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The main purpose of this study was to develop scientific conceptual 

understanding of electrochemistry by using SE inquiry learning cycle incorporated 

with predict-observe-explain technique in the elaboration step for 4S Grade 12 

students at Phosai Pittayakarn School. The treatment tool included five lesson plans 

(lS hours) of electrochemistry based on SE inquiry learning cycle incorporated with 

predict-observe-explain technique. The data collecting tool was the scientific 

conceptual test of electrochemistry, which contained 30 items of two-tier diagnostic 

questions, in which the first tier was about selection of their choice of answer and the 

second tier was the explanation for their selected choice. Students' answers were 

analyzes and categorized as good-, alternative-,and mis-conceptions. The percentages 

of students in each category of good-, alternative-, and mis-conception f or the pre

conceptual test were 9.11, 4S.48 and 4S.41, and for their post-conceptual test were 

49.8S, 37.63 and 12.S2, respectively. The highest percentages of students in good-, 

alternative-, and mis-conception for the pre-conceptual test were in the topics of 

electrolysis of water (22.22), redox reaction (S 1.11), and reduction and oxidation 

potentials (SS.S6), respectively. The highest percentages of students in good-, alternative

, and mis-conception for the post-conceptual test were in the topics of reduction and 

oxidation potentials (66.22), electroplating and cathodic protection against corrosion 



(52.35), and galvanic cell (27.22), respectively. The dependent samples t-test analysis 

indicated that the post-test conception score (mean 42.67, SD 8.94) was statistically 

significantly higher than the pre-test score (mean 19.42, SD 6.94) at p-value of 0.05. 

This verified that the implementation of 5E inquiry Learning cycle incorporated with 

predict-observe-explain technique in the elaboration step was effective to enhance 

students' scientific conceptual understanding of electrochemistry. 
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" " 
1'11a81-:i1°111?1e-iu bb uuvi~~au b~e-i-:i'lJ!jn~m~~afl6il~b'lJ~vmb 'lJG'l-:i~1fl~ 1 'W~~~~ 
(fl) 1 'lJci~ b'U~~~i;ifllii'a-:i ('ll) 

" " 
{a8G'l~fl~bb'U'Ufl11~boLJ1h~ b 'U~~fl8'Ub~8'U 'Vi~'lb~8'U bbG'l~fl11~tl11'Vlif1 

b~a-:i 1 '\o'J~1brii1 ~1 bb'Wfl\911m~~u'l"l~~m1~ 

4.14 {avG'l~'llm~ b 'W~~i;ifllila-:i rim~bfl~B'W ~~ bbG'l~ \jJ\9lB'U b~a-:i 1 '\o'J~1brii1 
" 

rie-im~v'Wlil1bb'Wfl\911m~~'U'l"l~~m1~ 

4.15 {avG'l~'LJB'I~ b'U~~i;ifllila-:i rim~bfl~B'W ~~ bbG'l~ \jJ\9lau b~a-:i1 '\o'J~1brii1 
" 
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d 
fl1'rl'VI 

4.16 ~1 €l ~1'lfl1\91 €l'U'1J€l'ltl' m~m.J b 'Ubb 'U'U'Vl~?IB'U b~B'lU lj n~ CJ 1~~€1 fl6il 1 ~~'U 

'V'Jq~m1~ rn1~b.U1 h~b u~m.JbbU!;Wi11fl~ 1 'W~~Am~bA~ffW 

(fl) 1u?i~hm~~i;ifl\lle:i-:i ('ll) 
'U 'U 

4.1 7 ~1€1~1'lfl1\91€l'U'1J€l'ltl' flb~CJ'U b 'Ubb 'U'U'Vl~?IB'U b~B'l'lJljn~CJ1~~€lfl61J1 'U1~~'U 

Y-lq~ m1~ m1ibA11~it1~b 'lJ~CJ'UbbUG'l'l"il1fl~ b 'U~~~~bbG'I~ 1~191€1'\J 

(fl) 1u?i~fo~~~i;ifl\llm ('ll) 
'U 'U 

4.18 ~1e:i~1-:if11191B'U'lle:i-:itl'm~CJ'U1 mb 'U'U'Vl~?le:i'U b~muljn~m~~Bfl61J1 'U1~\9l'U 

Y-lq~ m1~ m11 bm1gj'lt1~bU~CJ'Ubb um"il1fl~ b 'U~~~~ 

(fl) 1u?i~1 tJ~~~i;iflvi'e:i-:i ('1J) 
'U 'U 

4.19 \K1e:i~1-:ir\'1\91eJ'U'1JeJ'ltl'm~CJtJ b tJbb'U'U'Vl~?IB'Ub~e:i-:iA11~r11m1i;i 1 tJfl11~~16ilbbG'I~ 

e:ie:ifl681~~ 1~~'U'V-lq~m1~rn1~ b .U1 h~ b 'lJ~CJ'Ubb UG'l'l"il1fl~ b 'U~~~~ bbG'I~ 1~\91B'U 

... 
'Vi'U1 

67 

69 

70 

(fl) 1 u?i~ fo~~~i;iflvi'e:i-:i ('IJ) 11 
'U 'U 

4.20 

4.21 

4.22 

'il.1 

'il.2 

'il.4 

~1B ~1'lfl1\91eJ'U'1JeJ'lti flb~CJ'U b 'Ubb 'U'U'Vl~?IB'Ub~B'l b61JG'l~flG'l11tJfl ~~fl11 

bU~CJ'UbbUG'l'l"il1fl~ fo~~Am~bfl~B'U (fl) 1 u?i~ fo~&l~f;lflvleJ'l ('1J) 
'U 'U 

~1e:i~1-:if11\91e:i'U'1Je:i-:itl' m~CJ'U 1 mb 'U'U'Vl~?le:i'U b~e:i-:i m1bwml1~1 CJ m~bbrl1 vJvh 

~iJfl11bU~CJ'UbbUG'l'l"il1fl~btJ~~Am~bfl~B'l.J (fl) 1u?i~fo~~~f;1fl\9i'e:i-:i ('IJ) 
'U 'U 

~1CJ15bbfl t 'Vl~fl~nm1b tJ~m..ibb 'IJG'l-:1~1fl~ t 'U~~Am~ bfl~e:i'U (fl) 

1tJG'f~b'U~~~f;1flvleN ('IJ) 
'U 'U 

m 1-&-:1J1Vltl' fl bbG'I ~D'UVi flJ 1Vltl' fl'IJ e:i 'l bG'!Vl~ b ~e:iPI mnu li~ CJ 1~~e:i fl"li 
n"il fl 11~ fl11'Vl~G'I B'l b 'U~'l.J~111"il bbrl~fl'UVl1 b ~ e:iPI mnulj~CJ1~~ eJ fl6il 

ti ti 0 ti 

fl1~\91'U~1CJA1f;11~'1JB'lfl1~?1B'U 
' 'U'U 

n"il m1~ b 'l.J~'l.J?l~1'lfl11~?1'U liJ b ~e:iP\mnm1ci1CJ beJ'U ~ b~ flfl1B'U 1 'U 

72 

73 

74 

163 
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•1J.5 n"iJm'j:iJb 'U~'U?1~1.:.irn1:1Jcl'1'jT<\J bb'1~fl'U'Vl1 (n) bb'1~ ( 'LJ) fl1'jci1CJ1ei'UB b~ rnmJ'U 

b 'Ub61J'1i;l tlffJ1iJ n 1~ mJ' nb~Cl'U~fl1'j11.:.I bbe..J'U BB nbb 'U'U bb'1 ~vl1 fl1'jVJ~'1 B.:.1~1 Cl 

~I I 

l'l'Ub'El.:.I b u'Ufl'1:1J 
' 

'IJ.6 n<\Jm'j:w POE b'U~'U~.:.Jbnl'l b~ei~m~1LJi]n~m~~ein"lim'jci1C11ei'LIBb~nl'l'jeJ'Ub'U 
<v = 

b61J'1'1n'Um'Un 

61J.7 n"iJm'j:1Jb'U~'Uci'1'j1"ilbb'1~fi''Lim (n) bb'1~ ('ll) m'jv\'1n"iJm'j:1Jb~a~n~1LJi]n~C11 

~~ein"lim'jci1C11ei'UBb~ nmei'U b 'Ub61l'1G'ie..J'11~ 

6/J.8 e..J'1 fl1'jVJ~'1 m n"il m'j:iJ b 'U~'Uci'1'j1"iJ bb'1 ~fl'U'Vl1 b ~a~ n~1 fl1'jD ei.:.i tl'U fl1'je..J n~ B'U 
' 

'LJB.:.! 1'1Vl~~1CllBbbA 1 Vl~n 

164 

165 

165 

166 



d 
'U'Vl'VI 1 

0 

'U'Vl'W1 

VJ1-.:i1'Vlcni311~~1 11ir~-.:i 1m im1l.l~bb6'l:::Vifl~:::m:::u1'Wrn1'Vl1-.:i1'VlCJ11311~~fl 'Urn1~11-.:i,;1~ (~Tu fl 
'U 

1'1l1rn1 bb6'l~l.l1m~1'Wrn1~m~n, 2551) ~-.:i'1'W'Vlflf1'W'11b U'W~e:i-.:i 1~fo rn1~w.J'W11 Vi1~~1'VlCJ1l311~~1 
~ ' 'U 

b ~e:i~lil:::nri11l.l~m1rn-U1h1 'U1fi1l.161l1~ bb6'l::: b 'Vlri 1 'W fa~~l-l'W~tl~~1-.:i~'U ~1m1t1tl1ri11l.l.rl u1 ie:i81-.:i 
'U ' 'U 

nbVl~e..16'1 ~~1-.:i~11\0l bb6'l:::nrirul511l.I (ml.ll61l1fl1) m:::VJ11-.:iPifl~1Tifl11' 2551) 1~muvn:::rn1b~CJ'W~ 
' ' 'U 

bb uu~u b~1::: 1 'Wim~CJ'Wb ll'LI~-.:i~~1rl'ru~"i1:::6li1 CJ~w.J'W1bb'1~?i-.:i b~~l-11 VILT fl b~ CJ'W~~1-.:ie:i-.:il°lm1l.ITI~~1 CJ 
v 'U ., 

~'Wbe:l..:J~1'Wfl"i!fl'j')l.Jfl11?i'..:Jbfl~ nrn1~-.:ir11ml.I e:le:lflbb'\.J'\.J11..:Jbb~'Wfl11'Vl~6'le:l..:J rn1'1111"ilm1"il~e:l'\.J 

m~'\.J1'Wfl11bbflUtuVl1 rn1~ufi''U-1Je:il.16'l rn1e:i.fith1CJ bb6'l:::rn1~e:i~11ri11l.l~b~e:i1Vl~~m-01h ~-.:ifr-.:i 
v 'U 'U 'U 

~"lt:-m bte:i 1Vl~b~CJ'Wbfl~f111~boLJ1h1~CJfl1'H zjeJl.l bCJ..:Jf111l.11Vl~e:lU'J:::~'\.Jn1'HU~ne:icib~l.lfl'\.Jfl11~~Vl~e:l 
'U 'U 'U 'U 

tJ':i:::~u rn'Jru1 Vl~~1~~'\.J"i11flrn1nui}~l-l~'W6nu~-.:ibb1~~e:i~ ( ml-1161l1m':i m~VJ11-.:iPi fl~1Tirn1, 

2545) 

161l1 brin~ e:i11bU'UVl~-.:i1 'W1'1l1161l1 bbfl'W'Ue:i-.:i1'Vl CJ1 m~ ~1~~1 b ll'W ~ e:i rn) b ~CJ'W 1bb'1:::fl11b.LJ11'1161l1 
'U 

1VJCJ1\3f1~~1~1'U1~'W 6l ,;11VJCJ1 ~~fl~ bb6'l:::·fo~1311~~1 bb~brifall'W1'1l1~CJ1fl~1Vl~'\.JLTrn~CJ'W~1'W 

1Vlajbb6'l:::LTrn~CJ'Wf1~111~b~m.Ue:i-.:inu~1~tJ1:::~Tfo (\'1fl~\3f~ ~n1~':i, 2555; e11-.:iB-.:i"i11fl Kegley, 

Stacy and Gutwill, 1996) ~1Vl1''1.Jb.QBVl1b~e:i-.:i1vh~1brinbb6l:::bU'W~1'WVl~-.:i1'W161l1brinmm'Wrn11'~ 

bb6'l:::tJ1::: biJ'Ufl11b~CJ'W~'Ue:l..:JLTflb~CJ'W~LiCJ~Pifl~1lJ~ 6 n b de:iVl11 'Wbb~6'1:::~1-1Je:iCJ1 fl~e:lfl11vl1f111l.I 
'U 

b·1hh'lle:i-.:iLTrn~CJ'Wbb6'l:::CJ1n~e:iri1~~e:i'W~"il:::vi'11 VILT fl b~CJ'Wnm1l-lb.LJ'1h 1 m~e:i-.:id rn1b~CJ'WmCJ 1 'W 
'U'U 

b ';i ..:J b~CJ'W~n~1'W1'W'Ue:l..:JLT n b~ CJ'W 1 mb~6'l:::Vle:i-.:imflU'J::: fle:l'\.J nu fl1';j b~ CJ'W bb '\.J'l.J'\.J';j';j CJ1 CJ b V1 CJ..:Jfl~l.lb .Oe:iVl1 
' 

e:ici1"J b~ tJ1 vh1 VILT rn~CJ'W 1~~'W h 'U1~m1~m:::~e:i~e:i1'W bb6'l~bn~ri11l.I b ~e:iV!ti1tJ 1 'Wrn':ib~tJ'W hl1~ 

tJl)?i'l.l~'W5n'l.Jb~eJ'W 11~b~'Llf11'jtjbb6'1~1~1Jl6'1-.:ii1e:itJl)u~rn':i'Vl~6'leJ..:J bb6'1::: Acar and Tarhan (2013) 

~':i1m1'W11 rn':i'Vl~6'le:i-.:ibb utJ~-.:ib~l-lml-11TI°l 'W\911'J1 ui)u~ml-l~'W~e:i'WVi6'l:::~'W"ilm~~"il rn':i'Vl~'1B"l vi'1 

1 Vil~ bfl~ fl1';j"i) ~'11?i't1j~n~ru b de:iVl1 bb6'l:::fl1'Jvl1f111l.I b .U1h1 'Wfl1';ib tJ~ CJ'W bb um~ bfl~~'W 1 'W fl1';j 

'Vl~i;:ie:i"l ~"le..i'1~'1.J b'i1e:i"l 1 VILTn b~CJmfi~m1l.lb-01 h~~~ Vl~e:irim~bri~e:i'W 1 m~e:i-.:i1 ~~1brin'1'Wmn~'W 
~"Ju t1JVl1 b Vl~1dv111 Vlm1l-I b .U11"i11 m tr e:i'Vl1 bb6l :::e..im1l-l~'Vl~'Vl1-.:i m ':i b~ CJ'Wl°i e:i'W-01-.:i~1 bn~l-11 'Wl-I ~ 

1VJmm~~4~rim~bri~e:imb6'l:::l-l 1 'Wl-I~~~~ ~"l'11 b U'W~e:i-.:inrn':i?i-.:i b~~l-11 VILT fl b~tJ'W 1J1~~1"Je:i"lrim1l-11 
'U 



2 

~ ' d .c:!il iJ' iJ' ' ii~ ii 

m~U1'Ufl1'Wl1.:J1VltJ1\3116'1\P1'jb'\l'l'eJ?!Ub6'11~Vl1fl11lJ'jbbi;'l~?l'j1.:JB.:Jflfl11lJ'j'1J'UlJ1\911tJ\P1'Ub8.:J 
'U 'U 

n 1'j~ ~ n 1 'j b1 ti'W -rt 'WD&i1Viiib~a1 ~LJ 'j~ ?lu f;.Ji;i cl'1 b ~~ fl 'j~ ~ ~ a.:i ~ b~ ti1 nu fl11l.I b-iJ11~~ 
'U 'U 'U 

fli;'11~ bfl~ B'U'lJ 8.:J ~ b1c.J'U1 'Wvt1-iJB~'U 1 fl'j~ 8.:Jcl'1'j'J~fl11lJ~ b~lJ'lleNL! n b1 tJ'U na'U~~ ~vl1 fl1'j b1 tJ'U ~ 
'U 'U 'U 'U 

bbi;'I~ 1~A1bb'W~thnu'Llrn1ti'W1 'W'j~Vl11.:ib1ti'W~1tJ (Bodner, 1991) zj.:Jfl1'j~fl'jilm1m.LJ1 h b~ti1nu 
'U 

fl11lJ~b~lJ (Prior Knowledge) Vl~Bbb'W1A~Vl1.:Jb~an (Alternative conceptions) '1Ja.:i'Llrn1ti'Wl1 

bll'Wa~1.:ih ?IB~fl'1a.:inubb'W1A~Vl1.:i1vim\311?1\P11 (Scientific conceptions) bbi;'l~bll'W~tJal.1-ru'llB.:J 

'Lln1vi tl11'11?1\P11Vl~a hi ~~?11lJ1'jb1-d1ti 1~flJVl'j1U~W\i1'W'1Ja.:i'Llrn1ti'Wbbi;'l~?l1m'jfl-d1tJ1 ~fl'jaan bb uu 
'U ~ 'U 

1 Viii ~mfi~fl1'jb1ti'W~bbi;'1~?11m'jb1LJfob LJ~ti'Wbb'W1A~'1JeN\P1'W 1 ~b llmb 'W1A~Vl~Bl.I L 'Ul.l&i1viml311?1\P11~ 
'U 

bll'U~tJBlJ-ru'lla.:i-Wn1viti11311?1\P14'U~~'l'T'U 1~ (61J1\P11 ~1tlrl1\P11, 2555) a~1.:i1 'jrl\P11lJlJ b 'Ul.1~1 'W161l1bflil 
' 

liJ1'W1'UlJ1 nEJ'.:i b~ tJ1-iJa.:i tlUD 'j1n!J fl1'jf;U1'tJ'j~~U~lJeN1ii b ~'U~1tJ\P11 b LJ~1 b-ci'U bfl'j .:J?l~1.:JB~ \P18lJ bbi;'I ~ 

~'Wo~bflil zj,:ib lim~m'1Jm'W1lJ5'j'jlJ~l.la.:i 1ii b ~mbi;i~trlJer?11ii1~ v'i11 ~'Ll rn1ti'tJ'j~~u~otJlJ~ m~1\P1a'W 

LJmtiill.11'Ul.1~~1~fon~a.:i1'W161l1bflilbll'U~1'Wmn (?ll.lb~\P1tl m~~mJ bbi;'l~~n~\311 Ml1't'.t'j, 2554) bblYi 
'U ' ' 

tl16'11lJ1'jblbzjBlJ btJ.:Jfl11lJi!rlJ~'U5'j~Vll1.:JlJ b 'Wl.1&11 'tJ'j~~U bl.Jbi;'lni;i boLJ1tlU~.:J~lJB.:Jb~'U1 'tJ'j~~UlJVlfl1fl 
' 

bbi;'I ~ fl1'jb ~ tJ'U~1 tilirru~ n'l'.truVl1.:J bflm~~~·1h tJ 1 ~'Ll n b1tJ'Ub~ tJ'U ~l 61l1bflm~a~1-:iilLJ 'j~ ~VlTifl 1'\l'll.11 n~'W 
v 'U 

Q,.I ~ d 

(131n~Y'1'j ?lfl1't'.t'j, 2555) 
' 

fl1'j~~fi~nJ'jlJfl1'j b1 tJ'W~1vi ti1Y'11?1\P1fl 'W~a.:ib1ti'W 1~mu'V'l1~ bflil b ll'W161l1Bn'Vl~.:i 1 'W~a.:i b~tJ'W 
'U 

1vi ti1Y'11?1\P11'1la.:i b .:Jb~tJ'W 1 'V'li1 Vl'jV1Vl tJ1fl1'j zj,:ib ll'W b .:Jb~tJ'W'll'W1~ni;i1.:i 1 m)1bflB1 'V'li1 Vl'j ~.:J'Vll~ 

aui;i'j161Jo1iJ ~~fl1'jb~tJ'Wl61l1bflil 3 mu\YialirLJ~1~ iltl1V1L!n'Vli11tifl1'jb~tJ'W 1.5 V1t11tifi\P1 ilm'j1~ 
' 
bbi;i~LJ'j~ bDm.ii;i fl1'j b~tJ'Wb ll'tJ'j1 tJfl1fl b~tJ'W bbi;i ~EJ'.:it111 LJ1 .Uvi~?larn ~a1~t:.rni!rl.l~Vlivi1.:im'jb1ti'W 1 'W 

1'j.:ib~timbi;i~m'jvi~?IBu1 'W'j~~u61J1~~1v zj,:i-;;i1nLJ'j~?1um'jrum'j6'ftJ'U~e.i1'Um 1'W1 'j.:i b~ti'Unm'j?ltJ'U 

bb uuu 'j'j ti1 tJ bbi;i~vi~i;i a.:i \P11l.I bb uu'Vl'Ll.:i~B b ~tiuv'i11 ~(;.Ji;ilirlJ~Vl~Vl1.:i fl1'j b~tJ'W ~ 1 b ~'LI 1~~1 m1 tJ.:J1'W 

'1J a.:icl'1-W nvi~?I au m 'j ~ n'l'.t1 'j ~~u61J1 &i.fr'W~'W~1'W ~1'W ( 0-N ET) 'V'lUl1fl~ bb 'W'Ubu~ ti161J11vi tJ 1m?1\P11 
~ ~ 

'1Ja.:i-Wrn~ti'W.fru~otil.l~nl11tJ~ 6 b.:ib~ti'W 1 'V'li1 Vl'jV1viti1fl1'j 1 utJm'j~nl11 2554, 2555 bbi;'I~ 

2556 ilfi1~atii;i~ 25.69, 31.57 bbi;'I~ 28.99 (SO 5.60, 7.21 bbi;'I~ 6.23) \P11l.1~1~u (?lb11U'W 

vi~?leJUV11.:Jfl1'j~n'l'.t1bb !A.:i61l1~ ( eJ.:JA nT'jlJVl161l'W), 2556) zj,:iill"i1~~1n11 bnru"Vi'lleJ.:J'j~~uLJ'j~ b Vll'1 

ilfi1bu~tJ 27.90, 33.10 bbi;'I~ 30.48 (SO 8.59, 10.37 bbi;'I~ 8.98) ml.1~1~u bb~bU1Vlmti'lleJ.:i 

1 'j .:ib1ti'W~eNfl1'j~~'W11 ~ilfi1 bu~ tJ?l.:J~'UvintJ ~.:i~'U~.:ilil1 b ll'W~a.:iil fl1'j~~'U1t:.Ji;i fl1'jVl~?I eJuvi1.:i 
'U ' 

fl1'j~n'l'.t1bbiA.:i61l1~.fr'U~1'U ( 0-NET) '1lm'Llrn~tJ'U'j~~u.fr'U~5tJlJ~n'l'.t1tJ~ 6 1 ~?l.:J~'Wmm l11VlmtJ 
~ 'U 



3 

n1'H~CJ'Wit(Y)CJ~1'W fl1'j~'IJ b?l1~VJ1-:11Vl CJ11"11?11'l{ (Science inquiry) zj,:i b U'Wn'<il m'jiJV!~e:i15m'j 

b ~CJ 'W ~vi bu (YI 1e:i m ?11 VftT m ~ CJ'W 1~tJ n'\J&\1~l.l-:ilie:iv11~1 CJ \>l 'W b e:i-:i b ~e:i~l'll'W 1rn 1ii~VJ1-:11VJ m 1"11?1 \>l { v ~ v 

Vln~~m~'IJ1'Wfl1'jVJ1-:J1VlCJ11"11?11'l{ bbl.1~1'111il b •ih11il 1 'Wu'j'jiJ'IJ1&i'lJB-:J1VlCJ11"11?1\>l{ 1 m 'Wfl1'j~1'j1'<iJ 

mT'il?IB'U bbl.l~'j1'\J'ni1-Um.;1l.1V1~BV1~ n~1'W~1-:i 1m 1 .if b ~e:ie:i6u1 CJU 'j1 n!J fl1'j nJ5'j'jiJ'IJ1 ~V!~B bbn'll f1!V!1 

e:i~1-:i b U'W'j~uu i1n1'j11-:i bbt:..i'We:i~1-:ii1~'Wl'lB'W liie:i b ~e:i-:in'Wi1n1'j'\.J'j~ d'.J'Wt:..il.l 1 'Wbbliil.l~~'Wl'lB'W'Ve:i-:in1'j 

b~CJ'Wi ('ll1\>l~ ~1CJA1\>11, 2551) ~1V!-ru1!]~mfl1'j~'\Jb?l1~V!1m1iii (inquiry cycle) vibU'W~1e:i~1-:i 

1m'Wfl1'jb~CJ'Wfl1'j?feJ'WU'j~ne:iu~1CJ 5 ~'Wl'lB'W (5E) ~e:i 1) ~'W?111-:il'l11i1?1'Wh (engagement) 

2) ~'W~1'j1'<iJbbl.l~rl'WV!1 (exploration) 3) ~'WB6u1mbl.l~l.l-:JoLJB?l1U (explanation) 4) ~'W'VCJ1CJ 
1'111il1 (elaboration) 5) ~'WU'j~bil'W (evaluation) (miil'll1fl1'j m~Vl'j1-:JPifl~15fl1'j, 2545; 

v 

'll1\>l~ ~1CJA11'l1, 2551; Supasorn and Promarak, 2015) 

1(Y)CJ fl1'j~(Y) fl1'j b~ CJ'W1 bb uu~u b?11~VJ1-:11VJml"11?1\>1{?11m'jti~l'll'W1m1ii11VJml"11?11>l1 b?l~ii 1 Vf 
v v 

'Lln b~CJ'W 1~f1~e:i~1-:ii111il1'jf.1.ltl.J1ru ?1~1-:i b U'WB-:Jfll'l11ii'rl~~1CJ\91'WbeM b V!m~?liinu~ b~CJ'WV!l.11CJ'j~~u ., v v 

bbl.1~'111 CJ b?t1iiV1n~~m~u1'Ufl1'jVJ1-:11VJCJ11"11?11>l1~'W'IJ'jf.1.l1fl1'jbbl.l~m1iib -U1hb68-:iii 1 'Wii~'VB-:J~ b~CJ'W 
v v 

1~e:i~1-:iiJ'IJ'j~~Vl5.fl1'\l'l b '\f'l'j1~'1i1CJ 1 Vl~b~CJ'U.yjiJt:..il.l~il~Vlt~1b oLJ111iliJ b 'Wil~'lJB'I b~B'l.yj b~CJ'U 1~~~'U bbl.l~ 
c]-:i~l'll'U1?1~uf1!f1!1~'Ll~-:i~1V1-ruirm~CJ'Ll.yjiJt:..il.l~i1~VJt~-:i~1CJ (P1n~l"l~ ~.n1~'j, 2554) e:i~1-:ihn 
miJl'l'j'<iJ~l9i'e:i-:i1 i15m'j.yj'V!mn'VlmCJ i1m'j1 in'<il fl'j'jiJm~l9i''Lll'l11ii?1'U11il b~m zje:iii 1CJ-:i1 tJ~'\.J'j~ b~'Ll 

v ' v 

l'lB CJ~bb 'W~ b ~'UJ11 Vf,j' n b~ CJ'U b oLJ11 lilti'I n'<il fl'j'jiJ fl1'j b~CJ'Ui.yjiJn b~CJ'Ul.l'liJe:itJnu~ (~ 'j~1'j'jf.1.l bn~~'I~ 

bbl.1~1'j'jf.1.!Vl'V'l1 'jeJ~bb'j'lfl1, 2553) 'WBn'<iJ1nd Acar and Tarhan (2013) 'j1CJ'l1'Ul1 fl1'j~~fl1'j 

b~CJ'Uibb uu~u b?l1~ 1 'Ufl1'jVJ(Y)(,leJ'IVl1-:i~1'Ubl'lffi 'UVf mun~m'j'li1CJ1 Vf'Llm~CJ'Ub -U111il b de:i'Vl11 'UuVJ b~CJ'U 
bl'li1ii1n~'Ll b ~ii t:..il.l~iJ~VltVJ1-:i fl1'j b~CJ'Llb~B'I hJVh bl'llJ VI n~~Vl1'1~1'Ll fl1'jVJ (Y)l.18'1 bbl.l ~ir m~CJ'LllJ 

VJl"l'Lll'l~~~~B1"1l1 bl'liJ Bfl~'lcJ'lb V!i11~~1V1~u'Llm~CJ'U3YuC!iiPi n~1\91B'UDl.11CJ bbl.1~'1i1CJ b ~iim1ii b .U11'<il 

ii 1'Llii~1m~B-:i1 vJvhbl'liJ (Supasorn, 2015) bbl.l~iJ'IJ'j~~VJ6.n1'V'l 1 'Llfl1'j~\>ll'Ll1m1ii b -U1 hii b'Uii~'VB'I 

'Llm~CJ'Ll1Vl~'l~'Ll1~ (Supasorn and Promarak, 2015) 

'U8fl'<il1 ndn'<il fl'j'jiivl1'U 1 CJ-~'! bfl\91-85'1J1 CJ (POE) b U'U n'<il fl'j'jiJV!~'l.yj'<il~'li1CJ1 Vf'Llm~CJ'Lli1m1ii 

boLJ1hii1'Llii~Vl1'1lVlCJ11"11?1\911 ?11iJ1'jtl.yj'<il~'<il~~1m1ii-rl 'UWCJ~CJ11 (Costu, 2012) b(Y)CJiJii b'Uii~.yj 
v 

l'll.11~bl'l~B'Ll~B CJl.l'I bbl.1~?11m'jti~l'll'W1 bb 'Ll1 A(Y)V!~Bm1ii1 b~iJ'VB'l'Lln b~ CJ'U~ii 1 'Llii~VJ1-:11VJCJ11"11?f l>l1 
v v 

mn~'U (~l>l'Ll1 ~'U?11JVJ bbl.l~hCJ'V'l'I~ b~B'l?f1'j'jf.1.l, 2555) bbl.l~fl1'j1i~B.yj~'lb?l1ii1Vf~b~CJ'LlboLJ111il 
' v 

bb 'Ll1A(Y).yj b lJ'Umii5'j'jii 1~-lJ(Y) b '<il'Llmn~'Ll b 'li'Ll iJm'j 1 in'<il m'jiifl1'jVJ(Y)(,l B'I 'j'\.J.fl1'V'l bb uu~1l.1B-:i 1ii b(Y)l.l 
v 

bU'Ul9i''U (bCJ11b'jl"I hb~'Ll bbl.l~l'lru~, 2550; 'll1\>l~ ~1CJr11m, 2551) b'lim~CJ1nubt1BV11m'j?ff)'U 
1 vJ~1 bl'li1'\.J'j~ nBu ~1 CJ n'<il fl'j'jiJfl1'jVJ(Y)l.l B'IV!~Bfl1'jb tJ~ CJ'Wbb Ul.l'l'VB'l?f1'j.yj,Yn b~CJ'Ll?l1iJ1'jtl~'I bnl'l 1~ 
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<J11 tJ \91ii bel\I hi tJ b VlfltJ fldb llii fl11"5' ~ n "il fl'a'ad.J fl11 b ~ tJii fl11?teJii ~ b-U'iim 1&.J611fi't1]6U el\l '511d.J6ll1&i~11 

tl' rn ~ tJii 1~ n n 11v\'1.:i 1m llii1~uuei~1.:itl' n 1vi tJ 1 mM111~ mb u.:i b lJ ii 3 iii \91 e:iii ~ e:i iiiv\' 1ii 1 tJ 

(Predict) im1'1bfW1 (Observe) bb'1~iiie:i6u1tJ (Explain) 1~m~tJiij~1ii?tmiim1rum1Vl~6'leJ'lb~eJ 

v11ii 1tJe..J'1l1"il ~ bn~ m 1 b '\.J ~ tJii bb '\.J'1.:iei~11~ii bb'1~v11 n11vi ~" e:i.:i b ~ e:i ir.:i bfl \91 e..J'1~ bn ~~ii11 b lJii "il ~ 
e:i~1.:i 11bb'1~?1ei~f1~ei.:inu~v11mtJ 11Vl~ei 1~ bb6'1~ 1 iiiiiei5u1mrii tl'm1tJiiei5u1tJe..J6'l"il1nm1vi~"ei.:i~ 
btl~~ii11?1e:i~fl~eJ'IVl~eJoU~bbEJ'ltl'U~vl1'U1tJ H (White and Gunstone, 1992) bb6'l~blJ'UbVlfl'Llfl~"il~ 

~1 tJ~\9!.Jii Tv( n~~ m~u1ii m1vi1.:i1vi tJ1!'11?1 \91{bb'1~tl' n b1tJiii1fl11&.J.y;-'l'\l'fel 1"il1 ii m1b~tJii1 ii 'a~~umn 

~?leJ~fl~e:i.:inu e:ium11ru 1Vi'vie:i.:i, miil'i\91~-r\91111\9llb?1m bb'1~'1"11'1"111ru ~.:i1'l"lt (2554) iie:in"il1nd 
q q 

V ii CV CV O cv.::f'.c::il I <V d ii ~ 
tJ'l?leJ~fl6'leJ'lfl'U'516ll tJ~?lfl1 bb6'l~l'lfl~l'11 ?1.fl1~1 (2555) 11tJ'l1ii11 fl11"il~fl11b1tJii1bb'U'U?l'U 

q ' " 

b?11~V11m1&.J~ ~1&.J nu n6'115m1v11ii1 tJ ir.:i bn\91 bb6'l~e:i6u1tJ "il~~1 tJ ?1~1.:im1&.J?lii h bb6'1 ~ m~~ii n11 
" q 

.c:il 2.JI CV <V ~ .C:::...:;). ( V .:! d d ii 

b 1 tJii ~6ll1 tJ'l"I \9!.Jii1vi n~~ fl11fl~ b 6ll'l1'1"11 n~bb'1 ~ e..J '1?1&.J~Vl5Vl1'1m1b1 tJii e:i nm tJ 

~.:ii!ii ~1~ tJi5.:i:rlfl11&.J?lii hPin~1m1~\9!.J'U1A11m oif 11"il&.J fo&.J&i1VltJ1l'11?1\911 b~e:i.:i 1 '\l'J~1bfl:rl 
" 

<J11 tJ1!)~ fl'afl11 b1tJiii bb 'U'U~'U b?11~ 5 iii e..J?ld.Je..J?l1iin'Ub Vlfl'Llflvl1ii1tJ-i1'1 bflWeJ5'U1tJ 1 iiiii6UtJ1 tJ 

m1&.J~ ~1V1~utl' m1tJii.ff ii~5tJ&.JPi n~1tl~ 6 b ~ei~"il~~\9!.Jii1f111&.J b oif 11"il&.J 1 ii&.J&i1vi tJ1l'11?1\9116Ue:i.:i 
" 

tl'n b1tJii1~?1.:i~ii1~tJ bbm 6(]&.J 1ii&.J&i~~~1 ~nmtJ b lJii&.J 1 ii&.J&i~tin~e:i.:im&.Jbb ii1f1~~ b llii~tJe:i&.J-ru6Ue:i.:i 
" " 

tl' n1vi tJ1l'11?1 \91{ bb6'l ~ bbm 6UlJt1jV11rJ11ii fl11 b~ tJii bb6'l ~f111d.J b-il11"il 1 ii b d eJV111 '\l'J~1 bfli16Ut1.:Jtl' fl b1tJii 

1.2 1~~tJ-a::~.:ifi"1Jei.:inT'J1:5'a • 
1.2.1 b ~e:iPin~1f111&.Jboif 1h&.J1 ii&.J&i1vim!'11?1\9116Umtl'm1tJiine:im1tJmb'1 ~Vl~.:ib1tJiib~e:i.:i 1 '\l'J~1 

bfl:rl <J11 tJ1!]~fl'afl11b1tJiiibb 'U'U~'Ub?11~ 5 iii e..J?ld.Je..J?l1iinrn Vlfl'Llflvl1'U1tJ-i1.:i bfl\91-eJ5'U1tJ 1 iiiii6UtJ1tJ 

fl11&.J~ 611V1-r'IJtl'm1tJii.ffii~5tJ&.JPin~1tJ~ 6 
" 
1.2.2 b ~ei~ n~1f111&.JVi.:i'l"lei 1 "il'Vl~.:i b1tJii6Uei.:itl' m1tJii~:rl~ei m1"5'~ n"il m1&.Jfl11 b1tJii~ b~ei.:i 

" 
1 '\l'J~1bfli1 rJ11tJ1'!]"5'f1Jfl11b~tJiiibb'IJ'IJ~'IJb?11~ 5 iii e..J?ld.Je..J?l1iin'UbVlfltJflvl1ii1tJ-i1''1bfl\91-eJ5'1J1tJ 1 ii 

iii6UtJ1tJfl11&.J~ 611V1fotl'm1tJii.ffii~5tJ&.JPin~1tJ~ 6 
" 

1.3 m.1a.1~~1'W"1Jei.:im11:5'a ... 
1.3.1 tl'm1tJii.ff ii~5m.1Pin~1tJ~ 6 1J.:i1,1tJii 1 'l"lt1 vi1YlvitJ1f111 ~b1tJiirJ11tJn11~~m11,1tJiii 

\?l1 tJ1 !)~ f1Jfl11 b1tJiiibb 'IJ'IJ~'IJ b?11~ 5 iii e..J ?1d.Je..J?11iin'IJ b Vlfl'Ll flvl1ii1 tJ-ir.:i bfl \91-eJ5'U1tJ 1 iiiii6UtJ1 tJ 

A1111~ 1,~m 1 '\l'J~1 bfl:rl ilfl~ bb iiii11 fo11&iV1~.:i b~tJii?l.:i n11neim~tJii e:i ~1.:ii1tl'tJ611fi'ruvi1.:i?J~&i~1~~u 
" " v 

0.05 
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1.3.2 tl'rn~CJ'U.ff 'UiJliCJ~Pifl~1tJ~ 6 h.:ib~CJ'U 1 ~~1 'Vl1~'VlCJ1rn1 ~b~ CJ'U~1CJm1..ijvim1b~CJ'U-r 
" 

~1 CJ-J!)..ij'f11fl11 b~CJ'Uf bb 'U'U?i'U b6'l1~ 5 .ff 'U t:-J?tm.J?f1'Ufl'U b 'VlfltJ flvl1'U1CJ-?f 'I bfll?HJ5'U1CJ 1 'U.ff 'U'LJCJ1 CJ 

m1~-r b~ei.:i 1 v!V11bfli1 i1f111~Yl'.:i~ei hvt~.:ib°1CJ'U~i1\?leimT•~'vin'OJm1~m1b°1CJ'U-r eiCJ 1 'W1~~'U~1fl 
" " " 

1.4 "tlv'Ub "tl\Pl"!.lv..:im11"5'a 

1.4.1 ·1.h~"lnm bll'U-U'rn°1CJ'U.ff'UiJ5CJ~Plfl~1tJ~ 6/1 ~1'U1'U 45 fl'U -Urn~CJ'U.ff'UiJ5CJ~Pin~1 
ti~ 6/2 ~1'U1'U 39 fl'U -Urn'1CJ'U.ff'Uil'liCJ~Pifl~1tJ~ 6/3 ~1'U1'U 39 fl'U tl'rn~CJ'U.ff'Uil'liCJ~Plfl~1tJ~ 

6/4 ~1'U1'U 40 fl'U tl'rn~CJ'U.ff'Uil'liCJ~Pifl~1tJ~ 615 ~1'U1'U 38 fl'U11~~.:ivt~vi~1'U1'U 201 fl'U 1'U 

Jl1flb~CJ'U~ 2 tlm1Pifl~1 2557 h.:ib~CJ'Ub~~1'Vl1V1'VlCJ1fl11 

1.4.2 mhJ~'Jvfi1..:i fl~~\911ei~1.:im m 'Ufl111..ij'mlJ'U-U'flb~CJ'U.ff 'UiJ5CJ~Pifl~1ll~ 6/1 ~1'U1'U . ' 
~'l'Vl~Vl 45 fl'U bVICJb~elflbb'U'Ub'11~'1'1'11fl'lb~'1J1fl1 b ~eJ'l'11flfl~~\911eJ~1'1 b lJ'U-U'flb~CJ'U~?f eJ'UrlVI b~eJ fl 

' 

1.4.3 ~'Jbb tl-a~1 -Ul:wm-a1"5'a 

1.4.3.1 l?i'1bb'lhB6'11~ AB m1..ij'vim·n~CJ'U-r~1CJ1'n..ij'mm1b~CJ'U-rbb'U'U~'Ub6'l1~ 5 .ff'U 
" ~ " 

e.J?t~ r-.J ?11'U ntJ b 'Vlflijflv11'U1CJ-?f .:i bfl1P1-ei6tJ1CJ1 'W.ff 'U'll m CJf111~f b~ei.:i 1 v!V11bfl:W 611vt-rtJ-U rn~ CJ'U.ff 'U 
" 

iJ5CJ~Pifl~1tJ~ 6 

1.4.3.2 l?i'1bbtbm~ Aei m1~b ·1h 1'1~ 1 'U~~bb~~fl~bb 'U'U~ fo~~1'Vlml"11M1~ b~ei.:i 1 v!V11 

bfl:W bb~ ~ 1°111~~.:i~ ei 1 '1vt~.:i b~ CJ'U~:W ~ ei m1~vi n'OJ m1~ m1 b'1CJ'Ui 

1.4.4 bUvV11~1.ui. um-av'i11"5'a b deivt1~tl1m 1-tll 'Ufl11'Vlvi~ei.:ifl~.:idb ll'Ubdeivt11 'U11CJ1'1l1 

bfl:Wb~~b~~ 4 .ff'Uil'liCJ~Plfl~1tJ~ 6/1 b~m 1vlV11bfl:W ~1'U1'U 15ii1m1viCJ:W11CJ~~b~CJvi~.:il?ieihJd 

LJ~n~CJ1~vi eifl6ilbb~~ m1ci1CJ beJ'UB b~ fll?l1eJ'U f111~?11m1ti 1 'U m1~~16il bb~~eiei fl61J1vi~ b61.1~-a nm Tu fl 
bb~~b61.1~-ar-.J~ 1~ m1bwml1~1 CJm~bb?t1 v!V11 m1'1Ju 1~vt~vl1 CJ m~bb?t1 v!V11bb~~fl111Jei.:in'Um1 

' 

i.4.s ~rnu~bbft~-a~a~b1f111um-av'i11"5'a ?tm'Um 'Um':iv'i11..ij'CJfl~.:id Aei h.:ib'1CJ'U1 ~B1 'Vl';i 

V1'Vl CJ1fl1 ':i 1?11u~ 1 ~B1 'Vl':i e)1b.f1eJ1 ~B1 'Vl':i ~ .:ivt1vi eium1'1lli1'1fl1':i'Vlvi~ei.:i 1vi m~~ ~.:i bbl?il''U~ 4 
' 

~m1fl~ 2557 ;;i.:i 28 fl~m~'UTI 2557 b'U.f11flb'1CJ'U~ 2 Ufl1':i~fl~1 25571offb1m1'Ufl11'VlV!mM 
' 
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,, 
1.5.1 m-ail9ln1'n~EJ'W~~1EJ1'nin-an1'H~EJ'W~bb'UU~Ubm:: 5 "li''W ~~:u~H'11'l..!n'Ub'Vlflilfl 

" d.J " 

'Vi1'W1 EJ-a'·un~-vfiu1 EJ1 'W.ff 'W"!IE.11 E.1fl11:u~ Vtm tJ(i..:i nT~~ ~n'<il m·rn nTH~ tJ'U 1'~tJ1~ nei'U \9l1 tJ 
" " 

5 i'Ul?leJ'W1\9lbbn (1) i'U6'f1'1..:im1:u6'f'U h 1~m·11m~~'U\9l1tJm-a1-Mt1m~tJ'U~1~1mb'1~v111 'Un'<ilm1:u1 'U 
" ' " 

(2) i"W'1111'<il bb'1~fl'UVt1\9l1 tJ n11v11n'<il m1:um1'Vl~'1 ei..:i'Vl1..:i hHh bl"liJ (3) i"W6'f 1'1..:ir\'1ei6'U1mb'1~'1..:i 
oilei?f1tJ (4) i"W'1JtJ1tJm1:u1' ~6'fei'W1 ~n'<ilm1:uv11'U1tJ-~..:ibn1?1-ei6'U1tJ 1~tJ1-Mt1m~tJ'Wv11mtJ~..:i~'<il~ 

' " " ,, ' ,, 
..::::.. ~ I ii QJ ~ d .:::i, ~ I ii dil V ii 

b n ~6/J'U '<il 1 fl fl11'Vl ~'1 a..:i fl a'W bb'116'f ..:i bfl l?l e.i '1 fl11'Vl ~ '1 a ..:i bb'1~B'o'U1 tJ e.i '1'Vlbfl~'1J'U116'1 ei ~fl '1a..:iVt1 a '1J ~ bbtJ ..:i 

n'U~..:iv11mtJ H (5) i"Wm1tJ1~bii'Ue.i'1 

1.5.2 'Vi1'U1tJ-a'..:ibn1?1-v'5u1EJ (Predict-Observe-Explain) Vl111tJ~..:J b'Vll"llJ1"1Vl~a15m1 

~~nTH~tJ'U~ mm'Lim1~~n'<ilm1:um1b~t.J'Ufl116'fei'LI1'Lii'LI~ 46ilt.J1tJm1:u11~mb'u..:ibll'U 3 i'Lil?lv'U 
" " 

Vt6lfl ~a i'Uvl1'U1tJ (Predict) i'U~..:Jbfll?l (Observe) bb'1~i'UBB'U1t.J (Explain) 1~tJi'Uv11mmY'Lifl~ 

6'f11..:i6'f m'Ufl1'HUfl11'Vl~'1a..:i b ~B~'<il~ 1-Mt!fl b~tJ'U 1\9lv11'U1tJl1'<il~bn~fl11 b tJ~ tJ'U bb tJ'1..:ia~ 11~'U zj.,:i 

t!m~t.J'U'<il~ 1\9l'1..:iiim ~tJ'UBB'U1tJe.J'1'<il1fln11v11'U1t.J'1..:i1 'W1 'Ufl'<il m1:u ~1'Wi'U~..:Jbfll?l t1m~tJ'Uv11n11 

'Vl~'1 B\l'Vl~ a~i ~1a b ~a~\l bfll?l bb'1 ~Pi fl~1e.i '1~ bn ~~'LI '<il~ \ll 1 b U'U a ~1.:J 11 bb'1 ~6'f B~l"l i1B\ltl'U~v11mtJ11 
" 

Vl~B hJ bb'1~ 1 'Lii'UvB'U1tJ tJflb~t.J'UBB'U1tJe.J'1'<il1flf111'Vl~'1B\ll16'fB~flila\l'Vl~B-LJ'~ bbtJ\ltl'U~vl1'U1tJ 11 

"W1a:u 1-Mbvtl?le.J'1U'WflBtJ bU'Ub'VlfliJA~tl1111e.i6'f:ue.i6'f1'U 1 'Lii'U1?1B'Um1~~n'<il m1:u b ~a b6'f~:ufl11m oif 11'<il 
' 

1-Mt1m~tJ'Ubb'1~ 1~b 1m 1&J'W1'U'<il'Ubfl'U 1 tJ 

1.5.3 :u b 'U:U~1'VIEJ1f11~~{ (Scientific Conceptions) V!111t.J~\l 1"111:UA~11'Ut.JB~ m1:u 

boii'11~ :w 1 'LI'v1m1 :w fom'V'l~iJ~atJ11fl!:Jfl1'HU m1:wiV1~a~..:i 1~~\l'Vlrj\l zj\lbn~~1fl-if m Vl~~~\l V16lflm1 

6'f tn'U f111tU~1..:J 6") f111'Vl~'1 €1\l'V!~eJ fl11 b~ t.J'U1~i11"111:WV!111 tJ Vl6l' fl fl1'j ~ b 116'f 11111flV16'f~'U1\9lvi1\l 
I " " 

1'Vlmm?t 1?11 bb~1tl1111'1.J ca~m'1btltJm1111~?11m1m:i6t11tJ1"111:u~:w1r'U 5 b ~\lb vtl?l e.i ~'Vl1\ll'Vl mm ?11?11 
" ' 

1~a ~1\lt1fll'i' a\l b ll'U~ b zja~a bb~~ tJ a:w-r'U'Vl1\l~1'Ul'Vl tJ1\311?1 l?l { zj.,:i:u 1 "W:u&i'1JB\lbbl1i ~~'Ul"lfl~~::bbl?l fll1i 1\ltl'U 
" ' 

~'LI a~ n'ULJ ca~?f'U m caru b~:W :w 1 'LI:w &i'Vl1..:i1'Vl t.J 11311'11?1 {iJ ~\l 1~ ~ti~ b lJ 'LI caLJ tl"Jca:u bb'1~'U1:wl511:wiJ m1:w 
" " 

bzja:w1tJ\l~m~B\ltl'U :wfo:w&1vtrj\l I B1~bn~~1nrn1tl1:w1'W:w&1vtmtJ I a~1..:i:w1~:w~'Lit5n'Ua~1..:iiJbvt~e.i'1 

1.5.4 1 rJ.W1bflij (Electrochemistry) vt111tJ~\l b-d'vvt1V!~B?f11~fl11b~tJ'Ufl 'U11tJl'/J1bl"llJ 

b ~m&i:w 4 611vt-rt1tTm~tJ'U.ff 'Ud!titJ:U~fl~1tJ~ 6 b.:Jb~tJ'U 1 V'l~1 vicaV1'VltJ1fl11 81b.na1 V'l~1 'Vlca ~\lvt1 ~ 

a'U~11'1Jti1-Ll ffim 'Umca1~bb~~'l.Jca~bii'Ue.i~mcab~tJ'U1'1la\lt1m~tJ'U zj\li.J1~flat1~1tJ 5 ~1-if avt6l' fl 
' " 
1~bbn LJl)n~m~~an61ibb~~m1~1tJ 1a'LI~ b~n\911ei'U A11:w?11m1t11 'Lim1~~161ibb~~aafl681~~ b61l~r;ln~ 

11-Wfl bb~~ b61l~~t:-.i~ 1:W fl11bbt.J mJ1~1tJm~bb'11 vHh fl11'/J'U favt~~1tJm~ bb6'11 vl~1 bbi;i~m1l1mn'Um1 
' 
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1.5.5 fl11~.W~'WB h Vl:w1 ti'1-:i flll:IJ~~fl"lleJ'\J 'V'rn l<iJ bb"~?li.Jl'iJ'1JeJ-:itl'flb~tJ'Wi'Wl1'5tJ:IJ~ n'\~1 
" 

U~ 6 ~ii~eJ fl1'j"5' ~fll'j b~tJ'W~~l tJl n"5' fl':if11'H~ tJ'W~ bb '\J'\J ~'\J b?ll~ 5 ~'W t:.J?l:l.Jt:.J?ll'W fl'\J b Vlfltlflfll'j 
" ':,,J " 

v11m ti-61'-:i bn\91-e:i6u1ti 1'W~'W'1Jmtim1:1.J~ b~e:i-:i hh~1bfl~ 6'11V11'utl' m~ti'Wi'Wl1'uti:i.J~n'l'!1u~ 6 
" 

QJ' .::I ~ I d .c:i..d.aii I d .Q. .ci .c:i. ".Ito 6 

1.6.1 'Wm 'jt.J'Wb Vl'Wflturi1 :i.Jb"il\9lfl\91Vl~\9leJfl1'jb 'jtJ'LJ'j1tJ1"1l1bfl:i.Jbb"~'j1tJ1"1l11VltJ11"11?1m 
' 

CV d d Q..I &f .c::::il o::::i. .c:i. 6 d .c:i. 

1.6.2 'W f1 b W'W:l.Jt:.J"?l:IJ')Vl5V\1-:ifl1'jb 'jtJ'LJ1"1l11VltJ11"11?1\9l'jbbm~:i.Jfl~ bb 'W'Wt:.l" fl1'jV\~?leJ'\J'j1tJ1"111 

lVltJ11"11?1\9l{'j~~'\J"1l1~ (0-NET) b~:i.J?l-:i~'W 
" 

'j1 ti1"1l1 bfl~ bb~~'j1ti1"1l11"1l1~'W1 bb"~ b zje:i:i.J 1ti-:im1:1.Jiffi~1'u b .U1nu~1\9l'lh~-<6'11'W1~ 

1.6.4 tl' flb~tJ'W 1m:J f1 fl':i~'\J1'Ufl1'jvl1-:j1'Wb ll'W fl~:IJ ~"5' m 1-:i bbt:.J'l.Jfl1'j'\lll-:j1'W~1:1.Jfl'W bb"~~l1f1'l'f~ 
' " 

l£l~f1'if111b1t.J'l.li 
I\ 

. b'Vlriuriv11'l.l1t.1-~~bn1H1i5u1v bb'U'U~'Ub?l1~ 5 oU'l.I 
.__ 

t 
l.Jfol.J~ n'ilf1'i1l.Jfl11b1t.1'l.li b~eM hhhrilj ~'lt.!l£j~f1'i l.Jfol.J~ 

l'Vlt.!11'11?1~{ f111b1t.J'l.l~bb 'U'U~'Ub?11~ 5 'IJ'l.I e.J?ll.Je.J?11'l.ltl'U - l'Vlt.!11'11?1~{ bbl'l~ 
~ ~ 

' ri11l.JYlwrn lii L 'l.I 
riei'l.lb~t.J'l.I b 'Vlriurivi'1'l.l1t.1-~~bn~-eiilu1t.11 ti~'l.1'11 t.11 t.1ri11lli 

'11'1'1fo~m~t.J'l.l~'l.llliit.Jll~m:ntl~ 6 
f111b1t.J'l.I~ 

" 
'\'1~~b1t.J'l.I 



d 
'U'Vl'Vl 2 

1'Wm11 ~()fl~ .rd' eri ~ () 1~Pi rr1~11°1'W fl11 bel fl'111bbG1~11 (J.:J1'U1 ~ () ~ b~ wJ.LJ' el.:i b ~el b 1J'U~'U:o1'U 
'\J ~ 

th~flelUfl11l~(J b~el'lfl11~\9!J'U1fl11:l.JboLJ1blil:U 1'W:u~1vrn11"11M11 b~el'l 1vHhbfllJ ~1ff1'!]~fl1fl11 

b~ ffU~ bb UU~Ub6'f 1~ 5 ~'U e.J6'f:Ue.J 6'11'U nub VlfltJl°lvl1'U1 (J-~'l bfl~-elBU 1 () b 'U~'U·1m1 (Jfl11:U~ ?i1V1-ru 
'\J '\J 

'W'fl b~(J'U~'U~trn:uPimnll~ 6 1~w~Pifl~11°1'Wfll1belfl'111bbG1~'l1'Ul~(J~ b~(J1oLJel.:il?i'.:i~el 1 'lJii 

2.2 :u 1'W:u~1Vl(J1\"11'1~1 

2.3 bvifl'Llflv11m(J-~.:i bfl~-elBU1(J 

q v 9 v 
2.1 nTn 'jEJ'l.l'm 'U'U'tl'U bt'11:-:vi1fl1111'j 

'U 'iJ 

q v 9 v 
2.1.1 fl1111vi111a'tleNfl1'jb 'jEJ'Lmb 'U'U'tl'U bt'11:-:vi11°11111'j 

'iJ 'iJ 

fl11b~(J'Uibb UU~Ub'11~V11m1:uiiJzjel.f11~1'5'lfl'l~l1 Inquiry learning b 1J'W~'\.J bb UUfl11 

b~ (J'U~~ b ~'UUVlU 1WIJB'l er b~ (J'Ub 1J'U?i1Aru zj.:iiJ'W' fl fl11Pl fl~11~ Vf m 1:UV1:lJ1 (J'1Jel'l fl11~ ~ fl11 b~ (J'U ~ 
'U 'U Q,J 'll ,, 

d 11 CV d 

bbUU6'1Ub6'11~V111°111:U1 ~'l'U 
'\J 

Jl'Vi bG11V11 ~UG1 ~ (2542) 1~ Vlfl11:UV1:lJ1(J 1111 fl11~U b6'11~V11fl11:U~b 1J'Ufl116'fel'U~ 
'\J '\J 

b ~'Wm~u1'WflTm6'11.:iV11fl11:ui~li1~~1()1Vf'W'm1(J'W11i11°1'U'ViU fl11:Ulil~.:i~1.:i 1 li11()~'Ubel.:i1Vf'W'm1(J'W11ii' 

iJ '\.J 1~6'f u fl 11cl~1.:i1'Ufl11b1 () 'U ~ b tr el V11 fl 1<J1el'liJfl11b~1():u6'f Jl 1~bb1~iiel:u1'Wfl11b1 () 'U ~ Pi fl ~1 
'\J '\J '\J 

V1~1~flii1 ()er~ m1'l bbe.J'U fl11 b1 (J'U 'W' fl b1(J'Ub1J'Uer b~:U <Jl'U b 'U fl11~ ~ fl11b1(J'Ufl116'f el'U ~1 () ~'U bel'llJfl11:U 
'\J '\J 

m~~el~el~'U~lil ~Pi fl~1V11 fl11:U~ bbG1 ~ b '\.J~ (J'U m 1:U fl ~li11flfl11~b1J'Uer-ru m1:u~m b 1J'Uer bb6'f 1'lV11 bbG1 ~ 
'll 'U 'll 'U 

6'flVl~ :UG1A1 bbG1~el1'0'(J :UG1A1 (2545) 1~fl~111111 fl11~~fl11b~(J'U~bbUU~Ub'11~ ~el 
q 'U 'U cu 

m~U1'Wfl11b~(J'U~~b ~'Wfl11~\9!J'W1fl11:u6'f1m1ti b 'Wfl11 bbnuruV111i11(JlBm1tlfl1 Vier b~(J'U~~ flPlfl~1V11 
'U v 'ti 'll 

m1:u~ 1~ ()er 6'f el'U~.:ir11m:um~<Jl'U 1 Vier b~(J'U 1 off m~U1'UV11'lfl11:Ufl~V11 b V1~e.JG1 lil'UA'U~Ufl11:U~ V1~eJ 
'U 'U q 'll q \I 

bb 'U 1vi1.:i fl 11 bbnu ~V11~ ~fl <J1 eJ.:i ~1 () ~'U b eJ.:i 6'f 1LJ b 1J'UV1tl fl fl11 fl !lb fl ru"VlV1~eJ151 'U fl11 bbnu ~V11 
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61tn'Wfl1'Hw~1-:i 11vi'eJ~1-:Jfll1-:J'LJ11-:i 

61tnu'U?i-:ib61~l-lfl1'rneJ'Wl'VlCJ1!'11611wfo'1~ b 'Vlfl L 'W 1'18 (2548) fli;i11ti-:i fl11b~CJ'Wfl1161eJ'W 

bb uu~u b611~'\ll1fl11l-l-rl 111 b ll'U1Ll bb uu'Vl~-:i'LJB-:i fl11b~CJ'U~~tl1m 1 mvi't:J'11 'W1'1511'VlCJ1m611111 vh 1 ~ 
" " " 

fl11l.J~'Vl1-:Jl'Vl CJ1 !'116111116'1'\J w b~'Ub~ CJ1 rl'U'Uflfl'11vi' 
" " ' 

Vll'l'U1 bb'LJl.Jl.JtU (2546) 1\9ll ~fl11l.J'\lll-11CJ 1111 fl1161el'Ubb 'U'U~'U b611~'\ll1fl11l.J~~ell1b ll'U 
" 

1'11el~1-:J oLJell-1'1 fl11l.Jf1vi b'\ll\llfl11tW 61tn'Ufl11tW Ll11flf'lfl11tW ~jj'\ll~flfl11 bb'U1f1Vl ~~el-:Jfl1161el'U 
" ' 6.J 

1 ~bbn~b~CJ'Ubb~-:ieJ~ m 1~~b~CJ'U1Jlf1vi1bm1~~ lil'U611m1'1~-:i'Vl~flm1 bb 'W1f1vi~ bbe.l-:iel~eleJflmb ~el 
\I 'U '\I 'll 

-u11Ll1m'W61m'Um1ru~'U 1 ~el1LJ 

'151111~ ~1CJA11111 (2551) fli;i11H11 fl11b~CJ'U~bb'U'U~'Ub611~'Vl1-:Jl'VlCJ1l'11611111 (Science 
" 

inquiry) b ll'Ufl11b~CJ'Wi~1'Unlilrn1l-l'Vl~elb ll'U1tim1b~CJ'Ui~bllvi 1Bm611~irflb~CJ'U1JlLJ5u~1Jl~-:ii1elv11 

Jl1 CJ lll'UbeJ-:J b ~eJ~ w.J'W 1m 1l.l ~'Vl1-:Jl'Vl CJ1l'1161111 { VI fl~~ rn~'U1'W fl11'Vl1-:Jl'Vl m rai161111 { bb~ ~ 1°111m .LJ1 h 
" 

b 'U'B11lJ"/J1~'1JeJ-:Jl'Vl CJ1l'1161111{ 1 m 'Ufl11611111il \11111il61eJ'U bb~~11'\J11l.JoLJel~~'\ll~e)'\ll~ fl~1'U~1-:J 1m 1-if 

b ~el el 5u 1CJiJ11fl!Jfl11ruu11l-1"1l 1 ~ '\ll~ el bbflU 11J 'Vl1 el~ 1-:i bl! 'LI 1 ~u u jj fl 1111-:i bbt:J'U el~ 1-:i jj~'U 111 el 'LI 

~m ~el'lfl'U jj fl11Ll1~ biJ'Ut:J~ 1 mb~~~~'U\ilel'U'Uel'l fl11b~CJ'U~ 
" 

fl11~el6111m1l.l~ b ~el 1 ~~~'Ub .LJ111ilv111 ~bnvim1~w.imVI fl~~rn~u1'U'Vl1-:iJl1'U1'Vl mrai1611111 ei~1-:i b ll'U 
" " ... ' .::::ii Cl.I I di& Q.I 

1~uu bb~ ~l.l'LJ'U\11el'U111m 'U el'! fl'U 

2.1.2 eNI fi'tl -a:meiu ~1 ~ ru"!l ei ·:mTH~EJ'U ~bb uu~rna1 ::V11 F11111~ 
"' " " 

el'lfliJ1~ fleiu611 ~ru'llel'l m1~u b611~'\ll11°111l.l~ b ll'U~-:i611~ru bb~ ~~-:it:J~ ~ei~ b~CJ'U 1 ~ bn ~ 
v 'U v 'U 

el'! r1 fl11l-l-ri 'Vl~ Jl1CJ111'Ubel'llil1 fl m1~u b611 ~'Vl1fl11l.l~jj el'! ri'LJ 1~ fl eiu~ 611~ru1?1-:i~ ( 61 miJ 'U ~ -:i b61~l.l m 1 " " ., 
61el'Ul'\/lmrai1?1\il1 flru111rai1?11111bb~~b'\/ll°lb'Ufa~, 2s4s) 

2. i.2.1 ~b~CJ'U~-:i11illil~~elnum1miJr11miJi'VlCJ1rai1?1111{ r11miJi'Vlml'11?1111{ VlmCJti-:i 

r11miJ~'l111LJ~m1611111il m11il?teiu1vi' bll'Ur\'1mm~mnu1\il'1 ~-:i'llel-:i ~-:ii161i1111 b'\ll\ilfl11ru1'Ll 
" ' ' 
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l.5dW61l1~~b zje:i:u LcMtl'U bb 'W1fl~Vl~fl'Vl1\l1'Vl(J11'11?11'1{ r\'1m:u~\l fl'111tJ11tl?ifl1'Hh11'0\J1'111'0\J?le:J'U btl'U 
" 

11'U11:u.Ue:i~6'l bb~11 oif '1Je:i~6'1~~1ti fl111 bfl11~~bb~1m?1~1\lr\'1e:i6ui (J'lJ 11fl{] fl11ruVJ~e:i~'ll9i1'l 1 Ju 

r\'1m:u~m:u~\lb lltitl1~ bil'Vl~~u~u~·rnr\'111 '"vh 1:u" b'liti v'i11:u11'1ti'Vlfl61ltJ~~\ll'1 flG'l\l?iYru bb6'l~ 
'' " 

1°11m:u "e:ici1-:ih" b6liti bb?l-:i J1 bb6'l~mmmlJtiu"il~mh•i't1J~6li1(J1iX~"Ub~'U11'11~e:ici1-:ih m1b~:u~u 

r\'1m:u'lle:i-:i~ b~(Jti:W'fl"il~b U'Ufl111 ir\'1m:u "v'i11:u" ~~?IB'U~e:i-:i6li1(J1 iXtl' rn~(J'UtJ-r'UtJ1-:ib tJur\'1m:u 
" " ' 

"e:ici1-:i11" b ~e:itJ11 tJ?im'j~'lJb?11~ Vl1ri11:u-rl ti~1~u~u~e:i 1 tJ ~\l~"il~m~~'U 1 iXtl'rn1(J'Um:ur\'1m:u 
" " ' 

B1'0Jbn~"i11flfl1'jm:ur\'1m:u'lle:i-:ifl'j1tiVltl'-:i~m~(Jti ~mb6'l~~-:ib~(Jti~l9i1-:i ., 1m1'U161Jl?i °16'1°1 fl'j~:U 
\.I \.I I \.I 

'lJ'j~?f'U fl1'jru?f-:i "i1~?11m'jti flW ~'Uir fl L1 (Jtim:u r11m:u~i1flrurhtl11 tl?i fl1'j~1'j1'0J 1'1 'j1 'OJ?le:iu 
'll , , \.I 

bfl ~ e:i'lil e:i l9i 1 \l 1 ~1~ m 1'1 'j ~1 ti '1i1(J'll(J1(Jfl11 :u ?11m 'j ti'll e:i\ltl 'j~ ?l 1'VI ~:u e'.J ?I b '1i'U bbl ti ·1w 1 (J fl~ e:i \l 

~6'J'Vl'j'jf'ltl 'lJ'jlfl{] fl1'jru~ b ll'Uo'j'j:U61J1~ 1~?11m'jtifl1u ~:u 1~ b Vlile:iti fl1'j'Vl~6'le:i\l 1 uiXe:i'ltl~u~ fl1'j~-:i 

~e:i-:i 1iL1m 1tl1 'Ufl1'j~-:Jbfl~ ~1'j1'0\J b lJm 16'11'Ultl bb~1:w16'l-:lfl11:U b ~tl (Infer) LM(J1tl'U~6'l~ bfl~~tl"i11fl 
u'OJ~(J~1-:i 1 fl1'j'j1'LJ'j1:u.Um;J6'l"i11fl'll'j~fo~vm1ti 1 tlfi'j'j:lJ'IJ1~ ~-:i~e:i-:iv'i1Vlm(Je:ici1-:i v11~1VJm(Jfl{\l 

'j1'LJ 'j1:u-Ue:i:u6'l~ Lbl'l fl~1\l bbl9i m"ili1m1:u~:u~u 5 n'U b Vll'l fl1'jrue:i 81\l b~ m nu fl1'jtl fiu~~-:i fl'111v'i11 iX 
" ' 6.J 

1~:u1zj-:ifl11:u~1'Vl(Jlf'11?11'1 { 1 ti~m~ (J'U1'Vl(Jlf'11?11'1{ tr rn~tJti"il~~ e:i-:im l'1 tJ'lJ'j~~ fl~'\AJtJ1'U b ~e:i?1~1-:i 
" 

.C::::.. ..::::ii V .o;;:il Q.I VO 0 

bb6'l ~BD'U 1tJ'jltJ6'l ~ b B tJ ~"ill fl fl1 'j?f \l bfl ~ :U fl1 'j1 ~ fl 1'j'OJ ~"ill bb 'U fl fl1'j?f 1 'j1 'OJ ~'j1 'OJ ?le:J'U fl1 'j'VI ~6'1 B-:l 

'j1'lJ 'j1:u-U e:i:u6'l Vl~e:itl 'j~~ fl~'\AJ tJ lti~ bb~'U t!1 bb6'l ~fl 'j'lJ~1m ~ e:i?1~1\l 1°11e:i5'U 1 tJ LM tJ1 n'U~-:i b VJ~1t!tizj\l 
" ' ' .<:::iii.IV d I V V V ~ V 1.C::::. 

eJ1 'OJ 'OJ~ bfl (11'1.l e:J\l fl'U fl11:ub "lle:J ?11tl 1'11 fl11:U ?l:U'\AJtl 5'Vl1\l?l \lfl:U flltl (J:U'VI 1-:J f'l 1 ?ltll 

2.1.2.3 ~ L1tJ'U61~1\lfl1 e:i5U1tJ'Vl1\ll'VI tJ1f'1161~1"i11 mh~~ n,;'\AJ tJl'U fl1'je:JB'U1 tJb ~e:J~e:J'U 
" 

r\'1m:u~?1 \l~tJ 'OJ ~e:i ci 'U'UYr'U ~l'U 'lleN fl 1 'jl bfl'jl~~ b Vl~ bb6'l ~ ~ 6'l ~ e:itl 'j~~ fl~'\AJ tJ 1'U~1~fo "il 1nfl1'j~1 'j1 'OJ 
" ""' ' 

m1"il?IB'U ~1tJfl1'j1ifl11:ufi~i'OJ1'jruru1ru1 tl fl1'j61~1\IA1e:J5'U1 tJ~ b U'U fl1 'j bb?l ~\15-:J fl1'j L1 tJ'U~ bM m nu 
v " 

~\1~8\11~bfltJ~ 1~rl'mfltJ Lzje:i:u btJ\lnu~\l~~\lbfll'l Vl~e:i~bfltJL~tJ'U~mrim..1LL~11~tJfl1'j?f~1\lr\'1e:i6'U1tJ 
" ' " 

~e:Jl"il"il ~?ltru ?ltltlVl~e:i 1~ bbfl\le:J 81\l:U b Vll'l~ 6'l fl1'j e:i5u 1(J"il1 fltl 'j~ ~ fl~'\AJ tJ ltl~ 'j1'LJ 'j1:U 1~ b lJti fl1'j?f ~1-:i 
' ' 

Lb 'U1fl11:ufi~ 1 Vl~"illflfl11:u b -U11'0J~i1e:ici bbG\'1 bb6'l~~ffJ1b lJtifl1'j?f~1\lm1:u-rl Vl~~1Vlfotl'n L1tJti mfl1'j 
" " " 

Lb 'U~ 1 iXL ~'U11r\'1e:i6'U1tJ~-:inci11'lle:i\ltl'm1tJ'UEJ\l1:u 16lil°l1e:i6'U1 tJ'Vll\ll'VI tJlf'll?I ~{ 

2.1.2.4 ~b~(J'Ubzje:i:u btJ\lfl1B5'UltJ'Vl1\ll'VltJ1f'11?l~{'OJ1ntJ'j~~f1~'\AJtJ1'U 1 ti'1i1\l~tJm~tJ'U 
"ii ~tl 1~ Lil ti r\'1e:i5'U 1 m.H-utJ1 \I bb ill 'll i1 fll'j b ~:UVl~e:i\9l~'V1 e:iti \e1 'j1'0J ?1e:i'U-J 1r\'1 e:i5'U1 tJt!ti1~-ru fl1 'j 

?ltJ'U?l'4tle:J 81\l'OJ~ \l~\l"i11flU'j~~fl~'\AJ(JltlVl~e:i1~ fl1'je:J5'U1 (Jt!til'l e:J'UAltll:UVl~e:i 1~ :Ue:i~ hbb61~\lii\I 



11 

r11e:i6u1CJ'1JeJ\l\91'Utl'Ufl~ b ~eJ'Ufl'U~'U '1 \J1nvi~nm1'Vl1-:ii'VICJ11"11?l\91TI 'UVltJ-:i~e:i~111 b~eJ 1 Vfr11e:i6u1CJ 

ti'U b zje:i~ e:i 1Jl11ti n 191 e:i-:i ?I eJVJfl~ e:i-:i nu m 1:1.J~'V11\ll'VI CJ11"11?1 \911~11 ni'VI CJ11"11?1 \91TIJi' CJ eJlJfo bb~l 
'U 'U 

2.1.2.5 er b~CJ'U~e:i?111i11 b?J'Ue:ir11e:i6u1CJ'1Je:i\l\91'U be:i-:i m1b?J'Ue:ir11e:i6u1CJ'1Je:i-:it!m~CJ'U1 VI 
'U 

er~'Ub oU1 b"iJ~~~eJ\liifn1lJotlVJ b \J'U~\l bbvlf11mlJ lB n11Vi1 m 'U n11~111~ \9111 \J?leJ'U 'lh~~ n~'VW1'U~ 
'U 

1Tu 11lJ 1Jl\J1 ni el ~'1 r11 el5u1 CJ~ii n11'Vl'U'V11'U \9111\J ?I el'U nu r11 el5u1 CJ ~'U '1 m 1i11 b?l'U elf11el6u1 CJ 

'1Jel-:it!m~CJ'U m1btJVJ1elm?J1Vfiim1inmlJ \9111\J?Jeluth~~n~'V'jtJ1'U 1'\f'j1n~i\J11ru ?Juu?J'W'U vi~el 
' 

vi~ el r11elB'U1 CJ ti'U b n'U n1Tu1 ~~ n~'\f'j CJ 1'U ~ii el~ vi~el m ~ii m 1i11b?l'Uelr11elB'IJ1 CJ B n bb 'Wl vi~ -:i 1Jl ~ 1 n 
'U 

th~~n~'V'jtJ1'Ub~ m n'WJ'U m1i11b?J'Uelf11el6'1.J1CJdm~i111tJ~r11mlJ1 'W m1bzjellJ1CJ-:itJ1~~ n~'V'jCJ1'U 
'U 

~'U '1 bb'1~m1lJfJ'Vlml"l1?1\911 ~-:ivh 1 Vft!m~CJ'W?11m1ti\91el'Ur11mlJoUelinmlJ ?l'Uel\l\91el'UvleloUel 1~bbEJ\l 

1Jlel~1\l~'U 1~ 

2.1.3 -a~~u"llti\lnTn~tJ'l.J~bb uuau b~1~'V11fl111:1.1~ 
'U 'U 

1~~'1.J'1Jel-:irn1b~CJ'U1bb'IJ'IJ~rn?J1~vi1m1lJ1 bbu-:ibll'U 4 1~~'1.J (?Jmu'Urn1?1el'UlVJmP11?1\91~ 
'U 'U 

fllru\911"1161\?l~ bbb'l~bVlfl1'Ufam, 2551) 1Jl~-:id 

2.1.3.1 n11~'1.Jb611~Vl1WJ1lJibb'U'IJ8'UEJ'U (Confirmed Inquiry) iiimll'Un11~'1.Jb?l1~Vl1 

m1lJ~ffi V!erb~CJm tJ'Uer\9111~?1el'Um1lJ~Vl~el bb 'U1AVJ b ~el8'UEJ''Um1lJ1vi~el bb 'UlAVJ~ti nri''U'\f'j'l.Jm bb~1 
'U \J 'll 'U 'U 'U 

1VJCJrm lJ'Wn1vi'UVJUf11m bbb'l~r11\91el'IJ vi~elel-:ifiri11lJ~~mVJvi1-:i 1 Vft!m~CJ'Url'U'V'j'IJ bbb'l~ 1 V1erb~CJ'UVi1 
\I Q~ 'U 'U 

n~m1lJ 1'WVltJ\l~elVl~el1 'IJ\l1'U Vl~el\?11lJ~fl1'1.J11tJ1CJ'Uelnn~11 
'U 

2.1.3.2 n11~'1.Jb?l1~Vl1fl11lJibb'U'Utl1VJ1\l (Directed Inquiry) iiimth.Jn11~'1.Jb?l1~Vl1 

m1lJ1'ffi Vf ~ b1CJ'Wfl'Ll'V'j'IJ el\lrl l°nllJTI vil1Jl1 CJ\91'LlbeN bVJCJfl1 b U'U~n1vi'UVJuruvi1 bbb'l~?11B\91Vl~elelB'UltJ 
'll 'U \I \I 'U v 

m1~111~\9111~?1elu bb~11 Vf ~ b~CJ'WtJlju~ rn1~111~\9111~?1elumlJ15m1~n1vi'UVJ 
,, 

2.1.3.3 n11~'1.Jb?l1~Vl1fl11lJibb'IJ'IJ~bb'U~bb'U1Vl1\l (Guided Inquiry) Ael~~bU'Lln11~'1.J 

b?11~mfl11lJ~ffi V!erb~CJ'UA'W~'Uel\lfifl11lJ-rl viliJ11 CJ\91'Llbel\l 1VJCJerb~tJublJu~n1V1'UVJiJ ruvi1 bbb'l~rm ll'Ll 
'U \I 'U 'U 'U v 'U 

~~bb 'Ll~bb 'U1VJ1\lm1~111~\9111~?1el'IJ 11lJ~\l 1 Vfr\'1tJ~n~1Vl~mb 'U~i111 Vf ~b~tJ'UtJiju~ rn1~111~ 
\9111~61el'IJ 

2.1.3.4 n11~'1.Jb611~Vl1WJ1lJ1bb'U'UbDVJ (Opened Inquiry) blJ'Lln11~'1.Jb?l1~Vl1fl11lJ1'~ 
'U 'U 

1 Vf ~ b ~CJ 'U rl'U'V'j'IJ el \l fi A11lJrl mi Jl1 CJ \91 'Ub el\l 1VJCJ1 Vf eY b ~ CJ'Wii B ?11~1um1f1 VJ b l1'Llern1Vl'Ll VJiJ ruV11 
\I \I 'U CV 

elelmbuu bb'1~tJijmirn-a~111~m1~?1el'IJJi'1CJ1?1'Ubel\l 
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"ill m~\91'U6UB\lfl11~rn611~V11rn1:1J~~\I 4 1~\91'U "il~ b ~'W 1~11rn1~17lfl11b~tJ'W~bb 'U'U 
" " 

~'U b611~Vl1A11:lJ~,1'W"il~b if'W 1 ~~ b~EJ'W 1~~rn~1fl'WA11m1:1JTI mJ il fl11~111 'iiJ1>111'iiJ61eJ'U rn1:1J~~1~~'U 
'U 'U 'U 'U 

"il'Wbfl\7leJ\lrlA11:lJTI V1lJ~1 tJl'1'WbeJ\I 117ltJilmb U'W~~bb 'W~ bb 'W1Vl1\I AeJtJ bb 'W~i111~f11u~rn~n1 'W fl11b~tJ'W~ 
'U 'U 'U 'U 

2.1.4 ~Ubb uum~~\7lfl1~b'iV'W~bb uu~u b~1~'Vl1fll11:W~ 
~ ~ ~ 

1 'W rn1~ fl'tJ1l ~ tJA~ \l'\1~1~ tJ 1~~fl'tJ11tJ bb 'U'U rn1 b~tJ'W~bb 'U'U~'U b611~ 
" " " 

bb'1~m ~b61'Wmu bbuurn161e:i'W 11~\ld 
" " 

u1>1m i;J'1U'H~l7l-:i (2554; eJ1\IB\l"il1fl m:w1"1J1m1 m~Vl~1\l~fl'tJ16m~, 2545) 1~i11b61'We:i 

1u bb uu m161ffUbb 'U'U~'U b611~V11A11:w~ 117l tJ bb~'1~~'W1>1B'W 1~ fleJ'U ~1 tJ11 tJ'1 ~ bB tJ \71~\l.Q' 
" " 

( 1) ~'W rn1i11 b .U1~uVJ b~tJ'W b U'W~'W1>1eJ'W~A11-U'f11m:iJ b ~e:i~\117l\71A11:W61'W h'W'm~tJ'W 1 ~ 
" " " 

bfl\7lfl11:lJ'W~eJ:lJ bfl\7lfl11:lJ61\16'1tJ Btl1fl~fl11'1B'U bb~~ bb~\l"il\71U1~61\IA1 'W fl11~fl'tJ1fl~\l,f 'W 6'1 
" ' I 

(2) ~'Wm161e:i'W bbD\l~'W1>1e:i'W 1 'W~'Wm161e:i'W ~\Id 
(2.1) rn 1e:i ii u 11 tJ ne:i'W b~:lJ°f!l 1 m1Vl \71~ e:i\11\71 tJ A1 bb~ ~-w m ~ tJ'W 1~ ~1:lJ n'W e:iliu 11 tJ 

" 
~\161:iJ:iJM~1'W m~bb"il\115v11b'W'W m1VJl7l~e:i\I ue:ifloLJ'e:i1~l'\I .Ue:i61\I bfl1>1 b 'Wrn1VJl7l~e:i\IV1~mnu11u11:1J 

"" " 

(2.2) ~'WV117l~e:i\I 'W'm~tJ'WtJl)uM m1VJ\71~ e:i\11>11:1Jn"il m1mb~~15m1~ n1V1'Wl7l 1 ~ 
v11 m111u11:w.Ue:i:w~ bb~ ~1 bA11~~.Ue:i:w'1 b ~e:i611Ui;J~ m1VJl7l~m 

" " ' 

oLJe:J'U fl'W~eJ\l~'W'U b 'W1~Vl11\lfl11Vl\7l~eJ\I 

(3) ~'W m1611u A1 bb~~-w m~ tJ'W:wi°Vl 1m1e:iiiu 11tJ117l tJ~il 1rn1:w~"il1flm1VJ \71~ e:i \l:w1611u 
, 'U \I q 

bU'UV16lflm1 vi~e:i:w 1'W:w~m:w1'~11tJ1~61\lfi 
' 

( 4) ~'Wm 1i111 u1-U' A1 bb~ ~tr m~ tJ'Wil m1e:iii tJ11 tlbb6117l\lrn1:1Jfil7l b i1m ~e:i~"il ~tl1A11:1J~ 
" " 

Vl~eJVl6l flfl11~611u1m UU1~tlfll'11 m 'W~l1'1U1~~1l'Wbb~~b U'Wbb 'WdV11\l b 'Wfl11~fl'tJ1fl'Wfll1~f) 1 tJ 
' ' 

61 m u'W ~\I b61~:iJ fl 1161e:i'W1VltJ11"11611>11bb~~bVJA1 'W fa~ (2546) 1~ b61'W e:i~'W 1>1 e:i 'W6U e:i\I 

m~u1'Wm1~'Ub611~V11m1:1J~ zj-:itJ1~fle:iu~1tJ~'W1>1e:J'W~~1A'ru~\ld " ., 

( 1) ~'W61~1\lfl11:W61'Wh (Engagement) b U'W fl11tJ1b oLJ1~'UVl b~tJ'UVl~e:J b~eJ\l~61'U l'iiJzj-:i 
" 

bfl\7l~'U"il1flfl11:W61\l6'1 tJ Vl~EleJl'iiJ b~:lJ'iiJ 1 flfl11:lJ61'U b 'iiJ6Ue:J\l~1tJ fl b~tl'U beJ\lVl~e:J bfl \7l"il1flfl11e:iJitJ11 Wl1 tJ b 'U 

mfo b~e:i-:i~t1161'W1"ilm"il:wi'iiJ1 m VI~ m1ru~ bnl7l~u e:i ~1u'li1-:ib1m,!u Vl~m uu b~e:i-:i~ b zje:i:iJ 1tJ-:inu 
' ' " 

m1:1Jib~:iJ~b ~-:i b~tJui:wi bb~1 b uu~1m~~u1 ~'W'm~tJu61~1-:if11m:iJ n1viu\7lu1~ b~u~~fl'tJ11umru 
~1~ilu1~ b~u 117l~t1161u 1 "il A~m"il 1 ~~fl'tJ1'iiJ1 fl~e:i ~1-:i 1 VJ~e:i b uu~ m~~ut?11 tJfl11 b61ue:it?11 mh~ b~'U 
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Pifl~1 bdeiilr11m:1J~tl1ffu 1 "il bb61 ~11flb~tJ'UG'11'U1V1ajtJei:1J1''U1VfblJ'LIU1~ b~'U~~eJ\l fl11Plfl~1 ~\l~1:1Jtl'U 

rl1Vl'U~'lleJ'U b 'll\91 bb61 ~ bb 'ii] fl bb"il\l11 tJ61 ~ b~ tJ~'lleJ\l b~eJ\l~"il~Plfl~11 Vfilri11:1J-a'~ b"il'U:IJ1fl~'U eJ1"il11:1J~\lfl11 
fo~tJ1~~'Ufl11rub~:1J V1~eim1:1J~"il1fl bb Vl~\l\?11\l 61 ~"il~61i1tJ 1 Vftl11 tJ61m1:1Jb.LJ'1 h b~eJ\lV1~eitJ1~b~'U~ 

'U 'U I 'U 

"il~Plfl~1:1J1 fl~'U bb61~il bb 'U1Vl1\lm m 'U m1G1111 "il\9111"il~eJ'UeJ cJ1\lV1'11 fl Vim tJ 

(2) ~'Uci'111"ilbb61~rl'UVl1 (Exploration) bdeiv11ri11:1Jb.LJ'1h1 'LltJ1~b~'UVl~eJrl1m:IJ~~'Uh 
c:f I I lJ lJ W:<=li! 0 0 V ~ .:::i, 0 

"il~f'lfl~1ei tJ1\ltieJ\l bb vi bbm fl:1Jfl1111\l bbr.J'U fl1Vl'U~ bb 'U1Vl1\l~1Vl1'U fl11\9111"il~ei'U \91\l~:IJ:IJ\91'51'U fl1Vl'U~ 
"' 

vi1\lb~eifl~blJ'U1tJ1Jl 61\liieitJ~u~b~mnLJ11LJ11:1J.LJ'ei~61 .LJ'ei~mvif'l V1~eitJ11fl!Jm1ru~1\l 115fl11 

\9111"il ~eJ'U eJ1"ilvl11~Vl'11 tJ1fi b "li'Llvl1fl11Vl~61eJ\l vl1 n"ilfl11:1J.fl1A~'U1:1J fl111 oUAeJ:IJ~1 b\9leJ{b ~ei61i1 tJ 

~~1\l~tl1'Ufl11ru"il161ei\l (Simulation) m1Pifl~1V11.LJ'ei:1J61"il1 fl beJ fl~11eJ1\lB\lVl~eJ "il 1 fl bb Vl~\l.LJ'eJ:IJ61~1\l 
~ ~ 

1 b~ei 1Vf11?1mzj\l.LJei~61eicl1\lb.WtJ\lYrn~"il~1-ifl 'U~'U~ei 1 tJ 

(3) ~'U ei5u1 tJbb61 ~61\l-Uei~~tJ (Explanation) b~eJ 1~-Uei~61eJ cl1\l b-Wm'WeJ"il1flfl11G'1111 "il 

\9111 "il ~ eiu bb~1 ~\ltl 1.LJ'ei:1J61.LJ'ei~'U b vif'1~1Jlfori 11 ~~ bb tJ61 r.J61 ~1tJ r.Jmb61~tl 1 b~'Ueim1~1t?ll 'Ll1tJ~ 1\l 61 
'U , 'U I 

b-d'U 'U11fJ1tJ~1tJ ~~1\lbb'U'U"iJ161eJ\lV11\lArul'lf'11~\91{ V1~ei1tJ11~ ~~1\l\91111\l '161 '1 fl11rl'U'W'U b 'U~'U.Q' ' ~ 

m"iJblJ'U 1 tJ1JlV1mtJvi1\l b"li'Ll ~11u~'U'U~:1J~'51'U~~\l 111~bb8'\ln'U~:1J:1J~'51'U~~\l11 Vl~ei hJb~tJ1.LJ'ei\ln'U 
' "' "' 

(4) ~'U'lltJ1tJA11:1J~ (Elaboration) b lJ'Ufl11tl1A11:1J~~~~1\l~'U1 Ub zjeJ:IJ 1tJ\lrl'UA11:1J~ 
~ ~ ~ 

b~:IJVl~ei ri11:1Jf1~~1~ri''Uri11 b ~:1Jb~:IJVl~ffw1bb 'U'U"il161ei\lVl~ei-uei~1u~1m tJ1 -Uei5u1 tJ~m'Um1ruV1~ei 
' 

bVl~m1ru~'U 1 '111-Uei5LJ1m~ei\l~1\l 1 1~:1J1flnbb~~\l11-Uei"il1n~ueitJ zj\l"il~"1i1tJ 1 Vf bzjei:IJ fo\lnub~ei\l 
~1\l 1 bb61~v111 Vf bn~ri11:1Jifll'1\l"U11\l~'U 

(5) ~'UU1~bi1'U (Evaluation) blJ'Ufl11U1~bi1'Ufl11b~tJ'UiJ11tJm~'U1'Ufl11~1\l 111 

11m1 t!td1 f0111:1J{ e.i ~bu 1 \l e.i ci1\l h bbG'l ~:1J1 flu e.i tJ b Vi tJ\l 1~ '<\) 1 fl~t.1'11 '<\) ~111 hJ~ fl11t11m 1:1JTI tJ 
~ ~ ~ 

tJ1~tJfl\911 m 'Ub~eJ\l~'U 1 m1tl1ri11:1J~V1~mb uLJ"i1'161e.i\l 1 tJ1 iei5u1tJV1~eitJ1~tJfll'l1 inub Vl\9lfl11tUVl~e.J 
'I 'U 'I 'I 

b~e.i\l~tJ 1 "il~'l111u61-Uei1~ bb8'\lV1~e.i-Ue.i"il1n~zj\l"iJ~nei 1 Vf bn~u1~b~'UV1~e.ir11m:1J Vl~e.iuruV11~"iJ~~e.i\l 
~ ~ 

G1111"il\9111"il~eiLJl?iei 1 tJ v111 Vtbn~b lJ'Um~u1t1fl11~~m ~mn'U 1 tJb~e.JtJ 1 bn~b lJ'Ul!J~mm1~rn~1~ 

Vl~e.Jb~tJfll1 Inquiry cycle zj\lflJ~'U1'U fl11~'Ub~1~Vl1A11:1J~61i1tJ1 Vii! flb~tJ'U bfl~fl11b~tJ'U~~\l b deiV11 
~ ~ 

Vl61'flbb61~Vl61'flfl11 Vl~~~ \9161eJ~"il'U61\li1eitJnu~ b ~e.J 1 m~AJ1:1J~zj\l"il~b lJ'U~'U'51tJb tJfl11b~tJtJ~eJ hJ 
o.J ~ "' 

., "" 
~\l.fl1'WV1 2.1 



~'U'lJ1~blJ'W 

(Evaluation) 

(Elaboration) 
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~'W61~1~fl11:W61'W 1"il 

(Engagement) 

"' .., 0 ,, 

'LJ'W61111"il bb~~fl'WVl1 

(Exploration) 

(Explanation) 

d CV t .c:i, .c:i. t( at. t( 

'Vl3.J1: 61f!1'U'W61~b611:Wfl11ffeJ'UTVJCJ1Pl1611?11 fltl.Jl?lf!11611?11 

bb~~bVlflfofa~ (2546) 

~u b611~ b lJ 'Wfl"il m1:w~ b tJ'W 1 Vf r:J b~ t.J'W 1~ bb611~V11fl11:w~~1 tJ l?l'Wbe:J~ hw 1-if VI n'ef~ m~u1'W n11VJ1~~1'W 
\I \I 

1VJmP11611?11 fat.Ji1~'W1?1e:i'Wm1~~n"ilm1:wm1b1t.J'W~ s ~'Wl?le:i'W 1~bbtl ~'W~ 1 ~'W61~1~fl11:w61'W1"il 
\I 

iJ I I/ iJ I I.I iJ I iJ' ii I 

oLJ'WVi 2 oLJ'W~111"ilbrn~fi''WV11 oLJ'WVi 3 oLJ'We:i6u1mb~~~~-ue:i611'lJ oLJ'WVi 4 oLJ'W'VtJ1t.Jm1:w~ bb~~-U'WVi s 
' \I 

~'W'lJ1~blJ'W 
2.1.5 'UVl'U1'Vl"iJB~fl1bb~::cWm~EJ'U b 'U n11:ij'~ nTH~ffW~bb uua·m~1::'Vi1fl113.J~ (SE) 

'IJ 'IJ 'IJ 

m1'1111'!J bb uu fl1161e:J'W 1~t.J 1-if1 n~ mn11 b~tJ'W~ bb 'U'U~'Ub611~Vl1fl11:W~ (SE) 1 '!J1 <ff~~~fl1 
'\J d..J '\J '\J '\J 

61e:J~fl~e:J~ nu1'!J bb 'U'U fl11 b~ tJ'U ~Vl~e:J hJ zj~n'Ve:i'U~1tJ'LJe:J~'UVl'U1Vlfl1 bb~ ~i.J' fl b ~ tJ'W\?1~11 tJ~ ~ b~ tJ ~'Ve:J~ 
\I \I \I 

1'!.Jbb'UU\?1~.Q 
\I 



1. ?l~1'lfld1:l.J?l'Llh 

(Engage) A~~\Yl 

12.1 di 2.1 0 

trJC.l Vf'HJ'V11Vl1C.l Vl1 
' 

1Vf-Wm~CJ'Ll?l'Llh 

?l'l~tJ 1rod~ eJCJ1fl~ 
'U 'U 

«l ., ., 

8CJ1flb'V!'Ll '1.l\YlbbCJ'l 

vr~mn\YluqJvr1 bb'1~ 

vr~mbnuqJm 

( 61'111"ilV111 "il?leJU) 

2. ~111"il bb'1~fl'Ll'V!1 

(Explore) 

., "" .. 
A~"il\Ylf1"ilm1:l.JV!18 

?1m'Llm1ru1Vf 

-Wm~tJ'Ll61111"il 

vr~mJ1~?l'U fl1'HWb~:l.J 

2. bb'lJ'1fllV!~'W'flb~CJ'Ll 

1~ b fl CJ 'VfU :l.J1 ri 8 'Ll 

3. EJ1CJ Vi'1vt1CJ 
' 

4. bU\Yl 1e:im?l1 VfiJbb 'Ll1 

Vl1'l fl11V11T'il ?leJU 8 ~1-:J 

'U'Vl'U 1'VI "lleJ .:i fl"a 
'II 

1. ?l~1'lfld1:l.J?l'Ll l"il 

2. ?l~1'lfld1:l.J8tJ1fl~ 
'U 

«l 
8tJ1flb'V!'Ll 

" 3. l'l-:iro11m:i.J m~l'i''Ll 
' 

-w flb ~ tJ 'Ll fi (Y) 

4. 1 Vf nm-Wm~CJ'WA\Yl 

neJ'\.JV18Ufl1tn:l.J 

vr~e:i 1~b~'lb~1l 'Llfl11 

V18Ufl1m:l.J 

bU\Yl 1e:im?l1 Vfv11m1:i.J 

boiJ11"il1 'LlUt1Jvr1 

Vl'UbeJ'l f1WU1'Ufl1161'1'n"il 

2. -Wm~CJ'Uv11-:i1'Llvi1:i.J vi11"il?leJ'U 

'U'Vl'U1'Vl"lJeJ.:i 

i 0 

1. vi-:imm:i.J 

2. V18Urol1tn:l.J 

3. bb?l\Yl'lfld1:l.J 

"" «l fl\Y) b V!'Ll 

4. n1vrtJ\Yluruvr1 ., 
di d d 

vr1m 1e:i-:ivt"il~ 

61'111"ilV111"il?l8Ul Vl 

otl\Yl b "il'Ll 

5. bb?l\Yl'lfld1:l.J?l'Lll"il 

1. A\Yle:i~1-:i~?11~ 

bb~eJ~b 'Ll'lleJUb '(JV) 

'lle:i-:in"ilm1:i.J 

3. 'W"il11~1.n 

?1:l.J:l.J~~1'\.J~bu'Ll1LJ 
"' 

LJ1~ b~'Ll~'W' flb~CJ'Ll 

?l'Lll"il 1ri~~ 

3. ?i-:ib?l~:l.J 1 Vf-Wm~CJ'Ll 1m\YltJm1e:iliLJ11CJ 

'U 
V!'11f1V!'11CJ 

\J 'Vl 1 a ~ £tq 

.u'BJJCtlltl~~U 

11?1v11-:i1'\.J~1:l.Jtl'Ll l 'Ll 

fl 1161' 111"ilVl11 "il ?I BU 
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khanitha
Rectangle



'U'Vl'U1'Vl"Uel.:I 
'U'Vl'U1 'VI "!lei .:i fl ';j 

'U 

oLJ'm Vi'1 '1~'l~U'j1f1!J bb~1 md?'i~ 11?1~1?1'rn-ru11JV!1 ?'i~b ~'U 1 'W md 

n1Vl'U~?IJ.JJ.J~:o1'UY1 5. ~'lbn1?1mdruv11'l1'U bbflU11JVl11 'Umd .. 
blJ'U 1 tJ1~ "UeNtl'm~CJ'U ~1d1'1\?l'j1'16'1eJ'U 

5. tJf1b~CJ'U11'lbbi.:.J'Ubb'U1 6. ~'lf11'jbl?i'l?leJ'Ufl'U 5. \?ld1'16'1€l'U6'1J.JJ.J~ 

v .c:::il .c:i.. ~ 

6. 'Uf1b'jCJ'U1bfl'j1~Vl 

eii1tJd1m~ CJ1 nu 

f1d~'U1'Uf11'j~1d1'1 

\?ld1'16'1e:J'U 

7. tl'm~CJ'U1~'1'l~e:i 

u50~1 'Umd~1d1'1 

\?l'j1'16'1eJ'U 

?lm'UmwJ1'\X 1'U~n~ru~ 

tl'm~CJ'Ulbfl'j1~~ 1.1 lbfl'j1~~ bb tJ'1i.:..i'1 

eii1tJd1CJinmJ.J 1.3 eii1tJ'j1CJ 

bb'1mtJ~CJ'Ufl11J.J 2. tl'm~CJ'U1l1b?1'Ueii.:..i'1 

A~b~'U zj'ln'Ubb'1~n'U 'l1'Ub'U~Ubb'U'U~1'll b'liti 

b~CJ1nu~'l~1~b~CJtii ~tJ11~ \?11'j1'l bbi.:.Jti~'l 

7. v11V!1J1ffi'Umd1'\X 

f11tJ~n~1 

s. B1'U1CJfl11J.J?1~~1n 

1. ~'lb?l~J.J1'1Xtl'm~CJ'U 

1~e:i5u1CJi.:..i'1md 

~1d1'1\?l'j1'16'1e:J'U bb'1~ 

.... "' 'Um 'jCJ'UbeJ'l 

2. 1 '!Xtl'm~CJ'Uei5'U1CJ 

1~CJ b zje:iJ.J bCJ'lU'j~?lu 

:01'Ue:J~1'lb lJ'Ud~'U'U 
"' ... .... ,, 
6U'U\?le:J'Utlf1\?le:J'l 

\I 

6. u'UVinmd~'lbnl?l 

Vl~e:Ji.:.J'1f11'j~1d1'1 

\?1 'j'"J'16'1 eJ'U e:i ~1'l b lJ 'U 

d~'IJ'lJ'j~blJCJ'U 

7. m~~ei~e:i~'U 

~'l~'U b 'U f11'j~1'j1'1 
' 

1. e:i5u1CJmd 

bbnuru'V!1Vl~e:ii.:..i'1 ., 

f11'j6'11d1'1 

m1'1?1eJ'U~1~ 

2. e:i5u1CJi.:..i'1md 

6'11d1'1\?ld1'16'1eJ'U 

3. ei5u1mbuu 

b zje:iJ.J fo'l~J.J~'U5 
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Vl~eJ~'1~1{?)fi''U'WU 

b~ei 1V!irm~cJ'Ll11?1 

(Elaborate) fl1~\?l 
'IJ 

"" .. 
n"iln11lJVl1B 

?!m'Um1rum VI 

irrn~8'Ll11?1"1.lm8 
.:d. .c:::t. .:::!ii .c:::t. ~ 

by.jlJb~lJ Vl1Bb~lJb~lJ 

B'1rlfl11lJTI VllJbVl 
'IJ 

,, 
m~~1'1bb6'l~~n ~'1 

3. ~n11eiiitl118in~1lJ 

bb6'lrntl~8'Llfl11llAl?lb~'Ll .. ., 
bnmnu~6'l'11'Ll"1.leJ'1 

irm~8'Ll 

,, "" .. 
beJn ?!11B1'1B'1 Vl1B 

Vl~ rni1'U-til?l b "il'Ll) ... 

1. b VlUflb~8'Llb zjBlJ bv'1 

ri11lJ~b~ll 1 tlcim1ll~ 
'IJ 'IJ 'IJ 

.:::ii. ~ ~ .:::ii. 

fl11l.Jfll?lb Vl'Llb y.jl.Jb~lJ 

Vl~Bb~lJb~lJb~BbW~ 
' vd ' 

B'1flfl11lJTVl?!lJU1rum 
'IJ 'IJ ,, ,, 

I .c::!il &:R ~ cf .dil 

'<\11'1 Vl1B6'ln61!'1"1.l'UVl1B 

'U 'VI 'U 1 'Vl "lJ eHI fl 'a .. 
3.1V!irm~8'LleJBU18 

bl?l8~b'Vl~~6'l Vl~nm1 
' 

5. ci'1b?!~ll 1 V!irrn~8'Ll 

?!1tleMflfl11lJ~~1{?) 
' 'IJ 

.. .. 
b~lJVl1B"/.181mb'Ll1 

m1ll ~~ bb"1~'0'n~~ 

'<\l1f1f111'1111"il 

m1"il?!BU 

2. ci'1b?!~ll1V!irrn~8'Ll 

bzjBlJ bv'1fl11lJ~"il1n 
'IJ 

'U'Vl'U1'Vl"llel~ 

3. e:i6u1mbuu 

bzjBll b8'1~ll~'WIT 

tl1~ne:iu 

4. ~'1n11BBU18 

"" G 
1bfl11~Vl 

5.e:iiitl118inmll 
I I r I 

.:::ii Q.I Q .:::ii .c::!il 

bnmnu?!'1VJby.je:J'Ll 

BBU18 

m1'<\l?!BU1tJbm'U 

?!m'Ll m1ru1 mJ~ 

G "" 
?1m'Llm1rub~ll 

2. tl1-Ue:ill6'l'<\l1n 
'IJ 

m161111'<\l 

m1"il?!BU 1 tl?1~1'1 

m1ll-rlmJ 
'IJ 
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5. th~d'.Jw .. m 

(Evaluate) fl'j~~ 
'U 

fl\Jn1'jlJ'\ll~€l 

?lfll'Un1'jtW~btl~ 

1e:im?l1 Vfirm~CJ'LI 

1 m~\lbU~CJtJ bViCJtJ 

'tJ'j~b:iJ'LI ufotJ'j\I 
' 

,, 
bVllJ~'LI 

4. 1 Vfirm~CJ'Wl11m1:1-J1 
'U 

~1~thh~rnnl'11m'LI 
' 

b~ mtJ~CJtJ b ViCJtJ 

tJ'j~b:iJ'LI tJfo tJ'j°\I Vl~e:i 
' ' ,, 

b Vl:1-Jb~lJVl\I m~m'Wn1'j 

b~lJb~lJ Vl~€JVIUVl1'LI 3. bU~CJtJbfiCJ'Ut:.JG'lnl'j 

1 'Ill~ ~\lm~vmm'j '1111\Jm1\1?1e:iunu 

bb6'l~e:i\ll°lfl11:1-J~ 6'flJlJ~~1'U~n1'\ll'LI~ 11 
'U ... 

'U'Vl'U 1'Vl 'llv ..:i fl ca 
'U 

di .Q, ~ dt 

'\ll'je:Jb\91lJb\91lJ '\ll'j€J6/JCJ1CJ 

me:itJm1:1-J1m1:1-Jfi~ 
'U 

U'j~b:iJ'Lim~tJ1'Lin1'j 

bbG'l ~t:.J6'1\11'LI ~'J CJ l'l'LI be:J\I 

3. 1 Vfirm~CJ'Wlbfl'j1~~ 

< 
m~tJ'J'Linl'j bbG'l~e:J\lfl 

AdllJ~ffi~ 
'U 

'U'Vl'U1'Vl'!Jel..:J 

3. tl1m1:1-JTI'Vl~ 
'U 

b~:1-Jb~e:ie:i6tJ1CJ 

Vl~e:it11hflm'LI~1\91 

tb~~ll'LI 

~ < 
1. 1 bfl'jl~Vl 

\91'Wb€l\I 

2. fl1lJrl1fl1lJVi 

0 .Q, al 
bb6'l~fl1€l5'\J1CJb '\I'm 

AdllJb'ihh~ 

\91'j'J\J?l€l'U 1 'Ill~ 
3. U'j~b:iJ'LI 
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fl11:w~;\I b lJ'W m~'U1'Wf111 b~tJ'W ~~ b ~'Wtr b~tJ'Wb ti mhAru 1~ tJfl1'0J~~ e:M b .V11 "Juviu1vi'UeM l?l'Wbe:J\lbb~ ~ 
'\J '\J '\I v 'U 

uviu1vi'Ue:i\ltl'm~tJ'W 1 Vi'b i1 he:i~1\lcie:J\lbb Vf fl~fl11~~n'OJ m·rn 1Vftl'm~tJ'W1$1~\liJm.Jlju~$11 tJl?l'Wbe:J\I 1$1 

tln-Y1n'lj~Vl1\1$11'W~1\I 1 b'li'W m161'\lbtl\?l m1~\lr11m:w m1vi~~e:i\I m1~e:i?111bb~:::tl1b?1'We:i bll'W~'W 
1~tJfl1~e:J\lfle:J tJn1nu~ bb~ fle:JtJ 1 Vf r11bb 'W:::tl1 tJ~tl'lj1 l?l~e:J~'OJ'Wflernm:::~'Wbb~::: 1Vft116"l\I1'0J 1 'Wm1 b~tJ'W 

'U 'U ' 

'Ue:i\ltl' n b~tJ'W b ~e:i 1 Vftl' m~tJ'W 1~\n~ m1 b~tJ'W ~bb u'U ~u b?11::: bb~:::?111\I e:i\lrifl11:w-rl VJ:iJ~h tJ \?l'Wbe:i\I ~ 1'W 
'U 'U 

II c:t .c:::\I II 
2.1.6 "lle:J~"lJB"lf111f;lB'Ubb 'U'Ui;l'Ubi;l1~Vl1f'l'J1:Wi 

m1?1e:i'W bb 'Uu~u b?11:::V11m1:w1 b ll'W15?1e:i'W~ b Vlm:::nu1'1l1ivitJ1m?11?1 ~ 1~ tJ~fl1b ll'Wtr 
'U 'U 'U 

bl?l~tJ:W?l.fl 1~ bb 1~61 e:i:w~ ~~1~'U b -de:iV11 bb 'W:::tl1V1~e:i'1i1tJ1 Vf tl' m~tJ'WtJ 1::: biJ'Wm1:w n11V1~1'Ue:J\I l?l'W be:J\I 

?i1'Wtl' n b~tJ'Wb ll'Wtr b~tJ'WmtJ 1~ b1e:i'W 1 'U'Ue:J\lfl1 tl'n b~tJ'WiJ8?11::: 1 'Wm1~1b iJ'Wf111Vl~~e:J\18~1\lb~:W~ 
'U 'U 

.n~ b~1V11 ~u~ ~ (2542) 1~n~11fi\l.LJ'e:i~'Ue:i\lm1~~n"Jm1:wm1b~tJ'Wm1?1e:i'W1 mb'Uu 
'U 

(3) tl' m~tJ'W b ll'W l"l'W~ nm\l'Ue:J\I m 1b~tJ'W m1?1e:i'W 
'U 

( 4) tl'm~tJ'W6'11:w11tlb~tJ'W~:W 1 'W:W~ bb~:::VI~ tlf111Vl1\llVltJ11"116'11?1Til91b ~l~'W 
'U 

(5) tl' n b~ tJ'W'OJ::: b ll'W~i1b'OJl'lfl~~~~e:im1 b ~ tJ'W m1?1e:i'W1vi tJ11"11?11'1~ 

~\Im vi-r~6?1:w1'W (254 9) 1191n~11fi'l-lie:i~'Ue:i\lm1?1e:itJbb 'IJ'IJ~rn?11:::mri11~fl 1~\I~ 
'U 

(1) tl' m~ tJ'U 11911 bri11:::V11 'W~\1~611Aru~'OJ::: b~tJ'W~ 11\1 bbl!-l'W n1V1'W~'UB'U b 'Ul'l bb tJ1Vl1\l'Ue:J\I 
"' 'U 

tl11b ~tJ'W~l911 tJ l'l'W beJ\I ~\llfo b~tJ'U~l911 tJ n'OJ m1:w~V1m tlVlmtJ \?l 1:Wfl11:Wtitl' ~'UeJ\ll'l'U beJ\I v\'11Vftrb~tJ'U1191 
'U 'U 'U 

l"i''W~'IJPltltJ.fl1~~bb Vl'OJ~\l'Ue:J\l\?l'UbeJ\I ~~flbb~::: b 'li11'0Jl?l'Wb8\l:wltl~'U 
'U 

(2) tl'm~tJ'U 1191b~tJ'W~'OJ1ntJ1:::?1um1rul'l1\I tJ nu~'OJ1n~e:i~b lltJ'OJ~\I ~bb~::: boLJ11\11 tJ~\I~ 
'U d,J 'U 

b~tJ'W 1191e:i ~ 1\ltl nl9i'e:i\I iJ'Yl fl'lj::: 1 'W m1tJfiu~ eJ ~1\lfl~eJ\I bbfl~l 6'11:w1 wtl1ri11:w~ bb~~tJ1:::?1'\Jf111ru~1~ 
'U d,J 'U 

1 tJ1 ii'b ll'W~'W3!1'W 1 'Wm1b~tJ'Wib de:iV11~'W I bb~~bbnl1~V111'W~11'ltJ1~~Tfo1$1 
(3) tl'm~tJ'Wffie:im?1tlnYln'lj:::m~u1'W m1~1\l 1 $11tJ m1b~tJ'Wi'OJ1nm1tJlju~'OJ~\I 

( 4) tl' n b~ tJ'Wi11e:i m1;1 b ll'W b ~1'Ue:i\lm~u1'W m1 b~tJ'W~'U e:i\ll'!'Wb e:i\I v\'11 Vftl'm~ tJtJ~~n HH1 
'U 'U 

l'l'Wbe:i\l:i1flrur11fl11:w611r1ru 1$1fom1tJe:i:wfo i1fl11~?1'Ubrn~bn~m1:w.n1fl.flm -:u 1 tJl?l'WbB\I 
, v 't 'V 
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(5) i1m~CJ'W1~nlil'U1~\lJ'Ufl'W~iifl11:i.J1''lJ~~"1Jeru "VcJ'U el~Vl'U ii~n~ru~"Vel-:J'Yflfl~~ij 

fl11:i.l b U'UU1~'1J1TIUblil CJ 

"il1 n m1~ n~1~-:in6'i11?11tJ1Ji'--h m1?1el'Ubb 'lJ'lJ~'lJb?11~vi1-:iivi CJ1Pl1?tlil{ii.LJ'el~ ~el "111 CJ 
' 

b ~:i.JPlnCJm~vi1-:i?t~l1ruru1 iJ'm~CJ'U~:i.J 1 'W:i.J~ bMCJ1 n'lJlVlCJ1Pl1?tlil{~~'U 1Jl~n~1V11m1:i.J1Ji'1 CJ lil'Ubel-:J .,., '\J 

melm?t1 'Uf111tl ntJ5u~"il1-:J bfl~Vlf1~~ m~'lJ1'U f1111 'U f111b~CJ'UiJi'1 CJ lil'Ubel-:J bb~~ij b "illilfl~~~~ elf111 

b~CJ'Wivi CJ1P11?tlil{ bb~~?11:i.J11tii11fl11:i.J-rl tJ1'W~11i1tJ1~"il11''W 1Jl 
'\J 

2.2 :iJ b 'W:i.J~1'V1CJ1f11~1ili 

2.2.1 fl11~'Vl:i.l1CJ"lleN:i.J b 'W:i.J~ 
r1111 ":i.l fo:i.J~" m"il1nPl'~vin1~15-:in~~11 "Concept" 'lJ1-:Jfl'U 1 '1l'r1111 fl11~fi~11'lJ 

CJel~ ~ foV1131iJ ~-:intJ ~ fon1~ Vl~mb 'U1fi~ zj-:ibll'Url'1~~m1~V1mm~CJ1n'Ubb~~ 1 'Wm11~CJfl.f-:id 

m~ CJ 1 '1l'r1111 ~ 1 'Ll~~ zj-:iiii1n1~CJ 1m Vfm1~V1mCJ"llel-:irl'111~ 1 'W~~11V1mCJvi1'U~-:id 
'\J 

111ruVi~1 1el~bb1-:ir11 (2540) n6'i1111 ~fo~~ fl11~fi~V1~f1~flm11~~el~-:i1~~-:iV1~-:i 

zj,:i-d1CJ1 Vfiim1~ifl11~ b .U1 h bM CJ1 n'lJ1lil~Vl~elu11 n!J m1ru~ 1-:i 11~CJ~m1~ b .U11"il~-:in6'i11"iJ~ 

bblil n~1-:i 1 tJ m~tJ1~?1'lJ m1ru"llel-:J'Yflfl~ 

eiin1ru hb~CJ-:i (2540) 1Ji'?11tJfl11~V1mCJ"llel-:i~1'Ll~~H11 ~fo~~ ~el m1~~~n~ru~ 
' 

~ b VI n el 'Un 'U 6V el-:JU 1~ ?f 'lJ f111 ruVI ~el~ -:)61J el-:J b oLJ 1\il1CJn'UelcJ1-:J b ti 'U 1~'lJ'lJVi11 Vt b n ~ b U'U m 1~ fi ~VI~ el 

u1~ b.llVl"tJel-:ith~?f'lJ m1ru en"il n~111Jl~ 1 'Ll~~ b ll'Llfl'"n~fi~V1~elfl11m -LJ'11"il1'W~'U?l~Vf1 CJ~~~el~-:iVl~-:i 
' 

~'Ulil~ b~el~'U5-:i1~ (2544; B'1-:i~-:i"il1n tJ~"111 1-:iii'IJ~1 bb~~flru~, 2525) 1Ji'?11tJ~-:i 
'\J ' 

m1~V1mCJ61Jti-:if1111~ 1'Ll~~1 fh ~ fo~~ ~ti m1m.U1 h~?f1th1~~n~ru~~611rl'b1J 1 61JB-:Jllil~Vl~B 

tJ11 n!J m1ru 1~ CJ bb~ ~~ fl'WVel~~~ 1 'W~~ bM CJ1 n'lJ1 lil~V1~titJ11 n!J m1ruti cJ1-:i 1~elc!1-:iV1~-:i bblil n~1-:in'U 
~'Uel cJ n'lJtJ 1~?1'lJ m1ruV1~m ~ m1~61Jel-:J'lJ flfl~,!'U 6"l 

'\J , , I 

~1vi~ ~~r11 bb~~ti1VICJ ~~r11 (2545) n~1111 ~ fo~~ bU'Ufl11m-LJ'11"il~?11tJb~CJ1n'lJ 
'\J '\J ' 

b~el-:J 1~ b~el-:JVI~ -:J~ bfl~"il 1f1f1111Ji'1''lJtJ 1~?f 'lJ f111ru b~ CJ1 Fl'lJ ~ -:ii!'UVI~ el b ~ti-:ii! 'U Vl~B bfl ~ "iJ 1 f1 f111~-:J bf1 lil 

bb~11 iflru?t~u~~iim1~fl~1CJfl~-:in'W~~b -LJ1 b ll'Wn6'im~m n'W 
' ' 

"ill n~n6'i 11m-LJ'1-:i~'W?f1tJ1Ji'11 ~ 1 'W~~ m1~fi~V1~tim1m -LJ1h~fl'Wb11~~el~-:i1~~-:i 
Vl~-:iVl~eltJ 11 nD m1ruV1~-:i 1 ~ 1'Uu 1~?1'lJ m1ru61Jti-:i-yflfl~ir'W 1 zj-:i"li1CJ1Vf~m1~1m1~b .U11 "iJ 

' l ll 'U 

bnCJ1n'lJ~-:ii1'U 1 Vl~el u11n!Jm1rui!'W 11~CJ~fo~~61Jel-:Jbb~~~'lJflri~i1m1~bbliln~1-:in'W~'Wtic!n'lJ 
' '\J 

tJ1~?1'lJ n'lJ m1ru bb~~ m1 b~CJ'W1~ bn~~'W 
'\J 
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2.2.2 fl11:J.J'\ll:J.J1tJ6lleJ..:l:J.J b 'W:J.J~1'VltJ1A16'1\9l{ 
:w L 'W:W&iV11.:iiV1tJ11"11?f 1P1 {ih~.:i~ b lJ'W1'\Jti'rrn bb~~'U1:wn11:wilA11:w b zje.i:w LtJ'I~ e.i b ~ e.i.:in'W 1 tJ 

" 

"" :!Jb'\11\Plt:.J~ 
' 

tJ~mrub ~e.i 1 Vl1~mzj.:ioff e.i:w~~m1~e.i.:i bb~'WE1'1~?f \11 zj,:iiJiJ fl m1Pi fl~1Vlm tJvl1'W 1m Vf wn:w'Vlm tJ"lle.i.:i 
" " ' 

:w1'W:w&iV11.:i1VJtJ11"11?fVITI 1 ~.:id 
-u~m.mru ~:w'l4VJe.i..:i (2551) fl~1111 :w 1'u:w~V11.:iiV1tJ11"11?f1P11bn\1l"il1flflwu1'Wm1~ ... 

:W'4~~ bb tl~A11:WV!m tJU11fl£Jfl11nJ~ 1-:i I L\11tJlJm1e.i6u1tJe.i~u'U~'U]1'U"lle.J'Im1?1 .:i bflV!Vl~e.JVI~~~~ 
1Pl'Wbe.J'l8\1l~e.Je.i~1'W-d1.:ib1mV1~.:i :w L 'W:w~1V1ml"11?f1P1{i5.:i?f1m1fl b tl~tJ'Wbb '\J~.:i 1~1Pl~e.J\1lb1mb~e.iilm1 

" 

1-wb"iltl b~:!Jb\91'111~-w.:iPi (2550) 111i1Vfm1:wVlmtJH11 :w1'W:w~V11.:i1VJtJ11"11?f\Pl{ 

Vl:W 1 tJ ti 'I fl11:J.J A (11 fl11:J.J b off 1 h b~ tJ1 nub~ e.i.:i 1\11b~eJ'IV!~'l1'UVI1'1l VI tJ 11"11 ?f \Pl{~ b lJ 'W off eJ ?f 1'\Jzj 'I 
' 

Q.I.<::\ f'~ I CV 

'Ufl1VltJ11"11?f\Pl1bVl'U11:J.Jfl'U 

:J.J'W\91~ b~e.i-Yr'W6.:i1:J.J (2544; B'1.:iB.:i"il1fl il'.:im VJe.i.:i?f"ll~, 2522) 1Vfm1:wV!mtJ11 :wfo:J.J~ 
' 

Vl1'1lVltJ11"11?flP11VlmtJti.:i 1~uu?l'.:ibm1~~ (Synthesis) V!~e.im1:J.Ji1:J.J-Yr'W6m:J.Jb'Vl~t:.J~ (Logical 

Relationship) Vl~e.J A11:WA\11~1rlfl! (Big Idea) zj,:i11:J.Joffmvh1"il~'I (Fact) bb~~Vl~mflru4i (Principle) 

"lleN bb~~~'4Afl~11 b off1 hA11:J.Ji1:J.J-Yr'Wm 'W11Pl~ (Objects) Vl~eii1qJ~fl~ru (Symbol) Vl~ei?f m'W m1ru 

(Situation) :J.J1fltJe.Jm ifo.:i1\11 b\1ltJiJtJd:J.J b 'U:J.J~i5.:i b lJ'W~.:itl1.:i bb~'l~'Wm b\11 tJe.JlialtJ b Vl\Plt:.J~ bb~~v111 VI 
' ' 

.Um-vi"il"il~.:iilm1:J.JV1mtJ~"il~-d1tJ 1 Vf bn\11'\J1~ LtJ'1l'W1'Wfl11A\11.fr'W~ei1 tJ 

"iJ1flm1:wVlmtJ"1Jei.:i:J.J 1'W:w~V11.:i1V1t.J11"11?fl9l{~irflm1Pifl~1V!mtJvi1'U111i1Vfm1:J.JV1mtJ11 

"il~ b ~'W 1~l 1:J.J b 'U:J.J~Vll'llVI tJ 11"11?f \Pl 11~1~ bb\91fl~1'1"il1 fl:W b 'U:J.J~vi'111 '\J:J.J1 fliJ flb VJ tJ'I bb~:W b 'W:W ~Vil'! 

lVltJ 11"116'f IP11bU'Ufl11'n'IJ1'UJoLJe.J6'f1tlUU~'U~1'U"IJe.J-:] b '\II~ bb6'1 ~~6'1 zj,:im ~tJ.LJ'm vhJ"iJ~-:J bb6'l~VlfK fl bnrusvi 
' ... ' 

Vl1'1lVltJ11"11?f1P111\1ltJiJfl1VltJ11"116'fl9l1ilA11:J.Jfi\11b ~'Ubb6'1~-U'ei?11tl~b Vli'.iei'Un'W 1 'Wb~ei.:ii1'U I 
2.2.3 bb 'l.!1~~ bb~~'Vli-J~~~ b~tJ1tiu:w 1 'W:w&i 

Posner, et al. (1982) 1~b?f'Um~ei'Wh~vh1Vfbn\1lfl11btl~tJ'Ubb'lJ~-:im1m'1l11"il1'W:wfo:J.J~ 
H11tJ1~fle.JU~1tJ 

(1) "il~bn\1lm1:whl-wei h1'U:J.J1 'W:w~~i1ei~ (Dissatisfaction) fieiuAA~~ei-:i b~~runu 
" ' ~ 

i1 fl!Vl1'\ll~e.J b Vl~ fl11ufo tl~ fl I ~Vl1off ei ?11tJ1~1~ bb~ ~Am tJ A11:J.J b zjei~ ei ~ ei:J.J 1 'W:J.J ~~~'Ui1ei ~1 'Ubb~ 
" 

m1:w?f1m1fl 1 'Wfl1'HbtlUfl!V11b'\11~1~'U 

(2) :w 1'W:J.J~1 wJ~ei-:idJ'W~boff1 hbb~:J.Jbb~'I (Intelligible) Uflfl~~e.J'l?f1m1fl:J.Je.J-:Jb~'U1~11 
' 

:J.J L 'U:w~1mirfo1 Vlbn\1ltl1~?ftJfl11ru~b oWtJ-:J'Wei~1Vlfofl11bb?f1'1Vl1fl11:J.JbU'U 1 tJ1~1'h-:i I ei~1-:i11 
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(3) :wh1:w~1vnJ~B\l~\l~'tl1b~'€l~'€l (Plausible) '€l~1.:i'l1B8:Wb't,rn~1Vll1~~~'€l\liJ 
'IJ 

m1:w6'f1:wTH11 'UnT'mnuruV11~bi:..i~ruB~1~ 'UBff'il1n-d:w 1 'LI:w~~.:in~1T'il~~B.:i6'fB~fl~B.:inum1:w-rl 'LI 
v v 'U 'U 

v q v d vd 
~~~'€l\l:Wl3ln8.n1vw1~~"1J818"1J'€l'Ub"1J~"1JB\ln1''jbb6'f'N'Vl1fl11:W~B'U1 

~1m1B'U 1 "1JnTH tl~ 8'Ubb tl~.:i:w 1 'LI:w~~.:in~11 b U'U n1':ib6'f'U B~~ B\I m':i 1 Vf'W'm~8'Ubfi~fl11:w 

hJvrn hnB'U~'il~iim':i b tJ~ 8'U:w 1 'LI:w~ zj.:ib1B'U 1 "1J~.:i b Vl~1~'UABm':i~~B.:im':i1 Vf fl11:w-rl VllJbU'U~.:i~ 
'IJ 

boLJ1 h~18 (Meaningerfel) iJm1mu'U 1 tJ1~ (Truthful) bb~~iJ'IJ':i~ b8'1JU (Useful) ~1:w 1'LI:w~1 Vll1iJ 

fl11:w<LJ'~bb~.:inu:w 1 'LI:w~~iJB~ b"(J1~~~B.:i~BG1num':il'i'~~'U h~81n b ~mbnuruV111~8v11fl11:wb-V1 h 
'IJ 'IJ v 

nu:w 1 'U:w~~iJB~1 'LIU'il'ilD'U bb~~~1nm':i~b"1J11l16'f1m':iti bbnuruV11V!~Bm1:w~~tJn~~ bfi~~'Unu 
'IJ ' v 

':i~8~~ 1 -Wm~8'U~~nbb'U1fl11:wfi~:w1'U:w~b~:w'€l~n'€l'Ubb~16'11V1~u1m'Um':ibi:..l~t1JV!'l11nu 

'IJ':i1n!Jn1':iru1Vll11 b~8ffJ1 i'LI"1J818m1:wfi~ 
':i~8~~ 2 bU'U':i~8~~bb'U1fi~:wfo:w~b~:w~iJB~nB'Udbb~11lJ6'f1m':imi:..i6llru'Vl'l11nu 

'IJ v 

'IJ':i1n!Jm':iru1Vll11~B~1.:ib'Vlm~6'f:w 'il~~B.:ii1m':ibbm"1J~'Ud b~8n--J1 ~'Utl~uu1.:ibb'U1fl11:wfi~ ~~bt'.1'U 
l1bb'U1f\11:Wfl~"(J'€J\l b 'W6'fb'U'€l~bb~~fl'U~'U 1 ~'U6'f'€l~fl~'€l\lfl'Ubb'U1f\11:Wbzj'€l~ l1n1':i~'Ub6'f1~n1':ib~8'U~ 

'IJ 

bn~~'U 1~81i:w1 'LI:w~b u'Ul'11~t111 'Um':i~u b6'f1~ 1 'LI m':i'Vl1r11~Bu~'U 1 

2.2.4 th::b.f1'Vl"l.ltl~1J b 'IJ1J~ 
:w 1 'LI:w~m'il bb u-:i'IJ':i~ b.nvi 1~Vlm8B ~1.:i~.:id~'UB~ nu bnru6Vl1 'LI m':ibb u-:i bb8 n"1JB.:i~~Vl~B"1JB.:i 

'IJ 'IJ'IJ 

'W'n1'111m':i1'wbb~~~m"1J1 ~wd'U 

~qjb6'f~:W ~Vl61.fhmJ (2523) iJbb'U1Vl1\ln1':ibbU\lU':i~bJlVl"(J'€J\l:W 1'LI:w~~11tJBBndJ'U 

3 'IJ':i~b.nvi ~B 

o) 111'LI:w~~n~n~ru~~1:wn'U b u'U'IJ':i~ b.f1Vl"(J'€J\l:w b'U:w~~ne:i~ b u'U~1'U 1 Vlru b~8irfl~~18 
'IJ v 'IJ 

..:;i V I V I 

:wriru~n~ru~':i1:wn'U'Vlm8B81\I 

(2) :w 1 'U:w~~b um ~.:i~:w~'U5 bll'U:w 1 'U:w~~~B-:iB1~8fl11:w~:w~'U6':i~V111-:i6'fm~n'\ll~B 
~1'U"1JB.:in~:wmVi~1':iru1~ru~n~ru~ Vl~B~rur11~~bbi:..Jmb~n~1-:in'U bb~6'fm~n~bU'U~1'UU':i~nBuiJ 
fl11:w~:w~'UBn'U 1 'Uu1-:i~n~ru~ 

(3) :w 1 'LI:w~~bU'Ub~\llbfl':i1~~ b U'U:W 1'W:w~~B~'U'U~'U~1'U"1J'€l\l~ru~n~ru~~~\lbn~1~~1n 
' ' ' 

6'f1'U'IJ'€l\ll~~ ~\l'IJ'€l\I b~B\l':i11 bb~~~B~1\lm81t1n~:wzj\l~~bB8~</JuiBt1n11:w1 ti:w~6'f'€l\lU':i~bJlVlbb ':in 
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'We:im:nnd .fl'V'l bG'l1Vl1'V'ltH=1t! (2540) EJ'.:.i11'1bbtl.:.it11~b.fl'Vl'Ue:J\l:Ub'W:W~'Vl1\li'VICJ1f'l1?1~{ 
" 

e:ie:irnlJ'W 3 t11~b.fl'VI 11'lbbn 

(1) :ufo:u~b~CJ1rl'Ufl1'JbbU\IU'J~b.fl'VI (classificational concept) 1~mlJ'W:w1'W:u~~blJ'W 

r11e:i6'U1CJV1~e:i~bb~.:.iri ru?i:uu~'Ue:i.:.i~.:.i~1.:.i 11~CJmTu11 tJ1 m 'Wm1rn1CJ1CJfi.:.i1~~Vl~e:itl11fl!J m1ru,!'W 

1'11e:i~1\I b"ti'W 

(1.2) bb:UG'l\lbth.i61~1~i1 6 'U1 ~11'11blJ'Wtl~e:i.:.i bbu.:.iblJ'W 3 ci1'W 

(1.3) 61~1b~CJ\IG'lfll'i'1CJ'W:W blJ'W61~1~iJm~~fl61'W'Vl«.:.i iJb~e:i~ei'W b~CJ\IG'lfll'i'1CJtl1'W:W 
'U 'U , 'll 

i1-M1111J 4 Vle:i.:.i i1VJ'W~.:.i1'W'U1m11m 

(2) :u fo:u~ b~CJ1n'Um1:u61:w'W''W5 (correlational concept) bU'Wl.J fo:u~~iJ fl1'Jfl~11fi.:.i 

m1:u61:w'W''W61~Vl11.:.ib Vl~ bbG'l~t:-JG'lt111 tJ1 m 'Wm1v11mCJV!~e:i'V'lmmrub Vl~ m1ru~1.:.i 6j 11'1 ~fl~~ b ll'W:w fo 
' ' I 

' ' .<::t. ..:::ii I I Q.I I O I I 11 Q.J I I 

:u~'Vlbb?l~\111b'Vl1fl'W ?1.:.im1 ~1m1 1~V111.:.i mfl 'We:JCJ ~1e:JCJ1\lb'1J'W 
" 

(2.1) 'Ue:J\lb'Vlmbde:i 11'lfori11:u~e:i'W~~i1tJ~m~1mfl~'W 

(2.2) ri11:u ~ 1.:.iPrflt!'Ue:i.:.i1 yjYJ1 b lJ 'W ri11:u ~:u 'W''W 61~Vl11.:.i m~ bb?i1 yjYJ1n'Um1 :u 
,, 

m'W'Vl1'W 

(2.3) m'Vl111 Vf'V'l«.:.i.:.i1'Wv111 Vl~1.:.imCJe:J'UB'U 
' 

(3) l.J b 'Wl.J ~ b~ CJ1 fl'U~\l~l.Je:J\lhlb ~'U Vl~e:J~ b'1 CJ fl~fle:J ~1\l'Vl~\111 l.J b 'Ul.J~'V11\l'VI~~~ 

(theoretical concept) b U'W:W b 'U:u~vitr fll'VI CJ 1f'!1?1 ~{'V'l CJ1 CJ1:U e:i5'U1 CJf1 ru« n~ru~'Ue:J\l'U 1.:.i ~·\I 

'U 1 .:.i e:i ~1 .:.i Vl~e:iu 11 fli'l m1ru~1lJe:i1~61.:.i bfl ~ 1vn~ CJ~ 1.:.i~.:.i'Vl:w~ bb~i1Vl« mnm tJ'Ub Vl~ t:-JG'l?IL!'U?i'U'U11 d..J ~ q , 

blJ'W1tJ1~ 1?11e:i~1.:.ib"ti'U 

(3.1) 1 tJ':i~'UbU'U611':imV11';i~i1e:iCJ1 'Ubde:i~~1 
" 

(3.3) J1m 'LI'111'1b~fl"li1CJ~e:iCJ h~'U 
2.2.5 lJ b 'Ul.l~~fl~1l9Ufl~el'U 

:u 1u:u~~rim~bri~e:i'U,!'U1vi'i1irflm':iPifl~1mm Vlri11:uV1mCJ'Ue:i.:.iri'111 ":u 1 'U:u~~ 
rim~bfl~e:J'UbbG'l~:u 1 m.J~~rim~bfl~eJ'U'Vl1\ll'VICJ1f'l1?1~{" 11V1mc.ivi1'U b "ti'U 

Wandersee, J. ( 1986) 1 Vlm1:umJ1CJ'Ue:J\IA111 :u fo:u~~flG'll~bfl~e:J'U'Vl1\ll'VICJ1f'l1?1~{ 

1111 Vl:lJ1CJfi\I l.J b 'Ul.J~~ bfl~~1flfl1';i 1 Vlf111:WVl:lJ1 CJ b~CJ~1lJ1v)~"Ufl1';iCJe:J:Ufo;\l'lJ1\lflt\lm1:UVl:lJ1CJ,i'U 
hJfi.:.in'U~~ 
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'j/\jtJm n·1,m~n1qJ"iltJ (2556; rJ1\IB\l"il1n Griffith, A and Thomey, K.I., 1988) 1m'IX 

A11:l-JVl:J.JltJ H11 lJ fo:l-J&l~Am~ bA~eru fi8 bb 'U1fl11:l-JA~~i! m~tJ'U6'1~1\l~'U~1 rnwub8\I zj\I bfl~"il1 n 

bb 'W1fi~6'i1\IV1'111~ifo~ n8'U 1~ tJ fl11:!.JA~tJm"i!"il~bbM nl'i1\11 V"il1 nm1:l-JAWU8\li! niVJ t!1P116'1M~1~ tJ 
'U 

..!' ~ qj I ..:::ii I d:t i..I Q..I C:.. Q..I ~ 6 C:.. ~ 
6'l'Ub"ll\1Vl18 bbM nM 1\1b'jJ\jtJ\l'U1\16'11'U Vl186'18~ AG'l 8\1 nrnb 'U1A~'U8\l'U mVJ tJ1Pi16'1 M1 m 1:!.JA~Vl 

flG'l 1~ bf!~ 8'Ud "il ~ bfl ~~'U 1Jl ~ 8\11-il b 1G'l1'U1'U bbG'l~ t!f 1 bfl~;'U bb~1 "il ~ fl\18~ 'Ul'U bbG'l ~ tJ1 n~"il ~ bbm 'U 
'U 

b Ll~t!'Ubb VG'l\l 1Jl 

Peterson, R.F and Treagust, D.F. (1989) n~11H11 :l-Jfo:l-J&l~Am~bfl~8'UVl1\I 

iVJ tJ 1 Pl16'1M~ b lJ 'U:l-J b 'U:l-J~~ bbM nl'i 1\11LJ"il1 n bb 'U1A~~1JJ-ru n11tJ 8:!.J-ru bbG'l ~ A11:l-Jll\1Vl:l-J1tJ'U8\1 
' 

"ill nm1:l-Jvim tJ'U8\l:l-J b 'U:l-J~~ AG'l 1~ bfl~ 8'UVl1\llVl tJ1Pl16'1 M ~'U8\li!n m1fii mnvim tJvJ1'U 

'j/\j86'f1LJ1Jl11 lJ 1'U:l-J&l~AmmA~8'UVl1\llVltJ1Pl16'1\>l~ Vl:J.JltJ~\I fl11:l-JA~Vl~8fl11:!.Jb-1i'11"i!'U8\lfl1tJ 1 'W 
' 

'U 8 \I bbl'i G'l ~u A A G'l ~ bbM n l'i 1\11LJ"il1 n bb 'U1 fi ~~ b ll 'U ~ tJ 8:!.J-ru 1'UVJ1\1lVltJ1Pl16'1M ~Vl~8"il1ne'.4~18'U ~ 
' 'U 'U 

b zjtJ16/l1qj b~tJ~'Ub ~\IVl~881"il"il~bbMn\9i1\lb V1tJ\l'U1\1~1'U 
2.2.6 :lJb'U:lJ~~~~ 

i!nm1fiimnvimtJvi1'U 1m '!Xm1:l-JV11J1tJ'U8\11J b 'U:l-J&l~~~ 11~\ld 
Lawson, A (2001) 1m'IXA111JV1mt!'i1 1Jfo1J&l~~~ V!mtJ~\I A111J~'U8\IM'Ub8\I~ 

'U 

1li6'18~A~8\lnuVJ~~~vi~8m11Jib~\liVJmm6'1M~~btl'U~tJ811-run'U bn~"il1nLJ1~6'lum1ru 1~m~8 

bn~111 'W11~~~~bb~1"il~~\lbb il'WbbG'l~mn~"il~b Ll~t!'Ubb LJG'l\lbbG'l~bbnl 'U 1Jl 

Sander, M. (1993) 1'1XA1111V!:J.J1tJl1 111'U11~~~~ V!:l-JltJ~\I -1i'8G1''Uu~~1'Ub~\16'l&ltlqjqj1 

~~~'j/\jG'Jl~V!~81litin~8\l~i!m~tJ'Uii8~ bbG'l~tJ1n~"il~b LJ~ tJ'UbbVG'l\lbbnl 'U 1 '!Xtin~8\11 'U1~tJ~nmeJ''U~'U 
'U 'U 'U 

1~tJ r11M8u~~~ 1li-'i11 b tl'U~8\I b ll'U111 'U11&1~ Am~ bA~8'Ub6'11181 LJ ~\IA'Vibw n 1 'IX"/J~ b"il'U11~\11~ b tl'U 

111 'W11 &l ~ ~ ~ ~ 'l 1~ b V'U11 b 'U11&l~AG'l1~ bf!~ B'U zj\111 b 'U11 ~~ ~ ~ b U'U11 b 'UlJ~ ~1~\91 d \I nu11 b 'Ull ~'U B\I 

v ~ ' v 
'Un1VltJ1Pl16'1\91WB1Jd'U 

"il1nm111V!mtJ-V'1\l~'U'j/\j86'f1LJ1~11 1J b 'UlJ&l~~~JmtJ'UlJ 1 'U1J~~1li\911\ln'U nu:l-J b 'U11~V!~ei 
' 

bb 'U1fi~Vl1\11VJtJ1m6'1\911~ b lJ'U~ tJ 81J1'u'U 8\li! n1VJ tJ1Pil6'1\911 bbG'l ~ b ll'U111'W11~~tJ1 n"il ~ bbm 'U bbG'l ~ 
b tJ~tJ'Ubb VG'l\I zj\ln11bn~11 b 'U1l~~Am~bA~8'UbbG'l~~~J'Wii6'11b V!\91V!mt!Ll1~ni1 bbG'l~n11~"il~v111 'IX 

' 
i!m~tJ'Ubn~111 'U1l~Vl1\llVltJ1Pl16'1\91~~ei\lm~tJi:l"il~tJ 15m16'1B'U~V!mn'V!mtJ 

'j/\jtJ~1 rl'UtJ~nlqj"i!U (2556; rJ1\IB\l"il1n Renner and et al., 1990) 1vi'n~11H11111'U11&1 

~AmmA~B'UbbG'l~111'U11&1~~~ bfl~"il1n6'11b'V!\91 ~\Id 
' 

(1) v1111b~tJ'U b'li'U n11bbntlruV11Vin~~Vl1\llVltJ1P116'1\91{ n1Tvllfl"ilm1m~t1'U~ bbG'l~nld 
v 'U 

G'l\loVB6'11LJ\9i1\I 1 
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tl'Ul! b 'Wl!~Vl1\llVl Cll\3116'1~{ 

(3) Vli!\l~m1ci'W m1~V1i!'l~m1ci'W1vimm6'1~ ~Vim m~l!'VW1CJ11! 1 im~ bb uu~1fteJ\l 

V1~eir11~~vivi1\ll'VICJ1P116'1 ~{b ~eiei5mcil! b 'Wl!~ zj'li.Tn b1CJ'Wbb~fl~A'Wil~mi1'W 1 'W m1 bb uftm11!V1m ci .... 

l!~ zj\l'1~'Vh 1 ~i!m~tJ'W6'111!11tl~'1~6'1~1\lA111!61'l!~'W5b~tJ1tlU1! folJ~~1\l 11~ (Wandersee, J., 

1986) 

2535) 

(1) m11ieiLJmru ~ei1~bVl1!1~6'11JtlUUVlb~tJ'W bbfl~'J\9lJ.fl11~'1J€J\li!f1b~tJ'W b~tJfll';ib~tJ'W 
' ' 

fl1';j6'I €J 'W ,! 'W f) 1';i1 ieiu f)';j ru f11 ';j6'f €J'W~ b VllJ1~6'1lJ '1~6111tJ1Vfmu';j~6'I u t:-1fl~1b~'11'Wf11';j6'I €J'W vh 1 ~ ' ~ 

U'Vlb~tJ'W~~'UieJ'W'il~b'1'W~\l~'W zj\lfl1';ib~€Jf) 1 imJ mru bbfl~~€Jf11';j6'f€J'W,!'WA';i~6'1€J'W~'1~ b U'W~~'11';iru1 
'I 'U'U 'U 

11 ~umru,!'W 1 bV1m~?1l!nuuvib~tJmbfl~i1m~tJ'WbWtJ\l1~ 
(2) A1'1~ i;r ei\l~~u1~6'1'U m1ru~ 1\l 1 ~nui1 n b~ tJ'W 1~611!~ 6'1'1Jei\l'1~\lmn~6'1~ b vi1~1eim6'1 

~ ' 

., 
cf ., 

'IJ'Wl!1~1tJ~'Wb€J\l 

(3) m1vh 1~irm~tJ'Wilci1'W111!1 'Wn'1m11! b 'li'W m1b ~'W m1~1! m1~1! V1~eim1611Jer6'1 

b lJ'Wm1bu~ fam6'11 ~11m1tJ'Wilci1'W11lJ1 'Wn'1m1l.J~1.:i 6'] ~flv~'1'Wci.:ib6'1~l.J 1 ~~~nfi~Vllb vt\?lc.Jfl ~~n 
I " , 'U 

61'.:ibn~ bbfl~~~nlil1bb'Wn~n~ru~bu~1~'1Jei.:i~.:i~1.:i 6'] eim1m1 ~b~'WB~1\lb~'W'il~b vt~1'6'1~v'i11 ~iim11!~ 
~ I ~ 

m1m .LJ'11'1 b dv.:ii;f 'WB''W'1~t111ucim1?1~1.:il.J1'Wll&l~ei1 u 
~ 

15m1?1ei'Wbbfl~~~n'1m11!~1\l 11~i!m~tJ'W 16n11?1ei'W'U1'l16 b'li'W 16?1v'WbbU'Uu1w1tJm1 

t11m1-UueitJ~6'1~ b ~11~m16'fei'W~rn.n'1~v'i11~bn~lJ1 'Wn1~~'1~t111ucim16'1~1.:ilJ1 'WlJ&lei~1\l~~ 6'] 1~ 
' ~ I 

' \lltJ 

'11n~m.LJ'1.:ii;f 'W6'f~u1~11 l! 1 'Wll~~Am~bA~B'Wb U'WA111Jfi~vt~BA11m -V11'1'1JB\l.fl1tJ 1 'W 

'IJ€J\l bb~fl~'YAAfl~ bb~ fl~1\l 1 u '11 fl bb 'W'J fl~~ b U'W~tJ eJlJfo 1 'W'V11\llVltJ11"!16'1~{vt~€J€J1'1'1~ bb~ f)~1\l b WtJ\l 

U1\l ~1 'W bbft~l! 1 'WlJ&l~~~ b U'Wl! b 'WlJ&l~1~ ~';j \ltl'W tlUlJ 1 'WlJ&lVl~eJbb 'W'J A~'V11\ll'Vl tJ1 Pl16'1~{~b U'U~ 
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CJei~-ru'UeNirniviCJ1mmwfofl:::b ll'LI~ 1 'W~&l~CJ1 n~::: bbm 'Ubbfl::: b tJ~CJ'Ubb tJm zj'lnTrnm '1Jv'i11 Vfirrn~CJ'U 

b n ~ ~ 1 'W ~ &I ~ ti n c;i' ei 'l fl 1 ~ ?! ei 'LI ~ ei 'l r11 i1 'l ti 'l n 1 1 ?! ei 'LI~ b 11'LI1 VI ti' n b ~ CJ 'LI 1 ~fl 'l ii ei tJ n u~ ~ ~ 'l ~ 1 n 
'V 'V'V ~ 

tJ1~?1u m1ru{911 '1~1 CJ {)l'U beJ'l 1.ff 1?1~eitJn1ru bbfl~ ~eim 'H'lel'W~Vlm n'Vlfl1CJ b u'U m~u1'U m1mi~ 
'' ' 

6~ei1 Vlirn b~CJ'U 1im nV!n~~m~'U1'Un11Vl1'1~1'U~1'l ., ?leJ~fl~eJ'ln'U m 1 b~CJ'U~bb uu~u b?11~V11m1~~ I 'V 'V 

zj'lb Vlm~G11V1fotl1m 1 im1b~CJ'Un11?1ei'U~b U'U 1 Vf bn~ei'lr1fl11~~~1 CJ()l'Ubel'l 
'V 

2.3 b'Vlf1Uflvl1'W1t1-~-:ibn1PHlfiu1t1 

n11b~CJ'Ui~1m 'VlfltJfl-i1'l bn{91-eJB'U1CJ .fl1~1B'ln~~1 .ff f1111 Predict-Observe-Explain Vl~eJ 

b~CJn~'U 111 POE btl'UitJbb'U'Un11?1eJ'U~iJm1-W'\9lJ'W1~'Ub~CJ White and Gunstone (1992) zj'liJ 

tJ 1~ ~vi'5.n1'W 1 'W m1?i'l b?I~~ 1 Vfun b~CJ'W 1~bb?l~'lfl11~b ~'Ubbfl:::eiiitJ11CJ L 'U?1m'Um1ru~~~bn~~'W bbfl ~ 
v'i1'U1CJ11~~bn~ei~ 11~'W 'Vl~'l~1ni!'Wurn~CJ'Un~~ 1vi'i1'lbn{91?1m'Wm1ru~'lnfl°11bbfl~ei5u1CJ~fl~btl'W1 tJ 

1~~1nm1i1'lbn{911~CJtJ1~neiu~1CJ 3 '5'U{)leJ'U~611ri'ru (liCJ~'U"ll b~eJ'Ub~~ru, 2556; eJ'1'l~'l~1n 
v ' v ., 

White, R.T. and Gunstone, 1992) ~'l'Ll 

2.3.1 .ff um-av'i1u1t1 (Predict) 6 U'Ui'U {91eJ'U1 'LI n11vl1'U1CJl1~fl~~~6n~~1nm1vi~fleJ'l 

n~ m1mbfl~?lm'U m1ru~n1Vl'U ~ 1 VI~~ b tl'LI eit11'l 11u1'l 1~ CJ ~11 rn~ CJ'LI~:::~ei'l 1 Vf b Vl{)l ~fl b~ m nu m 1 
' 

v'i1'U1 CJ'Uei'lun b~ CJ'UtJ-a~ neiu~1 CJ v'i11 Vlirn b~CJ'UiJfl11~ m:::~ ei~ei ~'LI bbfl ~?!'LI 1 ~~ ~ ~ ei CJ1 n b~CJ'U~1 CJ 

(tl1ri'1'l ~'Ub?I~~' 2551) 

2.3.2 .ff 'LI n 1-a~ -:i bn {91 (Observe) b tJ 'LI~ 'LI {91 eJ'U~ um~ CJ'U ~ ei'lii eJ'VI ~fl ei 'lb eJ'l'Vl ~ei'W?I~ -LI Vl1 
'V 

f11 {91 eiu b~ ~.n nu m1vi ~fl ei'l ~1nn~n11~V!~ei?1ti 1'Un 11ruu '1J'Vl1 bbfl ~i1 'lb n{)l ?f m'U m 1ru?115{91 bbfl ~ 

b tJ~CJ'U b ViCJ'U~fl~1vi'~1n n11i1'l bn{)l nu n11vl1'U1CJ1'U~'Ubb1n11~fl~ bfl~~'U,r'Ub 'V!iJeJ'U'Vl~eJ bb{)l n~1'ltl'U 
eit11'l b ~1ni!'U 1 Vfurn~CJ'Uuein~'l~6"'lbn{911~ 

i/ iJ I I 

2.3.3 'tlum-aeifiu1 v (Explain) b tl'Ui'LI{)l ei'Um Vf urn~m.1B6u1 CJ~flVi1~~n m1~'l bn{)lnu m1 

v'i1'LI 1CJ~fl11bVliieJ'WVl~ei66(91 n\911'1 n'Uei t11'l 11 u n b ~CJ'U ~~ bfl ~ fl11~i ~ bbfS'l~'U1~Vll1'l~ 'l~vl1'U1CJ6bfl~ 

~fl~1 nm1mf11{91eiu b~m num1vi~flei'l n~ m1~ bbfl~?1m'Wm1ruuruV11 zj'liJn b~CJ'W~~~ B'lB5u1CJ1 VI 
v 

1vi'11t11f11{91ei'U~1vi'~1nm1vi~flei'l'V!~B?1m'Wm1ruuru'Vl1hJ1~{911~~v'i1'LI1CJ111'W~'Ubb1rn '\1'111~ei~ 11 
v 

bbfl~ L 'U mru~hJ?11mW'Vl1A1{91 B'U vi'1 CJ ()l'UbeJ'lU rn~CJ'U~ ~c;i'ei'l~1~iiei nu 6 ~ei'U L 'U m1Vl1r11 (91€J'LJ 

~1noLJB?11tJ-LJ'1'l~'U ml111vi'11 b 'VI fltJ fllBn11?1eJ'U 6b 'U'Uvl1'U1tJ-i1'l bn {91-eJB'Ul tJ (Predict-
' 

Observe-Exp la in: POE) 6 D'Ub 'VlfltJfl~~ ~6d1tJ1 Vlu rn~t!'Ub oif 1 h b dBVll l~t! m1v'i1mt!~fl n11'Vl~fl€l'l 

b ll'WB'U~u bb 1n zj'lm?1~1'1?1m'Lim1rum1vi~flB'lVl~BtJ1~?1u m1ru1Vf11 rn~tJ'Wfl'UVl1A1{91€l'lJ v'i1'U1 tJ 
'V 

~fl~m~~~bn~~'U H'11'lV!tJ1 ~'Lli1''lbn{91 urn~t!'Uvl1n11'Vl~fl€l'lb6fl~6"'l 6n{916 ~€l~n~111~fl bfl~~m U'U 

€lt11'l b bbfl:::6'1€l~fl~€l'l nu~vll'UltJ HV!~B 1~ bbfl~ b 'U~'U€lB'U1tJ Unb~tJ'U€lB'U1tJ~fl ~1nn11'Vl~fl€l'll1 
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.qQ.f.d.ct ii 

2.4 .:11'l.!TilEJ'VlbmJ'J"llel.:I 

2.4.1 .:11'l.!1~v~ b~v1i1ei.:inu3.J 1 'l.!3.J~'V11.:1~1'l.!1'Vlv1ri16l~1 
mJb'll\9ltJ e:r~~Pinu bbn~f'i'fl~Vll~ 6'fm~':i (2SS4) 1~b'Ll~tJrnV1tJu:w1 WJ~nel'Wb~tJ'Wbbn~ 

' ' 
b~tJ'W b~el-:J~'W5~ bfliil?n:w 1mvrn m':ib~tJ'Wi TS bb uum~vn~ v.iu11 tTm~tJ'Wiifl~bb 'W'We·rn~:w~VJB 

'Vl1-:Jfl1':ib~tJ'U'Vl~-:Jb~tJ'U~'lffJ1rlel'Wb~tJ'Weith-:iiitTtJ~1flqj'Vl1'l6'f~&i~':i~~u (p-value UeltJffJ1 0.001) 

bbn ~iifl~bb 'W'Um 1:wn11V1u1~el tJG'l~ 33.28 zj,:i6'1-:i~'U n-h b~:w 1vi tJJl1tJ1 'W n'll m':i:wth~flelu~1 tJ 
'V 

6 n'lln':i':i:W'Vl~fl bbn~b~tJ'U~~1'W1mviG'l TS m~m~ bbn~'VIV16'fel'Uvl1tJoLJel6'fel'Ubb'UU 2 G'\'1~'\J~'W zj,:i1'W 
'V 

fl1':ivl 1b'W'U(9)1:W n 'IJ n':i':i:W bb6'l 1 6'11:W1':itlnVl:W1 'W:w~~fl (;11 VI bfl ~ el'Wbbn ~~ ~ Vl'/JeJ-:JU fl b ~ tJ'W 1vi' el~ 1-:iiJ 

tl':i~~'VIBfl1v.J bbl?iiiu 1-:i~1'U~ t'J-:i 1:1.hnm':iti'\.J~u bbtl:W 1 'W:w&i~fln1vi bfl~el'W 1vi' b ~ el-:J'll1flv.J~~ n':i':i:W fl1':i 

b~ tJ'W~ bbG'l~fl1':ifo~"lleJ'l'\.JflflG'l bblPiG'l~fl'W hJ b vl1tl'U 
'V 'V ' 

1 Vl'Vl':i1u11 m':i6'1~1-:Jb:W'U'Vleln 1mvin61Jel-:J~b~tJ'Wb U'WU'll~tJ~~1ff fl 11 ·1.m1':ib~tJ'W~ t:l1~b~tJ'W6'11:1J1':itl6'1~1-:i 
'U o~ 'U 'U 

b:W'W'Vleln 1:wbviG'l 1~~'1l~6'11m':iti b~tJ'W~bbn~ b if 11 'll1'1J1 bflm~~~'W 1vitJ buv.i1~b -delV11~ b~miiel-:inum':i 
'V 

b zjel:w fo-:i':i~~u:wV1fl1m .U1nu':i~~'l.J'llMnfl bbn~':i~~u~ru~ fl~ru zj-:im':i b~tJ'W~'ll~ bnvie.i n~~el-:iiim':i 1-ii 
' ., 'V 

~eltJ':i~m:ium':ib~tJ'W~~?f~Vlel'W 1Vfb~'Ufl1v.i1vi'el~1-:itifl~m 
'V 'V 

bb uu b tJ~tJu b V1tJu b ~el~\9!J'U1:w 1 'W:w~VJ1-:11VJtJ1Y1116'11?1{ b~el-:JB\9l':i1fl1':ibnvitJ5 n~m bflii 61Jel-:ii1 m~tJ'U~'U 
ir5tJ:W~fl~1tJ~ s h-:ib~tJ'Wb~tJ-:JbbnTVl'VltJ1fl:W 1vitJ:w 1'W:w~~~fl~11vi'bbn fl11:wV1m mbn~fl1':iflTt.nru 

e) m1 fl1':i bnvitJ~ n~ tJ1 bflii bb 'U1~vi b~ tJ1tl'U e) ~ ':i1fl 1':i di vitl i) ii~ m bflii e.JG'l'VeN 6'111'\.J1'l'IJU vi~ii~ e:i e) 1?111 

e.JG'l'Vel-:i~'U~~1~ii~ela\9l ':i1 e.JG'l'Vel-:im1:w b .U:w-iJ'W~ii~e:ieY\9l':i1 flG'l 1fl'Vel-:ilK1 b ~-:i~ii~elB\9l':i1 bbG'l~e.Jn'Vel-:i 
elruvmil~ii~elB\9l':i1 v.iu11V1~-:Jfl1':i~Vlfl1':i b~tJ'U~bb6'l1 i1m~tJ'Wiim1:wb if 11'll:W1 'W:w&i~ti fl~ el-:! b ~:w~'U'Vlfl 

'I 'U 'U 'U q 

:w 1 'W:w~ ~-:Jbfl\911vi''ll1fltTm~tJ'Wii:w 1 'W:w~~r:lvinvin-:i bb6'fvi-:i11n'llm':i:Wfl1':ib~tJ'Wfo uu~u b6'11d1:wnrnb uu 
'V 

b tJ~ tJ'Ub V1 tJ'U -d1tJnvi:w1'W:w &\ ~~ Vl'IJ el-:ii! m ~ tJ'Un-:i 1~ b ~ el-:Jm'll 1 fl fl1 ':i b~ tJ'W ~ bb u u~rn6'11d1:w nu 
'V 

b tJ~CJ'\.J b V1 CJ'\.J b tJvi 1elm?f1VftTm~cJ'W1~fi''W'Vl1rl1\9l el'U ~1 tJ ~1 bel-:1~1'U m~u1'W fl1':i'V11'll'VI tJ 1~16'1 \91{ ~ fl~-:i 

ir-:i-d1tJ1VftTm~CJ'W1~b~CJ'W~:w 1 'W:w&ii!'Uel~1-:ib U'U':iU5':i':i:W:W1fl~'U ~-:ici-:ie.iG'l 1 VftTm~CJ'WbilviA11m ii11'1l:w 1 'W 
'V 'V 

:w&\1"1 B fl~-:it'J-:ivh 1 Vfu fl b~CJ'W1~b zjel:w 1tJ-:i':i~V111-:16'fm'Wm':iru~bnvi~'U1 'U~1\9ltJ':i~~11'U '111mcim':i 
'V 

el5u1 tJ6'f m'Um':irui!'W bbn ~irm~tJ'Wt'J-:iiitJn~:w~'W5nrn ~el'W 1vitJiifl':i b ll'W~v11V1u1~e51'W1 tJm1:w 
6.J 'V 'V 

6'f~vi1fl vibbG'l bbG'l~6'1~1-:ibb ':i-:i'IJ-:ih 1 VfbbntTm~CJ'W 
'V 'V 
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Supasorn S. (2015) 1~v11m1~n~1rrnub-U1h:w hi:w~bbfl~b:W'WVl€lfl l:Wb~fl1 'Wb~€l\lb61Jfl~ 

nm1iJnn€l'Wbbfl~Vl~\I b~tJ'W l~tJ 1 im1VJ~fl€l\l'U'W1~~e:iG11'U~1:wnu bb uu"il1flt1\l'U'W1~ b~n (Model Kit) 

zj\11'Wn11 b~ tJ'W~"iJ ~ 1in11 b ~tJ'W~bb 'U'U f111~'U b?f 1~'\ll1\ll'\ll tJ1!"11?tl?l 1 '\Al'Ul11 'W f111~ ~ n:v f111:W bb 'U'U 
" " 

~'U b?f 1~'\ll1\ll'\ll tJ1!"11?11?1{il'lh~~'Vl5Jl1'\Al 1'Wf111'W\?&J'W1:W t 'W:W&i bbfl ~ b:W'W'\ll eJfl 'UeJ\111f1b~tJ'W11?1 t~ tJiJ f111 

bbU\11~~'UA11:WboU1hbU'W 5 w~u fie:i NU, PMU, PU bbfl~ SU l~tJneJ'Wf111b~tJ'W~tT'WUf1b~tJ'W:V~iJ 
" 

:w hi:w~~l°lmml°l~€l'W:l.J1f1 e:itJ1 'W1~~'U PMU bbfl~ hJb .U1h (NU) bb~Vl~\l"iJ1f11!?l~'Uf111b~tJ'W~ vh 1 Vf 
" " 

w\?&Jml°l11m-U1h:w t 'W:W~'Ue:i-:r11m~tJ'W 1Jl 

2.4.2 .:11'U1"5'a~ b~V1eUB.:ltl'Un1'H~V'U~bt 'IJ'Ua'IJ b~1~Vl1f111:W~ 
" 'II 

u1'1J tJ~Mh bbfl~Pi'n~l"l~ ?1.111~1 (2555) 1!?lilm1~~f111b~tJ'U~bb'U'U~'Ub?11~VJ1-:r 
' ' " 

l'\lltJ1!"11?1\WU 'W1'1J1bflil b~€l\lel\?111f111bn~tllJn~tJ1bl°lil "il1'Ul'W 12 l°l1'U b~eJW\?&J'W1t-.Jfli1':W~'\lltVJ1\lfl11 

b~tJ'WVln~~n11A~b'li-:r1'\Al1n~ 'Ut1\l'l1'm~tJ'W.ffmrutJ:wPin~1tJ~ 5 t 1-:rb~tJ'Wa:wt-.J1\liVJtJ1Fl:w '\Alu11 
' 

11 n b~ tJ'Wilt-.Jfl i1:w ~VJtVJ1-:r n11 b~ tJ'U~\l~'W b '\Al11~15m1~u b?11 ~ b ll'W n 1~u1 'W m1~ b u'Ww\?&J'W1 m1VJ1-:r 

?t~u 'lJ'lJ1'U e:i-:r11 m~tJ'W b ll'W15m1?1t1'U~1 Vf ~b~ tJ'WiJ'UVJ'U1'\ll~1r1'lj 1'W m~'Ul'U n11 b~tJ'W im n~~~ iJ 

m 1:1.J ?f 1:W11tl 1'Wn11 bb nu '1JVl1 b ~:W:W1 n~'W iJ 1°111:1.Jb .u 1h1 m ~ eJVl1 hfa-:riie:itJ l)u&i "iJ ~\I b ~ tJ'W i 
m~'Ul'Uf111vl1\11'Wb U'Un~:w ~~ n6/J1m VI~ eJzj\lrl'Wbbfl~rl'W ilm1:wm~~€l~€l~'W 1 'Wf111vl1 n:vm1:w il 

' " 

Vl~\I b ~ tJ 'W ?f \In 11 rl€l'W b~ tJ'W b 6/J'W b~ tJl tl'W b ~€1 \l"iJ 1n1 'W bb~ fl ~~'W \?l eJ'W 'U eJ\I n "iJ n 11:1.J f111 b ~ tJ'W ~ bb 'U'U 
" " " ~rn?11~V11m 1:w~'1JiJ~ 5 E :v~il<LJ''W1?1€l'W'U€l\IVJ n~~ m1A~ b 'Ii \ll'\Al1 n~?te:i ~ bb V11n e:i ~ b?l:We:i 1°11~ ~ n :v m1:w 

" " " 
fl11b~tJ'Uf111?1€l'U l~tJ 1 m6m1?1€l'U~Vl'U?fiJtJ bbfl~ 1-if~eJ'Wl\?l f111:W'\ll1\lf111Pin~1tJ1~n€l'Ufl11b~tJ'W 1-if 

r11m:w?i'lb?1~:wm1f1~ ?i-:rt-.Jfl 1Vfbn~Fl11:w?11m1ti1 m 'li-:r1'\Al1n~ ~\ld~i~tJ 1!?l~~n:vm1:wm1b~tJ'W~ 
" " 

bb 'U'U~'U b?l1~Vl11°111:W~muri nun:v f111:Wvl1'W1tJ-~\l bf11?1-e:i'5u1tJ (POE) famrn~ bb '\ll1f11 'W~'Wfl11?1~1\I 
" " 

Fl11:w?1'W 1 :v zj'l b ll'Wm1m~'9i''W1 VftTn b~tJmn~bb 1\l:u'l1:v.111tJ 1 mb~1?11:w11ti~'lr11m:w1VJ tJ11"11?11?11 
' " 

bMtJ1nu b ~e:iV11~"il~b~tJ'W b ~e:it111 tJ?im1ri''WV1115m1V11r111?1e:iu bb'1~?11m1titl1m1:w~tT'Wm?1~1\I 
" " 

e:i'lri'm1:w-rl mJ1Jl!?l1 tJl'i'1be:i\I 
" 

1~tJ m5 bbfl~Pln~Pl~ ?1.111~1(2556)11'l~~f111b~tJ'W~bb'U'U~'Ub?f1~VJ1\11VJtJ11"11?fl?lTI'W 
' " 

1'1J1bflil b~e:i\l e11?111m1bn~tllJn~tJ1bflil ~1'Ul'W 12 mu b~e:i'W\?&J'U1t-.Jfl~:w~VJivi1\lm1b~tJ'U'Ue:i\I 

tTm~tJ'W.ff'WirutJ:wPin~1tJ~ 6 h'lb~tJ'U11:uiVJtJ1 'T'1JiJ\lflmi1b ~n t~mb VJ1nn"ilm1:wv11mtJ-i1'lbn1?1-

e:i6u1tJ (POE) 1 'W~'W?f~1\ll°l11:W?l'Uh '\Al'Ul1 f111~~n"ilf111:Wf111b~tJ'W~bb 'U'U~'Ub?l1~'\ll1\ll'\lltJ11"11?11?1{ 
" 

~1:wnun"ilm1:w POE v111 Vf11m~tJmn~r11m:w1 'Whne:i'W~"il~b~tJm ~e:iV11tT'W 1 bb'1~v111 VftTm~tJ'W 

e:im n~r111?1e:iu~m~F1~ b 'W 11 ~\1?1€1~1°1 ~ e:i\lnu1tl bb uu'Ut1\lm1~ ~n"il m1:um1 b~tJ'W~ bb uu~u b?11~VJ1\l 
" " " 
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1'VlCJ1P11?11?1flJl b lJ'Liatl1\I~ ci\l[!..)611 Vlb~a b~CJ'Wbbif 1 bii111m1l.l~mn~'LI brn~~\I b i.!'UV!n~~ nT~fi111 bb61~ 
'V 

Vlfl~~fl11l.J~.ff 'LI?l\I vl1 h~\ tl'Uci1'LI'Vlii \l~?lir'U ?l'LI'LI 1 'Wfl1'~b ~l.J [!.J61~l.Jf1'Vl~'Vl1\lfl1':i b~ CJ'LI1'1J1i1'LI 61 1Jl 
'U 'U , "I I 

bb61~~\lci\I b?l~l.J 1 VI~ b~tJ'LI~16nT:ibtl'U'll'U':i1l.JoLJBl.J~"il1 fl[!.J61'/JB\lfl1':i'Vl\1161€J\1~1vi'bbii'1i11m b tJ~CJ'U b Vivu 
'V 'V 'V 

bb61~b zjal.J bCJ\l'Vl~n fll':i~b U'Lifl11l.J~'Vl1\ll'VlCJ11"11?11?1{ b ~m.11ma5tJ1 CJ bb61 ~ b U'Wfl11?1€J'U'/JB\lfl1ml.1~1vi' 
'V 

~'11-TI'Lil?la'LI~'LI 
n~6V11 .nm111bd (2557) 1vi'~111 m1b1CJ'LI~bb'U'll~'Ub?11:::'Vl1\li'Vl CJ1l"l1?11?1{~1l.JntJn"ilm1l.J 

'V 'V 

vl1'LI1CJ-~\I bfll?l-BTI'U1 CJ b~B\I ~a~ bl.JeJ{bb61~[!.J~1?JJi' ru~~afal.la{ ~1'Vl~'Uir m~CJ'LI.ff 'Liil'5CJl.1Pln~1u~ 6 

b ':i\lb~CJ'LI ?lfl6111'1J1'VlCJ1'Lifl61 ~'Ul1 irm~CJ'Lii1[!.J61~l.Jn'Vl~'Vl1\ln1':ib~CJ'LI?l\l~'LI 1111CJi1~BCJ61~ 
, 'U "I \J 

1 Vf bn111 fl11l.J b .LJ1 hth~ na'U nrn u'U'!X1-LJ'a 1 'Lil?l a'UVl1CJ ~\liJ m~ CJ'LI?11l.1Trnv11 n"il m1l.11'LIm~'U1'Um1 

~\11 fl11 b~CJ'LI fl116'1€J'LI 1vi'~~'LI b ~€J\l"il 1flfl1'j~\11fl11b~CJ'LI fl116'1€J'LI bb 'U'U~'U b6'11~'Vl1\11'VlCJ11"116'11?1{~1l.Jrl'U 

POE bU'Lin"ilm1l.J~tl1?1'LI hbb61~?11m1m zjal.J bCJ\lb .LJ1nuu~'U'Vl~'11?1tJ1~~11''LI bb61~ 1Jl61\li'iatJlju~vi'1CJ 

1?11iJm~CJ'Lib€J\I 1vi'b~V'LI~~1w1'Un'Ub ~a'LI '1i1 m 'Vl~a61i\ln'Wbb61~n'LI ~\lci\l[!..)611 VfiJm~CJmn111m1b~CJ'LI-rlJl 
'V 'V 

W61CJl.J'LI b~'LI?ll.l'Vl1 bb61:::b?l'Ua i'CJ~l.1~ (2557) 1Jl~111n"ilm1l.lm1b~CJ'LI~bbuu~ub?11~ 
' 'V 

'Vl1\11'VlCJ11"11?11?1{~1l.J ntJn"il m1l.1 v11'U1CJ-~\lbfl1?1-a6tJ1 CJ b ~aW~'LI1m1m .LJ'1hb :ii\ll.J b 'Wl.1~'/JB\I 

irm~CJ'LI.ff'Liil'1rnl.1Pin~1tJ~ 5 b~B\ln':i\11-b U?I h\lb~CJ'LI?ll?l~~~bfll"l b\11CJl.J 1'Ul.l~~Pin~11vi'bbn m111-b u?l1'W 

~11?1tJ1:::~11''LI Bb~n b 'Vl1161iibb61~'LIB'LIBb~n b 'Vl1161ii 'Vltl~~m111b 'U?!bb61~ pH '/JB\1?11161~mCJtJljn~CJ1 

'IJB\ln':i\11-b 'U?I 11'U11l.JoLJ€Jl.J61b\11CJ1 oUbb'U'Ul\11fl11l.JboLJ11"iJb :ii\ll.J b 'Ul.J~~1b~€Jfl6'1€J\1~1~'U.ff 'LI'Vl~\l"il1flfl11 
'V 

~111m1b~CJ'LI~bb~1~'ll11 m1~111m1b~CJ'LI~~1 CJn"ilm1l.lvl1'LI1CJ-~\lbfll?l-BTI'U1CJ '1i1 CJW ~'Wll.1 b 'Wl.l~'IJB\I 
'V 'V 

iJn b~CJu 1~ ~\!db ~B\1'11n~ n~ru~'/Ja\ln'1 m1l.lv111 VfiJm~EJuiJtJi}~l.lwu5zj\lnmbG'l~nm tJvi fam?11 VI 

tl'm~CJ'Wi1m1bb61 mtJ~ CJ'Wfl11l.Jfi111b i1u A'Lifl11'Vl1f111?1a'll bb61~ Hf 61'li'iatJi]u~n"ilm1l.J b uu n~l.lmn~'LI 

b\11CJfl1vl1'VltJ1~b um~ CJ\l~flBCJ fl1'Ufll.1 1 Vf m1l.1'1i1m 'Vl~B 1 Vf f11 bb'LI~t11 11\1bb[!.J'LI1um1~111 n11b~CJ'U~ 
'V 'U , 'U 

bb61~ bl?l~CJl.J~Bfll1b~CJ'LI~ 'LI an"i11nd m11 oUbb 'U'Ul\11l.J b 'Lil.1~!?11 b~B n?1B\1~1~tJ.ff 'LI~\1'1i1 CJ?l~VJB'Wfl11l.1 
'V 

b .U11"ilb:ii\ll.J1 ul.J~'IJa\liJm~CJ'U~1'LI~1 b~an~b lJ'Lib Vll?l b lJ'U[!..)61 n'U ?11m1tivT11 Vlb .LJ11"i! bb 'LI1fi111'1Ja\lirm~CJ'LI 
' 

1~~1CJfll1fl11fl111 ollbb 'U'Ul\11l.J b 'Ul.1~~1 b~€Jfl~1~'U.ff 'Ub~CJ1 

1'1?l'LI1 'W''LI?!'Ll'Vl bb61~1'1JCJ~\I~ b~€J\16'1111t\J (2555) 1Jl~\11fl11b~CJ'LI~bb'U'Uvl1'U1EJ-~\lbfll?l-
' 'V 

a5u1 CJ b~B\l\11'Libb61~~'1\l\11'LI b ~a'W'~ml.J 1'Ul.l~'Vl1\li'Vlml"!1?11?1{ 'IJB\ltJ m~EJ'LI.ff 'Liil'5CJl.1Pin~1tJ~ 3 

h\lb~CJ'LIU1'LIU1 b 'LI'LI6111\I 1111CJPin~1l.1 b'Ul.l~b~B\I m1bn111\11'LI ~~\l\ll'LI ~~\l\ll'LIWttl ~'1\1\ll'UPlnv 

1 tJl.Jtl1\I ~~\l\11'UPlflfl~\1)'\ll~'Ubb61~ nnm1au1'n~~~\l\ll'U bfl~B\li'iam-Ub U'Ubb 'U'Ul\11l.J b 'Ul.J~\ll'UbbG'l~ 
' 6J ' 
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'W~\l\11'W bbi:.J'W~\l:w1 'W:W~ bbG'l~f11';j61:wn11~H~um~tim ~:Wb~:w Vl~\l"il1f11til1'tm1';i?18'W 1~ti 1 iifim';i 

~ ~ nl';i b~tJ'W~ bb uu POE ?f 1:W1';it1-W'l'lJ'W1 bb 'W1 A~Vl~81°111:W~b~:W"ll8\IU f1 b~ tJ'W ~61:w b 'W:W ~'Vl1\li'Vl tJ11"116'1 \911 
'U \I 'U'U 

"1Jru~~"il1tJ1'U"ll8\IUtlb~tJ'W~i1:w 1 'W:W~AG'll~bfl~8'WG'l~G'l\I 

~\91\9111'tJ tJ11"i:lbbn1 bbG'l~1-rruru1 ~';i~'WG'l1';i';iru (2557) 1mim';ib~tJ'W~bbtJtJ~tJb?11~vi1 
Cl.I Cl.I 'U 'U 

b tJ ~ tJ'U bb tJ G'l \11tJ881\l:UUtJ6'f1A' q) b ~ 8\1 "ill f1fl';i?f ~1\18\lrl fl11:W~ ~1tJ\91'Ub8\l"il 1 f1 f11 ';i';i'J'lJ';i1:WoLJ8:WG'l 
..... 'U 'U \I 

b "li'W b~tJJ 11'Ui6m ';i~,r ni'Vl tJ 1P11?1\91 fa~1\18\lrlfl11:W~ B n~\I fl';j rJ\11~:U611tJ11:w1 'W f11';j b~ tJ'W~8 81\1 
'IJ 'IJ 'IJ 

~ 8 b ~ 8 \l~\I bb~ f11';ivl1'U1 tJ~ ?f ~Vl8'U fl') 1:W ~ b~:W"ll8\l\9l'U b 8 \I mh~ ?f "iltJ ~1tJf)1';i61'\I bf) \91 U';i1 f) f1 f11';j ru6it\li:.J G'l 
'IJ 'IJ ~ 

~88f1:w1~1\1Vl~8 b Vli'J8'Ufl'Ufl'U~fl1~ f11';iru1-J,1'U"il~~8\185'U1tJ8cJ1\l?f:Wb Vl\916'f:Wi:.JG'l bbG'l~88'U'UoLJ8:WG'l~ 
' 'IJ 'IJ 

b tJ~tJ'U b VI tJ'U bb tJtJ8tJm8tJ1:w tim b?f~:w:Um 1:w6'f 1Fi'ru~8f11';i bb 'W~t11bbG'l~61!1tJ1 ~~ b~ tJ'W ?f ~1\l:W 1 tJ:w~~ 
q q Cl.I 'U 

itJi8'U b oll1 hti1f1 hJfi''UbfltJ 1 i1'b U'U';iU5';i';i:WbbG'l~b oLJ1 h~ltJ;'U 
' 'IJ 

:w b 'W:W~b~:w61:w 1 tJ:w~i'VltJ11'11?f\91TI~ :U:w 1 'W:w~~flm~bfl~8'WG'l~G'l\I b~8\l"il1f1'11m~ti'W 1~i1f11';j?f~1\18\lrl 
'IJ 

fl11:W~"il1f1f11';ivl1'U1tJ~\l~"il~btl~;'U"il1f16'f tll'U f11';itU~rl1Vl'U~ 1 ~ 'W~8:W 1 i1'b Vl\9li:.JG'l Vl~\l"il1 f1,1'Uflvl1f11';i 
'IJ ' 

fl'U ~\l~vl1'U1 tJ fl'U i:.JG'l"il1 f1 f11';ii1\I bf1 \9ll1 b Vli'J8'UVl~8~1\I fl'U 881\11 ';i "iJ 1 f1 f11';i';i1'U ';i1:Woll8:WG'l bbG'l~f'if1'et1 
'IJ 

fl'Wflllb ~m~:W"il'W 1~oLJ8?f';iU"ll8\lrl185tJ1tJ v\'11 ~um~ti'Ubn~m1:wb .LJ1h1 tJ~\l~b~tJ'W~8cl1-:i~n~-:i 
' 'IJ 

2.4.4 -:i1'1J1:5'a~L~a1ilei-:inum-a:5'~n1'n~a'IJ~L~ei-:i hh~1Lflii 
'U 

'W';i';iru5';i1 ~'LI h (2550) 1~Pin'et1i:.J:wi1:w~'Vl~'Vl1-:im';ib~tJ'W 1~ti1 itJ'Vlb~tJ'Wfl8:W~1 b\9181 

61i1tJ?f8'U b~8\l 1vJ'W1bfli1: b61lG'l~tlG'l11'Llf1 'W'Ul1 fld1:W~-:l'W81"il1'Wn"ilm';i:Wf11';ib~tJ'U~"lJ8\IUtlb~tJ'Ub~tJ 
'IJ 

.fl1'W';i1:W8 81 'WW ~'U~ bb?f ~\ll1 f11';i~ ~ f11';ib~ tJ'U f11';i?f 8'Ubb 'U'Ufl8:W~1b\918161!1tJ?f8'Ub ~:W b "iJ \9lfl~~~~ 8 
'IJ 

QQ. tfl V ~ Q..:::i.,Q. ({IQ d1 Q 

f11';j b ';itJ'U'd'Vl tJ116116'f \91 ';j ?f1'Ui:.JG'l?f:W~'Vl5'Vl1\I f11';j b ';itJ'U1'1!11'Vl tJ116116'f \9l';j 'W'U11 :Wfl~ bb'U'UbOG'l tJ f18'Ub ';itJ'U 

9.28 6it\IA~blJ'W~8tJG'l~ 46.42 bbG'l~iJri~bb'W'Ubu~tJVl~\lb~tJ'W 13.53 zj\IA~blJ'W~8tJG'l~ 67.67 "il1f1f11';j 

b tJ~titJ b VI titJ"il~ b-MtJ 1~11 ri1 bu~ ti bbG'l~ri~ bb 'W'W~8tiG'l~Vl~\I b ~ti'W?f \ln11 n8'W b~ ti'W?l~ b lJ'W ri11:w bb\91 n ~1-:i 
'IJ 

"ll8\lfl~bb 'W'Wbu~ tJ~8tJG'l~ 21.25 bbG'l~ b tJ~tJ'Ub VltJ'U 1~ti 1-Uri1 t-test 6it-:i b U'WA1~ 2.12 :Ui1ti6'f 11°lt1j'Vl1\I 

?f~~~W~'U 0.05 bbG'l~A1i1:wtJ';i~~'Vltf11';if1';i~"illtJ~ 6.58 1 ~A1881 mnrusrl~ b ~8-:!"il1f1 fom';i~~ 
'IJ 
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n'<il m1:wi'.i m11 iu'Vl b~CJ'WfleJ:w'W1 b1>1eJ1·1h CJ?leJ'W zj-:iiJ n b~CJ'Ui'.ifam?f 1~ b~CJ'W ibb6'l~i'.itJ561:w~'W5nu~eJ 

1~b ~'W.fl1~ bfl~ eJ'W 1 V!Tvl111X b .LJ'11 '<il~1CJ~'W ~ n~-:i1 'W~'W l'leJ'W f111~1 b iJ'W fl'<il n11:W 1-iflBf111?f eJ'W bb 'U'U 

~ n61JeJ1 b .U1:w1-d1 CJ1 'Wm1 b1 CJ'W~61JeJ-:iu n b1CJ'Wvh11Xbn\9lm1:w~1 :wiJeJ n'W 1 'Wm1 b1 CJ'W-rl m deJV11 1~ 
" " 

bb6'1 n b tl~ CJ'WeJ\lrlfl11:w~nu b ~eJ'Wv111 V1'1vi'~u fl11:W~ b ~:w:wi n~'W 
" " 

87.48/81. 43 :Wri1~611'Ll'lh~~'V!6e-16'1 o. 68 e-J6'161:W~'Vli'Vl1-:im1 b1CJ'Wl6111 bfli161JeJ\lU m~CJ'W.ff 'Wirtrn:w~ mn 

u~ s ~1~1u nl 1?1eJ'W 1\91CJ1-il'611\9ln11?1eJ'WV1~-:i b~CJ'W ?1-:i n11 ri eJ'W b~ CJ'W eJ~1'l:Wu CJ~1 fl'ru'Vl1-:i?1~~~1~~u 
' " " 

o.os :Wm1:wfl-:J'Vl'W 1 'Wm1b~CJ'WTI6111bfli'.ieJ~1-:ii'.ium11A'ru'Vl1-:i?1~~~1~~u o.os bb6'l~um~CJ'W~eW6'1~ 
" " 

Q.I .::;i ~ 4::1 CV .:£ 4=:I Q 4=:I I 'l/ C.: 

7 6 "1JeJ\l'Wnb W'W'Vl\l'Vl:W\91 :We-!6'l?f:W ~'Vll5'Vl1\lf111b1 CJ'W16111 bfl:We-!1'W bn ttJ6V11eJCJ6'1~ 80 "1JeJ\lfl~ bb 'W'Wbl'l:W 

b~eJ-:i:wi'<il1n 1'Wm1v11biJ'Wn'<ilm1:wi'.im1?1eJmbuueJtluCJ bbU-:iblJ'W s ~'W hi'bbri ~'Wbl>l~CJ:w ~'W?feJ'WVl~eJ 
' 

f111?f eJ'WUn b~CJ'W 1~ b~CJ'W i~1 CJ m1~ ntJ5u1i~1 CJ l'l'W beJ\l'<il1 n~eJ m1 b~CJ'W f111?f eJ'W~Vlm n'V16'11 CJ zj-:i 1 ~ bbri 

eJtlmrum1'Vl\916'leJ-:i ~"111CJ11X-Wm~CJ'Wci1CJ'VleJ\9lb-de:iV11bb6'l~tl1~?tum1ru~?1~u~uie:i'W 1-lXb U'W'W1:w511:w 
' 

vrnm1b~t.J'W"1Je:i-:i-W n b~t.J'W~1~fom1?1e:i'U b\9lt.J 1 oU61J\91 m1?1e:i'WV1~\lb~t.J'W?f-:Jn11rie:i'Wb~t.J'W 
' " 

~1'}1~~ biJe:i-:i bbtl1 (2553) 1~fi m~nm1-W~me-i 6'l?i:W~'Vli'Vl1\l m1 b~t.J'Wvi'1 t.J m1~\91 m1 

b~t.J'W~bb uu11:wiie:i b~e:i-:i 1 wvhbfli'.i e-16'1 m11~ t.J~u11 e-16'161:wfl'Vli'Vl1-:im1 b~t.J'U"Ue:i-:i-W m~t.J'WVl~-:i b~t.J'U?f-:i 
" "I " 

n11 rie:im~CJ'W e:i~1-:i:Wut.J611A't\)'Vl1-:i?1 ~~~1~\9lum1m zje:i~'W o. os tl1~~'Vl6n1~"1Je:i-:i m1-.D\91 n'<ilm1:w 

m1b~t.J'W~bvi1nu 81.12/7 5.44 zj-:iiJtJ1~~'V!6m~?1-:in--J1bnru61'1~~-:i 11 -Wm~CJ'W:Wm1:w~b ~:w~'U~e:Jt.J6'1~ 
" " " 

b~ CJ'W~ bb uu11:wiie:im iv\'1 b iJ'U m1"5'\91 n'<il m1:w m1 b~CJ'W~ bu 'W15m1~ b u'Um1-.D\91 ?1n1~ bb 1 \91~ e:i:w'Vl 1-:i n 11 
" " 

b~t.J'W~ ?f:wi:an 1 'Wbb~6'l~n~:wi'.im1-d1 CJ b Vl~e:izj-:i nmb6'l~n'W 1vi'6'1-:iiJe:itJ n'lJ~'<il~\l bb6'l~:W~1'W11:w 1 'W m1v11 " . ~ 

n'<iln11:W b\91 CJ b 'Wf111~1 b tJ'W n'<il m1:w~1-.D t.J 1vi'b~e:imtl bb 'U'U n11-.D\9lf111b~CJ'W~bb 'U'U11:wiJe:i~V1mnV1m t.J 
" " " 

bb6'l~?feJ\9lfl~ B\l nu~ n'l':lru~ b-d BVl1 zj-:i:Um1b~eJ mtl bb 'U'U f111?1~1\le-J6'l«:wn'Vli"1Je:i\lVJ:W (STAD) bb 'U'U n~:w 
" "I ' 

bb~\loLJ'W (TGT) bb'U'Un~:w~1:w:Ue:i (LT) bb6'l~bb'U'U~B'U'Vlb~t.J'W (Jiosaw) 'We:Jn'<il1n-cl'fl1~?1B'Wir-:Jfle:Jt.J~bb'W~ , ::> 'U'U 

bb 'W1'Vl1-:i 11X bn \91 m1 b~t.J'W TI\91 t.J m~u1'W m1n~:w~-:ie-16'lv1111Xe-i6'161:wfl'Vli'Vl 1-:i m 1 b ~ t.J'W?f \l~'W bb6'1 ~-w m ~ t.J'W:W 
\I , 01 'U 

fl11:w-W-:i~e:i 1 '<il~e:im1-.D\9ln'<ilm1:w~1t.J 

1-:il1~6 f'1~51, ~n~f'l~ ~m'l':l1 bb6'1~6111t\) B'W'Vl~bbl'l:w (2554) 1~~n'l':l1f111b~:We-16'l«:w~'VIB 
'Vl1-:im1b~t.J'U b~B-:i1w-W1bflii vi'1t.Jm1b~t.J'W~bbuu~1:wiJBnu61J\9lf111b~t.J'W~bb'U'U sE ~u11 -wm~CJ'W:W 

" ' " 
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fl ~bb 'W'We.J~ ~:wnVJEvrninTH1 CJ'W'Vl~\I b1CJ'WG'l\lfll1 ri eJ'W b1CJ'WeJ~1\liiu mh ff ruVl1\16'1~ ~ ~":i~ ~'U . 05 1 'W fl1":i 
"I " ., 

b1CJ'Wf~~tJ";j~fleJ'U~1CJ 5 n~m":i:w fieJ tll)n~CJ1";i~Vl11\lfa'Vl~n'U 1~Vl~ 1eJeJeJ'W Bb~n 1Vl";i\?lbb~~fa~n1 Vl";i 

1~~ b61f~~ti'm1-Un b61f~~i:..i~ 1~ bb~~16bbfl 1 VJ~n 117lmbvi~~n~m":i:wm~CJiifl1":ibb VJ":inn~m":i:wv11'W1CJ-
" 

~\16'1:W:W~~1'W-Vll?l~eJ\l-eJ5'U1CJ-eJJitl":i1 CJ (Pre-HEED) b oiJ11 tl bb Vl":ifl 1 'W.ff m1¥1\lfld1:W?f'W hv111-MiJm1CJ'W .... 

'WeJ h~eJfl1";j~\?)fl1";jb1CJ'W¥bb 'U'U~'Ub?f1~Vl1\11VlCJ11'11?fl?lft 'W";i~~'U :IJ1fl 
'U 

eJ'U~'J":i":iru 1VfVleJ\I, m'W1?1~-r1?1tl 1~b6'1m bb~~'W":i'W":i":iru .yj\11'WB (2554) 1~Pimni:..i~fl1";j 
' ' 

1VJCJ1l"l1?11?1{~1mnrusn1 'W";i~~'U~?t\l~\1¥eJCJ~~ 70 bb~~ 1 'Wm":i~l?ln~ m":i:wtrm1CJ'WiiVim~~~1'W fl1";j 
'U 

~\I bfl l?l?f \l~?f l?l 'UeJ n~1 n-dtr m~CJ'UEJ\I iim1:w~\l'WeJ h vi eJ fl1":i~l?l fl1":i b~CJ'U¥eJ ~1 'U ":i~~rn.n n ~n~\I EJ\I 
\I q \I \I 

6'11m":im ~:wi:..i~~:wnVJBVl1\I b~CJ'U 1-MG'l\l~'U 1~~1 CJ b ~eJ\1~1nJl1CJ 1 'Un~ m":i:wiim":im~l?i''U 1-Mtrn b~CJ'Ubnl?l 
"I " ' 

r\'1m:w 1'W1~Vl~\1~1n m":iv11'U1CJi:..i~ bb~~i:rm~CJ'U~~ 1~~\lifotJ5tr~ beJ\11 'U.ff 'U m":i61\I bnl?l b ~eJ1JnVln~~ 
m~tJ'J'U fl1":iVl1\I ~1'U1Vl CJ11"!16'1 l?l fa~ ~:W fl1":ieJ6tJ1 CJ b Vll?l i:..i~ b tl~ CJ'U b V1CJ'U1 'W~\I~ bfll?l~'U~'J CJ 

' 
~ 1nm";jPin~1\11'U1 ~CJ~ bM moiJeJ\I ntJ m":i~ \?) m ";j b ~ CJ'U -n 'V'l-W1 bfliii!mb vi~~ b Vlfl'Wfl MHfo ~ 

'U 

oiJeJ b~CJ bbl?l nvi1\ln'U zj\lbbvi~~16m":i?feJ'Ubb~~":itJ bb tJtJ1 'U fl1":i~l?l n~m":i:w fl1":ib~CJ'U¥i1m'1\I b?f~:w bb~ ~ 
'U 'U 

?11mw'W'~'U1i:..i~61:wnVJEVJ1\lfl1":i b~CJ'U 1-M?t\l~'W1~ bb~~EJ\lm~l?i''U 1-Mi!n b~CJ'Ubfll?ll°111:W6'1'U h 1 'Wfl1":i 
"I " ' 

b~ CJ'W ii Vin~~ n":i~'U'J'U n1":iVJ1\1~1'U1VlCJ11"11?f 1?1{bb~~ b~l?lfl ~~~~ eJ1VJCJ11"11?11?1{ bbvieJ~1\l 1 ":in1?11:wE'T\I 

'll1\?l m":i~\71 fl1 ";j b1CJ'UTI\?lCJfl1";j~\?) m":i b~t.J'W¥~1 CJ1 n~ m fl1";j b~ CJ'Ubb 'U'U~rn6'11~ 5 .ff 'U ~:1:1 m":ii:..i?t:wi:..im'U 
'U 'U "-J 

b VlflUfl POE 1 'W.ff 'U'VCJ1CJfl11:w¥ ~\li!'Um~ CJ~\IG'l'U 1 ~Pin~1fl1":i~l?l fl1":i b~ CJ'U¥~\I n~ 11 b ~eJ'W'~'W1fl11:W 
'U 'U 'U 

b oiJ11~:w 1 'W:w~1'VlCJ11"11611?1{ b~eJ\I 1 'V'l-W1bflil b 'W":i1:::fl1";j~\?)fl1";jb~fJ'U¥~1CJl f)~ fljfl1";jb~CJ'U¥bb 'U'U~'Ub?f1::: 
'U "-J 'U 

s .ff 'W b lJ'Uni":i~l7lm":ib~cJ'U¥~b i!'Uerb~CJ'Ub lJ'U?f 1~ru bUl7l lelm?t1-Mi! m~CJ'U 1~fmn'U~l?lelelmb uu ilm'J 
'U 'U ., 

fl1":iVll?l~el\I v111-Mtr n b~CJ'W?f1m":iti6'1{1\lel\lrlm1:w¥~1CJ1?1'Ubel\l faCJ~1'Um:::tJ1'Wni":ifil?lb ~m zjel:w lCJ\I 
'U 

b rlel'Vl11 'Ubb~~:::bieJ\l~Pl'n~1 i! m~CJ'U~\lil~~'W1fl1":i~1'l.lfl1":iilm1:wfil?l b i'.1'U'Uel\ll?l'Ubel\I n~11 uni":i 

bb611?l\lfl11:Wfll?lbb~:::m":i~\lf"l1m:w ll?lCJ~fl":ivJ1VJ1!1~-eJ1'U1CJm1:w61~mn ?ti!tJ?f'U'U ~bm::: "li1mVJ~el 
'U ' 

1?1~eJ\?l~'UbbnuruVJ1~bnl?l~u~1nm":ib~CJ'U ni":i?tel'U bb'1~ b vu n~ m":i:wm":i b~CJ'U{~i1tJ":i:::~'Vl5Jl1'W 1 uni":i ., 'U 

'W' ~'LI 1 e.J '1~:lJ']VltVl1\Ifl1 ";i b ~CJ 'U bb '1~:lJ1'U:lJ~Vl1\IlVICJ11"11 ?f l?l { 1\71CJ611:lJ1 ":i '1 bb m 'V :lJ b 'U :lJ ~ ~ \71 Vl ~el 

flml?l bfl~el'U'llel\ltJ m~CJ'U 1-M'11?l'1\I bb'1~tJ-rrn tl~CJ'U 1tl~:w1 'W:w~~ti n~el\l'Vl~el:w 1 u:w~1VlCJ11'11?tl?l{~b lJ'U~ 
'U 'U 

v v~ ff •cv v v q ({ q1 

CJ eJ'U ":i'U 'V el\l 'Um VJ CJ 11"116'1 l?l ":i fl 'J'U fl ntJ fl1 ":i'W ~'U 1V1 n~~ m~tJ 1'Ufl1":iVI1\11VICJ11"11?f1?1 ":i b ~ l?l fl l?l 1?1 el 
'U 

1VICJ 11"1161 l?li bb'1:::E'T\I rnm~?f 1VJ-r'U ~ b~ CJ'U~i1m 1:w?11m":itiV11\l 6'1~u qi qi1vi n":i~~'U 611m ":iti"li1CJ1-M 
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~b'1CJ'W~iJf;-J6161'lif1VlB~1bb6l~tJ1'Wnm-:i 1Vfb-V'11'<illi1 'Wli~1vl'~~'W ~iV1fonTH'1CJ'W 1 m -deJV111 'Wv'-11bAiJ "il~ 
b ~'W 1v111fll'J1 -ff '11~ fll'JG'lfJ'W fl1'Jb'1CJ'Wvl1 CJ'UVl b'1CJ'WflfJlJ~1 bl?leJ1'1i1 CJG'lfJ'W bb61~fl1'Jb'1CJ'Wbb 'U'U~lliileJi1'W 

' 
61-:i f;-J{;l~f)f;-J(;l 61lJnviBvi1-:i m'J b'1CJ'W1Vf6'1-:i~'W bb61 ~ bb~61~ n"iJ m'Jli11 m1CJ'W1vl'61 -:iil eJv1'1 b'1CJ'W ~~1lJ n'W "iJ 1 n"1J~ ul \I 'l/ 'i 

m'JG'leJ'W "ill nu vi b'1CJ'WfleJli~1 bl?l B4'1i1 CJG'leJ'W rX1 CJ l?l'W b eJ\l ~m ll'W m'J b'1CJ'W~rX1 CJ l?l 'W b eJ-:i i1m'JtJ5tr~"il ~ -:i 

bb61~1.Jm'1CJ'Wi1'11'W~1li 1 'Wfl1'Jvl1fl"il fl'J'Jlilllfl~'W ~\l ~\l 1~ flflW'U1'Wfl1'Jvl1\l1'Wb lJ'W fl~li 'WfJfl"illfld 
' 

I ti I ' tJ 

A1~m'Jru11V1~eJ hi 6/i-:im'Jb'1CJ'Wbb uuii"il~'li1CJ b 'Wlif;-J6161'lif1V16vi1-:im'Jb'1CJ'W 1Vf~-:i:'fi'W1rXrX1CJ 
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fl1Jl~tJdiHV1~'lh~61.:il°1b~eJ~\Ol,JtnA11m .U1 hii luii&i1'VltJ11'31161V11 b~el'I 1 i"J~1bri:W l?i'1tJi'{]~m 

fl1Jb~CJ'dbb 'U'U~'Ub611~ 5 ~'U t:-J61lJt:-J611'Utl'U b'VlAtJAVll'LlltJ-~'I bnV1-el5'U1tJ b 'U~'U"UtJ1tJA11lJ~ ~1Vlfo 
v v 

irm~tJti.ff ti~utJii~rn~1tJ~ 6 ~l~tJ 11?1~1b tJ'UfllJl~ tJmii.ff tiV1el'Ll~~1~ru ~.:id v v 

3.1 bb'U'Ubbt:-J'Ufl1Jl~tJ 

3.2 "Uel'Ub"UVl"Uel'lfllJl~tJ 

3.3 bA~el'liJelffioifltifllJl~tJ 

.c:t..:::lll o .c:t. C::0:: II 

3.5 1um b 'Ll'Ufl1J'Vl~fi el'! bbfl~ bn'UJ1'UJ1l.l"Uel~fi 

3.6 fl1JlbflJ1~~oLJell.Jfibbfi~61~&1ffi-tilbflJ1~~.uell.Jfi v v 

3.1 bb'U'Ubbe-lt.!n1Jl:5''-J 

fll'jl~tJA~.:id 1offJUbb'U'Ufl1Jl~tJ zj'liJJltJfi~b~tJ~~'l~el 1 ud 
v 

3.1.1 nT~1~fl'J1:lJb"!i'111il11 Lt.1:lJ~l'Vlmfl1%'11P1i b~ei-:i 1 'V'l-W1briii 

fl1'jl~ tJ A~ .:id 1 oUJU bb 'U'U fl1Jl~ tJ b U'U bb 'U'U nciii ~1el81.:i b~ tJJ:W fl1'j'VJ~61 el'U n el'Llb~ tJ'U bbfi~ 
v ' 

Vl~'lb~tJ'U (One-group pretest and posttest design) zj.:i:W~'\.Jbb'U'U~'ld 

I o, ----------X--------- o, 

fatJ 0 1 Ael fl1'jVJ~61el'Utlel'Llb~tJ'U (Pretest) 

0 2 fiei fl1'j'Vl~61el'UVl~'lb~tJ'U (Posttest) 

(3.1) 

X fiei fl1"j~~fl1Jb~tJ'U~b~ei.:i 1i"J~1bA:W l?i'1tJ1n~mfl1'jb~tJ'U~bb'U'U~'Ub611~ v ~ v 

5 .ff tit:-J61l.Jt:-J611'U tl'Ub 'VlAtJAVll'UltJ-~'I bfl~-el5'U1tJ b 'U.ff 'U"UCJ1tJA11lJ~ 
v 

~1Vlfoirm~tJ'Ll~'Ll~LitJl.l~n~1tJ~ 6 

3.1.2 nT~1'~fl11:lJ-W.:i'Vlei b1i16Uei.:itl'n b~t.1t.1~ii~eimJ:5'~nT~b~'-lt.1~ b~ei.:i 1 'V'lvh bflii 
'U 

fl1Jl~ tJ A ~.:id 1 off Jubb uu fl1Jl ~ tJ b U'U bb uu nciii~1el81.:i b~ tJJ:W fl1J'Vl~61 el'U'Vl~'I b~ tJ'Ll 
v ' 

(One shot case study design) zj'l:WJUbb'U'U~'ld 
v 
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X--------- 0 (3.2) 

1m.J 0 AB fl11Vl~?lB'UVl~..:Jb~tJ'U (Posttest) 

X AB fl11~~fl11b~tJ'U~b~B..:J 1-rJ~1bAi1 ~1ti1n~mfl11b~tJ'W~bb'U'U~'Ub?l1~ 
" -..i " 

5 .ff 'Ut:-1 ?l:Ur.J?l1'U fl'U b VlA'WAvl1'U1tJ-~..:J bfl\1l-BB'U1tJ1 'W.ff 'U'll tJ1 tJA11:Ui 

G11V1-r'Ui!m~ti'W.ff'W:i!uti:u~m.'f1tl~ 6 

3.2 '1JB'Ub'1J\1l'1Je:J..:jfl111~£J 

3.2.1 th~°lnm i!m~ti'W.ff'Wiluti:u~m.'J1U~ 6/1 '11'W1'W 45 A'W i!m~ti'W.ff'Wiluti:u~m.'J1ll~ 6/2 

'11'W1'W 39 A'W i!m~ti'W.ff'Wiluti:u~m.'f1tl~ 6/3 '11'W1'W 39 A'W i!m~ti'W.ff 'Wiluti:u~m.'f1tl~ 6/4 

'11'W1'W 40 A'W i!m~ti'W.ff'Wiluti:u~mntl~ 6/5 '11'W1'W 38 A'W 11:u~..:iV1:u~ '11'W1'W 201 A'W mti1'W 

mm~ti'W~ 2 tlrn1~m.'f1 2557 h..:ib~tJ'W 1 'Wt1 Vl'a~Vlti1ri11 ~1'U'11 'Wt1 Vl'a eJ1bflB 1 'Wt1 Vl'a ~..:i'Vli'~ 

tl'U'111'1l51{j 
' 

b'<il1~''iJ..:ilil1n'lh~6ll1fl'a 

3.2.3 f;Hl1'U~bb%'1~~~£J~b 1%'111 'Un11vl11~t1 ~1Vl-r'U?lm'W~1 'W m1vh m11~tirir..:id Aei 

h·H~tl'W 1 'Wtb Vl'a~VltJ1A11 ~1'U'11 'Wtb Vl'a el1bfltl 1 'Wtb Vl'a ~..:!Vll~tl'U'111'1l51\1 vl1fl11Vl~'1€l..:J 1~tlb~:U 
' 

3.3 bfl~e:i..:ine:i~t-m. 'Um~1~£J 

bA~ei.:iih:imm'Urn11~tiri~.:idbbi.J.:im:imu'U 2 u1~bflVl 1~bbn bri~-eMih:imm'Wrn1Vl~'1ei.:i bb'1~ 
bri~mi1 eim .u bn'U 11'U 11:u.LJei:u'1 

" 
3.3.1 bfl~e:i..:ine:i~t-trl 'Um~vi~%'1e:i..:i 

3.3.1.1 bbr.J'Wfl11~\?lfl11b~tJ'W~ b~eJ.:Jb l'J~1bAi1 ~1tJ1f1~fl'afl11b~tJ'U~bb 'U'U~'Ub?l1~ 5 .ff 'LI 
" -..i " 

r.J?l:Ur.J?l1'W tl'U b VlAtJAvl1'W1tJ-~.:J bfl\1l-eJB'U1tJ1 'W.ff 'W'IJ tJ1tJA11:U~ ci'1V1f'Ui! fl b~ti'U.ff 'Wiluti:u~m~ntJ~ 6 
" 

'11'W1'W 5 bbr.J'U 11:Ub1'11 15 i11:u.:i (i11Ar.J'W1fl '1J) 

3.3.1.2 n'<il m1:urn1b~ti'W~ b u'Un'<il m1:urn1Vl~'1ei.:i~b~ti'W~~1 tii' n~ mrn1 b~ti'W~ bb 'U'U 
~ ~ d...J ~ 

~'U b?l1~ 5 .ff 'LI r.J?l:Ur.J?l1'Wfl'Ub V1AtJAvl1'W1tJ ~.:i bfl\11 bb'1~€JB'U1 ti1 'U.ff 'W'1JtJ1 tJA11:U~ b~eJ.:J 1 l'J~1 bAiJ 6/1.:iiJ 
" 



i. tJljn1ti1~~e:ifleil 

bb6'l:::m1ci1ti 1m.i 

2. rrn:u?f1m1fl 1 tl m1 

~ ~161l bb61::: ti t1fl6B1~~ 

3. b61J6l~nm1'Llmb61::: 

b61J6l~~m1JJ 

~ ., 
4. fl11bbtJfltl1~1tJ 

m:::bb?f1~.Yh 

5. m1'1!tJ 1m11:::~1tJ 
' 

m:::bb?f1vh~1 bb6'l:::m1 

ut1-:i nt! m1(;.J fl~t1t! ~1 ti 
' 

3 

2 

5 

2 

3 
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"11-rti"111 ~ rnb~fll'11tlt!) 1fl1~ 1fl1mfl1b~tlb ut!"11 

1fl1b~tl ~~le& 

bb'U'U~tl~ltl 

3. b61J6'\~(;.J611il1~1:vh~1 
0 I .:::\ .:::ii 

bbtJ fl't.!1':11 tJtl~ b~ tJl 

1. bfl~tltJ~l?fltJ~ltJ fa~::: 
., ., 'i 

1. fl1'j'1ftJ'1!tltl~1tJ661~::: 
' 

2. fl11ut1-:int!?1iJ:w'IJt1-:i1'1:::tJ b~tl 
v 

2. fl11ut1-:int!~-:ifl:::~(;.J 
' 

n1iJ fl11:u n11 b1tit!~ ~1~ ti 1~t1t1 fl bb uti n1iJ fl11:U 1tl~tl?f~1-:ifl11:u?ftl11iJ 1~ ti 1 ~11 n b1tit!~ v v v 

1 ~1t1 bb61::: m:::~tl~l tif11 m:u b ~-:ii VJ ti 11'!1?11'1 { ~t!ci'1111iJ bb61 :::ri't!~1 1 ~11 fl b1tJt!t1t1 fl bb tJtJ m1V1~61 t1-:i 
' 

V11-:i~1mfli1 1~mb'IJ-:i11m1tit!t1t1m Ut!fl~:u61::: 5-6 flt! 1 -5't1tJmru'/Jm~b~fl fa~:::~?11m1flm 1vll tl 
' ' 

Vft1-:i~tl b"lit! m:::ut1-:it1:::61fai1tJ:u l'l:::u bbe.itl~-:ifl:::~:u-:i~i;r-:im bUt!~tl ?111bfli1~~t1?1116'\:::mtim-5'~1 
v v ' 

1vll t!Vi't1-:i~tl i1tJ1mrut!t1ti vh 1 ~°1i1tJ6'\~tJ1mru'/Jt1-:i b~ti~1iJ::: bn~;t!?11m1flut1-:intl:u61V1~ b lJt!iJl'11 

nti~-:i bb 1~6l't1:u 1ib16111 t!~t!bl'1~tJ:um1V1~61t1-:i bb6l:::~t!Vl~61t1-:it! t1 ti fl11m1V1~61t1-:i bb tititJ fl~ i1fl11:u 

tJ61 t1~Ji' ti ~1 ti~ t1 m1~ ~ m1 m1:u bb:JtlcJ' 1 bb61 :::m1:wfl fl ~e:i-:i'/Jt1-:i fl11Vl~61 t1-:i b Ut!~ tit1:u-rti 1~ 
v 

3. 3.2.1 bb tJ'UVl~?ft1tJ1~m1:u b .LJ111iJ:u fo:u~1Vltl11'11?tl'1{ b~t1-:i 1 vh~1bfli1 1~ m Ut!oLJtl?f tltJ 

'll'Ll~ 2 6'\'1~ti~t! ~t!~ 1 bUt!bbtititJ111'ti 3 bb61::: 4 "11b~t1fl ~t!~ 2 bUt!m11~b~l'1(;.J61 bbtirn~tit!l'1t1ti 
' 

bb6'\:::tJ111'tJ 3 bb61::: 4 "11b~tlfl 11:U~'l~:U~ ~1tllt! 30 oLJtl (fl1fl(;.Jtllfl fl) 1~tJi1~1fl11:UtJ1fl~1tJ (p) 
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ti I I 0 0 1J I I d V 
",rn.J'llm~vrn:i 0.20-0.80 fl1fl1'U1"il"il1bb'Un (r) '.l1ti'llm~VJ11-:i 0.32-0.66 bb6'1~f\1fl11m'llt1lJ'U'IJeJ-:J 

bb 'U'l.J'\fl(9[?\eJ'U~\IQLJ'UiJri1 b vl1tl'U 0. 81 b(9[tJ rl1Vl'U(9[~1'U1'UoLJeJ?leJ'U~\11'11'.l1\I~ 3.2 

,f lil1\J1\J.Ufl'1fl'U (.UeJ) 
nlJ C.UeJ) b \Jfl'\111 

fl11a.Jb.U11'<il tl11u1-tt "' d 

1bfl"j1::'VI 

1. u5n~cn~(9[e:ins&bb6'1~m'.lci1ti 1e:i'LI 5 2 2 9 
"" ~ 
e:Jb6'1nl'l'.le:J'U 

2. f\11lJ?l1:w1'.ltl 1 'Un1'.J~~1s&bb6'1~ 3 1 1 5 

e:ie:in6/11(9[~ 

3. b"ll6'1~nm1'Wmb6'1~b"ll6'1~~-rn1ii 1 1 7 9 

4. m'.lbbtini11~1tim~bb?11 yj~1 1 2 - 3 

5. n1'.l'll'U b6'1VJ::il911tim::ibb?11 TI~1 1 1 2 4 
' 

bb6'1~ m'.Ji:J e:i-:i n'U m'.Ji:.J n~e:i'U~1 ti1TI 
' 

bbfl b'Vl~n 
~ 

"j1a.J'VHl'Vla.J~ 11 7 12 30 
II 

36.66 23.33 40.00 100.00 ·rnEJa:: 

b~e:i-:i 1-yjvhbri~ ~1tl'1'ff~'mm'.lb~ti'Uibb'U'U~'Ub?11~ 5 ~'LI i:.J?llJi:.J?11'Unub'Vlfl'Wri°Vl1mti-~-:ibn\91-e:i6u1ti 

1'LI~'U'lltJ1tJfl11~~ 611VJfo'l!m~ti'U.ff'U~tlti~f!irn~1tJ~ 6 "il1'U1'U~\l'Vl~(9[ 15 '.l1tim1 bU'Ubb'U'Um\9111 
'U 

~1'UtJ1~:wiruri1'1Je:J\l~bf\e:J~'Vl (Likert Rating Scale) ~W~'Ufl11lJ~\IVmh 5 '.l~~'U b(9[tJ 1 Vlmti5-:i 

~-:ivmh1!e:iti~?i(9[ 2 Vl:witi5-:i ~\l'We:ih1!e:iti 3 VJ:witi5-:i ~\l'We:ihtJ1tJnm-:i 4 VJ:witi5-:i ~\l'We:J1"1lmn 
' 

s VJ:witi5-:i ~-:i'We:ih:win~?\(91 ~ri1fl11mzje:i~'U~lJtJ'.l~~viibbe:J6'1TI1'1le:i-:ibb'U'U?1e:iummvi1nu o.91 
' 

(mfli:.J'U1n -:i) 

3.4.1 bb~\Jm'.l:5'~m'.lb'iEJ\J~bba::n'<ilm'.la.im"jb'iEJ\J~bb uui1u b'11::V11fl11a.i~b~eJ-:i 1 ww1 bflii 
'U 'U 'U 

3.4.1.1 lbfl'.l1~~VJG'i'n?1mm1f!in~1~'U~'U'11'U 'W'Vltl~m1'1l 2551 ririe:ifl'.l 
'U 0.9 q '\J 'U 
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~ ~ 0 ~ d ii 

1'VICJ11"11?HW~ bbi;J~fl1Vl'W\>lff'ilf1';ijl.Jfl1jb jCJ'l.Jj 
'\) 

3.4.1.2 b~eimdeiV111'Wf11j?feJ'W fiei b~'EJ.,'.J 1'v~oW1bfliJ 1'Wj1CJl'IJ1l'VICJ11"11Ml~~'W\i1'Wbbi;J::: ... 

., 
3.4.1.3 b~ein15mj?f eJ'W 1\>ICJ1 i15mj b~CJ'W~vi'1 CJ1 n~ mfl1jb~CJ'W~bb uu~u b?f1::: 5 oLJ'W 

'\) ~ '\) 

~?fi1~?11'W nub 'VI A'Ll Av11'W1 CJ-i;r.,'.J bn~ -eiTiu1CJ1 'W.ff 'W"ll m CJA11ii~ 1 bflj1 ~~ bbi;'l ~n1V1'W\>l "il \>ltJj ~ ?t .,'.jfi' m j 
'\) ' 

d ii J/ I d I.I 

b jCJ'l.Jj bbi;'l:::b 'WeJV11Vl'W1CJfl1jb jCJ'l.Jj 
'\) '\) 

tl'Ub dei'\111 b~'EJ.,'.j 1 'V'J-W1 bfliJ 

3.4.1.5 b~CJ'Wbb~'Wfl1j~\>lfl1jb~CJ'W~ zj.,'.JtJj:::neiu 1 tJ~1CJ ?f1j:::~1rl'ru ~i;Jfl1jb~CJ'W~~ 
'\) v '\) 

~\zjCJ1'1J1ru 5 fl'Wm1"il zj.,'.lbU'Wtl1"il1'~~~tJ~m~1bbi;J:::~bzjCJ1'1J1ru 4 vi1'W ~iJtJj:::?funT'Hl..!1'Wmj?feJ'W 
~ v ~ v 

., ' 

1'll11'VICJ1i'l1 ?f ~ fVl'W \i1 'Wbbi;J ~ b ~m~ii bfliJ 4 vi' 1'W V16l n ?f ~ j bbi;J::: m j?f eJ'W bbi;J::: ~ 1'W m jf \>! bbi;J ~ "' '\) 

bb'U'U:1.J1~j1"1'WtJj:::mru~1 5 j:::~u ~.,'.Id 

fl:::bb'W'W 5 VlmCJfi.,'.j b'VliJ1:::?fiimn~?f\>I 
' 

fl:::bb'W'W 4 VlmCJfi.,'.l b'VliJ1:::?fiimn 

fl:::bb'W'W 3 Vl:l.nCJfi.,'.j b'VliJ1:::?fiitJ1'Wfli;'l1.,'.) 

fl:::bb 'W'W 2 VlmCJfi.,'.j b Vlm:::?tiiiJei CJ 

fl:::bb'W'W 1 VlmCJfi.,'.j b'Vlm:::?tiiiJeiCJVi?f\>I 
' 

3.4.1. 7 'Ll1fl::: bb 'W'Wbb~ 6'l :::oif eim bb tJ6'1 m111V1m CJV11 ~1 bu~ CJ bb6'1:::"1m ~CJ \I b 'U'W:l-l1!?11\i1'W 
"' 

oU'J.,'.Jfl:::bb'W'W 4.51-5.00 "' d 
VlmCJm b Vll.J1:::?fiJ:l.J1fl'Vl?f\>I 

' 
oU1\lfl:::bb 'W'W 3.51-4.50 "' Vll.11CJm b'Vlm:::?tiimn 

oU'J.,'.Jfl:::bb'W'W 2.51-3.50 "' bV1m:::?t11tJ1'Wnm\I VlmCJm 

oU'J.,'.Jfl:::bb'W'W 1.51-2.50 "' ... 
VlmCJm b Vll.11:::?fiJ'W €1 CJ 

oU1\lfl:::bb'W'W 1.00-1.50 "' ... d 
VlmCJm b Vl:l.J1:::?f:l-J'W€1 CJ'Vl?f (>! 

' 
t11~1bu~CJm111fim~'W"lleJ\l~b zjCJ1'1l1tlJ~~1~.,'.lbb~ 2.50 ~'W 1 tJ bb6'1:::"1'Wb ~CJ\lb u'Wm1?11\i1'W 

"' 
bJbn'W i.oo ~ffi1bb~'Wm1?tei'W~fl1111bV1m:::?tii 
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3.4.1.8 t11bb[;.J'l.Jn1'';J~\7lrn1b~CJ'W~ 1tJVJ\7l(;lei-:J1.ffnuirm~CJ'W b~t1~'i\J11ru1m1mV1m~?t:w 
'\J 

b 1m~1.ff 1'Wrn1~\7ln'i\Jm1:wrn1b~CJ'Wrn1?tt1'W bb~1t11bb[;..i'Wfl11?tt1'W 1 'll'll1'u'll1-:i bbm'1JBmJ-:i'Vl~-:i1 ~ 
' 

b'Vl:Wl~?l:W~-:i:ft''W bb(;l~tJl bb[;.J'Wfl11?1€J'W 1 tJ1-ifl'Wfl~.:J~tl11 tl b\71CJ fl11l bfl11~~Vlt11CJfl11b~CJ'Wib~eN 1 'Wvh 

bflffi 'Wbb~!;l~bb[;.J'Wfl11b~CJ'W~tl'IJ'i\J\7ltlW?l.:Jrl bb!;l~"iJ1'W1'Wi1 b:W.:J~?l€J'Wbb?l\71.:J~.:Jl?l111.:J~ 3.3 

1. tJ5fi1t.J1~\7le:in61l bb!;l:; 

m1ci1t.J b'iJ'UBb~n\il1'iJ'u 

3. L'1f'1~nm1iimL!;l~ 

L'1f'1~~'1b~ 

:;' ., 
4. m1bLt.Jn'U1\711CJ 

m:;m11~~1 

'\J ' 

i. e:iBu1t.Jri11:wV1m t.J 01rn-:iu5 n1m e:ie:i n'B b\?loU'\.J 

tJ5fi1t.J1~~ni'W tJ5fi1t.J1~\7le:in61l \ll1~~161l 

bb'1~\ll1e:ie:in'B117l'1f1 mL~m1ci1t.J fa'WBL~n\111€1'\.J 

LL'1~ m1b tl~ t.J'\.JbL tl'1-:i L'1'1J€1€1 n'BLl7loU'\.J 

3. eJTI'U1t.JV1'1nm1v\'1-:i1'U l'im'1f'1~n'111iin L~t.J'\.J 

m..1n11 bb6'f \91.:JU!i fi1CJ 1 LL'1:; b ~ CJ'\.J bb~'W.fll'Vi 

"" "" b'1f'1'1nm1'\.Jn 

4. t1Bu1CJ15n11V11A1~nCJ1~~1:w1\il1~1'\.J'1Jt1-:iri~-:i 
"" 

b'1f'1~ (E
0

) bl'ICJnl'.HU~CJULViCJunuri~-:ib'1f'1~ 

b~b\?l'H'i\J'\.J:!Jl\111~1'\.J brn:;1'1JA1 E
0 '1Jv.:Jfl~.:Jb'1f'1~ 

"" 
v\'1mCJm1bnl'luljn1CJ1~\9lvn'li 'V-l~m.1~-:ir11mruA1 
~nCJ1~~1'1Jv.:JL'1f'1~nm1iin1Ji' Lb'1~m1u1:;CJnl'itl'u 

' 

5. eJTI'UlCJV1'1nm1m1LLt.Jntl1Ji'1t.Jm:;bL?lb ~~1 LL'1~ 

b'1f'1~Bb~n 1VJ1b'1\il1Ji' 

{Je:i.:Jtl'Wn11~n~eJ'UJi'1CJ LJ!jfi1m~ bfil'l~'\.J 1Ji' bL!;l:;m1{JeJ.:Jtl'\.Jn11~n~eJ'WJi'1t.J 
15bLflbVJ~n 15bbflbVJ~n 

'11'1.!'J'U 

3 9 

2 5 

2 5 

3 4 

2 3 

3 4 

15 30 
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3.4.2 bb 'U'U'Vl"1'6'1v'U1"1fl11:1.Jb•th b'1:1.11 \J:l.l~1'VIV1fl1'6'1~i b~tl.:I 1vh~1 bflii 

3.4.2.1 ~mnm111'1 bb'1::;?f~1,m '\J'\J'Vl\9l?fe.J'\Jl\9lfn1m-ti1h111 'Ll11&i1'Vlt.nl"116'f~1 

3.4.2.2 ?1~1'1~111'l:::ibm1::;·1,frdeivn b~ei'l 1 vh~1brii'l 11'lc.r<i1'1bb'Llfl'V1t]&im111eieimu'Ll 3 1::;~u 

~ei ff.nm-ti1h m1t11hfl-U m11bm1::;~ b~ein1VJ'U\9l~\91611'U6LJe.J'l"il1m'U6LJe.J'l-tiei?feiu bb'1::;"i!\9lu1::;?f'lrl 
' 

.c::t, .:::iii.I CV 

Y1t]~m111'Vl~mm11\9l 

3.4.2.3 6'f~1'1bb'\J'\J'Vl\916'fe.J'\Jl\9lA11lJb-ti11"illJ b 'UlJ&i:::i'VltJ1\A116'f~1 ..iJ1'U1'U~'IVllJ\;J 65 iB 1 ~ 
meiurim.1b-d'Bvi1mlJ"il\9lu1::;?f'lrl bb'1::;'V1n&\m111~~B'lfl11l\;l 

' ' ·1 

3.4.2.4 'l11bb'\J'\J'Vl\916'fBu~?1~1'1~'Llhfl~erbzjtJ1'U1ru"il1'U1'U 5 vi1'U bViB~"iJ11ru1 ~1'U 
'U "' 

(Item Objiective Congruence: IOC) b\9ltJfl111-Uvi~mnru~n1Vl'U\9lfl::;bb'U'UA11lJfl\9lb~'U 1bri11::;~ 

A11lJA\9l b ~'U61Je.J'I er b zj tJ1'U1ru Vl1A1~61J{1 A11lJ?f e.Jl'lAfKB'l1::;Vl11'1-tie.J?f e.J'\J tl'\J"il\9l'lh:::?f 'lfl1~ri1 IOC B ~ 
'U v , 'U 

1 ~fl:::bb'U'U + 1 bdmb'Ub"il11-tiei?fB'\J,!'Ll1\9lm'l~111~(;l'lh::;?f'lrlb~'l'V1t]&im111 
1 ~f)::;bb 'U'U 0 bdB hlbb 'Ub"ill1oLJB?fB'\J,r'Ul\9lm'l~1lJ~(;)U1::;6'f'lrl b ~'IV1t]&im111 

1 ~fl::;bb'U'U -1 bdmb'Ub"il11-tiei?fB'U,Y'U1\9l hJm'l~111~191LJ1::;?f'lrlb~'l'V1~&\m111 
3.4.2.5 fl1'U1n.!Vl1A1eJ1'Ll1"il"il1bb'Ufl A1fl11lJCJ1fl~1tJ b(;ltJ'l11-tiB?fB'\J "il1'Ll1'U 65 iB hJ 

'\ll\;1'1B'l1oUfl~'I~ 1 nutl'm~tJ'U.ff'U~5tJlJPlll~1U~ 6 h'lb~CJ'U~5CJlJ~1:::m1Vi'U~'1 ~1111-lln~ll~1B~1'1 
' 

.r::::il V 0 i/.c::t, ' I I I 0 0 ii 

bb'1::: bfltJb 'j tJ'UlJ1bb'11 "il1'U1'U 30 fl'U bb'111 bfl'j1::;V!Vl1fl1fl11lJt.J111'11tJbb'1::;fl1B1'U1"il"il1 bb 'Ufl'UB'l6LJ B?f B'U 

bb~'1::;iB b\9ltJb~tJ'lf)::; bb 'U'U"il1fllJ1fl 1 UVl1fl::;bb 'U'U'Ll'BtJ 

3.4.2.6 t11~'1~hi'6LJei'l-tiei?fB'U 65 iB mlbfl'j1::;~bU'U11tJoLJm~BVl1A1fl11lltJ11l~1tJ 

1::;V111'l 0.20-0.80 bb'1::;ri1rl1tJ1"il"il1bbtJn ~'lbb~ 0.20 ~'WhJ 
3.4.2. 7 'l11bb'U'lJ'Vl\;J?fBui'l'lm111b-ti1h111tJ11&i1'VltJ11"11?f~1~fi'l'lb~eimb'1:::u~mh'lbbm6LJ 

' 
1~b'Vl~B 30 iB hJ'Vl(;l'1mfl~'I~ 2 nutl'm~tJ'U h'lb~tJ'U b Y1B1 '\fl'j~'\flt.nfl1'j ~1111-lln~11~1B~1'1 "il1'Ll1'U 

' 

fl::; bb 'W'W~1~mf11'U1ruV11ri1fl1111 b zjei&t'U6LJB'I bb uu'Vll'l?f e.J'\J~'luU'\J 

3.4.2.8 ~wrh bb 'U'U'Vll'l?f eiu1 (;lfl11llb -ti1h111 tJ11&i1'VI tJ11"116'f ~1uu'U?flJ'lJ'juJbbrK1t111 LJ1 i 
'U 



.. 
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3.4.3 bb 'U'U~eJ'Ut:l1:!J\0111:!Jy;.:!V.eJ b"il"!leNIUnb~El'W~ij~eim~~~nT'H~El'Wi b~el.:i 1 WoW1 bl°lij 

~1V1'!J~n~01~b~V'Wibb'U'U~'Ub~1~ s .ff'W ~~:1J~~1'Wn'Ub'Vll"liJl"lvi1'W1v-61'.:ibn~-ei5u1v1'W.ff'W"!JEJ1v 
1"111:1.J~ ~1vi~utl'm~v'Woff'W:iJ'ov:1Jf>in~1tJ~ 6 

'U 

3.4. 3.1 ~m.oJ1 bel n?1Tm'1~'11'U1~ CJ~ b~ CJ'd-LJ'el'lnu m1:1J~-:i-wel h b ~el't11mn1vi'U~ melu 

j1CJn1';il~fl11:l.l~'l'Wel h 

3.4. 3.2 ?1'!1-:Jbb UU?lel'\Jfll:l.Jfl'dl:l.J~'l'Wel 1'11i11:l.JnJel'IJ~1~n1Vl'U~1-Jzj-.'.liJ~ n'l!fru~ b U'Ubb '\J'\J 

m1'1?lel'\JjlCJfl1j (Checkist) zj-.'.JtJj~flel'UhJ~'dCJj1CJfl1jUWbiJ'Ufl'd1:lJ~'l'Welh "il'l'U'd'U 15 jlCJfllj 

('W'd'l~\iltl Vll~\iltl, 2543) 1~CJ:Wj1CJ'1~bBCJ~~-:id 

i:1el~flXel'lnufl11:1J~'l-wel1'1:1J1n~?l~ 5 fl~ bb 'U'U • 
i:1el~flXel-.'.lnufl11:1J~'l-wel1'1:1J1n 4 fl~ bb 'U'U 

?lel~ flXel'I nufl'dl:l.l~'l'Wel 1 '1U1'U nm-.'.! 3 fl~ bb 'U'U 

?lel~flXel-.'.lnuf111:1J~'l'Wel 1'1tf elCJ 2 fl~ bb 'U'U 

?lel~f!Xmnum1:1J~'l'Wel hti'elCJ~?l~ 1 fl~ bb 'U'U 
' 

ilfl11:1J~'l'Wel hmn~?l~ ""' d 
4.26 - 5.00 :l.lfllfl~ bb 'U'Ubum.J 

' 
ilfl11:l.l~'l'Wel hmn ""' d 

3.51 - 4.25 :l.lfllfl~bb'U'Ubu'1CJ 

ilfl11:1J~'l'Wel 1'1tJ1'Unm'I ""' d 
2.51 - 3.50 :l.lfllfl~ bb 'U'Ubu'1CJ 

ilfl'dl:l.J~'l'Wel hti'elCJ ""' d 
1.51 - 2.50 :l.lfllfl~bb 'U'Ubu'1CJ 

ilfl'dl:l.J~'l'Wel hti'eitJ~?l~ ""' d 0 ' 1.50 :l.lfllfl~bb 'U'UbuG'lCJli11m1 
' 

~1btJ'Un11 bb A1 "1l bbG'l ~ tJ ~utJ 1-.'.I vi1~1f111:1.J fl'd 1 :l.l b zj el~ 'U "1J el 'I bb tJ'\J ?1eltJt11:l.lfl'd1:l.l~-:i-wel1 '1 bbG'l ~'LI 1 • 

.c:::t.d 0 .::::.. c::;: ii 

3.5 1omb'W'Wn1~V1~6leJ.:ibb6l~bnunun:1J"tJB:1J6l 
'U 

~1~ CJ 1~~1 b tJ'U fl11Vl~'1 el-.'.! bbG'l~ bfl'\Jj'd'IJ1'd:!J-LJ'm.m \ill:l.J.rr'U\ilel'U~'l~el 1 ud 
" " 
3.5.1 fl1bb 'U~tl11tl bb tJ'\Jn'1 m1:w fl11 b~CJ'U'!bb'1~'\JV1'\J1Vl"IJel'liJ fl b~CJ'U 1 'U fl11~~fl11b~CJ'U-!b~el'I 

'U 'U 'U 'U 

1 vJvhbflil ~1 CJl!J~mm1b~CJ'Uibb uu~ubi:11~ 5 .ff 'U ~?l:w~?l1'Unu b vifl1Jflv11'U1CJ-~'I bn~-el5u1CJ 1 'W.ff 'U 
,, ' 

"IJCJ1CJm1:w-! 611vi~uirm~CJ'U-ti'UiJtJCJ:w~n'l!f1uVi 6 
" 

3.5.2 vl1fl11Vl~?lel'IJ nei'U b~CJ'U (Pretest) l~CJ 1 ~irm~CJ'Uvllbb '\J'\JVl~?leltJl~m1:wb .LJ11'1:w fo:w~ 

lVlCJlm?l~~ b~B'l 1 vJiJlbfliJ "il'l'U'd'U 30 oLJel 
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3.5.3 ~1 b 'Ll'Um':i~~n~ m':i:wm':ib1tJ'Ufl~ tJ 1-Vn~m':i:um'H1tJ'Uib~e:i.:i h·~V11 bAi'J ~1 tJ1n~m 

fl1':i b1tJ'W-rbb uu~u b?f1~ 5 .ff 'LI i:..i?1:ui:..i?11'Unu b 'YlA'LlAvi'1'U1 tJ-61'.:i bnt'l-e:i5u1tJ 1 'W.ff mrn1tJm1:u-r ~1'\ll-ru 
~ ~ 

'l!m1tJ'W.ffmYutJ:uPimnli~ 6 1'11:1Jbbi:.J'Ufl1':i~~fl1':ib~tJ'U-r~?t11.:iH"il1'U1'U 5 bbi:.J'U 
~ 

3.5 .4 vl1fl1':i'Yl~?f€l'UVl~.:Jb~tJ'U (Posttest) 1~tJ 1 iX'l!m~tJ'Uvl1bb 'U'U'Yl~?fe:iu1~m1:u b -V11~:u b'U:u~ 

l'Yl tJ1 f"11?f l'l faG1~ i:.JG161':U~'Yl~'Yl1.:lfl1':i b1 tJ'UVl~.:J b1tJ'U b~B.:J b61JG1 '11 yjYJ1 bAi'J ~~ b~:U~ A~1 tJ A~.:Jtl'U bb~i'J 

fl1':i?1~u-V'e:ir11m:u "il1'U1'W 30 -Ve:i 

3.6 m-a1bfl-a1::~'llv3J~bb~::~5~Hfl-b'1bfl-a1::~'l!mJ~ 
~ ~ 

ITT~tJ 1~~1b 'Ll'Ufl1':il bA':i1~~oLJ€l:UG1b~tJ1 oV?f~~1 'Ufl1':il bA':i1~~oLJ€l:UG'l m:u.ff 'Ul'leJ'Ul'i'.:i~e:i 1 ud 
~ ~ ~ 

3.6.1 en~tJ 1~~.:ibnru6Yl1'Um':i1 iXA~ bb 'U'U:U 1'W:u~1'YltJ11311?ft'l{bb~G1~-V'e:i bbU.:JblJ'U 4 ':i~l'i'u 1~tJ 
~ 

tJfotJ1.:1~1n Supasorn and Promarak (2015); Y-l'Ll~1 tl'UtJ~mqi~tl bbG1~121'n~l'11 ~.fl1'l'1':i (2557) 

1~bbrl :u b 'U:U~~n~m (Good conception) :u b'U:u~Am~bA~B'UVl~e:i:u 1'W:u~'Yl1.:Jb~e:in (Alternative 

conception) bbG1~:ub'U:u~~~~ (Misconception) 111.:im':i1.:I~ 3.4 

:Ub'U:U~~n~e:i.:i (Good conception: G) 

:U b 'U:U~AG11~bA~€l'UVl~€l:U b 'U:U~'Yl1.:lb~Bn 

(Alternative conception: A) 

:Ub'U:U~~~~ (Misconception: M) 

:u b 'U:U~~~~ (Misconception) 

(l:iJl'leJ'U) 

l'le:iu\911b~e:in~~bbG'l~1:iJ b ~tJ'Ul'lB'U 

bbG1~ 1:iJe:i5'U1tJb'\lll'li:.JG1 
' 

2 

0.5-1.5 

0 

0 

3.6.2 b tJ1tJ'U bVi tJ'UA~bb 'U'U:U fo:U~l'YltJ11'11?ft'l{ b~€l.:J 1 yjYJ1bAi'J rleJ'Ub1tJ'UbbG1~Vl~.:J b1tJ'U b~tJfl1':i 

lbA':i1~~~1tJ?f~~~1Vibb'U'Un~:u\911e:i~1.:11:iJB?f':i~~e:in'U (Dependent-samples t-test analysis)~ 

':i~l1i'utl'tJ~11°i'ru'Yl1.:1?1~~~':i~\1i'u 0.05 b~tJ1mtJ':ibbn':i:U~1b~~':itJ SPSS 15.0 for windows 
v ~ 
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3.6.3 f11'H '\J~~J'U b Vi~'Ufl11ii boLJ1hii1 'Wit&i1V1~1l311?1\91{"1.Je:i..:ii1 rn~~'Wrie:im~ m.Jbb'1 ~'Vl~..:Jb~~'W"l.Je:J..:i 

i!rn~~'W b~e:i..:i 1vh~1bflrl ~1ff1'n-~'fl'rn11b~~'Wibb'U'U~tn?11~ 5 i'W ~?fit~?11'Wn'UbVlfl'Wflv11'W18-
?f..:i bf1\91-elTI'U181 'Wi'W"l.lm8m1ii1' G11'Vl1'ui1rn~8'W.ff w.Ju8itfi n~1tJ~ 6 11•w m11brn1~~~18?1'1&i~1Vi 

" 
bb 'U'U n~it~1el~1..:i 1&Ja?11~~e:in'W (Dependent-samples t-test analysis) ~1~vl'ui1~G11~t1JV11..:J?t'1&i 

~1~vl'u 0.05 1~~1mu1bbmit'11b~l\J1U SPSS 11.5 for windows "il1bb'Wf1\911itb~e:J'Vl1~el8 bb'1~ 
" 

"i\'1 bb 'W n mii1~vl'u'l"ltj &i m1ii 

3. 6. 4 Pin ~11~vl'ufld1ii~..:i'\Alel11\J 'VI~ ..:i b ~ ~ 'W "IJ el ..:i 11nb~8'W~i1~eln11~~nI\)n11iin11b~8 'W-rl 'W 
" 

b~el..:i 1 vJY11 bfliJ ~1ff"JffD' mm1b~~'Wibb uu~u b?f 1~ 5 i'W ~?1it~?11'W nub Vlfl'Wflv11'W1~-~..:i bf1\91-el6u18 

1 'Wi'W"IJ~1~fl11ii1' G11'Vl1'ui1rn~8'W.ffw.Ju~iifin~1tJ~ 6 1~~ 1-ul '\J1bbmi1G11b h1'\J SPSS 11.5 for 
" " 

windows bVl~'Utl'Ubnrusnm1tJ1~bi1'W~'1mit Rating scale bb'U'U 5 1~vl'u 5, 4, 3, 2, 1 ~el mn 

~?!~ ii1n '\J1'Wnm..:i 1!e:i~ 11el~~?f~ 1911i1~1~u 
' ' 



' "" 'U'Vl'Vl 4 

~~n1ii1"5'mb~~eifith1t1~~ 

fl1'j1~mb6'1~ e:iihl11 m.J m~ CJ1 nu fl1'j~~J'w1rn1iib.LJ'1hii hiii~1'VlCJ1Pn?l~1 b~eN 1 vJv:l1bl°lii 

;]1 CJl!)~mfl1Jb~CJ'IJibb 'U'U~'U b?l1~ 5 ~'IJ e.J?ll.le.J?l1'1Jtl'U b 'Vll°lUl°lvl1'1J1 CJ-~-:i bfW1-e:i5u1CJ 1 'IJ~U'1JCJ1CJ 
rn1iii '11Vlfoi!m~CJ'IJ.frwr5CJiiPin'l;1u~ 6 h-:ib~CJ'IJ1 ~~1 'VlJ~'VlmmJ ~1u6'11 ~~1 'VlJ 81bfle:i 1 ~~1 'VlJ 

:D-:i'Vl1~e:ium1'1l51i1 '11'1! n-:i1m '/J~~'IJ~ n1JP1 fli;1~5CJlJPlfli;1 b '/J~ 29 ;-:ier1:DCJ 1;J1 bl°lJ1~~-rre:iii6'1~1ii 
q 'IJ 'IJ 

1 ~ m.b~?l-:ifi fl1J1:D CJ bbi;:t~tl 1 b?l'IJ e:i e.J i;:t fl1'j1 :D CJ bbi;:t ~e:ii1tJJ1 CJ e.J i;:t miiG'11~u~-:i~e:i1 ud 
q 

4.1 ~~mca1:5'£J 

fl1'jPlfl'l.':111°1~ bb 'IJ'IJrn1iib .LJ'11-;uii b '1JlJ~'Vl1-:i1'VlmP11?l~1rie:im~m.Jbb6'1 ~Vl~-:i b~ CJm~e:i-:i 1 vJv:l1 bl°lii'lJe:i-:i 

' " Q.I d .::::ild ii v cu .::ii ii c:!il v v o:::i. 0 Q.J "'::t. 

'IJ m J CJ'IJ'Vl b J CJ 'IJ ~1 CJ1 !) '1 m fl1 'j b J CJ'IJ ~ bb uu ?l'Ub?l1~ s '/J'IJ e.J ?iii e.J?lTW nub 'Vll°l'IJ l°l'Vl1'1J 1 CJ-?l-:i bfl ~ -e:i5u1 CJ 

1 'IJ~'IJ'/J CJ1CJ rn 1ii~ er1 :D CJ1bl°lJ1~~.LJ'e:iiii;:t-;u1 n bb uu'Vl~ ?ie:iu bb uutJJiJ CJ'll'Ll ~ ~1 b~ e:i n?ie:i-:iG'11 ~u~'IJ (two-
" 'IJ 'IJ 

tier multiple choice conceptual test) ~1'1J1'1J 30 -Ue:i ~-:id 

4.1.1 ~~m-abmEJub ViEJu\Ol::bb 'IJ'IJl°l11iib .U11l\13J 1 'WaJ~neim~EJ'IJbb~::'Vl~.:i b~CJ'IJ b~ei.:i 1 v.J~1bl°lii 
" " "' "' "' bb 'U'U'VWU'Wb W'IJ 

'11flfl1'jl~l°l11m-U1 hii b 'IJiJ~'Vl1-:i1'VlCJ1Pn?l~1rie:im~CJ'IJbb6'l~Vl~-:ib~CJm~e:i-:i 1 vJv:l1 bl°lii 

' " v d d.c::lil ll Q.J Q.J ..:::ii ii .c:!il Q.J v o:::i. 0 v o:::i. 

'/Je:J-:J'IJ m J CJ'IJ'Vl b 'jCJ'IJ~1 mn-;u mfl1Jb J CJ'IJ~ bb 'U'U?l'Ub?l1~ s '/J'IJ e.J?ll.le.J?l1'1J fl'U b 'Vll°l'IJ l°l'Vl1'1J1CJ-?l-:Jbfl~-e:i5'U1CJ 

1'IJ~'IJ'/JCJ1 CJl°l11ii~ '11Vl1'ui! m~ CJ'W.fr'IJ~5 CJiJPlfli;1U~ 6 ;J1 CJ rnca'Vl~ ?le:iu ~1V1 bb uu fl~lJ~1 e:i ~1-:i 
'IJ q 

1:W~?lJ~~€ltl'IJ (Dependent samples t-test) 1;J.LJ'e:iii6'1~-!1~1'j1-:J~ 4.1 
'IJ 
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II 

-am.1~:: 

N 
..: 

SD 
II II II 

fl::bb'W'W fl::bb'W'Ub\91" Mean -amm:: fl11"f111'11i'W1 t 
' "" 45 60 19.42 6.94 32.37 f1ffWb'HJ'LJ 

.., "" 38.75 19.08* 
Vl~Nb"aCJ'LJ 45 60 42.67 8.94 71.12 

* bb\91n~1\IB81\lih'Jm11 A'ru"ll1 n f11':i'VW16'1 aufi1Vi bb uu n~"~1a81\I1&.J ~?f':i~ ~a ntJ~':i~~u m1~ b ~B~'W 
v ' 

~€1CJ6'l~ 95 (~1 p 0.05) 

"iJ1f1f11':il\?lfl11~boLJ11"iJ~1'LJ~~l'VlCJ11"116'f\9li b~B\I b'W~1bflij vl\l\?11':i1\I~ 4.1 ~UrJ1 

trm~CJ'Wiiri:::bb'LJ'Wbu~CJnam~CJmll'W 19.42 (SD 6.94) ~l?lbU'W~BCJ6'l~ 32.37 "UB\lfl~bb'W'Wb~~ bb6'l~ 

ri~bb'W'Wbu~CJV!i;l\lb~CJ'WbU'W 42.67 (SD 8.94) ~l?lbU'W~eiCJ6'l::: 71.12 "UB\lfl~bb'W'Wb~~ 11?lCJii~eiCJ6'l~"Uei\I 

fld1Wl11V!LJ1~\?l b lJ 'LJ 38. 7 5 "iJ 1 f1 f11 ':il bfl':i1~~'Vl1\16'1 ~ ~ b ~ €1 b U~ CJU b Vi CJU fl~ bb 'LJ'LJ tleJ'Wb~CJ'Wbb6'l ~Vli;l\I 

b~CJ'W ~1 CJ f11':i'Vl\?16'f BUl°i1Vi bb uun~~\?11 ei81'11&J~6'f ':i:::~a n'W ~u11 trm~CJ'Wiiri::: bb 'W'W~ l'LJ~~Vli;l\I b~CJ'W 
' 

6'f\ln11neim~CJ'W a81'liiirCJ611A'ru'Vl1\16'f~~Vi':i:::\9lu 0.05 v v 

4.1.2 fl::LL uufl11"L-b'111il" 1 u"~ne:imjvuLb~::Vl~.:i L'ivu L~e:i.:i 1 w.W1Lflij "ii1LL un\911"Lile:iV11 

"ll1f1f11':il\?lfl11~b-rr1h~1tJ~~l'VlCJ11"116'1\9li b~eJ\I 1 ~~1bfll1 ~1CJl!)~f1':if11':ib~CJ'LJ~bb uu 

~Ub6'11::: 5 ~'W e.J6'f~e.J6'11'WflU b 'VlfllJflvl1'W1CJ-~\lbf1\9l-€1BU1CJ1 'W~'W"UCJ1CJfl11~~ 611VlfoiJm~CJ'W.ff 'W 
v 



Ji 
b'Uel'lli1 

"" < 1(i)elfl'1lbb'1~ 

m 1 ci 1 t1 hrw 

(18) 

2. A11:1.J 

r:mn1t11 'Wm1 

3. b'1l'1~n'1 

T-test* 

Mean SD Mean SD "' "' n 1'J'lli'U 1 t p 

6.78 3.32 37.67 14.56 3.52 80.89 43.22 14.51* 0.00 

2.46 1.32 24.60 7.93 1.97 79.30 54.70 16.38* 0.00 

11'Llmb'1~b'1l'1~ 4.30 2.09 23.89 11.54 2.87 64.11 40.22 16.64* o.oo 

~.m1~(18) 

4. fl11bbt1fltl1 

hJ~1 (6) 

!il1t1m~bb?l 

1 rh~1brn~m1 

tfo'ltl'Wfl11e..J 
' 

I i.I .::...::ii 

fl1eJ'W(i)'JtJ1li 

bbAb'Vl~fl (8) 

11:1.J (60) 

2.82 1.23 47.00 4.27 1.15 71.17 24.17 7.11* 0.00 

3.07 2.49 38.38 4.37 1.96 54.63 16.25 3.77* 0.00 

19.42 6.94 32.37 42.67 8.94 71.12 38.75 19.08* 0.00 

* bb~ n ~1-:i e:i cJ1-:ill1J't.J ~1ri' ru"il1 n fl11'Vl (i)~'lffu ri 1Vi bb uu n~~ "11 e:i cJ1-:i hJ B ?11~ ~e:i n'LI~1~\?l'U ri11~ b aje:i~'U 
v ' 

~mrn~ 95 (ri1 p 0.05) 

46 
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~1nl'11'n:i~ 4.2 bdmtJ~tJubVitJufl:::bb'U'Ufl11m-V1h:w11.J:w~1vit.nf"11?t1'14° b~eN 1 vh~1bfli1 

nB'Un11'<il\?ln~ m1:Wn11b~tJ'U~ 'W'\Jl1 Unb~tJ'UiJfl:::bb 'U'U~BtJ'1~fl11:J.Jb oLJ'11~:W1 'U:w~m n~?f \711 'Ub de:ivn 
v ' 

b~e:i-:i m1bwmJ1~btJm:::bb?t1°v'Jvh (47.00) bb'1:::~1~?1\711m~e:i-:i b6ll'1i;lnm1iJrnb'1:::b6ll'1i;1~'11~ (23.89) 
' 

~-:idb ~ e:i-:i~ 1n1 m dm'11 b~e:i-:im1 bbtJ ntl1~h tJ m~ bb?f 1 ~Y11 b U'U b de:ivn~-U n b~ tJ'Ui1eNfim1:w~~'U~1'U:w1 v .. 

ne:i"Uu1-:i bb~1tJ':i~ ne:iu nu m':i bbtJ ntl1\il1 tJ m::: bb?t1 ~Y11 b U'Ub de:ivn~-U n b~tJ'U'Wu 1m "U:Uil'ltJ':i:::.J11'U 

l\?ltJbu'W1~1m~e:i-:i~b~t11num1tJ':i~tJn~m1:w-rl'U~1'U-d boU'U m':itl1mVJ~nm':imtJwtJn1'11mm~e:i-:i 
' v ' 

'W~-:J-:J1'UVl\71 bb Vl'Ub ~m tJ~ tJ'U'W~-:J-:J1'Utl1b U'Ub ~B b 'W~-:J 1~ 1m b~'U 1 m 'U1'1 tJ'U~ ~-:iv111 '!Xi!n b~tJ'Ubn\?leJ-:Jfl 

m1:w~:w1u1-:i~1u 1 u~'J'U'lleJ-:J b .Oe:i'Vl1 b~eNb6ll'1~ n'111iJn bb'1:::: b6ll'1~ ~'11~~-Un b~tJ'UiJfl~ bb 'U'U~BtJ'1~~1 
v 

~?f \?ltT'U b U'U~'1 b ~ B-:J:J.J1~1 ni! rn~tJ'U~ t!-:i 1~ bfl tJb~ tJ'Ub .Oe:i'Vl1dm ne:i'U t!-:i 1~ bfl tJ~~ n~'J'UU':i~ne:iu 
' v 

VJ~ nm':i'lle:i-:i b6ll'1i;i' n'111iJ n n1':ifl1'U1nJVJ11"111'ln tJ1 "v'JV11'lle:i-:i b6ll'1i;i' bb'1~ m':ib ~tJ'U bb~'U.f11'Wb"l1'1i;i' n'1 

11iJ n bb'1:::m1:w TI 'Ub~e:i-:i-d~:::~e:i-:iml'ltJ:w 1'U:w~~'U~1'U1 'Ub .Oe:i'Vl1U n n~tJ1~\71 'iJ ne&motl1 tJB6'1J1tJ ~\!~ v .. ~ 

b tJ~tJu b VitJum1:w?t1m':i'11 'U m':i~~16ilbb'1:::e:iem6'/i1\71~ (24.60) 

Vl~-:im':i~\?ln~ m':i:wn1'~· 6~CJ'U~ 'Wu11 11rn~m.Ji1fl~ 66 'U'U~e:it.1'1:::'lle:i-:i:w fo:w~Vl~-:i 6~t.1'Uvin 
v ' 

6 .Q' 'iJVl1?f-:J ffJ1~B C.1'1::: 50 1\71CJiJfl:::6b 'U'U~B C.1'1~'LJB-:J:W b 'U:W~Vl~-:J 6~CJ'U?f-:J~?f \711'U6 .Oe:i'Vl1U n fi~C.11~\?lB ni 
'U 'U 'I d..J 

bb'1:::m':iri1tJ fa'U~ib~nl'l':iB'U (80.89) bb'1:::~1~?1\71 1 m .Oe:i'Vl1 m':i'/J'IJ faVJ:::lil1tJm:::bb?t1 ~Yl1bb'1:::n1':i 
' ' 

1'1'1 e:i \?lbdm b ~e:i 1 '!Xbn\?lfl11:w?tu he:i t.11m~t.1'U~m n~u 'W~e:i:w~-:i CJ n 1'11e:i ~1-:i 1 'IX-Un b~CJ'Ub -V11~ b ~m U'U 
v 

bb'U1v11-:i1um':i~1bU'U\911:Wn~m':i:W~'Ub?t1:::~e:i 11tJ ~-:im'W~ 4.1 
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-1 .. M ., "-I' '°'" ' .l"'-1. 1110191 ti 1'tl~ Single Displacement Mg and HCI 1Ju HV tf!UHTI1Jl'll1'1tluQf11tn 

~ .. 
- Anl.li1~111l. 

- ~1 :iJllll 

- ,.,.., _, . 'J - . I •. ~ ' - il16lt;:;n?e1 l}Ji'.01 '.c1tuvll~l.:;.lr.Jq·o,"\:.)\1 t«111filij~n(r-/11 

nk 

1 vit.r<v~ bnvim'H tJ~ CJ'Wbb tJi;i\l~'W "ill ntYw'hhr..ii;im?l'.i'lJ r..ii;i fl1'.i'VlV1ffel\lbbi;J~t1iitJ'.i1 CJ b ~'W ~itr m~CJ'WL11 
' 

favi~ Zn ~11i;i\11 'W?11'.ii;i~mCJ8b~n l 'Vl'.i 1m1~:111t1t1t1'W Zn 
2

+ 'El~"il~ hibnvim'.ici1CJ lt1'WBb~fWl'.it1'W~'W 
' 'U 
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~1flJl1'V'l~ 4.2 bb~~ 4.3 b~'W111l-hiJrn~CJ'UiJ:uhi:u~~~fll'i'e:i\l~CJ1n'UtJ5n~CJ1~~e:ifl~ 

1~ mqtlt:m fl11'Vl~~ e:i\l 111l~fll'i'EJ\I bb~~61EJ~fl~ e:i\I n'U'Vl~~~zj\I bn~~ 1flm1~iJ fl b~CJ'W 111lv11 fl11~'U b'11~ 

~1 fl fl11'Vl ~ ~ e:i\l 11l1CJ\91'WbeJ\lvl11Vf11 fl b~ CJ'W b ~'WJl 1'V'l ~~\I ?i \I i:rn 1Vf611:u 11t:J611tl '1'1 i:.J~~ bn ~;'W 111l 
' 

'Wtlfl~1 fldtJfl b~CJ'W~\le:Jiitl11 CJfi\li:.J~~bn~;'W~1fl fl11'Vl~~EJ\l 1vi'vi'1 wh bn~;'W 111le:i~1\l 11 'V'l~EJ:U~\I 
tJ fl b~CJ'W611:lJ11t:l b ~ CJ'Wbb61~\161:Ufl1161JeJ\ltJ~n~CJ1~ bfl~;'W~1fl i:.J ~ fl11'Vl~~EJ\l 111l zj\l~\I b VI~ 1d?f \li:.J~ ~El 
fl~bb 'W'W:U 1 'W:u~1 'Wb de:iV11 b~e:i\ltl~n~m~~e:ifl"llbb~~m1ci1CJ fa'W~ b~fl\911e:im ~:u~\l;'W 1vi'vi'1CJ 
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'nnm1~V1m1b~CJ'Ufe.hwm~'l.JTtm11~'1.Jb?f1~ 5 ·~\mm.Ji:.J?f1'Un'l.Jb'Vlfl'Llri POE 1'LI~'U 
"1JCJ1CJm1:u~ v111~irm~CJ'UiJm1:uboif1h:u1'U:J.J~'V!~'1b~CJ'U?f'1ffJ1nB'Ub~CJ'U1 'U'Vlm tla'V!1 bb'1~ 1 'Llb~B'1 

~ ~ ' 
tJ5 n1CJ1~Vlan6il bb'1~fl11:l.J?f1:l.J11tl1 'LI m1~~16il bb'1~ BB n6/l1Vi~~iJ~B CJ'1~tl11V!U1"1JB'1fl~ bb 'U'U:l.J 1 'LI:J.J~ 

ria'UoLJ1'1?f'1 ~'1fl1~~ 4.4 ~~b~'LIHH1 irm~CJ'U~b~CJ'U~ b~B'1lvh~1brii1 ~1CJi'n~mm1b~CJ'U~bb'l.J'l.J 
'U 'U d-J 'U 

~'l.Jb?f1~ 5 ~'U i:.J?f:l.Ji:.J?f 1'Un'l.J b 'Vlfli'.J flvl1'U1 CJ-G1''1bnl?l-BB'l.J1CJ1'lJ~'U"lJCJ1CJfl11:l.J~ iJ~B CJ'1~"1JB'1fl~ bb 'U'U 
~ 

fl11:l.J b oLJ 11~:l.J1 'U:W~ fl B'Ub ~CJ'U ~1 n11Vl~'1 b ~ CJ'U'Vl n b -d B'V!1 bb'1 ~iJfl~ bb 'U'U fl11:W b oLJ 11~:W1 'U:J.J~ b ~:W?f '1~'U 
' ~ 

b -U1h:w1 'LI:w~1V1CJ1f'11?11?11"1JB'1irn b~CJ'U 1~ B~1'111n1?11m~airn b~CJ'Uvi'1n~m1:u~1CJ1?1'UbB'1mn~'U 

bb'1 ~fl1b ~ CJ'1flBCJbb 'U~t11u1'1 ~'1i:.J'11 ~iJri~ bb 'U'U ~B CJ'1~"1JB'1:W 1 'U:w~iJ bb 'U11 if :w'1 \?1'1'1 'U Bn~1 nffi 'U~1'U 
~ 
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'LJB.:J nlilm1:w nT'avi~i;i eNb 'LI:W 1'U:w&i'1~1 tJlil ~~a.:i 1-U:w1 'LI:w&i~'U_21'U b~a.:itJ5n~ EJ 1~~an"li~ b~ EJ'Um ria'LI 

V1-U'1tJtJ1~naunTrn6u1EJe.Ji;i~bn~~'LI~1EJ 
bd eJ~lil 1'H1J1~eJ fJ~ ~m 1:W tl11Vl-U'11il1 f1 A~ bb 'U'U b~:W b 'U bb~ ~~be eJVl1 '\Al'Ul1 tJ flb~ fJ'U:iJ 

~eJEJ'1~A11:wn11V1-U'1?1.:J~?f~ 1 'Ub~a.:i m1:w?11m1ti 1 'LinT'a~~1"1lbbi;i~aan6/l1~~ (54. 70) 1a.:ii;i.:im 
'U ' 

b~a.:i tJ5n~EJ1~~an"ll (43.22) b61li;i6'inm1{jmbi;i~b61li;i~e.Ji;i1~ (40.22) m1bbEJml1~1EJm~bb?11'i"Jvh 

(24.17) bbmm11'11u faV1~~1EJm~ bb?f1 'i"JVl1bbi;i~m1ua.:in'Un11e.Jn~a'U'LJa.:i faV1~~1EJ1t5bbA 1 vi~n 
' ' 

( 16.25) ~1:w611~u ~.:idb tia.:ilil1n 1 'Un1iim1:w~1fo~11 Vf aib~n~1a'U) 1mmmb~'LI i.Jm~EJ'LI 1~'1.:ii'.la 

tJ50~1il~.:J~1EJ~'UbB.:J f111'Vl~'1B.:Jb ~'Um'IAli~blil'U v'h M~1EJ 1~~.:iEJ1n61Ju61i'a'U bb~~ b 'Ub -da'Vl11~EJ1nlil'U 
bn'U 1 tJ 1~EJm1b tJ~EJub ViEJu bbn?1~bn~~'U1~V111.:itJ5n~EJ1'LJa.:i faV1~'11{j~~1.:i 1 b 'li'LI i;i1~bb:wniMfo:w 
m~'VlB.:Jbb~.:J bb~'Ui1.:in~~ ~~Ub'Vl~n bbi;i~bb~'Ua~i;iih-UEJ:w nu?111m:i;i1EJm~'11{j~~1.:i 61 n'U b'li'LI 

" " I 

m~a~GB~n bb'1~m~ 1®" 1~1Ai;ia~n v111Vfbo1J111il1~~1EJ;'U bbi;i~ bn~a.:ifiA11:w-rl Vlli1i11ntJ1~?1um1ru~1.:i 
'U 

6'!1:lJ11tleJB flbb 'U'Uf111'Vl~'1B.:J 61.:i bn~ bb'1~U'UVif1e.J'1 f111'Vl~i;ia.:i~ bfl~~'U ~.:) ~.:J?f1Ue.J~ bb'1~aiitJ11EJ 
' 

e.J~1~~1EJ~'Uba.:imn;'LI ~.:im'!Al~ 4.5 bbi;i~ 4.6 bb~~1'Lif111'Vl~i;ia.:i~.:imh1tJi.Jm~EJ'UbAm~EJ'U:lJ1bb~1 

1 'LI1~~u.ff 'UiJuEJ:w~ n'r!1u~ 5 v111Vfbda1~tu m1~~nlilm1:wm1b~fJ'U~BnA#.:i bbi;i ~:iJm1'Vl~i;ia.:iliJ~.:i 
'U 

~1'UU1~6'f'U m1ru f111'Vl~i;ia.:i~1 fJ ~'LI bB.:J v111 Vfi.J n b~fJ'Ub i1'LI.n1'1Ali~ b Iii 'U~'Ubbi;i~i'.lm1:w b oLJ1 b lil:W b 'U:W~ 
b ~:w?f.:im n~'U 11:w~.:ii1m1bb 'U~tl11i11nm~?fB'UbD'U1~EJ~ 1 tJl911EJ ~.:ie.Ji;i 1 Vfi!m~EJ'Ub o1J111il:w 1 'LI:w~1 'LI 

'U 'U'U 
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b 'Uthin113J~ 2 ~1~u~11-H<B b~n\911B'U) bfl1~fl1b~'U 

' . 

n, 
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(B b~Ml1B'U) bfl1~bfl1b~'U 

52 

I 

"il1f1.fl1'V'I~ 4.5 bb~~ 4.6 "il~b~'U1~l1 b~Bi!m~tl'Ub~tl'U~~1tlf11'j~'\Jb~1~~1tl\?l'UbB·UJ1f1 
'IJ 

~'U bb~ ~fl'jfl B ti bb 'U~tJ1U 1-:J"il ~v111 ~,r f1 b~ tl'U b~ t1'U-r~1 ti \?l'UbB.:Jl.11 f1~'Uil f11'rn B f1 bb 'U'IJ bb~ ~truVi ne..m f11 J 
'IJ 'IJ 

vw1~B.:i~bb1?1n~1.:inu1tl zj.:imJb~t1u-TI~t1mbll'U~flBmbu~tl1bb~~m~l'i'u1?1~B~b1m"il~v111m~i:..mmJ 
'U 'U 'U 'I 
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.. ' ' 

1lliJ:i~11 

Q.I .... .... .... 1V d 
'Ufl b 'i tJ 'Lll.J fl 1'iBli'U1 tJ ~ ~ fl1'i&'I~ bfl \ilVI ,-

-~ 'i ;· ' """1 "' \ ~ 
.. ~, !, ...•. , ... h.~ .. !W1':''fa·1t ... ~!:;>J ... ._ •. J!?J.~.L.l.fu.1fl.1.:. ,,..t •••• bblilfll'iWil1flfl1'ivl1'U1t.J brnljeJ5'U1t.J 

t) }~ ' .. ' - \~ .. 
' 9fi1+'.Tl is .. ll?. ... -6 ... ~.t:~f.tJ! . 

Bn~,:i m1~\9ln"ilm1'.l.J POE 1'W.ff'W"LJCJ1CJri11'.l.J~~,:im~~ 4.7 ~Lll'Wn"ilm1'.l.Jn11'Vl\9lmM 
'IJ 

L~fl ., ~ L?!~'.l.Jm1'.l.J~LL'1~'Vl\9l?IB'Um1m ~1 hv111Vfi1m1"LJCJ1CJa,:il°lri11'.l.J~b ~'.l.J L~'.l.J"il1 m~'.l.J ~,:ib?!~'.l.J 1 VI 
I 'IJ 'IJ 

'LI' n L1CJ'U1~ bb?I \91,:i f111'.l.JA \91 b ~'LI bb'1~e:iiltl '.11 CJ b~ CJ1 n'U bb 'W1 A\9l'Vl1,:i1'Vl CJ11"11?!\911 b lJ'W.ff 'U \91B'U b\91 CJ n11 

111 b?l'U ei?im'U m'.iru1 Vf'Llm~CJ'Uv11mCJ11"iJ~ Ln\9la~ 1 '.i~'U~1iJm1Ltl~CJ'Ubb tl'1,:i vi~,:i"iJ1n'Lln L1CJ'Wv11'U1CJ 

LL~11Vfi!m~CJmr,:iLn\91?1tn'Um1ru~,:in~111\9lCJ1 Vfi!n L~CJ'U'1,:iifo'Vl\91'1eJ,:i L ~e:ivi1r\'1\91 B'U"il1n?1m'W m1ru 

~ri11i;i'?1~1,:i~'Ubb'1~.ff'U?1\91Vl1CJtJflb~CJ'UB5'U1CJ~,:i~bil\9l~'U 1i;l (tl1fi'1,:i ~'Ub?l~'.l.J, 2551) zj,:i"iJ1flfl11vl1 
'IJ ' 

n"il f1))'.l.JtJfl b~CJ'UB5'U1CJ1~l 1~'1~ Ln\9l~'Uvl11'.l.J~,:i bb\ilfl~h,:ivi~B b V!iJB'U n'U n'U~~ f11)61,:i bfl\91 fl11'Vl\91'1B,:i 

v111 Vf Ln\9la,:il°lm1'.l.J~bb'1~ Ln\91'.l.J 1 'W'.l.J~~t1n~a,:imn~,:i~'W 'UBn"il1nlin"ilm1'.l.J~,:in~11~,:iLll'Un"ilm1'.l.J~ 
'IJ 'IJ 

V!1rl1\91B'U\911'.l.Jfl1~'U1'Ufl11~'Ub?l1~'Vl1,:ii'VlCJ11"11?!\911B~1,:iijtJ1~~'Vl6n1~ 

a~1,:i 11n\911'.l.J1 m davrn~a,:i L61l'1'1nmTun~ b -U''Um1tl1~CJnil Lmm1'.l.J~~ L~CJ'U'.l.J1na'W 1 'W 
' 'IJ 

b~B,:ibb )fl 1 t111 tJ1.ff Lb'1~lbf1)1~Vl1 'Wn"ilm1'.l.J'Vl\9l~mb~BWV~'1nm1Dn 1\9lCJtJflb~CJ'U~mBBflLb'U'U~B 

b61l~~n~11Dnei~1,:i~1CJ bb~~m1t11~~ 1m 'UYlm~'Wm?1~1,:iblJ'Ub61l~~1 ~Vl1Lrii1mJ1,:i~1CJ vh 1 Vfm1v11 
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n'<il ff'Viiili1e:i,:ien f1' CJ~'U~1'UV!mCJ b~e:i,:imLJ '.)~ nm.Jm'J b~CJ'U~ 1~11'<iJ~ b ll'Um'J b ~ CJ'U bbe..i'Un1'l"l'Ue:i'I b61l'1 ~ 
~ v 

nm1Dn~bnli1;ff 'W m'.lr11'U1ruri1f1'nCJ1 vJV11'UeJ'lb61l'1~ ?J,:ie..imi\'11~ri~bb'W'Wii1'Wii&1'11i1'1'111'1 ~b lim '1i'W'li' 

b ~eJ'l'<il1nlJ 1'Wi1&11?h'I 11 'Wl'll1bfli1ir n'<iJ~ b~CJ1 b ~eJ'lfl'Ubb'1~n'U 11i1mu'l"l1~fl11lJi~b~CJ1oLJeJ'I null~ n~CJ1 

~\i1ei n61ibb'1~fl1'.lci1 CJ LeJ'U B b~ nl?l '.leJ'U bb'1~ri11ii~1m'.lti 1 'U fl1'.l~~161ibb'1 ~e:ie:in"811i1~h ll'Wii b 'UJ.J ~~ b~CJ'U 

ne:imb'1~'<il~ b ll'W~'W~1'W'UeJ'lii 1'Wii &11 'W b ~e:i,:i~ b~CJ'W a'li11 LJ ( 1'.l1n '.lru ~'J~~, 2532) 'U e:in'<il1 ndtl'm~CJ'W 
~,:iij fl1'.l~~'U1m1ii-rl 'U'.l~~'\J fl1'.ltl11 'Lill'.l~ CJ nl?11offriei'U.ff1,:iileiCJ ~'l'<il~ b ~'U 11'i''<iJ1n 1 m .Q ei'V!1 b~m fl1'.l 

v ' 

'll'\J fo Vl~ 1'11 CJ m~ bb~1 vJV11 (54.63) bb'1 ~ b~ e:i,:i m'.liJ e:i,:i n'W fl1'.le..J n1ei'U ~1 CJ15bbfl1 vi~ n (16.25) ~ ' . 
tl'n b~CJ'Ui'.J~e:i t1'1~fl~ bb 'U'UJ.J b 'UJ.J&\V!~'I b~CJ'U bb'1 ~~ei t1'1~m1ii1hrnif 1~1~~1i1 

' 
4.1.3 ~eia~::"IJei.:itl'm°ia'Ll~ih.1l'L!3.J~~f;lnl9iei.:i 1°1~1~Ll°l~ei'L! ~~ LL~::1lJ~rnu L~eN 1vh~1Ll°lii ... 

b 'Ufl1'W'J13.Ji.:i.ff 'U L°ifl'LI 

'<il1 nm'.l1 bfl'.l1~·1.He:i CJ'1~'UeJ'IJ.J1 im&\ ne:i'W b~CJ'Ubb'1~Vl~'I b ~CJ'U'UeJ-:Jtl'n b~ CJ'Ul?11J.Jfl1'.l~li1fl1'.l 

b~CJ'U~ b~e:i,:i 1vJV11bri:W l'i'1ff1'n~mfl1'.lb~CJ'U~bb'\J'U~'Ub~1~ 5 ~'U e..i~iie..i~1'Un'UbVlfl'Llriv\'1'U1CJ-?f'lbn1?1-v ~ v 

eJTI'U1CJ 1'Ll~'U'UCJ1CJm1ii~1 'Llfl1'1"1'.l1J.J ~1m'.lti"ii'1bb'Un 1~b ll'Uii 1'Wii~~tin~e:i,:i Amli1bf1~eJ'U ~li1 bb'1~ 
v v 

l°l::bb 'U'U N 

45 30 24.37 21.04 45.48 9.11 

45 30 3.41 9.11 37.63 49.85 

'<il1n1?11'.l1'1~ 4. 3 '<il1ne..J'1 fl1'.l1 bfl'.l1~~~ei CJ'1~'UeJ'IJ.J 1'Wii~ ne:i'U b~tl'Ubb'1~Vl~'I b~CJ'Ll "ii'1 bb 'Un 

bll'Lliifoii&\~tinl9i'e:i,:i Amli1bri~e:i'U ~(i) bb'1~1~1?1eJ'U 'l"l'Ul1 ne:i'Wfl1'.l~li1n'<ilm'.liim'.lb~CJ'U~:lJ~eiCJ'1~'UeJ'I v v 

tl'm~CJ'Ll~:Wii1 'UJ.J&1~tinl9i'e:i,:i Amli1bfl~eJ'U ~li1 bb'1~1~1?1eJ'U :Wri1bvi1n'U 9.11, 45.48, 21.41 bb'1~ 
v 

24. 3 7 1?11iici' 1~'U bb'1~Vl~'l'<il1f1fl1'.l~\i1n'<il m'.lii fl1'.l b~ CJ'U~ :W~e:iCJ'1~'Uei'ltl' m~CJ'W~:Wii foii&\~ti nl9i'e:i,:i v v 

Amli1bf1~eJ'U ~li1 bbm~1~1?1eJ'U :lJA1Lvi1n'U 49.85, 37.63, 9.11 bb'1~ 3.141?11i1~1~'U 

4.1.4 ~eit1~::"1Jei.:itl'm°ia'Ll~ii3.J 1 'Ll3.J~~f;lnl9iei.:i 1"1~1~bl°l~ei'LI ~~ LL~::1lJ~eiu L~ei.:i 1rJvhLl"lii ... 
" 0 "' "il1LL 'L!nm3.JL'L!B'Vl1 

'<il 1 nm '.l1 bf1'.l1~~~e:i CJ'1 ~'U e:i,:iii 1 'Llii ~ n e:i'W b~ t1mb'1 ~Vl~ ,:i b~ CJ'Ll'U e:i,:itl' m~ CJ'W mii m'.l~ li1 m '.l 

b~CJ'U~ b~eJ'I 1 V'JV11bf1:lJ ~1ff1f1~n'Jfl1'.lb~CJ'U~bb'U'U~'Ub~1~ 5 ~'U e..J~lJe..J~1'Url'U b Vlfl'Llflvl1'U1CJ-?f-:Jbf1\?1-
v ~ v 
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t16'U 18 1 'LI-ff 'U"1l 818 ri11:w~ 1~ 8lJ m 1 '11 bb 'LI fl mm d t1V11 G'11:w11'1"il1bb'LIfl1~ bu 'U:W 1 'LI:w &i ~'1 n ~a -1 
v v 

rim~bfl~B'U ~~ bbm~hJ~a'U ~'1~111-1~ 4.4 

Ji 
b'UeJ'Vl1 

( ~1'U'J'U,j'eJ) 

.. < 
1~tlfl61l bbG'l~ 

m1ci181m.J 

fa~nmm.i (9) 

2. fl11lJG'11il11'1 

18.27 20.00 51.11 

hrn111~1'1lbbG'l~ 30.67 24.89 39.56 

33.58 20.00 44.94 

(9) 

10.62 

4.89 

1.48 

4. fl11bWfltJ1 

ti\181 vJvh (3) 
8.15 20.74 48.89 22.22 

tol18fl1~bb?l 

1 YlYl1bbG'l~fl11 

ut1-1n'Wm1 

bbflb'Vl~f1 (4) 

21.67 21.11 38.89 18.33 

0.99 8.64 24.20 66.17 

0.00 8.89 24.89 66.22 

5.93 6.91 52.35 34.81 

3.70 2.96 47.41 45.93 

7.22 20.00 43.33 29.44 

fl1'V-111ll (30) 24.37 21.04 45.48 9.11 3.41 9.11 37.63 49.85 

lil1flm11'1~ 4.4 b~t11bri'n~i.He:i 8'1~61Jt1'1:W 11.J:w&i nt1'Ub~8'UbbG'l~V1~'1b~8'Um:w m1~~m1 

b~8'U~b~tl'1 1 vh~1 bfllJ ~181 n~ mm1 b~8'U~bb 'U'U~'U bG'11~ 5 -ff 'LI t:-JG'1:Wt:-JG'11'Utl'U b 'VlfltJflvl1'U18-61'1bfl~-v 6,J v 

e:i5'U181 'LI-ff 'U"1l 818 ri11:w~ "i\'1 bb 'LI fl~1:w b de:ivn ~'UrJ 1 b~tl~~ nlil m1:w fl11b~8'U ~ bb~1~tl8'1 ~61Jt1-1tl' m~8'U v v 

~lJ61Jtl'1:W 1 'LI:u&itlfl~tl-1b~:W~'U1 'LI'Vlfl b de:iV111~8 tltl'U fl11~~fllilfl11:Wfl11 b~8'U~ lJ~tl8'1~61JeJ'1tl' flb~8'U~ 
v ' v 
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.-

56 

lj61JB\l:W b 'W:W~~n~B\lb 'Wb~B\IU~n~m~~Bn~bb'1~m1ci18 bB'WBb~n~1B'W fl11:W?l1il11t'l b 'Wn11~~1~ 

bb'1~aan6/l1~~ b61l'1~n'111-W nbb'1~b61l'1~1:.rn 1~ n11bb8 ml1~18 m ~ bb?l1vHh m16/l'l.J faV1~~18 
' 

m~bb?l1vJiihbb'1~m1tla\ln'Um1e.m~a'W~1815bbfl1 Vl~n ljf11~B8'1~bvl1n'll 10.62, 4.489, 1.48, 
' 

22.22 bb'1~ 18.33 ~1:w~1~'l.J bb'1~bi'iail1bti'Wn-;;im1:wm1b~8'W~ i"l'll11 V1i;l\lm1-<il~n-;;im1:wm1 
'U 

b~8'W~ lj~B8'1~61JB\IUnb~8'W~iJ:w b 'W:W~~t'ln~B\I b'Wb~B\l'\.Jnn~81~~Bn~bb'1~n11ri18 bB'WBb~nmB'W 
'U 'U ~ 

m1:w?11m1t11 'Wm1~~1~bb'1~aan6/l1~~ b61l'1~n'111iimb'1~b61l'1~ern 1~ m1bb8ntl1~181 vJvh m1"1l'l.J 
' 

faV1~~18n1~bb?l11JVJ1bb'1~n11lJB\ltl'Wn11~fffo'U~18l5bbfl b Vl~n lj~1~B8'1~bvl1tl'l.J 66.17, 66.22, 

34.81, 45.93 bb'1~ 29.44 m:w611~'l.J 

bda~-;;i11ru11 'Wfl1iAl11:WVJn b .ct'aV11 i"l'lll1 11 n b~8'W~ b~8'W~~8n11-<il~n11b~8'W~b~B\I 
' 'U 'U 

1 vJVl1bfln ~181'!J'<ilmm1b~8'Wf bb'll'll~'llb?11~ 5 ~'W e.J?l:We.J?11'Wnrn Vlfliiflv11'W18-61''lbn~-a6'll181 'W~'W 
61J818fl11:W~J'W ljliJ1'U1'W~B8'1~61JB\!Unb~8'W~iJ:w b 'W:W~t'ln~B\lbvl:w:ff'W bb'1~~B8'1~61JB\1Um~8'W~il:w b 'W 

'U 'U 

:w~flm~bfl~B'W e:i~ bb'1~ 1ll~a'l.JJ'W'1~'1\l~\IV!:W~ ~\1'11ne.J'1m11 bf!11~i.1-b'a:w'1~\I n~11 bb?l~\11 Vlb ~'W11 
'U ,, 

.::::I ii I .Q .::::I ii iJ Q.I V ail ii ~ V V ..::i, 

m1b18'W1e.J1'W n-;;i m1:w m1b18'W1~181 n-;;im m1b18'W 1 bb 'l.J'll ?I'll b?l1~ 5 61J'We.J?l:We.J?11'W n'l.J b Vlfl'Wfl 
'ti 'U ~ 'U 

vl1'W18-61'\lbn~-B5'l.J18 b 'W~'W61J818fl11:W~,r'W?l1il11t'l~\9lJ'W1:W b 'W:W~t'ln~B\161JB\1Un b~8'Wb 'Wb~B\11 'VJVl1 
'U 'U 

bflm Vl?l\l;ff 'W 1~ bb'1~ ~\16'11il11t'IU~'l.J b '\.J~8'W:W 1'W:w~-;;i1n:w b 'W:W~fl'11~bfl~B'W e:i~ bb'1~ 1ll~B'l.J 1 Vl'1~'1\I 
'U 

1~ bb?l~\11Vfb~'W~\l'\.J1~~Vl6.fl1i"l'LJB\ln'1m1:wm1b~8'W~~181n-<il mm1b~8'W~bb 'll'll~'llb?11~ 5 ~'W 
'U ~ 'U 

e.J?l:We.J?l1'Wfl'l.JbVlfliiflvl1'W18-61'\lbn~-B5'lJ18 b 'W~'W61J818fl11:W~~?l1il11t'l~\9lJ'W1:W b 'W:W~b Vl?l\l;ff 'W bb'1~ 
'U 'U 
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~1flfl1V1~ 4.8 ~~ b ~'U 1~11 i1'1l1'U1'U~BtJ'1~'1JB\lir m~tJ'U~iJ:w 1 'Ll:W~tinl'i'B\IV!~\lb~tJ'U 
'IJ 

(49 .85) b ~:w~'U~1nriB'Llb~tJ'U (9 .11) 1~m~:w~'Ufl~blJ'U~BtJ'1~ 40. 7 4 bb'1~b~ff~~Trnn~BtJ'1~'1JB\I 

ir n b~tJ'U~iJ:w 1 'U:W~~~ ~ bb'1 ~ hJl?l m.J'n:W rl'LlriB'Ub~tJ'UiJl°i1~B tJ'1 ~ 45.41 bb'1~V!~\1~1 b tJ'U n~n'Vi:Wfl11 
' ' Q i.IQ I ..::iii .::!:ii i.I 4 Q.J .:::it. .:;:ii i.I i.I QJ Q.J .<::ii ii ~ 

b 1tJ'U1:Wfl1Vl'1~'1\lb vt'1B1BtJ'1~ 12.52 6ll\I m1~~n~m1:wm1b 1tJ'U1~1 ti1n~ mm1b wm bb 'U'U?l'U b?ll~ 
'ti 'U d...J 'U 

5 ~'U e-J?l:We-J?ll'Utl'U b VlfltJflvll'Ul tJ-61\1bfll?l-B5u1tJ1 'Ll~'U'lltJ1 tJfl11:W~?l1:W11tiu-rrn u~ tJ'U:W 1 'Ll:w~~~~ 
'IJ 

1Vf'1~mbb'1~i1?i1'U1 Vfirm~tJ'Ub ~tJ'UB5u1tJf111?1B'Ubb'1~ 1~fl~ bb 'U'Ub~:wmn~'UBn~1 tJ bb~ 'i) ~1\l 11n1?11:wn 

tJ\liJ\rm~tJ'U~lJ:W fo:w~~fl'11~bfl~eJ'Ub~tJ1tl'U b~el\I hhih bfllJ 1~ti neJ'Ub~ tJ'Ufl~ b lJ'U1BtJ'1~ 45.48 bb'1~ 

vt~-:ib~cJ'Uii:w h!:w~~fl'11~bfl~eJ'U'1~'1\I ~~b ll'U~Bti'1~ 3 7 .63 

b~eJ~~11ru1~eJtJ'1~'1JB\lirm~ti'U~ii:w h!:w~~tinl'i'eJ\I fl'11~bfl~B'U ~~ bb'1~ hJl?leJ'U b~eJ\I 
'IJ 
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b~e:i-:i 1 vh~1bAiJ rie:im~8'U bdmhbb 'Wnl7nm 1f m'11c.1e:i8 b ~'W 1~11~e:im;:1~'1Jmum~8'W~iJdJ foiJ&1~tinl'i'e:i-:i 
'U 

mn~~\?11m~e:i-:i nT;ibwnJ1~18m~bb~1'1"l~1 (22.22) m1~~1~~\?11m~eN b61J6'l~nm1'Llmb6'l~b61Jmi , , 

i:m1~ (1.48) 11m~8'UiJdJL'UdJ~~\?11'WVJmtle:ivnmnn11~t186'1~ 20 bb6'l~i1"51'U1'U~B86'1~'1Jt1\lum~8'U~ , 

n&J b 'U&J~~vrffi~\9lm.Jmn~~1?11 m~t1~b61J6'l~n6'11Tumb6'l~b61J6'l~i:.J6'11~ (33.58) bb6'1~~1~~\?l 1 m~ei~ m1 , , 

bb8ntl1~18m~bb~1 'l"l~1 (8.15) ~l'UdJ b 'WdJ~A6'11\?lbA~eJ'UlJ~eJ86'1~'1JeJ~Um~8'W~lJdJ b 'UdJ~A6'11\?lbA~eJ'W 
mnn11~e:i86'1~ 401'Wbtle:ivrn~e:i-:i tJ5n~m~\?le:in611 b61J6'l;;inm1'Llmb6'l~b61J6'l~t: .. m1~ bb6'l~n1'Jbb8ntl1~18 
m~bb~1'1"l~1 
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1!!!11 f'l"11(9)bf'l~€l'W 

• ~f)~€l-:J 

bdB~"il1'Hl.!1"il1nm'V1~ 4.10 {BCJl;1~'VB\l'Llm~m . .i~i1lJ folJ~~tinl'i"rJ\l rim~bfl~B'U ~~ 
'U 

bbi;1~ hJl'1B'U b~B\l 1 vh°'11bfli1 Vl~\lb~CJ'U bdB-;J1bb'Un\9\1lJbdBVl1~BCJ 'V1'Ul1{BCJ!;1~'VB\l'Llm~CJ'U~i1lJ folJ~ 

~~n\ilmb~lJmn~'UB~1\lb~'U1~-U~ 1'W 2 bdBVl1 f1B1mdBVl1 b~B\l LJ~n~CJ1~~Bn61i (66.17) bbi;1~ 
ri11lJ~1m1111 'Wm~~161ibb!;1~BBn681~~ (66.22) bb;;i~i1{BCJ!;1~'VB\l'Llm~CJ'U~i1lJ L 'UlJ~tinl'i'B\!~1~~~ 

'U q 

1 mdBVl1 m1"1Ju 1;;iVJ~bb!;1~ m1DB\ln'Um1t:rn~B'U fa'Vl~~1CJ15bbfl 1 'Vl~n (29.44) 'UBn"il1n'd1'U~1'U 
q q 

lJ1nn11lJ L 'UlJ~tin\9i'B\l 1 'W'Vlm i1'B'Vl1 bb~Vl6l\lm1~~n"i!m1lJm1b~CJ'U{ 'V1u11{B CJl;1~'VB\l'Llm~CJ'Ui1lJ 1 'W 
'U q 'U 

ii~i;in\91B\lb~lJ~\l~'Ubb!;1~lJ L 'UlJ~~~bb!;1~ 1jJ\9\Bu;;i~;;i\l bdB~"i111~1.n{BCJ!;1~'VB\l'Llm~CJ'Ui1lJ L 'UlJ~i;in\ilm 
'U 'U 'U 

nB'Ubb;;i ~Vl~\l b ~CJ'U 'V1u11{B CJ ;;i~'VB\l'Ll n b~ CJ'Ui1lJ L 'UlJ~i;i n\ilB\l b ~lJ~'U 1 'Uvi n b i1BVl1 zj\l"il1 n t:-.J;;i n11 
'IJ q 
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l bA 'l 1 ~~~~VJ eJ'U 1VJbi1'W1~11 n "iJ n 'l'lJ.J n1 'lb~ tJ 'U ~~ 1J.J 1'l bl~ l'll'U 1A11J.Jb6iJ 11 "il J.J b 'UJ.J ~1 VJ~ \I ~'U 1~ 
'\J '\J 

~eJ\91Ail'ei\ltlLJ Supasorn and Promarak (2015) b\9ltJ'Vh 1 VJJ.J b'UJ.J~~~\91 bb~~ hl\9leJLJ61JeJ\l-U'm~tJ'U 

~\91~\I bb~ ~J.J 1 'Wil ~bl n ~ eJ\I b tiJ.J ~\l~'U 1~ b\91 tJ-U' m~ tJ'Wi1 m'l b LJ ~ tJ'W bb LJ~ \IJ.J b 'WJ.J~ ~ \911 LJ~J.J b 'WJ.J ~~ 
'\J '\J '\J 

.fl1'V'l~ 4.11 ~1eia1.:if11~ei'Ubb'U'U'Vl~~eiub~ei.:iLJl)ffien~~rnn6l1~btl~m..1bbtli:i.:il\11nii h1ii~ 

fli'l1~bfl~eiu (n) 1tl~ii1uii~~t'ln~ei.:i (6ll) 
'IJ 'IJ 

"iJ1nm'l\9leJLJl°l1mJ.J 1 m~m LJ5n~tJ1~\9lein61l1 'U~'Urn1mi1 h b\9ltJ~J.JJ.J~~m'Um'lrum'l 

'VlV16'lE"M~'Umbb~11~irm1CJm~e:in\9lrJ'Ul1'1lvim1'Vlvi~e:i\l1vi-;;i~bnvim1b tl~CJ'Ubbtl~\l~'U zj\lb ~'LI 1~1111 'U 
' 

\9le:JLJ-U' n b~CJ'U"il ~~\li1rn1J.J b .U1 h~flm\91bA~e:i'U1 'LI b~rJ\1'1leJ\I m1ci1CJ 1 eJ'WB b~ n\9l'ae:J'U bb~~ Affh m1ci1 tJ 

brJ'U"il ~ bnvi~m~ e:i 1mffv1~~J.J6'l\l1 tJ1'U~11~~~1CJ1e:ie:ie:i'U~m~~V!~ ~1\1'1ltJ\9ltl'U 1vi CJ fl~ bb 'U'U ne:im~CJ'U 
' 

b vi1n'U o.5 fl~bb 'U'U b\91 mlJ'UJ.J b'UJ.J~~flm\91 bri~e:iu bb~~Vf~\l"il1n 1~b~tJ'W~~1'Un"ilm1J.Jm1b~tJ'W~ 
'\J '\J 

'W'nb~ CJ'Ui1ri11J.Jb .U11-;;iii b 'UJ.J~1 'Ub~rJ\1'1lrJ\ltJ5 n~CJ1~vie:i nsiibb6'l~n11ci1CJ be:J'UB b~n\911e:J'U 1 'U~11~~~1 CJ 

b LJ~ CJ'Ubb tlG'l\11 tJ1 'U'Vl1\I~ b ~ii~m ll'Uii b'Uii~ bln~ e:i\li1A~ bb 'U'Ub vi1n'U 2 A~ bb 'U'U b\91 CJ-U' m~CJ'U\9lrJLJbl n 
'\J '\J 

~\1~1b~e:in~1~'U~ 1 bb~~b'V!\9le.J~1'U~1~LJ~'U~ 2 6il\lbb~\91\11vi\~'U1~11 m1b~tJ'U~~1tJi'n~mm1 
' '\J ~ 

b~tJ'Uibb 'ULJ~LJb~1~ 5 ~'U e.J~ile.J~1'UtlLJb 'VlAtJAvl1'U1 tJ-ir\I bn\91-e:J5LJ1CJ1 'U~'U61JtJ1 CJfn1iJiti'U ij 
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,!a 1tmrin 1~Qflflfm~t11nt1'H nnm'lD1U loi.t e1~nft'l Eltl l utJ{jm tJll A8n~..Tu9fu 

n. (9 lrittt x ,o.im,~nifl\.I '\L iin11 Y 1J11t11t~1nYr:: x 1Ji' 0 fl~ bb tit! 

........ , ...... 11..i 1l .. .r 
fl. 1'1'1'H'ltn1U1Jftl'\llJ'\l'U ~. lllltnfl011~ l'ltlUll tNLtlft'\1\.1 

l o ' " I c'/ ~ 
L'H'JNn~111vt1 nn1:: ........ f!! ........... ~ .... ~~~~ ... ~} .. ~ .. :.~ ... : .... ~.~~ ..... ~ .. : ............................ 

~~,,; ·(111~"tV\l!\~oeJ6' ~ 9'fl iQ'l.L ~ ................................................................................ , .............. 
-Um~~t1vie:iu#i'11~e:in1t1'111ilu~t1~ 1 rin 

~ ............................ ,. ..................................... -. ........................................... 
mi~m'jH\vt~e-iflhJ~~ = 

,Ya 1flnnn liA'~n9"641~01nmninm'l<ht1 lvuvlnn 
611. ·-~ ··-ou -- - - - - .. 

n. 1nw: x 1fiflm1~ninu '\J. utr11 v 1.11tm::~ln11:: x I 1Ji' 2 fl~bbt1t1 
•. 1111 m:aiviiU1-i'u~u ~ 1liii1iion1111li\ou111lM1M~~ 

• c ~ ~ '! ~ u l ~· '< ~ ~~~I~ m 91r-n1ii ~ V'll ivn 1: ... ~. ~ -~~ ..... ~ ............. ~. ~ ~ .... L.. ::!'.: .. ~ :~.~.~.-:'. .. : .. ~ } .. ~~ !!:. ~ .. : ... .... :i. ~.IL ...... : ... rd ..... 
Mc (i\~ r'n-tJ itlJtJ~ ~,_\~ ~ 

0' o • ..... o. ~· .. • o. o • •-< ..... y •<' o. '•. • • > ._ •• •• o •• • o ao 9'00 o > 0 0 0 o o o. o. f < ...... 0 0 ... • o o • > •O 0 o o o .. •' ooo 0 o'' '• 'o o o o o o 0 o o ••0 o o o '+ ... • 0 • o 0 o o o o • o o • '° >O' o o o o o o 0 o 0 0' o • ... •. > < 00 H ..... 00 00" I 

.fl1w~ 4.12 ~1eia1.:if'i'1~eiubb'UU'Vll9l~t1rn~e:1-:1tll)mm~l9lt1n~~btl~m..1bbtl~.:i~1n:u1'U:u~ 

~l91 <n) lt1m:u1'U:u~~~n~ei.:i (611) 

b ~eN~1fl i!m~tJ'Uffieifl1mbfi~ij611'U~1l.I 1'Um1fi-:irieiu5-U~n~n11l.l~1 tJ\?lmei-:i 1l9ltJij m1m~~'U~1 tJ 

rl1'11l.l'Vl1-:ii VJ tJ11"116'1\?1{~1fl1°11~ ?f B'U b ~,j' fl b ~ tJ'Ub n \?1fl11l.l?f .:J ~ tJ bbfl ~ fl'UV!1 rl1\?lB'U1 \?1 tJ ~1 'U fl11 b~ tJ'U ~ 
~~ ~ 

ii~ ~ ~ I ..:::.:. 0 QJ .elf a 
l911 tJ fl~ m1l.I fl11'Vl\?1flB.:J 1,1, 'U'U?f'Ub?f1~ 5 'LJ'U 1,1,'1~ ?fl'U'lJB.:Jfl~ 1,1, 'U'Ufl11B6'U1tJfl1\?lB'UVl'1.:J~1nb 1tJ'U fl 

1, ~l.l~.:J~'UflrJ1tlB'Ul.~tJ'Uvl11 ~~BtJfl~'lJei-:ii!m~tJ'U~ijl.I fol.l~~fll'i'ei-:ii, ~l.l~'U~ltJ (Supasorn, 2015) 

4.1.5 ~~nTH mvu b ViV'Ufl~bb 'U'UWJ1:Ub "tl1 b~:U b 'U:U~rit1'Ub~V'Ubb~~V16".:i b~V'U b~tl.:I 1 V'J~1bflij 
~1bb'Ufl~1:u~~~uwq~m~:u ~1vm~'Vll9l~eiu~1Vibbuun~:u~'rna1.:il~B~~~~t1n'U • 



~1-a1.:i~ 4.5 fl~bb 'L!'L!fl1111befl1 L'1111 'L!11~riv'L!b~V'L!bb~~Vi~.:i b~V'L! b~v.:i 1vh~1 bflii lij1bb 'L!n~111 

'a~ ~'U'VHl ~ n •;;";i11 

T-test* 

... ... 
n11Vi'L!1 Mean SD Mean SD t p 

7.17 3.05 32.59 15.97 3.70 72.59 16.04* 0.00 
(22) 40.00 

4.81 2.18 34.36 10.47 2.71 74.79 13.41 * 0.00 
40.43 

7.44 2.91 31.00 16.23 3.62 67.63 17.15* 0.00 
(24) 36.63 

19.42 6.94 32.37 42.67 8.94 71.12 38.75 19.08* 0.00 
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* bb~ fl~1\l'iJ~1\li1UtJ~1A'qr~nflfl1'Wl~?l'iJ'IJA1Vi bb 'IJ'IJ fl~:Wl'i'1B ~1\l lllB?l';l~~'iJtl'U~';l~~'IJAd1:Wb zj'iJ~'U p 

0.05 

"il1fl~1';11\l~ 4.5 '\fol'\Jl1 "il1flfl1';1l bfl';l1~v1Vl1\l?l~~ b ~m U~tJ'\Jb Vi tJ'\Jfl~ bb 'U'U n'iJ'U b~tJ'UbbG1~ 

~~\lb~tJ'U ~1tJfl1';1Vl~?JBuri1Vibb'U'Ufl~:wl'i'1B~1-:i1l!B?JW~Bn'U 'V-lu11 'Llm~tJ'Lli1fl~bb'U'U:W fo:w~~~-:i 
' 

b~tJ'U?l\lfll1riB'Ub~tJ'U1 'Uvim~~'IJ'\folfl~ fl':i';l:W 'iJ ~1-:ii1utJ~1A'ruvi1-:i?J~~~';l~~'IJ 0.05 b~tJriB'Ufl1';1~~ ~ , gl v 

n"il m';l:Wfl1';1b~tJ'Ui 'Llm~v'Lli1fl~bb 'Ll'U~B tJG1~"1lB\l:w 1 'Ll:w ~1 'Ll-a~~'UYl~~ m';l:w~1'Um1:w b .LJ1 h tl11 tJ1 -if 

bbG1~m';libfl';l1~v1 ~~bll'U~'iJtJG1~ 32.59, 34.36 bbG1~ 3i.10 ~1:w~1~'U ~~\l~~n"ilm';l:wfl1';1b~tJ'U~ 
" 

'Llm~tJ'Lli1fl~bb 'U'U~B tJG1~"1lB-:i:w 1 'Ll:w~1 'Ll';l~\9lu'\fol~~ m';l:w~1'Um1m .LJ1 h n1';1t111 u1 i bbG1~fl1';j1 bfl';l1~~ 

b~:W~'U"il1m~:w bU'U~BtJG1~ 72.59, 74.79 bbG1~ 67.63 m:w~1\9lu b~B~~blJ'U~BtJG1~m1wl'11~1!1 
~ I V .c::i. I CV q qiJ i/ i.I d ~ 

"il1flfl~ bb 'U'Ub~:wbb~G'i~';l~~u'l"l~~m';l:w 'V-lu11 'Um ';ltJ'U:W';l'iJtJG1~"1JB\lm1:wm1~'U1mnvi~~ AB fl1';1 

tl11tJ1-if (40.43) ';l'iJ\lG1\l:w1 AB A11m.LJ1h (40.00) bbG1~fl1';1lbfl';l1~~ (36.63) ~1:w~1\9lu 



;eiEJ~::'!Jv.:iA::bb'IJ'IJ 

:ulu:u~ 
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74:79 

[] ntl'l.Jb~ffU 

[fjj Vlli'~b~~'IJ 

l!!l!J rn1:1.JnTrnu1 

.n1v.JVi 4.13 ~m.1~~i'l~bb 'W'Wi'l11~b-b'11:u~ hi~~rieJ'Wb~tl'W 'Vl~'lb~tl'W bb~~l'l11~n11V11!1 

b~eJ'I 1 'Ww1 bl'lii ~1bb un~1~'a~~'Uv.Jq~n".i'a~ 
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"il1f1fl1'W~ 4.13 "il~b~'U b~'J1~eJCJ~~'1JeJ\lA~bb'U'UA11~boLJ11:iJiJ b 'UiJ~nB'Ub~CJ'U~1f1rJ1Vl~\l 

b~CJ'UB~1\lb ~'LI 1~-U~ bdBlil1 bb 'LI nmiJ'j~~'U'W~~m'jiJf11'jb~CJ'Ufl 'U.ff 'Um1iiL-LJ'1 h f11'jtl11 tJ1 off bb~~ 
m'j1 bA'j1~~ 1~mdmrrn~CJ'U 1~ b~CJ'U~b~B'l 1 vJV11 bAn ~iCJ1n~mm'jb~CJ'U~bb uu~u b6'f1~ 5 .ff 'LI 

~ ':.J ~ 

e.J6'fil e.J 6'f1'U tl'U b VJAi1Avl1'U1 CJ-'1''1bf1~-eJ5'U1CJ1 'U.ff 'U'1JCJ1CJ1'111il~bb~1,i'U vl11 ~,j' n b~CJ'UnA~ bb 'U'UA11il 
~ 

L-LJ'1hii1 'Llii~L ~i16'f'l~'UB~1\lL iiu 1~i~LL~~nbLu11U'ii~b~ii~u1n~b~CJ'lti'u1 uVJm~~'lJ'Wf1~m-aii ~'I 
~ ' ·1 

1viCJ113!16'f ~~'llB'li1n b~CJ'U 1'WL~e:i'l1 vJV11 bAnbde:ilil1 bb 'Unmm~~u'W~~m'jiJf11'j b~CJ'Ui't~ Lb~ ~?f B~A~ e:i'I 
< 

ti'u 1'8'CJ m5 bb~~P1n~Pi~ 6'1Jn~'j (2556) 
' 

4.1.6 ~eJt1~~"!.leJ'ltim~m.1~ii3J1 'l.13.J~~tln~B'I i'l~1~bi'l~eJ'W bb~::~~ b~B'I 1 'WW1bl'lii ~1bb'Wn 
'II 

~ 13.J'a::~'Uv.J q ~ n".i'a~ 

"iJ 1 n f11 'jl bA 'jl~~~B CJ~ ~'lJ B\lil b 'Uil ~ neJ'Wb~ CJ'U bb~ ~Vl~\l b ~ CJ'U'lleJ\liJ n b~ CJ 'U ~ 1il f11 'j~ ~ f11 'j 

b~CJ'W~ b~B'l 1vJV11bAn ~1CJl1l~f1'af11'jb~CJ'U~bb'U'U~'Ub6'f1~ 5 .ffu e.J6'file.J6'f1'Utl'UbV1Ai1A'l111'W1CJ-i1'1bn~-
~ ':.J ~ 

e:i5u 1 CJ 1 'U.ff 'U'll CJ 1 CJ ri11ii~ lil 1bb'LIn~1iJ'j~~'lJ'Wf1~ m'jiJ 6'f 1iJ1'jtilil1bbun1~ b llmJ 1 'Llii~~tin ~B\l 
~ ·1 ~ 

Am~bA~eJ'U ~~ bb~~1~~B'U ~\l~1'a1\l~ 4.6 



V1~~m111 

( ~1UTLJ-LJ'ei) 

(11) 

(12) 

28.69 

d 
bflt;JeJU 

17.37 43.84 

15.87 29.21 41.27 

25.37 19.63 49.44 

fl1Vi113J (30) 24.37 21.04 45.48 

10.10 

13.65 

5.56 

9.11 
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4.65 6.46 39.39 49.49 

1.59 10.48 27.30 60.63 

3.33 10.47 42.04 43.89 

3.41 9.11 37.63 49.85 

~1fW11"a1\l'ifi 4.6 ~61 f11"al bA"a1~~~eJCJ61~6U8-'.l:W fo:w~ neJ'Ub~CJ'Ubb61~Vl~\l b~CJ'U\?11:Wf11"a 

~~f11"ab~CJ'U~b~eJ\l 1'V'h~1bAiJ ~1CJlf1~fl"af11"ab~CJ'W~bb'\J'\J~'\Jb?l1~ 5 ~'W ~?l:W~?l1'Wn'\JbVJA'LlAvl1'W1CJ-
v ':..J v 

~\lbfl1>1-e:i6u1CJ 1 'Ll~'U6UCJ1CJm1:w~ ?11:w1"afl"il1bb'Wflb ll'W:w fo:w~~flfll'i'e:i\l rim~bA~eJ'W ~~ bb61~ hJ1>1e:iu v v 

"i\'1bb'Ufl1?11:W"a~!Pi''U'V'l~~ fl"a"a:W 1 'Ll.fl1'\l'l"a1:W 'V'l'\Jl 1 neJ'W f11')~~ n~ fl"a"a:W fl1"a b~CJ'U iil~e:i CJ61 ~6Umtl' fib~ CJ'W~ 

il:w fo:w~~flfl~e:i\l A611~bri~e:i'U ~~ bb61~ hl1>1e:iu b vi1nu 9.11, 45.48, 21.04 bb61~ 24.37 m:w~1!Pi'u 
v 

bb61~Vl~\lfl1"a~~n~ m"a:Wfl1"ab~CJ'U~ il~e:i CJ61 ~<LJmir m~CJ'Ll~il:w fo:w~~flfl~ e:i\l rim~ bri~e:i'W ~~ bb61~ v v 

1:W1>1e:iu bvi1nu 49.85, 37.63, 9.11 bb61~ 3.411>11:w~1!Pi'u bde:i~~1"aru1~e:iCJ61~6Ue:i'l:w1'W:w~~fl~e:i\l 

rim~bri~e:i'W ~~ bb61~1:W1>1e:iu b~e:i'lhh~1briilne:i'Wb~CJ'W "il1bb'Wfl1>11m~!Pi'u'V'l~~m"a:w m1:wb.LJ'11~ m"a 

'111 hJ1 -if bb'1~fl1'j1 bm1~t-1 zj\lbbG1~\l!Pi'\l.fl1'V'l~ 4.14 'V'l'Ul1 1'e:iti'1~61Je:i\li!m1ti'Ll~~:w b 'U:W~tinlPi' €1\l v 

rie:i'U.LJ'1\l~1 faCJilri1~e:iCJ61~~?1\l?l~ Ae:i d~~u'V'ln~m"a:wf11"al111u1.U "ae:i\l61\lm m"aibm1~~ bb61~ 
v ' ·1 

m1:wb'thh fi~bll'W~e:iCJm~ 13.65, 10.10 bb61~ 5.56 1>11:w~1~u bb61~~e:iCJ61~6Ue:i\ltl'm~CJ'U~il:w1'W:w~ 

A 611 ~ bfl ~ eJ'W 1'W"a~~'\JA11:W b .LJ' 11 ~ fl 1"atl11 tJ1 -ti bb61 ~ fl1 "al bfl "a1~~iJ"iJ1'U1'U~eJCJ61 ~6U eJ\ltl' fl b~ CJ 'W 

rie:i'U.LJ'1\l:w1fl~~~ bdm tl~CJ'IJ b Vi CJU nu:w 1 'Ll:w~ ~'W 1 bb61~ bde:i~~1"aru1~61 m"a1 bm1~~~e:i CJ61 ~6Ue:i\l 

tl'm~c.i'Urie:im~ti'U 1'Ll:w1 'U:w~~~ bb61~ 1:W1>1e:iue:i~1'Ll"il1'W1'W~mflfl11~e:ic.i61~:w1'Ll:w~flfl~e:i\l~\l1 'Ll"a~~u 
v v 

'V'l~ ~ m"a:wm1m .LJ1 h f11'jt111 u1 -if bb61 ~ f11"a1 bri"a1~~ 'Ue:i f1~1 fld1'U:w1 'Ll:w~~1:W1>1 e:iuAe:iir m~c.i'U 
1:Wb~CJ'U1>1e:iue:i6u1m Vl1>1~611 'W.LJ'e:i?ie:iu~1~u~'U~ 2 fi~b ll'U~eJCJ61~61Je:i\ltl'm~ti'W~1:W1>1e:iumfl~?l~ Ae:i 

' ' 
"a~~um1m.LJ'11~ fl1"albA"a1~~ bb61~fl1"at111tl1.U ~eJCJ61~ 28.69, 25.37 bb61~ 15.87 m:w~1~u 
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b~C.J'W "i11bb'Wn~rn.Jd~~'U'V'l~~md:w rn1:wb.U11"il mdtl1hJ1.ff bb!;l~n1dlbfld1~~ VJ6'i'-:ib~C.J'W ~-:ibb?l~-:i~-:i 
d 

.fl1'V'l'Vl 4.15 

~vvfl:::'tlv~ 
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1vh~1bfli1 "il1bb'UfWnl.l1~~'\J'V'lt]&im1l.lfl11l.JboLJ11-o;i rn1tl1hJ1.ff m1~rn11bfl11~~ 'V'l'\..111 1m.1~~"1leM 

irm'1t.1'W~i1l.l b 'Ul.l &ibl n~e:i.:i b ~l.l~'U'OJ1 n rim.1 b'1t.1'U e:i ~1.:i b ~'U 1~-d~ 1~ t.1i1fi11e:i t.1~~~?1 'l?f~ ~e:i 1~~'\J 
'IJ 'IJ ' 

'V'lt]&im1l.lrn1tl1hJ1.ff 1e:i.:i~.:im m1l.lb.LJ'1h bb~~fl11lbfl11~~ fi~bll'U1e:it.1~~ 60.63, 49.49 bb~~ 

43.89 \?11l.J~1~'\J bb?f~.:i1Vfb~'Ul1fl11b'1t.J'U~~1t.Jlf1~n1fl11b'1t.J'U~bb'U'U~'lJb?f1~ 5 ~'U e..J?fl.Je..J?f1'Url'U 
'IJ ~ 'IJ 

b'VlfltJflvl1'U1t.1-i1'.:ibn\91-eJ6u1t.11 'W~'U"1lt.J1t.Jfl11l.l1?11m1bl'\.J~u b '\.J~ t.J'Ul.l b 'Ul.l&i bb~:;~~'U1l.l b 'Ul.l&i1 Vf ?t.:i~'U 
'IJ 'IJ 

bb~~ f1'.:i~~"il1'U1'W~e:i t.J~:;"LJe:i.:iir n b'1t.1'W~i1l.l b 'Ul.l&i flm~ bfl~ e:i'U e:J~ bb~:; 1~\91e:iu1 'U~'Ufl11l.l b .LJ'1 h rn1 

tl11 LJ1 off bb~:;rn11 bfl11~Vl1Vfi1"il1'U1'U~~~.:i1~ bb~:; b~e:iVl-o;i11ru1e..i~ rn11 bfl11~·1He:it.1~~"1Je:i.:iirrn'1t.1'U 

rie:im'1t.1'W 1 'Wl.l b 'Ul.l&iflm~ bfl~e:im~.:i 1 'W~'Ufl11l.lb .LJ'11-o;i rn1tl11 '\.J1 off bb~rn111 bfl11~~-o;i:; b ~td1i11e:it.1~~ 

"LJe:i.:iirrn'1t.1'Ui1l.l b 'Ul.l&iflm~ bfl~B'Ue:i~1 'W"il'1'U1'Umn 1~t.1i1mn~?f~ 1 'U~'Ufl11lbfl11~~ fl11l.lb .LJ'1h 
'IJ ' 

bb~~rn1tl11 '\.J1 off \911l.l~1~u 

4.1. 7 ~ftm11~fl11l.lbif 11:u3J b 'W3J~"tle:i~i1m~v'W:u1mb uuVIe:i~e:iuu~ft~b de:iv11 byjlJb~lJ 
(9)1e:i~1'loLJeJ?fffU ( fl11l.J b oif 1 t'OJ) 'OJ1n?f bl1'Ufl1W1fl11'Vl~~eJ'l~eJ 1 LJd 

.d 
"1M'Vl 1 
' 

' ,, 
n. "tl~Vl 1 bv11i1'W 

' ' ,, 
fl. "(j~VJ 3 b v11i1'U 

' 

Zn(s) 

2+ 
Zn (aq) Zn +(aq) 

' ,, 
"LJ. "(j~VJ 2 bvl1ir'U 

' 
.d 

'l. "(j~'\11 1 bb~~ 3 
' 

bVl\91e..J~Vl\91eJ'\J b'\"111:; ······················································································································ 
' 



..; 
fl:: bb 'IJ'IJ b'Vf(Pl~~'Vl(PleJ\J • 

e:i6'U1tJ(i.m1".ici1tJ beJ'WBb~n\?l".ieJ't.r~~Vll1\l bffVl~tl'U 1e:ie:ie:i'W b 'W?f1".i'1~mtJ rh~ntJ1 '\!iJ~1 

1 m~".iJi1'W"UeJ\l faV1~~~1ijm".i 1 °IX8 b~n~".ieJ'Wbbn1e:ie:ieJ'W"UeJ\l fa VI~ b 'W?f1".i'1~mtJ bb'1~ 

1e:ie:ieJ'W"UeJ\l fa VI~ b 'W?fTrn~m tJfo8 b~n\91".ieJ'W 

e:i6'U1tJ(i.:i m".ici1tJ beJ'WBb~ n\?l".ieJ'W".i~Vll1\l b'1VI~ tl'U 1e:ie:ie:i'W b 'W?f1".i'1~mmb'1~rl1 

0.5 ~ntJ1 'ViJ~1m~".i\i1'W"UeJ\l faV1~~~1ijm".i 1 °!Xab~ n~".ieJ'WeJ~1.:i b~tJ1 Vl~e:i 1e:ie:ieJ'W"UeJ\l b'1VI~ ... 
1 'W?f1".i6'l~mtJ-r'Ua b~n~".ie:i'W V1~e:ie:i~1.:i 1~e:i~1.:iV1~.:i 

hfo6'U1tJ().:im".ici1tJ 1e:i'W8b~n~".ieJ'W".i~V111.:i faVl~n'U1e:ie:ie:i'W 1 'W?f1".i'1~mtJ Vl~e:i hJ 
0 

e:i6'U1tJ(i.:im".i 1 °1Xbb'1~fo8b~n\?l".ieJ'W".i~Vll1\l fa VI~ n'U 1e:ie:ie:i'W b 'W?f1".i'1~mtJ 

"' ,JI, , _f ,,\ '"' .I""- • "' .d .I n. 1110n11Tlfl1'1tl~'\11~i'!\.l 1fln11Ylfll'!El.:J llUl~Yll'J~Lnfl11{)0W1'tt'Hl1Jn11h.lflV'U1Lu?I~ 

tj, i t ~ t r; .::., d 
n. 1~m I t'Yll'WU 'IJ. tYi'Yl 2 lYll'U'U l.11'Ul.l\91flmvibrif!B'W 

® '\!fl~ 1 un:; J · ~- 'Vfl;i l 2 nm: 3 1\il 0.5 ri~bb'W'W 

L1'1<11Nt'l~9I01J 1rn1~ ..... r:::.&. ...... ~~~ ... ?:':~;i;:i.-!f:l. . .,r.t.l~~~;~f.~ ............................. . 

""'"'"~"~~~!:::;,~~~:".~~~;"'""' ::: :: : ~:::; .5;, ............. : : ·:::·::···::: 
"lJ. 

riTv'lvi 4.16 ~-;ie:i~1.:i~1(PlvU"!lv·:n!m~m.11'LlbbUtJ'Vl~~e:irn~e:i.:i'IJ~n~m~~e:in6lf ':i::~u'Vlq~n·fi3.1 

fl113.Jb-i111'1vib'IJ~EJ'LlbbU~Wil1n3.J b 'Ll3.J~fl~1~bfl~v'LI (n) 1 'IJ~3.J b'Ll3.J~vif;ln~eH ("!1) 
'IJ 'IJ 
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'i\J1nm'l"J~ 4.16 'i\J1nnT~~e:i'Ur11m~1'W<ife:i?fe:i'U.ife:i~ 11m~e:i.:i tJ~n~tJ1~~e:in6lJ1m~~'U 

m1~b.if11"i11~mUJ~~?fm'Wm".irum".iVl~6'leJ\l~'WmbbA111X'l!nb~tJ'Wb~e:in~e:i'U11'1l~m".iVl~'1e:i.:i1~"i1~ 
' 

bn~m".ib tJ~tJ'Wbb'lJ'1\l~'W zj-:i b ~'W HH11 'Wr11~ eJ'UtleJ'Wb~tJ'W"UeN~1~'U~'W~ 1 'l!m~tJ'W'i\J~ b~e:in~e:i'U 1 'W<if e:i 

~ fl zj.:iijr111~bb\?ln~1\16lleJ\l b'1V1~~~~n'U 1e:ie:ie:i'W6lleJ\l b'1VI~ 1 'W?f1".i6'l~mtJ zj.:i-Um~tJ'Wfi~11"i1~bn~m".i 
' 
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l fl~ mf11";i b~CJ'U~bb 'U'Ui1'U b?l1~ 5 .ff 'LI t:-J?ll.J t:-J?l1'Utl'U b 'Vlflilflvl1'U1CJ-~,Hn~-BTI'U1CJ 1 'LI.ff 'U61J CJ1CJfl11l.!1' 
6J " " 

bbi;;'1 '!! n b~ CJ'UlJfl11l.J b oLJ11 \ll.J l 'Ul.J &i1 'LI b ~'El \161JB\IU 5n~CJ1~ ~'El n•foG'l ~ n1";i ri1CJlm.i8 b~ n ~";i B'U 1 'U 

?l1";iG'l~mm 'Li~ CJ'Ubb 'Lim 1 u1 'U'Vl1\l~b ~l.l~'Ub .lJ'Ul.l l'Ul.l&itinl'i'B'li1ri~bb 'U'Ub vi1n'U 2 ri~bb 'U'U 1~CJ'l!m~CJ 'U 
" 

~\l?IB\lfl'U~B'Utin~\l\Yl1 b~Bm\'11'l'U~ 1 bbG'l~b Vl~t:-JG'l 1 mhl'l'U.ff 'U~ 2 6/.l\lbb?l~\11Vf b~'U 1vl'11 f11";jb~CJ'U1 
" ' " 

~ 1'Ulfr~, mrn";i b~ CJ'U i bb 'U'U i1rn?11~ 5 .ff 'U t:-J?ll.l t:-J ?11'U nrn 'Vl ri-W riv11'U1 CJ-~\I bn ~-BTI'U1CJ1 tJ.ff 'U61JCJ1 CJ 

ri11l.!1'i!'UiJ\J";i~~'VlTI.fl1'V'l 1 'Uf11";ibbnb61Jl.l l 'Ul.l&i~~~bbG1~flG11~ bfl~B'U?l1m";iti b~l.lfl11l.l boLJ1 hl.l l 'Ul.l&i 
" 

1'VlCJ11411?1~flvi'~ bbG'l~ bn'El~\11";itl.!1'1!flb~CJ'U~\1Vll.J~ 1 'Uf11";ivl1oLJeJ?IB'UVl~\lb~ CJ'UoLJB1'.f 'V'l'Ul11 'U\Yl1 b~eJ n 

~11'l'U.ff 'U~ 1 iJ'l!m~CJ'U~eJ'Utimh'U1'U 41 fl'U A~b .lJtJ1BCJG1~ 91.11 ~1'U 1 mhl'l'LJ.ff'U~ 2 iJ'l!m~CJ'U 
" 

~B'U1vlfl~bb'U'U 1, 0.5 bbG'l~ 0 fl~bb'U'U '<il1'U1'U 22, 18 bbG'l~ 5 fl'U ~1l.J~11'1'U A~b.lJ'U~BCJG'l~ 48.88, 

4o bbG'l~ i.oo ~1l.J~11'l'U zj\lirm~CJ'U~1'U1 Vlruii1Brn?1~\l~i1l.J L 'Ul.J&i~b~l.J~'U\11mJ L 'Ul.J&i~~~ bbG'l~ ... 

1~~B'U 1 u b U'Ul.l l 'Ul.l&i~rim~bfl~B'UbbG'l~tinl'i'm 1vl' 
" 

l'i'1B~1\loLJ'B?1B'U (rn";i1bri";i1~~) \11nrn";i'Vl~G1B\lbneJ~l.J LG'l'Vl~ x G1\11 'U?11";iG'l~mCJ vso4 
' 

bnB~\l~\ltlmt! 15 mVI ~\l";i\J 
" 

n1Vl'U~ri11'1 nCJ"l ~Yl1m~";i~1'Ufl~\I b6/lG'l~~~n-a''U 1 Vf ~\11'.f .... 

2+ 
X (aq) + 2e -t X(s) E

0 
= +0.80 V 

2+ 
Y (aq) + 2e -t Y(s) E

0 
-1.68 V 

x x 

2+ 
Y (aq) 2+ 

Y (aq) 

-U e:i 1~ n~ 111vl' 11 nl'l B\I b~ CJ1 tl'U'Vl~ n rn";iri1CJ1 B'UB b~ n me:i'U 1mJ5 n~m~~e:i nsii-U1\11'i''U 
" 

n. LG'l'Vl~ x bn~rn";i~n~e:i'U 61J. iJ?11";i Y mbm~ffiG'l'Vl~ x 

ri. bn~?11";i v ~'UbbG'l~~n~~ne:i'U \I. 1~iJbn~rn";ib\J~CJmb'lJG1\lbn~~'U 



. · 

.J 
b'\ll~i;JG'!Vl\91€1'\J b'V'l~1::: ...................................................................................................................... . 

ri:::bb'U'U 

1 

0.5 

0 
hJe:i5u1tJ~'lrn~ hliirn'a 1 ~bbG'l:::~u~ b~n\9l~B'W~:::V111'11G'l'Vl:::nu 1e:ie:ie:i'W 1 'W?f1~G'l:::mtJ fi1 

iai'ntJ1i"Jvhm\9l'a~1'W"1J€l'lfa'\ll::: x nu y .... 
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n. .f 0 lflfln11it\'Qn9"6~l~tl1ntnni'mmti101 O'U el~l191lD'U lu1Jijfi1tdi~U""lO""'~.....,if:....:..1~=/.=tJ--__._~ 
n. lntt::: x 1n~rnnin~o\J ® iinT' Y lJ1m1:::~1nm: x ~~mf1:;1d.J\91e:iu 

tl. l"fl'HltClltJiin1,,i'lJ~l• ~. 1i.ifonRfll~IU~!JtJUl.ln~l01jli 1~ 0 ri:;bb'\.J'W 

... 
l'H~fii'll'l910\J ll11 i:: .... ··············· .............................................................................................................. .. 

•~•' ••••••··~ •Oo•••~• --~--~· ••0 0 •• oo •o ·~ <l>•O• • •' o• ••• •" • • • • • • '• < u •• • ••' • .. o •• • o • o 'I'•••'•"•• o • • •'••••••••I'' Oo• • • • • >' • o >< < •' • • • ' '''' •-, o H' o' o _, •• • < '' • • ••« • d' o>o'" 

6ll. '1'01ti!n611 itfQn.fe~u\t11ritnt ann mhv leu ii1aM1flu lu tJfiii1t.n1flloo4f 1'4l\J , 

fl 1n'Ht x 1n1mm:1ni5u 'II. uu11 Y i.n1mi:~lnl1t x l.lfolJ~~n~e:i-:i 
.... >.' .l 17:'\ ' ·~... _,.. -1 ... 1" 2 fl. emnz:i:rn.1lJ?1tiitJ'\IU 0 lJJJlflflOm1Jnttuuun·unt \91 ri:::bb'W'W 

..i 'l ' ~- ,~· 
t1!f3N\'ll'lflmJ 1vn1:: •••••. 1.~:v:-: ...... ~ •.•.•• t#.~ ...... \r.~ .. ~.~-0.r./..if':l:s8' .. ffi~ .... .1. ..... ~.1. ... ::!.~~~~ ... 

~~.\B.~~£i~:a~.~:te?:r.:\> ....................... 1=···· ........................................................... . 
·-------·· ---· ---- ---- -------- ------- ----- ------------- - ----

fl1Y1~ 4.17 ~1eia1.:if'11~eiu"t1ei.:it!n ~~v'W1 'Ubb uu'Vl~~eiu b~ei.:itJ~mv1~~ein6l11 'W-a:::~u'Wq~m-al.I 

m~1bri-a1:::~~btJ~V'UbbtJ&i.:i'11nl.I b'Wl.l~~~bb&i~1~~eiu (n) 1 tJ~l.I b'Wl.l~~rin~ei.:i ("LJ) 
'U 'U 
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n. ~fl 1f'lnft11,~QO,;'tlll1~tl1n1Jl1ftf)fl1'lth!J1fl1JtlLg0911fl\J 1 ui.Jijffitn';flt1fl'li'.,r1~9i'u 

(3) 11nu: x 1nAml~nit:iu "· iitn:i Y 111mu:ii\1tt'l1:: x :whi:w~~vi 
f'I. Ul'H'l:lflltliia1-1'>J~U II. 1uuLOf'!OllLUavuuiJ11111 1~ 0 fl~bb'U'U 

~'11'JHi'l~9lf)'U L'\111:: ......... D.?!.rl,.~h:>.J.).M~rn.Y.~.H.~.. .. ... ~.~rl~~.Jm;,q;1-(1.1;r.; .?L ........ . 
.. ~:L;.-f.l~f.ML.~°::2!1.filP..S..~1J.tf.JJ.:+ ............................................................................................... .. 

'ti. 
'If t'l 1Rnn 111~~n,rMmt11n'U·1nrnnmhv ltiu ii1gn91, out u1.lijmv1'°;~·;;,,,~..;-.:.·hu..1.Ll..lll... __ ___._, 

n. lntt::: x 1fi91mn~nieu "· ihn:i Y m1m::~in11::: x 

fl. 1f1·rn:::n1viiif1.,rll~u @ 'h.iihfiflm'l1i.l~vumfo~1n 
, .,j ' ,.,.o I )';~ 01'1._,,_...,...\~-~-~--"T""' 

m~l'-lnliflm.1 11'\'i'l1::~ .... ·!·~:t ... ?.~.r: ... ?.:~!.'.D~~~~~A:~.k ...... ~.~i,1 .... ~~~:i.1.-ri ... ?.J;'hl.D1~ ............. . 
................ ~Uil'ii.l·H.~ ..... ::i.~n~~.~ ...................................................... J. ................................................... .. 

.n1w~ 4.18 ~1vv1.:if11\Plv'U<tJv.:itl'm":jv'W 1 mb uu'Vl~~vu b~vnlnmv1":j~vn6lli. 'W"a~~uwq~m"a~ 

m"a1bf'1'31~,,;~btl~f!'Wbbtl~wil1n~ b 'IJ~~~~ (n) 1tJ~~ b 'IJ~~~f;)n~v.:i ('ti) 
'U 'U 

·'inn.nTvirV1 4.17 bb61~ 4.18 m11we:iur11m~1m~eM tl5n~tJ1~vie:in61l1 'U1~~u'W~~m1~ 

m11 bfl11 ~~ fa tJ '1~~~ '1tn'Urn1ru fl11'Vl"161e:i-:.i'i1'Um bbGi'11 ~11 n b~tJ'LI1 bm1~~ bb61 ~ b~ e:i n1?1 e:iu11m1 

'Vlvi61e:i-:i"il~bnvin11bt1~ tJ'Ubbtl61-:i'i1'UV!~e:i hJe:i~1-:.111 ;-:.i b ~'U 1~111 'Ur111?1e:iune:i'Ub~tJ'U'LJe:i-:i~1~u~'U~ 1 

1.'Tn b~tJ'U Iii~ b~'f) nl?le:J'U 1 'LioLJ'fJ~ bbl?l n~h-:i tl'U bbl911.'T n b~ tJ'UtJ-:.l~~fl11~ bbl?l nl911-:J'LJ'f),:,j fa'VI~~~~ nu 1e:ie:ie:J'U'LJ'f),:,j 
' 

fa VI~ 1 'U'11161~mtJ ;-:itl' m~tJ'Uf1vi11"il~ bnvi rn1b tl~tJ'Ubb tl61-:.i'i1'U b °1i'U fa'Vl~n~e:i'U V1~e:i~'111mbrn~ 
fa VI~ b~e:ie:i6u1 tJ~-:.i b V11?1~61~1?1e:iutl'n b~tJ'U"il~ t!~~m1~b .LJ'11'1~flmvi bfl~e:J'Ubb61~~vi 1 m~e:i-:i'Ue:i-:i m1ci1tJ 

' 
1e:i'UBb~n~1e:i'U Vl~e:itl'n b~tJ'U 1lJ'11m1tie:i6u1tJr111?1e:irnY'U1~ b61tJ~-:.i~61~-:.lfl~ bb 'U'Une:im~tJ'U'LJe:i-:i~-:.i'1e:i-:i 
bvi1nu o fl~bb'U'U bb~b~e:itl'm~tJ'LI1~b~tJ'U~~1'Ul'n~mm1b~tJ'U~bb'U'U~'Ub'11~ 5 i'U ~'1~~'11'Unu 

" 6.J " 

b 'Vlfl'Llflvl1'U1 tJ-~-:J bfll?l-e:J5'U1tJ 1 'Ui'U'LJtJ1 tJfl11~~ bbGl1 'WU11<tJ flb~ tJ'U~\0111~ b oLJ111iJ~ 1 'LI~~1 'Ub~'fJ-:.l'LJ'fJ-:.I 
" 

tl5 n~tJ1~vie:in61lbb61~ m1ci1tJ le:i'UB b~ n1?11e:i'U 1 'LI'11161~mm tl~ tJ'U bb tl61-:.i 1 tl1 'UV11-:.1~ b ~~<ff m ll'U~ 1 'U~~ 
tinl'i'e:i-:.i 1vitJfl~bb'U'Ub~~<ff'U"il1fl o fl~bb'U'Uzj-:.ibll'U~1'U~~~vibb61~1lJ1?1e:iu b~~bll'U 2 fl~bb'U'Uzj-:ibll'U 
" 
~ l'U~~tinl'i'e:i-:i 1vitJ1.'Tm~tJ'U~-:J'1e:J-:Jfl'Ul?le:JUtin~-:i~1b~e:in~1~u~ 1 brn~b V!l?l~611 'LI~1~'U~'U~ 2 zj-:i 

" " ' 
bb'1vi-:.i 1 ~b ~'LI 1~11 m1b~tJ'U~~1'LI1'11~ mm1b~tJ'U~bb uu~u b'11~ s ~'U ~'1~~'11'Unu b 'VlfltJflvl1'U1tJ-

" 6.J " 

~~bn1?1-e:i6u1tJ 1 'LI~'U'VtJ1tJfl11~~~tl1~~V15m'W1 'Ufl11bbm 'V~ 1'U~~~~vi1~bll'U~1 'LI~~~tinl'i'e:i-:.i1~ bbl9i 
" " 

e:i~1~ 11n1?11m~e:i~'11'Hu11.'Tm~tJ'U~~V1~vi 1 'Um1v'l1.LJ'e:i'1e:iuV1~-:ib~tJ'UoLJffd '\l'jtJ111 'U(?)1 b~e:in6'11~u~'U 

~ 1 ~1.'Tm~tJ'Ul?le:iutin~1'U1'U 38 fl'U f1vibll'U~e:JtJ61~ 84.44 ~1'U1'U~1~'U~'U~ 2 t!-:i~tl'm~tJ'U~l?le:iu 
" 
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~\111 n b~ f.J'Uu 1\lci1'Uiiriei f.J A'Ubl"l f.J nu m 'j b ~ f.J'U ei6u1f.Jr11191 eiuzj\l b ll'U m'j f.J1n~"il~v'h1-M11 n b~ f.J'U b ~ f.J'U 
' 

ei6u1f.J b V1\91~~-veir11m:1.J~ b U'Um'ji bm1~Vl1 Vi1Jl~ 
' 

Al(s) Cu(s) Mg(s) 
.,J 

61JVl'Vl 1 
.,J 

611 Vl'Vl 3 1----l -' 

n 

-

HCl(aq) 

.I 
n. 1R'n l 

HCl(aq) 

' 

-

HCl(aq) 

fl. 1fl~ 3 ~. "tfl<y~fl11\'lt'lllfl~\'filO'U l.l fol.I~~~ 
.. 1" 

··:~-.~:::· ·~:" ... :· ·: ·:···: : ·:: . :: :: . : ·g:: . :::: .. .~ ~."'."~~ . : : : 
.............. ,. ...••••••.... ·~ ........................................... ' ' .. ' ............................................ ~ •• ~ .......... ,.'. 'u,.. "' ............... >'<•• •••••• 

•1nmn1Rnt:wf 1~.ru l n'H::1u1"1mrnflnfl~ 1PiDm11dtH 11un:tr1u.r1;~ ~~~Cl" 
6IJ 

.J ' 
0. 'fMYI 1 ,,, lflll 2 l.l fol.l~~fl(ilti.:i 

(!!) 'Yfl~ 3 ~- 'tJO'Vflmrnf\t'ln-milri"u M 2 l'l~bb'W'W 
.; · "la ~1 fc '~)<,.:'' ~.l':l·f1 ,:;n trl ~ 0,-tu~•'1...:tP' ~·Jb!lf~ ·· 1Hi1P.U'll'l'16'U 1vn1: ............ ;.d .... <N.~ ............ : ............. ].~.)l' ... \~.b:;L.l.f.f1.,., .. , .. '1"1':'r.~l . •• At.tM<~.. ~·· .... .. ............ .......... .. ..... ...... ...... . ........ ............ r .. ············· ··-···················--··············'········· 

~~~•no•• ..... ., •• •••••••••"'"•• '""'••• • • • '"'"'"''"'' • • •••• • • • •••••~ • • • ••• • .,,.,,.. •r• • ... '"""•• • •• • • •• • •• • ••••••• •• • • ••• •"" • • • ........... • •• •••"• • • • - ... • .,., • "" • ... ._ .. ,..t•• • •• ~••"' •11 "*''' ••• • 

.n1'V'l~ 4.19 ~1ei~1.:if11\PleJU"!Jei.:itl'm'it1'1J L 'Ubb uu'Vl~aeirn~ei.:ifl11i.ia1m~i;i L'1Jm~'i~16ilbbf!~ 

eiein6U1~lif ~~~um1~m~i.Jfl11:i.Jb i111"\l~b tl~ti'IJbb tlf!-!l"\11ni.i b 'IJi.J~~Vlbbfl~1:U\Pleiu (n) 

1 tlcl:i.J b 'IJi.J~~i;in~ei.:i ( "!l) 
'II 'II 

~1Vlfo b iYeiV111 'Ub~el\ll"l11:1.J?f11Jl';itl b 'Un1';i~~h61Jbb~~eJeJn681vi61 b tJ'U n1';i b tJ~f.JU b vfou fa VI~ 
Vl~eihieiei'U~iim';i 1-Mbb~~-ruBb~nl'l';ieJ'U 1vi81'Un"ilm';i&Jn1'j"'VlVJ~el\ltJnb~f.J'Uvl1n1';i'VlV!~eJ\l1Vlf.J 1 m~VI~ 

v11tJ 5n~f.J1 nu ?11';i~~ ~1 f.J mvi61l'Llvi ~1\l 1 bb~ ~~\lbn\91 m';irub tJ~ f.J'U bb tJ~ \IVl~eivJei\l bbn?t b ll'Un"ilm'j:i.J~ 

v111Jl~1f.J b ~'UJll'l"livib"il'Ubb~~11 m~f.J'Uii'lJ'j~?fU n1';inJ"il1nn1'j"'VlVJ~eJ\11 'U n"iJm'j:i.J bb 'j"n:1.J1bb6'l1v111-M 
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fl~bb'W'W~\I faCJne:i'Wb~CJ'Wilm~CJ'W hrnV1Gl\lb~CJ'WiJilm~CJ'W\?leJtJ~1~u~'W~ 1 "51'W1'W 42 fl'W '11n 
" 

~\IV!~~"il1'W1'W 45 fl'W bbfl~ 1'W~1~tJ~'W~ 2 i!m~CJ'W~1m1t1e:i6u1mV1\?lr;.rn1~tin~e:i\I 1 b'VlCJ\lfl~bb'W'W 
q 'U 

"i\'1vm 30 fl'W '11n\Pl1e:i~1\lf11\?le:iu"Umi!m~CJ'Wfl'W~ 2s lil~b~'W 1~11 rie:i'Wb~CJ'Wilm~CJ'WiJ~ fo~~~~~ 

1 'Wie:id bb~brim~CJ'W~mCJ 1~n'1m1~m1~rn~1~ s ~'W i!m~CJ'W~1m1mbm"U~ fo~~~~~bbfl~ 1~\?le:iu 
'U 

b tJ~ CJ'W1tJb'iJ'W~1 'W~~~tin~e:i\11~~\l.n1~~ 4.19 'WB n'11nd'11nm1\?le:iuf11m~1'W-ii'eJ~ffU1 m~e:i\I 
" ' 

b6/!f1~nm1i1n ~\lm~Vi 4.20 

n 

4 4MJ 

llf9JHCl'fl9UllJ ITt'SlZ (HTl9H1h11} 

.lo·t.. ~ .. - 0.(0 
•HO<J-t••••n•u•o•'<'••••ot•"••••••••• .. •~-•••••••u•••••-•<-•U•• 

{; ''.]\, v 

~ . 0 
Mg (aq) + 2e ~ Mg(s) : E '"" -2.36 V 

j Ag'(aq) + e. ~ Ag(s) : E
9 

- +0.80V 

(? -1.56 v 
fl. -3.16 v 

'U. +1.56 v 

~- +3.16 v 

:Wbul.J~flf11Vlb~'il'W (Jl'iJ'U~111i''U~ 1 e'j(il bb~(Jl'i)'\J 

b'Vl\9lt:.if1bbf1~Lb?1Vl.:iifi'l'i1tJ1.:ici1u 1v1 0.5 fl~bb'W'W 

...... •H••• • • 0 ••• 0,.0 •' 0 ' ..... ~·· •H• ........ - •• ••••••' U04l••oo•••••a• .. U4141••<1 0 hti •••Hto o•• U•t• H 0 ... UO 0 1>+0•000 ........ •o o•o•' • • o•• • • 0 o•••~<o•-•••«H• • 0 0 .. ,.. u..-o 

"ll. 

.. - . IM9Jfit'll'lftfl'U m·n:: (UlnH111Yll) 

M;t(aq) + 2e' ~ Mg(s): E
0 

= .36 V 

Ag°(aq) + e. ~ Ag(s) : E
0 

• .80 V 

n. ·1.56 v 

fl. -3.16 v 
"· • 1.56 v 

(j) +3.16 v 

.. ~ 

;,).36 Q.'( 
.(') 

.............. f:. .... .11.t..l.lc'A ... :;: ..... I.~ ... ~~~~~ ..................................... ~...... l.J 1 ul.J~~f1~'il.:J 

................. ~:~ ....... :~;~ .. :~ .. u .. +.>.. ............................................... ,...... 1v12 fl~bbuu 
,..,,O•h•••••••u•H < •••• •••• ••••••o• •••• •, •o•••••••••• ••h• ••uo•• ••••• ·••••• ••••••• ... ,. •• ••••••••••u••••, •••••, "" ••• •••, h••, ••• ••••••••• ,,._ •• ••••• ,, ,,, •·• 

.111'V'I~ 4.20 ~1eifl1.:if111P1eJ'U"llei.:ium~vu1 ubb 'U'U'Vl~aeim~ei-:i b6ll~~n~11Un ~ijm·n tl~EJ't.!bb tl~.:i 

li11n11lu11~fl~1~bfl~eiu (n) 1tJ~h.1lu11~~tin~ei.:i ("ll) 
'II 'II 

'11nm~~ 4.20 '11n\Pl1e:i~1\IA1\?le:iurie:im~C.J'W"Ue:i\li! n b~CJ'WtJ1\lfl'W l 'Wb~e:i\I m1f11'W1ruV11 

ri1Pi'nt.J1 ~vh'lle:i\lb61!~~nm1i1n ~u11 'Llm~CJ'W\?le:iuf11\?le:iu~~ 1 'WIP11 b~e:in~1~ui'W~ 1 bbfl~ 1 'W~1~u 
i'W~ 2 b ~ CJ'Wbb~~\lb V!\?lr;.Jfl~~V!~m ~CJ'W 1~tJ1\1~1'Wbb~~\111:Wfl11m .V1 h~flm~bfl~B'W bde:i~1b u'W 

q 
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bb'1~V11fi11?1eiu1~ bb?l~.:i1 ~b ~'Ut:i.:iirm1EJ'Ui1:u t 'U:U~~b ~:u~'U bbm~ ~.:ii1Vi' n'l'f~Vl1.:i~1'Um~fi1'U1 ru~ 
b~:U~'UBn~1fJ zj'lbb?l~.:i1 ~b ~'U11m~b1EJ'U~~1EJ1n~mfl1~b1EJ'U'~\b uu~u b?l1~ s .ff 'LI e..i?1:ue..i?11'Unu 

~ ~ ~ 

b vil"liJl"lv11'U1EJ-61'.:ibn1?1-eiTimEJ 1 'LI.frmm1EJm1:u~?11m~ti~~'U1m1:u b -LJ'11"il:u t 'U:u~1viEJ1~1?11?1{bb'1~~.:i 
~ 

n. 1111111.J> d'11119n tiJ,,1mie 1.mt1a1011no91,f,,ne,,4,,, m'J1t11'm.111t1tt,,M11to1th,f,,we~ 
t1flm11innJ1tf1u1-ri~1t11'1flufe 1111 

+ lltlfllflfl1 • 

wnw{ ; ( 1 '"''"~ 

IYl'Slt 

.. "' .. 1.1 • "'11 .II: n. m111unn otin'Wlt\.l'V'Ulltl1fl un:m11111mr 1 fl1lt'Ull'V1nt1 

'U. 1fi1111tft'n oefl'iitu4uiiau ut1:1fituiKlf11lt111tuii.f11nn 
f.i"v~,,. .. I.it , t .... "'11 .I.a • t 
V''flllflUflflfl'fltU'llU'1'V11J1flllll\.l'U 'tt'JflltlflUOtr II fl'Jlt\.l'U\.l'l'l'U1ft1 l'11UU 

,,, ,f,,uHi1lilfmnu11lt111•u4u 

°!.I. 
I 

.. 
m~t1nVlPitm 1-w1 lt 

81n1>1untr t>t:1ncu1\l'W~l.l~trm ua::1nlilunrrl11flml.1~~1n11 
.. .., .. I.A .. "'ll .a 

'll. IMIUflff flt:lf'l"lli'l\.l'lltl'ntnJ un:anflllf'lff " fl'H'9\.ll1'll11.110 
.. ,,, .. 1 .At • e ...... 11 1 .a . t 

fl. lfllilllflUt)tlfl'llltlJ'll\.lll'll1\11fl1'111\.l\.I i-THUflflUflfl' fl ftH'9\.l'IJllll'111t'n.Jlll1\.l'U 

t t .. "' , 1 I 
'1. Tl'1tffH'll1 lftflllfllf I fl'H'IU'lltl 

fl1'Vl~ 4.21 l'i'1ei~1.:if111?1eiu"!.lei·n1m~v'l..!1 'Wbb 'U'U'Vl~~eiu b~ei.:i m~bbvml1~1vm~bb~1 vJ.Yh 

~ijm~btl~£.J'Ubbtl~.:ilil1n:u 1 mJ~l"lm~bl"l~e:J'U (n) 1tl~:u 1 'l..!:U~~~n~ei.:i ("ti) 
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'U e:i mn nd1'UG'i1'U1?11e:i ~1 \IA1 ~ e:J'U61.l e:J\ltJ n b~tJ'U~ ~ e:J'IJ r\'1m~1 m~e:J\I nTrntJ ntl1 Jh tJ 

m~bb?1bvJV11~\l.fll'V'J~ 4.21 "il~b~'U1~11 ne:J'Ub~tJ'UtJnb~tJ'U"il~~e:J'\Jrl1bl1mln~m1mh~u.ff'U~ 1 
'\J 

b~e:J\l"illm lJ'Ufl11~~~lrm1tJ'W'V'J'IJ b~'W 1 'W~i~tJ'j'~li\'1i'mb61~"il1fftJ'j'~?l'\Jn1'j'tu1 'Unl'j'b~tJ'W~ bb~ b~e:i 1 ~ 
'\J '\J 

lrm~tJ'U 1~e:i5'1J1m'Vl~~61ti\lm'j'~e:J'IJ-ii'e:ir11m~ 1 'W611~u.ff 'U~ 1 bb~1tr rn~tJ'U"il~~e:J'IJ~~ 1 'W611~'\J.ff 'U~ 2 
' 

1 'WVJ1\I~ bll'W~ 1 'W~~tin~e:i\l b~tJ 1~fl~bb 'U'Ub~~~e:i ~e:J'Utin~\11?1'1b~e:in611~'\J.ff'U~ 1 bb61~1?1'1b~e:in~bll'U 
'\J '\J 

b'Vl~~611 'U611~'\J.ff 'U~ 2 zj\l"il1n\?11e:i~1\l~\ln~11 bb?l~\11 ~b ~'U11'11m~tJ'Wii~ b 'W~~~b ~~?l\l~'Ubb61~m'j' 
' '\J 

b~tJ'U~b~e:J\11 vJ~1 bflii ~1 tJ1 n~mm'j'b~tJ'U~bb uu~u b?l1~ 5 .ff 'U ~?1~~?11'Wnrn Vlfl'Wflv'i1m tJ-i1\lbn~-
" ~ '\J 

e:i5u1tJ 1 'W.ff 'W61.ltJ1tJ m1~~ ?11m'j'ti~\9lJ'U1Vl~€l b tl~ tJ'Wbb U61\I~ 1 'W~~61.le:J\ltJn b~tJ'W~iim1~flm~ 1 tJG'i 

bb61~ 4.23 

'\J '\J 

n. . 
lt1mnflnmp'l;euw1eitnmeuU'em\q_. fi'42tJ 

~ . 
la11:: x ~tlloo\"'1.iti11tflu4't1\t11fohl\l j[{f{f/f "x 

.ol 
l'IUJHt'111918U t"11:: 

n. d'4n:n 

~ ' n. ilfi1fln'11'rifhinfl1J1utf1ni1 •= \ 
11. flfi1flmt,1fiht119l1J1U\T4fli1 t::1 

~lil m1lj'11i11u-UuVi 2 tin . 
1vi' 1 !'iljLL'U'U 

n"l1 

X iifi1ffnV'!Yl~1ulf11J 11HJ~ff:i1 ,;:i\if.i1gm., nu inni1 

x hm:: x Tl1fivnl.f11if'l171~u,rvlflfi6hJd 
-0:1~ 

n. lT'~n;;~ 

,,, tJ .A-0. ()eMmH ~. 6tQfoUtslJ _, 'C> 
ll1i>JFH1n91Utl L'1m;; +-O .~ '1 

n .• iifi1rr'n6'lvlfl1lJ1fl'J1uJ1rd1 11:: hl'ii1gn91·rnu i~n 
'It iifi1ff'nti'lrHh1n911J1uu~rd111:: 1,rn,gfl,,nm \lfifl 

.-----~---. 

lJfolJ~~fltifeM 

1v] 2 !'iljLL 'U'U 

fl. iifi1ff'nV'tyjfhu1.i131u~mi1 11::i't16tgn.iuni itran....,_--.-----~ 

~fi1ff'nrfll'lfl1lJ1f11J nl\l ~n 11 11duo1gn91rnui"ni1 



-· 

n. 
u1w1 l11101n111011~n'i8'l.nt!tiffn1l'inuueo~t'(fl ~~pl lJ folJ~~li) Lli11.J\lleJ'Uii'1"1'U~ 1 LL11:; 

i\'1"1'U~'W~ 2 ~li11~ 0 fl~Lb'W'W 

.. 
n'lflH6Ylfl61J lffilt 

'U. 

n. ilfhflntfll'f~11J1fl'JJ11J~lffll 1ltlttfiLgflfl1'1'U1.\fifd1 

@ iifi1ff'nO'bh11111fl<JJ1uiJ-1n1111:1tfv1gn"rnu1.\fini1 

fl. iifi1nntflrh'funR1J1u~1ni1 11d11ii1gnflrnu 1~o·h 

"· iiA1ft'ntfl\'14hu1P11J1u'l ~ni1 11::i'ua1gnti1tJu 1~fd1 

101H'l'imhJ11~u~vt1,f 1m"tttlnrl'11"1J19"t1-1m1 l'lf vivJ1im1m1Wrn.11~u11..1 ftflLnflm'J 

m;tl~nn-Jeul!'vv~tJ'fl A-1ltl 

x 1am: x ~1aenlflilmnnu1Yt>lfl~tJ1lli1 
'll. 1111nu1'iw1.1 

Ll19JNi'lli'flOU i'tli It 

n. i1'~m:~ 

@1u~mH 

d 
.fl1W'VI 4.23 

n .. ihhft'mi'hH'hmfl1Jm~1n11 11:; 1ri'61~nfl'JflU 1~n11 

"· )jfi1ff'ntflvl~nmn3 rnu~n·h 11::'l.~ii1gnfllV'l.I i~n-l1 

fl. i)fi1ft'mfhHh1119!'3'f1u~1n11 11::5'u61gn.11tru1~n11 

~: iithff'nti1vlvh111fl'3'J1t.l\J.!!ffh ro::i'tJVLgfl91HJ\l,~fli1 

~1eiei1~1'111PJeJU"l.JeJ ~tl' n b~tl'W 1 'W bb UU'VIWl~eJU b~eJ~ nT':iUeJ~tl'W n1'a~niei'W~1 v15 • 
bbfl 1'Vl~n~iim-abtJ~t1'WbbtJ~~':il1n:u fo:u~~wi (n) 1tJ~:u1 'W:U~~f:ln!Plei~ ("1.l) 

'II 'II 

75 

~1 tJ1 !J~ mmJ° b~ tJ 'Wi bb uu~u b?f 1~ s ~'W t:..1?1:1.Jt:..1?11'W nub VJA'W Avi1'W1tJ-~-:1bn1?1-ei6u1tJ 1 'W~'W'UtJ1 tJ 

m1:1.J~ ~1"Mfo'Llm~tJ'Wi'W~t5tJ:1.J~n~1tJ~ 6 ~-:11?11J°1-:1~ 4. 7 l'JU11 'Llm~tJ'Wiifl11:1.J.W-:im1 hl'ieimJ°~\?l 
" 

fl"iltlJ'a:l.Jtl1J°b~CJ'W~b~eN hh~1bfliJ ~1tJ1D~tlJtl1J°b~CJ'W~bb'U'U~'Ub?f1~ 5 ~'W t:..161:l.Jt:..i?f1'Wtl'UbVJfliJfl 
" :;..) " 

v11'W1tJ-~-:Jbnl'l-ei6u1tJ 1 'W~'W'UtJ1tJfl11lJ~ ~1"M-ru'Llrn~tJ'Wi'WiJ5tJ:1.JPin~1ll~ 6 1 'WJJ1i'J'a1:l.JeJtJ1 'WW~'U 
" " 

:i.nn (Mean 4.34, SD 0.71) 



\?l'UbB-:J 

5. fl1";j'l~bbG1:::tl";l:::bii'W~G1 fl1";j'fl1Vl'W~~'U-:i1'U/ Jl1";1:::-:J1'U iJ 

m1:w b Vl:i..n:::?l:wn'IJ'Ll m~CJ'U 

13. n'<\J m";l:Wfl1";1b~CJ'Un 'U";11CJ16111bfli1iJm1:w?f1A'run'IJm";I 
'IJ ., 

i11b iJ'U~11?11 'Wu"il"ilD'W 
' 

76 

fi1 

b~V-!lb'U'W fi1bu~v ~::~u 

4.36 0.69 

4.38 0.78 

4.47 0.73 :lJ1fl 

4.24 0.71 

4.42 0.62 :W1fl 

4.29 0.59 

4.33 0.74 

4.27 0.75 :W1fl 

4.20 0.73 

4.44 0.62 

4.27 0.78 

4.36 0.80 

4.44 0.76 :lJ1 fl 

4.34 0.70 

4.42 0.72 :lJ1 fl 

4.38 0.65 :lJ1 fl 
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f'i1 

b~tl-!lb'U'U f'i1bu~t1 -a::~u 

0.71 4.24 :!J1fl " 
':i1 CJl61J1 brii'.lm n:U'U 

4.33 0.71 mn 

4.34 0.71 3.11n 

-:u1n\911':i1..:i~ 4.8 bb?t~..:im':ilJ':i~biJ'Um1:1J~..:ivfe:ih'llB..:iirm1CJ'U~iJ~Bm':i~~n-:um':i:1Jm':i 

b1CJ'U~ b~m 1vh~1brii1 ~1CJ1n~mm':ib1CJ'U~bb'U'U~'Ub?f1~ 5 .ff'U e..i?1:1Je..i?11'Un'UbVlri'Llriv11'U1CJ-~'lbfl\91-v d,J v 

B5'U1CJ 1 'U~'U'lJCJ1CJfl11:!J¥ ~1Vl-r'Utrm~CJ'U.ff m'TtJCJ:!J~fl~1tJ~ 6 ~'UrJ1 tr f1b~CJ'Ui1fl11:!J~'l~B h~Bf11':i v 

mn (Mean 4.34, SD 0.71) 1~CJ1'U~1'Un-:Um':i:1Jf11':ib~CJ'U¥irm~CJ'Ui1m1:1J~'l~BhBCJ1'U':i~~'lJ mn 
v v 

(Mean 4.36, SD 0.69) ':iB'lrt'l~B ~1'Uf11':i'l111LJLJ':i~CJfl\911-liBCJ1'U':i~~'lJ mn (Mean 4.34, SD 0.70) 
' v 

4.2 e:ii1tl-a1t1~~ 

e..!rtf11':il~CJ l 'Ufl~..:it1'?11m':imbCJflB~lJ':i1mll'U 3 D':i~b~'U ~B fl~bb'U'Ufl11:!JboLJ1 h:!J fo:i.J~nB'Ub1CJ'U 
bbrt~Vl~'lb~CJ'U b~B..:i 1 'V'lvhbfliJ "il1bb'Ufl\911:!Jbi1BVl1 fl~bb'U'Ufl11:!JboLJ11-:U:!J b 'U:!J~nB'Ub~CJ'Ubbrt~Vl~'lb~CJ'U b~B'I 
1 '1"1~1 bfliJ "il1 bb 'U fl\911:1.J':i~~'U~t)~ n':i':i:!J bbrt~fl11:!J~'l~B h'llB'ltJf1b1CJ'U~i1~Bf11':i~~n-:Um':i:!Jf11':i 

b1CJ'U¥ b~B'I 1 'V'l~1bfli1~..:ii1' v 

4.2.1 fl::bb 'U'Ufl11:!Jb 'ti1 b:\l:!J b 'U:!J~flB'Ub~tl'Ubb~::'Vl~-!l b~tl'U b~B-!l b 'WoW1 bflii :6°1bb \Jf1~1:!JbdB'Vl1 
':il1flf11':il~fl11:!J boLJ1 h:!J fo:1J~lV1CJ1f"11?1\91{ b~B'I 1 'V'l~1bfliJ ~1CJl[j~n':if11':ib~CJ'Uibb 'U'U 

~'U b?f1~ 5 .ff 'U e..J?f:!J e..J?f1'Utl'U b Vlfl'Llflvl1'U1 CJ-~'! bfl\91-B6'U1CJ1 'U~'U'lJCJ1 CJ fl11:!J¥ ~1VlfotJflb~CJ'U.ff 'U 
v 

~tiCJ:!J~fl~1tJ~ 6 ~'UrJ1 trm~CJ'Ui1fl~bb'U'UbQ~CJnB'Ub1CJ'UbU'U 19.42 (SD 6.94) ~~bU'U¥BCJrt~ 

32.37 'lJB'lfl~bb'U'Ub~:!J bbrt~fl~bb'U'UbQ~CJVl~'lb1CJ'UbiJ'U 42.67 (SD 8.94) ~~biJ'U¥BCJrt~ 71.12 'lJB'I 

fl~ bb'U'Ub~:!J b~CJiJ¥BCJrt~'lJB'lfl11:!Jtl11VliJ1~~ b iJ'U 38. 7 5 ':il1f1f11':il bfl':i1~~V11'1?f ~~ b ~Bb l.J~CJ'U b fiCJ'lJ 
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ilfl~ bb 'U'Ul.J fol.l&iVl~\I b~tJ'U?l\lffll rleJ'Ub~tJ'U eJ ~ 1\liltJtJ~1\"lruV11\1?1'1&i~1~~U 0.05 bbMl\11 v1\ i1'Ul1 
'IJ v 

n"ilm1l-lf111b~tJ'U~ bb uu~Ub6'11~ 5 .ff 'U :Wth~~VITI.fl1'V'j 1 'W f111~~'U1fl11l-l boV1hl-l h!l.l&i b~B\11 vh~1bflil 
'IJ 

'UeJ\ltJflb~tJ'W1 ~~\l~'W1~ 6'1eJV1fl~eJ\lrlU\11'W1~tJ'UeJ\I Supasorn (2015) ~Pim~1fl11l.lboV1 hl-l b 'Ul.l&ibbrt~ 
bl.J'UVleJrt bl.JbVlrt 1 m~eJ\I b6llrt~ nr111-Dn 1'W1vh~1bflffivi tJ 1-ff fl11b~tJ'U~bb UU~'Ub6'11~ 5 .ff 'U ~1l.JrlUfl11 

'IJ 

VIVlrteJ\l'U'U1V1 ~ eJ?i1'U ~1l.l nu bb uu"iJ1rteJ\I b6llrt~ nm1\J n (Model Kit) bbrt~iJ\16'1eJV1fl~ eJ\I nU\11'W1~ tJ'UeJ\I 

yj\Jm rl'UtJ~fl1ru"iJU (2556) ~11tJ\11'Ul1 fl"ilf11':il.Jfl11b~tJ'U~bbUU~Ub6'11~6'11l.J1'H1~~'U1fl~bb'U'U 
v 'IJ 

l.l b 'Ul.l&iVl~\I b~ tJ'U6'1\I n11rieJ'W b~tJ'Ubbrt~fl~ bb 'U'UVl~\I b ~ tJ'U hJ bbl?l n~1\I nu fl~ bb 'W'U1vim1l.l fl\IVl'UVl1\lfl11 
'IJ 

b~tJ'U ~\ldbtieJ\l"il1nm1~vim1b~tJ'U~~1tJl'n~mm1b~tJ'U~bbUU~Ub6'11~ 5 .ff'U bll'Um~u1'Urn1~ 
'IJ ~ 'IJ 

trm~ tJ'U \X B\l:U m1~u ri''U 61111"ilm1"il?1Bu bbrt ~ ri''Wfl1' 1~1 tJ15m1~1\I 1 "il'U\rm~tJ'U bn vifl11l.l b .V1 h 

bbrt ~ bflVl f111~U~fl11l.J~J'UeJ ~ 1\l:U fl11l.JVll.Jl tJ 6'11l.J11tl6'1~1\I b lJ'U eJ\lrlfl11l.J~'UeJ\ltJn b~ tJ'U beJ\I bbrl ~ b nub ll'U 
'IJ 'IJ 'IJ 

oVeJl.lrt 11l'W6'1l-lm1~eJ~1\IEJ11'U1'U ('U11?1~ ~1tJrhm, 2551) \rm~tJ'W1~b~tJ'U~~1tJnwu1'Urn1v11\11'U 
'IJ 'IJ 

mil.l :WtJn~l.J~'UB.fl1tJ1'Wn6il.lbbrt~fl1~6'1eJ'W (iai~uruml.l hl-liail 2553) bbrt~-d1tJ1~\rm~tJ'UboV1h 
'I d.J 'I '\I '\J 'I ct.I 

bii'eJVl11 'WuVI b~tJ'Ubfli1l.l1n~'W bnviV1m~~V11\1~1'Uf111VIV1rteJ\lbbrt~:WVliai'Ufl&i~~~eJ1'U1 bfl:W (Acar and 

Tarhan, 2013) B n~\lfl11b6'1~l.ln"ilm1l.lfl11VIV1rteJ\1~1tJ b Vlfl'Wflvl1'U1tJ-~\I bnl?l-eJTIU1tJ 1 'W~'U'U tJ1 tJ 

m1l.l~ 61i1tJ b ~l-lfl11l-lb .V1h1 ~nu\rn b~tJ'Wmn~'U b tiei\l"il1n b ll'Wrn1?1eJ'W~ b if'W1 ~\Jn b~tJ'W 1~ b~tJ'W~~1 tJ 
'IJ 'IJ 

t:.1ri~bnvi~m ll'WB~1\I h ei5u1tJt:.1rt~bnvi~'U"il~\I "il'Uvh 1 ~trm~tJmnvim1l.lb-V'1 h bb~16'11m1ti6'1~1\I 

B\lrim1l.l~'UeJ\ltJm~tJ'WbeJ\I (nru'1J'V'j1 bA~eir11 bbrt~rn'Wl9i1?1~~1?1tl 1~b6'1m, 2556) 
'IJ v q 

"il1nrn11'vim1l.lboV11"ill-l hil-l&i1V1mia116'1\i'I~ b~eJ\I 1vh°'J1bfli1 ~1tJl!]~ mrn1b~ tJ'Uf bb uu 

~u b6'11~ 5 ~'W t:.16'1l-lt:.16'11t!nu b V1fl'Wflv11mtJ-~\lbn1?1-eJBU1tJ 1 'W~'W'UtJ1tJfl11l-l~ 611Vl~u\rm~tJ'W.ff 'W 
'IJ 

n11~B tJrt~ 50 1vitJ:W A~bb 'W'W~eJ tJrt~'UeJ\ll-l b 'Wl-l~Vli;r \I b~ tJ'W6'1\1~6'1vi1 m d eJVl1tJ n n~tJ1~vieJns& bbrt~rn1ci 1 tJ 
'IJ q "-! 

beJ'UBb~nmB'W (~eJtJrt~ 80.89) 1mrt\lm ~eJ fl11l.l6'11m1ti1'Wrn11~1s&bbrt~BeJn681vi61 (~eJtJrt~ 79.30) 

rn1bbtJml1~1tJm~bb6'11vh~1 (~BtJri~ 71.17) b6llrt~nm1'Wmbrt~b6llrt~t:.1r11~ (~eitJri~ 64.14) bbrt~rn1 
'l.1U 1riVl~bbrt~m1umrn1t:.1n~eJ'W~1tJ15bbfl 1 vi~n (~eJtJrt~ 54.63) mmh~u ~\ldbtieJ\l"il1n 1 'W~'Ul?leJ'U 

' q 

m1~1b'W'Wn"ilm1l.J~ 1 b~B\I ri1Vl'Wrin'W bnvitJnn~tJ1~vieins& trm~tJ'W1~b~tJ'U~vitJm1~ub?11~bll'W 
'\I '\I d..J '\I 

n"ilm1l.l bb 1nv111 ~\rm~tJ'UiJ\I hh .V1h~'W\i'leJ'U1 'Wm~U1'Wfl11b~tJ'U~bb uu~u b6'11~ 5 .ff 'U fl1"il~fleJtJ 
'IJ 'IJ 

bb'U1V11\11 'Um1~1 b 'Llt!\i11l.ln"il m1l.l~rn?11~~B 11 tJ B n~\11 'U?i1m d BVl1bbrt~n"il m1l.lm1V1vir1 ei\I 

1~~\ltJ1ned'u6ileJ'U ~1 tJ b Vlm~nutrm1tJ'W ~\l.fl1tJ 1 'Wn"ilm1l.ltTn b~tJ'W"il~:Wm1 b~eJnflbrtVl~bbrt~~l.lrt\11 'W 
q 'IJ q 



79 

?11'j~:::mCJBb~n1·m1~\9l b~a~mn~d1ri1V1'W'OJ:::bn~m1'jbU~CJ'WbblJ~..:i~'W 'OJ1nJ'Wntl1ma6'U1CJ~~m'j 
'\) '\) 

vi~~a..:i b'li'W ~1'11m~CJ'Utl1t~V1::: Zn ~:w~..:i1'W?l1'j~:::mCJBb~n1vi'j1~\9l~i11aaa'U Zn
2
+ a~'OJ:::1libn~ ' '\) 

m'jci1CJLB'WBb~n~'jeJ'W~'W b~a~:wL~VI::: Zn ~..:i1'W?l1'j~:::mCJBb~n1vi'j1~~~i11aaa'U cu2
+ a~'OJ:::bn~ ' '\) 

m'jci1CJ La'WBb~n~'jeJ'lJ t~CJ 1~V1:::Jm1:::bn~m'j~n~a'Wbb~:::m~V1:::mbm:::~~1"tla..:i fa'VI::: Zn bb~::: 
' 

G'11'U L 'U n'OJ m'j:IJ~ 2 'l!m~CJ'U'OJ::: b~:Wvl1A11:W b oLJ1 L 'OJ bb~:::aCJ1n b~CJ'U~~1 CJ15m'j~'\J b?11:::~1 CJ~'Uba..:imn 
'\) 

~'LI L~CJA~\J:::~~ n\J m'j:IJ n1'jVJ~~a..:i bb 'U'U~'U b6'11::: 5 ~'U~eJ'U~AeJCJbb 'U:::tl1'11 m~CJ'U (guided-inquiry 

laboratory) zj..:i'I! nb~CJ'U \I :::~?in"tJB'U b '\Al'j1:::~1 CJ ~eJn1'jvl1 n\J m'j:IJ n1'jVJ~~a..:i 'j1CJ..:i1'\.Jn1'jVJ~~ a..:i 
'\) 

bb~:::n1'jA~bb~:::ibA'j1:::~b~Bvl1'j1CJ..:i1'\.Jn1'jVJ~~a..:i (Chatterjee, et al., 2009) bb~:::?lm:Un1mb~~::: 

n~:wi1G11'U'li1 CJ b VI~ azj..:i n'W bb~::: n'U 1~~..:ii1aLJlju~ \)~ ..:i bb~:::i1~1'U ~1:W L 'U n1'jvl1 n\J m'j:IJ:IJ1 n~'U \J:::vl1 

1~boLJ1L\JbdaV11bAi1b~:W~'W1~ ('V'l'jVJ'V'l~ bi'Ja..:ibbrl1, 2553) 'UBn'OJ1ndm'j1.ff'jLJmmb'U'U~1~m L:Wb~~ 
'\) 

L 'W~'\.Jn1'jeJfi'U1 CJ b daV11\J:::'li1 CJL ~i1m~CJ'Ub~:W b oLJ1 h L 'WVl~nm'jb6/rn~1 vJV11 bAi11~ (Huddle and 

White, 2000; Cullen and Pentecost, 2011) 'UBn\11ffd'l!m~CJmJ..:ii1m'j~~'W1A11:WTI'U'j:::l?l'U 
'\) 

n1'jtl11 LJLJ'j::: CJ n ~1 -liriaCJ.LJ'1..:i,J a CJ b ~'LI 1~\11n'l1 n b~CJ'Wi1~a CJ~:::A::: bb 'W'W:W L 'LI:W~Vl~..:i b~CJ'Ubb~:::~a CJ~::: 
' 

11 m~ CJ'W 1li?11m'jti b ~ CJ'Ua5'U1 m'l:w m'jbb~::: m'jb\J~ CJ'Wbb LJ~..:i~ bn~~'Wbb~~ :::~11vJV11bb~:::?11'j~:::mCJ1~ 

bbi;i:::~1V1fo 1 'WG'11'U"tla..:i b d aV11m'j"tJ'\J Li;iV1:::1i'l1CJm::: bb?l1 vJV11bb~:::m'ju a..:in'l.Jm'j~n~a'W~1CJ15bbA1 vi~ n 
' ' 

\!::: b lJ'Un1'jU'j:::CJ nvlA11:WTI 'Ub~a..:i b61rni;i1 vJV11 bAi1~ b lJ'W bS/J~~B b~ n 1 VJ'j1~\9l 1~ CJVI~ n n1'j\J:::i1A11:W ' '\) 

bb~n~1..:in'Wn'U b~eJ..:l"tJB..:I bS/J~~ nm Tu n~B1\J\J:::vi'11 ~i1n b~CJ'Ubn~m1:w~'U?l'U L '\.Jn1'jb ~CJ'U6'1:1Jn1'jbb6'1~..:I 

n1 'j b LJ ~CJ 'LI bb LJ ~ ..:i bb~ :::~\! 1'jru1 ~~~ bn~~'W ~~11 vJV11~..:i ?I a..:i1 'LI b61J~ ~ vi' 11 ~A::: bb 'W'W:W L 'W:w ~ bb~::: 

m1:wn11V1,J1~1~?1~ bbG'l:::iJbb tn 1 ~:wG'l~G'l..:i\11n b~e:i bVJCJunu b~e:i..:im'jbbC.Jntl1~1C.Jm:m?11 vJV11~b~'U 
' 

'j:::l?l'U~~1bbG'l:::G1..:i~G'l~a:w L 'U:W~~Aml'lbA~B'W 1~mn~'U 
\11n~G'l n1'j1bfl'j1:::~~€JCJG'l:::"Ua..:i:w L 'U:W~ nB'Wb~CJ'UbbG'l:::Vl~..:I b~CJ'U ~1 bb 'Unb lJ'W:W L 'U:W~~ 

tinl'i'a..:i Afnl'lbA~ B'U ~ l'l bbG'l::: 1li ~B'U Ll'lCJ neJ'\.Jn1'j~\?l n\J m'j:IJn1'jb~ CJ'W~i1~a CJ~ :::"Ua..:ii1m~CJ'U~i1 
'\) '\) 

1lil'la'U i1ri1bvi1nu 49.85, 37.63 9.11 bbG'l::: 3.14 m:wrA'1\?lu b~B~\J1'jru11w11'V'l'j1:wvimdaV11 
' 

'V'lu11'l!m~CJ'W~b~CJ'WTil'lCJn1'j~~m'jb~CJ'W~b~a..:i1vJV11bAi1 ~1CJ'~11~mn1'jb~CJ'W~bb'U'U~Ub?11::: 5 ~'LI 
'U 'U d.J 'U 

~?l:W ~ 6'11'\.J nub Vl A'Ll Avl1'U 1 CJ-~..:i bnl'l-€1 5u 1 CJ L 'U ~'U"U CJ1CJm1:w~J'U i1~ 1'U1 'LI~€] CJG'l :::"Ue:J..:!'I! n b~ CJ'U~i1 
'\) 
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B ~1\l 11n~rn.J~m.Jfl ~"IJB'li1 rn~ tJ'Ufu.11 'Ul.J~flm ~ bfl~ B'UV!~\l b~ tJ'UtJ -:iij B ~ flB'UoLJ1\ll.J1 f) ~B 
'U 

iib'Uii~ b~B-:i b61Jri~nm1'Llmbfl~b61Jfl~~"1~ (~Btifl~ 52.35) m1bwntl11i1'1tim~bb611vJvh (~Btiri~ 

4 7.41) bbrl~n116ll'U favt~li1'1tim~bb611'VJVl1bbfl~m1iJB'ltl'Un11~n~B'U~1tJl5bbfl1 'Vl~n (~BtJfl~ 43.33) 
' ' 

;\lB1~ b ti B\ll.11~1 n b 'UVl1oLJB b vt~1d bum e BV!1~iJl.h~ tJ n~m1ii~ bbrl~Vl~ n m1m 1 m 'U n1161~1\l b U'U 
' 'U 

b61Ji;rn1~Vl1 iJfl11ii61i''UiB"Wmn~'U b"li'W m1~m61Jri~nm1i1nl9i'B-:itl1m1iirtm~B-:iLJ5n~ti1~~Bns& 
fl11l.J611l.J11tl b 'Uf)1'j-r'\Jbbrl~ 1 Vl~b~f)\911B'Ul.J1'lJ'j~tJf)\911 i 11l.J~'ll9i'B'l~Bb61Jfl~~Vlfllf)V!ri1tJ A1'Ud tl.JV!1 

' 

bb "an bb!;l ~ cJ\le:J1 ~iJ.LJ' e:J n1 ~~ b 'Ub~e:J\l b 1!;11 b~tJ'Ubb!;l~ n1"a'lJDD~ fl~ f)'a'al.JV!!;l1 ti.fr'U\91 B'Ub ~B b m~~i;in11 

vi~i;i B'l zj-:im ~~-:i ~ i;ivh 1Vf11 n b~timn~ m"a b ~ Bvt'Ll1mbi;i ~11 m~ timn ~m"a b~ tJ'U~ bb!;l ~ b .LJ'1 hvt~ nm "a 
'U 

1:iJ11i1'bvi1~fl11 61B~fl~B-:in'U ~ruvt16ll 61B'Uvi11n (2550) ~b61'Umb'Ud11 "Wm1LJ5'Li~n~m1iifl~fl11 

1Vfb1m bbni1n b~ti'U1 'U m1~~ bb!;1~LJ5'Li~ n~ m1ii fl~1:iJ fl11b ~ -:i-r~11 n b~tJ'U bb!;l~ 1:Wm1fl1~vt1'-:in'U 

A1\91 B'Ub 'UVl'U~ "a1ii~-:i~11 ~ m1ii m"a b~tJ'U bb!;l ~m1ii611m"ati b 'U n1"a b~ tJ'U i"l.IB'li1 n b~tJ'Ubb~i;i ~fl'U 
1:iJ b vi1n'U bb!;l ~ f) 1'a'lJ-r'U bbtll.J 1 tiii ~~fl!;l 1~ bfl~ e:J'Ul9i'e:i-:i1off 1~ tJ~ b 1!;11'U 1'U (lJ\l m 'Vle:J\l~, 2535) 

tie:i n~1ndm"avi'1 bb 'U'U'Vl~61B'U~iJ~ n~ru~ 2 ~1~'U~'U"l.le:J'li1m~ti'WtTm U'U~'l~mmhvtfoiJm~tJ'U~ 
~~ \91B'Utin~-:i61B'l~1~'U~'U bb!;l~ 1~fl~ bb 'U'Ub~ii bbi;i~ 1 'W~1'U~1~'U~'U~ 2 1~ mo~1~ m1b ~tJ'Ue:J~'U1 tJ 

'U 

r\'1\91 e:i'U ~-:i b uti~-:i~ ti1n-6f1vtfofl1~~~ 1 VfiJ m1 tim ~ti ti r\'1 \91 e:i'U bbi;i ~ b U'U r\'1 \91e:i'U ~tin 191 e:i-:i~-:ivtii~ vt1e:i t11 
'U 'U 

b U'U6lliJ~l711 b~ e:i n n~ ~~1 ti~'Um~1vtfoi1 n b~ titi~1:Wi1ri11ii~~ti:o1'U n611m111vi'1.LJ'e:i61e:i'UtT'U 1~b 6li'U nti 
'U "' 

~\lb VI~ 1d~-:i~i;i ii-:ifl~ bb 'U'Ul.J 1 'Wl.J~"l.le:J\liJ n b1CJ'Ub 'Ubb~i;i~.LJ'e:i bb!;l ~ bb~!;l~ be e:JV!1 b ~'U 1~~1f)~e:JtJ!;l~"l.Je:J\l 

i.Jm1CJti~1'UiJ1n~i1ii1'Uii~rie:im1CJ'Wflm~bfl~e:J'U ~~ bbi;i~1:iJ\91e:i'U1!i1 zj-:i61e:J~fl~e:i-:in'U Huddle and 

White, (2000) n~1111m'j 1Vlbvt~~i;i1~ti 1i-Ue:i61e:J'Ubb'U'U 2 611~'\J.frti 1~mo~1~~1tJm'j1 Vlbvt~~i;i~ 
~~vi'11 Vfvi"a1'U11\rm~titii1ri11iib .U1hii1 tiii~mntJ'e:iCJ b vfo-:i t~zj-:i~~ bb\91 n~1-:i~1 n.Ue:i61e:i'U~ b u'Ul711 b~e:in 

bb~~1vtfo f11'jvJ1oLJ e:i61e:J'U~ b U'Uf11'j b ~ CJ'U\91e:J'UtTm U'U~ -:i~ tJ 1 nmn~~ ~ m~l9i''U\r n b1CJ'W 1 Vlb vt\91 ~i;i bb!;l ~ 
' ' 

i.J ~ d Q.1 Q 0 i.I Q I i./ QJ d i::;QlJ 0 Q.I d d 
tin \91e:J'l'Vl'lvtii~ 61J'l'U m 'j CJ ti m ~ ~ ~vi111 n \91e:i-:ib~CJ'l'U1'l61Tu bb!;l ~m bb 'U'U \911 b!;l e:i n nii"l.le:i~ 1 n ~ bb!;l~ b61 CJ 'l'Vl 
'U 'U 

i1m~tJ'U~~\91e:J'U~~ b 'UoLJe:JtT'U (Supasorn, 2015) vi'11 Vf\rm~ti'UcJ'liJm'jb'lJ~ tJ'Ubb'lJi;i-:iii 1'Wii~~~1 LJ~ 

ii 1 tiii~~l"lm~ bfl~e:J'Ubb!;l~'U1-:i~1'Unc'J-:ii1ii 1 tiii~~rim~ bfl~e:J'Ue:J~ b vtifoti b~ii zj-:i{1~~ CJ~-:in~11~-:i~i;i 
'U 

ii-:iA~bb'U'U~e:JtJ!;l~"l.le:J\ll.J 1tJii~tin\1'le:i-:ivt~'lb1 tJ'UiJbb 'U11\Jiii;i~i;i-:i1~ b 6lJ'Ub~tJ1 n'U bb~ B~1\l 1 'jfl\911l.J1J m~ CJ'U 
'U 

nc'J-:iiJ~B CJ!;l~"IJ B\ll.J 1 'Wl.J~ ~ ~ bb!;l~ 1:iJ\91 B'U!;l~!;l\l bb!;l~iJ~e:i tJ!;l ~"l.le:J\lJJ 1 til.J~tl n\1'lm b ~l.J~'U b 'U'Vl m de:ivt1 
'U ' 

bbM1\l b Vlb~'U 1~111Jn b~CJ'UiJn1'a~~'U1fld1l.Jb oV1hJJ 1 'Wl.J~l'VltJ11"1161\91fl 'Ub~e:J'l1'VJVl1bfliJvt6l''l~1n1~-r'U 
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fl11b1CJ'Wi b~eN 1vh~1briil ~1CJ1'!]~mm1b1CJ'Uibb'U'IJ~'Ub611~ 5 .ff'U ~m:w.J611'Wfl'UbVlri'Llri'V11'U1CJ
~..:ibfl~-ei6'1J1CJ 1 'W.ff 'U'IJCJ1CJfl11l-l.;'1f 'Ubei..:J 

'lJ 

4.2.2 fl::u 'W'Wf'11111 b .U11lil111 u11~rieJ'W b~CJ'l..Hbli'l::'Vlfi-:i b~CJ'W b~eJ-:i 1vh~1 bf'lii '11 bb un~111-a::~u 

v-a1~m-a11 

b1CJ'W 1 'Wvim~~'IJ"ti~~m1ii ei~1..:iilt!mh•i'qJV11..:i61'1~~1~~u 0.05 bb61~..:i 1 ~b ~'W11 m1~~n"il miiimi 

b1CJ'W~~..:ifl~11il'lb~~VJ6n1Yi 1 'Wmi~\llJmri11iiboLJ'1hii1'Wii~1VJCJ1P1161~1"1lei..:it!m1CJ'U1'Ub~ei..:i1 'V'JV11 
'lJ 

briilbdei"il1bb'Ufl~1iii~~'\Jyjf1~miiim1b1CJ'WTI~ bb~~61ei~ri~ei..:in'IJ 1-tl'CJ m5 bb~~Pi'fl~P11 61m~1 
., 'lJ ' 

(2556) bdeiYi"il1iru1~eiCJ~~"Uei..:iii b'Uii~tifl~ei..:i rim~bri~ei'W ~~ bb~~ hi~ei'Uriei'Ub1CJ'U b~m1 'V'JVl1briiJ 
'lJ 

"il1bb'Ufl~1m~~'IJ"ti~~miiiri11m.LJ1h fl1ithhJ1i bb~~m11bri11~~ Yi'\Jl1 ~eiCJ~~"Uei..:it!m1CJ'W~iJ 

ii 1 'Wii~tifl~ei..:ib~ii~'U"il1flnei'Ub1CJ'Uei~1..:ib ~'U 1~-tl~ 1~CJiJr11~eiCJ~~~61..:i61~ fiei )~~u"Uei..:i"tin~miii 
'll 'll 'I gl 

m1tl1hJ1i 1eJ..:J~..:im fiei ri11iib-LJ'1h bb~~m11bm1~~ ~~b'\J'UfaCJ~~ 60.63, 49.49 bb~~ 43.89 

~1l-!61'1~'\J 

1~mr m1CJ'W~ b1CJ'W~~1CJ1f1 ~ mmib1 CJ'W.;'bb 'IJ'U~'Ub611~ 5 .ff 'LI e.J61iie.J611'U nrn Vlri'Llri 
'lJ ~ 'lJ 

'V11'U 1 CJ-~ .;i bfl ~ -eJ5'1J 1CJ1 'U.ff 'U"U CJ1 CJ ri11ii~ilii l 'Uii ~ ~ ~ ~ ~ ~~ .;i "il1 fl n eim1 CJ'U iJ fl 11ii b .LJ11 "ilii l 'Uii ~ 
'lJ 

tifl~ei..:i b ~ii~'Ubdei~1'Um1~~n"ilmiii~..:ifl~11 bb61~..:i 1 ~b ~'W11n"il miiimi b1CJ'W~611m1ti'\.Jfo b '\.J~ CJ'W 
'lJ 'lJ 

ii l 'Wii~bb~~~\llJ'W1ii l 'Wii~1 ~~..:J~'U bdeivhm1b '\.J1CJ'Ub ViCJ'Ui~~'\JYi~~ miii"Uei..:i'Llfl b1CJ'U'Vl~..:J b1CJ'Ubb~~ 
neJ'Ub1CJ'Wi~V111..:i~'Uri11iib .LJ11"il mitl1 hJ1 i bb~~mi1 bri11~~ "il~b ~'U 1~11 'Llm1CJ'Wilri~ bb 'U'U~eJCJ~~ 

ii l 'Wii~~ b~CJ1fl'Ub~ei..:i 1 'V'JVl1briffi 'Ui~~'\J"ti~~m1iim1tl11 '\.J1 i b~ii~'W"il1flneJ'Wb1CJ'Wmfl~~~ ( 46. 98) 

1m~..:im fiei m1iib-LJ'1h (39.39) bb~~m1ibAi1~'V1 (38.33) mii6\'1~'\J "il1flfl11lbA11~'V1m1moLJ'1h 

ii 1 'Wii~1viCJ1P1161~~ 1'Llb~ei..:i1 'V'Jtl1 bAil b~ei~1 bb 'Ufl~ 1m~~'\.J"ti~~ m1lJfl1i b~CJ'Ufl 'U~'Uri11m.U11"il 
fl1itl11 '\.J1 i bb~~ mi1 bri11~'V1~ b um-d'WJ'Ll ~..:idb ~ei..:i"il1fl1 'Wmi~~n"il mw mi b1 CJ'Ll~'Ll fl b~CJ'W"il~ 1~ 

'lJ 

~..:iilei'\.Jl)~miii~1 CJ~meN 1~b1CJ'Wi~1'U'\.Ji~61umiru"il~..:i bb~~ 1 'Ll~'Wmi~~n"il miii'Llfl b1CJ'Lli1 fl11 

'\.Ji~CJ fl~ b81eJ'\.J mru~lJeJCJb 'UVleJ..:J~'U~'UbeJ..:JiJl 1 m 'Ufl11Vl~~ei.;i b-d'U fl1itl1b81e.J~1~~lJeJCJb 'UVleJ..:J~'U 
'I 'I 'U \.I 

b1CJmi1611mititl1bai~..:i~1..:i 1 t 'W'll1~LJ1~"il11'Uii1'\.J1~~fl~1m ~bn~LJ1~ 1CJ61l'U1 'W'll1~"il~..:i1~ ~..:ib-d'U 

n"ilmiiifl1iUB..:Jfl'U fa'Vl~e.Jfl~B'U~1CJl5bbA 1 VJ~fl Vl~Bfl1161~1Wl1mie.J~ 1~~ffi 'UVlB..:J~'U 'Uelfl"il1flffi 'U 
' 
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gallery bb6"1 ~'11'\.J ~6"1m161111"il bb6"1~rl'W'v'l16"1\l1 'Wm~ ~n1~ru ivJ~\l b U'W 11tJ n~:u bb6"1 ~:n m1\?1ffUD11JVl1Vl1 tJ 

m1'VI ~rn B\l~\!11 tJUflfl6"1 bb6"1~1 'W.ff 'W m161J tJ1 tJ m1:u~~ir n b~tJ'W "il ~ 1J1tl1B\lrlm1:u~~1J1:u161J tJ1 tJ bb6"1 ~ 
' " " 

fl11:uffl11m-U11"ilbb6"1~?i1m1ntl'1fl11:uv'IJ1i'IJw~n1?1'1mm~tJ~1'Wn"ilm1:u POE ~'W 11mb~6"1~ 
b.Q'BVl1~b~tJ'W~ vh 1~iJ'm~tJ'WiJ:U1'W:U~~?l\l~'W1~mtl'l'J1~fl11:U b oLJ11"iJ bb6"1~ m1i.J11 'IJ1-if bb~B~1\l 11nm:u 

" " 
irm~tJ'Wnl'i'B'lilm1:ub -U1h 1 m dBV11t!'W ., B~1\lvlB\lbb Vf riB'W~"il~tl1m1:u-fl 'IJ'IJ1~tJn1?11 i 'WBn"il1n-d' 

I " ' 

m1v11 bb uu'Vl~?lBu~iJ~ n'l<Jru~ 2 ~1~u.ff 'W61JB\lir m~tJ'Wt!m U'W~\l~ tJ1nci'Tv1~uir m~tJ'W~"il~\?1 Bunn 
" 

~\l?lB\l~1~u.ff 'Wbb6"1~ 1J1fl~ bb 'W'Wb~:U bb6"1~ 1 'W~1'W~1~u.ff 'W~ 2 1~mtl'l'J1~m1b ~ tJ'WB6u1 tJrl1\?1BU ~\lb ll'W 

~ \l~ tJ 1n611V1~'U fl1~ "il ~ 1 ~ir n b~ tJ 'W b ~ tJ'W 1°11 \?1 BU bb6"1~bU'W1°11 l?1 B'U ~ n n l'i' B \l~\l'v'l:U ~ Vl~B l11 b U'W'ilil ~ 
" " 

~1 b~ 'El n n"iJ~~1 tJ~'W:u1ci'1Vl~'UiJ n b~ tJ'W~hJiJfl11:U~~'W ~1'W n '11:u11'1vl1oLJ 'El ?lB'Ut!'W 1J1 b oii'U tl'W ~\lb Vl~ 1-d' " .... 
~\!~6"15\lfl~ bb 'W'W:U 1 'W:w~61JB\lir n b~tJ'W 1 mb~6"1~oLJB61JB\l bb~6"1~1~~'U'l'J~~ m1:uv111 ~~B tJ6"1~61JB\lirn b~tJ'WEJ\l 

il:u 1 'W:w~~flmmfl~B'W Bn~\l 1 'W~1'W61JB\l b -d'Bm~B~1~~u'l'Jn~m1:ub~tJ1 n'Wbb6"1~ b U'W~'W~1'W61JB\l b~B\l 
" ·1 .... 

~~ 1 'IJ n"il~~\l~6"1~Bf111vl1bb'U'U'Vl~61B'U bb6"1~fl11:U b oLJ11"iJ 1'W:U1 'W:U~61JB\lirn b~tJ'W~B 1 'IJ1~~1 tJzj\lfl11:U~bb~ 
" 

4.2.3 f0111:u.W.:ivrn1"il"lle:i-:1tl'm~m.1~ijt'ie:im':i~~n"iln':i·nm1':ib~£J'Llj b~e:i.:i 1vh~1bf'lij 

f111D1~biJ'Wfl11:U~\l'l'JBh61JB\lirm~tJ'W~ii~Bf111~~n"ilm1:Uf111b~tJ'W~ b~B\l 1vJvhbflii 
" 

J11 tJ1 !]~ mm1 b~tJ'Wi'bb uu~rn?i1~ 5 .ff 'W ~?l:U~?l1'Wnrn 'VlfltJflvl1'W1tJ-~\lbn1?1-B6u1tJ1 'W.ff 'W61J tJ1 tJ 

fl11:u1 ?f 1V1-r'Uirm~ti'W~'Wiruti:u~ n'l<J1tl~ 6 'l'J'Ul1 irm~ti'Wilfl11:u~\l'l'JB h ~Bf111~~n"il m1:um1 
" 

b~ti'W~b~m 1 'YJ~1 bfliJ ~1 tJl n~ mm1b~tJ'W~ bb uu~u b?l1~ 5 .ff 'W ~?i:u~?i1'Wnu b 'VlfltJflvl1'W1ti-~\l bn\?1-
" :;J " 

BTI'U1ti1'W.rr'W61JtJ1tJfl11:U~ 611V1~uirm~tJ'W.ff'Wir6tJ:Ufln'l<J1lJ~ 6 1'Wfl1'1'J11:UBtJl'W1~~u mn (Mean 
" " 

4. 34, SD o. 71) 1~tJ 1 'W~1'Wn"ilm1:um1b~tJ'W~t!'W irm~tJ'Wiifl11:u~\l'l'JB hBtJ1 'W1~~u mn (Mean 
" " 

4.36, SD 0.69) 1B\l6"1\lAB ~1'Wm1tl11'1J'IJ1~tJn1?11-iJeitJl'W1~~'U mn (Mean 4.34, SD 0.70) bb6"1~ 
' " " " 

0. 74) \?11:U~1~'U ~\ltj 

b~ei\lm"il1nm1~~n"ilm1:um1b~tJ'W~b~B\l 1 vJ~1bfliJ ~1tJ1'11~mm1b~ti'W~bb uu~u b?i1~ s .rr'W 
" :;J " 

~?l:u~?i1'Wn'Ub 'VlfltJflvl1'W1tJ-~\lbn1?1-ei6u1tJ1 'W.rr'W61ltJ1tJm1:u~ bu~ fam?i1~irm~tJ'W1~ii~1'W~1:u 1 'W 
" 

m1v11n"ilm1:u:u1n~'W (Mean 4.47, SD 0.73) 11:U~\ll?l~ei'l.Jmcl ~mb6"1~bb'v'l~\lb~tJ'W~ilm1:u 
'' " 

U1?1'Wh V1mnV1mmV1m~61:unuirm~tJ'W (Mean 4.42, SD 0.62) ~\l~6"11~tl'm~tJ'WlJ~1'W~1:U1'Wm1 
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1.XbJ~1'l m~~B1B~'lNHlewn1m (~<JV1~tl f"l~tJ1, ~n~f"l~ ?1m~1 bb~~"111ru ~'U'Vlfol'i':w, 2554) 
' ' "' 

brn~ m11~ih=11'U~1:w 1 'Wm11 -U~ei mJ mill bbr;'I~ bb V1~'lb~Emn~ei~1-:Jvi'1~'l bbr;i~ilei~1 'U~l1?1'lh~'<\\'11''U 
' '\J '\J 

(Mean 4.44, SD 0. 7 6) "il~ci<Je-i~v111 ~urn~CJ'U:WB'lb~'Ufl11:W~1rlqj'llB'lfl11'Vl~~B'lB~1'lbbYl"il~'lbb~~ij 

b"il1?1ri~m1'Vl~r;iB<JbAffi 'U'Vl1-:J'U1n (~n~f"l~ ?1n1~1, 2554) bn~Vi'n~~m1bbni:JruV11'Vl1-:Ji'VlCJ1m?11?1{ 
' v 

"il1flfl11vl1'l1'U~1:w n'U n'U b ~B'U 1 'Unci:w v111 ~un b~CJ'U~~fl"1JB'U bb~~ b ~'Ul1 m1v11n"ilm1:wm1b~CJ'U~il 
' '\J '\J 

~1rl'1Jbb~~?11m1ffu11U1-lit'U~l1?1l.J1~"'ii'11'U 1~"il~'l 'UeJ n"il1nffi 'U fl"il m1:wm1'Vl~~B'l bb 'U'U~'U b?l1~'Vl1'l 
bfliJcJ'lci<Je-i~'Vl11 ~Ufl b~CJ'UiJVJf"l'UA~1 'Ub ~'l'U1fl~Bfl"il fl11:Wfl11'Vl~~B'lbfliJ iJm1:W?!'U 1"iJ 1 'Ufl11 b~CJ'Ul"111 

bflil b off 1 h bb 'U1 ~~ 61ru~ fl~ll'Vl1'l bAil ilVi'f"l'UA~~~ \?11~'\!IUflbb~~ b ~'Ufl11:W~1rl ru"UB'l bAffi 'U~l \?l"il~ 'l v v 

Bfl~1CJ (Acar and Tarhan, 2013) 



.· 

.. 

d 
\J'Vl'Vl 5 

~'jtJe..i~n1'j1~£ibb~~-Ue:ib~'Uelbb'U~ 
q 

f11'al~tJl°l~·rdb'U'Uf11'a~~'U11°111:!.JboLJ1 h:!.J l 'U:!.J&il'VltJ11"11?l\91~ b~eM hJVl1bri:W ~1tJ1fl~ndf11'a 
b~tJ'U~bb '\J'\J~'\J b?ll~ 5 .ff 'LI e.J?l:1.Je.J?l1'Un'IJ b 'Vl1"1iJl"lv11'U1tJ-~~bn\91-eJ6'1J1tJ 1 'W.ff 'U"ll tJ1tJl°l11:!.J~ '11Vl-r'\J 

" " 
tl'n b~tJ'U.ff 'U~\5tJ:1.J~m~1tl~ 6 hmm~ tJ 1~v11 f11'al bl°l'a1~Vioff e:i:1.J~ m:1.J1 \91'1'lh~?l~r! f11'al~ tJ bb~ ~il 1 b?l'UeJ 

" " ' 

s.1 ~1tlmrn1-a1:5'fl 

e.J~m'a1~tJ1'Ul"l~~dm~tJ 1~?J'atle.J~btJ'U 2 tl'a~b~'U'Vl~n~~.n fie:i m1:1.Jb-LJ'1h:1.J fo:1.J&i1'Vlml"11?1~~ 
" ' 

neJ'Ub~tJ'Ubb~~'Vl~~b~tJ'U b~eJ~ 1 Y'lvhbl°l:W l~tJ"illbb 'Un\911m1m-de:i'Vl1bb~~\911:!.J'a~~'\J'V'ltj&im'a:l.J bb~~ 

1"111:1.J~~'V'le:i h"llmtl'rn~tJ'U~:W~e:im'a~~nlil m'a:1.Jf11'ab~tJ'U~ b~e:i~ 1 Y'lVl1b1"1:W ~1 tJ1 f1~mm'a b~tJ'U~ bb 'IJ'IJ 
" "-! " 

~'Ub?11:; 5 .ff 'LI e.J?l:l.Je.J?ll'Un'Ub 'Vll"liJl"lvll'U1tJ-~~bn\91-eJ6'1J1tJ 1 'W.ff 'U"lltJ1tJl°l11:1.J~~1tJ 
" 

ll/ ., ') A o cl QI cl d 1
6
,1.':'I cl 5.1.1 fl~bb'\.J'\.Jfl111Jb"ll1 bliJ1Jb'\.J1J~ffeJ'\.Jb';if!'\.Jbb~~'Vl~~b';ifl'\.J b';ie:J~ Y1TI1bfl1J 

tl'rn~tJ'W~1~fom'a~~f11'ab~tJ'U~b~e:i.:i 1 Y'lVl1bl°l:W ~1tJ1f1~n'af11'ab~tJ'U~bb 'IJ'IJ~'IJ b?11:; 
" ~ " 

5 .ff 'LI e.J?l:l.Je.J?ll'Un'IJ b 'Vll°l'Wl°lvll'UltJ-~~bn\91-eJ6'1J1tJ 1 'U.fr'U"lltJ1tJl°l11:!.J~ ~l'Vl-r'Utl' rn~tJ'U.ff 'U~\5tJ:1.J~m~1 
" 

ll~ 6 :W1"1:;bb'U'U:1.Jl'U:1.J&i'Vl~.:Jb~tJ'U (Mean 42.67, SD 8.94) ?l~n--i1neJ'Ub~tJ'U (Mean 19.42, SD 
" 

6. 94) bb~dHe:itJ'1:;"lle:i~m1:1.Jn11Vli!1f1~b tJ'U ~e:itJ~:; 38. 7 5 fatJ1i11nm'a1 bm1~Vi'Vl1~?1~&ib~e:i 

b 'lJ~tJ'UbVitJ'IJl°l~bb'U'U:l.l l 'U:1.J~ne:i'Wb~tJ'Ubb'1:;'Vl~~b~ tJ'U ~1 tJ f11'a'Vl~?le:i'U~1Vibb 'IJ'IJ n~:1.J~1e:i~1~ 1~B ?l'a~~e:i 
' 

tl'U 'V'l'\Jlltl'rn~tJ'UiJl"l:; bb 'U'U:l.J l 'U:!.J&i'Vl~~b~tJ'U?l.:Jn11neJ'Ub~tJ'U bb\91 n~1.:in'UeJ~1~:Wtl'tJ~1ri'ru'\ll1~?1~&i 
" v 

Vi'a:;~'\j 0.05 bdeJ~lill'af;L.!1 bbtJn\911m-de:i'Vl1 1~ bbn un n~ tJl~~eJ n6/J bb'1 :;m'aciltJ leJ'Ufo~nmeJ'U 

1°111:!.J?l1:!.J1'a'1 b 'U f11'a~~1611 bb~:;e:ie:in6'81~G{ b6tl'1~ nm1-Un bb'1:; b6tl'1~ e.J~ 1~ f11'a bbtJ rn.11~1 tJm:;bb?l1 'Ww1 

bb'1~ f11'a'll'U 1~'Vl:;~1 tJ m:; bb?l1 Y'JVl1 bb'1~ m'aue:i~ n'U f11'a e.J n~e:i'U ~1 tJlfJbbl°l l 'Vl ~ n 'V'l'IJ11tl' rn~ tJ'UiJl"l~ bb 'U'U 
' ' 

~e:itJ'1:;"lle:i~:1.J l 'U:1.J~'Vl~.:ib~tJ'U'Vlrn-de:i'Vl1?1.:in11~e:itJ~:; 50 1~tJmn~?l~ b 'U:l.J L 'U:l.J&ib~e:i~'lJ fin~tJ1~~e:i n"11 
q 'll q d..J 

f1~bll'U~e:itJ~:; 80.89 bb'1:;~1~?1~ b'U:l.l L 'U:1.J&im'a'll'IJ L'1'Vl~~1tJm~bb?11 °f'lw1bb~:;m'auei.:in'Um'ae.Jn~e:i'U 
' ' ' 

~1tJlfJbbl°l l'Vl~n A~bll'U~eJtJ'1:; 54.63 bb'1:;bde:i~lil1'aru1mm:;~'IJ'V'ltj~nd'a:1.J~1'Um1moff1 h tl11 LJ'l '1f 

bb~:; m'a1 bl°l'a1:;Vi 'V'l'IJ11tl'rn~tJ'UiJ1"1~bb 'U'W~e:i tJ~~"llm:l.l l 'U:l.l&i'Vl~.:i b~tJ'U f1~b ll'W 72.59, 7 4. 79 bb'1:; 

67.63 \911:!.J~l~'U bb'1:;1iJ1nm'albm1:;Vi~eJtJ'1~"llmtl'rn~tJ'U~:W:1.J fo:1.J&i'1n~e:i~ l°l'11~bl°l~eJ'U bb'1:;~~ 
" 



-· 

85 

VflJl1 ii foii~neJ'Ub~tJ'UblJ'U 9 .11, 45.48 bbfl~ 45.41 mii~1~'\J bbfl~ii 1 'Wii~vtG'i'\lb~tJ'U b lJ'U 49.85, 

3 7 .63 bbfl~ 12.52 1?11ii~1~'\J bbfl~b~Bvl1f111lbf111~~fl~bb'W'Uii foii~ b lJ'U~BtJfl~'lJB\lii foii~tlfl~B\I 
'IJ 

flmmfl~B'Ubbfl~~\71 'V'lu11 na'Ub~tJ'W'U'm~tJ'UiJ~atJfl~ii 1'Wi1~11n~a\lmn~?f\711 'Ub~B\I m1 bbtJ ntl1~1 tJ 
'IJ ' 

m~bb?fb ~~1 (22.22) ii 1'Wii~flfl1\7lbfl~B'Uil1fl~~\711 'Ub~eJ\ltJ5n1tJ1~\7leJfl61i (51.11) bbfl~ii foii~~\71 

ii1fl~?f\711'Wb~eJVl1b~eJ\lf111ii?f1i111tl1 'Wf111~~161ibbfl~BeJfl61ib\71~ (55.56) vtG'i'\lfl11~\7lf111b~tJ'U~ 'V'l'\Jl1 
' 'IJ 

'U'm~tJ'UiJ~eJtJfl~ii 1'Uii~t1fl~B\lil1fl~?f\711'Wb~B\lf111ii?f1il111\1 'Wfl11~~161ibbfl~BeJfl6/lb\7l~ (66.22) ii 1 'W 
'IJ ' 

il~f1f11\71bfl~B'Uil1fl~?f \711 'Ub~B\lb61lfl~nm1Un (52.35) bbfl~ii 1'Uii~~\7lil1fl~?f(7)1 'Ub~B\lfl11'1J'\J favt~ 
' ' ' 

iJ iJ I i./ 
V .r::::il .:::!ii .c:::I tit.I V <LI d II di CV v 

'Vl\l'Ub'UB\l"il1flfl1~'\J1'Ufl11b 1tJ'U1\711tJ1fl'<\Jfl1fl11b 1tJ'U1bb 'IJ'IJ?f'IJ b?f1~ 5 'll'U t:J?fiit:J?f1'Ufl'IJ 
'IJ ':.,J 'IJ 

b vifl'Wflv11'U1tJ-61\I bn1?1-a6u1ti 1 'W~'U'1JtJ1tJf111ii~ iJ~1'U~\lb?11ii 1 VI-Un b~tJ'U 1~ffiam?tv11n"il m1ii~1 tJ 
'IJ 

1?1'UbB\l L~i~nm1fi''Wf11'1vt1m1ii~nfi\7lbbfl~bbnu~vt1~1tJ1?1'WbB\l"il1nm1fl\lijatJ5'l'T~m1vi\7lflm"il1\I 

11\1 bbt:J'U fl11'Vl\7lfl B\I b ~ eJVl1rl1\?1B'\J1\71tJ1-tl m ~'\Jl'U fl11'Vl1\ll 'Vl tJ11"!1?f 1?11 a6u1 tJ bbfl~ fl\liB?f 1U f111ii~ 
' 'IJ 

'Lln1vitJ11211?11?11 "il'W?11m111?1~1\la\lfif111iiv~~1tJ1?1'WbB\1~1iinun"ilmwm1vi\7lflB\l~L~fl\lijatJ5'l'T~ 

5 n~\I b 'Vlf1tJf1vl1'W1 tJ-61\1bfl1?1-a6u1tJ1 'W~'W'll tJ1ti m1ii~-d1tJb~iitl1~?1'\J m 1ru1 'U m1 b~ tJ'U~'llm'Ll n b~ tJ'U 
'IJ 'IJ 

'1JtJ1tJf111ii~ bbfl~m1~\7ln"ilm1ii POE 1 'W~'W'1lti1tJf111ii~~b ll'Wn"ilm1ii m1vi\7lflB\I b~ n 61 "111 m?11ii 
'" '" I 

f111ii~ bbfl ~vi \71?Iaum1ii b .if 11'<\lvh 1VfiJfl11'1ltJ1tJa\Ifim1ii ~ b ~ii b~ii "ii 1 n b~ii ~\I b?l1ii 1Vf'Llnb~tJ'U1~ 
'IJ 'IJ 

' ., ' 
0 d .c:::rr. 4 I ~ d 0 ii d Q.I CV .::$ 

'Vl1'U1 tJ t:J ff\ll"il ~ bfl\71'1J'U fl B'Ubbfl ~ Bl5'\J 1 tJb Vl\71 t:J fl'Vl'Vl1'U1 tJ bb fl1 fl\lii B'Vl \7lfl eJ\I ?I \I bfl\71 t:Jfl '\J 'U'Vl flt:J fl bbfl ~ 
' 

a6u1tit:Jfl~bn\7l~'W11?1a\71A~B\lvt~wu\71bbtJ\lnu~\lv11mtJ11 "il'W 1~.if a?11tl v111 Vf'Ll m~tJ'Ub .if 11'<\I 1 'W~\I~ 
' 

' ., 
Q.J .:::II .::::Id iii/ Q..I Q.J at i.I .:::!ii Q..I Q..I ..::i.. 0 

'W rn 1ti'W'Vl b 1tJ'U~\7l1 tl1!J"il mm1b 1tJ'W~ bb'IJ'IJ?l'\Jb?l1~ 5 'll'W t:J?liit:J?f 1'Unu b 'Vlfl'WA'Vl1'W1ti-

61\lbfl1?1-B6u1tJ 1 'U~'W'1JtJ1tJri11ii~ 611vt-ru'Llrn~ti'W~'Wl!l5tJii~mntJ~ 6 b~B\I 1 ~~1briiJ 'V'lu11iJm1ii 
'IJ 

oW\l'V'lBb"ilvtG'i'\lb~tJ'W atJ"l'U1~~u mn zj\liJfi1bu~tJ 4.34 (SD o.71) ~\ltlb~B\l"il1nm1~\7ln"ilm1iim1 
'IJ 

b~tJ'U~b~eJ\l b~~1bfliJ ~1tJlfl~fl1fl11b~tJ'U~bb'\J'\J~'\Jb?l1~ 5 ~'U t:J?liit:J?l1'Ufl'\Jb'VlfltJflvl1'U1tJ-~\lbfl\?1-
'IJ ':.,J 'IJ 

a6u1tJ 1 'W~'W'1ltJ1tJf111ii ~ bU\711am?l1 Vf'Llrn~tJ'WL~iJ~1'U~1ii1 'Wm1v11n"il m1iimn~'W 11ii~\ll?l\71 
'IJ ' 
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~1ii 1 'W rn':i11..:ibbt:-i'Wrn':iv\'1..:i1'W~1 til'l'W beN bn~m1iim~&ieJ~eJ{'W1"1i;:t€l~b1m bbi;:i~rn':i1~ihii1'W~1ii 1 'W 

rn':i 1-if~B m.Jmru bb"~ bbvt~..:ib~ti'W{~i1Bti1'WVJeJ..:i~mbi;:i~1'W~11'1th~~TJ'W1~€1~1..:iv\'1~..:i v\'11 ~1!rn~ti'W 
' 'IJ 'IJ 

'W€l ff'il 1flffi 'W n-o;i fl';i';iiJ fl1 ':iVl~i;:t €1..:!~1 tllff'5' fl';ifl1';i b~ tl'W ibb'\JU~U b?f 1~ 5 ~'W t:-J?filt:-16'f 1'WnU b Vlfl'Wfl 

v\'1'W1 ti-~..:i bfll'1-€l6u1ti 1'W~'W61Jti1tim1ii-r b~eJ..:i 1 vl.W1bfli1 ~..:i?l..:it:-ii;:iv\'11 ~1!rn~ti'Wi1V11'11'Wfl~1 m :U..:iu1 fl 
'IJ 

~€) n-o;i fl';j';jl.Jfl1';jVJ~i;'j €)..:) bfli1 i1m1i16'f'U h 1 'W fl1';ib~tl'Wl'?l1 bfli1 b ·1h 1-o;iuVJ b~ tl'W b'd'€lvt1 bflm~~1 tJ bbi;'t~ 

bn~Vlfl'l.oJ~rn':ibbn-U qJvt1VJ1..:i1VJ mm?11"1{~fl~1 ti 
,, 

fl~11 L~ti?f':iU fl1':i~~n-o;im':iilfl1':ib~ ti'W-r~1ti1n~mfl1':ib~ti'W-rbbUU~Ub6'f1~ 5 oLJ'W 
, 'V d.J 'U 

t:-16'fi1t:-1?11'W nub Vlfl'Wflvl1'W1 ti-~..:i bfll'1-€l6u1ti1 'W~'W6tl ti1 ti fl11ii~ i1u ':i~~vi6.n 1Yl bbi;:t~?f 1il1':i~~~'W 1 
'IJ 

fl11i1b-U11-o;iii L 'Wii~VJ1..:i1VJti1¥11?11"1{ 6tleJ..:i1!rn~ti'W~'W1Yutii1~fl'l.oJ1D~ 6 L ':i..:ib~ti'W 1 'Vlt1 VJ':iYlviti1m':i 1~ 
?1..:i~'U -d1 m ~iiii L 'Wii~~fll'i'B..:i bbi;:t~i;:i~ii foii~flm~ bfl~ eJmbi;:i~e:1~ vY..:idb ~ eJ..:i-o;i1 flrn':i~~n-o;im':iiirnd 
'IJ 'IJ 

b~tJ'W~~1 tii' n ~ m fl1':ib~ ti'W~ bb uu ~u b6'f1~ s ~'W t:-16'fiit:-1?11'Wnu b Vlfl'Wflv11'W1ti-~..:i bfll'1-eJ6u1ti 1 'W~'W 
'IJ ~ 'IJ 

6tlti1tim1ii~ b ll'W n-o;i m':iii rn':i b~ ti'W~~1! fl b~ti'W 11iH~ flfl1';iA'Wfl11vt1m1ii~ m flA~ bbi;:t~ bbn-U ruvt1~1 ti 
'V 'U 'U 'U v 

l'l'WbeN 'OJ1flfl1':i'1..:Jij€lt.J5u~ fl1';jVJ~i;'j €)..:) 11..:J bbt:-i'Wfl1':iVl~i;'t €)..:) €lTIU1tJbbi;'t~i;:t..:JoLJ€l6'f1U v\'11 ~bn~fl1d 

b zj€lii 1ti..:ifl11ii{~i1€l~ b~ilbbi;'t~fl11iifl vt~~1~-o;i1fl fl1';jb~ ti'W~~1'Wn'OJm':iii 'OJ'Uv111~'Llrn~ti'Wbbm61Jii 1 'W 
'V 'V 'U 'U 

ii~~ e:1 ~ bn~ bu 'Wii L 'Uii ~~~fl Iii' €1..:i vt~Bii L 'Wii ~1VJti1 m?1 l'1 {~ b ll'W~ ti Bii-ru61J eJ..:i11 fl1Vl ti1 m?I l'1 { 'OJ'W 
'IJ 

?11i11':i~6'f~1..:i €l..:ifim1iift~ ~1 ti l'l'W b€l ..:i ~1ii nun -o;i fl ddii rn ';jVJ~" €1..:i~~" ..:iij €Ju 50~ 5 flvY..:i n-o;i m':iii rn d 

vi~i;:i €l..:i~1 ti b Vlfl'Wflv11'W1ti-~..:i bfll'1-€l5m ti 1 'W~'W6tl ti1 tifl11ii~ -d1 ti b ~iiu':i~?fu rn':iru1 'W fl1':ib~ti'W~6tl€l..:i 
'IJ 'IJ 

1!rn~ti'Wmfl~'W 1~ti~1'Wm~u1'Wfl1':iv11'W1ti ~..:ibfll'l bbi;'t~eJ6u1tit:-ii;:i~bn~~'W 'OJ'W1~.LJ'eJ?f':iu v\'11~ 
' 

'Llrn~ti'Wb oU1h1 'W~..:J~b~tJ'W~mfl~'Wbbi;:t~tl11 u?1~1..:ib U'W€l..:Jflfl11iJ~61J€l..:Jl'1'Wb€l..:J ~..:i-d1ti1 ~'Llrn~ti'Wb~ti'Wf 
'IJ 'IJ 'IJ 

ii L 'Wii~i!'W 1 \li1'eJ~1..:iihh~~vi6.n1'Vlbn~fl11i1b-U11"'11'Wii1'Wii~1viti11"11?11?1{,!'U 1?1i;:iei~-o;i'Ui1b-o;i1?1fl~~~ 

s.2. i.1 nei'Wv11rn':i?1€l'Wfl';ifl1';i~-o;i~11..:ibbt:-i'Wfl1';i~~n-o;im';ii1bll'Wei~1..:i~ v11m1iib-LJ'1h 
'IJ 

nm -deJvt1~?1€l'W~~n-o;im':ii1~?1€l~fl~€l..:inu b -d'eivt1 ~~bl'l~tiii~u mru~1..:i 11 ~Yl{eJii bbi;:t~m':il?1':i1'0J 
6'f.f11Yl6tl€l..:Jbfl~milmbi;:t~eJumru1 ~Ylf eiiib ~€11~m':iv\'1n-o;im':iiibll'W1 ueJ~1..:iiJu':i~~vi6.n1Yl bbi;:t~fl':ifl1':i 

' 'IJ 

vi~i;:ieJ..:i rieJ'Wb ~€l'OJ~ \~vi':i1u-Uruvt1 bbi;:t~ bbm 6tl \~Vl'Wvi1..:iVi neJ'Wtl11 lli -tl-o;i~..:i ., 



.-

87 

s.2.1.2 rim.i'V11n"ilm·nm1'j'Vl~~ei,'.JflT~iinT~?1ei'tm1'j1.Ubfl~eJ,'.J:WeJ1 Vf n'Utrm~m.i b~ei 1 Vf 

?11m'jfl 1oUbfl~ei,'.J:Wei1~ei~1,'.Jflnl'i'ei,'.J b-du m'j1m1~t>ifa~ei{ m'je11uri11i!1n 11~t>ifa~ei4 
" 

S. 2.1. 3 1 u'j~Vll1,'.J~tJm~CJ't.ln1~,'.J\Jnu~n"il m'j:W tr m~ CJ't.l'U1,'.Jfl'tJ~,'.J 1il b -if 11"iJ b~m n'U 

m'j~~n"il m'jl.Jn1'jb~CJu~ bb 'U'U~'U b?11~ 1 u"li1,'.Jbb 'jn ., mm'jeJ~'U1CJ.ff u~eium'j b~CJ't.l~bb 'U'U~'U b?11~ 1 Vf cu I cu cu 

trn b~CJ't.lb .LJ'1 h rieiu~1 b 'Llun"i!m'j:wm'jb~CJ't.lm'j?leJ't.l bb~ ~ b ~m.J bCJ,'.J.ff u~ eium'j~'lJ b6'11~ 1~CJm'jm~l'i'u 
' 

5.2.1.4 1 um'j~~m'jb~CJ't.l~bb'U'U~'Ub6'11~ (SE) bU'tJm'jb~CJu1 u~rn~m.i~~biJuerb~CJmllu 
" " 

'11l°lt)). 1 Vf ~ b~CJutlnPimn 1"1ufl11 bb?l1,'.J'Vl1fl11:W~ 1~CJ1-U'm~'U1't.lm'jm=il.l m~'U1'tJn1'j'V11,'.J1'tJ 
- 'U \I , 

bb 't.l~tl1~ ~ eJ~ b 1m b ~eJ~"il ~'¥111 Vfn"il n'j'jl.J~tJ m~ CJ't.!1.Ji)u&hru 1li~ ~'V'lm~ bb~ ~?11l.J1'jfl~1b-Wu~eJ11.J1~ 

s.2. i.s 1 u'j~Vl11,'.J~trm~CJu~1 b 'Llun"iJm'jl.J.ff ui:11'j1"iJ bb~~fi'uVt1 b ~ei6'1~1,'.JeJ,'.JAfl11l.l~ 
" 

1 Vlli"il1nn"i!m'jl.Ji1u 1 ~~m'j'Vl~~mm~m"iliim1l.lflm~bfl~eiu"il1nm1l.lbllu"i!~,'.J b ~eJ,'.J"i!1n~1.Jmru 

~t!1m1i'Vl1l~"il1m1'ei,'.J~'tJ b"liu bb~'t.l~-:in~~ ~~Db'Vl~n m~Dei,'.Jtl1eJ'~~l.l Vl~eJ?\1'j~~mCJ"il1n~~1lJ 
" 

"1JeJ,'.J~~~1~ b 1.J~CJ'U b V1 CJ'U nun'Uir m~ CJ't.lbb~d1l.l n"tJ?l'jD~,'.J~l~"il 1n n1'j b~ CJu~i1u ., li!~'V111 Vftr m~ CJ't.l 
' " I 

1~-r'U eJ,'.JAfl11l.l~~fl n~ eJ,'.J b ~l.lmn~u 
" " 

5.2.1.6 1 um'j1oUbb'U'U'Vl~?leJ'U~1b~eJn 2 ~1~'\J.ff u (two-tier multiple choice test) 

b tJ um 'jl ~ ~ ~~ ~b ~ ei~ Ii!~ 1~~ n~1 m1l.l b .LJ'1hl.l 1 ul.l ~1'Vl 81 mM1'fi mb~ ~ ~ b t1 eJ'Vl1"1JeJ,'.Jtr n b~CJ't.l 

~'j1"iJ6'1eJ'Ufl11l.l~ fl11:w b0ih h 1 m 'l1ei'Vl1~'j1"iJ6'1eJ'Ufl11l.l boLJ1h~flm~bfl~eiuei81,'.J bb Vi'li!~,'.J 1~ b lluei81,'.J~ 
" 

bb~ei81,'.J 1 'jilml.lfl~il~ei,'.JflelCJ b iJuJ1b~el1 Vftrn b1CJm.LJ'1h1 't.l mTv11.LJ'el?1el'U bb~~~,'.J~el'V11.LJ'el?1el'U~'t.l 1 

1~mu'V'!1~.LJ'el?1el'U 1 't.l.ff 't.l~ 2 ~b llum'jel~'U1m Vl~~~~trm1CJ't.l"il~b ~CJ't.lb Vl ~~~ 1 um'j~el'U"Uel,'.J~'t.!~ 1 
' ' 

Vl~m~elfl~el'UoLJel~b llm'Vl~~~~fl n~el,'.J1 't.loLJeli1'tJ ., 
' " I 

s.2.2 oifm~'Uelbb'U~b'Un1'jv111..ijvl°1~.:i~h:ihl 

s.2.2.1 fl1'jilm'j\J'j~CJnt>im'j~~n"iJm'jl.Jn1'jb~CJ't.l~bb'U'U~'Ub?11~Vt1m1l.l~b~ei~~m 
' " " 

?11"U1l'U1~'t.l 1 ~el 11.J 

s .2.2.2 fl1'j"iJ~iim'jPin~1bb~~~~'t.!1m1l.l b .LJ'1hl.l1 't.ll.l&i~flm~ bfl~elu 1 m~el,'.Jl vHh bflii 

bb~~btrel'Vl1~'t.l 1 ~el 11.J 
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5.2.2.3 ri1m1..()l'lf\"<\l m111m1b~CJ'W~~b °iJ'U 1Vftl'rn~CJ'W1~'Vll'lmN'Vl~e.J 1~6'1-:iiJmJ n'IJ'~"<\l~-:i 
" " ':.,J 

"<\!~1~ bfil'lfl11b~CJ'W~~t-:i ~'W~e.J 1 tJ ~-:i1'Wm1~"<\l~v111'<()CJri~-:i~e.J1 ui!'W f\"<\l m111 bb6l~'lll'le.JtJ mrufl11 " .. 
-· 

'V11'16l e.J-:Jm"<\l "<\! ~'lh ~CJ fl~"<\! 1 fl ~-:i~ile.J CJ '1 'WVf e.J-:itJ n'\J~ m 1Vl~e.J m"<\l ?1~1-:i 1 Vlli'Vl~ e.JtJ 1~ CJ fl~ "<\!1 fl~-:i~ ~ l'l~'W 
q \I d.J q 

111bb~1 b~m111tJtJfo1-vt 'Ufl11'V11'!6'1e.J-:i 1Vftl'm~CJ'U1~b .U1h1 'W'Vl~~n bb'1~Vl~flm1mfl~-:i~'U 



.· 



--
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m:wi'IJ1rn1 m~vi11-:iPin~16rn1. fii'.itinTr•5'~nTH~tl'lJ~ mfa.1a1,-::m'ab~t1'W~1'Vlt11f11~Hw~. 
v vq "' 

m-:i b Vl'\Al:WV!1'Wm: B\lArn1-ru~-:i~'Uf'i'1 bb~~~?t~.rlru"Vl, 2545(n). 
' ' 

. a1'a::brn::3.!1\PJ'a:jj'1'lJn1'a'1~m,-b~t1'lJ~ n~3.1m,-::nTn~t1'lJTI'Vlt11f11a1P1{ 
-~~ ~ v q v 

m-:ibvi'\Alii'V!1'Uf'11: B-:iArn1-ru~-:i~'Wf'i'1bb~~~?1~.rlru"Vl, 2545('1J). 
' ' ... 

OJ ct OJ .c:::t II I .c:::::I II~ d 

- ---· 1P11"lf1~ bb~::a1,-::m,-b 'atl'U'abbn'Unm.:i m13.1m,-::m'ab 'at1'U'a1'Vlt11f11a1P1'a v • v 
QJ .tel ~ JI Q,I 

~13.J'Vl~nfl1P1'abbn'Un~1.:1m'af1n~1"!.l'lJ'VfL!:jj'1'lJ 'V'l'Vltiftm1"lf 2551. m-:ibVl'\AliJV!1'Wf'11: 
'\I cQ q , 

~:w11:w?t'Vlmrurn1bn~mbbvt-:ith~bvil311 VlCJ, 2551. 

f1~6Vl1 \ji:.J1~ bb ~. n1'ab'itl'Wlbb uuitu bfl1::'Vl1.:!1'Vlt11f11fl~{~13.ln'Un\ln'a'a3.Jvl1'U1tl-~.:I bf11Pl-tlcr'U1tl 

b~ti.:i 'V'ltiii b3.Jt1~bb~::~ii1P1.0rusn'V'lt1ii b3.Jti~ ri1V1~utl'm~t1'U~'U:i1tit13.JA n~1u~ 6. 

ivi CJ1'W'IAl'WBtJ~qiqi1ivi tn l311?11?11:wm1J' ru~l?l: :w'Vl1iviCJ1~ CJ~u~11'/Ju1-U, 255 7. 

tl'U'/J'\Al1 bf'1~Bfl1 bb~~rn'Ul'i'l?l~-rl?ltl 1\9!1b?fm. "t:-.i~fl11~~fl11b~CJ'U~bb'U'U POEO Vi~-:it:-.i~l'iB 
- ' v 

m1:w?11ii11bl'LJB'lirm~t.1'W 1 'Wrn1v11'W1t.1 i1'-:ibnl?l BB'U1CJ B1itJ11t.1 b~B\l ?t:w~mf'1i1 'LJB\l 
' 

irm~CJ'W~'W~ut.1iiPin~1tJ~ 5 ", 1 'W 'a1t1·:n'Wilrn~t1.:i\11nm'ath::"lf3.J'a::~u"lf1~ • 
~Q,I ~d q .c:.. v ~ 

3.1.tiu. 1\lt1 fl'a.:l'Vl 7. Bum1'/Ju1'W: :w'Vl11viCJ1~CJB'Um1'/Ju1'W, 2556. . ' 

b~3.J 2. n1\lbVl'\Al:W'\ll1'Uflj: Vl'U1\l:W'Vl1lVlCJ1~CJ, 2535. 
' 

~1~111ru bn~~\l~ bb~~111ru~-w1 1B~bb1\lf'i'1. "mruPin~1f'111:WboLJ1l<i'Jbb~~tJ~U~fl11'1JB\ll°l~ 

lVlCJ11311?f ~fl 'Ufl11~ ~ fl11 b~ t.J'U fl11?f B'Ubb 'U'U ~'Ub?f 1 ~Vl1f'111l.J~", 11'afl111'Vlt11fl1'a 
v 

m~~'af11fl~~ (~.:ifl3.J) 3.J'Vl11'Vlt11~mn~1P1'af11a1P1{ 31( 1): 1-16; iim1f'1ii-b:w~1t.1'U, 

2553. 

1i16Vl1mPi b1i11?1tln~nlil. 1~~~'W1"lf~m,-aa'U1"lf1bflii b~a.:i 1'rl~1bflii ri1V1~utl'm'it1'W 
' ' 

.. 
'Uf'11?1111f'1, 2551. 

'IJ11?1~ ~1t.1fl11?11. "rn1~~rn1b~CJ'W~~b-U''Wm~u1'Wfl11~'Ub?f1~V!1m1ii~", 11,-a1,-ftn~1f11a1P1~ v v 

3.J'V111'Vltl1~tl'Ub'af11'a. 11(1): 32-45; :Wn11f'1:W-bl.!~1CJ'U, 2551. 

. "f'111:WTI'Ub.Q'BV!1t:-.i'W1ni5?tB'Ub'iAiB?lB'Uf'11lVlCJ113116'11?11 : tJ1~b~'UtJlillilD'W~f'11'1JB\lf'11 
---- 'U 'U 'I 'U \I 

ivit.11P11611?11f'111vi11u ", 11,-m,-ftn~1f11a~~ 3.IV111V1t11~t1a.:i"!.l~1'Ufl~'U'Vl~ 

1'Vlt11L"!.l~U~IP11il. 23(2): 1-19; -w~~.fl1f'1il-~\l'Vl1f'1il, 2555. 
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0 CV .c::r. 6' I .c::r. <LJ 

6'11'Ufl'V'l:WV'lbb 'VM~W16'l\l fl'HU:W'\1111'Vl tl16'l CJ, 2546. 

5l'll tl~6'lrl1 bbG'l~Plfl~f'l~ 6'1.fl1~1. "fl11~~'U1Vlfl~~fl11fll'lb61J\l1'V'l1fl~bb6'l~t:-i6'l61':Wn'Vl~'Vl1\lfl11b~tl'U 
' ' ·1 

~1t1n"ilm1:wm1b~t.1'U~bbuu~rn6'11~V11ri11:w~ b~ei\l eYm1m1bn\9luf'in~t.11briil", 111~11 
'U 'U ':..J 

fin~1A1mw~ i.1V111'Vlt11~t1'\Jb'lf'111. 11(2): 23-33; 'V'lti~mri:w-~\lV11ri:w, 2555. 
II I QI 1 

i!1fi'1\l ~'Ubfl~:w. ~~m1:ij'~(i:im11i.inTn'it1'L!fl1'l~v'L! b'ie:i.:i.:i1'L!bb~:::"W~.:i.:i1'L! 'ti''Ll"trni.ifin~1tJVi 4 

'U'L!~'Ll!1'Ll'tlv.:i'Vl']~~flv'L!~~~fl~1~~ 1~t11-ti16 POE. 

1V1t.11il'V'l'WfitJ~t11t111~n~1f'116'lm:wV11uru4i()l: :wV111V1t.11~ t.J'VeJ'Ubbrl'U, 2551. 

il()lt.11 t:-i6'lU1~\91-:t. fl1'loW\9AJ'l.!1~n~:::nT~f1~1bfl'l1:::~'tlv.:itl'm'it1'Ll"1'Ll"5t1i.1fin~1tJ~ 5 b~v.:iel'~11 

m1bn~t1.nmm bflij 1~t1l'tf6!1~m1~e:i'L!~ b il'L!m1:ij~m1b'it1'L!~bb 'U'U~'U b~1:::V11fl11i.i~. 
-.. 'i v cu 

1V1t.11ily.j'WfitJ~t11t1111V1t.11f'116'lm:wV11uru4i: :wV11iV1t.11~t.1~u6'l11"1.luTw, 2554. 

~t1Jb6'l~:w tiV1u1lh:w~. "m1b~t.1'U!bb'U'U6'1~1-:im1:wfil'l1Tut.1eil'l", 'J11~11t11:::6!11fin~1. 31(1): 

6-17; nw11~'WB, 2523. 
' 

-u~mmru ~:w~'Vlei-:i. "m1~l'lfl11b~t.1'W~b~mtJ~t.1mbtJ6'l\lbb'U1fil'l", 'J11~11fin~1A1~~i 
~ 'U 

l.IV111'Vlt11~t1"llv'L!bbri'L!. 31( 1): 27-35; :wm1ri:w-il'U1ri:w, 2551. 
di! ..::\ QI .tCll 1/1/ ,Q 0 QI Q. I QI J tJ t.1~~'1! b 1eim "il1t1J. "~~fl1'l\J~fl1'lb 1t1'Lll~1m 'Vlfl'\Jfl'V11'l.!1tl ~.:i bn~ vll'U1tl~v ~~~l.l'J'Vlll 

'Vl1.:im1b'it1'LI b~v.:i oW'L!ll:::le:imiiln. 1V1t.11il'V'j'Ufi'l.J~t11t1111V1t.11f'116'1()11:W'\111Uru41()1: 

:W'\111l'Vlt.11~t.JeJ'U6'111"/.!51il, 2556. 
' 

'V'jilm n'Ut.1 ~ m ru"iJtl. m1:ij~m1b'it1'Ll~bb 'U'U~rn~1d1l.lnrnb 'Urn mt1rn Vit1'U b ~ e:i-W \9AJ'l.!1l-I 1 'Ui.i~ 
v 'U . ... ' 

'Vl1.:i1'Vlt11A1~~i b~e:i.:i er~11m1bn~tlljmt11bflij "llv.:itl'm~t1'Ll'li''Ll"llt1l.!An~1t!Vi s. 
1'Vlt.11ily.j'UfitJ~t11t1111V1t.11f'116'lm:wV11uru4i()l: :wV111V1t.11~t.1~um1"1.lu1-W, 2556. 

'V'lil\911 n'Ut.1 ~mru"iltl bbG'l~Pi'n~f'l~ flm~1. "m1~l'lm1b~t.1'U~bb uu~u b6'11d1:wnu bb'U'Ub tJ~t.1rn Vit.1u 
v ' 'U 

b~ei~~m:w 1'W:w~V11-:11V1t.11f'116'1()1{ b~ei-:i er()111m1bnl'lu5n~t.11briil '1Jei-:itrm~t.1'U~'U 
irut.1:w~n~1tl ~ 5 ", 1 'U 11t1.:i1'L!~'Ub~v.:i"'i11nm1tl1:::"1.li.116!11m11:::~u6!11~. 'W.26-31. 

' 
l.l'Vl11'Vlt.11'1t.J'IJ'j'V'j1, 2557. 

'U 



~~m1'LI 'U1 h bbn1 bb'1:::1-rruru1 ~'j:::l'W'G'l'W'f'Jtu. "fl1'j 1 in1'jb~CJ'LI1bb uu~u b?11:::vnl°l11:1..J1b?l1:1..J 
Q.I v 'U 'U 'U 

~1 CJ15 fl1'j?f eJ'Ubb uuv11'U1 CJ-i1-:i bfl~-e:ifiu 1 CJ bb'1::: fl1'j b LJ~CJu b V1 CJu bb uue:iLJ me:iLJ1:1..JCJ ~ e:i 
' ' 

:1J l 'U:l..l~b~e:i-:i 1-:i:u'j1 yj~1m:::bb?f~'j-:J"lJeJ'll°l'jl'VltJ1\311?1~{'j:::~ulJ'j:::fl:1..JPlfl~1 ", 11-a~1-a 
'U 

V1ti1v1:5'v1'Vlv1A1~\Pl{ b 'Vlfl 1 \A faa bb~~~.:ibb 1~lilvllb ~eim-ab°iEJ'U~. 5( 1): 1-1 o; 
'II 

'Wt)~fl11°l:IJ, 2557. 

~'G'ICJ:IJ'U bV'U?l:IJ'Vl'j bb'G'l:::b?l'U e:i -d'CJ-r:IJ~. "fl1'j~~mm1:1..J b-U'11:u b:a-:i:IJ l'U:l..l~"lle:i-:iirm~CJ'U~'U 
' 

~5CJ:IJPlfl~1ll~ 5 b~eJ'l flWH'U?l l~tJfl:Um'j:l..Jvl1'U1tJ-i1'lbfl~-e:ifiu1ti", 1'LI .:i1\JU"a~'Ull • " . 
1eu1m-a-a~~ueu1~ llv'U. 1:5'v fli'.:iVi a. 'LI.245-253. e:ium16llu1'1: 

' 
1J'V!1l'VltJ1"'tJ€J'IJ'1'j16llti1'1, 2557 . • 
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'W :u 'LI 1 'Vl-r'W ~ ?f 1J1'U. m-a:5' ~ m-a b°iEJ'UTI~ EJ 1 ·Mi b°iEJ'Ubb~ 1.:iV11fl1111~bb~ ~f>i'U'W'Ufl 113.1~~1 v \Pl\J bv .:i. 
'II 'II 'II 'II 

OQJ.Q.'I d' ".Ito QJ 

m-:i b 'Vl'W1J'V!1'Ul°l'j: ?l1'Ufl'W1J'Wbb m:u'\41'1-:i mru11m1'Vltl1'1 CJ, 2549. 
' ' 

'W'j'Vi'W ~ bi1 e:i-:i bbtl1. 1~fim~n m-a.W~1..11 ll--l~~llq'Vl~'Vl1.:i m-ab'iv1..1~1 vm-a:5'~ m-ab'iEJ\J~bb uu~13Jiiv 
'II 

b~v.:i 1 'W~1 bflii. 1'Vl tJ1tJ'W'U5LJ1t11t1111'Vl CJ11311?1 m11V11urusn~: 11V111'Vl CJ1i;r tJ~'IJ'G'\'j16lJu1ti, 

2553. 

'\Al'j'jt\JTI'j1 ~'LI h. 1~f1n~1ll--l1J~llq'Vl~'Vl1.:im-ab'iEJ1..11~v1 'tlu'Vlb°iEJ1..1flvllii1b\Plvi"li11..1~ei1..1 b~v.:i 

1 'W~1 u•1ii: b~~~ n~1Tu n. 1'Vl ti 1il'W'U'5LJ1t11 t1111'Vl Cl1 m?l m11V11u rusn~: 

11V11i'VltJ1i;r tie:iu'G'\ 'j1'llu1ti, 2550. 
' 

. " 
1'W1 'j:utl b~:l..lb~'ll1~'W-:il'i. m-af1n~1m-ab tJ~EJ\Jbb tJ~.:ill 1 \Jll~"tlv.:i'l1m'iEJ1..1-a~~uetim!5EJ3JAn~1 

\Plv\JtJ~1v b~v.:iV1-U1~"tlv.:ia1..11~v t 'tlmeium-a~fl113JV1~1EJij~. i'Vl CJ1tJ'W'U5LJ1t11t111 

Pin~1\311?f~'j~~~urusn~: 11V11i'Vlti1i;rti"lle:i'Ubbn'U, 2550. 

fl'W b'11'V!b 'W'U'1~. bb\J1fl1"a~v'U1'VlEJ1A1~\Pl{ ~1J~l°l~'l~ 3. m-:ib'Vl'W1J'Vl1'Ul°l'j: 1 'Vlti1~'LI1'W1tJ'll, 
'U ' 

2542. 

. m-a~eiu1'Vl EJ1A1~\Plfl. 1..1"11..1tJ-a~f;llf fin~1. m-:i b 'Vl'W:l..l'Vl1'U \Ol'j: 
~~~- ' 



.-
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l.l'W~~ b ;ff a~'W6-:i11J. n1'~1bfl':i1::~h11 'IJ11~vifl~1~ bfl~eJ'IJ L 'IJ1't11 Lflij "llt1·nl'm~u'IJoff'IJ~tiu11An-~1 
uvi s. i'Vlv1ii~'W6i.J~ryry1Pim~11"11?f~'rnvnuru6fi~: l.l'Vl11'Vlm~m~v-:i1 'Viii, 2544 . 

w11L ':ii"! hL~'W Lb~::Aru::. "bb'WlA~b~a-:i?fl.l~mAii"Ua-:i-Um~tJ'U':i::vi''U~utJl.IPlfl~1~a'Ui.JmtJ ", 

'".l1':iiil1':iiil-:J"ll~1'1Jfl'i'IJ'Vlfouu~-:ifl:IJA1iil~iLL~:::IJ\J'liUA1iil~{ 13(4): 541-553; ~mfll.l, . ' 
2550. 

~~'W1 ~'WG'fU'Vl bLm~ 1 "lltJ~-:J,_; L~e:J-:JG'fl':i':iru. fl1':i~w.J'W11J fol.l~'V11-:Jl'VltJ11"116'f~{b~a-:i-:i1'Ubb~::~~-:i-:i1'U 
' 

"Ua-:i-U n b~tJ'W~'W~utJl.IPl n~1tl~ 3 1~ tJ 1 i15m':i~~ fl1':ib~tJ'W~ bb 'U'Uv'i1m v-~-:i bfl~-a6mv. 
'lJ 

'".l1':iiil1':iAm~nA1iil~i :1.1V111'Vlu1'1u"llt1\JbLn'IJ. 35(2): 87-92; bl.1~1tJ'W, 2555. 

i-:iVi~~ l"l~u':i, l"ln~l"l~ ~m~':i brn::'ll1ry ~'U'Vl{bb~l.l. "m':iL~:1.1c.J~~l.l')'V1Bvn-:im':ib~tJ'W b~a-:i 1 'l"lvh 

bAii ~1tJfl11b~tJ'W~bb'U'U~l:IJ~e:Jn'U'1J~fl11b~tJ'U~bb'U'U SE", 1'W n1':i'l.h::'tl:IJ1't11n1'Uiil'IJeJ cu 'I '\J , 

~~-:i1'1J1iiju':i::~uurusn~An'li1LL\1-:i't11~fl~-:ivi 23. 'W. 723-728. 'WA':i11'1l~m: 
:IJ'\111l'Vltl1~m'V1A 1 'W1~~':i1'1J:IJ-:JA~BG'f1'W, 2554. 

l':i':iruVi~1 ':ie:Jmb':i-:Jfl1. CONSTRUCTIVISM. fl'J-:Jb'Vl~:IJ'\111'UA':i: Aru::Pin~11"116'f~{ 
' 

:1J'Vl1i'VltJ1~mn~mm?f~{ 2540. 

1':i1fl ':iru ~':i~~. m':ifim~n111 'IJ~Ailviflm~ Lfl~e:J'IJL 'W1't11 Lflij"lle:i·nl'm~u'IJoff'IJ~tiu11An'\i1tJvi 4. 

i'Vlv1i1~'W6i.J~ruru1A':il"l16'f~':i:1J'Vl1uruefi~: 'OJV11~-:imru:1.1'Vl11'VltJ1~tJ, 2532. 
Q,J QI " 'I 

1-iJv m6 LL~::l"ln~l"l~ ~m~':i. "m':i~w.J'W1c.J~~:1J')'V1Bvn-:im':iL~tJm~a-:i er~':i1fl1':ibn~i.J~n~v1 

LA ii ~1tJfl1':i~~fl1':ib~tJ'W~bb 'U'U~rn?f1::'V11-:ii'Vl mm?f~{", 111m':iAn'li1A1a~i 
'lJ 

:IJ'V111'Vlu16lua-:i"l1~1'1Jfl'i'IJ'Vli 1'VIU1L"ll~U~~1il. 24(1): 29-52; :1Jfl'J1A:IJ, 2556. 

l"ln~l"l~ ?f m~1. "m::'U1'Um1~'U b6'11::'V11-:ii'V11:J11"116'f ~fl 'Wfl11'V1~'1 a-:i bAii1::vi''U~uv:1.1?1 n~1~a'U • 
D'11tJ: m1'Vl'U'V11wn'Wi~ v~1'Wi'Vl ml"l16'f ~{Pi n~1'11 n:1.1'Vl1i'Vl v1~ v~'U'111'1Ju1-Ll ", 

'"J11a11An'\i1A1iil~i :IJ'Vl11'Vlu16i'ua-:i"ll~1'1Jfl'i'IJ'Vli 1'VIU1L"ll~U~~1il. 22(3): 

331-343; n'UtJ1tJ'U-t5'U11A:IJ, 2554. 

. "'U'Vl'U1'Vl"Ua-:ib:IJ'W'Vle:J~ 1m~~ 1'Wfl1':ib~tJ'WTI'll1bAii1::vi''U1:1.1b'1n~ ", 11':iiil1':iAn'li1A1iil~i 
--- 'lJ ' 

:IJ'V111'VlU16i'U"lleJ'IJLLfl'IJ. 35( 1): :1Jfl'J1fl:IJ-ii'W1Al.J, 2555. 

l"l~'Urum:1.1 1'1:1.11"1~. ~~m':ilij~nlilm1:1.1m':iL~u'IJ~L~e:i-:i oW'IJ5::Lflij off'IJ~tiu:1.1fim~nt1vi 4 1~u 
' v 'lJ 
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" 

m1ii~\~tJ1n'Um1i1?11ii11t11 'W m1 b tl'W~1~~1sg'lJti.:i1f1Vf:; bbfi:; ~1 e:ie:i n~11~sg'lJe:i-:11e:ie:iti'U'lJti.:i 1f1Vl:; 1~ tJ 

b'IJ~tJ'UbVitJ'IJ1:;V111.:ifaV1:;"1J'W~~1.:i 1 n'U?l11f1:;mtJmvi~n1Vl'W~1~ (~.:in:;~l.J.:!Vl~.:im Zn, 

f11~'Vltl.:Jbb~.:J Cu, Mg, m:;lle:i-:1J18~f1il, ~:;~b'Vl~flFe ?111f1:;mtJm~~1.U flt! HCl, HN03, 

" i11~i1?11tJ"tl CH3COOH) 
" 

b 'Wfl11'V1Vlf1t!.:Jtl'm~tJ'Wbb~f1:; nciii"il:; 1~f'Uti'IJ mru~fl1b~~tlil 111 m 'Wfl11'Vl~f1 e:i-:i~.:id . . " 

1) Vlflti~'Vlvifle:i.:i'\'l~tiii~:;bbm.:i 

2) fa'Vl:;m.U f1e:i ~.:in:;~l.J.:!Vl~.:iri1 Zn, m~'Vlti.:Jbb~.:i cu, Mg, m:;lle:i.:i 

" 
i118vif1ii, ~:;'l.Jb'Vl~fl Fe 

" 
3) 'IJ1n~'IJ 

4) m:;vi1't~'Vl11tJ 

5) m11m 

6) ?111f1:;mtJmvib.Uii.LJ''W O.SM 'lJtl.:J HCl, HN03 bbfi:; CH3COOH 

2. 3 tl' m~ tJ'Wbb~f1:;ncim1.:i bbe.J'W e:ie:i mb 'IJ'IJ fl Tm vi fl e:i-:i bbfi:; ~1 b 'W'W m1v11 fl11'V1Vlf1 e:i.:i mii • 
bbe.J'U~11.:iH b~e:i61'-:ibn~e..if1~bfivi~'W 1vitJe:itimb'U'Um11.:i'\J'UVine..if1m1'Vl~f1m '\J'WVine..if1bb~f1:;61Jvim1 

'Vl~fltl.:J 11Vlfl1'1'1 bb?IVl.:Je.Jf1fl11~.:Jbfl~e.Jf1fl11'Vl~f1tl.:I 'l'l~tlil~'lt!ii'IJ11tJ tl'Wfl1tl b 'UflciiJ ~.:! bbe.J'Wfl1'1'1~ 1 • 

Zn Cu Al Mg 

• • HCl 
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b "li'W 

"faV1~"1J\J~1~~bn~LJnn~mnum~ HCL 1~~ -fo~11~~~ ,, 

"f111 b LJ~ tl'WG1116'1~6'l1CJfl1~ 1 'Wf111'Vl~6'teNii ~6'1 ~eJ~6'1 f111'Vl~6'teJ~~bfl~~'WVl~eJ 

i.I 0 v ..:::ii d QJ 0 

ri11?1mrieJ CJ~ bb6'1 bb6'1 ~ bb 'W~'W1'W n b 1CJ'Wbn CJ1 nu rn1'Vl1 f111'Vl~6'1 eJ~ 1?16'1 eJ~"il'W rn1ffein bb uu 
'IJ 'IJ 

n11'Vl~6'teJ~ b~eJ1.xl~l.11zj~~el'11LJ 
' 

2.4 'I! m~ CJ'W bb~6'1 ~ ncil.leJ6u1 m LJ~ CJ'IJ b Yi CJ'IJ ~ 6't rn1~u ~'Wbb6'1~ ~6'1 f111'Vl~6'1 el~ 611LJ bb6'1 ~ 
' ' 

eJ.fiLJ 11CJnumCJ1 u m~l.l 1~CJ b OLJCJ'W6'1~ 1 um~~1~u1vJV1~eJ m~m~LJ el'W ~~ b\?l~til.ll.11 bb6't~t11 ~6'1~1'W ncil.l 
' 'IJ ' 

1LJ~~~m~~1'WV!~el~°L1~Vfel~b~m~uPin~1~1l.ln'W'Vlnncil.l (Gallery Walk) 1~CJLJ1~nelu~1CJ zjm~el~ 
' ' 

2.5 -Jm~CJ'W'Vlnncil.1~1l.ln'W~1l.ln'WelilLJ11t1~6'tf111'Vl~6'tel~ 1~t1ri1ml.lf11ml.lbb6'1~ 
' ' 'IJ 

CJn~1eJ~1~~6'tm1'Vl~6'tmm~~~d 

2.5.1 ti'1b111offfaV1~"1l\J~~'W b-d'W Al cu Zn Al ~l.16'1~1mu'1116't~mCJm~ 
' 

"1JtJ~~1~~ b"1i'W m~ HCL HN03 ~6't~bn~~'W"il~bU'Wel~1~11 (b~m11t1116't'Vl~bb~6'1~"1J\J~ ~el Zn, Cu, 

Mg, AL, Pb, Fe ~l.16'1~1LJ1'W'1116'1~6'11CJ HCL ;~melelel'W H+ 1'W'1116'1~6'11CJ ~6't~bn~<ff'W~eJ "il~bfl~ 

vleJ~bbfl'1 H2 bfl~~'W 1~CJfaV!~mV!~6'tf11)'Vl~6'teJ~ 1~bbn Zn Mg Al Fe ~1'1.Jfa'VI~ Cu 1libfl~f11) 
blJ~CJ'WbblJ6'1~ btiel~"il1nfaV1~ cu 1li'11m1t11Vf8b~n1?11eJ'Wbbn H+ 1u61116't~mCJm~1~~n111~CJm1 

bn~Ylel~bbn'1'1JeJ~ 16'tvt~m vrn b~ nmelu611m1m ~ CJmuu'1l.lm11~~~d b-tiu 

+ 2+ 
Zn(s) + 2H (aq) ~ Zn (aq) + Hig) 

2.5.2 16'1Vl~"ll-u~1~~di~LJnn~CJ1num~ HCL 1~~<lri1~)~~~ Vl~m~u<lri1 
b~'W)~'1~ (L6'1VI~ Mg bb'1~~1116't'VI~ Mg bU'W~1~~1s&~~ bb6'1~ 1eleJeJ'W'lleJ~ L6't'VI~ Mg ~el Mg 

2
+ 1'u 

' 

2.5.3 6111r;:i~mt1m~~6't~eJn11bn~tJ5n~CJ1V!~eJ 1li eJ~1~ h ('1116't~mtim~~ 
1oS''Vl~6'teJ~1liii~r;:i~eJ rn1'Vl~6'teJ~ b tieJ~"il1n1 u'1116't~m CJm~ bb~6't~"tlti~ bb1?1n~11 VI H + b V1l1eJ'Wn'Wv1'1 
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1 ~e.rn m1vil'l~e:i~~1~bb~n~h~n'\.J bb~n~'\.Je:i~n'\Jm1m.LJ:uoLJ''l.Jbb~~m1~~bn~ bb~~ll'1~v~'\.J 1 b-d'l.J 

J1vrwn "ll'\..!1\>l b~Vf~vtt-rrvil'l~e:i~) 

2.5.4 1~V!~bb~~~6ll'Dl'l'1~1~~h~n~1e:i'\.JL~b'Vfi1e:i'l.Jn'\J Mg V!~e:i1li (1~Vf~bb~~~ 

6ll'Dl'l1~~h~nme:i'\.JL~bb~n~1~n'\.J 11'lv1~vt~ Mg 1vt'1~~~~1'1 1e:i~~~:u1 ~e:i Al Zn Fe bb~~ Cu 

m:u~1~'\J) 

2.5.5 "U'\.J11'lbb~~J1m1'n"llm 1~vt~iJe..i~~e:im1vil'l~e:i~vt~e:i 1:iJ e:iv1~ 11 (iJe..i~~e:i 
m1vil'l~e:i~ b~e:J~'11nm1bnl'l'lJ{Jfi'~v1"Ue:i~l;'l11'1'\.Jl{'l.J~bb~~J1wwniJe..i~~m)m1m"ibnl'l'lJ{jn~v1"Ue:i~ 

l;'l1"i ~~'1m11 fa'Vf~ii"U'l..!11'1b~ rn~e:iJ1wumvi1n'I..! 1~vt~~iii{'l..!~~1:u1n vt~e:i~'\.Jb~n'1~l;'l1m"it1v11 

u{ln~v11~~ V!~mnl'lvle:i~bbnl;'IL~~ ~~bn~1~il'lb'1'\.JffJ1) 

2.6 i!rn~v'\.J \Pl"i~1:un'l.Je:iii'lJ11v5~rn1:u~1m"it11 '1..!m"ibll'l..!1?1'1~~161!bb'1~1?1'1e:ie:in6il11'161! 
'IJ 

"'11ne..i~ m"ivil'l~e:i~'1~ b ~'\..! 1~11m1:ul;'l1m"it11 'l.J m"ib ll'1.Jl?l'1~~161!"Ue:i~ 1'1vt~ 

b~V~~1~'\JL~~~;j' Mg > Al > Zn > Fe > Cu bb~~m1:ul;'l1:1J1"it11'1.Jn1"ibU'l..!1?11e:ie:in6ilLl'l~b~V~~1~'\J 
~ ,, di 2+ + 2+ 2+ 3+ 2+ 
bl'l~~'\.J Cu > H > Fe > Zn > Al > Mg " 

'11n'1'\.J\Pl"ie:JTI'\J1m~:ub~:u bl'lV 11'lv~1:un'l.J?im~1'11nl'lime:i b~e:J~ Reaction of metals 
'IJ 'IJ 

with strong acids '11n'1'\.J\Pl~vn\?11e:iv1~b~:Ub~:ubMmn'\Jn1"ibU'l..!1?1'1e:ie:in6il11'16ilbb~~\?11~~161!"Ue:i~ 1~vt~ 

1'1..!u{Jfi~m~l'le:in61i ~~1?11e:iv1~~e:i1ud 
\?11e:iv1~~ 1 '1~~'11Wnu{Jn~V1"i~V!l1~favt~ Zn n'\J Cu

2
+ ~~~e:i1ud 

ci1t11!l'W e-

~+ 2+ 
Zn (s) + Cu (aq) ___., Zn (aq) + Cu (s) 

I 
I ;u e I I 

_ 1il e- _ 

'lJ{ln~v1~i1m"i1~bb~~~'\JBb~n~"ie:i'l.J b~vn11 'lJ{ln~v1~\>le:in61! 

b~V'\.JbbVnbU'l..!'lJ{jfi~v1ve:iv ~~;j' 
2+ 

u{Jn~me:ie:in6ilbl'lotl'\.J Zn(s) ~ Zn (aq) + 2e ........ (1) 

2+ -
'lJ{ln~v1~~n-tl'I..! Cu (aq) + 2e 0 Cu(s) ........ (2) 
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..::i. C0: .:::ii I Q,I .c:::tc::.. d 

m\;'lnme:i'U b'mm1 ~1"afl1~ 

LJ5n~tn~ 2 bV'ULJ5n~tn~~n-tl'U b'V'l'a1:::m'a1''UBb~n19rrn'U 1~tJi1cu2+1'UBb~nmB'U 

b~tJffJ1 ~1vvn~1fl6l1 

\9118~1-:iVi 2 "1-:i~"11'aru1LJ5n~tJ1~B1LJd 'V'l~m.1~-:i'a:::'Yl911BBn681~61ibb\;'l:::\911~~1611 
1 mn.J m'a b fd1 

+4 +2 
+ 5S032- ,. 2Mn2+ 

11 tJ~mt1Ternn~111~u s4+ -- s6+ + 2e· 

Mn04- bV'Ul9l1Beln61!1~~ "1::: 1~11 Mn04- eleln61!1~"11 503
2
- bb~tin~~161lb~tJ 503 z-

" 
503

2
- bV'U\911~~1"11 "1::: 1~11 503 

2
· ~~1611 Mn04 bbl91tinBeln61!1~~'1~tJ Mn04 

" 

"' 3. i'Uv'5u1mb~::~~'li'vfif"atl (Explanation) • 
3.1 f1'a'l11elllu'a1tJb~el1 m~-LJ'el~'a'\.J"tm-:i~rnm'a'Vl~\;'lel-:i bb\;'l:::i1m~tJ'Ubb~\;'l:::ncil.l~1l.ln'U " . . 

3.1.1 bdelb'a1th1m11:::bb\91\;'l:::'l1iJ~ ~el Zn, Cu, Mg, Al, Pb, Fe ~l.J\;'l-:i1LJ1'U 

~1'a\;'l:::G'l1tJm~ HCl HN03 CH3COOH ~-:irneleJel'U H+ 1'U~1'a\;'l:::G'l1tJ e,J\;'l~bn~~'U~el "1:::bn~Ylel-:i 
bbn~ H2 bn~~'U 1~tJ1m11:::vfl~e-1\;'ln1'a'Vl~\;'lm 1~bbn Zn Mg Al Fe ?i1'W1m11::: cu 1~bn~m'a 

b'lJ~tJ'Ubb'lJ'1-:i b~el-:i"11n1m11::: cu 1~~1l-lTrn1~Bb~fl\>l'ael'Ubbn H+ 1'W~1'a\;'J:::\;'11tJm~1~~n11 

3.1.2 f111l-l~1l-l1'at11'Un1'abll'U\911~~16li-uel-:i1m11::: b~tJ-:i~1~'U1~~-:id Mg > 

Al > Zn > Fe > Cu bb\;'l:::f111l.l~1l.l1'rn1'Ufl1'abll'Ul9l1eleln61!1~~b~tJ-:i~1~'U1~~-:id Cu
2
+ > H+ > 

2+ 2+ 3+ 2+ 
Fe > Zn > Al > Mg 
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3.2 fl'Hbi;:i~tl'm~ci'U~1iin'Ue:i.fhb1mbi;:i~'Vl'U'V11'U5nri~\l V'!{e:iii~'ltl'm~ci'Ubb~i;:i~nG'lii 
'U ' 

~1iin'U611iJ ~\l~b ~ci'U { ~\l611ii11ti?l1iJHH1'lm1ii611ii11ti 1 'U m1 b ll'U~1e:ie:i n'811?1sifoi;:i~ ~1~~1611 
' 'U ' 

l?i''l~e:i1iJd 

3.2.1 iJ5fffo1e:ie:in68b1?1-8''U (Oxidation Reaction) ~e:i iJ5n~m~ijm11Vf 

Bb~n\911e:J'Ubn~~'U 1~m~vn?l11ffiVfab~nme:i'U11 ~1~~1611 (Reducer 'Vl~e:i Reducing agent) 'Vl~e:i 
tine:ie:in'B1~61 
'U 

3.2.2 iJ5n~v1~11i'n-8''U (Reduction reaction) ~e:i iJ5n~v1~ijm1~u 

Bb~n\911e:imn~~'U 1~m~cin6111~~'UBb~nme:i'U11 ~1e:ie:in681~61 (Oxidizing agent) 'Vl~e:i ~n~~1611 
3.2.3 m1ii?l1m1ti1'Um1bll'U~1e:ie:in6811?1611bbi;'l~~1~~1611 iJ5n~m1~V111'l 

faV1~61'ln~~nu?l11i;:i~mci CuS04 bbi;:J~fa'Vl~'Vle:J\lbb~\lfl'U6111i;:i~mv ZnS04 vh1Vf'V111'Ul1 

m1ii?l1m1ti1 'Wm11Vfab~n\911e:i'U"lle:i'l1i;:iV1~~\l?le:i\l"lltl~ 1libvi1n'U 1~v 1i;:iV1~61\ln~m Vfab~n\911e:i'U1~ 
~n11 bi;'l'Vl~'Vle:J\l bb~\l bbi;'l~ 1e:ie:ie:J'U6Ue:J\l bi;'!'Vl~~\lnG'l11n~fl113.J6113.J1)tl1 'Un1)~'\J ab~ n\911e:J'Ubb\91 n~1\lrl'U 

1~v Cu 
2
+ fa~nme:i'U1~~n11 Zn 

2
+ ~1~uri11ii?l1ii11ti1'Um11Vfbbi;:J~~'UBb~nme:i'U6Ue:J\l?l11bb?l~\l1~ 

ri11ii?l1m1ti 1 'Um11 Via b~n\911e:i'U"lle:i'l 1i;:iV1~ ri11ii611m1ti 1 'Wm1~uab~ nl9l1e:i'U6lle:J'l 1e:ie:ie:i'U 

(~1~~1611) 6Ue:J\l bi;:J'VI~ (~1e:ie:in681~sil) 
I 

mn \l1V 

Cu(s) 

j 2+ j Cu (aq) 

Zn(s) 
2+ 

Zn (aq) 

~1V v1n 

4. off'U'tltl1tlfl11l.I~ (Elaboration) 
'U 

4.1 ri1e:i6u1mbi;:i~V'l~bzje:iii 1ci'l5\le.Ji;'l~bn~~'U~nnm1'Vl~i;:ie:i\l 1'Un~11ii" ~1-ru~11 Vi 
'U 'U 

(ab~n\911e:i'U) ~~1'Uii1bbi;:J~m1v11iJ5n~v11~V111'l 1i;:i'Vl~nu1e:ie:ie:i'U1 'U6111i;:i~mvm~~1\l 1 b~e:i 
bzje:iii1v'lri11ii{~1~-rurie:i'Udbbi;:J~bzje:iii1v'lnun~m1ii~ 3 1~vm~l'i''Utl'm~m.J~1vf\'1mii b~e:i1Vf 

'U ' 

i.1' n b~V'Ubn~m1ii?l\l~ v bbi;:i~e:iv1 n{b ~ii b~iJ~\le.Ji;'l~ bnl?i~'U 1 'Wb 'Vl\91 m1ruV1~e:i?lm'Um1rum1'Vl~i;:ie:i \l 
'U ' 

~'U 1 bbi;'l~ "1Jtl~6Ue:i'l1i;:iV1~~1\l 11'W~119liJ1~'111''U~611ii11tii11m'V11?161e:iu1~ b°1l'U 
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4.2 irm~ti'Ubb~~~nci~.r;u~ 1tii'~'IJ 1 'IJ n"iln'r~:wbb~~~1:wn'WPin~1 v11'U1tJ~~"il1n?tm'UnTrn1 
' 

'\1!~8fl11'Vl\11~8'1~rl1'\l!'U\111 ~ b ~8fl'U'\1!1A1~8'\J Ll1ltJ1 ifl11:W~~1~~'\J"il1f1 fl11b~tJ'U~:!J1 n8'U.nb ~ffvl1'U1tJ 
~ ~ 

~ ' 0 ldQ../ Q..IQ../d I I~ .c!ild i.I 

~ ~ V'l1l1lb\111m~8'\J 8tJ1-:i:w VI~ n n 11 "ii 1f1'U'U'Unb1 tJ 'Ubb~ ~ ~ n ~ :W"il ~ b 1:w'Vl \11~ 8'1'\1118b1tJ'U1"il1 n ' ~ 

?tm'U m1ru"il~'l b ~8'1-:i bn~~~ b LJ~tJ'\J b Viti'IJ n'\J~'U m1v11'U1tJ bb~ ~86'1.J1tJ ~~~ bnl1l~'U"il1f1fl11'Vl\11~8'1 
b LJ~tJ'\J b Vi tJ'\Jtl'\J fl11vl1'U1tJ 1'U~8'Ubb1f1 

~ ' 

'll'Wvi'1'W1tii.:.i~nTa'Vl~~e:HI (Predict) -Wm~tJ'Ubb~~~nG'i:wPi n~1 bb~ ~vl1'U1tJ ~~Vi"il~ bn\11 
' 

1'u1'1.Jn"ilm1:w~ 3 b~8-:i 1V'l1~ 1V'l1b~'U bll'U~1~~161! 111ltiirm~ti'Ubb~~~nci:w "il~v11'U1ti~~~"il~Lnl1l~'U 
' 

G'i1-:iV1u1n8'Ufl11'Vll1l~8'1~-:i1 mb '\J'\JD'UVi n~~ b ~8 b tJ~ tJ'\J b Viti'IJ fl11'Vl\11~8-:i 1 'U.f11tJ'\1!~'1116'18\11V'l~8'1tl'\J 

m1'Vlvi~8-:i m1'1-:ibn~~~~bnl1l~'U"il~-:iV1~8hJ ~-:i~18ci1-:i"lll1l?116~m1'Vl\11~8-:i~-:i-d 
' 

f11m:w m1'Vlvi~8-:i : -Wm~ti'Ufivi11t.l1b 11v11m1'Vlvi~8-:i~81 u-d L11ltit111~'Vl~~:w~-:i1 'U 

?111~~mti~ffi888'U"U8'1L~vt~ 1~~~~-:im'V'l~ 2 

d 
\918\J'VI 1 

A(s) 

' 

B(s) 

b~fft11favt~m'Vl\11~8-:i~-:i?18-:i"1Jilvi :w1'Vl\11~8-:i\918 1viti~:w~-:i1'Um\11 HN03 ~~~bn\1l~'U 
irm~ti'Ufil1l11bll'U8ci1-:i h bb~~"!lvim1'Vl\11~8'1111lbll'Ufavt~ A Lb~~fl11'Vl\11~8-:i111lbll'UL~vt~ B 

' 
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d 
\Plel'U'Vl 2 

b~e:itl116'1vt~e:i~6'1:Wbi1m..1?1e:i'161JU~ fie:i m~ile:i,:i'IJm m~ile:i,:iJ1~rn1~ mvi~6'1e:J'l b~CJ~l.16'1'1b'Wm~ 
'IJ q 

J111~'U11 ~6'1~bfi~:ff'Wtl'm~CJ'W~~11bll'Ue:i~1,:ih 

!V -

tl111~'U11 

t d QI 

"tl'UnT~'Vlfl~eJ~b'V-leJ~·:nn\PI~~ (Observe) 

!V 
0 

1~ CJtl' n b~ CJ'Ubb~6'1~ n~11v\1m1vi~6'1m b ~e:i61,:i bnli1~6'1~ bfi~:ff 'W 1'Wbb~6'1 ~61l~ m1vi~6'1 e:i,:i Y-l~e:i11 
q q 

tl'UD'WVi n~6'161'1 bf1\i1~ bfi~:ff 'U b 'IJ~ CJ'U b Vi CJ'U tl'U~6'1'11f1m1v\'1'U1CJ1 'W.ff 'U bb 1 n11 bbli1n~1,:i tl'U vt~e:i b vt~e:i'U n'W 

vt~e:i hi e:i ~1'111 1~CJv\'1m1i.J'WVin6'1,:i bb 'U'UD'WVin~6'1 m1vi~6'1 e:i,:i y.i~e:i11~,:ie:i.fi'IJ11CJ n'Wm CJ 1 'W n"11 
q 

.ff'Uf111B5'U1EJ~~ (Explain) 

bn~:ff 'Wb ~11b~111mb'U'UD'WVinm1m1vi~6'1e:i'l1'W1 LJn'1m111 ~,:i~1e:i~1,:i 

2.1) b~m11~11favt~ A 6'1'lb'W6'1Trn~6'11v s2
+ ~6'1m1vi~6'1e:i'l~bn~~'Whkt.J~v'W 

q 

bb~brie:i~1116'1vt~ s 6'1'IL 'U6'l111;1~mv A
2

+ bfi~m1b'IJ~v'W~~'W 11;1vt~bb6'1~?1116'1~6'11mn~~'W bb?t~,:i11 
q 

1'1vt~ B 1~ab~f11i11e:J'W1~~vt~m~'Wn11favt~ A if'Wfie:ifavt~ B ~1~~16il~~vt~e:ii1m111?111111i;i1'Um1 

bll'U~1~~16/i~~n11favt~ A ,j'UbeJ'I 

2.2) bb6'1~ brie:i~11 favt~~'l?l'€1'1'1'1 b 'U?l116'1~mv m~ ~'1~bfi~:ff 'W~'l?le:J'l61J~m1 
q q 

vi~G'le:i'lbn~'V'le:i'lbbn?t:ff'U 1~v~61J~~ 3 bll'U61J~~m"vt~ s ~116'1'11'1J1'Wm~ ?i1'U61J~~ 4 bll'U 16'1vt~ A~ , , , , 

~l.le:iv1'W6'l111;1~6'11vm~ b~e:i,:i'11n11;1vt~ s 1~ab~n1i11e:i'W1~~n11favt~ A v\'11~'1J5fi~v1bn~:ff'W1~b~1 
q 'IJ 

d I .:=:. d d\ ii + + ~ 1 tJ 

2.3) bl.le:i~1116'1vt~e:i~~l.lb'WCJl.l'Vl ~'11nm~llm'IJm bb'1~m~lle:i'l'W1~'1 11 '1~ 

1 ~~m vt~e:i'Un'Ufie:i bfi~'V'le:i'lbbnmn~;ff 'U bb~~bb\i1n~1'1n'Wfie:i m1111e:i,:i 11"Ue:i'I favt~~'l?te:i'le:i~1'1'1~ 
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bb~fl~1-:in'U~-:J~biJ'U fa'V!~"lltivi bb~ b ~ei-:i1~vi~'l11:1..11eJ1'1 hJLJ~~'Vlt 100% lvitiei1'1'1~i1fl1'H~:l..I • • 
'U1-:JeJ ci1-:J~~:l..l~'l 1 '\J1 'U faV1~v1'11 ~~~ fl1d'VlVl~eJ'leJ1'1 b '\J~ tJ'Ubb '\J~-:Jbb~~fl~1Vlbfl~eJ'U'11flfl11:1..lb iJ'U'1~-:J 
... 

'U1-:J 

" 5. "lltnh'~bil\J (Evaluation) 

5.1 ti fl b ~ tJ 'U'Vl fl fl'Uvl 11 'U 'l1'U bb~~ bb 'U 'U 'VlVl ~ eJ'U VI~ 'lb~ tJ 'U b yj ell VJ bb~ ~'\J d ~ biJ'U ~~fl 1 d • 
CLJ .:::ii iJ 0 iJ ~ Q..I .::::I I CLJ Q.J d d I ff 

'1Vlfl1dbdtl'Ud '11'U1'U 5 '!lei '11fl'U'U'Uflbdtl'Ubb~~md1:1..Jfl'Ubu~mb'U'U'Vlvi~ei'U 'Uflbdtl'U'Vl~1'Ubflru'1 m 
" " " 

tJflcieJ-:J"ll:l..I b "lltJ ~1'Utl'fl b~tJ'U~hJ~ 1'Ubfltu'11~fl~'U1 '\J'Vl'U'Vl1'Ufl11:1..1-rl Viii bb~1 b "iiti'U '1d'\Jfid 1:1..1:1..111 ~fld 
" . " 

eJ1'U 1'Ufl1'U~eJ1 '\J 

5.2 fl~:1..1eiLJV1:1..11ti 1 ~tl'm~ti'U1 '\J\3irn31f111:1..1ib ~:l..lb~:l..I 'V'l~ei:1..1nLJ1~~ei-:i1 '\Jv1'1'U1tJ~~ md 

'Vlvi~mb~:l..lb~:l..I bb~~v1'11 rn1'Ub ~:l..lb~:l..lb Vlei'Vl'U'Vl1'Ufl11:1..l~ffi~ 
" 

~eln1db~V'Uj 

i. 1'Un'1md:1..1~ 1 "1l1'U~-:i~ti 1fl~eimfl~n'U~1fo~11 ~(ab~fl~dei'U) 1fldmmb~'U 
" 

2. 1'Un'1md:1..1~ 2 fl1d'Vlvi~m b~m ~1-r'U ~11~(ab~fl~dei'U) 1fldmfidb~'U 

3. 1'Un'1md:1..1~ 31fld~ 1fldb~'U b1'.J'U~1~~1611 

4. b 'Ufl11:1..1~ b~ei-:i fl11:1..1'11:1..11dti 1 'Ufl1db1'.J'U\?11~~1611bb~~\?11eieifl~1vi~ 
" 

5. 1 rn1'U~ 1 b~ei-:i ri11:1..1'11:1..11dti b 'Ufl1dbll'U~1~~1611bb~~\?11eieifl~1vi~ 

6. b'U-:J1'U~ 2 b~ei-:i f111:1..1~1md111'Ufl1dbll'U~1~~1611bb~~\?11eieifl~1vi~ 

7. bb 'U'U'VlVJ~B'U nei'Ubb~~'Vl~-:i b~ tJ'U b~ei-:i m1:1..1~1:1..11dti 1 'U fl1d b ll'U~1~~1611bb~~~1eieifl~1vi~ 

~1'U1'U 5 -Uei 

s. ei'\Jmrubb~~'11dbfli1 • ,, ' 
V di .::ii .c::::rl ii.di Q Q .c::I I 

9. 'Vl'U'l~elb dtl'U~1d~fl1dbdtl'Ud'V'l'U~1'Ubb~~b'V'l:l..lb~:l..I bfl:l..I b~:l..I 4 
" "' 

10. 1mei b~m Single Displacement Mg and HCL 

11. 1mei b~m Reaction of Metals with Strong Acids 

12. bb'U'U'\Jd~biJ'U~fl'N~fld~'U1'Ufl1d'Vl1-:J1'VltJ11311~~{ 

13. bb 'U'U~'lbfl~'V'ltl~fld1:1..lfl11vl1-:J1'U11tJ~flfl~ 
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' "' ii 
bb'Vif;l'lb"W'W~ 

'U 

1. ~eJ'l?llJ~ h'lb~tJ'U 1 'Y'lt1 Vl~YlVltJ1f11'j 
' 

... d'd.Jd~ .. 
3. eJ'Ub~€J'jb 'U~Vlb TU b61l~ http://www.youtube.com/watch ?v=OBdgeJFzSec 

... d'd.Jd~ .. 
4. eim~mb'U~VlbTU b61l~ http://www.youtube.com/watch ?v= Ud61GRtGYY 

., 
mn~bbf;I:: 

tl~::bihJ~f;I 

3. ~1'U~~ 

i. fl1'jv111 'U~1'U 1 'Un"il m'jl.J 

2. fl1'j?{'j'\Jt:-Ji;1~1'Uncil.l 
' ' 

3. fl1'j'11b?l'U€lt:-J'1~1'U 

4. f11'j~eJ'U~1tl1lJ 

5. 1~"il1flfl1'j~'j1"iJ 

bb 'U'IJVl~?leJ'U tltl'U-Vl~~ b~ tJ'U 

. .. .. ., 
bf'"l'rn'l~ei1~bbf;I:: 

ti~ ::bilm .. m 

3. bb'U'UVl~?ltl'Utltl'U -Vl~'l 

1. v\'11~tin~m 80% 
'U 

off'U 1 tJ/t~f'"l~bb 'U'Utl~ 
1 'U'j~~'U 2 Vl~tl ~ 

off'W1tl 

" 

~~bfl~"i11nm'jtJ5'\J~n"iJm'jlJ bb'U'Utb~b~'UVi'n~~ 1~fl~bb 'U'U1 '\J'j~~'U 2 

1 'W~'Ub~tJ'W m~'U1'Ufl1'jlVlti1~1?1~{/ off 'W 1 tl 

fl1'j~~bfWl'Y'l~&\m'jl.Jf111lJ 

?!'Uh ~~hb~tJ'U bb'1~ 

-r'U~~"lltl'U~tl~1'U 

1'VI... 1 rl~bb'U'U 

bb 'U'IJ~~ bfl~'Y'l~&i n1'jl.Jfl1'j 

vl1~1'U'j1tJ'Uflf1'1 f11'j 
' 

1~ri~bb'U'U1'U'j~~'U 2 

off'U1tl 

~tl'U~~'Vl~tl 1li~eJ'U 1 ~ 0 rl~bb'U'U 

bnru'1mi1 ~ri~bb 'U'Ufl1'j~eJ'U~1ml.l1'U1 'Un"ilmil.l 

... 
1~ 2 'Utltl fl fl~ bb 'U'U 

" ...... 
1~ 1 'Utlt:-l~ fl~bb'U'U 

1livh 1~ 0 A~bb'U'U 
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., 
80-100 ' "" fl~bb 'U'U fl~bb 'U'U1e:J(J6'l~ btl ru"Vl ~mn 

., 
60-79 ' "" fl~ bb 'U'U fl~bb 'U'U1e:J(J6'l~ btltu"Vl ~ 

., 
40-59 ' vrn1-ff fl~bb 'U'U fl~bb'U'U1e:J(J6'l~ btltu"Vl . . ., 
0-39 ~ e:i \I tJ-ru1.h \I fl~bb'U'U fl~bb'U'U1e:J(J6'l~ fl~bb'U'U 

' 
bnruev1m1tl1~bn'U'V'lti~m1~ vrn'lj~m~u1'Um1~~e:i\lm1biJ'U 1~(J~~bnruev1m11~ 

,, 
fl~ bb 'U'Ubb6'l~tl1~ bnw:.m\91\li1 

"' 3 
., 

80-100 btltuevl "" 1~~'\J fl~bb'U'U1e:J(J6'l~ ~mn 

1~\91'1.J 2 
., 

60-79 ' 'V'le:J1.ff fl~bb'U'U1e:J()6'l~ btltu"Vl 

"' 1 
., 

0-59 ' ~e:i\ltl-rutl1\I 1~~'\J fl~bb'U'U1e:J()6'l~ btltu"Vl 
' 

~ IV SI I 

fl11m 'Vl'U'Vl1'Vl'U 1 n~~ 

'U~'Vl11\11'Ul'1l1tl11 

d d d 
6'l\1'1le:J .................................. . 6'l\1'1le:J......................................... 6'l\1'1le:J ........................................ . 

d 
6'l\1'1le:J .................................................................. . 

~eJ1'U1 (Jfl11 h'lb1tJ'U 

.......... ./ ...................... ./ .......... . 
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' 
~u'LIVin ri~?f'UVJcn u-:ivr~:w 1'LIViu'UVin 

) bll'UhJ1911:Wbb~'U 

) hl bll'U1tll?l1:Wbb~'U 
' "" 2. 'U':i':itl1f111"11~'V!11'1f11':ib'jlJ'U 

"il1'U1'Uirm~t1'UVie.i1'Um1tl1~biJ'U .................. ri'U fi~bll'U~eJtJG'l~ 
0 Vq ~II tl A A~liJ 

"il1'U1'U'Uf1b ':itl'UVlb:W~1'U f111 ':i~b:W'U ................ fl'Ufl~b u'U':ieltJG'l~ 

6. 'Liru'Vf1/eitl?t11ri 
" ' 

d v 
G'l'l"llel ............................................ fl~~?f el'U 

(ri1?t'UVJt11 u-:i'V'l1:w) 
" 



. · 
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d d 
"lleJ ........................... '1..l1:W6'1~~ ....................... b~"1J'Vl ...••.... 

4. ~1b~11m~vt~"1liJ~~'U b°1i'U Al cu Zn ~:w~-:i1tl1'U?11~~~mCJm~"1liJ~~1-:i 1 b°1i'U m~ HCl HN03 

~~~bn~~'U~~btl'Ue:i~1-:ih 



... 
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r 

' 
nlilm-a:uVi 2 "~1i'u ~1b~(~h~n!Pl'aeJ'U) bfl'a~ bfl'ab\9i'U" 

.., d ... 
1'U'Vl ............ b~e:l'U ..................................... Vi.A ...................... . 

' ., 
Q l I .c::I QI 

a:u1"lfn 'Wmp.1V1 ......... "lf'U :u ................ . 
' ' ... d 

1. "tleJ .................................... 'U1:U?f~6'1 ..................................... b6'16lJVl ............. . 
d d 

2. "tleJ .................................... 'U1:U?f~6'1 ..................................... b6'16lJVl ............. . 

d d 
3. "tleJ .................................... 'U1:U?f~6'1 ..................................... b6'16lJVl ............. . 

d d 
4. "tleJ .................................... 'U1:U?f~6'1 ..................................... b6'16lJVl ............. . 

' ' ... d 

5. "tleJ .................................... 'U1:1.J?f~6'1 ..................................... b6'16lJVl ............. . 

f11m:un li!n-a-a:u b ~e:iilu ba1::V11fl11:u~: 1 Vfi! n b~ tJ'W m:i n bb uu nTrn~6'1 e:i~ b ~e:iP'i mn b~ t11 nu 
'U 

m1:u?11:uTrn 1 'Wm~blJ'Uf911~~161!6lJe:i~ fa'Vl~ bb6'1~f911e:ie:in681~61!6lJe:i~1e:ie:ie:i'U6lJeJ~ b6'1Vl~ 1~m tl~t1'\J bVit1u 

~~Vl11~fa'Vl~"tliJ~\Pi1~ 1 tl'U?11~6'1~6'11t1m~~n1Vl'W~1Vf (16'1Vl~~1i ~e:i ~~n~~~~Vl~~m Zn 

6'11~VleJ~bb~~ Cu Mg m~t:Je:i~tl15~6'1:U \91~~b'Vl~n Fe 6'11~6'1~6'11tln1~~1i ~e:i HCl HN03 
,, 

i1161:u?11t1"tl CH 3COOH) 
'U 

································································································································································· 

., •I ., 
\911bbu~\91'\.J .................................................................................... . 

~1bbtl~\911:u ................................................................................... . 

f911 bb tl~fl1'\J fl:U 't ............................................................................. . 
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<l'Wfl11eJeJflbb'IJ'IJlTifl1TV111lffEJ\I 'l!m1CJ'W611~11m:UCJmlJ'W1tJbb'IJ'IJ Flow chat 1111l.fl1'V'l vt~eJ 
" 

~Ubb uu~'W1~bi1l'iJ~1m~m~~1~) 
.. 
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QI' I QI' ca 
~1BV1~'U'U'Vln~~n11'Vl~~B~ 

(l ~i!n b~CJm~ 'Elfl bb'1 ~'El'Elfl bb UU";i'\.J bb tJ'Ufl1";ibntJ-if m.rn 1 ~b V1:1.J1~?ll.lml.l"1lil~"1l'El.,:i-ilm..1i;in1";i 
~ ~ ~ 

-- 'Vl~'1'El-,'.J ~._:im"ilbU'W m";i1.,:i mTw fl1";ib~CJ'UtJ";j";jCJ1CJ bU'Ul?i''U) 

li'111~::~1vm~ fa VI~ n11bU~V'UbbU~~~~~bn~1~ 
.., .... 

"1l'W~ ihvii!n 
0 

'UTVl'Ufl 
fa VI~ 

fa vi~ .... ?l11'1~'11CJ 
nB'W VfE;j.,:j 

Fe 
HCL 

Mg 

Cu 

Al 

·································································································································································· 

·································································································································································· 
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o II 
~1~1~~1Vn1j~~~8~ 

i. 16'1vt~61li'1~1~rvibn~unn~mnum~ HO 1vl~<lfl'j~)~~~ vt~m~'U(l!'l'jb~'U)~~~ 

s. 'UeJfFil1n"1l'U1~ tl1Vl'un 611'j6'1~mtJm~~i1e.J6'1~€ltJ{jn~mbb'11 fl1'jb~~611'j'lJ1-:JeJ~1-:ivt~ei 

?i1'Ue.J61:w 1 'U favt~~ b~:w6'1-:i 1 tJ b YleJueJ-:in'U61i'1:wvt1€l~ru61:w'lm'Yi bl31'13~'U ?i-:im1~€l fl1'jbn~tJ{in~tJ1vt1€l hl 
€1~1-:i1 'j 

7. '11nfl1'j~~6'1t1-:Jb~tJ-:1~1~um1:u611:1J1'jtt 1'Wfl1'jblJ'U~1€leJn681~61"1JeJ-:J1eJeJ€l'U"1leJ-:J favt~ 1~ 

€1~1-:i1 'j 

································································································································································· 

································································································································································· 



' ,, . 
~e:i ............................................ 'U1:U6'1~6'1 .................................... otl'U :u ................. b6'1"tJVi ............ . 

d 
~el'IJ'VI 1 

A(s) 

2+ 
B (aq) -

B(s) 

2+ 
A (aq) -

120 

bdm111m·'l~mvi~6'1e:i\l~\l?le:i\1'1l\j~ mvi~6'1e:i'll'ie:i 1~tJ~:U6'1\l l 'Wm~ HN03 v.J6'1~bn~~'W'W'm~tJ'Ufi~ 
rJ1bU'UfJ~1\lh bb6'1~'/J~fl1'J"'Vl~6'1fJ\ll~bU'Ub6'1Vl~ .A bb6'1~fl1'J"'Vl~6'1fJ\ll~bU'UfaVl~ B 

d 
~el'L!'VI 2 

' 

bdm1116'1Vl~e:i~6'1ikutJ:u?1e:i\1'1l\j~ Ae:i m~ue:i\ILJm m~ue:i\ltl1v.J6'11~ :u1vi~6'1e:i\I 1~tJ~:U6'1\ll 'Wm~ 
'IJ ' 

tl1:u~'U11 v.J6'1~bn~~'U'W'm~tJ'Ufi~11bll'Ue:i~1\l 1 "J" 

HCL(aq) .__ HCL(aq) .__ 



.ff cu"11cu1f! (Predict): 

t:-J~"il1nm~v11'U1c.i 

"' 'li''WBG'U1fl (Explain): 

121 

································································································································································· 

································································································································································· 

································································································································································· 

································································································································································· 

································································································································································· 

································································································································································· 

································································································································································· 

................................................................................................................................................................. 

~---
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ll1flll-l'l..l'Jn fl 

bb'U'U'Vl~fleJ'U1~fl11ll b ~1t'1ll1 'Ull~1'VIEJ1A1fl~i b~eJ.:i 1 v-J~1bflij 



.car, .i:::::t .tClt. .car, 

~1E.l'J'tl1 bfl11b'V'l3.JLVl11 

.U'L!:i!oa11An~1\J~ 6 

b~e:i.:i lwvhbflij 

b'J~1 60 'UTVi 

~~fl1'tf1 130225 

123 

r11~u'1.:i: -V'e:i?te:i'Uuuudbll'LI-V'e:i?te:irnbuu'lJ1'l1mb~~eJ'l'1tJCJ :i1~\IV!l.l\91 30 -V'e:i 1\91CJ1mb~~~-V'e:i'IJ1:me:iu 
1'1Jvi'1CJ 2 ~TU ~e:J ~1'Ubb1n bU'UoVe:J?fe:J'Ubb'U'UD1tJCJ 1vi'b~e:in\91e:JUbYlCJ\loVe:Jb~CJ1 ~1'U~?fe:J\I 

b ll'U'11'U m11 ~ b 'V!\91~~1 'U m1\91 e:iu ~1'U bb 1n zj\I b ll'U bb uu'IJ1t1CJ bb~ ~ 1 ~b; CJ'U\91 e:iu b ~e:i bb?t ~\I 
' 

n1'V!'U\?lfl113i'nCJ1 '\"J-W1fl~.:Jb'l!~~m\911~1'U~ 25° c 1 ~~\Id b~e:J 1 m 'Ufl11vl1 bb 'U'U'Vl\?l?fe:J'U 
"' 

2+ 
Cu(s) Eo Cu (aq) + 2e ~ = +0.34 v 

2+ 
Zn(s) Eo Zn (aq) + 2e ~ = -0.76 v 

2+ -
Fe(s) Eo Fe (aq) + 2e ~ = -0.44 v 

+ -
Ag (aq) + e ~ Ag(s) Eo +0.80 v 

2+ -
Mg (aq) + 2e ~ Mg(s) Eo -2.36 v 

3+ -
Al(s) Eo Al (aq) + 3e ~ = -1.70 v 

Pb
2
\aq) + 2e- ~ Pb(s) Eo = -0.13 v 

2+ 
Sn(s) Eo Sn (aq) + 2e ~ = -0.14 v 

2+ - Eo Ni (aq) + 2e ~ Ni(s) = -0.23 v 
2+ -

Mn(s) Eo Mn (aq) + 2e ~ = -1.18V 

Oig) + 4H+(aq) + 4e-~ 2H20(l) Eo = +1.23 v 

2H20(l) + 2e ~ Hig) + 20H-(aq) Eo -0.83 v 

2H+(aq) + 2e-~ H2(g) Eo +0.00 v 
3+ - Eo Cr (aq) + 3e ~ Cr(s) = -0.74 v 



. . 
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Zn(s) Zn(s) Cu(s) 

2+ ~ - -
2+ 2+ Cu (aq) Zn (aq) Zn (aq) 

d 
6/J~Vi 2 

d 
6/J~VI 1 6/J~VI 3 
' ' ' 

' ., "' ' .... n. 6/J~VI 1 bVl1'U'U 
' 

' ., "' ' .... "IJ. 6/J~VI 2 b Vl1'U'U 
' ..J I ~ 

fl. 6/J~VI 3 bVl1'U'U 
d 

\I. 6/J~VI 1 bb6'1~ 3 
' ' 

b'W11~ ............................................................................................................................................ . 

2. (fl11:wb-U1 h) '11nm1V1~6'1e:i-:1bYle:i~n~1m1bii~m1ri1CJ 1e:itJBb~nme:itJ1~vt11-:i bG'!vt~nu 1e:ie:ie:itJ 1 tJ 

?f116'1~'11CJ 1~CJVl~6'1m~:w favt~'1ltl~~1\I 16'1\I b 'U?f11~~mCJ ZnS04 n11Vl~~€l\I 1~~'1~bii~tJ5ii~m 

vt~e:iiim1b u~ CJ'Ubb tJ~-:i bn~~'U 

ZnS04 1CJ cm3 

d 
n. 6/J~VI 1 

' d 
b Vl~~~Vl~€l'U b 'W11~ 

d 
"U. 6/J~VI 2 

' 
d 

fl. 6/J~VI 3 
' 

cm 

n. b6'1Vl~~~:wiifi1~nCJ1~.Yh~~1n111e:ie:ie:i'Ufavt~ b 'U?f11~~mCJ v111 m~vt~n1e:i'U 
' 

b~€l\1'11n iim11 VlBb~n~1€l'Ubbn?t11~~mCJ 

"U. favt~~~:wiiri1P1nCJ1~Yl1~?1-:in111e:ie:ie:itJ1~vt~ b 'U?f11~~mCJ v111 vtb6'1Vl~Vl'U1~'U 
' \I 

di d Q..IQ~ 

b 'U€l\1'11n :wm11um6'1nme:itJ'11n?t11~~6'11 CJ 

fl. b6'1Vl~~~:wiifi1~mfl ~Yl1~bvJ1n'U 1e:ie:ie:i'U favt~ b 'U?f11~~mCJ v111 m~Vl~bb6'1~ 
' 

?111~~~1CJ hJb tJ~CJ'Ubb tJ~-:i b~e:i-:1'11n iim11 VlbbG'l~-ruBb~ n~1e:itJ1~vt11-:intJ 

\I. favt~~~:wiifi1P1nCJ1 ~Yl1~~1n111e:ie:ie:itJ favt~ b 'U?f116'1~mCJ v111vt'16'1vt~Vl'U1~'U 
' 
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Ag(s Ag(s) Cu(s) 

- - ~ 

2+ 
Cu (aq) Ag+(aq) Ag+(aq) 

~1nfl1'j'Vl~ffeM-ti1-:i~'U 'l!~fl1'j'Vl~'1eJ\l 1~iJ1-:i~~~ hJ bn~tJljn~mm'jci1CJ LeJ'UB b~nmeJ'U 
' ,, 

n. 'U~Vl 2 bvlTU'U 'lJ. 'U~Vl 1 bb'1~ 2 
' ' 

d 
fl. 'U~'Vl 1 bb'1~ 3 

' 
d 

\l. "11~'Vl 2 bb'1~ 3 
' 

b~'j1~ ············································································································································· 

Fe(s) Cu(s) Ag(s) Mg(s) 

- - -
FeS04 10 cm 

3 3 
FeS04 10 cm FeS04 10 cm

3 
FeS04 10 cm

3 

d 
"11~'Vl 1 
' 

d 
n. "11~'Vl 1 

' d 
fl. 'l!~'Vl 3 

d 
"U. 'U~'Vl 2 

' 

n. fa'V!~,r'U'Vl'Ul~'Uffhb~~ b ~fJ\l~1ni1fl1'j~t\Jb~CJBb~n\?l'jfJ'U 1i;1~1CJ 
-u. fa'Vl~iY'Un~fJ'Ubb'1~'U1\l'1\l b ~fJ\l~1n 1m1~~'UBb~ nmeJWl'U 1BeJfJ'U 1 'W6'f1'j'1~'11CJ 
fl. fa'V!~iY'Un~eJ'Ubb'1~'U1\l'1\l b~fJ\l~1n fa'V!~ 1VJBb~n\?l'jfJ'Utl'U1eJeJfJ'U 1 'W6'f1'j'1~'11CJ 
-:i. faV1~i!'Ui1J1wum~~~'U b~eJ-:i~1n 1eJeJeJ'U1'U6'f1'j'1~mCJ1 VfBb~n\?l'jeJ'U 



Mg(s) 

2+ 
Cu {aq) 

' ,, 
fl. b~l.J"li'U 

"I.I. fl~fl\I 

fl. bvl1b~l.J 

'1 ""' «l «l 2+ 
"ll. Cu b'WUbflfl~';iB'UflflltHiJ'U Cu 
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6. (fl11l.Jb oLJ1 h) "il1flfl1Wl~flB\lfl1';ici1tJ 1v'U~b~fl~';iB'U"lJB\I fa'Vl~tl'U 1BBB'U"llB\I fa'VI~ b 'U611';ifl~flltJ 

~\l';iU 
'U 

2+ 
Cu (aq) 

n. 'I.I. 

b'V'l';i1~ .................................................................................................................................................. .. 
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7. (m1i11h!l-U') :v1fl?1tiT1.m11rum1'Vl~flei\I ti'1i1rn~tJ'Wv11m1~l-I fa'Vl~ Al fl'11 'W?111ft~mtJ cuS04 
' 

bbfl~~\llfo1'U 15 'W1Vi ~\l~'IJ - Al(s) 

2+ 
- Cu (aq) 

"""" fl. ?111fl~fl1tJl-l?f:V1\lf!\I 

'IJ. ?f11fl~mtJiJ~~1boLJl-l;ff'U 

fl. hJbii~ m1b 'IJ~tJ'Wbb 'l.Jft\11~ bf! tJ 

.J 
b Vl\Pl i:Jfl'Vl\PleJlJ b 'W11~ 

' 
fl. 1eieiei'U Cu 

2
+ 1 'W?f11fl~mtJflmmtl'WfaV!~ Cu 

·1i. Al 1~fa~flmei'W v111~i11eieiei'W Al
3
+ 1'W?111fl~mm~l-l;ff'W 

1 ~ 2+ I 21 

fl. 'W?f11fl~fl1tJl-I beleJeJ'W Cu b~l-l~'W 

\I. 1fl'Vl~bbfl~ 1eieiei'W 1'W?111ft~mtJ1~nm1~1tJ 1ei'Wab~fl1?11ei'U 

2+ 
X (aq) + 2e ~ X(s) E

0 
= +0.80 V 

2+ 
Y (aq) + 2e ~ Y(s) E

0 
= -1.68 V 

X(s) - X(s) ~ 

.Vei 1~fl~111~~fll'i'ei\lb~tJ1iluV1~flm1~1tJ 1ffuab~fl1?11ei'U 1 'W'IJljn~tJ1~~eifl61i-U'1\ll'i''W 
fl. fa'Vl~ x bn~fl11i:Jfl~ei'U ·1i. n?111 y mbm~mf!Vl~ x 

' 
fl. bn~?111 Y ;ff'Ubbf!~\Plfl\Pl~flei'U \I. 1~iJbn~m1b'IJ~tJ'Ubb'IJfl\lbn~;ff'U 

b'W11~ ............................................................................................................................................. . 
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9. ( rn1ibfl11:::i.1) "IJ1nPin~1rn1ri1tJ 1a'UBb~n1>mrw ~vhrn1'Vll'l~a~l'i'a~rn1Pin~1rn1b 'IJ~CJ'Ubb 'l.hM 
" 

~bnl'l~'Utl'U 1~VI::: Ll'ltJriB'Lib~:t.m1'rnl'l~B~~v11nTrnl'l~B~1i;li~ fo'VI::: ~~J1'Vl'l!m~:wl'i''U"1JB~ Mg ~-&~1i;l 
" 

Pia 2.40 n~:w bdanm~1'U 30 'UTVi ~'Vll'l~a~t111~'VI::: Mg m-&~~nfl#~ b~al'i'a~rn~'Vl11'Ufl1~ 
b 'IJ~ CJ'LI bb 'IJ ~~~ bfil'l~'LI nu fo'VI::: ~~ nciTJ .Ua 11'1 nciT.i tinl'i'a~~~l'l b~m n'LJ(:.J~ rn1'Vll'l~ a~mi;l 

" ' 
Mg(s) 

2+ 
Cu (aq) 

" n. t11wun Mg bvl1b~:w 

"IJ. tl1V11!n Mg ~-&~1i;l-U'atJffJ1 2.40 n~:w 

fl. tl1V11!n Mg ~-&~1i;lmnn-h 2.40 n~:w 

b Vfl'l(:.J~ b ~11::: 
' 'l q Cl.I .:::.. ~ .c:i, 2+ 

n. b~'VI::: Mg :wrn11um~nl'l1B'U"il1nCu 

"IJ. Cu
2

+ i'irn11~ab~nma'Ubbri Mg 

"" .,,. ~ 1" 2+ fl. Mg b~tJm~nl'l~B'U VI Cu 

~. hJi'irn1ri1tJ LB'LIBb~nl'l1B'Ubfll'l~'LI 

Mg(s) Zn(s) 

- -HCl(aq) HCl(aq) 

d 
"111'l'Vl 1 
' 

d 
n. "111'l'Vl 1 

' 
fl. "111'1Vi 3 

' 

d 
"IJ. "111'l'Vl 2 

' 

Mg(s)-

2+ 
Cu (aq) 

-

Fe(s) 

-
HCl(aq) 
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n. h!Vl~bb~~~"llil~ hJ6'f1:1J1iti 1 ~~b~ nme:i'Wn'U 1e:ie:ie:i'U6'f1i~~mt11~ 

611. Fi1~nt11 'YJVJ1lJ1\9li\i1'Ufl~\lb'l!~~~~n-ti'U611eJ\l faV1~iil°i16'f\l~6'f ~ bb~~ h!V1~6'f1lniti 1 ~ 
~ ~ ' 

~b~n\9lieJ'W1~~~6'f~ 
' 

.:i. Fi1Pi'nt11 'WVJ1:in\9li\i1'Ufl~.:ib'l!~~~~n-a''U611eJ.:i faV1~iil°i1~1~6'f~ bb~~ 1~Vl~6'f1mitifo 
~ ' 

Al(s) Cu(s) Mg(s) 

...._ -
HCL(aq) HCl(aq) HCL(aq) 

.J .J 
"ll~'Vl 1 "ll~'Vl 2 
' ' 

"iJ1nmi'Vl~~e:i.:ioLJ'1.:il9i''U fa'Vl~ 1'W"ll~mi'Vl~~e:i.:i1~iifl11:1.J1e:i.:i11 bb~~b ll'U~1~~1611~~6'f~ 
.J 

n. "ll~'Vl 1 
' .J 

fl. "ll~'Vl 3 
' 

.J 
b'Vl\9l~~'Vl\9leJ'U 

' 

' ' 
.J 

611. "ll~'Vl 2 
' 

b'V'li1~ ............................................................................................................................................. . 

-

n 611 



.,/ 
bVl\91~'1Vl\91eJ'IJ b'\Al11~ 

' 
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fl. faV1~tX'Ui1r11~flCJ1 '\"J~1:1.J1m;j1'UA~-:Jb61l'1~~~fli'U~1~?fr;i ~-:i1VlBL~flmeJ'U1~~1mb'1~ 
~ ' 

Lnr;itliJn~CJ11~~~~r;i 

'IJ. 1m1J~tX'Ui11°11~flCJ1v.J~1:i.nm;i1'UA~-:Jb61l'1'1~~floU'U?f-:J~?fr;i ~-:i1Vi'Bb~fll?l1eJ'U1~~1CJbb'1~ 
~ ~ ' 

bnr;itJ~n~CJ11~~~~r;i 

A. faV1~tX'Ui1r11~ fl CJ1vJvh:i.n1911;j1'UA~ -:i b 61l'1'1~~fli'U ?1-:i~?f r;i ~-:iru B b~ fl1?11ei'U 1~~1 CJ 
~ ~ ' 

bb'1~ bfl r;itJij n~m 1~~~~{;] 

-:i. faV1~i!'Ui1r1113i'flCJ1 v.J~1~11?11;j1'UA~-:Jb61l'1~~~fli'U~1~?f r;i ~-:i1'uBb~fll?l1eJ'U 1~~1CJ bb'1~ 
~ ' 

13. (m1m oU1 b"il) "il1fl?f~tl11'1JeJ-:Jb61l'1'119iei 1 ud 

2+ 2+ 
Mg(s) + Zn (aq) ~ Mg (aq) + Zn(s) 

~1tl~n~CJ1dbnr;J~'Urn-:i1~ -ilei 1r;ifl~111~~fl~ei-:i 
fl. Mg bU'U~1~~1611 ~1'U Zn bU'U~1eJeJfl831r;i6'1 

'IJ. Zn bU'U~1~~16'1 ~1'U Mg 
2
+ bU'U~1eJeJfl831r;i6'1 

A. Mg
2
+ bU'U~1~~1611 ~1'U Zn

2
+ bU'U~1eJeJfl~1r;i6'1 

-:i. Mg bU'U~1~~1ii ~1'U Zn 
2

+ bU'U~1eJeJfl~1r;i~ 
.,/ 

b Vll?li:.J'1'Vll?leJ'IJ b '\Al11~ 
' 

fl. ~1~~1611 bll'U?111~i1m11Vi'Bb~flmei'U b'1'1Jeieifl6Bbr;i-U''U'1r;J'1-:i ~1'U~1eieifl831r;i~ bll'U 

d~ v Q ~ Q v ~ 3 
?f11'Vl~tl111'1.Jf)b'1fll?l'J'f)'U b'1'1Jf)f)fl61Jb{;l61J'Ub '\Al~'IJ'U 

'IJ. ~1~~1611 bU'U?111~i1m11'uBb~fl1?11ei'U b'1'1Jeieifl~br;ii'U'1r;J'1-:i ~1'U~1eieifl~1r;i~ bU'U 

?111~i1m11 Vi'Bb~fll911fl'W b'1'1Jeieifl~br;i-U'm~~~'W 

A. ~1~~1611 bU'U?111~i1m11VfBb~fl\911fl'W b'1'1Jflflfl6Bbr;i-U''Wb~~~'W ~1'W~1eieifl831r;i6'1 bU'W 

d.::1 v ...:::. ~ Q v 
?111'Vl~m11um'1fl1?11fl'W b'1'1Jflflfl61Jbr;J61J'W'1 r;i'1-:i 

-:i. ~1~~1611 b ll'U?111~i1m11'uBb~fl1?11ei'U b'1'1Jeieifl~br;i-U'm ~~~'U ~1'W~1eieifl~1r;i~ bll'U 

?111~i1m11 VfB b~ n1?11ei'W b'1'1Jeiei fl~ br;ii'W'1r;i'1-:i 
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14. (rn1ibfl11~~) "iJ1n~tJ~n1VJ'W~1~ bii~tJ~n~CJ1~-:imm11 X(s) + 2H+(aq) ~ x 2
+(aq) + Hig) 

"iJ1nrn1'Vl~ffeN ?1111~bll'Ul?i'Tve:in6131~61 

X(s) H2 g) X(s) n. X(s) 

+ 

00 
61J. H (aq) 

x2+(aq) - ... 0 fl . 
H+(aq) H\aq) 

H2(g) \I. 

...... 
~1'U1tJ s "' b 1:1.Jl?l'U 'U1'Vl 

..; 
b Vll?li:.Jfl'Vll?le:J'U b '1"111::: • 

n. !?l1e:ie:in6131~~ bU'U?J11~iirn1foab~n1?11e:i'W bfl61Je:ie:in6Bbw1J'Ub~:1.J~'U 
61J. !?l1e:ie:in6131~61 bU'U?J11~iirn11~ab~n1?11e:i'U m61Je:ie:in613b~<IJ'Ub~:l..l~'W 
fl. !?l1e:ie:in6131~61 b U'U?J11~iirn1-ruab~n1?11e:i'U bf161Je:ie:i n613b~<IJ'Ufl~fl\I 

\I. 1'11e:ie:in~1~61 b U'U6'111~iirn11 ~ab~ nl?11e:J'U bfl61Je:Je:in6lib~<IJ'Ufl~fl\I 

1s. <rn1i bm1:::~) 1'Wm1V1~fle:i\lb~c.nnum1ri1CJ1e:i'Wab~n1?11e:i'U1~V1-J1-:ib611fl~ 

Zn(s)j Zn 
2
+ (aq) nu Cu(s)! Cu 

2
+(aq) ~\lbbi:.J'U.fl1'1"11e:ie:ie:J'U'U1n b'U6'111fl~fl1mb~fl~.ff11rJ~1"il~ 

btJ~CJ'UbbtJfl-:ie:i~1-:i11 

LL€lbu~ LLFl L 'Vl~ Cu2+ 
. "' 2+ ... "" ~1'U n. b'l"l:l.J61J'U Zn fl~fl\I 

Zn Cu Cu2+ I 2+ ~ ~ 
61J. fl~fl\I 6'11'U Zn b'l"l:l.16/J'U 

"' 2+ 2+ .:::! ~ .., 
fl. 'Vl\I Cu bbfl::: Zn b'l"l:l.16/J'U 

,, 2+ 2+ I ~ .., 
\I. 'Vl\I Cu bbfl::: Zn b'Vl1b~:l.J 

Zn(N03) 2 Cu(N03)2 

bbfl~ Zn 
2+ 

61J. Zn ~bbe:i fo~ 1 ~ab~n1?11e:i'Ubn~bU'W Zn 
2
+ bbfl::: cu ~bbfl L'Vl~ foab~nt?m:i'Ubn~bll'U cu 

2
+ 

fl. Zn 
2
+ ~bbei fo~ -ruab~n1?11€l'Ubn~bll'W Zn bbfl::: cu ~bbfl L 'Vl~ 1 ~ab~n1?11eJ'Ubn~bU'U cu 

2
+ 

-:i. Zn ~bbe:ifo~ 1~ab~n1?11e:i'Ubn~bll'W Zn
2
+ bbfl~ cu

2
+ ~bbfl1'Vl~ foab~n1?11ei'Ubn~bll'W cu 



'V 

Cu2
+ 

• •• Q 
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b'Y'l11~ ............................................................................................................................................ . 

17. (f111lbfl11~"1) f111btJ~tJ'UbbtJ6:t-:!6UeN beJBB'U b 'U6'111'1~'11ti~.ff 1bbfl1 'Vl~l"il~~f111b tJ~tJ'Ubb tJ'1-:! 

~-:i-Ve:i1~ 

n. 'IJ . 

• 
b'Y'l11~ ............................................................................................................................................ . 



lb'uluvi llAL'Vlvi mifo;;i llAl'VlVI Uul1J\ll 

Fe Cu Al 

,, 
fl. b6lf~~ A bvi1i!L.J 

fl. b61l~~ B bb~~ C 

fv'1S 

MgSO, 

'IJ. b61l~~ A bb~~ B 

\I. b61l~~ A bb~~ C 

N 

cl 
b'Vll?l~~VHWeJ'U b'V'l11~ 

' 
fl. fa'Vl~~~11'\"J.W1bbB1 u~:Wri1~mi1 '\"J.W1~1fl11 fa'Vl~~~11'\"J.W1bbfl1 vi~ 

'IJ. 1~'Vl~~~11'\"J.W1bbB1 u~:Wri1~mi1 '\"J.W1?1\lfll11~'Vl~~~11'\"J.W1bbfl1 vi~ 
'V 

fl. 1~'Vl~~~11'\"J.W1bbB1 u~:Wri1~flCJ1'\"J.W1bvi1nu1~'Vl~~~11'\"J.W1bbfl1vi~ 
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llAL'VIVI 

Cu 

cuso. 

19. (m11bfl11~~) '11flm1vi~~mb61l~~nm1-U fl ~v11m1vi~~e:i'll'i'e:i'lm1~fl~1m1b tJ~CJtibb tJ~\I~ 
'V 

~11'\"J.W11~CJne:Jtib~l.lfl11Vl~~B\l~vl1fl11Vl~~B\lhl.ff\I1~'Vl~ zj\ltl1Vli!m~ii\9lti'1JB\I Mg bb~~ Ag ~.ff \11~ 
fie:i 2.00 fl~l.l bvi1nu b~m1m~1u 15 mVi ~vi~mm111~'Vl~m-&\l~flfl~\I .LJ'e:i1~fl~11tifll'i'B\l~?f~ 

'V 'V ' 

,, 
fl t11'Vli!fl Ag bvl1b~l.l 

Ag ,, ' ,, 
fl t11'Vli! fl Ag b ~:l.J~t! 



.~ 
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f1. fa'V!~ Ag nm-s-r'Uab~f11?1'SB'U"il1f1 Mg 

6V. Ag+ nm-s1~ab~f11?1'SB'Ubbn Ag vh1~Vl'U1~'U 

fl. Ag+ nm-sfoab~f1mB'W"il1f1 Mg bn~blJ'UfaVl~ Ag 

-:i. 1~nm-sri1tJ 1a'UB b~f11?1'SB'UWVl11'lbbB 1'W~1u~-:ibbfl1 VI~ 

20. (fl11l.lboLJ11"i!) "il1f1 Mg(s) + Fe
2
+(aq) ~ Mg

2
+(aq) + Fe(s) b~tJ'Ubb~'UflTVWlli;i~nm1iln1~ 

a~1-:ih 
2+ 2+ 

f1 Mg (aq) / Mg(s) II Fe (aq) / Fe(s) 
2+ 2+ 

6V Mg(s) / Fe (aq) II Mg (aq) / Fe(s) 
2+ 2+ 

fl Mg(s) / Mg (aq) II Fe (aq) / Fe(s) 
2+ 2+ 

-:i Fe (aq) / Fe(s) II Mg(s) / Mg (aq) 

b~'S1~ ........................................................................................................................................... . 

bbeJhilil 

Mg 

bbi'lb'\lllil 

Ag 

2+ - 0 
Mg (aq) + 2e ~ Mg(s) : E = -2.36 V 

f1. -1.56 v 
fl. -3.16 v 

: E
0 

= +0.80 V 

6V. +1.56 v 
'l. +3.16 v 
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Fe - +-Cu 

n. ~-

23. (fl11lbfl11~~) b"lffm1'W~1"il1flt:.J~1~~'El 1 ut1 b"lm~1~vn Vffi1~n6mn~?f~ 
' 

rl1Vl'U~1Vf A\aq) + e- -; A(s) Eo = +0.00 v 

8
3
\aq) + 3e -; B(s) Eo = -1.68 v 

c2
\aq) + 2e -; C(s) Eo = +0.40 v 

0
2
+(aq) + 2e -; D(s) Eo = -2.36 v 

A-

n. ~-

································································································································································· 

································································································································································· 

································································································································································· 
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24. ( fl11:W b .LJ1 h) '11\Pl e:i\I m1bbCJ nJ1~1 CJ m~ bb'1hJvh '1~\Pl e:i\l..ij~~~ m1'Vl~G'l e:J\I(?] 1:woLJ'e:i 1~~·r'il ~ 

b'Vl:w1~'1:w~'1~ bifo A bbG'l~ B bU'W~11vhfJ1b5e:iCJ • 
fl. 'U. 

A B A B 

fl. 

I 
... 

I m~ bb'1'1G'l'U 
\I. 

A 
I \ 

B A B 

H20 

b'V'l11~ ............................................................................................................................................ . 

25. (m1-U11 tJ1 ~) '11't11~n 1 U\l:w1~B H~'IJmCJV1~B~~\1'1B\l.rr1\I n11b'IJ~ CJ'Wbb'IJ~\l~.&11 v.iVJ1~\161B\I 
'U 

'11flfl11bbCJflJ1~1CJ 1 y.jyhfl11b tJ'W.rrB 1~ 

HCL(aq) 

n. ~1'U1fl 1 lJ'l'V'IB\l~'W ~1G'l'U hh 'IJ~ CJ'Wbb'IJG'l\I 

'U. ~1G'l'U 1 lJ'l'V'le:J\l~'W ~1'U1fl 1~b'IJ~CJ'Wbb'IJG'l\I 
fl. i1'U1n bbG'l~.&1~'U 1tJ\l'V'IB\l~'W 



d 
b'Vl\9li:.Jfl'Vl\9l'V'U b ~11~ 

' 
n. bn\9mn?I aan'Sblil'U;'U~'U1f1 bbfl~bn~bbn?l1~119mlil'U~~16'l'U 
'1J. bn~bbfl?I aan'Bblil'U;'U~fl'U bbfl~bn~bbtl?l1~1~1blil'U~~1'U1f) 

fl. Ln~ Lbn?laa n'Sb lil'U;'U~~1'U1 m vi1i!'U Vl~mn~ Lbn?f 1~ 1mL lil'U;'U~~16'l'U b vi1i!'U 

.:i. ~.:i?la-:1~1 bn~bbn?11~1~1blil'U;'U 
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li'1 b 'nl'la.:im1LnrnLn?1 H2 hJ1-U'tJ1~ 1CJ'11tl b 11fl11\?iavimn'U 

bbtl?lb i1~~11Yl.Yh1~ 

A B 

HCl(aq) 

,, ,, 
n. oif1 A b vJ1tJ'U 

"' ,, 
'1l oif 1 B b vl1tJ'U 

fl. 1~~.:!~1 A bbfl~ B 

.:i. ~11~m~ 

b~11~ ........................................................................................................................................... . 

27. (m1"1boLJ1 h) lil1nm1~'U faV1~~1tJm~bb?11 Ylvh~.:im~ ?1116'l~mtJfo~n 1 'V1116'l~lil~bfi~m1 

b tJ~ tJ'Ubb tJfl.:iacJ1.:i 11 

Zn 

d 
+ bb'U\9lb\9181 -

...-1----~-.... 

2+ 
Zn (aq) 

bbfl 1 Vl~ 

Fe 

n. hhn~m1btJ~tJ'UbbU6'l.:!;'U 

'lJ. faVl~~~1bbfl 1 'Vl~'U1.:Jfl.:lf1l1b~"1 

fl. faV!~~~1bbfl 1 'Vl~Vl'U1;'Uf1l1b~"1 



n. Fe b~Bb~n\9!1B'Wlbrl~1'rn:::mc.1 vh1~n~m.J U1\l!;M 

•1.1. Fe foab~n\9!1B'LJ'11n~11i;:i:::i;nc.1 bbi;:i:::1~~ib~n\9!1B'Wbbn Zn 

fl. Zn
2
+ ~UBb~n\9!1B'ubn~blJ'W Zn irnm:::vi'11~Vl'W1~'W 

\I. Zn
2

+ 1~Bb~n\9!1B'WbbnLi;:t'V!::: Fe vi'11~Vl'W1~'W 

.,j 

+ bbU\9lb\9lel1 -

LLBLu~ LLflb'Vl~ 

Zn l'l~tl 
" 

2+ 
Zn (aq} 

'" nw1 B i1·u";;udv,;1 

n . .fl1'W A nu C 

fl. .fl1'W B nu C 

"lJ. .fl1'W B nu D 

\I . .fl1'W A nu D 

• 
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b'W11::: ............................................................................................................................................ . 



d 
b'Vl\91t:.J6'1Vl\91BU b ~11::: 

' 
n. 16'l'Vl:::vi1otl'tla\ln'U1(;mm1~'U1au~a'li1rh~mii. 'W~1m\911~1'U~1n1116'1Vl:::~b 11'1::: .... 

~)b~n\911a'U1~~n11 Zn 
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\I. 1m~:::ffi otlDB\lfl'U 1viCJn11~'U1eJU~eJ\liJ~1~ nCJi. 'W~1~1\911~1'Ub vi1n'UflU 16'l'Vl:::~b 11'1::: 
"' 

30. (m11 bm1:::'V1) 1mm 1 -tlvim1'1tl11~~'U~v11~1m VI~ n'11b '1J1~a\lm11Vfviatl1?11m1ti1otl\11'W1~ 

m'W 61 1vimnvim1t:.Jn~a'UV1~a~nn~a'U'uaCJ~?fvi ~\11tJ I ci , 'U 

x 16'1V1::: x ~b~an1m~ri11bu'U.rra1vi~a1ud 

d 
b 'Vl\91t:.J6'1Vl\91BU b ~11::: 

' 
n. i1~1~nCJi.'W~1m\911~1'U~1n11 '1:::1Vf~b~nma'W1~~n11 

"' 



II d 0 Q,I &:i d 
"llel'Vl fil1fl'U"ll'U'Vl 1 

1 fl 

2 14 

3 'IJ 

4 ..:i 

5 'IJ 

6 14 

7 fl 

8 

9 

10 fl 

11 

12 

13 

14 

15 

140 

0 Q,I &:i d 
fil1fl'U"ll'U'Vl 2 (b'Vl~t:Jfil) • 

bYrn~ ilm1ci1v 1e:i'UBb~fll?l1e:J'Ubn~~'Ub~eN"il1flrl1~flv1 vHh 

1l11?11~1'U'IJe:J..:J 1mlf~ Zn ilri1~1fl';h1e:ie:ie:i'U'IJe:J..:J 1~rv'I~ b 'U?l11'1~mv v1'1 .. 
1 ~ 1 .,.. ~ .., 2+ 1 .. lJ 2+ 0 Vl f!Vl~ Zn Vle:Jbf!fll?l1e:J'Ufl'U Cu 'U?l11'1~mv bfl~b 'U Zn Vl1 

1 ~ I 2+ V "" ~ "" lJ Vl f!Vl~ Zn fl1e:J'U'U1..:J'1..:J bbf!~ Cu 1'Ue:Jbf!fl~1e:J'Ubfl~b 'U Cu 1J1 

bm~ffim'I~ Zn v1'11~?111'1~mvil~"il1..:J'1..:J 

fl 

b'Vj11~ 6/M~ 1 ~flv1~vh1l1m~1'U'IJe:J..:J1'1Vl~ilri11J1flfl111e:ie:ie:i'U'IJe:J..:J 
' .. 

fa'Vl~ b 'U?l11'1~mv bbf!~'IJ~~ 2 ri1~flv1 ~Vl11J11?11~1'U'IJe:J..:J faVl~ 
' .. 

b vi1nu 1e:ie:ie:i'U'IJe:i..:i 1mlf~ b 'U?111'1~mv~..:i bJbn~m1ci1v 1e:i'UBb~fll?l1e:J'U 

bbfl~ hJ bfl~ fl11b 'IJ~V'Ubb 'l.Jf!..:J 

14 

14 

.,j I 1 1 2+1 I 
b'Vj11~b1Je:J"il1J f!Vl~ Zn '1..:J 'U?l11'1~mv Cu f!Vl~ Zn "il~fl1e:J'U'U1..:J 

' 
.,j 1 .,.. ~ ., 2+ 1 .. lJ 2+ 

'1..:Jb'Ue:J..:J"il1fl Vle:Jbf!fll?l1e:J'Ufl'U Cu 'U?l11'1~mv bfl~b 'U Zn bbf!~ 

Cu 

fl 

b'Vj11~ 1'1Vl~ Mg ilri1~flm~Vl1mmji1'U~1~~~ bde:i~1l1'LI 

?111'1~mv HO "il~bn~'\.Jnn~m1e:i..:ib~?I~ 1~Bb~fl1?11e:i'U1i;l~~?I~ 
';,.J ' ' 

.:::t. ~ ~ d 
bbf!~bflmbfl?I H2 'IJ'U1J1flVl?I~ • 
fl 
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., ..; O CV ~ .d ocvGJi.d 
'llfl'VI i'l1~'U'll'Ll'VI 1 i'l1~'U'll'Ll'VI 2 (b\.1Vle.Ji'!) • 
16 fl 

1 .,j :; 1 1 11.,. ~ I 2+ 0 1 ii 
LYrn~ ~V!~ Zn 'V16ll1bbe:J 'Ulil V!m~flV!je:J'lJLbfl6'11'rn~mtJ Cu Vl1 V! 

~ 2+ ~ 
flmmtl'W Zn e:itJ 'W6'11j~~mtJ 

" 
17 \I 

2+ d v 1 v ~ ~ 1 0 

b'Wj1~ 6'11j~~mtJ Cu 'V16ll1bbi'il VJliljUe:JL~fl~je:J'U"il1fl ~V!~ Zn 'V11 

1-H'LnlilbU'U Cu ~1bfl1~~~1bbi'il 1 Vllil 

18 \I fl 

19 i'il i'il 

20 i'il b'Wj1~ Mg iJmj1-H'BL~flme:i'Wv111-H'L~6lle:ie:ifl~Llilim~~:fi'U ~\ILU'U 

~1bbe:J folil ~1'U Fe 
2

+ -ruBb~fl~je:J'U L~'Ue:Je:Jfl~blili'W~lil~\I ~\lbU'W~1 
bbi'il b 'Vllil bliltJ~1bbe:J b 'Ulil"il~b~tJ'U 11V11\1~1tJ6lleN6'1~'W1'ULfl~e:J (II) bb~~~'U 
Mg nu Mg 

2
+ Ji'1tJ (I) ~1'U~1bbi'il b 'Vllilb~tJ'U HV11\16ll116'1~'W1'Ubfl~mb~~ 

~'LI Fe
2

+ nu Fe ~1tJ (I) ~1~~1~U 

21 \I fi1~fltJb ~V116lle:iw1rn~ E
0 cellV111Ji'"il1flA11~~~~'U5~\lif 

E
0 
cell = fi1~fltJb ~V11~~1bbi'il b 'Vllil - fi1~fltJb~V11~~1bbe:J folil 

E
0
cell = ~1~mJl~V11~~1 Ag - ~1~fltJb~V11~~1 Mg 

= +0.80V - (-2.36V) 

= +3.16V 

22 i'il b 'Wj1~:Wfi1~fltJb ~V116llm L61J~~mn~6'111l 
' 

fl1~fltJb ~V116lle:J\lb61J~~ E
0 
cell V111Ji'"il1fli'il11~~~~'U5~\lif 

E
0
cell = fi1~ntJ1~V11~~1bbi'ilbVllil - fi1~ntJ1~V11~~1bbe:Jfolil 

= +0.80V - (-2.36V) 

= +3.16V 

23 i'il fi1~ntJ1 ~V116lle:J\lb61J~~ E
0 cellmn~~lil~\lif 

E
0 
cell = fi1~ntJ1~V11~~1Lbi'il1 Vllil - fi1~mJl ~V11~~1LLB 1'Lil1l 

= +0.40V - (-2.36V) 

= +2.76V 

24 6lJ L 'Wj1~fl1jbbtJ mi1J11 tJ m~ bb6'11~V11mj~e:i.ff11 ~V11L .LJ1nu 1 ~~1 

m~Lb?l~j\J bliltJ 1~V!~m.ffv11~11~V11~~~\11'U6'11j~~mtJBL~n1 VJj1~1?1 
' 

(H 20) b~tJ1n'U 



142 

...... 0 Q.I :I- d 0 CV ~ d 
"llv'VI ~1~'U"ll'U'VI 1 ~1~'U"ll'U'VI 2 (b'Vi~~~) 

25 fl fl 

26 "ll b'Vfn:::.fr116'1Vl::: B btl'U.fr'Jbbfl 1 Vl~lVl~B-fr1mJ 1~~-r'lJBb~flV11B'UVh1~ 

bfl~bV'Ubbn61 H2 vr~m.Jfl11 2H20(l) + 2e- ~ H2(g) + 20H-(aq) 

27 fl fl 

28 ~ b'Vj11:::~.fr1LLB1'W~Ltl'UfaV1::: Zn vtl.ff"lJ'lJ zj~lil:::iim11~Bb~flV11B'Uvl1 
' 

1~Lii~fl11fl~B'Ubb6'l:::flmmtl'U Zn 
2
+ ~1'U~1Lbfl 1Vl~Ltl'U16'1Vl:::~ 

I.I di ~ ..J ~ d 2+ 1 
VIB~fl11"1J'lJflBVl:::'LibVi6'lfl(Fe) 6/l~lil:::Vl'U1"ll'Ub'UB~lil1fl Zn 'U 

' " 
61116'1:::6'11~-r'lJBL~flV11B'Wbfl~b lJ'U Zn m bfl~ B'lJVl~B"lJ'lJ~t'l:::Ub VI~ fl 

' " 
vh 1 ~Vl'W1~'U 

29 fl fl 

30 fl ~ 



fl1flll-lt.nn -:i 

bbuuae>ufl1:1.Jfl11:1.J.W-:icwe>11i1eue>-:itl'm~eJt.1~ij~e>nliln~~:1.Jb~eJt.1~ b~e>-:i 1rJ-W1bflij 
\I 
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bb uufleiu m:1Jfl11:1J~..:ivrn 1~ 

"llv..:itl'm~fl'IJ~i'.i~ein~n-a';i:1Jb~fl'IJ~ b~ei..:i hh~1bflii ~1£J1!"1:5'n-am';ib~fl'IJ~bbuuilubfl1:: s .ff'IJ 
'IJ ~ 'IJ 

~fl:IJ~fl1'1Jtl'U b 'Vlfl-Ufl'Vi1'1J1fl-~..:I bnl'l-B B'U1fl b 'IJ.rr'IJ"llfl1flfl'J1:1J~ 
'IJ 

';i::~um';ith::bn'IJ 5 "" i1m1ii?teifll°I~ ei..:i/b zjeiii 1cM/fl';jeJ'lJl°l~l.J/b 'Vlm~?tii :1J1n~fl~ m.rn.1m • • 
4 "" i1m1ii?teifll°I~ m/b zjeiii 1m/fl';jeJ'lJ l°l~l.J/b V1i11~?tii :1J1n V1i11cm..:i • 
3 "" i1m1ii?teifll°I~ ei..:i/b zjeiii 1CJ..:i/fl';jeJ'lJl°l~l.J/b 'Vlm~?tii tl1'1Jm11..:i 'Vll.J1CJtl..:J • 
2 "" i11°111l.J?lelfll°I~ ei..:i/b zjell.J bCJ..:i/fl';jeJ'lJ l°l~l.J/b 'Vll.J1~6'll.J cUBfl 'VliJlCJtl..:i • 
1 "" i11°111l.J6'lelfll°I~ ei..:i/b zjell.J bCJ..:i/fl';jeJ'lJ l°l~l.J/b 'Vll.J1~6'll.J cUBfl~fl~ 'VliJlCJtl..:i • • 

';i::~'l.Jn1';iU';i::bn'IJ 
';i1£Jn1';itl';i::bn'IJ 

5 4 3 2 1 

"' ... "' "' fl1'1Jn~n-a';i:1Jn1';ib ';jfl'IJ';j 
'IJ 

1. fi'OJm';jl.Jfl1';jb~CJ'W~i1fl11i1V1mnV1mCJ t11?t'W 1'0J bb~~ 
'IJ 

?t1l.J1';jt;nJ~llii1~'0J~..:i 

2. fi'OJ m';jl.J fl1';jb~ CJ'W~i1 b 'Vlm~?tii bb~ ~,r m~CJ'Wi1~1'W~1ii 1 'W fl1';j 
'IJ 

0 .. 

'Vl1fl'OJm';jl.J 

3. fi'OJ m';jl.J fl1';j b~CJ'W~~..:i b?l~ii 1 ~,r n b~CJ'W bfifl m~u1'W fl1';j~'\J 
'IJ 

b?t1~V111°111ii~'Vl1..:ii'VlCJ1P11?ti;i~ 1~tJ~'Li~'OJ~..:ibb~~?t';jtJ?t~1..:i 
'IJ • 

ei..:il°if111iiTI~~1CJ!Pl'Wbei..:i 
'IJ 

4. 1?tfleitJmru ~ei bb~~bb'Vlci..:ib~CJ'W~i1fl11iit11?t'W 1'0J •• 'IJ 

., ., .. 
'Vl~1fl'Vl~1CJ b'Vll.J1~6'll.Jfl'U'Wfl~CJ'W 

s. n1';jl'fle..1~ th~bi'l'We..1~ fl1';jn1V1'Wfl~'W..:i1'W 1m';j~..:J1'W .. ., ., .. 
l.Jfl11l.Jb'Vli11~6'll.Jfl'U'Wflb ';jCJ'W 

ii .tC:I ii "' 1 m i/QI 
fl1'Un1'H';ifl'IJ';ibb~::fl'J1:1Jb"ll1 ~'VI fl';j'lJ 

'IJ 

6. fi'OJm';jl.Jfl1';jb~CJ'W~vh 1 ~i!m~CJ'Wb .U11'0Ju'Vlb~CJ'W b tieiV11bfli1 
'IJ 

1~~1CJ~'W 
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5 4 3 2 1 

., 
?f~n11 61qJ~fl~tU'Vl1-:JbAi1mn~'U 

13. n-;;im1~m1b~CJ'UTI 'U11CJi"ll1bAi1i1A11~~1ri'run'U m1 
'IJ ., 

~1b'Ll'W~1~1 'WiJ-;;i-;;iu'U 
' 



.n1fl~'U1n '1 

flN.f11'W6tleJ.:J bfl~el.:J~el~b m 'U.:J1'U1lijEJ 
~ 
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·--

1P11"a1.:i.vf li!.1 i: .. mm"ath::aih..1bb~'l.Jm"a:5'~m"ab~V'IJ~b~ei.:i 1 ~oW1bflij ~1£J1'fl:5'mm"ab~V'IJ~bb'IJ'IJ 
v ~ v 

ilrn~1:: s ~u ~~~~~1unrn 'Vlflilfl'Vi'1u1v-~.:i bn1P1-ei5u1v lu~u"llv1vfl1111~ 
a1vii'utl'm~vu,1u3!5v11f1m~nt1.vf 6 "llv.:J~b~v1'!11ru 

1.1 ?feJ~fl~eJ.:Jtl'U 

'1~tl1~?1.:iiol fl1'H°1ti'WTI 'W 
' " 

" 1.2 ?feJ~fl~eJ.:Jtl'UbtiffVl1 

1.3 ilm1ii-a'~L'1'W 

b~11'1~1tJ 

" 2.1 ?feJ~fl~e:i.:inrn tie:ivn 

2. 2 ti 1'1.flffi .Uil m1ii 

-rr~b'1'Wb~11'1~1tJ 

2.3 ';i~'lft''l~~fl';i';jl.JVJ 

~eJ.:Jfl111~1~e:i~1.:i-a'~b'1'W 

3. bileivi1 

3.1 L'Vlill~?tiinunm 

3.2 lJfl11iltJ1fl~1tJ 

'V'lelb'Vlill~ 

3.3 t11?1tJ1'ii1LL"1~Lll'W 

tl1~ 1ti'lltl~m:rm°1ti'W 

4.1 ?feJ~fl~eNtl'U 

'1~tl1~?1.:ifi'm1L°1t1'W~ 
' " 

d 
fl'U'Vl 

1 

5 

5 

5 

5 

4 

5 

5 

5 

5 

5 

5 

d 
fl'U'Vl 

2 

4 

5 

4 

4 

5 

4 

5 

4 

5 

5 

4 

d 
fl'U'Vl 

3 

5 

4 

4 

5 

5 

5 

4 

4 

4 

5 

4 

v ., 

d 
fl'U'Vl 

4 

4 

5 

5 

4 

4 

4 

4 

4 

4 

5 

5 

d 
fl'U'Vl 

5 

4 

4 

4 

5 

4 

4 

4 

5 

4 

5 

4 

' "' fl1bil~fl 

4.4 

4.6 

4.4 

4.6 

4.4 

4.4 

4.4 

4.4 

4.4 

5 

4.4 

v 
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i;nn:i~ 1i!.1 e.i~m-ath::bil'Llbbe.J'L!m-a:5'~m·H'ia'Ll~b~B.:i 1 v.J-W1Lflii ~1a1.n:5'mm-ab'ia'LI~ 
~ ~ ~ 

Lb uuil'Uba1:: s .ff'LI e.imma1'L!n'Ub 'Vlflilflvi1'Ll1a-a.:i Lni;i-v5u1a 1 'LI.ff 'Ll"!Ja1afl11~~ 

4.3 fl"ilfl11l.Jfl1'H~f.Jt! 

m1?1€Jt1Lllt11 tJmmhti1u 

~t11?lt1t1"il1n~1EJ 11.JEJ1n 

4.4 fl"ilfl11l.Jfl11 

L~f.Jt!~ci~ bG'l~lJ b ~,Jn b~f.Jt! 
'U 

1vi'vi 1~1t! fl~lJ~1lJ flt! 
' 

JI "" 
b'UeJVl1~1°1t\J.fl1'W 

' 

d d d 
fl 'LI 'VI fl 'LI 'VI fl 'LI 'VI 

1 2 3 

5 4 5 

5 5 4 

5 4 4 

d 
fl'Ll'VI 

4 

4 

5 

5 

d 
fl'Ll'VI 

5 

4 

4 

4 

' ' .. 
fl1bu~a 

4.4 

4.6 

4.4 

5.2 ~eJl°111~VllJ1V1~ 4 5 5 5 4 4.6 

il?lblil'U 

tJ-a::bii'Lle.J~ 

6.1 61eJl?ll°l~eJ~tl'U 

lill?l'lh~61~Afl11b~V'U~ 
' 'U 

JI 
b 'Uff\111 

6.3 bb'U'U'Vll?l61eJ'U 

D1~~1~1?1n1Un11~n11 
' "" ., b )EJ'U) 

'U 

5 4 4 5 4 4.4 

5 5 4 4 4 4.4 

5 5 4 5 4 4.6 

4.89 4.50 4.39 4.50 4.17 4.49 

~ 

bb tJ~fl11~V1~1a 



~1'a1~~ '1.2 e..mm-a1Lfl-a1::~fi1fl11:1.1mn~1v (P) fi1e11'L!1'1~1LL'Wn (r) fi1~"llilfl11:1.1 

file:J~fltlel~ (IOC) "!Jel~LL 'U'U'Vl~file:J'U1~fl"J1a.JL'ti'11'1:1.J b 'W:l.J~1'VIV1f11fil~1 
L~el~ 1vh~1Lflii 

II cl 
IOC LL'lhU.J~ p m.J~e..m utl~i:rn 

LL tl~t:rnfJru.n1cw 
"!Jel'Vl r 

II 

"!Je:Jfiltl'U 

1 1.00 
,, 

0.45 H1~ 0.56 1-ITT~ 1-ITT~ ?l -ew1 fl'1 eN 

2 1.00 
,, 

0.60 1-ITT~ 0.58 1-ITT~ 1-ITT~ ?le:Wtfl'1e:i-:i 

3 1.00 
,, 

0.58 1-ITT~ 0.45 1-ITT~ 1-ITT~ ?leJ~fl'1eJ-:I 

4 1.00 
., 

0.80 ?leJ~flG'leN 1-ITT~ 0.36 1-ITT~ 1-ITT~ 

5 1.00 
,, 

0.76 1-ITT~ 0.42 1-ITT~ 1-ITT~ ?leJ~fl'1eM 

6 1.00 
,, 

0.53 ?leJ~fl'1eJ-:I 1-ITT~ 0.55 1-ITT~ 1-ITT~ 

7 0.80 
,, 

0.80 1-ITT~ 0.66 1-ITT~ 1-ITT~ ?leJ~fl'1eJ-:I 

8 1.00 
,, 

0.57 1-ITT~ 0.47 1-ITT~ 1-ITT~ ?leJ~fl'1eJ-:I 

9 1.00 
,, 

0.33 ?leJ~fl'1eJ-:I 1-ITT~ 0.80 1-ITT~ 1-ITT~ 

10 1.00 
,, 

0.80 1-ITT~ 0.40 1-ITT~ 1-ITT~ ?leJ~fl'1eJ-:I 

11 1.00 
,, 

0.50 1-ITT~ 0.49 1-ITT~ 1-ITT~ ?leJ~fl'1eJ-:I 

12 1.00 
,, 

0.27 1-ITT~ 0.48 1-ITT~ 1-ITT~ ?leJ~fl'1eJ-:I 

13 0.80 
,, 

0.66 1-ITT~ 0.49 1-ITT~ 1-ITT~ ?leJ~flG'leJ-:1 

14 1.00 
,, 

0.47 1-ITT~ 0.47 1-ITT~ 1-ITT~ ?leJ~fl'1eJ\l 

15 1.00 
,, 

0.57 ?leJ~fl'1eJ-:I 1-ITT~ 0.55 1-ITT~ 1-ITT~ 

16 1.00 
,, 

0.67 ?leJ~fl'1eJ-:I 1-ITT~ 0.36 1-ITT~ 1-ITT~ 

17 0.80 
,, 

0.73 ?leJ~fl'1eJ-:I 1-ITT~ 0.48 1-ITT~ 1-ITT~ 

18 1.00 
., 

0.60 1-ITT~ 0.48 1-ITT~ 1-ITT~ ?leJ~fl'1eJ-:I 

19 1.00 
,, 

0.73 ?leJ~fl'1eJ-:I 1-ITT~ 0.41 1-ITT~ 1-ITT~ 

20 1.00 
,, 

0.62 1-ITT~ 0.60 1-ITT~ 1-ITT~ ?leJ~fl'1eJ-:I 

21 1.00 
,, 

0.57 1-ITT~ 0.41 1-ITT~ 1-ITT~ ?leJ~fl'1eJ\l 

22 1.00 
,, 

0.63 ?leJ~fl'1eJ-:I 1-ITT~ 0.38 1-ITT~ 1-ITT~ 

23 1.00 
,, 

0.78 1-ITTJl 0.51 1-ITT~ 1-ITT~ ?leJ~flG'leJ\l 

24 1.00 
,, 

0.64 " el~ fl '1 eJ\l 1-ITT~ 0.30 1-ITT~ 1-ITT~ 

25 1.00 
,, 

0.51 ?leJ~fl'1eJ-:I 1-ITT~ 0.37 1-ITT~ 1-ITT~ 
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~111.:i~ '1.2 e..i~m11Lfl11::~fi1fl113.Jf.11n41t1 (P) fi1e11'L!1'1~1U'l.Jn (r) fi1~6lfilfl113.1 

t'le:J~fl~e:J.:I (IOC) '!Je:J.:ILL 'U'U'Vl~t'le:J'U1~fl113.JLiJ1 b'13.J b 'L!3.1~1'Vlti1fil1t'I~{ 

L~e:J.:I 1 'VJthLflij (~e:J) 

II cl 
IOC LLU~e.J~ p m.J~e..i~ LLU~e.J~ 

LL tl~e.J~flWl'l1'W 
'!Je:J'VI r 

II 
'!Je:Jt'le:J'U 

26 1.00 
,, 

0.67 1mv'1 0.37 1mv'1 1mv'1 61 eWl fl i;:i eJ.:i 

27 1.00 
,, 

0.51 tmv'1 0.40 1mv'1 tmv'1 ?1e.w1rim:i.:i 

28 1.00 
,, 

0.27 1mv'1 0.52 1mv'1 tmJ1 61€Wifli;'lel-!l 

29 1.00 
,, 

0.67 tmv'1 0.38 1mv'1 1mv'1 61eJ~fl(leJ-!J 

30 0.80 
,, 

0.64 tmJ1 0.39 1mv'1 1mv'1 61eJ~fl(leJ-!J 
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151 

. ... 
~eim'a~~n1'ab~EJ'Ll~b~v-!l 1'¥l~1bflij ~1a1'.n~mm'ab~EJ'Ll~bb'U'Ui'trna1::: s "li'LI v ~ v 

t:Ja:1Jt:Ja1'Llnu b 'Vlflilflvl1'Ll1a-liY-!! bn1P1-ei5u1a 1 'LI.ff 'Ll'!la1afl11:1J~ 
v 

fl'LI~ fl'LI~ fl'LI~ fl'LI~ fl'LI~ LR IOC 

'Vlmn'Vlmti '111?1'Wh bb~:::?l1:W1'Hl 

'll5tr~1~~~-:i 

2. n~m1:wn1'H~tJ'U~iib'Vlm:::?1:W 
" 

bb~:::-U n b~ ti'Wii611'U~1:w 1 'W m1v11 

n~m1:w 

3. n~m1:Wn11b~tJ'U~61\lb?l~:w1~ 
" 

QJ .::::ii .::ii. odii 

'Un b 1timn~ m:::u1'Um1?1u b?11:::V11 

rrn:wi'Vl1-:ii'Vlti11'11?11P111~'1.J5~~~-:i 

bb~:::?11'\J?1~1-:iei-:iflm1:wn~~1ti\Pl'Ubv-:i 
' " 

1 

+1 

+1 

+1 

4. 1?1~ei'\Jmru ~ei bb~:::bb'Vl~-:ib~ti'U~ + 1 
'' " 

lirn1:wt11?1'U h 'Vlmn'Vlmti b Vlm:::?l:w 

nu-Um~tJ'U 

5. m11~t:.J~ '\J1:::bil'Wt:.J~ m1 
,, 

fl1Vl'U~'8'U'l1'U /Jl11:::\l1'U iil"l11:W 

+1 

6. n~m1:wm1b~tJ'U~v111~-Um~tJ'U + 1 
" 

b oLJ11'Ju'Vl b~tJ'U b .Q' BVl1 bl"lffi~~1 tJ;'U 

+1 

QJ Q.I ' d ~ 
?I qi~ mm.1'Vl1-:i bl"l:w:w1 n61J'U 

8. n~m1:wm1b~tJ'U~-d1ti1~-Um~tJ'U + 1 
" 

2 3 4 5 

+1 +1 0 +1 4 0.80 

0 +1 +1 +1 4 0.80 

+1 +1 +1 +1 5 1.00 

+1 +1 +1 0 4 0.80 

+1 +1 +1 +1 5 1.00 

+1 +1 +1 +1 5 1.00 

0 +1 +1 +1 4 0.80 

+1 +1 0 +1 4 0.80 
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1P11-a1.:i~ 1\1.3 i:.J~m-atl-a:aih.!f111:1J6tB~f16"e:i.:i'tlB.:Jbb'U'U6tB'Uf11:1Jf111:1JW.:i'rle:ib1\l'tlB.:JUnb~CJ'U~ij 

l'ie:im-a~~m-ab~CJ'Ll~b~e:i.:i hh~1bf'lij ~1v1'.n~mm-ab~CJ'U~bbuuauba1:: s i'LI 
~ ~ ~ 

i:.J6t:l.Ji:.J611'Un'Ub 'Vlflilflvl1'U1CJ-~.:J bn1Pl-Bfi'U1CJ b 'U.ff 'U'tlCJ1CJfl11:1J~ ( lPlB) 
~ 

1 

9. n'1n11l.Jfl11b~CJ'U-d'rn1iX'l!m~mJ +1 

1~bbi;'lnbtl~CJ'U1°111l.Jfi~b~'Unu~~'U 

+1 

11. 'l!m~CJ'Ub~~~1'U~1l.J1'Urn-a1i~e:i +1 

e:itlmru bbi;'l~bb'Vl~\lb~CJ'UTIJ!e:i~1-:i~1ti-:i ' ~ 

w.:i'rle:i11\I 

12. fi'1n11l.Jfl11~~fl11b~CJ'U~ 
~ 

~1~tl1::~11''U 1Jl'1~\l 

13. n'1m1:1Jrn1b~v'Un 'U11v1'1J1 
~ 

bl°l~~1°111l.J~1rr~nurn1~1bti'U~1~1 'U 

'Li'1'1U'U 
' 

,, 
l.J1fl;'U 

15. fl11~~fi'1n11l.Jfl11b~CJ'U~bb'IJ'U 

ir m~CJ'U611l.J11tltJ1btltlfo1 m 'U 

11CJl'IJ1~'U 11Jl 

~ 

+1 

+1 

+1 

+1 

2 3 4 5 

+1 +1 +1 +1 

+1 +1 +1 +1 

+1 +1 0 +1 

+1 +1 +1 +1 

+1 +1 +1 +1 

+1 +1 +1 +1 

+1 +1 +1 +1 

5 1.00 

5 1.00 

4 0.80 

5 1.00 

5 1.00 

4 0.80 

5 1.00 
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fl1fl~tJ1n 11 

~~n1';i1bfl';i1~\.f ien.J~fl~bb 'W'Wfl11:t.J b i11'1:t.J b 'W:t.J~1'Vlti1A1~\9l{ b~e:i.:i 1 WW1bflii 
'II 
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m':i1.:i~ u.1 fl::bb 'IJ'IJP11111bii'1t"il11 b 'IJ11~1'Vlt11f11mw~"tle:i.:iirm~t1'1JrlB'Ub~t1'1Jbb~::V1~.:ib~t1'1J 

d 
b~"tl'Vl 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

. ~ 

b~B.:J 1 vh~1bflij ~1t11'!)~n':in1':ib~t1'1Jf bb'U'U~Ub~1:: 5 "fi''LI ~~11~~1'\Jn'Ub'Vlf'IUl"l 

vt1'1J 1 tl-~.:i bn vi-e:i 5u 1 tit 'LI .ff 'LI "ti t11t1fl1111 ~ 

fl::bb 'IJ'UrlB'Ub~tl'IJ 

(60 fl::bb 'U'U) 

37.00 

16.50 

12.00 

27.50 

16.00 

16.00 

14.00 

16.00 

12.50 

13.50 

21.50 

16.50 

10.50 

14.00 

20.00 

20.00 

28.00 

21.50 

29.50 

14.50 

23.00 

27.00 

34.50 

18.50 

26.00 

'U 

(60 fl::bb'IJ'IJ) 

49.50 

31.00 

34.50 

52.50 

44.50 

39.50 

33.50 

48.00 

44.00 

34.50 

41.00 

46.00 

43.50 

50.50 

40.50 

50.00 

48.50 

29.50 

53.50 

22.00 

31.00 

50.50 

51.00 

50.00 

49.00 

' 2 2 
(~~(;11.:J) D 

12.50 156.25 

14.50 210.25 

22.50 506.25 

25.00 625.00 

28.50 812.25 

23.50 552.25 

19.50 380.25 

32.00 1024.00 

31.50 992.25 

21.00 441.00 

19.50 380.25 

29.50 870.25 

33.00 1089.00 

36.50 1332.25 

20.50 420.25 

30.00 900.00 

20.50 420.25 

8.00 64.00 

24.00 576.00 

7.50 56.25 

8.00 64.00 

23.50 552.25 

16.50 272.25 

31.50 992.25 

23.00 529.00 



~1-a1~~ 0.1 fl~bb uuf111aJb ii'11'1aJ 1 uaJ~1V1t11f11~~{6llt1~tl'm~t1unt1ub~t1ubb~~V1~~ b~tiu 

b~B~ 1vh~1bflii ~1t11'n~n-am-ab~t1uibb uu~ub~1~ s .ffu ~~:lJ~~1unrn'VlfliJfl 
vi1u1t1-~~ bn~-t1fiu1t11 u.ff u6llt11t1f111:lJ~ (~B) 

'U 
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..; 
b~6ll'VI 

' )2 2 (~~~1~ D 
(60 fl~bb'l.J'l.J) (60 fl~bb'l.J'l.!) 

26 14.00 45.00 31.00 961.00 

27 12.00 38.50 26.50 702.25 

28 11.00 46.50 35.50 1260.25 

29 20.50 45.50 25.00 625.00 

30 11.50 45.50 34.00 1156.00 

31 17.50 51.00 33.50 1122.25 

32 25.00 53.00 28.00 784.00 

33 18.00 49.50 31.50 992.25 

34 23.00 43.00 20.00 400.00 

35 31.50 45.00 13.50 182.25 

36 18.00 42.00 24.00 576.00 

37 20.00 52.50 32.50 1056.25 

38 15.50 34.00 18.50 342.25 

39 31.00 46.00 15.00 225.00 

40 21.50 43.50 22.00 484.00 

41 9.00 11.00 2.00 4.00 

42 28.00 50.00 22.00 484.00 

43 12.50 29.00 16.50 272.25 

44 16.50 43.00 26.50 702.25 

45 12.00 38.50 26.50 702.25 

(X) 19.42 42.67 

SD 6.94 8.94 

t-test 19.08* 



~1'31.:J~ u.2 fl::bb 'L.!'L.!fl113Jb<yj'11'13J 1 'Wll~1V1t11A1a~{"!.lei.:Jtl'm'it1'L.!riei'L.!b'it1'W b~ei~ 1 v.JV11 bflii 

~1t11'{l~n-am-ab~t1'Wf bb uu~rna1:: s ~'I..! ~a3.1~a1'L.!nrn 'Vlflilflvi1'L.!1t1-fl'~ bn~
ei5u1v L'U~'U"!.lt11t1fl113J~ bbt1Ml1~H'iieivn 

'U 
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fl113.1a13JTH1 L 'W 
d ... " n1'3"tl'U fa'Vl::bb~:: 

"" t1~n~t11 
0 ' b6ll~~n~11'l.!n n1'3bbt1n'L.!1 

nT~uei~n'L.! d "" d """" d d 

~1t11v.JV11 b~"!.l'VI -a~rnn6ll n1'3'3fl16llbb~:: bb~::b6ll~~ 

eiein~1fld(10) ~~1~(18) 
m-a~n~ei'U 

(18) (6) ' 
15bbfl 1 VJ~n (8) 

1 10.00 4.00 10.50 5.00 7.50 

2 2.00 2.00 7.00 4.00 1.50 

3 4.00 o.oo. 2.50 2.00 3.50 

4 10.50 1.00 5.00 3.50 7.50 

5 7.50 0.00 2.00 4.00 2.50 

6 6.50 2.50 4.00 3.00 0.00 

7 8.00 1.00 3.00 2.00 0.00 

8 5.00 3.00 7.00 1.00 0.00 

9 2.00 2.00 3.00 3.00 2.50 

10 4.50 4.00 4.00 1.00 0.00 

11 8.00 4.50 6.00 2.00 1.00 

12 6.50 0.00 6.00 3.00 1.00 

13 3.00 1.00 3.00 2.50 1.00 

14 5.00 1.50 3.50 2.00 2.00 

15 8.00 2.50 3.50 2.00 4.00 

16 6.50 3.00 3.00 2.50 5.00 

17 6.00 4.00 6.50 4.00 7.50 

18 2.50 2.00 7.50 4.00 5.50 

19 13.00 4.50 3.00 4.00 5.00 

20 4.50 2.00 4.00 3.00 1.00 

21 6.50 3.00 2.50 4.50 6.50 

22 5.50 5.00 5.50 4.50 6.50 

23 15.50 4.50 5.00 5.00 4.50 



\911"51.:I~ 0.2 fl~bb 'IJ'Llf\113.Jb 'li'1 b\13J b 'IJ3J~1'VIV1fl1~\0l{"!Jei.:ium~V'LlriB'Ub~V'IJ b~B.:i 1 v.J~1bflij 

~1V1'!]i5'n"5n1"5b~V'Llibb'IJ'U~Ubm~ 5 ~'LI e..1~3Je..1~1'1Jtl'U b 'Vlf1Ufl'Vi1'1J1V-~.:I bn\91-

eJ5'U1V b'IJ~'IJ"!JV1Vfl113Ji bblln\9113Jbdm.'f1 (~B) 
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tl~n~V1 fl113J~13J1"5t1 b 'IJ '., ... n1"561J'U faVl~bbf;l~ 
"" 0 • b6llf;lf;lnf;l11'L!n n1"5bbVn'L!1 

d "' ' "'"' ' ' ~1Vbv.J~1 
m'lilei.:in'LI 

bf;l"!J'VI wmn6ll n1"5"5~16llbbf;l~ bbf;l~b6lJ(;l(;l 

eieintij1~~(10) e..if;lb~(18) 
n1"5e.Jn~B'IJ 

(18) (6) • 
15bbfl b 'Vl~n (8) 

24 4.50 3.00 2.00 4.50 4.50 

25 9.50 3.50 4.00 4.00 5.00 

26 5.00 3.00 2.00 2.50 1.50 

27 4.50 2.00 2.00 3.00 0.50 

28 5.00 2.00 2.00 1.00 1.00 

29 8.50 3.50 5.50 1.00 2.00 

30 1.50 3.50 3.50 2.00 1.00 

31 7.00 4.00 5.00 0.00 1.50 

32 12.00 2.00 3.50 3.50 4.00 

33 6.50 1.00 7.50 1.50 1.50 

34 9.50 0.50 3.00 3.50 6.50 

35 14.00 4.00 4.50 3.00 6.00 

36 6.00 3.00 3.00 2.00 4.00 

37 8.50 2.00 6.00 3.00 0.50 

38 6.50 2.00 2.00 4.00 1.00 

39 11.50 3.00 6.50 2.50 7.50 

40 9.50 2.50 6.50 2.00 1.00 

41 3.00 2.00 2.00 1.00 1.00 

42 10.00 2.00 7.50 3.00 5.50 

43 3.00 2.00 2.00 4.00 1.50 

44 7.00 0.00 0.50 3.50 5.50 



m'l1.:t~ Q.2 Ft::bb'IJ'1Jfl113Jbi1l"i13J1 u3.1~1'Vlt11fll1~~{"tleN'l1m'it1'Wriv'Wb'it1'W b~v.:i 1vh~1bflij 

~1t11'ni5'n'lm'lb'it1'Wjbb 'U'U~rn~1:: s .ff 'l.J t:-J~3Jt:-Jm'Wnrn 'VIFtiJFt'Vi'1'1.J1t1-li1'.:i bn~
ei6'U1t1 L'lJ.rr'lJ"tlt11t1Ft11:JJj bbt1n~13Jb'ilv'Vl1 (~ei) 
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. ., ... n1'l"!J'U 1~'Vl::bb~:: 
t1~mt11 fl113.1~13J1'lril'l.J "" 0 • b~~~n~11'Wn n1'lbbt1n'l.J1 

m'luv.:i n'W d .. • """" • • ~1t11vJVh b~"tl'VI wmn~ n1'l'l~1~bb~:: bb~::b~~~ 

eiein~1~'6i(10) t:-J~b~(18) 
n1'lt:-Jn~v'W 

(18) (6) • 
15bbfl 1 'Vl~n (8) 

45 2.00 3.00 6.00 1.00 0.00 

(X) 6.78 2.46 4.30 2.82 3.07 

SD 3.32 1.32 2.09 1.23 2.49 



IPl1~1~~ u.3 fll::bb 'IJ'1Jfll1111b 'thl<il111 '1J11~1'Vlt11f11~1Pl~'!IB~Um~t1'1J'Vl~~b~tl'IJ b~B~ 1 w.W1bfllii 

~1t11'!J~mm~b~t1'1Jlbb uui\lrnm:: s .ff 'I..! ~~11~~1'1..!nrn 'Vlfllilfllvi1'1J1t1-tl'~ bn1P1-

e:i6u1t1 L'IJ-ff'IJ'!lt11t1fll1111~ bbtlnm11bile:iV11 ... 

d., 

n1~"U'U 1f;:l'Vl::bbf;:I:: fl11111m111~t1 b6llf;:lf;:lnf;:I "' t1ljn~a1 
0 • 

1'1..!m~~~h~ "' 
m~bbt1n'IJ1 

d .. d 
11'1..!nbbf;:I:: 

~1t11w-W1 
m~ue:i~n'IJ 

bf;:l'!J'VI ~~Bn6ll 
"'1 d d 1" n1~~n~B'IJ bbf;:l::e:ie:in6ll ~~ b6llf;:lf;:l~f;:I 11 

(18) (6) • 
(10) (18) 15bbfll 1 'Vl~n (8) 

1 16.00 10.00 12.50 5.00 6.00 

2 8.50 4.00 8.00 5.50 5.00 

3 10.00 7.00 10.50 3.00 4.00 

4 14.50 10.00 16.00 5.00 7.00 

5 16.00 9.50 10.50 5.50 3.00 

6 15.00 9.00 10.50 3.00 2.00 

7 15.50 6.00 9.50 2.00 0.50 

8 13.00 10.00 16.00 5.00 4.00 

9 16.50 6.00 12.50 5.00 4.00 

10 11.00 7.00 9.50 4.00 3.00 

11 16.00 8.00 12.00 2.00 3.00 

12 16.50 10.00 11.00 5.50 3.00 

13 16.50 9.50 10.00 5.00 2.50 

14 16.50 8.00 16.50 5.00 4.50 

15 11.50 7.00 13.00 4.50 4.50 

16 17.00 10.00 10.00 6.00 7.00 

17 18.00 9.00 11.50 4.50 5.50 

18 8.50 6.00 9.50 2.00 3.50 

19 18.00 8.00 17.00 5.50 5.00 

20 7.00 7.00 5.00 3.00 0.00 

21 9.50 6.00 9.50 3.50 2.50 

22 16.00 9.00 15.00 4.50 6.00 

23 17.50 8.00 12.50 6.00 7.00 
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-.. 
~1,-1.:i~ u.3 fl::bb 'Ll'Llfl1111b'ti11'1111 'Ll11~1'Vlt11fl1~~i"!lei.:ium~a'LIV1i;r.:i b~a'LI b~ei.:i 1vh~1 bflii 

~1a-fn1ij'mm,-b~a'Lljbb uui1rn~1:: s .ff 'LI e..i~11e..i~1'Llnrn 'Vlflilflvi1'Ll1a-~.:ibn~
e:iGu1a 1'Ll.ff'L!"!la1af11111~ bban~111bdeiV11 C~e:i) 

'IJ 

d., 

m,-"Hu 1~l'Vl::bbft:: fl1111~1111,.Cl b6llftftnft ., 
t1~ma1 

0 • 
b 'U n1 ,.~ ~'h6li 

... m,-bban'L!1 
d "' d 

11'1.Jmbft:: 
~ha1'V'lvh 

m,-\Jei.:in'LI 
bft"!l'Vl ,-~ein6l1 

bbft::e:iein&a1~~ d 121 m,-e..in~e:i'LI b6llftfle.Jfl 11 
(18) (6) ' 

(10) (18) 15bbfl b'Vl~n (8) 

24 17.50 7.50 12.00 6.00 7.00 

25 18.00 9.00 12.50 4.00 5.50 

26 17.00 8.00 10.00 5.00 5.00 

27 16.00 4.50 11.00 3.00 4.00 

28 16.50 10.00 9.00 5.00 6.00 

29 16.00 9.50 13.50 3.00 3.50 

30 17.00 9.00 10.50 4.00 5.00 

31 17.00 10.00 12.50 5.00 6.50 

32 17.00 10.00 14.00 5.00 7.00 

33 17.50 8.00 14.00 4.00 6.00 

34 14.50 8.00 13.00 4.00 3.50 

35 18.00 7.00 9.00 4.00 7.00 

36 15.50 8.50 8.00 4.00 6.00 

37 15.50 9.00 16.00 4.50 7.50 

38 11.00 8.00 9.00 5.00 1.00 

39 16.00 9.00 11.50 5.00 4.50 

40 16.00 8.00 12.50 4.00 3.00 

41 4.00 1.00 3.00 2.00 1.00 

42 14.50 9.00 16.00 4.00 6.50 

43 6.00 3.00 11.50 5.50 3.00 

44 16.50 8.00 10.50 4.00 4.00 
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~1';i1\I~ o.3 fl::bb 'Ll'Llfl1111bcij11li!111 'IJ11~1'Vlt11f11~~{t1ei\ltl'm~m..1~~\I b~tJ'IJ b~B\I hlw1 bflij 

~1t11'!]'1n';in1';ib~t1'1Jjbb 'U'Ui1rn~1:: 5 off 'LI ~~11~~1'1Jnrn 'Vlflilflv11'1J1t1-lil\I bn~

ei6'U1t1 1'Lloff'IJ"!ltl1t1fl1111! bbt1nm11btlei~1 (\Piei) 

dQ.I 

n1';i"ll'U 1~~::brn:: fl1111~1111';i~ b61l~~n~ ... 
t1~mv1 

0 • 
b '1Jn1';i~~h6li "" 

n1';ibbt1n'IJ1 
n1';i"Uv\ln'IJ d ... d 

11'1Jmb~:: 

~1t1lww1 b~"!J'Vl ';i~Bn&/:I 

bb~::eieintijl~~ d 111 
b&/:I~~~~ 11 n1';i~n~B'IJ 

(18) (6) • 
(10) (18) 15bbfl 1 'Vl~n C8) 

45 13.50 9.00 12.50 2.00 1.50 
-

(X) 14.56 7.93 11.54 4.27 4.37 

SD 3.52 1.97 2.87 1.15 1.96 

' 
* i1tl't1611~qJVl1\l~~~vh~~'U .OS 
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.n1Vo1~ •iJ.5 n'<ilffl'jiJL'U,1ut=tj1.:ifiJ11iJ~1'j1'<iJLL~::f!uV11 (n) LL~:: ("U) n1'j~1a bv'UBL~n\;l'jv'U 

L'UL6l.l~~n~11\ln l~m!m~auijmn1.:1LL~'U eieimLutm~::vhm'j'Vl~~ei.:i~1a(;l'Ubv.:i 

Lllun~l.J • 



d ... ' 
fl1W'Vl "!1.6 n'iilm'nJ POE L'Wi'Ll~.:Jbn!Pl boWe:JAm~rn.l~ITTEJ1j!Ple:Jn6linTHhEJbe:J'Wih~n!Pl~e:J'LI 

t 'Llb6lf~~ti'~11iln 

fl1W~ "11.7 n'iilm~11tu.ffu6'11n'iilu~::fiu'Vl1 (n) u~:: ("ll) m~'Vl1n'iiln~~llbyje:ifin~Tt.l~n~EJ1 

j!Ple:in&lim~thEJ 1e:iu~b~n1P1~e:iut m6l1~~~~ l:ij' 
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