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The aims of thls research were to, compare students' pre- and post-scientific

conceptions for single test item and objective, study learning gain for the whole class'

individuat student, and single test item, and survey initiat models and refined models

of conductivity properties and motecular shapes of covatent compound of students

WhohavelearntthroushModelobserve.Reftect.Explain(MoRE)technique'Aone-

group pre-test/post-test desiSn was used as a research design' Samples were 10'n

grade 50 students in the second semester, academic year 2014 Research instruments

were MORE-based lesson plans and two-tier dlagnostlc tests containrng 15 questlons

and scoring rubrics for the initiat and refined mode[s. Students'score from two-tier

diagnostic tests were categorlzed as of scientific conception (5C)' aLternative

conception (AC), and misconception (MC). Data were analyzed by using mean'

percentage, dependent sample t'test, and normalized galn' The results showed that a

MoRE-basedapproachenhancedstudents'scientificconceptionsfortheslngletest

item from 20.43 o/o in pre-test lo 69.52 0,6 in posttest. students' sc rmproved from

1.4q% ii pre-test to 59 .44Vo in posttest whereas their AC as we[[ as MC were

decreased from 45,50 and 53.060/o in pre-test lo 3325 and 7 '31ok in posttest'

respectively. Students' Learninq gain for the whole class, ]ndividual student' and srngle

test item were in "medium level.". Moreover, students' refined models were at a

" good [eve[ ".
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1.1 axrrr[flu!'luacazrrrdldruto{iqill

n?1uroiryrirrrarirur.:drua'lnr rr:u5fi 0 nr:rio,: uavrunlula6dfi nr:rrJduuu!alodrl

:rorEr rirtrinr:6nurlurj:vtvraluuiirrflufiolsrouauolsionrruvir rud6'o'rrariry 16nlvrui'l

nr:iy'nuvdO'tfJusionr:fir:.ifiinluorr::ui 2t 0tFlrvr: ltuivr6, 2552) lotltonrvoeirl0l

ri'nucdrunr:doar:uravnr:rixruirurYu louinruaur:nlunr:rflu{rjrlunr:lirlruu,avtio

nr:uolYu1ufir].rru ifion::rLnr:tirlrudair.lnrruflfiotaurtasriotrirfionrtrqt'[unr:

rir.rrurdoliu::qruanudrjlrail uavailinl:fid?!dutunrrrLirfiotodunr:6olruuiol#l

rro.trliuRruFi.rro{n1:li.r.i.lurilufirinzuv uur6otowqufrnr:rSuufdlsiiunruauloodrl

unir,la.ruluiolliu6o vrqufrnouaoin6iail (Constructivism) Iouldo'jT nr:6uuitlldnr:

rfiuaroli.jrluJrirlo.lrinriuu'[ri'r6u uiolrifijnr:tdurdio?1l6oturj 1 1lo{fnGu! uoirflunr:

vlouryiorilduuarru6odfi otiu6',rtolfnrSuu nlrliuuilfl unlru!duurrr.Jauluufi utiunr:

air{uavuolYunlu6olrlrrj 1 uiorflunr:d'oln:nail.:roinl'rx6o16#ioq]udrlrllrj (r::rufivir

:ooru:ldr, 2540)
. J. J

ir,trnr.trUu?t.tytl ruoyrnourirl ur nrionr: riuuf Iru ronrr rdor.dlorlrjuiuriluorrdl

fnriuuocarur:nuiunr:rrjduuurjaqr*ri:v6'rlunrn rrrin r:a ouhiu-n ri uu rcirlotu: v oi!

llranariurflurioldriouir.:orn ailaraliillulfidnaloLndou (Atternative conception) 6o
'.. .,1 t ) . -!-,---.--.^i^-

n?.rut{{niQneio.rlriarr;:ni dloroocuern0ithlornuur6otorfnirtLrnrani 6lortovtfio

,Jrn1n{tca!n1:njt6u tfi nornnr:fi nurrdr riuu ySorfi or.rdlor nriuu ria.: 1Jir{l raqahJ

u6'r luriolgrJir.:lr,aqallurflurfryrdd'olr{rlolu:luavL6unro.ilnilairl grJirldqnd'ol

uavdotou (rr1:1dnd fiurtnu,2557; Naah and Sanger, 2012) o'lnan1 nr:Guunr:aoulu

rio.lriuungrlnovnu'jrtzuvdngaourfo.r grJdrlllraqalnt'ltau0{ irinriuuraarunurrnS!

In:rair.:luraqaiorrrauuihlqnfioo uaclrirdrlofunounr:moln:rair uranalnlrtaudtau

6nvY.rfio n::u rulul:lri uufilr nlru d.r zu a1i'rrard ri uulu#ol li aurio u a.uirlvingoio.raou

rlnriuularunr:u::uruuytunr:asiorJflrjfi r{rlrfifnriuurdourjrulridfloriuu rdoovrirn'lruf
s I e irlondol aoon6oifi'! {rni I'lrurirmr (zsst)tri6nut:1ulfid

L1J?i',ru'l ua!u9llJ o{ !! ta qa to 0 e

narorndoutarrinriuuGo.:;rJir.rhLaqa loufnriuufinrurdr'to'jrgrJirdrLlanatinornu:.1
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A tt uan:vu?1{0Lanfl:0u6:?rJfiuScmurou't{rou?:u:1i!!tanatfio01fl!r:.rHdfl:vu?'t.i
'tlaJ6tdnn:aurilorr16urrfrurotir.r16ur uac!-rto.:fiuovarlr:nliriruru:!ir{lranalpi{ rt - ,i- -

ornirgr.rrrirleiu finnr:f,nurtdlinai6uuudrao.r-a'lrnn-acri'oundu-oBrLru (iroRE) rCo

rierutrlurffiuurqranilo.lfnriuuld'lnunaG MoRE rJ:vnordru q iYunou rYsnrnd t.t

rii i,ir,;niEi ffi - #ft - ffi - & E!.,.{*rsr

)1,nrrfi l.t durounr:ornr:riuultolnaiE tuoRr

rinritruairluuuo'raolriauriou a'lrnn avriounaluuavoBuru Inuriourdr{ MoRE nl
.t

nr:quuuiiraorrfia.:du (initiat modet; nufi 1.2n) nolfnriu!udavnrilriou r,ra"lornfuaJ

1tnai6 ruonE 1ufion::u nialriuuuvrjruasnrrfnGuuourfiauuudrao.:drJirrJl.:udr

(refined modet; nryrfi t.2t) luriuavviouna'uuacosuru (nrnfi t.t) fion::!fiair.rnciol
.e .J - - ) -nfl ut unl'lUurna6?'llttt'lLsntunur0{lx!lnytaa Unt:uuuao.!o0ni.!rnuvn:vu?un1:fl1.:

irurmani uac nr:uan{r.[u!f, to{fn risun'oGordtdor n nr:dr:ro Snri.rd.r uiuhirin riuu

uaorarruf uurnruFmoldrro.:fi rfi nnjuoonlrlu:Uuuu,noluuuoerao.:nolnr:nJduuu{a.r

1u:vniull ra nad rilurirnar.rrdoulu.rnr:rtJduuurJarlu:vn'uuuo::uLirflu;rJo::lrir1fi
r -:Jtint5uuilnlunirlournEliiu (Mattox and Reisner, 2006) ano'rotir.luuuiiraol ru,ir

-!,-.!-- 4.._ _ ., I p,.1 .l r t J! Z -un t:uulr[uu!']ao!tuo!nu?1l1l0u'tu']n1aava1u [uu1 yl.tu']n.lauav1],lnuunnli!0v0on
.l .

olnriunaluriluosnolrfiulua.:laln:tnu (H) nriuou (C) uavaoninu (O) n:coraaanlil
J - .J - ) ,I ) v - g ,)yl{ rlo n{n1 ?l 1.2n uav0cn0!rdu?r}ra1uu6M:0rav651{r{uuvrRnlnilno-nn:1 udrlo

rinritrurirunai6 MoRE udrnu'irrinritruldiunr:rinuruuuo'raolrdo.:frutinnsio{narurf,u

" ),- o - )uuuii1ao{ruiuui.lua26{nril, 1.Ai fnen, L.T.; Rickey, D. and Stary, A. M., 2007)
l- r -J- ' 3 I .{ . l euonorniiollnuululifrFadrrirnraurau't[Uaualuluuluarunnn-rrfruloooul# tirbirinriuu

6aiTrl'rrdolarlr:orirtrif rld 6{unlllfluos.rudailrdslLiaru.r:oritr{flrlf;rn:rclrirfin

1ooou1c1 raulual:aua1utrt:rcusrriou!fiuar:uou6rinlvr:lai flien, L.T.; Rickey, D. and

Stacy, A M., 2007; Mattox and Reisner, 2006)

I



$P fuure,

- v,lo*! vr./
ff, rt o, rnalcoulzs

(n) (r)

nT nd r.z uuuo'raoltosrinGuurioqirnraasarulurh (n) uuuliraor rdorolu
. a .r(u) uuuiirao.rfi rJiurJ:.r ufi r

d_yrtJ't: Tien, Rrckey and Stacy (2007)

qovroaour:rlrhirlrtolar:rnfiaur:nr.rrki.iruloul,draaoo LED uavciru'[v,Jaru yrnrio
dt v

qUn:rud{na1? riuar: rnlfrdolnr:yoao!oualu?.io:rrd'ruaoo LED rrla'l lraluaol.jrar:rni
uraeitfurirb'hhl6'(Mattox and Reisner, 2006) un:b'{siviol#6uaoltluar:lnrrrardda'

anruvrflutorufiuirlv'{rhldrinriuunou'[r.rdrudnndorrurifirLlulfifinarnrn6ou 6o #nriuu
,J .

riru lraqjfira'onnryr t.3n louhi'rranqrairnr:rjrlyhlrtorun:h^loirfioor nln:,: airlfifiorlnrno d

fiorYuilocrirlfid16nn:ourn6oufitd uavrrra':l16onn1r 1.31r loulri'uanarairlnru#.orru

run:lvlsifiounro6ofioriuotirrrraflu:uiuudru:.:uavriu:crlluu 6l5nn:ourn6oudhLrLr!i'

odrr6a:v (Kuathan, Faikhamta, and Sanguanruang, 2011) uonorni'u-liarrln urrauq{d

aur:nrirb,hhld uil n:olnf,o (HCt) n:olo (HCOOH) uavn:ouofifin {CHrCOOIt) rtluriu

(n) (t)

nrud t.g uuuiiraorfirinriuurf, onli'lunr:o6urunr:rirb.,lfi rro.run:lv,loi

ytrlr: Kuathan, Faikhamta, and Sanguanruang (201 1)

uuuiira olh ra naaur:na irlldi r uor nia nludiflrJ: c rjriu lriu uul iira olll ra nafi

!:vnoud'runodalmiuL.lllduvruoroarfry rdrraro 2 o'uuvuo'ruruirSnn:ounl,no u6o.l uas
r.* - ilii!flu[vrurluoc rY.rnrvrfr 1.4n (nruoinvisrd ?rr[aa1, 2557) torar3nu::llundoryrara6nla

I-e'w o
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1a dmrulurJ:vnouiru n,rrarrfinriluri:trnaraf,nturndnu::11utrnnara6n bilannir
u4)-,

alu:uFtu615 uav urvtnuua'tu:ut!1tut 1Jtiuov ri{n1 fi 1.4r, (a.tufiflg ru rau{or-ufli uav

nruqljo{rdin, zs5a) druuuo'rao{rraqaatirr.irudtirabirinriuuinmlrtrlofi qnoio.r
t-n:c{ulfirfion'luaulo uavnr:oirJ:radulrniu ouarlr:n{oqddrrllranadrl 1 ld'qnd'o.:

tnrunrinrj ?firaa'r, 2557; arufiflri ru ,;r.t'r* *.r".rrl O.ir6in, 2558)

nrnd r.q iT otirluuu{rso{urnqn og dtriunrraou riol ;rJirrhrn4a
(n) Ir{lua;ti{lfu (t) noiura{uacLincuiuu
.l -. -filr: nrunvinil ?6raa1 (2557I aruinr6 ru riu.:s'uyli u,acn,tual .ja.:h6in

(2s58)

ornnrudrrioqnxnaoruavuuudlao.il!ralaodl{.iro latrldrvraiiauuu,iraar drrnn

avyioundu o6uru arlr:naaltul6fi aarara6outd fiii'udrririi'ariodr:rollulfi
i-irtnrrani riol auu'f,nr:rirbirhuav:rJir{lraqalar':raud 1oul{trniinuuurirao{ d{rnsr

avriounalu o6uru druiurinriuun"oauilnurild c

r.2 irqrJ:=a*fu ornr:idu

nr:rirrraiauuudraor isrnn acliouna'uo6uru rrsouriol arirfinr:rirtr{lhuav
grJ'ir{lmqalo.rar:Innmuf drraiufinriuutfurToudnurild q fi innil:card o do nid

t.z.t rCorGuurfi uuiluuf,iyrurrrranilo.rrinriauriouriuuuavraa'.rEuu:1udo

r.2.2 riiorGuurfiuuilurf,iilur6ranitolrinriuuriouftruuacudrriuu:rur-nqU:vald

1.2.3 rf, oilnnravuuuarurirrufrrrlnr:ritrutoqinriuuuuu:rufurisu

t.z.q rioflnurnvuuuarufirrmirrr{nr:rigut ofiinrisuuuu:ruuana

r.2.5 riainuravuuunlur{rruri'urrnr:6uutro.:fnGuuu!u:ru{o

o

:'o
(n)

1.2.6 rfiodr:rouuuotrao+do.rfiuriorriguuacuuu,iraosfiUiutl:.:ud:r,ra-rrisu

/l

(ti)



1.3 6rr Aslur,lo.in1ra{u

rinriuu{urTsuufinurilfi o dtdiunrrufriot aurl6nr:ilrlvlf,ruav: irdutana,olar:

Iarrraud 10ul{rvrnfi nrruuiirao.: frirnm ayviounaiu oBuru kiaradlriohlfi

t.a. t rinriuufirluu6irurcramiu#rriau:rurioqln'jrriouriuu otirlfiriu;irfrrgvrrrafifr

vl:voll .05

t.a.2 iln Guuillulfi iyruroranirad'.rriuuq.rnirriouriuu uavllur:fi fi fi oraa-l 6uuanal

or n ri auri ou1 ninqrJ:v al ri

L3.3 rinriuufld'iur:njsuurllul6iyuraranifinru6rrrarirvn lnr:G uu,lrlu:'',uriu,i ul

oqlu:voTtrJrunarl
.t v- I firrYrirYr rnr: riuuuru

t. r.4 rin rE u ufi ldfu n r : li ru u r u lull o') v] u 1 fl 1 a n l a 1 l

lr u!nna oqlu: vd'lrJ runarl

1.3.5 fln s uufileii! nr:rislurl.tluufrilrurnramifi nru firrv rvrlnr:tiElutt!1l:ruto

ou'lu:cti!!runarl

t.n.O rinriuukiilnr:firuuruwdraolrdo.:6'!riouriuulvirfluuuldraolfirJiurJl':rr,dr
J,

a{t: tJuroau0 u [1.Jlvo1]u

1.4 1'OU[?ntO.in15?OU

1.4.1 Ulctlns[[6snque?ou1'l

rinriuuir'urisuufi nurijfi q/t iirutu 29 nu ura yrin ri uuduriou!fi nurtlfi q/z

drulu 21 nu uaunr:ti 6uiyrurarani-n riooraori 1:l tiuurivrq ifivr ul nlr nlntl'Uufr 2

tlnr:finu,r 2557 druu Z rio.:liuu ,rrrio#, 50 nu kiurulr-rrotco.:orn!:vtrn:tflolorn

rinriuu#.rao.rrio.tfi Hanr: Guu:ruitrrniroduriourirloir

1.4.2 dxu{r

1.q.z.t tr'ruil:6a:v 6o tvrninuurjraol #lunn avviounail oBlru

1.4.2.2 or-ru!:nrrr 6o llurLfiivrurarani ttas *luiira olfirlilrlllrrdr

1.4.3 :verst'larlun'llfl oao{

nrnGuufi 2 ilnr:finur 25sz'tdrrar'lunr:voao': 10 rirh':

t.a.q rdovrfil{lunrtririi'u

rdorarfidur'tdvrouu.:u{lfi tilrtfl orrh:ruitrtnfi 1 1rtai1l1 1 31221

{urTourfinurijfi 4/t rax 4/2 Ga.:aurlfinr:drly,lflrar:lnrllar.rsi rirulu 5 dlhr rrav;rJirl

luraqalnnrauoi druru 5 t'rh.r :ruu'ldu to t'dll

5
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r.s rJ:s1utdfi nro'irocldiuornnrridu
4q uv

1.5.1 in tSUuytLo:! n1:Ao!d1!toyroaoinl:dl'lTlf,l tta yrt,!U5i1aO{1! tanaOeil{'il UA']l

Inl.:rauoi irl rYunr:'l{rrnin u!!i;rao{ a'lrnn avdounfri oElru ovifinusn?1rrf lYlrq.i

$avfr'nuuntc!xunl:yt.r.liytu 1fl1an5rfir,qldu riolorn 6on::r tvdrflrriuhirinri uutoi alio

rlfrtGti.:
'r ot '- - "lu:ruitrrefi loaldtvoia

1. 5.2'Ltittu't v'r i tr oU1 L! r ru u1 n'l: 0o n 0 n : i}] n 
T I tl L L?

rllJudrao{ a'lrnn avviounflr: oBlru

1.S.3 rinriuufiroflo6fi6eioitrrni rdorornlda.riorJiu-fidrrLnuro.: arlr:nairlolei

n?1li1vrid?u nuro.rlo utirun:u!'t un1:6o {iloluma{.luto'l Fruto': rfinit:loltofiournos

riuufrio\.J

1.6. fiutrfl'uvitoflr;

t.6.r uluuFivu'16'tdni (Scientific Conception) vlrun'r nrrl6oqrr! udr'tofi

w ) - ) o i .i o - a ,s !1 {-l-e
0n9O{rnU? n! 5O { [o r:o{yu{ tt-.it'tiy U retrani louor6'Utranara r]OrriOOS.t fryfrnnr: tflO-!"[

.j- g
oEururJ:rnnnr:nirirr 1 fi tilof,uki

1.6.2 illurfidfio (Misconception)vrrodl o?1x6on?1 tdl'lofihiqnoiolr'darn'lriol

loriolvdrluitrivurarani loulriord't rraqr.ra riarriooil vdnnr: uav'trja1r.l110oB!1u
;- Jqv

ullnlnl:010'ri'l vltnoluLo

1.6.3 uuudlao.lluraqaotir.riru (Simpl,e MotecuLar Modet) v!1ufi{ tttltlrilao'i
. . ) . - ""-:rJir.:lltranalnrrraun i!ryno!o?uduUllr=!valnvaludttvluovel0rlnal{uavou60 ao!10lJ

vaooootin15diuvll]{uou:uu'j1{oreto! l1fl!5 tnorooiGirui!iotu'ro4}rrvui'r{fruEv uau

t)-j-.:d
n:: ln:rr'{aoouaaoooyt tLaunltunrfl l.]n']'lt.ltr'11 tlmnnl.:nu

1.6.4 tnvoao.: vr.l1un,1 o!n:nin1:v o ao{ n'lidrb'lflrto.:ar:In ur r,auei!:u no!dx u
tt

a.'tult,lrio $d.iiiluru 5 r#urdo rdolt0'o:utri'r la1:In r? ta!0i uud{ rir tfiolv'lflro r nriruha I a

3V riuurxriorlo: (proto board) fiflloloou;iruaI (LED) 1 yaoo *ouilfitfloi rfiotodr

n:yrral rto{a1:1n r': rauoiruoiactfio uavintnoiu.tl o, 25 mL tfioldar:acarEr lnrrrausi

"t1.6.5 uuudraolrfiolsiu (tnitiat Modet) 6o uuJlilaoito{fnt5uu:r u n{rl nourir uiu

fi rn:runr:ldrvninuuriirao.r filtnn avvioundu #.:tnn

1.6.6 uuuo"tao{drJiur.tl.rrtrir (Refined Modet) 6o tt!r-rl;1ao{loifnGau:run{rL

u a'r o'r riu fi o n : : r n r :ldrvr n fi n rrr-r I iit a o,i a"{ t n o a vrio u n a'! fri t n sl



vvld 2

-e i;
[0 fl d1l[[a v.i 1u']o uvlLn u?lJ0{

,i i s', '
n1r6i1:?oulurAiv u ']fl1ani 15o.: ar:Ud nr:rir LY'h{1ua v:!5'l{ L}.1[a q 410{41: to tl tausl

a') ^ Y.' 1''
Iou'[{yrnin*luiira o I a'lrno avliouna-! o6!1u a1u5!! n r: uu}.10 u}r fi nu1!yl 4 zu?au

toifinurronar:*av.i'ruii'uti'1.: 1 drdurdord'ld rvrninrlurilaoi #ltnn avfi'ounan o3lru

(Model Observe Reflect Explain: MORE) r]lu1fi (conceptuat) uu!d160{Iu[anaodl{.i.lu

(Simple Motecular ModeL) nxufil?uilvl1.!nr:6uu (Normatized gain) LLrlurludut;u!

(cLass normalized gain) :rurlnna (singte student normatized gain) uau:rudo (single test

item normaLized gain) uavi'ruio'ufirfitlrtol

2.1 rvrnfinuuudlaa{ d{[nn a:viounfru oBuru

lyrnia11,u!draoq #lunrr avviound'l oil r uldi1, n r:n's!u^ tta s r rf iir{]ur,*lu:nfr
d -. d.4 c. 

'1 
a 

't 'u 
d d

lvliylUrd'U ul,iittndv{oituUt!i nAitY{atiiuLtul 1.r L! nlloo Lun!unnnUl !u140{1J0L n n15 tn!

ri":lr] (rien, Rickey and Stacy, 1999: 318'32q n:{aouirul616nirjrrvrninrrrulrjra ol

d'lrnn acfouna'! oE!''tu !lLtJnuunt5ulr0uvl'lLl,lunLluLtnau!1n?1!nouavvannl:Y''l{
4 qvv d s v

irurarasrilriouri!!5sarEn1l't:1rJn.!nlla.ita5tJLvUnt:uuulEnll'ltn:1u1rlJ0lJa[ou01nu
- Jqe e s ,r

vd'n!Tufrlo'n'rnnlt oao{ LtoxtL.!n':1!5Lu:vrl!rtun'lqn!tuol.lL talatounl:a:1':
1 , ) nu,u, ?1 - .; -

[uunlaoituulooulu qnnl:].ltro.rar: rfiolvi{u:'uultrlolrn0l6u (Harrison and Treagust,

1996; Tien, Rickey and Stacy, 1999) Iounlflu{rrlvrirrinriuuufiua,iui6nrr6or'irun:vuru
- ! - ! , -u- a,
du tarvr]u6.l o'lrlun!ovstolaonlta0urt!uu::u1ua.:Ia']tuunlla0ultll1J1]0!rl05.:Lu

#otriuulrnEl6u (Caritto, Lee and Rickey, 2005: 60)

!lunr t'uuiu:r (zsso: 11-12) oif,rgrgrrtluolrirl:vnoleirdrgtolnr:rEau{ourlfi

!:vivrBnrntirerlri'uriavounrrrq!uacrird!n:v!run1:rr{fl6UtUrflornutoi nr:riuuifi6

ar!1:0rno,iarioni:!i,tfruu!r6ofitv!rca:t qAn:5Ln1:tEuuffr6u6orornnr:aolfr

rullvaxlnuii'run:vliun1:va-n o rfunou 6o rYlullil'raol 6o nr:oon *lr'lrilaollh!fit0'i

rin ri u u Io u ri o uv o a o.: f n Li u u a v oio l n r o to r ua v i u n u'r n 1 rlu i v dlr r.r 14r I n I! [a q a vi o

^ I ! !- -ovsroruavlooou [ourroutlrdra o,!niolost]1u luriuifn 15 uuoroo vtriil nr: n: td'ul r n

I - " .i v lq
n:fl aou [o u n1: [tfiln1 flun.irnn n0 un ti uua.!x 0Gi'll? 0m l?04 0! uLlJ 014 0.iv]a l1.l1lu Lu
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rYuu:nlounr:yroaolr,riofion::rLrCorirh]{nr:drrnsr duav}ioundu 6o nr:avvi'ouara

nr:nrooodtdo,,ntYuf,irnsl rJrtoXadtdtt]r.tiurJl.:uulo'raoflviqnfrollrnduairunr:offrJ:rtt
. lt

n 1 u I u n q ! ru lr u u n ! { a ou o r o n : v {u rin ri u ul n uldn' r n u a v vio u a r r ! f dkiu r n 0 l du

duo6uru 6o oEuruuutiiraoldairunr:a-ltnnuacuantilduunmu6otriunratun{l rinriuu

oc6'o.io6u ru uuu dra ollraridairlduiraoondolrYu uur 6o,uolrinivrur araoSodrll:



er1:1.:fi 2.1 nlix'r{uflun'r:{onrt Guufdeurvrnfinuuudraor d'unn asvioun#u oBuru

?5

MORE

fionirrl MORE nrrtrJ:snouuasriraBurtr

Modet a;'r.i Model.

[11000u']un15

rfinrJfrffior

:sv'irrHrr',lrTl

ula!a1u{

InitiaI modeI

rinriuuairl modet nlnn?.1!it6! LJi n r:.ivq: tr i ordrurif
- J-tnoir6aal:In linriuuaSr rurrinr:y"lf rrJi friu rriuuau,fro

...- q { r q -.^ tUnatL loU?OnlltnqUBn:U't ln n1n [n Aflrnqtl,J model yt

- -::-r- l'nriuuair.:rf, unr:rrSuuLUa.r1r:cdu!ynrn

Observe 11',tn0ntt!n1i

voao.i:vu'i1.1

,.t.tvlfi'!

ula!a18t ,bC,
nr:siarooUn:ojnr:vroaa.:rJfi i3ur

unttUurnnn'l:t:Ult:ua!r:'tL?'t modet ylno[in0L1i.]n.t:,rnaO.!!n?1:"nndal

x-oio.:uiln inriuufrnl:.ifr-ldlrnnr:y.qaaurrirn.:rv i:r.Jd!

Reflect
iav ollt0!a11

Lo[ 0un Lruay

rJirrJl.:

model uav

airr modet
,;

Lv nlnta all

16'ornnr:

yqa0.i

Exp[ain oBurer modet
; v !"
vla I 1{1JU !y lJ Ly

a0onao.:n!

L[u?ao

?vru1fl1an:

Refined model

L_l./ .\
/."$ ."\

/-'-, ,-\l--,;.:J

rinriouaS!ruloaldairluluo'rao.lar:r,trd'uuav
-. p ri i -nnn nnut'rtn00iUT Un1:tUauuu!atlu:!qu

ranrn nia:rn"uuoni6nr:fnrrdn.:rrirlunr:

finUih3or udrinriuuo6urahildir co, rfi n
! .- -
lJl.Ju't ln a u1.r l:

9



10

2.2 dulfi
2.2.1 R?Mutro.rllulfi

!1u1fi (Concepts) rtlunru6oraSonrruldr'lonrulufi'rlnnadtfi oornnr:d'lunn

fuf uavnr:triiutl:caunr:0in:ltdorrYl6lriur.J:vlraHartrd'ruriutflurioalJ qrualtGuio

dnurusdror,rrc Lo '',roon o,ldorYrorairlnr rltt'rlotonou[o'i (arLltnci qta1al, z5sl: 8;

rrJ:rdnd irLlrrnu, 2557: 8; iour njuaivr, 2555: 10) rlrion{lnrrltildlrrao.rhirriudl
- )" ' ' launrtLoi':iirurur:rnn'ira'nucu v i dr drg i? ! d1]! o i ll o i u n 1 i "l a''] n n a! n'l 1 }l n o v 5 0 r .

uti.:oonriu 3 rJ:vrny 6a r:hfirirdruru rriu ur:artfluf,n'idtr 6 tr llulfilfila'lyiiuri rriu

u:lurru6.:u:rqndir.rarirhinr:rndoudtoriorqrrlduu11j uac:rlu!6rtrvqufr tdu ovsrou

rJ:vnoudruirtna-uadfiorlnrnirn:ou h5o:ou uavAtHno:ou (Romey, 1968)

2.2.2 lltu n?flu1616n5

llurLfii urnrafli (scientific concept) riJunru6o nrrurtrlod rfioorn nr:
.! J - { r J ; i.. -

drrnovSonr:loiurJ:vaunr:rufu l Lnu'l d! L5o'! Lo t50'114u{li{lso!:lJSllll ttauu'lll5::11lla?

durrJ:yl:aa'lfiuiSoeirlfirvrqara d.rord'uriorfiooiluayydnunrudrrliyrtrrarani (auuonoi

q:vfi arl, zssl, B; ul:ld'nd Surtou, 2557: 8) lr rfl udoa!l udxallrl:nrjtrroGuru rdorriu

' a- ! qv a v., J !, ! ?-4- )q - 's.i-rJ:rnnnr:rurir.l 1 frriloiu1d y5Onrutrtr [OtnUx fi1j t5o,l [o tl0.!uu.l luyl1{1vlU'l61Ar]SvlLUu

{aa:tjr'.:rinivrurfl raoilfiui?!riu (nI:ori rfi !rfltrfi nrri, zsso)
Y:^- ! u I -'!unr:io'uoilu{idun uiotJ [ur'Jn1v 01fi1dn l?J0{Ln t:uuol u ttlru14oaa!1olJ tllll sr

ivrerrnrasri riola:li6nr:rirbitlrrract!irfl!rarlalat'ltaugi
A

2.2.3 !turnnaln[n8ou

llurfioarorndou (A[ternat]ve Conception) rflunrrr:fiaio nrt:urirlodrinri ll
. A . v- ia ,, J

air.:frurirumutol 
'[ouord'unrru5td]rvtrtoqno! ilo r o ov uslno rlol n tu!1n nt 0 {u n1v]u 1q1a o:

Iouduri.: unnri'r.rrfiu.:!1,ra'?uvrioaonndo{rl!a'lrrL6o'uorfnivulnlafli (!lunr t'uvriu:u,
' - t - - J X o qv

2554: L7 ; t!:}]dnd dulrtnu, 2557: 9) n1:tRo! lu:Jelnalolna0uuu0]0{ LlJ:uuvLla1u'l1u'lu
. ':, i c - J u - )- -- < a' s -J ' I

lunr:udlt louu'rl!rluonalotnao!!o{{n150!rUn?0ufl nu1tlJLJl.lLuun umnfi 1'101n!Lu

xfriyU1fltan5frUO}li!dU LUtruvfu d.iOlOtnorlu!'l0i.i Unn0Ut'tl1[i.l tl UU flOlvy]flnU1tA'lt5 UU

uiorioraa'lornotnr:finurrrirriuuhJudr o-ln-rodrlnlfld 2.1 (iwnl {uvrirr:r, 2554:17)
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nr{d 2.1 rruuiilaa.uluilAoalorndou Bc(3

dlrr lrunr o'!viu:l (2slq)

z.z.a ululfidftn
s -i- - i t J

Ln n1:flnul[o Lyn? 1t.]yLr'1u1J0 iil LuLrr]vrHo (i\,4isconcept) o{1-J n? 1rJ:IJo,rgru L0nvl

.a
hJaonndorr{uvrqufr raSonrufutrivrurnraoiiuolil (Lawson and Thomson; 1998 ) {o

#ufi tgru ri.ra fi i ry rgrfi fi on a roraiobj n nfr o.:fi rin r:- uui od (Sander, t 993) 6.r dr rfi o n'l
,)

rin l5uuudrovil.ru uurnfrov uri'lt urJ6ouurJa rt#g nfrol (Lawson and Thomson, 1998;

Sander, 1993) uioudnnr:fifrornaroholnfniilulnraniuavnuyrurl,rJoou:-u 6.:rfioriorudr

ovnro{riohJ6nuluttavlieur?1{n'r:riuriv'nnoiorrolrjnrEuu (aurono{ o:sfiarJ, 2553: 10,
. -! ^rltlJfl no fllJlr1rnu, 2557 : 70)

2.3 uuuiiraodrranaod'r{i'lu
" v ! e J Jc, )

Lniuii'raoiail inu[fr006!1uilqA nt:r.]rona"nu ylJllrJ:y n r:t ol i lfr rtluoSr a r.t r.:yfr I
-1!a-J

'1t0 
r,Uuro:oiuoyn,rn11 no !nna Lt L!n1lu1e?ruin?t![.tJ1Ln!:tnn n']tru (yrnul ttr!!ru,

2551: 1)

.S4a,d4a,
ttlJu01a 0': LlJtana tlua0!:u na! n1l Lt uun.D a0u?tJ'r tn! tlI0tlj!n1tnivgrl.J*asta5l.l

e. a a .inruurlrla'lur5or r(uovunfr ]"jirosr[JttrYu:v16ar (singre bond) r,riuor{ (doubte bond)

riugvarr: (triple bond) luar:!:vnot 6rritl (organic compound) uav:rJir rtorh ra na'lu
g , !.

!1{n:{n110'11.t14:o$non1 0u'r.: Lou?010n3 Lnonll!auauu0n1!t rru! nla a{ [! ra na urt'rr.J1
;: ; - . Jtl ulJ tvn 0! n1:oElJluQvyIr LuLnnn?1t.l L?J1LntJ1nu.ilJu (t'rtunJt.iF rat t.],2555) 0nyt.t

rJilrJq'rqrunrvrnr: ti tiunr:a oulfifirl: viyrSnrrr a oondo.: fi'! tt2l nr:rtruurnr: riuunr: flou

tolrJ:vrvrrtfifirrlrr,rrrufirir6'19 6onr:duailnr:26nf,0 uasnr:yrhura'oorln:ninr:uiuunr:
!A

aout-uro'r lfiourur'tdr.l:vnounr: riuunr:aou'triirl:vf,vrBnrnlndr6ulto loil (o::ur 1n:a:,

0unx1 oflii11i.! rrav!:ua.:n Ay1u1!, 2557)



72

uuuli'rao{!ranaotirliru (Simpl,e Motecutar Modet) rfludonr:aoudafrlu:s1l'[o1u
I < - )a

n1: riuutyi'l t14{ n ri uu61lJ1: n rno! tu{nui aofl rUuuru o::u'hido rau!1ndu (arufinti

ru riari'uyri ravnluel doqbdio, z5a)
- J ,-, - - . . r rga. i t )
n{'uua2aua{u'lltuu01ao.: utana0u't{{'lulll tntuua0nl:t:uun1:6011l'tu?!'lln! tia{

grJirrllraqalnrrraui rf,oriruhftinriuurfiau:.r0.:1ou,av riollu{uu?f,nornurlo::lhJ{

2.a mui{uddortor

2.4.1 {1ui{uBuuriraoillmna

!'lqfl:{i {ari! (2555) ldriruuurirao.rhranaolnuaaad!uuuriraa{lraqa
yr'r{r6in''!nd1? artr'itndM :vqnil{rfludorJ:vno!n,t:ri'uunl:douit,rni rfiorf,unr:

- vr r .l i, r q !
!a:rJ6?1tJn1tS[UH0'r:u:',N10.!LrJrAna luu'lrni.!n1:0'tul,ti0trnnRlnoti'l{16u2B,]aovrfrn

R?i!duau usirirlduuudraorlriraqardur,riruU:cnounr:oBurtr ovriT bi'rfinnruuirlolrn
.'{ 1 ..! t . . r - I 4ulnu r u.ruff[!qun: u6nlt[n: [avva0nfla']fl6nrtnularainuau?u1a Lr4ru aooldnfi.l
1er ua21rJu'r?riu6:uavuaonluqjril rfluiosio uaan araan arnraar udrn:rvflra,: aoooc

Byrutin!on61r! rdu uaooiduuyruoyno!!o EIi:lou (n) drienunuocno!!0.!a,l5uau (C)

f,n46o{uyruocnolno{uln:rau (N) uavirirluyrloverolJnotooni(nu (O) a'u'rodrurnd z.z
-i)!u:v?r?''r{vrlnan::!R?a?: txt0:Ja n2't!u12riu6c:2l.l14{n1:',1{rtJSuutruui6Ilo{o.tn [fr0

dlrrtGuurfi uubilndr6urfi'u:Uith ra naoiur nfi ao

atni z.z fl tolnaoefruoreuiastiir
.ltJ
fiu1: rlruru:.ln tarfr! e555)

a1ufr ilri ru riul{uvri uaunlunl'jo$riiq (2558) liair.r uuudrao.lll rarla

' r .l ,, r - t)t
au1.lr1ua1fl:un1:60u r:or 1u51.:t!taqa lou Lral:y{0au0:liriouqu [00.]nn1: 6 :v14?1,:

c . I r q u r J I te dnl?altylng uaJal:acaluuau:nt tuofr:1a?urtutJlca!t uocnorJna't{ uaulrinvtnuurf,u

H L

t I
iE allt hr

ir t
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trruyt!ov d'rm-r a eir ln rr,ifi 2.3 rfioarBornr:aaurnfirior:r]irrlrLrarari!rinriuu:cri!

rToolfinurilfi 4 ulruunr: Guuivrurnraoi-nfiqrnrani a,a n',,:i i'arruirulliira ollir'tri'rin Guu

ins ur.ruva-r liuuar nirriouriuuorirrfiriurir6'ryrrraififi:voir 0.01 ua vfn uiuufior rufil
'no [an0nrt0on1:!:uutlvF]lJr.t1n 0u.t{ Lt inlut.JlJAy6ntror nrtutiln 'o Iac nc ttuuue'tu5u!

lririuhjqr!rnruri 7sl25 6rorordoro"nrin riuuoialnr:olrinrui:rr rio rdu niu an:f,r6a
./ur qvd tr"ra'r ye,{Ll.JLn15uu na [ou:tr.Jto.:nr:'Lri u!liira ola^lr:0 rfilru a nr:"i uuiLLa v n:c fr'unr rtJ

j
auloourn15ulilulvuEuufi urlo::lldd

nrnd z.a uuudraorl raqaro{ (n) Ax3 (?) AX2E, (o) AX4EI

dur: arufir,rri ru uiuli,uyi rr6un1un.l .iolhfiin (255g)

(r)

({) AX3E2

nrurinvfsrri ld ra ar (255 7) ldfi nur*rriir a olovsr or,lr.rra n a rr rf, o ndrufu
J.nr:aor riorvrqunu:lara'n:vr'ir.:ri615nm:oulur.:rrraud nt.ir *ur iiraorovrrorlura nafid.r

ornlvll lflurnSo'rfiovrq6oniirvil nr:aouGorvrquflu:.:rudn:yrair.:ri6 ra'nn:oulurlrr uaud

d.rl#rinrieruair.r1t.,ranafiovnornar,:idrFno,:arrrilonro-ur (:yruroi6) ri.:nrnfi 2.qt
uavovnornarrhii6rHnn:oun'loorfiur (:v!uroe) riuryrfi 2.4n urrudra alrj:c nol.]rir u

no6aloiull,lll{ruvuorqarfrg 16r,r,rro 2 o-luvruo'ruru6uEnfl:oualooro'ur uavfuiilrLrluuvru

r{uov qrJn:nlfidrrflud'0.:1{:rnrnnuavrar,iru rsfturzuvrfiurryudrun:vdri,rirfionr:ofru:ro

riulurio.:;rJirrllra na 4rfiiov iiruru616 nsr:ounToor6urd'or:ouoysro! na1{ ru.roro.i
ovrror uavfitalovoor: hinafiaur6finhrifitrunrilyio.rmaro urrasorntlifi: rfio rfiolrio
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t

(n) (t)

nrrrd z.c uuu,iraolocnoullra4aCrirornh{u (n) uuurofi (t) uuurai6
.ttfrlr: nrudnvinil ?ii!aa1 (2557)

o y e 1 v J / qyo t01nu?nnt:!t't.tnutuuu2nn:tuylrx!'tva! tfi0 h4lrn[iuu tnflnulBaJuau-Ron::u
. . dan'rn.l LnurJ6:ruuH60uBuvu'ruacnlut14aa h.tUnt5uurj:vaun?'t!rlirialunl:r-uu5otj1{I

< I'ivruraranf 'luGo.r:rJir.rluranalarrrauei dio-uiraonuuuu:c6?l0n1 nllunt:uulllJluun
:-, -- L erqs .
n0n::!1tua1nyh1uyl1lytun[:uutJ621llau Lnuavn:vri0:0:u tunl:15u!r x0u,].rd turRortJu

-Juinn::lia " uuudraodlmnaod't{.i1u "

z+.2 nuidordazri nutt MoRE uarliniao{
niiugr o::lduii (2550: 37)ldoofluuunl:r6aot 6our:dorlr:n-r6'rurru

tioil:"urir1d'iuronar:rJ:cnaunr:riuu Robot Learning By Doing :,ruitrivruraraei rsu

foulflnurild 3 Inulunr:uaaoilrildorjn:nio'.:iohjd uoinvrnao.r o'rfrrurrutiarjiudr

ki druhiars g v tolaoujriluao uorurrlrtdurdo laufinriuuovd'ordoxo: olrnud z.s
, .9 A

a.:aa [ura:o{rlo!u:vd 6n1trn1!rnrud aoZao lnuirj:vBnBnryr 88.1 4/ 86.62

nrnC z.s nlrio?{or;?ilunrudinJiud{f
.l-
!1: n!tsq1 o::lrluii (zsso)

ao



doqafrol6u tr lcffian,,inr: 
urrirtrrd'uqro:rtt'i

llunr o'uvriu:r (2554: ur6'oda) kifinurrio.r o'n:rnr:lfinrJfrfiiurrnn' durloulfinu,
+J - I --tfi S uufiugrutorvrqufrf,urarvurnrTrLfloai6 Modet-observe-Reflect-Exp[ain: MORE

J,-11
tyr0rlJ:uuryrulJr.raa!q Eyl'ri n1t $ uuua u! [u!ot0iUn r:uun a! uacyai,: L5 uu fl!?']n1:io

e!fitn::rnr:riauiuufiugruto.:uqufrf,urarvr.rrnrrlflouldi6nr: ModeLobserve-Reflect-

Exptain: MoRE iriro"sfiU:yiilBfla 0.55 uavfnriuuillulddqnoioltrrn'jriouav ao fi,i'u
nu'jri6nr: Model.-observe-Reflect-Explain: uonr rflui6nr:dtirl#rinGuufin'ouurnr:d'ru

nr:InrrrL6orriuro{ouron arundrlunr: uao.:nrrrL6ouav nr:fr'rrirntr6nriin!.irnr:srr

rirnrluavnr:uuvrjrtolngrirlririnriuuarrLr:ordorlurnrrlirofilur.r'rtadu 1fifinrrr
J. - . -a0qaa0nnuult0 n'1a{yl'1n0nt5!0g0nq2u

Tein, Teichert and Rickey (2007) ld'rjlyninuuudraol dirnot asfi'oundu oiuraltl
t14 ) t qvw d ,J -d - Jd ,-t!tun'r:0onnnt: n1:tlUunt:a0! ryt0st0{n1: [rUnriout!a=uuiunr.: t5u!5orn tdufrfrurifll

eo 1n1u::u'tu 14:ofloa0{et'lr]14u{a0r:uua{!.la [MUn[iuutJlnn?.lt.lrtr [o rduln]-Uar:avarulu:vnn
1. - J, a s ,vd J r ) er!taqa lu!1!n1t InU qJu't Iq un1: Ltai0n0rJfit !o o5 uavnlnrn6oulurfrr{unr: 15uu1u

et:vdu|rl!ana urinutrrgvr6ofn riuuhildrJfrrifiroa o loE.: ua cr rorinuc nr: uar.:urn? ui
!ilninuwlilao.! a'rrnn avyiaunaTu oBuru6rgnoonuuudurdon:roaouuaclYr!urilnGuuhi

r ,.i vt - ilJn21lJt1t1[An1:rUauuuUa{Lu:v9{ulllraqa1jo{a1: loutirnr:frnurnr:avatu rtolar:avarU
-t--i v4ved o.l , )a..)tna0ttauu'r0]1a rutylLuun$u1Jlj'tata?l Lo0.]nn.t:ytoa0i L!r0.:!,llUmn1:i,:rtjunr: rtla-uuuUal

lu:vriurunrn dnr:oonuuuuurnrrl6otorfnriuulu:vrYuh ra na ornnr:fl nurru.ir
rinriuuioaav eg iuur6odaoonrio.:rYltoXadli'e1nn1ln-r: oao.: uavSoaav 80 a.ur:n

- !v I y q ) ". -oBur ukiodr'rqnd'o{lrio.:nr:ava ru!11,0{ rnao $auunltuu:ouav g3 iuur6odaoornA'0.:

riuio4afitriorn n1:rnaon uaviouac 52 a1rr11o06!lukioeir.rn nd'oil,uriornr:a raruto,:
..

u10'ta

Mattox and Reisner (2006) loiair.:1nuoaoliurilrmninuuuiira ol a'lrno acfi'ound!
-:-._- .o. I r - - - I J c q
oEU''lu ty{0t? uu !ul]n!0{unr:uu H0i y{qstn:: n?1! trnnri.t{tona1:!:v nolrirl l riorjrhJ
- __-r. 3. j g tr rnvalu tuul {uunr:uut:!a:t{n?.tuFtnet?uflrJro,:uavtJiurlllarudo16! 1 ourtou'[u.:nru

y u u s' - I . c.-ltt'r t0y{q0rnl:!10,:a1l:v1r?1,:lvo-lJuranrn du:vor-lhrana dnyt'looriru::oro1d'fifiu ruilovrtj

f,ryr,rrddrLriurirYunr:u::uruki uavrdrlofi'uorunru6armrlrnl'lrndurfiorfiuuriurjnriuui

oqtunarrn?uq!!rn1l oao,!uul-r16, 1rn',tirruuoirurYrryninulurirao.: a'lrnn avi'ou

na'r oBuru{hduu::u1u1uri{enluaitud t drJorliriouvroaorilnriuuovqrnnurfiogr
tJtl

uuuiira o.r1uldo.:dutorrin riuuusiayn! lout#!::ururY.:uuuiiraol:voi!lranrnuay
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uuuiilao{lvn'ul!raqa ud.inlnue!o'.rrrira'fion::lnr:riuufirlrYurvrninuuriiraol f,-.lrnn

khanitha
Rectangle

khanitha
Rectangle
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a d ,o . o , .i I d
asflol.Jnau 051J'ru ni01J5lJ!:.1Lr!1li,1a0n Ly! r:!0lnljuyr 1 [r!!01a0{ r0LriltuuRant:!

" a e a \v&! , . J v 4
un t5 uuufiav na!001.11u uau?'ro u1J1J 01ao,:rlJ0,:ouyln: [o0]{lJuu'r rtl.l rrlJll0tao,i r1l0n0tu$10
i q x -, i - _sdrnraasaru'[urir 6'rd'rotirlntifi 2.6Ioun:r6urEuutr:rinuSoulur,rriavneir.: nr:onrdul

n ? 1 r.l ufl n si 1.r i s lr'i r l u r u dr a o rlu l v d'! ! 14 fl 1 n ua u : v onll ra n a r v ui r rf,u,fl d z #r r n o

unr:uu oaoia'r:otanLyl:[anuauallu0uaranLyl:Lao rtu rna-aIa.i una[tu naoLlo

aorlu.Joi (tt) naohai ri.lrranqiaa loklvr:nrroa uarrlrnrarla:a ud.:r-orirnr:rjrbifir

har:avar auriavtinlould LED 6'rd'roeirrnrnfi 2.2 h:vn'lrLyn rnfiar:aortinfirio nr:

ru-l6uuul a.:rfiorirhiaya r o1lrfi 6a una riulaa o1:oio v frol'hiar rl iouo.: a u a r uld uav

aoiluloi (tt) naol:ri oyrfionr:rtlf,outo.rf, riorirh.lav aru uara.',rrt aooirirnr:rirb{flrar
d J d s ,r .Jiao ularfruuftrar:6 ri nlm:1ad6l.l yoao{ai:a raruTr 16or:na ol:ri (trtact) 6ltavaiu

q r . i-
Itrdu:r1ooo1od frfiarrr:rilrluryirfi'u uirar:acarok16ulnaal:rioyrir'lvi'raaoo LED 6.i1,1

6 vnoq al:avaialsrdulloooloriosrir'lvlvaoo LED a.i1i 2 yaao uaox.ir l.tact rirh4flrld

fin'jr uayyoaolurJi uurfiu! NaCt rilar:ay ar uriohd 6o CaCt2 NaNo3 and Na2Soo u6v

NttoCl uavlvirinr:'uuf,irnsrrirnr:rjrlvlr1rrolJtJ:c!.,uurr.,',l or ocyr!irrirtilfrarldrlr or 1u
! a, v J ; - a.e- _nllvloa0{u tuuou ljuyt 3 ayyt0!nii! un15uun n011ln l nnrt a-'l rnmoi.: un r lr-olffnrietu

-r-17- -.-- o A -. c 4.e- d1.1:lJUI.:rrLj!n1a0.:tu0.!0tLJo?uet'tro{ ylnunL5uu Lurtr Lon:rro tou lUurlorirnrl rfro'Lu',fn15uu
.4. r - u r . Y A - - . eN,
Lt0r.l tU{n11,]Fto:vol.t[rJra Qa rlau: uri!!un rn [n t-!i 4 oS!.rU fn 15uudrr.r afr1dl r oiU: ru
. vq a o j y ! v 

" ii't nuLutut:uu Ba't0EUruull!iita0{ra5t,itJu!laoytiurfru!'i!u!!iilao.trio{6t.tuo,i
ort,-

unL!uuylr Lutnonl:!:lJ1J!,:[1J!n1a0.i Lyr.l

Before - Q motecute containing C1zH22O r r

ln water- suqar molecu[es

nruvr' z.o ruuudrao.rluldo.:oiuuolrinlSuurdorirsrraasaruludl

filr, Mattox and Rersner (2006)

of sugar

B
o
oo

o



l7

+
LED

O water motecu(es

ONaOct

A CrzHzzOrr motecutes

n1flfi 2.7 indrnl:drlylflrd1:a!a1u (n) rn6ounl (t) rirorragla:a

frur: Mattox and Reisner (2006)

*'e01n{1ul0ulj1nout nunttu!0']ao.: a{!nn acyl0una! 001J't uytLt Lu nt3!1un1100n1:
a ! e leu d a ut:uun1:a0u!uav tul.J luun t:uuuann0 a ntnLnuu n:u!1! n1:y1n,]y u1fl1a rli t[avnl:[ran{
I a , e 4v - lq

,J LL/lr9lJ0.lUnt: uu9r0!io.:yrLo0lnnlldl:10 n't:d!auo?un1.Jt0.:1t0,:un[5 uLro.l o{uu[un15do
, J qv- , I ) u

n0 n: i! n1: t: uu! tlr 0 L,!tno!: u Lutu n!! n ti uur.t 1n!1a o n I al a 0!n? I o o ao n:: !o1u ry otq
I - e 4.- -ulu01a0.i 6n[nfl 6cYt0!na! 051J'tu 0nr.iu.ltul.J 114, n 15uullao.!o?1r.]i [1.J,] n,t 1!n01o.i

u i- ! .
01') tO {vltnotuo o nrJl Lut! ttlJljt o.r Mooet to{n 1: rrj f, uuurja l'tr":c o'uhra n afi rflust-r n arl
i s .i a

rfrorlur nr: ula uuu!afluivollJt!ollta'ni: r!euutt!al'[u:vriuuuo::llirlviu"n r:'oufiorrl
e1 ; ! - I u dtl'rt0u1nu{tu 0 nr{ n1:a:l,ttoyloa 0i[!u1rrn nl:!, tyrJlyarJ nu tynto t[!!dlao.i a=itnr|

d " --avr0unau 00u1u Lunl:yoa0!n1:!'1[y{fl'']a1l tnrr raun rfrort u'lrifn 15 ur" Lria l:t-ayoa 0{n5{
A L r)

tnntuuu Lulr9l?yru'r fl 1a mlyl0 no 0,: ua c u1't u''tu

2.4.3 mui{rJrdurn'uuluufi ro{finlEuu

[1.Jfuollr Al]y]lan (2553: uy6'erdo) ldfinurnr:utl6er!rfiulataa'!qvrdvrrlnr:riau
s -i ) ;

uavtrluufrfin a l o Ln6 ou rSoi:rlir.:Ilranalnrlra!ri d?unr:erraryulr.luuvrjrrilnr:
€ e c , & ' a -,) w d6Utalsa1li0:! 1r0.iun[i uutu!0 u]J?tnu1!11 4 yllj?lUnriUL nqtJ Gl r.Jr.Ja a= qy6y^inl:L5uu

AAJvantsuua.:n?1unr:u!na! sl 0u't{tJuurilr'r ylliangt :c0L1 0.05 ua3{nt5u!nal sr Illuld
.ii
frnarnrn6oua.:n'jrrinr:-uun{l Gr ynur.r!n'r:i-onr:L;uui {iiukiaanr:ira:rv#llul6fr

4--JaJna1otoaout0.:lJn $ uunQ m't0u'tn yn [yr:1!1't!n t: uuuu [1.J! rl na1fl tn a oua,t f,o n0 [50.1

n'rrliruru:!i1{lrrLaIa rasr!i1{hranalnrrrausl 6ort]uiouay zo rrju rjnriuufi rlllfi
J o .i - .;_- d.ioalotna0u?'toLL1J1J01a0{to.: H30 [!L ',tUtUAU L!!U:1lJ O{n1 L 2.81 €.:yt0 nnO{Un t5UU
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- J v i^ - .i
,ro i'r'r Frrr!!iilao{[i]urr'r:vIon'rualrr au]J 9innlY{vl 2.8n ttavu Lulrnoal0rna 0uu0u60n0

r:o,r Lr:.:unLvuu?:u14?'1{r!!analnr?raud 6flrtl!5ouav 4.45

(n) (t)

nrtrd z.e uuuli.r6o.!irJi,r{fu ranaro.r H3o- (n) llurfiiuuroraori
-i(t) tlturnffalnrnaou

.l-
frttt: rrryon: 6uy:ao (2553)

Kuathan, Faikhamta and Sanguanruang (20 1 1 ) ld6nuruwiirao.:nrrrL6ordol
! - d d,r

llunu tntJ!0.:un t5uutul.t0trxn nu1!yt 4 tn!t'tL:'t!1J0:Ja Lo u Lt tL1JlJ10trlj1l01a0{n?1}Joo
a u d) 1, v . , ^,.5v15o':vir-uovto!i.:riiuiorirnrlrjarurijoflLfrronryruavrfrull:: urr.,l,riouoB!r u ruflr.Ja!: yno!

Ji tn:rvr.i{oualn unr: eirurirsrauaurnac !oufl Lla?o n?rrl rnorar:! ut,uuav!:c r6uro{rirmor
n

Y " " )uv
rrnriudrrirnoufltdlro'rrnq'l r.r a n r:i o-o nli rrin ri u u dr ulra r! fi tllr:6 fi o s'r u u! u iir a o I y r I

r , ;. Jivru"firafli Iou layrryotirr 0 r'Lu rSol ln:rair.:t o,ra r:tJ:v norlooofrn nr:rirb,iflrror
;

a1t!tvno!1ooofrn u:r6orrafiur:cy'ir rl rana nr:rir'[r,lflrro.:ar:In:.lzu6nirlortiro ruay

o i a, 
" -a- <inltlnofluovLa]1u tJ? eUtrlJ ulJtJ 01a0.tytt!u]J LurJflytr.loltayrJ Lr.l0t,yru'tfl1doit o iUn t5 U!15o.r

3rJirilurana lona oiur auooonltri {clro) drourrr-rrnfi 2.9 uo nornrYrrjrnl.jr u-nriuuloi

u1t011l:va!n't:ru yt0n10t1J"tull.Jt?n!l301il.JttTLt05lJ1U1\LJDyrq ttac6!!rltO,iA1t
af,0lnr.JanliiitJ LolJo ra!o LrLu1't nttnr.tnl:nuoononi:tJn1tt5u!n1:aouvrt':u'Lyfn15uuLo

a5rivoao! uac!:v riuulr iiraol a't rl6ota.louro 16lovlirl#fn riuurrh'to uulriraolyrrl
!

?vlu'rfi1aq:!1n1u

op7 
ril"a;."

'6r

"r./rt\,,, (.1 Cl .)) r> "

n'rl{d 2.9 uuuiilao.:rrJdl.rllraqato.r Ct2O (n) ululfififin (r) ululfiivrurnrani

dur' Kruthun, Faikhamta and Sanguanruang (2011)

-l-I H I'lLll-'lt,:lLn' n l

[- /--r I *t'l

L' j-l

rAa cl- o-r I
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Peterson and Trea geust ( 1 98q) kirirnr:finurrLlrlfi fi fi ot olrinrEuuluitr lnfi

LLA UFffi ru A AU [Ut'rU1t1rn! tU n:CO!n1:flnu1 A']'rtJ tljl LQ0.ro Q 1n n1: a!n 1bfu0'100s 0 nL1!1ni
- -- i""

tuunl ta 0n [!n1:vt1t0ao! tlrru ta0nna! lau!LolJ5:u1uLn:0.i1]01l-Jnou01nt0ao!t[1JlJ
- J-

raano o! o? un:voruuavouaarfi or-on':u r{rlotorfn r:'uulunru6orl! uoo[ioilnr.:ai1i

uavfirovlnrrraud 1oal{{oaolurr16onoou 2 :sd'u lu: v d'l u: n rih: rdorarln u'i#o'r
JU

ra0n00Lj 2, 3 u1a 4 to lutuo!a 0.:[!un1: Lvrvor.] avaL!au!n1: n 0! Lun?ra 0 n:uolJ [:n
i o ) u ; a a, )o.e eq - ! i ,

llLllU.lYU{n1rl0!v0nrl0.in? ta0ny|LYA0[!Utv01t]aylyl'l tvtl'l L0rJo tl.J0v1vl01tu t1J1.r luUntlUU

rrao{eilrlu {rJo.rdrd no:ouriiur,r"uocro.i HF lou lrid'r 15on1u:yo'uu:no'lnrnfi 2.10 r!'i1
loaaa tl unnuuelollrloraonnryrfi 2.1ot lrirvnrua'ir H onfi'l r ufio rflufruosln ur raus{[av

0[an0:0ua:?!lrutviuFr0i0un:{na1,i:c14?1{0yn0! rLav:0uas 61 ! ntiu!rl 0unns]0.i La0 n

nillfi 2.10n lourirulrarplriuan airu:roloo6rFnn:ourrol F aln'jr H ornnliyofiottyt!'jl
TAn':ur{r'hfioraa'n 1 ta.rrinGuu 8 ia orn 5 rior5or kiun antrdrro rriurcl,rlir iauaz 23

Jr
fn r:*uuriorlurnr:'LiOrd no: ouir!riuroutiuoc urilrifior:rurrir EN ua sn: rl'[riryirriut ol
_ ! - - ,. _- , ! )-
anlyl'i,?lj[vru.:ua:0uav 61 twruuyry{0'1:fu1:!:1.t L}JLa naltL11:oL au 25 !nr:ul]!0n11 SCtr

:!ir.:uul rfiun:rfior:rur uri6rf;nn:ouriirur{uov ioaat 22 uonir SC[2 i:r]irlulul.:o
fror:rur or ndrfi nn: ouriloo16 ur ryirriu iouay 27 I o n'ir:lirr,uolh ra na ufiarl r nanrr,it-r

Y r .iu ,dg -3 J
6n1111?1J0.: LtJtanalr!?'r:0Uau 34 !nL5uu!0n11LtJrana, [rJr{?oc LRfliurr.]oovao! Lu LrLa na
d ' -.. -l , u a )
n1 tN vlLvtlnu ut.ruo[l,ruu?:cy?'r.! [1.JLa na Lntltaufly{lr?1: auas 23 un[5uul] 0n't't ttluttS{

nro'lullraqaiouas 33 !on'j1L{luui.in1uluro,16'r:lalruaudfir{lurlo.rrL{{ uatsnfloonrno

vru'iliouav 20 rinriuuuoniloymolro{hlrltrnuluhrana ru,ct" ldirFno:oueiiuriufir

s nllrYuov

H:F
(n)

H:F
(r)

nrud z.ro drrHanrirnoutu:c6'ur:nduaoleilrrilil{Ardnn:ourii,:lriusstot Hr

(n) ululfiivrurnrasri (r) u1uufififio
Jti 1: Peterson and lreageust (1989)

-J I q )
iln,i'ru'liUlJ1.!n!nlrlA0UlIU1lUn[:UUr.]L1Ll..]JnylnaTotnA0UL1"r:0{ AtJ!F n1:U1

b,h1ruav:rJir{lranaraia''rlln[?[aus{ lirlfi'giorairruin n::}.ruu!iiiao.iI raqaou1.r,i1u rlau

tovqao{ lnu'l{rvrainulr:<jraor a-unn ayi'ounan o6lru r:rruffltflrylrru,rdrd uav



oioroonuuutn6orfiovroaourlurfito.:rintiuuriouuavrad.ltiuuuutl 2 :vei! (2-tier test)

rdodr:roiluu6iuuroranitorfntiuu uavaonuu!tJ:c t!unr:n'o n:vlir{o4anr:dr rauo

" 
! . " 

),o , v u 1 qe
Ituu0''ra0.!ruoiouuavu!!r,1a0{vlljiutJl{ua?!0.luntluu l n:0!nqr.l

F

!



.J
uYtvt 3

i6sl'tfiunr:iirr

nr:io'ua{,:iiisrqrJrvalri rdorU5olrfiaurlurrfiivrurrrasriuorrinriuuriourieru trav
J,d,a'va.iHUu nr0 ru: uuly uunvuuun'l ,llin1.t14u.ryn.:nr: 

15uu1Jo.llin 15ulnqld'roejrl ruavrfro

dnurlrqd n::rLnr:rir,:runa'ltoqin15erufr15uu 15ol aw"6 nr:rjrb.lfiruav:rJ irlll ra naro{
ar:lnlrlaucd Io uldrvrnin uruliiraor f,.:rno avi'ouna'u o6tlrer ffio"ulririr rfiunr:io-uor!
i. -! , J € dolusr0uo.ru lUrrlJ!n1:'tiiu !:Er1n:ttauna!d.:ourl rn5o lIoflki'Lunr:i oiu iSrirrf,r.nr:
_4roa0{tnut?1Jl?ulJ0!a Ltavnl:?[n:1314t0!air _ -'o-'

3.1 iuuuunl:i{u
...-- !4.,nlii0uni{tr1.[r! uuu nr:5 or-uri]uuuunq'loY.: odr l16urinr:yoa ouriourBuu uayyfri riuu

(One-group pre- est and post-test design) rilail uulyotaolioltulfiivrtLrnramid.rfi
. -rtuulrlto,ru

Tr ,-______-_-- X ____-------- Tz

rJ-louvl Tr n0n1: qaolnout5uu (pre-test)

x fi onr:rirJudu niu ryrnfi n uuu iirao.: dl rnor avi'ouo6u ra

T2 o0n1: oaouild{L5uu (post-test)

3.2 thvt'lnttrarnrjld'radr,r
. , 4-.r- -,:- Via, - -!5ct1n:Iacna!m100"r{vl Lt !un15iduni.:t rluunrSuufor u5 uuivurnrani-nn]orarani

C - a a)
{lrJourdnurUfr 4/t i1u1r 29 nu ua;durioulfinurijfi 4/2,i.tytu 21 nu :uri'lfiuiirlru
so nu nrarSouvrr 2 ilnr:finur 2557 1:':riuurivrarfivurnr drrnorfior o'rviofrvral lsilrorn
nr:r6onuulrorvo.: rvniouludrao.r fiirnsr acliounan o6lru rdul#ririuurirrruriluna'r
l u J h- -,!.. - - -JLoUoavn?1!a'tl.t'r:n o.:i.Jur.t?0U0.! Lofi.rrtunl:{onA}.1lIn15ou lour.irov uruu:raitr rnfrfruorurJi

(31121) rio.r riuocrofi nrnrioufi 1 ilnr:finur 2552 torrinriuurlrrEuliirrirnyuuuorna.r
,r,,i I - - - )-
LLJei1 or nf!iorin 15urrfrfrnc uuua.! 10 nu[r:n (nvRuu 30-26) r{lun(urin riur.r uri.i 30 nu

(3.1)
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rioltJrflrnrir:rinrit-,u!runar.: (nvlruu 26-15) u,ac 1o ouqofr'1u rflunq'rLrinriuueiou (ncuuu

ts-0) ornrfu{orinriuuoonrflrndldoulnuuriavn{rovirirururinriuurrir !rrnarl uasciou

lfluo-sr:rd?u 1:2:1 ntlua-nnr:o'nnr:riuuto.l Stavin (1990) ilkinciudouvtslurro 12 nd

uriavna'r!:vnourirualrin 4 nu iirlru 10 ndrL uavalrin s nl iiruru z n{l

J a.L3.3 tRt0{ua tt lun'l:20u
4 - 4v, aw Jt a J - )aarn:o{u0yrtt t! n1t?0un:.luu1j.:00n Llu 2 ulvrn ri0 [n50i!0, tt tunl:yoa o,: L[aJ

) a.hec
tnt0.u.t0yt !t tn! :?u:?Ltt axa

:.a. r rnio.rfi ovrl{hln.l:unso{

3.3.1.1 uarunr:o'on1:6uuf

1) finursir:r uav ro nar:.i.r!idud rd ortor rYu rvrnin u!u iirao{ f{rnsr

avviouna'u o6lru

2) f,ntrudnan: urrriuu riio uavtolrir u rdor,rrirr rnfiluy dn a n:
anrufinurl:rriuur{uarfimurnr rCo.:aurifinr:rirlvlfiruav:rJirrlr:rarlaro{alrInL'rraud lY!

-)lr0urflnuluvl 4

3) rirrauofi on::l nr:ytoao.: donr:aou :uyi.:nr:ine.rauavtj:yduna
&t - ..y-.. v - tnll$uu:llnavn:n Loulrnl: 1Lraoonao,i,1=!Lrou'] inql:varri L[avI nrn[tu!ii.]ao{ a"{rnsl

ac?ioundv o6uru

4) o"nriruaunr:d'nnr:riuullooltrvrninuuliiraol a"{rno avfr'ounai!

oBrrs druru 2 u,.ru *^!av 5 it'rhl:u to drlr:r loauarunr:6'onr:riuuid t rdol aurlfi

nlrdrtl'lfilarslnrrraus{ :vno!d'rohnrui rovlqa o.: n1:d1h,,h1rar:In rr raus{ ur.runr:
u).J-

ionr:15uuffi 2 rSor :rJdr':luraqalarrrauo{ !:vnouriruuruiiraa{uranaodl,!.iru luru
otr!:!n'run?'l FogrJirillraqalnrrrausi uavt!nruf Iouriourirrfrufion::rrinriuusiowir

uuuvoaouirululrfiivrurfiraoiriouriau uavradlorno'r riuio n::lL rudrrin Guuov6'owir

uuuvoaouiollulfiivrurfirasriudrr:'uuqo16l rdorir:rorlulfiivruraranirorrinriuu
v , q .!o{:luav!0uo[lr.]unllilont:t5uuioo LrJI

4. 1) uatunr:ionr:rEuuiriolaurifi nr:rirlvlrlrar:Iorruauo{ iiruru
1 r,ru 5 d':Iil1 oonr:Fuuflnaldqovrnaol6o.:nr:frlyhlrar:Inrrraudlool{rynin

uuldrao.l dlrnsr avyiouna'u oBr:ro 6'.rd

q. t. t ) riu uuuiira or n;lvhin ri uur r n ul r.r rira or r,lio.loiulu

:vduunrntolar:lnrrraus{ Li'uri rhnat'u (H2o) n:orn6o (HCt) 0.1 M uavn:ouo€fin
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(CH3COOH) O.t Ulufinrnairulr 25 mL r,ra'.rejrunr:rirb$hornriruh{oru 3 V $aorr

LED uour1irnoiuavaruh{ durnfi 3.1 aflun:cnrurlrlniruriu rarnin:vuabirh

rfi nduraaon LED 6o{ujriruacoonrlr uac ldu uorr]iirqsid'o.rlrnn'ir o uouj

dnrhiorogv

r

nrn$ g. t uuuo"raalrdolf,ulu:ci'urlrnra

4. 1.2) nlal6nn1:ior.rn:1r{rhIouli'tdiuaoriuar:lannuoi rCo

rilun'rotir'lririnriuur{r1oua-nnr:sia?{nt ravalrfiqnr:rjrb{flrto.run:bisidiuil:.:orn

niugr o::udui5 Q550: 172-173) d.:nrnfi 3.2 ua-lornriuaSuti.rrinriaultun{l 1 av

+5 nu (tril r.lrunarl eiou) iulornaolnr:rirb{flrar:Iarlaus{ dld:vnouriru

laloauJei.rua.rdua.: raiof,rirriuriruru l uaooriuul{uuuar.:iar.ro: (proto-board)

aruh,{tiau6,rdruiurdoldor.ro:,iruru 5 rdu nuud :.a eitrhioru 3 V u::11u:r.r

rirutriorortuuyri.:rilinlilrh finrnoiturn 25 mL 3 1u drviuldar:Iarrraud lduri

rirndu n:nrn6o uacn:nuoi6n ualrJirsoi t rnSolrdagdrn:vualy{flrfirfiodu d.:nrn

d r.on rfiuuriurirnr:rirlrlflrtrrl*airuar:lannur{alnrrd g.qr uavronar: :vnounr:

vroaolntirlrlrlflrar:lanrauirflolfifinritrur'liunounr:ynaol fiufinnanr:moaolrflu
)- I

el'r:'r.rvunr:uuoonuuurol afl uavirr:niHan',rrouoo,fi uurluvrqufrrrlrafi
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Proto-board

nrtlnj 3.3 nlrda?{aruu Proto-board

nr# g.z nr:iorlo:tolun:b{f
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nr{d 3.4 nlrioliniso{nrnirb{ilrar:Ianrauf (n) iruar:hnmui
(t) lridrunr:Iartaui

4. t.3) rinriuuli'lradtdo',n{u observe ur ofi :runiunrulunrirr
.a " ) ,u , - J

rfiauruuuiiraolfirJiurJl.rudrlouia;noouuvrir uac{nnrrirfioldtriuuuii,ao,:lu:vdu
< ia < a il
u lanavltuulj turJn?ru'tfl 'rantulnu{tu

4. t.4) finriuurcfi'ourauurriraolfi rLiurtlludrlu:vn"ullmqa
" t r.-J.

n'tnuuuo1a0{tu0.:nu ua1ff: lvl.lnt5uuunavnqru'rea{1u [lJrrtarl']Hu{r0$5uu ua?I,
a ,u , - , )

un t:gua 1t? 0ot? 0a 0uBUU 01a a! u:uuI!Ba??0{nE&outa{tutuutruununq!0u.1
-i-!ua.iornuu6:tiarun!:uu:?!nuonrJ:ra6nai{nruluriolrEauiuflunr:l{[rj:un:l phrr

INTERACTIVE SIMULATION (University of Cotorado, https://phet.col.orado. edu/enl

simutations/category/chemistry) n'.rnrnd :.s rCohirinriuuilluuf;intnrranilrn

u't!u
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,1xC 3.5 h,:un:u PhET INTEMCnVE stMUtATION raaaurireragla:aasnraluJr

(n) ruaounrnirtilihlu:sriuunnra (t) nr:a:aru1u:udullrana

(a) hrar;arotrlrdou:ourlrnra$a:a (l) anrnf,rtodlraqarlri6ou:ou

irnragla:a

4.2) ueunr:o'nnr:riaufriol;rJirllranalnrrrauf dru':u 1 unu
- t- l tt M .lq5 !?Ur{ 1nn1:r:uullnutnlluualao{ul,aqaau'lt.:1u[aulnrrfiIffuuudlaor a-{rnn avrau

-innu o6u1u 
'l{tu

+.2.t) rYuuuurirao.: nI luun r:uuuqac nEU2'ttt uuuila 0.i

rdodutor Bect2 H25 BF3 PH3 CH4 tuFs uav TeFu aflun:vnru A4 lourirlrunLirinriuu

uandolJ'ir$lrarla ?1n1n:{ai1{ uaar616nn:ouqlnn16urroiocnsu uanlargdnuniuav
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, -to -rir <g> frkiovoqLudrr o.o - 1.0 allr:nur-ir:voYutalrir normalized gatn

oonrtJun{lld 3:vrir 6o

e, 3 - .lre,
tuutLJt:uuvl lqnl <g> -. Q.I

riu"fuGurdldrir 0.3 < <g> < 0.7

3.5.1 nr:irn:rcddola

3,5.1.1 i rn:rsrintluunnril{1o.invttrlurL!uyoaouioulu!fiilrurfiraniriouriur.r
s .!, --a .i , iuavua{Ltu1]ro{tnL5uu [otr L.iFi1dn6fruoru6o riltoa-u rirrf ul ru!!.tfltE.I.l nirafifrvroaou t

[uunci!o"?ori1{1ri6a:vrioriu (pair-sampte t-test) louylqaoufiriadrdrgvn.rafifi d os

J.5. 1.2 ? Lnlluynil ni?yu'tyt1,in1:tiuut0.:!nt5u!o1ntt!llyqaoLiollurL6

ilrurorasr5doul5auulavraa".: rEuu Iouldrir normalized gain uluuriav:rurYlriuu (cLass

normatized gain) w1nyi6s51u!nna (single student normatized gain) ttavrLU!uoiay

:rudo (singte test item normatized gatn) (Hake, 1998) iqm:6',:d

<g>= Vo po s tt es t - o/o pr etest
100 - o/o pr"etest

$.3)

t}.r0 <g>

% posttest

% prettest

High gain

Medium gain

Low gain

6o rir Normalized gain
i ud c,

n0 nlLoaut0nnvttu!a0uua{$uut1Jutll0:[tufl
J,

no n1[oauto.inyttuu 0!n0utiuutljutlJ0tttum

a. Z - *r,
rulttl.Jt:ul.iviLoFr'l <g> < {i.J
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3 aluuu

lnnur:d':6
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60u

tan

e:rruullur:6ivaroraer{ n1t

rrjdtrurr arn0u$uu ya{HUu

x :0u43 x :0uav x :0uav

t. auifi n r:rirb'l{ra r:In lr rar oi

I

2

3

4

0.19

0.90

0.97

0.58

b, JJ

30.00

32.44

19.33

2.19

2.53

2.34

1.95

72.89

84.44

78.00

64.89

2.00

1.63

1.31

1.37

66.56

54.44

45.56

45.56

2. nr:rrn:rIa:rairrhnnalnnmud
5

6

0.62

0.7 6

20.56

25.17

2.21

2.24

73.61

7 4.78

1.59

1.48

53.05

49.61

3. nr:rro:tfln:rair{r:raqalnrrraud ax.

llac AXmEn

7

I
0.46

0.35

t5.27

11.73

1.96

1.89

65.47

63.07

1.50

1.54

50.20

51.34

r ri r ! rl-:
4. a"t:lnt?talJntt0!ltj.:nua0"ruft''rI r[nolu

Lut2nu:cn"r1u

9

10

0.61

0.58

20.c0

t9.47

2.15

1.92

78.40

64.t3 t.7 4

1.34

58.00

44.6612 0.48 16.00 1.7 6 58.67
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(arufinti ru lluld'uvri Llaunlun'r 'iorhfitsr, 2558) odrrl:6mrrirfiofior:rur:rerdoul'ir

ncuuuilIuufiiilurnraniriouriuu6o{0fi t alrifinr:rirlvlrtrrar:Int':rauo{ ua;nctLuu IL fi

ivuraraoiudrriuusr'rfiaodoi 14 nrroS!rulnr{airrllraqalnrruauei AX3E tu:rsrintiuu

l"[r1oir6rinfl:oun"lqnrdur uavrir EN to{oyno!nalrizuario;rlirillra la!o'1 NH3 ttas PH3

rudrtrlnfiodr rN tor p q.:n'jr N d'sriu e 6rfi.rqo6rdnn:ou4;trn'uo*d.1nd'ovnolnarl

rrnnir N rurnrlrl:vu'j1{yT1rov1rol PH3 6lnirrn'ir nl, rirudodin; rnlutlluilfiiru161aoi
I a v A- .t u

n0! t5 uu ua vua{[5 uul]1nyl ao noroYl 3 tlac 2 nltialo! Luxrlq!lvaia[ou?nla0ar.l!o
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2nou53a.!6

$!UTN
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x :0uav x :0uar x laun!
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- .,t

10{tiu33LOU? USYR l'!aCtru6sal!'!0l

Lranalnrrtausi

11

t2

0.82

0.48

27 .33

16.00

t.9l

1.7 6

63.50

58.67 1.09

r.28

36.t7

42.61

6. nr:o6uru6vr6vrarorrir rru oio6lSnn:ou{ 13 0.78 25.83 2.13 70.89

1.35 45.06

z. nr:o6uraln:rair$lalalnltaud AxrE 14 432 10.53 t.67 55.67 1,.35 45.14

8. nr:oBuruln:rairruuuH6nirr0r{ru 15 0.78 26.00 2.23 7 4.33 1.45 48.33

roau 0.61 20.43 2.09 69.52 1.48 49.09

5D o.22 7.50 o.24 8.06 7.17 0.21

t-vaIue 26.54-
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01u1u

uuuxnaau
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3 2 0.00 28.00 72.00 68.00 22.00 10.00
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4.2 611ilfi11ilri1y|1.!nllliuu

n?11ri.l?v1i'lvl1!nr:tiuu otiun:rvvilouifi normatized gain <g> to': Hake (1998)

Iour6onirn:rvrflu g rj:vr6u o'.rd

4.2.1 a?1!ri'l?llrirurlnr:riauuuu:luduGuu (ctass normatized gain)

olnn3 uuuulJlJylnaauiflrrlu!fiiyluroraniriaurSuu-radrriuu l0uldrioaalrrr.]l

2-tier riolalrlfinr:rirb,lflruav;rJilillraqalor?[auoi rLritn:rvrinru6'rrvirvrlnr:tiuu
' " 'luinrufilx ilyl{n1:Guulou'Lii6 normalized gain YllJ']l Lunlv{l'l 1Jo'!narl01?0u1nunI:t

) ! - - ) -^
ra a u 51u {u Ll u ufl { sl111.1vl 4.J

fl'rr1{d 4.3 n?1 ri1?vd'ty1{nr:Guu:ruduliuu

nguuutglu pretest posttest <g> lrl a rJa

45 9.19 31.28 0.62 medium gain

ornnr:rrfi 4.3 nujr ullvoaouiouLlulfiivrurnran ii <g>rvirfi'l 0.62 uaol'jrto

roaolriolari6nr:rjrb,{flruayulrrirao{rLuaqaodrriru rior grJirrhraqalnrrrauo{ lirli'

rinGuuiarurirrvfirvrrnr:6uuo g1u:vrYlrJrunar.r

4.2.2 a'nuil'txvtrirur{nr:t30uuuu:luuRna (singte student norma[ized gain)

J " icv
urou'lnv uuuy tna1n ttrJuvoaoliolIu!fi ivrerrfl rani#l z dru lri rn:rsil
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o oo
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Medlium g.rin

Low !ain

5020 25

rnt:uua1r14

45

n':urimrairur.:nr:tiuuuriav:ruuanakizuari'lnrnfr 4.7
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l[fiu$rri 1 nuornalafi +.2 ov ufiutdi rrinri uufinrr:Lrirlurirlrlnr:ti uu :vd'loi
.i-d

nflLltu:oUau Z n-JO{11nunt)Uu"LriatttuUnor.,titrL 9.67 ttAUvA-irElUov*UU,filfir.rfit- r

rHnrioulflu 18.13 firir <g> rvirfii 0.24 isfl'unali 35 nr: 6nriluioUas 70 t[av5v6'!q'r

tq nu finrfluSouav z8 loairinfiuu 2 nufifirir <g> (.:qoiyilri! 0.85 rfiorornrioufiuu
-J J -cvunr5r,unuvr 1 *acnuv z rqncrtlulYlrfi't 6.33 ttavve-:LELLnUfi 1 1dnc LLlrUtfildUlrnor n

rilr{Ju 39 2: uauaufi 2 ryild'! 39.03 raolildnGuiloudru'lrarliorurirxvfilvrl{nlrtiuu

ou'[u:&ti! nal{ (medium gain)

4.2.3 n?'lrldlx irvr.:nr:Guuttuus'ludo (singte test item normatized gain)

4.2.3.1 n':urirrudrlrrlnr:ti uuuulJlJsl utoto'lttulJvlnao!iollTurrAiru1fl1fl0i
.i " ace o s r {- ---.-*

rfrarjr nr uuufrkior n tt!!v na oul o! LLJ}lolv u'1fi14fl: t50.ia !rln1l!'l

h^lfiruav:ilirrllranalnr?rauei!'rirn:rsfinrufirruriryrlnr:6uu: r uto trizu aoYlnrno'lnrvl
j
11 4.8

O 
High gain

(i, o
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0.80

0.70

0.60
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0.40

0.30

0.20

0.10

0.00

tr
Medium

Low galn

Lt It t4 t2

n1ilfi 4.8 n1.r!ri'r?ufir'r{n1l[Euu:ludoolnrrluvtodouior]luufiivrurnrani

; a,e' do J- - orla
o'rnn'r fr a.8 ov rfiu!.iirfiri1n,l}lfrfnr5uwi1 LoT[u:vou narl 13 t0 oo

riluioaav 80:v6'uar I to 6orrtjuiouau 20 n1nltu.lvtoaolvilvruo 15 {o r'raolr'tinriou

rirnvuuuluuriacdolourirulrarlio1rilri1xt4i1ou'lu:vo'lnarl (medium gain) tilfidolodi

.ao
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o
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oEo

12145 6 7 8 9 ,10 11

uur.luoaotdofr

nru drrvdrltrl nr: Guuoq'lu:vd'leir (tow gain) lao uaolirnr:tiaudr o tvrnierrlr.lrldra ol
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a'{rno av#oundu o6uru a,rr:nrYruuulu,fiiil,rfirani,olrinrieJurfiudu urifi

ur:lvroaoltod 11 rray 14 dinruuunrrlfirtarirriouiqo6o O.SO tfioufiulfi'lulrLrvrflao!

{odu1 dlororfi oornrraqHad'ld

{# r, or.,ru.rrvtuov:vrairlnri!ol.Jto{al{ [aqalnrrrauflr'durrdan

n. C2H6

r. C2H4

n. C2N2 taaunlno! n

n?taan
pre - test o/o post - test

i1u'tuau Yo pre - test 01lJ',lUA! 7o post - test

fl 36 12 50 100

"il 2 4 0 0

12 24 0 0

n1r{d 4.9 n'rilf, oni'rnoudrud t tolrinriouturruuvroaoudod t r

olnnlnfr 4.9 dout5ttufnt5uutAo nFl]gloljul nrqo n0 10 n louav /z

ro{a{ 160 {o n iouac 24 uavdo t Youav q rrr116irei! rraol'jrrinriuudruluqjriolriul

fiutulfiiutrrarani'jr C2H6 iarr urrrYuoc:vvirlnrilor.'trolar:lutaqalotrtauoiorrdqo

irfie,lurlr,irudnou c2H4 uav crH, rdorinriuuairr.nr:rEuu uiolalri6nr:rjrlv'lflrua;grJirl

hranaTnrrrauci looldryrninuulriraol i'lrnn acyioun#! o6ura udrrinrierua'lll15n16on

n10ra1r[oonno.:ylnnu

n;trirnrurinr:lri'nvrruuludrud t rf,onrirnouqnd'ol 1 avuuu t6on

rirnoufio O nvrurl ludrld Z lvirvqr.raariuaqudrud 1 nruuuufil Z fiunrudd'ld rinu:-uu

A1rtl0?rolnt.rairl6rvru (CrHo) ulSuttfiulnruerl?:Yy'j1{oyflorLdiurYuostolorilouritl

nriuourirSfiu(czno) uavotvril (czHz) nnoiol 1.5 nvltuu oBururrjiuurfiuu!:vnouSrJnrvr

qnoiol 1.5 nvuuu Lrao.:ar5nn:ou{irun'uovqnfro{ 1 nvuuu :rlvYlaotaitur6r 3 Frurtuu

rlrrnrud nr:ti'nyuuutLrn:rouuuunaouiouluufiivrurnramiriod tt 1d2a6'lnr:rld q.q

I
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n1ner1:rifi 4.4 riouriou6o':arri6 nr rrjrlv'h1r rrav:ilirllrL ra qala rr

rauo{ rinriouliruutyroaou{0fi 11 notdrufi I qndolYorLau 72 00 rror'trirvmzualuarud Z

onfiorrfiuliouay S.OO rvirriu:uvil Z riruioua:- 27.33 r :rcludrufi Z finr5uudruriou

iouav q.0O lvirriufi.lroln:.rairl CrH. rrli Uu lfi u!nr1xU1:suirlos n olriirltl'usvtol

nrirourYlnr ilouriu C2H4 $au C2H2 iauaz q.6l oluru lt1:'t-rl tfiulU:vn ou;rJnrt. to.l

C2H6 ulrn'jl C2H4 |,|,av Cru, uavtfiu.tiouas 7.00 firlaoiarFnor:ou{irr:vYuovtlo':nriloudl

nrilou uasnrir ouriulolo:tou vit'lor ntiuutiol arLrjfi nr:rjrlllfirrra v:r.JirlTl r,a qaln rr

rauoi iufi'vnai6 uoRE udrfinriuuaur:n t6o nnol arufi t qndolrlnnuiouac 100 00 roi

ludrud z rinriuurirn.:hirraqrualdqnoiolrfiarrrriiatLav 45 25 rn:rvludrufi z rinuiuridru
a B ' ' Lr{uov'luln:lair.r d'urnd 4.10 uavdruriouiouav 4t.33 fiLvryu.:n{ tr.l rra o { 0 ra n n5 oun:11

oBuru uuqzua nr:trJiuurfialr.l:vno!i!nlfltoi C2H6 u'l1n'j1 CzHq ttav C2H2 tvi51s C2H6

In:rai.rnru1ufirfiu.:riuovrdurilrirlri c 
- 

Cinrrlorlrrnnir c:C to{ c2H4 ttav

C =C rro{ crH, nuriroiu uririn rioudru'luqiaur:nr roln:lairltrJiultfiulnrruurr

vYrostor C2Hu utn'jr C2Ha r!6v CrH, kiiouav 58.00 6.:nlnl6:l iouav 52.00

L uao.r 6 ri no r a u1: rrriuo v

-1uuao.:nr':u-liuui:n?'rrrulryiunv:v ?1,i c

riu C ro! C2H6 ultn'j'] C2Hd uav C2Hz

F tt 4-tr -- il
+, J{-4!_ p

riil
Co Il't!

t\
lu-c--c,-H
\-I r"l}. -L

J " o oinr fr 4.10 [[!uo1aa.: a{fiuuro{gn r-uu lurluuvro60utovr 11
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dod rc l.tu. uas PH3 alfloill:uudrlnnovlrn n'jr

n. NH3

r. PH3 taauo'l0l01J

nrud q.tr nr:r6ondrnoudrud t tolrinriuu"[utruuvroaaudod rq

ornnrnd 4.1t riouriuurintiuutdonoou do tr urndqoiauav 70 vdl

riuuGol all.i\nr:rjrlv,lflruar:rJirllura qalnrrrauri rinr,i uufrsruruh"!6i urPlrarilfir,du

Iou16onn'roroldo n rrndqorfilduioaav 42 u,ay#nGulr6ann'rmoldo t aoalioaas 42

nflritnzur{nr:1i'nvrruu'ludrud 1 t6onrirotouonfrol 1 nvuuu t6on

rirooufio O nuuuu lueilud Z l,irraqzuaariuarlurirud 1 nvrtuut6l Z fitnrus{fili flnriuu

x.lrrilJdr.rln:lair{,Jraqald'qndol 2 nvruu uarxdq;dnuniov01o!n41.:uavoseror.,ddou:ou

tdqnri'o.r 1 nsuuu o6troruqaaqndo':4 ncu,uu:vu1l:vra'irlrYuovgnfrol 1 nvtLuu Ltav

uaolrfiur{uovqndol l nvuuu :trvilaolriru161 3 nv$uu dl rnrus{nr:'lfi'nv ttuurllrr5'] o

urrvnaolio u!fiivrurnrani{od iq ldnad'lsrr:rrd q.s

d'er6on I Pre-test

I druaunu I 7o pre - test
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n'tnn'r:fifiq.5riouGuuGoralri6nr:rirlvlflrrtavi!d1{uaqalnt?laus{

rinri€iuliruluylnaou{od t4 naldrufi 1 qndoriouav AO.OO iirud 2 qnd'olSouau 0.08

:ur'l Z d.:uldrfiu.liauav tO.S3 rn:rvtudrui Z rinriuuriruiouiouav O.Ot rvirrfudrro

grJdr{lraqatdqnfiol iouav 0.0a rinGuuuaol6rsnn:ouXilonrdultoiovflo}lna'r.:ldgnd'ol

uaviouay 0.02 uaolrdurYuovldqnoiol usildoriuur4 oraurl6nr:rirlv'{r1rar:lntrtaloiua v

;r.Jirfllraqatolar:Innraud d'rurynfrnuullirao{ 6-.:rn0 avfrouna'l oBrruud': rinlitlu

r[orurllutrfiiuu1nrari4.:du 6o rinrEuu16onnold:ud t qnfro'rr,fiudurflliouay 78oo

ruavhirramaradrud Z rfirL{uriluioua, OO.S0 :urir Z ai':urinuioufillur:fiivruraraoi

radlriuu io uav ss.oz louluairr.rfi 2 rin riuuarur:n1#ruqHald'gnoiorur ndqorfi rdurfl u

v ') P a 
29 oo rvitYu d'urvrd a +t5ouav 55.50 uelvluoul44qnaun[:uuiu!! 1c14?']i unvLoSouas

4.3 [[uurJ:!rfiufiqenrrrndtnr:don:;rirria46n1:d1lfiua[[uuqiraoltdo':oiu uac

" ),o , v
lruu 018 0{YluSuu!.: [[a?

riouuacud.:er'rrfiunlni:}J tdol all"finr:rjrbiflruavgrJir':IuqaInt':rauoi iufi'lnai6

MoRE fn Liuuovfro.:rrnuuu,iraoltrjouriuua, uuu il'raoldrjiurlll udrrflu:run{l o'ruru

tz n{r n{rav c-5 nu ornrinriur#lrut so nu loeflurdor arlu-finr:rirtv'lflrar:lotrrauo{

"teun6uu'r'lorru!nlaolrrolnunr:rjrlv{firlu:c6',utrunrntolrir (Hro) nrfltto6frn (cH3cooH)

uavn:otn6o (Hct) drion:lr.:o:r',urrnd 3.4n rraclu:vrYulluaqa loun3hinut[l.Jurl']11

rnrurfluo.:rld 3.2 uav 3.3 nrrliird'l r:'ol;rJirlluralalnrrraudrinriuurrriavn(rLovfrol

tiruriulouuuriraaltdolsiuuavuurriraoldrjitrll.r*drtra': BecL2 H25 BF3 PH3 CH4

AsF5 uac TeF, louo:l#nv uulJuliltntulfluo''t:rld 3.c

r.ran1:rJ:u!iuilqfi n::ln{rL nr:i'on:vr{rioXanlid'ltfl uottuuiiraolrdolfru 1u:v6'l

lunlnuavu!uiiraoldrJ:-trl:lr,ldrl,u:voUr:rana rdo.:arLri6nr:rjr}iflrar:lnrrrausi

d'lnr:rd q.o
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n'rr1.rfr 4.6 driouacuuudraorrdosduuaruuurirao.:firJiur.l1.rudr tio.r auri6nr:rir

lyhhar:In rr rauo{

r[!ua1a 0.:

!a
n;rluu:auacLoaunl:u''l lfl n1

5D t-value
HrO l-tct cH3cooH x

4ttua{n! 100.00 i00.00 83.33 94.44 9.62
-1.66

rJ irrJ qr urir 91.67 88.83 86.11 88.89 2.75

nr:nJduuurjal -8.33 11.17 2.83

ornmr:r.:fi 4.6 fl!'j1Fi1Loa'uioua vurudra olfirl ilrJll rrdrraa'lriul r,iol atffin15dl
;,

Lr,{141A1:[nrlrAUo [OULt[vnun[!!1]aO.: An[n0 Av O!nA! 001J1U r)ln?l[1JlJQ1AO'i

rdoroiuriouriuulounl :?u ririouacrodutourlrlJiilaoifi!ilr!!.iud?tvi1ffu 88.89 (rvtYlrd)

sirn'jrFiriou avroa'utor urrdra olru'a.roiurvir rir: 94.44 (:veYuA) oejr.rfiriu dr6'19urla fi6fi

:v6'u.05 (t-vatue = -1.66) ua vrirnr: uJf; uu *rJal rfilql ao6ou,t-tusira olloi cH3CooH

- - - 4 " A
Lr1r1-!50uav 2.83 rI0.r01nn0u[5 uLJUn tSuu?'rflrtlJlJ dlao{ t1..j0{nu Ll.j:vfl1Jr]vn 1n tou0ua9l

lvirririouav 83.33 (:vri!6) dsnrnfi q.t2n rflorfiurriruuuiiraoqdo.:oiuto.r Hro ttav HCI

rvirri'rSouas 100 (rvd'!6) r,rdrornu-nriuurEuu6or nr:rirlr'lflrar:1ou:uaud uA'rfnGuu

aur:n!ittJllurriiraolldoroir.rto,r cH3cooH lv1narurfluLt!r-rdraoldrliltllt*drh.r:coj!

Ilra rlakir,virn-riouau 86.89 (:voiu6) sr'rnrr'{fi q.tz1r ueirfio rfiu! frinv tulruiouavttt-Ltdraol

drJilrlq.:udruor H20 rau HCt rvirfi'u 91.67 (:ud'!6) rau 88.83 (:vd'u6) srtLrird'ludr

J.rnuioun'jruaovjr nriuuaur:ooBrruuasrrnuulriraoflu:vd'ulrLra qaro.l H20 ltav HcI

1d6n'jr CHrcooH uririrnr:ulduuula {to.r H2o LLac HCt firiraoarn'jrr6rLrvirrYl -8.33 tras

'11.17 srrlcird'u uan'!'jriin6uurlouurriraoruavoBrrunr:rjrlr'lflrro{ H20 uav HcLtu
. J--

lutru Lr[a na Lo LtJ6u!: n1 [ntu$nlt Lunu u!u !uq]1:'r{vt J.J Lrnunr5uua'l :no5!'luLtas

't10ttuLn1a0 i [oo !u5co!t] n1n

I
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n1lrd 4.12 uuuli16a.!n't:d1b,lfl rua.rn:ouo86n (n) uuusirao,:rdo,:piu

(t) uuuiirao.:drJiurJl.r udr

)
o1no1:1{fr 4.6 ai ll0uonrla{:tuav16untrq6n::r:ndrLnr:{onivlilto!an1:d.t[a!o
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i ! d !-.t.
o"lnn151.rfr 4.7 1InrSuu! qmn:itJnq! n150on: svl'llo a n1:u'llauo[t1J1J0140{tu0{rru

'[u: vfrurvn r nlo er raduioua v 94.43 oqlL:uo'L6 uao.:'jrrin G oudlulrar!a ur: nr-ro ntd'lr

HCt uav CH3CooH rjrb{flrld rioriorit*vdrrirr,fiolrhlrrirulilolu 3 V ttor.JfrLooi;o

nryuall^Jfl1 oulirhinaoo LED r!d{ra,ioonr',l nurrj.rfiuiqvdtslrirjrlvlfirrrrirhri'*rJr.ir
- - ! - - r., ""

lv'lrtr 116r r nio u um nsir.i fiu riluuu n r: uuarult nfl ou to?'ru'la rur:nr:'rh.lflrouvao o LED

r!druaroonrr violririrlr'1f,r6ki ornaavrqfin::ln(lnr:don:vlirrioXanr:druauo
"trulJui 1ao{luo{elufl1]1 1 cH3cooH irirroauoirqn s.00 riorfiUr:rit HCL uav ttro lvir ril

6.00 rf,omrnfnriuulun{rfi 23 6L;,x z:rq'jrn:ouo6finkjatLr:nrirlvlflrki ailzuahi

uaoo LED hiukirual usifnri uuar!r:n'lr nu!riira ol nr: rio'xo:lv{fl rtw!ou n: to{

cirull^Jaru LED uoufr rnoi ttavnrnroifr nldrrnoio'r d"rnrnfi q. tzn
; -- - - o q

Q',rfl01:1{vr 4.7 !nr:uur.rflqsrn:lr.Jnq1lnllaonlYTr'r1,0{an1:!1t6u0ttljl.J01a0{fl

rJirrJlrud'rtu:vriulrLranaloura6uiouav 88.88 oqlu:v6'16 uao.rrrfnGuuaur:nrJir.lrJ1r

rrrriiraornr:drb'h1rar:lnrauaudlu:voilhraqaloi urririnGuulun{rfi 47 *av g oqlu:vdl
qv d .i .w ,

Tr0Lt }lnvuuuv{flnn::tln15nnn:uvr110{an1:u'r[6u0 uLiuala0.ivlullJuI i Ia1tfl1nul0 uas

72.20, 77.80 rav77.80 sru;irrir ri'rnrufi q.l3
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; u d , , i o J .- !.r onol nfn [E uundrLrurirfirro uul riraolfirJ:"urJ1l ud'r'lu:volu1ura qa! o.i CH3COOH

narorna'ou louraa'rorndrinriuuyrnao.r 6or nr:rirb,hlrar:ln rr raus{u#rfn Gaua:!araya-l

n1: oao{11n:o uoi6 nlurnr: uo nsYl uu nor nfiurau eilaralri'triaur:orirlv,{rlrkiuarraa oo
,-^ r' - J J - ,J - - . Jh!Lru L'] r!4.:rla{a']'r{ a n?l.r rn50.! uorl! r0ra5 [!rn 1n:u rrahirlr uriril olj,nrSaurir 2afild'rLr

?tn:iv14[u5uurvruuriurqufrrr':rn!fn15urr,rrirn:ouoifrnarrLr:nrirllhirldlouar:aur: n

unnrirrflulooouto{ cH3coo uav H- urifnriuudlnrrfiuuuan,:an..,nrirtoor].,r'l,r#0r.,:0r.,

cH3coo'uavH'klgnoiolri.rnrnfiq.1arfiqnd'o.:rinuEuuovd'o.:rrouuliirauori.dorruu

looourilaorlourlrocr'udruoonfi roudianrnrYrar, rdrrar u' uacu'urirulolo: roudfian-,,
rYrurnrtrrar cH3coo' o"urvrfi q.t5

nrnd q.tq uuudraoluarrinGuulunr:ynaounr:rirtr,hhn:ouofifi n
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Nanli!iyriu qfi n::u naiunr:i'on:vrirdo4anr:rjr rauo uuu ijra or rrjord'uua"
o i .- L )

uuudraolfr r.Jiuthruair Go.rgrJir{rLuanalnrrraud d'{fl r:r{fi 4.8

nr:rtfi 4.8 ririouacuuudraorrdo':d'uuasuuudraosfirJiurJlru*'r lio.r 3rJdrrluraqa
lnrrrausi

tL!u nl a 0.:
.rurrSouuirodulr,anul"rr,ari

x SD t-va[ue
BeCl, HzS BF. PH, CHo AsF,

!t
lua.?glu 46.67 43 33 42.50 39.17 45.00 46.61 50.83 44.88 3.71

11.12r.JiurJrlud: 85.00 80.83 85.00 80.83 85.00 84.17 85.00 83.69 1.98

n r: uJ d uu urj a.r 38.33 37 .50 42.50 41.66 40.00 37 .50 34.17

0'rnfi1r1.:fi 4.8 vru'jrrirra6uiauavr!r.rdlao.ifi!iurJilrudlaa'.:riuuGor :rJirrhuaqa
lnrrrausi Inuldrmnfrnuruiilao{ a'{Lnfl ayyiouna-r o6uru a.:nirruwdraor rdorfiuornriou
riaulnfuraqalnunl r'rr./ ririouavua6utoruuudraolvrtrl:nr.J1,:udrrvirriu 83.69 (ivri!o-)

arn'jrrirfouavrodotorurudraoqdo,roiurvirryu 44.88 (:vri!n.rr!iu!qr) odr.ririudrnryvrrr
afifid:vd'u .05 aoond'orrir ilunr o,-uvriur:r (2554) firw'irvai'rmnrinriuuld'rirfron:: nr:
lroaor 16ol !i fi3u r:vra'jr.rru,rr{rYrusrdla run In ohirvrain uur iira o l #.:rnqr ayyiouna,r
oErro udru-n riuudrara nr:yoao.:.ltlrYua.rrnnrrrJ iurJ:.:urudraor ur.joroi!firjnriuuosuru

tfiu.:unlu:vdulranrnrvirrYunarurflr.ruluo'raolfirJilrJludrvr'rin riuuoBuru nr:uJduuurJa,:

lu:vrYuoanrn ornnr:rlrixoiurirnr:rudtruurjaralan6ouwiiraorto.r BF, rvirririouav
42.50 rfiorornriouriuurinliurrrnuuuiiraorrdoloiuoglu:vd'ua.::rJirrl:rrvirryrfoeay

42.50 rfiolornu'nriuuril tz na'r lnaranrvlunrilfi o rinriouiririouavcirqorrvirrir 20

rfioror nrinriaulriarrLr:nuo nfio:rJir,:h ra na rroln: r air.rlrion6'ol uav'[ :vurr:vu.ir.r
fiuocrau rY':nrufi 4.16a uriva'lornuiou riol:rJi.r.:l,ranalnrruauo{ Ina'trirvrnin
urudraor a'rrnfi avi'orna'! oBrTu udrrjnriuuauLr:n!irllruru,jraorrdordrtri
naro rfluurrliirao.:firjilrj:lud:lu:criu61do'rnrflfi q.tob rlayrirnr: uJa'auuularrioufiqo

6o uurriraortor Teru fiririouav 3q.12 rfiolornrin 6uuarrr:nero uluiiraor rdol6'uriorr

riuloqjlu:vd'uvroldiririauav 50.83 uacu#rriurrinriuu.:rourrudraorfirlfur.llrudr
fiririouav as i.:rirhiulril'1ao.r?o.r Tetu firirnr:ru6uuur.Ja.:rioufrqoudorfiuuryrhrarla

Inrlaue{6u 1
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o1n1ioralun1:''r.id q.s tinrEuufiilqfin::rnr:rir rauouuriiraor ldordutor TeFu rodu

nu ui.Jl.J6{aoiouav 50.83 oqitr.r:veilnol{ usiuuuo'rao.:ujold'uuol BeCL2 H2S BF3 pH3

cHo uay AsF5 raalunvrruurioun'jriouav so.oo ri.rnalrio q1u:vrYlnqfin::lnr:rJ:-ur-J1l Ieu
,t I . , ja ,, s e .,unr:uuL14fl!n1uru2'tLty:11lirlrrranaInnrauetLxarlil;!irlhqaodr.:1:1:.jr:rufiogrJirl

hrana uavLiu:ru'irirHnn:oun'looldu?ro.:overoxnarrn'araoejr.:1:rio;rJir{lraqa do
rinriaukiilrunr:'t{uuurirao.:hranaodrr.irer riol ;rJir.:llranalnr:rauo{ Inunr:ldryrnin
urudraor a'{rnsr avviounaiu oEuru uacva'lorndrinriurldl,{uuudraarhranaodrrira lu
nr:rioln:rairlllranalnrrrausiudrrinlSuuaur:nuiurJprqfi n::unrir: nr:{on:vfrriora
nr:dr lauoull iira orlral'hio q1'[l:vdrL6urovrnllra qalourin li uua ur:nrro uur iir aord

rJiurJ udruor BecL2 BF3 cH4 lrav TeF6 ldavr'aorofiunvuuriouav B5.oo :oraur6o AsF,

84.17 H2S rray PH3 80.83 ot1r]aloru

,.raornn1:o:?oaor uuliira olrdorpiuuavuwo'raardr.liurhrudrnrurnrucinr:fl :rolu
,r:.,'ryr' 3.q arl:r:nrir!1uJ:'uurfiaukio-lnrnyr' c t z
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alnnr d c.17 rin uB uulouri:ulraqjfrorrJiurJlr nr:rrouuu rira o,: ulord'utor Bect,

HzS BFr PH: CHo lrav AsF5 u,r:rcfnrEuuhiuao.:r#ufiuov:yu'jr.rovmolriiuniuov

t"j:vr1lu:vra'Jr.:rYuos uavtriuao{ru'rnlJo.toyeror.r lou ror,rrv u!!dra o.rl,o.: pH3 ri.:n1fld

c.len rinriuuoqlunvuuuoirfiaoio ual- 39.tl rrulfiurriu Kuathan et a[. (2011) yiurll!ilG
J- . J
frfrnuo.:uhriuulurSor :Uirrlrlranato{onaoiuuouooonltri {Ctro) fi,:uri'jrn:thinriuut{'

ulJlJiilao{Ir.rra nout.i'ro.i',t, d':u rya0a uuliiraoi a'{Lna avfr'aundu oBuru ud': u-.: n l.i r
o ) ,u , u e )[!ua'1ao.ifr!:U1.rud'rtol PH, a"ln d'nvuuurioufraoiouac 80.83 rY.:nryrfi 4.1B! Lyirri!

urlaQa H25

n1fld 4.18 uuudlao'lto{ pH3 (n) lruud'laolrda{siu (s,) [uuo'rao{vrriliurJlsud,:

. a d i- duuuo1ao{Lll0{ouran TeF6 r!l.JLr.tranaLdu?irnL5uuau Lu:ud! o[ti no iouay

50.83 lourinrEurdru1uqjarur:o:vut'o;rJirrlr:raqarfluyr:ru!oradr rusihiarur:n:vudo

rl1u1d.inqu octahedraI loi lil:vr1ul:vr.r'jrryluovrvirrYu 90 orrtr flnriuuui{ei?tltiluaq.i

rdulnov lrirroturoo v no!fl4'l{ ua c overo!ddar: ou uririn ri uu eirulr,r r! arr r: n:v11

a'rya"nuniovnolnarouarorrar.,ddo!ro!1d0nfr'o,i d'urnd q.t9n r-la-.rornrinriuukiiur

fio n::r uuuriraorlu ra qa atirlir u ud':rin ri urarur:nr[ruur uul iir a o.:Ir: ra na TeFu Iou
J ,' s J \aM:nluut0lu:1n [!ta navr.:n1ul Lv]u [ra u n1u't 0l n qu Lon nr]o.: ?'ro:lJt''l.r Lutana [o Lna tnu{
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n'nrd 4.19 lruuli']ao{ra{ TeF6 (n) uuudraa.rrdo.:olu (r) uuuiiraa.rvr'rliur-j1.:udr

ur.rrriraarfirJiur.l:.:udrtol Hrs oqh:;o-td urifirirriouqorriufi'lrYl eH, 6o iauav

80.83 rfiorornrinriuulr.:d':uhi:vlrLrL:vr,l.irlrilovitioo n.ir 180 o.:ar st-lnrylfi 4.20t

J . 4 0 d.v wn'rvivr 4.20 [uui,']a0{r,0.r H2S (n) lruuo-1ao{r0o.r6u (.u) rruuqiraa.ifrUiurJl.rrrr{,1

lnunrn:rlururiraorrrjord'u rdor aru-6nr:rjrlr{flrar:lnrrrauoi'rinuiuuivrqin::rL

n{loqjlu:von6r.uo11nn{u uaovjrrinriuudru'lur!inrrrrdrloirar:Inrrrausi triurj rlr

n:nrna'o uavn:ouoifinarIr:orirb,'Jflr1oifilfiu.:neirL 2, 3. 6 *a!, z rvirriuduon.ir

n:ouofrqfinlriarlr:nrirbiflrld rior.'nriuul{qovroaol uior auri6nr:rjrhirlral:InL.traue{

rirorynfrnuuuiirao.:4".:rnsr avyiouna'u oSlru udrrirlvhinriuurroruludraordtj:-lr.J:rudr
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(nr:tl:vriudr)

on5uo1ua1{lutnn0c L:'tJu

raoi LID

n. uaoo LED a'irr

r. uaon LED lria'ir.r

1t2

toau t
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rfiqr{6 u.ryt.ruoa (CH30H)rfl!ar:Inr?Laug{dlriarul:nunnsr'rrflulooouldilhjrjrlvtrlrfri
, " '!r11rno LlJu

5. BeC[2 H2S uav BF3 i;lilillraqaull'lonrudrd'l (a'rurrirlo)
Jn. t6u0:.i taufil.l lr I vlr9l s'l ua 1,] [u a u r.l

f,'t. t6u9r:.r }l}r{0 vr5vllo5'lua'l}Jluaull

pj
n. Kuor:.i lllJ.:0 a1!tuau!uuu5'llt

ve.i. q!{0 t6u9r:{ a'llltfiauttluu:1lJ loau 6

ruEna 3@Q+@: igtJ:'r.ruuurduot:.: (tinear)
.. '.18d,' ..

,q/\Jt9: igrJdrlullrpno (V-shape)

^6.f -@- @
Gi' .ttr)
'. \1i4iz t( [fi^to") )kCTT lgUirruuaurudurLuru:ru(trigonatplanar)

./e.r{_,

6. CCt4, PCL5 ua, Sr. ftrfir.rhranauuulonrurird'u (nmlrrirlo)

)v,tn. vr:{avu'r vr5{uunlrul fllcrJoafilua,lt]ryau

Aw J
1r. vl:.!6vlu'l Yl5uunn0]ua1! tl4autJ yt5{Lrllo14u1

.' n.t
tJ)-n. :ulJoni'rualua u! yt:{au!1 11:{Lrl]oyu1

JJAVJ.1. lllvrJonEluaL aul,J y:{ayu't fltc!on6'tufl'ttLyau!

+,\'
j!- \ 

'61!

t6 .,/ * bt
,',',.

x 
oir., ',' - ', -' ' {- ,,

\/ -ft' -.i^ 
,/' I --'

-"": + i S-,{
'i$ 

: \, --rei \ "'

laau t
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Ae
fi :rJirrrutr-vr: ldvir (Tetrahedrat)

fi ;rJirr uwfi :vfi u,t',uarr., lva'al (Trigonal. bi pyramida[)

fi ;rJirrurlvr:lurJonarir (octahedra t)

A Y , vq,
7.61tLnt?tau0[oLo5u0v]0na01n0rafl050uFrLoo[ou']lJ0.ioum0 na1{vl.i lJn (n?1}J[1,',] [0)

n. BeCU BF3

1. H2O BeC[2

n. BF3 H2O

{. H25 NH3

[unr{6

*'Su

[oau .i

fi :r.J jrruuutrLro (V-shape)

J
t:t!11.r[t!1Jfl iyr.Jomuarlrraaul (Triganatpyramidat)
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s. orndoi 7 ar:Inr':rausilolritdiu6vrEyraorn6rHnr,:ounlootdurtuoo"u,nato'Yo"'

(nrrurdrlo)

n. BeCL2 BF3

L H2O BeC[2

n. BF3 H2O

i. H2S NH3 loau n

ril4ar6

,6{+&" \so7 "
fi :rJixuwr#lm:l (tinear)

'ZFi' -rl''Yr@2"r
q.rPg

./e.
fi :rlirruwauruduuut,u:.,1 (trigonaI ptanar)

9. ufiairfioornnr:rrurlurir{orvr6fll./u'ri.J11'rvuv nr:rarutotorirfi6io travnr:rtrrlvtitlr i
Ja - !-

uln[u!::u1n1flt 1./rtRarioun:unnvlt!!a'][nn 1L1,1tan:ou un6t!oun0[n6 tqltav}l!1]l'l.l

roau n

hraqaurulo (irn:rrri)

n. 50, i3rJirru!!rrrl.:o

t. NO, igrJir.:ullrJrpr.ro

n. Co, igrJ:'r+ruuldu0ii

r. CHo figrJir'ruluvr{dud1
a, o )^ , ,l . i dd-

tr4qHa co2 tljutlnafltnn0l nn1t tzu''l Lvl][t0 !fla.: [uu1u 114uv n1:u'lu 101.J0':a.lut?0

tuav nrr trrlraritlr firr nluu:: ur nrn rflu urffa rEoun:v ond lfluar rraorirlrila n iou fi:rJirr

hranauurd'un:ro"lntr

:6@6:
to. ufiafrrfirrornirarraaloondt'ur::urnro nr:rfinornnr:uu nufia ldau,rFr drruarirlrirfio

nrrclaniou6o ufi alquavi:Uir.:hraqaurulo 6rn:'rcd)
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n.

1.

n.

{.
)v

LH4 !:11t',t.i ttlJ 1J vll.: a r u ''l

< J vw
a.la:aliiLrirhonmc [ania! I: ! 51{ L! La n a tt! 1J vl:.i a }lu 10 ! n 1v{

a. -.- . u q- 4-.-..-'-
luE a cH4 riJuufiafirfioornirulua!oond{u!::u1n1fl tfion1nnl:uunLLii6Liotvldn

,*..{g !,".H-l'ffi\HH

12. r[rovrvy'jrlnriroutorar:hraqalnnrauoilofi ud.:*:rdao (aarur{r"h)

n. c2H6

t. c2H4

A. c2H2

rr.tqara nruud.:u:.luo.:rYugv:vra.jrlnrSuoltol C2H6 C2H4 CrH.'hivra'wrun'lovlon
qe -)v ov -lriv:ru Ior,liuovrnfrfrdofl{ndwruaar ua.in'ir rcinl!udr[r:rrolr{uovrrn n.j.uiuovrnfid

So, figrJirruuurlu.:o

No, fiStlirruuurll.lo

Co2 i;r.lirrulr.rrdun:.:

,or.u./*

Io;*
11. nruurlriusv:vu'jr.lnriuoutolar:hraqalntrtauoi'lndumdqo (n'rtrrdrlo)

n. C2H6

t. c2H4

fl. C2H2 toau n

lfi EHa Crl. uio5rvrurtJuarrdrnrnuoarnuio:uurr:vra'jrrvYuov C-C urrni, C=C

rorar:drnrnuoa6uuac cIc'uorar:iirrrnuoalnri d'urn

H ,r,., H. 1O6.Opm
/ /root o"

Q=Q/ - H_C=C_H
{;Eiil'H rl,o: p----*,

[oRU .l

taau n
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(c2H6) < rYuovd (crxo)

HH
\./
C_CH"/ \"HHH

CzHo
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riu6o riusv:vr,l'jr':nriuol{16arfiu n?rrlu6'l$:{to{rYuoctdur

< rYuocal! (C2H) d'lnrn

I)'-"
CzHo

tl. 6rHnn:ou{iurYuovtol HCt ocidnuilcttlllo (irn:rsri)

N. H: C[

1. H: CL

n. H :c[ loau n

ruqfla rir Ett trol Cl q{nil H 6.:drrua1fi6r6nn:ourii':lriuovttrln# ct lrnn'jr H

d'urn

14. NH3 ttav PH, ar:'lnir1l:vvirlfiuoclrnn'jr (ira:rc{)

n. NH3

t. PH3

I Efl 6 N H3 fi rL!:vvirrr{lrocrrnn'jr PH, rfi o.:ornn:fi dovnouddol:ol lvfi ouriu

m'tirll]vrovero!na'r{ ovnornal'!1Jol N irir EN 6ln'jrovorolnarl P ocdlHal#6 rFnn:ou{

irur{uovrtrlnd N rrnn'ir p 6nir1vl6rHnn:alfiirlyi'uovrfiornr:sio0iru6vrEYtaornr,t:ua'n

tol6rHnor:ouqloo,duru'',nt u.,m.,r:vv'jro{uoc Nl3 6rn{rrn'jr PH, ti'urvt

lH
\,,

H-C-C-H

CzH'z

do
uHsy

taau n

oooo

@
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ua v usia v ov o out o rn r iu ou tn rv t{Ju

fiuostduauavtnr"siordarfi'!rfl uu!uH6nirlnrrjratfl ugrJirlrrldo (irn:r;ri)

n. a1!luau]Juuu:]1J

1J. vt5{av!1 raau t
ruqHa rlrt: (diamond) rfluar:lnrr rausidiln:':air':nrerlur{Ju 6niT{qrrdrudrfir'orn

oynalto.:oriuournrvrtlurYuocrdurourfioriulJirluuuvrrldr4ir (tetrahedra[) ri'urvt
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nlr oao.:[io{ nlidltY|fl 1no{drtlnrrrauoi

:ruitrtnfi | 131227

ng{aou urlamrinur d'uau

au11vt1n1:vloao{

141r..........

t. rfr ofi nuralrlfi nr:rirb{fl rtrolar:Ior':raud

2. rCoaBuruuavalJruadar:larrraus{drlYlfl rltirto ntir':fi'u

iaq qrjn:ni

1. lolooujdl*a': (LED) 1

2. aruh'{drvi!qiorlo: t

g. rirub,loru 3 v

q. inrnoiturn 50 mL 3

s. uou{irnoi t lniol

6. n:vorunfvl t uill

7. uHlrioxo: (proto-board)

8. :rrrirult'{aro 1 qo (1.5 V 2 liou)

9. nivuono?{tu1o 10 mL 1 du

ar:rai

1. ulnau

2. ar:avarun:olslo:naoin (HCt) 0.1 lt/1

3. ai:aualunioocAfin (CH3CooH) 0.1 M

va0rl

ttl



91

,iurtrn.trouro
1. fntiuuvroaounr:rlrhiflr1nulriairuar:lntrrauoirdov'oaot-'''uot LED uavliufinrir

" .- J - f, -n:urraI Yl1Y[notufl{:lJ

z. rinriuudrlhnfiu ar:avarun:n1a1n:naoin 0.1 M [ava1:auarun:oov0fin 01 M

oeir.lav 30 mL al'[uinrnoiusiav'[ut!ro 25 mL rr1y]oao!nr:rirlr{firlouriol#n:u'llo:rYl

t ,.{ J - g
:rldruarr l'tavuurnnlnlvua tllY{'lvlLnotu

uuvnrJan'll oao.:

4l
I
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alJuavior:nJr.ranr:roaol(tGuu tfi uuruanr:roao':dldrYuvrqufr rr': tnfi )

oo:cnruarruho

nr:v'ruru grJir.rlutaqalntr tauot

f. grJiNluraqalerrraus{docnornarltolluraqalrifi616nn:ouq'looudtnrra6ooqi

frratirr nr:r,fi on'lsvlnlrtauo{:vn'irl Be ril r

Step 1 v1t?raus{6t5no:ou1,o'lotnol{iur{lo;

o!n0!8r1uY{1J5! nr:i'n l3 o { 6 rH n n: oulu: v a'uu dl I ru

uan

rlraunatanfl:0u

oBe 2(, 2

7F z@ 1

Step 2 riuuln:lair,:uutrlolourirrtraud6rHnn:ou1olovool{iruvriuovlrairlr{uov

loufudrurufiuordovrounarlairlloirLrnfiqoriou uaviiruru6rSnn:ou{loo16ul:ou

onnotna.t.ltiunvd.lu:ll,rdnrYlr.uotal{6rHnn:oufirfioo1nn1:6fr{riuov uavhildairlviuov
J,

ncrl[uLno:lJ:'1i!!rana u0n01.lnu

3i:. u" "3i:aa aa

Ia:rai'xuuulnrioutfioar:rJ:cnou In:.rairluuu1oil6'{[nod1:ilrsnau

Stepi rfiuuln:.raiTiutltLtdu 1 ri'uufiuuuvru6r6nn:ou{iruvr'uov:svr'rl Be ri'l ct 1 qi

.Jq.,-.
drvfirdrdnqr ouvt[rl1td tdno:ou4:']uflu0vaY ttlt u L?1410 Lutlluun Lo 645 ttu! tau0'i tuunll

" : aev- 4 14
rirrauoilurrrfralririuuasr: [nt'ta51.: Luavfl'] n [av.i1ulJl.J v]nut :1s Ltll'l LlJusl0{tlaontl taur

I ,, -aran9r:auunuuoll0.i0'lnnl?!1ru03

- lfl{rdum:r I rdl ( -) rvluat6nm:ouvrlddun-u t {

7
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* 
Ll.l Ltrauol{

* Lv Ltrau9D{

c .J,,v'
2 Ldu ( :) ttl4udtane':01]vlL1J5?xlnL

I rdu (=) ruvru6rSnor:olfrtdi'uril

i i'i;;:;;-1: R18o'r> I: \_2,/ |

i______-______,

,, :rJdrluuurduq:l (t inear)',

2A
3A

t.;rJdrrluraqalntrtausidolflo!nar':tolluraqahifi6rHnn:ouqloorduarraf,oo{

aarlirq htanalnrr uaus{:vvir I c ril o
.d 1

step 1 14',]1?taum0tann:0l,J1i0'iovrl0rln:'ulrl.J5v

ou9lo!n:?!Ylu5u nr :i'sr G u r 6 rE no:aulu:a onYia'.!.:ruvdn !?raufl0Lanul0u

In:lairruuulorioutfioar: :vnou Ia:rairru,uuloraa'lufi oar:!:vnol

Step 3 In:rair.:uuutdu

I
I
I
I

)"
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aa.!ii1o luranalnt?taurircu'j1{ B fi'! F

step 1 ?i1l,?raum6tfrnn:outo.:ovfl0!n:?:J1lu0u

oun0!n51!v{uEv nr:o'o 6 ul6rfi no:oulu:c d'!fl d{{ruYa-n t'ttauo0tan0l:0!

In:rairluuulorioutfi oar:rl:vnot

Step 3 In:.rairluultdu

In:lairrurroonaa-lufi oar: :vnou

":Uirruuu........ .....................(

aa.rrira luranalnnraus{:c ir.: C rYu Ct

Stepl- urtrtaurl0Lanml01]tJ0'l0vn0!!5?rl unu

ocarolJn:l viu6s n'1500HU.!0[ann50utuSsou a.:.:1uuan [?taufl0rann50u

)"
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In:lairr uulo riou tfi oa 1:l:c n o!

Step 3 In:lair{u!!tdu

ln: ra irr uruupradr t6oar :tl:v nau

z. grJirlfuraqaI6t':raue{dorero!narltollutanafiSrdnol:ou$lootdu?lileoog

cirodr.! nr:rfioyl'uoclntitaug{:vvirl H rYl o

Steo 1 111t'ltaufl0LAnfl:0ut0.l0c0l0tJn:?1]YluSc

steo 2 riuuln:laiTruuulolour-irrrtauri6udnn:ourio'locnol{iuvYr.ovurairlvr'uos
-i J. .1 J

louuluo'rurun'uovfrovoounarla5l{Lot.]'tnr4on0u uau01u?u0tanoloun too ttlu'l:011
! , - I i-

ovnolnat.:riuovd{u:rcJd'nr4.:v!ota{notdnn:ourtno01nn1la:1.iv{Lic Ltav tu Loa:1 :Ylu0c

.j,
ncv'r [urnfi :!t't': L!ta navlunn9]'l.in!

0sflouer?uvrusc
U d A<

n1:o o r: u.:o [a n a l0u luSg oull a{ { 1uv a n [?rau00rana50u

lH e 1

6o 2@ 4



96

oor
2(H).+ orF -----)

.lto
^o" a

H- O H

In:tairlrruulorioutfioar:rJ:snou In:lairt[[uuloua'{rnoa']l lsnou

step3 riuula:iai.tir!1juldu 1 rduriuuuyu6rSnn:ou{i?t]r{uovssy'j1{ H ri'!o 1d

dryiu6 16nq:oudtl'ldirSnn:ou{iuyYurvovrduul{raioujrduufild qns Lr!utdu6{tfl un1:

rilaundurldo'tviriuuqo:ln:.:airrldavqrn uavirudu fr'.:firvr:rvlriiirriJuoioruaort'rtausi
z"-

0 Ld n rl: 0 uvr{ 14u o lJ 0 i 51E e l1r.l11u5 v

* lvfl{rd'un:l t r#u (-) rrvru6rinn:oufrtdi':1fi'u I {
- }ildriun:.: z tdu(-) uyr!6r5nn:ouf,'friuriu z {
- li'l{li'uo:r 3 r#u (=) rrvu6rSnn:oufildi'rurYu 3 d

i 
---:'d- 

I

,(A. irl
t------------

" IrJil{uultqula (v-srrape) "

aaoiro hranalar: raus{:cv'irr 5 fl! o

Step_L v'r[?ta!o0tanu5out0n0v9l0 nlM11]0v

oJno!n52 viuos n1:oor:t .10rann50u [uigfru

l'la.:illuuan

[?tauo0t6nnl0u

Ia:rairrurronrioutioar: :vnol In5{a:1.!u!t]0014a.:Lnoal:u:vn0!
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Step 3 In:laYrl*wti'u

":rJir.ruuu........ .................... .(

aa.:rirn llranalnrrrausi:vvirl N ri! F

5lep1 urtrtaun0tan0:0ulj0.l0uootln:?!vtuos

osnoufll2]ll'lu6!
{ d a1

n1500 15u{a ranfl:ou Lu l; oull a { { 1ufia n r?[aunotannt0u

)"

In:rairrurroorioutfi oar:l:cno!

Step 3 In:rairrurutdu

,,,,
,,,,
,t,','
----------------l

In :ra irr urlt'l onraa'l rfi n ar:rJ :c n o!

)"

I
I
I
I
I
I
I
I
I

I
I
I
I
I
I
I
I
I
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A.
0'1151sfi s.1 rn dnlln:?oncuuuuuuvlod0uaotl[uun2flu161d9l:

u 011

drud 1

(1 a!uu!)

.J
d'tui[ 2

(2 n!Br!)

1 loau.1 rrol:rraqarirdol:oulaoouno{ntololoigndol ( 1 nsrruu)

oEururuqatnrJ:vnou

1. n:oro (HcooH) a, ar ufrudr un nsr-r rfluloo oulol H* uav

Hcoo' lorufilhr'ilrh]dol:olloooulvrirriu (z ncru!)

2. nrn!q (HCooH) avaruriru6'rrrrnoirrtlulooouto.: H. vio

r-rcoo. IooirirdrlrJdor:ouloooutvreirrfu (t nc*uu)

3. lrir.ron'irn:orn (HCooH) arare,J',udr urnfi'r ttiuto oouto.t H-

ruav HCOO (0 nvuuu)

maturaqarl'r#or:outoooutauhduaruXldqnrflot (1 acruu)

i;ltl+
I t;'- io-

tic-io' i,

€..-s.. r-i{"..-.I1-\
'+ ,o.' 6.j +6- :--v0

.,.-" /J t--t" ,u:,..: ".'\:o,/ 'l-*d \i " , id"

t'-. ".? iu: e"'i .., ii (A\.;"iI';'i,.;ii' i':'",\t/-1 0

' :,6; ::9
-\ ./

i,
u\/
z'"i

5'
;-z

.5'

/:

\1

-'J
,/\

',nt

':-t-..

,!.6-,'

'/a
t,
,l.coo\i
t'.. 

"!-:

6'

)a

I



99

.J
n1:1{fi ?.1 [n dn1:n:?oncuuuttuuvlo6ouiorrluufriYlul6l6fli (oia)

1J 0Vr

.J
d?u?1 1

(1 R3uu1.l)

drud z

(2 6iuu!)

oBrr a ru qar a!: v n or

o3ulurfiq athunau

t. rhfiraron (CH3CooH) arar urir *dr usrnsr'? rfluloo outo.l l-l*

s -i .
uav CHjCoo louftirr'[rll dor:ollooouuadrfu (2 nctt!u)

z. rlrduarul (cH3CooH) a!aludrLrdlrfln6"lufluloooltol H-

vio CHrCoo Io ufi rir rdrhJiior: oulo o ouur,reirrYu ( 1 prs tLu! )

a. hjron'jtlrf,rarug (cH3CooH) ararurl*drruornd'rr{luloool

ro{ H* ua v cH3coo. lorufi rlr uirhJ d'ol: orlo o ourvrirr.rsu

(0 avuuu)

2 laau n lrnln:r65r.:un:'[y,loi1dnn6o': ( 1 avuuu)

[ynflarJrvnou
-)t. liifi u a o fi u n :b,l si rfl u o r ri tl : v n au v a-n fi r u n :1v'l oi ril u a r :ln rr

.Jar i-
Launvrr.r [nt{all.rn1u LutlJ! La5{t1nr]111uvr 01r] C r!u

olriU:vnor overor C ocairlriuovlnrr rausiriofi'urflur.: r.rav 6

ovno!siouia.rrYuoqjnrulu:vuru16urrir. C lu1n:rzu6nto.:un:b'{d

4 t?ra!to!,inrl:0u unacocar0 ai'r{liuouflun15u0lJ1,1{tau{ 3

)-a
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Jt
n't:1.lvl 1,. 1 [n {n1:0t:?oncuuutluuvodau?o3l tull0t?ylu1f, "td9t5

1J 014

62uvr 1

(1 nJL!u!)

,J
d1U14 2

(2 6!tlu1J)

- ; 4 .hv
1. osno! o'rrv6odn 1 6 rf, nn: auia:vfraur:nrofioufiloinru'tu
J-
{uri.rn ryrrirudrr rir'lri-1ai6u aorirly{fi rourirl#vaosr Leo ai1.r

(2 nruuu)

z. un:lllo{iorq C liluorri!:vnol ounotr C ovairlyrnrcln rrraug{
,Jn0n!L!u?i 1{a3 6 o3fi0!o0 t1J0in!0qn1u Lu53u11J rou? n! LLfiav

0vvr0!a:1{ylu6vn!fi1:1J01J1r1{tnu.i 3 0url0! t.itua00n 1

- J ) )qv.oss-
drfr nn:orda:vfr a1ln:n rnAoufrli' lirlr[[ii6uaorirlilr{rowirlvI

vaon LED a'ir{ (1 nvuuu)

un:lv{ giiolE C liluo.:v{rJ: v n ou o u rl o ! C o c airtl{uosln rr rau g{ri o

fi'u rirr.: rirlril#Fua orirh,hlr orlirli'ya o o L E D a'i1{ (o nsuuu)

3 roau r x1o16l{6f1{rfl s:ldqnrio.: (1 nyuuu)

3

(da)

o3vrgrJ:cnou
-au)1. rrit: riud'ry:rJuil,u o.lo riu ousa v riJuar 6nir I orrrir u tn:.lairrrorryrt:
l:v nauriru ovnorlrl or C i,r C usia vacfloul{rr raud6 15 nn:ouvil 4

drdnor:ouairrl-uovlnu'lrnuoiriuovnal C rYurn luln:lair.rto,:rnt:1rii

0Lann: auLua0taun.!yt. Lxtrtl llJul Lti141a tll a Lruaan LED Lua?1.1
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- 2 , J , 2,,"-0co0!a:'ri!u L! L0 u6oiei1rtvri.!toru'uovv5osir ruari.:fiu uor.,r ord ld n m:ou ::lvrikiloi

uao{n:lairrto{rrana

ilJdrrIuralalnrlrausi
nr:o'oGurovmorrir.: l lullraqalnrrrausiigirruil.:uasfinyrr,:duiluou6llir'lli1tLrar_ra

Inlruausiro.:ar:rirl 1i:r.JirrunnrirrrYu drflduon;rlir,rllranalorrraus{
C,,ql-ovriluodrrl:fu 6o nr:o"orrrauri6rHnn:ou:ouovnornal.iro.:D.rr1uLLuanalnrrrausi

uuno',niror.rumriuovuayu:vy.irlrYuoyu'laln:n1t'uon;rJir,rIrLranakidr 
er

6?1ilu1?rVuos (Bond tength) 6o :cuvfirl:vu.irlirrnduatolovqo!riufilyt'ifliuov

rioriu

r1u:vu'jrlriuov (Bond angte) 6o r1lfirfioor novn orLaolovnolrirfiiovsrolnar.l

raSo4rvrirfio: vu'jr.:r,uoc aolr.nov oc nir rvSo uourguaq'riuu:.:zu a'n:vra.jrl6 rHno:ounloo
J.t6o':uavirinn:ou{irrLniuov:ou I oyna!na1,rloufiora#n.jr1,ranafiuafiu:ryfro.:fi

t.t tr
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- a :, a u v ) qvd Ja.inluo'r uuaa0vflax LuL!ranaflo{do L5u{n?nury{o [ri]rr:{ a-nto.indta nn:oulfrioufrqo
d ; a ly , J ,n1:yr1u'tulu:'r.r Ll.Jrana Luta0 nauno!na1.! ct{t!u0cat0ura51,1l{uov LolJrnfrao riau tLac1Ju

) v qv a Jii'lu?ur{uovfrovsro!na1.:a51.:lri uavii'tu?uaLAn0rioun"loo[6utlo1.Joun ounal{fu Lri{r']a'n

-9---- ---,'" < i- -rvr.:14rJolJ0{a0ta nn:0uy Lno0'tnn't:a:1.!?iuw uav L! [nai.'l{yll.Jovovli.r lfi[no:li1{l![anafrri!

ttunn'tnn! ltu
gtlir.ruuurdun:q ( Linear)

'^ ' ' ruvlsruln 4 ri uavyrr.: q Fi rtlu6r6 nor olriiuriuovri 2 ryuocLO2 UL?taUnAtAnn:e

6rovlioru:rara'nfi'ul#rlrnfi4orirlrihranarih!!rdun:,:fiuu:c .jrrfiusvrflu 
1Bo 

o 0j'{i!tri

afl h raqar,rSoloootrlnr?raueilo 1 rirovorounarrfi z ri'r.rsv ov rfl uniusyrfr nln

flLi uavlrii6rdno:ounloordu.r hranayiolooouriuovi:rlirrrfl uri'um:r

:rJir.ruuufi :sinI1u6,lutilduil (Trigona t pyramidat)

NH3 oyoornar.: trt luhrana run, irrralo{6r5nnrowYiu,o a { i6r6nn:ou{drr
rYuov:{ uac6r6nm:oun'lnor6ur t { d#nn:ou#.:4ri :ouocoolnarly'nriradovr.ra'nriu

J.
lrivir':rLrnfiqo larunuruu iuor"rl#ouluuurrduq:ld{aonornoynornal{hu-il!flv.! 4 ,,o.i

;rJr:rduirnd'rtrfi'lirvru (CHo) uavrfiorornu:.:r.ra-n:vy.jrr6rFno:ori{ioordurril

6rHnn:ou{iarriuovronovnor.r N 1u NH3 n'riurnir u:lHa'n:vr,r.jr.r616nn:ou{i:rnnov ril
615nn:ou{i:ln"uov 6rlirlrirl:vra'iru,i'uov H-N-H ana.iry6o toz.ao uavr-gr.Jirrllrana
riu:rJfi :viogruauu,r6ul o-l;rJ

ailJ hraqaraioloooulnrlarlsi'lo 1 frrovnolnarri 3 riuoc (riririldrtionTuoy)
uavi615nn:ouq'Iooro'u,r.rHo t { grJirrllranaraio1ooourijufi:viorrua,Lryderr
(pyramidal.)

.,i<s,)-toz.eb1
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,ianlrGuuf

rirlru:rJirlhranalnrr uauoi urayrduuuan,:d'ruln:.lairrfi r6atd

fiut:0uy

1. nr uarllr:n1u nr:f,aar:

2. ntuaur:nlunr:6or

3. nmuaur:n'[unr:uri'fl ryrar

d!,?gon:n1rliuu 5 runou (5 Es Modet)

delu.:d r
1. riouo'rrilufi ontru MORE

t.1 ngt{nr:rioufirurYuloutdunrri Ioun;lririnrEeruuriavnurfiauan:4aseirudoar:
In,raudaflun:vnrul#td,rnfiao Inulf'lar 3o iurfiudrydlornrf'u-nriouo-u{a:loonrr
orndoryaro{vrs'r{rfiuuarlun:voru*ajulr.rrj uasaovirurlnuiar6'r.,nq'r"lay 3-4 n!aTrlfiid,
!rnfiaoornvr'rrriavri:'tu:turaln:voruuolna'ruc.iurn'u.rriulnuudrtyuryl:yra.irlnail 

ndllo
tuvo sbi:rria no! ttrua lnni

t.z nglririnritruaownrfiu.:riunruluneiujrnr:lirmur{Junq'l6n.jrnr:lirrrunur6urr.rio6j

oeirrl: (6n'ir6o nr:#ovld{oxa,rrYufi'rr:rirrfiurnu16urtioryadld,rriou uri{i,rd.rufiirrfl!
n{ldo4a ovimnlru uav!:y6! nr rr:rir rioloi'.ir u)

rirlu.rd z-a

z. nr:rlelrfi ufi onrru MORE

2. t t'u*luqirnol (vodel.)

2.1.t n;i'nnq'rrinriuuoonr{iun(r1ar 3-4 au (rri.: rJrunarl eiou) Ioun;1ri'-nuiuu
usiavndurro[[lusirao':rfl'oroi'ut,or Bect, H25 BF3 pH3 cH4 AsF5 L[Av TeF6 a{lunrvnT' 44
Iouri,aunl#rinriuulonio;r.,J:rrhrana rrnrn:.ratrs rLaor6rEnn:o!oloordurtorovmor
uaola'qa'nuni*ayt!.rouyr.Joy0rornar.: uaroro,or.,rr#or:ou rdufirov:yuir.:ocsro! uav
',rrou:vra'irlniuov Io alvI{oxarJ:v n oun r:r rn6o ,, 1r'.1.i010 fll-J10ov,,o ,,avn.].ruu1?
vriuov ladu:vv'ir':ovnorornuu-rf;ornfiui:L t aarv. n:nrr:fn6iuuit,,tinGuua.trlEauanni
1? 4 t4 , ' .r0t1470tJ?ldlilnnnud Becl, H2s BF3 pH3 cH4 AsF5 *ay reru doglvitint?auaon?.tn
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.!uuuii'taonfiarsfufiilitrlutaqalnnnuaitilult)it.tuuu'let', \#natlunr:rirfion::ud 1o

l.J',]11

2.1.2 n:tri'rinrEuuoonlrnuw,iraoluiolfrurornq'l6u :ylrru s urfi tloanrglfi'

fn riuu6o'jrar:Ilraqa;r.Jirrrurrlotirdqnuavfi o)

2.1.3 nflri'r"nriuuior:niniuaruluneir.ir ar:Tn,rauorlodfigr.lirrkraqahign6'or

uavnnfrol nforLrvoruar]:vno! niovvnrlvr-ufi rn u.ir wulira oordordurorrinrBuulur{or

;rJirthraqalnrrrauc{rfl uodrrl:

z.Z fiuflll;ira (Observe)

2.2.1 n:uontllruoor]:vnran?116ogrJirrll.raqalnnrauoi'Iouhifnriuuuriasnrir
)e.-!

:rrnr-ufr nurdrnr rtjurifiruuv rin rBuurirrorol n:ninr:sioln: r airllrlra nnln rr uausi lduri 6u

ri.rirro'',nrro'',r,f,uruoynounarruasovnordol:ou ua onnorfio rudl uryrufiuov:vy.irr
ovmor bill:uonrmoi;irrairioturou:su'ir.:ryuov uavn::'[n:rdos]-ouaoonoduan.:lliuov

dfinrtrutusrnsir{rYu

2.2.2 alanfriourl:rlirrhra qaln rr rausiuu! ldum:,ito{ BeF2 trhlruoorr:vnra
nru6o:rJir.rhra rlalourua'd louldrYusrou "Three steps Technical (TST),, 6o

step I u1r?rauoidrFno:outorovnorLeijtlr(uoy

step 2 ufi auIn:.:airr*lulolnarirrrrauo{6rf; nsr:ouro.rovfi orriiru[uovrr
airryriuoy

step 3 riuuln:.lair.ruuluduuyru6rFnq:ouriirllyuov

rfio step o:uudrlririnrieruaorrioln:lairlllrarlan\nrirrlouldqoorJn:nlnr:rio

Tn:rair{uranalnrr lausi

z.z.: ngiririnGuulirlu'rru1or.J:vnrunru6ogr.Jirrlr..tanaln,lauoi Inuld,fiorou
"Three steps Technica[ (TST) " 

'un5!flnar:In'l 
rauo{ udrn: r6u;ir:rooln:rairlar:Inra

rauo{vr'rin uiuu? rrl{ulidy ua vllin r uuvrir

2.3 avfr'oundl (Reflect)

rin60uo6!ruuavoi!rrunrulun(,rdorJiuir.Jf,uu*lrriraarr-iorfiu 
Iou.[d trrree

steps TechnicaL (TST) ornrYr.ra-runnlTri,uloufin;nou*uvrir uavt'nnrrLrvr,ot#tdurudrao,r
rJiur.Jllu#r (refi ned modeL) fi nnoiorallun:yoruuajulyrj

2.4 o6lru (Explain)

z.a.r n;l#rinriauulir.r!rfiuuuu!draotrr.jorfru*avulriiraorfirJirr.J:.ru#rror

BeCt2 H25 BF3 pH3 CH4 AsFs uav TeF6
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2.4.2 rinuBuutiuquuurirao.iril6 uurfi uu fi'u modeI tolndufr':ro.l ua{01nu!
Ar.-Zun$uuIavn:5?r.Jn!0n!;'rur 0a.it0a!!0nni{

2.4.3 o:d1Bo nltrioln:rairdlraqaolnnl:1t1!iIn:r] phet interactive simuLation

(University of Co[orado, https://phet.coLorado.edu/enlsimu[ations,/category/chemistry)
) qv- a - bq ) p ; &

tvr0 t14Ln$uu n't 't rJ r1l'r L0 r n n n 0 {r.t1n u.i fl u

g?t {vr 5

g. rad.:ritfiufion:i MoRE
tJ

n: n1!Un15uuiral:lari raugifrn:L nd'r [u11.:ruy5o'Luronal: flha.:[?od'orLyiohi uacfi

na o drrl:'lu6iorJrvlil;u (rriu o, fiur nrLr u1,uor n1fl: o! a-? 151 finrtLdr6'ryriof,lfi0im rflu

odxrrn ur:rvldhnrifi1ulo uau n1: rarrluri co, finruairdrgrion:v!?un1ra'{ rnrlvr.iua.l

rusidrfflu!iilrru!1n rnulL(u!::u'r n166{ rnon.rnnrirzurlrarir or rdoinfir osdlruariontvriou
niuonld rlli'ry co2 rfluuflaGoun:vonr{lufru)

1.2 ngrJ:vrfiurinriuurirunrrriornnr:srourirorrl In:rairlhraqaornrulldrao.r
hua laoeirriru ua s nliu:vlfir-,nu an rnoirorrrq6 n::rn r:o-o n:alirdora nr:rjr rauo
initiat modet ttac reflned modet lior grJirlllraqalnrr uauoio'{flr:rlriotld
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tn t1n1:

rJ:vriu

:lttRJuuu

(10 nrLruu)

iogrJirrLrana

(2 niuuu)

n1t2'ti

[al{d:1.t

furana

(3 aluuu)

a[Uanuu

(2 6!rluu)

ra!flus!
(1 f,llrul.l)

!u:r11?1.t

?il.li3

(2 63[luu)

nrrian:crfi

{aXanr:

drlalo

initial,

modeI uac

refined

modeL

fnliuuar!r:o
roniio:rJir'r

tlraqatnrrrauai

vl n,l "tl,''r lyr?.i Lrl

ond'o! (1 ncuuu)

ua;nrurd.rnqu

ld' (t nvuuu)

un$uu

6 ',',rll1:0't't o

5U:',I.:Loonoa.r

(1 Bvuuu)

1101u''ro

0vnotnaln

llautu'rf]

ousto yt

dou:ouki

nnoo,r

(1 nYquu)

[auBao,i

0Lann:0uR

!onrnu?Lrl

0flna,r

(1nvuu!)

!nLtBullao.l

drX a'nuniorq

lJ0.toYo0lJ

n a r.:lpin nd'or

(1 nrwu)

[a!0cq0!Yt

aa!:0uLu

0n9tan

( lnvuw)

unt:0uttaon

t6uv,lu5Y

:c1,t?"r.l0vna!n

irrlriuoctd

n nflan

( 1 nv[uu)

unH0u:u!

1J]J',',]01' 0.r!l]

:ura'ir.r

riuovld'

0nfl0{

(2 avluu)

rnfudnlflJrJriuHa

iouav 80 - 100 = 6

iouac so - zo = not{

iouac o-40 = n.tr!i!!l.i
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anlt00n'ttt:uunllfiau

flruur/ a a::n

ruuaur.:ufi'tn

(ur.:amfiaor a'uau)

//

a{t0 ({or:roaor)

(ara.o:.nrus{fl vierri ldraar)
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$r1i'r{d .i.1 riroerrrurn.iru (p) rirdruronr:druun (r) uacdrntrurdafiolffro.!

rruuunaou io u1uu6?il ur nr a n f

nrioqal,ror:rlfi r. 1 rfi orjtLrr,rrrirnrrr:16ofuroruuuyoaolr-oululfr ivrorn.rani
rilaritllnurir!.tzuornam: KRro ldrvirfilJ 0.650

lJ0Vt rir (p) rir (r)

7 0.27 0.27

2 0.79 0.20

0.62 0.22

4 0.59 0.28

5 0.35 0.31

6 0.47 0.54

7 0.35 0.67

I 0.32 0.38

9 0.68 4.22

10 0.53 0.41.

11 0.62 0.46

12 0.38 u.it
IJ 0.62 0.22

74 0.29 0.20

15 0.62 4.46



1.21

n'lnalu?n a

Rry{fi on:rr, rdo.r a,ri6nr:rirh,,hhuar:ridrrfu ranalnrrraus{ rirurilnfi n

MORE



1.22

n1fl d a. 1 fi on::rnr:unaor ria.: aurihnr:rirlylf, rar:In rrrauoi
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Pspw

__ r: *_, rltc-._

c<) ,.sfrJ2, \W'I%dlfr1\T\ftAil [
(ffi)@) rmt<@/ nN \;l 

]

_t=Y

nrvrd o. g uuudraor rdo.r aurihnr:rirlv,hhar:lnrrrausi

B,'l d
$$r -.,X,

'il*. i! /a:=
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n1ild o.4 uuuiilao.t riol grJir$ura4nlartauo{
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!0

rJ:viBnr:6nu'r

utv?nnltvtl{1u

n1ltuu{
J"

6lO'tUvt?t't{'tu lu

u01uu

UIU?NH2OUt

urrarryr"nur f,uau

\.A. 2550 uurirur a"u:rtfin ovar

'1vlu1fl lan:!tu?tn a1t12t1tnu

t.A. 2551 luriyrura'afi arlrn:

utvn'tnuuusE?r'rtrn:

r.A. 2551- n.a. zsss irur,rrjlog 1:.:Guur{.:nclnirur o-.lur-o1lvr:
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