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This study aimed to investigate the class normalized gain, individual student 

normalized gain, each conceptual normalized gain, single test item normalized gain, 

and scientific concepts on mole of students learning through 5E inquiry cycle 

incorporated with Teams - Games -Tournaments in evaluation step (Inquiry & TGT). 

Participants were 45 students of Grade 10 from Sawangdaendin School in second 

semester of academic year 2015. Research instruments were Inquiry & TGT lesson 

plans and 40 questions of 2-teir assessment test. Data were analyzed by means, 

percentage, standard deviation, dependent sample t-tests and normalized gains. The 

results of the study indicated that the learning gain of students who learned through 

inquiry & TGT achieved the class average values of G according to Hake theory are 

high (G = 0.85), Individual student's gain on mole was high (73.33%). The highest 

normalized gain was in the concept of the mole to mass (G = 0.75) whereas lowest 

was in mole to volume (G=0.50). For single test item normalized gain, highest and 

lowest of G was 0.88 and 0.11 which two questions determined students to solve 

problem of molar volume. Based on the dependent samples t-test analysis, the post· 

test conception score (mean = 64.42) was statistically significantly higher than that of 



the pre-test score (mean = 23. 78) at p-value of 0.05. The conceptual understanding 

of students after learning with inquiry & TGT technique was highly improved (74142 
I 

percent increase). The highest conceptual understanding was in the concept of ~he 

relationship between the moles, particle, mass and volume of the gas at STP about 

79.78%. The highest post-misconception which is about 25.88 percent was on solving 

equations and replacing the values in the formula. 
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..l 
'U'VI'VI 1 

0 

U'VI'U1 

1.1 fi'J1llb U'Ull1bb~::fi'J1ll~1~t\J"Ili:HIUt\J'III1 
oQ .r:;;j~o::::t, ({ d.dc;;,j ocv ·~ Q,JoQ f{ .=1 
1ou1 bf1:W b ti'UTVJ tni'11?1 1Jl1 bb "U'U\I'Vl'U\1 "ll\ll.Jf1'11:W?I1f1 rylnn b OU'U b~ t:n mnVJ C.J11'11?1 \Jl1Lb "U'U\Ifl'U ~ 

bbfl::b~mifl\ln\.J~11Jl'-h::-;h1'U"llfl\lb 11:w1nmC.J L'li'U fl1'11111 C.J1-rmn hr1 LA~fl\1~\I'IA:w IJlflfl~'il'U~fl~ 
fl1~C.J bLfl::~'U 'l ~lil1L U'U 1 'Un11~11\l~ll'l f1'11:Wi'Vl~nm1"Ufl\ll"tf1 Lf1i11~1t11:w11oU'th:: 1C.Jou'U1 'U~1'U ~ 

L'li'U ~1'Ufl\Jl?I1Vlm1:w lVIC.J1n11VI1\In11LL'VfVl~ LLc;'l::m1:wn11VltJTVJ1\Ib'Vlf1L 'ULflV~1\11 LUWX'U 1~tJ 
' 

m1L~C.J'U1ou1Lf1i1 ii~\IL dfl'Vl1~L U'U'Vl~nm1 m1tJiju~ m1f1'1'U1tw ~\l'il::b~'U11LU'U~\I~C.J1n1 'Un11 

vl1fi'11:W b oU1 h n11~Un b~CJ'U'il:: b~CJ'Ul"tf1 Lf1ffi '!Xb oU11 'il,!'Un~'Ufl~ n'I..Jf11~G'Ifl'Ul1'il::iim::'\..J"J'Un11~ ~ 
'IJ 'IJ'IJ 

n'ilm1:Wn11b~CJ'U~fl~1\111~vl11 'IX'U'm~C.J'Ub oU1 h 1 'Ub dfl'\ll1 bbfl::G'I1:W11~'111l.I1'\.J1:: C.Jn1Jl1 m 'Ub~fl\1~1\1 'I 
'II ' I 

1~(nf!C.J1 Lfl\Jl1n::, 2547) 
' 
m::'\..J"J'U n11~~ n'il n11:W n1 1 b~ CJ'U~ 1~ CJ LU'W1::1'\.J bb 'I..J'I..J n11G'IfJ'U'1JfJ\Im b U'U U'il~ CJ ~1~ru~i1~ fl 

\I \J \1 v 

vi11 'IX~ b~C.J'U'\.J1::G'I'I..J~fl ~1 b ~'il m:w11'1 ~tJ 1::?1 \lrl~ ~\111 LL~1 'U U'il'ilU'U 'W'I..J'"Jl n 11~ ~ n11ral n'l~1 
'IJ ' ' 

1'Vl C.J11'11?11Jl{ r1 ru\Jl 1'11?1\Jl{ bbfl:: b 'Vl A1 'U 1" El"ll fJ\I'\.J1:: L 'Vll'11 'Vl C.Jiiu fY'1111fl ~:w1 n ~'~ L ~'U 1~'il1 n~mr:w~'Vlt 
V11\ln11raln't~1"tlfl\IU n L~C.J'U 1 'Vl m~fl L ViC.J'I..J n'\..J'U 1'U1"tf1 ~ 'W'\..Jl1f1:: Lb 'U'ULU~ C.Jfl~ 1 'U 1::vl'I..J~1 um~C.J'U 1 'Vl tJ 

v'hifl?lfl'\..JtJ 1:: bJlV1'111m1:w-rl tJ1.U Lbfl:: m ::'I..J"J'U m1~~ LLniJ ru'Vl1 hJ rifl C.J 1~ bbfl:: 1 'U n11?1fl'I..J Lb oU\IoU'U 
~ v 

Lfl~:wtl n1ou1n111::'11111\I'\.J1:: L Vll'11 'VlC.J 1 'U1::~ul!nC.J:w~m~11'lfl'U'I.JmC.J OW'I..Jl1Um~C.J'U 1 VIC.Jvl1oUfl?lfl'tl 

'Vl~~~1~LL~v11ifl?~fl'I..JJl1AtJiju~bJ1~ (~51~\1 &Hn~1, 2553; a1\IB\I'il1n ?16'11'Vl., 2546) LLG'I~\11-M 

1 bf111::'l-1"Ufl\l~ L~C.J'U ~\11:JJ btfl~fl n11~1'll'U1f1'U 1 '1XiifltwJl1"W L~:w~nC.Jm-w 1 'Un11~~m1~ n~1~fl\l~~ 
'IJ ' 

'Ill~ n'"l1 ~ L~C.J'UVI nf1'U6'11:W11m~C.J'U~ bbfl ::~l'll'U11'l'ULfl\11~ 1~C.J~fll1~ b~C.J'Ui1'11:W~1~fl1~6'f~ LLfl:: ms 
'U ~ 'U " gt q 

m:::VJ1'1\I~n~15m1, 2542) 

'ill n~fl~11'1 'il bb 'U"Jfi~ bbfl:: m 1:W6'11l.l11~ 1 'U n11bbm 'il'Vl ~u ryvn b~fJ\ItJ~:W1t\.!6'111G1:W~'Ul5"UfJ\I 

'11' m~C.J'U~'Ul!n C.J:w rain~11'1 fl'U'I.Jm C.J -wu'"l1 '11' m~C.J'UiiJ1'U "J'UtJfl C.J i1 bb 'U"J fi ~ ~ n~fl\lm:w bb 'U"J fi~'Vl1\l 
'IJ 

1VIC.J11'116'11JliLLfl::irm~ C.J'U Lnflu~\1'\ll:u~ 1:W6'11:u11~ LLm 'il'Vl~uruvn 1~ 1~C.Jirn L~C.J'Uowm C.J1:w~'il::: 1 oUG'I\Jl 
v ~ 

1'Wm1LLm'il'VlEi"i:lry'Vl11~C.J"tJ1~m1:wboU'11'ilLb'U1fi~fl~1\lbbVJ'il~'~ (nryry11ouA6'116'1~.firy1ry, 2553) bbfl 



2 

"il1nm~~~ru1"111Lflij~-:~LLvium~Pimn 2557 ~tri1 t:-~~"'1l']'VlB'Vl1-:Jf11~L~cJ'u1"111Lflm~mo~tJij~1~1 
~1LO~tJ 1.90 "il1f1fl~Lb'U'UL~1J 4 fl~Lb'U'U LL~~UnL~tJ'U1r:\~~~'Ut:-l~n1~b~tJ'UvtllJ~1'ULf1ru,;-li)1'U1'U1Jin 

I 

Ldm'l.J~tJ'ULVitJ'Utl'U~1tJ1"111~'U (b-:JL~tJ'U~';h-:~LL~'U~'U, 2557: 20-21) ~-:J.Q'b~e:J-:J"il1nL-d'e:J,1~1'U 1 ,~ 
i 

L D'U m~ l'l1'U1ru~~~ L~ tJ'U ~e:J~ 1-15 m111-rl 'Ui"ll1 Lflij LL~~i"111flru l'lP11~ l'l1 L~ e:J"ll1~VI n~~ m~f1 ~i'l1'U1 ~ 
" " 

m~i Lfl~1~~ LL(;l~LLntlru,1 h!'VlEJ vh 1 ,,:W~1lJ1~m~~)lJ LtJ~fl11lJ-rLfliilJ1LLntJru,1 Llil'Vl~ ~-:Jt:-1~~~ 
~ ~ v ~ 

un L~tJ'ULn~fl111J L ~ e:J,tJ1 tJ Ln~ L 'll'l fl~~1:W~vie:Jl"111 LL(;l ~ m~'<il~ n 1~ L1tJ'U~fl \l L ~'U f11~~m L D!'U 
" " ' 

~'U~~mtJ (~l.JoW'U5 L~"1f~fl'\JI'i, 2542) "il~Li1'U1~11 m~L~tJ'U~~-wm~'U~~tJ1tJ LU'UiTim~~~L~tJ!'U 
'U " " \1 

ijfl11l.Jfl~'Vl'U"lle:J~fl11lJ-n~mo~mJ'e:JtJ~~~ (Jl1~~ 1.1) 11'1fl~Ltl~ Le:Jm~1 ~irm~tJ'U 1~LL~m '\J~u'U 
" ' " 

~~fltJtl'U (Discussion) l'l11li.L'U1'Vl1-:Jf11~'<il~m~L~tJ'U~LI.'U'ld1l.Ji'je:J (Cooperative learning) "ii~ 
" . " 

'1i1t11 ~Ln~fl11l.Jfl-:J'Vl'U'lJB-:Jfl11l.JilJ1n~'U 1 o L vh LL(;1~11'1irm~tJ'U 1~'Vl~~B~'\Jnu~LB-:~ (Practice by 

doino) 'l~vh1 ~Ln~fl111lfl-:J'Vl'U'lle:J-:Jfl11l.J~ii-:~ ~e:JtJ~~ 7 5 ~e:J~fl~e:J~n'Un"ilm~l..lm~L~tJ'U~LL 'U'U 
~ " " 

~'UL~1~ 

U'l1ij~n1'n~mJ~ (Learning Pyramid) 
v 

"' • d 
v~71n17n17~7~~1Loa~ 

(Averate Retention Rate) 

.J!'!!!1.1!!~, _______ 5_01c_o_ 

lt\'thu 10% 
Learning) 

20% 

30% 

a~1~ (Create) • " u .. 
L'UN3L '1Jl'I1J ~,~~(11.%~~\.IJ~~Q~~~hl'o¢<:.,.. 

.. filii II ., , .. ~.,;.7p;:.,_~...... -. -~-----

L1ti\J,~1f.ln'l'Ut't1~A111J1Le~ · .. 

(Constructivism) 

50% 

75% 

Inside-out ~d:ti!!£-·t:t'l'"~,:ll'J;t.J~~~~.W~h1~~~n~:t,,:,;·"";' .. ' 90% 

National Training Laboratories, Bethel, Maine. (1969) 

vhn: ~h:StJ~ oV'Ubbtl'J (2559) 

m~L~tJ'U~Lb 'U'Ub 'VlfloUflf1~1lbb~-:JoV'U (TGT) eWb 'Uf1~1lf11~~~nT:iL~tJ'U~bb'U'U~11lile:J l~EJijbb 'U1 
'U , \1 , \1 

'Vl1~f11~~~ fl'l m~l.J b U'U m~ Lb ~-:JoV'Utl'U~111:Un'lJeJ~VilJ~'U ~~ ur~ m~Lb ~-:JoV'Ul'l1l.Jfl1111~1m~t:l'lJe:J~ 

~b~EJ'U ~e:J fl'Ub~tJ'Ubtl~ tl'Ufl'Ub~tJ'Ubtl-:1 fl'UI.~tJ'U~B'U tlUfl'UL~tJ'U ~B'U l~tJtJ m~tJ'U'Vlf1fl'U'l~~B~VJi , 

fi'l m':il.J LLG'l~ L ~tJ'U-r~'Jl.Jtl'U fl'U L~tJ'U btl-:J'li'J tJL 'VI~Bfl'UL~tJ'U ~B'U 'Vlf1fl'Ul'l':i~'VItJ f1 1 'UU'VlU1Vl'VIih~ " . 
m~~B~B~'Ubb(;l~ b~-:11. ~'Ufl11lJ~1flqj'lJB\ll'l'Ube:J-:Jb Yle:Jfl111li.'11b ~'l'lJe:J-:JVi:W 'li1 tJoWWJ'U11J l 'UlJ~ L~lJ'lJB4 



3 

'!!m~~'W ~\ILU'W~\IL'V!~~Tt.h1~~~\~~'Wamm~~'W~LL~~'ll~~?f'Ut:.J~~1L~Iil (Slavin, 1996; ~1\la\llil1fl 
v v i 

Devries and Slavin, 1978) ?fe.J~fl~e.J\Itl'U\11'Wi~~"IJB\I'V11\Ifl1~~n~1m~h11m~~~m~L~~'Wi~1~ 
b 'Vlflliflncil-!bL~\1-ff'W (TGT) 1 '\.J~~rhm~~l-1 1 'W~B\IL~~'W vl11 ~irm~~'Wvl1oDB?fe.J'UeJl'lir~ 1~f.lnl'i'a\l t~~ 

It \1 :, 

'!!m~~'W?t1m~mL?tl11\116m~LLnuqJ'V!11~~1iFll1l-li'V11\ILFllimn~'W ?i\lt:.J~1~lit:.J~i1l-lq'V1B'Vl1\ln·h 
b~EJ'W.yi~\l:fl''W (tlqjqj1 b'lJFl?flG'f~.fiqJbqj, 2553; ~'HI1l'lJ 11iJ~~~~~ 2558) 

~1'V!~'Ufl1~~~m~L~~'W~~b~1n~mm~L~~'W~LL'U'U~'UL?f1~ 5 ~'W ~\l'll~~nau~-w 5 ~'Wl'le.J!'U 
v ~ v 

1~Lbrl ~'W?f~1\1Fl'.l1l-!?f'Wh (Engagement) ~'W~1~llilbbt;~~fl'W'V!1 (Exploration) ~'Ue.J5'U1VLbt;~~"\l 
offa?t~'ll (Explanation) ~'U"IJ~1~1411:W~ (Elaboration) Lb~~~'W'll~~blJ'W (Evaluation) LU'Wnlilm~:w 

' v 

~'!!m~~'W 1~'ll~u~ LLt;~~ L~~'WiVIn~~ m~'Ul'W rn~'V11\11'V1~1P11?tl'l~ ~~'~1'Vl ~1P11?tl'l~ LLt;~ ~m1l-IL off111il 

L~mnu1'VlmP11?t~'~~ ('111~'~~ ~1~f11m, 2551) ~\ILU'W1~'!!m~~'W ~\lf11m:w ~\l?f:Wl-1~~1'W aamLuu ' ~ 

Lbt;'l~'Vh fl1~'Vl~~el\l~l ~(P]l be.J\1 ?f~1\1Fll1:W b oU111il'V11\11'VlmP11G'fl'l~bl11 ~fl1~b ~B:W b~\1Fll1:W~ b~:W b oU1tl'U v 

'V!~ fl~1'W~L~Iil 1 flfl1~'Vl ~t;'l el\I'Vl1\11'Vl ~1P11?fl'l ~ bbt;'t~?f ~1\1 b tJ 'W B\lfi Fll1:W ~~'Wl-11 1 ~ ~~141vl1'V!U1~ 
Q v v 

ej1'W1 ~Fl11:W?t~l111 n ?t'!!u?t'W'U ~LL 'U~'1i1 m 'V!~a ~'~~BI1llil'ULLnuru'V!1v1 Ln~:ff'W~U 1n m~L~~'Wm~?tau 
' u 

Lbt;'l~ EJ\1 b u'Unlil m~l-1 m~ b~~'Wi ~li'll ~~ ii1'V15.rnv'j 1 'W m ~~~'W 1 t:.J~i1l-lq'V1B'V11\I m~L~ ~'W bbt;'t~l-1 1 'Wl-1 ~'V11\I 
i'V1~1P11?tl'l~ L 'V!l-11~61'1'V!~uer b~~'W~lJFll1l-l?t1l-11~f.l 'V11\I?t~tlnrru1'Vlm~~u ?t1:w1~mh~ 1 ~er L~~'W~ii 

'U 0~ ctJ "' 'U 

t:.Jt;~i1l-lq'VlB'V11\In1~L~~'W~1LLt;~~'ll1'Wnm\11~L-ff1hl-11'Wl-1~1~~~'W (fli'n~Pl~ ~.n1~~~ 2554) m~ 
L~~'W~~1~1'n~mm~L~~'W~LL uu~u L?t1~ 5 ~'W t:.J?t:wt:.J?t1'WnuL'V1Fl'Wflm~v11'U1EJ-i1\l Ln1'1-a6u1~ 1 'W 

v ~ v 

~'W"Ilm~fll1l-l~ b U'W nlilfl ~~:W~?f~1\1Fll1l-l?f'W 11il bb~~Vl1'V11~ 1411:WG'f1l-11~f.l"IJB\I'I! n b~~'W 1 'W'Vlfl~'WI'le.J'W 
v ' 

"lle.J\Inlilm~l-1 ?f1l-11~f.lb~:WFl11:WboU1hl-11'Wl-1~1'V1~1P11?fl'li (Supasorn, S. and Promarak, 2015) 

1 .f ... .. ... ~ < ~ 1 .':1 ~ " " 
'Wb'Wel'V!1bfl:Wb~B\IG'f:WI1l~bFl:W (~fl:W~~ e:J1bL1fl~'OJ, 2558) bL~~ 'V'J-n1LFl:Wb1'1 (G'f'UVW1 'U\I'VfS:W, 2558) , 

m~L~~'WL~a\11:w~ LL~~'ll1:w1 rui1:w~w5 '!!n L~~'WI))a\11 off~\1Fll1l-1~1'll1 LFllJLLt;~~1'lJ1Flru~m?ti'ITI'tl 
v 

m~LLm lil'Vl cluqJ'V!1 '!! m ~~'W LLtJi~ ~Fl'W ~\llJ~\I:W 1 'W:W~vi~ nl))a\ILL~~:w 1 'U:W~Flm l'lLFl~B'W 1 'lllil1fl'Vl q~~ 

'V11\11'V1~1P11?fl'l~ (n:wt;~'4'll L'll~ir'lJ~:w LL~~L?f'Wa -rr~-r:w~, 2557) '!!m~~'W?il'W1'Vfqjlil-11'W:w~~ 

Flm ~ LFl ~a'W L~B\1 "il1'W1'W 1:w ~ 11'1 m .U1 h 11l-ll~ L tl'W n1l-! L vh nu 1:w~ 1 i15fi ~ LL uu~a ~~~'V11.t~ 
Flrui'IP11 ?fl11'fl 'W fl1~fl1'W1 ru~a ~~~ 11'1 ~ b:W~"IJ e:l\IG'f1':i 11'1 ~ hJf1TW\Ifi\11411:W'V!:W1~"1Je:l\l#i'1 b~"IJ 1 'W'Vl1\l LFlii 

(?t~LI'l'll hlilt;~~~~ 2558) ~\l,f'W fl1':i?i\IL?t1:w1~'!!m~CJ'WG'f~1\I:Wb'W:W~vif.lnl))a\I~\ILU'W~\Iv1mn LL~::: 
' ' v 

Vi'1'V11~~1'V!1umer?ta'U (?t.n1-w':i a'Wuru'U~, 2541) m':i~~m':ib~~'W-rl 'Wii~1 'V!~b ~a1 ~'\.J1~?ttJ 
\1\J .. , ctJ \1 

t:.Jt;~61'1b ~lil mlil~l))m~b~~lnum1l-lb .U111il~Flt;'l11'lbFl~a'U"IJa\lerb~~'W 1 'W~1.Umr'W '1 Fl11'i'm~11llilFll1lJ~ 
cu 'U " I 'U ~ 

L~l-l"lleJ\1'1! n L~~'Wria'W~Iil~ ~~fl11L~~'Wi LL~~ 1 ~f11 LL 'W~'I11nu'!!n L~~'W 1 'W1~'V!11\I L~~'W~l ~ (Bodner, 

1991) m~v1Fl~lim1:w boU1h b~~1tl'U1411:W~b~:W (Prior Knowledge) 'V!~mb 'U1fil'l'V11\I b~Bfl 

(Alternative conceptions) OVB\ItJn b~!'.J'I..r:h b U'Wtl~1\11 '.16'ftl(;lfl~CJ-:J tl'LJbb 'W1f1m•n-J1YlCJ11"116'11Pli 



) 
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(Scientific conceptions) ~bU'W~mn..J-ru "1JB~irniVJCJ11"11?11'li'VI~B hJ 'OJ:::?I1~1'H1'1i";JCJ 1 ~I"I~VIil'U 

~'W~1'W"1JB~irn b~CJ'Wbb~ ~?11~Tm"lll v 1 ~l"l~aa n bb uu n"iim1~ m1 b~ CJ'Wi ~v111 ~if n L~CJ'W 11>1 L ~a:w 1~\1 
m1~~b~~V1~mb 'Wl~~VJ1\I L~ an n'UI"Il1~~'VI~a.Ua~~ 1 'VI~ 'OJ'WLn~ fl11b~CJ'W~bb~~?l1~11~ tHu L tJ~~'W 

'U '1.1 'U 'U i 

LL'Wl~~"1JB\II'l'W 1 ~L U'Wbb'Wl~~'VI~a~ 1 'W~~iVJCJ1P11?tl'li~L tl'W~va~-ru"1la\lun1VJCJ1P11?tl'li ('111~~ 
~1vf'hm, 2555) 

v q til/ v cv q 1.1 .dif ~ IV .:::1 II 

'OJ1 ne.~~ m-s'OJ~fl11 b "SCJ'Wd'm CJl n'OJ mm1 L d'CJ'W d'bb uu?tu b?t1::: 5 "1l'WLL~::: m-s'OJ~fl11b d'CJ'W'SLL uu 
'IJ d.J 'IJ 'IJ 

~1~i1a~"ll1 v L ~~~ 1 'W~~iVJCJ1P11?tl'lib ~~1n~'W ~i~v~-:~:ij~m-sL~CJ'W~Iill v1n:ijmm1b~CJ'W~LL uu 
'U '\.1 ~ \1 

~'Ub?l1:::5.fr'We.~?t~e-~?11'Wn'UL VJI"IiJI"Inrt~Lb '11~-rr'W 1 'W.fr'WtJ1::: Lii'W~~ b~a~ 1~~ b ~atJ-rul"ll1~ L .U1 h~ 1 'W:W~ , 

.., .I ~ 
1.2 1~UJu'S::fl{lf'l 

fl111~CJ b~B~ I"I"J1~rl1l'VIif1VJ1\lfl1d'b~CJ'WbbG'1:::~ 1 'W~~VI1~iVJCJ11"11?11'11L~B~ 1~G'1 "1JB~if flb~CJ'W.&'W 
. ~ v 

lJ5CJ~ii'im~ntJV1 4 Ji'1v1'n~mm1b~CJ'W~ bb 'U'U~'U b?l1::: 5 -rr'W~?I~~?I1'Wtl'Ub VJI"IiJI"!nrt~bb'li~-rr'W1 'U-u''W d.J 'IJ , 

tJ1::: Lii'W~G'l 1 'WI"If\l-diJ11'1~'\..J1:::?1\IAL ~aii'im~1 , 
1.2.1 I"I"J1~rl1l'VItJ1VJ1-:!fl11b~CJ'W"1la\l~~iK~'lVIBVJ1~fl11b~CJ'W 4 bb uu 11ilLLn bb 'U'U11t.~.ff'WL~mJ 

(Class normalized gain) bL'U'Ui1CJ'\ii"II"IG'1 (individual student normalized gain) LL'U'Ud'1CJ 

Jf 
L'WB'VI1 (Conceptual dimensional normalized gain) bbG'ltbb'U'U11CJoUB (Single test item 

normalized gain) 

1.2.2 l"ltbb 'W'W~ 1 'W~~VI1~1VJmm?tl'lina'UL~CJ'Ubb~:::'VI~-:~L~v'W 

1.2.3 ~ 1 t.t~~~n~a~ fiilG'11~bfiil~e:J'WLL~tt1\?l"l.lv\l'l!m~vt.trieJ'WL~I:.I'Wbb~t'VI~\lb~m.J 

1.3 fl1J1J~!1'W"llv.:tm-a1~v 

fl1d'l~CJ b~'El\1 I"I"J1~rl1l'VItJ1V11-:Ifl1d'b~CJ'WbbG'1:::~ 1 'W~~VI1\llVICJ1P11?11'11b~B~ 1~~ "1J'EJ\ltJflb~CJ'U 

.fft.t~5CJ~ii'imntl~ 4 Ji'1v1'n:ijmm1b~CJ'\J~bb 'U'U~'U b?l1::: 5 .fr'Wt:-.J?I~t:-.J?I1t.tn'U b VJI"IiJI"I nci~ bb 'li'lorrt.t 1 t.ti'U d.J 'IJ , 

't.Jd':::Liit.tt:-.J~ 1 t.tl"lf\l.Q'lJ?I~~~\i1\J~?IB~I"IGi'a\ltl'U1'1'l~tJ-s:::?t~A~\l'VI~~ ~~.a 
~ , 

1..1 1.1 -=:1 Q.l cl ~ v ~ 
1.3.1 1"1::: bb \J'WI"I"J1~fl1l'VI\J1VI1\l fl1d' b 'SCJ\J"1l'El\l\J flb d'CJ\JVJ-:J'S:::~'U'lJ'W 11 CJ'UI"II"I~ 'S1CJ'UI"II"I~ bb~a: . , 

11CJoUB aCJL'WLnrurvh:::~'U?I\l 
'IJ 'IJ 

1.3.2 I"I:::LL'Wt.t~ 1 t.t~~'VI~\lL~CJt.t~\ln11na'WL~CJ'WB~1\llJi!m11~qJVJ1\l?l~~~d':::~u .05 

13.3 ~BCJG'l:::~ 1 'W~~~ fl~'V\l'VI~\lb~CJ'W?I~fll1rl'El'Wb~CJ\J lJ~'VCJG'l:::~ 1 'W~~I"Ifn~bl"l~ e:J'Ubb~:::~~ 
'IJ 'IJ 



1.4 "tte:J\JL"tt\JI"tte:J-1-11'W1..ija 

1.4.1 tl~::'ti1n'mfl::n~:u~1e:J£h-1 

1.4.1.1 '\.J1:::•znm 

5 

U1 ::: "IJ 1 fl 1 ~ 1-til. \! fl1 11 ~ ~ fl ~ ~ d Fl 8 'lJ fl b ~ ~ \!~\!if 5 ~ :U 131 fl ~ 1 tJ ~ 4/1-4/3 

LLr;J'Ufl11L~m./.i'V1EJ11"11~1Pl4-flru\Plf"11~1Pli .f11flL~m..t~ 2 tlm1Pin~1 2558 h~L~EJ'W~-h~LL~\!~'U 
i 

el1 L.fltl~';h~ bb~'lJ~\1 ~~vtl~~ flfl\!fl1 G11'LJ fl~1'W b 'lJ\Pl~'U~n1113i fl~1if 5tJ:U13in~WIJ IJI~ 23 ~ 1'UTW 

3 ~tl~L~~'U 11:U 140 fl\1 

1.4.1.2 nci:u~1t1~1-1 
' 

nci:u~1t1~1~m-U'l1.!fl111~t1fl~~.Q'Fie:Jirm~~'U.ff'Uifu~:u13in~1U~ 4/2 Lbr;JWI11 
' 

L~v'W1'Vlv1m~IPli-flru\Plm~IJii mflb~tJ\1~ 2 um113in~1 2558 h~L~tJ\!~·hm~'U~\1 -el1L.nt1~11,~ 

LL~\!~'W ~~vtl'~~flfi'Ufl1 G11irfl~1'WL'lJ\Pl~'U~m113in~1ifumJ13in~1L'lJ\Pl~ 23 ~11.!1'W 45 fl'U 1~m~e:Jn 

LL uu L :;.:n:::~~~1 ntl1:::"1J1 m 

1.4.2 ~'JLL'Ll1viflm~n 

1.4.2.1 vl1 bb U':i~\1 Fl€1 fl11~~ fl1) L~EJ'U1'~1t1~1tll fl~ fl1n11 b~tJ\11 Lb '\J'\J~'U b~1::: 5 ~'U 
~ ~ ~ 

r;J&'1:Ur;J&'11'Utl'\JL 'VlfliJflfl~:Ubb "li~oU'U b 'U~'Uth::: LiJ'Ur;Jfl b~tl~ 1:ufl 
' 

1.4.2.2 vl1LbUWmJ Fltl 

1) fl:::LL \!'Ufll1:Utl11vttJ1'V11~fl11L~tJ'U 

2) fl:::bL 'U'Ufll1:U baU1 h:u 1 'U:U~'V11-3l'Vlt11fi11&'111li 
... .... .. ...~ .. 1 ~ ... d ~ d 1 

3) 1tltJfl:::'lJeJ~'UnL1tJ\!'Vl:U:U 'lJ:UIJlflfl\Pltl~ flfi1~Lflflti'U Lbfl:::r;J~ b1tl~ :Ufl 
~ 

.K """"~ "'"' 1.4.3 b'lJ£JV11'Vl b"!f L'Ufl1'5'l"illl 

L dt~vnm .u1 'Wm11~vfl~~trb'u'ULdm,n1 'U11tJ1"1J1Lflii 2 1'1X&1 131222 ~1Jifuv:u13in~1 
tl~ 4 1111:Uvt"'f1&'11Pl1LLfl'Uflfl1~fl11~fl~1olf'U~'U~1'U ~'Vlul'l1m1"1.f 2551 L~tl~ 1:ufl (tl~:u1ru&'111i1':ufrwi) 

~ ~ ' 

m~v1~LLU~Ldt~vt1t!e:JnLU'U 12 .a-11:u\l 'Vlmdt~vniiL1fl1 3 .a-11:u\l l'i'\ld 
~ ' 

1.4.3.1 ~1'U1\!ti'U.f11fl~tl 1:Ufl'lJtl\1~1) 
' 

1.4.3.2 ~1'1..11\1 1:ufltl'\J:U1fl'lJtl\1&'11) 

1.4.3.3 u~:u1m~t1 1:wfl'lJtl\lbbn~ 

1.4.3.4 fll1:Ui!1:Ufr'Uth:::vt'J1\1~1'U1'U b:Ufl ti'U.f11fl :I.Jlfl LL6l:::'\.J~:U11111'lJe:J\ILLn6'1 
' 

1.4.4 ~:::ll:: b1~'11'vfl oU1 'Wf1T~1..ij ll 

m11~vfl~\lffi~(;)'1Li1'Um11~v11.!mflL~tJ'Uvi 2 um1~n~1 2558 
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v i 

1.5.1 nTf~lilnTn'iv'Lia~'hv~";w1!J~n-anTn'imJlbb uuilub~1:: s ;'LI~~3.u: . .J~1'Linub 'VIfl~fl 
., ti 

n~:ubt'tl-1i'LI1'Lii'LI"llV1Vfi11:U~ 'V!:U1fJ~.:~ n'ilm".i:um'H~m.~~~th~nm.J~-m 5 oU'U~eJ'U 1~bbn (1) ~ru 
• 'U " I 

?t~1-:Jiil11:U?t'Uh (2) .ff'U611".i1'ilbb!;'l~~'U'V!11vw1-U'"Q~nTH~fJ'Ui '\J".i~nm.J~'dfJ n"OJm".i:u~nu~Lb?t'U?t'dfJ 

n'ilm".i:U:U1!;'l?f11~1Xa.:~-&-:~ Lb!;'l~Ln:u!;'lm~Ph (3) .fr'U?t~1-:~fl1a5'U1mL!;'l~!;'l-:~-ira?t1'\J (4) .fr'U"!JV1VIil11:1.1".i""' 
'U , 

1 ~'IJ'm~fJ'U~1~a L~eJ.:Jn11L tJ~ fJ'UVIt.hm11'W1'U 1:u!;'l L U'UVI't11fJIJi1.:~ 1"lleJ.:J?t11 V'i~a:u~.:~ 1 ~vi'1Lb 'U'U~n~~ 
'U 

b'iJ'Vl~DruVI1~LMfJ1n'U=iii~'\J1~1il'T)'U (5) .fr'Um1'\J".i~LiJ'Ue..J!;'l~?feJ'W1otln'ilm1:Un~:ULL"ll.:J"lJ'U (TGT) 1~EJ~ 
u ~ ~ ~ 

~i1r111:UG't1:U1".it1 b v\ 1 b Vi fJ:U n'U bb "ll.:~oif'Un'U'll1rl~ bb 'U'U~1~ b U'U rl~ Lb 'U'Libu~ fj"!JeJ-:1 n~:u bb!;'l ~ rl~ 1 ~".i1-:Ji!;'l 

611V11''Un~:um~r1~ bb 'U'Ubu~ fJ?t.:~?t~ bb!;'l~~ ~tJ,~ m!ile..J!;'l r1~ bb 'U'U bLI'i!;'l~ eJ''U~'UV!tJ1~a.:~ b~ fJ'U 
, 'U • 

II II iiCIII ~ I I Q.J ...:II o.J I .::ill 

1.5.2 fl"J1:Un11VI'LI1'V11-1nT'H 'aV'LI V!:U1fJt1-:J e..J!;'l~1-:J'a~VI11-:Jrl~bb'U'UVI!;'l.:Jb ".iV'Un'UneJ'Ub ".iV'U'il1n 

m".ivl1bb'U'U'Vl~?ta'U1~e..J!;'lG1:U~'Vlt'V11-:Jn1".iL~fJ'U L~a.:~ 1:u!;'l ;.:!LU'UG'i1'UVI~-:~1 'U".i1fJi"ll1Lr1i1 2 ".i~?t1'111 

131222 'U'Vl~ 4 b~a-:~tJ~:u1ru?t1".iG1:U~'Ulj ;.:JiLm1~VI1~fJ1i~1 normalized gain 

1.5.3 :UL'LI:U~ (concept) Vll.l'lV~-:1 r111:Ufi~VI~eJ!il11:Ub-ii'1h"lleJ-:J'IJ'm~fJ'U~'OJ~?t1tJ~n~ru~ 

611~ ty 1"llel.:J~ .:~1~~ .:JVI~-:JVI~ eJ'\J ".i1 n!J n 1 ".i ru eJ ~1-:J1~ eJ ~ 1-:JVI~-:J~ btl~ 'il1 n n1".iG1 -:J b nl'l'VI~el 1~1'\J 

U".i~?t'UnTarubMV1n'U~-:Jt!'Ubb~1'111:U1U".i~:U1!;'l b oU1~1 fJ n'U 1 ~b U'UoUeJG't".iU"!JeJ-:j~-:Jt!'U • 

I-' V 0:::::.. f" ~ V 0:::::.. 11V Q.J f" I 1V Q 

unl'leJ.:J~1:UV!!;'ln1'VlfJ11i11?t~".iLnv1n'Un1".ieJ5'\J1Vr111:U?t:UV'i'U5".i~'V!11-:Jb'V!I'ln'Ue..J!;'l"lleJ-:JU'U1r1~ 
'U , 

1'VlV11i11?t~{~va:u1'U1 'UD'il'OJU'U 1~fJ1~ 1~'0J1nbb'U'U'Vl~?tau1~:u 1 'U:U~'Vl1-:J1'VlV11i11?tl'l{ b~a.:~ b:U!;'l ~ , 

en'<il VG't~1-:J~'U (;)'1'\J m~ V'U 1'1 el'Ut1 n~.:Jfl1\Jlel'U bb!;'l~ b VI\Jle..J!;'l ~eJ-J1'\J m~V'Ui1:U 1 'U:U~t1 nl'i'eJ-:J 
\1 'U • \1 

1.5.5 :U 1 'LI:U~fl~1lilbfl~e:J'U'V!~e:J:U 1 'U:U~'Vl1-:!Lfltln (Alternative conception) VI:IJleJ0-!1 

m 1:U~rl'J 1:U b oU 11 'il"!J el-:1 ,r n b~ fJ'U~ t1 nIX eJ-:) \Jl1:UVI~ n1 'Vl v 1 !i11G't 1'1 { bbl'ihJ?t:U'U ".iru b M V'J nu n1 ".ieJ5'U 1iV 
'U 'U 'U 

bU'Ufl11'leJ'UVI~elbVII'le..J!;'l ~a-J1'\Jm~V'Ui1:U 1 'U:U~rl!;'l1~brl~B'U , 

1.5.6 :u 1 'LI:U~~lil (Misconception) VI:U1V~.:J lil11:U~r111:UboU1 h"lla.:~'IJ'm~V'W~1li?teJ~rl~eJ.:J 
'U 

nubb 'U1 fi~i'VlV11i11?tl'l{~vB:U1'U1 'UU'il'ilU'U 1~v1~ 1~'il1mb 'U'U'Vl~?IB'Ul~:U 1 'U:U~'Vl1-:Ji'VlfJ11i11?t\Pl{ , 
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1.6 'th~1~"11'11vifl1~';h~::H1~u 

1.6.1 b U'Ubb 'U1Vl1-:J 1 'Ufl1';jeJeJmb uurn';i~\1ln1':ib~CJ'U~b ~eJ?i.:Jb61~1J 1 ~~ b~CJ'Uij1J 1 'U1J~~61eJ\1lr~~~.:j 
"' "' '1 

nu11 1 'U1J~iV1m~1611wi b~eJ.:J 111(;'1 
1 

1.6.2 't!m~CJ'Uljfl111J b ·ih 1\1 b d mlf1'UVl b~CJ'U b~eJ.:J 111(;'1 111n~'U "li1 m61~1J61~1-:JVl n~~1 'Uni';i 

b~ EJ'U~ bb!;'l:::'\.h:::61u m';iruVl1-:J~.:Jfi1J 1 ~nu't! n b~ CJ'U1J1 n;'U 
"' 
1.6.3 't!n b~CJ'Uljfi111J61'U 1oJ bb!;'l:::ljm111m:::~eJ~eJ~'U 1 'U fl1';jb~CJ'Ul'll1bfllj1J1f1;'U 
1.6.4 ~~ fl1';j~ n~1fl~.:r06'!11J1';it:1't11 hh.b::: neJu fl1';ioW\JlJ'U1 flTV!'U\1l'U LCJ'U1 CJ 11-:J bb~'Ubb!;'l:::fl1';i 

~\1lnliJm';j1Jf11';jb~CJ'Ufl ~nu't!m~CJ'U';i:::~u.ff'UI'i1-:J11 'U 1 ';i.:Jb~CJ'U bb!;'l::: 1 ';i.:Jb~CJ'U~'U 11 ~lj,_h~~Vl5.rno/'j 



1\ • • l. 
13~ 1~rtLtle!Lltt.~U~1n.~ Lllell1_ltLRLl~~~~ll.~rtLtlelc;~~111'1~f>[1:rtL tlelc; f>L~t-~fb trtLlJL~\!1\;tW~f>~ 

• • rtLtte~c; 11,~~ 1~~~fbkl3~13 ~~W~~11 ~~fb~rtLtlelc;~ ~ !1&~1t-~f1J:l::g.Wf.Lll11k~l f.tlelfb~~ 1Ll!b l!1~~LlLrt 

1\ t"b .. n. 1\ 

t-131 t~I1M.fb_lt:::~11 kf1~~ 1(1-~fbC} 11'1.~~ 1Ll!b~ t 11~ 1 f>(b13~ 1 kf1~~ 1f.Lllfbti1:::WLI1~~f.Lll(!t'-13~t-~f.leii1,Clt-~ 
' ' " 

~Lrtltt.LQ.1~ttll.11~~1Ll,Cl~tG~ 1 LlU~:::~rtLtlel~trtL~~rtC} 11'1G~~~lel (9£ :1717<;Z 'r.wgLRLl~t-tttA.:::W 

tLLlLil.~rtW) ~t Lltt.ibQ.1J11 Lrtrt,ClLltt.ib Q.1J11tLLl £~L[UH. LrtL~:::m1 t-G1~t Lltt.ib Q.1J11 tLLl£~Lltt.~~ rtLtlel 
" 

,Hrt~~ 1 Ll,Cl~ t rt~:::WrtL(jL~t-~~lel~~l t-G11'1.W~t~t-G~Ll ~(1-Lltt.ib Q.ll. um t-LIA.trt 11 G~ltt.krtL t,leii1M.I1_lt 
" ' It 1\ n. ,. 

fb~~HWltt. 1Lltt.~~rtLt6lt-LIA.f.Lllrtti1:::WJl-t ~l!ll krtLWLltt.Ll6!f1_ltll,Ql}l1~~ 1Ll!b~ t Ll[tf.Lll£~~t14Lltt.rliQ.~11 

f.Lllf11llf.L!bL~rtLt,le!Lfbi'M~f.LUfb~1 (1171 :g17<;Z '~rtll.11 Lrt!.!~) f>G11'1W~L,~fb~~l3~13~lt1.11GWL~Lltt. 
1\ • 1\ 

~trt:::f.fbLrtL!bl3~ 1 ~rtLtle!Lltt.t-t~11:::L~113!Jt'-~:::~11 ~~rtLt,lell!l\;i1~ t rtLll L~l!l\;i1~ t 11J.tl:::Wrtl3~~~~1 1113~ 

tLLll1~~1f.Lll11Q1L~f.Llli1CJ1 (OG :<;v<;Z '~utm~:::r, f.M.Lfbi'M~) l!lfbltt.LlJ~I1~1:::f.fb13gltt.t'-G~mtrtGWL~ 

Llt1.11~13glt1.11_ltl1~~t 11~~,~~ t rt~:::w~!rt~~ 1f.LUl!l,Qlf.LUle!Q6!1A. 11'1Q 1 (<;1 :1717<;Z '~fbl.!:::ll.l!l1 911~~rt~) 
1\ 1\ 

~W~LWL~IA.tf>LIA.f.Lllrttl1:::f.Uil.'~l!llf>l31fbW~tl!1t!bLt6lt-Lt~Gt~~G1fb~~tl!1f.!bLt6!Lltt.Lt6!fb6! \' "=' 1'!/., 1"£11 1'1 p;:. t1t1 II II 

h. 
~11Q m~~1Ll,Cl~ t ~~1 11G~f.LUf1~~1tLLll!l,Qlf.Llli1CJ 1 (£17 :1 SSG 'LWL~~L~ ~WLil.) fW~LWL~IA.~t-131l. 

~Lil.rtf.f.QI1,VW~1~tLEo1rtLt6J::g~11 fW~LWL~IA.~W~ }W~L!.!WIA.~t'-LIA.f.Lllrttrt:::W:::RUX\ }W~LWL~IA.~ 

1\ !"':. 1\ 1\ 

Lf1~~13~ 1~fb~~ 1~~11 ~,Cb~ fb~t 11~~ 1 U ,Cl~~ 11~ ~ 1 t Lll£~13~ltt.rtf.W ~\;i 13gltt.}W~LWW IA.~t-LIA.~rtLtlel 
n. 

Lltt.rt~f.Lllrt 1J1o 1JW~ LW L~IA.~Ll,tl~f.LU fbtrt:::Wt-~ ~Lrtltt. krtLt6!Lltt. :::L~1 11~tL Ll rttrt:::W 

tltLtl!ILit1.::L~1111J.I1fl. 11tfb~!. 1!.LUt-GU.~Litlt1.1tLtl!l l"l"Z ~ ~ ~ b 

(Al!nbul) ~ltLtl!ILit1.::L~1fl.~!.LUM.ti1::W l"Z 

N~ll.Wll11A.~~tf1Lf> 17'Z l'1i F' r=-l'lt-

~1tl11rt £'Z 
n. 

13!Jrtt~rtrt 11krt~~,r.Lu~,QltLU z·z 
:::L~111~!.Lllfbti1:::W ! ·z 

rJ.fl. t 13~13Eot~rtLWI3fbmL[t~t :::~11 rJ.t'-klel 
" " " 

~~~LRLl~tLLlll.1Jt'-13~W~11'1.L~!J~ l.t-L~~RbtA.:::m1tLLlll~lt1.f1t~tL~1rtLtlel krtLtlel(!~~l3~1t-13~t~~1 

~~~~11Lt-f1~~13~W l.t-L~~RbiA.:::m1 ~~tf111 !.L~Lll31 L!.L~LRLl~14t~,Ql0f!'t-kl!I~~~!.LUI1~ 

N!llot.llU11A.Il~t.tl.Lt-::nmtL~U@1 
II pp~~ 

z IA.IA.Il 
F' 
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11'U11l.loUm;J" ~JL\"111::;~~"'·11 1 tJ~I"i'11'leJ'U"lleJ\Ifl1ml.l ~1l.l1'H11Ji'~~'U11il~1 CJ rn11-b'-b'm;JG'l e:J ~1\l:rlL VII'!~" 

~1l.J11Cl~e:JG111oUe:ll;JG'l~\l~fl'UV'I'Uiil1f1f111L~CJ'UfloH~~'UL-il1 1liJ LLG'l::;~1l.J11t:1'W11 ULLtlDt:yVI11~ ("111~~ 

c:l1CJfl11911, 2551: 37) 

lil1 f1A11l.JVIl.J1 CJ ~\lm'll1 ~1Ub~l1 f111..ij~ f111 L~ CJ'U f111~eJ'U LL 'U'U~'U L~1::;VI1A11l.J~ L ~'U . ~ 

f11=:;'tJ1'Uf111~eJ'U~~ L ti'U 1l-1'1J m~ CJ'UL~ CJ'U 1~tJij'U'i LLG'l::; L~CJ'UfVJ n~::; m::;'U1'U f11':i'Vl1\ll'Vl CJ 11"11 ~ 191 i ~191 

i'VlCJ11"11?l1914' LL~::;m1l.l L-il1 h L~mntJi'VlCJ11"11?l1914' lJ\ILti'U 1-H'ITm~CJ'U ~\ll"i'1ml.l ~\l?ll.ll.l~~1'U . ~ 

f) f) f) LL 'U'U LL~::;vJ1f11':i'Vl~G'le:J\1~1CJI'i1 LeJ\1 ~~1\11"111l.JL -ii'11 \l'Vl1\ll'VlCJ11"11~1'lft~ CJ f111L ~f)l.J LCJ\11"111l.lfL~l.J 

L -ii'1 tl'UVI~ f1~1'Uvfl~lil1 f) f11':i'Vl~~ e:J\I'Vl1\ll 'Vl CJ 11"11~191 i LL(;'l::;?j~1\l L U'Ue:l\lfl\"111l.J~~'Ul.J 1 1~ CJ~I"l':ivl1VIti1~ ... ~ ~ 

el1'U1CJI"111l.J?l::;mn ~'IJ'U?l'4'U ~LL'U::;'Ii1CJLVI~e:J 191G'le:l~lil'ULLtlDt:yVI1~Lil~~'U\l1f1f111L~CJ'Uf111~e:J'U 

'IJ nn 11Pi f1~1b~U1 L~'Ue:J1U LL 'U'Uf111..ij'~ f111L~CJ'U~ LL 'U'U~'U L~1 ::;'11111"11 1l.J~ 11VIm f1VI~1CJ 
~ ~ ~ 

':iU LL 'U'UI?i1\ltl'U l''he:1 ~1\1VItl\1"1Jel\11U LL 'U'Uf111 L~CJ'U~ LL 'U'U~'U b~1::;Vf11"11 1l.J~ 1~ LLn f11':i~'U b~1::;VI1 
~ ~ ~ ~ 

1"111l.lf~1CJ1'!)..ij'mm1L~CJ'UfLL'U'U 5 .ff'U (5Es Learning Cycle) ("111191~ c:l1CJfl11911, 255 1; el1\IB\I:V1f1 

Bybee, 1997) 

2.1.2.1 .ff'U~~1\11"111l.l~'U11il (Engagement) LU'U.ff'Um::;~'U1 ~'ITm~CJ'ULn~m1l.l?l'U1'l 
1 'Un:v m':il.l m1L~CJ'U~ -um~CJ'U a1:v~'U h11'lr~~""llfl\l \1n1Vf1 b '111191 m1ru Vl1eJ~m'Um':irub '111191 m1ru 

'U , g~ • • 

1?11\11 n:u f111l.J"lle:J\I.ff'U'dm1L~e:ll.J LCJ\I)::;Vf'h\ln:Um':il.Jffi~L~CJ'ULL~1 nu n:u f)';j';jl.J~:U::;L~CJ'U~e:lb tJ fl11 

m::;~'U 1-H'IJn L~CJ'U Ln~\"111l.J~'U 1liJ 1 'U n:u f11':il.Jf111 b~CJ'U~e:J1:Uvl1 hi1:~CJ f111t:nl.Jfl1rlll.J f111rl1VI'U~ . ~ 

ut:yVI1 m':iLb~~"L Vll9jf111ru~-rr~bbEJ\I Lb~::;bb~~"~m'Um':iru~'¥111 ~b ~'UDt:yVI1 l"l~i1'U'Vl'U1'Vl1 um1 bb?l~.:~ 
b Vll'l f11':itU LLG'l::; e:Je:J f1 bb 'U'U fl:U f1 ':i':il.J f111 b~CJ '1..1 f11':i~e:J'I.J 'I.Je:J f1\l1 nd~':i ~\I b U'Ue! b!?l ~tilJ~11'i''Ui'U!?l eJ'U~1\I (I 

.. 'U "' I 

"lle:J\In:U m':il.J n:vm1l.l 1 'U.ff'U'd1lJ~1';i:U::; 1-b'L1~1'U1'1.Jbb~::;CJ1f1bn'I.J 1 tJ l"l'J):U::;b U'I.Jfl:Uf11':il.J~~1CJbb~::; 1-li' 

2.1.2.2 .ffuG1111:ULL~::;f1uVI1 (Exploration) L~e:Jm::;~u 1l-1'1Tm~CJ'I.JLn~m1l.l?l'U hLL~;: 
if f1 L~CJ'U :U::; 1 oUb 1 ~ 11 '1..1 f11 1G1111:U Lb~ ::;fl'I.JVI1 Lb 'I.J1A~"lle:l\ll'l'UbeJ\I n:u m ':il.J n11G1111:U bL~ ::;fl'I.JVI1di1 

:u~tJ1::;~\Ifl L ~eJ~~1\I'IJ1::;~'tJ m 1 ru1 ~if m~ CJ'I.J 1~ L~CJ'U ~ LL '1..11 A(;)l'Vl CJ11"11~ 101 iLL~ ::;VI n~::; m::;'U1'U f111'Vl1-il . ~ 

1'VlCJ11"11?ll'li 'IT m~CJu:u::;G1111:u LL~::;f1uvn1~~~\l"lle:J\I L Vll'l m1ru Vl~eJ?lm'U m1ru 1~CJ m1i1\l Lnl'l n11 . ' 
~\l:rJeJ'IJij'U'i 'Vl~~eJ'U ~l.ll.J~~1'1.J bLtlDqjVI1 f111VI1~1bbU':ibb~::;f111~\lfl1ml.l 

2.1.2.3 .ffueJ5'U1CJ (Explanation) f111e:J5'U1CJ Vll.l1CJ~\I f11':im::;v\'1V1'1e:Jm::;u1'1.Jf111~ 
v111l-1Ln~m1l.l L -il1 h LL~::; m1l.J m::; ~1\1 L~ CJl n'U LL '1..11A~ m::;ul'Uf111 Vl1eJV!n~::; n1::;tJ1'1..1f111eJ5'U1 CJ 

:u::;v\'11l-1'1Jn b~CJ'I.JLL~::;\"1~ 1\1ll il"i'1PlV'Ivi~i1m1l.li1l.l~'UBtl'U'IJ':i::;?l'tJ m':iruVI1eJ n:u F111l.l F111b~CJ'Uf 1 u.ffud 
l"l'len:u 1l-1'1T m~CJ'I.Jv5'U1 CJ~\I~'ITm~CJ'I.J 1Ji'L~ tJ u fJl1 CJ !?l'U L 8\1 :v 1 n,!u 1"1 ~e:JT~ :v ::;111 L?l'U eJ m1e:1 B'U1 EJ~ L tJui 
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.<:::!o. .<:::!o. 4:li. ~ q Q ~ !/ Q. d Q. Q.l d I 

fl1'Elli'U 1CJ ~ "ll\11Vl CJ11'11G'II'l~ fl"'l m~:W fl1~'El5'U1CJ'Ufl1~ l 'U'U fl1'J'El5'U 1 tJVllfli'I"'J1 fl'U n L 'W'U Le:J\1 LL~~Fl111 

~~v:w1CJ'In'U~'UG'I~1\Irn1:wG'I'U1"1lbb~~~'U611~1"~~~L~~fi'Ul·n~1CJ "~~~'~th~G'!-:~ri'lll~n"IJv-:~~'Uw'U1CJ-dn~vm~ 
' 

U1LG'I'UBLL 'U1~~'~ m~'U1'Un11 'lll1e:rv1n~~ ~vh1 ~L-U'1 h 1Wi'41CJ oUI'IL"'l'ULL~~I'l·HhJm-:~mLu'l~L ~'El 
' " 

L :n'El:W 1CJ\Itl'Ufl"'l fl'j"'j":!Jfl1~L1CJ'U<iJ'U~'El1 tJ 

2.1.2.4 ~'U"IJCJ1CJF111:W~ (Elaboration) ~~virm~CJ'U1~v5'U1CJ~\I~I'l'Ub'El\lb~CJ'U~~L~1 
~ ~ 

irm~CJ'Ufl11 1Wi'ffivmii'f1 'Ufl11'll1~CJ nl'i'lll1v"IJCJ1CJ ~~ 'Ul~~'~ m~'Ul'U fl11'11l1v~n~~"l.l'El\ll'l'U irn L~tJ'U'U1\I , 

fl'UBl"'J"'l~V\1 hJ:W ~~ 'U1~1'l~Fl~11'1lfl~e:J'U'IIl~'El b -7i11 Ill Lb 'Ul~l'l~l'l'U ~'El\1 b~CJ'U ~e:J~1\Il~CJ1 ~'U"IJCJ1CJFld1:W~-d 
~ ~ 

~'~L U'U~'U~-ci1CJ 1 ~irm~CJ'U 1Wi'Lnl'lfl11:W~~n11'1"1.l11\I~'U 1 'U~'U-dirn L~CJ'Um11Wi'L~CJ'U~ L~ 'U'U~1:w:Wv L~"~ 
~ ~ 

l'l'U L-7i1 h n'Ucr~'U ~~~ 1~-r'U-ll'El:wmJe:J'U n~ml1 fl b ~e:J'U~'d:w.ff'U 'Ue:J fl"'J1 n-d~'U"IJ tJ 1 CJFl11:W~V\I"li1 CJ t!A 
~ ~ ~ 

irm~CJ'U 1~L~~ryn'Uii'fm'Ufl11W'IIl~m'Jry'lll11 'IIlli 

2.1.2.5 ~'UU1~biJ'U (Evaluation) n 11 tJ 1 ~ Lil 'U e)~ 1 '11li b tJ 'U Vl1-:J n 1 'j" Ill~ L n 1'1 ~ u 

(']~'Ell'! b 1m 1 'U~'UI'l'El'U"I.J'El\1 n"'J m1:W fl11b~CJ'U ~ 611'1/l-r'U fl11U 1~ Lil'U 'El~1-:J b U'UVl1\l fl11 Fl1ii'f1:W11(l'Vll 1~ 
~ ~ 

'1/l~\1"111 fl~'U"IJ CJ1CJFl11:W~ Fl1Fl11"1l~'LJ 1~ biJ'U~~ fl11~~CJ'U~I'l1:W~~ fl11 ~~ CJ'U ~~ Flli'IW)\1 11'1CJ 'Ell "'I "'I~ b ~ 
~ ~ ~ ~ 

LL 'U'UVll'lii'f'El'U L ~'El1'111"11 ii'f'El'Ufl11:wim1:WL -U'1 h"l.lv\ltJ m~ CJ'U LL~~~cl'1fi'ry~m111 ~irn L~tJ'U:W1vm~ 

U1~ Lil'Ufl11:W ~ -7i11 'OJ"I.J'El\1\Jl'U b e:J\1~1 CJ 

,r'U~~1\Ifi11:U~'U1~ 

~u'U~'U~~:w~'U"I.Jv\ln"'lm1:w 

m1L~CJ'U~ n'OJm1:wm1'0J~ LCJ\1 
~ 

oW(P).J'U11 ~cr b~CJ'U 1~ b~CJ'U ~1'11:w~~ 
~ ~ 

Cill 11..J Q.l 

fl11b 1CJ'U1Vlfl11'1'\ll1\l 
~ 

- m:wFhm:w L-ci'U vh1'11l:W~-:J 

bfli'!LoU'U.Q 'El~ hvio'U~L~iK1D1\I 
~ 

L~CJ'dtl'UL~'El\ld -llv:w~m~ hvii:J'U 
~ 

'U'VI u1 'VI"llv \If! 1 ., 
- ii'f~1\lfld1:WG'f'Ub'"il 

- ii'f~1\1Fl11:W'EJCJ1fl~'EJCJ1fl 
~ 

"' b '1/l'U 



'tJ'lJ~1711ilLL~~fl'lJVI1 

d] 'tJ ~ 'tJ ~ '11 flb ~ tJ 'l.!lil ~ -r'U 
6' 4 Q.l 

LJ~~Ii1'UnT~ruL 'V'I€l'V11LL!;!~'V'II'l.l'W1 

Lb'tn?i~nm~'U1'Wm~LL!;l~Vln~~ 

~ .. 
"U'IJ€li5U1fl 

LtltJm~li1~1~m1l.Jii1'Wh 1 ~ 

'l!n L~ tJ'W'Yhn ~ru 1t.J1~ L~'U ~h~ 1 

1'U~tJ61~1~fld1l.Jii1tJhLL!;l~ 
G1'1 ~1" bb!;l~fl'U'\111~ ~ 1'Ul.J1 bb!;l ~ 

LUI'l1e:Jmli11 ~LL!i1V~~f111l.JL -rr11" 

m~'U1'Un1~'111~e:~Vl'n~~"lle:J~\91'1.1 

1 tJ~'tJ'dfl~li11lJ1~t;)t11bli1tJ€l 
'II 

~ .... 0 

n \1 m~lJVlnTVI'tJ In 

- Vll'l!i1€l'Un11Vll'tJ1tJbbG'l~ 

61l.Jl.J~;j1'U .... 
v 

- t>l~m~vl1'1.11tJbb!;l~G'Il.JlJ~;j1'tJ .... 

1'111l.J 

- '111116m~LbnUqJ'V11LL!;l~ 

eJ.f1LJ~1 tJ b~ tJ1 n'Ui6m~,!'Wfl'U 
. ... 

b Yie:J'W~'dlJ-iJ'tJ 

- u'I.IVin~~~rK~Ln\911~ 

- mT'iJ61€l'ULL'U1flln"lJ€l~\91'Ub€l-:l 

. v 

b Yie:J'U~1l.Ji'W 

- Yl~f1'1€lB'U1tJ"lle:J~L ~e:J'\.1 n~l.J~'U 
' 

e:J~1~'Wu\I'WLm1~~ 

- ml.lf1'1mlJLnmn'Um~e:~5'U1tJ 

- Yl~bb!;l~'V'ItJ1tJ1l.Jvl1fld1l.Jb-rr1 h 

\11nm~e:J6'U1EJ 

'U'VIU1'VI"U€l-!lfl~ 
'II 

- rK~Ln\91LL!;l~'if.l~"lJru~ 

'11 flb ~ tJ '1.1 vl1 ~ 1 '1.1 bb!;l ~ ii 
... 

LJ~ ~l.J~w5n'U b Yie:~'U ~1l.Ji'U 
0 d.J' co: 

- tnl.Jf111:11l.Jb'V'Ie:J"l!LJ~~b!n'U 

1 ~'11m~tJ'W~Vii'IV11~11L "ll1 
'II 

n1"'~m1\161€l'U€l~ 1 ~ 

- 1~n!;l1n'U'l1m~tJ'W1'Wm~ 

G1'1~1\J\91~1\IIi1€l'U 

- LUtJ~LJ~n~1 

e:JB'U1EJU'I.I1fll'lU!;l~UtJ1lJ 

\911l.Jfld1l.Jb ·ih h"ll€1~ 

trm~EJ'I.ILe:J-:1 

- l:nl.JtJflb~tJ'\.Ibyj€11~ 

trn L~ EJ'ULL!i11'1~'111"' n;j1'\JLL!;l ~ ... 
li1~1~f111l.Jn~~~1-:Jn'U~-:JVi 

G1'1~1\l bbfl ~FltJ'\111 

- L\91~EJl.lR1UEJ1l.l f11e:~li'U1EJ 

LLfl~R1~'V'IV11 mJ 

- 1-rrLJ~~Ii1'Um~ruL~lJ"lJ€l~ 

trm~EJ'I.I 1 'l.lm~e:~5'U1tJ 

bb'U'dfll'l 



~ " "!.I'IJ"!.Itl1 tlfl111J'a .. 
~ tl'IJ~'Uvhvm.J ~~"'~'lltntr 

1"111:WG1'1J h'lla·:rwm~tr'IJ 1 'IX 

'li'm~tr'IJ1~m.J'UVIm~~L~:w~~:w 

1 'U~'U-d'Jbv 'li'm~v'W:v~ 1~ 

~\9lJ'U11"1l1:W~I"'11:W~.U11:v~~n 
\J 

~~"'~n11\l:ff'W:v1m.J"J~~um"Jru 
hnJ 

~ tl "' "!.I'IJ ~:as.J 'lJ 

~'U'lh~~ij'U~tl'U~'W~'Ii'u~'U'U 
1 'IX'Ii'm~v'U 1~'lh~Lij'UI"'l1:W 

~ .U1 h ~~"' ~ l"'l1:W~1:1J1'J(1'1Je:J\I 

~'WLB\ILL"'~~"~"J 1~ffiam~ 
\J 

, 

'lJ~~~ij'W~\9lJ'U1n1~'1Ja\l'li'n~~tr'U 

11~ tl'U 1 'l.Jm:wt;.J"'nl"J~~tr'U~~ 
\J 

n"J~'U1'Wn1"J~~aVIn~~'lle:J\I~'W 

-1l1m1:w~ ~~:w~~a ~~ 'Wl RV~~1~ 
\J 

Ciil IJ I d 

-~ 'J ti'U'J ~L 'U'U'Jl:W:We:J 
\J 

"" ~ 
-~~~Vl\ll"'l1:WI"'V! L ~'U ~~"'~ 

bL"'m 'l.l~tr'Wbb 'WlRV~~~'Wb.U1 h 

... 
~'J:W'iJ'U 

-Lt;.J~qpi'u~m'Wm"Jru~~a 

ut1J~11~11 

-'l.J"J::: bij'U n1~~\9lJ'U11"1l1:W ~ .U1 h 

'1Ja\I~'Uba\1111~~~tr'U~a:::1 "JU1\I 
\J 

LL 'Ul~VJ.ffi~fi''U'V~'Ub ~:WL~:W 

-vl1 bb 'UU"J VI bb"':::'IJ1~ bij'U 

~\ijj'I.J 1 nl'J b ~ ti'U~'lle:J\1 ~'U 
\J 

~111: '111~~ ~1tlfll~1 (2551: 39-42) 

12 

'U 'VI 'U 1 'VI "!.1 &~ fl 'a 
\1 

l"'l1:WRV~ ~ i1'1J ~~"' ~ ~~"' n ~ 'l.l~tr'U, 
l"'l1:WRV~'lla\I~'W~a" 

-1 'IX.Ua:wmJa'Un~u 
\J 

m1:wb .U1 h'lla\I~'Wbe:J\1 

-i'V~bb"'~'lJ"J~Lij'U~\9lJ'U1n1~ 

-1-ffLI"'~a\I:Wa~~mb 'U'UVJV~~au 

n11b~ti'U~'1Je:J\ItJf1b~(J'U 
\J 
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2.1.3 ile:~~'llel-:Jn1"Hle:J'I.JLL uuih.Jbfl1::'V11fl11~i 

m"J..ij(;) m':i L~ ~'1..1~ LL uu ~'U L~1:::Vl11"111:W ~~1:w 1 'J t:ll1'(;).J'W 1 ~ n ~.n 1l"l~ 1'1..1 ~ ~i1 t1J t!J1 tr n L~ Eii'W 
u u 

1~ l1(;).J'W11"111:WA(;)eJ~1-:JL~:w~1~Pin~1A'WI"l11~1~1'l'WLB-:J ~-:~iim"JamnieJ~(PlfleJ(;)bdm irm~~'W1~ii 

t e1 m ~tJ n m 1:w f1 ~ Lbfl::: tJ n m'J n 'J:::vh 1~ L ~ ~ 'W n5 m 'J :5' m:::u u m 1:w f1 ~ Lbfl :::15 L~1::: LL"'1.:~'\Il1 m 1 ~i 
u 

~1~1'l'WbeJ-:~ Y111 ~1"111:W~I"l.:~'VI'WLLft:::ci1CJ t~.:~m'JL~CJ'W'rl~ fleJ'Y111 ~"'1:w1'Jt:l"ii~~,1~'W1'WbLf1:::1111 tJ1-i11 'W 
u u 

"'m'Wm"Jru1 Vll-11~ trm~~'WL U'WP1'W~nf11.:Jf11'J..ij~m'JL~CJ'W~ 'Y111 ~'U'J':im mP11 'I.J nl'J L1CJ'Wii =511'1=5-:n u u 

"'1:W1"Jm1CJ'W~:W 1 'I.JVJP1't1 bbft~Vl"' n n1'J'V11.:J1'VICJ1Pl1"'(Plfl.~b ~1:ff'W ~n~.:~~.:~~ft 1 ~trm~CJ'Wii b"iil'll"l~Vi~~eJ 
u 

m"JL1~'Wi"ll1i'VICJ1P11"'(Pl1 "li1c; 1 ~trm1CJ'Wbn(;)m1:wL~mt'W hl11"ii:::'Y11m"J~.:~ 1~ 1 "ii:::G'11L ~"ii~-w 

l'ltJbeJ.:J "'1:W1'Jt:lA~bbft~ bLflUUJ'Vl1~1CJ (PltJbeJ.:J 1l.J~mileJvimJtl"'':i':il"l 11 m1~'W 1~ tl':i:::"'u m':irul'l':i-:1 C1n " . 
Vfn~~n1':ibbnilru'Vl1 bbft~Vfn~~ m':i 1 offbl"l~eJ.:~ileJi'VItJ1Pllt;Wli "'1:W1':itl'U1m1:w~ 1 tJ1 m 'W=ili~tl':i~ ~11'tJ 

" u 

1~ (.nl"l Lm'Vl1l"l\jft~, 2542: 126; m:w1"111f11'J m:::'VI':i1.:JP'in~16m':i, 2545: 38; .Wwi 'VIel\I"IJ:W'43J, 

2547: 56-57; oW:W~'I.J5 b~"ll:::l"ltl~ bbft:::l"lbCJ11 ~'1..1~"'"11, 2544) . ' 
"i11m':iPin~1beJn"'1':i~b~m.rra\lnum~u1'Wm':i~'Ub"'1~Vllm1:w~ "'1:W1':it:l"'':itl1~--h m':i 

u ' 

..ij~nl':i L1~tJ~~1 tll n..ij n':if11':ib1~tJ~bb 'U'U~'U b~1~'\llll"l1l:W~tJ':i~tl el'U~l tJ 5 ~tJ~ eltJ 1~ bbn ~tJ"'~1\I 
\I d.J \1 \J 

l"l11:W~tJh (Engagement) .fftJG11'J1"ilbbfl:::A'W'Vl1 (Exploration) .ff'WaB'U1mbft:::ft.:J.rrm'f~tl 
(Explanation) .ffu'1Jm~l"l11:Wi (Elaboration) bbfl~.fftJtl'J:::LiJtJ (Evaluation) LU'Wn"iim'J:w~irm~~tJ1~ 

tll)u~bbft:::L1tJ'W!Vfrn~~ m:::u1tJf11':i'VIl.:J1'VItJ1Pll~l'li ~~1'VItJ1Pll~~i bbft:::m1:w b .rr, 1"iiL~tJ1 nu 

i'VImm~l'li l.J.:~b1J'l..l 1 ~1!m1tJtJ ~.:~r\'1m:w ~\l~:w:w~~ltJ eJeJflbb'U'U bbft~Yllf11':i'VI~fte:J\1~1tJ~1beJ\I ~~1\1 ' ... 
m 1:w b .rr11 "ii'VIl\ll'Vl t1 1 I'll~~ it~ t1 nl':i b ~eJ:w btl .:~m 1:w~ b~:w b .rr1 nu'Vl~ n ~ltJ~1~ "iil n nl':i'VI~ ft e:J\I'VIl\1 

u "' 

i'VIml"ll~(Pl{ Lbf1~~1'1-:~ L UtJP.NI'im1:w1'~'W:JJ1 L(;) E.J~f'l'JVhtiiU1~eht..n E.Jf'l11:WG'f:::(;)'J n G'fiJ'I.JG'f9J'\.J :ffLL 'U~ u u ., 

"li1 ~ b 'Ill~ v (Plft a~"iitJLbnil t!JVll~ bn(;)~'l.J "iiln m':i b1tJ'W m':i~ v'W 

2.2 n1cs~~nTH~f.I'I.Jibb'U'U~1:WiJe:J (Cooperative Learning) 

m"J..ij~m "Jb1 tJtJ~ bb uu ~1:wilv1!u11 b tltJm'J..ij(;) m':i L1~tJ m"J~ eJtJ~ L 1JtJ~ L1~tJbU tJG11~ nl 1 (;] ~ 1 ii 
u u ·~ 

m~u1tJ m"Jn~:w 1 ~~ L1tJtJ 1~ffieJm"''Vll\lltJ~1:wntJL ~eJ~fttl"J::: 1~"1l'l1Lbft~ Ln(;lm1:wG11 L ~"ii~'J:wntJ-uv\1 
' u 

n~:w ~\lm'JL1tJtJbb uu~1:wile:Jin "lib tltJb 'VJt1\l..ij~ 1 ,X~ L1tJtJYll\ll'Wb tl'W n~:w b "litJ v11':iltJ\IltJ v11 n"iJ m':i:w 
.. '\.1 .. . 

tl'J:::~~~Vl~v~1'1\l~tJ\11tJ viitl':il~ l'lft eJ (;l"iJtJtl n,j~ nl':i'VJ(;lft el\1 bb~1 ~ ~eltJYll'Vl1Jl~~':itlm1:W~~1 eJ 
01 d.J \1 , \J 

l'ltJLa.:~ b vh,!tJ Lbvl~ ~e:JtJ"ii::: ~e:J\Il"l m ~1:w 1-ii nft ~'VI5151 ~~ L~tJtJ hil. -iJm:::u1tJ m"Jtl ':i~:W1 ft~\I~:I.Jl "iil n 
u • u 

m':i'Yl1n"ii m"J:wvi1-:~1 :5'm~uu m 1:w1'~':itl L tl'Wa.:~fi'ml:w1'~1~\iltJLeJ\I b UtJ'Vl"' nm"JG11~fll ('W:w.Ww5 
\1 , \J D~ 

L(;l"ll:::l"ltl~, 2544: 15) ~.:J,rtJ m':i..ij(;J tll'J L~~tJ~LL uu~1:WlJe:J~~e:JtJ"ii:::~a.:~ L~ v m 'VII"lUI"l m"J..ij(;J m':iL~m<l 
' u u 

d Q..l IJ'Q IJ'Q IJ' Q 1.1 ~ I Q..l 0 Q Q.J Q I 

'VIb 'Vl:Wl:::~:Wtl'Ue.J b 'JE.JtJ bbft~e.J l '5tJ'U'o\l~\ilv'l:WI"l11lJl"l~EllJ'VI'\J:::l~11Jtl'W'VI1 tl'iiltl11:W 1'\..Jt:-J(;l'lle:JU\JTU"Utl\ltl!;l:W 
u u ' 



; 
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~11Jtl'U 1~1:l~ncimJ~tb~ G1'UI"l111J~1 L 1~ Hi' Lihn=un:UnVJ nfi'U Hi\~l:l'U~tJ';j';ir;t mll"il~a.l.:J'VIll11:l L~m ~'U 
'I 'I 'lJ q ~~ ~~ I 

,j''Ufie:J fl1';j L711:l'UL U'U ncilJVI~e:J L U'UVJlJ e:JV1-:Ji1'\J ';i~~VJ5m~,1'U Le:J.:J • 
Q.l oCI II I 4 

2.1.1 fi11:UVI:U1f.I"'Jfl·m1"a"il~fl1'H 'afl'Ulbb 'U'U'a1:Ul.Jel 

n1 -s~ ~ m -s L~ l:l'U~ LL uu~11Ji'lv L tl'U m-s~ ~ m-s L711:l'U n1-sG1 e:J'U~ LL tl.:Ji:J L~ l:l'U e:1 an L tl'U n a,:: 1J 
~ ~ 

L~n 1 1~~:Jvh1ui1"l.n:Un 4 fi'U ~i1fi11:WG11lJ1';imLI'lnvi1-:Jn'ULtJ'Utrm~l:l'ULn.:J 1 fi'U 'll1'Ufl(;t1.:J 2 R'U 
. . 

LLr;t~ eia'U 1 fi'U G1m:UnVJ flfi'U i1 nTmr;t m '\J~ m..tfi11:W R~ L i1'U i1 m';i"1i1 m Vl~e:JG1U'UG1'U'U~.:J n'ULLr;t~ n'U 
' ' 

(lG11 Yln'll11, 2544: 193) H1~11li'le:Jn'Uv'i1.:J1'Uflciw1h~:Jm11J~.:J1"il LLr;t~L~lJ h-ru~~'llau 1 'U'UVl'U1Vl , 

V1i.f1~1 'U fl ci :W"'Jfl .:J 1'1 'U Lbr;t ~ij fi111J-r'U ~~'ll a'U ~11J tl'U,jf.:J 1 'Uci1'U 1'1 'U bbr;t ~ ci1'U ';i11J L ~ eJ 1 ~nci lJ 1~~'U 
' ' 

fl111l~1L1"ilml.JLth'VI:w11:l~n1VI'U~ (m.mru 1"ilL~I:l.:J, 2550: 121) 

"il1 fll"l11:WVI:W11:l fl1';j L~l:l'ULL uu ~1:wi'le:J~.:J nci 11 G1-s'\J1~11 fl1';j L~l:l'ULL 'U'U~1l.li'la L U'U n1-s L~ CJ'U 
' 

i:J b~ l:l'U 1~ L~ l:l'U -n~ l:l m -sv'i1.:J1'U ~1 :w n'U "111m VI~ e:J~\1 tl'ULLr;t ~ n'U LL~~~1:w n'U -ru ~ ~'lle:J'U \11'U 1 'U nci:w~~ 
~ ~ , 

1~-rulle:J'UVI:W11:l L ~a 1 ~Lii~L U'Um1:w~1L 1"il'lle:J\Incil.l 
' 

2.1.2 ~n~tu~'lleJ~n1c.iL~EJ\J~Lb uui111iiv 
'II 

Spencer Kagan (20 14: 1-4) 1~nci11(i\l~n~ru~~1flqJ"'JeJ.:Jfl1"SL~CJ'ULL'U'U~1:wi'leJ~.:J 

G111J1'S()G1"S'\J1~~.:J~ • 
2.1.2.1 LU'Unci:w (Team) LU'UflcilJ"'J'U1~L~n '\J-s~:w1ru 2- 6 "'J'U1~~L'VIl.J1~G11J~G1~ ~€1 

' ' ' 
4 fi'U LU~ 1e:JmG11 ~irm711:l'UVlflfi'U~11Ji'laaci1.:JL vhL Vll:ll.lrl'U"S11J.Jf.:JG11m-smL ti.:J 1 ~v\'1-:Jl'UL tl'Uri "~~1n ' ~ 

.fnl:l 1 'U flcil.J'\J-s~ nau ~11:JG1:W1:Un~i'l-s~~'U fi111JG11:W1'S()Vl1.:Jfll 'Sb~I:J'U LLI'l flvll.:J tl'U ~e:J iJ fl L11:l'Uflcil.J~i'l 
' ' 

-s~~ut:.Jm1:wnVJBVJ1.:Jm-sL~CJ'UG1\I '\J1'Uflf11\l ~1 ew 1 'Unci:wL~CJ1n'U Dl '-J \J , 

2.1.2.2 i'lfi111JL~lJ h (Willing) irm11:l'UVlflfi'U 1 'Uflcil.l~:Ja:w-ru~.:Jn'ULLr;t~n'U "111m Vl~a 
' ' 

e:1ci1\l hi't:.J"'i'lm-sLL U.:l'lt1'\J1VJ i'lm';isB'nm:w vii'\J';ili:J LLr;t m '\J~I:l'U'Ufi11:W~~L i1'U~.:Jrl'ULLr;t~n'U 

2.1.2.4 i'l~n~~ (Skill) LU'Ufll"S~\PlJ'U1~fl~~Vl1.:J~\Ifll.l fl11~\1Lfll'l m-sG1-s'\J fl1';j 
' 

bLtlD qj'VI1 fiJ 11J-tr ~ LbcJ \1 

2.1.2.5 i'l'VI~flfl1';i~'Uji1'U 4 '\.J-s~m-s (Basic Principle) ~·HU'U~1U\1~11LU'Ufll1L11:l'U 
LU'Uflcill Vl~v m-sL~CJ'ULL'U'U~11Ji'lv ~\ld 

' 
1) fl1';iW\1~1eJ1Pli:J~.:Jn'ULLr;t~n'UL:U.:J'U1fl (Positive interdependence) fl1'l 

"li1 1:J LVI~ e:JW.:J~1~.:J rl'U Lbr;t~ tl'U L ~a 1 '\J ~fl1 11J~1 L ~"il LLr;t~l'l1~VIU fl11fl1 11J~1 L ~"il"'Je:J.:J Lbvlr;t ~fi'U~ €1 
~ ' 



2 , ' 
'VellJCil16~0U 

'V 'Yi 1 oco1 L. 

2) m1:u-rut:i~':i1~'Uflfl~ (Individual accountability) 'Vlnfl'Uhm~:u:W 
' ' ' 

~\l~ed1 L tl'Ufll1:Url'1 L ~'OJ"llel\l n~:u 

3) A11:ULvJ1LVJtJ:Un'U 1 'Um':ijjci1'U~1lJ (Equal participation) VJnfl'U~e:J\l:W 

ci1'U~1lJLVh L VJ~lJn'U 1 'U nTJvl1\l1'U sfi\lvl1 hlt~mhv'I'U('l'IJ'Vl'U1W1Je:J\lLL~~:::fl'U 

4) m':itJl)~:u'W'wfhJ-w~e:JlJ'l tl'U (Simultaneous interaction) G'fm~nVJn 

f"l'U"il:::vl1\l1'U ~(OJ eJ1'U VJ\l .,~., 1tJow{e:J:U1 n'U 

2.2.3 n1"5~('lnT'H~V'W~LbUUmi:ubb'li·niu (Teams Games Tournaments: TGT) 
" . 
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L 'Vlf"lUfl nl':i L~~'U~LL 'U'Un1':i LL "ii'loU'UL tl'UVJlJV!~e:Jnl':i LL "ii'loU'U':i:::V!'J 1\ln~:u~i'J ~ Ln:U L 'Vlfl'Wfll~ 
" ' 

L~ E.J'U bL uu~1lJlJe:JlBV!~\l~~('l n"il m':i:u m"J L~~'U m"JG'fe:J'U~L U'U~ L~ E.J'UL U'U~'Ufi n ~1\l b('l E.J:W m "J~('l1 ~ 
'U 'U 

irm~~'UL~~'U~l:UL U'Un~:u~v~ ~1:un'U n~:u~:::tJ':i::::Ulru 4-5 fl'U VliJ"J:::~um1:UG'f1lJl':itlbL\9lnl'l1'ltl'W 
' ' 

G'f:U1~n .n1E.J 1 'Un~:u'OJ:::Pim~lfl'Ufll1 LL~~vi1.:J1'U~1:Un'U ~L~E.J'U'OJ~:WtJn~:u'W'w5~ vn'U L ~mhm V!~a 
' " ':..1 

G'fiJ'UG'f'U'U m:::~'ULL~~ci\l LG'f~:Unl':ivl1\l1'U"lJB\l L ~B'UG'f:IJl~n 1 'Un~:U 1 ~U':i~G'f'Uc.J~Gi1 L ~'OJ ~ L~~'U 1fi' 
" , .. \1 

~B'OJ1mT'U"il~ij fl"iln1':ilJnl'HL"li\loU'U\9lv'UiJn'V!1L ~BG'f:::G'f:Uf"l:::LL 'U'Ufl1l:UG'fl:Ul'H1"lle:J\ln~:u ( "lll~£i~ Vl:U, 
"ll ' " 

2558: 15) b('l~rl1V!'U~ 1 ~G'fm~n"llv\ln~:u 1~LL"1i'li'Un'U1 'ULn:Um':iL~~'U~~G'fv'U~('JL\Pl~tJ:u HLL~l vhm~ 
' " 

'Vl('JG'fe:J'Ufld1lJ~ b('ltJ nl':i 1•u\n:Un1':iLL "ii'loV\J 1"1::: LL 'U'U~1~"il1 n nl':i LL "ii'loU'U"lJB\lG'f:U1~n LL~ ~:::I"I'U 1 'U~ n~ru~ 
" 

m':i LL "11 \loU'U Iii' 1 vi v li11 nu VI :u ~'U '111 Lv 1mu 1 n L tJ 'U 1"1::: LL 'U'U ':i1 :U"ll v \lVJlJ ~" v'U -;u ~ ~ v 'l1-ii' L 'Vli"IU 1"1 m ~ 
" 

LG'f1lJ LL "5 \l L oU'U n1"J1 ~':i1\ll~ 1"\'l"t!:IJL "lJ tJ ~\l,r'UG'flJl~n n~ lJ"il~~ tl\llJ nl 'Jtl lV!'lJ('l L th'VI:Ul tJ ~1:U tl'U 
' 

' ' 
oUltJLV!~vGiJ\ltl'ULL~~tl'U L~BfldllJ~lL~\\J"tftl\ln~lJ (G'fi'Vlfi lJ~I"il LL~:::e:J'JVJE.J :w~l"\'1, 2553: 65-69) 

'I , \1 '\J 

2.2.3.1 ~n~ru:::"lJv\llBL~tJ'UU':i:::L.n'Vln~lJLL"li\l-rr'U 
' 

~ n~ru~"llv.:~15 L~ E.J'UU':i~ L.fl'Vl n~:u LL "ii'li'U ~ n~ru~ LL~ ~15L~ tJ'U'lJ ':i~ L.n 'V1 n~l.l 
' ' 

LL "ii.:~i'UL U'UiBL~ tJ'UL 'Vll"l'i11"1V!~.:J"lle:J.:Jnl"JL~~'ULL uu~1:wiJv~~ LL~:::tl1G'f'U hmn L ~B\l'OJ1 n L tl'U':itJ LL uu~ 
'U 

G'f1lJ1"Jt~'l11:w11-ul 'Ufl"ilm':i:wm':iL~E.J'Unl"JG'fe:J'U 1~Liie:Ju'Vlm~~um"JPin~l ~e:J ':i~vl'u LL~::::W~n~ru~vi 
' 

L V!:U1~G'f:Utl'Unl':i~('lfl\\Jn':i':ilJnl':iL~E.J'Un1':iG'IB'U l"1J1l'VltJ1f"llG'f\914 L ~e:Jci.:JLG'f~:U 1 ~~ L~ E.J'UlJ'W~~n':i':i:U n1':i 

L~tJ'U{~l~\9l'ULB\lB~1.:Ji1tJ':i~~'V16m-w (G'f'JL('l"lJ 1'0J"il~~:::' 2558: 12) L 'Vlf"li1f"lif :W~n~ru:::l'l1.:J61 vr.:~d 
\1 " , I 

1) LU'Um':i~~n'OJm':i:wm':iL~tJ'Unl':iG'fv'U~~L~~'ULtl'U~'Ufin~1.:~ 
" 'U 

2) LLU.:J~L~E.J'U1'U~e:J\lL~E.J'l..!ve:JmU'Un~:u~e:J~., mi:w~~ 4 f"l'U sfi.:~tJ':i:::ne:Ju ~l~ 
" , I , 

G'fm~n~:Wm1:wLL\9ln~l.:Jn'U 1 'U':i~~uml:WG'f1:1J1':it~ m~ L -wf"l L~e:J"ll1~ 
' 

3) ~L~E.J'UVJni"I'U 1 'Un~:u~1.:Ji1Lu1V!lJ1E.J~llJtl'U LoU'U c.~~~:U~'VIB'Vll.:~m':iL~tJ'U 
V!~B':i1·:1'1~v1n~:u-;u~ 1~~'\.J Lde:Jfl::: LL uumi:wei.:J Lnru-Yi~>n:wv1 n1V!'U~ 11 

' ' 

liubu
Rectangle
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'VI flfl'U tim tJ'U fl11l.J~1 ~ ~lil"U €1~ n~l.J • • 
5) G'll.J1<fiflb 'Ufl~l.J~hJ~~l.J~'U5~~~€Jtl'U~Lt'l~~"Jf.JL 'VI~€JLLt'lflL tJ~fJ'ULLt'l~ 1 ~fld1~ 

1 .od!i 1 V lV 11cJ Q I 'l tJ 0 Q.J ~ tJd q I L" 11/ d .N 4 i 

':i1l.Jl.JaLLflfl'ULL~~fl'U 1:-J'VIL 'W'U~fl~lil~ ~'VIn1t'l~ ~ lili:.J'VIL 7fJ'U€J€l'U L~t'l~fl':i~l'l'U 'VIL 'VW'VW1fJ1l.Jl.J1fl"U'U L 'We) 
'IJ 'IJ ' 

lil~ 1~\h~G'ItJfl11l.JG'l1 b ~lil'Vl1~fl17L~CJ'U1'Jl.Jtl'U 

6.1) ~~~fl17 L~fJrl1'VI'U~tJ'VltJ1'VIL ~~L~fJ'U'VJflfl'U1~i1~1'ULoU1~1l.Jvl1 

nlilm7l.J Ltl'U~l.J€ltJ'VImE.Jvrihvi-ru~~"Ue:JtJ LLn~L~m.J'Vlflfl'U ~l'lfl17 1 'IXVJnfl'U 1~vh~1'UviL vrl.J1~G'Il.J nu 
"' 'U .. , 

fl11l.JG'I1l.J17tl fl11l.JG'I'U 1lil 

6 .2) ~"li1m 'VI~m~~~L~ 'VI~~1'Vlmfl17 fle:JfJ 1 ~A1111€JtJ L~€1~ ~~CJ'U~e:J~fl17 

fl11l.J"Ii1 m 'VI~ €J'Vl1~1 "U1 fl17 

6.3) ~G'I1JuG'I~'ULL~~LG'I~l.JLL7~ ~1mvr~m'I1JuG'I'4'U~1'U~€J~tlmru 'VI~€11~ 

1"11LL 'U~'ll1~~1fJm~~'U 1 ~~ ~~CJ'UG'I'U LlilL oU'1~1l.Jnlilm7l.J 'VI~B~ntJ fiu'i~1CJI'l'ULe:J~ 
' 'IJ :;J 

6.4) ~~~\111l.Jfle.JfJ\11711ilG'Ie.JtJ~1'U~~ ~~CJ'UI:.J~\1l~'Ul.J1rle.J'U~Iil~~~~€J 1 tl1 ~ 
'IJ 'IJ 

Uflb~CJ'Ufl'U~'UIL~CJLO'W1:::€J~1~~~~1'Ufl11l.J~fl~€J~ 

6.5) i1m7~~fl17LL -u~-rrwnv 1 'Ufl~l.J ~~L tl'Ufl~l.J~G'Il.J1'8ni1fl11l.JG'I1l.J17tl 
' ' 

bfl~L~fJ~tl'Ul.J1Lb '/]~oV'U~'Wtl'Ufl~l.J~::: 4 fl'U 
' 

2.2. 3.2 €1~ ritJ 7::: nBu ~1f"ln'"1J v~ m 7~ ~ n17 L~fJ'UTI~ fJ 1 off~ 'VI flu fl n~l.J LL -u~-rr'U 
·~ 'IJ ' 

fl17~~ fl17 L~ fJ'Ufl~ fJ 1 -ilL 'VI flU fl fl~l.J LL 'll~oV'U i1eJ~rltJ7~ ll€l'UG1'1rlqj~~.a (~i'VI ~ 
l.J~fl1 ~b~~€J7VJCJ l.J~fl1, 2553: 164-165) 
'IJ 'IJ 

1) fl17 LG'I'U m -d €J'VI1 L iJ 'U n1 7'111 LG'I'U m -d €l'V11'VI~ €J u 'VI L~ fJ'U 1 mJ 7tJ LL u u fl17 
'IJ 

'll1LG'I'U€la1~1il::: ~ V'Ufl17tJ77CJ1 fJ €Jiitl71 fJ mruPim.~1V!~€J€l11il lil~i1~€Jfl17 b~fJ'U~~'U I tJ7:::fl€JtJ~lfJ n 
1~ L'VIflUfl TGT ~:::~LI1lll~l~~11lL'VIfliJfl~'U., m\l~~G'Iv'U~€1\lLU'U 1 ~~~~CJ'U'Vl71'Ul1~L1fJ'UIOi'€l~1 ~fl11l.J 

I ~ "' 'U 

G'I'U h1J1n1 'U ~ .Q'€l'VI1G'117::: ~ 'W71~~~'1l1 tJ 1 ~Vil.JtJ7~G'I'Ur11 1l.JG1'1 L ~~ 1 'U fl17LL oU\loU'U 15-dL V!l.J1:::G'Il.JtltJfl17 

L~fJ'Un t~1"111~'U~1'U~G'I1l.J17t~ml.JI'le.Juvii11"11111€Ju~L~ tit~'UeJ'U\1l1fJI'i'1 LL\1lb1 b 'VIl.J1:::nuu1\l1"111 
'IJ .. 

2) m7~1'1Vil.J ~ tlt~m7~~Vil.J~b~fJ'U 11'1 v 1 Vi'fl~::: n'U~~ L owf'!bb~:::fl11l.JG'f1l.J17t~ Vil.J 
'IJ 



61:W1:Un~mn b de:rvn hwii bb 'U'U !Jn~~·1hCJ L~CJ~11 'IJ~ b~CJ'U~~t:J~~ n'Utn:WFhm:w 1 'U bb 'U'U!Jn~~~'Ufl~1 
" 

~~b i1 h b dv'VI1~.:J'VI:W~ b Vlflijflfl~:Wbb~.:J-IJ'U ~~b oU'U1 'LIVi:WfleJ vh 1 ~~~?f~b ~vVi:w ~~"li1m VI~ eJ 1~ ' ' , 
n1~-:l 1 ~ b ~~'U~1:WVl:W:W1 n~?f~ 

' 
3) bn:w b'IJ'Libn:wl'l~ufi1m:w~1CJ 1 bMCJ1 nubd~'V11611-s~~~b~CJ'U 1Jl~m~nb~CJ~~ 

" " 
1 'Um-sb~'Ubn:w~ b~CJ'U~b uwii'1 bb Vl'U~1n bb~Jift~Vi:w"il~:w1b u'LI~bb "li.:J-IJ'U 

" " 
4) m-s bb "li.:J-IJ'U m-s~ ~ m-s Lb "li'I-IJ'U m "il "il ~ ~ ~~'Litlfl 1 CJ ~'IJ ~1,;-'VI~ ~Vf1 CJ'UVJ L~ CJ'Ufi 

1Jl ~\I~~ b uw•hm:w LMm n'U b ,i ~'VI1~ b~CJ'U:W1 bbGll bbft~~1'U fl11 b\91~ CJ:W fl11:W'W~~:w "iJ 1 fl n ~m.n bbGl1 fl11 
' 

fll";i b ~:w 111'1 b ij'U fl1 ";i'W ~ eJlJfl'U bb "li .:J-IJ'U b?f ~"il bb~ 1 ~ ~ ~ 1 ~'LJ(:.J ft fl1'Hb "1] \I-IT'LI bbl'i ft ~ 1~ ~ 1111 tJ b Vi CJ 'U'VI1 ~1 

fl~ bb 'U'U 1 'UtJ?f 

0 "' ' "' 1 2 3 4 5 J;t1~Ut:-J~W1<,iLL '!J.:I'!J'U 

fl~LL 'U'U b U'Ua 10 8 6 4 2 

5) m-sCJ~:w~uFn1:wG11L 1"il"ll~\IVJ:W iim-stl11"1~bb 'U'U 1 UU?f"ll~-:!61ll1"8mL~~~fl'U 

lJ111:W n'Ub U'U fl~ bb 'U'U"lJeJ\IVi:W bbft~'VI1Fh bQ~ CJVi:W~.:JVi:w~iifl:::bb 'U'U61\161~"il::: 1Jl-ru fl11CJ~:w-ru 1'!X b U'UVil.J " , 

" 2.2.3.3 -IJ'UI'l~'Ufl11~~fl11b~CJ'U~Ji'lm 'Vlflijfln~:Wbb "li-:~oV''U 
" ' 

?tiVJ~ :wflfi1 bbft~v-sVfCJ :wflfi1 (2553: 165-166) 1Jln~11Ci\l.ff'UI'leJ'Litl1";i~~fl1'f 
' " " 

b~CJ'U-n~CJ 1 oUb VJflijflnG'i:wbb "ll\l.ff'U ~\lli.ff'UI'leJ'U~\I~eJ 1 ud 
" ' 

1) .ff'Ubl'l~CJ:wbi!~'VI1 'll1:::nvuJi'1CJ 

1.1) fl11~~bl'l~CJ:Wb dv'VI1?111~ ~?tv'LI~~bl'l~CJ:Wb dv'VI1?111:::'VI~m~v\l~~~ 
" 

1.2) m-s~~bl'l~CJ:Wbn:w ~61B'U"il:::l'i'v\l~~bl'l~CJ:wri1m:w~1CJ 'l ~\lbU'U 

fi1m:w"il1m .n~'VI1611-s~~~b~CJ'Lib~CJ'LI~ 15m-s11Xfl:::LL'LI'LI 1 u11611 'Lim-sL~'ULn:w -s1:w~\I~BB'llmrum-s 
" " ' 

L~CJ'U~ L-d'U 1u\11'U 1um1:w~ "ll~fi1m:w m~~1~fi11'1B'U m:::m~u'UV1nfl:::bb'U'U LtJ'UI'i''U 
" " ' 

2) .ff'U~~Vi:w ~?feJ'U~~Vi:w~ b1t.J'U 1~t.J 11Xflfl::: n'U~\1 b 'W PI bbft :::m1:w?t1:W1";ib1Vi:wfl::: 
" " 

tl";i::::w1ru 4-5 fl'LI L"li'U Vi:wvlii?tl.n:Un 4 fl'LI m"il'\J";i:::nvul1i'1CJ'111CJ 2 fl'W 'VIqj\1 2 fl'W LU'Wfl'Ubn\1 1 fl'W. 
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tlTWfl~l~ 2 lilt! LL~~~Eltl 1 lilt! biJtll'i''lJ L~m1EJ'Wfl~EJflT:itli)'\J~nlilm~:wl'11:Wf1'1i~'VI~EJhN1'4~ 
rh'VIt!~H 

t1 o .o:::t.~ q II 

3.1) t:J 61El'lJbb 'lJ~'lJ115fl11b ';j EJ'lJ';j 
~ ~ 

3 .2) Vim1~ LLt:J'lJ m~L~ EJ'W~ LL"~ m1 LL 'ti~oU''lJ 
~ 

3.3) 61:w1:Un1 'lJLL~m~Vi:w~1:wtl'WtlflU~nlilm1:Wl'11:Wfl1i~VI~EJ1 'tN1'lJ 

3.4) n~:wVJ~ EJVi:w Ll'l ~ EJW'l11:W~ ~EJ:w 1 '!Xti\m:w1:U n1 'lJ m1:wV1 n lil'lJ L ~EJ1 -H'ii 
' ' ' 

r111:W~Iil11:Wb •(h 1liJ 1 'lJ'UV1L1EJ'lJbb~~~~El:W~Iil~b •ih6161'lJ1:WLL 't)~ 
~ ~ 

3.5) Lb~(l~Vi:Wvl1fl11U1~LlJ'lJ!il11:W~Fl11:Wb •(h 11il1 'lJb .Q'EJVI1'1.1&l61:w1:Ufl1 'lJ'Vl:W 
~ 

1~ EJ mlil~~ f1'1m:w:ff'W:w1 LEJ~ 1~ EJ 1 '1X61m:Un'1.1 EJ~Vi:wVl~" EJ~ 1'1 EJ'U f'hm:w 

' b(ltlbfl:W 

3.6) 61l.n:Un'1.1EJ~Vi:w'1hEJ fl'We:JB'U1m ~:wb~:W 1 t!tl1::: b~tl~'U1~Flt!EJ~ hiL off1 11iJ 

4) .ff'lJm~Lb'ti~-rr'lJ er61Eltl~~m1bL'ti~-rr'lJ u1~f1El'U~1EJ 
~ 

4.1) er61El'lJLL t!:::1l1m~bb 'ti~-rrtl 1 ,xerb~EJ'lJV111'U 
~ ~ 

4. 2) ~~er L1EJ'lJVI~EJ61:w1:Umi'1 LL Vltl'IJEJ~ LL~" :::Vi:w L .ff1tl 1:::~1 HI'::: LL 'ti~oU'tl 
~ 

4.3) er61€Jtl bb t!:::1l1 b~ EJ1 nu Ln:w 1~ EJEJB'U1 E.Jiil~,.h~G'f ~1'1 LL"::: n~ fl1'1Je:J.:t fl11i 
~ ' 

.::::rt. dl t.l-=1 ~ I II Q.l 1.1 0 ctJ 
4.4) 61:W1"1JflVI1Elt:J b ~ EJ'lJ V1 fl Fl'lJ b 1:W L(ltl bfl:W~ 1El:W fltl ~1 EJ"IJ~ Fl1ti1:WV1 

'U ' ' 

b VliiEJ'lJfl'lJ er61e:Jtlb~tlm:w 1~~fl1':ibb 'ti~-rrtl~1.:~ 1 b ~e:JI'JEJ'Uu ruV11.UEJ61~~EJ 
~ u 

4.5) Llle:Jfl11LL 'ti~oU'lJiiJ'U(l~ 1 'iXLb~(l~ 1~~1'1111iJFl:::bL tl'lJ ~~~1~'Ut:J(lfl11 

LL 'ti~oU'lJ LL~::: 1 'iXVJ1 1'11 FJ::: bb 'lJtl 1 'UU61 

4. 6) ~ L off1~1:w fl11Lb 'ti~oU''Wn~uL oU'TVi:wL~:W'1.1ml'i'1 Le:J~ ~~EJ:W~1EJFJ~LL 'Wtl 
~ 

4. 7) Vi:w1l1 Fl ~ LL 'Wtl 1 u1161'1.1 EJ~ LL~ "~ Fl'lJ:W111:W ntl L U'lJ FJ::: LL 'lJ'lJ 11:W'1.1EJ~Vi:w 

mlillil :::VJ1 1'11 LiJ~ EJVI~e:J hHnl11 Vi:w~1!1i'FJ::: LL tl'W61~61~1il::: 1~-ru m~ EJe:J:w-ru11 L tl'WVi:w"IJ'W~ L~ f'1 LL" ~~EJ~ 
~ ' 

.., 
5) oU'lJEJEJ:w1'um1:w6'11L ~lil'IJEJ~Vi:w er61EJtltJ1::: mf'lt:J(l fl11bb 'tl.:~.Ut!bb(l:::bt:Jmb ~~" 

~ ~ 

611511nJ"IJ'lJ~1EJlBfl11~1.:t 'l L 'lit! tJ~tl1~fl1f'l~'UEJ1~ "~'1i11VIU.:t~e:JVi:w.WVIEJ~~tl lil~VI:W1EJ'ti11 

tl1:::mf'1VJU1b6115~ bUt!l'i''lJ 11:w~~m~:wEJm1~l'" EJfl~El~ "IJ:WL"IJEJ 

2.2. 3.4 off€1~'1.1€1~ fl11~~fl1~L1EJ'W-n~EJ 1-ifL VlFlUFl fl~:Wbb 'ti~oUtl 
~ ' 

6'1lV1~ :W(ll"ll bb(l~eJ';jVJEJ l,;j(lfl1 (2553: 68) 1~fl~11~.:toUe:J~'1.1€J~fll';j~~fll';j ' ~ ~ 

b~EJ'lJ-n~EJ 1-ifL VlFlUFlfl~:W bb 'ti~oU't! ii~.:t~ 
'U , 



1) r:J b~EJ'Uiirr:nlJL€11 h 1~~\J~~'lle:JtJ~'J be:J\1 bb~~n~lJ~'JlJ nu~m:Un~'U 
~ , 

2) ~\lb~~lJ 1 ~r:rb~EJ'U~iim1lJ~1lJ1'H1~1-:~ n'U 1~L~EJ'U~~'JlJn'U 
~ ~ 

3) ~\lb61~l.J 1 ~r:rb~EJ'Ue..~rr~b'LJ~mJn'UL'u'Ur:it11 
~ ~ 

" 
- b~~EJ:WbtJEJ'VI1 - b~~EJ:Wbfi:W 

2. ~'IJ<5'f1Vi:W 

- ~VJ~:Wl~m oU'1Vi:w 

~ Ql ... 

3. 'ti'IJb'W'IJ~ 
" 

3. ~:w1:Um.Jn~n~m'i:w 4. Vi:wb~~v:wrnl:w~~t:J:w1~~m:an 

5. Vi:wth~dJurr"Jl:W~ 6. Vi:wtJB'UlEJI'l'"ll:W~b~:Wb~:W 
~ ~ 

" 4. 'li''IJLb'ti.:i'li''IJ 

1. bb'IJ~'LJlfll'ibb'll~ollu 2. ~(ilr:f:Wl:UmJ'i~~h HI~LL'li~ollu 

3. LL'IJ:::'LJlLfi:W 4. L~'IJLfi:W 

5. ~V16'll~'Ue.Jr;'l fll'i LL 'li'loU'IJ 6. r:!:wl:Ufl mi''UVil.J L~l.J 

7. 'i'"l:WI'l:::LL'U'U 

5. ~'UE.IeJ:Wi''Ufl11:Wif1L~lil'tleJ.:!Vi:W 
- th:::fll\"1t:J(;'l 

- L~'il'llr;'l EJfl~tl~ '!J:WL'!JEJ 

.f11'W~ 2.1 .ff'U~e:J'Un11":ij~n1'H~tltJ~~t1LoHL 'VIfli1flmhJLL "tl-:~"IJ'U 
'U • 

~lJ1: i:llVl~ :u~rh LL~~mVi'EJ :u~r'h (2553: 68) ' ~ ~ 
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~1flfl1'j~ m~1 Lamn'j~ LMcn-rra.:~ nu fl1'j~~ fl1'jb~~'Uibb 'U'U L 'VlflUflfl~l.JLL "11.:~-lJ'U (TGT) 

~-a'IJ11'111 rn-a b~~'U ~bb 'U'U b 'VlflUflfl~lJ bb ~'1-lJ'U (TGT) a~ 1 'U n~l.Jfl1'j~~ fl1'jb~ ~'U~LL 'U'U~'"JlJiJa~~fl 
, \1 .. \1 , 'V ' 

n~ ndilJ fl1'j L~~'Ufl1i~a'U~ b U'U~ b~tJ'Ub tJ'UI"l'U6 m'l1'1 1~ ~ij Lb 'U1'Vl1'1fl1'j~~n-;um-a11 L tJ'Ufl11LL "11.:~-lJ~ 
'U 'U 

tl'UG'llJ1:Un'lJ a'!VllJ~'U ~ ~ 1~:; f11'j bb ~'I-1J'UI'nl.Jf111lJ6'11lJ1'jtJ'lJa'l~ L~~'U fia fl'UL~~'ULrl'ltl'Ufl'UL~~'ULrl'l 
fl'U b~ tJ'UeJ a'U tl'U fl'Ub~ tJ'U eJ a'U b~ ~if fl b~ ~'U'Vl fl fl'U~~~ a'lvl1n ~ fljjlJ bbG'l~ b~ ~'U~~1lJ tl'U fl'U b~tJ'Ubd'l 

' 'U 

I dl q I QJ1 t.~d dfdiiiJ ~~ OCV 

'lJ1E.Jb V!G'lafl'Ub jtJ'Uaa'U 'VI flfl'UIPld~Vl'Ufl 'U'U'Vl'U1'VlVl'U1'Vl nd~l'laie:Jj\JbbG'l~bG'l'lb Vl'Ufl11lJ~1flqj'lJBr'l 
' 

d 0 .:: .. 

l'l'ULB'Ib ~Bfl11lJ~1 b j~'lJB'I'VllJ 

2.3 3Jb'IJ:IJ~ (Concept) 

2.3.1 fl'l1:1JVl:IJ1tJ'lJe:J'I:IJ 1 'U:IJ~ 

111 'UlJ~ (Concepts) LtJ'Um1lJfi~ vt~Bfl11lJ b.rr11~m~ 1 'U~Tl-<flflr1~6'11'1JLM~1tl'U~'I1~ 
~'I VI~ 'IV!~ B L~e:J '11~ L ~ B 'IV!~'! eJ'U Ln~ -;u 1 fl1 d~ 'I Lfl l'lVl~B fl1 j 11'1-ru 'IJ j ~ 6'f'U n 1 j ru LM ~1 nu ~'ltT'U'I11lJ 1 

'\Jj:;lJ1G'1CJG'1 L.rr11'11~n'U 1 ~LtJ'U.rre:JG'fj'IJ vt~Brh<ihn~m1l.l mi6'fj'IJm~~~ 1~L tJ'Wti'm.Jrh vt~a'IJ-a~ 1~~tJ 
' ' 

LLG'l~CJ~I'l16'f~B'IJmrumi6'fB'Ui'Vlmm6'fl'l~ 'Vl'U'Vl1'1lJvt1i'Vlm~~. 2525; 11m1-aru l'l~l"l~'lJ~'U~lJ1, 
'' 

2537: 49; ~ilJG'l L~tJ'"JLLfh, 2540: 53; il'W L~1vt1'Wu~6. 2542: 3) Vl~Bfl~lJfl11lJ-;u~.:~~'ILL~~'I1'lX 
' 'U ' 

L~'Ufi'l~fi~UJ~~6'11~qj~1lJtl'U'lJa'IU~~m>h'l~ LLtheJBflbtJ'U 3 '\Ji~L.fl'Vl fia lJ 1 'UlJ~,)1'U1'U L"li'U LLlJ~~ 

LtJ'U~I'l1~ij 6 '111 lJ1'UlJ~L61J'I~lJoW'UB L"li'U Lbi'l VllJ1tJfi'l Lbi'l~~~ijCJ~vl11~fl1ibfl~B'U~'lleJ'I11'lO 
' I 

L 'IJ~ ~'U 1 'IJ Lb~~lJ 1 'UlJ~ L 611 'I'Vl'l~fl L "li'U B~l'lalJ tl-a~ fiB'U ~1 tJU1 Lfl~ tJ6'f~i1e:J'4.f11f1U11PldeJ'U 1 U";il'l";ie:J'U 

LL~~€iL~nma'U (Romey, 1968) 

-;u1flfl11lJvtlJ1tJ~'Ifl~11 6'f-atl1~11 ll1'Ul.l~ vtlJ1tJfi'l fl11lJfi~m1lJL.rr1h~L11~~'U.fl1tJ1'U 
' 

~1 ~ f1f) ~ bM I:J 1 nub ~a .:~1~ b~ a 'I Vl~'lvt1a ~.:~1~ ~'IV!~ 'I Glt.:~1~ ~ 1 fl fl1 d~ 'I bfl (>] VI~ a'IJ d ~ ~'U fl1 itJJL~lJ~ehu 

lJ1 bb~ ~ b ~BlJ 1tJ'I bM tJ1-rrB'I nu b~a.:~tT'Uvt~ a~.:~tT'U LLll'JtJj:;lJ1 ~ L U'U-rre:J 6'11'\.J'lJ B'l L ~ eJ'ItT'Uvt~B~'ItT'U 
' 

lJ1 'UlJ~Bl~bfl~";()1flfl1j'l11-rrmVi-;u-;u1.:~ Vl~Bf111lJi";()1f1Uj~6'f'lJfl1jtJJ~'U ~ VlG11tJ ~ mh'llJ1'\Ji~fiB'Utl'U 

Lbf116'1~1'1b tJ'Ufl11lJL .rr11~'1Ja'll'l'ULB'I 

2.3.2 fl'l13JVl:IJ1tJ'lJe:J~:IJ 1 'U:IJ~1'VltJ1f11~1'li 
lJ 1 'UlJ~i'Vl tJ11"116'fl'l4 VllJ1 tJfi'lf111lJfi~ fl11lJL -rr1 h~61i'IJ LMtJ1 nu~.:~1~~'1Vl~'leJ'ULn~~1 

' 
fl1i~'l Ln l'lVl~e:J n 1 -a1~-ru'IJ j~'IJ d~ 6'f'U fl1 d ru LM tJ1 nu nu~ .:~tT'Uvt~e:J L~e:J'ItT'Uvt~1 tJ ~ LL 'U'U LLf111 i 
flUJ~ fi~UJ~'lJB'I ~'IJ'Uvt'1B b~B'IJ'U'I11lJ1'Ui:;lJ1G'l b orr 1~1 tJ tl'U 1 ~ b U'U-rre:JG'fitl vt~a-rra rh~~f111lJ'lJB'I~'I, 
' ' 

1~~'1Vl~'l lJ 1 'U1l~'Vl1'1i'Vltnl"11~1'lii1~.:~";j~~u~d~h.J'ltJfi'l";ilJ LL"'~'U13.J5jjlJ :i:lf111lJb~CJlJ btJ.;JvJEJb ~a-:Jn'U: 
'U 
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1~~-:JVI-d-:J l.l 1 'Wl.l~'Vl1-:Ji'Vl~1~1G11911iJ~-:J'J~~u~ b D'W'J'IJ5'J'Jl.l bb~~'W1l.l5'J'Jl.l i'im1l.lb ~e:Jl.l 1~-:J~e:J b~mn'W 
" 

(.fi'V'l bmVI1 'V'lU ~ ~, 2542; B1-:J~-:J~ 1 n f1 ru ~e:J'W m"Jl.l m 'J~ l1ll 'W 1 f11'JG1e:J'W bb~ ~r;.J~ 1911'G1~ f11'JG1e:J'W 
" ' ' 

i'VltJ1~1G1191{ 2525) VlmtJi:l-:J f111l.lfl~ f1l1l.lb ·1h h b~ t11nu b~e:J-:J 1~ b~€1-:JVI-d-:J 1 'W'Vl1-:Ji'VlmmG119l{~b'iJ'U 

oUe:JG1'J'IJ~-:Jirni'VlmmG119l{b~'W~1l.ltl'W (~~w11 mf1.fli1, 2554: 16; B1-:JB-:J~1n1'V'lh~'l1 b~l.lb191'111~mii, 
' " 

2550) l.l 1 'Wl.l ~~ bi1~~1nm"JoJ1 ben.Um V1~~~-:J~ b~moU'ml.l1r;.JG1l.Jr;.JG11'Wb U'W'JbbUU 1 VI~ ;-:JbU'Wfl11l.lfl~ 
" 

VI~ n"l.l e:J -:J ~ -:J,!'W VI 1m tJ 'W f111l.l f1 ~ 1~ ~ G1 "J'IJ ~ e:J~ -:J,!'W e:J 1~ bn ~~1m~ ~1 f11'J~'W 19l'W 1 f11'J"l.le:J -:J 
' 

irni'VlmmG119l{ti1~ b'li'W l.l1'Wl.l~b~~1nu1l.lb~n~ e:J~I9le:Jl.l bD'W~'W (r;.J~-:J~~ m-:Jl.l1m, 2523: 3) 
' ' 

m ~U1'W f11'J'Vl1-:Ji'Vl ~ 1mG1191 { bbG'I ~ b tJ 'UoUe:J G1"J'IJ ~1l.l tl'W"l.le:J -:JtJ ni'Vl ~ 1~ 1G1191 {VI1e:Jf111l.lfl~VI~ n~ f1'W b 'J1iJ 
' 

~€)~-:] 1~~-:JVI~-:J~-:J'li1 tJ 1 Vfi'if111l.Jif111l.J b .U1 h b~ ~1 ti'u1191~ Vl1e:J 'IJ'J1nn m"Jru~1-:J 11~tJ~f111l.J b -D'1 h 

~-:Jf1~11~~bbl9lf1~1-:J 1 '1Jml.l'IJ'J~G1U f11'JtU"l.le:J-:JUf1f1~ 
' 

2.3.3 :u1'1J:u~~fl~1~bfl~el'IJ (Alternative Conception) 

l.l 1 'IJ l.l ~~ f1~ 1 ~ bf1 ~ e:J'W Vll.l 1 ~ i:l-:J r11 1l.l i~1~ G1 e:J ~ f1~ e:J -:J ti'u 'Vl 11~~ Vl~e:Jf111:U i b~-:J 

i'Vl ~1~11:1191{ ~-:J 1~m"il1 n m"J:W'IJ"J~1:1u m"Jru ~1 ~ 19l'Wbe:J-:J bb~~l.l 1 'Wl.l~~f1~ 1~ bf1~e:J'Wdci1'Wmn~~ b U'W 

bb 'W1f1~~~~'V'l~1~~,:r m~~'Wi'imm-:Jbb tl'U~1n~~~ b'IJ~ ~'Ubb 'IJ~-:Jbbm"l.l 1~ (G1m"il191'l1 e:J'J~~~ti, 2ss4; 
" ' 

el1-:J~-:J~1f1 Lawson and Thompson, 1988) l.l1'Wl.l~~f1G'I1~bf1~e:J'UbU'Ubb'U1fl11l.Jfl~ fl11l.Jb~B1'W 

'IJ 'J1 fl n f11 'J tU lJ'J'Jl.J"l.l 1~~ bfl ~~'U bbG'I ~ B5U 1 ~ 'IJ 'J1 fl n fl1 'J rub VI~ 1,j'U 1911l.J f111l.Ji~ fl"l.I€!-:J b "1.1 1 b€1 -:J 1~ ~ 
Fhv5u1tJ,!'Wbbl9ln~1-:J~1mb'W1f111l.lf1~~trni'Vl~1~1G119l{~~~Bl.l~u 1~ (G1i:uG'I b~~1 bbn\ 2540: 52) 

' 
l.l 1 'Wl.l~~f1m~ bf1~e:J'W'Vl1-:Ji'Vl ~1~1G119l{b U'Wl.l 1 'Wl.l~~ bbl91 n~1-:J1 'IJ~1f1bb'W1fl~~1~~um"J~e:Jl.l~U bbG'I~ 

f111l.l~-:JVIl.l1~"l.IB-:Ji'VltJ1~1G1191{5'UiJG11bVI~l.l1~1f1f11'JG1B'U (Peterson and Treagust, 1989: 301) 

G1e:J~f1~€J-:JtlU'V'ltJ~1 tl'U~~f1111J~.u (2557: 19; B1-:J~-:j ~1fld'J'JtuYi'V'l1 'Je:J~bb'J-:Jfi\ 2544) fl~1T"J1 

l.l 1 'Wl.l~~f1m~ bf1~e:J'W VIm ~i:l-:J A1191BUVI1Bfi1B5u1~~ bbG1~-:Ji:1-:Jf111l.l b ~BVI~Bf111l.l~fl11l.lb -D'1 h~1~ 
" 

tlfl~B-:J f1G'Il.Jbf1~€l 61'UG1'1J 1~:WbV119l~~b~~-:J'V'l€l U'J1~"il1fl~'IJ;)1'1JVI~B1~bU'U~tJ€ll.J~U"l.le:J-:J 
\J "' q 0.1 

QJ ~ ~ 

'Wf11'Vl~1mG119l'J 

~1flf111l.JVIl.J1~~-:Jfl~T"J G1'J'IJ1~--J1 l.J 1 'Ul.J~~f1G'I1~bf1~€l'U Vll.J1tJfi-:J fl11l.Jfl~f111l.JboU1 h~ 
' 

1~G1€J~f1~e:J-:Jnu bb'U1 f1~"lle:J-:Jtrni'Vl~1~1G1191{ b U'Ufn1l.Jfl~~~-:j bb tl'U ~1n~~~b u~~'Ubb'IJ~-:Jbb~~bbm "1.1 1 vr 

l.l 1 'Ul.l~~f1m~ bf1~e:J'WbU'W~-:J~i:11m"Jt~'IJ~u 1 Vlbn~m1:ut~n~e:J-:J 1~mn bbG'I~ bde:Jbn~l.l 1 'Wl.l~ 
" 

~r1m~ bf1~ e:J'Wbb~1"il~f1-:Je:J~ ti'uirn b~~'Wb D'Wb 1fl1'W1'W ~-:JVI1n1:Wvhm"Jbbm "lll.l 1 'Wl.l~~r1m~ bf1~e:J'Wn~~ 
" 

ci-:J r;.JG'J~e:J m'J b~~'IJ~i'VltJ1~1G1191{ vh1 Vfirm~~'Wbn~m'J~e:Jl.l~Ul.l 1 'Wl.l~'Vl1-:Ji'Vlm~11:119l{~t:lfl~e:J-:JL 'IJ 
" " 
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'j:;~'IJ~1 'W~~~~~~'WG'li?1G'l~ (Treagust and Duit, 2008) fll'j~~vhmd"'IJ'!'Ubbtl~ h.!~~~F16'll~bFl~e:J'W 

~~b u'W IXeNm~ eJm:;'IJ'J'W fll'j~\?1 m1 b~eJ'W~1Vl mmr,wri ~ b,j'W1 ~,r m~eJ'Wbn~md?I~1~F11l~~~~~¥i'f1, ~ ~ 0~ 

bbG'l:; bn\?1~, n m1~tT n b~tJ 'W,!'W 1-rr m:;'U1'W fl1'jVll~1Vl eJll'll?l IPlTI~ tJ nld 61~ bn IPl-b'm ~~~~ ~ 'j'J'IJ'j'J~ 

-b'm.JG'l~l n'IJ 'j:;?lu fll'juJ~tJ m~CJ'W 1~~'\J 1 'W~i 1Pl'IJ'j:;~11''W 'j'J~~~iJm:;'U1'Wfl1'j~\?1m~vh -b'm.J!;1 
~ ~ 

€1~'\J1eJoU€1~G'l~1~~'\Jb~e:Je:J~1~i1b'Vl\Plt:-JG'l b~€1?1~1~€1~FlF111~~Vl1~1VleJ1f'll?IIP11 (Martin et al., 2005) 
~ ' ~ 

fll'j~trn b1v'W?Ilm'jt~?l~l~~ 1 'W~~~t~niX €1~ 1~1i):;•th v 1 ~?ll:IJl'jm:;'IJi'IPlt~ 'IJ'j1nnm'jru~€i~'j€J'IJ~11 'W 
'U , , d.J 'U 

~~ bn~~€1~ 1~ bn\?1 fll'j~I?)'\J'j~ bf1Vl"ll€1~-b'm.JG'l"ll€1~~~b ~111h~ 1 ~~n~~ bb 1~~v~v~l~btJtJ'j:;'\j'\j ?ll~ldtl 

€16'\J 1 tJ fll'j b 'IJ~ tJ'Wbb 'IJG'l~~ bni?1~'W 1 'W~~ bb 11?1~ mJ 1~ bbG'l:;t:-JG'l~bi'i1?1~'W.Q~:;'Ill1 tJ61m'j?I~1~F111~~Vll~ 
~ ~ 

1Vlmi'11?11Plfl 'W 'j:;~'\j~~~'W 11?1tJ'€111ilbnl?1md~~'W1bU'W Vl~flfll'j Vl~€1Vl~~51m 'W~~\?1 

2.4 ~1 b'Vl\JI~vi11 ~Li1~~ 1 'IJ~~fl!;11~ bfl~e:J'IJ b'Ub il'ervn1"!11 bflii • 
"tll\Pl~ ~~tJ~l\Pll (2551) 1~mhTJ1 l.l 1 'W~~1 'Wb.Q€1Vl11"t11bFJ:Wi1mll.l~1¥i'~l.llfl~~~·thtJ1 ~ 

tT m~ eJ'IJ?I1~1'jt~ €1~'\Jl tJ?I?Il'j bbG'l:; fll'j b tJ ~ tJ'IJ bb 'IJG'l~"ll €1~?1?111 bbG'!:;?Ill.Jl'jt~'llll.l 1 'Wl.l~,!'IJ~11 m 'W 

~11Pl'IJ1:;~1l'W 1~ bbl1i'U1~Fl~~l.l 1 'W~m 'Wb dv'Vl1l"t11bFJi1mlillil~tJ1n~l'Vl1''Ut!m~tJ'IJbbG'l:;vh 1 ~tTm~tJ'Wi1 
~ 1 'U~~Vl1~b~ €1fl~Flli'l11?1bF1~€1'U ~~.am~ b;j€l~l.J11illfl?l1b Vl\Pl~~l?i€11 u-d • 

(1) n1~1~1 m 'U:S1 IPl'IJ 1:;~1i''U 1 'IJ'U~'UVl"ll€1~1Vl m?l1?1 1P1{ b il €1~~1 n1"tll bFJ:W b 'IJ~tJ'U b Vli1€l'IJ B n 

Jl1~1Vl'li ~~,r fl b~tJ'IJ IX €1~ b~tJ'IJ i b ~~ b~l.J'U €I m wu e:J~l flf11~1~ \Pl'Ube:J~ 1m 'U~1mld~~11''1J i1 ~1~Wvi 

~~ fl~l tJ ~,r n1Vl tJ ll'll ?I \Pl { bbli'l:; ,r fl bFli11 orr bbl?i'IJ fl b~ CJ'IJ hJ fl'U bFl fJ bbli'l:; hJ b oU11~ ~1~~vi J'U b "ti'U ~1l1 
' 

€I 'UJll Fl~b m 'U :S1 \Pl tJ d:; ~ ll 'U f) €1"1] €I ~ bb ~ ~~:W"ll 'U 11?1 b~ n bbl?i ?11~ Jd tll.J €I ~ b ~'W bbl?ib 'IJ 1"tJ 1 bfl i1 €I 'Uf1l fl 
' ' 

Vll.lltJfi~ €1~\Pl€1~ 1€1€1€l'IJ Vl~€11l.lbG'l~G'l ~~1iJ:;b~'Ullf11~1vtl ivh1 ~tTm~tJ'IJbb'IJG'lm1~Vl:IJltJ~bbiPlnl1i1~ 

tl'U 

(2) trm~eJ'W hJ:Wm1~~vr'U~1'U:IJln€1'U b"ti'U ti'ltrm~eJ'U1l1b-b'1hb~€l~m~ bb?lhHh 1~~dhl'Vh 
~ "' 

Vl~ €I ~1'1111 vJ oWl €11~vllb ~ tT n b1 CJ'IJ~ 1 'Ul.l ~ Vl1~ b~ €I n b~€1 ~ 1 vJ oWl bfli1 Vl~e:J ti' ltJ n b~CJ'IJ 1l1 b i 11 ~ b~€1 ~ 

tJ~mru?l1d61~~'Wt5bbli'l~eJ\Pl'j1 fl11bni?1'1J~ il~m bfli1l.l1 fl€1'U tT m~CJ'IJ€11~ 1l1 b oUl h~ 1 'Wl.l~~i'Ui€l'W~1n 
" ' 

:U'U b "ti'Ub~€1~?1~1?1mfli1 
' 

(3) m'j'\J'j:;eJniP111?1tJm~tJm1l.l~lbbG'l:;~1bG'l"ll .1'W'U1~fl~~trm~tJ'U~:;1-fffi11~~,1'1Jm'jbbm~Vl6 
' 

1J ~Vl111?1 eJ 1l1~~11tl.!1 fl11l.lf b "8~V1~~5l1?1 mo~1:; 1 'Ub iY €1Vl1 b~€1~ fl1'j~G'l?l~fl1'j 

(4) f1l'jVJ'IJi€1'W"lle:J~lJ 1 'IJ~~~fl~1eJn'U fJ n~1€1~1~b"ti'W trm~tJ'Ub-b'1h11?1lJI?1G'l bfli1b'Vli1€1n'Un'U 
' 
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(5) nT~'\.J~~~n\011 ilJ 1 'WlJ~~1~b'Vl:wl~t'1lJfl'U'U~'U'Vl b"ti'W t!m~~'Wljfn1lJ~b~mnurn1lJlj.ff1"lle:J\I 
' \1 

LlJ b~ n~lJ1vl1'W1~~'\.J11\ILlJb~n~"lle:J\16'11~'\.J~~n8u 
' \1 ' 

(6) m~1iti~1lJ 1m\11~ bb~~'Vl~~~~Vl~1n'Vl~1~ tJn\911e:J~1\Ib"li'W b~e:J\Im\11-b'U?I \1~1i'Vlt]~~ 
d oQ, <Q ..:;::,! I QQ I I Cl.J 

b ~ e:J e:Ju'U 1 tJ~~ \01 n~~lJ"lle:J\1 n ~ \11 bb~~ b u ?IV!~ 1 tJ'Vl~~ -!J bb\01~ ~'Vl~~!)lJ rn 1lJ tJ1 n\11 ~ bb\01 n \011\1 n'W Vl1f1lJ 8\1 

B n1JlJVl~\l n 1 ~vt\J),J 'W 1'Vl11~~ Vl~e:~ 1lJ b\11 ~ b~ e:~ e:~5u 1tJi.J ~1 nn n1~ru b tJ 'W n1~?1~Vl8'W u~~lJ"1J1 ~ 

l'Vl CJ1~16Wl'~~--h 1lJ b\11G'l'Vl~fl'Vl1]~5Vl~\llljoUeJ~1fl\11 ~\I,!'Wbde:J 1 i\"l1~~'Vl1 'Wbb~G'l~l'tl1€l1\J bb\01f1~1\lfl'W 
bb~\J~btl'Wbb'W1fl\1lb~mn'WnmlJ m~1il"l1~~Vi m~1i~~Vi~bb\01n~1-:~n'W.Ob8\lvh1~t!m~~'Wbn\91lJL'WlJ~ 
l"lG'l1\91bl"l~eJ'W1~ 1\1l~bu~1~l"1J1bl"lljfi'uYJ~m1u1\ll"l~\le:J1\Jbi1"11~~Vibb\01n~1\lfl'W 6'11b'Vl\01Vl~\l~v111~ 

' 
t!m~tJ'WljlJ 1 'WlJ~I"lG'l1\91bl"l~e:J'W ~e:J m~ 1ie:Ji.JlJ1 e:~i.J&JtJ\J~"li1m~e:~lJ 1tJ\IlJ 1 'WlJ~~bU'W'W1lJ5~~lJfl'U~\I~ 

' ' 
t!m~~'Wfl'W bl"l ~'\1!~8~~ n bb~'U1\II"l~\lfl1'<ilV111 ~t! n b~CJ'Wlj bb 'W1 fl\91\"lG'll\91 bl"l~ e:J'WeJ ~1-:~1~~-:~h b ~~1~ 

' \1 

1~?11lJ1~fllJeJ\Ib~'WlJe:J-:Jb ~'W'\.J~1nnm~ru1 'W~~~'U~G'lml"l ~-:~vh 1 ~t!m~~'W6'11'W 1 VlqjljlJ 1 'WlJ~'Vl1\lb~8n 

(8) lJ 1 'WlJ~1 'W'VltJ\I~m~~'W 1~\01~-:Jfl'Wfl'l.JlJ 1 'WlJ~~~e:~lJ-r'U"lle:J-:Jt!ni'VltJ1~1t'1\01fl 'WD"il"ilU'W ~-:~,!'W 
' 

bd8t!m~tJ'Weh'W'VltJ-:~~m~tJ'W,r'W'<il~\91lJ 1 'WlJ~~I"lG'll\91 bl"l~eJ'W 1~ 

o<:::~.Q../ .o:::lll.o:::lll !J Q.J IV .c::::ll i.li.l Q..l V d i.l dl 1.1 

"il1f1-:J1'W1"il~'Vlbf1~1"UeJ-:Jnum~'<il\91n1~b~~'W~mm!J"ilmm~b~~'W~bb'U'U6'1'Ub6'11~Vl1fn1lJ~ 

~ 'lJ l1 6'11lJ 1 ~fl yt \J),J 'W 11 ~t! n b~ tJ 'W bn \91lJ 1 'WlJ ~ 6'1 eJ \911"1~ e:J-:1 fl'U lJ 1 'W lJ~'Vl1-:Jl'Vl tJ 1m6'1 \01{ bbG'l~ yt \J),J 'W 1 

t:.J~61lJ~'VlB'Vl1-:Jn1~b~~'W"lle:J-:JtJm1~'W 1191 ~1 ibb 'U'U~1G'leJ\ILm-:~?1~1-:J 1m~ ~~(Model kit) b~e:J\1 ~'IJ11\I 

LlJb~n~ 11"lnb~'W~ bbG'l~6'11~~1 LlJb~n~ 1~ b~8-:J"il1nm~b~tJ'W~bbuu~ub6'11~btl1911e:~m6'11 ~t!m~~'W1~ 
' ' \1 

iJ iJIJ I Qo. ({ I Q o:;R Q..l .c:::lil Q.J 

l"l'W'Vl1fn1lJ~\911 ~\01'Wbe:J-:Jm'Wm~u1'Wn1~'Vl1-:J1'Vl tl1~16'1\01~ b 'll'W n'<ilm~lJm~~n~1n1~"il\91 b ~~-:~m"llm 

G'ln 1 '\.J\Inu~i.J11-:~ 1mG'l n~ 11"1 b1 bG'l'W~ 1191tJ61'-:~ bn\01~i.J1HV1~'Vl1\I"UeJ-:JG'l n hJ\1 bbG'l~lJlJ "il1n,!'W 1 ~t!m~tJ'W 
'\1 'U , 'U 'U " 

bi.J~~u bVi~ubb uu~1~eJ-:JeJ~\01eJlJ 1lJb~n~~vl1"il1nG'ln 1 u-:~nu 1 l"JlJ b~eJeJ5'U1tJ~n~ru~~i.J11\ILlJbG'lnG'lbb~ 
q \J 'U q 

~ ~ bb u u bbG'l~lJlJ~~Vl11-:~vtw5~ bbG'ld'JlJ fl'Wvl1'W1~~'\.J ~1-:~ LlJ bG'l nG'l bd m11Vl'W\916'1m 1lJ bG'lf1G'l"lleJ-:Jt'11~ 
q 'U , \1 q 

\?l1eJ~1-:J lJ11~ (.n1~~ 2.1a) Vl~B1~t!m~tJ'WPin~151\01eJ-:J~'\.J~~ne:J'U"lle:J\Ihb~'W L\91~61'-:~bn\01~\1~ 
' 

b'VlijeJ'WbbG'l~bb\01n~1-:~n'W"tleJ-:~ m\91B~iJ1'W 3 '1lU\91bbG'l~Pin~111"1~\16'1~1-:~"lle:J-:~ml91eJ~iJ1'W ~1bb'Vltl-:JbbG'l~Vl~ 
\1 

Vl-:~n-lr'W m~bn\91vt'Wu~b~i.J1 'Vl~ (.n1~~ 2.1 b) Bm~-:~ET-:~btl'Wn"ilm~lJ~"li1~1 ~t!m~~'W 1~b~~'W~lJ 1 'WlJ&i 
\1 

,r'W eJ ~1-:1 b tl'W ~'\.J ti~~lJlJ 1 n~'W f11'Jvl1 n '<il fl'j'JlJ nG'i lJvl1b ~t! m~tJ'W 1~~~ \91lJI"ld 1lJfl\91 bii \91f11'Je:Ji1'1J 11 tJ 
\1 ' 
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bbG'l~G'l~:We:~'IJ!)'IJ~ ~ n bbntl ~'Vl1bbG'l~ m~ 1 off~e:~ m~ b~truivhn~~1~~'U b~'U 1~vi'1 1 'IJ1 tJ:Oilil'IJ~~~TJ'U v'h 

1 Vf'!!m~tJ'U~1:w1~m~m.J 1tJ~A11:W-rl.~ ::S~'Ii1 tJ~.:Jt:.JG'l1 Vfirm~tJ'Uhfi~:w 1 'U:w~vn~iVlml"l1~\il~ (T~U'UYi 
'II , 

offe:~tJfilil~frtJ6, 2558: 381-386; 'IJ11~"1l~ 'U'UVl~l, 2558: 371-378) 

(a) (b) 

~il~1 n'UtJ~mru'<ilu (2557) 1~1offm~~~n1~h~tJ'U~hh'U'U~'Ub~1d1:wnmb'U'U 
v 'II 

h 'IJ~ tJ 'U h Vi tJ'U h y; e:~Yr w.J 'U 1:w 1 'U:W ~ Vl1 ~iVl tJ 11"11 ~ \il1 h~e:J .:~e) \il 11 n11 hfi ~'IJ!) fi~ tJ 1 hAi1 •tm~'!! m~ tJ'U"ff'U 

iJtJtJ:w~mntJ~ 5 b 'li'U 1 offfi'<1Jm1:w~1 h:W~WV11 b'IJ~e:~mtJ'U fi'<1Jm1:w 1 'U~'U"IltJ1tJm1:W~hy;mJ5'U1tJt:.JG'l 
'II 

"lleJ~eJ ru'Vl.n5JI?ieJeY\il11 fl11hfi~'IJ fifi~tJ1 bAi1 1~ tJtJ1 b:W~~oV'11 h 'IJ~eJ n 1 'IJ~1 1 Yl 2 eJru'V!.n53 (~1-~~) h:W~ ~ 
'l \1 ~ , \l \1 

oV'11 h 'IJ~eJ n'<il~ hb\il flelelf1:W1 n~'Uh 'IJ~ tl'U h Vi tl'U 1~ tl'U fl11 h ~:WeJUJ'Vl.nm vr~~~'U'<il~'Vh 1 Vlel'U.f111"1'1Je:l~~11i1 
q \J \l " 

~~ ~~ 1'U '<il G'lu~.:~~'U hi1e:JeJ'U.n 1Ai1~~~~1'U '<ilG'lU:W1 n~'U n'<\1 ~mel m ~"ll'U n'Um n~'U 'IJ fi fi~ tJ 1 n h ~l~'U '<\11 n 
'II ' ':.J 

n11~ m~1~'Ul1'Vl~ .:~m~~ ~ n11 b~tJ'U ~ hb~l ir m~tJ'Ui1m1:w h oV'1 h:w 1 'U:W~~ Clfl~eJ.:~ h ~:w~'UVlfl:W 1 'U:W ~ 
'II 'II , 

~~ hfl\il1~'<il1 n'!! n b~ tJ'Ui1:w 1 'U:W ~~ ~ ~G'l ~G'l'~ bh~~.:~-J1 fi'<il m1:w m1 h~tJ'U ~hh 'U'U~'U h~1~ ~1:w tl'U hh 'U'U 
" 

b'IJ~ tJ'U h Vi tJ'U '111 tJ G'l ~:w 1 'U:W ~~ ~~"lle:J~ir n b~ tJ'UG'l~ 1~ b ~ e:J.:J:W1'<\11fl n1~ b~tJ'U ~ bb 'U'U ~'U b~1d1:w nu 
'II 

h 'IJ~tJ'U hVitJ'll btl~ 1e:~m~1 Vf'!!n b~tJ'U 1~1"i''U'Vl1Fl1\ileJ'U~1 tJ~l be:J~~1'Ufld~'U1'Ufl11Vl1~lVltl11"!1~\il~ ~n~~ 

~.:~'li1tJ 1 Vf'!!m~tJ'U 1~ h~tJ'U~:w 1 'U:w~J'UeJ~1.:Jh tJ'U1'1JtJ11:wmn~'U ::S.:~~.:Jt:.JG'l1 Vf'!!m~tJ'Ubfi~A11:Wh oV'1 1'<\J:w 1 'U 
'II 'U 

:w~1~ ~ n~~~.:~vh 1 Vf'!!n h~tJ'U 1~ b~eJ:w 1tJ.:~1~'Vll1.:J~m'Um1ru~ bfi~~'U 1 tJ:0ilil'IJ~~~11'U 'tl1:w1~m1 
'II 

e16'U1 tJ~m'U m1ru J'U bbG'l ~-u m~ tJ'U ~.:~i1'1J fi ~:wfrtJ fin'll h v;eJ'U 1~ tJi1A1 b tJ'U~~ .. hwu1~ B1'U1 tJA11:w ':.J 'U 'II 

~~~1n ~hhG'l hhG'l~~~1.:Jhb1.:J'<il.:J1'<il1Vfbhn'!!m~tJ'U ~eJ~A~eJ~n'llioUtJ m5 bhG'l~Pln~l"l~ ~.n1~~ (2556) 
'II 'II , 

1~vhm~~n~1t:.JG'ln11~~m~b~tJ'U~bb'U'U~'Ub~1~Vl1.:JiVltJ11"!1~\il1~1:Wn'Ufi'<ilm1:w POE 11i1t:.JG'll?ieJ 
'II 

t:.JG'l ~:w '1VJBV11~ m1 b~ tJ'U 1 'U b~eJ~eY m1m1bfi~'IJ!) fi~tJ 1 bAi1 bbG'l ~~11:011:w bG'l ~" biJ'U e1 ~ 1~ 11 '<il1n t:.JG'l 

m~~ n~1~'Ul1 'IT n b~ tJ'Ui1 t:.J G'l~:Wf1VJBV11~ m1 b~ tJ'U b ~:w~.:~~'U bh~ ~~ 1 Vfb ~'Ul1fl1~~ ~fi'<il m~:wm1b~ tJ'U ~ ., 'II 'II 

bb 'U'U~'U b~1~Vl1~1Vl tJ11"!1~1il1~1:w tl'U fi'<il m1:w POE vh 1 Vf'!!n b~tJ'Ubfi ~F11m:w 1 'U h neJ'U~'<il~ b~tl'U 
b-de:J'Vl1,1'U '1 bbG'l ~vh 1 VI'!! m~ tJ'U eJ tJ1 n~F11 \il eJ'U ~ A1~A ~ b 'U H ~.:~~eJ~ A~eJ~n'U d'IJ bb 'U'U"IleJ~md~~ 

'U 'II 
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n~ fl'j'jlJ fll'j b~CJ'W ~bb tJtJ~tJ bt'11:::vn~1'Vl CJ1f'11t'I\Wfl~ b U'W eJ ~1~~ ci~t:.J!;l1 ~bdm~CJ'W bb~1 bn~m1lJ~lJ1fl 
~ ~ 

;'W bb!;l::: c! ~ b 'IJ'W Vi' m~~ m 1f1~ bb~:::Vi' n~~ rn1lJ ~~'Wt'l~ vh 1 ~b iJ 'W ci1'WVl~~~ t>~uu t'I'W'W1 'W n11 b~l-1 , 
~ ~ ' 

(:.J~ ~lJfl'Vl~'V11~ m1 b~CJ'Wl'lJ1,1'W 61 1~ bb!;l::: cr~ci~ bt'l~l-1 1 ~~ b~CJ'W1iTifl11bntJ11tJ11lJ-ileJl-1~~1 ne.J~'lJ€J.:j "I I ~ ~ ~ 

f111'Vl~~€l-:~~1~ bb~1t11m b u~mJ b ViCJu bb~~ b ~€Il-l 1CJ.:jVJ~ nm1~ b tl'Wm1l-11'V11-:jl'V1CJ1f'11t'll'l~ b ~€ltl1l-11 
" 

e:J~mmb~~btlw•111'1€ltJ'IJmrhml-1~1~~"1ll'WI'leJ'W~'W (Vi'f'1111tu .flt:.Jl~bd, 2557: 55-60; tr1'l1 CJ~t'lrh 
" ' 

2555: 23-33) cJ'lt'leJ~fl~eJ'lfltJ B~hl'llql b'Vl'W bt'l.fl1 (2558) 1~Plfl~1fl11lJfl11Vl'IJ1'V11'ln11b~CJ'W'IJ€l'l 

t:.J ~ ~l-1 ~'Vl~'V11'~ m 1 b~ CJ'W r11 ll-l~~'V'l e.1 1 ~'IJ e:J'lu n L~ CJ'W ~e.1rn1~~ m1 L~CJ'W j bL uu ~u Lt>~1~~1l-l nu bfll-1 L~ CJ'W 

1~CJ 1 'W.ff'W61111~bb~:::l"i''WVl1 (Exploration) 1~'11m~CJ'W~tJI"i''W~€l511'l bb!;l~U1~ 1CJ'lJti'IJ€l'l511'l1~~lJ~'WTI 
ntJ~fll~ fl~tU511'1 bb~Tvl1b U'Wfl~eJ'l!;lfltJ1f'ltl ~1fl,1'Wtifl b~CJ'W~~VllJ1~VllJ511'l'IJ€l-:JI'l'Wbm 1 'WI'l111-:Jbb~~ gt , 'U \1 q 

~'W'th::: biJ'Ut:.J!;l 1 ~,r fl b~CJ'W~'Ufl fl'Wb~e.ltlllJ/I'leJ'U b~CJJ rl'U~e.l51~Vl~€J~fll~ fl~tU51~eJ ~1'1 1~€1~1-:!Vl~'l 
OJ " g~ , 

1~ tJ ~ ml-1 ~ eJ-:J 1 uil-:~u 1dtJ'lJ'I1 'IJ e.1 'ltn ~ ,1'W 61 ~ 1 CJ 1~ CJ ti'1 ~ €l u r~ n fl'W ml-1 ~ ~~ B'l 1 ~ Lbt'l ~ lJU PM-
OJ , I " 

U1'W nm'l (rllfl11 b u~ CJ'Wbb u~~'IJB~I"n1lJfl11Vl1!1'V11'lfl11b~CJ'Wb vhnu 0.61) bbm:d1m1lJ~'l'V'leJ h 

n~m1l-lfl11~ ~fl1'jb~tJ'W1bb 'UtJ~'U bt'\1:::~1lJ nu bfllJeJ tJb 'U';i:::~tJ~ ~'!db ~€l'l~1fl'Vlfl~n bb 1'l~'lh b~€l'W cu cu '"'I 6J \1 

'lh tJ b~eJ'Wt:.J~fl~'Wbb!;l::: m:::~'W 1 ~'11m~tJ'WJJt:.J~~lJ~'Vl~'V11-:Jfl11b1CJ'W~1t'I'W h 1 'Wfl11b1CJ'Wl-11fl~'W b ~€11 ~ 
" " fl~lJlJ(:.J~~lJ(j'Vl~~'l~'W 

.:::g O:::O,QJ ..:::ld J,l QJ Q.l ell 1.111' cv QJ Cll 1.1 ~ 

"illfl m1 f'lfl~1'11'W1 "il tJ'Vl bfl CJ1'1J€l~ fl'U fl11"il~ m1 L 1CJ'W 1~1 m n"i) mm1b 1CJ'W1 LL uut>~u Lt'\1::: 
" ~ " 

5 ~'W t'11U1~11 fl11~~fl11L1CJ'W~~1CJl11~fl1fl11L1CJ'W1LLtJtJ~tJLt'\1::: 5 ~'W bU'Wfl11~~fl11L1CJ'W1~ 
, 'U d.J 'U " 

L1J'W~L1CJ'WL tl'W6111"1ru LD~ 1Bm~1 ~um~CJ'W 1~~1lJn'Wf1~€l€lmL'U'U 11'1 LLt:.J'Wfl11'Vl~~m L~€lVl1fl1(Jle:JtJ 
" v 

'IJB'lrllml-1 LL~ :::l"i''Wfl11Vl1-il ell-!~ b ~el el~tJ1 CJ 1 'W~'l~ti m1CJ'W 1~vl1fl11'Vl~~ el'l v111 ~,r m1CJ'W ~1l-111bl 
" 

~11-:~el-:~fiflTll-1~~1 CJ(Jl'Wbel'l 1~ tJ ~1'Wm:::'U1'W m1f1~ L~el b~ell-1 1CJ'l LdelVl11 'WLL~~~L~€l'l~Plfl~1 un L1CJ'W 
" 

~'llJ~ \9ll'W1 n11~1'Wfl11lJfl11lJf1~ L ~'W'lJ€J~(Jl'Wb€l'l fl~11 'Wfl11 bbt'l~'ll"nll-lf1~ bb~~fl11~'lrl1tlllJ b~CJ~ 

mvi1VJ1!1~rl1'W1 CJfl11lJ~:::m n ~u'U~'W'W ~LL 'W~ "li1 m Vl~el (Jl!;lel~~'WLLntJfliVJ1~Ln~;'W~1flfl11L1CJ'W 
" ' ·~ 

m1~el'W LL~::: L ti'Wn"il m1lJfl11b~CJ'Wj~l:l'lh:::~'VlTim'V'l1 'Wfl11~\9ll'W1t:.J~~l-11J'Vl~ 'V11-:~m·H1CJ'Wbb~:::lJ 1 'W 
.Q. .c::::!o I( IV Q.J V o:::t, ~ c:rr.lq I( 

l-1 (Jl'V11'11 'V1 CJ 1f'11 ~ (Jl 1 r11u ~ nu m 1'V'l\9ll 'Wl'Vl n~~ m~u1 'W fl11'V11 'l1'Vl m m ~ (Jl 1 L ~ (Jl r1 (Jl (Jl m'Vl CJ 1f'11~ (Jl 1 

LL~ ~ c!" L Vll-1 1~611VJ-r'U ~ L1 CJ'W ~l:l m ll-l~ll-1 11bi'V11-:J~ ~iJ ru ru1'Vl m~~'U ~1l-l 11bi"li1 CJ1 ~~ L~CJ'W~JJ 
'U cv cv , 'U 

t:.J~~l-l~'Vl~~l LL~:::u1'Wflm'l 1 ~L-illhl-1 1 'Wl-1~1~~;'W LL~::: Ltl'Wfl11Vl1'V11CJVi'n~~'V11'l~~iJt~JqJ1~'W~'l 
(higher-order cognitive skills) ~1Vl-r'U~L1CJ'W~JJt:.J~~lJO'V1~~'11~el~1'l~ (\"ln~f'11 t'l.fl1~1, 2555) 

OJ '"'I 'U , 

t:.J~lJt:.J~1'WntJ L 'VlfliJflbL '11-:~oU''W 1 'W~'W'IJ tJ1CJfl11lJ~b~el 1 ~um~CJ'W 1~iJ'lh:::t>~tJ fl11tUb ~:Ub~l-1 JJfl11l-lb-if1 h 
" 

l-1 1 'Wl-l~'V11-:~i'V1CJ1f'11t>~~~~fl-:~'Vl'W ~1m1m ~ell-! 1CJ-:~~-:~~b~CJ'W1ci~i~u1~":il1l''W 1~ 
"" 
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R.!V_dd II QJ o.l .-=:1 1J I I d. .Q. I lo.l 

2.5.2 ~1'1..!1~ti'Vl bnti'J'tm~nunT~~~ nTH ~EJ'I..!~bb uumpJ~13.13Jv b 'Vlfi'I..!Fim~3Jbb 'tl~'tl'l..! 

nTH~ m.J ~ bb uu b Vll4ill4 n~l-1 bb ~ .:JoU'U b'IJ'U f11'Hb ~.:J-U'w1u ~l-ll~n"tr~·:rVil.l~'U ..ij~ Hl' ~ m1 
" ' 

1 QJ ild d Ql J 0,.1 d I c::l. I V Cil I 

bb '1l~'1l'UVlll-lmll-l ~ll-ll1bl'1l~~ ~ b 1 8'U 14~ fl'U b i8'U Ln~ nu fl'U L i8'U Lm 14'U b 1 8'U ~~'U nu fl'U b 18'U ~~'U 
" 

1~CJ ~'1J'U~ m1bb~~-u'U bb~Gl~ 1~~~~ Hi'fl~bb 'U'Ubvhn'U ~lVI-r'U'vh.J~"Ij'U~~~ 1191~u11~1~VI~vmin~TJ , 
" 

"ljl-J b "lj 8 6/t~ b tl'U~~ b VI~ mill1 ~~ b~8'U ~ 81 n b~8'U~ bbGl~'th~?I'U e.J~~l b ~~ ~~~~ 1 ~ij ~~G1l-JnVlBVll~ flli 
" " "I 

b~8'U~~~~'U (Slavin, 1996) ~~~fl~tl.:Jfl'Ufllt1J~'Ul mf1'4t1Jb~~~ (2554) 1191~rrt~lbtl~8'UbVl8'U 

~ Gl~l-l~Vl~Vll.:J m1 L~ 8'U fl1ll-114 .:JVl'U LLGl ~ ~ f1'to}ll41ll-l~.:J'V'l v1~'1l ~.:Ji! n L~ 8'U i~VIll.:J m1?1 e:J'U 1~ 8 1-tl 

n~mil-lfll1b~8'Ubb'U'U TGT bb'U'Utln~ '1lmi!m~8'U-5'UlY58l-l~n'to}lD~ 3 i"ljl14ru~fin~~{ b~t1-:J141ll-l 
'111 ~ ~ b u 'U ~ G1 n 11i ..ij 8 'V'l 'tJ 11 '11m~ 8 'U ~ L~ 8 'U 1~ 81-tln "il mil-l f1l 1 b~ 8 'U bb 'tJ 'tJ Teams-Games­

Tournament ~~Gl~l-l~Vl~Vll.:Jnlib~8'U 141ll-!14-:JVl'U 1 'Ufll1b~8'U~ bb~:::mll-1~-:J'V'l~ hmnnllflli 

~~'Ubb u 'Utl n~ ~ ~ 1-:J~i! 8~11"1 ruVll.:J~ ~~~i:::~'U .05 6/t.:JiJ m~8'U 1191vh~l'U n~l-1 1191~1tloU~ 141ll-!~1911 8 
v q q 'U 

~'Ub~.:J bn~ nl1tl ntl nu~n~l-1 b ~eJ'U1 'Uf1~l-l 8 ell-l~'Umll-l~~b~'U '1i1m Vl~~6/t~n'UbbG1~tl'U neJ 1 ~bn~ 
':..I ' ' 

mll.lm:::~eJ~eJ~'U 1 'U m1L~8'ULLG1 ~mll-l~'Un~'Ul'U 1 'U m1 L~8'U ~~~fl~e:J.:Jn'U'1J'UVltJ.:J 14~18Vl~.:J 
' ' 

(2554: 104-1 09) 1191~n'to}l~Gl~l-l~VlBVll~f1li L~8'Ui"lll Lfl~ 1~8 1 oUbVlflilfln~l-1 bb ~.:JoU'U 1 'U.ff'UmiLb oV.:JoU'U 

1~mb u.:Jn~l-!'11 m~8'Un~l-JG1:::414'U f1G1:::141ll-l~ll-Jl1tl bn.:J tll'Unm.:J bbGl:::~eJ'UbYlm~~8l-1141llJ'V'l~vl-l 1 'U 
' ' 

nl1bb oV.:JoU'U "ill n,1'U 1 ~~1 bb Vl'Ubb~Gl::: f1~lJ't'll nl1 bb oV.:J.ff'U n'UI911 CJ"Ij~l"\'lml-1~ bVI:WeJ'Ufl'U b~~ f1l1bb oV.:JoU'U 
' ' 

~'UGl.:J 1 ~bb~rt:::n~m1l-!14:::bb'U'U..ij~~l~'U~rt miLL oV.:JoU'Ubbrt::: 1 ~fl:::bb 'U'U 1 'Ui!?t 'V'l'IJ'il'l1m~8'Ui1~rtG1l.l~Vlt 
Vll.:J m1 L~ 8'U ~ .:J~'U~ .:JC L ~ eJ .:Jl-1 1 "ill n n11 L~ 8 'U L U'U n ~l-1 ~ eJ 8~-:Jtl1~ neJ'U 19118 '11 n b~ CJ'U ~~ fl1ll.l ~ll-ll1bl 

" ' 

~eJ~eJ LeJ.:Jntl1:::~'U ~rt?h L hl9118 ~.:J Ln ~ m11l~bbe.J'ULLrt::: m:::~ eJ~~~'U1 'U m1L~8'U L Ylmb'li.:J-U''Ubnl-1 

i!n b~CJ'U~~el'U n~f11ll-J 'V'lCJ18ll-Jvlll41ll-Jb oUl h b YleJ 1 ~bViCJ'U b vhn'Ufl'Ub~8'Ubn.:J ~.:) b tl'U~rt1 ~i!m~CJ'U~ 

~rt ~l-1 ~Vl ~Vll.:J m1 b~ 8'U~.:J~'U~el~ 14~ el.:J n'U 5'1!~~1 14~~Vl~'V'l ~ (2554) 1191~ f1'to}l~rt~lJ~VltVll.:Jm1 
b~8'UiV18lm~~~ L~eJ.:Ji:::'U'UilL 1~'~ '1leJ.:Ji!m~CJ'Ui'UlY5CJlJ~n'to}ltl~ 4 ml91-r'U m1..ij~ miL~8'U~itl LL'U'U 

"" 
d i.l I dil ~ 1 I Q.l I QJ .:! d Q.l d I I Q 

flli b 1CJ'U ~ bb 'UU11:Wl-Jel b Vl14'UI4 f1'1:W bb '1J.:J'1J'U 'V'l'U11 ~Gl~:W~Vl5Vll.:Jfll1b 1CJ'UVIG1-:J b 1CJ'U~.:Jf11lf1el'Ub 18'U 

~.:JCL tl'U~rtl.ll"ill n m1..ij~ m1 L~8'U~Vlll.litl LL 'U'U m1 L~ 8'U~ Lb 'U'U~1l-li1~ b Vl14ill4n~l.l bb oV.:JoU'U 1~ 8 bb 'IJ.:J 
'U 'U 'U , 

'11 m~8'UL tl'Un~l-1 ~ eJ8f1rt::: mll-l~lm1bln'U ~l-11~ n 1 'U n~l-l~l.:J~mll-l~l-l-Yr'U5~~n'ULLrt~n'U 1 'Ua'U~ 
' ' 

"il:::'li18 1 ~n~ mil-1~1 bil'U 1 tl 1911 CJ~ LLrt:::'Uiirtml-!LDltl1:::~-:J~~ n~l.lnlVI'U~ 1~CJ bu'V'll:::V\n'to}:::Vll.:J~.:Jfll-1 
' ' 

V\n'to}:::f111vl1~1'U n~l-l~eJCJ Lbrt~ m~'U1'Uf1lif1~l.l~~lb U'U~"il:::~~.:J 1191~'Um1tl ml'U ~~dbYl~ 1 ~?ll.ll~n 
' ' 

n~l.lbn~nl1b~ CJ'U ~1411:1.1 b oUl h bbG1~~ll-Jl1blillVIn'to}~ b 'Vl~ld1 tl1 m ~bn~tl1~ 1CJ"ll'U1191eJ~1-:J b~l-1~ ~nl1 
' " 

bb'lJ.:JoU'Ubf1lJV11-:Ji"lj1f1l'j6it.:J vll1 ~'I! n b~CJ'U~fl1ll-J'V'l ()lCJll-1 bb 'lJ.:JoU'Ub Ylvvllfl::: bb 'U'U 1 ml91l.llf1~?1~~-:)~fl1 ~ , 
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~~"'~n'Vl~'Vll .. :JnT~ b~ CJ'U61~~'U 'li~rn~~ ~n'll m~:w nTH~E.J'U1\b UtJ':ill.Jije:J (G1:wl'1 n~ fllfl1~11i'iotJ, Ql ~ ~ ~ 

2544: 3; ~1~~ L~mLLn\ 2555; bb~'UoUE.J, 2551: 174-179) ~:-;vh1~'t!m~CJ'Ufl~1~~fl~1LLG1~~aan 
4:1o ~ 1 I d 4 d.<:::~~ Q ~ ~ Q llJ I 

'Vl1~f'111~ f'1 ~ b 'VI'U \91 an~~ Lb~ ~~ b'll \91 Y'l \91'Vl ~'Vl1~1'Vl CJ ~~ 1Ml i'~'l~'Vl ~~'Vl n~~\91 an ~:-;'U1'U fll~'Vll~ 
' 

l'VlEn~161\91'i611m~t~'l'i'1~1'ULtJ'Un~~ 1~a~1~iim1~61"tl ~~~~~~ 1 ~'11m~m.Jiif'111~fl'i~~a~a~'U 1 'Ufl11 ' 
' ' 

b~CJ'U '1'111 ~bfl~ bb ~~~~ 1'1l1 'Ufl11b~CJ'U~ G1~1~f'111~~~YW hLLn'IJm~CJ'Ubb~~Lfl~Vl~'Uf'l~~~~afl11L~CJ'U 
'IJ 'IJ 

'Ill n m~ ~ n~1~1'Ul ~ CJ~ L~m-if a~ n'U m~~ ~ m ~ L~CJ'U ~ Lb 'U'U L 'Vl flU f'1 n~~ Lb "tl~i'U 61~tl1~11 
'IJ ' ' 

m1 b~ CJ'U~ bb 'U'U L 'Vlf'lU f'1 n~~ Lb "ti.:Ji'U L tJ'U rn~Lb "ti.:Ji'U n'U61~1:an"tla.:JVi~~'U 1~ CJ mJ .:Jti n b~ CJ'U L tJ'U n~~ ~a CJ 
'IJ ' ' 

f'l~~ m1~61l~l~t1n'U f'l'Ub~CJ'ULn.:J"li1 m'VI~al'l'U b~C~w:ia'U '11 m~C~'Uiitlfi"'~Yrw:i~a n'U aiitl11CJ 

~nm~ 6/i~ n'U LL~:-; n'UL ~a 1 ~L -if1 h'U'Vl L~CJ'U'VI1a.:J1'U~1~1''U~a'U'VI~1CJ LL~~iin~m~~m1 LL "ti.:Ji'U\91a'U 

uru'V!l l"1l1fl1~L ~aG1:-;61~ L tJ'Uf'l:-;LL 'U'U"tla.:Jn~~ ~.:J LtJ'Un~m'i~~G1'Ufl61'U1'Um:-;~'U1 Vi'~ L~CJ'Uamn 
QJ , " , \1 

b~E.J'U~ b ~~1:-;iim~~a'U 11-!ll~ 1 Vl n'UVi~~VllY'l~ bb 'U'U 1~ti.:J bflru"fi~rh'VI'U~ ~-!l btJ'U~~ 1 Vf'IJ flb~CJ'Ub~CJ'U~ 
'IJ 'IJ 

1~m n~'U LL~~ii ~~"'~ fl'Vl~'Vll.:J m ~ L~ C~'U 61~~'U~1 ~ C~ ~~ 61'U h~~ ~t! 1 Lm L 'Vl f'lUf'l n~~ LL "tl~i'U~11 m 'U m~ 01 \1 \1 " 

~~'Ul ~ ~ "'~ fl'Vl~'Vll~ m~ L~CJ'U 1~C~ii m~61a~ bb 'Vl~fl L -1J11 tl1 'U.fr'U"tl CJ1CJ m1~~"1Ja.:J m1~~ m~ b~CJ'U~ bb 'U'U ., 'IJ 'IJ 

"' 
~'UbG11~ 5 oU'U 

2.5.3 .:J1'Ll1~fl~ b~f!1'tia.:~n'UI:·J~~3Jq'Vl~'Vl1-:Jfl1i' b~fl'U b~B.:JL3J~ 

LL~'UiC~ 61~1!n (2551: 174-179) 1~vhrn~1~m:a~tlfiu~rn1 L~a~~'Ul~~"'~~'Vl~ 

'Vl1~fl1~L~CJ'Ul"1l1Lf'lii L~a.:J1~~ "tJa.:Jtim~C~'U.fr'UiloCJ~~n~ltl~ 5 L~a.:J~1m-d'a'VI1l"1l1LY'lii~LtJ'U 
L'i1a'VI1L~CJ1tl'Ufl1~rh'U1ru t!m~E.J'U~a.:J1-tr.X.:Jm1~~1 m1~L-if1h Lb~~~a.:Jiim1'111m1~i~1.:J11tl 

1m 'Ufl11LbtlU t1JVI11'1l'Vl~ bb~ LVh~~1'U~1tiflb~CJ'U~1'U 1 V!tlJ"tll~Vlfl~:-; fl1~~~ b~CJ-!l~1~'Uf111~fi~ '1'111 Vf 

1~G11m'it;1'VI1fl1\91 a'U"tla-!lut1J'VI11 'U h'Vl~,r'U 11~ ~1flfl11l~CJ~'U11~~ m1fr~'U1~~"'~tl'Vl~'Vl1-!lfl11 
L~CJ'U~1C~l"1l1bf'lli L~a.:J 1~~ "tla.:Jt!m~C~'U LLC~mtJ'U~lCJ'Uf'lf'l~ ~'Ull iit!m~CJ'U~l'ULflru"fi~aC~~:-; 70 

' 
~1'U1'U 41 f'l'U ~1fltJflb~CJ'U.x-!l'VI~~~1'U1'U 43 fi~btJ'U~aCJ~:-; 95.35 "tJa~tJflb~CJ'U-vr~'VI~~ 61a~f'l~a~ 

n'U~~iCJ 1"11~-!l~'U -em (2550: 125-126) 1~~n~1 n1~fl1'U1rub~CJ1n'Utl~~1ruG11~1 'Utlfin~CJ1 Lf'lii 

n~~G111:-;i'Vl CJ1~161\911 i'UiloCJ~~n~1tl~ 4 1~E.J 1-tf L'Vlf'lUf'ln~~LL"ti.:Ji'U 1~f'l:-; LL 'U'Ubu~ CJii ri1Lvhn'U 
' ' 

127.13 'lllflf'l~bb'U'Ub~~ 180 f'l~bb'U'UA~btJ'U~aCJ~~ 70.65 6li.:Jii~~fl1~L1CJ'U~a~1'U1~~'U ~ .X~.Q 
'IJ 'IJ 

b ~a.:J~l'lllfl fl11~~fl11b~CJ'U~b 'Vlf'ltJf'lfl~~ Lb "ti.:Ji'U btl'Ub 'Vlf'lUf'l~iifi~ m1~vi!Jn1 Vftim~CJ'U 1~~~'U1 'Vll.:J 
'IJ ' 

61~u nt ru1 ~~ nf1~ a ~1-!lii b'VI\91 ~~ 611~11!;1'1'11-!ll'U ~1~ n'U L~a'U 1 'U n~~ 1~a~1~~ fl11~~fl11 b~CJ'U~ 
Q~ QJ " , , 'IJ 

b'Vlf'ltJf'ln~~ bL "ti.:J-IJ'U ii fl11b tl~ CJ'U n~~ 1 tl b~a CJ b~a 1 ~n~~ Lb ~nbamG1"1l'U~~.:J~1f!ru Mia tin L~CJ'U~~ q , q QJ 

~~'U1Vl fl~~'Vll-!l~l'U"'~f'l~ b -d'U 61~1;a niif'111~ 1i'11.:J1 'll'li.:Jn'Ubb~~tl'U 61~1:an1 'U fl~~m~~'Ub~a'Utl'U 
' ' 
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fl~LL'U'U'Vl~?ltl'U'Vl~~L~tJ'UL~:U~'U~~ ?ltl~f16i't!~fl\Jntyty1 bonfl?ll?l~i\tyLty (2553: 55-56) 1motl"tl~ 

nTH~tJ'UiLL 'U'U ~1:u bL ~ ~~-m h~1m 'Vlf1i11"1n~:u LL -u~-rr'U (TGT) L ~ti~~'U1e.J(;Hi1:u~'Vlt'V11~m~ L~ tJ'U"tltl~ , 

irm~m.t1 ~?I~~'U 1~ bb~~irm~tJ'U~f111:U~~'Vm h\1lt~mi~nnT'SL~tJ'UTI 'Ui~~'U:U1n~!;'l~ ~~-rl'L U'ULV'Ii1~ , 
~ ~ ' 

mi~ ~mi b~tJ'U ~ bb 'U'U~l:U bb i ~~1:u h ~1 tJ b 'Vlf1i1 1"1 n~:u Lb -u~-rr'U 1~~~ 1 ~irm~tJ'U L~ tJ'U~l:Un'UL tl'Un~:u 
~ ' ' 

~ t1 tJ ?t:u 1"8 n 1 'U n ~:u ~ ~~ m~nfi''U 1"111 LL"' ~vh~1'U~l:U n'U ir m~tJ'Uih.Jlj~:u~'U~\1l t1 n'U ir m~tJ'U 1~ 

e:J.fhJ i1 tJ~n m:u~~ n'Ubb"'~ n'U L Yie:1 1 ~ b .U11 "il'U'Vl b~ tJ'U ~~ mi~ ~ fi"'l mi:u mi bb -ci~oU'UI'l e:J'U'Ut1J'Vl1 b Yim'f~!;'l:u 

A~LL 'U'Um 1:U!;'I1:U';iti"tle:J~ n~:u b tl'U~'UI'l e:J'U~vh 1 ~,:r m~tJ'U?I'U n!;'I'U1'U ~~n"il ni';i:U~?I1:u1~tlm~~'U 1 ~ 
' ' ' 

,:r m~ tJ'U b~ tJ 'U ~:U1 n~'U ~ ~vh 1 ~ ,:r n b ~ tJ 'U~ e.J"' 61:u f1'V] B'Vl1~ n1 ';j b~ tJ'U 'Vl~~ b ~ tJ 'U !;'! ~ rn' 1 n e:J'U L ~ tJ'U Lb"' ~ 
~ "I ~ 

ir m1 tJ 'U 1 ~ f1l1:U ~l :u ii t~1 'U f11~'Vh ~1'U n ~ :u eJ ~1 'U ~ ~ ~'U ~ b~ tJ :u bb"' ~?I eJ ~ 1"161 eJ ~ n'U Stephanie ' ~ 

Kimberlin and Ellen Yezierski (2015: 156-164) 1min"ilm';i:Un1iL~tJ'UiLL'U'U~'Ub!;'I1~Lvie:J~~'U1 

m1:ub.U1hb"U~:u1'U:u~ b~m '\.J~:u1rui;'l1';i61:u~'U~ 1~tJ1in"ilm';i:u~'Ubi;'l1~ 2 n"ilm';i:u ~e:J 

1) n "'In ';j';jlJ f11';il1~ .n 1V'I bbi;'l ~ ~ f11';i b'IJ ~ tJ'U bb '\.J "'~"tle:J~?I:U f11';i bl"lm 'U 'j~ ~'U e:J'U.fl 11"1 
' 

(Balancing Particulate Way Vl~e:J BPW) (mV'I~ 2.3) 

• OXYI!"" 

L!J· 
P.) 1imYnlft>~~'JiJ1.jfl-,Rilri·mu~h1fi-,uuu!lB1Jltin->~li'i1'11.Jfi~~~l1Zwl<~ phosphorus :.1.11:; 

oxysen li~Ul.!f)i:lnurn' 

B) hrum~~u~tJ~~uf,-,m,l'1·nfi'ustjmR'l1n-ti'!lAIUunumnn~•l'liiVI'!rtnum~l.ui1 
C) w.IUill~l~lio~I\Juf'i->1'1V1J'IIV~f'ilrnl.iDAIIi'l::'!i'!lB 

L '><the follo•otmg k<')· to mi«J!R.'t the d~· 

·~ 
• Olyp 

2) 1 ~,:r m~ tJ 'U fl1'Ul ru m';i L '\.J~ tJ'U LL '\.J"'~'IJ~m ru!;'l1';i L~e:J'Vl';i1'U eJ'm1~1'U~!;'I1';i~~~'Uvh 

uljn~tJ1V'Ie:J~ fl'Ufl'U 1~ tJ'Vl';i1'UrJ1!;'11';i 1~vhuljn~tl1Vl:U~ bb"'~i;'l1';i 1~ b Vl~e:J b Vl~mvh 1 ';j V'I'UrJ1irm~tJ'U~ 

f1~bb'U'UbQ~tJA11:Ubi11"11Vl~~b~tJ'U~~n11ne:J'Ub~tJ'U ~~!;'leJ~A6i'e:J~nm1'W1~tJ"tlm Bette et al. (2010) 

1m in "'I f11-;i:U n1';i111>l.n 1V'I';i~ ~u "'I~ .n 11"1 b.yi -e:rw<n.J 'U1 m1:u b i11 "il"tlt!~ir n b~tJ 'U 1 'U b~t!~!;'I:U fl1";i LFI~ bb"' ~ . 
' 
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tJ1lJ1ru?l11G1'lJYru-61~n~.Pil~ijf11mllffimtJnT~b~tJ'Um1?tB'W~-:~'VI~w~ s l"i1mi,J ~B Ql, Q2, Q3, Q4 

(mv'I'Vi 2.4) bb~~ QS 

Ke;•: co flydt~ 

~ {lJ QQQ d Q ...:- L>' 1 V <:1.1 d W 1f"__ G !1.1' t"d 0 ~ 
Q4a) 111\11'1\J\J{J fi'W lVI ~fiVl'tl\lVl'i\JU\J \nJ fiL 'i EJ'U'YtflfllYILLG1Vl~\J-1\Jl\J U!Li'lt'ji'l"tttl-1 ~I'H.Ji'l \Jii1M'IVILflfl"tt\l'Jifl 

'el-,'i~'>l&1'1.lvi·nJ~fi;,.nfi'u 

d 0 il d 
fl1'rl'VI 2.4 fl1ml.l'tlel'VI 4a u~:: 4b 

2) f1 11..1 1 ruvntJ1ll 1 ru ?t 11G1l.l Y¥1..1 th ~vd 1-:J ?l11 ~ -:~1'1 1..1 bb~ ~ ?l11 t:.~ ~ \91 Jl' ru sVi "il 1 n,!'U 111-rr ell.!~~ r 
\1 

1Jlll1111n.fll'V'lbU'U1:;~u"il~mfl (m'V'l~ 2.5) • 

4 H;O..-fl: 39.6 

6.7 

0 il d 
fl1mi,J'tlel'VI 4a 



. 
'· 

~02 1vm 80% 

"11Vlil1l'fl.l.flVl\ILl;l.l'hri1 

ij Hz mmnlJMI 

I~ 

.. 

-•• 

cP 

0 
0 

% 

14.6 

s . .s 

12.8 

3.0 

12.1 

S.4 

.n1'Vi~ 2.5 m-a1 bfl"a1 ::1.1ri1 Vl v'U'tl v .:J.n1'Vi 11 f!-a::~ u~~.n 1 fl'tlv.:Ja11~ Ln fi~'IJ 1 'IJtJ~ffia1'tlv.:J 
f'l1m11ilv~ 4a (\Jiv) 
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"il1 n m~ ~m~1'W'Ul1 1.dv~ Vl m~ b~CJ'W m~~v'W LVl CJ 1.U m~11flfl1'W1::~u~(;1 fl11"1 L ~B bL~fl.:l 

tJ~ n~ CJ 1~ Lfl Vl~'UiJ fl L~ CJ'Wiil"l11:W b ot'11 "iJ 1 'W b~v.:l~:W fl11 Ll"lii bb(;l ::tJ~111u.1~116111Yr'WGL ~li~'W L~'El.:l"il1 fl 
n"il m1:w ~.:! n ~11·1h c.~ 1 ~,:r n L~ c.~ 'W ~'W ~'W 1 m1 L .Q avn~ L U'U'W 1:wu~1111 ~ L u'U 1tl u~111111 n~'W LL(;l:: iT.:! 

'IJ 

~vVllilGl 'EJ.:ltlm1'W1~ CJ'll'El.:l~~ bVl"1! l"iJ"iJ~{;l:: (2558) bvl~ fl~11"11111tl11V!oW 1'V11-!lfl11 L~CJ'W LL(;l ::111 'W11~ 
' ' 

fi1(;11Vl Ll"l~B'Wb~B.:l L:W(;l bb(;l:: ~1~(;1::mCJ'llB.:lirm~CJ'W~1vi'-ru fl11b~CJ'W~vl1 m 'VllilU!il n~11 Lb ~.:J-rr'W (TGT) 
'IJ ' 

~111 nu fl11'VlVl(;le:J.:J 'll a.:Jirm~CJ'W.ff'Wl! uCJ:w~ n~1tl~ 5 b ~'W 1 ~,:r m~CJ'W'vhiilil m111fl11'Vlfl(;1 B.:Jm~vh 
bB~11V!(;le:JVlLVlCJ1 iJ1V!11'Wb~(;l'IJ~UBCJ b~B~fl~1fl1~~(;)(;1-:J'lJB.:J"ilfiL~BflbL~.:J (m'W~ 2.5) e.J(;lfl11~fl~1 

'IJ ' 
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boW'U 1 ~'Vlnf1'WvhnOJm1~bbG't~ b18'W~·h~n'U f1'Ub18'Wbn'l"lilm 'VI~e:Jf1'Ub18'WBe:J'W 'Vlnfl'WVli~'VIirn 1 'W i 
' ~ ' 

iJ.d dd!J' c;~ OQ.J d 0~ q Ql d11
1 

'U'Vl'U1'Vl'VI'U1'V1 m~~e:J 1e:J1'W bbG't ~ bG't 'l b 'VI'Uf1l1~6'11f1~0Ue:J'l\91 'Wbe:J'l b V'le:Jf111~6'11 b 10JOUe:J'l'V1~ m1 b 18'\J'Vl b 'W'W 

r:J b~tJ'Wb U'UP1'U~nm'l~1nii~l'W"li1 tJ 1 ~trm~8'U 1(;)bbG'tm tl~tJ'Wf1l1~~~b ~'Wtl'Ub ~e:J'U.!l1tJ 1 'Un~~ m11(;) , 
" '\J • ' 

.,. 0 ... 1""""' 1 "11 d de~ c:,,N (;l'll.Je:J'V11n1~'Vl~(;le:J-:J l.J~W 'VI'Unb~tJ'U?I'U "ilbbG't~bOU1 'iiJ 'Ub1e:J-:l'Vlb'HJ'U~1mJ'lOU'U 

~ m'n'i11v~2.1\ottHll'l ~'Vlvfln'bl1n11a!'IM'tltl~'l"Lfivnu~~ 
lil.J1m1uumu~uvv Vla<Jf\a:: s 

2 3 4 5 

Jm;i~ 100 g J,~~,;;~ 100 g ,}',~~,;~ 100 g .J,~~,;;~ 100 g J,~~,;;~ 100 g ... ,Jf c: -.. f 
fl1'VlVI 7 ~~\1Wlfl1'il.l.'!J-311l1'!Jti~'\J1,_.,11'\J 

+ LnihJ 10 g + Lniill 20 g +J,P1111 10 g +J,fl111 10 g ................... ~ .................................................................................................................... , 
~ ... : ... .... " "" .... " .. "' ' ; 

1 um'lvil1t~;i2J'Iot"tl"~a.rn1tlliw] 
i - 1l1.H"lll1\ilJ\J1\fl1\JWCII"l•tllJn[)'!.J>I'!I~ (tl1\tJ\Jn£JlJ>I'tl~~~"lU.!lCII~11fiCII~\11 i 
: • • 1" ...: - I( ,j ...: ... ... .... : i Loonu.'!l~•ll1l.nn u.l'l~1l~flifmnu.•M9\1l.J1f1l L1.liwmuunum7191!JI1JlllJl.lfl1tJ ! 
\ LYI!lihl':ilfi£J~fi1Uf'inu11..1 i 
Loooooooonooooooooooouoooooooooo~oooooOooooooooooooooooo.oooooooooooooOonooooo.,oooOhoOOnoooooooo ... ooooooooooohoooooooooouooooj 

OJ1nm1PintoJ1'l1'W1~tJ~b~tJloffv-:~ lil~b~'U1(;)11b-d'v'VI11"1l1bf1i1 b~e:J'l1~(;l ;'lbU'Wb-d'v'VI1~ 

b~tJ'J ntJ n11Fl1'Ultu bbG't ~ bU'Ub-d'e:J'VI1~f"iv'W-ff1'ltJ1n bbG't~i:ie.JG't~~'l'VlB'Vl1'lm1b~tJ'U~1 bbG't~OJ1ne.JG't m~ 
" ' ' Cl.J oCll t/i.J Q.l Cl.J d i.l .dl QJ Q.J ..:::.1 1.1 I .dil oCiil I .<:::t, 

OJ ~m'J b 1tJ'U~~181~-;u mm1 b 1 tJ'W~ bb 'U'U?I'U b?l1~ 5 ou'W bbG't~ n1'JOJ~n11b 18'U~ bb 'U'U1l~l.le:JVl"ll'J tJ b V'l~ 

l.l 1 'W~ ~1'V181 P11 ?l \91 ~1 ~~ 1 n~'U r:J1 ~ tJ ~ -:~~ ~ n1~ b~ tJ'W ~(;)'J tJ1 n ~ n'J n 11 b~ 8 'U ~ bb tJ tJ ~'U b?l1~5~'U 
\1 'U d.J 'U 

e.J?l~e.J?l1'Ufl'U b 'Vlf1i1f1n~~ bb "ti-:J-IJ'U 1 t~.&'Utl1~biJ'Ue.JG't b~e:J-:1 1~(;1 b ~e:Jtl~'Uf111~b off1 h~ 1 'Ul.l~1'Vltl1P11?l\91~ 
' 

oue:J-:~irm~8'W~~~ 1 ~~nl'i'v'l 
~ 

~QI ~d II Q./ il II C11 4 T 
2.2.4 ~1'LJ1l\lt1Vl bmJ1"tm.::~m.Jfli11:WnTJ'VI'LJ1Vl1 .. :mTn -av'LJ b -ae:~.::~ ~l.l~ 

tl~~11~ V'IG't~~n~ (2557) 1(;)PintoJ1f1~bb'U'Uf1'J1~n1l'VIoW1 (Normalized gain) b~e:J'l 

tl~l.J1tu?l1~~:W~'U15 OUe:J'lUnb~tJ'U~1(;)~'Un11?le:J'U(;)18n1'Jb~tJ'Ufbb'U'U~'J~iie:J V'I'Ul1 f)~bb'U'Ue.JG't~~'J'Vl~ 

'V11-:Jn11b~tJ'Urie:J'UbbG't~'VI~'lm'J~~m1b~tJ'U~bb'UtJ~l~iiviif"i1ba~mvhntJ 2.30 fl~bb 'W'W bbG't~ 21.90 
~ 

\911l.l G'\'1~'U bbG't ~ bd v1 bf111~~1~ ~'U f111l.l n1l'VIoW 1'V11'l n1~b~tJ'U~-:~i'W b1tJ'WV'ItJ11e:J ~1 'U 1~~'U 6'1 'l 
~ ~ 

(Normalized gain = 0.71) bb?l~'ll1n11~~n11b~tJ'Ufbb'U'U~'J~iie:J vi'11~11m~tJ'LJi1m1l.ltlT'J'VIoW1 

Vl1-:Jn1'Jb~tJ'U v~1 'W'J~~'U ?l'l bdv~OJ 11tu1f111l.ltl11'VI,J1Vl1'ln11b~ tJ'W~1tJ b -d'v'VI1lil1n bb 'U'U'Vl~?le:JtJ1~ 
~ ~ 

' " ' v .:::::.. Cll 1 dl dv q d v q cv 1.1 1.1 

e.JG't 6'1~'J'V1Li'V11'l n1'J b 1tJ'U V'I'U11 b 'U e:J'VI1'Vl'U n b 18'W~f1~ bb 'U'U'VIG't'l b 'JtJ'UbbG't~1~~tJm1:w n11'VI'U1'V11..:J m'J 
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L~r.J'U"'-:J~"'~VI~-:J1~~'\Jn1':i~~n1'H~r.J'U~LL'U'U~1lJ~e:J ~e:J L~e:J-:JlJ1~ blJL~n~ (Normalized gain = : 
'\J , "' , I 

0.88) LtieJ-:J':\!1n 'I.Jm~r.J'U1~L~'ULnlJ "IJ'Uilm~ 1lJL~~mvhb "LL~~~nm':i'VI1lJ1~ 1m~~~':\!1n"'1':i1'U : 

~1\91tJ<j~'<\h1'U"1l8-:J1'Uni\Jm"jlJ "A student a compound" ~'I.Jm~r.J'U L~8nlJ1LeJ-:J1~wvhL'IJ'U : 

n1':iU1'U "'eJ~fl~eJ-:Jn'U Dougherty (1995) ~nci1T·h n1<j~~n1':iL~CJ'UiLL'U'U~1lJ~eJ1~r.Jm':i1i 

A~ bL 'U'Uiil1n mwJ~"'eJ'U n1<j1JTU bL~~ m"j6'1-:J-:J1'U'Vl1-:JBLlJ6l LU'Um':i"li';m 1 'Un1"j~eJ"'1':i"j~VI11-:J~ L~r.J'U 

Lb~~fl 1mn~'U "li1 r.1m~~'U 1 ~~ b~r.J'Ubfl~n1"jb~r.J'U~bb~~iJm1lJfl-:J'Vl'U 1 'U n1<jb~r.J'U~b~lJ~'U 6'1-:J~~ 1 ~ 
'\J 't 'U \1 'U 

'I! n b~r.J'U"'1lJ1':il:l Lbm Ill 'VI Ei'u ruvn1~ L -d' eJ'\111~'1! n L~ r.J'Uil':i~ ~'Ufl11lJ n11VILJ1'Vl1-:Jn1':ib~ r.J'U~1~"' ~ ~e:Jm"j 
v • 

b\91~r.JlJ"'1"j~~mr.J (Normalized gain = 0.57) ~-:Jdb~"j1~'1!m~CJ'U~-:JL~eJn~\91"j'\11~8 LL'Vl'UI"i1~1LLU11'U 

m':irl1'U1ru1~Cln~eJ-:JLU'U'U1-:Jn~lJ "'8~A~mnum"jP1m~1"1leJ-:J ru1~ ':\1-:J"'~eJr.J (2556) ~1~P1m~1m1 
'U • • 

LU~CJu L Vi CJ'IJ ~~ ?i'lJ~'Vl~'Vl1-:J m1 L~ CJ'ULL~~fl11lJ L -t'1 h~A-:J'Vl'U L~eJ-:J 1lJ~ "1leJ-:J'I.J m~r.J'Ui'U:ir5CJlJPln~1 
' . 

tJVj 5 ':i~VIl1-:J b 'VlfltJ fl n1':i"'~1-:J ~ ~?flJ~'Vl5"1leJ-:JVilJ nu Lb 'U'IJ'IJ<j':iCJ1 CJ ~'Ul1 nl<jb~ r.J'ULL 'U'U n~lJ~1lJ~8 

"'1lJ11ClYr~'U11 ~~ L~r.J'UiJfl11lJtl11VItJ1'Vl1-:Jn1':iL~r.l'Ub~8-:J 1lJ~ 1 'U':i~~'UU1'U nm-:J 
'U 

,c:f ..:::or, Cl.l .<:::11 d i.l I Q.l -=1 1.1 I .dt .o::t, I I Cl.l 

Ill 1 n m':i P1 n~1-:J 1'U11il r.J'Vl Ln r.J1'1l 8-:J~'U11 m ':i':\1 ~ m':i L 1 r.J'U ':iLL 'U'U':i1lJlJeJ b 'Vlfl'U fl n~lJ LL "1J-:J"1l'U 
'U • 

,}'U"'1lJ1':iCl~-:J b"'~lJ 1 ~'lJn L~ CJ'UiJfl11lJtl11VILJ1'Vl1-:Jn1':i L~r.l'U L~eNU~lJ1ru?flJYr'Ulfl ~"'-:J~'U 1~ Wj~ r.J~-:J 
'U 'U 

"''U 11il~lil~'I11L81n1"jb~r.J'U1LL uun~lJ LL-ci-:Ji'ULL 'VJ"jn boU11 tJ1 'U1 'U~'U"1lCJ1CJ"1l8-:J~~m':iL~CJ'U1~1 CJ1n~m 
'\1 'I \1 6..1 

nl':ib~r.!'U~bb 'U'U~'U b"'l~5~'U lJ1U':i~r.Jn~1m 'Un1':iYr~'U1fl11lJtl11VILJ1'Vl1-:Jn1<jb~r.J'U{ b~eJ-:J 1lJ~ 
'U • 'U 

2.5.5 .:J1'U1~fl~ b~fl1cii'B·:Ul'UlJ 1 'UlJ~~f'l~1~Lf'l~eJ'u 
~11~11ru ururul'U"''UB (2554: 46-85) 1~~~m':iL~r.J'U~LLuu~"'lJ~"'1'Ub~eJvr~'U1 

~~ V liJ , 'U I 

~"'lJ~"'1'UU':i~n8'\J~1r.Jm111X-:Jl'U m':i'IJ"j':iCJlCJ n1':i':i~~lJfl11lJ~~ bb~~m':i~-:J:We:JtJ~u~':\1~-:J m':ii~CJ 

fl~-:Jd~i~r.J1~LbU-:Jb.Q'eJVI1 bb~~V!l{eJCJ~~"1J8-:J'l!nb~r.l'U~iJfl11lJboUlhlJ1'UlJ~1~ 5 ~1oUeJ 1~Lbn (1) 1lJ~ 
'U 

mmb~~tJ~lJl\91':i"1l8-:!bbfl"'~ STP (3) fl1llJboUlJoU'U'tl8-:!"'l':i~~~1r.J1'UVI'll1CJ~eJr.J~~ (4) fl11lJb~lJ~'U 

"1leJ-:J"'1':i~~mr.J 1 'UVI'll1r.J blJ~l~~ 1lJLb~~~ bb~~LP1~~1'UblJ~ bb~~ (5) n1"jb\91~r.JlJ"'l':i~~mr.J ~u11m1 

~~ m':ib~ CJ'U1LL uu ~"'lJt:-~ "'l'U"'llJ11!:1Yr ~'Ul~~?i'lJf1'VIB'Vl1-:Jn1':ib~r.J'U"1l8-:~'l! n L~r.J'U1 1X"'-:~~'U 1~ Lb~~ 
" "I " 

'I.Jm~r.J'UiJmllJb~lh b:U-:JlJ 1 'UlJ~l:ln~€1-:Jb~lJ~'U{eJCJ~~ 66.71 bb~~ilmllJb~l hlJ 1 'UlJ~eJ~l-:J"'lJ'U':iru 
'U 'U 

1'UL~eJ-:J1lJ~nmh'U1'UeJ'4Jl1fl lJ1~ bb~~tJ~m\91':i"1leJ-:!"'11~ STP ~~bU'U~eJr.J~~ 92.52 "1JeJ-:J~l'U1'U 

'l!m~r.J'U b~':il~'l!m~r.J'U1~nvhLL'U'U~n~~ Lb~~~1'Un1':ibbnuru'V!l':i~VI11-:~b~CJ'U bb~~h'Vl~Uru'\111~-:J 
v v 

1~'1i'uieJ'Umn vh 1 1X'l! n L~r.J'U"'1lJl':il:l bb 'Vl'Urh~eJlJ~Iill n 11il'VIEJ~-:~ 1 'U"'mbL~~ Lbtl"'lJnl"j 1~l:ln~8-:J Lb~~ 
'U 'U 'U 

~1~r.J1~1~~n~~m':iLLmlll'VIEJuruVI1Cln~eJ-:JlJln~'U 1~t.JilA~LL'U'ULo~t.J18r.J~~ 83.57 LL~~um~t.J'UiJ 
'U ~ " 
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!0111~~\IYreJhl?iBnT"f:5'~m~b~tJ'U~bb'IJ'Ut:-.~6UH~H'ITU ~tJ~!Ol~tJ\Itl'U'll~m1~ 'WG'l~Pi'n~ (2557) Pin~1 ~ 
~ ~ 

!0111~ b .U1 l\1 b~\1~ 1 'U~~'lltJ\1'1! n b~cru~ b~tJ'Ub~B\I'll~~1ru~1~~~~wj 'lltJ\1'1! n b~tJ'U~1~~'1J m~~B'U~1 tJ 

m~b~tJ'U~bb'IJ'IJ~1~i1B 'W'IJ';h b~B\1 ~1G'l1~bG'lf1G'l 'l!m~tJ'UiJm1~boU1b"il~1'U~~B~1\I~~'IJ~tLJ~1n~~~ • 
'U '( '-f '( I 

b'W~1~'1!m~tJ'U 1~nvi'1bb'IJ'Utlnvr~ 1~~1~n"ilm~~n~~ 1 tJm~b~'Ubn~ bb~~v111 'IJ\11'U ;\l'l!m~tJ'U 1~n : , 

fl1~fl1'U'J f:UV!1m~ L~ b~ nmn n~1~1 'U:Ul1>1'l.b~ 1ihl'U vh 1 Vf'l! f1b~tJ'U~1~1~t:lbb 'Vl'Ufh-iJtJ~G'l'l1f1 l"iJ'Vl~~\1 , ~ 

1 'U~I'l~bbG'l~bbn?t~m~ 1~blntile:J\I G11'U~1bV!I>1~'1!m~tJ'Wiim1~b-ii'1h~ 1 'U~~b~tJ\I'IJ1\1~1'U (PU) bb~~ij 
~ ~ , 

!0111~b-ii'1l\Jb~\l~ 1 'U~~b'i~tJ\I'IJ1\I~'J'Ubb~~ijbb'U1!0111~~~~~~'Wm~ (PU/ SM) ~tl 'l!m~tJ'U'IJ1\IG11'UcJ\I 

iiu ruvt1 b~ tJ1 n'IJ m~ b~ Bn 1-1f~m~~~ hJ b~~vttl1tJ'lJB\1~1~1'l1'U1ruvt1~1~ 1~ b~ nG'l'l1n~\>l~ 1~b~n~ 
QJ '\J , 'U , 

fl1~~ 2. 7 ~1mh.:~iJmfeJ'UtJm~a'U~ijfi11:1Jb'th bliJL;j-:1~ L 'U:IJ~h ~fl.:I'U1.:1~1'ULL~::ijLL 'l.J')fl')1~fl~~ 
~~~~1~ 

brj t1 ~ liJ 1 ~ ru 1 !0111 ~ b -iJ 11'1 b ~ \1 ~ 1 'U ~ ~ '1l t1 \1 !01 ~ bb 'W 'U ~~VI 11 \1 b ~ t1 'U b 'll ~ t1 'IJ b VI t1 'IJ t1 'IJ 

!0111~fl11vt't!1'1JB\It:-.~G'l~~~'VlB'Vl1\l m~ b~ti'U bb 'IJ'IJ bbl'l~ ~ b il BV!1'1JB\I'I! n b~ ti'U 'W'IJ11iim1~~B~!Ol~B\Itl'U 1 'U 

b~B\1~1G'l1m~n~;\l,rm~tJ'Uii!Ol11~boU'1h~1'U~~B~1\I~~'IJ~tLJ~1n~~~ (CU = 95.51) 'l~ii , ~ ' 
II i.l Q.l ..£ q .J d q Q.J q 

m1~fl11V!'U1'1JB\It:-.~G'l ~~~'Vlu'Vl1\lfl1~b ~tJ'U~1n'Vl~~ ( <g> = 0.88) b ~B\Im~ bl'l~tl~~1~~~~1tJ'Um ~tJ'U 

iim1~boU'1h~1tJ~~bb'W1m1~~~~ ~~'Wm~~1n~~~ (SM = 9.66) "il~ii!Ol11~n11vt't!1'1JB\It:-.~~~~~'VlB 

'Vl1\lfl1~b~ti'U~1~~~ ( <g> = 0.57) 1 'U'llru~~ b~B\1~1~B~I'1B~iim1~n11vt't!1'1JB\It:-.~~~~~'VlB'Vl1\lfl1~ 

b~tJ'WflB'UoU1\1~11ml' d~ltl\ltl'IJ b~B\Ifl1~b\>l~tJ~~1~~~~1tJ ( <g> = 0.58) bbl'liim1~b.u'11"il~ 1 'U~~B~1\I 

~~'IJ~tLJ~\Iti\I~Btl~~ 84.97 ;\lcJ-:J1:U~B~!Ol~mn'U tY-:Jdm"ilb~m~1"il1n~n~ru~'lJB\In"ilm~~~1-ul 'U 
~ ~ 

m~~~ m~b~ti'Um~~B'W 1:U~~~'UTitl'UoUB~B'IJ bb 'IJ'Ul~t:-.~~~~tl'VlB ;'11-1i'1~m1~n11vt't!1'Vl1\lfl1~b~tJ'U 
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~'Jl..l~.:J m~~1~TOJl..l 1 'Wl..l ~ l"lfl1111 bl"l~e:J'W b~e:J.:J't.J~l..l1ru61'm~''W 5 bb"~ 1l..l""1Je:J.:Jmtl nG1a'W1"1111'Vl tJ1~1G1\91 { 
" 

~1'W'J'W 467 l"l'W "lJe:J.:J Sheehan and Childs (2014) ~Ul1~l..l1'Wl..l~fl"1\ilbfl~e:J'W1'Wb~e:J.:J~1'W'J'W 

e:J'Wfl1 fl"lJ a .:J 1l..l" ~ 'Wfl u l..l 1 fl "lJ a .:J a 'W fl11"l,f 'W m1u a 'W 12n-rl..l 'tJ ~~ n au ~1 tJ 1lJ fl "lJ a .:J~ b~ n \91 ~a 'W 
' ' 

G11~fl~mme:J'V11'We:Jm<V'l..l<V''W 1.0 M ~ be:J'V11'We:Jflfl~mtJa~ 1.0 mL ~e:JG11~fl~fl1tJ 1 ~m G11~fl~flltJ 
" 

be:J'V11'We:JflboVl..loV'W 1.0 M i1be:J'V11'We:Jfl "~mtJa~ 46 n-rl..l1'WJ1 1 ~m bb"~f11~fl~fl1tJ f.iam~b't.J~tJ'W 
" 

G1fl1'V'1"1Je:J.:JG11~~1n"1Ja.:Jbb~.:Jbtl'U"1Je:J.:Jbvm1 bbfl~ 1~~m~~m~~m~bbm"1Jl..l 1 'Wl.J~~r~ml1lbfl~a'W b~a'l1l.Jfl 

"lJe:J.:JWood and Breyfogle (2006) 1\iltJfl1~G116\9lfl1~'Vl\1l"e:J.:J~~VIl1-:Jbb~'Wfl~~\111~l'Je:JtJ~nu 

G11~fl~fl1tJI"le:J't.Jb't.Je:J{ (II) ~"~"e:Jb~ (CuCl2) 6fi.:J~~·¥h (fli'V'I~ 2.8) G11l..l1~~v'h1~'\Jm~tJ'W~l..l1'Wl..l~~ 

~nl'i'a.:J111l..l" 1l..l1-dl..l'J" 111ltJ 1~aambuum~'V111l"e:J.:J~.:J'VIl..ll11 5 G1fl11~ 6fi'!G1fl11~~vh't.Jl)n~m~a~n'W 
~~~ bb~ \91 ~ fl e:J'W~ bb\il \l"lJe:J.:J'Vl e:J.:J bb\il\l ~'J'WG1fl1'J~~Vh't.Jl) fl~tJ11~~ e:J~ tl'W~~ij bb~'W m~1111~l'Je:JtJ~ b VI~ e:Je:J ~ 

~1fle.Jflfl1~'Vl\ilfie:J.:J'V'IU'",h G1fl11~~ 5 bb~'Wm~m~l'Je:Jml nu CuCl2 bfl\il't.Jl)n~cn1~~e:J~tl'Wb'V'I~1~~ 

bb~\9\~fle:J'W'Vle:J.:J bb\11-:J bnl1loTI'W 1\il tJ hJ b'VI~mb~'Wm~l111~l'JatJ~ 6fi.:Jm~vh't.Jl)n~mJ'WoTI'Wa~nueJ'm1~1'W 1l..l 

fl"lJe:J.:Jbb~"~G11~\911lJG1l..lfl1~bl"li1bvh,!'W ~\lJ'W'\Jm~tJ'W~~ boV1h111l..l"1l..l1-dm" ~'J'WG11~~~n1-b'VIl..l\il · 
" 

1 LJ1 'Wfl1~vl1't.Jl)n~cn~~ b~tJflrJ1G11~n1VI'WI1l't.J~l..l1ru bb~ n~.:J'V'I'I.JrJ1'!!n b~tJ'W~.:Jbfl\ilDqj'VI11 'Wfl1~fl1'W1ru 

b~tJ'J nu't.J~l.J1UJG11~61'l..l~'W5 ~,:jfl'J~G1e:J\11 bb 'Vl~fl~fl~~fl1~bbnG1lJfl1~'V11-:Jflru\91~1G119l{b oV11 'tJ1 'Wfl1~ b~tJ'W 

6fi\l~~-d1 tJ 1 ~'\Jm~CJ'W~fl'J1l.JG11l..l1~~ 1 'Wfl1~bbr'i1~'V16'llru'VI11~~l..l1fl~\l~'W 
"' 

1 2 3 4 5 

.fl1'Vi~ 2.8 fl1"a'V1\il~HH"a::VIi1'l~'W Al foil nm11-a::~::~1tJ CuCl2(ilvh) ~.:~iie11'l"a1~1'ULl..lfi 
"a::VIi1.:! Al bb~:: CuCl2 ~1-:!rl'U 5 ~1111:: 

~ 1 fl f11~~ fl~1\l1'W 1 ~ tJ~ b~ tJ'JoVe:J\l'V'IU rJ1 f11~~ \il fl1~ b1 tJ"LJ fl1~G1 e:J'W 1 'W~1 tJ1"1J1 bfl~ b~e:J\l 

't.J~l..l1ru61'l..l~'W5J'W~.:Je.J" 1 ~'\Jn b~tJ'W~l..l 1 'Wl..l~~flfl1\il bfl~e:J'W1 LJ1 'WVIfl1tJ 1 bde:JVI1\911l..l~nci11-rr1-:JI'i''W 
~'lJwJ1~tJ~.:J~fl11l..lG1'Wh~~~~n~1l..l 1 'Wl..l~~flfl111lbfl~e:J'W b~e:J.:J 1l..lfl ~bn\il~'Wnuwm~tJ'W~~~ui'W 
~ntJl..l~n~1tJ~ 4 h.:Jb1tJ'WG1l1\lbb\il'W~'W b~a 1-b'btl'W-rral..lfl1 'Wfl1~bbm"1Jbbfl~ ~.:JbG1~l..ll..l 1 'Wl..l~~~nl'i'a.:J 

" " 
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~'BtJ~~ms1tl~ 4 ~1tJ1n~rrmT'ib~m.J~bb'IJ'IJ~'\Jb?f1~ 5 ~'W c.J?f~c.J?f1'Wn'\Jb'Vlfl'llfln~~bb"ll\loV'W1'W~'W 
~ ~ ' 

\J~~b~'Wc.J~ b~eJ\11~~ ~\l~~tJ1~~1bti'Wf11~l~tJ~\Id 
~ 

3.1 bb'IJ'\Jbbc.J'Wf11~l~tJ 

3.2 \J~~"ll1mbb~~n~~~1mh\l 

3.3 bfl~m:WeJffim'Wm~i~tJ 

3.4 m~?f~1\lbfl~eJ\I:tleJffim'Wm~l~tJ 

3.1 bb 'U'Ubbe.J'Wn1'~·1~t~ 

\11'Wl~tJdii bb 'IJ'IJ bb~'W m~1 ~ tJ b tl'Wbb uu M\I'Vl\91~ eJ\1 1-1!~\J bb 'IJ'IJ m~i~ tJ b \J'W bb uu n~~~1eJ ~1\1 b~ tJ1ii 
~ ' 

m~'Vl\9l?feJ'\JneJ'Wbb~~VI~\I (One-group pretest -posttest design) 

(3.1) 

" a cv .:::llo Q ilil v v .<::::!1 t.l .dil v 
X1 VlmtJt~\1 m~"<il\9ln"<ilm~~m~b~tJ'W~mtJ11l"<iJmm~b~tJ'W~bb'IJ'IJ?f'Ub?f1~ 5 "ll'W c.J?f~c.J?f1'W 

~ ~ ~ 

nub 'Vlfltifln~~ bb "ll\loV'W 1 'W~'W\J~~ b~'Wc.J~ b~eJ\Ib~~ 
' 

3.2.1 u~~eu1m 

\J~~"ll1m~H1 'W m~1~ tJfl~\ld~m!m~ tJ'W~'W~'BtJ~~m·ntl~ 4/1-4/3 bbc.J'Wfn~b~tJ'W 
l'Vltl11"11?fl'11-flrui'H"11?f1'11 .fnflb~tJ'W~ 2 tlm~~m~n 2558 b\lb~tJ'W?fl1\lbb\9l'W~'W eJ1b.fleJ?fl1\lbb\9l'W~'W 
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' ... ' 
3.2.2 mp.1~1vm~ 

fl~:W \?11mh~~b m 'W fll'jl~CJFI~,:rd' fim'J f1L~ cJ'U.ff'WlJLiEJ:l.J~fl'l~ntJ~ 4/2 ~~~'W fl1'j~~CJ'W 
' 

1'Vlcnl'11?l\9l~-r1ru\9ll'11?l\9l~ .fl1r1b~CJ'W~ 2 Dfl1'j~mn 2558 b~~~CJ'W?l11~~~1?l'W~'W e:l1~flv?l'h~~~l?l'W~'W 

~~Vl11?1?lfl"'Wm G1111n~1'W~'1J\9l~'W~fl1'j~fl'l~nl!uCJ:w~m~wu\9l~ 23 -.J1'Wl'W 45 F~'W Ll?lCJL~vmLtJtJ 

~"il1~"il~"il1mh~'1J1m 11?1 CJ Lu'W 1 vr11 n b~CJ'Wvl1~1'Wb u'Un~:w ~1~ CJ~~ btJ'Ufl1'j~\?ln~:wum~CJ'W 11?1CJtl1~~ 
' ~ ' 

fl1'j~~CJ'Wb'Wl'1J1br1lk~:wb~:w 1 mm~CJ'W~ 1 Dfl1'j~fl'l~1 2558 :W1~~CJ~~1~tJ~~fl1'jb~CJ'W"il1fl~1hl 

?l~"il1 ntf'Wb~ ,J~i( m~ CJ'W~il~ ~ fl1'j ~~ CJ'W 1.0-1.5 ~l?lv CJ '1 'W n~:wriv'W i! m~CJ'W~il~~fl11 ~~CJ'W 2.0-2.5 
~ ~ ' 

i!m~CJ'WvvflbU'Wn~:w.,"~ 6-7 fi'W bl?lm~~"~n~:w\h~nvtJ~lCJilm~CJ'W~ri~ 2 fi'W \h'Wnm~ 3 fi'W 
' I ' 

~b"~riv'W 1 fi'W 

3.3 Lr1~v~iiv~1'til:un111-.5'CJ 

3.3.1 LL~'Un11-.5'~n11L~CJ'\..!~~1CJiJfl..ijn1flTH~CJ'I..!~Lb UUflULi;11~ 5 ,!'U~i;I:W~i;I1'UnUL 'VIflilfl ... .... ... 
n~:w LL"'i~'Y1u1u<t1u'l.h~Lil'W~ ~ -.J1'Wl'W 4 bb~'W 14 -&1 1:w~ (\91111~~ 3.1) 1mJlJ'j1CJ~~ bB CJI?l'1Jv~ • 

~111~~ 3.1 n~n11:Wfl11L~CJ'U-ri.'ULL~~~LL~'U..ij'flflTH~CJ'U~~1CJ1fl..ij'fl1n11L~CJ'I..!~LLUUflULi;l1~ 
~ ~ ~ ~ 

5 <t1u ~i;I:W~i;I1'UnUL'VIflilflfl~:WLL"'i~cyj''UL'U,!'U'lh~LiJ'U~~ • 

Ill 
f'I'U'VI1 

3 

- n"il fl1'j:Wfll1:W~:W~1..!'lh~w;h~ 

-.J11..ll\JL:W~ntJv\Jfl1fi'1Jv~?l1'j • Q..l I Q.l 11 

- "nul?lbb?l'W?llCJ 
- "il\?lfl11bb'1J~'1J'WI?llCJ 

1---------+----+-~--.. --... --.,.--, --------1 b'VIfltJFifl~:Wbb"ll~'il'W 
2.-.JTUl'Wb:W"tltJ:wd" 3 '1J\?lfl1'jb'jCJ'U'j'lj\?J'Vl 2 ' 

' ~ ' (TGT) bl?lCJ~~iJ 
- fi~fl':a'jlJf111:W~:wYru5'j~VrJ1~ ~ ' ., 
-.J1'Wl'W 1:w" bb"~:Wl"?f1'j 

fi11:W?l1:W11m 'V11b 'VICJ:W 

1----------+----+---------,-------l tl'Wbb"ll~'il'Wtl\J 
3. '\J~:W1\9l'j~e:J 1:w" 3 '1JI?]fl1'jl,~CJ\J~'1J\?l~ 3 ' ~. 

'1Je:l~bbn?l 
..::;:,. CV Q.J 6 I 

- fl"i)fl1'j:l.Jfld1:W?l:W'I"l'Wli'j~Vll1~ 

-.J11.J11..! 1:w" bb"~'\J~:W1\9l'j'1Je:J~?f1'j 



•. 

\Pl1'a1.:!~ 3.1 n~n'a'a1Jn1'H'it~'Url. 'Ubb~~::bb~'U~~n1'ab'it~'U~~ht~1n~mn1'ab'it!'U~bb 'U'Ui'i'U b~1:: 
~ v ~ ~ 

5 .['U ~~1l~~1'Utl'Ub 'Vlflilfln~1Jbb 'li.:J"li'LI1 'U.['U'll-a::bil'U~~ (~v) 
~ 

4. fl11:W G1:w ;~\.n5 

"j~vrh:r~hu1'L! 1:wG'l 

3 

12 

II 
fl'U'Vi1 

CV I Q.J !J 

- ~~fl1"jbb6()-:J"(J'U~1CJ 

b 'Vlflilfl fl~:W bb -ci.:~i'U 
' 

(TGT) 1~CJ~~i1 
'IJ 

' "" fl111J?f11J1"jflb 'V11 b 'VlCJ:W 

tl'Ubb -ci.:~i'U tl'U 

37 

1 'U bb~ G'l~ bb~'U fl1 "j~ ~ fl1"j b~ C.l'U -n~~ 1 b tJ'U fl1"j~ ~ n~ fl"j"j1J fl1"j b~ C.l'U {~1 CJ11l~ m fl1 "j b ~CJ'U { 
'U 'U d.-1 'U 

bb uu~'\J b?t1~ 5 ~'U~?f:w~?t1'U nu b'VlfliJfl n~:w bb -ci.:~i'U 1 'U~'U1.h~ biJ'U~G'l ~.:~i1n1"j~~n~m"j:weJ6u1c.~ 
' 

fl1"j bb "IJ.:~i'U~i'd CJ b 'V1 fltJ fl fl ~:w bb -ci.:~i'U (TGT) 1~ CJ ~~i1 fl111l ?111J1"jtlb -..1 1 bYl CJ:W tl'U bb "IJ.:~i'U n'U1 'U~'U 
' 'IJ 

'lh~biJ'U~G'l 

3.3.2 bb'U'U'Vl~~vu1~f1111lbii'11~:w1'U:w~'Vl1~1'Vlmfl1~~i b~v.:~ 1:wG'l bU'Ubb'U'U'lhirCJ'UtJ~ 

~1b~eJn?feJ.:~~1~'\J~'U 'lh~neJu~1c.~ 2 ci1'U ci1'U~VI~.:~btl'U~1b~eJn"(JeJ.:~fh~Bu'UiJ~ 4 ~1b~Bn ci1'U~ 
6'\e:J-!lb-i:h.Jb'Vl\>l~G'l ':ilTU1'U 40 ie:J 

' 
3.3.3 1un~m-a:w b~v.:J 1:w~ ?I1Vt-ruu'UVin~G'lfl1"j'Vl~G'leJ.:~ 1>1Bmhm:wVf1CJfl1"j'Vl~G'leJ.:~ bbG'l~ 1 u 

.:~1'U 1 'Ubb~G'l~n~ fl"j"j1Jfl1"jb~CJ'U{ 
'IJ 

3.4 m-a~~1.:Jbfl~v~i1v~1m'Um-a1~v 

3.4.1 bb~'Ufl1'a~~fl1'H~CJ'U~~1CJ11l~n'afl1'ab~tll.!~bb'U'Ui'i'Ub~1:: 5 .rr'U~~11~~1'Utl'Ub'Vlflilfl ... d..! ... 

mh.JbbeU.:J"li'Ut'U.['U'll-a::bil'U~~ i1~'UI'1fl'Ufl1"j?f{1.:~~.:~~ • 
v v 

3.4.1.1 ~ n 't}1V! ~ n?t 1>1 "j bbG'l ~"() eJu-ci 1 u "() fl'l b .W eJV!1l6()1 bfli1 1>11:WV!~ n ?I 1>1 "j fl1"j~ m~ni'U 
'IJ 'IJ 

v1'U\i1'U 'V'I'V151"1m1'l.1 2551 b~eJ1~b.U1h1m.:~?f{1.:~6()eJ.:Jb-d'eJVI1 ~~,h~?t.:~fim"jb~u'U{ fl1"j~~n~m"j:w 
dJI q , 'U 

3.4.1.2 Pin 't}1"j1 c.~ G'1 ~ bB c.~~"() fl'~ b .Q eJV!1 b~ eJ .:~ 1:wG'l b ~ eJ~ ~ ~'l11:w 1?1 ~1.:~ bb~ 'U fl1"j~ ~ n1 "j 

b~t.J'U~"il1f1VIir'l~m~CJ'Ul6()1bfli1b~1lb~:W b~:W 2 bb6jt:fli1eJfl"j"j1EJl"111bflih~:wb~:W b~l..l 2 ~~vh1~CJ 
'IJ 'IJ 'IJ 



. . 

•. 

38 

G'ltnD\Jci.:~ bG'I~l.l nT~G'IB'Wl'Vl ~1f'11G'I\Y11 bbG'1::; b 'Vlflb 'W 1G'1 ~ m::;'V111.:~Pimn6m1 b ~mhvi'W~fl11l.lfl~11'U 

f!B~ ~~th~~Nri'rn1b~fl'W~ bLG'1~ L de1vn 1 'WLLe.J'Wfl11~~fl11L~fl'W~ 
, 'tJ 'tJ 

' ' 
b~fl'W1"111Lflii L~l.lb~l.l L~l.l 2 bLm~riiieJfl111fl1"111bfliib~l.lb~l.l b~l.l 2 

'tJ 'tJ 

3.4.1.4 Pin~1bBnG'I11bbG'1::;.:~1'W1~ fl~b~ fl'J.rreJ.:~nu1tJ bb uu m1~~m1b~fl'W~~1 fll'n~m 
'tJ 'tJ ~ 

n11b'1~'W~bb'U'U~'UbG'I1::; 5 .ff'W bbG'1::;b'Vlfl'Wflmil.lbb"tl.:~'V'W (Team-Games-Tournament) 
'tJ , 

" 3.4.1.5 ~ ~v11 Lbe.J'W n 11~ ~ n11 L1fl'W~~1 fll'n~ n'Hl11 L~ f! 'W ~ LL u u ~'Ub6'11~ 5 oU'W 
'tJ ~ 'tJ 

1) bbe.J'Wn11~~fl11L'1~'W~~ 1 b~eJ.:J"iJ1'W'J'Wbl.IG'1n'UB'W.fl1fl"lJB.:J?f11 
'tJ , 

1.1) .ff'W?f~1-:Jfl11l.IG'I'W1~ (Engagement) '111~-:J"lleJ.:JbbG'1~G'I11bflii 1~bLn 
NaOH, H20, ~'WG'IeJ, thnm bbG'1::; m~m~ m1vh'Jm1fl'W~~11tu1b~eJ'UeJntJ~l.l1ru'VI~m·'ltJ'Jfl"lleJ.:~ 
.::::. .:::::!1 CV I 

G'I.:J"llmbbG'1::;?111bfll.l ~.:~nm1 

1.2) .ff'W6'1111~bbG'1~~'WVI1 (Exploration) bbU.:~i!m1fJ'WeJeJflbtl'Wfl~l.l1 G'1::; 

6-7 fl'W Lb~G'1~n~l.lii'l'1m1fl'Wbn.:~ tJ1'Wnm.:~ e:ieJ'W bb~G'1~n~l.lv11ii~m1l.l~iieJfl'1 'W"Il~rn1b~fl'W~"Il~~ 
q , 'U , 'U, 
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'VB~G111~~ 1'11 bb 'Vl'U bbl'im~ n~:U'L'h 1.?1'\.J eJ'U q)V!1 bbm~15 bbni:J q)V!1 1 'UoVB~bbni:J q)V!1 1J\' bb"~ bbni:J q)V!1 1~\J\' 

b ~B'U 1 'U~'Ub~~'U~1:un'Ubbni:lqJVI1~n~:u 1:W?t1:U1'atmni:lqJVI11Ji' 

1.4) ~'U'Vtn~l"l11:U1' (Elaboration) \Jm~~'U~1mm~B~m"ab'IJ~CJ'UVIU'"W 
~ ~ 

~1'U1'\.J b:U~H'lJ'UVIU1ti:U16'1'VB~G111 lil1 ntl'Ubbl'i6'1:::1"l'U6'1~i'Jm'hb 'U nlilni11l~ 1.3 L~B~ fl1'Hht.nru 

b~ tJ1 n'U~ 1'\.J1'UB'U.fl11"ll'iv b:U~'VB~?I11 
' 

~~f1~bb'U'Ubbl'i~~eJ'UI9i''UVI'!J1VI'!J1~B~b~~'U 

2) bb~'Um'a~~m'ab~CJ'U1~ 2 1.~v~ ~1'\.J1'Ul:u6'1n'Um6'1'VB~?t11 
~ 

2.1) ~'U?I1'1~1"111:U?I'Uh (Engagement) 1..!1 b"I.1~1L'V'I l.fl~B ~1~1" ~~'V'I 
~ 

1.1.6'1:::~1~Vi'u~:u :u11 ~\Jn b~CJ'Ub ~CJ'U?I~'abf1JJ'VB~?I1119i'~n~11 '.\nntl'U 1 ~\Jm~~'Url1'U1tuV11:U16'11:ul.6'1n6'1 
~ ' 

2.2) ~'U~111'.\lbb6'1~fl'UVI1 (Exploration) bb'IJ~\Jm~~'UBBmD'Ufl~:U1 m.: 

6-7 f1'\.J bbl'i~~n~:uih!m~CJ'Ubrt~ th'Unm~ BB'U bbl'i6'1~n~:ur11'U1tuVI1:U1~B~~B:UVI~B:U1~ 1m~n6'1 
' ' ' 

' ' 
bb6'1~-rr~:u1~'VB'l?l11 \91~~111~Vl 3.2 

...; d 

1iJTU1'Ub11~ 
da:, 

'l:lfl~1~ ~l'l~bf\11 111~v::l'lv11 111~~1~Vl'I:I.:J .. 
(mol) 

... 
1~ (g) Vl~fl 

111~ b11L~n~ • 
' c 1 ~~tn'U 

1"1.1b~CJ:u 1~1~WiJ'Uf11~'\Jm'U~ NaHC03 1 

~'Uv:::~~b~ti:U'.\11flfl'a~UB~ Al 1 
~ 

:;' 1 C6H1206 'U1m~n6'1 f1?1 1 
~ 

b"l.lb~CJ:Uf1~B L 'a~ NaCL 1 

1 ~bb'Vl?lb~CJ:Ub '\Jv~bb:u~n11. 'U~ KMn04 1 

2.3) ~'Uv5'U1tlbb6'1~6'1~oUBG111.J (Explanation) 1~um~CJ'Ubbl'i6'1~n~:u 
' ' 

l bl"l 11 :::v;oll B:U 6'1 '.\11 fl fl11'Vl~ 6'1 B~ B fi l.J11 tJ bb6'1 :::~ ~oV B ?111.J 1"11 1:U ~:U~'Uth :::VI'J1~1iJ1'U1'\.J 1:u6'1 n'U:U16'1 'VB~ 
~ ' 
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~1i~~~1 bb 'Vl'Ubb~~:; n~l.li11 L~·t.mu cyvn Lb~:;iTILLnu cyvn 1 'W-ii'B~ LLnucyvn 1~ LL~:; LLnu cyvn hl1~ b ~B'U 

1 'U~'U L~tJ'U ~1l.l n'U bbnu tu'Vl1~n~l.l 1~~1l.l11fl LLnu tu'Vl11~ 
"' ' ., 

2.4) ~'U'1JCJ1CJAJ1l.l~ (Elaboration) t!m~CJ'U~l~m~B~fl11btl~CJ'U'VlthCJ 
~ ~ 

"111'W1'Ubl.lmtl'U'Vltl1CJlJ1~'1JB~;;-111 ~1mi'UbL~~:;I"l'W~~ihJVh1'1JnOJm1l.l~ 2.2 b~B~ fl11rl1'U1!;1..! 

L~cn n'IJ"il1'W1'Wl.l1r;'l n'\J bl.lr;'l"1.18~;;111 

2.5) ~'W tl1:; LiJw:.J ~ (Evaluation) ft i ~ ~ LL '11~-ff'U ~h m 'Vl ftiJ. ft fl ~l.J bL '11 ~off'U 
~ ' 

(TGT) b~tJ ~~iJAJ1:W;;-11:W1';itl LVh bVl tJ:Wtl'UbL'll.:JoU'Wtl'W b~tJrl1111:W~1 .ifliJ:; 1lJL Vl:i18'Wtl'W ft11:WtJ1f1"1.18-:J 
~ 

ri'1m:w"il~~'UB~n'\Jfi11:W~1:W1111'1JB~ilm~tJ'W 1~tJOJ~ 1 .ifnm1 'Ufl11~8'\Jrl1111l.l.fl1CJ1 'W 3 'W1Vl tl'1~8'\J 
~ 

I Q.IQJ tl tltl .<::!I 

t:.J~ft~ bb'W'Ubb~~~8'U~'\J'Vl'U1Vl'U1Vl8~ b 1CJ'W 

3) bbt:.J'Ufl11~~fl11b~tJ'U~~ 3 b~8~ tl~:W1~1~8bl.J~"1.18~bbtl~ 
~ 

3.1) ~'U;;-1~1~AJ1l.J?I'Wh (Engagement) 1~11m~CJ'U61-:Jbfl~fl~8~11'\JLL~~ 
~.:Jr11m:w11n~eN1'W-d':Wt!1:w1~';iLVh1~ tl1LL~~~~1'WtJ11Lvhn'U fiB 28.2 em 

"' 

T 
28.2 em 

28.2cm 

28.2 em 

3.2) oU'W6'1111"ilbb~~fl'W'Vl1 (Exploration) Lbti.:Ji!m~tJ'W88flbU'Uf1~lJ1 r;'l:; 

6-7 fi'U LL~(;l~fl~l.l:Wii'm~tJ'Ubn.:J t!1'Wnm~ BB'U LL~~~fl~l.lvhnlilm1l.l~:WBCJb'U"ll~fl11L~CJ'U~"ll~~ 
, " '\J , ", 

3 b~eN tl1:w1~';i~B1:wr;'l"1.18-:Jbbtl?l ~.:J~1';i1~~ 3.3 
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"' tl'i3J1~'3 
0 

tl'i3J1~'3 "!f'U~"!Je:J.:Ie:J'U.fl1fl lii1'U1'U • 
' ,. a 

(eJ~~e:JlJ/ 
,. 

13.1!;1 
..... 

LLn~ ~~'Hfll.J "!leJ.:ILLn~ "!JeJ.:ILLn~'Vl 
" 

1l.JL!;lfi!;l/l.e:Je:Je:J'U) • (dm3) (mol) STP (dm3) 

"""" He 0.25 ®'b!;'IE.l:IJ 

"" Ne 0.5 'Ue:Je:J'U 

1'U11'1Wil'U Nz 1 

e:Je:Jn68b"'l'U Oz 44.5 

rn{'Ue:J'U:We:J'Ue:Jn 1"11~ co 56.8 

rn1'Ue:J'U1~e:Je:Jn1"11~ C02 112.5 

1 bm1~~-ire:J:w!;'l"il1 n m-aVJ~" e:J'I e:Jii tJ-a1 EJ bb!;'l ~"'1-ire:J ?1-atJ rrn:w ~:w~'U lh~vrh'ltl~l.lll'l"a~ e:J 1:w!;'I"1Je:J'I bbn?l 
" ' 

~'1~1 bb Vl'Ubb~"~mi:wu1 b?I'U e:Juruvn bbm~16bbnu ruvn 1 'U-iJe:J~ bbflU ruvn 1~ bb!;'l ~ bbnuruvn hJ1~ b ~e:J'U1 'U 
, v v "' Ill 

.ff'U b~ EJ'U11:w tl'UbbflU ruvn~ n~:w hJ?t1:W1"atl bbflU ruvn 1;) 
v ' v 

3.4) ~'U"1JE.J1E.Jf111:W~ (Elaboration) tim~E.J'U~imm~mm-abtl~E.J'U'VI'thEJ 
'U 'U 

"i11'U1'U 1:w!;'lbtl'Uwt.hE.Jtl~:w11'l"a "il1n~'Ubb~"~fl'U!;'I'I:iJmJh1 'Un"ilm-a:w~ 2.2 b~e:J'I m-af11'W1rub~EJ1n'U 
tJ~:wll'l"a~e:J 1:w!;'l"1le:J'Ibbn?l 

3.5) ~'U tJ -a~ LD'W ~" (Evaluationfl ~~ ~ bb '11 '1-rr'U ~1m Yl l"lil f1 n ~:w bb '11'1-rr'U 

(TGT) 1~EJ ervii:Jm1:W?I1:Wl'atl bYllb ~ E.l:W tl'UbboU'IoU'Utl'U 1~E.Jrhm:wvi1-ff"il~ hJb 'VIi:Je:J'Utl'U fl11:WEJ1n"1Je:J'I 
'IJ 

f11m:w"il~~'Ue:J~num1:w?l1l.ll"atl"1lmtim~EJ'U 1~EJ"il~ 1inm1 'Um"al'le:J'Ufl1ml.lmEJ1 'U 3 'Ul~ tlll'le:J'U 
'IJ 

I Q.J Q.J iJ lJ iJ ,:::,1 

~!;'lfl~~'U'U~I'l!;'l~e:J'U~'U'V!'Ul'V!'Ul'V!e:J'I~E.l'U 

4) bb~'Um-a~~m-ab~EJ'U~~ 4 b~e:J'Im1:w~:w~wh~w;l1-:J"i11'U1'U1:w" :W1!;'1?11-a 
'IJ 

"i11'U1'Ue:J'Ufl1f1 bb!;'I~U~l.llm"1le:J'Ibbfl?l~ STP 
' 

4.1) ~'U?I~1'1fl11:W?t'Uh (Engagement) 1~tim~EJ'UE.Jn~1e:J~1'1'V!1.11E.Jl~ 
tJ~:w1m~1'1 "1 b ~e:J bb?l~ 'Ill~ \1"1le:J\I'U1'1"tlil~ e:Jl"il'U e:~ ntJ~:w1ru 1~'V!m EJ'VI1.11 EJ bb!;'I~?I1:W1"atl b tJ ~ EJ'U "ill n 

V11l1 EJV!i!'~ b tl'UBn'VI1l1 EJV!i!\11~EJ1 iLL '\"Jf1 bl91e:J{ btJ~ EJ'U'VI1.11 EJ b ~e:~u1 b -ii'1~f111:W~l.l~w5-a~'VI11'1~1'U1'U 
'IJ 
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4.2) .ff'W6h~l'OJbb~~fl'WVl1 (Exploration) LLtJ .. :l'\Jnb~tJ'Waamtl'Wfl~l-11 ~~ 

6-7 f1'W LL~mm~l-lih.!m~tJ'Wbri~ 'lh'Wn~1~ ~a'W LL~~~n~l-!vhn'OJm1l-l~iiaCJ"l 'W·IH>lfl11b~tJ'W1"1l~~ 4 
'\ 'I \.1 .. \J, 

L~a~ m1l-l~l-l~'Wih~Vll1~"'111'Wl'Wbl-l~ a'W.fl1f1 m" LLm::'\.J~mm"l.lamf\'?1 fiTV~~ 3.2 
' 

4.3) .ff'Wa5'U1tlbb~:::~~offa?f1'\.J (Explanation) 1Vl1.1m~tJ'Wbb~~~fl~lJ 
i Lf111 :::~off a:w~'OJ 1 n fl11'Vl~~ a~ ail '\.J11 mL~::: ~~-rra ?f1'\.Jf1l1:w61':w~'Wth~V!l1~~ 1'Wl'W 1l-l~ a'Wm f1 :Wl ~ 

'IJ ' ' 

Lb" ~'\.J~l-111'11"l.la~ Lb f\' ?f~~~l Lb 'Vl'Wbb~ ~~ n~:wtl 1 L?f'Wa'lJ tlJVl1 Lb~~iTI LLn'lJ tlJVl11 'W-ffa~ LbtlDt1JVl11~ LL~~ 

LbtlDtuVl11l-l 1~ L ~a'W 1 'W-ff'WL~tJ'W'h:wn'WbbtlDtuVl1~fl~l-l hl?11m1mLn'lJruVl11~ 
Q.l v 'I Cll 

4.4) .ff'W"l.ltJ1tJf1d1:w1 (Elaboration) um~tJ'W~imm~a~m1b'\.J~CJ'WVlillCJ 
'IJ 'IJ 

~1'Wl'W 1:wm tl'WVlill CJ:Wl~"lla~?t11 '\.J~:w1\>l 1"l.la~ Lbn?t bL~:::~1'Wl'Wa'Wfl1f1"l.la~?t11 "il1n,r'W 1 ~um~CJ'W 
' 

vh1 'Un"ilm1:w 4.2 m1L\>l~tJ:W?f11 1 ~ii'\.J~:w1ru\>11:w~n1Vl'W~ 

4.5) .ff 'W '\.J 1~ LiJ'W ~ ~ (Evaluation) f1 1~ ~ Lb -ll~.U'W ~1m 'Vl r1'W f1 n ~l-1 bb -ll ~oU'W 
'IJ ' 

I V Q..l i.l i.l i.J .q 

~~f1~bb 'W'Wbb\>l~~a'W~'\.JVl'W1Vl'W1Vla~b 1tJ'W 

3.4.2 bfl~e:l..:tiie:l~Lfl 'U n1111'U 11l-l-lf e:J~~ 1~ bbri Lb '\.J'\.J'Vl~ ?fa'\.Jl ~f1l 1:W L-ff1 h:w b 'WlJ~'Vl1~ 

i'VlCJ11'111?f\>l{ L~a~ 1:w~ 1~mU'LibL'U'U'\.J1UtJ"lliJ~~'dL~an?fa~~1~'\.J.ff'W (two-tier multiple choice 
"' "' 

conceptual test) ii.U'W~a'Wfl11?11'1~~~-d 
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3.4.2.1 fin~1b.Q8Vl1b~e:J\11:w61 bb6l~lTin1'H'l'h'lbb'U'UV1~~8'Ubb'U'U 2 ~1~'\J~'U (two­

tier multiple choice conceptual test) ''lllmeJnG11'H~EJ1n'\Jm'j1~bb61~th~biJ'U~61 bb61:m1';i61~1'1 

bb'U'UV1~~8'U 

3.4.2.3 G1~1'1\911';i1'1lbm1~~btfBVl1 b~B.:~1:w61 '<IJ1nm'j~'<\J1'jt\J1:W1'U:w~~cl'1ri'ty bb61~ 

fin~1'~1'Wl~EJ~ b~m.UB'In'U:w 1 "U:w&iflm~ bfl~B'Ubbm~:w 1 'U:w&ie:J~ 

3.4.2.4 G1~1'1bb'U'UV1~61B'U b~B'I1:w611~il.UBG1BU1'U'j~~'Ub.U11'<1l th~EJni11i bb61~ • 
lbfl';i1~~\911:W Bloom's Taxonomy bU'Ubb'U'Uthi!EJ"tliJ~~1b~eJnG1m~1~'U~'U 't.h~nB'U~'JEJ 2 ci1'U 

ci1'U~Vl~.:~btl'U~1b~Bn-umr'i1191BU"tliJ~ 4 ~1b~Bn ci1'U~G18'1bU'UbVll91~61 "111'U1'U 40 .UeJ1~mu'U • 

1. "111\J'd'U 

G11'j 

2. r'i1'U1ruhVJ~iJryVl1b~cnn'U 

"'11'U1'UPJ'U.fl1fl~8 • 

QJ V ~ I 

bb61 ~ bb61 ~'I f\11 :w G1:W'Vl'U LJ'j ~ Vl11'1 

"'11'U1'U 1:w61fl'\J:w161"U8'1611'j 1~ 

2. fl1'U1ruhVJ~iJruVl1b~cnn'U 
" 

u J Q.l o II 

~1'lf1W!/~1'U1'U'tlel~eltl 
-#1b~N ~-~--~-------l ~13.1 
d 
'VI~el'U 

3 

3 

f\113.1 n1';i'th 

bii'11~ 1Ul-H 

5 2 

3 3 

(if B) 

3 10 

4 10 



3. \J~m\?11 

~B1~~ "Uel'l 

bbn?l 

4. ~11~ 

' 
1~Vl11'l 

~1U1U1l.J~ 

""" Q...l Q.J ~ 

1. eJTID1~~11~?1~~UTI"UeJ'l 

~1U1U1~~nD\J~~1~1"1JeJ'l?l11 

1v1 

2. fl1U1ruh'Vl~Dt1JV!1bM~1nD 

u~m~1~e1 1~~ "UeJ'lbbn?~~ 

STP 1v1 

C1o. Q..l cv G I 

1. eJTID1~~11l.J?Il.J~UTI1~Vl11'1 

~1u1u1~~ Bum~ m~ bb~~ 
' 

\J~ml'l1"1leJ'lbbfl?l~ STP 1v1 

2.fl1U1UJ'Vl1~1U1UeJWl1~ 
' 

e1u.rl1~ l.J1~ -ueJ'I?I11 l.J1~ u~l.J1m-uB'Ibbn?~ 
' 

bb~~tl~l.J1~1 ~ STP Vl~el ~1UTU1l.J~1vlb~el 

"UeJ'lbbn?l 'Vl11DU~l.J1rub~U~l.J1ru'Vltl'l 

~1~1~1~1~1~~v~vD 
<ti'11~'l f----r---r-----j 

nTah 

3 3 3 4 

3 4 5 1 

15 13 12 
12 

(38%) (32%) (30%) 
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10 

10 

40 

3.4.2.5 'l11bb DD'Vl\9l?leJDl.J 1 Ul.J~~?I~1'l~U b?IUeleJT'i111~~\J~m~1l'Vl~1tJ~Ufi bb~~ 
trb ~ ~1"111 ru ~ 11 "'i1 ?I BD~11~1'11 'l b ;a 'l b if eJ'Vl1nD "'il\91 \J1 ~?I 'lfi m1 b~ ~u ~ m1l.J b Vll.J1~?1l.J"UeJ 'l.fl1'1j1 Vl1~"1lu 
cu v " cu 

~11l.J?IeJ\9l~IK el'l1~Vl11'1-rrm>\'1 tnl.J"Uel'l bb Dl.J'Vl\91?1 ell.Jl (9ll.J 1 u~~ nL.J"'il \91U1~?1'1fi fl11 b~ CJU~ b~ eJ n.rreJ?IeJLJ~ 
' " 

i:\rh IOC ~'lbb~ 0.50-1.00 ~'lbb?l\9l'l11"'i1\9lU1~?~'lfifl11b~CJU~t!u-J\911vl~1eJL.J~~l.Jl.J1~1~1Ufl11b~~U~ 
, 'U " ~ \1 

1 ~~~bb u~ 0 b~eJ 1~ bb ~b"'ilrJ1.rreJ?IeJL.Jt!u?leJ\9l~IKB'InL.J"'il\9lU1~?1'1fim1b~CJU~ 
' " 

1 ~~~bbU~ -1 b~mb~l"'i111.rreJ?IeJL.Jt!~ 1~?1eJ\9l~IKmnL.J"'il\9lU1~?1'1fim1b~~~~ 
' " 



; 
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5 lil'1'U1'U 40 fl'U 1wl1flb'1EJ'U~ 1 llfl1'j~fl~1 2558 ~~LflEJ~fl~1L~B~11Jl:11l1LL~1 Hnl:11vh.Um'fe:J'U 

90 'U1VJ 

3.4.2. 7 111-tr e:J1Jl:1~11?i'lll1 n m~'VlVll:l e:J-:~1i bb 'U'U'VlVl?le:J'U 1111 Lm1:::1tivn~hm11J m n~1 tJ , 
'IJ 

(p) bbl:l~V!1~llB1'UT'i'llil'1LL'Ufl (r) bb'U'U'VlV1?1m.J~1EJoUe:J bL~1b~elfloU€J~ih~~'Ufll11JtJ1fl~1tJ (p) 1'U<th~ 

0.20-0.80 bbl:l~iir1TeJ1'U11illil'1bb'Ufl (r) 1 'U<th-:~ 0.20-1.00 
0 ~=::L:::::rilO 0 "0 Q ff I 

3. 4.2. 8 'U1 bb 'U 'U'Vl V16'1 e:J'U'Vl1Jfl1€J1'U T'i'l "i11 bb 'U fl mlJ bfl t\J'Vl 1J 1'Vl1 fl1~1 Lfld1~VIVI11'111'1111J 

b~mY'U (Reliability) "1Je:J-:Jbb'U'U'VlV16'1e:J'UvY'lQU'U 11?i'r11m11Jb~mt'Ubvhn'U 0.81 

3.4.2. 9 911bb'U'U'VlV16'1e:Ju~ bbtlt "1J'\.J-rut.b'lbb~1 1 '\.J'V1V1l:lm 1 -ffnu11m1EJ'Ufl~1J~1€J~1'l 
' ' 

0 ~ d il 

3.5 n1'al'nb'U'Un1'abf1\J'a1\J'a11J'!Je:l~l:l 

~1~tJ~1LU'Ufl1~'VlV1!:1€J'lnu11m~EJ'Ui'UiJutJ1J~n~1tl~ 4/2 .n11'1L1EJ'U~ 2 tln1~~n~1 2558 
'IJ 

1 'j-:Jb'1tJ'U6'111'lbbVl'U~'U el1b.tle:J6'111'lbbVl'U~'U ~'l?lfl(;l'Ufld lil'1'U1'U 45 fl'U ii.fr'UI'l€J'U~'l;i 
3.5.1 'VlV16'1€JU ri€J'Ub'1tJ'U (Pre-test) 1 'U fl~lJ ~1€! ~1'l1V1 EJ 1 ~11 flb~EJ'Uvl1bb 'U'U'Vl V16'1€J'UlV11J 1 'UlJ~ 

' 

" 0 o::::lt. Q..l Cl. ~ ili.J Q..l Cl.l d iJ' o::!ll Cl.l Q.l 

3.5.2 Vllb 'U'Ufl1'j"i'JVlfl"i'Jfl'j'j1Jfl1'jb 'jEJ'U~Vl1EJd!)"il fl'jfl1'jb ~tl'U~bb UU6'1Ub6'11~ 5 "tJ'U t:-.16'11Jt:-.16'11'Ufl'U 

b'Vl fltJ 1'1 fl ~lJLL ~ 'l~'U 1 'U .fr'U '\.J ~~ blJ'U t:-.1 !:1 1'111J bbt:-J'U fl1 'j~ Vl fl1'j b'1EJ'U ~~ 6'1~1-:J H lil' 1'U 1 'U 4 bbt:-J'U ~11J 
' 'IJ 

fl1(111J 

3.5.3 'VlV1?1e:JUVI~'lb'1tJ'U (Post-test) 1 'Ufl~1JI'11e:J~1'l 1V1tJ 1 ~11m~tJ'Uvl1bbUU'VlV16'1e:JUlV11J 1 'UlJ~ 
' 

'Vl1'll'VlEJ11"116'11'1~ b~e:J'lhm -qm~1Jbbl'iiifl1'j?l~uie:Jf11m1J lil'1'Ul'U 40 oUe:J 1inmv1'1bb'U'U'VlV16'1€J'U 

90 'U1Vi 

3.5.4 911oU e:J 1J (;l "i11 fl fl1'j'Vll bb U U 'Vl Vl ?I e:JU n e:J'U L1 EJ'l.J bb(;l ~VI~ 'l b1 EJ 'U 1J 11'1 'j1"i'J1 ~ 1'1 ~ bb 'U 'U bbl:l ~ 
'IJ 

3.6.1 m-a1 bfl"a1~~<timJli'l 
'U 

3.6.1.1 lbfl~1~~fld11Jtl11VIif1'Vl1'lfl1'jb~EJ'U"tJe:J'lt:-Jl:l;;r1J')'Vl~'Vl1'lfl1'jb~tJ'U 4 bbUU 1\?i'Lbn 

1) bb U U 'j 1 tJ i 'U b ~ tJ 'U 2) bb U U ~ 1 tJ U 1'1 A rl 3) Lb U U ~ 1 tJ b d e:J V11 bb r! ~ 4) bb U U 'j 1 tJ oU e:J \?1 1 EJ l fi , 
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Normalized gain m~'Vltj'I;~'IJB~ Hake (1998) 11'1~vn1~~1mJIY111~1'U'Ilmt:.~~m"J~~cJ'Wi~~~~~'U 
~~~~Be.mm1~~~'U~~~~I'l~ffiBm?I~~~~'U1~ 

'U'U • 

3.6.1.2 ~1~ EJ 1~~~ ~nru.n1 'Uf11'j1 Vff1:::ll 'U'Ull t mJ~i'Vl ml"ll?f\91{ bbl'1":::-tfe1 bb tl'lb'U'U 3 
'U 

"J:::~'U 11'1mH'utJ~\l~ln Supasorn and Promarak (2015) 1~bbri ~1'U~~~n~e1\l (Good concept) 

~ 1 'U ~ ~ f1 ~ 11'1 ~fl ~ eJ 'U VI~ eJ ll 1 'U ~ ~ 'Vl1~ ~~ eJ n (Alternative conceptions) ~~~ d1 ~ 1 'U~ ~ ~ ~ 1'1 

(Misconception) ~~\911'jl-:J~ 3.5 

"' 
~1b~BnliiB·U~l~'U"!i'U 

~b'U~~ 
"' ... 

~nw,1m<ij 
fl::bb 'U'U 

\911b~Bn b 'VI\91e.l~ • 
ll1'Wll~fln~B-:~ 

'U ../ ../ 2 f1:::~b'U'U 
(Good concept) 

~ 1 'Ull~f1ml'1~f1~B'U'VI~Bll 1 'Ull~ ../ X 

'Vl1-:J~~e:Jn(Alternation conceptions) ../ 
1 fi:::bb 'U'U 

X 

ll 1 'Ull~~\91 (Misconception) X X 0 f1:::b~'U'U 

3. 6.2.1 b LJ~CJ'\J ~ V1 CJ'\J w.nll nTm'I!1'Vll-:! f11'j b~ ~'U'Ile:J~t:.~~~ll tj'VlB'Vl1-:Jf11'j ~~EJ'U 4 ~b '\J'\J 

1~~bri 1) ~~'\J'\J'j1EJ.ff'Ub~EJ'U 2) bb'U'\J 'j1EJ'\Jf1f1~ 3) lb'\J'\J'j1CJb.QeJ'VI1 bb~::: 4) ~~'\J'U'j1CJ-ife:J ~1EJ16 • 
Normalized gain IY11ll'Vltj'!;~'IJB~ Hake (1998) 11'1~'VI1b~~1mJ\91'j1~1'U'IleJ-:Jt:J~m'j~~~'Ui~~~~~'U 

~~ ~1'1 e:J(;,J~ f11'j ~~ EJ'W ~~-:~~ l'l~ffie:J m~ b ~ll~'U 1~ b ~ EJ'U b iJ'U~lJf11'jf111ll~ll~'U1fl~~-:~-d' 
'U'U • 

%pattest-% pretest <g> = ____;:...__ ___ =----.. __ 

1 00 -%pretest 
(3.2) 

11'1EJ <g>fle:Jrh normalized gain ci1'U o/o posttest fle:J i'i1bu~CJ~BEJ":::'IJB'I 
<V .:;::,1 o:;!:il I d il I ...:=! I 

fl:::b~'U'U?IB'\J'VI~~b'j~'\.J bb~~ % pretest f1B f11bu~~1BCJ~:::'Ilmfl~b~'U'U~e:J'\Jn€l'U~'j~'Uf11 <g>b~LJ~ 

f111ll'VIll1EJ 1~11 (;,J~ f11'jb~EJ'U~ b~ll~'U~~ -:J'Ile:J-:~'!!n b~EJ'U f11'1 b iJ'U~ b vl1'Ile:J-:J(;,J~ f11'j b~~'W?I-:J?II'l~i11Bm?l 
'U • 

b~ll~'W1~ ~~lil:::ijfileJCJ1'U-ci1-:~ 0.0-1.0 
'U 



high gain 

medium gain 
"' ~BA1 <g>~A1~~~ 
"' 
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<g>~ 0.7 

0.3 .s;<g>< 0.7 

low gain ~BA1 <g>~fl1~~~ <g>< 0.3 

3.6.2.2 bD~tJ'U b Vi tJ'U f1~ bb 'W'Wf1l1l.l b -t'1Liill.l 1 'Wl.l~vn~lVl tJ11"11Ml inB'Wb~tJ'Wbb~~'VI~~ 

b~tJ'W 1 'Wfl~l.J~1B~1~ b\>ltJflT~l bf1~1~~~1tJ?I~~A1Vibb 'U'Ufl~l.J~1B~1~ hJ~?I~~I?iBtl'W (Dependent 
' ' 

samples t-test) ~~~~'U11tJ~1rlqJV11~?1~~~ ~~~'U 0.05 

3.6.2.3 bD~ tJ'U bVi tJ'U ~B tJ~ ~'UB~l.J 1 'Wl.J ~ rlB'Wb~tJ'W bb~~'VI~~ b~tJ'W 1 'W fl~l.J~'JB ~1~ b\>ltJ 

"ii'1bb 'Wflb U'Wl.l 1 'Wl.l~~tlfl~B~ Am\01 bf1~B'Wbb~~~\>l bb tJ'U~1mdB'VI1 ~m1l.l-irBl.l~ bb~~b~tJ'W'U~~tJ1tJ 
~ ~ 

1.bbn?IBBfl"liblil'W"iJ1'W1'W 

2.408 X 1024 bl.Jb~fl~ 

mnl.J~ 

fl. 4 X 1024 1l.J~ 

'U. 0.4 X 1024 bl.J~ 

f1. 4 1l-l~ 

~. 0.4bl.J~ 

' 

1 X 2.408 X 1024 

6.02 X 1023 

N n = ------,= 
6.02 X 1023 

2.408 X 1024 

n = 6.02 x 1023 

bbn?IBBfl"liblil'W~"iJ1'U1'W 1l-l~ = 4 1l.J~ 

u qJ qJ"i1 ~ ~ tJ1 ~f)~ \01 

'VI~B 1lJb~tJ'WB~ hb~tJ 

1~ 0 f)~bb'W'W 



u'Vlvi 4 

e.Jfl n1~1 ~tlbbfl ~e~ih.J~1tJ e.Jfl 

flT{J~ CJ fi~,:J.Qb tJ'W f\1~~ n'\~1 fl11~ tl1l'VloJ 1Vl1,:J flTH~ CJ'W bb~~ fl11~ b <U'1b"il~ 1 'W~~Vl1,:JlVlCJ1P11 ?!(;){ 

b~eN l~~'lle:J.:Jirn b~m.t~1~-ru m~b~ eJ'W¥~1 CJl n~ mm~b~CJ'W-r bb'U'U~'U b?l1~ 5 .ff'W~?I~~?I1'W nub Vlfi'Wfl 
~ ~ ~ 

fl~~ bb ~,:JoU'W 1 'W.ff'Wtl ~~ blJ'W~~ 1~ (J m ~ (J ~ 1 b 'W'W m~'l11 b?I'W e:J~ ~ fn~l bfl~1~v1-rre:J~~ m~1 (;1(1'\J ~~?1-!lfl f\1~ 
, 'U 'U , 

1~mtl't.n;h~u.ff'W(;'le:J'W ~,:J-d' 
4.1 m1~n1lVl"i!1Vl1,:Jfn'ib~m.J'lJe:J,:j.Jm~CJ'W 

4.2 fl~bb'W'W~ 1 'W~~Vl1,:JlVlCJ1P11?1(;1{ne:J'Wb~CJ'Wbb~~Vl~,:Jb~CJ'W b~e:J,:j 1~~ 

4.3 ~ t 'W~~(lfl~e:J,:j flm~bfl~e:J'Wbb~~e1~'lJmirm~eJ'Wne:J'Wb~CJ'Wbb~~Vl~.:Jb~CJ'W b~e:J-!1 1~~ 
~ 

.Jm1CJ'W¢1~-ru nTr~'~m~b~CJ'W-r~1 ~r'J n~ mm~b~CJ'W~bb uu~u b?l1~ 5 .ff'W ~?1~~?11'Wfl'U bVlflilfl 
~ ~ ~ 

n~~bb~.:JoU'Wb'W.ff'Wtl~~biJ'W~~ b~mt~~ i1m1~n1l'Vl"i!1Vl1-!lfn~b~CJ'W 4 bb'U'U ~.:Jd 
' 

~ "" 4.1.1 bb'U'U~1V'lfl..!b~tl'W 

fill~ n 1l'Vl"i! 1Vl1-!l m ~ b~ (J 'W 'lJ eJ ,:j ~ ~ ~~ t1 Vl BV11-!I m ~ b~ (J 'W ~ ,:J.ff'W b~ v 'W rl'1'Wl ru 1~ v m1 

btl~CJubVitJufl~bb'W'Wne:J'Wb~CJ'Wbb~~Vl~.:Jb~CJ'W (m~1-!l~ 4.1) 

. .., .., 
fl1fl111ln11'VI'W1 

<g> 

7.40 6.54 2.58 
0.85 

94.00 78.00 7.22 (High gain) 

I d Q.l d ilil Q.J V d lJ .:::!J ~ 
"il1fl~~ fl1~Vl~?le:Ju fle:J'Wb ~CJ'Wbb~~Vlmb ~CJ'W~mvl n"iJmfll~b ~tJ'W~bb'U'U?I'U b?l1~ 5 'll'W 

~ ~ ~ 

~?1~~?11'Wfl'UbVlfi'Wfln~~bb~.:JoU''W1'W.ff'Wtl~~biJ'W~~ ilfl~bb'W'Wbu~tJ 7.40 bb~~ 94.00 (;11~~1~u bb~~ 
' 

~ ~ f' I Cl..l .<::11 d 1J' i.l d ~ ~ d 

b~e:Jl bfi~1~Vl~~ fn~Vl~?le:J'U'V'I'Ull'Wfl b ~tl'W~fl~ bb'W'Wfl11~fnl'Vl'W1Vl1-!lf\1~b ~tJ'Wbb'U'UVl-!l'lJ'Wb ~tJ'W ( <g>) 

e:J~b'W~~~u?I.:J (High gain) i1ri1fl11~n1l'Vl"i!1Vl1,:Jfn~b~CJ'W bvhnu 0.85 bb?I~.:J11m~~~nTn~m.J~ 
~ ~ ~ 
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~l tJ 1 {l ~ n ~ fli''H~ tJ 'U ~ 1,1, 'U 'U ~m~n ~ 5 .ff'U t:.J ?l:w t:.J ?ll'U n'U b Vl r1D r1 n~:w 1,1, ~-l-i!'U1 'U.ff'U 

LJ ~::; biJ'Ut:.J 1;1 v\' 11-x't! fl L1 tJ'UlJ r1 1l:W n 11 V!U 1Vll-lfl1~ L1 EJ'U eJ 81 'U ~::; \91'\J ?1-l b ~ e:J-l~1fl f\1~~ ~ fl1"J L1 tJ'U ~ 
'U 'U 'U 

~ltJl{l~f\1 fll~\,~tJ'U~\,1, 'U'U~'U b?ll~ 5 .rr'U e-J?I:Wt:.J?Il'Utl'U b Vlfliifl fll~ bb ~-l-il'U 1 'U.ff'U'th~ Lij'Ue-J(;l biJ'Ufl11 

~~m<JL~tJ'U~~ 1, u'U~ L~tJ'UbiJ'U~ll"lru 1(;1 mr n b~tJ'UVlflfl'U~::: t~v\'1n~m~:w 1,1,"::: b~tJ'U~~&:wn'U rl'Ub~tJ'U 
\1 \J v " \1 

Ln-l-d1mVl~e:Jfi'Ub~tJ'UBeJ'U Vlflfl'U~1:::Vl't!n 1'U'UVl'UlVlV!Ul~ m:::~e:J~e:J~'Ubb!;l:::L~-lb~'Uf111:W61ll"lru-ne:J-l ' ~ 

~'UbeJ-lb~e:Jml:w~lb~~-neJ-lYl:W (Slavin, 1996; ViPl'Ul Lb-n:w:wru, 2552) 1~CJi115m~?leJ'U~~b~tJ'U?I~l-l 
'U 

till dvq..::::. d IIC:iloCII !Vtl' 0 I 

flll:W1(;11 tl~'Ube:J-l (Constructivism) fl11Vl'Ufll. 1tJ'Ubfl(;) fl11b 1 tJ'U1Vl1eJ:Wfll1:W1mtJfl11fl1~Vll ?1-le-11;1 
'U 'U 'U 

1-xnm~lil~"illml:w~t!'UtJl1'Ul'U~-l~'U5n (:W'ru"Vl'Ul LbViVlfJt:.J(;l, 2550) m11iLn:wm~bb~-l-i!'U (TGT) 
'U 

~ v ~ v 

~-lt:.J(;11 ~t:.J!;l~:w~VlfiVll'lfl11L~tJ'U-ueJ.:Jum1tJ'U~'I:U'U (n~~l 1-nfl?li'?l~.il~ 1~, 2553) 'Ue:Jn~1ni1rn1 

\,~'U Ln:w ?I~ ?l:wfl ~ ~,~, 'U 'Uvh 1 ~,r n ~,1 tJ'U bn (;) ~,~, ~ '~~ '111il1iJ ~:w ~Vl~ ~-l ~, iJ'Uih~ tJ~iJ BVlTIVi!;lVll'leJeJ:w ~ e:1 

e.Jm1:w ~Vlt (~~Vi~<Jru bbn'U?Il1, 2555) 1~ tJm~Vl1-l1 VlL~~-l"DeJ-l11-ll!;l?leJ~f1GleJ-ln'U-l1'U1~tJ 

-nt1-lll~:w11~ Yi!;l~#\n~ (2557) 1~Pim~lrl~bb'U'Uml:wnl1VlUlVll-lfl11L1tJ'Ub~eJ-l LJ~:w1ru?111~:w~'U-6 
"' 

"lleJ-lU fl b1 tJ'U~1~1''U fl11?1e:J'U~1 tJ fl11b1tJ'U~ bb 'U'U ~1:W:We:J Vi'Ull f\::: bb 'U'Ut:.J!;l~:W~Vl~Vll-lfl11 L1tJ'U rle:J'U 
' . 

LL!;l~Vl~-lfl11~~fl11b1tJ'U~bb'U'U~1:wiie:Ji1rhbu~mvhn'U 2.30 fl~bb'U'U Lbi;l~ 21.90 m:w~l~'U Lb!;l~bije:J 
'U 

i bfl 11:::'\.h~~'U m 1:w nl1VltJ lVll'l n 11 ~,1 tJ'U ~'l.ff'U b1tJ'U Vi'U lleJ ~1 'U:Wrhm1:w nl1VltJlVll-lfl11 b1 tJ'U 
'U 

bU~ m vh n'U 0.85 bb?l(;)-lll m1~ ~ n11 1,~ tJ'U ~ 1,1, 'U 'U~1:w:W eJ~lVl1''U't! m1tJ'Ui'U:WTI tJ:wPimntJ~ 5 L~e:J-l 
'U 

LJ~:w1ru?111~:w~'U5 vi'11 ~un b~CJ'UiJA1l:wnl1VlulVll-lm1 b~tJ'Ue:JtJ 1 'U1~~'U?I-l 
'U 'U 

4.1.2 bb'U'U11ll'4flflfil 

.:::!ll 4 iJ i.l d I I d 

b:W eJVi lill~ru 1m 1:w fl11Vl'U lVll 'I m~ b "W 'U ~ill nfl1l:W bbl'l n 1'11-l"D eJ-lfl::: Lb 'U'U ?leJ'U ne:J'U L 1 CJ'U 

bb!;l ~Vl~-l b~ tJ'U L iJ'U 11 tJ~ flfl(;l ~ill n m1vi' 1 bb 'U'UVl (;)?I eJ'U bb 'U'Ull 11! tJ-uii ~1'11 b~ t1 n?leJ-l~1~'U.ff'U "il1'U1'U 
iJ' ~ v d 

40 "Del fl~bb'U'Ub~:W 80 fl~bb'U'U (:.J(;l(;)'lfllViVl 4.1 
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1.00 

0.00 
10 15 20 25 30 35 

umiUUA'UoA 
-- ~----~-----···~-----------~ 

"\11'W1'W 1 fl'W ~ .. :rum1EJ'Wfl'W~~n~11~fl~bb'W'W1~Vl-h~b1EJ'WfiV1btl'W~e:JEJG't~ 93.75 ~~G'tn11b1EJ'Wbo~EJ 

?1~6U.J 3.90 ~G'tn11b1EJ'W11E.Jl"'.l1bfl~ 1 (131222) 1'Wil1flb1EJ'W~c.l1'Wl.l1btl'W 4.00 bbG't~"i!1nm1 

i1'l-lm~ruirn b1EJ'Wv-rt.J11 trn b1EJ'W"'.le:J'lJ b1EJ'Wl"'.l1 bflffiV1 EJ bu~1~ b~e:J~ 1l-l" b ~11~ b tl'Wb iiv'Vl1b~EJ1n'lJ m1 

r\'1'W1ru'lt~I'1'Wbe:J~t1-U'V1 Bn~~um~EJ'W~b"ill'1fl~~~~v1vm1P11?11'1{ ~~~"~e:Jfn1l.l~~hb~EJ'W (l.l~~Tr~ru 
~'W ~tj", 2555) ~1'WU m~ EJ'W ~ fl11Wl11Vltl 1'Vl1~ n11 b1 E.l'W e:J ~1 'W 1~~'\.J ~ 1~?1 V1 b'Vh tl'\.J 0.64 ¥iv 

' " ' 
,:r m1EJ'Wfl'W ~ 20 6/t~,:r m1EJ'W fl'W ~~ n~ 11~ fl ~ bb 'W'W 1~wi1~ b1 EJ'W fiV1 b tl'W ~e:J EJG't::l 6 7.50 ~ ~" n11b~EJ'W 

bo~EJ?I::~?Il.J 2.5o bb"~~"m1b~EJ'W11E.Ji"'.l1bfli1 btl'W 1.5 bbG't::l"il1nm1i1'l-ln1~rutrm~EJ'W ~'lJ11 
irn b~EJ'W hJ"'.le:J'lJ b~EJ'Wb d e:J'\1!1~ b U'W m1r\' 1'W1 ru bbG't::l~v~1 -fffl11l.li1'l.l~'W~~~ n'W bbG't~ n'W 1 'W n11Vl1r1'11'1e:J'\.J 

B n~~ b 1mb~ EJ'Wir n b~ EJ'W hJ ~~ h b1 EJ 'W n mvh bb '\.J'\.J rJ nvtV1'\Il~ v m1D' 1'\.J n"il ~f) v EJ" v m ~ v'W 1V1 EJ 1lJiJ 1411l.J 
' < ... 

~ EJ1EJ1l.!Vi"il::~vhm1D'1'Wbv~ ~~e..~"~m.J" i1l-l ~'Vl5vn~m1b1 EJ'W ('W~111ru ~~11'W"'.l ~ b"il~fY, 2555) 

e:l ~ 1 ~ 11 nml.J b~ e:l~ "iJ 1 1ru 1~€1 E.! G't ::~"\J1'W1'W\r n b~ E.l'W~iJ fn 1l.J rl11Vltl TV11~ n1 1 b~EJ'W ?I~ 'tJ 1'\.J nm~ bbG't ~ ~ 1 
" ... ... ' 

b'Vhn'U 73.33, 26.67 bbG't~ o.oo ~?J1l.l~1~'\.J ~~-dm1~V1m1b1EJ'W~Vibif'W~b~EJ'Wbtl'WP1'W~n"1~~~1'W 
" " " 

'111 EJ 1 Vltrn b~ EJ'W 1~ bbG't m 't.J~ EJ'Wfl11l.lfiV1 b ~'W n'\.J b ~e:J'Wm EJ 1 'Wn~l.l m1 1~"~ijvv'hm1'VlV1G'te:J~ iJ~G'tv'h 1 VI 
' 

irm~EJ'W?I'WhbbG't~ boff1h 1 'Wb~e:J~~b1EJ'Wl.l1n~~~'W (il-r'W&i 1 'Vl~11~~ bbG't~flru::~, 2557) bbG't~E.Jm::~~'lJ 

~G'ti1'l.lt]'Vltvn~m1b~EJ'W"'.lv~irm1EJ'W 1 VI~~~'W 1~ (nryry1 1 "'.lfl?li'?l~iiry 1ry, 2553) 
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.!/ 
4.1.3 bb utrn m 'W vvn 

,d """" lJ i.l Q I I Q 

bl-1 e:J'V'I "ii1'H1J lfllll-1 mTV!'W l'V!l \l rn~ b ~CJ'W "iil nm ll-1 bb~ n~ 1\l"lle:J\lfl~ bb 'W'W6'1e:J'U n EJ'W b ~CJ'W 

bb!;'l~V!~'~ b1 m.Jb tl'W 11 CJ b '\1 €l'V!1 'l1 n rn~vh bb uu'V!~?tEJu bb uu '\.J 1UCJ"tliJ~~1 b~ €l n6'1v\l;;\'1~u.rr'W li1'1'W1'W 

----------------------- ----------------------------------·--------, 

c 

"' bO 

-c 
QJ 

.!:::! 
tij 
E 
'-
0 z 

0.80 

0.70 

0.60 

0.50 

0.40 

0.30 

0.20 

0.10 

0.00 

1'11'W~'I'i'lli'1tln~~<i'lll11-1 bJn Vtp'l11'1 

111-n ~mzuru 1'1l1'W~~~ 

.d lll lll "' .!/ 
.nTVfVl 4.2 fl1111n11'VI'W1'Vl1~n1"5b "5a'Wbb'U'U"51m'Wv'VI1 

1 1 II I 
d d ~ 11 II .c:l .::!11 I .:::!A 

"iilflfll'V'I'V! 4.2 bl-le:J'Vf~l~t\Jlfllll-lflll'V!'Wl'V!l\lfll~b~CJ'Wbb'U'U~lCJb'We:J'\1!1 'V'I'U1l b~El~ 

li1'1'W1'W 111!;'1 n'Ul-11 j;'l"lJ€J\l6'11~ i1r11llJ!ll1'V!11l'V!l\lnl~ b~CJ'W6'1\l~6'1~ 0. 7 5 ~\!db~ El~"i11fltJ m~CJ'Wi1r11llJ 
'V , 

boU1 hr111lJ~lJ~'W-6"tJ€l-:l 1d..l"nud..l1!;'l"tlEJ-:J?f1~ -i16'1111~ 1 1 1d..l!;'l"ii~i1d..J1!;'lb'Vhnud..l1!;'1€l~~€llJ'V!~EJd..l1!;'1 

1d..l b!;'l fl !;'I'll m 6'11 ~,r'W 1 'W'V!th CJ n'!l.l bb!;'l ~ 51u fl b1 CJ 'W ?I 1l-11 ~tl'V!ll-11 !;'! El ~ ~ Eld..l'\1!~ €Jd..l1 !;'! bd-.1 b"' fl"' 1~ bb"' ~1~"' 'I , , 

iJEJ'\.Ji)'tJ~'l~-:J 'tJ'n b~CJ'Wn'l~?f1d..l11tl'l'l1oU€l?fEJ'U 1~ 'W Elfl'l1fl.Q'bb~1 fi'l fl11d..lffi m 'Wfl1T~~fl11b~CJ'W~b~€J~ 

d Ae:J fi"iim1l.ld..l1"'"llEJ\l6'111~1'1-ewti'-:J b tl'Wfi"iim~l-1~'1'111 ~um~CJ'W 1mlnVIn~~fl11fll'W1tur111l-l~l-l~'W~ 

~~'\I!'Jl\ll-11"' nu 1d..l"'"lJEJ\l6'1l~ b~lJ~'W bb"'~oUe:J6'1El'U b~EJ-:Jdrl~lCJ n'Uflltlll-1 1 'Wbnl.lffi m 'Wm~·t.h~biJ'Wr11l:IJ 
boU1 h 1 'W rn1~'\J b?f1~'V!lr11ld..l~ i1 ~"''1'111 ~iT n L~CJ'W boU1h b~EJ-:Jdl-11fl~'W bb"'~ bfll-lfl11 bb~-:J-rr'W'1h CJ 1 ~ 

'V 

boU1h~\l~btl'W'WllJ5~~lJd..lln~'W Bn~\l~\!6'1~1\lmll.l~'Wbl'i''W i1m1lJ~"ll ?t~n6'1'Wl'W i1tJ~~lJ~'WTin'W1'W 
'V!~Um~CJ'Wb~l-ll-11fl~'W 1~ (Rastegarpour, 20 12) ~-:!'1'111 ~i1mld..ltll1'V!11ll-llfl~~~ ~1'WbdEJ'V!l~i1 
mll-lnl1'V!1Jl1J€JCJ~6'1~ fim~EJ-:JtJ~m~~~'~ EJ1l-l"''llEJ-:JLLn6'1 :WfilLvhnu o.so L~€l-:J"ii1n1 'Wm1~~rn~ , 
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I .J" .::::l.c::::.1 q ..::::,1 Q.J 2.1 2.1 ..,j ~ .o:::J dA Jt .:J iJ' 2.1 

0.88 ?f'J'W b 'W B'Vl1Vl:Wfl1';lb ';itJ'W:W';i~~'\Jfi'J1:W fl11'Vl'W1Vl1'1fl1 ~ b ';itJ'W\>11Vl~~ fiB b 'W B'Vl1b ';J"EJ'Ifi11:W b"ll:W"ll'W 

1 'W'Vlt.h tJ 1:w~n1~ bb(;l~fl1';lb\>l~tJ:w?f11(;l~mCJ ;'li1fi1m1:wn11'Vl1J1VJ1'1fl11b~CJ'Wbvhnu 0.41 ~'~B~"l 'W 

1~~'\JU1'W flGn'l b ~ B'l~1fl b~B'Ifi11:Wbi:wi'W1 'W'Vl'tld CJ 1:wm1~ bb(;l~fl1';lb\>l~CJ:W?f11(;1~{;11CJtY'WiJ b-d'B'Vl"' 

fiv'Wi1~ btJv~ bb(;l~~v~ 1<U'?f\>111 'W fl11A1'W1ru~~Av'W<V'1~CJ1n "v111 ~t!n b~tJ'WeJ~ L~vn'Vl~v LL Vl'WA1~1 m.h 
" 

4.1.4 bb\J\J~1~~el 
d ~ 1.1 II q I I oC::il 

b:W BY-l~11tw 1fi11:W fl11'Vl'W 1Vl1'1 fl11 b 1tJ'W ~ 1 flf111:W bb\>1 fl \>11'1"11 B'lfl~ bb 'W'W?f"EJ'\J fl B'Wb 1 tJ'W 

bbl:'I~'Vl~'l b1tJ'Wb U'W 11CJiBrl1fi1:W 'il1fl fl11Yh bb '\J'\JVl~?fB'\J bb '\J'\JU1UtJ'ljiJ~~'J b~Bfl?f8'1~1~'\J~'W "'il1'W'J'W 

1.00 

0.90 

0.80 
c: I ·; 0.70 
QO 

"0 0.60 
41 

0.50 !! 
'; 

0.40 E ... 
0 0.30 z 

0.20 

0.10 

0.00 

--. 

0 

• 
··~···• .. • 

5 10 15 

• 
•• •• 

20 

• ..... 
• 

25 

.. ·--~·-·:-1 l 
----- ~·---·-- -.~~--~ 

. ·+. ····~· -----1-~ .. -' 
i 
:-· High 
I • + I ' 

t-- ----~--~ 
I 

..... --~-*--+-----1 
• • I I 

Medium 

. ' .......... -~-t------J 
I 

low 

30 35 40 45 

d II II C1 II o 
fl1'WV1 4.3 fi11:Wfl11'Vl'W1'VI1·:1n1'H 'RI'Wbb '\J'U11V'!Jvfl1Cl1:W 

d W:: I 2.1 i./ .o:;:,l i.l 0 IJ' .d 
~1fl.fl1Y-l'VI 4.3 'il~b'Vl'W11 fll1:Wfl1l'Vl'W1Vl1'lfl11b1tJ'Wbb'\J'\J11tJ"1JB fl1f11:W"1Jfl'VI 39 

t! m1t~'Wi1fi11:W n1'J'Vj1J1VJ1'1 m1 b~CJ'W:w1n~?f~ b vhnu 0.88 1~ m tl'Wbb uuVJ~?fB'U L~B~tJ1:w1\>11~B 1:w 
' 

(;l"IJfl'l bbn6'1 ;'I b U'Wifl6'1fl'U~iJ~ m~ru~ fl~ 1tJ nuiB?ffl'U~1 m 'W fi 'il fl11:Wfl11~~fl11b1CJ'W ~ i( m1CJ'W 
'U 

rl'W bfiCJ bb(;l~ hit! nvhiB?ffl'\J~ n~ru~.n\J BCJfl~'l ~'l-v111 VIii' flb~CJ'W?f1:W11tl'VhiB?feJ'UiB.Q1~tlfl~B\I 
' 'U 

~1'WA1m:wiv~i1m1:wn1'J'Vj.W1v~1 'W1~~'\J~1i1~-:J'Vj:W~ 4 iB 1~bbn rl'1m:wiB~ 13 (fl1Y-l~ 4.4) ~\I 
b U'W bb '\J'\JVl~?f fl'\J b~B'I tJ1:W1\>11~ f) b:W(;l"IJeJ'I bbn 6'1U m~ CJ'Wi1fll1:W tl1'J'Vj.W1~1~?f~ b vh nu 0.11 ~\I b U'W 

' 
ieJ?fe:Ju~m:w"htJ1:w1\>11"1lB'Ibbn?f~b~CJ:w (Helium)~ STP ~'il~vh1Vi'bfi~~b~CJ:Wb'Vj(;l'JtJ1:w1\>11 1.00 

~m (dm3
) lll~bvhnu~~m (dm3

) m1:W'Vj'W1LLt.h.J'tre:J\J~L~CJ:wb'Vj{;l"JLVhnu 0.122 g/cm3 (He=4.00) 
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rh\91e:J'U~tlf1~e:J~~e:J 683 dm3 ~'t!m~tJ'U\91eJ'Uolie:Jdf1~1.U'U~mJ~::; 28.89 ~1'U~tlf1~'N1tl191e:J'Uri'1191e:J'U~ 
~ ~ 

hJnn~eJ~f1~LU'U~e:JtJ~::; 71.11 l.~eJ~Iil1n'l1m~tJ'Ui.oli1h':hn-r&J"lleJ~ He i1ri1i.Vhnutl~m\91~"llm He ~ 
~ 

STPl~tJ1'Um~Vl1rl'1191eJ'U't!m~tJ'U1oif1thYitJ'll"h He 1 cm3 fi~I.U'U 0.122 n-r&J~1 He 1000 cm
3 f\~ 

1.'\J'U 122 dm3 6/1'li.'IJ'U1Tif1~1.1.~::;fi1191eJ'U~hJt~n~eJ'l 1.1.~::;1-d\J'1&J1m~b~tJ&JL'IJ'U 1 dm3 LL'Vl'U~~::;1-5 
~ 

1dm3 b'IJ'U cm3 l~tJn1~f1ru~';JtJ 1000 lil~b~'U1~,.holieJ?leJ'Ui1m~1-ifm1&J!i1'&J~'U5"1JeJ'lf111&JVl'U1bbt.h.J 
~ 

"1JeJ'l?l1~L -li1&J1L~ tJ1-lieJ'l~1 t~vh 1 Vf't!n L~tJ'U hi?11&J1~b1 L~e:J&J LtJ'lf111&J~~~Vl'J1'lf111&JVl'U1 1.1. Ll'U 1. ~m.h 1 tl 
~ 

A1'U1U!Vl1LJ'1&J1m"lle:J'l He 1~ ~ noX'l't!m~ tJ'U~-:Jii1''U?l'U 1 'Um~1 1.m1~V!L ~'Vl ~\J fi!Vl1 L~e:J'ld ~1'UA1bl1&J 
il ..:;Jq i.l il 0 ~ 0 1.1 d d Q.l d d 1.1 lJ' d 

"lJ'iJ'Vl&Jf111&J n11Vl'U1m~'iJ'l~'l&J1A 'iJA1bl1&J"lJ'iJ'Vl7 (.fl1'\'I'Vl 4.5) 'U m ~ tJ'U&JA11&Jn11Vl'U1'Vl1-!lf11~ b ~tJ'U 

b vh ti'u 0.20 6/1-:J 1. 'IJ'U Lb 'U'U'Vl~?le:J'U l.~e:J'lf111&J !i1&J~'U5~~Vl'J1-:Jiii' 1'U1'U l&J~ e:J'U.fl1f1 &J1~ I.L~::;LJ~&J1\911 
' 

' ' 

'Vl1'lm~~.~tJ'U 1.vhti'u o.23 ~.~.~~ fi1m&JolieJYi1s (.n1'1'1Yi 4.7) 't!m~t~'Ui1A11&Jn11Vlu1'Vl1'~m~~.~tJ'U 

bvhnu o.271~t~fi1m&JoX-:J 2 -t'eJdirm~t~'UG'i1'U1muhl?~1&J1~t:lfi1'U1ruVl11ii'1'U1'UeJ'U.n1A"lleJ'~?l1~1tli' 
"' ' 

13.tJ~l.Jllili'IJeJ-lU.nG1~L~VlJ~STP ~'ll~Vhh1Lnlll~L~tJl.H'V!mtJ~l.Jlm l.OO~m (dm3
) 'll~Lvhn'U~~VI'l (dm3

) 

f'l1ll.J"V!'UlU.U'U'IJeJ-l~LatJl.JL'vH'l1LVhn'U 0.122 g/cm3 (He=4.00) 

n. 683 dm3 (28.89 %) 

f'l. 30.5 drn3 

'IJ.l22 drn3 (71.11%) 

-1.12.2 drn3 

7. ~lu1ruLl.J(l'tl€J-l~1'ilu-ileJL111.Uew~~li1 (Pb = 201 N=14 0=16) ' . ' 

n. U'!"(ll}hnlll'l" (Pb(N03)2) 22.4 n~lJ (17.77%) '!l. LLn~H2 4.42 dm3 ~ STP (26.67%) 

f'l.L'lJL~tJlJ1€1€1€1\.I 3.2 x 102
: 1B€Jtl\.l (22.22%) ~. ~L~tll.J 0.602 xl023€1~\il€JlJ (22.22%) 



' 
23. u.naikvru ( CH4 ) ti~111Vl1 6,720 ~flU1Pltll'llt.t&illJVI'i Vi STP ii~1t.l1t.lLlJaLtJULVh1~ 

n. 0.4 Ll.la (22.22%) 

fl. 0.2 1:wa (15.56%) 

n. una'tulfl·mn.tvn!n 4 n~:w (22.22%) 

fl. Vle:J.:ILLV~..'l~un 10 n'i:w (22.22%) 

1J. o.3 t:wa (40.00%) 

.:~. 0.1 1:wa (22.22%) 

'V. Wl?l CH 4 0.1 L:Wa (11.11 %) 

..'l. LLtl~flae:J~U 10 23 €l~\Jltl:W (33.33%) 

' ' . 
.n1'r-1Yi 4. 7 ~vflft~'tle~-:~'11m'i£J'UYilPiv'Ubb~ft~~1 bfivn"Ue~.:~f'l1m:w-b'e~Yi 18 

4.2 fl~bb 'U'W:W t 'U:W~'VI1.:!1'VI£J1rl1alPI~rie~'Wb'i£J'Wbbft~Vl~.:~b'i£J'W L~v.:~ l:wft 
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lil1nm1i Lfl11~~fl~ LL 'W'Wfl11:w L ·1h h:w 1 'W:w~vm1VJCJ1P~l?tlP11ne:J'WL~CJ'WLLa~~~..'lL~CJ'W lil1nm1v11 

bb'U'UV1~61PJ'ULL'Uuth'I!CJ"IJ'iJ~I'i'1L~e:Jfl?te:J'I6h~'U~'W ~1'W1'W 40 -tfPJ A~Lb'W'Wb~:w so fl~bb'W'W (mfl~'W1n n) 

"illbb'Wflfl~bb'W'WbQ~CJI'Il:Wbde:J~l (\911~1'1~ 4.2) 



•' 

Jt 
~'lJilVI1 

1 

2 

3 

4 

' d d 
fl1b\l~W ~'UfHI~'U'U 

4.98 1.27 

6.58 2.06 

5.29 1.31 

6.20 1.31 

23.04 3.20 

bbn~ 

' d 
1'11~om.1 

~1'U 
d 

~'Utl.:lb'U'IJ 

24.90 15.91 1.40 

32.90 16.62 2.52 

26.44 12.62 2.60 

31.00 15.87 2.90 

28.81 61.02 5.48 
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T-test** 

Fl11ll 

t p 

79.55 73.00 27.05 0.00 

83.10 75.00 23.24 0.00 

63.11 50.00 23.21 0.00 

79.35 70.00 21.14 0.00 

76.28 72.00 46.96 0.00 

** fll':i'Vl~~B'Ul'i1Vibb'U'Ufl~&.JI'i'';ri:l~1'1b:WB~':i~~elfl'-t.! (dependent sample T-test) ~':i~~'U 

ml:Wb~mt'U~mJG'l:; 95 (fil p 0.05) 

"' ~I d "' "' ~I = ~I " " " ~I b ':iCJ'Ub u'U 23.04 bbG'l~fl~ bb 'U'UbUG'l CJVIG'l'l b ':iCJ'Ub u'U 61.02 fl~ b u'U':iBCJG'l~l"lll~.Jn11VI'Ul b u'U 72.00 bbG'l::i 
' ' 

b~ Bl bfl':il~~'Vll'l~ ~ ~ b .W B b tJ1 CJ'U b Vi CJ'U fl ~ bb 'U'U rlB'Ub1 CJ'U bbG'l ~VIGl'l b1 CJ'U ~1 tJ fll':i'Vl~ ~ B'U fiTVi bb 'U'U fl~ :U , 

'l!m11fi't~J'Vl1'1~~~~':i~~'U p 0.05 (1'1111'1~ 4.2) 1~tJ'l!m1e.~'Ui1A~bb'U'Ufl11moV111il&.J1'U:u~'Vl1~ 

l'VlC.I1P11~1'11VIGl'lb1tJ'U&.J1fl~~~ b~B'I~1'U1'UL:UG1rl'U:u"JG1'VB'I~1':i ;'li1fl~bb'U'UbU~tJ b'Vhn'U 16.62 ~~ , 

btl'U~B C.IG'l~fl"Jl&.Jn11VI,_j'lb'Vh rl'U 7 5.00 b~B'I"illfl 1 'Ufll':i~~ fll':ib1CJ'Ufll':i~B'Ui1fl111-tin"ilfl':i':i&.Jfl1'$ 

b1CJ'U~~VIG11 flVIGll tJ b -ci'U n"ilfl':i':i&.JQ'Ufl1 -:i-ti''I:U1G1~1':i:U1 b vh h fi"il fl':i':i&.lfl"Jl&.l~&.J~'U~h~VI'Jl'I~1'U1'U 
'U 

1:u~ n'U&.J1~'VB'I~l':i n"iJ m':i:um':iri'l'U1rub~CJ1 n'U~l·t.n'U 1:u~n'Um~'VB'I~l':i b tl'U~'U ;'~ bb~G'I~n"ilm':i:u 

"1!1 e.~ 6'1'1 b~~:u 1 ~'I! n b1 CJ'Ui1A11:u~m 1:u b .V11 "il b~~nn'U m 1:u~&.J~'U Lh~VIl1'1~1'U1'U L&.J~ n'U:w1G'l'VB'I~11 
'U 

:Ulfl~'U 6'i1'Ub 'i1BVI1~i1fl~bb 'U'UI"lll&.JboVl l"iJ&.J L 'U&.J~'Vl1'1l'VlC.I1P11~1?11VIGl'lb~C.I'U,j'BtJ~~~ ~Bb~B'IU~&.lll?l':i , 

~BL:UG'!'VB'Ibbti~ i1fl~bb'U'UbU~C.I b'Vhn'U 12.62 ~~btJ'U~BtJG'I~fl11:Un1Tv'I,Jlb'Vhn'U 50.00 ~btl'Ub-ci'U-d 

b 'V'I':il~ 1 'U fl1':i~~fll':ib~tJ'Ufll':i~B'U \:!Jijfi"il fl':i':i&.Jb~~:U bb 'Vl':ifl b oV1:u11 'U':i~VIl1'1fll':ib~tJ'U fl1':i~B'Ui1b ~CJ'I1 ~ 

vh1 'Un"ilm':i&.Jbb~~vrlbb 'U'Utl n-M~ bvhJ'U '!! m~tJ'UBl"il8'1i1A11:UboV1h1 'Ub~B'~~'~fl~111:W-IJ~b"il'U 5n~~ 
oVeJ ~ ti'U 8 'li1 fll':itJ 1~ CJ n 1?11.V flll&.J ~:w~ 'U IT'U EJ'l flll&.Jvt'U 1 bb 'll'U boil l:U 1 b ~ il&.J LCJ '11 'U fll':i'VI1l'i'll'l B'U'VB ~ , 



.· 
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fl1 tn:IJ ~'JCJ vh 1 Vfir m~ tJ'UiJfl:; bb 'U'U bQ~ tJ Vl~..:) b~tJ'U,j' eJtJ ~..:) bntl~li) 11ru 1fl:; bQ~ tJ'Vl~..:J b~tJ'U 1 'U bbl'i ~ ~ 

b i1'B'Vl1 vru,;h ir m~ tJ'UiJfl:; bb 'U'U bu~ tJ'Vl~..:J b~tJ'U?!..:Jfll1rie:J'U b~tJ'U'Vl m de:J'Vl1 bb?t~..:~ 1 Vf b ~'Ul1ir m~tJ'UiJ 
'U • 

~w.J 'U 1 fl11'Vl1..:J ~ 1'U fl'J 1~J'r~..:~?! 1:W1'Hl'\'ll bb 'U 'U'Vl ~?! tl'U Vl~..:! b~ tJ 'U 1~tt fl ~ tl..:J:W 1 fl fll1 ne:J'U b~ tJ'U b ~ tl..:Jii11 fl 
'U 'U 

m 1~ ~ n11 b~ tJ'U~vi'-;w1 n ~ m nTH~ tJ'U ~ bb 'U'U ~'U b?l1~ 5 ~'U r.J?!:Wr.J ?!1'U tl'U b 'Vl fltJ fl n11 bb ~..:~.rr'U 1 'U~'U 
'U ~ 'U 

tJ':i~blJ'Ur.J~ ?!1ll1':itt~w.J'U1fl11:W bi1h:w 1 'U:W~'Vl1..:Jl'VlCJ1P11?tlwhr~..:~irm~CJ'U b~e:J-!!1ll~ ~-!l?fe:J~fl"'e:J-!1 

n'U..:~1'Ul~tJ'tJB..:~'I"li1~1 n'UtJ:;mru~Vu bb~:;~n~~'~~~ ?tm~':i (2557) ~11tJ..:J1'Ul1 m1~~m1b~tJ'U~bb'UU 
v • 'U 

~'U b?I1:!?!1:W1':itl~w.J'U 1fl:! bb 'U'U:W 1 'U:W~Vl~-!1 b~CJ'U?!..:Jfll1rie:J'Ub~ CJ'U bb~ ~fl~ bb 'U'U'Vl~-!1 b~CJ'U hl bbl'l fl~ 1-!ltl'U 
'U 

fl~ bb 'U'Ufl11:W fl..:J'Vl'U'tJtl..:J:W 1 'U:W~ ~..:~-db~ e:J..:JiiJ1 fl fl1';j~~fl1';j b~CJ'U~~d CJ1 f1 ~ fl':ifl11b~ tJ'U ~bb 'U'U~'U b?f1~ 5 
'U ~ 'U 

~'U dJ'Ufl'a:!'U'J'U fl11~ir flb~tJ'U~ e:J..:JiJfl1':i~'U fl'U b?!1:!Vl16'111'JiiJl'l';j'JiiJ?!e:J'U bb~:! fl'Ufl11vl1 CJlfifl1'l 

1'11..:~ 1 ~V'U bn~m1:w b i1 h bb~:! bn~m1-ruffl11:wfJ'U e:J~1..:~iJm1:w'Vl:w1 CJ ?t1:W11tt?t~1-!lb tl'U e:J..:~fifl11:wf 
-ve:J..:~irm~CJ'Ubtl..:J bb~:!bn'UbtJ'Uie:J:wl:ltn'U?!:we:J..:~ 1~e:J~1..:JCJ11'U1'U ("IJ1l'l~ ~1(Jfl1l'l1, 2ss1) -d1tJ1~ 

'U 

irn b~tJ'U 1~ b~tJ'Un~ tJ 1 -if VI n~:; m:!'U'J'Ufl1':i'Vl1..:~i'Vl tJ1P11?t l'l~ ~..:~ 1 'U~'Ul'l e:J'U'tl e.1..:~ m1~u b?t1:!Vl1fl11:w1' 
'U 'U 

Iii:! b tl'U ~'U ~1'U~ b ~e:J:w 1tJ..:~n'U bb~:! n'U•th tJ b?t~:w 1 Vfir n b~ tJ 'U A~e:J ~1..:~iJi lil11ru ru 1 ru bbl:l :;?11'1..:~ b tl'Ue:J..:JR 
~ v 

fl11:w-TI~~d CJl'l'Ube:J..:~ (~n~~'~~~ ?t.n1~1, 2554) B n~..:~m1'111m1~~ m1b~tJ'U~~1 m 'Vlfli1fln~:w bb 'll..:~.rr'U 
\1 'I \l , 

(TGT) 1 tJ~~nlil m1:w 1 'UVle:J..:J b~CJ'U vh 1 Vfirm~CJ'Uvhie:J?te:J'UBl'lirCJ 1vi'ttnl'i'e:J..:~ 1~tJirm~tJ'U?f1:W11mb?t~~ 
'U 

ifi fl1 ';j bb niJ ru Vl1 1~ tJ1 -if fl'J 1:W ~'Vl1..:J bfl ij :w 1 fl ~'U ?i..:) t:-1 ~ vh 1 Vfir flb~ tJ 'UiJ fl'J 1:W b orr 1 h:w 1 'U:W ~ 'Vl1~ 
v 'U 

l'VltJll'lll?!l'l~b~:W~'U (tlt!Jt!J1 hfl?t1?t~ilt~J1t~J, 2553; ~':ib~"IJ h~~i:l:!, 2558) 

"ill fl fl1':il bfl11:!Vi~e:J tJl:I:!:W 1 'U:W ~ rie:J'U b~ tJ'Ubbl:I:!Vl~..:J b~tJ'tJ Vl~..:J"il1 fl~~fl1':ib~tJ'U ivi''J tJ1{l~ fl':ifl11 

b~ tJ'U i bb u'U~'U b?l1:! s .ff'U r.J ?t:wr.J ?!1'U n'U b 'Vl fl'W fl bb 'll..:~orr'U 1 'U.ff'Uu ';i:! blJ'Ut:-1 ~ Iii 1 n m1v11 bb 'U'U'Vl~?! e:1u bb uu 

U':iiJCJ"IJiJ~\il'Jb~tlfl?!e:J..:J~llil'U~'U "il1'U'J'U 40 ie:J fl:!bb'U'Ub~:W 80 fl:!bb'U'U ?!1:W1'le1"il1bb'Uflbtl'U :w1'U:w~ 
~~n~e:J..:~ flm~bA~e:J'U bbl:l:!~~ lil..:~bb?t~..:~1'Ul'l111..:J~ 4.3 



d d 
b'UeJ'VI1'Vl* 

1 

2 

3 

4 

0.00 16.67 83.33 

0.00 20.44 79.56 

0.00 17.04 82.96 

0.00 17.04 82.96 

0.00 17.80 82.20 
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73.33 14.67 12.00 

74.34 12.32 13.33 

70.22 12.22 17.56 

79.78 9.78 10.44 

74.42 12.25 13.33 

Vl:W1tlbVl\>l: * bi1'e:JV\1b~e:J-:J~ 1) "<iJ1'U1'Ue:J~mAI'ie:J 1:W61'1Je:J-:!?11~ 2) "<iJ1'U1'U1:W6ltl'\J:W161'1Je:J-:J?l1~ 3) U~:W1\Wl 

l'ie:J1:W61'1Je:J-:Jbbrl?l bb61~ 4) A11:W~:W~'Uth~VlrJ1-:J"<iJ1'U1'U1:W61 e:J'U.fi1A :W161 bb6l~U~:W1(;1~'1Je:J~ • 

'Vlm-de:JV\1 :w 1 'U:W~Am~ bA~e:J'I..!bb61~~~61~61-:J lll1f1 rn~~lll1~nn1e:JtJ61~:W 1 u:w~ bu~E.J ~'\J11 '!!m~tJ'Uil • 
:w 1 'U:W~Vl~-:Jb~tJ'Ut;)f1~e:J-:Jb~:W:W1f1~'U btJ'U 7 4.42 l\l1f1:W 1 'U:W~t;)f1~e:J-:Jrie:J'Ub~tJ'U 0 ';ij~ b~'U 1~11'!!nb~tJ'Uil 

~ ~ 

:w 1 u:w ~ t:1 n ~ e:J-:~ ri e:J'U b~ tJ 'U btl~ tJ b tJ'U o A~ bb 'U u b ~ e:J-:~ -;u 1 n ri e:J'U b~ tJ'U '!! m~ tJ 'U EJ-:~ hJbA m~ E.J'U b~e:J-:J 1:w ~ 
~ 

:w1ri e:J'Uvl 11 m~ij A11:W1'A11:W b -1f 11-;u~ -:1 1~?t1:W1~t1e:J6'\J 1tJ bV\(91 t:-~611~ bb\91 Vl~-:JI\l1f1 fn~~ ~ fn~b~ tJ'U1'~1 tJ 
~ . ~ 

l!J~ f1Jf11~b~ tJ'Ui bb'\J'\J~'\Jb?l1~ 5 ~'U t:-J?l:Wt:-J?l1'Utl'U b'VlAi1A bboU-:J-rr'U 1 'U~'UU~~~'Ut:-161 '!!m~E.J'Uij:W 1 'U:W~Vl~~ 
..:::::.1 i.J' .:::! ~ I Q..l q i.Ji) Q.J Q..l q i/ .dil ~ 
b ~ tJ'U~ f1(9)e:J-:Jb~:W:W1f1'1J'U bb?l~-:J11f11~1\l ~ f11'Jb ~ tJ'U~~1tJ1~]"'il f1Jf11'Jb 'J tJ'U~ bL 'U'U?l'\J b?l1~ 5 'U'U t:-J?l:Wt:-JG'f1'U 

tl'U b 'VlAi1Abb oU-:J-rr'U1 'U~'UU~~ biJ'Ut:-~61 ?11:W1~t1~~'U1:W 1 'U:W~'1Je:J-:J'!!nb~tJ'U!i1:W 1 'U:W~l'VltJ1P11i;"l(;l{:W1f1~'U 
~ 

A611~bA~e:J'UbtJ'U1e:JtJ61~ 14.67 ii11'Ub .Q' e:JVI1b~e:J-:JU~:W1m\>i e:J 1:w61'1Je:J-:J bbrl?l '!! flb~tJ'Uij:W 1 'U:W~A611~bA~e:J'U 
bb61~~~:W1f1 6/i-:Jij:W1'U:W~A611~bA~e:J'Ubb61~~~btJ'U1e:JtJ61~ 12.22 bb61~ 17.56 (9)1:W~1vl'U vJ-:J\)11~1-:J~ 4.5 

-;u1 n m~vi' 1 bb u '\J 'Vl ~?I e:J'U bb u utl ~-w CJ'1Ji1 ~ ~1 b~ e:J n ?t e:J-:1~ 1vl'\J~'U "<il1'U1'U 40 -1f e:J A~ bb 'U u b~ :w 

80 A~bb'U'U ~'UrJ1 ijtJ~~b~'U:W1'U:W~A611~bA~e:J'U~1tJ~e:J1'Ub~e:J-:J1:W61Vl~-:Jb~tJ'U vJ-:J\)11~1-:J~ 4.4 e:J~1-:Jh 

fim:wrie:J'Ub~tJ'U'!!n b~tJ'U 1~ij:w 1 'U:W~~flm~bfl~ e:J'Ubb61~~~ b ~~1~'!!n b~tJ'U 1~vi'1<1fm1e:J'U 



.· 

.r 
b'Uv'Vi1 

lil'1'Wl'We:J'W.fl1fil~e:J 
' 

1lJ~"IJB'l?l11 

'l.J~mm~e:J 

1lJ~"IJB'lbbn?l 

fill1lJ~lJ~'UL5 

1~Vl'J1'llil'1'Wl'W 

1lJ~ B'Wfl1fil l.ll~ 
' 

bb~~'l.J~l.l11'11"1le:J'l 

bbtl?l 

1lJvh 'V11·m1'Hh'W1W 

-iJeJ?IeJ'U - fl11Vl11b~"1ltmrh~'l (m~~ 4.8) 

'V11-II bfll)j 
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11.11 

- ?111 1 n1l.l ill.ll~Ll.lb~n~bvhnu 6.02 x 1023 6.67 
' 

Ll.lb~n~ (m~~ 4.9) 
' 

'V11-IIfl1~fll1'W'JW 

- bb'Yl'Wrh 1 'W?Imbb~~bbtl?ll.lrn11lJ~n~eJ'l (fl1~~ 4.1 O) 13.32 
~ ~ 

'V11-II bfll)j 

- A1'Wlrum1l.l~l.I~'W1h~wi1'l1l.l~nul.ll~"1le:J'l?l11 26.67 

1lJ1~ (m~~ 4.11) 

'V11-II fl1~fll1'W'JW 

- bb'Yl'Wfh 1 'W?Imbb~~bbtl?ll.lrn'a hJ~n~eJ.:J (fl1~~ 4.12) 24.42 
~ ~ 

'V11-IIbf11)j 

- Vlll-:w'l.J~ml'l'a cm3 1lJb'lJ~CJ'WV!LllmU'W dm3 

d 
(m~'Yl 4.13) 

'V11-IIfl1':ifll1'W'JW 

- bb'Yl'Wfh1'W?Im1lJ~n~eJ'l (m~~ 4.14) 
'U 'U 

"" 'V11-IIbf11lJ 

- b ~e:JlJ 1CJ.:Jfn1lJ~lJ~'Wlh~WJ1.:Jiil'1'Wl'W LlJ~ e:J'W.f11fil 

d 
(fi1~'Yl 4.15) 

' 

11.11 

11.11 

22.22 

t:.J~ 1~ Vl~'l"ii1n 1~1LJrn'a~l1lrn'ab~CJ'W~~lCJ1n~mrn'ab~CJ'W~bbuu~ub?l1~ s ~'W t:.J?Il.lt:.J?I1'Wnub'Vlfil'Dfil 
'U ~ ~ 

m1l.l bb ~.:J<U''W1 'W~'W'th~ biJ'Wt:.J~ vh 1 'lX11n b~CJ'W b-1!1 h b de:J'\1!1 bb~~?l1l.l1'am ~CJ'We:JBU1t.Jb'Vll'lt:.J~ 1~rl1Vl1u 
' ' 
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ii:u 1 'U:U&ifl~1mfl~tl'U'Vl1~fl1~rl1'1XH1J~eJn1'H'l1~b~"lJCJf1fh~~ 1~t1f119i'eJ~ 1V1CJUf1b~CJ'\JboU1l>ir;h 0.17 X .., 

10·1 1:u~ i1~1bvhn\J 1.11:u~ fiV1b'IJ'W~eJCJ~~ 11.11 (mVi~ 4.8) bb~~n:u1'W:u&ifl~1V\bfl~eJ'W'Vl1~bflii 

~eJ fl'.l1:U~:u~wh~·vr;h~"ii'1'Wl'We:J'W.fl1fln'U 1:u~"lle:J~6n~1V1CJ'I!m1CJ'WboU1l'il';h?11~ 1 n-r:u ii:ul~ b:Ub~na 
' ' 

bvhn'U 6.02 x 1023 1:ub~n~ fiV1bD'W~ew~~ 6.67 (.n1Vi~ 4.9) ~l'Ub~e:wii1'Wl'W1:u~n'U:ul~"lleJ~?I1~ 
' 

'I! m~CJ'W:W:u 1 'W:U~ flG'l1V1 bfl~e:J'U'Vl1~ m ~A1'Wl ru 1 'W~l'W m~ bb 'Vl'Wrh 1 'WMl~ bb~~bbtl?I:Ufl1~ 1~t1f11Xe:J~ fi~ .., .., 

btl'W~e:JCJ~~ 13.32 (.n1Vi~ 4.1 o ) bb~~n:u 1 'U:u&iflmV1bfl~e:J'W'Vl1~bfl:W ~e:J'Vl1:Ul~ 1:ub~n~ 1~11niXe:J~ ~r;, ' .., 

btl'W~e:J CJ~~ 26.67 (.n1Vi~ 4.11) ~l'Wb~e:J~LJ~m~~lli e1 1:u~"lle:J~bbn?l'l!m~CJ'Uii:u 1 'W:U~flmV\bfl~eJ'W 
Vl1~fl1~rl1'Wl ru~e:JnTm 'Vl'Wrh 1 'W?f~1 bbG'l~bbn?f:u m1bJt~niXt1~ ~Vtbtl'W~e:JCJ~~ 24.42 (.n1Vi~ 4.12) .., .., 

bbG'l ~n:u 1 'U:u ~ 1"1 G'l1 V\ bfl ~ e:J'W 'Vl1~ bfl:W ~ e1 m ~ b LJ ~ CJ'W 'Vlt.h CJ"ll e:1 ~LJ~:u1m~ 1 n ~ n'U 1 PHi b'll'W ~ 1.:u (9)~ b {J 'W .., 

e:J'W.fl1fl :UlG'l bi.G'l~LJ~:u1m"ll eJ~ bbn ?fum~ CJ 'Wii:u 1 'W:w &\ flm~ bfl~ e:J'W'Vl1~m~r11'Wl ru ~e:J m~bb 'Vl'W ~11 'W 
' 

?fl91~ 1~11 niXeJ~fiV1 b tl'U~e:J CJG'l~ 11.11 (.fl1Vi~ 4.14) bbG'l~:W:u 1 'W:U~flmV\ bfl~e:J'W'Vl1~ bfl:W ~'ilrl1'Wlrumel .., .., 

1G'l bG'l nG'l1~t~ niXe:J~ fi~ b tl'U~e:J CJG'l~ 13.32 I.I.G'l~ 1~?f1:U1~m~e:J:u 1CJ~fll1:U~:U~'W5~~w·h~"ii'1'Wl'W 1:uG'l ' .., 

e:J'W.fl1fl :UlGm~~LJ~:u1l9l~"lle:J~bbn?f~~~..u'W~e:JCJG'l~ 22.22 (mVi~ 4.14) 
' 

mYilii'leJ~1~m~vhoU'e:J?fe:J'U bb 'U'U'lJ'jUCJ"1l'W~Iii'l b~e:Jf1?fe:J~~1~'U~'W LJ~~f1eJ'U~ll CJ 2 ~l'W ~l'W~ 
'Vl~~ b tJ 'W ~ill b~ eJ f1"ll eJ~ r1 1 l9l eJ'U"1l'W ~ 4 ~ill b~ e:J n ~l'W~ ?f e:J~ b tl'W b 'Vl l9l t:JG'l "lle:J ~'I! m1CJ'U~ di V\:U 1 'W:U ~ 

l.024)t'JQ"' e.::fi61J 

'V. 0,17 

' 

~1f1.fl1Vi~ 4.8 'l!m~CJ'Wii:u1'W:u~flG'l1~1.fl~e:J'W'Vl1~m~r11'Wlru11 0.17 x 10- 1 1:u~ ~1 

IX eN m ~'1'111 'IX b tl'W "ii' 1'W l'W b~:u ~~IX e:J~ b~ e:J'W'Vll"l'W CJ:U 1 ~ 1 bb wu~ 1 'lJ'V11~"lll1i1e:J s~t~~ ~ b ~'W 1~ ~ 1 n m~v'h 

oU'e:J?IeJ'U"lle:J~um~CJ'U~'UeJf111 o.11 x 10·1 1:u~:W~1bvhn'UL71:u~ ~~b.u'W~e:JCJ~~ 11.11 s~t~:u1'U:u~~ 
t1f11Xe:J~~e:J 0.0171:u~ .., 
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'il1f1Il1'V'l~ 4.9 irm~tJ'Uij:wl-u:w~flm(;lbfl~erw'Vl1~bflij'"h~1~ 1 n-r:w ij:w&G'1b:Wb~~~bvhn'U 

6.02 x 1023 1:wb~n~ 'il~b~'U1~'il1f1f11~vh-ii'eJ~eJ'U"lleNirm~tJ'U~'UeJWJ1b'V'l'UiJ6B~'U 1 n-r:w A(;lbU'U 
' 

6.02 x 1023 b:Wb~n~ ~(;lbU'U~mJ~~ 6.67 ~~:w1'U:w~~t1nl'leJ~ ~eJ b'V'l'Ui16B~'U 334 n-r:w ij:w,:m1:wb~n~ 
' 'U ' 

3. ,f., ( H20 } ~hU'l\J 
n. 1.8 ni'JJ 
,( 3.6 nil.~ 

l.'llt,Ufl 

0.2 1J.Jtt AJtc.uurlni'"JJ < 
"'-'· 18 

~- 36 

............................ !.! .. :: .. ...3. ....... J •••••• Q.:. g .... ;: ... ...!j... 
M . . 1 

.fl1'V'l~ 4.1 o irm~tJ'Uij:w 1 'U:W~flm{;lbfl~eJ'U'V11~m~r11'U1tu ~B m~Arul'i'& b~"ll1~t1n1'1B~ 
" 'U 

~ ~ 'il ~ b ~'U 1~ 'il1 n 111 ~vh-ii' B ~ eJ'U "ll eJ ~iT n b~ tJ 'U b~ :w 1?1 'U iT n b~ tJ 'U ~1:w 1 ~tl bb 'Vl'U rh ~1'U1 'U 1:wG'1 bbG'1 ~:1..11 ~ 

1:w b~ n~"ll€J~J11~t1nl?l'B~ bb~ b~eJ bbn~:wm~b ~Bvnr11191€l'U'V'l'U11rl'1191€l'U~irm~tJ'U 1~~eJ 0.6 n-r:w~~ b U'U 
' 'U 

rl'1191B'Uffi~t1n1'1B~~(;l bU'U~eJ tJ~~ 13.32 1{;ltJ:w 1 'U:w~~tlnl?l'eJ~ ~f) 3.6 n-r:w 
'U " 
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fl1~~ 4.11 1!m~CJ'Wih.J 1 'W:W~f1ml?lbf1~eJ'WVl1-:Jbf1ij fieJ 1~?~1l.l1~tirh'W1tuf111:wc;1:w~wf 

~~vt'J1.:~ 1:wG1 nu:w1G1"lJeJ.:J?t1~ 1~ bneJV1~1uu1:w1ru 11?ltJ1mruvt~.:~1~ A\?lb tJ'W~eJCJGj~ 26.67 bbG1~ 1-li':w1G1 

1mG1nG1"lJeJ.:~~un~l?l Al?lbtJ'W~mJG1~ 6.66 6/J.:~:w1t~:w~~t~nl'i'eJ.:~ fieJ ~unij:w1~1:wbG1n~bvhnu 118.7 , , 'tl , , 

~1'W:w1t~:w~f1ml?lbf1~eJ'WVJ1.:~m~r11'W1rufieJ vt1~~1b~'V1~t~nl'i'eJ.:~ 11?1CJ o.36vt1~18 ij~1bvhnu 0.2 
'\J 

m~~ 4.12 1!m~CJ'Wij:w1'W:w~f1ml?lbf1~eJ'WVl1-:Jbf1ij fieJ boU11:iJ111:wG1ij~1bvhnutJ1:w1(;l'a 

~ STP bJjeJ1Jm~CJ'WA1'W1 ruvt11:WG1'1JeJ.:!bbn?t1~ 11?1Wil'Wfl~eJ b\1l~ij:w1~ 7.3 n-r:w ~1fi,!'W,Jm~CJ'WtJ1 

lil'l'W'd'W 1:w~~r11'W1'W1~:w1(;leJubtJ'WtJ1:w1m~sTP"lJeJ.:~bbn?t1~11?l~b~'Wfl~eJ 1 ~111 ?il?lbtJ'W~eJCJGj~ 11.11 6/J'~ 

:w 1 t~:w~~t~nl'i'eJ.:~fieJ bJjeJ b tJ~ CJ'W n-r:w b tJt~ 1:wG1 bb~1 1 Vfb tJ~CJ'W 1:wG1 b tJt~tJ~:w1~~ ~.:~r11(;leJ'IJ~t~nl'i'eJ.:~fieJ 4.48 
'\J '\J 



.. 
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.n1~~ 4.13 '!!m1tJ'WiJ:w lu:w~Am~bA~enJ'V11'lbAiJ b~eW1JB'lV!'I11tJ'IJ~:w11'1~ fiB '!!m1tJ'W 

hh-tr1hV!'I11tJr1flU11"1n b6!l'W~b:WI'lYJ1b~eJ't111 '1Jfl'1'W1ruV!1bm=t~eJ'lV!1"a~1tJ 1000 cm3 b~m'IJ~E.J'W 
'U 

V!'l11 m U'W dm3 b~eJ 1 ~iJV!'I11m~E.J1 nmJ~:W11'1 ~'1JeJ'lbbfl61~STP ~~ b U'W ~eJ(JrJ~ 11.11 ~'l:W 1 'W:W~~ 
t~fl~eJ'lfleJ tH:w1m'1leJ'lbbfl61iJb'Vl'W 6,720 cm3 ~eJ'lV!1~~1tJ 1000 b~m'IJ~E.J'WV!'I11E.J"il1fl cm3bU'U 
'U 

dm3 "il~ 1~ 6. 72 dm3 ~'l,Y'W~1"il~ 1 ~'!!m1E.J'W1 off611'l"a1 'Wfl1"afl1'W1ru'IJ~:w1ru611"a~eJ-!I"a~ll~"a~l'lb~eJ~ 
'U 

V!'I11E.J ~'lV!'I11E.J'1JeJ'l'IJ~:w1m1'WA11:W61:w~w5~~eJ'lbU'W~I'l"a ~1'WV!'Il'w'\.J~ml'l"a1'W n = cv/1000 ~eJ'l 
b U'WrJnml"ln b6!l'W~ b:wl'l~ 

'U 

.fl1'W~ 4.14 '11m~(J'Uil:w 1 'W:W~fl6'11~bfl~eJ'WV!~.:J b~(J'Ub~eJ.:Jfl'J1:W~:WoW'WB~~VI'h-!!:ij1'u'J'W 13J6'1 

el'4.fl1fl 3J'J6'1 bb6'l~m3J1~"a"tleJ.:Jbbfht~ STP 
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G1~11:wL~n~hhln~t~-:~ fi~wll'U~m.J~~ 13.32 ~-:~:w1'U:w~~rm~t~-:~f.it~ H2S04 "il~ii:w1~1:wL~nmvhnu 
\J .. \J cu ~ 

78 n-r:w;1:w~ bb~~1:WG1l:Wl11:lfil'Ulru'Vll"ill'Ul'UeJ'U.llll'l'UeJ~?Il1 :W'J~ 'tJ~:wl~1'Ue:J-:JbbnG1~ STP Vl~eJI 
' 

"ili'U'J'U 1:wG1 bijm·'l'i1'U't.J~:w1ru 1~LJ~:w1ru'Vl~'l1~1:ln~e:J'l ~~bU'U1m.J~~ 22.22 
" 

"ill n.n ~~~ 4.15 '11m~ CJ'Uii:w 1 'U:W~ l'lm\?1 bl'l~ eJ'UVl~ 'l b~CJ'U Lilt~ 1oil?~m1 'U m'ir11'U1 ru L~e:J~ 
" 

,- "'ll'U'J'U 1:w~num~'Ue:J'l?l11 (n = g!Mw) fit~ b~e:J'ln11b'tJ~CJ'U'Vlt.htJ fi~bU'U~eJCJGl~ 11.11 ;<J't!m~CJ'U 

1:WL'tJ~CJ'UVl't.h CJn1~n-r:wLU'Un-r:w b\?ICJI'i'eJ'ltJ1 0. 9 f\1~n-r:w 1 'tJAru 1000 "il1n~'U~'ltJ11 Dbb'Vl'\..!~11 'UG1m 
" " 

.n1~Vi 4.16 um~E~'Uii:w 1 'U:W~fl~1~ bfl~el'i.!Vl~'~ b~El'Libilt~ 1 "lia~1b'Lin1'lfl1'W1ru b~e:J~ fi113J~3JoW'UB ... 

'i~'VI11~~1'U1'Ue:J'4.ll1fl ~1'U1'Ub3J~bb~~3J1~'Ue:J~a1'l (N/6.02x1023 = g/Mw) 
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"i11flfl1'V'J~ 4.16 '11m~tJ'Uij11 1 'U1!~flmV~Lfl~m.l A€1 fl1'U1ru'VI1m~ 111L~~~ hJ~n~€1~ f)~ 

Ltl'U1'€1 tJ~~ 22.22 LL~ ~flruL~-u tJ nr11~~ 11111n~€1~ AV~ LU'U1'€ltJ~~ 20.00 Sii~11 1 'U1l~~t1fl~€l~AmLna 
~ ~ ~ 

1~LV~'H"il'U"il~i1111~111L~fl~Lvhnu 2 n1'11/L11~ 'Vl€l~bbV~~'VI'I1fl 10 n1'll"il~ij:ii'1'Ul'U1ll~L1lb~fl'll 
' ' 

0.602x1023 'VI~€1 6.02x1022 L11b~fl~ , 

LL~~fl1'jLLn~1Jfl1'j11Jtlfl~€1\l AV~bU'U1'€ltJ~~ 13.33 Sii-:J1!L'U1l~~t1fl~€l~A€1 100 n1'11 x 6.02 x 1023 
~ ~ 

L11L~n~ "il~Lvhnu 602 x 1023 111L~n~ d:lm11111'Vf1'jl~htJ 334 n1'11~€JL11~ "il~i1~1Lvhnu , ' 

6,120 ~nu'lPin~'tiu~nJ", 
(Yo;3.1im 

~~ 

!11'V-I~ 4.18 'l1m'ivuiilJ b 'UlJ~fl~1V!Lf'l~el'U'Vi~-!l L'ifl'LIL~el b oU61lPI'ab 'I.Jn1'afl1'U1W L~el-!1 'l.fill1lPI'a~el 
" 

blJ~'tlel-!ILLfl61~ STP (n = V I 22.4 dm3 ~ STP) 
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tn~~ 4.18 irm~tJ'Wih.J 1'W~~I"l~1~bl"l~B'W fiB m'mJ~tJ'W'I,nl-w fi~dJ'W~BtJ~~ 11.11 

;wn.h EJOUeJ·nJ1:J.nm 1 'W m1:wli1:w~'W 5ii~Pl el'l b tJ'W~ \91';1 Jf ~,1'W rie:J'W~irn b~tJ'W "il~'lhtJ'1:w11'l';l~hVl~ 
rh'Vl'W~ 1m t! bb Vl'Wfl11 'W~ ~nir m~ EJ'W~Pi' eJ~ b t!~ EJ'W'Vl'll1 EJ"il 1 n~ nu 1~\fl b"il'W~ b:wm b tJ'W~m'Vl~eJ~ nu1~1fl 

\J \J \J 

b~~b~m ~~~ 1 'W~~~t~n~Pi' B~fiB.1-1hJ'1~11'li"UeJ~ bbn~~b Vl'WbU'W 6. 72 ~l'li'Vl~eJ~flU1~H-1b~~b~l'li 
\J \J 

b~tl~itl~ 1 'W~ ~~1"1~ 1~ bl"l~ el'W "11 tl~~ 1'1 ivl 1~., ~ir fl b~EJ'W 1 ~ 'W b~B~'IJ'1~1t\J ~1ili1~~'W tJ 
' u I 

bb~~~~~.m~~ 4.19 ~~ b~Bir m~ EJ'W 1 i~ l'li 1 'W mir11'W1 ruir m~EJ'W"il~~t:1tu'Vl1 b~ m nu mir11'W1 tu'Vl1 
\J v 

J1V!LJ flb:W b~ fl~"UeJ~~1i fl1';i bb Vl'W fh-iJeJ:W~ "il1flb"iJWJ~~ 1 'W~I'li~~ fl1i'Vl1 ib~"U EJ fl fl1~~ fl1ibbtl~~ fl11 
' \J \J 

b~tl'Vl11"111'ltlU"UeJ~Dru'Vl1 bb~~fl1ibtl~EJ'WVll.JdEJ ~B~I"l~B~nm1'Wl~EJOUB~ ti~~11~ ~~~~fl~ (2557) 
v ~ 
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~1~G1'l.J~'W B bbM1\I~\IJl 1~~ 4.20 ~\I b~B'W flb~CJ'W1 -if16n1'H Vi CJ't.J U t1J ~~1\?1 ~CJ1\1Pl1 'Wfl1~rl1'W1 ru 

'!!m~vwiJ~iiut~JVl1b~CJ1ntJ '!!m~v'WboV1h'h'il1'W1'W1l.Jmvhnuu~l.J1m~ STP 'lJB\16'11~ m~Vl1~ 

vJ1b"'1lvnn1~\11~t1n~B\I bb"~~1~ 1 n1l.J iil.J1"bl.Jb"n"bvhnu 6.02x1023 bl.Jb"n" 
" q q 



.. 

d 
'U'Vl'Vl 5 

~1tle..~~n111~£Jbb~~-vBb~'UBbb'U~ 
q 

1"1(;11\91 bfl~ eJ'U 'll'El·:!'U n b~tJ'W~1v\1\Jn1''H~ tJ'U 1v\1 tJl n ~ m nTH~ tJ'U 1 bb tJtJ~tJ b?l1~ 5 .ff'Ut:-J ?llJ t:-J ?11'U tl'U 
'IJ -:.J 'IJ 

b Vlfi'Wfln~lJbb oU\1-!i''U 1 'W.ff'Wth~bii'Wt:-J(;l b~B\11lJ(;1 ?f1lJ11t1?11tlt:-J(;j n11i~ tJ bb(;l~-ii'm?!'Wmb 'W~I'l\li1' 
' ' 

ir m~tJ'W~1vl'1'tJ n11~ \91 n11 b~ tJ'U 1v11 tJ1n~ mm1 b~tJ'W1bb 'UtJ~tJ b?l1~ 5 .ff'Ut:-J?IlJt:-J?I1'Ufl'U 
'IJ 6J 'IJ 

b Vlfi'Wfln~lJ bb oU\1-!i''U 1 'U.ff'Ut11~ biJ'Ut:-J(;l b~€1\1 1lJ(;j :Wfl~ bb'U'Uf111lJtl11Vlii1V11\InTH~tJ'U 1'1\l.fl 
' i.l V II tJ' 

5. L3.1 m1lJtl11VliiTvn\lm1b~tJ'U'll€1\l'l!m~tJ'UVJ\11~1'1tJoff'U irm~tJ'UVJ\11~1'1tJoff'U:i1fi1 

fld1lJtl11VliiT'v11\ln1'H~tJ'Wb vhti'u 0.85 €1 ~1 'W1~1'1tJ?I\I 1t'ltJ'l!m~tJ'U:i1fi1fl11lJn11Vlii1B~1 'U1~1'1u 
'IJ 'IJ 'IJ 

~1?1\91~ o.64 ~\11~1'1tJ?I\I?I\91~ o.93 ~\1~1'U1Vlru bb~1irm~tJ'U1€JtJ(;j~ 84.44 :Wfi11"111lJn11Vlil1 
q ~ q v 

Vl1\ln11b~tJ'U€1tJ b 'U1~1'i'tJ?I\I 
'IJ 'IJ 

VJ1\In11b~tJ'UBtJ'1'W1~1'1tJ?!\I"il1'W1'U 38 fi'U fit'lbU'W1BtJ(;1~ 84.44 bb(;1~trm~tJ'W:i1m1lJn11Vlii1V11\Im1 
'IJ 'IJ 

L~~'UB~1'W-s~l'i''Utl1'Wnm\l€in 7 A'U A(;]Ltl'U~'El~fl~ 15.56 'lJ€1\I'IYm~~'U~.:JVfl..l(;l 
'IJ 

" 
5. L3.3 m 1lJtl11Vlii1V11\If111 b~tJ'U'll€1\l'l! m~tJ'U 11m.U €1Vl1 ir m~tJ'U:i1m1lJtl11Vlil1 

V11\ln11 b~tJ'W?I\1~?1\91 bU'W"il1'W1'W 1lJ(;1tltJlJ1(;1'lJ€1\1?111 fi1m1lJtl11Vlii1Vl1\ln11b~tJ'WbVhntJ 0. 7 5 ~\IB~i 
'IJ ' , 

1'W~~I'i'tJ?~\I ~1'Ub.Q€1Vl1~:i1m1lJn11Vlil1~1~"'\91 A€1 tJ~lJ1m~B1lJ(;j'lJ€J\Ibbn?~ :Wfi1bvhti'tJ o.5o ~'~:W 
'IJ ' 

fld1lJtl11Vlil11 'UI~I'i''UtJ1'Uf1(;11\l 

5.1.3.4 fl11l..ln11Vlii1V11\If111b~tJ'W'll€1\l'l!m~tJ'U11tJ-iJ€1 rl'1mlJ-ii'BVi 39 irm~tJ'Ui! 

fl11lJnT"JVli!1Vl1\ln11b~tJ'Wmn~?lt'l b vhntJ 0.881\91 mU'Wbb tJtJVlt'l?!BtJ b~€1\1 m1lJ~lJ~ws1~wh:~ 
' 
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5.1.2 f1Zbb'L!'L!3J 1 'L!3J~'V11~1'Vltnl"11~~{ 
5 .1.2.1 '11m~ EJ'Uil fl ~ bb 'U'U fl11:t.Jb i1 h:u 1 'U:U ~ ~ n ~ e.J\l bb 'U 'U~\l.ff'Ub~ tJ'U '11!~\l L~tJ'U~\l n'l1 

~ ~ 

neJ'Ub~tJ'UB~1'li1'11m'h~t1J'V11'l?li:1~V1'j:;~'tJ 0.05 

5.1.2.2 '!1m~tJ'Ui1fl~bb 'U'U fl111Jb .U1 h:u 1 'U:U~ (1 n~e.J\lbb 'U'UJ1 md B'\1!1'11!~\lb~tJ'U?\\ln+'l 
~ ~ 

nB'UL~tJ'U'Vlm deJ'V!1eJ~1'li1'!1m11~rum\l~~~~d~~'U o. 05 1~mde:~'V!1 b~e.J\l~1'U1'U 1:ui:'ln'UlJ1i:'l"1leJ\l~1~ 
' v 

~i.l i.l i.l d I IV J( .di.l i.l 2.1 6 d I IV 

lJ'jeJ tJ~~fl11:U n11Vl'U1?l\l'Vl?l~ L '¥11 n'U 7 5 .oo bb~~L'U eJ'V!1'VlJBtJ~~fl11:Un11'V!'U1m'Vl?llilb 'V11f'I'U 50.00 
~ ' ' 

b~e.J\l b~mtJ~:U1~J\9ieJ 1:u~"1JB\lbbfl?l 

5.1.3 ~Btl~Z"'JB~Um~tJ'L!~e:Jfl11:Uboth b"iJ:w 1 'L!3J~'V11~1'VltJ11"11~~{ 

5.1.3.1 L~mtJ~tJ'U b V1t~'U~e:JtJ~~"1leJ<Jirm~t~'W~i1fl11:UboU1h:u 1 'U:U~t1n~e:J\l fli:'l11ilbfl~e:J'U 
" 

bb~~~~ nB'Ub~tJ'U 'l"l'U'hirm~tJ'U hJ:W:u 1 'U:U~~flmlil bfl~e:J'Ubb~~~lilb '\"l'j1~ir m~tJ'U hJvhoUB?leJ'U 

5.1.3.2 L~mtJ~tJ'U L VltJ'U~e:JtJ~~"1leJ\lirm~tJ'U~i1fl11:UboU1 h:u 1 'U:U~tln~e.J\l flm~Lfl~B'U 
" 

LL~~~Iil 'V!~'lb~tJ'U 'l"l'U11 '!1m~tJ'Wi1:u1'U:u~~n~eJ\llJ1n~?l~ fie:~ :u1'U:u~L~e:J\l m1:u~:u~'Wth:;wh.:~ 
~ ' 

~1'U1'U 1:u~ eJWnfl :u1~ LL~~tJ~mm"tJB\lLLtl?\Lflil fi~Ltl'U~e:Jtl~~ 79.78 LL~:;L.Q'e:J'V!1~'!1m~tJ'U:lJ:u 141 
' 

:u~i1m1:uflm~ Lfl~B'UAB'UoU1\l:U1 n fi eJ ~ 1'U1'U eJ'UJl1fl~ eJ 1:ui:'l"tle.J\l~1d :W:u 1 'U:U~flm~ bfl~e.J'UA~ L tl'U 
' 

~e.J tJ~:; 14.6 7 ?i1'U L -d e.J'Vl1 L~mtJ~:u1 ~ 'j\9) eJ 1:u~"tJeJ\l Lbn?l ir m~tJ'Wil:u 1 'U:U~ flmlil bfl~ eJ'U LL~~~Iil:U1f'l 
~?llil ~\l:W:u1'U:u~flmlilLfl~eJ'Ubb~~~~fililLtl'U~e.JtJ~~ 12.22 Lb~~ 17.56 m:u6l'1~'U 

' 

I d iJ Q..l ~ q i.lt.l <V Q.l oClil i.l d!j 

5.2.1.1 ne:J'U'Vlfl~~ 6'\eJ'W"iJ:;"'iJ~ fl"'il m'j:u nl'jb 'jtJ'U ~m tll{]"'il mmdb 'jtJ'U~ Lb 'U'U?l'U L?\1~ 

5 .ff'U bbi:'l~b 'Vlfl'Wfln~:u bb -ci\l.ff'Ufl'j~?\e.J'Ufll'j~bb ~\l b ~eJ 1 ~'!1n b~tJ'U~~n'U'Vl'U1'Vl'V!1J1~"1leJ\ll'l'UbB\lnB'U 
II \J\1 'U 

... 
5.2.1.2 md~~n"'ilmJ:um'jb~tJ'U~~ltJlll~mmdb~tJ'U~bb'U'U~'Ub?\1~ 5 -rrw:.J?\:u~?\1'U 

~ ~ ~ 

n'U b 'Vlfl'Wfln~:u Lb -ci\l-lr'W 1 'U.ff'Uud~ b:W'U~~ b ~B 1 ~bn~tJ 'j~~'V15m'l"lfl'jfll'j?\e.J~ bb 'VJ'jf'lfltuu'j'jlJ "'il~tJLi'j'jlJ 
' ~ ' 

r111:u:WJ~ b u tJ 'Ul ir tJ 1 'W m 'jvl1\l1'U ~1:u n'U b tJ 'W V1:u ~ n m d tJ eJ:u -r'UYl \lm1:u fi ~ L ~'W"tl eJ <J~~'U :W r111:u 
" 

bffB b ~ m~ eJ bb~ fl1'j:!J fl11:U -r'U ~ ~"tleJ'U bb~ ~ fl1'j~~ fl'lh tJ b Vl~ eJ~'l n'Ubb~:; n'U ~\l"'il ~?f \l~ ~ 1 ~ fl1'j~ \il 
" 

n"'il f'l'j'jlJ fl1'j b~tl'U ~~1 tJlll~ f'l'jfl1'j b1 tl'U ~ bb 'U'U ~'U b?\1~ 5 .ff'U ~ ?\:U~?\1'U fl'U b 'Vlfl'Wfl n~:u bb -ci\loV'U 1 'U.ff'U 
'U d.J 'U , 

"1Jt11 tJ fl11:uitJ d~?l'U ~~ G11 b ~"'il 

5.2.1.3 fl1'jb~~:un"'iJm'j:u~'V!mn'V!~1tJ1'Wm'j~~mdb~tJ'U~bb'U'U~'Ub~1~ s .ff'U L'li'U 
" 

fl~U bbe.J'U'Ub:u-ti''U fl1'j11~Jl1'1"l fl1Wl~i:'leJ\l b 'lJ'U~'U b ~e.J 1 ~irm~EJ'U 1~i1m11Jb-ff1 1-<iJ b .Q'eJ'\1!11 'UJ~~'U 

1:ubi:'Jfl~:U1fl~'U 
' 
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5.2.1.4 nliln~~:ULfl:Ufl m~hrrn:u~:u~'U~~~vrh~lil1'U1'U 1:uf! :U1fl"'1~ lil1'U1'UeJ'Ufl1~ 
~ , 

bb~~tl~:U1m"lle:J'l?f1':i~ STP bbiPi~~~1'U"lltl'l~flbl?h~LtJ'Urllm:U11XL~CJ'UflTJ1fl~:Ll tl~:U1mLbfl~ti'Ufl1fl 
~ , 

bbVl'Ufl1~b~CJ'Uflll1fl{:U U~:IJ1\9l~ 1:ub~fl~ €1~\9l€1:Ll Vl~€11€1€1€l'U ~'llil~fl':i€1'\Jfl~:Llfl1t;n:U:U1flfll1 L'li'U ' , 
~1ft m~ 11'11 bb ':ifl~'U ?f 19l':i bfli1 biJ 'U btl t1 ti'U (Na +) bb~Pi ~ m~ 1rhm:u~'Ufl1l1A~ L U'U ~1:u Lfl flc;l ~ 'llJ'U 

'\) '\.1 'U • 

hJ?tt~~fl~ tl'ltl'U€111il~'l~:-Jfl11X'I!n L~CJ'ULfl~f111:U~'\J?f'U 1~ b V1':i1~~1?fl9l':iLflii L U'U 1t~t~ti'UA1m:un~t~'lmll 
~ 

11ffi€1€1€l'U~1 CJ 

5.2.1.5 filil m':i:u m':i-8'.:J?t1':ii?11:Utl~:u1ru~ri'1'U1ru 1~f11':i 11X'I!n b~CJ'Utl1?f1':iLb~Pl~~a~1'l:U1 

L tl~CJ'\J b ViCJ'UU~:U1 run'ULL~111X'I!n b~CJ'U~'lbfli?1Lb~~ t~5'U1 CJl1Lbl?1fl~Pi1'ltl'U'Vf~€1 hJeJ~1'lb ':i 

5.2.1.6 fi~Um':i:u~rru\71Lb?f'U?t1m ~t~11X'I!m~CJ'UboU111ilL~mn'\Jtl~:u1ru"llt~.:JI'i'1L~"ll (b~"ll 
" 

tJnn16l.:Jiifi1:u1nn11 b~"llVJI'liJm.J) f11':i 1off1?t~~'UbL VJ'U~ nu \71 1~CJ 11Xi1"ll'U1~~1Pi1.:Jn'U b 'li'U tJ.:Jtlt~.:J bL VJ'U 
' " 

101 flmLn1 bLVJ'U 1 bbfl~~nu~ bbVJ'U 0.1 
" " " Q.l q tli.l v v q i.l ~ Q.l cv ~ 

5 .2.1. 7 fl1':ilil\7lfl1':ib ':iCJ'U':im CJ1 nliJ mfl1':ib ':iCJ'U':ibL uu?tu b?f1~ 5 "ll'Ut:-J?f:U~:-J?f1'Unu LVlfl'Ufl 
" ~ " 

fl~:Ll bb ~'loV'U 1 'U.fr'UtJ':i~b~'Ut:-J~ b tJ'Ufl':i~'U1'Ufl1':i~~ €1'l1 oUb 1m 1 'Ufl1TI'll fl"iifl':i':i:IJ er?f€1'Uf11':ilifl1':i~~Vl~'U 
' " ' 

1 'U fl1':i~\7lfllil m':i:um':iL~CJ'U 1 'ULL~~~.rr'U 1 Viiif111:U L Vl:U1~?f:u L ~tl'l"ii1n'l!m~CJ'ULL~Pi~~fl'Uiim1:u?f1:U1':itl 

1 'Ufl1':ib~CJ'U~~bbl?1fl~Pi1'l tl'U 
" 

5.2.2 <Yim~'Limb 'U::1 'L!m-af;im~1fl'Lifl11fl~~9ieJ 1 tJ 

5.2.2.1 f11 ':iii fl1':i bfl '\J oU m.J ~ 1 'U VI~ 1 fl'Vlm CJ ':iU bb 'U '\J b 'li'U fll ':i L ~ CJ'U bbt:-J 'U .fll'¥1 bb?f \71 'l 
~ " 

LLuulill~a.:Jml:uA\7l"llt~'l'l!m~m.J Lb u'\J~:um~ru t~'Ul1'U?t~Vft~'Uf111:uf1~ L~e:JI?1':i1"ii?tt~u:u 1 'U:U~"lleJ'l 
' 

'i!n L~CJ'UV!6l'lfl1':i~\7lfl"ii fl':i':i:Llfl1':ib~CJ'U~ 1 'UVlflb e€1Vl1~€1CJ 1 W~t:-J~{?)'j"'J\?11:Ll?ffl1V1"ii~.:I:IJ1fl~?f\71 
" ' ' 

" 5.2.2.2 f11':itllfl1':i~ \7lfl1':ib~CJ'Ui~1 CJlD ~fl':ifl1':ib~CJ'UibL 'U'U~'U L?f1~ 5 oV'U~:-J?f:Ut:-J?f1'Utl'U 

b VlfltJflfl~:Llbb ~.:loV'U 1 'U.fr'UtJ':i~ b~'Ut:-J~ 1 tJ1 m 'Ufl1':i~\7lfl1':ib~CJ'Ufl1':i?f€1'U 1 'UL e€1Vl1~'U ~ 1 'Ui"l11Lflii 

5.2.2.3 m':ilifl1':iM fl~1f111:U.W.:JV1€1 h 1 'U fn';j b~CJ'U~"lltl.:ier b~CJ'U~ L~CJ'U 1~ CJfl1':ib~CJ'U ~ 
" ~ " 

bb uu ~1:unt1 b Vlfli:Jfln~:ubb -u.:~-rr'U~J:w n'\J m':iVl\71~€1.:~~1 CJ b ~alii~ 1~Vl':i1u11er b~CJ'Uiim1:u?f"lln'\Jm':iL~CJ'U 
' ~ ' 

~1 CJ fllil fl':i';j:IJ 1 'U':itl bb uue'Vl~€11:U 
" 

5.2.2.4 f11':iMfl~11'11bbtl':i~'U~L~:Ub~:U L'li'U Vi'n~~m~'U1'Ufl1':iVl1'liVlml'11?fl9li f111:U 

fl.:IVl'U 1 'Um':ib~CJ'U~ btl'U~'U 
" 
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fllJG1if11 1"1JCJir"ll;ulJ bbmmn.m iCJ1'lJ~. "fl1':i~\lb611lJm1lJboV1 h-uB-:n!m~mA\.~iJ5CJlJ~mntJ~ 6 

b~m611':i:fi11lJb~n~ 1~t:J 1.Vn~m':ilJfl1':ib~m.~~m.Ju~ub611~vt1fl11lJ-r", 11~a1~V1'Lbv 
• 'U 'U 

1:5'v1'VIV1fl1a~{b'VIflb 'IJ 1iilfj bbiil~~.:Jbb 1~ilvl.Jb~Bm~b'itJ'W~. 5(2): 165-17 5; ~'W1fllJ, 
'U 

2557 . 
.0:::::.. 4 Cit. Q,l ~Q.I .c:::lll II I q II 

mm"ll1 m':i m~'Vl':i1\lP! n~15m ':i. ~1'tf1~ bbiil::a1~::m~ b ~tJ'IJ~LLn'Wniil1-:J ni1lli'l1~::m~L ~V'Wl 

1'VIV1A1i'l~":i~1lJVI~na~":ibbn'Wniil1-:Jm":iAn'\;1~'W~'W~1'W 'rl'V15Am1'tf 2551. 
'U ... • 

m\l b 'Vl'WJ..Jvt1'1Jfl':i: "llJ..J'IJlJ61vtmrum':ibn~\?l':ibb ~\l'lh~ b 'VIP~L 'VICJ, 2551. • • • 
QJ &:$ :;x cv ~ cv•.c::~~oil 

____ . 'VIG'lfl~\?l':ifl1':iP! fl~1"lliJ'Wi.!Ji1i.!l'fV15Pl fl':i1"ll 2544. fl1\l b 'Vl'WlJ'VI1i.!fl':i: eJ\lflfl1':i':i'U61\l61i.!fl1 

2544. 

m~'Vl':i1\l~m~n5m':i. 'rl":i~~1"!1ururu~m~fln'\;1LL vi.:J'tf1~ 'rl'VItiAn~1'tf 2542. m\l b 'Vl'WlJ'VI1'Wfl':i: 
QJ Ql • , 

fl':i61Jl1G'll~'W~11, 2542 . • • 
1"tJf16'1l61~ii n1lru. n1~boU'tf~n1~b'itJ'W~bb 'U'U~'UJbb ":i.:J~1llhJhm 'VIflilfln~llbb 'ti.:J~'IJ (TGT) 

D~ Ql 'i '\J 'I 

b~eJoWIPAI'IJ1~iil ~li'J'VI~'VI1.:Jn1":ib'it!'IJ b~B.:J blliil bbiil~ i'11~iil~iil1tl. 1'VICJ1oU'WUB'IJ~qjqj1 

1'Vl CJ1Pl1611?l':iJ..J'VI1D rusf1\?l: lJ'VI11'Vl m61 mn.Jm1"ll5TU, 2553 . • 
' 

m ttJ~i.! 1 mil~ 11! b~B\l. m~ bmau b Vi vu~iil~li'J'VIB'VI1.:J m~ b'iv'IJ fl11llfl.:J'VI'Wbbiil~f1 n'\;1fl11ll 

fi~ b ~'W"llv.:J'li'm'ia'Wi'W:Utivllfl fl'\;1U~ 3 1 'W1'tf1fl ru~A1a~i~::'Vi':h.:Jm":iav'IJ t~v 1 <ti' 

nliln~~lln1":ib'it!'IJ~bb'U'U TEAMS-GAMES-TOURNAMENT bbiil::bb'U'U'Un~. 
'U 

i'Vl CJ 1.U-ww5tJ~t~j 11J1Pl n~1 Pl161 \?1 ':iJ..Jvt1U rusf1~?J: lJvt1i'Vl CJ 1~ CJ"lleJi.! bbrli.!, 2544. 

n~m beJ\?11n~ bb~~flru~. bfliit'W~1~'1J~~~1'~'1J. fl':i\lb'Vl'WlJ'V11i.!fl':i. : 611i!n'WlJ-0lJvt11'VICJ161CJ • • 
':i1lJrl1bb'VI\l, 2547. 

~i.!'VleJ\l flil1CJ'VleJ\l. m~An'\;1~iil~J..J'l'VI~'VI1-:J bflii 1 bbiil~fl11lli'l1ll1~t:lb 'Wn1":ifi~bbni:lqJV11'V11.:J 
1'VI V1fl1a~{"llv.:J'li' n b'ia'Wi'W:Utivllfl m~nu~ 4 ~1~-ru m~:5'~ m~b'itJ'W~LL uu~1l.Jiiv 

'U 

1~v 1.U L 'VIflilfl n1":ibb 'ti.:J~'IJ":i~VI'h.:Jn~ l!bbiil::bb uu1.n:5' n~m~L'itJ'W~ 7 ~'IJ. • ;w 'U 

i'Vl CJ 1'D'Ww5'1J~t~Jt1J1 Pi n~1 P1161 mlJvt1u rusf1\?l: lJvt1i'Vl m61 CJ Pl~i.!fl~i.!11 ':i~, 2554. 

~ '.l1'W':i':iru u ru ru1'l.!61i.!B. m~:&'~ m~ b'itJ'W~bb uu ~al.J~i'I1'1Jb ~BoW ~PA~'W1 fl11ll b .U1llil b ~.:Jl.J 1 'IJJ..J~ bbiil:: , v Ill , cu 
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"111191~ ~1E.JI"i11911. "fl1'j~\9lrn'jb~m.J~~b'u'tJm~ul'Wfl1'j~Ub?I1~'Vl1fll1ll~", 11-a~1-af1met1f11~~i 
~ ~ 

lJ'Vl11'Vlt11tlV'I.Jb'af11'a. 11(1): 33-44; lln11flll, 2551. 

"111191~ ~1E.Jr'hm. "Al1ll-rl 'Wb-deJ'Vl1e.J'Wln'l5?1eJ'Wb~eJ?IeJ'Wfl'jlVJE.J11"11?1191{ th~b~'Wu~~u'W~fl'j 
'U '\J , 'U 

"1JeJ~fl'jlVJE.!11"11?11914m'j"VJ'j1U ", 11~~1'~f1m~nf11~~i l.l'Vl11'VltJ1~tJ~o(l"llfl1'UA'i'U'Vli 
~ 

1'Vlt11b"ll~il~~Tu. 23(2): 1-19; mn!J1All, 2sss. 

"1!1~:iJ~ cnJ,J. m~l;h~1lilfl111lboth1lilb~<~11 1 u11~ b1t~<~fl111lbcif:l.lcifu"'Jt~o(l~1~fl~fl1tJ ~hv1n..ij'n-a 

m-ab~ti'U~bb uui1u b~1 ~ 5 <tYu~~l1~~1'U nub 'Vlflilflmil.lbb 'll<~-H'u 1 u<tYu"lltJ1tlfl11l.l~. 
~ . ~ 

1VJmill'l'WihJ~rutld.iVJml"ll?lmll'Vl1UrusVil91: ll'Vl1l'VlE.J1~E.JeJU6'l'j1"1J51oU, 2558. 
v v • 

uh~ ~~?l~eJE.J. m-abmvu bi'ivu~fl6l'llq'Vlt'Vl1<~rn-ab~ti'Ubbfl~f111:l.lb cir11lil~fi.:~'Vlu b1t~.:~ b:l.lfl"'JtJ{j • 
~ ' 4 

'11m~vuiu~ovllf1m~nuili 5 -a~wh:~b'Vlflilflrn~~~1.:~~flfl'l.lq'Vl5"llt~.:~i'il.Jnubb'Uu 

u-a-at11 tl. i'Vl miJl'l'WTILJ~ruru 1iVJ E.J 11"116'1 mll'Vl1U ru.vi 191: ll'Vl1l'Vl E.J1~ E.JeJUm1"1151oU, 
v v ' 

2556. 

VJ\"ll'j'jru .ne.J119lbd bb6'l~frn~l"l~ ?lm~d. d1ti.:I1'Ui1ubllt~.:~lil1nrn-a't.h~"!1l.l"a~~u"!11~ 
" ' . ... ' 

"1'Vlt11f11~~i1..ij'tJ" fl~.:li/i 6. "116'1U~: ll'Vl1l'VlE.J1~E.!Udl'l1, 2557. 
' " 

q d 0 v .c:::t. If If .q, QJ 

bb "lJllru. f11~~~m-a~ti'U. f11~b'Vll'lll'Vl1'Wfld: ?11'Wf1l'llll'l~VI16'l~mrull'Vl11VJE.J16'1E.J, 2548. 

fl~ii'Vl-rl'l ~. n1'a b mti'U b ilivu ~fl~l.Jq'Vlt'Vl1.:1n1'ab~ti'LI1'Vl tl1f11~~ibbfl~~~ 1'Vl tl1f11~~i 

b~t~<~ -a~uuilb1f1 "'Jt~.:~'!!m~vuiu~ovl.lf1met1u~ 4 ~HI~um-a..ij\9lrn~b~vu~-atlbbuu 
~~ 

n1'ab~ti'Ufbb'U'U~1l.Jiitlb'VIflilfl Teams-Games-Tournament (TGT) nuuuutln~. 

i'VI m'Wl'lui5LJ~qjt1J1 Pi n~11"11?1 mll'Vl1U ru41191 : ll'Vl1l'Vl m~ E.!d1"U.tl !]Yi\j6'l?l~fl'j1lJ, 2554. 

51''15 E.J~~I"i1. "rnd~l?l.Ju1Vi' n~~rndf.i\91 b :u~il'l1n,;bb6'l~e.J6'l~ll~'VIt'Vl1~rndb~E.J'W~1 E.Jn~md:wrnd 

b~m.J~bbuu~ub6'11~'Vl1m1ll~ b~m eJ'I91d1fl1dbn\9JLJnn~mbAii,, 11-a~1-af1met1fl1~~i 
" " ;J 

l.l'Vl11'VItJ1~ti'Ub"af11"a. 14(2): 23 - 34; l'l~~mflll-~~Vnflll, 2555. 

u~lddru ~~11'W"U ~ b ~ ~t1!. "u~ ~ E.J b :S ~?11 b 'Vli'J ~iiB'VI5Y-l6'1 ~ eJe.J6'1 ~ll~Ylt'VI1~ rnd b~ m.Ji'IJ1YJ~ n~"lJeJ~ 
-Jm~E.Ju~'W~LiE.JllPin~1tJ~ s1 'W~~'Vl119l'Vl'WeJ~ul~1.n ", 11-a~1-a119l~flm-af1met1 

" 
l.J'Vl11'VIt11tltll.J'Vl1~1'afl111. 18(2): 63-75; llfld1fl:W, 2555. 

LJ~l11l ~ l'l6'l~P1 n ~. A11l.Jn11'Vl'iJ1'VI1.:~ rn-a b~tJu"'Jt~ .:~ ~fl6l':l.lq'VIt'Vl1<~ rn-a b~tlu"'Jt~.:~'!!n b~vu~hu 

n lil n-a-al.J rn-a b~vu i bb uu ~'Jl.J ij t~ b~t~ .:~ml.J1 ru ~1 -a6ll.J~u 5. i'Vl mil '\"lu 15u~ t1! ry 1i'V1 m 

1"11?1mll'Vl1uru41191: ll'Vl1l'Vlm~E.JeJUm1'1551oU, 2557. 
' 
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'W'W'Vl:::i. "rn':i~frt~n:w 1 'W:W~l'VltJ11"11iiWrh~e:~.:J 6'111~1 1:w b~Rfl~R 1\91tJfl1':ib~tJ'W~bb uu~u b6'11::: 
' 'U 

~1'\1!-ruirm~tJ'W-&wrBCJ:w~mnu~ 4", ':i1t~.:J1'W~Ub ~e:J.:Jlil1nm-a\J-a::"U:w':i::~ut~1~ • 
" ' 

:W.e:JU. 1~V fl~.:!Vi 9. 'W.371-373. B'U!R':i1'1.l51tJ: :WV!1l'VltJ1~CJB'U!R':i1'1.l51tJ, 2558. 
' ' 

r~ru:::~m~11"116'f(;l1 :W'Vl1l'V1CJ1~CJ?f.:J'llm'Wr~~'W'Vl{ 2523. 

vrum tl'Wf.J:::fl1tu"iltJ bb!R:::~n~l"l~ Ml1~':i. "fl1':i~\91fl1':ib~CJ'W~bb'UU~Ub6'11:::~1:Wtl'Ubb'UUbU~CJUbViCJU 
"' ' "' 

b ~e:~~\9lJ'W1:W 1 'W:W~'Vl1.:Jl'VlCJ11"116'f(;l1 b~B.:J eJ'm1m':ibn\91tJ~n~cnbr~i1 'llB.:Jirm~CJ'Wi'W 
l!ntJ:w~n~1tJ~ 5 ", lu ':i1V.:!1'U~ubi1a.:~ lil1nn1':i\J':i::"t:W1111n1':i':i::~'U"'11~ 

" ' 
"1'VImf11~lw~1~v" r~~.:~Vi 6. 'W.26-31. '1.l~R'U~: :WV!1l'VltJ1~CJ'U':il'l1, 2557. 

' "' 
fl1~,:1'M'Ue:Jfl. n1':ibmV'UbViti'U~~fl1':ib~V'U~b~v.:!fl1':ifl1'U1Wb~V1tl'U'tfi:W1W~1':ib'U 

'U 

\Jl)mt~1bl"liin~:w6l1':i::1'VIv1A16l~iiu~rw:wfiim~nu~ 4 ':i::vd1.:Jn1':i6lau1~v1-H 
b'VIflilr~ TGT bb~::b'VIflilr~ STAD. l'VlCJ1'Wl'l'WBD~qjqj1fl1':i~fl~1:WV!1DtuVi(;l: 

:IJV!1l'VlCJ1~tJ:WV!16'11':ii"I1:1J, 2550. 

~'WB 'Vle:J.:J'I.l:W'U:W. fl1':i6la'U1'VIt~1f11~~i':i::~u'IJ':i:m:wfiim~n fl':i.:Jb'Vll'l:WV!1'WI"I':i: 1m~CJ'W?f1(;1{ 2547. 
' ' ' 

oiC!rt.CV CV Q.l Ci ff ~ Q.J 

~e:J'Ubb~::n1':i1lilV':i::~'U :W5V:Wflfl~1. fl':i.:Jb'Vll'l:WV!1'WI"I':i: "il'W1!R.:Jfl':itu:IJV!11'VlCJ1~tJ, 2542. 
' ' 

~:w~'WB bwu:::r~'IJ~. n1':ib'it~'Ufl1':i6la'U~ b 1-!u~ b~V'Wb uu~h~ru 1~bb~::b 'VIf1ilf1m':i6la'U 1. 
' 'U ... 

m.:Jb'Vll'l:WV!1'UI"I':i: u~~'Vlb\91e:J~m?fb(;le:J{n~'IJ bb:Wb'U"ilb:W'Uvl "il'1n\91, 2544. 
' ' 

.nl'l bm'Vl1l'lu~R~. bb'U1n1':i6lau1'VIt~1f116l~{ m.:Jb'Vll'l:WV!1'Wm: 1 'VltJ119lJ'Wl'l1'W'1.l~, 2542. 
"' ' 

irm~CJ'Wi'Wl1BtJ:W~fl~1tl~ 1 G1.:Jn\91e:J.:J~fl1':i'U1Vl1':i~l'W~.:J'Vl1\91'WI"I':i':i1'1.l~:W1 ", 11-a~1-a 
fiin~1f116l~i :wvn1'VIt~1~ CJ:W'Vi16l1':if11:W. 6(1 ): 98-1 03; :wm1r~:w, 2555. 

i'l-r'U~ 1 'Vlt:-J11.:J~ bb~R~r~ru~. "1"111:Wn11VlLJ1'Vl1.:Jfl1':ib1tJ'Wbb~R~Vi'n~~fl1':i'VI\91~RB.:J 1 'Wfl1'H1CJ'Wb~B.:J 

'IJ~n~CJ1bl"li1~1CJ n1':i~\91fl1':ib1CJ'Wibb uu'Vi'1'W1CJ-G1.:J bfl(;l-e:JB'U1CJ ", 11':i6l1':i'Vltbv1~v 

1'VICJ1f11~~{ b'VIflb 'U 1~~u~::~.:Jbb 1~~a:wb~anTH'it~'W~. 5(1): 57 -65; :wm1r~:w, 2557. 
'U 

l!rusn'W1 bb l'l'Vl~t:-JIR. "fl1':ib 'IJ1CJu b Vi CJ'Ut:-J~RG1:w~'Vli'Vl1-:Jfl1':ib1tJ'W m1:wYl.:Jl'lB h~BlB?IB'W bb~~ri11:W 
q il ..:;:,. 6' d 0 ~ Q..l Cll Q.J ~ 

1"1-:J'Vl'U 'Vl1.:Jfl1':ib ':itJ'W~I"I tu(;ll"11?fm b ':ie:J.:J ':i~'UU"il1'Ul'Ub(;l:IJ 'lle:J-.:J'Wm ':itJ'W':i~\91'U"Il'W 

l!Bt!:W~n~1u~ 1 ~1~-rum':i?fe:J'W (;11:Wbb'Wlrle:J'W?f(;l~r~~1~:wnum':i?fe:J'Wbb'U'U'IJn~ ", 

11':i6l1-afiin~1f116l~i :W'Vl11'VICJ1~ti:W'Vi16l1':ii"I1:W. 1(3): 89-98; :wm1r~:w, 2550. 
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mJ'UoUtJ 613Ji1n. m-a1:5'moti.:~'IJ!ju~n1'H ~B~ WJ'U1J:.J~~:u'l'VI~'V11.:Jn1'~b~fl'U1't11bflil b~B.:~ 1:u~"'Jv~ 

'l!m~tJ'U~'UaJlitJ:U~n~ntJ~ s h.:~b~fl'Ub -aru'Ufl'31'VIt11'Lin~ ihun.:J1'Ub'tll'l~'U~ ,.. ',.. 
m-a~m~n'Ufl"a'W'U:u b'tJ(;I 1. i'VltJTW~tJ5'1J~'1!'1!1fl~PJ161~~:uvnurusn~: 

3JVl1l'VltJ1~tJ~1"1Jilf]61fl6'1'Ufl~, 2551. 

-rWI'U1~~ ~~~'-t.J'Vl n-6. b 'VIflUfl bb~~n liln'a'3:1Jn1'3 b'itJ'U~~ b U'U~ b'itJ'U b U'U~h~rul'l1:1J\1~fl~l'l'3 
'I cu 'U Ql \J 

9 ~ X "" .,,;;:, 
m-arJfl'tt1"1J'U'W'U~1'U 'W.f1.2544. n~-:~b 'Vl~:IJ'Vll'Um: ~~fl'Vl11'Um1 n v~fl, 2545 . 

• 
1 ~-:~ b~tJ'U61'h:Jbb~'U~'U. '31fl.:J1'UJ:.J~~:utl'VI'5'VI1.:Jm-ab'ifl'LI'tlv.:J 1 ~.:Jb'ifl'L1~11.:Jbb~'U~'U. ?lfl6'1'Ufl~: 

b-:~b~tJ'U61l1-:Jbb~'U~'U ~1'11n\l1'Ub'U~~'U~fl1~Pim.~niJi5tJ:IJPimn b'U~ 23, 2557. 

1'1'11tJvi iemn~~'WtJ6. "m~-w\9l,J'U13J 1 'U3J~i'VlmPJ1?1~1b~eN~'IJ~1\l13Jb6'1n6'11Anb6'1'U~ 'UB'lirm~t!'U 
~ 'IJ ' 

.fftJiri5tJ:IJPim~ntJ~ 4 1~tJfl1'.ib~tJ'Uibb uu~Ub611~", ~1tJ.:J1'U~hJb-dv.:~lil1nm~'IJ~~eq:u 
" 0 

~~~'U't11~ ":u.vu. 1:5't1 fl~.:~Vi 9. 'U.380-387. aum1"/Ji51'W: 
' 

:IJ'Vl1l'VltJ1~tJe:JU6'1~1'Ui51'W, 2558. 
' 

ib:Sm· oU'Ubbtl1. (2557) "fl1';J61e:J'l.Jt;.h'Um~u1'Wfl1~61¥1-:~:B''W-:~1'U ", :U:IJ:Uv.:Jboti.:J~'U'tf:Ulii1\1~'U Best 
' 

Practices. http://bp-plc-isarn.blogspot.com/2014_ 09 _ 01_archive.html. 

15 ~'1~1l1fl:IJ, 2559. 

loUt! m5 bb6'1~!3i'n~PJ~ ~i11~'.i. "fl1~oW\9l,J'l.J1t:-J6'1~3J'l'Vli'Vl1\lfl1~b~tJ'Wb~e:J\l ~m1fl1~bn~'IJnn~tJ1bfli1 
~1 tJ m~:D~ m~b~tJ'W¥bb uu~u b611~'V11-:~i'VltJ1Pl161~i", ·n~~1~flm~nf11~~'~~ 

'IJ 

:U\111'VIm~t1~.:J'tl~1'Ufl'i'LI'VI{ 1'VI£J1b"'J(;Jui91191Tu. 24(1): 29-52; :I.Jm1A:IJ, 2556. 

i1m~~ru ~~Pl~"IJ~'U~3-l1. "bb 'U1fi~u1-:~tb~ m~~ b~ t11 nu bb 'U1fi~~1'Ut!e:J~ ", ~1~WW~'U1\1~fl~{;l~. 

113(8): 49-51; b3J~1tJ'U-~fi'W1tJ'W, 2537. 
' 

PJ~'Wn1 mAn~. m~wW~'U1fl11:ubihh:u 1 'U:u~'VI1.:J1'VItJ1f11~{;1~ ~1fl1't11tHina b~v.:Jbb~.:Jbbi'l~ 
'IJ 

~fl'U~'i.Jmru "'lv.:~'li'm'i£J'U-#'Uirtw:ufln~1tl~ 5b~t115 PREDICT-OBSERVE-

EXPLALN(POE). l'Vlt!TW~'WB'tJ1'1)qJ1Pim.'f1P1161m3-l'Vl1Urusn~: 3-l'Vlll'Vlt!l~t!'Ue:J'Wbbrl'U, 

2554. 
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' #ln~l"11 ?f.fll'lj".i. "m~'U1'l.!ma?lu b?fl~vn\li'Vl Enl"ll?f~fl '1..! ma'Vl~(JB\ILfli1".i~(;)uiJutJl..l~m~n 
' 

~e:Jt.rumtJ: nl1'Vl'U'Vll'l.!\ll'l.!l~ti~l'l.!l'Vltnl"ll?f~1M f1'ljl:Ulnl..lvni'Vlm~ti~'Um1'1H51il", 

11".i~1".iAm~nfi1~1P1i l..l'Vl11'VltJ1~tJ~\1"!.1~1'Lifi~'L!'Vl{ 1'VltJ1b"!.IIPIU1P11P11'il 22(3): 331-

343; n'Limti'LI, 2ss4. 

. "'U'Vl'U 1'\ll'IJB\1 bl.J'l.!'Vl B(l1l.J b~ {;'11 '1..1 fl11b~ti'LI TI'IJ1 bfi:W".i~ (;)tJ Ll.J b(l f)(! "' 'J1".i~1".i ------- ~ ' 
flm~nfi1~~P~{ 3J'Vl11'VltJ1~tJ"!.Ie:J'Libbn'LI. 35(1): 1-7; l..lm1fll.J, 2555. 

P!~'l"'".i".iru bbn'LI?f11. "u:u~ t1 b :a\1?11 b 'Vl\P)~i1B'Vl5'1"1(ll'im.J(l~l.J'l'VlBvn\l m".ib~m.lJ'IJ1bfl:i1'1Jv\11!n b~t~'LI 

~'WlTLml..lMn'lj1D~ s ~\I'Vll\911"11?f~Ln'lj", 11".i~1".im".i11'l~~m".iAn~1 3.1'Vl11'VltJ1~fl 

3J'Vi1~1".ifl13J. 18(2): 159-168; 5'1..111fll.J, 2555. 

?f'LI'VltJ1 D\1'\"'".il..J. "f)l'j~\9l,./'Lilfldll.JboUlhl.J 1 'l.!l.J~l'Vltlll"ll?f~1 b~B\1 1 vJVhbfi:W ~1tlln~mfl1".ib~ti'Wi 

bb tJtJ?ltJ b?f1~ s .ff'l.! t:.J?fl.Jt!.J?fl'l.!ntJ b 'Vlfi'Wflm".iv11'1..!1tl-~\l bn~-€l5tJ1tl 1 'l.!.ff'l.!'IJmt~m1l.Ji 
~1'Vl'!tJ1Jm~t~'W~'l.!lT5t~l..li"in'lj1D~ s ", 1'1..1 ".i1tJ\11'LI~'hHUe:~\l"\11nm".itl".i~"q3.1".i~~u'!11~ 

... . 
"3.1.e:J'U. 1~tJ fl-r\1\li 9". '1..!.89-92. BtJ(ldl'IJ5li1: l.JV!li'VlCJ1~tJBtJ(ld1'1J5li1, 2558. 

' ' 

~'1..!5~ bfli1 ml..l Ll..l b\91(1 m1 b1t.J'W~ T5 bb tJtJm~\911'1j", 'J1".i~1".iAn~1fi1~!Pl{ 
~ 

3J'Vl11'Vlm~tJ"Ile:J'Libbri'LI. 1( 1 ): 38-57; bl.J'Ij1tJ'W-iJt~'W1 CJ'W, 2554. 
' 

?fl.J#i'n~ .riim\91111".i5tJ. m".iijl'l~\~tJ'LibU'Lifi'L!~n~1\lbb~~m".itl".i~bii'L!IP113J~fl1~"\l~\l. 
~ .. .. 

(~m~fl~\1~ 2). b~CJ\11'Vlli: THE KNOWLEDGE CENTER, 2544. 

?f,51~il ~ '!n'lj1. ~~ m".i~l'lm".i b~tJ'LI~ 1~'~ tJ1-tl"atJbb uu m".ib~tJ'LI~"\11nm".ibbnilru'Vl1 b~e:J\1~:1..1~'~~ bflij 
'U 'U 'U Ql • 

" ' 
"!.IB\Ium~f.I'LI'l1'Lil!5tJ:I..IA n~1ui'i s. i'Vl CJl'W'I"'whJ~ruru1 ~ fl'lj11"11?f!Pl';il.J'Vl1u ru~~: 

" " 
l.J'Vi1l'Vltl1~ti'IJ€l'Wbbrl'l.!, 2553. 

~'W'Vl';i '1"11~1 b~t1J. :1..1 1 '1..1:1..1~~ r~ml'l bfl~e:J'LI b~e:J\Ifl11l..l b "li :~..~"li'L!"Ile:J\1~1".i~::~1mb~::m"afi'1'LI'JW'Vi1 

m3.11 W~1".i"\11fl~:l..lfl1".ibflij"!Je:J\IU f) b~tJ'Wi'Lil!5tJ:IJA n~11Ple:J'L!tl~1tJ ~\I'Vl11'1'113J~".i . • 
i'Vlm'W'I"'whJ~rurulMfl'!jll"ll?f~1l..l'VllUru~~: l.J'Vill'Vltl1~tJ?f\I'IJm'l.!fl~'l.!'Vl1 l'Vltl1b'IJ~ 

" " 

u~~1-u, 2543. 

~m'l"'';i B'W'4t1J'W~. :1..1 1 'LI3.1~~r~~1~'~ bfl~e:J'Lib~e:J'~m~'~-b u~"!.le:J\Iun b~tJ'Lii'Lil!5tJ:I..IAn~11P1e:J'Litl~1tJ 
~\I'Vl11'l'Wfl".ifl~5".i".i:l..l".i1'11. i'Vl m'W'I"''WthHru ru1M fl'!jll"11?f ~ 'jl.J'Vi1U ru~ ~: 

" " 
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~1 biWIJ b:iJ~G'IG'l~. fl11l.Jfl11VIU1'V11.:ifl1''H1£l'I.Jbb6'l~l.J b 'Ul.J~ fl6'11 fl Lfl~el'l.J L~e:l..:J bl.J6'1 LL6l~fl176'1~6'11EJ 
' ' 

Ql Q "'11/IV ct Ill/ Q, I I Ql ) 1 Ql 

'tleJ..:J'UnL'H.I'UVI ~·a-unTH'H.I'U,.~1£HVIfl'Uflflm.HL'ti..:J'ti'U (TGT ,.1l.Jfl'Un1,.VI~6'le:l..:J. 
'U • 

1Vlmil~'WthJ~~~11VlCJ11"11?1mlJvn\Jru~\91: lJVI11Vlm~CJ~'Um1"1l'Ei1'U, 2558. 

?11Vl~ lJ!;Wl1 bbG'l~mVlCJ lJG'lfh 21 15-;ij'~n11L~~'U~L~eJoWfAJ\.11m~'U1'Un1,.fi~. 
q ~ ~ ~ 

m'lbVl~l.lV!1'\.Jf11: m~~m~, 2553. 
' 

~1lJG'l b~CJ1bbn1. ~1,.d1l.l~~~VJ1.:~1VJmf'11~\91~flmn U\91\911.U: lJVI11VJm~CJ?I.:J"Vm'Wm'I.JVl~ 
' 

iVJmb"V\91U\91\911'iJ, 2540. 

?11lJG'l CJ1lJth~ 1fi'W. n1,.oWWJ'U1~6'llill.lt]VI~VI1.:!n17L'7~'UL~e:J..:J7~'U'UUb1f'1 LL6'l~Llil\91fl~~e:J 
' 

lJVI11mml't~B'Um1"1151'iJ, 2555. 
' 

1?11 V1n"V11. m,...ij'f!n1,.L~~'Un1,.~eJ'U~LU'U~L~~'l..!LU'Uf'l'U~n6'11.:!. m.:JbVl~lJV!1'Wm: 
'U 'U ' 

b€llJ~w5 '<il1n~, 2544. 

eJ~1i"lltV b Vl'W 1?1n1. "e..~G'l m1~~m1 b~m.J~ bb 'U'U~'U b?l1~~1lJtl'U bnlJ b~€1-:J 51\91 bbG'1~?11,.'\J1~fl€l'U - ~ . 
. "' . 

i't'ULoUe:J.:Jlil1nm,.th~"lll.l,.~~'U'tl1~ "l.l.e:J'U. 1-;ijv fi~.:~Vi 9 ". 'l..!.211-213. €l'UG'1,.1"1151'iJ: . ' 
lJV!1iVlm~tJ€l'Um1"1151i1, 2558. 

' 
mm·ru 1'<ilL~tJ.:J. Vl~nm,.~e:~'LI. n1-:JbVl~lJVI1'Wm: 1B.b€l?l.~i'W~.:Jb~1~, 2550. 

~nlJ~~ mbnn~~. "fl1';j~fAl'W1m1lJboV1 1'<i!lJ lwlJ~iVlml"11?11'11 b~€1-:J ?llJ~mfli1~1tll!J~mm1b~tJ'Wi 
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!11fllt:-.~'l,nn n 

bb'U'U'Vl~aeJu1~fll11:UboU1l'il:u 1 cu:u~'Vn.:J1'Vl£J1A1a~i b~eJ.:J 1:u~ 
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bb 'U'U'VI~~vu1~fl11:JJL"li11"ii:JJ 1 'W:JJ~vn~1'VIa11"11~\91{ b~v~ b:JJ~ 
1. LL'U'U'Vl~i;'f€J'U'IJ~dvli'W'IltJ~b~€lfl\9le:J'U 4 ~'db~e:Jfl bb~1e:J5'U1m'Vl\91t:J6'1 

' ' " " 2. bb 'U'U'Vl~i;'f€)'\J'IJ~tii]Vi'~'Vlll~ 40 -i!€1 120 fl:;bb 'W'W 
' 

3. nmvhmum'ivh-iim~mJ 

f11~~ 1 ~trm~CJ1.Jb~€Jflfl1\9l€J'U~t;1fl~i;'f~ L ~CJ~fl1\9l€J'U L~cn Lb~'d L~CJU X VJ'UeJfl~'J-i!e:J~ b~€Jfl6'1~ 1 'W 

fl. 4 X 1024 bll6'1 

fl. 4 bll6'1 

'\J ' 

'IJ. 0.4 X 1024bll6'1 

~. 0.4 1116'1 

2. L Ylu'W"Ii~u i]~l?l';ibflij L tJu c 16H 1s04N 2S 1 oo fl-r11 i]~1llb6'1 ~6'1 

fl. 1.21 X l023 bllb6'1fl6'1 'lJ. 1.8 X 1023 blib6'1fl6'1 

fl. 1.8 fl-rll 

fl. 18 fl-rll 

' ' 
~. 3.01 X 1023 bllb6'1fl6'1 

'lJ. 3.6 fl~ll 

~. 36 fl-rll 
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4. b'VI~rm1'WVItJn 0.9 n1~n-r:w ~~bD'WfTI:w~ (Fe =56) 

n. 0.021:w~ 'U. 7.14 1:w~ 

fl. 44.87b:W~ 

n. 0.017 

fl.1.7 

~. 6.07 1:w~ 

'U. 0.17 

~. 17 

6. 'UB~b'VIm CCl4 "il1'W'J'W 15 dm3 i1m1:WVI'W1bb'tl'W 1.59 g/cm3 ~~:n CCl4 ftt:w~ 

n. 15.4 1:w~ 'U. 56.5 1:w~ 

fl.103.2b:W~ ~- 154.91:w~ 

7. "il1'W'Jtub:W~'UB~~1'~1'WoVB1~'!Jm.J~~~ (Pb = 207, N = 14, 0 = 16) 
' 

n. b~~ (II) 1'Wb~'j~ (Pb(N03)2) 22.4 n-r:w 'U. bbn~H 2 4.42 dm3 ~ STP 

82 



fl. 2.49 ~~"j 

fl. 1.09 ~m 

"tl. 1.49 ~m 

..:J. 0.49 ~~"j 

9. ~ STP bbn?l X "ii'TU1'U 1,120 cm 3 V!tJfl 1.6 n1:JJ X 1 1:JJG'1 V!tJflbVh1111 

fl. 1200 fl1:JJ "tl. 120 n1:JJ 

fl. 12 fl1:JJ ..:J. 1.2 fl1:JJ 

10. bbn?t x2 44.8 ~~"j ~ STP i1:JJ1G'i 72 fl1:JJ bbn?! x2 i1:JJ1(;11:J.Jb(;'lfl(;'l bvh111lbbr;'l~~eJ~~eJ:JJ 
' 

fl. X2 = 18, X1 = 36 "tJ. X2 = 72, xl = 144 

11. 19leJ..:Jf11"ibfl~mbm 6.02X 10 21 1:J.JbG'iflr;'l l'leJ..:Ji..:Jbfl~mbfl..:J:JJ1~f11:JJ (Na = 23, Cl = 35.5) 
' 

fl. 58.5 fl1:JJ "tl. 5.85 fl1:JJ 

fl. 0.585 fl1:JJ ..:J. 0.0585 fl1:JJ 
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fl. 1 '1J.6 

1"1. 6.02 '1. vn 1~1~b ~~1~ 1~Vl~1U?f\i1~'1Jma~SB1\il'U 
" 

13. tFh.nm'lJa'lbbn?ti!b~tJlJ~ STP ~~~vh1Vi'bi"i~ilb~tJlJb'VlmtJ~lJ1\il~ 1.00~1'1~ (dm3) ~~bvhnu 

~~\91~ (dm3
) 1"111lJVl'U1bb1J'U'1JB'Iilb~tJlJb'Vlmbvhnu 0.122 g/cm3 (He = 4.00) 

fl. 683 dm3 'lJ. 122 dm3 

1"1. 30.5 dm3 

(lJ1~8~\918lJ'1Je:J'II"l~tJI'le:J'U = 84) 

fl. 22.4 fl-rlJ 

1"1. 84.0 fl-rlJ 

'1. 12.2 dm3 

'lJ. 44.8 fl-rlJ 

'1. 168.0 fl-rlJ 

84 



.. 

fl.BeHl68b"i!'W 1b:WG'1 ihJ~:Wl\911 22.4 dm 3 ~STP 

'IJ.BBfl68b"i!'W 1 b:Wfl V!ilfl 32 fl-r:w 

A.88fl~k~'W 32 n-r:w ~~1'W'd'Wa::;~a:w 6.02X1023 a::;~a:w 

-!!.B8fl68b"i!'W 11:Wfl iJ"iJ1'W"l'W1:Wbflflfl 6.02X1023 b:Wbflflfl 
' ' 

fl. bbfl61BBfl68b"i!'W 0.5 ~\911 VlSTP 

A. bbfl611®'1~1b"il'W 0.25 1:wfl 

fl. 1x3.01x1023 1:Wbflflfl 
' 

A. 3x3.01x1023 1:Wbflflfl 
' 

fl. bbn611®'1~'H"il'WV!ilfl 4 n-r:w 

A. 'VlB-!Ibb~-!!V!ii'fl 1 o fl-r:w 

'IJ. bbn61-6'ftb'YJBTI~BBfl1"1lvi 0.2 ~\911 

-!!. bbn611 'W 1\911b"il'W 14fl-r:w 

-!!. 2x6.02x 1023 1:Wbftflfl • 

'IJ. bbfl61 CH 4 0.1 1:wfl 

-!!. bbfl61Af!B~'W 10 23 B~\91B:W 
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Pb = 207, Sn =118.7) 
"' 

n. 'l!1 (H20) 0.36 n-r~ 'IJ. ~un ( Sn ) 17.5 n-r~ 
' 

fl. m~~lkumJ (AL) 2.70 n-r~ 
" 

~- b~~ ( II ) b'Ub(91~(9l (Pb(N03)2) 82.75 n-r~ 

fl. BrF 3 82.2 g 

'IJ. rh~~tr'W~emun (58) 76.8 g 

~- th'i:JVl 90.3 g 

21. 611~1'WiB1~iJ~1'U1'Ub~~?l~~?l~ (C=12, F= 19, Cl= 35.5,) 
" ' 

n. 10 g CFCl 3 'IJ. 10.5 gCF2Cl2 



fl. 1.204X1023 1:wb~fl~ 
q 

23. bbn6'fi1bVl'U ( CH4) 'IJ~:w1m 

fl. 0.4 1:w~ 

6,no ~fl'U11'llnb"l.l'Um:wm Vi sTP i1"il1'U1'W1:w~b'IJ'Ubvh1~ 
" 

"U. 0.3 1:w~ 

fl. 0.2 1:w~ '1. 0.1 1:w~ 

24. bbn6'f1~1~·H"il'Ufl~Bhl'i ( HCL ) ~i1m~ 7.3 fl-r:w "il~i1'1J~:W1\Wab'Vhh~ STP 

(m~B~~B:W H=1 , Cl = 35.5 ) 

fl. 4.48 dm3 -u. 2.50 dm 3 

fl. 2.24 dm3 '1. 0.20 dm3 

25. bbn6'ffl11'UB'U 1~BBfl1"1ll'i (C02) 8.8 g i1"iJ1'Ul'U 1:wb~~~ b'Vhfl'U6'fT~ 1 'UoVB 1~ 

(C= 12, 0 = 16 , H = 21) 

fl. bbn6'f1 'W1~~b"il'W 1.204x 1023 e:J~~e:J:w 

-u. bbn?l1~1mb"il'W~~1-w6'1 6.02x1022 1:wb~fl~ 
q 

fl. m~bbB~~fl (C2 H4 0 2 ) "il1'Wl'U 12 fl-r:w 

'1. fl~1fl6'f (C6 H12 0 6) "il1'Wl'U 1.81x1023 1:wb~~~ 
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.. 

26. l'l~fi'l (Pb) i1fll1&JV!'U1~~,j'U~Vhn'U 11.0 g cm-3 e:JCJ1f1Vl11'Ul1 l'l~fi'l 1 e:J~\91e:J&Ji1tl~&J1\911~ 

cm3 ( Pb = 207) 

n. 1.83x10-23 cm3 

fl. 3.44x10-22 cm3 

'1.1. 3.12x10-23 cm3 

'l. 18.8 cm3 

27. ~~n?f•tf'W~Vl~'li1fll1&JV!'U1~~ti'U 1.964 g/l ~STP ~bn?fdtJ1"il~~tJ'U~~n6'11~ 

(N= 14,0= 16,H= 1,5=32,C= 12) 

28. ~~m~n L"ll~~CJ&J 1 'Ubm\91 "il~ 1~n1"1le:Je:Jn~b"il'U bb~~6'111th~ne:J'U 1 'Ub\911vi 1~BBn~b"il'U 1.60 g 

"J~~B'l1 mB~J~~CI&J 1 'U~\911\91 ~ fl~&J 

n. 4.25 

fl. 0.42 

'1.1. 0.85 

'l. 8.5 
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29. ?l1':i'th~na'U'I!U~vt~.:~ "il1nm':iiLI"l':i1~'\ .. h"l'U';h 'l.h~na'U 8.5 g ~ltJ'B11') Zn, Al Lb~~ 0 1~tJ 

61~6'/l'U"il~'UTt..mt:\9\mJ 1:2:4 ii'TW16'11i"~·:Jn~1l 10.3 g :l.nvhm1ibfli"1t:~vt1'\.J~3J1ru61-:~n:::~ "ilt:1~ 

61.:m~~vt'\.Jn~n.Y3.l (rhvtu~~1'Ul'UL3Jb~nG1 Zn =65, Al = 27, o = 16) 
' 

n. 3.64 n.Y3.l 

fl. 2.64 n.Y3.l 

'/J. 3.54 n.Y3.l 

.:~. 3.04 n.Y3.l 

30. bbeJ3Jb~\911iJ'UbU'U'1JeJ.:Jbb~.:J:W~m13JbG1~G1 C6 H13 N 'l11bbeJ3Jb~m:Wum X n.Y3.l 'l"l'Ul1i1~1'Ul'U 

1®"1~1L"il'UB~\9\a3Jbvhn'U~1'W1'W1®"1~wuua:::\9\a3J'1Ja.:~tl1 234 n.:r3J x :Wi'i1Lvh1~ 
n. 170 n.Y3.l 

1"1. 275 n.:r3J 

'/J. 270 n.Y3.l 

.:~. 300 n.:r3J 

89 

31. b~m~n1 'l"lbb Vl6'1b6litJ3JflG1m ':i\91 ~m KCl03 ~"'l~VlG1eJ3Jbvtm'l"l'Ul1 6'11':i-d'?lmtJIPi'lbfl~bbVl6'1b6litJ3JL'\.Jai 
flG1m ':i\91 (KCl03) bbG1t: 1 'l"l bb Vl6'1 b6litJ3JflG1B b~ (KCl) "il.:JA1'Ul ru 13JG1'1JB~ 1 'l"l bb Vl6'1L6litJ3J b '\.Ja{fl~m ':i\91~ 

bfl~~'U"il1nn1':iLt:n1'1"lLbVl6'1L6litJ3JflG1m':i\91 0.1 mol 

n. 0.10 

fl. 0.075 

'/J. 0.80 

~. 0.06 
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32. "IJ£J~l'Vlm A 30 ~m.J1Plnl"ll'U~l:W\?l";i \l~~hh'U1'U1:wml~~1:wl~nmlJ'Ubvh1~ ~1rn1:W'Vl'U1bb'll'U"Il£J~ 
~ ' ' 

A= 1.05 n-r:w~£J~nu1Plnl"ll'U~l:W\?l";i (m~1:wl~n~"llm A= 180) 
~ ' 

n. 0.175, 1.05x1023 

fl. 1.05, 0.175x1023 

"IJ. 0.175 , 0.75x1023 

-:1. 1.05 , 1.05x1023 

33. \l.:!VlT'iJ1'U1'Ub:W~"IJ£l~ 0 lw KCl03 182 n1:w (K = 39, Cl = 35.5, 0 = 16) 

n. 1.8851:w~ "IJ. 2.971:w~ 

fl. 336b:W~ ~- 4.46 1:w~ 

34. \l-:1~1'U1tu'Vl1111~"1J£l.:Jbbn?l1~1mb\l'U-8'~1~#i (H25) ~1'U1'U 1 dm3 ~ STP 

(ri1n1Vl'U~m~e:J\?le:J:W"Ile:J~ s = 32.064 , H = 1.oo8) 

n. 1.52 n1:w 

fl. 0.52 n-r:w 

"ll. 1.05 n1:w 

~- 1.45 n-r:w 

35. h~~1'UeJ\?1?11Vlm";i:Wt:J~\?ltJmbvt.:!Vl~~ H' NH 3 bU'U?I1";i~~l?i''U 1 'Un1";it:J~\?ltJtJ b~1VloU1~~bb~fl11:W 
q q , \1 

'tJ~£J~ntJ"IleJ.:~b~-:~1'Ubbvi~-d(?l";j1\J~u-hwm";i~1"1l£J.:~bbn?l NH 3 Ln~~'U ~~il~1'U1'U1:wmvhnu 51:w~ 
mnn'Vl";i1'lJ'",hm";i~1'1JeJ.:Jbbn?l NH 3 1'Ufl~.:~-d ihJ~:W1\?l";i~~n'U1Plnb~~b:W\?l";i ~ STP 

~ 

n. 1240 dm3 "IJ. 114 dm3 

fl. 112 dm3 ~- 1120 dm3 
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36. bbn61 A i161\W~bl.Jb61n61 btl'U A3 n1i1bbn61'ife:J~ 6.02x1023 e:J:~I'lm.J ~~jj'\.J~~11'l"HVh1~~ STP 
'\) ' '\) 

n. 7.47 dm3 'll. 11.20 dm3 

fl. 14.94 dm3 .:!. 22.40 dm3 

37. ~1n'\.J~fi~~1nTH'\.J~~'Ubbe:J~b~btJ~ (NH3) 1~btl'Ubbe:J~b~btJ~~~myjl'l (NH4)2S04 ~.:!61~m~ 

2NH3 + H2S04 (NH4l2S04 

n11'i'e:J.:Jn1~bl'l~~~bbe:J~b~btJ~~~myjl'l 225 kg ~~l'i'mt-ifbbe:J~b~btJ~~ dm3 ~ STP fhv'I'U~1~ 

N = 14 , H = 1 , S = 32 , 0 = 16 

n. 7.64 x 10 2 dm3 

fl. 7.64 x 10 4 dm3 

'1J. 7.64 x 10 3 dm3 

.:!. 7.64 x 10 5 dm3 

'1le:J.:Jbbn61 C02 61i.:Jbbn61 C02 1 'U'U~"W1ml'l~~i~'1ll1-:J1~'1 ~fl--.n~1e:J'U~1nm.:Je:JTVil'l~61~Vi'e:J'Ue:Je:Jn~1n 

161n'1lmb~1 e:J~l.:J~m~btl'U e:J~1nVl~1u11n1i1bbn61 C02 '<ill'Ul'U 4.2ox 1024 1~b61n61 ~~i1'<il1'U1'U 
' 

1~61 '1Je:J.:Jbbn61 C02 ~~.:Jt:.mm~Vlu~e:Jm1~ 161n1mJe:J~fTI~61 '\) 

n. 69.8 mol C02 'll. 59.4 mol CO 

fl. 75.8 mol C02 .:!. 86.4 mol C02 
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n. 4.405 "U. 44.053 

i'l. 2.652 X 10 23 \1. 26.518 X 10 23 

.. (:W'J~e:J~~e:J:W"Ue:J\1 S = 32, 0 = 16, H = 1,0 = 35.5) 
" n. H2S04(l) 5.0 "U. '111 3.01 X 1022 b:Wb~fl~ • 

~ d 
i'l. CHCL3(g) 2.0 ~~'J Vl STP \1. n~bi'l61 (C6H1206) 0.01 1:w~ 

'\) 
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'• fl1fl~'t..nn "l.. 
!II 

~'Jmh.:Jbb~'I.JnTr•~'flnTH~tJ'I..!~~,;w1n:5'n~nTH~tJ'I..!~bb'U'Ui1'Ub~1~ 5 i'I..!~~3J~~1'1..!n'U 
~ ~ ~ 

!II ' 

b 'VIflcWfln~3JbboU.:J'ti''l..!1 'Wi'W"l..tJ1tlfl'J13J~ b~B.:J bll~ . ~ 



.. 

94 

~v~ ~1~1~1~~n~v~fi1~~v~~1~ 

fi1~b~EJ~~ 2 tJm~fimi1 2558 

~~v~ ~ru~·Hu~'im t:·nmiiv~~.~ 

i~~llt~~fim~ntJ~ 4 

~1EJ1'H11 31222 

~1~1~ 1.5 Vitht~n~ 

" • \.1 cQ 

. 
~1~~ill1~n1~b~EJ~~Vi 3 ~1~bb~~~~U~"llv~~1~ ... .. 

611 ~ fl1~ bn~611~~~ ~ 1 CJ fl1~ bfi~tJ D fi~CJ1 ij m~U1'W fl1~~U b611~Vl1fld1:U~ bb~~~ ~lVl CJ1121161~i 

~e:~611~~~~b~CJ'W~ bb~~thfl11:u.n tJ1 itb~ 1CJ'll11 
~ ~ 

1 3.2-:u.4-6/1 Vl~~eHbb~~eJBU1CJB~~1fl1~bn~tJ5n~CJ1bflii u~~CJ~iie..~~~€lfl1'S 

bn~u5n~CJ1bfliibb~~t11fl11:uv tJtoirtJ'j~ 1CJ'll11 

~1~::t=h~qJ 

1~~ Vl:U1 CJf:i-:~tJ~:u1ru6'f1'j~ij-;J 1'W1'W €l'W.fl1 fl b vh nu-;J1'W1'W €l~~€l:U"ll€l'l~1{uv'W-12 ~ii:u1~ 
' 

"" "' t:·m fl T:ib ~EJ~ a 
~1'W~11:Ul (Knowledge) 

v5u1CJm1:uVl:u1 CJ"Uv-:~1:u~ bb~~ bb61~'1A11:uir:u~'W~'j~Vl11-:~1:u~nu-;J1'W1'Wv'Wfi1~ 1~ 
' 

611:U1~tl f1 ~ bb~ ~1 bfl'j1 ~~fl11:Uir:U~'U ~'j~Vll1'1-;J1'W1 'W 1:u~ nu -;J 1'W1'W€l1i.fl1 fl"tl€l'16'f1'j 1~ 

~1~vln'!i::m::u1~n1":i (Process) 

A1'W1 tw'\1!1-;J TU1'W€l'W.fl1fl"tl €!~ 6'f1'jVl~e:~-;JTu1'W 1:u~ 1~ b~€lV1~1utJ~:u1 ru 1~tJ~:u1ruVl~'l 
' 

~1'\.U1\I~~~ (Attitude) 

ij fl11:U'l''U ~ ~'ll€lU~1'W~1~'l'u :W €lUVl:W1 CJ bb~~iici1'U ~1:W 1 'U.ff'Wb~ CJ'W 



.. 
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.co IV 

~T'i::nT'H 'iV'U"i 
\J 

fl1'j'\Je:JmJ~~1ru'IJ€l~~~'/JeN1 'W~il9ltb:;:h1'W enil'Ue:JflbU'WvttJ'HJthvnJ'n b'li'W n-r~ nLG'tn-s~ 

vt~el'VttJ1(Jtl~~1\9l'j L'li'W G'tn'U1~<'1fh61!'W~b~\9l'j "'n'U11"1nb~\9l'j'We:Jmnnd()1~~'1J€l~~j-~1'UTU~1n m\I'Ue:Jf) 
'U 'U 

bU'UvttJ1(1LvtG't (11vt~ = 12 ~'U) vt~8m~ (1 m~ = 144 ~'U) 
, , 't, 

nT~'U 8 n'\.J~~1 ru~1'J bflij n b 'li'W b~ (11 tl'W 8T'il'U 8 m U'W'VttJ1 (Jm"' 'VttJ'W'\.J~~1\9l'J 'Vt~e:J'VttJ'W 

bb?ll'l~"ii'1'W1'WeJ'W.fl1fl'lle:J-:J?I1'J bb~ b ~ eJ-:J"il 1 n?I1"J'\.J"J~ n eJ'U ~1 (JeJ'W.n 1fl~ij'll'W 1\>1 b~ n bbft~ij"ii'1'W1'W~1n b 'lit~ 
' ' 

b'J1Vl'J1'Ubb~T-i1fl1~'Uel'W -12 "ii'1'W1'W 1 eJ~\9leJ~ ij~1fl12 X 1.66 X 10"24n1~fl11~ii1~~'W§ 

dbdm~(J'U 1 'W'j'UeJ\9l'j1?i1'U\I~ 1~~~.n 
'U 

12
( 12 X 1.66 X 10 24n1~ 

eJ\9l"J1?i1t~'l1?11~1"Jtrt111 LJ1irl'1t~lruvt1"ii'1'Wl'WeJ~I'1eJ~'lleJ-:JA1~'UeJ'W-12 ~ijm"' 12 n1~1ml'lu 
?1~~~1~A1~'Ue:J'W-12 ~1ft 12 n1~ ij"iJ1'W1'W€l'W.n1mvhn'U a 8~19le:J~bdeJb~(J'WbU'WeJ\9l'j1?i1'U~n'U 

' 
eJ\9l"J1?i1'Wbb "Jn\1 ~ b uu~~.Q 

6.02 X 1023eJ~\9leJ~ 

bb?ll'l-:Jl1fl1~'UeJ'W-12 ~ijmft 12n1~'\.J'J~ne:J'U~1(Jfl1~'\Je:l'W~1'W1'W6.02 x 1023e:J~\9leJ~ 

~-:Jt!'W?I1'J 1 1~"' ~-:JbU'W'\.J~~1ru?I1'J~ij~1'Wl'WeJ'W.n1A 6.02 x 1023 eJ'W.fl1fl bbft~b~(Jn~1'W1'W6 02 ' ' . 

x 1023'l111bG't'IJm11m1~'i~~n~111~11~1'j 11~"' ij~1'W1'WeJ'WmAbvhn'Ubfl'llm 11rn1~'j 
' 



"' 
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' . 
vhn : http://www.vcharkarn.com/lesson/view.php?id=1184 ~'\J~'Wbile:J 4/02/2557 

6'11~ 1 1:w" 
.. 

6'11~ 6.02 X 1023eJ'W.fl1fl vmJ 
' 

6'11~ 6.02 X 1023eJ'W.fl1fl 6'11~ 1 1:w" 
' 

"' "" ...... 
6'11~ 1 1:w" 6.02 X 1023B'W.fl1fl {;'J'l'W'W :w 

' 
6'11~ 21:w" "" 2X6.02 X 1023B'W.fl1fl :w 

' 
6'11~ 0.5 1:w" "" 0.5X6.02 X 1023eJ'W.fl1fl :w 

' 

fl11:wfl':wfr'W thleJ ~ 1:w" nu~1'W1'WeJ~.fl1 fl"l.leJ~~11 6'11~1{;1 1 1 1:u""\l~ij~1'W1WJ~.fl11'1 

bVhtl'\Jb""UeJ111fl11{;1~ fiB 6.02x 1023 'e:J'W.fl1fl ( 'e:J'W.fl1fl Vl:IJ1CJ~\I B~l'lB:W, 1m"n", b'e:JBB'W, 
' ' ' 

~b~nl'l~eJ'W ) 

m~~1'W1rum1:wi1':w~w5~~w'i1'11:wG'lnmh'W1'WB'W.fl1A vh1vi'21f5 fiB 
' 

m~bVitJUUqjrQ'~11'1~tJ1\Ifl bU'WnTHVitJ'\Jfl11:Wi1:w~'Wth~wh:J'tJ~:w1ru 2 'tJ~mru Vl~nm~ 

bVit!'\JUqjrQ'~11'1~tJ1\Irl fiB 

1. ~el\1Vl1fl11:Wi1:W~'W5"UB\IU~:IJ1ru6'11~~\l 2 rl'e:J'W b'li'W 1:w"tl'\JB'W.fl1fl , 1:w"n'\J 
' 

:W1" 

2. 1 bm1~'Y1h'Vl ~11 n1Vl'W (;l'tJ~:w1ru 6'11~ b{;'J:W1b ~ bb"~~B\Ifl1~'Vl~1'\J'tJ~mru6'11'a 

B~b 

3. b VitJ'U'tJ~mru6'11~~\16'l'e:J\11{;ltJ b VitJ'U'tJ~:w1ru6'11Tffi~'Vl~ rhVl'W{;'J 1 V!Llvl1'WsS'1mb"~ 



.. 

bVit.JtJ'tJ~lJ1U!6'11~.mlil'Vl~tnlJ 11'Vl1-:J'U'J1 

2) m~fl1'U1WL~CJ1-e'~~~ 
'U 

N 
n = 

6.02X 1023 

6. f11mlJ~1~qJ 

1. blJ(;'l fiB m~ b 

2. "il1'U'J'U blJ(;'l tltJlJ'J(;'l'UeJ-:J6'111iJI"l'J1lJ~lJ~'UTitl'UB~1-:J 11 
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3. f1'11?i'B-:J n1'j'vn"il1'U'J'U blJ(;'!Vl~Bm(;'l'l!B-:J?I1~ b~eJ'Vl'j1tJ'tJ1mru 1~tJ~lJ1ruV!ti-:J6'11lJ1'jt;1Vl1 H1 
B~1-:Jb 

"" "" Ill 7. nlilm~3Jn1~b ~CJ'U~ 
'U 

7.1 ~'1..!~~1~1"1113-l~'l..!blil ( Engagement) (10 'U1Vi) 

1. m111~-:J'UB-:Jbb!;1~6'11~bl"liJ hl'bbri NaOH, H20, ~'U?IB, tJ1nm bb!;l~ m~vn~ m11X 
" 

'IJ f1 b~ tJ'U~IiJ1'j'U!1 b ~ BtJ Bf1'tJ~lJ1 U!Vl~BVl'li'J CJ'U B-:J~-:J'U B-:J bb(;'l~6'f1'j bl"liJ ~-:Jf1~1'J 

2. m~-:JtJ~~b~'UrllmlJ ~-:J~ 
" 

• 11X\Jm~t.J'UtJf1\il'JB~1-:JVlthtJ'UB-:! NaOH ~btJ'U1tJ1~ 

(mg, g um: kg "1W1) 

• 11X\Jm~t.J'Ut.if1\il'JB~1-:JVlthtJ'UB-:! H20 ~btl'Ub'tJb~ 

(cm3
, dm3

, mL um: L) 

• 1 Vftrm1tJ'UCJ n\111 B~1-:JVlih tJ'UB-:~m~\911~~dJ'U 1 tJ1~ 

(uthJu1v~JJ) 

• 1 1X\Jm~CJ'UCJ n\il'JB~1-:JVl'lJ'J CJ'UB-:J~'U?IB~ b tJ'U b 'tJb~ 

(uri~J 

• 1 Vf\Jm~tJ'UCJ n\il'JB~1-:JVl't11 tJ'UB-:~tJ1nm~ dJ'U 1 tJ1~ 

(rlJ73J) 

3. f11'jtJeJ ntJ~lJ1ru~-:J'UB-:J 1 'U~1~tJ 'j~"i11i''U B11iltJ B m tl'UVl'll'J ml1VltJn Vl~BV!'l11 tJ'tJ~3.11m 

tJn\il'JeJ~1-:Jb'li'UVl't11t.JeJ~h111-:~ (Vl't11m11VltJf1 b'li'U n1'lJ nb!;lf11'lJ Vl~eJVl't11t.J'tJ1lJ1~'j' b'li'U G'lf1tJ11"1fl 
" 

billl'U~b3J~'j (;'lf1tJ11"1nblJm) 
" 
~ f1'1~-:J'UeJ-:JiJ':il1'U'J'UlJ1f1 eJ11iltJ Bflb tl'UVl'lJ'JtJ eJ~ b1~th-:J (BlliltJBflbtJ'UV!'lJ'JtJ b V!(;'l(l 

1 VlG'l = 12 ~'U) m?l (1 m?l = 144 ~'U) Vl~B\il'U (1 \il'U = 1000 nbG'ln1'lJ)) 
q q q q 
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~ fl1'j'IJeJmJ~mru'IJB.:J?I1'j6Aiie:niJ'IJBm U'U'Vlth ~:.r~~ 1 'j 1~u\~ ( m~uBm U'U'Vlt.h tJl.na:t 

Vlt.hmJ1:w11'11 Vl~BVl'l11mb?ll'l.:J'oill'U1'UB'UmA'IJB.:!?Il~) 
q 

~ 66\Pl 6 ~ B.:!"il1 f1 ?11~'t.J ~~ fl B'IJ ~1 tJ B'4.fl1A~:iJ'IJ'U1\9ll~ flb6~ ~:iJ~ 1'U1'U:W1fl fll'S'U €1 f) 

'\.J~:W1ill?ll'SI'll:W'oiJl'U1'UeJ'U.fl1A'<\J~l'\lll.l1~?1lJ'\Il~eJ 1:1J B~1.:! b (1:1J bY.l':il~l'i'B-:1 1 oObG'l'IJ'\IlG'l1t.J'\Il"'fl1 'Ufll'J 
q 

'UBfl'tJ~:w1ru) 

~ lh1J'm1t.J'U~eJ.:!fl11'\llllnG'l 't.J~l.ll\?11 A11l.I~'U Bill'Vl.fliJ 1J'm1t.J'UG11l.ll'St11-ifbA~B.:J:iJeJ 
q " 

11'11 'U fll'S-J\91'\Illfll~.:!flrl 11 (:W1 G'l1 oO b\"1 ~B.:Ji-:1, 't.J~:W 1\91 -s1 oO fl'S~'U €1 fl\911.:1, A1l:W~'U1oO'U l'SeJiJ b\91 €1{ 

Bill'Vl.fliJ1-tl'bVl€JTI:WiJbl'l€1~) 
' " 

~ lfl1J'm1t.J'U~B.:!fll'S'\Il11l.IG'l'<\J~ 1oObA~€l.:J:iJ€l11'1 (1:1J:iJbA~€l.:J:iJ€lmoO-J\91'\Ill1:WG'l1~) 

~ b~€!.:!'<\J1n1:W:iJbA~€l.:~ii€lm-o-r\91'\lll1:w1;11~ ~.:~J'Ut!m1m..~fil'l11'<il~"'l:w1~t~'\ll1~11:w~ Hi' 
€1~1-:~h (l-b'm".ifll'U1rub~€l'Vl1~11:wG'l) 

4. 1 Vft! m1 tJ'U1ll'l.fllVnll 11:wG'l :iJ'oil1'U1'U €l'U.fllm vh 11'1 ~.:~1 'U m~l'll'l!l-~1"11bb"il n1 Vf(ii m<J 
' " 

rll'\ll'UI'lirqJGi'fl'I!J-ill1 Vf-lrl'lb'<\J'U) 

7.2 .ff'U~T~'Jlilbbfil~fl'U'Vi1 (Exploration) 

7.2.1 mJ.:~t!m1t.J'U€l€lfli.U'Uflrtl.l ., ~~ 4-5 A'U bb~~~nri:wiit!m1t.J'UA~~A11l.IG1l:Wl".itl 
' I ' 

(bri.:~ 't.J1'Unm.:~ rimJ ) ii~.:~t!m~mJ'IJ1t.Jbb~~t!m~t.J'UVlqj.:~ b~mU'Ufl111VfA'U~ri€l'Uflll1~ffi€lm?l 

't.J~fl'l!l-1~'Urllbb'U~1.1111'lt.JI'l".i.:!'<\J1flA'U~brl.:!fll11 D'\"J~€ll.ll rl'U 

7 .2.2 A'jfl1'Vi'UI'lLdeJVl1\911:W'<ill'l'tJ".i~?l.:~~m".iL~m..~-rt Vfum~t.J'U 1~~m<J1 1~bbn ~1'U1'U 1:wm 
" ' " 

7 .2.5 ?I:Wl~f1VlflA'U 1 'Unrt:wlllil'<ilfl".i".i:Wbb~~ bb uu!l ntrl'l1 'U"Ill'lfll".ib~t.J'U~~ 1 11'lt.J 1 Vf?~:w1~f1 
, "' " 'll 

Jl1t.J 1 'l.!flrt:W 1 Vlr11l:W'lh t.1 b '\ll~B bb~~€15'\Jlt.J 1 VlG1:W1~f1fl'U~'UJl1t.l 1 'Uflrt:W~'IJ'W.:!bb~~vllr111l.lb i11"iJ1 'U 
' q 

" " 
b il€!Vl1l.l1 fl~'U bb~ ~ b\911 t.J:W 1?11 ~1'\ll~'\J fll~ b6 'li.:~o/J'UVJ1 t.J'IJVl b~t.J'U 

7 .2. 6 'IJru~~,r m1t.J'U'vllil'<il fl".i".il.IA".iir.:~ bfl \91 m".iru'Vl\91~ €1-:J'IJ€1-:Jt!m~ t.J'U 'I"J~€l:w~.:~ 1 VI 
" 
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., 
7.3 '!i''l..m5u1mL~tf;N'Yi'Blil1'IJ (Explanation) 

7 .3.1 1 ~'!! m1E.J'W Lb~61 ~ n~:w 1 bfl':i1~~orre:~:w61 ':\11f1 f11':iVJ(P)61eJ.:J e:~iitb1E.JLL!;l ~!;l.:~orrm1';itJ 
' 'IJ ' 

m1:wi:w~'t.nh~vd1.:~1il1'W1'W L:W!;l n'U erw.n 1fl'lleN?11 ';i 
' 

7 .3.1 1'11 Lb 'Vl 'W bb~ ~ ~ f1 ~ m.h b?I'W mJ 11,! Vl1 bb~ ~ lthb tl U 11J Vl11 'W orr eJ ~ bb tlU 11JVI11~ bb" ~ 

bLniJ fk!V11 hi1~ b ~ B'W 1 'Wi'W b1 E.J'W ~1:w n'W LbniJ fk!V11~ n~:w 1~?t1:W1';it;mnt1 fk!V111~ ti'1'!! m~E.J'W.X.:~i'W 1~ 
?t1m':imbm':\J'Vl~i1ru'VI11~ fl';j"li'"JE.JB5'U1 m~:w b~:w 

... 'IJ 

~ .., 
7.4 "tl'U"tl£~1£~fi11:U~ ( Elaborate ) .. 

7 .4.1 fl':i 1 ~i!m~E.J'W(P)lm m~e:~.:~nTm.J ~ E.J'W'VIth mh'W'"J'W 1:w!;l b Duv1tl1 E.JB'W.fl1fl'lJB.:J?I1';i 
'IJ 'IJ ' 

b~:I.Jb~:W1 'W~'"J'Wtl'W 
7.5 ,l'U'IJ~:::bii'Ut:-~~ (Evaluation) 

7 .5.1 m~(P) bb ~.:~-ir'W~'"Jm 'VlfltJfl n~:w bb ~-:~-ir'W (TGT) 1~tJ ~~i1m1:W?f11!11m vhb'V\mJn'W 
'IJ ' 'IJ 

bb ~-:1-il'Wn'W 111fl~ bb 'W'W~1~ bD'Wfl~ Lb 'W'W bu~ E.J'lJ€1-:Jf1~:W bb(;'l~fl';j 1 ~11-:Jl(;1~1VI-r'U n~:w~1~fl~bb 'W'WbQ~ eJ 
' 'IJ q 

f111~(P)f11';ibb ~.:J-ir'W~'"J m 'VlfltJflf1~:W bb ~.:J-ir'W (TGT) i1~'W~€l'W~-:1'if 
' 

( 1) '!! m~E.J'WLL~!;l ~n~:w~i1';i~?f 1-6 "il~ b orr1~1:wLb ~.:~.rr'W 1 'W bb~" ~';je:J'lJ mm~?f'lJB.:! 
' 

~'WL€1-:! 1i'WAB i!m~E.J'W';i~?l~ 1 bb~-:~.rr'W1€l'U~ 1 ~'"J'W'l!m~E.J'W';i~?I~'W'l U~'U1ib"li'Wb~tJ1rl'W 

(2) fl ';j Lb?l (P).:! flltll:W ~ 1'W slide power point b D 'W orr €1 ?1€1'\.J bb 'lJ 'lJ L~ :w fll b(P) E.J f111 
'IJ 

bb ~.:J-iJ'W bb~ !;1 ~1€1'\.J 1 otiorr €1?1€1'\.J 1 orr €1 b(P) E.J f'hm:w bb~ !;1 ~ 1 €1'\.J 1~ L Vli1 e:J'W rl'W b VI:W1~ rl'U fl11:W?f 1:1J1';i~'lJ €1-:1 

Q.l d -=:.1 iJ I IV 

'Wf1b ';itJ'W'Vlb'lJ1Lb'lJ-:J'lJ'W 

(3) VIGlf1f111~e:J'U 1~'l!m~E.J'W~e:J'UFhmmb'U'Ub~:Wr11 .fl1tJ1'W 3 'W1Vi Vl1fl~borr1 
'IJ 

bL ~.:~-ir'WVi1 bfi'Wn1VI'W(P) nmu-!'Ufl~ bb 'W'Wb D'W o fl~ Lb 'W'W 

( 4) 1 'WLb~!;l ~':ie:J'Ufl1 L D'W~ bn'U m~m't'1r11~e:J'U bb!;l~ bu61 E.Jrl1~e:J'U 1 ~'!! n b~tJ'W~ LL ~.:~.rr'W 
'IJ 'IJ 

~ 1" bf1t\J"VI f11';j Vlfl~ bb 'W'W 

~~~€l'Utlf11~ 5 fl~bb'W'W 
'IJ 'IJ 
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(5) bij €J ~'W ?I~ n11 bb -ci ~-u'W 'Yl fl'HJ u 1 ~ TJ:W 1"1 ~ bb 'W 'W bbr;=t ~ fi ~ b tlw•h b\J ~ CJ"ll€J~nfi:w nfi:w 1 'VI'W 1dl , , q q 

I"J:::bb'W'W?I~~?I~ 1, 2, bbr;=t:::3 '<il~1ilfl~bb'W'Wb'Ui!6'1'11111.Jdl:WI"'~bb'W'Wbtl'U " , 
~ ., "" 

bfltusrlfl1~1'1~?1'W 

n~1l~1vl'fl~bb'W'WB'W~u 1 '<il:::1~'Ui!?l 5 bb~1l , 

- i~1m~€J~fl11bU~CJ'W'VIt.i ... w m~~1~ ~'W?I€1 't.J1nm 

-;J1'W l 'W 1:w (;I b iJ 'W 'VI til CJ eJ'Wfl11"1 
~ ~ ~ 

'W1 ~~b'VI(;tfl 'YleJ~bb~~ 'W11'1161 , 
fl(;j bfl?l 
" •, 
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1. ti1'1'1Jfl11:U~ (K) 
" 

- fl11e:J5'U1 E.J fl11:U'Vl:U1 E.J'll'El\l 

'tJ~:U1W?l11 1 b:UG'Hb~~b~'ll 

e:nbrn11?11 

2. Vi'm~~/m~'Ul'\Jfl11 (P) 

-fl1 1 rl 1'\Jl W'Vl1-;J 1'\J l'IJ 8'\J.f1 1 fl • 
'lle:J~?l11 bb~~-;J1'\Jl'IJ 1:u~ 1ti1 b~e:J 

V111u'tJ~:u1ru 1~?J'tJ~m ru'Vl~~ 

3. b"ill>lfl~ (A) 

- ilfll1:u-ru~l?l'lle:Jm1'1J~1ti1-ru 

:Ue:J'U'Vl:U1E.Jbb~~il?il'IJ~l:U 1 'IJ.g'IJ 

b~E.J'IJ 

16m"a1~bb~:: 

'th:: bij 'IJ e.!~ 

U'IJ~n 

- 1'11':r'il1un"ilm1:u 

U'IJ~n 

- 1'11l"il1un"ilm1:u 

bb 'U'U~'U b?l1~ 

~?l:u~?l1'\Jnu 

b Vl fltJ fln~:U bb -u~-rr'IJ • 

bb'U'U~'Ub?l1~ 

~?l:u~?l1'\Jnu 

b VlfltJfl n~:u bb -u~-rr'IJ • 

-1'U11E.J~e:J 

- ?l:UI?l"ill?lU'IJVin~1'\J 
' 
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< ' ' 
bn ruevJ fl11~1'\Je:J E.J 

" 

bnrusvi rn1eJ1'1J'El ti 
'U 

< ' ' bnruevJ fl11~1'\Je:J E.J 
'U 



r 

3 C~:w1n) 

II II ) ~1'1Jfl11:W~ (K 
'U 

1. fl1';je:J5'U1tJ 

m1:W~:W1tJ'1le:J~ m1:w~:W1tJ'1le:J~ m1:w~:J.J1tJ'1le:J~ fll1:W~1l1tJ'1le:J~ 

ti~:W1t\J?f1';i 1 ti~:W1t\J?f1';i 1 ti~:J.J1t\J?f1';i 1 ti~:J.J1t\J?f1'j 1 

b:WG'l bbG'l~bG'l'1J€11bl b:WG'l bbG'l~bG'J'(J€)1 b:WG'l bbG'l~bG'J'(J€11 b:WG'l bbG'l~bG'l'(J€11 

m-1m b-m1~'j1J1e:J~1~ 1l-m1~'j 1J1e:J~1~ b-m1~'j 1J1 

;,',u~n~~/ 

n~~'U1'1Jn1~ (P) 

' ' II 
'U1~?fl'Ubb\Pl\Pl8~ 
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fll1:W~:J.J1tJ'(J€)~ 

ti~:W1t\J?f1~ 1 

b:WG'l bbG'l~bG'l'(J€11 

1l-m1m1:U 

1. fl1';iflTUlt\J~1 rl1'Wlt\J~1'<iJ1'Wl'W rl1'Wlt\J~1'<il1'Wl'W rl1'Wlt\J~1'<iJ1'1Jl'IJ rl1'Wlt\J~1'<il1'Wl'U 

'<il1'1Jl'IJ8'Wil1fl 
' 

Vl'j1'Uti~:W1tu1~ 

ti~:W1tu~-ct~ 

;,'1'1Jbl\I\Plfl~ (A) 

1. :Wm1:w 

"' = .. 
~'Ut:.J~"IJ8'U~1'1J'Vl 

1J1~'U:W€l'U~:J.J1 tJ 

bbG'l~i16'il'W·h:w1 'W 

t~tl~m ru~tr ~ 

1Jlt~~1~~n~e:J~ 
'U 

d 0 

bl G'l1 'Vl fl1 ~'W ~ 

bbG'l~:W?il'W~l:W 1 'W 

t~tl~mru~tr~ 

1Jlt~~1~~n~e:J~ 
'U 

6'1~~1'Wm~\Pl1:W 

b 1m Vi n1~'W~ 

bbG'l~:W?il'W~l:W 1 'W 

bb'W~th 

6'1~~1'W\Pl';i~\Pll:W 

nmVin1~u~ bb~ 

hl:W?il'U~l:W 1 'W 

... 0 

1'1€1~ bb 'W~'W1 

d 0 

b lG'l1'Vlfl1~'W~ 

bbG'l~ hJ:W?il'W~l:W 

1 'W.ff'Wb~tJ'W 
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.. 
3. bb't.r:rvn:mmt~ 

~ ~ 
6'l'l'lle:J .......................................................... ~?fe:J'U 

('U1'1?t11ru\i1m e..J1t.Jbi1e:J'~~'~) 
"' . 
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"' ' ... "' 1 ............................................................................................................... "1J'U ...................... Lf1"1JV1 ............ .. 

"' ' 
2 ............................................................................................................... -1J''U ...................... Lf1"1JVi ............ .. 

"' ' .., "" 
3 ............................................................................................................... "1J'U ...................... Lf1"1JV1 ............ .. 

~ .J 
4 ............................................................................................................... "1J'U ...................... bG'I"1JV1 ............. . 

"' ' .., "' 
5 ............................................................................................................... "1J'U ...................... Lf1"1JV1 ............. . 

"' ' .., "' 
6 ............................................................................................................... "1J'U ...................... bG'I"lJV1 ............. . 

"""" 'Jfin1'j'VJ~~e:J~ 

'• 
~e:J'U~ 1 ~1'U'J'Ue:J'4.n1fl'lle:J~~,'j~,~ 6J ~ij~1'U'J'U 11l~ bvi1n'U 

f'h;ibb"il~ 1 Vi''!! m~ CJ'U f'11'U1 ruvt1"111'W1 '1..1 eJ'Um 1"1"1JB~611'J bbfl ~'J~'\J"lJ\1 Vl"ll eJ~eJ'Ufi11"1"1JeJ~611'J~ nTVt'WV11 Vi'~~ 
' ' ' 

~~n1'j'Vl~~e:J~ 

~1'j1~~ 1 ~1'U'J'Ue:J'41l1fl'lle:J~~1'j~1~ 6J ~ij~1'U'J'U b1J~ 1 b1J~ 

~B~1~ ~9\~bRii ~T\J1'1J1:U~ 5191/ 'IJU\il'IJB~v'IJ.f11R ~1'1J1'1Jv1JmR 
" ' • • 

(mol) ~wth::nm.J/ Cv::9lv:U/ (v::9lv:u/ 

Lvvv'W 1:u b~fl~!lvvv'W) 1:ub~fl~!lvvv'W) 

1'11L~mJ 1mHJ'IJ Na+ 1 

" Fe 1 ~Nb'VI~fl 

111 H20 1 

Vl€J·:Jbb\il~ Cu 1 

1l1\911~fl~ bl"l?l C6H1206 1 
'U 

b 'V1bbVl?lb~8l.J 1BB€J'IJ K+ 1 
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'IJ'W~'llv~v1J.n1fl 
0 

• lil11J11JB'4111fl 
;111..111..1 1:uil 

d .. 
C v::~v2-l/1:u bilnil/ Cv::~v:u/1:Ubi!nW '!lv!;'l1'1 !;'l~'lbf'I2J 

" • • (mol) 
1vvv1J) 1vvv1J) 

'VleNbb\91-:J Cu 3.01 x1021 

.. 
bbf'lm'lfm.J hre:re:l'u Ca2+ 6.01 x1020 

bbnG'1L1Jb~'H"'il1J Nz 4.25 x1018 

'l,ll\?11fl'1fbFI'l"G'1 c12H22o11 2.08 x1019 

" 
~ .. 

Al 5.41 x1021 
€1~fl:l.lb1Jti2J 

" 
1'1fb~m.J1vvv1J Na+ 9.01 x1022 



106 

................................................................................................................................................................. , 

••••••••• 0 ••• 0 •••••••••••••• 0. 0 0 •••••••••••••••• 0 •• 0 •••••••••••••••• 0 •••••••••••••••••••••••••••• 0 0 •••••••••••••••••••• 0 ••••••••••••• 0 •••• 0 •• 0 0 ••••••••••••• 0 0 ••• ~ 
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Q ~ 
n~m~:u VI 1.3 

n1~~1U4W~~U4nU~1U4Ul:u~nUB~fi1R~B~fl1~ 

., ., il .. u ~ 
LLUU4~'Vln~:mTmn ~VIV qJ'VI1 L~B{I ............................................................................. . 

" '~ ,_fl ....................................................................................................................................... ·~ 
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·························································································································································\ 
I 

·························································································································································+ 
~{I~B~~ I 

I 
I ·························································································································································! 
I ......................................................................................................................................................... + 
I 

vhmh{lh i 
I 

......................................................................................................................................................... 1 

......................................................................................................................................................... ~ . 

......................................................................................................................................................... ~. 
I 

........................................................................................................................................................ .J. 
I 

......................................................................................................................................................... 1. 

:.~.~-~~-~-~································································· ········································································ 
......................................................................................................................................................... ~ . 
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I Cl Uc:t ""' 
LL\JtJ'VI"ae>unv'UL ,m.u.La::llla-tL "iV'U 'qf\'VI 1 

L1v-t 1\l1'U1'Uil'Wl1fl~il wa'tleHfl1"i , 

"ll. KN03 1 1l-lG'l ihi'11..111.J 6.02 x 1023 1l-lbG'lnG'l 
' 

fl. 02 2 1l-lG'l i'j"iJ11.Jl1.J 1.204 X 1024 tl~l'ltll.J 

~. Li+ 1 1l.JG'l i'j"iJ11.Jl1.J 1.204 X 1024 1e:Je:Je:J1.J 

3.1611b~tJl-l1t~e:~e:JtJ 6.02 x 1022 1t~e:Je:J1.J '<il~i'iffiw;1 

n. 0.10 1l-lG'l 

fl. 2.5 1l-lG'l 

"lJ. 0.20 1l-lG'l 

~. 5.0 1l-lG'l 

111 



4. 1:wb~n~'1le:J~J1 (H20) 2 1:w~ ihhW1'UeJ~~eJ:W~~Vl:W~bVh1~ , 
n. 3.062 X 1023 e:l~~e:J:W '1J. 1.204 X 1024 e:l~~e:J:W 

fl. 3.612 X 1024 e:J~~e:J:W 

5. H2S04 3 1:w~"il~Ll~~ne:~u~bCJ H ~e:J~~e:J:W 

n. 6.02x1023 e:J~~e:J:W 

fl. 3 x 6.02x 1023 e:J~~e:J:W 

n. 0.017 

fl.1.7 

7. 161lb~CJ:w1e:~e:~e:~'U o.oo1 1:w~ ?1~btl'W~he:~e:~'U 

n. 6.02x1021 

fl. 6.02x1022 

~- 1.505 X 1024 e:J~~e:J:W 

'1J. 2x 6.02x1023 e:J~~e:J:W 

~- 2x 3x 6.02x 1023 e:J~~e:J:W 

'll. 0.17 

~- 17 

'1J. 6.02x1023 

~- 6.02x1026 
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tl. 6.03x1021 

1"1.1 0.23 x1 023 

"U. 5.03x1021 

\l. 9.03 x1023 

113 

b'V!I')~G'I ..................................................................................................................................................... . 

tl. 4.54 x1022 

1"1.1.38 xl 024 

tl. 3.0 lxl 021 

fl.3.01x1023 

'U. 1.38 x1022 

\l. 1.38 x1021 

'U. 3.01x1022 

\l. 3.01x1024 
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i1f.J~e:l~L~f.J1"U1t\J~~i1~fle:l'ULL'U'U'VI~fle:l'U1~fll11t!L,j1L~t!L'Uti~'Vn~1'VIf.J1A1fl~'f 
'U 01 

' ' !II 

L~e:~.:~ ~~ tJ-a~ne:~u~1f.l~beuf.l1eu1ru,j,'W1'W 3 'Vi1'W ~.:~il 
'U 01 

h.:~L~~'Ui.'lrh.:JLL~'U~'U 

fl. i.'lrJ1-:ILL~'U~'U ':il. i.'lf1~'Ufl1 

2. 'U1~i.'l1115 
' 

1 ).:JL~~'Ui.'lrJ1-:ILL~'U~'U 

fl. i.'lrJ1.:1Lb~'U~'U ':il. i.'lf1~'Ufl) 

3. 'U1-:J~'IJ.U 
"' 

1 "j.:JL~~'Ui.'lrJ1-:ILL~'U~'U 

fl. i.'lrJ1-:ILL~'U~'U ':il. i.'lf1~'Ufl) 
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"".r ( ) "' ""I 'i ... ~filnT~IPI~1'iil~eJ'Ufi113JIPI~.:Ib "11-:lb 'IJeJVI1 IOC '!J€Hibb 'U'U'Vlfl~eJ'U11Plfi113Jb'!J1 b'i\13.1 b'IJ3JIPI'Vl1.:1 

1'VlmA1~1Pl{ b~eJ.:j L3Jfil uuuti~'I1EJ"'1ilfl~1b~em 2 &'11~u.rr'IJ LIPIEJ~b~V1"111ru~1'1J1'1J 3 vi1'1J 
'U ... 

"" <Ol """ , d fi113Jflfl b VI'IJ'!JeJ .:j~ b "'iE! 1"111ru 
'U ... 

fi1IOC ~l'll~lil '!Jel'Vl d d d ~13Jfl:::bb'IJ'IJ 

fi'IJ'Vl 1 fi'IJ'Vl2 fi'IJ'VI3 

1 +1 +1 +1 3 1 .Ue1c;1-eru1m~ 

2 +1 +1 +1 3 1 ivc;1vu1m~ 

3 +1 +1 +1 3 1 oUeJc;1eJ'U1m~ 

4 +1 +1 +1 3 1 i €J c;1 €J 'U 1-tl1 ~ 

5 +1 +1 +1 3 1 oU€Jc;1eJ'U1m~ 

6 +1 -1 +1 2 0.67 oU€Jc;1e:J'U1m~ 

7 +1 -1 +1 2 0.67 immu1m~ 

8 +1 -1 +1 2 0.67 .um,e:Ju1m~ 

9 +1 -1 +1 2 0.67 oV€Jc;1e:J'U1m~ 

10 +1 +1 +1 3 1 oU€Jc;1eJ'U1m~ 

11 +1 +1 +1 3 1 ie:Jc;1€J'U1m~ 

12 +1 +1 +1 3 1 oU€Jc;1€J'U 1m~ 

13 +1 +1 +1 3 1 ie:Jc;1€J'U 1m~ 

14 +1 +1 +1 3 1 oU€Jc;1e:J'U1m~ 

15 +1 +1 +1 3 1 oU€Jc;1€J'U 1m~ 

16 +1 +1 +1 3 1 ivc;1€J'U 1m~ 

17 +1 0 +1 2 0.67 ie:Jc;1e:J'U1m~ 

18 +1 +1 +1 3 1 oU€Jc;1e:J'U1m~ 

19 +1 +1 +1 3 1 ie:Jc;1e:J'U1m~ 

20 +1 +1 +1 3 1 ie:Jc;1e:J'U1m~ 

21 +1 +1 +1 3 1 oU€Jc;1€J'U 1m~ 

22 +1 +1 +1 3 1 ie:Jc;1€J'U 1m~ 

23 +1 +1 +1 3 1 ie:Jc;1€J'U1m~ 

24 +1 +1 +1 3 1 ie:Jc;1€J'\J 1-tl1~ 
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., d 
'llil'VI f'i1IOC 

25 +1 +1 +1 3 1 

26 0 +1 +1 2 0.67 

27 +1 +1 +1 3 1 

28 +1 +1 +1 3 1 

29 +1 +1 +1 3 1 

30 +1 +1 +1 3 1 

31 +1 +1 +1 3 1 

32 +1 +1 +1 3 1 

33 +1 +1 +1 3 1 

34 +1 0 +1 2 0.67 

35 +1 +1 +1 3 1 

36 +1 +1 +1 3 1 

37 +1 +1 +1 3 1 

38 +1 +1 +1 3 1 

39 +1 +1 +1 3 1 

40 -1 +1 +1 2 0.67 

41 +1 +1 +1 3 1 

42 +1 +1 +1 3 1 

43 +1 +1 +1 3 1 

44 +1 +1 +1 3 1 

45 +1 +1 -1 2 0.67 

46 +1 +1 +1 3 1 

47 +1 +1 +1 3 1 

48 +1 +1 +1 3 1 

49 +1 +1 0 2 0.67 

50 +1 +1 +1 3 1 
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t:J!;In1";i~hfl";i1Z~~1fl1111tl1n~1~ (p) ~1ehU1<il'il1bb'I.Jn (r) bb!;!Zfi1fi1111L~mt'l..l"lle:J~ 

LL\J\J'VI~~e:~u1~fi1111Li11<i111 L'l..l:l.l~vn~1'VI~1f'11~~{ L~e:J~ L:l.l!;tbb uutJ-a'l!v"lJil~~1L~e:Jn 2 ~1~\Ji'l..l 

., .d 
~1 (p) ~1 (r) 

., .d 
~1 (p) ~1 (r) "!Je:J'VI "!Je:J'VI 

1 0.67 0.00 26 0.50 0.33 

2 0.58 0.50 27 0.17 0.00 

3 0.58 0.83 28 0.33 0.33 

4 0.58 0.83 29 0.25 0.17 

5 0.50 0.33 30 0.33 0.33 

6 0.50 0.33 31 0.58 0.50 

7 0.58 0.50 32 0.50 0.67 

8 0.67 0.67 33 0.58 0.50 

9 0.58 0.50 34 0.58 0.50 

10 0.58 0.50 35 0.58 0.50 

11 0.58 0.17 36 0.50 0.67 

12 0.75 0.50 37 0.58 0.50 

13 0.58 0.83 38 0.58 0.83 

14 0.50 0.33 39 0.67 0.33 

15 0.25 -0.17 40 0.58 0.50 

16 0.33 0.67 41 0.42 0.83 

17 0.75 0.17 42 0.25 0.17 

18 0.58 0.50 43 0.33 0.33 

19 0.42 0.50 44 0.50 0.33 

20 0.67 0.67 45 0.42 0.50 

21 0.67 0.67 46 0.50 0.33 

22 0.42 0.50 47 0.58 0.17 

23 0.75 0.50 48 0.58 0.17 

24 0.42 0.17 49 0.33 0.67 

25 0.58 0.83 50 0.42 0.17 
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fl1rlt:.~'IJ'Jn 1\1 
~ ' 

rl~bb'IJ'IJt:.J~gf:l.Jt)'VI5'VJ1.:1n1'jb~£J'IJrlel'IJb~£1'1Jbb~~Vi~.:lb~£J'IJ b~el.:lb:l.J~ 
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~ 

fl::tt'W'Wt~a.J 40 fl:!bb'U'U 

cl d 
L~"l.I'Vl Pretest Posttest b~"l.I'Vl Pretest Posttest 

1 13 35 24 7 36 

2 12 38 25 8 30 

3 10 29 26 8 29 

4 11 34 27 9 30 

5 11 28 28 9 31 

6 10 31 29 6 30 

7 9 35 30 6 31 

8 9 34 31 5 33 

9 9 29 32 7 29 

10 8 33 33 6 31 

11 8 31 34 8 33 

12 8 30 35 8 30 

13 4 34 36 9 33 

14 5 33 37 10 32 

15 6 30 38 11 32 

16 4 29 39 11 32 

17 4 33 40 12 35 

18 5 31 41 13 33 

19 5 33 42 2 28 

20 8 27 43 5 30 

21 8 31 44 6 28 

22 7 30 45 6 29 

23 7 29 

' "' ' "" ... d 

f11bQ(;ltJ ne:J'Ub ~tJ'U 7.84 'V!{;l\1 b ~tJ'U 31.38 

so ' "" 2.58 ... "" ne:J'Ub ~tJ'U 'V!{;l\lb~tJ'U 2.41 
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" fl~bb'U'Ub\Ol:IJ 80 fl~bb'U'U 

Pretest Posttest Pretest Posttest 

1 0 70 24 0 71 

2 0 75 25 0 59 

3 0 57 26 0 57 

4 0 68 27 0 60 

5 0 56 28 0 62 

6 0 61 29 0 59 

7 0 70 30 0 62 

8 0 67 31 0 66 

9 0 57 32 0 58 

10 0 66 33 0 62 

11 0 62 34 0 66 

12 0 60 35 0 59 

13 0 67 36 0 66 

14 0 65 37 0 64 

15 0 60 38 0 64 

16 0 57 39 0 64 

17 0 65 40 0 70 

18 0 61 41 0 65 

19 0 65 42 0 56 

20 0 54 43 0 59 

21 0 62 44 0 56 

22 0 60 45 0 58 

23 0 57 0 71 

0 62.30 

so 0 4.80 
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~ 

!OI::bb'W'Wb~l.J 120 fl:::bb'W'W 

d 
Pretest Posttest 

d 
Pretest Posttest b~'IJ'Vl b~'IJ'Vl 

1 13 105 24 7 107 

2 12 113 25 8 89 

3 10 86 26 8 86 

4 11 102 27 9 90 

5 11 84 28 9 93 

6 10 92 29 6 89 

7 9 105 30 6 93 

8 9 101 31 5 99 

9 9 86 32 7 87 

10 8 99 33 6 93 

11 8 93 34 8 99 

12 8 90 35 8 89 

13 4 101 36 9 99 

14 5 98 37 10 96 

15 6 90 38 11 96 

16 4 86 39 11 96 

17 4 98 40 12 105 

18 5 92 41 13 98 

19 5 98 42 2 84 

20 8 81 43 5 89 

21 8 93 44 6 84 

22 7 90 45 6 87 

23 7 86 

' d ' "" .., "" rm\:Jm.J mrWb'HJ'W 7.40 V!~.:Jb ~EJ'W 94 

SD .., "" 2.58 
.., ... 

vt~,:Jm.J'W V!~,:Jb ~CJ'W 7.22 
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fl'lfl~tnn u 

fl'l'Vitl~~nacurhm~·nmT'H~t:J'U~ b~a~ 1~1i1b~t:Jn1~~~n1~b~t:J'U~~'Jt:J1.n~n~n1~b~t:J'U~ 
'U 'U ~ 'U 

~ ~ 

bbcucuacub~.,~ s i'Ue.J~~~~.,'Uncub'VIflilfln~~bb"li~iu1uiu1lv1vfl'J1~~ 
~ 'U 
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.. 



d 
'tiel 

tJ~~1~m~tim~n 

lPl1bb'Vf'l..i{j 

i'Vl tJ11"116'HWaD ru"V1 1?1 6'!1'ln1"111 bfliJ 

l.IVn1'VltJ1~mn..J~'a1"/Jf:lTU, YUl. 2552 
' 

l.lvni'Vlm~ CJ"a1"/Jtl{]~~-atnu, Vi.~. 2554 

i'im~11"116'!1?1"al.IVnD'ru"V11?1 (m-au~'VI1"af1Tai'im~n) 

l.lvn1'Vlm~m.J'Vll.l51'i1, 'V'l.l"l. 2558 
' 

1 'a'lb~CJ'l.!?!'h:!bb~'W~h.! 

eJ1b.f1B?!'h:Jbb~'W~'W ~.:Jvr'J~?!fl~'Wfl"a 

'V'l.l"l. 2554-thr;uD'W 
' 

flj fl.l"l. 1 
'U 

~m'U~vl1{11'Uu~~u'U 1 -a-:~b~CJ'U?!l1-:Jbb~'U~'W 
eJ1b.f1BB1fl11"1eJ1'WltJ ~.:Jvr'l~?!fl~'Wm 

1 'Vl'aPl'V'lvl 089-84554 7 6 

Email; nattarika2529@gmail.com 
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