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Development of the Teaching Material for High-School Students to 
Determine Seellar Cluster Age Based on a Color-Magnitude Diagram 
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Tadashi HARA, Masamitsu GOSHIMA, Toshihiro HORAGUCHI, 
Reiko FURUSHO, Osamu OHSHIMA, Yasushi Y ADOUMARU 

and Osamu KANAMITSU 

Abstract: The HR diagram is an important concept in the Japanese high-school textbook. 
The teaching material described herein is based on the characteristics and the ages of a 
globular cluster and an open cluster. In order to encourage students to measure as many stars 
as possible in making the diagram, a color-magnitude diagram was utilized, rather than the 
standard HR diagram. The image data used were originally generated for scientific purposes 
of cluster research. To enable students to easily undertake the photometric measurements, 
the image data are pre-processed using the educational image analysis software Makali'i. By 
comparing the shape of the diagram with the theoretical curves of star clusters at several 
different ages, students can determine the ages of the clusters of two different types. Based on 
results from a questionnaire which was taken after the class work, it was confirmed that the 
use of scientific image data with FITS format did not negatively impact students' 
understanding, and also increased the interest of more than 80% of the students. 

Key words: high school. astronomy education, FITS data, color-magnitude diagram, Maka­
lii, research activity 
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~ I ttt,tO) ;R1tO)~ ~if (DSS2 J: I'.) 30"X30") 
ti:iJt!;j~:k£ff! NGC362, ;{ji.)<jijJltJ£ ff! NGC1912 (M38) 
~h~hft#O)f-JO)R~~*-e~ L~. 
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Haraguchi et al., 2006) -C:• ifJ J.,. .:: (J) 1/ 7 r ,itt1i Jfl 
1: lffl 3€ ~ ;/1, t..: 1b (J) "Z.", Windows .t -Z.S-tM'!= L, f~1'1= (J) 
t..:~(J)::i.. - ,ff'- 1 / 7 - 7 :r...1 A i.)<V],C.,~I.: 1b 7j: tJii. 

-t->i' <. M~1t~h t1,,,J.i(J)i.Jf~ffi:1:•ifJJ.i . tt;.M-,i--:, 

11 1 J (J) ftJlH':" 1W tit t L -C 1,, ' J.i . 

(2) lffl~ 
4'@jzf\/-ZJ.itt:M'li, ~~1:~~ffl 1:tifl ~ ht..: T'­

.;, iifHff 1/ 7 H: J: -:) -c~Jii.. '§.~@:~ if'J=nx: L J:-) 

t T J., 'b (J) "Z." ifJ J., . 1 t..:, PC ft£ i ft -:) t..: 40 ~ :Jl 
m(J) - *:tf•i.Jr-z.s- ~ 1., 1b (J) 1.:-t J.i.:: t i ~ it. t//Hl 
T'-70)~~ (~~) tmt~~~D~G:tf•t~~ 
J.i .:: t i.Jr-c- ~ J., tt:M' t L t..: . 

I) 7e'f;.$<1)iXiR 

b n b h(J) tt ;j:,f -r-Ii. J;Jt~£ ffi t 1l'Ufl £ ffi (J) 2 fiffi 
(J);R,pj;: i Jfl 1,, '-C 1,,, J., . f;Jt~£ffi litt+JJ 0)£7'.)rW: 1.: • 
1 -:) -c 1,, , 1., 'j3'1,,,£(7)~ 1 1J -r- ifJ 1J . ttlffl £ ffi 1itts (J) 

£ i.J! t ,i C;, 1.: . 1 -:) -c 1,, J.i fir L 1,,, £ (J) . 1 IJ 1:· ifJ J., . 

tt;t-t 1: m \,,, 1., rmiu T'-.;, :a- :itU ~(J) 1: if; t..: -:) -c. 1,,, < "'.) 
~(J)~:ii■(J)T'--;tf~ft-M L~M*. ~~£ ffi~ 
-:::> 1,, ,-c,;;1:1, -:; °l'Jv*'ru~:ii■(J) T'- $1 a-t+:ffl L. ttlffl 

£ rf)1: -:::i1,, , -c1i Jft li'(::k~ * ~ ~m1Jm 105cm 1/.::I. ~ ·:; 

r ~Ji■(l)T'-.;, a-t+:Jfli' J.i.:: t 1.: Lt..:. 1, ·:; 7• Jv* 

'ru~:iiilli::k~!J)"!.t.P C;, ~il!IJ a-fi-? -C 1,,, J., t..: ~ 1.:£ (J) 

fti.1r~1=-it1: :.,- -v -7'-C:•ifJ IJ. f;Jt~£ffi(l)W:• LJ..:£ a-
5Hl L -c "t' h 't'' h ffl It .& < jJIIJ 5E T J.i (J) I: ff tt -c v ' J., . 

1 t..:, :.,- .:i ~ ·:; r ~:ii■lit!ffi.JfJh < t ;/1,J., t..:o')I.:, 
~1.Plt(J)Jhi.)f IJ i.)<;k ~ 7j:ttlffl£ffi 1b 1 ;j:t(l)tJ!ff(,:JjX~ 
J., .:: t i.)f-C:· ~ J., i.), C;, "(' if; J.,. 

~~~1:tt;.M-1:Jfl 1,,' J., ::R1*1: Ii, 1,-;; 7 · Jv*'ru~:iiil 
(1)7· - ?' 7-11 -17'*8 t 001L::R>Ci5'(J) SMOKA 7-

1117'*9 :a--~ L. 1,,, < -:::>i.J,(J)f~1ili::R1-$:T'-.;, i ~­
L t..:M*. NGC 362 (ft~£ffi) t NGC 1912 (ttlffl 
£ rn) :a- :iR 5E 1.., t..: < ~ 1) . B 1 "{ / r t v 1" / 1-· -r- flil 
ttJiff(l)~1fl1Ji.)flj: ~ n -c 1,,, 1.,.:: t . ~1" / rt 1b. tt 

;t,f 1:,£-~7j:Ui1,, ,£ 11:·+5tlj:fflfl1:·7fliJJ't1:· ~ J.i _&~lj: 
T - 7 "i: j;y J., .:: t , ~ ~ 7j: 11ffl ti (J) lj: v '~$ Ef(J lj: ti'R (J) 

£ffi-C:•ifJ J.i.:: c. 7j: t ' i.J{"t'(J):iR5El11!EE-C:•ifJ J.i . 

~ 7j: Jii. (: "t' tt 't'' ;/1, (J) ~ lif; Ii, NGC362 i.Jr 83 ~ ~ 

(De Angeli et al., 2005) , NGC1912 i.)f 3.2 ~~ (Dias 
et al., 2002) -Z.S-j;yJ., _ ~ ;R,pj;:(J)ffi¥fia- £< 11: 1 t ~-:i. 

~ ~-~<7)~~t~~~~-<7)MiE 
CCD 1: Ii I::: 7 -c Jv .::· c 1:~)t tr G, Btr1ltmE J 1 :t: , 

inJii. lli 1..,; 1 ;( 7j: t'i.J<if; 1J . T'- .;, t "t' (J) 1 1 f 1Jm -t 

J.i .:: t 1±- tt1.: 1±1." ~ 7j:1,,_ "t'h e;, a-1illiE l . !ET'­
.;, a- f lJffl 'liJfi~ 7j: -r·- .;, t i' J.i 11!1~ a- ~k!:J t 1,,-) . 

1 , -;; f Jv* 'ru ~Ji:ii (J) NGC362 7•- 11± 1995 ~ 9 

*8 http://archive.eso.org/ cms/ hubble-space-telescope­
data 

*9 http:/ /smoka.nao.ac.jp/ index.ja.jsp 
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-
:k:{.t.~ NGC362 NGC1912 

ttffi ~;jj,:£(jj l&lffl£Efl 
-~g 2000 ~ £-.¢.1: 01 h 03m 14'.2 0511 28m 42'.5 

~~ 2000 ~73'.¢.i: -70°50'54" +35°51'18" 

l!eJlffi'~ (m-M) v 14.80 ~ (Piotto et al. 2002) 10.91 ~ (Kharchenko et al., 2005) 

£1Yl~J/x E(B-V) 0.05 ~ (Piotto et al. 2002) 0.25 ~ (Dias et al., 2002) 

~~ 83 {t~ (De Angeli et al .. 2005) 3.2 ~~ (Dias et al., 2002) 

~Jijt lfliJIIJ~~ 1, "I 7· JV:j::Ei=i~liift WFPC2 
J+Dl1*$*ilflrn1Jpfr 105 cm ::,, .1.; ·:; 
r ~liffl:. 2k CCD 

J=l 1 B I.: WFPC2 7J :J. 7 (l) F439W. F555W 7 1 Jv 
:S7 - -r-ffl.J~ ~ nt.: 1i> (l)"t.", 7- n 1 "f +r 1 r ii' G l:ff.':J 
~ (l) 'b (7) i fl J.i ::. c iJ{ "t." ~ J.,. * I llUJIJ P1r (l) NGC 
1912 7- :$' Ii 1999 ~ 11 J=l 4 B 1.: 2k CCD 7J :J. 7 "t" 
ffl.~~nt.: {) (l)"t,", B l'C/ r·, V /'\/ V, -ftti''n~ 
lt(!) @fl 1.:-?1,,, -c im'M"(!)Jlff.':J ifi 0 t.: "? .z "t"fiZll-@.:b 
-It. -@.!£ifi0-Cv'o. it.: , ~F:t.J~PC"t"b~:IIL 
-t-'Tv'J: "? 1.:, £fflfilVitt..:lti r 1) ~ :,,tll, -C-r- :9 
+r1 ;((!)~IJ~ifi-:,-C'v'o. 

~-f;t.(!)•a1i, 7- :$' (l) I:::: 7 -t Jv~j:q.:*m ~ tt -Cv' 

J., 7J '7:,, r ffi i 'b c 1.:*&>'J G ttJ.i. 1, ·;, "f JV¥Ei=i~:ii 
it iJttt il!IJ l t.: NGC362 1.:-:::> 1,,' -C Ii, lJI. u!IJ 7· - 7 I.: 1t 
ic ~ n -c "' J.i n '7 :,, 1-- ffiip e;,•a1.:~~-t J.i t.: &>1J (l)if­
tt t aw qoo ~ G •ai *&>'J J.i::. t ~T ~ J.i. *•tt 
iJIJijr"t"IJlil!IJ l t.: NGC1912 1.:-:::> 1,,, -C Ii, Hoag (1961) 
1.:~lt, ~ n -c 1,,, J.i '51£ff!(l)£(l)•a it c 1.:, n r"J :,, 

r ffiil> G ••"'(l)~•irr "? ::. C iJ{T ~ J.,, 

~,tt.(!)-fsli, ~~ J.i 7 1 Jv 7 -(l)lJ/.iJll]I.: J:-:, -Cfl G 
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Usage of the Small-Scale Stratum Model in Modular Learning for 

Junior High School Science in Japan 

fljf~J II ji-=f*1 • ii EEi .iE 11§*2 

Hiroko TO NEG AW A and Masahiro KAMAT A 

Abstract: A small-scale stratum model was developed and applied to modular leaning in 

junior high school science, Japan. In the modular learning, twelve- and thirteen-year-old 

students were instructed to assemble the stratum model individually and, using the model, 

observe how a stratum is formed. Students were told to assemble and use the model without a 

teacher· s direct help, and that they should be able to determine the relationship between 

particle size and settling velocity of the particle using the model. In addition, most of the 

responses from the students were positive about the modular learning. 

Key words: stratum, small-scale, modular learning, junior high school 
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~~1:i:ptt-tiffl.ti@ilt~~ L. ~~-tj-1 ;;(<l)iJiJt~ 
<~ttt-C\i\¢ (~ 2-2). iJ<l)J'il:kf:!li 50cmffJl 
"t'&, Q. 

(%) ffltT ~ t,O) 
*ffil$aitUl~<l)li ~·lll tJ it;t.:t-{'Fl:H:ci)t.: tJ. ffl* 

lliJ\ (2008) liJJ( t- 1Ja ~ ¢ ~ t 1: J: -? "'C lliHti" ¢ ~ 1J 
"J v t:.,, **Jt.-»'a-e ~ ¢ JftJlHt~I- (~) Hycel 
OH-lAX a-ffl\i\f.:. L'I.P L. A,@]<l)~'l?/"t:'li, ~* 
"l' * ~ -e a:, -?> ~ t -n\ ; • J: tJ st :t.J -e ~ ~ tt <l) ~ -?> 
Hycel SAC 100 t- ffi "\ t.:. ~ffi jj$ li, Hycel SAC 
100 c OH-lAX "t:"ffl:~t>; ~"\· Hycel SAC 100 c 
OH-lAX l;t, lJ.it~ftff t-1&-? "'C \i\ ¢ ftl!!Jis t- iii L 
-C • 11.\-ffi-e 25,000 F13tt~-elJJ.A -e ~ ¢. ~ tt t':> <l). 
~O)ffi:~11 ~lll tJ t& "\ <l)ti:~ 1: "':> "\ "'C Ii, ffl*'l il\ 
<2008) ~~~ ~ ttt.:\f\. 

Hycel SAC 100 ~~1:m•-t ¢ t <l) li, ffl*'lil\ 
(ax>s) clilJ~-ea:,Q. ;-t.,:t>~. -f-J:J-1--;,7•(1) 
~ti. 30cmX30cm ff~(l):;k ~ ~ 1:~ t) ~~ ~t.:~ 
~-~~). 1i.-tjf, 17$, ~J t) I! L. ijllJ~. flllj( ~, 
-:b L. fi:lit.>'IJ1b, ~ .=.- Jv,¥~. -=t- ~ Jv, t:>. t:. 
~-. 7-.'::17-:f, =i:.,,j-7~•:,7:J."t:"a:,¢. 

(3) '1 i!'ll'll. • J 15~ 
•~ I: itl!. iii TJ\ C:, ~ ~ 50 cm ff Jj: <l) '}:.. t- :J. :J ·:, -f-e 

li!-:1 't • * 1 ✓ 1- H - !ill~ 1: AI 9(J t.t IJflfii t-{'J:-? t.: 
( Im 2-3) . -t L -c . 1Jr iJii t- ti. t:. t) ii -e If? ; 1: Ji W L . 

1i.-f-jf ~¥r$-e:$ t"itff~l:ffil»! Lt.: (00 2-4). 
til*'l'IJ\ (2008) Ii, Hycel.t"itffiL"'C:$c!lff4m 

t" ffil1i ~-tt"-?> =-?O)n~t-~ L -C\f\ Q. A,@(l)~fl-e 
Ii, -~JH: Hycel c]j((l)7J!,g-i(lt"IJrffil:~~ L "'C!i 
ff t.J t' ffil { t ~ -tt". ?X 1: Hycel (l) 1JX ifl t- :$ t- iii L "'C llil 
it~-tt"t.:IIDJfiiiH:~;$ Lf.:(l)~. -~~ -eJJ(t"tt~i" 
-?> t "\-) .. t~-~jj~J:J.~-e. =-?(l)n~t-~ffi L 
t.:. J:XFl:,tt,3:,<l)jj~t-~Tilt, t"~ ;-eta"\· 

n,! 1: f.J 100cc (l) Hycel SAC 100 (l)IJXiflt--¥~ 
l:Att, JJ(t 1 :7 ff.~(l)3!J,g-1:~Q J: 11: 
IJ tJ I! L a-itffl L -C ilt~-?>. ?X 1:. ~ (l) ii 
,g-i(l a- .tilU=e. t.: t> Lt t.: li ~ =- - Jv,¥~ t­
li~t.:,¥"e;fp(l)...tiP t., Ift~T o (00 2-5). n~ 2: 100-200cc (l) Hycel SAC 100 (l)JJi{ifla-ffllj 
~. t.:.t> Lt t.:li ~ .=.- Jv,¥~t-li~t.:,¥ 
-em<l)...tiJ\; Ift:ffi'T ¢. ?k,:. ~(l)ffiH:A 
~ ~ t t.: li¥ffi'"r'JJ( a-iJ\lt ¢ (00 2-6). n~ 1 lilti~ '"r' ii) Q iJ1, Hycel t Jj((l)iJt,g-i{li)1ffflit 

L Mi t.>-?> t -e i: ¥~ < ~m-t Q {'J:• ~ ~ 7 ~ -tt" Q £·~ 
iJta:,-?,. Hycel t *<l)jl.,g-i{lli, -~I: 5 'ltf& < C;, \f\ 
7J\t':,fffl{tiJftr5j tJ, 20-30 7t"t:":ffi Citff~i)lfffl.T 
-?>tt~,:mliti"-?>. t t.:.. Hycel SAC 100 t Jj((l)il,g­
.ltl: i tl::f: L~ < -Clif.t C;, ~"\· n~ 2 lijj~ 1 i:.lt 
-"' -C ~~tt•-e a:,¢ iJ1, 71( 'a:' iJ\lt t.t \f\ t Hycel SAC 
100 li mlit L ~ \f\(l)"t:', ~lll1 t- il\lt"'CT$1: {'l=•-t o 
.::. t il1'"r' ~ -?>. ~~ t., (l)jj~'"r' b, Hycel SAC 100 t­
t& 1 t ~ ,: li. ~att.>il1n t--n\,t. ~ =-- 1v¥Q t- ,i 
t.> Q ~ t ,: il i:T o. 

~~,:. ~1 ✓ t-1~-(l)it"ttlli~~1t1: Lt tJ tit~ <. lll1ffi~~<. IJrilii~*tt•T~?~(/)-e, A,@(l) 
~ffl"t:"lin~ 2 (l)'l '? i)t,l~-e~? t.:. Hycel SAC 
1 oo ir ffil 1 t ~ -tt" o t.: ~ q) * ,:1. rn (l) * t" m "\ t.:. t-~ 
t_, (l)n~-e t. Hycel SAC 1001J1ffil1t Lt.:<l) a-ff.Bl L 
t.:f&I:, ~l:ml1f Lt.:itUlttJt-n t:. t) il-etam:1: li ~· 
l&? t.: (00 2-7. 00 2-8). 

(4) •IIO)tlT 
~ffl(l)ffi"lb~fft-ft 11:~;-. ~fflli, 2'JA 10 5t. 

•• 10 ~- ann 50 ~ . .wt-t•t 10 5t. t t ~ 10 ~(l) 
lJH:fi"\· ~~'"r'li 90 ~!Ul"t:'ci)-=> t.:. *»(l).#(l) 
'? ~. ffl*liffi;JJ;#c L-C, -M'Tli7~:J.~:.,, l- t L 
-c~~t-fflil Lt.:.. 1216(l)~~t- 316-;-? 4 BU:'lt 
, t -c . * ml la !tUlttJ (l) l i ~lll tJ W * q) f'F tl ~ ffl t" IT -? 
t:.. 



182-(52) 

~ 2 *ffi1MiJ1Ul(@JQ)li t~ ~ tl.*Q)f'J:~~~Q)~-r 
1. ~~f~f-:d.:ll,ltJIIQ);tiW;Q)~,f ✓ r/~-Q)itit. ~~nlivfEtl.Q)jffAJf7FT. 2. ~1 ✓ r/~-fffl.6.x:i"'-> 
~ilRi1. t.l t, ~ jf Q),WiQ)* ~ Ii 25 cm. 3. A ::J o/ "1-C-1( f jffl-:, -C, ~ 1 ::., r 1~-Q)jitffi@J 1: Ail't-.J ~ ltlriffi.f 
ft-::> -c "\ '->. 4. 1r~ 1 t 1r~ 2 -c-~iiJH:. Wroo f n 1.: ~ a-c-.i:p:; 1:1:~ L. rrlti -c-;m f mffi~ 1: ffi!JE L -r "\ 
J.>. 5.1r~ 1 Q)t)},g--c-, Hycel SAC 100 t7J<Q)iJ!,g-illflilU=e-C-;tiiQ)_t~\t:>!t;m L -C'-'''->. 6.1r~ 2 Q)tlJ,f:l--C.:,, 
Hycel SAC 100 Q)m(ilt f ;tpQ)_tt,p 17:> !t;tii L, -f Q)ffii l:-f.ffi-C-71< a- ~\1t-c1,,, J.>. 7. ;tp 1: ffiltf L t.:jitfl@J f Ii t 
~-::> "C 1,-, J.>. 8. Ii t~ 17:> tLt.:jit,ffi@J Q)t,*· 
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1 

•• illl llM"W 

1cm •>- UD>~!'8V■*f:~■T~a■f:M■ 

a;11•0>0~~~••0>M■t:allll 

1cm •• tt■•t:11!'8~2::>0>~•t:■llll 

MAD>t!!MJriif:allll 

Z:)0>~•1:f1-:,-C■Mf:a$T~~•t:••ati1:~;;\ 

scm •• UO>l1!'8V■*D>~• 

Jrill ~t.:11Jril2f:t!!M 

l<>it ltttlt ~«•v■*t:~ ✓~~~,0~0>•c•• 

1't:•.o~ 

■ft:L,t.:■MD>•>t"f>:t ~ f:114l 

MAD>>tf<tlt 

l<>it ~c!:() !IMHD>llfl 

•• O).i!f:il!~~ 

7 ✓7- t-D>IV, 

~ -

~QJl;t ~·lll tJ ffl*ff'FR-t o :f:ft c ~].iiiJ*O):it!/.~~ J: 

unu1~Q)"11t:fm~ Lt:.. 
${1Q)~flll-r!li. ffi2'*1Jt~~1:M L -c~ffiJ~jitfl 

tlf lj: tlllo=-?Q)jj~fMm L. JfJJ{.Q)~ffl1f~f 

m ~ L t:.. i- Q) ft. ffi 2' * i?{ 50 cm fi ff. 0) 1C f 7-

:i -;, 7'-r!li!-? -r. 7F 1 ;,, 1- 1 '\-jitfl~ ,: AIA9 7j:- tf}fffii 

f{'F tJ. Hycel SAC 100 ffB!;ffiT o=-?QJ:Jj~QJ{'r~ 

~il1F Lt:.. 
~fJnQJ~flU-r!li. ~~1±=-?Q)jj~fk;f~ l t. * 

ffiINiJlff~Q)l;t ~·lll tJ ffl*f{'l=~ Lt:.. ffi2'*c 7 ~ 
7- ~ ;,, 1- I±~~ Q) fl£ f mi :ffl= ,: @ -? -r. {'I=~ QJ Nr~ f l 

t:.. OOtllii?~t:>f.J 15 7J-tt,:. ffi2J*nt;ffil:ffiJ1f lt:.:tt 

fl~ f ti: tlll 7.> fl:• f 7Jf 1F L t:.. .8Uffl QJ 50 7t 00 ,: • 1 

JlE--r- 3--4 ttQ)Jftff~Q) Ii ~·lll tJ ffl* f{'l=~ -r: ~ t:.. 

~~1;1e,1JJfPJ f-tn1t.& 11\Q)1)~ t i t~-? -r11\ o~r-r: 

~-? t:.1Jt. 1 tt § Q)jftff~ Q) 1± tlll tJ ffl* f 1i~ 1 ~: 

vl0 t{'I=~ Lt:.flli. ~IJQ)tiPlr-r!~]j:--? t:.fJI.ff. • liffl 

f1FTJil1~Q)l;t tlll tJ li*f{'F~ l t:. tJ. ~ t:.tim 

--r-1JiJ; 2 ,.:vt-? -r 1± tlll tJ ffl*f {'F~ l t:.. $~1±, 

lliJtffii~t:>Jlff@Ji?tl± tlllttt:. t ~ ,:1±1kP,f .l:£f, 

Ii tlll tJ ffl* f ~1:).l:£ft b Jtfl~t,t;ffi 1.:ffiJ1f l t:. i 

i --r-~ 7.> .: c ,.: • 1t \ -r 1t \ t:.. :l& 001.: 1C f ffiJ t:> --f 1:, ;f-

1;,, }-1-t-~ffijQ)l(j;.Q)I± g~ tJ ffl*f{'l=~ lt:.flf b 

~-? t:.. 
J:t1t£tQJ~flll-r!I±. $~1Jt~IIH:{'F~ lt:.*ffil~!l 

fl~Q) Ii tlll tJ ffl* f :::1 ;,, j--J- ;f- 'Y 7 7- QJ 9:q.:~$ l 

t:.. jitfl@J f 1± t~-? t:.1( f 7- :::7 'Y 7'-r!!li\?, ffil1t l 

t:. Hycel SAC 100 Q)itJ:t ~-::I~ f lfil ~Jl l t:.. -=Ffffl 0) 
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~~ffil{t l t:. Hycel SAC 100 QJ~ f ~:t l t:. t ~ 1.: 

Ii. $~1j:5JifjJO)~o-=¥~ tJ f~ lA-1:~ tJ, .:QJJ: 

1 7j:-IJJ?k097j:- t QJ,: t ~~Q)OO,C,,1Jtra-J£t; nt:.. -t" l 

-r. ~ 'el 1:1f!ffl l t:. ffl Jl ~ J:tt-nt t:.. 

i c iY'.)QJll;ffUl-r!I±, ffi~:fft,t~~l:M L -r~ffl~~ 

QJffilbf~~ l. ai\?t*ffil~jifl@JQJI± ~·~ tJ ffl* 

~{'l=~T o :f:ft~ miyj l t:.. -t"n,:M l, '"(. $~0){-t 

~i)t-ffiJH:M l t~fflQJ~~]j:- t~f~~t:.. lift,.:, 

~~1.:,;,,,,--f-f~cAlttt:>1t\ ~ffll±~TL 

t:.. 

4. ~~O)ffflffi t &Ji5 

~fflQJ i c iY'.)QJ~fUl ,:. ~1f~~,: J: o llQ-?QJ~:i: 

JJt §ti~; 7j:- J.> 7 ;,, ,,- - 1- f ~Mli 1.., t:.. @~1± EI mac~ 
t l. ~~ 12 ~O) 1 -1:, 10 ~ti~ C:>@~f~t:. (~ 2). 

-HJ:•NJti{,J-. ~ 1t,QJ-r:, *i.1:-li 7;,, ,,- - 1- M*Q)5E:I: 

89 7j:-WH1f I ;t fib 7j:- 1t \. 7j:- i3 . 7 ;,, ,;- - 1- -r: I ;t ~ iRJ * Q) 

jiff!fmf:it!!./i t ~~ l --C1t\o. 
7;,, "T- 1- O)~jEJJ{ § 0) 1 -1:, r1. Ii ~·Jll-? t:.i&li I± 

c·O) J: 11:~~,.:~ti~1t o t .W-11\ i -ttP? J t \,,\ 1 ~ 

rA, 1.:M 1.., -r_,±. r~itk ,: rrtJ~ 7j:- < -r t 1m11 f •• --r- ~ 

oJ c 1t\1 @~iJ{~ti\-?t:.t,{, tf.-=f-Q)-J:::.~ ~~1 ;,,'"f 

9,,--~3;,,0)ue. ;;i_,,-,y~-to.:t~:t:ftf~~ 

t:.# t 11,t:.. r2. itkli f 1;t ~·~of'F•i;t t·Q) J: 1 ,:~ 
~ ,.:~t,\1t o t .w, \,,\ i -tti~? J t \,,\ 1 ~rA, 1:t-t L -r 

1±, r~~,:~•-t J.>.: c -r!:it!!.~,:ft Lh- f~1:). ~ 

l ~~~to J c \,,\ 1 @~t,t~ti~-? t.:ilt. -t"Q) ,ii?~,.: 

{> :i&$ffJ.jliJ,; ia~B9P-J~ i-r:. ~ i ~i ]j:-~-1Jf 

1F~nt:.. rJ. 1;t~·~-?t:.:1&li~:it!!./if1itlllof'F~ 

1±, ~~J;J.;i.QJ{iiJ,:~1J\1t o t .'i\1,1t\ i Ti?~? J c \,,\ 1 

~rA,,:t-t 1.., -r:1±. :it!!.W~A97j:-l!,1;~0),iti\,:. ~~A9~ 

ll ,¢.{ "'t" I± ~· ~ ~ ffl * f J! t:. * t,t It\ t:.. i t:., Hycel 

SAC 100 iJ{fifil1tT o~ff fjm L t1t~l:'4~f~t:. 

1t o t "'' 1. :1&$ t 1t~f 11!1f ~ 1t ofx.f.fQ)PJ~iit,t 

1F~:h.t:.. t:.t!.l. ~@~Ii, litllltJffl*f~~-r: 

m ffl -to w.;;. ,: . !I'#,.:-~-"'\-:::> tP 7j:- tJ~-? t:. t .mt> no. 

r4. ~~f§EH,.:l!f:1t,--r< t!.~v\J C\,,\-J~rA~l:ML 

-r,;1, ~1t1Jr1tJEA9}j:-@~-r:~-?t:.. r~L\,,\J. rm 

iY'.)tJ. rffi-]j:-J. r-Jtm]j:-J c1t\1 §ffiL~. st L 

~ ~ t. rff.!•J. r ~~J t \,,\ 1 =¥ f t11ti\-tf1F~1Jf~ 

filfi ~ n t:. J: 1 -r: ~ J.> . 

5. ,6 t., •J ,: 

~~Hf~, $~ QJ ~It ,.: tj: o fx~ * nx: * IDJ!li Q)-J:::.~ ~ f 
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1. r:~ c ?tttt•ric!:O)J::, 1:11a1:~•1tQcm~,t'tb\? 

• •ttcfl•~<Tt!l•£••c••~~Q 
• ~T0)*~~•~~7U~-~9~0)8■ 

• ~~,f~ttQ~ccJ::v, !l•c••tM1t1tQ 

• *CJ::?T~T~~-~ft. *M'tQ•Tt■■~~Q 

2. utri~cQftaric!:O)J:, r:11a1:~•1tQcJ!L,t't•? 

• ••c~•.,.Q~c~.!l*c•~~tM~. *~~~•~Q 
• •£t?Ttt•t•~Q~c~~~Q 

±CMftQ~c&~~~~~O)tlMC?~~Q 
• -~~T~•£•Q~c~~~Q 

~~O)*~ ~ r:!lttitb\ttQ 

• IJl"UtJ~tlataa~~Q 
Tete~'? ~J: r:f1•~~Q 

3. Ii~ c ?ttitk•·-•~ri~ CQf1Mli. flMJ;t~O)ftJl:~b\1t{>cl!~ ,t'tb\? 
8■0)*7~z 

-···· --lit~ (t*O)st, ~'3~ ~tlt-tb\1tQ 
J!L,:t 

• I••t1~Sl:b'tQitk•1:a•~M1t1t{> 
Tct>1t~O)•it~~I ~ lti't 

4. •m~&mr:•L'T<r.:~~' 

• *~~,~•t.:?1t, Vlt.>TO)&•t.:?1t, flil¥~&•t.:?1t, -■~&•t.:?1t 
1!?1tJ:: IJ ~?b\lJ~~,t 

• ~l§JlillMa~{i~ 'tt!i•t.:?1t0)~. ~lillMaO)ilg~,tt!l•~•?1t1:>st, ~'3-f' 
• ~l§Jt,•Qc~~cmftT~T. ~~c~~QJ::,c~?tt 

• 7-< -JI, t: '}-~tit,? c•b\L \l9JUI0):1;'~.l\~, 

M1U: t., -r. *mifMfUJ~Q:>l;t fl& tJ ffl*Q:>f'F!ll~ffl 
t-fi-:, t:.. ~ffl~rdlfi;J,:, ~~liftttQ:>l;t fl& tJ ffl* 
a-~Jl-t .o.:: c ~t-e It:.. ~~l;t-fQ)~'B/,:M t., -rrt 

JE(t-}f.t!S~a-lF l.,, *mlMitlfl~Q)l;t fl& tJ ffl*i~ 
•-e~m~1.o.::tt~-::>~. *mI~ttfl~Q),;tfJ& 
tJ tl*Q:>~ll~ffl Ii. *~Q)-tt(t-Jf.t~- 1 :1 ~~ 
(90 7}-) ~+7l-~~ tJ. iiirfflU:~.omfltQ)ifiJJlltlff~ 
a-m11 1 J.,.:: ct iiJ"fjg-e~.o. .:: Q:> J: "? ,:. *mI~tlfl 
~Q)li fl& tJ 11*Q:>~ll~ffl li~ft,:~MiT J.,.:: c ~t 

~~J.,Q)~. ~ttQ)~~7l-ffQ)ff~~•u•~•Q)ft 

• t 1., -r *ml~ttfl~Q) 1i ~i& tJ •* t-mm-t '°.:: t 
~fiiT fig~~ J.,. 4-l!k. .:: Q:> 1JiJ;~tf!dt Jl 1£* 31-ff Q:>* 

~~,:MT .o Jill ft ff BG it Q:>~-~ ~ fH: l& tJ A ti.; 
ti..J., .:: C a-Mt,¥ I.., t..: \(l. 

t.t~. $ffl5~~r..,~~~~~-L~*~~mfl~ 
Q:>li fl& tJ •*t-~IH:Ji-r ht:.11 1tf-8-, ii Ltl:i La-

~m-t .oti-8-li. M 2 t=~Q:>'ftTl:ffl~~ttt:.111
• l 

~ ,c Ii, T 380-854 it ff~ it ff rtr~ :fl ff 6-O, ffl ffl 
* ~ · ,x ff !!f. &B JI tt t-t- !!f. ,x 1r • m. • ti = 026-
238_4121, j. - Jv : takey@shinshu-u.ac.jp ~l)J.,. 

~I ffl x lt 
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61, 141-155. 
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-t~~~-~~-Jl~~~~~mg~q:,~~ 
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