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A Small-Scale Model for an Individual Experiment to Illustrate 
How a Stratum Is Formed under Water 

,u~RJ 11 ii5r*1 
• )l m 11. ::st*2 

• ~ ffi .iE te*3 

Hiroko TONEGA WA, Masafumi WAT AN ABE and Masahiro KAMAT A 

Abstract: By using a PV A aqueous solution and glass particles with transparent test tubes, 

a small-scale stratum model has been developed for use in elementary and junior high school 

science classes. Since the viscosity of the PV A solution is high, the particle settling velocity is 

low; students thus have time to observe how a stratum is formed, and can carry out their 

observations using only a small test tube. The cost of one set is low (less than \ 50) . and 

students can thus make and use their own models. We used this model in science classes of an 

elementary school for sixth grade students. Most of the responses from the students were 

positive and it was made clear that the model is educationally effective. 

Key words: stratum, sedimentation, small-scale. individual experiment 
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Experiments of Sedimentation Using Simple Teaching 

Materials Made of Plastic Boards 

~t jR {t ~*1
• JII ti~ AA*2

• •1 ~ ~ ~*3 

Toshiyuki KIT AZA WA, Koro KAW ANO and Naomi MURAKOSHI 

Abstract: Two simple teaching materials for school students, designed to observe 

sedimentation and internal structures of sediments and made with plastic boards, are 

presented. The first is "Portable Accommodation Space," utilizing a card case filled with sand 

and water. It is suitable for students to make by themselves and to study grain size and 

sedimentary structures. The second is a "Mini-flume," 2.3 m in length. This flume is suitable 

for studying large-scale sedimentation processes, such as delta progradation and evolution of 

depositional systems in response to sea-level changes. The usefulness of these teaching 

materials is supported by responses to questionnaires from university students. 

Key words: sedimentation, sedimentary structure, delta, plastic board, Portable Accom

modation Space, Miniflume 
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tI!:kK&J iffit.:.1:oo~Lt.:.. mfflmff~IIIJ"t-U•~tt 
oJJt•tmtt~JtQ)WM~M-~J:U&ffi"t-U•~tt 
o ·~Q):ftkJI t Q).lt~l±~t?Rtf.il• (2004a, b) "t-)1Jl/'( 
t.:.t.:.tJ, ~"t-l±M!tit.i:MRl:t t·~o. 

r ~ .::. *~ J 1±. vtE* 1: J: o mtt1t m i llJJJt "t- ~ o 
••~11"t-~o. iliTJll~-r,v7' C=~rli) Q)~.6Jt. -t 
tt;Q)~*••~~M-toZ5i~-1'.19~U~"t-~ 
-1.>. fiff 1'.19 t.i: ]j(ffi •• Q){§!I t L -C. § ftli 'n' (2006) 
~if EB ,:1 ii' (2009) li~fUtffiftftffi~iYf Q)itkJUI* 
ffii.lfi/i:l;"llQ)1J,.tt-n .. ;~1t .Att "(\,\J.>tt~•,:"'.'.)\,\ 
-C :iii!.~ -C 1,,, 1.>. -f.:. ~ li7J<B& i-1!-=> t.:.mttW•-nt-=f t° 
(, t.:.-; ,::k~~"t-. Jt.ll;j,: •• i~il-t 7->,J,.tt-nt 
!1.l -Cv' o t "' -j. L ii' L-f Q) J: '? t.i: JI:ftk,ld!fl:m t 
tt~•tt~m;tt-c~~- •tt~~•~orttt.i:71<~• 
.aQ)iliEtf..JS~li1lt.i: < t.i:1,,,t~;t;ti.1.>. WEBlii.l• 
(2008) 1;t•ttJJttl~f''l:liloJtt t.i: M ~••*Mt. -f 
tti Jfl1t1 t.:.r1v, Q)~i7F L. •ttfxlf"'t"Q)ffl'ffi~ 
i~~ L -C1t11.>. *#i~i?Jl,o{J.> ~ =-71<B&I±, itkW•* 
ffi~WEB ,:1 i.l• (2008) Q) t Q) 1:Jt,o{J.> t 71<i&~I t ltfiffi 
~i)f1J,~1,,1f.:~. QQ)!° ,{-j- ~ o/ 7 ~~,;t~~Ji~ 
~ ;-1.> i)f, ~~IIIJQ)m ~ 1::k~ t.i:f!J~ilf~J.>. it.:. 
fiffJJttl"'t"Q)-.Ai~-~M-~~~tEimL~. ~ 
Jil~IIIJl;i: 1 ~IIIJffll, lk»&*•Q)ttfiltl:tltf-p:J~~ 
Q. 

J&JIQ)~ ~ 1.rtJJ.M-t 1.> Q)l:~l'tlQ)iffJ Jll~Hf~Q)IJl 
~i){•~~~Q.: t Ii'!''? t~t ~\,li.)f, ifHIU1Ult! 
Ill) t ~ .::..7J<i&i Jfl1t1 t.:Q~l:t, lli~~itk .. t.,tJit•-t 

Q fj§ffJ illl~"t-~. §~~~il:lm-toll}Htc~ 
7->. *ffi-r:·1±tJMWmffl~IIIJ t ~ .::.JJ(~if.U,H:.ffl1,,,--c 
~4-'b~~U.lLt.:, -~rtillt1f7.Utfh. ~~~~Q)tt~ 
i:"'.'.)1,,,-c)1Jl/'(1.>. 1 t.:. ~w=mffi~rJ:11:~-t o:k~~ 
7-:,,7- J--Q)ka*l:~-:1~. -fQ)~ff~:JJ*iljijt:,'b,i: 
-to. 

(1) Mf~til~ 
e1~~- n7--lj--;,,r (ffi*~~~~~tt~s~~ 

i .ffl 1,,, t.:.-b\ m_ll&Q) Iii~ Jfl "t- ib iiJ), ~ljij 7 7 A 1--;, 
7~n-r7-A (!'1Y-~~-B6~:~~l 
mm i.ffl1t,t.:), 77 1) JvW~~ffl:Ji!f~j (~~~t±7 
7 1) -lj- ✓ T-~ 7 7 1) -if ✓ 7-:jl~~j i .ffl \,,\ f,:), ~ 
l!ij77Af--;17fi~~~tl770-lr';,t-r-~.:r..~c 
~-77AT-Y 7 PET-tiU~~: 200X300Xlmm '!' 
_ffl1,,,t.:.), fa-~ffl § ~ tJ ~J (~~~tt-t ;( ~ 1 :,,I:!,~ 
A ~ - 7 i .ffl It' t.:.) , b Q It' ( § lffl ~ 1 ¢, = 500 µm, 1.5 
¢,=355µm, 2¢,=250µm, 2.5¢,=180µm, 3¢,=125µm, 
3.5¢,=90µm, 4¢,=63µm). rli-tff (jt 1±:;f~). i$\; 
miff. m~tt. awrm?St~J. lkii.71<. 

(2) ii~-ff 1' ;(O)f'PJ1J (00 1) 
1) iJ; ( El ~iJ;-? :fJ 7 - -lr -:,, t-·) i 71< ?St L t.i:-nt ; ~ 

1-> "' 5t lt T 1.>. -1! ffl T 1.> tt Jl 1± 1-1.5 ¢,, 2~2.5 <P, 
3-3.5 ¢, Q) 3 --~~ 1.> (~ 1.> 1,,,1:t 1.5-2 ¢,, 2.5~3 <P, 
3.5-4 ¢, Q) 3 a1t-c.i t Ji\t'). ~ttR,1~-. (2004b) ~Ii 
if!? ffl;Q)fi)lt 1-2 tp, 2-3 tp, 3-4 'P c llM ~-t['(l,,l 
t.:.i.lt, ttll~~r~-01.fi.lt!t.aiiil±-=> ~ ~ cMBIJ"t' 
~ 1-> • .:.ttJ: ~ffl.1,,1ffl;t.Att-o tiJ;ttQ)D~l±~.:l~ 
T\t1t.,t, 0 'P (1 mm) J: ~ ffl. v~i.Pttl± :fJ - 1: -'T- 7- P-1 
$~~ i-? "t Lt ? t.:.i'))i ! ~"'· ifei.)t,a-t tt. '(1,,l,Q 
t:fJ-~?"-A~Q)Jj(~~J.>~~-iJ:(~'?-•~ 
itk~= t ~:~-~~!f?lJ'1Q)ffJJili.)f~~ Qt.:.~. ~}a] 
:ill Q) ~l¥ ~iiif JII Q)ffl; i «!Jfl-t 7-> .: c "t-:ltidi•f/ QJfl'1 
~ * ' jl}Jf;f-c,i ~ Q . 

2) :;IJ - r· 7 - ;t.. Q):jlft$ I: m lllJ-nf t.i: l,,\7Nif Bt 
1.>. v~~~,moo~~J.>~ft~ra-~m§~~•-e~ 
!~. •~••lkt.Attt~;ffi~~J.>J:~ . .:~~ 
~~IMIIU t ~ ! ~,:1? ~t3SJ-c.i ~ 7->. lffllllH:it.A 1.,t.: 
IHI~ ~J~tftt.,-.~ < -c 1bf'l:.i'6Utt«v~"' (,J(li 
?ltt~ "'). t.: t! L § ~ ~ ~j t :tJ - r• 7 - ;t.. f'-JffiH: Ii 
~w J.> ,it-_,< i.£.A ;-J.> c. .Att-t.:@~' < -:,-:::>"'-rt,.. 
ti.,,IJl.lA: ( < ~-oQ.>~t!.•T.i,, 

3) 1--1.5 "'· 2--2.5 "'· 3"""3.6 tf, 9'1> t--ttt.-!'tl-15 g 



a 

b 

C 

--..• -il>(l -2¢, 2-2.5¢, ·3-3.5</> . 
_-.-:. _tJ~l .5-2¢,_ 2.5-3¢, 3.5-4¢)_-: .":"."_ . · ..... · .. •.. . .... •·. •. · ... · .. ·. • ..• :. 

t.J-t-:'7-A 

I ::.:.:_~;::::=:;;::;:::::=::::;:::~7,0-· • • • 1-:- .. .. _ .... --. . . . . . . . . . .. '.. . ... ·· ..... . 
. · ... • ... •.• ·.· :.··. · .. ··:: : . • ..•. ·.•.• • .. · :.:·. • ..• : 

f _,_ 

11 
i' 
'I 
I 

~ I m1iri1Ul~llllc7)f'F tJ 15 (B6 ~(7)$~) 
a) '11- r'.7-;q:i};cJJ('a.'}d'L-C~ffB'"e7?' 
'a.' L-. ~lllllil~;~~t~~~JJ('a.'¥JIL-lli-t. 
b) ~~c7)t ~ !IIJW L-~ i,t; l!lllll 'a.' l!BI tJ ~J-e 
k ~ <·. c) ~,£ L,t.:m11U1Ul~llll. ttJ.filttft. ' 
"\•u:. JlliJJ <li~tl\(7).:"t L-.to). fl?lfi'W 
-~J;(li). n,--it ✓ r·<m)'a.'Jfl1t\-rf'l:@tL
t.:. ~1tmjle1) 7" 7 7-1/ a :,., i,tlJlffl ~ tt,J.,. 

(11)-39 

tt~f~'/J-r'.7-A~Aho ('11-r'.7-Ai~~ 
Lt.:~i,~(7) 1/3 ii~; ~~fi~ i -e Aho). .::. tL t;, 3 
ftffi c7)1fyl;l'fs i ~ ;t t.: ,1 '? i)t:ttfimm i lU~ L-?T 
1,, \ VY i A tL t.: ft. ti 1lt ~ -e VY i)tj.$ 1,,, ...t. i)nJ 71 - r· 
'.7-Ac7)Ah□~~tJ#(c7)i~(~o'J. t±Mffiffl 
1,,\-cvyt1t~ott~,:l1<i1±A i" o. i t.:Att.□ ,:~1,,\ 

t.: VY i k ~ J&-:> -C i3 < . 
4) JTi:l!~ht.tc•tffii.,\"( PET-W!~:t& (lmrn~) 

-a:' m -fllJ-~ (180 X 8 mm fj ~) ,: ;7J tJ , -f c7) ~ ill -a:" 

j]- r· '.7-A c7)Ah□ c-IJZtr,:. J=rM~: L-:> ii~ tJ ~!f 
~-tt-c~tr. t-?JtM,:-e~o~.1Jrn111;1:ft-e11<t~)l\a
iffll!::i"ot.:o'J,:lfflit-ri:> <. m-fllttAtt.□ ii~; 1-2 
mm tt~ri-1111J ,: lih ili ~ -tt-C i3 < c, ~c7)ti!filt~£ 
-e if> o. '11 - V '.7 - A c m:-fllJ-(7) r«H: @-?7J<ilt~ i -:> -C 
", o c :ti •-e ~ t.t ", t.: o'J, L -:> ii~ tJ J& tJ ~ < . 

5) m-flltc7)iifijffii t n- r·'.7-A a-r 7 1J Jv-Wn~mm 
-~-em•-to. 51-M~~hiliL~ft-fllJ-i~-~c7)l 
'? ,:flJffl L -r:ti•1i!J -a:" ~Ti" o c. 1'1:~iit~£-e if> 
0. --~#'11-V'.7-A~•i-e~#oc~7A 
+-;; 7iiti§it-rs < 71ioc7)-ett~i"o. -fc7)ft. tl!f 
1i!J i)tfl: < i -e~~. 

6) i$tffiiff-e.7J<ji.7J<t-ammi$t1i!J en< ~1L~tt}3( 
c7)m) -a:'m~. -ftt.i1±Mff~'/J-r'.7-AC1)Ah□ 

-c7)~00~C;,~khoi~t±ATo. ~~iAhoc7) 
li~~~,:~~i~~OO~M~-ttti:3 < t.:~-e~o. 
~ n-r~-A~mt•-e~L. ~-c7)~*iff 

<~•~-tttT~tc7)-~c*~~*t~LWi" (~ 
la) . .:c7)~g~~Lffiitt. t L.7J<iitt.ilt~tt.l!.7J< 
i~vl"(fi•~J-? §~ tJ ~J~~IHJT -?>. 

8) -~~,::tJ- r•7-Aa-.c7)rJ-;~~-r,ft(~ 
L~,t. J:.•c7)~1f\:11c7)J:."'ftlt- 1 cm tt.1t,:11Jini" 
o. -fc7)~Di~~L~it. ~-tti~-:>tAh□ 
~c7)lfjfllH:§~t)~Ji:fc-Ltb~ <· (~ lb). '/J-
r· 7 - A ~~(7) ~ 1J i,t~~ i: 1 mm ff.It,: ~ o c7) i,tJ.1 
~~~ o. w....t.-e rm1Wtta~ooJ i,t~.it-t o. 

iY c ffl-fllj-i,ti:('-{I Lt ~hi!, 2) J;J.~c7)Iffli 5 ~ 
tt.ll-e~o. §~tJ1i!Jilt~~,:ft:•-toc7)1;t 1 Btt.ll 
~~o~ ft;-~~71-~7-AtV-~(t)~l.,,"'(71< 
iitt.-?8c7)1JJ~t~~i"o. *•~•c7)•~~w~~ 
\,l Cfyc7)1JJ ~ i,f!!iJ~~ f,:_ t), :1!,:-t~"'(c7)fyi,t-}3(,: 
it~ Lt.: tJ Tot.:~. § ~ tJ ~J t J& tJ ~" \ t JJJ:il.l•-t 
J., . 

.: .: ~l;t B6 Jlfic7) :tJ - r• 7-At- }fl \tl t.:t,t, .: tt, .t 
t) 1J, ~ \t \ :tJ - r• 7 - 7' ~ t {'Ji @t ~ ~ ,?, . _.'f' (}) :114c (}) 



40-(12) 

iJ;, 7.k, ~'AO):m:li;§.'.it~~ Lf.tltttl!'f.t C:> f.tv'. -
1.i ::. tt J: IJ * ~ ~ :tJ - ~· 7 - 7- 'd:' ffl "' J.> c . 71<1± "t' 
7J - ~• 7- .7-0)jJ}j.;ot!t;6L:, "( l., iv\ ij;i)t-,ti: jt 
~ L -r Li -} t.: 8'J lll1i i: )!§ ~ ~ ",. J: IJ * ~ ~ lUJffi 
'd:' ~ t.:" ,t1;.g-Ii ?X 1: ~i"tl.t*!t& 'd:' f'l= J.> c A"'. 

(3) iK:kJi(T)f'lnJ n 
*-A-t::,, 7-~ c'1:"7E-:, "(1.,,,J.>~IY377 7-1- 'J 7 

•2tt~~~tt779~::,,f-~i~a~--J77' 
1- 'J 7 PET IH~ • : 200 X 300 x 2 mm 'd:' ffl "' t.:) 'd:' 
m "' -c. * ~ ~ :ot A4 Jt&ttJt-ej{:t ~ mw=i1u1~rJJ 
"tl.t*!t&" 'd:' f'J: $: 1: ~ o . 

1) imt-¼t-1 X O)m1W!tll~ritJ-e ffl "' t.:J!J ~ 1 mm 
0) PET JU~ li 1:, 300 X 5 mm 0) N ffit 1 :tt (Jl i: ~ 
o) c 195X5mm O)fiffiJ-2:tt (ti:1:iO)~,:t.tJ.>) 'd:' 
f'1=0. 

2) Jf~2mmO)PETftn~• (fflU~c~J.>) O)Ki 

,: fil-:, -r. 1) "t'{'J:-:, t.:JJ ~ 1 mm O)mi!IJ- 3 :tt 'd:' 7 7 
9~wnm••m-r-m•L-rr~JO)*mO)~(•t 
ti:.ti°O)m) 'd:'{'J:o. ~O)m~·§ 1:~jrJJilt~v'J:-} l.,-:, 
:0"' tJ ~-~ -tt o. t 'J 1 ;ttO)fflU~ (JJ ~ 2 mm) 'd:' ..t 
:0"'; m:ti-rM•-t J.> c, ~~O)jJ ~ i)t 5 mm, pg)JiJt 
1 mm 0) r * ~ ~ 7J - ~• 7 - 7' J ;ot-z: ~ J.> . 

3) fJ ~ 1 mm 0) PET Wnli.1: 280X8mm O)~ 

illrltt(7tc~.Q) 'd:'~IJ. -~..t£0)imt~1X 
c~tI•-r-~•-tJ.>. @~r*~~:tJ-r?"-7-J 
0) 113 il--t:>~,)-J;J.rQ)it6~ i-Z:AttJ.> . ..t•Q)~~.W 
O).r.r4'&ilt 1 cm tt,ti: ~ J.> J: -5, 7.k c ~;t,Q):l:a-1\1 
1o-t J.>. J;J....t-e rm'rir!tff~ootJ.t*!t&J t,t1t•-t Q. 
~ J:3P-JJ.Jt 2 mm c -t .Q c. ~.G:q:q:@i)t-JJ:i:tt 

~ L -c Li -5 t.:&"JftlH:~~ f.t1,,,,_ i t.:JJ! 1 mm Q) 
PET W.lffi'lit1lli,:ffl1t'.Q c, JJ<J±,: J:-:, -CrffiSi,t 
J; t:>)}., ~,:..t$1i-::>~tt -r l., i -j t.:&"J, i,PO)IIJ ~ i)f 

~ < ~.Q. 
(4) •• 

~-r~~~O):tJ-r7-7-Q)..tr'd:'O-:,<tJ~-t 
t . ...tm-e~tl!J1H::xx.; nt.:1J;1±-t <·,:1±~tt--r. 
~tl!J'UO)S'Jtl-lHJ :6--t:>:P L --f-::>iin.Q J: -j i:u.Pnttt~-t 
.Q. r$-el± ! i ~i ~~ l_,t.,,jtflajta-~ tJ ~;ot; 
i&.W nt!tll-t .Q. :tJ - ~· 7 - -" a-• tJ . ~~ Q) * ~ ! 
tRx..Q~c-e. @O)•~~ll(...tSQ)@~~n1~ 
! ) ~l\lffii-e I I. ~ill a-i> QffJJ:,J, ! < "t I c ;t~ 
ftO)S'Jtl-00#-el~-t<.@Q)•~•~•<t.to. ~ 
~Li>ilJ~!("tit, ~~~O)~~·~~i; 
n. J};i)f~ < -~! nt.t < t.t-?>. W."f l;l:~ffl=i1Ul~llll 

-eu~~no~~mffi~mtmffimm-e~o. 
I) m1ttJI~ 
:tJ-r7-7-ta-:,-rJ.kt~~!-tt-r~;~~T~ 

c, if ii L -r v' t.:iJ;iJ,rffl '-'' Ii "J ii"'; PIJH: it~ · JitflT 
o. ,tO):it!!Ji liril"'; ..ti:ltiJiJ"'-:, t*jj:Jjft,t~i)-. < ~ ~ 
R&1tffl~t t.t-t. i t.:n- r·7-7-..tffi5-e'A~¥1H:~ 
x. ; nt.:uJ;ilt* ~ < Jiij nt.: c ~ t. J.kiJt~r;j L -c 1 tt 
O)A'&ft/iiJt%$:i" o (~ le). ::. O)ti1f, ~ft/llJ.Q) 
ttn~;*•~•#b~~- -::>t~~~tra~~J 
,tQ)%$:~lit1i~T o c v\ "J ~~t~~o. §ffliW. 
O)~ftfflmQ)!IIJ.m~H±. ~,ffilJ#4 mi Q) }i'ijffi-r-95~ L t.:il 
i;jmU: J: ~ ilm.,:!tffii" o 7- ~ ~ 1 r (Bouma, 
1962) -r-i>o. rii;jmU:J: 1J~~...t~1;nt.:li'.P~ve:1.Jt 
w.nO)~Ju:iiv'it~ L tk&ftffl~il~%• ~ no. ~ 
m~ ,: ~i; -r. iiiJ it. milm:. m~. =Fi~. ~ift~ 
c'. ~m* q:i ~~M~iJ{it~-t ~ ti1rliR&ft~miJt~ 
nx: ~ n. i&li 0) ..tr =t:IJ ~ O)~~ t t.t o ::. c :ot~ ",. 

2) ~ .Er. 
:tJ - r:·7- .7-..t$0)li'J;~t'Ai§9UO)S'JnritJ:o-. t:>iJ;~!t 

0) J: -5 ~=dl L --f-::>::. ,rnM t -c ~~ti9 ,:-m~ ! no 
c. r$'t"l±ti:tii-t~~~ Lv'=.1fJ%Q) ruJ;JiJ ~t§s 
51-t ~ (~ le, 2a). 'Ar§ Q) ffc9U ,: J: -::> t fP Ji-n,rtltt 
-r- ~ o ~ct~ o. i.PJi~ffi0)1;)ffct,t-~O)jfJJl~ffl 
l o c , ~ ffi t mt: tt r -?> It mm 0) ll ", fP Q) t.t t.: ti 
(tit-1-v!t) i)tft~ ! ttQ. .::. Q) ~ t.:ttt>t• l'J ~ L~.: 
Q ~ c "t'Jt.PJi~t.mt~ L, p;ifflH:l;ti;~iliH:t-t L -C!Jl 
fi~1llJ1ilt~ili"-?>. El~.ff.(l)@.li"t' ~JI. "t'lll!tit.: 
Jt,P,)tfiiffia- ~t.:ttfl-;-c-lU.!l!iJt~IDt ~ tt.-o ~ c il1~ t; 
tt-C-j:3 Q (Hunter, 1977), *~ c:k~~Q)il\t'l±i>.o 
t>f, t.tt.:ttQ)mac L -c-1;1:1WJ r:. "t'i;-?>. •Jim,±liiJl!i 
lffliffi"t'iJQ, ~Q)c~O)@.li~ffi~~T- -~~•~ 
IUl"t''t" ~ Qf.P .liflffiiQ)1;J~l;tf-J 40°i:Jt-t Q ~ c -/i'IJ 
tJ, -~~l:ffl; tt.-?>@Q)*~~.@.jfj (ttf7)t~ffij1:' 
-f¥~"t' ~-?> m.ff.(1)1;)~) <~• .. ~m. 1989) J: t.> ~ 
~ L,jc~ \t\, ~ ttl;t:fJ- ~7-,:1.p;JfflSQ)~ifij-t,i: J: 
Qt 0) c ~ .¾J:, ttQ (~ttR,1:6-., 2004b). 

3) 7 :t J7-t? ·1 1-- t~3'.EIUI 
:tJ - r· 7 - 7' J:. fflS "t'~7§JIJ ,: ;t ,-t ; tt -C 1t \ t.:Jt)ilfti 

lti'.tQc, ~.::.,:~IHJ:ot-z:~. ~i&ilfAl'J~tr. "'f 
Q c ~im¥1J O)~ ti.Ill! iJtitjc-t-?> t.: i'), ~ )( c i)ilf.:. ,: 
tti'.-;, ! ; ,:~ttlUJt>titjc-t-?>. .::.1 L -Cii;(l)~~ 
1u:117)f311J-t Q.::. c "t', itl&Mt1ttu,n:#1Jn L~ilt;$ 
gt" 0 (ml 2b). t t.: 2) O)f)JiO)l!UffiJt, fP(l)~lt 
•O)jf1Ja~:~i.,\~"' 1:11:n,:H-t .t, t. c ~ i,.o. ~ 



~,-···_>: ~~ • 
·.._:-""-~~.... , ...... 

•.- : ....... 
... ,( . .;. 

,, ' '"~f::ilil~i1 

~ 2 m~j1tm~rJI 1: J: J.> :Jtffifflm: 
a) ~~O)wnrJI1.1•;.: ,inti t ol?J;O)r-r~ 
it t" o uJ; .fr. uJ; tl: ~ le t liiJ t-. b) ti: 1: jtiJ 
1.1'-? -C 9eit Lt.: 7 * 7 ~ o/ I-. yl;j fflH: lifii!-3' 
~~:/.lt9eifT o. iJ;li~ le t jiiJ t-. c) A4 !l& 
0) ~~ jftfl ~ f!Ot::k!l& i 1l1Ht-c ??J; 0) ~ t.: n i 
961:. ~ -tt. ~ t • :/.1•; ~ t.: 1l> 0). ??J; IH.ll. v 'JIIJi 
1:, 1,-:m:O)ffl¾L~ ;fJ 7 --lj-:,, 1-· (;,j(fs). ftnli 
ffl ~ n < • -©.) . ;1J 7 - -it :,, r < mi L '7 1 uJ; 
<s)0)4ff!ffi-rl.>o. 1f. (J::iffi) 1:1:tmn~ 
-1tJ;1.1t, • <~iffi) 1:1;1:~n~n-1.11il•-r-o.: 
t ·t;,;. ~~1tfflm:1.11~px; ~ nt.:.: t -1.,rt,-1.,, 
o . d) mii :Jt,ffl ~ IUl tlt::k!l&-C.-ilUR1t i jg .: L 
-C{'J:-? t.:~ff'~m:. l?J;li~ 2c t jiiJ t.. 

(13)-41 

~ 4 ~ .::.;,j(Jml: J: Q W~ 
~TNJO)~Jix:WR ~.::.;,j(JmO)r•~~Q 
i AhQ t m-1.,t-r ~, T Jv 7 O)~itl: ff 1,,,s:p: 
ff~-C.-~J.>. W~.::.;,j(Jmyl;j0)7NJi~~; 
~~~-~J:~~0)~00~. ~tt~;fJ7--1j
:,, r (?ir-) lif¥.jQi L -Ciljlfr (ti1lllJ) i "ril!i'h 
J.>. ffltt~~~-~fftMOO~:ltff) t;fJ 
7--tt:,,r(#fr1:mm 0)~:,,1-7~1-~ 
~~~ho. clTN70)$·0)··· r~; 
mo:. ilP fr-rm ff L t.: ;fJ 7 - -it ✓ 1-· 0) ~Ii. 
7*7~o/r, ~ff-r:JtffL~•~~?tJ;O)~ 
Jii,t.ilt~Q. d) TJ'vJO)~Jix::i§'FP"ril~ifliJ□ 
1.., -c Fi II! (I(] 1: * m: <m*1't) ~ J:: :Jt- ~ -tt--c 
11:-? t.:(ti4 :ltl!~. llfJifg L "(1,l J., 0) lill 'b J::1: 
f.it11-t J.i T Jv ~ tDt-c.-I> -o. 
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i:>; ti'J;iJrjlifi~tjf.:tt~t:>J.>.: c--r-:itk/iilrffiijni:1t 
:ba • 3eji Lt J;J t'J , .: 0) J: ") tj :ithll ~ 7 :t 7--t: o/ r C 
"''?. §~W,0)7:t7--l:7 rl±. Jll~O)pij;~ (Jj(~O) 
,J~ ~ tj [!!] 8 it!!~) iJrT vtE ffllJ ,: fJ 11.J L t --r- ~ -?> ~ ~ fl 
mm 0) 1b O)iJ,;. i'J; JiO)fJJ:bi: ff'? jflj ~ tt m 0) 1b 0), 

iijJ□ O)-rJv Y iJ{iiti,:raJil'-=> tfu"i!t L t--r- ~ Q jWj ~ ~+ 
m ffi_~O) 1b 0) i -C:- ~ i ~'i --c·tf) -o. 

mm=*-rtr~ r. u -c 1 'F 0 1.= 7 * 7 --t: -/ 1-- T 1W J1t JJ ro1 c .s:p: 
rr ~..: ;1,rm1 --c·_t=t ~ ~. t,1;" _;f! nfoJ 1.: fl.ft"\ t:. €:4~~}.ill-/J~JBJ! 
~-, r./, 1-- ~, t'~ TT1" \.- '·-t-'-•:• 1- ..,_ /',,::1 -,';;1-•,::o;] J f;;ln.:f..fl_3iT,i 9 .,;;, . \, •• _I. l• ., ;... ~ :i' '- Ir::~ i " I - I. - \. , ~- r :,'( >i' J__:E t.) , i:: j 1 •,r i:.~J U:il 

n J:. W tf 3¥ m-1: ?j: It \ ~ c'. El r.~ w o) * Jiu: J: 0 -c --c· ~ 
-o 7 :t 7--t: o/ t- c U:Jf~i~iJt~;/j-o_ Lt:.-!Jt0-C7 :t 7 
-e -;, 1-- 0) * ~--c- tf) Q . i'J; -fJ{ tj t.:: n ti -t:.:> tj -/Jr ~ tu" Ji-t Q 
ilmH:. 1£ § L t lJl ~ -t .---.-: ~ -ea;; -o . 

4) @(1) t.i: tf. tt 
J:.~O)i'J;Jic 7 :t 7--t: o/ r O)~JJIH±. Afv,fJ;O)tjf.:: 

ti. , : J: -=> t "C" ~ -o . 7J - F 7 - .7- T :&IH: :ti ffi L t:. :it!! Ji 
~ n - 1--♦ 7 - .7- ffiH: ~ ~ tj '81 -e lfil ~ ~ -tt t fliH t -o c , 
J: t'J ~"'i'J;O) tj t.::niJr3e~ L. -f O)~ltJrffii ~U~-e ~ 
o. -1i. i(};O)tjf.:tt~J:.ffii(~) c~W(.)iJ,~U~ 
-to,:,±. n- t-•7-.7-ffii,:!ffTtj~"C"@~~-tt-cffi 
,to. tj t.:ttiJtflti3€~ L. P-J$-C:~N& (n.lJlO) J: t'J 
5t,t) iJf€.: ..,, tjiJf; mn To. n - 1--· 7-A O)ffi ~ 
,: J: t'J vlT~~~jj]ffijPJ~"C"a;;o. !ill Lt.:i'J;~~c 
J!iJ,; ll~T o c. J:.ffii ,:ffl.tJLtjfJ;iJf, ~ffii ,:MU~~ 
i(J;-!Jt-ftt~tiil~ Lt .a tJ, ?t"~J: J:-=> t~N&1tfft~ 
(~ 1tflt jg c li ~ ,: , 1 ~ 0) II (1) i:p -e T iJ, ; ..t ,: (iJ] 
il'0tffl< ~offljg) iJt~J&:~tit\t\o (~ 2c). El 
~-W-"C"lii(}; Jif.fffii~ C:-~~~-t oti-rffl:Q)~~-e~~ 
-fJt€.: t'J, ~~1tffljl ~~1£-t o.: c t.,tffi t., ti tv\ o 
(Hunter, 1977 tj t'). .: Q) 7- 7J ::..;{ A c Lt, ::f~!_l 
(l)~ffQ) i:p "C"k:111-/J'"\!.lt.: ,tiJtT ,: t.: to J: '? ,:. til:r 
mt Q) i:p -c:MB t.,, v \ ffl-=f-!Jtffl." \ tll -=f (1) ffl ru, iJ, t., r ,: A tJ ~ 
trfF.ffl (Middleton and Southard, 1984 ~ C:-) t.,t-,:;, 
Q)*~ ~~~ c~ .l ;ti--cv\o. 

5) ~~it 
7J - r· 7- .7- T$~::ttll~fi(l)iil1.Jl li00ffit.,t~ (, 

"t°.: ,:*:m:Q)7J('f.lf'2Ji ti'"(° l3 tJ ~ t_, i)\\,,l, ~i)f"'(J±~ 

,: J: 0 t 9}" l f-:::>7J<-/Jt~~t. ~i1t7./il9}" L lffl < Lt -=> 
tv\ <. :ftfl~fi,.:-=f-~llPv\tffi~ (iil1.-~ c:-,.:ffl 
~) ~lj-.lJ.> c, -Jt!lff Lt.:iJ;(l)t.,,JJ.~:b-ttiJtiic:
~t. i'J; t 7J(i)t7! ~ t'J ~'l.,f t:> ?Jl~Q) J: '? ,:~J., • '? fit 

~1tJ -!J{@.: o. rJJ~jJ!lJ<i){_t"'~~t o 0)~:1fv', il!!.Ji 
iJr~% L. ~~m-?1<~fftm~ c~Q)Jm7.k~~fftJ1t,~~ 
nx: ~ no c~ 2d). ~w:ttff~rJJ-e~~1ttJr~ ~ '"(I,,\ 
Q c ~ O)i&/i ii~F1tn:!fiX t., iJ, < :iF~5E-C:tf) Q -/Jt, -Jt 
rJJ ~j7j( -!J{~ ~t m O t w. ITT J: tJ b ~ < L i 0 t.: it!1.}I l: ~ 
0 . ~~jdtTW'l~-t ~~:ii, :llff~fi~:rdJ~~7.kfit!!.Ji 
9:q:r,!]t-.:~Q r bt-:J (7)1ttuc L--r. 3---3.5¢0)~ 
fiL tj~'.J; f y L ~iJ ~:J-.n~ c H." \. i t.:~6"~ 111:lmi 
t,1-;¥--?Jiv ~rfil~ ~ $Jf~ ~ Q c t>iP ~ -?T"'· ~ j:3~:jjt 

fl• :t ... ~ '"i. ') ~;; 1 J~ ,~ 1 t:- v \J~;*'i n - r 7- .7- rhO)'= L·c..rr ... ,c; }.~l/ .. :;r.. 1:,v"' .... ,. . .1 ...... , r'J ;<\, 

1~ '&- j.'i~ ~) :: f Y ,'( -t· b ~:. f1~(7)j;t~ • :lllJ-/Jr~~il)i: 
j@ :: {). s. ?.~-~ ·-c -j;_ [\~ (!J Jrll. ~~ ~ c~ -C: tg.: Q 111Jt@J 
t±, il;!x1t~: J: l? f,m:if,/jc t ~~~:i'J;-/Jri&...t~:Pllli Lt.: 
1b 0)--C'tf)-o (Gill and Kuenen. 1958). 

3. ~ =7.l<i~ 

(1) ttl~t~.ffel-
§ ~-1i'J; ( f!JJt ( i if ft t.:: iJr. 2 4> = 250 µm J: tJ ffl v~iJ; 

-!J{-@j i n Q c lJl~ L, ,\? T v '). 7J 7 - -fr ✓ r (ffiJI(~ 
f4~~~t±~ 8 ~fJ;-i fflv,t.:), ~~ 77 .7-f- o/ 7 ~ 
1 ~ ( ~~ ~t± 7 7 1) -fr ✓ -r-~ J.. ::r tJ ~ - 7° 7 7' 
1- o/ 7 PET ffln'fi;t& : 900X450X l mm~ .fflv,f.:), 7 
7 'J 1v,tnijffl~~~1 (~~~~±717 'J-½r ✓-r-~77 
1J 4r ✓ T-~Jf~l ~ Jfl "' t:.). a~ (}j(JmO):li ~ i:rt; 
t:t-;Olfrlt:.~f-f~~-" ~-;, 1-- t.l c~). 3e~.7-1-t1-
Jv OJ~ 10 mm (l);f,[;jj(Q) t (1)). *-7-.. ;'{ 7 :J. 

<2> 1i •J n ts:■ (00 3) 
1) PET W Di ti~ ljlj 150 mm -r-:::> ,: -;JJ t'J 5J- ~t. 

900 x 150 x 1 mm (I) 3 to: T O. 
2) -f ti~tt(l) PET ffl"Di~ ~ r ::r J (l)~~~=ttr ~ 

BlHft. fl~ 900 mm (1)%iv~}J(B&~ =-:::>1'1:o. ~ (J) 1 
t:>=,:;, tl:jij ~ 65 mm, ljll 20 mm ,:, ~ t'J --:::> lijWj ~ 
64 mm, ljl; 22 mm ,.: Lt i:, < . tff tJ EttI ,-r o ~ Ii PET 
W Dij i[ (1) Jt ffiH: n -;, ~ - --c- :b -r iJ, ,: iR ifli~ O) ,fl ~ "? 

,t, -f Q),fl "C"~:tfi t'J ,: --t o c EtlHf-? T < iP-:::> f-5J-~ 5Ji 
JliJt~t. lkilltt L~v\, 

3) ljl; 22 mm Q):,j(Jm ~ }tA, i:p ,: L ""( ~ Q) jifijffi!H:~j 
20 mm 0)7.kJm ~ 10 mm ff.J.fffl:h --cit~ t.,, PET. 
Di.Jfi:JiJf~J"t":Jijf-t O. {'I: t'J ~ !iift!~:-t O t:.~ ,.:•f 
~ t- 2 'iJ WT t!. ~t ,.: L t.:. 1 ~ Q) PET • D~ ti 
(900X450Xl mm) t,~t_,~ 2.7m (l):,j(.§~1'1:~°'t~ '° 
(ii 3 (1) ~ =-7.ki&J;;t:(l~ 2_3m '"'("'~-o) iJf, :,tt,t:tl 
lc,&~-ttuf :s. ~ ~it~~iJo. 

-0 ~ :~~ 
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PETWD~I:&~ r:::JJ O)*l.:::.#r-:>toJ<i3 
·ilfa!Jt.::~~:2300 mm 
·iii~: 65 mm (J!{A,q:i0)7J<~l;t64 mm) 
·ti: 20 mm (J!(A,q:i0)7J<~l;i22 mm) 

~ 3 ~ .::.Jj(~O)f'J= 1'J ":/Jc ~11 
a) .mt~~- ~~i: J: l'J ~ t;, i:~ <To.:. c ~ 
~~o. b) ~-=-*~O)~~O)~•c~~O)~ 

r (jij-tt 1 ~l:l.f-ttt-8- B). 

L$1J.t < W-:> t.:9ei'?l.7- -1-a- Jv;t&:a:~&?-C ~ ~ (". .:. 

t:, t;, ilr 7klm 0) J: mEYilH: t.t -o . .:. tL I.: J: tJ •• cp ,.: 7k ilt 

~mt: L --c.:. ,~tiJ.>.:. c ~ IW <·. 
ITT 7.l(JmO)bttt.:a:n~~&?. ~~(~U•~.7-

~-:; 1- t.t ~) (1)..J:,.:7.l(Jm:a:fl ~ 1 t.s!fr-7""r-li:11jjf 

~Ji:T -o. .J;J._t-e r ~ .::.7.l(JmJ t,t~nti" J.>. 
6) 7.l(JmO)rmt:~ :a: 1~ 1r-;; •mt: Li.: il"'il"'-o J: ., ,.: 11 

~. _tmr:1111 :a:11 L:Ji;f-t:,_t,f-rG:11i" J.>. .:. ti -r-vrt:ll&1;J 

~(iJiJ*~~~ffl~) ~~~i"J.>. *~~;*-7-"r
J:.im:ffiH:*:a:ilri L. rmi~il"' ;t:1HH-t-o. rt:□(1)-ffii 

1: .1: l'J vii.: t vfiil :a: 11i1M-t '°. ~ :-- -:1:a: m l,,l -r-rvrt:gs 
0)1~1r-:; ii"' ;_tvfi$l.:* :a:ffiJ.l ~ -tt J.>.:. c t "iiJ~t!. 

iJt, vfi:l:O)a11ffii ,: li.1£i'VMff t.t ~t,t~-~,.: f.t -o. iJ; 

O)f:!t~liAO)-=F,: J:-:> -Cff 1. *fm(l)rmE-il"'; mEtL 
ilit.:1tJ;1;t1~1r-:; ,:t.:&?-C@Jil-t J.>. ••(1) § ~i:,;t t 
--C. 7.l(JmO)rvfi~rH:*~$1 (20 mm) J: tJ 1-" LimJ.t < 
-;JJ -:> t.:. jij ~ 10 mm (1) 96?'?! 7- 1- o - Jv ~ a-• b. -r la 
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&? ,0 • .:. tL iJf:tJI (-tt ~) C: t.t tJ I r mE ir~ ,.: * t.: i tJ 
(7¥1.:ffl~) t,t-e~ J.>. 96~7-1- □ -JvO)~ (:tJIO)jij 

~) 1.: J: -:> -r7kft (7¥7ki(U.:t!H13) :a: lffllliPT J.>. 

(3) Ull 
_t~O)•m~#:a:~~~-~L-r. vfE7](0)3~ffl 

( ti -.ft. :ii tr¾'.. it ff) 1.: J: J.> :f& % c :f& Ji 0) % ~ ~ llE :a: 
lUJ T o . .J;J. r i.: ~ .::. *~ :a: ~ -:> -C "t: ~ o •m ~J :a: /J' 
T. 

I) mt7J<,: ct -Qi.PO)if. • il-~li 
7k~1;Jftc:a: 5~6° ttlt1:a~ L. *~(l)rvfE~~ 

fffltix-t J.>. _tmt:$i:fJ;r.lJ :a:{t-:> "(. ~ ; i:J:vfEil"' C;,.7]( 

:a: b-f ii.,.,.: im:T. To c: iJ; r.l.JiJt~jt ~ ti -r. i?J;~t,t~ 

fJJLt.t#;-rmr:~:t1tfi~tiJ.>. *•:a:m~~-tt-oc:v!E 
ililt±vt L. iJ;r.ll O)~jtt,t~ ti-. i t.:~~-t o i?J; ,: ii 

t -:> --c. R fJJ • r-'¥-vfE -t '° ~ f_[ t.t v.P t m ti '° .t 1 i: t.t 
o. .:. 0).:. c: ii"'; v!Eil •t[lt 1.: J: -:> -r :ilWUJ~t,s-~ t.t 

'° .:. t iJS-t> ii.,.'°. .:. O)•m 1±iJiJ * :a: .fl}m L -r ", '° iJf, 

7.1(~ :a: iiiJ JI I 0) ~ =--1- .:i. 7 t.:Ji.:v:.--c, _tir,E~(l) r.ll:f&~jt 

crmt:~0)±~0):il~O)~rt.fl}m--r:~o. *••* 

~~~:a:~111 L --Cit!!.%.iiiJJllvfE:i:O)~f*:a:~.:t; ti 
o. 

2) :P JL- 9 (=-~ #1) O)ff~.1£ 

7k.!Ea~ ~ a- 5-6° ff.& t.: •~ L. 96?'?!7- -1- a - Jv 

O)~-Z:rv!EM:a:~~&?oc: r7¥J~--r:~-o. i"oc..J: 
mEiP C;, fiJiJJIIJ ,.: J: l'J ii~~ t'Lt.:i?J;;6t7¥]¥kfftili:i:it 
-ttL-r. 7¥0)7.l(ftt,1,rfiiJtiti~O) r~ttJ t,t-e~-o 
(I@ 4a). .:: 0) ~ .::.7.l(Jm--r:{t C;, tLJ.> ~tt,±7.l(iffi J: tJ b 

-r ii .. ,: ff 1,, ,t,t. .:. t'tl±~iO)~ I,, l7](~~~ :a: *t,tvfEtt. "( 

13 tJ. §~W.--C-li~ff _t(l)iJiJJIH.:1.d.:-Q$~~ Jl "(l,,l 

,Q t.: &? "r- '-> J.>. Sf!ff 0) i¥11lll i.: Ii iiJi ,.: ltiJ ii"'-? -r 35° ff 
/l:M~ Lt.:jfiffi:6t~,mc: ~ tL. i.Pt,tt.,: t.:tt.1i-t:, t.,:t,t; m 
:iii-t J.>. ,tO)Mf*. ~ .Jr ,.:.Itlff(l)iffiffiJtJAt,t-? -r 1,,, < 
.:. c ,: t.t -o. .:. (1) J: ? J.:iJiJ JIU.: J: tJ ill£~ tLt.:±i?J;t,t 

iJiJ □{tin:,: jifl L. iit1': ltiJ t,-. -:> --C fiJ :iii T ,Q '1/ A r A :a: 
r Jv t c: \tl?. t.: t!. Lr J'v t c \tl? fflG!li, 7¥J¥•iJt 
Jffl ~ J: ~ #j111J,:~~ tfj"(\,l7.,:f&%,.:M L -C~btL-o.:. 

c b '-> ,Q ( iJ!J .:l It Bhattacharya, 2003). 
lffi1111J ti,. ; 7¥1JIIH: ltiJ ti .. -? -r run.:. .Itlmt-r-,±M t.t ~:6{ 

iJiJ * :a: illl ~ tL, ~}¥kl J: tJ 7¥1111J (1) ~ iffi -e 1± i.P (1) t.t t.: 
tit,t~~ L. J: l'J ilJi-%"r-l±$tilt.t1tJ;t,tf1.ii Lf.tiJtC;,jl 

lttL,Q~-=f:6tlfHJ~tL-Q. $tilf.t11'5--it:-- 1--.. ~ii-tf 
-C13( c, ~~iffi (±:1.:§~J;) cilfl-% (117--lj-:,, 

t-·) O)~W.titts0):i11tl c L --c 1i-? ~ ti ~~u-e ~ ,Q coo 
4b). r Jv t t,tiqi ,.: ltiJ t,-.-:> --Cfftr :iii L t.:fs!i *· :ltk/i 1±7-
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IP t.> ... tJ.:. ltiJ-/J .. -? t. iiti-€i--e!1HI L t.:~~~~J;O)lt/i. 
iFmi 0) 1ru Jl 1.:. J: tJ ffi J£ L t.: 7 * 7 -t 7 l- . s:p. ff -e!1HI 
Lt.:ffitt~l?YO)~~O)MH.:.~~ o (~ 4c). .:. O)ffi:~ 
tJ 1i I± El ~:?i!-O)A-~l'fJ ~ T Jv? O)ith/1 (Gilbert. 1885) 
c~~-e~o . .:.O)•~~t.>. r~~Lt~~oith.11 
c~ "J L 1±. 1i v·q.:.i.~ L t.:ffliJltitJ1<s:p.-JiltiJ 1.:.8tJ:rt o 
.:. c -e~nx; ~ tt.J.> J c \i\ "J f '7 Jv? -O)~ffljJ ~~WI 
--tJ.>.:.c t-e~o. 

3) ~*~~lb 
f Jv? O)lru Jll.:. J: tJ Sf-ff1.1t)t1.1t ·::d.:~~-e. Tmt~ 

1.:.ill~*na--t 0. To c MO)Jki:it <•*•) 1.1t.J:.Jf. 
L. fN90)lruJ!#~i~. •*•#~1iltiJ~81b--t 
o (Ml!). MJ1<.0)J:.Jf.tl±b-fil-.-e1i>. s:p.ff1±1;J 
nctf•~ t,-. ~ t.: ~ 1.:. m~rdJ-e*mJt1.1tJ1<il L -c Li 
"J. 7kttilt*1JD ~ tt.t.:ill ~ffl~ o c Tmt~il .. t.>Jkilt~ 
k ti. Mlk* 0) J:.Jf. t,t,W ~--to. -f 0) M71<• I.:. lli t, t 
iliJD"el±ffi"t.: ~f Jv? O)~Jvtilttzai o. ~1.:.±11 ~:$1- L 
-c•*•~ffi;T~~oc, •*•#M1iltiJ~81bL 
( •Jt!). -f tt. i -eMmiT 1.:. ~-::> t.: T Jv 11.1t~ith t ~-::> 
t. -fiitt,ttza t o. .: O)•Ml-e I±. :i&l~O)i&l;Jt"e*-t tJ 
~ L~ ~ t.:M71<.fllbl.:. J: o ith%c ith/10)%Jvti~li~ 
:pj:~--e ~ o. ~ .::.71<Jm-eJ1<tt1.1tffi;1.i\ c ~ 1.:.%.lvt L t.:s:p. 
ftl±v .. bl;fMJ1<.t,1A,J: t) 100m ~J:.i!tiP-::> t.:-&~ 
7J<M 0) ~- 1.:. ffl ~ L. -f 0) fl 0) 71< fil:J:.Jf. 1.:. J: -::> t 71<~ 
Lt.:-fO)Ijl-ftl±, ~il:O)*M!Wil.:.ffl~T o. i t.:~1: 
7}({:iLi,f°iijv .. c ~ 1:%.lvt Lt.:s:p.ft1±1.i,.bl!MJ1<.ilf~ 
-/J .. --:> t.:-&~IU.l7J<MO)IJZff l:ffl~ L. -fO)flO)J1<fll:ffi;T 
1: J: tJ -fO)IJZffliii-/Jf~~l:M!ft Lt.:itP.%1±, Mfflt,i..li 
1.:.ffl~T o. .: O)Jj(Ji&.Ml-/J .. I?>. b-f-/J .. ~?¥7.l<~~lb 
--et> ffi:i&•jjt 1: & 1:--t~fll-/Jf~*-e ~ o .: c -/Jfb-/J .. 
tJ. **(7):ftkJ-!·j_jt~ft~~~o"? ~ -e1 ;;(-~-/Jfii 
~ ~--;- < ~-0. 

t> 111 Ltui~ .. (l§Hlli-/J-., 2008) c Lt. 7.1< 
tt i ,iisil'fJ 1: J:.:Jl. ~ ~ o t , -f (7) t.: T.J 1: r Jv? -/Jf J:. I: 
ffi:~-::, "((!¾:4 itk%i%.J£--t o OM 4d). lliJ~i:t:J(7)rJv 
?~. 71<~~J:tJR~~-W~L~~?t(7)rN?i~ 
\i\iA--t t ~ 1: 1±, 7.1<~-/Jf~.,: ~ ( f.t o t.: ~. 7 * 7 
-t 7 l- (7) If'. ~ -/Jf ti L, ltiJ ii il~-/Jf1i-; o t ",. -, iii 8 1.i \ 
m~~-~~tiJ.>. 

(4) ~ =-*•O)~-
.: ti; t fiiJ~f.t r Jv? (7)%fflc: t 1¥7.1<-~IIJO)gl;J: 

§ftliil .. (2006). ifHlliil .. (2009), §Hlli-/J,. (2008) 
(1)7.l<Ji&"e t, fib ti "(1,, .. o. !l'f l:~•(f.Jt.t r Jv 1 (7)%fflt 
~-l±l§Hlli-/J,. (2008) 1:ff L,\,,l, *•(7) ~ =-7.1<!&(7) 

~fllilklm~Jt,t 2 cm t ~"' .~-e~ o. liiJ .. O)Jk~I: 
~~t. ~-$0)·Q·~~t)0)7N~O)ft·ffi-~ 
~ <, 1Wi!:iil.l~:ii < --t ~.: t -nt1iJfi~--e~o. -t:tt.1: 
:ha~ tifD:Jj(~O)Jl{tt-t-:tt.,.:.M--t ~ Tlv 7 O)lli~~tj! 
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