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i'U '11ir~ ffUl1"~ m j 'J1~fl1'W U 'Uf):i~~ 1'U U1~~ r~fl1'Wn 11~ U1~ 'ti 11 ~ir f)1~ (J'U;lJ~ 'Urms

mll111~~fl'U f11:i~ir m~ {J'UilJ 1~MjjullfiiJ~1)1 ~ 'U111l'if)1l~i 'Urns 'YIl1"tl~ ri~ ~,mi ~Ym~1Jtl'YI t
'YlNf11j1~{J'U'UU~irfH~(J'W~1(tl1j1JtU l'W'l1j~'W,2548) f11:ifffl'Ul1UUUjjtJ1m-wtl~tld1~1~tJ1~hJ

1~~tllJn~m jlJ1~lJ1~lJ~~ hJff1lJ1jO'ti1'1 ~ ~1~tJ'Ul'li'l'1~'YIqll~llj1f)~ f11jruvl1~C')i 'Ui'l11Yli1mYlm~
\it ,., ~ d'll'J9)QI! o'.q '"111 ff1lJl:i nun h'YItli]ty'l1111uullnQfl~ I~ ~~'U'U~1l m W'YI1~1'Y1tJ1ft'1'Cl'~jU"~'l1~f)1j'YI~Cl tl~

A ~ tldi "i cl QI" \I) t .cS Q.I 0 "" e:sV'U'Uflmnm.JfJllmw 'YI'If 'Ums 'YI11ClV~lJ~'J1lJC)fUC)fV'Wlm~:i1f11U'V-I~LlJl'V-1{J~'V-IVf)U1)1'U'J'U~1:i{J'U
v, v

~~ir'W~~~1:i ~l1fil'H~{J'U fnl'l!'U i ~irm~tJ'U1nl1fil:i~'W'V-Iui~irm~ {J'Wi~r~f)IPi~'Cl'lJlJ~~l'U ff11l
v "" "0 11)".4 iiiw ct 11)" ....U1~V~ tlflm1UUfil:i'YI11"fl~U"~ffj1~UUU1)1"V~ (fl'V-ImTl1 1'V-I\!"tJ,2547) 1'V-1V 'I1'Um'w'U l11tn~

m1lJ1~UlJ ltJ~ i'U~~~i~tJ'Wf tiU~11lJ11:l'W1)1~'~'ti1 'l~ir m~ tJ'Uij~11lJ~'U i'Ufilj1~tI'U rns '1~,llfll'W
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01 ---------------- X----------- 02

a.dQQI

1.4.1 11i1~tJ

t~UUUUHtJfl1'l'1~tI'1~U'lJ'lJ one - group pretest - posttest design ~~,~tJf)l'~'

'Ylfl"V-:j~ijf)~lJ'Ylfl"V-:j'YId-:jmilJ (x) ff-:jLflflH"mS'Ylfl"V'I 2 f,f-:j ifltILWmll'WnVtJ'Vlfl"V'I (01) Lm~
II

'YI5'1fll'5'Ylfl"fl-:j(02) ~'1ij

""..,1.4 'U61J''UVlml1~fJ

4 Q.I ," Q.I q I I Q

1'l'V~ fl1'l''YIfl1'Y1'UV~Uff~HltJm'W ff'YI"~l'l'eu~errnneun tJtJ
II •

1.3.3 fl11lJ.w~'WV'1~'Uv~um5tJtJitJlj1itJlJffmJ1iJYi 5 .yjij~v'ltflfi~mSlJfll'l''Ylfl''V~

&111115E lra"lf11·n1m'H'lJe"lu~~~.h'WLf1'W~ufi'1~'C}fL~"111 hcif~lf)fl a~i 'W'j::~'lJ'w·n'lfl hllJlf)...

1.3.1 'I1flfi~m'5lJfl1'l''Ylfl''tl-:jUUU 5E L~V-:jfl1'l'im'YI'UV~l1ff~~1'WlrI'Wrl'11fi'15iC}fL~"

1'lJh~ii1flflijt1'l'~ ~'Ylim'WflllJLfltucn 75/75

1.3.2 H"fflJt)'Ylt'Yll~fl1'5 L5tJtJ'lJV~UfH5tJtJ~vrWltJl~1t1'ltfl fi 1)mSlJfl1'l''Ylfl'¬ llV~UU'lJ 5E

.4 Q.I 4' cf 4C:I Q.I 4 ~ Q.I I d
1.2.2 1'Wtl'WWl'W1H" fflJ t)'Vl1i'Vll-:jm 'l'1'5au 'IJtl-:jtJrus tJ'WL'5tl-:jf)1'5'YIru'YI'IHNUff'1Hl'WmtJ ff

1.2.3 1~tlffmJ1fl11lJ~-:j'Wtl'1 ~'Utl~U fH5uu 'YI"~~1f)~15 tJtJ~1tJ'ltflfi~m 'l'lJfl1S'YlflCltl~

uuu 5E L~tl-:jfl1'l'im'YI'IJV~Uff~~ltJmtJrl'ufi'15 LC}fl~Cll'lJh~ii1flfl

"m'WflllJ1fltuCVI 75/75

4 91 Q 4 CV I" 9J
1.2.1 1'VH)ff'51~'!,flm)m'njm'l''Yl~Hm-:jLL'lJ'lJ 5E lHI~ f)1'l''YIm'YI'Utl-:jUff-:jHl'WlrItJffUfl1

5 iC}fl~"1uh~iilflfluCl:ah'l1flfi~m'l'lJ~-:jfl~11 it11~lh:m)1Jnl'l' neuuuu 5E t 'l1'iit1'l':~'YIi
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1.5.1 "lflln'ilflnlJ fll'J'YIlI-clU~lI1J1J5E l~U~ fll'Jl1fl1l1'UU~Llff ~Hl'WI-cl'WffUfl1flC}fl~-cl•
1111~~illfl~~i ~1~'Wff1'Ul1d ~Iurns ~lIfll'i I~tJ'Wfl1'iffU'W~llJ,jfl~i 'W'JltJ1'lflYlffflff)~~1Ji'W

~1HJlJffm:l1il~ 5 ilfll'Jffmn 2553

1.5.2 'l1l1n'ilm'ilJfll)'YIlI'ClU~U1J1J 5E I~U~ fll'J'I1flLl1'Uu-:!lIff-:!fh'WIClUffUfl111C}flfl'Cl

11J1 'it}fillfl~~i~i 'Wfln1~m~'U"lf1l n'ilm'JlJ~~1~tJff~1-:!~'W 111fill1'U 11lflrucv1,j~~ff'YI~m'W 75/75
• OJ

, ",
U'Cl~fi1l1'U1I~lfl11lJfI'Cl111!f1tiU'U± 2.5 111tJ~uil'l[lIn'\lm'JlJiiii,j'J~i1'Y1~m'W il-l~lfl';h 72.5/72.5

mu ft:: 50 'Ul'Yi

" .... ,,,,_, d
1'Cl'WfftJ 'U fll~l1flLl1'UU~L1ff~r:-Il'WICl'Wff111 ~lU-cl~fll'ilJU~1l1'W

1.4.5 'i::;tJ~ldm~L~i'Wfll~1~tJ

)~tJ~nm~i~i'Wfll)1~t11~Ufi mm1tJ'W~ 2 ilfll'Jfffl'l:J1 2553 ~1'W1'W10 fI111

~1U,jHl1lJ ;iv r:-Im1l.J tJ'YIt'Yll~fll'JL~tJ'U'Uv~,r fl1~tJ'UL~V~fll'i'l1fl1l1'UU~Uff~Hl'U

1Cl'Wff 11'Cl~f111lJ.w~'VH)i'il'Uu~,r fl1~tJ'W~ii~Vfll~ i ~'l[1In'ilm'JlJfll~'YIlI-cl U~U1J1I5E 1~U~fl1~'I1fl1l1

'UU~l1ff~Hl'WICl'WffUfl11iC}fl~-cll-Uht}filLfl~~1t1fll'JffU'WL11J1J1Q~mfll'i 11tJ'Wi'5E
" ,<!l .eli !Iii .......1.4.4 l'WUl1l'YI''If 'Wflln'iltl

,
~1U,j'i~ff'J~ flU n'ilm~lJU'Cl::;'l[lIfll'i'YI1l'ClU~U1I1J5E L~U~flnl1flm'UU~Uff~

Hl'Wl'Cl'WffL1fl1~iC}fL~'Cl11J1~t}filLfl~111tJL~m~1J1'Wfll'iffU'W'YI1~1'Y1fllfflff~{L11J1I1tl~m f11'J!~uur
U1J1J 5E

~ Goo' .Q Cl tI.q d' ~I ~ 0 91.Q
'\l~11111lJl1lffl'iflllJ L1H'Wfll'H'itl'W1'Y1tJ1fflff~'i-f1ru~fflff~'i lJfll'HTfl'l:Jl 2553 'ill'W1'W1 l1U~l'itJ'W

~1'W1'W,rflL~tJ'W31 f1'W

1.4.3 ~1u,j~i'Wfll'i1~fl

1.4.2 ,j'i::;"lflmU-cl::;fl~lJ~·;n)(h.:t
, " "

,j'i::;"lflm U-cl:l:milJ~1U~1.:tfii ~th-lfll'i1~flfll ~ih~'Wfl~lJl~tJ1tl'W flU iTfH~tJ'W
II ,

~'W~TitJlJffm:l1il.yj 5 h~L~tJ'W,jU'Vn'W~'YItJlfllJ l"lf~.:tflmiltl:lfl ~l1J-cl,jU'Yn'W thU1U'Wll~Ufl
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'IJMIL ff.:j~l U inutf Yl1J1UO.:j 'J~ ~ 1Jfl ~Uu tJ~ i~'ill fl fl1 'JnnufI111fl1l11Vi ~'Wfl 1 'il'IJt'J~Ufll~ uu

iuiJlWlJffmniJ~ 5 ~ltJ1U 31 nu ~ii~fl'ltfln'ilm~lJfl1'J'Ylfl~fl.:JI~t'J.:Jfll'.i'l1mYl'IJfl.:JUff.:J~ltJl~Utf

" " ~ ,x oQ.dd' P Q,.I d 9)d ~ YQ,I d Y 0 ~
fl11Y1Ul'IJtJ 'illfl'WtJi ltJtfllJ'YllJtl ~mn YI~.:J'illfl'Ylf;;!L'J~U l fl 'Jurn ~1~ fJU~U~~rm 'Yl1fl 'ilm 'J11'illfl'l!fl

fll~ffflU 1flfJoflmrucn 0.50 ~u111
1.6.7 fl1l11oW.:J'Wfl1'il'IJt'J~um~~tJ~ii~tl'l!fln'ilm'.ilJfl1'.i'Vlfl~V.:jIL1J1J 5E L~V.:jfll'J'I1mYl

. .
1.6.6 fil~'lfijll1~iY'Yl nf.l~'lJt'J.:J'l!~fl1~'Ylfl~fl.:jYl1Il~O.:J 1Pi1m'IJliufffl.:JV~11fll~ 1~UU fli

. ..
75 1Pi1Y1~.:JYllJl~O~ fl~utJtJfi~l1r1tJ!t'J~~~lium~~tJutJVili~'illflfll~~.:j)jflVil

'lt~n'ilmnJfll~'Yl~~fl.:J 75/75

... <9 "" ?t " 0 ~I'" .175 ~1um YllJ1UtI.:j fl~UUtJflflli.lU~t'JU~~'illflfll~'VllU1J1JfiflYl~ msurensu

QI.ef ~ ~ odd" ~
1.6.3 H1J1J'YlflffV1Jf.l~eu q'Yl1i'YlNfl1~ ts~U Yl1IlUti~ Hu 1J'Ylflnnununu ff~l.:j 'lJU~H. ...

m1l~flll~~ff.:jfifl1~L~~ufl~t'J~ fl1~'I1mYl'IJt'J.:jUff.:j~lumutf ~~~tJi'tJ;rlW1lffmniJli 5

1.6.4 f.l~~lJq'Ylt'Yl1.:jfl1~t~UU m,J1UO~ fl~UUU~ '~'illflfll~ VilU1J1J'YlflffV1Jf.l~~lJq'Ylt. ...
msrns L~~tJ l1tl~ rns '11mYl'IJtl.:jUff~~lumutf'IJt'J.:Jum~~tJ~~~1Ji'tJiJ1ifJlJffflEniJli 5

1.6.5 ih~ff'YlTIflTW'IJt'J~'l!flfll~'Ylfl~fl.:j YllJ1UO.:J ~~~1Jll~~ff'YlTI.fl1'W'lJt'J.:j'l!fln'ilm~lJ

1.6.1 mutfun'1~i9lLfi~ 11Jh9$ilm~ YllJ1~O.:j mutfu/h~ff!1~'illflfl1'JYI~VlJU'11mn'1

11Jh9$il1fl~1Il~U'nhrlumu-&'uuU~~H1UtfL~1 hw'H' h.hfiffL~~1Im{mHU~ t~V lr1ufi1'lh~1u
'" '"
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. " .
'" ""!Ji "" !Ji ~ 0 ~ A '1 !Ji ~ ''''' ...1.7.S nsnssumns tJ'U~Ufl~"lI~f11l'Vl~fltl~'Vln''jl~'\J'Un'llJl'j(l'U 1 111 'lfl'lJ'Ut)lJflU"::n'tl

fill n'tl'UL~tl~m'j'l1 fi1l1'\Jtl~11n'~~l'Um'U f1L~ tl1,rmsL~tJ'Ufil'jfffl'ULfi~tJ l:: ff'Vln.fll'YiU"::L~'UU'U1

.
1.7.2 '!!fii~tJ'UihnllJ~~'Yifli ~fl"lI~n'ilm':ilJf1l':i'YI~"tl~U'lJ'lJ SE L~tl~ fiWHfim'\Jtl.:.l

un'~~1'Um'Uffur1'1~''lfLftfll1J l'J9iil1f1\Pl

1.7.1 L~"lI~n'ilm1lJtll'n/l~fltl~U1J1J 5E l~tl~ mnrml1'\Jtl~Un'~~1l-mn.JffUn'1~L'lfL~"

11J1 'j9iilLn\Pl~ihh~ff'YIn.fll'Yi\PlllHfirucn 75/75
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.:9 I 01 .c:! V "t:t~.:::s QJ

ml:Ufl~'I1 V'W'11{Ilfl'l1 rI1fl'l1{1nfflPl'JU{I~msu su ms fftlhll9ltl{lI9lV'lJrru V{I~ll flU'YllJfl11lJfI'W~U{I~... ..
1l11:Uff'U '1 'i)UIPlfl~ Nnhl 'lu ms t~1'YltJ1fflfflPl1 ffl'11 i' u ms ffn1:l1~ tl u {I~ms il'J~ fitl U tll9f'W ~

~ g) ~ ~d I QJ QI &
'iHll'W'f1fl'l:ll ~fftl'W lJfl""lfl'J'YlHfll'J'f1fl1:l1 ~lHJ'W U{l~'l!:U'lfUn:Ufl'W'WWJ'U1flUftfl'l:l1

1'Ylfl1fflfflPl1 U{l~'lIfiiJ~~1lJn'U ~f111mY11 ~1l 1'Wfl1'Jn1'11'U~1 fffl l'1fttArm l~ eu il'VlfJlfflfflPl11 ~

mtl'lJml:U~~ 1'Wl~tl{l'\ltl~fl1'J~WJUlfl1'Jfffl1:l11~tl1IPl~fllJfl'W'1'Wff-:jfl:UU'l1.:Jfl1'Jl~fl'UiU{I~fftl~fl~ tl~

n'lJ'W'J~ll'll'iJ\uw~flnffmnU'I1..!l'lfl~ iJ'W'Yl1H~ml'lf 2542 ~YilflllUA"1'\11~:Ul~:U (QU'lJ~ 2) 'W.ff.u u •

QlJ' QI .c:t .a.. "~i ~ .Q QJ2545 ~~'W '11""fl "l1Pl'm{l~msn £J'Wfll'iffV'W 1'Ylfl1fflfflPl'i 'i)~l'lftl:U tJ{ll'Wtl'l11 UU 1fl ~'11{In U{I~

m ~'lJ1'Unn ~l fl'Ufflfl{l U~ iifl11:U fftl~ fl~V{In'lJ9f119l1l1nf~ 'J~~ m1'~H~ hiU{I~ 'J~~ u them ffU{l~ii

4 QI OJ d'?1 G) .d. QI I .c:I QJ lIJ I '1,J ,., w
1ff£J'Ylft'WllJ'W:U:UlJtl..!lfl1tJ~hltlU1fllPl'Yl:U~'I11~111l~lJfll'J'WWJhlltl~ ~'J tl£Jl~ 'J CJi~~~fftl~f1mNfl'lJ• •
fl1'J'lIi''lJll1~£J'W'\Itl~ff..!lfllJ lffV,,;fttA fl1'Jl~v'Ui1'YlV1fflffI9l1nnl'U~ '111~mflhlu'U1'Vl1-:j l,r~'lJ1'111'J

.QCVCl.lrl.d ~Q d'
2.1.1 1 ff£J'Ylff'Wrns l'J £JUP'Yl{J1fflfflPl'J

ffmiJ'Wri.:Jlff1:Ufl1'JfftJhll'Yl£J1ftlffI9l1u",,~l'Ylfl iu 1{1~ (2546 : 2) '1~flril1ii..!lfh;h

" QI Q.I cf do(4) m 'Jes1.:JU'lJu 'Yl~fftl'lJ1~~"" fflJq'Ylll'Yll..!lfl1'Jl'J £JU

'" "" ~(1) 'I1""fl"lm1'Yl£J1fflfflPl'J
,1 ~ ~ , rI

(2) lh1tJ'I11l 'Jtl.:Jfl1'J'11flt'l1Uff..!lNl'Um'Wff'lJ1..!l

(3) <J,!~nllm'J:U

51 JI • I •
~ QJ q QI.c:t j),q QJ lJ} vel ~.d .qQJ .c:t 4do 9) c!t

fll'J1~£J ~U m ~U ~1'iW ~~ffmnu U 1fl~'Ylq'hltl1l1f)1tlfHn'J U",,~~lU11l£J'YllfW1'\1tl~1l'H)

'1111'lit~lflu meu fl1UJ~~ Iums li £I l~m:rWJhI 1~""fflJq'Yli'Yl1~ fl1'J1~£JU '\Itl~ irn.l~ £JU~1£J'lI~. ~
n~m'J:Ufl1'J'Yl~""tl~U'lJ'lJ 5E l1tl{lfl1'J'l1m'l1'\1tl~Uff{l~1h1mUffuA'1~1CJil~"" Iu h~~mlPl ~{lij

,
"'t

1.11111 2



d .d~ Q.I ~ Y
ff11:::'Yl2 ")j'1'flfl'lJff-:JU1'fl'l'lVlJ

ff11:::~ 3 ff11Im:::fflJ,j~'Ufl'lff1~

. " .
ffl1:::fllJ I~vtJfVin1'l1lJ'fl, i'!t1lJ ff11:::m;fl~fl'l1'YlV1ff1ff~{~tJ j1'WVium~tI'WlIfl-:J. "

I~tltJ~'Ylflfl 'Wl.h::: flfl'lJ~ ';Wri1lJVil~'W!'wfl'l11 IL'W1'fl11lJfl'fl '11~fl1'Y1fJ1ff1ff'fl { IL":::fl'j::: lJ1'Wfl11'" .
d ~ tI 'j) I .c:t v~ tI ...1 'j) Q.f Q.I J

ff1J:::'YlIU'Wfl-:Jflfl11lJl'Ufl'lfl'llJff11:::fl1~!1fJ'Wp'YlVlff1ff'fl1 u1:::fW'lJ~1fJ 8 ffll:::'11"fl 'fl-:J'W

<V Q,I ~ I q ~ "),. do tI " G} q d.d~ ct.
fl11:1HY3J'Yi'Unl::;1111~1'YlUlf1'lff'fll !'Ylfl &'U&~HJlnmJlfl,:W U~::;fftll'YiUd'flm:nJ &'U!'ll'~'YllJV'Yln'Yin

di ... .....t. 'V 'V '1 '1 .,j .,. .. 1 'i "'lit 'I 'Vl 3iImg;r--t"m:::'Yl'UClf'lfl'WU'clg;fltJl'YlfltJ1'fl11lJl'fll1lJl'Ul 'il lJl~fl-:J1'YlV1fflff'fl1Im:::L'Yl'fl'W&m)&11&")j''11

1f1'fl111:::itl")j',r~fl~-:JfllJIW:::~-:JII1'fl"'mJii;~1'YlfJ1fflff'fl{ ~'flru1i~llJ 'il1fJ1i)'j'lJ u":::fhUtllJ ilJflU. .

ffOllJ fffl1l1' ihls :::fltlm.l1~'Ylu-a'1fll1:ij'fl ms i~uu ~1'Yl{l1fflff'fl {'llJ nn tu ffflll1iilih'l1lJ lt1ff1flUJ
'U u

l~fl'1 ,r!'Ii'1l'ilm;flfllJ 'Ylqll~~ltI'W~lJ!llJ 'llJ1'YlVlff1ff'fl{ 'Ufl'lJ!'U'fl1inlJ")j'l~ U,,:::'Ii'fl~lti'fl'Ufl'l
" .

l'Yltllfflff'fl {LL":::mn lu1,,~nlJl1'1iil1flll :::Viff1A\1j'1'Wrm ffflll1rilJ 'fl~lLW:::fl'flrilJl11'11'Yltl1ff1ff~ {

Amg;L'Yl'flilJhth~mil'lJlJ 1nseu ltJ mlfl'flU":::~'W'fltJ rms 'fl11lJff1lJl1fJL~fl l-MitJmmnilt1.j'l11

U,,:::flU:ij'fl fl11 11flll::: '1tJms Sfl ffU 1I'l'l:::'fl'nlJ ff1lJ 11fJ'1'Wfln ~ 'flfflJ hi 'flfJ~~g;'11U flO-:J

'ft0l-UlJri-:JAff1lJfl1nftllJ1'Y1tnff~{U'l'lg;I'Y1'flilJi'l'l~ (2546 : 3) mil1~-:Jlihl1lJ1t1

'Utl-:Jfll 1:ij'flrm I~{l'W~1'Yltl1ff1 ff~{ 1~'.h1'Yltl1ff1ff'fl {I~ lJI~tl'l'Ufl-:Jfll ~11uu~!~rnnlJ fj11lJ")j'1~
... 'U

i'fltllJ'lfl:16'1-Mm:::lJllJfl11~-:Jm~ fflJl'il ml'ilfffllJ um:fl1~'Yl'fl'l'lfl-:JL~tlltim.h1fl!lfluru'YIH

"Q 0 w cv ~ d Q.I cv d

1i11 u ")j'1~II" g;lJ1fHllJ 1'il'fl~:::uu '11"fl f)11 UlJ1'fl 'fl U" g;'Y1f:p:lfJ 'fl'IlJ u fl U L~uu ms ff au.. ".,. ..~ • "'1 'V'V ct 11) 'V <:If 'V .. 'V 'V 'V ct... '" 1 3itq 'V ...
1VHJ1ff1Ml~'il-:JlJ-:J!lJlJ'I1~HH)lJ&'fl!UlJr--t11t1'WJU":::'fllJ'YlU'fllV~lJlfl'llJlfl'Ylff'fllJlJ~n) 'I11'fl'Yl'l

q 'U 'U 'V q

"I , I

~ " w I Q,I .c::::a '" d ~ '1 ~ '"rrs:::'lJ1lJrns une tl-:J'fl'fl11lJ1~-:JU'fl1VlslJ111fl fltllJ I'U111tI'WllJflfltl lJnmu ffflll1 II" :::llJ'¬ IItl fl 'il1fl... ...

.
11tllJms 'ftVlJ~tl'lri -:J!'ft1lJII"g;~l'lJlJ1~!~VlJ'1,rnA'il~fl~ 'flruli ssu 'il1tlli ~~lJ fhi.! tllJVil'l1lJ1g;fflJ... .
~tl1'YlV1ff1'ft~{ L'YIflllJ1,,~~'1fllJAWg;~'1111(pr"fllJ

9) ,J,J " i" t.o=l "''1 9) ~ ..!t I Q 0 CV 1 Go' d iff~ l·HYn 'fltl'l'fl 'fl11lJlfll ~ 'JalMM! ~uu~ lJ'YItl'l nufJtll1lJ'fl 11lJff 1'fl\1jf!llJ ~numn~V lJ u
~ 'I" .. ct ..t "ffOllJfffl'l:l1 uaerns &·lm'YI1iff1ff~~fl1~!~tllJfl1~ff'e)lJ11" 1fll1"1 titrw~au fflJ fl 'If! 11lJ~fl'lfll ~'fl11lJ•

nu'l11 lnl~ tlt!~1L~fl~h-3nt!~fl\l~l~ tit! rm l~tI'UrOfl':hd]t! fl'jg;lJ1'Ufl1')ff1At1.j~llfl'flt!~fl-3'~i'lJ
Q.I d v d v dQ.,& 0 d Gt 0'::' d..::t. ~ d

fl1~l'lllllJ 1!'Yl'¬ II'111ffllJ 1'Hl!l uu~~"fl'fl")j'l~ v'l'il~ 'lhg; fflJfll1lJ ff1!1'il &lJfl11'fll! 'WlJ")j'l~ 'Yl'1lJf111...
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0' 31
UfllJ'j~Ul'U (Plano Convex Lens) U"~L(l'Wff~UUfllJnl (Concavo Convex Lens)

tI .4 tI 4!t c(d.c::S
2.2.1 mUff~U'I1'jVL'flUrr'j1lJ1Lff'l (Convex or Converging Lenses) flf.) l'flUff'YI'lJfl1111

'I1lJl\9lH'il1li'1'W6flm'l'lJlflfl11~'Uf.)'UU'fl~ 'il~l'h'l1U'l~ 'i1lJUff'l'lllJ llJ 'tl~llhlJnlJ ~ 'il~ h-ltiff'il~ 'I. .. .
, rI dQle! tI " d'

(Real Focus) U'U'U19l1'1'1 'Uf.)'1I'flUff~'W'lJIPl'llJ L(lUff~'Wfff.)'1\91TU (Double Convex Lens) I(lUff~U

!(lUff (Lens) l1J'W~1tlm'lltl~'1Uff'l~ii~hr111111J'Wtb 1~'1 ifu~h1~~'Uf.)'11'flUtYf.)1'i1'i1~ii
, ~ ,: ""131 ~ 1 o'dliJ 31 0' 'd <S 0'

ttl'jH!U'WYlUH1 fl'l'YIHfl'fllJ 'YIHm::'Uf.)fl'l1'jf.)Yll'jl umsn 111 mUffu'U'U'IltJ'YI~lllth...lmuff'Ul'1

~iiifu ~ H1'11U'11 ~'1U'U'U'YI1 'Ifl(llJlm::L(llJ ff~ 1oN' 'Wfl1'jfftl!l1l1JlJL(lU ff~iiri1U 'I1U l~"llliirhU' f.)tJ
.de .e.t Q.I Q,I ..,::01 1" ~ ,lid., rI 4. 131 ~
IlJVL'YItJtl'U'ji'1lJfl11lJ fI'IL(lUffLL'U'UUI'jtJfl111'flUff'Ul'l 9I'IU'U'If.)f.)fl ~ 2 tl'j::L.fl'YIflf.)

~ "dt ~do1d" 0 1"...1 <i) 0' "QI c::lff'U1ffl::'I11fl111J'i fff.)ffl'j rr '1'Y11'j tI'Wm'fl::lJ llJl '}j'lJ'j:; W'l1U unerns: l'j fIJ rms 1'lllfl'Uffl'i::'YI 8~ ~ ~

1i'j'jlJ'l11~'Uf.)'11'Yltlli'11fflPl{lm:;l'YlflllJ l'flV

.::a'" od ~ d'~"olJlll 'j ill'U ms l'j tJ'UmnlJrrl'j ~ms rs tJ'Un'YIVli'11fflPl'j LU'U'llf.)fl1'11'U11flf.U.fl1Y1'Uf.)'1
611 .. cu "

"d 'jI " .Q Q.I 4:1" Q • Q .d ~
Nl'j tJ'U1l1'U fl11lJ 1 fl11lJfllPl 'Ylflll:: fl 1:: 'U1'U n 1'i11 tJ'U1 fl fIJ 1i'i'ilJ 111 tJ1i'j 1mm::m 'W011 CJf-3lU'WCU qJ q, q

f d QI " .e:l 1"d QI Q.I ~ "" I tI ...1 <JI d v~~lJ-3'I1lJltJ'YI1!::YIVlJ'W1fj1s tJ'W 'I1lJfj f.U(l tlll f.U~f.)'WYI'IlJ'j ~ ff'lfl lJ 'j ~ flf.)'U1l1tJ lJlll s i ru rns rs tJ'W~
" " ,,, '".c::i Q.I.c:!t 0 Go' Q.I .c:t 4 ~ Q.I ad"

fl11i'1flll l'U'WYI'U!llJ ffl '111'U'Wrur tJ'Wl]flfl'WLlJf.)1)'Ufl11Mfllll'U'WYI'W!1'U U'fl~lJlll 1 il'U fll 'iL~tJ'W~
" . "

']$1'1oM'W fflld' 'U'I!nL'1tJ'W'YIn fl 'Wlli f.)'il'Ufll 'j ffmll 1 'W1L~'fl~ 'li1'1 oMlJ (rr tilU'U ri '11rr~ u fl1~ff f.)'W.
" "1'Y1tJli'11ffl9l{U(l::L'YIfl1'Wl"v, 2546: 5) 11ltJlJlI9l1il'Wfl1'jL~tJ'Wrfl1'jf1fllll'li''W~'U~1'W'Uf.)'1fl~'lJffl'j::

.e.t!ilea rid .d "QI .Q Q.I .4 d ,,~ .ci IV

fl1 'j l'j tI'W~1'Y1tJlfflffI9lHUfltl1'IJf.)~fl'Ufl1'j 1'iltJ flf.) lJll9l'j !1'U rm l'i tI'U~YI'Wil'W ffl'j ~'YI 5 YI(l-3~l'W

1~tJ 1 ,*'11'141tJfll'j L~tJ'Wl' I~f.)'1 rns Mru '11'Uf.)'1Uff 'I ~h'WL(l'Wff mm s iu ~ "hm1 '*1 'Wms 1 ~ tI fi f.)~ .
lJlllHl'W 1 5.1 L~11'i1fl11m1lJYr"Jlf'j::'I1-:iWY'icl'Nl'Uti'Ufl1~~lH~1\9l fll'jLtl~tI'U s tlYlcl'l~l'W

M ~

ilfiff1Jl1U.fi 'j~'I1-:il'l fflm(l~YI cl~'11'W N'fl'llf.)'1rns 1'*YI'Cl'l'll'W~f.)~1\9lU'fl:: ii-3U11111f.)lJiim:;'U 1Ufll 'j

~ v ~ ~.: I ct Yc:t. d'
2.1.4 mas ill'U nrn 'j tJ'U'j m'H'fn£Il'll'UYI'U ill'U fl(llJffl~ ~ ms 1~tJ'U~1'Y1tJlffl ffll ~

.. IV .. q IV

d 0'
ffl'i:'YI 7 1l1'ili'11ffmUn~f.)1mi'1

ffl'j~~ 8 1i'j'jlJ'l11~'llf.)~1'YltJli'11ffll{U(l~l'Ylfll 'Ul(lV

. .a .J
ffl~~Yi 4 UHun~m~LfHW'U'Yl

ffl~:~ 5 Ylcl'Nl'U

ffl~~~ 6 m~'U1'Um'iltl~tI'UL1tln~'llf.)~ Inn
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'i w d 'iY d 91 '" I <!I 91
lfltJ'jfYlJfl11lJ LfI'I (Radius of curvature) L'llrJ'UU'Yl'Ufl1UR flV)~rJ::'j::1111.:j ~fI 0 O'l'lft C lff'\.l

i ~ d,., .cit Q"I" 0 QI q II"'j~'U1'IJ 'UU'U,)~'1 (AB) lth.Jla''UIP'I'j'l'VlIP'I'lillflflUla''UUfl'WlJ'llt1'lf1W ru 11ftL 'ilflm·m'l'\.HY lf1tJ&'61"1.I IPlH. ".
eU1J'Im'Uffvvm~'Uffv~~b'\JL'Vl1'ln'\J 'lJ1.:j't1m\1~tJfl11 L~'\J~lfl"l.:jm'\Jff

• ... 1 ~ 0 QI " i" , 0 QI .a $I d2.2.3 ff1'U1)'j~flD'IJ'Vlff1f1ty'llV'IH'l'Uff flUfl Ufl'U~'llff1f1ty (Principal axis) flV lff'U'Yl

I .di " " 'i 91 "" ","; ?I.di " '"mflH1'U fl'lfl"l'1'llV'IL"''UffU'" ~ 'lflfj'Utlfl" 1'1fI11lJ l fI'I'll tJ'I H1H'l'Uff ff1'U 'VlL1) 'U~fI fl'l fl" l'1L'" 'Uffl1 'j tJ

'" ..; I 91 o....di I 'lil <!I
~fI 0 (Optical Center) flV ~fI'VltJ~'IJ'Ul'C1''Um'U~'llff1f1ty~'j.:jfl'lfl''1'1'j~1111'1~fI c.uee C2 1)\1'\.10'1

~fI~'1fl"'l'1H'l'Uff'YW~ lriViji' '1ffflflm~'Yl'IJH'l'Uff~l'U ~fI.n U'U1i'.:Jff l1flm~VVml1flH'l'Uff'i)~tJ~' 'U
A "l tI ,.,.,.Q tI cs 1 .:!j

U'U1LfllJ LfltJ~flfj'UrJflm'lfl11lJ LfI'I'llV.:JH1H'l'Uff (Center of Curvature) lJvg 2 VfI flV ~fI CI uae C2

" 91Ufll.J'j~'U1'IJ (Plano Concave Lens) H'l'UffL11UfllJ'lJ'U (Convexo Concave Lens)

"91 '" " <!I "..;2.2.2 H'l'I,Hn1111'HH"''Uffm~\11f.JUff'l (Concave or Diverging Lenses) 'H'l.J1t1fl'l H'l'Uff'Vl
d v l.d 0" d "l ....1 cv ~
lJfl11lJl1 'U1~ 'j '1llflfl'" H'U ~Wfl11'Vl'll D'lJU"'~ 1l~ l'1111'Urnnse \11f.JUff '1'll'U1'U111fl ~fI LnflffLfflJ V'U•

I "yd ....% "91 91 "91
(Virtual Focus) u'IJ'lJm~ '1 'llV'IH'l'UffL11lJfI'I'U L"'Uffn1'C1'V'Ifl1'U (Double Concave Lens) m'UffL11
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2.2.5 ~~ lvJnfftm:::fl11lWl1Lvhrff

m'Uff~'U 01111~-el~'fl~'illfH~'Uff~'UlJ1fl~~.:jthllflll1Q~1Jll1flm:::'Yltlm'Uff~'U

'il:::t~'U~.:jff'\J'Ul'Un1.Jt~'U l1fl'Ull'\Jfflfit1J~ '1~nrfltlf~t~'U Nlnmueu ff (AB) 'il:::'Vi1.Jn'U~'fl~ lf~.:j-el~

'J:m11.:j 0 n1.J C1 (~.:j-el~~l'Ulf«.:jI~'Uff) ~Vflfl11~fll'V'tnff (F,) 11~:::'Vi1.J11'flF, V~~~fl~.:jfl~l.:j

'J:::lf11'1 0 nu C1 'ViV~ 'J:::tJ:::OF, ~tJfl11 fl111JV111'V'tnff (0 U~::: f =!!:... i.:jm'Vi~ 2.5
2

4 .td c(d ~ gJ Q,I ,

llJ-ellJUff'lllflm:::'VI1.Jm'Uff'VI R l1ff'l1l:::lffHlf1l1lJll'U1 RS llr11lffHlftrmmff1l1lJll'U1
.. ..ci "~Q...c:t.CIt cd d CLJ~ ~ " t ~
SX CJf'l1'U'VI1.aJU1.J1I1lHtU'Ufll'Wlfl'VIll:::'Y1'Jl1.Jll'U1 RS ~'1'U'Ul'V'Wfl11lJff:::~I1fl'lJl'1flH'il:::'Vi'il1'JW1

" Q,I f "t.c:l 41i1 "1 d'Jlev.JJJ'1lfUff '1lffltlf J:n'UU'1'Ufffl'J '1t~V1fl V Ifun'1l1flm:::'VI1.Jtff'Uf.llflrll.:jH'1'Uffl1~ 1lf fHlf'VItff'UN1'Uflftl'l

BB
R

R
AA

.... I"2.2.4 m·n1fHlf'\J-el'll1ff'l~·m..!m'Uff

BB

A
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• I .d.q ~ ~ d

(2541: 95-96) nnrrn ~~fl1lff'fJ'Wl1~'fJ'Ii~fl~mllJ (Instructional Package) fI'fJ fftlflnl~rJ'Wl1mV

'.1 w .... Y 11) Y?I do ,~. 1 a ''I Y Y.,. ...
'fJV1.:)IJ~::fl'fJUfl'W~fI!'lJ1111IJ'U'lifl (Package) !~Vfl11'C1tlIJl::fflJ(Multimedia) 1'V1'fJ~':)&'YIr;;!l'W'W1fl~

fl1'J~v'Wftldl.:jiitl~~iY'Yl~m'Viii~'fJ~Vfll1mvtld1.:j li'W Learning Package ,Instructional Package

Q

2.3.1 fl11lJl1lJ1V'U'fJ.:j'li~fl~m~lJ

~fln~m'JlJ ii~'fJi~Vfl~U\Plfl9iHn'W li'W 'Ii~fl1'J~V'U 'lJ~fl1~~V'Uffl1~~2t111~'fJ

iy.,. ... & "I ~ y ... 11)~ t "'.% .,.
~~fl1~ff'fJ'W ~lJ'Uflfl1~fffl'l:ll L~mfl11lJl1lJ1V'lJtW~~fl~mnJ rJ'YImV'Yll'UfI':)'W'lJ\jJ'l1lJ ff~ff::m~

fI" d Q,I'1I) ~ l' Q,I d QI.d " 9)
m'Wff1d1 llJ'fJl~Q'fJQ m~~lm~'Wffn1lJ1f1'l Hff~1f11\PlQ'YllJ1\Plnm::'YlUl~'l.Jff111~::

t~'W i'.:j~'U'W1'1..1nUl1f1'WlJ'IJff1fi'ru i'.:j~..rm 11~1~'U~lf1~l.:jm'W ~(AB) ~~lU'Wnan~lfln'I.J i'Url'fl'I:1W~. "
" ' Ji.dr ,,, " t/" d CI QI 1 .d ~ 1 CV

fI~lV11'fJ'fJfl~lfl~~'l11'W.:j9l.:j'fJQ~1'U11'W1m'Uff ~1'Wlf1VJflU1\PlQ flV'fJ~'Yl~~fl.:jflm.:j~~1111.:j 0 nu
.,. , 1..1 w do , ... .1 w R

C1 1~Vfl11~~ l1flff (F) l~vm~v~ OF) 11f111lJV11 Ll1flff(f) U~~ f= -
2

a 0' .. Y o'do .... 1 '" & do
1\HFHnf1~~tr\Wmn:jfll1lJ LfI.:j'IJ'fJ·m'l'l.HYlJ2 ~fI ~~ mf1ff~.:jlJ 2 ~~ (F) , F2) U~::~~

ivJnff'IJ'fJ.:j1~'\.rfftJ'l.J1~h.J~~~Uff.:jiml1~1'I.Jm'W~ifln'W~1.:j ~Vf1 ~~ hlnff~1.:j

>1
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./
OJ Q.I.c- .eJ.
1~ Ht'l fflJt] 'YITi'Yll-1rm l'i tI'W

2.3.2 u'W1fi~!m~mrflfll'i'IJf.l-1'll'~n'ilm'JlJ•
.... ~ ~ "1 'JIo tl ... ......
'll'tltI-1f1 'Vl11111lJ1-1rt (2533 : 118) !~'illU'Wfl 'i~!f1'Y1'IJf.l-1<J.(~fll'i1'itJ'Wfl11ft'f.l'W11i

U",,:::U'W1fi~ 'l 'Wfll'i H~I'l1(~fll'J 11tI'Wmsrruu f.lf.lm~'W 4 tl'i~lfl'YI 1f1'un <J.(~fl'ilflnlltl'i eneu
o ~I '" do 11 'Iv .... ~'i
fIl1J'i1tllti !lJ'W<J.(~fll11 'J tI'Wfll'ifff.llJ'Vl)J-1'IJtJltl1'W f.l11l ft'l'i~fll'i neuuuuurs £JltJ !'I1'lf~! 'il'W'IJ'W!~tJ

nll1'W~fl'ilfl':i 'illlll:1~~f.lfll'lfff.l'W '1,rfll 'l ,*tl'i~flf.l'lJfll'i'lJ'i 'i tlltl 1Jl~f1f -1~ tlflll 'lj~m'J ft'f.l'Wffl11i'1J
~ d ~ q d I.c::$ GJ 91 GI Yd ~ ~ I <v 9) d

TIl <J.(l'lfll'i!1 tI'Wfll'lfff.l'W 'il:::lJ!lJf.ll1l1'lfll'Vltl-111'W 1m~tl1U",,::: !"lffl'lJPJ1'ltl'W'Vl-1"lflJ1~tJU'lJ'I111'IJf.l'Vl'il~
'lJ'i 1 til tlu",,::: fl'il fl 'i 'Jll 111P1l11~lfimT'W J'~d!~f.l ~1'W1t1f1'Jlllff~ I'l1fl un rrfftJ'WU ""~! ~f.ll tl~ tI'W'lJ'Vl1Jl'Vl..

'l 'JI V ~I !:"l 'i 'I V v... "1 'JI" 0 I '1 '" Q '"

fll'i'lI'l'IJf.l;Jfll 11'Wf.ltlt'l'lllJ'W fll'illJl'l t f.lfllff !11PJ!'inu !l'lllffl'W 1111 t'Wms 'il~fl'ilm sums 1suuinn
A~ d J.... JlGI

fH'IJ'W 'ljl'lms rs tJ'Wms fff.l'W1h ~neu fll'i'lJ'J 'l tlltJ'W 'WtllJi"lffl1JflU llflf.l1J'i 11lll:1~fll'j fff.llJ 1'Wj~i1J

$I V '" ....... 'i • I "1tl V 0 '" vi.... ~I 'JI 0~f.l-1fll1ff'i1-1lff'ilJl1'if.l'Vll'lllJl !~tJ'il~lJ'i~flf.l'lJ! ~1tJ11'W1t1fll'iI'itJ'Wl ~tJ'il~llJ'W<J.(~'1 11",,'J111'l

V V 0 ~ ~ A' ~ 'l V 'JI" "1 v.... V·" il """" ....I 'I V V ""
Hff1l-1 'il~ 'YIl'IJ'W'YI-1'Wl'Vlf.l 11H1'i tI'W !~'i'lJfl1llJn)tll-111 'J~ ff'YI1ifll'Vllm~tI-1'lf1tJ !11H"H)'j.Hfl~fllllJ!U cu QJ cu

JlJ'l'il'Vlrf.llJ~'il~fff.l'Wi)fl~1t1 f.lfitytyllf1'W'lJUHl (2546 : 21) 'l,rfl1l1111lJltl'IJf.l-1<J.(~fl'ilm111111~'W
~ d d 91 gJ ~ ~ w 0' ~ rI Jt.a , V
fff.lfll'i nnu 'YIfll !illJ PJff'i 1~'IJ'Wils ~nnu ~1t11ff'fJ'fJtl m W11m tJ"lf'W~u"" ~ f.l~fI tl 'i:::nnunu 1'Vlf.l '11

.!I 'l $I 0 .... $I'" d ~I $I w 'l $Itl'H'HI Instructional Kits lH)mllfl'il~ 'lfffll1'i'lJPJl'W'W'YI!lJ'W'Jltl'lJflflmll:l'JtI~ 'If senaummuu
U'lJ'lJ~'W 1'lf'Wtl'J~fltJ'lJfll'J'lJ'i'JtJltl fl1'ii5tJ'Wl~'Wfl~ll~tJtJ fl'Vl ll:Ill1''Vl\J"''~ (2542: 42) i~flril1i1

"h 'lj~n 'ilfl':i'J 111~'W~f.ltl'J~fflJltlll'lJ'lJl1 ~ ~~ 'l ckiumsHfll~f.)h\\jfl~ tJ'Wln~,.; fl'l:J ~~ 1~'1 I'lflJ ";fl'lJ~
Q ~ .... $I.Of.... 0 I s

m ~ 'lJ1lJ rns 'YIH 1'Y1til rtl ff~ s 'YIfl'hl ~msu fllJ~11l 'YIfl'hl ~ fl 15'YIl-1l'Wfl 'J lJ 1J tyl ne f11111l11'l$

"1 $I 0 dI "" 1 il'l v 0 ~I '"(2545 : 91) !~flm1f1-1f11llJ11lJ1tJ'lJf.l-1<J.(~fl'i)fl'j'jlJ ~tJ'ff1 !~1l<J.(~m'i'fff.l'WllJ'W<J.(~fllH'HJ'WflU

ernu ~'lf1t1 'l,rlT m1 tI'WhH'lJfl1llJ r f.l~1-1ntl 'i ~ff'YInfll'Vl l~tI'il~ ,j~1iff.l111U",,~ tl1~ff'lJ ms ru~..

!!
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.:::. d lit" I c9 " .. I ''Ylff'Wl U'UlJlJW (2541 : 10-12) 1'flf)"11(l~{l~fiu'.i::m)'Um'l'l 'UV~l'flfllH\,V'W

l1lV ~~f)1lfl'.i~'lJfll'.i'Vl'fl"v~':htJ'.i~f)V1J~1!:lff1'W~1~'l fiv ~Vf)'i)f)'.i'.ilJ1h~f)v1J~1V 'I1'lJlfH"'\I
~ ~ oQ A ~ I 0 J dld.e. I

f)'i)f)'.i'.ilJ 'lfV'\IV~f)1lfl'.i'.ilJU"~! 'UV'I11'\l{l'lf)'ilm ~lJ 'ff'l'W'\IV~m'lfU 'il~ 111'Wff1'U 'YlV'fi'IJltJfi11lJ~~

'I1lJltl'l1 t1f)'\Iv~ii'i) m'.ilJu,,~t1f)lIW~'\IV~fll'.i i'flf)llm'.i11!~ eJi -M''IJ~~"l~'fI~~l1lJltl ~'fI~~ 'I1lJlmtJ'U

ff,)'U ~'.i ~'lJ ~'fI~~ l1lJltl~ ffl'fi\\j '\IV'If)'i)fl'.i'.ilJJ'U 11141f!" ltJ'U ff1'U~ '.i~'lJldVl11'I1l VlJ l'U l1fftJ '\IV~
)J)J )J

Q .,.... "I .. ., • ":'1" ,d!!1 ..t ~I I d «9 ...
f)~m 'j'lJ'W'U'ff1'U'Ufi1~ 1'fI'.i1Jfll~ tllU'f\~!'W'Utu'UYHffll 'ff1U'Yllu'U fffl1u'W ff1'W'Yl~::'lJ\l~1ff~

!

'" '" '" 1 Q.I 0' fI c.. t/ Q i!!l I'l'YltJm:::'illtJLfftJ-:JTVltJ 'Vl'.i'Vlff'Wf)1'WtJ'WIPI'iu",,:::m'HYU'Wlff'.i:IJ9l1:IJey'WtJ'U'ifl1'.ifl1'.ifffl'l:l11'l1'W"llC;)fl11

i1(I'Ums ffV'U'Yl1~'ln "'\I tl 'IlJ'I1li'Yl (I1t1V'ff1'\Il1V'fi'.inni '.i1'l1•
~ ~ I ~ ~

'1'Uf)111 i' tlfi1 '1;4r:[5i' tI'1~l~Vf)l'flnll nrnnl '.i~!fl'Yll12 ~fflJn'IJ ii 'ilns '.ilJfll'.i'Vl~"V 'Il1'1;4
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'1'itllPlm 'j lI'Utl.:l~1s tJ'U'1..1'j'j 'Q ~ ~'U'U ms fll 'H'U~lflW evllPltl.:lfl1'U~(l.:j m:: 'IJ1'Wfl1'j U"::: H""~ 1i1~tI

d '9) .c!f, d t "QI 0 ...1 ~.q " .. IQ.I ... I "1.1) Q.I d'
1~mn..:J"1'U 'H'j tl1~fltlV'U "1'U 'H".:Ims 'Vl~"tl~fl1'U 1W 'H1lJ'j::: tY'Vllifll'l'llm1lJ'j 'IJlJ1 sun 1'lJH""'V'lli

fl1'jif)""lfltJ.:In'IJ&flwcr1~J'.:Ii1' ~ln'.hi~ i1l1n'W 2.5%

2.3.6 U'j:::ff'Vl~flTVi'lJ~m'jfftl'U

'" d , 1 lil d "lil ' d'l '" w d, "'f d
'Vl~"V..:Jn'l.Jl~mfl.:j VtJH l'jfllPlUJ 'H1flffm~fl1'jW 11H'H1I1~fflln m'Vl~"V..:Jfl'IJ1~flVV'U 'H'jm~n

Ul'Wnm..:J ~l'H~'IJm'j'Vl~"v~u'I.J'lJncill (1 : 10) 1~'Ufl1'j'Vl~"v..:J~m 1 fl'W~~H~fl 6-12 fI'U l~tJi If. ~
d Q.lt. • V a.rdl9) ad ,,,
l~flfl"::: fl'U'Vl.:jlfl..:Jthunms um~ ~V'U 'H111'Vl~"V~fl'IJ1~fl~~'U "1'U'H'jVlflmm"1'U rHn'Vl~"V..:J..
~V..:Ji''1..111"l"ll i 'Un 'ilm 'j lilT 'UU~"~ n~lI i '*n"11'\'11 i'j i'Wms l1lfl1 'j'Vl~"VUl1f1ff'W 111 'H~tlfl~1J

i'Hqj (1 : 10) 11:1'Ufl1'j'Vl~"tl~~fl~ 1 fI'Un'IJl~m~~i'U 30 -40 ('HltllOO fI'U~l'H~'IJ'lJ~mHW'U
,.. . " .

'j 1U'l.Jflfl") 'l1'Uvhiivn1J1'Vl~"tl..:J 'il~~tl..:JiilTm1 tJ'Wfl,,~n'U-n~lfl.:1 1m:::VV'U hJfl1'j 1iitlnlfv~ i1 u'UV]ii•

m'j'Vl~"'eHii.,f'WIPlV'Ufl~ ~1'H~'IJm'j'Vl~"V,m'IJ'lJ1~tJ1 (1 : 1) 11:1'Um'j'Vl~"~.:j~fl~ 1 fl'W~V1~n 1nu

'tIf'VllPl"v.:In'IJ1~miv'U1ffmi ~'Ul11m'j tl~ 'IJU1~utfl 'IJU""1111'lU'Vl~"V.:jn'IJ1~ nU1'Wnm.:jU":::U1 iU

2.3.5 m~'Hl'lh~ff'Vl~fI1~'IJV~'lJ~n'j)m~1J

';tJtJ~rl ~'j'H1I1~~ (2523 : 494) i~ncil1";h m'j'Vl~~Hl~'Hl'lh~ff'Vl~fI1~'IJ~.:I~V

ro~~V~thhj'Vl~"V~H' (Try Out) &~mH1J1J1·mtil'UH~1th'tl'Vl~"V-3ffV'W'il1.:1 (Trial Run) &~mll

H"~ '~1I1tl~'IJtlHUnL'IJ 1ff~'j)U""1;)~~11ij'Wm'jH~1Pl11:l'W~1'W1'W1I1n'H~V i,*ff~'W i 'W';'Wi1tJ'Wun91•
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.c:t." ".c::. " Q,I d l' d 'd QI 0 Q.I .c:::),..r:::::t,cS Q.I

fl11lJflflff'j1~ff';i 'j fI'Vl1~1'Vl{llff1ffm'Hl'!~1';i{l'W\T.:jfl11ntJ'Wl'j {l'UtJtll~lJ'W{lfflf1 ty'Vl1~fftlVl1'l';i:::~tJ .01

.:jl'W1itJ'UtJ~ n1s1'Yll ~~V1"1'W(2551) '~'Yllm';iffn'l:l1~m'UtJ~fll'j'}~flniltl'Wf~1v~~n~m'jlJ

., , ,
'\ltJ~tTnil tI'W'l1'WlJlitllJffn'I:J1UVi2 Vi'~i'tJfll'j,}fI fll'H1 tI'Wf~1t1~~n'ilm'j lJ1'Vl{llff1ff~ f H~fll';i 1,}U

'Vi1.1'"htTnil {l'W~'~i'tJfll'j'}flm';i il {l'Uf~1t1~~n'i)m 'jlJ11'l{llffl ffVlfiiH~-d'lJq'Vli'Vl1~m1 il V'\.Jllm:

1'iJ~fI~ '\ltJ~tTml {l'U~ijfl11lJffllJl'j tloW1ff'I:J~i~1 1.1ms ~~nl'j 11tI'Wfl ~{l1 '*~~n 'i)ns s lJ'Vi1.1i1
cv d dd <j} ~ d d 9) Cl ~ " d ~ (l) d dd.
'Unrsuu 'Vl1'j tJ'Ufll{l~~ n 'IIns 1lJ:IJfll'j 1'j {l'U~U~:::1'iJ~ fI~\l.:j 'U'Wn 11n tJ'Ums 11{l'U~ 'Um'j uunu

Q Q .. Y~ y" d .. .. <!I '1 .d Y Y iY Q
fl11lJ ffllJ1'j tl'Vilff'I:J'iJ:::Ul~f)111'jtI'U~ IfI~llJfllJfftll'\.J rm W 'I1'jtJ1tJf)1ff'Vl1'llm{lU~:::m:::~'U 'Hm~

do yd.c:t. 0 i iI (V di d .c::t. d ~.:!t,,,,
m ':i1'j {l'\.J~9f.:j~~n'il ns su 'Vl1 'H'Uru 1tJ'UlJfl11lJfI ~1'l'Hl'!ln'Hl'!lV fl11lJfI ~{l~ '11~'UUl'!:::'Vll'Vllti

fl11lJff1lJ 11n 'Ufl~,r ml uulJ1fl ni1nn 11{l'Ums fftl'U ~llJ tJ'Vl11{l'Uiln~ 'l1'W1,}{l'Ufl" tT'W'Vlm

ii'\.JVl1i (2551) i~'Yl1fll1ffmn H~fflJq'Vli'Vl rerns istI'WUl'!:::fl11lJflflff! Nff11fl'Vl1.:j11'ltllff1ffVlf

Q" 'i vi"c:..c::.&".c:::), 01'VltJ1ff1ff~':ifl1'j'il:::ff'4nff'Ul'W 'Ulff'U 'iJu~:::m:::~'U 'HUlflfl11lJfI~'il'lff'jl.:j~~n'ilm'jlJ 'ill'U1'W60

n'ilf1'j'jlJ~ff .:j1ff~lJf)1'j'Vh1fl1 .:j.:j1'W1'VltJlff1ffVlf1~tJ1n1.1~~U1f1~tJlJ~1{l~~'Wl'Vin'I:J:::i'Wms ~lU'Un

lh:::lfl'Vl 'Vim:l:::i'Uf)11-d''lUlVlllflfl~u~:::f)1nr'UVit1'ljm.!~ 'illnH~f)1'jl~'Vi1.1i1 n'ilmllJ~1.:j'l'li1{l

~,q '" q,I (V ~ ~ d "A
f;!l'jtJ'U~'ilmm':i'Viuune fl11lJfI~l'H'W'UtJ.:jf;!fl'U

'iJ1nf)1':ifffl'lnltlnff1H1'U1~tJ l~fl.:j ~~f)11fffl'U'H1tl~~n'i)m':ilJ'Vi1.1'hfli~ii~th
.. ~_I"l '!'I '" .. Y ~ w d II) Y Q '"

~~n~m'jlJ ru t<Jf1'Uf)1':i'il~m:::1.11'Uf)1'j1'jtJ'U~U~:::ffn'I:J1fl.:j'il:::m'U1~'il1n~1'U1'iltl'UtJ~Bonnet and

Keen (1996) i~'}fI'Yh~~n'ilm'jlJ ~flci11~.:jf)1'j~~'Wllm~,:n'U1'VltJ1fflff~f'il1n1JlJl.JtJ~~ff1fltyi1

<!IV '<!I V .. dV '''l "'I '1"'H'j tJ~tl.:jnl':i fl11lJ"ll'1tJll1~ tJ'i)lnfl~ f;!fftJ'U1'VW.:jmn'UtJtJ "ll'1tJ1'Unl1 fffl'I:J1'UtJm :::1.11.11H1':i tI'U

v.. • ~_liV'V .. , ,!l'l11:::f;!l'j tJ'Uff1lJntl'W1~~f)11 fftl'U 1lJ 'if ~l'Jnermu nl'HUU~:::l'Jnnm 'if1tJ~~m1:: U~:::'lf1tJ

V V ,:, i iV' q II)Y?I ' 0 i Vff':i1.:jfl11lJ'V'I':i'e):lJU~:::fl11lJ:IJ'W~ 'HUnfl~1'Vi11:::~~f)1'jfftJ'UH"~n1lJ'W'HlJ1~'H'" ff1lJl1tl'W1:IJ1 "ll'
II) V '" .. ?I _I '1 <Ii .. .. 'i V '" v.. II)Y ,l~'Vl'U'Vll1J'UlJ'j:::1tJ'if'U'Uf)1':ifftJ'UUtJ1.1l!!'UtJf)1':imJ'U'lf1t1 'I1f1~1~H~f;!11tJ'W1~~HVl1lJ~~1J.:j'l1lJ1tJ

1il~ ltJf)1ffi ,r~i1tJ'U i~Uff~.:jfl11lJfl~1~'U llnnn~~ff'U hUff1.:j'H1fl11lJ~~1tJVI'UltJ.:j1m:::iifl11lJ~ ~

2.3.7 -U':i:::ltJ<Jfu'UtH~~f)1':ifftl'U
l ~V' "'I_I 'i .. II)V'''',J

'lJtyUltl fl1nnn'if (2543 : 110) 1~mn1tl.:j1J':i:::1tJ"ll''\.J'\HW~~nnfftJ'Un11~.:j'U

'~f)11fftl'U'H~tl,~n~m':ilJ ~1tJi,rn1:::1.11'Uf)1':iiStJ'Uf)1':ifftJ'Wii-U1:::iY1'lifll'Vm~:::~1tJff.:j!ff1lJf)1'j
.. v.. .. II)V "l 'i d
l':itJ'Ul11.11.1':i1tJ'lJflfI~f;!1':itJ'U1':itJ'U1~~llJfl11:IJff1lJ11tl fl11:IJff'Ut'i) ~l:IJ!1~lU~::: ltlflT~1'lm:lJl:::fflJ
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QI IV.t:! .ct
2.4.1 tl11lJ'HlJ1 U'Ufl.:JU'U'Ul1flfftJ'U1fl~(lfflJq nsmsms l'StJtJ

'l~ijtT nm 'Sflfl'l:ll,.J ml1J'H lJlm~ U':lfl'U 11'U'Ul1flff{l'U1fl ~(I fflJql1 ~'Yl1.:Jms ~ tJ'W

"i1''H(I1tJ'Yh'Ui.:JU
QQ ~ I • QI QI.::! d ~I
YI'lffl ql1li~lty (2544 : 98) fl(l1111 U'U'Ul1flfffl'U1flrl(lfflJq'Ylli'Yll.:Jfll'j1'WtJllJtJ

11'U'Un fl fffl'U~ 1"*1flfl11lJ f ~ nueu(I: tl11lJ mu 1s f:l'Yll.:J1"lflfll ':i~tTm~ tJ'U, ~1~uuf lJ111tl111
• d .1 d'd • 11) " ... '1usHJ~(lffll':i~flllJ~fllJ'j:ff-1fl'Ylfll'H'Ufl L11Y1fJ.:Jfl

d Old' ,d'd''''' 1"
'l.Jtyff'j YI'j'HlJlJ1Y1tJ~ U(l~tJ1'Ulff'U'H 1.:Jffl'lffllilllJ (2545 : 219) 'Htl1l1J'HlJ10

'l1'-h U'U'U'Ylflfffl'U1fl rI(I fflJ q 'Ylt'Yl H ms 1~O'U1iJ 'U'lJfl'Ut).:J~1mu~~.:J 1fltl11lJf tl11lJffllJ1'j n

~ ~lVd gJ 01 1 'JISI" 61'" 1 qil
1l1flfll'j1'ffl'l:llLtlflfflH1'U 1'0UlfltJ1'Ufl.:Jfl-1fl(l11lJllm1'Ul.:Jfl'U ms L'If'lJflm 'jnau 'lf1tJ L'H

Sid 1"., "1 ....,... 1 11) ,''''' ...~l'jtJ'U fl'j'Utl11lJl 'UU'U1lfltJ1fl'Ulm:lJm1lJff~fl1fl tJfll'jff6'W'Ufl.:Jtl~ llJflfl.:Jlflunmlfl'HllJ

lm~ ~~fl~l1fl'j wi'W rmernu tll ff1lJl':i m.h 'l111.fl~m tJ ~~hrity'lJflfll':i ff{l'W')hUl~lJl1 'j:ffl1~ fllYl

'1urns ff6'U'UtNfl~ i~liJ'W tJV1~~

ij ~(lfflJ q 11~l1l.:Jfll'j i1U'UU(I~ tl11lJ rruns f:l'1'Urn 'j ~fll~.:JflU 1tl~111.:J111U1fY1ff~ f 'H5.:Jl~U'U\1-1fl11

fifl'Wl~tJ'UfltlHijtTtJ~hflty111.:Jffi)~~ 'j~fl'U .01 .:Jl'W1;itJ'U6.:J i''lfflltnuf l~fll~fl (2551) ~,~

vllfl1 'j fffl'l:ll~(lfll'j;ifl n~ fl 'j 'jums l~ u'Ui ~1tJ'lJfl n~fl'j 'SlJ ~.:Jl ff~lJfffl UfllYlYl'liJ tytyl~ij~ fl
01 ~ d Q rI ea ~ 0' q rI Q,I d ~

~(lfflJ ql1li111.:Jfll'j rs tJ'W111tJ1fY1fffl 'j lm~ tl11lJ tlfl ff'j l.:Jffn tll1H 111tJlfY1fffl s 'Ufl.:J'Uru 'j tJ'U'If'U

111jtJlJfffl'l:lltJ~ 2 ~(lfll'j1;iUYI'U';htT m~ tJ'U~ i~i''U01'j 'I1flO1'j l~ tJ'Ui ~1U'lJfln~ fl'j 'jlJff.:Jl ff~lJ

QI QQ,I d Q.I rI QI "t"O.o;Q w d gJJ}

'S~fl'U .01 .:jl'U1~U'In)-1 li'Hl'Yl'i fHUl-11'U (2551) lfl'Yl1fll'Hm'l:l1~(I'UtNfll'Hlflfll'H'HJ'U~fl1U'lJfl
Q 'Q QI ~ fJI..::::Ito If'd.:::l , 01 J d.
fl ~ fl 'j 'jufl ~tfl'j ufl'fltl.fl1Y1ms l'j U'U ~'YlH111 U1fY1flY!'j l1lJ~ 6 ~ (I fflJq nn 'Yl1-1fl11 t'j flU Inl:

tl11lJffllJ1':if1 '1'Ufll'j~fll~~6'U1MI'Yll~111UlfY1ff~f'Ufl.:JtT fli1 U'U';'W~li UlJfffl'l:lltJ~ 3 ~(lfl1'j 1;iu

YI'U11 tTfli1 u'U~ 1~i' 'Ufll'S;ifl O1'j~ U'U~~ 1fl'lffln ~fl'j 'j lJ~ .:Jlfl~lJffflUfllYl ms i1U'U~111-1111tJ1fY1ff~f~ ~ ~
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iI iI iI<'S ~I .1 "" iI iI iI<'S .,j I 'I iI iI<'S
(91)111 'fffJtJfl11:IJ fll1'11'U l'UfJ.:jYl1~ eJ'W1uu rns us :;llJ'U fl11lJ fll1'11 'W1 'UfJ.:IYl1j tI'Utl'l fJ'b'1t1 I'llYl1~ tI'U

'U 'U 'U

.., , ~ 3J ~ " ,.,d Q,I a ,
'I'ljltJl'ffltlflll'l'U '0.:1191'UnN 'W'Uru::'U'W une 1 'b'1U'U11'W1V11.:lL'I1~l'W'U l'lWl'Wll'lql9l ns jlJI9IH"1 'UV.:l

1l'W1tl'l,r.:j 'I'l1.:j~1'Wfl11:IJ !wnlJ'ff1lJll tl ~flllru::ij ffmm::i flll ::1Pl1.:j"1111'11J'W1tJmlJ~~~ 'l'l1 :lJ1tJ~

01 '11'W~ 11'1~fltJ~tJtJ1.:jf11~ ~tJ'W f11~'fffJ'W fl ntJi'utJ 1.:1f11~ i1eJ'WflljfffJ'Wfl1'Hi1fl~l.:j1Pl m ~ 'O.:jtl1 '\l

QI.c:::t <il" ,., Ql9Id. t I .dtevo I

'\l ~ rm 1~tI'Wfl1 j neu ~'111'JIIm:: 'ff:IJU"':; rl''O~fI '" fJ'lnuf-H~ tI'W11191"':; nnufl1jVl~ fffJtJ1l'lfJ ~~mu 'I1'U.:Itl::
'U •

~ fJ.:jij m HI ~ nnu n fJ 'Wrm 11tJ'Ums fffJ'U 'lu j 1eJ1'b'lJ'U "1 VI1.:1flUffflll 1 ~~ ~'l 'JII:IJ1 tI'Utl'l ms '1~
", .

I1UU'l'l~fftlU1~ r·m~lJqVl~'Yl1.:jm~ ~ tJ'W1Yltli~~lU'l1tl.:jijtllJ 1'lin'U 1'U 2 ~flllru:: tYlfJfln,jfl~lU'W fl

I 'I v ..,..,.t ...
2.4. 3 ~ 'Pl~~'M:lJltf'Utl~ rns t 'b'U'UtJ 'Yl'Plrl'tltJ 1'Plj:H'IrI':IJ'l'Yl'Ii'Yll~f)Tn 'W'U

~~~.:I 'JII:lJ1t1'Utl~mj 1~u tJtJVI~ rl''OtJi~ ~m~:IJ q VI~Vl1-:Jms [1 eJ'U1'Wfl11lJ'I1:IJ1eJ'UfJ.:I

\ltyI'f1_l'l~'JIIlJ:lJ1-w'Wi 11"':;'W1"'lff\hl1.:11~~1i~nJ (2545 : 221-223) ~'O 1~mi~~[1eJ'UfltlfH~'Wfl~:IJ

9l1:IJfl11:IJff1:1J1jtl flci11~'O ~[1t1'U~ijm1:IJ'ff1m~tllmr1iiitl.:ln'W,j~ i1~1tJn'W 1~fJtJj:; lfJ'b'.sl'Wm~

~ td a ~ a d v 1II~" J
1'VW.:II9IH(Validity) ~1lJVI.:IlJfl11lJ1'b'fJ:IJ'U (Reliability) UtJ'UVI~fffltJ'b''W~'Ylfl~~'fffJ'W ~flffn.:l'U'W1fJ.:I

d d 51,J.,j 'Iii .., <'S 'I t ... 'i I d
(Teacher made tests) 1U'WUtJtJVI~ff'OtJ'I'lfllffj1-:J'U'U1l'lfl t'b''Yl~'fffltJ'WflmJ'U 1'W'b''U1~tI ~~m1tJ.:I1U'W

UtJtJVI~fffltJtJnTti (Subjective tests) lMun UtJtJ\jfl - ~~ (True -false) utJtJ,j'U~ (Matching) 11"'::

UtJ'U1~:lJfi'1111''fflJ\l~tU li1fJUtJtJfi'1I91fltJ'~'U (Short answer) 1m::utJtJ1~fJfl91fJtJ (Selected response)

,rfJfffl'UVflUtJtJ~fJ utJtJtlmTtI (Essay tests) ~tl utJtJ~ln~fi'll91fJtJU"':;11tJtJil;'i'1n~fi'l91fJtJ '111'0

9ltltJmh.:l1ff1 (Extended response items)

QI' <v,::f Id lde.Q ~ 91 ~
11tJtJ'Yl~'fffltJ1~j:,mff:IJ\)'Ylli'l'll.:1fl1~1~tI'W :lJfJ~ 2 'b''W~ (mpl9l ~ruum, 2547) flfl

d d iI .M 'i ild d... iI'I
UtJtJ'Yl~fffJtJ:lJl91~ ~1'W (standardized test) 1tJ'WUtJtJ'Yl~'ff'OtJ'Ylff~l.:1'U'W t~tI~1'lW1'b'lty'Yl:IJfl11:IJl t 'W
,K dQl I)) d ~ " doJ' d
1'WfJ'I11 sm flll:: ms ff~ l-:JUu tJ'I'l~ euuuneum ~11fl ~ 1:: '11'I11~ ruml'l 'IJfJ.:IUu un ~neuu fl1'b'11'il.:l1fltl1

ntJfl1~~11ij'W msneu m~ l11'fl::u'W'Wtm::fl1~ mJm,m ijm1:IJ1~'WtJnrtl (Subjective) tm::ijfl11lJ

"'fflJ~91~ ~fJ~'\..Wfl (2552 : 42) i~'11'fId1lJ'I1:IJ1eJ'UfJ.:IUtJtJ'Yl~fffJtJi~~ffl~lJ\)'Yl~'Y1l.:1

m~[1 tJ'W i 1'11 1~lHfl ~tNij fj~L~ 'Wfl1~1~'I'll.:1~1'Wfl11lJl' m1lJ'ffllJl~()U"'~-nm:I~'U fj,n!fl[1 eJ'U~

"1 gld gI a "1 gI.., «91 _I gI I gld d gI gI d 'I
lflllt1'Ul 'I1Hl lfljtJfl1jfftl'WU"'~HflH'W:lJ1mn 11~tjeJ'W:lJfl11mtltJ:lJ1fl'Wtltl1l'W.:j lfl

i.:lJ'W ff1tJi~11 LLtJtJ'I'l~ fffJtJi~~'m~:lJq'Yli'l'll.:1fl1~[1eJ'W t~'W lf1~fJ.:jij fl~l ~ 'Wms
.., gI .., '1 gI I gI'" d"1 gI", ... g.I «91.1
1~fl11lJl tm::'Ylflll::U"'::'ff:IJnfl.fl1l'l'l'lH'ff:IJfl.:j 1'W~1'W911.:1"1'Ufl.:l~L~eJ'W'I'll~~tJfl1j 1j tI'Wl 11m: HflH'W

v v .ad I gI '''' 51 '1.,j t ~.M v
fl11:IJ l ~ 1eJlilutJtJ1m~1li~l.:1"1lJ111"'1 11:IJfl11:IJll1m:fl11lJ'ffllJ1 ~ () 1'WLH)-:J'W'W"11l'l:IJ 'IJ'W:IJ1fl'WfJtI

1-Wtl.:ll~

20



!

rns i i'u 'IJ'IJ'Vl~~V'U1~HCHllJ\j'Vli'V11~m'j~ tI'Wii~~~~l1lJlmY1vm'.i'WVln'.i~ U,,:: Ivt flffl Un1'j~ V'W
, ,.. . "

I5jV~lJ ff~n1'j I~[I'Wn1'.ifffl'Wl.wflff'i UH" ms I~V'Wr 'IJV~~I~ [llJ 'Vi~'j~'IJ'Uu" ::i~ff'W H"~::U lJ'W~ :r cu cu

lrI " I ~ ~I Q a Q,t ~)lei d ~ I

&~ - ~n mn1~fl IUlJn1'JU'J::llJlJH"I'WV~'J1'ilffV'UH"fflJ\j'Vl1i'IJV~fjl'.iV'Wi ununVlJ'Jl(J1'lfl~1~'l. . ..
Q"4 Q,.I ":'1 d. "d Q.I _I ~ d d

~llJH"m'j Is[llJ'j'Vl~Wl'l11~'J1uuuee H"m'J I'Juus'Vlm~'I11~'J1[lm~ m 'ju'.i~IlJuH"'WlJVn'ill n 'il::lJ~ ..
• 1 " .,j • 1 '" '" 0 d SId i d d SI ~I~~u'j::ff~m'ViUm'jff1u~~fflJ~11lJffll'.i 'il'IJV~fjl'.itI'Wu rnns [I'Wffl'.i~m'.iI'.i[llJl sinu 'jl[lm~

1~'WcflTi'WU~1ti~i i'lrJ'W'lYVlJ"cfll1l'UUl'IJ UHuAi 'II ~~ tI'W~1~~1'Wm rih ::liJlJH" rm ~V'Wr~
U CU q cu "

m~111~'.il[11'lfl IY1Vi,r ~I~[l'Wln~vinJlJlm'JII,,~iiHC1nl'.i~VlJ~llJHC1n1'j~ tllJr~~1~111~vth~" ..

mnHJ'U ii~~~~l1lJ1mY1fl~n'il~"'tl'U~111Hhl~'il'lHl~~~VlJ Irlm.hlJm'.i~vlJ!llJ·lh~n"ll1~~'h

~~VlJln~m'.i I~VlJr~llJH"n1'.i ~ VlJ~m~'I11~'I1~fl1~ Irlmh 'lUl'tn v'Ulfiv'Un'IJH" nl'.iU'.i ::tlJlJv ~

, .. SI SId "" '" .s SI d "1 0 'I SI .1" "1 SI' SId ..
nVlJl'.itllJU"1~1'.iVlJln~nl'.i 'WWllJ1m'.i'IJlJlJlnlJflm'YW~&s 'Vl1&11ffllJ 1'.it:1u'.i::U.JlJ&~ 11~I'.iVlJlJ

ff'nvm'W ilJ m'.i~ VlJl~[I~ 1'.i LI":: n'iln'.i'.iurns I~VlJ~~~~lJiilh::~'Vlifl1'W ilJnl'.iviWllJl~l~ VlJ

I~V~ 'ls 'lYm.!mnnn1'.iu'.i::djlJmv'I1"~n1'.iI~VlJffllJ1'.im.h 'uli'un; i[l'lftf1~lJ1nlJ1u 1~uri
.1"'.1 SIll)' .. SId 'I SId d SId '" <!I .1 " dus 'Uu1~un I'llC)ffllJlas lJfjl'WlJ & 'I1lJH"nl'J I '.iVlJpI m~ '111~'11'Jfl ~~u'j::ff ~~'II v ..sn1'.il'.i[llJ

Ul'UU'i ~Lln1'IJnl~ [llJ'IJfl~~~ V'Wi ,riiu'j:: ff'Vlllm'W~lJ Ul'UU'.i~un1 'IJU,,::viWllJlms ~~n'iln'.i 'j lJ; ~ .
ms I~V'W1Y1ems 'l,rt>ilmnl:l1u"::LI'W::LI'W11Y1fl'lhtli,rm UlJ::UlJ1 ii'IYfllJ"~ I~ lJ~11lJffllJl'J n" ..
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'JI 'JI 'JI 'JI.oi '1"" ... 'JI ~ t '" 'JI "~Cl''j1\111fl-3'Vl'U'VI1'U91'J1 'l'VJ1'U'Uflnuu I~ fl 'H'Uflfffl'U'Vl ff'J 1\1'U'U111'U'WlJfll1 11~ f)fl fl-3m 'UfJ l'U 11111

d ... 0 111~ ... ..... 'JI... '" .. ~I'" .oi IIJ. '1 ", 11] • ,'j1t1'tl~1Utll1'Vlfl1'H'W~ 11 l'U111~l\111f1'jl~'l1'H'tlf)ffflm'tll 'il11~1l~ !u'W~'U'U'Vll1'tlU-3L~fl'U ru 'l1flfllU.." , ,
'll'Ul1U'Un 3 fll'jfl'Jl'ilfffl'UfJWm'n~Ufffl'lJrifl'U 'l111'*1~tlfll'J'\.hl1'U'U'Vll1fffl'lJn

~... " ~ 111.11 'JI 'JI'" 'JI.!1 'JI... <!l 0 ,.oi 0
~1'iltlff'J1\1'U'W ru 'l1~!'l1t11'lf1t)J111'W!'Wtl'H111Cl~~1'W111f.1Clfll'jfl'f)1:I1 'il1'Wl'U 3-5 'VJ1'U !~tl'VI1fl'j1'il

" ,
... ... <!I"" 1" 'JI 'JI <!I 'JI'U'Wflfl'U 'VI2 ms Cl-3lJflff~ 1-3'IJflfffl'U l1V~ff~ 1-3'UflCl'fl'U'tl-311Uff'J1\1U'U'lJ'Vl11nnu

... '1 Q tI Q.I Q.I " od~
r1111 'j lt1'tl ~Wtll1 'U91U Hl1m 1~ 'H'H'tl f)~r1 ~ 91111'tl f)'l:!W~ 'UU\I'UUfffl'U fl1'U\I tl-3f1lllW1f)'lJU\I

..i1'J1 '1 'JI 'JI 'JI 1U'U'lJ'VIl1ffU'U ~~tI~11'tl1'Vl 'l1Cl'fl'U fI~U'U'U UCl~m~m1'il 'HfI~U'U'U~'JUlJr1'J1'il'Vl1'IJ'lJUfffl'U 11t1

" , .
fI~U'W'W r1Clfl~'il'Wfi1 i,*~lt1"'.:I'Hll~liLi)tll~fl-3n'Ufll'j neu

... , "Gt "" 0 Q v 0 • ~ d'l~tJ~nm'VI 'l1~'Wf)1'Hnl~'Utlfft:l~lL'W 'Wf)1'H"V'lJ!l"~Vl':i":nl'IJtlffV'U ff1'W f)1';jnTI1'W~ ff1'W V'W"l 'VI

... "... IIJ" , <!I 0 " "
If) tl1'U fl\l nu m ~nnu ll1 un fl11lJ V1l'Ufl\ll1 'lJ'U'VI11ne 'lJ 'H'j umu 1'W'Ufl'U fl-3'Uennu U'tl~ fI~ uu 'U

t t o,l Q d " Q.I 1 Q tI QI Y 91
~~ lJ\I 'Hu1 tI 'IJ'Wm 'j m 'H'U~! 'We 'H1u'tl~ ~ q r1f) '1'j 11'VIr1fl\l f) 1 'j 1~ 'U111'j 1-31! fI 'j 1~ l111 'tlf) ~\9l 'j ~ ff'j 1 \I

""0 .!1 cO" "'" ......'UflCl'fl'lJ'l~r1fl\lf)1'l1'U ~'U U'lJ!'lJfl!tJ fl'H1 11191'1j1'U ms 1~tI'U~ U'tl~ff1~~fll'j 1~tI'U~ll'tl~~qflm~1J'Vl 'il~
QI,., .c:. oCto Q.I "1'" v 0 v 1 0 IIJ.11 91' Q tI QJ tI
111m'U'Vj'VIti~fftl ll1Uf) fll111l fl1111'il1 rrnunn 'il mruuu 'l1 f)1nlm1~'H fl1'jff\llm1~'HU'tl~

" 0 <!l """""",, ...... & cO , ...11'lJ'lJ'Vl~Cl'fl'lJ1Ifl\l'VI1fll '1rYf)'l:!lf1'Ufl111ti m 'jff'Jl-3Ll 'U'U'Vl~ ffU'lJ1~ fHlCl'llq 'VIti'Vl1\1ms L'JtI'IJ1111U 'U'U

1 " , Q.cICW::S " ~" d.,., 0 Q,I t III QI Q.I &
~ 'lJ1-3 U'U'lJ'VI~Cl'fl'UUr1Cl~~'U~1J1ti ms Cl''J1\1U'tl~1J'Ufl~'Ufl 'l1f)~ Utl1\1 L'J Uinm~fffl 'lJ1~ ~'tl ffllq 'VIti

t... 1"" _I " <!l """""'IJ'UflfltJ'VI 1 fll'J11-3U~'U 'Ufll~Cl''Jl-3'UflCl'U'lJ u'J~f)fl'U~1V f)TJ"rYf)'l:!111iff'j1-3

H'lJ'U1~~Clffllq'VI f'VIHf)1'j (1eu 'llf11flf)ffU UCl~-31'U 1it.l~1-3'l-5''W 11U'U~L1J'W-5''Wr1U'IJ ~ ~ff~ 1\1

...
( 1.Jt)JrY'j

99 -100)

t " ...... & cO
2.4.4 'lJtJ~HJ'U rns ""~ 1-3U'U'U'Vl~""fl'lJ 1~ ~ClmJq'Vlti'Vll-3 ms L~eu

v ...... & cO IIJ " ~I t ....1
fllH"~1-3U'lJ'lJ'VI~fffl'U1~F,mmJq'VIti'Vl1-3fl1~I~V'UCl'1'lJ l~ 3 lu'U'IJ'U1Ifl'W ~\I'W

Q.I tI I tI Q OA ~

~~'H1Jll1~tJ1J UCl~ 'U1Cllff'U'H 1-3L'l1~1in1J, 2545 : 221- 223 ) ; (~'l111 q'VIn~t)J, 2544 :
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QI d" QI CI d,.,

2.5.1 'il11lJ'l1lJ1tJ'\JV~f117\l~f11111tJtJluuU1~'ilmnn11 tJ'Wl 5E

Martin (1997: 162) 'fl'ncil1~~f111ffVtJll1J1Jl!,rmml~fI'W! 5E -:hf111ffV'W1ll'

l!m~ tJ'W'1fl'i'lJ'il11lJ~J'W '1llhh~'W1~tJ'H1~'ill'1 M''il11lJ~ nul! m~ tJ'Wl~tJ~ ~hm~tJ1 livtJ'ilf ~~
" OJ OJ

Unl1tJ'W~'il11lJVfl1n!vtJ101~'W1~tJ'JnlJ11l1n{)011W~ 1~G")'ill'il111tJ~ 1ernnlM'l!01~uu '1fl'fffl1:l1
~'U 'il1'1fi'1t191tJW~1M'l!m~ tJ'W1~tJ.:j~htl1~tl1 ,jvtl'ilf ~~l! n~ tI'W~'il11lJtltllniv{l101~ tJl~tJ1nlJ

.1 0', ~I 1 ,,!II'" '" '191<9 " " !II 131 ... d '1" '"lJl1nUf111W911~G") 'il~'il1l1lJ~ tlfilff &'I1'W01ltJ'W~ffnlJ1'il'W'il11~1tJ91'U1V~ 'I1'Wf)11t1'W91~~lJV
"'.1 0' , 31 ad "t !II 1 ~I d "~.:j1f)91lJ11n{)n11 W91HG")ww~'W1tl~ 11~UH'W1lifill 'il::;'I11'il11lJ~'W'U'fI1t191'W1tl~~tJ'il~ iu 'Wl'VW~~
.d cS 0 ~ Y Gi "CLI q '1"q ~ fJ} 9 'JJ QI d '1 ~d ...Id1'11911tllJ'il1Cl1lJll'l Vm ::19J'W&'11'1..1ru1 tI'W ~'il~1li ms 'l11'il11lJ ~ &'11'1..1ru1 tJ'W su fill U"fl1lJ~tI'W

'il11lJ~91;~n'Wlm::;n'WliJ911 Vf11~'1M'l!n~ tJtJ~"htJ~1lJ 1tJml~~1~tl.:jf1m1lJr~HG") fi'1f.J~1m.:j

Richard (1997 : 108) n~11~~fl1lffV'WU1J1Jl!,rmfl11~tI'Wi 5E 1~tJ~111'fi'11

l~'Wm~,r ~fi'ilm ~lJfl1~ 11tI'W011 rreu ~*1,r'W 1M'l!n~ tJ'Wl~tJ ~~.:jijvuii,_m 'il1.:jl~tl~ml''W,rvlq!~ '1ll'

'1 31..l! "cd v <9 1 ~I cI" 0 <!I ~I ", '" 1 d.d.....~CJf~ 'il11lJ~1'1~V.:jfil1 \l::;ff01:n ~tJ'il1 llJ'WLYitJ.:jHU'W::;'U1'111mlJ'WH'lf1m'l1"~ 'WmOl 1'1'1..1fH~tJ'W
fU cu cu cu

11ii,_mhi'1fl'

cI' 0 0 ~, J 11) "0 31 cd,,,... "" v ... "" 0'~IlJmfl1'W1'il'il1u'Wn (r) 91~U910.02 '\J'WL11Lm1'W1'\JV~~U'YI~'il911~VnU~1'il~l'llJl'lllJ'WUUU1'1~ffVU

II11'lJ1mj t11'1111'191~V~ffVUnlJl!n~ tJ'W~~~nlJOl::;'il~ltJ'il~~'I1l vl!n~ tJ'W~~~L'iltJ~tJ'W1'Ul~V~

JWl 'ill'W1'W~~U~30 'il'W~'W'111~V'I11~1'il11lJl~VJ'W~~vi1f11~,r~'VilJ,~'t~tJUlJlJ1'191~VUQ,jlJ'il1~

1~V\11'u1'l1nlJn~lJ1'1~~v~•

cd 31.1 1 ,,3131c1 Q '31 '91 ~ 91 11)91 91'il111JL1'1tJ~91H911'I.H'WV'I11 91tJ L'I1HL'lW1'lf1ruYHl1~Ol111'\JVffVlJU91~::;'\JV'W'Wffl H L~(ln91V~U~::;~ u ~

cI Q 31 !II... 0' cI !II "'I .1
!'HlJ1::;fflJl'VW~'191'YHl1~Ol1'il111JffV91'il~V~'\JV~'\JVffVlJnlJ~ ~111::;ff~'ilfl111'HJ'Wl'l11Vl'WV1119111J

"" .. OJ <!I '1 t. d"l 91. I'" • I !II, 31 "l ft I~151~11'il1 1::;'11'11~ nff917'11'H1 lHl1n'W'W'W1UUlJ1'191ffVlJ1'1L~lJ7UlJHUn '\J11~1LlJ1'1~~ V~ffVlJ~ .
I I I lSI"

(Try out) n1Jl.rni1tJ'W-¥i~~nlJOl::;'il~ltJ'il~~'I1lmrn~ tJ'W-¥iL'W~l'iltJ~ tJ'W'1'Wllv~l! Wl 'il1'W1'Wi~u~30
.M "1.1 Ji "" 0' 91 0 '" 0', , 0nu '\J'WLlJU"(1111'il11::;'l1'l11'ilWflll'l'\JVffVU'W1H~m7ffVUlJ111'il11::;'I1'l11m'il11lJtJ1n U~::;fI1V1'W1\l•

o ~I "31... ""!II cd" ~!II "" cI' , , 1'il1u'WnllJ'W~ltJ'\JV11~1'il~mvn'\JVff~lJ1'1 &'If&~ 'il~ lJm'il11lJtJ1n~ltJ (p) ~::;'I111~0.20 - 0.80 ~(1
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"Gl :'1 .". d aad '1~m'j~'lN~11lJ~'W &'l(Engagement) llJ'Wfl1d'Wl1'IJT~'U'YI1'.lU'W'I1dtll'.l{l~'YI'ff'W&'l9f~

tn 'llfi~~'Ww~ ~lfl~ '1~ 'ff'1-fftJ'llfl~ 11lJ ~'W1~'lJtl~i 1l1'fl~ tI'Wl{1~'I1~~Hfi~mnms tlnU'i1Vfl lU '1'W
milJ (~{I~~,j 1~'Wi ~m'llJl~lm'l1~fl1'jcl'~nlrl'~lfi~~'W i'W'lb~nmJ'U '11~V1ih.H1{1'1~1~{IlJlu~n1J• •
~11lJil~lJ~1'~'1~m..llJ1U~11rJ1.Ji1m::~1.J'l,rl1'fl~tI'U~~1~fllmlJnl11'U~U'.l::1~'Uf1flfn i'Umw~

...~ 'd.1 ~.d. i 1,,~ a. <!j ~" "" ,J.V~ llJlJlJ'j::l~'U'Vl'W l~tJ 'l ~~V1'l 'I1l'ffl1:l1'llfl~{I~1~'l'l1 'lmtJ'U~m::~'U~1t1md l~tJ{I'lJtJ umeu

u~, 1i~1 'j U~ ~'U '111'l1'm1 U'U tJ{llJ ~11U 'j:: 1~'W~ ~ ~n1rl'~nu '1 'l1rJ'Wl1 'rN~ 1~f1mj l1rl {I~fll\lllJ ~

lh'ff'U 'l~ lm::l1' fl~ tltJ ff1'W111\1JtJtllJ~U1,rl~'W U'l::1~'U~~ tl~flUffm:j 1~'1i1lJti'Wnl'11'W ~'IJ{lUl'IJ~

''W'j::u::l1lJu'jmu'Wfl1'j'~1tl\)mfl1'j~u'Wiuuu 5E (Learning Cycle 5E) nl'H'W~U'W1fl1d'Vil

fi~m dlJ~ {I'W'I~\~lJ1fl'Vil,,rl1' m1 U'W i~~1tlfl1~1Jflfl ~ ~lm:: tJ:: ~tllJ1vr(PlJ'Wl1,rihJ'qpnum U1il~

Gl"'" d ~"... <!j .I"''''''''~'''' " ...I'll 'Wm'j U'W &~ ~~ 11~Uj:.j'W{I{1flUuu ms 'YI~'Cl{l~U'Cl::'Cl~lJ{IlJ!lU~ Hfl~'W~ 11~d1'l~{IU~ 1(J~ 11lJ~~

~... d "'I • <!j... 1 ... ..'IJ{I~~'WI{I~lJlfl'IJ'Wmn'l(PlJ'Wlm::U1'Wm'jl'W'W~ &'W'j::U::~{IlJ1~tl fl'lm'jlJ ~H~1'W1'VWlffl~m

U'Cl::!'YI~1'W1'Cl~;~lrJ'Wfi 'lm'jlJ,f'W~~tJtl~~l1' m1 V'WlrJ'W~'j::1J'I1t)j'l11~{1 fllmlJ~llJ~11lJ~'W' ~

2.5.3 ~UUUUm'H\,{I'WUUU1tl\)mm'j~tI'Wi 5E (Learning Cycle 5E) mlJU'W1fl~,\Hl~

~mU'Wff~1~llJm'j~{I'W1'Y1t11f1'l~~fu'Cl::L'VI~ 1'Wh~

fff:nU'Wff~1~llJm'j~{I'W1'Y1t11ffl~~fU'Cl::l'Y1~ 1'Wh~ (2548) '~~hLil'Wfn'jvr(PlJ'Wl

'tnifl ~~'jm'.l~tI'Wm'l~{I'W1'Y1tJlffl~~fu'Cl::1'YI~ Iuhen~tJ'~vr(PlJ'Wlm::U1'Wm'l~U'W~~llJrlW1U~ ~
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0' «!I o'.i" ,,,... .i , lIJ v , " 0 ~" .Ii ,
fffl1'Wfll'JW 'H'JUt 'H~fll'JW V'U~ fI1 "lIV1iUlt1t'JV~\Pll~~ lfllJ1flUfffl~11'IJfl1l1flfl'U VtI 9f~1l:')j'1tJ

.i 1~.i , 0'''''' ":JI ,JL"lIUlJtI~fl'Ut'JV~\Pll~~'Yll 'Htflflfl11lJlfl'Jl~'IJ11~'IJ'U

- I ... ?I _I'" ..." " "f)1';i1J';i:mJ1.Jf-H'l (Evaluation) l1J1.Jf)1'.i1J'.i~llJ1.Jf)1';iI';iV1.JlYldtJnl~'Ud1.JnTl\Pll'lldl

'I1fli~EJ'Uijfl11lJ!V~ i.'J,h:J fl~l~ i 'J lJlfl~Vtlt'yjtl~ ifl 111mr'U'111 fI11lJ!i. tJtJ'J~ ~fl~' ~hH1-eH~'U

o " 0 lIJ.Ii 9J ... «!I. I o'i9J ~ 0' «!I .i.i 0 lIJ.1 '
fll'J'Ulf111lJ~UCl:UUU\)lClU~ IlJ 'lfV1iU.ltJ'H'JUlJ'J~~fl\Pl 'lfflUm~fll'JW 'H'Jm'Jv~v'U~ 1l:'Ul IlJ\1

"i''' v <!I " 0 ~ .Ii , '1"....1 oS <!I 0 «!I.Of .,; " 0rnr l\PltW~'H'JV'IlV1l1flfl 9f~flV ImflfllJ'l~LfI'U'H'J UfI1f11lJ'H'J UlJW'H1'Yl1l~\9lU~'ff1n1llPln1lffUU..
~vitJ l11i,rtnflm~U1'Ufll'J~91VL~V~n'U'tJt1ufJ~ ~~~tJfl11 -r~~mflu~tJ'Ui 5E ~~'lf1t1i,r

'" "" ... ...,,:,.l w "" <!I • f'" ~.i i "lIJ " ".Ii'UnntI'Utflflfll'J t'JtI'U2'Yl~t'UV'Hl 'HClflfll'mCl~'YIq'l:l~IPIClflfl\)'Ufll'JCl~lJVlJ!lUlPlt'V'lV 'H Iflfl11lJ~C)I~

~I.l i ..", i..I1l~tlJ'U'V'I'U!l'U 'Ufll'Jt'Jtl'U~\PlV lJ

2.5.4 'U'Yl1J1'n'llV~fI'J'lurns ,rflfl1'J~ tI'U~uUU-rfl,rmfll'J~ tI'U~ 5E
IV cu ~ tU

"~ .c1 CfI V l.c!t QI.c:S" tIrums ffV'UU'U'U'Ufll flU fjU'U:U'U1'Yl1~flVtl"ll1t1t'HClV'Um'Juu ff'Jl~ffm'U fll'JW

t~V i ,rtflflfll'J ~ tl'Ui 1l::,J'U fllfl1'Jij'U'YI'U1'Yl i'U fll'JiJV'Ut11mlJ,,rt! fli~ tl'Ut~V'I11 'ltJ~fll';i~'Ufl11
9J 9J ~ ~f 0 "", 0 , , w d 4... ....i i. Y.Of v i v

fll1l~\PlV~l\)flUV'UfI1f11lJ":: \PlV~Pl'n1VtlN 'J'Um'Jtl'U"~1l::tfllPlfl11lJflfI tlJV 'fllJty'H1UCl1 'H
" "'11m"1uu ";~';'UV.fltJ'l 1 tl1HUf.l'UU fi'i1W'H1 f11'H'Ufl1~ ms uni1W'H ltV~U li1W'H 1ifltllfltfl 'U' tJ.. .. ..

.Q " ... 1 4lr1"" Q '0fll 'JV1iU1tJUCl~Cl~'IIV'ffllJ (Explanation) LlJU1fI 'IIVlq!CllJ1L'VHJ~'V'IVBflfll 'J 'ff1'J111

m11lffUUH~1~~tl1'1i'Vlq!Cl'ff1'Jff'UL'nfflJl1Lfl'J1~11'mJClf.lCl'ffitJ f.lClUCl~tJ1tff'UVHCl~i~ 'U2 tJ911~~
I 91 0 .Q tI oCt ,., V G) t ~

t'lf'U 'U'JHnffltJ 'ff'JNUUU1l1Cl~~'nl~flW\Plffl'ffm'H'Ju11f1ltJ ff'J1~\PlUN fll'JfI'U'V'I'U l'U'IJ'U'U

l1J'UitJi~'HCllt1'nVl L'lf'U'ff'l1Uff'4'U'fflJlJ~!l'U~i~' 11~H~~'fflJlJ~il'W~i~ i.1'H1V ilh~tl1'1i'v~nu

.1 oS";o lIJ'" ";lIJ" ''I .1 'loS" '" 'I"'" ... vu'J~tfl'U'Ylfll'H'UfI nU\Plf.lCl'Yllfl1l~U~l'UluU'U'U 1.flflffllJl'HI'ff'Jl~fl11lJlUCl~"lI1tlI'HLflflfll'Jt'JfJ'U2

i.~

"
'ff'U' 1lfffl'l:llV~HclV~u ~ 11~1' ,rijfll'J11~Hf.l'U f11'H'UflH'U1'nN ff1'l1\)\9l 'J111ffvui~ fflJ~~!l'U

f11'H'UfI'nNL~Vfl~ttl'U itJi~ Cl~ijvtJ~lliil~V 'J1U'J 1lJ'Ii'mqjCl'li'Uff'Utl'lff'H~UtJ'Jlfl!lfll'lcl ~N~

nfll'J\Ol)11lffVU'Yh '~'HCllt1n 1'lf'UyJlfll'J'nflClU~ l11fl1lm'JlJfl1f1'ff'U llJ ms'l ~flUlJ~1L\9lviL~V

0" .i 0 "'I '1.1 oS «!I 0 ..;

fll 'J'ffl'i 11lUCl: rl'W'H1 (Exploration) L1Hl'Y11f111lJL'IJ11 \) 1'UlJ 'l: LfI'W'HHI fI1f:l1lJn
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fl~lPleJ1'lfl1'Vl{llfflff~f'IJeJ'IUfl~{I'Wm'j~ 7 i'U'lf'U1J'Vl'IJtJ'lNortheastern Ohio llj:::1'Vlffff'l1fjmlJ~m

1linn1~{lmj~eJeJm~'U 3 mi1J nri1J~';leJdl~~ 1 ffeJ'U~1t1'jtJU1J1Jfl1jit{l'U~UtJtJ1'l'ilmni~tJ'U~
q q <u <u tU

nrilJ~1mh'l~ 2 fftJ'U~1{11liffeJ'UtJfl~ "h'Uml1J~ 3 Ll'J'UflrilJfl1tJfllJrlClfllj1\iV'W1J11 'W9ru'Ulf11jq q q q

"~.qQl ~ 0' .c::::t. Q d' QI d I

'Vll'1~l'U'W'VIli'Wfftl rn ~111'Wfll 5 'VI1 '11 'VItil ffl ff~ s11Cl~ L'il~fl ~ 'Vll~1'V1tllffl ff~j 'IJeJ'l'UflLj tI'WflCllJ• •

91 ~ til ,,:', QI_ I 0' & '1 QI • d d ~ Q.I IV
fl'W~'HJd1i1J'j'Hl1tJ l'lHTnl'Vl..:Jl111~24 ~1J~1'H N{lfl1'jf1f)\ll'W'lJdlf)'l1J~dmJl'l'Vl!'HJ'WWJCJ')tlllf)':i

ms 11tI'Wi'ij rlClff1Jq 'Vlt'VI1~rns L1{I'Wfl111Jfl 'I'VI'Ut'Ums t1{l'Ui'UCl~t'il~fl~ ~tJfllj 11tI'W\l'l fli1 n~1J

~1tJt.il'l~~{I'W~1t1nfll'j1J'jjtlltl , UCl~~1'U1~~'lJeJ~·Como ,(1992) 1~ffmnvmflljfftJ'U~1,tl1~'ilj

rns t1{I'U~~ij ~ eJrlClm'j'W~'U lm5'Vll~ ff~Ututulmj ~ {I'W~ rn ~1J1'Umj'VI1'l1'VWlfflff~ f 1tCl~1'il~~ u ~ ~

~mfflJq'VItm~fl1'j ~ {I'W\1'1fl11U fl~ tI'W~~ tI'U1flUnfll'm1J1J ilfl~ U~ fwh~n'WtJV1'1ii,r tlthfi'f1j'Vll'l
!J) •

ffi)~ .05 'illfl'l1'U111t1'IJtJ'l Stancel (1987) 1~vllmjffmmmtl1J1Viuu1iltJ'I111~tJ~ f11{11f11flU"~

ff15~1'V1fJ1 rll'l1fu,rn~tI'W''W1'V1t11~{l~1J'lf'W Olney Central College lJ"fjvil'WtJtI-ff 1l5~t'Vlff

ff'l1fjm1J~milfl1'jfffl'l:l11984-1985 UCl~ 1985-1986 ~1{1nfftJ'WfftJ~n ~tJ fftJ'Ufl~1J~1tJth~i'U

fl~1J'Vl~CltJ'l ~1'U1'U 30 fl'U ~1t11t1\immj~tI'Wi'uCl~fftJ'Un~1J~1tJdl'li'Ufl~1Jfl11J~lJ ~1'W1'W31

dQ" QI 9) ..:::l 91 tfj !ild
'VIL ) {I'Ufl1 tIfll J 'il~ ff.fll 'WU1 ~ '" eJ1JU" ~ u sJ {ll fll nm ~ fll 'j 1'j{I'Us 'ill n fll 'j ff 1J1ff 1~ '111fl ') 11J'jlJ

'" OJ

. .iI d~.d II d. 'd<VOQld Q.I I d QI ~Q.I

t'U'U1'1'il5f11'j1'jtI'UllJfl~U'U'U \l ~n1lntJ'U ms t'W'UtJtlHlJ'U{lfflflty'VI'j~fl1J .05 t'lf'Utfltl1flU~1'U 1'iltl

'lJeJ~oWlJ'~~fl '1'Vh~l (2552) ~'1~vllf11'jffmnrl"'fflJq'VItm~m'j~{I'U 1~{lf11'j11flffm'W1nfl~eJlJ

uneu 'j J tJlmff'Vll~m'j ~ {I'U'illnm)ffu1ffl~'I1lfl1llJ11m:::m'j fftJ'U1~ltInm5 tJfl~ 'W1J'llU fl~ tI'U
OJ

um1 {I'U'liffUn'Hl ,)HUrl'UU~ Utu '111,~ WHltJ Um1 {I'Um'ili Tml'U'I11'VlHU~Utu'l11~eJ 111
.. OJ "

('ln~1 Ln~1i5'nJ 2454 : 36)

\llnm5ffmJ1LeJn""lJL~{I')ntJmJ11~m5~{I'U~UtJU1f)11mfl15~{I'U~ 5E ""51l1~1lm5
~ ~ C\I II

Q,oO .d v Q.I Q.I d" Q.I CI.I.t:!. d Q.I d

'il~f115L5tJ'U~Uuu ')t1 'ilm f115L5 tJ'U~ 5E ffllJ1HI'W9ru'Ulrl" fflJ q 'VI1i'Vll~f115LJ tJ'U'IJeJ~'Um 5tJtHHI~ 1'il~

fl~m~1'VltJ1ffl",,~f'IJeJ~un~tJ'U 1~i~\l~1~'U i.~'illn,n'U111{1'IJeJ~ m~n'l:lw rll'l1~'U (2548) l~ffn'l:ll

rl"fflJ q'Vlt'VI1'lm5 ~ {I'U1'Vltil rnff~ftm~fl,)llJ erurn t)1'Uf11Hi'fl ff'U1 'il'IJtJ~Un~ tJw;'U171itlllffn'l:ll
il~ 2 ~ i~ftJm'j fftJUUUtJiYU1ffl~'I11fl11lJi'~1tY'U 1~'il5m'j ~ {I'U!'V'ltJil Un~ {I'U~ l~f1Jm'j ffeJ'U

uuu ihJ1ffl ~'I1lfl1l11 ~~ llJ U'U11~ 'il'jf115~ tI'U~ijfl ~U'U'Url"fflJ q'Vlt'Vll~m 'j ~ {I'U1'lfl 1'Vltil fflff~ f
OJ '"

tm~fl~U 'U'Ufl11lJ rrurnn iun 1'j~~ff'U i 'ill1~,m 1'Jneu 1'lf 11'Vlt'Jlffl",,~fu uu ffUtffl~'I11fl1111 i'~
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.:

X 11'lJ1t1{)<l fl1'i~~fl'.i~~1\P11llfl1'i'Yl~~~<l

01 l1lJ1tJ{)~ fl1:i1~J:.I~n~'Wfl1'i'VI~,,~~

02 l1mtl{)~ fl11~H~11""~fl11mm~~

°1 --------------- X----------- 02

'1'.,.... ok ~ dd I .9 I w"! 1'IJ'Yltl1i'j':il.Jli':il'lf, 2546 : 156)9f~L'UlJnl'~'Yl~nH)~'Yl:IJn'll.J'Yl~"V<ll1'W<lf)'ll.J ff,:jLfl\P1J:mm'j'Yl~m)<l

"2 fl1<l l~tlutJfll-tl'Wfi~'U'VI~~~~ 11"~mr<lfl11'V1~mN

"~Q) 11)""1 " QQI .oCt. Q,I

rj1'iltl1~ 1"JfU'lJ'lJUJ:.I'Wfl111'iltlll'lJ'lJone- group pretest - posttest design (ll1111'V1Vl~tI

o '" ""'ill'W1'W'Wfll1V'W31 fI'W

od Go' Q" ~ ~ Q,I I d'.d" " ,. <r
L'it1'U'\l~<l'Wrust1'W~1V'II~fl ~ns 'ill ms 'VI~~~<llHI~fl11'11 m l1'\l~~U 'ff~ J:.Il'Wm'W'ff'VI'ff11~ mnun 11 u 11

"c]1~lfl\P11~v'toNm~'lJ1'Wfl1'i'ff~'WU'lJ'lJ1tl~mfl11l~t1'Wr 5E ~<l~~hJij

" " "'t'Uflnl~vfl1~ij~1~t11~finf'U~1~fl11flllij'Uflnfffl'l:l1fl11vr~'UlmHrllq'\1~'VIHflU

t
.::iunn 3

!



.1' iY~ GJ "0." .,'" 1''' .., .. "IJ~~tJ 11W'UflltJ ~'UI~lU~1'UllJl~~U~~U~:::'\J~rl1Utl1~1tJm:::~llJ'Yl';iltJU~:::H~'\J~~:::wtJ~'U'Um

~nll m~ I~ ~'YI~ ff~ 'UfJru fflJ,j~'Yl NUff ~'\J~~l~ 'Wri'~ff~ l~ '1~'YI~ff~'UlIlfi l~ 'jfU11m 11~ 1t1lfl ~ ~~

, ... w !.1 n 1~I ".., .<!I "Refractrometer 1'U ATAGO IT '\J~~'U1lJ'YlATAGO ~ln'U'U'U'U1IJIIJ'UI~'Uff 3 ~nlJru:::t1~ m'Uff
t/9) fI" d ~ 0uuunu ';i:::'U11J I~ 'Unrnunu 1:::'U1'UU~:::I~ 'Ueu 'UUfllJ 111 (';iltJ~::: w tJ~'\J 'U~ ~'Um 1mu "':::~ ~

~ ~"o tid" \I}"1II Q,lQ Q.I
mmlssneu ~'UfI1t1rI'U1n ~) '\J'U~~'U,,!~'YlltJ'Ulm'Uff'YIff';il~ 1~ 1U'Yl~ff~'UfJru fflJ'U~f1l';ill m'l1'U~~

, d' d Q.I 4 , d'd"
Ilff ~H1'UI~'Uff (1 ltJ"':::I~tJ~~~ fIlfirI'U1n 'il) 91~~1 flf1l1'Yl~ff~'U'Vi'U11m'Uff'Yl ff';il~ eunsnu ff~~

fJru fflJ,j~ n1';i 11n 111'\Je -3Uff~ '1~~n~ ~-3~ llJ'Yl (j1:J Q ff1lJ1';i (lU1lJ l' ~In 'U~.,j n '.i Wrns 'Yl~ n ~~

1~~FInl1l1 nlll 'Utl~Uff ~~l'Um'W ffl~

3.3.1 fll'H"~1~m'Uri'111nut'l1 Iu h~il1fl~ thLf'ilJUn1 i 'Uh~illf)~Hl1mr~~.,jij,j~m'I

.yht111lJff:::~WIU"'Tl~hlJl'U~i,rm:tfltJ~ L~lJffl'I ~C03 U~::: NaC03L~~LrJ'U~1'lhtJi'Uf1l'I1I~~lJ
I d ~ ~ Q,lQ , 'i ".Q ...1 QQQ d ~
ff1'U Ti02 ~::a1J'Uff1'II'Vim'VilJfJrufflJ1J~'YI1~Uff~U~::: SbP3 ~:::'lf1tJ1';i~ "Hn~IJllmtJlln'\J'WU"':::

'1riyJ~~mf1lf1U"'1ulhJ11~~lJ~~ru11iJij 1,250 °C LrJ'Un"'14 ~1 ilJ~ U"'1~'Ul,.n~tJ11i1'Yl~~U1J'U

.wlJ.wI11~nn"'1'1~ffiilJ1U'YIH*m~tJlJU1Un'1~'~'1U~'U~~rulliJij 580 °C lrJ'Un~l 2 ~1 ilJ~ U"'1
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. .
~ 0 Q,I .c:t~.c::1 Q,I .q v q ~ ....9 ... I v
tl fl 'ffl'J:: 'ffltl 'ill ~,mrns 1'JU'W'J'VItllft'l11~'ffl';j:: ms 1';jU'Ws fl~m 'JJJm ';j1';jU'Wm ';j'fffl'WC}f ~ 1J';j::fltI'lJft 1Uu ~ ~., ., .,
.u'W'ff~1~tll1JJ'ff'W i~(Engagementj uual'J'nl1m::~'W'I11 (Exploration) .u'Utin 'IJ lVH(I::(I~'li'tI'fflll

., ., .
(Explanation) .uW\W1Utll1JJ! (Elaboration) lm::.u'Wll';j::tiiw,m (Evaluation) fffl/l1'11~~m';ji1u'U!

v "'.1" i .1" .,; ..'Uti1nu tI 11'W:: m nft H(111(1::1J ';j:: lJJ 'UH(I rn U 'U1ft ms 'VIft" tI ~1J):: f)au ft 1 U'll'tlf) ~ns ';jJJ

..
1"19H)';j
I v.d .c:1

;:",..,..~~--t 1'VI~umrn '11mJJJ
~,\HH)
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~ Y QlJo OJ ~f d'~VI ~ QI

,)-31'lf~1i'i51J, 2545 : 'H'Ul 221-223) ~-3'U f)1'H'U~')~~'IJ'i~a'-31'l'VI,) 1.J'U€l-3 15€l-3 f)")'Hm'H'U€l-3Hff~

I """ ,,1 "" J ...l ",.1 l..l.... ,"
N1'iJ!" 14ff l!m 1:::11114'fJ111'U'fJ.!Jfl'ilf1'j'jlJC)f.!Jllt'iJ'fJ111~.!J'iJ 11'iJ1t1'V11ms 11ru 11'UV-:J11ff.:JH1 'iJlrI 14"'~ 'iJ

v •
'Uf).:)irm~tJ'Wi'Ul11itlllfffl'lolltl~ 5 .. .

9) Q.I IV ~ 4 ~ QI I

fil) ff)l':) 11'U'U'Vl\9lff'fJ'IJ J~ N" ffllQ'YI1i'VINrns !'HI'U !) 'fJ~ ms 11m11'\H.l~ Uff.:)N1'U
tI CVd:tQ.l dl deS.ci ?t QI QI~ rI

m'Wff 'Uf)':)'Wf1!)tI'W'If'W1l1itlllfl'flfJ1iJ'VI 5 C)f':)U1J1J'VI~ff'fJ'Ut1J'Ul1'U'Uil)tw 4 \9l1!"'fJfll~tlil'j:::Qfl\9l'il1fl

~ " Q; <v 4 d .c:t QI rI .tI
'U'W\9lV'Urns ff';j l~U 1J1J'VI~fff)'UJ~ N"ffllq'VI1i 'VI1,:)fll)!) tI'U'Uf) (1JtlJfl'l 'VI11111111Y1'U~ u n::: 'iJl'iJ 1ff'iJ 11

.ct QI v ~ dt QI I "jJIll'rrn 3.4 !IN'Ur.I..:jfl1)ff)l..:j"liflf1'ilm'Jllf11)'Vl~n'fJ.:)u'Utl 5E l'Jfl~fil'J11f1!11'Ufl~t!ff~H1'UmtJffuflJ

~1C)f!flrl Iu h~il!f1\9l

J l

.
o ~ fj) Q .. I d QI

~1! 'W'Urnr all~f1'ilf1ll uu l:::f1fl1J~~fl1l'Y1~ n Mil fl-1mr '11fll'l1'\)0-1
I 0'.

llff~Nl'W!n'Wff'Ol'WJ'U 3 CJt~

H

11'1 UNtJ ms 'l~~'fJfl1,) l~fJ'Wnunnu u":::mfl""l'ah:::fl'fJ'Ufil'j,,,,'fJ'W

1~tla~T~l1"::: ~~111 ~'fJ~ 1)~ i~a{)'W i'WU91"~ 1J'Vll~tI'W

ffmnilifll'HH)'I..j 1~miTl1'W~m:::1JdlJm';j.ij~fi\lm'.i:jJfn'.il~tllJf

q " 'JI w ..."..l '" ... "!11"nJ~'fnHNfltl f-.lrlfll':l! ') tI'U1'Vl'fll~111~Url:::ffl'.i:::fll':l1 '.itI'U1

)J
" " tI ,

~f1'1ol1l,.,.crm~l9l'Hll)~fnmj'W-W'WillJ~'Vl1ifffl'n6)$ 2544 'lh~i''WVi 4
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.
!1jtl.:J!lJ\J2J1~'S!l\J (standard deviation)

d' dI dI i" dfI::u'W'Wm~V'S~'I11l.:J 1.00 -1.49 'I1lJltlfl.:J fl1llJ'Vl.:J'Wtl 'il\Jt1t1'Y1ff~•~ .
Q.I Y ~ 0 i" ci i 'd ,'\J'W~V\J ,,!~'YIltJfleJf111'WlH~ 01 'j~ 11'il 'I1f1~U'W'Wuuu nnu(l12Jfl1l2J'W.:J'WeJ 'illJl'l1lf111~ (1VB~ ~ffTU

d I ~...:!l i $IfI~u'W'Wm~V'S~'I11l.:J 1.50 - 2.49 'I1lJltl(l.:J fl112J'Vl.:J'Wtl'il'Wtltl

.
d' dI ci i.1T1::U'W'Wl'iH'I!'J~~'I111':)2.50 -4.49 '1nJ1tJo.:) f!'11lJVl-!lVl'fj 'il'lJl'WflB1-!l

.
4 I 4..::Q ifI~U'W'W1mW'l'~'I111.:J3.50 - 4.49 'I12J1t1M fl11mN'YHl mnn

• • w
'lf1.:Jfl::U\J'W1~~tl HrVlm"~~1fl i 'WO11Utl(1mllJ'I12Jltl~.:JIPit1 itlil

w •

~1'W1'W 31 fI'W 'illfl'll'\J\hUUlJ ffVlJ tlllJfl1llJ-W.:J'Vltl i 'il 2J1~n\') 'l'I1f1~U'W\J fl112J;;~1 M 'WniilPitl

.f1tlfl1llJfl1llJ 'l'WulPi(1::.utl
CIt. d' IV d" 0 i ' $I iViv ...O1'l'1Lml::'I1'l'::~lJfI~u'W'Wm~tl'\Jtl.:J'\JeJmm2J 'WU~~~'\JeJ ~ 'lfLflruCV1fl1'11'W~

• w.
YHli 'illJltli'Ul.ll.:J \hUlJlJfftlUtlllJntli'utl~ 'Hl~1 'tl'YI~~tl.:J i~nmrfH~tl'W'if'W~IitllJfff1'tJ1Un 5

3.3.4 ff~ l.:1UlJlJfftllJ Cl1lJfl11lJ-W.:J'YHlh'\Jtl.:J'll' f11'1tI'W~iilPitl 'li~n'il nssu O1'l' 'YI~~tl.:l
• w

l1tl.:l fl1'l''I1fH'I1'\Jtl.:Jttff.:J~1'Wmmn~[li~m~lJ1\Jfl1'l'~~fl1·H~V'WrUlJU 5E ~1~tJi~~11iJ'W01'l'~.:Iil
~ 0 .J.cl ,., GI ~ i " " .d GI 4:i i'f1f1'tJlm'l'llm~ ltlflffl 'l''YItfltJ1'\Jtl.:lflUfl1llJlN'Vl tl \,)U~1ff'l' l.:JUUlJ ereu minn [11nu fl1l2J'Vl.:J'Vltl ~

1 """" "j... , .. ~I .1''Wf1111'l'[114~~1V 'l!~n lnl~ ~ tl.:J 11tl.:J011 'I1fH'I1'\Jtl.:JUff.:JHl'WL~'WmlJ'WUUlJ2J1~'l' jl'W ur ~2J1ru fI1

" v.'\JtlU~1'Wl

,.d Q,I I "" I.J d d ~"'I1'Wlt1'Y12 O1'i'l1fH'I1'\Jtl.:lUff.:Jrll'Wl~'Wm1l 'I1t!1t1'Y13 ~lU~~f)1'l'2Jtl.:J1'I1'Wff ~ln'W\H"'l'l.:J

UlJU'YI~fftlU'lfiJ~L~tln~m..J 4 1P111~tlnfh'l1'W~fl~U'W\J~~VlJ\lfHiJ'W 1 fl~U'W'WU~::.utl~~tlUH~

4 ,..6vqV-=l ...... " iV?' i $I iV'I1'jV~VUlJlfln11'l1'W~'\Jtl ~'W'Utll~V1fl'W'I1H) uneu 'I1llJ'W0 fl~U'W'W 'Wf)1'iff1VIUUU'YI~fftlU '11

31



El 11ll1t1U.:) f111l':i::iY'Vlim'Vi'Utl~m::1J1'\.Jmr fi'fll~'\.Jra(Jm~'Utl.:) rl::U'\.J'\.J1l}~(J

'illfl flwvh U'U'U11fl'IiflU{l::fll ':i11S~fl tl'Un 'ilm ':i1J

E2 'I1:1J1tfO~f111l'j~iY'Vlim'Vi'Utl~f.I{j"'Vin 111tl'Viq~m Sll~~U~tI'\.Jm.J{j.:)m(Jl '\.J

19l1~lS(J'\.Jmr':)lStJ'\.JhWfi~l1rJ'\.Jrm.m~'Ua~fl~11'\.J'\.J'Vlflffa'U'I1'fi':)1~(J'\.JU{j~fl1':iflflf11El U'Cl~E2 'Ua~

'l1'flfll'jffa'\.J~ffr 1':)~'\.J tlllJl~l'\.J 1tl! f11'Vll~ff09ilfl(Jl ~~'fl':i~.:)~tl' 1lii'

~~a.:) fl1':i'liflm'Utl~Uff':)~1'\.J~"'\.JffUt11~'C}f~fi{j l'U hciillfl'fl lfl(Jl~f11m~tI (x) U{j::f111~(J~1'U'\.J

:lJl'fl':ijl'\.J (S.D.)

3.5.2 1111l':i::iY'Vlnm'Vi'Utl.:)'l1'fln'ilmS1Jfll':i'Vlfl{jtl.:)U'U'U5E l1tl':)fll':i'limi1'Utl~Uff~~1'\.J

~"'\.JffUt11S'C}flfi{j1'Uh~il1fl'fl 'fll1JlflWen 75/75

3.5.3 11ml::..trl11llYi.:)'Via i'il'Ua.:)um~ (J'\.J'I1"':)lStI'W~1t1~'fln'i1m':i1Jfll':i'Vl'flmml'U'U 5E•

(l::; t - test

~ SI,

3.5.1 11l~tf'U1Vltf'Uf.lmrll q'Vln'Vll':)rns 1~(J'\.J'Ua.:)um~ tltJ-M'W111i(JllffmnilVl 5 na'\.Jl1{j~

CV Q.I 4 .c:::I 91 <v.cl ~ Q,I'

3.4.3 'Vlf'lffa'U1f'l f.I{jffllq'Vl1i'Vll~rns 1S(J'\.Jf'l1V11'U'U'Vl'flffa'U'I1{j~1':i(J'\.J11a~ fl1':i11ru'11 'Ua~

Uff~~1'\.Jm'WffU{j~tllf.1{j ~, ~ U1~rlSl~..t~tllJ{j'Vll~ff09i

3.4.4 ffflfllrl11llYi~'Vi e'l'il'Utl~Um~ U'\.J11'fi.:j'ill fl~l~ tI'\.J~';W'l1f'ln'i1ns 'HJm S'Vlfl{jtl~l1'U'U

5E ~1tl.:)fl1S'I1m'l1'Utl':)Uff~~1'\.Jm'\.JffUt11~'C}f~fi{jIu hciillfl'fl

....." .13.4.5 11ml::11'UtllJ{jU"~ff~lJf.I{j

~ ~ d y.4 CV ,;Q,I 40'.::1 f cv I

3.4.2 'i1f'lfl'ilm'HJfll·H'HJ'\.J':i ~H)~fll':i11flm'UtNUff'Un'Wm'\.Jfffl'U'\.Jm':i(J'Wfl{jlJ'fl1tWl~~ .
SI

S~l1'U -M'Wll.5h~~~(J'WU~'Vil'\.JVi'Vl(Jlrllli'~11~rl{jl.n1flfl i1fll'iffmn 2553 ~1'W1'\.J31 nu if'l(J
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'" '1 !II<k !II w q '" !IIbYllJ1';jtUrrr~~flWf11';j'l1f)!'I1'\1fl~mY~ ~C)$~fffl~fI"flfl~mNTW1'ilV'\Ifl~ '\.JT,m:::fltl~ nseum (2550 :•
'IJ'Vlri~dfl) ~ '1~ffm:11f1W ~lJ-U~'Vl1~tl"flU"fl~fI W fflJ-u~'Vnm ff .;j~~';j 1lJil~f11';j'l1 tl!'l1 '\Itl~U t'l'':Hrlmhw• •
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lMillflnl)11 tllJf~1tJ'lI'fln'ilf)'j1lJnl)'Vl'fl"tl~u'U'U 5E 'ltll ,*llJfll)1111m .:j.:JllJ1'YltllfflffVl{1~flfl

~tl'tl

"'Utl.:Jirfll1v'U'~ hWnl'jff'ellJ~lV'lf'fln\lm'l'lJnl'j'YI'fl"'el.:jIl'U'U 5E ij irfll1vlJl~flVl l~.yh ii•

31 fllJ 'W'U·hir 011 tllJ -ff'1lJ1'I1tYufl1llJ-w~'Wtll \l~tl'lI'fl n'ilns 'l'lJf)l)'YI'fl"tl.:Jl~tl.:Jf11'l''I1ru'H'lJtl.:JUff~

~1'Umuff~fffl.:J\llnl1ti'11'U hc}$iilnVll'fluufilll1~m'Yhti'U 4.01 ri1'UI~tJ.:Jl'UlJlJ1\Pl)!llJ1Vhti'U 0.84

\lln rl" ms ffnfJl~tl 11fl!}ifllff'fl.:J1,.\'I'H'U11 nww\PJJ'U1rl" fflJq'Vli 'YI1.:Jf11'l'11VlJ~1 V

'lI'flf)iln:i'l'lJnl'l''Vl'fl''tl.:Jll'U'U 5E l~tH nl'l'11m'H'U'el.:Jllff ,:j~l'Ul"lJffuti'l~lC)flfl" 1 'Uhc)f~lflVl

ihh::ff'Vl ~fll'Y'lffllJ1)fJl~lJX1lJrlmY'lJq'Vl t'Vll~fl1)I~ UlJ'lJtl~ir m~ VlJUa::fl1llJ-W.:J'Y'I'el1'i)llJfl1'l'l~ tllJ

,
,relfflfl\M'Vll~ffi)~~n~'U .01 ~lUi~V'lJtl~ VilJhhpl lvh~l (2551 : 'U'Vlfl~Vtl) l1tl~

., 'I " I

ms1m V'U1~V'U rlmrlJ q 'Vln'YI1~f11)11U'U 11tl~;1'f1 ti'Uff~1l1'flcl''ellJ'U'el.:Jir011 tI'Ui'U 111iUlJflnfJ lilVi 3

~~'f1f11'j 11UU f ~'1vin f111ff'elU11'U'Utln~ ti'Uf111~'flms ff fll'W111'f111'ellJlm:: 'Us 'j rn fl1ff'YI1,:jn1'j 11fJ'U~

~1lJti'U in f11) 1:l'tl'U11'U'Uff'Ulffl~ 'I1lfl '1llJf 'W'U'h ,r m1 U'U~ 1~tlU 1'1'1Vnl) ~'flff fll'WU1'flcl''ellJlm ~~
A ~ ".c:a QJ I:t q I QJ.cl dd

'U'j1 mf11ff'Yll~f11) 1)VU 'i)lnnl'l'ff'Ulffl~'I1lfl'1llJ~ lJrl"fflJq'YI1i'YI1.:Jfll'l'I) VUtl.:Jn11'U nn uu 'YI11fJU

1'flel1nms 11innl n~ rl" fflJ q'Vl('YI1.:Jf11)I~uu~~I1\Pln~l,:jtilJ 'elcil.:JU,relff1Tl\M'YI1.:Jffi)~~'l'::~'U .05

5.2.4 rl"f11)tl)::liJlJmllJ~~'W'el 1il'IJ'el.:J,rm1vlJ~u~'el 'If'fln'ilf)'j'l'lJf)l'j 'YI'fl"'el.:J11'U'U•

-ff'Uff1lJf111fl'flilm1~,..y 'W'U11~.m~lJq'YI{'Vll.:Jf11'j11v'Ufi'Y1t1lfflff'f1f'UtN,r011tJ'U~i~~'Uf111fftl'U

1'fl til ~'lf'fln il nnlJi'Y1U1ffl1:l''f1{I~tlri .:Jlff1lJ nnfl'fl11fl1l::,..y '11".:J11U'U ff ~n1lntllJ11 fJUtlVH ii. ~

. ",
fl1'j'Vl~"tl~1'VlmfflffVl{ l1tl.:J ffl'Hm~fflJ,j~'Utl~ffl) ffl'l1~1nrfll~tJ'Ui'U3J1iellJf1fl'i;Jlil~ 1 vnrh

ir fH~fl'Uiifl~ll'U 'U'I1~.:Jl~su ff .:Jf)'hntl'U1~ V'U~'l'::~'U,rVfflflru .05 .:Jl'Ul~V'Utl.:J"11 HU 1PJlJUv.'U
~ u

(2550 : 'U'Vlfl~Vtl) l~tl.:Jf11'jf1flfJlfm~lJq'Vlf'Vll~fll'jl~V'UP'VltllfflffVl{lm~fl1llJffllJ1H) 'hJf11'j~~
" I I t

11fl1l~,..y 'lJtl.:Jirfll1 uui''U111ivlJf1nfJ1il~ 3 Ylllii'~'Ufl11ffe.)'\.JlVlfl'lf'fln~n:i 1 lJ1'VlVlffl1:l''f1{ I~ tl•
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"'Ill0fl111~ eJ~1;)e'l~iJ.uflLfftJvutJ~~'ru
" "v G\ 401 Q,I..t:i

5.3.1 'UVtfftJVUtJ:l:~tJfl11'HlVflHtJ

fl11;)~n'llm1JJfl11t~tltJr1~tJ't,*~~fi'llm11Jfl1'i'Vl~"V,m1J'U 5E t~V~01'iMOn1
I """'''l .... ,.,......... "'I""'''' 11)" ..,.~I ...............'Ufl'lUffHlltJtrttJ"Wn-n LCJ1tflrtL'U11CJ1mOll fl~fl1'ittJtJ Ai1tJm'itJtJ l~rt'l1JfllJ{]'Ull'llH

ff~l'lfl'l ~fl111Jr ~1tJ1i1ttl'lt~fll,r,r m~tJtJtnflnm:j~m :::'U1tJ011Yil'l'l ~ 'Il:::ri':U:-IrtYiVf)1'it~au r
"5.3.2 'li'mfftJflUtJ:::'l'Wm'i1~tlfli''lYiV'tJ

5.3.2.1 fl11iJm'iffmn 1~tJl,*m:::'U1tJmnYVtJU'lJ'UYi1'l'l :hJJti1J'l!~n'i)m'iJJ

rn'i'Vl~rtfl'lUrt:::ffO'hllNrt~tn~ n'lJUm~tJtJ' u~ltJ ~tJ'l

5.3.2.2 H'~ff'Wl'1l'lltJ1~tJm'i~lnR''WfltJmcl'1~tI'tJ1Ufl11'U hc]f~tOllt~fl ',*t~tJ.. .
111Q~'U ~1~ tI'UflU'W:::Ul' ,r'Vlflrtfl'lttJ~tJ'WU1l11"hW-Iff1J'Ufl'l SbP3 ~'llj'U'Vl'U1'1'11'Won irl
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d Q.I 0' ,tI tic. QI ~ 4 0 Q,I

'l..Jtyfl''J 'V'l'J'I1lJlJlYl'U~ U"~'U1"1"''U11 "J.:jfll'lflPlli'J'JlJ. (2545). fll'J'V'lWl'U1Imfl.:JlJflff1'11'J'Uf)1'j

'lh~lij'U f)1'jfffll:l1. 'U'UYl'41 : lJ'I111YltJ1"tJ~ 1'lJ'ViVli'J'JlJlJlTI'J1'lf

Q.f .::1 .e!i Q.I ~ d -. '" '"
-W'W'Vlfll 'lJ'W IPll1. (2551). fl1mfl1:l1IW'HTlJQYlliYll~fll'J l'.ifJ'UII"~fl"J1lJfl~ff'j1~ff'J'.i flYl1~

lYl tJ1fl'1ff\PI!'lJfl~'t! fl~ fJ'Ui'U llli fJlJfffll:l1tJ~ 2 ~ 1~~'Ufll'j ,j~m'j ~ fJ'Ui'~1tJ'l1~n 'Ilf1'.i'JlJ

lYl tJ1fl'1{l'\PIf. {l'n tJ 'W'U£ill tytylfll'Jfffll:l1lJ'I11,jW c}1\P1: lJ'I11iYl fJl" tJfl'1'Ufl~ 'Uns lL'l I'll.
Q Q.I rI Q.I tI I~ d" s .c::::. Q I d ya "
'U'.i'U~ "11'j\PI'U. (2546). fJlJflffl'j~fll'j l'jeJ'U~'W'U.l1'UU"~I'WlJL\PIlJ fl"JlJff1'j~fll'j I'j V'U~1YltJ1fl'1{l'\PI'j

, " Q.I 0 Q,I

lJ.5 IrllJ 2 'I1'Ul 280 - 314. fl1~IYl'W"I : 'W.fl'.'WWI'U1'1l1fl\Pl.
~ ....dI

'l..Jtylflfl fl1'.i'l111"l'lf. (2543). 'U"JI91fl'J'JlJfll'Jfl'fl'I:J1. fl1'lIYl'W"I : 'I1'1lflSR Printing .
.c:S QI ~rI~.d d

'l..Jty'lflJ fl''J{l'~mR (2541). m'J'WWI'U1m'.ifffl'U. 'WlJ'WflHYl 2. fl1.:jIYl'W"1: 'lflJ'JlJl~fl.

'J} ~ " ,. ,. Ct..c::::. d Co 91
'U1""~flfl.:j meum. (255 O. "'lJ'U\PIYll.:jU{l'~U"~YlNfl"'lJfl~Ufl11 'U 1'jC}f"tfl\PIYl\lm\PIlJ~1tJ Ti Ba

Pb U,,~ Bi. lm~m'J~lfl'l:I1YlV1fl'1{l'm,jwcV1~ ff1'lJl1'lf1Vlfffl.ff :

d Q.I QI QI do "" Q 'Q Q.I ct 91li'j flYl'J ~~ fJ1.:j"J'U. (2551). H"'lJfl~m'j 'Il~m'J I'jV'U~~"JfJ'l1~fl'llf1'.i 'JlJ'" ~1{l''jlJfl'flfJfl1'Wfl1'j I'J tJ'U~Yl1.:j

lYl V1fl'1ff\PI!~ ~1'1flH" fflJtlYl tYll~ fll 'J~ fJ'UU" ~fl11lJ"'llJ 1'J\li'Ufll 'J~~ 1~.:jfl'U1fl\PIYl1.:j

lYltJ1fl'1{l'~!'lJfl~'t! fl~ tJ'Ui'U llli fJlJffmntJ~ 3.

lYl fJ1tJ'W'U,rill UJUJliYl tJlfl'lff\PI 'jlJ'I11,jW cV1\P1: lJ'I111Yl fJ1" fJfl''1'Ufl~ 'UYl'Jlh WI.
" "

.0 t ,., Q ....I d'd~
Iflfl{l'l'J m'j"'flWl1~"J'lf1fl1'j"'fl'U fl"JlJff'J l~I{l''JlJu'J ~"''Ufl1'JW 'If''J\PI. fl1 ~LYl'W"1:

lJ'I111YltJ1"V~1'U'VitJ'Ii'j'jlJ1TI'j1'lf

d Q Q d 'J} jlet ~I 0 QI

'lf1\P1'J tfl~'IinlJ. (2545). LYlfl'Uflfll'J{l'fl'UYlI'U'UHmJ'Ulu'UftlflUJ. fl1.:jLYl'W"1:

L'l~"~lJ1YlV1W1'U1'W1W'lfV.

Yifl''U1 u'UlJiU. (2527). mheJ~ 1-7 'J~'U'Uf11'Ji~v'U f11'J{l'fl'UflrilJ{l'~1~1{l'~lJ1h~ff'Ufll'Jru;l\P11 'U

(2533). f1'.i~'U"J'UmHl'UtJr:lYltl1f11m"~ 'J~'U'U~flfll'j {l'fl'U i'Ulflfl{l'1'Ji'lf1 fll'J

IYlfll'U l"vu"~~flm'Jffml1. fl1~IYl'W "1 : "h,rfl~lJ'W"YlV1W1'U1'W1tJ'lf.

i'tJeJ.:jf1 Yfj'l1lJ1.:jj>1. (2523). l1'\.beJ~ 11 'l~'U'Uf11'HH)'Uu'U'U hh!!f1'.ilJ1'Ulflmn'lm·HH)'U'lJ'~1'lf1

rvwll'U l"Ejml~~~Hn'lf11'jffm:l1. 'U'UYl'U1 : lJ'I111Ylf.Jl"tJ",1'U'ViV'Ii'j'jlJlJlTI'J1'lf• •
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'" ..... .. C'lI_1 v ..
'Vlfl'l:l~m~U1'Ufll'j'VI1'11'V1tJ1ff1ff\Ol'j. fl1 ~l'VI'W"I: l\OlV~lJ1ffl\OlV'jfl1uUlJl'U'HlJ'U'VI.

1''lf'.i1 l~hi5 VU~. (2548). 1'YIflUflUCl~~'VIlinvr~'U1'Yifl'l:l~m'j~\Olfll'J,j\Ol fll'.i i5v'Ui~rw'tJ~i1 V'Ul1:J'U

~. umtljlJ : lJ1,tl1'Y1V1~fJffCltJ1m 1 'VItJl1'U\Ol'W'i::'J 1'1f1''1ff'U llJ,)'U'VI 1.

1'~'U1 V1W1'~'U~. (2548). fll'Jfffl'l:llHCl~1It)'VIt'VI1~m'J11 tlU1'Vltl1ff1ff\OllaCl~fJW li'J 'J lHJ1mi'j'j lJ
" . .

'UV..:JtTfli5t1'Ui''U~liVlJfffl'l:lltJVi 5 Vi1~i5VU 'illfl'lf\Oln'ilm'ilJ1'VlV1ff1ff\Ol1.

ilitytyliJ-w'U'lim 'Jfffl'l:lllJ'YIlUW cYl\Ol: lJ1111'Y1til fttlff1 'Uf11'U'Vl'J11 '.i~.

_or d", I",.! "'... .. ..." ..
~'I1utlJtlJ1'V1lJl'ltl HCleut)'Vlli'Vl1'1fl1'j l'j tJ'U1'VltJlff1 ff\Ol'jUCl~f111lJfI\Olff'j 1~ ff'j 'j f1'V11'1

1'VlV1ff1ff\Oll'UV'IUfli5 tJ'U';'U,J'li tJlJfffl'l:l1U~ 2 .

ff1 'jU 'WU 'liili tytylm 'jfffl'l:lllJl11U WcYl\Ol: lJ1111'V1v1ci tJff'i'U m 1 'U'VI'j 1LJ ~.

ClT.i 'HU LBlJU'W'U. (2550). n11ffmm,mfflJt)'Vlt'Vll'1flld ~ tJ'Uj'l'Vltllfflff\Ol f 'UV'I-Wfli5 tI'U';U

~liVlJfff1i:JliJ~ 3 ~ i~1'Ufll'ifftl'U l\OlfJ'lf\Oln'ilm'jlJ1'Y1V1ff1ff\Ol11~tlri ~lff1lJ

m'j~f111m1~'l1'. ilitytylU~'Un fll':ifffl'l:lllJl11UWcl1\Ol : mn1'V1V1clVff1Ufl1U'VI'.i 1h~.

cl\Ol\Ollr;r'Um~. (2543). l'VIfll'U lClV'Vll'lfll'j~V'Ufll'jfftl'U. flpmW"l : h'l~lJvr~CJH'Uff.

1'V1fnu ~'U 'liility tylfffl'l:llff1ff\Ol 'ilJl'tlUW cYl\Ol: lJl111'V1V1~ tlffCltJ1 m .
\I) " ~ 0' Q "t d lI) w .oe:::. tI

fl'W lClll1 !'W\jClfJ. (2542). aU1m'jfftl'U1'V1fJ1ff1ffl'l'j.'WlJ'Wm~'Vl 3. fl1~1'Vl~"1 : 1'VlV1~'U~lW'lffJ.
~ .dl w ~ ~ tI ,,~

lJ'U lJUff "J'\Olrru. (2543). f11'j fffl'l:llf.1ClfflJt)'VIli'VI1'11'V1fJlff1ff\Ol'jIHl~mllJff11J1'jfI\Oll'U fil'j f1\Ol

11m1~'l1'1~1'jru 'Utl~Ufli5 fJU';'U~lifJlJfff1i:I1U~ 2 ~ l~1''lJfll'j fftl'UUUU iYUlff1~111

" . .
Ufli5V'Ui''U~1i(JlJffml1uVi 3 Vi,j\Olfll'~ i5fJ'U~~1f:Jnf11'jfftl'Ua'lJ'UtJfl~n'Uf11'i,j~

.... 1 ~ Q.I.c:. oC:II d' Jt
usern '41'l'i1~'I:I. (2553). 'ilfJ~1'Uf11'i~~'Ul~~fl~m'ilJf11'i'VI~,re)~1'VlfJlfflffm l'iV~ fflmCl~

" .
fflJllii"Jtl~fflHhl11''lJU fli5V'U i''U,J'li fJlJfff1i:IlUVi 1 LJ ~11m.nj'l'U tI11tlV.

Qq ~ .c:l Q,d ~ CV Q"I" 0; <v

~'lfl'l q'VIli'il~ty. (2544). 'i~1'lJfJ'lJ1lif11'i1'ilV'VI1~ff~f1lJfflffl'l'i. fl1..:Jl'VI~"1 : ffm'lJ'U'il'lffl!l~'j~'Um

~lJL~~fl hhrh (2551). f11'jlmV'lJ1VifJ'lJf.lCl~lJt)'VIt'VI1..:Jf11'ii5fJ'U litl~ ;1\Oln'lJ~'1U1~c)'VlJ'Im'l
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Bennet, R.L. and Keen. G.D. (1996). Environmental Science: 49 Science Fair Project. English:

d' ~ Q. 41 ... 1 Co ~ Q

t11'JlJru 1'W'}f'J'}f'W.(2520). 1'Vlfl'Wflflln\9l1m~u'j~llJUH"fll'jfffl1:l1. 'lfmp :

flru~fffl1:l1fflffl9l f lJi111'Yl til" tm1ufl1u 'Yl'.i11 'JWJ

Q. Q.I Q.I t:l
lJ '111';1'1'1tt1f1 tid l'lITI{]l..If1'jd l'lH'fll1.

~ rI 0 CV 0 a.c:::iQ.l d 'lI~ QI .:::a
"l'l'Vltl lJ"fIl U(j~ tJ'.)'YlV lJ"fIl. (2545). 21 11i'\l\9lfl1'Jl'jVU'Jll'1t1l'1WJ'Wlm~tll'Wfll'jflR

'1 Q d' .c:. ~
fl1 ~1'Yl'W"1 : & 'J~l'IlJ'Wm'W'WlJl'I.

t1ntytyl lf1'W1,I1lHl. (2546). fll'jvrWJ'Wl"1f\9lfi~m'jlJfll'J'Yl\9l"t1~1'YlVlfflffl'l f 1~t1.:jfflm"~fflJllil
" .

'lJtI~ fflH11i1i'tl tTfl~ tlU 'l1Ul1li tJlJfffl1:l1Ufi 6. mruru l-W'W'W'li'fll'.ifffl1:l1lJi111J WcVil'l :
" "

u i111'Yltll"tJff1'W fl1 'W'¥l'J1l'J WJ.

~ rI Q,J .d t X Q

l'YlrJ1fflffl9l'.i i1"flffmfll'Jfffl1:l1'lJ'W'W'W~1'W. fl1.:j1'Yl'W"1: mlJl'lflfll'J

m~'Vln.:jfffl1:l1nf11'J .

fflJ~I'l'J ~t1\9l'Wtlfl. (2552). fll'JvrWJ'Wl'lf\9lfi'ilm'JlJ1'YlVlfflffl'l!ffl'J~l'I"~~1'Wi1tl1V'W"~~1'W ivJvh
~ii~m1fl1:l ~m~ tl')u fll'.i'Vll.:j 1'YlVl ffl ffl9l!,T 'WHfflJ'lJ t1~tT fl~ tJ'Wi'W l1li tJlJfffl1:l1U~ 3.

mtytyl-W'W'W 'li'fll'Jfffl1:l1lJi111JrucVil9l: lJi111'VlVl"V'lJtI'Wun'W.

~ " d 91ev ,~
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" "
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.a GI d QJ ~ d q~ d' Q..I~ ~
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~ 0 Q.I J
f)l'lUWlill'Yi"'l'l'i'a'UL~'U"''UH

1. ill't'H)~.:J i'~ff11ff~~11f)m'tJ1l::~91ntJ1l1~'1

2. iIl'Wmilo'U i'~ffUff~~, tJ\)::~lP1nu'l]\)~~~tl~~mttJ1'lJtl~i' ~i111f)!'\1'11'itJ~91ntJ

m'Utf ltJtJi91t"l1tJ1~iffVil1l1fHLfi'1'11~tlYmlff~f)UU~LtJtJ2 m'll ~tl mm1uuLm::mtJffL~1. . '"
1.L~'U~lJ'U (convex lens) ljfflJ,j~'tJm'j'j1lJUff~ 11P1tJ1rlmntJ1Lff~'lJtJltJ'tJU~!t'tUff't.JU

Uff.:Jll::'tJ'J1lJ~ ~1P1'1'\1i1~'UtJUf)tJ~'lJtllti'qjl1tJf)'h 1J~rrlnaghtf'Y 'lJtl~mtJff

2.m'U~r~1 (concave lens) ljfflJ,j~itJm'Jm::~nm!ff.:J LritlUff~'lJtJ1U91f)f)'j::'YI'Un'UmtJff

L~111'f)1l::11ru'11'11''U1ueen , tJ U~utJ 1i' ~ff~'UlU eenitJLritl~tltJf)" 'U'YI1~L~m'Jf)UU11l::' tJ~ ~9'1

hlnff

L 'Utlf)"f)lIm::lm::;ri1tJtJ'J::f)tl'U'lJtl~mtJff1~

2. tln1J1tJtltJ6f)t'tl~f111lJ1Ti'~L~tJUf)tJ~'lJ~hti'qj1'Yhlff~'lJtllti'qj tltJ6f)m~mUff hlnff

lm::f111lJtJl11vlnff'lJtl~mtJff1~

'llWI'a!l'U 1 5.1 1.,j'1illfl11lJfflJ.yrtJn'J::"·rh3'VHr~,ntJn1Jm'JYilH;}191 m'JltJ~tJtJPJvHr~.:JltJ

ilafflJ~tJ n'J::'I1';h~ffl'J 11t't::'YUl-HltJHt't'lJtl~ms i ~'Yf"'~~ltJ~tl;}11P1Ut't::~ ~ln91~tllJ ijm:: 'U1tJrn 'J

.o!I ,,~~.deS " 0 ~_I'''_I 1 .-""'U1ffl::'\11'fnlll~ ntl""l'Jff.:J'YIL'JtJtJ~lm::tJlf111lJ~ 1u 'lfu'J:: tJ'lftJ

W t

h'Ul£J'UtJ8'Vn'U~'t1mfl'll ~",r.:Jfl'tlljhtm 'a::;~'Ui''U,r1it.l'lJftmn1Jti5
,

'" '"illfU'W'U't12/ 2553

&11:118.00 ~11u~

OJ '"'a'lHT1"11 42202
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" ,
- ,rf1t'1V'WU~Cl~fl"'lJVllfll'.l'VIIOlCl~\ll,rm'lJll\1 fi\lm':ilJfl1':ii'lIOlClU~l1 1 UCl~ 2.

- ,rm'1v'Uri~Yi'1LL'I'1'UlJ1imlCllfl'l1lJ1VlCl'llfl~lJ fl~lJ~i~lCl'll 1-3 ffmJ11~U~

I ..I QI ," I dllJY ~.cA I ...1
ff1'UlJ'.l~flU'lJLLCl~fll'.l'l1m'l1'll~~LLff~Hl'U1Cl'WfflA'U fl';llJi'l llOl1ft'll 4-5 flfllll1':i ~~1;'1'1'WlJ':iensuune

fll '.l11n L'I1'llU\lU ff ~~1'Wm 'W~1 ~l 1101VffflfJ 111'U1'1'11~fll':i ~ 11ij'Ufi \1m '.llJ 911lJ 1Uflffl'.l'lj1Pl fi \1fld ':iu rm

'I'1I01ClU\I~l11Cl~ 2 ilrensu

.
Q,I do QI , 4 0 ~ • 0 I

2.1 'Um':iV'W'illOlmllJL'Y'IU'VIlmlm'.llJflCllJCl~ 6 -7 fI'U \1l'U1'U 5 flCllJ• • •
"" ".:1 ~ QJ 0 ~ q Q.I .c:t

2.2 fl':i'lfU MUCl~Uli'lJltl'll'U91U'Ufll'.l1Ol11'U'Wfl'ilm':ilJ IOI~'W
'"

"<v 0 II
2. 'U'U~1'j1'llU~~fl'U'Hl

Q.I -=I 0 Q,I Q,I 4, A ~ Q.I I 0'
1.3 'Wru '.ltJ'W'VI111'lJ'lJ'VI\PI nnu 1101HClfflJ(j'VIli fl U'W1':iV'Wl':iU\Ims '11 fll'l1'll U\IUff ~ Hl'UlCl 'Uff

~1'W1'U 20.fIu l1ml'Uflld'il1U'lJ'lJ'I'1lPlfffl'lJ 30 'U1l1

'V ....... q .1 " ";'''' ... q ~'V'" 'V'I • '" 'V.,f
1.2 m U\1~l~ U\l'VI\l~l'.lV'U 'illOllJj~ff ~flUCl~ff ~'I'1'Uf1tdV'U 'il~ l~Hd eus l 'W'I1'W1Vfl1'H'.l V'U '.l1'.lU\I~ q ~ ~

w ,"m'.l'l1f1t'l1'll~~11ff~Hl'W1ft'U1;'1'

"
1..u'U~-rl~fl111J~'U1'll

1.1 fl ':i'I'1'lJ'VI1'U1~~\lfll':i 11m'l1'll~~U1;'1' ~1 \PI vi 1lJ uih.h 1Vf)UWf1t'1V'U 1rl ~U 1;'1'\l1fl ~U'W~\1lfl
'"

1P11flm~'I1'd ~ri~flYi' 1flm~ '11it~ ';i1ij U'U1fll':i LtJ~V'U1ff'U 'I'11':J'U~~u 1;'1'~ndl~'':iUCl~ 8'lU 1;'1'~tfl~fl~~ ~1'U
'"

1P11mn\l~ij"mlw~ 1~\I\1~trl'Um;N' ':i

y' s'
m=-=- (2)

y s
trl~ yl UCl~ Y trl'W'll'Ul101fl1'VHtCl~'ll'UlI01191Q91llJ'fh~'lJ fltltflwcn1'Uf11'.ifjlOl

tf!~ ~,n1lJ1VU~Cl~Yi' 1V~f!,m131 eun ~~\1flH1l ~~ ~l~n'U ~f!1llJ Vl1lyjn 1;'1'1ft'U~1~llrl'U nu
inu~lA'Utrl'W'lJ 1fl

............... (1)1 1 1
-+-=
S s' f
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~ ,<:I V
inH1't\~U't'l't\..:Jfl1'jl·m'Ua

1. 11l!.:jiY~i1tJ'UYJiYfltY3 142202

AI ..;." 0' v 1 1 ......2, mnmru '.i::nnu ms ff~'Ul lV.:jflll ffll.:jICl'Uff'il1flllfl1 'lJ l 91ClLfl~

3. Power Point tll::fl~'lJflllff~'UltV.:jflllfff1.:jlCl'UtY

4. ~flfi'ilmllJfll'j'Yl~mtH~ 1 ltV.:jri1'Utl'i~fl~'lJlln~fll'jifll'H'IJ~.:jllff.:j~h'Um'Uff~'U

5. ~flfi'ilm)lJfll'j'Ylfln~.:j ~ 21~~.:jri1'Utl'j::fl~'lJlln::fll'j'l1flll1'IJ~.:jllff.:jr-h'UlmHfr)1

Q,I.c::l _I tId lit " 0 Q ~ ,., IV t::t5,1 unutJ'Uff1lJfl1111t'Yl&fl'i11flflll'Yllfl'ilm llJ1U'Ufl11lJ,'lJV.:j'U flll tJlJ

5.2 Uflll tJ'Ul1111'lJ'lJ~mrfll t ~Hflllfi1'U 1ru 'Hlm'Vl~lfifl'i11fl1Cl'UtY

4.2 Ufl11tJ'Uvihh1 tJnn tJ'lJl-vitJ'lJ1n'Vl~1~'i11nms 11flr)'lJ~m fl1lfi1'U 1ru

4.3 fll tJfl~ 1V dl~U"~ vim ums fi1'U1rul t V~fI1'Vl~lfifl mruau tYlm~ ~i'lJltJ i 'Uri1lJ~..

y' s'
U":: m=- =

y s

4.1 fl~ V~mtJ1~lJl~lJl~tJ1r)'lJ~~l~i ~1'11'U1rultv~flll1nflfll'Vl'il1fllCl'U tY

1 1 1-+-=
S s' f

'"cv v
4.'UU'Uf.I1£Jfl11iJl

Q.I de. tI".d I

- {lflfl ru::fIl'Vl'YlLflflmnmu ff111'Yll:: tJ::fll~"

3,2 fllVlhJ1tJfl1111flm::l~lJl~lJfl11lJn'Uri1'U~V~"lJ1fl~ ~ ~

"..;. I AI 0' 0'"- fl11lJ l 1)~'HY1'UlJ l ~fl~U'U~~m'U ff'U'UU{l~m'Uff111~ ~

- fl11lJtJl11Yh)ff'IJU~m'UtY\!'U~f1mn

2.3 l!fllltJlJl1tJ~llJm'j'Ylfln~~ffmJ1i'lJfl11lJfLl{l~.yhfi'i1m)lJ~)~tJi'U~flfi'i1m'.i11~ 1

ml~2 i'Ufl)UVJfln'i1ml11
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.,
1. 1~fl11lJ~.u'1i~'Ufl.:jirfH~uu l~VtllHy.:jlfWlfl11lJ"1''Ui\l fl11lJvr~i~~~v'U rns L1"1'~.:jfl11lJ

fi~li1 'U tl1111eu 'rllmlJu,,:: tl111Jft1'U~1lJi 'Un~nssums ~~V'Ums"1'U'W
2. ilJn~mllJlm::UlJlJllmrll UlJlJl1V.:jl'Utlll'Y1~"fl.:j
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~ _I ~ QJ 4
fll1lJ~Vl1JflVl'tl6.:JUtlUVIl

1. ultlmiu 1~tJfl1111~fltlf)91'\Jf)~m~lJ~.:Jl~Q if)"~ ilJifll'i)tJ11~lJfNl~tJ 'f)"'~

'~iflL'i)lJ m'i)lfl~ ~1f)'Jf)mijfl11lJV11lJlf1lnlJ i tl-.111,rmW'\J~Hl~ tJ~f)~if)ll~ ilJi tlllf)11lJl 'J91tJ1

.1'" ~ i~" , I~ 0" .d Of I _'I '"ff1111snu 'J11fl1111f)11.:J flfl1Vll1tJm fl1::{1nen V~~llJ 'Wf)f)~~ 'Vl1'l1tJl'Vll1JtJffltJ 1Jf).:Jnu 'Jf)m

~I Go' .J 0 cv ... 1 " 'd tI .d1l111JtJ~lV1::'Vl'ff.lflty'\J~~fltJ1J'J::f)vmnv l~uum ttJtJ19f"m~u 1'1111ff~~If)11ltJ'Vl

~V.:Jm~llV.:Jt~'W 11~Ul lrJtJ19f"~i'1Jfll'Yl'\J6~1~tJ 11K:}'d.:J~ltJtl'Jlffl'Vl1l1itlV.:Jffllf).:J "hum

'Vi1m! l~tJ1' 11fl11lJl.u'lJ'\Jf)~11'ff~itl~f)MUtJL 'J91tJ11,rL'l1lJl::eu .ybff~ L~\J'lff)~1t1~1.:JfllllJ~

1. t)1j1Jlvmnh~ltJ'\J~~1l1fltJ

2. 1J~f)ml11'l1111V'\JfN~~'f)"'11"::~~ if)"'\J~~~lfltJtlf)91i~
C'.l (j)" I QI d ~

3. emnums 1'lfl"tJ 'ff'}f1VtJ~1Jtll ~tll~ L'l1tJ'\JV.:JfltJ'fflV~l 'fftJ1m::'fflV~lVl1

,
y '" '"~i;n)U U.tT.UVltIl'n)lJfl~U

mVl1!lU 1 5.1 1.u'11~fll11.1'd'lJ~tJ;~::w:h~w~~~ltJti''Utll~~lH'M11l tll'Htl~VtJ ltJWcl'NltJ

ilaffll~ tJ;~::l1'hHn~Ull::Wcl'NltJ ~1l'\JfNms 1~Wcl~,:ntJ~~'M1~Ull::~ eu 1~~~1l i1m::1Jl'W rns
'" v ~ ..: .d.,. ~ 0 ~1i1.1'I ~"I 1 0''ff'U1'ffl::'l11fl1111l",1~'ffl'J'ff~'Vl1~VtJl1m::'W1WnlJl1lJ 1'll'1J~:: V'lftJ

.ot .,;
.fIlfl11t1U'Yl2/2553

l1tn 2 ~11"":j

'a'l1Ul1fll 42202
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.......... ( 2)

11 I !I 111
vm ;+;'=f ~.:J,ru :'100+;'=~ (1)

.,f 9' I ,J 91 • 91 " d '" ..l "1y", .f
LlJUlU111tJmC}f~c;1U.:J'VI1~1tlLC'lUU~U'il:l:l'I1lJ1c;1Q'VIn:m:25 em 'illt1m Lll'lf~l'ilU mrulJf11~

<> <!I 91 <> " '" .1 ... "191fl~ 'il.:Jc;1t).:jflll111111!C'1lJU11l~C'I'tl.:jUlJU'.i:::01.Jnu L~

1 1 1 1-+-=-+-
25 S' fl f 2

91 '" '" It) , '"c;11l'\JllJlat1'il:::lJa.:JL'I1ULlJ'b'~

.... I ,.,,J,,, 'l~ 44 "" ,..10991 '191
Vl1atlH 'lflt1C'1'lV~lfJl1f:!'I1lJ.:JL'I1tJ~~lt1~~l'V1"l~'V1100 L9fWc;11lJ~~'il.:J'I11LnlJ~1'V1'Y1l1'11~1l1t1C'1'\JV~

l'Ul1iflJ i~UV1.:JtJt1~~'.i:::t)::: 25 LC}flJ~lLmn

lihh ,,r f. l1jlJfl1llJtll1 ivJt1C'1''\JU.:JLC'ItJffc;1l

~ LfllJfl11lJfJl1 ivJt1C'1''\JfNmUff~lil111lJl'l1

"ffl'11i'unu C'l'ltl~l-d'lJUC'I:::C'l'lfJ~ltll1

.
QI.c::I tIc. 0 d

3.1 tJf1L~fJtJLL~C'I:::t1~lJt)tlnlJ1tJl1C'1'tJt)f.lC'lfl1'jC'l'1~1'il'VIYl'U

3.2 fl~tlitJ1m~lJl~lJLlC'I:::t)itJ1{J flt1~1t)dl~fl1~flllJ1ru'l1lfl1llJfll1 iYhlu'\Jt)~u1tJ

'" "" <9 'I 914 '" G2.1 tJnt'.i{JtJfI'mn l11fl11lJ~'V13.1 L'.it).:J~lLLC'I:l:fl1'.ilJt).:Jl'I1lJ

2.2 Uf1L1fJtJliln'ilm'.ilJ~ 3.11vtt)ffmmrmHU:::fl11lJr:i~tJfl~'\Jtl~~1~lC'1t)~~t1l'HtJ~',r

""" . '"2.'lJ'Utrl'n'llUtl:l:fl'U't11

a a da 0'
1.1 m'VI11'Y11lJfl1~L~fltJl 'j t)~ fllYl'YILnfl'illntC'llJC'I'

OJ

l.2 mfJf19i1tlVl.:JL~t).:Jfl1'jtJ lfl1llJfl111J~1~tl~fl1~..rf1L'I1UC'I'.:ji 11' '*11'j:l:ifl'lfU mnhU1lJ
OJ OJ

"" liL 1 <>'" 91"1 'I 91 " • ,~ntclt.IL~~lJlt)t)n 1U 1THlt11'\J 1'lHC'ltJC'I'tJtJ'VI1LntJ~1
OJ

2. muentm L1jlJfl11lJr:illtJn~'\Jt)-!l~1~1Jt)~1~Q 'ml'1 i~i'~L'illJ U~lJt)~1~Q 'm\''1
!I .,

ilii'~L eu t)l'ilLn~'illnC'lfl~l-fflJLnlJ i 'lhh'l1'fI1Yl'\Jt)~1~f) -nt)d' tJ~'hmnJ.:J-nfl1~'il:l:1MlJ i'fln~11 i11~ . ~
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..
1. 1flfl11lJl~1 itJ'Ufl.:j,rfl11tI'U lfltJfll'i~-:j1fl~ fl11lJff'U i tJ fll1lJ~.:j' tJl1U'U fllmfffl.:jfl11lJ

~ flill 'U ms ~ nu fll muunerm ljff1'Ui 1lJ' 'Uf1tJm sums 11tI'Ums fffl'U

2. ''l.Jf11Im'ilJlm::U'I.J'I.J'tJfl'l1f1 U'I.J'I.J'jltJ.:jl'Wfll~'YIflClfl.:j

«i iii" '" "j ...3. U'U'lJfffl'IJfI1lJfl11lJ'W.:j'W~~ u 01'j 'lf~~fl'il fl'jsums 'YlflClfl.:j!~~Hfll':i'l1flL'I1'Ufl.:jUff.:j

~1'Wm'U~~fffl.:j'illfluti'11'I.J hclfft1fl~~lrJm::'l.J1'Ufl1'jfffl'I.JU'I.J'l.Jff'I.Jlffl~

1. 'I1,r.:jftfll1 fJ'U~{iflft 3 142202

2. !flfl ffl 'j,j 'j~ neu rns fffl'UL~ fl.:jms t.llfl11lJf! ~fl.:jfll'j'l1 flL'I1'tlfl.:jlLff.:j~1'U!Cl'Uftm '1~
3. Power Point 'I.h::flfl'IJm'jfffl'Ul~fl.:j,j':i:: lt1'lf,r'tlfl.:jm'U~

4. 'ltflf1llm'jlJm'j'YlflClfl.:j~ 3 l~tl.:j fll'jt.llfl11lJfl~fl.:jfl1'i'l1flL'I1'tlfl.:j11'ff.:j~1'Um'U~lJl i~

«v.-::t 0 QJ QI ~ Q,I A a Q.I ,tI
5.1 'Uru'j tI'U'1'1111'IJ'IJ'Ylflfffl'IJ1fl HCleuq 'Yl1i'11Cl.:j1':itI'U!':insm ':i'l1ml1'Ufl.:jl1ff.:jHl'ULCl'Uff

5.2 ,r flL1fJ'Uvi11l'IJ'IJ'Ylflfffl'IJ1flfl11lJ~.:j'Wfli'ili'Um~ 'l~'l!flf1 \Jm'jlJm~ ii'flm'j !1t1'Ufl~fl-:j

fll111'ru'I1'Ufl.:jl1ff.:j~l'Um'U ~1 flU'1~m'U ~fff 1.:j'il1flLlti'11'IJ1'j clfft1fl~~1t1m 'jneuu 'IJ'Uff'U1ffl::

4.1 ,r m~ t1'UuCl::mi 1lJflil,j ~lm~u1ti'Um'j flUCli'ml1fl1.:j~1'Ufl.:j ~ 'Utfl.:jUCl::m~wi'1'U.. ..
i'flfl1iJru'l11!~ fJ1ti'IJfl11lJf:ifl,jfl~ 'tlfl.:jff1em1u

f2 100

:. f2 = 3.33cm

z... " '" I .d 0 ", 1-.1 ...'U'UfH) ~tH <Jf111'U~1'Yl'Yllfl1[Jm'U'ff~'Ufl11lJtJ11 l"Iflff 3.33 em
" . ,

3.3 fl~!iJfllflmffi,"um~fJtJfffl'IJmlJ!i1fl'l11!~fl.:j mL1Cl~m~lJfl.:jlll'Uff 'llihY1'U1'11tJViv.:j. "
llil~l '1'ilUCl~i..rfl11lJf!VilJ!~lJ itJff1'WU'W..

-=-

I ~ Q.I.:I QI d .., ~,
''UfflJm~ (1) 11m: (2) ~~t1~m'W s tJ~LU'U~11~HJ1fl'Wl'W~1~mtJfl1'W'lffllll'W'VFltl

111
(2)-(1); ---=-

25 100 f2
3
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• 1 J "" 11
'iJVllJ':i::U-3flfll'U'UJU l

... <V I al .. 11( 9)
1. fflmH1V1iU1V'Cln'l:lru~t!Cl~ff1'W1J"j~nVU'UV-:JmtJff~tJ!~

2. mms (l'Vl~'ClV~'tflf111lJEll11vJflff'Uv~mtJ "'tJtJ 'illn'tf~f)f11"j;~fltJ'UV~rllUff~ hi'
"

3. ffllJl"j(l'Vl~'ClV~ VnU1VU'Cl~'~EltJm'Vl~n'l4ru~rlluff -:J~HltJHltJfftJtJ 1~
'"

,." tlQ,I Q,I t tI
fl11lJ l fl-:J'UV~Hl'Wff ,Clnl-J ru~ rns "1nn1'UV~Uff~Nl'tmrI.HY'W'W

'"
4. tTm~El'Wffmn1ufl11lJ~~ 1.2 !1V~f11'H~El'Wf-:JffUff~~rh'W!'Cl'Wff..

!1v~~n'l:lru~t!'Cl~"btJll';j~nvu'Uv~m'W'"

3. tTni~V'Wl'lln'ilm"jlJ'Yl~'ClV~~ 1.1 !~Vffm:l1'Ml Ul1f111lJ hhiff'UtJ~'CltJff, fffii

JI
Q .::t~ ~ IV f!
flilfl1'UJ'fI 1 l"Hl-3fl11Rfl'tlltlfl'tlW::'UMltl'lUY'ljU

"" ':d d ~... '.1 .. "r d "l9)
n'ilnnlJtHtJtJf111!tJtJf11'H1n'l:llClm:lfU~!Hl~'ff1\.tU"j~ntJU'UtJ-3H'ItJ'ff\P.J l~m"jlJ'illn l'M

'JI

tTn!1vtJf1n'l:l1l'llfl11lJ!<tYl 1'il!Hl~1l~U~911lJrlliu~v 1llu
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(1
\ I, I
I'..~

('II)(I)

~ 31
fl. m\J~'I.J\JUfllJnl (Concavo Convex Lens)

~
~. m\J~'I.J\JUfllJ';j::'W1U(Plano Convex Lens)

~ ~ ~ ~ ~dd
m\J~'I.J\Jl1·H)m\J~';j1lJU~.:J(Convex or Converging Lenses) flVm\J~'VllJfl11lJl1\Jl ~H

~~t!\Jvmn.:JlJ1flfr:h~~VULm::~::vhmfl~ ';j1lJLL~.:J~\Jl\J''I.l~~-:i1lJn\J ~~~ ivJn~~~ .:J(Real
I " d III ~Focus) UUU~l.:J"1 ~V.:Jl""\J~'I.J\JlJ~.:J\J
~ "fl. m\J~\J\J~V.:J~l\J (Double Convex Lens)..
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q Q,I o'cv QlQlQ.I

~~m~'I1"~m'U'Cl' 'I11fl"tlfl1J1t;lQ

2. .fl1Yil'Cl'ijV'U;jfl.fl1Yi~lfi~~lfl~ .:!ff'l1fll'l1'Ufl~U'Cl'~'1l1~i~n'U 'ill ~ ., UlPil'Cl'ijfl'Ui~n'U rl'fl'l:lW~

o

1. .fl1v.~l ~ ;jV.fl1v..yhfi~~lfl~ ~ff'l1fll'l1'UV~U'Cl'~i~n'U ~l ~., rl'fl'l:lW~'Ufl.:!.fl1Yi'ill.:! ml'infl~tl'~

dt 0 QI 0 $I tI ~ Q .c!t
l'lJfl'Ul1t;lfl'lJl'Ul'lJl11~'I1'Ylm'U'Cl'~~lfl~.fll'Vi 2 'If'U~ flV.
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rI ~ .ct I d ~ I

!-n'Uff'l£IPl'U'il~ll'fll!1J'UmVll'\JV.:.lt;
1

.. ... ... I .... ..
'U'UlIPl1IPlfrhrI?lQn . .f1l'V'H1H 111n-nu V~l1-n.:lm'Uff

'"
II

I ~ .. ~ , ...........
'\J. .f1l'V'l'ilH 1111Pl.:l V~U'Ul1'U unu ff '\J'Ul~H-nnn1ldIPlQ

"I II
I ~ ..'" ... '\J'U11Pl1IPln':111IPlQ'fl. .f1l'V'lLffllV'U 1111Pl.:l V~l1'Ulm'Uff

"I
M1n€lU ' ~ .. ~ , '".:I. .f1l'V'lLffllV'U v~m,mm.Jff '\J'UllPlmnf)d11IPlQ

.:1.4'fl. 3'\J.2n. 1.5

II

'\J. I Lihmrw'tflJ'U II m'U'tfd'l
~I .. ~ ~ I

.:I. LlJ'Um'UffnlVl.:l~

1
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'"fl. lfflJtllJ'IIlJ11l'lltJ1tJ'" dru eu nuuu 111mn

'II.~S'I'lllJ111'IItJ1tJ

~.100s.ss'11.90n.87

15. mlJfffllJl1~~~~B/111'1~lnrnr~fhUTI~ 120 It}flJ~llJm U'1~V~m1'\'hl..rlnllfl1'W'UlJfi1U'W'Il~

l~lJ 4 lvi1'11V'l1~Q~~~Vn1'1'1'lh~~lnfi1uw~1'Yh 111

'I. 18fl. 15'IJ. 12n. 9

~.1fl.0.9'11.0.66n. 0.25

tid ci I Q,I

~lfU'CllJfflJ'IIlJlllfU'Y11'11V'I1~t:!

~ ~I .c!t Q.I t
fl. 1~tJ~fl1TI100 It}flJ~llJ~11lJlJmTI1''''lJVlJl11~'1 'IIlJ11l'lltJltJ

~.1~tJ~fl1TI100 It}flJ~llJ~11~lJmTI1,,,,jjVlJ'';1~'1 'IIlJlllthl

.I (V ~ 0 i,...e:!. Q. 0'...I Q.I • tI
12. mlJ""'U1~VlJl1lJ~'Y11111f11lfl1TI'IIV~1l1~m'Y1~tJlJ11n!l'if1l1'i1lJ'UlJ~lnl11'1~lfU~lJ""

20 lC)flJ~llJ~1U'11111~O'tJ11~ 1l1n"'mlJffJlJ 10 It}flJ~llJ~l ~~lfillfl1TI~illU~~•
l~lJmTI'1fUll111

11. 1~t:!t1~ 2 tt}flJ~nJm 11~,'h~~lfU~lJfflJlJ~~iifl11"'tJ11 hM'"" 10 It}flJ~llJ~~ 0'1
1~tJ~"h~1~l1i1~1~tlf)1H~lJffl'Yhn'U 5 It}flJ~llJ~l fl1TI~1~'iI~lfill~llJ 1l1lJU'l~ij•
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.dt ,., .a a det d QI '1 iI I ~ 0 "tI .d
19.1lJfl~fl~fl11~tfl·Jfl~lJfl'Yl1J'IIlJlfln1fll111Jfl1J::&'If " U1lJ'IIrJ1rJ" 9f~'Yll~1m"lJff'UlJ lv.l1::mv.'Yl~ ~

~ Q.I 1It9l" ~ :, d Q.I ct
!fl~"lflfl1111~1~Q rntuuau ff~lJlJlJ 'il::1UlJmv."flElW:: &~

fl. ij'll'Ul~ lmYfl';h1'~QtfflJfl

'II. t1:!lJ111v.lffjjm.JlfflJU

fl. 11:!\J1nv.,,1~M~flfl1VHffjjU'UIn'l::ij'lllJl~ lmYflil1'~Q1fflJU
~I 4 Gt I 1 Q.I.d Q.I' .J,

..:J. l1JlJfl1V.lff1JUlJ&l1tyfl111~Q'Yll::rJ::1~Q'lf1.:jM\H

'II.fflrJ~lrJ11

17. fllJfflrJ1l1lJl1 ~fl~hhdlJ~'l'll1Jlfl1'ff~'lfil~ 1~
fl. n'llJff'\ilJ 'II. n'l'UffL'~l fl. m::1Jfllr1~
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" .d " .d'tIV'Yl L~HW 'tIV'Yl L,HW

1. 'tI 11. fl

2. ~ 12. fl

3. fI l3. ~

4. fI 14. fl

5. fl 15. fI

6. 'tI 16. fl

7. ~ 17. fl

8. fI 18. 'tI

9. fl 19. ~

10 'tI 20. fI
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, 4= tJ1n, 3= tJ1l.!nm,:j

.
d

5= tJ1fl'Y1~~

c:v J'tIl I" l.c!l" 0 (V d ~ lIJ '
3 .U'lJUffOUflltJIQ uuu ttJ~O,:jf)l1'Y111U11'1~1 ~tl~~tl'IJ 'fl1\Pltl'IJ~tl,:jl.!m1uu 'O~ tlJ

!II !II

ijr-mm::'Y1'IJ~oIPi1U nr5 til.! f-IU '01flf)l1\Pltl'IJ~i',:jij '0::131'ltJ'l i'lh::lt1GJfU~tlmlvrWll.!l 'lf~•

L1'f)~f)llifH'H~fl,:jUff,:j~1t1ml.!~~tl'rWil1flUn'11'IJ lu~rhn~

2. fh~'f)'IJ~ O~Unr5 til.!1uu 'IJ'IJffO'IJflltJrl iliiitln iliii H~L'Wl1~fl~Lll l.!~ 'fl,:ju~u::
'"

nu ilimiiO'l..lnl.! ~ ,:j~hiilt1J~'fl'1MUflr5 tll.!~ eu '1M9l1,:jnuffm'Wm1tJL~'W '0~ ~~o,:j'l! nr5 uu

1,. d
'HtJ1n'Y1~~
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1.
.c:!i w ,d'.d v

~~'Yl ~CltJ~t 1 ~~m 1 '11fU'I1'UtJ~U ff ~HllHCl'Wff'Ylff'j l~

'illflUnd Iu llCU~1fllPll~tlH'm:::u1'WmlffD'WUuU1'Q

oOmm'jiltl'W~ 5 Elhff'Wi'il..
2. ~~'Yl~ClD~'lf1t1'1-H'fll'j il tI'W~ltl~'W
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QI.q Q d i.::11 v 0 .c!t4. 'Wrus tI'WlJft11lJ'Vi~'ViD 'il'Yl ~ mflll'Yl~Clfl~UCl~Cl~lJfl

tl~llil'il~~
"'...... ~ '1 '" '1 "a tl ~5. 'WflLltl'WlJfl11lJ'Vi~'ViD 'ilflUflll "lIfftJUCl~D nsnmrs•
'Yl~Clfl~~ v~i 'W~~ n 'ilfl 'j llJ flll 'Yl~ Clfl~

6. ~ ilu u urn 1 00~ n 'Om su 1 'W'V~'Yl~Clfl~'lfdtltff~ u l'1flfJ:::
, fj) Q,I Q,I ct

m:::U1'Wfl11'Yl~ClD~ 'I1flU'WflLltl'W

7. 'ITflil tI'Wiifl11lJ~~'ViD 1 'O~VflWWllff'U fl1dfl'l11t1Cl~ Iu
"1 ... "fldllJ~ 'W"~'Yl~ClD~lJft11lJmum'W

"8. Ti1fl1i1J1t1,j'WlPlfl'Wmn11n'ilmllJ1'W,,~n'ilmllJml

ff 0 "1 1911'Yl~ClD~ffllJ1lt:l flfJ1UCl:::mfl11lJl'Ul '0 ~~ltl

9. CI )old 0 L
~~tJ~tT,nm'.iL~tJ'W~'Vlf)l'l1'WlPI 'W'VIPI'VllPlmNL'l1lJl~nlJ

hiinflhh!fl mn'W 'ltl
10. 'lTf)iltl'WiifldllJ~~'Vi~ 1'O~'~il tI'W1~tl1nfl11fftlU

o<!Iuuumnme
11. .. '1""'''' "11'V~fl'ilm'jlJfl11'Yl~Clfl~"lI1t1 nunnuuan 'il 'W

,r d ...
t'Wfl '11TYlt 'j tI'W

d
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.et d Q 0 $I

mnn -3.1 fll'HI'l'jV1JI'l'U'YI111J111~tJ1J

f11H,.fvmnHYun'1~'9Hii~ Iu h;~lfWl~tlml'l.HJ ~ii~lvi'')fihrfll'H 1.56 'tl'l1Jl'H)l~lil'W~'l.JmW'
. ""ff1'l1~'U fll 'j 'YI~~tJ~l~tJ~fll'jl1fl1l1'1ltJ~ue ~~1'Umu -cY 1~vii,j'W~tJ'Wms 'tl'f1~vi'~i1
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o"lIJ .d ... 0 ':'1 Yi""o '" oYiti "1.3 lAll1J11t11r-11'Y1~W'l1lJlJ1,250 C lAllA 2 'lf1 lJ~ll~ L~HtJl'fflWn..JlAl L mUllJUfl1
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2.2 l~h.Jffl'j ~C03 UJ;l::Ti02 l~m1:h..!i1'li',H.l"Ufl1'j"Hnll.JUJ;l::t'~'l.JtJWff'l.Jtwi'YI1'1Uff'l

'l11't1'HJ;l~'l.J~~W'HfJii 1,250 °C l~'\.mm 4 i11l.J~
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~ !J/ d 1 '" 0' d !J/ IIJ!J/ Qill'Wn ~.8 tfl'IHlmm'VI U 11'lJ 'U 'Vi 1J'Vi I'll'0 fln'01 !'HYU1J

•

J til ""'" Q 0' d !J/ IIJ!J/ Q2.3 '11U 'j fW'lt l'YH'l,:j 11'lJ 'lJ 'Vi 1J 'ViI'll'0fl flen I'HfU 1J
"
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illflNU1fl 1)

fI~UUUmflfll~'YIVl"el~

103



L'Un~m'flJ.., .cI

'WfWW'W
, 1.1 1.2 2.1 2.2 3 ,)11J

.cI
tl'WYI

(20) (15) (20) (15 (10) (80)

1 13 15 15 15 8 66

2 17 18 12 13 6 66

3 18 18 13 14 7 70

4 18 18 10 10 6 62

5 15 16 12 12 8 63

6 13 15 13 15 8 64

7 18 18 15 15 8 74

8 17 18 14 15 7 71

9 13 15 13 14 8 63

10 18 18 13 14 7 70

11 17 18 13 14 8 70

12 13 15 15 15 8 66

13 15 16 13 14 8 66

14 15 16 13 14 8 66

15 18 18 15 15 & 74

16 18 18 13 14 8 71

17 13 15 13 15 8 64

18 17 18 14 15 8 72

19 18 18 13 13 8 70

20 15 16 13 13 7 64

21 15 16 12 13 5 61

22 18 18 13 14 8 71
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1'Uf)'ilf1ll'11
OJ '"unntru

d 1.1 1.2 2,1 2.2 3 5111
fl'U'VI

(20) (15) (20) (15 (10) (80)

23 18 18 12 13 8 69

24 15 16 12 13 6 62

25 15 16 12 13 6 62

26 15 16 12 13 8 64

27 13 15 12 13 8 61

28 18 18 13 14 6 69

29 17 18 13 14 8 70

30 17 18 12 13 8 68

31 18 18 12 13 8 69

'n11 498 524 400 425 231 2078
j/
'l'tltl~~'Utl\j

80.32 84.52 86.02 91.40 74.52
H~fl~U'U'U

I 11 JC\. ~m ';i:;ffYlliilll'l EI = 83.35

.
m1Hn e.i fl~U'U'U'IIlf)f11l''VI~~tl'UiJ5~ff'VInm'Yl'il1f)f)1l''Y11f)'ilf)'jl'm~'wh~il tI'U. .

~ d .t:!t QI I t:I I

~'flf)'ilm'HJ'VI 1-3!l'tl~mnlf)1'l1'Utl~u~\jfn'Um'U~ ('fltl)

105



106

... d , d ......
lHWHJlJ fl~LllJlJnnunuu fl~LllJu lHI'IL'HJlJ

.d D D2
fllJ'Yl (20 fl~UlJlJ) (20 fl~UlJlJ)

1 4 16 12 144

2 4 15 11 121

3 5 15 10 100

4 2 12 10 100

5 5 16 11 121

6 6 16 10 100

7 8 17 9 81

8 4 16 12 144

9 8 18 10 100

10 5 16 11 121

11 9 15 6 36

12 4 15 11 121

13 8 17 9 81

14 5 16 11 121

15 4 16 12 144

16 5 16 11 121

17 7 16 9 81

18 4 14 10 100

19 4 15 11 121

20 5 14 9 81

21 4 12 8 64

22 5 15 10 100

23 5 15 10 100

24 3 12 9 81

..

:



~11f)q9i'IJ(J,:J( t ) ''W~111,:J1.6973

t (.05,df= 30) = 1.6973

= 30.4

307

.JlO2

31(3139) - (307) 2

31-1

307

...
t

.... '" , '" .... '" D2'Wm'HJ'W fI ~U'IJ'IJfleuis tI'W fI~U'IJ'Wl1't'1,:JllV'W D
.cl

(20 fl~U'U'W) (20 fl~U'IJ'W)fI'WYl

25 3 12 9 81

26 10 16 6 36

27 10 16 6 36

28 6 15 9 81

29 4 18 14 196

30 4 16 12 144

31 8 17 9 81

N=31 LX= 168 IX=475 ID=307 ID2 =3139

4 cu ~ 0 • d Qof,Q 4 IV

m'nnl \1.2 fI~U'WlHHHl'~qYlli~1f)m1'Y1lUUU'}1~ff(J'l.Jn(J'Ullt1'W-'H(l,:Jl'HJ'IJ11(J,:Jmn1ml1
, ~,

'IJ(J,:JUff,:Jfll'Ul't'l'Wff(c;m)
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1_

475

'tl)~E'Vli.nTVH-I~"'Vf6(E2) = __l!_ x 100
20

IF
'tln:E'Vlim'VH-I~"Ynr (E2) = _t{__x 100

B

,.
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v IX .., <4
'tI8fllUI - S.D. 1~V1'lJfll1'lJ'VHX

'Vi81~

"'" "" ....1. 'l1~f)"m~1Jm~'YI~"V-3U'U'U 5E t~v~m~'t1f11't1

'UV~u~~~1'Wm'W~un11191tfl" 1'Uh;~m~ 128.96 4.16 1.04 oW-3'Y'1Vi~1J1f)
l-h'IT'W,~

'i" d I ~ 132.06 4.26 0.96 oW-3'Y'1V'sum2. 'V~'YI~"'V~'lf1tJ 't1m~t~lJ'W~ltJ'\I'U
I Yl~Qld d

3. 'l1~'YI~"V~'lf1tJm~~'W 't1'Wf11~tJ'WVlJlm~tJ'Wlllf)
128.96 4.16 1.04 oW~'Y'IV'mnns

'U'W .
cv do do .c9 , di gJ 0

4. 'Wf11~lJ'Wllfl1111'Y'l-3'Y'1V~'YI fI'VI1m~'YI~·mv·m"~"~
oW~'Y'IVh1l1f)

ljvtlBllii~l-3
124.93 4.03 0.87

....'" '" d '1.... '1 "~ 11"5. 'Uf11~tJ'Wllfl1111'W~'Y'IVsnums 'If VU"~'fJ nstu
oW-3'Y'1Vi~lllf)

m'l'YIfl" iJ-3~V~' WJtflf1~f)'l sun rs 'YIfI"V~
119.97 3.87 0.92

6. ~11u'U'Um'l iflf1"m'lll' 'W'Jt~'YI~"V~'lf1m~111
oW~'Y'IV'~lllf)

QI 1"41 QJ' d
128.03 4.13 0.62

'YIf)'hl~m~'U1'Wm'l'YIfl"V~ 't1f)'U'Wf)tltJ'W

7. tTf)i5lJ'Wiifl11lJoW~'V'lV'''~Vm'lt11t~'WVt;fV't11
oW~'Y'Itl'"1J1f)

i '" '" "
123.07 3.97 0.75

tm~ 'Ufl111Jl 'W'ltfl'Vlflml.:Jllfll111fl'.i'lJO,)'U.,
8. fl'lV~'U1tJ,r'W~tl'W mn'i1f1~m'lll' 'W'Jt~f1"m'l1J

& • '" 1" oW~'Y'IV'sumf11'.i'YIfl"V~'IT1111~f1fff)'hl1U"~'Vl1fl1Jllt'U1 " ~ 120.9 3.90 1.04
I

~ltJ
do 9Jd 0 ,

9. ~~tJ~n"lf11~t 'l tJ'W~'Vlf11't1'Ufi'W'Jt~'YIfI"V~
oW~'Y'IV'"1J1f)

ml.J1:::~1l11l1J1f) illti'vmf1'W111
115.94 3.74 0.77

QI d. d ~ ,.::Ii 9J.e:s .o:=:::.d10. 'Wf11~tJ'Wllfl11lJ'Y'I~'Y'IV"'YI ~t~tJ'W1~V11if11~

'ITV'UU'U'Uff'Ut'IT1:::
118.11 3.81 1.01 oW-3'Y'1Vismn

"'" '1" ....'" "1111. 'l1~f)~m~lJf11~'YIfI"V~"lf1tJ 't1'Wf11~lJ'Wt'U1 ~ 'W
oW'mV'~1J1f)J d'" 124.93 4.03 0.87

t'WV't11'Y1t~ tJ'U

11'lJ 124.31 4.01 0.84 W~'Y'IV1~l.J1f)"'

, " , ,
VI1"iHll ~.3 U~~~~1~1~fI~U'W'WU'Ulrr~fl11lJ.w~'VH)'~'Utl~lTf)~v'Wi'U~1ilJlJffm:lltlVl5 Vlii~fl'l1~
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" 0e cv .:!t d .e!l Col ,&

rl'1'Wfl~l'UL 'IJ1'!'Vi'W'Vlrns fffl'llllJli Ull fffl'lll L'lJ1Pl26

ns flff.l h~L~U'U,jfl'Vil'U-W'Y1Ulf1lJ f'lfl1~flmnL'llfl
"

'W.ff.2550 - iJllll1J'W.

lJl1l1'Y1UlriUlJlnrl'l'jfl1lJ, 'Vi.ff.2550

1'VlUlfflr1'l'!'jlJ1111JrueVil'! (ms rl'fl'U~ilflff)

lJ1111'Vl(Jl riUfl'lJm l'lfli TW.

'1HHn1ii 11zn lHl u fl ii'U
1'Y1Ulfflrl'l'! 'j1JW eVil'! rl'l '\J11'lfl~ ilmy

lJ1111'Y1UlriUlJlnrl'THlllJ, 'Vt ff .2545- 2549

lh::fllff-UU1JI'!'j1'lfl;}'Vifl'j rl'l'IJlm'jrl'fl'W~ilmy
"
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