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This research aimed to 1) compare learning achievement before and after learning 

by using 5E inquiry cycle in genetic inheritance, 2) study students' mental model before 

and after learning, and 3) study students' satisfaction towards genetic inheritance lesson 

plan in first semester, academic year 2015. The participants were 36 students 

of grade 10 selected by cluster sampling at Mathayomtrakanpuetphon School. Research 

methodology comprised the pretest, 12 hours learning through 5E inquiry cycle lesson 

plans; engagement, exploration, explanation, elaboration, and followed by the 

posttest. The results indicated that 1) the posttest score of learning achievement exam 

(31.28 ± 3.61) were higher than those of the pretest score (12.14 ± 3.73) at a significance 

level of 0. 05, 2) students' mental models had developed themselves at a later time, 

and 3) their satisfaction towards the 5E inquiry lesson plan was at the high level. 
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'j~t.J~bbeJ'Wlb'l"l?l 1 'U8-:Jum~t.J'W~wJ'tm:wP\mnu~ 4 rieJ'Wb~t.J'Wbb~~Vl~.:Jb~t.J'W (N = 36) 103 

4.42 m'jbbti.:Jb"ll~~bb'\J'\J1:w1eJ68?J 'j~t.J~bVl1m'l"l?J 1 (neJ'Wb~t.J'W) 1o5 

4.43 n1'jbbD.:Jb"ll~~bb'\J'\J1:w1eJ68?1 'j~t.J~bVl1m'l"l?l 1 (Vl~.:Jb~t.J'W) 106 

4.44 bD~t.J'\J bVlt.J'\J~ n~ru~ bb '\J'\J~l~eJ.:JVll.:Jrr-.n:wf\1'1 b~eJ.:Jnl'jbb ti.:J b"ll~~ bb'\J'\J 1:w 1eJ68?1 

'j~t.J~bVl1m'l"l?l 1 'UeJ.:Jum~t.J'W~'W~'Bt.J:wPin~1U~ 4 neJ'Wb~t.J'Wbb~~Vl~.:Jb~t.J'W (N = 36) 107 

4.45 nl'jbbD.:Jb"ll~~bb'\J'\J1:w1eJ68?1 'j~t.J~h·m'l"l?l II (neJ'Wb~t.J'W) 109 

4.46 n1'jbbD.:Jb"ll~~bb'\J'\J1:w1eJ68?1 'j~t.J~1vm'l"l?l II (Vl~.:Jb~t.J'W) 110 

4.4 7 bD~t.J'\J bVlt.J'\J~ n~ru~ bb '\J'\J~1~eJ.:JVl1-:Jrr-.n:wf\1'1 b~eJ.:Jnl'jbbD.:J b"ll~~bb'\J'\J 1:w 1868?1 

'j~t.J~ 1 ~'jb'l"l?l 11 'UeJ.:Jum~t.J'W~'W~tm:wP1n~1U~ 4 neJ'Wb~t.J'Wbb~~Vl~.:Jb~t.J'W (N = 36) 111 

4.48 nl'jbbD.:Jb"ll~~bb'\J'\J1:w1eJ68?1 'j~t.J~b:WI?11b'l"l?l II (neJ'Wb~t.J'W) 113 

4.49 nl'jbbD.:Jb"ll~~bb'\J'\J1:w1eJ68?1 'j~t.J~b:WI?11b'l"l?l II (Vl~.:Jb~t.J'W) 114 

4.50 b LJ~t.J'\Jb Vlt.J'\J~n~ru~ bb'\J'\J~1~ eJ.:JVl1-:Jf111:Wfll'1 b~8-:Jn1'j bbDWIJ~~ bb '\J'\J 1:w 1eJ68?1 

'j~t.J~b:Wmb'l"l?l 11 'Um11m~t.J'W~'W~'Bt.J:wPin~1U~ 4 n8'Wb~t.J'Wbb~~Vl~.:Jb~t.J'W (N = 36) 115 

4.51 

4.52 

n1'jbbD.:Jb"ll~~bb'\J'\J1:w1eJ68?1 'j~t.J~bbel'Wlb'l"l?l II (neJ'Wb~t.J'W) 
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4.53 b LJ~t.J'\Jb Vlt.J'\J~n~ru~ bb'\J'\J~1~ eJ.:JVl1-:J flll:Wfl\91 b~eJ.:J n1'jbb ti.:Jb"ll~~ bb '\J'\J 1:w 1eJ68?1 

'j~t.J~bbeJ'Wlb'l"l?l 11 'Um11m~t.J'W~'W~'Bt.J:wPin~1u~ 4 n8'Wb'1t.J'Wbb~~Vl~.:Jb'1t.J'W 

4.54 

4.55 

(N = 36) 

nl'jbbLJ.:Jb"ll~~bb'\J'\J1:w18"8?1 'j~t.J~bVl1m'l"l?l II (neJ'Wb~t.J'W) 

nl'jbbLJ.:Jb"ll~~bb'\J'\J1:w1eJ68?1 'j~t.J~bVl1m'l"l?l II (Vl~.:Jb~t.J'W) 

4.56 b LJ~t.J'\J b Vlt.J'\J~n~ru~ bb'\J'\J~1~eJ.:JVl1-:Jfl11:Wfll'1 b~mm'jbbD.:J b"ll~~ bb'\J'\J 1:w 1eJ68?1 

'j~t.J~bVl1m'l"l?l 11 'UeJ.:J1.Tm'1t~'W~'W~'Bt.J:WPin~1U~ 4 rimJb~t.J'Wbb~~Vl~.:Jb~t.J'W 

4.57 

4.58 

(N = 36) 

m'j~1t.J'VleJI'1~'W~n~ru~m.:J~:w (neJ'Wb'1t~'W) 

m'j~l t.J Vl8~ ~'W~ n~ru~m.:J~:w ( Vl~.:J b~ t.J'W) 

117 

118 

119 

121 

122 

123 

125 

127 
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4.59 btl~tJLJ bVitJLJ~ n~ru~bb LJU•ih~ e:J'I'Vl1'1fl11~fil?l b~m 1m 1~ 161l~ntJm~~1tJ'Vle:JI?l 

~n~ru~'Vl1'1~'Wlim~~ 'Lie:J.:J1.Jm~tJ'W~'WirlitJ~~n~1U~ 4 ne:J'Wb~tJ'Wbb~~VI~'Ib~tl't.J 

'1.1.1 

'1.1.2 

' 
(N = 36) 

~'W\?1e:J'Wf11~vhtJ5'1J~m~ m~bbU'Ib61l~~bbtJLJ 1~ 1 'Vl61i~ 
Mitosis and Meiosis Simulation 

129 
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1.1 ~113Jb th.J~1bb~::~11~~1~ru"ttv..:Ji:lruvn 
01 01 

d 
'U'VI'VI 1 

0 

'U'VI'W1 

161 niJ~~U'U 1~ n11 boU1~ ~1"1161 mi11~~~f111ll b~~qjtl11Vlihvn-:~b 'Vlf11 'U 161 ~ bb61~n1~b tJ~~'Ubb t161-:~ 

~ bn~~'U eJ ~1-:~~1~ b ~1 bb~ 61 ~tJ ~~ b'Vll'lliii-:J~1 b tl'UI?i' eJ-:~ b~~'U ~~~~tJ ~'U ~11 ~Vi''U m~ b tJ~ ~'U bb t161-:~ 
" 

~d1~~'UeJ~~61eJ~b1m (6~Y'l-:~~ bb61-:I~'VlB, 2555) ~-:I All 1vm luu~~U'UbU'U~-:Jf1ll~eJ~v11lln611-:Im:m61 
" ' " 

l61n1Dl ~~~HY'l ~mb~'U~-:!~1'Uf111ll~ bl'll~~~ n~ b'Vl Al 'U l61 ~ 611~61'U b 'Vll'll n1~~'El611~ l'l1161'U1bb61~ " ... 
l~'Uli~~ll bU'UI?i''U ~-:J,!'U 'VlnA'U 1 'UOU1~1?i'eJ-:J 1~~'U m~Pi n~1~~ijm\.lmY'l bb61d1tJ~~~'Vl6inY'l b ~'El~~~ 

' ' 
bU'Un1~-:~-rrmA~eJ'U~-:~All1'Vl~1~n11Vlu1 (b'Vl1~'VlB ~'U'Vl~b61~ll, 2555; eY1-:~B-:J~1n 1ruVi'~ 

'El~ll'U ruru1'Uf11Y'l, 2546) , , v v , 

~-:IAll1 'U 161nl'l1~1~~~~ 21 bU'U~-:IAll~ijm~bb'li-:~-rr'U61-:Jmn 1 'U'Vl1-:Jbl'll~~~n~ tJ~~b'Vll'll~ij~n~mY'l " ... 

61-:Jn~ ~ bb oU-:JoU'U b ~'El 1m~\ tJ~ ~'Utl ~~ b 'Vll'li~'U ., ?i1'Utl ~~ b 'Vll'll~ij~ n ~ .n 1Y'l~1 fi 1?1 eJ -:J bb ~-:~-rr'U b ~eJA11:WeJ ~ 
" I " 

~'E)~ bb61 ~ tJ ~ ~b 'Vll'll ~1:Jij ~ n ~ .n 1Y'l1 'U n 1 ~ bb oU-:!oU'U fi eJ 1~ eJ ~hJ ~'E)~ ; -:j b tJ 'U ~ ~ 'Elll ~'U -k1 n'U bb~ 111 
" 

1'Vl~11'l1161~~bb61~b 'VlA1 'U 161~~~bU'Ul~'Uli~~ll1 V!:W'lleJ-:J~-:JAll 1 'UI'llm~~~~ 21 bb61~~~bU'UbA~eJ-:!lJ'El~ 

6'hl"i''IJ 611V!~'U bb oci-:J-rr'U'Vl1-:J bl'll ~~~n~ bb61 ~ m~~~'U1 (b'Vl1 ~'VlB ~'U'Vl~b61~ll, 2555; eY1-:~B-:J~1n ~.U ~ 
ml'1~il61, 254 7) sS-:Jm~~~m~Pin~1'lleJ-:Jt1~~ b'Vll'l11 'Vl~,!'U~?i'eJ-:~btl'U 1 tJ b~eJ:W-:~?i-:Jb61~ller b~~'UijAruu~~ll 

' " ' 
~nf111ll b tl'U 1 'Vl ~ 1 ~ijVI n~~ m~ A~1 bA ';i1~~ 61 ~1-:J61';i ';j ~ iJVi' n~~ ~1'U b 'Vl A1 'U l61 ~ 611:w1~trvh-:J1'U 

~1ll n'U er~'U bb61~ 611ll1 ~ t1 eJ 8 ~1ll n'U er~'U 1 'U ~-:Jf1ll 161 n eJ 81-:I~'U ~ (611'1! m1'U l"ll1 m~ bb61 ~ll1 ~~~1'U 
\1 \1 cu d.l 

m~~n~1, 2551; B1-:IB-:I~1n OU'Un'U1t1 ~'Ullru, 2554) sS-:Jm~'Vl~1-:JPin~16m~1~tJ~~ml'l11i'Vl~nG'lm 
" 

bbn'U n611-:I m~Pi n~1~'U ~ 'U~1'U Y'l 'Vl 5~ n';i10ZJ 2551 1~ ~:W-:~ b iJ 'U1 ~ er b~ ~ 'Ubn ~61ll ~~t1'U~6111"1 ru 
d.l 'I 'I 'U v 

5 tJ~~m~ ~-:~-d' 1) m1ll611ll1~t11'Wm~~eJ611~ 2) f111ll611ll1~t11'Un1';iA~ 3) f111ll611ll1~t11'Wm~ 

bbtlU'IJ'Vl1 4) f111ll611ll1~t11'Wm~1-ffVi'n~~~n~ bb61~ 5) A11ll611:W1~t11'Um~1offb'Vlf1l'W1618 (i-:J~~ 

"ll'U~lll'U, 2555) 

U ~~U 'Ul'Vl ~ 11'l\161 ~ ~iJ'U'Vl'U 1'Vl611rl rub tl'U'El tJ1-:1 ~-:J b Y'l~1~l'Vl ml'l\161 ~~ b~ ~1oU eJ -:J n'U~l~"llm'Vl nA'U 
' " ' 

~-:Jb'Un1~~1~-:I~l~U~~~\hl'U -:J1'U'El1~Y'l~1-:J 1 bA~eJ-:!lJ'Elbf1~eJ-:!boU ~61'El~~'Ue.J61e.J~~~1-:J 11oUb~eJ 
eJ1'U1 ~f111ll61~m n 1 'U~l~ bb61 ~1 'Un1~vl1-:!1'U ~1'Ubtl'Ue.J61'1J'El-:If111ll~l'Vl~ 11'l\161~~~e.J61lle.J611'Un'U 

" 
A11llA~61~1-:J61~~~bb61~m61~~~1'U~'U 1 sS-:~m1lli1'VltJ11'l1161~~'li1~1~bn~m~~~'U1~1'Ub'VlA1'W161~ 

eJ 81-:Ill 1 n bb~1 'U 'Vl1-:I n~'U n'U b 'Vlf11 'U 161 ~ fiiJ?i1'U6111"1 qjll1 n~ ~ ~1 ~ij n1~~ n~11"1'Uf1l1f111ll i'Vl1-:J 
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1Vl~1~1?l~{b ~l-l~'WeJ~1-:~ hJvm~~-:~ 1Vl~1~1?l~{vh 1 Vtfi'W 1Ji'~~'W1~-:~1~fi~ fl11l-lfi~~b U'WbVI~ bU'We-~~ 
' ' 

m~f\~?1~1-:J?l~~ri m~fi~1bfl~1~~bb~~1~1~cl 'V'I~eJl.l~-:JiiVi'n\'f~~~1~ru1'Wm~ri''Wfll1VI1fll1l.l~ bb~~ 
v ~ 

ilm1l.l?l1l.l1~t~1 'W m~ bbnuruVI11Ji'eJ ~1-:~b U'W~~uu ?11l-l1~t~l'l~~'W1~ 1~ ~1-li-lleJl-l~VImnVIm~ bb~~ 
v ~ 

'\.J~~~ n~'V'I m'W~~~1~ ?leJ'U 1Ji' 1Vlmm?l ~{ b U'Wl ~'Wli~~l.loueJ-:~ 1~ n?l~ ~ 1 VI~ ;-:Jb U'W~-:Jfll.l bb vl-:Jfl11l.l~ 
~ 

(Knowledge based-society) ~ -:~tY'W VJ n fi'W i;j -:~-J 1 b \J 'U .J1 eJ-:~ 1Ji' ~'U n 1 ~~ ~ 'W 11 Vi' i1Vl ~ 1 ~ 1?1 ~ { 

(Scientific literacy for all) b ~ eJ ~ ~ ~ii f\1 1l.l ~fl11l.l b.U 1h 1 'U Li~~l.l"l.f 1mb~~ b Vl fll 'U 1(;1 ~~l.l'W \'f~ 
~ ' 

bb(;l ~ ~-:~ ~ 'U bb(;l ~~ ~ 1 ~ ru eJ ~ 1-:1 ~-:~fi eJ ¥11 1l.l ~1Vl ~ 1~ 1 ?I~ { "lh m ~ l-l~ ~ fl 1 1l.l ?11m~ t~1 'U m~~ ~ 'U 1 
v ~ 

b~~\'}~fl~?l1l.Jl~mb .U-:~oii'U n'U'U1'U1'\.J~~ b Vl~ bb(;l~vh b'i'J'U~l~el ~~1l.Jn'U 1 'UiK-:Jfll.l l(;ln 1Ji'eJ ~1-:Jilfl11l.J?l"U 
"' ~ ' 

(ml-l1"U1fl1~, 2544) 

1 'W m~'U1'U m~-u el-:1 fl1~VI1fi'J 1l.J~ er b~ ~'U ~~.;1mb~ ~'U ~ bb(;l ~?1~1-:Jfl11l.l~Jl1 ~ ~'U bel-:!;-:! b U'W 1 '\.J~1l.J 
'U 'U 'U '\.1 

Vl~\'f~ fleJ'W?l~ -r¥1~1?1 ii ~u eJ n-hm~b~~'U i\l-l'1 'tim~ b~l.l?ll.leJ-:1 1 Vf'i1-:~ b '\.J~1oueJ-:~1! n b~~'W1 Vi' b~l.l Vl~eJ 

1l-l1 'tim~ 1Ji'l-l1;-:Jfl11l.l fi~ 1 VI~ 1 -umtTm~~'U bb~h U'Wm~~~'W1VI~eJ m~b '\.J~ ~'Ufl11l.lfl~~ileJ ~ bb~1"UeJ-:J 

tTm~~'W m~b~~'WibU'Wfn~b '\.J~~'Ubb '\.J(;l-:Jl.J l 'Wl.l~ btl'Um~?l~1-:~m~~eJl.l-rum1l.lfl~ 1 VI~ 1 Vl~m tl'Um~ 

~~ 1fl~-:~?1~1-:~f\11l.Jfi~ b~l-l~ile1 ~ bb~1 1 Vlli Vl~~~'W~bM mnu n 1~ b~~'W~ bb u'U'd' b~~ n-i1 m~b~~'W~~1l.J 
~ ~ ~ 

bb 'W 1 fl eJ'U ?l ~ -r fl ~1 ?I il;-:~ ~ ~~VItT n'i11! n b~ ~ 'U b tJ 'Uer ?I ~1-:J¥11 1l-lVIl-l 1 ~ ~1 n '\.J ~ ~?lu m~cl Jl1 ~ ~'U beJ-:J 
~ 

(1~~tuVl'V'11 ~eJ~bb~-:Jrl1, 2540; ih-:~8-:~~1n Bell,1993) ~-:~tY'Wm~~~m~b~~'Um~?leJ'W~1l.lbb'W1 
Vl f1\'}n fl el'W ?I~~ fl ~:;j ?l iJ fl~i;j -:1 .J1 el-:!Vl ~ 1'U~'U ~1'W f\1 1l.J ~ b~l.J"U eJ-:11! n b~ ~'W bb(;l ~ fll1l.J b -1J 1 h bb 'U 1 fl ~VI~el gl ~ 'U ~ 'U 

l.l 1 'Ul.l~VI~n (Concept) oueJ-:~1!m~~'U 1 'Ub-deJVI1~b~~'Wb~eJ-:JtY'W 1 ;-:~1Tim~~~~boV11~~-:~tY'Wm~vh 1Ji' 

VlmnVIm~1TI b'ti'U m~Vl~?leJu m~?leJuml.l m~iKw11\'fru m~mVftTm~~'W~eJ?l1~~-:~~'V'I1m"U1AV'I 

eJeJ nl.l 11 'U ~'\.J bb u u ~ 1-:1 6) b'ti'U m~ b ~ ~'U rl1eJTI'U 1 ~ m~ b~ ~ 'U bbC-J'Wfl1'V'I m~u ~~ ~1 ~ Jl1 ~ rl1'V'I ~ 
~ I ~ 

I il 0 ~ 

m~ bb?lV'I-:JVl1Vl1-:J bb(;l~ m~11~fl1'V'I'V'I~eJl.l meJu'U1 ~ 

~1n bb 'U1 A~ 1 'Wli~~l.l"ll1~lVl mm?l ~{ bb(;l~Vl ~\'}~flel'W ?I ~-rfl~l?l ii bM m nu fl11l.liVl1-:J1Vl m~1?1 ~{ 

bb(;l "'f\1 1l.l~fl1 1l.l b -ll1 h-u el-:Jl.l'W\'f~~11 m1l.l~"U eJ-:Jl.l'W\'f~tY'U b tl'W ~-:~~ t1 n?l~1-:J~'W bb(;l ~~ eJ?l1~~ 1'W 
QJ 'U '\ 'U q \1 

\9)1 bb Vl'U 1V"~ ~iltT n'\.J~1"llqJ'V'I ~ 1~1l.l~~~ eJTI'U1 ~~-:~~ btl'W \9)1 bb Vl'Uf\1 ~ 1 'W ~ ~ houeJ-:Jl-l'4\'f~ (Mental 

representation) ;-:~ b tl'W~-:J~eJ~~~VI11-:~m1l.lA~~'Wm 'Ul.l l 'Ufl1'V'I"Umb ~1nu~'W~ bb vl-:Jfl11l.l b tl'W~~-:~ 
' ., ' 

1 I Q..l d iJ.<:::il iJ' d i/ a/ d 

bL£;'1::atl'ULfl~eJ-:JiieJVi~1~~eJfl1~eJTI'U1~~1VI~'Ufl1~?leJ?l1~ (Brewer, 1999) fl11l.l~Vl~b~~'W?l~1-:J"U'Ub'V'Iel 

~~1VtLVI~C-J£;'1 u~~~1~ eJTI'U1~ vl1'W1~'\.J~1n!Jrn~ru Vl~eJ?l~1-:!bb'U'U-J1(;1eJ-:J1'WVIm~ 1 ~'\.Jbb'U'U b~el 
' 

~eJ?ll~bL 'WlAV"~oueJ-:~~'WLeJ-:~nuuflfi~~'UVI~m~eJ 1m 'Urn~Lbnut'\JVI1~1-:~ 1 b~~n11 ~'\.J bLuum~v11¥111l-l 
' 
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b.U1h (Mental model) Vlll1tJt'i~ vibb?l~~(i~fl11llbi11"i!"UeJ~'4flflft,!'U 1 vim"il~eJeJeJnll1b'U~'IJ"UeJ~ 
fl11'\J11tJ1tJ rn1e:~6'U1tJ rn111~~tJ rn11.h:.i~'l'Ji rn1?1~1~1?~~~tJmru bbft:.i~'U 'l Vl~e:Je:~:.i11n1~ 

vi bb?l ~~t'i~m1ll b .U1 h 1 'Ub~eJ~,!'U ., 611~1'\.J bb 'U'U rn1vhm1m i1 l<u"UeJ~bb~ft:.i'U flflft€11"il hJ bVIi'le:~wi''U 
I ~ ' 

~~dm"il;ff'Ue:~ ~n'U'IJ1:.i?~'Urn1ru1 'Ufl11b~tJ'U~bbfl:.imtJ"UeJ~'Uflflfl,r'U ., (b'Vl'dfl'Vl~ ~'Ub?~~ll bbfl:.i b"llfl-iltJ 
\1 "' , " I .. , 

~'UtJ~, 2549; eJ1~B~"il1n Norman, 1983) 611~1'Ufl11?1~1~~~;ff'Ubb 'Vl'Ufl11lli (Representation) "U€1~ 
ll'4'l'ftJ1 'U~n'l'!ru:.i"UeJ~fl11llivib U'UimVi"il"il~~ fl11ll"il~~ fl11llib~tJ1fl'UVI~ nrn1 'Vl'J'l'f~ n~bn ru;l 

(Declarative Knowledge) (Merrienboer, 1997) ,!'Ui'J~n'l'!ru~vi1i~"il11ru1 3 ~n'l'fru~ 1~bbn 

1) ~1tJ1'll~~'UeireJ'U (Simple to complex) 2) 11tJft:.ib~tJ~1'll~vhhJ (Detail to general) bbft:.i 

3) 1U511ll1'1J~'U1ll511ll (Concrete to abstract) (b'Vl'dfl'Vl~ ~'Ub?l~ll, 2555; B1~B~"il1n ?lll1~ \1 \1 .. , q 

-ilm"il~ru, 2549) 611~rn1~n'l'!1~~vibb 1n';h~1 bb 'Vl'Ufl11llfi~,!'U nb ~eJ bU'Urnw'h 1 ~fl1b i1 h(i~fl11llfi ~ 
v ~ 

bb":.ifl11ll b .U1 b"iJ"Ue:~~'l! n b~tJ'U 1 'Ub~e:~~J'Ue:~~1~~ n~~~~;ff'U ~~~~vib U'Ufl11ll ~b~ll"UeJ ~'l!m~tJ'UneJ'U ~~ 
~ 

n11 b~ tJ'U n11?1 eJ'U bb" :.i ~~vi b tJ 'U fl'd 1ll b i 11 "ill 'U bb 'U 1 fl11ll fi ~VI~ e:Jll 1 'Ull ~VI~ n"UeJ ~'I! n b~ tJ'Uvi1~ -r'U 

m1~ ~'U 1 "il1 n n 1 1~ ~ m 1 b ~ tJ'U n 1 1?1 eJ'U "U eJ~ fl 1 
~ 

"ill n?li11'\l'lU t1JVI1 rn1~ ~ rn1 b~ tJ'U fl11?1 eJ'Ul"ll1~h1'Vl tJ 1 11 ~ b~ tJ'U~utJll 1'1 1~ fl11~"lle-~" ~1'1! n ~~'U 

b"UI'l~'Uvirn1~n'l'f1~utJll~n'l'!1 b"UI'l 29 'l"l'U11 fl11~~fl11b~tJ'Ufl11?leJ'U"UeJ~fi1~1'Ul VltU"il:.iVhVI~1vi'l ~ 
~ v 

~ b~ tJ'U"U1 ~ b€1 fl1?1l 'U fl11'Vh n"iJ n 11ll bb" :.i bb?l'd~VI1 fl 1 Ill i~'d tJ l'l'U b €1~ 1'11ll'Vl'J'l'f~ fl eJ'U ?11'1-rfl~l?l i\vi b ~€1 

11fl11 b~tJ'U~ b U'U m~'U'd'U fl11?1~1~fld1ll~ll1 n n11rn1-ru~ fl'd Ill~ er b~ tJ'U"il:.i?l~1~fl11llTI~tJ fl11"~i'JeJ 
\1 \I '\I 'U '\.1 \1 

n1:.i~~bn~fl11lli (Cognitive constructivism) ,j''Ub€1~ (b'Vl'd'J'Vl~ ~'U'Vl1b?~~ll, 2555) ~n~~fl11b~tJ'U 

m1?~ e:~'U bb 'U'Udvh 1 ~er b~ tJ'U"U1~ rn1i'ltJ n61'll'Ww5'V11~61' ~fill 611~ b tJ'U rn1\J ~~'U m1ll~"U e:~~er b~tJ'U 1 'U 
\1 ~ \I \I 

fl11bb"m 'IJ~ tJ'Ub~ tJ'U ~nuer~'U (Social constructivism) bb"~ b~eJ~"il11tU1b de:~VI1l"ll1~11'VltJ1 b~ eJ~ 
~ ~ 

m1ci1tJ'VleJ~~n'l'fru:.i'V11~'W'Uu m1ll 'l"l'U11b.QeJVI1~eJ'Ui1~tJ1n ~'UeiJeJ'U bb":.ib U'U'U1ll511ll 611~~~~m 1 ~ • 
'I! n b~ tJ'U bil~ll 1 'Ull ~'V11~1'Vl tJ 11il1?~1'11vi flm~ bfl~ e:~'U1~~1 tJ bbfl :.i hl ?~Ill 1111 ~e:~e:~ e:~ nll11 'U~'ll"Ue:~~ 

fl11'\J11 tJ1tJ m1e:~6'UltJ m111~1'1J m1'1J1~~'l'}~ rn1?~~~~1?~~e:~tJmru bb"~~'U 'l Vl~e:~e:~~ 11n1~vi 
'\J d.S q q 

bb?l~~~~fl11ll b .U1 1"il 1 'Ub~eJ~,!'U "]1~ bbft:.i?l1 b Vl~vivh 1 ~'l!m~tJ'Ui'J bb 'U'U~1fteJ~'Vl1~fl11llfi~vi~~bbe-J n 

bbl'l n ~1~1 tJ "il1n bb 'U 'U ~ 1" eJ~'Vl1~fl1 1llfi ~"U eJ ~'I! n1'Vl tJ 11il1 ?~1'11J'U b U'Ue-J" b ti eJ ~ll1"il1 nfl1 Ill b~ eJ 

'IJ1~?~u m1ru ~111 b~ tJ'U i11'l'f1 l~ i111~ bbft~~~'U 1fl11~1'U?I ~-tl t1J t1J 1"UeJ~~1'11 m~tJ'U rn1~~ 

n"il m1ll rn1 b~ tJ'U rn1?~ eJ'U bbfl:.i~1fl~~?lel'Ui'JB'Vl6'1"lft~ e:~ m1 b~tJ'Ui (1m1" ~ mn'4 t11 b~eJ~, 2543) 

b -ci'U b~eJ~fl11bb '\.J~ b Gllft~611~b U'U~'d'UVI~~"UeJ~ b de:~VI1 b~mm1ci1 tJ'VleJ~~ n'l'!ru~'V11~~'U~ m1ll 1 'U11 tJl"ll1 

~11'VltJ1~'U:01'U 1:.i~'\J.ff'U~utJll~n'l'f1Uvi 4 vii'lbbU'U~1fteJ~'V11~fl11llfi~"Um'l!n1'VltJ11il1?11'11 (?~m'IJ'U ... 
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?i~b~~l.l fl1"H'Ie:J'W1'Vl CJ1Pn~ 111{bb~~b'Vlfl1 'W 1~ ~, 2554) 1~ CJ~1'\lh fl11 bb 'IJ ~b61!~~"lle:J~~~~Hl1111 bb 'IJ~ 
' 

Be:Jmtl'W 2 'lh~b.n'Vl fiB m1bbD~b61l~~bb'U'U1l.l1'V16/l~ bb~~m1bbD~b61l~~bb'U'U1l.l1e:JSil~ Lbl1ibde:J~e:J'Utnl.l 

ii' m~CJ'W b~b~CJ'W~5CJl.ll111~fl11oW"1lt:-~~ 1~~'U~5CJl.l~m~ntJ~ 4 ~~1'W m1 b~ CJ'W1 'Ubtlmlf1dl.l1bb~1 
~'U'i1ii' n b~ CJ'W:iH:l ru 'Vl1 bb~ ~ Lil~ m 1l.l 61'U ~'W b "li'W 61'U ~'W b~ CJ1 n'U m1 ~ 1 CJ 'Vl e:J ~ ~ fl1jtu~'Vl1~~'W 5 fl11l.l 

v ' 

"lle:J~~~:iHi1111 ~ 1~'\J.fr'W 111e:J'W"lle:J~fl1~'U1'W n11 bb 'll~ b61!~~ b tlw•i''W bb~~iJbb 'U'U "111~e:J~'Vl1~m1l.l ~~"lle:J~ 
ii'n L~CJ'Wbb\11 nl111~ 1 '\J"il1 n bb 'U'U"'l1~m'Vl1~fl11l.l ~~"lle:J~ii' n1'VlCJ1i'11~ 111{ 

v111 Vi'm~ CJ~'U 1 "iJ bb~~\91 tl~ m1~"il ~~fl'lj1 bb 'U'U "111~ e:J~'Vl1~fl11l.J ~~ b~tl ~ m1~1 CJ'Vle:J~~ fl'ljt\J~'Vl1~ 
'IJ 

~'W5fl11l.l 1~ CJ 1-ih'\J bb 'U'U m1~e:J'W bb 'U'U~'U b~1~'Vl1fl11l.l~ 5 .fr'W b ~m tl'Wbb 'W1'Vl1~ 1 'Wfl11~~fl11b~ CJ'W 
' 'IJ 'IJ 

n11~ tl'U bb~~ bbm "lJ bb 'U'U "111~ €J ~'Vl1~ 1'11 1l.J ~ ~"ll tl~-u n b~ CJ'U ~ ~ ~ bbt:-1 n bb\11 nl111~ 1 '\J"il 1n bb 'U'U "111~ e:J~'Vl1 ~ 

fl11l.J~~"lle:J~ii'fl1'VlCJ1P\1~111{11ie:J 1 'lJ 1~CJ"il~vl1fl111bfl11~~bb 'U'U"'l1~€J~'Vl1~fl11l.J~~ b~tl~ fl11~1CJ'Vle:J~ 
' ' 

~ fl'ljtu ~'Vl1~~ 'W 5 m1l.J "ll e:J~ii' m~ CJ'W "il 1 n n111 1~ .n1~ b'W e:J ~ "il 1 n n111 1~.n1m tJ 'W m ~'U1'W n11Vi 
' 

i( fl b~ CJ'U 1~ bb~ ~ ~ 1'11 1l.J ~ ~"ll €J ~ 111 'U bel~ €J €J fll.J 1 vl11 Vi' b -rr 11 "iJ 1'11 1l.J ~ ~"ll €J ~-u fl b~ CJ 'U i( fl b~ CJ'U ~ 1l.J11 tl 

'111 b~'W e:Jm1l.l~~~'Vlm fl'Vl~1 CJ bb~~ b tl'W m 1l.l~~ ~ ~1~~ 1'W m111~.n1~ n111 1~.n1~~-:~ L tl'W m11 Vi' 

ii'm~CJ'W1~bb~~-:Jfl11l.l~~"lle:J-:JI11'Wbe:J-:J1~e:J~1-:Jb~l.l~bb~~~~1-:J~11fl (Musa Dikmenli, 2010 B1-:J~-:~1'W 

Renine and Jarvis, 1995) 1 'U~1'W1'Vlmi'11~111{fl11~fl'lj1 iim11oUfl1111~.fl1~b~e:J~fl'lj1fl11l.lb.rr11"il 
'Vl~e:Jbb'U1~~"lle:J-:Ji!m~CJ'Ue:J~1-:Jfll1-:J"ll11-:J (Musa Dikmenli, 2010; B1-:J~-:J"il1fl Ben-Zvi Assaraf and 

Orion, 2005) e:J~1-:Jb-d'W-:J1'U1~CJ"lle:J-:J Sac it Kose (2008) 1~~fl'lj1b~CJ1tl'Ul.l 1 'Wl.l~~flm~bfl~e:J'Wb~e:J-:1 

m~'U1'Wfl1161'-:Jbfl11~~~1mb~-:J bb~~m~'U1'Wfl11'Vl1CJh"lle:J-:JoW"1l"lle:J-:Ji!nPin'lj1~'WtJ~ 1 fltu~Pifl'lj1i'11~111{ 
l.l'Vl11'VlCJ1~ CJ'\J1l.l flfl1b~ 1~CJ 1 i15 m111~.n1~ fl1111~.fl1~~-:~btl'W15 m1~ 111"il bb 'W1fl11l.l~~~1 Vi' 

' 

"lle:J'Ub"ll\9l~eD~CJfl1'Vl'U~ (Musa Oikmenli, 2010; B1-:J~-:J"il1fl White and Gunstone, 2000) 
'IJ 

"il1flfl11l.J~1~11J~-:~n~11~1~CJ~-:~b~e:Jn~n'lj1e.J~61l.J~'VlB'Vl1-:~m1b~CJ'Ubb~~bb'U'U"'l1~€J-:~'Vl1-:~m1l.l~~ 

L~e:J-:1 fl11~1CJ'Vle:J~~ fl'ljtu~'Vl1-:J~'W5fl11l.l "llmii' m~CJ'W~'W~5CJl.lPifl'lj1U~ 4 ~1~~'\J fl11~~fl11b~CJ'W~ 
' 'IJ 

bb 'U'U~'U b~1~'Vl1fl11l.J~ 5 ~'U ~-:J'\J1~fltl'U~1CJil"ilfl11l.Jfl11b~CJ'U~~"li1 CJ?i-:J b~~l.J1 Vi'~ b~CJ'Ubil~fl11l.J 
'IJ 'IJ 'IJ 

b-rr1 h 1 'Ub-de:J'Vl1b~e:J-:J fl11~1CJ'Vle:J~~fl'ljt\J~'Vl1-:J~'U5 fli')l.J ~~e:Jl.J~-:!1 bfl11~~bb 'U'U"'l1~ e:J~'Vl1-:Jfl11l.J~~ 
' 

b~e:J-:~ m1~1CJ'Vle:J ~~ fl'ljtu~'Vl1-:J~'U5m1l.l "lle:J-:~ii' m~CJ'U~'U~5CJl.lPi fl'lj1tJ~ 4 bb~~m1Pifl'lj1fl~-:~d"il ~ 
' 

Ltl'W'v~,'W~1'W1 Vi'~ b~CJ'Wb .rr1 h 1 'Wb~e:J-:~m~'U1'Wfl11~'U~'W~ fl11b"il~t1JL~'U 1191 bb~~~'W~P11~111{11ie:J 1 '\J~1CJ 
... 'IJ 
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1.2.1 b .y:j tJb LJ~ tl'U b Vi tl'I.H.J ~ ~l.l t)'Vl~Vn:J f11 'H~ tl'W n e:l'U b~ CJ'l..J bb~ ~VI~ -:1 b~ tl'W b~€1 -:1 f111 ~1 tl'Vl€1 ~ 

~ n~ru~'V11-:I~'WBm1l.l "llt~-:~11' m~tJ'W-ff'Wii'BtJl.l~n~1tlvl 4 vl1~-r'U rn1~ ~ f111b~tJ'W1 bb 'U'U~'U bG'f1~VI1 . " 
"' 

l"l11l.l1' 5 -n'W 
" ' ' 
1.2.2 b~tl~f1~1bb'U'U"iJ1~m'V11-:Jfl11l.lfi~rit~'Wb~tJ'Wbb~~VI~-:Jb~tJ'W b~€1-:1 f111~1tJ'Vl€J~~n~ru~'V11-:J 

~'Wt5fl11l.l "ll€1-:Jtif1b~tJ'Wi'WifBtJl.l~f1~1Dvl 4 vlt~-r'Uf111~~f111b~tJ'W1'bb'U'U~'UbG'f1~VI1fl11l.l1' 5 ~'W . " " 

"' ' 
~'Ub?f1~VI1fl11l.l1' 5 .n'W b~€1-:1 m1ri1tJ'Vltl~~n~ru~'V11-:Ji'Wum1l.l " . 

Q.l .c:l d Q.l ..! d QJ d I I .c::::i I d Q..l 0 QJ ~.:::a. 
1.3.1 'W f1b 1tl'Wl.le.J~G'fl.lt)'V15'Vl1-:l f111b ':itl'WVI~-:1 b ':itl'U~-:1 f1d1 f1€J'Wb 1tl'W €1 tJ1-:Il.l'W tJG'f1fl fkl'V11-:IG'f fl~ 

d .., 
'Vl';i~~'U .05 

1.4 "tle:J'Ub"tl~"lle:J.:Im'l1-.5'v 

1.4.1 'lJ'l~"!f1m 1~bbtl tim~tJ'Wi'Wii'utJl.l~n~1tl~ 4 1 1-:Jb~tJ'Wii'utJl.l~1~n1'~~"lle.J~ .tl1flb~tJ'U~ 1 

tlm1~m~1 2558 "i11'W'd'W 12 ~t~-:~ 11l.l 450 fl'W 

1.4.2 mill~ 1 e:1 £i 1.:1 ~ t1 11' m~ tJ 'W i'W if u tJ l.l ~ n~1tl ~ 4/11 bbe.J 'W n11 b~ tJ 'W 1'Vl tJ 1~ 1G'f ~ {-• 
flru~~1G'f~{ 1 1-:Jb~tJ'Wii'utJl.l~1~f111~"1le.J~ eJ1b.fl€1~1~f111~"1le.J~ ~-:~vt1~t~'U~11"1lu1ti ~rh;i-:~~n~1€1~ . " 
L'W.tl1flb~tJ'W~ 1 tlm1~n~1 2558 "i11'W1'W 36 fl'W vlt~m1~tJf111b~t~nfil.lbb'U'Uf1~l.l • • 

1.4.3 b.Qe:J'VI1~'vhm'lAm~t1bU'Ub.Qe:J'Vi1b'W'l1V1"1f1~11'VlV1~\Hi1'U 1~G'f1"111 131103 b~€1-:1 
dS 

m1ri1tJ'Vl€J~~n~ru~vn-:Ji'Wum1l.l 1~bbn • 
1.4.3.1 ~n~ru~'V11-:Ji'Wum1l.l • 
1.4.3.2 1fl1 1l.l 161ll-lbb~~G'f11i'W~m1l.l 

I ~ Q.l Q.l (( 

1.4.3.3 f111bb'U'lb61l~mb~~1!Jiilf11"ll€1-:Jb61!~~ 

1.4.3.4 m1bbD-:ib61l~~bb'U'U 1l-l 1 'Vl~G'f 

1.4.3.5 m1bb'I.J-:~b61l~~bb'U'U 1l-l 1t~~G'f 

1.4.3.6 1fl1 1l-l 161!Wl'Uf111ri1tJ'Vl€J~~n~ru~'V11-:J~'W~m1l.l 

1.4.4 ~1bb'll'l~An~1 bb'I.J-:~t~t~mtl'W 2 'lJ1~b.n'Vl ~t~ 

1.4.4.1 ~1bbD1BG'f1~ b~bbtl f111~~n~1b~tJ'Wibb'U'U~'UbG'f1~vt1fl11l.li 5 ~'W 
1.4.4.2 ~1bb'lJ1~1l-l 1~bbn 
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1) ~ ~ ~:W ']vttvt1\l fl1'j ~~ E.l'UVI~ \l ~~ EJ'U ~~ B\l fl1 'jri 1 EJVI B~~ n~ru~vt1\l~'U~m'j:W 
"llB\l'l1m~EJ'U.ff'UiruEJ:w~n~1tJ~ 4 ffi~1''lJfl1'j~~m'j~~EJ'U~~~'U'U~hmn~V!1fl11:W~ 5 .fr'U 

~ ~ 

'11m~EJ'U.ff'UiJuEJ:w~n~1tJ~ 4 ffi~1''lJfl1'j~~fl1'j~~EJ'U~~~'U'U~'U~r;11~V!1fl11:W~ 5 .fr'U 
~ ~ 

3) m1:w~\l~B h"lla\l'l1 m~EJ'U.ff'UiJuEJ:w~n~1tJ~ 4 ~1~1''lJfl1'j~~fl1'j~~EJ'U~ 
~ 

" ' 4 tl CV dl I CV CV 

~~'U'Ur;1'U~r;11~V!1fl11:W'j 5 "ll'U ~'jB\l fl1'jti1E.Jvta~~n~ru~vt1\l~'Uum'j:w 
" ' 

1.4.5 bfl~a.:~ija\tlm'Wm~1~a 1~~~ri 

1.4.5.1 ~~~'Um'j~~m'j~~EJ'Un~EJ 1-tl1B~~'U'U~'U br;11~VI1m1:w~ 5 .fr'U 'j1E.Jl"ll1~h1vtEJ1 
~ ~ 

~'U:01'U .ff'UiJuEJ:w~n~1tJ~ 4 ~~B\l fl1'jri1E.Jvta~~n~ru~vt1\l~'Uum'j:w ~1'U1'U 7 ~~~'U 1i~1m1'W 
~ ' 

. ' CV CV Q. ..::::1 I CV..:::il .dil I 

1.4.5.2 ~~ 'U'UVI ~r;1B'U1~~~ r;1:W']VlliV11\l fl1'j~ 'jEJ'U nv'U~~~~V!~\l ~ 'jEJ'U ~ 'je)-!J fl1'jti1EJVIB~ 

~n~ru~vt1-!I~'Ulin'j'j:l.J ~~'U'lJU'j'i1EJ"Ili1~~~anl'la'U 4 ~1~~an ~1'U1'U 40 .Ua 
' 

' ' 
1.4.5.3 ~~'U'Ul~~~'U'U~1~B\lV11\lfl11:Wfi~ ~~B-!1 fl1'jri1EJVIB~~n~ru~vt1-!I~'Ulim'j:W 6/i.:J 

' 
~tl'W-ifari'1m:wtJmmD~~~'U'UeJI'l'I1EJ ~1'U1'U 6 -ifa 

1.4.5.4 ~~'U'Ur;1B'Utn:Wfl11:WTI\l~ah~afl1'j~~fl1'j~~EJ'U~ ~~D-!!BBmU'U 3 ~1'U ~a 
" 

il tl tl .:::!1 tl d v ..::::...::::.. tf tl 

~1'U~ r;1 a 'U m'U fl1'jv an~~ 'U 'U m 'j ~ 'j EJ 'U ~ 1'11:W ~~ 'U 1vt '1~ ~ fl B'U ?f 1'1 'jfll'11 r;11'1 ~~~ ~m'U fl1'jB an~~ 'U 'U 

~~'U'U~1~B.:Jfl11:Wfi~ ~1'U1'U 11 -ifa 

1.4.6 ~:m~~1~1\tlm'Um~1~a ~1~i1'Um'jmEJ1'Ufl1fl~~EJ'U~ 1 tJm'j~n~1 2558 

1.5 ma\Jb~'L!1t1~1'Llm~1~a 

fl1'jl~ tJ 1 'U fl~\l,i ~1~tJ 1~vt'Uvt1'U~B nr;11'jvt']~~ ~~~ ~-!!1'Ul~ tJ~ ~MtJ1-iJa.:J :W1'j1'lJ'j1:W ~U'U ma'U 

~b'U1~~"l.IB.:J\l1'U1~tJ~.:Jbb~'Um~~ 1 ~a 1 ud 
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"' • .. "' ~~~~q~5~1~f111~VU 

"' "' "tlel~Unb1VU 

1fin11b~VUibb 'IJ'IJ ~'IJ b~1::'VI1 0 .. .. bb 'IJ'IJ'<il1~B~~1~fl11~fl~ 
tJ ~ 

fl11~1 5 "tlU (SE) "' "' .. "tlel~Unb1VU 

fl11~-w~~B L'<il~Bm1~~m1b~vui .. 
"' "' "tJB~Unb1VU 

~?IBU"1bmhu1 tJfl11~6'1~~1n 1 Unl';ib~tl'tJTI 'U~TU~1'1 61 1 ~bbri~ b~tJ'Ub~B 1 ~~ b~tJ'U?I1m';itl bbtlUf11Vl1 cu cu I cu cu o~ 

Vl~Bfi'UVl11"l1\9mu vh1~bi1\11m1l.lboU'1hbb~~6'11l.l1';im111'tJth~tJnl?l1m~ ;<.~ihubb'\J'tJn1';i~~n'<ilm,l.l 
' " 

5 ~'U ~<.~'if 1) ~'W?If1'1fl11l.l?I'Wh (Engagement) 2) ~'U61111'<ilbb~~fl'UVl1 (Exploration) 3) ~'U 
BTI'U1tJbb~~~<.~.UB?11'\.J (Explanation) 4) ~'U"tltJ1tJfl11l-lf (Elaboration) bb~~ 5) ~U'\.J1~bii'U(;J~ 

' " 
(Evaluation) . ' ' 

1.6.2 ~~~~q~G~1~n11b~VU Vll.l1tJ~'I rl1fl~bb'U'Ub\:l~tJriB'Wb~tJ'Ubb~~Vl~'lb~tJ'WVi1~'<il1f1n11Vll 
< ' "' QJ' QJ -=o d ..:::!il I Q.J V 0 CV Q.l .:::Iii CV 

bb '\J'UVl\116'1B'IJ1\11[;J~fll.lf]Vl5Vl1'1n11b 1tJ'U b ';ie-J'I n11tl1tJVlB\11~f1~ru~Vl1'1'\"l'U~n11l.l 6'11Vl1'\J'Uflb ';itJ'U"lJ'U 

:WutJl.l~n~1tJ~ 4 ~en~tJflf1<.~~'UbVitJ'Un'Ubnrusv1 70% "tlv<.~fl~bb'U'Ub~l.l 
" ' 

1.6.3 bb'IJ'IJ"iJ1~B~~1~fl11~tl~ Vll.l1tJ~'I bb'IJ'IJ"iJ1~B'Ifl11l-lf fl11l.Jfl\11"tJB'I~b~tJ'UVibb6'1\11'1BBf1l.l1 
" " 

1'W';iUbb'U'U1\111Ubb'U'IJVl~<.~ b"li'W ll?lt!Vl1'1n1tJ.f11Yl ~<.~~bU'U1'\.Ju11l-l bb'U'U~1B~1<.~ 1"11BTI'\J1tJ bb(;J'U.f11Yl 
\1 'U q 'U 

1U.f11Yl Vl~B?Il.ln11b~BBTI'\J1tJU11f1fln11tU511l.l"1J1~ b~B'I n11ri1tJVlB\11~n~ru~Vl1'1~U5n11l.l b\11tJ 
" ~ ' 
'\.J1~tJn~'<il1f1f111~\11n~l-lbb'U'IJ"iJ1~mfl11l-lfl\11"tlB'I Chi and Roscoe (2002) ;'lbbD'IBBflbU'U 6 n~l-l 

' ' ' 

1.6.3.1 bb'U'IJ"il1~B'Ifl11l.lfl\11Vit~nl'i'B'I (Correct Mental Models: CMM) Vll.l1tJ~'I 
" 
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1.6.3.2 bb'U'U-:6'1~Hl~fl1111Ain~flniKB~bb~1~?~11'U"HU (Incomplete Correct Mental 
" " 

bb'U'U-:6'1~B~vn~1Vlt.ni"11?1W~1B~1~oUm.J 1 B~l"ith~nB'U 

1.6.3.3 bb'U'U-:6'1~€l~fl1111Ain~?I11'U'H1hb~1~flf11KB~ (Complete Flawed Mental 
" " 

1Vlt.ni"11?1Wt{B~1~um.J 1 B~l"ith~nB'U 

1.6.3.4 bb'U'U-:6'1!;l€l~fl1111Ain~1~flf11KB~ (Flawed Mental Models: FMM) Vl:w1tJ5~ 
" 

1.6.3.5 bb'U'U-:6'1!;l€l~fl1111Ain~1~b~€111btl~ (Incoherent Mental Model: IMM) 

Vl11 1 t1 5 ~ ii' n b~ t1 u 111n .n1'W bb(;l ~ €1 TI'U 1 t1 b Vl ~ t:-J (;11~" e:J~n r~ ~ €1 ~ n'U .U eJ rh m11 Vl ~ eJ b ~ t1 u 'U "j ·w 1 t1 bb~ 
' 

1.6.3.6 1~bb?lln~bb'U'U-:6'1!;l€l~fl1111Ain (No Response: NR) Vl111tJ5~ ii'm~tJ'UhiW~e:J'U 

rl1fi111Vl~€1 b ~ tl'UoU€lfl1111 bb~1~111n.fl1'W Vl~€1111n.fl1'W bb~1~ b ~tJ'U-ife:Jfl1111 

l~nt~ 1 offm"j~1l.fl1'1~ru1 uth~b~ur\'1m11m Vfii'm~tJ'Ue:JTI'U1tJm111fi~n'l.le:J~W~'Ubm 1 Vfm~~1~ 

~u bvhL1u ~~-:u ~ 1 Vfa?~"j~1 u f11"jW~eJ'U rl'1m11 bbnii' m~t~u bb~~~ ~11.n1~ru1~~Ke:J~~~n~u" n'Vl~e:J~~n 
" " 

1.6.4 fl1111cW~'WB1\l Vl111tJ5~ m111~~'We:J h'l.le:J~ii'm~tJ'U~ii~e:Jf11"j~~nn-:u f11"j11 f11"jb~tJ'U~ 
" 

bb'U'U~'Ub?l1~Vl1m111~ 5 ~u b~€1~ f11"j~1t~Vle:J~n~n~ru~Vl1~~uum"j11 l~nmbtJ~Be:Jmtlu 3 ~1u f1B 
" ' 

tJ il' iJ .::::11 lJ d IV .c::t..c::t. I{ i.l 

~n1u~ ?l e:J'U ~n 1'U m "jeJeJ n bb 'U 'U f11"j b "j tJ 'U ~ m11 bb 'U1Vl ~~!] r~ €1 'U ?l m r~ W\1 ?l WI bb~ ~m'U f11"j€J eJ n bb 'U 'U 

bb 'U'U -:6'1!;le:J~fl1111Ain l~n tJ 1.U bb 'U'U ?le:J'U fl111fl1111~ ~'~"~ e:J1-:u~~1 ~ tJ ?l~1~~um b ~€1?1 e:J'Ufl111fl1111~~vm 1-:u 
" 

" QJ QJ "" 

fl~bb'U'Ubb'U'U'Jin ln~'U 

4.51 - s.oo Vl111tJ5~ "j~~'Ufl1111~~'We:J hmn~~~n 
3.51 - 4.50 Vl111tJ5~ "j~~'Ufl1111~~'We:J1-:u111f1 

2.51 - 3.50 Vl:w1tJ5~ "j~~'Ufl1111~~'We:J1-:utJ1'Uf1(;11~ 

1.51 - 2.50 Vl:W1tJ5~ 1~~'Ufl11:W~~'W€1 1-:u.Ue:JtJ 

1.00 - 1.50 Vl:w1tJ5~ 1~~'Ufl11:W~~'W€l h'IJe:JtJ~~In 
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1.1 'lh:: lu-u'llvifl1~11~::1~-ru 

1. 7.1 btl'UoUen.Ji:1~1'Ubb 'U'U-;J11:1 B.:!Vl1-:Jfl11l.Jfl\91'1JB.:J'I! m~CJ'U G1TVI~'Ufl~e:f?IB'U~1 CJl"1J1~h1Vl CJ11 'U 
~ ~~ 

rn~'IJ~mh.:~n"il m~l.lrn~b~CJ'U rn~?la'U b via 1 Vf'l!n b~CJ'Unm1l.l~fl11l.l b ·1h 1 'UbMu1 n'U b dm..,1:a1iV1m 

~ 
l.J1fl'1J'U 

q ~ 

1.1 .2 b tl'U bb 'U1Vl1-:J'1JB.:Jfl~e:f?la'U 1 'U m~~\9ln"il m~l.lfl1~b~CJ'U m~?la'U 1\9lu b ,J'Ue:f b~CJ'U b tl'UG111"i'ru 
\.1 'U 'U v 

1'11l.lbb 'U1Vltl~~ f1B'U?ll'l~fl~1?1Wi 1\91CJ Hf~'IJ bb 'U'U rn~?IB'Ubb 'U'U~'U b?l1::'\111fl11l.lf 5 .ff'U 1 'Ub'i1' BVI1~'U 1 

'1JB.:J~1CJl"1J1lVlCJ1~1?11'11~a1'1J 

1. 7. 3 b tl'UoUBl.Ji:1 bbi:1:: bb 'U1Vl1.:!~1'\II~'Ue:f~"iJ::'Vll-:11'Ul~ CJV11.:1 f11~~ \91 n"iJ m~l.l fl1~ b~ CJ'Uf11~?1B'UI'l1l.J 
~ ~ 



.:i 
'U'VI'VI 2 

nT~ii ~ CJ b ~ -em.J~ CJtJ b Vi CJtJ e .. m lihJ~'VlB'Vl1\l f11'j b~ CJ'U n e:~'U b~ CJ'U bb~ :::Vl~ \l b~ CJ'U Pi n~1 bb tJtJ Iii' 1~e:J\l'Vl1\l 

rl11l.l~~ne:~'Ub~CJ'Ubb~:::Vl~\lb~CJ'U bb~:::Pin~1rl11l.l~\l-we:~h"tJe:~\lum~CJ'U~'U~tml.IP1'n~1u~ 4 ~1~~tJf11'j 
~~f11'jb~CJ'U~bbtJtJ~tJ b?I1:::Vl1fl11l.l~ 5 ~'U b~e:J\l f11'j~1CJ'Vle:J~~ n~ru:::'Vl1\li1'Uuf11'jl.J tri~ CJ 1~~'j1~ 

'U 'U , 'U 

be:Jfl?f1'jbb~:::\l1'Ui~ CJ~ b~ m.rre:~\l1 'U1.h:::b~'U\~ll\l1 bb~TU1l.l1?1~LJ b~CJtJb~CJ\l bb~:::tJ1b?I'Umtl'U~1~tJ~\l.Q' 

., 
2.2 fl1J~~fl1db~tJtJ~bbtltJ~tJb?f1~Vl1fl11l.J~ 5 ~1.J 

'U 'U 

Q.l .:! ..::::rl 

2.3 t:J~?Il.J~'Vl5'Vl1\lf11'jb'j"CJ'U 

2.4 bbtJtJiii'1~eJ\l'Vl1\lfl11l.J~~ 

2.5 fl11l.J~\l'We:Jh 

2.1 'VIq'li~fle:J'IJ~~~fl~1~~ (Constructivism Theory) 
.::.f .c::::'il Q.l qo:;::,. d' .<:::::!~IV .::.f .:!11 Q.l o:::1rt. I 

~1flf11'j~f1~1fl11l.JVll.J1CJ"tleJ\l'Vl~~~fleJ'U?I~'jfl~1?1~ l.J'Uflf11'j~f1~1Vl'je:J'Uf11~1f11'j"Vf~1CJ'Vl1'1J 

1m ~fl11l.IVlm CJ"tle:J\l'VI~~~ fle:J'U?I ~~fl~i?ll?i "lt\l-we:~?I~LJ1~~\l.n 
1-w~m ?l:::mflf11'j (2539; B1\l~\l~1f1 Von Glasersfeld, 1991) f1~1T;h 'Vl~~~fle:J'U?I~~fl~i?ll?i 

eJBtJ1CJb~CJ1tltJfl11l.IVll.l1CJ"tlB\lrl11l.li (Knowledge) 11 btl'Ut:J~"IJB\lrl11l.l'WCJ1CJ1l.l'VI1\lth1Jqj1"11B\l 

l.l'U~CJb 'U f11'j~~ f11<jfltJ 1~ fl'Vl1\JLJ<j:::?ftJ f11'jru"tJ B\l~'U~1 CJ~'UbB\l 
' v • 

1l1~1\l ~'Ub?l~l.J (2551; el'1\l~\l~1n Bell,1993) n~1111 'VJ'j'j~'\.J:::bnCJ1ntJm'jb~CJ'U~~1l.Jbb'U1 
'U 

Constructivism b tl'I.Jf11'jb~CJ'U-rll.l1-dm'jb~l.l?ll.IB\l~l1\l b LJ~1"1lB\lUf1 b~CJ'U 1 ~ b~l.l Vl~B hJ1 "lif11'j 1~m 
'U 

sg\lrl11l.l~ ~ 1 Vl~ 1 "tlB\lU m~ CJ'U bb~ b tl'U f11'ji1w.J 'U1Vl~Bb LJ ~ CJ'U rl11l.l~~~:t1 a~ bb~1"1lB\lU flb~CJ 'U 

f11'jb~CJ'Uib tl'I.Jf11'jb LJ~ CJ'Ubb LJ~\ll.l 1 'Ul.l~ b tl'I.Jf11'j?f~1\l bb~:::f11'j"CJe:Jl.l~tJfl11l.l~~ 1 Vl~ 1 Vl~m tl'I.Jf11'j~~ 

1fl'j\l?f~1\l'Vl1\lrl11l.l~~ b~l.l~:t1 a~ bb~11 Vl~ "lt\l~:::~'j:::Vlu n'i1'1! n b~CJ'Ub tl'Utr?l~1\lrl11l.l~~mnn11m'j 
'U 'U 

~~6lil.lrl11l.l~~ 1 Vl~., bb~:::u m~CJ'Ub tl'Utr?l~1\lrl11l.IVll.l1CJ~1nl.J<j:::?ftJ f11'jru~1 CJ~'Ubm 
" I " v 

111~1\l ~'Ub?l~l.l (2551; B1\l~\l~1f1 Cobb, 1994) f1~11l1 f11'jb~CJ'U~ml.lbb'U1 Constructivism 
'U 

btl'U m:::tJ1'U f11'j~1~Vl CJ~ti\la ~ tltJ~1 'U f11'j?f~1\l f11'j'j'JtJ'j1l.J bb~ :::f11'j~ flbb~\lfl11l.J~ er b~CJ'U:t1 
, 'U 'U 'U 
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mh-Jfi..:J'VI~~fl1'U~'VI1,:rl~'Ui'i~~:w G1..:Jf'l:W"1Je:J..:J Constructivism l1fl1~b1CJ'U~bU'Un1~'U1'Uf11~'VI1..:JG1'..:Jf'l:W 
'\J 

bb"' ~ b u 'U m~~1:wi1 e:J n'U ~~vd1..:~~ ?fe:J'U bb"' ~~ b1 CJ'U 1 'U n 1 ~tl~~ih.J ~~'U e:J:W f'l11:W'Vl:W1 CJ~?f~1..:J~'U 'Uf'l f'l"' ~ 
'\J '\J ' 

il !I <C:il .t::ll~ Q I .:::~, ~ il .:::;:,j 

bb 1\n"'e:J:w e..~ b ~CJ'U:We:J'VIi'i'W"'\9le:Jf'l11:Wf'llnb Vl'U"lle:J..:Jm ~CJ'U 
'\J '\J 

Vl:w~'U5 bln"'J~fltll91 (2541) mh1'i1 f'le:J'U?f\9l-rfl~1?t61i:w bU'U'VItJ~~~b~'Ufl1~b~CJ'Ui~1CJfl1~ 

m~v11"1Je:J..:J\9l'U be:J..:J 1~nv 1 ~~ b~CJ'Ube..~:aqJnu ?I tn'U m~ru~ bU'Uu qJVl1vJ11 ~ bn~nfl11:worr~n bb~..:J'VI1..:JU 11! 11!1 

1~nv~ b1CJ'U"il~l'i'm'WCJ1t11:Wfi~n'Vl~e:Jm~v11e:J~1..:J 1\9l~\9l~e:J\I "il'U?f1:W1~tn111 t161rn~?t~1\11fl~\l?f~1..:J 1 Vl~'VI1\I 
'\J '\J 

' ' 
tJ~~?t'U m ~rub~:w bn~nm~ b~CJ'U~Vii1fl11:w'Vl:w1 v b U'Ufl11:w~Vi?t~1\1~1 CJ \9l'U be:J'~ 

'\J '\J 

1~~ru"i!~~ if..:~~\1~ (2541) n~1T;h 'VIt]~~fle:J'U?f\9l-rfl~l?t61i:w Vl~e:Jbb'U1fllnfle:J'U?f\9l-rfl~1?t61i:w bU'U 

'VJn~f1b~tl1fl'Ufl11:W~bb"'~fl1~b~CJ'UTIIntltJn~\9l1'VIt11f11~b~CJ'U~nci:w constructivist b~e:Jl1 f'l11:WTI~ VI dJ 'U 'U 'U , 'U 

1~:w1"il1n m~l'i''U'W'U~iJ e:J~ bb~1 bbl?ifl11:W ~b U'U~\I~:W'U~~ tl1Vl'Uin~'U ~\I,!'U rn~-r'U~"lle:J\I:W'U~~~\Itl n 
'U 'U q 'U q 'U 

tl1'\ll'Uin11nCJf'l11:Wib~:W f'l11:Wb ~e:J 'VIt]~~ bb"'~f'l11:Wfl1\n'Vll\1"1Je:J\Ibbl?i"'~~flfl"' fl1~vl1fl11:WboU11"ill?ie:J 

b'Vl\9l m~ru 'Ill~ 'I 61 ~ \11~1~~'U e:J ~ fl'U ?I tn'U m~ru,!'U b ~ CJ\1 ?ftl1'U m~ru b~ CJ 1 bbl?i iJ\Ie:J ~ fl'U fl1~ bb t1"' , I ou 'U 

" G ov V 

fl11:W'Vl:W1CJ"lle:J\I?ftn'Um~ru"1Je:J\I~flfl"''U'U 1 ln1CJ 

~:w1~ <U'm"il~q] (2545) nci1111 fle:J'U?fl'i'fl~1?t61i:w bU'U'VIt]~~"lle:J\Im1:wi~i1~1n.;]1'U:l..J1"il1n 

tJ-r"'Jru1~\9l1'VI CJ1 bb"' ~ m~ ~ n~1 b~ m n'U m~~e:J fl11:W'Vl:W1CJ bb"' ~ m~fl1'U fl:W m~'U1'Ufl1~~e:Jfl11:W'Vl:W1 t1 
"' ' 

1'UI'i'1fl'U 'VIf'l~n"1Je:J\Ifl11:w~deJ'1\Ifi\I'Vl~nm~ 2 ie:J ~e:J 1) m1:wofl~1~bn~n"il1nm~-r'U~b~CJ\Ie:J~1\Ib~CJ1 '"'I dJ ou 'U cu 

bbl?i bU'Ufl1~?1~1\I~'U 1~nv~i1m1:w~m1m.U1 h 2) Vl~1~"1Je:J\Ifl1~-r'U ~ m~tl-r'U\911 bb"'~m~tl~::::w1"' 
'\J '\J 

tl~~?f'U m~ru~\1'\ll:W~n bbl?i1~1 'lib~ Bm~l'i''U'W'U~\1~ bU'U"il ~'~ ~\ltlTt.h'Vl~ nm~~\l?te:J..:~d1 t11oti"il:::i1e..~"' 
bn~n~'Um:W:W1bb~n11'11'Um~~n~1~~'U1fl1~'VI1\I?t~ururu1bb"'~m~b~CJ'U~ 

"' "' '\J 

ru~1fl~ru 'Utun"il (2553) nci1TJ1 m~b~ti'U~mmb'U1fle:J'U?f\9l-rfl~1?tl91 bU'Uf11~6'1~1\11'11bb'VI'U 
'"' '\J 

(Representation) 1Vl~"lle:J..:Jf'l11:W"il~\11~nvfl'UbU'U~?f~1\l bU'Ufl1~..ij~n1fl~\l?f~1\1"1Je:J..:Jm1:Wflln~i1e:J~bb~1 
'\J '\J 

1 'Ill~ bn~n"il 1n m~"''~i1B m~v\'1 i1 m~'U1'U m~ bb"' m tl~ t1'Um1:wfi ~n~Vl"' 1n'Vl"' 1 v b U'U m~~1:wi1e:Jn'U 

~~Vll1\l~?fe:J'U bb"' :::~ b~CJ'U 1 'U m~tl~~-utJ~~'Ue:J:Wfl11:W'Vl:W1CJ~?f~1\I~'U 'Uf'lfl"'~ bb 11n~ e:J:W~ b1CJ'Ufl1~1 
'U 'U , 'U 

bb"'~l~'Uli~~:w b U'UU"il..ij v~611A'ru:w1 nl?i e:J m~'U1'U m~ b~ti'U~"lle:J\1~ b~CJ'U 
"' '\J '\J 

?t~t1'i1 'VItJ~~ f'le:J'U ?t (91-rfl&i1 ?t61i:w b u'U'VItJ~~ b~ m nu fl11:w i bb"' ~ m~ b~ t~'Ui 1~n v m~ v~'U.;)1'U'VI1\I 
~\9ll'VItl1 tJ-r"'Jru1 bb"'~m'U~tll'VItl1 11f'l11:W~~e:Je:J::: hbb"'::: 1~fl11:W~:W1e:J~1\Ih bb"'~bU'Ubb'U1fi~n1 'Uf11~ 

v q 'U 'U 
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2.2 n1';i~~nTH~tl'I.J~bb 'U'Ui1'Ub~1~'Vl1fi11:1J~ 5 .ff'I.J 
" " 

2.2.1 fi11:1J'Vl:IJ1tl"!Jel.!ln1';i~~n1';ib~ti'I.J~bb 'U'Ui1'U b~1~'Vl1fi11:1J~ 5 .ff'I.J 
" " 

A'W 'V'l'U nTH'Ie:J'W bb u 'l.Hbntl qj Vl1 nTH'! e:J'W bb u u ~u b~e:J \!~11 m ~?le:J'W bb uu ~u ?le:J'IJ b U'W lli''W (Iii ~en 

'<\J1U1Vle:J:W, 2555) 1'Wm~i-;J'CJA~\ld m-;JCJ1-rr rlll1 "m~-;J'~m~b~CJ'W~bb'U'U~Ub6'11~Vl1Ad1:1J~ 5 ~'W 
" " " 

(5E Inquiry Cycle)" ~\l1~i10VIm1:UVlmCJH (i\\ld 

~1tJiM erm~~ru (2555; eJ1\lB\l~U1n ViP1'W1 bb'v:w:wru 2551; buru~U:u1P1 bn~Pmn\ 2545; 
"' "' ' 

m1:u~ bU'Wm~-;J~nlilm~:um~b~CJ'W~ 1~CJmm~lli''W 1 Vltrm~CJ'Wbn~m~fi~ 1 'Wm~bb6'11\1Vl1m1:u~ Vl~e:J 
'\.1 \1 'U 'I 'U 

6'1~1\lA11:U-rbVl~ ., 1~~1CJI'l'Wbe:J\lb~CJ1-rrm~u'd'Wn1~Vl1\liVJCJ11'l116'11'111~CJ~~?Ie:J'W"1hm51'W1CJA11:U 
" I " 

6'1~~1n1'Wm~b~CJ'W~~1'WIPi1\l ., 1VIbbrl~b~CJ'W b"li'W 1'W~1'Wn1~~UA'WVl1bbVl~\lA11:U~ m~~mnie:~:ur1 
" I '-' \1 'U 

m~ibm1~~ m~?l~tlie:~:ur1 m~e:~.iltl~1CJ 111i'bb~\!Vl1\li"111n1~ bbrJ~n1~vl1\l1'W~1:unu~~'W bU'WIIi''W 
' " " 

lil~m '<il1tl1Vle:J:u (2555; eJ1\lB\llil1n ?1tn'I1'W~\lb?l~:um~?le:J'WiVJCJ1P11?11'11bbr1~bVJfi1'W1r1~ 

(2548) n~11l1 m~?le:JU bbUU~U b6'11~Vl1A11:U~ bU'Wm~U1'Wn1~b~CJ'W~~e.J?I:Ue.J6'11'W~~Vll1\ln1~1-rr 
" " 

m~U'd'W m~fi~ bbrl~~ n~~\Pl1\l 1 b ~e:J~Iil ~ bbntl qjVl1Vl~e:JA'WVl1rhl'l e:~u v\'11 VI bn~m1:u b i111il bbrl ~ 

6'11111~m111 tltJ~~CJnl'l1-Ul~ 
' 

l'l'Wbe:J\1 1~CJ~~?Ie:J'W"Ii1 CJeJ1'W1 CJ m1:w?1~mn 1 'Wnl~ b~CJ'W-rb 'W~1'W~Pi1\l ., 1 VI bbn~ b~CJ'Wb ~e:J 1 VI~ b~CJ'W 
'U " I \1 'V 

6'11:U1~mbntlruVl1Vl~e:JA'WVl1rl11'le:JU v\'11 Vlbn~A11:W b i1 h bbr1~6'11:U1~m111 tltl~~ CJ nl'l1 m~ 
"' ' 

6'1 tnD'W ~ \l b?I~:U m~?l e:J'W iVl CJ 1 P116'11'11 bbrl ~ b Vl A 1 'W brl ~ (2548; e) 1\lB\llil1 n Biological 

Sciences Curriculum Study, 1997) n~11l1n1~b~CJ'W~bU'W1n-;J'm b~e:J\llil1nfi11:U-rbVl~lil~e:J~U'W 
\1 ~ 'U 'U 

~'W~1'W'lle:J\lfi11:U~b~:U 1n-;J'mm~b~CJ'W~bU'Wi5m~'lJeJ\ln1~6'1~1\IUVlb~CJ'WVl1\liVJCJ1P116'11'11 611\leJ~U'W 
d.9 'U ~ 'U \1 

~'W~1'W'lJeJ\lVl~~ljAeJ'W?II'l~A~i~:u b~CJ'V'lUl11£j-;J'mm~b~CJ'Wi~bU'WbbUUbbe.J'Wbb~n,1'Wfi~A'W~'W:U1 
1~CJ Atkinand Karplus ~\lb~CJnl1 3-phase model tJ~~neJU~1CJ~'WI'leJ'WIPi1\l 1 3 ~'W ~e:J m~ 

~ 1 ~ 1 Iii (Exploration) n 1 ~ 'W (9),J 'W 1 A 1 1 :u fi ~ (Concept development) bb r1 ~ n 1 ~ tJ ~ ~ ~ n ~ 
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(Application) 191-enn ln1'~'W ~~fll'i''W~~fl~:anB11fll"il (Matin Sexton and Gerlovich) Hi'~G'f'WB 

':i'\J~~'U'U'lJB\11n~mflT'J~~tJ'W~~~uu 4E th~flB'U~-;w.fft~l911\l 1 4 .fft~ fiB fl116i111"il (Exploration) 
~ ~ ~ 

fll 1 B 6 'U 1 t1 (Explanation) fll 1 'lJ t1 1 t1 fl11l.J (Expansion) ~~ fl ~ fll 1 tJ 1 ~ ~n W.J fl (Evaluation) 
v I QJ Q..l Q.J I cJ ..::J iJ' V c;f 

"il'Wfl':i~VI\I~Bl.Jl Roger Bybee 'W fl'Yl~'W 1VIfl fl~~':i"illflVI'W'J tJ\11'W6il\l ~fltJ'J'lJB\Ifl'U fl1':il"'fl~1 ~~fl~ fll':i 

~~l'vl1VI~flli'f~':i~biVJtJ1 (Biolooical Sciences Curriculum Study) VI~B~~~flfl'W1'W'W1l.J BSCS 'lJB\1 
~ ~ ~ 

t11~ ~ VJI"'6'1VI.Y\iml.J~fl11~~G'f'WB':i'l1 ~~ 'U'U'lJB\11 n~ mm1~~t1'W~ ~~ uu~u ~G'f1~VI1fl11l.J~ 5E ~'Wl.Jl ~\I 
d.l \J d.J 'U 'U 

2.1 ~ I Q iJ' ~ ~ o::::Jq I QJ QJ .::1 iJ' ~ 
U':i~flB'U~'JtJ'lJ'W~B'W~l\1 1 'lJB\Ifll':i~':itJ'W~ ':i'Jl.J 5 'lJ'W Vl':iBVI~':itJfl11 1fJ"ilfl':ifl1':i~':itJ'W~~~'U'U6'f'U 

~6'11~VI1fl11l.J~ 5 .ff'W VI~B 5E ~\1'\J ':i~flB'U~'JtJ 1) .fft~G'f~1\lfl11l.J6'f'W 1"il (Engagement) 2) .fft~61111"il 
~ 

~~ fl ~ fi' 'W Vll (Exploration) 3) .ff 'W eJ 6 'U 1 t1 ~~ fl ~ fl \loU eJ G'f ~ tJ (Explanation) 4) .ff 'W 'lJ t1 1 t1 fl11l.J f 
(Elaboration) ~~fl~ 5) .fft~tJ':i~~iJ'UI:.Jfl (Evaluation) ~\11~'Y'UA11l.JtJtJl.Jfl'W~~'Yl~ Vlft1t11'W'U"il~tl'W 

G'ff11tJ'W~\I~G'f~l.Jfl11G'feJ'WlVItJ11"11G'f~'h~fl~~ Vlflb 'W bfl ~ (2546) iJ':itJ ~~ 'U'Ufl':i~'U1'Wfl1':i~'U 
~ 

~G'f1~VI1A11l.J~ 'l11~fleJ'U~1v 5 .fft~~eJ'W 1'1\l.fl 
~ 

(1) .fft~6'1~1\lfl11l.J6'1'Wh (Engagement) ~U'Wfl1':itJ1~oV1~'UVI~~tJ'WVI~m~eJ\1~6'f'W1"il ~\1 
m "iJ ~n ~~'W bfJ\I"il 1n fl'Jll.J G'f\l~v Vl~fJfJl"il ~~l.J"il 1 nmll.JG'f'W h'lJ eJ\I!KTu n ~~v'W ~fJ\IVI~f) ~n~"illfl n11 

eJntJ 11 v.mv 1 'W n~l.J ~~fJ\I~ulG'f'W 1 "iJ fJ1"ill.J1"il1 m VI~ m1ru~n1~\l bn~~'WfJtJ 1 'U"1i1 \1 b 1m,r'WVI~m tJ'Wb~fJ\1 
' ' ~ 

~ b ~eJl.J btJ\Irl'U m ll.J~b~l.J~ b ~\I~~ tJ'W~l.Jl bb~'J b tJ'W!K1 m~~'W 1 ~'I! m~tJ'WG'f~1\lrl1f11l.J nlVI'W~tJ 1~ b~'W~"il~ 
~ ~ ' 

Pin~l fl':i hJm':itJ\Irl'U 1 ~11m~tJ'W6'f'W h 1 'W~~f)\l~fl':irll~\IG'f'W h Vl~f)b tJ'Ub~fJ\I~"il~ 1m 'Wfl11Pifl~1 
~ ~ 

Ci I I 2.1 1.1 ~q 0 0 ~ ~ 0 

"il~l"' fl~1'€JtJ1\ItlfJ\Ibb Vlbbfld fll.Jfl1111\l bbt:.J'Wfl1VI'W~ bb 'W1VI1\Ifl116'1111"il~ ':i'J"il G'feJ'U ~\IG'fl.Jl.J~\i1'Wfl1VI'W~ 
"' 

Vll\lb~f) n~ b u'U 1 u1~ fl\1~ eJLJ~tT~ b ~mnu':i'J'U 'j'Jl.JoVfJ~fl ieJ6'f'W b VII"'VI~eJLJ 11 nn m':irul9i1\l 1 1fim1 

~':i1"il6'feJ'UfJ1"ilvJ11~VImv15 b"li'W vl1fl1':iVJ~fleJ\I vl1n"ilm':il.J.fl1fl6'f'W1l.J m11 iAeJl.JoW'Jb~eJ~ b~eJ"Ii1v 

G'f~1\IG'ffi1'W m 1ru :;J 1ft eJ\1 (Simulation) fl1 1Pl fl~1VI1oV eJl.Jfl "il 1 n beJ fl6'11 ':ieJl\IB\IVI~eJ"il 1 n bb Vl~\lieJl.Jfl 
~ ~ 

19il\l 1 b~f) 1 m~l.Jl~\1-ufJl.JfleJEll\lb ~tJ\I'YleJ~"il~ til 'W.rr'W~eJ'UI9ieJ 1 u 
~ 

(3) .fft~eJ6'UltJbbfl ~fl\loV'fJG'f':i'\J (Explanation) b~eJ 1~oV'€Jl.JfleJEil\l b ~tJ\I'YleJ"illfl fll':i~l':i'J"il ' ~ 

~11"ilG'feJ'Ubb~1 ~\ltJloUeJl.Jfl oVeJ6'f'WbVJI"'~1~m1 bfl':il~oH bb 'lJftt:.Jfl 6'11'\Jt:.Jfl bbfi~UlbG'f'WeJt:.Jf1~1~ 'W-:i'l119il\l 6'] 
\J , \J I 

b"li'W 'U~':itJltJ6'1~'\J ~L111~ G'f~l\lm':il\1 ifli fl1':iA'W'Yl'U1'W.ff'W~eJ'W.fleJl"ilbtJ'W1tJ1~VIflltJVJl\l b"li'W 

G'IU'UG'f'4'WG'fl.J~~~l'W~~'~ H 1~ bb~\ln'U6'fl.J~~~l'W~~'~ H Vl~m~v1oVeJ\InuL1-:i~b~'W~ nlVI'W~ H bbl9it:.J fl~ 
bn~ 1 'W':i'l11~n6'fll.Jl'jfl(;'f~l\lfl'Jll.J~ bbfl~"li1v 1 ~bn~m':ib~tJ'WTI~ 

~ ~ ~ 

( 4) .ff'W'lJt11tJfl'Jll.J~ (Elaboration) b U'Wfl11Ulfl1ll.J~m~G'f~l\I~'W 1 tJ b ~eJl.J lv\ln'Umll.J~ 
~ ~ ~ 

b~l.JVI~fJ bb 'W 1 ~ ~~ fl'W Ai'l b ~l.J b~l.JVI~fJUl ~b 'U 'U"il lfl fJ\IVI~fJoUfJG'f':i'\J~hi1 LJ1 ieJ6'U l tJG'ffi1'W fl1':inJVI~fJ 
' 

~VI~ fll':iru~'U 6'] v111 V!bn~fl'Jll.J~ni'l\I~'W 
' I ~ 
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(5) .ff'UtJ'j~bil'Wt:..~G'I (Evaluation) bU'Ufl1'j'\J'j~biJ'Ufl1'jb1tJ'UiJi'·;wm~trJ'Ufl1'j~1\l 1 11 

11m1tJ'W1il"l11~~eJ~ 1 'j'U1\I eJ~1'11 'j ~1m!eJmYltJ'I1~ 'nn.ff'Ud:u~'t.h 1tJ6'fm'j'U11"111~TI '\J'\J'j~tJnl?l1m 'U cu 'U 'U , 

.ff'U\?leJ'U fl1'j~~n:um'j~~'~ 5 .ff'U G"~m'tJ'U?f\1 LG'l~~fl1'j'G'leJ'WiVJ tJ1P11G"~I?l1LLG'I~ bVJI"l1 'U 1G'I ~ 

G'l'j'\JbU'Ubbt:..~'U.n1'\AlbbG'l~\11n~mm'j~'lJbG'11~VI1m1~TIJI ~'~if ' ~ ~ 

5. .ff'U tJ 'a:: Lil'UIJ.H'l 

1. .ff'U61~1'1fi111J!.'I'Ub:il 
(Engagement) 

(Evaluation) / _________________ / 

~ ... 
4. "!J'U"!JE.I1EJI"l111J'a 

" 
(Elaboration~/ 

" 
2. <fr'Uiih'a1~LLSl::~'U'VI1 

(Exploration) 

" 
3. oU'UeJff'U1VLLa::a'l'tie:J!.'I'aU 

' 
(Explanation) 

.fl1~~ 2.1 1'!]~n'aflT:ii1Ub%11::'Vi11"l"J1~i 5 ~'U 

~~1: G'ltnLJ'U?f\1 bG'l~~fl1'j'G'leJ'UiVItJ1f"11G'11?11bbG'I~b Vll"lb 'U bG'I ~, 

2546) 

" ~~n:um'j~ ~'~iJ 

.ff'U~ 1 fl1'j'G'1~1\II"l1 1~G'l'U 1 :u (E ngagment) .ff'U 1?1 eJ'U.Q bU 'U.ff'U"UeJ\1 fl1'j'llwih6'fuVJ L1 tJ'U 
~ 

Vl~el b~el\1~ G'l'U 1:u"U el-:1 ~111 fl b1 tJ'U b eJ \lVI ~el bfl ~ :U 1 fl fl1 'jeJ.fi tJ 'j1 tJ 1 'U fl ~ ~ b~el -:J~tJ1G'l'U 1:u el1:U~1 :U 1 fl 
' 

bVI\?1 fl1'juJ~fl1~\l bn~~'UeJ~1 'W"Ii1'1 b 1m~'W Vl~eJ b U'U b~eJ\1~ b ~eJ~ LtJ\Inu m 1~~b~~~b ~\I L1tJ'W~~1bb~1 
'I \I 'U 'U 

bU'U!~l1 m~l'l'U 1 ~11 n L1tJ'UG'1~1\Irl1tl1~fl1VI'U~tl'j~ b~'U~:U~Pl fl~11 'U mru~ ~\I hJiitJ'j~ b~'U 1~tl1G'l'U h 
' 

l"l1m:u 1 ~Pin~1:u1n~e1~1\l 61 Vl~muw~m~l'l'UJi'1tJfl11bG'l'WeJtl1~b~'U~'U~1neJ'U bb~1~1"111U\Ifl'U 1 ~ cu I cu , 

11m1tJ'WtJeJ~-ru'Ll1~ b~'UVI~eJri'1tnlJ~I"l1fl1~-:JG'l'U h btJ'Wb~eJ\I~:U~ 1 iPin~1 djeJ1iri'1tnlJ~tl1G'l'U h bbG'I~ 
~ 



• 

/l?~ 6/6o 
(1['2'1 \ ""' <V ... 

(_, ~ --.91 ~-~ ,., .! ti1un1V~uu~nTJ ~'W1Tvlt.J16W~'U6'lca1·ui51'W 
20 rc "UfJ ~r,r;;I r:-:~ ~~.,, ~ 
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'j1CJrt~b~CJIW1Je:J\I b~e:J\1~'.\l ~~m~n 1 ~ilrr;mJ-iJ~b '.\l'U~\I~'U e:J1'.\J'j1:Utff\lm'j'j1tJ'j1:W f111:W~th~6'1tJ m'jru 
'U 

b~:w VJ~e:Jf111:W~'.\l1nbb VJ6l\1~1\l ., ~'.\l~"li1CJ 1 ~'111 hJ~m1:WboU1h b~e:l\IVJ~mh~b~'U~'.\l~~m~n:w1n~'U 
" I " 

bbrt~ilbb 'U1Vl1\lffi -m, 'Un1'j!?lT"J'.\l6'1e:JtJe:J~1\IVJmnVJmCJ 

.fr'U~ 2 n1'j~1'j1"iJbbrt~roi''UVJ1 (Exploration) .fr'U!?le:J'Uifbu'U.fr'U~~b~CJ'U 1~vhii'.\Jm'j:U~1\I 1 

1 'Un1'j~1'j1'.\J 11 n b~CJ'U~1'j1'.\J bbrt~rol'UVJ11 'Ub l!e:JVJ1 bbrt~6'1~1\lbb 'U11"111:Wfl~~1~:w1'.\l1mh~6'1tJfl1'jtU"IJe:J\I 

11m~CJ'Ubm bbrt~ n1V1'U (?)th1nn fl1'jru~Hi''.\l1flfl1'j~1'j1'.\J1(?)CJ fl1'j6'f~1\l b tl'Urh~~"lle:l\l!?l'Ube:l\1 ~b~CJ'Uii 
~ 'U 'U 

nrt1~'.\l ~~(?)fl wi'u11 m~ CJ'Ufl'U 5'U ., '.\l1 ntT'U1! m~CJ 't,!fl6'1~1\l e:J\If'i f111:W~ bbrt ~v\'1m1:w b i1 h ~1 CJ!?l'U be:J\1 
~ , I ~ 

bbrt~ 1 'U"Uru~ b~ CJ1 n'U nv11!?11:W m1:w b <U'11 '.\) b~e:J\I"lle:J\Ifl'U5'U ~1 CJ b~m! n b~CJ'Un1VJ'U(?)UtlJV!1~'.\l~~1'j1'.\J 

!?l'j1 '.\l6'1e:JtJ 1~ bbG'i'1 fl'jilVJtJ' 1~ m~l'i''U 1 ~,r n b~CJ'U !?l'j1'.\J6'1e:JtJUruVJ1 bbrt ~,r n b~CJ'U~1 bil'U n1'j~1'j1'.\J 
'U ' v 

1?1 'j1 '.\l6'1 e:JtJ ~u roi''U bb rt ~ 'j1 u 'j1:WoU e:J~ rt1 (?) CJ m 'j11 \1 bbt:J 'U ~ 1 'j1 '.\l m1 '.\l6'1 e:JtJ rt \1 :W mJ l)u1li5 m 'j 1?1 'j1 '.\l6'1 e:JtJ m '.\l 

v111~VIrt1CJi5 b"li'U m'j"VJ(?Jrte:J\1 v11ihm'j:wfl1f16'1'U1:w m'j 1~fle:J:w'W1b!?le:J~ b~e:J"Ii1CJ6'1~1\16'1m'Um'jru 

lil'1rt e:J\1 (Simulation) fl1'j~nl~1VJ1ie:J:Wrt'.\l1 flbe:Jfl6'f1'jeJ1\I~\IVJ~e:J"il1flbb VJ6l\lie:J:wrt~1\l ., b ~e:J1 m~:w1 
" " I 

~\lie:J:Wfle:l~1\lb~CJ\I~e:l~"il~ 1-m, 'U.fr'U!?le:l'U~e:J1 tJ 
'U 

.fr'U~ 3 n1'je:J5tJ1CJbbrt~rt\loUe:J6'11u (Explaination) .fr'U!?le:J'Uifbu'U.fr'U~1~"il1fln1'j~1'j1'.\J 
roi''Ufll1 ~'~~b~CJ'U 1~~1 b il'Um'j:w1 bbG'i'1 11n b~CJ'U"il~6'11:lJ1'jf:ln1VJ'U(?)bb 'U1fl~'j1tJ CJe:J(?)m:w bb'U1 b i1 h"lle:J\1 

'U 

VI~ n n1'j bbrt ~i"111 m 'j'I.J 'j ~ n e:JtJ e:J ~ 1\1 b U'U b VJ!?l b tJ 'U t:J rt ii m'j e) 1\1 ~\IV!~ mi1'Uo/J(?) b '.\l'U bb~ 1'111 b6'1'U e:J t:J rt \11'U ' ... 
.fr'U!?l e:J'Udbu'U.fr'U!?l e:l'U~11fl b~CJ'U 1~6'1~1\le:J\If'if111:W-rl mJ miiVJtJ1~..ij(?j fl'.\l fl1'j:U61\Ib6'1'1:w1 ~,r flb~CJ'U 

'U 'U 

.fr'U~ 4 fl1'j"IJ CJ1CJI"111:W~ (Elaboration) .fr'U !?le:J'Uif11m~CJ'UiJ1e:J fl16'11 'Ufl1 'j"U 'j~CJ n!?11 ~ 
'U ' 

bb 'U1m1:wfl~'j1tJ CJ e:J(?)'l111 u~ m 'jf0l'UVJ11 'U 6'1m'U fl1'jru1 VJl! 1 ~ fl~ b ~ CJ~ bbf!~'j~~u ~ nrt\11 u11 m~CJ'U 

6'11:W1'jf:lf0l'U fll1'j1 CJrt ~ b~ CJ (?) 1 'U~ \1~191 e:J\1 fl1'j~ n~1 bbrt ~~1'j1'.\J 1?1 'j1 "il6'1e:JtJ 1~m n~'U !?lrte:J(?)'.\J'Uil m'j 1 ~ 

Vi' n~~~1\l 1 bbrt~ii fl1'je:Jflu'j1 mbrt m u~ CJ'Uf111:wfi(?)b l1'U~1:wnu~5'U .fr'U;f,r m~CJ'Um'j 1~-ru m1:w¥ 
'U 'U 

f111:W b i1 1'.\l bbrt::: bb 'U1 fl11:wfim1u CJ e:J(?j~~ nrt\11 tJ b ~e:J1 ~m1:w¥~1! m~CJ'U6'1¥1\I~'Ube:l\l'.\l1fl n1'j~1'j1'.\J 
'U 

m1'.\l6'1e:ltJ ~1 CJ !?l'U be:l\16'1:WtJ 'jrui~ b '.\) 'U bbfl ~~ nt\1 ~\I~'U f1 'jf11 'j..ij(?j n "iJ fl'j'j:lJVJ~e:l6'1 tll'U fl1'jfiJ 1 ~,r fl b~CJ'Uii 
'U 'U 

m1:w¥~ n~\1~\I~'U "UCJ1CJ'je:JtJf111:Wfl(?) 1 ~fll1\I~\I~'U b ~e:J:w 1CJ'If111:W¥b~:w61f111:W-rl VJl!t111 u~fl1'j~fl~1 
\1 \l 'U 'U \l 

rol'Ufll1b ~:W~'U Vl~e:J1 ~rol'Ufll1b ~:w b~:w 1 'UU'j~b~'U~1!m~CJ'U6'1'U h 

khanitha
Rectangle

khanitha
Rectangle
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.ff'W~ 5 'l.h~LiJ'W (Evaluation) .ffw,lm.rd'LiJ'W.ff'Ll~1flqj L~eJ\PiJ1nirm~tJ'Ll~"i1~1~~'U~Ii'l 
G'I~VJB'Ll~ B'Ll n~'U (Feedback) "i11n'\J ~~G'I'U nTHU LLii'l ~fl11l.l L i1 h'VB\lU m~tJ'Ll iT m~tJ'W~\lfl\l~l'll'W1 

LL 'W1 fl11l.J A~ ~1'\.J tJ B~ LLii'l~fl11lJ L oiJ11 "i1 ~ eJ L ~ el\l iJ n L~tJ'Ll "i1 ~'\J ~~ LiJ'Ll fl11l.J L oiJ11"il'VeJ\ll?l'W bel \l"i11 n 

bb 'Ll1 fl11l.JA~~ b V'Ll n ru bb "i1~1 ~ ru Lbli'l~ m~~l'll'Ll1'VB\lVJn't;~~'Ll~1'Ll~ "il1 b V'Ll?i \l LG'I~l.l 1 Vi' 'I! n L~tJ'LltJ1fl11l.l ~ 
q cv QJ dJI 'tl 

1 'V!ll~1~ '\J b ~Bl.l 1a \l nu fl11l.l ~ L~l.l~ L~ a 1i a \l b yj a G'l~1\l L V'Ll a \lrlfl11l.JTI 'V!~ 'V!~at111 '\J '\J ~~an 1'11-if 
'lJ 'lJ ' 

'L!Bn"i11 ndm~ b tJ ~ 1a mG'I1 Vi'1! m~a'Llffia n1G'II?l ~1"i1G'I B'U~\ltl'Ll LLii'l~ n'Ll1~ a m~a.fhh1 a bbli'l m '\J~ tJ'Llfl11l.l 

A~ b vr'Ll~1~"i11 n m~i bfl~1~'1-1~1i'l m~~1~1"i11?1~1"i1G'IB'U 

"i11nm~~n't;1~'llbb'U'Um~~~m~b~tJ'Ll~bb'U'U~'UbG'I1~'V!1fl11l.l~ 5 ~'Ll G'l1l.l1~t:lG'!~'\J1~-h 
'tl 'tl 'tl q 

b V'W~'\J bb uu m~~~n"il m~:JJ~v~~ b~tJ'Llb V'Ll m1:JJ~1~ru 1~a~\l b 1J'Ll1 Vi'~ b~a'Ll1~ bbG'I1\l'Vl1fl11:JJ~ bbli'l~ 
'tl \1 QJ' , 'U \1 

fl'Ll'V'I'Ufl11l.l"il~\l~ 1\l 61 ~1 a l?l'WbB\l G'IB ~fliK B\ltl'U\l1'Wi~ a 1"1~\l~i~ a hi1-if~'\J bb 'U'U m~~~ n"il m~:JJ m~ I 'lJ 'lJ 

b~tJ'Ll~bb 'U'U~'U bG'I1~'V!1fld1l.l~m:JJ~'\J bb 'U'U'VB\lG'It:lTU'Ll?i\l bG'I~l.ln1~G'IB'WiVl tJ1f"11G'II?l{ bbli'l~b Vlfl1 'Ll11i'lm~ tJ 
'lJ 'lJ 'lJ 

1~vl'1b'W'Llm~G'Ia'Llm:JJ~'Lll?lB'Ll~\l 5 ~'Ll 'VB\lm~~~n"ilm~:JJm~b~a'Ll~bb'U'U~'UbG'I1~'V!11911:JJ~ 5 ~'Ll 
'lJ 'lJ 

'V!~m~amJwi1 5E '\J~~na'U~1tJ 1) ~'WG'I~1\lfl11l.JG'!'Llh (Engagement) 2) ~'Ll6'f1~1"ilbbli'l~fl'Ll'V!1 
(Exploration) 3) .ff'Lla5'U1tJbbli'l~li'l\loiJBG'!1'\J (Explanation) 4) .ff'Ll'VtJ1tJfld1l.li (Elaboration) bbli'l~ 

5) ~'Ll'l.h~biJ'Ll~li'l (Evaluation) 

Ql t:!. Cl 

2.3.1 fl'J1:JJ~:JJ1EJ"!JB..:Ir:..l lila:JJC]'VIll'V11·:tn1'H ':iEI'Ll 

~~1nli'l 'W~I'll'Ll~'W~#fn~ (2546; €h.:~a\l"i11n Husen and Postlethwaite, 1985) 1~Vi' 
' 

fl11:JJ'V!l.l1cd1 ~m1:JJqVJBVl1\l m~b~tJ'Llb V'Ll~li'l G'I~VJB'Ll'VB\lm1mauibbli'l~m'H '\J~ tJ'Llbb 'lllil\l~1\l 1 ~ 

bfl~~'Ll1 'Ll~~'V!l1\l~Vl n't;~ bbli'l ~fl11l.J~ n1~\l~l'll'Ll1 
'lJ 

~l'll'Ll1'V'I\l,; ~m (2551; eJ1\lB\l"i11n Eysenck, Arnold and Meili, 1972) n~1'Jl1 

~li'l~:JJ')VlBVl1\ln1~ b~tJ'Ll 'V!l.lltJ()\l 'V'Ll1~'VB\lfl11:JJ~1 b ~"il~Hi'"i11n m~b~tJ'W 1~aa1#i'am1:JJG'11l.l1~t:l 

bu'V'I1~~'J'VB\l'l.Jflfllil 1~t.J~lil~:JJ')VlBVl1\ln1~b~tJ'WB1"i11~"i11nm~Vl~G'IB'U b'li'W nT~~\Ibnl?l 'V!~Bn1~1?1~1"il . . 
II dit .o::i ct i.l V .o::iV i.l C:i1 V i.l 

m~'U1'Ll 'V!'~mm~'VB\Im~ b ~tJ'Ll 611\11?1 B\l B1f"ltJ m~'U1'Ll m~'VI61J'U61JB'Llbblil~~~a ~ b 1m 'V!~BB1"il'J~m a 

bb u'lrr~~lil~:JJqVJBVl1\lm~b~a'Wtt'J 1 u 

'W:JJ~'Ll5 b~"ll~flul'i' bbli'l~'V'Ibm1 ~'Ll~G'I'V (2548) m11111 ~r;'l~l.JnVJBVl1\lm~b~tJ'Ll 'V!ma()\1 
' ' 01 

'V'Ll1~'VB\Ifl'J1:JJ6'f1 b ~"i1~1~"i11 nm~'U'J'Llm~ b~tJ'Ll m~G'IB'Ll 

U~1ru na\I~'Ll~1 (2549) n~1'Jl1 ~r;'l~:JJ')VlBVl1\ln1~b~tJ'Ll 'V!l.J1tJ()\l fl'J1:JJG'I1:JJ1~t:l'V!~f) 

~lil6'f1 b ~"il ~1~~'\.J "i11 n n "i1 n ~~l.J m~ b~ tJ'Ll m~G'Iel'Ll b V'Ll m~ b '\J ~ tJ 'Ll bb Ulil\l'V'I q ~ n ~~l.J bblil ~'\J ~~G'I'U m~ru 
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-en~-rl'n1 Pi~ (2552; B1-!IB-!l"il1n niih ci'1'V'I-!!,;b'VlUB, 2547; 'W~'W'VI11"1~1-B'~, 2550; 
" 

11~~lG'l~ :iJ'NFH"U, 2550) 1m 'iXFt1111V!111~l1 Fld111611111'H"l'IJB-!l'U FIFIG'l~ bfl~"iJ1f)f)1'~b~~'Wn1'S61B'W~-!l 
' ' 

~1'WFI1111f Vl'n~~ Fl1111611111'Stl1 'W~1'W 1?11-!! 1 ~ bn ~~'WV!~-!l"il1n 1~-ru m'S!J nBU'S11V!~Brn'S61B'W 
'S~~'UF11111TI 'W m'Svhn"il m'S11 1~n"il m'S11V!~-!!~ bfl~"il1nn1'Sb~~'Wn1'S61B'W bbG'l~i1 n1'Sl~bbG'l~th~ bii'W 

" 
!'1111ll'ltlU'S~61-!!Fln1'Sb~~'W~ Fl1111~1b ~"il1 'W~1'WF11111~ Vl'n~~ bbG'l~6111'S'Stlil1'V'1~1'W~1-!l 61 'IJeN6111B-!l , ~ ~ I 

V!~BU'S~61'U n1'Sru~1~"il 1 f) n1'S b~~'W~eJ'W b U'WI!-JG'llJ1"il1 f) n1'S b~ ~'W n1'S61B'W m'S!J mJ'W V!~BU'S~61'U n1'StU 
" 

1?11-!! 1 'IJB-!lbbl?iG'l~~FIFIG'l 611lJ1'Stll~ 1~~~n1'S'V1~61B'U~1~l5\?i1-!1 1 
~ 

'IJtJ~~1 ~qJ.tln~ (2552) n~11'i1 ~G'l~11~'VIfi'VI1-!lm'Sb~~'W V!111~ti.:J ~ru~n~ru~bbG'l~ 

Fl1111611lJ1'Stl'IJB-!l'UFIFIG'l eJ'W bfl~"il1 n n1'S b~tJ'Wn1'S61B'W Bl"il 1~111"iJ1f)n'S~'U'd'W n1'S~1:J~B-!!B1Plt1 n1'S 
' 

'VI~61B'U b'1i'W n1'S~-!Jbf)I'J bbG'l~"il1f"ln1'S1.ffbb'U'Ul~~G'l~11~'VI~'VI1-!ln1'Sb~tJ'W~1 1 tJ 

"W11,.iitJ'S~il1 BtqJiil'l'S (2552) n~11'i1 ~G'l~11~'VI~'V11-!ln1'Sb~t1'W V!111~ti.:J ~ru~n~ru~ 

bbG'l~Fid111fF11111611111'Stl~ bb61~-!lfi-!!Fl1111~1b ~"il~1~"il1 f"ln1'Sb~tJ'Wn1'S61B'W 1 'Wl'IJ1~1-!l 1 :5.:J611111'Stll~ 

b U'WFI~ bb 'W'W 1~"il1 f) bb 'U'U'V1~61B'U'VI1-!!il1Fl'VI~~~V!~Bil1FlU~'U1i'V!~B~-!161eJ-!leJ~1-!l 
1~-B'~ ~1'W~ (2553) f)~1111 ~G'l~11f)'VJ~'V11-!Jf)1'Sb~tJ'W V!111tJti.:J 'S~~'Uf11111¥ 
' "I " 

m111611lJ1'Stl bbG'l~VJ n~~~1~-ru bbG'l~oW~'W1111"il1nn1'Sb~tJ'W m'S61B'Wl'IJ11'i1-!! 1l~t1mPi' t1 bFl~B.:J:WB 1 'W 

n 1 'Sl ~ ~ G'l'V!~-!! "iJ 1 n n1 'S b~ tJ'WV!~B "iJ 1 n f) 1 'S !J f) B'U 'S11 

"il1 nm111V!mt1-ff1.:J~'W'V'IB61'StJ1~11 ~G'l~11 nVJ~'VI1-!ln1'S b~tJ'W V!lJ1tJti.:J Flru~ n~ru~ bbG'l~ 
' "I ' 

Fl1111 61111 1'Stl'IJ B-!1~ Fl FIG'l~ btl~ "iJ 1 f) f"l'S~'U 'd'W n1'S b~ tJ'W n1'S61 B 'W 1 'Wl'IJ1\?i 1-!1 1 61111 1'Stll~ 1~~ tJ 

bb uuVJ~61B'U~G'l~11~'VI~'V11-!ln1'S b~tJ'W ~"il~vi'11 'IX 'I! m~tJ'Wbfl~ nl'Sb tJ~ tJ'Wbb UG'l-!!'V'I~~m'S11bbG'ldJm'S 
" bb61~.:JBBf"l111Vl-!l 3 ~1'W ~B ~1'W'V'I'VIB'W61't1 ~1'W~I'l'W61't1 bbG'l~~1'WVJf)~~'W61't1 

' 
Ql u J. ct 

2.3.2 fl11li'V!ll1a"ttv.:ltt uu'VJ~avu1~ll-Jt=~allq'V15'VI1.:1nTn ~a 'I..! 

6111'V'I'S b~BoW'W5 (2547) n~11'J1 bbtJ'U'VI~61B'Ul~~G'l~11~'VI~'V11.:Jn1'Sb~tJ'I..! V!111t1fi.:J 

bb tJtJ'V1~61BtJV!~B'IJ~'IJB.:J oUB61 BtJm -ff-J ~Fld111~1 b ~"il'V!~BFI1111611lJ1'Stl1 'W n1'Svl1 fl"il n'S'S11n1'Sb~ tJ'W~'IJB-!1 
' " 

'11 f) b ~ tJ'W~ b U'W ~ G'l11 1"il 1 f) m 'S~ ~ n "iJ n'S'S11 n1 'S b~tJ 'W m 'S61 B'W 'IJ B-:1 Fl'S~ 61B'Wl1 ~ 1'1..1 "iJ ~tJ 'S~61.:J r1 n1'S b ~ ~ 'W~ 
CU'U 't 'tl 

~~.:~Hb~EJ-:~1~ 

~oW'IJ'IJ1 tJ'S~b61~~ (2552; B1-!!B-!!"il1n 6111i1n .tlVJViEJau, 2546; 11G'l 'VIB.:Jbb~, 254 7; a.:~-a't1 

'1ia'V'I~n~1, 2548) n~11'i1 bb 'UtJ'VI~61BtJ1~~G'l~11~'VI~'V11.:Jm'Sb~t1'W b U'Wbb UtJ'VI~61au~1~61m'Stlm'W 

6111a-:~~1'1..!~1.:~ 1 ~'l!m~tJ'W 1~b~tJ'W~~1'1..!lJ1bbGl1 bU'I..!bb utJVJ~61atJm.rr-r~m111~ Fl1111611lJ1'Stli'IJ1m'S 
" " 

'IJ B-!1~ b~tJ'I..!~ bfl~ "iJ 1f)U 'S~61tJ n1'SnJ f) 1'Sb~tJ 'W ~ bbG'l ~ b u 'Wbb 'U 'U'VI ~61 B'U -r~ Fl1111¥ VY f)~~ bbG'l ~ 
" " " 
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. . ... 
fl11~6'f1~1';it~'V11'li"ll1m';i 61i'lbU'W~tJ~m';i~VI~at:-~~m';ib~tJ'WiVim~VI1\l:u~bn~~'W:u1nm';i..ij'~il:um';i~ 

n1';ib~tJ'Wn1';i6'fe:J'WlTU';i';i~lil~tJ1~6'f\lFln1';ib~tJ'W~~tl1VI'W~ 1lb ~tJ\l1~ 
'' 'U 

:u1 nm 1~VI~1 tJi1'll'i''W~B6'11'\J1~11 bb uu'Vl~?fatrY ~t:-~ ~ 61'~tj'VlB'Vl1\l n1';ib~ tJ'W VlmtJ il'l 

bb 'U'U'Vl ~?fau Vl~a"ll~"I.IB'li a 6'f au~1i1 ~fl11~~ ~ n~~ m1~ ?f1~1';itl'Vl1\li"ll1 m ';i bb~ ~6'f~';j';jtJfl1~ 
' 'U 

6'f~B\l~1'WI9i1\l 1 ~11m~tJ'W 1~ b~tJ'Wi~1'Wm bb~l .;\l b U'W~tJ~m';i~VI~Bt:-~~ n1';ib~tJ'W i~fl1~VI1\l:u~ 

bn~;'Wiil1n f11';j..ij'~illilm';i~n1';ib~tJ'Wn1';i?fB'Wl1'lJ';i';i~lil~'\J';i~?f\lAn1';ib~tJ'W ~~n1VI'W~ 11 b ~tJ'l1~ ,;\llil~ 
'' 'U 

b U'Ubfl~e:J\lU\l~l1n1';ib~tJ'Un1';i6'fe:J'WU';i~6'f'Ufl11~611b ~lilVI~f) hJ f)~1\l1 ';i 
fV QJ J. .c::t 

2.3.3 '\.J-a::b.fi'Vl"llv-:1 bb uu'VI~?fv'U'J~N6'16'f~q'VI5'VI1-:Jn1'ab -a au 

6'fTI'lJ"ll1 U';i~b?f~\i (2552; eJ1\lB\llil1fl i1~ 'Vle:J\lbb~, 2547) bbU\lbb'U'U'V1~6'fe:J'U1~t:-~~61'~tj'VlB ' ~ 

'VI1\ln1';ib~tJ'Uf)e:JnbU'W 2 U';i~bfi'Vl ~\ld 
1 1/ I i.l 

2.3.3.1 bb'U'U'Vl~6'fB'UVifl'l6'f~1\l~'W (teacher made test) bU'Wbb'U'U'V1~6'fe:J'UVifl~6'f~1\l~'W 

1-ifn'W 1~tJvh 1 '\J1 'W ?fm'WPin~1 b ~a 1-ifl' ~t:-~~ 61~fl'VlBVI~afl11~6'f1m';it~'Vl1\li"ll1 fl1';j"IJ a\l ~ b~tJ'W~1~ b~tJ'W ~ ., 'U 'U 

1 'W bbl9i~~';i1tJi"ll1 bb uu'Vl~?fau'\J';i~ bfi'VId~n?f~1\l;'W 1-ifbu~1~ b U'Wfl~\lfl';i11 b~a?fau b6'f~:u~n:u~~\l1 '\J 

:u~?fau 1 Vl~n?f~1\l;'W~11 mJ Vl~au-ru'\J';i\llil1mb uu'Vl~?fa'U"ll~ b~~ 1~1~i bfl';i1~~VI1fltl.Lfl1~"1.1B\l 
' ' ' 

ia?fau b ~a..ij'~ bnu 1ll-if\9ia 1 '\J .;'l51VI1ni1 n1';iVI1flrum~"I.IB'lia?fau bb~~u-ru'\J';i\l bull "l.lfllil~'lh tJ 1 Vi'l~ 
' ' 

1) bb 'U'U'V1~6'ff)'Ufl11~ b~tJ\l b U'Wbb 'U'U'V1~6'ff)'l.J~tl1VI'W~fl1tl1~VI~BDqjVI11 ~bb~l 

~l'lB'Ub~tJ'W1~mb?f~\lfl11~~ fll1~A~ blill'lfl~1~a~1\lb~~~ 
'U 'U 

2) bb 'U'U'VI~?fe:J'Ubb 'U'UU';i1JtJ VI~Bbb 'U'U 1 ~\P)f)'l.J~'W 1 b U'Ubb 'U'U'V1~6'ff)'l.J~tl1VI'W~ 1 ~ 
~b~tJ'WI'lB'U~'W 1 Vl~ai1f111'lau 1 ~b~amb umhn~f111'1au ~l'lau1~inam?fbb?f~\lm1~1'm1~A~ 1~ 
'U 'U 'U 

I II dA q c::...J'1 ~ df 

f)tJ 1\lnl1\l"l.ll1\l b VI~ e:J'Ubb 'U'U 'V1 ~6'1 f)'l.J fll1:J.Jb ';itJ\l bb 'U'U 'V1 ~ ?fe:J'U'lJ'W ~ 'Ubb 'U \l f) f) fl b U'U 4 bb 'U'U fl eJ 

C::.. c:':lt, 0 V I df 

bb 'U'U'Vl~?feJ'Utlfl-t-1~ bb 'U'U'Vl~?fe:J'U bl'l~fll bb 'U'U'Vl~?feJ'Uiil'Ufl bbfl~ bb 'U'U'Vl~?feJ'U bfle:J fll'leJ'U 
'U 'U 

2.3.3.2 bb'U'U'V1~6'fe:J'U~1\Pl';i\i1'W (Standardized test) bU'Wbb'U'U'Vl~?fe:J'U~~\ll~t-1~ 
~ ' 

61'~tJ'VlB"I.Ia\l~b~tJ'Wvi'1 11 u ,;\16'1~1\l;'W 1~tJ~b ~t!l"ll1qJ~ltJm~u1'Wn1';i Vl~t~i5m';i~btl'W';i~uu bb~~ 
1-if b 1m~1 n n'i1 bb uu'Vl~?f au~fl';j?f1'1'l;'W i1 m';ii bfl ';i1~'t,hb~~u-ru'\J';i\le:J ~1\l~:u'WiJfl tufl1~ i1:w11'l';i\i1'W 

,. q 'I c'S 

?f1m';it~'l111 '\Jl'~ 1~t~~1\l n11\l"1.111\l bb 'U'U'Vl~?fe:J'UU';i~ bfi'Vld~a11i1fll1l.l b U'Wml'l';i\i1'UB~ 2 '\J';i~ n1';i 
~ 'U 

~ eJ :w 1 1'1 ';i~1'W1 u fl1';ivl 1 b u u fl116'f eJ u .; -:~1~110~ :u ~ 1-if bb u u 'V1 ~ 6'f eJ'U :w 11'1 1~1u b~ eJ 1~ n 1'1 1:w 

n11vl1 b U'W n116'fe:J'U lil~U nu~ b VllleJ'U rl'U~ n~'U 1'1 eJ'U bbfl~m\Pl 1~1'U 1 'U fl11bb '\J~ fl11l.JVIl.J1tJ fl~ bb 'U'W 1~ 
l'l';i\lrl'Wl11fl1btl\l eit~u boWtJ\lb 1~tJi1bnrusn'\Jn~ (Norm) 611VI-rub'\J~tJubVitJ'Ufl~bb'W'W1~i1:w11'11\i1'W 

~ 
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QJ Q.l &. .c::rll 

2.3.4 m~1\9lt:.J!;l6l3Jq'Vlo'Vl1 .. :mTH ~f.l'W 

TW\9'11 ~bbU'W (2553) mh111 'Vl~nm11~~fli13J~'Vl~Vn\lflTJ"b~tJ'W fiB fl11VW1tJ13J~~~ 

~ ~ 1 m~\?1 1\11?113J~ ~:W\I'Vl:IJ1 tJ"Ue:J\1 f11'j b~ tJ'U f111G'fe:J'I.J bbfl ~m \11?11lJ b -d e:J'Vl16'11 'j~~ fl'j~\9'1 fl1'j b~tJ'U fl1'j?fe:J'U 
' ' 'U 

m1~ ~ m 1Pi mn 1?1 fl eJ ~~'I..! n1 1 b~ tJ 'W m 1?1 e:J'W b 'VI flU R15 m11' ~ bbfl ~'lh~ b:iJ'I.J n11~ ~ m 1 b~ tJ'W fl11?fe:J'W 

"Ue:J\Im ~\lm11'l9l bbfl~fl11'lh~ b:iJ'U~fl n11b~tJ'W fie:1 m~u1'W m11?111~?1e:Jutr m~tJ'W111~'Ww.J'W1 hH'i\1 
'U 

~ ~'Vll.l1 tJ'llm tJ'Vl1\I"Ue:J\I'Vl~ n?f 1?1 1 bbfl ~ij fl ru~ m~ru~~Vi\1'1..! 1~?f\lrl'Vl1e:J 1:W 11l.l~\l b tl'W ~ \l~vh 1 Vl'Vl 11u11 
' 'U ' 

' ' "' 
1'1161i\l~~vhbi:ie:Jm1?fe:J'W~'W?f~fl'~ 

' 
m~'I.J1'W m1 b~ tJ'W ~~~u 11ft 1?11l.l b U1'Vl:w1 tJ~11'111 cJmJ~'W e:JcJ nu ~~'I..! 1~6'1\lrl fl11b~tJ'W ~ 

\J , 'U , \1 

b tl'W~1~ ru b "li'W b~ tJ1 n'I.J nu n11~ ~ n11 b~tJ'W ~1?11l.l bb '1..!1 fi ~~'Vl5'W i1tJ"1le:J\I'I.JfllJ bbfl ~fl ru~tl 1'u tJ 1\11 mJ 
Q.l \1 'I \J , 

(Bloom's revised taxonomy) ~1~1''1.Jfl11tJe:Jl.l1''1.Jbbfl~iim11111'1..!1oU'e:Jc11\lfll1\I"U11\Ib~tJii 6 ~1~'1.J~'U 

~\1-n flil11~ 'U1floW~, 2555) 

2.3.4.1 "il1 (Remember) 'VllJ1tJCi\l fl11lJG'f1lJ11() 1 'Ufl111~~n1~ bb?f~\111tlfl111~ 'I.Je:Jfl 

1~ 1~'4~'El 'I.Je:Jfl~e:J 1~ 19i'1e:JV1\Ib "li'W trm~tJ'UG'f1:1J11()'1.Je:Jflfl11lJ'Vl:IJ1tJ"Ue:J\I'Vl~~w~ 

2.3.4.2 b•ihh (Understand) 'VllJ1tJCi\l fl11lJG'f1lJ11()1'Wfl11bb'llflfl11lJ'VllJ1tJ 

tJnl9i'1e:Jc11\l ?11'1..! B1\IB\I 19i'1e:Jc11\lb"li'W trm~tJ'W?I1lJ11()e:JBu1mb'W1fi~"Ue:J\I'Vl~~W~ 

2.3.4.3 'll1~tJn1?11.U (Apply) 'VlmtJCi\1 m1lJ?f1m1()1'Wm11111tJ1.U 'll1~tJn1?11.U bbm"U 
' ' 

2.3.4.4 lbfl11~-M (Analyze) 'VllJ1tJCi\l fl11lJ?f1l.l11()1'Ufl11btl~tJ'UbVitJ'I.J e:JB'I.J1E.J 

~n~ru~m1~~m1 19i'1e:Jc11\lb "lit! trm~E.J'W?f1m1()'1.J e:Jflfl11l.lbbl?1n~1\11~Vl11\l 2 'Vl~~W~ 

2.3.4.5 'll1~b:iJ'Urh (Evaluate) 'VllJ1E.JCi\l fl11lJG'f1lJ11() 1 'Wfl111?111~?fe:J'I.J i~11ru \9l~~'W 

19i'1e:Jc11\l b "lit! tr m~ E.J'W?f1l.l11()\9l ~~'W ~tui'i1"1le:J\I'Vl~~~1~ 

2.3.4.6 ?1~1\1?111rl (Create) 'Vll.l1E.Jfi\l fl11l.l?f1l.l11()1'Ufl11e:Je:Jflbb'I.J'I.J 11\lbb~'W ~~1?1 

19i'1e:Jc11\lb "lit! trm~E.J'W?f1l.l11()111b?I'We:J'Vl~~~ Vl:ll~bbl?1fl~1\11 tl~1n'Vl~~~ b~l.l 1~ 

~\ltT'W 1 'W fl11~~fl11b~E.J'W~~1'W~'Vl5'W i1E.J"Ue:J\Iu fll.l R1?11l.l11()1111 '1..!1-ifl 'W n11n1Vl• l/0\ 
'U 1j \1 'U L-6 Yl 

1'1?1~'1..!1~?~\lrlfl11b~E.J'W~ fl1111\lbb~'W~~n~m1l.Jfl11b~E.J'W~ bbfl~tl1~b:iJ'W~flm1b~E.J'Wfl~e:JcJ1\I-i!~b~'W 



2.4 bb'U'Ulil'1~eJ~'VI1~fl'J13JflWI (Mental Model) 

2.4.1 fl'J13JV13J1EJ"!Jel~bb 'U'Ulil'1~el~'VI1~fl 'J1:!Jfli?J 
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ih:rnm~Pirn~1'U1\IviTtm~TJ 1111 bb uu"ii'16'1e:J\I'VI1\Ifl11:J.Jfi\11 VlmtJn\1 ~\l~bb?l\11\ln\lm1:JJ 

b·ihb"iJ'lJeJ\Ibbl9i6'1~'Uflfl6'1~m"il~e:Je:Jnm1'W~t1'lJeJ\Ifl1~'U~~tJ1tJ m~eJB'U1tJ m~11mtJ m~tJ~~~~~ m~ 
, \1 \1 cQ 

?1~1\ll?I11J~t1mru bb6'1~~'W 1 V!~e:JeJ~bn1~~bb?l\11\ln\lfl11:J.JboU11"iJ1'Wb~eJ\I,!'W 1 ~\1 Mental model 

'lJ eJ \1 bbl9i 6'1 ~u fl fl6'1 hi b V!iJ e:J'W n'W vY \1-d ~'W eJ ~ nu tJ ~~ ?I'U n 1 ~ru1 'W n 1 ~ b~ tJ'W ~ bb6'1 ~ eJ 1 tJ 'lJ eJ \I'U fl fl6'1 ,!'W 1 
q 'U \1 , q 

?11:!J1~mbtl\le:Je:Jn1~ 2 ~n~ru~ fle:J Physical bb6'1~ Conceptual1'W?i1'W'lJeJ\I Physical fle:J l:J.Jb\116'1~ 

bb?l\11\le:Je:Jn1'W'Vl1\lfl1tJ.f11~ ?i1'W Conceptual fle:J fl1~?1~1\11:J.Jb\116'1~biJ'U'W1:Uu~~:u (Norman, 1983 

a1\lfi'I1'W b'Vl1~'VI~ ~'Wb?l~:u bb6'1~ hflitJ ~'WtJ\1, 2549) bbl9ie:J~1\11 ~n\1l1:u"il~~u11ilunm~Pin~1"ii'1'W1'W 

V!~\1~1~ ~fl11:UV!:U1m~tJ1 nu bb uu"ii'16'1e:J\I'Vl1\lfl11:UA\11 1 'W~tJ bb uu~ bbl?l nl9i1\ln'We:Je:Jn 1 tJ l?l\ld 
" 

'lJ1~'lJ'Wn n~'Vl1'Vle:J\I (2553; eJ1\IB\I"il1n Brewer,1999) n~11'i1 19i'1bb'Vl'Wfl11:UA\11 
d ..::a. i.l d Q.J ..::a. 6"d !I 

(Mental Representation) ?11:U 1~ fi'VI "il ~ eJ u'U 1 tJ fl1 1:U ~ bn tJ"J n 'U fl1 1:U fl \11 :U'4 ~tJ'Vl "il ~?I ~1\1 n1 ~ 

bb?l \11\le:J eJ n ~ 'W (1) .n 1~ 'lJ eJ '116'1 n \9) 1 bb 'Vl'W fl 1 1:U b~ tJ1 n 'U l 'VI tJ 1flf1 ?I (1) ~~ bb?l \11 \le:J eJ n:u 1 eJ1 "il b u 'W 1 (1) tl'Vl1\l • 
n1 tJ .n 1~ ~ \1~ b u 'W ~tJ u~~:u ~~u u bb u u \9l 1 eJ ~ 1\1 bb~ 'W.n 1~ ~tJ .n 1~ V! ~e:J ?I:U n1 ~ b ~ eJ eJ 5u 1 tJ 

" " 
t1~1 n .n m~ruu~~:u"/11~ 'W eJ n"il1 n-d ~1:ufi\l m ~"il16'1 e:1 'l.n 1mb 1A'Im 1 :U"il ~ \I:U1 ?i~tJ m ~ fl \l?l.n 1~ bb 'Vl'W b "li'W 

d..J "" 

bb~'W~1A'W'Vl \116'1 e:J\Il'Vl v1~1?1\1l~ i6'1, fl11:w b u'UI9i'1 bb 'Vl'W fl11:wfi\11~\l'l11"il ~e:J ~~~V!l1\lm1:ufi\11 ~'W~1 'W . " 
:u 1 'Um~b ~1 nu ~'W~bb 1A'Ifl11:ub U'W"il~\1 bb6'1~b U'Ubfl~eJ\IiJeJ~~1vl9ie:Jm~eJ5u1v~1V!~um~~eJ?I1~ 

~"111~ 119ll'WitJ (2547; eJ1\IB\I"il1n Frederiken, White and Gutwill, 1999; Jonassen 

and Henning, 1999) n~11l1 Mental Model V!:U1tJfi\l ~\1~?1~1\lbb'Vl'Wfl11:U-ri'Wfl11:U..S1'1Jtl.J~ 
" 

vl1'W1tJbV!~m~rul9i1\l 1l\1ltJ Mental models ?11m~mbtJnbU'U?i1'W 1 bb6'1~~b~tJ'W?I1:1J1~floWI9li'W1 

hi11"il~bU'W Mental models ~fln~e:J\IV!~e:Jhifln~e:J\1 eJ~1\Ihn1?11:Ufl11:Ufl\1l~:ij~eJ Mental 
" " 

I I I t./ 

un~l?li'Vlmvi1'WB'W 1 n~11'i1 ~\IVJ?I~1\I~'Wbb 'Vl'Wm1:ui (Representation) ?11:U~t1\111b U'Wm~ 1\11 t1 

~ b~ v'U nut1~1 n !1m ~ru-~ d1\1l~'W"il~ '~ b tl'W 1m'~ ?1~1\l.n 1 t1 1 'W?I:weJ\1~ b tJ~ v'W "il1 n m 1:w"i11~~v~ ~'W 1 tJ ?i 
" 

fl11:U"il1~~tJ~tJ11 

i'~~~ "11'W~:U1'W(2555; eJ1\IB\I"il1n Prain (2009) n~11'i1 ~\l~bU'W~1bb'Vl'W 

(Representation) fleJ~\I~~eJ?I1~eJeJn:u11 'W~tJ bb 'U'UI9i1\l b "li'W fl1~b ~tJ'W fl1eJB'U1tJ m~b ~tJ'Wbb~'Wm~ 
" 

!11 0 I i.1 0 q ::: 2.1 

fl1 ~'U~~tJ1 tJ\111 tJ fl1~\11 fl1~bb?I\11\I'Vl1'V11\I bb6'1~ fl1~1 1\1l.f11~~~eJ:Ufl1eJ5'U1 tJ'W'W bb 'Vl'Wfl11:U~fl"J1:Ufl\11 
" " 

~:u1~ im"il~~ (2551) n~11'i1 b:U'W'VleJ6'11:ub\116'1 (Mental models) bU'W~\I~~\~tJ'W?I~1\I 
~'Wb ~eJ 1 -ut 'Wfl1~vl1fl11:Ub -u1 h~\l~b~tJ'W " 
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BFI';i1 rhw~m (2552) n~T;d1 b:U'W'VIe:JflhJb~fl (Mental models) bU'W~'I~~b~CJ'W61~1'1 

~'Wbb'VI'Wfr;n:u~.fl1CJ1 'W61:Ue:J'I (Mental representation) b~e:J 1m 'Wn1';i'Vllfl11:Ub •1h 11\Jb~e:J'I~b~CJ'W bbf!~ 
" 

b U'W~'I~61~1'1fl11:U b ~e:J:U LCJ'I';i~Vd 1-:11'~ tl'VI~e:J b VI~ n1';itU~ bb Vl"\1 ~'I tl'Ufl11:U b U'W'W1:U 5';i';ilJ (Abstract) 
' ' 

'Vi'ru'V'Ufl nru'V11'VIe:J'I (2553) fl~1T;h 1911 bb 'VI'Wfl11:Ufl~ fle:J~'I~:U'W~CJ1oUb U'WI911 bb 'VI'Wb yj eJ 
"' "' ' 

~e:J611';i'VI~mb61~-:~e:Je:Jnii-:~m1:ufl~fl11:u b ·1h 11\11 'W~-:~~1-:~ 1 b tl'UI911 bb 'VI'W'Ve:J-:~m1:ufi~Gii-:~b tl'W'U1:uo';i';i:u 1 ~ 

bU'W';iUo';i';i:U~'Wm Gli-:~m"\\bb61~-:~e:Je:Jnm1'W';i'llbb'Uu~1'~ 6') b'1i'W nl';ib~CJ'Wfl1e:Jfiu1CJ bb~'W.n1vv ';i'll.n1vv 
~ ~ I ~ 

f)1';ibb61~'1vl1'VI1'1 f)1';ivJ1bb'U'U~1fleJ'I jfjj 

nJ';i1.fl';itU uruih (2553) n~1111 l911bb'VI'Wfl11:Ufl~ fimb'U'U~1fle:J'Ifl11:U~ fl11:Ufl~'Ve:J'I 
' "' " 

tr b~ CJ'W~61~1-:~;fi'w;i'1 CJ ~'W be:J-:~ m"\1 bb61~-:~ e:Je:J n:u1 b tl'Wi' ~ tl'VI1-:~ m CJ.n1vv~ -:~~ b U'W';i'llo';i';i:U bb uul911e:J ~1-:~ 
" ' " 
1"11e:J6u1 CJ bb~'Wmvv Vl~e:J61:u n1';i b ~e:J e:J6u1 CJU';i1fl !J n1';itUo';i';i:U'V1~ 

61'1fl';i1'W~ :Uf!Ff~bbtl1 (2553) n~11l1 b:U'W'VIe:Jf!L:Ub~f! (Mental models) bU'W~'I~ 
" 

ir b~CJ'W61~1'1;fi''W bb 'VI'Wfl11:U~ .fl1CJ 1 'W61:U e:J'I (Mental representation) bbfl~ bb61~'1e:Je:J fl:U1~1:U~ ~6hu n 
" " 
m"\\~e:Je:Je:Jnm1'W~'ll'Ve:J-:~m';iu';i';iCJ1CJ fl1';i11~mvv m';j'tJ'j"~~~i fl1'j"61~1-:~i'61~~tJmru bbfl~~'W 1 b~e:J 

1oU'v11fl11:Ub ·1h hb~e:J'I~b~CJ'W 

fl ~ 111~ CJ 61';i'll bb 'U 'U ~ 1 6'1 e:J'I'VI1'1fl11:U f1 ~ (Mental model) f1 e:J bb 'U 'lJ ~16'1 e:J'Ifl11:U ~ 
' " 

fl11:Ufl~'Ve:J'Iir b~CJ'W~bfi~;fi''W.fl1CJ 1 'W61:Ue:J'I'Ve:J'IU flb~CJ'W bb~f!~fl'W 6/i'~ bb61~'1e:Je:Jfl:U1 b yje:J 1oU'v11w.n:ub .n11"\\ 
" 

1 'Wb~e:J'~~ b~CJ'W e:J1"\\~e:Je:Je:Jn:u1 b tl'Wi' ~tl'VI1'~ m tJ.n1vv~'~~ b U'W';i'llo';i';i:U bb uu~1fl e:J'~ bb uul911e:J~1'~ fl1'j" 
' " 

'\J'j"';iCJ1CJ fi'1e:J5u1CJ bb~'W.n1vv 'j"'tJ.n1vv fl1';i11~.n1vv fl1'j"'tJ'j"~~~~ fl1';i61~1'1161~e:J'llmru bb~'Wir'~ 
\J ct9 't q 

61:u fl1'j" b ~ e:J e:Jfiu1 CJ'tJ'j"1 fl!J m ';inJo';i';i:U'V1 ~ Vl~e:J m 'j" bb61 ~ '~ fi~mvi1 'V11'1 ~ 1'~ 1 ~61~ VI e:J'W ti'l m~u1'W f11'j" 

v11-:~1'W'VI1'161~uqJqJ1 

2.4.2 'lh'~b.fl'VI"llv.:tbb 'U'lHllflv.:t'VI1.:tf1111:1JA~ 

.fl';ii1vv6 ~Jl'VI';ioUCJ'H~ (2556; el1'1B'I"\11fl Johnson-Laird, 1983; Boulter and 

Buckley, 2000; Coll, 1999; Park, 2006) Hi'bbU'I,..h~b.fl'Vl'V'El'lbb'U'U~1f!e:J'I'Vl1'1fl11:Ufl~ 1'Wfl1';i 

~1bb 'Wflbb 'U'U~1fle:J\I'VI1\Ifl11:Ufl~~1\ltl'W ~\l~e:J 1 tJ-d 

( 1) bb uu"il16'1 e:J\I'V11\Ifl11:Ufl~e:J e:J flb U'W bb 'U'U~1fl e:J\I'VI1\Ifl11:Ufl~'VI1\I fl1 CJ.fl1'W (Physical 

mental model) 6/i\I"\J~bb61~\l~fl~ru~ fl1';i61~1\lfl11:Ufl~ 1 'W~\1~ b U'Wfl1CJ.fl1'W bbf!~b U'W';iU5';i';i:U 611'W 
" 

bb 'U'U ~16'1 e:J\I'VI1\Ifl11:Ufl ~ b :S\1 bb 'W1 f!~ (Conceptual mental model) "\! ~ bb61 ~\I~ n~ru~ fl1 ';i61~1\l 
.c:::.. ~ cv ..:;,. dcv ~ o d~ 

fl11:Ufl~ bfltn nu bb 'W1fl~ :Uf! n~ru~ b i.J'Wbb 'U'U"\11f!e:J\I'VI b U'W'W1:1J5';i';i:U 

(2) bb 'lJ 'lJ "il1 fl e:J \1 'VI1 \1 fl11:U f)~~ 1:U ~ 'W ~ e:J 'W 'V e:J \1 fl1 'j" b u 'W 1911 bb 'VI 'W i1 2 tJ 'j" ~ b.fl 'VI fl e:J 

bb 'U'U~1f! e:J \I'VI1\Ifl11:U f!~ .fl1 CJ 1 'W (Internal model) bbf! ~ bb u u "i116'1 e:J\I'V11\Ifl'J1:U f) ~.fl1 tJ'W e:J fl'VI~e:J 
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bb'U'U-:6'1~El\lbb?I~\IEJEJn (Expressed model or external model) b"li'W ~\l~b'iJ'W~tJu~~~ ~ry~m~ru 

m'V'I ~n~ru~vh'Vl1\l bb~~~1'V'I~ bU'W!?i''W 
'U 

(3) bb'U'U-:6'1~EJ\I'Vl1\lfl11~fi~ 1~CJ1 i~?l~1\lb U'Wbnrusvl #1\ld bb uu-:6'1~EJ\I'Vl1\lfl11~fi~"VEJ\I 
'U 

'l!n1'V1CJ11"!16'11?1~ (Scientist's model) bb'U'U-:6'1~El\I'Vl1\lfi'J1~fi~"VEJ\Ifl~ (Teacher's model) 
'U 

bb'UU•ih~EJ\I'Vl1\lfl11~fi~"VEJ\1Unb~CJ'W (Student's model) 'WEJmnnd Norman (1983) ~\11oUbnrusvl 

m~i1fi1'W~'J~"VEJ\In~~~\lfl~ 1 'Wn1~bb u\ltJ~~ b.fl'Vl'UEJ\1 bb uu"il1~El\I'V11\Ifl11~fi~EJEJmU'W 3 tJ~~b.fl'Vl • 

(Consensus or social model) bb~~bb'U'U"il1~El\I'Vl1\lfi~'Vl1\IU~~~f'!16'1l?l~ (Historical model) 

(4) bb'U'U-:6'1~EJ\Ie.J~\11'W (Performance model) bb'U'U"il1~El\ln1~b~CJ'Wj (Learning 

model) bb'U'U-:6'1~El\ln1~1~b'Vl~e.J~ (Reasoning model) bb~~bb'U'U-:6'1~El\ln1~E!Elnbb'U'U (Design 

model) ~\ldbb uu-:6'1~El\I'Vl1\lfl11~fi~ 1 'Wbbl?i~~tJ~~ b.fl'Vl~'WEJ ~ nu~~~El\I"VEJ\1 bbl?i~~'U flfl~ 
'U • • 

\1~ b ~'W 1~11 bb uu "i\'1~ EJ\I'Vl1\lfi'J 1~ ?i~tT'W 6'11~1~t1-:6'1 bb 'W n 1~Vl~ 1CJtJ ~~ b.fl'Vl~'W EJ ~ nu 

Vl~mnrusvlvh ~ 'Wm~bb u\1 b ~EJ1 ~?IEJ~fl~mnum1~Vl~1CJ~n~11 11i1'1!?i''Wbb uu"il1~EJ\I'V11\Ifl11~fi~ 1 'W 

m1~Vl~1CJ"VEJ\Im~ CJ b U'Wbb uu"il1~El\lfll1~fi~~bn~~'W.f11CJ 1 'W?I~El\I"VEJ\Ibbl?i~~uflfl~ -u m~CJ'W\1~6'1~1\1 
'U • 

Vl~mb?l~\lfl11~?i~ m1~jl?i1\l 1 ~1iEJ5'U1CJVI~EJ'U~~CJ1CJtJ~1n!Jm~ru'Vl1\lu~~~"ll1~ EJEJnm1'W 

~tJbb uu 1~~tJbb'UUVI-ti\l b"li'W m~u~~mCJ fl1EJ5U1CJ m~11~m'V'I m~b~CJ'Wbbe..J'W~\1 btl'W!?i''W b~El1 ivh 
'U 'U 

fll 1~ b i 11\11 'W b~El\1~ b~CJ 'W #( \ltT'WtJ ~~ b.fl 'V1 "V El\1 bb 'U'U "i\'1~ El \I'Vl1\lfi'J 1~ ?i ~ 1 'W\11'W 1 ~ CJ fl f\ld 1~ bbrl 

bb uu-:6'1~ El\I'V11\IFIJ 1~?i~.f11 CJ 1 'W (Internal model) ~\I b U'W bb uu-:6'1~ EJ\I'Vl1\lfl11~?i~~'l! m~CJ'Wbbl?i~~ 
" fi'W6'1~1\I~'W bb~~bb'U'U-:6'1~El\I'Vl1\lfll1~fi~.f11CJ'WEJnVI~mb'U'U-:6'1~El\lbb?I~\IEJEJn (Expressed model or 

external model) bU'W~\I~'I!m~CJ'Wbb?I~\IEJEJn~1 El1\l\l~btl'Wf'l1'V'I~ ~ru~n~ru bbe..J'W~\1 .f11'V'111~ 
'U " 

~n~ru~vi1'V11\I .f11'V'Ibfi~EJ'W1Vll Vl~EJ~\I~btl'W~tJu~~~ btl'W!?i''W 
'U 

2.4.3 bb '1..!1'V11..:1n1';i1~ bb umhml..:I'V11..:1fi11:JJfi~ 

m~-r~ bb uu "il 1~ EJ\I'V11\IFIJ1~?i~vh 1 ~'Vl~1u bb uu-:6'16lEJ\I'Vl1\lfi11:W?i ~"VEJ\11! n b~CJ'Wl1 

?IEJ~fi~EJ\In'U bb uu-:6' 1~ EJ\I'Vl1\11'VlCJ11"!1?1~~Vl~EJ hJ bbG'l ~ bb uu "i\'16'1 EJ\I'V11\Ifll1:JJ?i~"1JEJ\11Jn b~CJ'WbMCJ1 nu 

bb 'W'Jfi~'Vl1\11'VlCJ11"!1?1l?l~b~EJ\ItT'W 1 bU'WEJ~1\11 ~ ~\l\11nm~Pin~1\11'W1~mMCJ'Jnu15m~bb~~bfi~EJ\IlJEJ 
.yh ~ 'Wn1~l~ bb 'U'U-:6'1~ El\I'Vl1\lfll1:Wfi~'V'I'Ul16'11:J.J1~t1Vh 1~VlmCJ::.JB #1\ld 

2.4.3.1 m~11~~tJ (Drawing) b U'W.f11~1bb 'U'UVI'i1·ml?ibtl'W.f11~1~1:w1 if'l1'V'1~ bbl?ieJ1\l\l~ 
'U 

v111 ~bn~fll1:Wb'ih1\l~~ 1~ 'Wm~~fl11:w #l\ltT'W~\Im~nm~EJ5u1CJ b~~b~:w1 'W~\1~11~ (f'l.fl mru\1'11 . " 
~~'Wm, 2552; eJ1\I~\I\11n Jonassen and Cho, 2008) 
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2.4.3.2 fl1'~ib~tJ'Ubbt:-J'Uc'r\lfl11lJfl~ (Concept map) l~tJ'<il~~1lJ11t"r!~bb'UU'ii'1mNV11\I 

fl111lA~'Ue:J\IU n b~tJ'U hi1~ tJ~'<il 11ru1'<il 1 n bb 'U1A~ bbl?i~~bb ·t.nf1~~iJfl111l b ~e:JlJ ltJ\1 n'W (Chang, 2007; 

eJ1\I()\I'<il1fl PJ.nmru'<il.W .:r!?l'Um, 2552) . "' 

2.4.3.3 fl11i1'1l.nTt~Hl1 (.n1Vi~Ei" ~IlV11-B'tJ1\IPl, 2556) LU'UiBfl11!?111'<il~"El'Ul1Uflb~tJ'UiJ • 
LLuu"il1~e:J\IVJ1\Ifl111lA~ 1 'UL~e:J\I,!'U 1 ~~e:J hJ e:J~1'~ h t~tJtn1lfi'1tn1l 1 ~'l!m~tJ'Ue:J5u1tJe:Je:Jn1l1LU'U 
l"i'1~~~1tJ.n1~1LL~~m11lA~'Ue:J\I!?l'ULe:J\I ~\116m11~ '<il~ 1-ii'm1i11l.n1~ruvh 1 ~~i~tJ 1~-ii'e:JlJ~~iJ 

" " " 
11 tJ~~ LB tJ ~m n n-J1i6~'U 1 LLI?i fl11i11l.fl1~ru'<il ~iJ-ii'e:J L~ tJ ~e:J1-ii' L 1mfle:J'W-il'1\I'U1'U LL~~ L ~111~~11ilu 

mi1l~~"El\lfl11~fl~1~iJ"il1'U1'U1lJ111fl'<il'ULn'UhJ (Harrison and Treagust, 1996; Park and Light, 
' 

2009) ~1"El~1\IL-d'U Harrison and Treagust (1996) 1~~fl~1LL'U'U"il1~"El\IV11\Ifi1111A~'U"El\111m~tJ'U 

t~tJ1 im1i111.n1~ru1 'UL~e:J\Ie:J~!?le:J11 LL~~ llJ L~ n~'U"El\11~~u.ff'Ul1LitJlJ~ n~1tJ~ 2 (1\ltJ~ 4 ~~1'Ufl11 
' 

L~tJ'U1'1J1 LfliJlJ1 LL~1 "El ~1\111 "El tJ~;j\1~1.lJ tJ LL~~ 1~-:r'\J fl116'i\l L~~111 m -ifLL 'U'U"iJ1~"El\11 'U1~~l1\lfl11-.D~ 

n'<il fl111lfl11L~tJ'U fl11~"El'U l~tJfl11i11l.fl1~ru1 iLL 'U'Ui111.n1~ru~\l lfl1\1~~1\l L~1l~'UI~l1tJ fl111 ~~'U6'i1'U 
LL~'Ue:J~~ikwtJ11LL~~LL vi\IL ~~n LLn11 m~tJ'ULL~1m1111m~tJ'Ul1 "Aruf1~11~\I'Ue:J\I L ~~1dVJ1111'<il1ne:J~ 11" " . 
b ~"El1 ~Ufl L~tl'U "ElB'U1tJ LMCJ1 tl'IJ'UtJ1lJ'U"El\I"El~!?l "El1J~~"El"El'U.fl1fl ~~\l'<il1fl,!'U 1 ~11 fl L~tJ'U11~.fl1~"El~!?l"El11 • 
~~e:JlJ nue:J6u1 tJ L ~1?1 t:-J m.J 1~ n e:Ju 'U e:Jn'<il 1 nd m1 Lnu 111111u-ii' e:JlJ~ 1~ tJ m1i111.n1~ruiJ m1'IJ'W'Vini ~t eJ . " 
L~CJ\IL~e:J1 t~H1-ii'e:J11~ 1'WL~\I~fl 

" 
LLuu1~LLuu"il1~e:J\IVJ1\Ifi1111A~ CPJ.nfl1!:1l'<il'l1 .:r!?l'Wm, 2552; ru'?lli~!?l L~e:JV11'U LL~~ 

flru~, 2554; e:J1iJ~~ lJ~"El, 2555; .n1Yi~~ ~ii'VJ1-B'm\IP1, 2556) ~\11~tJ6'i1'U1~ru'<iJ~Ltl'ULLuu-ii'e:J " . "' 

LL~ ~ LL~~\Ifl111l f1~ L i1'W 'U eJ \l!?l'U Le:J\11~ eJ ~ 1\la ~1~ -if eJ fi' 1() 11l 1~ tJ 6'i1'U1 ~qj '<il ~ 1 ~11 n L~tJ'U 11~ 

mwth::;ne:J'Ufl'U L ~tJ'U'U11tJ1tJ"ElB'U1tJ L ~!?lt:-J~ ~\I'U1\Iflf\lfl111 iLL 'U'Ul~LL 'U'IJ"il1~"El\IV11\Ifl11lJA~ 1~tJ 1 ,X 
' 

11m~tJ'U11~.fl1~L ~mL~~\ILL uu"il1~"El\IV11\Ifi1111A~'Ue:J\111n L~tJ'Ue:J1'<iJ-;u::;vh 1 ,XLii~fl1111 L .U11-;u~~ 1 'Ufl11 

~fl111l'Ue:J\1~1-.DtJ 1~ ~\I,!'U\11'Ui~ tJ 1~ tJ6'i1'U 1 ~ru-;u~ 1 iLL 'IJ'Ul~LL 'U'U"iJ1~e:J\IV11\Ifl11lJA~fi1'Ufl1 t!n'Ufl11 
" "' " 

1~t~tJ1-ii'm1irlJ.n1~ruL~11L~lJ1'U~\1~11~ (Park and Light, 2009; Shepardson et al. 2011) 

1'11e:J~1\IL"Ii'U ru'?lli~!?l L~e:JV11'U LL~::;Aru~ (2554) 1~~n~1LLuu"il1~e:J\Ifi1111A~'Ue:J\IUm~tJ'UL~e:J\IW'Uli~ 
LfliJ'Ue:J\I'I!m~tJ'Ui'WirlitJ1l~n~1U~ 4 "il1'W1'U 211 fi'W -;u1nh..:JL~tJ'U.:r~u1~ 5 LL'l-i\1 ~\ILU'W-ii'e:Jfi'1m11 

"' 
tJ~1 tJ Lu ~~1 ,X11~.n1~ LL~ ~ L~tJ'W'U11tJ1 tJ~ ~e:J11 e:J5u 1tJ m~ t.~~tJ 1~ n e:Ju "iJ1'U l'U 10 -ii'e:1 LL~ ~ 
Shepardson et al. (2011) 1~~fl~1 LL uu"i11~ e:J\IV11\Ifi111JA~ L~e:J\ItJ11fl!J n11ru L~e:J'W m~-;u fl'Ue:J\1 

11m~tJ'Ubm~ 7 "il1'W1'U 225 fi'W -;u1n 3 h\IL~tJ'W 1~tJ1-ifLL'U'Ul~LL'U'U"il1~e:J\IV11\Ifi1111A~~LU'W 

1'11e:J~1\I~mum1ruLMmnutJ11fl!Jfl11ruL~e:J'Um~ -;umL~~ 1 ~'l!n L~tJ'W11~m~LL~~ L ~tJ'We:J6u1m ~e:J 1 ~ 
'I! m~tJ'U 1~ LL~~\Ifl111lA~'Ue:J\I!?l'ULe:J\I 
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1 ~ir m~ t.Jt.m5'U1 t1 f11V~ e:J'Uiil1 n6'1 rnu n THLJ~ nTV!'U (;11 ~ 'J1(;l.n Tv'ftJ 1~ na'U fi'1a6'U 1 t1 bb~ ~m1i1:w.n1~ru 

b vi:w b~:w 1(;1 t1 bb 'U'Ul(;l bb 'U'U "ii'1~ e:J\IVJ1\Ifl11:Wfl(;ld~i~ CJ6'1~1\I~'Ubb~~tHut.h\loUe:Jfi'1m:w 1(;1 CJeJ1\I~\I bb~~ 
~ ' 

b tJ~CJ'U b VI CJ'U n'U6'111~:w1V~1~1'U m 1~(;1 m1 b~CJ'U~ bb 'U'U b~CJ'U bb~~ ~ila fl11 'U 11 t.Jl"l11~h1VJ t.1 1~'U~1'U.Iffi\l 
d.9 'U \1 'U dJI 

6'1mu'U~\Ib6'1~:wm16'1e:J'UiVJmm6'1V~~bb~~b Vlfl1 'U 1~v (6'16'1'JVJ.) 

2.5 fi11:JJw.:~we~llil 

2.5.1 fi11:1JVI:IJ1V"lle:J.:ifi11:1JW.:!We:J 1lil 

lil1 n n11~ n~1fl11:WVI:W1CJ"Ue:J\Ifl11:W~\I'We:J 1liJ 1~i:Jm ~fl11:WVI:W1 CJ b~ t./1 tl'Ufl11:1J~\I'We:J 1liJ 
~ 

Wallerstein (1971) mi1TJ1 fl11:W~\I'We:Jh VI:W1t.Jt1\l fll1:W~~n~bn~~'Ubda1~-r'U 
~ 

t:.J~611b ~li!V11:Wfl11:W~\IVI:IJ1CJ bb~ ~fl11:W~\I'We:J h b U'Un1~'U1'Un11VI1\I~V'JlVICJ1~1~6'11:lJ11fi:We:J\Ib i1'U 1~ 
' 

oU(;lbliJ'U bb~6'11:w11flfl1(;lfl~b 'U 1~-:hil'VI~e:J 1~n 1~~U1nm1~\lbnV~'W'l~m1:w"l1e:J\Ifl'U m1~1U~vh 1 ~bn~ 

fl11:W.W\I'We:J hlil~~e:J\1~ n~1Diil ~ t.1 bb~ ~e:J\I~tJ 1~ne:J'U~ b U'U6'11 b VI VI bb vl\lfl1 1:w.W\I'We:J h 
' 

Good ( 1973) n~1TJ1 fl11:W~\I'We:J h Vl:w1t.Jt1\l 6'1.fl1'WVI~e:J1~vl'Ufl11:W~\I'We:J h~bU'Ut:.J~ 

:W11il1nfl11:W6'1'U 11il bb~~ b Iii VI fl~"Ue:J\I'Uflfl~ 
' 

b U'U 1 UV11:W~e:J\In11 

Wolman (1989) n~11'"h fl11:W~\I'We:Jh VI:W1t.Jt1\l fl11:W~~n~ilm1:W6'1"U bdt~1~-r'U 
~ ' 

t:.J~611b~li!V~1:Wfl11:W~\IVI:IJ1CJ fll1:W~e:J\In11 Vl~e:Jbb1\l"il\lh (Motivation) ' ~ 

Glietman (1992) n~11'h fll1:W~\I'We:Jh Ae:J6'1.fl1'Wfl11:W'W~e:J:W~"il~bb6'1~\le:Je:Jn1'U 

~ n~ru~ 1~~ n~ru~VI~ \1 e:J 1"\J b u 'U m 1 CJ t~:w-r'UVI~e:J~ e:J~1'U ~ e:J6'1.fl1'W n11ru'U 1\1 e:J ~1\I"Ue:J\I'Uflfl~VI~e:J ~ \lb~ 
' 

11"lJUru.fiV~CJ6'1fl1'U (2546) 1m~fl11:WVI:W1CJ"Ue:J\Ifl11:W~\I'We:Jh 11VI:W1t.Jt1\l 'We:Jh "Ue:J'Uh 

'W '1 ~ n 11:w b~ m n'U fl11:W~ \I'W a h"U e:J\I:W'U~8Fi e:J m 1:W'W CJ 1 CJ1:W~ "il~"U-.il ~ m 1:w &1 \1 bfl~CJ (;1 Vl~e:J m 1:w 
' 

m:n'Um~11CJ Vl~e:J.fl11~1~1~(;l~CJ.n1'Wb'U~1\In1t.J 6fi\lbda:w'U~8'6'11:w11fi"U~~~\1~1\I ., vi'\ln~11 1~ 
' ' I 

bb~1:w'U~8~t~:w 1~-r'Ufl11:w~\I'We:J 11il1 'U~\I~V~'U~t~\lm1 
' 

.ni1'UVJ4 vl:w'W'Ut5~1\l (2547) 1~6'11tJ-J1 m1:w~\I'We:J b"ilbtl'Um1:w~~n~i:l~e:J~\11~~\IVI~\I \I 'l , , '\1 

6fi\lb U'U 1 tJ1~~\IVJ1\I'U1 n bb~~VJ1\I~'U bb~tl1 bdt~ 1~~~\1,1'U6'11:w11fiV~ e:J'U6'1'Ue:J\Ifl1 1:w ~ e:J\1 m1VI~t~vh 1 ~ 
'U11~~~*VI:W1CJ 1v1 n~U~bn(;lfl11:wi~nVJ1\I'U1 mbV~1 'UVI1\IV~1\In'U-b'1:w t1'1~\IL(;l6'1~1\lm1:wi~n~~wr\11~ 
'U11~1il(;l~\IVI:w1CJ n"il~vh 1 ~btl(;lfl11:W~~nVJ1\I~'Ub U'Ufl11:W~~n 1~~\I'We:J L"il 

'I q , 'U 'U 
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~'Nb ~"IJ".J ~'J".J".JU!"IJ1~ (2553) fl~1'Jl1 fn1~'*~~€1 1~ V1~1tJfi~ fi'J1~~~fl~~"IJ€J~'Uflf'l~ 
' 'V ' 

~iJ~eJ~~~h~ 1 ~b "1.111~-rubb~~m~n'UA'J1~1'i'eJ~m".JVI~eJm1~m~VI1~~f'l'J".J~~b D'U 

~1flf'l11~VImtJ~fl~11~1~".l'IJ1~11 m1~'*~~€1 h Vl~1tJfi~ f'l11~~~ni1n?i~ Vl1m~\>lf'l~ 
' 'V 

"1.1€1~'\.J ~"~ fl~i1~ f)~~ 1~ ~~VI~~ ~~ b D'W 1 u1~.Jr~Vl1~'U'J n bb~ ~Vl1~~u bb~ ~ 1 'U ~1'Ul ~ tJ f'l~~der1 ~ tJli~ b u'W 
' 'V ' 

m1~~€l'U 1"111~'*~~€1 h"l.l€1~11 m~tJ'U~iJ ~ €1 fl1".l~~ n~ fl".l".l~ m".l b~t!'U ~bb 'U 'U~'U b~1~VI1 1"111~~ 5 ~'W 
'V 'V 

q i.l q Q)' ..::::.....:::.. ff il 0 .:::to 

fl1".lb ".ltJ'U~m~ bb 'U'JVl~~!l f'leJ'U~\>l".lf'l m~\>1 bb~ ~~1'U m".l€1€1 n bb 'U'U bb 'U'U~1~ eJ~fl11~f'l~ 

2.5.2 n1'l1~f'l113JoW.:J~B1lil 

~'UVl".l ~~u'11th~ (2555) mhTJ1 m".l1~f'l11~'*~~€1 h~~-r~ 1 'Wb~eJ~1~,!'W~m.Jbb\>lfl~1~ 
' 

n'W 1 um:w1\>lt~'IJ".J~~~fi"IJB~er~~~~n~1 ~~m5~iJm.J 1 in'U ~~dfi€1 
' 'V 

( 1) fl1".J?f~.m~ru i5der~fl~1~~iJ bb 'U'U?f~.rn~ru~iJfi'1m~ ~~ 1~-r'U fl1".JV1~~€J'UVI1f'l'J1~ 
'V 

d d~vo v fftv • 

b VltJ~\>l".l~ bb~~f'l11~ b "l.leJ~'U bbm Vl1 m".l~wn~ru fl'l~m eJ tJ1~ 

(2) m".l1oUbb'U'U~eJum~ bD'Wi5~iJerutJ~1imn~~~ iJ~n~ru~btlw•hm~~1~Vl~~eJ'U 
'V ' 

(3) i5m".l 1 i bb 'U'U~ eJ'U m~i5m".ld ~~ b D'W fl1".l 1 i bb 'U'U ~eJ'Um~~i1-ii'Bfi'1eJ5'U1tJ 11€1 ~1~ 
b~ tJ'U ~f) tJ b ~f) 1 ~er (>] €1'\.J Vl fl fi'U (>] fJ'U~ 1 bb 'U'U bb~'U b~ tJJ tl'U iJ n1-lil 'U mru ~ ~ f).:j fl1".J-ii' f)~~~ 1 fl fl1".Jci~ cu , cu , 

1'11€1~1~"ii'1'W1'W~1n ., i5db tl'Wi5~iJtJ~ 1in'W~1n~~~ 1 'W m".l1m1flf'Wfl~".l'IJ bb 'U'U"I.IeJ~bb uu~Bum~~~ 
I ' 'V 

1imm11~Vi'flf'Uf'l~ ~~~iJtJ~1-ii1'WU~~U'Wl5VI~~ fiB m\>l".l1ci'J'Ubb'U'U~bMV1 (Likert rating scales) 

'IJ".l~n eJ'U ~1 tJoU eJ m 1~~ bb~~~fi~Vi'flf'Wf'l ~"1.1€1~'\.J A A~~ iJ ~ €1~~ b ~1€1 ~1~ 1~ eJ ~1~VI~~ bb~ ~iJ fi'1 \>1 eJ'U ~ 
' . . 

bb~~~fi~".l~~'Uf'l11~~~fl 5 fl1\>leJ'U b"li'W mnVi~~ ~1n 'IJ1'Wflm~ UeJtJ UeJtJVi~~ 
'V ' ' 

'W:a\>1 ~VIE~ ~tl! (2550) 1~ €1 5u 1 t!f'l 11~VI~ 1 t!"l.l €1~ bf'l ~eJ~ii €11 ~~ ~ ~ m".lmb 'U'U~1\>l ".l 
'IJ".l~mru roh'i1 :W1\>l ".l'IJ ".l~m ru f'11 b tJ 'W bf'l ~eJ~ii €1~1 i1 ~ f'l ru ~ n~ru~iJ ?I tJVI~€1~ n~ru~~ \>llVl tJ1 b "li'W 

' 
m1:w?i~b~'U f'11iJt1:w f'l11:W~'Wh m".lurul9i''J btl'W~'W 

(1) ".l'IJ bb 'U'U"I.I€1~:W1\>l".i'IJ".l~:w1ruf'11 iJV!mtJ".l'IJbb 'U'U ~~d 
'V 'V 

(1.1) :W1\>l".JU".l~:W1ruf'11bb'U'U'U".l".lt11t1 (Descriptive rating scales) btl'Ufl1".l1i 
i.l V di.l .<::\ C:!i V I I .::1 J..l Q.l Q.1 .r::::t, 

"l.leJf'l'J 1:wu eJ m~~'UVl~ \>1 eJ'U~~~~ 1 ".lru 1 b~ eJ n \>1 eJ'U m eJ t1 1~ b "I.I'U fl1".lb ".l tJ'U ".JVI~ n m ".l'J ~ bb~ ~'IJ".l~ b:W'U~ ~ 
'V 

m".l~fl~1i1'1J".l~bt1"1.1tJ~€1f'l~ () b~'W~'Jt!€1~1~~~ () b~'W~1t1 () 1libb'Wb~ () 1lib~'W~1t1 () 1lib~'W~1t1 

(1.2) m\>l".JU".l~mruf'11bb'U'UI'i''Jb~"l.l (Numerical rating scales) btl'Wm".l1il9i''Jb~"l.l 
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m1Pim~nih.J1:::LEJ"UU!?ie:JA1 54 3 2 1 (5 'Vl~1E.Jtl-:J bi1'W~'JEJEJ~1-:~~-:~ 4 'Vl~1E.Jtl-:Jbi1'W~'JEJ 3 'Vl~1E.Jtl-:J 
'U 

1lJbb'Wblil 2 'Vl~1E.Jtl-:J 1lJbi1'W~'JEJ 1 'VllJ1E.Jtl-:J 1lJbi1'W~'JEJEJ~1-:J~-:J) 

(1.3) ~1~1'\.h:::~1Wfl1bb'U'Ub~'W'Vl1Bm1Yl (Graphic rating scales) b'U'Wn111-ff 

b~'W ~ 1-:1 bb u-:~ b "U~'Iie:J-:~ue:J m:::~u m1 b~EJ n~ B'U ~1 B ~ 1-:1 b 'li'W m1 b~ EJ'W ~Vli:i' n m11' ~ bb~::: f111'\..h::: bi'i'Ue.~ ~ 
'U 

m1Pim~1~h.h::: tEJ"U'li!?iBA1bi1'W~'JEJB~1-:~~-:~ hi b i1'W~'JEJB~1-:~~-:~ 
'U 

(1.4) ~1m'th:::~1rufi1bb'U'U1off~qJi:i'nl'Jru (Symbolic rating scales) b'U'Wm11-ff 

~rui:i' nl'Jruue:Jm:::~u~~ ~ EJUOJ :::vhn1ru1 b~ B n ~Bu ~rui:i' nl'Jrum -ffmlil b tl'W~'J anl'J1'Vl~B b tJ'W1tlm~ 
QJ \1 Q.l \l 

(1.5) n11~~ B'W~'U (Ranking) b U'Um11 off~1 b~"ll bb?I~-:Jn11 b~EJ-:J~1~'Ufl'J1~~1~qj 

'Vl~B1 ~~~b~EJ-:J1'VllJ ~'JEJ~1-:Jb'li'W ~-:J~~1~qj~~~ 1 'W~i~ 1~bbrl 

(1.5.1) .n11m I ?11:iJ 

( 1.5.2) ~'J bEl-:! 

( 1.5.3) umbb~:-.:~11~1 

( 1.5.4) um 
' 

( 1.5.5) qj1~ 

( 1.5.6) 
.. 
b~B'W 

1tl bb uu~1m'th:::m ruri1rl'Vl1nfl1'Vl'W~b U'Wfl11~~~n m1~f1~ b i1'W blil~fl~ 
'U 'U 

'Vl~a~n~ m1~1 'W b~-:J?ItJ'U?I'W'W'Vl~EJ 1~?1tJ'U?I'W'W"Ii'am1~,!'W n1'Vl'W~ri'1~EJ'U b tl'W 5 1:::~u b tl'Wm1 ., ' ' 
tl1:::~1Wfl1"118-:J~hfi{VJ (Likert rating scale) 'Vl1nrl1'Vl'W~rl1f1WPl~v1~:iJm1~'VlmEJ~1-:Jtl'WoV1~L~EJ:iJ 

fl1'Vl~B~'J b~"ll bb?l~-:~1:-.:~u~ n~ n 11~~-:~ bb!?i ~ 1?1~ 1 tJ lil'W tl-:J?I-:1?1~ b U'W n 11tl 1:::~1ru rl1"11B-:JEJ EJ?I n~ .. 1 'I 'U 'I 'U 

(Osgood) 'Vl~e:Ji5'Vl1fl'J1~bb~n!?i1-:J"Il8-:Jfl'J1~'Vl~1V (Sematic differential scale) 

(2) m1?1~1-:1~1~1tl1:::~1rufi1 :iJbb'W1tllJu~ ~-:~rl 

(2.1) n1'Vl'W~i:i'nl'Jru:;"Ua-:~~..:rVi~a-:~m11~ 'Vl1a~111il?lau 

(2.2) n1'Vl'W~~~~m1~~1il:::u-:~off 'Vl~mb?I~-:Jf1rui:i'nl'Jru:::'IJa-:~~-:~~~a-:~mT1~ 
(2.3) b~amtlbb'U'U'IJEJ-:Jm~11611'Wtl1:::~1ruri1 

'U 

(2.4) b~EJ'WoVBm1~~bb?l~-:~~~~m1~'Vl~af1rui:i'nl'Jru:::'IJa-:~~-:~~~EJ-:~m11~ 

(2.5) ~1'Jiil ?IEJ'UoVEJ fl'J1~~b ~E.l'Wl1-ir~ blil'W'Vl~a 1~ ~1sii'EJ'U nu 11E.lf1115'W'Vl~EJ 1~ bb~'J 
~~b~EJ-:JoVEJfl'J1~~1~~1~'Un11n1:::vi1'Vl1EJ~'l~n11~ 

(2.6) ·t,h 1 tlVJ~~m 1 offbb~:::tJ1'utl1~bbm 'U 
' 

(3) .Va~'IJEJ~m~11tl1:::mrurh 

(3.1) 1 "li'tl1:::d1'Wf1Wi:i'nl'Jru:::'Vl~EJ 1 "li'tJ1:::nBum1~~bn~~'l~ n11~ 1~EJ~1~~:::bBEJ~ 
(3.2) e.~~ m1tl1:::bi1'W?I1~11tl'W11 tltl1'utl~~~'l~n11:W 'Vl~Bf1rui:i'nl'Jrud'~ 1~ 



. 
i 

(4) ie:J"ihtlV~"1.1e:J\11!1mtl~:::lJ1rufh 

( 4.1) iBfl'1ml!Ji'e:J'I-iJV~blil'Wiit:~:::tT'Wiil:::vh 1 ~~e:Jm11!'Vl1!1f.l hil?l~\ln'W 

( 4.2) m~'W"il1~ru11'i'V~~'W 1"ilu1\lfl#\lvh 1~mn 
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m~1V~fl111JoW\I~e:J 1"il~1'Vl~'IJ\11'W1~f.l 1 'Wfl#\ld ~1~ f.! 1-&"1-&'bb 'IJ'U?fe:J'Utnl!m11JoW\I 
'IJ 

~e:J1"iJ~e:Jm~~VIn1~b~f.l'W~ ~\lbU'Wbb'IJ'IJ.!JV~mm1~1'Wtl~:::lJ1rufh-ue:J\I~hfH'Vl (Likert rating scale) 
'IJ 

5 ~:::vi'u LV~f.lijbnru~m~bb tl~whf11111'Vl111f.lfl:::bb 'W'Wbb uu.!JV~ vi'\ld 

4.51 - 5.00 'Vl111f.l~\l ~:::vi'um11JoW\I~e:J1"il111n~~V~ 

3.51 - 4.50 'Vl111f.l~\l ~:::vi'ufl1111oW\I~e:J1"il111n 

2.51 - 3.50 'Vl111f.l~\l ~:::vl'Ufl111JoW\I~Bht11'Wm=n\l 

1.51 - 2.5o 'Vl111f.J~\I ~:::vrufl111JoW\I~e:Jhue:Jf.l 

too - 1.5o 'Vl111f.J~\I ~:::vrufl1111oW\I~e:Jhue:Jf.l~~VI 

~~ .dd II 

2.6 .:11'1.J'J"il£J'VItm.11'1lv\l 

2.6.1 .:11'LI1~v~t~v'Jii'v.:~num-a~V~nTn~v'W~~vliittuu"ih~e:~.:~'VI1.:1fl'J1~fi~ 

PJ.fl mru"il.U ~l?l'I.Jn1 (2552) m~~n~1bb uu"il1fle:J\I'VI1\Ifl1111fiV~ bbf1:::f11111b ·ih 1"iln~~11"111~ ' ... 
"lle:J\IbbU'IJ"iJ1fle:J\I"lle:J\IUm~f.l'U~:::vi'ui'WlYnf.l11~n~1U~ 51'Ub~e:J\ImV~-bU?f t:.Jflm~1~f.l~'Ul1 1) 'l!m~f.l'W 
~1'W 1 'Vlruij bb uu "il1fle:J\I'VI1\Ifl1111fiV~~?t e:JV~fl~e:J\Inu bb uu"il1f1e:J\Iflru?t11u~1V~ m~h 1 ti"Ue:J\1 mV~-b u?t'Vl~eJ ... ' 
b tl'W G¥ry ~ n~ru-u eJ\1 n ~V~-b u ?t bbrl :::iju 1\1~1'W~ r1 11?1 eJ'U "U eJ\IU n b~ tJ'W hJ ?t eJ V~ f1 ~ eJ \1 nu bb u u 1il1f1 eJ \1 

b "il-:~1'VImP~1?fl?l~ 2) '!! n b~f.l'W~\I?feJ-:~mru~ n~1ijm~'WI'!J'W1 bb uu"il1fl eJ\I'VI1\Ifl1111fiV~1 ~?feJV~A~ eJ-:~nu 
bb uu "il1fl eJ\1 b "il-:~1'Vl f.l1P11?f 1?1 ~11 1 n~'U 'Vl~\l"il 1n~'l! n b~f.l'l.J 1111 b~ tJ'W b~eJ\In ~V~-b u?t1 'W~eJ\1 b~ f.! 'Uti n ~ bb~ 1 

3) 'l!n b~f.l'W~1'W 1 V!'1Jijm111b oU1L"il b~f.l1n'U bb uu"il1rleJ\I?feJV~fl~eJ\In'Uf11111b -li1 h b "il-:~1'Vlf.l1P11?fl?l~ bb~ fllj 

'l!n b~f.l'W'U1\1~1'W~ijm 111b oV1b"il hJ?teJV~A~ eJ\1 LV~ f.! b -li11 "ill1 bb uu "il1rleJ\Ib tl'W~\I~rleJ m~ tJ'Ubb u 'U111"il1 n 

"UeJ\I"il~\1 ij~n~ru::: b 'VlijeJ'W"UeJ\I"il~\I'Vlntl~:::m~ bb uu"i1'1rJeJ\I hJ?t1111'HlL -if/. 'W m~vJ1'U1 f.lt:.JrJm~'Vl~fleJ\11111 
' 

bbrl:::bb uu"il1rleJ\I?f1111~(11 mm 'WVJn 1 mrifuiijolieJ"il1nV~ 

"lli'tlJ"Ii'Wn ntytlJ1'VleJ\I (2553) 1111Pin~11'11 bb 'Vl'Wfl1111fiV~ b~eJ-:~ ?t11u~ b "il-:~nrJ"UeJ\I"UeJ\IbV!rl1 

neJ'U ~:::'Vl'J1\I bbrJ:::'Vl~\11111~un"ilm~11m~b~f.l'Wm~?feJ'W~1f.l1"111l'l~mf lV~f.!L~fi Predict-Observe­

Explain (POE) "UeJ\IUnb~f.l'Wi'WlYnf.l11Pin~1U~ 5l~\lb~f.l'WnV~"UeJ'Ubbn'W1'Vlf.l1f111 B1bfleJ.flbif.l-:~ 
' 'IJ 

~-:~'Vl1 VI "U e1 'Ubb n 'U ~ u -h u m~ f.) 'U 1111ij m ~-w \9!J 'U 1111 'U 11 ~ ~ ?f e1 VI fl ~ e1-:~ nu 1'1 1 bb 'VI 'U f11111 fi VI"U e1-:~ 

'!! n1 'VI f.! 1 Pl1 ?f 1?1 ~ b ~11~'W eJ ~ 1\1 b ~'W 1111-ir VI b tJ 'W t:.J rJL ~ 1'1 1 bb 'VI'W f11111 fi V~ 'Vl~\1 b~ f.! 'W "U eJ\1'1! n b ~ f.l'Wi1 m 111 

bbl?l n~1-:~n'WUeJf.lfl\l bbrJ:::'l! m~f.l'W~1 'W 1 Vl'1J fieJtl~:::mru~eJf.Jfl::: 90 i11'11 bb 'VI'U m111fiV~~?feJV~A~eJ-:~nu 
1'11 bb 'Vl'Wfl111JfiV~-ueJ\IUn 1'Vlf.l1Pll?fl?l ~ 
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' ' 
ru"J1.fl'HU 'U runliJ (2553) Pin~1~'m VI'Url11~A\?l"IJ8..:Jii' f)b~tJ'U bn tJ1 tl'U b~8..:! bb6'1..:Jrl8'Ubb~~ 

' " 
Vl~..:Jnlilm"J~m"Jb~tJ'Um"J6'18'U 111ltJ1.ffi5 POE n~mu 1Vl~1mtluii'm~tJu~uif5tJ~Pim~ntJ~ 5/1 

' 
1 'J..:Jb~tJ'Ubbrl~U6'1'UiVItJ1rl~ Vl~..:!lil1f1n1'J'<ill1lnlilm'J~n1'Jb~tJ'Un1'J6'18'U 111ltJ1 -ffi5 POE ~u-;h 1 'Ubb~~~ 

b~ 8 ..:~ ~ vh n 1 "J Pin ~1 ii' n b~ tJ u ~ 1 u 1 Vl qJ ii ~ 1 bb VI u r111 ~A 1?1 ~ 6'1 8 1?1 r1 ~ 8 ..:~ 1?11 ~ ~ 1 bb VI u r111 ~A 1?1 

., "" <{ 

'Un'JVICJ11"!16'1\?11 

6'1..:Jf111'U~ ~~l"!~bdh (2553) 1~Pin~1~1bbVI'Um1~AI?l"ll8..:Jii'm~tJ'U 111ltJibfl'J1~~-rr8~~ 
~ ~ 

lil1nm"J~?J8'Ubb'U'U6'18'Um~tlmmtJI?l"IJ8..:J'I!m~tJ'Ub~8..:J"IJ8..:J1Vl~ Hi'bbn m1~Vl'U1bbtl'U r111~~'U m1~ 

~..:~~'hbb~~r111~Vl-w\?l bb~~m'JG1~n1~ruii'm~tJ'Ub~~b~~ 111ltJm"J1.ff"Jtlbb'U'Um"J6'18'Ubb'U'U POE ~u11 
~ 

'I! m~tJuii ~1 bb VI'U m1~ A\11~6'181?1 r1 ~ 8..:1 nu ~1 bb VI'U r111~AI?l"ll 8-:Jii' niVI tJ11"116'11?1~~1~~'U n1'J b ~8 ~8 11?1 tJ 

'l!n b~tJuii"il1'U1'U n~~~1 bb VI'U m1~AI?l'Vl~..:J b~tJ'U'!J 8 tJ~..:J bb~ ~ 1 'U'U1..:J b~8..:~'1! n b~tJuii ~1 bb VI'Url11~AI?l~ 
' 

m..:~nu~1 bb VI'Um1~AI?l"ll8..:Jii' niVI tJ11"!16'11?l~~hHu n1'Jb~8~8 11?1 tJi! n b~tJ'U 1~~8~1 bb VI'Url11~AI?l 

Vl~..:Jb~tJ'U"Il8..:J'I! n b~ tJ'U88f1~11~m..:~~?J1~~1 bb VI'Ur111~ A\11"118-:Jii' niVI tl11"!16'1~?~{~1~~'U n1'Jb ~8 ~8m n~'U 
~ ' 

ru"lili'll?l bii 8VI1'U (2557) Pi n~1 m "JWWJ u 1 bb uu "il1~ 8..:!r111~AI1l b~8..:!W'U5~br1ii"ll 8 ..:~ 

'l!m~tJu~uif5tJ~Pin~1u~ 4 ~1 tJn~ m"J~m"Jb~tJunl?ltJ1 ibb uu"il1~ 8..:~ b tlwa1u 111lmb ti..:~88mtlu 
~ ~ 

2 "J~tJ~ ~8 "J~tJ~~ 1 bV'Um"Ji'<iltJb~..:J~1"J11ilb~8Pin~1bb'U'U"iJ1~8..:Jrl'J1~AI?l"ll8..:Jii'm~tJ'U~'U 

iJ6tJ~Pin~1tJ~ 4 ~~1'Un1'Jb~tJ'Ub-d8Vl1b~8..:JW'U5~bflii~1bb~1 "il1'U1'U 211 fl'U .fl1flb~tJ'U~ 2 

um"JPin~1 2551 lil1nb..:~b~tJ'UiJ5tJ~Pin~1 5 b..:~b~tJ'U 61..:~n\?1~1'1!n..:~1'Ub"lll?l~'U~m"JPin~1 

eJ1'U11ilblil~qJ bb~~"1'1!n..:~1'Ub"lll?l~'U~n1"JPin~1~'U~"J1"1151.U b"lll?l 21~~11il1f1n1'Jb~8f1bb'U'U"il1b~1~ 
blil1~1il..:~ "J~tJ~~ 2 bV'Um"Ji:iltJPin~1b~~1~mru b~8Pin~1m"Jww.J'U1bb'U'U"il1~8..:~m1~AI?lb~8..:~wu5~ 
bflii"ll8..:~'1!n b~tJ'U~'Uif5tJ~Pi n~1tJ~ 4 dj8 b~tJ'U~1tJnliln"J"J~n1"Jb~ tJ'Unl?ltJ 1 ibb uu"il1~8..:JbV'U~1u 

~ ~ 

n~~~Pin~1~8 'l!m~tJ'U~'Uif5tJ~Pin~1U~ 4 "il1'U1'U 39 fl'U 1umrJb~tJ'U~ 1 um"JPin~1 2552 "118..:1 

1 "J..:Jb~tJuiJ5E.J~Pi n~1bbvJ..:JVt~..:~ 61..:~nl?l~1'1! n..:~1u b "ll~?J~'U m"JPi n~1eJ1'U11il b ~~ru hi'~1~1n m1 b~ 8 n bb uu 
" 

"il1b~1~blil1~~..:~ ~~m1i~E.J1~E.J~~ 1 ~u11 'l!m~E.J'U~1u1Vtruiibbuu"il1~8..:~m1~f11?1~6'1~u1rubb~ 
" ~ 

hJ()nl'i'8..:~ 11?1 m~~1~ bb 'U1AI?l~ii'm~E.J'Uiibb uu"il1~8..:Jr111~AI1lffil.i()nl'i'8..:~mn~6'11?1 ~8 bb 'U1AI?l bMmnu 
~ ~ ' 

f11'J'U11 i"Jvh"IJ8..:J6'11"Jtl"J~f18'U 1888Uf1 bb "J..:J~\?lb Vl~E.!11~Vl11..:~ 1~b~ ~~ bb~~f11'Jbtl\?1W'U5~ 1~Vl~ bb~~ 

~~ m1i:il tJ'J~ E.J~~ 2 ~u11n8'U m"J:il'l?l il~ m"J~'I! m~E.J'U~1'U 1 Vtqjii bb uu"il1~8..:Jr111~AI?l~1l.i () nl'i'8..:~ 
~ 

111lm~~1~bb 'U1AI?lb~8..:Jn11t111 i"'f:l1"1J8..:16'11"Jtl "J~f18'U 1888Uf1 6'1.fl1~~11~b~ ~~ f111btl\?1W'U5~ 1888Un 

bb~~ bb 1..:1~1?1 b Vl~E.!11~Vl11..:~ L~b~ ~~ b~8ii' m~E.J'U 1~b~E.J'U~1E.J il~ m1~n11b~E.J'Ui11?1E.J 1 offbb uu"il1~8..:Jb tlu 
~1u~~..:Jb6'1~~ 1 ~'l!n b~tJu 1~6'1~1-:Jbb uu"il1~8..:~m1~AI1l tJ "J~ biJ'Ubb uu"ii'1~8..:!r111~AI1l~6'1~1..:~~u~1 E.J 

il~m'J~~~..:~ii8tJ~llii~~..:~bb~~~8~iim"Jb ~8~ 1E.J..:~m1b tJ~ E.J'Ubb t1 ~..:~m..:~bflffi u 3 1~~u tJ~ut11..:~bbm "11 
' 
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a~1-:~~-:Jbb 'U'J~~ b~a-:~ bfl';}-:J?f~1-:J'lJa-:~?t1'nJ';J~ n au 1aaa'Wn n1';JU11 'V'Jvh'lJa-:J?f1';}U';l~ nau 1aaaiJ n 

n1';lbn~~'U'o~ bflb1b!;'l'Uv1 bb!;'l~n1';JU11 'V'J~1'l1a-:~1mll~ 
.c::::a.Q.Idd II Q.l Q.l .c::t .,,d I Q.l Q.l 

2.6.2 ~1'1J1~ti'VItntl1'tleJ·mum-a~~nTn ·w'Ua t -ae:~-:~ n1'H:t1ti'VIe:J~~n~ru::'V11~W'IJ~m-a1! 

1l"lh:u11 b~hJb\91"1!1~l"l-:JPi (2550; Lewis and Kattmann, 2004) 1J\'v'hm';lf.im~1fl11:U 

b •ih h~'Ulifll1?1 \91 i'V a-:~11 m~ti'Ub~a-:~~ n'l'}ru~'V11-:J~'Uim ';l';l:U ~'U a'UJl1floUa:U!;'l'VI1-:J~'U um';l:u 1~ t~1Jl 
q , , \1 , 

vhn1';1Pin'l'}1tl'UtJnb~ti'U"1!11Wa';JJJ'U~1'U1'U 10 fl'U a1t1 15-19 tJ1~t~1-&'15m';l~:UJl1'l'}tU 
' 

(:.1!;1 m';lf.i n'l'}1l"l'Ul1tJn b~t~'U"il1'U1'U:lJ1niJ bb 'U1fl11:U~~11~'UiJ'lJ'U1~b~n b U'Ua'UJl1fl ~-:~ bb 'U1fl11:U~~ 
' 

b VIGhdm:u:u~~1 n~fl11:U?I1:lJ1';Jfl'lJa-:~11 n b~ti'U 1 'Un1';l~~'U1fl11:Ub .U11 :U'V11-:J1Vl tl1fll1?t\9li ~1a~1-:Jb 'li'U 

51 ~'Ub U'U~n'l'}ru~Vl1-:J~'Ulin1';l:UtJ m~t~'Utl1lJ?t1:lJ1';Jfl bbtl m~VIl1-:J~b 'U 1 V11J nu~Jb 'U 1 VlU bb!;'l~ 1lJiifl11:U 
' 

"il1bU'U~a-:~'W:u1';lru1n!;11nm';lvh-:~1'U'lJa-:J~'U~iJ~a~1 'U1 VJU 

Peter Akinsola Okebukola (1990) 1J\'1-&'n1';l?la'Ubb'U'U1-&'bb(:.J'Uer-:~:u1'U:u~1w~a-:~ 

~'Uqm';l:u l"l'Ul1 1.Tm~t~'Uiim1:u~~b -M'U11~'Uqfll1?tl9li11 b U'Ub daVJ1~tl1nbb!;'l~iJm1:usii'u~a'U ~-:JbU'U 
b~a-:~ tl1 n 1 'U m ';l b~ ti'U b~ a1' ~(:.J!;'l~:U~Vl~Vl1-:J n 1';1 b~ ti'U 1 'U b d aVJ1 b~a-:~ m ';lri 1 t1 Vl a~~ n'l'}ru::: Vl1-:J~'Ui~m';l:u 

nii(:.J!;'l~:u~VJ~Vl1-:Jm';Jb~t~'U~1 n'i1 bnruGVi b~a b 'l111m o&'m';l?ta'Ubb u'U 1 ier-:~fl11:ufi~m1 o&'VJ~!;'la-:~nu 

tTm~ti'U 138 fl'U l"l'Ul1 tTm~ti'U 63 fl'U?I1:lJ1';Jflvl1bb'U'UV1~61a'U1'~m1:uboU'1hb~a-:~~'Ulif1161\9lTIJI 
' 

~n11irm~t~'Un~:ufl'J'U~:u Jl'Jt~fl~bb'U'U t (136) = 16.01, p < 0.001 a~1-:~ii1.Tmh~'~ 

~1';l';lru1 ~ru~'U (2550) 1J\'Pin'l'}1n1';l~~'U1(:.J!;'l~:U~Vl~Vl1-:Jm';lb~ti'U1"111~b1Vlt~1 b~a-:~ 

n1';lbb DWII!;'l~ 1~t~1 i"l!~ n1';161a'U bb 'U'U~a'IJ';J~?I:u n~:u~1 a ~1-:Jb U'UtJ m~t~'U.ff'U~lw:uf.in'l'}1U~ 4 
' ' 

h-:~ b~ti'U m::: bb"II-:J1Vl tl1 'fl1 bila tl'UVl';l~ n~ ~-:~VJ1' ~fll~?t::: bn'l'} :u1n m';l;;.1n'l'}1l"l'Ul1 (:.1!;161:U~Vl~Vl1-:Jn1';J 

b~ti'U'l1a-:~11m~ti'UVI~-:Jb~ti'U~-:~n11na'Ub~ti'U 1~t~iiri1bu~ti'Va-:Jfl11:Utl11VI111~atl!;'l::: 3 7.84 bb!;'l:::fl1 t-
' ' ' 

test bvhn'U 13.79 61hiiirt~~1A~Vl1-:J?t~~vh:::~'U 0.01 6'11'Um1:ufi~b-M'U'l1a-:~11m~t~'UV1iJ~anTH~ti'U 

n1';161a'U 1~t~1 i~~n1';161a'Ubb 'U'U~a'IJ';l:::?t:u iiri1a~ 1 'U';l:::~umn fivlb'U'Ufl1bu~tl~am'l::: 50.86 

Pi~l"l';l';lru fll~'J';l';Jru'J-:~~ (2553) Pin'l'}1fl11:Ub .U1h:u 1 'U:u~1Vlt~1fll161\9l~ b~a-:~ m';lri1t~Vla~ 

~ n'l'}ru:::VJ1-:J'W'Uqm';l:u 'Va-:~11 m~t~'U.ff'UJJ'ut~:u~ n'l'}1U~ 6 b~a 1 i~Vlufll161!?11m';l?ta'Ub ~m u~ ti'U:U 1 'U:u&i 

l"l'Ul1 fl~bb 'U'Ubu~ t1'Va-:~m1:u b .U1 h:u 1 'U:U~V11-:J1Vlt~1fll161\9l{ iim1:u bb\9ln~1-:Jtl'U a~1-:~iiirm:f1A'ru~ 
';l~~u 0.01 1~t~~fl::: bb 'U'Ubu~ tiVI~-:Jb~ti'U ~ -:~n11fl::: bb 'U'U bu~ t1 ria'U b~ti'U ';l~~u m1:u b .U11:u:u 1 'U~~ 
1Vltl1fll16119li'l1a-:~11m~t~'U iJ~ n'l'}ru~fl11:Ub .U1 h:u 1 'U:u~1 'U';J~~'U~~n~a-:~:u1 n ~-:~~'U bb!;'l:::iifl'Jl:Ub .U11:u 

:u 1 'U:U&i~fl !;11~ bfl~ a'U!;'l ~ !;1-:J bb!;'l::: n1';lb 'lJ ~ ti'U bb 'lJ !;'l-:Jfl11:U b .U1 h:u 1 'U:U~V11-:J1Vl tl1 fll161\9l { VJ~-:~:u 1 n 1 i 
~'VIlifll161\9lin1';161a'Ub~€lb U~ti'U:U 1 'U:U~'Va-:1 Hewson & Hewson (2003) :U1n~1'U1'UUnb~ti'U~-:JVI:U~ 
42 fl'U ii11m~t~'U"il1'U1'U 37 fl'U~iJm';lbU~ti'UbbU!;'l-:J:U1'U:u~VJ1-:J1Vlt~1fll161\9l{ :U1nfl11:UboU11:u 

fl!;11~bfl~a'U 1 'IJ?ifl11:Ub .U1h~t~n~a-:~ 
'U 'U 
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ur~~m U1tJ?Iiil'l ~ (2555) 11'1~ m~n n1'~ b '\J~ tJ't.!bb U(;'l,:JlJ t 'UlJ&iVJ1,:Jl'V1 tJ11"11?11'1 ibb(;'l~fl11lJ .... 

b~m~tJ1rl'Ubb ':i,:J~.:~1~ b~eJ,:j m':imJ,:Jb61J(;'l~ "l.feJ,:JtJm~tJ'W.ffwYutJlJ~m~ntJ~ 4 bdB1-il'tJ'VlM1?tl?lim':i?IB'W 
~ ' 

b~m'\J~tJ'WbbU(;'l,:JlJ1'WlJ&i "l.f€J,:J Hewson and Hewson (2003) bb{;'t~~n~1fl11lJi1lJ-w'Wlh~vd1,:Jf111lJ 

b~m~tJ1tl'U bb ':i,:J~,:Jhnum':ibU~tJ'WbbU(;'l,:JlJ 1 'Wl.l&i wu-J1 11m~tJ'Wi1n1':ibU~CJ'Wbb '\J(;'l.:JlJ 1 'Wl.l~ b~€1-:J m':i 
~ 

fi'W (22.92%) 1~CJ'VI~.:Jb~CJ'W1Jm~CJ'W~1'W 1 'VI'l)~.:~i1m1l.lb oU'1hlJ1 'Wl.l~flm~bfi~B'W b~€1-:J m~U1'Wm':i 

mJ,:j b61J(;'l~ bb uu 1l.l 1€1~?1 bb{;'t~fl11l.li1l.l-w'W5':i~'V!'.h.:~~ bB'Wb€1 ~'Wbb{;'t ~ 1fl':i 1l.l 161ll.l b~B~n~1m1l.l b ~€! 

b~ CJ1 ilu bb ':i.:J~,:)h"l.f €1.:~11 m~CJ'W~ b'\J ~ CJ'Wbb '\J (;'1-:Jl.l 1 'Wl.l ~~.:~ 11 wu11 fl11l.l b ~m~ CJ1 ilu bb ':i .:~~.:~1~i1 
~ ~ 

fl11l.li1l.l-w'W 5VJ1-:J'U1 n ilu m':i b '\J~ CJ'Wbb '\J(;'l.:JlJ 1 'Wl.l~€l~1.:~i111m1'1~~'V11-:J?Iii~~':i~~u o. o 1 1~ CJ1J m~CJ'W~ 

bU~CJ'Wbb'\J{;'t.:~lJ1'Wl.l~~1'W1'W 11 fi'W 11'1~,:JbD1'VIl.l1CJ1'Wm':i~n~1\0l€! ?t'Whbi1B'VI1b~B.:~ m':ibbU.:Jb61l{;'t~ 

b ~mr'W 1 'Wfl11lJ?I1lJ1':i(l'V11.:~m':ib~CJ'Wbb{;'t~b ~€l~€lnum1lJ?I1lJ1':i(l1 'Wn1':ifi1'UfllJI?l'Wb€l.:~ f1~ b u'U~€JCJ(;'l~ 

100 72.73, 45.45 bb{;'t~ 9.09 1?11lJ~1~'U 

2.6.3 ~1'W1,Ya~ b~CJ 1<tleN num';i,Y~nTn~a'Wn~afimn bb uulii'1flv~'VI1~fl11l.lfi~ 1 'W1'!11 
" 

CIQ Jl .d 1 Q.l CV 

'!111'VICJ1W'W~1'W b ';jeJ~ n1';it;nCJ'VIv~flmtru::'VI1~W'W~m';jlJ 

Musa Dikmenli (2010) 11'1~n~1l.l1'Wl.l&i~fl{;'t1~bfl~€l'W b~eNn1';ibbU.:JbS!!{;'t~"l.f€l.:J1Jn~n~1 

?11"1.11;zhi'Vl CJ1 flru~~ n~11"11?11?1~ t~CJi bm1~~~1nnTn1~Jl1W bb{;'t~m':ii1wn~ru ~1n m':i~n~1 

wu11 ~1'Wl.l1ni1m1l.lboU1 h~flm~ bfi~B'W b~€l.:Jn1':ibb U.:JbS!!{;'t~ bb uu 1l.l 1B~?Il.l1nn111l.l 1 VJ~?I m1l.J 

b .U1 h~flm~bfl~€l'W~1'Wmm~CJ1 nu'\J':i1 n!J m':iru\Ol1.:~ 1 ~bn~:ff'W 1 'W':i~'VI11.:~~i1m':ibb tl.:~bS!!{;'t~ 11'1bbn 

m':i~1(;'1€l.:JI'l1 b€1-:J"I.I€1-:J DNA 1 'W';i~CJ~ 1 W':i b 'W?I ';i~ CJdi'W bl?leJ~b 'W?Ib U'W':i~CJ~frn 1 'Wn1':ibb U.:Jb61J(;'l~ bb uu 

1l.J 1 Vl~?l ~1'W1'W 1fl';j 1l.J 161ll.J~b~lJ;'Wb U'UbVhl'l11 'W':i~CJ~ 1 'W'H'W?I"IJ€l.:J1l.J 1 Vl~?l bb{;'t~(;'l~(;'l.:JbU'Ufi~.:J'VI~.:J1 'W 

':i~ CJ~ bb B'W 1 b 'W?I"I.I B.:~ 1l.l 1 'Vl~?l ~ 1'W1 'W 1fl':i 1lJ 161llJ ~.:~ b 'VIi1B'W b~md B~'W?I~ m':i bb u.:~ bS!!{;'t~ bb uu 1l.l 1€1~?1 1 

' 
bb{;'t~{;'t~{;'t.:Jfi~.:~'VI~.:~1 'W';i~'VI11.:~nTm u.:~b61J(;'l~bb uu 1l.l 1€1~?1 11 bb{;'t~bb\Ol{;'t~ 1m 1l.l 16!!l.li1'V!~.:J lfl';il.l1Yi~b6'1l.l€l 
1 'W':i~'VI11.:~~i1 n1':ibb ti.:~ b 6!1{;'1~ 

-w'li':iW':i';iru '\J';i~?I1'Wb'Wm (2556) 1~~n~11'11bb'Vl'Wfl11l.lf1~ b~€1.:~ n1':ibbU.:Jb61J{;'t~"l.f€l.:J 

11m~CJ'W.ffw:TuCJl.l~n~1U~ 4 ~1nm';i1im~'U1'Wn1':ib~CJ'WTI~CJn1':i?I~1-:J Slowmation vhm':i~n~1 
~ 

1'11bb'Vl'Wfl11l.lf1~"1.1€l.:JtJm~CJ'W1~CJlbm1~~~1nbb'U'Un1':i11~Jl1W n1':iVh Storyboard t:-J(;'l.:J1'Wn1':i?I~1-:J 

Jl1Wbfl~€l'W 1 'VI1 bb{;'t~n1':itJ1b?I'W€lt:-J(;'l.:J1'W"I.I€l.:J1Jm~CJ'W t:-J(;'ln1':il~CJwu11b~B.:~m':ibb ti.:~bS!!{;'t~bb uu 1l.l t VJ~?I 
"l.l€l.:Jb6!!{;'1~i11?11?11l.l1';i(l~~n~l.ll'l1bb VJ'Wfl11l.lf1~ml.l bb 'W1f1~"1.1B.:J1Jm~CJ'Wn€l'Wb~CJ'W 1~ 6 1'11 bb VJ'Wf111l.lf1~ 

VI~.:~ b~CJ'W 1~ 3 1'11 bbVl'W fl11l.lf1~ b~€l.:Jn1':ibb ti.:~ bS!!{;'t~ bb uu 1l.l 1 VJ~?I"I.I€l.:Jb61J(;'l~oW'I1~~m1l.ll'l1 bb 'Vl'Wfl11l.l f)~ 
' 

"IJ€l.:JtJnb~CJ'Wrl€l'Wb~CJ'W 1~ 6 1'11 bb 'Vl'Wfl11l.Jf1~ 'VI~.:Jb~CJ'W 1~ 2 1'11 bb 'Vl'Wfl11l.Jf1~ b~€l.:ln1':ibb tl.:JbS!!{;'t~ bb 'U'U 

1l.l 1 B~?l"l.l€l.:Jb6!!{;'1~i1'1?11~~n~l.ll'l1 bb VJ'Wf111l.lf1~"1.1€l.:Jum~CJ'WneJ'Wb~CJ'W M 1 o 1'11 bb VJ'Wf111l.lf1~ 'VI~.:Jb~CJ'W 
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d 
'U'VI'VI 3 

fl1 ~l ~ ~ b ~e:J b tJ~ m.J b Vi ~'U ~ (;'l~lJ ~Vl~Vl1\l fl1 ~ b~ ~'U n e:J'U b~ ~'U bb(;'l :::Vl~\1 b~ ~'U ~ fl~1 bb 'U'U ~1(;'1 e:J\IV11\I 

Fn1l.lfi~ne:J'Ub~~'U bb(;'I:::Vl~\1 b~~'U bb(;'l:::~ fl~1fll1l.l~\l~ eJ h"lle:J\IU m~~'U-&'UlJ[WlJ~ n~1tl~ 4 ~11i1-ru 

m~~~fl1~b~~'U~bb'U'U~'Ub?f1:::Vl1Fn1l.l~ 5 ~'U b~e:J\1 m~~1~Vle:J~~n~ru:::VJ1\I'W'W5m~l.l ~1~~1Jl 
'U \1 , 'U 

... ... 
~1bil'Wml.loU'UI?1eJ'U ~\IU 

3.1 ~Ubb'Uum~i~~ 
" 

3.3 ~lbbtJ~vfl~'Wm~i~~ 

3.4 bfl~mile:Jvfl~'Um~i~~ 

3.5 ~'U\?1e:J'Ufl1~?f~1\l bfl~e:J\Iile:Jvfl ~ 'Ufl1~l~~ 

3.1 ~tJ bb uunTa1:5'EJ 
'II 

m~1~~fl#\lffi·ihtJbb'U'Ufl1~1~mtl'Wbb'U'Ufl~lJ~leJ~1\Ib~m~i'lm~Vl~?feJ'UneJ'Ubb(;'I:::Vl~\lfl1~Vl~"'eJ'~ 
" ' 

(One group pretest and posttest design) ~\li'l~tJbb'U'U~,rd 

Pretest Treatment Posttest 

01 ------------ X ------------- 02 

0 1 ~e:J fl1~Vl~?feJ'UtleJ'Ub~~'U"IleJ\Ifl~lJVl~(;'leJ\I (Pretest) 
' 

d!l Q.l .<::Iii ll d!l il' ~ 
X fle:J fl1~"'il~fl1'H~~'U~bb'U'U?f'Ub?f1:::Vl1fll1lJ~ 5 "IJ'U (Treatment) 

'lJ 'lJ 



3.2 'll~::"'11n'HL6l::n~:w~1mh..:J 

3.2.1 'll~::"'11m 
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'lh~"111n1 fiB 11m~CJu-5uiruCJ:wPirnntJ~ 4 bb~'Ufl1'jb~CJ'Ui'VICJ1!"11?fVJ1-~<nUVJP!1?fVJ1 

h.:~b~CJ'Uirum.JVJ'j~f11'joW"Ii~f'l .fllflb~CJ'U~ 1 tJm'jPim~n 2558 lil1'U'J'U 12 ~e:J.:Jb~CJ'U 'j'Jl.J 450 fl'U 

3.2.2 n~:w~1e1£i1..:J 

f1 ci lJ ~ 'J e:J ~ 1.:1 A e:J 11 f1b ~ CJ 'U -5 WJ 6 CJ :IJ pj f1'1~f1 tJ ~ 4/11 bb ~ 'U f11 'j b ~ CJ 'U i 'VI CJ 1 1"116'1 ~?J1-
' 

f1ruVJI"11?fVJ1l 'j.:Jb~CJ'UiJuCJlJVJ'j~m'j.W"Ii~f'l B1bJle:JVJ'j~f11'joW"Ii~f'l ..ij.:~Vli't>l~'Uf'l'j1"11uTw ~rh~.:~Pimne:J~ 

1umf1b~CJ'U~ 1 tJm'jPimn 2558 lil1u1u 36 fl'U .ffi~lJ11t>lCJf11'jb~e:Jn?il.lbb'U'lmcil.l 
' ' 

3.3 ~1LL'll~1um~1:5'a 

m1-:~e:Je:JmlJu 2 lh~w'VI fiB 

3.3.1 ~'Jbb'I.J'jB?f'j~ 1~bbri f11'j..ij\>lf11'jb~CJ'U¥bb uu~ub?f1~Vl1fl'J1l.l¥ 5 .ffu 
" " 

3.3.2 ~'Jbb'lhV11lJ 1~bbri 
< ' Q.l o<:::t. c::!l Q.J c:ll od I QJ Q.l 

3.3.2.1 ~f'l?fl.l~'VIu'VI1-:Jf11'jb 'jCJ'UVlf'l.:Jb 'jCJ'Ub 'je:J.:J f11'jtnCJ'VIe:Jt'lf'tn~ru~'VI1-:J'W'W~m'j:w "lie:J.:J 

11m~CJui'WiruCJl.lPin~1tJ~ 4 ~1~~'\.Jf11'j..ijt'lf11'jb~CJ'W¥bb'UU~Ub?f1~Vl1f1'J1l.l¥ 5 .ff'W 
" " 

0 q QJc::,j dril I QJ Q..l 

3.3.2.2 bb U'U"il1f'l e:J.:J'VI1-:Jf1'J1:W f1 t'lV!f'l.:J b 'j CJ'W b 'je:J.:J f11'jfi1CJ 'VI e:Jt'lf'l n~ru~'VI1-:J'W'W~m'jl.J 

"lie:J.:J11m~CJ'Wi'WiruCJlJPif1~1tJ~ 4 m~~'I.Jf11'j..ij(>lf11'jb~CJ'W¥bb'U'U~'Ub?f1~Vl1fl'J1l.J~ 5 i'W 
" " 

3.3.2.3 f1'J1l.loW.:J'We:J h"lle:J-:111 m~CJ'W.ff'WiruCJl.lPin~1U~ 4 ~1~-ru f11'j..ijt'l f11'jb~CJ'Wfbb uu 
"' ' 

~Ub?f1~Vl1fl'J1l.l¥ 5 oU'W b~e:J.:~ f11'j~1CJ'VIe:Jt'l~n~ru~'V11-:JoW'Wum'jlJ 
" ' 

3.4 Lf'l~e~..:Jije~~1mum~1:5'a 

~..ij CJ 1~6'1¥1.:~ bfl ~e:J.:~iim11Vl-ru f11'j1..ij CJ b~e:J-:1 f11'jci1 CJ'VI e:J t'l~ n~ru~'VI1-:JoW'Wum'j:w "~~ e:J.:~ir n b'1CJu.ff'W 
" ' 

iruCJl.lPin~1tl~ 4 ~1~-rum'j..ij\>lf11'jb~CJ'W~bb'UU~'Ub?f1~V!1m1:w¥ 5 .ff'W ;.:JbbU.:Je:Je:JmlJ'W 2 '\.J'j~bfl'VI ~.:~d 
" " 

3.4.1 bf'l~e~..:Jije~~tm'Wm~'VI~6le~..:J 1~Lbri bb~'t.Jf11'j~(>lf11'jbb uu~ub?f1~Vl1fl'J1:w¥ 5 .rr'W lil1'W'J'W 
" 

7 bb~'W 1~nm1't.Jf11'j?fe:J'W 12 -&''Jll.l.:~ 

3.4.2 Lf'l~e~..:Jije~ffimum~~1u~1:w.Ue~:w6l ii~.:~d 
'II 

3.4.2.1 bb uu1t'l~f'l ~l.l q'VI~'V11-:Jfl1'jb~CJ'Wrie:J'W bbf't ~VI~.:~ b'1CJ'W bb 'U'U'I.hir CJ"IiU\>1 b~ mw1 e:JU 

4 ~'Jb~f)f) lil1'W'J'W 40 -iJe:J 

3.4.3.2 bb u ui't>l bb uulil1f'le:J.:J'VI1-:~f111l.1At>lrie:J'W bbf'l ~Vl~.:Jb~CJ'W bb uue3~?JirCJ"I1'Wt>l-iJ Bfl'1ml.l 

'1Jf't1mtlt'l lil1'Wl'W 6 -ife:J bbf't~ 1 ~f11'j61'wn~ru1 'Wth~b~'Wfl1fl1l.l~1 ,X,:r m~CJ'We:Jfi'U1CJfl'J1:WAt'l"lie:J.:J 
l?l'Wbe:J.:J 1 ~m~~1-:~~u~.:~ri e:J'Wbbf'l~Vl~.:~ b ~CJ'W 
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" 
3.5.1 ~bl~.J'l.!n1~~~01'H~CJ'Wltt'UU~hmi1::VI1fi113Jl 5 oU'l.! 

ljolf'U(?la'W 1 'Wf11'.i~~1-:J ~-:Jd 
" ' 

3.5.1.1 fl1VI'W\91 f1 '.ia'U ~ U aVI1i"l11~ihiVI CJ1 ~~a-:J f11'.ici1tJVIa\91~ f1'1~UJ~V11-:J~'Wi5f1'.i'.i:W • 
~1'VI~uilm~a'W.fruiltm:w~m~1:U~ 4 "il1'Wl'W 6 b~a-:J LJ'.i~nau~lCJ ~n~ru~VI1-:J~'W5f1'.i'.i:W 1FJ'.i 1:w 161l:w • 
bb~~~1'.i~'W~f1'.i'.i:W f11'.ibb U-:J b61l~6'l bb~~-r!l~ f1'.i"l.la-:Jb61l~6'l f11'.ibb U-:Jb61l~6'l bb 'U'U 1:w 1 VI~~ f11'.ibb U-:Jb61l~6'l bb 'U'U 

1:w 1a~~ bb~~ 1Fl'.i 1:w 161l:Wbb~~f11'.ici1CJVIa\9l~f1~t\J~VI1-:J~'W5f1'.i'.i:W • 

3.5.1.3 ~ 1 b iJ 'W f11 '.i~ ~1-:! bb~ ~a a f1bb 'U 'U fi "iJ f1'.i'.i:W f11 '.i b~CJ 'W f11 '.i~a'W 1191 CJ 1-if'.iLJ bb 'U 'U f11'.i 
" 

~19lf11'.ib~CJ'W~bb uu~ub~1~'VI1Fll1:W~ 5 .ffu "il1'Wl'W 7 bbe.J'W 1inm1 'Wf11'.i~a'W 12 i11:w-:J 1-M~a\91FJ~a-:J 
" " 

nu'.i1tJ~~bBtJ\9lbda'VI11 'Wbb~bbe.J'W ~-:J(?l1'.i1-:J~ 3.1 

1 ~n~ru~Vl1\l 

2 

oW'Wlifl'i'i:W 
' 

LrJ'iL:WL'11:WLL~~ 

6'1WW't.!ofl'i'i:W 
' 

1 

2 

- €liith1t!bL~tlboJ~tJ'WL~tJ'W~~\ltl'WLL~~tl'W 
'U 

(Gallery Walk) 

- n~m'il.Jtl~l.J 
' 

- ~l'il'iltl (Exit ticket) LMtJ1tlU~\l~1#1 

11m~tJ'W 

- 'iliitl'i1 tJbL~tlb oJ~tJ'WL~tJ'W~~\ltl'WLL~~tl'W 
'U 

(Gallery Walk) 

- n~m'il.Jtl~l.J 
' 

- ~l'il'iltl (Exit ticket) 

- power point 

'l.l'i ~ fH) u fl1 'i'U'i 'i tJ 1 tJ 



. . 

• 

.,j 
bb~t!Vl 

3 
1..--__j~------+----t----=--- ---. ~ Qj i..l~ Q..l v 

m':ibbU.:!b'lf~~ 1 -- eJi1tl':iltJbb~mt1~t.J'Wb':it.J'W~'1f'ln'Wbb~~n'W 

4 

5 

6 

7 

bb~~1£]~n'S'1Jtl'l (Gallery Walk) 

b'lffl~ - n~m':i:wn~:w 

m':ibbu.:~b'lf~~ 

bb'U'U1l-11Vl'8G'1 

mmu.:~b'lf~~ 

bb ut!l:w beJ~G'i 

bf'l':i 1:w b'lf:Wfl'Unl';i 

2 

3 

2 

- vY1eJeJn (Exit ticket) b~tllfl'Unl':ibb u.:~ 

b'1l~~bbfl:::1!]~n'S'1Jtl.:ib'1f~~ 

- b~'WbnlJ control of cell cycle 

- B1ithlmb~mt1~t.J'Wb'1t.Ju~~.:~nubb~~nu 

(Gallery Walk) 

- n~m':i:wn~l-1 

~ 

- n~m':i:w Mitosis and Meiosis 

Simulation 

- n~lB KWL 

-li1 VDO 
~ 

(Gallery Walk) 

- n~m':i:wn~:w 

- n'llm':i:W Mitosis and Meiosis 

Simulation 
I I g 6' 

- bfi'Wbn:WI'leJ~n'lftJ':i 

- n~m':i:Wn~:w 

- n'lln'S':i:W Mitosis and Meiosis 

Simulation 

nlt.JVleJii1fi'n"t;ru~ (Gallery Walk) 
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- vY1eJeJn (Exit ticket) 

- 1un~m':il-l 

- umrhml-1 

- bn:w control of cell 

cycle 

-1un~m'J:w 

I ~ (f 

- bnlJI'leJ~n'lfeJ':i nl':i 

bb u.:~b'lf~~bb uuvil-:~1 

- 1un~m'J:w 

Vll.:!~'W~n'S':i:W - n'llm':i:wn~:w 
L__ __ L__ ____ ____j ___ __j__ ____________________________ ___jL_ ______ ____j 

3.5.1.4 U1bbt.JtJn1'J~~n(\)m'DJnTH~crw~~~~1-:J1 tJ1 Vf~b~tn"ll1rul'l'J'J(\) ~1tnu 3 vi1'U 
'U 'U v 
~ ~ . 

il Q.J d ~ q ~ d d I 

~erum 1:J.H1 nl'l e:J.:J bbfl ~fl11:J.J b Vl:J.J1~~:J.J"lle:J.:J bbt.J'U nub 'Ue:JV!11"ll1"ll11VJ CJ1'W'U~1'Ub 'Je:J.:J m'Jm CJV!e:J~ 
'U ~ 

' ~ 

3.5.1.5 ~ b ~ CJ1"ll1ru 1'1 'J1 (\) ~e:Ju rn1:w on Iii' e:J.:J"lle:J.:JJl 1'tf1 m 'Ji'~tJ 'J~ b:iJ'Ut.J flvl1'U b u m.n 'U v 'U 

lVJ CJ 1m ~1'11 ( m'J ~ 1 CJVJ e:J ~ ~ n "ttru ~VJ1-:J Yrwm 'J'J:J.J) vl1'U 16m 'J~ e:J'U 1'1 fl e:J~ "il'U 1'1 'J'd"il ~ e:JU fl11:J.J 
' 
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6'1€111lfliKeJn:::Vl':h..:~\iJI1lU'j:::6'f..:~An1'H~EJ'W~ ldeJVl1n\iJm'j:J.Jn1'jl~EJ'W~ (Index Of Item objective ' ~ ~ 

Conoruence: IOC) 65..:~trl~EJ1"111tu\iJ:::~\iJ1'jflJ1L~Fl:::ll'U'W ~..:~d :;, ~ ... 

1~A:::ll'W'Wlvhnu + 1 bijml'W'h11lVl:w1:::6'1:wllff~6'1eJI1lAiKeJ..:~ 

1~A:::ll 'W'Wl vhnu -1 ldml 'Wb\iJ111lJlVl:w1:::6'1:wllft:::6'1eJI1lfliKeJ..:~ 

0 
" 0 v q 1.1' ..::!1 1.1' v 0 0 

3.5.1.6 'W1llt!-l'I.Jn1'j\iJI1ln1'jl'j"EJ'lJ'jll'U'U6'1'Ub6'11:::Vl1Fl11:W'j 5 "ll'W \iJ1nfl1ll'U:::'W1"lJB..:J 
~ ~ 

~b~EJ1"111qj:w1Vl1rl1 IOC b~rl1lu~mvh 1.00 
" ' ' 

3.5 .1. 7 u-rutJ 'j..:) lll!-J'I.Jn1'j~(1)n1'j l~EJ'U~ ll 'U'U~'U l6'11:::Vl1fl11:W~ 5 oU'U l'l1:WVJtrl ~ EJ1"111t1). 
, \1 'U 'U -

ll 'U:::t.h llff:::111llt!-l'W m'j~(1) m'jl~EJ'W~~tJ-rutJ'j ..:~ ll~11 ~tr l ~EJ1"111 ru~'j1 \iJ6'1eJ'Ufl11:Wfl nl?'l eJ..:JB nA~..:~ 
\1 ' 'U v 'U 

3.5.1.8 111llt!-l'Um'j~(1)m'jl~EJ'W~ll uu~u l6'11:::Vl1m1:w~ 5 ~'W 1 tJ1-ffnu mi:w~1eJ~1'~ 
~ ~ ' 

" " q <V 2J' Q.l Cll 

:W"Il'U~€l'I.Jn1'j6'f'j1..:J 11l..:J'U 

3.5.2.1 Pi n1~1 'VI~~~ 15m 'j6'f ~1..:~ llft ~ l 'VI Ail Am 'j l ~ EJ 'W .U €16'1 eJ'U bl 'U 'U th'l! EJ "llil l1l 

l~an~eJ'U 4 ~1l~eJn 

3.5.2.2 Pin~1llff:::1lfl'j1:::~mr n6'f~'j l"lileJ m'j~ 11ln1'jl~EJ'W n1'j6'fB'W6'f1'j:::m'jl~EJ'W ~ 
~ ~ ~ 

il v v v 

~'W;i1'W 1"111~11'VIEJ1~'W;i1'W ~1:WVl~n6'1mlbn'Wnm..:~m'j"Pin~1-ll'W~'W;i1'U 'V'I'VIo~m1"1l 2551 6'f1'j::: 
ct9 d.& 'U d.& q 

" " ' Cll 1.1 cv c:icv d d i.l v ..::!1 .<:::\. q q <dl 1 v 
n1'jl 'j"EJ'I.J ~ ~1"111 l1l llft::: l€1 n 6'f1'j'Vlln EJ1"1l a..:~ n'U l 'W BVl11"111"1111'Vl CJ 1 b 'j"B..:J n1'jfl1 CJ'Vl al1lft n~ru:::'Vl1..:J 

W'W~m'j:w "il1n,!'W fl1Vl'WI1l ma'U ll 'U1Fil1l llft:::"Ua'U"Il1CJ Lfl'j ..:J6'1~1..:J"UB..:Jb d BVl1 llft~6'1~1..:Jm'j1..:J1lfl'j1:::~ 
Vl~n6'1m ~..:J~1'j1..:J 3.2 b~an1Vl'WI1lJ1VlUnt!-lftn1'jb~CJ'Wnl1lCJ"il1lb'Un'V'In&lm'j:w~l?'la..:~m'j111laamtJ'W 

~ ~ ., 
4 ~1'W fieJ F111:w~F111:w"il1 F111:wl.ff1h m'jt11hJ1.U llff:::m'jibfl'j1:::~ ~'~~1'j1..:J~ 3.3 

~ 



1f'l'j1:W1'll':WLL~~ 

G'f1'j~'lJljfl'j'j:IJ . 

f11'jLLU\IL'll'~~LL~~ 

1'!]-:ij'm'Uv\IL'll'~~ 

~~1EJ'Vlv1111tlE!\Ii'u~v 1 hJ'I:u~\li!;i\il 
- vfiu1 mL~~ EJ n(i{1eJ ~1\1~ n~ru~'Vl1\l~tJum'j:W . 
~i!m1:w LL tl'j~tJLL uu~ m~v\ILL~ ~~ n~ru~'Vl1\l 

~uum'j:w~i!rm:w LL U'j~tJLL uu 1:W~m ~v\1 . 
- 1 Ll'l 'j 1 ~~ LL ~ ~ L ~ EJ'lJ LLc.J 'lJ ~ \11'111:W ~ 111 V! ~ f1 

(concept map) LLG'fl11\l~f1~UJ~'Vl1\l~tJ~m'j:W 

- vfitJ1EJ 1f'l'j\IG'ff1\ILL~~tJ'VltJ1'Vl'1Jfl\l DNA 

- 1Lm1~~LL~~G'f'jtJbf'l'j\IG'ff1\1'1Jfl\IU11'lmv1 'Vl~ . 
LL~~ DNA 

- G'f'jUf'l11:wGl':w~ulh~vr11'11f'l'j 1:w 1'll':wnu?f1'j . 

- fJITtJ1EJI'l11:WV!:W1EJ'1Jf)\lf11'jLL UW11~~1~ 

- tJflf1~\11'111:W~11'i'f1!'1JeJ\If11'jLL U\1 L'll'~~1~ 

- viTtJ1E!l!J-:ij'm'1Jv\IL'll'~~1~ 

- G'f1:W1'jtl11111.fl1~L oWeJU'j~ f1vtJf11'jeJITtJ1 EJ 

1'!J-:ij'm'1Jv.:JL'll'~~1~ 

- viTtJ1EJf11 'jLU~ EJ'lJLLtl~-:~'1Jv.:!U1LI'l~EJG'f1 tJf11'j 

LLU.:IL'll'~~LL tJtJ 1:w 1 'Vl'11G'f1~ 

- 'Vll11~fl.:Jf11'jLLUW1f~~LLtJtJ1:w1'Vl;G'f 

- Gl.:!Lf1\il 11111.fl1~ LL~~fliTtJ1EJ~f1~UJ~f11'jLLU.:i 

L'll'~~ LL tJ u1:w 1 'Vl'IJG'f LL~ ~~'j~ EJ ~Iii 1f1 f11'jVll 

tl~lliif11'j 1~~nlii'v.:~ 
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1 3 3 

2 6 6 

1 3 3 

2 12 12 



fll':iLL U~L'if~~ 

LL UU h.J be:J'Bi;'l 

- e:JBU1 EJ f11 ':i L tl~ EJ'ULL tl ~~'IJ e:l~U'J Lfl~ EJI;'fl 'U fl1 ':i 

LL ti~L'if~~LLUU bl.l 1v<al;'l1~ 

- 'Vl~~e:l~fll':iLL U~L'if~~LLUU 1l.J be:l~i;'l 

- «~Lfl!?l 11~.fl1'W LLm~vBU1EJ#i'fl1:H1J:::fl1':iLLU~ 

L'if~ ~ LL tJ u1l.J be:J'Bi;'l LLI'i ~ :::':i:::EJ :::'iJ 1 fl fl1':i'Yi'1 

tli}~fl1':i1~~fl~e:l~ 

- L tl~EJUL ViEJUfll':iLL U~L'if~~LL uu 1lJ 1 'Vl~i;'ILL~::: 

1l.Jbe:l~i;'l 

- i;'f1l.J1':it:n1~.fl1'WLLI'i~:::':i:::EJ~'1Jmfl1':iLLU~L'1f~~ 

(tl.l 1 'Vl~I;'ILL~::: 1l.l1v~l;'l) 

rn':ici1EJ'Vlv~~m;.ru::: rn':ici1EJ'Vlv~~n"~Yru:::'Vl1~~uqnnl.l 

'VI1~~'U5fl':i':il.J - i;'f1l.J1':im ~EJ'ULLI!-J'U~~LLI;'I~~fll':in1EJ'Vle:l~ 
' 

('li:JJ.) 

3 10 10 

2 3 3 

1 3 3 

12 40 40 

1 - 3 - - 3 

2 1 4 - 1 6 

6 I;'I~Uf11':iLLU~L'1f~~LLUUI'i1~ 'l 2 - 3 - - 3 
~·--~~~~~~----~-------+-------+-----+----~----4-----+---~ 

7 bfl1bl.Jb'1fl.JfltJfl1':ici1EJ'Vle:l~~fl'\Yt:\J::: 1 - 3 - - 3 

'Vl1~~'U5fl':i':il.J 
' 

12 3 28 1 8 40 

38 
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3.5.2.3 61~1\lbb 'U'Ul \?le.J!;l~l.l']'Y1B'Y11-:Jfn1 b~CJ'W~ 1l.l~1~l\?l bb 'U'Ut.bti'CJ'IJU\?lb~BfWIB'U 

4 ~'Jb~Bn liJ1'W'J'W 40 -iJB l~~6'1B\?lfl~B\ltl'U~111-:Jibfl11~~~1~l\?l 
({ I i.o' I 

0 IV QJ or:::.. c:f q !.1" ~ i.lo<:::i! 

3.5 .2.4 'W 1 bb 'U 'U 'Yl\?l6'1 B'Ul \?l e.J !;l G1l.J '] 'Y15'Y11\l fn1 b 1 CJ'W 'Y1 G11 1 \l'IJ'W b?I'W B ~ b 'IJ CJ'J'IJ 1 t1J bb!;l ~ 

BT'il116~'lJ~f1'1~1i'Yl tnU'W'WTI b ~B~11 "il?l B'U fl11l.ltl n~ 8\l"IJ B\l t111l offr\'1ml.l .fl1~1 bb!;l~fl11:U b Vl:l.J1~?1l.l 
" 

tl'Ub davt1i'll1~1i'Y1CJ1 b~B\l t111ci1tJ'YlB\?l"'tl't':tti..I~'Y11..:tYl'W5t111l.l b~B'I.J1l.l1U~'UU1\lbbm "IJ~B 1 'lJ 
' ' 

3.5.2.5 'l11bb 'U'U'Yl\?l?IB'U~bm 'lJ'lJ~'UU~..:tbbfil "llbb~'J b?I'W 8~ 8~ b~CJl'IJ1ty b ~B~1T'il?IB'U 

m1l.ltl n~m~ 1:u b t!Bvt1 m1l.l?IB\?lfl~B-:J1~VI11-:J-iJ8G18'U bb!;l ~"il\?lU';i~?l\lfi b ~B'l11l.l1'll~uu1-:) bbm "U 1(?1 tJ 
" ' ' 

Vl1rh~'lli1fl11l.IG1B\?lfl~8\l (IOC) ~-:JG1l.lt111 

IOC = IR 
N 

(3.1) 

3.5.2.6 A\?lb~f.ln-iJB?Ifl'U~iJrh~'lli1fl11:U?If.l\?lfl~fl\l (IOC) ~..:tbb~ 0.5 ~'W1'll ~\l~i~tJ1Ji' 
b~fln Hlil1'W1'W 40 -liB b ~Bu.:ruu1\lbb!;l~bbm "llm:u-1JmG1'Wmb 'W~"Ilfl-:J~'t ~tn'll1ru 

' " "' 

3.5.2. 7 '111 bb 'U 'U'Yl\?l?IB'Ul\?lt:-l!;l~l.J'l'Yl~Vl1\ltl11b~tJ'W~1J\'1 U'Yl\?l!;lB\ll off (Try Out) nu 

'11m~ tJ'W ~'WiT utJl.l~ m~ntJ ~ 4/12 h -:J b~ tJ'Wiln tJ:U 111 1~ m 'a~'llt:-~ !;l B'1 b.fl B\11 1 ~ m1~'ll t:-~ ~ ~\lvtl \?l 

3.5.2.8 'l11t:-~ ~ tl11'Yl \?l ?I B'U :u 1i bfl 11~~ vt1ri 1fll1l.l tJ1n (p) bb!;l ~ rhB' 1'W 1"'il :il1 bb 'W n 

(r) L\?l tJ 1 i1 'lJ 'Hbtl1l.l~11"'iloUB?Ifl'U i bf\11~~-ii B?IB'U bb~ ~1 bf\11~~1"1 1G1i.i ~~'W:01'W ~~~ 'W1b\?l tJ 
dSI 

(?11 .'ll mru U1~~ty'U1'W (RENU3# 1) 81"'il1'~6'll1~~1?11"lJ1l'lJ1l~ tJ l\?l bb~~'ll 1~ bi3'Wt:-~~tl11Pin~1 

flru~~n~1P11?11111 :uvn1'Y1CJ1"'CJ'Wb1Pll1 'W~ru1~n A\?lb~f.ln-iJB?IBU~ilri1m1l.ltJ1n (p) eJ~1~vtl1\l 
' " 

0.20 - 0.77 bb~~ri1B1'WT'il:il1bb'Wtl (r) B~1~vt11\l 0.25 - 0.56 ~1'Wl'W 40 -iifl 
" 

3.5.2. 9 'tlllb uu'Yl\?lG1B'U~b~Bmb~11 'll1offnun~l.l~18~1\l~fl1 'lJ 
' 
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V 0 .c::.d I Cl.l Q.l t.~3d 
bb 'U'U'WI bb 'U'U~1GHJ\I'Vl1\lfl111Jfl~ b -:ie:J\1 n1-:it:l1 tJ'Vle:J~G'l n~ru~'Vl1\I'VfU5n':i':ilJ G'l':i1\1"1J'Ub 'V'le:J 

' 
dl 0 -Cit. 1V 4!:1 ~ I V' Q.l .0::::.. 4!:1 IJ' 0 i.l 

l"!n~1 bb 'U'U~1G'le:J\I'Vl1\lfl111lfl~"Ve:J\I'Um ':itJ'U'Vl\lne:J'UbbG'l~VlG'l\ln1-:i~ ~n~ m':il.ln1-:ib ':itJ'U~ ~1'U1'U 6 "Ve:J 

1~vri~'UI'le:J'Un1-:iG'I~1\IbbG'l:::tJ:rutJ-:i\l~\l-d 
' ., 

~ Q.l ·~ v .<::::11 q lldil 

3.5.3.1 1"1 n~1VlG'l n 611'1 ';j fll.le:J n1-:i~ ~ n1 ':i b ':i tJ'U n1-:iG'Ie:J'U G'l1-:i::: n1-:i b ':i tJ'U ':i'W'U;i1'UbbG'l ~ 
'U 'U 'U d.8 

I i./ 1,1 1.1 

b~l.lb~l.l l'111~h1'Vlt11~'U;i1'U 1'111l'Vl~nG'Imbbn'Unm\lm-:iPln~1oU'U~'U;i1'U 'W'Vl5Plm1'11 2551 bbG'l::: 
d.8 'U d.8 , 

I I 1.1 I 2/ 
..:::i.e::!~ 2.1 V dil 0:::::.. "lf.c::. dil I V Cl.l V 0 

be:JnG'I11'Vl bn tJJ"Ve:J\In'U b 'Ue:J'Vl11'111'1111'Vlt11 b -:ie:J\1 m':im tJ'Vle:J~G'l n~ru~'Vl1\I'W'U~m':il.l ~1n'U'Un1Vl'U~ 

me:J'U bb 'U1~~ bbG'l~"tle:J'U"Ih tJ Lfl-:i\IG'I~1\1"1le:J\I be e:J'Vl1 

II V 0 ..:::.. odl I V V 

3.5.3.3 G'l-:i1\lbb 'U'U1~ bb 'U'U~1G'le:J\I'Vl1\lfl111lfl~ b -:ie:J\1 m':im tJ'Vle:J~G'l n~ru:::'Vl1\I'W'U~m':il.l 

~ n~ru:::r11t:n1ltlm t1 b tJ ~ vi1 Vi'11~.n1'W bbG'l::: b ~ tJ'U'U-:i1tJ1 tJ'W~e:Jl.le:JB'U 1t1 b Vll'l ~G'l bbG'l ~rim-:iGi'l.l.n1~ru 
' 

'l!n b~tJ'Ub ~l.l b~l.l'Vl~\1~1 n l'le:J'U 1"11m1J 1 'U bb uu1 ~ bb uu"i11G'1 e:J\I'Vl1\lfl111l~~ b ~BPi n~1 bb uu"il1G'le:J\I'Vl1\l 

"" .., "" 
fl111Jfl~"tle:J\I'Unb 1tJ'U 

3.5.3.4 '111 bb uu1 ~ bb uu "il1G'le:J\I'Vl1\lfl111l~~~G'I~1\11 tJ1 Vi'~ b ~t11'111t1J 1'1 -:i1~G'Ie:J'Ufl111l 

bb 'U'U G'le:J'U fl11lfl111lW\I'We:J h ~ e:Jn1-:i~ ~ n1-:ib~tJ'U ~ b~e:J\1 n11ri1t1'Vle:J~~ n~ru:::'Vl1\l 
'U 

~'Ulim-:il.l "Ve:J\I'l!m~v'U.ff'U1TM1lPin~1u~ 4 ~hWum1~~m';jb~t1'U~bb'U'U~'UbG'I1~Vl1fl111l~ 5 ~'U 
' 'U 'U 

1~vri~'UI'le:J'Un11G'I~1\IbbG'l~tJ:rutl1\l~\l-d 
' 

b~m-ile:J\1 bb~1 n1Vl'U~ bb 'U1'Vl1\11 'U m1e:Je:Jmb uu bb uuG"~e:Jum1lfl111lW\I'We:J 1 ~ 
3.5.4.2 G'l~1\lbb uuG"~e:Jum1lfl111lW\I'We:J h"Ve:J\1'1! n b~tJ'U~ri~ e:1n11~ ~ n~ m-:il.l n 11b~t1'U~ 

'U 

bb'U'U~'UbG'I1~Vl1fl111l~ 5 ~'U b~e:J\1 m':iri1tJ'Vle:J~~n~ru~'Vl1\I~'U5n111l 1~mbD\Ie:Je:JndJ'U 3 ~1'U fl"' 
'U ' <:J 

II 2.1 ll q II q v ~ i.l 

~1'U~G'Ie:J'U ~1'U n11e:1 e:J n bb 'U'U n11 b 1tJ'U ~1'111l bb 'U1'Vl~~-!J fle:J'UG'II'l-:ifl~l G'll'l bbG'l~~1'U n1-:ie:Je:Jn bb 'U'U 

bb'U'U"il1G'le:J\Ifl111l~~ ;\lrfj~v loUbb 'U'UG'Ie:J'Ut:l11lb U'Ubb 'U'Utl1~biJ'U~1 (Retting scale) "tle:J\1 Likert bbG'l~ 
0 .<::::\ ~ !U Q dc;::r~ I Q.l q q i.l .<:::lit. q i.l 

n1Vl'U~fl111lfl ~ b Vl'U"V e:J\1~ b 1tJ'U'Vll.ll'l e:1n11~ ~ n~ n111ln1-:i b 1tJ'U m1G'IB'U~1 t1 n~ m11J m';j b 1tJ'U1 bb 'U'U~'U 
'U 'U 

bG'I1~Vl1fl111li 5 -ff'U ~Pimmb uu"il1G'le:J\I'Vl1\lfl111l~~ bU'U 5 1~~'U ~\1-d 
~ !U d 

b Vl'U~1t11l1n'VIG'I~ 
' 

""' .., 
l.Jfl11~~'Ufl~bb 'U'U 5 

ii~11~~'Ufl~bb 'U'U 4 
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. . 

• v.J' 
il.:~nm..:~'Ue:J.:JI"l~bb'W'W (Mid Point) ~.:J'W 

d v Q ~ d 
4.50 - 5.00 Vl:W1tltl.:l ";j~~'UI"ll1:WI"l~bVl'U:W1fl'Vl~~ 

d cv .Q, c::o: 

3.50 - 4.49 Vl:W1tltl.:J ";j~~'UI"ll1:WI"l~bVl'U:W1fl 

2.50 - 3.49 Vl:W1tJ~.:~ ";j~~'UI"ll1:W~~b~'W't.J1'Wflm.:~ 

d v .c::t, c::o: 2.1 d 
1.00- 1.49 Vl:W1tltl..:i ";j~~'UAl1:WI"l~bVl'U'Ue:JtJ'Vl~~ 

3.5.4.3 '111 bb 'U'U?fe:Jum:wm1:w~..:~~e:J h~?1~1-:J~'W 1 tJ1 VIti b ~t!l'U1rubb~~e:J1:U1";i~~tJ~mn 
" OJ 

ml:U?fe:J'UI"ll1:Wt1nl9i'e:J..:~'Ue:J.:Jfl1";j 1 irhm:w .n1~1 bb~~u-ruu";l.:~bui1 'U 
" ' 

3.5.4.4 'l11bb'U'U?fe:Jum:wl"ll1:w~..:~~e:Jt:u 1 tJ1 m'Wfl1";lbnu.Ve:J:w~t'ie:J 1 u 
" 

..: II 

3.6 nTnnu~1'1.J~1:JJ'tlv:JJt'l .. 
1 'W fl1";j1-.ijt! 1"1~-.:~,j tJ1-.ij t1 1~~1 b iJ'U fl1";j'VJ ~r;=t e:J..:~ bb~~ bnu ";il'lJ";il:WoVe:J:w~'Ue:J.:~ir m~t1'W b~e:J.:~ fl1";i 

" " 
~1t!'Vl e:J~Gi' n~ru~'Vl1-:J~'Wtm";i";l:W 1~ CJ1 i15n1";l?fe:J'W bb uu ~u b?f1~Vl11"ll1:W~ 5 ~'W oVe:J:W~~1~:u1n 

' " " 

-b'e:J:w~ Ae:J h.:~b~t!'W~5t!:W~";l~fl1";il~h~~ eJ1b.fle:Jm~fl1";l~'U~~ -.ij..:~Vll'~e:J'Ur;=t";l1'1l51U 1~tJij15m";l 
" ' 

0 oQ. '"' !I Cl.l ~ 
Vl1b 'U'Ufl1";ibfl'U";il'U";il:W'Ue:J:W~ ~.:J'U 

" 
3.6.1 Pi n~1bb uu :D1r;=t e:J.:~'V11-:~m 1:w~~'Ue:J..:~ir m1 t!'W ne:Jw1 t1'W 1~ t11 -if bb uul'~ bb uu :d'1~ e:J..:J'Vl1..:~ 

m1:w~~ 1 'W Gi' n~ru~ f11m:wtJ ~ 1 t1 b tJ~ ~1 Vlir n b 1 t!'Wl1~.fl1~ bb~ ~ b ~ t!'W'U ";i";it11 t!~~e:J:w e:J5u 1 t1 b Vl~ ~ ~ 
' 

lil'1'U l'U 6 -rr e:J bbr;'t ~ij fl1";i~:W.fl1~ruir m1tJ 'U b ~:I.Jb~:WV!Gl.:J:U 1 fl ~ e:J'U fl1tl1:W 1 'Ubb 'U 'Ul~ bb 'U'U lil'1~e:J..:J'Vl1.:1 

l"ll1:W~~ b~e:J.:~ Gi' n~ru~'Vl1-:J~'W5m";l:w 1m 1:w 1'1l:w bb~~?f1";l~'W5m";l:w fl1";lbb tJw11~~ bb~~-J'f1-.ij'm'Ue:J.:J 
' ' 6.J 

b61i~~ fl1";ibb u.:~b61Jr;=t~bb uu 1:w 1 'Vl"B?I fl1";ibb U..:Jb61J~~bb uu 1:w 1e:J"8?1 bb~~ 1m 1:w161J:wnufl1";i~1tJ'Vle:J~~n~ru~ 

'Vl1-:I~'U5fl";i";i:IJ 
' 

3.6.2 :u1 ntY'W U1";i'\J bb 'U'U'Ue:J.:~f11 ~ e:Ju:~-n-.ij ~ n~:w bb uu :d'1~ e:J-:~1"111:w ~ ~'Ue:J-:~'11 m1t~'W 1~ mb u.:~ 
" ' 

e:Je:Jflbtl'U 6 mi:w ~..:IU";l~t!fll?i':U1flfl1";i-.ij~fl~:Wbb'U'Uiil1r;=te:J..:JI"ll1:W~~ 'Ue:J-.:1 Chi and Roscoe (2002) bb~~ 
' ' ' 
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.... "" 'Uf1b1tJ'U 

3.6.3 'VII?lfle:J'U ne:J'U b~tJ'U (Pretest) 11?1 tJ 1Vf1.Jm~ tJ'Uvl1 bb 'U'U'VI l?lfle:JU!JI?lc.J ~ i1:Wt"]'VI~'VI1\In11 b~tJ'U 

neJ'Ub~tJ'U b~e:J\1 n11ri1tJ'VJeJ(?lc;ln"eH1.l~'VI1\I~'UliTl11:W '<iJ1'U1'U 40 ife:J 
' 

3.6.4 bbU\Ii!m~tJ'Ue:Je:JndJ'Un~:w~e:JtJ n~:w~~ 4-6 fl'U 11?ltJfl~~c.J~i1':wt"J'VI~'VI1\Ifl11b~tJ'U bn\1 
I d I Q.J V ~ ..:::11 I Cll 

th'U nm\1 bb~ ~e:Je:J'U 'VI bb 'U\I"'il1 flc.J~ fl11'V11?161e:JtJ11?lc.J~61:wt")'VI5'VI1\Ifl11 b 1tJ'Ufl e:J'Ub 1tJ'U 

0 ..:::::.. v ~ q ~.<:::11 cv c:::!l 21 dll 2.1 

3.6.5 1?11 b 'U'U fl11"'iJ(?l fl"'il fl11:Wn11b 1tJ'Ufl1161eJ'UI?l1:W"lJ15fl11"'ill?lfl11b 1tJ'U~bb 'U'Ufi'U b611~VI1fl11:W~ 

3.6.5.1 ~'U611'1\Ifl11:w61'Uh bU'Ufl11~(?ln"'ilm1:wVI~e:Jflm'Um1ru~m~~'U ~1~ 1~ 
~ b~tJ'Ubn (?lfl11:W 61\l~tJ 1fl~~e:J m n1'e:1 tJ1 m ~'U bb6l'1 bnl?lthuVI1VI~mh~ b~'U~"'il ~Pi m~n ~'~~ b~tJ'U"'il~ ~ e:J\1 
'U 'U 'll Q,J 'U 

~111"'ilm1"'ilfle:J'U~e:J 1 LJ#b m•i'1"1Je:J\I~ b~tJ'Ube:J\1 
" 

3.6.5.2 ~'U ~ 111 "'iJ bb ~ ~ r1 'U VI 1 dJ 'U m1 ~ (?1 n "'iJ n11:w Vl~e:J ?I tl1'U n11 ru ~1 ~ ~ b~ tJ 'U il 

't11~fltJfl11tU~1:wn'U b tl'U m1:w 1 'Ufl11611'1\le:J\I ri'm1:w-rl mJ 11?1 tJfl1111\l bbc.J'U fl1VI'U(?lfl11~111"'il m1 "'il61e:JtJ 
' " 

bb~~~\liJeJ'lJ nu~ 1 'U n11~111 "'ilm1"'il61e:J'UU fUVI1VI~eJ'lJ1~ b~'U~ ~b~tJ'Ufi'U 1 "'il 1fl~~ fl1iJVI1J 1~ci\l bfi~:W d.J lU 'U 'U 'U 

m~~'U 1 ~r11'\.J~m·n~bb 'U~ 'li1mV1~eJ bb~~B1'U1tJfl11:W61~1?11fl1 ~~b~tJ'Uvl1b iJ'Um1~111"'ilm1"'il61e:JtJ 
' " 

btl'U1't1~1tJ~ 

b~:Wb~:We:J\Irlfl11:WTI VI:W 1 ~fll1\l"ll11\161:WtJ1ru m~~1\lbb~~~fl~\I~\I~'U 
" " 

3.6.5.5 ~'ULJ 1~ biJ'U c.J~ b iJ'U m1~ (?1 n"'il m1:wVI~e:Jflm'U m1ru~1 ~~ b~tJ'U 1~LJ 1~ biJ'U 
" 

m~u 1'\.J n11~ 111 "'il \9111 "'il fle:JtJ bb~ ~ c.J ~ n11~111 "'il \9111 "'il 61 €l tJ VI~€! €l \1 r1 m 1:1.1 -rl VllJ"ll e:J\1 191 'U b€1\1 u~ ~"11€1\1 
" 

b ~e:J'U~1:w.ff'U b~tJ'U t(?l t1 m11 bfl11~~1 "'il11ru e:Ji1't111 t1~n m:w bb~ n b 'lJ ~ t1'U e:J\Irlfl11:w~~'~ n'Ubb~~ n'U 1 'U b "a \I 
" 

b 'lJ~tJtJ b Vi tJtJ't11~ biJ'U"'iJ(?l~VI~eJ"'il l?l~e:J t1 
' ' 

3.6.6 bnu 11tJ11:w.U €!~~"() €!\Iii' m~ tJ'UVIc;r\l"'il 1 n~~(?l n"'iJ m1:wn11 b~tJ'U fl1161€l'U t(?l t1 1 if bb uur (?1 

bb 'U'U '<il1~ €l\I'VI1\I fl'J1:Wfll?l1 'Uc;l fl~UJ~rhm:w'\.Jm tJ b Ul?l m ~if fl b~tJ'U11(?l.flTW bb~ ~b ~tJ'U'U 11tJ1tJ'W1'€l:w 

eJBtJ1mVI~c.J~ b~e:J\1 fl11ci1tJ'VIeJI?lc;ln~ru~VJ1\I~'U~m1:w "'iY1'U1'U 6 b~€1\1 111\1-d' 1) c;ln~ru~VJ1\I 
'W'U~m1:w 2) tmt:w1611:wbb~~6111~'U~m1:w 3) fl11bbU\Ib611~~bb~d'n~moue:J\Ib611~~ 4) fl11bbU\Ib611~~ 
bbuu1:wtVJ~61 5) fl11bbU\Ib611~~bbuu1:wteJ~61 bb~~ 6) LF111:w1611:wbb~~fl11ri1tJ'VIeJ(?lc;ln~ru~VJ1\I 
~'U~fl11:W c.J ~\11'U~\IVI:W(?l"1J€J\Ii! m~ tJ'U"'il 1 fl fl11vl1 b 'W'U n"'iJ fl11:W bb~~i1:W.fl1~ru-u m ~tJ'U b ~:w b&i:WV1c;l\l"'il1 fl 

l'l€l'Urhm:w 1 'Ubb tJU!J'(?lbb tJtJ'<il1~eJ\I'V11\Ifl1 1:Wfl(?l b ~€!Pi fl~1 bb uulil1~ €l\I'V11\If111:W fl(?l"U€1\IUfl b~tJ'U 
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3.6. 7 'Vll'l?fe:J'U'VI~'I b~ti'U (Posttest) bl'l t1 1 ~'IT tlb~ti'Uvl1 bb 'U'U'Vll'l?fe:J'Ull'l~G'l61:Wt)'Vlt'Vl1'1fl11b~ti'U 

VJ~'Ib~E.J'W b~e:J-:1 fl11tl1E.J'Vle:JI'l~n~ru~'Vl1-:JW'Wlim':i:w "lll'lb~:Wbb~iifl11?f~u<U'Bf11m:w ~1'W1'W 40 oUe:J 
' ' 

"" <f 'V 
3. 7 fl1':i1bfl':i1::'VI"lle:l3J~ 

t11.Ue:J:wG'l~ bn'U11'U ':i1:W~1 n bfl~e:J.:~iJe:J~1 m 'Un11i-.il' E.Jmi bfl11~~-ue:J:wG'l'Vl1-:J?f~~ 11'ltJ~1 b u'U m1 
'U 'U 

"' Q 6't.J v q 

1bfl11~WUe:J:WG'l l'l'I'U 
'U 

3. 7 .1.2 ibm1~~fl~bb 'W'W~G'l61:Wt)'Vlt'VI1.:~ fl11b~E.Jwie:J'Wb~E.J'WbbG'l~'VI~'~b~E.J'W 11'lt~t11fl~bb'W'W 

~'I'VI:WI'l:W1 b~E.J'I~1~'U~1 fl?f.:J?fl'l~'U().:~~ 1?fl'l 11'l t1 1 i b 'VI flU fl 27% bb~1~" bb tJ.:~'IT m~E.J'W e:Je:Jtlb tl'W 3 nci:w 
"' 'I 'I 'I 

~e:J nci:w?t.:~ (uu~1fl~~1vi'fl~bb 'W'W?f'l?fl'l hJ 27%) nci:w~1 (,Ju~1fl~~1vi'fl~bb 'W'W~1?fl'l~'W hJ 27%) ~ 
, \1 '\J '\.1 'I , \1 'I 

b'VI~e:J ~e:J nci:w'tJ1'UflG'l1'1 bbG'l~~1bb'Wtlbtl'W 8 1~~u (611,Jni"ll1fl11bbG'l~:W1m~1'Wfl11~fl~1, 2552) ' ~ 

1vi'bbn ~b~E.J:w c"ll1-:~fl~bb'U'U~e:Jt!G'l~ 8o-1oo) ~mn c"ll1-:~fl~bb'U'U~e:Jt!G'l~ 75-79) ~ c"ll1-:~fl~bb'U'U~e:Jt!G'l~ 

70-74) fle:J'WoU1-:J~ ("1!1-:Jfl~bb'W'W~e:JE.JG'l~ 65-69) 'tJ1'UflG'l1'1 ("1!1-:Jfl~bb'W'W~e:JE.Jm.: 60-64) t·m1i ("1!1.:~ 
"' . . 

fl~bb'W'W~e:JE.JG'l~ 55-59) ~1'Wbnru,-loU''W19h ("1!1-:Jfl~bb'W'W~e:JE.JG'l~ 50-54) bbG'l~l9llfll1bnru,-l ("1!1-:Jfl~bb'W'W 

~mm~ 0-49) 

3.1 .1.3 1.l1f1~ bb 'U'U~G'l61:w 11 'Vlt'Vl1'1fl11b~ti'Une:J'Ub~ti'UbbG'l~'VI~"b~E.J'Um b t.J~E.Ju b V1t~ufl11:w 

bb\9lfl~1-:J'Vl1-:J?f~~~':i~~u,JE.J611~ ru .05 11'lt~ 1 oUfl11'Vll'l?f e:J'UVJ Lb uu nci:w~1e:J~ 1.:1 hib tl'W a?f1~~mi''W ( t-
v ' 

test for dependent samples) 
~ tf ~ Q.l' 0 ~ 

3. 7.2 n1':i1bfl':i1::'VI"llv3Jmb 'U'U1ftbb 'U'U\11~e:J~'VJ1{1fl11:1Jflfl 

3. 1.2.1 t11-iimJG'lffivi'~1nm1191 e:J'Ubb uui'l'lbb uu~1G'le:J'I'Vl1-:~m1:wf11'lne:J'Ub~ti'WbbG'l~'VI~" 
'U 

b~EJ'W ~1 ~'ITm~EJ'W 11ft.fl1YHLG'l~b ~ti'W'U11t11ti'W~e:J:w e:J5'U1 t1 b VJI9l~G'l b~e:J-:1 ~ n ~ru~'Vl1-:J'W'Wum':i:w 
' ' 

1fl-:i1:w 166:wLLG'l~?f11W'W~m1:w fl11bb t1-:~b66G'l~LLG'l~i'!J~m"l1e:J.:~L66G'l~ fl11bb t1-:~L66G'l~LLuu 1:w 1 'Vl66?t fl11Lb tJ.:~ 

L66G'l~ bb uu 1:w 1e:J61i?f LbG'l~ 1m 1:w 166:wnun11tl1EJ'Vle:JI'l~n~ru~'Vl1'1W'Wlim1:w mB1'WVJG'l~fl'W 
' 

3. 7.2.2 L11oUe:J:WG'l~1vi':w1i bfl11~'11~1'l nci:wf\'1191 e:J'U 11'l tlvl1fl11i Lfl11~~ bb uu~1G'l e:J·• 
'U ' ~ 

fl11:WAfi"'Je:J.:J,Jm~EJ'WbbU'Ie:Je:Jmtl'W 6 nci:w 611-:~'t.J1~tlfl~~1flfl11-.il'l'lnci:wbb'U'U~1G'le:J'Ifl11:WAI'l "'le:J-:1 Chi 
' ' ' 

and Roscoe (2002) ~.:~if 

1) bb'U'U~1G'le:J'Ifl11:Wfll'l~~nl9i'e:J.:J (Correct Mental Models: CMM) VJ:W1EJ().:~ 
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~V.:::I i.l .<::lt. i.l J..ICV 

Mental Models: ICMM) VlmtJ!J-:1 'Uf1b'W'U111?l.fl1~~n\9le:J-:Ibbfl~e:Ji5'U1t!bVII9Jt:.Jfl~nl'le:J-:J ii1e:JI?lflfle:J-:Jn'U 

bbuu"i11fle:J-:~'Vl1\li'VltJ1mii11'limh\li!e:JtJ 1 e:J-:~ritl';i~ne:Ju 

3) bb'U'U"i11fle:J-:Jfl11:Wfll?l~ii1:wu';irubbl?l1~~Jn~e:J-:~ (Complete Flawed Mental 
" " 

Models: CFMM) VlmE.Jii-:~ irm~E.J'U11\?l,fl1~~n~e:J-:~ bbl?le:J5'U1t!bVII9Jt:.Jf11~ii1e:JI?lfl~e:J\Itl'Ubb'U'U"i11fle:J-:J 

'Vl1-:J1 'VI tJ 1P11 ii1 \91 i VI ~e:J111?1Jl1~ 1~~J n ~ e:J-:1 bbfl ~ e:J fiu 1 tJ b Vl\91 t:.J fl ~J n ~ e:J\IIi1e:J 1?1 fl ~ e:J-:1 nu bb u u "i11f1 e:J-:J'Vl1-:J 
" ' " 

1'Vlmmii11'lie:J~1-:~i!e:JE.J 1 B-:~ritl';i~ne:Ju 

4) bb'U'U"i11fle:J-:Jfl11:Wfll?l~1~~Jn~e:J-:J (Flawed Mental Models: FMM) 
" 

VI:W1E.Jii-:~ irm~mn11?1m~ 1~~J n~ e:J-:1 bbfl~Bfim m Vll'lt:.Jf11~ii1e:JI?l fl~ e:J-:1 nu bb uu"i11fle:J-:J'Vl1-:J1'Vlt!1!3\1ii11'li 
" ' 

5) bb'U'U"i11fle:J-:Ifl11:Wfll?l~1~b~e:J:W1E.J-:~ (Incoherent Mental Model: IMM) 

VI:W 1 tJ ii-:~ iJ n b~ tJ'U 111?1Jl1~ bbfl ~ e:Jfi'U 1 tJ b VI \91 t:.J fl1~ ii1e:J 1?1 fliJ e:J-:1 tl'U -if e:J fl1 !J1:W VI~ e:J b :U tJ 'U 'U ';i';itJ 1 tJ bbi?J1~ 
' 

6) hlbbii11?1-:Jbb'U'U"i11fle:J-:Jfl11:Wfll?l (No Response: NR) VI:W1E.Jii-:~ irm~mJhl 

l'le:J'Ufl1~J 1:WVI~e:J b :UE.Ju-ife:Jm1:w bbl?l1~111?l.fl1~ Vl~e:J111?1Jl1~ bb\911~ b :UE.Ju-iJe:Jfl11:W 

3. 7 .2.3 bde:Jv'hm';i1 bfl';i1~th~~'Ufl11:W b -if1 b"i1'1le:J-:JiJm~tJ'U bbil1 tJ1-ife:J:wfl~1~m~l?ln~:w 
" ' 

b -if111il'1le:J\IiJm~tJ'U u1mbbii11?1-:Jb U'Ubbt:.J'U.niJbb vi-:~b ~e:J'Wiil1';i~J.n 1 'Ufl1';ili1';itlt:.Jmbfl~~m1:W~1:W~1tJ 
" ' 

3. 7.3 m';i::S tfl'a1~'"fl"J1:JJW.:~'r4a 1~U'tla.:~irm~vu~ii~an~Un-a-a:wnTn~vu 

1 bm1~~m1:w'* -:~~ e:J h '1le:J-:JiJ n b~ E.Ju~ii 1?1 e:J fl1';j~ 1?1 fllil m';i:W m ';j b~ti'U ~ bb uu ~u bii11~VI1 
" 

m1:w~ 5 ~u 11?lt~Pin~1t:.Jfl~:J.Jfl'Vl~bbfl~bb'U'U"i11fle:J-:J'Vl1-:Jfl11:W~I?l1u1'1J1~11'VltJ1~'U;i1u b~e:J-:~ fl1';j 
" "I ~ 

ci1tJ'Vle:JI?l~ n~ru~'Vl1-:J~'U5m';i:w '1le:J-:~irm~tJ'Uiwr5tJ:WPin~1u~ 4 1 bfl';i1~~-iJe:J:wf111?ltJf11';j 1 ~J1V1u n 
' " 

~ II q 1 Q.l 

b VI'UI?l1ti:W1n :Wfl1';i~l?l'Ufl~bb uu 4 

b ~'U~1tJtlTunm-:~ iiri1';i~~'Ufl~bb uu 3 

~ll i.l d Clll Q.l 

bVI'U\?ldtJ'Ue:JtJ'Vl~\?1 :Wfll';i~\?l'Ufl~bb'U'U 1 
" " ' Q.l 0 Q.l I .:::1 I d 

lil1f1'U'U'U1fl~bb 'U'U'Vl-:IVI:WI?l:W1VI1fl1btJfl tJ (mean) bbfl~ii11'Ub 'U CJ-:Jb 'U'U:W1\9l';i;j1'U (SO) bbil1 
~ 

bb tlflfl11:WVI:W1 tll'l1:W bnru~ f11';j bb tlflfl11:WVI:W1CJ ';i~~'Ufl1fl~ bb uu btJ~ tJ 11?1 t1 mP! tl~l?l ~-:~nm-:J'1Je:J-:Jfl~bb uu 

(Mid Point) ~-:~d 

4.50 - 5.00 VI:W1tJii-:~ 



•. 

• . 

3.50 - 4.49 Vl:W1~fi-:~ 

2.50 - 3.49 Vl:w1~fi-:~ 

1.50 - 2.49 Vl:W1~fi-:~ 

1.00 - 1.49 Vl:W1~fi-:~ 

QJ = oil 
~~~'Ufi11:Wfl~b'Vl'U:W1n 

~~~'Ufl'd1:WA~b~'U't.hunm-:~ 

3.8 ai\~~1 if!. unTa1bf1~1~""-b'e>3J~ 
1 um~1..ij~fl~-:~ffil?l~1b 'Wum~ 1 -tia~~1 um~1 bfl~1~1-Hie1~~ ~-:~d 

... 
3.8.1 ail~cWcu;;1u ... 

3.8.1.1 ~B~~~ (Percentage) 

d 
b:WB 

p = f X 100 

N 

' ., 
bbVI'U fl1~BCJ~~ p 

f bb VI'U fl11:W~~~B-:Jn1~bb ti~-:Jb U'U~B~~~ 
'"' 

N bb VI'U ~1'U'd'Ufl'd1:W~Vl-:!Vl:W~ 

' d 
3.8.1.2 fl1bu~~ (Mean) 

d 
b:WB X 

X = Ix 
n 

"' LX bb VI'U t.l~~'d:W'lJB-:!fl~bb 'U'UVl-:!Vl:W~'lJB-:Jn6l:W 

n 

3.8.1.3 ?i'd'UbUCJ-:Jb'U'U:W1m~1'U (Standard Deviation) 
"" 

so = nLX2
- (LX)2 

n (n - 1) 

' 

45 

(3.2) 

(3.3) 

(3.4) 
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SD ' .,. 
bb'VI'W 611'Wb 'Utl\lb 'U'WlJ1\WHi1'W 

"" 
LX2 bb'VI'W t:-J~'S1lJ'IJ€l\IA~bb'W'Wtlflfh~\161€l\l 

(LX)2 bb'VI'W n1~\161€l\I'IJ€l\IA~bb'W'Wt:-J~'S1lJ 
0 .., 

n bb'VI'W ~1'W1'W'IJ€l~~ 

IOC = LR (3.5) 

n 

IOC 
Cl.l .c::il J..1 I 21 Q.l 

bb 'VI'W ~"II'WA11lJ61€l~A~ €l\I'S~'M11\I'IJ€l61€l'U fl'U 

~ ~u-s~61\IA m-sb'1t~t!~ 
' u 

0 ... .,. 

n bb'VI'W ~1'W1'Wt:-Jb"lltl1"111ru 
u "' 

3.8.2.2 A11lJtl1fl'IJ€l\lbb'U'U'VI~61€l'U (Difficulty: P) 

p = R (3.6) 

n 

"" p ' ... 
blJ€1 bb 'VI'W A1A11lJtl1fl'IJ€l\I'IJ€l61€l'U 

R 
0 

bb 'VI'W ~1'W1'WA'W\?l€l'Utl fl 
u 

"' 0 .., 
n bb'VI'W ~1'W1'WA'W'VI\I'MlJ~ 

3.8.2.3 eJ1'W1~"iJ1bb 'Wflbb 'U'U'VI~61€l'U 

R = U L (3.7) 



' ' 

R 

u 

L 

0 ' ~ 
llVI'W "il1'W'"J'Wf1'W?fe:J'Ur:.J1'Wlnru"n (?le:J'U~n 

llVI'W "ii'1'W'"J'Wf1'W?fe:J'U hic.i1tJlnruevi (?le:J'U~n 
0 ' ~ 

llVI'W "il1'W'"J'Wf1'W?fe:J'Ur:.J1'Wlnru"n 

ll VJ'W "ii'1'W'"J'Wf1'W?fe:J'U 1~~1'Wlnruevi 

"" ... 3.8.2.4 f111lJl "lle:JlJ'W'Ue:J\Ill 'U'UVII'l?fe:J'U 

bi'IEJA1'W1W"il1n?f(?l1 KR-20 'Ue:J\If1ll'le:J~-~"111~1'1~'W 
" " 

li'le:J rt ll VI'W ~llth~~VJB'Ue:J\If111lll ~mY'W'Ue:J\Ill 'U'UVII'l?fe:J'U~\1 
uu'U 

n ll VI'W "iJ1'W'"J'WoUe:J'Ue:J\Ill 'U'UVII'l?fe:J'U 

' " Q.J I i.l.c::!l o<::lil 0 i.l i.l Cl.l Q.J 

p ll VI'W ?fl'l?I'"J'W'Ue:J\I~l1E.l'WVIVI1'Ue:J?fe:J'U'Ue:J'W'W~nn'U 

s
2 

ll VJ'W m1llll 'lh'lh1'W'Ue:J\If1~ll 'W'W?te:J'U~\IuU'U 
t 

N llVI'W "ii'1'W'"J'W~l~E.l'W 
" 

47 

(3.8) 

(3.9) 

3.8.3.1 n11VII'!?fe:J'U'Vill'U'Un~llil'"Je:J~1\11~B?f1~ (t -test for dependent samples) 

t = LD 

J nLD2 - (LD)2 

(n - 1) 

(3.10) 



.. 

d 
b:WeJ t bb 'VI'U fl1~1il~ 1-ifb mEJ'U bVlEJ'Un'Urh1n~~b ~eJ'Vl'HU 

fl11:wi1iJ mh~' t1J 

D bb'VI'U fl1t:..lfi~1\l':i~VIi1\lflfl~bb'U'U 
" 

0 I CV I dl 0 I 

n bb 'VI'U lil1'U1'Uflfi:Wme:JE.11\IVI':ie:Jiil1'U1'Uflfl~bb 'U'U 
' " 

48 



\ 
d 

'I.J'VI'VI 4 

~~f1111bF111~'t . .H'mJ~bb~~Bih.h1~~~ 
'II 

m'jPJ m~n 1 'Wfl~-:1'0il1 191~'\J'j~6NI'i b ~ eJ 1) b tJ~ CJ'U b Vi CJ'U~~«~~'Vl~vn~m'jb~ CJ'Wri e:J'Wb~ CJ'Wbb~~VI~~b~ CJ'W 

b~e:J~ m'j~1CJ'VleJ~~m;ru~vn~.Wwm'j'j~"1JeJ~'t!m~CJ'Wi'W~tm~Pin'l~ntJ~ 4 ~1~-r'lJfl1'j~~fl1'jb~CJ'W~bb'U'U 
' 'V 

~ ' 

~'U b?f1~VI1fld1~~ 5 oV'U 2) Pl fl'\;1 bb 'U'U''ih~ e:J~'Vl1~fl'"J1~fi~ tle:J'Wb~CJ'Ubb~~VI~~ b~ CJ'W b~tl~ f11'j~1 CJ'Vle:J~ 
'V 

~ f1't;tu~'Vl1 ~.W'W Li f11'j~ "VB ~'I! m~ CJ'W.ff'W~ LiCJ~ Pi f1'!;1U ~ 4 ~1~-r'U m 'j~ ~ fll'j b~ CJ'W ~ bb 'U'U~'U b?f1~VI1 
' 'V 

~ ' ' 

bb 'U'U ~'U b?f1~ Vl1fl11~~ 5 oU'W b~e:J~ f11'j~1 CJ'Vl e:J~ ~ fl't;tu~'Vl1~oW'W5f11'j~ ;~ ~l ~ tl"il~'l11 b?f'W eJ ~ ~ fll'j 
'V ' 'V 

v .:! q 

4.1 ~~?f~~'Vlli'Vl1~f11'jb'jtJ'U 

4.2 bb'U'U"il1~e:J~'Vl1~fld1~fi~ 

4.3 fld1~-w~'V'Itl h 
4.4 eJJitJ'a1tJ~~ 

' < ' 

f11'jl ~ t1 b Yl t~Pi n1;1~ ~«~~'Vl5vn~ m'ab~ t!'Wbb~~ bb 'U'U"il1~t~~'Vl1~r111~fi ~ b~t~~ f11'j~ 1t1'Vl t~~ 

~ f1't;tu~'Vl1~oW'Wli m'a~ "V eJ ~-u m~ tJ'W .ff'W~Li t1 ~Pi fl't;1U ~ 4 ~1~1''U m 'a~~ f11'j b'1t1'W 1 bb 'U'U~'U b?f1~VI1 
. ' 'V 

r111~~ 5 ~'W ~1~ tJ 1~1 bfl'j1~v;.ue:J~~"il1flf11'ae:Je:Jmb 'U'U bb~'Uf11'jb~tJ'U~~ f11'j b~tJur b~e:J~ f11'j~1tJ'VleJ~ 
'U ClJ \J " 

~ f1't;tu ~'Vl1~oW'U Lim'j~ b~ t!l ~ 'atJ bb 'U'U f11'a?f tl'Ubb 'U 'U ~'Ub?f1~VI1fl11~ ~ 5 ~'W "iJ1'U1'W 7 bb~'U 
' 'V 'V 

nm 12 -ri'11~~ ~~\911'j1~~ 4.1 
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1 1 

2 2 

3 1 

4 2 

5 3 

6 2 

7 1 

< ' 

·'inn m'ji ~f1'j1~~.Ue:J~6'l'WU'"h11 m~tJ'WlJr:.J6'l~:w~VI5vn~m 'j~~tJ'W rie:J'W~tJ~tJ ~ vhnu 12.14 

± 3.73 fi~~U'W~e:JtJG'l~ 28.23 e:J~1'LJ'j~vJU~1n11~nru,; ..ij1'W1'W 36 f1'W fi~~U'W~e:JtJG'l~ 100 (m'W~ 4.1) 

................................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

~ti e:J'Wii!1'jt\J 1 r:.J 6'1 ~:w ~VI tV11~ n 1 'j ~~ tJ'W ri e:J'W ~~tJ'W ~ U'W 11 tJ ~~e:J~'WU11 11 n ~~tJ'UiJ r:.J 6'1 ~:w~VIt 
!I.J I I f' 

Vl1~ m 1 ~~tJ 'W ri e:J'W b~ tJ'W e:J ~ '1 'W 'j~ vi'u ~ 1'W ~n ru,;-uu ~ 1 ~~6'J~'j~ vi'u ~ 1 n--.i1 ~n ru,; 1~tJ11 n ~~ tJ'WlJr:.JG'l ~:w ~VI5 
!I.J I I I I 

.<::.11 I .<::.11 CV I 6'CV 0 0 d d d .<::.11 CV CV 

Vl1~n1'j~'jtJ'LJne:J'LJ~'jtJ'LJ'j~~ur:.J1'U~nru6fl'll'WI?l1 lil1'W1'W 1 ~'je:J~ f1e:J ~1e:J~VI 1 6'ln~ru~VI1~'W'Wum'j:w 
' 

fi~~U'W~e:JtJG'l~ 50.93 11m~tJ'WlJr:.J6'161:w~VItVI1~n1'j~~tJ'Wrie:J'W~~tJ'W'j~vJu~1n11~nru,; ..ij1'W1'W 5 ~~e:J~ 
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fit~ b~e:J~~ 2 tmt~tezJ~bbG'l~~1~~'U~m~~ fi~bU'U~mJG'l~ 29.63 b~e:J~~ 3 m~bbD~bezJm~bbG'l~1'!J~m 

"Ue:J~bezJm~ fi~bU'U~m.m~ 29.63 b~e:J~~ 4 m~bbD~bezJmhb'U'U1~tVJ"B~ fi~bU'U~mJG'l~ 24.44 b~e:J~~ s 

m':ibbD~bezJG'l~bb'U'U 1~ 1t~"B~ fi~bD'U~e:Jt.JG'l~ 25.43 bbG'l~b~e:J~~ 6 tm t~ tezJwi''Um1ri1C.JVle:J~~m~ru~VJ1~ 

~'Uum~~ fi~btl'U~t~C.IG'l~ 32.41 (m'V'I~ 4.2) 
' 

roo. 
33 
(tD 
iii:) 
(Q) 

"'"" ........ 
iii:) 

"ll(tD 
c;.Y 
....D 

~ 
~ 
....D 
....D 

33 
<t: 

100 

90 

80 

70 
~ 
0\ 

60 ci 
1.1) 

50 

40 
~ ~ 
\0 '-q 
o\ 0\ 
C\J ('..! 

30 ~ ~ 

20 

10 

0 

1 2 3 

"'" '<:!" 
~ 
('..! 

~ 

4 
d d 
b ~tl..:!Vl 

~ 

~ 
LO 
('..! 

~ 

5 

..-t 

"'" ("() 
C'.i C'.! ~ 

<X) 

~ C\J 
~ 

6 

QJ Cli c::il IV ..! .:::Iii Q.l q d I CU .t:::t, ~ lJ 

'Um ~C.J'U~t-~G'l~~ ~VluVl1~fl1~b ~C.J'UV!G'l~b ':iC.J'UbuG'IC.Ib Vl1fl'U 31.28 ± 3.61 r1~ b U'U~e:JC.JG'l~ 

72.74 t~~1t~~~~u~ t~mb'IJ~bu'U~~~u~b~C.J~ ~1'U1'U 16 r1t1 fi~bU'U~t~C.JG'l~ 44.44 ~~~u~~1n 

~1'U1'U 6 fl'U fi~bu'U~t~C.IG'l~ 16.67 ~~~u~ ~1'U1'U 9 fl'U fi~bu'U~t~C.IG'l~ 2s.oo bbG'l~~~~urit~t~oU'1~~ 

~1'U1'U s fl'U fi~bu'U~t~CJG'l~ 13.89 (m'V'I~ 4.3) 
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fivu<th~~. 13.89 

~. 25.00 
e~cl 
~um.J:JJ, 44.44 

~~ a'W IV 1 'j ru 1~:-J i.1 if :u ~'VlBvn\1 n1 'j ~~ CJ 'U'Vl~ \1 ~~ CJ'W ~ V'W 'j1 CJ ~~a \I'W'Ul1 iT n ~~ CJ'Wii ~:-Ji.161:U~'Vl B 

'Vl1\ltl1'j ~~CJ'W'Vl~\1 ~~CJ'W a ~1 'W 'j~vi'u ~h~ CJ:U ~:u1n ~ ~~i.1 ~ria'Wi1\l~ hwir m1CJ'Wii~:-Ji.161:u ~'VlB'Vl1\l 

fl1'j~1CJ'W'Vl~\I~~CJ'W'j~vi'u~~~CJ:u -;J1'Wl'W 1 ~~a\1 ~a ~~a\1~ 1 ~n~ru~'Vl1\I'W'Wotl1'j:U fi~~tl'W~aCJi.1~ 
' ~ I I I 

86.11 irm1CJ'Wii~:-Ji.161:w~'Vl5'Vl1\ltl1'j~1CJ'W'Vl~\1~1CJ'W'j~vi'u~:u1n lil'1'Wl'W 2 ~~a\1 ~a ~~mVi 3 fll'j~~u\1 

~6i!i.1~~~m~1n~m-ua\1~6!li.1~ iil~~tl'W~aCJi.1~ 77.78 ~~i.1~~~a\l~ 6 bfl'j 1:u b6!l:utl'Utl1'jri1CJ'Vla~~n~ru~'Vl1\l 

'W'Wqm'j:u iil~~tl'W~aCJi.1~ 76.85 irm~CJ'Wii~:-Ji.1~:U~'VlB'Vl1\ltl1'j~~CJ'WVl~\I~~CJ'W'j~vi'u~ lil'1'Wl'W 2 b~a-:~ 

~a ~~a-:~~ 4 fl1'j~~tJ-:~~6!li.1~b~ uu 1:u 1 'Vl6il~ iil~dJ'W~aCJi.1~ 70.19 ~~i.1~~~a-:~~ 5 fl1'jbbU-:!b6!li.1~bb'U'U 1:uta611~ 
iil~dJ'W~aCJi.1~ 72.01 irm1CJ'Wii~:-Ji.161:u~'VlB'Vl1\ltl1'jb~CJ'WVl~-:!~~CJ'W'j~vi'uria'Wi1\l~ -;J1'Wl'W 1 ~~a\1 ~a 
b~a-:~~ 2bfl'jb:Ub6!l:Ub~i.1~~1'jfr'Wqm'j:u iil~~tl'W~aCJi.1~ 69.44 (.fl1'W~ 4.4) 
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100 ..... ..... 

"' 90 00 

80 

......... 70 
~~ 
(lD 
QiJ 

60 (Q) 
<:\If"> -QiJ 

50 "li(ID 

~ 
;:2 

40 ~ » 
~ 30 

20 

10 

0 

1 2 3 4 5 

d d 
b ':if) .:I 'VI 

d al .::::1 Q.J _,f Cll I .<:::11 V.<::ll IV.<:::il cl 

b:W B b tJ ~ EJ'U b 'VI EJ'U t:.J !;1 ?f:W~'VI5'VI1\I fl1~ b ~ E.l'U flB'U b ~tJ'U bb!;l :::Vl!;l \1 b ~ E.l'U 'V'l'U 11 'U fl b ~EJ'U:W 

t:.J!;l~:W~'VIB'VI1\Ifl1~b~EJ'U~\I;'UB~1\I:fh1m11ri'qj (p<0.05) (t = 67.17* bb!;l::: p = .00) b~Wb~B\1~ 1 

~ n~ru:::VJ1\I~'W~m~:w tr m~tJ'Uilt:.J!;]~:W~'VIBVJ1\Ifl1~ b~EJ'U ria'Ub~tJ'U fi~b U'W~BtJ!;'l::: 50.93 t:.J!;l~:W~VJB 

Vl1\lfl1~ b~EJ'UVl~ \lb~EJ'U fi~ b U'W~BEJ!;]::: 86.11 b~B\1~ 2bfl~ 1:w b5!J:!.Jbb!;] :::?t1~~'W~m~:w tr m~t!'Wil 
(:.J!;l~:W~VlBVl1\l fl1~b~EJ'UriB'Ub~EJ'U fi~ b U'U~BEJ!;l::: 29.63 (:.J!;l~:W~'VlB'V11\Ifl1~b~EJ'UVl~\l b~EJ'U fl~b U'U~BEJ 

. . .. 
!;1::: 69.44 b~a\IVi 3 m~bbU\Ib5!J!;l~bb!;l:::i'n~m"1Ja\lb5!J!;l~ um~EJ'Ui:lt:.J!;l~:w~'Vl5VJ1\Ifl1~b~EJ'Uria'Ub~EJ'W 

fi~bU'U~BtJ!;'l::: 29.63 t:.J!;]~:W~VJB'Vl1\lfl1~b~EJ'WVl~\lb~t!'W fi~bU'W~BEJ!;l::: 77.78 b~B\1~ 4 m~bbU\Ib5!1!;1~ 

bb uu1:w 1 VJGB?t u m~EJ'W:W t:.J!;l ~:w~'VIBV11\I n1~b~ tJ'U ria'Ub~EJ'U fi~ b U'U~BEJ!;l::: 24.44 t:.J!;l~:W~'VIB'Vl1\l 

m~b~EJ'WV!~\Ib~t!'W fi~bU'W~BEJ!;l::: 70.19 b~B\1~ 5 m~bbU\Ib5!1!;l~bb'U'U1:w1a68?t um~EJ'W:Wt:.J!;'l~:W~'VIB 

Vl1\lfl1~b~EJ'WriB'Ub~tJ'U fi~bU'U~BEJ!;l::: 25.43 t:.J!;l~:W~'Vlt'VI1\Ifl1~b~t!'UV!~\Ib~t!'U fi~bU'U~BtJ!;'l::: 72.01 

b~B\1~ 6 bfl ~ 1:w b5!J:w nu m ~ri 1EJ 'VI a~~ n ~ru:::VJ1\I~'U ~m~:w u m~ EJ'U:W t:.J!;j ~:w ~VltV11\I n1~ b~EJ'U 
riB'Ub~EJ'U fl~bU'U~BEJ!;]::: 32.41 (:.J!;l~:W~Vlt'VI1\Ifl1~b~EJ'UV!~\Ib~EJ'U fl~bU'U~BE.l!;l::: 76.85 Uflb~EJ'U:W 
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t:.J ~ 61'l.l ']'VI t·vn..:~ flTH~ CJ 'Uri eJ 'U b~ CJ'U bu ~ CJ 'Vl m~ eJ ..:~ fi 111 b tJ 'U 1' eJ CJ ~ ~ 28.23 t:.J ~ 61'l.l ']'VI t'Vl1..:J fl1 ~ b~ CJ 'U 

'VI~..:Jb~CJ'Ubu~CJ'Vlm~m fi111btl'U1'eJCJ~~ 72.74 (.n1~~ 4.5) • 

100 .... EJ f'I::L!'U'ULil~Uriil'UL1U'U 1!!1 f'l:aL'U'ULil~U'>'I!i~L1U'U .... 
90 

-a 
CXl 

80 

... 70 
(10 
;u 60 r.> 
~ 

"' 50 '1(10 
Q 

;i 
40 ~ 

" ~ 
30 

20 

10 

0 

2 3 4 5 6 
:::: 
'VI~'!I'U 

d d 
L~il~'VI 

4.2 bL uu\11~e:J~'VI1~fl11l.lflfl 

n1~Pi m~1 bb u u "ih~ eJ..:Jfl11l.lfil11 b~eJ..:~ m~~1 CJ'Vl e:1111~ m~ru ~'Vl1..:Jfr'U nm~l.l ~..:~th~ fleJtJ ~1 CJ • 
6 vh-ile:1 ~eJ (1) ~n~ru~'Vl1..:~'Vr'Uum~l.l (2) 1m1l.l16!ll.lbb~~?t1~Yr'Uum~l.l (3) n1~bbtl..:~b6!l~~bb~~ • • 
1'!J~m-neJ..:~b6!1~~ (4) m~bbtl..:~b6!l~~bbuu1l.l1'Vl~?t (5) m~bbtl..:~b6!1mhLuu1l.l1eJ~?t bb~~ (6) 1R~1l.l16!ll.lnu 

fl1~~1 CJ'VleJ111~ n~ru~'Vl1..:Jfr'Unfl1~l.l t:.J~ m~1 bFI~1~~rh~eJtJ"neJ..:JU fl b~CJ'Ub U'U~..:~-d • 

4.2.1.1 bb tJtJ'i11~eJ..:J'Vl1..:1Fil1l.Jfil11rieJ'Ub~CJ'U 

"il1 n-ifeJ l.l ~ ~ n1'VI'U ~ 1 ~ "'U 1 CJ ?fl.l"IJ1 CJii ~ n~ru ~ b tl'U FI'U ~1-n11 t:.Jl.l'VI r1 n !3! n 
'U 

~1~'Ub~CJ1 bb~~hJi161''U"ill.lfl 'U1..:J?f11?fl.l!3!~li~n~ru~btl'UFJ'U~1?feJ..:J~ t:.Jl.lm..:J"il1flfl1~V~ m~'Ub~CJ1 ii 
'U 

~'U beJ..:J LM mnu~ n~ru~'Vl1..:Jfr'U nfl ~~l.l'UeJ..:JtJ m"IJ1 CJmeJu FJ-rTtli1m~ii~ n~ru~eJ ~1..:1 1 ~ 1~D'1..:~ bb~~ • • 
~n~ru~~bb?f~..:Je:Je:Jfl1'Uu~~"IJ1CJ 1~l.l1"il1n1m b ~~1~eJ~ 1 ~ b~eJ 1 ~'l!m~CJ'U1111l.n1~b~e:Jbb?f~..:JFI11l.lfi~ • 
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2) bb'U'Uii\'1{;'1eJ-:J'Vl1-!!fl11:Wfl~~ii'f:W'U'H\Jbbt?ihJt:Jn~eJ-!! lil1'UTU 24 fl'U fl~bU'U~m.J{;'I::: 66.7 bb{;'l~ 
" " 

3) bb'U'Uiil1(;'1e:J-:J'Vl1-:Jfl11:Wfi~vfl:Wt:Jn~e:J-:J lil1'U1'U 4 fl'U fi~bU'U~mm::: 11.1 
" 

1) n~:wbb'U'Uii\'1(;'1e:J-:J'Vl1-:Jfl11:Wfi~~t:lfl~e:J-:Jbbl'i1:Wii'f:w'U"Jru 'Wm~ti'U 8 fl'U lJfl11:w 
, " " 

boff11"iJt:Jfl~eJ-!1 ii'f:W'U'JtU b'U'U'J~b~'U~l1 "'Um"IJ1tllJ~T'1J1TVI~eJ~"Jii'feJ-!I~ r:.J:WVI~fll"lfl \911~'Ub~ti"J bb(;'l:::lJ 
" " ' 

61'U~:wn" 1~v-w m~ti'U11~.fl1V'I~mH\J~"1l eJ-:J'U\9l"J"I11CJfl"JB'Ufl-rTd't~t:Jn~ a-:J fia 11~~1"1l11VI~B~16'1B-:J~ 
" ' " 

r:.J:WVI~fll"lfl \911~'Ub~tl1 bb{;'l:::ii61'U~:wn (.n1V'I~ 4.6n) 1 'U~1'U~1:Wii'f:w'U"JruVJ~a~"J'U~1:W1~n~11i'i-:J fia 
" " 

'Wm~ti'U 1:Wa~'U1tll1" ~n~ru:::VJ1-:JoW'Utlfl'J"J:W~bbii'f~-:Je:Jan1 'U'Um"l11ti,1'U 1~:w1~1nvla bb{;'l::: bb:W~'Ua~ nu 
' ' " 

' v 

2.1) n~:wVi11~mYmn~a-:J 'Wm~ti'U'VJ-:J 24 fl'U 11~.fl1V'Ibb6'1~-:J~n~ru:::"IJa-:J 
' " 

'U\9l'J"IJ1tlfl'JB'Ufl-r"J-d1~t:J fl~B-!1 1~t111~~1"1J11VI~8~16'18-!I~ r:.J:WVI~fll"lfl \911~'Ub~ti"J bb(;'l:::lJ61'U~:Wfl 
' " " .. 

(Jl1V'I'Vl 4.6"11) 

m 1:Wt:Jn~a-:J 1~v'Wm~ti'U 1 fl'U a~'U1tll1 "'U\9l"J"I11tllJm?la-:J~'U" bb{;'I:::'Wm~ti'UBn 12 fl'U a~'U1tll1 
" ' 

"um"IJ1tllJ\911~'Ub~tl1 bbl'i1:Wa~'U1t1111~~n~ru:::\911:W1~1flbfl1" 'Wm~ti'U 13 fl'U a~u1t1~n~ru::: 
' 

~1nvla" bb6'l:::'Wm~ti'U 1 fl'U a~'U1tlb'VI\9lr:.J6'l1:Wt:ln~a-:J 1~CJa~'U1tll1 "~n~ru:::~bb?I~-:Jaan1 'U'U\911"111tl 
' " ' 

,1'1..1 l~:w1~1 nvlam n n'i1 bb:W b V'l11:::~1ti'Vla~~1 tl"l11tl~"111 v" 
" 

3) n~:Wbb'U'U~1(;'1B-:J'Vl1-:Jfl11:Wfl~~1:Wt:ln~a-:J 'Wm~ti'U 4 fl'U bb?I~-:Jbb'U'Uii\'1(;'18-:J 
' " 

'Vl1-:Jm1:wfi~ 1:WA"J'U'Vln'IJ"J:::b~'Uri'1191au ~-:Jiitb~b~'U~1:Wt:Jn~a-:Jbb{;'l::: 1:W1~n~11i'i-:J 1~v bb ti-:Jb u'Un~:w 1~ 
' " ' 

3.1) n~:W11~.fl1V'11:Wt:Jn~a-:J 'Wm~ti'U 3 fl'U iim1:wbi11"il1:Wt:Jn~a-:J1'U , " " 
'IJ"J~b~'U~n~ru~61'U~:wn 1~t111~.fl1V'I'U\911"111ti1:Wii61'U~:wn (.fl1V'I~ 4.61"1) bb{;'l~-wm~ti'U 1 fl'U iir111:W 

" ' " 
boff1 h 1:W~n~a-:J 1 'U'Ll1:::b~'U~n~ru~b61''Ur:.J:W 1~ti11~.fl1V'1'41911"111tllJb61''Ur:.J:W\9l"J-:J (mV'I~ 4.6-:J) 

3.2) n~:wa~u1t~1:Wt:Jn~a-:J 'l!m~ti'U 1 fl'U a~'U1tl~n~ru:::~~11:Wt:ln~a-:J 
' " " 

1~ t1 a~u 1 v11 "~~11~~1 nvl a" 'I! m~ti'U 2 fl'U a~u1 v~ n~ru~b61''Ur:.J:W 1:Wt:l n~ a-:J 1~ va~u 1t1'J1 
" 
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~n~ru~"i!1.lf1"i!1flbbli"bb6'l~irm~EJ'U 3 fl'U Bfi'U1m'VI~C.J6'11li~n~B'lhwB6'U1EJ';h "~n~ru~'Vl1'1 
'U ' 'U 

~'Uof1111.1~bb6Wl'l€JBf11 'U'U~1'111EJ~'U 1~vJBmnn11bblJ b V'l11~ri1EJ'Vl€J(1l"i!1f1'111EJ?i'111EJ" 
' ' 'U 

3.3) 'lh~b~'U~1lJ1~bb~(1l'lbb'U'U~16'1€J'l'Vl1'1fl111.1fi(1} tJflb~EJ'U 3 fl'U 1ll1~ 

bb~(1l.:Jbb 'U'U~16'1€J'l'Vl1'lfl111Jfi(111 'Uth~b~'W~11 "'Um'111E.JlJ~1'1l11VI~€1~1~€J'l~ 1~~'Um1ri1EJ'Vl€J{1l"iJ1n 
' 

1~~'Uf111ri1EJ'Vl€J(1l"iJ1nvJmb6'l~bbli" irm~EJ'U 2 fl'U 1ll1~ bb~(1l'lbb 'U'U~16'1€J'l'Vl1'lfl111.1fi(1}1 'U'th~b~'U~11 

"'U~1'111E.Jiim.ff'Ub~m 1~~'Um1ri1EJ'Vl€J{1l"iJ1nvJmb6'1~bblJ" irm~EJ'U 3 fi'U 1ll1~bb~(1l'lbb 'U'U~16'1€l'l'Vl1'1 
' 

.fl1'W~ 4.6 ~n'I~W~"'JEI.:J'4~1"!11EI (ne:J'Ub'iEJ'U) 

VI:IJ1Eib VI~: (n) VI1.11E.Jti'l bb'U'U~16'le:J'l'Vl1'lfi111Jfi(1l~~f1~€J'lbb~hJ~1.1\j1tU 

( 'll) Vl1.11 E.Jti.:~ bb 'U'U~16'1 €J'l'Vl1'lfl111.1fi(1}~~1.1'U1rubb~1lJ~ n~ e:J'l 
'U 'U 

4.2.1.2 bb'U'U~16'1€J'l'Vl1\lfl111Jfi(11VI~\lb~tJ'U 

"iJ 1 f1oU€11.1 6'1~ rl1VI'U (111 Vl "'U 1tJ ~1.1'111 tJlJ~ fl'l~W ~ b tJ'U fi'U~ 1'1111 C.J1JVI EJ f1 PI f1 
'U 

m.ff'Ub~EJ1 bb6'1~ 1~iii1'U"il1.1 n 'U1\l~11~1.1P~~ii~ n~ru~ btl'Ufi'U~1~€J\l~ C.J1.1m\l"il1 nrn1~(1} m.ff'Ub~ EJ1 
'U 

iii1'U"i!1.ln ~€11.11~\l~€J\lbb~\l\l1'Utl'U bb6'l~ii'Um'111EJ 1 fi'U" 1 Vfirm~EJ'U11(1l.fl1V'Ib ~mb~(1l'lfl111.1fi(11'1J€J'l 
'U ' 

~'U be:J\l bMEJ1 n'U ~ n~ru~'Vl1\l~'Uof1111.1'1Je:J\l'U~ 1'111 EJ fl1e:J'U fi~T011fl11ii ~ n~ru~e:J ~1\l111~u1\l bb6'1~ 
' ' 

~n~ru~~bb~(11'1€Je:Jn 1 'U'U~1'111EJ 1~m"il1n 1fl1 b V'l11~e:J~ 11 bde:J 1 Vfirm~V'U11(1l.fl1V'I b~mb~(1}\lfi111Jfi(11 
' 
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1) mhJbb'U'U'<il1~HJ~'Vl1~fi11:Wfi~Vir~n~EJ~ 11m~E.J'W 11 fi'W 11~fi1'1"Hb~~ 
' 'lJ 

EJB'U 1 EJ f( n~ru~'Vl1~~'W nfl ':i':i:W~ bb?f~~ EJ EJ n1 'W'U (?) ':i"/11 WIJ EJ~mEJ'U fl-r1-d1~fl nl'i' EJ~ t~ E.J11V~fi1'V'I bb~~ 
' ' 'lJ 

EJB'U1E.Ji1 "'t.J(?)':i"/11m tl'Wfi'W~1"1111VI~EJ~1?1EJ~~ t:.J:W'VItJfll"!fl m.ffub~E.J1 bb~~ij~u:u:wn t~E.J'U(?)':i"/11E.J 1~ 
' 'lJ ' 

QJ ciq I .::!1 I Cl.l 1.1 I Q.l I I QJ 

~n~ru~?rt:.J1:J..J1:U1fl'V'Ia'VI':imb:w ~n~ru~b?f'Wt:.J:W m:u1n'V'Ia ~n~ru~m :W1:U1fl'V'I€lbb~~bb:W bb~~~n~ru~ 

61u:u:wn:w1:u1mbl.l b ~a~:u1nf(n~ru~~h~ '"' 'Vl1~~unm':i:w~ci1E.J'Vla~ lut'J~u (?)':i"/11E.J;u mlnu ~u~ b tJu cu I , , cu 

?11':ioW'Wnm':i:w~~acJ1 u Lfl':i t:w L6!!:w t~E.Jci1E.J'Vla~m:u1n~mb~~bbll ~~f( n~ru~tTu 1 m:u bb?f~~aEJn 
' 'lJ 

Vl~a1llbb?rV~~aan1 'Wbb~~dun1~ (m'V'I~ 4. 7n) 
' 

2) n~:wbbuu"'11~a~'Vl1~fl11:wfi~~r~n~a~bb~1ll?r:wu':iru 11m~E.Ju 1 fi'U ijfl11:w 
' 'lJ 'lJ 

b·ihhr~n~EJ~ ?r:wu':iru 1utb~b~u~i1 "'U(?)':i"l11E.Jij~1"1111VI~a~1?ra~~ t:.J:w'VIt!nl"ln m.ffub~E.JJ bb~~ij 
'lJ 'lJ ' 

61u:u:w fl" LV~E.J11 flb~ E.J'U11Vlfi1'V'If(fl~Ul~"l1a~'U (?)';i"/11 E.Jfl':ia'Ufl~1m~ flfl~ a~ ~ El 11V1~1"1111VI~a~1 ?IE!~~ 
'lJ ' 'lJ 

t:.J:w'VIt!nl"!n (?)1.ffub~E.J1 bb~~ij61u:u:wn (fi1'V'I~ 4.7"11) 1u~1u~1ll?r:wu':iru'VI~a~1u~1l11~n~11~~ ~a 
'lJ 'lJ 

11m~E.J'W 1lla6'U1E.Jf(n~ru~um"l11E.Ji1 "ijt( n~ru~~1"1.111VI~a~1?fa~~ ci1E.J'VlaV~:J..J1:U1fl~a'VI~a bbll t:.J:w 
' 

" Cl.l I I I Q.l c::l I I I .c::::r1 Q.l 1 

Vlt.lfll"! fl fl1t.I'VlaV!:W1:U1fl'V'Ia-bb:W (?)1"/1'U bV!t.l1 fl1 E.J'Vl aV~:J..J1:U1fl'V'Ia-bb:W bb~~:W?f'U :U:W fl fl1 t.I'Vl aV~:J..J1:U1 fl 
'lJ 

bbl.i" 

3) n~:wbb'U'U"'11~m'Vl1~m1:wf1V~~?r:wu':irubb~1llr~n~a~ 11m~E.Ju 24 flu bb?IV~~ 
' 'lJ 'lJ 

bb uu"'11~a~'Vl1~fl11:wfi~'Vlm.b~b~ur\'1(?) EJu bb~iji.J':i~b~u~1llr~n~ EJ~ LV~mb tJ~ b tJun~:w 1~ 1 n~:w ~a 
'I 'U q 'I 

n~:w~11V~fi1'V'Iflfl~a~ 11m~E.J'W~~ 24 fi'W 11V~fi1'V'If(n~ru~"Va~'U(?)':i"/11t.lfl':ia'Ufl-r1-d1~flfl~a~ ~a 
'I 'U , 'U 

11V~~1"1.111VI~EJ~1?1a~~ t:.J:W'VItJfll"!fl m.ffub~E.J1 bb~~ij61u:u:wn (m'V'I~ 4. 7fl) bb~a5'U1E.J lllr~n~EJ~ ~~d 
'lJ 'lJ 

um~t.I'W 9 fi'W EJB'U1E.Jf(n~ru~~~11llr~n~EJ~ LV~E.Ja5'U1t.ll1 "um"/11EJij~1"1111VI~a~1?1a.:J~ b'W11~ 
'lJ ' 

dJuf(n~ru~~aEJ~.:J?Ia.:J bb6'1~ 1lla5u1w;h1~f(n~ru~~~1l.l1~1n1fl':i" um~EJ'W 17 fi'W arr'U1EJ~n~ru~ 
b~ut:.J:w 1ll~n~a.:J 1V~t.~a5u1t.~11 "~(?)':i"l11tiijt:.J:w'VIt'Jnl"!n bb~1llEJ5'U1EJi11~f( n~ru~b~'Wt:.Jl.l:w1:u1 n1fl':i, 

11m~t.I'W 14 fi'W a5'U1E.J~n~ru~m1ll~n~a~ LV~E.J1!m~E.J'W 1 fi'W a6u1E.J'i1 "~(?)':i"l11EJij (?)l?fa.:J.ffu" 

bb~~um~E.J'W~n 13 fi'W EJB'U1E.Ji1 "~m"l11E.Jij(?)1.ffub~t.l1 bb~1lla5'U1t.li11~f(n~ru~m:wT•inn1fl':i" 
um~E.J'W 8 fi'W a5'U1E.Jf(n~ru~61u:u~n1l.l~nl'i'a~ LV~EJum~EJ'W 12 fi'W arru18i 1 "'U{?)':i"1JlEJij61u:ul.ln 

' 'lJ 

bb~1lla5'U1E.Ji11~f(n~ru~~u:u~nm:u1n1fl':i" "Vru~~11m~E.J'W~n 1 fi'W a5u18 -j1 "'lJ(?)':i"l1lEJ1l.Jij~u 
:U~fl 1~-r~fl1':itllE.J'VJEJ~:W1:U1fl~a" bb6'l~Uflb~t.I'U 1 fi'U EIB'U1t.ILVI~t:.J6'11ll~fl~EJ.:] lV~EJaB'U1EJ11 
"f(n~ru~Vibb?r~~EJan1 'W~(?)':i"l11E.JtTu 1~m:U1fl~EJ:W1flfll1bbli b 'W':i1~ri1EJ'VleJV~:U1fl"l1lEJ~"l11 EJ" 

'lJ 
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( "11) ~~1tJ~~ bb 'U'U"iJ16HNVI1~fl11~fl~~tlnl'i'e.J~bbVJ1lJ6'1~'U'H1J 
~ ~ 

( fl) ~~1 tJ ~~ bb 'U'U,)1 rt eJ~VI1~ fl11~fl~~6'1~'U~rubb~1lJ tlfll'i' €!~ 
~ ~ 

4.2.1.3 b'\.J~tJ'U b VitJ'Ubb 'U'U"iJ1rte.J~VI1~fl11~fl~rl€!1.Jb~tJ'I.Jbbrt~~6'J~b~tJ'l.J 

"iJ 1 fl fl1~ b 'IJ~ tJ'U b Vi tJ 'U bb 'U 'U "iJ1 rt e.J~VI1~ m 1~ fl ~ rl €!1.J b~ tJ'W bbrt ~~6'J ~ b~ tJ 'Wb~ €!~ 

6'1' n~ru~VJ1~-wwm~~~ 'Wu-;h ne.J'W b~tJ'WL! n b~tJ'W~1'W1 ~fl I:Wbb uu"il1rte.J~VI1~fl11~fi~~6'1~u~rubb~ . ·~ ~ 

1lit1nl'i'e.J~ (CFMM) fi~bU'W~e:JtJrt~ 66.7 ~e:J~rt~~1 :Wbb'U'U"il1rte.J~VI1~m1~fl~~t1fll'i'e:J~bb~1li6'1~'U~ru 
~ ~ ~ 

(ICMM) fi~bU'W~e.JtJrt~ 22.2 bbrt~:Wbb'U'U"il1rte.J~VI1~fl11~fi~~1lit1nl'i'e:J~ (FMM) fi~bU'W~e.JtJrt~ 11.1 
~ 

1~tJ 1lJ'WuL!m~tJ'W~:Wbb uu,J1r~ e.J~fl11~fi~~tJnl'i'e.J~ ( CMM) ~6'l~"il1n'<il~fi"ilm~~m~b~tJ'W~'Wu11 1lJ:W 
~ ~ 

L!m~tJ'W~:tJ bb 'U'U"iJ1rte.J~VI1~m1~fl~~1lJtJnl'i'e:J~ (FMM) L!m~tJ'W~'J'W 1 mu:Wbb 'W11 ,j'~ 1 'Wfl1~-w~'W1 
~ ~ 

bb uu"il1r~ e:J~fl11~fi ~ 1 'IJ~ bb uu"il1rte.J~VI1~1 VI tJ1f"l16'1V11 #i'~"il~ b i1'W 1~"il1 nt! m~tJ'W:W bb u u"il1r~ mm 1~fi~~ 
~ 

~nl'i'e.J~ (CMM) b~~~1fl~'W fi~bU'W~e.JtJrt~ 30.6 bbrt~EJ~'W'U':hL!m~tJ'W~i1bb'U'U"il1rte:J~VI1~fl11~fi~~ 
~nl'i'mbbl?i1li6'1~1J~ru (ICMM) r~~r~~ fi~b U'W~e.JtJrt~ 2.8 (m'W~ 4.8) 
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(.!; 
iii) 
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;! 
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iii) 

U!!: 
c:: 

);! 40 
;! 
("' 
;! 
r 

•c;> 20 

0 

CMM ICMM CFMM FMM IMM 

ll1'Vi~ 4.8 b mtJ'U b Vivu~ n'l~tW~bb 'IJ'Uli11fleN'VI1.:Jf'l'J11Jfl~ b~B.:J~n'I~HU~'VI1.:JoW'U~n':i~11 

"'JeJ .. n!m'iv'Lii'LI3ltitJ11Am~nu~ 4 riB'Ub'itJ'LIUfi~Vi~.:Jb'itJ'LI (N = 36) 

CMM Vi:W1CJ~-l 

ICMM VI:W1CJti-l 

CFMM Vi:W1CJti-l 

0 oCit, .ci iJ' 

bb 'U'U~1~ 'El-l'VI1-lfll1:Wfl~'VI ~fl ~'El-l 

bb 'U'Uii\'1~ 'El-l'VI1-lfll1:W fi~~r~ n~ 'El-lbb~hJ?I:w'U ~ru 
~ ~ 

bb 'U'U lii'1~ 'El-l'VI1-lm1:wf1~~6'f:w'U'jrubb~ 1llr~ fl~'El-l 
~ ~ 

FMM VI:W1CJ~-l bb'U'UiiJ1~'El-lVl1-lfll1:WA~~1llr~fl~'El-l 
~ 

IMM VI:W1CJfi-l bb'U'Uiii'1~'El-lVl1-lfll1:WA~~1llb~'El:W LCJ-l 

NR Vi:W1CJ~-l 1llbb6'1~-lbb'U'U"il1~'El-l'VI1-lfll1:WA~ 

4.2.2 1fl~ 111 1Bll11bbfl~~1~-w''LI~m~11 
0 q I c:i 

4.2.2.1 bb 'U'U~1~'El-l'V11-lfll1:Wfl~fl'El'Ub ':iCJ'U 

59 

NR 

"1 uw1 bfl~ t~?linf'l'j 1:w 1'11:w bb~~ 1 'U Lfl'j 1:w 1'11:w'th~n'El'Uvi'lt~~iba'Ub'El 1 th~'U ~?11~'U 

~ -l61l'U '111~-l-u 'El-l~ibaw'Elii ~ 'U dJ'U 'El-lr-hh~ fl 'El'U" '<i11 n 1"11 fl ~ 1loV1-l~'U '11m~ CJ'U b i1'W ~h CJVI~'El1ll 
1 ~'I! n b~CJ'Ul1 ~.n1'V'I b ~El bb?l~-lm1:wf1~-u'El-l~'Ub'El-lb~m n'U m1:w~:w~'Ut5-u'El-lth bfl~ t~?l 1m 1:w 1'11:w 

~ba'UL'El1 'th~'U~?I1~'U bb~~~'U 'V'I~El:w~-l'El5mt~'j1CJ~~bat~~ 'V'J'U'J1 'l!m~t~'Uiibb'U'U"il1~El-l'VI1-lfll1:wf1~ 
n'EJ'Ub~CJ'U 3 n~:w fi'El 1) bb'U'U"il1~'El-l'VI1-lfll1:wf1~~r~n~'EJ-lbb~1ll6'f:w'U'jru "il1'Ul'U s fl'U fi~dJ'U~'EJCJ~~ ' ~ ~ 

13.9 2) bb'U'U"il1~'El-lfll1:wfi~~?l:w'U'jrubb~1llr~n~El-l "il1'Ul'U 27 fl'U fi~Ltl'U~'EICJ~~ 75 bb~~ 
~ ~ 

3) bb'U'U"il1~El-lVJ1-lm1:wf1~ffill~n~El-l "il1'Wl'U 4 fl'U fi~Ltl'U~'EICJ~~ 11.1 



60 

1) mh.Jbb'U'U~1~eJ'I'Vl1'1fl11:W?iW~~~n~eJ .. m~hJii't:w'U'.m1 irm~tJ'U 5 fl'U i11"111:w . " " 
boU1h~~n~eJ-:~1 'U'th~b~'U~';h "b~'U~1tJnu.Ue:Jm1:w~mhT;h 1 tJil1bfl~tJii'lffiA-s1:w 1"1l:w" 1W~tJ11W~m~ 

" 
1m1:w1"1l:weJ~.n1tJ1tJil1bfl~tJii't 1tJ?i1tJ~1lJii't:wu-sru'Vl~m>i1tJ~hJ1~mh1il-:~ ~e:J irm~tJ'U~'I 5 fl'U 

" " 
1lJ1 1W~.n 1~ bbii'tW~-:~1A-s1:w 1"1l:wtl-s~ n e:1u ~d tJ ~ bB'UbeJ 1 tJ -s~'U iJii't 1~'U ~-:~?11 'U'Vl~ -:~"1! e:1-:~~ ba'U be:Jli v'U b tl'U 

eJ-:~fitJ-s~ne:Ju bb~~ 1lJeJ5'U1tJl1 "?i'dtJ'Vl~'l"tleJ'I DNA iivtJbU'UeJ'Ifitl-s~neJ'U" (m~~ 4.9n) 

2) n~:w bb 'U'U~1~eJ'I'Vl1'1fl11:W?iWJ~ii't:wu-srubb~1lJ~n~e:J'I irm~tJ'U 24 fl'U bbii'tW~'I . " " 
bb'U'U~1~eJ'I'Vl1'1fl11:W?iW~'Vlntl-s~b~tJf11~e:J'U bb~litJ-s~b~tJvfllJ~n~m 1W~mbD'IbU'Un~:w1~ 2 n~:w ~e:J 

'I cu q q 

2.1) n~:w~11W~m~ 1lJ~n~eJ'I 'l!m~tJ'U 9 fl'U 11W~.n1~bbii'tW~'Ifl11:W61:w~tJTI . " 
"1Je:J-:~il1 bfl~tJii't 1A-s1:w 1"1l:w ~batJbeJ 1 tl-s~tJiJii't 1~tJ bb~~vtJ 1lJ~n~eJ-:~ 1W~ tJ11W~~nl"l-sbbii'tW~'Ifl11:w61:w~tJ-6 

" " 
1lJ~n~eJ'I (.n1~~ 4.9"1!) 11W~m~1tJ-s~tJiJii't1~tJ~eJ:W1eJ'U~bB'UbeJ (.n1~~ 4.91"1) 11W~ ~bB'Ube:Je:J~'Ue:Jn 

" " 
il1bfl~tJii't (.n1~~ 4. 9 -:~) 11W~.n1~ 1A-s1:w 1"1l:Wbb~b~tJ'Un1nu11~eJ~bB'UbeJ (m~~ 4.9~) 

2.2) n~:w~eJ5'U1tJhJ~n~eJ'I irm~tJ'U 22 fl'U i1m1:wboU11~hJ~n~e:J-:~1tJ . " " 
tJ-s~b~'Ub~tJ'dnufl11:w61:w~tJ-6"1JeJ-:~il1bfl~tJii't 1A-s1:w1"1l:w ~ba'Ube:J 1tJ-s~tJiJii't1~tJ bb~~v'U 1W~tJhJ~e:Ju11 

"b~'U ~d tJ'Vl~eJ 1lJ b ~'U ~d tJ tl'UoUeJ 1"11 1:W~ n~ 11l1 1 'Uil'd bfl~ tJ ii'tmfl-s1:w b"ll:W bb~ ~1 'U bfl'Sb:W b"ll:W 

tJ-s~ne:1u ~1 tJ~ ba'U be:J 1 tJ-s~'UiJii't 1~'U ~-:~?i'd'U'Vl~-:~"tJeJ-:~~ ba'U be:Ji1V'Ub tltJeJ-:~fitJ-s~ ne:1u" bb~ ~eJ5u1tJ11 

"1 tJil1 bfl~tJii'lffiA-s1:w 1"1l:w 1 tJ 1m1:w 1"1l:wi1~bB'Ubm vh~'U" 
3) n~mb'U'U~1~eJ'I'Vl1'1fl11:W?iW~~1lJ~n~eJ'I irm~tJ'U 4 fl'U bbii'tW~'Ibb'U'U~1~e:J'I . " 

'Vl1'1fl11:W?iW~1lJA-s'U'Vlntl-s~b~'Ufl1~e:J'U ~-:~i1tJ-s~b~tJ~1lJ~n~eJ'Ibb~~ 1lJ1~n~11tl'l bW~tJ bb 'ti-:~ bU'Un~:w 1~ . " . 
3.1) n~:W11W~.n1~bb~~eJ5'U1tJhJ~n~eJ'I irm~tJ'U~'I 4 fl'U i1m1:wb.U1h . " 

1lJ~n~eJ-:~1 tJtl-s~ b~'Ub~tJ1 nufl11:w61:w~tJ-6"1JeJ-:~il1bfl~tJii't 1A-s1:w 1"1l:w ~ba'Ube:J 1 tl-s~tJiJii't1~'U bb~~v'U 
" 

1W~EJ'I!m~EJ'U11W~.n1~ bb?IW~'Im1:w61:w~wfllJ~n~e:J-:~ (.n1~~ 4. 9u) bb~~e:J5u1EJ 1~~n~e:J-:~ ~-:~eJ5u1EJ11 
" " 

"1lJb~'U~1EJtl'UoUeJfl11:W~n~11l11 tJil1bfl~EJii'li11A-s1:w 1"1l:w bb~~ 1 'U 1m 1:w 1"1l:wtl-s~neJ'U~1EJ~bB'UbeJ 

1 tl-s~'UiJii't1~'U ~-:~?i'd'U'Vl~'~"tleJ-:~~ba'Ube:JlivtJbtl'UeJ-:~fitJ-s~ne:Ju b~-s1~ 1 tJil'dbfl~ EJii'li11m 1:w 1"1l:w bb~~ 1 'U 

1A-s1:w1"1l:wtl-s~neJ'U~1tJ~bB'UbeJ bb~1lJffitJ-s~tJiJii't1~tJ" (m~~ 4.9"11) 

3.2) tl-s~b~tJ~1lJ1~bbii'tW~'Ibb'U'U~1~eJ'I'Vl1'1fl11:W?iWJ 'l!m~EJ'U~'I 4 fl'U 1lJ1~ 

bbii'tW~'Ibb 'U'U~1~eJ'I'Vl1'1m1:w?iW~1 tJtl1~b~tJ~11 "b ~'U~'d EJ'Vl~eJ 1lJb ~'U~'d EJ nuoUeJ1"111:w~n~11111 tJ 

il1bfl~tJii'li11fl-s1:w 1"1l:w bb~~ 1 'U 1A-s1:w 1"1l:wtl-s~ne:Ju~'dtJ~ba'Ube:J 1 tJ-s~'UiJii't1~'U ~-:~?l'd'U'Vl~-:~"tJeJ-:~~ba'UbeJ 

iivtJbU'Ue:J-:~fitJ-s~ne:Ju" 



. . 

'J 

' 
.n1wVi 4.9 fl11:u~:uww5"1Jv.:l'u':nfil~aa 11il':i1:u1sn:u hh~u~al{;I'U um:vu Ctie:~ut~au) 

VI:U1at'VI~: (n) vnnvfi~ 

( '11-"ii) VflnCJfi~ 

(u-"11) Vf:W1CJfi~ 

~~ 'U'U~1G'l m'Vl1~1ill1:Wf1V~~rl n~ e:J~ ~~\9lb~(;1:W'U'HU 
~ ~ 

~~ 'U'U~1G'l B~'Vl1\l fn1:Wf1VI~(;1:W'U ':itU~~~1~ tlf1~ €1~ 
~ ~ 

~~ 'U'U~1G'l eN'Vl1~fill1:Wf1V~~1lJrJ nl?i' eJ~ 
~ 

4.2.2.2 ~~'U'U~1G'lel~'Vl1~fn1:Wf1V~Vf~~~~CJ'W 

61 

"1 'UUl ~fil~CJ{;1ffiFr~ 1:w 1G!J:w ~~m~ 1 'W 1fl'j1:w 1G!J:wtJ'j~f1B'U~lCJ~~~'U~eJ 1 tJ'j~'U~{;11\9J'W 

~~~l'U Vfii\1'11 B~~ ~~ u ~Bii ~ u ~ uu B ~1"1 tJ 'j~ n B'U" "ii 1 n fi 1 n ~ 11-i11\I~'U '11 n ~~ CJ'U ~ '1:1u ~l CJV!~B 1~ 
11X'I! m~CJ'Ul1VI.f1 1'VH ~Bb~(;1VI~fll1:Wf1V~'1JB~ \9l'Ub8~ ~~ CJl tl'Uiill1:W~:w'W'u5'1Jt~\1Ul ~lil~ CJ{;11fl 'j 1:w 16!1:w ~ ~~'W 

~€1 1 tJ':i~'tJ~{;1b\9J'U ~~G'l~~'U VJ~B:W~~B5'U1CJ'j1CJG'l~ ~BCJVI VJ'U'il um~CJ'Uii ~~ 'U'U~1G'lel~'Vl1~fn1:Wf1V~tit~'W 
~~CJ'U 3 n~:w ~B 1) ~~'U'U~1G'lt~~'Vl1~fll1:Wf1V~~rlf1~B\I ~1'Wl'W 20 A'U f1t?lbU'W~eJCJG'l~ 55.6 ' ~ 

2) ~~ u u ~ 1 G'l €1 \1 'Vl1 \1 f) 1 1 :w f1 VI~~ n ~ €1 ~ ~~ ~1~ (;1 :w \P ru ~ 1 u 1 u 5 f) u f1 VI~ u u ~ €1 v G'l ~ 13.9 ~~ G'l ~ 
3) ~~'U'U~1G'lt~\I'Vl1~1ill1:Wf1V~~{;1:w'lJ'jru~~\911~rlf1~t~~ ~1'Ul'W 11 A'W f1V~~U'W~BCJG'l~ 30.6 

~ ~ 



. . 

62 

1) bb'U'U"iJ1G'1€J-:J'VI1-:Jm11JA(;]Vit:Jn~e:J-:J "il'TuTu 20 fl'U 1!m~EJ'U11(;l.fl1'VHbG'1~ 
'U 

e:J5'U1m~EJ1rl'Ufl111l~1l~'Ul5-ue:J-:JtJ1bfl~m'f Lfl1b1lb61!1l ~bB'Ube:J hh~'U~6'fb(Ol'U bbG'1dJ'U1~t:~n~e:J-:J L(;JEJ 
'U 

e:J5'U1E.Jl1 "b-M'U~1E.Jnu-1Je:Jfl111l~n~11111 'UtJ1bfl~EJ6'1mfl111l 161111 bbG'1~1 'U 11"11 111 l61!1l'IJ1~ne:Ju~1EJ~ 

bB'Ube:J l'IJ1~'U~6'fl(Ol'U ~-:J?i'J'UV!~-:J"U€J-:J~bB'Ube:JiJV'UbU'U€J-:JA'IJ1~ne:J'U" (.n1'W~ 4.1 On) 

2) n~llbb 'U'U"iJ1G'1€J-:J'VI1-:Jfl111Jfl(;l~t:Jn~€J-:Jbb~hi6'11l'U1ru um~EJ'U 5 fl'U ilfl111J 
• 'U 'U 

b -iJ1 hilfl111l b -1J11~U~t:1 n~e:J-:'1 1 'UU1~ b~'U~l1 "b -M'W~'J wl'u-1Je:Jm11l~n~11l11 'UtJ'J bfl~ EJ6'1illfl1 l11 L61!1l 
'U 

bbG'1~ 1 'U Lfl1 l11 L61!1JU1~n€J'U~1 EJ~ bB'U be:J 1 tJ1~'U~6'1 L(Ol'U ~-:J?i'J'UV!~-:J"Ue:J-:J~bB'Ube:JiJV'Ub U'U€J-:JAU1~ne:J'U" 

L(;]EJUm~EJ'U11(;1.n1'Wbb6'1(;1-:Jfl111l~1l~wi-ue:J-:JtJ1bfl~EJ6'1 Lfl1L1lL61!1l ~bB'Ube:J l'IJ1~'U~6'fl(Ol'U bbG'1~V'U 1~ 

t:~n~e:J.:~ (.n1'W~ 4.10-u) 1'U?i1'U~hJ6'11l'U1ruV!~e:J?i'J'U~1111~n~11fi.:~ fie:J um~EJ'U 1 fl'U 11ie:J5'U1E.Jl1 
'U 'U 

"1 'UtJ1bfl~C~6'1iltfl111l 161111" um~C~'U 1 fl'U t1ie:J5'U1E.Jl1 "1 'U 1fl111l161!1lil~ba'Ub€l 1 'IJ1~'U~6'fl(Ol'U" bbG'1~ 

um~EJ'U 5 fl'U 11ie:J5'U1E.Jl1 "?i'J'UV!~.:~-ue:J.:~~ba'Ube:Jilv'Ub U'Ue:J.:~riu1~ne:Ju" 

3) n~1Jbb'U'U"il1G'1€J.:J'V11-:Ifl111Jfl(;l~6'f1J'U1rubb~11it:~n~€J.:J um~EJ'U 11 fl'U bb6'f(;l.:J 
• 'U 'U 

bb'U'U-.il1G'1€J.:J'V11-:Jfl111JA(;J'VIn'IJ';i~b~w·11~?~€J'U bb~il'IJ1~b~'U~hit:~n~e:J.:~ 1(;lmbti.:JbU'Un~1l1~ 2 n~11 fie:J 
'I 'U 'I 'I 

3.1) mi1l~'J1(;l.fl1'W11it:~ml€J.:J um~EJ'U 10 fl'U 11(;l.fl1'Wbb6'f(;l.:Jfl111J~1J~'Ul5 
• 'U 

"U€J.:JtJ1bfl~m'l1fl';j 111161111 ~bB'Ube:J 1 'IJ1~'U~6'f1(91'U bbm~v'U 11it:~n~e:J.:~ 1(;}EJ'J1(;JG'1nmbb6'f(;l.:Jfl111l~1l~'U5 
'U 'U 

11i~n~e:J.:~ (.n1'W~ 4.1 01"1) 11(;l.fl1'W 1m11l 161111 bb~ b~EJ'Urhnu-;hfie:J~ bB'Ube:J bbG'1~11(;l.fl1'W~ bB'Ub€Jbb~ 

b ~EJ'Utl1rl'Ul1fie:J 1 '\J';i~'U~6'f1(91'U (m'W~ 4.1 0.:~) 

3.2) n~1l~e:J5'U1EJ11it:~n~e:J.:~ unb~EJ'U 3 fl'U ilfl111Jb•ihhit:~n~e:J-:~1'U 
• 'U 'U 

'\J';i~ b~'Ub~EJ'J nu m 11l~1l~'U 5-ue:J.:~~ bB'UbbG'1~V'U 1(;1 EJ 11ie:J5u 1C~l1 "?i'J'UV!~.:J"Ue:J-:1 DNA i18'Ub U'U 

e:J-:~14'\J';i~ne:Ju" 



.n1w~ 4.10 fl11lnl':u~t.Hi'tla~il1~fl~a~ 1fl~1:u1sv:u 1th~h.~~~t(;)'U ~~~::~u (VI~~~~au) 

VI:IJ1EJtVI(;J: (fl) V!:W1CJ(i'l ~b'U'U"iJ1"B'IV11'1fl11:Wfl~Vitlfl~B'I . ~ 

( "U) V!:W1CJ('i'l bb 'U'U"iJ1"B'IV11'1fl11:Wfl~~tlfl~B'I bbl?i1~6'f:U'IJ'jflJ 
~ ~ 

( fl-'1) V!:IJ1 CJ ()'I bb 'U'U"i\'1" B'IV11'1fl1 1:Wfl~~6'f:W'IJ'jflJbbl?lb~ tlfl~ B'l 
~ ~ 

4.2 .2. 3 b tnCJ'U b Vl E.J'U bb 'U'U"i\'1" B'IV11'1fl11:Wfl~ rlB'U b~E.J'Ubb" ~VI~'! b~E.J't.J 
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~ 1 n fl1'jb tJ~vu b Vi vu bb uu"i\'1" B'IV11'1fl11:wf1~nm.Jb~ m.J bb"~V!~ 'lb~E.J'Ub~B'I 

1fl'j 111 1ez~11 bb"~6'f1'j~'lJl)fl'j'j1J 'Wu-J1 rim..~ b~m .. run b~m..~G11u 1 V!ruii bb uu"il1"B'~Vl1'1fl111lf1~~6'f1J'IJ'jru 
' " ~ 

bbl?i1~tlfl~B'I (CFMM) fl~btl'U~BE.I"~ 75.0 'jeJ'I"'I1l1 iibb'U'U"iJ1"B'IV11'1fl111Jfl~~tlfl~B'Ibbl?i 
~ ~ 

1~6'f:W'IJ'jflJ (ICMM) fl~btl'U~BE.I"~ 13.9 bb"~iibb'U'U"il1"B'IV11'1fl111Jfl~~1~tlfl~B'I (FMM) flvlbtl'U 
~ ~ 

iibb 'IJ'U"iJ1"B'IV11'1fl111lfl~~tlfl~B'I ( CMM) b~1J1J1fl~'U~6'f~ fl~btl'U~BE.I"~ 55.6 bb"~'UBfl~1flifEJ'Iii 
~ ' 

bb'U'U"iJ1"B'IV11'1fl111Jfl~~6'f1J'IJ'jflJbbl?i1~tlfl~B\l (CFMM) "~"\! fl~b tl'U~BE.I"~ 30.6 (m'W~ 4.11) 
~ ~ 
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gj'miru::LL'U'Uli!1gjeJ.:J'V11-:JR11l.l~~ 

.n1w~ 4.11 bmflub Vif.lu%1n~ru:m umh~e:J-!l'VI1-!lf'l11:t.Jfi~ b~e:J-!l 1f'l-a 1:t.J b6ij:t.Jbb~::a1-awu~n·r~:t.J 

"!le:J.:Jum~f.l1..!iw1tw:t.Jfin~1u~ 4 tie:J1..!b~f.l1..!bb~::'YI%1-!lb~fl1..! (N = 36) 

l::f 0 4 ..:::!1 21' 

'YI:IJ1f.lt'YI~: CMM Vll-11CJtl-:) bb'U'U'l1Gle:J-:)'V11-:}fl'J1l-ifl~'VI~fW1e:J-:) 

ICMM Vll-11CJ~-:) bb'U'U-;J1Gle:J-:)'V11-:)fll1l-IA~~ml~e:J-:)bb~hJ61l.I'U1tU 
~ ~ 

FMM 'Yil-11CJ~-:) bb'U'U-;J'1Gle:J-:)'V11-:}fl'J1l-IA~~hJt1n~ e:J,:j 
~ 

IMM Vll-11CJ~-:) bb'U'U-;J'1Gle:J-:)'V11-:)fll1l-IA~~hlb~e:Jl-l bCJ-:) 

NR Vll.llCJ~-:) hibb61~-:)bb'U'U-;J'1Gle:J-:)'V11-:}fll1l-IA~ 

4.2.3.1 bbUU~1"fl\JVJ1\Jfld1lJfi~rieJt.Jb~tJ'W 

64 

1 Vfir n b'1CJ 1..111 ~ill~ b ~ eJ bb61 ~-:) m ll-1 A~ "1J e:J-:) \9l'W be:J-:) bM CJl tl'Ul n ~ f11"1J e:J,:j b6i!Gl ~ 

(Cell cycle) 'llnoUeJl.IG'l~ n1Vl'W~ 1 Vf 1~CJl1~ bbt:-J'W.fl1~b'1CJ-:)~1~'U~'W\9le:J'W"1Je:J,:jm~'Ul'Wn11~bn~~'W 
~ . "' II~ 2.1 CV.<::~t. .o:;:,l IV~ ..:;:,I 0 ~I q 1 

e:JCJ1-:)\9le:Jb 'We:J-:) ~1e:Jl.i'VI-:)e:J5'U1CJ11CJG'l~ be:JCJ~ ~'Ull 'Wm 1CJ'Wl.lbb 'U'U'l1Gle:J-:)'V11-:}fl'J1l.lfl~ne:J'Wb 1CJ'W 3 nG'll.l 
' 

~e:J 1) bb'U'U-;J1Gle:J-:)'V11-:}fl'J1l-lfi~V1t1n~eJ,:j -;Jl'Wl'W 1 rl'W fi~btl'W~e:JCJG'l~ 2.8 2) bb'U'U"iJ1Gle:J-:)'V11-:) 
~ 

rll1l-lfi~~61l.I'U1rubb~hlt1n~e:J,:j -;Jl'Wl'W s rl'W fi~btl'W~e:JCJG'j~ 13.9 bbG'l~ 3) bb'U'U-;J1Gle:J-:)'V11-:}fl'J1l-lfi~~ 
~ ~ 

hJ~n~e:J,:j -;;l1'W'J'W 30 fl'W fi~bU'W~mm~ 83.3 

1) n~l.lbb'U'U-;J'1Gle:J-:)'V11-:}fll1l-lfi~~t:ln~e:J,:j -;Jl'Wl'W 1 fl'W irm'1CJ'Wl1~.fl1~bbG'l~ ' ~ 

e:JB'U1t~1'n ~ m"1Je:J,:j b 6i!Gl ~ ~ n ~ e:J-:) 1~ CJ e:JB'U lCJll "1'n~ n 1"1JeJ,:j b 6i!Gl~ b~l-1~-:) bb~ 1~ CJ~ ~ b6i!Gl~ b\91 '1t~l-l~~e:Jl-l'l ~ 
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t'VlyjGn?f"li~" (myj~ 4.12n) 

2) mhHb'U'U'<il1~e:J\I'Vl1\lfl11~fi~~?I~'U'HWbb~1liflnt')e:J\I t!m~cJ'U 5 fl'U bb?l~\1 
' " " 

bb'U'U'<il1~e:J\I'Vl1\lfll1~fi~'Vlntl'j~b~'Ul"11\9le:J'U bb~iJtJ'j~b~'U~1liflnt')e:J\I t~mbU\Ibtl'Un6'1~ 1~ 1 n6'1~ ~e:J 
, 'U 'l , 

n6'l~~l1~.fl1yj 1liflnt')e:J\I 11m~ tJ'U~\1 5 fl'U l1~.fl1yj b~tJ\IfA'1~'U~'U\9le:J'Ufn~ m"IJe:JWil~~1liflnt')e:J\I 
, 'U d..J 'U 

(.fl1yj~ 4.12"/J) bb~e:J5'U1tJfA'1~'U~'U\9le:J'U1'!]~fl1"1Je:JWil~~~nt')e:J\I t~tJe:J5'U1tJl1 "f!]~fl1"1Je:JWil~~b~~ 
'j~ tJ ~a'U b\91 B'h 'W?tfi \l'j~ tJ ~ fl1'jbb tJ \lth bfl~ tJ?t bb 'U u 1~ t 'Vl6B?t~U'U 1 tJ i'U ?!~~ fl1'j bb u\11~ t 'VJyj m?t"li~ 

' 

fl'U l1~.fl1yj b~tJ\1~1~'U~'U \91-e:J'Uf!] ~ m"IJe:JWil~~1JJ~nt')e:J\I b'li'U l1~.fl1yj b~tJ\1~1~'U b~~lil1m~tJ~ 
a'Ub\9le:J1b'W?t fl1'jbbU\11~t'VJyjm?f"li~ bb~~'j~tJ~1~t 'Vl6B?t (.fl1yj~ 4.12fl) l1~.fl1yjbb?I~\J'j~tJ~~e:JtJ"IJe:J\I 

'j~tJ ~ 1~ t VJ6B?t1:Wfl n t') e:J\1 t~ tJ b~ tJ\IIil1 m~ tJ ~ b 'Vl t~ b 'V'J?t 'j~ tJ ~ bbe:J'U 1 b 'V'J?t 'j~tJ ~ b~\911 b 'V'J?t 'j~ tJ~ 1 yj 'jb 'V'J?t 
" 

(.fl1yj~ 4.12\1) bb~~t!m~tJ'U e:J5'U1tJb~tJ\IfA'1~'U.ff'U\9le:J'U"IJe:J\I~m"IJe:J\Ib~~~1JJflnt')e:J\I b'li'U e:J5'U1tJ11 
" 

"f!]~m"IJBWIJ~~ b~~lil1m~tJ~1~1 VJ6B?t 'j~tJ~B'Ub\9le:J1b'V'J?t bb~~fl1'jbbU\11~1VJyj~1?t"li~\911~fA'1~'U" 

VJ-.;e:JB5'U1tJ11 "f!J~m"IJB\Ib~~~ b~~lil1flfl1'jbb tl\11~1 'Vlyjm?f"li~ 'j~tJ~ 1~ 1 VJ6B?t bb~~'j~tJ~a'Ub\9le:J1b'W?t 

\911~~1~'U" 



.. 
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" 
cf o <=~~o .c::::rl II 

V13J1£JLVI~: (n) Vl:w1CJm bb'U'UiiJ1r;'leN'Vl1-!lfl11l.lfi~'Vl~nVJeN 

("U) Vll.J1C.I~-!I bb'U'U~1r;'JB-!J'Vl1-!lfld1l.Jfl~~G'fl.J~'H1ibb~b~~n~B-!I 

(1"1--:~) Vl:u1CJ~-:~ bb'U'U~1r;'JB-!J'Vl1-!lfl11l.Jf1~m~~n~a-:~ 
'U 

0 ..:;::, Q.l .o:::::-1 

4.2.3.2 bb 'U'Uiil1r;'lB-!I'Vl1-!lfl11l.Jfi~VIr;'l-!lb 'W'W 
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b ~U n b~CJ'W1 1~.fl 1'1"1 b ~ B bbG'I~-!Ifl11l.J fl~"UB-!1\?l'W bB-!Ib~ C.l1 O'Ui'!)-.ij n1"UB-!Ib6!lr;'l ~ 

(Cell cycle) lil1n.V B~r;'l~ nTH'W~ 1 ~ 1~CJ11~ bbe.J'W.fl1'W b~CJ-:J~1~u.ff'W VJB'W"UB-!1 m~'U1'W nT.i~ bn~~'W 
1 1 ~ II ~ «:::~. q I Q.l Q Q 0 Q I oC:il I 

BCJ1-!IV1Bb'WB-!I 'W~Bl.J'Vl-!IB6'U1CJ~1C.Ir;'l~bBCJ~ 'W'U11 'Wnb ~CJ'Wl.Jbb'U'UiiJ1r;'JB-!J'Vl1-!lfld1l.Jfl~neJ'Wb 'W'W 3 n~l.J 

~B 1) bb'U'U~1r;'JB-:J'Vl1-!!fld1l.Jfl~~~n~B-!! ~1'Wl'W 23 fi'W fl~b'U'W~BC.Ir;'l~ 63.9 2) bb'U'U~1r;'JB-!I'Vl1-!l 
'U 

fl11l.lfl~~~n~B-!!bb~b~G'fl.l'U~ru ~1'W1'W 6 fi'W fl~bU'W~BC.Ir;'l~ 16.7 bbr;'l~ 3) bb'U'U~1r;'JB-:J'Vl1-!!fl11l.lfl~~ 
'U 'U 

G'fl.l~~rubb~b~~n~a-:~ "ii'1'W1'W 7 fi'W fl~bU'W~BC.Ir;'l~ 19.4 

1) ncimb'U'U~1r;'JB-:J'Vl1-:Jm1l.lfl~~~n~a-:~ ~1'Wl'W 23 fi'W 'l!m~CJ'W11~.n1'W 
' 'U 

bbr;'l ~a5u1CJ1'!]-.ij n~-ua-:~ b6!lr;'l~ ~ n~ a-:~ 1~ CJ a5u 1CJ 11 "1'!]-.ij n~-ua-:~ b6!ir;'l~ b~l.l~-!1 bb~ ~~CJ~~ b6!ir;'l~ 

b\?l~C.Il.J'W~Bl.Jiil~bb D-!lb6!ir;'l~· ~B ~~CJ~B'WbVJBib 'VJG'IIil'W~-!I~~CJ~n1~bb ti-:~iJ'J bfi~C.IG'Ibb 'U'U bl.J t 'Vl~G'flil'W 1 'tJ~'WG'f~ 
' 

~n1~bbu-:~16!!1'Vl'WmG'f61il.l" (.n1'W~ 4.13n) 

2) ncil.lbb uu~1r;'JB-:J'Vl1-:Jf111l.lfl~~~n~a-:~bb~1~"'l.lu~ru 'l!m~CJ'W 6 fi'W l1m1l.l 
' 'U 'U 

b off1h~~n~ a-:~1 'W'tJ~~ b~'W~11 "1'!]-.ij m-ua-:~b6!ir;'l~ b~l.l~-:Jbb~ ~~CJ ~B'W bVJ aib 'VJG'flil'W~-:J~~CJ~m~bb u-:~ 

iJ1bfi~CJG'fbbuu1l.l1'Vl~G'f bbr;'l~1'tJ~'WG'f~~m~bbu-:~16!!1'Vl'Wr;'l1G'f61il.l" t~CJ'I!m~CJ'W~-:~ 6 fi'W 11~.n1'W 
' 
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b~EJ\Ici'1~u.ff'W~?JB'W1 n~ m"lrv\lb611~~1~t1 nJla\1 (.n 1~~ 4.13'll) 1 'UG'11'W~hhtuu·mhlf~m11'W~hJ1~ 
~ ~ ~ 

n~11tl\l fia um~EJ'W 5 fl'W hla5u1t~1'W't.h~b~'W~·;h "1'£l~n".i'lJB\Ib61lmh~:u~\lbbl'i'.i~ti~B'Wbl?lB~bv.JG1 .. 
lil'Wtl\l'.i~CJ~m'.ibb U\ltbbfl~t!G1bb uu 1:u t 'Vl~G11il'W 1 tJ~'WG1\1l~nTm u\11611 t 'Vl~mG161i:u" , 

3) n~:ubbuu~1~B\I'Vl1\lm1:ufi\1l~G1:uu'.irubbl'ihJt1nJla\l um~EJ'W 7 fl'W bbG1\11\I , ~ ~ 

bbUU~1~B\I'Vl1\lfl11:Ufl\1l'VlnU'.i~b~'Wfl11?1BU bb!'iiJtJ'.i~b~'Wffilit1nJla\l b\1lt!bbU\IbU'Wnr;i:u1~ 2 nr;i:u fia 
'I 'U , 'I 

3.1) n~:u~11\1l.f11~1lit1nJla\l um~EJ'W 4 fl'W ilfl11:UboU11lit1nJla\l , ~ ~ 

bMt11tlU1'£)~n".i'lJBWil~~ b\1lt111\1l.f11~b~t!\lci'1~U.ff'WI?lB'W1'£)~n".i'lJB\Ib611~~1lJ~n~a\l b"li'W 11\1l.f11~ 
~nPl'.ibbG1\11\If11'.ib~CJ\Ici'1~U'.i~CJ~ 1:u t 'Vl~G11lit1n~B\Ibb~~ 1libbG1\11\If11'.ibb u\116!.1 t 'Vl~mG161i:u (.m~~ 4.13fl) 
~ ~ 

'.i~CJ~b:Umbv.JG1 '.i~CJ~b~'.ibv.JG1 (m~~ 4.13\1) 

3.2) nr;i:u~a5U1CJ1lit1n~a\l um~CJ'W 2 fl'W ilfl11:UboU1h~1lit1n~a\l , ~ ~ 

bMCJ1tlUci'1~u.ff'WI?lB'W1'£)~n".i'lJB\Ibez.l~~ b\11CJBBU1CJ',h "l!)~n'.i'lJB\Ibez.lmh~mnnm'.ibbU\1 1ez.~ 

b 'Vl~~1G16/i:u!'ia~1CJ'.i~CJ~n1'.ibbtl\lbbUU 1:ub'Vl~G1" 

\UJ1f.lb'VI(;I: (n) • 
('lJ) VI:JJ1 CJtl\1 bb UU~1~ B\I'Vl1\lfl11:Ufl\?l~t1 n~ B\1 bb!'i1lJG1:UU'.iru 

~ ~ 

( fl-\1) 'V!:JJ1 CJtl\1 bb UU~1~ B\I'Vl1\lfl11:Ufl\?l~G1:UU'.irubb!'i1lJt1 n ~ B\1 
~ ~ 

: 



.. 

.. 
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4.2. 3. 3 b tJ~E.J'U b Vi E.J'U bb 'U'U"iJ1G'1 e:J.:J'Vll.:Jfi'Jl:WfiVI tle:J'l.J b~ E.l'UbbG'1~Vl6i'.:J b~E.l'U 

"iiln m ':i b tJ~E.J'U b Vi E.J'U bb uu"i11G'1 e:J.:J'Vll.:Jfll 1:wfiV1 tle:J'U b~E.J'U bbG'1~Vl6i'.:~ b~E.J'U b~e:J-:1 m ':i 

bb UWilG'1~ bbG'1d'n..ij n':i"tle:J-:1 b61JG'1~ ~u-;h tle:J'U b~E.J'U'i! n b~E.J'Uci'd'U 1 Vlqjl1 bb 'U'U"il1G'1e:J.:J'Vl1-:lfld1:WfiVI~hJ 

tln~e:J-:1 (FMM) fiV~bU'U~e:JE.JG'1~ 83.3 -:ie:J.:!G'1-:J:W1 l1bb'U'U"il1G'1e:J.:!'Vl1-:Jfll1:WfiVI~?I:W'U':itWbb~hltln~e:J.:! 
~ ~ ~ 

(CFMM) fiV~bU'U~e:JE.JG'1~ 13.9 'We:Jn"iilndir.:~~u11l1'1!m~E.J'Ub~E.J.:! ~e:JE.JG'1~ 2.8 bvhJ'U~l1bb'U'U"il1G'1e:J.:! 
'Vll.:Jflll:WfiV~~tln~e:J.:~ (CMM) bb~Vl6l.:~"i11n..ijV~ii"iim':i:wm':ib~E.J'U~~u11 hll1'1! m~E.J'W~l1bb uu"i11G'1 e:J.:~ 

~ ~ 

'Vl1-:lfll1:WfiV1~1~tln~e:J.:! (FMM) iJ m~E.J'U~l'U 1 Vlnll1bb 'Ul 1 tJ:W 1 'U m-:i'W~'Wlbb 'U'U"il1G'1e:J.:!fll1:WfiV11 tJ~ 
~ " ~ 

bb uu"il1G'1e:J.:J'Vl1.:~1'Vl E.J1~1?1Vl 4 ~.:~"ii~ b ~'W H1"ii1 n'!! m~ E.J'W ~l'W 1 Vlrul1 bb uu"i11G'1 e:J.:J'Vll.:Jml:wfiV~~tln ~ e:J.:J " ~ 

(CMM) b~:W~'U:Wln~?IVI fiV~bU'U~e:JE.JG'1~ 63.9 bbG'1~l1bb'U'U"iJ1G'1e:J.:!'Vl1-:Jfld1:WfiVI~tln~eNbb~1~?f:W11-:iru 
' ~ \j 

(ICMM) b~:W~'U fiV~bU'U~e:JE.JG'1~ 16.7 (m~~ 4.14) 

0 rleJ'IJL~V'IJ IIIII'VI~.:IL~V'IJ 

100 (<) 

c<) 
CX) 

........ 80 0\ H 
(.!;; c<) 
00 \0 
(0) 

0\~ 60 
;i 
00 

V!!:: 
~§ 40 
;i 
C" 
;i 
r .... 20 

0 

CMM ICMM CFMM FMM IMM NR 

~n~ru:::LLUtr\\'1~eJ.:I'VI1-:If't1111A~ 

fl1W~ 4.14 b ma·m Viau~miW~bb 'U'U~1~el..:I'VI1..:1fl'J1:Wfi~ b~el..:ln1'Hb U..:lb6il~~bb~~1!J~m' 

"Uei..:IL6i1~~ "tleJ..:Jum~a'U~'U:I!t:m:wfln~ntJ~ 4 rie~uL~El'IJLL~~VI~..:IL~a'U (N = 36) 

VI:W1EILVI!PJ: CMM Vl:W1E.l~.:! bb'U'U"iJ1G'1m'Vl1\lfi'J1:WfiV1Vi~n~e:J\l 

ICMM Vl:w1E.l~\l bb'U'U"iJ1G'1e:J\l'Vl1\lfll1:WfiVI~tln~e:J\lbb~1~?1:W'U':iru 
~ ~ 

IMM Vl:w1E.J~\l bb'U'U~1G'1eJ\l'Vl1\lfl11:WfiV~~1~b~e:J:WLE.J\l 

NR Vl:w1E.l~\l1~bb?IVI\lbb'U'U~1G'1e:J\l'Vl1-:lfi11:WfiV1 



.. 
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4.2.4 n1';ibbu.:~b6ll!;l~bb'U'U1:JJ1'VI~'61 

b~e:J1 ~tr n b~!J'l.!"J1~.f11'V'I b~e:l bb6'1~\ll"l'd13JA~"I.Ie:l\I\91'Ube:l\l b~ !Jd nu nTHb U\lb"/!(;lc;i' bb uu b3J 1 Vl'B6'1 

1~!J'd1~.f11'V'I'j~!J~~h\l 1 "l.le:J\In1'jbbU\Ib"l!1;1c;i'bb uu 1:u 1 VJ686'1"1.le:J\Ib"l!1;1c;i'i\l"l.l"il1nm'j1offbb uu'<il11;1e:J\11fl'j1:JJ 1'1l:JJ 

(Chromosome Simulation) ~\ln1'V!'U~ 1 ~~1'U'd'U'1l~ 1fl'j 1:u 1"1!:u 2n = 4 'V'I~m.Jb:U!J'Ue:JBU1!J~n~ru~ • 
~1rlfl! 1 'Ubb~(;l~'j~!J~"I.Ie:l\lnl'jbb U\lb"l!(;lc;i' bb uu b3J 1 'VI686'1 'V'1Ul1 

4.2.4.1 'j~!J~B'Ubl'le:J~b'VJ6'1 
0 ~ I .ci 

1) bb UU"il11;1e:l\1Vl1\ll"l'd13JI"l~ne:J'Ub 'j!J'U 

trm~!J'Ui1bbUU~1(;1e:J\IVl1\ll"ld11JA~ne:J'Ub~!J'U 3 n~:u Ae:l 1) bbUU'<il1(;1e:J\IVl1\l • 
l"l'd1:UA~~tln~e:J\I ~1'U'd'U 2 l"l'U fi~b'U'U~e:J!J(;l~ 5.6 2) bb uu~11;1e:J\IVl1\ll"ld1:UA~~tln~e:J\Ibb~hJ 

u u 

6'11JU'jnJ ~1'U'd'U 27 l"l'U fi~btl'U~e:J!J(;l~ 75 bb(;l~ 3) bbUU~11;1e:J\IVl1\ll"l'd1:UA~~6'1:uu'jrubb~hJtJn~e:J\I u u u 

~1'U1'U 7 A'U fi~btl'U~e:J!J(;l~ 19.4 

1.1) n~:UbbUU'<il11;1e:l\!Vl1\ll"ld1:UA~Vitln~e:J\I ~1'U'd'U 2 l"l'U trm~!J'Ud1~.f11'V'I 
• u 

bb(;l~e:J5u1 !J~ n~ru~~1ri'ru~bn~;'U 1 'U'j~!J~B'Ubl'le:J~b vJ6'11vi' tln~e:J\1 1~ !Je:JBU1!Jl1 "1fl'j 1:u 1"1!:uAm!J~'d 
v u 

e:J!J1'U'jtl"I.Je:J\Ib61'U1!J1m:u1Vi'U i1b~e:J~:uiJ'dbl"l~!J6'1 i1iJ1Arum16'1 bb(;l~i1b"ll'W1VJ'j1"1!:u 2 '11~" (m'V'I~ 4.15n) 
'U 'U q , 

i1m1:uboff1h~tJn~e:J\Ib~!J'dnu~n~ru~~1fi'ru~bn~;'U1'U'j~!J~B'Ubl'le:J1bvJ6'11~!Jirm~!J'U~\I 27 A'U i1 u v 

A'd1:Ubi11"il~tln~e:J\11 'Utl'j~b~'U~l1 "bfl'j 1:u b"I!:UI"lm!J~'de:J!J1'U'jtl"I.Je:J\Ib61'U 1!J bfl'j1J1VJ'U bb1;1~i1 b~e:J~:u 
'U 'U 'U q 

iJ11"lme:l~6'1" 1~!Jtrm~!J'U'd1~.n1'V'Ibb6'1~\liJ'dl"l~1e:J~6'11'UiJ'dbl"l~!J6'1 (.n1'V'I~ 4.151"1) trm~!J'U 4 l"l'U 

i1m1:UboU1h~tJn~e:J\11'UtJ'j~b~'U~11 "'j~!J~B'Ubl'le:J1b'VJ6'1 i1b"ll'UbVJ'jb"/!:U 2 '11~" (.n1'V'I~ 4.15\1) 
u • 

1'W~'d'U~hi6'1:uu'jru'Vf~m11'W~1:W1vi'n~11~\l fiB trm~!J'U 12 A'U 1:iJ11~.n1'V'Ibb(;1~1:iJe:J5u1m~mnu 
u 

iJ'dl"l~be:J~6'1 (.f11'V'I~ 4.15"il) bb(;l~Unb~!J'U 8 l"l'U 1:iJ'd1~.f11'V'Ibb1;1~hJe:J5U1!Jb~!J'dflUb"I!'UbVl'jb"/!:U 2 '11~ • 
d 

(.n1'V'1Vl 4.15~) 

1.3) n~:UbbUU~11;1e:J\IVl1\ll"l'd1:UA~~6'1:UU'jnJbb~1:iJtJn~e:J\I trm~!J'U 7 l"l'U 
• u u 

bb6'1~\l bb uu~11;1e:J\IVl1\lm1:ufi~muVJ ntJ'j~ b~'Ufl11'1e:JU bb~i1tJ'j~ b~'U~b:i.Jtl n~ e:J\1 1~ !J bb U\1 b tl'Un~:u 1vi' 
• u • 

1 n~:u Ae:J n~:u~'d1~.n1'V'Ib:iJtln~e:J\11~!JtJnb~!J'U 3 l"l'U 'd1~.f11'V'I'j~!J~B'Ubl'le:J1bvJ6'11:iJi1 b~e:J~:u , , 'U , 

iJ1bl"l~!J6'11:iJi1iJ1A~1e:J~6'1 bb(;1~1:Wi1b"ll'U1VJ'j1'1l:u (.n1'V'I~ 4.15"1.1) bb(;l~trm~!J'U 7 A'U 11~.n1'V'Ibfl'j:U1Vi'U 

1litJn~e:J\I (.n1'V'I~ 4.15"1!) 
u 
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, 

2) bbUU"il16'le:J'l'Vl1-:Jflll:WA~VI~·:lb~CJ'W 

iJm~CJ'UiJbbUU"il16'1El-:J'Vl1-:Jfl11:WA~VI~-:Jb~CJ'W 2 mi:w ~El 1) bbUU"il16'1El-:J'Vl1-:J 
' 

fl11:WA~~t~n~EJ-:J "ill'Wl'W 12 fl'W A~btl'W1EJCJ~::; 33.3 bb6'J::; 2) bbuu"'l16'1El-:J'Vl1-:Jfl11:WA~~t1n~El-:Jbb~ 
~ ~ 

hi?t:wum1 "ill'Wl'W 24 fl'W A~btl'W~EJCJ6'1::; 66.7 
~ 

' 0 """' d i.J 0 Q.l ~ 
2. 1) n 6'l:W bb u u ~ 16'1 EJ-:J'Vll-:Jfll 1:w fl ~'Vl t1 n \?1 EJ-:J ~ 1'W1 'W 12 fl'W 'W m ';iCJ'W11 ~ 

' ~ 

.fll'Wbb6'l::;EJ5'U1CJ~ n~ru::;611A'ru~ bn~~'W 1 'LJ'j::; CJ::;~'Wb\?le:J1 b ~?t1~t~n~EJ-:J 1~CJEJ5'U1CJl1 "1fl'j 1:w 1BI!:wflm CJ 
v ~ 

1'11EJV1'W'jlJ'lJEJ-:Jb&'W1CJ1fl'j:IJl~'W iJb~mil:wulbfl~CJ?t i1u1r1~1B~?t bb6'J::;iJbBil'W1'Vl';i1Bil:w 2 'll~" (m'W~ 
'U 'U C! q 

4.16n) 
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2.2) n~lJbbtJtJ~1G1B\I'VI1\IFI11lJfi(;l~t1n~a\lbb~1:W?IlJtJ1ru irm~tJ'U 24 FJ'U 
' 'U 'U 

lJF111lJboU1blil~t1n~B\Ib~tJ1ntJr;i'm~H1J~611A'ru~bn(;l~'U 1 'U1~tJ~B'Ubl?lB{bvJ6'11(;ltJUnb~tJ'U~\I 24 FJ'U ii 
'U v 

fl11lJ b oU11 '<il~tln~B\11 'U'l.h~ b~'U~·;]l "1Fl1 1lJ 161llJFJG11tJ l?i''JB tJ b 'UT\.h.JB\1 bGfu 1tJ 1fl1lJ1Vi'U bbG'l~lJ b~B'I~lJ cu '\.1 'U 't 

Ulbfl~m'f'' (.n1~~ 4.16'V) irm~tJ'U 23 FJ'U iiFJ11lJb'thh~t1n~a\11'U'l.h~b~'U~11 "1~tJ~B'Ubl?lB{bvJ6'1 
'U 

iiiJ1FJ~1a~?l" 1(;ltJ11(;l.fl1~bb6'1(;)\IU1F1~1a~6'11'UiJ1bfl~tJ6'1 (.n1~~ 4.16FJ) irm~t~'U 21 FJ'U lJF111lJ 

boU1h~t1n~a\11'U'l.b~b~'U~11 "1~tJ~B'Ubl?lB{bvJ6'1lib611'U1'VI1161llJ 2 '/l(;l" (.n1~~ 4.16\1) 1'U~1'U~ 
'U ' 

hl?1lJtJ1ruVi~B~1'U~1:W1~n~11~\I~B irm~tJ'U 3 FJ'U hh1(;l.fl1~bb6'f(;l\lb61l'U1'VI11611lJ 2 '/l(;l (m~~ 4.16'<i!) 
'U ' 

VI:IJ1£Jb'IIIIPI: (n) 
' 

3) b tJ~tJtJ b Vi tltJ bb tJtJ ~1G1 B\I'VI1\Ifl1 1lJfl(;ltle:J'Ub~tJ'UbbG1 ~Vir;i'\1 b~tl'U 

'<il1 n n1 1 b tJ~ tltJ b Vi tltJ bb tJtJ "'iJ1G1 B\I'VI1\I fl11lJ fl (;) tl B'U b~ tl'U bbG'l ~Vi~\1 b~tl'U b~B\1 

n11 bb U\1 b611G1~ bb uu 1lJ 1 'VI6li6'1 1~ tJ~ B'U bl?la{ b vJ?I ~ui1 na'U b~ tJ'Uir m~ tJ'U ~1'U 1 Vlqjii bb uu"'i\'1G1 B\I'VI1\I 

F111lJfl(;l~t1n~B\Ibb~1:l.i6'1lJtJ1ru (ICMM) fl(;lbU'U~BtJG'l~ 75.0 1B\IG1\IlJ1 libbtJtJ~1G1B\I'VI1\Ifl11lJfl(;l~ 
'U 'U 

6'1lJtJ1tWbb~hlt1n~B\I (CFMM) fl(;lbU'U~BtJG'l~ 19.4 'UBn'<il1nifrT\I~tJ11iiirm~tJ'Ub~tJ\I~BtJG1~ 5.6 
'U 'U 

b'Vh,f'U~iJbb tJtJ ~1G1B\I'VI1\IF111lJA(;l~t1n~B\I ( CMM) bb~Vi~\l'<il1n~(;l n'<il n11lJn11b~tJ'U~~tJ-J1 1:Wii 
'U 'U 

iJ m~tJ'U~lJbb tJtJ"'iJ1G1B\I'VI1\IF111lJA(;J~6'flJtJ1rubb~1:l.it1n~B\I ( CFMM) 1(;ltJU m~tJ'U~1'U 1 Viruilbb m1 tJlJ 
'U 'U v 



: 
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bb'IJ'U"ii'1~a.:~VJ1-:~m1~fi~~~n~a.:~ (CMM) b~~mn~'U fi~btl'U1'atJ~~ 33.3 bb~~nbbuu"i11~a.:~VJ1.:~ 
" 

fl11~fl~~~n~B.:!bbl'lhJG'l~'IJ'HU (ICMM) ~~~.:~ fl~btl'U1'BtJ~~ 66.7 (m'W~ 4.17) 
" " 

0 tlel'\Jb~ti'\J 

100 

,...., 80 H 
(lD 
;u 
COl 

l>if'> ........ 60 
;;:l 
;u 

Vi!: 
~§ 40 
;;:l 
C" 
;;:l 
r .... 20 

0 

CMM ICMM CFMM FMM IMM NR 

.fi1'W~ 4.17 btl'i£Jub Vi£Jm1n't!tw:m umh~B.:J'VI1.:Jfl1111A~ b~B.:JnTnb U.:J b~~~bb uu1111 'VI61i~ 

';j~£J~~'Ub~Bib'V.J~ "!..v.:J.Ym'i£J'Wi'Wl1o£J11An't!t1U~ 4 rlv'Wb'i£J'Ubb~~'VI!il.:Jb'i£J'U 
(N = 36) 

'VItm.lb'VI~: CMM • 

IMM 'V!~1tJ~.:! bb'IJ'IJ"i11~B.:!Vl1-:Jfl11~fl~~1lJb~B~ 1tJ.:~ 

NR 'V!l.J1tJ~.:J 1lJbb?l~.:Jbb'IJ'IJ~1~B.:JVl1-:Jfl11l.JA~ 

4.2.4.2 'j~m~1'W'jb'V'J?l 

1) bb uu~1~a.:~Vl1-:Jfll1l.Jfi~nm.Jb~tJ'U 

trm~mJnbb'IJ'IJ"il1~e:l.:J'VI1-:Jfld1l.Jfl~na'Ub~tJ'U 3 nci~ ~a 1) bb'IJ'IJ~1~e:l.:!Vl1-:J 
' 

m1l..lfi~~t~n~a.:~ ~1'Ul'U 1 fl'U fi~bU'U~atJ~~ 2.8 2) bb'IJ'IJ~1~a.:~VJ1.:~14l1l..lfi~~t~n~e:J.:~bb~ 
" " 

1lJ?ll.J'IJ';itU ~1'Ul'U 18 fl'U fi~bU'U~BtJ~~ 50 bb~~ 3) bb'IJ'IJ~1~e:J.:JV11-:JI4l1l.JA~~?ll.J'IJ'jtUbb~1lJt~n~a.:~ 
" " " 
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1.1) n~:UbbUU'<6'1~B\I'VI1\Ifll1:Ufi~~t1nl'i'a\l '<STW'd'W 1 i'l'W 11m~CJ'W11~Jl1'V'l ' ~ 

bb~~B5U1CJ~n't':ltu~~1rlqj~bfl~~'U 1 'U'.i~CJ~ 1 'V'l'HTI611~~nl'i'a\l 1~CJB5U1CJl1 "11'l'.i 1:u 161l:uoif~b'<il'U b~€1 

~:uibbl'l~CJ61bb~~-u11'lrna~61b~:u61mCJ b61l'W 1 'VI'.i 161l:ub~:ubbCJnaan'<il1nn'Wbb~~iim'.i61~1\lb61''U 1CJ61tl'Wb~~" 
' 

(m'V'lVI 4.18n) 

1.2) n~:ubbuu"'11~B\I'VI1\II'l11:ufi~~t1nl'i'a\lbb~hi61:uu'.iru 11m~CJ'W 18 l'l'W ' ~ ~ 

iim1:ub·1hh~~nl'i'a\lb~CJ1nu~n't':lru~~1ri'f~J~bn~~'W 1 'W'.i~CJ~ 1 'V'l'.ib'Vl611~CJ1!m~CJ'W 16 i'l'W iim1:u 

b ·ih h~t1nl'i'm1 'U'lJ'.i~b~'W~l1 "'.i~CJ~ 1 'V'l'.ib 'Vl61b~:uiim'.i61mCJ"VB\Ib~a~:ui11bi'l~ CJ61" 1~CJ11~Jl1'V'lbb61~\l 
~ ' 

m'.i61mCJ"VB\Ib~a~:ui11bi'l~CJ61 (.n1'V'l~ 4.18-v) 11m~CJ'W s i'l'W iil'l11:Ub·ihh~~nl'i'a\11'Uth~b~'W~l1 

"'.i~CJ~ 1 'V'l'.ib'Vl61hJiii111'1~1a~61" 1~CJ hh1~.n1'V'lU1i'lrnB~611 'WU1bi'l~CJ61 (.n1'V'l~ 4.181'1) bb~~11m~CJ'W 

Jf\1 18 i'l'W iim1:ub·ihh~t1nl'i'a\11w.J'.i~b~'W~l1 "'.i~CJ~1'V'l'.ib'Vlm~:ub't1'W1m1:u161l:uoif~b'<il'W" (.n1'V'l~ 
~ 

4.18\1) 1'W?i1'W~1~61:uu'.iruVJ~m~1'W~1~1~n~11fi'lfia 11m~CJ'W 2 l'l'W 1~1~bbt1~\l i111'1~1a~61 (.n1'V'l~ 
~ 

4.18'<il) 

1.3) n~:UbbUU'<6'1~€1\I'VI1\Ii'ld1:Ufi~~61:UU'.it1Jbb~1~t1n~B\I 1Jm~CJ'U 17 i'l'U ' ~ ~ 

bb61~\l bb uu'<6'1~B\I'VI1\Im1:ufi~'VImh~b~'Wr111?1Bu bb~iith~b~'Wm~t:lnl'i'a\1 1~ mbu\1 btl'Wn~:u 1~ 2 n~:u 
q \.1 , , 

1.3.1) n~:u~11~.n1'V'l1~ ~ n 1'1 B\1 11m~ CJ'W'd 1~.n 1'V'l bb61 ~\I~ n't':lru~ 

~1ri' r111 'U'.i~ CJ~ 1 'V'l'.ib 'VJ611~t1nl'i'a\l 1~ CJ11 m~CJ'W 16 i'l'W 11~.n 1'V'l'.i~CJ~ 1 'V'l'.ib'VJ61~ii b~m~:u-D1 bi'l~ CJ61 
·~ ~ ' 

(.n1'V'l~ 4.18u) 11m~CJ'W 7 i'l'W 11~.n1'V'l'.i~CJ~1'V'l'.ibTI61~1~iii111'1~1a~61 bb~~ii'<il1'W1'Wb61!~~ 2 b61!~~ 

(.n1'V'l~ 4.18"11) 11m~tJ'W 3 i'l'W 11~.f11'V'l'.i~tJ~ 1 'V'l'.ib 'VJ61~1~iiL61l'W 1 'VI'.i 161l:u bb~~ii'<il1'W1'Wb61f!;l~ 2 b61!!;1~ 

(m'V'l~ 4.18611) bb!;l~,Ym~tJ'W 11 i'l'W 11~m'V'l11'l'.i1:u 161l:u 1~t1n~a\l (m'V'l~ 4.18ru) 
~ 

1.3.2) n~:u~a5u1tJ 1~t1n~a\111m~tJ'W "111'W1'W 1 i'l'W a5U1tJ~n't':ltu~ ' ~ 

11'l'.i 1:u L61!:U 1~t1nl'i'a\l 1~tJB5U1tJl1 "Li'l'.i 1:u L61!:U:U1b~tJ\1~1 bb 'W'd b~tJ'd n'U 1 'Wbb 'W'd~\lnm\IL~!;l~" 
~ 
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.. 

d 0 Clio q ll 

'YI111tlt'YIIPJ: (fl) vn .. m.1m bb 'U'lJ''il1~e:J\I'Vl1\lfl11:Wfl\9l'Vl~flV1e:J\I 

( .1./-''il) ~:J..J1 tJfi\1 bb 'U'U"i11~ e:J\I'Vl1\lfl11:Wfl\91~ t:l fl~ e:J\1 bb~hJ~:W'U'.itU 
~ ~ 

0 q v .c;:::,l 

2) bb 'U'U"il1~e:J\I'Vl1\lfl11:Wfl\9l~mb '.itJ'W 

11m~tJ'WiJbbuu"i11~e:J\I'Vl1\lr111:Wf1\9l~GY\Ib~tJ'W 3 n~:w fie:J 1) bbuu"i11~e:J\I'Vl1\l 
' 

m1:wf1\9l~t:lfl~e:J\I "i11'W1'U 20 fl'U fl\9lbU'U~e:JtJ~~ 55.6 2) bbuu"i11~e:J\I'Vl1\lfl11:wf1\9l~t:ln~e:J\Ibb~hJ 
~ ~ 

~:wu1ru "i11'W1'U 11 fl'U fl\9lbU'U~e:JtJ~~ 30.6 bb~~ 3) bbuu"i11~e:J\I'Vl1\lfl11:wf1\9l~~:wu'.irubb~hlt:ln~e:J\I 
~ ~ ~ 

"i11'W1'U 5 fl'U f1\9lbU'U~e:JtJ~~ 13.9 

2.1) n~:wbbuu"i11~e:J\I'Vl1\lm1:wf1\9l~t:lfl~e:J\I "i11'W1'W 20 rl'W 11m~tJ'W11\91 ' ~ 

i11'V'4 bb~~e:J5'U1tJGYmoJ-ru~~1~ru~bi1\9l~'W 1 'U'.i~tJ~ 1 'V'4'.ib'W~1v1t:lfl~e:J\I 1\9ltJe:J5'U1tJ11 "1fl'.i 1:w 1611:wi\91 b"il'W 
v ~ 

b~ e:JVI:w'W1 brl ~ t1 ~ bb~ ~'W1 r1 ~1 e:J GY ~ b~:w ~~ 1 t1 b611'W 1 'Vl 1 1611:w b~:w bbt! n e:J e:J n "il 1 n n 'W bb~ ~:n n1 1~ ~1\1 b~'W 1tJ 
' 

~tl'Wb~~" (m'V'4~ 4.19fl) 
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2.2) n~:Wbb'U'U"<il1~B\IVI1\Ifi11:Wfi~~tinl'la\lbb~hl?t:w'U1ru ti'm~crw 11 fi'W 
' " " 

iifi11:Wbi1lil~tinl'la\lb~CJ1tl'U~m~ru~6'11f1ru~Lii~~'W1 'W1~CJ~ 1 ~1b'W?I 1~CJtJnb~CJ'W~\I 11 fi'W iifi11:W 
" v 

L·ihhiim1:wLi1h~t~nl'la\11 'Wtl1~b~'W~l1 "1~t1~ 1 ~1b 'W?tiibm 1:w 16!l:woii'~ b"'il'W b~a~:wiid bfi~CJ?Ib~:w 
" ' 

6'1~1CJ bG!l'W 1 VI 1 LG!l:W b~:w bW naan"'il1 n n'W bb~ ~iim1?1 ~1\lb61'W1CJ ?tu 'Wb~~" (.m~~ 4.19'/J) 1! m~CJ'W 

10 fi'W iim1:wbi1h~t~nl'la\11 ut.l1~b~'W~11 "1~CJ~ 1 ~1b'W?tiJ1fi~LB~?Ib~:W?ImCJ" 1~CJ11~m~hlii 
" 

',h "1~CJ~L~1b'Wi:!'D1Aillm1?tL~:w?lmCJ" 

2.3) n~:wbb'U'U"<il1~B\IVI1\Ifi11:Wfi~~":w'U1rubb~hJt~nl'la\l ti'm~CJ'W 5 fi'W 
' " " 

bb?l~\lbb'U'U"<il1~B\IVI1\Ifi11:Wfi~VIn'U1~b~'Wflll'lB'U bb~ihh~b~'W~bJt~nl'i'a\IL~C!bbU\IbU'Wmi:w1~ 2 mi:w ~B 
'I 'U q 'I 

2.3.1) n~:w~11~.rn~ hlt~nl'la\1 1! m~CJ'W11~.n1mb?l~\l~ n~ru:; 
' " 

6'11f1ru1'tJ1:;CJ~L~1b'W?thJt~nl'la\IL~CJ1!m~CJ'W 1 fi'W 11~.n1~bbi:f~\lb~B~:wiJ1bfi~CJ?I (.n1~~ 4.19\1) 
v " ' 

1!m~CJ'W 2 fi'W 11~.n1~b6!l'W 1 Vl1 LG!l:w ~'U~bG!l'W 1 Vl1biiCJ1LL~~~\ILfl1 1:w LG!l:W hJb~CJ\II'l1\lbb'W1~\Inm\ILG!l~~ 

(.n1~~ 4.19"il) bb~~ti'm~CJ'W1 fi'W 11~.n1~"<il1'W1'W1m1:w16!!:whlt~nl'la\11~CJ11~ 31m1:w16!l:w bb~~ 
" 

b~CJ\11 'Wbb'W1nm\lb6!!~~ ~\11Jm~CJ'Wfl1111~ 4 Lfl1 1:w LG!l:W (2n = 4) (m~~ 4.19u) 

2.3.2) n~:w~a5'U1CJ hJt~nl'la\ltJnL~CJ'W "<il1'W1'W 1 fi'W a5'U1CJ~n~ru~ 
' " 

Lfl1 1:w 16!l:w hJt~nl'la\1 1~CJBTI'U1CJ'h "1m 1:w 16!l:w:w1b~CJ\1~1 bb 'W1 b~CJ1tl'W 1 'Wbb 'W1~\Inm\lb6!!~~" 
" 

: 'YI111m'YII'l: (n) • 
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3) b '\.J~~'U b Vi~'U bb tJ'U"iJ1G'l B\I'Vl1\lfl111Jfi~ nmJb~m.J bbG'l::!Vl~\1 b~~'W 

"il1 n n 1'H '\.J~ ~'U b Vi ~'U bb 'U'U "iJ1G'l eJ \I'V11\I fl111Jfi ~ n B'U b~ ~'U bbG'l::! Vl~\1 b~ ~'U b~ B\1 

m·m tlwi!G'l~ bb 'U'U 1lJ 1 'Vl~?f 'j"::!~::! 1 "W'j"b '1"1?1 "W'Ul1 neJ'Ub~~'Wir m~~'W~1'W 1 VJqji'hb tJ'U"iJ1G'lB\I'Vl1\lfl11lJfi~ 

~fln~B\Ibbl?ihJ?flJ'lJ'j"tU (ICMM) f1~dJ'W~B~G'l::! 50.0 'j"eJ\IG'l\llJ1 :Um.J'U"iJ1G'leJ\I'Vl1\lfl11lJfi~~?flJ'l.J'j"tUbbl?i 
~ ~ ~ 

hifln~B\1 (CFMM) fl~bV'U~B~G'l::! 47.2 bbG'l::!:Uirm~~'UbYl~\I~B~G'l::! 2.8 bvh,!'W~i1bb'U'U"il1G'lB\I'Vl1\l 
~ 

bb'U'U"il1G'lB\I'Vl1\lfl11lJfl~~fln~B\I (CMM) b~lJ~'WlJ1n~?f~ fl~bV'W~B~G'l::! 55.6 bbG'l::!irm~~'U:U 
~ ' 

bb'U'U"il1G'lB\I'Vl1\lfl11lJfl~~fln~B\Ibbl?ihl?flJ'U'j"ru (ICMM) G'l~G'l\1 fl~bV'W~B~G'l::! 30.6 b"li'Wb~mnu 
~ ~ 

bb'U'U"iJ1G'leJ\I'Vl1\lfl11lJfl~~?flJ'U'j"tUbbl?l1lJfln~B\I (CFMM) G'l~G'l\lbVl~B~B~G'l::! 13.9 (.fl1'W~ 4.20) 
~ ~ 

0 riauL'iau IIIII 'lll~·:n'iau 

100 

'ia 80 
a:; 
QiJ \() 
(Q) u"i ;>If'> ........ 60 Ll) 

;:t 
QiJ 

V!!! 
~§ 40 

;:t 
("" 
;:t 
r •r.o 20 

0 

CMM ICMM CFMM FMM IMM NR 

~n'liru:muu~1~voii'Vl1-llf'I111JA~ 

.fl1~~ 4.20 b mf.I'Ub Vifl'U~n'l!tru:ab 'U'U"il1~B.:J'V11.:Jfl11lJfl~ b~B.:Jn1'j"bb U.:JbBl.f~~bb 'U'U LlJ 1 'V]tij~ 
-a:::f.l:::1~-abw~ "llB.:J11m~EJ'lJ.ff'lJ:irllEJlJfln'l!t1U~ 4 fie:J'lJb~El'lJbb~:::Vl~.:Jb~El'lJ (N = 36) 

VllJ1ElbVl~: CMM • 
ICMM VllJ1~5\I bb'U'U"iJ1G'l B\I'Vl1\lfl11lJfl~~fln~B\Ibbl?iLlJ?flJ'lJ'j"tU 

~ ~ 

CFMM VllJ1~5\I bb'U'U"il1G'lB\I'Vl1\lfl11lJfl~~?flJ'U1rubbl?iLlirJn~B\I 
~ ~ 

IMM VllJ1~5\I bb'U'U"iJ1G'leJ\I'Vl1\lfl11lJfl~~1lJb~BlJ 1~\1 

NR VllJ1~5'1Llibb?f~\lbb'U'U"iJ1G'leJ\I'Vl1\lfl11lJfl~ 
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0 ~ I .:I 

1) bb 'U'U"il1(WJ.,:J'V11.,:Jfi'J1lJfl~fleJ'Ub 'W'U 

um~CJ'Ui:ibb'U'U"ii'1~eJ.,:J'V11.,:Jfl11lJfl~tleJ'Ub~CJ'U 3 m'llJ ~el 1) bb'U'U"iJ1~eJ.,:J'V11.,:) 
' 

m1lJfl~~tln~eJ.,:)bb~hJ?tlJ'U1ru "ii'1'U1'U 14 fi'U fi~bU'U~eJCJ~::: 38.9 2) bb'U'U"ii'1~eJ.,:J'V11.,:Jf111lJfl~~ 
'U 'U 

?tlJ'U1rubb~hJtln~eJ.,:j "ii'1'U1'U 20 fi'U fi~bu'U~eJCJ~::: 55.6 bb~::: 3) bbuu"ii'1f1eJ.,:J'V11.,:Jf111lJfi~~hi 
'U 'U 

bbfl:::hJiib~miflJtbbfl~m'f'' (fl1~~ 4.21n) um~CJ'U 5 fi'U iim1lJbi11"il~tlfl~eJ.,:)1'U't.h~b~'U~';h 
' 'U 

"1:::tJ :::blJ ~1 b 'V'l?t1:WiiiJ1fl~1mi' ?t" 1~ CJ11~fl1~ 1~ CJ~ blJ m b 'V'l?t~1:WiH11 fl~1mi' ?f (fl1~~ 4.21 "lJ) 

um~CJ'U 6 fi'U iim1mi1 hiifl11lJbi1 t"il~tlfl~eJ.,:jt 'U'lh:::b~'U~';h "1:::CJ:::blJmb'V'l?tiib61l'U 1 'V11161llJeJ~ 
'U 'U 

m.,:Ji1lJtl'U bb~:::ii b~'U 1CJ?fD'Ub~~lJ1~uu ~ n ru b61l'U 1 'V11bii CJ1"1JeJ.,:)bb~f1::: 1fl11lJ 161llJ" (fl1~~ 4.21 fl) 1 'U 

fi1'Um:W?flJ'U1ruVI~m'i1'UmlJ1~n~11fi.,:J ~eJ um~CJ'U 8 fi'U 1:WeJ5'U1CJrJ1 "1~CJ:::blJmb'V'l?f tJ1flffieJ~?f 
'U 

1.2) fl~lJ bb 'U'U"ii'1~eJ.,:J'V11.,:Jf111lJfl~~?llJ'U1rubb~1:Wtln~ eJ.,:j um~CJ'U 20 fi'U 
' 'U 'U 

bb?f~.,:j bb uu"ii'1f1eJ.,:J'V11.,:Jf111lJfl~'Vlm.b:::b~'Ul"l1~eJ'U bb~iith~b~'U~1:Wtln~eJ.,:j 1~mbD.,:J btl'Un~lJ 1\il 1 n~lJ 
, 'U " .. 

~el fl~lJ~11~Jl1~ 1:Wtl n~eJ.,:j um~CJ'U11~Jl1~ bb?f~.,:j~ m~ru:::?h~ru t 'U1:::CJ::: blJ~1b 'V'l?t1:Wtln~eJ.,:J'V1 n 
q 'U v \1 , 

'lh:::b~'Ul"l1~eJ'U b-ci'U 11~fl1~1~CJ:::blJ~1b'V'l?t~i1b~eJ~lJtJ1bfi~CJ?f (m~~ 4.21.,:J) 11~tJ1flillmi'?fbbf1::: 
' 

b61l'U1 'V11161llJ 1:Wtln~eJ.,:J (fl1~~ 4.21 "il) bbf1~11~m~ 1fl11lJ 161llJ 1:Wtln~eJ.,:J 1~CJ11~ 1fl11lJ 161llJbbCJn hJ~~1 
'U 'U 

"IJeJ.,:Jb61lfl~~.,:j?feJ'I~1'U (fl1~~ 4.210) 

1.3) n~mb uu"ii'1f1 eJ'I'V11'1fl11lJfl~~1:W t1 n ~eJ'I 11 m~CJ'U~'I 2 fi'U bb?f~'l 
' 'U 

bb uu"ii'1f1 eJ'I'V11'1fl11lJfl ~ 1:Wmu'Vl mh::: b~'Urh~ eJ'U ;'lii'\.J 1::: b~'U~1:Wtl n~eJ'I bbfl::: 1:W1~ n~ 11fi'l 1~ CJ 
' 'U 

bbD'Ibtl'Un~lJ 1\il 2 n~lJ ~eJ 
' ' 

1.3.1) n~lJ~11~m~1:W~n~eJ'Ibb~:::eJ5u1CJ1:W~n~eJ'~ um~CJ'U 2 fi'U 

i1m 1lJ b orr 1 h ~1:W tl fl ~el'l b~ CJ1 tl'U ~ n~ru~ G11~ rut 'U1~ CJ::: blJ m b 'V'l ?f 1~ CJ11~Jl1~ii b~ eJ~lJtJ1 bfl ~ CJ ?f 
'U "' ' 

1fl11lJ 161llJeJCJ1 'U1'\.Jb~'U tCJ 1fl1lJ1Vi'U bbf1~eJ5u1CJ11 "68?tb~eJTifl1lJ1Vi~b~CJ'~eJ~M'~nm'lb61l~~" (il1~~ 
'U 'U 'U 

4.21'11) 
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1.3.2) 'lh~b~'W~hJbb?f~.:JbbtJU 1illmV.IVI1-:Jfl11:WA~ ilm~tJ'W~.:J 17 

1lJbb?f~.:Jbb tJU"'iJ1(;1 eNVI1-:Jfl11:Wfl~ 1 'U'lh~ b~'U~';h ~~t!~b:Wl?l1b 'Y'I?l 1lJijb~€l~:WU1 bfl~ t!?fbb(;l~\j'Jflru €1~?1 

ljbB~J'W 1 VI~ 1B~J:w€l~l?l~.:JoU1:wtl'Wbb!;1~ijb~'W 1v?ftl'Wb~!;1:W1'<iluu~b 'JrubB~J'W 1 VJ~bijtJi"UB.:Jbbl'i(;l~ 1A~ 1:w 1B~J:w" 
'lJ 

0 

.n1w~ 4.21 m·mti.:~b~~fA'bbuu1:JJ1'VI~a -a::a::b:JJl911b'V.Ja CtimJb~El'IJ) 
VI:IJ1ElbVIl91: (n-A) VflJ1tJfi.:J bbtJU"'iJ1!;1eJ.:JV11-:Jfl11JJ~~~tlnMeJ.:Jbb~1lJ?fJJU1tU 

• 'lJ 'lJ 

( -:J-o) VfJJ1tJfi-:J bb uu"'il1!;1eJ-:JV11-:Jfl11JJ~~~?fJJ\j~rubbl'ihj~nM'eJ-:J 

("ll) V!:w1vfi.:J bbuu"'il1mNm-:JA'J1:wfi~ffilJt1nl9i'eJ.:J 
'lJ 

2) bbtJU"'iJ1!;1eJ-:!VI1-:Jfll1JJfl~Vf~.:Jb~tJ'U 

ilm~v'WiJbb uu"'il1mNVJ1-:Jfl11JJ~~Vf~.:Jb~tJ'W 3 m:i:w ~eJ 1) bb uu~1!;1eJ-:JVI1-:J 
' fl11JJ~~~tlmleJ-:J "'il1'W1'U 1 fl'U ~~b'iJ'W~eJtJ(;l~ 2.8 2) bbtJU"'iJ1!;1eJ-:JVI1-:Jfl11JJ~~~t1nMeJ-:Jbbl'i1lJ 

'lJ 'lJ 

?f:wu~ru "'il1'U'J'U 32 fl'U fi~b tJ'U~eJtJ(;j~ 88.9 bb(;l~ 3) bb uu"'i11(;1eJ-:JV11-:Jm1:w~~~?f:wu1rubbl'i1lJt1nM'eJ-:J 
'lJ 'lJ 'lJ 

"'il1'U'J'U 3 fl'U fi~bu'U~eJtJ(;j~ 8.3 

2.1) n~JJbb uu"'i11mNVI1-:Jf111JJA~~t1nMB-:J "'il1'W1'U 1 fl'W um~tJ'W11~Jl1i"' 
' 'lJ 

bb!;1~eJBU1tJ~m.'fru~~1~qJ~bi1~~'W 1 'W~~tJ~bJJ\911 b 'Y'I?!M~nM'eJ-:J t~tJeJBU1tJl1 "b U'U1~tJ~ Lfl1 t:w LBI1JJJJ1 
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b~'U 1t.J?lth.Jb~(;ll.l1~uu~nrub"IJ'Ub 'Vl':ibiJt.J1'UB'Ibbl?i~~ bA':i 1:JJ b'll:JJ" (m'\11~ 4.22n) 

2.2) ml:JJbbU'lJ"'Ill~B'I'Vl1'1Al1:JJ¥i~~tlf1~B'Ibbl?i1JJ?l:JJ'\J':itW 1.Jm~t.J'U 32 A'U 
' 'U 'U 

oif1:J.Jn'U bb(;l~iJ b~'U 1t.J?llJ'U b~(;l:JJ1~'\J'\J~b 1 ru b"IJ'U 1 'Vl':i biJt.J1'UeN bb\?1(;1~ 1A':i 1:JJ 1"1l:JJ" (m'\11~ 4.22'U) 1 'U61l'U 

~1lJ?l:JJu':iruVl~B61l'U~hJ1Ji'n~1ln'l fiB 1!m~t.J'Uvr'~ 32 A'U 1lJB5'lnt.~-:h "'j~t.J~b:JJ~1bl"l?11lJiJb~mif:JJ 
'U ' 

m.:Joif1:J.Jfl'U bb~~iJb~'U 1t.J?llJ'Ub~(;llJ1~'\Ju~nrub"IJ'U 1 'Vl':ibiJt.J1'UB'Ibbl?i(;l~ 1m 1:JJ 1"1l:JJ" 

2.3) n~mb'\J'\J~1(;le:J.:J'Vl1.:JAl1:JJ¥i~~?l:JJ'\J':irubbl?i1lJt~n~eJ.:J 1!m~t.J'U 3 A'U 
' 'U 'U 

bb?l~.:J bb uu ~1(;1 eJ.:J'Vl1.:JAl1:JJ¥i~A':i'\J 'Vl n'\.J ':i~ b~'U r\'1~ e:J'\J bbl?iiJ'lJ ':i~ b~'U~1lJ t1 n~ B.:J 1~ t.1 bb u .:J b U'U n~:JJ 1Ji' 
' 'U ' 

4.221"1) 

n 

.!11'W~ 4.22 nTHbU~bSZ!G'l~bb'U'U1:JJ1'V1~61 ~~tl~b:JJ\Pl1b'V'l61 ('Vi~~b~ti'IJ) 

'VI:lJ1tlb'VIIPl: (n) 'VIlJlt.Ji:i.:J bb'\J'\J~1(;leJ.:J'Vl1.:Jm1:JJ¥i~V1t~nl'i'eJ.:J 
• 'U 

( 'U) 'VI:!Jlt.Jn.:J bb uu~1(;1 eJ'I'Vl1'1m1:JJ¥i~~tln~eJ'~ bbl?ihJ?l:JJ'\J':iru 
'U 'U 

3) b '\.J~ t.J'\J b V1 t.J'\J bb '\J'\J ~ 1 (;'! eJ .:J'Vl1.:JAJ1:JJ¥i~ rleJ'U b~t.J'U bb(;'i ~Vl~.:J b~ t.J'U 

11)1 n m':i b LJ~ t.Ju b V1 t.Ju bb uu ~1(;1 eJ.:J'Vl1'1Al1:JJ¥i~ n eJ'U b~t.J'U bb(;l ~'VI~'~ b~t.J'U b~eJ.:) 

f11'Hb u.:) b "IJ mhb '\J '\J 1:lJ 1 'Vl ~?I 'j ~ tJ ~ b:JJ ~ 1 b IAl ?I '\11 '\J l1 n eJ 'U b ~ tJ 'U 1! m ~ tJ 'U 611 'U 1 Vltli iJ bb '\J '\J ~ 1 (;'! eJ.:) 'Vl1.:J 
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fl11llfl~~6'1ll'l.J'Hthb~b~!:lmla\l (CFMM) fimU'W~m.J~~ 55.6 1e:J\I~\Ill1 ilbb'U'l.J"il1~B\I'Vl1\lfl11llfl~~ 
" " 

!:lfll'i'e:J\Ibb~b~G'Ill'l.J'Jru (ICMM) fl~b iJ'U~m.J~~ 38.9 bb~~iJbb'U'l.J"il1~e:J\IV11\Ifl11llfl~~\~!:1fll'i'a\l (FMM) 
" " " 
fi~biJ'W~m.J~~ 5.6 bb~1~ilum1t.J'W~ilbb'l.J'l.J"il1~a\lm1llfi~~!:lnl'i'a\l (CMM) 'VI~\I"il1n~~n"ilm1llfl11 

" 
b1t.J'U~'V'I'l.Jl1b~ilum1t.J'W~il bb 'l.J'l.J"il1~e:J\I'Vl1\lfl11llfl~m~!:lfll'i'a\l (FMM) um1t.J'W?h'U 1 'VItUilbb 'U1 1 Ull 

" " ... 

bb'l.J'l.J':il1~e:J\I'Vl1\lfl11llfl~~!:lfll'i'm (CMM) b~ll~'W fl~btJ'U~e:Jt.J~~ 2.8 bb~~ilbb'l.J'U':il1~e:J\I'Vl1\lfl11llfl~~ 
" 

!:lfll'i'e:J\Ibbl?ib~ 6'1ll'l.J 1ru (ICMM) b~llll1fl~'W fi~ b tJ'U ¥a t.J~~ 88.9 'We:Jfl"il1fl.Q'~\I'V'I'l.Jl1il'l! m1t.J'W~il 
" " 
bb'l.J'l.J':il1~e:J\I'Vl1\lfl11llfl~~6'1ll'l.J'Jrubb~b~!:lfll'i'a\l (CFMM) ~~~\1 fl~btJ'W~e:Jt.l~~ 8.3 (m'V'I~ 4.23) 

" " 

D timJb~ti'U 

100 

....... 80 ~~ 
(r;; 
;u 
(Q) 

~If'> ....... 60 
;;::i 
;u 
~~ 

)~ 40 
;;::i 
("' 
;;::i 
c-.... 20 

0 

CMM ICMM CFMM FMM IMM NR 

.n1'V'l~ 4.23 bmt.Jub Vit.~'l.J~m~•ru~bb uulil1~a.:~VI1.:~fl11ll~fl b~e:~.:~nTnb u.:~bBll~~bb uul111 VI~~ 

~~t.J~b11mb'VJ~ "tte:J.:~'tl'm~t.Juiu~ot.J11Am~nu~ 4 rie:~ub~t.J'Wbb~~'VI~.:~b~t.Ju CN = 36) 

CFMM 'VIlllt.Jfi\1 bb'l.J'U':il1~e:J\I'Vl1\lfl11llfl~~6'1ll'l.J1rubbl?ib~!:lfll'i'a\l 
" " 

FMM 'VIll1t.Jfi\l bb'l.J'l.J':il1~e:J\I'Vl1\lfl11llfl~ru~!:lfll'i'B\I 
" 

NR 
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4.2.4.4 ~:m:me.J'W1b'V'I6'1 

1) bb uu"i11fte.J~'Vl1~\911l.JfiV1 ne.J'Wb~ tJ'W 

irm~tJ'Wi1mJu"i11fte.J~'Vl1~fl11l.lfiV1ne.J'Wb~tJ'W 2 mil.l fiB 1) bbuu"i11fte.J~'Vl1~ 
' 

fl11l.lfiV1~~n~e.J~bb~hJ6'fl.l\l~ru "i11'W1'W 16 fi'W fiVJbtl'W~e.JtJft~ 44.4 bbft~ 2) bb uu"i11fte.J~'Vl1~m1l.lfiV1 

~G'fl.l'U~tUbb~hlr~n~e.J~ "i11'W1'W 20 fi'W fiVJbtl'W~e.JtJft~ 55.6 
'II 'II 

1.1) n~l.Jbbuu"i11fte.J~'Vl1\lm1l.lfiV1~r~n~B~bb~hJ6'fl.Ju~ru irm~tJ'W 16 fi'W 
' 'II 'II 

i1m1l.l boV1 h~r~n~ e.J~ b~tJ1 nu6l m~ru~~1~ru~ bnVJ~'W 1 'W~~ tJ~ bbe.J'W1b '1"16'1 1V1 tJirm~tJ'W~~ 16 fi'W i1 
'II v 

fl11l.lboV1 h~t!fl~e.J~1 'Wth~b~'W~';h "~~tJ~bbe.J'\..!1 b'V'IG'f 6116'fbl?1e.JTifl~l.l1~V1 (sister chromatid) tlfl~~ 
'II 'II 

bbtJfle.Je.Jfl':il1fln'W1tl~~1b6!lftft1V1mG1'W1tJ6'ftl'Wb~ft hJi1b~mi!l.l'W1bfl~t16'f" (.fl1'W~ 4.24n) irm~tJ'W 5 fi'W 
' 

bbft~i1 bG1'W1tJ6'fD'Wb~ft~~6116'f b\?1e.J~1fl~l.l1~V1 bbtJ n1 tJ ~~bb~ft~~1'1Je.J~ b6!Jft~" (.tl1'W~ 4.24'/J) 1 'W?h'W~ 
1~6'fl.lu~ru'Vl~m11'W~hi1Jln~11?i\l fiB irm~tJ'W 10 fi'W 1~e.J5'U1tJl1 "~~tJ~bbe.J'W1b'V'I6'11~i1 

'II 

6'flJ'Wb~ft~~"l16'1b\?1e.JTifl~l.J1~VlbbtJfl1 t.J~~bb~ft~~'J'Ue.J~ b6!lft~" 

1.2) n~l.lbb'UU"i11fte.J~'Vl1~m1l.lfiV1~6'fl.l'U~rubb~1~r~n~e.J~ irm~tJ'W 20 fi'W 
' 'II 'II 

bb6'1V1~ bb uu"il1fte.J~'Vl1~m1l.lfiV1fi~'U'Vl nt.J~~ b~'W A11?1e.J'U bb~i1t.J~~ b~'W~1~r~ n~ e.J\1 lVJ t1 bb th b tl'Wfl~l.l 1Jl 
' 'II ' 

1 n~l.l fiB fl~l.l~11Vl.fl1'W1~r~n~e.J\I irm~tJ'W~~ 20 fi'W 11V1.fl1'Wbb6'1V1~6l'm~ru~~1~fli1'W~~tJ~bbe.J'W1 
'I q 'tl 0~ 

b 'V'I?fhJr~n~e.J~'Vlntl~~b~'Wri'11?1Bu b 'li'W 11V1.tl1'Wbb6'1Vl~b~mXl.l'W1 bfl~t16'f bbft~U1fi~1B6l6'f (.tl1'W~ 4.2419) 
'II ' ' 

1~11Vl.fl1'W bb6'1Vl~ b6!J'W 1 'VI~ l6!Jl.Je.J~\?1~~-v1:un'W bbft~i1b~'W 1tJ6'ftJ'Wb~ft~~6'86'fb\?1e.JTifl~l.J1~Vl bbtJ n1 t.J~~bb~(t~ 
'II 

~1'1Je.J~b6!Jft~ (.fl1'W~ 4.24~) bbft~11V16'86'fbl?1e.J{1fl~l.l1~V11~r~n~e.J~ lV1tJ11V1btl'WbG1'W1tJ 1ml.l1Vi'W 
'II 

.,I 
(.fl1'W'Vl 4.24-:u) 
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111w~ 4.24 nTHb u~b'll~~ bb'uul:w 1 'VI~fil <;i::EJ::bbv'l..l1 bWfi! (rivub'iEJ'I..I) 

'VI:w1m'VI~= (n-'lJ) Vl:J.J1CJ~'l bb\J\J~1~a'l'Vl1'lm1:wfl~~~n~a'lbb~1~?t:wu1ru . ~ ~ 

82 

2) bb\J\J~1~8'l'Vl1'lfi11:!.Jfl~Vl~'lb~CJ'l.J 

'l!m~m.d1mJu~1~B'l'Vl1'lfll1:J.Jfl~Vl~'lb~CJ'l.J 3 m:i:w ~a 1) bb\JU~1~B'l'Vl1'1 
' 

fi11:J.Jfl~~~fl~8'1 ~TUTU 1 fi'I.J fl~btJ'I.J~BCJ~t 2.8 2) bb'U'U~1~8'l'Vl1'lfi11:Wfl~~~fl~8'lbb~ 
~ ~ 

1~?t:W'U1ru ~1'UTU 32 fi'U fl~btJ'U~BCJ~::: 88.9 bb~t 3) bb'U'U~1~8'l'Vl1'lfi11:Wfl~~?f:W'U1rubb~1~ 
~ ~ 

2.1) n~:wbb'U'U~1~B'l'Vl1'lfi11:Wfl~Vit1n~a'l ~1'U1'U 1 fi'U 'l!m~CJ'U11~m~ ' ~ 

bb~:::a5u1CJ~ m~ru:::611f0i'ru~ bn~;ff'W1 'U 1~ CJ::: bba'U 1 b 'VJ?t1~~n~a'l 1~ CJa5u1CJl1 "1:::CJ::: bbB'U1 b 'VJ?t 
~ ~ 

2.2) n~:wbb'U'U~1~m'Vl1'lm1:wfl~~~n~a'lbb~1~?t:wu';iru 'l!m~CJ'U 32 fi'U ' ~ ~ 

iim1:w b i1 h~~ n~ a-:1 b~CJ1 nu~ m~ru:::611f0i'ru~ bfi~;ff'U 1 'U1:::CJ::: bb8'U1 b 'VJ?t'VI fl'th:::b~w·h~au 1~ CJ 
~ ~ ' 

'l!m~CJ'U11~m~GB?t b~BTifi1:W1Vi~ bbCJ n a a fl"il1 nn'U 1 LJ fJ'l bb~~ ~~1'lJB'l b 61m~1~ CJ b~'U 1CJ?tU'Ub~~ 1~ii b~a 
~:wiJ1bfi~CJ?fbb~:::iJ1flffia~?t bb~:::bBil'U 1 'Vl';i 1Bil:wa~m'li1:wn'U (fl1~~ 4.25'lJ) 1 'W~1'W~1~?t:wu1ru'Vl~a ' ~ ~ 

~1'W~1~1~n~11~'l~a 'l!m~CJ'U~'l 32 fi'U 1~a5u1CJl1 "';i:::CJ~bb8'U1b'VJ?f 1~iib~a~:WtJ1bfi~CJ?fbb~~ 
' 
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2.3) n~l.lbb'U'U"ill~e:J\IVJ1\Ifn1l.l~VI~?fl.l\j'HUbb~hJ~n~e:J\I irm~m.J 3 fl'W 

bb?IVI\1 bb 'U'U~1~e:J\IVJ1\Ifn1l.l AV!fl'.i''U'Vj m.J '.i'~ b~'W r1'11'1 e:J'U bb~ihJ '.i'~ b~'W~hJ ~ n ~ e:J\1 1V~ e~ bb U\1 b U'W n~l.l H1 
1 mil.! fiB mil.l~11V!Jl1'jl'jhJt1n~e:J\IbVICJiJm~e~'U 2 fl'W 11VJJl1'jl'j11V~68?tbl'le:Jftfl'.i'l.l1ViV~hlt1n~Pi'e:J\I ~\1 

, .. 'U 'U 

irm~CJ'Wfl1'.i'11V1~1'W1'W 1m bl.l b61ll.l 2n = 4 (Jl1'ji'j~ 4.25fl) bbm~irm~e~'U~n 1 fl'W 11VIbfl'.i' bl.l b61ll.lb~CJ\I 

'VI:IJ1EH'VI~: (n) 

('IJ) 

d 0 ~ ..:::1 i.l 

'VIl.l1CJm bb 'U'U"il1~e:J\IVl1\lfl11l.lflVIVJ~ nl'le:J\1 

'VIl.J1 CJ~\1 bb 'U'U ~1~ e:J\1Vl1\lfl11l.J~Vl~ t1 n\Pl e:J\1 bb~hJ?tl.l'U '.Jru 
\J \J 

( fl-\1) 'VIl.l1CI~\I bb tJtJ~1~ e:J\IVl1\lfl11l.lAVI~?fl.ltJ'HUbbl'i1~t1niPi'e:J\I 
\J \J 

3) b tJ~ e~u b Vi e~u bb uu ~1~ e:J\IVJ1 \lm 1l.IAV~ nv'W b~ e~'U bb~ ~'VI~\1 b'1e~'W 

"il1 n n 1'.i'b tJ~e~u b Vi e~u bb uu~ 1~ e:J\IVJ1\Ifn1l.IAV~ nv'W b~CI'Wbb~~'VI~\1 b'1CJ'Wb1e:J\I 

n1'.i' bb U \1 b61l~~ bb tJtJ 1l.J b VJ68?f '.i'~ Cl ~ bb e:J'U1 b '\I'J?t 'jl'jtJl1 rle:J'U b~CJ'WiJ nb~CI'U ~1'U 1 'VIrui1 bb tJtJ ~1~B\1Vl1\l 
" 

fl11l.J~VI~?tl.Ju'.i'rubb~1~t1n~Pi'e:J\I (CFMM) AV!bU'U~e:Je~~~ 55.6 '.i'v\1~\lm i1bbuu~1~v\1Vl1\lm1l.JAVI~ 
\J \J 

t1n~Pi'e:J\Ibb~1~?tl.ltJ'.i'ru (ICMM) ~VIbU'W~e:JCI~~ 44.4 bbrl~ 1~i1iJm~mJ~i1 bb tJtJ~1rle:J\Ifl11l.lAVI~t1n~e:J\I 
\J \J \J 

( cMM) 'VI~\I"il1m1V~ n"il m'.i'l.lm'.i'b~e~'U~'jl'ju11 irm~e~'U~1'U 1 'VIrui1 bb 'W11 ul.l1 'Wm'.i'~\PlJ'U1bb uu~1~ e:J\1 
\J " 

m1l.IAV11 tJ~bb tJtJ~1~e:J\IVJ1\IlVJ m~1?t1'11 171\l"il~ b ~'W 1~"il1m1 m~mJi1bb uu~1~e:J\1Vl1\lfl11l.IAVI~t1n~e:J\I 
\J \J 

(CMM) b~l.J~'W AV~bU'W~e:Je~~~ 2.8 bb~~i1bbtJtJ~1~B\IVJ1\Im1l.JAV~~t1n~Pi'v\lbb~1~?tl.Ju'.i'ru (ICMM) 
\J \J 

b~l.lmn~'U AVI btl'W~e:JCJ~~ 88.9 'We:Jn"il1nd~\l'jl'jtJl1i1irm~e~'W~i1bb tJtJ~1rle:J\IVJ1\Ifl11l.lAVI~?fl.ltJ'.i'ru 
\J 

bb~1~~n\Ple:J\I (CFMM) ~VIrl\1 AV~bU'W~BCJ~~ 8.3 (Jl1'jl'j~ 4.26) 
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"i3 80 
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(Q) 
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;! 
;:) 
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;! 
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r 

•c;> 20 

0 

CMM ICMM CFMM FMM IMM NR 

.f11'W~ 4.26 b ma'Ub Viau~n~W~bb 'U'IJ'iih~e:J.:I'VI1-:Ifi113Jfl~ b~e:J.:InTm U.:lb6l.t~~bb 'U'U 13.11 'VI~fil 

~~a~bbe:J'W1b'rlfi! "'le:J-:~'11m~a'Wi'U:U'ila3.1An~1u~ 4 ne:J'Wbja'Uu~~'VI~.:~b~a'U (N = 36) 
c:f 0 .Q d 5LI 

'V13J1£1b'VI~: CMM Vl3J1f.lm bb'U'U':il1~€l.:!'Vl1-:!fl113Jf'l~'Vl~n1Wtl.:! 

ICMM Vll.l1f.J5.:~ bb'U'U~1~€l.:!'Vl1-:!f'l113J~~~tln~€l.:!bb~hJG13J'U'mJ 

CFMM 

FMM 

IMM 

NR 

~ ~ 

Vll.l1f.l5.:~ bb'U'U~1~€J.:J'Vl1-:Jfl11l.l~~~G13J'U1rubb~1llt~n~m 
~ ~ 

Vl3J1f.l5.:~ bb uu~1~ €J.:J'Vl1-:Jfl113J~~~1llt~ n~ €1-:J 
~ 

Vlmf.l5.:~ bb uu~1~m'Vl1-:Jf'l11l.l~~~1llb~€Jl.l 1f.l.:~ 

Vll.J1f.J5-:J 1llbb61~-:J bb 'U'U~1~€J.:I'Vl1-:Jfl11l.J~~ 

4.2.4.5 'j:;:f.J:::b'Vl1~bfJG1 

1) bbuu~1~eJ.:~'Vl1-:~f'l11l.l~~nmJb~mJ 

11m~f.l'Wi'ibb uu~1~eJ.:J'Vl1-:Jm1l.l~~nmJb~f.l'U 3 n~l.l ~€1 1) bb'U'U~1~eJ.:~'Vl1.:~ 
' 

f'l11l.l~~~ t1 n ~ €1-:J ~ 1'U 1'U 1 f'l'U ~ ~ b tJ 'U ~€1 f.l ~::: 2.8 2) bb uu ~1~ €J.:J'Vl1-:Jf'l11l.l ~~~ t1 n ~ €1-:J bb~1ll 
~ ~ 

G1l.l'U1ru ~1'U1'U 15 f'l'U ~~b-lJ'U~eJf.l~::: 41.7 bb~::: 3) bb uu~1~€J.:J'Vl1-:Jfl11l.l~~~G1l.l'U1rubb~1llt~n~eJ.:~ 
~ ~ ~ 

~1'U1'U 20 f'l'U ~~b'IJ'U~€Jf.J~::: 55.6 

1.1) fl~l.Jbb'U'U~1~€J.:I'Vl1-:lfl11l.J~~~tlfl~€J.:J 11m~f.J'U 1 f'l'U 11~JlTV'Ibb~::: ' ~ 

eJ5'U1f.l~m~ru:::6h~'ru~ bn~~'U 1 'U1:::f.J:::b'Vl1~ b vJG1Hi't~n~eJ.:~ 1~f.leJ5'U1f.l';h "1:::m:a 'Vl1~ bfJG11f'l1 1l.l 1B~Jl.l 
v ~ 
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1.2) n~J.Jbb'\J'\J~1{;1eN'Vl1-:Jfl11J.Jfl~~~n~a-:~bb~1lJ?tJ.J'\J'HU trm~f.l'U 15 fl'U 
' 'IJ 'IJ 

:Wfl11J.Jb"ih11il~~n~a-:~b~mn'U~n'l':lru:::611fi'ru~bn~~'U 1 'l.J'j:::fl:::b'VlLm~?t 1~flirm~f.l'U~-:~ 15 fl'U :Wm1J.J 
'IJ v 

b6'/J{;1{;11VflJ 2 b6'/J(;1~" (.n1~~ 4.27-u) trm~fl'U 4 fl'U :Wm1J.Jb.rr1h~~n~a-:~ 1'Uth:::b~'U~fl1V!'U~ ~a 
'IJ 

"'j:::f.J:::L'Vl1m~?tb~J.J?t~1-:~u1flrua~?t~'Um 1 VflJ" (m~~ 4.27fl) trm~f.l'U 2 fl'U :Wf111J.Jb-rr1h~~n~a-:~ 
'IJ 

1'W'lh:::b~'U~11 "'j:::fl:::b'Vl1m~?t~b6'/J'UL'VJ'jL6'/JJ.J 1 -u~ ~m61Jml'" (m~~ 4.27-:~) L'U?i1'UffilJ?tJ.J'\J'juJVf~a 
' 'IJ 

6'i1'U~1lJ1~n~11fi-:~~a trm~fl'U 4 fl'U 1J.J1~a5'U1f.ll1 "'j:::fl:::b'VlLm~?fb~J.J?f~1-:~iJ1flilla~?f~'Um1 V!lJ" 

bb{;l:::\Jm~f.l'U 9 fl'U 1lJ1~a5'U1f.lrJ1 "'j~f.l~b'Vl1m~?t:Ub6'/J'UL'Vl'jL6'/JJ.J 1 "11~ ~m61J(;jk 
' 

1.3) n~J.Jbb'\J'\J~1(;1eJ'l'Vl1-:Jfl11J.Jfl~~?IJ.J'\J1tUbb~1lJ~n~a-:~ trm~f.l'U 20 fi'U 
' 'IJ 'IJ 

bb?f~'lbb '\J'\J~1{;1B'l'Vl1-:Jfl11J.Jfl~fl1'\J'Vlf1'1.h~ b~'Url1~B'\J bb~~th~ b~'U~1lJ~n~a-:~ 1~ mb tJ-:~b U'Un~J.J 1~ 1 
' 'IJ ' 

1lJbb?f~-:~b~B~J.JiJ1bfl~fl?f U1fl~1a~?t b6'/J'UL'Vl1L6'/JJ.J bb{;1~11~~1'U1'Ub6'/J(;1(;11V!lJ 1 b6'/J{;i~ ~-:~trm~fl'Ufl11 

11~ 2 b6'/J(;1~ (.f11~Vi 4.27-;v) 

.n1'r4~ 4.27 m"abL'tj.:nf1l1~6lbLu'U1111'VI61f~ ";j~tJ~L'VIL~L'VJ~ <nmJL~mJ) 

'VI1!1m'VI~: (n) V!J.J18fi-:~ bb'\J'\J~1{;1B-:J'VI1-:Jfl1111fl~~~n~a-:~ 
• 'IJ 

(-u--:~) V!mf.lfi-:~ bb'\J'\J~1(;1eJ-:J'Vl1'lf111J.Jfl~~~n~a'lbb~1lJ?tJ.J'\J1W 
'IJ 'IJ 
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0 ~ <V d 

2) bb 'U'U"il11:'1€l'IV11'1fl11:Uf'Wl'Vll:'1'1 b ';i'CJ'U 

11m~c.~'Wlibb'U'll'<ii'11:'1B'IV11.:Jfl11:Ufil'l'Vl;;r.:~b~m.J 3 m=i:u AB 1) bb'U'U'<iJ11:'1B.:JV11'1 
' 

61:U'U';iru '<ii'1'U1'U 32 fl'U fil'lbU'U~BCJ1:'1::: 88.9 bbi:'1::: 3) bb'U'U'<ii'11:'1€l\IV11\Ifl11:ufil'l~61:uu';irubb19ihJtln~B.:~ 
~ ~ ~ 

'<ii'TW1'U 1 fl'U fll'lbU'U~BCJ1:'1::: 2.8 

2.1) n~:Ubb'U'U'<ii'11:'1B'IV11.:Jfl11:Ufll'lVitln~B\I 11m~CJ'U 4 fl'U 111'l.fl1Vml:'1::: ' ~ 

B5'U1CJ;;rm~ru:::611Aru~bill'l~'U 1 'U';i:::CJ:::bVJlm ~611vi'tln~B'~ ll'lCJB5'U1CJrJ1 "';i:::CJ:::bVJl1:'1 b ~61lfl';i 1:u l"ll:U 
v ~ 

bnl'lm';iflmCJI'i'1 b~mi!:u'W1bfl~CJ61bbl:'1:::'W1fl~1mrm~:ubnl'lm';i61~1\I~'W1 Vl:U iib"ll'W1 Vl';il"ll:u 1 'Ill'! ~B 
' ' 

b"lll:'1~ bbl:'1::: 1vi'b"lll:'11:'11 V!:U 2 b"lll:'1~" (m~~ 4.28n) 

2.2) n~:ubb'll'll'<ii'11:'1B'~V11.:Jfl11:Ufil'l~tln~B'~bbi911:U61:u, 1';jru 11m~CJ'U 32 fl'U 
' ~ " 

iim1:u boU11"il~tl n~ B \1 bM CJ1 nu;;r n't'iru :::611A ru~ bfll'l~'U 1 'U';i::: CJ::: b Vll1:'1 b ~61V1 n\J';i::: b~'Wf"l1~B'U 11'1 CJ 
~ v ' 

11m~CJ'W~'~ 32 fl'W 111'lm~bb611'1\llfl';i 1:u 1"1l:ubnl'lm';iflmc.~l'l1 b~B~:u'W1bfl~CJ61bbl:'1:::u1flffiB;;r61b~:ubnl'l 
' 

u1 bfl~ c.J61~'W:u11 Vl:U" 11 m~CJ'I.J 12 fl'U 1:Ue:~6u1c.~'".i1 "';i:::CJ::: b VJ1m ~61 b~:u61~1.:~'W1 fl~1e:~;;r61~'Wm1 V!:U" 

11m~CJ'I.J 18 fl'I.J 1:Ue:~5'U1CJl1 "';i:::CJ:::bVJlm~61bU'W';i:::CJ:::~1fl';il:Ul"ll:Ubfll'ln1';ifli:'11CJ~1 bbl:'1:::ii 

b"ll'I.Jl Vl';il"ll:U 1 'Ill'! 19im"ll1:'1~" bbl:'1:::11m~CJ'I.J 14 fl'U 1:Ue:~5'U1CJrJ1 "1vi'b"lll:'11:'11 Vl:U 2 b"lll:'1~" 
' 

2.3) n~:u bb 'U'U '<ii'11:'1 e:J'IV11'1fl11:Ufll'l~ 61:U'U ';iru bbi911:U tln ~e:J\1 11 flb~ CJ'I.J 1 fl'I.J ' ~ ~ 

111'l.fl1~bb611'l.:J;;rn't'Jru::: lfl';i 1:u l"ll:W 1:Utln~e:J\Ili'ICJ11m~CJ'I.J111'llfl';i 1:w l"ll:w~ii 2lfl';i:W1Vll'l ~.:~11m~CJ'I.Jfl1';i 
~ 

111'\lfl';il:J.Jl"ll:J.J~ii 1 lfl';i:l.J1Vll'l (.f\1~~ 4.28fl) 

.fl1W~ 4.28 n1"abb U·:Jblijmlbb 'U'U l:u 1 'Vl~a "a~£J~b 'Vlb~b v-Ia ('YI~.:Jb~£1'\.J) 

'YI:U1£Jb'YIVI: (n) Vl:!.11CJ~\I bb'U'U'<ii'11:'1e:J\IV11\Ifl11:Wfil'l~t1n~e:~\l ' ~ 

("11) Vl:l.J1CJ~\I bb uu'<ii'11:'1B\IV11\Ifl11:wfil'l~tln~e:~\l bbi911:U61:wu';iru 
~ ~ 



/ 

87 

3) b tJ~ vu b Vivu bb uu'ih~ €l\I'Vl1\lf111l.lfi~rim.J b~tl'l.Jbb~~VI6)\I b~m.J 

"il1tl tl1'jb tJ~tJU b Vi tJU bb UU'ih~ €l\I'Vl1\lf111l.lfi~ ri Btl b~tl'W bbmm6)\lb~tl'Wb~€l\l 

tl1'j bb u Wll~ ~ bb u u 1l.l 1 'Vl Gli?f 'j~ t1 ~ b 'Vlb~ b 'W 6'f ~ u ·-h ri €1 'W b~ t1 'WU tlb~ tJWi'fJ'W 1 VI qj :U bb U u "i\' 1 ~ €1 \I'Vl1\l 

f111l.lfi~~G'fl.JU'jfJJbb~1:JJ~nl>i'€l\l (CFMM) fimU'W~€ltJ~~ 55.6 'j€J\I~\Il.l1 :ribbUU"il'1~€l\I'Vl1\lf111l.lfi~~ 
'IJ 'IJ 

~nl>i'B\Ibb~1:WG'fl.!U'jru (ICMM) fi~ b U'W ~€1 v~~ 41.7 'W€ltl"il1ndEY\I~u--h:U'I!m~vw TitJ\I~€ltJ~~ 2.8 
'IJ 'IJ 

"' ' ' 
b vh'l!t! Viii bb uu "i\' 1 ~ €l\I'Vl1\lf111l.l fi ~Vi~ nl>i' €1\1 ( CMM) bb~ ~VI~ \l"il 1 tl ~ ~ n"il tl'j'jl.J tl1'j b~tl'W ~~u--h 

'IJ 'IJ 

'l!m~vt~?i1'W 1 Vlru:U bb t~11 ~l.l 1 iJtl1'j~~'W1bb uu"i\'1~€l\lf111l.lfi~ 1 tJ?ibb uu"il'1~€l\I'Vl1\li'Vlv11"116'f\Wf ~\l"il~ 
v 'IJ 

bi1t~hl"il1tlUtlb~tJ'W:ribbUU:il1~€l\I'Vl1\lf111l.lfi~~~nl'i'€1\l (CMM) b~l.l;'W fi~bU'W~€lt1~~ 11.1 bb~~:U 
'IJ 

bbUU"il'1~€l\I'Vl1\lf111l.lfi~~~nl>i'€1\lbb~1:JJG'fl.!U'jru (ICMM) b~l.ll.l1tl;'W fi~bU'W~€ltJ~~ 88.9 'W€ltl"il1tl.Q' 
'IJ 'IJ 

EJ\1~ u-J1:Uu tlb~ t1 t!~:U bb U u "i\' 1 ~ €l\I'Vl1\l f111l.l fi ~~ G'fl.!U 'jtlJ bb~hj ~ nl>i' €1\1 ( CFMM) ~ ~~ \1 fi ~ b tJ 'W 
'IJ 'IJ 

~Btl~~ 2.8 (rn~Vi 4.29) 

100 

..---. 80 
~~ 
(l4 
iiJ 

~ 60 
;! 
iiJ 

V!!: 
~§ 40 
;! 
r 
;! 

' .... 20 

0 

CMM ICMM CFMM FMM IMM NR 

.n1"W~ 4.29 tmaut Viauliln~mc~::tt uulil1~B~'Vl1~fl11l.lfi~ t~e~~nTnb u~t'il~~tt uul11l w~i~ 

-a::m~t'VI 1~t'V'J~ "!JB~'I!m~tr'Wi'W3J5tr11Am~ntl~ 4 riB'Wt~tr'Wtt~::VIlil'~t'itr'W (N = 36) 

Vl111tlbVI~: CMM • 
ICMM Vll.l1tl~\l bbUU"i\'1~€l\I'Vl1\lf111l.lfi~~~tll9i'€l\lbb~1:JJG'fl.JU'jtlJ 

'IJ 'IJ 

CFMM Vll.l1tl~\l bbUU"il'1~€l\I'Vl1\lf111l.lfi~~G'fl.l\j'jrubb~1:JJ~nl>i'€l-:J 

FMM Vll.l1t.J~-:J bbUU"i\'1~€l\I'Vl1\lf111l.lfi~~1:JJ~n\9)€l-:~ 
'IJ 

IMM Vll.l1tl~-:! bbUU"i\'1~€l-:!'Vl1-:!f111l.lfi~~1:JJb~€ll.lbtJ\I 

NR Vll.l1tl~-:! 1:J.lbb6'f~-:!bbUU"i\'1~€l\I'Vl1\lf111l.lfi~ 



... 
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irm~EJ'Wiim.rtr'il16le:J\I'Vl1\lfl11:Ufi~rie:J'Wb~EJ'U 4 nfi:u ~e:J 1) bb'U'U~16le:J\I'Vl1\l 
' 

l"l'J 1:wfi~~t1 n~ e:J\1 ~ 1'U'J'U 2 l"l'U fi~ b u'U ~e:J EJ6'1:; 5.6 2) bb 'U 'U ~16'1 e:J\I'Vl1\lm1:ufi~~ t~ n~e:J\Ibb~hJ 
" " 

?f:u'U~ru ~1'U'J'U 21 l"l'U fi~bu'U~e:JEJ6'1:; 58.3 3) bb'U'U~16le:J\I'Vl1\ll"l'J1:ufi~~?f:w'U~rubb~hlt~n~e:J\I 
" " " 

~1'U'J'U 11 l"l'U fi~bU'U~e:JEJ6'1:; 30.6 bb6'1:; 4) bb'U'U~16'1e:J\Im1:wfi~~hJt~n~e:J\I ~1'U'J'U 2 l"l'U fi~bU'U 
" 

~e:JEJ6'1:; 5.6 

1.1) nfi:ubb 'U'U~16le:J\I'Vl1\lrn1:wfi~Y1t~n~e:J\I ~1'Ul'U 2 l"l'U irm~EJ'Wl1~m'V'l 
' " 

bb6l:;e:J5'U1EJ~m~ru:;6'11ri'ru~bn~~'U 1 'U~:;EJ:;~'Ub\9le:J1b'V'I?f lb~tlfl~e:J\1 1~E.Je:Jfi'U1WJ1 "11"1~ 1:u 1'1l:wflmEJ 
v " 

~le:J~1'U~'\J"lle:J\Ib61'U1EJ11"l~:wTV1'U iib~e:J~:wiJlbl"l~EJ?t iii111"1~1e:J~?t bb6l:;iib'll'W1'Vl~1'1l:w 2 "11~" (n1'V'l~ 
\1 'U , .. 

4.30fl) 

1.2) nfi:ubb'U'U~16le:J\I'Vl1\ll"l'J1:wfi~~t~n~e:J\Ibb~hJ?t:u'U~ru irm~m.J 21 l"l'U 
' " " 

iim1:ub·ihh~~n~e:J\Ib~E.Jln'U~n~ru:;6'11fi'qJ~bn~~'W1'W~:;EJ:;~'Ub\9le:J1b'V'I?f 11~E.Jirm~EJ'U~\I 21 l"l'U ii 

rn1:wbi1h~t~fl~e:J\11 'W'l.h:;b~'U~l1 "1m 1:u 1'1l:ul"lmEJ~le:J~1 'U~'\J"lle:J\Ib61'W1EJ 11"11:1..11~'U bbm~iib~mif:u 
'U 'U 'U II 

iJ'Jbl"l~EJ?f" (Jl1'V'l~ 4.30"U) irm~m.J 5 l"l'U iifll1:wbi1h~t~n~e:J\11u'\J~:;b~'W~11 "~:;EJ:;~'Ub~m{b'V'I?f 1 
" 

iii111"1~1e:J~?f" 1~E.Jl1~Jl1'V'lbb?f~\liJ'JI"l~1e:J~?f1'UiJ'Jbl"l~EJ?f (Jl1'V'l~ 4.301"1) irm~EJ'U 4 l"l'l.J iim1:u 

bi1h~t~n~e:J\11'W'\J~:;b~'W~11 "~:;EJ:;~'Ubl9le:J{b'V'I?f 1 iib'll'l.J1'Vl~1'1l:u 2 "1!~" (Jl1'V'l~ 4.30\1) 1u~'J'l.J~ 
" ' 

1li?t:u'U~ru'H~e:J~'J'U~hJ1~nfi1'Jti\l ~e:J irm~EJ'U 9 l"l'U 1li'J1~Jl1'V'lbb6'1:;1lie:J5'U1m~EJ'Jn'Ui1ll"lrne:J~?t 
" 

(fl1'V'l~ 4.30iil) bb6l:;irm~EJ'W 10 l"l'W 1lil1~m'V'lbb6'1:;1lle:J5'U1m~mn'Ub'll'W1'Vl~1'1l:w 2 "11~ (fl1'V'l~ 4.30 
' 

u) 

1.3) nf!:ubb'U'U~16le:J\I'Vl1\ll"l'J1:wfi~~?t:u'U~rubb~1lit~n~e:J\I irm~EJ'U 11 l"l'U 
' " " 

bb?f~\1 bb 'U'U~16'1 e:J\I'Vl1\lm1:wfi~m'U'Vl m.b:; b~'U f11191 e:J'U bb~ii'\J ~:; b~'W~1lit~ n~ e:J\1 1~ EJ bb u\1 b u'Unfi:u 1~ 
' " ' 

1 nfi:u ~e:J nfi:w~'J1~Jl1'V'l1llt~n~e:J\I irm~E.J'U~\1 11 l"l'U 'J1~Jl1'V'lbb?f~\l~fl~ru:;6'11ri'f111u~:;EJ:; q 'I 'lJ D~ 

~'l.Jbl9le:J{b 'V'I?f I 1llt~n~ e:J\I'Vl n'\J~:; b~'Ur1'1191e:J'U 1~E.Jl1~ 1m:w1VJ'U 1llt~ n~ e:J\1 1llii b~e:J~:ui11 bl"l~ EJ?f 1liii 
'U 'I \1 , 

iJ'JI"lrne:J~?t bb6'1:; 1lliib'll'U1 'Vl~1'1l:w (n1'V'l~ 4.30"11) 

1.4) nfimb'U'U~16le:J\I'Vl1\lm1:ufi~~1llt~n~e:J\I irm~E.J'U~\1 2 flU bb?f~\1 
' " 

bb 'U'U ~ 16'1 e:J\I'Vl1\lm 1:wfi~ 1lil"l ~'U'Vl n'\J ~:; b~u r1'1191 e:J'U ~\lii'\J~:; b~'W~1llt~ n~ e:J\1 bb6'1:; 1l11~nfi11 ti\1 1~ EJ 
' " 

bbU\IbU'Unfi:u1~ 1 nfi:u~e:J nfi:wl1~Jl1'V'l1llt~n~e:J\Ibb6'1:;1lle:J5'U1EJ irm~E.J'U~\1 2 l"l'U bb?f~\l~n~ru:; 
, 'I q 'U 

6'11A't~J1'W~:;EJ:;~'Ub\9le:J1b'V'I?t 11llt~n~e:J\11~E.Jirm~E.Ju 1 l"l'U 11~11"1~1:w1'1l:wb~EJ\11ubb'Wlnm\lb'll6lr;l 
" 
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(m~~ 4.30'11) bb~~ '11m~tJ'UBfl 1 l"l'U bbGW1\lb'll~~1Vlli 2 b'll~~ (Jl1~~ 4.30ru) ~\l'l1flb~tJ'U~\l 2 l"l'U 

1lia5'U1tJ 1 'Uth~b~'U~'J11'1Jl1~ 

VI~1EHVI~: (fl) 

("IJ-0) 

("11) 

Q 

2) bb'U'U:S1~B\l'Yl1\ll"l11:Ufil'lV!~\lb~tJ'U 

'!1m~tJ'UiJbb'U'U:S1~B\l'Yl1\ll"l'J1:Ufii'JVl~\lb~tJ'U 2 fl~:U ~B 1) bb'U'U"iJ1~B\l'Yl1\l 
' 

l"l11:Ufil'l~t;Jfl~B\l "ii'1'U1'U 6 l"l'U fil'lbU'U~BtJ~~ 16.7 bb~~ 2) bb'U'U"ii'1~B\l'Yl1\ll"l11:Ufil'l~t;Jfl~B\lbL~ 
~ ~ 

1li?t:u\j~ru "ii'1'U1'U 30 l"l'U fimtJ'U~BtJ~~ 83.3 
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2.1) mh..Jll'U'U 1i\'1!;1t!-:I'Vl1-:11"111lJfl\11Vi~n~tl-:l "il'TUTU 6 fl'U 1Jm~tJ'U11\?l.fn'V'l ' ~ 

ll!;1~t~5'U1tJ~m~ru~~1~ru~Li'il1l~'W1 'U1~tJ~~'Uli?1B1l~?l 11Ji'~n~t~-:~ b\?ltJt~5'U1crh "bfl1 blJ b61llJfl!;11tJ 
v ~ 

(m'V'lVi 4.31n) 

2.2) millll'U'U"il1!;1ti-:J'Vl1-:Jfl11lJfll1l~~n~t~-:~ll~1:W?!lJ'U1W 11m~tJ'U 30 fl'U ' ~ ~ 

i1fl11llli1h~~n~ml~tJ1n'U~n~ru~~1~ru~bi'il1l~'W1'W1~tJ~B'Wli?1B{l~?l lbl1ltJ11m~tJ'U~-:J 30 fl'U i1 
~ v 

fl11lJl i1 hiJm1lJ l i1 h~~n~t~-:~1 'U'lh~ l~'W~11 "bfl1 blJ b61lllflm tJ~1tltJ 1 'U1'\J'llt~-:Jl~'U 1t~ 1ml11Vi'U 
~ ~ ~ 

ll!;1~i1l~tl~lJU1lfl~tJ?I" (Jl1'V'l~ 4.31 'll) 11m~tJ'U 29 fl'U i1fl11mi1h~~n~t~-:~1'W'\J1~l~'W~11 ' ~ 

"'j~tJ~B'Ull?1tJ{l~6'1 I i1D1fl~btl~?lll!;1~l61l'Ub 'Vl1 b61llJ 2 'lJ\11" b\?ltl11\?l.fn'V'lll6'1\11-:IU1fl~btl~6'11 'UU1lfl~tl6'1 
' 

1:W11\?lm'V'lll!;1~1:Wt~5'U1m~t~1n'Uu1flrnt~~?l (m'V'l~ 4.31-:~) 11m~t~'U 1 fl'U 1:W11i1ll6'1111-:~l61l'U1'Vl1161llJ 2 'll\11 
' 

(m'V'lVi 4.31"il) 

.f11W~ 4.31 m·mu-:~t6llmht'U'Ulllbt1~6t 'l::m~B'UL~tl{ I ('VI~-:It~V'U) 

'VIlJ1£Jb'VI~: (n) VllJ1tJ5-:~ ll'U'U"iJ1!;1ti-:J'Vl1-:Jm1lJfl\?l~~n~t~-:~ . ~ 

( 'll-"il) VllJ1 t~5-:~ ll 'U'U"il1!;1tl-:J'Vl1-:~fl11lJfil11~~ n~ t~-:~ll~1:W?!lJ'U 1ru 
~ ~ 

3) l '\J~tJ'U l Vi tl'U ll 'U'U"il1!;1 tl-:i'Vl1-:lfl11lJfl\?lflti'U l~ tJ'Ull!;1~Vl~-:ll~tJ'U 

"il1flfl1'j l '\J~tJ'U l Vi tl'U ll 'U'U"il1!;1 ti-:I'Vl1-:lfl11lJfl\11 fltl'U l~tJ'Ubl!;1~Vl~-:lb~tJ'U l~tl-:1 

m1 ll U-:Jl61!mhl 'U'U 1ll 1t~68?1 1~tJ~B'Ul~ t~1 l ~?I 1 'V'l'Ul1 nt~'U l~ t~'W11 m~tJ'W?h'W 1 Vlruilll 'U'U"il1!;1ti-:J'Vl1-:J 
v 



• 

. . 
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iiUJtJ';itUbbl'i1lJt~nl'i't~.:~ (CFMM) fll'lbUtJ~tli:JG'l~ 30.6 bbG'l~i:ibbtJLJ"illG'lt!.:J'VI1-:Jfl11llfl~~t!nl'i't~.:~ (CMM) 
" " " nu bb UUiiJ11i'lti.:Jfl11l.Jfl~~1lJt~nl'i't~.:~ (FMM) b vh rltJfltl~tlf.JG'l~ 5.6 VI~.:J"il1 n~~ tl"il n1';i~.Jn1';ib~CJtJ~ 

" " 
'V'IU11 1lJiit! m~CJtJ~ii bbtJU:il'11i'lt!.:!fl11llfl~~1lJt~ nl'i't~.:~ (FMM) t!m~CJtJ61JtJ 1 Vlruii bb tJ1bUl11 t.!n1';i " ~ 

'V11-:Jfl11llfl~~t!nl'i't~.:~ (CMM) b~ll~tJ f\~ bUtJ~t!CJG'l~ 16.7 bb1i'l~iibbtJU'iJ1G'lt!.:!'VI1-:Jfl11llfl~~tln~t~.:~bbl'i 
" " 

1lJG'Il.JtJ';itU (ICMM) b~l.Jl11n~tJ fi~bUtJ~t!CJG'l~ 83.3 (mi"l~ 4.32) 
" 

100 

~ 80 
(tO .., 
(Q) 

<ill/'> ........ 60 
;;:! .., 

V!!: 
~§ 40 

;;:! 

"' ;;:! 
c-.... 20 

0 

CMM ICMM CFMM FMM IMM NR 

.n1w~ 4.32 bmti'Ub Vit~uiil'n~ru::m umh"B-!l'VI1-!lfl11:1Jfl~ b~B-!lnTnb ti-!lblijmlbb uu 1:1J 1t~Gli~ 

-a::m:::ij'Ub~t~·hw~ I "'JB-!!Unb~ti'U.ffu:U'Gti:IJAmnu~ 4 riB'Wb~ti'Wbb":::VI~-!lb~ti'W 
(N = 36) 

IMM Vll.J1CJfi.:~ bbtJUiiJ1~B.:J'VI1-:Jfl11l.Jfl~vfllJb~Bl.JbCJ.:J 

NR Vll.JlCJfi.:J 1lJbbii'l~.:!bbtJUiiJ1~t!.:!'VI1-:Jfl11l.Jfl~ 
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'l!m~t.J'Wih~uu"i\'1(;1B'I'Vl1'1fl11:Wfi~ria'U~~m.J 3 n~:w fia 1) ~~uu"i\'1(;1B'I'Vl1'1 
' 

fl11:WfJ~~~n~a.:~~~~hJ?t:wtJ'HU "il1'W1'W 13 fl'W fi~b'U'W~Bt.J(;j~ 36.1 2) ~~uu"i\'1(;1B.:J'Vl1'1m1:wfi~~ 
'IJ 'IJ 

?f:WtJ 'HU ~~~hJ ~ n ~a.:~ "il1'W 1 'W 22 fl'W f1 ~ ~ u 'W ~a t.J (;1 ~ 61.1 ~~(;1 ~ 3) ~~ uu "i\'1(;1 B'I'Vl1'1fl1 1:wfi ~ ~ 
'IJ 'IJ 

1liQn~a.:~ 'ii'1'W1'W 1 A'W fi~~U'W~mm~ 2.8 

1.1) fl~:W~~ tJtJ'i\'1(;1B'I'Vl1'1fl11:Wfl~~~fl~B'1~~~1lJ?t:WtJ'H1J 'l!m~t.J'U 13 fl'U 
' 'IJ 'IJ 

Lf1'j"L:JJL61l:WA~VIija'U ( homolooous chromosome) :wwihfinV' (.fl1'W~ 4.33n) 'l!m~t.J'W 6 fl'W ii 
'IJ ~ 'IJ 

A11:w~<U'1h~Qn~a.:~1 'U't.h~~~'W~11 "'j~tJ~ 1 'W'j~i'J?t 1 'W1Affimr?t?tmt~" 1~t~ 1li11~m-w'W1Affimr?t1 'U 

'W1 ~fl~tJ?f (mow~ 4.33"1J) ~~(;1~-wm~t.J'W 8 fl'W iifl11:W~ ·ih 1\l~~n~a.:~1 'I.Jtl'j~~~'W~'h "~61l'W 1 'VJ'j L61J:w ~~:w 
'IJ 

n~11~.:~fia 'l!m~tJ'W 5 fl'W 1li~~?f~'1~61l'W 1 'Vl'j L61l:w ~~:w~wnaa fl\11fltl'W~~(;j~~~:wiim'j?f~1'1~~'W 1t~?ttl'W~~(;j 

(mow~ 4.33 .:~) bb(;1~-um~t~'Uan 2 A'W 1lia6u1t~11 "'W1Affimr?t?tmtJ" 

1.2) n~:WbbtJtJ'i\'1(;1B'I'Vl1'1f111:Wfi~~?f:WtJ'juJbb~1li~n~eN 'l!m~t.J'W 22 fl'W 
' 'IJ 'IJ 

bb?f~.:~ bb uu'i\'1(;1B'I'Vl1'1f111:wfi~'VlntJ'j~b~'Ul'l1\?le:JtJ ~~\9liitJ 'j~~~'Wmli~n~e:J'~ 1~m~ u.:~ ~ u'Wn~:w 1~ 1 n~:w , cu , , 

1.2.1) n~:w~11~.fl1-w1li~n~e:J'~ 'l!m~tJ'W 22 A'W 11~.fl1'Wb~?f~.:~ 
' 'IJ 

~n~ru~611f"1ru1'lJ'j~tJ~L'W'jbi'J?f 11'lJ'jtlbbtJtJ\911.:~ ., 1li~n~e:J'I'Vlfltl'j~b~'W ~"li'W 'l!m~tJ'W11~.fl1'Wbb?f~.:~ 
v cu I cu , 

b~e:J~:Wbb(;1~'W1A~Le:J~?f (n1-w~ 4.33\1) 11~b~'W1~b61l'WL'Vl'j"L61J:w 2 "ll~ bb\911li11~b~'W1m1tJ~(;j Cn1-w~ 
' ' 

4.33~) 1m 1:w L61l:w 1li~n~e:J.:~ 1~t~'l!m~t~'U11~ LA'j 1:w L"ll:wmb~t~.:~~1 bb'U1 b~t~1 n'W 1 'Ubb 'U1~.:~n(;11-:Jb"ll(;1~ 
'IJ 

(mow~ 4.33"11) bb(;1~11~b"il(;1(;11VIli 2 b"il(;1~ (.fll'W~ 4.33"1!) 

1.2.2) n~:w~e:J6tJ1tJ 1li~n~e:J.:~'I!m~tJ'W "il1'W1'W 1 fl'W e:J6tJ1tJ~m~ru~ 
' 'IJ 

LA'j 1:w L"ll:w 1li~n~e:J.:~ L~t~e:J6u1w;h "Lm 1:w L"ll:w:w1b~t~.:~~1bb 'W1 b~t~1il'W 1 'Wbb 'W1 ~.:~nm.:~b"ll(;1~" 
'IJ 

1.3) n~:wb~uu'i\'1(;1e:J'I'Vl1'1fl11:Wfl~~1li~n~e:J'I 'l!m~tJ'W 1 fl'W 11~.fl1'Wbb(;1~ 
' 'IJ 

e:J6mt~ lll~n~e:J.:~L~m1~m-wb~?t~.:~b~e:J~:w'W1bf1~ t~?f 1ll b~?t~.:~'W1Affie:J~?f b"ll'WL 'Vl'j"L"Il:w b~(;1~b~'W 1t~?ttl'Wb~(;1 
'IJ ' 



.n1w~ 4.33 n1';itt u-n6ij~H=lu uu 1:u le1~a ';j~~~ 1 W';it tJa 1 <rimJt'i~u) 

\1:U1at\1\91: (n-\1) Vl:w1CJ5\I bb'U'U"il16'le:J\IV11\Ifl11:Wfl~~tlnl?i'e:J\Ibb~hJi:1:w'U·m1 
• 'U 'U 

( ~-6!1) Vl:W1CJ5\I bb 'U'U"il16'le:J\IV11\Ifl11:Ufl~~":w'U·mht~1:Wt~nl?i'e:J\I 
'U 'U 

(ru) VlmtJ5\I bb'U'U"il16'1B\IV11\Ifl11:wfi~m:Wt~nl?i'e:J\I 
'U 

2) bb 'U'U"iJ16'1 e:l\IV11\Ifld1:Wfl~Vl6l'\l b~CJ'L! 

93 

'l!m~CJ'L!iitt 'U'U"iJ16'le:J\IV11\Ifl11:Wfl~Vl6l'\l b~CJ't.J 3 n~:u fiB 1) bb 'U'U"iJ16'le:J\IV11\I 
' 

fl11:Ufl~~t~nl?i'e:J\I "il1'Ll1'U 6 fl'W fi~bU'U~e:JCJ6'1~ 16.7 2) bb'U'U"il16'le:J\IV11\Ifl11:wfi~~CJnl?i'e:J\Ibb~ 
'U 'U 

1:Wi:1:w'lJ'jru "il1u1u 23 flu fi~buu~BCJ6'1~ 63.9 tb6'1~ 3) bt'U'U"il16'le:l\IV11\Ifl11:wfi~~":w'U'jrubt~ 
'U 'U 

1:Wt~nl?i'e:J\I "il1'W1'U 7 fl'U fi~b U'U~e:JCJ6'1~ 19.4 
'U 

2.1) n~:Wbb 'U'U"iJ16'le:J\IV11\Ifl11:Wfi~~tlnl?i'e:J..:J "il1'U1'W 6 fl'U 'l!m~CJ'Ud1~il1'1"l 
' 'U 

tb6'l~e:J6'U1CJ6l'm~ru~61'1fi' n ~~ bn~~u 1 'I.J'j~CJ~ 1 'l"j'jb rJ" 1 CJn 1?1 e:J\1 1~CJBB'U1CJ11 "lfl'j l:w l6!1:wri t Vl~Bum 0~ 'U 'U 

t -b'1rinu t~m'l:~.rw1 bfl~ CJ" bb6'1 ~-w1flill e:16l'" b~:wi:1mCJ b S!i'U l VJ'j lS!i:w b ~:w bbtJn e:1e:1 n~1mi'u bb6'1 ~ t~:wiim'ji:1~1\l 
'U ' 

b~'U 1CJi:1U'Ub~6'1" (fl1'1"l~ 4.34n) 
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2.2) mh.Jbbuu·•ih"e:J-:JV11-:Jf111llf1~~tJn~e:J'Ibb~1:!JG'llltJ':iru irm1cru 23 fl'U 
' " " 

i1m1llboU1l'iJ~tJn~e:J-:Jb~cr;ui'm1n~ru~G11A'ru~di~~'U1'W1~EJ~L~':ib~G'l IL~EJirm1EJ'U~-:J 23 fl'U i1 " ~ 

fl11llb .U1 1"ii~t1n~e:J-:~ 1 'U1.h~ b~'U~'"i1 "Lfl1 Lll L"llllri b Vli1e:J'Ull1b .U1rin'U b~m~ll'D1 bfl~EJG1bb"~'D1flrum161 
'\.1 '\.1 'U , 

b~llG1"1EJ" (m~~ 4.34"V) 1 'U611'U~1:!J61llu':iru'VI~m>i1'W~1:W1~n~11ii-:~ ~e:J 1:We:J5u1EJ11 "'W1fl~Le:J~G'l 
" 

2.3) n~llbbumh"e:J-:~V11-:Jf111llf1~~61lltJ':irubb~1:WtJn~e:J-:~ irm1EJ'W 7 fl'U 
' " " 

bb61~-:JbbtJU'ih"e:J-:JV11-:Jf111llfl~Vlmh~b~'Url1\9le:JL.J bb~i1'lh~b~'U~1:Wmi~e:J-:~ 1~mb'll-:~dJ'Un~ll1~ 1 n~ll , 'U q , 

'D1bfl~EJ61 (.n1~~ 4.34 fl) irm1EJ'U 1 fl'U 11~.n1~bbG'l~-:Jb"ll'ULV11L"Illlbb"~b~'U1EJG'ltlm~"1:WtJn~e:J-:~ 
" 

1~EJ11~b~'U1EJ61tlm~"~61~1-:Jiil1m"ll'ULV11L"Illl 1 '1!~ (.n1~~ 4.34-:~) bb"~irm1EJ'U 4 fl'U 11~.n1~ 
' 

bb61~-:~'<ii'1'U1'U Lfl':i Lll L"llll 1:WtJn~e:J-:~ b"li'U 11~.n1~ bfl':i Lll L"llll'<ii'1'U1'U 21m Lll L"llll ;-:~irm1EJ'Ufl1111V~ 
" 

m~Lfl':ibllb"llll 4Lfl':ibllb"llll (2n = 4) (m~~ 4.34:u) 

2.3.2) n~ll~e:J5L.J1EJ1:!JtJn~e:J-:~ irm1EJ'U 2 fl'U e:J5L.J1EJ~n~ru~ 
' " 

1fl1 1ll L"llll 1:WtJn~e:J-:~ 1~EJe:J5u1EJ11 "Lfl':i Lll L"llllll1b1EJ-:~1'11 bb'U'db~mn'U 1 'Ubb 'U1 M-:~nm.:~b"IJ"~" 
" 

'VI111ab'VI\9l: (n) • 
("V) 
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3) L tJ1m.J b Vi tJ'U Lb 'U'U"i11~ e:J\IVl1\lm1:wf11'lrieruL1m..tbb~:::Vl~" L1m..t 

"iJ 1 fl fl1 'j b tl1 tl'U b Vi tJ 'U bb 'U 'U "i11~ e:J\1Vl1\l fl11:W f) \11 ri e:J'U b1 tl'U bb~ :::'Ill~ \1 b1 tJ'U b~e:J\1 

m 'J bb tJ Wll~ ~ bb 'U 'U 1:w 1 e:J"1i?t 'J::: tJ::: 1 'V'l 'J b ~?I 1 'V'l 'U 11 ri e:J'U L1 tJ'U '!! m1 tJ'U ?h'U 1 Vl qj ij bb 'U 'U "i11~ e:J\1Vl1\l 

m1:Wfll'l~?I:W'U'JtUbb~hJt~n~e:J\I (CFMM) bU'U~e:JtJ~::: 61.1 'Je:J\I~\I:W1 ijbb'U'U"i11~e:J\1Vl1\lfl11:Wfll'l~ 
'U 'U 

tlf1~e:J\Ibb~1~?t:W'U'Jru (ICMM) fll'lbU'U~e:JtJ~::: 36.1 bb~:::ijbb'U'U"i11~e:J\Ifl11:Wfll'l~1~t~n~m (FMM) fl\11 
'U 'U 'U 

bU'U~e:JtJ~::: 2.8 11'l tJ 1~ij'!!m1tJ'U~ijbb 'U'U"i11~e:J\1Vl1\lfl11:Wfll'l~t1n~e:J\I (CMM) Vl~'l"ii1fl~l'lrhm'J:w 
'U 

bb'U'U"i11~e:J.:!Vl1\lfl11:Wfll'l~~n~e:J.:~ (CMM) b ~:w~'U fll'lbU'U~e:JtJ~::: 16.7 bb~:::'!!m1tJ'Uijbb'U'U"i11~e:J\IVl1'1 
A11:Wfll'l~?t:w'U'JtUbb~b~t1fl~e:J'I (CFMM) ~\11~'1 fll'lbU'U~e:JtJ~::: 19.4 (.fl1'V'l~ 4.35) 

'U 'U 

100 

,..... 80 a a 
(!;; 
iii) 
(0) 
~~ 

;t 
60 

iii) 

u~ 

~~ 40 
;t 
C" 
;t 
r •r.o 20 

0 

CMM ICMM CFMM FMM IMM NR 

.fl1'Vi~ 4.35 bm£Jub Vi£Ju~m~tru::bb uu·•ih6lv~'VI1~fll11:wfli~ b~v~nTm u~bBlf6l~bb uul:w 1e:~~~ 

'j::£J::L'Vi'HW~ I 'tlv~'l1nb~£J'Ui'U~G£J:W~m~nu~ 4 tiv'Ub~£J'Ubb6l::Vl~~b~a'IJ (N = 36) 

IMM Vl:W1tJfi\l bb'U'U"i11~el\1Vl1\lfl11:Wfll'l~1~b~e:J:W 1E.J\I 

NR Vl:W1E.Jfi\11~bb?ll'l\lbb'U'U"i11~el\1Vl1\lfl11:Wfl~ 
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4.2.5.3 1~CJ~b~l'llb'W?l I 

1) bbuuli\'1!;'te:J\1Vl1\lfl11~fil11rie-rub1m.~ 

ii'm1mJlibbuuli\'1!;'te:J\IVl1\lfl11~fil11rimJb1mJ 3 mi~ fie:J 1) bbuuli\'l!;'te:J\I'Vll\1 
' 

fl11~fil11~tln~e:J\Ibbl?i1JJ?t~u1ru lil'TW1'U 15 fl'U fil11b'IJ'U{e:JCJ(;'t~ 41.7 2) bbuuli\'1!;'te:J\1Vl1\lfl11~fil11~ 
'IJ 'IJ 

?l~u 1ru bbl?i1JJtl n ~ e:J\1 :il1'W1 'U 16 fl 'U fi 111 b tJ 'U {e:J CJ !;'t ~ 44.4 bb!;'t ~ 3) bb u u :ill(;'! e:J\1Vl1\lfl11~ fi111~1JJ 
'IJ 'IJ 

1.1) n~~ bbtJL.JiiJl!;'te:J\IVll\lfl11~AI11~tln~e:J\Ibbl?i1JJ?t~u1ru ii'm1CJ'W 15 fl'U 
' 'IJ 'IJ 

iim1~boff1 h~tln~ e:J\1 b~ CJ1nu6l m~ru~611ri'ru~bii111~'U1 'U1~CJ~b~l'llb'W?l 11111 CJi!m1CJ'U~\I 15 fl'U ii 
'IJ v 

fl11~bofflh~tln~e:J\11 'W't.h~b~'W~11 "1~CJ~b~mb'W?l 11m1~ 1B~~~rlb'VI:We:J'W~lb1CJ\Ie:JCJ1 'Ubb'U1M\In!;'t1-!l 
'IJ 'IJ 'IJ 

bBI!!;'t~ bb!;'t~1JJiib~e:J~~i:J1bfl~CJ?l" (fll~~ 4.36n) '!Ym~CJ'U 5 fl'U iiml~bilh~tlnl91e:J-!l1'Wth~b~'W~11 
' 'IJ 

"1~CJ~b~l'llb'W?l 11JJiii:J1fl~1e:JGl'?l" (fll~~ 4.36'/J) ii'm~CJ'U 7 fl'U iifl11~bofflh~tln~e:J-!l1'W't.h~b~'U 
'IJ 

~11 "1~CJ~b~l'l1 b'W?l I libBII'U 1 Vl11B~~~"Eltll'l1-!l-ffl~tl'U bb!;'t~?l~1-!lb~'U1CJ?lU'Ub~!;'t ~111bnl~U~b1WbBI!'U 1 Vl1 
'IJ 

b:WCJ1'1Je:J-!lbbl?i!;'t~ 1f111~ 1B~~~" (fll~~ 4.36f1) 1 'W~1'W~1JJ?t~L.J1tU'VI~e:J~1'W~1JJ1~mi11ti-!l fie:J '!Ym~CJ'U 
'IJ 

1 fl'U 1JJe:J5u1CJ11 "1~CJ~b~l'llb'W?l 11JJ:Wihf1rne:J6l'?l" bb!;'t~um~CJ'U s fl'U 1JJ11111fll~bb(;'t~e:J5u1CJ11 

"1~CJ~b~l'llb'W?l 1 :WbB~~'U 1 Vl11B~~~e:Jt!m-!loffl~n'U bb!;'t~?t{1-!lb~'W1CJ?tU'Ub~!;'t~l11bm~u~nrubB~~'W1 Vl1b:WCJ1 
'IJ 

'lJe:J-!lbbl?i!;'t~ 1fl11~ 1B~~~" (m~~ 4.36-!l) 

1.2) n~~bbuuli\'l!;'t"El-!l'Vll-!lml~A111~?l~L.J1tUbbl?i1JJtln~e:J-!l ii'm~CJ'U 16 fl'U 
' 'IJ 'IJ 

bb?l111-!lbbtJL.Jiill!;'t"El-!l'Vl1-!lfl11~AI11Vlmh~b~'U~ll'le:JL.J bbl?i:Wth~b~'W~1JJtln~e:J-!l1111mb'I.J-!lbU'Un~~1~ 1 n~~ 
, cu " , 

Ae:J n~~~11111fl1~1JJtln~e:J-!l '!Ym~CJ'U~-!l 16 fl'U 11111fll~bb?ll11-!lGln'l'Jru~611ri'ru1'U1~CJ~b~mb'W?l 1 
' 'IJ v 

1JJtlnl91eNVlmh~b~'U~ll'le:Ju b'li'U 11111bb?l111-!lb~e:J~~i:J1bf1~CJ?t (fll~~ 4.36~) 1JJbb?tl11-!ltJ1f1rne:JGl'?tbb!;'t~ 
'IJ ' ' 

bB~~'W1Vl11B~~~ (m~~ 4.36u) bb!;'t~111111f111~1B~~~bbCJne:Je:Jn~lnn'U1tl~l'UI'l1-!li1~'1Je:J-!lbBI!!;'t~ (m~~ 4.36'11) 

1.3) n~mb uu:ill!;'teJ-!l'Vl1-!lf111~ fi111~1JJ t1 n 191 eJ-!l ,Y m~CJ'U~-!l 5 fl'U bb?l111-!l 
' 'IJ 

bb uu:ill!;'t eJ-!l'Vll-!lm 1~ f\111 1JJmuVJ ntl 1~ b~'U ~11'1 eJL.J ~-!li1tl1~ b~'U~1JJ t1 n 191 eJ-!l bb!;'t ~ 1JJ1~ n~11 ti-!l 1111 CJ 
' 'IJ 

1fl11~1B~~~bbCJne:JeJn~lnn'U1tl~l'UI'l1-!li1~'1Je:J-!lbBI!!;'t~ bb!;'t~11111bBI!!;'t~b'VIJJ 2 bBI!!;'t~ (fll~~ 4.36B~~) 

ii'm~CJ'U 2 fl'U 111111il'l'W1'W1m1~1B~~~1JJtln~eJ-!l1111CJ11111:ill'U1'U 21fl11~1B~~~ ~-!l'!Ym~CJ'Ufl1111111 
'IJ 

41fl11~1B~~~ (2n=4) (fll~~ 4.36ru) bb!;'t~um~CJ'U~-!l 5 fl'U e:J5L.J1CJGln'l'Jru~1m1~1B~~~1'W1~CJ~b~l'l1 

b'W?l i1JJtlnl91eJ-!l 1111CJeJ5L.J1CJ11 "6B?lbl'leJTim~TVil11b~CJ-!le:Jt!nm-!lbBI!!;'t~" 
'IJ 'IJ 

1.3.2) tl1~b~'W~1JJbb?ll11-!lbbtJL.J:ill!;'teJ-!l'Vl1-!lml~fil11 ii'm~CJ'U~-!l 5 fl'U 

1JJ bb?ll11-!l bb LJLJ :ill(;'! eJ -!l'Vll-!l fl11~ fi 1111 'U tJ 1~ b~'U ~11 "1~ CJ~ b~ I'll b 'W ?l i1JJ:W b~ el~~tJ1 bfl ~ CJ ?l bb!;'t ~ 
' 



• 

• 
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i111"1rne:J~~ iJ b61l'U t vr'j b61ll.l e:1 ~m-:J•ihwi''Ubb~~~~\:~ b~'U 1tJ~U'Ub~~ Ei~Lm~u'ijb 1rub61!'U t VJ"jbiJ tJ{'lJe:J'Ibb~ 
" 

~~bfl';ibl.Jb61ll.l" 

!11'Vi~ 4.36 nTmu-:~L6l!~~Lb'U'UL11 bel~~ -a::a::Ll.ll?l1LW~ I (tieJ'UL~eJ'U) 

'VI111aL'VII?l: (n-'1) 'V!l.l1tJii'l bL'UU'ih~mV11'1fl11l.lfl~~tln~e:J'Ibb~hl~l.l'U';itU . " " 
( "il-'ll) 'V!l.ll tJii'l bb uu~1~ e:J'IV11'1fl11l.lfl~~61l.J'IJ'jtUbb~hJt~ n~e:J'I 

" " 

0 ..::::t. Q.J ~ 

2) bb 'U'U"il1~e:J'IV11'1fld1l.Jfl~'V!~'Ib ';itJ'U 

i!m~tJ'UiJbb'U'U~1~e:J'IV11'1fl11l.lfl~'V!~'Ib~tJ'U 2 mil.! fie:J 1) bb'U'U~1~e:J.:JV11'1 • 
fl11l.Jfl~~tlf1~e:J'Ibb~hJ~l.J'U';itU ~1'U1'U 30 fl'U fl~biJ'U~e:JtJ~~ 83.3 bb~~ 2) bb'U'U~1~e:J.:IV11.:1 

" " 

2.1) n~l.lbb'U'U~1~e:J'IV11'1fl11l.lfi~~m1~e:J'Ibb~hJ~l.J'U';itU i!m~tJ'U 30 fl'U . " " 
11~.n1m~mnu~n'l3ru~6h~'ru~ bn~~'U 1 'U';i~tJ~ bl.lmb yj~ 1 Hi't~n~e:J'IVJm.h~ b~'Uf'111?le:J'U t~tJ11~.fl1'V'l 

v " • 

bfl'j 1l.l 161ll.l~b 'Vl~e:J'Ul.l1b~tJ'~e:JtJ1 'Ubb'U1~'1nm'l b61li;1~ 1:UiJb~m~l.lil1 bfl~tJ~bbi;1~U1fl~1e:J~~b61l'U t VJ'j b61ll.le:J~ 
\J 'U , 'U 



.. 
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m'l.rr1~tl'W bbfldh61'W1~?~tl'Wb~fl~1-<il\ru~nrub"I!'Wbvi'Hil~i"l.la'lbbl'ifl~ 1m1~ 1"11~ (.n1'W~ 4.37n) 1'W 

6'i'J'W~hJ?~~u·mhlf~m11'W~hJ1\?lmh1i'i'l fia irm1~'W 7 fl'W hlafiu1wh "1~~~b~\911b'V'I?I 1 hJil'W 
'IJ 

1fl~1mi'?1" irm1~'W 27 fl'W hJafiu1wi1 "1~~~b~mbv.J?~ 1 hlilb~m~~U'Jbfl~~?l bbm~ilb"II'Wb'Vl1b"ll~ • 

irm1~'W 28 fl'W hlafiu1~11 "1~~~b~mbv.J?~ 1 hJil'W1flmm1?~" 

2.2) n~mbtJtJ~1fle:J'I'Vl1'1m1~fl~~?l~tJ1rubbl'i1lJt"Jn~a" irm1~'W 6 fl'W 
• 'IJ 'IJ 

bb?lm bb uu~1fl v'I'Vl1'1m 1~f1~ 1lJA1tJ'Vl m.J 1~ b~'Wfl1\91 au ~.:Ji.l'IJ 1~ b~'W~1lJt1n ~a 'I bbfl ~ 1lJ1\?ln~11i'i'l 
• 'IJ 

1~mbU'IbV'Un~~11'11 n~~ fia • • 
2.2.1) n~~~11~.fl1'W1lJt1n~a" irm1~'W 1 fl'W 11~.fl1'W~1'W1'W 

• 'IJ 

1A11~1"111J1lJt1n~a'l 1~~11~ 21fl111J1"111J ~'1'11m1~'Wm111~ 41fl111J1"111J (2n = 4) bbfl~11~ 
'IJ 

.fl1W~ 4.37 n1'cibbU~b6llrt~bbtJU1~1a~a 'ci::eJ::b1J\911b'Wa I (VI~~b'ieJ'W) 

V1:u1m VI '"I: (n) vr1J1t1fi\l bb uu~1Gl€l\I'Vl1\lfl111Jf11'l~m1~€l\l bbl'ihJ?~1Ju1ru 
' 'IJ 'IJ 

( "1.1) VJ1J1CJ fi'l bb uu~1Gl e:J\I'Vl1\lm11Jfl~~?I1JtJ1rubbl'l1lJ t1n ~ e:J\1 
'IJ 'IJ 

3) b 'IJ1CJu b Vi CJU bb uu~1Gl e:J\I'Vl1\lm 11Jf1~n e:J'Wb~CJ'WbbGl~VJ~\1 L1 ~'W 

"il1 n n1 1 b 'IJ~ CJU b Vi CJ tJ bb tJ tJ ~ 1Gl e:J\I'Vl1\l fl'J 11Jfl ~ tl e:J'U b1CJ 'U bbGl~'V!~'I b~ CJ'U b~€1\1 

n11 bb tJ \1 b"llfl ~ bb u u 11J 1 a611?~ 1~ CJ ~ b1J \911 b v.J ?I 1 'WtJl1 fi aw1 tJ'W'tJ m~CJ 'U 6'i1'U 1 vr 'l)iJ bb uulil1fl e:J\I'Vl1\l 

fl111Jfl~~?I1JtJ1rubb1'11lJ t"ln~e:J\1 ( CFMM) f1~ bV'W~€1 tJGl~ 44.4 1€l\1Gl'I1J1 iJ bb uu~1Gl€l\I'V11\Ifl111Jfl~~ 
'IJ 'IJ 

t1n~€l'lbbl'i1lJ?~1JtJ1ru (ICMM) fl~btl'U~e:J~Gl~ 41.7 bbfl~iJbbtJU~1Gle:J\Ifl111Jfl~~1lJt1n~a\l (FMM) fl~ 
'IJ 'IJ 'IJ 

Ltl'W~e:JtJGl~ 13. 91~CJ 1lJi1'11m1CJ'W~iJLL uu~1Gle:J\I'Vl1\lm11Jfl~~t1n~e:J\I (CMM) vr~\l"il1n~~n"ilm11J 
'IJ 

n11b~CJ'U~'WU';h 1lJiJ'tJm~tJ'U~iJbbtJU~1Gl€l\lfl111Jfl~mlJt1n~a\l (FMM) 'tJm~CJ'WG'i'J'Wb vrruiJbb'U'J 1 1J1J 
'IJ 'IJ v 
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bb'\J'\J~1~v.:JV11-:Jfl11~fi~~?I~'U1Wbb~hJt~n~v.:~ (CFMM) ~~~.:~ fi~btltJ1mJ~~ 16.7 bb~~ij 
" " .. 

bb'\J'\J~1~v.:JV11-:Jfl11~fi~~t:lfl~v.:!bb~1JJ?I~'U1W (ICMM) b~~~'U fi~btl'U1mm~ 83.3 (fl1~~ 4.38) 
" " 

0 riv'IJL~U'IJ 

100 

~ 80 
(to 

"' (Q) 
~II'> ........ 60 

;;:l 

"' ~!!::: 

)~ 40 
;;:l 
(" 
;;:l 
r .... 20 

0 

CMM ICMM CFMM FMM IMM NR 

fl1'Vi~ 4.38 bmau b Viau~n~ru::bb umh~v-:I'VI1-:If'I11:Ufl~ b~v-:~nTm ti-:~bflll~~bb uu 1:u 1v~?l 
.. ' 

~::a::b:UlP11bW?I 1 'tleHJum'imJ'liu3!5a:ufin~1tJVi 4 tiv'Ub'imJbb~::'VI~-:~b'im.J 

(N = 36) 

IMM V!~1EJ~.:! bb'U'U~1~eJ.:J'VI1-:Jfl11:Ufi~~1J.Jb~eJ~ bEJ.:! 

NR VlmEJ~.:! 1J.Jbb?l~.:!bb'U'U~1~v.:!Vl1.:!f'l11~fi~ 

.. 



100 

4.2.5.4 ".i~tJ~bb"El'U1bvJ?t I 

1) bb uu"'i\'1(1"El'JVJ1-:Jfl11:wf11?lri"EJ'Ub~tJ'U 

lJfH~tJ'Ui1bbUU"'i\'1(1"EJ-:!Vl1-:!fl11:Wfll?ln"EJ'Ub~tJ'U 2 mi:w fi"EJ 1) bbUU"'iJ1(1"EJ-:JVl1-:l 
' 

fl11:Wfll?l~t~n~"EJ-:~bbl?i1lJ?t:wu".iru "'il1'U'J'U 10 fl'U f11?ldJ'U~"EJtJ(I~ 27.8 2) bbuu"'i\'1(1"EJ-:JV11-:~fl11:wf11?1~ 
" " 

?l:WU ".itU bbl?i1lJ tl n ~ "El-:1 "'iJ1'U 'J'U 22 fl'U fl 1?1 btJ 'U ~"El tJ (I~ 61.1 bb(l ~ 3) bb UU "'i\'1(1 B -:!Vl1-:lfl'J 1:Wfl 1?1~ 
" " 

1lJt~n~"EJ-:~ "'il1'U'J'U 4 fl'U fll?lbtJ'U~mm~ 11.1 
" 

1.1) n~:Wbb uu"'i\'1(1"EJ-:JVl1-:Jm1:wf11?l~t~n~"EJ-:~bbl?i1lJ?t:wu".iru irm~tJ'U 10 fl'U 
' " " 

iifl11:Wb-rr1l'il~t~n~"EJ-:~b~tJ1nu~m~ru~?11~ru~bnl?l~'U1'U".i~tJ~bb"El'U1bvJ?t 111?ltJiJm~tJ'U~-:J 10 fl'U i1 
" v 

1tl"El~fl'U(I~\i)1'U"tl"ElWim~ bb(l~1lJi1b~m)f:wiJ'Jbfl~tJ?l" (m~~ 4.39n) irm~tJ'U 4 fl'U i1fl11:Wb'ihh~ 
" ' 

t~n~ "El-:1 1 'U tl ".i~ b~'U~'"h "".i~ tJ~bb"El'U 1 b vJ ?I 1 1lJi1'D1 fl~1"El~ ?I b61J'U 1 Vl".i 161J:w "EJ ~ 1'1 ".i -:~.rr1:w ti'U bb(l :!i1 b~'U 1tJ 
" " 

'VI~m11'U~1lJ11i1n~11~-:J fi"EJ irm~tJ'U 6 fl'U 1lJBBU1tJ'h "".i~tJ~bb"El'U1bvJ?t 11lJi1'D1fl~1"EJ~?l" bb(i~ 

irm~tJ'U 5 fl'U 1lJ"EJBU1tJl1 "".i~tJ:!bb"El'U1bvJ?t I i1b61J'U1Vl".i161J:w"El~m-:~.rr1:wn'Ubb(l:!i1b~'U1tJ?ttJ'Ub~(I~-:J 
" 

1.2) n~:WbbUU"'il1(1"EJ-:JVl1-:Jm1:Wfll?l~?l:Wu".irubb~1lJt~n~"EJ-:J irm~tJ'U 22 fl'U 
' " " 

bb?l\?1-:J bb uu"'i\'1(1 "EJ-:JVl1-:Jfl11:Wfll?lfl".iUVl ntl".i~ b~'U rl11'1BU bbl?iiitl ".i~ b~'U~1lJt~n~ "EJ-:J 11?1 tJ bb u'-:~ b tJ'U n~:w 11i1 
' " ' 

1 n~:w fi"EJ n~:w~111?l.m~1lJt~n~"EJ-:J irm~tJ'U~-:1 22 fl'U 111?l.fl1~bb?ll?l-:J~n~ru~?11~ru1'U".i~tJ~ 
, , 'tl cv 

bbB'U1bvJ?t 11'U".itlbbUU~1-:J ., bb~1lJt~n~"El-:!Vlntl".i~b~'U b"li'U lJfH~tJ'U11\?l.fl1~bb?l\?l-:Jb~B~:WtJ'Jbfl~tJ?l 
"' I \1 , " 

(m~~ 4.39fl) 111?l.fl1~bb?ll?l-:JtJ1fl~1"El~?l (.n1~~ 4.39 -:~) 1lJ111?lbb?ll?l-:Jb61J'U1Vl".i161J:wbb(l~b~'U1tJ?ttJ~(j 

(m~~ 4.14~) 111?l.fl1~ 1fl".i1:w 161J:W:W1b~tJ-:J~1 1 'Ubb'U1~-:Jn(I1-:Jb61J(I~ (m~~ 4.39 \l) bb(I~'J11?lb61J(I(Ib 'VIlJ 

2 b61J(I~ (m~VI 4.39 "tl) 

1.3) n~mbuU"'il1(1"EJ-:JVl1-:Jfl11:Wfll?l~1lJt~n~"EJ-:~ irm~tJ'U~-:1 4 fl'Ubb?l\?1-:J 
' " 

bb uu "'i\'1(1 B-:JV11-:Jm 1:w f11?11lJ fl".iUVl ntl ".i~ b~'U r\' 1\'l"EJU ~-:~i1tl".i ~ b~'U~1lJ t1 n ~ "El-:1 bb(l ~ 1lJ11i1n~11 ~-:~ 11?1 tJ 
' " 

bbD-:JbtJ'Un~:w11i11 n~:w fi"El n~:w~111?1".itlbb(I~"EJBU1tJ1lJt~n~"El-:J 11?ltJUm~tJ'U 2 fl'U i1m1:wL·ih1~~ 
, , , 'U '\1 

1lJt~n~"EJ-:~1 'Utl".i~b~'U~11 ""tlm 1fl".i 1:w 161J:wAL'VIii"El'Ut~n~-:~bbtJn"EJ"EJn~1nn'U1 tlB~fl'U(i:!li1'1'U"tl"EJ-:Jb61J(I~" 
\J 'tl 'U 'U 

11?ltJ111?l.fl1~1fl".i1:w161J:wb~tJ-:~I'l1bb'U'Jb~tJ1ti'U1'Ubb'U1~-:Jn(I1-:Jb61J(I~ (.n1~~ 4.3961J) irm~tJ'U 2 fl'U 

i1m1m.rr1 h~1lJt~n~"EJ-:~1 'Utl".i~b~'U~11 ""'i\'1'U'J'U 1fl".i 1:w 161J:w~n1'VI'UI?l fi"EJ 2n = 4" 11?ltJiJm~tJ'U111?1 
" 

"'il1'U1'U1m1:w161J:w 21m1:w161J:w (2n = 2) (.n1~~ 4.39ru) bb(l~lJm~tJ'U~-:1 4 fl'U i1m1:WboU1h~ 
1lJt~n~m b~tJ'Jnutl".i~ b~'U~11 "".i:! tJ~ bb"El'U1b vJ?t 11®"1:w 1(1n?f1fl".i 1:w 161J:wbbtJ n"EJ"EJn~1nn'U 1 tl~-:~bbl?i(I:!~'J 

" 
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"1J'El.:tb61J(;l(;l1~CJfl11~.:t"lla·mtw1m'ftl'Ub~"'" 1~CJi!m1CJ'U 3 fl'U a5u1CJ';h "~?lb~'EITif11:W1~~bbCJnaan 

"il1nnV' bbm~trm1CJ'WBn 1 fl'U a5u1CJrJ1 "b61J(;l~iJm1bbU.:t161l1 'Vl'V'lm?l611:w" 

.f11'W~ 4.39 n11bb U~ bBli(;l~bb 'U'Ub:W 1v~~ 'l::a::bbv'U1 b'VJ~ I (riv'Ub~V'U) 

'III:W1£Jb'lll~: (n-"ll) vt:W1CJfi.:t bb'U'U~1G'l'El.:t'V11.:tf1l1:Wfi~~tln~a.:tbb~1&J?!:w'U'HU . ~ ~ 

(1"1-"ll) vt:W1 CJfi.:t bb 'U'U~1G'leJ.:t'V11.:tm1:wfi~~?l:W'U'jru bb~1&Jml ~ eJ.:t 
~ ~ 

0 

2) bb 'U'U~1G'leJ.:t'V11.:tf1l1:Wfi~Vl~.:t b~CJ'U 

trm~CJ'UlJbb'U'U~1G'l'El.:t'V11.:tm1:wfi~vt~.:tb~CJ'U 2 n~:w ~eJ 1) bb'U'U~1(;lv.:t'V11.:t • 
fll1:Wfi~~t~n~eJ.:tbb~1li?l:w'U'jtlJ ~1'UTW 29 fl'U fi~bU'U~eJCJ(;l~ 80.6 bb(;l~ 2) bb'U'U~1(;l'El.:t'V11.:tf1l1:Wfi~ 

~ ~ 

~?ll.J'U'jtlJbb~A1lit~n~eN ~1'Ul'U 7 fl'U fi~btl'U~eJCJ(;l~ 19.4 
~ ~ 

2. 1) n~:wbb'U'U~1(;leJ.:t'V11.:tfll1:wf1~~t~n~a.:tbb~1&J?~:wu'jru um~CJ'U 29 fi'U . ~ ~ 

iim1m.rr11"il~t~n~eJ.:tb~cnnu~n't'Jru~~1~ru~bn~~'U 1 'U'j~ CJ~ bbeJ'U1b'Vl?l 1 'Vlm.h::b~'UI"l1~Aau 1~CJ 
~ ~ . 
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1!m~E.J'W 26 fl'W bJe:J5U1E.J';i1 "'j~E.J~bbe:J'W1b~G1 1 iib"ll'W1VJ";i1"1llle:J~~'j..:J.ff1lltl'Wbb~~ih~'W1E.JG1tl'Wb~~~..:J 
'U 

bbE.Jnfi"llm 1fl'j 1ll 1"1lllfi b'V!iie:J'W 1 tlEJ..:Jbb~~~offl"lle:J..:Jb"l!~~" 
'U 'U 

2.2) n~mbu'U~1~e:J..:JV11..:Jfll1l!?il1l~G1l!'U";itUbb~hJr~n~8..:J 1!m~E.J'W 7 fl'W 
' 'U 'U 

bbG111l..:J bb uu~ 1~8..:JV11..:Jm1l!?ii11VJntl";i~ b~'Wf'l1~8u bb~iitJ<j~b~'Wmllr~n~B..:J 111lmbl1..:Jb tl'Wn~ll 1~ 2 n~l! 
, 'U , 1 

2.2.1) n~ll~l111lfl1'Vl1llr~n~8..:J 1!m~E.J'W 3 fl'W iifll1llb.ff1h~ 
' 'U 

1llr~n~B.:J1'Wtl1~b~'W~11 "1~E.J~bb8'W1b ~G1 11eJ1ll 1~nG11fl11ll 1"1lllbbE.JnBBmnnn'W 1 tlEJ.:Jbb~~~-rrl"llB.:J 
'U 

b"ll~~LI11E.Jn11~-:J"ll8-:Jb~'W1E.JG1tl'Wb~~" 1111E.J1! m~E.J'W 1 fl'W l111lfl1'Vl~1'Wl'W 1fl11ll 1"1!ll 21m 1ll 16!lll 

~.:J1!m~E.J'Wfll";il1111 41m1ll16!lll (2n = 4) (fl1'Vl~ 4.40"11) t!m~E.J'W 1 fl'W l111l~G1b~B11ml!1Vil11 

(m'Vl~ 4.401"1) bb~~t!m~E.J'WBn 1 fl'W l11111m1ll1"1lllflb'VfiiB'Wb~E.J.:J1'Wbb'Wl~.:Jnm.:Jb"l!~~ (fl1'Vl~ 4.40-:J) 
'U 

2.2.2) n~ll~85U1E.J1llr~n~8-:J 1!nb~E.J'W 4 fl'W iifll1llbi1h~ 
' 'U 

hir~n~B.:Jb~E.Jlnutl1~b~'W~11 "1~E.J~bb8'W1b~G1 11fl11ll1"1lllfib'VfiiB'WbWnBBmnnn'W1tlE1-:Jbb~~~~1'W 
'U 'U 

"118-:Jb"1!~~'1111E.Jn11~-:J"lle:J..:Jb~'W1E.JG1tl'Wb~~" 1111E.J'l!m~E.J'W 3 fl'W 85U1E.Jl1 "~?lb~8Tifl1ll1Vil1lbbE.Jn8Bn 

'nnn'W" bb~~1!m~E.J'Wan 1 fl'W 86u1E.J-i1 "b6!l~~iim1bbD.:J1"1l1 VJ'VlmG161il!" 

.n1~~ 4.40 n11bbU.:ib"l!~~~bbU'U1:1J1eJ~~ "a::f.J::bbeJ'U1bW~ I (VI~.:ib~f.l'U) 
I 

VI:IJ1f.JbVIVI: (n) Vlll1E.J~.:J bb'U'U~1~8-:JV11-:Jfll1l!?il1l~fln~8-:Jbb~1lJG1ll'U";itU 
• 'U 'U 
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3) b t11CJ'U b VJCJ'U bb 'U'U"il1~ 8.:!Vl1-:Jfl11&Jfi~ rl8'\Jb1CJ'l.Jbb~ ~Vl~-:1 b1CJ'lJ 

"il1 n m ~ b t11 tJ u b VI CJu bb uu "il1 ~ 8-:JVJ1.:~ fl11&J fi~ n m.!b1 CJ'U bb~ ~ill~.:~ b1 CJ'U b~ 8 .:~ 

fl1~bb tJw11mhb uu 1&J 1868?1 ~~CJ~ bb8'U1b'V'l?l 1 'V'l'U';h n8'Ub1CJ'U'i!m1CJ'Uci1'U 1 myihb uu"il1~8-:JVI1-:J 

fl11&Jfi~~?I&J'U~rubb~1J.Jt~fl~8.:! (CFMM) fimtl'U~8CJ~~ 61.1 ~8-:J~.:!&J1 iibb'U'U"il1~8.:!Vl1-:lfl11&Jfi~~ 
'\J '\J 

t1fl~8-:Jbb~1lJ?I&J'U~ru (ICMM) fi~btl'U~8CJ~~ 27.8 bb~~iibb'U'U"iJ1~8-:Jfl11&Jfi~~1lJt~fl~8.:! (FMM) fi~ 
'\J '\J '\J 

btl'U~8CJ~~ 11.1 b~CJ 1J.Jii'l!m1CJ'U~iibb 'U'U"il1~8.:!Vl1-:lfl11&Jfi~~tlfl~8.:! (CMM) Vl~.:!"il1fl~~n"ilm~&J 
'\J 

fl1~b1CJ'U~'V'l'Ul1 1J.Jii'l!m1CJ'U~ij bb uu"il1~8-:Jfl11&Jfi~~1J.Jt~n~8.:! (FMM) um1CJ'Uci1'U 1 muiibb 'U1 1 ,j'&J 
'\J '\J v 

~ "il ~~ ~ 'U 1 bb u u "i\'1~ 8 .:~ 1"11 1&J fi ~ 1 t1 ci bb u u "i\'1~ 8 .:~VJ1.:~1VJ tJ 1 P11 ?11'1 { ~.:~"il ~ b ~'U 1~ "il1 n'l! n b1 CJ'Uii 
'\J 

bb'U'U"iJ1~8.:!Vl1-:lfl11&Jfi~~?I&J'U~rubb~1J.Jt~fl~8.:! (CFMM) ~~~.:! fi~btl'U~8CJ~~ 19.4 bb~~ij 
'\J '\J 

bb'U'U"il1~8.:!Vl1-:lfl11&Jfi~~tlfl~8-:Jbb~1JJ?I&J'U~ru (ICMM) b~l.l~'U fi~btl'U~8CJ~~ 80.6 (.f11'V'l~ 4.41) 
'\J '\J 

100 

'"ia 80 
(10 
iO 
(Ql e 60 
;! 
iO 

'!!:: 
~§ 40 
;! 
C" 
;! 
c-•r.o 20 

0 

CMM ICMM CFMM FMM IMM NR 

" . 
'a~EI~bbti'U1bW?I I "lleJ.:n!m~V'UeU'UiJov&Jfim~nuVi 4 flti'Ub~EI'Ubb~~Vi~.:ib~EI'U 

(N = 36) 

Vi&J1EibVI~: CMM • 
ICMM Vl&J1CJ~.:! bb'U'U"il1~8.:!Vl1-:Jfl11&Jfi~~t1fl~8-:Jbb~1JJ?I&J'U~ru 

'\J '\J 

CFMM Vll.l1CJ~.:! bb'U'U"iJ1~8.:!Vl1-:lfl11&Jfi~~?I&J'U~rubb~1lJt~fl~8.:! 

FMM 

IMM 

NR 

'\J '\J 

Vl&J1CJ~.:J bb 'U'U"iJ1~8-:JVl1-:lfl11&Jfi~~1lJb~8lJ btJ-:1 

Vl&J1 CJ~-:1 1JJ bb?l~-:1 bb 'U'U"i\'1~ 8.:1Vl1-:Jfl11&Jfi~ 
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4.2.5.5 1~tJ~b'V11m'VJ?t 1 

1) bb'U'U~1~B-:i'V11-:ifll1~A~nB'Wb~tJ'lJ 

Unb~CJ'Wi1bb'U'U~1~B-:i'V11-:ifll1~A~nB'Ub~CJ'U 4 mi~ ~B 1) bb'U'U~1~B-:i'V11-:i • 
m1~fi~~ttn~B-:J ~1'Wl'W 2 fi'W fi~bU'W~BtJ~~ 5.6 2) bb'U'U~1~B-:J'V11-:Jfll1~fi~~ttn~B-:Jbb~1lJ 

'U 'U 

?I~'U1ru ~1'Wl'W 15 fi'W fi~bU'W~BtJ~~ 41.7 3) bb'U'U~1~B-:i'V11-:!fll1~fi~~?I~'U1Wbb~1lJttn~B-:~ 
'U 'U 'U 

~1'Wl'W 17 fi'W A~bU'W~BCJ~~ 47.2 bb~~ 4) bb'U'U~1~B-:~m1~fi~~1lJttn~B-:~ ~1'Wl'W 2 fi'W fi~bU'W 
'U 

1.1) mi~bb'U'U~1~B-:J'V11-:Jfll1~A~~ttn~B-:~ ~1'Wl'W 2 fi'W 11m~CJ'Wl1~m'V'l 
• 'U 

bb~~B~'U1tJ~n~ru~~1~ru~bn~~'W1'W1~tJ~b'VI1mvJ?t 11~ttn~B-:~1~CJB~'U1tJ11 "bU'W1~tJ~mfl11~161!~ 
v 'U 

i1 21fi1~1Vi~ b~mif~tllbfl~tJ?Ibb~~-ulfi~1B~?Ib~mn~m1?1~1-:~1'VllJ i.1b61l'W1'V11161!~ 1 "ll~ ~m61!~~ • • 
bb~~ 1~b61!~~1 'VllJ 2 b61!~~" (m'V'l~ 4.42n) 

1.2) n~~bb'U'U~1~B-:i'V11-:ifll1~A~~ttn~B-:ibb~1lJ?t~'U1ru um~tJ'W 15 fi'W 
• 'U 'U 

i1fll1m-rr1h~ttn~B-:~b~tJln'U~n~ru~~1~ru~bn~~'W1'W1~tJ~b'V11mvJ?t 11~t~U'm~tJ'W~-:~ 15 fi'W i1 
'U v 

fll1~beU1h~ttn~B-:~1'Wth~b~'W~11 "1~tJ~b'V11~b'VJ?I 11m1~161l~i1 21m~1Vi~ b~~?I~1-:Jb~m~'~ 
'U • 

-D1 bfl~tJ?I~'Wm 1 'V!lJ bb~~ 1~b61!~~1 'V!lJ 2 b61!~~" ~-:~1!m~tJ'Wl1~il1'V'lbb?t~-:~1fl1 1~ 161l~i1 21mmVi~ 

b~mX~tllbfl~tJ?I bb~~b61!~~1'VllJ 2 b61!~~ (il1'V'l~ 4.42"1!) um~tJ'W 3 fi'W i1m1~b.rr1h~ttn~B-:~1'W 
• 'U 

tb~b~'W~11 "1~tJ~b'V11mvJ?t 1 bU'W1~tJ~~b~~?t~1-:~tllflmB~?t~'Wm1 'VllJ" ~-:~1!m~tJ'Wl1~il1'V'lbb?t~-:~ 
tJlfi~1B~?t1'Wtllbfl~tJ?I (il1'V'l~ 4.42fl) bb~~U'm~tJ'W 5 fi'W i1m1~b-rr11~~ttn~B-:~1'Wth~b~'W~11 

'U 

"1~tJ~b'VI1m'VJ?I I i.1b61l'W1'V11161!~ 1 "ll~ ~m61!~~" (il1'V'l~ 4.42-:~) 1'W~l'W~1lJ?t~'U1W'Vl~B~l'W~1lJ1~ 
• 'U 

n~11~-:1 ~B Unb~tJ'U 8 fi'U 1lJB~'U1tJl1 "1~tJ~b'V11mi'l?l I b~~?l~1-:ltJlfi~1B~?I~'U~11VllJ" bb~~ 
11m'1t~'W 6 fi'W 1:JB5tJ1tJl1 "1~tJ~b'V11~b'VJ?I 1 i.1b61l'W1 'V11 1611~ 1 "ll~ ~m61!~~" • 

1.3) n~~bb'U'U~1~B-:J'V11-:Jfll1~fi~~?I~'U1Wbb~1:Jttn~B-:~ 11m1m.J 17 fi'W 
• 'U 'U 

bb?l~-:1 bb 'U'U~1~B-:I'V11-:Ifll1~A~'VInth~b~'UR1\91B'U bb~i1tl1~b~'UmlJttn~B-:I 1~ tJbb U-:1 b U'Un~~ 1~ 1 n~~ 
'I " q q 

~B n~~~l1~il1'V'11lJttn~B-:I Unb~tJ'U~-:1 17 fi'U i1m1~b-rr111\JmlJttn~B-:Ib~tJln'U~n~ru~~1~t1)1~tJ~ 
• 'U 'U 

b'V11~bi'l?l 11'W'VIntl1~b~'Wr11191B'U b"li'W 11m~t~'W1lJl1~.fl1'V'lbb?l~-:~b~m~~-ulbfl~tJ?ItJlfi~1B~?I bb~~b61l'W • • 
L'V11L61!~ 1 "ll~ ~m61!~~ (il1'V'l~ 4.42~) l1~il1'V'lLfi1L~161!~1:Jttn~B-:~ ~-:~um~t~'Wfll111~il1'V'l 

• 'U 

.. d 
4 b61!~~ (il1'V'l'VI 4.42"11) 

1.4) n~~bb'U'U~1~B-:i'V11-:ifll1~A~~1lJ~n~B-:i um~tJ'U~-:1 2 fi'W l1~il1'V'l 
bb~~eJ~'U1tJ 1lJtt n~eJ-:~ b~ t~lntJ~ n~ru~~1~ru1~tJ~b'V11mi'l?t 11 'W'VIntl1~b~'Wri'1191eJ'U 1~tJ 1lJl1~il1'V'l 

'U v • 
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bbG'I~\I~TW'J't.WimG'l1 'VllJ1lJtln~e:J\I ~\l'l1m~CJ'\.Jf11"j'J1~m~bbG'I~\Ib"llG'IG'11 'VllJ 2 b"I!G'l~ bb~'l1m~CJ'W'J1~b"I!G'l~ 
'IJ 

1'VllJ 4 b"I!G'l~ .n1~v1 4.42ru) bbG1~'11m~CJ'W~\I 2 fl'W 1lJt~5'U1CJ~n~ru~G'I'1#i'ru"j~CJ~b'Vllm'V'IG'I 11'\.J'Vln 
v ' 

n 

'VI:U1ab'Vf(Pl: (n) 
' 

("IH) 'Vl:W1 CJ~\1 bb 'U'U ~1G'l e:J\I'Vl1\lf1'J1:WA~v1 t1 n~ e:J\1 bb~1lJG'I:IJ'lJ"jtU 
'IJ 'IJ 

( \1-"ll) 'Vl:W1 CJ~\1 bb 'U'U~1G'le:J\I'Vl1\lf1'J1:WA~~G'I:W'lJ"jtUbb~1lJtl n~ m 
'IJ 'IJ 

( "ll-ru) 'VlmtJ~\1 bb'U'U~1G'le:J\I'Vl1\lf1'n:wA~mlJtln~e:~\l 
'IJ 



.. 
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2) bb '\J'\J-;,)1ft €l'IVI1'1fl11~At'l'VI~'I b~cJ'U 

ilm~crui1bb'\J'\J-;J1fte:J'IVI1'1fr:n~f1t'l'VI~'Ib~cl'U 2 mi~ fie:J 1) bb'\J'\J-;,)1fte:J'IVI1'1 
' 

l"l11~At'l~t:~n~e:J'I -;,)TuTu 3 l"l'W At'lbU'W1mJft~ 8.3 bbft~ 2) bb'\J'\J-;,)1fte:J'IVI1'11"111~At'l~t:ln~e:J'Ibb~ 
~ ~ 

1~6'f~'\J1W -;,l1'W'J'W 33 l"l'W At'lbtl'W1mm~ 91.7 
~ 

2.1) n~~bb'\J'\J-;J1fte:J'IVI1'11"l11~At'l~t:ln~m -;,l1'W'J'W 3 l"l'W ilm~CJ'W11t'lm'l"l ' ~ 

bbft~e:J5'U1CJ~m~ru~~1ri'ru~bi1t'l;'W1'W1~CJ~bVJ1m~6'f 11~t:~n~e:J..:~1t'lCJe:J5'U1CJ';h "1~CJ~b'Vl1ftb~6'f 1 
v ~ 

11"l11~16i!~i1 21m~TV1t'l b~m~'~iJ~bl"l~CJ6'fbbfl~i111"l~1e:J~6'fb~~bnt'lm16'11'1..:~1'VI~ i1b6i!'W1VJ116il~ 1 "Ut'l 
' I q 

~m6ilft~ bbfl~1~b6ilflfl1'VI~ 2 b6ilft~" (m'l"l~ 4.43n) 

2.2) n~~bb'\J'\J-;J1fte:J'IVI1'11"l11~At'l~t:ln~e:J'Ibb~1~6'f~'\J1W ilm~CJ'W 33 fi'W ' ~ ~ 

i1i1m1~boU1 h~t:~n~e:J'Ib~CJ1nu~n't'fru~~1ri'ru~ bn~;'W 1 'W1~CJ~b'Vl1m~6'f 1 VJmh~ b~w-l1~e:J'U 1~ CJ 
~ v ' 

fi1'Vi~ 4.43 nTlbbU{IbBlf~~bbUU1:uleJtij~ -a~EJ~b'VIL~bW~ I (VI~{Ib~EJ'U) 

VI:U1ElbVI~: (n) 'V1~1CJ~'I bb'\J'\J-;,)1ft€J'IVI1'1fl11~A~~t:ln~€J'I . ~ 

("11) 'VImCJ~'I bb'\J'\J-;,)1fte:J'IVI1'1fl11~fit'l~t:ln~e:J'Ibb~1~6'f~'\J1W 
~ ~ 

3) b tJ~CJ'\J b ViCJ'U bb uu-;,l1ft€l'IV11'11"l11~A~ tle:J'Ub~CJ'Ubbft ~VI~'! b~CJ'U 

"'il1 nm1b tJ~CJ'\J b Vi CJ'\J bb uu-;,l1f! e:J'IV11'11"l11~At'ltle:J'W b~CJ'!J bbft~'VI~'Ib~CJ'\J b~€1'1 

m1bb u..:~ b6ilft~ bb uu 1~ 1e:J68?t 1~CJ ~ b VI 1ft b~G'f 1 'l"l'\J'Jl tle:J'W b~CJ'Wi! m~CJ'W?h'W1 'VIqji1 bb uu-;,l16'1€J'IVI1'1 

fl11~fi~~6'f~'\J1Wbb~1~t:~n~e:J'I (CFMM) fit'lbU'W~e:JCJft~ 4 7.2 1€l'lft'l~1 i1bb uu-;,11ft€J'IVI1'1fi11~At'l~ 
~ ~ 

t:~n~e:J'Ibb~1~6'f~'\J1W (ICMM) A~btl'W~e:JCJft~ 41.7 bbft~i1bb'\J'\J-;J1fte:J'IVI1'11"111~At'l~t:ln~e:J'I (CMM) 
~ ~ ~ 
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'V'l't.rh hJih! m~ t!'U.y1ij ~~ 'U'U "il1r;HJ-:J'V11-:!fl11:W fi~.y1 () fl ~ B·m~hJ ?f:W'U 'HU (ICMM) n'U ~~ 'U 'U "ii'1~B-:J 
'U 'U 

fl11:w fi~v1hJ() n~ a-:~ (FMM) tr n ~~tl'U r;1'J'U 1 VI rui1 ~~ 'W11'l!:w 1 'U n1';iVi \9),J 'U 1 ~~ 'U 'U "ii' 1~ a-:~f111:wf\~ 1 tJ r;1 
'U v 'U 

~~'U'U"iJ1~B-:!'V11-:Ji'Vl tl1f"11Ml1 ~-:!Iii~ ~~'U 1Ji'lil1flU n ~~tJ'Wi1 ~~ 'U'U"ii'1~B-:J'V11-:Jfl11:WA~.y1() fl~B-:1 (CMM) 
'U 

~~:W~'U fi~~tJ'W~BtJ~~ 8.3 ~~~~ij~~'U'UiiJ1~B-:J'V11-:!fl11:WA~.y1()fl~B-:!~~1?11&J?t:w'U';itU (ICMM) ~~:W:W1fl~'U 
'U 'U 

"' ~I .., ( d ) fl~~ u'U';iBtl~~ 91.7 .flTV'l'Vl 4.44 

100 

........ 80 
H 
(!;; 
QiJ 
(Q) 

;;,~ ......., 60 
;;:! 
QiJ 

V!!: 

)~ 40 
;;:! 
C" 
;;:! 
c-.... 20 

0 

CMM ICMM CFMM FMM IMM NR 

ll1V'l'vf 4.44 b mfl'Ub Viflu~n~ru:m 'U'U~1lile:l.:J'VI1-:Jfl11:Wf.i~ b~e:l.:JflTnb U.:Jb6ij!il~bb 'U'U 1:w Le:l~~ 

';i::fl::b 'VI 1m 't'J~ 1 'tle:J.:Jum~m.ti'IJ31of!:wfin~1tl~ 4 rieJ'Wb'imJbblil::VI~.:Jb~m.! 
(N = 36) 

ICMM VI:W1tl~.:! bb'U'U"ii'1~e:J.:!'V11-:Jfl11:WA~~()fl~a.:~bb~1:W?t:w'U';itU 
'U 'U 

CFMM VI:W1t!~.:! bb'U'U"ii'1~eJ.:J'VI1-:Jfl11:WA~~?f:W'I.J';itUbb~1:W()n~a.:~ 

FMM 

IMM 

NR 

'U 'U 

VI:W1tJ~.:J bb'U'Uiil1~a.:~'V11-:Jfl11:WA~~1:W()n~a.:~ 
'U 

VI:W1tl~.:l bb 'U'Uiil1~ eJ.:I'V11-:Jfl'J1:WA~~1:Wb~eJ:W LtJ-:1 

VI:W1tl~.:l 1:W bb?f~.:Jbb 'U'Uiil1~eJ.:!Vl1-:lfl11:WA~ 
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4.2.5.6 1~fl~1'V'l1b'V'J?f II 

1) bbUU"'J1~B.:tVl1-:JI"1111Jfl~flel'Wb~f.J'l.! 
Q.J .c::i .::::;:,1 0 .::::llo I .::::1 I C:!i 0 

'Wflb1f.J'W1JbbUU"il1~B.:!Vl1.:!1"1111JI"l~nB'Ub1tJ'W 4 n~1.1 I"JB 1) bbUU"il1~B.:JVl1-:J 
' 

1"1111Jfl~~tlnl?i'B.:J "'J1'W1'W 1 l"l'W fl~bU'W~BtJ~~ 2.8 2) bbUU"'J1~B.:tVl1.:!1"1111Jfl~~tlnl?i'B.:Jbbl?i 
~ ~ 

hJ?t1JU1tJJ ~1'W1'W 8 l"l'W fl~bU'W~BtJ~~ 22.2 3) bbUU"'J1~B.:!Vl1.:!1"1111Jfl~~?f1.1U1rubbl?iL~tlnl?i'B.:J 
~ ~ ~ 

"111'W1'W 26 l"l'W fl~bU'W~BtJ~~ 72.2 bb~~ 4) bbUU"'l1~B.:JVl1.:!1"1111.1fl~~L~tin\?lm "111'W1'W 1 l"l'W f)~ 
~ 

1.1) n~1.1bbuu"'l1~B.:JVl1-:JI"1111.1fl~~tlnl?i'm "111'W1'W 1 l"l'W 11m~tJ'W11~m'V'l ' ~ 

bb~~B5U1tJ~m~ru~61'1~ru~bn~~'W1 'W1~tJ~ 1 'V'l1b'V'J?t IIL~t~nl?i'B.:~ 1~tJB5u1tJ11 "bU'W1~tJ~~11"1111l 1"1!1.1 
v ~ 

-iJ~ b"il'W b~B~1JtJ1 bl"l~ tJ?f?l6ntJ bb~~tJ11"1~1B~?Ib~1.16'16ntJ b"ll'W 1 Vl1 1"1l1Jb~1J bbtJ nBBn"il1 fitl'Wbb~~b~1.1iJn11 
?1~1.:tb61''W 1tJ?IU'Wb~~" (fl1'V'l~ 4.45n) 

1.2) n~1JbbUU"'l1~B.:tVl1.:!1"1111Jfl~~tinl?i'B.:tbbl?iL~?f1JU1tW '!1m~tJ'W 8 l"l'W iJ ' ~ ~ 

1"1111.lb ·ih h~t~nl?i'B.:~bMmnu~ n't-Jru~611~ru~ bn~~'W 1 'W1~tJ~ 1 'V'l1b 'V'J?t 1~f.l'l1n b~tJ'W~.:~ 8 l"l'W i1m11.1 
~ v 

boU11"il~t~nl?i'm1 w .. h~ b~'W~'i1 "1~tJ~ 1 'V'l1b'V'J?t 1111"11 11.1 1"1!1.1-il~b"il'W bb~~ b~1.li1m1?1~1tJ"tJB.:Jb~mJ!1.1 
~ ' 

tJ1bl"l~tJ?I" (il1'V'l~ 4.45"tJ) 11m~CJ'W 3 l"l'W i11"1111.1boU11"il~t~nl?i'eJ.:t1'W·th~b~'W~11 "1~CJ~1'V'l1b'V'J?I 11 
~ 

1~i1iJ11"1ffiB~?I" 1~CJ1~11~il1'V'ltJ11"1ffiB~?t1'WiJ1bl"l~tJ?f (il1'V'l~ 4.451"1) bb~~'l1m~f.l'W 4 l"l'W i1m11.1 

b.U11"il~t~nl?i'B.:~1 'W'th~ b~'W~'J1 "1~tJ~ 1 'V'l1b'V'J?I II b"ll'W 1 Vl1 1"1lm~1.lbbtJneJBn"il1nn'Wbb~~b~1.li1m1?1~1-:J 
~ 

1~B5u1tJ11 "1~t1~ 1 'V'l1b'V'J?I 11 b~1li1m1?16'11tJ"tJmiJ11"1ruB~?f, 

1.3) n~1.lbb'UU~1~eJ.:!Vl1.:!1"1111.1fl~~?f1.1U1rubbl?iL~tlmlm '!1m~CJ'W 26 l"l'W ' ~ ~ 

bb?I~.:JbbUU~1~B.:JVl1-:Jm11.1fl~Vlmb~b~'Wrl1~eJU bbl?iiJtb~b~'Wffi~t~nl?i'B.:~ 1~mbD.:JbU'Wn~1.1L~ 1 n~1.1 
q \1 'l , 

~B n~ll~11~il1~hJt~n~B.:J 11m~CJ'W~.:J 26 11~il1'V'lbb?l~.:t~n'l-Jru~61'1~ru1'W1~CJ~t'V'l1b'V'J?I II 
' ~ v 

1~t~nl?i'B.:~Vlnth~b~'WI"h~Bu b"li'W 11~il1'V'lbb?I~.:Jb~eJ~lliJ1bl"l~tJ?f (il1'V'l~ 4.45"il) 11~il1'V'l 
~ ' ' 

iJ11"1ffiB~?f (il1'V'l~ 4.45u) 1~11~il1'V'lb"ll'W1Vl11"1lmb~~b61''W1f.l?IU'Wb~~ (n1~~ 4.45"11) 11~il1'V'l 

11"111ll 1"1lll 1~t~nl?i'B.:~ t~m1~ 11"111ll 1"1lllbbtJn lt.J~.:~~l"tJB.:Jb"ll~~ (il1'V'l~ 4.45"1!) 
~ 

eJ5U1CJ~n'l-Jru~61'1~ru1 'W1~ tJ~ t 'V'l1b'V'J?I IIL~t~nl?i'B.:~Vlmh~b~'Wfl1~Bu 1~fl'l1 m~CJ'W11~b~B~ll 
QJ 'tl q , 

iJ1 bl"l~ t1?1 11"11 1ll 1"1lll 1 'W1tJ b61''W 1CJ 11"11ll1Vi'W 1~ bb?l~.:~iJ11"1illB~?f b"ll'W t Vl11"1lll b61''W 1fl?IU'Wb~~ bb~~11~ 
~ 

"'l1'W1'Wb"ll~~1VI~ 4 b"ll~~ (fl1~~ 4.14ru) bb~~eJ5U1f.l~n'l-Jru~1m11l1"1l1.1L~~nl?i'B.:~ 1~f.leJ5U1f.l11 

"i1m1?1~1.:1 b61''W 1fl?IU'Wb~'W~.:t68?1 b~ Bflm1.11Vi~BB n"il1 nn'W" 



• 
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fl1'Vi~ 4.45 n1"abb U.:Jb61!~%1 bb'UU 1:u le1.ij~ "a::m: 1 'Vi"ab'VJ~ 11 CtimJb~mJ) 

'VI:U1tlb'VI!Pl: (fl) 'VI:U1CJi5'1 bb'U'U~1G'IeNV11'1fn1:Ufi~Vitlfl~e:J'I . ~ 

( •1H) Vf:U1CJ 15'1 bb 'U'U~1G'I e:J'IV11'1fi'"J1:Ufi~~tlfl~e:J'I bb~1lJ?t:U'U 'jtJJ 
~ ~ 

2) bb uu~1G'I8'1V11'1rn1:ufi~vtrr'~ b~ m.~ 

i!m~m.~ilbb'U'U~1G'IB'IV11'1A11:wfi~vtrr'lb~m.~ 3 nci:u ~a 1) bb'U'U~1G'IB'IV11'1 • 
fi11:Ufi~~tlfl~8'1 lil'TUTU 8 fi'U fi~bU'U~e:JCJG'I~ 22.2 2) bb'U'U~1G'I8'1V11'1fi11:Ufi~~tlfl~8'1bb~ 

~ ~ 

1lJ?t:uu'jru ~1'U1'U 23 fi'U fi~btl'U~e:J(JG'I~ 63.9 bbG'I~ 3) bbuu~1G'Ie:J'IV11'1fl11:wfi~~?t:uu'jrubb~ 
~ ~ 

1lJt~n~a'~ ~1'U1'U s fi'U fi~btl'U~e:JCJG'I~ 13.9 
~ 

2.1) nci:ubb'U'Uiil'1G'IB'IV11'1fi11:Ufi~~tlfl~8'1 lil'1'U1'U 8 fi'U i!m~CJ'U11~m~ . ~ 

bbG'I~a5u1CJrrm~ru~?hfi'ru~bi1~~'U1 'U'j~CJ~ 1 ~'jb~?t 111~t~n~e:J'~ 1~CJa5u1CJl1 "1fl'j 1:u bS(J:UoU~b"il'U b~a 
"' ~ 



I 
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2.2) n~l.lbb'\J'tJ''ihr;'1€J~V11~fl11l.lf111l~t~n~€l~bb~1~?tl.l'U'HU 'l!m~cl'U 23 fl'W 
' 'IJ 'IJ 

iim1m.rr1h~t~n~€l~b~81nu~n't1ru~G'hri'ru~bnl1l~'W1'W~~m~1~~b'W?I 111111EJ'I!m~EJ'W~~ 23 fl'W ii 
'IJ v 

r111m.rr1h~t~n~€1~1'W'I.b~b~'W~11 "1m1l.lb"lll.l~l1lb'<il'W bbr;'1~b~mlfl.li11bfl~8?1b~l.l?lm8" (il1~~ 4.46 
'IJ ' 

"11) 'l!m~EJ'W 22 fl'W iifl11l.lb.rr1h~t~n~€1~1'W'tb~b~'W~11 "~~8~1~~b'W?I 11 i11flffi€l~?lb~l.l?lm8 b"ll'W 
'IJ 

1Vl~ b"lll.l b~l.lbb8n€l€ln'<\11nn'Wbbr;'1~b~l.liim~?t~1~b~'W1EJ?ttl'Wb~r;'1" (m~~ 4.46fl) 1 'W?i1'W~1~?~l.l'U~ru 
'IJ 

i11bfl~86'lbbr;'1~i11fl~1€J~?I" bbr;'1~'11m~8'W 21 fl'W 1~€15'U18l1 "~~8~1~~b'W?~ 11 b"ll'WbVl~b"lll.l b~l.lbWn 

€l€ln'<il1n n'Ubbr;'1~ b~l.liim~?~~1~b~'W 1EJ?~U'Wb~r;'1" 

2.3) n~l.l bb uu "i\'1(;1 €l~V11~fl1 1l.l f1111~?1l.l'U ~ru bb~1~t~ n~€1~ '11 m~CJ'W s fl'W 
' 'IJ 'IJ 

bb?l\11~ bb uu"i\'1[;1€J~V11~fl11l.lf1111Vlmh~b~'Wr1'119l€l'U bb~iiu~~b~'Wffi~t~n~€1~ 111lmb'l.i~ bD'Wn~l.l 1~ 1 n~l.l 
, 'U 'I , 

2.3.1) n~l.l~1111lil1~1~t~n~€l~ 'l!m~CJ'W 4 fl'W iifl11l.lb.rr1h 
' 'IJ 

1~t~n~€1~1 'Wtb~b~'W~11 "~~CJ~ 1 ~~b'W?I 11 b~l.liJm~?~mCJ"11€l~b~€l~l.li11 bfl~CJ?I" 1111CJ'I!m~CJ'W11111 
'IJ ' 

dl 0 ..:::It, oC:il tl 

'VIl.l1~b'VI~: (n) 'VIl.l1CJt~~ bb'\J'\J'<il1r;'1€l~V11~fl11l.lfli11Vl~n\9lm 

( "11-fl) 'VIl.l1 CJ ~~ bb '\J'\J "i\'1(;1 €l~V11~fl11l.lf111l~t~ n~m bb~1~?~l.l'U~ru 
'IJ 'IJ 

(~) 



• 
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3) b LJ1 tJ'U b VitJ'U bb 'U'U"iJ1f!B'IV11'lf1'11~fi111 na'U b'1tJ'U bbfi~VI~'l b'1tJ'U 

"il1n nTH LJ1 tJ'U b Vi tJ'U bb 'U'U"iJ1f! B'IV11'lf1'11~fi111 nB'Ub'1tJ'Ubbfi~VI~'l b'1tJ'Ub~B'l 

n1'Hb D'l bG!!fl~ bb 'U'U 1~ 1a61i61 "j~tJ~ 1 'l"l'H 'V'l61 II 'l"l'Ul1 riam1tJ'UU m1tJ'Wli'il'U1 Vlqjij bb uu"il1fiB'IV11'1 

f1'11~fi111~61~'U"jttJbb~1J.Jt1n!?i'a'! (CFMM) fi111bU'U~BtJfl~ 72.2 "j'EJ'lfl'l~1 ijbb'U'U"il1fiB'IV11'lf1'11~fi111~ 
" " 

t1n!?i'a'lbb~1JJ61~'U"jttJ (ICMM) fi111bU'U~BtJfl~ 22.2 bbfl~ijbb'U'U"il1f!B'IV11'lf1'11~fi111~t1n\?lm (CMM) 
" " " 
tl'U bb 'U'U"iJ1fl B'lf1'11~fi111~1J.Jt1 n\?la'l (FMM) bVhn'UAB~BtJfl~ 2.8 Vl~'l"il1n~111 fl"il n"j"j~n1"jb'1tJ'U~ 

" " 
'l"l'U,.h 1J.Jij1.Jm1tJ'U~ij bb'U'U"il1fiB'lf1'11~fi111~1J.Jt1n!?i'a'l (FMM) 11 m1tJ'W?il'U 1 vm]ij bb 'U'11 ,J~1 'l.Jn1"j 

" v 

V11'lf1'11~fi111~t1n!?i'a'! (CMM) b~~;'U fil1lbU'U~BtJfl~ 22.2 ijbb'U'U"il1fiB'IV11'lf1'11~fi111~t1n!?i'a'lbb~ 
" " 

1JJ61~'U"jttJ (ICMM) b~~~1n;'U fi111bU'U~BtJfl~ 63.9 'UBn"iJ1ndir'l'l"l'Ul1'Unb'1tJ'U~ijbb'U'U"il1fiB'IV11'1 
" 

m1~fi111~61~'U"jttJbb~1J.Jt1n!?i'a'l (CFMM) fl111fl'l fil1lbU'U~BtJfl~ 13.9 (m'l"l~ 4.47) 
" " 

Dria'IJb~tJ'IJ 
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» 80 
(!0 
;;::) 
(0) 

·~ 60 
;:! 
;;::) 

·~ ~§ 40 
;:! 
C" 
;:! 
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0 

CMM ICMM CFMM FMM IMM NR 

.fl1'W~ 4.4 7 b ma'Ub Viaml'n'\iW::bb 'U'Ulil1fi'EJ.:IV11.:1f111~f>i111 b~el.:Jn1"jbb U.:lb6l!~~bb 'U'U 1~ beJ~fl 

"j::a::b'W'H'V'lfl II '!lv.:~um~a'Ui'U~oa~An'ti1U~ 4 ria'Ub~V'Ubb~::vu;l'.:~b~V'U (N = 36) 

V1111ab'VI~: CMM V1~1tJ~'l bb'U'U"il1fiB'IV11'lf1'11~fi111Vit1n!?i'a'l . " 
ICMM V1~1tJ~'l bb'U'U"iJ1f!B'IV11'lf1'11~fi111~t1n!?i'a'lbb~1JJ61~'U"juJ 

" " 

IMM VlmtJ~'l bb'U'U"il1f!B'IV11'lf1'11~fi111~1J.Jb~B~1tJ'l 

NR VlmtJ~'l1J.Jm'f111'lbb'U'U"il1fi'El'IV11'lf111~fi111 



•• 

: 
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4.4.5.7 -:i:::tJ:::b:WI?I1b'V'I?I II 

1) bb uu-;J1r;'1eJ\I'Vl1\lm1:wfi~neJ'Ub~m.J 

ii'm~tJ'Ui:lbbtJu-;J1(;1eJ\I'Vl1\lm1:wfi~neJ'Ub~tJ'U 3 nci:w ~'El 1) bbuu-;J1(;1eJ\I'Vl1\l • 
r111:wfi~~t~n~eJ\Ibbl?ihJ?t:wu-:iru ~1'U1'U 13 fl'U fi~bU'U~eJtJ(;l::: 36.1 2) bb'U'U~1(;1eJ\I'Vl1\lm1:wfi~~ 

\J \J 

?t:wu-:irubbl?i1~t~n~eJ\I -;J1'U1'U 22 fl'U fi~bU'U~eJtJ(;l::: 61.1 bb(;l::: 3) bbuu-;J1(;1eJ\I'Vl1\lr111:wfi~~ 
\J \J 

1.1) nci:wbb uu-;J1r;'1eJ\I'Vl1\lfld1:WA~~fln~eJ\Ibbl?i1~?t:w'U-:iuJ ii'm~tJ'U 13 fl'U 
• \J \J 

i:lrJ11:Wbi1h~fln~eJ\Ib~tJ'dtl'U~n~ru:::611~ru~bn~~'U1'U-:i:::tJ:::b:WI?l1b'V'I?I 111~tJii'm~tJ'U.Jf\l 13 fl'U n 
\J ~ 

fl11:Wboff1h~fln~eJ\11 'Uth:::b~'U~'h "-:i:::tJ:::b:WI?I1b'V'I?t 111m 1:w 1"1l:w~U::::JJ1b~tJ\IeJtJL 'Ubb 'U'd~\lnm\lb"'J(;l~ 
\J \J 

bbr;'1:::1~i:lb~m~:w'W1bfl~tJ?f" (.n1'W~ 4.48n) ii'm~tJ'U 4 fl'U i1fl11:Wbi1h~t~n~eJ\11'Utb:::b~'U~'h 
• \J 

"-:i:::tJ:::b:wmb'V'I?t 111~i:l'W1r1meJ~?t" (.n1'W~ 4.48"11) bb(;l:::ii'm~tJ'U 7 fl'U i:lm1:wbi1h~ml~eJ\11'W 
\J 

'IJ -:i::: b~'U ~l1 "-:i::: tJ::: b:W m b v.J ?I II i:J b "'J'U 1 'Vl -:i 1 "'J:W'El ~ 1?1 -:i \loff1:w tl'U bbr;'1 :::i:J b~'U 1tJ ?ttl 'Ub~ r;'1:W1~'U'U ~ b 1 ru 
\J 

b"'J'U 1 'Vl-:ibi:ltJ1"1leJ\Ibbl?ir;'1::: 1m 1:w 1"1l:w" (.n1'W~ 4.48fl) 1 'U~1'U~1~?t:W'U-:iuJVl~m11'W~1~Hi'nci11~\l ~'El 
\J 

ii'm~tJ'U 8 fl'U 1~eJB'U1tJl1 "-:i:::tJ::: b:WI?l1b'V'I?t 111~iJ'W1r1~1eJ~?f" bb(;l:::ii'm~tJ'U 6 fl'U 1~eJB'U1tJl1 

"-:i::: tJ:::b:wm b 'V'I?t II i:l b"'J'U 1 'Vl-:i 1"1l:w'El~l?l-:i\loff1:wtl'U bbr;'1:::i:l b~'U 1tJ?ttl'Ub~r;'1 fj~~~ 1 bb Vl'U\1 b"'J'U 1 'Vl -:ibi:ltJ{"UeJ\1 
\J 

1.2) nci:Wbb'U'U-;J1r;'1eJ\I'Vl1\lfl11:WA~~?t:w'U-:iuJbbl?i1~fln~eJ\I ii'm~tJ'U 22 fl'U 
• \J \J 

bb?f~\lbb'U'U-;J1r;'1'El\I'Vl1\lfl11:WA~'Vln'IJ-:i:::b~'UA11?leJ'U bbl?ii'J'IJ -:i:::b~'U~1~t~n~eJ\I 1~ tJbbtJ\1 b U'Unci:w 1~ 1 nci:w , 'U , , 

~eJ nci:w~11~.n1'W1~t~n~'El\l ii'm~tJ'U.Jf\1 22 fl'U i:lm1:Wb'thh~1~t~n~eJ\Ib~tJ1tl'U~n~ru~611~ru1'U 
• 'U 'U v 

-:i~tJ::: b:WI?l1b 'V'I?t II 'Vl n'IJ-:i~ b~'UA11?1 'El'U b '1i'W if m~tJ'U11~.f11'W bb?t~\1 b~eJ~:w'W1 bfl~tJ?f bbr;'1:::-;J1'U1'Ub"'J(;l ~ • • 
1~fln~eJ\11~tJ11~bb?f~\I-;J1'U1'Ub"'J(;l~ 1 b"'J(;l~ ~\lum~tJ'Ufld-:i11~-;J1'U1'Ub"'Jr;'1~ 2 b"'J(;l~ (.n1'W~ 4.48\1) 

\J 

11~'W1r1mmr?tbb61~bb61~ hh1~b"'J'U 1 'Vl-:i 1"1J:w (.n1'W~ 4.48~U) 11~.n1'W-;J1'U'd'U 1m1:w 1"1J:w 1~t~n~-eN1~tJ 
\J 

11~b~'U1tJ 1fl-:i:JJ1Vi'U (.n1'W~ 4.48u) bbr;'1:::11~ 1fl-:i1:w1"1J:WbbtJn 1 'IJEJ\Ibbl?ir;'1:::~1"1leJ\Ib"'Jr;'1~ (m'W~ 4.48'11) 

1.3) ncimb uu-;J1r;'1eJ\I'Vl1\lfl11:WA~~1~fln~eJ\I ii'm~tJ'U 1 fl'U bb?f~\1 
• \J 

bb uu-;J161eJ\I'Vl1\lm1:wfi~ 1~fl-:i'U'Vln'IJ-:i~ b~'UA11?1 eJ'U ~\li:l'IJ-:i~b~'U~1lit~n~eJ\Ibbr;'1~ 1~1~nci11~\l ~\I 
• \J 

~ d 
b"'J(;l(;j" (m'W'Vl 4.48"1J) 



•• 

• 

I 

• . 

fi1VI~ 4.48 nTmti-:~b6ll~~bb'U'Ub11LtJ~~ -a::a::b:!Jmb~~ 11 (nvub'iau) 

Vl111abVI~: (fHl) VllJ1tJ5..:J bb'U'U"i11"€l'I'V11'1fl1111fl~~tln~B'Ibb~1:W~11'U'HU . " " 
( '1-"IJ) vtma5..:~ bb'U'U"i11mJ..:J'V11'1fl1111fl~~~11U'HUbb~1:Wml~m 

" " 

113 

2) bb'U'U..iJ1mN'V11..:Jfl1111fl~vt~..:~b~mJ 

't!m~m.Jihb'U'U..iJ1mJ..:~'V11..:Jm111fl~vt~..:~b~tJ'I.J 2 n~11 ~tl 1) bb'U'U"i11"tl'~'V11..:J • 
fl1111fl~~tlfl~€l'lbb~1:lJ~11'U1tlJ "iJTUTW 33 fi'W fl~b-lJ'U~BtJm: 91.7 bbm: 2) bb'U'U"iJ1"€l'I'V11'1fl1111fl~ 

" " 
~~11'U1rubb\?ibitln~B'I "i11'W1'W 3 fi'W f1~b-lJ'W~BtJ"~ 8.3 

" " 
2.1) n~11bb'U'U"i11"e:J..:J'V11..:Jm111fl~~tln~tJ..:Jbb~1:W~11'U1ru 't!m~tJ'W~..:J 33 fi'W . " " 

11~fi1'V-l bM tJ 1 n'U~ fl'I~J-ru:::G11 ~ ru~ bn ~~'W 1 'W 1::: tJ ~ b11 ~1 b ~~ 1~ t1 n ~m'Vl mh::: b~'W f11 ~ tJ'U 1~ tl11~fi1'V-l 
"' " . 

-ii'111n'W bb":::~b61''W1tJ~u'Ub&1"111~'U'U~b1rub6!l'W 1 'V11b~tJ1"1ltJ..:Jbb~"::: 1fl111116!111 (m'V-l~ 4.49n) 1 'W~1'W~ 

1:W~11'U1ruVI~tl~1'W~1:W1~n~115..:J ~tl 't!m~tJ'W~..:J 33 fi'W 1:WtJ5'U1tJl1 "1:::tJ:::b11~1b~~ 111:W~ 
" 



.. 

; 

• . 
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2.2) mijjbb'U'U"'iJ1(;1e.J-:J'VI1-:~fl11jjfi(?l~?fjj'U1rubb~1:Wt1n~e.J-:~ 'l!m~tJ'U 3 fi'U ' ~ ~ 

bb?f(?l,:j bb'U'U"'il161e.J'I'VI1'1fld1j.]fl(?I'VIfl'lh~ b~'UI-h\?le.J'U bb~ih.b~ b~'Uffi:Wflfl~e.J-:1 1{11tJbb tJ-:~dJ'Ufl~j.J 1~ 2 fl~j.J 
q 'tl , , 

11{11Jl1'V'Ibb?f(?I-:Jb~m~jj'U""Jbfl~tJ?f (.n1'V'I~ 4.49"1J) bb61~'1!m~tJ'U~fl 1 fi'U 11(11Jl1'V'I~n~ru~1m1jj16(!jj 
' 

1:Wt1n!'lm 1(11tJ11(11Jl1'V'I1fl1 1jj 16(!jj hie.JtJb'Ubb'U1nm-:~b6(!61~ (m'V'I~ 4.49fl) 
~ ~ 

2.2.2) fl~jje.JB'U1tJ 1:Wt1nl'i'e.J-:~ 'l!m~tJ'U 1 fi'U BB'U1tJ~n~ru~ 1fl1 1jj 16(jjj ' ~ 

1:Wt1n!'i'e.J-:~ 1(11tJe.JB'U1W;h "~?fbl?le.JTimjj1VJ(?Ib~tJ'Ie.J~~-:~nm-:Jb6(!1;1~" 
~ ~ 

Jl1'V'l~ 4.49 n1'HbU-:Ibtij~~bb'U'U1j.J1e.J~~ 1::t~=:bjj~1b'V"J~ II (VI~-:ib~ti'U) 

Vfjj1tlb VI~: (fl) Vfjj1tJ~'I bb 'U'U"'il161e.J'I'V11'1fl11jjfl(?l~t"lfl~e.J'I bb~1:!J?fjj'U1uJ ' ~ ~ 

( "(J-fl) Vljjl tJ ~'I bb 'U'U "'il1(;1 e.J-:I'V11-:Ifl11j.Jfl(?l~?fjj'U'juJbb~1:Wt1 fl~ e.J-:1 
~ ~ 

3) b 'IJ~tJ'U b Vi tJ'U bb 'U'U"'il1(;1 e.J'I'VI1-:Jfl11jjfl(?l tle.J'Ub~tJ'Ubb61~Vl~'l b~tJ'U 

"il1 n n1 1 b 'IJ~ tJ'U b Vi tJ 'U bb 'U'U "'i1161 e.J -:J'Vl1-:J m 1j.Jfl(?l ri eJ'U b~ tJ 'U bb61 ~VI~-:~ b~ tJ'U b~ e.J-:~ 

fl11bb tJ-:~ b6(!61~ bb 'U'U 1jj 1B~?f 1~ tJ~ bj.J\?11 b 'VJ?f II 'V'I'Ul1 tle.J'U b~tJ'UU m~tJ'U~l'U 1 VlqJiJ bb 'U'U"'il161 eJ-:J'VI1-:J 

fi'J1jjfl(?l~?fjj'U1rubb~1:Wt1n~e.J'I (CFMM) fl~1b'U'U~BtJ61~ 61.1 1e.J-:J61-:Jjj1 i'ibb'U'U"'il1(;1e.J-:J'V11-:Jfl11jjfl(?l~ 
'U ~ 

t"lfl~e.J'Ibb~1:!J?fjj'U1uJ (ICMM) fl~btl'U~e.JtJ61~ 36.1 bb61~iibb'U'U"'il161e.J'Ifl11jjfl(?I~1:Wt"lfl~e.J'I (FMM) fl(?l 
~ ~ ~ 

b tl'U~e.J tJ(;j ~ 2.8 Vl~-:J"il1 n~ ~ n"il fl11j.lfl11 b~tJ'U~'V'I'Ul1 1:Wii'l! m~ tJ'U~il bb 'U'U "'il161 e.J-:Jfi""J1j.lfl~ffi:Wt"l nl'i' e.J-:1 
~ ~ 

(FMM) um~tJ'U~"d'U 1 Vlruiibb 'U"d 1 -ujj 1 'Ufl11~~'U1 bb'U'U"'il161e.J'Ifl11jjfl~ 1 u~bb 'U'U"'il1(;1e.J-:J'VI1-:~1'Vlmm?fl?l{ 
~ ~ 

~-:i"il:!b ~'U 1~ "il1fl1! flb~tJ'UiJ bb 'U'U"'il161 e.J-:I'VI1'1fl11jj fl(?l~fl fl~ e.J-:1 bb~1:!J?fjj'U1uJ (ICMM) b ~jj~'U fl(?l b tl'U 
~ ~ 

~e.JtJ61~ 91.7 bb(;l~iJbb 'U'U"'il11;1e.J-:J'VI1'1fl11jjfl(?l~?fjj'U1rubbl?l1:!Jt"lfl~e.J-:J ( CFMM) 61~61-:1 fl~b tl'U~e.JtJ(;l~ 8.3 
~ ~ 

... 
(m'V'I'Vl 4.50) 
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CMM ICMM CFMM FMM IMM NR 

.fl1'Vi~ 4.50 b mfl'Ub Viau~n~ru::bb 'U'U~1~e:I.:I'VI1.:1fi113JR~ b~e:l.:ln1'Hb U.:lb6lf~~bb'U'U13J bel~~ 

':i::a::b3J\Pl1b'V'J~ II "!!v.:~U'm'iau·t1\,~~5f.I3JAn~1tl~ 4 rivcub'iacubb~::'VI~.:~b'iau 
(N = 36) 

IMM Vl&.nf.J~'I bb'U'U'ihG'lB'IV11'1fl11l.Jfl~~1lJb~f)l.J Lf.l'l 

NR Vll.J1f.l~'l 1lJbb61~'1bb'U'U-;ij1G'lB'IV11'1fl11l.lfl~ 

4.2.5.8 1~f.l~bbfl'U1b~61 II 
0 ...:::t. I q 

1) bb'U'U'il1G'lfl'IV11'1fl11l.Jfl~flf)'Ub 'jf.I'U 

115 

'l!m~f.I'Ui1bb'U'U-;ij'1G'JB..:JV11..:Jfl11l.lfl~riB'Wb~f.I'U 2 mil.l fiB 1) bb'UtJ-;ij'1G'le:J..:JV11'1 
' 

m1l.lf1~~tifl~B..:Jbb~1lJ61l.ltJ1ru "il1u1u 9 fi'W f1~btJ'W~vf.l~~ 25 bbG'l~ 2) bbuu"il1G'lB..:JV11'1fl11l.lf1~~ 
'U 'U 

1.1) n~l.Jbbuu"il1G'lB'IV11'1fl11l.Jf1~~tln~mbb~1lJ61l.J'U1ru 'l!m~f.lu 9 r~'U i1 
' 'U 'U 

m1l.Jb-rr11'il~tln~B..:~bMf.l1nu~n't1ru~6111"i'ru~bn~~u1 'U1~f.l~bbfl'U1b~61 11 t~f.l-um~f.luvr..:~ 9 r~'W i1r~11l.J 
'U " 

b.rr1 L'iJ~tlfl~B'Ib w.h~b~u~·;h "1~f.l~ bbfl'U1 b~61 II ~61 b\P!BiLfl1l.JTVi~tifl~'lbbf.lflBBfl'il1flfl'WhJ~~1 
'U 'U 

b"llG'J{;l1~m~'W1f.I61U'Wb~G'l bb{;l~1lJi1b~m~l.lil1bfl~f.l61" (.flTV~~ 4.51n) 'l!m~f.I'W 4 fi'U i1r~11l.Jb•ihh~ 
' 
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~n~a-!11tJtl~~b~'U~11 "~~~~bbeJ'U1bl'J61 11 hJii'i11r1~1mrG1" (fl1~~ 4.51"1!) irm~~'U 5 fl'U iir111lJ 

bi11"il~fln~a-!!1 'U'lh~b~'U~l1 "b'll'U 1 Vl~ b'1llJeJ~\>l~-!!i1Wl'U bb~~iib~'U 1~61U'Ub~~~-!1~61b\>leJTif1~lJ1Vl\9l 
" " 

4 fl'U 1:Wa5u1~11 "~~~~bbeJ'U1bl'J61 111:Wiib~e:rV!lJ'i11bf1~~61 iib'1l'UbVl~1'1llJeJ~\>l~-!!i1lJn'U bb~~iib~'U 
' " 

1~~U'Ub~~~-!1~61b\>leJTif1~lJ1Vl\9lbb~n 1 tl fJ-!Ibbl'i~~.rr1"/JeJ-!Ib'1!~~" 
1.2) milJbb'U'U~1~eJ-!IVl1-!11"111lJA\9l~~lJu~rubbl'i1:Wfln~a-!l irm~~'U 27 fl'U 

' " " 
bb61\9l-!l bb uu~1~ eJ-!!Vl1-!lf111lJA\9lf1~'UVl mb~ b~'U r\'1\>1 au bbl'iiitl ~~ b~'U~1:Wfl n~a-!1 b\9l ~ bb D-!1 b U'UncilJ 1~ 

' " ' 

1.2.1) ncilJ~11\9lil1~1:Wt1n~a-!l irm~CJ'U 21 fl'U 11\9lil1~bb~\9l-!l 
' " 

~n~ru~~1Af1'1'U~~CJ~bbeJ'U1bl'J61 111:Wt1n~a-!!Vlntl~~b~'Ufl1\>leJ'U b"li'U 11\9lb~aVflJ'i11bf1~~61 (il1~~ 0~ 'U , 't 

4.51-!!) 11\9l'i11f1~1a~61bb~~11\9lbb61\9l-!1~1'U1'Ub'1!~~1:Wt1n~a-!l b\9lCJ11\9l~1'U1'Ub'1!~~ 4 b'll~~ ~-!!irm~~'U 
" 

f11~11\9l 2 b'll~~ (m~~ 4.51 "il) 1:W11\9lb'1l'U 1 Vl~ b'1llJB~\>l~-!!i1lJfl'Ubb~~iib~'U1~61U'Ub~~~-!l~~b\>leJTif1~ 
" 

lJ1Vl\9l bbCJn 1 tlfJ-!1 bbl'i~~.rr1"1JeJ-!Ib'1!~~ (il1~~ 4.51 u) bb~~11\9lil1~~61b\>laftmmV1\9l 1:Wt1n~a-!l (il1~~ 
" 

4.51"11) 11\9lbf1~blJb'1llJ1'U~tlb~'U1~1mlJ1Vl'U (m~~ 4.51'1!) 
" 

1.2.2) ncilJa6u1~1:W11n~a-!! irm~~'U 1 fl'U irm~CJ'Ua5u1CJ~n~ru~ 
' " 

lr1~ blJ b'1llJ1:Wt1n~a-!l b\9lCJeJ5'U1CJl1 "lr1~ blJ b'lllJb~~-!11 'Ubb'U1nm-!lb'1!~~" 
" 



. . 

.fl1'V'l~ 4.51 m-abb U.:Jb6l!~%imJu1~ 1t~~%1 -a::a::bbt1'1..!1b 'VJ%1 II Cfit~'Wb'it!'W) 

Vl~1tlbVI~: (n-fl) Vl~1tJfi.:.~ bb'Utr'ih~m'Vl1.:.Jf111~fl~~tln~e:J.:.Jbb~hj~~u'm1 
• u u 
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2) bb'U'U~1~ti.:.J'Vl1.:.Jfl11~fl~'VI~.:.Jb~tJ't.l 

irm~m.Jiibb'U'U~1~e:J.:.J'Vl1.:.Jfl11~fl~'VI~.:.Jb~tl'I.J 2 nci~ ~e:J 1) bb'U'U~1~B\I'Vl1\l 
q 

fl11~fl~~t~n~e:J.:.!bb~hj~~'U'HU ~1t.~Tu 29 fi'U fl~bU'U~e:JtJ~::: 80.6 bb~::: 2) bb'IJ'U~1~e:J\I'Vl1\lfl11~fl~ 
u u 

~~~'U1tUbb~1~t~n~e:J\I ~1'U1'U 7 fi'U fl~bU'U~e:JtJ~::: 19.4 
u u 

2.1) nci~bb'U'U~1~e:J.:.J'Vl1\lfl11~fl~~t~n~e:J\Ibb~1~~~u1ru irm~tJ'U 29 fi'U 
q u u 

iifl11~b •ih 1"iJ~tln~e:J\Ib~tJ1 nu~m~H1.!:::~1~ill~bn~~'U1 'U1:::tJ:::bbe:J'U1b'V'J~ II 'Vlnth:::b~'Ufll\91-e:J'U t~tJ u v q 

irm~tJ'U11~.n1~~~b\91e:JTifl1mV1~ bbtJne:Je:Jmnnn'U 1 tJ~.:.~bb~~:::~1"1le:J\Ib61!~~'1~tJ b61'U 1t~~tl'Ub~~ 1~iib~e:J 

Vf~ti1bfl~tJ~bb~:::ti1flffit~~~ bb~:::b61l'U1'Vl1161!~e:J~\911\I"ih~n'U (.n1~~ 4.52n) 1'W~1'U~1~~~u1ru'VI~e:J 
q u u 



. 
• 
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2.2) mimbutr'ihmJ-:JV11-:Jf111llfl~vi?tllU1rubb~1jJt~n~e:~-:~ 'l!m1v'W 7 fi'U ' ~ ~ 

bb?t~-:~ bb uu~1G'lB-:JV11-:Jfn1llfl~Vlnu1::: b~'Ur1'11?1Bu bb~liu1:::b~'UvftjJt~n~e:~-:~ 1~mb u-:~btl'Uncill 1~ 2 ncil.l , \J , , 

~1r1'ru~bn~~'U1'U1:::v:::bbB'U1b'W?t 11ljJt~n~e:~-:~ 1~v'l!m1v'W 1 fi'U 11~b~B~llU1bfl~tJ?f (.n1'V'I~ 4.52 
" ~ ' 

'll) '\!m1ti'U 5 fi'U 11~ bfl1 bll b"llll1jJ~fl~B-:! b~tld1~ 1 'U~U bbUU~1-:! 1 b'li'U 11~ bfl1 bl.l b"llll b1ti-:JB~1 'U 

bb'U1f1G'll-:Jb"IJG'l~ (.f11'V'I~ 4.52fl) 11~'o\l1'Ud'Ubfl1lJTVJ~1jJtlfl~B-:J (.f11'V'I~ 4.52-:J) 
~ 

2.2.2)ncil.lBTIU1tJ1jJt~n~e:~-:~ 'l!nb1tJ'U 1 fi'U 'l!m1v'UBTIU1tl 
' ~ 

bfl1bll b"llll 1jJtlfl~B-:! b~t1BTIU1tll1 "bfl1 bl.l b"llllb1tJ-:~1 'Ubb'U1flG'll-:!b"llG'l~" 
~ 

flTV~~ 4.52 n11bb U~b6i1~6lbb 'U'U 1~ LB~'6'1 1::tJ::bbB'U1bW'6'1 II ('VI~~b'itJ'U) 

'VI~1tlb'VI~: (fl) Vl~1tlfi-:J bbUU"'iJ1G'lB-:IV11-:Jf111~fl~~tlfl~e:l'lbb~1jJ?flJU1uJ . ~ ~ 

3) b u1 tJU b Vl tiU bb UU'o\l1G'lB-:!V11-:Ifn1llfl~ rle:l'U b1tJ'UbbG'l :::Vl~-:1 b1 ti'U 

1\11 n f111b t.J1vu b Vi vu bb uu"il1G'l B-:JV11-:Jf111llf1~nB'Ub1tJ'UbbG'l:::vt~-:~ b1tJ'Ub~B.:t 

n11bb u.:tb"llG'l~ bb uu1ll 1e:~611?t 1::: v::: bbB'U1b'W?f 11 'V'1Ul1 riB'Ub1tJ'Uum1v'U~1'U1 vtt1]ii bb uu"il1G'lB.:tV11-:t 

f111llfl~~?flJU1uJbb~1jJtlfl~B.:t (CFMM) fl~btl'U~BtJG'l::: 75.0 1B.:!G'l.:tll1 libbUU'o\l1G'lB.:IV11-:tfl11llfl~~ 
~ ~ 



. 
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bintila.:~bb~1~?ll.I'U"HU (ICMM) fil'lbU'U~m.J~~ 25.0 'Vl~.:!"il1n~l'lfhm11l.ln1'H1tJ'W~'V'l'Ul1 irm1vt~?i1'U 
'U 'U 'U 

1 'Vlruihb 'U1 1 ulJ 1 'U m1~w.J'U1 bb 'U'U1il1~ a.:~m1l.lfil'l1 'lJ?i bb 'U'U 1i11~a.:~VJ1.:~1VJ ml"11?1(?11 ~.:~"il~ b i1t~ Hi'"il1n 
~ 'U 

irm1tJ'Wiibb'U'U1i11~e:J.:!Vl1-:!i'l11l.lfil'l~blntila.:~bb~1~?1lJU1ru (ICMM) b~l.l:ff'U fil'lbU'U~e:JtJ~~ 80.6 bb~~ij 
'U 'U 

bb'U'U1i11~e:J.:!Vl1-:!i'l11l.lfil'l~?ilJU1rubb(?l1~bintila.:~ (CFMM) ~1'1~.:~ fil'lbU'U~e:JtJ~~ 19.4 (Jl1'V'l~ 4.53) 
'U 'U 

100 

'i3 80 
(10 
;;:) 
(0) 

:.~ 60 
;t 
;;:) 

1!!: 
~§ 40 
;t 
("' 
;t 
("' 

•r.o 20 

0 

CMM ICMM CFMM FMM IMM NR 

.nTw~ 4.53 bmv'U b Viv'U~m~tw::bb 'U'U~1~v.:JV11-:if111:1Jfi~ b~v.:Jn11bb ti.:~b'll~~bb 'U'Ul:IJ 1e:~~a .. . 
j::mmv'U1b'Wli'l 11 "llv.:~"t1m~v'W"Ii''W~ov:IJAm~nuVi 4 riv'Ub~V'Ubb~::'YI~.:Jb~mJ 

(N = 36) 

IMM VllJ1tJi'i.:~ bb'U'U"i\'1~e:J.:JV11-:!i'l11:1Jfil'l~1~b~e:JlJbtJ.:J 

NR VllJ1tJi'i.:~ 1~bb?il'l.:!bb'U'U"il1~e:J.:JV11-:!i'l11l.lfil'l 

0 ~ I q 

1) bb 'U'U"il1~e:J.:JV11-:Ji'l11l.li'll'lne:J'Ub 1tJ'U 

iJm1tJ'Wiibb'UU"iJ1~e:J.:JV11-:Ii'ld1lJfil'lne:J'Ub1tJ'U 3 n~lJ ~e:l 1) bb'U'U"iJ1~e:l.:JV11.:1 
' 

i'l 1 1l.l fi 1'1 ~ bl n til e:J-:1 "i\'1 '1..1 TU 2 i'l 'U fi 1'1 b tJ 'U ~ e:J tJ ~ ~ 5. 6 2) bb 'U 'U "i\'1 ~ e:J-:1 VJ1-:J i'l 1 1l.l f\ 1'1 ~ bl n til e:J-:1 bb ~ 
'U 'U 



.. 

. . 
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hJii'l:u'U 'HU :il'1'U 1'U 15 fl'U fi~ b U'U ~e:J CJ !;'l ~ 41.7 bb!;'l~ 3) bb 'U'U :il'1!;'l e:J'IVJ1'1 m 1:w fi~~ ii'I:W'U 'HU bbl'i 
~ ~ 

1~~nl'i't~'~ :il'1'U1'U 19 fl'U fi~btl'U~t~CJ!;'l~ 52.8 
~ 

1.1) n~:Wbb'U'U:il'1!;'le:J'IVJ1'1fl11:WA~Vi~nl'i't~'l 'l!m~CJ'U 2 fl'U 11~.fl1'1"jbb!;'l~ ' ~ 

t~5'U1CJ~n'l'Jru~611~ru~bn~~'U1'U'j~CJ~bVJ1!;'lbYl6'1 111~~nl'i't~'~ 1~CJt~5'U1CJ11 "'j~CJ~bVJ1mYl6'1 11 
v ~ 

ijfl11:wboU'1h~~nl'i't~'~ b~CJ1n'U~ n'l'Jru~?l1~ru~ bn~~'U 1 'U'j~CJ~bVJ1!;'l bvlii'l 11 1~CJ'I! m~m.J~'~ 15 fl'U ij 
~ v 

fl11:WboU1 h~~nl'i't~'l1 w •. b~b~'U~11 "'j~CJ~bVJ1!;'lbYl6'1 111fl'j 1:w 1"1l:wbn~fl1'jflmCJI'i'1nmmtJ'U 1fl'j:U1 
~ 

Vi'U b~:w6'1~1'1b~t~~:wti1bfl~CJ6'1~'U:w11 Vl~ bb!;'l~ 1~b"/l!;'l!;'l1 Vl~ 4 b"l!!;'l~" (.fl1'1"j~ 4.54"11) 'l!m~CJ'U 1 f1'U ij 
' 

f111:WboU11~~~nl'i'm1 w .. h~b~'U~11 "'j~CJ~bVJ1mYl6'1 11 b~:W6'1~1'1ti1f1~1t~~ii'I~'U:w11 Vl~" 1~CJ'I!m~CJ'U 
~ 

11~.fl1'1"jbbii'l~'lti1f1~1t~~6'1 (.fl1'1"j~ 4.541"1) 'l!m~CJ'U 4 fl'U ijfl11:WboU11~~~nl'i't~'l1w .. h~b~'U~11 
~ 

"'j~CJ~bVJ1!;'lbYl6'1 II ijb"ll'U1VJ'j1"/l:u 1 "II~ l'im"l!!;'l~" (.fl1'1"j~ 4.54'1) 1'U~1'U~1~6'1:U'U'juJVl~e:J~1'U~1~1~ 
' ~ 

n~11~'1 ~e:J 'l!m~CJ'U 2 fl'U 1~t~5'U1CJ11 "'j~CJ~bVJ1mYl6'1 11 b~:w6'1~1'1ti1fl~1t~~ii'I~'U:w11Vl~" bb!;'l~ 
'l!m~CJ'U 8 f1'U 1~t~5'U1CJ11 "'j~CJ~bVJ1mYlii'l 11 ijb"ll'U1 VJ'j 1"1l:w 1 "11~ l'im"ll~~" 

' 
1.3) fl~:W bb U'U:il'1~e:J'IVI1'1fl11:WA~~ii'I:U'U'juJbbl'i1~~fll'i' e:J'I 'I! flb~CJ'U 19 fl'U ' ~ ~ 

bbii'l~'lbb 'U'U:il'1~e:J'IVI1'1fl11:wfi~VJmb~b~'U~"hl?lt~'U bbl'iij'lh~b~'Um~~nl'i't~'~ 1~mbi.J'~ b u'Un~:w 1~ 2 n~:w 
, 'U q , 

1.3.1) n~:w~11~.fl1'1"j 1~~nl'i't~'l 'l!m~CJ'U~'~ 19 fl'U 11~.fl1'1"j~fl'l'Jru~ ' ~ 

611~ru1'U'j~CJ~bVJ1mYl6'1 111~~nl'i't~'IVJfl'lh~b~'UA1\?le:J'U ~e:J ~fl'l'Jru~1m1:w1"1l:w b~e:J~:wti1bf1~CJ6'1 
Ql 'U 'I , 

ti1f1illt~~6'1 b"ll'U 1 VJ'j 1"1l:w1~~nl'i't~'l bb~~~1'U1'Ub"ll~~1~~nl'i't~'l 1~m1~~1'U1'U 2 b"ll~~ ~'l'l!m~CJ'Uf1'J'j 
~ ~ 

o G d 
11~~1'\.J'J'U 4 b"ll~~ (.fl1'1"jVJ 4.54~) 

1.3.2) n~:wt~5'U1CJ 1~rlfll'i't~'l 'l!m~CJ'U 1 f1'U t~5'U1CJ~fl'l'Jru~ 1fl'j 1:w 1"1l:w ' ~ 



" , 

'VIli1Vb'VIIPI: (n) • 
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2) bb tJtJ'<il1~HJ\JVI1\lfll1jjfl~'VI~\l b~tJ'W 

Unb~tJ'W~bbtJtJ'<il1~HNVI1\lfll1jjfl~'VI~\lb~tJ'W 3 n~j_j ~'El 1) bbtJtJ'<il161'El\JV11\l • 
fll1j_Jfl ~~tl n ~ 'El-:J '<il1u l'W 4 fl'W fi ~ b uu ~'El tJ 6'1 ~ 11.1 2) bb uu ..S16'1 'El-:JVJ 1-:Jfll1jJ fi~~ r~ n ~ 'El-:J bbl'i 

~ ~ 

hir:~j_JtJ';jru '<il1'Wl'W 26 fl'W fi~bU'W~'EltJ6'1~ 72.2 bb6'1~ 3) bbtJtJ'<il161'El\JVI1\lfll1j_Jfl~~r:~j_JtJ';jrubbl'i 
~ ~ 

2.1) n~jJbbtJtJ'<il16'l'El-:JVJ1-:Jfll1jJfl~Vir~n~'El-:J '!!m~tJ'W 4 fl'W l1~.fl1V'Ibb6'1~ ' ~ 

'ElBtJ1tJ~n~ru~?hri'ru~btl~~'W1tJ';j~tJ~bVJ1mvJr:~ 111~r~n~'El-:J 1~tJ'ElBtJ1tJ'Jl "';i~tJ~bVJb6'1bi"Jr:l 11 
v ~ 

2.2) n~jjbbtJtJ'<il161'EJ\JVI1\lfll1jjfl~~tln~'EJ\lbbl'i1lJ?lj_jtJ';iru Unb~tJ'W 26 fl'W ' ~ ~ 

~fl'J1jj b-t'11\J~tin ~ 'El\1 b~ tJl ntJ ~ n~ru~~1rl ru~ btl ~~'WhJ';i~tJ~ bVI 1mvJ?l II VJmh~ b~'Wfl11Pl'EltJ 
~ v ' 

1~ tJU n b~ tJ'Wl1 ~.fl1V'I bbr:l ~ -:J 1fl ';j bj_J blliJjJ btl~ n1';i fl6'11 tJ 1?11 n 6'11 tJ b u 'W bfl ';ij_J 1Vlu b~ 'EJ~jJtJl bfl~ tJ?l bb6'1 ~ 
' 

tJlfl~1'El~r:lb~jJbtl~m';ir:l~1-:J1VllJ ~blliJ'WbVJ';iblliJjJ 1 "If~ l'im"ll6'1~ bb6'1~1~blliJ6'16'11VllJ 4 blliJ6'1~ (mV'I~ 4.55"/J) 
' 

1u~lu~1lJr:~j_jtJ';iruVl~'El~l'W~1lJ1~n~1l~-:J ~'El '!!m~tJ'W 1 fl'W 1lJ'ElfitJ1tJ11 "';i~tJ~bVJb6'1bi"Jr:l 11 b~jJ 
~ 
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2.3) n~:Wbb'U'U'oill~e:J\lVIl\lfl'"Jl:WA~~?f:W'U'HUbbl'ihJt1n~e:J\l 'l!m~m.J 6 fl'U ' ~ ~ 

bb?f~\lbb'U'U'oill~B\lVIl\lfl'n:wf1~VIn'lJ1~b~'Urh(9Je:J'U bbl'ii1tJ1~b~'U~hJt1n~B-:J1~mbu\lbU'Un~:w1~ 2 n~:w 
'I 'V 'I 'I 

2.3.1) n~:w~,n~.nl~ hit1n~e:J\l 'l!m~tJ'U~\l 5 fl'U 'Jl~.fll~ ~n~ru~ ' ~ 

Lfl11:w1"1l:whJt1n~B-:J1~ml~1m1:w16!l:w~i1 2Lfl1:wlVi~ 6it-:J'I!m~tJ'Um11l~ 11m1:w16!l:w i1 11m:wlVi~ 
~ 

d 
(.fll~VI 4.55fl) 

2.3.2) n~:We:JB'UltJ hJt1n~e:J\l 'l!m~tJ'U 1 fl'U e:JB'UltJ~n~ru~ 1m 1:w L6!J:W ' ~ 

hJt1n~B\l 1~tJa5LJltJll "1eJ1:w 1~n?tLfl11:w L6!l:WbbtJn1 'l.Jbbl?i~~il-:J'1lv\lb6!l~~" 
~ 

.n1~~ 4.55 fl11bbU{Ib~~~bb'U'U1111B~6'1 ~::m:bVIL~b'W6'1 II ('VI~{Ib~El'IJ) 

'VI111llb'VI(Pl: (n) 'VI:WltJ(l\l bb'U'U'oill~B\lVIl\lfl'Jl:WA~~tln~a\l . ~ 

( '1J) 'VI:WltJ (')..:~ bb 'U'U 'oill~ B..:!VIl..:Jfl'Jl:Wfl~~tlfl~ B..:J bbl?ihJ?t:W'U1tU 
~ ~ 

( fl) 'VI11l tJ (')..:~ bb 'U'U'oill~ B..:!VIl..:J fl'Jl:Wfl~~?I:W'U1tUbbl?ihJt1 fl~ B..:! 
~ ~ 

3) b tJ~ tJ'U b VitJ'U bb 'U'U 'oill~ B..:JVIl..:Jfl'Jl:Wfl~tlel'U b~tJ'Ubb(l ~'VI~..:! b~tJ'U 

"illfl fll1b tJ~ tJ'U b Vi tJ'U bb 'U'U'oill~ B..:!VIl..:Jfl'Jl:Wfl~ tlel'Ub~tJ'Ubb~~'VI~..:J b~tJ'Ub~B..:J 

m1 bb u..:~ b"l!~~ bb 'U'U 1:w 1a"11?1 1~ tJ ~ b VIL!;'l b '\Al ?I 11 ~'Ull na'U b~tJ'U'I! m~ tJ'U ~'J'U 1 VI qjij bb LJ'U'oil l!;'l B..:JVIl..:J 

fl'Jl:WA~~?I:W'U1tUbbl?ihJt1n~a..:~ (CFMM) A~bU'U~e:JtJ~~ 52.8 1B..:J~..:J:Wl i1bb'U'U'oill~B..:!VIl..:Jfl'Jl:WA~~ 
~ ~ 

tlfl~B..:Jbbl?i1~?1:W'U1tU (ICMM) A~bU'U~BtJ~~ 41.7 'Uelfl"illndf!..:~~'Ulli1'1!m~tJ'UbV1tJ..:J~BtJ~~ 2.8 
~ ~ 

.., ' ' 

b vh'IJ'UViij bb 'U'U 'oil l~ B..:!VIl..:Jfl'Jl:WA~Vitl n ~a..:! ( CMM) VI~ ..:!"ill n~~n "il fl11:Wfll1 b~tJ'U~~'Ull 'IJ flb~tJ'U 
~ ~ 

~'J'U 1 Vlrui1 bb'U'JL ~:W 1 'Ufll1~~'Ul bb'U'U'oill~B..:Jfl'Jl:WA~ 1 tJ~bb'U'U'oill~B..:JVIl..:JlVI tJll"fl?l(9)1 ~..:J"il~b~'U 1~ 
v ~ 

"illn'l!m~tJ'Ui1bb'U'U'oill~B..:!VIl..:Jfl'Jl:WA~~tlfl~B..:J (CMM) b~:W:ft''U A~bU'U~eJtJ(l~ 11.1 bb~~ij 
~ 

bb'U'U'oill~B..:!VIl..:Jfl'Jl:WA~~tlfl~B..:Jbbl?i1~?1:W'U1tU (ICMM) b~:wmn:ft''U A~bU'U~BtJ~~ 72.2 'Uelfl"illnd 
~ ~ 
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v.:~vnri111m~tJ'W~ihLuu"il1~HN'V11-:Jf111~fi~~?l~u~rubb~hJt~n~a.:~ (CFMM) ~~~.:~ fi~bU'W~BtJ~~ 
'IJ 'IJ 

16.7 (Jl1'W~ 4.56) 

100 

........ 80 33 
a; 
QO 
(Q) 

011/'> ......., 60 
;l 
QO 

V!!: 
c:: 

~;:! 40 
;l 
(" 
;l 
r •r.o 20 

0 

CMM ICMM CFMM FMM IMM NR 

Jl1W~ 4.56 b mfl'Ub Vifl'U~n~ru~bb 'U'U:51~B~'V11~f111~~~ b~B.:In1'm U.:lbBll~~bb uul:u lveua 

-a~fl~b'VIb~b~a 11 'tlv.:~irnbifl'W.Uu:U'5f!:UAn~1u~ 4 tiv'IJb~fl'IJbb~~'VI~~b~fl'IJ 
(N = 36) 

ICMM V!~1tJ~\l bb'U'U"il1~B\l'V11\lfl'J1~fl~~tln~B·Hb~hJ6'1~'U~ru 
'IJ 'IJ 

CFMM VlmCJ~\l bb'U'U"ill~eJ\l'Vll\lf11l~fl~~6'1lJ'I.J'~tUbb~hJt1n~eJ\l 
'U 'U 

IMM VlmCJf:1\l bb'U'U"ill~B\l'Vll\lf1Jl~fl~~1:JL~B~lCJ\l 

NR VlmCJ~'l1:Jbb?l~\lbb'U'U"il1~B\l'V11\If1Jl~fl~ 

4.2.6.1 bbuuqj1~eJ\JVJ1\JR'J1:wfi~neJcub~tJu 

~ln?lmu m~ru~n1Vl'W~ 1 ~ "N btl'IJbbB~~~'UB\I~'Wbvl'W~mufl~~n~ru~ 
' 

fll\IU~ n b tl'WbbB~~~'UB\I~'W~BCJ~mufl~~ n~ru~f11\!UlJ bda~aii~ n~ru~m.:~u:u'IJD~-W''WB'Vll\1 
'l 'I 'I , , 

bb~\1\ll'Wfl'U bb:W~ii~ m~ru~ fll\IU ~-wu 6 bb VI" 1 ~11 m~tJ'U 11~ bbt:-.~'UJl TW b ~a bb6'1~\lf11llJA~'UeJ\II?l'U w.:~ 
' ' 



.. 
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1) bb'U'Uiil1~eJ\I'Vl1\lm1:w~~~~n~eJ\Ibb~hhuJ\j~ru li111JTU 1 fl1J ~~bU1J~mm~ 2.8 2) bb'U'Uiil1~eJ\I 

'V11\Im1:w~~~61:wu~rubb~hJ(ln~eJ\I lil11J'd1J 12 fl1J ~~b'iJ1J~mJ~~ 33.3 bb~~ 3) bbuulil1~eJ\I'Vl1\l 
'U 'U 

fl'd1:Wfl~~111(lfl~eJ\I lil11J'd1J 23 fl1J ~~bU1J~mm::: 63.9 
'U 

1) n~:wbbuulil1~eJ\I'VI1\Ifl'd1:w~~~(lfl~eJ\Ibb~11161:wu~ru- um~EJ1J 1 fl1J i1r111:w 
' 'U 'U 

b .rr11"'il~(l n~eJ\1 b~ EJ'd tl'u m~ri1EJ'VleJ~ ~1J~ n~ru~fl1\ID:W"'il1fl~eJ~eJ bb111 tJ EJ\1~ n 1~ EJ'd1~ bbt:.J1Jir\l bb61~\l 
'U ' 'U 

rl1'VI1J~~11J1'VltJ fieJ Nn bb~~~n~ru:::fl1\IU:W"IJ'U~oWW5bbVl n1'VI1J~m1J1'VIDfieJ NN b1JB~~1~'d1JbVhtl1J 
' ' 

fieJ 50:50 11J~11J~11161:wu~ruVI~eJ~11J~1111~n~11~\l fieJ 111eJB'U1EJl1 "~11J1'Vltl~eJ fieJ Nn bb~::: 
'U 

m1J1'V1Dbb11 fieJ NN" (m~~ 4.57n) 

2) n~:wbbuulil1~eJ\I'VI1\Ifl'd1:wfi~~61:wu~rubb~111(ln~eJ\I um~EJ1J 12 fl1J bb61~\l 
' 'U 'U 

bbuulil1~eJ\I'Vl1\lf111:wfi~'Vlntl~:::b~1Jf11~eJu bb~iitl~::: b~1Jffi11(ln~eJ'~ 1~mb D\lb U1Jn~:w 1~ 2 n~:w fie1 
q '\J q q 

2.1) fl~:W~'d1~.fl1~111(lfl~eJ\I um~EJ1J~\I 12 fl1J 'd1~bbt:.J1Jc'r\lbb61~\lf11~ 
' 'U 

ri1EJ'V1 e1~~1J~ n~ru:::m\1-J:w 111(ln ~ eJ\1 ~'~d n~:w~~:::u ~11J 1 'VID~eJ 111(1 n~eJ\1 u m~ EJ1J 5 fl1J 1~ EJ 
q '\J q q \I 

um~EJ1J'd1~bbt:.J1J.f11~~:::u~11J1'Vltl~mtl1J NN Vl~eJ nn (.n1~~ 4.57"11) n~:w~~:::u~11J1'V1Dbb11 
' ' ' 

111(lfl~eJ\I Uflb~EJ1J 11 fl1J 1~EJUflb~EJ1J'd1~bbt:.J1J.tl1~~:::um 1J 1 'VIDbb11bU1J Nn Vl~eJ nn (.f11~~ 4.571"1) 
'U ' 

n~:w~~:::um1J1'VItl~n111(ln~eJ\I um~EJ1J 11fl1J b"li1J 'd1~bbt:.J1J.n1~~:::um1J1'Vltl~mtl1J NN, Nn, Nn, 
q 't \1 'U 't '\J 

nn Vl~eJ 'd1~bbt:.J1J.f11~~:::u~11J 1 'VID~ flbU1J Nn Vl~eJ'd1~ bbt:.J1J.f11~~~u~11J 1 'VID~ m U1J Nn, nn, NN 
q '\J , 'U 

d 
(m~'Vl 4.57\1) 

i1f111:wb-rr1h~111(ln~eJ\Ib~tnnum1J1'VItlbb11 1~EJeJB'U1EJ11 "il~11J1'VItlbb11bu1J Nn" um~EJ1J 8 fl1J i1 
'U 

f111:W b -rr11"'il~111(lfl~eJ\I b~EJ'd tl'u~11J 1 'VID bb~:::YJ11J 1 'VIU~n 1~EJU m~EJ1J 5 fl1J eJB'U1EJl1 "~ nii~ n~ru::: 
'U 'U 'U 

fl1\ID:Wbb~::!fl1\1111'0:w" bb~::!Uflb~EJ1JBf1 3 fl1J eJB'U1EJl1 "m1J1'Vltl~nfieJ NN, Nn, nn" 
' ' 'U 

3) n~mbuulil1~eJ\I'VI1\Ifl11:w~~~111(ln~eJ'~ unb~EJ1J~\I 23 f11Jbb61~\l 
' 'U 

bb uulil1~ eJ\I'Vl1\lm 1:w fi~ 111 fl~'U'Vl ntl ~::: b~1J 1"11~ eJ'U ~'liitl~::: b~1J~111 () n ~ eJ\1 bb~::: 1111~ n~11 ~\I 1~ EJ 
' 'U 

3.1) fl~:W~'d1~bbt:.JWl1~hJ(lfl~eJ\I Uflb~EJ1J 19 fl1J i1f111:Wb-rr1h~ 
' 'U 

111(lfl~eJ\Ib~m tl'u~11J 1 'VID~eJ 1~ EJU m~ EJ1J'd 1~ bbt:.J1J.f11~~:::u~11J 1 'VID~ m U1J NN (.n1~~ 4.57"'il) 
'U ' 
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bbt:.!'WflTV'f~~'U~boU1vl'U~f1btl'W NN, NN, nN, nN VI~BJ11?lbbt:.!'Ufl1~~~'U~1'W1vl'U~tlbtl'W Nn VI~B111?1 
'I 'U , 'U 

bb~'Wm~~~um'U1vn:i~mtl'W NN, Nn, nn (m~~ 4.57'11) 
' 'U 

3.2) mi:w~e:JB'U1E.Jhit1n~e:J'I um~EJ'W 23 fl'Wilrrnm-lhh~1~t1n~e:J'I 
' 'U 'U 

b~EJ1nu~1'W1vru~n hwum~EJ'W 19 fl'W e:~6u1EJ'J1 "~n"il~ilr;i'm~ru~fl1'1u:w ~btl'W~'W~e:JEJ" um~EJ'W 
'U 'U ' 

3.3) LJ~~b~'W~1~bb?tl1l'lbbuu~1~mVI1'1m1:wf1~?~ um~EJ'W~'~ 23 fl'W 1~bb?fl1l'l 
bbuu~1~e:J'IVI1'1fl11:wf1~?~1 'W'lJ~~b~'W~b~EJ1num 'W 1 VJu'Vimb~~bb~ 1~?~EJ 1~~~u11 "'Yie:~ilr;i'm~ru~fl1'1u:w 

' ' 

NN 
1 

NN, NY! 

p: 



i4C! N IV jlh ;V~' 
\ Nl'-l "rl6 

(\J('J 'Yl tv ;r .. f'lr'l 

NN nVV \"l('l 

I 

fl./ ,l\1 
I 

41/f/ lfJJ Mn 

r~/1 "- I\ I N Yl i\1 

N ~~ Y!N , 
.n1w~ 4.57 m·Hhervm~fhJ~m~ru::fl1~tjl.l (tie:J'Ubjvu) (~e:J) 

'Yil-l1Vb'Yil'l,: (n) V!~1t1~\l bb'Utr~1~e:J\1Vl1\lf1l1~f'l(;l~()fl~e:J\Ibb~hl?I~'IJ'jru 
~ ~ 

(•?H) V!~1tJ~\I bb'U'U~1~e:J\I'VI1\If1l1~fl(;l~?I~'IJ'jtUbb~hJ()fl~e:J\I 
~ ~ 

("il-"'J) V!~1tJ~\I bb'U'U~1~e:J\I'VI1\If1l1~fl(;l~hJ"n~e:J\I 
~ 

4. 2. 6.2 bb 'U'U~ 1~ e:J\I'VI1\If1l1l.Jfl(;)V!6l\l b~tJ'l.! 
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\ 
f\1'11 \Vr-' 

Y\{\1 

'(\~ 0 

''inn?lm'Um'jru~n1V!'U(;l1 ~ "N dJ'Ubbe:J~~~"'Je:J\I~'Ub~'U~f1l'Uf1~6lm.-Jru::f11\l 
' 

e:J5u1m1tJ~::batJ{;l~'IJ11 '11m~tJ'Uiibb'U'U~1~e:J\I'VI1\If1l1~fi(;Jrie:J'Ub~tJ'U 3 n~~ ~e:J 1) bb'U'U~1~e:J\I'VI1\I 
' 

m1~fl(;l~()fl~e:J\I ~1'Ul'U 8 f1'U fl(;lbtl'U~e:JtJ~:: 22.2 2) ncimb'U'U~1~e:J\I'VI1\If1l1~fl(;l~()n~e:J\Ibb~ 
~ ' ~ 

hJ?I~'IJ'jttJ ~1'Ul'U 23 f1'U fl(;lbtl'U~ew~:: 63.9 bb~:: 3) bb'U'U~1~e:J\I'VI1\If1l1~fl(;l~?I~'IJ'jWbb~ 
~ ~ 

1) nci~bb'U'U~1!;le:J\I'VI1\If1l1~fi(;)Vl()fl~e:J\I '11m~tJ'U 8 f1'U l1(;lbb~'U.fl1'1''Hb~:: 
' ~ 

e:J6u1t1 b~ tJl nu fl1'j~1 tJ'VIe:J(;l ~mi' n~ru::m\lu~"il1 nyj mbll1 LJ fJ\1~ n 1~" n ~ e:J\1 1(;ltJ'j::u~1 'U 1 'VItlyje:J~e:J 
q '\J 'U 'I 

4.58n) 
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3) f1~llbb'U'lJ''ih~B~Vl1~f111llf1~~?1ll'U1tUbb~hit1mXB~ 11m~~'U 5 fl'W bb?l~~ 
' " " 

bb'U'U~1!;1B~Vl1~f111llf1~1~m'UVlf1'1.J1~b~W"ll~B'U ~~iJ'lh~b~'W~1~t1f11XB~bb!;1~1~1~n~115~ 1~~ 
' " 

3.1) n~ll~11~.f11'¥'41~t1niXB~ 11m~~'W 2 fl'W 1~'U~1'W1Vlilbb~1~t1niXB~ 
q 'U q 'U 

1~~11~bb~'U.f11'¥'41~'U~1'W1Vlilbb~b'U'W Nn (.f11'¥'4~ 4.581"1) 11m~~'U 4 fl'U 1~'U~1'U1VlilVl1'W1Vlil!;lf1 
' ' " 

1~t1niXB~ 1~~um~~'U 111~bb~'U.f11'¥'41~'U~1'U1Vlil~mU'W NN, NN, NN, Nn (.nl'¥'4~ 4.58~) 
" ' " 

um~~'U 111~bb~'U.f11'¥'41~'U~1'W1Vlil!;lflbU'U Nn, Nn, nn, nn (.f11'¥'4~ 4.58~) um~~'U 1 fl'U 11~ 
' " ""1 1 ."1 ~I .d v "" "" bb~'U.f11'V'11:::'U~ 'U Vlu~flbu'U NN, Nn, Nn, nn (.f11'V'IVl 4.58u) bb!;l~'Uflb1~'UBf1 111~bb~'U.f11'V'I1~'U 

' " ' 
m'U1Vlilm1bU'U NN, Nn, Nn, Nn (m'V'I~ 4.58'll) 

" 
3.2) f1~ll~BTI'U1~1~t1f11XB~ um~~'U 1 fl'U i1f111l.Jb•ihh~1lJt1niXB~ 

' " " 
b~~1n'U~1'W1Vlilbb~ 1~~BTI'U1~':h "bb~iJ~1'W1VlilbU'W Nn" bb~~tim~~'W 2 fl'W i1m1m·rhh~ 

1~t1niXB~b~~1nLJVl1 'W 1 Vlil!;ln 1~~BTILJ1~11 "l;jf1~~iJ~n~ru~m~ullbb!;l~f11~ 1liull" 
'U 'U 'U 'I q 

M• 
r-Jn 

I J ... ··· 

'V13J'lab'VI~: (n) • 
("U) 

'L 

'Vlm~5~ bb 'U'U ~1!;1B~Vl1~f111llf1~~t1 niXB~ bb~1li?tll'U1tU 
" " 

( fl-'ll) 'Vlll1~ 5~ bb 'U'U~1!;1 B~Vl1~f111llf1~~?1ll'U1Wbb~1llt1n1XB~ 
" " 



.. 

. 
"' 

fJ<'l 

p .X 

\1~1· 

_....--.. 

(1\li\ \ . __ '/ 
p 

'V1~1tlb'VI~: (n) • 
( 'IJ) 'VImtJ~.:J bb'U'U'<iJ16'leN'Vl1-:J~11l.lfl~~f!n~a.:Jbb~hi!;'llJ'U'H11 

~ ~ 

(fl-"11) 'VIl.l1tJ5-:J bb 'U'U '<il16'18-:J'Vl1-:J~11l.lfl~~!;'ll.IU'arubb~b:Uf!n ~ 8-:J 
~ ~ 

4.2. 6.3 b tJ~tJ'U b Vi tJ'U bb 'U'U'<il16'lv.:J'Vl1-:J~11l.lfi~rim.J b~m.Jbb6'l~'VI~.:J b~uw 
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X 

"il 1 n n T'.ib tJ~tJ 'U b Vi tJ 'U bb 'U 'U lil'16'1B.:J'Vl1-:J~11l.l fi ~ ri m.J b~ tJ'I.J bb6'l ~VI~ .:J b~tJ'I.J b~ a .:J 

1~'j 1ll 16lllln'U m'j~1tJ'VlB~~ n~ru~'Vl1-:J~'W um'jlJ 'V'Iui 1 ria 'W b~ tJ'Wu n b~ tJ'W~1'W 1 'VIrui1 bb 'U'U'<il16'lv.:J'Vl1-:J 
' "' 

fl11l.lfl~~\:!Jf!n~B.:J (FMM) fl~btl'W~8tJ6'l~ 63.9 'j8-:J6'l.:Jl.l1 i1bb'U'U'<iJ16'leN'Vl1-:Jm1l.lfl~~!;'\lJ'\J'jtUbb~ 
~ ~ 

1:Ufl n~ 8-:J ( CFMM) fi~ b iJ 'W ~8 tJ 6'1 ~ 33.3 bb6'l ~ij bb 'U'U '<i116'18 .:J'Vl1-:J~11l.l fi~~ fl n ~ 8 .:J bb~l:U!;'\l.I'U 'j ru 
~ ~ ~ 

(ICMM) fl~btl'W~8tJ6'l~ 2.8b~tJ1:Ui1tim~tJ'W~i1bb'U'U'<iJ16'le.J.:Jm1l.lfl~~f!n~B.:J (CMM) 'VI~.:J"il1n~~ 
~ 

n"iJm'jlJn1'jb~tJ'W~'V'I'U'll 1:Ui1tim~tJ'W~i1bb'U'U'<il16'18-:J'Vl1-:Jm1l.lfl~~1:Uf!n~B.:J (FMM) tim~tJ'W~1'W 
~ ~ 

1 'VIrui1 bb 'W11 ul.l1 'W m'j~~'W1 bb 'U'U '<il16'lv.:Jm1llfi~ 1 tJ~ bb 'U'U '<il16'lv.:J'Vl1-:Jl'Vl tJ1¥~1!;'\\W~ \91-:J"il~ b ~'W 1~"il1n 
"' ~ 
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1"111l.lfll'l~t1nl'i'B-:~bbl?ihlG1l.l'U'H11 (ICMM) b~l.ll.lln~'U fll'lb U'U~mJfl~ 63.9 'UBmnndfJ'-:~il1!m~tJ'U~il 
" " 

bb'U'U~1G1B-:!'Vl1-:!1"111l.lfll'l~G1lJ'U'jWbbl?i1llt1nl'i'B-:~ (CFMM) G11'1G1-:! fll'lbU'U~Btlfl~ 13.9 (.fllYl~ 4.59) 
" " 

100 

_...., 80 n 
(t;; .., 
(Q) 

~if" 
'-' 60 
;;:! .., 
v~ 

)~ 40 
;;:! 
(" 
;;:! 
r .... 20 

0 

CMM 

"' c<) 
\() 

ICMM CFMM FMM IMM NR 

fi1'V'l~ 4.59 b tntJ'Ub Vit~tJ~m~tru::bb tJ'Ulii1~B.:~'Vl1.:JI"l11l.lfll'l b~v.:Jbl"l'j hi1:6lll.lntJm'j~htJ'VIvl'l 

~n~ru::'VI1-:~~ul5m'jl.J "llv.:~'t!m~m..~·h\.~~15t~l.lfiin~1u~ 4 nvub~t~\.lbb~::'Vi~.:~b~t~u • 
(N = 36) 

ICMM Vl:wltl~-:1 bb'U'U~1G1B~'Vl1~1"111l.lfll'l~t1n1'1B-:~bbl?ihJG1lJ'U'jW 
" " 

CFMM Vll.lltl~-:1 bb'U'U~1G18~'Vl1-:!1"111l.lfil'l~?ll.J'U'jWbbl?i1l.it1nl'la~ 
" " 

IMM Vll.lltl~-:1 bb'U'U~1G1m'Vl1-:!1"111l.lfil'l~1l.Jb~8l.l 1t~-:~ 

NR Vll.lltl~~ 1l.ibbG11'1-:!bb'U'U~1G18~'Vl1-:!1"111l.lfll'l 
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4.3 rl'd1llw.:~cwa11\l 

"il1nm1:'hr111~~r111~.W·rwa h'1Ja.:n:lm~CJu~iil?ivm1~~n"ilm';i~m'j b~CJ'W~ b~B~ m1thCJ'VlB~ 
" 

~m~ru~'Vl1~W'W~m';i~ 1-li'bb'U'U?IB'Um~bb'\JUth~dJ'Wrh 5 1~~'\J (ratins scale) ~1'W1'W 11 -ilB mJ~ 

e:JamtJu 3 ~~'W fie:J ~~'W~?fau ~1'Wn1';iB'tlflbb'U'\Jn1';ib~CJ'Wi~~~bb'W1'Vl~~~flB'W?f~-rr1~1?1~ LL~~~~'W 

f11';iaamb 'U'Ubb 'U'U~1~8-:Jf111~fiVI V<~'U'h '11 m~CJ'WlJfl11~Vi-:JV<~a1"il~ eJn1'j~V\ f11'jb~CJ'I.J~b~a-:J m1 
" 

ri1CJ'VlBVI~n~ru~'Vl1~W'Wtin11~ ~1~-r'Um1~Vlfl11b~CJ'W~ bb 'U'U~'U b?f1~Vl11"111~~ 5 .ffu SJm1~.W~ 
' " " 

V<~e:Jhl?iam';i~~m1b~CJu~~CJn1V<~'.}1~B~1u1~~'U~1n~?J~ :rifi1Lo~mvhn'U 4.68 ± o.o7l~CJ 

Uflb~tJUiifl11~oW~V'IB 1"\J~1'W~?IB'W 1'W1~~'\J~1fl~?f~ :rifi1bO~CJb'Vhn'U 4. 71 ± 0.08 ~1'Wfl1'.}88flbb'U'U 
" ' 

-=1 iJ d Q./.c:~t,.:::).~dl d IQ./ i.l 

f11'.}b1CJ'W~m~LbU1'Vl~~!)fle:J'Wfi~'jfl~1M1 ~mbo~m·vnn'U 4.68 ± 0.06 bb~~m'Wm';iae:Jmb'U'U 

0 .<:::t. d I .:::lil I Q.l 

bb'U'U"il1~8-!lfl11~fl~ ~fl1bO~CJb'Vl1fl'U 4.65 ± 0.03 

~1'W~?tauSJfi1Lo~mvhn'U 4.71 ± o.os LL'll~~~r111~Vi~V<~aha~1u'.}~~'U~1n~6'1VI L~a 
" " ' 

i'l"il1'.}tu1~1'W~?fa'W 1 ut.h~b~u\?11~ 6) V<~'U'"h irm~ CJ'WlJ\"111~-vi-:JV<~B h 1 'W1~~'\J~1n~6'1~ 1 'W'Vlm.J1~ b~'W 
cu I q " 

~-:Jt.h:::na'U~1m~a-:Jfl',je:J5'U1CJ1~"ilr111~mh:Ji1(\'1~u.ffu~e:J'W SJfi1Lo~mvhn'U 4.72 ± 0.45 r111~ 
" 

Vi~V<~ah1uL~a-:Jm1-ffL'Vlfli11"1b~11"111~?1uh tJ1boV1?iu'Vlb~CJ'W iifi1Lo~mvhn'U 4.61 ± 0.49 r111~.W-:J 
" " 

V<~B 1"il 1 'Wb~a-:Jr11bUV~1Bmf11 Vi''!J'm~CJ'W~nm~bb~~bb?IVI~fl11~fi~b ~u iifi1Lo~mvhnu 4.64 ± 0.48 
" 

r111~Vi~V<~B 1"\l 1 'Wb~a-:Jm 1 Vi''\Jm~t~uSJ?i1u~1~ 1un"ilm1~f111b~tJ'Wfl11?tau SJfi1Lo~mvhn'U 4. 75 ± 
" 

bvhn'U 4.83 ± o.37 

~1'Wm1aBmL'U'Uf111b~CJui~1~LbU1'Vl~~~r1a'W?f~-rr1~16'1~ iifi1Lo~mvhn'U 4.68 ± o.o6 Lbtl~ 

t-J~f111~Vi~V<~B hv~1 u1:::~u~1n~fl~ L~ai'l"il11tu1~1'Wfl1';iaamL 'U'U m1 b~CJu~~1~bb 'W1'Vlfl~fir1B'W 'U q 'U 01 ~ 

?f~-rr1~i61~ 1utl1:::b~'W~1~ 6) V<~'U'"h '11m~CJ'WlJfl11~Vi-:JV<~Bh1u':i:::~umn~6'1VIb'W'Vln'll1:::L~'U ~-!! 
I ' ' 

tl1:::fleJ'U~lm~eJ~ 1tl bb uu 1 'Wfl11~1 b iJun11b~CJ'U~buV!la mf11 Vl~b~CJ'WlJfl11bb;;1 mtl~t!'Ufl11~fiV~b~'W 
" " " 

n'Ub~a'U 1~ i1fi1bu~mvhn'U 4.67 ± 0.4 7 m1~oW~V'IeJ 1"iJ 1 'Ub~B-!!~b~CJ'Ui1B6'11::: 1 'Wfl11b~CJui 611ln1tl 

~"'l~b~Bnr1uVJ1-ilB~~1uLdaVJ1~b~CJ'U~lCJ\91'Uba-:J iifi1Lo~mvhn'U 4.61 ± 0.49 Lb~:::m1~Vi~V<~ah 
" . . . 

1 'Ub~B-!l'U1':iCJ1f11P11 'U fl11b~ CJ'WlJfl11~1~iJmb~flb tJ~ CJ'Wb~ CJ'Ui6li-:Jn'Wbb61::: nu lJfl1bu~mvhn'U 4. 7 5 ± 

0.43 

~1'Wfl11aeJmb'U'Ubb'U'U~1~B-:Jfl11~fi~ SJfi1Lo~mvhn'U 4.65 ± o.o3 bbtlm.J~r111l-l'W-:JV<~aheJ~ 

1 u1::: ~'U~1 n~?IVI b~eJVl"il 11 tu1~1'Wfl11BB nbb 'U'U bb 'U'U ~ 1~ eJ~fll1llfiVI1 'WU':i::: b~'U\?11~ 1 V'I'U'h 
' 

'\Jm~tJ'WiJf111lloWWleJ 1"iJ 1 'U':i~~'Ull1fl~'JV!b 'W'VJfl'll1~ b~'U ~-:JtJ':i:::fle.J'U~1CJb~eJ~~tJbb 'U'U 'IJ'W1VI~leJfl~1 
-a'V~b"il'U e)1u~1tJ bVJm:::?f~l?ieJfl1':ib~CJui i1fi1Lo~mvhn'U 4.61 ± 0.49 m1~Vi~V<~Bh1ub~B'lb-rl'BVI1i1 
flllllmaul"l~llbb~~?IBV~fl~B'~nu1\91~tl1:::?1~r1 i1f11Lo~mvhn'U 4.64 ± 0.48 m1ll-vi'lV<~eJ1"1l1uL~a'l 

' 



• 
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rl1lu~mvhnu 4.69 ± 0.46 (m11.:1~ 4.2) 

~111.:1~ 4.2 fl111J~..:I'Vitlb"ii~tln11i~moab~ti'W~b~ti.:J moad1ti'VIeJ~~n'liW~'V11..:1~'1..!5n111J vil~-r'\J 
'II • 

m-ai~moab~ti'W~bb'U'Uilub~1~'V11WJ11!~ s .ffu 
'II " 

' "' d fl1buaa b ua.:~b uu 

1. ~1'W~~e:J'W 
'II 

1.1 fl1B6'U1tJ1m"ilfll11JB~1-:Jii~1~'\J~'W~lB'W 
4.72 0.45 

" 
4.61 0.49 

4.64 0.48 

4.75 0.43 

4.83 0.37 

4.71 0.08 

0.1 .t::::ilt.~ 4 

fle:J'W~~'afl~1~~ 

2.1 1'\.Jlb'\J'\J 1 um1~hd1um1l1tJu{btlW~ 1Bm?l1 ~~\1tJuii 
" " " 

4.67 0.47 

2.2 ~\1tJ'W~B6'11~ b'Uf11'H~m.!{ 6'111J11t1~"il~b~Bf1fl'UVI1 
" " 

oUBl.l" 1 'Ub dm111~b~tJ'U~ltJ~'UbB.:J 
4.61 0.49 

" 

4.75 0.43 

4.68 0.06 

v 0 ~ 

3. ~1'Wn11e:Je:Jmb'U'Ubb'U'U"i11ae:J.:~'V11.:Jfl111lfl~ 

3.1 TUbb'U'\J "U'W1W\~'l'eJf\'111oUW\b"il'W ~1'1..1~1() bVI1J1~6'11J~B 4.61 0.49 
" 

0.48 

d 
1J1f1'VI?IWI • 



.. 

. . 

3.3 boUe:Jill1'111b?t'WtJ mhn U'W~1~'U'iJtJ(i)e:J'Ubb~~btl'Ut.ill(i) b tl'U 
4.69 ' 

t:,m v1111Xt.~mJ1~.:~m1:wrl~i\tJ'Umh:~~ 
'U 

4.65 
1---------------------- -~--1----

4.68 

Q,/ ct d 

4.4.1 e.Jf!SllU]'VI5'VI1,:tn1'H ':iti'W 

0.46 

0.03 

0.07 
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d 
;!Jlfl'Vl?fl'l 

' 

~.-u~~u ~. Vl~ue..~~~;wq'Vl~'Vl1.:~ n1'J ~,~ ~'U ne:J'U ~.~~'Ubbfl ~ill~.:~~,~ ~'Ut.~B.:~ n1'J~1 ~'Vle:l~'~~ n~ru~ 

'Vl1.:J~'W5flJ'J:W ~1~-ru fll'J~I'lfll'Jt.~8'U1'bb uu~u t.?11~ill11"ll1;w1' 5 ~'U ilm~~'Ui:Je..~~~:wn'Vl~'Vl1.:Jfll'J 
'I 'U 'U gl 

d Q.J ~ I Q.J .1 d I d 1 Q 

b'J8'U'Vl~WW'U 31.28 ± 3.61 ~.:!fll1e.J~6'l;wt)Vl5'Vl1.:!fl1'Jb'J8'Wfle:l'Ub'J~'U 12.14 ± 3.73 eW1.:!:W 

il~~1A~'Vl1~?f~~~'J~~u .05 e..~~~:wq'Vlt'Vl1.:Jfll'Jt.~8'W"J1m~B.:Ju~1'U"J~~'U~b~~:w ~mn ~ t.t.fl~ 

AB'UoU1.:1~ bbfl~iie.Jfl~:Wt)Vl~'J18 b~B~1 'U.fl1~'Jl:WB~1 'U'J~~'U~;!J1fl ~.:~mi 1l1~l1fll'j~(9} n'<ilnJ'J:Wfll'J 

d vvv .:::,1 v d ~ Q.J Q.) d .:::,1 

b'J~'Ufll'J?1B'UI'll~l£l'<ilndfll'Jb 'J~'U~bb 'U'U6'l'U 1.6'11~ 5 'U'U ?11:W11t\~~'U1e.J~6'1:Wt)'Vl5'Vl1.:!fll'Jb ':i~'U'UB.:I 

't!m~~'W11Xiie..~f!~;wq'Vl~ill~.:~t.~~'U~'ln11riB'Ub~~'W t.~ewinni:Jm"J~~'UTv1n~~fll'JAI'llbl"l'J1~~ Al'l 

bbnthu ill1 bb~ ~ m 1?11'1~LJ n ~:w~ wb~'Vll1'l't! n ~,~ ~ 'U nu't! m~ ~'U bb61 ~-u m~ ~'W nu m~?te:J'W H1~~.:~~'W 
v d.J 'U '\J 

(~~1 nl..l.fl1'1, 2550) ?fe:J(9}1"l~B~tl'Ufll1~fl~1·1JB.:! ~1~l1 'VIB'lD'U (2556) ~n~lfl11~~'Wl 
' ' 

Q.J .:( d d 0 d~ d Q.J Ct. t{ 0 Q.J 

e.J6'l?f:Wt)'Vl\5'Vl1~fl11 b 1~'Wb 1B'l fl1'JI'l11.:J'Ul(i)'Ue:J.:J~'U t.b~~'Vln~~ m~'Ul'Wfll'J'Vl1~l'VIWH"11?1(9)'J ?l1ill1'U 

't!m~~'W~'W~5~;w~n~1tl~ 11\91~1-il'U\91n'<ilm1:w~l:wnum"J~~'~m"Jt.~~'W1't.buu~ut.?l1~ill11"ll1:w1' 5E 
' 'U 'U 

Q.J d d d Q.J d .d I I d 1 d Q.J .c::,Q.J 0:::.. 

~'Ul1'Wm 'J~'W:WI"l~ t.b 'W'Wbu~~e..~~?t:Wt)Vl5'Vl1'lfll'Jb "J 8'U~'lfll1 nB'Ub 1~'U b'll'U b\91~l m.J.:J1'Wl'<il~'U e:J.:~m~"J 

mh (2551) ~'td1't!m~~'W~'W'\.J':i~D:w~n~1tl~ 4 ~1til-rum"J~\91fll'H~t.J'Wib~u.:~~~.:~.:~1'Ubb?l.:J1\91t.Jl5 
~'U t.6'11~'Vl11"\l1:W~ 5 ~'U iJfll1;!J6'11;wl"HI 1 'Ufl11bbn'I:J ~'Vll'Vll'll'Vl ~11"\1?1 (')~ bb~~i:Je.J6'l~:Wt)'Vl~'Vll.:!fl11 

'U 

b~ t.J'U ill~ .:1 b~~'U ~ ~ nrJI't)' m1 ~'U~1til-ru fll';j~ \91 fll';j t.1~'U i bb 'U'\J '\.J n~ ~.:~m ~'\J l'U m J~ (9} fll'j b~ c.J'U i 

'\.J"J~n 8util1 ~n'<i1m':i;w~ilnb~t.J'U?ll:W11t~~n~lbt.~~t.~~'Uil-J\~,~ '0l1VI~b~~'Ut.n\91ml:w6'l'Uh i:Jwn:w 

boUlh i:Jn 1 'Jbb~m'\.J~t.Jm~t.J'U~~-:d)'Ut.t.~~n'U (Honeycutt and Pierce, 2007; Moore et. al., 

20 12) bb~~?l'Ufl 1 'Ufll1b1t.J'U:Wlf1t.:J~'W (Chinnici et.al., 2004) bb~~ m~'\Jl'Ufl11~'\Jb?ll~illll"ll1:Wi 
t.tl'Um~ul'Un~1 ~,1t.J'W~ill~.:~~iil"lll:w~1f1~ 1 'Um1ulm1-il~\91m'J ~,~~'Ui'Vll.:ll'V1t.Jl~l6'1(i)~ t.~'J~~"!l--m 1 ~ 
~b~t.J'U 1J\f1w"lllill1flll:W'<il~,:j~l'l "1 J\l ~(i)'Ubm 't!m~C.J'U 1~-r'\JLJ':i~ 6'1'\J m 'H~(i)"J.:J1 'Ufl11bb6'll~'Vlll"lll:W~ 
'U 



.. 
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11\1-:1 ") e:l~1-:lb ~mJ 1t:J-:Jn'U vh 1 ~t:.J"~llt]Vl~Vl1-:Jf11'H~t:J'U"lle:J-:1-J m~t:J'U~-:I;ff'UbyjmyhJt:.J"~llt]Vl~Vl1-:lf11';i 
b~t:J'U"lJB-:~"11 n b~ t:J'U1 ~ih~19i''U?t-:~;ff'U ';j';JlJ~-:~b tl'U m~'U1'Uf11';i b~t:J'U ~~b?t~ll?t~1-:~rn1ll~-:~'V'IB h"lle:J-:~ 

~ ~ 

-Jm~t:J'Wanl911t:J (Yi';i'V'I" 1 ';il\l'U-r~tl, 2550) 

4.4.2 bb UU~1li'lv~'VI1-!Ifl11~tl~ 

4.4.2.1 ~n~ru~Vt1-:J~'U5m';ill 
' 

Q.l .<::lil o::::l 0 .Q. d tl Q.l .:::11 .:::. 3 I I ..::::1 

'U n b ';j t:J'Ull bb 'U'U 1\11" B-:!Vl1-:J rn 1llrt~Vl ~ n~ e:J-:JVI"-:1 b ';j t:J'U b 'V'Illll1 fl"ll'U m 1 nv'U b ';i t:J'U 

fi~ b U'U ~ B t:J "~ 30.6 1 'U "ll ru ~~ ri B'U b~ t:J'U 1~'V'I'U bb 'U 'tJ ~ 1" e:J-:JVl1-:J rt11ll fi ~ n~ ll.Q ihb 'tJ 'U ~ 1" e:l-:1Vl1-:J 
' 

fl11llfl~~~ f1 ~e:l-:lbbl111~?flJ'U';iWVI;;r-:J b~ t:J'U"~"-:11\11 f1 tle:l'Ub~t:J'U fi~ b U'U~e:l t:J" ~ 2.8 ii bb 'U'U~1"e:l-:!Vl1-:J 
~ ~ 

fl11llfi~~?fll\J';irubbl111~~n~e:J-:~VI~-:~b~t:J'Ubb"~rie:J'Ub~t:J'Ubvhn'U fi~b iJ'U~e:l t:J"~ 66.1 'Ue:lf11\l1n-d1~'V'I'U 
bb 'U'U "il1mNVt1-:J rt11llfi~~1~~ n~ B-:J 1 'UVI~-:1 b~ t:J'U ~-:~-db~ e:J-:JI\l1f1 m~'U1'U f11';j~~f11';ib~t:J'U~~ir n b~t:J'U 1~ 

~ ~ 

"-:JiJBm~v\'1 bb"~ 1m -tl'm~'U1'U f111fl~ b~ en n'U~-:I~b "ll11~m~vhm 1 \J 1~t:JiJ f1 b~t:J'UI\l~ b \J~ t:J'U'UVl'U1Vl 

l\l1ner-r'Um1lln tJ~m';jii~1'U~1ll 1 'Uf11';j?f~1-:lfl11ll~ m1~~f11';i b~t:J'U~bb 'U'U-di5-:~·~h t:J?f~1-:l'tJ11tJ1ml"\ 
"' "' cu '\.1 '\.1 

1 'Um';ib~ tJ'U~~vhVt1 tJer b~tJ'U ?t~1-:~rt11ll m~&iB~B~'U bb" ~rt11lliifl1 \?lf1111 ~n'Uir n b~tJ'U 1~ b tl'U B~1-:~~ 
~ ~ 

(t"!ltJtJI"I b~B-:~~1';i1ru, 2547) ?tB~fl~mn'Um';i~n~1"llB-:~ TI1'V'I-:J,; bb?t-:J~Vt~ (2555) ?t~1-:~1llb~" CLay 

animation ~1lln'U f11';j b\J~tJ'U bVitJ'tJ ~1tJnlll m1b~tJ'W~~bu'Uer b~tJ'Ub tlw;11f1ru lll~"li1 tJ~-:Jb?f~llm1 
~ ~ ... 

b~tJ'U~"UB-:~'11 n b~tJ'U~1lln'U m1b \J~ tJ'U b Vi tJ'U ~-:~t:.J" 1 '!Xirn b~tJ'Uiirn1ll b off1 hll 1 'Ull&i~?t~VfB'U 1 '~Xb~'U~-:~ 
~ 

fl11llboff1111lll 1 'Ull&i b~B-:Jb'll""1 'V'l.W1bflil ?t-:~;ff'UB~1-:Jb~'U 1~-ir~ bb"~irm~tJ'Wiim1llboff1 11\11 'UbdBVI1B~1-:~ 
~ 

l1'U \?11"1l1tJ 1~r;r n~ru~l\lll f11\l1f1 bb~ 11~flTI"l~ n~ru~ b"''Ue.Jll\?11-:J bb"~BTI'U 1 tJl1'U ~';i"ll1tJii t:.Jll~1-:J b VliiB'U 
' ~ ' 

~B f11';j~irm~tJ'U:i1bb 'U'U~1"'€l.:Jfl11ll~~ 1 'Ur;rn~ru~d~.:Jd'€111\lb ~B.:Jll11\l1f1irn b~tJ'Ub~Bn1 otlbb 'U'U~1"'€l.:J 
~fl'UbfltJVI~B~ bfltJ b~tJ'UllltlB'U 1 'Ub~B-:~r;r n~ru~Vt1-:J~'U 5f111ll 1-til 'U f111BTI'tJ1tJr;r n~ru~Vt1-:J~'U5f11';ill 

' ' ' 
"IJ'€l.:J'Um"ll1tl i5wh 1 ~irn b~tJ'Ubn~rn1lJ~'U?t'Ubi1B bb?t~-:Jbb 'U'U ~1"'€l.:JVl1-:Jrn1llfi~ ~.:J?tB~fl~B-:~n'U 

' 

' ' " Q.l d d 0 ~ d tl Q.l d ~ d I I d 

'Uflb 1tJ'Ull bb 'U'UI\l1"'€l-:!Vl1-:lfld1llfl~Vl~f1\?l'€l.:JVI"-:Ib 1tJ'U b 'V'Illlll f1"1J'Uf111f1'€l'Ub ';itl'U 

~~ b \J'U~B tJ "~ 55.6 1 'U"U ru~~ riB'W b~tJ'W1~'V'I'U bb 'U'U ~1" B-:JVl1-:Jfl11llfi~ n~ll.Q ii bb 'tJ 'tJ ~ 1" B-:JVl1-:J 

fl11ll~~~t~n~B.:Jbb~1~?fll'U1ruVIr;r.:Jb~tJ'Ubb"~nB'Ub~tJ'UWhn'U fi~btl'U~BtJ"~ 13.9 ilbb'U'U~1"B-:~Vt1-:~ 
~ ~ 

fn1lJ~~~?flJ'U';itU bb~1~~n~ B.:JVIr;r.:J b~tJ'U"~"-:JI\l1n riB'Wb~ tJ'U fi~ b \J'U~BtJ"~ 30.6 'W'€lf11\l1f1-d1~'V'I'U 
~ ~ 
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bb 'U'U''illfle:J'I'Vll'lfllll.I~~~1:J~n~e:J'I1 'WV!~'I b~CJ'W ?1e:J~A~e:J'I tl'U nl'Ji21 n'\~l'ile:J'I '1J'Wfl'W lbl ~'Wl.lru (2554) 

i21 n~l~l bb 'Vl'W fllll.l~~.fr'W ?1-:~ '1l eJ -:~'11m~ CJ 'W.fr'W th~ bll.l i21 n~ltJ ~ 6 ~1J1 ~u nl'J~ ~ nl'J b~ CJ'W ~ bb u u 
~ ~ 

t:-1?1W..J ?1l'W ~ll.l nUb 'VlfltJ AV!l.ll flV! n 1 'U 1 'Wl'IJ ll'Vl CJ ll'llMl ~ b~ eJ 'I ~l'l nl CJl.I'W~~ V'I'U ll'll nb~CJ'UiJ 
' 

fl~l.lbthV!l.llt.Jl.llflflllfllll.l~~lbfl'Jl~~ Alll.l~~mh-:~blJ'WbV!~t:-lfl fllll.l~~lV'Ilfl~l"ill'Jru bbfl~ 
' ' 

Alll.l ~~ b ~'ll'Vl CJ ll'll?1 ~ ~1~ CJ~ n~ru~ bbfl ~ bb u u "ill fl eJ 'I'Vll'lfllll.l~ ~.fr'W ?1-:~~iJ n l'J bb?1~-:~mn~?1 ~ ~e:J 
~ ' 

~ b~ CJ'WlJ?il'W ~ll.IV!~ e:Jfl -:~ilmJ n u&i ?1 ~l'lfllll.l ~Jll tJ ~ l ~ b~ CJ'W be:J-:11 'W bb~ {;1 ~?1 bll'W nl'Jru vh1 V!il 
~ ~ ~ ~ 

Q./ d I Q.l i./ ({ 0 I o<:::t,d d ~ ({ ~ 
Arufl n~ru~'Vlbb~ n ~ l'l n'W'Vll'l~l'Wb VI~ nl'J ru bbfl ~ nl'J m~'Vll b '1J'W &lim"Jml.le:J'Vl~fl e:J-:~ V'l ?1"il'W u~'W'W 
' ' ~ 

m~Ul'Wnl'J~~V!~eJAlll.IV'It.llt.lll.l1 'Wnl'J?1~l-:~"J'tJ bb tJu m"Jvllfllll.lb ·ih 1"il1 'W?1l.le:J'I~'Wbb 'Vl'WI"llll.l~~l'~ ., 
~ ~ I 

1J1mn ~1Jl"ill nm"J'Vl~fle:J'~ m"J~-:~bn~ m"J'tJi]u&i n"il m"Jl.l ?1ll.ll"Jb1-d& tJ ?~'llu?~~t'W m"Jb ~l.I~'Wbbfl~ 

'llc.Jlc.Jmll.l~~ 1V!nu~b~t.J'W 1J1mh-:~~ (b'Vll~'VlB ~'Wb?1~l.l, 2555) 'We:JmnndneJ'Wb~t.J'W8-:~i1'11m~CJ'WUl'l 
n~l.l~llbb uu"illfleJ'I'Vll'lmll.I~~~1:Jb1n~eN 1 'Wbb 'Wl~~b~e:J-:~ 1A'J 1l.I1"1Jl.lbbfl~?1l'JoW'W5m"Jl.l 61!-:~~~btJ'W 

' ~ ' 
~e:J CJfl ~ 11.1 ~-:~if m"il b tJ 'W bV'I'Jl~u m~ t.J'W 1:J1J1V'I m t.1 ll.l~ <il ~v1lm lm ·ih h mh-:~~e:1-:~ bb V1 b~ c.Jl nu 

mll.l~l.loW'W5'1JmiJ&bA~CJ?1lA'J ll.ll"lll.l ~dJ'Wbe:J 1 'tJ"J~'W~?1l~'W bbfi~~'W bbfl~b-de:JV!lll~n~ru~'Wll.lli'J'Jl.l 
~'ICJln~e:Jnl'JvllAlll.Jb•ihh'lle:J'Ium~t.J'W 'l:!m~CJ'W~-:J1:W?1ll.ll'Jbl b~e:Jl.I1CJ-:~mll.l~l.loW''W5~-:~mh&1J1 ~-:~ 

b~'W 1J\"illnm"J~um~CJ'W'J~Ull 1'WtJlbA~CJ?1ffim 1l.l1"1ll.l bbfl~ 1 'W 1m 1l.l1"1ll.l'tJ"J~ne:JuJI&CJ~b8'WbeJ bb~l:J 
' 

1~c.J16m"JV!ll?1~mV'Ibbfl~b~mbbfl~~'tJbbUU~'W 1 'WBmnndm"Ji1m"Ji21n~lnun~l.l~le:J~l'lb~l.lmn 
~'W b~el 1 Vi' b-ill h 1 'W?1m'Wm'Jru bbfi~ b~~CJl.lm'J bbnu~V!llJ\ 'il~v1l1 V!um~CJ'Wilmll.lb-ill h 1 'Wb-de:JV!l 

' ... 
bVll.I~'W (Ay~e and Ahmet, 2013) 

' ' ... 
Q..1 d d 0 ..:::>. d i) Q./d ..:::>. c::f I I d 

'W n b 'J CJ'Wl.l bb uu "illfleJ'I'Vl'1-:Jmll.IA~'Vl~n~mV!fl'l b 'J t.J'W bV'Il.ll.lln'il'Wnll ne:J'W b 'JCJ'W 

~~ bD'W~eJCJfl~ 63.9 i1 bb uu"illfl B'I'Vll'lr1T1l.l~~~bl nl¥ B'lbb~l:J ?1l.IU "Jru bbfi~ bb uu"illfle:J'I'Vll'lmll.l~~~ 
~ ~ 

?1l.I'U'J ru bb~b:Wbl n 1¥ e:J'IV!~'I b~ CJ 'W b ~l.ll.ll n~'W flll ri e:J'W b~ t.J'W ~ ~ b tl'W ~ eJ CJ {;1~ 16.7 bbfl~ ~ eJ CJ {;1~ 19.4 
~ ~ 

Alll.lb-ill h 1 'Wbtle:JV!ll.ll n~'Wb~B~"illflnl'J b 'tJ~ CJ'Wbb 'tJfl-:~ bb uu"illflel'I'Vll'IAlll.l~~ bb?1~-:~1 Vtb ~'Wum~CJ'W 
~ 

lJnl'JoW~'Wlfllll.lri~CJll~'W~l'W"illfll"llll.l~b&\l.I'Jll.ltl'Ufllll.l-rbV!:J ~'1?1e:J~A~e:J'Ifl'U'Vlt]~~Ae:J'W?1~~A&\ 
'U cCil 'U 'U 

1?1~l.l~ll bD'W'Vlt]~~ b~CJ&nu m"J b~ CJ'W i b tl'W m~ul'W m"J~ dl~~wnc.J 1 'W\.l AAfl l.l AAfl b tl'W~ ?l~l'~ 
(Construct) mll.l~"illflfllll.l?l'l.loW''W5'J~V!ll'I~'~~Y'IUb~'WnUAlll.liAlll.lb-illh~i1eJ~b~l.l bn~btJ'W 

~ 

1f1"J'I?1~l-:~'Vll'~D~~lbb~l?1~l'~b tl'Wmll.l~ V!:W b~e:J 1 VI~ b~ c.J'WA'WV'I'UV!~e:J?l~l-:~A&l:wiJI& CJ~'Wbe:J'~ ~b~CJ'W 
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m~~ti1 vt~b~EJtif1~bb6'1~?!~\:~G'f'J'JA~';w~tibfl~ (1~'1~ 'llti~mti, 2555) ?ffl~f1~u~n'\Jrn'JPim~r1-uB~ 

Mehmet and Ay?e (20 14) 1~Pirn~lbb '\.J'\.J~\61 e:J~'Vll~ml:wf1~-uB~'I1 m~Eitib~B~fn'J'lltJlCJIIi'1 bb6l~rn'J 

'Vl~lli'1"UB~l6'l!?l mruP\m~l\llf1'lh~'Ulfi'JUf1b~tJtibfi'J!?l 7-12 -:D'lti1ti 155 f1ti 1ti1\lf16'\l~biJB~1ti\PI'Jn 
' ' 

V I I I 

Yl(9)J 'Ul6'! u !?I r1~ u ~ fl '\J bb ti1 f1 !?li'Vl m fll ?f \Y1 im n ~u b .W en'<il 1 n m 1:w bb\PI n~?h ~ b~eN ~~ bb 1!?1~ B:W'Vll~ m1 

b~EJti{ f11l:Wbb\Y1 n ~~~~ bi1!?l~u hib~ bD'Wb 'V'l'Jl~ml:w ~:wb Vtm-ufl~li11t1n b~ EJti bb~ 1. tJu1. 'V'l'Jl~'l! m~t.Ju hJ 
" 

6'!1lJI'Jt~:Wm b ~u i'i~n 'J~'\J1'U m'J'I.IB~ f1l'J'V Ell v\111 bbr:l ~ f1l'JV!!?llli'1-u e:J~1 ?I !?I n11 btl~ t.Jti bb 'llr:~~ 1r11 ~?1{1~ 
' 

1:wbr:~ nG'l ~\ltYtimi:W{b Dti~\1 hJVt t.J!?l~\1 :W m1 b 'll ~ t.J'W bb tlG'l\1 bbG'l ~t\ n?l{l~~'U.fll t~1 ulli'Tt.Jf1f16"1 m'J6'1{1\I 
, 'U , 'U "' 

f111:Wfl!?l'IJB\1Uf1b~ EJ'U bbG'l~\llflfn'JG'fe:l'U m:wu fl b~t.Jti'V'l'\Jll'UBfl\11 f1 fll'Jb~Eiti fll'j[;'le:J'U 1 tiVleN b~tJtibb~1 

~e:J~1\I 1 n:W~1ti~1EJYl(9)Jtilbb uu-:Sl6'1e:J\I'Vll\lf1dl:Wf1!?l'l.lmum~EJ'U 1 tib~e:J\Im'J ~.~. LJw1m~ bbG'l~-rn~m'l.le:J\1 

b61l61~~1tJ 1.'liu V!U\I~m~EJ'U 1uml:w~ B'Ub\Pie:Jib,'j\Y1 6'1e:J!?lf1~8\lfl'Ufll'Ji~t.J'VB~ Chiu and Lin (2007) 
" 

.<::::>. il Q.J Q.) d 

'<\Jif16'1\lbb1!?16"18:!J':ie:l'\J I 1911'1Je:l~'Uf1b'JEJti 

4.4.2.4 fli'JbbDWil6l~bb'U'\J b:W 1 'Vl61i?l 

b '\J~EJ'U b Vi EJ'\J bb 'U 'U -:6' ') 6'18 \I'Vll~f11l:W f1 !?In uti b~ EI'U bbG'l ~'Vl~ ~ b~ CJ'U b~e:J\1 bb D~ b61l6'1 ~ 

bb uu 1:w 1 'Vl61i6'11 tibb~6'l~'J~EJ~m'JbbD\Ib61l61~ 'V'l'Ull 
' ' 

1) 'J~t.J~B'Wb~ Bib 'W?l t1 m~ EJtiiJbb U'\.J-:6' l6'lB~'Vll\lf1ll:WA~Vi~n~m'Vl~\lb~CJtib 'W:w 

mn~un11n8tib~t~u A!?lb Uti ~at~G'l~ 33.3 iJ bb '\J'U -:D'l6'lm'Vll\lf11l:wA~~~n~B\I bb~ljj?l:w\pruV!~\Ib~CJu 

~V16H\11n n8m~ tJ'U A~ bUu{a t1 ~ ~ 66.7 u an '<illn-d\jj'V'lmb '\J u -:6'161 u\I'Vll-:Jml:WA~~6'1:w"J'Jru bb~ 

hi11n\9\e:J\11 'U'Vl~\lb~ti'U 
" ' ' 

2) 'J~tl~ l 'V'l'J 1. 'V'J?I t!m~t~tii:lbb uu-:6'16"1 e:J\I'Vll\lf11l:WA~Vi~n~ B\!Vl~\1 b~EJ'UboW:W:Wln 

~ti n11 rle:J'U b~ ti'U A~ b Uti {8EJ6'l ~ 55.6 :W bb 'U '\J -:6'16"1 eJ \I'Vll\lf111:W f) (?I~~ f)~ B\lbb~bjj?I:W"J'aru bbG'l ~ 
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m..J'LI\111;1 B-:J'Vl1-:JA11JJAI?l~?l:w\l'Jru ""~1~ ~ n~ B.:JVI~'~" ~ eJ'W(;!I?l;;'l.:J'il1 n ne:J'W "~ CJ'W Al?lb D'W~e:J eJ;;) ~ 30.6 ~,~,;;, ~ 

~€JCJ;;)~ 13.9 l'l1:W~hvl''LJ 

3) 'J~CJ~ t,JJ~1b 'V'l?l um~CJ'Wrilb 'Li'Li\11{;1eJ.:!'Vl1-:ifl11:WAI?l~t1n~B\IVI~\It,~C!'Wb~:W 
" 

mn~'Wn-:hnB'Wb~CJ'W Al?lltl'W~mm~ 2.81 'W'I.Iru~~riB'Wb~CJ'W 1~"'u"" 'LI'LI\)1(;1eJ.:J'Vl1.:!fll1:wAI?ln~:w-d :W 
' 

bb 'LJ'LJ\11{;1 e:J.:J'Vl1.:lfl11:W Al?l~t1 nl91 tl.:l bb~1~?1:W'LI 'J ru'VI~.:lb~ 8'W6'l\lfll1rl B'Wb~ CJ'W Al?lb D'W~BCJ;;'l~ 88 9 n 
" " " . 

bb 'LI u \) 1 G'l e:J\I'Vl1.:lfl'J1:W A{?)~ 6'l :W\J 'J ru bb~hj ~ n 191 tl\IVI ~-:} b ~ CJ'W 6'11?1 6'1.:!~ 1 n ri tl'W b~ CJ'W A 1?1 b tl'W ~ €J 81;1 ~ 8. 3 

'WB fl'o\J1n-dhJ'\Jij'LJ bb 'LJ'Li\1 1 G'l EJ\I'Vl1.:Jfll1JJ Al?l~hj b1 nl91 EJ-:~1 'WVI~\1 b ~ t.J'W 
'\J 

4) 'J~t.J~ bl€l'W1b '1"1?1 'jilj'LJl1 um~ t.J'Wi1bb 'LI'LI9l'1(;1B.:!'Vll.:!A1l:WAI?l~t1 nl91e:J\IVI~.:!b~CJ'W 
'\J 

"~:wmn~'Wn-:hnB'Wb~t.J'W Al?lbtl'W~Bt.J6'1~ 2.81 'W'IJru~~riB'Wb~CJ'W 1~"''LI bb'LI'LI\1lf;1e:J.:J'Vl1.:JAll:WAI?ln~:w-d 
' 

n~,~, 'LJ'LJ\)lG'ltl-:i'Vl1.:Jm1:wAI?l~~nl91e:J\Ibb~1:W6'l:w\J'JruVI~-:~ b~tJ'W~-:~n1lnu'Wb~tJ'W Al?lb D'W~€18{;1~ 88.9 bbG'l~n 

bb 'LJ'LJ\116'1 tl\I'Vl1-:IA11JJAI?l~?l:W\j'Jrubb~1:W~ n 191 B-:IVI~\1 b~ 8'\.J(;!{?l(;!.:l'o\JI n rlB'W b~ CJ'W Al?lb D'W~BCJG'l~ 8. 3 

5) 1~ CJ~ b 'VlbG'lb 'V'J ?l t1 m~ CJ 'W:lJ bb 'LI'LI9l'1G'l €l.:J'Vl1.:Jfll1JJ A 1?1~ b1 nl91 e:J-:JVI~ \lb~ CJ'W b ~:w 
" 

mn~'Wfd1n€l'Wb~CJ'W Al?lb D'W~tltJG'l~ 11.1 n~,~, 'LJu\)l6'1B.:l'Vll\lflll:JJAI?l~,m~eJ\Ibb~1:W?l:w'LJ'JruVI~-:~b~CJ'W 
'\J " 

?~\ln1ln€l'Wb~t.J'W Al?l "D'W ~B c.~6'1~ 88.9 bb6'1~n "" 'LJ'LJ\)16'1 B\I'Vl1-:JA11:wAI?l~?t:w'LI 'Jrubb~1:Wb1nl91e:J\IVI~-:~b~CJ'W 
" " " 
G'll?lG'l\l'o\l1flrl€J'Wb~CJ'W Al?lbtl'W~tJCJG'l~ 2.8 

Q.l d dd 0 =. d il Q..J d d 
'Wflb 'JCJ'W'Vl:W bb 'LI'LI'o\l1G'lfNfll1:Wfll?l'Vlt1fl~€l\l ( CMM) 'Wflb 'JCJ'W?ll:w1'Jt1111?l.fl1'jiljb'\JijtJ 

'\J 

bb?ll?l.:lflli:WAI?l'IJEJ\1\91'\.J b€1\lb~CJltl'LI ni'Jbb u WllG'l~bb'LI'LJ1:w 1 'Vl"IJ?l bl?lCJ111?l.fl1'\Jij'J~CJ~~~\I 1 'IJ€1\Ini'JbbU\1 

t,61)G'l~bb 'LI'LI1:w 1 'Vl"IJ?l'IJ€l-:Jb61)6'1~Yi'll'illflnl'J 1 off bb uu\)1(;1 e:J\Ibfl'J 1:w b61):W 1~tln~€l\l ~\lbb 'LI'U\)16'1 e:J\ILA'J 1:w 161):wL1'W 
'\J 

All:WsVUiB'W btl'W'W1:wl51'JJJ 1:!J6'l1JJ1'Jb\JJtl.:lb ~'Wbb6'1~ 1,•ih h~ltJ~'WbeJ.:l bb{;1~ ~8\181~CJ~'W~'W1fl111 'W 

fllTVllflll:WboVlh 'vh1~~b1CJ'Wb~'W.fl1'jiljbb6'1~bfll?lfll1:WboVlhmj1.:!bbVl'il'1\l (Moore et al., 2012) an 
" 

vY\IcJ\1?11:w1'Jblt111 tJ1 m 'Wfll'J~I?lfll'Jb~CJ'W~I?ltJ~1'Wn'J~U1'W fll'J~U b?ll~VI1fl11:W~ (Inquiry process) 
'\J 'U 

~\lbtl'W m~ Ul'W n1'J~ b il'W~ b~CJ'W b U'W ~~A' ru #l-JJ'Wfl 1\)11, U'W ~ e:J\1€1 B fllb 'U 'LI n11~1?1 fll'J b~CJ'W~~ 
'U Q) 'U 'U 

VIG'l'i fl'VIG'lltl b ~tl 1 ~b'VIJJ1~6'l:Wtl'Ue:f b'1t.J'W 1 'W'U 1'U'Vl'IJeJ.:l~'Wb€l\l '1.1 ru~~t1 fl b~CJ'W'LI1-:l fl~JJ:lJ bb 'LIU\)11;1€1\1 
" ' 

A11JJAI?l~b\fl~€l.:lbb~1:!J?t:JJ'U'JDJ (ICMM) vY.:J.Q €JT;;) b ~ e:J\I:WT'il1fl'l1 m~ CJ'W 1:Whl'V'lt.I1CJ1:W~'o\l~vllA11:W 
" " 

b•th 1'.\l€!~1\lciB·:lbbVJll~frt~ru~~lAt1J~ bnl?l~'Wb 1J'Wv~1\ll '5 vh 1 m:W?tl:w1'5m11?l.fl1'V'lbb(;!~e:J5'LI1CJ~'W~€l'W 
fll'Jbb U.:Jt,61)(;1(;11~A'J'LI?l:W'U'J ru'VlnU'J~ b~'WAl~B'LI 1, 'li'W '5~ CJ~B'Wl~ B~ 1, 'V'l?t t1m~t.J'WB5'Ult.Jll 1m 1:w b61):W 

" ' 
flG'llt.l~l€1 ~1 'W'JU'IJB\lb~'W 1t.J 1A'J:wl~'W bb(;!~:lJ b~m~:wiJlbA~tJ?l 'J~tJ~ 1 '\Jij'H'V'l?l t1m~tJ'W B5'U1CJll :lJ 

'U " ' 

1A'J 1:w L61):Woffl?lV'il'W bb(;!~ b~vVf:w\11 bfl~ t!?l b~JJ?lG'lltJ 1~ CJ~ l:W\'llb 'V'l?l t1m~tJ'W€!5Ulc.d1 1A'J 1:w 161):W:Wlb~tl\l 
' 

€1~1 'Wbb'Wl ~\lflG'li.:Jb61)(;1~ 1:W:lJb~B~:WD1 bfl~t.J?l '5~ t.l~bltl'Wlb 'V'l?l t1m~tJ'W€!5'Liltlll "8?lb~BTifl'J:W1~1?1 
" ' 

bbtJ n€1 eJ n'o\l1n n'W 1 u il-:~bb~(;! ~~1'1.1 B\1 1,61)(;1 ~11?1 tJ b~'W 1tJ?ltl'W"~ (;'! bb0~ 1:W:W ~,~ B~:wD1 bfl~tJ?l 1,1,(;1~ 1~ tJ ~ 
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bb U'U"ih;re:J~~~n~TJ~~fll'Jii m'J~V~ m'Jb1tJu~vh ~~ b1tJu 1~ b1 tJ'W~"illm.J'J~?tu m'Jru"il~~ rlnm'Ju f1,J~ 
~ ~ ~ ~ 

1~vh1~ AV~b.Uu vllb.Uu bb~~bnV~m'Jb1tJu~e:J~I~~m~e:J~ ~?llJ~?II'W?II'J~fllllJ~~~'W~I~ ., e:1~1~1~ 
~ ~ I 

~1'1~lu?tlJ~~nu ~\91'\J'J'JtJim~ ?tm'V'lbbl\91~e:JlJ ~e:Jm'Jb1tJu bb~~rl'I'WltJf\lllJ?t~mm~e:J1Vi\n\91m'J 

b1tJu~ (Yr"d'J'V'l'J'Jru U'J~?II'Wb'W191'J bb~~ilJ~ ~I'Jituli'W"d, 2557) ue:Jndir~i1bbUU"ill~e:J~fllllJA\91~ 
~ ~ 

?llJU 'Jru bb~1li t1 n~e:J~ ( CFMM) 'l! m~ tJ'Wlll'1.n I'V'l'J~tJ~ m'J bb Liw11~ ~'1~t1 n~e:J~u~~~Tw b vh,!u bb~ 
~ ~ ~ 

.<:::~. tl !V 0 .<::::~.. ff.::f 0 I~ 
?lllJ I'J t1e:Ju'UI m Vl 191 ~ ~ t1 nl91 e:J~ bb~ ~?I e:J\91 A~ e:J~ bb u u "ill~ e:J~'VII~TVl tJ ~~~?I 191 'J 6/J~'V'l'U bb uu "ill~ e:J~ n~lJ'W 

' ~ ' 
Vl~~ b~ tJ'\.JlJin?l V~1 u 'J~ tJ ~ 1 'V'l 'J b ~?I ( ~e:J tJ ~ ~ 13. 9) 'l! m~ tJ'W bb?l \91~U 'J~ b~'W 1"11191 e:Ju~1li t1 n ~ e:J~u ~~ ' ~ 

U'J~ b~'W b "li'W liVI.fli'V'l bb?IVI~ b~ e:J~lJ'Wl bf\~ tJ?I bb~~b~'W 1tJ ?ID'Wb~~ ~'U~ bSIJ'W 1 'VI'Jbi1 tJ { bb~~~~ 1A'J1lJ 161JlJ 
' 

1 u b~tJ~I91 'J~bb 'Wl ~~nm~ bSIJ~~ "il~b ~u11u m1tJui1AlllJ~U?I'W'Jdi~'J~tJ~B'Wbl91e:J{ b~?l1 'V'l'Jb~?l bb~~blJ 

mb~?l tT'W~e:Jun b~tJ'W'V'ltJ ltJilJ be:JI~ n~ru~~ bnV~~u 1 u 'J~ tJ~B'Wbl91e:J{ b ~?lme:J~UitJ1 'W'J~tJ~ 1 'V'l'Jb~?l 

bb~~ be:JI~n~ru~~ btlVI~'W 1 'W'J~ tJ~ blJI911 b ~?lme:J~'UI tJ 1 'W'J~ tJ ~ 1 'V'l'J b ~?ltT'Wbm bb?l V~~11u m~ tJ'W b~e:Jn 1 i 

bb U'U"il1~ eJ~~fl'W bfl tJVl~BbfltJb~tJ'WlJ1rleJ'W (Taber, 2003) 1 'W nT;ieJ6'U1tJ~ n~ru~~ btl\91~'W1 'Wbb~~~ 
' 

'J~tJ~ni'JbbD~bSIJ~~bb'U'U 1lJ 1 'VI~?! ?leJV~fl~eJ~n'U~1'Wi~tJ'1JeJ~ Dikmenli (20 1 O) ~'J1tJ~I'Wll'l!m~tJ'Wii 

fll1lJ b -ih h~A ~ 1\91 bfl~ eJ'W b~e:J~ ni'J bb ti~ bSIJ~ ~ 1"1 eJui 1~m n b -du m 'J"il1~ eJ~~h~'W beJ bn V~~'W 1 'W 'J ~ tJ~ 
1 'V'l'Jb~?l "il1'Wl'W 1A'J1lJ 16/JlJb.Uu?teJ~bvii'J~tJ~ 1 'V'l'Jb~?l bb~~~V~mA~~Vl~~1'W'J~tJ~bbeJ'W1b~?l 191~eJ\91m'J 

bb ti~b61J~~1m1lJ 1S~JlJ"il~i1 21mmViV~ m1lJbbl91 n~h~'J~Vl11~ 1A'JlJ1Vi VI 1m1lJ 1S~JlJ bb~~~eJ 1lJ 1~n?l 

1A'J1lJ161JlJ (Clark and Mathis, 2000) ~~,!'Wfl'Jf\l'J'VI'J1'UliUnb~tJ'Wi1bb'U'U"il1~eJ~'VI1~fll1lJA\91b'U'W 
~ 

eJ~1~ 1 ';I b~eJ~"il~ 1~u-r'U bU~tJubb 'U'IJ"il1~e:J~'V11~AlllJ A\91'/JeJ~unb~tJ'W 1 ~t1n~eJ~ b~'Wb~tJln'U~1'Wi~tJ 
~ 

' ' ' 
'lleJ~ Chiu and Lin (2007) VJ'V'l'Ul1~eJn~~~mb'U'U"iJ1r;,eJ~'VI1~fll1lJA\91'1JeJ~'l!m~tJ'W bb~~~l'WiJeJtJV1i1 

bb 'U'U "il1~ eJ~'VI1~fl 11lJ A 1'1~1li t1 n ~ eJ ~ (FMM) ~e:J 11 m1tJ'W11 V~.n 1'V'l1li t1 n ~ eJ~ bb~ ~eJ6'U 1 mill 191 ~ ~ 
~ ~ ' 

1li?! eJ 1'1 f"1 ~ eJ~ n'U bb 'U'U "il1 ~ eJ~'V11~1 'VI tJ 1m?! 191 { 11'1 tJu n b~ tJ'W m"il "il ~ 111'1.n 1'V'l"il1 nu ';I ~?I'U m'J ru~ fi''W bfl tJ 
' 

Vl~eJ~ bf"lt!b~ tJ'WlJ1 neJ'W ~~'V'l'U bb 'U'U"il1~ eJ~ n~lJ.Q bQ'V'l1~ ne:J'Wb~ tJ'W 1 'W 'J~ tJ~ blJI911 b ~?I ( ~eJtJ~~ 5.6) 11'1 tJ 
' 

un b~tJ'W11\91.fl1'V'l'J ~tJ~ blJI911b ~?li1 b~ eJ~lJ'W1 bfl~tJ?I 1A'J1lJ 1S~JlJe:J t!b 'W'JU b~'W 1tJ 1A'JlJ1Vl'W bb~~eJ~U1tJl1 
d '\ 'U 'lJ 

"~?lbl91eJ{1A'JlJ1VlV!b~tJ~eJ~~~n~1~ ~~?le:J\91fl~eJ~nu~ Greca and Moreira (2000) 1~n~1Th 
~ 

bb 'U'U "il1~ eJ~A11lJA\91"il ~?! ~1~~'W'IJ'W ~u~1'W'll eJ~ A11lJ A\91Vl~eJ bb 'Wl A 1'1~i1e:J ~ b~lJ bb~~u 'J~ ?I'U m'J rub~lJ~ 
v 

~1'WlJ1 bb~~ 1-ul'Wm'J?I~1~fll1lJVllJ1tJ1'Wb~e:J~~b~tJ'W.fl1tJVl~~ (Taber, 2003) ueJn"i11n'i1~~m'Ji~tJ 

iJ ~?I~ V( eJ'W 1 VI 6 ~'W B n"l1 ~ ~~ b \J'W ~u ?I'J'J A eJ ~1~Vl~ ~ 1 'W n 1'J b~ tJ 'W 'fl 'W b~ e:J~~ ~m! n b1 tJ'Wi1 bb 'U'U "il1~ e:J~ 
f0111lJ A (91~ b ~ 'W~ 'W ~1'\.J ~ ~ n ~ e:J ~ bb~bli ?llJ\l ';I cl (ICMM) bb~ ~ 1li b .u 1 h'll eJ'U b'll 191 bb~ ~.u e:J "il1n Vl'll e:J~ 

d d ~ tl X .J' 511 .::::..::::1 I 0 

66 
'U'IJ"il1 ~e:J~'VI1~i'VIm~1?1 191{ b'V'l'J1~U m~tJ'W~1'W 1 Vlt\l b~ e:J n'VI"il~ b 'J tJ'W~b 'We:JVl1'WViltJlun1'J'VIe:J.:t"il1bb'VI'W 
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m~v'hm1~ b -rr111ilv~1-:Jciv-:Jbb VI ~-:Jt.Jft 1 ~dJ'U~'lJ?t~~fl'Dv-:Jm~b~t.J'U 1 'Ub~v-!1~ v hJ (ru"lJli')l?l b~vvt1'U, 
2554) 

4.4.2.5 m~bbD-:Jb"llfl~ bb uu 1~ 1a6ii?t 

b 'lJ~t.J'U b Vi CJ'U bb 'U'U "iJ1ft a-:JVl1-!!fld1~ fl~ na'U b~ tl'U bbft ~VI~-!! b~t.J'U b~a-:J bb 'tJ-!! b"llfl ~ 

bbuu1~ 1a6ii?t1 'Wbb~ft~~~t.J~m~bbD-:Jb"llft~ i"l'Ul1 

1) ~~t.J~~'Ubl?lv1b~G'I 1 irm~t.J'U~bb'U'U"il1f!B-!!Vl1-:Jm1~f1~~flf1~a-:J'VI~-:Jb~t.J'U 
'U 

b ~~~1f1~'Ufll1na'Ub~t.J'U f)~ btl'U~a t.Jft~ 16.7 ~ bb 'U'U "il1ft a-:JV11-!!fll1~fl~~flf1~a-!! bb~hJ?t~'U~W 
'U 'U 

'VI~-!!b~t.J'U?I-:Jf111nv'Ub~t.J'U f1~btl'W~at.Jft~ 83.3 'Uvf11i11f1\1hJYlubb'UU"il1fiB-!!vt1-!!fll1~f1~~?1~u~rubb~ 
'U 'U 

1lJfl f1~ a-!! bbft~ bb 'U'U"iJ1f!B-!lfll1~fl~ffilJfl f1~a-!! 1 'U'VI~-!1 b~ tl'U 
'U 'U 

2) ~~t.J~ 1 Yl~b~G'I I iJ flb~t.J'U~bb 'U'U"iJ1fteJ-!!Vl1-!!fld1~fl~~flf1~a-:J'VI~-!!b~t.J'Ub ~~ 
'U 

~1f1~'Wf111na'Ub~t.J'W f1~b tl'U~a t.Jfl~ 16.71 'U'Dru~~nv'Ub~t.J'W 1lJYlu bbuu"il1fla-:Jvt1-:Jfll1~f1~n~~-d ~ • 

bb 'U'U "i\'1 ft a-:JV11-!! fl'J1~fl~~ G'I~'U ~ ru bb~1lJfl f1 ~a -!lVI~-!! b~ t.J'Uft~ft-!!':il1f1 rleJ'U b~t.J'U fl~ b tl'U ~a t.J ft ~ 19.4 
'U 'U 

'Waf1':iJ1f1ffilJYl'U bb 'U'U "iJ1ft a-:Jfl'J1~f1~ffilJ flf1~a-:J 1 'U'VI~-!1 b~ tl'U 
'U 

3) ~~t.J~b~\?11b~G'I I iJm~t.J'U~bb'U'U"iJ1fta-!!Vl1-!!fld1~fl~~flf1~a-:Jbb~1lJ?t~'U~W 
'U 'U 

'VI~-!!b~t.J'UG'I-!!f1l1rla'U b~t.J'U f)~ btl'U~at.Jft~ 83.3 ~ bb uu"il1fla-:JV11-!!fl'J1~fl~~G'I~'U~rubb~1liflf1~a-:J 
'U 'U 'U 

'VI~-!!b~t.J'Uft~ft-!!':il1f1rla'Ub~t.I'U fl~b tl'U~at.Jft~ 16.7 'Uaf1':il1f1\11lJYl'U bb 'U'U"iJ1fta-!!fll1~fl~~1lJflf1~a-!! 1 'U 
'U 

'VI~-!!b~t.J'U?l-:Jf111na'Ub~t.J'U fl~ btl'U~at.Jft~ 80.6 ~ bb'U'U"iJ1ft a-:JV11-!!fl'J1~fl~~G'I~'U~Wbb~1liflf1~a-:J 
'U 'U 'U 

'VI~-!!b~t.J'Uft~ft-!!':il1f1 na'Ub~CJ'U fl~b tl'U~at.Jft~ 19.4 'Uaf1':il1f1d1lJ'V'l'U bb'U'U"iJ1f!B-!!fll1~fl~ffilJ~f1~a-!! 1 'U 

5) ~~tJ~bVlbftb~G'I I iJm~CJ'Wiibb'U'U"iJ1fta-!!Vl1-!!fll1~fl~~flf1~a-:J'VI~-!!b~t.I'Ub~~ 
'U 

~1f1~'Uf111na'Wb~ CJ'U f)~ b tl'U~aCJfl~ 8.3 ~ bb uu"il1fla-!!Vl1-!!fll1~fl~~~ n~m bb~1lJ?t~\j~W'VI~-!!b~CJ'U 

?t·m11na'Ub~tJ'U fl~b tl'U~atJft~ 91.7 'Uaf1':i11f1.Q'1lJYl'U bb'U'U"iJ1fta-:JV11-!!fll1~fl~~G'I~\j~Wbbl?lbli~f1~a-:J 
'U 

bbft~ bb 'U'U~1fta-:Jfll1~fl~mlifl n~m 1 'U'VI~-!1 b~ tJ'U 
'U ' 

d d 0 .c::t.d II' Cl.Jd or:::. 

6) ~~CJ~ 1 Yl~b~G'I II iJm~CJ'U~bb'U'U':il1fta-!!Vl1-!!fl'J1~fl~Vl~f1\?la-:J'VIft-!!b ~tJ'UbYl~ 

~1f1~'Uf111na'Wb~CJ'U fl~btl'U~atJft~ 22.2 iibb'U'U"iJ1fta-!!Vl1-!!fll1~fl~~~f1~a-!!bb~1~?t~\j~W'VI~-!!b~t.J'U 
?l-!!f111 na'Ub~ CJ'U f)~ b tl'W ~a CJfl~ 63.9 ~bb 'U'U "iJ1fta-!!Vl1-!!fll1~fl~~G'I~\j~Wbb~1~~ f1~a-!!'VI~-!! b~t.J'Uft~fl-!! 
'U ' 

n-J1na'Ub~ CJ'U f)~ b tl'U~a tJft~ 13.9 'Waf1':il1 nffilJYl'U bb 'U'U"iJ1fta-!!fll1~fl~Vi1lJ~ f1~ a-!! 1 'U'VI~-!1 b~ t.I'U 
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7) 'i::!tJ::!b111'11b Yl?l 11 tim~m .. !il bb 'U'U"iJTfleJ~Vl1~m111fi~vi~n~eJ~bbl'i111?111'U'iru 
'U 'U 

Vl~~b~tl't..lb ~11111n~'U n-hrim.Jb~m..~ fi~ bU'U~e:~ t~~::~ 91.7 i1 bb 'U'U "il1~ e:~~Vl1~m111fi~vi?~11'\J';i~~hb~ 
'U 

1l1~ n~ e:J~VI~~ b~tJ'U~~~ ~ n'l1 rie:~'U b~tJ'U fi~ bU'U ~e:J tJ~ ~ 8. 3 'U eJ f1"il1 n-d1l1V'l'U bb 'U'U"il1~ e:~~m111fi~vi 
'U 

1l1~n~e:~~ 1 'UVI~~b~tJ'U 
'U 

8) 'i::~ tJ~ bbe:J'U1 b Yl?l 11 ti m~tJ'Uil bb 'U'U"il1~ e:J~V11~m111fi~vi~ n ~e:J~ bbl'i111?111'U'iru 
'U 'U 

VI~~ b~ tl'U b ~11111 f1~'U f1l1 ri e:J'U b~ tl'U fi ~ b U'U ~e:J tJ ~ ~ 80.6 i1 bb 'U'U "il1 ~ eJ ~Vl1~f11 111 fi~vi ?111'\J 'juJ bbl'i 
'U 

1l1~nl91e:~~VI~~b~tJ'U~~~~n11rie:J'Ub~tJ'U fi~bU'U~e:JtJ~::~ 19.4 
'U 

9) 'i ~ tJ ~ b Vlb~ b Yl ?1 II ti f1b ~ tJ 'U iJ bb 'U 'U "il1 ~ eJ ~ Vl1 ~ f1 1 111 fi ~vi~ f1 ~ eJ ~ bb ~ ~ 
'U 

bb 'U'U"il1~ e:J~V11~r11111fi~vi~ nl91e:J ~ bbl'i1l1?111\j'iuJb ~11111n~'U n'l1rie:J'Ub~ tJ'U fi~ b U'U~e:J tJ~::~ 11.1 bb~ ::~ 

~e:JtJ~~ 72.2 m11~1~'U bb~::~i:lbb'U'U"iJ1~mVl1~f11111fi~vi?l11'U'irubbi'ILl1~nl91e:~~VI~~b~tJ'U~~~~n11rieJ'U 
'U 'U 

b~t~'U fi~btJ'U~e:Jt~~::~ 16.7 

"il1n m'ii~ t~V'l'U11 bb 'U1fi~ b~e:~~m'i bb Li~ b"'l~~ bb 'U'U 1111e:~68?~ bU'U bb 'U1 fi~vi t~1 n 

G11V1~'Uti n b~ t~'Ub V'l 'i1::~ btl e:~VI1 b U'U'U111 u'i'J11~~ 191 e:~~m Pi' t~~'U ~'~ 'U1 m'i 1 'U m'Jv\' 1m 111 b ~11 "iJ ~~tin b~t~ 'U 

~~n bb 'U1fi~Vl1~ b~ e:1 n bb~::~n bb 'U'U "il1~ e:~~Vl1~fl1111fi~vitll?~e:~~r~~e:~~n'U bb 'U'U"il1~ e:J~Vl1~1Vl tJ 1!311?11'1 ~ 

(ru"ll5tjl11 b~e:JV11'U, 2554; eJ1~B~"il1f1 Harrison and Treagust, 1996) ~~~'Uf11'ib'\J~tJ'Ubb'\J~~ 

';i'\J bb 'U'U r~1111 fi~Vl1~1Vl t~1!311 ?11'1 fl. VI~ nl91 e:~~ btl e:~V11vii1'J'\J bb 'U'U r~1 111 fi~vi b U'U'U111u'i'J11 b V1~1-d r~1 'j~ ~ 
'U 'U 'U 

n"iJ m'i11m'i b~ t~'U m'J?l e:~'U 1 Vlb U'U'J'\Ju'i'J111~ t~16m'JV11l' ?1 ~mV'l bb~::~ b~ t~~ bb~~'j'\J bb 'U'U~'U 61 'Ue:Jf1"il1 nod cu q cu I 

m'Jl1 m'J~ mnn'U n~11 ~1 e:1 ~1~ b ~11111 n~'U b ~e:J 1 Vf b~11"il 1 'U?l m'Wm'irubb~~ bl11~t~11m'i bLni1ruVI1119i' . ~ 

(Ay~e and Ahmet, 2013) b"li'U 1~bb'U'U"il1~e:J~1r~'J1111"1l11 viLJ'J~~~~~'U"il1f1l?l~vil1'i1f11~f1 Vl1~e:J1191 
"' • 'U 

vi'1 1 '\J m11Vfe:J~~'~m~ Lb~::~th111'\J'i::~tJ nl'l1oU~1'U 1191~1tJ L ~e:J 1 Vf L Vl111~n'U L -d e:JV11vil1m111~'Uie:J'U L U'U • 
'U1115'i'i11 1l1 ?11111'i~11e:J~b~'U bb~::! b oU11 "iJI911tJ l'l'Ube:J~ bb~::! 191 e:J~ e:J1PltJ~'U\11'U1f11'j 1 'U f11'ivl1f11111 b ~11 "iJ 

v111VI~\~tJ'Ub~'U.f"l1V'lbb~~bn~m111b~1he:J~1~bbVl"il~~ (Moore et. al., 2012) 't!m~tJ'Ubn~m'aL~tJ'U~ 
'U 'U 

"il1 n m'av\'1n"il m'a11119i'~ n11 m'avie:J~"il1 b -w tl~e:J ~1~ b~ ~.n v111 VIti n b~ tJ'Ul1m111?11111'i~ 1 'U f11'i"il~"il1 

b~11~'U (thV'l~,; bb?l~~Vl~, 2555) b~'U119i'"il1num~tJ'Ui:lbb'U'U"iJ1~e:J~m111fi~vi~n~e:J~ (CMM) VI~~ 

b~ tl'U b ~11111 f1~'U bb~ ~ 1l1V'l'U bb 'U'U"il1 ~ e:J~Vl1~fl1111 fi ~ml1 ~ nl91 m 1 'UVI~ ~ b~ tl'U 1 'U Vl m~ tl::! cJ eJ tJ"Um f11'j 
'U • 

bb i.J~ b "'l~~ bb 'U'U 1111B68?1 ~~'11 n b~ t~'U?l1111'am1~.fi1V'l bb~ ::~e:JTI'U1 t1 b ~ e:~ bb?l~~m111 fi~-ue:~~ l'l'U be:!~ b~ t~1 n'U 

m'a bb i.J~b"'l~~ bb 'U'U 1111B68?~1~t~11~.fi1V'l'a~tJ~ l'i1~ 1 -ue:J~m'ibb i.J~b"'l~~ bb 'U'U 1111e:~68?~-ue:J~b"'l~~.W"ll"il1n 

n1'a 1-tl bb 'U'U"il1~ e:J~ 1r~'a 1111"1l11119i' ~ nl91 e:J~ -u ru ~viti n b~ tJ'U'U 1~ n~11i1 bb 'U'U "il1~ e:J~f11111 fi ~vi~ nl91e:~~ Lbl'i 

1l1?111'U 'a ru ( ICM M) '11 n b~ tJ'U 1l1 ?11111'a m1 ~ .fi1V'l bb~~e:JTI'U 1 tJ~'U 111 e:J'U f11'a bb i.J~ b"'l~ ~1.\9lr~'i'U ?111\J'atU'V) n 
'U 

'\J'a~ b~'U!"1 1111 e:~'U tJ n~1 e:J~ 1 ~L"li'U 't!m~tJ'U~1'U1 V1t1Jilr~1111 b~1h'l1 'a~ tJ~ bVJ1m Yl?l i1r~'i 1111"1l11i1 

2 1r~'a111V1~ b~11?1~1~b~e:J~11thbr~~tJ?l~'U1111 Vll1 bb~~ 1~b"'l~~1 Vll1 2 b"'l~~ 1~t~1l1~~5~i11Ammr?l 
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\>1111i!6'1e:J'UI"l11lli\~ll'Vl~m.J1~6'1'U m"mh~h.J"lleJ·rwm~tJ'U b tJ'U 1 ~iim1"-:~:Wm.J5,J&ili!~-:~ b .yje:J 1 ~\r m~tJ'U 1vl' 

61'-:~bn\>lt:.~ "~ bn~oTI'U lil~-:~ ~-:Jii!~'ll1 h.J?i m16'1{1-:~Vl~ mi1'W b:S-:~u1~~n~ ~~ nli! m1llvl'Vl"1n'Vl"1tJ 1 ~ " ... 
trm~tJ'Wiiu561'll~'U5n'U btJ'Um~'U1'Un11bb6'1~-:~e:Je:Jmb"~m1e:Ji1'tJ11tJ~1lln'U (~1n~~ ~6'1e:l, 2555) 

'U eJ ndEJ'-:~ii bb 'U'U ~ 1" e:J-:Jm1ll fi~ ~6'1ll'U 1tUbb~hh-m~ e:J-:1 ( CF MM) \r n b~ tJ'U11~fl1Yl1 ~ tJ ~ m1 bb '1.1-:~ b Bll" ~ 
'U 'U 

1vl't1 n~e:J-:J'U 1-:~?i1'Ub vhtT'W bb~ 6'11ll11t185'U1tJ b Vl\>1 t:.~" t1 n~ 8-:J bb" ~6'18~1"1~ 8-:J bb 'U'U~ 1" 8-:J'Vl1-:Jl'VltJ1~16'1\>l{ 
'U ' 'U 

tJm11eJ~1-:~b"li'W 1~tJ~1Yl1b~6'1 I Vl~-:Jb~tl'U ({e:JtJ"~ 19.4) \rm~tJ'Ubb6'1~-:~'tJ1~b~'UI·h\>18'U~hJGn~8-:~ 
'U 

'U1-:J'tJ1~ b~'U b "li'W 11~.n1'Vl bb6'1~-:Jb~e:J~ll'i11 bl"l~tJ 6'1 bb"~85'U1tJ'h 1m 1ll 1Billlll1b~tJ-:J~1 bb'U1 b~mn'U 1 'U 
' 

bb 'W1 M-:~n"1-:~ bBil"~ bb6'1~-:~'h\r n b~tJ'U bi1~1"111ll61''U6'1'Ubb"~ hJ b .rr111il~ moJru~~ bn~oTI'U 1 'W bb~"~1~ m:: m1 

bb'li-:!bBilmhb'U'U1ll 18686'1hJ1vi' sS-:~6'18~1"1~8-:Ifl'U ru\i~n1 u1tl6'1(i\>l~ (2555) ~11tl-:11'UrJ1\Jm~tJ'U?i1'U 1Vlru ... ~ 

EJ'-:~iim1ll b .rr111illl 1 'Ull&i~l"lm~ bl"l~ 8'UbMtJ1 n'Um~'U1'U n11bb '1.1-:~ bBil"~ bb 'U'U 1ll 18686'1 bb"~l"l11ll61'll~'U5 

1 ~Vl11-:~~ ba'U b8 ~'U bb"~ 11"111ll 1Billl ~ -:~tT'U ~1 bu 'U e:1 ~1-:~~-:~~ 1"11 ~ e:1-:~~~ ih n11ll n11 b~tl'U ~ 
'U 'U 

1~tJn11\J1tu1m1u11ll"ll1&i"lleJ-:~bb'U'U~1"8-:~ b.rr11 tJ1 'U'U'Vl b~tJ'U (~.n mt1Jiil'l1 -r\>l'Um, 2552) b.yj81~ 

~ b~tJ'U 1vi'b~tJ'U{Ii!1n'tJ1~6'1'U m1clli!~-:~ tJ nm1tJn,J&it ~vh 1vl' fi~b U'W v\'1b U'U bb"~ bn~m1b~tJ'U~eJ ~1-:~ 
'U 'U 6.J 'U 

~m~8-:J t:.~6'1llt:.~6'11'U6'111~1"111ll~vl1'U~1-:~ 6') 8~1-:~1vl'61~?i1'W6'1ll~G'In'W ~~'U11tl1n1~ 6'1fl1Ylbb1~~8ll 
" I ' 

~8m1b~tJ'U bb"~B1'W1 tJI"l11ll6'1~~1m.yj81 ~ bn~m1b~ tJ'U~ M"ll1Yl11ru 'tJ1~6'11'Wb 'Wm bb"~ill" 
'U 

~111t1)11'i1"ll, 2557) 

4.4.2.6 1m 1ll 1Billlfl'U n11~1tJ'Vl8~~mstu~'Vl1-:J~'UDn11ll 
' . . "' CV ..:::!1 d 0 o<::::11o d tJ Cl.l d ca. .:$ I I oC:il 

'U n b 1 tJ'Ull bb 'U'U lil1" 8-:J'Vl1-:J m 1ll l"l~'Vl 11 n\>18-:JVlG'I-:J b 1 tJ'U b Ylllll 1 n"ll'W m1 n8'W b 1 tJ'U 
'U 

fi~ bU'U~8tJ"~ 22.2 1 'U"lltu~~ tl8'U b~tJ'U hlYl'U bb 'U'U ~1" 8-:!'Vl1-:!1"111llfi~ mill\1 ii bb 'U'U ~1" 8-:J'Vl1-:J 
' 

1"111llfi~~Gn~eJ-:~bb~hJ6'1ll'U1tUVl~-:~b~tJ'Ub~llll1n~'Wn11n8'Ub~tJ'U fi~b U'U~8tJ"~ 63.9 i:ibb 'U'U~1"m 
'U 'U 

'Vl1-:Jfll1llfi~~6'1ll'U1rubb~111G n~ 8-:J'Vl~-:Jb~tJ'U"~G'I-:~Iinn n8m~tJ'U fi~b U'W~mm~ 13.9 'W8nli!1nd 
'U 'U 

W: 1 Q.l .e., d I .:::to 0 .Q. 

bb 'U'U ~1G18-:J b'\J'U\i1'U'Vl'U1 1 n 111il ~ nlil n 11ll m1 b 1 tJ'U n 116'18'U 6'11ll 11116'1-:J b6'11ll bb 'U'U lil 1" 8-:J'Vl1-:JI"l11lll"l~ ... 
b~8-:l 11"1 1 -:16'1~1-:18 ~\>18ll bbG'I::: 1"11 1ll b orr 1blil 'D11ll"ll 1&\"118-:! bb 'U'U ~ 1" e:l-:1"11 8-:J\J n b~ tJ 'U.&'Uifu tlll i"i n~1tJ~ 4 

vh 1 ~u m~tJ'U ?I 1'U 1 Vl fli n bb 'U'U ~ 1" 8-:J'Vl1-:l 1"11 1ll fi ~~ ~ n ~ 8-:J bb" ~ 6'18~ 1"1 ~ 8-:1 fl'U bb 'U 'U ~ 1" e:l-:J'Vl1-:l 

1'VltJ1~16'1\>11 <ru11.n1ru ~t1Jnlil, 2553) bbG'I:::iil"l11llb.rr1 hbMmn'Uu))lJ"lJ1&i"lJ8-:~bb 'U'U~1"8-:~8~1 'U 

n~ll~6'18~f"l~ 8-:1 n'U bb 'U1fl~~\J nl'Vl tJ 1m6'1 \>1 ~ tJ 8ll -r'U b ~ll~'U 1 'U'Vj n'tJ 1~ b~'U~~ n~1 bn~lil 1 n n11~ 
u ~ b~ tJ 'Unb 8 n 16'11Jil-1J 1"11 1ll fi ~ 6'1 ~1-:1 6'111 ii bb":::" -:~:W e:Jvl11il::: b ~'U 1~11 n 1) ~ ~ n liJ n 11ll n 11 b~ tJ 'U i~ 
b'Vlll1:::6'1ll b U'UD lil~ tJ~ 1~ t1)~-d1 tJ~\9l!'U1 bb 'U'U~1" 8-:J'Vl1-:Jm1llfl~"ll8-:J\r n b~ tJ 'U 1 ~lll"l11ll~ n~8-:J bbG'I::: 
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?le:J~fl~ e:1~nu bb uu"il1~ e:J~'Vl1~1'Vl tJ1P11?1 \?\~ ?113J1'H1~'?l.I'U1 bb uu ~ 1~e:J~'Vl1~m 13J fl~"lle:J~ir n b~ tJ'U 1~ 

?le:J~fl~e:J~nu 6':it'N~ bb?I~~'Vl~ (2555) n~1-;d1fl11ll?I13J1':ir~1 'Uf11':i?1~1~~'U1?1.n1vr:u1mtlmvr:u~bn~ 
'U 

f11':i b~tJ'U-n~~ wh fl1 bb~~ f11':ii1 ':i~?l fl'113J~1~~?1 e:J~ bb 'IJ'IJ b ~e:J b tl'U ~1 bb Vl'U"ll e:J~ b d e:JY'!T:U ~m e:J f11?1b 'U f11':i 
'U 

"il11~~ n11i1 b ~tJ~':i~?l b~ tJ1 b dm.n b :a~'U1llu':i':ill bb~~ b ·ih lou 1~ t11n vnni1 m':itl':i~l.l1~ t:.J~ bb~~'<il~ bnu 

oUe:Jl.l~~1tJ.f11~bb~~fl1'VWl n~~"1!1tJ~~"iJ1bb~~vl1fl113Jb oU11~ 1 'Ub tlm-n 1~~f1l1 
'U 'U 

4.4.3 fl'J13J.W.:~cwe:J 1lil 
fl113J~~~ e:J h"ll e:J~ir f1 b~ tJ'U ~n~ e:J f11':i'<il ~ f11 ':i b~tJ'U ~ b~e:J~ f11':iri1 tJVl e:J ~ f( n~ru~V11~ 

'U 

1'U':i~~'Ul.l1n~~~ i1f11bu~mvhnu 4.71 ± o.o8 ~1'Uf11':ie:Je:Jf1bb'IJ'Uf11':ib~tJ'Uil?l1llbb'U1Vl~~~fle:J'U 
' ' 

"'~~1"1~1?1~ i1f11bu~mvhnu 4.68 ± o.o6 bb~~~1'Uf11':ie:Je:Jmb'IJ'Ubb'IJ'IJ"il1~e:J~m1ll~~ i11"11bu~tJ 

whnu 4.65 ± 0.03 1?113J~1~'\J ?le:J~fl~e:J~n'IJ~'?l.I'U1~':i PlTitl~n (2556) ~~'\Jl1irf1b~tJ'Ui1fl113J~~ 

~e:J 1~~e:Jf11':i~~ n~ m':il.lf11':ib~tJ'U~m~1b~e:Jm':i~e:J?I1':i 1~tJ 1 mfl':i~~1'U i11"11b\l~tJe:JtJ1 'U':i~~'\Jl.l1n bb~~ 
'U 'U 

~~~':i b~e:J1'~f11 (2557) ~'lJl1f111l.l~~~e:Jlou"llmirm~tJ'U~i1~mbt:.J'Uf11':i'<il~m':ib~tJ'U~bb'U'IJ~'Ub?l1~vt1 
'U 

fl11l.l~ b~e:J~ f11':i~1':i~~11?1"1lm~"ll1'Uirm~tJ'U.ff'Utl':i~bll.!Plf1~1tl~ 4 e:JtJb'U':i~~'\Jl.l1f1 b~':i1~'1!m~tJ'Ui1 
'U 'U 

?i1'U~13J 1 'Uf11':ivl1ii~ n':i':il.l '!! m~ tJ'U ni1fl113J b oU1 lou 1 'U b -de:Jvt13J1f1~'U 1~ tJtl~tJ1tJ b timl.l1~1 f1f11':i'<il ~ 
ii~m':il.lf11':ib~tJ'Uidirm~tJ'U 1~~~r!e:Jtl5iJ~~1 tJI?l'Ubm v111 VlboU11~ 1 'Ub -de:Jvt1~i1fl11l.li'Usb'e:J'Ubb~~btl'U 

'<il ~':i~'IJ u fl11l.l~~ bb~ ~ bi'1~ f11':i ?I ~1~ e:J~ r1 fl11l.l~e:J ~1~ ?1~1~?1':i':i r1 (?I miJ'U?i~ b?l ~l.l f11':i?l e:J'Ui'Vl tJ 11"11?1 1?1 ~ 
'U 

bb~~b'Vlfl1'U1~~~ 2551) 



.. 
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U'Vl'Vl 5 

fl~tJ~~n1~1~mb~~~mfl'WeJbb'lJ~ 
~ 

.o::t,Q.I d d CU ~ ~ 0 .c::t. d 1 

m11 "il tJ b'l"l BPl m~ne-~ !;'l?ldJ~Vl5Vn:Jm1 b 1tJ'U bb!;l~ bb 'IJ'\J "ill!;l e:J.:JVll.:JmldJfl~ b 1B.:J f111tntJVle:J~ 

~ fl'I~H1J~Vll.:JoW'Ulim1dJ "l.le:J.:JtJ flb~tJ'Uoff'UiJ'O tJdJ Pl fl'\~TIJ~ 4 ~1~-r'\..J fll1~ ~ fll1 b~tJ'U~bb '\J'\J~'\J b?ll~'V!l ' ~ 

fl'dldJi 5 ~'U rJi~tl 1~b?l'Ue:J(;J(;lfll1l~tJ\91ldJ~1oUe:Jfll1l~tJ~.:J~e:J 1 'l.l-d 
5.1 ?l1D(;J!;lfll1l~tJ 

' 

< 

5.1.1.1 (;J(;li1dJ~VlTIVll.:!fll1b~tJ'UnB'Ub~tJ'U 
Q.l d d Q.l .:::! d I d I Q.l .::i I d 
'Uflb1tJ'UdJe-J!;l?ldJ~Vl5Vll.:Jfll1b1tJ'Ufle:J'Ubu!;ltJbVllfl'\J 12.14 ± 3.73 dJfllbu!;ltJ 

bVllfl'\J~e:JtJ(;l~ 28.23 Btll'U1~~'\J~lflllbflt\JGVJ -;Jl'U'd'U 36 fl'U fl~blJ'U~e:JtJ(;l~ 100 bb!;l~tJflb~tJ'U~ 
~ 

fl~ bb 'U'U(;J!;l i1dJ~VltVll.:J fll 1 b~ tJ'U fle:J'Ub~ tJ'U 1l tJ b~e:J.:Je:J ~ '1 'U 1~~'\..J ~ l'U bfl t\Jsvl~'U ~l bb!;l~1~~'\J ~lfl1l bflt\Jsvl 

1~tJ1~~'\J~l'UbflrusvJ~'U~l -;Jl'U1'U 1 b~B.:J fiB b~B.:J~ 1 fi~blJ'U~e:JtJ!;l~ 50.93 1~~'\..J~lflllbflt\JsvJ 
0 d d dd .<:::t.~i.J d.d .c.~iJ dd .<::!,~ 

"ill'U1'U 5 b1B.:! flB b1B.:!Vl 2 fl~btl'U1e:JtJ(;j~ 29.63 b1B.:!Vl 3 fl~btl'U1e:JtJ(;j~ 29.63 b1B.:!Vl 4 fl~btl'U 

~e:JtJ(;j~ 24.44 b~e:J.:J~ 5 fl~blJ'U~e:JtJ(;l~ 25.43 bb!;l~b~e:J.:J~ 6 fl~blJ'U~e:JtJ(;l~ 32.41b'U.fll'\Al11dJ 

\Jn b~tJ'U~I"l~bb 'U'Ut;J !;l i1dJ~VltVll.:Jfll1b~tJ'U nB'U b~tJ'U1ltJ b~B.:JB~1 'U 1~~'\..J~l flllbnrusv1 fi~ b lJ'U~e:JtJ!;l~ 

32.07 
Q.l .::! d Q.J d 

5.1.1.2 e-J(;l?ldJ~Vl'5Vll.:Jfll1b1tJ'U'V!!;l.:!b1tJ'U 

\Jm~tJ'U~(;J(;li1dJ~VltVll.:Jfll1b~tJ'Uvt~.:Jb~tJ'Ubu~mvhn'U 31.28 ± 3.61 fi~btJ'U 

~e:JtJ!;l~ 72.74 BtJl'U1~~'\J~ 1~mbtl.:JblJ'U1~~'\J~b~tJdJ -;Jl'U1'U 16 fl'U fi~blJ'U~e:JtJ(;l~ 44.44 1~~'\..J~ 
~ 

dJlfl -;Jl'U1'U 6 l"l'U fi~blJ'U~e:JtJ!;l~ 16.67 1~~'\..J~ -;Jl'U1'U 9 fl'U fi~blJ'U~e:JtJ(;l~ 25 bb!;l~1~~'\JAB'UoUl.:J 
~ vd d v ~ d cvd 

~ -;Jl'U1'U 5 l"l'U fi~btl'U~e:JtJ(;l~ 13.89 bb!;l~'Uflb1tJ'UdJfl~bb'U'Ue-J!;l?ldJ~VlliVll.:!fll1b1tJ'Uvt!;l.:!b1tJ'U1ltJ 

b~B.:!BtJl'U1~~'\J~b~tJdJ ~d-llfl ~ bb!;l~fleJ'U-lJl.:J~ 1~tJ1~~'\J~b~tldJ -;Jl'U'd'U 1 b~e:J.:J fle:J b~B.:!~ 1 fl~blJ'U 
~ ' ' 

~eJtJ(;'l~ 86.11 1~~'\..J~d-llfl -;Jl'U'd'U 2 b~B.:J fleJ b~B.:!~ 3 fl~blJ'U~eJtJ(;'l~ 77.78 bb!;l~b~eJ.:JVi 6 fl~blJ'U 
~eJtJ(;'l~ 76.85 1~~'\..J~ -;Jl'U'd'U 2 b~B.:! fleJ b~B.:!~ 4 fl~blJ'U~eJtJ(;l~ 70.19 bb!;l~b~e:J.:J~ 5 fl~blJ'U 
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~mJ"~ 72.01 bb(l~'.i~lii'ufieJ'U•ih'l~ :S1'U1'U 1 b~eJ'l ~eJ b~eJ'l~ 2 f11i1blJ'U~mJ(l::: 69.44b'Ufl1~'.i1ll 

tin b~t:J'Uiifl:::bb 'U'U~" ~ll()VlBVl1'l m'.ib~t:J'UVl~'l b~t:J'U'.i1 t:J bb~'UeJ~ "l 'U'.i:::lii'u~mn f11i1 b lJ'U~eJt:J(l::: 7 5. 39 

5.1.1.3 btJ~t:.~ubVit:.~u~"~ll'1VlBVl1"~m'.ib~t:.~'UneJ'Ub~t:J'Ubb(l:::Vl~"~b~t:J'U 

bd e:1 b tJ~ t:.1 u b Vi t:.~u ~"' ~ll ()Vl BV11'l m '.i b~ t:.1 'U n e:1 'U b~ t:.1 'U bb(l :::Vl ~ "~ b~ t:J'U ~u 11 

" " '11m~t:J'Uii~"~ll()Vl5Vl1'ln1'.ib~t:J'U~'l:fi'UeJ~1-:JiJtim~1~b!J (p<0.05) (t = 67.17* bb(l~ p = .00) 
Cl.J J., d d IQ.I Q.l .:!cvd d IQ.I 

fl::: bb 'U 'U ~"'?Ill ()Vllin eJ'U b '.i t:.1 'U bO"' m Vl1 nu 12.14 ± 3. 73 fl::: bb 'U'U ~"'?Ill ()Vl u'Vl(l "~ b '.i t:J'U bO(l m Vl1 nu 

31.28 ± 3.61 '11m~t:J'UiJ~"~ll()VlBVl1'ln1'.ib~t:J'UrleJ'Ub~t:J'UbO~t:J~m~eJ'l f11i1blJ'U~eJt:J(l~ 32.07 

~"~ll()VlBVl1'ln1'.ib~t:J'UVl~'lb~t:J'UbO~t:J~m~eJ'l f11i1b lJ'U~eJt:J(l~ 7 5. 39 

5.1.2 bb 'U'U:6'1%'lel\1Vl1\lfl11llflli1 

1 'U m'.i1 bfl'.i1:::vH' e:Jll(l bb uu ..S 1" eJ'lVl1'lm1ll f11i1mu ~"~ 6 "'lli1 ri eJ'Ub~ t:J'U bb(l:::Vl~'l b~t:J'U 
" ' 

tim~t:J'U~'J'Ub m1ii1 bb uuli\'1(leJ'lVl1'lfl11llf11i1~6'1ll'U'.ittJbbl9iL~t1n~ eJ'l (CFMM) f11i1blJ'U~eJ t:J(l::: 66.7 
" " " 

'.ieJ'l(l'lll1 iJbb'U'U:S1(leJ'lVl1'lfl11llf11i1~t1mi'e:~.:Jbbl9i1~?1ll'U'.iru (ICMM) f11i1blJ'U~eJt:J(l~ 22.2 bb(l:::iJ 
" " 

bb uu:S1(leJ'lVl1'lfl11llf11i1~L~t1n~eJ'l (FMM) f11i1blJ'U~eJt:J(l::: 11.1 lli1t:J 1~~utim~t:J'U~iJbb'U'U:S1(leJ'l 
" 

fl11llf11i1~t1n~ eJ'l ( CMM) Vl~'l~1n~li1 n~ n'.i'.illn1'.i b~ t:J'U~~'Ul1 1~iJ'\J m~t:J'U~lJbb 'U'U :S1(leJ'lVl1'l 
" " 

m1llf11i1~L~t1n~eJ'l (FMM) ti m~t:J'U~1'U1 VlruiJbb 'U1b ull1 'U m'.i~~'U1bb uu:S1(leJ'lfl11llf11i11 tJ~ 
" " " 

bb'U'U:S1(leJ.:JVl1'l1Vlt:.111"11?lli14 Iii'"'~::: b~'U 1~~1ntim~t:J'Ui1 bb'U'U:S1(leJ'lm1llf11i1~t1n~eJ'l ( CMM) b ~llm n 
" 

~'U f11i1b lJ'U~eJ t:J(l::: 30.6 bb(l:::tJ.:J~u-;hti m~CJ'U~ii bb uu :S1" eJ'lVl1'lfl11llf11i1~t1n~e:J'lbbl9i1~?1ll'U'.iru 
" " 

(ICMM) (lli1(l'l fili1blJ'U~eJCJ(l::: 2.8 

5.1.2.2 1rr';i 1lll61lllbb(;l~?l1'.i~'Uum'.ill 
' 

rleJ'Ub~t:J'UUnb~t:J'U~1'U 1 Vlruii bb uu:S1(leJ'lVl1'lfl11llf11i1~6'1ll'U'.irubbl9i1~t1n~eJ'l ( CFMM) f11i1 blJ'U~eJt:J(l::: 
" " " 

75.0 '.ie:J'l(;l~ll1 iJbb'U'U:S1(leJ'lVl1'lfl11llf11i1~~n~mbbl9i1~6'1ll\J'.iru (ICMM) f11i1blJ'U~eJt:J(l~ 13.9 bb(l:::iJ 

bb'IJ'IJ:S1(;1e:J'lVl1'lfl11llf11i1~L~t1n~eJ'l (FMM) f11i1blJ'U~eJt:J(l~ 11.1bli1t:J1~'V'I'UUm~t:J'U~iJbb'IJ'IJ:S1"eJ"~ 
" 

fl11l.lfili1~tlfl~ e:J'l ( CMM) Vl~'l~1 n~li1n~ n'.i'.illn1'.i b~t:J'U~'V'I'Ul1 1~iitim~t:J'U~ihb 'U'U :S1(le:J'lVl1'l 
" " 

fl11llfili1~L~ ~ n~ eJ'l (FMM) '11 n b~t:J'U~1'U 1 Vl ~ii bb 'U 11 ti llb 'U n1'.i~ ~ 'U1 bb 'U'U:S1" eJ'lfl11llf11i11 tJ~ 

bb '1J'U:S1(1eJ'lVl1'l1Vl t:J1~1?11i14 !ii'.:J~::: b ~'U 1~ ~1 nti n b~t:J'U~1'U 1 Vl~i1 bb uu :S1" eJ'lVl1'lm1llf11i1~~n~e:J'l 
il oC:It. d 6 

( CMM) b ~llll1 n~'U~~Ii1 f11i1 b lJ'U~eJ t:J(l::: 55.6 bb(l:::'UHn~1 nutJ'liJ bb u'IJ:S1(leJ'lVl1'lfl11llflli1Vl6'1ll\J'.itu 

bbl9iL~t1n~eJ~ (CFMM) (lli1(;'1'l f11i1btl'U~e:Jt:J(l::: 30.6 
" 
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I t( ClJ Q..l t( 

5.1.2.3 fl11bb'U\lb"llftflbbfi~1!J"ilm"Ue:J'lbst~flft 

'I! m~t.~uiJ bb 'U'U~1fle:J'l'V11'lfl11:wfil1lb~e:J'l m1bb D'lb st~fl fi bbft~1n~ m"Ue:J'l b st~flfi l111 t.1 

ri e:J'U b~t.J'l..!'l! nb~t.J'U ?hi..! 1 Vfqj ij bb 'U'U ~ 16'1 e:J'l'V11'lfl11:Wfl 11l~hJ ~ fl ~ e:J'l (FMM) f) 111 b D'W ~e:Jt.Jft~ 83.3 

1e:J'lfl'l:W1 libb'U'U~1fte:J'l'V11'lfl11:Wfll1l~?f:W'U1nJbb~hlrtfl~e:J'l (CFMM) fi111dJu~m.Jfl~ 13.9 i..!e:Jfllil1flii 
" " " ' ' 

EJ'l'W'U'hlit!m~t.J'Wb fit~'l ~e:Jtlft~ 2.8 b vht!uViiJu 'U'U~1fte:J'l'V11'lfll1:Wfl111Vifln~e:J'l ( CMM) bb~V!~'l"illfl 
" 

~11ln"ilm1:wm1b~tJ'U~-w'U111:Wlitrm~t~'U~iJbb'U'U~1fte:J'l'V11'lfl11:wfil1lm:Wfln~a'l (FMM) t!m~f.l'UG11'U 
" " 

1 mulibb 'Ul1 t!:w 1 um1.W~u1 bb 'U'U~16'la\lm1:wfi1111 'tJ G1 bb 'U'U"i11fle:J'l'V11'l1'Vl t.~11"11?1~ 1 ~'l"il~ b ~u Hi'"il1n 
v " 

t!m~t.Ji..!G11'U 1 VJruli bb 'U'U "il1ft a'l'V11'lfll1:Wfll1l~fl n~ a'l( CMM) b ~:W~'W:W1fl~?l111 f\111 b'U'U ~a t.Jft~ 63.9 
v " ' 

bbft~libb'U'U"i11fte:J'l'V11'lfl11:Wfll1l~flfl~a'lbb~1:J?t:w'U1ru (ICMM) b~:W~'U fll1lbD'W~mJft~ 16.7 
" " 

5.1.2.4 m1bbD\lbst~flfibb'U'U 1:w1 'V161i?t 

1) 1~t.J~B'Ub~a1b'V'l?l 

t!m~t.J'UiJbb 'U'U ~1ft a'l'V11'lfll1:Wfl111 b~a'l fl11bb D'lbst~flfi bb U'U 1:w 1 'V161i?f 1~ t.J~ 

B'Ub~e:J1b 'W?I 1111 tJ rle:J'Ub~ f.J'UtJ flb~ tJ'UG1l'U 1 Vfruli bb uu"i11ft eJ'l'Vl1\lfl11:Wfll1l~fl fl ~ e:J'l bb~ 1:W?I:WU 'jnJ (ICMM) 
v " " 

fll1lbD'W~mJft~ 75.0 1e:J\Ift'l:J.J1 iJbbUU~1flv\I'Vl1\lfll1:Wfll1l~?I:W'U1nJbb~1:Jrtn~a\l (CFMM) fll1lbD'U 
" " iJ iJ I I 

~at.Jfl~ 19.4 'U anlil1n-df1\l-wu11lit! m~t.J'Ub .W f.l\l~m.Jfl~ 5.6 bVht!'UViiJ bb u'U"i11fla\I'Vl1\lm1:Wfi111Vi 

flfl~ a \I ( CMM) bb~V!~'l"il1 fl~l1ln"il fl11:W fl11 b~ f.J'U~'W'LJ'",h 1:JiJ\r m~ f.J'W~li bb 'UU"i11ft a\I'Vl1\lfll1:Wfl111~ 
" " 
?t:w'U1rubb~1:Wt~n~a\l (CFMM) 111lf.lt!m~f.l'UG1l'U 1VJruiJbb'W1 1tr:w 1um1.W~'Wlbb u'U"i11fla'lm1:wfi1111'tJG1 

\1 '\J QJ \1 

bb'UU"i11fta\I'Vl1\11'Vlf.lll"ll?f~1 ~\l"il~ b ~'U 1~"il1fltJf1b~f.l'UiJbb 'U'U"i11fta\I'Vl1'lfl11:Wfll1l~flfl~e:J\I ( CMM) b ~:w 
" 

:w1n~'U fil1lb tl'U~af.Jft~ 33.3 bbfl~nbb uu~1fle:J\l'V11\Ifll1:wfil1l~rtn~e:J\Ibb~1:W?t:wu1cl (ICMM) fll1lft'l f1111 
" " 

~I "' bu'U1at.Jfl~ 66.7 

2) j~t.J~l-w1b'Yl?t 

tJflb~ti'UiJbb 'UU"i11fla\I'Vl1'lfll1:Wfl~l~a\l fl"'jbb DW/lfl~ bb 'U'U 1:w 1 'VlBil?! j~CJ~ 

1 'W1b 'V'l?l 111lf.Jrle:J'Ub~f.J'UtJflb~ti'Uci1'U 1 V!ruiJbb uu"i11fte:J\I'Vl1'lfll1:Wfl~~ftn~a\lbb~1:W?t:w'U1nJ (ICMM) f)~ 
v " " 

lD'W~e:Jtifl~ 50.0 1a\lft\l:l.l1 liblU'U"i11fle:J\I'Vl1'lfll1:Wfll1l~?f:W\j1nJbb~hJ~n~m (CFMM) fl111lV'U~af.lfl~ 

47.2 lbfl~lit!m~ti'Ub.Wt.J\I~atlfl~ 2.8 b'Vh,!'W~libb'UU"i11fle:J'l'Vl1\lfl11:Wfll1l~~fl~e:J'l (CMM) bb~Vl~\11\llfl 
~~ n"ilm1:w m1 b~ v'W ~-wu11 -u m~v'UG1l'U 1 V!run bb 'U'J 1 il:w1 'Um1.W~ 'U 1bb 'Uu ~1ft a'lm1:wfi~ 1 tJG1 

" v " 

bl uu"i11fta\I'Vl1\11'Vlt~l1"11?f~ 1 ~'l"il~ b ~'U 1~"il1nu n b~t.J'U G11'U 1 V!qjiJ bb uu "i11fl e:J\I'V11\If!Jl:Wfll1l~~n~ a \I 

·~ d .<::lt.~i.l cv.<:::il .:::;:,~ o .Q.d il 1 

(CMM) d~:W"U'U:W1fl'Vl?f~ fl~ b'll'U1atlft~ 55.6 bbft~'Um 1 ti'U:Wbb 'U'U"illfla\I'Vl1\lfl11:Wfll1l'Vl~fl~e:J\Ibb~ 
' 

1 t( o<::lo~il ld ClJ 0 .<:::~..d tft 

llJ?f:W'U1ru (ICMM) ft ~ft\1 fl\11 b \J'U1 a f.l ft ~ 30.6 b "1l'U b~tll fl'U bb 'U'U "iJ 1fl e:J\I'V11\If11 l:W fll1l'Vl?f:W\j1fl..!bb~ 
" 

1:Jfln~e:J\l (CFMM) fll1lfl'lbV!~e:J~atlfl~ 13.9 
" 
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3) ~~l'.l~b~mb'W~ 

um~m .. d1bb '\J'\J"\\'1~ B'l'Vl1'1m1~fi~b~B'~ m~bbD'Ib"/1~~ bb'IJ'IJ1~ 1 'Vl61i~ ~~l'.l~ 

b~mb W?l 1~l'J rim.!b~l'.l't.!U n b~m.!ciTu 1 '\11ru:U bb '\J '1J"\\'1~B'I'Vl1'1fl'".l1~fi~~?l~'\J~rubb~hJt~n\?i'e:J.:~ ( CFMM) 
"' 'U 'U 

fi~b'iJu~eW~~ 55.6 ~B'l~'l~1 :Wbb'\J'\J"\\'1~B'l'Vl1'1m1~fi~~tinl?i'e:J'lbb~hl?J~'U~ru (ICMM) fi~bU'W 
'U 'U 

~Bl'J~~ 38.9 bb~~:Wbb'U'U"i!1~B'l'Vl1'11"\11~fi~~hJt~n\?i'B.:~ (FMM) fi~bU'W~Bl'J~~ 5.6 bb~1ll:Wum~l'.l'W~ 
'U 

:Wbb'IJ'IJ"i!1~ B.:~wn~fi~~ t1 nl?i'B.:~ (CMM) ,..,~.:~~1n~~n~ m~~m~b~l'J'W ~'V'l'IJ"h 1li:Wi! m~l'.lu~iJ 
'U 'U 

bb 'U'U"i!1~B'l'Vl1'1Wn~fi~~1llt~nl?i'e:J.:~ (FMM) u n b~l'J'Wci1'W 1 '\11WiJbb 'W1 1 u~ 1 'Wn1~~~'W1bb'IJ'IJ"i!1~B'l 
'U "' 

m1~fi~ 1 tJcibb 'IJ'IJ"i!1~m'Vl1.:~1'Vlmm?J~~ vl'.:~~~b~'W 1~~1num~t'J'Wi1bb '1J'1J"\\'1~m'Vl1-:~m1~fi~~tlnl?i'm 
'U 'U 

(CMM) b~~~'W fi~bU'W~Bl'J~~ 2.8 bb~~iJbb'\J'\J"\\'1~B'I'Vl1'11"\11~fi~~tlnl?i'v.:~bb~1ll?J~'U~ru (ICMM) 
'U 'U 

b~~mn~u fi~bU'W~Bl'J~~ 88.9 ue:Jn~1ni1'~.:~'V'l'IJ11i'1um~l'.l'Wvli'1bb'IJ'IJ"\\'1~m'Vl1'1m1~fi~~?J~'U~ru 
'U 

4) ~~l'.l~bbB'W1bW?l 

Uflb~l'J'WiJbb 'U'IJ"il1"B'I'Vl1'11"\11~fi~b~B'I n1~bbD'Ib"l1"~ bb'IJ'IJ1~ 1 'Vl61i?l ~~l'J~ 

bbe:J'W1 b W?l l~ l'Jfl B'W b~ l'J'W iJ n b~ l'J'W ci1'W 1 mviJ bb 'U'\J "i\'1" B'I'Vl1'1 fl11~ fi~vl ?1~'\J ~ ru bb~1llt~ n\?1 B'l ( CF MM) 
"' 'U 'U 

fi~bU'W~Bl'J"~ 55.6 ~B'~"'~~1 iJbb'U'U"il1"B'~'Vl1'11"\11~fi~~tinl?i'B'Ibb~1ll?J~'\J~ru (ICMM) fi~bU'W 
'U 'U 

~Bl'J~~ 44.4 bb~~1liiJi!m~l'.luvliJbb'IJ'U"il1"B'~fl11~fi~~t~nl?i'e:J.:~ (CMM) ,..,~.:~~1n~~n~m~~m~ 
'U 

b~ l'J'U~'V'l'\Jl1 U fib~ l'J'Uci1'W1 '\11 ruiJ bb 'U'J 1 U~ 1 'W n1~~~'W1 bb 'U'U "\\'1" B'll"\11~fi~ 1 tJci bb 'U'U"\\'1~ B'l'Vl1'1 
'U "' 'U 

l'Vll'.l 1Pl1?1~~ vl'.:~~~b ~'W 1~~1nu flb~l'.l'WiJbb '\J'\J"\\'1~ B'I'Vl1'lm1~fi~vlt~nl?i'B.:~ (CMM) b~~~'W fi~bU'W 
'U 

~Bl'J"~ 2.8 bbm:iJbb'U'U"i!1"B'~'Vl1.:~fl11~fi~~t~nl?i'B.:~bb~1li?J~'U~ru (ICMM) b~~~1n~u fi~b uu~Bl'J"~ 
'U 'U 

88.9 ue:Jn~1nd~.:~'V'l'IJ11iJum~l'.luvliJbb'U'U"il1"B'~'Vl1'~fl11~fi~~?J~'U~rubb~1lit~nl?i'm (CFMM) "~"'~ 
'U 'U 

5) ~~l'.l~b'Vllm'W?l 

um~l'.l'WiJbb'U'U"i!1"B'~'Vl1'lfl11~fi~b~B'l m~bb tl.:~b"l1mhb 'U'U1~ 1 'Vl61i?J ~~l'.l~ 

b 'Vl1fl b W?l 1~l'Jrle:J'W b~l'J'WU n b~ l'J'Uci'J'U 1 '\11ruiJ bb '\J'\J"i\'1" B'l'Vl1'11"\11~fi~vl~~'\J~ ru bb~1llt~nl?i'B.:~ ( CFMM) 
"' 'U 'U 

fi~bU'W~Bl'.l~~ 55.6 ~B'~"'~~1 iJbb'U'IJ"il1~B'I'Vl1'1m1~fi~vlt~nl?i'B.:~bb~1ll?J~'U~ru (ICMM) fi~bU'W 
'U 'U 

i1 :!1. fV I .d Q.J .::::::1 d iJ I ct d.::;::,~ 0 ..:::... d 
~B l'J~~ 41.7 'We:Jn~1n'Wl'J'I'V'l'\J11~'W flb~l'J'Ub'V'll'J'I~Bl'J"~ 2.8 b'Vl1'U'W'Vl~ bb '\J'\J~1" B'l'Vl1'11"\11~fi~'Vl 

t~nl?i'v.:~ (CMM) bb"~,~-:~~1n~~n~m~~m~b~l'J'W~'V'l'U11 i!m~l'Juci1u1,..,ruiJbb'W1 1'!!~1 um~~~u1 
'U 'U " 

bb 'U'\J "i\'1" B'l f\11~ fi~ 1 tJ ci bb 'U 'U "i\'1" e:J'l'Vl1'll'Vll'J 1 Pl1?1 ~ ~ vl'l~ ~ b ~'U 1~ ~ 1 niJ n b~ l'J 'UiJ bb 'U '\J "iJ16'1 B'l'Vl1'1 
'U 

o:::..d i.J .6.1la..~i.l .::::::1 0 .::::..d iJ I 

l"\11~fi~'Vltln~B'I (CMM) b'V'l~"ll'W fl~b'\J'U~Bl'J~~ 11.1 bb"~~bb'\J'\J~1"B'I'Vl1'lfl11~fi~'Vltln~B'Ibb~ 
'U 'U 

1ll?l~'U~ru (ICMM) b~~~1n~u fi~bU'W~Bl'J"~ 88.9 'WBn~1ni1'~-:~'V'l'\Jl1iJum~l'.l'W~iJbb'IJ'U"i!1"B'~'Vl1'1 
'U 

fl11~fi~vl?l~'U~rubb~1llt~nl?i'B.:~ (CFMM) "~"'~ fi~bU'W~Bl'.l~~ 2.8 
'U 'U 
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5.1.2.5 m':ibbD'Ib6116'l~bb'U'Ub~ 1v68?1 

1) ':i~t.J~B'Ubi?1B{blll?l I 

um~CJ'W:Wbb 'U'U"ill6'lB'I'Vl1'1m1~flV~b~m m':ibb D'lb61lmhb 'U'IJ1~ 1v68?1 ':i~CJ~ 

B'Wbi?1B{ blll?l 11V~ CJ nB'Wb~ CJ'WU m~CJ'W~1'W 1 vmJ:W bb 'IJ'IJ "i116'l B'I'Vl1'1fl11~f1V~vi tlfi~B'~ bbl?ihi ?1~'\J ':iru 
v " " 

(ICMM) flV'IbV'W-rvCJ6'l~ 58.3 ':iB'I6'l'l~1 :Wbb'IJ'IJ"i116'lB'I'Vl1'1fl11~flV~vi?f~'IJ':irubbl?i1lit1fi~B'I (CFMM) flVI 
" " 

b U'W-rvCJ6'l~ 30.6 bb6'l~:Wbb 'IJ'IJ"i116'lB'I'Vl1'1fll1~flVI.yitlfi~B'I ( CMM) n'IJ bb 'IJ'U"i116'lB'If\11~flVI.yiblltlfi~B'I 
" " 

(FMM) b'Vhn'WAB~B CJ6'l ~ 5.6 Vl~'l"i11fi~VIfl"i1 m':i~ fl1':i b~ CJ'U ~~'\Jl1 1li:Wu m~CJ'Wvi:W bb 'IJ'IJ "i116'lB'I 
" 

f\1 1~ f\ V~vi1lJ t1 fl ~ B'l (FMM) U fl b~ CJ 'U ~1'U 1 VI ru:W bb 'U 1 1-U'~ 1 'U fl1':iYf \9lJ 'U 1 bb '\J '\J "i116'l B'lfl 1 1~ f\ Vlb tJ ~ 
" v " 

bb 'IJ'\J "i116'lB 'I'Vl1'1l'Vl CJ1Pl1?1 1?1 { ~'l"il~ b ~'U 1~"i11 flU m~ CJ'W:W bb 'IJ'IJ"i116'l B'I'Vl1'1fl1 1~f\V~vit1 fl~ B'l ( CMM) 
" 

b~~~'U flVI b u'W~Bt.J6'l~ 16.1 bb6'l~:Wbb uu"i116'lB'I'Vl1'1f\11~f1V~vi"fi~B'~bbl?i1li?t~'IJ'jru ocMM) b ~~~1fl 
" " 

~'W flV~bV'W~BCJ6'l~ 83.3 

2) ':i~CJd ~':iblll?l I 

u m~CJ'W:W bb 'U'IJ "i116'lB'I'Vl1'1m1~flV~ b~B'~ fl1':i bb tl'l b61lmhb 'IJ'IJ 1~ 1v68?1 ':i~ CJ~ 

1 ~':ib lll?! lbVICJ rlB'Ub~ CJ'UUflb~CJ'U~1'U 1 Vlru:W bb 'IJ'IJ "i116'lB'I'Vl1'1fll1~flV~vi?f~'U':irubbl?i1lit1fl~ B'l ( CFMM) 
v " " 

bV'W-rvCJ6'l~ 61.1 ':iB'16'l'lm :Wbb'U'IJ"i116'lB'I'Vl1'1fl11~flV~vit1fi~B'Ibbl?i1li?!~'U':itU (ICMM) flV~bV'W~BCJ6'l~ 
" " 

36.1 bb6'l~:Wbb'IJ'U"i116'lB'Ifl11~flV~vi1lit1fi~B'I (FMM) flV'IbV'W~BCJ6'l~ 2.81V~t.~1li:Wum~CJ'Wvi:W 
" 

bb 'IJ'IJ"i116'lB'I'Vl1'1f\11~flVI.yitl fl~ B'l ( CMM) Vl~'l"i11 fi~VIfl"il m':i~ fl1':i b~ CJ'U ~~'\Jl1 1lJ:Wu flb~CJ'U.yiij 
" " 

bb'U'IJ"i116'lB'Ifl11~flV'Ivi1lltlfi~B'I (FMM) Uflb~CJ'U~1'W1 VltU:Wbb'U1 1-U'~ 1 'Ufl1':iYf\9AJ'W1bb 'IJ'U"i116'lB'If\d1~flVI 
" v 

1 tJ~ bb 'IJ'U-o516'l B'I'Vl1'1l'Vl t.J1Pl1?1 1?1{ ~'I "il~ b ~'U b~"i11 flU m~ CJ'W:W bb 'IJ'U-o516'l B'I'Vl1'1fl11~flV~vit1 fl~ B'l ( CMM) 
" " 

b~~~'U f\V~ b tJ'W~BCJ6'l~ 16.1 bb6'l~um~t.~'U:W bb uu"i11" v'I'Vl1'1m1~f1V~vi?f~'IJ'jrubbl?i1li"fi~B'~ < cFMM) 
" " 

6'lV~m flV~bU'W~BCJ6'l~ 19.4 

3) 1~CJ~b~mblll?! 1 

u m~ CJ 'W:W bb uu"i116'lB'I'Vl1'1fl11~f1V~ b~B'~ m':ibb tl'l b6116'l~ bb 'IJ'IJ 1~ 1v68?1 ':i~ CJ~ 

b~l?11b lll?! 11V~CJrlB'Wb~CJ'UUflb~CJ'U~1'U 1 Vlru:Wbb'IJ'IJ"i116'l B'I'Vl1'1fl11~flV~vi?f~'IJ ':itU bbl?i1lit1fi~B'I ( CFMM) 
v " " 

flV~bV'W~BCJ6'l~ 44 4 ':iB'I6'l'l~1 :Wbb'IJ'IJ"i116'lB'I'Vl1'1m1~flV~vitlfi~B'Ibbl?i1li?!~'IJ':iru (ICMM) flV~bU'W 
. " " 

~BCJ6'l~ 41.7 bb6'l~:Wbb'IJ'IJ"i116'lB'Ifl11~flV~vi1li~fi~B'I (FMM) flV!bU'U~BCJ6'l~ 13.9bV~CJ1lJ:Wum~CJ'U.yiij 
bb 'IJ'IJ "i116'l B'I'Vl1 'lf\1 1~ flVI.yi t1 fl ~ B 'I ( CMM) VI"' 'l"i11 fl~ VI il "i1 m':i~ fl1':i b~ CJ'U ~~'\Jl1 1lJ:Wu m~ CJ'U .yiij 

" " 
bb 'IJ'IJ-oJ16'lB'Ifl11~flVI.yiblltlfi~B'I (FMM) Uflb~CJ'U~1'U 1 VltV:Wbb 'U1 1-U'~vi"il~Yf\9AJ'W1bb 'IJ'IJ"i116'lB'If\11~flVI 

" v 

b tJ~ bb 'IJ'IJ "i116'! B'I'Vl1'1l'Vl CJ1Pl1?1 1?1{ ~'l"il ~ b~'U b~"i11 flU fl b~CJ'Uij bb 'IJ'IJ "i116'lB'I'Vl1'1f\l1~flVI.yi?f~'IJ':iru bbl?i 
" " 

blltlfi~B'I (CFMM) 6'lVI6'l'l flV!bV'W~BCJ6'l~ 16.7 bb6'l~:Wbb'IJ'IJ"i116'lB'I'Vl1'1fll1~flV~vi~fi~B'Ibbl?i1li?f~\J':iru 
" 

(ICMM) b~l.l~'W flV~bU'W~BCJ6'l~ 83.3 



' 
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4) 'i~CJ~bbB'U1b'Vl?l I 

Uf1b~CJ'U:IJ bb 'U'U ":il1G'1B~V11~fi11:U~ \91 b~B~ n1'i bb LJ~ b"I!G'l~ bb 'U'U 1:u bB'B?I 'j~ CJ~ 

bbB'U1b 'Vl?l I b\9lCJrlB'Ub~CJ'UU m~CJ'UG'11'U 1 vmJ:iJbb'U'U":il1G'1B~V11~fi11:U~\9l~?I:U'U'itWbb~hJtJn~B~ ( CFMM) 
v '\) '\) 

~\9lbtl'U~BCJG'1~ 61.1 'immm :iJbb'U'Uiil1G'1B-:!V11~fi11:U~\9l~tln~B~bb~hi?!:U'U'itW (ICMM) ~\9lbtl'U~BCJ 
'\) '\) 

G'l~ 27.8 bbG'l~:iJbb'U'UiiJ1G'1B~fi11:U~\9l~hJtJn~B~ (FMM) ~\9lbtl'U~BCJG'1~ 11.1 b\9lCJbJ:IJum~CJ'U~:iJ 
'\) 

bb 'U'U ":iJ1G'1B~V11~fi11:U~\9l~tln~B~ ( CMM) 'Vl~~lil1n~\9lfllilm'i:U n1'i b~ CJ'U ~~'Ul1 hJ:IJu nb~CJ'U~:IJ 
'\) '\) 

bb 'U'Uiil1G'lmfi11:U~\9l~hitJn~ B~ (FMM) um~CJ'UG'11'U 1 'Vlru:W bb 'U1b U:U~Iil ~vr~'U1bb'U'Uiil1G'1 mm1:U~\9l 
'\) v 

b U 61 bb 'U'U liJ1G'1 B~V11~l V1 CJ11"11?1 1?11 ~~lil ~ b ~'U b~lil1 nun b~ CJ'U:IJ bb 'U'U liJ1G'1 B-:!V11~ fl1 1:U~\9l~?I:U'U 'itW bb~ 
'\) '\) 

bl.itln~B~ (CFMM) G'1\9lm ~\9lbtl'U~BCJG'1~ 19.4 bbG'l~:iJbb 'U'UiiJ1G'1B~V11~fi11:U~\9l~tln~B~bb~blJ?I:U'U'itW 
'\) '\) '\) 

(ICMM) byj:U~'U ~\9lbtl'U~BCJG'1~ 80.6 

5) 'i~CJ~bVllm'Vl?l 1 

um~CJ'U:iJbb 'U'U":il1G'1B~V11~fi11:U~\9lb~B~ n1'ibb D~b"I!G'l~ bb'U'U 1:u bB'B?I 'j~CJ~ 

b VllG'l b 'Vl?l ll\91CJ rlB'Ub~CJ'UUf1b~CJ'UG'11'U 1 'Vlru:IJ bb'U'UiiJ1G'1B~V11~fi11:U~\9l~?I:U'U'itWbbl?lbl.itln~B~ ( CFMM) 
v '\) '\) 

~\9lbtl'U~BCJG'1~ 47.2 'iB~m:u1 :iJbb'U'UiiJ1G'1B~V11~fi11:U~\9l~tln~B~bb~blJ?I:U'U'itW (ICMM) ~\9lbtl'U 
'\) '\) 

~BCJG'l~ 41.7 bbG'l~:iJbb 'U'UiiJ1G'1B~V11~fi11:U~\9l~tln~B~ (CMM) tl'U bb 'U'U":iJ1G'1B~fi11:U~\9l~blJtln~B~ 
'\) '\) 

(FMM) bvhn'UfiB~BCJG'l~ 5.6 'Vl~~lil1n~\9lnlilm'i:um'ib~CJ'U~~u111l.i:Wum~CJ'U~:iJbbuu":il1G'lmV11~ 
'\) 

fi11:U~\9l~tln~B~bbi?ILl.i?I:U'U'itW (ICMM) nu bb uu":il1G'1B~fi11:U~\9l~bl.itln~B~ (FMM) um~CJ'U~1'U 1 'Vlru 
~ ~ ~ v 

:iJbb'U1b u:u1 'Un1'i'Yr~'U1bb 'U'UiiJ1G'lmfi11:U~\9lb '\J61 bb'U'UiiJ1G'1B~V11~lV1CJ11"11?11?11 ~~lil~b ~'U b~lil1num~CJ'U 
'\) 

lJbb'U'UiiJ1G'1B~V11~fi11:U~\9l~(ln~B~ (CMM) byj:U~'U ~\9lbtl'U~m.JG'1~ 8.3 bbG'l~:iJbb'U'UiiJ1G'1B~V11~fi11:U~\9l 
'\) 

~t1mXB~bbl?i1l.i?I:U'U'itW (ICMM) bvi:u:u1n;'U ~\9lbtl'U~BCJG'1~ 91.7 
'\) '\) 

6) 'i~CJ~l~'ib'Vl?l II 

um~m.J:iJbb 'U'UiiJ1G'1B~V11~fi11:U~\9lb~B~ n1'ibb D~b"I!G'l~ bb 'U'U 1:u lB'B?I 'j~CJ~ 

1~ 'ib 'Vl6'l lll\9lCJrlB'Ub~CJ'UUf1b~CJ'U~1'U 1 'Vlru:IJ bb 'U'UiiJ1G'1B~V11~fi11:U~\9l~?I:U'U'itWbb~bl.itln~B~ ( CFMM) v '\) '\) 

~\9lbtl'U~BCJG'1~ 72.2 'iB~G'l~:U1 :iJbb'U'UiiJ1G'1B~V11~fi11:U~\9l~~n~B~bb~blJ?I:U\j'itW (ICMM) ~\9lbtl'U 

~BCJG'l~ 22.2 bbG'l~:iJbb'U'UiiJ1G'1B~V11~fi11:U~\9l~~n~B~ (CMM) tl'Ubb'U'U":iJ1G'1B~fi11:U~\9l~blJ~n~B~ 
(FMM) bVhtl'UflB~B CJG'l~ 2.8 'Vl~~lil1n~ \91 fllil m'i:U n1'i b~ CJ'U i~'Ul1 1lJiJu f1b~ CJ'U~:IJ bb 'U'U ":iJ1G'1 B~ 
fi11:U ~\9l~bl.itl n ~ B~ (FMM) U n b~ CJ'U~1'U1 'Vlru :iJ bb 'U1l u:u1 'U n1'iv:l~ 'U 1 bb 'U'Uiil1G'1B~fi11:U~\9lb U ~ 

'\) v 

bb 'U'U li\'1G'1 B~V11~lV1 t.J11"116'l 1?11 ~~ lil ~ b ~'U b~lil1nu n b~CJ'UiJ bb 'U'U li\'1G'1 B~V11~fi11:U~\9l~ ~ n~ B~ ( CMM) 

byj:U;'U ~\9lb{J'U~BCJG'1~ 22.2 iJbb'U'Uiil1G'1B~V11~fi11:U~\9l~~n~mbb~hi?!:U\j'itW (ICMM) bvi:umn;'U 

~\9lb.U'U~BCJG'1~ 63.9 'UBnlil1n~~~~u-hunb~CJ'U~iJbbuulil'1G'1B~V11~m1:u~\9l~?l:u\j'itWbb~1l.l~n~B~ 

(CFMM) G'1\91G'l~ ~\9lb{J'U~BCJG'1~ 13.9 
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7) ~~t.J:mJ\911b'V'I?I II 

um~8'LdJbb 'U'Uiill~el.:I'Vll.:Jf111l.lf1~b~el.:J nl~bb LJwvmibb'U'U bl.J bel~?! ~~8~ 

bl1\911b'V'I?I llb~8rlel1.Jb~m.Jum~m.J?i"".ru1vm.Jiibb'U'Uiil1~el.:!'Vl1-:Jf111l.lf1~~?1ll'U~tUbb\9l•hJmHXel.:~ (CFMM) 
v u u 

f1~btl'U~el8~~ 61.1 ~el.:!~.:!lll iibb'U'U-.iJ1~el.:!'Vl1-:Jf111llf1~~t1n~el.:!bbl?ihl?tl1LJ~ru (ICMM) f1~btl'U 
u u 

~el8~~ 36.1 bb~~iibb'U'U-.iJ1~el.:!f111llf1~~1J.Jt1nl'i'el.:~ (FMM) f1~bU'U~el8~~ 2.8 Vt6l.:~-:u1n"<il~rhm~~ll 
u 

bb'U'U-.iJ1~el.:!'Vl1-:Jf111llf1~~?1ll'U~tUbbl?i1J.Jt1n~m (CFMM) ~~~.:~ f1~bU'U~el8~~ 8.3 
u u 

8) ~~8~bbel'U1b'V'I?I II 

um~8'Uiibb 'U'Uiill~el.:J'Vll.:lf111l.Jf1~b~el.:J nl~bb 'tJ.:Jb"llmhb'U'U 1l.J bel~?! ~~8~ 

bbel'Ulb'V'I?I llb~8 rtel'Ub~8'UUm~8'U~1'U 1 Vtruiibb 'U'Uiil1~el.:!'Vl1.:!f111llf1~~?1ll'U~t1hbl?i1J.Jt1n~el.:! ( CFMM) 
v u u 

f)~ bU'U~el 8~~ 7 5.0 ~el.:J~.:Jl.ll ii bb 'U'U '<i11~ el.:J'Vl1-:Jf111l.lf1~~" n 1Xmbbl?i1JJ?tl.l'U~ru (ICMM) f)~ bU'U 
u u 

bb 'U'Uiill~ el.:lf\1 1l.Jf1~ 1 LJ?i bb 'U'Uiil1~el.:J'Vl1-:Jl'Vl81f'11?1\91{ ~.:JO:U~ b~'Ub~O:Ul nun b~8'Uii bb 'U'Uiill~el.:I'Vll.:l 
u 

f111llf1~~t1n~el.:!bbl?i1JJ?tll'U~ru (ICMM) b~ll~'U f1~bU'U~el8~~ 80.6 bb~~iibb'U'Uiil1~eJ.:J'Vl1-:Jfl11llf1~~ 
u u 

?lll'U~tUbbl?i1J.Jt1n~el.:! (CFMM) ~~~.:~ f1~btl'U~el8~~ 19.4 
u u 

9) ~~8~b'Vlbm'V'I?I II 

um~8'Uiibb 'U'Uiill~el.:J'Vll.:Jfnll.lf1~b~eJ.:J nl~bb 'tJ.:Jb"lJ~~bb'U'U bl.J bel~?! ~~8~ 

b 'Vl1m 'V'I?I llb~8rtel'Ub~8'UUnb~8'U?i1'U 1 Vtruiibb 'U'Uiil1~el.:!'Vl1.:!fl11llf1~~?1ll'U~rubb\911J.Jt1n~el.:! ( CFMM) 
v u u 

~~btl'U~el8~~ 52.8 "Jel.:!~.:!lll iibb 'U'U '<il1~el.:!'Vl1-:Jfl11llf1~~t1mX el.:!bbl?i1JJ?tl.l'U"Jru (ICMM) f)~ bU'U 
u u 

1J iJ I I 
!1 dV I dV d d !I I V .d.c:::l 0 .Q d 

"Je:J ~ ~~ 41.7 'U el n-:u1 n'U ~.:J'V'l'U11l.l'U m "J ~'U b vw.:~"Jel 8~ ~ 2.8 b 'Vll'U'U'Vll.l bb 'U'U -:u 1~ el.:J'Vll.:Jfnll.l fl~'Vl 

t\n~el.:! (CMM) Vt6l.:Jo:u1n"<il~n-:u n'J'Jl.ln1'Jb~~'U~'V'l'Ul1 um~~'U?i1'U1 Vtruiibb 'U11 ,Jl11 'Un1'J~~'U1 u u v 

bb 'U'Uiill~ el.:lfl11l.J f)~ 1 'lJ ~ bb 'U 'U '<ill~ el.:J'Vl1-:Jl'Vl81f'11 ?I (91 ~ ~.:JO:U ~ b ~'U 1~ -:u 1 nun b~ 8'Uii bb 'U 'U '<ill~ el.:I'Vll.:l 
u 

d f,.1 ..:::!~<Ciit.~!l d 0 <Ciit.d !I I 

fl11l.lf1~'Vlt\n\9lel.:! (CMM) b'V'll.l"ll'U fl~b1J'U"Jel8~~ 11.1 bb~~l.lbb'U'U":il1~el.:!'Vl1.:!f111llfl~'Vlt1n\9lel.:!bb\9l u u 

1JJ?tll'U'JtU (ICMM) b~lll.lln~'U f1~btl'U~el~~~ 72.2 'UelnO:U1n-d~.:~'V'l'Ul1U!lb~8'U~iibb'U'Uiil1~el.:!'Vl1.:! 
u 

fl11llf1~~?1ll'U"JtUbbl?i1J.Jt1niXm (CFMM) ~~~.:~ A~bU'U~el8~~ 16.7 
u u 

5.1.2.6 1fl"J 1l1 1"llllnLJm"J~1~'Vlel~Gl'n~ru~'Vl1-:J~'U~m"Jl1 

'11m~ 8'Uii bb 'U'Uiill~ el.:I'Vl1-:Jfl11l.lf1~ b~el.:J bfl'J bl.J 1 "Ill.! n'U n1'J~18'Vlel~6l' n~tu~'Vll.:l 

~'Ut'in'J'Jll 1~8 rlel'Ub~8'UU m~~'U~1'U1 Vt~ii bb 'U'U lil1~ el.:!'Vl1-:Jf111llf1~~1JJ~ n~el.:! (FMM) f1~ btl'U 
• 

~el~~~ 63.9 "Jel.:J~.:Jl.ll iibb'U'U-.iJ1~el.:J'Vl1-:Jfl11l.lf1~~?1l1\J'Jclbbl?i1JJ~niXel.:~ (CFMM) A~btl'U~el~~~ 
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'!Tm~t~'Wviilbb'UU~1mNf111&.Jfi~vi~nl9i'e:J-:J (CMM) vt6i'-:J;u1n..r~n;um"J&.JnTH~m.~~~'U111:W:W'!Tm~t~'Wvi 
~ ~ 

iJbb'U'Uii!1~e:J'~Vl1'lf111&.Jfi~vihJ~nl9i'e:J-:J (FMM) '!Tm~mJ?hu 1 vtruihb 'W11 i!&.J 1 'Wn1"J~~'W1bb'U'Uii1'1~e:J'~ 
~ v 

m1&.Jf\~ 1 'tJ ?i bb 'U'U li1'1~e:J'IV11'11Vl tJ 11"11~ \91 { ~'1\U~ b ~'W Hi' ;u1 n'IT m~t~'W:W bb 'U'U lil1~ e:J'lf111&.Jfi~vi~n 191 e:J'l 
~ ~ 

(CMM) b~&.J~'W fl~btl'W~e:Jtl~~ 22.2 bb~~iJbb'U'Uii!1~e:J'IV11'1f111&.Jfl~vj~n\9i'e:J'lbb~1:W~&.J'U"Jru (ICMM) 
~ ~ 

b~&.J&.J1fl~'W f)~ b tl'W~e:J tJ~~ 63.9 'W e:Jfl\U1n-dc!-:J:W'!T m~t~'Wvi:W bb 'U'Uii!1~e:J'IV11'lf111&.Jfl~vi~&.J'U"Jrubb~ 
~ 

1:W~nl9i'e:J'l (CFMM) ~~~'! fl~btl'W~e:Jtl~~ 13.9 
~ 

5.1.3 f)'J11J.W.:i'V'ltl 1~ 

1"111&-J~ '~~ e:J 1;u"tJ e:J'IU n b~ t~'Wvi:W ~ e:J m ~..r ~ n1"J b~ tJ'W ~ b~e:J'l n1"J~ 1 t~Vl e:J ~~ n~ru ~Vl1'1 
~ 

' ., ' 

&.J1nVi~~~'~ 3 ;)1'W fie:J ;)1'W~~e:J'W ilr11bu~mvhn'U 4.71 ± o.o8 ;)1'Wn1"Je:Je:Jmbuum"Jb~tJ'W~\911&.J ' ~ ~ 
q Q.l o:::t,.<::o, tf ..::::1 I ..::::f I Q.l iJ' 0 .<::o, 

bb'W1Vl'J~~f1e:J'W~\9l"Jf1\911~\91 &.Jf11bu~mVJ1n'U 4.68 ± 0.06 bb~~~1'Wn1"Je:Je:Jf1bb'U'Ubb'U'U\U1~e:J'lf111&.Jf1~ 

:Wr11bu~mvhn'U 4.65 ± o.o3 f111&.J~'l~e:Jh~e:Jm"J~~m"Jb~tJ'WTI~tJ.fi1~"J1&.Je:Jt~"l'W"J~~u&.J1nvi~~ :W 
~ ~ ' 

r11bu~mvhnu 4.68 ± o.o7 

~~ (91 ~e:J n1 "Jb~tJ'W~Vl~e:J'Wl (91 n"J"J&.J'\.b~ fle:J'U 1 'W m"J..r~ n;u n"J"J&.J n1"Jb~ tJ'W~ b ~e:J 1-H:Wm1&.J'll1~'W h bb~ ~ 
~ ~ 

~'Wbl9i''Wmn~'W b"li'W bb'U'Uii1'1~e:J'l bfl&.J bbe:J'Ub&.Ji'W 'UVlb~tJ'We:Je:J'W 1m1 e-book btl'WI?i''W 

5.2.2 f11"JiJm"J1..rm~&.Jb~&.Jb~e:JtJm~~u~m1'&.J')'VlB'Vl1'ln1"Jb~tJ'W1-H'~'l~'W 1~t~m;u~~'W1vt~e:J 

~~1-:J"Il~ n;um"J&.J m"J 1otibbe:J'W b&.Ji'W m"J 1-rr bb uulil1~e:J'~ m"J1otibn&.J 1~1e:1vi bM t~1 nub i! e:1vt1vi:Wm1&.J 
' 

'l11~'W h vi~1&.J1"J~~e:J~1"J 1-H''!Tm~t~'Wb .rr11;u 1 'Wbi!e:Jvt1vi b~tJ'W&.J1n~'W 

5.2.3 Vl~ 'l\U1 nm"J..r ~ n;u n"J"J&.Jn1"J b~tJ'W ~ bb~1 ~'Ul1cJ'liJ'!T m~ tJ'W'U1'l?i1'WVi:W bb 'U'Uii1'1~ e:J'l'Vl1'1 
~ 

f111&.Jfi~vi~nl9i'mbb~1:W~&.J'U "Jru bb~~ bb 'U'Uii!1~e:J'IV11'lf111&.Jfi~vi~&.J'U"Jrubb~1:W~ nl?i'e:J'l ~'l,r'W 1 'Wn1"J..r ~ 
\J \1 \J 'U 

n;u n"J"J&.Jn1"Jb~ tJ'W~f)"J~~e:J'Wf11"J?l'1"J1\U f111&.J~ b~&.J"tl e:J'l~ b~tJ'Wl1iJ bb 'W1fi~ 1 'Wb~e:J'l~'ln~11e:J ~1'11 "J 
\J cu \1 'U 'U 

"J1&.J~'lbb 'W1fi~vi btl'W~'W~1'W"tle:J'l b~e:J'l,r'W 1 11 b tl'W e:J~1'1 h bb~ ~f)d"J~fl~11 'Wfl~&.Jt'11e:J~1'l'Vl~1tJ 1 

"J~~'U.ff'W b ti e:J'l\U1 m~e:J'l n1"J~ 1tJ'Vle:J~6i' n~ru~'Vl1'l~'Wlim"J&.J 'IT m~ tJ'W 1;) b~tJ'W~'l bb~ e:J ~"J~~u.ff'W ' ~ 

~LitJ&.J~ n~1\91 e:J'WI?i''W ~'1\U ~"111 t~1 m;).rr e:J&.J~~'W:01'Wl1'1T n b~tJ'WiJm1&.J b -rr1 h 1 'W b~e:J'l fl1"J~1 tJ'Vle:J~ 
~ ... 
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5.2.4 lu~'WI1lerurn~:'hm1~~f1 .. wre:~'Ubb'U'U"ihf1B.:JV11.:Jm1:wf11'1 m~nrn~m1"ilii'lB'U~'WcJ'W~tl 
" 

"llB.:!A1111B'U"il1fler\11T1"il 3 fl'W~'W 1 tl byjBfl11:Wtifll'i'B.:~ 1 'Wfl1~~'hfl~1~~~1'lfl~:WA1111B'U 
" " ' 

5.2.5 m~~m~mb'U'U"il1fiB.:JV11.:Jm1:wf11'l"lJB.:Jtim~CJ'W.ff'Wl!uCJ:w~mntJ~ 4 1'W1"!l1~11Vlm1'W 

vt'I11CJfl1~b~CJ'W~~'W "1 ~ilb-dBvt1bU'W'W1:Wu~~:w bl'lCJfl1~~1'lfl1~b~CJ'W~bb'U'U~'Ubii'l1~vt1fl11:W~ 5 ~'W 
" " " 

5.2.6 m~nrn~BB mb 'U'U::.iTim~11'1 bb 'U'U"il1f1B.:JV11.:Jfl11:Wf11'1 "llB.:~ti m~CJ'W.ff'Wi!uCJ:w ~mn\J~ 4 

1 'Wi"ll1~1::.iV1CJ 1 b~B.:J fl1~~1CJ V1 Bl'l(;\ fl'I:~H1J~V11.:l~'Wlim~:W bl'l CJ fl1~~1'lfl1~ b~ CJ'W~ bb 'U'U ~'U bii'l1~V!1fl11:W-r 
' " " 

5 ~'W 1 ~il~tlbb'U'Ufl1~ll'l~vtmnvtmCJ b YiB 1 otlbU'W-ii'B:wmti~CJ'UbViCJ'Ubb(;1~~'WcJ'Wt:.J(;1fl1~1~CJ 
" " 



• . 



.. 
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t{ Q.J J .c:::t, il Q..l QJ 6' 

m\lb'VJ'jl'j~Vl1'Ufl~: B\lfln1~~'\J61\l61'Ufl1 bbG1~'jl'j61~Lml.JSVl, 25460 
' ' 

'1JtJ~~1 ~qJnn~o m-a~n~1iJ~~EJ~ij~%'l~eJ~%'liil~Hl'Vl~'Vl1\ln1'a~m~n"llB\l'l1n~n~1-a~~u 
mruru1l9l~flru~fl-a~1~1Plimnvm-a-a3.lbb6l~b 'Vlfl h.t b6lV 3.1'VI11'VIEJ1~m 'Vlflb 'IJ b6lV 

Q.l v II 'i 

'UlqJ'/1'\.Jn tlqJ'VITVlB\lo ~'Jbb 'VI'IJW.l13Jfi~ b~el\l ~3JU~Jb~\ln%'l"llel\l"lleJ\lb'VI%'!1"lleJ\l'l1m~EJ'IJ 

.ff'IJ:U'oEJ3J~n~1tl~ 5 ri B'IJ"a~'V111\l bb%'l~'VI~\l1~-ru m-a~~n~m-a3Jm-ab~EJ'IJ m-a~B'IJ 
'a1EJ1"!11 VJ~m11~EJ1cti15 Predict-Observe-Explain (POE). l'VICJ1tJ'jl'j'U[hJ~qJqJ1 

~n~11"1161m~Vl1uruenl91: ~Vl1l'Vlcn~~'UB'Ubbri'U, 25530 

~~1nG1 ~frw.J'UI'i''W~~n~o m-a~n~1u~~EJ~~\l~%'l~eJ~%'!61'3.lq'Vl~'Vl1\ln1'ab~EJ'IJ.n1~1ei\lnq~"lleJ\l 
' 

l'VICJ1tJ'jl'j'WBU~t1Jt1J1~ n~11"116Wl~~Vl1Uruenl'l: ~Vl1l'Vl ~1~ ~'UB'Wbbri'W, 25540 

1'11~~1"1 b1B\l~l~~ruo m-au~'VI1'a~elbb%'l~b'Vlflb 'IJ b%'!Vm-a~n~10 n1'1b'Vl'ji'j~Vl1'Wm: frw.J'U1'jl'j1tJ'11, 

25470 

• 
"il~cn ~1U1VlB~o m-a<W'~'IJ1~6iiil'3Jq'Vl5'VI1\ln1'ab~EJ'IJbb%'l~~n~~m~u1'1Jm'mnilru'VI1'Vl1\l 

"' 
flWIPlA1~~i b~B\lb~'VIVUqj'VI1n1'aU1n 6lU ~ru 'VI1'a 1~EJ1"!i1'!]~mm-ab~EJ'I.Ji (5Es) 

"' "" ~ al ~ q d "lleJ\l'IJm-am.J"ll'IJu'a~tl3JrJn~1tl'V1 4. l'VI~1tJ'jl'j'W5tJ~ruru1Pin~11"1161m~vnurueV11'1: 
"' "' 

~Vl1l'V1~1~~'1JB'Wbbri'W, 2555 0 

~Tt.HJ~ eJ~l'.i~ruo m-a<W'~'IJ1fl113.1~13.11'at1b'IJn1'abbnucy'VI1 bb%'!~ ~6iiil'3.lq'VI~'V11\ln1'ab~El'IJ 

1"lf11'VIEJ1A1~l91{ b~B\l ~1\ln1EJ3.l'IJ~v "llB\l'l1m~EJ'IJ.ff'IJu-a~t13.1An~1tl~ 61~EJ1cti • 
~Ubbuum-a~~m-ab~EJ'I.Jiuuu1n~mm-a~ub~1~'VI1fl113Ji (5Es)o 

1vm 1tJ'jl'j'WBtJ~ t1J t1J1~ n~11"1161 1'1 ~~Vl1U ruen 1'1: ~Vl11vm 1~ ~'UB'W bbri'W, 2555 0 



J 
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ru'j1fl'jru urun\1. ~1bbVI'Wf111l.l~~"lle:J~'I!m~fl'Wi'W~5fll.lfim~ntJ~ 5 b~e:J~bb~~ lil1nm~~~ 
'"' 
fllilm~l.ln1'ab~fl'Un1'a~eJ'U'U'U~'U~1'UVIq~~fleJ'U~~~fl~1~~1~flb<ij15m~b~fl'Uibb'U'U 
vl1'W1fl iil~ bn~e:J5'U1fl. i'VI ~1U'W'Weh.J~ruru1~ m~1m?!m:WVJ1urusri~?J: 

"' "' 

~ ' ~ 

ru"IJ'B~I?l bfl€l'VITW. m~w~'W1bb'U'U:51~e:J~f111l.l~~b~e:J~w'W5~bflii"!l€l~'l!nb~fl'U'ti''U~5al.!An~1 

tJ~ 4 ~1flnlilm-al.lm-ab~a'WTI~a1<(fbb'U'U:51~e:J~bU'Uij1'W. i'VImU'W'WihJ~ruru1 
~ ~ vv 

~n~1m?!~?J'j:I.J'Vl1urusri~?J: :W'Vl1i'VIm~mm~~?J'jm?!l?l{ 2557. 

ru"~J'B~\?1 b~eJ'VITw. "bb uu~161eJ'IA11:W~\91b~m'W'W'B~bAn'UeJ'lum~~'W~'Wir'B~:w~mntJ~ 4", 

Clo t Q,l Q,l t t 
11"a~1-a~~"ll~1'WA~'WVI"a u'U'U~~fll.lfl1~~-abb~~l.I'W~flfl1~~~. 17(2): 299-314; 

' 
:iJ'W1A:I.J-b:W~1~'W, 2554. 

ru~~fl1 u1~?!~1?1 ~- n1'abU~£l'Ubb tJ~~l.lb 'Ul.I~VI1~1VIfl1fl1~~ibb~~fl11l.lb ~€1 b~fl'Jn'Ubb 'a~lil~blil 
~ v 

b~eN m~utiw11~~ "ll€l~'l!m~a'Ui'W~5fll.!An~1U~ 4 bije:JboU~VI5fl1~~im-a~e:J'Wb~e:J 
b tl~a'Wu tl~~l.l1 'Wl.l~. i'VI ~1U'W'WihJ~qJqJ1~ n~1m?!~?J'j:I.JVJ1urusri~?J: 

:W'Vl1i'VIm~~'U€l'Wbbri'W, 2555. 

~'Wb?!~:W bb61~ hA-1!~ ~'W~'l. "'jl.Jbb'U'Ufl1'jvl1fl11l.lboU1 h (Mental model) 'U€!'1Uflb~~'W 
'IJ 

~'Wir5~l.l~fl~1tJ~ 5 b~€!'1 '{j'j'j:I.J"IJ1~'U€l'lbb?!'l "' 1 'W b€lfl~1~tl~~"!ll.l1't11n1~ b~eJ~b'W1'W 
f!t\'1a1'W~mtl'W1. 'UeJ'Wbbri'W: :W'Vl1i'VIm~~'U€l'Wbbri'W, 2549. 

b 'VIJfl'VIt ~'Wb?!~:w. m-afin~1~l.Jbb'U'Ufl1"avl1f111:WboU1blil b~e:J~ 1'V'J.Yh "!l€l~~b~£J'W~b~£J'W~1fl "I v v 

~~ bb 1~t\' e:Jl.IVI1 ~n1~b~a'Wi'U'W bfl~€!"li1fl~1l.lbb 'W1fle:J'W~~~f1~1~1Pi i'W~ilal.lfin~1tl~ 3. 

i'VI ~1'D'W'WBl.J~qJ qJ1~ n~1 m?! 1?1 'j:I.J'Vl1U ru~ 1?1: :W'Vl1i'VI m~ ~'U eJ'W bbri'W, 2555. 

B'j'W-:J~ bb?!'l~'VIt. m~An~1~1bbVI'Wf111l.l~~"lle:J~'I!m~fl'Wi'W~5fll.!An~1tl~ 6 b~€!~ b61J~~1'V'J.Yh 
bflii ~1flm-a~~1~bl.lb~~ Clay Animation ~1:wnum-abmfl'Ub-vif!u. 

i'VI ~1U'W'W5l.J~'l!'ll1~n~1~1 ?!~?J'j:I.JVJ1urusri~?J: :wVJ1i'VIm~ ~'U€l'Wbbri'W, 2555. 

J1f11'l ~'Wb?!~:w. ~~m~~~nlilm~l.lm-ab~a'Wm-a~eJ'Wb~€!~~1'Wbb~~-w~~~1'Wi'W~ilal.lfin~1tl~ 4 

'U'W~'Wli1'W"!l€l~VIq~~fleJ'W~~~fl~1~~1~flb<(f15 POEs. i'V1~1U'W'WBLJ~qjqj1~fl~1 
~1?!\?l'j:I.JVJ1urusri~?J: :W'Vl1i'VIm~~'U€l'Wbbri'W, 2551. 



.. 
'I.J'nru rre:J..:J~'U~1. nTnmuuLViuu~!;lliY:IJq'VIt·vn:mTn~u'UflWIPlf111i'IIPl4LL!;l:::-.1n~:::m-afifiL!;l'tl 

l 'U L"il'tleJ.:J'l!n L~ti'U~1~i'unT-a1i'leJ'U!Pl1:1J-atl LL uu~tlt1111Plul <ijLL uutlm11Pl~ L u'U-.1n~::: .. 

fl';jf1161\Pl';i:IJ'Vl1D rueVi\91: :1Jvt1i'VIcn~ CJ';i1"Un fl'V'l';i:::'Ufl';jfl~mmcn, 254 9. 
' ~ ' 
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oW"U';i'V'l';i';itl.J 'lh:::611'UL 'U\Pl';i. ~1 LL 'VI'Ufl11:1Jfifl L~eJ.:Jn1'aLL ti.:J L6ll!;l~'tleJ.:J'l!m~ti'U,1'U~5ti:IJAn~1U~ 4 

"il1nm-al<ijn-a:::u1'Un1'aL~ti'Uibfltln1'a1i'I~1.:J Slowmation. iVlCJTW'V'l'U'Btl~t1Jt1J1 
t:::f Q,.l .::::11. ~ Q.l I 

f1 n'l31 f1161\Pl';i:IJ'Vl1'U tu6Vl\Pl: :IJ'Vl11V1CJ1~ CJ"Iffi'ULLn'U, 2556. 

oW"U';i'V'l';i';itl.J th:::611'UL'U\Pl';i LL~:::i:IJ~ 6\'1';i1t1)1TW"U. "~1LLV1'Ufl11:1Jfifl L~eNn1';iLLD .. :Jb6!m~ 

"UeJ..:Ji!m~m.J.ff'U~TICJ:IJPln'131U~ 4 ~nnm';i1-&'m:::u1'Un1';iL~CJ'UTI~CJn1';i61~1..:J 
" 

Slowmation ", 11'a1i'l1-afin~1f11~!Pl{ QUu1:5'm.Jrusn!PlAn~1 :IJVI11'VIu1~tl'tleJ'ULLti'U. 

8(2): 91-98; L:IJ'I31CJ'U-ii'U1fl:IJ; 2557. 

oW\9l,J'U'V'l..:J~ ~m. m-afin~Tu"il:5'u~mi'VI5~~~eJ~!;lliY:IJq'VIt'VI1.:Jm-aL~u'U1'VImf111i'IIPl4'tleJ.:J'l!nfin~1 

i'LI~5t1:1JAn~1tl ~ 3 ~.:JLU'U~!;l"il1nm-a'VIfl~eJuflru.m~m-afin~1-a:::~u'tf1~ • 

..:::a. Q..l Q.l .:::::.. t{ 

:IJVl11VlCJ1~CJ';i1"Ufi{J~\Pl';i\Pl\Pl~, 2551. 

oW\9l,J'U1'V'l';i flTI U!J n. ~!;llil:IJq'VIt'VI1.:Jfl1-aL~ti'UD1~1eJ.:Jn q~L .yjeJm-a~eJ1i'l1'aLL~:::fl11:1JW.:J~eJ L"il"l..eJ.:J 
"' 0 

'l1m~ti'UoH'U~5ti:IJAn~1tJVi 4 11Plul-ii1fl-a.:J.:J1'U. n1';ifl'Ufll1B61';i:::'\.J~t1)t1J1Pln'131f1161\Pl';i 

:IJ'Vl1UtueVi\Pl: :IJ'Vl1iVlCJ1~CJ'lJB'ULLfl'U, 2556. 

oW~\91 fiVJBiil';iru. Vl~nm-a11PlLL!;l:::tl-a:::Lil!;l~!;ln1'aAn~1. ~:IJ~fl~..:J~ 4. m..:JLVl'V'l:IJVI1'Ufl';i: ul CU QJ q 

Le11~ elel'W LflB{iJ61Vl, 2550 . 

.W:~J~'\.J';i:::n1 B~t1)iJ\Pl<;j. il"il:5'u~mi'VI5~~~eJ~!;llil:IJq'VI~'VI1.:Jm-aL~u'Ufl1~11 'VIU'tleJ.:J'l!n L~u'U 
,1'Utl-a:::fi:IJAn~1tl~ 6 lil.:Jnfl~h'l1n.:J1'UL'ti1Pl~'U~m-afin~1L!;ltl L"l..IPl 3 11Plum-a1Lfl-a1:::~ 

~VJ-a:::~u. iVlCJ1oU'V'l'U6'\.J~t1jt1J1fl1f1161\911:1Jvt1DtueVi\Pl: :IJvt1iVltn~CJ';i1"l!Jl{JL~CJ, 2552. 

oW:IJ~oW'U5 L~"U:::fl'I.J \?). LL 'U1fifl u~:::u 'U1'VI1.:J'tleJ.:Jfl1'a:5'1Plfl1'aL~ti'Un1';i1i'leJ'U~afl'l1n L~ti'UL U'U 
' 

A'Uf1n!;l1.:J. m..:JLVl'V'l:IJvt1'Ufl';i: ~UVI1~..:Jmru:~Jvt1iVJCJ1~CJ, 2541. .. ' . 
oW:IJoW'U5 L~"U:::fl'I.J\?) LL~:::'V'lLCJ1l ~'U~61'll. 1'i51'VIt11f111i'I!Pl{LL!;l:::1'VJCJ1f111i'I!Pl{vi'11'\.J. 

' ' 



.. 
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vh'V'IG't b'<iltrr~?ru. moaoWWJ'lJ1bb~'UnTH~~'W~bb'U'U~h.Jb~1:: mhJ~1-a::m-ab~~'W~1'Vl~1fl1~l>li 
" . " 

off'Utl-a::mJi\in'li1U~ 5. nT~fi\JfrJ1B?l~~tl~~~1nT~~m~m.JVl1tJru<o/11?1: 

li'Vl1lVlCJ1~CJli'Vl1?l1~1"11ll, 2550. . . 
'V'I~Vi11 Vle:J~tltL m-a-w' WJ'W1~t=tlilllq'Vl5'Vl1-:ln1'ab~V'W b~v-:~ m-a~h-a .:J1J1lPI"llv-:loW"U bbt=t::Vi'n'li:: 

n-a::u1'Wn1'a'Vl1-:11'Vla1fl1~l>li ~1'\ll~uum~v'Woff'W~ovlli\in'li1U~ 1 blPIVboU"Ul>lihm-a-all • 
'i1llnum-a-:5'l>ln1'ab~V'Wlbb'U'U~'Ub~1::'\ll1fl11lli' SE. l'VlCJ1'W'V'I'Wth.J~~~1lVlCJ11"11?l1?1~ 

li'Vl1tJru<o/11?1: l!Vl1lVlCJ1~CJe:J'Um1"1l51oU, 2556. , 

'V'I1~ b 'V'1"1l~ ?l1~~ru"1l1~. fl11lloW-:I'rm b'<\l"lJv-:ltloa::"U1"U'W~vm-a~1 b il'Wmoa~1'W bfl'a.:J~~1-:I~'W~1'W , ~ 

~ tl .Q .c:l Q,l QQ d'c:l.c:::l 

?l~mn m~. ~t=t"lJv-:1 m-a~v'Wf!Wl>lfl1~l>l'al?11ll bb 'W'"Jfl~"lJv-:I'Vlq'li~flv'W~lPI'afllPI'"J~lPI'Vlll 

• 
~ t=tlil~q 'Vl5'Vl1-:~ n 1-a b~V'W1"l11 fl til lPI fl1 ~ lPI iut=t ::1"11111~1 ~1 "a fib 'lJ m-a~h v 1v-:~ n 1-a b~V'Wl 

"!Jv-:~unb~V'Uoa::~u~i5a~i\in'li1l>lv'W~'W. l'VlCJTW'V'I'W~tl~~~11"111"11?l1?1~~~~t!ru<o/11?1: 
• = OJ 

'<il'141G't~mrulJVl11'VlCJ1G'ICJ, 2539. , 

1 'V'Ib ~'<il'l1 b~llbl?1"1l1~'V'I~ii. m-aAn'li1n1'ab ti~V'Wllb 'W~~ "lJv-:~um~a'lJ-a::~uoff'lJ~ov~f\in'li1l>lv'Wtlt=t1V 
b~v.:J V11l1~~'W 1~v1.Un-ae:~um-a~f!11~V!t=t1ViJ~. iVJCJ1iJ'V'I'W~tl~ruru1~n~11"11?l1?1~ 

"' "' 

~~~trru<o/11?1: li'Vl1lVJCJ1~CJ'lJe:J'Wbbrl'W, 2550 . 

.nii'WVJ{ ~li~'W~~1~. fl11~oW-:~'Wv 1'<\11 'Um-avh~1'W"lJv.:J\Ohoa1'<\lnv.:J'I1.:J~'Un1oa\Ohoa""J'<\ItloaTutl-a1ll 
'lJ , , 

2547 . 

.n~Vi'V'I~ ?l.OVJ~-ti v1~ii. m-a-:5'~n'<\l n-a-allmoab~V'WTI~v 1.Uu uu'<\11t=tv.:J b tl'W ~1'W b rle:~.W WJ'W1 . " ~ 

bb uu1il'1t=tv-:~'Vl1-:lfl11llfl~ b~v.:J 11"1-a .:J~~1·:m::l>lvll bbt=t::fl11~ dh b'<\li5"a'a~"U1~bb 'U'U'<\11t=tv.:J 

"lJv-:~'l1'm~v'Uoff'lJ~i5Vlli\in'li1U~ 4. iVJCJ1iJ'V'I'W~tl~~~1~n~11"11?l1?1~li'Vl1tJru<o/11?1: 

uvniVJm~mn~\?1~1"11?11?1{ 2556 . 

.n~Vi'V'I~ ?l.OVJ~otlCJ1~ral. "m~~V~m~b~CJ'WTIV~CJ 1 oUbb'U'U'<iJ1G'te:J~btlt!~1'Wb~e:J~WJ'W1bb'U'U'<il1G'te:J~Vl1~ 
, 'lJ ~ 

l"l11llflV~ b~m 11"1~~?1~1~ e:J~\?1 e:Jll bbG't ~l"l11ll b oU1b'<il5~~ll"1l1~'lJe:J~ bb uu'<il1G'te:J~'lJe:J~un b~CJ'W 

.&t~i!uCJll~n~1tJ~ 4", 11'a~1"a'W1l>lm-a~m-ab~V'Wl. 1( 1): 97 -124; mn~11"lll-

5't!111"lll, 2558. 
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f{ cv & d Q il tf Q d Q,/ .c:::t 

~'Vn ~1J.f111 0 t:-ii;t~llq'VI5'VI1o:ln1'H ~V'Ubb~~fi111Jfl~~~1.:1~';;~fi'VI1.:11'VI V1f11~\Jl'5 'tlel.:I'Unb ~V'U 

" ' ' 
.Uu315a1.1An~nuVi 2 Vil~~um~~au 1~v1-tl~'tJbb uum~au b~1~'VI1fl111l~o 

~ ~ 

~'U~bfl-a''U~, 25460 

i'~t"J~ "IJ'W:::m'Wo m~fr~'W1~1bb'VI'Wfl1111fl~'VI1.:J1'VImf11~~{ 'tla-:~'11m~v'W.ff'U315a11Am~ntl~ 5 

b~a.:~ fi~'Wbaa-:~~1nm~~~n~n~~11n1~b~a'Wn1~~a'Uu'W~'U!1'W'VIq~~fla'W~~~fl~1f!~ 
1~v1-tl15nTn~v'Wibb 'U'Uvl1'W1V-lil.:~ bn~-e!B'U1V 0 i'VI~TU~'WthJ~qjqj1~ fl~111'V11D rusfi~: 

1J'VI1i'VI~1~~'tJ'El'Ubbtl'U, 25550 

T~';ifl.!'.\J~~ 31\1~\1'¥10 beJnft1';;U~~neJ'Un1~f!eJ'W 1'111n1~b'it.~'Wi11 1 'W1l~'VI1.:!1'VIV1f11f!~{ 
di d Q V I 

flru:::Plfl~1Pl1?1~';i: ll'VI11'VIm,m'tJ'El'Wbbfl'W, 2541. 

'J';i';ifl.!Vi~1 ';i'EJ~bb';i\lfl10 CONSTRUCTIVISM. fl1\lb'Vl~ll'VI1'Wfl';i, 25400 
' ' ~ 

TU~1 ~bbU'Uo u~~vVia.:~e-~f;l~eJt:-lf;l!il1Jq'VI5'VI1.:1n1~b~V'U.f11~1el.:Jnq~'tleJ.:!Unb~V'U 

.ff'Uu~~"11ftm~nu~ 3 1 'U 1 ~.:~ b~V'U~h'l1n-:~1'Ub'tl~~'U~m';;An'ti1\J~~"11An~1 bi;!V 

1~vm~1bfi~1~,_,~'VI~~~uo i'Vlm'D~'WthJ~ruru1fl';iPl1?1~';ill'V11'1Jrusfi~: 
• QJ cu " 

11'VI1i'V1~1~~';i1"1ln~b~~, 25530 

i.n11~ t!1~~~ 0 n1';;An'li1fl1111~1111';;() 1 'Um~ei1'Ub ~.:~1 bfl';;1~,_,'tleJ.:~um~v'U.ff'U315v11An'li1U~ 2 

~fl~1m?l~';i1l'V11Drusfi~: ll'VI1i'Vlm~~'tJ'El'Wbbn'U, 25550 

im1~ ~ m.nu ru b~'El\10 t:-~f;lnT':ifteJ'U~eJ1lbfl~11b rim 'tJ~V'U11 1 'U1l~~flm~ bfl~eJ'U 1 '1..!1'111 bflij'tleJ.:J 
' "' 

'11m~v'U.ff'U315a1.1An~1tl~ 4. i'Vlm'D~whJ~qjt1J1~fl~1Pl1?1~';ill'V11Drusfi~: 
ll'VI1i'Vlm~~·~rn'Wbbn'W, 25430 

' ~ 

1~-a'~ ~1'U::: 0 fl111llil'1lfr'Uth~'VI11-:~'U~~V1n1flbbi;t~~.:~bb 1~~e1111 'U 1 ~.:!b~V'Uf1'Ut:-~i;tlil'1lq'VI5 
' 

'V11.:Jn1';ib~V'U'tleJ-:~'11nftn~11 'U 1 ~.:~b~V'U lil.:~n~~hun-:~1'Ub'tl~~'U~m~ftn~11'U 
~.:~'VI1~bi;!V. i'Vlm'D~'Wlhl~t1Jt1J1fl~m?lmll'VI1'1Jrusfi~: ll'VI1i'V1~1~~';i1"1lnnb~~, 25530 

~~~';i';iru Pl~'J';j';jfl.!'J\1,;0 fl111lb-lhh111'U11~1'VIa1f11f!~{ b~eJ-:1 m~ri1V'VIeJ~!iln~ru~'VI1.:J 

cW'U5m';;1l'tleJ.:Jun b~t~'U.ff'U315a11A n~1u~ 6 b~eJ 1-tla'V15f11fl~im~f!eJ'U brim 'tJ~V'U • • 
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Pi~'V'I~ L ~-e:rJ'..:~Fh. m~~~'l..!1'tf~ih:m~~3Jm~flv'l..!bb uui1u bfi1::'VI1A113J~b -¥le~ b .Uum~f\~1 bfl~1::,.; . " 
aJ .:::!. .c:t I q II 0 QQ 4 ' 

bb%'1::~%'1fi3Jq'VIfi'VI1..:J m~b ~tl'l..! 'VI'I..!1tln1~b ~tl'l..!l m~m~.:J'tf1~"llv.:J'W'tf n~3Jfl1~:: 

m~b~t1'1..!~1'VIt11f11fl~i "Y1uth::rt3.1Am~nu~ 4. l'VIt11ij'V'I'ULh.J~fllfll1A11"11?f~';j 
:WVJ1'\Jru;i~: :WVJ1l'VItl1~m1"1!.fi'!J?tfl~'UA';i, 2557. 

Pl'd'V'I';i ~11 "il. ~%'l"llv.:Jm~:5'~m~b~tl'l..!~bb 'U'U~'U bfi1::'VI1fl113J~~ij~v ~%'1~3Jn'VI~'VI1.:Jfl1'H~tl'l..!bb%'1:: 
" " "I 

A113Jfi13J1~rt1unTmnilru'VI1'VI1.:J1'VIt11f11fl~i"llv.:~'l!m~tl'l..!,r'l..!'lh::rt3JAm~nu ~ 4. 
"' 

l'VIt11ij'V'I'UthJ~qJfll1A11"11?f~';i:WV!1Dru;i~: :WV!1l'VIt11~tl';i1"l!.fi'!Jb 'V'I"l!';it(~, 2551. 

~.n n1t1J"il'I11'~'U m. m~Ami1bb uu:ij1%'lv.:J'VI1..:JA113Jfi~ bb%'l::A113J b 'ti1b"iifi~~3J'tf1~"llv..:Jbb uu:ij1%'lv.:J 

"llv.:~'l!m~tl'l..!~::~u"Y1u:i15ti3JAfl'li1tl~ 5 b~v.:~m~-b'Ufl. l'VICJ1\j'V'Iu5'1..l~t1Jfll1Plm.JI"11?f~';j 
v Clio Clio Q..l ~ 

:WV!1'Utu"Vl~: :WV!11'VItl1~tlbfl'tl-~';i\"11?{~';i, 2552. 
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Q,/ 4 ~ J 1.1 
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0 .c::IQ "" 

m~~1~.:J'tf1~. m..:Jb'Vl'V'I:WVJ1'Ufl';i: ?tfl?ffl ml'l'V'I';i11, 2548 . • 
l.c:::l .Q q .c:::::a, :K iJ 

A3Jvfl~~1t11'tf1'tf11'VIti1'W'I..!ti1'1..!. m..:Jb'Vl'V'I:WVJ1'Ufl1: A';i?f.fl1ml'l'V'I~11, 2551. v 'U cQ q qq 

Q,l .c::t 1/t.C:. daJ .::::8 ~.f 

- ---· fl1~"ii~fl1~::fl1~b~tl'l..!~fl%'13J1'VIt11f11fl~~ 'VI%'1flfl~~fl1~flfl'li1"lJ'I..!'W'Uti1'1..!. 
'\1 ~ v dS 

m..:Jb'Vl'V'I:WVJ1'Ufl';i: ?tfl?ffl m(;1'V'I~11, 2554 . • 
Q..l (l.l .Q 4 I d Q,/ Q,l QQ. d .d 
1~'U"l!tl. ~%'l"llv.:Jn1~b ~ti'I..!'U'I..!bfl~v"ll1ti'VI'W~'U1~13Jbb '1..!1Av'l..!fi~~A~1fl~ b ~v.:~ m~ .. . 

'IJ1(;1b~'U"llv.:~'tim"'h~1 ~1'VI~u'l!nfin'li1~~1bb'W'VIaf11fl~i"'fut1Vi 5. 

nTH~''Urr~1B?f';j~'IJ~ruru1Pi m~11"11?f m:wVJ1U ru;i~: :WVJ1l'Vl m~ tl'lJeJ'Ubbn'U, 254 7. 
"' "' 

cv.o:::.q Q,l Q,l d Q d Q,l c! .c:::l 

?t'U'Vl ';j ?t:W'U ~ u';i::. m ~'W ~'I..! 1'VI n'li:: m~flv fi1~'VI1.:JA ru ~ f11fl ~ ~bb%'1::~%'1 fi3J q'VI fi'VI1.:J m ~b ~tl'l..! 
' .. . . 

"lJv.:~'l!m~tl'l..!"'fu:iJ5ti3JAn'li1UVi 4 b~v.:~ :ij1'1..!1'1..!"ii~.:J mi3Jfl1~::m~b~ti'I..!~Aru~f11fl~i . " 
1~t~1m3Jb(;1%'l~'l..l'lJ1. 1'Vlmij'V'I'U5'lJ~ruru1Pimnl"11?tm:wVJ1'\Jru;i~: 

"' "' 

Q 4 o.l &. q Q,l Q d 

tJ ~~ b?f ';i:O. m~fl n'li1 ~%'! f!3J q'VI 5'VI1.:! n 1 ~ b ~tl'l..! bb%'1 ::'VI n'li::n ~::u 1'1..1 n 1~'VI1.:!1'VI tl1 f11 fl~~ ... 
b~v.:~i1.:~mti3J'I..!'Iia mi3Jfl1~::m~b~tlu~1'Vlt11f11fl~i "llv.:~'l!m~tl'l..!,r'l..!'lJ~::rt3JAn'li1 . . " 
u~ 6 L~tlbetllUbb'U'Ufl1~flv'l..!bb'U'U Backward Design. l'Vltl1ij'V'I'U5'1..l~qjf~J1fl11"11?f~';j 

:WVJ1'\Jru;i~: :WVJ1l'Vltl1~tl';i1'lJ.li'!]b'VI'V'I?t~l 2552. 



158 
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b 1~1~1-if~Hl'IJ 3 fl1'U 

i'IJ~llfl:wfim~n:o~ 4 

1!11 Q,l d 4 

"!H;'Ie:J'IJ 3.1. 4/11 1'1J'Vl ....... bfle:J'IJ ...................... ~.fl. 2558 b1~1 ...................................... . 

' ' 
~1~~Vi 1 il.:~ii~11Plnum~u1'1Jm~~1~.:~~11Pl 

:W11Pl~~1'1J 1 1.2 b'ihhm~'U1'Wfl1'm~~m1:wG1'1rl'ru"lle:J'lfl1";i~1CJ'Vl'Ell1l~m~ru~'V11'l 
~ v 

Yr"W5Fn";i:Wl1~'W1fl1";i"il'El'l~'lii~1111 f'l11:W'VImn'VImCJ'Vl1'l~1m'V'l fl1";i 1 ·ifb 'Vlf'lb 'W 1~~~iit:-J~~'El:W'W~~ bb"~ 
' ' 

1 1.2 3.1. 4-6/1 

1 1.8 3.1.4-6/4 

1 1.8 3.1.4-6/12 

1.Um~'U1'W fl1";i'V11\Il'Vl CJ11"11?11Pl~ bb~~~ I'll 'VI CJ11"11?11'1TI 'W fl1";i~'\J 

b?I1~'VI1 m 1:W f fl1";i bbniJ t1J'VI1 f1Tth1 n!J fl1 ";i ru'Vl1 \15";i";i:W"il1 &1~ 

bn\1l~"W?h"W 1 'VIruii";jtJ bb uu~ m.l"We:J'W ?11:W1";iCJe:J5mmb~~mT'il?le:Ju 11?1 
v " 

-:ij111 bb?ll1l'lt:-J~\11'W b ~ CJ'W";i1CJ\11'Wbb~~/'VI~mJ5u1CJ bflCJ'Jnu bb 'W'J~\11 

m~'U'J'Wfl1";i bb"~t:-l~"ll'El'lbf'l";i'l'l1'W'VI~'El~'W'l1'W 1 V!er~'WboV1h 
" 
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fl1'jbbU~b"l!~~bb'\J'\J 1111 'Vl6il?t (mitosis) dJ'Ufl1'jbbU~'1JeNb"l!~~~1~fl1tJ (somatic cell) b~m~ll 

"il1'U'J'Ub"l!~~1 'U'lltl..!~~iimwil~rub~'\J 1~JJ "il1'U'J'U 1fl'j 111 1"1lll'llfl~b"l!~~~ m vhnu b"l!~~ b~ll~'U (2n~ 2n) 
v ~ 

'lh~flfl'IJ~'JtJ 1) 'j~tJ~B'Ub~J~eJ{b'V'l?l 2) 'j~tJ~~iifl1'jbbU~~'W1bfl~tJ?I (karyokinesis) tb~flfl'\J~'JtJ 

4 'j~tJ~ 1~bbn 'j~tJ~1'V'l'jb'V'J?t 'j~tJ~blJ'Vl1b'V'l?t 'j~tJ~bbeJ'U1b'V'l?t 'j~tJ~b'Vl1m'V'l?t bb~~ 3) fl1'jbbu~ 

1"1!1 'Vl'V'lm?t61ill (cytokinesis) 

II II 
~1'1Jf'11111';i .. 

3.1 eJ5u1tJfl1'jb 'lJ~tJ'IJbb u~~'lleJ~'W1bfl~ tJ?t1 'Ufl1'jbbU~b"l!~~ bb uu 1111 'Vl6il?t1~ 
II <V 

~1'1J'Vlfl~::: 

3.2 'Vll11~mrn'jbbU~b"l!~~bb'IJ'IJ 1111 'Vl"li?t 

3.3 ~~bfl~JJ 11111il1'V'l bb~~eJ5'1J1tJ~mtru~rn'jbbU~b"l!~~bb'\J'\J 1111 'Vl6il?tbbl9i~~'j~tJ~"il1fl 

m1vl'1ufimim11~~n~eJ~ 
II ""' 
m'I.Jb1\l~f'1~JJ 

3.4 ii~'J'U~'Jll 1 'Urn1vl'1n"iJm'jlJm1ll 
' 

4. !;'11';i:::n1';ib'ia'IJ~ .. 
fl11bbU~b"l!~~bb'\J'\J 1111 'Vl6il?t (mitotic division) bU'Ufl11bbU~b"l!~~b~flfl11~'\J~'Ui5l 'IJ~~i1~1~JJ 

' 
b"l!~~ b~tJ'J (unicellular organism) 611~i11fl11ll 1"1!11 b .WtJ~'Ill11 b~tJ'J (monoploid) bb~~b tl'I.Jm1 bb u~ 

b"l!~~ b ~m ~ll"il1'1J'J'Ub"l!~~'llfl~b"l!~~~1~fl1tJ (somatic cell) 1 'Ufl1'jb"il1t~Jb~'\J 1\91'1lfl~~~i1~11'!VlmtJ 

b"l!~~ 611~i11f111ll1"1lll 2 '/ll11 (diploid) 1111tJi'ib61J~~b~ll~'U 1 b61J~~ (mother cell) b~flbbD~b?l~"il~'IJ 
m~'IJ'J'IJfl11bbU~b61J~~"il~1~b61J~~~fl 2 b61J~~ (daughter cells) 611~ii"il1'1J1'U1f1';i1ll161Jmb~~?l11 

~ 

· ~'IJ5fl11ll1'1Jb61J~~1Vl:UbVl:tleJ'U1'Ub61J~~b~ll~'U'VlflU1~fl11 (2n 1'\.J 2n Vl~fl n 1'\.J n ) 
' ' ' ' ' I .<:::11 (( d Q.l oQf I ({ ~ I t( Cl.l 

"111~1~ tJ ~ b 1~ 1'Vl b61J~~ bl'l1 tJll I'I'J'Vl"il ~ bb u~ b61J~~ bb~ ~ bfl 111 m~'\J'J'U n11 bb u~ b61J~~"il'U m~ 'Vl~ 

b?l~"il~'IJ b~tJfl'"ll i'!J~mb"l!~~ (cell cycle) 611~'\.J'j~flfl'\.J~'JtJ 2 ~1~1~tJ~1VlqJ1 ~fl ~1-!11~tJ~ 
B'Ub~J~eJ{b'V'l?l (interphase) bb~~~1~1~tJ~fl11bbU~b61J~~bb'IJ'IJ1ll1'Vl"li?t (mitosis phase) i1 4 1~tJ~ ~fl 

1'V'l1b'l"l?l (prophase) bll'Vl1b'l"l?l (metaphase) bbfl'IJ1b'l"l?l (anaphase) bb~~b'Vl1m'V'l?t (telophase) 

fl11bb U~ b61J~~ bb '\J'\J 1111 'Vl"li?!'V'l'IJ~ b 'iieJ b~fl b"il1ru'\.Jm tJ tJfl111 't.JmtJ11fl bbflll b {j tJll'llfl-!!oW"Il'Vl~m 'liB b~fl'\J~'J 
v ' 

1'1lm~l11n1'1J~I'I1 fl11?1~1~b61J~~~'\J~'U6'1JeJ~oW"Il1'Ub61J~~'\J1~"1l'W111 b~'U b61J~~b'iim~m"il1ru'1JeJ~.W"Il 
~ ' v 

b61J~~1'1Jm~111n b~eJ?I~1~b~l11b~eJI11bbl11~ b61J~~u~b 'V'l'\Jl1 b61J~~"il~iirn1bbU~~'JeJ~bi'ieJ'IJI'I~eJI11b1~1 ~-:~ 
~ ' ~ 
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n~111~11 b"ll"'~ b VI~Tda~1 'Wi'!J~m"UB\Ib"ll"'~l?l~B~ bbl?i b"ll~~U1\I'!l'U~ b~BbbD\Ib"ll~~bb~1~~ 1lJbbD\1~1 
~nl?iahl ,T'W~B b"ll"'~~~1lJboV1~1'!J~m'llB\Ib"ll~~~n boV1~ G0 ~'Wm~vi'\lb"ll~~'ll11il1'W (cell aging) 

bb"'~m~hJ (cell death) 1'W~6'l~ bbl?ib"ll~~U1\I'll'W~ ~~-wn~1VI~BB~b'W G0 -&11~~~b1"'1V1tl\l tl1~~ • 'U 

ml'Ul-11bbD\1~1~n n~~boV11'!J~m"UB\Ib"ll~~\?iahl ~\I~'WI?IB'W\?11\1 11'Wn11bbD\Ib"ll"'~bbtJU1:u1Vl~6'l ~\1 

1 'W1b 'V'J?t (prophase) 

b:UV11b'V'J?t (metaphase) 

oup!.catoo 
chfomosom! 

b~:U~1'W1'W Ll"l1L:U L"ll:U (Duplication) ;'W:U1~n"ll~VItl\l 
bb~~~~n'WB~~b"ll'WLV11Li1~{ (11m1:u1"1l:u 

'U 

0 0 

:iJ n11 btl~~ 'Wbb tl ~ \1 Vl1 \1 b 1"1 :iJ :u 1 n Vi ?I~ (metabolic • 
stage) 

b"ll'W~?J~1a bbD\Ibtl'W 2 eJ'W 

1 inm'W1'W~?f~ L1"111:u 1"1l:w:iJI"l11:Um1:U1n~?t~ • • 

1mmV!~VI~~'W vh 1 vi':ua\lb ~'Wb tl'Wbbvbi~b~'W 

b~avi':u'W1 bl"l~~?fbb~~-u11"lillml'?IV11t.J 1 tl • 

b"ll'WI?l~LBml"l~B'W1tl 2 oV1\1'1JB\Ib"ll~~ 

bb~~?f~1\11:u 1 Vl~n 

?IU'Wb~~ 1 tlbm~~b"ll'W 1 Vl1b:iJ~{ 

1~~~d:iJb"ll'W~?J~1a"' 2 eJ'W 

Ll"l11:u L"IJ:Ub~~\1~1m:u bb 'W1~\Inm\1'1JB\Ib"ll~~ 

s pi wie b VI:U1~1?i eJn11UtJ 1r111:u L"ll:U bb"'~Pim~11tl~1\l 
fibers~ U " 

):<~, Lr11\l?t~1\1'1JB\ILI"l11:u 1"1l:u 

',.,/4~\.,.. b"ll'WLVl1b:iJ~{~~bb'IJ\II"l~\l vh1mr11:u1VI~ 
'~~!-' _ __.__b~_:u_L_w_n_~_1_nn_"''W ____________ _j 



bbe:J'U1b'V'J?I (anaphase) 

b 'Vlbftb'V'J?I (telophase) 

5. fi'1m:wfih~cy 

169 

B?J';i~ 

1fl';i1~161f~fl1CJ1'Wb61fft~b~:IJbU'U 2 b'Vh~'"J V!~e:J'<il1f1 2n 

bU'U 4n (tetraploid) 

~B-!!b~'W1fl';i1~161l~ ihtJ~1-!!fl~1CJeJf1't~';i';iU~1 V, J, I 
'U 'U 

boV11'1J u~b1runm-!lb61fft~ b61fft~vh bfl~b61fft~b"Wft'Vl 

(Cell plate) ~'Wbb'W'"Jf1ft1-!lb61fft~ OUCJ1CJaan1tJ~~nu 
t:-J1!-!!b61fft~ b~~ 1~ 2 b61fflfl1 V!:W b61fft~ft~ 2n b'V!i1B'Wb~~ 

'Vlf1U';j~f11';j 
' 

5.1 b61lflfl1~u1-!!1 'W~-!!iJ~11'l~~~iJm';ibb u-!! b61lft~ bb uu 1~ 1 'V16&?J 

5.2 f11';ibbU-!!b61lft~bbtJu1~1'V16&?Jfiaa~h iJ~~'WI'lv'W a~hu1-!! 

5.3 f11';ibbD-!!b61lmhbuu 1~ 1 'Vl~?IOUB-!!~-!!iJ~11'liJfl11~~1~qJacJ1-!! 1 ';i 

6.1 .Cua~1-:lfl11:Wa'W1lil (Engagement) 

6.1.1 b~am~~'Ufl'"J1~?1'Wh1'Wf11';ib~CJ'U fl';ibU~bf1~ The Control of the Cell Cycle 
' 'U 

Game (http:/ /www.nobelprize.org/educationaVmedicine/2001/cellcycle.html) bb~'"J 1 ~ 

ifm~CJ'Wftv-!!b~'W 1 'IJ"W~a~ 1 n'U b~m~a~ 1CJ-!!boV1~b~v-!!f11';ibbD-!!b61lft~bb uu 1~ 1 'Vl~?l~~~b~CJ'W~a 1'\J 
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a.fhh1tJ11.J~n~ru~m1~fl~"lJB'I\911.JbB'I~'JJ.Jtl1.J~·rd 
1) ~nn1~a?i'J1.J"lle:J.:.Jbdm~B"UB'I~';I'vi'U'I~t1nvhmtJ bb~~Vl1tJhJ irnL1tJ1.Jfi~-h 

" 
~1'1n1CJ"lle:J'If'11.Jb 1T'ild1m-~'Ul1.Jn11Vl'1B15nT~ 1~ 11.Jm1"1iB~bb"ll~?il1.J~t1 nvhmtJ 1 tJ 

" 
( i1 n b~CJ1.J fl11\91 e:J'U'Vl1a ailt111 w;h :~1.:.~ mtJ"llB'If'l1.J b 11ii m-~'Ul1.J n11bb tl.:.~ b"l!~ci' b ~a 

1tJ'VI~bb'VI1.J Vl1a"lla~bb"ll~1mJ 1~tJ6'11~11tlbbU'Ib"ll~~1Vl~'VImb'VI1.Jb"l!~ci'brhH1\9l~B~blm) 

2) b"l!~ci'~iim1b tJ~tJ1.Jbb tJ~.:.~1tJ~1.:.~1 tJv11Vl,J1~bu~1~B~1.:.~1 tlbb6i'l ?11m1mn~m1 
" 

bb tl.:.~b"ll~~1~an'Vl1a 1~ 

(irn b~CJ1.Jfl11\9le:J'U'Vl1aailtl11CJ11 : 1~tJtln~bb6i'l b"l!~ci'~iim-b tl~CJ1.Jbb tJ~.:.~~tJ~1.:.~1 tJ 

v11Vl,J1~bu~1~B~1.:.~1 tlbb6i'l "il~ 1~mJ.:.~b"ll~~an bb19irh 1~-r'U m1m-~l?i'1.J~b Vl~1~6'f~"il~6'11~11mbtl.:.~ 
' 

b"ll~~1~ b'1i1.J ~'Um~-r'Um1~1~~ b"ll~~~'U"il~6'11~11mb'u.:.~b ~a'VImb'VI1.J Vl1a"lla~bb"ll~ 1 Vl~1~) 

6.1.3 f'11bb~'l"il~tl1~6'f.:.~fi'm1b~CJ1.J1 ~'W'm~CJ1.J'VI11'U 
" ' 

6.2 .ff1.Jf;:h-a'J~(;l'a'J~~tel'U (Exploration) 

6.2.1 bbtl.:.~irm~tJ1.JbiJ1.J 7 n~~ n~~~~ 6-71~mbl9i~~n~~"il~1~-!'U\9l~n~1atlmrum1vl1 
'I , 'I 'I 

tJn~m1n11bbU'Ib"l!~ci'bb'U'U1~1'VI6116'1 bb~~"ll~ Mitosis and Meiosis Simulation n~:J.m~ 1 "11~ 
d.J " 'I 'I 

6.2.2 f'11€JB'U1CJ~1.J\91 B1.J n11vl1fi"il n11~n11'VI~~€J'I b~€1'1 n11bb tl.:.~ b"ll~~ bb 'U'U 1~ 1 'VJ6il6'1 1 ~ 
" 

'11 n b~CJ1.J'W.:.~ri e:J1.Jvl1 m1vl'1 fi"il m1~ 1~ tJ f'l~BB'U1tJlBn11vl1tli)tl'~ n 11'U1.J m~m1.J a~1-:.Jf'1~1l 1 

~'lbbe.J1.J~.:.~ (b~CJ1.Jm~m1.J) 

1) 11.J~1.J\9la1.Jdf'11'UBn 1 ~i1m~tJ1.JPJn~115m1v11tJf1tl'~m1m1bb tl.:.~b"l!~ci' "il1n~iia 
" ~ " 

m1'Vl1tJi)~m1 b~a.:.~ n11bbU'Ib"l!~ci'bb'U'U1~1'V16il?f ~1~l'I'Vl,J1 

2) f'116'11B\9ln11~~tlmtJ11n'Vla~ ~11.J6'11~~'U1.Jbtlm1'Y'J m1611.:.~m~1~1mf'l~a~n 
" 

!I Cll ~ 6".c:::rl 

bb~~n11CJ€J~6'1€J~"Il ~\911.Jf'111~1.J 

3) mb~B1.Ji1m~CJ1.Jb~a.:.~ m11 ~1~1.:.~B~11 v;\tJm 1 'Y'J~1.J?f1~~1.J11.Jbil1.J 1 tl"il1.Jm-~vi'.:.~~ 
" 

bb~.:.~Vl1m~a~ b~11d1bdm~a"il~Vl~~lbb~~~.:.~bn\911f'111~1"1l~1~mn 

4) f'11'U Bn-ilBtJ f1tl'~11.J m11 in61 a.:.~"il~'VI111"1Ubb~ ~ 1 ~,:r m~CJ1.J \911~'\ll,:r nfi.:.~-ila'VJ.:.~ bb~ ~ 
" ~ ' 

11.J1~WJ1-:.Jn11vl1tli)tl'~m1 b -d1.J 1:U'VltJan61an1.J"Uru~v11tli)tl'~m1 bda 1:U1 in61a.:.~ 

~~'VI111"1Uf'll1D~ 1 'Y'J b~m iJ1.Jm1tl1~Vl~~~~'~'~11.J 1 ~ii' n b~CJ'W 1 otlf'111:J.J':i:5~~1:5i'.:.~"lltu:51-irl. uii~ 

1n'W ~l?l'IJ~1 CJ11 f1'VI€J:J.J hif'111VltJeJ n~m~'Wfl'W b ~11~e:J1'.\Jvl1b m UiJI?l1n'UU1~i1eJ 1~-ru 
eJ'WI?l11tJ 1~ 
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~ 
b~1~Vle:J:Wbbl11\11~\le:Jm1nm1 1-2 61l:W. 

~ 
~11ltkm.J11fl'Vlt~:Wm1 0.5 61l:W. 11\1Utm1fl~ bb~1VltJI1lm111 HCl (bb"li~\1\i\ntJ 5 't,nVI) 

~ 
~1tJ?t1fi~UtJbtJm1vJ 3-4 rl~\1 1~l\lmh1~ HCl bb~\1 I b~t1111 

~ ~ . ~ 
~1\1 HCl t~t~n~bml1n~tJ 2-3 r1-r\l 

~ 
s1f'uJ11~bb~\lbb~1VltJI1l~t~~m~r11{iit~boil:woilt~ o.5 % 

~ 
~Tt.l?f1fi~UtJbtJm1vJ~flr1~\l (e:J~11~~bb~\l I b~e:JI11) 

2. 3 iT m~ tJtJ bbl'ifl ~ n~:wfl 'Iii t~vhtJ n'!J~ n11 bbfl ~'!JuVinoil t~:Wflfl\11 tJ bb uu-!111 ~1 bb 'VItJ r111:w f\111 
' :;,.) 'IJ 

b~e:J\1 fl11 bb ti \1 b61lfl ~ bb t.J t.J 1:w 1 'VI~?! ( \11tJ b~ tJ'd) 1111 tJ'd 111l.fl1~~61 \1 b fl ~ 1~ ~ 1 fl fl ~ tl\1~ fl 'VI11~tJ b ~ tJ tJ 
' 

r111:wfi111 b~t~\1 m1bbU\Ib61lfl~bbuu1:w1'VI~?t) 

2.4 irm~tJtJbbl'ifl~n~:wvhn~m1:w b~e:J\1 fl11bbti\l b61lfl~ bb uu 1:w 1 'VI~?! 111ltJm~bb~'l1fim11 off 
' 'IJ 

Mitosis and Meiosis Simulation ~\I.Q 

1) irm~tJtJbbl'ifl~n~:w~~n1r111:w161l:wt~~ 4 bbvl\1 (2n = 4) ~\11r111:w161l:wbbl'if!~bbvi\ln~~n 
' 'IJ 
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2) 1 'U~dlil~?flJlJ~1 Vi16f!~m?f~ n~~ flrl'U bbJJ b V!~ flbb~!;l~ b~'U b u1tJ'U b?ti1fl'U lml.l1Vi~ 
' 

1 LA~l.l1Vi~ bb!;l~b~m1116il~!;11?f~n~~m'l'U bbJ.JbV!~tllJ1~1l.lrl'Ub U'U 2 b~'U V!l.JltJ(i'.:~ LA~ ll.l l"lll.l 1 bbvl-:1 

(2LA~mVi~) ~.:~~u~ 1 
" 

chromatids 

centromere 

centromere 

Homologous chromosome 

cl 
.fl1'WVl "ll.2 Mitosis and Meiosis Simulation 

3) nl~b u~ tJ'Ubb 'lJ(;j-:J'lJeJ-:1 16f!~(;j 1?1 ~ n 1 'U bb~!;l ~.n1~n b u~ t!'U b?li1'fl'U nl~b u~ t!'Ubb U(;I-:J'lJ B-:1 

1A~ 1lJ 1"1llJ 1 'Ubb~!;l~~~tJ~'lJeJ-:Jn1~bb D-:1 b"ll~~ bb 'U'U 1lJ 1 Vl~?l 

1l.l1Vl~?l (-:Jl'Ub~t!l) 1~tJll~.fll~~i1'-:~btll?l1vllilltln1'j1-ff Mitosis and Meiosis Simulation bb~~ 

~ ~ ~ 1 ~'U .ffw~1 eJ'U m 'j b 'lJ ~ t!'U bb 'lJ ~ -:~~ "l ri' f!J1 'U bb~ ~ ~ 'j~ t1 ~'ll eJ-:~ n1 'j bb tJ-:~ b"ll~ ~ bb 'U'U 1l.l 1 VJ~?l 1~ t1 

bU~tJ'UbVlt!'Uiilln-ifeJAlll.l~m~~ 1 1!. 'I-1'U'U 1~~ (Protest bb 'U'U1~1'i'lbbVl'UAlll.lfi~ b~eJ-:1 m~bbD-:!b"ll~~ 
" 

bb'U'U 1l.l 1 VJ6il?t) bb~~ 1 t~.fft~l?leJ'Udir m~t!'U~eJ-:J~lm'lJ'j~tJ~'lJB-:Jm'jbb 'IJ-:~b"ll~~bb 'U'U 1l.l 1 VJ6il?l~1vi'~i~ltlm'j 1 off 
" 

Mitosis and Meiosis Simulation ~-:Jvllt! (-:Jl'Utl~lJ) 
' "' 6.3 'ti''UnT~v5'U1£J (Explanation) 

6. 3.1 fl'j 1'1-1irm~t!'Ubb~~~n~lJLJl b?l'UeJt:-J~ m'jvhnlil fl1'jlJ'lJeJ-:~n~l.ll'll beJ-:J~V!'ul.ff'Ub~tJ'U 1~t! 
" ' ' 

b~t!'U~-:J1'Um~m~bbe.i'U1Vlqj ~~eJlJ~-:Jbb?f~-:J.fll~m'j1-if Mitosis and Meiosis Simulation th~tleJ'U 
6. 3. 2 b~B11l b?l'U m?th 1'1-1'll 1m~ ~l~bbe.it~1 Vlru,!'U 1 u ~ ~~ t:-JtJ'-:~'I-1eJ-:~ b~ tJ'U bb~ ~eJ.fh.J 'jl tJ 

v 
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6.3.3 1 '!Xir n b~fl'U~'nJtl'U bb6'1~-:lfl11lJfl~ b ~'Ub~ fl'J tl'Ut:-JG'l m~vh n:u m~lJ 

6.3.4 fl~1'1Xirm~fl'W~fl~hJ1~1m~B-:J m~bbD-:Jb"l.lG'l~bb'U'U1l11wli?l (Cell Cycle and Mitosis 
'1.1 '1.1 

[30 Animation] lil1nbl'U1"1.11?1 https:/ /www.youtube.com/watch?v=JcZQkmooyPk) 'V'l~ellJ 

eJ5'U1tJ~-:~m~b tJ~tJ'Wbb UG'l-:J'IJB-:1 1r1~ blJ b"l.llJbb~m:~:m~ b~B 1 '!Xirm~tJ'Wb~'Wm'V'lbbG'l~bi1 hl11n;fi'U 

6.4 -ff'W'IJfl1fll"l'J1lJj (Elaboration) 
'II 

... "' VlG'l-:Jb ~fl'U 

6.4.2 fl~B5'U1fln1~bb D-:Jb"l.lG'l~ bb 'U'U 1ll 1 Vl~?lbb~G'l~~~fl~~'JtJm~~BBB nlJ11 'W~tJ bb 'U'U.fl1~1iie1 
'1.1 '1.1 

m1llbi1h~m-:~n'W 1 'W~d:u~?llll1~1 '~X-d1iimb~G'1~-d1'1JB-:~fl'Wb ~1b tJ~tJ'Ub?liiB'W 1r1~ 1ll L"l.llJ 1 bbvl-:~ bbG'l~ 
n1~b tJ~ fl'Ubb UG'1-:J'IJB-:J-d1iiB bb~G'l~.fl1'V'l b tJ~tJ'U b?liieJ'W n1~b tJ~ fl'Ubb UG'l-:!'IJB-:1 bfl~ blJ b"l.llJ 1 'Ubb~G'l~~~fj~'IJB-:1 
m~bbU-:!b"l.16'l~bb'U'U1l11Vl~?l ~-:1~1~1-:~ ~-:!~B1tJd 

1. ~~fl~~'Ub~B1b'VJ?I 

(Interphase) 

2. ~~fl~b'V'l~b'VJ?I 

(Prophase) 

I e'.d 0 

bb 'U-:Jb"l.lG'1G'llJn1~:U16'lm 

bfl~blJb"l.llJbbG'l~ DNA 

b~lJbU'U 2 bvi1 

bfl~ blJ b"l.ll.Fil~BtJb 'U~tJ 
'1.1 '1.1 

cu Odl o::f.:::i 

n'U n1lJ B'IJ B-:lfl'U b ~1"1.1-:JlJ 

~n~ru~bU'WflB'UnG'llJ1 
" " 'i11bb~G'l~i11"B~n'U:u'U 

bbtJn 1:iJBBnl1-d'11 Vl'U 

bfl~ blJ b"l.llJ:U~vt~Gt'Ub oV1 

vh 1 '!Xb~'Wb U'WbbvJ-:1 

bfl~ blJ b"l.llJoU~blil'U 1'U 



.f11'V'l11~ 

\ 

(Metaphase) 

"1le:J..:J 1m:~..nVi~ 1~CJijb"I!'U 

1 'VJ'jbijCJ~dJ'UiiJ~b~e:JlJ 
' 

' .. 
" Ql .. 

"()1..:1"() e:J..:Jfi'Ub 'j1"1!..:J~ e:J'U'U 

tlnbb'Ue:Je:Jn 1 Vlb~'U-d1:Ue:~ 
" 

bb'U'U"Ii~n'UbtJ'U~ 1 

~..:~bnl?ll~--h-d'1ne:~CJ"1Je:~..:~ 

dl ~ i.l ICV 

:I.Je:J"1l11 nlil~m b "1l1 fln'U 
" .. .. 

.Q, ~ d QJ 

bbrt~'U1'El'U 1 "(J'EJ..:J:I.J'El'Vl..:J 

r~mrh-d'Un'U bu~CJ'Ul~ 

tl'l.Jn1'j~'l.Jfl"(J'EJ..:J 
" 

~ dv 
b '\J'U'j~ CJ~'Vl?f..:J bnl?l 

1fl'j 1:~.J1"1!:1.J b~oU~blil'U~~~ 

bbrt~b~'U l~-u-~~?1~ 1'W 
' 

"1JB..:Jiil~..:J 1 'U'j~CJ~ffim 
:I.J1Vi~lil~b~B'U:I.J1nm..:~ 

b"l!rt~ 1~CJ~b61'U1CJ?t1J'U 

i.J ~ ll Q,.l q 

"1J1..:Jiil ~ b 'j:I.J b "ll1:l.J11il'U'Vl 

b"I!'U 1 'VJ'jbijCJ~"lJ'El..:J 1fl'j:I.J1 

174 



Jl1'W'J1~ 

(Anaphase) 

,, 
\ 

(Telophase) 
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... .d 
'll1'l'lle:J'lfi'Ub 11'Vlbfltlbb 'U'U 

:u~n'U1 'U1~m~ 1 'V'l1b'W61 

"' "' "" "' 'U~'U~~~~ne:~e:~n~1nn'U 

1~mb~~~ri~~l.l1b~~'ln'U 
" 

bU'U1~~~mfl1bl.l b61ll.l 

~nn 1mmV1~ bb~~~rib~l.l 
" 

el~1'lotl1 1 b'IJ~~'U1~n'U 

1 'U.ll1'191iiB ~B~~~'lbn\91 
"' I oQ. .tdil .dl I 

11'U1l.Jel'llel'll.Je:Jbb\91~~ 

-ir1'l~~riB~1 bb~ne:Je:Jn 

~1nn'U 

1~~~ffifl11l.l 161ll.l~~bbu-:J 

BBmu'U 2'1l~i~b~'U 
' 

!J Q.J .<:::11 I 

'V'l1Bl.l 1 n'Ul.ln11bb'U'l 

161!1191'V'lm~l.IBBm U'U 

2 ~1'U '1'111m~b61!~~1V!lJ 

2 b61l~~Vi'V'l~Bl.l~~iim1 

b~~~b~'U b\91bb~~'V'J~f)l.J~ 

~dim1bbU'lb61l~~~B 1 'IJ 

b'IJ~~u 1~n'Um1n1iie:J 
"' 

Vl'l 2 oiJ1-:JVib'V!iiB'Ufl'U 

"" "' ~ 'lle:J'lb 11 b 'V!l.IB'Un'U b61!~~ 

1V!lJ 2 b61l~~~bn~~'U 
dQ..I .dl Q.J 

bb~ ~l.l~ n'l9ru~ b V!l.IB'U n'U 

'Yln'IJ1~m1~'l 2 b61!~~ 
' 
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6.5 i'lJtl'a::bii'lJ~~ (Evaluation) 

6.5.1. ii'm~l'.l'lJ?J';jlJrrnl.l~~-;wm';jl11'1.fl1'VHl1';j.fr'lJ\?le:J'Ubb U\1 b611~~ bb 'U'Ub.J 1 'Vl61i?J (concept 
' " 

picture) 

6.5.2. 'VI~\1'<\I'U'U'Vlb~l'.l'U 11'1l'.l1-M''Vlnrl'Ub~l'.l'I.J';h1~b~l'.l'U~e:J:.~h (What I learned: L) ~\11'U 
' " 

m:::l'11'efbbt.i'Ub~ n~fl';jbb"i1n1-M' ~\IVJ1l'.IF11'U b~l'.l'I.J 
" 

6.5.3. 61'\lbfl\11~~~ m';il.Jfl1';jb~l'.l'U"lle:J\Iil'm~l'.l'U b ~e:JLJ';i::: biJ'Ubb~:::m:::~'Ufll11J?J'U 1'<\11-Mii'm~l'.l'U 

'Vlflfl'Ui1~l'U~llJ 
' 

7.7 ~eJ:::68111lfl1~i1'U 

7.9 m:::m'efVi"l.l"l.l 
" 

7.11 ~'U?JeJ~i1l'.l1\I~'U~~'~~LJml'.l 

7.13 LJ1nmbl.l~n 

7.2 'VIe:Jl.Jbbl'l\1 

7.4 ml'11~11'1';jfl~eJ~m-1Jl.l-iJ'U 5% 

7.61'Ui11'11fl'U 

" ' 
7.10 'l11fl~'U 

7.12 m:::1'11'ef'V'I~'W 
' 

7.14 m:::m'ef A4 

7.15 bfll.l control of cell cycle (www.nobelprize.org) 

7.16 fl~LJimeJ b~eJ\1 fl1';ibbU\Ib611~~bb'U'U11.11'VlBB?J 

7.171'Un'<\Jm';jlJ b~eJ\1 fl11bbU\Ib611~~bb'U'U11.11'Vl61i?J 

7.18 bb'U'U"il1~eJ\119i'lbb'Vl'Ufll11Jfil'l b~eJ\1 fl1';ibbU\Ib611~~ (Mitosis and Meiosis Simulation) 

7.19 ~\l~~mll ~\l~eJl'.l1flb~l'.l'I.J~ b~l'.l'Ubb~l~eJ::: b (KWL) b~eJ\1 fl1';ibbU\Ib611~~bb'U'U 11.11 'Vl61i?J 
" " " 



1) ~1'Wfn1:W~ (K) 
" 

- BBtJ1tJf11'jbU~tJ'WbbU(;l-:J 

'lla-:~i11 bfl~ m'l1 'W f11'jbb tJ-:~ b"'J{;l ~ 

bb tJtJ 1:w 1 Vl&B?I 1~ 

2) ~1'W~n'l'}~fm~tJ1'Wf11'j (P) 

- Vl~(;lB-:Jf11'jbbD'Ib"'J(;l~bbtJtJ 

Q V I tf 

ButJ1tJ(;l n'l'}ru~ f11'jbb m b "'J(;l (;l 

bb tJtJ 1:w 1 VJ6B?tbb~(;l~'j~tJ~"il1n 

f11'jvhtJijtJ~f11'j1~~nl?i'a-:~ 

3) ~1'Wb"il~fl~ (A) 

- i1~1'W~1:w1'Wm'jv'hn"iJm'j:w 

n~:w • 

" ' 
oU'Wirue~:wi3in'l'}1UVJ 4/8 

1) ~1'Wfi11:W~ (K) 
" 

" 
- KWL (b~tJ'Wbu'Vn~i'W L) 

2) ~1'W~n'l'}~m~tJ1'Wf11'j (P) 

- bb tJtJl~~1bb Vl'Wfi11:Wfi~ 

3) ~1'Wb"il~fl~ (A) 

Cit. q 4 q 

- '\Al~~m'j:WVJbb?t~-:~t~-:~m'j:w 

~1'W~1:w1'Wn1'j~1n"iJn'j'j:IJn~:w • 

1) bbtJtJVl~?IBtJVI6Y-:Jb~tJ'W 

QJ ., 

Vl(;l-:Jb 'jtJ'W 

2) KWL (b~tJ'Wbu'\Al1~ 

~'W L) 

177 

1) bb tJtJl~~1 bb Vl'Wfi11:Wfi~ 

- m1"ilbbtJtJ1~~1bbVl'W 

fi11:Wfi~ 

- bb tJtJ'tJ'j~ biJ'W bbt:-~'Wil1'\Al 

bb tJtJl~~1 bb Vl'Wfi11:Wfi~ 

- ~-:~bn~'\Al~~m'j:IJf11'j 

uij~n"ilm'j:w 

- bbtJtJ~-:~bn~'\Al~~m'j:w 

m'j'tJ~tJ~n"iJm'j:w 

1) '\Al~~m'j:w 

- ~-:Jbn~'\Al~~m'j:w 

- bbtJtJ~-:~bn~'\Al~~m'j:w 
q I I 

f11'j:IJ?f1'W'j1:1J 

9.1 bbt:-I'Wf11'j..ij'~f11'jb~tJ'W~ ("il~b~'W/~ "il~~BtJ/oUB'Un'\Al~B'I/bb'W1Vl1'1bbm 'll~~'W1) " . . 
................................................................................................................................................................. 

................................................................................................................................................................. 

................................................................................................................................................................. 

................................................................................................................................................................. 

................................................................................................................................................................. 

................................................................................................................................................................. 
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9.4 oUe:Jb~'Ue:Jbb'U~ 

d ~ 
~'l'lle:J .......................................... ~~e:J'U 

('U1'1~1lCJ~'U 'W~e:J(J(Je:J~) 
' 

i'tJVi ................ /. ................ 1. ............ . 



3. n11~BiJ 

fl'1tm .. rvh CJ m1 

~hJ1n (3) 

" 'Vl~~B'ltlfl~'lbbl'i 
'IJ 

80% ~'W 1 tJ 

1~iJiJ bbl'iU1 b?I'W B 

hJ~BCJoU~bf\l'W tlfWlB'l 
'IJ 

" n11'Vl~~B'ltlfl~'lbbl'i 
'IJ 

50% - 80% 

bb~~vh n11'Vl~~ B'l 

1:Ub?!~fi1~1~nm~ 

flTVI'W~ 

1:UbtJ'W1~iJiJ m1 

U1b?I'WB 1:U-a'~bf\l'W 

1:1J~Bfl11~ 
0 " 

~BiJfl1tl1~'Vl1CJfl11 

'Vl~~B'ltlnl:!Hi'l 50% 
'IJ 

m1t1~u~ 
~q~n11~n11~~1u~1~1un11~1n~n11~n~~ 

u~u~ <t> 1:Uu~u~ <o> 

iim1?1'W'Vl'W1bb~mtl~CJ'W s/rnm~ VJ-:J ~1'W bb~~~iJI"i''W~1WliJ 

?1~1~n1 'Wfl~~ 
' 

ii611'W~'J~ 1 'Wn11~~~'W hn1'VI'W~m1'll5iJ11'11'Wn~~ 

ii611'W~1~1 'Wn11tl5tm'l1'WJl1CJ 1 'Wfl~~ 

ii611'W~1~ 1 'W fl11U1 b?I'WBe.J~'l1'W"llB'l n~ ~ 
' 

179 
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mi:u d 'IJ':i~b~'U~ 1 'IJ':i~b~'U~ 2 'IJ':i~b~'U~ 3 
' 

d 'tiel-~~~ 'VI:IJ1tlb'VI!Pl 
'VI 3 2 1 3 2 1 3 2 1 ' 
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ml:!J d th::L~'U~ 1 th::L~'U~ 2 th::L~'U~ 3 • "!feHimt 'VI3J1£1L'VI~ d • 3 3 2 3 2 1 • 'VI 2 1 1 

d i/tJ Qo 

G'!\1"/le:J ..•••.....••....•••...•.••....•••....••......• ~ 'j:::bl.J'U 
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uuu~.:~bn\Jl'VUJ~n"a~3Jn1~'1.hb~'IJeH:.J~.:~1u 

f11offbb"il\l 1 ~vl1bfl~e:J\I'VI:W1EJ D l?l'j\lfl'U~~~ f1':i'j:J.J'1Je:J\161:W1~n lun~:w.ffi~\Jl)'IJ~ \Jl1:J.J'j1EJf11'j 

th~bih.t!?ie:J 1 ud 

d 
'lfe:J-~n~ • 

d 
fl~bb'U'U'j'J3Jfl'J1:Ufl 0 - 1 

fl~bb'U'U'j'J:J.Jfl'J1:U~ 2 - 3 

"7 
(Q) 

Ole;: 
c:: 

"a "'"' --~ .. ~ 
~ ;JOI .., 
u~ 

~ 
ttD 

01(5: 

-~ ~ 
~ 

"7 Ole;:;; 
"Qtt;; ;::> 

(Q) ~ 
~ (§: 

ttD 
-" 
r 
·~ 

.... "" ~1tln1~~.:~bn~J~'VHJI?ln~~3J 

"7 
.., .., 

r 
.., 

r 
.., 

r -.., ~ ""7 ~ 
~ 

(Q) 
~ 

Ole;: G' 01(5: 
~ 

--~ .. --~ .. 6'-" --~ .. 
~ 

(Q) ~ r ~ ~ 
e;: .., "'e:> .., r .., 
~ u~ 

-" 
u~ ~ .... 

u~ ~~iP -" "7 (§: ~ ~13.1 ~~~'U 
01(5: 01(5: 

~ 
01(5: (Q) G' . 

-~ ~fi :r-" :r-" "llttD -" 
d -u~ ~ -u~ ~~ "7 r "7 e;: "7 G' fl113Jfl f1Wfi1'Vi 

"QttD oro; "Qtt;; "7 ·att;; 
~ • 

(Q) ~ (Q) (Q) (Q) 

~ 'I!? ~ iP ~ -~~ 

ttD -" ~ r ttD ~ 
-" 'Jl -" r 
r r r ~ 

·~ 
r 

·~ ·~ G; (§: 

' 
61\1~€1 .............................................. ~tJ'j~ biJ'U 

'IJ 
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bbUU~\Ibn\PI'V'U]~n':i';i:lJn1';iii~1'\.J'i'J:U 

f11~bb':il,:J 1~v11bA~eJ,:J'Vl:U1tJ D \?J':i,:Jnuv~~~m':i:U"IJeJ,:J~:U1~n1'Un~:u~1~tJ~lr~ \?111111tJm':itJ':i~biJ'U 

l?ieJ1ud 

... "' ';i1l!n1';i"\lbn\PI'rUl\Pin';i';i:U 

5 (;> ~ ;l 
~ 

)~ ·cc;· r 
)~ ~ c;:: "7 ;l 

~ ~~ ~ 
("" 4"(tD ;l -" ~ 

5 -s ~ )~ r ac;:;;1 r ·cc;· "7 ~ o;l 
"11(C; "!i 

·cc;· 
If" ~~ ? -cc;· If" c;:: 

"' ..; ~ 
c;:: r If" c;:: r "7 ';i11J ';i::f!U 

'Vv-"n~ ~ c;:: ac;:;;1 r ;l c;:: ~ 
c;:: l/~ c;:: ;l c;:: ;l i? • ~ ? ;l 6-" ;l cl 

gj a; ~ If" iii) 6-" fl111Jt:l flf:\U11'W -" 6-" ~ r 

I 
r r • 

F ("" c;:: ~ c:;; ("" "7 

"If" s ("" "If" (tD 

-~ ;l ;l 
"If" ;l ~ 

"7 ("" 
~ 

;l ("" 

~ 
-~ ("" -~ 

E 11~ 
r -~ 11~ 

11~ 
oc;:: 

11~ 

bnru,lm';iu-a::bih.J 
... 

'a::f!UflWfl1'W • 
cl 

0- 1 'j~~'UAtu.fn'V'l 1 A~ bb'U'U':il:lJAl11Jtl • 
cl 

2-3 'j~~'UAtu.fn'V'l 2 A~ bb 'U'U':il:lJAl11Jtl • 
cl 

4 'j~~'UAtu.fn'V'l 3 A~bb 'U'U':il:lJAl11Jtl • 

d il'u ..::::. 
61,:)"/l'EJ .............................................. ~ 'j~b:lJ'U 
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' ' " 
:Se:J-fl~c;j ·························· ·········· ........... ··········· ....................................... bc;j'l.JYi ................... i'U ................. . 

th~bil'Ul~tJ D ~fle:J'U D .., "' D d D "d " (hJ ) " 'Uflb'j"tJ'U b'V'Ie:J'U ~bfltJ'J'l.le:J'I 'j"m~l_J ................................. . 

... 
':i::~'Ufl::bb 'U'U 

':i1Vn1':it.h:aiJu 
3 2 1 

.., 0 0 

n1'j""iJ~m~vnbbc;j~'tJ1bfl'Ue:Jbbt:..~'Um'V'I 

' ' 
c;j..:J:Se:J~tJ'j"~bil'U ........................................................................................... i'uYi ...................................... . 

'IJ 

3 'VI:W1tJ5-.:J ~ 

2 'VI:W1tJ5-.:J 'V'Ie:J 1 i 
1 'VI:W1tJ5-.:J ~e:J..:JtJ'iutJ'j"..:J , 

1~fl~bb'U'U'j"'J:W 8 - 10 fl~bb'U'U 

1~fl~bb'U'U'j'J:W 5 - 7 fl~bb'U'U 

1~fl~bb'U'tJ'j"'J:W~1fll1 5 fl~bb'U'U 

bn rusnn1':ib \1fl::bb 'U'Ubb 'U'U n1':itJ':i:: biJ'U ~11:W~.fl 1'V-l"il ~ .:ll911:W'V-l q ~n':i'j":Wn1':i:5'~ n':i::'Vh bb~::'l11 b~'UB 

bb~'U.fl1'V-l 

n1'j"~~m~'Y11bbc;j~ ~~m~'Y11bbt:..~'L!m'V'I 

1l1bfl'Umbt:..~'U.n1'V'I e:J~1'~b1J'U'j"~uu bbc;j~ 
0 v ~ 

'U1 b?l'Ue:Jm mb 'U'U'Vl 

i~b:U'U tlfl~e:J'I 
'IJ 

2 

(5-7 fl::bb 'U'U) 

~~m~'Y11bbt:..~'Um'V'I 

e:J~1'1b1J'U'j"~'lJ'U 

1 

(~hn-:h 5 fl::bb'U'U) 

bbvi1l1bfl'Ue:J~1mbuu~ 1l1b?l'Ue:J hJ~e:1 

1:Ut~n~e:J'I fl11:W'VI:W1tJbbc;j~ 
'IJ 
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2. luii~1frw 

6. VI~B~VIt.J~ 

7. 1~wuu 
-=- ~ .<::lid 

8. ~'W6'1B"1J'W~Vl:Wt.J1\I~U 

9. m~~1~Vi"1J"1J 
'U 

" ' 
11. '111fl~'W 

12. ~e:J~mVJrn1ii'W boV':w.V'W o.5% 

13. ';i1mif:JVIB:Wbb~\l 

"'"" 1l)n1';i'Vl~~eJ{j 

1. b'Vl1~VIB:Wbb~\l 1~t111\IU'W"1J'J~'lJ1flfll1\l VI~B'J1\IU'WDflbflB1~iJtl1B~IiJ'W';i1flD';i~:W1UJ 1-2 6'/J:W. 
'U 

2. ~~LJmm1fl'VIB:Wt.J1'JD';i~mru 0.5 6'/J:W. 'l11:w1'J1\IU'W6'11~1'1 bb~'JVIEJ~m~1®"1~w,~e:J~n 

boV:WoV'W 1 moVl1~vh:w ~1'W6'11~~1'lJ:w1U'Wb'lJm1'VJ 3-4 A~\1 ';i~1\IB~11~m~1®"1~';ifl~B~flbb~\l bb~'J 

~1\lm~ 1®'1mA~B~flBBn1~t.J'VIt.J~tl1ni'W~\IU'W6'11~l'1bb~~ b VJBB n 2-3 A~\1 
3. sB'utJ11 ~bb~\lbb~'J'VIt.J~~B~mi'1A11ii'W (acetocarmine) boV:WoV'W 0.5% ~1'W6'11~1'1u'Wb'lJm 1 'VJ 

';i~l\IB~11 ~~b~B~ bb~~bb~\1 bb~'JtJ~Iil'Jt.Jfl1~1ilflU~6'11~1'1 

4. 1 i~'W6'1Biil1'W~iJt.J1\I~U&l~B~ bfl1~ b U1 1 U'Wfl1~1ilflU~6'11~1'1 b ~B 1 ~b6'/J~~fl1~1il1t.J bb~'J 1 i 
m~~1~Vi"1J~iuu~nruoV'1\I 1 m~liln6'11~~1~bb~\l 

5. l'l';i'Jiil~ b 6'/J~~';i1fl'VIB:W~ B ~U'W?f 1~ #i\il1 tJ fl~ B\llil~Vl ';i';iPltJ 1~ tl 1 i b~'W?flfl~.!JI'l fl~iJtl1~\1"1J tJ1tJ 
'U 'U , 'I 

lil'Wb ~WI1Vli~ b lil'W ~\I bfll'l f0l'J1:wbbl'1 fl~1\1"1JB\I bb~~ ~ b61l~~ bb~'JU'WVifl.fi1Vl '111mb LJ~ tiU b Vi t.JU flU 

bbe.J'W.fi1Vl~bb6'1~\ltbbfl~ tJ6'1bb~~~b6'/J~~"(Jf)\l';i1flVIB:W 1 'tJ';j~tJ~~1\I 1 "(Jf)\lfl1';ibb U\lb6'/J~~ 
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(iF fh;ibblii.:J 

1. 1 ~'11m~tJ'W(>)eJ'IJfhm11 1V1 tJfl1'j11~l.fl1'W bbft~ e:J5'U1tlb liimb?IV1\Ifl1111flVJ'lleJ\I(>)'WbeJ\I b~mn'\Jfll'jbbD\1 

b6!Jft~bb'U'U 1111 Vl~?l 

2. 'lle:J 1 ~'11m~t!'Wvl1bb 'U'UlVJbb 'U'U"il1fleJ\IV11\Ifld111flV1eJ~1\I~\11 "'il bbft~b~11fl1111?11111'jtl 

1 ~,Yn b~t!'W11VJ.f11'W b -rie:J bb?IV1\Ifl1111flV1'lleJ\I(>)'WbeJ\I b~ tldtl'\Jfll'jbb U\1 b6!Jft~ bb 'U'U 1111 VJ61i?t (Mitosis) 

1V1t~11VJ.n1'\"l'j~ t~~~1'~ ., 'lle:J\Ifll'jbb u\1 b6!Jfl~ bb 'U'U 1111 VJ~?t'llm b6i1fi~Vi"ll~Vllii'1 t1 n~ eJ\I"'ilfiVJ'j'jpjL1 
I " ' 

(?le:J'U n e:J'Wb~ t!'W) bbft~"'il1f1 fll'j 1 off bb 'U u"il 1ft e:J\11fl 'j 111 16!J11 (Chromosome Simulation) (?le:J'U 

Vl~\lb~t!'W) ~\lrl1VI'WV11~ 2n = 4 -w~eJ11b~t!'WeJ5'U1t!~mJ{W~i:hri'11J1'Wbb~ft~'j~tJ~'lleJ\Ifl1'jbbtl\l 

b61lft~ bb 'U'U 1111 Vl~?l 
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n1'abb U.:Jb61!fi'l~bb 'U'U 1111 'VI~~ (Mitosis) 

II ~ 

.fl1'rl11~"ii1nm'avh bllb~fi'l "' 0 "' 
.n1'rl11~"i11nnfi'I~.:J"iifi'I'VI'a'a~u fi'ln~ru::~1Ptru • ., 

1. ';i::CJ::~Ub\9le:l'h 'l"l61 

(Interphase) 

2. ';i::CJ::L'W'H'I"l61 (Prophase) 

3. ';i::CJ:: b:U\911 b 'l"l61 

(Metaphase) 

4. ';i::CJ::bbe:JU1b'l"l61 (Anaphase) 

5. ';i~CJ::b'VILm'l"l61 (Telophase) 



4. 1 tmT~bbD'I b61!mhb'U'U 1:w 1 Vl~?f:U15rn1e:J~1-:~11~-:~vh 1 ~D1 bfl~CJ?f~bn~~'W 1 Vlli~-:~?fm'W1bfl~CJ?f :U 

'tJ~:lJ1W"1.1eJ'I?f1TI~Wif111:WVl~e:J".n'U1'U 1fl11:w 161l:w b vh tl'U b 61!{;1~ b~:W 
' 
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.. 6. ~n~ru~"l.leJ,:JbrrruJ 16!l:w 1 'U';i~CJ~ 1 vr~"b'w?tiim1:wbb{9Jn~h~n1 .. rv1m6!!1;1rn~:w\9l'W 1V1CJ 1 1A11:w16!l:w 

ii 2bf11mViV1 (chromatid) bb?IV1~11bnVJeJ~ b:ffwi'u 1r11 1:w 16!l:w 
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8. ~1V!1n-.i1 b6!fi;l~"l.leJ~~~n~1wiJ'WV1Vl~~mfl'j1:w16!l:weJ~ 4 1r11 1:w 16!l:w 1 'W'a~CJ~~'Wb{9)eJ{b vJ?t 'l!m~CJ'W 

fiV111 mCJVl~~f111bb u~b6!!1;1~bb'U'IJ 1:w 1 'Vl68?t ~~ 119l'b6!!1;11;1b mJ~b6!!1;11;1b 'Wbbl?il;l~b6!!1;1~~~ihh'W1'W 1m 1:w16!l:w 

eJ~ffif11b:Wb6!l:W 
'IJ 

................................................................................................................................................................... 

................................................................................................................................................................... 

................................................................................................................................................................... 



1. ~~t.J~~iJrn·m U\1 b6il~~ bb tJtJ 1:w 1 VJ68~ tJ~~ne:JtJI9llt.J.ff'W~'~eJ'W 1~D1\I 

l'le:JtJ rn~bb U\I"Ue:J\I'Ul bfl~ t.J~ bbib m:wl9l"J t.Jfl1~bb U\I"Ue:J\116il 11'1l"'m"li:w 

2. rn~bbU\I'W"Jbfl~CJ~bb l.Jl.J 1:w 1 VJ68~iJ~~~CJ~ e:1~ hu1\l 

l'le:JtJ 4 ~~t.J~ 119lbbn ~~t.Jdl"'~bl'J~ ~~CJ~b:WVJ1bl'J~ ~~t.J~e:J~'W1bl'J~ ~~t.J~bVJ1ml'J~ 

4. 1 'Wfl1~ bb U\1 b6il~~ bb tJtJ 1:w 1 VJ68~iJ15rn~eJ~1\11 ~~wh 1 Vf'Wl bfl~CJ~~bil~~'W 1 vnJ~\I~eJ\I'Ul bfl~ t.J~ iJ 

tJ~mru-ueJ\1~1~Yr'W5m~:wv(~eJ-oJ'1'Wl'W 1m 1:w 16!1:wb vhntJ b6!1~~ b~:w 
' 
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l?l'tltJ iJrn~~¥1\1 DNA bU'W 2 b'Yh vh 1 Vlbb~~dm 1:w b6il:Wtl~~nvtJI9llt.J 21m:wTV1~ m~-u~l'i'l"Ue:J\1 

bfl~ h.J16!1:Wbb~~fl1~b~t.J\II'i'le:J~I?l~\l~\lnm\lb6!1~~1 'W~~t.J~b:WV11b l'J~ vh1 VfiJrn~bb U\lbfl~m'Vl~bU'W 2 n~:w 
~ ' 

s. rn~bbu\116!111?ll"'m"li:wbil~~'W 1 'l.J'j~t.J~ 1~ iJ~m~t.Jn'i1m.h\lh 

l?le:J'U 'j~t.J~ M - phase b~t.Jfll1 cytokinesis 

6. ~n~ru~-um1fl~ 1:w 16!1:w 1 'l.J'j~t.J~ 1l"'~b'W?fiJm1:wbbl?ln~1\lnwv1m6!1mh~:wl'i''W t~t.J 1 lfl'j l:w l6!1:w iJ 2 

1fl~m'V1~ (chromatid) bb?f~\ll1bfl~e:J~ 1 'j~'I.JntJ bfl'j 1:w b6il:W 

~ 1fl'j t:w 16il:wb ~:w-oS1'Wl'W~'Wbb~iJu1\l~l'WV\l~~n'WeJ~ 
~ 

7. m~bbU\116!111?ll"'m"li:w 1 'Wb6il~~.W"1Jbbl?lfl~1\1~1m6il~~~l?l1e:J~1\11 ~ 

l?le:Ju b6!161~.W"'J~~ hJiJ b6il'WVJ~1e:J~ bb~iJt:w 1 VJ~n?ftl'W b~~ m~~1 t.J e:Je:Jn~1n~l'Ue:J\l b6!1~~~\l?fe:J\loll1\l 

(?) 'j \loll1:W n'W bb~~ 1 'W 'j~ CJ ~ b Vlb~ b -w~.y;"'J~ ~n bbe.J'W ~ 'W b6!1~ ~ bfl~~'W (?)'j \1 nm\l'j ~vd 1\lbfl~ 1:w b6!1:W?f'tl \1 fl~:W 
' 

~ e:1 :w 1 ~ ~ fl611 tJ b 1J 'W ~ J 'W -u e:1 \1 e.J ,r '~ b 6!1 ~ ~ ~ J 'W b 6!1 61 ~ 61 (?) 1 ~ ~ n b 6!1 'W Vl ~t e:1 ~ 1 'W 'j ~ tJ ~ 1l"' 'j b -w ?f n n1 'j ?f ¥1 '~ 

1:w 1 VJ~fl?fU'Wb~~~1flb6iJ'WVJ~1eJ~ 1 tlv'11fl~ 1:w 16!1:w 1 'W~~tJ~b VJ1m l'J~ 16il bl'll"'m"li:w-ue:J\Ib6il~~~~'~1~~fle:J~ 

m\lnm\1 bb u'l1m 1:w b6il:Wbb~~ 16!1 bl?ll"'m"li:we:Je:JmtJ'W 2 b6!161~ ~'liJG'Il'Wtl~~ne:Ju~1\l 1 fl~1tJfl~\ln'W 
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Filw.hrm.J'Vl~,mTm U\1 b"ll~~bb 'IJ'IJ hJ 1 'Vl~?f "il~ 1~b"ll~~1 'Vlll~b"/1~~1 'Ubbl'i~~b"ll~~"i!~iJ"ilTLr:ru1fl'j 1:w 1 "II:J.Je:J~ 

fftfl'j1:J.J1"11:w 

l?l'€l'IJ 2 b"/1~~ bbl'i~~ b"ll~~iJ 4 1fl'j 1:w 1"11:w 

9, ti'1b~'U 1cJ6'1U'Ub~~ 1li~'l1fl'j:J.J1VJ~bbCJne:Je:Jn"il1nn'U"il~ bn~e:J~ 1 'j~'U 

l'le:J'IJ b"ll~~"il~ 1li6'11:J.J1'jmb u'11fl'j t:w 1"11:w 1 ~iJ"il1'U1'Ub vhn'U 1~ 

'U 
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~ 0 ~ 

bb 'U'U 'J ~ bb 'U'U :U1i;Hl .:J'VI1.:1 FI'J1:l.J F1 ~ 



flLJl.!.l!lh 

rm t!!-t 

,c~v~~ 
\ 

I q \1 
l ' .1 

I \ I I' 

\ 
~ .. ~ \. 

~';.;, 

~--"' I 

• 
!, pG:::U,M.1 !,~ell UL~Lrt:~t fl._tl,r.lLll.!,lM1. 

" b • 

fl.l U G Gi:'~ ~11 ~M:!,Wg fl.~i:'LIA:::ru.PI.U ~:::~~m i:'L,Q.~t!, t i:'L~ G:::ruRU ~!J!,llel L ~!J>lk lel lbG!,lel r.l Lll.!,~lbi:'Gil. 
' " 

b ~ 

M:!,Wgn.~i:'LIA:::ruRU ~n,~ lr.l ~1 i:'G1n.~i:'Gil.~~rt:L llell:'-~~11 G~ 1 M.LU'~Llfl.r.l~ 1 U _tl,~ l fl.~i:'LJlo~M:GJloU L~ 

"n.lel T r.lLll.!,~hrt::::m1 n.un.Li:'i:'~11i:'G~i:'IALrt:G~ 
F=' l'b I ~ I 

~ 

Urt:~fl.Jf!J W~m_E.L~ ~~!,LUUL~i:'!,~M:I':l ~i:'G~l['~rblelfl.Q 1:::ruRU~!J~!.!rt:~t,L~i:'Ln. 
" 

~ 

Urt:~f1.Jf!Jftp~11 W~m_E.L~ U!.!UQIAM:I':l lLil.l~rblelfl.Q 1:::ruRU~!Jr.lLll.rt:~r.lLf1., 

" 

lj!,Lrt:L~rt:L llelrt:~1::: ~11 ~ li:'~ i:'L~ G ~~rt:Llleli:'LIAI:'G ~L~n.n, 11 ~11111 11 L,lAfl.r.l ~ 1 U_tl,~ l Gil. ·z 
" • 

M:!,Wgn.~i:'LIA 

:::ruRU ~n,~ W~1 1:'81 1b~i:'Gil.~~rt:Llleli:'~IJ11 G~ 1 GlLn.gG::: ~11 M.LU'~Ll!,LU r.l~l rt:LljL~IbG~n.r.l~ 1 U_tl,~ l . T 

t-&11~L~ Jl:J ,. 
~ 

17 ~f,lLRU~rt:~fl,ttn.,e.n.~::!. fl.L!\fl.~L~IA.~f.~Lil.~~L!, 
' ,. ,. 

• rt:!.!.Uflfl.M.t-LIA.::ruau~ N~!,1 ~~rt:Lf.~t-LIA.NmL&rtn.11~f.rtn.11 
"' , F' 'til 0 , 

£6l 

~ 

~ 
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(iF fl1;1bb~.:J 

1. 1 Vfirm~CJ'U\Wti'Ufl1ml.l t~mm~11(9).fl1'V'lbbG'l~e.JTI'U1CJ b~mb?f(9)-:Jfn1l.Jf1(9)"tJe.J.:J~'Ube.J.:Jb~CJ1n'U Lfl~ Ll.l Llll!l.l 

bbG'l~?f1TVi''Uum~l.l 
' 

"1 'UU1bfl~CJ?tffifl~ ll-l Llllll-l bbG'l~ 1 'U 11"1~ ll.J Llllll-l'l.h~ne.J'U~1CJ~ib~'Ube.J hh~'U~?t t~'U 

~.:~~1'U'Vl~.:J"Ue.J.:J~b~'Ube.J ij~'UbtJ'Ue.J.:~rhh~fle.J'U" 

~U1 nfi'1n~11i1.:~1'l'U iT m~ CJ'U b ~'U~1 CJ'Vl~e.J hJ 1 Vfir m~CJ'U11(9)f11'V'l b ~mb?f(9)-:Jfn1l.Jf1(9)"Ue.J.:J~'U be.J.:J 

b~CJ1nLJm1l-li1l-l~'U5"Ue.J.:~iJ1bfl~m1 lmll-lllllll-l ~bS'UbeJ hh~'U~?tt~'U bb~~~'U 'V'l~e.Jl-l~.:~BBLJ1CJ 
~1CJG'l~bBCJ(9) 
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Q,, 0 ~ 4 I tf Q,, Q,, tf 

LL 'U'U1~LL 'U'U'iil1t'le:J.:J'VI1.:Jfl111Jfl~ L 'ae:J-:1 n1'aLL 'UWlft'lf!LLt'l~1!J'iilf1'a"lleJ.:JL6lft'lt'l 

'a1V1'tf1~11'VIV1~'U~1'U -a~~ui'U~5V1lfiln'li1U~ 4 ... 
r;r fl1~LL'iil.:l 

1. 1 Vfi!m~CJ'U~B'Ufl1tlll.J l~CJ fl1';i11\?l.fl1~ bb~U~BB'U1CJb ~abb611?1-:Jfl11:Wfll?l'IJB.:J~'UbB.:!b~CJJn'Ufl1';ibLD.:! b61lfl~ 
<V <V G 

bLfl~1!J"iln1'1JB.:Ib61lflfl 

2. "liB 1 VfiJm~CJ'U'VllLb 'U'U'11?1Lb 'U'U"'iJ1f!B.:J'VI1-:Jfi11:Wfl\?l€1~1-:J~.:J 1 "il bbfl~b~:Wfl11:W611:1J1';itl 

flTVI'UI?l1Vf 

1. ';i~mm'lJ.:~bb'UtJ1:w1'V161i61 (Mitotic phase Vl~a M phase) bU'U';i~CJ~'IJB.:Jfll';ibbD.:J 

'W1Lfi~CJ61 D';i~nauv1'1m~m~~BCJ 4 ';i~CJ~ fia 1) ';i~CJ~l~';ib'l"J61 (prophase) 

2) ';i~CJ~b:Wmb'l"J61 (metaphase) 3) ';i~CJ~bbB't.l1b'l"J61 (anaphase) bbfl~ 4) ';i~CJ~ 

b'VIlm'l"J61 (telophase) 

2. ';i~CJ~B'Ub~B~b'l"J61 (interphase) bU'U';i~CJ~~b61lmh~~CJ:Wfl11:W~~a:w~"il~bbD.:Jb61lfl~ 
Q I i.l I .:!:rl ..:::;:,1 ~ I i.l 

u';i~f1B'U\?11CJ';i~CJ~CJBCJ 3 ';i~CJ~ fiB 1) ';i~CJ~"il 1 (G 1 phase) bU'U';i~CJ~f1B'U61';i1.:! 

DNA 2) ';i~CJ~b€161 (S phase) bU'U';i~CJ~61~1.:! DNA bbfl~ 3) ';i~CJ~~ 2 (G2 phase) 

~I v i.l 
b u'U';i~CJ~VIfl.:!61';i1-:J DNA 

3. f11';ibbD.:J161JL'VI~ft16161i:w (cytokinesis) 

1Vfilm~CJ'U111?l.fl1~b~mb611?1-:Jfl11:Wfil?l'IJB.:J~'Uba.:~b~CJ1nu1£l~m'IJa.:~b61lfl~ (Cell cycle) "il1n 

oVB:Wfl~fl1VI'UI?l1 Vl l\?1CJ11\?l bb(;.J'UJ11~b~CJ.:J6\'1~'U.rr'U~B'U'IJB.:Jn1~'U1'Uf111~ bfl\?l~'U€1~1-:J~ab ~€1.:1 ~~m.J 
'U 



•. 

• 

(iF fl1;1bb"il.:l 

bb uu1V~bb 'U'U~1!;1e:J.:J'VI1.:Jfl11:l.JiiiV~ b~e:J.:J nTm u.:~ b6ll!;l~bb uu 1:l.J 1 'VI~t;~ 

~1EJ1"!111h1'VIEJ1~'W;i1'W ~::~uoH'L!:U'tw:l.Jf.inti1tJ~ 4 ... 
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1. 1 Vf1!n b~CJ'W~e:Jufhmll 1111CJ m'j1111l.nTv-m~::::e:J5'U1 CJ b ~e:J bb?fl1l~fn11lf1111-ue:J~~'Wbe:J~ b~mnu m~bb ti~ 

b61l~~ bb 'U'U 1ll 1 'VI~?! 

2. -ue:J 1 Vf1!m~CJ'Wvl1bb uu1'11lbb uu~h~e:J~'VI1~fn1l.lfll1le:J~1~~~ 1-;u bb~::::b~l.lfl11l.l?f1l.J1'jtl 

1 vr,r m~ CJ'U1 1111.n 1'\Al b ~mb?f\11~ m11Jf1 111-u e:1~ ~w e:1~ b~ CJ1 nu m 'j bb tJ~ b61l~ ~ bb uu 1ll 1 'VI686'1 

(Mitosis) 1111CJ1111l.f11'\AJ'j:t:CJ::::I'h~ 1 'lle:J~n1'jbbU~b61l~~bb'U'U 1ll 1 'VI~?f'lle:J~b61l~~~'ll~~~1CJn~e:J~ 

-;u ~'VI 'j 'H'I11 ( 6'1 e:J'U fi ti'W b ~ CJ 'W) bb~:::: -;u 1 n n1 'j1 i bb 'U 'U li11 ~ e:J ~ 1m·1ll 161lll (Chromosome 
' 
Simulation) (?fe:J'UVI~~b~CJ'W) ~~rl1VI'WI111Vf 2n = 4 w!e:Jl.Jb~CJ'WeJB'U1CJ~m~ru::::611fi't~J1'W 

bb~~::::'j::::CJ::::"UeJ~fl1'jbb ti~ b61l~~ bb 'U'U 1ll 1 'VI~?! 
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"' fl1'V'l11~';ij1nnT;;vh L3Jb~fl "' 0 "' 
fl1'V'l11~';ij1nnflv.:i fln'liru::~1flru v 

•. 

~ 

';ij~'VJ':i':ifl'U • 
1.1:: tJ::B'Wbln a1 b '\t'J?! 

(Interphase) 

2. 1~tJ~ 1 'V'l1b'\t'J?I (Prophase) 

3. 1~tl~b:Win1b'\t'J?I 

(Metaphase) 

4. 1~tl~bb€l'U1b'\t'J?I 

(Anaphase) 

s. 1~tJ~b'VIlm'\t'J?I 

• (Telophase) 



r:ir fl1;ibblil~ 

bb 'U'lJ'J~bb 'U'U1ih~e:J~'Vl1~f'l'J1a.Jfl~ b~el~ fl1'nb U~ b6ll~~bb 'U'U 1a.~ bel~'61 

'a1~1"U1;i11'Vl~1~'W~1'W -a~~uiculYB~a.~fim~ntJ~ 4 ... 
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1. 1 ~,r m~tJ'W(JleJ'U f11m11 1~ tJ rn ';i11~.fl1'\"j bbft~ BB'U1 tJ b ~mb?l ~\lfl1111fl~"IJB\I(Jl'W bB\1 b~tJ1 n'U fl1';ibb U\1 

b61lft~ bb'U'U 111 1B~?l 

2. "IJB 1 ~1!nb~tl'W'Vllbb 'U'Ui'~bb'U'U~1ftB\I'Vl1\lfl11a.Jfl~B~1\I~\11"ilbbft~b~11m1a.J?l1a.Jl~tl 

1 ~,r fl b~ tJ'lJ11~.fl1'\"j b ~B bb?l~\lfl1111 fl~"IJB \I(Jl'U b B\1 b~ tl1 tl'U f11~ bb U\1 b61lft~ bb 'U'U 1111 B~?l 

(Meiosis) 1~CJ11~.fi1'V'l';i~ CJ~~1\I 1 "IJB\Ifl1';ibb U\1 b61lft~ bb 'U'U 111 1B~?l"IJB\I b61lft~~"ll~~~h CJ 

fl~B\I"ilft'Vl~~i'ltJ (?lB'UflB'Wb~CJ'W) bbft~"il1flfl1';i1 oUbb'U'U~1ftB\11m 1a.~ 161111 (Chromosome • 
Simulation) (?lB'U~~\Ib~CJ'W) ~\ltl1~'W~1~ 2n = 4 '\"j~eJ11b~CJ'WBB'U1tJ~fl~ru~~1~ty1'W 

bb~ft~~~tJ~"IJB\Ifl1~bb U\lb61lft~ bb 'U'U 111 1B~?l 
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.. 
"' .n1'W11~'11nm~vh l:ub~ii'l "' 0 "' 

.n1'W11~'11nnii'le:J.:J ii'lm~ru~a1fUU ... 
d 

'lii'I'VI~~fl'U • 
1. ~~CJ~B'Ubl?le:J1b vl?t I 

(Interphase I) 

2. ~:m~b~'Hvl?f I 

(Prophase I) 

3.~~CJ~b:U\?11b'V'l?f I 

(Metaphase I) 

4. ~~mmm.J1b'V'l?f 1 

(Anaphase I) 

5. ~~CJ~b'VIb"b'V'J?f I 

(Telophase I) 

• 
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21 tf 

.n1'V'411l9l"il1nn1';i'Vh Lllbl9'1~ 
<V 0 <V 

.fl1'V'411l9l"il1nn~v~"il~~~~~ti ~n~ru::a1f!ru • "' 
., 

1. 1~tJ~b~1b'l"l?t II 

(Prophase II) 

2. 1::tJ::b1J\9l1b'l"l?t II 

(Metaphase II) 

3. 1~tJ::bbBU1b'l"l?t II 

(Anaphase II) 

4. 'a~tJ::b~b~b'l"l?t II 

(Telophase II) 

.. 
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(jJ=' fl1 ;1 bb".:) 

1. 1 ,X'!!m~I:J'U~e:J'Url1m:u hwm111~m~bb6'l~e:J5'U11:J b ~mb?f~\lfl11:Ufl~"Ue:J\I~'Ube:J\I b~I:J'Jfl'U 1fl11:w 161l:w 

n'Um1ci11:J'Yle:J~~n~ru~'Y11\I~'Ulifl11:U 
' 

' ' 
"biim~ e:Jii~ n~ru~fl1\ID:U"'J'U~Yr'U 6'Y11\I bb~\I\11'U n'U bbl1Viii~ n~ru~ fl1\ID:U~'U5bb VI" 

't , , 'I 

"il1n?tm'Um1ru~fhV!'U~ 1 ,X.V1\II?i''U 1 ,X'!Jm~I:J'U11~ bbt:-J'Um~b ~e:J bb?f~\lm1:uf1~"1le:J\I~'Ube:J\Ib~ 1:11 n'U 

m1ci11:1'Y1e:J~~'U~ n~ru~fl1\lu:w"il1 n~mbl1h.J8\16'ln 1~CJ1~'U~1 'U 1 wu VJ1 'U 1 'YlU"tle:J\I~e:J bbll bb6'1~6'1 n 
'I 'U q 'U 
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• 

, 

.fl1fl~'IJ1n .:~ 

bb 'U'U~B'U tl1a.Jfl11a.JcW.:I'VHJ b~ 



.. 

" '1Jtlfl11~ 

..... 
5. fl'UJ?l€ln1'H~€l'\J bb'\.J'\.JVWI?lel'\.J LL~::; 

" 

6. ';iULL'I.J'I.J1'Wn1';i\ii1Lil'Wn1'H~flL.I~LiJ~ 
" " 

LB m?l1-x ~ L~ EJ'Wil n1';i LL~ n L tl~ EJ'Wfl".l1:W 
" 

8. 'I.J';j';ii:J1n11'11'Wm';iL~EJ'Wilm';i~l:wilB 

LL~ n L tl~ EJ'WL~EJ'W~~~n'WLL~::; n'W 
'U 

11. LiiBVI1U1L?l'W€lmh~LU'Wcl1~'1.J-tl'Wiil€l'W 

LL~::;LU'WLVI\ilLU'W~~ vi11-xL~m..1 1EJ~fl".l1Ufl~ 
• 'U 

.. " b'VI'\J~1V 

d 
~1n'VI'a~ • 

' 
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.. " .. " 
WI'\J~1V .. " .. " b'VI'\Jmv b'VI'Wmv b'VI'\J~1V 

t!1'1J 
" " d 

~1n '\JBV '\JBV'VIgi~ 
mn.:~ • 



d 
"liB 

tl~~-r~m~~m~n 

tl~~1~m~vh:nw 

~1bb'VI'W.:! 

'V'Hl. 2548 - 2551 ~'V11iVltJ1~CJ'lleJ'Ubbtl'U 

iVlCJ11"116W1'jurusV1191 ?11'll1i"l11:n1iVlm 

~.1"1. 2552 - 2553 ~'VI1iVlCJ1~CJ'lleJ'Ubbrl'U 

'th::: rnl"l\1 CJ u mi 'ln:n~ m 
'U 

~.1"1. 2554 -u~~u'U 
' 

f)'j 1"11"1.1 
'U 
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