk!#

0J2<$K>\:Y$JIB, DjJIKI$r<($91#

FI$_=P$7%N%$%:$NB,Dj;~$HF1$8DIVMM $NB,Dj$G;HMQS$7$?%W%j%"%s% W RIBS%osSH
~$N%2%$%s$NB,Dj$roT$C$?1#B, Dj$KSO0BD]j$7$?8w8;$,|, MWSISNS$SG!"0BDj2=EES8;$r;HSCSF
10mA $NOBDj$7$?EEN.$rN.$7$ED $r;HMQS$S7$?HED $N8wSr6QOI$+$D8:8w$9sk$?$asK!"
LED $HCCD $N4V$K$O?"$N$h$&SKIH;6HDSHYH%I!<%7%Ss%0%Z!<%Q!<$r6 ASSTREHMS S ?
O*=P;~4V$rIQ$($F;#A|$9Sk$3$HSG!"%U%Ii%CY%HY%U%I!<% $N%+%8&%s%HCMSrIQS(SF$$$kI#%P%$%"
%9%U%!!<% $r<hF@$7$F!"B,8WSNAOSK%U%i%CU%HY%UYI!<% $+$i8:;; STpigsiskBpixel
$SNNNOhSI$HS]"$=$NCI$GJ,;6$H%+%8&%s%HSr 7W;;$7SF$$$kI#2#<4$K %+%& %S Y% H!"=D<4$KJ,;6$r
$HSjI" 1 <14X2t$G%U%H6CY%F%#%S%0$7 $PHEIMBEN@ZIR$O!"J,;6CMS$,FIS_=P$7%N%$%:
SN#2>h$SKAJEVSISKENSG!"A09 $GB,Dj$7$?FI$_=P$7%NIIHEMIKM=$aBeF~$7$FS$Sk!#$=
SN793-SN5U?2tS+$i%2%$%sSr5asas?!#

I= 3.7: B,Dj$7$?%2%$%es /ADU]
%\W9%%j%"%s%WIRIBS%Sain[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
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1800 | | |
f(x)=0.380127"x+7.08981+2 —
measurement --—+--
1600 7
1400 | 1 e
j‘ J 1J Jt»
T !
1200 ﬁ A
! 1
& - i
2 1000 iy
< 5t
N ; ]
© 1 )
E 800 by
’ LT
i
600
T
400
200
0
0 500 1000 1500 2000 2500 3000 3500 2000
count [ADU]

M 3.220 %W%]|%"%S%W % DU BNY2%$es /ADU] ( 2#<4%+%&%sPARU] 1#=D<4J,;6
[sigma?])

7000 T T = T
f(x)=1.47807*x+25.1651**2
measurément --—+---
_t
6000 oo
/ +
5000
/
_ I S
S 4000 i Fod
a
<
o~
e Ny
S 3000 1
m / }
2000 /
1000
0
0 500 1000 1500 2000 2500 3000 3500 4000

count [ADU]
27 3.23: %W%j%"%s%W%22aIB@N%2%$%6s /ADU] ( 2#<4%+%&%spaBU] 1#=D<4],6
[sigma?])
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14000 T T T
f(x)=2.63111*x+36.5574*"2
measurerrlent L
12000 }
L
1
10000 ¥
P
- <
o + it
2 8000 P T
< // :
o~ _ - ; h
g T T
2 6000 FTF
2 1
1 b
/}/J 4
4000 =
///
/
/
2000 -
0
0 500 1000 1500 2000 2500 3000 3500 4000

count [ADU]
27 3.24: %W%|%"%s%W%2BBE&N%2%$Yes /ADU] ( 2#<4%+%&%spaBRU] 1#=D<4J,;6
[sigmaZ])

16000

f(x)=3.17106*x+43.8661%%2
- measurement ---+---
14000 1 <

12000

[E
[

10000 o 3+

8000

S|gma2 [ADUZ]

6000

[siig}

4000

2000

0 500 1000 1500 2000 2500 3000 3500 4000
count [ADU]

2 3.25 %W%;j%"%Ss%\W%2BBEN%2%$%es /ADU] ( 2#<4%+%&%sPhBU] 1#=D<4J,;6
[sigma?])
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25000 T T T
f(x)=4.38702*x+52.5154**2
measurgment b
20000 o
T -
i -
-~ |
«— 15000 SF .
o} =
3] 1 Tk
< + |
~ e -+
£ L1 1od
2 i LA 1
@ 10000 =
- g
~
5000 -
0
0 500 1000 1500 2000 2500 3000 3500 4000

count [ADU]
28 3.26: %W%|%"%s%W%20eBE&N%2%$Yes /ADU] ( 2#<4%+%&%spaBRU] 1#=D<4J,;6
[sigmaZ])

40000 T T T
f(x)=10.0795*x+80.2425**2
measurement ---+---
35000
T -
T
30000 o ]
T gt T
| T 1
- Tt / H
S 25000 - Lot
a) - ! 1
< I 4
N(tj a4 _
£ - Jr - T T K
2 20000 FooTe ek
@ P /;//T T
15000 £
10000
5000
0 500 1000 1500 2000 2500 3000 3500 4000

count [ADU]
27 3.27: %W%|%"%Ss% W% 24aBE&N%2%$Yes /ADU] ( 2#<4%+%&%spaBRU] 1#=D<4J,;6
[sigmaZ])
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%W%j%"%S%W%2%$%s$,Bgs-$/SISISPSISkS[SPHABKSGSO!"%6+9%6& %% HIBAS]ADU]
0J2<$G$NJ,:6CM$, Hs>0$KBg$-$$14#%2%$%s$, Bg$-$SSHFIS_=PSTHANUISSN1F6AS, Bg$-
$/$I$k$,1"B,Dj$7$2J,;,6CMSOFI$_=P$7%N%$%:SBIRSNBS-$5$G$ " $kI#ShSCSFFIS_=P$7%N
%%$%:$G$O!"$3$NJ,;6CMSNBg$-$5$N@bL@$,$D$+$ISSHECHBBGE Y % %i$d!"& CCMSN@_
Dj$J$I$, IMSB($iBIBkS,!"8=>uSG$O860x$rFCDj$C$-$F$$SISS!#

%W%j%"%Ss%W%2%$%sSMBlHIBQASG!'gain[dB] = 20log;o(y=x) $HI=$9$3$H$,$GS$-$k
(X SOF~NOY'$O=PNG y=x SOAHIN($G$"$j!" CCD $N%2%$fes=ADU | $NSU?tSHBP1~$O$k!#
B,Dj$7$?%2%$%sSNCM$ro60%i%USK % WM CUHS7SF!" $3SNAX 2t$r; HECSF% U6 CYF%#%S%0$rIT:
(2" 3.28)#%U%H#6CY%F%#%s%0$SN7k2LI"gRf#B] = 18:201900;0(2:51927Gain) $H$I$C
$21#$3$N7k2L$AB SNBX<O$H;W$?$h$&$I7ASr<h$k$?$al" B, Di$5$1$2%2%$%sSNCMSOBYS-$/4V
0C$CHFSSISSSISHS,J, $+SCS2H#ShSAIMM  $N%7!1<%$%s%0$SN7W;;$GS$O!" B, Dj$7$2%2%$%s
SNCMSr$=3N$"$" HMQS$7$FSSK!#

3
2.5\
2

15

f(x)=2.51927/10"(1.00881*/20) —

Gain [electrons/ADU]

\.\’\.\.

0 0 5 10 15 2'0 25
gain [dB]
21 3.28: B,Dj$7$?%2%$%s$N%UY%#/6 CYF Y #{RESOTIBI 6% " Y% s% W YRIBRHD<4%2%$%S
[e =ADU)

42



3.8.3  %T%/%;%k%9%1!<%k

2013G/ 11 7n05F|$K!" Celestron C11K>1s6@HIMASS-DIMM $r<h$jlu$1$?;~$N CCD
%+%a%iBSNY% T%/%;%k%9% 1! LX6EEM 1 SrMQS$$FB,Dj$7$?!1#B, DiSKMQB$ED 1$0!"$0$/$ASg
$&:BSN%"%k%S%I%*$G$"Sk!#%"%k% SONVEPRIS, 3 Ey$SHb Ey$SN2 SDSNE7BNS+3$i@.$jN)$C
SF$*$j"E7BNAVSNSWNIU@BOA9[arcsec](20185/) $G$"$k(http://ad.usno.navy.mil/wds/) #

1 3.29: #A|$7$7%"%k%S%I1%*$N%$%a!<%8

0.5Ms$NO*=P;~4V$G!"%"%k%S%I%*$r:#A|$283.29)#IRAF $GLOOKgSN%$%al<%8$r2C;;
$7$F!"imexam %?%9%/REDSN@ 1$N=E24$r;:=P$7$?H$=$7$F%"%k%S%|%*$NH ABISEGN Y
$r5a$a$?=E244V5WN%$G3d$kSISHSG "% T%/%; Yok Upartdectpkeel] $r:;=P$7$2H7W;;$N
7K2L1"%T%/%; %k%9%11<%k$N%5%68858@rcsec/pixel|$G$"$C$?1#8e=RIDIMM $N%7!<
%$%S%0SN7W;: $GSO!" $3SNY T%/%;%k%9%1!1<%kSNCM$r;HMQS7$ 214
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3.9  %=%U%H%&%'%"
3.9.1 Turbina version 2.06

MASS $N@)8f$HB,DjSK$OKornilov ;a$i$,3+H/$7$? Turbina $r;HMQ$7$?MASS AuCV
$N%3%s%H%mM!<%k!"%G!<%?$N<hF@!"$=$7SF%G!<%?2 NACH $SNB&FH <% 7$0,4VS$r 1
%;%C%HSH$7SFOTBEIF SNO*=P;~4VS0P0S$G!"O*=PSNAVSK?tICEN%Y!<%9%?%$% $r@ $1$F
SESK!#

MASS $GB,Dj$r9T$&=g=x$H$7$FSO!"$"$:;O$abitialization(Tool menu-Initialization)
SroT$&!I#$3$1$0!" Turbina $rN)$A>e$2$k$?$SSKITS0SI$/SFSOSISISISSI, 2\SN:N6HSC S "$k!#
<ISK@1SNSISSNNOhSKK>1s6@ $r8~$1SF!"%PA%C%/%0%i%& %s %l SNE d2iSuedip&nts-
Background)!#$=$N8eB,DjBP>]$NE7BN$rF3F~$7!"BP>]E7BN$r@ 1$N%j%9%H$+SiAFHeb OBk
Show star)#BP>]$,F3F~$G$-$F$$Sk$+%U%i%C%/%ISNING '$r$7@a8asrements-Flux
estimation)!" MASS $NB,Dj$r3+;,0$9%kMeasurements-Run measurementy

3.9.2 VimbaViewer !l version 1.2

AVT <R$NimbaViewer $O!I"DIMM B,DjMQCCD $G$"$kProsilica GE-680$N@)8%=%U%H
%8%'%"$G$"$KI#$3BNY=0U%HY6 &I CIBENO*=P;~4VIEP SI"0\W%]% " %s% W% 20h0/a41"
%T%/%;%KNNOhSrIQ$(Sk$3$HS,=PVDBUN $NB,Dj$O'S J,4VSr 1 %:%CY%HSHSOBOHPS]
$GO"B3HA|SI$7SFSSSKSNSAIY6;%C%HS"$ ZBPOOKgSN2hA|%GI<%6 2$r0 7 $&IH:HA|$7$2%$%al<
%8%G!<% A0 %U%!%$%k$G=PNOS5SISk!#4QB, SN=*NiB6EU%!%$Y6 kW6 % CYHSASHKS
SHSaSFFITS %-%e!<0%VSKIQA9$ISK!H

3.9.3  %9%F%i%J%S%2!<¥%esion 9

#2s$NB,Dj$G;HMQ$7$?@VF;57!"9b66 @-EM;200 Temma2$0!"; THNSNE7I8%=%U%HSH@\
B3$9$k$3$H$G%3%s%H%mM!<%k$ISkS3SHS, $G$-$k!#$=N$?$a$K;HMQS7$?E7I8%=%U%H%&%'%"$,!"
%9%F%i%J%S%2ke¥soNn 9$GCH " SKI#S3EN%=%U%H%E&Y%'%"$GC@VF;57$NDIHX%9%T{B3L0ISNIQ99
@1DIHX$N%N!<%"%k%9%T!<%I%b!<%I" %0%$%9% ) <@\ /EBI@¥D"J}8~$NO\FO!"$=$7$F
<+FOF3F~$r9T$&$3$H$,$C$-$Klestron CLISN>GE@5wWNZEBBOMmM$SHDI$/!"@VF;57$0%,
%$%I$r9TSCIFS$SISSENE® I, $[$I7PSDSH; KLN$+$i4QB,E7BNS, $$$IS/$ISCIFS7$"$&I#S 7S+
$7 CCD $N%$%a!<%8%r;HSCSF;KLNFbSNMM;R$r%0j%"%k%?%$% $GING'$9Sk$3$HS, $CS-SkSNSG!"
;~19%9%F%i%J%S%2!<%?$C@VF;57$rF0$+$7!";KLNCf?4$K4QB,E7TBNSIF~$ID>$7SF$Sk!#

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

B,Dj$G$0!"?"3.30$N$h$&S$K % 1<%V %k$r@\B3$7$F$$$k!#B,Dj5!40$020FbBICHEHIG! <
% ?SNSAS|SHI|SrOTSEMASS-DIMM SN%G!<%?Aw<u 781 85%1!<%V%k$GOTS0SISRED
$NGigabit Ethernet $0!"%0%V$r;HSCSFCT7Q$7SF$SSkI#$"$?@VF;578N%7%]%"%k%G!<%?$r; THN
SN%GCY%PY%$%I%ENPAHRT) $G%$!<%5%M%C%HIQ49$7$F!"%M¥%CY%HY%0!<%/$r2p$7$F%9%F%i%I%S
%2!<%?$H%G!<%?SNAW<U?.SroTSCEFSSSK!#
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?7 3.30: 5IU$NG[@~?"

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

MASS $HSO0c$SDIMM $N%7!<%$%s%0$N7W;;$0B,Dj8e$K$ $HSa$FOMBLISEN%G!<
%?3Q %;%C%H,4V$ISNSGIDIMM  $N%7!<%$%s%0$h;%6C%H ,4V!"7W600Kg$N2hA|%G!<
%?$r;HSCSF7TW::$7$721#

=E?4$N7W;;$OK <4#y<4$KJ, $1SFITSCH?1##x<4SN=E?4$0<!$NSh$&SKDj5A$5 SISk #
Z
Xg = lpp Xl (X;y)dxdy (3.5)

$3$33Q 1ot $O%T%/%;%k6/EYSNIG7TWSGS "SK!#:AAMM SN=E?47W;;$GSWindowing $N
JIKI$r;HSCS?1# Windowing $OI"@1A|SNCF24$+$i$"SkDXE Y SNHOOO$N%&Y6#%5%1%&$r@_Dj$7!"$=
$NHOOOFb$G=E?47W;;$roT$&JIKISCSWhtvtlowing SN@LA|SNCI24$HSO!" @1A|$SN%T!<%/CM
$NX,y :BI8$GS"$k!#Windowing $GIN=E?4$0<!SNShS&SK7W;;$9$k!#
P
x,, = _pindow Xi i (3.6)
window !i
DIMM $N7W;;$G$@indow $O;M3Q7ASN7ASISHECSFSSSK#SISN=E 247W;; SBROW FHSN
%NY%$%:SNLFEASG=E24%(%i!<$,5/$-$kI#$3ENY6NI6$%:,;6$NCMSO!"A|SNABPE*$I=E?4MI$i$.$N
J,:6$G$"$k (2.34) <0!" (2.35) <0$K2C$0%$j!"B,Dj$7$2%7!<%$%s%0OSNCM$,0-$/$ISCSFS 7S $&!#
$=333G$35N%N%$%:J,;63r8+@Q3b$j!"=E?4MISi$.$NJ,;6$+$i8:;;$9$k$3SHSGC @53N$I%7!<%$%s
%O0SNCMSr7W;; $9$k!#

(xXij  &)*(R*+ Ij; =G) (3.7)

C: |2
0 i

R $OFI$_=P$7%N%$®U] $G!"G $OCCD $N%2%$fes/ADU] $G$"$kI#$"$2c, $O=E?4$N
OLCV$G$"$j!' o SOwindow Fh$NY%T%/%;%k6/EY$SNIg7WSGS " $ki#
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?7 3.31: DIMM $N%$%a!<%8!#@V$$;M3QVikdow!#=E?47W;;$G$Q0pixel 20pixel SNHO
00$r<h$CHFSSBk!#

3.12 B,Djl5
KL3$F;Bg3XBg3X1!M}3X8&5f1!ImBOE7J8Bf$N:BISSORWRS5!IK"KLON 44.41K"I89b$0O3%

H4151m$G$"$kI#HMASS-DIMM $NB,Dj>I=j$O!"$3$NE7I8BISNR 3, $N%F%i%9$G S "$k!#72I*
SNJIISGH/@8$9$KMpN.SNIF6ASI8:$i$9$7%al" Y%oF%i%9ISNCIL{SGB,DjSroTSCH?1#

?7 3.32: 51 °$rE83+$7$?MM;R
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4 B,Dj7k2L

2013G/097n$+$i 2014G/ 02 7TnSKS+S1SF!"S[$\ 1 $+7n$*$-$KLs10F|4VSNB,Dj$roTSCH?!#
B,Dj$roT$C$?F|$H!"B,Dj$K@.8y$7$?F|$r7n$4$HIGAL $K7G$28k 1#$3$3$GENB, Dj$K@.8y$7
$?F|$HSOI'MASS $HDIMM $NN>J}$NB,Dj%G!<% B2s$CSbF @ $iI$?F|SNS3SHSr; X $O#

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  1E|4V  6F]
10/15{10/25 16,17,18,19,21,22,23 1E[4V  7F|

11/05{11/15 05,11,13,15 1IF|4V  4F]
12/09{12/17 16 9F|4V  1F|
2014

02/03{12/12 04,05,07,08,12 1|4V 5F|

A452F|Cf 23Lk$NB,Dj$K@.8y$7$?!1#K\>0$G$O!"$=$N7k2L$rIsOp$9$k!#$I$*A4BNSNS $HSa
SHOM;ISO<I>0$GITH&!#

7k2L$G$0%0%i%US, “DEBIBSsS@%60%i%USH!"%0%i%US SDIBSS$S @ %0%i%USr5-\$7$F
$$$k1#1 SDL\SNY60%i%USKSDSSSF@bL @$9$k!#>e$N%0%i%USOBG5$>qMpIbE Y%Wo%m%U%!%$%k$GS'
$33$I$0C2 $N;~4VIQFO$r%W%m%ClHHS7$?$hSNGEIIBIGHE Y SGY%W%mA6CU%HS7SF$SSF!"@D?'S,
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$F5a$a$i$l$? GL %7!<%$%s%0$rI=$7$F$SSK!#
2 $DL\SN%0%i%U$O!"B,Dj$7$?%7!<%$%s%0$NYRY69%HY%0%i% $G$"$k!# BibNAce856 USO
%$%5%0"??$sCIENY0%IMUEES %7!<%$%s% 0" 2<SN%0%IBLBEY 1 <%$%s%0SNY%RY%6I%HY%0%i
% $G$"$k!#9%0%i%USN1&>e$K$O!" % 7!<%$%s%0SNCFL{CMSHI?6QCMSr5-\$ 7$SF$$$R#%60%i%USK
$DSNYT!<%/$,$"$k>19g$0!" % 7!<%$%s%0$r9b$SCMSHD SBSOMENS 1$F!"$=$I$>$I$SGCF1{
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4.1 2013 G/097nl7 F|

20~ 43J,$+$i$0S/SASGS&: BUGYNKEYSI 1.25E)!" 23:~ 50J,$+$i$.$9$7$C:BY%-+%Z%i
(;KEy5i 0.08Ey) $r;2>H@1$K$7$788 ~$+$i 21;~ 30J,$"$G2w@2$@$C$?83"~ 30J,$"
$G1@$,DL2a$7$F$$$214$=$N8e 1 @SNDL2aSH2W@2$r27E Y $+7+$J VDS FHESRIS S 7$i$,
40A4$K1@SKIHSISFS7S $$!" @23I$k8+9~$_$,$IS+SCS?SNSGAQB, $r=*N;$7$?1#

I= 4.2: %71<%$%s%0$NI?6QCMS$HC1L{CM
%7!<%%$%s%0 J?6{a@idec] Cfl{CMarcsec]

DIMM 3:10 0:37 305
MASS 193 0:43 190
GL 1:90 0:40 198

I= 4.3: C2 $NJI?6QCMS$HC1{CM

9bEY[km] J?6QCHN 3] Cfl{CMm 3]

16 302 10 638 101 300 10 18
646 10 1* 696 10 397 10 ™
172 101 149 10 126 1013
972 101 564 101 926 10 13
159 101 251 101 702 10
0.5 211 101 255 101 896 10 4
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4.2 2013 G/097n18F|

21:~ 42J,$+$i$0S/$ASGS& BYUGINKEYSI 1.25Ey)!" 23;~ 29J,$+$i$.$g$7$C:BY+%6Z%i
(;KEy5i 0.08Ey) $r;2>H@1$K$7$?1#M<I}$+$i1@$,B?%0 ;~$4$m$KL0 I, $[$11+$,9_SCIFSS$
$21421 ~$+$i@23;0$a$?SNSGAQB, $r3+;,0$7$7%21 ;~ 40J,$+$i8|$$1@$KISS0SI$?$NSGAQ
B,$ICf,_$7$?1# 23:~$+$i>/$7$N;~4V2W@2$K$ISCS?$BBEAQB $roTSCS?102 ;~ 30J,$+$i
$0$:$+$K@2$1;:0$a$F4QB, E7BNS, kG'$G$-$?$NSG!" L@$NDL2a$, B2$+$C$?$,4QB, $r:F3+$7$21#

I= 4.4: %71<%$%s%0$NI?6QCMS$HC1L{CM
%7'<%$%s%0 J?6{a@dec] Cfi{CMarcsec]

DIMM 2:27 0:36 224
MASS 173 051 154
GL 0:87 0:28 098

I= 4.5: C2 $NJI?6QCMS$HC1{CM

9bEY[km] J?6QCHM 3] CfL{CMm 3]

16 120 101 286 101 120 10 13
376 10 406 10 1* 237 10 ™
112 10 713 10 104 1013
510 101 264 101 558 10 13
656 104 720 10 * 248 10 ™
0.5 795 10 7:08 101 720 10 13
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4.3 2013 G/097n19F|

18;~ 41J,$+$i$0$/SASg$&:BUGCUNUEASI 1.25Ey) $r;2>H@1$K$7$2E8 ;~ 301 $+$i%G
%M%V$,8+S(SFSS$?SN$G4AQB, $r3+;0$7$7%,!"L@$NDL2a$, B?$ABCHHEIB|$$1 @ SKI$S03$
$FI"4QB,E7BN$,3NG'$G$-$I$+$CS?SNSGAQB, $r@Z$j>e$2$21#

I= 4.6: %7!<%3$%s%0$NI?6QCMSHCIL{CM
%7!<%%$%s%0 J?6{a@idec] Cfl{CMarcsec]

DIMM 2:44 033 247
MASS 079 012 076
GL 2:00 012 197

I= 4.7: C2 $NI?6QCMS$HCI1{CM

9bEY[km] J?6QCHM 5] Cfi{CMm

16 997 10 255 101 895 10
223 101 224 10 154 10 %
123 1018 720 101 854 10
148 1018 672 101 142 1018
209 10 309 10* 586 10 1°
0.5 311 10*% 276 10 255 10 4
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(>e)DIMM  %7'<%$%s¥ONMASS %7!<%$%s¥BIGL %7'<%$%s%0
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4.4 2013 G/097n20F|

04;~ 18J,$+$i$.$9$7$c:BY%+%Z%iKEY5i 0.08Ey) $r;2>H@1$K$7$?1HM<I}I$+$i$"$2$iS$,
8|$$1@3KISS0SISFSSIF!"40QB,$,$GCH-$I$+$CH2BE~$+3i?t 10J,3[$11+3,9 SCIF$$$?1#04
~$+$i@2$1;0$a$?$NSG!"4QB, $r3+,0$7$ 4 :~ 45, $4$M$"$G4QB,$G$-$2$,I"1@$NDL2a$0
B?$+$C$21#

I= 4.8: %7!1<%$%s%0$NI?6QCMS$HC1L{CM
%7!<%%$%s%0 J?6{a@idec] Cfl{CMarcsec]

DIMM 3:33 0:05 331
MASS 126 0:30 126
GL 2:67 0:00 267

I= 4.9: C2 $NJI?6QCMS$HC1{CM

9bEY[km] J?6QCHN 3] Cfl{CMm 3]

16 267 10 535 1014 2145 10 2
244 1016 691 10 % 1.64 10 %
607 101 122 108 217 10%
114 101 242 10 186 10 %
162 10 * 254 101 380 1016
0.5 711 10 893 101 411 101
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(>e)DIMM  %7'<%$%s¥ONMASS %7!<%$%s¥BIGL %7'<%$%s%0
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4.5 2013 G/097n21F]|

18;~ 47J,$+$i$0$/$ASY$E: BUGUNIEYS5I 1.25Ey)!" 0;~ 02 J,$+$i$.$9$7$C:BY+%Z%i
(;kEy5i 0.08Ey) $r;2>H@1$K$7$?18;~$+3i 21;~$"$GCCVSS1@BKISS0SISF$$5?3,!"%b%K%?!<
$93k$K$O==J,$I8WNLIGC$"$C$?$?7$aB,DjSroTSC$?!1#$5=3N8el@3$,$J$/$J$2w@ 2$K$IGCS?$,!"
i~ 30J,:"$+$iHS>038K8|$S1 @ BKISS0S$I$?$NSGB, Dj$rCf;_$7$702 ;~ 30J,$+3i 03;~"$"$G
1@3,IQHK$KDL2a$7$F$$$7%,60$+$KBP>]E7BNS$,8+$($F$$S?SNSG!"1@SN7d4VSrA@SCSFB,Dj$rB3
$1$?1#

I= 4.10: %7'<%$%s%0$NI?6QCMSHCIL{CM
%7!<%%$%s%0 J?6{a@tdec] Cfl{CMarcsec]

DIMM 1:41 015 131
210 0:27 209

MASS 075 0:18 Q72
GL 1:32 031 125

I= 4.11: C2 $NJI?6QCM$HCF1{CM

9bEYkm] J?6QCHN 3] Cfl{CMm 3]

16 838 10 1:82 10 800 10
138 10 * 164 10 820 101
570 10 % 4388 10 * 428 10
186 10 ¥ 112 10 165 10 18
287 101 479 10 507 10
0.5 147 101 2143 101 235 10 16
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60



Lo T R TR T S e F

Altitude [km]

| s

10-12 m-2l3

oms e

; ; j j MASS Seeing ———
3.5 - GLseeing —

seeing [arcsec]
N
T

1 - ]

oL .
18:00 19:00 20:00 21:00 22:00 23:00 00:00 01:00 02:00

JST

27 4.9: (>6)2013G/ 09 7n 21 F|$NBg5$>qMp9bEY %W%m% U D6RIGE Ykm], 2#<4JST
@D.5-R'@V1-R, NP2km, 2+:4km, EnBkm, ?e:16km) (2<) %7!<%$%s%0$N;~4VIBBs4See-
ing[arcsec],2#<4JST Em@MASS %7!<%$%sIDP @BIMM  %7!<%$%sUDD @BL %7!<%$
%s%0

61



70
DIMM Seeing
60 Average =1.41+ 0:15 [arcsec]
_ Median = 1.41 [arcsec]
Averagei=2.10.+0.27 [arcsec]
50 Average = 2.10-£.0.27 [arcsec]
M Median = 2.09[arcsec]
& 40 |
()
=}
& _
T 30
20
) ’7 Hﬁ
0 | -
70
MASS Seeing
60 Average = 0.75+0:18 [arcsec]
Median = 0.72[arcsec]
50
g 40
(]
>
5 —
r 30 -
20 N
10 E
0 "_h
70
GL Seeing
60 Average =1:32+0:31 {arcsec}
Median = 1.25 [arcsec]
50
2y
2 40
()
=)
g
T 30
20
10
0 il

0 o5 1 15 2 25 3 35 4 45 5 55 6
Seeing [arcsec]

27 4.10: 20135/097n21F|$N%71<%$%s%0%R% 9% HIMDRAIE Y!"2#<4%7!<%$%spatcsec])
(>e)DIMM  %7'<%$%s¥DNMASS %7!<%$%s¥BIGL %7'<%$%s%0

62



4.6 2013 G/097n22F]|

18;~ 20J,$+$i$OS/$ASG$E: BUGUNKEYS 1.25E)!" 00;~ 28J,$+$i$.$g$7$c:B%+%Z%i
(:KEy5i 0.08Ey) $r;2>H@1$KS$7SFS$SSKI#SISNF|SOM<II$+$I1@$,>/$I$/2Ww@2$G$ " $CS1#$ TS+
$700:~$+$i%,%9$, H/@8$7$?14%,%9$0GV$/4QB,E7BNS, KG'$G$-$7$7$a4QB,$02DG=$G$"$C$?
$,I"K>156@$, 7TKO*$GG (SISF$7$"$8$7$a4QB $ICF;_$7$08~$4SMEKS0$:$+$K%,%69$, SHSIS?
SNSGI'10J,$[$14QB,$roTSCH?14#

= 4.12: %7'<%$%s%0$NI?6QCMSHCI1L{CM
%7'<%$%s%0 J?6{a@dec] Cfi{CMarcsec]

DIMM 1:17 013 119
2:11 045 206

MASS 051 010 049
1:02 0:19 098

GL 1:.41 052 132

I= 4.13: C2 $NJ?6QCM$HCF1{CM

9bEYkm] J?6QCHN 3] Cfl{CMm 3]

16 110 10 ¥ 526 10 1.07 10 13
653 10 * 616 10 465 10 ™
111 10 151 10 385 10 4
309 10 394 10 169 10
464 101 186 101 105 10 18
0.5 828 10 1:17 101 338 1014

= N B~ 0
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%s%0
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03;~ 19J,$+%i$.$9$7$c:B%+%Z%ikEy5i 0.08Ey) $r;2>H@1$KS7SF$Sk!#$3SNF|$OS[$H
$s$140B,$roTH($IS+SCH?1#M<J}$+3i1+$,9_$CIF$$$B#- 20J,$+3i11@%, $HIISF2w@2$K$I$C
$?N$G!04;~2a$.$"$G4QB,$roT$C$?1#

I= 4.14: %7'<%$%s%0$NI?6 QCMSHCIL{CM
%7!<%%$%s%0 J?6{a@idec] Cfl{CMarcsec]

DIMM 1:86 0:18 190
MASS 113 0:04 112
GL 1:06 011 109

I= 4.15: C2 $NJ?6QCMS$HCFL{CM

9bEY[km] J?6QCHM 5] Cfi{CMm

16 189 10 ¥ 487 101 188 10 13
511 10 300 10 * 667 10
560 10 * 574 10 1% 334 10 ™
406 10 ¥ 354 10 1% 387 10 13
481 10 582 101 740 10 %5
0.5 937 10 1:.02 10 784 101
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03;~ 58J,$+%$i$.$957$C:B%+%Z%ikEy5i 0.08Ey) $r;2>H@1$K$7SFS$SSkI#SISNF|$OM<J}
SKSO>/$7 @ 23ISF$$$?$, " @VF;57SNEES; %1!<%V%k$,CC@~$7SF$7$ $$=SM}SK;~4VErMWS7$?1#
$=$N8el@$,8|$/4QB,E7BN$,3NG'$C$-$I$+SCH BB $+$i2w@ 2$KSISCH?SNSC!"GVL@$"$G4Q
B,3roT$&$3$HS$, $G$-$?1#

I= 4.16: %7'<%$%s%0$NI?6QCMSHCI1L{CM
%7!<%%$%s%0 J?6{a@idec] Cfl{CMarcsec]

DIMM 2:00 0:32 202
MASS 101 042 087
GL 1:50 0:23 156

I= 4.17: C2 $NJ?6QCM$HCF1{CM

9bEYkm] J?6QCHN 3] Cfl{CMm 3]

16 582 10 * 1:33 10 540 104
621 10 154 10 688 10 %
164 10 186 1014 825 10 1°
205 10 1% 805 10 * 1:.98 10 13
478 10 395 10 1% 404 10 %
0.5 399 108 471 101 1:49 10 13
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19:~ 34J,$+$I$OS/SASGS&: BUGYNKEYSI 1.25E)!" 23:~ 26J,$+$i$.$59$7$C:BY%+%Z%i
(;KEy5i 0.08Ey) $r;2>H@1$K$7SF$SKI#SISNF|$SOShS/@2$ISF$$$2$2%al"D9;~4VSNAQB, $roT
$&S3BHS, $C$-$?HM<II$+B1~ 30J,$"$GCL@SNSISS2W@2$G$"$CH?$,I"$=$N8eD+$"$G%,%9$,
H/@8$7$F$SSKIHS=SIS[$1G;$$%,%9$CS0$I$+SCS?SNSGAQB, SOBISISFSSHkS, 1" %,%9%, G $/$I$K
~AV$04QB, $r0l;:~CICGSTSFSSKI#

I= 4.18: %7'<%$%s%0$NI?6QCMSHCI1L{CM
%7'<%$%s%0 J?6{a@dec] Cfi{CMarcsec]

DIMM 1:80 040 174
MASS 072 0:28 065
GL 1:59 043 154

I= 4.19: C2 $NJ?6QCM$HCF1{CM

9bEY[km] J?6QCHM 3] CfL{CMm 3]

16 480 10 * 162 10 436 10 4
808 10 '® 863 10 %Y 319 10 %
122 101 434 107%™ 497 10 %
314 10 362 101 222 10 %
106 10 * 173 10 417 1071
0.5 269 101 262 101 1:72 1013
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19;~ 35J,$+$i$0$/SASgS&: BUGUNKEAS5I 1.25E)!" 22~ 57 J,$+3i$.$9$7$C:B%+%Z%:i
(;KEy5i 0.08Ey) $r;2>H@1$K$7$F$$$kI#$3$NF|SOFCSKB$-$I1@$03$I$/"0BDj$7$F%G!<%?$,$H
$I$?214#$7$+$7 00;~ 00J,$+$iG;$$%,%9%,H/@8$7$?$N$SG!"4QB, $r0l;~CFf,_$7$D8 ;~$+$i%,
%9%$,GV$/$ISCS?$NSGAQB, $r:F3+$7$79 B ~$+$i:F$SG;$/$I$)!"4QB,E7BNS,8+$($I$/$I$C
$2$NSGAQB, $r=*N;$7$?1#

I= 4.20: %7'<%$%s%0$NI?6QCM$HC1L{CM
%7'<%$%s%0 J?6{a@dec] Cfi{CMarcsec]

DIMM 1:65 0:33 159
MASS 066 0:23 062
GL 1:47 0:34 137

I= 4.21: C2 $NJ?6QCM$HCF1{CM

9bEY[km] J?6QCHM 3] CfL{CMm 3]

16 434 10 % 141 10 426 10
154 10 16 922 101 464 10 %
329 10 902 101 703 10 %
164 10 % 202 10 124 10
299 10 674 10 906 10 1°
0.5 211 10 153 101 1:69 10 13
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@D.5-R'"@V1-R, NP2km, 2+:4km, EnBkm, ?e:16km) (2<) %7!<%$%s%0$N;~4VIBBs4See-
ing[arcsec],2#<4JST EM@MASS %7!<%$%sIBP @BIMM  %7!<%$%sH®DD @5L %7!<%$
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01;~ 09J,$+$i$.$9$7$C:B%+%Z%iKEy5i 0.08Ey) $r;:2>H@1$KS7SFSSSKI#SISNF|SOS[$H
$s$14QB, $rOT$($I$+$CH2HM<I}$+300 ;~2a$.$"$G$08|$$1 @$GISS0BISF$$$21#$=$N8e1@$,
S[S\SIS/SIS2W@ 25K SISCS?SNSGAQB, $r3+:0$7$ 762~ $+$i4QB, E7BNS, L @SKA0AISK LHSISF
$7$"$CH?M

I= 4.22: %7'<%$%s%0$NI?6QCM$HCI1L{CM
%7!<%%$%s%0 J?6{a@idec] Cfl{CMarcsec]

DIMM 3:16 043 317
MASS 311 025 305
GL 1:57 0:86 157

I= 4.23: C2 $NJ?6QCM$HCF1{CM

9bEY[km] J?6QCHN 3] Cfl{CMm 3]

16 993 10 263 101 1:.00 10 13
170 10* 172 10 119 10
168 10 ¥ 432 10 173 1013
912 101 163 10 971 10 13
737 101 206 10 757 1013
0.5 253 10 2 573 101 2140 10 12

wiNg

= N B~

78



Altitude [km]
N
T
10712 23

oo e
6 R e et oL T

| | | DIMM Seeing
5.9 : 1 o MASS Seeing ————
3 A S S S GL Seeing ——

45 : : : : :
3.5
15 f f f f f
05 i i | i
O L L L L | L L L L | L L L L | L L L L | L L L L | L L L L

00:00 00:30 01:00 01:30 02:00 02:30 03:00

JST

27 4.21: (>6)2013G/ 10 7n 21 F|$NBg5$>qMpObEY %W%m% UGsDEZORE Y[km], 2#<4JST
@D.5-R'"@V1-R, NP2km, 2+4km, EnBkm, ?e:16km) (2<) %7!<%$%s%0$N;~4VICE4See-
ing[arcsec],2#<4JST EM@MASS %7!<%$%sIBP @BIMM  %7!<%$%sH®DD @5L %7!<%$
%s%0

seeing [arcsec]
T T T T
1

79



7
DIMM Seeing
6 Average = 3.16 + 0.43 [arcsec]
Median = 3.17 [arcsec]
5
)
& 4
(]
>
g
T 3
2
l ’7 H
0
7
MASS Seeing
6 Average =3.11+ 0.25 [arcsec]
Median = 3.05[arcsec]
5
g 4
[3]
>
g
I 3
2
1
0
7
GL Seeing
6 Average =1:57+ 0:86 [arcsec}
Median = 1.57 [arcsec]
5
)
2 4
[
>
g
I 3
2
l I I
0

0 o5 1 15 2 25 3 35 4 45 5 55 6
Seeing [arcsec]

27 4.22: 20135/107n21F|$N%71<%$%s%0%R% 9% HIMDRAIE Y!"2#<4%7!<%$%spatcsec])
(>e)DIMM  %7'<%$%s¥DNMASS %7!<%$%s¥BIGL %7'<%$%s%0

80



4.12 2013 G/107n22 F|

18:~ 26J,$+$I$OS/SASGS&: BUGYNKE,SI 1.25E)!" 21 :~ 38J,$+$i$.$9$7$C:BY%+%Z%i
(;KEy5i 0.08Ey) $r;2>H@1$K$7S$FSSSKI#M<I}$+$i%,%9%, H/ @8BS 7SF$$$2$,I"E7D:1U6a$KSO1F6A
$O>/$I$SSHIMS(AQB, $r3+;0$7$?1#$3SNLKSOL@SNDL2a$OS[SHSSSISIS+$CH?$, 1" 7k61%,%9$00I
HUCTH/@8$7$F$$308:~$+$i$04QB, E7BNS,8+5($I$/SISCIFS 7S $&B[$1!"%,%9%,G;$/$I$CH?!#

I= 4.24: %7'<%$%s%0$NI?6QCM$HCI1L{CM
%7!<%%$%s%0 J?6{a@idec] Cfl{CMarcsec]

DIMM 3:87 116 370
MASS 184 051 184
524 0:62 538

GL 2:34 0:66 238

I= 4.25: C2 $NJ?6QCM$HCF1{CM

9bEY[km] J?6QCHM 3] CfL{CMm 3

16 779 10 247 10 699 10 4
537 101 1.01 10 229 10 %
541 10 % 549 10 379 10 ™
316 101 293 101 190 10 13
543 10 13 538 101 346 10 13
0.5 389 10 369 101 1:69 10 12
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21:~ 40J,$+$i$0S/$ASGS& BYUGINKEYSI 1.25Ey)!" 23;~ 26J,$+$i$.$g$7$C:BY+%6Z%i
(;KEy5i 0.08Ey) $r;2>H@1$K$7SF$$SKI#SISNF|B07n 22 F|$SHF1$8$/1"M<J}$+$i%,%9%,H/
@8$7SF$$$?1HAOF|Sh$IShG;$/4QB, 5140$N7KO*$, Cx$7$+SCS?SNSG!"4QB, $roTSoSISHBLS? 14
-~ 30J,$+$1%,%9$, GVS/$ISCS?$NSG!"4QB, $r3+,0$7$ 2R ~$+$i:F$S%, %9$, G $/$I$CS?1#

I= 4.26: %7'<%$%s%0$NI?6QCM$HCI1L{CM
%7!<%%$%s%0 J?6{a@idec] Cfl{CMarcsec]

DIMM 1:47 012 146
MASS 056 0:08 55
GL 1:31 0:13 130

I= 4.27: C2 $NJ?6QCM$HCF1{CM

9bEY[km] J?6QCHN 3] Cfl{CMm 3]

16 795 10 151 10 756 10 14
207 101 268 10 675 10 %
601 101 701 101 232 101
250 10 227 10 212 10 %
132 10 18 10 759 101
0.5 427 10 % 232 10 460 10 4
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20:~ 26J,$+$i$0$/$AS9S&: BUGUNKEYSI 1.25Ey)!" 22~ 16J,$+$i$.5g$7$C:BY+%Z%i
(;KEy5i 0.08Ey) $r;:2>H@1$KS7SFSSSKIB ~$4$MSO @ 2$ISF$SS?2SNSGI" % T%/%;%6k%69%11<%k$N
B, Dj$N$?$a%"%6k%6S%I%*$r #A|S7SFS S 214 $=SN8e$0$:$+$ @S, %,%9%, H/@8$7$?1#$3$NF|$OS[$H
$5$1%G! <% ?$rSHSISFS$ISSIH 1 @ShDL2aSTSFS$iI" L @$,>/$I$/4QB, ETBNS, 8+$($k;~$K4QB, $r
ITSCHFSSSKIH

I= 4.28: %7'<%$%s%0$NI?6QCM$HCI1L{CM
%7'<%$%s%0 J?6{a@dec] Cfi{CMarcsec]

DIMM 1:91 044 179
MASS 125 0:34 133
GL 1:31 0:38 116

I= 4.29: C2 $NJ?6QCM$HCF1{CM

9bEY[km] J?6QCHM 3] CfL{CMm 3]

16 579 10 358 10 511 104
245 101 321 10 760 10 1°
334 10 393 10 195 10
139 101 1:03 101 120 1013
720 101 604 10 571 10
0.5 560 10 ¥ 326 101 495 10 18
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02;~ 06J,$+$i$.59$7$C:B%+%Z%iKEY5i 0.08Ey) $r;:2>H@1$KS7SFSSSKI#M<I)$+$i8|$$
1@$GISSOBISFSSSRL ;~$+$IS01+$,9_$j;0$a$?1401 ;~ 30J,$+$i@2$;0$a$?$N$SGAQB, $r3+
| 0$7$21#:~4V$, 7PSDSKSDSISFL@SNDL2a$, >/$I$/SIS|" $=$N8eGVL@$"$G2Ww@ 2$G$ " $CS?1#

I= 4.30: %7'<%$%s%0$NI?6QCMSHCIL{CM
%7!<%%$%s%0 J?6{a@idec] Cfl{CMarcsec]

DIMM 2:04 048 208
3:82 0:36 384

MASS 123 0:33 115
299 031 305

GL 1:43 0:44 141

I= 4.31: C2 $NJ?6QCM$HCF1{CM

9bEY[km] J?6QCHM 3] CfL{CMm 3]

16 142 101 403 101 1:39 10 13
195 10 213 10 146 10 4
252 101 164 101 200 10 13
838 101 533 1018 555 10 13
285 10 18 487 101 441 10 ™
0.5 481 101 729 101 929 10
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GL 1:38 0:08 135
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854 101 712 10%Y 624 10V
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DIMM 3:66 0:38 358
MASS 77 037 175
GL 2:96 040 291

I= 4.43: C2 $NJ?6QCM$HCF1{CM

9bEY[km] J?6QCHM 3] CfL{CMm 3]

16 109 101 254 10 1.04 10 13
453 104 2,53 10 % 446 10 ™
575 101 364 10 573 10 ™
404 101 111 1018 394 10 13
281 101 161 101 288 10 13
0.5 770 10 466 101 672 10 13
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GL 3:08 1:09 295
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9bEY[km] J?6QCHM 3] CfL{CMm 3]

16 545 10 ¥ 1:25 10 554 10 4
399 10 396 101 295 10 ™
133 108 602 10 122 1018
142 101 854 101 1:38 10 13
781 10 120 101 143 10 ™
0.5 287 10 703 101 276 10 12
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2a$73F$$3$?100 ;~$4m$+3$i1@F,Hs>03KG;$/$3$j!"B,Dj$r0l;,~CICG$7$?!84 ;~$+$iI$SCSF
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I= 4.46: %7'<%$%s%0$NI?6QCMSHCI1L{CM
%7!<%%$%s%0 J?6{a@idec] Cfl{CMarcsec]

DIMM 1:81 0:29 180
MASS 113 027 112
GL 1:24 0:27 128

I= 4.47: C2 $NJI?6QCM$HCF1{CM

9bEY[km] J?6QCHN 3] Cfl{CMm 3]

16 894 10 309 10 817 101
615 10 % 487 10 622 10 %
772 101 826 10 390 10
694 101 621 10 594 10
764 101 687 10 654 10 ™
0.5 382 101 258 101 334 1013
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?7 6.3: C-mount Camera interface (MEO1G)

?/ 6.4: Retainer ring (MEO1H)
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