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ABSTRACT 
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The purposes of this researh were to 1) construct elasticity experiment sets with 

efficiency of 80/80, 2) enhance the students' achievement scores on elasticity and 

3) build the satisfaction of Leming on elasticity by using experiment sets in 

conjunction with Predict - Observe - Explain (POE). The participants in this work 

were 38 students who were studying in the first semester of the academic year 2014 

in Mattayomsuksa VI Selaphumpittayakom school, Roi-Et province. The instruments 

were elasticity experiment sets that we had developed, pretest, the achievement test 

and a measure of students' satisfaction. Data were analyzed using the average 

percentage, standard deviation, t-test, and efficiency experiment sets (E1/E2). After the 

treatment with the experiment sets, we found that the efficiency of the elasticity 

experiment sets was 81.97/81.18, the average achievement score of the students was 

increased with statistical significance at the Level of .05 and also the students' 

satisfaction was in a good Level. 
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LU'UPl'U~n~1.:i (student - center) L\91tii1Lil1'VllJ1EJri1~n '~eJ m1v111 ~~b~ti'Ubfi~n11b~EJ'U~~.:i~\91 

\I Q~ \I \J \I • 

~.:i~1'Um1~\91Lb~~m1tJn~ a1'U~~e:i'UL iJ'Wuriri~~1~n '~'1~rie:iEJ Lb 'U~tl1 bb~~"li1EJ'1.:ib~~lJ 1 ~~ b~ffu dJ \I • Ill~ \J 

Ln\91011 L~EJ'Un~lJ1n~~\91 ~.:i'1'U~~e:i'U~e:iw1m 'Vle:i~1.:ilJ1n 1 'Um1eie:imL uu LL 'U1'Vl1.:i1 'Um1~1 L il'W 
\I • \I • 

fi'1 m1lJ m1~e:i'U~~1lJ11n nw~'U m1lJ~'U b'1"1Je:i.:i~ L~EJ'Ubb~~ 1 ~~ L~ EJ'U 1~ Lfi~Vi' n~~ 011~\91011 L~EJ'U~ 
, \I \I \I 

1~~1ti~1Le:i.:i c~1'Vl~ l-1~1'11 LL~~e:i1Vi'EJ l-1~1'11, 2552: 8) m1~e:i'Uufiu&im1Yl~mhll'Wm1"1i1EJ1~ 
• \I \I 6.1 

~ L~ ti'U L ~e:ilJ~ e:i1~ 'Vl11.:i'Vl(j~~ nu m1'lJ~~zj.:iVi1 n L "IJ1'1 ~~ (;AJ'U1~lJlJ&i ~1'U Lrn~ m111.:i LLt:.J'U m 1'Vl \91 ~ e:i.:i 

"1J el-:!Vi1 n b "IJ1 vl1 b ~~ (;AJ'U 1 bb 'U1 fl11lJ~\91bVI~n11ru~ri6i'1 tJ tl'Ul-11nn-J1 bb 'U1 ~\91~ b fi\91'11 n'Vl (]~~ 
zj.:i'Vll-11ti5.:i 1~ t:.J~ '11 n n11'1J fiu&i n1-;; L\91 EJ ~ L~ EJ'U~1lJ11n 1 i~e:i~i1e:i ~'1'Uv11n1 ':i'Vl\91~ e:i.:i L YleiV11 

~ " " 
t:.J~ L 'lJ~EJtJL ViEJti ti'ti-U'e:il;J~~1.:i 1 ffi~'11 nm-;; L~ti'Ufl1fl'Vl'J~~ zj.:i b 'Uti1.:iri~.:i n'<ii'1~ ~~a'U~ e:i.:i~~1.:i~'Ul-11 
1iLa.:i L\91mu'Vi1~~a1'Um1~\91n11L~EJ'UTI6111'Vl\91~a.:ii.Jfiu'1im1 L"li'U 611\91'Vl\91~a.:i m1i1~e:im1~e:i'U~~ " ~ . 
L 'VllJ1~~lJntJ'Vl~ n~(;l-;; LL~~~~ei'U~1mwtl11 uH1~e:i~1.:inn15'1'U zj.:i'1~L U'Ut:.J~v111 ~m-;;~(;AJ'U1 

" " " 
n1~tJ1'Un11~ti'Un11~a'Wi1t11~~'Vl6fl1Vi~~.:i~'W(iti~'VlB ~\91\911'VlvlJ, 2548: 9) 

15m1~\91n11b~tJ'Un11~eJ'UbbtJtJ vl1'U1ti-'1.:iLn(;l-eJ5tJ1tJ (Predict-Observe-Explain: POE) 

L lJ'W15m1~\91fi'1m1lJ 011 L~EJ'Un11~a'U (;)1lJ LL 'Ulfla'U~(;l~fl &i1~~ ~irti~'U'U 1 ~,r n L~EJ'U 1~ ~~~'U b '1 • 
LM m nu ri11lJ L oU1 b '1~i1 e:i ~LL~~ a ~tJ 'Uif 'U ~1'U"1Ja .:i m 1lJ L ~a L~lJ L lJ'W15n 11~i1'1J -;;~ ~'Vl5 fl1Vi~'1~ 

" " ... 
61.:i L~~lJ 1 ~,r n L~EJ'U 1~ LL~ \91-:lfl11lJ~ \91 L ~'UbL~~a.ii'lJ -;;1ti L~m nu LL 'U1~\91'Vl1.:ii'VlmP11~(;)1 L U'U~'U (;leJ'U m1 

tl1L~'Ua~m'Wm1ruLL~~1 ~-Un L~ti'Uv11m EJ11ti1'1~ Ln\91a~ 11~'U'11i1m1L 'IJ~ti'ULL 'IJ~.:i V1~.:i'11ni1n L~ti'U 
v11'U1mL'11m~i1m~EJ'Ua.:iLn(;l~m'Um1ru~.:in~11 L\91EJum~EJ'U'1~~e:i.:i~.:ina'Vl\91~a.:i a.:iLn(;l V1~aV1115 

yj~'1tlb Yla'Vl1f'l1(;leJtJ'11n~m'Un11ru~ fl1~~1-:l~'U 'Vl~-:!'11 n'1'U m ~,j n b~tJ'UtJeJ n~.:i~,j m~ EJ'Ua.:i Ln(;l 1~ 
" " " 4 I.Ill CV Cl.I II CV -=I II ~ q I 

'11 n m1~tJ L~1~V11m1lJ1\911 EJ m Le:i.:i LL~~"IJ'U(;l e:i'U~\91'Vl1 EJ 'Un L W'U'1 ~(;) e:i.:iaou1 tin.:im1lJ LL(;) n(;l 1.:i " . 
-;;d1.:i~.:im~'11nm1v11'U1tiLL~~m1a.:iLn(;l'Vf~e:it:.J~m1'Vl\91~a.:iffi~ zj.:i'11n15m1~\91fi'1m1lJm1L~EJ'U 
m1~a'UL\91EJvl1'U1EJ-a.:iLn(;l-eJ5ti1EJ (Predict-Observe-Explain: POE) ~.:inci11 LU'Un11~~fi'1m1lJ 

m1L~ti'Um1~a'U~LU'U~L~EJ'ULU'U~1~qJ'!Ja.:io11lJ6111&ii'VlEJ1Pl1~(;)1~11i1nL~EJ'Ul~nm1v11.:i1'Ua~1.:i 
i1ni'VlEJ1P!1~(;){ 1~i1m111.:iLLt:.J'Um1'Vl~~ei.:i aanLLtitim1'Vl\91~mLYlaV111'11(;latJ'!Ja.:i~m'Wm1ru~rii 
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61~1.:i~'U 1~EJ-U m~ EJ'U"ilt!9i' a.:i1 i15m-:ivn.:i1VJ EJ1P11M1{1 'U nT~~rn611~V11f0111l.J~ ~.:i m':ii1.:i Ln111 
'U 

m':i61~1.:161l.Jl.J~~1'U fl1':iBBmL 'U'Ufl1':iVJ~~a.:i m':i~.:iilaVJ~~a.:i L~B Hi'~rnfl1':iVJ~~a.:i-Um~EJ'U!9i'a.:ivi'1 
fl1':iBB'U1EJ~·mn~':iVJ~~a.:iffi~-J1c.rnn1':iVJ~~a.:1Lll'UBfi1.:ii!'UL'W':i1~a~1-:i zj.:iliJ1n~mh1mi1.:1!9i'mtJ'U 
15m-:i~'1.:i L61~l.J1 ~-Un L~EJ'U L U'Ue!61~1.:if0111l.J1~1 EJ~1-U n L~EJ'U LB.:! 1~EJ a1Pi' EJf0111l.J1~'U~1'UliJ1n 

\I \I \I Q 

'1.h~61'Ufl1':iru'lJa.:1111'ULa.:11 'U m':i~'U L611tV11m1l.J~zj.:ib u'U 1 t11111l.Jf0111l.J:W.:1V11'.:1'1Ja.:im':iL~EJ'Ufl1':i61B'U 
'U • 

liJ1nu'fil.J'll1~'1Ja.:ii'll1Yl~n&1~1iJ~l9i'a.:11 i~a nTrnB'U~ L U'U-:itlu-:i':il.J LL~t L i.J'UV!n~tm~'U'l'Ufl1':i 
'U 

VJ1.:llVJ EJ113!161111{ LL~t'1.:i L61~l.J 1 ~-U fl L~EJ'UL ll'Ue!G1~1.:im1l.J~~1 EJ ~1-U n L~ EJ'ULB-:1 1~EJB1Pi'EJ f0111l.J~ 
'U 'U 'U 

~'U~1'UliJ1 fltl ';it61'U fl1':iru'lJB.:l\1l'UbB.:I b 'U fl1';j~'IJ b611t'Vl1f0111l.J~zj.:i b D'U 1 ti \111l.Jf0111l.J:i.l.:i'V!l.:1"1JB.:I fl1';i b~EJ'U 
... 'U • 

fl1':i61B'U ITT~EJ~.:161'1.J h61~1.:l'll~VJ~~B.:lb~B.:!Ml1'W~~'Vl~'U'lJB.:1"1JB.:I Lb~.:! ~'ll.Jtl'U b VJf01Uf01fl1-:i61B'ULL 'U'U 
'U • • 

O Cl.I .c:ir, dv Cl.I~ Clil Q.l.c:il d £1 I 

VJ1'U1 EJ-61.:i bfl\1l-B5'U 1 EJ L'WB'W l'll'U1 i:..J~61l.J ~VJ5VJ1.:I fl1':i b W'U"IJB.:l'U f1b W'U b ':iB-:1 61.f11'W EJ ~'Vl~'U"IJB-:1 

"IJB-:1 LL ~.:i 1~ EJ~~ nliJ n':i':il.Jfl1':i L Yia'W'l'll'U1 LL~~ L i.J'UVI fl~t mt'U'l'U fl1':iVJ1.:11VJ EJ1!3f161111{ 1~ EJ fl1':i61~1.:i-q~ 
VJ~~B.:!liJ1fll61~~6111l1-:i'1tl-:i~~~~LL~~'Vl11~~1EJ ' ... 

1.2 1'tJ1qtJ-a::a.:if'l'!leJ.:i01-a11ij'a 
di.I d QI I C::: 

1.2. l b 'WB61':i1~'1l~VJ~~B.:i b W~61.f11'WEJ~'VIEJ'U'lJB~'lJB~bb "IJ~ ' . 
1.2.2 L Yie:i~l'll'U1i:..J~i1l.JnVJBVJ1~ fl1':iL~EJ'Ul'll1Yl~n'1 L~B~61.f11'W ~~'Vlfi'U"llB.:l'lJB~LL ~~ 1~EJ 1-tl'll~ ., ' ' 

di I ~ I Q.J Cit. 0 CV .c:ir, 

VJ~~ el~ 61.f11'W EJ ~'VI EJ'U'lJ B~"IJB~ Lb "IJ~ ':i'll.J fl'U b VJ f01'U f01 fl1':i6'1 B'U Lb 'U'UVJ 1'U1 EJ-61 ~ Ln \1l-B5'U1 EJ • 
1.2.3 b Yim6'1~l.J61~1~f0111l.J~~'WB bliJ'lJe:i~-U flb~EJ'U~i'i~e:i fl1':ib~EJ'Ui b~B-:1 6'1.f11'W~ ~'Vl~'U"IJB~ 

"IJB~ LL~~ b~EJb otl'll~VJ~~ B~6'1.f11'W~~'Vlfi'U'lJ B~"IJB~ LL~.:! ~'ll.J tl'U b VJf01U f01 fl1':i6'1B'Ubb 'U'Uvl1'U1EJ-i1~ bfl\11-, . 
BB'U1EJ 

1.3 i'l3.J3.J~,!1'tJ'!leJ.:inT~11ij'a 

1.3.1 'll~VJ~~m b~B.:i61.f11'W~~'Vl~'U'lJB~'lJB~bb~.:ii'itl-:i~~VJB.f11'W\111l.JLnru6rl 80/80 ' . 
1.3.2 -Urn~EJ'U~L~EJ'U1'1l1Yl~n'1 L~e:i~ 61111-w~~'Vl~'U'lJB~"llB~LL~~ 1~EJ1i'll~VJ~~e:i~6'1.f11'W~~'Vl~'U . ' . 

C::: I Q.J Cit. 0 Q.J .:::.. .c:il Q.I " q QJClll 

'lJB~'lJeM LL "IJ~ 1'll.J fl'U b VJf01'U f01fl116'1B'U Lb 'U'UVJ1'U1EJ-6'1.:I bfl 111-BD'U 1 EJ l.J ~~6'1l.J~VJ5VJ1~fl11b1 EJ'U'VI~ ~ L W'U 

' ' "" ~.:ln'J1flB'Ub1EJ'U 

1.3.3 -Um~EJ'Ui'im1l.l~~'WB 11il~Bfl11L~EJ'U 1~EJ 1 otl'll~VJ~~e:i~ L~e:i~ "1.f11'W~ ~'Vl~'U"lleM'lJB~ Lb~.:i 
I ti , , 

Vi"1~1.:i~'U ~'ll.ln'Ub VJf01Uf01 fl1-:i"1B'ULL 'U'Uvl1'U1EJ-i1~ Lfl111-e:i5u1EJ BEJ L 'U1t~umn 
'U 

1.4 ,,OULtt1'1'tJ£J~n1,1;i''1 

1.4.1 tJ-a::111n-atlm'tJ01-af>ln"et1 

tl1~"111n1 LD'Ut1m~EJ'U1t~uoffm'JuEJl.!Pin~1tJ~ 6 LLi:..J'Ufl11L~EJ'UlVJEJ1!3f16'1111{ -

f01ru111!3f1"1111i h~L~EJ'UL"1~11:UYlVJmf01l.J e51L11m"1~11:n ~~'Vl1~~e:ima~ .f11f01L~EJ'UVi 1 tJm1Pifl~1 2557 
'U 'U 

~L~EJ'U11EJi'll1Yl~fl'1 1~"1 1 33204 '11m'U 275 f01'U 

fl~ l.J ~1e:i ~ 1~ L tJ'U-U m~ EJ'U':it~uoffm'Jum.iPi fl~ntJ~ 617 h ~ L~EJ'Ub6'1~ .f1iJYlVJ EJ 1f01l.J 
• 'U 

'€!1L11m6'1~IJ:U ~~'Vl1~1e:ima~ '1°1tJ1'U 38 f"l'U .f11f01L~EJ'U~ 1 tJm1Pin~1 2557 ~1~mLL'U'ULliJ1~1iJ.:1 
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L ~ el\1'11ner1~v1~-ruvri.J1~'1el'U LL'1~ L U'U-U n L~V'U~:W ~ '1 n11 L~ V'UL 'U 1~ ~'U n'11\I L 'V!1J1~ ri1vr-ru 
'IJ 

LU'U~1 LL 'Vl'U"llmth~"111m 

1.4.2 ~1Lttlcavlftn~1 
1.4.2.1 ~1LL 't.hl'i''U 1~LLrl n11~~n11L~V'Un11'1el'U~1V~~'Vl~'1e:J\161fl1W~~'V!~'U"llel\I 

~ I Q,I .Q 0 Q.I ...:::. 

"llel\ILL "ll\I 111.Jn'U L 'Vlfl'Ufln11'1el'ULL 'U'U'Vl1'U1V-'1\1Lnl'l-el5'U1V 

1.4.2.2 ~1LL'lhl'l11J 1~LLrl ~'1'11J~'VlB'Vl1\ln11L~V'U L~el\I '1fl1W~~'V!~'U"llel\l"llel\ILL~\I 
1.4.3 tdm11 Lum de:ivr1m1lvr'1n'11'11LLn'Uni;i1.:im1Pim~ni'U~'U~1'U W'Vltiiai'm1"1J 2551 

'IJ ... • 

vr-U.:i~m~V'U11Vi"111L~1JL~1J Yl~n'1 Lci1J 2 .ff'U:i!6V1JPin~1tJ~ 4-6 '1mtJ'Uci\IL'1~1Jn11'1el'U 
i'Vlv1!311'11'11LL'1~L'Vlfl L 'Ufa ~nci1JG111~m1L~V'U~i'Vlv1!311'11'11 L~e:i.:i '1fl1W~~vr~'U .ff 'U:iJ5v1lPimn 

• 'IJ • 
.c:td t,.I 4 I II c:il Q.I QJ 

iJ'Vl 6 th~ne:iumv '1fl1WV~'V!V'U f1111JLfl'U fl111JLfl1V~ 1Je:J~'1'1"lle:J\IV\I • • 
1.4.4 ca::m:t1i'11Lumca'Vlfli'la.:i m1'Vl~'1e:J\lfl~\lt1~1Lil'Um11'Ufl1flL~V'U~ 1 tlm1Pim~n 2557 

111.J~.:i~'U 2 1'U 1'Ui;i~ 2 f11u "ii1'U1'U 4 i111l.:i 

1.5 ila111A'·tnfrvn:: 

1.5.1 "11~'Vl~'1el\I L~el\I '1fl1W~~'V!~'U"llel\l"llel\ILL~\I 'V!1J1Vfi\I el'Un1ru~1it'Un11'Vl~'1el\I • • • 
~th~ne:iu~1vw~e:i1lnur1i'.ie:im1'Vl~'1e:i.:i 

'IJ 
c6 Q.I Q.I ~ Clf I Cll Q.I .c::I 

1.5.2 LL 'U'U'Vl~'1el'U vrm v '1\1 LL 'U'U'Vl~'1el'U1~~'1'11J~'Vlli'Vl1\ln11 L 'rn'U ne:i'UL 1V'ULL'1~'V!'1\I L 'rn'U 

L~e:i.:i '1fl1W~~vr~'U"lle:J\l"lle:J\ILL~.:i LU'ULL'Uutl1-Uv 4 ~1L~e:in "ii1'U1'U 20 -ife:i ~~1'Um1iLfl11~'l-1LL~1 • 
1.5.3 ~'1'11l~'VIB'Vl1\ln11L~V'U vrmvfi.:i fl~LL'U'Um~'11nn11'1el'U 1~mL'U'U'Vl~'1e:J'U1'~~'1'11l~'VlB 

.c::I I .i:::iil Q.I .cl 4 4 I ~ 
'V11\ln11L 1V'Une:J'UL 'rn'ULL'1~'V!'1\IL 1V'U L 1m '1fl1WV~'V!V'U"llel\l"llel\ILL "ll\I • 

1.5.4 tl1~~'Vl6fl1W"lle:J\1"11~'Vl~'1 e:i.:i vrm vfi.:i fl~LL 'U'LIVi1~'11nm1'1e:J'U"lle:J\l-Um~v'LI'Vlnfl'LI~'V11 • • 
Vf 1 v nlil m11lvr'1.:i L ~V'U L Vivu nu fl~ LL 'U'U~1~'11 n LL 'U'U'Vl~'1e:iu1 ~ ~'1 '11l~'VI B'Vl1.:i m1L~V'Uvr6".:i L~V'U 
~1V"11fl'Vlfl'1el\I ~ITT~V'1~1\l~'UL~VLotlLnruan 80/80 

• 'IJ 

1.5.5 m11J~.:iwe:ih"lle:i.:i-Um~v'U vrmvfi.:i m11JL~'Uvr~e:ifl111J~~n"Ue:i\l-Um~v'U~:Wl?ie:im1L~V'U 
'IJ 

i"111Yl~n'1 L~el\I '1fl1W~~'V!~'U"llel\l"llel\ILL~\l L~V1~'11nLL'U'U1~m11J~\IWe:Jh"lle:J\IUnL~V'U~ITT~V'1~1\I 
• 'IJ 

~'ULL'U'U 5 1~~'U 1~v:W6"n~ru~m11~LL'U'U1J11'111ci1'Utl1~mrur11 (rating scale) 

1.5.6 L'Vlf1Ufln11'1el'ULL'U'U'V11'U1V-'1\1Lnl'l-e:JG'U1V vrmvfi.:i 15m1~~nlilm11Jn11L~V'Un11'1el'U 

1,.;,r n L~ V'U 1~ LL'1~\lfl111Jfl~ L ~'U LL'1~ e:iiitl11 v L~ V1 tl'U LL 'U1fl~'Vl1\li'VIv11311'11'111~ vtl1 L'1'U el 

61m'U nT~ru LL'1~ 1,.;,:r m~v'U'V11'U1 v~i;i"Ue:i.:i L vr~ m1ruvr~e:i.ff 'Um1'V11'U1 v (predict) vr'1.:i'11ni!'U1,.;' 

i! n L~v'U'1 .:i Lnl'l '1m'U m1ru~.:inci11'11 n m1V1~i;ie:i.:i LL~11,.;'-U n L~V'Uue:in~.:i~'1.:i Lnl'l 1~vr~e:i~ '1'11nm1 

'Vl~'1 e:i.:ivr~e:i.ff 'U m1'1.:i Lnl'l (observe) LL'1 ~.rr'U e:i5u1 v fi.:im11J LLl'l n~1.:i1~vr11.:i~.:im~'11 n m1...11'U1v 

Lrn~m1'1.:iLnl'l m1'Vl~'1e:J\I vr~e:im1vr1vr6"n~1'U1J1~'1'1tl~'UEJ'Uvr~e:i.ff'Um1e:i6u1v (Explain) 
... 'IJ 
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1.6 tJ-a:: lv11um~i'u"1nnT~1,jv 
1.6.1 "1f~'Vl~~a\1~'1~1\l~'ULeM '11l.!Trntl11tJ1.i°ntJ't!rn~v'U1~a~1'lih.h:::~'Vl6J11Y1 • 
1.6.2 -Um~v'Uii1"111l.!L-U'11~ L~v\I '1J11V'l~~Vl~'U"llv\1"1lv\ILL~\I ~1~~1m-rn'li1v'Vl~~a\l~~\IL~v • 

fl11L oU"1f~'Vl~~V\IL~tl\I G1Jl1V'l~~Vl~'U"1Jv\1"1Jv\ILL ~\I • • 
1.6.3 'l1nL~v'Uiifl11l.l'W\IV'lv1~\Jlam1L~v'Um1'1a'Umn~'U~1vn~m1l.lvtl~~\li1mJljtJ1l~~\I 



. 
""' 'U'Vl'VI 2 

1um11"5'vm1Vi'\91J'U1~'1'111CJ'Vl~'Vl1\lf11'H~m..i1 u11v1"111Yl~n~ L~e:J\I 61.fl1'VlV~vr~'U"lle:J\l"lle:J\I LL ~\I 
1~ EJ n1161~1\1"11~'VI ~H'le:J\l 61.fl1'Vl v ~'V!~'U"ll e:J\l"ll e:J\I LL ~\I ~1"5'EJ1~Pi n~11°1'Ul"111 La n6111 LL'1 ~\11'U1 "5' EJ 

• • 'lJ 

~LMv1-Um l~vih1v'1~LBEJ~~\l.Q 
2.1 LL u1f-i~LMv1ti'um1"5'~m1L~EJ'Utn161au1"111Yl~n~ 

2.1.1 m111vr111mLa~51111"111~"1Ja\IYl~n~ 

2.1.2 vr6l'n611Pl1LL'1dl"11\161~1\11"111Yl~n~ 
'lJ 

2.1.3 m161e:J'ULL'U'Uvi1u1v '1'1Ln1P1 a5u1v 
' ' qq q tJ' 

2.1.4 'Vl(j~!)'VILnEJ1"1Je:J\I 

2.1.5 Lnru'1m1'1.h~d1u 

' ' Q ..::ii Cl.I I.I .di 

2.3 LL 'U1!0111111"1~ LnEJ1 n'Uf1116111\161e:Jf11161e:J'ULL 'U'U'Vl~a e:J\I 

2.4 L'11Pl!"1&i 
' ' 

2.5 -.!11U1~fJV1LflfJ1eLJ'tJ-!J 

2.1 LL u1~~ L~u1num1lij'~m1L'iau011~eiu1'Y11~flna 
2.1.1 fll1111'V1111mLtu:o1111't11~'tleN1'Y11~flna 

Yl~n~ ih1n~wvi111'11n.n1~1n~n LLtlffJ1 51111"111&1 LlJ'U1'VIEJ1~1611Pl1LL"ll'U\l'V!~\l~Pin~1 
' ' " 

51111"111&i"1Ja\l~\I hJiHi11Pl 1~uri m1L ti~ vmL tla\IV11\lmv.n1'VlLLa~t111n!Jm11?11\I 1 ViLn~61iu1eJu 
~1L11 Pi n~1eJ\l~tl1~neJu1"11111'111Yrur5"1JeJ\1616111nu'Vl6l\l\11'U~ LM EJ1oLJeJ\lntJ~\I hJ~:g11Pl'1~~eJ\I LM EJ1oLJeJ\I 

nti1"111~'U 1111~\IL tJum111~~u~1u~t111 tl1 m 'Uf111Yl\91J'U1L 'Vll"11 u fa~Lfiv1ntJm1~~1Pl LLa~m11 ~~\I 
'lJ ... 

' 
1?11.:i 1 LYlaB'1u1v1"1111161~mmLri11'4~tl (11ul'liv ~'Vl5~u'Vl1 2547: 9) 

Platliv \j1UJ'Vl1-U"1! (2544: 17) hih1'1"11111vr111EJ"lleJ\IYl~n611111 VJ~n~ vr111vfi.:i 

51111"111 &i ~.:iYl~ n~ L tJu1"111 LL "ll'U\l'Vl~\l~Pi n~1m ~tl1~ neJtJ LL a ~m 111'111-Wur5"1JeJ.:J616111ntJVl6".:i.:i1u 

1 u~1u~ Ln v1-UeJ.:intJ6l n~ru~~.:i hJ~~1 IPl 1~ LLri ni1 L ti~ vu LL ti a.:iV11.:in1 v.n1'Vl LL'1~tl11n!J ni1ru~ 
Lnl"1~'U m111~V11.:1Yl~nffi~111'11n 2 LL'U1'Vl1\I ~a 1) 1"11111~V11.:iYl~n611~'11nm1'1.:iLn1P1 'Vl~aeJ.:JLLa~ 

'lJ 'lJ 

Lnu11u1111-Umila1111 Lm1~~L ~eJ61~tl L tJu'VI CJ~~ LL a~ n!J 2) 1"11111jV11.:iYl~n 1~111'11nm161~1.:i 
Lb tJtJlil1'1e:J\l'Vl1\11"11111foi~1~ vvr6l n m1V11.:1Yl~ n~t111 ti~ m161~1.:i'VI CJ~~ "lle:J'U L "ll\Pl"lleJ.:J1"111YJ ~ n~~'U nu 

61i~'11n~ m1'1\I Ln\Pl Lba~tl1~~'VIG.fl1'Vl"lle:J.:Jbl"1~e:J.:Jnmru '11L 'Vll"11'U1a ~"lleJ.:Jb!O)~e:J.:JneJ1~-w\9lJ'U1111n~'U 
-UeJ11avtl~'1~~m111'1~LB v~111 rnLa~fm~eJ.:i111n~uvi11 "1"lleJtJ L "lllPl"lleJ.:J1"111YJ~n~~.:i"llmEJeJeJ n 1 tl-U'eJ11a 

'lJ 'lJ 'lJ 

vtlm vr1lm'1 L ti~ vmL tl'1'1'Vl'J~~ LL'1~n!J~~eJtj L~11 
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~ 1f1ri11:1JV1:1J1 t1 bbmrn'S'S:IJ6111 ~ "UeJ 'li6111Yl ~ n ~~\In ci 11 "'-stJ1~-;h i6111Yl ~ n ~ b tJ 'U 
' 

i'Vl ti 11il1G'll'l'SbL "U'U\l'Vl~\l~f1~1i5'S'S:IJ6111~"UeJ\l~\I hHi~i 1'11~ bbri tfim '1J'V11\I f11 tlfl1V'j bb'1~'1J'S1f1!J m-sru 

~1\1 1 ~ Lnvi<fi''U-se:iu~1 b -s1 m-sfi''Urii1V11ri11:1Ji'V11\1Yl~n'1vh 1~vi t1 m-sa\I bf11'1 m-s'Vlvir;ie:i\ll'lr;Je:ivi~'U 
m-s Lnu -s1u n :iJ-U e:i~i;imi Lri-s1~"' L ~e:i "'~tJ L tl'U'Vl')~~'Vl'1 n m-s 'Vl~e:i f1{] ri11:1Jf rnci 1-d'J'U ?11:1J 1-s{l 

tl11 tJt -Ne:i5u1t1t.1-s1nnm-sru'V11\lu-s-s:1J6111~V1~e:iv11'U1t1~\l~m~~~Lnvi<fi''U t 'Ue:i'U1ril'l LL'1~ri11:1JfdLe:i\I 
tl11 tJ1 iL tl'U~'U!1'U L 'Uf11'S~f1~1LL'1~-W'w.J'U1l'Vltl1!il16'fl'litJ-s~~f1~G'f1"U1~'U 1 ~e:i 1 tJ 

2.1.2 'Vl~n m-au~:: lfl-a.:ia~1.:i1'T:l1~ilna 
V1'1n?1mm-s~n~1~'U~'U;;1'UV'j'Vlu~m1'll 2551 n1V1'Uvi 1m\16'1~1\IV1'1n?1l'l-s"Ue:i\lm-s~n~1 

\I ~ , \I 

~'U~'U;;1'ULlJ'U 4 "111\1.ff'U 1'11:1J'S~~'U'W'w.i'U1m-s"Ue:i\lil'm~t1'U~e:i "111\1.ff'U~ .ff'UtJ'S~{l:1J!i!f1~1u~ 1 - 3 
"" I t d t 4 q.c:J I t d ~ Cl.I ~ -=id I ~ d odil 

6111\1611'U'Vl 2 611'UtJ'S~{l:IJ!ilf1~1iJ'Vl 4 - 6 6111\1611'U'Vl 3 611'U:IJi5tl:IJ!ilf1~1iJ'Vl 1 - 3 LL'1~6111\l'll'U'Vl 4 rleJ 

.ff'U3Jut1:1J~f1~1tJ~ 4 - 6 ~vi?11'S~f11'SL~t1'U~m:1Jf1ci:1J?11'S~f11'SL~tl'U~~\l'Vl:IJvi 8 nci:1Jfat1i6111Yl~n61i!'U 
\I , \I , 

~vie:it1 L 'Uf1ci:1J?11-s~m-s L~tl'UTI'Vl t111i11?1 l'li ih -de:iV11~ LMm-Ue:i\ln'Ui6111Yl~n'1 ~\Id 
" ' " 

G'l1'S~~ 4 LL 'S\ILL'1~f11'SLrl~eJ'U~ zj\lrl1'Vl'Uvi:IJ11'l'S;)1'Uf11'SL~tl'UTI l~\ld 
"" " 

:IJ1\;J'S;)1'U 1 4.1 L oU1 hu'S'S:IJ'll1~"UeJ\I LL 'S \I LLl.i L VI~ n 1 ~vh LL 'S\l L U:IJn1\I LL'1 ~LL 'S \IU1 Lrl~ t1i 
"" 

i1 m~u1'U n1-s~u L?11~V11ri11:1J~ ~e:i?11-s~\I~ L~t1'U~Lb'1~tl1m1:1J-rl tJt -b'tJ-s~ 1t1"1Jtle:i ~1\l{lf1~eJ\I Lrn~ 
" " " " 

:IJ11'l'S!1'U 1 4.2 LoU1h'1n~ru~f11'SLrl~eJ'U~LL'U'U~1\I 1 "UeJ\lll'l~L'Ui5'S'S:IJ"IJ1~i1 
m::u1'Um-s~'U L?11~V11m1:1J~bL'1~~l'li'Vlt111i11?1l'li~e:i?11-s~\I~ L~tl'U~LL'1 ~tl1ri11:1JTI tJ1 itJ-s~ Lt1"1Jtl 

" " " 
?11-s~~ 5 V'j'1\l\11'U zj\lfi1V1'Uvi:1J11P1'S;;1'Uf11'SL~t1'UTI l~\ld ... " 
:IJ11'l'S;)1'U 1 5.1 L-U1hm1:1J6":1J~'U5'S~'Vll1\lyj'1\l\11'Utl'Uf11'S~1'S\1"811'1 f11'SL tJ~ tl'U'SU ... " 

yj '1\I\I1'U tJ ~ a:IJ~'U 5-s ~'Vil 1\I?I1 'S LL'1~yj'1\I\I1'U ~ '1 "U eJ\I f11 'SL iyj '1 \I \11 'U i;) eJ ~l l'l LL'1~~\ILL1 vi~ eJ :IJ 

i1f1W'U1'Uf11'S~'U LG'f 1~'Vl1rl'J1:1J~~eJ6'11'S~\I~ L~tl'U~LL'1~tl1 rl11:1JTI tJ1 itJ -s:: Ltl"IJtJ 
" " " 

2.1.3 m-aamm uu'ti1u1a-a.:iLn\?l-e:i'Gu1a 

f11'SG'feJ'ULL 'U'Uvl1'U1E.H1\I Lf11'1-eJ5'1.J1tl (Predict-Observe-Explain: POE) L U'U~ULL'U'U 

f11'S&'feJ'U~~w.J'U1<fi''ULviEJ White, R.T. and Gunstone, R.T. (1992) LU'U15m-s~i1tJ-s~~'VITifl1f'I~~:: 
61\1LG'l~:IJ1 ~il'f1L~EJ'U1~LL&'f vi\lrl'J1:1Jfivi L ~'U LL'1~e:ilitJ'S1EJ L~EJ1 tl'U LL 'U1fi~'V11\ll'VIEJ1fl!16'11PliL U'U~'Ul'leJ'U f11'S 

tl1 LG'l'Ue:i?lm'Um-sru LLr;i:: 1~il'm~EJ'UvJ1'U1EJ11~::Lnvie:i::1-s<fi'mi1i1m-sL tJ~ EJ'ULL tJr;i\I V1~\1~1ni!m~ffu 
vl1'U 1 EJ LL~1 nL ~iJ f1 L~tl'Ua\I bf11'1 f11'ScU~\lf1ci11 ~1f1,!'U nL ~,j' m~tl'U'UeJ f1~\l~a\I Lf11'11~LL'1::eJ5'1.J1 t1fi\I 

fl11:1J LLl'l f1~ 1\l'S::'Vl'J1\l~\1~1~Vi1'U 1ti~'1~1 f1f11'Sa\I Lf11'1 ;\llGf11'SG'I eJ'U LL 'U'Uvl1'U 1tl-a\I Lf1 l'l-eJ5'1.J1 EJ 

(Predict-Observe-Explain: POE) tJ-s::ne:i'U~1tl 3 i'Ul'leJ'U~\ld 
i'Ul'leJ'Uf11'Svl1'U1tl (Predict) ~eJ f11'Svl1'U1EJl1~'1~~~Lfi~~1f1f11'S'Vlvi'1eJ\I n~f1'S'S:IJLL'1:: 

G'lm'U f11'Sru~n1'Vl'U vi 1 ~~~ L ~'UeJ ~1\l 1 'SU1\I 1vi tl~il' m~tl'U~::~eJ\IL ~L 'Vl\Pl~(;l L~ tl1 tl'U f11'Svl1'U1tl"UeJ\I 
' .... ""' 'Um 'Stl'U 
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i'LI l'leJ'U"IJe:i.:i n Trn5'U 1 v (Explain) L tJ'Ui'Ul'leJ'U~tJ n L~ tJ'U '1~ Lni;i Fi'J 111-U'i;i LL~.:i~'U 1~vr-J 1.:i ~.:i 
~vl1'U1fJLL'1~t.J'1'11nm1vr1fil1l'leJllL~tJ'Jtl'Uf111'Vli;J'1eJ.:! n'1f1111J LL'1~am'Uf11WJUqj'Vf1 zj.:iiJm~tJ'U 
'1~~e:i.:ie:i5'U1tJ1 m~11'111'111'le:i'Uvtl.~'11 n f111vl1f111'Vli;)'1€J.:I n'1 f1111J vr~e:iam'U m1ruu qivr11lJ L U'U 1 tJ 

l'l11J~vl1'U1tJt.J'11n'Ui'ULL1m 'W11~€1~ 11 LL'1~L 'Uf11ru~1lJa11J11'1'Vf11'11l'lel'U 1~~'JtJl'l'ULeJ.:1 -Um~tJ'U 
'1~1Ji'e:i.:1~111ije:i tl'U L vle:i'LI 1 'Uf111vr1fil1l'l eJ'U 15m1v11'LI1tJ-~.:J Lnl'l-e:i5'U1 tJ (Predict-Observe-Explain: 

POE) a11J11'1'li'J tJ L ~iJ n L'itJ'LI'111'J'1 LL'1~fl'U'Vf1 LL"''J f11 L 'Vf ~t.J'11J1eJ5'U1tJ L~ tJ'J tl'UF1111Jfli;J"1JeJ.:ll'l'U L m~ 
Li;JtJ LuY11~e:i~1.:i ~.:it 'Ui'Ul'le:i'Um1v11'U1v LL'1~m1 t ~L vrl'lt..i'1 t 'Umru~t..i"' m1'Vli;i'1e:i.:i 1~iiFi1111-Ui;i LL~.:i • 

~.:1.a'Ua1tJ1~11 15m1~i;im1L~tJ'Um1ae:imL 'U'U v11'U1tJ-~.:1Lnl'l-e:i5tJ1tJ (Predict-
' 

Observe-Explain: POE) LU'LI15m1~i;im1L~tJ'Um1aei'Um1JLL'U'J'Vlfl~~FieJ'Ual'l-rFi~1a~ L~mn'U 
n11t11m111~L~11111 L tJ'LI~'U:01'U t 'Um1a~1.:1FJ1111TI vrlJ~1 vlJi'1~L~tJ'ULe:i.:1 LL'1~'1~'li1vri.:1La~11t ~ 

" ... \I " 

-Un L~tJ'U 1~ LLai;J.:JFJ'J11Jfli;JL ~'ULL'1~ ei.fitJ11tJ L~tJ'Jtl'U LL 'U'Jfli;)'VJ1.:J1'VltJ113!1al'li L Yle:i t ~-Un L~tJ'ULni;Jf111 
oWl'lJ'U1 LL 'U1fii;i~ii111rie:i'U t ~1'11.:11'1111 LL 'U'JRi;J~L tJ'LI~vei11-r'U"1Je:i.:1~.:1Fi111'Vlmfl!1al'lfl 'U"1Jru~.a'U zj.:i15m1 

L~tJ'Uf111aB'ULL 'U'Uvl1'U1tJ-~.:JLnl'l-eJ5'U1tJ (Predict-Observe-Explain: POE) tJ1~ne:i'U~'J tJ 

3 i'Ul'leJ'U~.:id 1) ~'Um1v11tJ1v (Predict, P) Lll'U~'Ul'le:i'Lim1v11tJ1tJt.J'1'11namtJm1ruuqivr1 
2) ~'W n11vr1l"i1l'le:i'U'11nam'Um1ruuqivr1 (Observe, O) L U'U~'Ul'leJ'Uf111vr11"i1(P]eJ'U Li;ivv11m1 

'VJi;Jfte:i.:i n11~.:1Lnl'l m1v11n'1n1111 m1~fofi''U-U'e:ilJ'1LL'1~151'11.:i 1 Lvle:itm~111zj.:if'l1(P]e:i'U"1Je:i.:1 
am'Um1ruuqivr1 3) ~'Um1e:i5tJ1v (Explain, E) Lll'U~'U(P]eJ'Lim1e:i6tJ1tJt.J'1'11n~'U(P]eJ'Um1v11tJ1tJ 
LL'1~f111'Vf11"i1l'lel'U l1L'VfiieJ'U'Vf~eJLLl'lnl'i1.:in'UeJ~1.:ib 

co ,.j ,.j II 

2.1.4 'VICJ'tt~'VILm.11"lleH 
4 I ~ 

2.1.4.1 a111Y1tJi;J'VftJ'U"1JeJ.:!"1JeJ.:ILL"1J.:I • 
L 111~Pimna11i;i'1"1Jei.:11' l'lmL'1~ LL 1-:i~ L~ m-Ue:i.:i Li;i v 1lJ1'11i1.:i fi.:iri1'U~ LL 1-:i L vr~ 1-a'U • • 

iit..i'1l'ie:i1tJ~1.:1"1Jmi'l'l'1 '11LL1.:i~rn~v111'ie:ii'l'l'1iir11111nY1e:in'1~v111~1l'lmni;i m1~mtJ (deformation) 
" , , , \I 

vr~e:im1bbl'lnirn 1~ t 'Ui.11-Ue:id '1~Pim~nt.J'1"1JB.:Jbb 1.:1VJ~1 t ~i'l'lm tJ~ tJ'U1tJ~1.:izj.:im'1~'Ua.n1Y1b~11vr~e:i 
• 'IJ 

m'11lJ~'Ua.n1m~11vr~.:ivrvi;ie:ie:imb 1.:irn~v11 Lb'1~ m1t11m111~~ b~v1-Ue:i.:i 1 tJt itJw LtJ"1ftJ 
• 'IJ 

' ... .c:il 6:::6 CV 4 .C:.. 0 Q.I I Q.I di 

b1le:ie:ie:in bb 1.:ii;i.:it11.:i1i;i"1Jei.:ivr1e:ieie:i n bb 1-:i ni;ii;itJ'U11l'U '1~'W'U'J1'U1.:11i;i"1Jei.:1'1~t1i;i 

e:ieimL'1~n~tJria.n1Y1b~11Ldeivrvi;ie:ie:imb 1-:i ri1'U~'UJ1ir'Ut1'U~1'1.:i Li;Jti 1lJn~tJria.n1m~11 ~.:1111'W~ 2.1 
" .. .. \I 

a11'l'.m"1Je:i.:11'a i;i~ii m1 L tJ~ t1'U1tJ~1.:i Lde:iii Lb 1-:im rn~v11Lrn~a1111w~'LI1Ji'1 n~rnhtJ11.:i L~1l bdeivrvi;i , " "" , 
e:ieimL1.:irn~v11 b~tin11 a.n1Y1vi;ivr~'U (elasticity) 

ri1tJmru1'ai;i~ b tJ~ t1'U1tJ11.:11 tJ ei~1.:im11 Li;i ti~TJ ai;i 1lJii m10 n"1J1i;ivr~e:i 
• 'IJ • 

Lb(P]niXn b~t1na11u~d-J1 a111Y1Y1ma~ n (plasticity) 1'a~vr'11 tJ"1f'D i;iih-Y.:1'1.n1Y1 ~ i;ivr~'Ubb'1 ~a.n1Y1 
'Wma~n t tJIJi'1 rn.:i Li;it1iia.n1Y1vi;ivr~'LILi1mL 1.:irn~v11iir11-Ue:it1 Lb'1~iia.n1m"lma~mdmL 1.:im~v11iir11 • 
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b~ert.hl'?!l'l'U1.:1"11iJl'l b -d'U b 'Vl~n VleMLbl'l-:1 V1~mbn1mvi11 ~b U'Ubb vl.:i'Vl~m U'Ub~'U • 
EJ11'Vl~m U'U"Ul'l bb"'1 Ei l'ltJ'11EJ-U'1.:1V1~.:i11 '11 ni1mrn mb 1.:i~.:itJ'11EJ-U'1.:1V1~.:i1 tJi;nirn 'U1 EJ11 l?f 1'1'1~ . . 
btJ~EJ'UbbtJ'1.:ie:ifi1.:i b 

'11nm1~.:11'?1~"11iJl'l~1.:i 1 L"li'U ?1tJ1.:ih1~1'le:ie:in'1~ vm11m1l.lEJ11~?1tJ~.:i~l'l 
e:ie:imbtJ1~'U\Jl1.:!tl'IJ"U'U11'l"Ue:l.:lbb 1.:1~.:I bb~51b~l.Jbb 1.:i~.:i?ltJ~.:11~~'Ue:ie:in1 tJb~e:lEJ 1 an bde:it1.:i1~EJ~'Vl~.:I 
'1~'W'IJ111"111l.l EJ11~?1tJ~.:i~!'le:ie:i n bfo tJ1~'U1?11.:iti''IJ"U'U11'l"Ue:J.:lbb 1-:i~.:i 
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""lnnfln11 Lnho.TuerN 
""lnnflam¥-llifl~~tJ 

C 'i"u.'1mtn 

o--~~~~~~~~~~~-

~.,~v11~~~u"aan 

-;nnm1w'1~ b ~'U 1~11 m1lJEJ11~G'ltJ1.:i~~min bb tJ1~'Ul'l1\ltl'U"ll'U1~"Uei.:i bb 1.:i~.:i 
eiEJ'1'U6111.:ibb'rnbvl1i!'U fiei L'U'll1.:i Oa "UeJ\lb~'Um1w bU'U1tJmlJnn"Uei.:itrn '1~ a zj\lbU'Ul'11bbvrtl.:i 

\I dJ " • 

?1~Vf1EJ~~11lJEJ11b~'U1'1vr~~~eieimLtJ-s~'Ul'l-s.:in'U"ll'U1~"Uei.:iLL-s.:i~.:i '1~.Q L~Ein11 ~~'11n~m1LLtJ-s~'U • • 
l'l'S\l (proportional limit) t11eieimb -s.:i~.:ib~'Ufavr~t~~~am~ni!eiEJlil'Ufi.:i~~ b b~eivr~~eieimb -s.:i~.:i 
L~'U 1'1vr~'1~ni;ru 1tJei~?1.fl1m~l.lbb'1~m1lJEJ11?1~Vf1EJ b v11n'Um1l.lm1 b~l.lt'i''U '1~iiL~EJn11 ~~'11n~ 

\J • • 

6'1.fl1'W~~Vl~'U (elastic limit) • 
~1'U'li1.:i"Uei.:im1w~.:ibb~'1~ b b tJ'Ut'i''U1 tJL~'U favr~b~l.lb tJ~ti'U1tJ1 tJei~1.:im11 

• \J 

u1eieieimb 1.:i~.:i~ei 1 tJ lil'Ub'1EJ~~ c b~'UL'1Vl~'1~"ll1~~~.Qb~EJffJ1 ~~bbl'lmXn (breaking point) 

6111.:i ob b~EJn11 m-s~~1ULb'U'U~~Vl~'U (elastic deformation) bb'1~6'1.fl1'W"lleJ\l 
\J • 

11'ln L 'U6111.:i b~EJn11 6'1.fl1'W~~vr~'U (elasticity) zj\lbU'U?llJU1i"Uei.:i1'l'ln~i1m1LtJ~EJ'U1tJ~1\lb~eii1bb 1.:i 
• • , \I 

mm~vh bb'1~?11l.l1-snni;ru~1tJ b~lJ L~eivrti~eieimb 1.:im~~1 
\J\J • 
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'li1~ oc L~EJn11 fl11~i;i~tlLL'U'UYH'l16'f~fl (plastic deformation) ~~LU'U6'11l~ 
"VeJ~ll'l'1~ L tJ~ EJ'U1tl~1~ 1 tJ a ci1~m111i;iEJ11'1'1V~ hlUn"1J1i;JV1~mLl'lfl~fl ' ,, . 

11'lmh'U 1 Vfn lij~~i.'1.fl1'WVi;J'VfcJ'ULL6'1~6'ffl1V'fW6'116'f~n 1 'U~1 La~ 1i;iEJij6'1.fl1f'IVi;J'VfcJ'U 
, g~ • • 

d o..:::ritl.I c:il ..:::t.d O.t::::ill Cl.I Q.c:ill 

Ll.l BLL 1 ~ m ~V111l !'11 'U eJ!:.I LL6'1~1l 6'1.fl 1'W'W6'11 i.'1 !Jl flLl.l BLL 1~m~V111lfl1111 fl 11'1()'LJ1~61l'U i;J1JLL!Jl6'1.fl1V'I • 
TI6'116'f~n L'li'U ~ml12J'U "V'Ul.lU~ LU'U~'U 

2.1.4.2 fl1111Lfl'ULL6'ltfl1111Lfl~!:Ji;J 

Ldatl1l!Jl'11l1LL"IJ1'UHn'UL~'U6'11i;) (L~'U6'11i;)L'U1) L~'U6'11i;)'1~'1fl~~'11ml1V1-W'fl"VeJ~ . ,, 
v ' v 

ll'l'1-W''U~~.fl1'WVi 2.4 "VrutL~'U6'11i;]eJ!:Jb 'U6'11Ji;J6'1 LL 1~~~Vl~6'1mtl6'11!:.l"IJeJ~ L'1'U6'11i;)'1tij"IJ'U1i;)L vJ1tl'U LL6'lt . ,, . 
vin 1 ?i1'U"1JeJ~.fl1fl~i;J"1J11~"1Ja~L'1'U6'11i;i'1::: 1~foLL 1~mtvi'1aci1~6'1~1L6'111a~1m 'li'Un'U ~~.fl1'W~ 2.4 

F 

F 

F=mg 

:I~ 
,, . 
~; 

-· , I \ 

I I .. I 

' 
\ I .. , 

F 

mg 
F 

v ' 

al'l11?i1'U1:::w:h~LL 1~~~LL6'1~Vl'UViV1u1~i;i L~EJn11 fl1111Ll"i''U~~ (tensile stress) LL Vl'U~1!:.l~l'l~fl"t;ru 

a LL6'ltL~!:.l'ULU'Ufl111li11l~'UITT~11 

., 
fl1111Lfl'U = -v-.--

4 Cl ti v 
V'l'UV1'Vf'U11'li;) 

.,, Fl. 
'Vf1eJ (J' =-

A 
(1) 

a LU'Ufl1111Ll"i''U~~ ij'Vfil1EJ i111'i''U~a!'l111~L1ll'l1 (Nim 
2 

) V!~a V'l16'fl"i'6'1 (Pa) 

1i;i EJm111 Ll"i''UL iJ'Um111ru'1 Lfl6'1T~ 

1i;imt11tlm111Ll"i''U ii 2 611Ui;J ~a fl111JLl"i''Ul'l11l!:.111 LL6'ltfl111lLl"i''ULOeJ'U 
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fil1111LR'Ul'l11H.J11 (longitudinal stress) LL'li.:i1~ 2 '(Jil~ fieJ fil1111LR'U~.:I 

(tensile stress) zj.:ILL 1-:i F m~vi'1~eJ11'1'1L 'U'1m.~HUt~.:i1 ~~'Ueleln~.:i.ft1V'I~ 2.5 n tltlfil111JLR'Uel~ • 
(compressive stess) zj.:ILL1.:I F mtvi'1~el1'1'1f11'Ui;rm~Hutei'~1~Vl~~'U~.:I ~.:l.ft1V'I~ 2.5 'IJ 6'11'Um111 

LR'ULOel'U (shear stress) i!'U LL1.:1 F ~mtvi'1~elll'l'1'1tvi'11~11'1'1U~LUel'U1tl~1.:ihhnm~11 
• ' 'IJ ., .J 

~.:l.ft1V'l'VI 2.5 Fl 

.. . . 

. . . . 
•:::• 

., ., 
'IJ. fil1111Lfil'Uel~ 

,-···,--+- F 
' . , . 

' ' I I . ' ' . . . 
• • 

' F...,. __ __. 

., "" 
Fl. fil1111Lfil'UL\lel'U 

.c:r. II ..J Cill .c:.. cJ QI I Q.I ~ c:J 
V'l'111'1J1 L'1'U~1~'11.:11lfil'l11JE.J11 L~11 Lo L1lel11LL1.:l'IJ'U1~ L 'V11 fl'U '1el.:I LL 1.:1111 ~.:!'VI 

tlmmLl'i~t-U1.:i'IJeJ.:1L'1'U~1~ 1 'Ll~l31VJ1.:il'l1.:i-U111n'U L'1'U~1~'1t~~m:in t111 ~ D.L Lll'Um111m1'1JeML~'U 

~1~6'11'U~~~ Lb~t L0 bU'Ufil1111m1b~1l'IJeMb~'U~1~ ell'l11~1'U1tVl11.:im111~11~1'U~~~ntJfil1111 
~11b~1l b~~n11 m111bfil~~~l'l111~11 (longitudinal strain) bb'Vl'U~1mrqii;rm~ru & bb~tb~~'ULU'U 

F11111'111-W''U51~11 

(2) 

b ~ei.:1'11 nm111 bfil~~ b ll'U Bl'l11~1'U1tvr11.:im111m1~ b tl~ ~'U 1 tJ ntJ m111m1 b~lJ 
zj.:il1vrthm~~1n'U m111bfil~~~~.:i hli1w1h~ 

2.1.4.3 11ei~'1'1'1Jel.:IEJ.:I 
' d I IJ' ~ I 0 CV CV c:lci1 Q.l.Q.c!il I d Cll 

'11 nVJnm1111 brn1'1t b Vl'l.111 611vr1t11'1~VJ11'111t1 l'l ~~Vl~'U b1lel1Jbb 1.:1.ff 1 ~'Uel n • • 
1J1f11tvl1'1tvl1L~Lfi~m11JLR'ULL~tfil111JLfil~~~ fil111JLR'ULL~tfil111JLfil~~~~ Lfi~~'Ui1m1116111'W'U6 
tl'Uel~1.:I 11 LL~~1'1~ Lb~~~'!lu~i1ei'l'l11~1'Ufil111JbR'ULL~tfil111JLfil~~~ Lbl'lnl'i1.:in'UVl~el hl • 
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:u1nm1'Vll'l"v..:i b~vvvmb 1-.:i~..:i b'1'LI1?1~ 11'1~ hii. ~"1l'U11'l"1lv..:ibb 1-.:i~..:i bfl'U~l'lli!1nl'l 
n11bb'lh~'UIP11..:J"1Jv..:J1G'll'l fl'J111bfl'U~..:J'1~bb'l.J1~'UIP11..:JtlUf11111bf1~~1'l~..:J ,j°'UPlv eJ'm1?i1'U1~'Vl11..:Jf11111 • ' v II c:f Cll 4 Cl.I ~ c:f ..:::ii I IV -=I I Q.I .c::I I Q.I Q.I 

bf1'Ul'l..:Jbb"~f11111 bf11~1'll'l..:J"1lv..:i1?1~"1f'Ul'l'Vl'U..:J i :u~11mf1..:i1P11 b w nmf1..:i1P11'U11 11v~"?1"1lv..:i~..:i 

(Young's modulus) bb'Vl'U~1~'1qi'1m~ru Y bb"~b~~'U1~11 

Y=a= F/A 
& M/L0 

(3) 

11vl'l'1""1lv..:irJ'..:i ijm.h~ u1~'U!'iv1P1111..:ib11m (N/m
2

) 1?1l'l~ij11vl'l~G'1"1lvrJ..:i?1..:i 
, • • \I 

bb?ll'l..:i11i'?1l'li!'Ub tl~ ~'Um111~111~iJv~ "11ru~~ij!'11111bfi''Umn • 
'Uvn:u1n11vl'l~?1"1Jv..:ifr..:ibb"'1 iJ..:iij11vl'l'1?1tl1~b11'Vl~'U 1~bbn 11vl'l'1m5v'U (shear • • • 

modulus) bL"~1lvl'l'1m"8..:itJ~111m (bulk modulus) 11'lff~..:J11vl'l'1?1"1lv..:iil'..:i 11vl'l'1?1bOv'Ubb"~11v • • • 
l'l~?lb"B..:itl~1111P11 n11b~~n11 11vl'l'1?1?1111'W~l'l'V!fi'U (modulus of elasticity) 11'1~11vl'l'1?1?1111'W , , . , 
~l'l'Vlfi'U"11V..:J1'?11'll'i1..:ibbUUtl'U'1~ijr)11Ji1..:in'U 5..:JbblJ11'1~blJ'UlG'll'l"1!Ul'lb~~1tl'UnlP1111 • • • 

L ~v..:i:u1n11vl'l'1?1?1111w ~l'lvr~'U brn ~~l'lli! 1nl'l?1111w ~l'lvrfi'U b lJ'U?111u'1i bOY11~~1 • • • 
"1Jv..:i1 ?I l'l"lfu l'lvr~..:i i ~..:ii!'Um111~ b~1nu6111u'1i?1111w ~ l'l'VI ~'U"1lv..:i1'?1l'li5°..:iijtJ1~ fo"1!'U1'U~1'Ui1311 m111 

, \I " , 

blJ'Uvf!1..:imn b-d'U m1b~vn1'?1l'lbvlvH\ ll'U11'11..:i?1~1..:iv1!'111 ?l~'W1'U vr~v~'U6'i1'U"1lv..:Jbf1~ei..:i~mn" • 
..::::.. II I.I c!il Q.J qq UC. c!il I Cl.I 

1!3f1m~rnvnbbuu:u~1P1v..:ib"vm?ll'l'Vl1l?11IU1P1?1111w~l'l'V!~'Ub'VllJ1~?111nrn1'U 
~ . . 

1?1l'l~ij11vl'l'1?1M11w ~l'l'Vl~'U?l..:J blJ'Ui'?ll'l~?111111nV1'U!'iv bb 1..:i111~'Uvn 1~mn , , • \I , 

vr~v~11 ~L tJ ~ ~'U1tl~1..:i 1~ ~1n ?i1'Um111 bfl'U~~l'l'11nl'l?1111w~l'lvrfi'U:u~u vn 1 ~V111u11 i'?ll'l,r'U 
~ . . 

?11m1n'Vl'U~mL 1..:i111~'Uvn111n~?ll'lb oW~..:i11'l b Ylv 1~611m1nn~u?i?1111m~111~ ~..:ii!'U 1 'Um1vvmb uu . ~ 

~'U?i1'U"1JV..:Jbf'l~v..:i~'U~ '11 b lJ'U~v..:i b~ein 1-ti1'?1l'l~?11m1n'Vl'Ul'imL1..:i~111m~~11~mn ~..:ivrm~5..:i11 • 
Q.I t II Ci Q.I c!il I II d.ci1 0 Cl.I c!il I II Q.J d I J" 
1?1l'l'U'U'1~1P1v..:i1111vl'l"?1?1111w~ l'l'Vl~'U?l..:J bb"~m111 bf1'U'Vl"1ll'l:U1nl'!?1111Y1 ~l'l'V!~'U?l..:im ~ 1G'll'l'V111'U , , , \I • \I , 

1~Lbn b vr~ nn"'1 Lb"~ favr~~?111 b U'U~'U!'i'1 v ~1..:J1lvl'l '1?1?1111w ~l'lvr f!'U"11v..:i1'?1l'lu1..:i"11ul'l bb?ll'l..:J 1 'U • • • 
cl 

1'1111..:J'Vl 2.1 

' 
~111.:ifi 2.1 11eiflaaa111cwaflvia1..1'tlei.:11'~m.J1.:i'llilfl • • • .. ., ., ., ., 

"" 11ei~am;1.:im111~1 'l11.J fl 1 fl fl 11vfl~fl'tlv.:i~.:i 11ei~~muei1..1 • • 
( x 1011 NI m2

) (xl011 N /m2
) (xl011 N/m2

) 

' ... 
0.16 l'l~m 0.26 0.27 

,, 
0.55 bbn'J 0.26-0.32 0.50-0.55 

... "" 
v~"11bi .. m11 

~ 
0.70 0.25 0.70 

.... 
0.91 0.35 'Vlv..:Jb'Vl"v..:i 0.61 

'Vlv..:Jbbl'l..:J 1.10 0.42 1.40 
~ ,, 

bvr"nn"1 2.00 0.84 1.60 
... 

'Vl..:JG'lbl'l'U 3.50 1.40 2.00 
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2.1.5 tnw'101~th:aih.1 

fl11tl 1tLiJ'U!Pl1l.J'1 i11'rl'1~ .:ii!'U 1 ~m1l.J'11~qi~a fl11LL'1 ~.:ia a nvl LL Vl'1 ~ .:J"lla.:itr f1 L~V'U"Urut 
vl1n'1 f111l.J .:J1'U 'Vl~an'1f111l.J.yjfl1'Vl'U~ 1 ~trm~V'Uvl1 '1tiiLL 'U'J'Vl1.:J 1 tl'11"n1l.J'11L ~'1"1Ja.:J.:J1'U LLatii 

'U 

15m1V111"1'11P1au 1~'Vl'11VLL 'U'J'Vl1.:J 1"1'11P1auvll~t11'1ffi 'liLL 'U'J'V11.:Jvln1V1'U~ 11L'1l.Ja1tl~.:i.Yh1 ~fl111Pl11'1 
1 ~flt LL'U'U hli~L'l'UL 'Vlija'Um11 i-ira'1aULL urn~an!PlaU ~.:ii!'U fl11tl1tLiJ'U'11f1'1i11V'j'1~.:J;ij.:i\9i'a.:iii 
fl11rl1'Vl'U~ LL 'U'J'Vl1.:J m11 ~flt LL 'U'Ua ~1-:Jotl~ L '1'U LL 'U'J'V11.:J fl11tl 1t Lij'U,r'U '1t~a.:iiim1P111~11tr m~V'U 
vhath1~'11L~'1 LL'1tfl111l'11L~'1a~L'U1t~u1~ zj.:JL~vn11 ~U~fl (Rubric) (tjqjL;a~ .fiqi1tyatJ'U!Pl'rl.:i~, 
2545: 106) n6'111fi.:i fltLL'U'ULLuu1u~fl V1~annLmu'1m11~fltLL'W'U LU'W"!1~"1Ja.:iLL'W'J'Vl1.:il~fl~LL'W'U 

'U 6J • 

i:.ia m1tl ~tr~ L~ a.:i 1~ L~a.:i'VI~ .:i'11V1-rut11t Lij'U l"J ru111w"Ua.:i n11tl~ tr&i"Ua.:itT n L~ V'U ( ml.J1"!11m1 

nwV111.:iPim.~15n11, 2546: 16) 1~m1l.l'Vll.J1V Kubric 'Vll.J1Vfi.:i f1!) 'Vl~eJ n~m~.:ii!'U Rubric 
.,. 1" .J 0 CV I ,_S ~1 Assessment 'Vll.J1Vn.:i LL'W'J'V11.:Jfl11 'VlfltLL'U'W'Vl'11l.J11"'11LL'Uf11t~U!Pl1.:J j "Ua.:im1l.J'11L1'1 'U 

fl11L~V'U V1~am1tl~U~"lla.:itrn L~V'W 1~a~1.:ii~ L '1'W '11f11t~U~l.J1f1'1 'Uf11t~.:ifi.:i1t!'i'uvl~mtl-rut1~.:i 
LLm "lJ 6!1U~"lla.:J1U~fl (~.:Jfl1ru'1tl ~1'1fl'U6, 2550: 9-10) rlTV!'W~ 1U~fl ii 2 tl1tLi1'VI 

\I \I " \I 

2.1.5.1 1U~flLL UUi11'rl11l.J,r'Um~a.:i1 ~fltLL 'U'U 1~Vi11'rl11l.Jf11tU'J'Ufl11'Vl~ai:.ia.:i1'U 
'U 'U 

hlLLVn'~'111ru1L i'.Ju'11u i 1 'U'Vl1.:J!Pl'rni''U-iJ1l.l '1Tvr-ru1u~fl LL UULLvn611'Ui!'U fl1'1t 1 ~fl:::LL 'U'ULLvn 
'U " 'U 

Via ~'11'W'Vl~aVia t a.:ifi'tJ 1t f1 au LL~'J 11l.J flt LL 'U'U LL~at'11'W tJ'U ~1 V nu L lJ 'W flt LL 'W'U11 l.J~U ~fl LL UU 

111w11l.J'1t 1iL~al9i'a.:im1~flru111w1~v11l.lmn n11'1t~-iraunw~a.:i'11'U~av '1 nf111111u~fl LL uu 
"" " " I ,, 

i11V'j1'Jl.J'1t L 'Vll.J1t'1l.Jnum1tl~tr~~IJi'a.:im11 ~i.Tm~V'U'1~1.:i'1111"lm11P1 au'1'Ua.:i LL at hJiil"11 !Pl au 

~nnlJi'a.:ii~ L '1'W '1~L ii'u"lla.:Jfl1111V.:J1'UfltLL 'U'Wvil otl1U~flLL UUi11V'j1'Jl.J,r'W~aflrui11'rl 1~ V11l.JrrJ1l.J 
\I " \.I , 

flfla.:J LLflfl'J 'Vl~am 1l.J L-ir11 '1 L~V'J nu L da'Vl1'111t LU'rl1t LL'1t~ f)~tzj.:i L U'W fl11tl 1t Lij'U1t~uij~ L~V'J 
m11 oU1U~fl LL UUi11'rl11l.Jvl11 ~mtU'J'Wfl111 ~fltLL 'U'UL ~1f1l1fl111 otl1U~fl LL UULLVn'11'W ~.:ii!'Wfl1~.:J 

'U 'U 'U 

IJi'a.:iei1uVl'111ru1LLatm1'1'1aum1tl fiiJ~"lle:i.:itTn L~vu 1~v1P1aa~ L ~a 1 ~~an-Su~fi.:i111V'jnl.J11 
d.J 'U 'U 

trm~v'Uvl1at 11l~LLatEi'.:i1-if L tJum1tl1tLiJ'U'11tl (summative) 1~~1mL~irn L~V'U'lt 1~-Sum1ui:.ia • ... "' ... 
'1~'VI e:J'W f1'1U'W €l Vl.11 f1 

2.1.5.2 ~U~fl LL urnwn'11'U ilvl.11 iL~a~a.:im1L -U''U6!1U~'V!~a'1n~ru~ Lflf'j1~"1Ja-:im1 
1P1au'1ua-:i tT'U~ali'11V1-rum1tl~tr~.:i1u~val.l-Sum1!PlaU'1'Ua-:i 1 'V!~a 2 "'n~rutLLatm11lfi~ 
'1~1.:J'111rl 1l.JL~LU'Utl1~L~'W'11~qjL~mnum11P1aU'1'W€l.:J"lleJ-:JtJf1L~V'U'Ue:Jf1'11f1di:.ia"'V'j6~'U~'U'1tii 
flt LL 'U'U'Vl'11V~'J!Pl1l.J~1Vfl~LL 'U'W11l.J zj,:il oUL U'U~'JLL 'Vl'Ufl11tl1tLiJ'U'V!'11ViJ~ m11 oU1U~flLLUU LW f1 

'U 

'11'Uvl11 ~m~u1'Um11 ~fltLL 'U'WoU1 L~a-:i'11m tJum1tl1tLij'WfltLL'W'UV1a1v'11'U 

.iClt. ,cil ._, G.I .tCll II 

2.2 LL 'l.11flflLnfJ1n'l.Jn1~'1fln1~L ~ll'l.l~LL 'll'll'Vlfl~tl~ 
'U 

15m1'1a'ULL 'U'U'Vl~aa-:ii!'U L llum1L~vum1'1a'U~l.i-:i1 ~i.Tn L~V'W L~V'W fa v m1mtvl1V1~a • 
ti fiu~'1~-:i L ll'U m1tl 11tl 011l.lma5u1 v L U'W'U1l.J511l.J r1'UV11-ira'11tl'11 n m1V1~aa..:ii!'U~1 v !Pl'W La..:i d.J 'U • 

m1L~V'Ufl11'1a'ULL uu'Vl~aa..:i '1tei~tT n L~V'UL ll'W?I'UEJnm..:i a1'1 '1t'Vl~a a..:i L i'.Ju n6'il.JV1~a11vuflfla111~ 
" " \I " , 

"iiunuLUa'V!1LL'1trrJ1l.JL 'Vll.J1t'1l.J fl11'Vl~'1€l..:ILU'UlGfl11'1a'W~~L~Vl.J v111 ~L~V'U~ LoLJ11'11 mda'V!1 
'U 
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15n1'HHl'Ubb'U'U'VW1'1a.:i (Laboratory Method) ~a m16'fa'U~v111-H'Ln~'\.J1~6'f'Uf11'HU\Jl':i.:J 
b~ en ntJ ~.:i~ ~ a.:itl 11 '\.J'\.JJ)llii vr~a"li'a b Vi '1'1~ .:!'11 n'Yl')~~~ii~ rl'U'V'l'U111 bb~Tu n b~tJ'U nv11 f11':i'Yl~r;ia.:i 
m11b -davr1 'Yl')~~vtl~b~t1'U111 b vJatl1t.m~11')'YlB"!la.:im1 b~ t1'Uf f11':i'Yl~'1 a.:i'\.J ijllii'Yl~'1a.:i1 'Ubb~'1~ b da 

vr1v11m16'f~'\.Jt.J r;i m11 bfl':i1~~5.:i-Ua b Vi'1'1~.:i91111'Yl')~W~ v15m1~tJ6'f1'U rl'Ufl-l 1 bb'1~'\.Jijlliim1 

'Yl~r;ia.:i 15m16'f a'U bb tJ'U'Yl~r;ia.:idtr6'f a'U ~a.:i bl'l~t111'V'l~a111 'Ub~a.:i·1rn.:i bfl~a.:iifa bb'1~a'\.Jn1ru ~ 1.:i 61 v , I 

'V'l~a11..r.:ifiija 1 'U m1~ n'Yl~r;ia.:i bb~'1~~'Ul'la'U 1~ v1~tJ~'Ul'leJ'U m1v11.:i1'Ua ~1.:i b U'U~1f'i'tJ-tl~ b '1'1.J v • 

'1'1.J m~vi'.:iir m~tJ'U6'f 1111':i~'\.JntJ111~vi'1 tJ \Jl'U bel.:J 1~ f)1'j6'f e:J'U bb 'U'Ud '1 ~v111-Hir n b ~tJ'U 1~m a f)16'fvl1 f)1'j 

'Yl~r;ia.:i 1~vvi'1'1.:in'U b vla~'1~ 1~Pi n~1-Um Vi'1'1~.:i~1t11J1'Uba.:i 
2.2.1 fl1111aj·nUJ1tJ"lltl.:Jn1':ifltl'lJLL\J\J'Vl'1t'ttl.:J 6'f11111~6'f~'\.J1~bU'U~a 1 ~.:id 

2.2.1.1 b vJa'W'\;ll'U1~n~~ 1'Um':i1 otlbfl~a.:iija~1.:i 1 
2.2.1.2 LYla 1-Hirm~v'U 1~fo'\.J1~6'ftJm1rum.:i 
2.2.1.3 bYla'\.J1~vnl'lvr~nf11'fm m 'U-H't1.:i'Yl~'1el.:Jtl'U.:!1'U'1~.:J 1 'Ufl1fl6'f'U1111~ • 
2.2.1.4 L Yla~\;ll'U1fl11116'f11111~"1Ja.:iirm~t1'U 1 'Um111tJ1111fl1111~11'W''U56!Ja.:ifl1111fi~ 

vr~nm1LL'1~fl1111f 1?h.:i 1 L ~1~1t1n'U L Ylav111-Hirm~t1'U11a.:i.fl1'V'l11116!Ja.:iLtJaV11 
2.2.2 1§ti1LU'lJn1':i 

1~ vvi'11 '\.J'!lt1\lf11':i'Vl~r;ia.:ivr~am1'\.J ijtJ1i f11':i'Yl ~r;ia.:i '\.J 1~natJ~1 v 
2.2.2.1 tr6'fa'Un1vr'U~m1'Yl~r;ia.:i LYla1-H'6'fa~fl~a.:intJL-d'avr1 LL'1~vr~nm1~tJ11mv1 'U 

v 

.ff'UL~t1'Ul~mLti.:iLtJavr1aamlJ'Ul'leJ'U 1 vr~mU'UL~a.:i 1 LL~1LL~LtJavr1 
2.2.2.2 :il'~'Vl1~ijam1'Yl~'1e:J\I (Laboratory Manual) 1-Hirm~t1'U'\.J1~natJ~1t1 

~~*vrmv Lfl~a.:iijmLr;i~~'\.Jmru LL'U1'Yl1.:i'\.JijtJ'11 1111..r.:ifi1m11 i1qJvr1vr~a~.:i~'U 1 ~Ln~~'U1'Um1 
'Yl~'1el.:! LL~1 Lb '1 niJ f1L~tJ'U1-H'B1'Uci1.:JV!U1 

2.2.2.3 tJ6'feJ'ULL'1~tJfl1'Ufl11-H'a.:iv1~r;ia.:i :il'~L\Jl~t111a'\.JmruLfl~a.:iiiaa~1\ILU'Ui~LUtJ'ULU'U 
'U \I , , ,, 

Q.J .c:::I V 0 CV .:::ii 

6!J'U\JleJ'U~'1~11111n'V'!antJ'11'U1'U'Un~t1'U 

2.2.2.4 i!n L~t1'U~1 L il'U m1'Vl~r;ia.:im11fi1 LL 'U~tl16!Ja.:itr6'f a'U 1?rn.J~1~tJ~'U\9leJ'U~11.:i 111~ tJ 
v 

-a-~ L '1'U Luu nci11vr~e:i L tJu11f.J'Uflfl~ LL'11 LL(?)fl1111 L vrm~6'f11 • • 
2.2.2.5 i!m~tJ'Ub ~tJ'U':i1tJ.:!1'ULrn~~afi~L~'U\Jl111LL'U1'Yl1.:!fli~6'fa'ULL 'U~tl1 V!~abb'1.:J 111 'U 

i1tJ.:!1'U 

2.2.2.6 aii'\.J11v~111n'Ui1.:it.J~m1'Yl~r;ia.:i LL~~15n11'Yl~~a.:i~1~v11L6'f~'1~'U1111..r.:i 
-Uafi~ L ~'U~~11~'U6ntJm1'Yl~r;ia.:i~~1u 1 '\.J LL'11 LL~~ Ll'l~t111m1LYlam1'Vl~~a.:ifl~.:i1 vrl1'1~ L ~u 1~11 
rlel'U~i.J n L~tJ'U'1 ~vl1n1i'Yl~~eJ\I LL~~ L ~tJ'U 11 tJ\11'U i111~\ln1':ie:JfitJ11 tJ t.J ~ ~\IV1~.:i~ri1 f'i'qJ fl~ eJ 

m1:il'~v11~i'.lam1'Yl~'1a.:i1-H'ntJirm~vuzj.:i'\.J1~natJ1 '\.J~bv 1 tJL-davr1 (lnfomation sheet) LL~~ 
1tJ'Yl~r;ia.:i (Experiment sheet) 

1 rn -davr1 ~ e:i Lan 6'f1i~'Ua n-Ua~~'Yl1\l'Yl')~~~ L~ tJ1 ntJ'H'1 L~a.:i~'1~v11 m1 

1 II ~ d O ~ 1 Cil I ~ I ~ 1 ~ .Jq ~ ii 

'Yl~~a.:i'\.J1~natJ '\.Jmm uavr1'V1'11L iJu ~m 'V'lt1.:i LLfl'U'V16'f~'\.J6'f'U 1 L 'Yl1'U'U LL~~ tJ L 'Ue:JV!1'Yl~'U'Ul'la.:i 

a6tJ1 vii.:i L -davr1~1.:i 1 ~ L tJu~~ri1f'i'qJ'!la.:i L~a.:ii!ua~1.:i L~ui~ 
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~·~~~ 
1).t'ldi .... ~~ L "" d "" d ., • I .,. ....,. 1 ., ., eca 'U'Vl~'1eJ\J f'leJ LeJni?l11'Vl'UeJn11V'1~LeJV~ LfW1n'Uf111'Vl~'1eJ\J u!)'Ul'lf111 'U'H1"1JeJ 

tTtJ 61 :ii~\JLLIPi~m~e:i\J~'1~'Vl~ae:i\J 1l'1'1'1J1~'1\JFJ"1Je:i\Jm1'Vl~ae:i\J e:iumclffim tJm1'Vl~ae:i-:i 1u1-:i'11 I , , \I 

1Pi1-:i ; "11~'1.JitJ 1 tJm1'1J!)lliim1 LL'1~1°11e:ifi'U1m~v1n'Um111'1Jae:i~.nv 1 tJ1~w-J1-:im1'Vl~ae:i-:il'1111~ 
'11Lll'Um'1l'.J(J1111\Ji.JtJVin 'H~vl'1111\Jm1"r'l LfJe:ii.JtJVim.mm11'~~1\J ; 1tJnTrn~ae:i\J ri1m11Vf1v'U'VI 

o I d iJ~ "I 11
., "" "" '""• I o I 

f111'Vl~'1eJ\J LL'1~'11 u~'1f111'Vl~'1eJ\J L WVL 'ULL 'U1'Vl1\J b 'H'UnL W'UL "1JV'U11V\J1'U LL'1~eJ.fl u11 V'11 u ~'1 

'H~\Jf111 L~V'U L 'U'V1~'1eJ\J 1imn1 m1tJ'Vl~'1eJ\J'Vl1\J~1'Ui'Vlmfll1'1l'li 

Q""'., .,.q 
2.3 LL 'U1fl1111flfl Lm11num-aa11~aeim-aae>'ULL UU'Vlfli'lv~ 

m1-W'WJ'U1"11~'Vl~'1eJ\J~-:J1~v-vt11'1J'1~'1J1~ne:i'U~1v L'U\J1'U (Lab sheet) LL'1~"11~'Vl~'1eJ\J • • 
(Experimental set) 1~VL'UGi1'U"1JeJ\JITT~v1~~~LLU'1-!I u-r'UU1\J LL'1~LL'Vl'anL 'U\J1'ULoU111tu"11~n'1m111 

'U • • 

m1'Vl~ae:i-:i~\J'IJ1tne:i'U~1v611u~1\J ; 1 u-q~n'1m111m1'Vl~ae:i-:i ~e:i ~e:in'1m1l.Jn11'Vl~ae:i-:i 'VI~~~ 
LL'1~'H~nf111 1l'1'1U1~'1-:il"i na1ffim'Wf111'Vl~'1eJ-:J l'1~e:i'IJmruf111'Vl~'1eJ\Jifim1'Vl~'1eJ-!1 ~'1f111 • • • 
'Vl~ae:i\J 1 Lf'l11~,,,~a m1'Vl~ae:i-:i LL'1t'11'1J ~a m1'Vl~ae:i-:iri1muvhv m1'Vlf'lae:i-:i 1 i~111 n'U"ll~'Vl~ae:i\J • • 
~'1¥1\J~'W 1 u m1'1¥1-:i-q~'Vl~'1 eJ\J (Expenmenta l set) '1~:iim1e:ie:i nLL'U'ULL'1t~WJ'W1~~'Vl~'1eJ\J 1~ v 
eJ1~V'H~ n f111~eJ fl'\) n11l.ILL'1t L -dv'H1~'1eJ~f'l'1e:i-:in'U'1 ~l.l-:J'Hl.11 v ~\J~1'U f111\Jl11'1'1eJ'U LL~1'1~ L U'W •• 
LL 'W1'Vl1\J L 'U m1e:ie:imL 'U'U"ll~ n'1 m1l.m11'Vl~ae:i-:i LL'1t"ll~eJ'IJ n1ruf111'Vl~ae:i-:i • • • 

m1'1¥1\J"11~'Vl~ae:i-:i L~eJ\J'1.fl1W ~~'H~'U"1JeJ-:J"1JeJ-:J LL ~-:i en~ v 1~Yi1 m1Pi n~1'H~ n m1'1¥1\J~e:i m 1 
• • 'U 

L~V'U f111'1eJ'UU1~ Lfl'Vl"ll~'Vl~'1eJ\J L vJe:ivi1m1'1¥1-:i"11~'Vl~'1eJ\J 1 ~~ L~V'U L U'U~'IJ n'l.J1if111'Vl~'1eJ\J 1~v 
, , \I \I d.J 

Pin~1-&'Ul'leJ'Uf111'1¥1-:i~e:i'IJ1~ne:i'Uf111L~vu¥'1JwL.fl'Vlf111'Vl~ae:i\J~-:i 1aa.fl ~'U'Vlim~na 1~e:i5'U1vH 
'U 'U 

111 ~n1"Hu~1'l'1'1'1J1~'1-:if'l1 um1tl1"11~'Vl~ae:i\Jhl1 m tJf111'1vtJ n1"H'W~"Hu1~ (Function) "llv-!!"11~ • • • 
'Vl~ae:i-:i m1Pin~TU'1~ v~'1tvi11~"ll~'Vl~'1eJ\Jvi1\J1'W1~l'11l.l11V m1"Hu1~m11 Lf'l11t,,,LL'1~iil~~'W h • 
L~eJn~'UGi1'U"1JeJ-:JeJ'IJmru f111'1¥1-:i~'ULL 'l.J'U LLa~!Jl11 '1'1eJ'U f111L ~ V'ULL 'l.J'U f111Ll'l~Vl.J rn n'111U1t ne:i'U • 
e:i'IJmru~eJeJnLL 'U'U'1¥1-:i "ll~'V1~'1eJ\J~'1¥1-:i;'U'1~U11 iJ1 m~v~i~VLeJ\J L vJe:i~'U'H1oUeJ'Un'V'l~eJ-:J ~1-:J j 

• • 'U 

~Ln~~tJL"liu m111'1n~e:i\J m111L~v-:il'11-:i f'l11l.lmn f'l11l.l61i''Uie:iu f'l11l.l'Vl'W'V11'W LLa~f'l11l.l'1~~1n 1u 
'U 

m1'1e:in L~ V'W'H~e:i'IJ~rn.h-:i~'Um 1 "Hl.l '11nm1-W'WJ'W1"11~'Vl~ae:i-:i-U'e:il.la'IJ1t61'U m1cl~1~'11n-U1-:i~u '\It 
• • 'U 

'1ntl11iJ1m'Uf111U~'UU1\J"ll~'VJ~'1eJ\J1 ~:ii'IJ1~a'Vlt.fl1w LU'U~Ve:Jl.J-r'U 1~ zj-:ii.J1~ne:J'U~1 Vfl'1n11l.J 
'U •• 

'Vl~'1eJ-!ILL'1~"11~'Vl~'1 e:i-:i LL'1~'H~-!1'11ntT'W '11L U'UeJ~1\Jl.J1 n~'1 t~e:i-:itl11'IJ'H1U1~a'Vlt.fl1W"1JeJ-!l"ll~'Vl~'1eJ-!I • • 
~e:i 1 'IJ 

iu (>] eJ'U LL'1t n 11'H1U1~~'Vl5.fl1W"ll~'VI~ '1 e:J\1~61¥1-:i;'U 1~ V"ll~'VI~ ae:i-:i~:ii'IJ1~~'VICT.fl1'V'l'Hl.J1 vei-:i • • 
"ll~'VI ~'1eJ-!1~6111111'1"1i1 v L 'U f111U ii ,:r~ f111'Vl~'1eJ\J"1JeJ\J~ L~V'U'U11'1'1~l-l-:i'Hl.J1v(>11l.J~~61e:J'U1~~-:i 11 , d.J \I , , , \I 

m1'Vl~61e:i'U'IJ 1~ ~'VIG.fl 1w"1le:i-:i"11~'VI ~a eJ\J '1 ~Yi11~~61eJ'U ¥Ci-:i'IJ 1t ~'VIG.fl 1w"1JeJ\J"11 ~'VI~ a e:i-:i L 'W"ll ru~ L~ v1 nu 
, \I \I 'I 

'1~¥Ci\J'1 ~'U nw~eJ\J'H~eJ'1 ~el eJ'U"1JeJ-:J"ll~'V1~'1eJ\J~\J'1 ~ L U'UoUeJl.J'1m i'11'H-r'U m 1'1J-r'U'IJ 1\J"ll~'V1~'1eJ-:J 1 ~~ \I , , , \I , 'I 

~\J~'W ~\JtT'U f111'V1~61v'U'H1U 1~~'VICT.fl1W"1Je:J-:J"ll~'V1~'1v\J'1~61i1v1~~61e:imn~f'l11l.l~'U1'111 "ll~'V1~'1 e:J\J 
II 'I \I q 

iJ'U j :ii'IJ1ta'VICT.fl 1W'H~eJ 1l.J L W11~tl1"11~'Vl~'1e:J\Jl'.J'IJ1~~'VICT.fl1W~1Yi11 ~~'1f111b~V'U"Ue:J\J~b~V'W~1 
• 'U 

1 'IJ ~1 v LL tJ 1'VI1-:i n 11'H1'IJ1t~'VI5fl1 w "II~ 'VI~ a e:i \Jn 11"H1'IJ1~~'VI5fl1w"11~'VI~ae:i-:i611l.l11'1 vi'11 ~ • • 
3 LL u1'V11-:i ~e:i'IJ1~a'V16fl1V1~1u Lf'11-:161¥1-:i"11~'Vl~a e:i-:i 1~ LLri m11 Ll'l11~,,,1~ v ~'11n 11'11-:161¥1-:i 

• 'U 

khanitha
Rectangle
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"ql91Vl\9lr;'leN b 'U~1'U~1.:J 1 L °1i'W 1''1~Vi'l11l.11'1~1.:J"q\91Vl\9lr;'!tl.:Jiifil11lJLL~.:JLL 1.:JVl'UV11'ULoWtJ.:Jb\91 fil11lJG'l'J tJ.:J1lJ 

fil11lJUr;'l tl\91Jl tJ b 'Ufl1';i 1 etl.:J1'U "1J'U1\91"1Jtl.:J"l!\91Vl\9lr;'ltl.:Jii"1l'W1\91Vrn L 'VllJ1~nu"ii'1'U1'U~L~tJ'U b 'U"1Jru~Vl\9lr;'lm . ~ 

'Vl~tl 1~m1l.l t11n~1t11 'Wm1'1~1.:i tJ1~~vi6Jl1w~1'UL dt1V11 1~LLn m1Vl\91'1t1UL ~t1V1111"!!\91VJ\9lr;it1.:i • 
~"~1.:i~'Wiim1l.l'1t1\9lfil6l'mnu'1\91~.:i'VllJ1t1V1~t11~ fil1t1ufilr;il,J L d t1V11V1~t11~ L\91 ti~"ll\91Vl\9lr;'lt1.:ii!'W'1 ~~t1.:i , , , , 
iifil11lJ'1lJ\jWJLLr;'l~ LL~'U~1 t 'ULL~"1Jtl.:J fi';i~U'J'U fl11Vl1.:JlVl tl1P11'1 \Jl~ L 'W11~'11lJ11f;l fl1'Vl'U\91L~tl'U1 "ll LLr;'l~ 
n~ Lnru'11~LL il'Wtl'U LLr;'l~U';i~~Vl5Jl1'W t 'Um1t etl.:J1'U 1~ LL fl fl11Vl\91'1tlU~1'Ufil11lJ'1~mn t 'W~1'Ufl11 

vi\9lat1.:i fil11lJL'Vlm~'1l.lnu1't1"1Jt1.:i~L~ti'W iim1l.lfilcit1.:i~1 t 'Wm1~fil~w?hnu1~uu ~'W 1 611V1i'um1 

"~1.:i t u.:i1'W zj.:i t 'Um1Pimn"1lt1.:iITT~t11~11lJ t rn1'WL-il1 t 'U"ll\9ln'1 m1l.lm1vi\9lr;it1.:i zj.:i t 'U"lf\9ln'1m1l.lm1 
~ . ~ 

Vl\9lr;'ltl.:J Ltlfi'111ffi i L lJ'Url1~.:J b ~tJ~tm.:J1'U'Vl~tl L ll'Ui'\'1 LL 'U~tl1~ L~tJ'Ut ~'11l.11Wvl1L U'Ufl11Vl\91'1tl.:J t ~ 
L ll'W 1 tJ1J11lJ'1\9lll.:iV1mti~n1'Vl'W\9111 'Vl~m ll'Wl'i'1 LL 'W~'l11~ L~ti'W t ~'11m1f;lv\'1L ti'Um1vi191r;it1.:it ~L ll'Wml.l . . ~ 

'1\91~.:J'VllJ1tJ~n1'Vl'W19111 t u.:i1'U'V!~tl n'1 fi';i';il.1~'1~1.:J~'U t 'U"l!\9ln'1 fi';i';ilJfl11Vl\91'1m~tl.:J~'111ru1~.:id • • • 
CV J' _J CV Cl J' d 

r;i n~ru~ L 'Utl'Vl1'VIL 'Vll.11~'1l.lfiUfl11L1tl'Wfl11'1tl'UV1\9lr;'ltl.:J (Laboratory concept) L 'Ut!L 1t1.:i 

~~l'AJ'U1-.1n~~'Vl1.:i'1l.lt1.:i L°1i'U m11Lfil11~,_,, m1'1t1u'11'U m1LLni1qiV11 LU'WL~t1.:iVi~l'AJ'U1-.1n~~vi1.:i 
'1l.IB.:J L°1i'W m11Lfil11~,_,, m1'1t1U'11'U fl11LLnUqJ'Vl1 LU'UL~e:i.:i~?in~1m1l.l~l.l~'Wfi"1Jt1.:i~1LLtJ1~1.:i 1 
Lll'UL~t1.:iViLMt11it1.:inuwn~m1l.IJl1tit'U~611~ru "1le:i.:it1tJmru Lfil~t1.:iiit1 Lll'UL~e:i.:i~a1m1f;ltln~\9lm1 ., ~ . 
vi1.:i1'ULll'U.ff'U1J1t1'U t ~~~mLa~A''ULfiltinuni;i 1n"1lt1.:JLfil~e:i.:iiimLa~e:itJmru ~l'AJ'U1m1l.l'11mw t 'Wm1 

~ . . 
L~tln t etlLfil~t1.:iiit1 LL'1~1'1191 ~l'AJ'U1fil11l.l1tlUfiltlU t 'U m1vi1.:J1'U'1~1.:JL'1~lJ~IJl611i1n t 'Um1-rn~1fil11lJ • 
tJae:i\91.fi'ti 'VI~ n t 'Um1~.:izjm~t1.:i ~n~ru~~~"1Je:i.:izjt1m1vi\9lr;it1.:ifil11miai't1V1~nm1~.:id t-U'Jl1~1~~1t1 
-r\9lnl.l ii~n~ru~~Vl1vi1t1 "!!1'Ut~Pin~1 iifil11l.l'V!l.11tJLL'1\91.:Jt~L~'UJl1'W'W'1i1"1lm.:i1'U~LLVl'1~.:i • 

fil ru'1l.IU~"1l t1.:i tu .:i 1'WV1191r;i t1.:i~ ~ ~ t1.:i fil a t1u filr;i lJ L d tl'V11l.11n~a191t'UV1-d.:i1u.:i1'UV1 \91'1 t1.:i~ l'AJ'U 1 • • • 
fil11l.1'11l.111f;l 1~l.11n~~\91 iJuqiV11 t 'Um1tJ~u~ue:it1 ~a it1~ail91L'1'W\Jl1.:JU1~L~'U n~-.1'191-r\91LLa~ 
L'Vll.11~'1l.l ~L~ti'W°1i'Jt1\Jl'ULt1.:i 1~mn~~\91 '11l.111f;l~\91L ll'U1~uu 1~iltJ1~~V16Jl1'W~.:J~\91 ~ti il'11'U1'U tu 

., ., 1" .J .:J1'UV1\91'1tl.:J'Utltl '1.:J'Vl'U'UtltJLL'1~ \9l~r;'llJ1fi'Vl'1\91 • • 
'VI~ n rn1~t fl 'U fl11'1~1.:it u .:J1'U Vl \91 r;i ti .:i (Laboratory sheet) fl11'1 ~1.:it u .:J1'U VJ \91'1 ti .:i 

(Lab sheet) ~~,!'U ~t1.:it11iai't1V1~nm1LLa~t1.:il"ltJ1~nt1uV1a1titJ1~ mi L ~at ~.:i1'Um1Pin~1vi\9lat1.:i 
tJ~u~'1'Uilm1l.IV1mti~t1~L~t1'U L\9lti~ \9ln'1m1l.l~1.:i 1 ~Vl1vi1tim1l.lii1\9l~'U'1~i111 tJ~m1~w,11 
~~uit1'U 1~ t 'U~1'W'VI~ nm1'1~1.:i t u.:i1'UVJ\9lamtJ~lliim1i!'U mfii'ti'VI~ nm1'1t1'U'Vl\9lat1.:itJljllii m1zj.:i 

tJ1~ nt1u~1 t1'111~611~n '~ti n1'Vl'W 191-)' \Jl f;lU 1~'1.:il"lVii\91 L '1'U"1l t1.:i rn1v\'1 L U'U fl11 LLr;'l ~m1t ~it1l.la~ 
·~ . ~ 

L'Vlm~'1l.l m1~1l.ln'1m1l.l~1.:i "l ~~l'AJ'U1m1l.l~ui;i~-.1n~~t~mn~'1\91 
I ~ ' 

~1V1i'ut1.:il"ltJ 1~ nt1u"1lt1.:i t u.:i1'U t 'U"ll\9ln'1 m1l.lrn1vi\9lr;it1.:i zj.:i~1~ti1~Pin~1LLa~t1fiu1t1 ~ti . ~ 

t u.:i1'UV1\9lr;'ltl.:J (Lab sheet) it1l.lr;'l~'U~1'U'11'Vl-rum1vi191r;it1.:i (Backoround information) it1l.la 
~ ~ ~ ~ 

~1'Vli'uv11L'W'Um1 (procedural information) ie:il.lr;iLMt11num1'11tJ~a~'WcrLLr;i~11t1.:i1'U ie:il.lr;i 
~ . ~ 

~1'Vlfom1tJ1~Lij'U~r;i (Assessment Information) 

'11noUt1lJr;i~1~ nci11d'1~'11tJ1~11 fl11L ~ ti'Uie:il.la~ L ll'Ut1.:il"ltJ1~ nt1u"1Je:i.:i t u.:i1'UVJ\91'1 t1.:i L\91 ti 
~ . ~ 

t u.:i1'UVl\9lr;'lt1.:iLLr;'l~-q191'Vl\9lat1.:iffi i'11V1fom11~ti t 'Uri#.:id '1~ 1~m'11m1tii;i~ L~t1\91"1Jt1.:im11 Lri11~,_,, 
~\91 L~t1n L dt1V11fil11lJ'11lJ11f;l"1Jru~tJ~u~ rn1vi191a e:i.:i L\91 tit u.:i1'UVJ\9lr;it1.:im1n1'Vl'W\911' \Jlf;ltJ1~a.:ir1 

• 
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fl1'H'f 'El'U bb'1tf111l.J~ 'El\I fl1'H Yla"ll CJ1 CJ f111l.lfl 'Ub da'V11'Vlfl~~ b~'El\I ?I fl 1Vi ~~VI ~'U"IJ 'El\l"IJ'El\I bb ~\I 
11c.J'1tbac.J~ial.lr;:imci1d ~-:iv111-H?111111m:nc.J'W 1rn1'UV1~r;:ia-:i1~~-:ibb?l~-:i 111 'Wfl1fl~'U1n "il 

" 

2.4 blil9lfl~ 

2.4.1 fl1111'Vl111tr'!leNIL1il9lfl~ 

b"il!Jlfl~ (Auttitude) bU'Ufl1l.l1"il1m1nPi'Vi'l-1fl1~1r;:i1&i'U--.i1 Aptus bb'l.Jr;:i--.l11i.Jl.lbBCJ\I 

b'VllJ1t?flJ tJflfl11~fl~11moHf111lJ'VllJ1CJH11 b"il!Jlfl~ ~a fl11b~CJ'U~ bb'U'JlUlJL'U fl11~"ilt!JleJ'U?f'UeN 
" 

~e:J'Uf1f1'1 1"1'1 Vl~e:J'1'11'Uf111uJ zj\le:J1"ilbU'Ufl111Jle:J'U'1'Ue:J\l'Vl1\l'U1fl Vl~e:J'Vl1\1'1'U (Hothersall and 
' . .::::.. di I l./.::f di .::::., .J .::::ii I Q.I d' 4 

other, 1985: 52) b\l!Jlfl!Jl fle:J'Vl1'Vl1\lf111l.l1?ffl Vl1e:J fl11l.lfl~ 'Vl'Uf1f1'1l.l!Jle:J1"1'1 b'Vl!Jlfl11W Vl1e:J \I • , , 

uririr;:i~'U 6) zj-:ia~i;lal.J1aul'l1b11 bll'U~-:ivtl~lJ1"iJ1nm1b~CJ'U~ ~n~'Ua~nrnil1V1mCJ iiVil'l'Vl1\lbb'1t 
, I \J \J \I \I 

ri11l.lb~'W~Lb '\.J11 '\.J1~ b~mn~bbi;l1"ilta~ri-:i'Vl'Ubb~nb '\.J~CJ'Ubb '\.Jr;:i-:i 1~ bb'1t?11mwbL'1~-:iaanm 1-HL ~'W 1~ 
" 

(mu"ll~ r11"1J1CJ, 2540: 159) L"il!Jlfl~ ~a vhVi V1~e:JLL'U1Lul.l~bb6'f~\laan1'Wr;ln~rut"1Je:J\lm1l.l~~fl . " " 
a11l.lru~ii~a1'1J1'1 ?ft'l1'Ufl11uJ Vl~e:J fl1oUCJl.l b~CJ1nu~-:i1~~\IVl~\I (Good, 1973: 49) 'Ue:Jfl"il1fl,!'U 

• 
L"il!Jlfl~ ~a m1l.lrum1l.l~~rn~al'!-S'V151~a~-:i1~~\IV1i1-:i "il'Ubn~m1l.lY1~al.l~"iltbb6'f~\lfl11mtv11 

" 
aan111 ~\le:J1"il"ilt1'1.J1'W'Vl1\l~Vl~ahl~ti1~ (i;l'1'U ?f1CJCJl'l, 2543: 54) 

"iJ1nm1l.lV1lJ1CJ~-:inci11111 6'11'\.J1~11 b"il!Jlfl&i ~a vhVi ri11l.lfi~b~'W m1l.l~~fl'Vl1\1~"1h . " 
"1J a-:i~ ri rir;:i ~a~ -:i 1~ ~\IV!~ -:i fl 1 CJ'Vlr;l -:i~1~-Su'\.J1t?fu n11rui!'U Vifl &i n11l.l~ Lb 6'f~-:i aa ni!'Ub tl'W 1~~-:i 
V11-:iu1n ~a m1l.l~\1Viah b~'W~1CJ "lle:JU ?ftJUG'f'U'W '1'We:J\11J1au~1c.Jri11l.JL~l.lhvr~a'Vl1-:i'1u ~a • 
ri11l.lhlvmh hib~'U1°11CJ hl~1l.lna hiv11ml.l Lb'1tii'li'nm1~n~11m-Hm1l.lvrlJ1CJ"1Ja-:iL"il1J1ri~~a1"1l1 

1'Vl CJ11'11?1"11 b U'Uf111l.l~~fl"1Je:J\I~ b~CJ'W~ii!Jla b davr11'1l11'Vl CJ11'116'f "11 bb~"iltiim1~n~1 L 'Ufl1Vi11l.l"1Je:J\I 
" " 

1'VlCJ11'116'f"11~-:ivrl.l~ ~\I b~CJfl11 b"il!Jlfl~ ~a1'VlCJ11'116'f"11 b U'Ub"il!Jlfl~'Vl1\11'VlCJ11'11'1"11 (Haladyna and 

shaughnessy, 1982: 54 7-563) 

b tl'U~1J1ri1iin"1Ja-:iuririr;:i~na 1 ~Lfi~r;l n~rut'li~CJ vr~ari11lJ~~nV11-:i~ 1J1 h m1L~CJ'U~ . " " 
1V1CJ11'11?11J1i"1la\l~b~CJ'Wm11~-Sum1'\.J1tLij'Ub"il1J1f1~ 2 i.11'U~a L "il!Jlf1~'V11\11'V1CJ11'116'f"11 LL'1tb"ill1lf1~ 

~a1V1CJ1m6'f1J1i~1CJfl11LL?f~\IVin~m1l.lvr~ariru6ln~rut"lle:J\l~L~V'W'v11-ti1tvtL1'11'U1'UY1e:J'1l.lf111LL'1~ 
·1 ' " 

iim1'\.J1tLl1'Ua~1-:i'1ll1b6'fl.la 1~v~11'\.JY1~~m1l.lbb6'f~\laan"1Ja\l~L~V'W~1'Ub"ill1lf1~iim1~WJ'U1a~1-:i 
bll'U~'Ub ll'U!Jla'U~-:id 

Llil'lfl~ ViqAn~~~n1~~aA~aan 

1. m1i'u~ au1"ilU.'1tfoiiraam'Vll'l'Vl~a~-:ib~1~1CJm1lJ~\lb"il 
" 

2. l'l'El'UG'l'U'El\I 
Ill 4~1.1 I 4411 

t'lauau a-:i l'l a"IJ a G'l'WL 'Vll'lmaa-:i b 11aCJ1-:imt t'lme:i1u 

"' ' 3. b'Vl'UfJWf11 
11..::f 4 cil _4 d CV I -=ii .Jq IJ' 

U.G'l~\lf111lJ1G'lfl"ll'U"lleJ'U bb'1tlJf111lJ b "IJ'El bflCJ1fl'Uf1Wf11"1JeJ\lb 1CJ'U'VIL 1CJ'U1 
" . " 

4. ~~1t'U'U ~~1t'U'U ~~~1~'U b mCJ'Ub fiCJ'Ubb'1t'U1W1fl11L "ill'lfl~tl'Uf1Wf11 L vJe:iiJ1 hfl ob'tllju1i 
" ' 

1~ 

5. '1~1\lflW"'fl~Wt 
1 

bae:intlljU~vr~e:i hlt1lj~tu~-:i~1-:i 11~e:i~1-:iLvrmtalJ 



b'1~l"l~'V11\li'Vlt11P11a~ibthmru~fl~ru:-.: Vf~el~fl~ru:-.:i1'1't1"lleN~b~tJ'U vibn~'11flflT:iPifl~1 
• 'U 

V11m1:w~ Vf ~el fl1'H~vu-rl~ v1 ifl1:-.:'l.J1'U fl11'V11\li'Vlt11ma~i 611m'1 ~l"l~ ~el1'Vlt11ma~ibiJu 
'U 'U 

1"111:w~~fl"llel\I~ b~t1uvii1m1v11 n'1 m1m1b~tJ'U~'V11\li'Vl1P11a~i tl1:-.:flel'l.J~1vm1:wvrn1 '1 P!~'V151 bb'1:-.: 
'U 'U 'U 

6il1'1.J~\I b ~'Ul"l ruri 1 bb'1:.:·th:.:1v"11tl n:w..Jf \liJ l"l ru511:w '1~ t1611:w bb'1 :-.: fi1i1 t1:W'V11\11'Vl t11P11a~ i • • 
th:-.:flel'l.J~1tJl"lru~fl~ru:-.:~el 1 tJd • 

2.4.2 L~Vlfl~'Vl1.:J1'VIU1fl1flVli (scientific attitude) bU'U~fl~ru:-.:i1'1't1"llel\l~b~tJ'U 
'U 

vim~Vfl\1'1:-.: 1~~'1.J m1-W'\P}J'U 11u1'11 ~ b~ tJ'U 1~ mhu m:-.:'l.J1'U m1 b~tJ'U~'V11\11'Vl t11P11a~i th:.: flel'l.J ~1 v 
'U 'U 

m1:wauh1~~Vf~el1"111:wt11fl~elt11m~u 1"111:w:iJ\lli'u el~'Vl'U 1el'l.Jl"lel'l.J m1:w~el61'~~ m1:wtl1:-.:Vfei'~ 
'U 'U • 

1"111:w1'1fl11\1~1:wbb'1~\lm1:w~~b~'ULb'1:-.:fof:J\11"111:w~~b~'U"llel\l~~'U m1:wi1bVf~~m m1vi'1\11u~1:wn'l.J 
'U • 

2.4.3 L~Vlfl~fiei1'VIU1fl1flVli (attitude towards science) bU'Ul"l11:W~~flvi~b~tJ'UiJ~elfl11vl1 
'U 'U 

n'1 m1:w fl11L~vu~1'Vlt11P11a~i~1 vn'1 m1:wviVf'11flVf'11t1 tJ 1:-.: flel'l.J~1 v vrn h 1 uth:-.:a'l.Jm1ru 
'U 

fl11 L~ tJ'U~vi bM tJ1n'l.Jl'VltJ1Pl1'1 ~ i P!~'V161bb'1:-.:6il1'1.J~\l1 'Ue.i "1\11'U'Vl1\11'Vl tJ 1f'f 1'1 ~1 b ~'U l"l ruri1 bb"1 :-.: 
'U • 

t!1:-.: 1v"11u"/Jel\11"1111'Vlmma~ibb"1:-.:b'Vll"l 1u1'1v ~1:-.:wJ'fl 1 ul"lrubb"1t1 'Vlmel\lm11 ib 'Vll"l 1 u fa v b~t1'UVf~el • 
b oLJ1~1:Wfl'1fl11:W'V11\11'Vl tJ1Pl1'1~iel ~1\1'1'4fl'1'U1'U b~el fl 1 m5m1'V11\11'VltJ1Pl1'1 ~fl 'U fl11~~ bb'1ttll)llii 

~\lh b~t1'U1"1111'Vlt11P11a~i 1 im1:w~'V11\li'Vlt11P11a~ibb'1:-.:b 'Vll"l L 'Ufa vel~1\li11"1ru611:w 1 im1:w~ 
'U • 'U 

'V11\ll'VltJ1P!1'1~ibrn:-.: b 'Vll"l L 'U L'1m~tJ11"1~1"111qj 1~~~W\ltl\le.J"1~e.J"1 b~tJ 

b'1~1"l~'V11\11'Vlt11P11a~fo"1:-.:b'1~1"l~~el1"1111'Vlt11P11a~i ..Jf\I 2 tJ1:-.:m1'1:-.:bn~~uw~el:w 1 
tl'Ub '1~1"l~'V11\ll'Vlt11P!1a~ielt1L 'U~ fl~ru:-.:"Uel\11"111:w~ brn:-.:m1:w b ~el 1 uVf~flfl11"llel\11'Vlt11P11a~i 611u 

'U 'U 

b'1 ~l"l~~ el1"1111'Vl v1ma ~{ el v'1 um1:w~~flm1:w"11el'l.J 1:W"11el'l.J m1:wi1t1:w"llel\l'l.J l"ll"l'1vii1e.i"1 ~el1"111 
'U 'U • 

1'Vlt11P11a~i bb'l.J'l.Jl~b'1~l"l~vit11m1-tl"l u\11'Ui~t1:w1'11fl (W1~\I ~'VlGP!~~'U'Vl{ 2554) • 
'11fl1"111:wV1:w1t1~\lfl'111a1tJ1~,..h b'1 ~l"l~~el1"1111'Vlt11P11a~1 fiel 1"111:w~~fl 1 u~1u 

• 'U 

1"111:w"11el'l.JVf~el 1:W"11el'l.J"llel\l'Ll fl b~vuviiJl?iel b i1 eiV11i"1111'Vl t11P11a~ i zj\1'11 b llu'V11\l'l.J1 fln'1:-.:bllmb1\1'1\11 '1 
'U 

1 um1b~t1u bb~'11bllu'Vl1\1"1'1.Jn'1:-.:v111~Vf:w~n1~\lh1 um1b~t1u 

2.4.4 fl'm~uu::'llei.:iL~Vlfl~ b\l~l"l~ b llu1"111:w~~fl"llel\ll"l'U~il~ el~\IVf~\l~\11~ '11il1"111:w~~fl 
'U 'U 

bMt11oUel\ltl'l.J~\l,r'Utl'1tbn~m1:wauh 6il1'1.J~\I welh bb'1tilb'1~1"l~~~m:wm '11Vf~'l.J1 'Ufl11b~tJ'Ufl11 
'1el'UVf1 fll1tJ flb~tJ'Uil b '1~1"l~Vi~~ell"111 ~ b ~tJ'U n ~el:wilm1:wa'U h bb'1 tel tJ1flVi'1 :-.: b~tJ'U~l"111,r'U 61 

'U 'U I 

l"l\1'1 :-.:v111 ~e.i'1 m1 b ~tJ'U ~~'U b '1 ~l"l~ b tJ u~ \lvia1m1'1a~1\I bb"1 :-.:61\Iba~:w1 ~ bn ~~1 v15m1vi b Vf:w1t a:w 

il'Llflm1Pifl~11~ fl'111ti\I~ fl~ru:-.:"Uel\I b '1~1"1~11~\l;l 
~fl~ru:-.:..t1 hl"Uel\lb'1~1"1~'11rnbu1~~"llel\ltJfl~~1'Vlt11Vfmt1 1 l"l'U fl'11111 b\l~l"l~~ueitjn'l.J 

m1tl1:-.:bi1'U:w L 'U.fl1W"llel\I b\l~l"l~ bb~1 bfl~b lluwn~m1:w bb 1\1'1\lh b U'Ub WtJ\11"111:W~~fl'11flfl11'lhtbi1'U ., 'U 'U 

1:Whiw~~fl11:w 1:Whibb 1\l~\11'1 bb~ b tJt1i;l1v111~bn~bb1\1~'11'11 ~bba~\lw~&i fl11:w b'1 ~l"l~i1m1 
b tl~ vu bb tl"1\lm:w bb t11'V11\ltK \I bb~'l.J1 fl'1'Utl\1'1'1.J b '1 ~l"l~i11~ bn~~'U bel\I bb~ bn~\11 fl m1b~t1u ~b '1 ~l"l&i bn~ 

'U 

'11m u1V1mt1 Vf~el ~\lb ~1 buw1:-.:el~1\I b'1~1"1&iilri1aV161':w-Wwfo1v1 m tl~tJ'Ubb tl"1\l 1 tl~1:w fli;imb'1t • 
b'1~1"l~i1~fl~rut~'Ul"l\I btl~tJ'Ubbtl"1\11~tJ1fl (Shaw and Wright, 1976: 13-14) 'Uelfl'11fldb'1~1"1&i 
i1ViP1'V11\I b w11:-.:bllum1:w~~fl"llel\ll"lt1viil~m'1~1"1&i bll'U't.J1flVf~fl"1'1.J Vf~el"tlel'l.J hl"11el'l.J il1"111:wb-U':w-U't1 

'U 
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b lJ'U 1°11111~~ fl~ii~e:i b ~€).:) l°l111J~~fld nfie:im111 b oUlJoD'Ui!'UbeJ.:J iim·m~'il1'U b lJ'U f11'rn 'W~m::: ~1CJ~1fl 
'U 'U 

fl'111vrd.:i1'1Jaflmi11vrii.:i1~ iim1111"1.:i b61''Ul"l.:i11 blJ'Um111~~flmlJrie:im 'IJ~CJ'Ubb 'IJ'1.:i 1~~1CJ 61 rie:i'U-U'1.:i 
• " C\J I 

l°l.:i~ iim111"W~e:i11~~::: bb'11'1.:ie:ie:i fle:iv1~ b~'Uil'I 1:::~tJ.ff 'U"Ue:i~m111b~111 ~vr~e:im111Y1~e:i11~~::: bb&'f l'l.:ie:ie:ifl 

"U€l~l°l11lJ~l'lb~'U (~1'U '11CJCJl'I bb'1:::eJ.:Jl°lUJ1 '11CJCJl'I, 2543: 58-59; a1~Ei.:i~1fl Sax, 1980) 

~1fl~fl'111111.U1.:i~'UITT :5' CJG11111w'11'1J1~·:h ~ fl~ru:::"Ue:i.:i b ~~l°l~ b lJ'U b .WCJ.:il°l1111~~fl 1111-d 
'U • 'U 

Y1n~m111 bnl'l~1flfl11b~CJ'U~bb "W~m:::~1CJ~1flfl'111vrii.:i 1 'IJ?iafl fl'111vrii.:i 1lJf01e:i CJ b 'IJ~CJ'Ubb 'IJ'1.:Jbb'1::: vi C\J Ill \.I Ill 

iim111b~11h1 'Ufl11bb'11'!.:ie:ie:ifl 

2.4.5 eJ.:i~tJ-a::ntJU'tleJ.:!Llil~fl~ 

~1 :5'CJ1~Pi m~n e:i.:i ~'IJ1::: fl €11.J"U e:i.:i b~ ~ l°l~ LI'! CJ ii m1 bb u.:ie:i~~'IJ1::: fleJtJ 11 3 ~1'U 
'U 

~1'UG'f~i:lqiqi1 (cognitive component) 'IJ1:::fle:itJl°i'1CJl°l11lJi 1°11111~1'1 bb'1:::1°111lJbzj€l~~tY'Uii~e:i~.:i 
vrii.:i~.:i11'1 ~1'Ul°l11lJ~~fl (Affective component) vr111CJfi.:im111~~fl vr~e:i e:i1111ru"Ue:i.:Jl"l'U11'1 

'U 'U 

l°l'Uvri:i.:i~ii~ e:i~.:ivrii.:i~.:i11'1 bb'1:::~1'U'W')~ m111 (Behavioral component) b lJ'Ubb 'U11 °L!lJ"UeJ .:J 

m1m:::vh vr~e:im1bb&'fl'l.:J'W')~m111~ii~e:i~.:ivrii.:i~.:i11'1'1~i.J1~--.he:i.:i~i.J1:::fle:i1.J"U€l.:Jb~~l°l~ii 3 ~Tu fie:i 

~1'UG'f~Dqjqj1 ~1'Ul°l'J1lJi~fl Lb'1:::~1'U'W')~ff';i)lJ ("'1'U '11CJCJl'I bb'1:::eJ.:Jl°lUJ1 '11CJCJl'I, 2543: 59-60; 

Rosenberg and Hovland, 1960) 

2.4.6 n1'a1~Llilflfl~ 

~1fl fl11Pi fl~1"Ue:i.:i~1~ CJ ii fl111' I'! b~ ~l°l~ b tJu15fl11ntJ1111Y1n~ m111"11e:i.:i bbl1i'1 :::1.Jl°ll°l'1 
'U ·1 • 

'V11.:J~1'1.Jl°l11lJ~~fl~1'1.J€l111lru fl111'~ b~~l"l~iim11'~ 1~'Vl'11CJl5~.:i'if l~CJ 1otlbL1.J1.J'V1~6'1€l1.Ji'~b~~l°l~ 
'U 

l~CJ~1.:i b~CJfll1 111m1'11'U1'~b~~l°l~ (Attitudescale) 611.:ibbu.:il~bU'U 2 bb'l.J'l.J fimb'l.J'l.J'Vl~6'1€l'l.J1'~ 
b~~l°l~~1CJL'Vll°lUl"l1'1b~·fo (The Likert Techique) blJ'U15~UCJlJlJ1fl~~~ l~CJ1-i1111~11!:11'U 
i.J1:::111ruri1 (Rating scale) 5 1:::~'1.J fie:i bi1'1.J~1CJ111fl~~~1~ 5 l°l:::bb'U'l.J bi1'U~1CJ1~ 4 l°l:::bb'l.J'U 

U1'1.Jfl'11.:J1~ 3 l°l:::bb'l.J'U 1lJbi1'1.J~1CJ1~ 2 l°l:::bb'l.J'l.JLb'1:::1lJbi1'1.J~1CJ€l~1.:J~.:J1~ 1 l°l:::bb'l.J'l.J bb'1::: 

bL 'l.J'l.J'Vl~6'1€l'l.J1'~b~~l°l~~1CJ15"Ue:i.:Jbtrni6'1L~'U (the Thurstone Method) blJ'U111~11'11u 11 1:::~'1.J 
fie:i ~.:JbLl111"11111~~fl-W.:iY1e:i h ("11€1'1.J) 1!1fl~6'1~ 1iJ~'Uii.:i1lJ-W.:i"We:i 1 ~ (llJb i1'U~1CJ) 111flVi6'1~ bb~'1:::1:::~'1.J 

'U • • 

~:::iiri1b uu~1 b'1"11b~CJ.:inu1 iJ b uu15vi1 ~'l.Jl"ll°l'1~~d'~ b~~l"l~~e:i'l.Jf11m11"11e:i.:i~~11.fl1~ru~111f11m11 
• 'U 

~ b~ ~CJ1111 bb'1::: m1~.:i bfl ~ b tJu15m1vtl im1~.:i bfl~'W~~ m111"11€l.:J'lJ 1°11°1'1~ bb6'1~.:J'W')~ m111i.J1:::"ii11''U 

bb~1iim1~~uuViflHe:iv1.:iblJ'U1:::'1.JtJ (fl')~ru1 fii'fl~l'I~, 2530: 208-211) bb'1:::ue:ifl~1fltYu m11'~ 
b ~~ l°l~ b ll'U15m1n'l.J 111J'W')~ m111"11e:i.:i'lJl°ll"l'11 'U~1'Um111i~ fl e:i1111ru m11'~ b ~~ l°l~"Ue:i.:i'lJ l°ll"l'1ii 

vr'11CJ15 ~.:i m11 -&'Lb 'l.J't.J6'1e:i'l.Jm11 611.:iiie:iv 2 Lb 'l.J't.J~uCJlJ 1-tlnu fie:i 15m1111m1'11ui.J1:::mruri1"11e:i.:i 
'U 

1'1 bM'Vl bb'1:::15m11 -&'ri1i.J1:::"il1i.J1::: LCJl°l"Ue:i.:i btrnfo 1~u 1~ CJ m1"'.:i bfl~ b uu15m1 bll1~ ~~111"W')~ m111 

"U€l.:i'lJ 1°11°1'1 Lb'1::: ~~u'UVi fl m1"' .:i bfl ~ e:i~ 1-:i b tJ'U1:::1.J'l.J bb'1::: m )"'lJ.fl 1~ru L u'U15m11 ~ b ~~I°) ~~1 CJ m1 
II O Cl.I .cit 4 QI .c::f .::::J I 

6'1€l'l.Jm11~1CJl°l1'W~ ~~'l.J'l.J'Vlflvr1e:i e:i~b6'1CJ.:i (bY111Y111ru bU'1CJU.fl, 2542: 110-111) 
'U 'U 

~1fl~fl'111m.U1.:i~'U6'11i.J1~--J1 m11'~ b ~~l"l~ii151' ~L ~~l°l~ e:i~vrm CJ15 fie:i 1 -ti LL 'l.J'l.J'Vl~6'1e:i'l.J 
• 'U 
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ti 
,. ~ .... ... 

2.4. 7 -a:: ~V'tf'U'tleNn1'a'l~L;JIJlfl(JI 

m-s1i;iL"iJ(Jl1"1~tT'Ui1th~ fo"!ltl -011 ~'Vl'S1'Ul"111lJ~~nt!nfil'l LL 'U1 b UlJ~a~.fl1fJ1 'U~1"1la-:i 
'U 'U 

Uf1L~fJ'U Vl~.:!"il1f11JlL~fJ'UTI"l11'1'ULL~1 -011 ~1"1-s1Jl-r'U'Vl'S1'U LLa~tl11 tJ?f m-s~w.J'U1f11'aL~fJ'Un1'a'18'U 
'U 'U 'U 

!'la 1 tJ11'1 i1unm-sfiimnmh1fi-:itJ-s~ LfJ"!1U"IJa-:im-s1i;iL"ill'll"1~ ~-:id 1~'Li1h~-:iLni;i~alJ1n~ 1 911 

i'.ilJlJlJ8.:ILL'1~LL~fli;J~V1a1nV1'11fJ~eJ~'SeJ'U f) 911 -011 ~~~n911 LeJ-:1 ~~f1LLfJf1LLfJ~Yln~m'SlJ~~LL'1~ hl~ 
, " I " " gl 

"IJa-:1~1rn-:i11'1 i1m1lJ'11m-snV1~m~EJ-:iY1~~ m-alJ~"il~ LL'1i;i-:iaann-:i1"111lJ hJY1a 1"il -011 ~'11m-sn 
tJ-ru~11tJmm1.fl1YILL1 i;i~ alJViV1a1nV1a1fJ11'1~ v111 l1u1"11"1a'11m-smL'1i;i-:ia anfi-:iri1-UEJlJ~'U~1'U"lla-:i . ~ 

l'l'ULa-:i1~ 1wrna'U~'1 (Triandis, 1971: 4) 'UBn"iJ1ndir.:1LlJ'Uf11'S1'i;iL~av1Tu1EJY1~~m-slJ 1i;iL~a 
Vl1'V11.:Jtl a-:in'U 1i;iL ~8Vl1'V11.:!LLm "IJ 1i;iL ~a 1 l1L i11"il'11L Vll'lLL'1~~a cj'nn1i;i"il~b-rr1 h~-:iLL'Ji;J~eJlJ ~~f) 

, "" \I 

~1 Lm '11lJTrntJ-ru~11 Ul'l1lJ~-:i Lni;i~alJ ~-:iir-:i'11lJ1-sn-01'U1m'j~~m-slJ L ~a 1 iL ll'ULL 'U1'Vl1-:i1 'Un1'S 

ua-:in'U Vl~mLm "IJYln~m'SlJ~B'U hJ~-:itJ-s~'1-:iA B'U"il~tl11tJ?im-s~w.J'U1l'l'UL8.:!L~a1 tJ?i"ili;i~-:iVl1-:ia'U 
1111 '\I \I • , 

~-:itJ-s~'1-:iA (i;i1.:1L~a'U ~'U5lJ'U1l'U, 2548: 62-81) • 

'"' "" .,j .,j II 2.5 '11'U1;!V'VILnV1'tleJ{I 

m-sfiim~1LL'1~~'Ul"111.rralJa~ L~ fJ1 n'U.:J1'Ul~ fJ"iJ1f) LL V1ci-:il'i1-:i f) i1~-:i'V!'d-:i~cj'v]11~ fJ Lfli;Jl"111lJ'1'U 1 "il 
"' I "' 

4 II v Q. c::1 I.I ..:::. o 
1"18 f11'S'1'S1.:J"!li;J'Vli;J'18.:I LL'1~f11'SYlw.J'U1f1"iln':i'SlJf11'SL W'Uf11'S'18'Ui;J'J fJ L 'Vll"1'U1"1 f11'S'18'ULL 'U'U 'Vl1'U1fJ-• 
a-:i Lf11'1-8B'U1fJ L ~a~w.J'U1~'1a'lJ~'VIB'Vl1.:!n1'SL~fJ'Ul"!11VJan'1 ~.:IL .Q 8Vl11 'Ul"!11VJa m1"il~ L U'UU'S1 f1!) n1'S 

'V11.:J5'S'SlJ"!11~ LLl'i"1~ L~a-:i"il ~i1~lJ1"1l a-:i'Vl~'l!f~ "il1 m-s-01 m-s'Vli;iaa-:i L lJ'U?i1'U 1 Vlaj LLa~ir m~f!'U"il~ i;i'a-:i 

L~fJ'UL~fJ'U~"il1 f1 fl"il n':i'SlJ ~-:!tT'U.:!1'Ul~ fJ~ L~fJ1ia-:in'UL~8.:!~ cj'l~fJ~eJ f11'S'1~1-:f Ll"1~8.:J1Ja atJ mru 
'U 'U • 

n1'S'18'Ul'i1-:i 1 f11'S 1 iL 'Vll"1-Ul"1f11'S'18'ULL 'U'Uvl1'U1fJ-a'.:JLf)l'l-8B'U1 fJ LL'1~f11'Sfiif1'1!f1L"ill'l1"1~1'iam'SL~fJ'U 

m-s6'1a'U'1'U m~ tJm~ LnEJ'UtJ-s~ bl"1'U (2554: 'U'Vl~i;i~a) '1~1.:1"11i;J'Vli;iamLLna11'UaiJLl'lfffa~1-:i~1f!1 l1 • 
i1tJ-s~a'Vl5 .fl1Y1 80/80 L ~ afii n'l!f1 ~a a'lJ ~'VI B'Vl1-:im-sL~fJ'Ul"111VJa n '1-s~V111-:ina'U L~ f!'U LL a ~Vl~-:i L~ f!'U 

L~a-:i blJ LlJ 'U l'1 LLli L VI~ f) ri 1"11 'U LL a ~Pi f) 'l!f11"111lJ ~.:!YI ah~ i1~af)1 'SL~ fJ'U bi;J EJ1 i"ll i;i 'VI i;i a a-:i 
'U • 

LLna11'UaiJLl'la1a~1-:i~1fJ "IJa-:itl'm~fJ'U .ff'U~5EJlJPin'l!f1tl~ 6 h-:iL~f!'U1 Y1!311a~'VlfJ11"1lJ ~-:iVl1~u~-rlJE1 
' 

tJm-sfiin'l!f1 2553 ~a m-s1~mL'1~-:i 1 l1L i1'U11~i;i'V1i;iaa-:ii1tJwa'VIB.fl1Y1 80.04/80.83 ~a6llJ~'VIB 
' Cl Cl.I .c:il I I .c:::ii I .c::!ICV 0 Q.I Q.q.c:lll QJ CV 

'Vl1.:I f11'S L W'UVl'1.:I L W'U~-:1 f111.:lf18'UL W'U 8fJ1.:llJ'UfJ'111"1qj'Vl1.:1'1'11'l'Vl'S~~'U . 05 Lb'1 ~'S~~'Ul"111lJ 

~-:iY1ahaEJL'U'S~~umn '11.fl uni5-s-slJ (2554: 'U'Vl~i;i~a) '1~1.:!"ll~'Vli;iaa-:i1"1ru'1lJD~"IJ8.:!LL'1.:J1\1i1 
'U \I • o~ • • 

tJ-s~a'VIB.fl1Yll'l1lJ Lnru'1 80/80 Vl1rl1~"11i1tJ-s~a'VIB.fl1Yl"IJ8.:J~i;J'VJ(;J'1 a-:i L tJ~fJ'UL vfou~a6llJ~'VIB 
c::I Cl.I .r:::::il I c::I CV .c:iil ~ Cit. ~ CV .Cll dci1 I 

'V11.:I f11'S L W'U"IJ8.:!'U f1 L'S fJ'U f18'U L W'U LL'1~Vl'1.:I L 'SfJ'U LL'1~131 f1'1!f11"111lJl"1i;J L Vl'U"IJeJ.:l'U f1L'SfJ'U'VllJl'l8"11~ 
' 

'VJ(;l'1 a-:i bi;J fJ 1 oUf11'SL~fJ'U~ LL 'U'U~1lJ1la "IJeJ.:IU m~ fJ'U.ff 'U~5fJlJPif1'1!f1U~ 5 h-:i L~fJ'U'1'S~'U~l'VlfJ11"1lJ 
'U ' 

~-:iV11'i;i'1-s::u~ "11i;J'Vli;iaa-:ii1tJ-s::a'Vl6.fl1w 82.20/82.46 ~"lli1tJ-s::a'V16~aLvi1nu o.74 ~aa'lJn'VIB 
' ' ·1 

c:il CLI .cil Q..I c:i I I c::il I Cl Q.I 0 CV Q.Q. d QJ 

'V11.:ln1'SL 'SfJ'U"IJeJ.:l'U f) L 'SfJ'UVl'1.:I L 'SfJ'U~ -:i m1-:i f)eJ'U L'S fJ'U8fJ1.:llJ'U'U '111"1qj'Vl1.:1'1'11'l'V1Wi;J'LJ . 05 LLa::m1lJ 

~-:iY1ah"IJa-:ium~fJ'UeJfJL'U'S::~umn '1-s1-:iA 'U'Sbfll"1 (2556: 'U'Vl~i;i~a) ~w.J'U1fl"iln':i'SlJf11'SL~f!'U~ 
'U , 'U 

d II d Cit. CV I.I I Q.I O CV Ct. 

L -sa-:i f1!)"1J8'VI 2 "IJ8.:l'U1 l'l'U (;11fJf11'S'Vli;J'18-:l'S'llJ f)'LJn1'S'18'ULL 'U'U'Vl1'U1fJ-'1.:I Lf1l'l-85'U1fJ (Predict-

Observe-Expla in: POE) L~m'1'1lJ'1~1-:im1m.rr1hL~a-:iLL'S.:JLLa::n!jia~ 2 "IJa-:i-W191'U 611V1-ru 

um~fJ'UL~fJ'U.ff'U~5fJlJfiin'l!f1U~ 4 'SULL 'U'Uf11'S'18'ULL 'U'U POE '1m-snv111 \1trL~fJ'U'1~1-:ia-:iA1"111lJ~ 
'U 'U 'U 
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~1CJIJl'UbeN1\11 n n11ii1'\I bnlJ!tJ 1t'1'LJn11 ru~1~-r'U ml::; n11fi ~1 bl"l11:::'Vl1~CJ1-ff bb 'U 'U'Vl~'1 tl'U bb 'U1 fi ~ b :a \I 
l'VICJ113!1'11Jl~~J1m~n'U1'U b~tl\lbb1\lbb'1tn11bl"l~tl'U~ (FMCE) ~'U11fl1bu~CJl"IJ11Jtl11'VltJ1'Vl1\ln11 ... 
b~CJ'Ub U'U 0 .58 tlCJ i. 'U1:::~'Utl1'Ufi'11\I l"l:::bb 'U'Ubu~ CJ'VI~ '1tl'U'Vl~\I b~CJ'U'1\I n11nt1'1.Jb~CJ'U tl~1\li1UCJri1~fl I 

~ ~ ·~ 

'Vl1\161'1~~1t~'U .05 LL'1tL\11JJl"l~~t11"111YJamfo~'1'U1t~'Ul.J1n wolff-Michael Roth (1994: 197) 

Pim~nm11inl\lm111m1'Vl~'1t1\I (physics laboratory) L'Uh\IL~CJ'UlJi5CJ1J 1\11fi\11'1.J1:ij'CJ'lltl\I wolff 

Lb'1~'11 'l-1L ~'U11ir n L~CJ'U~i1611'U~11J L 'Un11b~CJ'U 1~ CJn11vl1 nl\l n111J n11'Vl~'1tl\ll\lti1tl1ta'V15i1TW L 'U 

m 1 L~CJ'U b ~11111 n:fi''U L ~11::: m1'VI ~'1 t1\I L lJ'U fi 1\1m111~"1i1CJ1 '1-11! n b ~ CJm-U'1 h 'VI~ n m1'Vl1\IYJa n~ 
1J 1n~\l;fi'U L ~tl\11\11n1~ L ~'U bL'1t'1\11it1tJli'Li~ n11~1 CJIJl'U L tl\IUl\l~U'U n11b ~ CJ'U n 11'1tl'U L :a\l'U11CJ 1 CJ 

il1CJ L 'U'l-1t1\IL~CJ'Ut1~1\IL~CJ1i!'U 1ll'11l.J11fiVl1 L '1-1irn b~CJ'UL eU1 L l\ltl11fi!l m1ru1t1'U ~1 LL'1tLLm l\l'VI tlU 'lJ'V11 

tl1t~ nl'l ~\l,!'U 51ir n L~CJ'U 1~'1\11it1tll)llii m1'Vl~'1t1\1~1 CJIJl'U Ltl\I nl\l t61\le-J'11 '1-1-Un L~CJ'U bfi~l"l111J'1'U L 1\1 

~ 1\1::: Pi n'l!f1tJ 11n!lm1rui!'U ~1CJ1J1 'UL t1\I LL'1 tun L~ CJ'U '11m 1ri'W'~'U 1VI n'l!f:::n 11 LL nu '1J 'Vl1~~'U61i't1'U 1~ 
mn:fi''U Anne J cox and william F Junkin Ill (2002: 37) ~'U11um~CJ'U~tJlj'U1im1'Vl~'1t1\lbn~ 
n11 L~CJ'U TI 'UU~l.J1rub iJt1V11~ L ~:i.J:fi''U fi1 Lu~ CJ'lltl\leJm1m1 L~CJ'U ~'lltl\IU n L~CJ'Ul\l 1fin11'Vl~'1tl'U ri tl'IJ 

~ ~ 

Lb'1:::'Vl~\l'Vl~'1tl'U L~1J;fi'U~tlCJ'1t 50 - 100 ~L'Vl1it1'U11um~CJ'Ui11"1111J~~tl1JL'Un11L~CJ'UL~1Jl.J1n:fi't.1 
~ 

LL'1:::i1l"l1111'111111ri 1 t.1m1'1\lcl1CJl"l1111~ tJ1t CJ n~'VI~ nm1'1'1mt.1 m1ru1 'Vil.I 6J 1\11nm1Pin'l!f1 
" , " I 

e-J'1\11'1.Jl:ij'CJ~L~CJ1eUtl\ln'Un11L~CJ'Wn11'1tl'l..ILL'U'Ufi11'Vl~'1tl\I mJ11UnL~CJ'l..l~L~CJ'Ul"111l'VICJ113!1'11J!TI~CJ 
1 otl"q~ nl\l n111Jn11'Vl~'1 tl\I ~i1tJ1:::a'VIGil1~1Jl11J Lmu6fi "111CJ1 '\.1u m~CJt.1i1e-J'1~1Jt)'Vli'Vl1\I n11 L~CJ'UbL'1::: 
i11"1111J~\l~tl L l\l~tln11 L~CJ'!..1'1\l;fi'U 

~ 

1\11ne-J'1\11t.11:ijCJ1\1::: L ~'U11 m1'1 t1'U"li1 CJ'W~'U1VI n'l!ft mt'U1'1..1m1'VI 1\ll'VI CJ 1l3!1'11JJ fl 'l-1,J n L~CJt.1i1 

'VlmCJ15L"li'U m11 i-q~'Vl~'1t1\I m11i'l!~fil\lm111 'l!~tlnVln'l!ftl\ltv!11 '1-1i!m~CJt.1i1e-J'1~:1.Jt)'Vli'Vl1\I 
.::ii ~ ~Q.I ~ I I Cit. .::ii l/Q.I ~ d' 

n11L 1CJ'!..1'1\l'll'l..I e-J11\l CJ L 'Vl'!..111"11i;J'YJi;J'1tl\I '111111'161\I L'111Jn11L 1CJ'W1'Vlfi'l!ftn1t'U1'!..ln11'VI 1\11'VI CJ113!1'11Jl1 
" " ., \I 

'lltl\IUn L~CJ'W 1~~ LL'1tfl111J'11l.J11fi'lltl\1Un L~CJ'!..11\1::: Lni;Je-J'1'1\1'1i;JLdt11"11:ij'i;ifil\l n111JL~CJ'U TI '\.1 tl'UU n L~CJ'U 
'\J • \I " 

L ~tlvl1 L 'l-1 Lfi i;J'LJ11CJ 1n113ln11 L~ CJ'U ~ ~tl'l..l 1"1'11 CJ Un L~CJ'!..1'111111'1 L~ CJ'Un~tl ~1\liJrn 11J'1'lJUn L~CJ'l..I 
~ ~ . 

il1t1m'1 LL'1nLtJ~CJ'U1"111:1.J fii;i b ~'U~111 n'U Lb'1::: Ei''li1 L l\JIJI !"I~~ ti m1 L~ CJ'U B'UL lJ'Uu 1\1 :ij'CJ~1 Fi' '1J~v111 'l-1 

i!m~CJt.1~nm1L~CJt.1 L 'l-1L~CJt.1~ ITT:ij'CJ~'lifo t.11fii;i11 m1'1~1\1"11i;J'Vli;J'1t1\161il1~~i;iV1~t.1'llt1\l'lleJ\ILL ~\IL ~ti 
\I " , , 

1 itJ1tnt1'Un11 L~CJ'U n11'1tl'l..l'V11\ll'VICJ113!1611J!Tii;JCJ 1 i L 'Vlf1Ufl'1tl'l..ILL 'U'UVl1'1..11 CJ-~\I Ln~-tl5'U1CJ 611l.J11fi 

V111 '1-1-Um~CJ'U'IJ1t'1'Uf1111Jri1L ~l\l L 'l..ln11b~CJ'ULL'1t611l.J11m ~tl:l.J LCJ\lf1111J~b~1J'lltl\IUnL~CJ'l..ltl'Ufl111J~ 
~ ~ 

L 'Vlll'Vl~t1V11 L 'VllJI e-J '1L~t1t15'U 1 CJ f11111 ~~<if i;i bLES \11\11n1"11111~ L~ 111~ t1~1\lfi n ~ tl\I bL'1:::tl11 tJ1 fl 'U 
, \I '\J " 

~1~tJ1:::'111''U 1~ b lJ'Ut1~1\I~ bdt1\lfl11~:iji;ifil\lm111 m1 L~CJ'UTI 'l-1n'Uum~CJt.1 
~ ~ 



d 
U'Vl'VI 3 

fl111 ~ v Fl# .:idL U'U fl111 ~ v L ~€l~~'U1"1J~'Vl ~'1 €1.:J L~€J,:j G'f .fl 1V'I ~ ~V!~'U'1J€J,:j'1J €1.:J LL ~,:i L U'U"IJ~'V1~'1€l.:J • • • 
1'VlV113!1'11P1iG11V1-r'UiJm~v'U.ff'Uirum.iPf n°cl1ll~ 6 11.:iL~V'UL'1'1.fli1W'VlV1f'llJ a1L.flm'1'1.fli1 ~.:i'V!1~ 

\J \J 

~€Ima~ 1 'U'111~fl11L~V'U~ L ~lJ L&im1vi"111Yl~n'1'111~~ 4 LL 1-:i LL'1~ fl11Lf'l~ €l'U~V!U1 v fl11 L~V'U~ L~€J,:j 
\J \J 

G'f .fl1V'I ~~V!~'U'1J€l.:J'1J€J,:j LL ~.:JITT~ v 1~vi'1m11~v 1~vih1 V'1~ L~ v~~'1~i11 LG'f'U€l~.:id 
• \J 

3.1 tl,.:111m-Lt~:mfa.1~1mh~ • 
3.1.1 tl,.:111n,. 

'lh~"111mffim 'Um11~v 1 'Ufl#.:idf'lB'!Jm~v'U1~~'U.ff'UiruvlJPim~nt1~ 6 LLt:.i'Ufl11L~V'U 
1'V1V113!1'11Pli - f'lru1Pll3!1'11Pli h.:iL~V'ULG'f'1.fli1W'VlV1fllJ el1L.fl€JLG'f'1.fli1 ~.:i'V!1~~€lma~ .fl1f'lL~V'UVi 1 

\J \J 

tlm1Pfm~n 2557 ~L~V'U11vi"111Yl~mh~'1 1 33204 -;i1'U1'U 275 fl'U 

3.1.2 mii.i~1mh~ • 
n'1lJ~1€l~1.:im m 'Ufl111~ VflB'!Jm~v'Uoff'UirumJPim~ntl~ 6/7 L 1.:JL~V'ULG'f'1.fli1W'VlV1f'llJ 

• \J 

el1L.fl€JLG'f'1.fli1 ~.:i'Vf1~~€lma~ .fl1flL~V'UVi 1 tlm1Pin°cl1 2557 ~L~V'U11V1"111Yl~n'11~'1i"ll1 
\J 

1 33204 LLt:.J'Ufl11L~V'Ui'VlV113!1'11Pli-flrulP113!1'11Pli -;i'1'U1'U 38 fl'U L~Vfl11~lJbb'U'Ub'11~'1.:JL~€l.:J'11f1 • 
ITT~V 1~-r'UV!U1~'1€l'ULb'1~ L U'U'!J f1 L~V'U~iit:.ii;i fl11b~V'U1 'U1~~'U f1'11.:JL V!lJ1~ri1V1-r'U L U'U~1 Lb 'Vl'U'1J€J,:j 
\J 

'lh~"l11f11 

3.1.3 LL\J\JLL~um,.1:5'a 

fl111~ Vfl~.:i'if ITT~ V 1~~h b ti'Ufl11'V1~'1€l.:i\Pl 1lJ LL 'U'U Lbt:.J'U fl111 ~ V bb 'U'U n'1lJ b~ V1'Vl~G'f €l'U fiB'U 
\J • 

b~V'Ubb'1~V!"'.:JL~V'U (one Group pretest - posttest Design) iiLL'U'ULbt:.i'Ufl11'V1~'1€l.:J~.:id 

' 
9J1'j1~;j 3.1 bb \J\JU~\Jn1'j1:5'a 

nq11vifl~e>~ flt>\Jrlt>\J 
., 

Vlfl~t>~ flt>\JVI~~ 

E Ti x T2 

E LL 'Vl\J f1alJ'V1~'1€l.:i • 
x LL 'Vl'U fl11~~fi'1f111lJfl11L~V'l..l'rl~V 1 otl"IJ~'V1~'1€l.:J b~€l.:JG'f.fl1V'l~~V!~'U'1J€l.:J'1J€l.:JbL~.:J 

\J • • 

~1lJtl'U L 'Vlf'lil flfl11'1€l'UbL 'U'Uvl1'U1 V-~.:i bf11Pl-€l5'U1 V ~'1~1.:J~'U 
Ti LL'Vl'U m1'1B'UfiB1..1m1'V1~'1€l.:i (pre-test) 

T 2 Lb 'Vl'U fl11'1€l'UV!"'.:Jfl11'V1~'1€l.:J (pos-test) 



3.2 Lfl~e:i.:ii'.ie:itlm'Um-a1'1v 
Ll"l~a-:dje:ivflm'Um-ai~a1'Ufl~.:i-d'natj 4 "lliiflii1a 
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3.2.1 '"fl'Vlflae:i.:i L~a.:i ?f.f11Yl~fl'V!V'U"118'1"118\lbb~\I ?1-r1.:i"i11n-1'?1flvivr11~~1a b vrm~~1vrfoPin'el-1 .. ' ' 
?1.n1V'I ~flvr V'U"1le:J\11?tflvi'Vl'ULL1.:i~.:i1~-U av L vl a 1 -&''IJ1~ nau 1111 b~ EJ'U m1?1a'U L~a.:i ?f .f11V'I ~fl'V!V'U"118\I 

' . ' 
"118\!Lb~\I 11ai"ll1YJ~n~ 1i.1?1i"ll1 1 33204 n~1b~t1'U 4 fl1tJfl1tJ~~ 1 -&'1111.:i'IJ1~nau~1mi!avr1 

tv3 d cJl d 4 I ~ d cJl .d 
f111'Vlfl~a\lfl\l'Uf111'Vlfl~a.:i'Vl 1 131n~n b18\I ?f.f11YlEJfl'V!EJ'U"118\1"118\lbb"11\lfl11'Vlfl~a.:i'Vl 2 i31f1'el-1 b18\I , 

OJ CVClll el CV .c:J 
1J8~~?1"118\IEJ\11J?f1'Uu1~f18'U fl\l.f11Yl'Vl 3.1 

GI .q llo ~t° II ca:,t .J d 
3.2.2 LLN'Un1'Hlfln1''H'atl'Ul'11'U1'U 4 "111 b1l\l'IJ1~f18'Ufl1EJ"ll1 b1J\l'Vl 1 - 2 b18\I 'Vlfl?fe:l'U 

I .c::d 0 d d 4 I ~IV .::::::t, O CV 

f18'ULW'U'Vl1f111'Vlfl~8\l'Vl 1 L 18\1 ?f.f11YlEJl'l'V!EJ'U"118\1"118\lbL "11\1 111Jf1'U b 'Vll"l'Uflf11'rn 'U'U'Vl1'U1EJ-?f\1Lf11?l-, 
afiu1a-&'1111.:i~ 3 - 4 v\'1m1'Vll'l~a.:i~ 1 L~m 11al'l~?1"1la.:iET.:i ~11ltltJL'Vlfliil"lf111LLuuvi'1'U1a-~-:1Ln1?1-, 
~ ~ q 

8otJ1EJLL~~'Vll'l?f8tJ'Vl~\IL1EJ'U 

' 
3.2.3 LL 'U'U'Vlflfle:l'l.11flNflfli.Jq'VI5'Vl1·1ln1'IL~EJ'U rle:l'ULLfl ::vr~.:i L~EJ'U -'il1'U1'U 20 -rra"lliil'l'IJ1tl't1 

4 ~1L~an'IJ1~nau~1ai.11-li'aL~a.:i?1.n1Yl~l'lvr~tJm111L~'Ufl1111Lfl~EJl'l Lb~~11al'l~?1"11a-:1Er.:i , , 
3.2.4 LL'll'll1flfl11i.J~{l'VrnL1\I lii'1'U1'U 20 oU8bLtJtJ'IJ1~Lij'U~1 5 1~~'U 

3.3 m-aa~1.:iLLfl:m1-avr1flwn1'WLfl1e:i.:ii'.ie:itlm1.1m-a1'1a • 
Lvla1-&''IJ1~naum1b~EJ'Uf111?fatJ'Vl1.:ii'Vlt11i3!1?11?11°11ai"ll1YJ~n~1"1?1i"ll1 1 33204 L~a.:i ?1.n1V'I 

~l'l'V!~'U"(Je:J\l"(J 8\1 LL ~.:i 1~~ f1~1'V!~ f1" 1?11 LL~~ La f1?111~ bfltl1oU8\ll?l~ 81'1"il'Ui6m1?1~1\l"lll'l'Vll'l~8\1 
' " . 

"il1f1 be:l f1?f 11~111~1\I 61 th 1 'IJ'IJ1~1J1~ fl111J~bb~~ L ~EJ'Ubb~'U f111~1'ln11 L~EJ'U~ b ~a rl1'V!'Ul'l"118'U L "111?1 
I " " 

L i!avr1 LL~~1'1J LL uu m1~l'l m1 L~t1'U~1111..r.:i~1~u L~a-:i111~"il ~?fa'U L 'U"lll'l'Vll'l~ a.:i L ~a 1 ~"lll'l'Vll'l~a.:i 
\I \.I , 1 

ni.J1~~'Vlfi.n1'V"l LL~~nm11rnn~a\l?f1J'U1cUnm111~11~'UG1~'V!l1\l'Vlt.b ti LL~~ L i!avr1~~ ~1~'U'U 11t tJ 
" " 

"ll l'l'Vl l'l ~a -:i LL~~ 1~ ~h L Uu m 1?1~1.:i ~-:i-d'~i ~ v 1~ ~h L ii tJ m 11Lfl11 ~~vr~ n?t 1?11 Ll'l v ~ n'el-1vr~ n?t 1?11 
, '\J \J \.I 

lJoa11~n'el-11?1a'U'IJ~1a V'l'Vlo~m1"1l 2544 uutJ'IJ~u'IJ1-:i 'V"l.131. 2551 LL~~~nafl1LtJ~1'ULdavr1 
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'iilVlU 1:::6'1-:i l'1n11 L~ EJ'U~n"il fl';j';jlJ f111 L~ EJ'U~ L 1 "11~8 f111 L~ffU f1116'18'U LL a::: f1111 Vl t:J atl1::: Lil'Ut:J a Pl' f1~1 
' v v 

11 a a::: LB a Vl L~ a1 nu m16'1~1-:i"l1Vl'VIVlfl8-:J L~8-:iM11'Vi VVl'VIV'U'll8-:J'll8-:J LL ~-:J'VIVl a8-:i fa E.188 n LL uu • • 
G11'Utl1:::n8rnh-:i 1 'll8-:J"!lVl'VIVlfl8-:J 1) Pi'n'l.i1L8f16'111i;i111t:Ja-:i1'U1~ffv1L~a1-U'8-:inu1"111YJ~n~ L~8-:i 
6'1.n1V'I VVl'VIV'U'll8-:J'll8-:i LL ~-:i 2) Pi'n'li1V1anM11LLa::: L -d'8V11um~a'U L~8-:i 6'1.n1V'IVVl'VIV'U'll8-:J'll8-:i LL ~-:i • v • 

11EJ1"111Yl~n~ L ~ll L~ll 4 3) 1 Lfl11:::'1-h .a8'V11 L lJ'U'VltJ1 El V8 mLa:::n1'Vl'UVl"ilVltl1:::6'1-:il'i' f111L~EJ'UTIVl El 
t::f 3 a 11d 4 I "<CllCV~I cvd' 4'\11 

131f1~1L'U8'Vl1LLfl:::'ll8'U L'll~f111L 1EJ'U1 L 18-:J 6'1.fl1'ViE.IVl'VIEJ'U'll8-:J'll8-:JLL "ii-!! ll'Vl1'll8E.18E.1Vl-:J'U 6'1.fl1VWVl'VIEJ'U 
v • • 

m1llLA''Ufl11llLfl~EJVlLLa:::lJ8Vla6'1'll8-:ieT-:i n1V1'UVl"ilVltl1:::6'1-:il'i'm1L~EJ'U~ Ltl'Ui8 61 ~-:id 1) 86u1a 
, • " I 

6'1.fl1V'I VVl'Vl~'ULLfl:::6'1.fl1'ViV'lfl16'1~ n 1~ 2) 'U8 f1fl11ll'Vlll1 EJ'll8-:J;Vl1ii1nVl f111LL U1eJ'U~1-:J ;Vl1ii1 tlVl6'1.fl1V'I 

VVl'VIVmLa:::"ilVlLL~mrn1~ 3) 86u1afl11lJLA''U m1llLfl~EJVl m1mA''U~1llm1 LLa:::m1lJLfl~EJVl • • 
mllm1 4) 6'11tlm1ll'1ll~'Uth:::w"l1-:ifl11llLA''Umllm1 LLa:::m1llLfl~EJVlmllm1'll8-:J1~'11~"il1nm1 • • 
'VIVla8-:i LLa:::u8nm1llV1ll1EJ'll8-:Jll8~a6'1'll8-:ieT-:i1~ S) ri'1'LI1ruV11tl~mru\911-:i 1 ~L~a1-U'8-:in'U L-d'U 

m1llLA''Umllm1 m1llLfl~EJVl~1lJa11 LLa:::lJ8Vla6'1'll8-:ieT-:i dfon1V1'UVl6'1m'Um1tu1-H' 
v 

I/ .,; ... I ~ 
3.3.1 nTaif ':i1~'tffl'Vlfl~il~ L ':iil~fl.fl1VUJfl'VIEJ'U't.lil~'t.lil~ LL 1.1~ • • 

88 f1 LL 'U'U6'1~1-!l"!lVl'VIVlfl 8-:i Lbfl::: LL 'U'U U'UVi f1t:J a m1"11 n"iJ f111ll f111'VIVlfl 8-:Jtl lju~ f111 L~8-:J 
6'1.n1Y1VVl'VIV'LI'llm'llmLL ~-:i 1ii1'LI1'U 2 L~8-:i LYl8Pl'n~16'1.n1'ViVVl'VIV'U'll8-:i'll8-:JLL~-:i LLa:::lJ8Vla6'1'll8-:ieT-:i LVlEJ • • • 
~~'U~8'U m16'1~1-:i"l1Vl'VIVla8-:i LVl a n1V1'UVl16'1Vl LLa:::8tln1ru1 'LI m16'1~1-:i LL a :::1~ n1V1'UVl8tl mru11 , . , . 
2 ?i1'U~8 1) 611Vl~1'U~-:JLLa:::8tlmru1Vlfl11llm1 2) 1'6'1Vl~~8-:im1Pi'n'li16'1.n1Y1vVl'VIV'U'll8-:J'll8-:JLL~-:i 

, d.11 , , • 

LL a :::~lJtl1V1iJ n 1-H'~tl1::: ~V16.n1V'I ~1ll Lnru'fl 80/80 "il 1ni!'U'VIVlG'I8'Utl 1:::~V16.fl1V'IV11-:i1'Vl a 113116'1~1 • 
.,; ... I " 'i 0 V :'1 1tJ ._. .. 

'll8-:i"!lVl'VIVlfl8-:J L 18-:J 6'1.fl1'ViE.IVl'Vl~'U'll8-:J'll8-:JLL "ii-!! ~VlE.l'Vl1f111'VIVlfl8-:J~8-:JL u'U ~1lJ'Vlflf1f111LLfl:::'Vl~~~ 

LL a::: 1~ t:J a n11V1Vla 8-!1'1n~8-:J~ -:i "il::: L ~8~81~-"l 1611Vl'Vl Vlft 8-:i~tl 1:::~V16.n1V'IV11-:i1'Vl a113116'1 tn1LVl EJ"lf Vl v • • 

n"il fl';j';jlJ f111'Vl Vl a 8-:J L~8-:J6'1.fl1V'I VVl'VI ~'U'll8-:J'll 8-:J LL ~-:itl 1::: f18'U~1 E.1~8 n"iJ m ';ill f111'Vl Vlft8-:J'Vl ~~~LL fl::: 
Via f1 f1111tn '1tl1:::6'1-:il'i' L 1a1ffi m 'U f111'VIVlfl8-:J16'1Vl8U mruf111'VIVlfl8-:J1Bf111'VIVlfl 8-:Jt:Jfl f111'VIVlfl8-:J • • • 
1 Lfl11 :::~t:J a f111'VIVl a 8-:J LL a :::6'11tl t:J a n11V1Vlfl 8-:iri'1 mllVl1af111'VIVlfl8-:J~ m 16'1~1-:irii18 n111.if 

' v d d I C::cv OQ.IQJCll II 41 
611Vl'V1Vlfl 8-:J L 18-:J 6'1.fl 1'Vi El Vl'VIE.l'U'll 8-:J'll8-:J LL 'll-:J Vl-!l.fl1fl t:J'U1 f1 6116'11Vl1'U'U m 1EJ'U LL fl :::fl1t:J6'18'ULYI86111 El 

, , \J '\I 

LL 'U :::i.1111 El a::: LB El Vl \911-:i ~ 'll 8-:J~ Vl 'VI Vl '18·HL'1:::fl11ll 6'I::: Vl1n1'Un11~ ntl li u~ f111'Vl Vl a 8-:Jzj-:J 
II I d 4 I ~ .c::il d4 

tJ1::: f18'U m E.16'11'Utl1::: f18'U'll8-!1611Vl'VIVlfl8-:J L 18-:J 6'1.fl1'Vi E.1Vl'VIE.l'U'll8-:J'll8-:J LL "ii-!! 11 Elf!::: La E.1Vl'll8-:J Lfl18-:JlJ8 • • 
'll8-:J611Vl'VIVlfl8-:J L~8-:i 6'1.fl1'Vi v Vl'VI V'U'll8-:J'll8-:J LL ~-:i 11 aa::: LB a Vl n111.if-:i1'U'll8-:J611Vl'VIVlfl8-:J L~8-:J6'1.fl1V'I • • • 
VVl'VI V'U'll8-:J'll 8-:J LL ~-:i'Vla-:J"il 1 f16'1~1-!1611Vl'VIVlfl8-!1611 Vl n"iJ f111ll f111'Vl Vlfl 8-:J LL fl::: r)ij 8 m11-if "ll Vl'Vl Vl a 8-:J LG'l~"il LL~ 1 , • , \J , 

ITT~ at11"11Vl'VIVlfl 8-:J LG'l'U819i 8tl1:::Li1mLa::: m1ll m 1~tl~ n'1.i1Vi"il 11 tu1LYlm!1-U'8 LG'l'U8 LL 'U:::mtl~utl 1-:i v • • 

LLm 'll'Vla-:J"il1 ni!'Ui.111 tJ1-H'~ L ~E.116111n1~~tJ1:::6'1'U f111'Vl1-!1~1'Uf1116'18'U1"111Yl~ n~tJ1::: Lil'U fl tu.fl 1V'l'll8-:J 
v ·~ • 

611Vl'VIVlfl8-:J ~-:J.fl1flt:J'U1f1 fl 
' 

m 1tl 1::: Lil'Uflru.fl1V'1611Vl'Vl Vlfl8-:J L~8-:i 6'1.fl1V'I VVl'VIV'U'll8-:J'll8-:J LL ~-:i m1tl 1::: Lil'Ufl tu.fl 1V'I " , , , 
611Vl'V1Vlfl8-:J L~8-:J 6'1.fl1V'l~Vl'VIV'U'll8-:J'll8-:JLL~-:J 1~6'1~1-:JLL'U'UU1:::Lil'LI1ii1'U1'U 2 611Vl~8LL'U'Utl1:::Lil'U ' . . 
fltu.fl1V'l'll 8-:J"llVl'VIVlfl 8-:J L~8-:J6'1.fl1V'I ~ Vl'VI V'U'll8-:J'll 8-:J LL ~-:i LL a::: LL uutl 1::: Lil'U flru.fl1V'l'll 8-:iril18611Vl'VIVlfl8-:J 

, • , • \I , 

L~8-:J 6'1.fl1V'l~Vl'VIV'U'll8-:J'll8-:JLL ~-:i LL 'U'Utl1::: Lil'UflnJ.fl1'Vib ll'ULL 'U'Ull11'111?i1'Utl1:::mturi1 5 1:::~'Ul'l1ll • • 
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ijfl:::bb'U'UbU'U 5, 4, 3, 2 bba::: 1 1'11ll~1~'ll1'Wrn1'lh:::dJwh1.11'Uvi1~~b"tiCJ1"1J1ruv11rn1'lh:::biJ'U 
'U 'U 

flWJ11'V'l"l.1€J.:J"llvi'VlviITTN 4 ~1'U~eii;l m~1-ru:::'Vl1.:irnCJm'V'l~11tli;i'm~ru:::rn-s1 i.:i1'Urn1tl11.:i1'fl1!1-1bba::: , , , 
rn-s'lieill bb 6/lll bba :::m 1ll b 'Vlll1:::G'lll~1'U rn1i111 tJ1 itl -s::: fleJ'U fl11b~ CJ'U fl11G'f €J'Ue.J a rn1tl1::: biJ'Un1'Vl'U vi 

bflruenrn-s 1 ~fltbb 'W'Ubb tJtJtl-s::: biJ'UflruJ11'V'l6lf vi'Vlviaei.:i b~ei.:i ?1J11'V'IEiviV1~'U"l.lei.:i"l.lei.:i bb ~.:i "l.lei.:i~ b ~CJ1"1J1n 1 
, , • \I g~ 

1~w n1V1'Uvi~1bu~CJ~eit:11~1Lo~ CJ1:::V1-.i1.:i 4.51 - 5.00 V1lJ1CJfi.:ifl11tl1t LiJw:rnei~1 'U-st~'U~ll1fl 
'U 

~1Lu~CJ'S:::V1-.i1.:i 3.51 - 4.50 'Vlll1CJfi.:irn1tl1tLiJ'Ue.Ja€JCJL 'U'St~'U~ ~1Lu~CJ'S:::V1-.i1.:i 2.51 - 3.50 
'U 

V1lJ1CJfi.:irn1tl1:::LiJ'Ue..iaeiCJ L 'U1:::~tJtl1'Ufla1.:i~1Lu~CJ1:::V1-.i1.:i 1.51 - 2.50 V1lJ1CJfi.:irn1tl1:::LiJ'Ue..iaei~ 
'U 'U 

1'W1t~'U'V'l€l1-tl'~1Lu~CJ)t'Vf11.:i 1.00 - 1.50 'Vlll1CJfi.:irn1tl1tLiJ'Ue.Ja€JCJL'U1t~'Urld1tl1'tJtl1.:i 
'U , 

fl 11?1~1.:l LL 'U utJ 'St LiJ'Ufl ruJ11'V'l"l.1€J'l6lf vi n'1 fl11ll fl11'Vlvia €J'l LLa t~ij €J fl111 i"lf vi'Vlviaei.:i , , 'U , 

~1'Vl1''U ~ L~ CJ'ULLa t ~G'f €J'U 1 'W fl11G'l~1'l LL 'U'Utl 'St LiJ'UflruJ11'V'l"l.1€J'l6lf vi fi'1 fl11ll fl11'Vlvia €J'l LLa t~ijei fl111 i 
\I \I , " \I 

6lf vi'Vl via €J'l~1'Vf 1''U ~ L~CJ'U LLa t ~ G'f €J'U L~ll'11 fl fl1 -s?i fl1!1'1 LL 'U'J'Vl1'l15rn )G'f ~1'l LL 'U'Utl )t LiJ'U '11 fl L€J flG'f 1) 
, 'U 'U 

~ LM ~n-Um 1'11.:i 11~ LLri'Vltr .:i~ei'Vl~ei L€Jfl?111 rn16'lei'Ui'Vl CJ11i11?11'11'Vltr.:i~m 'Vlfl'Ll fl n111~ CJ LLa t.:i1'Ui ~CJ 
1'11.:i 61 G'l~1'l LL 'U'Utl'St LiJ'U fl WJ11'V'l"l.1€J'l6lf vi n'1 fl11ll fl11'Vlviaei.:i LLat~ijei fl111 i"lf vi'Vlvia €J'l~1'Vl1''U~ L~CJ'U 

I , " \I " \I 

LLat~6'1€J'U'11fl,!'Ui.!1LL'U'Utl1tLiJ'U~G'l~1'l~'ULG'l'U€J\Pl€Jm1llfl11~tl~fl1!1-1tl~qJqJ1ti'V'l'U51'111'1G'l€J'ULLat 
LLm "lJ L ~eitl1''Utl1'lrl€J'Ui.!11 tJ1 i'1~ 'l'11fli!'Utl16lf vifi'1 fl11ll fl11'Vlviaei.:i LLat~ifo fl111 i"lf vi'Vl via €J'l L~€J'l , , \I , 

"Jl 1 'V'I Ei vi'VI ~'U "lJ €J .:i "l.1€1 .:i LL ~.:i 1~~LzjCJd6lf 1f11tJ)::: LiJ'Uzj .:i L U'U 6lf vi L~ CJ d tl'U fl 1 -stl) t LiJ'U fl W.fl 1'V'I "lJ €J .:i , \I g~ • , 

6lf vi'Vlviaei.:i L ~€1 LLm "l.laLJ€J'Ufl'V'l~€J'l rle.l'Ui.!11 tJ1 i'1~ .:J'Vli;j'.:J'11 fli!'Ui.!16lf vi n'1 fl11ll fl11'Vlvia €J'l LLa::: ~ij€Jfl111 i , , 'U 

6lf vi'Vlvia ei.:iVi1~1''U fl11tl 1''Utl1 'l LLm "lJ L~ CJ'U~€J CJ LL~'J 1 tl'Vlvia €J'l 1 itJ-st fl€J'U tl'U6lf vi'Vlviaei.:i L~€J'l G'l.fl1'V'I 
' ' ' 

Ei vi'VI ~'U"l.I ei.:i'll ei.:i LL~ .:i ntJtr m ~ CJ'U.ff 'Ul!5 CJll Pi fl1!1'1U~ 6 1 -s .:i L~ CJ 'ULG'la.fliJ~'Vl CJ 1 flll~ .:i'Vl1 vi~ei m B vi 
, 'U 

~1ll'1"1ifl~ll~1ei~1.:i"i\'1'U1'U 38 fl'W"ii'1'W'.l'U 6 fl~ll 61 at 6 - 7 fl'ULLl'iatfl~lltl-Stfleiu~1CJtrm~CJ'U , • I , 

~ijfl11lJG'f 1ll1 -sci Lri.:itl 1'U fla 1.:i LLa::: ~ ei'U 1vi CJ en~ CJ 1~61.:i Lfl l'liflmll LLa t 1 ~tr fl L~CJ'U l'leJ'U LL U'UG'leJ'llmll 
'U 

fl11llf1viL~'ULMmn'll6lfvi'VlviamLLa:::~ij€Jfl1) 1 i"lfvi'Vlviaei.:i~1V11''Utrm~CJ'UV1i;i'.:i'11fli!'Ui.!1 i €J 'U fl 'V'I ~ €J .:i 
' 'U 

\Pl 1 'l 1 lJ 1tJ1utJ1 'l LL fit '1J rl €J 'U '111 ~vi 'Vl vi a €J 'l LL at~ lj €J fl 111 i ~vi 'Vl vi a €J 'l 1tlVI1 tl1t~'VlG.fl1'V'l'Vl1'l 
fl11Pifl1!1'11'Ufl11L~CJ'Ufl116'1€J'U\Pl€J1 tJ 

3.3.2 velnLL'l.l'l.ILL~1Jn1'j:5'fln1'H~EJ1J~ ij~'Ul'l€J'ULLati6m1~.:id 1) lLl"111t'l-1vt~fl6'll'l1 
'U 'U 

II 

2) ~vivl1'VIU1 CJfl11L~CJ'U~ 3) L~€Jfli6rn16'1€J'U€J€JflLL 'U'UoU'Ul'l€J'Ufl116'1€J'U 1vi CJ 1 i fl11'Vlviaei.:i~'.llltl'U 
'U 

L'Vlfl'Llflfl116'1€J'ULL'U'Uvl1'U1CJ-'1.:iLfll'l-€JG'U1CJ zj.:iij~1~'\J~'Ul'l€J'Ufl11G'f€J'U~'l.Q'.ff11ll.:i~ 1 - 2 trm~CJ'U 
0 I q O.Q. d d 4 I c:;\: I QJ .Q. 

'Vl1LL 'U'U'Vlvi?l€l'U fl€J'UL 1CJ'U'Vl1fl'1fl11llfl11'Vlviam'Vl 1 L 1€J'l G'l.fl1'V'ICJvivtCJ'U"l.1€J'l"l.1€J'lLL 'IJ'l 1'.lllfl'UL 'Vlfl'Ufl , 
fl11G'f €J'ULL 'U'Uvl1'U1CJ-61.:iLfll'l-€JG'U1CJ.ff 11ll.:i~ 3 - 4 tr flL~CJ'Uvl1 LL 'U'U'VlviG'f €l'U rl€J'UL~ CJ'U vl1 n'1 fl11ll 

.d .d QJ QJI CV .Q 0 Q.I C.. 

fl11'Vlvia €J'l'Vl 2 L 1€J'l lJ €J via ?I'll €J'l CJ'l 11 lJ fl'U L 'Vl fl'Uvi fl116'1€J'ULL 'U'U 'Vl1'U 1 CJ-6'1 'l Lfl l'l -€J5'\J1 CJ 
' 

vl1 LL 'U'U'VlviG'f €l'U'Vli;i'.:i L~CJ'ULLat LL 'U'U1'vim1lJYi'l'V'l€J h~ij\Plei6lf vi'Vlviaei.:i L~€J'l 6'1.fl1'V'I Eivivt~'U"l.1€J'l'IJ€J'l LL ~'l 
' ' I Q.1 a O QJ Q .c:i1 Q.I oCiil IJ'd id I 

1'.lllfl'U L'Vlfl'Uvifl11G'f €J'ULL 'U'U'Vl1'U1 CJ-G'l'lLfll'l-€J5'\J1CJ L '1JCJ'ULLe.J'Ufl11'1vifl11L 1CJ'U~ L 1€J'l G'l.fl1'V'ICJvi'Vl~'U 
d Q .Jd II 

'1J €J'l"l.I €J'l LL "lJ'lfl1€J'U fl all fl'1 fl11ll fl11'Vl via €J'l LLa t1tl LL 'U'U fl116'1 €J'U'Vl Lfl CJ'J"l.1€J'l 
' 'U 

3.3.3 fl1'jfl~1.:ILL 'll'l.11fl~i'l~iJCJ'Vl~'Vl1·!1n1'jL~EJ\J rl€J'ULLat'V!i;i'.:JL~CJ'Ul6lf1YJ~flG'f1 'U L~€J'l G'l.fl1'V'I 

V vivt ~'U"l.I €J'l"l.I €J'l LL ~.:il1~'U l'l €J'U Lba :::156'1~1.:l~'l,r'U 1'Ufl116'1 ~1.:l LL 'U'U'Vlvi?l €J'U1vie.Ja'1ll')'Vl~'Vl1'lfl11 L~ CJ'U 
' 

"i\'1'U'J'U 20 .LJ'mU'ULL'U'Utl1trCJ6lf'Llvi 4 ~1L~€Jfl~1vi'V'l')~fl11lll'l1.:i 1 ~€Jrld1llifl11ll"ii'1m1llbaLJ11'1fl11 
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t111 tJ1-if m11 bfl11~'l-1m1i1\I bf111~'l-1bb'1~ m1tl1~ dh1rhii brnuefim11 ""fl~ bb 'U'U~m)1191a'lJ" n 1~ 
'U 

1 fl~bb 'U'Utl1\91a'Uc:li;iV1~a 1lJl91a'UVl~a\91a'Umnn11 1 ~-n~an 1~ o fl~bb 'U'Ubb~1t11 bb 'U'U'V1(;)'1a'U 

~'1~1\1 ~'U b'1'U a~ afl ru~ f111lJ f111~tJ~ f1~1l'Vl V 1iJ'W'U fi bb'1 ~ ~ b ~ V1 "IJ1 n I \9111'<il'1a'U1°'1112.J (I f1 ~ a\I \9112.J 
'U ·~ 'U 

VI~ n m11'i;ii:.ia bba~tl 1~ blJ'Ui:.ia b ~ai bf111~~m 12.J b ~ V\I 1911\1 b 'a'I b daV11·1rn\I bb 'U'U'V1(;)'1a'Utl~'Utl1\I bbm "ll • 
bb 'U ~ 1 i;i i:.i a i1lJ 'l'Vltv11\Im1 b~ V'Ui "ll1~ ~ n 61 b~ a\I ?I.fl 1'W fl i;iV1 ~ 'U"ll a \l"ll a\I bb ~\I mlJ r\' 1 bb 'U~tJ 1"11 a \I 
., .. .... 
~b"1Jm"1J1qii;i\l.fl1fli:.J'U1f1 n 

~i;iYilJ.Wo'IJ'U '1~ \I b ~ atl 11 tl'Vli;i'1a'U n'Utl' m~ V'U \9111'1'1a'Um12.J" n~ a\I 19112.JVI~ n m11' i;i i:.ia 
'U 

bba~tl 1~ blJ'Ui:.ia b ~ai bm1~'l-1fl11lJ b ~ V\1\911 \I b 'a\I b if aV11tl~'Utl1\I bbm "11\9112.Jr\'1 bb 'U~t11 bb~1t111 tl'Vli;i'1a'U • 
n'U ~ b~ V'U n ci lJ ~av 1i;i vr\' 1 mlJ L 'Ubb 'U'U'Vli;i'1a'U 1~'111\1 \911\I\9112.J'<ili;itl1~'1\1r1m1 b~ V'U 1 bba ~V11 ri1~"1Ju " , , " 

II J' II 0 .r::::ri. ' I 

fl11lJ6'1ai;iflaa\l"lla\I b 'U a'Vl1"1Ja\I bb 'U'U'V1(;)'1a'U bb'11'U1 i:.1'1 fl~ bb 'U'l.11111 bfl11~VIV111°'111lJ V1 f1 (p) bb'1~fl1 

el1'U1'1'11bL'Uf1 (r) 1~m1~'1ma~1\1~1V"lla\IL'U1'ULL'U'U (Bremnan) iifl11lJV1na~1~Vll1\I 0.21 fi'I 
'U 'U 

0.47 ~\l.fl1fli:.J'U1f1 "lJ 

3.3.4 LL 'U\HH>uC1111f11111.W~vrn 1~ ~ii~a m1n '1 m1lJm1L~ v'U L~a\I '1.fl1'W fli;i'Vl~'U"lla\I • 
"!JeJ\ILb ~\I ~12.Jtl'U L'VlfliJflf111'1a'ULL'U'Uvl1'U1V-i1\I bf1\91-aG'U1V Li;iv 1 mi;i'Vli;iaa\I L~a\I '1.fl1'Wfl(;)Vf~'U"lla\I • 
"ll a\I bb ~\ltl1 bL 'U'U'1 a'U mlJ~'1~1\l~'U L U'U 5 1~~'U~\l.Q L l1'U ~1 VlJ1 n~ ~i;iii ri11~ ~'U fl~ LL 'U'U 5 

Ll1'U~1VlJ1niiri11~~'Ufl~LL'U'U 4 Ll1'U~1Vtl1'Uf1'11'1iiri11~~'Ufl~LL'U'U 3 Ll1'U~1m!aviiri11~~'U 

fl~LL'U'U 2 Ll1'U~1VUaV~'1(;)iifl11~~'Ufl~LL'U'U 1 L'1'Ua~aflru~f111lJf111~tl~m~11'VlV1iJ'W'UfiLL'1~ • 1.1c:J d Q CV J' II I.I J' II 

~L"!Jm"ll1qjL'Wa'W'111ru1\9111'1'1a'Ufl11lJ"IJ(;)L'<iJ'U"!Ja\IL'Ua'Vl1(;)1'U.fl1~1LL'1~1°'111lJ~f1\91eJ\l\911lJL'Ua'V!1LL'11 

tJ11J1tl ~'UtJ 1 \I LLm "ll\9112.JsVa L'1'Ua LL 'U~~(;)WlJ.W LL 'U'U61a'U "12.J L ~ aiJ 11 tli.'1111'1-Ji;i1°'1112.Jf;\l'Wa h"lla\I • 
tl'm ~V'U~L~V'Ul"IJ1~~n'1 L~a\I '1.fl1'Wfl(;)Vf~'U"lla\l"!Ja\I bb ~\I l(;)V 1-if"IJ(;)'Vl(;)'1e:J\I L~a\I '1.fl1'Wfl(;)Vf~'U"lla\I • • • 
"lla\I bb ~\I ~'111\l~'UL U'U atl mru1 'U"1Ji;in11V1i;iaa\I LL~1t11 LL 'U'U'1a'UmlJ L ~at111 tli.1111'11' (;)fl11lJ • • 
v;\l'Wa L '<il"lla\I~ L~v'UncilJ~avV1~\1'11nt!'UL ~at111 tl1-if n'UncilJ9i'1a~1\l~\l.fl1fli:.i'U1nn 

'U • • 

LL 'U'U'1a'UmlJfl11lJv;\l'Wa h ~'1~1\l~'Ub U'Uatlmru1 'U n11VJi;iaa\I LL 'U'U'1a'U"1lJ"!JiJi;i • 
lJ1\91116'11'Utl1~lJ1ruri1 (Ratin~ scale) "lla\I Liken '11'U1'U 15 -Va tJ1fl~LL'U'UtJf1b~V'U11111lJtl'UbLa~ 

Vl1rl1LO~V li;iviim1lJf;\IV1a h"lla\ltJf1b~V'Url1Vf'U(;)1~~'U Lll'U 5 1~~'U~\ld ('\.lfY"lllJ P1~'1~e.ni;i, 2543: 

103) rl1LO~ v 4.51 ~'U 1 tJ VllJ1Vfi\I ~\l'Wa hmn~'1(;) rl1LO~V 3.51 - 4.50 Vl1J1Vfi\I v;\l'Wahmn • 
rl1LO~V 2.51 - 3.50 VllJ1Vfi\I ~\l'Wahtl1'Uf1'11\I rl1LO~V 1.51 - 2.50 VllJ1Vfi\I v;\l'Wahi!av 

rl1LO~V 1.00 - 1.50 Vl111Vfi\I ~\l'Wab'<ilUaV~~i;i 

o Q d II 
3.4 fl1'afl1L1J1JflT'nLf;l::Ln'U'l1'U'l111'Utl~f;l 

15m1i;'l1 b iJ'U f111LL'1~ f111Ln'U11'U 112.JsValJa 1i;i Vvl1 f111'VJ(;)'1a\I LL'1~ bn'U11'U 112.JsValJam 1 \I L~V'U 
'U 'U 

c:i.c:., 0 .Q. CLI Q.I II ~ QJ ~ 
L61'1.fllJ'W'VIV1fllJ e.l1L.fleJL'1'1.fllJ '1\l'Vf1(;)1amai;ii;i\l'U 

'IJ 'IJ ' 

3.4.1 ~LL '1\1 L ""tl'n L~V'U f1~lJ9i'1a~1\l'VJ11'Ufi\111Pl~tl1~'1\lrl"lJa\lf111 Ln'U11'U11lJsValJ'1 L Via f111l~ v 
ti ~ O .i:::..c:il .c:il I Ill.I Q 0 Q.I Q 

'W1alJ'Vl\I LL 'U~'U11TI f111L1 V'U LL 'U'U'V1~'1 a\1112.J f1'U L 'VJ fl'U fl f111'1 a'UbL 'U'U'Vl1'U1 V-'1 \I Lf1\91-aTI'U1 V 

3.4.2 na'Ufi\loff1 Ll.l\I b~V'Ufl~l.la'U'Vll.11v1 ""tl' m~V'U 1 tl ~'U~'Ubba~ ~n~1 b~a\1'1.fl1'W fl ~Vl~'U"lla\I 
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n1'a11U";i~ ~'Vl5.fl1'Vj"qVl'VlVl(;leM 1vi~1 Lfl";i1~-Hfl~LL 'U'U 1-if ~l'l";irl1'U'Jt:U'Vl1fii1 E 1/E2 

3.6.2 flflfl'W'UJ1'U 

3.6.2.1 fii1L\l~~ (Arithmetic Mean) 

3.6.2.2 ~e:i~i;i~ (Percentage) 
' 

3.6.2.3 ~'J'ULU~\lL'U'U1J1\9l";i~1'U (Standard Deviation) 
"' 

Q.Qd !flt Q. 

3.6.3 flflfl\'l'ti ~'Un1";i\'lflfltl\Jfl1111fl~1'U ... 
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61'1 ~vfl-if 'VlVl61e.l'U611J1J~ ~1'\J fl'J11J LL\91 n ~1.:161Je:J\l ~rn i11l')'Vl~'Vl1\l n1";i L~ ~'U tle.l'U LL(;l ~'\11'1.:i L~~'U 
·1rn.:i n~11'Vlvii;i e:i.:ivft~61e:i'U~1 ~"llvi n1";i'Vlvii;ie:i.:i L~e:i.:i '1.fl1Vj e'Jvi'V!~'U61Je:J\l61Je.J\l LL ~.:i ~111 n'IJ L 'Vlf1Ufln1";i61e:J'U 

' . ' 
LL'IJ'Uvi1'U1~-i1.:iLnl'l-eJ5'U1~1vi~1-if t-test LL'U'U Dependent sample 



d 
\J'Vl'VI 4 

V V I ' I 

m11 '<il EJfl~-!JU L Yla'W'~'U1 ~HH11l(j'V1G'V11-!l fl11L~EJ'U1"111~~ n~ L~el-!l '1 fl1Yj ~~'Vl~'U"1JeW1JeN LL ~.:i 1~ EJ 

1 i"ll'~'V1~'1m'1fl1Yj~~'Vl~'U"1leJ.:i"1JeMLL ~.:i n'11ll'l1av1.:i~atr m~EJ'U.ff 'U~1'.iEJ1J~rn~ntJ~ 6 11.:i L~EJ'UL'1'1fliJ , , .. \I 

~'V1EJ1ri1J a1Lflm'1'1fliJ '<il.:i'Vl1~~ama~ '11'U1'U 38 fil'Uen'<il'EJ 1~~1Lii'Wm1m11Lfi111ti;.Ua1J'1 ~.:id 
'IJ 'IJ 'IJ 

4.1 6"qi'1n~rumm'Um11Lri11ti;.Ua1J'1 
u 'IJ 

4.2 cl'1~'1.JoU'U b 'Ufl111Lfi111ti;oLJel1J'1 
'IJ 

4.3 ~r;,n1~1LPl~1~~~CJJJ'1 
'IJ 

4.1 fl'ruiln~wmm 'Un1'l1Lfl'l1::\1.ijv3Jil 
'IJ 'IJ 

b 'Ufl11U1L'1'Uel~'1fl111Lfi111~i;.ual,j'1 0'<il'EJ 1~ i6"qi~n~ru LL'1~Bn~1VabL'Vl'Url1'1(i~~1-!l 1 ~.:id 
n 

x 
SD 

E1 

E2 

t 

*p<.05 

LL'Vl'U "11t.n~n'11ll'l1av1.:i 
' I ... 

LL'Vl'U f11Ltl'1EJ (Mean) 

LL'Vl'U rl1fi1111JL~EJ-!JL'l.J'U1J1l''mi1'U (standard Deviation) ... 
LL'Vl'U tb~~'V1Gfl1Yj"1JeJ-!lf11~'1.J'J'Ufl11"1JeJ-!l"IJ'~'V1~'1eJ-!l 

' 

' 
LL 'Vl'U ijiJm11~qi'V11.:i'1(i~vht~'l.J .o5 

0 Q.I ~ q, dll 

4.2 il1.-itJ11'UnT'a1Lfl':i1::'Vl'tlv3Jil 
'IJ 

fl111 Lfi111ti;oLJel1J'1f1{.:id en'<il'EJ 1~~1 L \i'U fl111 Lf111ti;oLJel1J'1\9111Jcl'1~'1.J.ff 'U\91 eJ'U ~.:id 
'IJ 'IJ 'IJ 

4.2.1 1 Lf111ti1'V11U1t ~'VlGfl 1Yj"1JeJ-!J"IJ'~'V1~'1 el-!l'1fl1Yj ~~VI V'U"1Jel-!l"1Jel-!l LL ~.:i~1~'1~1-!l~'U Lel-!l 1~ EJ • • 
f111'Vl1rl1 E1 /E2 

4.2.2 1 Lf111ti1 L U~EJ'l.JL Vl EJ'l.J'Vl1rl1 Ltl~ EJ ~'J'UL ~ EJ-!l L 'l.J'U1J1\911~1'U"1Jel-!lflt LL 'U'U'1el'l.J rlel'UL~EJ'U LL'1 t 
"' 

V1'1.:i L ~ EJ'U V1'1.:i '11nm11 i"ll' ~'Vl ~ '1a.:i'1fl1Yj ~~'VI V'U"ll a .:i"1J a .:i LL~ .:i 1~ EJ 1 i'1 (i &i ~a ri 1 Ltl ~ EJ (X) , , 
~1'UL~EJ-!JL'l.J'U1J1\911~1'U (standard deviation: SD) LL'1t t-test (Dependent sample) 

4.2.3 1 Lf111ti; LL 'l.J'l.JU1t LiJ'Uf1111JW-!JYjeJ h"1la.:itr n L~EJ'U ~ij~ei fl"il n111J n11 L~ tJ'U n11'1el'U 

'Vl~-!l'11nfl11b m~'V1~'1el-!l'1fl1Yj~~'VIV'U"1Jel-!l"1lel-!lLL ~.:i'1(i~ ~elrl1Ltl~tJ (X) ~'J'UL ~tJ-!lL 'l.J'U1J1\911~1'U . ... 
(standard deviation: SD) 
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Q ~., 

4.3 r.:Jfiln1'l'Ufl'l1::'Vl'tltl~fil 

4. 3.1 1 bl'l11:::'i-1V1T1.h:::~'Vlfi.n1~'tlt1.:i"l!(;l'V1(;)6'1t1.:i'1.n1~~\;l'Vl~'W'tlt1.:i'tlt1·m ~.:i~1~'1~1.:i~tmN 1(;) EJ • • 
fl11'Vl1rl1 Ei I Ez ~6'1f111'VIT1.h:::~'V15m~'tltl.:J"l!(;l'V1(;)6'1tJ-:1'1.f11~~\;l'Vl~'U'tltl.:J'tltl.:Jbb~.:J ~'1~1.:J~'Ufl1'Vl'U(;l • • 
bnru'1tb:::~'V15.n1~ 80/80 tJ11nn~6'1~.:il'l111.:i~ 4.1 

~1'l1.:i~ 4.1 th::aV1~1l1w'tlei.:1'!ff1Vlflfilei.:iflll1wa.-i,.,a'IJ'tlei.:1'tlei.:1LL~.:1 L~ei.:i flll1wafl'V1a'IJ'tlei.:1 • • • 
'tlt1.:1LL~.:it.Unu'l!m'ia'Ll.U'Lli!tia11ftn~1ll~ 6n ~1'Ll1'LI 38 fl'LI 

II Q 

fl::LL 'Ll'Lln1'lVlflfltl'lJVl1£l"!flnliln'l'lll fl::LL 'Ll'LIVlflfltl'lJ 
d d u ~ 

n1'lVlflfiltl.:IVI 1 n1'lVlflfiltl.:IVI 2 fl::LL'Ll'Ll'l1ll 'Vlfil.:IL'lV'LI 

(10) (10) (20) (20) 

7.92 8.47 16.39 16.24 
' .. 

'1TUb 'U EJ.:J b 'U'Ul.J1(;11~1'U 0.88 1.01 1.33 2.04 

tJ1:::~'Vlfi.n1~'tltl.:J 

m:::'U1'Wfl11 (E 1) 

... 
79.21 

79.21 

84.74 81.97 81.18 

84.74 81.97 

81.18 

Ei/E2 = 81.97/81.18 

.J I .d di I ~.JI 
"il1fl(;l111.:J'Vl 4.1 ~'U11 "l!\;l'Vl\;lG'ltl.:i b1tl.:i '1.f11~EJ(;l'VlffU'tltl-:i'tltl-:ibb'tl.:J'Vl~1'Ufl11'Vl\;l6'ltJ.:J'Vl1 • • 

th:::~'V15.n1~ ~'U11 ¥t1EJ6'1:::"tJt1.:il'l:::bb'Wmu~EJ"tJt1.:im1v11n"ilm1llm1'1t1'W1:::V111.:ib~EJ'W iir11bv11n'U 
' ' 

81. 97 bb6'1::: ~t1EJ6'1:::'tlt1.:il'l::: bb 'W'Ubu~EJViiJm~EJ'Wvl1bb 'U'l.J'Vl(;l'1t1'1.JV1i;l.:ib~EJ'Wiiri1b v11n'U 81.18 ~'U11"q(;l 

'Vl(;)G'I t1.:i'1.n1~~ (;)Vf~'W'tlti.:J'tlti.:i bb ~.:i iitJ1:::~'V16.n1~'tlt1.:i m:::'U1'Wf111/tJ1:::~'Vl5.n1~'tlti.:i ~6'1i;l~6 (E i/E2) • 
bv11n'U 81. 97 /81.18 '1.:in11bnru'1~n1V1'1.J\;l H 80/80 ,, 

4. 3.2 1 bl'l11:::'1-1 b tJ~EJ'Ub Vi EJ'UV11ri1 bu~ EJ ~1'1.Jb ~ EJ.:i b 'U'Wll11'11~1'1.J"l!ti.:i fl::: bb 'W'W'1ti'U riam~ EJ'Ubb6'1::: ... 
V1i;l.:i b~ EJ'W V1i;l.:i"il 1 fl m11 otl"ll\;l'Vl (;16'1ti.:i'1.n1~ ~(;)VI ~'W'tl tl.:J'tl a.:i bb ~.:i L\;l EJ 1 otl'1'1~ t-test (Dependent • • ' ' 
sample) ~6'1 fl11b tJ~EJ'U b ViEJ'Url1bu~EJ ~1'1.Jb UcM b 'U'Wll11'11~1'W'tltl.:Jl'l::: bb 'W'W'1tl'U riam~EJ'Ubb6'1:::V1i;l.:i b~EJ'W 

V1i;l.:i"il1nm11 otl"l!(;l'Vl(;l6'1ti.:i'1m~ ~\;l'Vl~'W'tlti.:i'tlti.:i bb ~.:i tJ11nn~6'1~.:J(;l111.:i~ 4.2 . . ~ 

Vl111.:I~ 4.2 fi1m~a (X) LLfil::~hUL~V.:IL'lJ'Llll1Vl1~1'LI (SD) 'tltl.:lfl::LL'Ll'LIVlflfltl'lJtleJ'UL'ia'LI ... 
(pre-test) LLfil::'Vla~L'imJ (post-test) um'ia'Ll'8'Lli!tit1llAn~1ll~ 6fi 

-
Vlflfltl'lJ n x SD t sig 

' .. 
38 10.13 1.28 15.043 .00* fltl'Ub 1EJ'U 

., .. 
38 16.24 2.07 'VIG'!-:! b 1EJ'U 
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'Vl1-:i6'f Ci ~~1::~u . o 5 1VI vijfi1 bu~ v ~a6"11q'Vl~'Vl1-:i m1 b~ V'UVlir-:i b~ V'U ~-:i w.h ri e:J'U 1~~'U m16'f e:J'U 

4.3. 3 1 bfl11::~~afl1111~-:i~ei l '16!.lei-:i-Un b~V'U~ij~ein'1 m111 m1 b~ V'U m16'f ei'UV1ir-:i'11 n m11 i"llVI 
' 4 I ~ .c:a. f' .c:a. CV -=I d.co:i1 I <Cito cl 

VJ VI a ei-:i 6'1.fl 1~ v VIVI v 'U"lJ ei-:i"lJ ei-:i bb 6!.1-:i ~a m11bf!11 ::m '1 ~fl ~6!.I ei-:i'U n b 1 V'U Vl11 ~ei n'1m111m1b1 v 'U 
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fl116'f e:J'U Vlir-:i '11 n fl11 l i"llVl'VlVl'1e:J-:i6'f.fl1~ ~VIVI ~'U6l.le:J-:i6l.le:J-:i bb ~-:ifJ11 n'U b 'Vlflil fl fl116'f e:J'Ubb 'U'Uvl1'U1 El-' . 
6"-:ibn~-eiBu1v tl11nn~a~-:i~111-:i~ 4.3 

~111.:i~ 4.3 fi1Lu~t1 (X) LLa::~1'UL~t1.:im'U111~1~1'U (SD) "!leNfl1111w.:i-wt11'1~t1m1 ... 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

lijfln'1m"I11m·n'it1'UnT~flt1'U -;l1'U1'U 38 fl'U 

tJnL~EJ'Uijfl11116'f'U 1'1 Lba::~-:i l '1 l 'Ufl11vl1 n'1n1111 

fl11'VlVl'1e:J-:i 

-Un b~V'U 1~ b~V'U~111n'Ub tl'Uncil.J bba::"!l1 v L Vl~ein'U 
' 

t'Um1v11n'1m111 

'11 nfl11'VlVl'1e:J-:itJ n L~V'Uijfl11116'f'U l '1~'1:: L~V'U~ 
L~11L~11 l'UL~e:J-:i 6'f.fl1~~VIVl~'U6l.le:J-:i6l.le:J-:iLL~-:i 

u 

I d d 'I::fl'Ufl1111 
fl1 Lua ti L 'Utl.:I L 'U'U 

w.:i-wt11lil 
111~'I,!1'U 

4.08 0.60 

4.18 0.58 111n 

4.16 0.64 111n 

4.11 0.55 111n 

4.18 0.57 111n 

4.08 0.59 111n 

4.08 0.52 l.J1n 

4.13 0.51 l.J1n 

4.13 0.55 l.J1n 

4.11 0.61 111n 

4.21 0.64 l.J1n 

4.13 0.63 111n 

4.11 0.61 111n 

4.00 0.64 l.J1n 

4.08 0.62 111n 

4.11 0.44 111n 
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"" ' ~i;Jfl1";iialfl~1Vl'IJ11 

5.1.1 "!1l'l'Vll'lamG'l.n1Vlvl'l'Vl~'U"lleJ~"Ue:i~bb~~ ii'lJw~'V16.n1mvl1n'IJ 81. 97 /81.18 • • 
5.1.2 ~a '1l.J'l'Vl~'V11~ fl1";i b ~ E.J'U"ll e:i~tl' m ~ v'U b~e:i~ G'l.n1Yl Vl'l'VI ~'U"ll e:i~"Ue:i~ bb ~~ mr~ 1~-r'IJ fl1";j 

~ l'l fl1";j b~ E.J'UTil'l E.J 1 otl"!1 l'l'Vll'l'1€1~'1.fl1Vl v l'l'Vl~'U"U €l~"U €1~ bb ~~ G'I ~ fll 1fl€l'U1~-r'IJ fl1";i~ l'l fl1";i b~ E.J'U~€1 ~ 1~ii 
\I , , \I \I 

Q.I 0 Q.I ..c:tt.oCllt.d CV 

'UE.JG'l1flqj'V11~G'l(l!Jl'Vl";i:::l'l'IJ .05 

5.1.3 fl11l.J~~Yle:i h~e:i fl1";j b~v'U1"111Yl~fl~"Ue:i~tl' m~v'U b~e:i~ 61.n1Yl Vl'l'Vl~'U"Ue:i~"Ue:i~ bb ~~ • 
'VI~~ 1~-r'IJ fl1";j~ l'l fl1";i b~ v'Unl'l v1 -ti"111'l'Vll'lae:i~G'l.n1Ylvl'l'VI ~'U"Ue:i~"Ue:i~ bb ~~ iifl11l.J~~Yle:i 1'1 e:i~1 'U 

\I , 'I \I 

5.2 eiihh1v~~ 
'11 fl rn ";i1 ~ v fl~ ~dii-U '1 ~ v~G'ltl''IJ G'l'U'U ~ e:i fl 1";i61~1~"11 l'l'Vll'l a e:i~ b~ e:i~ G'l .n 1Yl v l'l'VI~ 'U"lle:i~"Ue:i~ bb ~~ • • • 

~1l.Jtl'IJ b 'VlflUflfl1";iG'lel'Ubb 'IJ'Uvl1'U1E.J-'1~bfll'l-el5'1J1E.J 1~ b ti'Utl' fl b~E.J'U b U'Uial'U~ mn~ Ufl b~E.J'U~~ b U'U 
'IJ 

~'lJn'l'.mn'1 fl";i";il.Jfl1";i'Vll'lael~b tl'Uflcil.J '11'11l~'Vlm v~il'l b '1'U 'IJ";i";ia b u1V1m v 1~ b 'Vlm:::G'll.Jn'IJ ";i:::~'Um1l.J~ 
\I 6.J , , , 'I \I ...... 
"U€l~'Uflb ";iE.J'U 

oCllt,Q.I d Q.I II' d c!rl I ~ d CV Cit. 
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'IJ 'IJ 

5.2.1 "!1 l'l'Vl l'l a e:i~ fl ruG'll.JU~"Ue:i~ bbG'l~ii'\J ";i:::~'V15 .fl1Vl"lleJ~ fl ";i:::'IJ1'U fl1 ";i/D";i::: ~'V15.fl1Vl"ll e:i~ ~a ~Yl 5 • • 
(Ei/E2) bvl1n'IJ 81.97 /81.18 ;~~~fll1Lflru'1~~~H~e:i 80/80 v111~tl'm~E.J'Ubfll'lfl11l.JLoLJ1hL'U 
'Vl'l~~ b~e:i~ G'l.fl1YlVl'l'Vl~'U"ll€l~"U€l~Lb~~ ;~"IJl'l'Vll'lae:i~~G'l~1~~'U.Q tl'm~E.J'UG'l1l.J1";i'1G'l~1~~'Ub€1~1~ 
";i1fl1'1 fl b~e:i b 'Li~ E.J'IJ b Vi E.J'Utl'IJ"!11'l'Vll'la e:i~~ii~1V1t11v1J11l.JVJeJ~l'l a 11'1 tl' fl b~ E.J'U 1~ b~ E.J'U ~'11 fl n'1 fl";j";il.J 

'IJ • 'IJ 

fl1";i'Vll'la e:i~ Lba::: ~~ii fiij e:i n'1 m";il.J fl1 ";i'Vl l'l a el~ 611V1-ruu fl b ~ v 'U '\J ";i::: fl e:i'IJ fl1 ";i'Vl l'l a e:i~ ~ LLG'l l'l~ ";i1 v a::: b ~ v l'l 
'IJ 

1 ~ Cl.I tlf::R 0 II 

G'l1'U '\J ";i::: fleJ 'IJ"ll e:i ~ "!1 l'l'Vl l'la e:i ~ "U'U 1J1 e:i'U fl1 ";i'V1 l'l a e:i~ m ";i1 ~'IJ'U'Vl fl~ a fl1 ";i'Vl l'la e:i~ bba::: fl1 '11l.J'V11 v 
• 
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f11";j'VJ~'1a~ 
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" 
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\I " , '\I 
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f11'Ufl11~ bb'1ffi-H'tl'm~CJ'Ubb'1~~'V'lfl~ m";i11~ b uum";i";i'U mu~ b~tit1flt1~u 1 
q \I vi 'U 
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..,,, 'IJ • 'IJ • 
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~~1..:ifi 'U~L.f1fl. m1La~11a~1'1f11111L.U11;iL1v'1 LL 1'1LLa:m~.Uei~ 2 'llv'1il1~'1J 1'1v1'1im1'Vl'1av'1 
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L~m '1.fl1yj~~'Vl~'U"t.lma"t.lmLL~-l 11v1"111 ~~n~ 1 33204 1:::~u.ff'UirnviiPim~1tl~ 6 • 
~~th:::'1-ll"im1L~V'U~~ 1 ~111~(;11T'il'1B'U aihh1v LL6'l:::Fl1'U1ruL~V1tl'U'1.flTW~~'V!~'U 

• 'IJ • 

1. l\;lfi~iJ~11lJ~~'V!~'U'1-liJ~ru'1lJ~B~1-l b 
• , \I , 

n. 11J'11l.J11'1 L tl~ V'U1tl~1-l 1 tl~1n L~l.J 1~ 
'IJ 

"I.I. '11l.J11mtl~v'U1tl~1-l 1tl~1m~l.J1~-UamL'1::: 11Jn'1u~'UG'i'1.n1yjL~lJ 
'IJ 'IJ 

~. '11l.J11'1 L tl~ V'U1tl~1-l~1nL~l.J1~m n LL'1::: EJ-ln'1'U~'UG'i'1.fl1yj L~l.J 1~ 
'IJ 'IJ 

-l. '11l.J11mtl~v'U1tl~1-l 1 tl~1m~l.J H1lJ1nLL'1::: 1lJn~'U~'UG'i'1.n1VjL~lJ 1~ 
'IJ 'IJ 

2. tl'm~v'U~~11ru1.Uam1l.Jl'ia 1 tltl 

1) 1:::v:::1'(;l~~~~aan~1nu.tl1~'1.J\;11-lnu"t.l'U1~"t.la-lLL1-lvi'li~-l 
2) lPl1 LL 'Vltl-l'1~Vf 1v~1:::v:::~~"t.IB-ll\;lfi LL tl1~'U\;11-ltl'U"t.l'U1~"t.IB-l LL 1-lvi'l "11~-l • • 
3) ~ 1 LL 'V!tl-l '1~Vf1 v~1 (;lfi ~~ aa n LL~1 '11m1'1~'U n'1u £'1'1.n 1yj L~l.J 1~.U am 1l.J 1~ L lJ'U~~"il1 ti' ~"I.I a-l 

• • 'IJ 

4 I 

m1l.JV~'V!V'U • ... 
n. "tJB 1, 2 "I.I • .Ua 2, 3 

" ~. .Ua 2 L vl1°LJ'U 
" 

-l. .Ua 3 Lvl1tJ'U 

' ' cl 0 CV 4 I ~ 0 I II .c:llV CllCV 4 IJ' 4 Ct.I 

n. "t.l~~1n~'1.fl1VjV~'VIV'U 'Vll.J1Vfi-l mLL'Vl'U-l'1~'Vl1V'Vl1\;lfi'Vl1\;lfiV~aamLm'11m1fi~'Um . , . , 
G'i'1.fl1yjL~lJ1~.fl1V'Vl~-l~1nm1~1\;lfifinm:::v'h~1VLL1-l"t.l'U1~'V!~-l 
'IJ '"' 

·11. 1\;1'1LLl'i'1:::"11i1~~:::~~~1aan 1~L vl1n'U Ldaii LL 1"~"zj"ii"t.l'U1~ L vl1n'W m:::vi'11'ia1\;lmL~'1:::"11i1~ • • " 
tJ'lJ 

~. m1~1'(;lmtJ~v'W1tl~1-lltla~1-lm11 1~v~11(;1'111Jilm1on"t.l1~V1~mL\;ln~n LdailLL1-llJ1 
• 'IJ • 

" " O IQ.I CV c::I Q.AQCV I CV 4=11 -=a, 

m:::'Vl1\;JeJ'J(;lfi'lJ'W L1Vn'1lJ'lJ(;l~-ln'111"t.la-l1(;1fi'lJ11 '1.fl1yjyj'11'1(;ln • • 
"· ~~"il1ti'~m1LLtl1~'lJ\;11-l 'Vlmvii-l IP11LL'Vltl-l'1~Vf1v~1:::v:::~~"t.la-l1'\;lfi il~1~'lJ\;J1-ln'U"t.l'W1~"t.lm • • 

LL1-lvi'lotl~-ll\;JfitT'lJ • 
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4. "1-:!-W"111.ru1-U'tim1:u\Jiti 1 'lH1 
1) ';)~~fl11:Ufn1"1Jti-:IL"''U Lfivt:::L ~:ULL 'U'U hlLL tl1~'U\P11-:ltl'ULL 1-:1~-:I ~ti';)~ 0 fi-:i b • • 
2) "1~~LiitititimL1-:l~-:!~ti1tJ "1'UL'1EJ"1~.Q' L"''UL'1vt:::"1:::"1J1~ ~ti"1~ c • • • 
3) "1i1-:i~~1tlLL'U'UYl'11'1&in "li1-:i be 

" I.I c:J II <di 

'lltifl11:UV1'ln\P1ti-:lflti 
" 

n. -LJ'ti 1 LL'1::: 2 "II. -LJ'ti 1 LL'1::: 3 
., 

-:!. "llti 1, 2 LL'1::: 3 

5. "1-:!-W"111ru1-U'tim1:u\Jiti 1 tJd 

1) l'i'1LLvt'l1-:i~LU'U~~'11n~f0111:uei~vt~'U ~ti"1~ b • • 
2) "1i1-:i~Lll'Ultl1P11:Un!]"llti-:i~n ~ti "li1-:i Oa 

3) "li1,:i~ijm1~~1tlLL'U'UV~vt~'U ~ti "li1-:i Ob " , 
I.I d II' 4 

"llti'Vlt1n\P1ti-:lflti 
" 

n. -LJ'ti 1 LL'1::: 2 "IJ. -LJ'ti 1 LLG'l::: 3 
., 

-:!. "llti 1, 2 LL'1::: 3 

6. "1-:i-W"111ru1.Utim1:u~e:i 1 tJd 

1) 'VlffJ\P1tl ';]:;:ijfi1:ue:i~'1'1"1Je:J-:!El-:!LvJ1tl'U . . " 
2) rh:ue:i~'1a"1Jti-:!El-:l"llti-:!1'1P1t1ijrh a-:i Li1mn~fl11:ULfl'U:u1n LL"'1ijfl11:ULfl'iEJ~UtiEJ 

" , " 
3) ri1m1:uLA''Ua-:i~a~ ru l'i'1LLvt'l1-:i~~~'11n~m1:u~~vt~'U " . . 
-U'ti 1~n~11 l~t1n!'ie:i-:i 

" 
n. -ifti 1 LL'1::: 2 

fl. -if ti 2 LL'1::: 3 

7. "1-:i-W"111ru1-U'tifl11:u\Jie:i 1 tJd 

"IJ. -ife:i 1 LL'1::: 3 

-:!. oLJti 1, 2 LL'1::: 3 

1) Liie:ie:ie:imL 1-:l~-:1'11~·1ru~L~EJ1tl'U~1mL 1-:IL vJ1tl'U '11~L"''U 1 vtqjn-:i1"1:::l1m1:uLA''UUtiEJff"J1'11~ 
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3) 1'111lJ Lfl'U\l ~~'U el El n'U ~'UV!ti 1 \91 \;J"tJ el\11 tJl '1 '11'U 1'111lJ Ll'l ~V \;I\! ~~'U el El tl'U 1'111lJ V 11"tlel\11 tJl '1~ 

\J • \I , 

LU~V'UhJ 
oUel L\;lnci111~~n~v-1 

n. oUel 1 LLli'l~ 2 

l'l. oUel 2 LLli'l~ 3 

"ti. -iJel 1 LLli'l~ 3 

\I. -iJel 1, 2 LLli'l~ 3 
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8. '1\1Yl'1Tmn-1Jel!'111lJ\Jlel 1 tJd L~V1n'UalJ~"tlel\11'1Vl~LL\Jlli'l~"IJU\;J ~1'U1'U 5 L'1'U~1\l"IJU\;Jn'U"tl'U1\;l 
mJ1LalJel~\;JVl~'U 1~ V11LvJ1n'U l1~'U~Vlii1~\;JL vJ1tl'U LdernelmL 1\l~\l~U'11V"tlel\ILL~li'l~L'1'ULvJ1 1 tl'U 

" 
1) 1'111lJLfl'LJLvJ1tl'UVl\I 5 L'1'U 

" 
2) 1'111lJLl'l~V\;1LvJ1tl'UVl\I 5 L'1'U 

" 
3) ri1lJel\;1'1a'llel\IEJ\ILvl1n'UVl\I s L'1'U 

'U 

II' d v .dil 

61Jelvmn1J1el.:Jl'lel 
'U " ... ' ., 

n. 61J€1 1 L'V11'U'U 'll. oU€1 1 LLli'l~ 2 ,, 
l'l. -iJel 3 L vJ1iJ'U \I. -iJel 1, 2 LLli'l~ 3 

"' fl11~Lf'l'\J 

B 

1) tl1~el\ln11L~li'l1\;l A LLli'l~ B ~\;1€lelf1LvJ1tl'U'1~~€1\1€1€lflLL1\lm~'V11\Jleii;i1\;l A lJ1f1ffJ1'11~ B 

2) ri1lJel~'1a'lla\IEJ\l'lleJ\1'11~ A mnn-i1ri1lJei~'1a'lla\IEJ\l'lleJ\1'11~ B • • 
3) ri1lJe:i~'1a"tJa\IEJ\l'll€1\1'11~~\laa\I Lvl1n'U 

-Ua1\;l~n~el\I 

n. 1, 2 'll. 1, 3 

l'l. 2, 3 \I. 1, 2 LLli'l~ 3 

0 I ~ .c:::Jq J' d II Cl.I I QJ .q II CV 

10. eJelflLL 1\1 F m~'Vl11JleJ'11~'VleJ\ILL~\I LL'1~'11\;JLVl'1n 'VllJYl'U'VIVl'LJ11Jl~ A L 'V11n'U'1~Ln~Fn1lJbl'l'Uf1'U 

i;i1\;l~\lael\lel~1\l 11 
C/11 I I IV O I QJ 

n. lJl'l1L'Vl1n'U LYl11~LL1\lm~'Vl1LVl1n'U 
" ' Clll I I CV .c::'ilQI QI II QJ I QJ 

"ti. lJl'l1 L 'Vl1n'U L Yl11~lJYl'U'VIVl'U11Jl~ L 'Vl1n'U 
" ' .cill ICV odil.c::illlcu ICV 

l'l. lJl'l1L 'Vl1f1'U L Yl11~LL 1\ILL'1~Yl'U'VIVl'U11Jl~L 'V11f1'U 

\I. hlLvl1n'U LYl11~LtJ'Uli'l1\;l\Jl1\1"1Ju~n'U 



L~'U~.:J~Lfl~tl'U6'11~ favr~LGl'U\j' 
- 4 2 

fl. 5 x 10 N/m 
- 4 2 

fl. 2 x 10 N/m 

"U. 5 x 10
7 

N/m
2 

.:i. 2 x 10
7 

N/m
2 
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~ <Q. II' 10 .c:t. CV 2 cl .!Cf II 4 or:::., Q.I II' I 

12. 6'11~b6'1V!~Lfl~fl1111Lfl'U 7 x 10 'U1\Jl'U/L1J\Jl1 L1!€1'1fl~.:1~1CJLL1.:J 22 x 10 'W1\Jl'UL?f'Ut:J1'U 

fl. 0.1 

fl. 1 

"U. 0.2 

.:i. 2 

,, 

13. LL vi.:iL V!~flE.J11 5 LlJ\Jl';i\Jl~.:Jtl'UL 'W~1'ULL "U1'W ~'l.Ji;i1E.J'11.:i"U€1.:ILL vi.:iL vr~mn~fl111!Lfl~E.J~ 5 x 10-
8 

LL vi.:JLV!~fl'1~~~€1€1flL vi1 L~ 
fl. 1.0 x 10-

8 
LlJ\Jl1 

8 
fl. 2.5 X 10 LlJ\Jl';i 

8 
"U. 1.0 x 10 LlJ\Jl1 

-7 
.:i. 2.5 x 10 Ll.J\Jl';i 

14. m~ L6'1V!~E.J11 5 L1l\Jl1 tl1LlJ'W 1'l.J1-tl6'11m'1E.J'Ul'i°~'Uvr~.:i LL6'1:::L 'U"Uru:::tTu1~m111E.J11"Uei.:16'11~ favr::: 

1~ 5.02 LlJ\Jl1 '1.:IV!1f1111JLfl~E.J~~.:J~Lfl~tl'UffJ~LGl'U\j' 
2 4 

fl. 2.5 x 10 "U. 1.0 x 10 
-3 -4 

fl. 4 x 10 .:i. 2.5 x 10 

fl. :Wri111ei~~?f"U€1.:JEJ.:JG'f.:J ,, ,, 
.c:::iil I CV Q.I cl I II dc:i 0 CV 4 I 

"U. 1Jl"l111€1~6'1?f"U €1.:J E.J .:J?f .:J LL6'1:::1J 1"11fld111 Lfl'UVl"U ~'11 fl~ fl111J E.J~VIE.J'U ?f .:I 
'U " , \.I 

.c:il I CV Q.I .c:il I II .Jq O CV 4 I 0 
fl. 111"111!€1~6'1?f"U €1.:J E.J.:JG'f .:J LL6'1:::1Jl"l1fld111 Ll"l'UVl"U~'11 fl~ f1111J E.J ~VIE.J'U \Jl1 ,, ,, . 

' ' Cl I Q.I Q.J 0 .c::il I I/' .c::ICll 0 V 4 I 

.:I. 1Jfl111€1~6'1?f"U€1.:JE.J.:J\Jl1 LL6'1~1Jfl1fl111!Lfl'UVl"U~'11fl~fl111JE.J~VIE.J'U?f.:J ,, . ,, 
16. 1!€l~~?f"U€1.:JEJ.:J"U€1.:JLVl~flijfi1 2 x 10

11 ij1~'U/L1Jm2 51LL"U1'U1!16'1 100 nL'1fl-rlJ ~'l.JmE.Jci1.:J"U€1.:J ,, 
LLvi.:JLVl~fl~'U~VIU1~~ 0.1 \Jl111.:JL1J\Jl1 E.J11 2 LlJ\Jl';i L~E.JL~U6'11E.J'U'U\Jl~.:Jtl'UL'W~1'U LLvi.:JLVl~fl:V:::~~ 
eieimvi11~ 

-7 
fl. 1.0 x 10 LlJ\Jl1 

-10 
l"l. 4.0 x 10 L1J\Jl1 

"U. 1.0 X 10-
8 

LlJ\Jl1 
-13 

.:I. 1.0 x 10 LlJ\Jl1 



.. 
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~ I.I 1.1 .Jo aJI .d I.I v -4 G.1 

17. ff"J~L'Vl'1flf1'l1b?f'U'Vl'U\lf.J11 5 LlJl'11 lJ~'U'Vl'Vl'U11'1~ 0.5 x 10 1'1111\ILlJl'11 ~fnl'1'11J1'1 6,000 
\I ' 

f11i;in'SlJ LL'll1'U~ew11lmL'U1~\I ~tJ-.i1m~L'Vl~nn~1d~~aan 1.25 x 10-
2 

LlJl'11 m~L'Vl~f1f1~1L&l'Ud 
i1fi1lJa~i;r?f'lleJ\IEJ\l~il1~'UIJlam11\ILlJl'11 (l~ g = 10 m/s

2
) 

10 10 
f1. 1.2 x 10 'll. 2.4 x 10 

10 10 
fl. 3.6 x 10 \I. 4.8 x 10 

-10 
f1. 0.2 x 10 

-4 
fl. 0.2 x 10 

8 

7 

6 

5 

4 

3 

2 

1 

ft7WLftU(x107 Wm2
) 

, 
J 

I 
I 

) 

I 
f 

' I 
I 

0 0.5 1 1.5 2 

10 
'll. 5 x 10 

4 
\I. 5 x 10 

.. 
ft7WLft'W 

~ -
fllfl111fJ1'l 

19. tl1'Vl'U~1~11'1'1 A iilJa~i;r?f'lleJ\IEJ\I Lvi1ntJ YA LL'1~ll'1'1 B i1lJa~i;r?f'lleJ\IEJ\ILvl1tl'U Y8 1~v~ YA 
, \.I • \I 

lJ1nn-.i1 Y 8 ti'1~a\lm11~11'1'1vY\l?leJ\l'S'ULL1\l L~Lvi1n'U 1~vaamL1\l~\IL ~ i1m1lJv11L~lJ~mvi1n'U 
' 

11'1'1vY\1?1eJ\lfl11i1i;r n~ru~L~lJ~'U ria'U~'1~'1 n~\I L U'UeJ~1\l L 1 
• \I 

ClJ qJ( d I.IQ.I I.I I Cl.I 

f1. 11'1'1 A lJ~'U'Vl'Vl'U11'1~'UeJVfn111'1'1 B • • 
Q.I qJ{ ,d SI Q.I I CV Q.I 

'll. 11'1'1 A lJ~'U'Vl'Vl'U11'1~L'V11f1'U11'1'1 B . ' " ' 
fl. 11'1'1 A i1~'UViV1ti1~~mnn-.i111'1'1 B . ' 
\I. l1'1'1 A i1m1lJV11Lvl1tl'U11'1'1 B • • 

CV I Q.I Cl.I ~ 4 

eJl'111 ?f1'U f.J\llJeJ ~'1 ?f'lleJ\1'11 ~ L 'Vl'1 f1 LL'1 ~'11 ~'VI eJ\I L 'Vl'1 eJ\I 

f1. 3 : 4 'll. 4 : 3 

fl. 5 : 6 \I. 6: 5 
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Q,I CLI .! Cil I Cil Q,I .cj 

bOtU.lbb 'U'U'VlflfleJ'U1fllJ.li'lflllC}'Vl5'Vl1{1fl1'ab'all'LI ne>'Llb 'all'LI - Vli'l{lb 'all'LI 

b~ei.:i fl.fl1'W~f!Vl~'Ll'Uei.:iei"Uei.:ibb~.:i 'a1a1'tl1 \:Jana 1 33204 'a::~u.U'Ll315a11fln~1tl~ 6 

Ill d 0 d Ill 

'UeJ'VI fl1~E'U'Vl\1ni;rn.:i 

1 fl 

2 ~ 

3 "lJ 

4 fl 

5 ~ 

6 fl 

7 "lJ 

8 n 
I 

9 n 

10 fl 

11 ~ 

12 fl 

13 ~ 

14 fl 

15 "lJ 

16 n 

17 ~ 

18 "lJ 

19 n 

20 ~ 
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1. "llfl ....................................................... 'U1l.J?lfl'1 ....................................... . 
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"" fil~LL'U'U 'Vll.J1 tJ '1 ~ 

"" fil~LL'U'U 'Vll.J1tl'1~ 

Q I.I I .::! ct. d 
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14 0 d c!il I C.: 
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~ . 
111B'U~ 4 fl11llfl~ L ~'ULL~ t<U'm~'UBLL 'Ut"!JB\l~ L zj~1"111qjVl1\l~1'Ul"111Vl~fl~ 

Vlv'U~ 1 1'111CIU':it~\lrl"!JB\lLL'U'U'l.btLij'U • 
LL 'U'UU':it Lij'U"l!~if ~~1\l~'U L ~B'11':i1"il 1"1112.Jfl.~ L ~'U"!JB\l~ L zj ~1"111qjVl1\l~1'Ul"111Vl~f161 

d 11V .Q. 14 O d .di I 
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"!JB\lLL "!J\l 
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Vlv'LI~ 3 fl11llfl~L~'U"!JB\l~LzjV1"111fll~1'Ul"111Vl~fl~ L~V1tl'U"ll~Vl~~B\l L~B\l ~.fl1'Vi~~'V!~'U"!JB\l 
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1 
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~.n1~~m~9in 1~ 

"" 0 ... 
UEfl~11lJ'V!lJ1V~E~~~~1fl~ 

fl1':iLLtl1~'Um~ ~~'11tl~~ll1~ 
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0.2 < p < 0.8 

1 0.24 H1~ 

2 0.34 1-tl't~ 

3 0.39 1-tl't~ 

4 0.21 1-tl't~ 

5 0.24 1-tl't~ 

6 0.21 1-tl't~ 

7 0.39 1-tl't~ 

8 0.24 1-tl't~ 

9 0.26 1-tl't~ 

10 0.29 1-tl't~ 

11 0.29 1-tl't~ 

12 0.47 1-tl't~ 
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14 0.42 1-tl't~ 
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16 0.26 1-tl't~ 
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1 0.30 tm~ 

2 0.50 tm~ 

3 0.30 tm~ 

4 0.20 tm~ 

5 0.30 tm~ 

6 0.20 tm~ 

7 0.30 tm~ 

8 0.70 tm~ 
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10 0.30 tm~ 
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14 0.20 tm~ 
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1 5 5 5 4 4 4.6 
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4 5 4 5 5 5 4.8 
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5 5 5 5 5 5 
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mn~vnrn 11Jt,'V11~1'Vl CJ 1 !311" m 

5 5 4 4 4 4.4 
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'Vl~G'leN 

'11flfl1':i'Vl~mNi1m~ffuijl'l11ll'1'U1 '1~'1::L~~'U~ 
'IJ 

L~l.JL~ll L 'UL~eN '1.fl1Yl~~'Vl~'U"Uei-:i"Uei-:iLL ~-:i • 
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l'l1L\l6'W L'Ufl.:IL'U\J 

ll1fl'a,!1\J 

4.08 0.60 

4.18 0.58 

4.16 0.64 

4.11 0.55 

4.18 0.57 

4.08 0.59 

4.08 0.52 

4.13 0.51 

4.13 0.55 

4.11 0.61 

4.21 0.64 

4.13 0.63 

4.11 0.61 
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4.08 0.62 
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IPl1"51.:I~ .:i.1 e.Jliln1"5'Vl1\h::il'Vl5.f11W'tleJ.:111fl'VlfllileJ.:I L~a.:i iit.f11WVfl'Vl~'U'tleJ.:l'tleJ.:ILL-ii.:i • • 
a1V1i'uum'iauim!tiaiJf1m~1tl~ 6 

II "" 
fl::uuun1"5'Vl~aau'V11a~~n~n"5"5iJ flZLL'U'U'Vl~aau 

., "' d d d ., "' um "5fl'Ufl'U'VI n1"5'Vl~li!el.:l'VI 1 n1"5'Vl~lilel.:l'VI 2 flZLL 'U'U"51iJ 'Viii!.:! L "5'1'U 

(10) (10) (20) (20) 

1 8 9 17 16 

2 8 9 17 19 

3 9 9 18 16 

4 7 9 16 18 

5 7 9 16 17 

6 9 8 17 14 

7 9 7 16 13 

8 8 9 17 19 

9 8 9 17 20 

10 9 9 18 18 

11 9 7 16 14 

12 8 6 14 13 

13 6 9 15 17 

14 6 7 13 13 

15 9 7 16 18 

16 7 9 16 18 

17 8 9 17 15 

18 8 9 17 17 

19 8 9 17 15 

20 7 9 16 18 

21 7 9 16 17 

22 7 9 16 17 

23 8 8 16 14 

24 9 9 18 17 

25 9 9 18 18 

26 8 9 17 15 

27 9 8 17 17 

28 8 9 17 17 

29 7 9 16 18 

30 9 9 18 15 



~111.:1~ .:1.1 N~n11'VITlh~a'VIG.f11'W"tlil.:l"qfl'Vlfl~il.:I L~il.:I i'll11'W~fl'Vltj'U"tlil.:l"tlil.:ILL-ii.:i ., . 
fii1'Vliu'l!m~vu.iju3J5vi.iAntt1\'J-Vi 6 (~v) 

u .. d 
um 1V'l.!fl'U'VI 

31 

32 

33 

34 

35 

36 

37 

38 

• d 
fl1LU~V 

d 
fl1'UL \JV.:! L \J'U3J1~1§1'U 

'lh~aV16.n1w"tlv.:i 

m~\J1'Un11 (E1) 

II "" 
fl~U.'U'Un11'Vlfli'lil\J'Vl1V"qfln\ln113J fl~LL'U'U'Vlfli'lil\J 

d d u .. 
n11'Vlfl~il.:l'VI 1 n11'Vlfl~il.:l'VI 2 fl~LL 'U'l.1113.J 'VI~.:! L 1V'U 

(10) (10) (20) (20) 

7 8 15 14 

8 9 17 17 

9 9 18 17 

7 7 14 13 

9 9 18 18 

8 7 15 14 

9 9 18 19 

8 5 13 12 

301 322 623 617 

7.92 8.47 16.39 16.24 

0.88 1.01 1.33 2.04 

79.21 84.74 81.97 81.18 

79.21 84.74 81.97 

81.18 

I Ei/E2 = 81.97/81.18 
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~1~1.:i~ .:i.2 fl::LL'IJ'IJ'Vl~aeiu1~~aa3Jq'Vl~'Vl1.:im~L1t1·1..uim..1L1t1'1JLLa::V1~.:iL1t1'1J 1~a1.if"'~'Vl~aei.:i 
4 4 I id I QI Q 0 QI Q 

L ~ei.:i a.n1-wt1 ~'Vl~'IJ'llv.:J'llv.:i LL 'll.:J~13J nu L 'VI fl'Uflm~av'IJ LL 'U'U'Vl1'1J1ti-a.:i Ln~-v6'U1 a 

a1V1i'uum1t1'1J.U'IJ~6t13.lftnti1tl~ 6 

..... cl fl::bb 'IJ'Urlv'IJL1ti'IJ (Pretest) fl::bb'U'U'Vl~.:JL1ll'IJ (Posttest) 
'IJ m ~ll'IJ fl 'IJ'VI 

(20 fl::bb 'U'U) (20 fl::bb 'U'U) 

1 10 16 

2 10 19 

3 11 16 

4 9 18 

5 9 17 

6 14 14 

7 12 13 

8 10 19 

9 10 20 

10 12 18 

11 11 14 

12 10 13 

13 8 17 

14 8 13 

15 9 18 

16 9 18 

17 10 15 

18 10 17 

19 10 15 

20 9 18 

21 9 17 

22 9 17 

23 10 14 

24 11 17 

25 11 18 

26 10 15 

27 10 17 

28 10 17 

29 9 18 

30 12 15 
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vi1,-1~~ ~.2 fl::bb'U'UV1flaau1'fl~~il11qvi~vi1~m,.b';a'Uria'Ub;u'Ubb~::V1a~b;u'U 1flv1if'qfl'Vlfl~a~ 
d 4 I A I .,, Q. 0 Q,I Q 

b 'au~ a111~t1fl'Vl~'U'!lu~'!la~ u '!l~n11nu b V1fl'Ufln1"aau'Ubb uuvi1'U1v-a~ bnvi-a5u1v 

f;h'Vl.ruum';v'Uoff'U2!5v11flntt1tl~ 6 (~a> 

"' "" ..; fl::bb 'U'Uriu'Ub';u'U (Pretest) fl::bb 'U'U'Vla~ b';a'U (Posttest) 
'Unb "aV'Ufl'UVI 

(20 fl::bb'U'U) (20 fl::bb 'U'U) 

31 9 14 

32 10 17 

33 11 17 

34 9 13 

35 13 18 

36 10 14 

37 11 19 

38 10 12 

n11 385 617 
d 

10.13 16.24 btl~V 

' d 
if1'Ub'UV~b'U'U111~"a!1'U 1.26 2.04 
II 

50.66 81.18 "aav~:: 
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.::\ d 4 I d 0 CU CU .ct 

'tJfln'1n1·nm11V1fli:itJ.:J L 1e>.:J a.n1r4EJfl'VIEJ'Ll"lJu.:J"lJe>.:J LL "lJ.:J il1'Vl1'U'Llm 1EJ'LI 
' ' 

~uij'5a1JAn~1tJ~ 6 



d 
L1€l'I .............................................................................................................................. . 

' ' .. 
f1~11'VI ....................................... .. 
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1 d ~ d 
. "11€1 ................................................................................... "ll'U ......................... L~"IJ'VI ............................ . 

' ., ' 2 d Q.I q 
. "11€1 ................................................................................... "ll'U ......................... L~"IJ'VI ............................ . 

' ., .,j 

3. ~€1 ................................................................................... i'U ......................... L~"IJ'VI ............................ . 
' ., ' 4 d Q.I q 

. "11€1 ................................................................................... "ll'U ......................... L~"IJ'VI ............................ . 
d ~ .,j 

5. "11€1 ................................................................................... "ll'U ......................... L~"IJ'VI ............................ . 
' ., .,j 

6. ~€1 ................................................................................... i'U ......................... L~"IJ'VI ............................ . 
7 d ~ .,j 

. "11€1 ................................................................................... "ll'U ......................... L~"IJ'VI ............................ . 

oJ '11/G.ICit Q,lcf 'r Q,/Q,I~ Q,I I 

fl1'tiLL\l.:J : ~ 'Vl'UnL 1£.l'UU'U'Vlntl-lftfl11'Vl~ftil.:Jft.:J ~ 'UVl111.:JLLft::LLfl~.:Jfl1111fl11'W'Llti"IJil.:JVl1 LL UftV11.:J 8} 

vi1 fl11'VI ~fte>.:J 1~£Jfl11L ;i£J'U m1rfl ~nn ~e> .:Ji~ L \l'U cw;e>11i.:Jvfitl11mLft::a1tl ~.m fl11'VI ~ftil.:J v • 

°"' cl .d 
LL UUU'U'Vlntl·lftfl11'Vl~ftil.:J'VI 1 

1V1ntl1::a.:Jf1 • 
1 .............................................................................................................................................. . 

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

~t1mrum1'Vl~flv.:i ,, 
1. ~1'U~'I ... 
2. 1l!u11VI~ 

., 
... 0 ... 

4. (;l::"lJmL "ll1'U~f1\;11J'U1'Vl'Uf1 
'U • 

s. 111~ so n-r11 100 n-r11 200 n-r11 LL~:: 400 n-r11 

6. m..:i-r~"lla..:i 

..... 
1t>n11'Vl~ftil.:J 

1. i.11"11~ LL "ll1'Utb::nm.Jn'IJ~1'U~..:i L 'Uvi1 LL V1t1..:i~~a..:im1vi1m1V1~~a..:i . ... 
0 Q.I di.I tCf d I d Q.J I d .d 

2. 'U11\9'1'1'Vl\9'1€l'I fl111"1f1~1G'l.fl1'rm~'Vlt.l'U t.l~f1'1.J'Vl1'1"ll€l'l"ll~ LL "ll1'U"ll€l'ILL "ll'I LL~:: LL "ll"J'U'VI LL "ll'U"ll€l'I • • • 



4. tirn'Yl·nv 50 n-rl.J LL'll'J'U~U'11V~1'Ufl1.:l'lleJ.:l"!W1LL'll'J'U tJ'UVif1lJ'J'1 (m) LLG'lt~tVt~~~ • • 
aan (bl) 1'U1111~1.:i'IJ'UVim..ia 

5. '111~N'Y1~1vaan 1~f111l.JV1'J'lla~1'1~ tJ'UVinial.16'1 111~T'il'1eJUG'lfl1~~~'Vl~'U 
II II \I q 

6. 'Yi'1m~'Yl~'1a.:i1111l.lia 4 LLG'lt 51~mL~'1tfl~.:iL~l.JlJ1'1fl~.:i'1t 50 n-rl.l (L"li'U 50, 100, 

150, 200,250, 300, 350,400, 450,500, 550) 

7. 1 Lf1~1t't-1ial.J6'1 
\I 

8. L~V'Uf111'Vht'Vl11.:iLL~.:ILL6'ltfld1lJV1'J~~~aan 
9. '111LG'l'UeJialJ6'1 

\I 

Nfl n1'a'VI ~ fleNI 

1111~1.:iu'UVim.J'1f11~'Y1~6'la.:i 

d d 
111fl LL 'a~'VI fl1111ll11'VI 

(g) t """ 'ti~~ 1~1.1 

F L 

(N) 

fl1111ll11 fl1111ll1111'1~ 

' ., 
1fl~~Ltl~ti'Ultl ... 

L 'ai.J~'U • 
(Lo) bl 

(m) 

······················· 

~nlilfleium-a-N~ltl 
..; 
Li.JeJ'Vl~~eJeJnLL 'a~ 

fl1111ll11 iifll11~ 
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0 Ill 

~1t:l1:u~1an1~~l'l~v~ 

1. LdvvflflLL1'1~'11'11lt:l L"ti'U m.fl-:iLdm~:ULL1'1'i1'UL~mJ 61 '<iJ'U5'1~~r'11ii'l'lLL'lh~'Ul111'1 LL~TV!CJl'lflflflLL1'1 
' I ' 

1tl~1-:i"1.1m1'111t:lV1'1-:i·vwl'lvvflITT'I (m1:um1) '<il~ij'1n~ru:m~1-:ih 
'II • • 

2. '<il1floUB 1 ~1BflflLL ~'IL~:U6!1'UL~mJ 61 '<il'U5'1~1'1~1fll'1'1il1'V'l~l'l'Vl~'U LL~1'VIEJ~BflflLL 1'1 1tl~1'1"1.IB'I 
I , , " 

1'111t:lV1'1-:iV1v~eieimL 1-:i (ri11:um1) '<il~ij'1n~ru~ei~1-:i h • • 

3. '<il1floUB 2.1 ~1BflflLL 1-:JL~:U~'UL~eJEJ 61 '<il'Ufi'IL'1EJ~~~1tl~'1fl1'V'l~~'Vl~'U1tJ LL~1'VIEJ~flflflLL1'1 
I ' ' 

1tl~1-:i"1.1ei-:i1'111t:lV1'1-:i'VIEJl'leJeJmL1-:i (ri11:um1) '<il~ij'1n~ru~ei~1-:ih 
'II • • 

·································································································································································· 

·································································································································································· 

·································································································································································· 

·································································································································································· 
·································································································································································· 
·································································································································································· 
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9. YleNtl11 'Vl:W L etla1-:!'11'Ub~~'1 bb~~tl~1-:!"tltJ-:!vlti-:itl1 ~-:! b vJ11'lti'Unti'Ua1-:!'11'U bb~~-:1-J1vJti-:itl1-d'~~.n1V'I 
bb'U'U1~ b'Vf~1~ 

·································································································································································· 

·································································································································································· 



d 
L iel\I .............................................................................................................................. . 

' I .. 

n~:w'VI ········································· 
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d ~ d 
1. 'llel ................................................................................... 'll'U ......................... Lfl"ll'VI ............................ . 

. ! ., ' .. ., "" 
2. 'llel ................................................................................... 'll'U ......................... Lfl"ll'VI ............................ . 

' ., .J 
3. ~el ................................................................................... -tl'U ......................... Lfl"ll'VI ............................ . 

' " .J 
4. ~eJ ................................................................................... -tl'U ......................... Lfl"lJ'VI ............................ . 

d ~ .J 
5. 'llel ................................................................................... 'll'U ......................... Lfl"ll'VI ............................ . 

d ~ d 
6. 'llel ................................................................................... 'll'U ......................... Lfl"ll'VI ............................ . 

' ., ' 4 ., .. 

7. 'llel ................................................................................... 'll'U ......................... Lft"ll'VI ............................ . 

fl1~LL~\I: 1 ~,r n L~EJ'UU'UVi rn.m fl11'Vl~'lflel\lfl\l 1 'Um11\I LLfl~ LLG'f i;)\ll"l11:U'1:U~'U~"1Jel\1~1 LL Ufl~1\I ~ 
vi1 rn1V1i;ii;:iei.:i 1i;ivrn1L ~EJ'Um1vfl ~'1n!Ji'ei.:i-tli;i L~'U 'Vi~ei:u~.:ieiiiu11v LL'1~'11u~i;:i rn1V1i;ii;:iei.:i 

~ . 

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

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

3. ············································································································································· 

4 ............................................................................................................................................. . 

.... 
1tin1''j'VlflfleH 

1. i11'lJi;) LL "1J1'UU1~nm.Jtl'lHi1'U~\l 1 'U~1LL V!'ll\1~9lei.:irn1vi1rn1V1i;JfleJ\I . ~ 

cvJ/d l.ICV CV 

2. 1i;)'Vi'U'VIV!'U1\;li;)"1JeJ\IV!'U\IEJ1\I 

V1u.:iv1.:i 

5. 1irn'Vl11EJ 50 n-r:u LL"1l1'U~Ufl1EJ~1'U~1\1"1Jel\l'lli;JLL"1J1'U U'U'Vinmi;:i (m) fl1'U1ru'V!1LL1\l~\I • • 
~Lni;i~1nm"1rnV111v f11'U1ruV11ri11:uLfi''U u'UVin~i;:i1'Ui;iTn-:iuuVin~"' • 
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6. 1~fl113.JCJ11~~~aan (6L) U'LIVim . .Ja ~1'U1UJ'V!1fl113.JLfl~CJ~ U'UVim..Ja1'Um11.:iu'LIVimm 

7. vl1f111'Vl~fleJ.:JIP113.JoUfl 5 LLfltoUeJ 6 L~CJLL~fltflf.:iL-ril.lmaflf.:iat 50 n-rl.J (L"li'U 50, 100, 

150, 200,250, 300, 350, 400, 450,500, 550) 

8. L :iiCJ'U f111Yl1t'V!l1.:Jfl113.J Lfl'ULLfltfl113.J Lfl~CJ~ 

9. ~1'U1UJ'V!1fl13.Jfl~~'1"llfl.:IEJ.:I • 

bb1'1vfl<ti 
.r cl 
'W'U'Vl 

""' II ., 

l'!{I Vl'l.11\Jllil 

F=mg A 

(N) (m2) 

f'l11llCJ11"lleJ{I 
II cl 

bil'U~1'1'Vl 

Ltl~aultl 
6L 

f'l113.ICJ11 
' ""' II b1ll\Jl'U 

L0 (m) 
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4. ff".J~ 1avt~tn'J 3 L1JIJ11 LLa~:U~'U~vt-U1~~ 0.25 IJ1111\IL611'U~L1JIJ11 lil~V~eJeJfl 0.05 L611'U~L1JIJ11 
L~eJ 1-a'LL 1\1~\I 10000 -01~'\J "il\IVl11'1111JL~'U~\ILLa~l'l'J11JLl'l~~~~\I 

74 

5. m~favt~~1'J 10 L1JIJ11 :U~'U~vt-U1~~ 0.05 IJ1111\IL611'U~L1JIJ11 L~e:ici1.:i~1ml1vtirfl 10,000 -U1~'U 
lil~V~e:ie:inhJ 10 L611'U~L111J11 Lavt~tl:Ufi111e:i~~'1"1Je:i.:iei'.:iLvl1h 

7. L~mL"1J1'U111a M H~tJa1mG1'Um~ "il~'Vi'11~L'1'Ua1~v~e:ie:in 0.12% "1JeJ\ll'l'J111~11L~11 51a1~i1 
~'U~vt-U1~~ 0.2 1J1111.:iija~L111J11 LLa~:Ufi111e:i~~'1"1JeJ\leJ\ILvJ1n'U Lll'U 2.0 x 10

11 -U1~'U I L111'11
2 

'U 

111a M :Ufi1Lvl11~ 

8. a'J~'VleJ\ILL~\ILLa~a'J~L'Vf~flfl~1i11'1111Jtn'JLvJ1n'U LL~a~L'1'U~fl11'1'11J'Ja m LL"IJ'J'U ~e:i~1'ULL'U'J~\I 
'U • 

'11m~vY\1'1eJ\l~~L vJ1tl'U a1~'VleJ\ILL~\l"il~~eJ\li11'!31i1Lll'U~LvJ1"1JeJ\la'J~ L Vf~flfl~1 rl1Vf'U~ 1 ~fl11JeJ~~'1 
'U 

., ~ ., .. I 11 11 2 O ., 

'tleJ\l~\l"lleJ\l'VleJ\ILL~\ILLa~L'Vlaflfla11Jl'l1 1.0 x 10 LLa~ 2.0 x 10 N/m 1'111Ja1~'U 
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fl1fl~tnn o 



L 1.::lb~V'l,lb6rn.nii~'Vltl11°'11J 
'U 

11t11'll1 Vl~fl'1 

.., .. .,..,; 
LLi:.J'Un1':i;Jfln1"H"all'Lll'VI 1 

n~lJG'l11:::n11L~E.11JTIVltJ1Pl1~~1 fl1Flb~tJ1J~ 1 tJn11~n~1 2557 
• 'U 

1~'11'll1 1 33204 1~~'Uoff'U~ut11J~fl~1tl~ 6 

"il1'W1'Ub 1'11 2 off111J.:i 

1J1fl':iJ1'LI 1 4.1 : LoLJ111iJu111J'll1~'lleJ.::JLL1.::JLL1JL~~fl1~~1 LL1.::JLU11fr.J.::JLL'1~LL1.::IU1bl°'l~V{ 

ijm~'U1'Wfl11~'U L'11~~1m11J~ ~8'111~.:i~L~t1'W~LLa~fl111Jn Ul -tl'tl1~ 1v'lli18 ~1.::J'1fli;i'8.:i LLa~ 
\J \J \J " 

... 
1J1fl'Hi1'U'ti1'3i'LI 11. 4-6 : 6'111T<\l\;111"i1'18'U 1Lfl11~~LL'1~8G'U1Vl°'l1111'111~'UG1~WJ1.::ILL1.::J fl11 ... 
Ll°'l~8'U~'ll8.::18'U.f111°'1~~ffJ\;1'1L'U61'U1111 iJ11ci1.:i 61'U111LL1JL~~fl LL'1~'1'U1111 ~~11111~.:im1tl11 'lfl i • • 
'lh~1v'lltl 

.... "" 'UflL 1tl'U"il~'111111(l 

1. 8G'U1V'1.f11'V'l~~~~'ULL'1~'1.n1'V'l'V'l'1161~fl 1~ • 
2. 'U8fll°'l1111~1J1 V'll8.::J~~"i)1fi'~ fl11LL tl1~'1J\;11.::I ~~"iJ1 tl~'1.n1'V'l~~~~'ULL'1~"il~ LL\;lfl~fl 1~ • • 
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'1m'V'I ~~~~'W'll8.::J'll8.::J LL ~.:i L ll'W'111'U°1i'll8.::J'll8.::J LL ~.:i~ij m1L tl~ti'WLL tla.:i1tl~1.:i Ld8ij LL 1.::1111 m~vh 
• 'U 

mJ.:i88f1LtJ'U 2 tl1~L.n'Vl ~8 1. '1.n1'V'l~~~~'W (elasticity) ~8 6111'U°1i"ll8.::J1''1~~ijm1Ltl~vmLtla.:i • • 
1tl~1.:i Ld8ijLL1.:i111m~\'1'1LL'1~6111111'1~'U~1fl'1'U'11tl~1.:iL~11 Ld8~t1~88f1LL1.:im~\'1'1 2. '1m~ 
\J \J\J 1 

'V'l'1161~fl (plasticity) ~8 mru-J'1~LtJ~ti'U1U~1.::J1tJ8~1.::1'1111 b~V~11'1~1lJijm1Ufl"ll1~~~mLi;ifl~fl 
• 'U • 

L 111~~m~n'111~a'll8.:i1'i;i'1 LL a~ LL 1.:i~ LMv1-LJ'8.:i 1~v 11Jr11u.:i5.:i'11'W~LL 1.:iL mhif 'Wije.Ja~mtl~1.:i 
• • 'U 

'll8.:i1i;i'1 ~1LL1.:i~m~\'1'1~81'i;i'1ijfi1111fl~8n"i!~\'1'11~1i;imn~ m1~fl':itl (deformation) ~~8m1 
• • 1 "' 

LL\;lfl~fl 1~ L 'U~1i8d "il~~fl~1e.Ja'll8.::JLL 1.:i'Vlvf 11 ~i'i;im tl~ t1'U1tl~1.:i~.:im"il~'W'1.n1m~11~~8m"il 11J~'U 
• 'U 

'1.n1'V'I L~11~'1.:i~t1~88fl LL 1.:im~\'11LLa~m1tl1m111~~LMv1-LJ'8.:i1UlitJ1~1v'lli1 
• 'U 

' ... oClll .di Q.J di Q. 0 Q.I I Q.I 4 ctJ I 

L1J 8 88flLL1.::1~.::JV 1.::11~'ll8.::1~1888flLL1.::Jfl~~'U'U11J'U "ii ~~'U11'U 1.::11~"118.::J"il~ ti~ 88 fl Lb'1 ~ fl'1'U61 
'U 

'1.n1'V'IL~11Ld8~t1~88f1LL1.:i '11'W~'UJ1~'Ut1'U~1a.:i 1~v 11Jfl'1'U&161.n1m~11 ~.:i1tl 8.22 '111'U°1i'll8.::J1'1~ 
1 1 \I " 1 

~ij fl11L tl~ V'U1tl~1.::J b~8ij LL 1.::1111 m~\'11 LL'1~'111111(l~'IJ~1 fl'1'U'11tl11.:i L~11 Ld8~V ~88flLL1.::1 m~\'11 
\J \J" , 

L~Vfll1 a.n1~V'1Vl~'LI (elasticity) 
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~'ltifl'HU1'1~~L tl~rm~tl11~ 1 tleJ~1~mT';i Ll'll'J~11'G1~ hliim15fl"lJ11'1'Vf~mL\9lfl~fl L~l'Jfl'11Jtmd 
11 fil.fl1wwa1a;jn (plasticity) 1'11'1'V!'11 l'J'llill'lii~~".fl1'V'l~l'l'V!~tJLL'1~'1fl1'V'l'V'1'11'1~fl1 u~1 LeJ~ Ll'll'Jii • • 

4 Id OCllll II oCilll .c:tt. d Oc:ill 

G1.fl1'V'l l'Jl'l'V!l'JtJL1JeJ LL 1~fl1~'Vl11Jfl1tieJl'J LL'1~1JG1.fl1'V'IYl'11'1\9l fl L1JeJLL 1~fl1~'V111Jfl11J1fl • 
Ldml11'G1~u1~'!1ill'I L "liu L 'V!~fl 'VleJ~LLl'I~ 'Vf~mLn11JTYh 1 ~L lJmL vl~'Vf~m llm~tJl'J1'l'Vf~m UtJ"lll'I 

LL~'l Eil'ltl'11 l'JeU1~'V!~~ H '11fltf ue:ieJmL 1~~~tl'11l'JeU1~'V!~~ 1 tl\9l11J LL tJ'l l'J1'l 1'11'1'1~ L tl~l'JtJLL tl'1~ • 
eJ~1~ 11 

'11flfl11~~1'1~'1JUl'!!Ji1~ j L"liti '1tl1~1~~1'1eJ€lfl'1~ YIUrJ1fl'l11Jl'J1'l~G1tl~~~l'leJeJflLLtl1~ti\9l1~tl'U 
"1JtJ11'1"1JeJ~LL1~~~ LLl1i'11L~1JLLi~~~G1tl~~1~~tieJeJfl 1tlL~eJl'J i Bfl L~eJfi~1~l'J~'V!~~ '1~'V'l'UrJ1fl'l11Jl'J1'l~ 
G1tl~~~l'leJeJfl 1lJLL tli~ti\911~ tl'U"1Jti11'1"1JeJ~ LL 1~~~ 
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""lnnfln"l"JLL1l"lw""'~ 

!l~fil'IM1Wli'1~~\J 

c ,, .. t.L~n«fl 

o--~~~~~~~~~~~-

A11~v11~flt.A~u"aan 

lil1flfl':i1~1il:::L oH'U 1~11 fl11lJl:111~61tl~.:i~~aamLtl1tr'Um.:iti'u"U'U1~"lleMLL 1.:i~.:ia~"l 'U"!i1.:iLL 1m vh 

ii'U Fia L'U"li1.:i Oa "lleJ-!IL~'Um1~ LU'U1tJl911lJfl~"lleJ-!l~fl ~~ a zj-!ILU'U~1LLV1tl.:i~~Vf1EJ~r111lJEJ11L~'U 
1'1vi:::~~aamL tJ1tr'Ul911.:in'U"U'U1~"Ua.:iLL 1.:i~.:i lil~U L~EJfl11 ;i~lii1n~nT'm tl~~'U\9l'H (proportional • 
limit) ~1elelf1LL 1-!l~-!IL~'U1'1VI::: 1 ""~~am~m!aEJliJ'U5-!!lil~ b LlleJVIEJ~eJeJf1LL1-!l~-!IL~'UfaVl:::liJ:::fl~'U 1 ti • • ' ,, 

I Q. II IQ./ Q I.I qq I q 0 Q,/ 4 I 

eJ~61.tl1't''H~lJ LL'1:::fl11lJEJ11~~'Vl1EJL 'Vl1fl'Ur111lJEJ11L1lJl91'U ~~'UL W n11 "1Jfl'11Mlif.f11'VU.lfl'Vl~'U 

(elastic limit) 

r.=b'U"li1.:i"Ua.:im1~~-!ILLl'ilil~ b LU'U~'U1tlL~'U1'1vr:::L~lJLtJ~EJ'U1tlltla~1.:im11 LllaaamL1.:i~.:i 
• 'II 

l'ia1tJ lil'UL'1EJ~~ c L~'U1'1V1:::1il:::"U1~~~UL~EJn-h ~~LL\9lnin (breaking point) 

"li1.:i ob L~EJfl11 n1'a~fl~tlLL'U'UVfl'VIV1J (elastic deformation) LL'1:::61.tl1V'l"lleJ-!ll191'1L'U"li1.:i " . . 
L~EJ n11 a111waflvrv1..1 (elasticity) zj.:i L U'U61lJD~"Ua.:i1191 '1~i1 fl1'H ti~ EJ'U1tl~1.:i Lllai1LL1.:im m:::vi'1 

• • 'II 

LL'1:::611lJ11'1 fl~rn<htl L~lJ LlleJVIEJ~aa fl LL 1.:im:::"11 
'11'11 • 

"li1.:i oc L~EJn11 m~~fl~tlLL'U'U'Wa1a~n (plastic deformation) zj-!ILU'U61lJD~"lleJ-!lll91'1 " . 
~Ltl~EJ'U1tJ~1.:i 1tla~1.:im111~EJ1191m1.:i1lJofl"U1~Vl~mL191fl~fl 

'II • 

1'191'1~1'U 1virui1~.:i61.n1Y1~~V1~'ULL'1:::61.n1Y1Y1'1161~fl1 'LI~1 La.:i 1~EJi161.n1Y1 ~~vi~'U LllmL 1.:im:::'Yl1 
, Ill , I , 

-=ill.I 4 .r:::..4 OQll Q.J Q,.r::ill QI 

lJ fl 1'U a EJ LL'1:::lJ61.tl 1V'I Yim 61191 flLlJ mL 1-!I m :::'Vl1lJ f11lJ 1 fl 1191'1'U1-!l"ll'U ~lJLLl9161.tl 1V'IV'1'1161191 fl L "ll'U ,, . 
~'UU1lJ'U "ll'UlJU-!1 L U'U~'U 

n~"IJeHlfn (Hooke's law) 

Lllaaaflu 1.:i~.:ivi~afl~61tJ~.:i vi~a L~'U'11~V'l'U111 'U"lleJUL "lll91Vl~.:i LL 1.:i~m:::'Yl11'ia61tl~.:i 
F i1m1lJ~lJ~'Ufinum1lJ1:111~LtJ~EJ'UltJ x ~.:id 

F oc x 

Vl~el F = kx 

Llla k Fia li11fl.:i~1'1tl~.:i (spring constant) vi~ali11fl-!1~1LL1-!I (force constant) 
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"" II n1:::u1um·n 1vu1 
"' " 

1. ium1vhu1v (Predict) 

1.1 f11tl1Lauei 1'a~~1.:i ., L~m1mL1.:im:::vi1'1:::iim1Ltl~e.i'Ua.n1~ii~mmrn 2 LL'U'Ufiei 
\J , I \J 

a.n1~~~Vl~'U LL'1:::a.n1~~'11a~n '11f1at:n'Uf11'HU~n1Vl'U~1~LL~'1:::.LJ'ei1a~iiLtl~e.i'Uam~LL'U'U1~ • • 
1.2 fl1LL'1f11'1.J.:t1'U~ 1 L~tl.:I a.n1~~~Vl~'U'Utl.:l'Utl.:ILL~.:I LL'1:::1~tl'm~e.J'UL~e.J'Ufl1vi1'U1e.J'11f1 " . 

am'Um1ru~n1V1'U~1~LL~'1:::iei1a~iiLtl~e.i'Uam~LL'U'U1~ 1~n'11 10 'U1Vi • 
2 . .Uum1a.:iLn~/\ll~~e.:iA1uA'u'li'e~~ (Observe) 

2.1 fl11 ~iJm~eJ'Uvi1f111'Vl~'1 tl.:I L~ei.:ia.n1~~ ~Vl~'U'Utl.:l'Utl.:ILL ~.:! 1~ mL U.:t ni=ilJUnL~ e.J'U " . . 
eieim tl'Uni=llJ ., '1::: 6 1~tl'm~e.i'ULL~'1:::n6'll.11'ueitlmrum1'Vl~'1ei.:i , I • , 

2.2 fl1'1lJn6'ilJl'i'1LL'Vl'Utl1:::lJ1ru 1 - 2 ni=llJ tl1La'Um.mm1'Vl~'1ei.:t 
\J , , • 

2.3 fl1'1lJn6'ilJl'i'1LL'Vl'Utl1:::mru 1 - 2 ni=llJ 1~1n~~'1m1tl1La'Um.mm1'Vl~'1tl.:t'llmn6'ilJ~ 
\J , , , • 

Ltl'UlJl'JLL'Vl'U ~fl11~G1lJtJ1La'UmL~'J " . 
2.4 m LL'1 :::tl' m~e.i'U~'JlJ n'Ueii1tl11 e.i L~ e.11tiu-Ueia1tl'11nm1'Vl~'1ei.:t1~ e.i fl11 ~f11mlJm:::~'U 

\J • \J , 

1 ~tl'm~e.i'U~~ 

2.s tl'm~e.i'Ufl111~iml.:i Lnl'l'11nm1vl L~ein1V1'U~'1~~1.:i ~.:id • 

.. .. 1' d .r::! .c:V 1. eJ~tltlf1LlJtl aLL';i.:I LL'1:::LlJtlL~lJLL1.:t1:::e.i:::e.i~ 

eieinnL~lJ~'U\Pl1lJ Lll'Uel\Pl';i1'11'Ufl.:I~ L~tl'Vl~~ 1'1 

LL ';j.:JliJ:::Vl~f1~'1.Ja.n1~L~lJfld1lJeJ11 L vh L~lJ 
d.. ., d 0 1 ' .f1 

2. 1:::e.i:::'Vl e.J~tltl f1 f1'1.J LL 1.:t'Vlm:::'Vl1 lJ L u'U 

ell'l11'11'Ufl.:I~ LL~ L~tl'Vl~~ 1'1LL1.:tlil:::Vl~f1~'1.J 
am~L~lJfld1lJeJ11Lvl1L~lJ1~ 

3. 1:::e.i:::~g~tltlf1tl'ULL 1.:t~m:::vi1 hJL tJ'U 

ell'l11'11'Ufl.:I~ LL'1:::L~tl'Vle.J~ 1'1LL 1.:tlil::: hJV!~f1~'1.J • 
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3. i'IJtifiU1fl (Explain) 

3.1 l°l1~.:iF11m11 LL~a:::'1i1.:i"11mm1vJijm111vrmvav1.:i 11LLa:::'1~v1avti'Un11vJijzjm~vn-J1 
'U • 'U 

3.2 1°11LLa:::tl'm~v'U ~111n'Uaih.l11t1'1'LI1~.UmwtJ11 
'U • 

'111.:i oa L tl'LI'1i1.:iv1LL1\ILLa:::1:::v:::v1v~aamLtl1~'U\911\ILU'U1 tl~nl.lfl-!J"11B\l~n LLi;rnL~vn 
'1~ a 11~~"ii1n~LLU1~'U\911\I • 

'111.:i ab LL1\ILLa:::1:::v:::v1v~aan1lJLLU1~'U\911\I LL~1?t~EJ\IV~'V1~1~L'V!ija'U oa LL6'l:::L~Vfl • 
'1~ b 11~~"ii1n~?1.n1~v~vrv'W tian5.:iLL 1.:i111nv1?1~v1?111111t:i'Vl~ 1~ vr~m:::v:::v~111nv1?1~v1?111111t:i , , , , 
'Vl~1~ 

~\l,r'U '111.:i Ob 1\9lt:iijmcae3flcatlLL\J\JVfl'Vla'IJ'ViitiijifllTV~Vf!'Vla'IJ ?'la ijm1tl~ti'UbLU6'1\I . " . . 
~tl~1\IL~aijLL1\lfl1:::vi1 LLa:::natJG'f.fl1~L~l.I 1~L~a 1lJijLL 1.:im:::vi1 

'111.:i be LL 1.:iLLa:::1:::v:::v1v~aan 1lJLL tl1~'U\911.:i LLa:::1?t~ 1l.J?111111t:ivr~nati?1.n1m~111~ • 
.:::ii I 9.1 d Q.I di Q.J ~ 

LL6'l:::L1Vfl'1~ c 11~f!LLVlfl'VlnLl.IBBBflbL1\1'1'U1\9lf:JV~L6'1V'1~ c 1\9lf:J'U'U'1:::"1J1~ , ' , , , 
3.3 1°111~tl'm~v'U i11e.rnv11~'11flfl11'Vl~aa.:i ma5ti1mLa:::\9latiF11m111'U.:i1'Uv1 1 '1~1~ 

'U 

.Ua?11tlv1 L U'UFJ1\9l BtJ"11a.:iF11m11 LLa::; L tl~vrn Vi VtJ'11nv1vi1'U1v11 LLa:::?111111t:ii11 e.rnv11~a5ti1v1' ?I~ • • 
v1ij?t.fl1~V~'VIV'U 1~a v1.:i 11 1?t~vlij?t.fl1~V~'V!V'U?f 11111f:J)j?f.fl1~~6'11?1~fl1~i;11aa flbL 1\1 Lfl'U~~"ii1 n~ • • • 

d <di I Q 

1. "IJ~'Vl~6'1B\IL1B\I G'f.tl1~V~'V!V'U"1JeN"1JB\ILL"1J\I • • 
2. vrtl'.:i~m~v'U11v1"1J1L~l.IL~11 Ylan'1 L~11 2 .&'U:iruv11Pin~1tJv1 4-6 

1. l~\0111l.IL.LJ'111iJ"1JB\ltJflb~V'U 1~tifl11~\1Lfll'l 1°111l.l?f'U11iJ \011111~\lh fl11LL'1~\lffelfl \011111 

fl~L ,:;'U fl111'leJ'\JFl1fl1l.I LLa:::m1lj'11'U~1l.I 1 'Ufl11vi1fl'1 fl11l.lfl11'V1~6'lfl\I 
... 4 

2. LLtJtJtJ'U'Vlfle.J6'lfl11'Vl~6'1B\I 

3. r11m11Vf 1vu'Vl LLa::: LL titJtl nVi' n~:::m11°11'U1ru 



0 ,, 

'U1b6'1'U-e:J"ll-e:J1J'1 
'IJ 

4 
., "" ,, 

'U'U'Vlf1"1J-e:J1J'1 
'IJ ,, 

fl1'U(l'J'Ubb'1t 

0 ,, 

f111'U1b6'1'U-e:J'l.l-e:J\j'1 

LflVLotl1'1111.:I 

m1vJ~ b 'Vl:i.J1t'11J 

ij.ff'Ul'l-e:J'U~b 'li11'1 

611tlt:J'1'Vlfl'1a.:i • ,, ., 
6'1-e:Jflfl'1-e:J.:lf1'U 

'1fltl1:::61.:1f0i'bbtl'1 • 

.,I ,, 

6llfl'Vlfl'1-e:J.:l'Vl6'111.:I • 
~ ,, 
"1J'Uflf11'1-e:J.:11'11.:I 

'IJ 

'Vl~~~ bb'1t 1 i.:11'U 

1~'1:1.JV,1ru 

-'cl QI U .cl II 

'U'IJ'Vlm.Jfl'Vlfl.:J f11'~~fl n1~L ~£J'IJ~ 
" 

3 
., "" ,, 

'U'U'Vl f1"1J -e:J1J'1 fl1'U 
'IJ ,, .. 

mmb'1tt:Jfl~'11fl 

0 ,, 

f111'U1b6'1'U-e:J'i.l-e:J1J'1 
'IJ 

LflVLotl1'1111.:I 

m1vJ~b'Vl:1.J1t'1:1.J 
ij.ff 'Ul'l-e:J'U 1lJ 

~flb'1'U 

'11tlt:J'1'Vlfl'1a.:i • ,, ., 
6'1-e:Jflfl'1-e:J.:lf1'U 

'1fltl1:::'1.:if'ibbtl'1 • 

,, ~ ,, 
'U1.:lb'1f1'U-e:JV 

.,I ... 
6llfl'Vlfl'1-e:J.:l'Vl6'111.:I • ... "" ... "1J'Uflf11'1-e:J.:11'11.:I 

'IJ 

'Vl~~~ bb'1t 1 i.:11'U 

1~lJ6'1:1.Jv.1ru 

., .. ... 
1. fl111J b 'Vl:l.J1t6'11J"ll-e:J.:I bbt:J'Uf111'1flf111b 1V'U1 

'IJ 

., 
1:: fl 'U fl:: LL 'IJ'IJ 

5 4 3 

... 
1.6 fl111J6'1-e:Jflfl'1-e:J.:I 

('lia 1-5) 

2 

D'UVin'lia:i.J'1 hl 
'IJ ,, .. 

fl1'U(l'JE.Jbb'1t1J 

fl111J~fl~'11fl 
0 ,, 

f111'U1b6'1'U-e:J"ll'e:J1J'1 
'IJ 

LflVLotl1'1111.:I 

m1vJffilJ b lJ'U 

1:::tJrn'li1hmn 

611tlt:J'1'Vlfl'1m • ,, ., 
'1-e:Jflfl'1-e:J.:lf1'U 

'1fltl1:::61.:iri1lJ • 
ri1tJt11'UV1~mb tl'1 

fl111J'Vl:l.J1V~fl 
.,I ... 

"!lfl'Vlfl'1-e:J.:l'Vl6'111.:I 
... "" ... 

"1J'Uflf11'1-e:J.:11'11.:I 
'IJ 

'U1.:lci1'U 1i.:11'U1~ 

2 1 

1 
., "" ,, 

'U'U'Vlf1"1l'e:J\j'1 .. ,, 
t:Jfl~'11fll'l-e:J.:I 

rim.1tJambm"ll 

m1i11b'1'trn 

'lia:i.J'1Lflv1 i 
'IJ 

1'1111.:lf111Yl 

1lJri1tJt11'U 

1lJ'1aflri~mntJ 

'1fltl1t6'1.:if'i • 

.,I 
6llfl'Vlfl'1-e:J.:l'Vl • 

I.I 3 I.I 

'111.:l"ll'Uflf11'1-e:J.:I 
'IJ 

~ ,, ., 
1'11.:lb'1f1'U-e:JVV.:I 

tm:i.J1~ 

81 

'11tl ..................................................................................................... . • 
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('U1CJ'Vlel\lflru ~'U'Vl~.:i~) 
" 

~1Lb'Vli..i.:lfl";i fl.131. l 
" 

.......... ./ ............ ./ ............ . 

('U1CJ'rl";iiCJ fl1~e:JlJ) 

.......... .! ............ .! ............ . 

('U1CJ~.fl'rl.:I~ ~lJLLn1) 

.......... ./ ............ ./ ............ . 

('U1CJL?l~CJ";i L'l.J~'U'VI{) 

.......... .! ............ .! ............ . 
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d ~ d 
"l.1€1 ......................................................................... "l.f'U ........................ b!;'l"1J'VI ........................ .. 

1. 1~i!m~V'Uvl1'U1V~1\;1€llltnl.J'11fl'1tn'Ufl1'HU~tl1Vl'U~1 ~ 
1) '11'1111''1~t11~"1.1il~ b -du ff"J~'VIB~bb~~ l.J1Ei~tl"1v"li1~vt~~ H '11ntYuBBmb 1~~~tl"1v"li1~ 

Vl~~1tl\;11l.Jbb'U1m1 (1) 1'1~'1~btl~V'UbbU!;'l~€1~1~ b (2) b~€1VIV~€1€1flbb1~~~1'1~'1~btl~V'UbbU!;'I~ . ' . 
€1~1~ b 

2. b ~,j' fl b~V'U\;1€lll~1\;1€llJ"1l.J'11fl'1"1'U fl11uJ~tl1Vl'U~ b ~Vl~~'11fl fl11'Vl~!;'1€1~ bb"''J 

1) i;11'1111''1~t11~"1Jil~ b°1l'U !;'l'J~'VIB~bb~~ mEi~tl"1v.U1~vt~~H '11ntY'UBBmb1~~~tlmv"li1~ 
' 

Vl~~1tl\;11l.Jbb'U1V11 (1) 1'1~'1~btl~V'UbbU!;'l~€1~1~ b (2) b~€1VIV~€1€1flbb1~~~1'1~'1~btl~V'Ubbtl!;'I~ • • • 
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., "" 111..I 
bbe.J'l.ln1"jlilfln1'H "jtJ'Lll'VI 2 

h·:n~EJ'l.lbaimij-W'Vlmtu.1 mb.1a1"j::fl1"jb~EJ'l.l~1'Vla1fl1a~i fl1flb~EJ'LI~ 1 Ufl1"jAn'l!t1 2557 .. . .. 
"j1EJ1"!f1 ~ilm1 "j~a1"!f1 1 33204 "j::~ui'Ll~tia11ftn'l!t1tl~ 6 
d ., ., ·~ 
b "jeJ..:I 11ei~g:ia'!lei..:iv..:i ;i1'l.l1m 1g:i1 2 i1 L11..:i 

111~"j~1'l.l 1 4.1 : Li11'-il5';i';i11"1f1~"llv.:JLL';i.:JLL~LVl~n1vlvh LL';i.:JLU11~1.:JLLfl::LL';i.:Jil1LFl~tJi ... 
i'1m::uTu m1~u Ll.11::V111"11111~ ~a1.111~.:ivt L~tJ'U~LLfl:: 1"11111-rl tl1 off th:: Lti"11tlmh.:i'1 n~a.:i LLfl:: 

'U 'U 'U 'U 

... 
i.J1\Jl"j!1'Ll1i1..:ii'LI 11. 4-6 : ri111'1\1l';i1'1'1vtJ 1LFl';i1::~LLf!::v5tJ1tJFl1111'111~'Uth::w-J1.:iLL';i.:J 

n1"jLFl~v'Uvl"lleNv'Ui11FlVl~v1\11'1L'Ul.1'U1111 ti11i:b.:i l.1'U111LLiiL vi~n LLf!::l.1'U1111 vl-W11111,X.:im1i111 tl1 off • • 
th::1ti"11tl 

ti ~ "" II 
~fl "j::a..:iflm"jL "jEJ'Lll 
v ... 

'Um 1ti'U'1::1.111111'1 

1. vfitJ1tJFl1111Lf'i'U Fl1111LFl~tJ~ Fl1111Lf'i'U\11111tl11 LLfl::Fl1111LFl~tl~\11111tJ11 

2. 1.11tl1"11111'111~'Uih::wh:im111 Lf'i'U\11111 ti11 LLfl:: m111 LFl~tJ~\11111 ti11"l!a.:i1\11 '11~'11n m1 • • 
'Vl~f!a.:i LLf!::ua nm111vi111ti"l!a.:i11a~~l.1"lla.:iv.:i 1~ 

'U 

3. f'i1'U1'1JV11tl~111ru~1.:i i vtLMti1ia.:in'U L"li'U Fl1111Lfl'U\11111tl11 Fl1111LFl~tJ~\11111tJ11 LLfl:: 

11a~~l.1"lla.:iv.:i L~an1V1'U~i.1m'Um1ru1 ~ 
'U 

a1"j::d1A'cy 

L~v1\11'1L~ i '1nLL';i.:Ji11tJ'Uvn111m::vh~f!vtLn~nt11'\11'1J'U V1'1'1::1~Ltl~tJ'U~1LLV!ti.:J LL~V1'1'1:: 
• 'U • 

L tl ~ tl'U 1tl ~1.:J ~.:iJ'U n11 L tJ ~ tJ 'U LL tJ fl.:J 1tl ~1.:JJ'U ~'U a~ nu Fl '1Jl.111U~ LOYl 1:: ~'l"ll a.:i1 ~ '1J'U ., 
'\I " " , , I 

1~tivt1'~~1~ i 'Vl'U~VLL';i.:Jfi';i::Vh~v~'Uvt (m111Lfl'U1J1n) 1~111n i n11Ltl~tJ'ULLtlf!.:J'1::Ln~~'UUvtJ 
(Fl1111LFl~ti~U'ati) L11L~tin1\11'1J'U i'11.1m'rl~~Vl~'U1~~ (~111a~~l.1"lleNcJ.:J!.1.:i) 

, , 'U \I 
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... ., 
fl11:mTn -av'Ua 

., ... 
fl1111Lfl'ULL~::fl1111Lfl1llfl 

Ldel'l1111J1t:1i11 LL "U1'W Hnu L&lumVI (L&lua1V1 L u1) L&lumV1"il~t:1n~-:i"i11nil1vrtl' n"Uel-:11'1J1t:1i!u 
, 'U , 

~-:11'1.J 8.25 "UUJ~L&l'U'1'JVlelEJL'U6111Vla LL1-:J~-:J~-:1'1eM'IJa1EJ"Uel-:JL~'Ua1fl"il~ij"U'U1flLvi1n'U LLa~'Vln 61 
'U \I , , I 

ci1'U"Uel-:Jil1fl~Vl"U11-:J"Uel-:JL&l'Ua1fl"il~ 1~foLL 1-:im~vi1mh-:i61tl1L'111el~1m"liun'U ~-:11'1.J 8.25 fl 
'U 

F 

F 

F=mg 

:.-c:::::) 
# ' 

~: 
-· , , \ 

I I .. I 

" 
\ I .. # 

F 

mg 
F 

,, ' 

LL1-:J~-:JLLa~~'UVivr-U1~fl L~EJffJ1 fl1111LA'Ufi~ (tensile stress) LL'Vl'W~1EJ£1qi~n~ru a LLa~L~EJ'W 

L tl'W fl1111'11l~'UITT~11 

., 
fl1111Lfl'U = .r ..i ,, ., 

Yl'U'VlVl'U1\Jlfl 

a= FJ_ (8.8) .. 
Vl1el 

A 

a Ltl'Wfl1111Lfi'u~-:i ijvii.11EJ D1~u1Plel1J1111-:iL111J11 (N/m) Vl~el Yl1a~a (Pa) bflEJfl1111LFl'Ubtl'W 

'IJ~111ru'1Lna11 

bflEJ~11'1Jfl1111Lfi'u ij 2 'l!Ufl ~el m111Lfl'U1J1111EJ11 LLa~f11111Lfi'm5el'U 
fl1111LA'U~111ll11 (longitudinal stress) mJ-:i1~ 2 'llUfl ~el fl1111LA'Ufi~ (tensile stress) 

~-:JLL1-:J F m~vi1~el1'1J1t:11u~n~ru~~-:i1~d'Weleln~-:i1'1J 8.26 n tl'Ufl1111LA'Uelfl (compressive 
, 'U 

stess) ~-:JLL1-:i ft m~vi1~el1'1J1t:11u~n~ru~afl1~vrfl~'Ua-:i ~-:11'1.J 8.26 "U ci1uf11111LA'ULUeJ'U 
, 'U 

(shear stress) i!u LL1-:J ft ~m~vi1~ffJ\Jlfl"il~vi11~11J1t:1'LiflLUel'U1'1J~1-:i1i.J"il1m~11 ~-:11'1.J 8.26 fl 
q , '\J '\J 



. . . . 

. . . . 
•:::• 

iF 
... d 

n. fl111JLfl°L.I~..:! 
... ., 

"I.I. fl111JLfl°L.lfl~ 

.····.~F 
' . 

I ' 
# I 

I t . . . . 
I I 

' . 
' F....,-..__, 

... .. 
fl. fl111JLfl°L.IL\lfl°L.I 
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Vl'111UJ1 L6"mn~zj..:ii1fl111JV11 L~1J Lo Lifoi1LL1..:!"1J°L.11~ L vl1 tl°L.1'1fl..:! LL 1..:im&i..:i~tl ~nmL~fl~-rr1..:i"1Je:i..:i 
L6"t1r;i1~ 1 t1ViP1vn..:im..:i.rr11Jnt1 L6"t1m~'i\l~~~e:ie:in '111 ~ b.L LlJt1ri111Jm1"1Je:i..:iL6"t1m~ci1t1~~~ LLfl~ 

' 
L0 L llt1ri111Jv11 L~1J"1Je:J..:iL6"t1r;i1~ eim1ci1t11~V111..:irn11Jv11ci1t1Vi~~ntiri111Jv11 L~1J L~V n11 

fl1111Lfl~vvi~11rn11 (longitudinal strain) LL'Vlt1~1v~cy'1m~ru £ LL'1~L~vmllt1ri11:1.J~1J~t15 

1~11 

/jL 
£=- (8.9) 

4 

L ~ fl..:!'i\11nfld11J Lfl~~L llt1eim1ci1t11~V111..:irn11J V11~ L tl~ Vt! 1 tltltJfl111J V11 L~1J 
L~mnt1 ri111JLri~v~~..:i1lJi1'Vl't.hv 

., ., 
8.8.2 1Jil~ilfl'llv.:JV.:J 

'i\11n~n6'111mLLG\'1'1~ L i1t111 '11V1-rtii''1~~i1'11l~~~'Vl~t1 L~e:ii1LL1..:i.n1vt1e:inmm~vi'1'1~vi'11 ~ , . 
Lfl~fl111J LA't!LL'1~fl111J Lfl~V~ fl111J LA't!LLfl ~fl111J Lfl~V ~~ Ln~~t1i1rn11J~1J~t1fitl't1e:i~1..:i 11LL'1~l '1 ~ 
LL~ '1~"11\l ~ije) \Pl 11ci1t1 fl111J LA'ti LL fl ~fl111J Lfl~V~ LL\Jl n~1..:i tlti'Vl~fl hJ 

'i\11nn11'Vl~flf)..:j L~flflflnLL 1..:i&i..:iL6"t11'1~ 1~v 11l'1~"1J°L.11~"1Jfl..:!LL1..:i&i..:iLnt1~~~1tl~n11LL tl1ert1\Jl1..:! • 
"1Jfl..:!l'1~ fl111JLA't1&i..:i'i\l~LLtl1ert1\Jl1..:!tltJfl111JLfl~V~&i..:i tl't1~fl ei'm1ci1t11~V111..:irn11JLA't1&i..:iLLfl~ , 

' v q ~ Cl.I <c. 4 .::;:41 Q.I 4 I V.c:::ll QI ~ 

fl111JLfl1V~~..:i"1Je:i..:i1'1~"1lt1~'Vlt1..:i 1 '1~1Jri1ri..:im L1Vnmri..:imt111 1.m~afl'llv.:iv.:i (Young's 

modulus) U'Vlt1~1vG\'cy'1n~ru Y LL'1~L~vt11~11 

Y=a= F/A 
£ M/ La 

(8.10) 
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llei111irt=i'llei.:ir!.:i ilvn.l1EJ i11~'U1PieJ1J11'n.:iLll1J11 (N/m 
2

) 1'1111~illlei111irG'l'lleJrJ.:i'1.:i LL'1111.:i111'1111ii'U 
• • 't "U 't 

L '\J~ EJ'Ul"l11ll m11~i!ei EJ 'llru~~ilm1ll Lfl'Ul.J1n 

'UeJff'11nllei111irG'l'lleJ.:ir!.:iLL'11 r!.:iilllei111irG'lu1~L.fl'Vl~'U 1~LLn 1.lv~~milv'IJ (shear modulus) • • • 
LLt=1~11ei~~m~~tl'i111vi-:; (bulk modulus) 1111EJ~.:ilJei111ir'1'llei.:ir!.:i lJei111irmoei'ULLt=i~llei111irm~.:i 

'i , , 't 

'l.J~ll11J11 11llL~EJn11 11elfJ~flflfl1Wa~~tj'IJ (modulus of elasticity) L111EJlle:J~ir"'"'.fl1'W~l11'Vf~'U'lleJ.:i 

1'11111Pi1.:i Lb tJtJ n'U'1~ilf'111P11.:i n'U 5.:iL~11'1~b ll'U1'111161!il111L~m n'Unmll • • 
b ~ ei.:i'11 nllei111ir "'"'.fl 1'W ~ 111'Vf V'U bbt=l ~~ 111'11n111'1.fl 1'W ~ 111'Vf V'U b U'UG'll.JU~ b\JV'l1 ~ ~'J'll ei.:i1"' 111611\l 111 , , , , 

'Vf'ri.:i 61 ~.:ii!'Urn1ii~L~EJ1ntJ'1ll'lM'1.fl1-w~111V1v'U'llei.:i1'1111~.:iili.J1~ 1EJ'1l'U1 'U~1'Uim m1ll L ll'Uei v1.:ill1 n I \I , , 

L"li'U m1L~ein-)'1111Ly;ei 1-tl'L ll'U 1m.:i'1~1.:im1"111 '1~-w1'U 'Vf~eJ~'U~1'U'lle:J.:iLfl~ei.:i~n1nt=i 111nm • 
II' II .c!rf CV .c:::il..::::il ~ .c!rf I CV 

t:.J eiei n LL tJtJ '1 ~ IJl ei.:i Lt=i ei m "'111'Vlll'1l.JtJ 1J1"'m-wEJ111'Vf EJ'U L 'Vfl.J 1~'1ll nrn1'U 
'IJ • • 

1'1111~illlei~ir"'"'.fl1-w~111V1v'UG'l.:i L U'Ul'1111~'11ll1W'Vl'UIPimL 1.:i.fl1EJ'Ue:Jn 1~ll1n 'Vf~tl'vh 1 ~L '\J~ EJ'U , , • "U , 

1'\J~1.:i 1~ mn ~1'Urn1ii Lfl'U~~111"i\'1n111'1.fl 1-w ~111V1v'U'1~tJein1~V111tJ'i1 1'1111ii'U'11ll11'1'Vl'U IPimL 1-:i 
'IJ , • 

.fl1EJ'Ueinii1n~'1111LYlEJ.:i1111 L y;ei 1 ~'11ll11'1nirtJ~'1.fl1'W L~ll 1~ ~.:ii!'U L 'Um1eieimL tJtJ~'U~'J'U'llei.:i 
, 'IJ 

Lfl~e:J.:iEJ'U~ "ii'1L U'U~e:J.:iL~ein 1i1'1111~'11ll1W'Vl'UIPimL1.:i~ll1m~vh 1~ll1n ;.:iV1lJ1EJ5.:i11 1'1111,j'U • • 
'1~ ~ ei.:iilll ei111ir "'"'.fl 1-w ~ 111V1v'U'1 .:i LLt=i ~ rn 1ll Lf'i'U~~111'11n111'1n1-w~111V1 V'UG'I .:i~1 EJ 1'1111~11i1'1~ LLn 

• • "U , \I 't 

b VI~ n n~1 bbt=l~ Lt=l'Vf~t:.JG'lll b U'U~'U~'Jtl v1.:ilJeil11ir'1'1.fl1'W~l11'VfV'U'lle:J.:i1'1111tJ1.:i'1!Ul11bbG'f111.:i L 'U1J1111.:i 8.1 • • • 

....... .... .... .... "" 1.lel~~fl L ~~tJ'i111~-:; 'ti\J~1fl~ 11ei~t'lfl'Ue>~a~ 1.lelfJt'lflbilel\J • • • 
(xld 1N/ni) (xl d 1N/ ni) (xl d1N/ni) 

' .., 
0.16 0.26 0.27 IJl~m 

., 
0.55 0.26-0.32 0.50-0.55 Lbn'J ..... 
0.70 0.25 0.70 tl~~l.Jb'UEJl.J 

... 
0.91 0.35 0.61 'Vle:J.:i b 'Vft=l ei.:i 

vm.:iLLl11.:i 1.10 0.42 1.40 

"' 
,, 

2.00 0.84 1.60 mt=innt=11 
.., 

3.50 1.40 2.00 'Vl.:iG'ILIJl'U 

.. ., 
n':i::'l.J1'1J~1':iL ':iEl'IJl 

1. i'IJm-:;vi11..11a (Predict) 
... 

O CV II II' ~ I CV I I/ CV .di I Q.I 

1.1 f11'U1'Vf'U.:im.:il.J1'1e:J.:iLG'l'U meieimL 1.:i111.:i'lJ'U1111 L'Vl1n'U EJ1.:iLLIJlt=l~LG'l'U'U'U'1~EJ~tltlnL'Vl1n'U 
'IJ 

'Vf~ei 1JJeiv1.:i h 
1.2 '11nm1V1111t=iei.:iL~ei.:iG'ln1-w~111V1v'U L'U01h.:i~mTV~Lll'UL"''Um.:i 1'1111LL~'1~'1!Ul11'1~1~m1'V'J • • 

~ilrn1lli'ULvl1n'UV1~ei 1JJ LL'1~rn1lli'U'llmm1'V'Jilrn1ll'11~qieiv1.:i 11 
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1.3 ~·rn"iln1u,nu~ 1 L~ei-:i 11ei~i;r'1"llei-:iv-:i LL'1~1~i!m~CJ'UL=liCJ'Uf011v11'U1CJf'11~eiu"i11n 
" " 

'1tn'UnT'HU,r'U 1~L1'11 10 'UTVi LL~1ei6u1CJ~'JCJ'Vli;rnm1mJ1-:ih 
2 . .Cum'lt1'-unvi/'Vlflilt1.:ih1uA'u<tit111i1 (Observe) 

" 
2.1 ~11~i!m~CJ'Uv11m1'V1~'1ei-:i L~ei-:i 11ei~i;r'1"tlei-:iv-:i famL'll-:in~11i!m~CJ'UeJeimll'Un~11 ., 

" " , , I 

i;:i~ 6 1 ~i!m~CJ'ULLl'ii;:i~n~11-r'Ueii.Jmrum1'V1~'1ei-:i • • 
2.2 ~1'111n~11~1LL'Vl'UU1~111ru 1 - 2 n~11 i11L'1'Um.rnm1'V1~'1ei-:i " , , . 
2.3 ~1'111n~11~1LL'Vl'UU1~111ru 1 - 2 n~11 1·rnn,;t:.mm1i11LG1'Um.rnm1'V1~'1eJ-:J"lleJ-:in~11~ 

\I. • • ci 

L'iJ'U~1LL'Vl'U ~~~1~~11'111L'1'UeJLL~1 
2.4 ~1LL'1~U n L~CJ'U~111tl'UeJiii.J11 CJ L~ CJ1 tl'U°1ieJ'11U "i11nn11'V1~'1eJ-:I1~CJ~11 ~f'11m11 m~~'U " , " , 

1 ~i!m~CJ'Ufi~ L "li'U m1V11m1mfi''U ~111.IL~~CJ~ LL'1~m111-ti'U"tJeJ-:1m1vli!m~CJ'Um1~ei'Uf'11m111~ 

. "1" F - '111111'1~1'U1t'U'Vl1~1111L~'U ~"i11n a = -
A 

- '111111'1f'11'U1U.l'Vl1~1111L~~CJ~ 1~"i11n & = M.., 
L 

- "i11n?111m1LG1'U~1-:i y = mx+cti1~1 c LU'U~'U~ m11lotl'U"llmm1vlV11l~"il1n 
y d (J' d I 31 fl.I Q.I 

m = - wrn Y = - L1CJn~1'U1111eJ~'1'1"lleJ-:ICJ-:I (Young's Modulus) 
x & 

" 3 . .ijut16u1a (Explain) 
t.1 d d 01J'd11cv vJ'd .c;i11 dCaJ~ 

3.1 m111L~'U a ~eJLL1-:I F 'Vln1~'V11~eJ'Vl'U'Vl'Vl'U1~~ A tn'Vl'U'Vl A 11m~-:J'Vl ~-:l'U'U 

a oc F 

3.2 m111L~~CJ~ & ~eJ W.l111CJ11~LU~CJ'U1i.J 13.L l'ieim111CJ11L~11~'U Lo tl1 Lo~-:i~ 

~-:iJ'U s oc L0 

a I.I .c:il d II II d 1 
3.3 '11n Y = - mm111L~1CJ~~-:i'Vl Y oc a mm111L~'U~-:J'Vl Y oc -

& & 

3.4 ~111eJ~'1?1"lleJ-:!V-:!L'iJ'U~1LOL'Vl1~"1JeJ-:!1G'l~LLl'i'1~"1!U~ " , 
3.5 ~1m111i'U"1lei-:im1vlii~1111n'1~?111111'1'Vl'ULL1-:1~-:il~111nn11m111i'U"1leJ-:Jm1vl~ii~1 

tiei CJ 'Vl~eJ 11ei~'1'1"1leJ-:1v-:iii~1111n'1~?111111'1'Vl'ULL 1-:i~-:i 1~111n n1111ei~'1?161lmv-:i~ii~1tieiCJ 
" " 

3.6 11ei~'1?1"1leJ-:IV-:IL U'U1leJ~'1?1~111CJ11 ~ L U'U'Vl~-:11 'U'1111LL 'IJ'U ~eJ 11ei~'1'1"1leJ-:IV-:I 11ei~'1?1 
" " " " 

LOeJ'U LL'1~11ei~'1'1L"8-:ii.J~111m L~CJn11 11ei~'1'1Ml1Yl~~'Vl~'U ~ei eY~11611'U1~V111-:im111Lfi''Ul'iei " " . 
m111 L~~ CJ~~ L 'iJ'Ui.J 1~ Lfl'Vl L~ CJ1 tl'U 

3.7 ~11~i!m~CJ'U i11~rnm~'11nm1'V1~'1ei-:i 111ei6tJ1mLi;:i~~ei'Uf'11m111'U-:11'U~ 1 '1'U1~ 
" 

iei?11i.J~L 'iJ'Uf'11~eJ'U"1leJ-:if'11m11LL'1~ L i.J~CJ'U L ViCJ'U"il1n~v11'U1CJ 11 • 
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~eJn11~eJ'LJ 
1. ~Vl'VlVl'1€M b~tl~ lJtl~~G'1"1JeJ-:ifJ~ 

2. 'VlLJ~~m~~'U11~16111b~lJb~lJ Vl~n~ b'1l.I 2 i'Uiru~lJ~n~1tJ~ 4-6 

m11'flNath:aih..1Na 

1. 1Vlfl11l.lb"li1h"llei~tl'rn~~'U LVl~n1'Hl.:ibn~ fl11l.1'1'UL"'il fl11lJ~.:ih n1'rn'1Vl~eiein 
fl11lJfiVI b ~'U m1~m.Jl°11mlJ bb'1:::m1i1~1'U~'.llJ L 'Um1v11 n"'il m1lJm1'VlV1mM 

2. bb 'U 'U tr 'U Vi mm m 1'Vl VI '1 ei .:i 

3. 1"11ml.IVf1~'U'Vlbb'1:::bbtJ'U~nVln~:::m11°11'U1ru 

4. bb 'U'U'VlVIG'1tJtJ1fl~'1"'lJq'Vl~'Vl1~n11b~~'U b~tl-:1 '1.fl1'V'lg fl'Vl~'U"lltl~"lltl~ bb ~~ 

,, 
fl11lJf'ln~ei.:i 

" ,, 
"lltl~"llel~'1 

4 
... "" ,, 

tJ'U'Vlfi"llell.1'1 
" ,, 

fl1'Uf'l'.J'Ubb'1::: 

0 ,, 

n11'U1b'1'Uel"lltl~'1 

1fl~1i~111~ 
d 

n1 TV-l'Vl b 'Vll.11::: '1lJ 

i1.ff'U~tl'U~b'll1h 

,, ... 
'1e:Jflfl'1ei.:i n'U 

"'ilfl'1.h:::G1~Fibb tl'1 • 
fl11lJ'VllJ1~ 

d ,, 
611 fl'Vl fl'1 tl~'Vl'111~ • .¥ ,, 
"ll'Uf'lf1~el~~)~ 

" 
'Vlq~~ bb'1::: 1 i~1'U 
., ,, ' 
bfl'1l.l\J1ru 

3 
... "" ,, 

'U'U'Vlfi"lltllJ'1fl1'U 
" ,, ... 

mmb'1::1~fl'V'1'11fl 

0 ,, 

n11'U1b6'1'Uel"lltllJ'1 
" 

1fl~1im11.:i 

n11~~b'VllJ1:::6'1lJ 
i1.ff'U~tl'U 12.l 

iflb"'il'U 

'11tl~'1'Vlfl'1el~ • ,, ... 
'1e:Jflfl'1e:i~n'U 

"'ilfltl1:::'1~Fibb tl'1 • 

,, Q ,, 

'U1~b'1fi'Utl~ 
d ,, 

611 fl'Vlfl'1 tl~'Vl'111~ • ., "" ,, 
"ll'Uf'lf1~el~~).:I 

" 
'Vlq~~bb'1:::1i~1'U 

1~lJG'1lJ\j1fJJ 

2 

u'UVin'lle:ilJ'11lJ 
" ,, "" 

fl1'l..lmmb'1:::lJ 

fl11lJ~fl'V'1'11fl 
0 ,, 

f111'U1 b'1'U el"llell.1'1 
" 

1fl~1i~111.:i 

m1~ffilJbtl'U 
1:::'Urn'111h~1n 

'11tl ~'1'Vlfl'1tl~ • ,, ... 
'1elflfl'1el~f1'U 

"'ilfltl1:::6'1~fl11J • 
fl1'U~1'U'Vl~mbtl'1 

fl11lJ'VllJ1~~fl 
d ,, 

611 fl'Vlf1'1 el~'Vl '111~ • .¥ ,, 
"ll'U~f1~tl~~)~ 

'U1~~1'U 1otl~1'U1~ 

1 
... "" ,, 

tJ'U'Vlfi"llellJ'1 
" ... ,, 

~fl'V'l'11fl~el~ 

fltl~'Ueimbm"ll 

m1tl1b'1'Ue:i 

-Uei~'11fl~1i 

~111~n11~ 

11ifl1'U~'.J'U 

'11tl ~'1'Vlfl'1tl~ • 
1lJ'1eJflfl~eJ~tl'U 

"'ilfltl1:::'1~Fi • 

d 
611 fl'Vlfl'1el.:!'Vl • 

ti 3 II 

'111~"1J'Uf'lf1~el~ 
" Q ,, ... 

~1.:lb'1f1'Utl~~~ 

1mlJ1~ 



1.6 fl'l1i!G'te:J~fl~€1.:J 

(ie:i 1- 5) 
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5 4 3 2 1 

6'11'1.J •....•......•..•.....••....•...••........•...•.•..••..••...•...•...•.•..•..•..•..•..•.....•....•... • 

d u 
'1-:l"lle:J ~'1e:J'U 

'U 

('W1EJ'Vle:J.:Jflru ~'W'Vl~.:it-1) 
'U 

~1LL'VIU.:!fl1 fl.~.1 
'U 

.......... ./ ............. !. ........... . 

( 'U1EJ~1-a'EJ ri1V1e:Jil ) 

.......... .! ............ ./ ........... .. 
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( 'U1CJel.f1Yl~~ ~lJLLtl1) • 
.......... .! ............ ./ ............ . 

( 'U1CJL!.'15CJ1 LD~'U'Vl{ ) 

.......... ./ ............ ./ ............ . 
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lu.:i1'U~ 2 L~ei.:i 11afl~fil'tla.:iJ.:i 
" 

1. 1 ~Ufl L~CJ'Uvl1'U1CJ~1\Jlel'U t:l1l.J'11fl6'1'11'U fl1'HU~rl1V!'UV11 ~ 
1) t.11ij1''1vi"ll'U1vi9i1.:in'Ua~ 2 L~'U t.11aamL-s.:im::vi'1"lJ'U1viLvl1n'U'1::vi'11~-stl~1.:i . " " 

L tJ~CJ'ULLtl'1.:i 1~Lvl1tl'UV!~el 1lJ eJV1.:i b 

2) t.11ij1''1vi"ll'U1viLvl1n'Ua~ 2 L'1'U t.11aamL-s.:im::vi'1"ll'U1viLvl1n'U'1::vi'11~-stl~1.:i . " " 
Ltl~CJ'ULL tl'1.:i 1~L vl1n'UV!~eJ hJ a~1.:ib 

2. 1 ~U fl L~CJ'U\JleJ'U ~1\JleJ'Ut:rn.J'11fl6'1'11'Ufl1'Sru~n1V!'UV11 ~V!~.:i'11flfl1W1V1'1 eJ.:iLL~1 
1) t.11ij1''1vi"ll'U1vi9i1.:in'Ua~ 2 L'1'U t.11aamL -s.:im::vi'1"ll'U1viLvl1n'U'1::v111 ~-s'IJ~1.:i . " " 

L tl~CJ'ULL tl'1.:i 1~Lvl1tl'UV!~el 1lJ eJ~1.:i b 

2) li'1i11''1vi"1J'U1filvhn'Uav 2 L~'U li'1aamL-s.:im::v11"ll'U1~Lvi1n'U'1::v111~-s'IJ~1~ . " " 
L'IJ~CJ'Ubb'IJ'1~ 1~Lvi1n'UV1~a 1ll av1~ b 

·································································································································································· 
·································································································································································· 



fl1fl~1J1fl ,, 

fiifon1'ltif,,fl'Vlflflv.:i " , 
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cl d ... '( ) n11'Vlf'lf;lij{l'Vl 1 L1ij{I fl.fl1'VU.lf'l'lll~'U Elasticity 
,., ti d 1viq 1~fl{jfl 

d d 4 I ~ 
1. LYfe:JPlffl~1~.fl1'Vff.J~\.1f.l'U'lleN'Ue:J\lLL"1J\l • 
2. L~e:iPin~1~.n1YlV~'Vl~'U'lle:J\l~1'~"1i1..:i~LtJ'UhJml.lfl!)'lle:J\l~l"1 (Hooke's Law) 
... 

'Vlq~~ 

a.n1cwaf'l'llltjcu (Elasticity) 

L 111~~fl~1~lJ~'1'lle:J'l1\JlmL'1~LL )\l~LM~n-Ue:i..:i 1~ El hi~1il..:ifi..:i~TU~LL )\j LV1Gi1i!'Uii~'1~e:i1tl~1..:i . . " 
'lle:i..:i1\Jl~ t11LL 1..:i~m~vi'1~ffJ\Jl~i1ri1lJ1flYle:Jn"il~vi'11 ~1\Jlmn~ m1Nf'!1tl (deformation) V1~e:im1 

• , • 'U 

LL\Jlfl~fl 1~ L 'U~1-Ue:id "il~~fl~1~'1'lle:J\lLL 1..:i'Vl-011 ~1\Jlm tl~EJ'U1tl~1..:i~..:im"ilfi'U~.n1m~l.l'V!~e:im"il hifi'U . " 
~mm~l.l'Vl~\l'VIEJ~e:ie:in LL 1\lm~vi'1LL'1~m1'11m1l.l~~ L~m-Ue:i..:i 1 tJ1 itl1~ LEJ"lltl . " ' ... .c:i1 d Q.I 4 Q 0 CV I CV 4 CV 

LlJe:Je:Je:Jfl LL 1\l~\lE.11\l)~'Ue:J\l'Vf)e:Je:Je:J flLL 1 \lfl~~'U'U1lJ'U "il~WU11'U 1\l)~'Ue:J\l"il~E.l~e:Je:Jfl LL'1~fl'1'U 

~~.fl1Yl L~lJ L~e:J'VIE.l~e:Je:JflLL 1\l ~1'U~'Utl1lJ'UEJ'U9i'1'1\l L~EJ 1lJfl~'U~~.fl1YlL~lJ ~..:i1tl 8.22 ~l.lml'lle:J\ll~~ 
\I • , \I \I • 

~i1fl11 L tJ~ E.l'U1tl~1\l Lnai1LL1\llJ1 fl1~vl1 LL'1~~1l.J11~fi'U~1 fl~'U~1tJ11..:i L~lJ Lne:J'VIE.I ~e:Je:J fl LL 1\lfl1~vl1 
\I \1\1 , 

L~EJn11 a.nTv~af'l'llltjcu (elasticity) 

~1'Umru1~~~L tl~EJ'U1tl11..:i 1 tle:i ~1..:im11 1~EJ ~Tr~~ 1lJi1m15 fl'll1~'Vl~mL\Jl n~n L~EJ n~l.Ju1i . " . 
d-;h a.n1cwcwf;l1a~n (plasticity) 1~~'Vl'11EJ"lliJ~i1~..:i'1.n1Yl~~'Vl~'ULL'1~~.fl1'1'l'l'lm~~fl L 'U~1Le:i..:i 1~EJ 

' ' .c:::ill odll I .llCll 041 II c:il Q ..:::i O.r;:ail 

lJ~.fl1YlE.l~'VIE.l'ULl.lmL )\j fl)~'Vl1lJl"11'Ue:J El LL'1~lJ~.fl1YlYl'11~\Jl mm:i LL )\jfl)~'Vl1lJl"11l.J1fl • 
Lna-u11~~u1..:i"lliJ~ L"li'U L'Vl~n 'Vle:i..:iLL~..:i V1~mLn1mvi'11 ~L tJmLv1..:iV1~mtJm6"tJm1V1~m lJ'U'll~ • 

LL'11fl~tl'11E.1.U1..:iwri..:i H "iJ1ni!'UaamL 1..:i~..:itl'11E.1.U1..:iV1~..:i 1 tl\Jl1lJLL'U1E.111 1~~'1~ Ltl~EJ'ULLtl'1..:i 
' 

e:i~1..:i 11 

"iJ1nm1~..:i1~~"1l-u~~1..:i 1 L"li'U ~tl1..:i1~v~aan"il~ 'l'lu11m1l.lm1~~tJ~..:iv~aamLtJ1er'U\Jl1..:inu 
'll'U1~'lle:J\lLL)\l~\l LL~tl1L~lJLL1\l&i..:i~tl~..:i1~~'Ue:Je:Jfl1tlL~e:JE.I '1 Bfl L~e:i5..:i1~EJ~'Vl~\l "il~Yl'Ul11"111l.JE.111 
~~m..:iv~rnan 1lJLL tJ1er'U\Jl1..:inu'lJ'U1~'Ua..:i LL 1..:i~..:i 
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ti11fi11i1F11'l"l1 LLtMo1'tJWN 

!111~11iflamwtiM1~tJ 

c ,,1'1L1l'ln1Kfl 

o---~~~~~~~~~~~~-

A11~v11~a~u"aan 

'nnm1vh1~L ~'U 1~11 1°111lJE.J11~61tJ~.:i~~eleJ fl LL U1eJ'Um.:i tlU"1J'U1~"1JeJ.:i LL 1.:i~.:ia E.J b 'U~1.:i LL 1fl L vl1 
'lJ 

~'U ~a 1'W~1.:i Oa "1JeML'1'Um1V'J LU'U1tJmlJflfl"1JeNijfl lil~ a zj.:iLtl'U\;\'1LL'V!ti.:i61~Vf1v~m1lJE.J11L'1'U dJ , , , 

1a'V!~~~aamLtJ1eJ'U1P11.:inu"1J'U1~"1JeMLL1.:i~.:i ~~.Q L~EJn11 ~~\i1n~nTmtJ1~'1J~1.:i (proportional 

limit) '11aamL 1.:i~.:iL'1'U 1a'V!~ 1 ~~~Bm~ntiaE.Jlil'U5.:ilil~ b Lrla'V!v~aamL 1.:i~.:i L'1'U fa'V!~lil~n~u 1 tJa~ 
• • 'lJ 

61.fl1YH~lJ LLa~l°l11lJE.l1161~Vl1 m vl1tlUl°l11lJE.J11 L~lJ~'U lil~.Q'L~E.lfll1 ~~\i1n~fll11Wa~VIV'IJ (elastic • • • 
limit) 

&11'U~1.:i"1Ja.:im1V'J~.:iLL~~~ b LU'U~'U1 tJL'1'Ufa'V!~L~lJL tJ~EJ'U~tJ1 tJa~1.:im11 LrlaaamL 1.:i~.:i 
~a1tJ lil'ULaE.Jlil~ c L'1'W1a'V!~'.il~"1J1~'1~.QL~E.Jn11 '1~LL~n~n (breakina point) , , • :> 

~1.:i ob L~vn11 n11~~1tJLL\J\Ja~vra'IJ (elastic deformation) LL'1~61.fl1'Vl"1JeJ.:i11Pl'1 " . . 
1 'U~1.:i L~vn11 fl111wa~vra'IJ (elasticity) zj.:iL U'U61lJtJ~"1Ja.:i1'1P1Cl~iln11L tJ~E.J'U1tJ~1.:i LrlailLL 1.:ilJ1 

• • 'lJ 

m~'V11 LLa~611lJ11Clfl~U~1tJ L~lJL~eJ'V!E.J~eJeJnLL 1.:inw'V11 '\i'U • 

~1.:i oc L~vn11 n11~~1tJLLU\JWinfl~n (plastic deformation) zj.:iLU'U61lJtJ~"1JeJ.:i11Pl'1 " . 
~LtJ~E.J'U1tJ~1.:i1tJmJ1.:im111~v11P1mY.:ihJ5n"1J1~'V!~eJLLIPln~n 

'lJ • 

11P1~&11'U 1V1aj:U~.:i61.n1'Vl~~'V!~'ULLa~61m'Vl'Vla161~n1 'W~1 LeJ.:i 1~v:U61.n1'Vl~~'V!~'WLrlmL 1.:im~'V11 
Cllll/ 4 .Q odil OCll CV .QQ I Co I .Q 

lJfil1'UeJE.J LLatlJ61.fl1YlYla161\PlflLlJeJLL 1.:im~'Vl1lJfil1lJ1fl 1\Pl'1U1.:i"ll'U~lJLL\Pl61.fl1'VlYla161\Plfl L "ll'U ~'U 
v • 

tl1l!'U "1J'UlJD.:i LU'U~'U 
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n~"lltl.:lfln (Hooke's law) 

djeHJBflLL 'j\l~\l'\t1~8fl~i.1tJ~\I '\11~8 L~'Ui;!1~Vfl.J'"J1b 'U"IJBtJL"1J!Pl'\t1;j\I LL 'j\l~m~l'11~a6'1tJ~\I F 

iil"n1l.J~l.J~'U5tl'Uf'111l.JCJ11~LtJ~CJ'U1tJ X ~\l.Q' 
F oc x 

Vf~eJ F = kx 

Lda k ~a ri1ri.:i~1i;itJ~\I (spring constant) '\t1~Brl11'1\1~1LL'j\I (force constant) m1ii~ii-W''U5 

tltl mrunT"a'Vlfl~ ti.:! • " 1. ~1'U~\I ... 
2. '1\l'Vl'j1CJ • 
3. i;!1~~1'\t1~'ULL"IJ1'U 

4. UJ'lJ'j'jVJ~ 

5. m.:ii'i;i'lleN 

6. t:1.:ivm1?1~n • 

..... 
1 tin1''l''VI fl~tl.:I 

1. U16!l~LL "IJ'"J'lJtJ'j~flB'U tl'U~1'U~\l b 'Ul'i'1 LL '\t1tJ\1~~8\I f11'jl°11f11'j'Vl~i;l8\I . ... 
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4. Lotlt:l\l'Vl11V 50 n-rii LL•1.n'U~tJa1vl'i'1'Ui;l1\l"UeN611~LL"UTU U'UVinii1a (m) LLa~1~v~~~~ere:in . ' 
(.6.l) L'Ul'l111\IU'UVinc..ia 

6. '1'11m1V1~aeJ\lmi1-lleJ 4 LLa~ 51~mL~a~f'1f \IL~iiii1af'1f\la~ 50 n-rii (L"!i'U 50, 100, 150, 

200,250, 300, 350, 400, 450, 500,550) 

7. lLf'111~"1-lfeJiia 
'U 

8. L~V'Un11'rl1~"111\ILL1\ILLa~m1:1JV11~~~eJeJn 
9. tJ1L'1'UeJ-U'eJiia 

'U 



Nan1'a'Vl'1aei.:i 

~1"J1-:iu'LIVimmm"J'Vl~'1m 

..I ..I 
ina bb'a.:J'Vl fl113Jll11'Vl 

(g) t-ti~.:i 1'11~ 

F L 

(N) 

98 

fl113Jll11 fl11:i..im1"!lei.:i Vl'a1~iifel\.Jn1'a~'1ltl 
..: II 1'a~~Ltl~m.1lt1 

.,.; 
b 'a:i.JVl'U L:i.Jv'Vl~'1eieimL 'a.:J 

(lo) .b.L .. 
(m) fl113Jll11 :i..ia111w 

······················· 
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0 ., 

A1~1~~1vn11~~~v~ 

1. bdam:imb 1.:i~.:111'1'1 b "liu '1tl~.:ibdm ~l.lbb 1.:i~'Ub~at1 'l '1'Ufi.:1~19r'iJ1n~bb tl1tru1911.:1 bb~Tvm~aamb 1-:i • • 
1tl~1.:i"l!a.:11'l'l'1V1'1.:1V1t1~aamb1.:i (rn1l.lt111) '1~lj'1n~ru:rn~1.:ih 
" . ' 

2. '11n.LJa 1 ll1aamb1.:1b~l.l~'Ub~at1 'l '1ufi.:1~~'11n~'1fl1Yl~~V1~'U bb~Tvm~aamb1.:i 1tl~1.:i"lla.:i 
' . " 

ll'l'1V1'1.:1V1t1~aamb 1-:i ( fil11l.Jt111) '1~lj'1n~ru~a~1.:i h • • 

3. '11n-Ua 2.1 ll1aamb 1.:ib~l.J~'Ub~at1 'l '1'Ufi.:ib'1t1~~'11n~'1fl1Yl~~V1~'U1 tJ bbi;l1V1t1~aamL1.:1 • • 
1tl~1.:i"lJa.:11'l'l'1V1'1.:1V1t1~aamL1.:1 (fil11l.Jtl11) '1~lj'1n~ru~a~1.:ih " . . 

·································································································································································· 

·································································································································································· 

·································································································································································· 
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9. v.Ja-nJ1tV11J1 i~1\1'11'Ub~~'1 bbl'i1'1J~1\1"1Jel\lv.Ja\ltl1i:J\I b vl1\Jlel'U na'U~1\1'11'U bb~~\111v.Ja\IJ1dii~fl1V'I 
'IJ 

bb'U'U1~ bV'l";i1~ 
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..; ... ., ., 
m-a\'lflae>~'VI 2 L -ae:i~ imi:iaa11e:i~v~ 
1~ri,h::a~A' • 

1. e:i5'U1E.Jfl11:1JLfl'LJ m1:1JLfl~E.Jl'l m1:1JLfl'LJIJl1:1JE.J11 LL~:::m1:1JLfl~E.Jl'll'l1:1JE.J11 

2. '1~Ufl11:1J6":1J~'LJ5wvr11~m1:1J Lfl'LJIJ11:1J E.J11 LL~:::m1:1J Lfl~ E.Jl'll'l1lJ E.J116UeJ~11Jl ci 1~"il1f1 f11~ 
' ' 

'VII'!~ a~ LL~:::ue:inm1:1JV1:1J1 E.J"UeJ~:1Je:il'lGY'16UeJ~ ~~ 1~ 
'IJ 

3. ~1'1.J1ruvr1'1J~:1J1ru~h~ 1 ~LME.J1.Ve:i~n'LJ L-1i'LJ m1:1JLfl'LJ1J11:1JE.J11 m1:1JLfl~E.Jl'l1J11:1JE.J11 Lrn::: 

:1Jal'!GY'1"Ua~~~ L~a n1vr'LJl'l'1m'LJ m~ru1 ~ 
'IJ 

... 
\'IC]'let~ 

fl112.ILA'IJ (Stress) 

L~eJtJ1f IJl'1:1J1LL6U1'1.J 1-J fl'U La'LJ'11 l'l (La'LJ~11'1 L 'U1) La'LJ'111'l"ilt'1 f1~~"il1 ntl1vriJ f16UeJ~f IJl ciif 'LJ~~ ~'IJ 
, " 'I " 

8.25 "Uru:::La'LJ'11l'la~ L 'LJ'1:1J\1l'1 LL ~~~~~~'1m'IJ~1E.J"Ua~L~'LJ~1l'l"ilti1"U'LJ11'1L vl1n'LJ LL'1tVJn 1 ?11'1.J"Ua~ 
.n1flinl'l"U11~"Ua~La'LJ~1l'l"ilt 1~-ru LL ~~m:::vi1e:i~1~'1~1 L'1:1Ja~1 m-d'LJ n'lJ ~~~'IJ 8.25 fl 

F 

F 

/ -~K-' .. '-. l 

\ I Fi ••-

F 

mg 
F 

,, ' 

~~u~:::w'lJVivru1inl'l L~E.Jn11 fl112.ILA'U;i~ (tensile stress) LL'Vl'LJ~1E.JGY1J1GYn~ru a LL'1tL~E.J'lJLU'LJ 
fl11:1J'1:1J~'l.Jtl'l~-J1 

... 
fl11lJLfl'LJ = ----

4 .cil II Cl.I 

yj'lJ'VJ'Vl'lJ11'11'1 



.. 
'V!1B 

a Ltl'lJfl111JL~'lJ~.:i iimhv il11'iul'ivm11.:1L11m (N/m 
2 

) 'V!~B vnm~''1 (Pa) 

F LL).:! ~mtvl11'lJ'Vifil~.:J\l1fltlU~'lJ~ lj'V!t11v -U11'i'lJ (N) 
J'.J.J oq I 2 

A ~'lJVI VILL1flfl':itVl11J'V!'lJ1V \91111.:JL:l.J\911 (m ) 
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(1) 

fl111JLFl'lJLtl'lJ'ITT1J1ru'1Lfl'11i hmvf1 hlfl111JLFl'lJ lj 2 6llil~ hiLLti fl111JLA''lJl'l11JV11 bb'1tfl111J 
..... 

bfl'lJL\lB'lJ 

fl1111L~'UVl111ll11 (longitudinal stress) LLtl.:i1~ 2 6llil~ ~B fl1111L~'Ufi.:i (tensile stress) 

zj.:Jbb':i.:J F mtvl11'iv11'lfl1'lJ6"n~rut~.:i1'1~uBBn~.:i1'1J 8.26 n tlUfl1111L~'Uel~ (compressive 
• v 

stess) zj.:JLL 1-:i F mtvl11'iv11'lfl 1 u~n·t~H1JteJ~1 '1Vl~~'lJ'1.:J ~.:11'1.J 8.26 "ll '11'lJfl1111Lfl'ULilil'lJ • v 

(shear stress) '1u bL':i.:J F ~mtvl1~B1'l'lfl'<iltvJ11'111'lflU~Ltleiu1'1J~1.:il'IJ'11m~11 ~.:11'1.J 8.26 fl 
411 lit '\I '\I 

.. . . 

. ' •:::1 

iF 

fl1111Lfl~ll~ (Strain) 

I·---,--+- F 
# # . . 

' . . . . . . ' I I . . , 
p ...... --

~'<il11'1.11L'1'lJ'11~zj.:Jljfl111JV11b~1J L0 L~BljLL 1.:J"ll'lJ1~L vl1tl'lJ'1B.:ILL 1.:11J1~.:J~U'11V LL~'1t-iJ1.:J"lJB.:J 
L'1'lJ'11~ 1 uVifilVl1.:Jm.:i-U111n'lJ L'1'lJ'11~'<ilt~~BBfl lh 1 '1 .6.L L ll'lJfl111JV11"lJB.:J b6"'lJm~'11'lJ~~~ bL(;lt 

Lo Lllum111v11L~1J"llB.:JL6Vum~ eJl'l11'11u1t'Vl11.:ifl1111m1'11u~~~nufl1111v11L~1J L~vn11 
fl1111Lfl~ll~Vi111ll11 (longitudinal strain) LLVl'lJ~1mr'lJ6"n~ru B bL'1tL~V'lJLtl'lJfl111Ja1JW'lJ5 
1~11 



& fl11l.Jbfl~EJl'l ilV1tbmthJLvi1 'Vl~e:ihJi'.imhEJ 

4 m1l.Jm1L~l.J~'U i'.lV1'ti1mtJ'U Ll.J\Jl1 Cm) 

l!L fl11l.JE.111b~l.J~'U iJV1'ti1mtJ'U bl.J\Jl1 (m) 

... ... 
11il~~i't'!JiJ{l'-J{I 
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(2) 

b~e:ie:ie:in bb 1\l~\lb~'U1'11'1Ll'JEJ1l.J 1 ~'IJ'U11'l'!Je:i\I bb 1-:i~.:i bn'U~l'llii1 n!'lm1 bb t.h~'U \Jl1.:i"1Je:i\11'61l'l R11l.J Lfi''U • • 
~\l"ilt bb 'lh~'U\Jl1\ltl'Ufl11l.Jbfl ~E.11'1~\I tl'Ufie:i el\Jl11'11'U1t'Vl11\lfl11l.J bfl'U ~\I bbi=l tfl11l.J bfl~E.ll'l~.:J'IJ€l\ll61~ 
6lJ{jl'l'Vl~\I 1 "iJd1~1fl\ll'i'1 b~E.lfl~1fl\ll'i'1-d'11 11il~~i't"UeNEJ..:1 (Young's modulus) bb'Vl'U~1E.l 
~qii;rn~ru Y bbi=ltb~EJ'U 1~-;h 

11e>~~i't"Ue>..:ia..:i (Young's Modulus) bU'UeJ\Jl11&11'U1tV111.:im1l.Jbfl'Ubb'1tfl11l.Jbfl~E.ll'll'l1l.JE.111 

fl~'!Je:J\l~fl (Hooke's Law) 

(3) 

l.Je:il'li;ri=l'!Je:J\IEJ\I i'.JV1'ti1E.1 tj1~'U~e:im11\lbl.Jm (Nim 
2

) 1'611'l~ill.Je:il'li;r61'1Je:JEJ.:J61\I bb'11'1.:i111'61l'l,!'U 
1 1 .. \I , 

Li.J~EJ'Ufl11l.lm11~i!e:iEJ "1Jrut~ilfl11l.Jbfl'U:IJ1fl 
"il1flfl11'Vll'l'1€l\lb~e:i\161.fl1'Vi v l'l'Vl~'U'!Je:J\l'!Je:J\I bb ~\I L 'U"li1\I~ mTv-Jil m1L i.J~ EJ'Ubb i.Ji:i\I bb i.Ji=i ~'U\Jl 1\l'!Je:J\I 

bb 1\ltl'U1tE.lt~Vl'l€leJflb U'U 1 i.J\Jl1l.Jfl~'IJ€l\l~fl (Hooke's Law) "iltilm1V'lb U'Ub~'U\?11\1 
I.I ti qcf cJ ti CV .J ~ II .J .iJ I 

'11b61'U'111'll.J'Vi'U'Vl'Vl'U11?ll'l A fl\l'Vl bb'1tfl11l.JE.111b 1l.J\Jl'U L0 fl\l'Vl "ilt611m1m i.Ji:iEJ'Um1V'l1tV111\I 

bb1\I F tl'UWE.Jt~Vl'le:JeJfl l!L Lllum1V'l1tV111\lfl11l.Jbfl'U a tl'Ufl11l.Jbfl~EJl'l £1.~ 
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F u 

E 

LlJ'U 

fl11~1t'Vll1\ILL 1\1 F tl'U'at~t~~i;J€J€Jfl ~ fl11~1~'Vll1\IFl11lJLfl'U G' tl'UFl11lJLFl~~i;i & 

"11flU~1lJ lJ€l~~G'l6lJ€l\leJ\I (Young's Modulus) LLat?llJfl11~ 3 

a=Yc 

y=mx+c 

"1tL~'Ul1Fl11lJotl'U6lJ€l\ltl11~1t'Vll1\I Fld1lJLfl'U tl'UFl11lJLFl~~i;i ~€1 ~1lJ€Ji;J~G'f6lJ€l\leJ\I 
'IJ ..... 

1fin1~\'lfl~€l.:J 

1. 't11"11i;JLL 6ll1'Utbtfl€l'U tl'U~1'U~\l 1 'U~1LL 'VIU\1~~€l\lfl11vl1fl11'Vli;Ja€J\I . .. ,,, ' 

2. l'i;i\il'UViV1i!1~i;i6lle:i-:iV1tl'-:i~1-:i 

(4) 

(5) 

O Q.I .dt.1 ~ 4 I ~ Ill.I I ~ d 
3. 'U 11 \Jl fl'VI \Jl €1\1 fl11Pl fl'\flG'I .fl1VWi;J'V! ~'U ~ i;J fl'U'Vl1\16ll €1\1"11i;JLL6lJ1'U6lJ€l\I LL 6ll\I LL at LL 6ll1'U'VI LL 6lJ'U6lJ €1\1 • • • ,,, 

~1'Ul'i'\I .. 
4. tl11J1t6ll€J"qi;JLL6lJ1'UG11V1~'U~mJ1V1tl'nmLL6lJ1'U~tla1~~1'Uci1-:i l'i;im1lJ~11 L~lJ~'U (L0) 6ll€l\I 

Vltl'-:im-:i 

5. 1-ffrt-:iV111~ 50 n-rlJ LL6lJ1'U~tla1~~1'Uci1-:i6lJ€l\1"11i;JLL6lJ1'U U'UVifllJ1a (m) fl1'U1fl.l'Vl1LL1\l~\I • • 
~Lni;i"11nmari-:iV111 ~ f11'U1ruV11m1lJLA''W u'WVimm 1 'W1J1111-:iu'WVin~a • 

6. li;)Fl11lJ~11~~(;1€J€Jfl (.:6.l) u'UVifl~a fl1'U1flJ'V11Fl11lJLFl~~i;i U'UVifl~'11 'lJIJ1111\IU'UVifl~'1 
7. vl1fl11'Vli;)'1€J\l\Jl1lJoLJ€l 5 LL'1toLJ€l 6 Li;JVLL~'1tFl~\IL~lJlJ1'1Fl~\1'1t 50 fl~lJ (L'li'U 50, 100, 

150, 200, 250, 300, 350, 400,450, 500,550) 

8. Lii~'Ufl11~1t'V!l1\IFl11lJLA''ULL'1tFl11lJLFl~~i;i 

9. fl1'U1flJ'Vl1rl1lJ€l~~G'l6lJ€l\leJ\I • 



..; 
bb ~.:i'VI 

111""' II _, 

'tif!.:i 'Vl\J11Plfl 

F=mg A 

(N) (m2) 

fl112.IEJ11'tleJ.:i 
II .,I 

bft\Ji'l1fl'VI 

btl~atJltJ 
.b.L 

106 

fl1111EJ11 . 
""' II 
L~111Pl\J 

L0 (m) 
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1 q,J' d II ClJ £t, .dill £t. cJ 
4. ffl~ a'Vl~m1 3 L:1.J1J11 LLa~:1.J'rj'l.J'VJ'Vl'U1"1~ 0.25 m11.:iL'il'U1J1L:1.J1J11 "il~CJ~eiein 0.05 L'il'U1J1L:1.J1J11 L:l.Jfl 

1iLL 1.:i~.:i 10000 il1~'U "il.:JV11m111LA''U~.:JLLa~R1111LR~t1~~.:i 

5. a1~1a'Vl~t111 10 L:1.J1J11 ij~'U~V1iJ1~~ 0.05 m11.:iL'il'U~L111J11 d1mb.:i~1ml1'Vl'ufl 10,000 il1~'U 
"il~~~eiein 1 tJ 10 L'il'U~L111J11 La'Vl~.Q'ijfi111ei~~'1"Uei.:iil'.:iL vh h 

7. L~mL"U1'U111a M H~tJa1m~'Um~ "il~Vi11"1L~'Ua1~~~vein 0.12% "UmR1111t111L~11 ti'1a1~ 
ij~'U~V1iJ1~~ 0.2 1J1111.:iija~L111J11 LLa~ijf"i111ei~~'1"UmiJ.:iLv11nu LU'U 2.0 x 10

11 il1~'U I L:l.Jl'll 
'U 

111a M ijf"i1Lv111~ 

8. a1~'VleJ\ILL~\ILLa~a1~L'Vl~flf16i'1ijR11:1.Jt111Lv11n'U LL~a~L~'U~f111J1'1:1.J1a m LL"U1'U "1eit1L'ULL'U1~.:i 
'U • 

ti'1a1~..r.:i'1v.:im~ L v11n'U a1~'Vlv.:i LL~.:i"il~~v.:iij~Plij L tl'U ~ L v11"Uv.:ia1~ L 'Vl~nn'11 n1V1'U~ 1 "1ri111v~~'1 
'U 

U ~ ,, ... I 11 11 2 0 U 

"Uei.:it1.:i"Uei.:J'VleJ\ILL~\ILLa~L'Vlanna1111"11 1.0 x 10 LLa~ 2.0 x 10 N/m m11m~t1 
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n1fl~1.11n 6lJ ., . 
n1~n1iln-a-a:un1-a~fln1-aL;vun1-aae:iu 11e:i.:ium;vuiu~~v:uifo"11tJVi 6 



111 



112 



~eJ 
ti,.::~ m,.A m~n 

"' "" ' 't,rn..1 'V1 m fl ru '1'U'V161 'I 'V! 
'II 

'W.131. 2548 - 2551 ~'V11i'VlCJ1~CJ11"11Jl!)~~1t'iTU 

i'Vlml311611P11uru;J1J1 611"111Yl~n'1 

'W.131. 2552 - 2553 ~V11i'VlCJ1~CJ11"11.tl!J~~151iJ 

tl1~ml31iJCJu1P11uru;J1J1i"111~Y11"11 
'II 

'W.131. 2555 - 2557 ~V11i'VlCJ1~CJeiurt11"11tJ1iJ • 
i'V1CJ11311'11'11~'V!1uru;!1P1 (Yl~n'1) 

'W.131. 2554 - 2558 

11'IL~CJ'UL61aniH~'Vlmfl~ B1L.flm61rt11ii ~'l'Vl1~~eima~ 
'II 'II 

o CV .J' d ~ Q.I Cf 

'11'Utl-:J1'UL "Ul'lYl'U'Vltl11131tl~1~t'iCJ~l31tl~1 L "Ul'l 27 

~1LL'WU~ fl~ fl.131. 1 

firn1'1J~vi1~1'1Ji11i11i1u'IJ h-:iL~CJ'UL'1rt11ii~'Vlmri~ B1L11m'1rt11ii ~-:i'Vf1~~eima~ 
' 'II 'II 

ocv .J'd Cf Q.I Cf 

'11'Utl-:J1'UL"Ul'lYl'U'Vltl11131tl~1~t'iCJ~l31tl~1 L"Ul'l 27 
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