
., '; "" 
;.,;':Y' 

_e'-,",: 

.... .... JdI .... J 
1'11"Ul1'lfnn£l1fll1'1fl1flfl'Yl flW:1ntllfll1'1fl1 

.... v "" 

Vt.fl.2555 
d 



................................... .  

.,. 11J'Yl 00 4:qt{\'llm:muu ........................... .  

J .. ...0!B.....25.5.6 

DEVELOPING GRADE 11 STUDENTS' SCIENTIFIC SKILLS IN  

CHEMICAL KINETICS BY USING GUIDED-BASED INSTRUCTION  

NUTSUDA KLAHAN 

tI.qUtl"l 

». >l?1 
·····.. ..·..·..·..
•••••••• , •• "' ..... •••••••••"51•••••••••••••••••••••••••• •••••,. 

A THESIS SUBMITTED IN PARTIAL FULFILLMENT OF THE REQUIREMENTS  

FOR THE DEGREE OF MASTER OF SCIENCE  

MAJOR IN SCIENCE EDUCATION  

FACULTY OF SCIENCE  

UBON RA TCHATHANI UNIVERSITY  

YEAR 2012  

COPYRIGHT OF UBON RA TCHA THANI UNIVERSITY  



"'.., ...
U1111'fJrJ UUJ f,I'U1311" Ii1'" 

tAtyty1 1'fJrJ1ff1tTfl1U111'JJwan fI 

5 

l1fimtll1f1ij1 t tl'W 1m.:) 

- / 

......................... .... .. ...........................  
'1ft! )... 

...... a ..... ",.."." so ... "...... .. •••••••••• ........ •••••• ".", ••• """ •••• "" •• ".  

91' 0' c:v Q 

'\....-......................................................... .................................  

................... .... .. ...................  
 

V':) flll tll'lflflll  

ll'lffllm tlfJ'Ur;1l1'lf'fj TU  
2555  



fi 

o 4 1/ 0 d "l!1l11J1 tI , .c:I.ct Q.I 0'QJ Q.I 

.!1:1UV .. " 
tj,.Amn1'Y1fJl'il'rfu-fi' nfiliU11lffl1UU:i:1l'1 <1'j 

" 0 _IQI _I 4 4 Gf o.c:t.,Q t/ d.l" 4 11J14QJ

'II V U U::U 1 I U f11 lJ 1J lJl Hl V L U f11 'YI11'Y1 fl1U'rf U tl U! 1:1 a 1:1U ft1 Vft lJ Vft V . " " iU lVf111:1u 
0'... 0'... o''!!! ... '" 

'II V'll V U 'rf fliU n 17 VfliU:: 1 'YIV 1f1'l1:1m 1:11'11 11 'YI V1 fl'1 fffi 1:11 lJ'I111'Y1 V• 
1;,,ffl11lJ! llffl1mfi1:l1;'Uf11ni11'Y1tJ1i1'rfU -fi'vyt1:1lJV fffll'UU 

ri U (ff1:11'Y1.) ff'l7uff'4Uf11ni11'Y1V1i1'rfu-fi';'Uflf
iI Q.I 1" I,) .c:l Q,I Q.I fllIi!':J. 

U '11 1Vfi171 vu fliU:i:fll 
'!!! "I 1 ... ...I '" 0 '" "I "I "0 _ I"'! "I 0 ... ... 0',LU 
"'... ...1"1" '<!I "I q " q ,£!fflJV Vft VU 'YI L'I1fl11lJl1lJlJV L U !fiUl1U m ::1J1U fiU 

J.;JfI'1 Lt11.f1J;

" "'!tI.1 1 0' ... t. I .d ... .1 '"' ...... 0'''1tJ'ft'YI1V V'lfU 'YIlfift'llU1J1fifi17fI'fi1:l11'Y1fJ1U'rfUtl IU 

ijftl-lJnft1 fll 

"I !l/o=I '" "" '" ..:1ft <1'j L"Jft1Vfl11lJ'IIVUfJflHH 



'II  

v , 
'Uflflfltl6 

: 5 

"'" A Q QI""""" 1 1 91 !\,f'fW 'JJf11l!' fl'U f11'ffO'UU1.11J(;11J!ff1::'JJU 

: mfl'l11ty 

: 

(1) (2) vrWl'U1 

FoIn fflJ '1'1'1 'I'11.;j n l' fl'U un:: (3) flnll1fl11lJ.n.;j'W 0 1 11 'II 0 irn 11 fl'U 'H 11 fl'Ut1 1n l' 

fl11flij 1 {; fl'U iU1.11.1ff1.1lff1::;U'U::U'U 

511 33 fl'U ilf11'flnll12553 -

2554 One Group Pretest-Posttest Design 

.,rO\lntl,:: n 01.1 N.;jl FoInfflJq'l'1t 'I'11.;jn n 11 fl'U 11 1m, 
q ... .ct .:Q 1 0'" bJjI'IQ.Q.Q. .Q un::U'lJ1.1ff01.1fI1lJfl11lJ'W.;j'W0 11 'JJ 'Um'1tfll1::'H'II0\ln lflun t-test . . 
'd Q.' ,.. f Q 4Q1 Q'QI""mmnmn'llflW fln o(m:: un::ff1'Ut J1'U FoInf11'11ltJ'W1.111'U m, tJ'U ff1lJ l' fJ01i1.11fl 

1f11, tlijmtJ1tflij un:: ijvrWl'U 1f11' 'II fN 11nll:: m ::1.11'U f11,'1'1 H 1'1'1 tJ 1ff1 'Ut1 1 

eJl1flij ff1'U fl::U'U'U FoIn fl'U 'H fl'U \T n';hn O'U fl'U 

Ofln11 .05 un::fl::U'U'UU1.11.1 1

il<U1.1 'U ,::'f11.1lJ1fl U l' f11, fl'U nnffO'UU1.11.1 ff1.1 1ff1::;U'U:: U'U 'U '1111 

http:U1.11.1'I'1~ff01.11


ABSTRACT  

TITLE : DEVELOPING GRADE 11 STUDENTS' SCIENTIFIC SKILLS IN 

CHEMICAL KINETICS BY USING GUIDED-BASED INSTRUCTION 

BY : NUTSUDA KLAHAN 

DEGREE : MASTER OF SCIENCE 

MAJOR SCIENCE EDUCATION 

CHAIR SANOE CHAIRAM, Ph.D. 

KEYWORDS : SCIENTIFIC SKILLS / GUIDED-BASED INSTRUCTION / CHEMICAL 

KINETICS 

This study aimed to : (1) develop student's scientific skil1s, (2) promote 

student learning achievement, (3) study learning satisfaction of students after they had learned by 

using guided-based instruction in chemical kinetics. The target group was 33 students tenth grade 

at Kantaralakwitthayakom school, in academic year 2010-2011. Pattern experimental One Group 

Pretest-Posttest Design, the data col1ecting tools consisted of the vee-map, the achievement tests 

and questionnaire were used in this study. The statistics used for data analysis include t-test, 

percentage and standard deviation. The findings were found that students were able to explain the 

changes of the rate of reaction and developed good skil1 in chemical kinetics. The paired samples 

t-test analysis indicated that the students obtained post-achievement score statistically higher than 

that obtained from pre-achievement score at p<.OS. The students who learned by using guided-

based instruction provided their satisfaction with learning at a high level. Therefore, the teaching 

approach was achieved to enhance students' understanding as well as scientific skiIIs. 
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fl1V fl1'Vi U1fttf 1.1 tl'ft m'1<11'1 tn, Ql11ft ff11J1Hl'VIftfffl'U 1 A fflU 

National Research Council (2000) 
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(2543) 

"h fl1'i ffOU U tItI fftl Lff1:: 111 ..run(; mfUfl1'l'H1f11111 

'i <II" t" "" "..;;"" <II" I ...... "" lfI til 'tfm :::tl1U fl1'i U 1f111114 V 1'Hfl1111'tf1VL'H a 0 Vll 
"... ..;; I 'I "... t t t'HflfI'H1L'H9jNa UtlLff1:::'H1f111114 

'1 ,,ju ffmUnl'iW 1..run(;vu 

tinVlfllfl'fll'i tlUfl1'i ffOU 1..r u 1 Ufl1'i 

oinmll fl1'iOil1.l'i1Vua:::iju HLff;l1 01'Onal1 ffoul..r

Ufl'l1ty'Hl
....r ,:11 ... ..;; '" ,llUllUff 11f1ffU (2543) 

, 1'11 fl1'i ffOUUtltl 11 1..r VUl Ufl1'l'H 1f11111l flfl 

U a::: ufi'l1ty'H l' L 0 :::tltI'II O1'i flfl 1 tl1U nl'i 'II 'i tofu fl1'l'H 1f11111 l 
.. _I :P"''''' Co " '" Co""1J 'i::: nOm'l1V11 01 'i 'VIH 1 'VI V1f1'l fffl 'i 'VIn1!J::: m :::tl1U fl1'i 'VI H 1 'VI tl1f1'lfffl 'i U a::: L '09'1 fl91'VIH 

.. """ "..;; ... <II "'" .. :P."'f 'i 1 " 1'V1V1f1'lff91' fllll'HU1'V1'Ofltl'i'i V1fl1f1' 01' ffOU1'HLOOflOfll'" VU,g flflLLfllJty'H1lflV 

ua::: m'l1'Hl,n1Ufll'i ffOU 

ulafi (2548) 

fl1111'H ll1V'II 1'11 O1'ifftl Lffl:::'H 1f111111 1..121.1"tltIfl1' vu

(Constructivism) '1'11 

Lff1:::'H1 ff1'i1'091'i1'OffOtl '1 'OUl'll 1 1 '0 Lm:::Lnflfll'i 

... t lit • "" "'i 'l!" 11 ... "" d'itl4 fl1111l 1..1 1..1 0 VH 11 fl1111'H 11 1V '0 '0::: ff111 1Hlff'J fl1111 4'11 0 m'i V1..1 ua:Lntl 

," 0 "" "1 Co"Il1JU'II6\1" -J ff1111'itlU11111'tf fI'1111LN'tfty'HU1 

nl'i 

fftl Lff1:'H 1f11111l m :::tl1Ufl1'i'H OmflUflfll'i ff6 ul1.lutltl'H rl n3'1..1 ,..r vu ffn1!J 1tofufl1'l'H 1 

1 flV1 :::tl1U ULfl1 OLYio1 'Hli 

2.1.2 

U lafi (2548) 

fll'fftlLffl:::'H1f11111l 4 'i:::AtI fl6 

2.1.2.1 nl'ifftllff1:'H1f11111lUlJtll/uJu (Continued Inquiry) 
'l!..J<II """" 511" 'l! .. .... ..... t ... Co ..;;Lff1:::'H1f11111J 'VI 1'H VU1lJU ffOtlfl1111J 'H'iOUU1f1f1 L'Vi6t1U tlUfl11114 'H'i OUU1f1f1'V1 Qn 

1 flVfll 1..r tlU tofu 'VitlUa::: 

1..r VUl'lln 1 1
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2.1.2.2 (Directed Inquiry) 

fll11J l,r tJ\J;{\J l11J fl111Jlll11J \J \J ffli 

01i1J1tJfll'Hiln1il 

!'. ".l !'.2.1.2.3 (Guided Inquiry)' \Jfl1'Sn1J 

t.JII_""'" JI til '2 1"'" -'" lffl::111fll11J.\I'VI m f;l1'S tJ\Jl \J 
J • til". _I"! ... • II ",,'" _I"" .....1 \J U\J l'V1Hfl1'S ffln1ilfln1il ff01J Ll1flllJ'Sf1'l!1111'S OU\J 1 L l1f.tl'S 

ffl'Sl1ilfl'Sl1ilff01J 

2.1.2.4 (Open Inquiry) 
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2.1.3 fl1::1Jl'Ufll'UmUn::'t11ftlUJ" 5 .u'Uf16'U 

5 ,T\JflO\J 

fl111Jl flO fl11fffHfll11Jff\JL1il (Engagement) (Exploration) fl1101i1JltJ 
• " _I ... ..lI t t (Explanatton) fl11'UtJltJfll11Jl (Elaboration) un:::fl11lJ'S:::11J\JNn (Evaluation) 5 'U\J' \J 

m::: 1Jl\Jfl11 (; tJ\J tfUfl(; tJ\J ijfll11Jfi ff1 'Sfl1 tfl0fl1ffUfl(; tJ\J 
111.1'11" '" 1II1'.J t.l... .,; GI"'" '" ..s 2

11n:: 'fflfm::1Jl\J 

'1 

\J lnv (2554) 
1112 ' ... !'. t, t lilY'" .l 

II 0" I '" ... '" .,;2.1.3.1 L1il (Engagement) 1 
4I..lI ..,. JJ ... ... GI "' ... '" ...... "'_Iff\J L" L fll\Jf)l'S 11 'S 



11 

2.1.3.2 (Exploration) 
:I' !II 0..s ... ...
tl'U111 UnZl1U'.i11l'llV\ln 

'11ijm t'li'U 1fl l1Ul11l,rV\ln,rVff'Ulflff '1 
2.1.3.3 O1lV;U1tJ (Explanation) 

"" 0' _1 _1 ""A I t 0 'I AI' .It A I 1l111fl'.i1Zl1 UlJnNn 

'A 
t "'....... o'A,!II2.1.3.4 O1l'lltJ1tJfl111lql (Elaboration) 11'f6 11 

'" "* oOt td/.I.1 ... ... jI .I ... '" 1 t "'" t,'UOll tJU1Jfl1111qI tfl1J Ufl111l.d 1111 
... 0 1IIA1 ' :I' jI .:1..1. tAl d '" 'I !II '" ,,*.1 ...' '"'AIl1lV'U1 mU01lnn1:n'l'Ufl'J1 

... d .:I. ... 'I !II.... .:1..1 '" 'I !II '" oOt '" ... • 'I t..l.,2 ...l'Ufl111l.dfl 1'Il1l6 
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d/ .r .:1..1... 0' oOt .I 111_1 !II, ,''' i'..l.d/ .r.:l..r Al 0' t0 I 'U1llJUfl111Jl 

tJ,.n 11;Vffm'UOll tUg'U '1 11; tf'U111 

tJ 111i 

2.1.3.5 O1ltJl::lil'U (Evaluation) lrlU01l'

Al'U mZU1'U O1l 1 fltll..r,r 
... 0'... 0' AI..l. !II..!! '" ......... , " t  1 O1lun:: . 
ViitJlltJ tJl::lil'U'tH'utJl ,..rffmnflUfl1'U

, 
IV " ... ...... ... t2.1.4 
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2.1.4.1 
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nn.1l!Illtnl'npnn,rtH. 

t-Lk.L:!.naiju,ttn:rt-1  
alnLIA. if '" _ I'; ... I'; '" ",. .... 0 

p ,. .. 0 MtC • .- j 

J'btLU tLU t-tLUU l t H. n,,1Jt-@@.L:!.IlLt [!t-@l n,!@tLU 

f6H.t "'F' K (6 .... • .. .... .... 

-'F' r f' .. it-to '=' to. 2 p -

t-Jl.Yaln,ll@ tLU tllmtLUDul trrflLn,ll@nattH £'V' t'Z _.. 1'0., P I".. pIS 

l., 

IA.Ufmn.UlA.nn,tlilt HIA.::a:::t J;' p 1'0 Itt tf'lItp" ., 1'0 K '='", po 1'0 

£I 
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mailto:Hf6H.lIllA.t-gt1~ltLU::~nnL'U~H.t-@n.nL'nn,U@t-~t-$b~H::~t1f6H.tt-@n.llnM,Il.L:!.lllt~t-~.L:!.t1::~lt
mailto:nuatWt-W@fll~H.~~lllt~t-LlA.tLUntn,::w
mailto:Utt~nrrt::~1t~HIlf6H.lIlt-W@~~tLUntn,::.tUt-l'JrL1lltt
mailto:t-alll@~'~t-~H.HP
mailto:t-@m~t-@n.aln,ll@tLUn,UtaUmlll::trrnfl
http:l!;tlA.t-nH.::mA.U~nfltaLn.ll
http:t~.L:!.lUWlA.tH
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Q,I  ... J 
2.2 

... rI I fJ ' ''' I 11'" IlJ 2 ff1lJ flO ff1lJVlt L"ll1fl 

... 91 d... '" ,..I .... .lI d - !:l'l li!'II111 VI'lll{) '1 U'i:1tff1lJVlt lJVlflll:::m:::1.11lJ01lCJ1-3tillJ11101l11 L4J1 LlJ01l 

11.l1 ... ... rI dl.... "'_'"11ff1-3111fll11loll CJ1-3 VI flll fl l::1.11lJ O1l Vl1.:! 1V1 l 111l1t10-3 Vlflll::: VI H (intellectual 
... fJ'" ... ..I.... ... rI 91..1 0 - ... rI 11_'" 'I li!'Iskills) 11lOL lJVlflll:::01l flflVllJ 1111 O1l 1l1UtllJf\l111 L 4J1 L lJ 

O1lfffl1l1tflJfl1'1 ff1.1tff1:::111fl111la (Klopfer, 1971) '1 (lllWVil''' lOflUHtf1 , 

2542) 
Q,I  ... J 

2.2.1 

ffm<UlJ ff.:!L ff;llflll U'i:1:::tVifl1 lJ 1 'i:1V (2533) 110-3 

111l1t10-3 

1lflNlJfl111lil flflfl OVHih:: 1.11.1 ;ty.:! om 11lii 

'1lJ O1ltflJfl1'lV1fl 'i:1 0-3 
• Q,I  ... J 

2.2.2 n1191Uunnnll:::n1::U1Un11nHlntllftltTfl1 
A 11 91 '" rI '" '" ff1l1f1llt'WOfl111lt11111lJ 1lJ0.:!ff11lJOtlll01 (America Association 

for Advancement of Science : AAAS, 1976) 

.lI 11.... ... I... '" rI 1 "I' '" ...SAPA CJ1.:!ffOflfll:10.:jfl1.1 fffl11.1lJ ff .:!tffll101lff6lJ ll'i:1::tVlfl lJ L'i:1t1mtVll1.:!l'fflllll101l 

111'" ... 01.1... ... rI n 13 Vlflll::: fl-3lJ flO ffllJ L'W\j'i:1t1, 2526) 

2.2.2.1  'tiflll:::m::1.11lJ01l,TlJ,tflJJllJ (The Basic Process Skill) 

1) (Observing) 

2) O1l1fl (Measuring) 

3) fllltl1lJ1W (Using Number) 

4) (Classifying) 

5) flll111fl1111 ffll'W lJ l:::1111-3 ffLUCJ1ti1.1 fftUCJ1U'i:1tfflU CJ1fl1.1lll'11 

(Space/Space and SpacelTime Relationship) 

6) O1liflm:::'Yil ll'i:1:::aOfl111l111l1t1.u'm,d'i:1 (Organizing Data and 

Communication) 
... d 91 

7) (Inferring) 
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0.... .. 
8) O1''t11U1V'H'HlO1',n'W1mw (Predicting) 

» 
2.2.2.2 'tifllJZmZ'U'JU01'<UU'Y'W101' (The Integrated Process Skills) 

» 
1) (Fonnulation Hypothesis) 

2) (Defining Variables) 

3) (Identifying and Controlling 

Variables) 

4) (Experimenting) 

"" " ".15) O1'IPlfl'J11J'H1J1V'\Ifl\!fl UflZfl{l'\.lflffllJ (Interpreting Data and 

Conclusion) 

'tifllJ Z fl' Z'U 'JU fl1' Yl1 1 YlV1ff1fflPl1iifl 'J11Jn1ftty fl61{1 fl fl1''ll 11fl11J l'

1f1'J11JaYlH1Y1V1ff1fflPl1uflZ1'J1gu '1 fl61{1 
.c& cl " ... 1 ...Of GJ 51 Q Q,I Q,I ,c:( .dt" Q.1',Q tI 
V{lYI '\l::IPl fl {llJ gfl f't{l l'H 1flPl fl'U 1..1 flL' VU 't'J flflU "If Zff.:.l Nfl91 fl fl1' fI PlrlU Yl1.:.1'JYI V1ff1ff9l' 11 fl Z 

,. ,. ... '" "'.1 .. I lIJ.I.It "" !.., "".." 1IJ.IJ'lYIfI lU lflVl'YtflO1''YtIilllU1lJ'::LYlff'J11PllPlfl LlJ "If{lnVfl::lflVPl'\.lfl{lUlPlfl::YlfllJ::1JPl.:.llPlfl mU 

"'... ..Q , " ... 1 41 Q,iI I 1 ' (1) YlfllJ::01,ff{lLfl91 (Observing) 'H1J1VO{l 01' 'JlJ,::ff1Y1f.'1'1JNf.'I'flVH 
...... ,.., '£.." lIJ.1 '" ... ,. .......... .. '"  

'HU.:.I'H'fl'Hfl1VflVH''J1JflU \1 911 N'Jfl1V 1'\.11 mf.'l'1JNf.'I' 

" .It "" ..!. t ,. 'I " , .. d "... '1.1 '1 lPlV L1J m 
QI Q,I 1".4 ...eQ. 0' 

(2) YlfllJZ01''JPl (Measurement) O1'lflflfl uaZfl1' 01' 

'1 'lIfld1{1l'Y/1J1::f.'I'1J lPlviim.hv 

Ufl:: 
.. .... lIJ ......1,. , I '" 

flfl'Pl lfla'Ja 'JVlJ':: lflU, 2542) flfl1'J'J1 "L1Jflfl1lrlfllJ1 
.... ... , d P 'I I 0'" .... :'1'" '12 dllJ .... ... d 0 

f.'I'f.'I'l''H'fl'J9ItJ PlfllPl11J til L1Jf.'I'l1J1'OYl101''JPl'H'flUf.'I'Pl{lflflfl1J11lJU9I'Jlfl'\.l Lt! fl 

" lIJ ... .... "lIJ " t p "" .. lIJ I 0 d " 0'\.Ifl\! a L lPl" 

01' 
,. ' ... 1 Q,I Q,I r, d. .. 111 ". .}J Q,I Q,I Q tl41.t 
lPlVN1UlJ' ::f.'I'lY1 f.'I'1JNf.'I''\Ifl{l!' 11..1 U'UHflHfll'JflOfl 11J LPlUa:: 

'1 1
fifl 

http:U~fld1.:.11
http:lPlviim.hv
http:lIJ.I.It
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QI 0  .eQ QI 0 QI"(3)  Vln1:l::f1l1fl1U1W (Using Number) 11lJltltN f1l1UlJtllU1'U\lV':'191Q11H)f1l1 

lJ1n tlW 1111 .  
UVffl'.ifl11lJ11lJ1V111'iflltiU 

(4) (Classification) 

d  .:II Q.I t .cl 1d A tI'(Space/Space and SpacefTime Relationship) 11lJlV'H 1IJt.:,\l::lJl' 

lflvffltlllJt\ltWj'rlQ\l::ij 3 ii9i flV fl11lJf11'H 

fl11lJfflJli'U1i1::w:iHffltlllJtnlJff1t1I1Jt\lV':'1r1Q 'pfun fl11lJfflJli'U1l',::111H 3 ii9inlJ 2 ii9i 
QJQll/ '" .el. QI ..iOl4.QI .. 

fl11lJfflJ ....
QI QI 0..4. " (6)  (Organizing and 

QI 0 " itS 0" _ QI QI
Communication) 11lJ1VtH f1l'.i1flf1l1 

lJliflm::villffv'hnj lflVV1RVl1f1lnh.:, 1'11'1..1 f1l1 

f1l,ifluvntl,::1flVl 
.. " do".clev 0 r, .. 11lJltJ'H 

.. 'I .. 0 III tI ...1Ufffl':' t:ll\lUllffUtl UlJlJ flV 

(6.1) fll''lfl11l VftllJ 1 '.itJltJ 

(6.2) fftynf11:1W' 
,  I 1 ..I\I'flfl11lJlJl':'VtJl':' l111flfllJ ff::fl1f1tm::':'lVrltlf1l11\11 \ltJ.:,\lU 

(6.3) fflJf1l'.iVll,:,1V1tJlfflff9li' 1 UlJl':'fI! ':'f1l1 1Uf1l1't3fl11l tlfll 

lJ'.iltJlmj.:,vh t,r11tI ''*fflJf1l1V11':'1V1tJlfflff9li' 1\l 

(6.4) 'fltl::umlJ 1'1..1 
I 1 tI'" 2111 .... I ":!il'" .... I .., I UNUm.... flV f191Url1 11mUl\1....

lfltJl1'u Ul1 tJ nvtl tJJ':'11 l' Pl'.:,Ju 'flV:: 11 UnNUfll .... ltJ 
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(6.5) -f1Tl6 
"d " .:l ,t "Q A .. I .d 

Ufffl-1' 1flm'nUaeJtJ llUa-1'U6-1ff1tJIPl1-1 '1 'U6-1'U 6\1atl'nw..,tJ 11 tJtJ '1 &"'tJ UNtJl1111-1 

ltltJlPl'tJ 
.1 .li... .. I .... A , " (6.6) llJm.., 1..,6Ufffl-1 '11 

'11';'tJ lUm..,Ufffl-1111-11fitJ'U6-1"I,N1tJ111-1' 1m,r1 , u,tJl'imh1afl-1'U6-1-n", 

(6.7) 
"" .., 01..., ,"!'I ,I A I.",tJ"l11-1 'I11lJtJ'I1111f1'11\1 tJm'fJ 1) 

• .1 !'I "A , I .1I(6.8) flnn tJm'fJ ua::-11tJIPl6m'lWa 

fl1111'11111tJ 

... ..01" <II .& .. 01 
(7) l1flll:: flT.i a-1fl1111flR1l1tJ 1)lfl'U6\1 a (Inferring) 'I1111tJf:HIm'1..,lIfl1111flR1l1tJ 

,..r 1)1 fl mHY-11fl1Pl6d1-1 1ReJ01ffeJfl1111! m,wlfi1l1l1';'1eJm ,a-1 

fl1111fl fl1 1) 1fl,r a"lfR fllPl HntJ 1"" l::ii un fftl fl1'W IPl HOtJ "'-1"TtJ lrt6 
... ... ...., ...1 .. I.., ... 01 " !'I .... I ... ym Li'l'l1a1eJ 

6d1-1 1tJ 

tlHmW011) iim'l'lf1 ff61J flU a-1fl111Jfl tJ 1)lfltl1-1'lhtJ 1Tl61.11'uUm, i-1 fI fJlI 

.., 0" .. <II 0 

(8) l1flll:::flT.il11tJ (Predicting) 
dI .& ... A I " 1 ... y .., ... " .1 .. .... -1111flR'UtJ a 1-1'11 tJ -I L'fl1)lflfl1,ff -11fl1Pl 1)lfllJ,:::fflJm'W111flRiIlf1 
... .. "'" Ai t t o.d I 0 .cl 

'I1aflfl1' fl{;l {] tJ l' 6-1tJtJ1J1",1eJ m'111tJ ff
4I.cl.}J 41'" QI 0" , 

fl1nRl1\1fl"6-1 m,..,mmW111 Li'l 2 11tllJ 

flU.., eJ1fl' 01'111eJ 1 tJ 'U 6 1J1'UfI '116\1 a ii flU.., eJ 1 m W'tJ fl'U 6tl l'U ,,'116\1 1';'tJ fl1, 
.. " .... t= ... y(1"Wl1..,1 '6RU7-1rl1,2542) 

Q,I t AC:Il • • at ... • 
(9) (Fonnulatmg HypothesIs) 'I1111Vf:HI m'flfl'l11fl1f16tl 

I ", 0 1"''''.!!1 t ...1 .... !'I ,Ia1-1'11tJ RV01flVfl1' ff -11fl" 011'1 Vfl111Jqt 'I1'6lJ,::fftl m, W1R1JllJtJ..,tJ!ltJ 

'11; 6 V-1 m;flm, 

, -fri1-1'11lf flrl11 1" 1UU' IPl'tJ (i1UU' 
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Vff'.iZ) 'IImtJ'H 1 

l;if)ffU'Uff'l;l '\.J 1 fif) 
""'tljI.li ... ' '''tI .. :. ... " .oilHl'\.J '.i9l11J UfI:: 

f)f)flU 'H '\.J LrI'\.J tI '.i1l'\.J tI '.i 9111.1 LLfI::9i'1U

1"",; co ...;...... jI tI '" I ...;...; y. '" 
fl1'Uf,11J '1 
."f ...;,...;. ,jI- .li "';,.J!co , " 1!'1 co .., I i 0uqJ'H 'fI '1J'W'il1'.i'W111'1lf)fl111J '.if) 1.1 

itJfl d'1 .............. ............. ................ ............... .. 

d'11;jtJ'\.J nlrl'\.J 

(10) (Deftning Variables Operationally) 

'1 

1'il91Hfl'\.J UflZff11J1'.iflff i 

fl1'.i't1 fl1'.iti1'H'\.J fl1'.i 1..r fl111J'H 

1'H 1.11:: fflJ ti'U'.i:: fl1'.ifffl'M1t1'.i::flf)'U1I1tJff1'.i::tTlflqJ 2 tI'.i:: fl1'.i fif) 

(10.1) '.i::1Jii 'II 
o .li 1IJ jI... .. 

(10.2) 

ii '\.Jfl1'.i'

(10.2.1) 'liti1fl11J 

(10.2.2) ff , lIufI::'J::1J fl1'.ifl'Jz,h'1'II1tJ 
(10.2.3) 1 ijtJ1lJ UfI::ti1ijtJ11J 

.li , ... co .liJ '''' cfJ.. jI A 1 ... t ff UfI::L'\.Jf)'H1 '\.J'U't11'.i tJ'\.J'\.J'\.J 

(11) (Identifying and Controlling Variable) 
.oil .r. '" tI " '" tI '" tI"'; jI ... .li,.f"';,'.i9l'\.J Ufl::911U l1fH't1 '1 

9i'1Utl,Il'\.J 
" , !'I ...; , .. ""'" ,t..... 1IJ ' L'H 9J't1flf) 'ilH'M'f) LlJ 

tI,Il'\.J 

'" "';!'I tI"'; 1IJtI '" tI .. J.. "';!'I tI ,tljIfltJ'\.J L '9111.1 'fI1tJ 

i1Utl'fl1'Uf,11J '1 
jI.li 2 ,,,...., ...,:. 0 ,.f .. 

'H 1'H1Jf)'\.J '1 fl'\.J 1.11 'tf'\.J '\.J '\.J f) 1'i1't11 l1 Nfinn 't1 fI tl '\.J 

'W 1.1 U ',hu tJ'\.J n'M::fl1'J til'H '\.J U fI::fl1'U f,1lJi1U tI, 1 fif) 

. .r .., tI '.i9l'\.J 911U'" "'...;" 0 " tI '" 

http:L'fI'il1flfl1'.i1
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... .. AI-"-'"(12) (Experimenting) 'I11,mJtl.:J ." " H' 3 fin .. . .. 
(12.1) 'I11Jlf1tl.:J 

.:J9in'u6 
'""" ..It..l. ".... 0 ...(12.1.1) 

uU'S) 

(12.1.2) f2umwua::m;nnl1Lflii 

(12.2) 'I11Jlf1tl.:J '1 
..... .. ..... " .. !It 

(12.3) 'I11Jlf1tl.:J 1l]f.:Jtl1lIe::1lJ'W 

'1 
(10.2.1) ,,jflln11J 

(10.2.2) '1'11f1 
(10.2.3) 1 Ufll1J Ufttf11Ufll1J 

.. • ....... ..ItA.... ..'" 2 I "I ... t 
ua::L'Wn'l11 L'WUl111tl'W'W'W 

... ... " "AI(13) (Interpreting Data and 
... " .. A I .... ...Conclusion) 'I11JlrJtl.:J flllLLlJafl111J'I11J1V 'I1'Snfll'U''SV1Van'l:lW:: Hft:: 

...... " ..I....,... "1. 2 1"'"
... ... 2 '.... ... .... 0 :II" '1 tt1V 'YIn\l::fll'fl1'W1W 

" .. ... ..... Y. tfll' a.:J'Unnlu 'I11J1Vtl.:J fll' nlUfl111Jn1J'W'W 1!1Jn.:J'\I  
.::to" Q,I «::& .. c:t JI " t Q,I

uft::a.:J"nnlU 

mf1fln 
A I ...... ......"..1... ',2(13.1) UlJafl111J'I11J1V'I1'SnU'S'rJlrJan'l:lW:: ua:: tt 

(13.2) 

.... ... "1 ,Y. .... AI...... :II ... f"' .... II.JI(Vee Diagram) LlJ'Wm::U1'Wfll'l1f1'W llUni1tlU ltt 

'I1annll 1J1'Wnf'l'tJt1unfll1 

.... 0" " "..1. .. ......... "I "...... "1."L'I1'Wm, flU'"1 etl.:J 
c:w:l .Q fJ!4ItSAfV Q,lQ,I ... IQ,lat 

fin fl111J'I11Jltl n.:Jfi'u'S::nnu'Un.:JN.:Jlui11 nll'4N.:J1Ui111'W i1 fI'W l fll'S nn'Wnfll' 



20 

2.3.1  fI'JUJ'H1JUJ 

1f1v (2546) 
... .1 ... .,.:'1 '" .,. SlQ .. .d'l Sl1 ....,. 111 2 .,. .1" 0 l'!i fJ'U11Y1fJlft'lffmYl L11 Vfllff'Uf11'!ifJ'U LPlL'IlfJ'Uffl11 L'nV'U1Lff'UV 

fl11llf 

fll,r;v'Uf 
'lSi'" ., ... .,.:', .,. SI.d ... .,. 1II2.,. ... .d .. )!!I "'.. I19>W L 11L11 'U fll'U'!i v'U1Yl'U f11 '!i V'U LPl L'IlV'U ll'n'U 11 '::111H 

II 
.,"'..- "" ci SI ... 0 SI ., SI f.d co fll'!iLfl'U'!i1'U'!i1ll'llV\jfl 'Uflfl'illfl 

:" .... ,"'.,. 0 'I SlQI'" SI'l SI f co 

fl11llf 
d.1 ..... 1 .......  

2.3.2   

'un  

 

(Conceptual) 

(Focus Question) 

(Conceptual) 

(Knowledge Claims) .... 
Y1Qllt) 

fll'!iLUaV'UmJfI.:t,rV\jfl 
(Theory) ""l1'!iV 

l1nflfll'!i (Principle) 
(Transformation) 

'" .. fll'!i<u'Uitfl,rV\jfl (Records)
II1'UYlft''U (Concept) ..  "" ...l119.)fll'!iWUfI:t:I11'!iV1\P1fi) (Events and/or Objects) 

I 

n,..,Y12.1 

2.3.2.1 (Focus Question) 

II1 ,V;v,,n'Ufll'!ia'ULffl::
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A t ,J'GJ" .d 0' lII!!t QIGI Q,I .. 

fll.nJ lj}:: t \1 'YI'n1J 11i flU 'YIlj}:: "fl1l1l\1 ilma::\1l6191 Qff aflllW::1J 'YIfl 

JJ! .'l • "" 1".. .1;'''; "1 .11 1 tI0 I I I'U61Ja 'YI L"1J1 fla11 fltlffl 
.11 "" 0 ..;. t 11. "" ... .'lUll1a flll w::fllfl11J'YIfllJ lJ lj}:: 1Jaflllg: lJ 

:'1 ... • .. .'l 1...... • " ...1) L1JlJ911fll\1lJfl\1l6"UlJ::1J lJ1J91 \1aflflll 'YIqllQ 

1.f1Um::1J1lJflll ff1Jlff1::,v16 1 \1ll 

2) 

(what) (How) \116't;,11J (Why) 
.... 4 ",,4 :'1 4 "; 11 {2.3.2.2 (Objects) 

llJ1J9i 

(II :'I-'I.e1 QlQlo', 1"""2.3.2.5 \1t\flflll (Principle) lJ'YIfI'lJ 

ftflfllnt11t1 1'" 
"1" .. ... QI tI .11 '" 'I 1''''' ='1 4.'l.. ..;1fleJ LflNt\ll11J6lJ &fl1J \1t\flfll'l' 'l'::fl61Jrpl1V mmfll'l' LlJrpl1lJ 11ifll'l' lj}::l1JlJff

... .."..;" A 1.J1!'11 ...2.3.2.6 'YIqllt] (Theory) t16 'Jl LlJfll'l'61i1J1eJ 

\116t11flt1:aU tltin1J...rlJ 11J'nfl'lf ua:: ,r6t1111J{ 'YIqllQ 'fhJfll16i1Jltl 

tJ11fl{)fll1W ::fl61.Uf1tlft1111all1iuI 
I... 1 QlIJ/ At. 

... .. " ='1 '" ....; '" " ..2.3.2.7 fll'l''lJlJ'YIfl1J61Ja (Records) ua::\1'l'6 
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2.3.2.8 (Transfonnation) 
" ... i ,.4 'i 1.1 ..l" i '" jI' .r ., ., "0 'I" 0'I:11Jt..,o 1'1:10g Ul U1J1J'YIL'Ul 'il uHleJ'UU 

ltl 'YI,rOfl111J fl1 m::'fi1,r0l.d nUfI 'ill fl i U ti' 
",Illy' t",,, ... ,, ." '" 0" ttl

'1 l.,rU mHhu1W 1;'JU;(U 

2.3.2.9 ,rOfl111Jf (Knowledge Claims) 
... jI .:/' 1.1 ' .. to .,s'" "1''''''1 flO .. lflt:y 1J IU'YIft'U 

'" ".. '" '" III Y. 0" ... 0 i njlC)fU::'YI1 11 ¥'I1J1 
... 1 '" , .... .,s '" Y. 14 1.1 ..2 

1) 

lnv (2546) 

41hu 

o 0 " '" tI'" 4'" ., y. .." .I" ;'J"o AI'!"mtl11JUl fl11 C)f.:J111'U01JqJ111UflHftYOU01'ill 111 
., 4 .r d", jI ..l.. 1 .... • " " .. tI jI .,s .,0 I tY1U'YI 2 flO 

1J 3 
.. 'I ..It1 jI .. tI................ ..l '" jI t '" " 'YIN'lJ111JO 1UtY1UU {}1JfI'ilH 

" ,rflll:: tI U Ofl 'ill flil 11Jii fl "j::1J 1U ft1J L tYl:: '1:11 fl111J f 1J 1U fll"j '1:11 

un::!jNnm"j{;eJuf 

;'J "tI '" " "1''' '" tI '" 4.1i !'II tI I '" JIG J! , fl11 

2.2 

http:un::mm~::'YI1'IJ0l.dn
http:fl1~1JU'YIfl'U0l.dn
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1. ............. . 

1. ......................... . 

1. .......................... .  

2......................... ..  

2.3.3 

Novak J.D. 11'1V, 

2548) N-3ltli11ffl111Hnh'tl',*'u 

flilm 111fll1(; fll1ff'ilU 1:ar;)1-3fll'Jff6UU1'I:; 1

1lfl11::'11 f)6U't1i1::UllffU6Uf)UflL1l1U U1'I:: Ufll1fll'l1Ufl11fll'J 

QI I ,_I.flJU 

2.3.3.1 41 JI .,j ... '" fll'J 1 41-'1 QI _ I QI "'41 ,Ufll1 
- fI ... 1Q Q.IIQk , .:I 'QI tCt , JI QI ... 1 QI _, 0 -

1lf761lfll' fll'J{; 1 1 6-3il6 
.1 ... 1 QI ....101... JI '" I .fQl ,lJ1:: 11lUlI U 't1flU't1U f)l1 lIU \1::fl6UllIlf)6U U 6f) '''IfllJUf)1'I f) 

, U fll1 66flU1111 fll1 't1fl1'l 6-3'\1 1'1:;1Jflfl 1'1 , 
A ... , ... ..IGlJI ... 1 ..2.3.3.2 fll1 Ufll1ff6U llJUlfl1'il-3116't1  lflv1lfll'f){; VU1::1Ja 

'" It ' t jJ JI ... !! ..I I 01 '" , jJ '"l _ QI 

1HlUl 11 1 f)6U 't1 't1 1-3" lUCJ111111 6 l \1:; llJUrI l1U flL1 ,,'t1 111JtH11 fll1 U 1'1:: 1'1 f)1:I W:; 
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" ..I .t' ... ell 1! t ... 0" ... i" .- i .- r, 1.1 ...n)'lf1V 'Hm'L'VU U1Jl1L'tJUUU, 

2.3.3.3 
'" .- AI Co 1!"'.I'" .- , • ..I :II ".1 2 i" ..f\111L'Cl::lJ'i::LlJU m'i , 111lJ U ::fl61JLLtl1 'Hfl::U UUf\l1Jlfltll en 
..ItllJ2 4 ... .- i"'" AI ""'-:CI .. 4 "l I n fl'Cl11fl6 Ufll'iVUff1lJ1'fI 

...... l! "" .1"" ...2.3.4 n11D'tlU11iD'lHN.:Jluflll 

Novak. J.D and Cowen D.B 

111fllUl'ClV, 2548) 'tA'flri1111 
... .t 

.:!. "1 i""'.- 0 "i "" '" 1(1) L'ilJf\U flV 'HUm'iVU111fl111JL'lJ1 1J U 

"" .... 4 ... "" l1ffU 
o ... " to 01 .1i"'" ,ell ...(2) flV'lf 

... eII" tA .......  0 
1JUl1fl'U6\1 'Cl uu 'UU flll W::'lJ6 fllfl1lJ 

.. "l ""'.- "i..l... '" .ft"..It "'.1 ,2(3) 6fJ1J1V L'HUm'iVUL'lJ1 " 
AI - ..It... '" 0" t :'1 '" ,.1e11 " t..l,2'H'Cl1V , 4lJU1J1J11ifll'i " 

(4) 61i'UlVi ,fUfl (;VU 1'111 i m;flm'i U'Cltl1'lllQ 
J Q _t''' .IIQ 0 Q,I Q,I _... 4 ..

i illi 'II 

"l2'l .-..1 ,l '-:'1 .1"'" ..... lIJ ' (1) fl1'i l'IJ l1Jfl11 
o lIJ.I"l !I!'I .-..1... ,l :'1 

U1 L1J l'lf tU1J111'iVUl1l.I1U6'H1LlJUU1lJ1inlJ 

lIJ' .. '" ''''''' "" i 1 1! '" .1"' ... t(2) fll 

fl1'i'O:: i,fUfl(;VU 'tA',,r1 i lfl'i

.. "'... " i ....1:'1 ".1 • :'1 '''' (3) l1J'6Um'iVU1'U1 1lJU'6tJHfl 

ui11flltl11 '0:: UUt,hi i 1ffffHLU'Vi1::1JHtY1U'H;'6'61 n::,"" 

(4) 

6 i m'iU1Uff1'H;1JUm;tJu 
(5) lfltJLU'Vi1t 

... ... ..s'" t '" .1"'''''''' tK. "l"...... .. ... t .:!..111'l1l{)U'Cl::'H'Clflm'irl1flty , 
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2.3.5.1 " '"'\IVA 

1) CJ11tlhffllUn::UnL;tluiifll1tJl.,flhnm.,fl

un:: NnAfll1tJl 

2) m'J'lUUnUtlmW::Lm::m'JltAtlUliitlU 

fll1tJnunUl'\1tH'fI'lf:lllnunm'J 

3) CJ11tl1Jn 

2.3.6  

'" '" "'1" Q 4 '" .. " 'I '" t 11LUl'tl:: um, L'lffll1tJflAll'ttH1Am::'fIl'\1 vlJn l 4 m::Ulum, 

L;VUI Il) 
.. II) p,. '12 .. _I ... "".. .r. _I <i "'" _<If 11'"m Lt'I lAtl l".Dlnwenm'Ju'J::ltJU'fIm'YIUA'\IUVtlHfl'JVUfliltJu'J::1AU'YI1'\1VuqJ'YI1 fl11tJ4 fll1tJflA 

n'J::ulum'JL;tlUlun::Nnm'JL;vul 2.1 

.., 
1Ulf1111.h::lilu 

" 11'" 11 .."'-llu '" "'''u 1" 1 l' ",.I- tn  '(I) OJ't'I'1'\ltlU'YI1'\1V qJ'YIl tJUlffU \l un:: tJffVAfl 'JU 1 

AltJffl'J::nl'JL;tlUI'\lfH'YILi'n\1A'J 

- l;jVUffl'J::'thflqJ 'YILi'nm'J un::tJ lunfl'u11iiAl\lU 

- m::U1U m'Jl1VUl 
if .. 4 ""ftnf:ll 

- NQf11111UUl ffl11l1im l1iiim'JffltINn111 'W 

ll1il1 

- 111-ll'(l)Uty't'l' l;jtl'W ll1.,fVUqJ'YIllA' fl'YI1AltJ ff1'J :ml'J l'tfl'l."'YI1v 2 

I 
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-

1 rtua n .  HUtA.1Ql\,ar."(1Rlm. .. - Kilt ... ,. " ... ... '" '" IF .....:l 

fb s=t 

(\1 UL!brraR.UI.- !f .... K .. I loW ".... ... jf; if A 

I' • p .v 1=''''' pc .v 
-

nt{!f1 r. r.U LU n,[t 
-

1rta 
HUtA.1Ql\,ar."(1RbtA. - Kilt... ,. " '" ... "' .... 0 .....:l 

(\1 ut.!brraR.UI.- r '" K ... loW "'" ... lo-" A 

I 

'rtBtltLUtlH - Jp.. 0",,, '" K 1It.t... JW :l ... 

1 
0 ,r " 

-

t-aI\, fT,au:: r. rr nrr ItA. nutA. n1 rt t-It nU!1 n M. rt»t-a Rttfl UI IV IPJ=-PI'O fbP"''' F' j 

-
rtl!l::t[1tLUBlt 

l'l !!Htlll . 
9Z 
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..  
... '" ...... Sol2.4 

. , 
... "' ...... Sol .Y. '" .1"''''2.4.1 

-nff,j'V fHW (2551) 
.1'" ... ..l.... • '" '" ... '" "" tI Of'" t11Vl1J ONa ff1JqVlti Vll.:Jf11'l11 t./uua:Vl fl1:l: 01 :1J1U f111 VlH1Vl '\IO.:JU m1 t./U 'lfU 

6 
<v.t. -=& <V .:& ".. 'Q QI QI c.,cud q,; <V 

Naff2JqVltiVlHm'll1 VU'HMI1 VU\T.:Jfl11flO'\.H'lVU o t./l.:J 2JU .01 ua:Vlfl1:l: 
., 'JJ 

O1:1J1U vuoth.:jij\l't./dltltyVll.:jff09iil .01 14Jiuil 

lfl'HalVI"lfU u'd'tifl1:l:01 :1J1U f f111ffU VlUl ijf111 

MijouaU; 

"" ,.'t "'... .. 1 .1 "... tli I" -"'.1 ..l.1J l1U m'l t./u 1'lf01J V.:J1I1:ff1Jf11Hl.Ilfl1J fl1J 111 tff1Jf11Hl.I 'H1J alV 

n ., \l'flil VUINityt11JUty'Hl 

,3 '" 1 "41" "'... "" '" .. .<If 1''''::,3l1Vlll'HU f1I1 'I'\U WUU 

tfU'Hl Vum'l l\'\l' VU 
Of _ *I.}I,3.1 tI..l. "'... "" Uf1I'lt./U um1t./U l'WO'l11J'l11J'\IO\jft f11'HUfl 

Uty'Hl fff l.:jff1J1J9i!lU ";lU lVNa m1 Vlflff01Jff1J1J9i!lU ua :fflUM'UN.:jlui11 'u,Tu 

Oi1J1VUata.:J,rOfflu 

fllC111J'H;Off1J1J9i!lU 
I..l. .1 ... '" I 1 ".:it "'" tIO.:J fl OU Vl ffllllllU Ut./l1J'H 1 O'H ft flf11HI H ., II a:fll 'lf1t./U U:U lf1'WVl'H 1 Ofl111J 4 VlH 

ri.:Jlffl1J m1 vu f '\I vu,Mi ";1'l\' 

'" - -1 .1'" .1 " -" , 4 ... , t t" ..Uf1I1VU2J omffll'i1JlIl.:Jfl111Jlfl111JI'IIl U'\IlJ'\IV1Vfl111J4 'H1J., 'H'l0'\lV1V",.r ,I, t.1 .. ,.... ... *I ... _ ... "'..., ..l. "... "'" fl111J1'\I1 U VU VUU1N.:j 

aUi11 
..... tI..... "" '" At'WVlfl1:l Inty11U'lf (2544) nl:anum"'H 

..." '" 1 ...... ""' eUfttfl111Jffl1Jl'lCl Uf111ff11.:j1J U1JmlV1'lf11204 ... .. 
2 1U1J9iuft:2J1U1J9ilUi11 'W1J11 1) 

cfUNlJ N.:j1J 1u1J9iuft:1J 1 U1J9ilui11ijNan2JqVliVll.:Jm1 

.01 2) 1U2J9iUft: 

1J1 U1J9iaui11 ij01:1J1U \T.:jfl11nouilvuoUl.:Jij\l'vdltltyVll.:J 
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.01 3) 'lJm'1 

fffN1.I1 VlJ \J .01 4) 

(; VlJ '11 V 1 'If1 1204 1'V1V1 tl1 ff91 { f11'1 fffllJ 1 lJ 1 lJ tJi1ilj 

fl111.1 ff1.l'ilJ ti',lJt;'11.1 1flflV1 '1ljl! Vff1flty'Vl1'1 .01 5) N1:I ff1.l q'VI r; VlJ '11V1'1f1 

i 1iljfl111.1 ff1.l'ilJ ti',lJ1; '11.1 1flvti1 '1:; .01 

U1tl; 1;1 (2542) 

m 1 lJ m '1 'VI 1'I1 'VI V1 tll ff;1{1'1f1;h1'V1 fl 1'1 VI 1 V, U1:I:; m '1 ff1.1'ilJ ti''\Ifl'll!m;vw5lJ 

5 1 'W1.111 1) 'lJml1.1 
4; <V .4 Q.t  A tI. Q.t - tit I 

tJlJ U1:I:;'VIfl't:l:;m:;1.11lJm'1'V11'11'V1 V1tl1ffm \J '1fl11lJ m'1tJlJ !

.01 2) 

1'V1 tlltllff;1{'\I m; VlJ'lJ 1:1 fl ff1.l'ilJ ti' ljl!tJff1fl\\! 1.1 

.0 1 11itJ'11flDfl111.1ff1.l'ilJ ti',lJ nfl't:lw:;d, lJ fJ1.I 

Christine and Rebecca (2011) 

UNlJ tJi1i'lJ m'1 t'li'l' fl't:l:; 1lJm'1 'VIH1 'VI Vltllff91{111:I:;fl111.1 N1:Im'11i'tJ 

'W1.111l!m; VlJ 'tf tJi1i'lflflf ljfl:;UlJ lJ l'1fl't:l :;m:;1.11lJ m'1'V1H1'V1V1tl1 ff;11111:1:; 

mmlJ \J VlJ'tf 'I 111:1:;l!m;tJlJ'tf

11i' N'IltJ trl lJL6JflJdt'Wn:;uNlJ ff'llJ l!flr; VlJ 
1II2J' "J"' .... <I "<il",J 1 I..,
! V1'1fU lJ:;UlJ 1 'VI 1'1 U1:11 t'W fl'VI 'W fl111.11 '\I 1 ! 'VI 1 'lffl 1.1 '1:; VI 11'1 'VI fl 't:I:; fl'1:; 1.1 1lJfl 1'1 'VI 1'1 

4, G' Q,I,Q '4:1  .. -9 Q.t a 3J Q,I

1'V1 V1tl1ffm fl1.1 fl111.1 fl m'1 t'\IVlJ CJf '111.1fllJ m'1 VlJ 1'\11 ! 

m:;1.11lJm '1 'VI H1'V1Vltl1ff91 { VI 1i Um:f11'1 ,;j VlJ1rI lJ1fl1 fl\\!' lJm '1 

{1'li'1'.. ,...,' ...... y. ...,...,  ...,j
2.4.2 'i1",1\UJ'tlltUJ1'1JIHfl'U'tlfl't:l:; fl'l:;'U 1",fll'l'tl H1'tlU1t1 Ufvt'l 

..rff'l7V (2552) 1lJf1l'1 'VI H1'V1Vltllff91{ V1.1 

3 N1:Im'11i'V'W1.111 
" ..  

l!m; tJlJ 'lflJ 1i V1.Ifffl't:lltl 3 (1 VlJ i 1Vfl '1:; 1.1 1lJ fl 1'1 ff1.1 1 ff1:; VI 1fl111.1iljfl:; U lJ lJ 1'1fl't:l:; 

fl '1:; 1.1 1lJm'1 'VI 1'11'V1tJ1tl1 ff;1{ m VlJ \J r; VlJ lj l!Vfflfl .05 
.. ... .... <I.r '" .Ii I <I", 0 LL1:l:;1.I'VIfl't:l:;m fltJ1:I:; 76.83 CJf'lN1lJLflWIfI'VImVl lJ fl V1:1:; 60 

d "';1 J'  I .... " ".. "' ...I'\I fl fl:; UlJ lJt;1 1.1  'VI tlJ lJ L 'iflJ \Jl 'W '11:; fl '1:; 1.1 1lJ m'1 "' 1.1 L 1fl111.1.d ff'l tff '11.1 , VI '1 VlJ 1fl 
'" <I .Ii " .. r. AI.... t 111 2m:;1.11lJm'1'V1N1'V1Vlfl'lff91'1 CJf'lm :;1.11lJm'1 L'I1.11ff1::Vllfl111.1l1.l'\llJ91fllJ f;) lflty 5 '\IlJ ;1fllJ I 

http:L1v~;1;1ti1.1~~1t1~tfV1.I~r;VlJfA1Vm~1.11lJm'1ff1.1lff1:;Vllfl111.1f
http:fl111.1i
http:fl111.11
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t tJ'",,,. q 4 .... ..I 'l..ll ... .1 
1) 'U'IJ ffll 111 ff'IJ 'l \I 'U'IJ 'IJ ff'IJ 'IJ ff'l,l 'HJ'IJ'11 'HH'HH'YIff'IJ \I CJ1 m\l mfl'U'IJ \11 n mll1 

ff tlfl1111ff'IJ 'l n e; milfl fileJ 'l 'IJ mJlI 2) 'Ii'IJff1'J 1\1 'Ii'IJU \I: 

ff,r'IJ ff'l,l 'IJ 'llf eJ'IJ'IIffl':i 1\111ty'l11'11 tlffln \lfl1111ffll't'f'IJ HfI; 111 O''IJ ff'ULffl::'I11f1 1111l 

Yilfil'l U'lJl1 mmfil'l'YIflfl 3) 'Ii'IJ tlii'lJ1 eJUfI:: tlffltl'li'IJU 

\I::ff,r'IJff'l,l'IJ 'llf eJ'IJ O'flfl1111 1 tl'l1 nnfil 'l'YI H1'Y1eJlfflfffll 

• 0 _I • 'l" "...... ... "" " - I1fleJfll 'l')ffl1 " tllllm'W \I::')f1eJ '11 'l eJ'lJmflfl VffllJ 

t " t J'"... 0 "., "" .. ..1111.1'''' 'I_I "'l" "" 4) 'U'IJ'UeJ1Vfl11114" 'I1f1nfil'l'YIH1'Y1eJlfflfffl'l'YIl'P1'l'IJ m'UeJ1Vfl11112 'I1mfl 

., .I"... 0'" ..1'1.1'''' "''I_I'l'''l .. ''1.1' t'YIn'tl::1I1n'U'IJ fJ1'lV'lJffl111Hl'IJ1'11f1nnl'l'YIl'PH'leJ'lJlllJ ')f 'lJfftll'IJnlHU l'l1l1l'Pl 5) 'U'IJ 
Q .4 _I .. 91tdd t 

tI'l: lll'IJ Hfi 11 nl 'l lJ 'l:: 111'IJ l'J n m:: 'IJ 1'IJ nl'l' 'l eJ'IJ l 'YI 1tJ'IJ 'YI N nl 'l U fI l1l1lJ 'IJ 'YI N nl 'l 1 ')f'IJ 

" .... 4 "" ...... , !'I " t fil'l ff 'l')flf1':i fil':i ff fil':i n QlI nl'l'YI flfftl'ULlJ 'IJfI'IJ 'YI lflllJfI 

1tlfilff'llf eJ'IJ 'lIihh'IJ; 111'l'IJ 

Wl11':i ff i'illg'IJ (2550)'lIffn'tllin'tl:m 1'IJ nl':i'YI H1'l'1Vl fflfffll,r'IJHffli 'l 'IJ 

1Hil V'IJ 'lwo,m1;nl'IJ 'l'1'1.Jl Hflnl':i 1'iiV 

1'IJ nl'l 'l'1 H1'l'1eJlff1fffllI11'IJ fil ':i til '11 'lJfI U fI::fl1'IJfJlIIPl1U tI':i 'l 'IJ 1':i ':i::1.J 1Pl1UtI':i 

1'IJ nil eJ'lJtI':i fl tl tI':i ::1I1tu J 

87 nil ff1'IJin'tl:m:'lJ1'IJnl':i nl':iUeJ1111Pl1UtI':i t tlnmnl':i 
:'1 .Q c(d QI d ... 1 d 91 4 .... 1 iI 

llJ'IJ'l'1n'tl::m :'lJ1'IJ nl':i 1'Y1Vlfflfffl':i'l'1'IJm':i eJ'IJ lJ':i ::ff'IJHflff11':i \I'IJ tlV'l'1q'fI fI ':i tlVfI: 13 

ne; lflVfll'W':i V'IJ ff1'IJ 'l \1'1 'lJnl':i't'f1'Jl'IJ1in'tl: 

m:: 'IJ 1'IJnl':i 'l'1 H 1'l'1eJlff1ffflll 'IJ!1 fltflij !'r11 1'l vmf'IJi n'tl:n1'l ti1'l1'IJ flU fI::fI 1'IJfJlIlPl 1 

utl':i 
QI QI 4 .. d 41 914 _I .Q.Q 4 I Q 'l".... ... 

'WI'JI'IJ1fil'l 'ilfl nl':i! ':i V'IJ nl':i ffD'lJ1':i 'I1l1lJ':i ff'YITlfll'W1I1n'U'IJ1'WDff 'I1'IJ m':i eJ'IJ 

'IIi''lJfil'l't'fI'JI'IJ 1 m 11lf fI 1111 in'tl:m 1'IJ nl':i 'YIN1'l'1V1,r'IJ Hffll 'l 'IJ ,1 fI 
... 

!fllI 
... .. ........ 'I • I'!'" ....( ... 

lff11'IJ V 1d')f'W'YIn'tl ( 2550) l'Plfln'tllfil':i llJ'l eJ'IJ 

... ..... 'l ".or ... .. fl1111ffl111'lfl 'lJfil'lUnlJty'l11'YIH1'Y1V1fflfffl'l 
if f t , 

'l'IJnl'l eJ'IJ'l7'IJtI'l::fllIffn'tl1ilYi 5 eJ'\,! lfleJ'l f[ tlmmll 

'IJ eJ'IJ U'IJ'IJ fftll'IJ fil'lWUfI :fil':i V'IJ l U'IJ'IJ ff'IJl ffl::'I11fl 111ll Hfi nl'l1'iiV'W'IJ ';h ,r V'IJ 
... 1 .... ..... ....( .......  
l':iV'IJ flV l')f, 'YIn'tl:m:'lJ1'IJfil'l'l'1H 

... .. ".or ..... 'l"''' I1'l'1V1ff1fffl':i fl1111ffl1l1'l fI ! 'IJ nl'l 1':i V'lJl \l

,rnil V'lJU'IJ'IJ ff'IJlff1:'I11fl 1111f i'IJ .01 UfI:,r eJ'lJijfl111lff

http:l'1'1.Jl


30 

QI .Q 4:l SId I A 011 Q t/_.
... .. ... '''.., ... lIJp·.., .....t"I'Cll'I.J fll'.if.U 11'I.J fll'.i fJ'I.J ti'l'I.J1V1flll tmt'U1'I.Jfll'.i 'YI111V1fJ1f11t"1'l1I'.ilJ1 

P_Of .. • l ' 1-1 ...... "";:.11 _Of A ,l,"G'J 'W 'I.J 

" 'tf1lf1fJ,tfU flA fJ'I.J _u J... v.. .. •M 
2.4.3 

... _f.!'" ",.rI. ... 
fl'I.J VI'.i t"I'A (2554) U1l'1flll1fll'.i 1u'.i fJ'U1V1fJ'UHfl fll'ii'.i fJUUflt 

... .,; A A _I' 1 1 "2 o....!\lJ1 1'.i lJlflflfl fl111fl'I.Jl1I,J1fJfll'.in'ULt"I'l::U'U'UU 'l.Jt'I.J1fl'Ufll'.i n'Ult"l'l:: 

ff111 Hfl fll'.iffflll1'n'U11 UflA '1ti''Ufll'.i fll'.i (; 

.05 LLfl::Uflil tJ'I.J '1ti''Ufll'.i jjlJ1
A " I....... ";lIJ 2'" .... ... ..s '" _I"; ,,1 flfl fl'I.J 'I.J fltJfl11'I.J flL '.i fJ'I.J VI \i'I'.i 'U tJ'I.J .,a'ULt"I'l::(11l'.i lU VI 'l.Jl'J'I.J'l.JL'n'.i 1:: 

G'J \J'l.JLnA 

... f2 1 l"" " .... t A ............fll'.iL'W'I.J 4 Wl.lfl\l flfJfl'I.J H'U1 fllLfl:: VI Hfl'U UfltLlJfl'I.J flL'.i 'I.J 
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1'Y1 fJ1 ftl t"I'l1I 'j CJf 'I.J 1 'Ii fll 'j VI L 'j 'U fll'j tJfllJ 'j 'U 11 t"I'llJ 1'j" '11 tJI t"I''j lJ VI flll:: fl 'j:: 'U 1 'I.J fll '.i VI H 

1V1tJ1f11t"l'l1I{,r'I.J \I'jf.U 1fll'jUfl::fl11lJ,,r1' 1 fll'.i 

http:ll~fll'.iL


31 
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UU \i 0.05 II l lJ 

fll1 llufu'IJ'IJ ff'IJlff1:l11fl1111f m1lJl'l1U1U-ff 'lJ1U (POE) i flllffOflU Y11fl, U 
t , A V ,VOl at .... 0 , 0 .Ii ... at "IV 
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• d " U"'::lf1'HFUJf)VI '11' 

3.3.1 uN'U01,iflO1'Ll 
,1 , ...... 00' .. _I ......... ,2, 
'l1U'U::U'U'JVlH 'U,lfJ'J'1I'11fl1l 3 8 UN'U 'Dnal 'U 

"'00' l..l 00', J/ 1 ,1I 16 flltJ 'UtnflN'U'JO fI flfJtrllJ 

3.3.1.1  UN'UO" iflO"Ll 1 11 f.J11f1ij 
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Lflij1f1 h "lm!'Ufll i. \If)1J1\1f11r1111111fJ 

" 

- ,}1

- 'l1iimf.J11flij1f1 11 
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3) ..J''Uf)i1'l1, 'll'OLl 'J1I fl'U 
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3.3.1.2  UN'Um, 2 
'" ... t OJ ,1

l. It , "'... 0... • , 0'" r 1) \I'UtrlHfI'Jl11tr'U 'Vl1 11'U1llJl'W'U 

a lflfJ ,,r'll'OLltl'U i. tr "lm!'Ufll i.
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-

- ''U'''1I'H'lfJ' "ijf):;11 
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- 1flfl1'.i 1 '.i 

2) 
t 4 ... 1 " ... 1 .Q... I " ... 1 GI Q ,3) IIJ'UvlllJ'.i1tJuntn-!JIIJVffllJ IIJ'UVlllJ'.iltJUntn-!JIIJVffllJ 'Ufll'.itJ'U 1191 . " 
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5) ,T'U'11'.i::Lii'UNn 

1li tI-!Jl'U 

3.3.1.3 3 1 '111Jv-!J'11ijmtlllflij 
Q <II Q 'I!"'.1.1rl tJlJ fl11 l'.i tJ'U rl-!l'U 

t 'I! 41 ..... ... Q lIJ 
1) IIJ'Uffll-!lfl11lJff'U flltJflfftll'Ufl1'.iWfl111::ltlrl1JV-!l\lm::LtlrllJv:: l'.i 
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2) 'Ufll'.itJ'U'YIlfl1'.i'YIrlnV-!J 2 91V'U 91V'UU'.iflNfflJ 
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3-5 11fJrl 
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UfllflVf , 1..fl.u'lft'U ff -!lun::Lmliv fflJ Nfftl1 

" 3) .u'Uvil'11'.iltJLm::n-!l.u'Vffl'11 

.u'tlffl '11 11 1 V-!l 
" 4) .u'UIIJtJltJfl11lJl UflatJ'U fffl'l!ll 1tlfl11lJI
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'" ... t";' A .Of "'..;,... I '" - .1-- ...3.3.1.4 f11'Hlflf11'U'W'U.1 'YI 4 tJ1Lflll 
... '" ... t"'.'l1 1'S tJ'U.1 fl.:J'U 

1) fll1lf..rnil

" 1l1nn-ho'U lflvf11'S l'Y1n'Sfl 1rl'Hatlfl'YIflatl.:J 2 'Hatlfl 
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2) ..rnil atl.:Jf11'S1nfllitl.:Jufl'fI' 

"tl.:J la'H::Ullnu1'itJll f11'Sl;;V'U'J1tl.:Jl'U 

" 3) 'Ii'U tlfitJ'Sl vua::a.:J.u'tlfl'l tJ ..rnilV'U a:: 111 o'U tlfitJ'J1va.:J  
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t t "'... '!!!! '" _ .....;,

4) "'U,,mVfl111l.1 'UnL'S V'Uf1nlll'Y1nll::m::'U1'U f11'5'Y11.:J1'Y1Vlf1'lf1'91'S'YI 

- ,I... " '" "' ...Lnfl"'U \llnf11'S l"V'U 'SlV.:Jl'U f11'S'YIflatl.:Ja.:J L'U 

" 5) ..rniltJ'U91n\lfl'tl'U-;h V'Ul9111l"tl'UL"9'1 LrJl'H1l1tJ 
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<V .. t-- A Go" ... -1'"3.3.1.5 5 1'Stl.:J9'l11Hua::9'I1'H'U1.:JlJilmtl11flll fltJll 
tV .c:S JJrv.l 

f11'5\lflf11'5 L'5 tJ'Ulfl.:J'U 

t}! 1 ... 'JI ",.l''''J11) "'UfI'l1.:Jfl111lfl''U \l fllvnfffl1'Uf11'SWf11'S'Ullnrl1V n'U'YI.:J 'Hnrl1VQ'n 
...... ..;, 0 '" d, '" r. 1 '" '" ... It.ttl.:J fl'fI1'Uf11'SW L'H'U'YI'YIl l1na1VQ'nLnn11n'U \lln'U'Ufll 'H'UnL'SV'UU9'la::fl'U9'I.:Jfllf11ll "tl1.Jl,,9'1 

!'I ... 1 d.d <v.." "QI' 0 QI11Jl'H1l1V ua::lJ'J::lfl'U'YI'U nL'S V'U9'ltl.:Jf11'51 9'I1tltJl.:Jfllf11llfl.:J'U 

- ,h 1If
-
"  ." 

2) 'Ii'Uffl'S1\lUa::tf'U'Hl \llnt11f11lliii.:J'1' 
.. Q .d. I fV Q .. IQ.QQ. .:4 1 QI" :!I" .,'YIflfltl':)l'5tl.:JfI'l'S'Ul.:J'If'Ufl'YIll91 tltl9'l'J1f11'SLnfllJilmVl1flll flV 'IL'If La'H::fI'.:In:fI' 'YItl':)Ufl':) I1.:)n:a"n", 

ft'1V'YItl.:JUfl.:J 1na.:J l'U'Hatlfl'YIflatl.:J 3 'Hatlfl uniltJ'U111f11'5 

1 fltJiifllfltlV 1 Ift11u'U::lll'S::'H-j,nhn\l m'5ll 
t ... I JJ ... I <V .. , ,. ... IQ  Q.I Q 

3) "'U tlfllJ'J1tJua::a.:j"tlfl'C' lJ 'UnL'S V'U tlfllJ'Slva.:J 
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91tltj91nfll' Iii m [11 Lflij lf11111l'tl91 tlUf';,t:mJ , 1'tl 

4) 

[11 Lfl ij 1 ft[ll.fl tliitlfl' lV[lft1-ri'iU1'1 t1tlft 'VIft 2 lft1tlft 2 l-ri'

'n) fl 1f1[1Uflll[lU 
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Vi1'lVltlll 1-t1tJ1 28 
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tJI Vl'.itulfl ,,rm i\ 'fl1 1i'lLf1tucrl' 
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.at 411 t ..,.. '" 
3.4.3 

,.,... .... j! .at,' "' ... t '!!!.tlff'l HUlJlJ fffllJ Cl11Jtl111J'Vt-llTHl 91 flFfa fill tlU,d 11lJlJ'"lJ1ff1: 

" "" 
0 """" "" j! d "3.4.3.1 mOff1nlLntl10lJmlff'll-11UlJlJfffllJf:l11Jtl111J'Vt-ll'Vtfl 

QI ... 'JI ... 'JI ... 
NftmntlmllltlUl LntllJ1U91::1fWU, 2546) 

3.4.3.2 fh11 Utl1tlQ1h tff-IItl'"uml i

3 .4.3.3 1-11UlJlJfffl , flft fill i 91 ml tlU fU1J1J 
II I II t 

;fUU::UU ff111 5 
!'I 'JI... , AI d... QI

UlJlJfffllJCl11JhJUUlJlJ linkert scale \ LntllJ1U91:1tlVU, 2546) U 4 lJl::ltlUtlfl (1) UNUfI-II 
AI QI ... - '!!!."I , ...QI2lJtl11 (2) (3) lJ'tllJ1'tl'Ufl-lltll 

QI fI Q 1 0 !I t fJJ .c:l dI •(4) 'tlO'MZ'tl1-111'tl mf11 fftll Uft Ol l1J tltltll91fllJ 'U fltl111J1J'tl H1ft fl 
QI ... .dI 11\ "" 11\.1d, d5 lZtllJ tlfl 5 = 4 = tl111J'Vt-ll'Vtfl 3 = 

.dI,'JI d Q rllo 0 I,Jld2 = tl111J'Vt-ll'Vtfl 1 = UftZ111tl1tl111J 
... . 

191 tI'cJ'\Ttll'Ufl-ll Cronbach 

3.4.3.4 itlml uhf 
"""AI"! 'JI"" "",K "",'JI(Content Validity) flUI1V1 

.1 ... "" 'JI 0 , QI ... ... <IIUnZmllJl::11JUVI\1091fl-ll UnZU11J111 1tl1tl"lfU tl111Jfffltltlnfl-ll'Ufl-11tll IOC (Index of 

Objective Congruence) 'll1911n-ll11tln:.a1'th IOC 

0.67 - 1.00 ltltl«1;tl1"1f1ty it.! 
UlJlJfff)lJf:l11Ji ,fjjtl111J;ttll i 91111J19111 fffllJf:l11J 

o d " .... ... t"" 1!" AI .... AI3.4.3.5 tlU,d VlfI''l H'UU1J1lJllJ lJ1-11 
oJ .."" AI"! 'JI "" 0 .dI 11\tUU VVllJ l O'M1un:: Un 1 1fffllJf:l11Jtl111J'Vt-1 'Vtfl 1

Q,I ct '(II r Q;' .cl t J .. QI Q ... 1...... .c:i 
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Iflftu6mfJ11flij 
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3.5.2 2 fl'U t11Lih.Jfll'nii'lfll'I .. . 
5-8 'th:aij'U't1fl'l:lt 

... ".... "., AI ....... ..I!....., I 51 'lllflfll'I 1 '\IV'U fll'I L'U UN'U 11 C)S 'UfltU'U '\I 

3 2 u-nt 1 
Q,I ", Q 014. 4" to QI Q,lQ 
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fll1t'IV'UqI Li'lV (1) (2) U'U'U 

1 fll' ii'lfll'I1;v'UI '0 1flJ'U '0 1fl11 'U'U11 i'l 1i'l 
.,.t. ......... ., ....t. .... '" .... .,

N-nfflJf:]l11i fll'I l'I V'U V'U U-ntU'U N-nfflJ f:]l11il1Hfll'I" V'U l'I V'U U'U'U1i'l 

'" rip'3.6 

,... ... 0 51 ..; d .. .....;" ... ...... " y ...... 
V'U l1lfl'U'I1'U'.nlJ '0 1fl1fl 'I lJ L'I1 L'U fll '.n'O eJm1!m \I
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Q.I Q, flo -=l 
3.6.1 l1fl'l:ltmt'U1'Ufll'Il1H111eJlf1'lffm 

l!flr; eJ'U!;;eJ'U1'UUN'U 

QI QI Q AIQQ- .. 0cl"3.6.3 N-n fflJf:] 111i11 H fll' l'I V'UA 'I 'I lflU Hli'llJl] fl'I eJl1fllJ 'U U'U'U '01 fl 

U'U 'U 11 1f1N-nt.llJ f:]11i r; eJ'U 'I ii'l fll'I r; eJ'UI '\I l!fI r; V'U lJll'11tll1 U tll 
..; , 51 51 r.... "Y" " t-test 'lllfl'U'U11ml:l'Ifl11lJl,,1 

(Calik and Ayas, 2005) 4 (1) 

fflJ\I'Ie! 

(2) (Partial understanding: PU) 

" 51 '''A I ";...s'" ," l'Ll'I!l'I9J N-n\lfl (;11flty'UHff1'U 0.8 fltU 'U'U 0.6 fl:: U'U 'U ua: 

0.4 fl:U'U'U (3) (Partial understanding with specific alternative 

conception: PS) V'U \I fl'UHfh'U Nff1'U Ufffl.:Jfl11lJl,fl

111 0.2 fl::U'U'U u-n: (4) 1,j!,fl1'O (No understanding: NU) 

l!flr; eJ'U 'I flr; eJ'U 1,j1I1fl:U'U'U 
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5 33 fl'U 4 11t:l-3 1 
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0.05 M (CaC03) 

trl fl11'iJt'li''iJ'Ii''U 4 11 'H 

uf1i;tJ'U 0.1 M 

http:r-.umul.uu


51 

UfllUCVtlUfll1u fJ! 'U 11 '1 f,}tu 11 lJiJ 

" cfd.Q "J QI .cl

" 
CI fHirmltl'U 'i1. 'U 1 'U 11111fl 

QI t 0 C1I'" q QI '" d 4 d, I .-
1 fH'YI 3 4 

3 

(A) 

(B) 

(C 

(D) 

'JJ 2 0' 'JJ (1,1 "" _I .... """" 41 , .. fllll"'1If11111t'tl1l'U'U'YI1 lll" 

,JI • " Im"ii 4.2 (A) (B) iil'Uiifb 

(C) (D) 



52  

• )I SI, jI , 

L"1f'U fiT" fi 

4.2 (B) fQ:;,h
N'lfll'J m:;1J1'U fl1 'J 't1 !1'U uvi 'l:;fll'J 

.... '" 'UflL'JfI'U 33 fl'U 

I I.., , 4 , 
nflll:;V1H 1 1 

A ..... ! .... I 
! 

ffUnN1 'W't1{)tI i 

3 2 1 3 2 1 3 2 1 3 2 1 ., .... . 
12 15 73 67 33 - 79 6 15 76 24 -

i d ..,
L lflt)J I 

11. 
, 

64 
I 

18 15 48 52 - lOO I - - 100 - - ! .... 
D'tltlVI!lU 

I 2. m1fl1'lJf,}tI 
3 94 3 85 12 3 85 15 - I 94 6 -

fl';mtl1 i ! 
! 

3. 

3.1 fl1'J6i'U1f1 
48 48 3 67 33 - 48 52 - 45 55 -

fl1 'J 't1 y;'I '1 tFJ 

3.2 ..,• "' .... 79 21 82 ! !- 91 9 - 15 3 67 30 3 
i 

II '1' I 
r 

1.51 "" 63.5l'llDrJ 34.5 1.5 79 21 - 65 33.5 1.5 56 42.5 



53 

4.1 

irnilflu 33 flU 

,..., , ... , 
'nfl'W:::flH OJ I OJ 

fl1'tnh.:a'l1i}mrn 
.r ...... 

fI1111l.;;'l1.;;'U'WU'nN1 

3 2 1 i 3 I 2 1 3 2 1 3! 

4. . 
fl1:::111 

,... 
ua:::i:I'e 

fl1111'HlIUJ 

I.;;'n\la 

4.1 nnnu'IJ'IJ 

91 9 - 88 12 - 94 6 - 97 

'i:::'IJ'IJ 
...4.2 fll'i ,'WU i 

mll'l - - - 79 3 18 76 i - 24 61 
, 

41 91 9 83.5Iftatl - 7.5 9 85 3 12 79 

5. fl11 
41 
fltl1111'HlIlt1 

I.;;'nill'l1 

5.1 fll'i 

"" 'JInn'IJlf1'U n lol" 94 - 6 85 - 15 76 3 21 73 

5.2 fll'i 

tl'i::alJU 
... 36 12 52 33 3 64 27 3 70 18 

5.3 
I: fllmll'thflty : 39 36 24 39 27 33 39 15 45 30 

, .... 
Iftan 56.3 16 27.3 52.3 10 37.3 47.3 7 45.3 40.3 

... 

2 1 

I 

i 

3 -

15 24 

9 12 

I 

- 27 

12 70 

I i 
3 67 I 

5 54.7 



t:t-1rtijT Z ::un I 
"I J " 

tLU::R.U lA-rtrt \i nra rtijtM.L LU::R.UlA-(lrtll uartt-fL ".. ···::U n 
.. 

...... 1I'-" rtlln.trtll ttU rtlUrtut-a rtlflt-lfl " P I'D f' It) K 'f' P I'" '0' 1'1) " , 

tL'u t-alloftl1 M, mG lit wI}tLUL tlflartlflt-lfltL,Ut-alloftU M, mGftM.TlI'-" rtlln.t rtlltlUrt t;r " r p 1=' '=" " ., '="' ?" tl P P t1) to 

(0) £'17 

rtL

(0) (J) 

(a) (v) £'v 

.. (0) 
t-alloftuM, U'l rtlflt-lfl tL,Ut-a 110ft 11 M,mGftM.111'-" t::7 " ,. p p I Y 't:If ", " ',; '0' 'P tl 

.. (J) 
rtlloftn.t ftLt L1\Trtllo ft M.l;:l\ 1Wt ul}rtrtlflt-lfltL,Ut-a M.1L 11" 

" " Il' r 'P 1=' " " T" " 

!r '" """... I 
Y 

'" 

(a)
rtlloULfttMLtrtM.ftllol 1'1) ., r 'C;r F r PI lit ..,1"'" h 0 'P p "h, lit ..,1'" i6 1'1) 

LLt::l\ ""lit 'C;r h 0 

(v)

(o)-(v £'17 I . ... 
M,I LLt LLttMLtrtM. I " * P Ib h "lit" h 0 ., I r t;r I'D" hotit' F " 

rtll Ut LUl t tL,U rtt 

ULI!.t-aM.1 817 z 17-I OO( if Pf7 f" 'K F' r I po " 

00 I '817 'V9 :::ulla£ ftrt1 :::trtt
.. 

nu mG:::un tMLtrtM. 17-I 1'0 I PF''='' " " '¢II'F" J' po I I'D '" f' 

1'17 ... . I'ITt ... 



55 

(A) 

(B) 

4 41 t Q d IV IV I A 
II1ftfl4.4 (A) u,,:; (B) 'Wt.lVlN1 

II • 

'Il'flt1Vt.I t.I'.i fll'W 4.4 (A) 'Il'flt1 
t 91 AS .. Q d A I Q,I" *1' ,t "QI Q.t::ilQ

fltl ff1 '.i t.I VI" U":; N"fI tl tl 1m'.i 11t]mV1L'.i 1'Ut.I U t.I m'.i Vt.I t11 'UV1 Vfl111l11 ff1 '.i t.I 
... ... _.K ....... QI QI'" .. v 'I '" .1 '  

1J t.lfl1 '.i L'WlI'Wt.I VI "'1'.i t.It.I t.I m'.i Vt.I t.It.I tt.I 1J1t.1fl ff1t.1 fI:;U t.It.I 

flt1 t.lt.Il

(A) 

." t • 

II1ftfi 4.5 'tlfl1:l:; (A) V11flij," t.lt.Ilt.l 

4.5 
.... <:>' .r, d.li ... , ...... l' ' ''I' ,.... ..1 

tllfl'.itl'Ufll:JlI Lll Lffff1'.i 
.1 ....- "".r ''I I,. ..1 IIJ""" ..., l' 'I I ,.... ..1 QId ...

Lff 'H'.itltll'il'il:;L'UVt.l11t.J1 Lffff1'.i 

11ilri 

4.1.1.2 fl1'.ifl1'UfJlli1U11'.i 

4.1 fl1'.i1Lfln:;M'tlfl1:l:;m'.ifl1'UfJlli1U11'.i 'W'U'j,'Il'flt1Vt.lij 

fI::::Ut.It.I 3 2 
A .K... ... ...... I... "" .1""-'" ... A v v N1'U '.i V1l 3 L'.i 

ff1 V1LfI ij'll' flt1 Vt.lijfl:;U t.I t.llt.I '.i :;i'U1l1mYi t.I tl v,,:; 85 U,,:; 

4 '11 V1lfl ij ij'tlfl1:l:;1t.lfl1'.i fl1'UfJ lli1U11 '.i1

http:H'.itltll'il'il:;L'UVt.l11t.J1
http:fltlUflff~~'Ut.ltlVH'.i1~l'.i1
http:fI:;Ut.lt.ll


JUWftB LUt1 

::1!lA. M.Mf,rt F' 'K I" 1'0. f' 'P I'; I ... I\> IP 1'l I y 1'& If' I" ;0 

I l'C "I 

M.n.rtn.1rtLtY M.JI91 LRUU I'" 10 l=" "" f=" r I'" • 11>. f' t " &i 

(0) -(V) 9'17 
. '" . 

M.M.n::Y1L 

M.Q (0) ::unM.k"rtk"1rtLtY (J) 

(a:) (V) 9'1' 

: 

..rtl'hi.mt! ; 

LUt.1 ,tnWftt! : (a) 
.. 

..: 
M.,Q-rt,Q-trtLtY : M.1r.ft
LUt.1 mr.uftt! : (J) 10 10 J,D 

: 
e..NLtM.1A ; l' 

(8:) 1t-@n.U,ttJ.i.LIt ,tnwftt! URI : .. 

: 
w)'0 "it' --

f.L.L:lmLrtW LUe..l ,tnWftt! : I(V) 

bf, M.bV b 
'" . M.M.n::y ::RUlA.rtM.Qf,1UM.lt' f" r IPr II) & to t::tr t=r to" hoy:, 1'0 I'" 1"1> l!> 

M.M.n::y 
'P" " l' f:#i( " ll=" 11) F 11> " tI) " 

I ULI!t-@M.1 176 M.M.n::y "'5> "''''110 ,.JPI/" l'" 10,. ;{Ipy'f" '" 10 

mailto:UQ@tM.rt1M.n.rtM.1ULrtn.~::tM.l
mailto:ULI!t-@M.1
mailto:lA.~@U~lA.!.LUM.l
mailto:Q@M.ULrtn.~::tM.l
mailto:UHM.Qn.1~lA.rt@f,M.HlA.tM.n~M.nJl9::L~mCl.n.n.nM.Qf,1L~1
http:f,1UM.lt
mailto:t!t-~M.~1t-@U
mailto:u~~@n~r.ut-@n.M.,Q-rt,Q-trtLt.Y
mailto:t-@n.U,ttJ.i.LIt
mailto:t1.1@n.r.LYrt~J&IUYnr.L.L:lt-@n.UM.J.i.LM
mailto:u~J&@n~wt-@n.r.~Lrtw
mailto:M.1Gn.;Lt~rt~~1ijYnr.L.l.n'@n.u,ttJ.i.LIt
http:rtl'hi.mt
mailto:nMt/l~1~@U~lA.f,LUULl!!.ftnt~rt~n.tYf,LU::RU,!A-9'1
mailto:gft~!;t1!.LUU.~~@~UH~~ullltmB
mailto:f,W~@1~f,ftnt~@~M.1f,ftnt1~~f,W~M./l~U,tt
mailto:L~t-@n.tHlA.M.M
mailto:Y1W~gft~!;t1tLUlf,~~@~~M.,ttM.1f,ftnt~~@n.UHM.~1~f,ftnt
mailto:M.rt1rt~n.tYf,rtnt~@yU
http:rt~n.ty!.LU
mailto:nt~UL~@M.mU@M
mailto:M.@~Y1~LUY~@U~LUW
mailto:M.!bm2M.@!pt1~brt~n.tyftLL~UUt
mailto:LP@M.~1tftnt~rt~n.tytW::RU.!A-~M./l~U.ttL


57 

I ... . 1 .,; .,; ... Y.'JI .... .,;...
n.,ltl{l\llf111 3 4 !1J'U L':itl{l'Utl{lfl111l1'U1l'U'U 

1m':i 11lii1RtJ 'ntJ'h1 'Um':i 

'" t .cs "-'! 4 AI
t'Ull'U'U'H ':itlt'nllf.JU! 'HfJll'Uflt ':ifl'Uff1'U1l1flt'Ufl'Ufl111lt'U1l'U'U tllfl1 tJ')1{1 3 f1111lL 'U1l'U'U 'H':itll':itl{l 

f.JU!'H fJihl'flt'1 fl'U '111;i fl'U f.JU!'H f.JU! 'H 'H fJiJ tl{I;{I'th 1 'U 'U l'U 'ti. 
':i m':i t ;iV'UUF-I'UfI1'n m':i {I'U'.1(

• ,r
Til., "'r! 

.'!l'tt, C.o"i M ." 

___________________..

• jl 
t»1II1( 

L-____________________

I I 'j/ • 

.tllWft 4.7 (A) (B) -w'Ufiih 

(C) (D) 

http:fJiJ~lfitJf.Jw
http:itlt'nllf.JU
http:Ufl~f.JU


6't> IA.MLUt-ijt-ij,L:m
... '" I 

M.M.n::u;ij1 S't> IA.MLUt-ijULftftij::tM.1 I'tJ ., " lit I:' It) pin. P I t'O po Ib t'O b .  .  flL £ M.l;pU@@Uml .  . M.II M.1UL&t-@M.1 £ t p J:r Ib  P I't) b r r' • (ff. if 

M.lliJU1\ t> b 

rtM.11 ttU M.UL &1 M.M.tLt;rt £ r r' Ib h  ilt1=P f' F' 

M.1 L, ,L:!.Unt-@Uru
b p t'O II) P Q rv po t;;r f' tr I 

rt1 1 SS 'S"£S '16 If' 'P' j( btl lit f" 1" I'; P 0  il I'D 

t> £ 'z '1 ULrtftij::tM.1 M.M.n::t;rtM.flttUM.LtftM (Z't> -l"t» I'; F' f' b 1'0 b p f::1 I't) 1  " 

flLrt "rtLtt;@ ::Ltt;lttLU rt> IA. & Y 0 Ib t'O/J F' 

t>"I' I"t> " Y Ito 0 t'O 

ijlA. LtLU 

ttl/.41 Ibl-llt I 'F pKlIt _ K P I'; '" It) 

::&t-@  j LM.ftij:: t 1A.11 L M.ftij::t
Io '" N' y loiS loT'" \'" I Io '" 

t-a!:tmbflL • •  /Ii 

rtU"YUG £ t-lA.rtU"yuGMLUM.Hlml1n.ml1ttUM. (0) Ct> IA.MLU M.A.1 '=' ;1) b' 'P' J:1 t'O Ii=" I 
'/Ii • 

/.41 t-ijlA.tLUMLllM.HnM.11 n.l M. &lijA. HI1@A.j IA. tL,L:!. t-@n.YULrttrrijM."LUtLU rt t-@ M.l@ tf lit  I=' f'I) I ,,191=' '0,.... 0 1=''''' t ,  I 

(0) -(V) Ct> IA.MLUUL& I  I=' J=t t'O F' 

SS 

mailto:t-W@t-@~ijlA.tLUMLUM.HnM.l1n.mtLrtL,L:!.M.l1t1UM
http:ijlA.tLUMLllM.HnM.11
mailto:ft@~lgLrtL,L:!.t-lt
mailto:M.n.rtMlt-@~ijlA.tLUM
mailto:ijU1::Ul1w(jrrijU1tLULt~@M.lmtlt-@~ijlA.tLULtA.t-fttLUM.rtlt-lt
mailto:M.LHL~tl@rtl
http:tLU::A,U~~M.II
mailto:1A.t-@~ijlA.tLUM.1
mailto:1A.t-@~ijlA.tLU::LtMmM.A.mrrllA
mailto:UL&t-@M.ltALWM.Iln.lI~l
mailto:t-@~ijlA.tLUL!AM.lliJU1
mailto:t-@n.ijHtLUUL&ij~l~~t;lW~YP.ij~ltLULt~~LA,U~t~n
mailto:L:!.Unt-@U
mailto:M.@t-@~ijlA.tLUM.t,L
mailto:1A.t-@~ijlA.tLUlA.tLU
mailto:n~t;t-@n.~~fI
mailto:t-@M.1ijAIA.t-aUUtftij~tM
mailto:t-@~ijlA.tLUt-@n.M.t~M
mailto:1A.t-@~ijlA.tLULtUI1
mailto:UL&t-@M.1
mailto:ttl.mt-@~ijlA.tLU~HUIA.M.fttLU
mailto:t-@~ijlA.tLUM.IIJl.1
mailto:M.l;pU@@Uml
mailto:M.llttUM.IA.ULtUM.lln.1tLUHII@t~~I,m


59 

(A) 

- .v" 

2 

3 

11Q8ftm"t"ll,fiUJI 

"988',111 

.r .. 
"A A 

"l 1It1:::lf1ft 

.r .. 
11t11'U,,'" ..'IIliHIHltI "l ua::lf1ft 

.r .. 
I'ltll'U l'U"'Uflll:: 
"A ..'II1Mn6t1 "lUa::lflft 

11G8ftmJl,,,t"lllfiUJI 

"988',111 

.r.. .. 
A A ••1tlm6t1 

it'IIl'l 

.r.. y. 

'" A .JINI'tltl 

it'IIl'l 

(B)  , 11111 tA,nfl' (em) 11180 , 

i (8) I 2 3 

15 5.5 4.8 2.3 4.2 

30 8.5 7.6 4.3 6.8 

I 45 10.3 9.6 6.2 8.7 

60 11.7 11.5 7.4 10.2 

75 1l.9 U.S 8.4 11.3 
I 

L 15 2.8 1 1 l.6 

30 3.9 1.9 1.4 2.4 

2 45 4.9 2.1 1.8 2.93 

60 5.3 2.2 2.l 3.23 

75 5.4 2.3 2.3 3.33 

15 1.2 1 0.4 0.87 

30 1.6 1.9 0.6 1.37 

3 I 45 1.8 2.3 0.7 1.6 

i 60 1.9 2.5 0.8 1.73 

75 1.9 2.6 Q.9 I.8 

InV 

1.4 

1.92 

2.16 

2.32 

2.42 I 

0.47 

0.88 

1.08 

1.17 

1.20 

0.14 

0.31 

0.47 

0.55 

0.59 

(C) (D)
n1f1l1o:nin 

0.05 

0.1 

o.t5 

1'1111 tAIIlfl1 (em') 
"11f180 

(8) 1 2 3 

15 10 9 8 9.l 

30 17 15.2 14.3 15.5 

45 23.1 20.2 18.4 20.57 

60 26.4 23.2 20.8 23.47 

75 28.0 25.2 22.2 25.33 

L 15 12.2 8 7.9 9.37 

30 20.5 15.2 U.3 16 

45 26.1 20.6 17.1 21.27 

60 31.3 24.8 20.1 25.4 

75 33.5 26.9 22.1 27.5 

15 18 II 9.9 12.97 

30 26 17.8 15.9 19.9 

: 45 35 23.8 19.8 26.23 
I 
I 60 41.3 27.9 22.9 30.7 

75 45.3 30.9 25.1 33.77 

InV 

2.21 

2.74 

3.02 

3.10 

3.23 

2.34 

2.77 

3.06 

3.23 

3.31 

2.56 

2.99 

3.27 

3.42 

3.52 

qllnllJii IlDl (em') 

(0C) (8) 1 2 3 

10 4.4 5 6 

20 8.4 9.5 10.5 

0 30 10.4 12.5 12.9 

40 12 14.5 14.9 

50 12.8 15.5 15.9 

10 II II II 

20 13.4 14 13.6 

32 30 14.8 15 14.6 

I 40 15.6 15.8 1M 

50 16.2 lIi.2 15.8 

I 10 17 14 10 

I 20 26.4 20 15 

66 30 30.4 23.2 18 

40 31.4 24.2 18.8 

50 31.6 24.3 18.9 

"1111&0 I 
5.13 

9.47 

11.93 

13.8 

14.73 

II 

13.6 

14.6 

15.4 

16 

13.67 
I 

20.5 

23.87 

24.8 

24.93 

4.8 (A) (B) 

(C) fl11lJ,,rlJ,rUun:: (D) 



60 

(C)(B) 

5  

4  

3 
.5 .....t1I'l1Idn 
,. 

2 
-II-'I1rWIt'W 

1 
......11t1fI'lIIIl 

0  
15 30 45 60 15  

(D) 

60 .,...------'------" 
50 
40  +------ic:......---,..s  30 -r----"1(----...::....... 

20 ....----

10 

° o  10 20 30 40 50 

12 -,--------
10 +------.:-=.a-
8 +----,..----,..s 6 ............-- ...-0.15M 

_OJM 

-+-0.05M° o 15 30 45 60 

,  1!tI , 
AI ... ..1  .4 QI .. 4Q " -'!ill'Wfl4.9 (B) (C) 

(D) '11 flilfJ'U ';i::al'IJ1J1fl 

4.8 (A) - (D) .,  . . 
t,f'Ufl1'Vf (A) 3 

';i:::'IJ'U 4.9 (B) - (D) X na1 ua::: 

Ufl'U y In V 'lItJ.:Jtll1J1mfl1{'UtJ'U'iilotJfl 'ClfA' lfJ.:Jfl'U ., .. 
fl1'iflfl1l1 .. 

4 cI<v Go' 0 .;. 

,..1 1.:J11 4.1 fll'i1LfI n::: '1111 flll::: fllHiilm :::Yl1ua::: 1.10 f1111J'I11J1fJ 

(5.1 5.3) 1,2,3 Ala::: 4 



61 

. . .  
o Q,I Q d d d " 56.3, 52.3, 47.3 Ull:: 40.3 3 Ull::'n 4 

-J,ll'flil fl'W L;jtl'WLU 1:; Nl101'j'nflll 'liffl tJNl101 Ulldhrflil tI'W UHfI'W 

'lil;jll'WNIIO1'j 'nfill lfl llflfl1 'j ffl tJ Nll l

(A) tffff1'j 'tJ'Wi1

lflfl,ji)m tl11flfl 'litffff1'j

1
lflihflfl

(B) 

(C) 

(D) 0.1 M 'Wi1,jilmfllOU CaC03 

In V °C 

lflfltJilm 32 °C 

fJtu'l1lJil 0 °C 

fll'j l:'lflfJtu 'I1'lflfl,jilm 1'W 1l' 

4.10 (A) (B) 

(C) fl11lJl,rlJ,j''WUl:'lZ (D) fJtu 1fll'jlflfl,jilm flil fl'W 

flZU'W'Wl'W'j:t:iU1Jlfl 

0.05 M 

I .... '_,4 ,.d "" "" _'''''..... d'j::'I11N In V flUl1111 '1J'nll:;mflfltflfllJommlfllJ liU'j1'ntJ'fI 

nfl Ull:;tJ i)m
d QI "'I _, I _,"I ,.d "" 0 '" !II"" .I d"" A 0 t'nlW1U tmlJllnfl l'I1lJ m 
q,o 4 .... d d. A Q.I .Q r. , l' 

nlPl 'j101'j lflfllJ .J 

. 
4:1 0 .QQ " " 00.05 M 0.1 MUll:; 0.15 M m 

,jilmmou CaC03 In V OUl1ll1 
!II !II "" .d !II !II d!ll !IIfl11lJl'\JlJ'\J'W 0.15 M tflfl t'll'j1fl11 'nfl11lJl'\JlJ'\J'W 0.1 M 0.05 M . " 

lflflsN1n tJ'fI '11'VIPl'j1fll 'j lflfl,j i)mtl1lflfl 
!II !II 0 '" !II.... "" .,""_ !IItm1UllZ tllll flfI 11lJl'\JlJ'\J'W I 'I1nlPl 'j1fll'j tflfllJom 



62 

4.10 (A) - (D) l,stJ 

4.10 (B) Unt;VtJffltJ'h" 0.05 M ';1 

tJ6m Vln'UltJnOn'

In V n'Unftl 'W'U'hltJnOn 

ltJnon 
• 1<!C i I 0 ... .l ... ,j. "... .... • 1 ... ...... ... '" 4,j'1J ft on 'lJVI ft:;, 0 'il: Vllllt 1J'W tJ VI H11J In 'lJtJ Vlll 'H f1111 nl Vl 1 fl1J n 'il:; 1'W1J'lJtJ QI 

i1''' vtJ 1 an 

l'il tJ1 Hftm 1 n 'Ufl111Jt1 VI H 1V1 f u ft:; i omlliI11J "hTl' i l' 
i jJ I QI'" ... QI ... " ".1 '''' 11tJ m 1 VtJ1JVln1oJ:; m 1 1J l1JtJ 

,  . ....c  ............ "" Q fl., 41 4.1.2  
.... ... ..,... "... 11J O'W 'ill1W lf1:;" tJtJ m 1 VtJVI 'ill n f1111'IJ Hft mlV1 ltJ 

(mflHtJ1n 'II 'ilA) 

lhfftJlil ni1 32 

(111 fI:;UtJtJ) 33 (73 fI:;UtJtJ) 

lhfftJ lil'Wu:h 32 fJtJ1"l11tflij Uft: 

ti'tJfl1'lltlf1111Jj ff1J 0 Unt; l111Jmlu lin1oJ:; m:'U1tJ ml

1 1il lOll'illffl tJ 
Q 4..:2, Sf". QI  .Q fl. Q,lG .cl 

m'1I1 ff1tJtJ ml 33 
.Q QI  d i' '161'1.Q  -1JfI:;U'I.

2554) 

4 QI.c:l I QI .. 9J 
Hft nl1 il'IJ f111 nl1 11 VtJl U 'U'U ff'Ul ffl Z'lfU tJ: 

5 
.c 41 l' ....1"''''4.2.1 

UHtJ 

jJ "  <!C <!C I .... 0 .1'" __ '" 01'" ... CJflV1JO'H 10mloonu'U'Uml lnotJI1J oVllnl1 iltJ n" VtJ 'ilZl'IJVtJ 
.1  .c QI lil'illnf111 



63 

4.2 5 

I ..., "" cr 

;;" 
5 4 3 2 

1. - 54.55 33.33 . 9.09 
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. 9. i'U't1fYl1 12.12 51.52 33.33 3.03 
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• Q.:t QI.:$ ," ,tllJt GtGf ev9/ 4)1 d 

55.15 ttlVfn L;) L 'U 
.lI"':'I' ..I" .. 0'" "' ... ..I i5.76 m 0.30 flllJn1fl1J "lflf11':ifln1JU1J1Jffn1JmlJ'Ufll':ifJ'UVlfln1J 'U 

'j':t:Yl1JlJlfl (,Tn 1) 54.55 
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oJ... 

14. 1flt.I..t1' tJ'ilU"lfV'lJ011 iltJU O11ffVU ff'lJ1ffl::U'lJ'lJ ....oJ r ... ... ... 
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....... ,., _I '" 'l ....! ... Vlfl'M::: fil'j fI lilt} ff1lJ fil'j nfl'M &m t a:: nfl'M lNafflJt)Vlli t'.i tlU 

ff1lJl'.i 4 l1fl'M::m fl ilivi'WlU1 
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d'S tT unil V1
QI.Q.Q QI 4 4.4.1 

11lfULa::: 'UfUl V'U II fla fl'll q L l V'U l'ItT 'U 

.. 
5.2.1 1J8nnuUl'u::1unl1iAn11!1r.JujutJtlG-l.Iun::tiuU::UUlflH 

J/ J/ J/ J/ • J/ 

5 -U'U -U'U111 
'I Q,l4 to .a .c:l CII<II",tcl to ,.. Gl4 d 

Lt1I1J'Ul'I 2 'UfUlV'ULn11 
'J/ ... "2 .,; J lq:JI I 'J/ t.,; t ... 'J/_I

3 IIJ'UV1J111vua::a{lIlJVfI'llJ 
II J/ • J/ 

-U'U114 -U'U'tlV1Vfl11lJl 

unilV'U t111m ri{lil 5 
......... lq1"\'J/ .... 0 lq'J/ji ... t'l 

,jl:::llJ'Ufla 'UfUlV'U L¥l fI{I'U'U &'Uml 
QI.ci t .iI e JI 4 _I G'cl

V'U mlfl'V'U IIJ'U 1'1'U t11 ua:::IIJ'U fll tJlJ IV n fl'll ua:::fJlJm Wl'l 
'I ... ... ... 'J/ ... • ... _I ...... • 
&'If ua:: 

fl1lli1nll,j 1l'11{11 'U nll url" IIJnv'U 

lhlJl il v'Uml 1

U fU; V'U 'I{vvnu ua:::n l'j l'j ilv'Um'j fl'V'UU 1111 ff1J1f1'l::: 

t11f111lJf ,rJ'Um:::111'U m'j ilV'U fll fl1'jiifl1111V¥tt1 1'Um'j 
... 'I t ... A'" ... A A'"I 

mlJfl11lJmlJl:::fI'lJ fU'j tJ'U fU'jV'UlJl'In1:4::: 

1'U tY1'U fU; V'U 1 1 1 1'U IIJW:::,j 'j lJ rivv1 
...... _ I.... ........... ..l • lq' 'J/ 'I 'J/ ... ......:'1 '1 &lJll1Jl 

'j:::V::: 1 V'U 1'U tY1'U 'tlV{lm'j 1 
'I 'J/... ... • "':'1 .1 ... I";... ...

fl1'j &t1 'U n II tJ'U a V Vvnu11 11n1 'j l'I¥t a V{llJ 1n V'U lVi V!lJ'U n 1 'j lJ 'j:::t1 tJ¥t, 1a1 n V 'U l'I 'U n 1'j tJ'U 

{I 

5.2.2 1J8U:rU8UU::: 1t1 
Q.;I 9.I.c:l 9J ... 1 

5.2.2.1 ViWl 'U ll'ln1:4:::ml VfI'llJ 
• J/ 

...... .... ".,; t.....l! 'I 'J/
l'I1 {lfl11lJfI flua:::l'In1:4::: m :::111'U m'jl'lH V11f1'Qlll'l{l 13 l'In1:4::: C)f vn ''If 

UfI'U N{li111'U nnnV{ll'UfIam ff nil tJ'U,j ii11llm'j l'I¥taV{I 
... ... • 'I 'J/ lY. ....1 ... A ... 1'J/' I ... jI'1 Lt1f1'jV11f1'Qll ua::.:ml 
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IA.I IltJl. ap!no Wd nIl1A.1I11l.tfl1l1nntl.O.llf.LU ap!no " " I'; f"., -J ., ..

W d nll1A.1I11l .tfl1l1 nntl.o.ll nrt11t1.0.ll.tWijtl.ijlA.1J1.1O.t1A. tl.n.ULftft U!I.IT t .. "" .. "" /I ..... r 
tI. fl1ft.t UftL tl.UL Q, MWtl.1A.tl.1l.t tutl.lA.' 0 M1tI.O.lllltsUO &LOt-.ll .tLUL tI. IA.t-O.t, 

I,. p ti"1II "" '" /I" " ' .. "" iI" ""I'" " 
tl.IT11A.IlOIlOR.tlA.tl.l :g1:!11 OMt (lfooqa,yeJ) ija.lll.llTtI t-1:!t-.Iltl.lln.1tI.1l.ttutl. IPI'" Iii"''' r1'P /I"" I'v" • "" ""'" 

U 1 :gULOt-O .tijl:':1:! JI.' U.tLftl.lltl.ll.ttutl.t-AilULfttl.ttl.LQ, tI. IT1I1.tt-O OijftlA. tl.1l.t tHl 
if,"" " /I 111/1 .. "" ... If" • Ip '" .. ... ""I'" "" 

08 
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"" <!l'" '" <!l ::'.1n"i111'1f101'i 'W.f1. 2551. : 

1 H-n11vftJlffflTf11f1'Wf11, 2551. 

..... '" ... "c:i_ d .... ,""' ... l'01 1fftlytttJlJ'CItJ my1'1i01'iflD' ff'i).J 11'U fll1 tI'\,!l 

11.11.f1.: 11.11.'W., 2543. 
... 11 ....."d " <!l ..0 "011 tI'U 

QI Q.I.c:a. ...Of #:I 
111111f1t1Tt1(1D'1'Ut;'I1l,lfl1'Ufl1 11(1): 33-50,2551. 

, QI tI ct .q eftQI 4

01111.5 (llJ1YWlJflfl1:lZ n"i ;;tJ1l,l O11f1H11W1f11 1'U'UlJnil1011 011 flfl 
.Q. Q, 4 tI 401 ct t. QI tid 1 ...'" tta;a fl 'Utl-l'Uflll'i (I'U 'If'U11 'Ii (111 nfl1:l1 fI 4 fI(lm] fl flU 11011 

.. 1! 1 .. "... "" ".1""11 (I'U 4utJ tJ fl 1 H 1 'U fl 1111 fl'U I ttl) 11'€1 'U1 ff1Z'I11fl11111. 1 fI fl1'U'W 'U'Ii lJ'i f1l fY1 

: 11'1111f1fnnfl11'111ff11fl111, 2550. 
Q,I 0 Q,I Q,I .Q CiQ tI QI c! .cl 

'li1'1f m:"J'fll "J'fI11:1 1. 1f1fl1:l;;011 1'ifl'U 

111011i1 (I'UlUtJtJfftJ1ff1Z'I11fl1111l 10fl11 00'; fl11flij .. , 
<!l ..... .... 

11'1111f1fl1t;'1fl'Ul1f111. 14(2): 23-34, 2555. 
... • F.!" ....t. .. 1 ""d .-1tJf1l 1 tl 'U f11 fffl "0111lJ1flUf1(1tJ Ni:1ff11 q fI 'Ii 01111 fl'UUi:1Z11 'U 11 'fl fI fl i:11f11fl i:1 tl 'U 

... .. 1 1 .::s. .: Q,I .o::::t.'U i:1tJfI1fl1'l1'Utl. 3(UtJtJ'W1f11:1): 233 -245; 11n"i1fl11 -

1111:11(1'U,2554.  
... ".1 1 <!l .F.!" ....t. .. .... tJ1ff1 'fl. 011 O1lf11-l 

.Q rica. 4 ClIo";' , QI 4 QI"
Jfltnf11ff'fl11'lf1'lf11f1V1 11 fN O1'UiW 'U'Ii'U tl';Il.,lfll1 (I'U'If'U11 

QI 

'Ii VVf1fl1:l1 

tI "" · 1 '''1 .... 1"' ... '" .1 "" ... "" ".F.!fI 5 tW 'lf1/ 1f1(11'U'W'U'lilJ1f1lfY1 

: 11'1111f1tnnfl'Utl'Uun'U, 2542. 
QQ,I tI oCt ct. Q,I'&.ct Q, tI 
'Wflfl'I:J 'If. 011f1 fl1:l1Ni:1 ff11Q f1'1i fJ1101 1 11 e!'U fll;;lJJ'U011fJ1:j1f1V1f11ffm u i:1:: 

, " .q Q ;Q, tI QI.c:S t 
f)1111ff111),Ul 'U011D'111111 1204 1j'W1f11ff'fll 'Ut)1Yfll1(1'U'If'U 

... <!l tid d 11'" 1 , " ... 1'" 1'" • I ...... .., ...V1W11f1fl1:l1 fI 2 YUt11tJ011fftll,l fie! 'lffltJ11: 

1Hi1(1'U'im,Jiiflfl;l'Jj11'Wt;'I,2544 . 
...... 1 "" .... I ...... d ....... .t.'Wff11 (I 'W1'U lJ11. Ni:1 011 ')11'1i fftl'UUtJtJ'€11J1ff1::tnfl111/11l,l 'U tlNt;'Iff11q f1'1i 

.cl QI Cl" QI 4 t QI tI"" (I'UUi:1;;Y1 (l1f11ff'fl1 fll1 fll,l 'If'U11'Ii fl11 f1fl1:l1 fI 6. 

1f1(11il'W'U 111111'UwcVi'fl : 111111f1fl1n(l11'1ffl D 'Ii1ii, 2551. 
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1 -:i 2555. 
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1'lf1 tflii 3 'jl1ff1'lf1130223 'iU1lnfJ1JfffllnilVi 5 

.. 
o ... 

fll'lfU;H 

1. 2 32 
, • '1'''' "" '1'''' <I", .1 "'... III.!' a32 fl:::UUU lflfJ1JlflWcrtfl.:.tU um'jfJU lj1Jfl:::UUU 0.2 fl:::11UU !1Jtl 

0.4 fl:::UUU .  ..4 Q,I ..:I <i!!:\ 14 0  .c!!l QI ..:s 14 

0.6 fl:::UUU 0.8 
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2.  1 i11lJ.:.t 
31",,,, "" 31 31 ... 31'" .!' 1 03.  (x) Uf)'j:::fl1'Wfl1mlJ 

' r'hu 1 fll..r 
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• .1 i"" ',,: "0fll'1m9.:J 'If'lJV\jfWIV t1lJ91V'Ufl1t:nlJ'lJV 1 - 2 
'" r:J";.,. ..r ,..;,,, ,A I Ai"H2 'YIlflfl'lJlJ W ., 'YIN1lJ.... lJ 1J tlJV 'lfft1fl Mg .. 

Hel 0.1 M 
ItA,., IJ I  .-----------------, 
! 

1111911Uftcr Hz (em) . rnn (8) 

5 30 

! 10I 65 

I 15 100 

I 20 155 

25 225 
3  3L  1fl'SllllJlvllJvn 5 em flmnnmlJl91'S 25 - 30 em 

ifl tdVfl91'Slm'S 
.,.  .. 

n.  1litOlJ 30 1lJ1\1 'lJ. 55 1lJ1'Y1 
.,.  .. 

fl.  70 1lJ1'Y1 751lJ1\1 

n. 0.02 'lJ. 0.01 

fl. 0.04 0.06 

3. Zn(s) + 2HCl(aq) 

fl91nm'StOflUnff'@J t.... n::m9Jifl 
... "''' ...... ,AI:i1 t_'lI ..r n. Nft91flWtt1'S11JnlJnft'U 

'lJ. 

fl. .... i'tfltl 
QI tI.d Q A 0 ",d d QI QI 

Nft91flWtt1'Y1lflfl'lJlJ'YI111lJ1'Y1tillJ911'lJfl'lJ tn 
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o .: ',_I.r, 0 fll"U;H 'UeJ2;d1:l9leJ lJ1.J 'HlJ1:ml'Ufl1191eJ'UfllflllJ,m 4-5 
t ....1 !'II d ... \V 0 _1"'- ...1 (CaC0 ) IlJ1.JllJ9Ifl1:llJ '1 'H1.Jfl 6 fl1lJ flllJ{)fl1t1lfl'Ufl1f1 3

'}11.J11.JlJlfl'Ym 300 11.Jl'n 
d Cd,:1I .. ... .d ... '" u1:I:m'UUflff fI 1,200 \1fl'UlflmC!11.J9IIlJ9I1 

fl. 2 'U.3 fl.4 

5. 'H 11.J11.J1 L
!'II 4 1 0 _1"'- QI ,... !'II " IlJ1.JFH IlJeJ 'HflllJ{)fl1t11 fl'Ufl1 f1lJ1lJ1Wtf1l!f1lJ \l1.J 'HlJfI N1:I 1 

fl. 1,200 em3 300 11.Jll1 
Cd 3 , ...... 

'U. f1Uflff1.JeJtlfl11 1,200 em U1:I:: L'I1l11:111.JeJtlfl11 300 11.Jlfl  

fl. 1,200 em3 300 11.Jll1  
Cd 3 ,... , ...... 

f1Uflff 1,200 em lf1llfllJU1:I:: 'lfn1:l11.JeJtlfl11 300 11.Jlfl 

6. 1.J'U'eJ HI i i.J 

H2(g) + Iz(g) iii' 2HI(g) 

...... 
::t:: 
"? 

;:> 
'1I>.;l;:> 

GO C 

0r 
("I' 
(i: 

fl. A 11.1. B fl. C D 
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" .I lilY. • .1 '" • lIJ.I.:'.1 • '" ftl"U\H 7 

trt6161uriU L8'lAH11'l6; fl(HCl) \l:::LAunu 

LSlA'H\lu(HP) 

fl.AB 'II.BC fl. CD -l. DE 

8.  lrt6 '1. rim A 'lllU1U1J1fl1'l-l iU'II1AltJm1tJ mf1;'U 

ffiu 1'111AL ;'U'UlJ iifl1J11'l L n
G'J 30 1'U1'fi G'J 

B 

C 

--------------___ D  

111'l1 

fl. A 'II.B fl.C 
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9.  't1 fJiJti-itJ1ti'U 1 l'J
'" .,." 

(I) + B2 --+olio 2AB Ea =40kJ 

(II) X+Y2 --... XY+Y Ea 10 kJ 

(III) M + N2 --... MN2 Ea = 20kJ 

fl. tJfimm ( I ) 

'U. tJfimm ( II ) 

fl. tJfimm ( II ) ( III ) 

,tJ'lftltJ (I) ) ( II ) )( III ) 

10.  

fl. 
A  AI'" .,. I ...s ... I ........ .J...,.j-'! 

'U.  

fl.  
AI'" .,. I I..,...s ., AI"'''''' WJAI" " AI""""''' ., 1Jfl91 {1m fJltJV'U fla'lJ 

11.  A + B IIo C + D = +30 kJ/mol 

(Ea) 

fl.  30 kJ/molA 

'U.  + 30 kJ/mol 

"  Ifl. 'Utl tJfl11+30 kJ/mol 

1I1flfl11+30 kJ/mol 
'I  tn '" tn 4 0 AI"'- I tn 0 AI""- '" d12. 

fl.  r-----------. 
...  'I 1 tn "I I d <!i '" 'U.  'Vt'U1i: l'U 1ILaQa'Utl{lfllClf 

.4  1 ., 4 "" fl.  1'Pl1l1fl 
,l.J... tn t ......., 

{I.  'Vt'UVlfl1'Utl"lfllClfVl{lfftl{lfflJflfffl'U1I1fl 
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'\In 
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I. SO 

-j!40 
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'lf6

n. n '\I  

'\I. n '\I  
"" • "" '>I" tI........ ='I..Q..Q '>I' ... '>I " __ 1"-fl. n '\I 

n '\I 

14. 'tlil 
n ,.-- .. ,

I , 
I \ 

I \ 

---/ 
I \ 

" 
I , I 

-----"I \ 

\ n 

mtt11l,w,u.tNt.tDfWtn 
I ltm:tl6mm II 

, ,.., ,..,..,. 
. 

Solfl11J.118lA 

n. I = II I II 

'\I. 1>11 I II 

fl. 1<11 II I 

I = II II I 
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15.  fll'!im:'rll

fl. ..,l '" '<$ 

'U. , fJ1Jf11 i'l-U'lf':w''W 
,: .... <$ SI ... ' ... 

fl. 

A.... ... I"'''''''' .J... t SI!il1 td A , .... 
16.  

1. 2. 3. fl111Ji'W 
SI  SI ... 

fl. 1 'U. 11m: 2 

I 

.. 
<V 

... n 
IN 

...OJ 
IHmaT 

,g 

, 
UN'" 

...<V 
tHtl:U, 

g 

1 MHCI, 
3 em 3 em 

<V 
81111 

,... 
ltUlrJ 

I 1 1 - 10 10 25 

2 1 - 10 100 0.25 

3 - 1 10 10 5 

4 - 1 10 100 0.05 

5 - 2 10 100 0.1 

17.  leJ

:. . '" 

A"Jq QQ; 

2. 

3. leJ

4. 

5. 

" fl. 1 UfI: 2 niTu'W 'U. 1 2 UfI: 3 
SI 

1 2 3 4 UfI: 5 
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JI 

19.  1'l1il 

A + B ---IiI> C . 
fll1SJ11lSJ1I", A 

! (mol/dm) 

fll1SJ11lSJ1I", B 
3(mol/dm) 

.... ... ... 
8R11ltUUJfl11lflA 

... .....t 3 
NORIlWon(mol/dm ) 

0.001 0.001 1.000 

0.002 0.001 2.000 

0.001 0.002 2.000 

0.004 0.001 4.000 

, 'W,rij' 
... ... "" .., ""J... 1lI 1lI

fl. A 
... "" "" ., !'III."J... 1lI Y..'U. B 

1lI 1lI  lIt'4 1lI • ... 3 B 'HLnlfltJ 0.001 molldm 

A , ,  0 3 ' ....I.! d 4 " 20.  lllij ff I molll HCI 25 em 'W'H'W -ij'WIJ'Wl{lfl '1 
lit lit"'" "J 1 , 1lI, lit • 0 , 1lI... I""""" ..:. 2 ..:. "J 'W'Uij lllnl 

3fl. ,,r I molll HC) 100 em  

'U. ,,r 2 molll HC) 25 em3  

3fl. i,r 2.5 molll HC) 10 em 
3i,r 3 molll HCIIO em 
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""- 'U.1I21.  U 'U A + B C 

""  'I t:II.... "" U""""" ,J I.... 'JI 'JI ttf)fI A un::ff11 B 

I ff11 A I mol 't'huiimV10'lJff11 B I mol I dm) 

2 ff11 A 2 mol 't'huiimV10'lJff11 B 2 mol l'Ufl1'lf'U::'\I'U1f1 2 dm) 

1::'lJ'lJ 3 ff11 A 0.2 mol 'fhuiimV10'lJff11 B 0.2 moll'Ufl1'lf'U::'\I 'U1f1 0.1 dm) 
'JI 'JI •  

 

I 1::'lJ'lJlf1'ffff11 C II 

I II I II 

f). 1 2 fl. 2 3 

'\I. 3 2 {j. 3 3 

22. Mg(s) + 2HCI(aq) MgCliaq) + H2(g) 

11l'Lflflu 1 
'1'J1 ...... ,J. ,,. "" 4 

f). L'lfn1f1Ullf)'ULClfVll1l1f)'\I'U ff1'Uf11f1 g 

.......... 5It.td ,,. I  "" 

'\I.  n1f1Ullf)'UlClfVllilfl1lJ'U'lf'Ut'fIf) '1 ff1'Uf11f1 g Lfl1flnmf) 
'JI  'JI • "" 1'\111'\I 'U1'VI 1 1flll 

A ..dCl d .4 " " fl.  1'W1l'W'U'VI un::fl11111'\111'\1 'U 

f11f1'g 
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0  _ Q jI d 3 
23.  HCI(aq) 0.2 molldm tH'VI 

UfI::: '1 tiu m1l1Clnhtiu 

.  
. [NaZS10 3J(molldm3 

) .. 0 Q.I Q.I - -=c111:11fl '1Ul'l1Uflltl:::aU"?l (lUlfl) 

0.0625 210 

0.1250 105 

0.2500 53 

0.5000 26 ..  
11 

...  .f! i 'JI '" ... • I......... d,f fl.  111 'I1flflnm'SlMllJtlO'StIll'S1'UU 
Q,I Q ... 1 cl A A " '" 'U.  flflnm'SlfIfllJtlO'Stl1l....1l'UU 11lflfl111l1'U1l'UU'U'tH 

4 ,f  
ff1'SfI:::1'I1tl HCI1....1l'UU  
.., .... 1......... 4,f A 4 'JI 'JI  

fl. flm 1fll'S lfIfllJtl f1'StIll .... ll'UU 11lfll....  

ff1'S1'I:::fl1tl 
'JI 'JI 4,f  NaZ l.... ll'UU 'il:::!'IJ SZ0 3  

1 1f11U1UfI"hu1'I::: 'il:::1.1nfltlfllll:::t1U  
JJ 

24.  rl'li"1'I1fl Mg 'Yi11.1ijmtllt11JO'Sfllflnv 

Mg(s) + 2HC1(aq) ... + H2(g) 
•  'JI ..... ,.I.f A 'JI ...... '" 1......... d'"  lJUlllfl !'.If1'l1fl Mg 'VI1l1l11'1l'VI1flU 'Un 

fl. Mg HCl 0.1 molll HCl30 em3 

3'U.1" Mg imy HC) 0.3 molll HCl 10 em 
3 

fl.  '" Mg lrJUlffUlgfl '1 ufI:::i" HCI 0.1 molll HC)30 em  
rJ 'JJ d ,'J1 3  

 !'!f Mg' UlffU11'lfi '1 '.If HC} 0.3 molll HCI10 em 
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.d t l#)."d • r d 
25. 

fl. 
4<W 1 1.cQ",

'\I. fl'j 

'" fl. 
q 

fl. 

27.  
'" .:l..1 I q ... 

lJmVf1.l '\I \,I 'I1flt'j1fl V 
o t Ql4.r

fl. fl\,llVflJ'\I\,I 
... <I.J 1 .:l. .I

'\I. 1.I!lIfllltVf1.l'\l\,l 

fl. 

... I '"'" ".I'H 'j Vt'Yllfl1JVfll m \,I 
... ,t. .1""""".:l..1 fJllVf1.l'\l\,l 

28. T[ T2 TJ (T[ >T2 >TJ ) 

(E. 

i 
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,j'tl1"\lfl;f tl <J 

fl. T, 

'\I. T2 T, Ufl:: T3 

fl. T3 T, Ufl:: T2 

<J.  T, ij,jl\.A1'U  
T2  

29.  '!ftlfl11ll1,,9itl ,1ld'llgfliltHI 

fl. 116m <Jln" hini1d <J 

'\I. 
.... F- .. 
1J7ll ltul 1fl t ffll tl'U,"ll 

fl.   
 

<J.  en  
 

30.  ff17 Q l111l6mflln'Uff17 P PQ A fl<J'1l,r1V 
 

l;JV'U ffllfll7U ff" <J,j'U fll71n,,116mfll ,,rfl'<JU 

Q+A AQ 

AQ+P PQ+A 

fll7Ullfl fl11lll1ll \lfl;ftl<Jfltl 
....".d -t.fl. AQ llJ'Uffl71'lf<JC)1tl'UfI\lflfl7::"J'U 

'\I. A 
_''''...... '" d .JIJgfl1Vllfl"171'\1'U 

fl.  A lri'Ui1,j"'\I11<J1l6mVll11 
_,.......... .do.J 
IJgfl1Vll'nll'\l'U 

<J.  A 1,j'1'1l1'U7::'U'UU tJl'ill111lTmllltu'\ltl<J 
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.. " I ..lI ..lI 
'IJ. 

.. ".t' '" '" .. d dfl. Yl1 
... .,...lI "1.14 0" ".1"'''''''' ." , J tlJ'rl'rll 

1 1tJ

, 
i 'ftD'i'ilU"tHllamm 8''''1flTUnYlUamm 'ftD'i'ilU , OJ .... J 

fl tl01.J1.JU" 
fl. 

'IJ. 

fl. 

.:j. 
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. 
'U.2 

1. {I 19. '\J 

2. '\J 20. f1 

3. '\J 21. {I 

4. fl 22. fl 

5. {I 23. fl 

6. '\J 24. {I 

7. f1 25. fl 

8. {I 26. fl 

9. fl 27. fl 

10. '\J 28. fl 

11. {I 29. fl 

12. fl 30 '\J 

13. '\J 31. {I 

14. '\J 32. fl 

15. {I 

16. .:) 

17. '\J 

18. '\J 
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.  
.. 'II' ... '" ..... "'... _I'" <LoAmJUD'f)'UOltlftlltlfH11f) 

-Uf)\fQ1hUftlU fll;UU 
¥  • U 0 v _ 

................. ............. .  

111ft  o 1. '!flU o 2. 
.. 

••••••••••••JJ••••••••••• ....... 
o 1.50 - 1.99 0 2.00- 2.49 02.5 - 2.99 

03.00 - 3.49 03.5 -4.00  

,f '" '" II....' ... '" '" Q •..; Q Q1.  

1'11l1flij 3 ':n1ff1'11l130223 

2.  flll A8tJU1JtJff8tJmlJi,jijfi filA 81J'\I8.:J,rfl':; tlhI tlhI1'11-l1flij 

3 

i  "... · " i i . "..; '" ".... i ... '" ... Q3.  

hifl1llJ 1 ij.:J l'IlJ 1 tlfllfl1J 1'VJ 1Jt.Ii hi 
Ql4 4 QlG ,t. 

'\I8.:JhifUl tlhI 

1 

2 'sl,,;uJbu 
3 lilU, 

4 &,;uJbu 
5 

ftlf)UH t;,mlJ 

"'.,. "'tX ·.!i"hlfUltlt.lfllflm'VJ "l'I1h1 1t18t1HtW' hI'\I8 5 

•,  ... '" D'lU'fl 1 (fltlfl11t1) 

1.  

,, .. .. 
I';U'sll';U tlI'MU lilU 1 I'MU 

SI 

.,  ,'"  f)UH . 
'" 

1 2 3 4 

http:2.00-2.49
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... Sol 0 

l1J8ftMtll1&u'iUI'Uftlft8'l1 ! 

i'ltlfh-3 f1i1tl111 "fl1lYl"'fltN,hf.l1..rU-UUtl'lll1itl 'l111,.,r11 In"t16m f.l11tlU 

.r 91 "'... 0 91 , 91 1..1 '" '" .... _'''''- ... 191 ... 911I1f1l\.lU" tl1UfUl f.lUYI1fl1lYl" 'fltHU'fl'l 1111"1 'fl"IJ{Jfllf.l1!tlll!'flf.l '11 !'fl tlfl"8 1 

tlVl-31 l 111aI'llfli1 f.lUfi"11!rlm!fli1 f.lU'; 1fl1lYl"'fl tl-3U TUfl i1 f.lU!.,r11 f.l'ln'l..l 

!n"t16mm 11111t/U.,rtl 5 'I1;tl .,rtl 2,3, 4 

tlU tl-3 '11111f.ll...hn'l..ln'l..l.,r tl-3fl1l u 'lfl1fl'l..l1Y1.,rtl1 fl i1 f.lU 1,1U11 

fftl"tl tl-3n'l..ltl'lll1f1" ,,1 u" tl-3 Ufli1 "1" 

. 
, .... 0.1 .. 

tT10UYl 4 ., .. ,,jI';OU li1rJ ., I ",}fJ 

, .... 
,r1t1

QI - • -I 
I tlfll1n111flfl 

X 
1 3 4 

I 

1 (riiln",,) 12J111UAlfJ 
I ..: 

12JI"u 

AlfJ 

IIUI"1 n1UAlfJ l"UAlfJ 
I ..: 

efJHfJ.:a 

L 

u""'" t_2. 

3. 

U ... ''11' A 1 1 " 4. fI.:allflUfI.:alJ Ufltru 

5. 

1 

I 

I 

1 

1 

2 

2 

1 

1 

2 

3 

3 

3 

3 

3 

4 

4 

4 

4 

4 

5 

5 

5 

5 

5 

6. QU

7. 

8. 1 ,,rQUftilfl17 

U ... '" A 1 it· ,tt9. "1 

10. Q\lVZ'''IIf1\1Fi.:aluil10n 

I 

I 

I 

I 

1 

2 

1 

2 

2 

1 

3 

3 

3 

3 

3 

4 

4 

4 

4 

4 

5 

5 

5 

5 

5 I 

a.\lfi 2 (linml'eu) 

I 

12JI"UAlfJ 
I ..: 

12J,,,u 

AlfJ 
'''UAlb 

'''UAlb 

eth.:aii.:a 

I L m,i1f1unUUtI\lUUIU1ZIIUU;IIUZII\llf11.:a,.htr\l't 

12. 
u" Ii ...13. 1'1fllfllJI7t1.:a 

14. li16"h'uQ\I'lftiunni1f1Ufl1,ntl\lSUIU1ZIIUU;II\1Z 

15. 

fl1,i16U1MuI 

I 

I 

I 

1 

I 

1 

1 

1 

1 

1 

3 

3 

3 

3 

3 

4 

4 

4 

4 

4 

5 

5 

5 

5 

5 
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,  A 8DH.H 

16. illihinll::fl1,'llfillii1l1nnuAtlllnmYtlllihmn::u'IJ'IJ 
2 3 4 5 .1  

2 3 4 5 17. 

18. 
2 3 4 5  

fll1lJQ'll111nul1 till 

19. lf1t1il''llill'lftl'IJnuAClllnutrtlll
2 3 4 5  

1"'lJlflfl11fl1' A Clllfl1, trtllla'IJi trl::1 I 'IJ'IJ;1I1l::

20.  
2 3 4 5  

11flm,r,rtl\jt1tl014"  

,rl,rlClI'W'1::ill'tfifltt1l1"tl41,.::'lmllJ,rtlUt1I1t1:: 

, 
, A 

21. 11lfll,aClllfl1'trtlllflllrJuiifln''IJiu 

22.  fll'litr1l1.fttlllftltl1lJDUlt1V 

.. , .. .. "'''u 1""23. 1llflUl'Vllfl1'trtlUfli'lllClDllllJtlDUlJ qJ111 1l11tl4"VU 

24. fll 'liYiltl:: ,,,t1V 

25.  11lnuAtlllfl1,trtlllfll ;1I1l1f1H1"'iutr11111tltl6flll'IJ'IJ 

26. 11lfl1,AVllfl1,tr6Ufll1lilrJlliifl't1'IJill 

27. 1llfl"a Clllfll,trtlll flitru11ft tl'IJfl ltlllJill 

28.  
"'II  eI ., ... 

fll111flflll1llfllll'Wtlll '1 
29.  111nUaVllfl1,trtlllfli'lim 1'"i1l6ii'llntlfll1lJftfl 

'1 
30. fli1li1 111l1llH1'"i lltr1lJU fltltl flU'IJ'IJnu llflt1 tl4 

I IfW 
, 

4 lIa::ii,n1111) 

31. 

32. 11lfl1'f1f1t1tH lIF1llN4i'lli11il'lln: lv'InM6flllfltlnllll'IJ 

,  1_" "'.. 11 "1.l. '" '" 33. fl1'"flt1tl4 '111Cl lID1l1lfl11114fll1111'111 tlnCllfl1l6ftnnn 
A  .. 1-oIItIIoIIIIo ... A 

IflfllJOfl'JV11f1lJlJ1fl'll1l 

34.  

35.  fl1'f1f1t1tl4 

'116.;i1U'll, tl6ft'lnUInfl'llfimv11flil 

2 3 4 5  

2 3 4 5  

2 3 4 5  

2 3 4 5  

2 3 4 5  

2 3 4 5  

2 3 4 5  

2 3 4 5  

2 3 4 5  

2 3 4 5  
i  

n;ut\'lD , ... 
I 

2 3 4 5  

2 3 4 5  

2 3 4 5  

2 3 4 5  

2 3 4 5  
i  
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I 4 lIa::O'lln111J) 

36.  '1 

nfl'llfiEl Ofl' lflUlOflllijiiitJllftil 

37.  

'fiElElfl ''lffi'nlJl1'111 

38. 'um'Y1f1'11tH  

I oflllijiiitJllft n 
, .. .. f Oil .r.l ....39.  1l'U1Jfl111J fl111JI'IIl '111Jlfl'll'U Intl1fllJElfin 

flmoflllijiiitlllft il 

40.  . 

'1l.'I1Ul\\'1U ,JI,'I1u  111Ul\\'1U 
, ... IDtI'1 l'I1Ul\\'1U .' ..I\\'1U 

2 3 4 S 

2 3 4 

2 3 4 S 

2 3 4 S 

2 3 4 S 
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.fIlflN,nn fl 
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,  , 
..., ...  "" y....... ''''' ... _, ...- ... 51  51fl.l UH'Ufl11i1Y1fl11I'nJ'Ul' fllllll'UlI'V'UfilINt.1V188V111fl111t1Y11Jt}fl1U1lflll 

2 rnn 16.Jt11lJ.:J 

11111 2 .Jt11lJ.:J 

11fJ1'lfllfln 3 111ff1'lf1130223 5 

Ul.:Jffl1WJt:lfl1 112554 

13.2  fl111flfl 

ffl111::::1I1fJ fl111flfltliimm nfl1::::'U1Ufl11ff'Ulff1:::: 

lm::::ll1fl11lJl1tl1.ftl,::::1fJ'lfU 

1 8. 1 i " "" "" "" " Ufl11Il'Ulffl::::'I11fl11lJl 

fl11UnUt:y'l11 f "htlnfl{Jfl1HU i '11 

, "" " i "" A "" d... '1UUUflU tfl fIltJ U 

1't1fl1u1f\v f1.:JfllJ ijfl11lJ 

..., A..., 
2. Vll'lflYi 

. ..., ... 
3.  

.:, A " " t" ..:..1.., "" _1"'- ... ...I1flfJ't11'1 nJ 

¢l1fJ 1tl 
" .. Ii) 9J d , 9J " }lI }lI... '''' ... _I......... "" Ii) , " 'lf111.:Jfllfl 

III 

III  • 

f1.:J 'lfU fl tJl l'i1 
"_1""""" .......1 "" 2! '.11 9J '9J 9J t "... ,L'I1lJ{Jfl1 tJ1tflfl111'\1U'I11f1·lJ1f\.:J fI 

.., .. .1"'- 9J' i'" ''''}lI:!l IV 9J' tJ1lJ lflU f1fJflfJ1.:J 11 ff11 

(rate law) 
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... ..::11 .r ... '" ... .r.", iI iI tilfl1 W YUlJ'IJ lJ tJfl1 tlll'IJ lfl1'j lJtJmtil 'l:'IJ'IJ fl111H'lJlJ'IJ 'IJ'IJ O.:J 

·l' :II I"'''''''.r ... _"... • Ail": " iI .!! '" i . · 'I1 lJ'lJOflfll1 t 'IJ 

itl 

... d  .r .d. " iI • i Y'r.d. t " I I, I"''''''' .. l'lJ 'lJlJtJfl1f.11 11'jOtl1 

:II .1"''''''' .d. " iI 1 .F- .....d. '" tlJ'IJ lJtJfl 'j Vl'IJ fllG)1'O 11111:1 'WlJfl11lJl 'lJlJ'IJ'IJ tlfl lJ'jlJ 'IJ O.:J 11 'j 'IJ 

'" fl11lJt'lflJ'If'IJ 'lJO.:J ffl'j '1 til 011111:ii Fl fl9io lfll'l' tll 

ith,t"n'IJ lfl 'IJHi1011l1l:iiFlfl'lforJ 0 

i fflJ'li''IJ n'j: 11 lHfl11lJt'lflJ'If'IJ 'lJO.:J ffl'j n'IJ 'j lfl1'j f.I1 l,q

iiFlfl9iO of mass action 

.!! I  '" ... .1"''''''' :'1 '" 1 '" " " til": "I f  0G)I'.:Jflfl1111 fl'IJfl11lJl'IJlJ'IJ'IJ'lJO.:J Y1t'IJ1Y11 

aA + bB cC + dD 

Q,I 4  .. " iI t " 'llfllaw ofmass action (R) (l 

R (l  [A] m UfI: R (l [B] n 

4. 

1.  ,fl'IJfl11lJl (K) 

c:. d JI " " " t " .dd r AQQ,I1. l'IJO .:Jffl'j oomlfll'j

2. fflt1Flfl'IJ0-1fl11lJl'lflJ'If'IJ'lJ0-1ffl'j lfl1'j i 

2.  (P) 

vilfll'j fI ORfl1:l1fl11lJ t 'lflJ'If 'IJ Flfl9i0 'j lfll'j til tflii i,f 

3.  (A)  

ii1'll'tI fllniHl'IJ '1Nt;  

..  " 5. 

1. 

http:O~nfll'jlfl~lJtJfl1f.11
http:lJlJtJfl1f.11
http:jlfl1'jtn~,j~mf.l1
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• IV  v .... 
6. 

1. fl1111ffl11l1tl 

2. fl1111ffl11l1tl ''Ufl11fifl 

3. fl1111ffl11l1tl

4. fl1111ffl11l1tl 1 'Ufl11 

.........  
2. 111'Ut/ 

3. 'N{;t/'U! 

4. ..  ." 
5. 

6. 

.. 
8. 

..... 

IV .... v 
9. fl1t'U'1'Ufl11f1Afl1111t1'UJ 

"flfl111Jfl1111t1'Ul .. 
9.1  

,t, 11" ..... ·.... 11"'-' oj .... .9;) 11 'UfU1(I'U'Vllfl;)f}1 111tl'U 11'U111fl11fl'U C)f'l 

fl ;)flnllfl11'Vlfl atl'l dH'ti' ;)l'Uuat'lJlfl11 ;)'U,lItl1 tltlfl' ua:ffHffll tll1111M'11 
, 'U'U1fl 3 l'U ;)lflJ'Ul'Vl1 Vi U'Vlffl;(lll 'tlitl 1I1'Uu9ia:'U1fl 

hf,rm1 t/'U'Vll(111'U1fl , 'U, lfltl'U ,rfU1 (I'U 1111f1'U 
". .1 oj..l ..... " "111 .... " ... .:'Ut)'Ul 1lJ 1::lfl'U'Vl'U fU1 t/'U (ll'1flltll11fl 'U 

1) ';11111Vi U'Vlffl;(lll1616 ';1
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.. 
9.2 .u\UhnfJUl'I::ft'U't'il 

2 flU 

U't1Za6U '01tl 

tll1 tfl"'U tJ1tflii l"'tJlof't11"'UlItlilL.tJlI tJ1tltlm",

1 "'tJiifla 6i ff fJum tU U 

o,;,lQ,lQ iI QI 44' l,Q,l4. Q,f 

U m 1 'il1tlU U U m1 tJUUiI't1Z tlQ1I1111tlU 
.... I A 'I 'V • 'V 'V ... • '" ... • 1 ... - .. 1 2"'f.ltJ1 

"" QI Q AfQ.QQ Q d ,iI " " eLI Q .... QQ4 " fl1111L'lJlI'lJU \T {J m f.l1'OZ Ltl"'t11 U't1Z tllfl1111L 'lJ1I'lJUil16m 1tl11ltl"'lJ {J tl1 tJ1'il::'lf1 
A A 'V .. 1ft ..11 "'... ... I......... .s ... , 'V'V 'H L6tl1ff'YI '" 

.. t "'... 1 A 'V 'V ..1.... '" 1I1tl'IJU 'il1tlU uu m 1 tJU l'ftllj11U 6'H 1'01tl t1fl1111l U fl1111L'lJ1I'lJU 'lJ6 1tll1 

Lfl"'U tJ1Lflii 

9.3 i'UoihhllJUl'I::l'I.:tilOD'lt1 
"'... • '" .... I 'V.I 'V

1tll1Lfl"'U m tJ1Lflii fflUL rJU fl1111f1111 tlU U1fl1111f'

1'il 
OJ 

9.4 .u'U'UrnfJft'11SJ3 . 
fll fh\11111..r,r tJu , U'l11tJtlU1 Z "'lIfl1111fl'" LOtJ1tl t1tl1166tlU t1t1tl11 

fJUm tUlIl 1 ..rU't1:: tll1U1LffU '01mTu 
Old t Q 0" .d 0 1'V 

Um1 U't1::U1LffU 6tl11umlty'H l'Y1flltll'HU '" 'H '01tltl11'Y1'" 

1 ofUfl't1L.f.llIfn{t16U1UiI( CaC03) U't1:: ,r lU N't1 
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... <I II '". T..., ..  .J Ioe
ftun 1 ftun 2 flU'fl 3 ., 

IV ... ... 11 111. 'VI fl11 I 
IV IV 11 1 l1 1 1! 2. 1 

I 

3. l1fll:l:fl11'V1f1atHI 
QI 0 a4. il 

fl1111 1'1111(1'"il\la 

1 

1 

1 

1 

1 

1 

1 

1 

'" "" "5. 1 1 1 1 

I 
I 

I 

I 
. 

... <I II '" . . , Ioe'" '" '" tlU'fll tlU'fl 2 flU'fl 3 

1 1 1 1 1 

2 1 1 1 1 

i 
3 1 0 1 0.67 I 
4 1 1 1 1 

5 1 0 1 0.67 

I 6 1 1 1 1 

7 1 1 1 1 

8 1 1 1 1 

9 1 0 1 0.67 

10 1 1 -1 0.33 

I 11 1 1 1 1 
! 

12 1 1 1 1 

13 1 0 1 0.67 

14 1 1 -1 0.33 
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, 
Co co :\I "" 

:\I ..l 
'lOTI ..l I , , Joe 

fI'Util "" 
! 

fI'UTlI i fI'UTI 3 

15 1 1 1 1 

16 1 1 -1 0.33 

17 1 1 -1 0.33 

18 1 1 1 1 

19 1 0 1 
! 

0.67 

20 1 0 1 0.67 

i 21 1 0 1 0.67 i 

22 1 1 1 1 

23 1 1 1 1 

24 1 1 1 1 

25 -1 1 1 0.33 

26 1 1 1 1 

27 1 1 1 1 

28 -1 1 1 0.33 

29 1 1 -1 0.33 

30 1 1 1 1 i 

31 1 -1 1 0.33 

32 1 0 1 0.67 

33 1 1 1 1 
! 

I 34 0 -1 1 0 
. 

l 35 1 1 1 1 

36 1 0 -1 0 

37 1 0 1 0.67 

! 38 1 1 1 1 

39 1 1 1 1 

40 1 0 1 0.67 
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. 
... CI " ... 

• fI::UUUfll1UflAI't'IU"tHl!fltiOltiUY 
.fIBn . . • foe... 

flun 1 flun 3flU11t 

41 1 -1 1 0.33 

42 -1 1 1 0.33 

43 -1 0 1 0 

44 1 I 1 1 I 1 

45 1 0 1 0.67 

46 1 1 I 1 1 --
47 1 1 1 1 

48 1 1 1 1 

49 1 0 1 0.67 

50 1 1 1 I 1 

51 -1 1 1 I 0.33 

52 1 1 1 1 

53 -1 1 1 0.33 i 
54 -1 1 1 0.33 

55 1 1 1 1 

56 1 1 1 1 

57 1 1 1 1 

58 1 0 1 0.67 

59 1 1 1 1 I 
60 1 1 1 1 i 
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\1.3 fllfl111ltl1tl41tJ (P) Ha::;,hvllmHllU'l . ..!tl (r) 

, , ,. .v ... 
tl1S1Ul\1\11UUfI (r)fllfl'Juunfl (P)'Usn 

0.311  0.72 

0.44 0.382  
I  

0.253  0.69 

0.000.944  

-0.06I  0.785  

0.310.28I 6  

7  0.310.53 

0.258  0.63 

0.78 0.449  

10  0.69 0.38 

0.0611  0.09 

12  0.78 0.31 

13  0.44 0.25 

14  0.440.66 

I 

15  0.66 0.44 
I  

16  0.56 0.25 

0.4717  0.56 

18  0.63 0.38 

I  19  0.28 0.19 

20  0.310.41 

21  0.13 0.00 

22  0.44 0.38 
I  

23  0.38 0.38 

24  0.38 0.25 

0.7525  0.38 

26  0.75 0.31 
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'1.3 (P) (r) 

lfitl'lliim tJl1tlii 

, ,. .v ..l 
fllOl'Ul'1mll'Ufl (r)  

27  

fllfllUIr.Jlfl (P)'lion 

0.000.06 

0.63 0.50028  
I  

0.3129  0.47 

0.25  

31  

0.38! 30  

0.190.59L 

0.250.5032  

! 33  0.44 0.38 
i  

34  0.72 0.56 

i  0.0635  0.03 

0.2536  0.69 

0.13  

i 38  

! 37  0.75 

0.310.72 
I  

I  39  0.53 0.31 

! 40  0.250.56 

0.2541  0.25 

42  0.41 0.44I  
I  43  0.56 0.25 
! 

44  0.44 0.38 

45  0.59 0.44 
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.a:C QQI Q" A cv Q 

(I1l11UI \l.4 

.-. 
cI (120la'llfl .r .,1", '" 'rtUflNl 

! 

i 
1 22 28 27 27 104 

2 24 18 24 22 88 

3 22 28 27 27 104 

4 22 28 27 27 104 

5 21 29 30 29 109 

6 22 27 26 22 97 

7 20 20 22 21 83 

8 20 19 22 21 82 

9 18 23 20 20 81 

i 10 21 26 25 25 97 

11 21 26 25 25 97 

12 22 29 27 28 106 

13 21 26 25 25 97 

14 21 26 25 25 97 

I 15 21 18 22 22 83 

I 16 23 29 27 27 106 

17 21 26 25 25 97 

18 18 26 27 24 95 

i 19 21 26 25 25 97 

l 20 18 19 18 20 75 

I 21 25 27 26 26 104 

22 22 28 27 27 104 

23 24 29 29 29 111 
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,Q Q,f ,Q fI .. (V Q 

ft11H't1 iI.4 F-Ill fll' tf1fl 

t1iimVltflii 

I .- . ! ... f1l1't1R1UN&10-:l 
n'l'U't1 I Ji ...... 

fl'll1J&oIJ1JoIJ'U ! ... 
(120 "'"'t1N1 flW'H(l1J 

24 I 21 26 25 25 97 

25 20 26 19 21 86 

26 18 26 27 24 95 

27 18 26 27 24 95 

28 21 27 26 28 102 

29 18 26 27 24 95 

30 23 30 29 I 28 110 

31 18 26 27 ! 24 95 

32 24 30 29 29 112 

i 33 17 17 20 19 73 I 

• ... ov ... 
1f flO'U&1t1'U 'HQ-:lI1t1'"... 

&Q'U't1 
mean SD mean SD 

I1 1.2 0.08 1.6 I 0.09 0.4 1.25 

2 i 2.6 0.1 
I 

3 0.1 0.4 1.25 i 
3 I 3.6 0.1 4 0.1 0.4 1.25 

4 1.4 0.09 2 0.1 I 0.6 1.88 
I 

5 2.8 0.1 18.2 0.45 15.4 48.1 

6 2.8 0.1 17.2 0.45 14.4 45 
j 

7 1.4 0.08 4.2 0.1 2.8 8.75 I 
: 

8 1 0.07 2.8 0.1 1.8 5.63 I 

i 9 1.4 0.08 3 0.1 1.60 5 I 



128 

{I.S UtJtJ (lV'W VlttlU 

(9iO) 

I 

! 

I 
i 

I 
i 

I 
i 

I 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

, ... 
fl8UI1UU 

mean SD 

1.4 0.08 

2 0.09 

2.2 0.1 

1.6 0.09 

2.8 0.1 

1.8 0.09 

1.4 0.09 

1.6 0.09 

1.2 0.07 

2 0.09 

1.2 0.08 

2 0.09 

1.8 0.09 

2.2 0.1 

2.2 0.1 

2 0.09 

1.8 0.09 

2.2 0.1 

2.4 0.09 

2 0.09 

2 0.09 

2.2 0.1 

2 0.09 

0.4 0.05 

mean SD 

2 0.09 

5 0.09 

22.4 0.42 

2.4 0.11 

4 0.09 

4 0.21 

12.2 0.43 

2 0.1 

3 0.19 

3.8 0.26 

1.8 0.1 

15.2 0.44 

13.4 0.43 

12.6 0.43 

8.8 0.42 

3 0.09 

3 0.09 

3 0.09 

17.2 0.47 

2.4 0.1 

15.8 0.46 

2.4 0.1 

15.8 0.45 

0.8 0.07 

0.6 

3 

20.20 

0.8 

1.2 

2.20 

10.8 

0.4 

1.8 

1.8 

0.6 

1.88 

9.38 

63.1 

2.5 

3.75 

6.88 

33.8 

1.25 
I 

5.63 I 
;5.63 

1.88 

13.2 41.3 

11.6 36.3 

10.4 ! 32.5 

6.6 

1 

1.2 

0.8 

14.8 

0.4 

13.8 

0.2 

13.8 

0.4 

20.6 

3.13 
!

3.75 

2.5 

46.3 

1.25 

43.1 

0.62 ! 

43.1 

1.25 
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..,., ... d...... "" "".... ..""1M b1t1'U'U'UlJ5t1lJt'1n'l:!t1'U'VI 5 .......1n1mlfllJ 

lfltlLilm1t;tI'Um1f1tl'UbL'U'UihJ 'U1'V11 

Developing tenth grade students' scientific skills in chemical kinetics 
by using guided-based instruction 

" "( h )1' " t ( h,)2O(J111''lINutsuda KIa an Sanoe C alram 
I'lrut:ll'1tJ11'11t1llli 

2_ ...... " ... .., "'III 

*Corresponding author: N,nut sara@hotmail com 

'U'VIft"eiD 

(1) (2) 

(3) 

, 5/1 33 I'I'IJ 

2553 - 2554 One Group Pretest-Posttest 
Design LI'I' Elm,n nEltJIil1u 11 LL t:J «lJq tJ'IJLL'U'U 

4 

t-test 

PI::: LL L

UElUn11 .05 LL'i'l :::1'1:: LL'IJ'IJUtJ'U t 1n LLG'I 

4' 4 "... J IILI" ...f'I'11'f'I'Y : 
Abstract 

This study aimed to : (1) develop student's scientific skills, (2) promote student learning 

achievement, (3) study learning satisfaction of students after they had learned by using guided-

based instruction in chemical kinetics, The target group was 33 tenth grade students at 

Kantaralakwitthayakom school, academic year 2010-2011. Pattern experimental One Group 

Pretest-Posttest Design. The data collecting tools consisted of the vee-map, the achievement 

tests and questionnaire. The statistics used for data analysis include t-test, percentage and 

standard deviation, The findings were found that students were able to explain the changes of 

the rate of reaction and developed good skill in chemical kinetics. The paired samples t-test 

analysis indicated that the students obtained post-achievement score statistically higher than the 

pre-achievement score at p<.05. The students who learned by using guided-based instruction 

provided their satisfaction with learning at a high level. Therefore, the teaching approach was 

effective to enhance students' understanding as well scientific skills, 



LlI1.iUU.vn 

t-Bt1T1.I}'BIi. £ Z IAnBIfl Bii. 9£S'S'Z I'" ,. " Iti "" f" F' 0 S; I': &: II 
I"! 1\ 1\

IA jb''' v'tll'-.IO 'til' ,.. rr-l' ,. 1°11 1.1'" 1'1'" r" 0 jP " 111;0' 'til' 

kl1LtWLlI1. 
1\ ... • 

z'£ £S'S'Z 
!S'S'Z 'Glnn11 I:wt-G1i.11tl-1tn! 

I.i ,f::-'" s; JI:I' ., 

()jJOM )eJ!peJd) 
tMt1tLUl. I1l11.' til 1'1" ,. !l'" '" &.:"...,.. I; fi, ,.. I "" v 

,tLUB 1rtll ;Ifl' (S'S'S'Z . 

tLU 1t-B U t-tlflU Bnl:tUJlo tt-Ln
np., 

m t 1t-t1nl;}11LJlo,u,t\N,nLllttn 
,t-t1nkll1.L,I! 1(BOOZ 'a)epU!M) 

(tl 
(966! pue i\:)e+s '..<alEa)!) 

()jun ..<+!)eaJ) 
,tLUn,t\(£ 

t-G t 

t ntl-11nl;}(Z 
(POOZ 'u!a+S}OH) fl.1

1\ 1\ 

t LLAL fl.1

(1 
nt-18 l. J:'''' • 

(PS'S'Z) tj:l,.wt2 

(IS'S'Z 
.. l\ 1\ 

11181 S' 'J,: 1'1 " 1'1 .. " "1'1 'It' ,.. t" ,.. ... ,.. II P 
1\ 1\ A .. "'-

l.ILlAn 

s:::>!+au!)j le:::>!wa4:::> 'uo!+:::>nJ+su! paseq-pap!nE 'S))!)jS :::>Ynuaps: pJOMAa)l 

In 

http:t~:;~11w~uBnl:tu,a.1t
http:LlI1.iUU.vn


132 

I 1l1P11!1\1 eI 
fII=: U.\I\ILflll ± SO 

i \Jm1fln'l!t1 • m1L'!v\l1 
1=:lIuhllL'!v\I 

.., <oJ '" 1=:iuflollti" 1:::lIuth=:LflfI 

2551 13.2 12 4.48 ± 1.83 4.73 ± 2.11 5.13 ± 2.39 5.15 ± 2.41 

2552 13.2 12 5.26 ± 2.06 5.08 ± 1.92 5.30 ± 2.08 5.31 ± 2.09 

2553 13.2 12 2.79 ± 1.26 2.91 ± 1.47 3.16 ± 1.65 3.17 ± 1.66 

2 rh 

(inquiry) (science inquiry) 

5E 5E 5 1) 

(Engagement) 2) i\lri1111i1Uf'I:::;J\I'vn (Exploration) 3) (Explanation) 4) i\l 

'lItl1EJf'l111l1 (Elaboration) Uf'I::: 5) i\ltJ1:::dj\l (Evaluation) ('il1111'i 2551) 

LtJ\I 3 

u. n'li\llllV\I'lIV m1L EJ n11 L 1il'nL'itl\l"';1'Yl n'li'\l1ll 
\I 'I \I \j " 

111lEJf'll 

(Open Inquiry) (Llewellyn, 2005) 

(2554) 
.. x.t .. 1..... ..1..1. 1 ' 1 1 AILu1fJ\JL \l2JI'l'Yll'lfl1I1lLf'lf'lV\I L 1V.:I l ),J Lf'lflfl f'lL1 Lfl\lIll\1l1t1m1i.'1\JLi.'I1:::U\JU 

LL ti\J il'n 111 fl1 'SL LL \J\J U 

and others (2009) 

U\J m'S L tJfl.:l ;tl V\lL L tJ\l1'Yl fJ1f111i.'1l11 'I L'itl \111111 ltJ 
eI ... 1 .. .....,,,.r " 1. 1 tJ • ..I ...LiJ \l1'Yl tl1f111i.'1 1I1'S'lI\I 111 EJ,11 n'Y11111l L Y1fJllf'l1I1lU'lI11l'll\l LLf'I:::'lI11l U111 u L \l1111l.f11Y1 U\J\J1ll VL\lVIl'lltlll n1'S Lfll1l 

• I ",.r" ..I tJ ,.r ........, "'" .., • ... .. 1" u11fl!lm1N'lI11l'll\l- 'II1'1U'S),J 'YlL \lL 1V\I'Yl LI1l1\Jm'S1iI11lfl1'SL \J\JU\1:::\11 'Um1EJ\I I1lf'lll 

u \I 

'1 U\Jfl1'S'Yll1lfl .:J1iI:::"';1t m'itl'ULfll1lm11lj 
..I 
'Ylf'l.:l'Yl\l 

christine and Rebecca 

(2011) m 1RI1lU.\J\Jil'fl1'Yl tl1f111i.'1l11i1\11 EJt \lm1L 1'Y11.:Ji'YlEJ11'11f1llli 

Ufl:::f'l11),JR11l11\J tlV\1I fl1 tlY1\J11il'fl i1f'l::: LL 'U1\1m1'Y111l 

1'Yltl11'11f1llliU.fl U \I\If'l111l RI1l11UEJtl fl11il'm; tI'U-Mtl.:Jm-II erIlltJ Il LLf'I il'm'i Vllm2J1.-11 

(2551) LliI'ity11Uf(l 

(2544) (2542) 

fl1 1L'ifJ\lm1f1V\lL V1lti'1I111fl11Lfll1ltJ iin'iEJ1 Lf'li1 L m=:'U1'Ufl11'Yl1.:1 
... , .. II .. 1 .1 ... 1'YlfJ1f'11i.'1Ill11i11lI'ltlll f(lfl1'SL'SEJ'Um1f1 V\lu.\JUi:1\J \I=: U\l1'Y111l I1lEJ vmN'Yl11l \11 U vflll),J 11i11fl\J'Ylm11J 

fl11L 'I'lfJ Ekasith and Richard, 

http:llliU.fl
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2. LI. 60 ;;fJ 

32 (lOC) IOC 
v 

0.50 ;1'IJLtJ (p) 0.20 -0.80 (r) Ill.:!LLII1 

0.20 ;1'IJLtJ 

3. LL t Lf'lffilJltlL;; 

Likert scale 5 

'jtllltJ fit.l 5 = 4 =1'111lJfl.:J"t'ltlhlJ1n 3 = 2 =
UfJEJ 1 = Cranbach 

bm'Lnm1tJ'j11l;)t.ll;jfl ;1,:!0' 
.... ( ),. 1""" ., .. '" .,01. ,tI'IJ Pretest blJltl 

2. 

3. (Pasttest) 
4. 

'lJ1'V11.:JLIJl tlL;;u.

m,i
1ll.:!0' 

\I \I '\l 'U 

1) 
.1"'.... ",..,3 ..... " 4V •• " .. I 3 1 ='lJm'ltl1JlJ'Vln1:!l:m'ttJ1'IJm'llJ1n 2 = 1 = 

..,.... ..., II t .oaI til 

'IJm 'lEJ'lJll'Vln1:!ltm m'l'IJtl tI 1n'IJ'IJ'IJ f'l111l() 

2) LtJ'iEJtJLVltltJl'1 t LL

Ll'liJ t-test znaly.iis) 
3) L LL'IJ'IJ 

1) 
..,j .. ,. .1 ;!!l,H 0 ......... 

4 flt.l m'lf'l1tJflll 

1ll1L1.tJ, n1'l'VllJlflfJ.:! LLfit m'lilJlntJ'1!m 5 , 
'ii1'IJ1'IJ 33 fl'IJ LlJltlYi1m'l'VllilflfJ.:J 4 1 fit.l 

.. ..r .. ..i_ .., .. t----.. .... '" .., &I.., __
Lflll m'l'llJlflt.l.:J'Vl 2 m'll'llJlflfJ.:!'Vl 3 1'It.l 

4 fifJ 2 

1 
'1 vm

ilf'l111lL;)1L'\1L IlltJUfJEJ 

2 

1I11.:J '1 EJ m 'Il L

L;)1L'\1t'IJ'ltllltJtJ1'IJnfl1.:! 

http:1'i1~fJtJ'IlfJ.:J;)t.lm1lJLI.~flt;;fJf'l11lJiJl'l1.:!L~t.lm
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1 3 L um;EJtl,btllVlqiiif'l11lJLoU11\1 
'1 Um;EJtlG'!ltl 

1VI qiiif'l11lJ L oU1t t un L;EJtl"'ltl t VI qj 

iif'l11lJ L oU1t 1

4 '1 

EJtl"'ltllV1qiiil'l11lJL t 

II..... "'!Sf t 0 1V<IIIiI 2 33 I'ltl 
VllJ1VLVI\Jl* 3 = 2 = 1 =, 

tlllmen 

321321321 3 2 1 
79 6 15 67 33 0 76 24 0 12 15 73 

1.2 100 0 0 48 52 0 100 0 0 64 18 15 
2. 85 15 0 85 12 3 94 6 0 3 94 3 
3.1 48 52 0 67 33 0 45 55 0 48 48 3 

o ..I ..... ...3.2 82 15 3 91 9.1 0 67 30 3 79 21 o 
3.3 94 6 0 88 12 0 97 3 0 91 9.1 o 

I 3.4 76 - 24 79 3 18 61 15 24 o o o 
4.1 f117tl5U1EJ-tlV)Ja 76 3 21 85 0 15 73 0 27 94 o 6.1 

12 I 52 i 

4.3 39 15 45 39 27 33 30 3 67 39 36 24 
2) 1 u. tlZLL

" 5 3 

lJ1 n77lJ t 
.... !!I 11 ., -l 

5 4 3 2 1 

23 90 43 9 0 I 

15f117"'Vtlu. 24 86 47 7 1 
28 108 22 7 0 

Q 

30 97 32 3 1 I 

.t .. ... ... ... ..- .. ., ... .. ., 
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