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The objective of this research was to improve students' learning teamwork 

achievement and students' attitude in equilibrium using science activity learning 

packages based on STEM Education. The samples were 34 grade 10 students' from 

Kaennakhon Wittayalai School, KhonKaen during the second semester of the 2015 

academic year. The one group pretest - posttest design was used for this research 

method. The research tools consisted of science activity learning packages based on 

STEM Education, achievement tests, practice assessment, self assessment and 

satisfaction questionnaire. The data were analyzed into average, standard deviation, 

dependent t-test delovinde and average normalized gain. The results showed that 

the students' learning achievement score on the post-instruction was significantly 

statistical higher than that on the pre-instruction at alpha level .01. The average 

normalized gain was in a medium gain (<g> = 0.65). The students' satisfaction is in 

good level. The result suggest that learning management of the STEM Education 

could be used to develop students' learning achievement of equilibrium. 
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n.44 Fn1:1J61:1JoW'Ufi1tV111\ILL1\l~\IL~Bnn'U\J\'1LLVIU\ILV1'1\11 n1Vl'U111l~ w = 1000 kg, 

P = lOOkg , L = 10 m. 

n.45 

n.46 

n.47 

n.48 

n.49 

n.50 

n.51 

n.52 

n.53 

fl.l 

.J 0 I I I ~ 
LL HVln'StV11~B'11'UIJ11\ll 'lJB\ILflL'U'1 

LflL D'1~nLL U\lBBnL U'U'1B\l~1'U 

ci O I II LI II 

U'S\l~n1~~1~BVl:IJl111111'U~1CJU'1tl111'U'll11 , 
d 0 I ciO V Q o::if 

LL 1\l~m~~1~BVl:IJl11 'llrut~fl1'1\l"ilt'W'1 n'ViB\11 , 
cl • ' 

U1\l~n1t~1~B'1t'W1'UU'll1'U 

fl11vl1 fl"il n11:1J fl11~(1)'1 B\l"UB\lUn L1CJ'U 

... 
Vl'IJ1 

120 

121 

121 

128 

129 

130 

131 

135 

137 

138 

138 

139 

140 

140 

141 

141 

142 

145 

146 

146 

148 

149 

168 



d 
'U'Vl'VI 1 

0 

'U'Vl'U1 

1.1 fl'J1:1JL U'IJ:IJ1LLft:::fl'J1:1J~1~ fiJ'tJeJ.!lUtu'Vl1 
"' "' 

1 'Wu '1'1U'Ub U'UCJfl~iif111l.J b '1 ~ru rl11Vli11Vl1'1 b Vlfl b 'U ht ~?l1'H'f'Ub Vll"lb U'Utl V1'1l.J1 flzj'I b ~'U 1Ji''11fl ' ' ., 

ii~tlfl'HUb VIA 1'W ht~?f1'j?f'Ub Ylf'1~'li1E.JeJ1'U1E.Jm1:u?t:::mfl b 'li'W 1mLvw1 ?tm1'Vl 1 'W'W bb Virn~(91 b U'U~'U 

'li1E.J 1 vtfl1'j~\il~B~B?f1'j'j:::Vf'J1-:J'Uflflfi?l:::mfl;'U ~b~CJ'U?l1l.J1'jtJ b oLJ1~-:ioLJBl.Jfi'li11 ?l1d"111'U1'Wl.Jl fl bbfi::: ' .., .., 

b~E.J'U~ 'UU'1'1U'U ~?tB'U~B-:i b tl~ E.J'Uu'Vlu1'Vl'11 flfl1'j b ll'U~'UB flm1:u~ b ll'Um~'11 b yjB~~'U1~ b~E.J'U 1 Viii 
'\J q '\.I 'U '\J 'll cu 

Vlfl~:::fl1'j~1d-:i~11'11W"lmdd~~ 21 1Ji'Lbn Vlfl~:::Ji'1'Ufl1'jb~CJ'U~bbfi:::'Ui'l'lmd:u 6/l-:itJwm:i'UJi'1CJ 
" 

f111:JJA\il?l~l'l?l'j'jrlbbfi:::'U11'1m'j:JJ (Creativity and Innovation) fl1'jA~rntl1-:in1\J1'jnJ'1)1nJ bbfi::: 

fl1'jbbrlU'1JV!1 (Critical Thinking and Problem Solving) fl1'j~eJ?l1'jbbfi:::m1:uc.i1:ullB 

(Communication and Collaboration) Vlfl~:::?f1'j?f'Ub 'Vlf'l ~mbfi:::b 'Vlfl b 'Ufa~ 'lJ'j:::flB'UJi'1E.JVlfl~::: 

Ji'1'1.J?l1'j?f'Ub'Vlf'1 (Information Literacy) Vlfl~:::Ji'1'1.J~B (Media Literacy) Vlfl~:::Ji'1'Ub'Vlf11'W fa~ 

?f1'j?f'Ub'Vll"lbbfi:::fl1'j~€J?f1'j (Information, Communications and Technology Literacy) bU'U~'U 

1 'Umd~~'U1~ b~CJ'U 1 Vf bnlilV1fl~:::r;J-:imh1 bb 'U1 A\il'V!~-:im -m. 'U fl1'j~\i)fl1'jfl fl~1fiB?l::: b~:ufi fl~1 (STEM .., 

Education) zj'lbU'Ubb'U1A\ilfl1'j~\ilfl1'jb~CJ'U~bb'U'lJ'U'jnJ1fl1'jf111l.J~'Uf'11?f(911~1-:i., 4 ?l1'V1 1Ji'bbrl 
\I 'll '\J I 

1'VlCJ1f'11?ll'l1 (Science) b'VlAb'Ufa~ (Technology) Engineering (1f'11fld'jl.J) bbfi::: Arul'lf'11?l1'11 

(Mathematics) 1 'l.Jfl1'j~\ilfl1'jb~CJ'U~ bb 'U'lJ'lJ'jnJ1fl1'jl'Jll.J bb 'l.J1?l::: b~l.Jfl fl~11lm1:1JG11A'ru~ B~ b~ ti'l.J fiei 
'U 'U QJ 'U 

b~Bl.J btJ'lf111l.Ji1l.J~'l.Jlh:::V!l1'1f111l.JA\il'j'J'lJCJB\il 1'1.Jf'11?l1'11~1-:i1 vh 1 vtbn\ilfl1'j b~CJ'Ui~iim1l.JV!l.J1tJ 

~ei~ b~tJ'U ~ b~ti'Ub ~'Uf111:1Ji1l.J~'l.J6bbfi:::flru~1'VB'l~'l~b~CJ'U ?l1l.J1'jtl b ~B:u 1ti-:i~-:i~ b~CJ'Ub oLJ1tl'U~11'1'1~-:i 
" .., ' 

frifo 1~~1Vlt1], 2554: 136-137; ?lmu'LI~-:Jb?l~l.Jmd?lei'U1'VlE.J1f'11?11'11Lbfi:::b'Vlf11'LI1"1~, 2557: 6) 

fl1'j~'1:::'Ud ru1 fl1'j1'1J1~-:i~1 'U?t::: b~l.JPifl~11Ji'i!'U m~ ?f B'U~ B'li:-J'U1 fl B-:Jrltld::: flB'UG11 A' ru 
\J \J \J QI 

'lJB-:Jfl1'jb~tJ'Ufl1'j?feJ'U 2 Ji'1'U fiB Ji'1'U'U~'U'Vl (Context) zj,:ib~tJ1oLJB'ltl'U~11'1tld:::~11'U'VB'l~b~CJ'UbB'I 

bbfi:::Ji'1m -deiV11 (Content) zj,:i b~m-Uei-:inu A11:JJ~V!'1 fl bbfi:::'UBfl'11 fld~1bU'U~B-:i1Vf~b~CJ'U1Ji'fi-:JlJB .., .., 

tllju~~~'I 1Ji'v11-:i1m U'U flzj:u eilitl'j1tJ bbfl :::~B?f1'jb yjmJ1 b?l'l.Jtli:-Jfl'l1'U f1'11 CJ nu bb 'U1'Vl1-:Jfl1'jb~ti'Ui 
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bl'lC.11 mm.:i.:i1mll'LI (Project-Based Learning : PBU f11'jb~CJ'Ui't\91CJ 1 ii:lt1]vt1bU'U3j1'U (Problem

Based Learnino: PBL) (~mrvfft 5'U1'U1'11'1, 2556n; e:i.fi~viB n.:ihrn, 2556) bb'1~f11'H~CJ'U.rl\91CJ1.ff ::> , 'U 

f11'HJBf1bb'\J'\JbU'Uji1'U (Design-Based Learning) (YfjVi'Y'IV ?11Ji'vi11iCJ, 2556) ~e-J'U1f1 11il 

m~'U1'Uf111?i'Ub611~V11'11Vlti11"!1611'li (Scientific Inquiry) 1-fo'11 5n~.:i ~.:i 1~ii f111b~ti'Ui61~b~il 
Pin~1~e-i'U1nm1b~CJ'U~'\J'U:o1'Um1e:ie:imb u'\Jzj.:ib ll'Ubb 'U1vi1.:i m1b~CJ'U~1m m1iif"11?1\;lfru11 ul'i'1 CJ 

'U ~ 'U 

n~m1ii b ~i1;'U~1 CJ1~~'\Je-ii;:t m1 b~CJ'U'Ua.:i'W' n b~ CJ'U 1 'LI1"1111viCJ1f"11611'li bb(;'t ~l"lrul'J P1161l'lib ~ii61.:i;'U 
'U 

(Diana, 2012) '1\91-tla.:i11.:i'Uv'1e-J'16'1ilf]V1~1-M'bbl"l'\J'1'1 (Han, Capraro and Capraro, 2014) iia.:ibi'.1'U 

tJ1~ LCJ"tltl'Uv.:Jb Vll"l L 'Ufa ~bb'1~1f"11m1i1611m1tii11m 1 off bbtlU'1J'Vl1 bb'1~ilb~\;ll"l&i~~l'iam1tJ1~na'U 

B1~'Y'lvfl'U611'U1b~tJ1oLJB'1fl'\J STEM (Tseng et al., 2013) um~ti'Uilb~(;lfl&il'ia1viCJ1Pl1611'libb'1~61'Uh 

b~CJ'U1"1111V1CJ11"!1611'lib ~il;'U (Dowey, 2013) b i'.1'UfJnJ~1'UB'1f111b~CJ'Ubb'1~ii''U h11611m1ti'11 b ~~ 

m1Pin~111'1 (Scott, 2012) bb'1~um~CJ'U611m1tici1CJ LeJ'Um1ii~ Vln~~bb'1~m~'U1'Uf111V11'1 
'U 

1V1CJ11"!161(;li rjm1bbtlUqj'Vl11 'U~1\;)~1'1~be-J:Uqivt1J1bb'1~U1~~f)l'J1 oUfl'UUqjvt11'Vl:iJ1 ~bn\91;'U 1 'LIJ11CJ 

Jl1flvt1J111'1 (Diana, 2012; Tseng et al., 2013) 

bb'1~1"111YJ~n~ b lJ'U1"111~'11ri'rubb 6lJ'U'1'Vl~'161Jv'11VlCJ11"!1611'li zj.:im1Pi n~11 'U1"111YJ~ n~~~:iJ.:i b 1J'U ., , 

V11 f1!J bn ru.vil'i 1-:i 1 '11vt1'1..J a 6'1..J 1CJtJ11n[Jm1ru1 mi11i1"111 &ivi n"tJ'Ll \91 1"111YJ ~ n ~ u'U 11il?i1'U·1h CJ 1-M 

b vi fl L 'U 1i;i ~ n11V11J 11 tJ a ~1'111 \91 b ~1 bb1'11 'U n11 b~ CJ'U n11?1 a'LI1"111YJ~ n ~ u ru'Vl1~ l"l1YJ~ n ~vi nvi1'U'Y'l'\J 
., 'U ' 

L\91CJm n ~a u qiV11e-ii;i6'1iirivi~vi1.:i m1 b~CJ'U~a'U-LJ'1.:i~1m n ?11b'Vl~tJ1~ f111'Vl~.:im~ b U'Ub "1'111d1 

l"l~l1nci1CJvia\9lm1iifl-Mum~CJ'U b 1J'U 1-Mum~CJwil1~1'111'11.:i 11 u1 m 'Um1bbm~vivuqi'Vl1 zj.:i'Y'l'U11 

fi.:i bbJJ u f) b~ CJ'U ~ ~ '11~1'11l'i1.:i 111'1 Viii \91bbl'i~~611m1 tl bb m ~ V1 vu qj'Vl1~(;11'1tJ1 ~ b ~ 'U (?) eJ m 11off~1'11 

1 m~ a.:iif 'U 1 b vi1J'U lliil m1tJ1~ ~ n~ bb'1 ~ b zjaii Lc.i.:im 1iifl m~a.:il'i1.:i 1 b .LJ1~1CJn'U1-Mu rn~ CJ'U 

1bl"l11~,,1i:J ruvt1 bb'1~ bbnu ru'Vl1 u n b ~ CJ'U~ ~ 1:iJ 611i111ti1-ff l"l11ii~~ilii 1 bbnu ru'Vl1 bbi;:t ~tJ 1~ CJ n ~1 i 
"' v '\J QJ , 

1'LI~11'1th~'111''U11'i'bvi111un 

~.:iJ'U 1 'LI:o1'U~~l"l1 b ll'LI~il'Uvi'U1vi '11ri'ru 1 'LI m1~\9ln~ m1iim1 b~CJ'U m161a'U 1 'Lii'U b~CJ'U ~1~ CJ 
dJt 'U 'U ILi 'U 

~'1~ B'1f111~<nl'U1 f111~ \9ln~m1iim1b~CJ'Uf11161eJ'U~b1J'U~ b~CJ'Ub U'U'11ri'ru zj'l~~b U'U n~ f111ilf111 
'U ., 

b~CJ'Um1?1a'U~er b~CJ'U 1~il?i1'U~1ii 1 'Un~ m1ii 1'Liim~ti'U1-Mmn~?i\91 ~.:ivi1.:i~1.:imCJ ?i&iu ruru1 '\J , v v 

6'1.:Jflil bb'1~B11il ru 1~ bb61\91'1BB f1V11'1~1'Ufl11il ~\91 m1m~v11a ~1'1 B?l1~ (;11l.Jfl11iltlU\91 bb'1 ~fl11il 

?l'U h61JB'11'l'UbeJ'1 

eri ~ CJ61'U h~ ~ ~ ~ cni'U 1e-i i;i 6'1ii nvi~vi1.:i m 1 b~ CJ 'U1"111YJ ~ n~ ~ .:ii.J 1 bb 'U1~\91m1~ \91 n11 b ~CJ 'U ~ 
'U ·1 'U 

1'11ilbb 'U1'V11'161~b~i!Plf1~1ill 1 m 'Uf111~\91b~CJ'Uf11161B'Ul"1J1 YJ~n~ b~B'1 61.fl1"1'161il\91'1 6/t.:im\91vtl'1 
' 



3 

bll'l..laci1.:i~.:i11 '1:::"1i1v~w.i'l..l1Vi'fl~:n YiaflT;i~T~.:i;g11'11 '1..11311'1T;i1~~ 21 ?11m1t1th 1 uu1::: ~fll'l 

L 'l..lm1?1~1.:ia.:il"lri1111fl V1lJ 1 B't..1'1:::'1.:ivh 1 'lXbn~b'11P1fl~~~l'iam1b~tJ'l..li'Vlml311611P1{1P1111111 bb'1:::vh 

11Xt:J'1~11'1'VlB'Vl1.:im1 b~ti'\Jb~11~.:i~'l..I am~.:i EY.:ivi11 tXufl b~ti'1..11P11:::V1u fl~.:im1:w.i11rr qi bb'1:::m111b~a111v.:i 

fl'UL~ 6UeM1"1111'U STEM (l'VltJ11311?11'1{ b'Vlfl1'W16'1~ 11311f11)1J bb'1:::flrul'11311?11'1{) bb'1:::'11t:J'1f1111~tJ~ 

1~~u 1 'IJ1 m 'U m1~w.i'1..11 m1b~ti'l..lm1?1a'l..l1tXilu1:::~'Vlfin1'V'l~a1 t1 

1.2 1~cruca::i;H1f'l"llv~01-a1i5'v 

i.2.1 b Yi a Pi fl~1Vf fl~::: fl 11vi1.:i1'1..1b ll'IJVi11'1Ja.:itl' fl b ~ ti't..1~1~ ~'U fl 11 ..a'~ fl11 b ~v'l..ln~ v1.U 
'U 

"!J~nlil fl'j'j1J\J111Jbb 'IJ'd'Vl1\lf11'j~~f11'j b~tJ'l..l~?I::: b~1JPlfl~1 i"!J1Yl~ fl°G1 b~'El\I ?lfl1'V'l?l1J~'1 
• 'U • 

i.2.2 b vJ el~ w.i'U 1 t:J "i.111{)'VltV11.:i fl11 b~ ti'IJ6Uel .:itl' fl b ~ ti'U~1~ f u fl11~ ~fl 11 b~ ti'U v~ v1 .ff 

"!J~nlil m111m11bb '1..11'Vl1\lf111~~m1 b~tJ'U~?I::: b~11Pifl~1 i"!J1Yl~fl°G1 b~el\I ?lfl1'V'l?l11~'1 
• 'U • 

1.2.3 b vJel Plfl~1m111-W.:i'V'lel 1'1'1Jel.:itl' m~ti'IJ 1~-ru m1~~m1 b~ ti'IJn~v 1 -tl'!J~nlil m1111'11mb 'U1 
'U • 

1.4 "llv\JL"ll~"llv~mca1i5'v 

1.4.1 'lh::111ncaLL~::mfa.1~1vu1~ • 
1.4.1.1 th:::"111m tl'm~ti'Ui'Ul1'5ti1l~fl~1tl~ 4/1 bb'1::: 4/2 1ri1-:im1"1el-:ib~tJ'IJ~bl31~ 

i'Vlml311?11'1{ b'Vlri L 'UL'1~bb'1:::~-:ibb1~~el11 h-:ib~ti'\Jbbn'IJ'l..lri11'Vlm'1v mrib~ti'l..I~ 2 tlm1Pifl~1 2558 

"i\'1'1..11'1..1 2 tXm b~tJ't..11111 62 fl'l..I 

1.4.1.2 fl'111~1 el ci1-:i ti m~ti'Ui'Ul1'5 v11~fl~1tJ~ 4/1 1m-:im1tXel-:i b~tJ'U~bl31~ • 
i'Vlml311?11'1{ b 'Vlri 1'LI1'1~bb'1:::~-:ibb 1~~a11 h-:ib~ti'\Jbbn'U'\Jri11'Vlm'1v mrib~ti'U~ 2 tlm1~fl~1 2558 

"i\'1'U1'U 34 fl'IJ 1~m 1~vm1'111bb'\J'Ub'11:::'1-:i'11fl'IJ1:::"!J1m • 
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1.5 ~'Jbbthvifllm~n 

1.5.1 ~'JbbU';i'Bi;t';i:: (Independent variable) fie:i "lj~n"ilm11JV11:1Jbb'U1'V11..:Jn11~~n1'H~CJ'Wi 
,; 4 

6'l:::b"11JP!m~n 

1.5.2 ~'JbbU';i\;11~ (Dependent variable) fie:i Vi'n~:::m1vi'1..:i1'UbU'UVi1J ~~'11l~'V1B'V11..:im1 

b~CJ'Ubb~:::fl111J~..:JYrn 1"iJ 

II JI II 

1.6 "l.lt1i;in~.:ibue:i-:1i;i'U 

-Ue:i~~~1-ii"il 1 n bb 'U'U'Vl~G'l eJ'Ul~~ ~ i111~'VlB'Vl1..:i n11 b ~ CJ'W b U'W-ii e:i~~ ~1~"il 1n n11vi'1 bb 'U'U'Vl ~"' eJ'.U 

' " 
i. 1.1 'll~n"ilm111mmb'U1'\111..:im1~~m1b~CJ'U{6'l:::b~11~m~1 fie:i 'U~n"ilm111Vi~1~CJ6'l11..:i:fi'U 

, '\J , '\J 

-U1116'l1'1J11'll1~..:i~ 1~Lbri l'll1l'V1CJ1Pl16'l"11 (Science: S) b'Vlflfofav (Technology: T) 1mm111P116'l"11 

(Engineering: E) bb~:::flru"1P116'l"11 (Mathematics: M) ~~n~ru:::m16'le:i'W ~~..:ie:itj'U'W~1'Un116'le:J'U 
bb'U'U~rn6'l1:::V11m111{ m16'le:i'U 1~CJ 1-iiuruV11b U'W bb6i'11-tl'L 'Vlfl L 'W fa~ L-if 1111L ~m)1'U1t:Jm1116'l:::~1 n 

u v 

1'Wn11e:ia mL 'U'U~'U..:i 1'W b ~eJ 1-ii bbni.1 qJV11m11~'U lP1 a'U'V eJ..:im:::'U1'W m1'V11..:i1mm111 611..:i bb '\.J..:i a an b ll'W 

s ~'W"1a'W fia 1) ~'U1:::'Ui.1ruV11V1~a6'lm'Um1ru 2) ~'Wbn'U11'U1111-Ua11~~b~m-Ua..:i 3) ~'Uaambuu 
' v u 

~'U..:i1'WV11a15m1bbni.1ruV11 4) ~'Wn11'Vl~~a..:i bb~:: 5) ~'UtJ1::biJ'Ubb~::tJfoth:mm'V 
v ' 

1.7 .2 ~ ~ 6111 ~'Vl B'V11..:i m 1b~CJ'W1'll1YJ~ n '1 Vim CJ ~..:i 1°111116'111111i;i~1'Wm111~'/J a..:iil'n b~ CJ'W 

Lbl'i~:::fl'U 1'Wm1b~CJ'U{b~CJ1n'Ui'll1 YJ~n'1 b~a-:i M11~6'l11~~ 1:::~'U.ff'W~i5CJ11~n~1tl~ 4 ;..:i1~"il1n 
u ' 

fl:::bb'W'W ~1~~1mb'U'U'V1~6'la'Ul~~~i111~'V1B'V11-:im1b~CJ'Wl'll1 YJ~n'1 b~a..:i 6'l.ll1~6'l1l~~ Vl~\l"il1n1~fo 

m1n"ilm111m1b~CJ'W m16'la'U zj,:iITT~CJ6'l{1-:i~'W tJ1::na'UJl1 CJ-iia6'la'UtJ1i1CJ'llU~ b~an"1 a'U 4 ~1 b~a n 
u 

'1'1'U1'U 30 -iieJ 

1. 7 .3 Vi'n~:::m1vi'1-:i1'UbU'WVi1l'VeJ\l~b~CJ'W V!1J1CJ~\l m111fi~b ,::;'WV1~am111{~n'IJa-:ii1m~CJ'W Vi~ 
u u 
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1 Vf i-r:rn.J~'Jl.JiJeJ m1lj6'1TU~'Jl.J fl1':ifo~~fl11l.JA~L ~'U'1.l&:icrfu.J fl1':iLL?l~~fl11l.JA~ L ~'ULL"1~?f~VleJ'U 
'U 

m1iJ~fl11m·ihh m1LU'U~tl1 bb"1::: 'Wfl~m1iJm1v\'1~1'U 1'LI~dfie:J fl~bb'U'LI~1~"il1mbuutJ1:::bii'U 
'U 'U ·1 

I.lo tJ •iJ~., ., 
'1.1€lfl1fl1l.J 6 '1.lmbG'i~bbrnb 'U':i:::{;'J'Ufl~bb'U'U 4 ':i:::{;'J'Ufl:::bb'U'U 

1. 7.4 fl11iJ~~'W €1 1"iJ'1.I €!~er b~ CJ 'LI Vll.l 1 CJ~~ m 1iJ A {;'I b ~'UV!~e:J m 1iJ~~ n'1.le:J~ir m ~ CJ'U~ij \?I €1 
'U 'U 

b ~'Um1iJ6111"1t1J ~rutJ':i~ fo"lltl m 1iJ'WCJl.l"lll.J"lle:J'U fl11l.J?f'U h bb"1:::fl1':ibb?f ~~e:Je:J n'Vl~e:Jlj~1'U~'Jl.J 1 m~~ 

n"iln':i':il.Jl'l1l.Jbb 'U'JVl1~n1':i~~fl1':ib~CJ'U~?f:::b~l.Jflrn.-J1 1 'U~dfie:J fl:::bb 'U'U~1~"iJ1n bb 'U'U1{;'Jfl'J1l.JoW~'W€l 1"il 
'U 

~0~CJ?f~1~~i.J ~n~ru:::'1.1€l~bb'U'lJ1{;1 bUi.Jbb'U'Ul.Jll'ITl.h:::mrui-h (Rating scale) '11'U1'U 10 oLJe:J 

1.8 th::lv"Utl~fl1~11'1:: 1;f i'u 

1.8.1 bll'Ubbi.J1vn~1 'Um':i~~fl1':ib~CJ'U~ml.lbbi.J1Vl1~?f:::b~l.Jfin~11 'U':i1CJi"ll1yj~n'11 'U':i:::~u.ffi.J 
'U 

?f 1 ':i::: fl1 'j b ~CJ 'U i5'U1 

1.8. 3 '111 tJ1 m 'Ufl1':i~<n.Jm m':i~~m':ib~CJ'Um':ii"ll1yj~n?11 VfljtJ1:::~V16n1"W b Vlm:::?tiJl'ie:Jc4b~CJi.J 
'U 



,, 
~mot11~CJ vrn.1ci'1~'U~\l,j 

d "' 2.1 '1~b\9ll.Jl"lm!l1 (STEM Education) 

2.2 'IJ~n-:un·rrn 

d 
'U'Vl'VI 2 

2. 3 be:J n'111~ b~ CJ1oif e:J\l n'U m1tJ1~ d'.h.J rn 1l.J n11V1i.J1vi1\l n 1'ib~ CJ'Wv11 CJ Normalized gain 

2.1 ii'l::b~3.Jfln'1~1 (STEM Education) 

fl11lJVllJ1CJ"Ue:J\lfl1l1 '1~b~l.J~n'\!11 Vl~e:Jn11~~n11b~CJ'W~\911l.Jbb 'W1 STEM '1~~'1111mm 1 ~UCJ1l.J 
'U 

m1.ffb.y:jmbni:lqJV11 ~'WM11 '1~1\JG111ribb"'~~l'lJ'W1~\ll'i1'11 1'W'1m'Wm1ru1"'ni:l-:uyu'W Vl~e:i l.J'W\91~ 

-:uw11 l'lJ'Wsvm (2556) 'Ue:J n11b tJ 'Wbb mvi1\l~ ~m1b~ CJ'W m1G1e:imtJ bb 'U'U 1 VI~~ b i.i''W m1'U 1ru1m1 m1 b~ CJ'W 
• 'U 'U 

1viml"l1'1\914 b viM 1 'W fa~ 1mm1l.Jl"l1'1\914 bb"'~Mru\911"11'1\914b.y:je:i1 ~bn~m1'1~1\l'111ri~'11Vll.J1 ~'11l.J11ti 

ih 1 tl1 ·foniJruV111 'W fa mb vi\JM11m tl'W-:u~ \) bb~n1l.Je:i\l 1 'W bb~-ue:i\lm1v\'11\l~1 (911~e:i~1\li1Mru.n1~ 1 'W 
" . 

~1'Wl"IJ1lVlCJ11"11'1\914 (Science) Mru\911"11'1\914 (Mathematics) 11"11nd1l.Jl"l1'1\914 (Engineering) bb"'~ 

bVlfl 1 'Wfa~ (Technology) ~\l~1'Wbb~btl'Wl"IJ1~?i\lb'1~l.J1~~b~CJ'W1~i1m1l.lim1lJG11lJ11tl ~'1~ 

v\'11'1~11'11v1v~1\li1Mru.n1~ 1 'W fan ~i1m1btJ~CJ'Wbb tJ"'\le:i~1\l11~b ~1 i1m1l.lbtl'W 1"'m1\11'lJtl ~\le:J~ 
• 'U 

'U'W~'W\i1'W"UB\lm1l.l~ bb"'~b~l.l1uv11m'VlM1'Wfa~ 5n~'11"1J1~\l 4 ii m1lJ?l1fi'rue:i~1\lmnn'Um1b~lJ 
... 'U " 

(2556), Breiner et al. (2012) bbm:; Lantz (2009) bb"'~ O'Neil, T.L., Yamagata, J.Y. and 

Togioka, S. (2012) n~1Thn11'1€l'Wbb'U'U\j1fi.11n11-if1l.Jnzjl.l'111~1"1J1 (Interdisciplinary Integration) 

1~Vll 1\ll311G1\914'11"U11'i1\J 61 fa CJ m1i.J1-;u ~ blii'W"U e:J\l bbl'i"' ~1"1J1l.J11 off 1 ~b lJ'WVlti\l b~ CJ1 b .y:jB 1 ~er b~ CJ'W 
I ' " 

1~ b zjBlJ 1CJ\lfl11l.J~~1~'11n11 \lb~ CJ'W~1"' n Lb vf\lfl11l.J b lJ'W '1~\l bb"'~G11l.J11titl11 tJ1 ~ 'W n11e:Je:Jn Lb 'U'U 
'U 'U 
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nlil m1:w b yjt1-Wlijjtnm 1:w1'ri11:w b -U1h mu:!! fl~ fl~:::~1'Ui'Vl CJ1!'11?11J14riru1J11"11?1vd bbfl::: b 'Vl fl 1 'Ufa~ 
'IJ 

er b~ CJ'U ~ t1-:iffi eJ m m.11m1:w1':wieJeJ fl bb uu~'U-:i1'U'Vl1eJ15 fl11 b ~ eJ!Jl eJu ?l'U eJ-:i m 1:w ~ eJ-:i fl 11'\/11 t1 bbnu ru'\/11 
'IJ 'IJ v 

~ b~moU't1-:inu~i1J1tb:::'111'm~eJ 1 m~b 'Vlfl 1'W1"1 ~~-:i b U'Ui;.Jfl(;.J~vr<il1flm:::u1'U fl11t1eJfl bb uu b ~-:ii m m1:w 

bbfl:::er b~CJm ,:;'Urirufi1"UeJ-:i~-:i~b~CJ'U lJ-:i b ~'Ufl11tl1m1:wn u bbnuru'\/111 'U~i!Jl':\J~-:ibbf1:::m1u1:::flt1u 
'U q '\ '\J QJ 

€)1~~ 1 tJtltJ1fl!Jl 

m:::u1tJ m1 eJ eJ fl bb uu b 'tl-:i1m m1:w b lJtJ.ff 'U 1J1 t1tJ"U t1-:i m1 bbnu qJ'\/11'\/11 eJ ?l'U t1-:im 1:w~eJ-:ifl11zj-:im~ 
'\/Im CJ~'IJ bb urnbviii.ff tJ!Jl eJtJ'Vl~ n 1 u 1::: fl t1u~1 CJ 

(1) m11:::~Uqj'\/11 (ldentifya Challenge)b UtJ.ff tJ!JleJ'U~~bbtlUqj'Vl1vi1m1m -U1 h~-:i~ b U'U 

Uqj'Vl11 'W~11J1u1:::'1i-Ymbf1:::'11b U'U~eJ-:i'Vl115fl11Vl1eJ?11'1-:i ~-:iu1:::~~~ (innovation) b yjmbm "UUqj'\/11 

~-:Jfl~11 

(2) m11"i''U'Vl1 bb 'Ulfi(;l~b~CJloLJeJ-:J (Explore Ideas) ~eJm111u11:w-Um.imbf1::: bb 'Ul f;(;l~b~ CJloLJeJ-:J 

nu fl 11 bbnu ru'\/11bbfl:::u1::: biJtJ fl11:w b tltJ 1u1111m1:wl"i':w'Vl'U oLJ'eJ~ bbfl :::-U eJ 111eJCJbbfl:::m1 :w b Vlm::: ?t:w 
v ' ' 

(3) fl1111-:Jbbe..J'Ubbf1:::oWlijJ'U1 (Plan and Develop) ~bbtlUqj'\/11~eJ-:Jn1'\/l'U(;l .ff'U!JleJ'UcieJCJ1'Ufl11 

vi1-:i1'U11:w~-:in1'\/l'U(;l b u1VlmCJ bbf1:::1:::CJ::: b 1m1 'LI fl111'11 b u'U fl11 1-Mi(;l b ':\J'U11:w~-:i t1eJ rnb uu bbf1:::-W'\ijJ'U1 

vi''Ubb uu (prototype) "UeJ-:Je..Jfle..J~!JlbyjeJ 1-ITT 'Um1 'VJ(;l?1t1rnb'U1~(;lmm 'Ufl11bbnUqJ'\/11 

(4) fl11'Vl(;l?leJ'Ubbf1:::'Li1:::biJ'Ue..Jfl (Test and Evaluate) bU'U.ff'U!JleJ'U'Vl(;l?leJ'Ubbfl:::U1:::biJ'Ufl111'1f 

-:J1'U vl'U bb u 'U b ~ti LL nu tu'\/11 L(;l CJ e..J fl ~1~ eJ 1':\Jtiflt!1:w 11-b'"l 'U fl 11'Li1'u 'IJ 1-:i bbfl :::~ \ijJ'lJ 1e..J~~~5 1-M'ii 
v 'IJ ' 

'IJ1:::~'Vl6tnw 1 tJfl11LLflUqj'\/11:W1fl~'U 
(5) m1tl1b?l'UeJe..Jf1~~5 (Present the Solution) '\/l~-:J':\J1flfl11~1ijJ'U1U1'uu1-:i 'VJ(;l?ltl'U bbfl::: 

'IJwLiitJ15m1bLnuru'Vl1'Vl1eJe..Jf1~~5':iJ'Uii'tJ1~~'Vl6f11~m:w~~eJ-:in11LL~1 
v 

~1C!bbf1~i.11?1'U h 
t1ci1-:i 11n1J11:w 1 'Um1vi1-:i1'Uer b~CJ'U 1lJ'11 b iJ'U~mii~1~u~bb u'UeJ'U 1(;1CJ.ff 'U!JleJ'U~-:i'\/l:w(;l?l1:wi1t1 

'IJ 



Disciplinary 

\l~n.11 fl1 ~.rrn.1 b 'U 

.-·-·-·-·-·-·-·-
i!m~EJ'Uhi\~m.J ' 

" 
L UeJ'\111 LL'1::!in 

VI fl~::'!J ei.:i LL\;] '1:: 

Multidisciplinary 

'U~n.11fl1'Wl'\/11'V1EJ1fl1~ " . 

.,f c:i. ~ V I.I CV 

L 'UeJVl1'l'!J1 fl'U'Vl'l'!JeJVl'1 fl 

·-·-·-·-·-·-·-·-·-·J 

\J~n.11fl1~i1'111 

1'V1EJ1fl1~ 

r----r----...., 
: tmmnnm~L~EJ'U~ 
I Jt -::'1 
I L'UeJVl1LL'1::,_fl 

~3.J1: ~~bbU"·:J''il1n Vasquez, Jo A (2013) 

8 

n1".i\fH1.11n1".i~tn"il bfl~~'Ulu.ffm~tJ'U"1~b~:i.J~rn.':11"11:i.J1'HHb u-:i 11ilb U'U 4 ".i~~'U (Vasquez, 

2013) ~.:Jbb"1~.:J1'W.n1'V'j~ 1.1 

'\Jn b~ tJ'W"1~1-:i 1"111:1.J b zjm.J fo-:i".i~vd 1-:i b -d'v'Vl1i"tl1~-:i 4 "11"1J11"1J1 n'U~11'1'\.J".i~ "i\'11'1.J bb"~ m".i'\.J".i~ n B'U 

B1~'V'j ~-:id".i~~'Un1".i'U".itu1n1".i~tn"ilbn(;l~'W1'W.ffm~tJ'W"1~b~:i.J~mn "11m".imbu-:i11ilbU'U 4 ".i~~'U 
'U 
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(1) f11':l'U';rnnrn'Hl1ti1'1.J1"1J1 b'IJ'l..lrn':l~~rn':lL~tJ'l.J~~,:rm~ti'l.J 1J\\~tim-d'e:iV11 Lrn:::tlnVi'n~::: 
" " 

I ":lo C.: CV Q.I d I.I J: di CV .::::ii I.le:. 6 

"lle:J\l LL\91 i;\ :::161J1•1Je:J \l?f::: L\>ll.J LLtJ n n'l.J n1':J'oil ~ n1':J L ':J tJ'l.J ':J LL 'U'U'l.Jfle:J n1 ':J'oil ~ n1':J L ':J CJ 'l.J':J1Vl CJ 11"11?1 \91 ':J 
" " 

':J1 CJi"lJ1"1Je:J\l\91'1.JLe:J\l 

(2) f11':l'U':i(\J1f11':i"LL'U'U'l"lV1ivimrn':l LlJ'l.Jrn':l~~m':lb~CJ'l.J~~,:rm~ CJ'l.J 1J\' L~CJmde:iV11 Lbi;1:::tlnV1n~::: 
" ' " 

"lle:i.:ii"lJ1ivitJ11"11?1\9l{flru\9ll"l1?1\9l{L vi fl 1 'l.J fa Vbbi;1:::il"l1 fffil.Jl"l1?t\91{ LLCJnntJ hmii~1-U'e:iV1~n (theme) 

~fl':lvini"1J1n1V1'1.J~11l.JnmLi;1:::iim':leJ'1.:i~.:i'1.:im1:1..J L zjm.J 1CJ.:i ':l:::V111.:ii"1J1i!'l.J., m':J~~ rn':i"L~CJ'l.J~LL uu 
'U , I cu 

d6li1CJ1 Vfirm~CJ'l.Jb~'l.Jfl11l.Jbzje:Jl.J LCJ\l"lJe:J\lbde:iV111 '1.Ji"lJ11'11.:i., nu~.:ivie:i~ 1e:J'U{;)1 L"li'l.J tl1fl'J~?fe:J'l.JLbl'ii;1::: 
I cu 'U'U 

Lbi;l:::Lvifl 1tJfavfl':l~?tamvifl1'l.J1i;1v?11m':lm~:1..JLL tJ:::'l11m:::~u-U111~11 m:::~u-U11~~Lllm Vlfl 1 'l.J fav 
"" 

11..J 'II~ do .:::ii I.I .c::J C:0: 11 

a CJ1\l\l1 CJVll.J'l.J~CJ ?111\l"ll'l.J L vrna 1'1..11CJm1:1..J?t :::m nV11a \91 au ?f '1.J a.:i fl11l.J\91 a.:i f111Vl'.il::: Lnum1:1..J1atJ 
' 

"lJB .:ioff 11 1 tJ'll ru:::vl mi VlCJ11"11?1 \91 { CJn{;)1a~1.:i n 1::: ~ uoff 11 L ~ a?tam~ a.:i rn1ci 1 CJ La'l.Jfl11l.J~ B'l.Jfl1 
" " 

off111~ 

(3) f111'U1N1f111bb'U'U?IVliV1CJ1f111 bll't.Jn11~~n11b~CJ'l.J~~i:rm~CJ'l.J 1~L~CJ'l.JLda'\/!1 LLi;l:::tl nVi' n~::: 
" " 

fl11l.J?f B~flt1 B\l n'l.J 1 'l.J f111~~ f111 b~CJ'l.J~Lb uud m~?t e:J'l.J 1 'l.Ji'll1~ b~ CJ1oLJB\ll'i'B\lvl1\l1'1.J 11:1..Jn'l.J L~CJ 
" "" 

'W'111ru11. davt1vt~a(;)1~1~vlm.:intJ LL'1:::aan1.1. uun'.ilm1:1..Jm11.~CJ'l.J1t tJ11CJi"lJ1'lJa.:i\91'1.JLa.:i 1~CJ 1 VI 
" 

L zja:i..J 1E.J.:inui"ll1~'1.J ~1mdavt1vt~a(;)1~1~Jm "!itJ 1 tJi"ll1ivi CJ11"11?t\91{ Vl~\!'11 nrn1 L~ CJm~a.:irn1ci1CJ 
1atJm1:1..J~amLi;1:::0'1.J1'1.Jn'l.Jfl11:i..J~a'l.J fl1n1V1'1.J~ 1 VfiJ m~CJ'l.Jv11rn1vi~i;1 a.:i 1. ~aPin~1ll'1~ CJ~ii1:rnl'i a 

" 
n11 Ln'Ufl11l.J~B'l.J'lJB\l m:::~uoff 11 L~CJ'lJB 1 Vlfl1flru\9l l"l1?f \91 {?t B'l.JL~ B\l f111'Vl1~'1.J~~1 Lrn:::tJ1l.J1\91J 

" 
"UB\l~UV11.:il'i1.:i1 na'l.J 1 VfiJ m~ CJ'l.J L~l.Jvl1n11Vl~i;IB\l 1'1.Ji"ll11VlCJ11"11'1\91 { 'Vl~\l'.il 1 nJ'l.JL~ aiJ nb~CJ'l.J 
vi~i;1a.:i1.1.i;1::: Lnuoff a:1..Ji;1 L~ CJu~aCJ 1.Lt11 1 Vf i11.ff a:1..Ji;1 '11 nn11vi~i;1e:i.:i1 tJ?1~1.:in11rJ LLi;I:::~ f111:1..J~i;1 n11 

" " 
Vl~i;IB\l 1 '1.Ji"ll1fltU\9ll"l1?f \91{ 

( 4) m1u1ru1m11.1. uuoff1:1..J?11'lJ1i"ll1 L lJtJm1~~m11.~CJ'l.Jm1?1a'l.Jvl"!i1CJirm~CJ'l.JL zjal.J LCJ\lfl11l.J~ 
" " 

LL'1:::Vi'n~:::vlL~CJ'l.J~'oil1n1VltJ11"11?f\91{ L Vlfl L '1.J fav imm1l.Jl"l1?f\91{ Lbi;l:::flru\911"11?1\91{ nu~i\91'11\l L~CJ 
" 

irn L~ CJ'l.J 1~tJ1~ CJnl'im1:1..J~LLm~Vi'n~~L vt'11i1'1.J 1 'l.J f111 LLnllruvt1vl Ln~~'l.J'oil1.:i 1 '1.J"lll.J"ll'U'Vl~B~\lfll.J I.Li;\~ 
, 'U " , 

?f ~1\lU1~?f'U f111 ru f111 L~ CJ'U~'lle:J\!{;)1 LB\! fl1~'1 B'U ~ ~ n'.il nJ'Jl.J f111 L~ CJ'U~\911l.Jfl11l.J?f'U 1 '1vt~ all tu'Vl1 
'U 'U'U 'U QI 

'lJa.:iiJ n L ~ CJ'U 1~CJma1 'oil n1V1'1.J~ mauvt~a~1.Uavt~ n'lJa .:ill ruV11n11.:i1 1.1.t111 Vf iJ m~ CJ'l.J 1 ~u ll blJ'Vl1 " ., ' 
~LO'l"J1~ L '11~'.il\lLLi;\~15rn1 bbnllru'\111 ~.:iffi 'l.J n11rl1'\/!'1.J~ma'U"lJB\lll ruV111 Vfirm~ CJ'l.JPin~1ir'l.J fl1~eJ\l ., ., " 
r11-U.:i'1.:ill'1~ E.Jvl1.~m-ff a.:inurn11.~CJ'U~'lla.:itrm~CJ'U 3 ll'oiJ~CJ 1~Lbn 

" 



(4.1) Ut\)Vt1Vt1eif11m:1.Jvitl'rn~ffum.1h 

(4.2) ~1;fi1~1'U1'll1l'i1\11 vib~m-ilei\I 

(4.3) f111:1.J~b~:1.J"1lmtl'rn~ti'U 
'U 
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Learning) bll'Um't~VlITT 'Uf11j~~m·a~ti'Ui (Instructional Strategies) vlfab 'U1Vl1\11nG\'bfiti\ln'U 

bb 'U1Vl1\lf11jtmu1mjbb uu-d Vt1n'~'11jtlJ1f11j 1 -tlm::~u-V11bU'U~1-ii'eiVt~n1 'U f11j b~cJ'U~?t:: b~:i.JPimn 
'U 'U 

f"lj?f 11l1'Hl-.5'~ f11j b~ ti'U~'lJj ru1n1j bb uu.LJ'11J?t1"1l1l'll1 1~ ti n1Vt'U~ n jf.l'lJU ruV11Vt°1f.l?t m'U f11j ru~ 
'U 'U 'U " 

b~ti1-i!f.l\lnumj~l9lJ'U1 b "lit.! m11 -tlm::~u-ii'111 'U~1'Umvt1jvliJn:Wmj'lJjj':iJ.LJ'111 'Um~m?t~nneJ'U • • 
'\Jjj~i;i '11 'Um ::~u-ii'11 b ~ ffu eJ\I n'U-ii' 11bVt-Uti1~~fl'1\lvi m:: ~uzj\1'1:::i1~i;ivh1 Vf v11f111:1.J?t::m~ti1 n Lbi;i:: 

ti b~ tJ'U ~ f.l\I f.lei n bb uu m:: ~u-ii' 11Vt1 ei16 m jvi '1::vi'11 VI m:: ~ u-ii'11:Wf1 ru?t:i.JU~ i;i ~ m j ~ ~"1l ei 'l-ii'11 b Vt-Um 
'U • 

b ~eii;i~ f11j 1 -ti '1\l~m?t~ nVt~ \I '11 nvlti?t eim11 b?t'U eiu ruV11~\I n~11 bbG\'1 ti b~ ti'U ~ f.l\I n1Vt'U~ Lb 'U1Vl1\11 'U 
" \J cu 'U 

f11jbbnut\Jvt11~ti 1 -ti'bb t.!1 Fi~ bb'1::Vi m~::'Vl1\11'Vl ti11"11?11'1{ f"lrul'l 1"11?11'1 { brn:: b vif"l 1 'Ufa v~1'Um::u1'U f11j 

f.lf.lrnb uuvi1\lil'11mj1J 

2.1.1 ~n~ru::m';i:5'~n1';ib'iEJ'U~~f!U'Ufl'U'UnT~:5'~nTH'iEJ'U~\?l11Jbb'U1'Vl1.:1'1::b~1JAmn 
'U • 'IJ 

" ~n~ru::"1Jf.l,m11"5'~n'1 mj1J f11j b~tJ'U~m1J Lb 'U1'Vl1\l?t:: b~l.JPin~1 '1:::W~n~ru::~\lu (u1ti 
'U 

Cl.I ( c::t. ' c::t.c::t. CV QJ d Q..I QJ ( 

'1'UV11'U1.:I, 2556; ~1vi~ti 1'11.flVJj1'1JtJ, 2556; :i.J'Ul'lj '1Vl11\9ll'U'Vl'1, 2556; jn~~'1 u'U1'U1\11'1, 2556; • • 
f.lD~'Vlt u\11'llti bb'1:!f"lru::, 2556; Lantz, 2009; Breiner et al., 2012; O'Neil, Yamagata, and 

Togioka, 2012) 

2.1.1.1 :W~n~ru::blJ'tJn1j?ff.l'Ubb'U'U~'Ub?11::Vt1f1111J~f11j-.5'~mjb~tJ'U~\?111Jbb'U1vi1\l"IJf.l\I 
'U 'U 

l'VltJ11'11?tl?l{ 1~f.1~1'Uf11j'1\lilBtl{ju~'Vl~'1 B\1'1 ~\I b ~B 1 Vii.Jn b~tl'Ub -ii'1 h.X\I b dtiVt1 bb'1:! bb 'U1fl~"IJeJ\lbbl'i 

'1:!b~f.l\I~ b~tJ'U 1~f.1'11nf11jPln~1~u11 f11j?f B'Ubb uu~rn?t1::vi'11 Vf'IJ rn~f.l'U:iJm11J?t'U h b~tJ'U 
' ' " Q ( c::t. d .c:::i1 .:::. dd I .cit. tf Q d II 

1viv1m?tm b ~1J"IJ'U bb'1~1J b '1 l?ll°l\?l'Vl~\?l m'Vl ti 1m?t l?l j b m.J"ll'U m ti 

2. i.1.2 :W~n~ru::mj?tei'U'ITT iut\JV11Vt1f.l 1m\l\11'UbU'U_i11'Uf11j?teimbut11-Uut\JVt1Vt1ei 

imm11J1"11?tl?l{ v111 VI~ b~f.l'U:i1~1'U~11J 1 tJf11jvJ1\11'U~11J nm lJ'Un~1J ~11Jn'Um1J ~1l.Jtl'UbbnUt\JVt1 
'U • 

b~f.lfl1V!'U~ mB'UVt°1f.l"llf.l'U b "IJ\?l b ~tiPin~1bb'1~Vt1bb 'U1'V11\l 1 tJmjbbnu ruV11 1~ti 1-tim1l.l~'V11\1Jl1'U ., 'U 

ivi tl11'11?1 l?l{m"li1 mbnU t\j'V!1 :W f11j6'1~Vl B'Uf1111Jfl~'11 ntl j~?f'U f11j ru 1~ tJ (?lj\l"IJf.l\l'Ll rn~ tl'U bb'1~ 

j1:i.J~\l:iJmj 1 -ti~eJ bVlf"l 1'U1'1v b-ii'1~1l.l '1'U'l111 tl?t'1m\l\11m ~eii.'1~1\1~\ltJj~~~~:ff 'U 1 -ti bbflUt\JVt11 tJvi?t~ 
'U ... • 
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2.1.2.1 ~ L1CJ'WiiVlm.~:rn1J~~1 LflJ1:::~LL":::?1{1.:ru11'1 mJ:iJ1 V1:1Joj ~1-Ui'Vl CJ11"11?tl'li 

flru1'1Pi1?11'li L'Vlfl l'Wfa~ LL":::m:::u1'tm1J'Vl1~immJ:1J Lll'U~'U:o1'U .. 

2.1.2. 4 Vli.11CJ~1'U.fl 1 fl ~:Obb"::: b el n'1l'U:W~1 'U ~l:IJ?l'LI'LJ ?l'U'U n1 J-;ij' ~ n "OJ n JJ:IJ"IJ el~ fl J bb"::: .. ' ~ 

' el CJ1~ 

·t.b:::CJnl'l1inuuruV111 Vl:iJ .,~ bn~~'U 1 'U.fl1CJ.fl1flV1u11~ b ~:IJbb J~"OJ~h 1 'UmJb~CJ'U~ b ~:IJ~'U bb"::::W 
" v I \J " 

~"'Vl~?lelLJ1 'Ui'1l1i'VlmPi1?1l'lfo":::flrul'liai1?1l'lib ~:1J?l~~'U~1m U'U (Diana, 2012) LL"::: 1 'W h~b~CJ'U 
~ 

1m mJ:IJbb'1:::flru!'lia11?11'lfl. 'U 1 J~ b~CJ'U b ~el n1Jbl'l~CJ:IJfl11:1JY-l~el:IJbbn'LI'n b~CJ'U~1Vlfo b -U1vh~1'U 1 'U?t1"1J1 

~b~CJl-U'el~tl'l.J STEM zj~ 1'WVl"1CJ1 h~L~CJ'U 1~:Wn1Jelelnbb 'l.J'l.Jbb~'Ubb'1:::~1b iJ'Un1J't.h 1 tJ1oUbb~1 bb\;)€in 

Vl'11CJ., LL vi~EY~elCJ1 'U~'U~1L iJ'Un1J11~ LL~'Uel~ "OJ1nmJPim~1:ITT-Mb~'U11-Urn~CJ'U~?l~flJ hb-U'1~1:1J 
I ~ ~ 

-Mmb1CJ'U STEM :Wm 1:1J?11:1J1J'11'Un1JbbnutyV11\;]1~11~~ n11 L~ni! rn~CJ'UJ:::lilrn~m nmL\;]1:iJ1~b -U1 

~l:IJ bb'1:::i!rn~CJ'Unci:1J~L .V1~1:1Ji1'EY~ 1-Muel n€i n11 V11 n'1"-l1nL"1J11~~LJ1el m?I LL'1::: n1J?li!LJ?t'U'U~~ L?l~:IJ 
' ' 

1-M?11:1J1Jm~CJ'U~~"OJ::: LLnuruV11~Y-l'l.JL"OJel 1 'U;i1'1LL'1:::tln~1'U"OJ~~ Vl~el 1-M~u~~'1leluv'i11flJ~~1'U~'U:1J1~ n 
~ ., 

~'U L ~el 1 -tl'"1Jel611 L ~"'Jfl1J~ rn~1 Y-ll rn "1J1n?11:1J1J'1611 L ~"OJ n1J~m~n.&'U~'U:01'U 1~el~1~ bb'l.J'Uf)'U (Scott, ... 
2012) LL'1:::E1~:W~'1vh 1-M i!rn~CJ'U~1~-rumJ-;ij'~n"OJmJ:IJfl1JL~CJ'Ufl1J?lel'U STEM ~lCJ 1flJ~~1'Ub ll'U 

3j1'U :W~'1 '1:1J']'Vl~1 'U J1CJ1'1l1fl rul'JP11?11'li b ~:IJ~~~'U bb'1::::WeJl'lJ1 n1Jb ~:IJ~'U~~~ ~ 1 'U nzj:iJi! rn~ CJ'U~:W 
~'1~:1J']'Vl5~1 Lb'1:::~~~'1v111-M'li1CJ'1~'1iel~11~"1Jm~'1~:1J']'Vl~'Vl1~mJL1CJ'U'1~m8n~1CJ (Han, s. and 
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Capraro,R. and Capraro, M.M, 2014) 1.1.r;:i~~.:ivh1~ih~l'lfl~l?ivif"l1m1mtl~t.J'l.Jlt.Jv81.:intl'v?\'1~qi 

?f1l.J1'H11.1.?tvi.:i 1 ~1. ~'U'1.:im1l.JV1m t.J'1Jv.:i ni11.1t.J'U~ 1.1.r;:i~eJ v1n-v1~~ i.1v-u~ 1. ~l.J;ff 'U 1.1.r;:i~61.:ic.Jr;:i l?iv l.~l'lfl~1 'U 
'\J '\J 

ni1tl1~nvum;a'V'lvl1.~v1"11v.:inu STEM 1'Ufl1t.J.f11f1Vltl'11.~l.J~'U111'1t.J (Tseng, K. et al., 2013) vh1~ 

~ 1.1t.J'U ?11m1tici1ti1eJ'Um1l.J~ Vi'm~:; 1.1.l.l:; m:;u1'U ni1vi1.:iivit11m?tl'l ~ 61ni11.1.nil ruV111 'LI'lii (91~~.:i 
\I \I 'U Cl.I 

vl1.t:.J"8qiV1u11.1.r;:i~tJ1~ ~n1?11 off nutlqJV111 V1:i.i 'l vi 1.nvi:ff 'LI 1'Ufan'1Jei.:im1l.J1. lJ'U~~.:i 1.1.r;:i:;'1.:i 1.?t~l.J 1~~1.~cJ'U1111 

nfl11l.J~fl11l.J?f1l.J11t1vi~:;~11.:i'liil'l 111i'eJ81.:inF1rufl1'V'l 1 'Uf"lt9l111~v1 21 
'\J , 

-qvini11.1t.J'UVl~eJ"qvifi~m1l.J l.J1~1nr1111 Instructional Packages Vl~eJ Learning 

Packaoes l.~l.JVi1.~t111ln 1 ir1111 '1Jvim1?1'EJ'U 1. '\"l11:; 1. U'U~'Elvifl1'111l.J11 itJ1:; n'El'U ni':i?f 'El'Ul.l.l?il'i'Elm 
~ ' '\J 

~.:i 1. iJ~ ti'Um 1 ir1111 'Uvi ni11.1 ti'U 1. '\l'l11:; ni11.1ti'U~1. ll'U n~ m1l.J'1J eJ.:itl' m1ti'U 1.1.l.l:;ni1?1Bm ll'U 
' '\J ., 

fi~m1l.J•1rn.:im fi~m1l.J'1JeJ.:iF111.1.r;:i:;'\Jm1t1'LI~:;\;)eJ.:i1.fivirin'U (urubifo m1V11n'll, 2542: 91) 1.1.r;:i:; 
\t 'U 'U q QI 

1 'Llm11~ t.J~~t.J 1 i1.1.uutl nzj,:i1.tJ'Ufi~m1l.JV1~.:i"llm'llvifi~m1l.J ~.:ii!'Um1vhfi~m1l.Jl?i1.:i 61 1 'LI"llvi1.1. uutl n 'U , I , 

n~eJni1v11fi~ m1l.J vl1.~m-LJ'eJ.:inum11.1ti'U~"1JeJ.:i~ i.1ti'U ?11iJH11 "/lvin~ m1l.J~eJ~eJ ni1?1eJ'U~~?teJ'U 
'U 'lJ 'I 'I " 

~1'UVln~:;m:;u1'Un11Vl1.:JlVlt.J1f"l1?ft91~ 1.1.l.l:;b~t91F1~1?ieJiVlt11f"!1?ft91~ 611'U (Kapfer and Kapfer, 1972: 

3-10) n ~ 1111r1111'1lvi n 111.1 t.J'U1111 1. tl'U 1iJ 1.1.'Uu ni 1~ eJ ?1111:; V1-.i 1.:i ~ ?teJ'U nu~ 1. 1ti'U zj,:i 
'I \I 'U 'U 

iJ 1:; neJu~1t1i"l11.1. 'lJ:;'1111~~1.1t.J'U1~v11 fi~ m1l.J n 111.1 t.J'U ~'U'U11"1'V'lfl ~ n 11l.Jvl 1. U'Uc.J"1"1J'El.:! ni11.1 t.J'U ~ 
\I q ul \I 

~1'Ub ~eJV11~'111m?f ~1.:J'Uvini11.1 t.J'U '111:1.J1~1n"1JeJ'U~1t.J fl11l.J~~Vl~ n?f m n1V1'Uvi 1~~1.1t.J'U 1~ 1.1t.J'U ~ 
, 'IJ \I \I \I 

zj,:i \Ji' B.:J ~ eJFl11l.JVll.J 1t.J1~bbn~1.1t.J'UeJ81.:ii vi b ~ 'U ~ 'U~ 1.1 t.J'U I. fi vi 'V'l ~ ~ n 11l.J t911l.JbU1Vll.J1 t.J VI~ 'El 

~viiJ1:; ?f .:J ~ n111.1 t.J'U ~ b ~ .:J'\l'lfl ~ nd1l.J 
' '\J ·1 

~1 nvl1~Pi n~1l.J11.1.~1 ~1 ~ t1?11tl r11-.i 1'1Jvi fi~ n 11l.J t911j.Jfl11l.J 1. .LJ 11 ~ '1l eJ.:J t'l11. eJ.:1-.i 1 1. U'U~eJ 
'\J ' ' 

~-d1t11 ~tl'm1t.J'U?f1l.J11m1ti'Un~~1t.Jt9l'Ub'El.:! nr11~1.1.~.:i nni1~vi~'EJ 1i'B81.:i1. U'U1:;uu "1i1t.J1 ~ 
'\J 

tl'm1t1mfivim1l.J?f'U hl'll.leJvi 1. 1 l.11 1.fiviVi' n~:; 1'LIni11.1.?11.:iV11m 1l.J~ 1.1.r;:i :;v\'11~ni11.1 CJ'U ni1?1 eJ'U 
'\J 

~.:i1.-d'U.:i1'Ui~t.J"1JeJ.:J b'V'l'll11'1'lm 1.viw~Vi'n,; (2545) 1~~~'U1-qvifi~m1l.Jivici1f"!1?ft91~ 

'V'lu11 -LI rn1 ci'UnVi' n~:; ni1iJ 5tr~ ni1vivil.l B.:i ~ 1. 1 t.J'Unfl11l.J ?11l.J11ti 1'Uni1~viv111F11.:i.:i1'U 

ivit.J1l'l11?f {;14 1.1.l.l:;er 1.'1t.J'U~m1l.Jm:;V1tl'nl?im vi A 1'LI 1'1m 'U1:;~umn zj.:i?teJvifl~eJ.:i nu.:i1'Ui~ci"lleJ.:i 
'\J 



13 

L~t.11n'IJ111'j~l9lJ'U1vtn~~~.:i s ~8 ~1'Um111A(;) ~1'Ufl1111~~8111'U111';ib~CJ'W f011111A(;)?l~1.:i?1"i';ifl 

~Tub 'll 11i:l ru ru 1 bb'1~~1 'U fl1 'jtJ-r'U f'l1Vl 1.:i i1' .:i fllJ Vt'1.:i "il 1n1~ -r'U fl1'j"8'\.J ~ 1 CJ 'U vi ih n"i';ilJ ?i .:i n11 .... .., , 'U 

ii'rn~CJ'Um~fom'j?leJ'ULL'U'Utln~ 1wL~'ll8 .:i fl1 'j Pin ~1 t:.J '1 ~11rJVlBVl1.:i fl1 'j L ~CJ 'U Edward ( 197 5) 

1~Pi n~1 b tl~ CJ rn Vi CJ 'U t:.J '1111 ';i b ~CJ 'U b ~ 8.:i tl 'j~ ?iu fl1'jru1'Ufl1'j"8'Ubb u u "il '1.fl 1 fl t(;) CJ 1-ff 'll (;) n "il m 'j 11 
' ' 

' ' 
e:ici1.:iiiii'm11~qJV11.:i?1'1~Vi"i~~u .o 1 ;.:i?le:i(;)fl~mn'Unu 

"il 1nfl1'j~n~1.:i1'U1~CJ~.:i1 'W tJ 'j ~ b Vl i"1bb'1~vi1.:i tl 'j ~ b Vl i"1 "'j tJ1~11 fl1 'j" e:i 'U t (;)CJ 1-ff 
' 

2.3 bvm11-a~b~t11"1it1-:inum':i'IJ-a:aihJfl111Jn11V1uTV11-:in1':ib~t1'U~1t1 Normalized gain 

2.3.1 fl111JVl1J1tl Normalized Gian 

ru:U~'1 ~'jlJ~ (2554; B1-:1~-:l"il1n Richard R. Hake, 1998) ii'n~~mfovtci\llJV!1lVlCJ1'1CJ .... 

~'Ub~tJ 1~LG'l'U ei15nT~tJw Lij'Ut:.J'1 fl1'jb~tJ'U~"il1 f1fl1';i?leJ'U Pre-test bb'1 ~ Post-test L(;) tim5m';i~.:id 
'IJ 

L ~e:i.r;;i1nm1?1e:i'Uroi.f .:ivi~.:i 6) ii"lle:i-o51n(;) 1 m~e:i.:iroi~ bb 'W'U~1?1vi~Vl nroi'U"il~iileim?i1~roi~ bb 'U'U~1?1vi hiiJe:i CJ I , , , 

n11~BCJ'1:J" O Lb'1:J" leim?l~"il:J" 1~fl:J"bb 'U'U?l\IG'IVI (Maximum or ceiling effect) 1:WLn'U~eJCJ'1:J" 100 
'IJ ' 

vi1ei~L1CJn11 floor and ceiling effect ~1CJDqJV!1d Hake ~.:i1~L?l'UeJ15m';i1'Ufl1';iD';i~bij'Ut:.J'1 
fl11b~CJ'U~~L~lJ~'U b~CJn11 Normalized Gian (Normalized m"il1nr\'1~~viV11.:im8'U\9111~~n~ 

'IJ 

zj.:ivtmCJ5.:im';ivh 1 '!Xiiteim?1m1m ll'W 1 tJ1~bvi11 n'U L(;)CJiifi1Lll'U 1 tl1~~.:i~(;)b vi1n'U 1 L vi1n'W) L(;)CJ 

vi11~"il1f1eJm1?i1'U'lJ8-:!t:.J'1 fl1';ib~CJ'U~~b ~lJ~'U"il~\I (Actual oian) vl8t:.J'1fl1"ib~CJ'U{~iite:im ?IL ~lJ~'U 1~ 
'IJ ~ 'IJ 

(Maximum possible gian) b~CJ'UbU'U?llJn1';if0\111l~lJ~'UITT~~.:id 

<g> 
(%Post - test) - (%Pre - test) 

( 100% )- (%Pre - test) 
(2.1) 
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d 
b~B <g> AB ri1 Normalized Gian 

% Post-test AB A1bO~CJ'UB'lfl~bb'U'U?lBtJV!~'lb~CJ'UbU'Ub'\JB1b"li'Ul'i 

%Pre-test AB A1bO~ CJ'UB'lfl~ bb'U'U?leJU rlffUb~tJ'Ub U'Ub '\Je:i1b~'Ul'i 
a vd d ~. vc:t 1~ 

*Vim CJ b V!\Jl fl VI bo·vn~'Urn 1CJ'Ufl'UVl?lBtJ'Vl'lnB'UbbG'l~VIG'l'lb 1CJ'Ub Vl1'U'U 
' 

.LJ'e:iir.:ibn\Jl m1fi1'U'H\JV11 Normalized Gian d1:iJ':il1bU'Ul'i'e:i.:i16'iblJ'Ub'tJB1boU'Ul'in1Jl 1viCJ 

1 Vil-ff fl~ bb 'U'U?lBtJ'1~ .:i bb Vl'U 1vi CJ Pre-test AB fl::: bb 'U'U?l BtJrlB'Ub~ CJ'U Post-test AB fl::: bb 'U'U?lBtJV!~ 'I 

b~tJ'U bbG'I~ 1-ff fl~bb 'U'Ub~~'UB'l-1f B?lBtJ'lJVIJ'Ubb 'Vl'U~BtJG'I~ 100 
' 

<g> V!~B Normalized Gian bbUG'lfl11~1Jl11 1:.mm1b~CJ'U~~b~~~'U'1~'l'UB'lirrn~CJ'U 
'U 

(Actual gian = %post-test)-(%Pre-test)/(100%)-(%Pre-test) zj.:ir11m~B~1~V111.:i 0.0-1.0 

~1CJ15m1'\J1~bij'Ub-d'U-d'v111~?11~11mbtlU11JV11 Floor and ceiling effect 1~b~B'l'11n 
b 11fivi~.mm1b~CJ'U~~b ~~~'UbViCJtJntJri1?1.:1?1vi~ bb~G'l~fl'U'1~ffiBmm ~~~'LI 1~ (n~11 ~ n L 'UV!~'IAB b 11 

'U 'U ' 

1~v11m1 Normalized Gian 1~ijfammD'LI1tJ1~BCJ1'U-d1.:i 0.0-1.0 bvl1tl'Ubb'11 ~1CJn11LViCJtJtltJ 
'U 

A1?l'l?lVl~bb~G'l~fl'U'1~mBmm ~~~'LI 1~ 1viCJri1 Normalized Gian '1~?11~1w bU~CJrn ViCJtJtl'U 1~ 
'U ' 

1viCJ?11m1mbu.:11~~tJ'UB'IA1 Normalized Gian BBnbU'Un~~1~ 3 1~~tJ AB 
' 

"Hight gian" bll'Uim~CJ'Um~r11 <g> ~ o.7 

"Medium gian" bD'Uim~CJ'Um~r11 

"Low gian" bD'Ui'Ub~fJ'U~1~ri1 

2.3.2 tJ1~U1'Vl't1v-:i Normalized Gian 

tJ".i~bJlVl'UB'l Normalized Gian bbU'l1~~.:i-d 

2.3.2.1 Class normalized gian 

2.3.2.2 Single student normalized gian 

2.3.2.3 Single test item normalized gian 

0.7 $ <g> ~ 0.3 

0.0 $ <g> ~ 0.3 

2.3.2.4 Conceptual dimensional normalized gian 
.:ii w: v ~ 

".i1tJG'l~bBfJV!bbG'l~n1".ibb UG'lfl11~b '\/1~1Clb ti'U Vl'l'U 

2.3.2.1 Class normalized gian V!~B Class average normalized gian VlmCJ~'l 

m1~ '111ru111~"'n11 b~ CJ'U ~'U B'lir n b~ CJ'U .Jf .:i~'U J'U b ~~~'LI ~vi b U'U Mb vi1'U B'l i:.J"' n 11 b~ CJ'U ~?l .:i ?l vi~ii 
'U 'U'U " 

1Bm?lb~~~'U 1~ 1viCJvi 1~'11nfl~ LL 'U'ULO~CJ'UB.:1.Jf .:ii'U.Jf .:inB'LILLG'l~V1~.:1L~CJ'U 
'U 

n1".i~'11".i ru1~"'m1 b~ CJ'U'UB'ltJ n b~ CJ 'UL 'U~ n'ljru~dt-U b ~Bvi11 ~"' m".i b ~CJ 'LI 
'U 

n1".i?lB'U bV!CJJ11~".i1~'UB.:J.Jf .:iimr'Uii~w.J'U1n1".i~'U~1n~B CJ b ~ CJ'l LVI zj.:i 1vi CJ~11 tJtT n1~CJ'1~a1.:i~.:i 

b~B'l'11n?l1m".iCltJBrnlJ'UJ11~".i1~'Um.Jf .:ii'U B~1.:i 11nm~ L 'Um1~vi1°11'U1tub~BV11ri1 normalized 

oian -dm'1 L off n1".iUtJ fl~ bb 'U'UVl~BtJtJ 'oJ 1'U1'UUn b~ CJ'U~\Jl BtJoLJB?lBtJ 1~'1 n l'i'B'l b ~ B~1 b-n'1?l \Jl ".i n1".i 
::i 'U 'U 
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fi1'U111.a:.i" nT~ fi 1'U1 i;l.rviH1 '1 ~ b tl'U nT~'U ei nmvrnlJ'llv~.ff 'U11:W t:.J i;i m1 b ~ tl'U ~off 'Um ni.J m.1bYlt1~11'1 bbl'i 

t.l1V11n ~ei~ m11'111tl' n b~tl'Ubbl'ii;i ~fl'Ui11:-rn m1 b~ tl'Ub ~lJoff 'UVI~ eii;il'li;i~ b tl'U ei v 1~ 111~m'1'11LJ1~~1 ti 
" ' 

2.3.2.2 Single student normalized gian VllJ1t1fi~m1~'111ru111tl'm~t1'Ubbl'ii;i~fl'U 

:W~w.J't.11 m1b~ tl'U ~ b tl'U ei v 1~ 11 11'1 t1 l'I hi''11 nfl~ bb 'U'U?IB'l.l riei'Ub~ tl'Ubbi;i ~VI~~ b~ tl'U'll ei~tl' m1 tl'U bbl'ii;i ~ fl'U 
" " v v • 

?l 1V1-r'U n 1':i'\1111"11 < g > '1J B ~i.r m~ tl'Ubb~" ~fl 'U Vi' ~i'U bb~1lJ1 V111"i1 bO ~ti VI~ B 

V1'1'1~b1t1n-"l1btl'Ul°i1bO~tl <g> '1JB~tl'rn~t1'U1Xe:i~d zj~flT'jliJ~btl'Ul°i1b~tldtl'Utl'U Class normalized 

gain bbl'il"i1~1~'11n15d'1~~'U11:Wl"i1hJbVhn'U11'1t1l"i1~1~~1t115d'1~i11"11e:it11'LI'll1~ ± 5 'llB~ Class 
" 

normalized gain Ll'lt1~'11'U1'U'tJ1~'1!1m~Vll'l?le:J'U~B~i11"11~~bb~ 20 fl'Uoff'LI1LJ 

B V 1~ 11fl1'11lJ 1 'LIVl1~U~ U~ b 11V1'1'1~vl11~ ~ 1'\J 1n?l1V1-r'U n11~ '1 ~ ~ <g> 

'lm~tl' m~ tl'Ubbl'ii;i ~fl'Ub ~ B~'11 n~ B~ 1-ff b 1 mm nt.l 1tl' n b~ t1'Ui1 '11'LI1'Uln n bbl'i ?l 1V1-r'l.l.ff m~ t1'LI~i1tl' m~ tl'U 

'11'U1'UU am 11'11m1'11'11~ bbi;i~lil~ b tl'Um1~ b ~ m'11nv1111Xfl1'11lJ11'11'1~w.J'U1n11"!lv~tl' m1 tl'Ubbl'i i;i~fl'U 
" " " 

t:.Ji;im1b~t1'U~~BVbb~1lJ161i1mV1~m~B'U1~ m1~'111ru11'LI~n~ru~dbtl'Um1~'111ru1bb'U'IJ11tlfl'U bbl'IV11n 
" 

~B~m11'111-Uv'1B'l.l bbl'ii;i~-U -vu m~ t1'U\91B'l.l 1~lJ1nti am Yl ti~ 11'1 Vl~Bi1~w.J'U1n1Jl'i BoUB'1B'l.loUBi!'LlvV1~ 11 
" 

2.3.2.3 Single test normalizaed gain V1lJ1t1fi~m1~'111ru111'11'U1'Lltl'rn~t1'UVl\91B'U~n 

b~lJ~'UbU'UbVh11'1'1lB~oUBG'IB'U'1B'UoUB~bJ1rl1'1~~'11Jtu11'Wn1J'1B'UriB'Ub~tl'Ubbi;i~V1'1~b~tJ'U 
n1J~lil 1J ru11 mfo~ru~d:W-U-v~ ~ -vv'h 11X'l.l ei n 1~11tl'n b~ t1'Wi1fl11m.LJ'1h 

l'i-v.LJ'-vflv'l.l-Uvi!'W 61 b tl'LI-vv1~ 11 zj~'11m1ffu1mb tl'UoUBlJ" 1 'LlmJLJ-ruu1~m1b~t1'Um1?1a'U1 'Wb~B~ 
~ b ~ t11.LJ' B~ n'l.l.LJ' B '1 B'U .LJ -vi! 'LI 61 1~ b tl'Ll B v 1 ~ ~ ?11V1-r'l.l .LJ B 6'l Bu 'II l'IVlli~ 1 11'1t1bo~1 ~ .LJ tJ '1 tJ'l.l ~ b ti 'LI 

Concept test '1~i1m1bbD~VllJ'dl'IVl~'llB~oUB'1B'U BBrn U'U nzjl.Jml.J bb 'U1fl11l.Jfil'l11'UtlBl'I (Concept) 

~~'1~1~ bb 'U'UVll'l'1B'U1~~~ 11~~ bbl'i\91B'Ubb 1n ~~,1'U~~UtllJ~'1~~'111tw1t:.J i;i n11 b~tl'U~~b ~lJ~'W'lJB~ 
" " 

tl'n b~t1'Wl'ivn~lJoLJB'1B'Un~l.JJ'U., eJ'W'1~v1111X'llvn 1~11tl' n b~t1'Wi1fl11l.J b oLJ11 '11'iB bb 'Ll1 m1l.Jfi1'111'U ti Bl'I 
' ' I 

J'W 1 btl'Wvv1~ b 

2.3.2.4 Conceptual dimensional 
I I IV 1 

t:-1"m1 b~tl'U~Vl b ~lJ~'W'llB~tl' rn~ tJ'WVli11'iv Concept 
" 

normalized gain bD'Un11~~w.J'U1n11Vl~B 

·1.rd~1 bU'Lieiv1~11 m1~1i11Jru1t:-1i;im1b~t1'Ui 

1 'W'1n~ru~dlil~1 m 'U n1 ru~~ B~ n111'111U n b ~t1'U:i1t:.Ji;i n11 b~ tl'UVI~ ei:U~w.J'U 1 n111'i B n1Jb~tl'U1 'Llvi''doLJ B 
" 

i!'U 61 b tl'UBV1~ b b ~B~'11nm1?1B'Ufl~~V1li~ 1 '1~i1 m1'1B'll11'll t1Bl'lb ~B~lil~~t:-1" m1b~t1'W~tl'm~t1'U 
G'IB'U 1~~BoUB'1B'U"ql'li!'U 1 6ii~.LJ'B'1B'UlJ1\9115j1'U~11 'tJ'1~i1m111'1fl11lJb oLJ1hVlmtl61 m1l.Jfim1'U ti Bl'I 

eit11 'WiB'1B'U'1ll'lb~t11n'U ~~i!'UV11rn 11l'lbo~1~fl~bb'U'U1dlJ 1~mlil'UBn 1~·:htl'rn~t1'Lii1m1lJboLJ1h1 'Ll 
" ' " 

khanitha
Rectangle
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1~inn'Vl1eiiJei E.J b yjeivi"il :::b U'Ubb 'U1vrn11 'U m1~~'U1n1''Hrn'LI1~1'l'~·n.l1::: b~'Uvitl' n b ~E.J'Ub-ih h~~ b U'U 

'11'Ui11n6'11'Uth:::b~'Uv1tl'n b~E.J'Uijt:-J" m1b~E.J'U~vi~ei~ bb~1b11n611lJ11m .• h1t.J~~'U11'iei1~~~'U1 t.lBn Hf 
'IJ 'IJ 

boU'Utl'U 



d 
tJ'Vl'Vl 3 

1'1.Jm11'1CJ~w.J'l.J1i:.J'1'1:unVJBvn:inT~b~ffu b~eM ?1.n1'Vl?1:u~i;:i 1~CJ1i61J~n"ilm1:ul'l1:ubb'l.J1V11.:im1 ·1 • • 

..ij~n11b~CJ'l.J~?l~b~:uPin~1 '11'Vf1'Utl'm~v'l.J.ff '1.JlJ'uCJ:uPin~1tJ~ 4 zj.:i1 'l.Jfl11~1b i1'1.Jm11..ijv ri~.:id 
" 

W)..ij'CJ 1~b?l'l.Jm1CJ'1~bav~~'l.Jl'le:J'l.J 1 'l.Jm1~1b ti'l.Jm11..ij'CJ m:u~1~u'IX1-Ue:i~.:id 
" 

3.1 th~"!nmm1~mfa.J1'11e:i~1.:i • 
3.2 b'iie:i'Vf1~1-ti1'1.Jfl111..ij'CJ 

3.3 bb'U'ULLi:.J'l.J1'1.Jm11~v 

3.4 m1e:ie:imL uu LL'1~?1~1.:ibri~mifo 1 'l.Jm11..ij'CJ 

3.1 \J'l::"t11mLL~:m~h.1~1eia1.:i • 
3.1.1 \J'l::'t11n'lm;n'Um'l1~v 

tl'm~CJ'l.J.ff'l..llJliCJ:UPin~1tJ~ 4/1 bbi;'l~ 4/2 Lfl1\lfl11~e:J\lb~CJ'l.JViLl11~1VlCJ11311?11'11 LVlr11'U1i;:i~ 
LL'1~~.:iLn~~e:i:u 11.:iL~CJ'l..ILLntJtJri1iVJCJ1aCJ mrib~CJ'l..I~ 2 tJm1Pin~1 2558 "ii'1tJ1tJ 2 ~e:i.:i 11:u 62 1°1'1..1 

3.1.2 ntjl.l~1eia1.:i 

tl'm~CJtJ.fftJl!um.JPin~1tJ~ 4/1 1m.:im1~e:i-:iL~CJtJfo111~1VlCJ11111'11'11 LVlfl fo L'1~LL'1:: 
~.:iLL1~~e:i:u h-:ib~CJ'l..lbbfltJtJri11VJv1aCJ mrib~V'l..I~ 2 tJm1Pin~1 2558 '11tJ1tJ 34 1°1'1..1 1~m1~v 
fl11G'f:Ubb'UtJL"il1~"il'l"il1fl'lh~6!J1n1 • 

.K "*' ~ "'"'' 3.2 b'Uv'Vl1Vl b"tf L'Ufl1'l1";JtJ 

L-rl'e:i'Vf1nci:u?111~m1L~CJ'l..l~lVlCJ11311?11'1116!J1YJ~n61 L~m ?l.fl1'Vl?l:U~'1 .fftJlJ'uCJ:uPin~1tJ~ 4 . " . 
L~CJ~~v\'1 L U'l.J 6!J~ n"iJ m1:um:u Lb '1..11Vl1\lfl11-:ij~fl11 b~ CJ'l.J~?I~ L~:uPin~1 bb'1~ bLi:.J'l.Jfl11~~n"ilm1:U fl11 . " 
L~CJ'1..1¥LLtJtJ~'UL?l1~ "iJ1'1.J1'1.JLLi:.J'l.Jfl11b~CJ'l.J~ 3 bLi:.J'l.J 11:U L1'11L~CJ'l.J 6 .ff1 L:U'I 1'11:U'Vfafl'11'11fl11Pifl~1 

" " " " ,, 
"1JtJ~'l.J~1'1.J ~Vlli~n116!J 2551 1:iJtl''UL1'11Vl~?le:JtJfle:J'l..IL~fl'l..ILb'1~'Vfa'lb~CJ'l.J 



18 

3.3 LL\J\JLL~\Jn111~'1 

LL 'U'U LL~ 'U n111 ~EJ1 'Ul"l f .:id~1 ~ EJ1 if L U'U LL 'U 'Un 111~EJ~iin11'Vl~ £'1€1'\J n tl'U L~ EJ'U-'Vli;r\l L~ EJ'U 
'U 

(One group Pretest Posttest Design) 

E 

3.4 nT'at>eJnLL'UtJLL~::~~1'3Lfl~eJ-3i'jeJmotll:um'11~t1 

Ll"l~mi'.lamm 'Um11~EJ1 'Ul"lf \ld th:ma'U~1EJ 

x 

3.4.1 "U~n'1m1:um:uLL'W1'V11.:Jm1~~m1L~EJ'W~?1:a~:u?im;.1 ?11:u11trn 1~~.n11"1~'W1n l"l. 
, 'U 'U 

1~mLU\lLU'U"U~fl'1n':i1:U~ 1 L~eNLL 1\lLL'1~L~€l'U 1 "!J"!J€l\l?f:U~'1 "U~fl'1n':i1:U 2 L1€l.:J?f:U~'1~e:ln11'Vl:U'U , , , , .. 
~ d -=' ' QJ 

LL'1~ "U~n'1n':i1:U'Vl 3 L1e:l\l '1~1'3l'WEJn'11\l:IJ1'1LL'1~£'f:U~'1"!J€l\l1~fl 
" .. 'ti , , 

' ' 
3.4.2 LL'U'U'Vl~?f€l'Ul~~'161:U~'V1B'V11\ln11L~EJ'UL1€l\l ?f.flTW?f:U~'1 "ii'1'W1'U 30 oUtl LL'U'U'lhUEJ 

1~mLU\lLU'WLdaV11aamll'W 2 '11'W ~a ~1'U1"111:u~1"111m-U1 h LL'1~~1'Um1f\'1'U1ru ~\!~111.:i~ 3.1 
'U 

.N 
~1'Ufl11:u~fl11:uL-ii11lil 

II 0 

L\Jv\111 LL~::t911\Jn1'1fl1\J1W 
'II 

II d 
( "tlv'VI) 

II d 
("tlv'VI) 

LL 1\lLL'1~L~e:l'U 1 "!J"!JeMft:U~'1 1, 3, 4, 5, 29 6, 9, 11, 12, 13, 16, 17, 20, , 

21 
I 

ft:U~'1~€ln11'Vl:U'U 2, 24, 28 8, 10, 1~ 15, 19,22, 2~ 30 , , 
.. 

'1~1'31'UEJn'11\l:U1'1U'1~ft:U~'1 7, 25 18, 26, 27 , 'U , 

., 
"!Jel\l'J~fl • -



Lie:i'l..11 "ll"ll e:J.:J 

G'n..J~'1 , 

- ?1l..J~'1LU'l..l?fm'V'IVi11'1fl?f1l..JTrn~m~1?1mvm11 - ri 11 l..J VI l..J 1 tJ "l.I B .:i , ' 
Lri~t1'l..lvft~ri\IL~l..J fie:i VttJ~~\I V1~mri~t1'1..1~~1v 1mll'l..I ii LL"'::; Ll..J bl..J 'LI ii 

' 

' ' ' 
!Ji'1i' l'lfl"il::;?1l..J~'1 ~ Bn1'H~ e:J'l..IVi fit1 V!tJ~'U\IV!~tl 

, ' ' 
d q"' ~ v d Q.I '~ 

Lf1'1e:J'l..IVl~1vm1m n fl\11'11 Ll..J mL 1 \I '1 'V'l5Vl 

m::;vi'1~e:i11'1mll'l..lf'l'Utl LL'1::;11'1t1"il::;?1l..J~'1~e:im1 
" 'U , " 

Vll..J'Ufi'JB \1JVtl..J'l..IV!~ tl'V!l..J'U~1tl\Pl11l..Jb11 b ~\ll..Jl..Jfl\I , .. " , 
b~tl'vm{ n~ 'V'l6V1~t1e.J'111l..J"lle:J\l Ll..Jbl.l'Uii"llt1\I Lb 1\1~ 

m::;vi'1~t111'1mll'Uf'l'Utl 
' '\J 

?f 1l..J 11 mm m~ B'U 1 "l.I 

"l.IB\ln1'n1l..J~'11~ 
' 

"lle:J\111'lmL'1::;e.J'1 1lJVtl..J'LILL'U1Lb1\l,!'U"il::;~1'Uf'l'Utln'11\ll..J1'1 LL'1::; 1"11'LI1ruVI1 bb 1 \I~ 
' ' '\J 

"l.ltl\lbb)\I~ 1 'LI n1 ru~11'1 fltl ~1'U?f'U1l..J 1-U'l..J~1 \I b~ tl1 tl'U n1::;vi'1~t1?!1'U~1\J61 
' " I 

m::;vi'1~t1i'l'lt1ii Pl 'LI tl n '11\Il..J1 '1 bb"'::; Pl 'LI tl ~ 1\It1~~1'11 Lb'VIU \I "l.lt1\l fa1\1?11'1\l~t11~v 
" 'U 'U 'U 

ri11l..JbMv1.LJt1\I L~mn'U 

tl'Uf'l'Utln'11\I 
'II 

19 
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3.4.3 LL 'U'U'\.J';i~ LiJ'Un1'~'1.lflU~\11'U~ L~CJ'U ~~1..QCJa~1.:i:fi''U "'m~ru~"UeM LL 'U'U1~'\.J';i~ nti'U~'J CJ 

Lnru.nm':i'\.J';i~LiJ'U 3 aUBLL'1~LLU\ILll'U':i~~'Ui"l~LL'U'U 4 ';i~~'Ui"l~LL'U'U :ihnru'1~\l\>11';i1\1Vi 3.3 

4 

3 

2 

1 

0 .:it...::.::il ~ 
- nTVl'U~15fl1':i"U'Ul'IB'U 

'1nl'i'a.:i L~an1iLl"l~a.:i:i'.ia 
'II 

- ~eM1 '1Xl"l11l.J~1CJLVl~B 

aci1.:i:1.J1n1'Um1n1vi'U~ 
,, 

"""' ., 15fl11 "U'Ul'le:J'U LL'1~fl11 

1iLl"l~a.:ii'.ia 

- ~1Lii'Ufl11'Vl~'1B\ILU'U 

~'Ul'lti'U LL'1~1ia'llmru , n:um1:w '1nl'i'a.:i~~n:w fl1) 
'II ' 

i.11La'Umll'U~'ULll'Ul'lti'U 

i~L:U'U 

~'Ul'ltl'U LL'1~1im.Jmru n:Un':i1l.J '1nl'i'a.:i LL~fl11 
' 'II 

1~'1nl'i'a.:i~11 '!Xr11LL'U~i.11 i.11La'UBEJ\I hh ll'U~'UL ll'U 
'II 

- ~m1'1X~n1:w~1mvi~a 

aci1.:i:1.J1n 1 'Um1 

- l'i'm 1'!Xrr1:aLL'U~1 'Urn1 

u uVi n ~m &Wu 1'U6ll ~ 
' ' 

- ~m1'1X1"111:w~1mvi~a 

aci1.:i:w1n 1 'Uu'UVine.ii;i a1tl 
' 

3.4.3 LL 'U'U'IJ1~L:W'Ul'l'ULB\l"Ua.:i~ L1CJ'U 1 'Urn1v11.:i1'U~1:wn'Ub ll'UVi:w ~ITT'<ij'CJ~~1.:i~'U ~ n~ru~"Ua.:i 
'II 'II 

LL'U'U1'~'ll1~na'U~'JCJsLJelrl1'11l.J 6 sLJabb'1~LLU\lbll'U1~~'Ui"l~Lb'U'U 4 )~~'Ui"l~Lb'U'U ih1CJfl11~tl1~b:U'U 

Pia fl1) 1 '1Xl"l11l.J~1l.Jiia rn1:iii.'l1'U~'Jl.J rn1foVJ.:im1:1.Jfl~L~'U"UB\l~~'U fl11LLa~\li"l11:1.Jfl~L ~'U LL'1~ 
'II 



(Rating scale) '\.J';i~nau~1tJ-U'ar\'1mlJ 15 -Ua 

ih~~urn1lJ~1?1bi1'W1~urn~tJ'Wb~an s ';i~~u fia 

r:.: i.I 4 i.I ~ Ill.I ..... r:.: Ill.I -=ii 

b Vl'WmtJmn Vlm~rn.:i '1JBf111lJ'W'WVl';i.:Jnufl11l.Jfl1?1 b Vl'W'1JB.:J'Urn ';itJ'Wmn 

bi'.1'U~1tJU1'Unm.:i Vll.J1tJ'1'.:i oLJBfl11lJ,r'UVl';i.:JnUfl11lJA\?lb~'U'1JB.:JUnL~tJ'W1'U';i:::~u 

'\.J1'Wmn.:i 

~ I.I I.I 4 I.I ~ Ct.I .c:;:i. w: Q.I q . I.I w: I.I 
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b Vl'Wm CJu1.:i Vll.J1ti'1.:i '1JBfl11lJ'W'WVl';i.:J nu rn1l.Jfl1?1 b Vl'W'1JB·mm ';it1'Ua~u1.:ib'1 n'Uati 

hh i1'U~1tJB~1.:!~.:J Vll.11 ti '1'.:i oLJBfl11lJJ'U 1lim.:i nu fl11l.J~\?l b i1'U'1JB.:JU rn~ tl'Wb'1 tl'Vl~B 

bf! ~a.:i:U a~1 m 'U n1 ';iVl\?1'1B.:J1~ ~ B1 'J1';i tl~i.J~ n~1 bb'1 ~er b zjtJ1'1J1 ruvi ';i1 >J ?I BU fl11l.J (l n ~ B.:J 
'\J ., '\J 

'1JB.:J b -dv'Vl1 fl11l.Jb Vll.J1::: ?ll.J'UB.:J n>J n';i';il.J n1';i b~tJ'U~ ~U~.:JoLJBb?l'U Bbb 'U~ >J1 n B1>J1';i V~'\.J~n~1 
'\J 

bb'1:::~ b zjtJ1'1J1rubbtf1iJ 1lJ1'\.J~u'\.J';i .:! bbm '1J b~B bbm '1J >J'U b?l~>J?ll.JU ';i ru bbtf 1~.:iiJ1 bfl~B.:Jli a~1~ '\.J1-if 
'U CV Cj \J 

. ' 

3.s.1 vi1?161a'Una'Wb~t1'U~1mL'U'UV11?1?1au11?1e..ii;:i'111~vi5vi1.:imdb~tJ'Wnm.1L~tJm~a.:i '1il1'V'l'111~i;:i 

L\?l tJb U'U i B61 B'Ubb 'U utJ ';iU tJ 4 ~1 b~ an ~ 1'\.J 1 'U 30 i eJ fl::: bb 'U 'U b~l.J 30 fl~ bb 'U 'U nu 'W' rn ~ tJ'U n ~ lJ 
' ' " ' 

~1e:i~1.:i ViL~anfie:ium~t1'W-li'W~BtJ11~moJ1l!Vi 4/1 

3.5.2 (;\'ibiJ'Uf11';i?lt1'Wn~11~1e:i~1.:i fie:i 'W'rn~t1'W~'W~BtJ11~n~1u~ 4/1 V11l.lbbe.J'Wf11';i~\?lm';i 

b~tJ'U~ Lb 'U'U~'Ub611::: (SE) ~111 ~u n1';i 1 -if 'IJl?l n >J nd';il.l f11';i b ~ tJ'U ~vi 111 bb 'U1V11.:J n1';i'11?1 n1';i L ~tl'U ~ 
'V , 'U 'U 

Q .d Q d ii Q..I d I.I w: ~ 
3.5.2.1 'IJl?ln>Jm';il.JVJ 1: '1Jl?ln>Jm';il.ln1';ib ';jtJ'\.JdVlll.lbb 'W1V11.:Jf11';i>Jl?l n1';ib d tim?t~LV111Pl n~1 

q 'I 'U 'U 

1'1J1YJ~ n~ L~e:i.:i L~eJ'W 1 '1J'1JeJ.:1?1111?1i;:i L U'W'1J1?1n>J md11~tJ';i:::ne:iu 1 tJ~1 ti il >J fld';jl.Jf11';jVJ\?1'1 m LL'1~?tm'Um';iru , ' 
f11';iLLni:lqJV11~'W'w.i'U1~'W 11?1t1lJ.:iV11.:i1 ~um~m.1 ilfl1111~m111 b i1 h m=i:::a6u1m~CJ1nrnL ';i,:i~1'l., ~ 

, '\J I 

eJ ~1 'Ubb 'U161lJl?l'11~mJ1'J(l n~ f).:J ilVI n~::: f11';iV1\?1'1 f).:J bb'1 ~?111J1';jfl1111 tJ Lbni:l ill'Vl11 'U'1m'U f11';jru~ 'U Cj 'U CV 

n1V1'W1?11V1'1~ L1?1tJ1'W61J1?1il>Jm';i11~ 1 LLu.:ie:iamtJ'W 2 vie:i'W (J)eJ'W~ 1 bU'Wn>Jm';j11mdvi1?1i;:ia'lb~a~n~1 

L~eJ'W 1 '1J'1Ja.:i Lb d 'l?f 111 Lb d 'l~ m:::v\'11Pie:i1V1mLff1vh 1 ~1vioe:iti1 'WLb 'W1?111\?lfl Ll?l tJfl n~1?1l.l1?1'1'1JeJ'l Lb ';i .:im11 
, 'I 'U 'I 'I 
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I 

Lrn~l'lB'W~ 2 L ll'W m'rnm 'Ur;itn'U n1'Hl1~n1V1'U~ 1 ~ ir m~ti'UBB mL uu LL'U1'W 

1rilJ1'V'J 6/1,miJn s kg "il1m:UBn~i'.iri11lJti11 4 LlJm LL~1v111~L:UBn'Vl~B'U~\llJ1 20 L"ll'U~LlJl'l~ 

"il1nJl1w~ 3.2 BB n Lb 'lJtJ n 1~bbn (;1 m'W n1~ru 1~ v n1V1'U~ L~B'U 1'U n1V1'U~ 

bU1V1mtiri11lJ~B..:im~ b ~ti't.JbL(::..J't.Jcr..:iri11lJf\~ t.rr'Vl~nm~vn:n 'VIA 1'W fa~ l 'Un1~b~Bm:UBnm1i Lb~~ 

Hmrnm~'Vl1\ll'VltJ1f"l1(;11')~ AB 'l11b:UB nntJ 1fllJ hfa~1~\l'Vl1rl1bb ~\l~\lr;i\l(;i~"iJ1n 2:,F. = 0 Lrn~ 
\I , x 
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'°'F = 0 bb~1 '\1111.UJ 9 bb~::; 9 ~'Wab'Vfl.J1::; 'V1'1·r\l1nif'l.J'\111bb1\l~\lb~tlm'l\l?f\>i bb~11.11hJVl\>i?fffU 
£..Jy ' I 2 "' 

bb6ll1'1.J\>l".i1"il?fffu bb~::; bbm 6llufou1\1~'1.J\11'1.J • 
Q cJ ...::.. d I.I QJ q !l.I ~ q 

3.5.2.2 •1.w1n"ilm".il.1Vl 2: 6ll\>in"ilm1:i.m11b1c.iu1m&.Jbbmi'l1\lm".i"ill'ln1".ib".iCJ'l..l".i?l~b\>l&.Jl"lffM1 
, " "' \.I 

16ll1~~n~ L~t1\I ?1&.J~'1~t1mw1&.Ju LU'l..l6ll~n"il m1&.J~tl1~nm.J1 tJ~1c.in"ilm1&.Jm1VJ~'1t1\lbL'1~ 
' ' ' 

?f '11'1.Jn11run11 LbtlU t:1J'\111~~w.J'l.J1~'1.J 1~ c.ilJ\l'Vfl\11 ~Un b~CJ'l.J i1m1&.J-!m 1&.J b oLJ1 h bb'1~t16u1c.i b~CJ1 nu 
., ' 'U 

?fl.J~(;j~ ti n11Vll.J'l.J 1~l1e.J '111&.J bl.J bl.J'l.J~61Jtl\ILL )\I b U'l.Jl"!'l.Jtl nvrm~~ n11Vl~~el\I rl1'1.J1n.!Vl1U~l.J1ru~1\l1 
' ' 'U 

\>11&.J'Vl'1n?t&.J~~ 1m&.J'l..l\>11~t1~1\l~n\;)t1\I bb~::;?11m1rii!11 'l.lbbnu '1J'Vl1 1 u?tmum1ru~ n1V1'1..ll'I 1 m~ 1~c.i 

1u6lll'ln"ilm".i&.J~ 2 bbD\lt1t1rnuu 2 \>ltl'l.J ;\l\>lt1'1.J~ 1 bU'l.Jn"ilm1&.Jm1Vl\>1'1t1\1?1&.J\>1'161Jt1\lrnu ' . 
=--:..=-~==== 

?11l.J11'1rl1'1.J1 OJ'Vl1e.J'1i;r'W561Jt1\l bl.J bl.J'l.Jl'll\>i c.ii1e.J~ ".i1l.J bl.J bl.J'l.J ~ b U'l.Jl"!'l.Jtl ~a bl.J Ll.J'l.J ~Vil"ll'l 1&.J L ~l.J'l.J T~mn 
'U 

l°i1L vhnu bl.J bl.J'l.J~Vil"IV11'1.Jb ~l.J'l.J1Wn1 bb~ ~111~mffi~ L tJ~CJU L vie.Ju rlUVl~'M~ LL'1 ~?t~tJ e.J'1 

l'ltl'l.J~ 2 bllum1Lbm61J?tmum1ru~n1Vlu~1~ \;)€J\ln11?1-!1\11~~ ~?11&.J11ri 

1eJ\lfotl1wun61le:J\l'VlU\l~eJ 1 m~&.J1n~?f~ L~CJ 1u~if "il~ 1-ifm~~1'M'VlU\l~eJ'WlJ~"iJ1'UTU 4 l°iLlJ'Ul?f~m -if 
• 'U ' 

?1-!1\16111 L~~ LL~'UYl1 L"ilt1{ut1{~ 61J'U1\>i 20 x 20 cm. LL Vl'UV1iJ11~~1.11V1-ru1ei\l-ru'Vlu\l~eJ ri~tJ'VlU'U 

m~~1"M s ~1 bb'1~m~~1"Mm1c.i11 60 cm. urn~c.i'U"il~i115m1ei~1\lb1'Um1?1-!1\11~~ ~?11&.J11'1 

1ei\l·fotl1V1u n61Jt1\IV!U\l~t11~mn~?f 1'1 • 
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'11n.n1YiVi 3.4 e.ie.imL utrnTmn6'fm'UnTHu 1"1E.Jtl1Vl'Ut'lb~e.J'U b"Utl1Vl'Ut'lb i.11 

V1:1.11E.Jrn1111Pi'e.i·rn11 L;uE.JmL~'U~\lrn111fi"11offV1~nm1vn\ILVJfl1 'Wfa~ 1'Wn11L~e.in1 off16'1"1e.it.Jmru LLG'l~ 
'' 

1-ffvr~nm1'Vl1\li'VlE.J11"!16'1"1i l:Fx = o LLG'l~ l:"FY = o vr1bL1.:i~"U1"11~~bbl'iG'l~IPi''U bb~Tu11t.J 

'Vl"16'fe.J'U11\IVl1J.:J~e.J(9111'16'fe.JU I ro = 0 bbG'l~bbm"IJt.Jfot.J~\l~'U\11'U 
3.5.2.3 61J,"1n'1 m111Vi 3: 61Jt'ln'1n1111 n11b~E.J'U~mmrn1'Vl1.:i m1~"1m1b1E.J'W1 ' ~ ~ 

6'f~b~11Pimn 1"111YJ~n~ b~e.i.:i '1"1l"l'W~nG'l1.:i111mbG'l~'11l"1G'l"lle.J\11"1ti bU'U"1Jt'ln'1m111~t.Jwne.iu1t.J~1E.J , 'U , , , 

.n1'W~ 3.5 b ll'Un'1m111m1'Vlt'lG'le.i.:ivr1'1"11"!'U6~1.:i"IJe.i.:i1'"1ti 1"1E.J 1 -U'bb~'U1t.J'Vl1.:i 
, \I 'I 'U 

b"1'1 ~nHnrn.i/Je.imb~1bb"IJ1'U~\l.f11'W~ 3.5 Lrimb~'U1"1~V!~t'lti\1'1~b~bb'U1bb1\I T bbG'l~ mg e.i~1'Ubb'U1 
L~mn'U fim~'Wt.11~ A ~mt.J~E.J'U'1"1~~ m.i/Je.im U'U'1"1~'W'l bL~1mnL~'Wm.:i"1111u 'U1b~'UL61Je.inLLlriG'l~fl~\I ' ~ ' 
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I I.I 4 Q.J CV d d 1 

ti 

liJ:::'rlU11LL 'U1L?f'UL6!Jvmn111111n'UV11il\111il\11Vl'U'I L Uv.:Jlil1n LL 'U1 L'1'UL :Ua na ~1 'ULL 'U1 L~tn nu LL 'U1'111viirn 
' ' \I 

~.:ii!'U'iil\111'1111'1.JB'ILL'U1L'1'UL:rlan ~a lil\11ial'U~'n:l.J'IJB'I J1viirn L1t1nlill1ld11 lil\11ial'U~ci1.:i (C.G.) 
'cj , " , , \J 

lil1n.fl1'rl~ 3.6 aamLUUn11LLrl?ftn'Un1'HU b\11tlrl1Vl'U\11L~B'Ub'(Jrl1Vl'U\11LU1 

V1l.l1t1m1l.l~e:i.:in1'~ L~CJ'ULLi:..J'U~.:im1l.J~111 1 ivi~nni1vi1.:ib Vlfl 1'LI fa~ 1tJm1L~an1i1?1111ai.Jmru LL~::: 
' ' 

1ivi~nm1vi1.:i1vit11ia11?11J14 l:"Fx = o , l:FY = o LL~::: L: T 
0 

= o LL~:::LLm'1Ji.Jfoi.J1.:i~tJ.:i1tJ 
1'Um11Lfl11:::~LL1.:i~m:::vh ~B~1'U~1'1 I '(Jv'ILLUU"i11~a.:i?t:::Yj1'ULL '()TU L 111il::: 

?fl.Jl.J~l1 L11V111U J1viirn'1Jv'l~'U?t:::'rl1'ULL~:::?11tJLflLD~1eN (?!1tJLL'IJ1'U) ~.:J?fv.:JL'1'U Lb~:::J1viirn 
'1Ja.:i?11mflL D~vi~rn!at1mn Ldm Vit1unutl1viirm1l.J'1Ja.:i?11t1 LL '1J1'U~.:i?ta.:iLL~:::~'U?f:::V'j1'1.J ('Vi'11 '1-1?11t1 

LrlL Dm lJ'U1\JYj1111 um) ~.:ii!'U 1"Wm11Lfl11:::~'1:::1:W~111J1viirn'1Ja.:i?11mflL D~'Vl~n (L~a.:i1i11niii:..i~ 
\I 

UeJCJl.l1nlil'U~:::~.:i hi') na'U~'Ulil::: L~l.J~'111ru1LL1-!l~.:J 1 'U?t1CJ LL '(J'J'U~.:J?feJ.:J ru 1'11LL 'VIU.:J~~i;JtlU~'U 
G'f:::V'j1'ULdaii11'1 '1'Vl~eJ 1 VI~(;) (Load) a~~l'l 1LL 'Vli.l.:i 1111., U'U~'UG'f:::V'j1'1.J b\11tl rl1'Vf'U(;l 1 '!X ?!1tJLL '(J'J'U~.:J 

' " I 

?ta.:iac.J L 'ULL 'U1~.:i~.:iu1 n nu~'U?t:::Yl1'Ua~i-11.:i1U1ni.J~1 ti?! :::V'j1'U~.:i ?! a.:i L vh tl'UL lJ'U 1::: ti::: LL~ :::a~i-11.:i n'U 
\I \I \I 

LlJ'U1:::t1::: ii1'1J1ml1V1irn eJ~'U'U~'U'1:::V'j1'U ~1'11LL vii.l.:i l(;lliJ1n'11CJLL'(J1'U 1 (rl1'Vf'U(;l L 'IX x LlJ'U'UlnL~e:J 
' \I 

vtj'Vl1.:J'IJ11'1Je:J'l?f1tJLL'IJ1'U 1) ~'IJl1'V'lVi 3. 7 
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3.5.3 dj a L?t ~ "il ~'U n116'1au1~vhn11'Vl ~ ?t B'U'Vl~.:i L~ vu n'U n~l.J ~1a~1.:ia n fl~ -:i 1~ v1-if • 
LL'U'U'Vl~?ta'U1~e.ia~l.J')'VlB'Vl1-:im1L~V'U 1"1l1YJ~n~ L~a-:i ?t.n1Y1?tl.J~a .ffuilovl.J~m~1tJ~ 4 ourn~l.J 
LL"'1Ln'U11'1.J)1l.Je.Jftn1)'Vl~6'18'1.JL ~m.111'tJ1Lfl)1~~1'ia1 u 

3.5.4 U1LL'U'Ufl11l.Jv;-:IY181"il 1\JVJ~aa-:i1-tl n'Un~l.J~18~1-:I , 

3.5.5 tl1fl~LL'U'U~)1'1.J)1l.J1~"il1nn11'Vl~6'18'1.Ji'~e.Jft~l.J']'Vl~'Vl1-:ln1)L~V'U L~a-:i 161J1YJ~n~ L~a-:i 

6't.fl1Yl6'tl.J~ft LLft~LL'U'Ufl11l.Jv;-:IY181"il 'Vl~-:IL~V'Ul.J11Lfl)1~~~1V 6't~~'Vl1rl1 t-test for Dependent , 
LLft~ Normalized Gain<g> 

Q ',, 3.6 n1"~1Lfil'11::'111"lleJ11ft 
" 

Wj-;ijv 1~tl1-LJ'ei:1.J'1m~:1.J1iLfl11~~e.i'1n11'Vl~'1ei-:11'11:1.J"iJ~tJ1~G'f-:il°1"lJei.:im1'V1~'1ei-:il'l1:1.J'11~u~-:id 
'IJ 'IJ ' 

1Lfl11~i1'~1V 6't~~'Vl1rl1 t-test for Dependent LLft~ Normalized Gain<g> rull'lfl Yl1l.J~ 

(2554; a1.:ia.:i"il1n Richard R. Hake, 1998) irnYl~n~LL'Vl~-:ll.J'Vl11'VlV1~VB'UL~v1~L?l'UeJ16m1 

U'1~Li1w:rnm1L~V'U~"il1nm1G'feJ'U Pre-test LL'1~ Post-test 1~vii16m1~-:id L~eJ-:i"il1nm1G'fa'Ufl~-:i 
'IJ 

V1-d.:isi i1.LJ'mhn~ 1 m~ei-:ifl~LL'U'U~1?t~~'Vlnfl'U"il~mam?tl~fl~LL'U'U~1?t~ 1~i!avn11 ~eiva~ o LLa~ 
I " " • 

1 d 1" 1'"",, .. d .. ' eln16't'Vl"il~ ~fl~LL'U'U?l-:!?t~(Maximum or ceilino effect) :1.JLn'U1ava~ 100 'Vl18'VlL1Vn11 floor 
'IJ ' ::i 

and ceiling effect ~1ffUqJV11tl Hake ~-:i1~LG't'UeJ15m11um1\J1~Li1'U~rnm1L~V'Ui~L~l.J~'U 
L~vn11 Normalized Gain (Normalized :1.J1"il1nF11~Y1vl'Vl1-:lfl1eJ'U~l.JYl~n~ ~-:i'Vlmvfi-:im1vi'11 ~ 

ffiam?tm1:1.JLllu1u1vi'Lvi11 nu 1~viiri1Lllu1u1~?t.:i?t~Lvi1n'U 1 Lvi1nu) 1~vV111<il"il1rn)\9111?11u " . 
"ll8.:Je.Jftn11L~V'U~~L~l.J~'U"il~.:J (Actual oain) l'iae.ii;:im1L~V'U~~i11amm~:1.J~'U1~ (Maximum 

" ::i " 

possible gain) L:Uvmll'U?tl.Jn11fl11l.J~l.JW'UITT~~.:itl 



<g> 
(%Post - test)-(%Pre- test) 

(100%)- (%Pre- test) 

L~e:i <g> ~e:i 1'11 Normalized Gain 

% Post-test ~€! l'l1Lu~V"l.l€l'lf'IBLL'U'U'1eJ'IJVl~'lb~V'ULU'ULtl€l{L~'U\91 

% Pre-test ~€! 1'11bu~V"l.l€l'lfl~Lb'U'U'1€l'Url€l'Ub~V'ULU'ULtle:i{L~'U\?i . ,, ,, 
*Vl:l.J1 vb Vll'l ~(;] bu~1~LJ n b~V'Ufl'UVi?le:i'IJ'l-1'1 ri eJ'ULL'1~Vl~'I L~V'UL vl1LJ'U 

' 
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(3.1) 

-Ue:i'1.:iLnl'l nT:if11u1rum Normalized Gain if1lJ~1LU'U~€l'IL~LU'ULtle:i{L~'Ul?in1~ 1i;iv1-H 

1iritLL'U'U?l€l'IJ'1~'1LL 'Vl'U 1i;iv Pre-test ~€!flt LL 'U'U?l€l'Url€l'UL~V'U Post-test ~€! flt Lb 'U'U?l€l'IJVl~'I L~V'U 

LL'1 ~ L eUfltbb 'U'UL~1J"l.leJ'l-Ue:i?! €l'IJ61J(;l,!'Ubb Vl'U 100% • 
<g> VI~€! Normalized Gain LLtktfl111J1~11 t:·.J'1n1':ib~V'U~~b~1J~'U'1~'1"1.1€l'ltJnL~V'U 

'U 

(Actual gain = %post-test)-(%Pre-test)/(100%)-(o/oPre-test) ~.:il'l1vft~atj':it'Vll1'1 0.0-1.0 

~1v15m1tl1~Lll'UL61i'U-d'Vi11-H?11:1.J11mLnUryV11 Floor and ceiling effect 1~L~e:J'l'11n 
L11~(;1 t:.l'1n11L~V'U~~L~11<fiuLViV'Ufl'IJl'l1?1'l?l(;l~bbl1i'1~fl'U'1~i1tamm~11.fi'U1~ nci11anL'UVl~'l~e:J L111~ 

'U 'U • 

Vi1m1 Normalized Gain 1-Hii1ammllu1tl1~av1'U"lh.:i 0.0-1.0 Lvi1nmL~1 ~1Vn1':iLViV'Un'IJ 
'U 

rl1?1.:J?l(;l~LLl1i'1tfl'U'1tffie:im?IL~1l<fi'u1~ 1i;ivri1 Normalized Gain '1t?11:1.J11mtl~vrnViv'Un'W1~ 
'U • 

1i;iv?11111':imLtl.:i1t~'IJ"l.l€l'lrl1 Normalized Gain aamllun~111~ 3 ':it~'IJ ~e:i 

"High gain" LU'Ui'UL~V'Uvft~fh 

"Medium gain" LlluiuL~V'W~1~rh 

"Low gain" LU'U.ffm1cJ'Uvft~~1 

• 
0. 7 s: <g> s: 1.0 

0.3 s: <g> < 0.7 

0.0 s: <g> < 0.3 



d 
'U'Vl'Vl 4 

1 'Um11~rn·1~\ld ITT~tJ 1~G'l1vl''U m1b61'Um.mm11 bm1:::~-U'B:1.Jf;'l b U'U~1-U'Bv1.:Jd 
~ ~ 

c::t. 4't.1 CV ~ q 

4.1 r;,mm11bm1:::V1"Um,jf;'le-Jf;'l61:1.J~Vl6Vl1\ln1':ib ':itJ'U 

4.3 e-J~m11b1"111:::-Mm1tJ1:::bD'Um1tJ5u~\11'U"Ua\l~b~tJ'U 

4.4 e-Jf;'ln111bm1:::~Vfn~:::m1vi1.:J1'UbU'UVi:1.J"UB\l~b~tJ'U 
~ 

Q ~" Q,,/ cf .c::t 

4.1 e-J"nT:i1b1"111::V1"llv:!J"e.i"a11qV15'Vl1\ln1':ib':it1'U 

4.1.1 b tJ'ivrn Vi vufi1fl:: u uurim.1b°it1mb"::V1ti \I b°itiu b~v \I li'lfl1-wa11~rn 1~rn 161'1 fi 1a~~ • 

m1 b~tJ'U b61~'1~'U 1 ~,:r n b~tJ'Uvi1 bb 'U'UV1~61 au1 ~e-J ~ ~:1.J~VJBV11\I m1 b~ tJ'U ~ nl°l ~\I 111 e-J ~ m1V1~61aum 
1bm1:::~'Wl'l.l"U1m1V11\ln1':ib~tJ'U"UB\lirm~tJ'U zj.:Jh)bb61~\le-J~~\ll91111\I ~ 4.1 

., ' 

"llv\lum~vu-Uu~5t111An~1t!Vi 4 

., &. 
~ 

fl::bb'U'IJbi;)1J 30 fl::bb'U'U ;ij1'1J1'1J 

' 
' "' fl1birnt1 

cl 
b\Jtl\lbU'U <g> t** 

e.J"li'11Jq'V15'Vl1\I 

n1':ib°itl'IJ 
1J1i;)':i~1'1J .... 

rlB'Ub~tJ'U 34 12.06 40.20 3.17 

r----Vl-ti-\lb-~tJ-'U---t---3-4----+--23-.-7 4---+--7-9-.1-2--1--2.-97 _ _j 0 .65 19 .82 

*ta=.01, df33 =2.4448 
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1'11mh:i1~dJ'W~~1~i;lBn'W 'Wu111~1"11 t :Wl"i1Lvi1nu 19.82 >2.4448 (ta~.o1. df33 =2.4448) LLM1-:1 

11XLi1'W11'W'nL~(J'U'ffi~L~(J'U-nvrn1-ff'U{;)fhlm1l.ll'nl.JLL'U'JVl1-:Jn11~{;)n11L~(J'U~~~L~l.l~n'tn L~B-:1 Ml1'W 
~ ' ~ 

~l.J{;)'1 V!~-:JL~CJ'W~-:in11rieim~CJ'W mh-:i:Wtl'm1'1ri'ruvh~l'i'u .o 1 vrn1:1~~ ' ~ ~ 

" 4.1.2 1tF1~1~~F1111Jt111V1ctl1V11'3n1-=.ib;vu~1v'YJcub;vu 

' ' 
\111l.l LL'W'JV11-:J n11~{;) n11 L~ CJ'W~~~ L~l.l~n'1~1 :U\011m1iin11V!U1Vl1-:!n11 L~CJ'WLO~ m vl1 nu 0.65 "11-:i 

100 

80 
/\ 
Oil 
v 60 
-J 

ro 
::J 
+" 40 u 
<( 
~ 0 

20 

0 

0 

~ 

~Medium galn ·;<; 

t 
i 
I 

i Low gain 

20 

--···--·----- ---------------------1 
<g> = 0.65 ! 

--

40 60 80 100 

%pretest 

"il1n.n1'W~ 4.1 LL6'1(;)-:Jrl'J1l.l~l.loW'WG1~V!l1-:J %actual gain nu %pretest "IJB-:Jtl'm~(J'U~ 
1.ff"l!{;)fl"iJnd1l.l\111l.JLL'U'JV11-:ln11~{;)n11L~(J'Ui~~L~l.l~m-J1'11'W'J'U 34 fl'U :Urn1iin11V1U1Vl1-:Jn11L~(J'U 

Lo~mvi1nu 0.65 B~L'W1~1'lutJ1'Unm-:i (Medium gain) :Wtl'm~CJ'W'11'U1'W 10 ri'U :Urn1wi'11V1u1 

Vl1-:Jn11L~CJ'WB~L'W1~1'lu~-:i (High gain) fl{;)LU'W~BCJ'1~ 29.41 LL'1~tl'm~CJ'W~1'W'J'W 24 fl'W 

:Urn1iin11V1u1V11-:im1L~CJ'WB~1'W1~\1i'u 'lh'Wnm-:i (Medium gain) fl{;)LU'W~BCJ'1~ 70.59 



30 

., ., "" d 'i" x 
4.1.3 fl11:Un11Vi'U1'Vl1·m1"H ~V'ULuav bf!mwnm:UL'Ue>V11 

b~e:J~'11'H1.!1Wl9ll't.J1n11'Uv..:Jirn b~CJ'W 1 'W Lbl'ii;:i::: b~a..:i b lJ'W ni1~11'W'l9ll'W1n11Vl~a~i;:i n11 
\I 

L~CJ'W~~ L ~:w:ff 'U'Ua..:iirn L~CJ'W~ij~ i;:i~an11b~CJ'W 1m~ei..:i1~L~a..:ivi~..:i L U'WB~1..:i 11 zj..:i 1 'WLL 'U'U'V1~6'fv'Ud 
\I 

tJwna'U1tJ~-m Ldavi1b~B..:i Lb1..:Jbbi;:J:::b~em1'U'Ue:J..:J6'f:w~i;:i 6'f:w~i;:i~ein11vi:w'U Lrn:::6'f:w~i;:il'iam1111:w'U ~..:i , , " , , 
1~~(1~-.'.11'1111..:J~ 4.2 bbi;:J:::.fl1'V'I~ 4.2 

1P11~1.:i~ 4.2 m~Lmm.J L Vivufl::bb 'U'Utim..ib°iv'Uua::mr.:i L°iV'U'llv.:ium"im.1i'U~tiv:uflm~nt1~ 4 

LflmWn1P11:1Jb-d'aV11 

x %Actual %possible 
b 'UeJVl1 %pretest %posttest <g> 

gain gain 

1. bb )..:Jbbfi::;b~eJ'W 1 'U 
43.00 80.00 47.00 57.00 0.82 

'Ua-:J6'f:W~fl • 
2. 6'f:W~i;:J~Bn11Vl:W'U 45.29 88.53 26.14 54.71 0.48 • • 
3. ' '1~13l'UE.Jni;:J1..:Jl.J"J(l • \I 

33.00 75.00 39.86 67.00 0.59 ... 
bbfl~G'l:W~fl'U eJ\l'J ()] tl • • 

'UeJ\IFl~bb 'U'UVl~\I b~CJ'U6'f..:J:fi''U'11fl nv'Ub~CJ'U'Vlflb dvVl1 b~ CJ b tr eJVl1~i1~vCJfl::!Fl::! bb 'U'UVl~\IL1 CJ'U6'f \l~G'l~~el " , " , 
L deivi1L~ei.:iG'l:w~'1~eim1vi:w'U :Ul"l1 L vi1n'U~eJCJ'1~ 88.53 1v\1'1\lm~ei L deivi1 L~ei.:i LL 1\1 Lbfi::; L~v'U 1 'U'Uv\I • • 

.c::iil I I Q.J I.I J( d ' QJ QI.I 

6'f:W~fl :WF11 b '\111 fl'U1B CJ fl~ 80.00 bbi;'l~ b 'U BVl1L1el\I '1~131'\.J CJ f1'11\l:W'Jflbb'1::!6'f:W~fl'UB\l'Jl'l tl :W1eJCJ'1~ , , " , , 
CVCll Od ..:::ill IQ.I 

\Rl~Lb'U'UVlfl\IL 1CJ'Ul'l1'\11G'l~:W\Rl1L '\111f1'1.J 75.00 • 
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1.00 - 0.82 
0 0.80 c 
co 
C> 0.60 "O 
Q) 

.!:::! 0.40 co 
E 

0.20 L.. 

0 
z 

0.00 

"" "J • 

' ' c!il .C:. Q.I d ti I 0 Q..I d d 0 Q.I 

bl.Iv vro;i Trn.n n Trv~ ~ ·1.11 m 'J'Vn~ n T'H 'J tJ 'U 'J 1 tJ 'lJ v v-ru 11'il1'W1 'W 'Um 'J tJ 'U '\11 IPl vu bl mnvmJ 
'\J 

-U'v?tau-Uv Vl~\11 b ~:w:ff m U'Ub vh 11111 'Wnl'J'Vll?l?tvu riv'Wb~tJ'Wbb~~Vl~\lb~tJ'W 1111mb?11?1\l~\lm-w~ 4.3 



1.0(! 

0. '.~\) 

0.80 

0.70 

0.60 

~ 0.50 
v 

0.40 

0.30 

0.20 

0.10 

0.1)(J 

U.8'J 

D.63 

·~t.8U 
C. 71) (i.lf:. 

0.i.1 (1.70 

0.61 0.6'1 

0.56 
0.61 

0.52 
0.55 

0.39 0.40 

0.29 

0.67 

0.58 

C.76 
0.72 

0.57 

0.40 

111-vi~ 4.3 W~'U1n1'a'Vl1·m1'H1V'U'a1Vife:i (single test item normalized gain) 
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"il1fl.f11'W~ 4. 3 oLJB?f BU~bb?f~.:J 1-Mb i1'U~.:J fl1-S'W'lllJ'W1fl1'SVl1.:Jfl1'~b~EJ'U'S1EJoLJB~Btj-s:.::~u high 

gain i1~Tt.ntmtj 16 -U'a fi~bU'U~BEJ'1:.:: 53.33 -s:.::~umedium gain '11'U1tl 13 -U'a fl~bU'U~BV'1:.:: 

43.33 brn:.::-s:.::~u Low gain 1 -Ua fi~bUtJ~BEJ'1:.:: 3.33 

oLJB?fBUoLJB~ 19 tl'm~EJt.1i1'W'lllJ'U1fl1'S'Vl1.:Jfl1'Sb~EJ'UUBEJ~?f~ 1~EJi11°11 normalized gain 
' 

I CV d C. i.I ti i.I I QJ c:ii d 1J 1f I .cf do 

L'Vl1flU 0.29 Ll.JB'W"il1WJ1LL'11'lJB?fBULL'1d'WU11 'UflL W'U'Vll'lBU'lJB'UtlflflB'Ub W'Ul.J"il1'U1'U 6 fl'U LL'1:.:: 
\) 

-Umrnu-Ua~ 2 tl'm~EJ'Ui1'W'lllJ'U1fl1-S'Vl1.:Jfl1-Sb~EJtJ:IJ1fl~~~ 1~EJiil°i1 normalized gain 

IQ.I d C\ II II II I CV .cf c:J i.I ~ I d dO 

L'Vl1flU 0.86 bl.JB'W"il1-Sru1bL'11'lJB?fBULL'11'WU11 'UflLW'U'Vll'lBU'lJB'UtlflflB'UbWmJ"il1'U1'U 20 flt.I 
\) . " 

bL'1 :.::tl'm~ tJ'UYll'l BUoLJBUtl fl'Vl~.:J b~EJt.1iJ'11'U1'U 32 fl'U 
\) 

b~a-W"iJ1-sru1c.i'1fl1-sv11'lJ~n"ilm-s11 ~.:i 3 'lJ~ ~a 'IJ~n"ilm-sl.J~ 1 b~at.11'll'Ua.:i?111~'1 'lJ~n"iJm-s11 
" , , q .. 

..I I 1 tf .::i, d tf QJ 

'Vl 2 ?fl.J~'11'1Bfl1'SVl:IJ'ULL'1:.:: l.JL:IJ'Ul'l'UB.:JLL'S.:J LL'1:.::'lJ~fl"ilfl'S'Sl.J'Vl 3 "il~l31'UEJflfl1.:Jl.J1'1Lb'1:.::?fl.J~'1'lJB\111'ltl 
.. .. , • \J , , 

-wu-J1 'lJ~n"iJfl'S'jl.J~ 1 L~B'U 1'll'UB\l?fl.J~fl tl'm~EJ'U~1'U 1 Vlrui1'U?f1l.J1'Stlb ~EJ'ULL 'U1 Lb 'S\l~~\l'W~Bm:.::u 
, , v " 

l.Jl.J 1~ttfll'i'B\I ?11111-Stl b ~EJ'Ut-Jfl 'S1l.J b 1 fl bl'lBfl W~ ttfll'i'v\1-tl'~ b "il'Ul'l 1l.JVI~ fl fl1'Sb ~EJ'Ub 1 fl bl'l a{ bb'1:.:: fl1'S ' \) \) 

bbm'll?1mt.1m-sru~ 1 1'Ufl1-saammrnb'U1'U1fl111'V'J ~.:i'Vli!fl s kg "iJ1m:flafl~i1Y'l1111EJ11 4 Ll.Jl'l-s bLl.'i1 
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vh1~b;;Je:in-vt~e:itrn.:im 20 b"ll'U~bl.Jm "il1mb'U1~~~'lJ trm~ti'U~T1.Av1aj?11m~ri r\'1'U1ru,,wITT·fo61n'U 

1~ bb~~rl1'U1'1.J'V11 1"111l.J~.:Jb;;Je:in1~ bbl'iEJ'.:ihJb~tJ.:Jci'1~'lJ~'Ul'lB'UriB'U'V1Gl.:J bb?IVl.:J~.:JJl1'V'J~ 4.4 

/,\ 

h:-.L _;·-- • F;·' ~' ,-~-t~;~-\ 

~ 

I•'. t·-{~~--y·- -[·<--,I 

1 ... ::. ' 

................................................... "._, ............. ,, .. __ ................ _ 

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

.......... ~1':'<':~.~?.~0.h~~ .. ~ .. !t ....................................................... .. 
....... -...................................................................................................... . 
.............................................................................................................. 

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

. . :·~~ i~he' 
'i.\'l)ifi . ,, '·"' '.· . . ~ ;,·~,,~:~·; .. , ''j~'-... ~ •.. 

.... - ................ 'r .. ·· ......................... , ......... ,,,_,~ .................. ·t,·-.. ~·~······ ,,_,, 
' n,_ I ; 

·········~·;~;~·"~'"'"$'"''"'"::··~·~· .. ··~ .. ; ... ~:;)·~-·.............................. .. ... ; ...... ~ .. J ........ 

... ~=:i?&ifii~=~~=~-~~= 

mfi11l.Jbl.J'Ul'iVJ1'UiJfi1bvl1tl'lJ'V1~B1n'1 bAtJ.:Jn'Un'lJ fi11l.J bl.J'Ul'il'11l.J bb~~"il~ 1~11e..i~~1l.J 1l.J bl.J'Wl'i b U'Ul'l'U~ 
\I 

bb~~f11~bbm"IJG'lri1'Uf11~tU~ 21'Uf11~BBnbb'lJ'lJG'l~1.:J1~~ ~?11:lJ1~f;'l'HJ.:J~'lJJ1mJ'n"1Je:J.:J'V11J.:J~e:J 1 m~mn 

~'11?\ i1m1ti'U~1'U1'V1ru?11m~rie:ie:imb'lJ'Ubb~~?11m-rn?1~1.:ihi'bll'W~mlJ'Wl'la'WiJb~ti-:iLJ1.:in~~~ ?1~1-:i 
' ... ' 

11?lti1oUfl11~~~f)~e:J.:J~(?l~e:J.:Jf;'lf) bb?ll?l.:J~-!)Jl1'V'j~ 4.5 
\I \I 
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' ... ·.·• ; ' ' '~. \ '\ "' ( ~ 
~.~#:~.~·S-;~iik')~~}}~\.~~ .. ~~~ .. 0.~.~ .. ~r.~~.'h.1~~~~ .. ~.:~;~~~.\.~1.~: ... r~.~!.~.t~~.~ ............... . 
~~~~"~h~.~\~~~~f ....................................................................... . 

?f t:rn.Jrn':iru~ 3 L 'Ufl1':iEIElflbb 'U'U?f~1..:J?f:~'V'l1'ULb '1J1'U 1~ 1~ti:U fl1':iEIEI flbb 'U'U n1V!'U~ b i'.11vtl.J1tJ~l'i'ei..:i fl1':i 

:Ub~EJ'U hm~ 1 ':iu1..:i bb"'~ 1-ff rn111?1f"11?11?111V1ti1mmwfl 'Ufl1':i?1~1..:i um~ti'U~1'U 1 V!tlJ?f1l.J1':it:iEJEJflbb uu 

bb"'~?f1l.J1':it:i?f~1..:i 1~ b U'U~'Ub U'Ul'lB'Uii b ~ ti..:iu1..:i n~l.J~ ?1~1..:i 1~ti 1 -ff m1l.J~~n~ ei..:i~ ~"' ei..:it:in bb~~:U 
, " " 
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4.3 e..mnT~1bfl-a1::~m-a\h::bih.in1-atllju~.:i1'U"lleN~b~V'U 

b~ e:i~'11':iru1~~ m':itJ nu~-:i1'U'V e:i-:i~ b~tJ'U zj,:i~i~ tJ 1tii'vh m':itl ':i:: bii'Uun b ~ tJ'U hw bb 'U'Uth:: bi1'U 
':..J 'IJ 'IJ 

m':itJi)u~-:i1'U tJ':i::n e:i'Uti11 mn ru'Vlm':itJ':i:: blJ'U 3 -Ue:i ~1~ tJv11 m':ii bm1::V11\;l m.11 ~~ m':itJ':i:: blJ'U 

f11':iU fiu~-:J1'U bb~~::: n~l.l'Ve:J-:J~ b~ tJ'Ul.JlVl1 A1 bO~ tJ L\;l tJ 1 i f11':i bb tJ~ 1°1111.JVll.Jl tJ Fl:: bb 'U'U~-:Jm':i 1-:J~ 4. 3 
':..J ' 'IJ 

\911-a1.:i~ 4.3 e..i~m-a1 bf!-a1::~u \J\Jtl-a:: bij'U n1-atllju~.:i1'U"!Jv.:i ~ b~f.l'U'Vlfi.:i~~\J n1 -a-.5'i;i n1':in1 -a 

b'i£J'U~i;11v't1i;iri:i:in-a-ai.il'l1i.1bb 'U1'V11.:in1-a:5'i;i m-a b'iV'U~ lil:: b~i.ifim~11i;it1 bb tl.:i b U'U'a1f.l 
'U ' 'U 

n~i.i 
' 

n~i.1~\-a1vm-a~tl-a::bij'U 
' 

n Tm ei mb \J\J m -a bbtil. "ll m-atJlju~m-a 
0 "' n1'a'U1blil'Uv"llvi.i~ 

'U 

1 3 3 3 

2 4 4 3 

3 4 3 3 

4 3 4 4 

5 4 4 4 

6 4 3 4 

7 3 4 3 
d 

4 4 3 bu~f.l 

'11nm':i1-:i~ 4.3 bb?f\;l.:i 1 ~b ~'U11ii'm~tJ'UnnTHrnmb 'U'Uf11':ibbm 'VDt1JV11?1m'UnTHu~n1V1'U\;l 1 ~ 

J'Un':i::~'UFI:: bb 'U'U 4 Fl:: bb 'U'U zj.:j bb?f {;l.:j 1 ~b ~'Ul1U m ~ tJ'U L\;l tJ.f11'W':i1l.Jn f11 ':in1Vl'U\;l15m':ii'U~1el'U 
f;l nl'i' e:i.:i b~ e:i n 1 i bfl ~e:i.:iij e:i bb~ ::1 ?f \;} e:itJ m ru1 'U n1 ':iYI \;l ~ e:i.:i b Vil.I 1:: i;'rnii n1':izj.:iiiA1bu~tJ111.J n1 ':i 
'IJ ' ' 

tli]u~ m':ium~tJ'UG11'U 1 Vlajii':i::~'U Fl:: bb 'Um v11 n'U 4 Fl:: bb 'U'U bb?f \;l.:i 1 ~b ~'U11ii' m~tJ'U t\;l tJ m'W11l.lii 

m':iv11bi'.1'UY1\;lmJ.:Jb ll'Ui'Ul'lv'U bb~:: 1 ie:itJmru~1.:i., 1tii'e:i~1.:ii;in!Pi'e:i.:i bb~:: m':it11b?t'Ue:i-i!e:im1ii'm~tJ'U 
<i I 'U '1 

G11'U 1 Vlaj n1::~'UF1::bb 'U'Ub vi1n'U 3 Fl:: bb 'U'U bb?f \;l.:i 1 ~ b ~'U11ii' m~tJ'U t\;l tJ.n1'1"111l.lnm1u'LlVin~~ b ~tJ'U 

?t':itJ 1mJ\;ln'1m':il.l i;in!Pi'e:i.:i bb~m':itl1b?t'Umr-:i hibll'Ui'Ub ll'Ul'lv'U ~b llm"li'LltTmn\;l'11m'W':i1::ii'm~tJ'U 
' ' 'IJ 
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5 
4 4 4 4 

1 2 3 4 5 6 7 

.fl1-w~ 4.6 t:·m m11 bfl11 ::~ bb uut.li:: bil'LI n11tlnu~ .:i 1'U"lle:i.:i ~ b~t1'LI'Vl~.:i'11 n-ru m i;ij ~ n11b~t1'LI~ 
6.1 " " 

~1t16!1~ n'1 ni'i'll\Jl1l! bb 'LITVI 1-:i mi;ij' ~mi b~tl'LI~ ~:: b~llfl mn 1~mb u .:i b U'LI11t1 n~ll . " . 
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4 3 2 1 

22 10 2 0 122 4 

18 12 4 0 116 3 

25 7 2 0 125 4 

21 12 1 0 122 4 

6 6 20 2 84 2 

14 11 9 0 107 3 

'1Jtl\l\Wtml\I eJ'U~'U~tl\lbll'Um';iii~TU~ll.Jtl'flb~tJ'U 1~tJ.fl1'\"l';ill.JtT'Uiil'l~bb'U'U';ill.J 122 'j~~'Ul'l~bb'U'U 4 

l'l~bb'U'U bb~~\11 Vtb~'U11tl'm~tJ'U~1l.J1'jt)vJ1\11'U~ll.Jtl'U~l.J1~nl'l'U~'U'l 1'Linzjl.J1~~bbf;'l~ 1~bb u.:ifovii11~ 

fo~~'1Jti'Ubvhnu~m~n1uVil.Jvinl'lu bbr;=t~m';ibb~~.:im1l.JA~b~u~~Vfe:ium1l.J~m1l.JboLJ1h tl'nb~tJ'U 
' 'U 

l~tJ.fl1'\"l'jll.JtTuii!'l~bb'Um1l.J 122 'j~~'Ul'l~bb'U'U 4 l'l~LL'U'U bb~~.:i1Vfb~u11tl'm~tJ'Ub~ue:ivi~e:i~~Vfe:iu 
bb'UlA~b ~.:iu1 n bbr;=t~~~1\l~'j'jrl b llu~1u 1 vi~ B'U~'U~1l.J L tlu n1';ii'.i~1u~1l.J 1~tJ.fl1'\"l';ill.JUn b~tJ'Ui'.i 

l'l~bL'U'U';ill.J 116 l'l~bb'U'U zj\lbVitJ'ULnrusvi!'l~bb'U'UtltJL'U'j~~'U 3 l'l~LL'U'U Lb~~.:i1Vfb~'Ul1 tl'm~tJ'Ui'.i~l'U 
'U 

~ll.J 1 um';iv11.:i1m tJu~1u 1 m!J LLr;=t~ 1 Vfl'111l.J~u hn'Um';iv11.:i1uue:itJl'l#.:i B'u~'U~bll'U'l"l~~m'jl.Jn1'j 

vh.:i1ui'.il'l~bb'U'Unl.J 107 l'l~bb'U'U zj.:ibVitJ'Ubnru"Vil'l~bb'U'UtltJL'U';i~~'U 3 l'l~bb'U'U bb~~.:i1Vfb~u11 
'U 

tl'm~tJ'U 1~11iln'Un1';ivl1\11'U 1~tJ 1~~'Un1';i'Utinn~11 bLr;:i~J1b~e:iuu1.:i b tl'U'U1\ll'l~\I vu~uVf 1m';i b tlu 

~i!1 iil'l~bb'U'U';i1l.J 84 l'l~bb'U'U zj.:ibVitJubnrusvi!'l~bb'U'UtltJL'U';i~~u 2 l'l~bb'U'U bb~~.:i1Vfb~u11ii~1u 
'U 'U 

~ll.J 1 um';iv11.:i1ubb~'l"l'U11 b~t!nmnum';iv11.:i1u~hhn~th~ LtJ'1Jtl bbr;=t~'V'lu11 iiDqivi1num';i 1 V!zj.:i 

bb~~.:i 1 Vf b ~u11 tl'm~tJu~1ui1e:i tJ~iim1l.Jb tlu~i!1 
'U 
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5.0 

4.0 4 

1.0 

0.0 

4.5 ~" n 1,-1 bfl ,-1::i1-li'ti11&'1Lbuufl1111w 'I 'Vol ti 1'1 ~ t1 '!If! ih1n,-,-11~111 Lb u Tv11.:i n 1,-:5' fl n 1,-L°iEJ u ~ 
'IJ • 'IJ 

~::L~11flm~1 

'Vl~\l\l1nirnL~c.it11~b~CJ'UTI(?)CJ L(?)CJ 1-if"IJ(?)n\J n,-,-:w(?l1:w Lb t11vi1-:i n1,-~(?)n1,-b~CJ'U~G'f~b~:wP!n~1 
'IJ , 'IJ 



v 

1.1 b-Ue:iV11G'f1~~iJrn1mvim~?1:1.Jnu 

1.3 bi1'e:ivi1?11~~?11m~m.J11tJ 

tJ~~fln~1<Ulliit'U~1~tJ~~~11'LI1~~~~ 
' 

l'l'Ube:J~ 

2.2 ~b~fl'U1~nV1n~~~1~1bG'f~:l.J 

rn1m-U1h~-:i~'U 

2.4 ~b~fl'U1~bbG'f~-:iaanm=i~bbG'f~~ 
'U 

.q, c:;: .J' 
rn1:1.JF1~bVl'U:i.nn'1l'U 

5 4 3 2 

5 15 4 2 

14 10 6 4 

17 10 4 2 

5 9 10 8 

4 10 14 4 

6 7 4 16 

17 14 2 1 

10 12 5 2 

40 

m.l~ 

1 'lll:!.J1fl 

~ 

b'Vi'IJ 

. "· 

8 3.21 mn 

0 4.00 mn 

1 4.18 mn 

2 3.21 

2 3.29 

1 3.03 mn 

0 4.38 mn 

5 3.59 mn 



3.2 '1J(;ln"ilm~l.lnTH~tJ'U~ stem , " 
LoV11"iJ1~~1tl 

3 .4 er L~ tl'U 1~ 1tJtb ~ m.Jn 1'H11 
" 

L(;lt11P1~.:i 

4.1 lil'l'U1'ULLlJlJ'Vl(;l?f€ltJiil'l11l.J 

L'Vfm~m.J 

lid Q.I d Q.I 

4.2 m ~tl'U'Vl~llJfl~ LL 'U'U'Vl'U'Vl'Vf~N 
" 

nld'vll LL lJlJ'Vl(;l?f tllJ 

5 4 3 

3 14 13 

9 12 12 

7 11 13 

9 14 10 

5 12 11 

11 10 5 

16 12 3 

41 

bb 'IJiii 

1'111~ 

2 1 

Q 

L'Vl'U 

2 2 3.41 

1 0 3.85 

2 1 3.62 mn 

1 0 3.91 mn 

4 0 3.35 mn 

6 2 3.65 mn 

3 0 4.21 mn 

3.66 
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[.? 5.0 4.38 4.21 ~ 4.5 4 4.18 
3.59 3.413.853.62 3.91 ~ 3.353.65 "7 4.0 i 3.213.29 3.03 I re. 

~~ 3.21 .t~ 

I 
~ rl 3.5 ("•' ::.-·1 

~~ 

I 
r r~ -:·J ' ~! 'n• ~~i t r 3.0 

I 
"" 

I 
{~ t 

~ 

I 
oc: ~tj 

;-

~fi 2.5 

I I I ~~ 2.0 
lf'O 1.5 w 

-~CG 1.0 i~ ~, ~ 
0.5 

p~ f] . ~J f;'A 
r 

t~~ ~~ ffi 
•, 

-oc: ifi !.''- r:' 
t~ 

t 

0.0 "" '" ;t.; '.:~~ ~ ~(;; ~ 

1.1 1.2 1.3 1.4 2.1 2.2 2.3 2.4 3.1 3.2 3.3 3.4 4.1 4.2 4.3 
0 .., d 

f11tl111"lleJV1 

'11nfl1~ ~ 4.8 tr m~ ti'U:U f11111~ ..:ivrn h ~ eJ"ll wi n"il m ·rn ~ 111 bb 'U1vi1..:i m 1:il wi nTH~ ti 'U 1 
' \J 

G'f:::b~11~m~n 1wiEJfl1~1111e:i~1'U1:::~'\.J111n zj..:i:Wri1bu~t11111 bvi1nu 3.66 b~eJTI'111ru111t1.rre:i~1111 
\J 

f1:::bb'U'UG'f'1G'IWI 3 eJ'U~U eJ'U~Ubb1nfie:i -rre:i~ 2.3 ~b~tJ'U1~~n't/1bb'1:::e:ie:imbUUn11bbflUtu'Vl1~1tJ~'UbeJ'1 
1\.1 , 'IJ cu 

:Wri1bu~t1 bvi1nu 4.38 e:it11'U1:::~u111n B'U~UG'fe:i..:ifie:i.rre:i~ 4.3 ~b~t1'U:Wm111~..:ivrn1'11'Uf1:::bb'U'U"lleJ'1 
\J \J 



d 
'U'Vl'Vl 5 

~1\.lt:-.1f;l ei.flt111mbf;l~"lim~umbu~ • 

1'w fl1'jViw.J'LI1Vi'n~~ mdv\'1-:i1m lltrvhJ i:rn~:w'lvi~vi1-:i fl1'j b~CJ'U bb'1 ~m1:wYi-:iYHJ h b~m ?l.fll'l"i 

?l:W\Vl'1 b\VICJ 1i"ll\VI1h1 md:wm:w bb 'U1V11-:Jf11'j~\VI f11'j b~ CJ'U~?I~ b~:W~ n~1 1~\nn f11'jf1~:wv11a~1-:i b U'U 
q , 'U q 

tl'm~CJ'U -&m:ruCJ:w~n~1tJ~ 4 n11"1b~CJ'U~ 2 tJmd~n~1 2558 1 'j-:Jb~CJ'Ubbri'LI'Ul"ld1viCJ1irCJ -:6'1'U1'U 

34 l"l'LI b\VICJf11'j~:1Jbb'U'Ub\11~'1-:i'11ntJd~"ll1m b 'Ul"l{-:id?tdtJ1vi'~-:id 
' ' 

5.1 6'l'i'IJ~t=1 • 
5.1.1 ~n~:m1"a'ti1.:i1'Wb tl'WVi:u 

V1ir-:i'11ntl'm~CJ'U 1vi' b~CJ'UTI\VICJ 1 i"ll\VI n'1 md:w m:w bb 'U1vi1-:imd~\VI mdb~CJ'U~ ?t~ b~:w~n~1 
'\J ' '\J 

'l"i'Ul1 Vln~~n1dv\'1-:i1tJ~1:wn'UbU'LIVi:w'lia-:itl' n b~CJ'U b\VICJi11'\"i'j1:Wtl' nb~ CJ'U:i1\il~bb 'U'U'j1:Wav1 'Ud~~'U 
'\J 

4 \il~ bb 'U'U bb?l\Vl'l L ~b '1:1tJ11tl' m~ CJ'U:i1md~url-:im1:w?i\VI b '1:1tJ'liB'l~5'U :i11"111:w 1?11'1 ~uYJ-:ioLJ'm?t'LIB bb'1~ 
'\J 

tl'm~CJ'U ?11:1J1'jtiv\'1-:i1'U~1:wnu?1m~n\il'U5'U 11'Un~:w1vi'~ bb'1~ 1vi'm.i.:iV1tl'1vi~u ~\Vl"IJB'Ub vi1nu?1m~ n 

1 'UVi:wvi nl"l'U bb'1~ f11'j bb?I \Vl-:im1:w?i\VI b ~'LI?! ~vr a'Um 1:w~ m 1:w b -LJ'11 \I ?Im~ nn 1CJ1 tJ n~:w?11mdm?l'LI a 
' '\J ' 

VI~ B?I ~vra'U bb 'U 1 ?i\VI b ~.:J'U 1 n bb'1 ~?I ~1.:l?ldd rib U'U ~1'U L VI aj n ld:W ~1'U ~1:W L 'U f11'jVl1.:J 1'U~1'UL VI aj 

tl' m~CJ'U\J~ 1 ~m1:w?1'LI h nu mdv\'1.:i1tJiJ a CJl"l{.:i 

QI ~ c:t 

5.1.2 ~~~1JC]'Vl5'Vl1.:ln1'ib 'rn'U 

V1~.:J\11ntl' m1CJ'U 1vi' b1CJ'UTI\VICJ 1 i"ll\Vln'1 md:wm:Wbb 'U1'\111.:J f11'j~\Vlf11'j b1CJ'U~ ?l~b~:w ~ n~1 
'\J ' '\J 

' ' 
'l"iu11 i:.J '1 ~:W']vi6vi1.:i fl1'j b1 CJ'U"Ua.:itl' m1 CJ'UVli;r .:i b~ CJ'U~ .:i n11i:.J '1 ~:w ']'VlB'\111 'l m db~ CJ 'Uri B'U b ~ CJ'U a v1 .:i:W 

tl'CJ'11fl'1J'Vl1.:J?l~&ivid~~'U .01 bda111d1'1?1B'UVi'IJlJ'U1f11'j'\111-:Jf11'jb1CJ'U'liv.:Jtl'm1CJ'LI b\VICJL i class 

normalized gain <g> 'l"i'U11:Wl°i1bvl1nu 0.65 ~\Vl11i1Viw.J'U1fl1'j'\fl1.:Jf11'jb~CJ'UBCJ1'Ud~~'UU1'Uf1'11.:J 
'\J 

(Medium gain) zj.:i:Wtl'm~CJ'U-:6'1'U1'U 10 \il'U :Wm1:wn11V1tl'1vi1-:imdb~CJ'Ua~1'Ud~~'lJ~'l (High gain) 

?i~bll'U~BCJ'1~ 29.41 bb'1~tl'm~CJ'U"il'1'U1'U 24 Fi'U :Wm1:wn11V1tl'1'\111.:imdb~CJ'UaCJ1'Ud~~utJ1'Unm.:i 
'\J 

(Medium gain) ?i\VlbU'U~BCJ'1~ 70.59 b~B~'11dru1vr\JlJmf11'j'lJEJ.:Jtl'm1eJ'U L'Ubb~6'1~b-d'BVl1 Vl~B 
conceptual dimensional class normalized gain bU'Ufl1d~11Vi'IJlJ'U1fl1'jVl~Bi:.J6'1fl1'jb1c.l'Ui~ 

b ~:w~'U'liv.:itl' m~Emvi:Wl'im daV11V1i1.:i 1 b U'Ua~1-:ih 'l"i'Ui1 b ii aV11b~e:i-:i bb d .:i bb'1~ b~B'U b'lie:i.:J?l:W11l '1 

tl' m1 CJ'Ui1Vi'IJlJ'U1 m 'j'\111-:J fl1'j b~ CJ'Ul.Jl n~?I ~ 1~ CJ:W i:.J'1 m db~ CJ'U ~vi b ~:w~'U '1 ~ .:J'li a .:i-U m~ CJ'U ?i I'! b ll'LI o .82 
' '\J 
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fl11:W~fl11:Wb'1l1hb~e:J-m1\11J1bb~1 bb"'~ b de:iYiirn b~tJ'Uli~l'lJ'U1 n1TV11\I n11 b~tJ'UU €J tJv1?t(;)fl€J ?{1J(;)"'\1le:i 
" ' ' 

m1V1:w'U 1(;)tJlit:rnm1b~tJ'LI~Yib~:W~'U'1~\1"1JeJ\lirm~tJ'UA(;)bU'U 0.48 lil°i1bvl1nu~e:itJ"'~ 48 '1Je:J\lt:rnm1 
' " 

b~tJ'U?l\l?t\;1Yi'1~ffie:imm ~:w~'U 1LJ1~1'Lib~eJ\IVl1b~e:J\ldirm~tJ'UiJ\liim1:w~u?t'U1 'U m1V111m:w'Lil'i'1le:J\I " , 

m1~1'lJ'U1n11Vl1\ln11b~tJ'U11tJ-1Je:i 'V'l'\Jl1 'V'lu111~~u hish sain li'11'U1'Ue:i~ 16 -lJe:i f\(;)bU'U~eJtJ"'~ 
" 

53.33 zj\l-LJ'e:i?te:iu~1'U1'U 16 -LJ'e:idb iJ'U-lJe:i?te:iuYib U'U m11'(;)m1:w~m1m .LJ1 h1 'Ub de:iV11 bb"'~'l.111 LJ 
" 

LJ1~~nl'l1i 1'LI~il'lLJ1~~11'U d~~u medium sain '11'U1'U 13 -Ue:i f\(;)bU'U~e:itJ"'~ 43.33 bb"'~1~~u 

Low sain 1 -Ue:i fl{;)bU'U{eJtJ"'~ 3.33 oLJeJ?leJ'\JoLJeJYi 19 irm~tJ'UlJ~l'lJ'U1n11Vl1\ln11b~tJ'UUeJtJYi?t(;) , 
1{;)tJlil°i1 normalized saimvl1nu 0.29 zj\lbU'UoLJeJ?leJ'\Jb~eJ\l?l:W~"'IPie:im1V1~'U b:ifo~'111tu1bb~1 

I CV QI d IJ ,x I -=.ii qo QJ d d 9.1 .J' Q.J C/I .cilO 

'V'l'\J11 'Um 1tJ'UVll'l e:J'\J'lle:J'Utmne:im 1tJ'U:W'11'U1'U 6 fl'U bb"'~'U m 1tJ'UVll'l e:J'\J'lle:J'Uf;'J n'Vl"'\I b 1tJ'U:W'11'U1'U 
" " 

14 fl'U bb"'~-U'e:i?te:iu-Ue:iYi 2 irm~tJ'Uli~l'lJ'U1n11Vl1\ln11b~tJ'U:W1nYi~(;) 1(;)tJlifi1 normalized sain 

b vl1nu 0.86 b~e:iVi'111ru1 bb~1-Ue:i?te:i'Ubb~1'V'lu11 b U'LI-U' e:i?te:iu1(;)fl11:w{m1m-U1 h b~e:J\I b~e:J'U L '1J'1Je:J\I 
" 

32 fl'U 

5.1.3 bb uu~1111-W..:i'WB 11il~B"U~n "il m"i:ui;111m uTvn..:i m1lij'~ m1 b~CJu~~:::: b~:ufi m~1 . " 

'V'l'\Jl1 eJ'U~'\Jbb1nfie:i oLJ'e:iYi 2.3 ~b1CJ'UL~~mrnb"'~e:ie:imb'\J'\Jn11bbnuruV11~1CJl'l'Ube:J\I lifi1bo~CJ 
" v 

Lvl1tl'U 4.38 mJ1u1::::~'1.JlJ1n B'U~'U?leJ\1~€1-Ue:iYi 4.3 ~L~tJuiim111~\lvrnh1ufl~bL'U'U'1J€J\ln~11LL"'~ 
" " , 

'1JeJ\ll'l'Ub€J\llJA1LO~tJ Lv11nu 4.21 e:itJ1'LI1~~u:w1n B't.i~u?t111~e:i-Ue:iYi 1.3 Lde:iV11?111~?11m1f;'Jth1LJ 
" 

LJ1~CJnl'l1m~ t.i~il'lLJ1~~11'U 1~'1~'1iifi1bo~CJ Lvl1nu 4.18 e:iCJ1 'U1~~umn 
' " 

5.2 B.fhh1CJr;..Jfil 

'11nm1~n~1m1~1'lJ'U1Vfm~~m1v11\11'UbU'UVi11 crn~m1vi~vi1\lm1L1CJ'U bb"'~m111~\l'V'le:Jh 

1\;)CJ 1 oU'1J(;)n'1m1:wm:wLb t.11vi1\lm1~(;) m1 b~CJ'U~?t~ b~11~ n~1 'V'lu11 ir n b~ CJ'Uii m1~u~\lm111f\(;) b ,:;'LI 
' " 

'1J€l\l~~'U lJl"l111J 1?t1'1 -ru~\loLJeJ b?l'U €J bb 'U~ bb"'~oLJeJfl\;)b ,:;'U'1J€J\l?l1J1~ n 1 'LI n~l.J ne:i'UYi'1~ b?l'UeJ bb 'U1fl(;)Vl~€J " . 
-Ue:if\(;)b,:;'U'lle:J\ll'l'Ube:J\I m1li~1t.1~1:w'1Je:i'lirm~CJ'U ?t1m1f;1vJ1\11'U~111nu?tm~nflt.i~'U 11'Un~111~~ 

bb"'~ 1~ bb ti \IV1u1Yiru e:i(;)'lJeJu 1Vf?tm~n1 'UVi:wvi nfl'UliV1i!1Yi b vl 11 nt.i m1bb?l(;)\lm1:wf\(;) b ,:;'U?t ~Vi'e:i'U 

m111~m1:wL -LJ'11'1 ?1111~n.n1CJ 1 t.in~:w?11m1m?lt.1€JV1~€J?t~Vi'e:imLt.11fi(;)L ~\l'\J1 mL'1~?1{1\1?111ri b uu " , 
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" '11'1.Jlviru f111lJ ci1'U~1l.J1'Uf111vl1~1'Uci1'U1 VIW ,r rn~ tJ'Ulil~ 1~m1l.J'1'U 1'1 n'\.J f111vl1~1'UUB tlfl-r~ u u 

zj~ b U'U n11'\.J B n 1~11'1.J B nlil 1 nun b~ tJ'U '1 ~n r.J {;'I ~l.J ()Vlt~~ ~~'U bb~l tl' n b ~ tJ'U EJ ~ '11l.J1'~ tlvl1'11'U~1:Wtl'\.J fl'U 

~'U 1~ -r'\.J~'lfl11:W fi \11 b i:;'U"lJ B'I er~'U bbG'I ~ bb 'll fth ~ '1'\.J f111 ru bbG'I ~ 1~6lll tJb VI~ Bzj'I n'U bbG'I ~ n'W ci f11 j 
u u 

bbnihyvi11 'W~i~'1~.:i~br.J'ilfk!vii11 bbG'l~tJj~ ~n~1 in'l.Jilfk!vi11vilJ1 ~bn111~'U1 'U fan'lJa.:im1l.lbU'U'1~.:i 
bbG'l~?i~b'1~l.J1~~b~tJ'U1~ilfl11:W~fl11:W'11:W1jt1vl'1~~1j~:u11'11~EJEJ1~:W flf;l.!Jl1'V'l 1 'Wl311'l'Jjj,_,.yj 21 

u u ' 

bbG'l~ilfl11:wn11vii!1vi1.:imjL~tJ'Ubo~mvhn'\.J 0.65 B~L'\.Jj~~uth'Wnm~ (Medium gain) zj~ 

'1B111fl~a.:in'\.Jr.JG'\mji~ti"llm Han bbG'l~flru~ zj'l'V'l'l.J11 -Um~tJ'Wvl1~fomj~111n'1mj:wmdL°1tJ'Wn1j'1eJ'W 

STEM ~ltJ 1flj.:J.:J1'Ubll'U;j1'\.J ilr.JG'l~:wnvit1 'l.Jj1tJl'll1flru~\311'1~'h ~:W'1~~'U bbG'l~ileJ~j1n1jb ~:W~'U 
~ ·1 u 

'1'1'11111 'W n~:wi! n b°1tJ'W~:iJ r.JG'I ~:w nvit~1 bLG'I ~?i~r.JG'lvl11 ~-ih tJ G'll116liB~l 1~6lJB~ r.JG'I ~:wnvi tvi1.:i f11j b°1 tJ'U 
\I , , "'I "'I 

G'l'l:w1Bn~1 tJ bbG'\~'1~ b i:;'W11'11n'1jtJ.n1'V'ljl:J..Ji!m~ ti'Uilm1:w~~'V'lB 1'1~BtJ 1 'U d~~'\.J:w1 n bdv-vi'11jnJ1 
' u 

'lJB~~ma.:iilfi1bo~ti bvhn'l.J 4.21 ati1 'l.Jj~~'\.Jmn B'W~'\.J'11:w~ei-t'a~ 1.3. b-daV11'11j~'11mdm.h 1 tJ 
u 

tJj~tJn~1m~'W~i~tJj~~11'W1~'1~.:i:Wl°i1bo~tJ whn'l.J 4.18 at:J1m~~'\.Jmn zj.:i'1a111fl~a.:in'\.Jr.JG'lmji~tJ 
' u 

"lJB'I Tseng et al. (2011) 1~~n,.,1b'1~fl&ilJiamd'l.Jdru1mji'll1ivitJ1\311'1~{ bVlfl1'W1G'IV il311ndj:W 
u 

bbG'l~flru~\311'1~{ (STEM) 1'Wn1jb°1tJ'U~bb'\.J'\.J1m~'l1'U 1111ti'11'Ul~tJ-dii'111ltJj~'1'1rl b ~B~n,_,1 blil~fl&itlB'U 
u ' 

n1j~n,.,1'V'l'l.J11 n~:w~1av1.:im~~'\.Jn1j ~111nlilnJj:J..Jn1jL~m.m1j'1B'U~1tJ1flj~.:J1'UbU'W;j1'W ilblil~fl&i ' ~ 

\Jiai m nJj:Wb tl~ tJ'W 1 tla~1.:iiitl'tJ ~1ri'ru '11 nrnd~:wm,_,ru LnB'\.J~.:ivi:w111Lb'1111.:i1~bi:;'Uei.:im1:w ~1ri' ru 
u u 

"lJB'I STEM ~B m1:w1' Vl'n,_,~bbG'I~ tJj~'1'\.Jn1jruV11'1~1'U STEM '1~bU'UtJj~1tJ'll'W1'Wn1j'\.Jd~nB'\.J 
u 

m~Y11 'Wv'U1fl~ '11mj11'11m 1 ib ~a bLnilfk!V11~bn111~'W'1~.:i 1~ '11mj11'1~1.:i 1G'I n~il~.:irl1'U1 t:Jm1:w 

'1~1111 m ~:wm n~'U '11:w1W bb'1111.:i1 ~b i:;'U Ci~m1:wvim tJ"llB~f11j L°1tJ'U1 LbG'I~ am n~lil~ L°1 tJ'U~b ~:W~'W 
u u 

bbG'l~ci.:ir.JG'll1im'1~flm'UmjtJj~nB'\.JB1~V'l~bMm-t'a.:in'\.J STEM 1'Wmt:Jmflvii!1b~:w~'WBn~1tJ 

bbG'l~'11b vi~~.:i1'Ui~tJ'1a111fl~a.:in'\.Jer1~tJ ~'U., ~.:idb ~ei.:i:w1'11n ~i~tJ 1~'1~1~6ll111n'1md:w~1:w 
, " I "' " 

bb'W1vi1.:imd~111 f11jb~tJ'W~'1~ b~:w~n,_,1 m:w~'W~ B'Wvl~11111a~1~ilj~'\.J'\.J 1111ti L~:W'11 nmd~rn~nil ruvi1 
u u 

bbG'l~m1:w~a.:i f11j i Lflj1 ~~ L -davi1 LLG'l~Vl' n,_,~~ L U'Wil fk!V11B ein L ll'W b -cl' eivi1 ~ei tJ LL~1 ~1 L i'J'U f11j'1~1~ 

'll\11 nlil njjl.J eri ~ tJ EY.:i 1~6lJ BFl1 bb 'U~tl 1'11 n B11iJ1j tlvitJ~ n,_,1zj~:iJfl 11:1.J b zj tJ16ll1 ru bbG'l~tl ~'\.J Lbtl~1:W 
' u u 

F\'1 bb 'U~'116lJB'IB1'11dtlvitJ~ n,.,18 n~1 tJ LbG'I~ bdeiv11 f11jV1\11G'I B~~i~ tJ 1~ vl1fl11:W b ot'11'1 Ci.:i'lJVl'\.J1Vl'lJB'I 
u 
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!Jl'Llbe:i..:i 1(9)c.i 1 off m1:wfo'1:::m:::u1'U nTrn1..:i1'Vl c.i11"11?i1J11 nTrnnuruvt1'Vl1..:iimm1:wl"l1'11J11 ~m1 
'U ., 'U 

LLnuqiV111 'Ll~11J1'il~..:i~Le.J:UqiV1'1J1Lrn:::'IJ1:::~n1J1'1.ff nuuqiV111V1lJ1 ~Ln(9)=ff'Ll1'Ll1"n"lle:i..:im1:wL ll'Ll\l~..:i 
bb'1:::~..:i b?i~:w 1 'IX~ b~ c.i'Ll 1~ih·n 1:w~m 1:w?i1m1t:l~\l :::~11..:i~11Jl1~e:i ~ 1..:in flru.n1~ 

'U 'U • 

5.3 eU'eJbfl\AeJbblJZ 

5.3.1 'tieiLfl'Llmb 'Ll~ri1V1i''Umcaihe.Jliln1-a1:5'v1 tl1"li 
5.3.1.1 m1'111bb'Ll1'V11..:JnT~"5'(9)fl11b~CJ'Ll~m:wbb 'Ll1?l:::b~:w1 'IJ1ii1'Llf111~m~1bb'1:::vhm1:w 

'U 

b oLJ1 hd1e:i'Vl11'VlCJ11"11'11Jl11 iXb oLJ1 he:i~1..:i~ n;..:i bb'1:::e:ie:imb uun \ln11:W 1 '1XVl'11flvt'11m 'Vl:W1:::m.Jtl'U~ b~CJ'U 
'U 

4 .::.. ~ 4 QJ CV Cl! I.I 

5. 3.1.2 f1111"l flW1 bb 'U1f1(9)"1Je:J..:J?l::: b!Jll.Jl"lflW1 1:::(9)'lJ"1JeN fl11\J(9)fl11 b W'U~bb 'U'U\j1f;1J1fl11 

bb'1:::m11'(9)bb'1:::'1J1:::b:W'Lle.J'11J11:w bb 'Ll1?i:::b~l.J~nw11 'IXL-LJ'1 he:i~1..:i~ n;\l b ~e:i 1 '!Xm1~(9) m1 b~EJ'Ll~IJ11l.Jbb 'Ll1 
'U 

W: t::f Cila I Cito ca. .::::. .. I 1 d' 1 II a 
?l:::b1J1:Wl"lnw1:wu1:::?i'Vl5.fl1~ bb'1:::bn(9)u1::: EJ'U'Ll!Jle:Je.J b 1CJ'Ll 

'U 

5.3.2 'timfl'Llmb 'Ll~ri1V1i''Umca1:5'vfl~.:ii;ie:i 1 ti 
5.3.2.1 m1i1m1~nw1m1:wfl..:J'Vl'Ll 1 'Lln11b~CJ'Ll~ b ~e:i..:i'il1n~ b~CJ'Ll~i1m1l.l?i1m1mL1J1nt9h..:i 

'U 'U 

QJI d II I Q.QJ .:ii IQ.II.I 

fl'UCJe:J:W:Wf111:W!Jle:J..:Jfl11'111CJb'11:Wl"lnc.i.n1~'Vl~1J1n1J11..:in'Ll(9)1EJ 

5.3.2.2 m1i1m1~nw1e.J'1Vi'nw:::'Vl1..:ii'Vlml"l1'11J11~Ln(9);fi'LlnuunL~CJ'Ll~1~b~CJ'Ll~1c.im1 

'Vl(9)'1eNe:i~1..:i~1c.i ti1\l~nw1L U'Ll11EJ'Uf1'1f1'1 11c.in~l.J 'V!~e:i~..:i~m~c.i'Ll IJ11l.Jbb'Ll161::: b~l.J~nw1 • • 





'OJ\lb'OJ~tJ um'Vl~6"\loU. n1"a~911\J1~~~3JqVl~Vl1.:Jn1"ab~EJ\J"UeJ.:Jtl'm~EJ\J b~v..:i ~3.l~~n~ 1flEJ11i'm-a 

'Vlfl~e:i ..:imh..:i41EJ. l'Vl tJ1i1'V'l'U 6u~ru ru11'Vl tJ 1m?1 ~{:wvt1u ru.vi~: ., ., 

:wvt11'VltJ1~tJv'U'1~1'1l51ti, 2556. 
' 

ru~'V'l'1 'V'l~:W~. m-a'W' 911\J1 ~ ~~3.1 n'Vl i'V11.:J n1"a b~EJ'W bflfl n1"a~fl n1"a b~f.l\J~bb 'U'Ui!l'U b~1ZV11fl113J~ ~ 01 ~ ~ 

~13.lnu~e:i eDL TV L~e:i..:im-aLfl~v'W~ "Ue:i..:itl'm~EJ\J,l\Jii'tiEJ3Jf1m~nu~ 4. 

i'Vl tJ 1il'V'l'U6'\.J~ '1! qj1l'Vl tJ1\l\1 ?1~111vt1u rusVI~: 11vt1i'Vl mGi' tJ ~'U'1 ';i1"ll'BTW, 25 54. 

'BTU ~'U'Vl{'U1\I. "?1~Vlv'Um1:wfi~'OJ1nu~~?1'Um~rum~1.Un"OJm';i:w STEM Education lu 
Vf e:i\I b~tJ'U", m.nfl:ufl-a1'V1EJ1r11~i;i{ flrui;ir11~i;i{u~::b'Vlfl 1\J1~Vbb vi..:itl-a::bVlrlLVlEJ. 

'IJ 

19: 29-36; :wm1ri:w-6m1ri:w, 2556. 

Ll'1!b~v i"l1';ivt1b1"ll. 'W1i;in-a-a3Jm-af1m~n Vl:w~ri~\I~ 5. n1\lb'Vl'V'l:Wvt1'Ui"l';i: 

.c:t. .c:t. ' Q ' b'OJ';iqj1'VltJn1';i'V'llJ'V'l, 2542. 
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:w'U~~ ~w11'9ll'U'Vl'1. "md?im:f1i'VltJ1m?1~{ b'Vlri h.i fa~ 1mm';i:Wbb'1~riru~m?t~{ vt~t1 ?t~b~:w ", 

1 'W11';i?11';i ~3J1fl:uri-a1'Vlmr11~i;i{ rirui;ir11~~{bb~::b 'Vlrt 1 \J fatibb vi..:itl-a::b Vlr!L 'Vlfl. 19: 
'IJ 

3-14; :wm1ri11-6'U11ri:w, 2556. 

'V'l';iVi'V'l~ Pl~Jl'Vl';i1-U'tJ. "STEM Education fl'Un1';i~~'U1Yln'l:f~ L 'U\lll'\1';i';i'\.'J~ 21 ", 

L'U111?11';itJn'U~vt1';i. 33(2): 49-56, 2556. 

'V'l';ib'OJ~'JJ. t:-J 1m1t:Jmbn\I. (2555). "n1';iU1~t:Jn~b~tl\l?l:W~'1n'1 ", rii1e:i~e:im-a~e:i'lJ1"U1VJiln~. 
- 'I , cu 

http://www.phukhieo.ac.th/obec-media/2555/manual. 1 'V'l~\ll~n1t:J'U, 2557, 

b'V'l"ll';i1i;i~1 b 'Vl'V'lVlVl n~. n1"a~911\J1"UflfhJn"a"a3J b~eJ.:JbVlfl 1 'W faa~b Vl3J1::~3Jb yjeJn1"aflflvl11rt-a..:i..:i1\J • 
"' ' 

1VlEJ1f11~i;iifl1V1~'l.ltl' n L~EJ\J,j''Wii'tiEJ3Jfln't;1tlVi 3. i'Vl t:J 1il'V'l'W6'1J~ ru ru1m';i?i n'\.'J1 ., ., 

11vt1uru'1~: :wvt11'VlmGi't:J\ll~'Uri~'U'Vl';ilh~. 2545. 

1n~'V'l'1 'B'W1'41\1Pl. (2556). "11t:J\11'W?l1Un1';iU';i~'q:Wb;u\lu5u~m';i STEM Education", 

http://www. slides ha re. net/focus physics/stem-Workshops um ma ry. 

15 'V'l~\ll~n1tJ'U, 2557 
• 

1~t:J~n'l'Jru ri~~1\1Pi. m-aLmEJuLViEJu~~~3Jqvi5·vn..:im-ab~fl\J ~n'l'J::m::u1'Wm-a'V11..:i 

1VlEJ1A1~i;iiLL~::b'1(;lrt~'1e:i1"!nVJiln~ ,l'Wii'tiEJ3Jf1m~nu~ s -a::Vl';h..:im-a;5'fln'1m-a3J 

m-ab~EJ'W~ bb uu1'11;5'n-am-ab~EJ\J~ 1 ~'W m1::m"a;5'fln'1m"a3Jn1"ab~EJ\J~flEJLiluruV11 v d.J 'U cu QI 
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~1~1"1 1 8. 1 :w.4-6/1 ~.:irhm:w~a,ltJ'U~'U\11'U"lleJ.:!m1:w~LL'1:::m1:wL.U1h'Vl1.:ii'VIEJ1fi'11a\Jl{ 
'\) .. ~ 

"" 1 "" .1 °' d .. .¥1 t d o A "" 'Vl'J'eJ m 1:w a'U ~ 'Vl'J'a~1 nu 'J':::b"1'U'VI Lnvi"ll'U 'W"llru::: 'U'U 'VI a1:w 1 'J't:1'Vl1 n1 'J''11n ~ m1 ~aatJ'Vl'J'eJ 
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1 \JI t:l'VI a:w "1 '1 \JI am 'J' rn B'U 'VI~ :::fl .:i a 111 w m 'J' bfl i;i eJ'U 'VI L"1 :w fl a 'VI v "1'U .:i 'Vl'J' a bfl i;i eJ'U'VI "11 EJ , ' ' 

" .... 'l .... ' "" d1 ., "" .... .. d 0 ' .... .:'1 .. fl11:W b 'J'1fl\I \Jl1 ~"1 EJ1 \JI t:1 ~ :::a:w "1'1 \JI a n1'J' rn B'U'VI "1 b:WeJLb 'J'\1'1W5'VI nw'Vl1 \JI a11J1 m u'U fi'l'UEJm:w . , , ~ 

n ,, 

a:wni'J' L~ = o 1'Wmru~iiLL'J'.:im:::v11aa.:iLL'J'.:i LL1.:iYf.:iaa.:i~:::l'i'a.:ii1"ll'W1"1Lvi1n'U Vll"lvn.:im.:i 
i=I 

II 

"ll1:W 

1'Wmru~iiLL1.:im:::vT1aa.:iLL 1.:i LL 1.:i~.:iaa.:i~:::~a.:iii"ll'U1"1b v11nu i1l"l'Vl1.:il'ln-U'1:w 

1'Wmru~iiLL 1.:im:::v11a1:wLL 1.:i 1"1mL 1.:i~.:ia1:w 1:w1'liLL1.:i"llu1"1~::: 1~11 LL 'U1LL 'J'.:i~.:ia1:w~:::wu 
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I CV d IQ I.I d O ::: q 

L 'VI 1ntJLL1\l'Vl?f1 :w bL!Jl 'VI fi'l'VI 1\I\Pl1 \l"ll1:W b:WeJ 'U 1bL1\l'Vl\I611:w:w1 b "lJ EJ'U LL~ 'UJl 1 w bL 'VI 'ULb 1 \I n11tJ eJ n 

L 1nL\JleJ{Lb 'Vl'ULb 1.:i~.:ia1:w~::: 1~1'\.Ja1m 'Vl~EJ:WU"1WeJ~ 
~ 

1 c:1dc:1 0 ~ 1 ~ .. 1 
'Un'J'n.t'Vl:IJbb 1.:im:::'Vl16'11:WbL 1\l"ll'U '\.J 6'11:1J11t:ILLEJnLb 1\ILU'ULL1\leJ\lflU1:::natJ 'ULL'U1LLn'U x brn::: 

n n 

Lb'W1LLn'U y Lbi;i:::v\lfl\11~11 "F = o bb'1::: "F = o ~IX ~ 1y 

i=I i=I 
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3.1 un b~E.J'W?f13.J1W?f1U b1v'W 1'U'UeMbb1\16'1111bb1.:i~m~v111?i Bll'lt:lzj\l?flJ~fll'ivm1 b~B'W~ • • • 
" 3.2 tl'm~E.J'W?11m1'1V11bb 1-:i"''WB'UB\lbb HVl\1?1111~1 E.J15m1b ~E.J'Wb 1 mvivibL uuvi1-:il'i ffM1 

n1::inum1 (P) 

3.3 v1m~~ 1 'Wm1ei1'W 

l°lt1.16l'm~m.1::8'Ww.:J'l.h::61.:Jfl (A) • 
3.4 um~E.J'Wiifl1111?f'W h 1~~ 

'U 
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"'Yi6m~vi'11'1 e:i1\9lm U'WPl'W~ bL"1d11L11'Wii~Yifif1~1e:irnLn'WV11l'W1~ oi L U'WPl'W~ 611vi-ru61nTv"~"1 
, \J " I \I , 

L~E.Jvf11 Ui°'\9lt:lBT'iliim1Lfl~B'W~~1E.Jfl11lJL ~1fl\11'11zj\l?f€l~fl~B\I nu LL 1\l"''WB~'1~Pl'W~nft1\1111'1 
• • 'U 

vminm~vi'1 Vl~BB1'1iin11Lfl~B'W~~\161B\IB~1\l'W~Bllfl'W b~B'W 1'Utl'1~fl~1E.Jfl~\I n'W ABLL 1\1 

~'WB~m~v11 nui' (91 t:l L tJ 'W Pl'W~ Lbfl~ 111 Lll'W l'i"''W B1B'U '1~Pl'W~ nfl 1\1111"1~ B\I b U'Ufll'W~ 
'I \I q 'U 'U 

ctcic::t 0 

1. ff':itl.l'Vl11LL ":i.:J6lv.:JLL 1.:Jn1::V11 

Lde:i11.:i·wu.:i~B'U'W H\'~ viu.:i~e:i'1::B ~~\l'U'W Hi:: hw:W LL 1.:i61B\ILL 1 .:im::v'i1~1'WP1'Wvnm.:im "1 
'U 'U 

LL1.:ivi~.:iAe:i LL1.:i1-U11ci1.:i'lJe:i.:ifanvi~mhvrun w amL1.:ivii1.:iAe:i LL1.:i~1~~~'Wviu.:i~e:i1'W 
LL'W1~\I01ntl'U~'W rn:: 1\~· LL"1::LL 1\l~\161B\l:W~Pl\911\l-iJ111n'W ~\1Jl1'W~ 2 
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"il1nnnnTHfl~v'Wvi.Uvvi 1 '1JB\IU1~'W LL1\1'1~5'1Jv\I 11 · mi::: N LV'Wl"l'WV LL'1~\1111't;iri~ 
';,J ~ ' 

m.i1 'W'1f:U~fi'1nt;i LL 1\1'1~5m:::vh~v1't;im U'Wl"l'WV 
\I , , \.I 

r;i'\ltT'U I( I· ;\~ -~· 0 V!~B If· .... - :Y 

Lfl~B\1Vlmt1-U'1\IV!i11 ~\·. Vlmtifi'IVil"lvit;i1\loLJ1:wn'U 11 · 1~ti'1l'U1~LL~1 S 

b~B~~b~B'W1'1l~6'1B\l'lh:::nBU 1m:w'Wl'i1BU"il~1~., "il:::bU'Wl"l'Wti1~fi~m~B 1\·~ bbfl::: 11 · 
' I ~ 

2. n~ruijLb ,~ff11JLL ca"ln,~v11 

1'LlmruLL1\I 3 LL1\lm:::Vi1~v1'l'lri LL~1i't;iriv~~\I LL'U1LL1\l~\1'11:W"il:::Lll'U1tJ1~ 2 mrur;l\ld 
' ' ~ . " 

mruVi 1 bb 'U1bb 'a\l~\lm:U"ll'U1'Utl'U 

1'11e:i~1\lmru~ 1 1~i\u"i LLvl\lflt1'Un~t;i~1~u'Wi1-:iL'11 2 ~'U L~e:iv11'1:::~1'U LLvJ\lfleJ'Un~t;i"il::: 

liLL1\lm:::Vi1 3 bb1\I ~ti J1V!un I ( ' N1 bbfl::: N2 bD'Ubb1\lvib6'11r;i'\lbbvJ\lfleJ'Un~l'l1'U'Vil"l~\I01n 

~.:i~tl 3 -:v1nn~m1Lfl~t1'U~-U'e:i~ 1 'Ut1.:i'Ll11'1'U LL 1.:i~~B'UeJ\ILL 1.:i~.:i~1:wLU'U~'U~ 

-w 
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rl1'WU\;l'1\;lb~1J~'ULb~1b~E.J'Ub1flbl?lfffff' '11ntT'Utl1'V!1\lb'Jflbl?!Bi Ni 1J11'iB~1b1flbl?!Bi JV • 
0 ,- I Cl.I ,- Cl.I d ~I CV ,-

bb~t'U1'V!1\lb'Jflbl?!B1 N2 1J11?1B'V!1b1flbl?!B1 N, \;l\11U 'Vl 4 '1tb'V!'U11 'V!1b'Jflbl?!B1 N2 'V'jtJ'Vf1\I 
'U 

"UB\lb1flbl?!BiH' WB~ '1t1~b1flb1?1Bii;)w1frvhntJPl'U~ ~\lbbG'f(;l\ll1 faE.J"U'U1(;1"1JB\lbb1\lbb~1 
'U 

N, +N2 '1t~B'lbvi1nu Hi n11~'1t'V!1~1 N, bb~t N21 1~ '1t~B\l'Vl11tJl1 1tE.Jtvf1\I 

W'V!l1\I H.' nu N1 bb~t N2 bU'UbvJ11(;1 bbft11-U\1v'U1"U~G'IB\l"UB\IG'f1J(;l~ b"li'UL~v?i(;JL:l.Jb:l.J'Utrl"UB\I • 
Lb1\11BtJ~(;l~ H1 mtvi'1'1t1~11 N1x1 = N2x2 (L:i.Jb:1.J'UIJiiJViPim'ln'U.LJ'1:1.J) bifo x, LL~t x2 

bU'U1tEJt~ N, bb~t N2 vi1'l'11n~(;lmtvi'1"UB\I H~-· 1?11:1.J'11~u 

I F; 

d ... ,, 111111 d "'"' 
Jl1W'VI n.5 LL 'IJ'JLL -a.:i~.:i 'IJL~'IJ~1EJ\llNnntJ1\Jlrt 

\I , 
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Vnnvhn1'S'Vl~~eJ\ln1'S~\ILl°l~eJ\li\1'1U~\l~~eJn'Utlmtit?i'1tJ ~\lt:.inn'U11'1'1~eJ~~\I LL'1~\l-J1LL'S\I 
'IJ • 'IJ 

~'W6~mtv11~ei1'1J1'1iil"i1LlJ'UPi'Utl '111~ Fi , F 2 LL~t F 3 LU'ULL-s\lmtv'i1~ei1'1J1'1~eJ1tJ!"i11111 
• 'IJ • .. . .. .. 
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'1~ 61 'VI~\! L ~eJ\1'11n 111L11'Ul'i'~l'H5~ei\ILU'UPJ'U61111v 
' I 'IJ 
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lf1~LL 1\IVl'11fJLL 1\1 Fl , F 2 , F 3 , F 4 ... F n n1tvl1~B1'1?H1LL'1t1(;)'1eJ~lti\I L 11'11lJ11tlii1 • • "II 

i5m1vi'l-if Pln~1LL 1\1 3 LL 1\1 m1-ii'Pin~1tl'ULL1\IVl'11fJLL 1\1 LLG'ltG1~tJ11'i'L"li'UL~tJ'Jtl'Wl1LL 1\l«'Y'l5"1JB\I 

LL 1\IVl'11fJLL 1\li1'UL U'UP!'U~ 
'U 

.. .. • .. .. n 

Fl + F 2 + F 3 + F 4 + ... + F n == 0 'Vf~B L F; = O 
i=I 

llTU1LL1\ILVl~1'0G1:w~~11LlJ'W F1 ' F2 ' F3 LLG'lt F4 :IJ1Vl1LL1\l«'Y'l51'11ti15Vl1\l~B'IX'J 
L'Jf1L(;)eJ{ hw 1-ifm1:WtJ1'J(;)1:1.J:IJ1(;)11~'J'U '1t 1~LU'U1UL'Vl~tJ:WU~ ~\11tl 8 

'U 'U 

m1V11LL 1\IL9'Y'ltfoeimnn 1 m5V11\l~B'IX1L1m(;)eii' eJ\1'11:1.J11'1Vl1LL 1\IL9'Y'l51~e.Jfl11LWf1LL 1\IL llu 
LL 1\IB\ll°itl1tf1B'U LL"''J1'J:WB\lrlU1tf1B'U~1\11 '1t 1\1lB\lrlU1tf1B'U"IJB\ILL 1\IL9''Y'lf5 ~el 

n n 

Fx = IF;x LL~t Fy = IF;y 
i=I i=I 
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b~a F bb6'1~ F bU'Ubb 1-:ia-:if'li.J1~na'U 1'Wbb 'U1bbn'U x bb6'1~ y 1Jrn.i'11~'U Fx 
IX 1y 

bb6'1~ FY vfLi;)d tl1m1'1Xvn'1J'U1~bb6'l~Vll'1'1Je:J\lbb1\l~'W5l~b'li'Ub~EJ1n'U F.,. bb6'1~ FY 1'Wl'11a~1\I 

11 11 

" P = o bb"1~ " P = o L., IX L., IY 
i=I i=I 

s.1 "1'Lla~1.:if'11111a'L!L'1 

1. fl1'Vl'U'Vl1'Ub-d'aV11'U'Vl~bbGl11~mn:w'!Jm~EJ'Ui;i'1mhm:w~-:id 
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- i.J~:w1rul'i1-:i 6J ~ b~ EJ1ii a-:i n'U n 11 bfl ~ a'U~ bb 'U 'U b~ B'U~ brn ~ bb 'U'U VllJ 'Wi1a~11u 1-:i 

(fl11l..Jb~1b~\lb6¥'U, f111l..Jb~1b~\ll..Jl..J, l..J16'1) 
' 

.... ' d d 
'W6'1\l\11'U"il6'l'U'1Je:J\I f111 bfl6'le:J'U'Vl bb 'U'UVll..J'U 

' 
2. fl1'Uanril~L11~'1-:if'lm1b~CJ'U 1 u1~'1.Uad11 '!Jm~EJ'LI"il~~a-:ia5'U1CJ 1 m~~-:id 

'II ' 
Q.I d I d d d d~ di! ~ di! d d!V 
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n ' " L F; = o 1'UmruVii1LL1-:im~v11'1a-:iLL 1-:i LL 1-:iV1-:i'1a-:i'1~~a-:ii1'1J'U1~bvi1n'U Vi111'Vl1-:im-:i.LJ'1l..J 
i=I 

- 1'Wmru~i1LL1\lm~v11'1a\ILL 1\1 LL 1\l~\1'1a\1'1~~a\li1'1J'U1~Lvi1n'U V1111'VJ1\1"11\l-U'1l..l 

- 1'Umru~i1LL1-:inwv11'11l..JLb 1-:i l~mL 1-:i~\1'11l..l 1ll1'1iLL 1\1'1J'Ul'U'1~ 1~11 Lm1LL 1\1~\I 

'11l..J'1~'W'Un'U~'1~ .,Vli'.1-:i 1~mL 1-:i~-:i'11l..J'1~a~1 'U1~'U1rn~CJ1 n'U bb6'l~i:.J6'111l..l'1Ja-:i'1a-:ibb 1" bL 1n'1~n 
' I 'II 

I QJ d 1.c::t. I.I d O ::: d 

'1J'U 1~ b 'Vil n'U bL 1 \I 'VJ '11l..l bbl'l'Vl 111'Vl1-:im\I'll1:w L:wa 'U 1bb1\I'VI\I'11l..ll..l1 b '1J EJ'Ubbi:.J 'U.f1 Tvrn 'Vl'U bL 1-:in11'U an 

nml'lfffa 'Vl'UbL 1-:i~-:i'11l..l'1~ 1~1i.JG11l..lb Vl~t!l..lll~'Wa~ 
'II 

- 1 'Umru~i1Lb1 -:i m~v11 G11l..J LL 1-:i~'U1 iJ G11l..l11mLCJ rnL 1-:ibll'UbL1\Ia-:iF!i.J1~na'U1 'LI 

11 n 

bL'U1LLfl'U x LL6'l~bL'U1LLfl'U y LL"1~~-:ifl\11~11 "'""F = o LL"1~ "'""F = o L., IX L., 1y 
i=I i=I 

3. fl1ml..l'!Jm~m.d111'lri~11-:ia~~\l "1 '1~i1bb 1\lflWvl1Vl~a 1ll (ij} b U'U 1tJl'l1l..Jflniia 1 Vl'U'1Je:J\I 
,,, ct " I dJ 

.c:i, Q.I I.I d 
'U11'l'U (f1D'1JB'Vl 1) 
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4. m11~1'1?1{1U'Um::~nu 1~m ll'U1'\J fl'1eM~b vr~ tJl.l~11·rn~1 'W~'U~'U bb~11 ~i1m~tJ'U11~ 
'U , \J 'U 

bb'U1bb1\l~m::l'ie:i11?1mM1'W?tl.l~ • • 
5. fl1e:i6u1m~l.lb~l.ln'1m~e:i~~\l.,U'U~'U 'i\l::iibb1\l~m::v11~vh1~11?l{)eJ~~\lhi' 

'U " I , 'U 

5.2 "1'Uri1n1ilbb~::fi'UV11 

1. i1m~ti'UbL'l.1-:in'1:iJ 1?11:iJ 1~~~-Um~tJ'WtT\I • 

... 
5.3 'ti''Uei.iit1~1mb~::~.:iiei~1t1 

ri 1 bb'1:: -u fl b ~ tJ 'U ~1lJ n 'UV11.V e:i"' 1tJ 11 
~ . 

1. b1e:i'W 1 "IJ"lleJ\l?fl.l~'1iiMbmU (2 bbUU) bbUU 1 Vl'UU1\I • 
- mru~ii?tv\I bb 1\1 m::v11 ~\I bb 1\l?te:i\I bb 1\ld'i\l ::vi'e:i\lb limb 1 \l~iiVi1"1'VJ1\11?11 \I n'W-V'1l.l brn:: 

"IJ'U1'Un'U 

- mru~iibb 1\l?f1l.Jbb 1\lm::v111 'Umru~\lfl'111ii~\lbb UU"IJ'U1~n'Ubb'1:: hl"U'U1'Un'U L~tJ~b 11 

1 m6V11\ll'ie:i~1 bb urn 1flb1?1a{m-d1tJ1 'Wm1l°l1'U1 ru 

2. b~eJiibb 1\1?11l.Jbb 1\1~1:W1~e:itJ1 'Ubb'U1bGl'U\?11\I b~tJ1 n'U m::vhl'iv11?lmb~1ll?l{)?flJ~'11'ivfl11 'U , , , 

d d Vf' ~ IV 6' 

b'1 eJ'U'VI bb 1 \1'1'\Alo"UeJ\I bb 1\l'Vl\l?f1lJ b 'Vl1 flUl'l'UtJ 
~ 

' ... ... 
3. LijPJ L ~tJ'U L 1 n LtJl PJi6lJeJ\J LL~ \JVJ'\J'11:W LL tJtJVl1\J\PlPJ1X1'f\l~ViU'J1L1 fl LtJl PJ~6lJeJ\J LL~ \J~\J'11:W{J)eJ fi'LJ 

iJ4 .J :"! 
b 'U'11lJb'Vl'1tJlJu~ 

V 6' &:=ii I CU .c::i1 lc=o, CV II 

4. bb 1 \1'1'\Ali)"IJ'EJ\1'1'El\I bb 1\1bb1fl 'i\l::lJ"IJ'U1~ b 'Vl1flUbb1\l'Vl'11l.l bbl?l'VJl'l'VJ1\11?11 \I fl'U"IJ1lJ 

5. b~v11?l{)ti\I il11'imm1bb1\l~\l?f1lJeJ'Elfl 1Ubb'U1bb1\l~\1'1113-1\l::'\AlU n'U~'i\l~Vl~\I • • 
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""" _., -,=,,,, ,,_ ,,,_.,. ,, "'·' --"-··•''-'""'"•-·-.., ,, "'· 

0 

3 b61'U "il1'WTU 

0 

3 b61'U "il1'Wl'W 

-o51'Ul'W 3 b61'U 

0 

1 el'W "il1'Wl'W • hJ'bJ.Jm 

0 

1 el'W "il1'Wl'W • 1mYfH"ilflb\JleJ1 '11Vlfo1('1J.JJ.J 
' 

0 

1 1'11 "il1'Wl'W 

dq 0 

~Hl1 'W n Trn.rvin TVl'W ('l 

'l!m~CJ'W"il:!iilBm";imh:i h1'WnTrneimb'Ullbb'Vl'W1flJ.J hJ zj\IVIUn 5 ilfan1'J.J 

"il1m"liein~ijfl11J.Jm1 4 bJ.Jm bb~1v111~b"lieinV1~EJ'W~\lm 20 b~'W~bJ.J\Jl";i 
"il1mb 'Wl";i:!~'U~\l";jtJ .., 

88 

''\ 



89 

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

LL~'U~.:J concept 



90 

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

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

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

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

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

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

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

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

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

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

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

··························································································································································· 
........................................................................................................................................................... 

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

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



~ ., ' 
\11nt=1m'Um-aru~.:iml1'J 

i!m'1titJ'iil~ri16m1e:ith.:ih 1 t.inTHL 'lJ1'U bf!~ 1 'V'J 1 '!Xe:ie:immu LL(l~L:Uti'ULL 1.:i~m~v\'1LL?f(;l.:J 

i6m11°11'U1ruV11LL 1.:i&i~L ~e:in ?11'1~ 'VJ(;l?fe:iu LL(l~LLm 'lJ'\Jfoth~ b(;ltJ11(;lm'WLL(l~utJVirnm(l~(Pl1~1~ , 

~~~eih.Jd 

Uru'Vl1~WU 
QI 
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1't11 1 31212 t.Ji1n~ 8 

QI ..i QI 

1'Ll'Vl 6'1..111R" 2558 

L 1fl1 2.0 "11 L".:1 
Rl~~rnu u1.:iua1'l'Hl.! Jj'5a"uu'Vltl 

q llca.1,:Q.I 

1. "1\Pl'Hi1'LlnT'H ·rnuVV11'tf1i;i 
... 'U 

"1\Pl'l!1'U 1 5.1 LoLJ'1hm1:wl.'1:w~'LI5·n~Vl11..:i"Wir..:i..:i1'UntJni"J"~1"J"..:i~i\Jl ni"J"Ltl~cJ'UitJ 

'W i;r \l\l 1'U tJ n 61:w ~'U B 'J":::Vll 1\I(;'I1 'J" LLfl::: 'W i;r \I \11'U i:.I "161! €1 \I n1 "J"1 aU'W i;r \I \11 'U l'i €1~1 \Jl LLfl::: ~\I LL1 i;J ~ €J:W i'j 

"' ., cl .,: d "' ., o !'."I. I'! "• I 'i ' n"J":::'U1'Un1'J"(;'f'LJL(;'f1:::Vl1fl11:W'J" 6'1B6'11'j6'1\l'VlL W'U'J" LLfl::: 'U1fl11:1J'j bub "(f u'J"::: bCJ"1f'U 
'IJ 'IJ 'IJ 

"1\Pl'Hi1'LI 1 8.1 1-Um:::u1'Um"J"'Vl1..:i1'Vl CJ11"!16'1\Jl fori:::~\Jli'VlCJ11"!16'1\Jl fl 'LI n1"J"~tJL6'11:::V11 ... 
m1:w~ m"J"LLntlruV11 ~11tJ"J"1n11m'jru'VJ1..:io"J""J":w"1f1~~Lni;i~'U~1'U1 V!ruiJ"J"tJLL uu~LL u'Ua'U 6'11mw 

\J "' \J d..J "' \J 

€JB'U1 CJ LLfl t\Jl 'J"1 '16'f B'U \JI fl1CJ11'1-LJ €J:Wfl Lbfl::: L\01~€1\liJ a~i'i €1 ~L 'U"li1\I L 1"11,!'U 61 L oLJ111iJ11 i'Vl CJ11"116'1 \Jl { 
'IJ 'IJ I 

L 'Vll°l 1 'Ufa~ '1\ll°l:W LL'1:::~\ILL'Ji;J~€J:Wi'ifl11:WLMm-Ua..:i6":w~'U5n'U 
Cl.I ~U ~ 0 ~ I ,K IJ II fl ~ ' 
11116111~ 1 8.1 :W.4-6/1 l'l\11°11Cl1lJ'VlBCJ'U'U'W'U~1'U"tl€J\11°111mLL'1:::1'111lJL"tl1blil'Vl1\11'VlCJ11"!16'1\Jl'J" 

'IJ ~ 'IJ 

Vl~tim1:w6'1'U h Vl~Blil 1 ntJ "J"::: L~'U ~ Lni;i~'U L 'U"tl ru:::i!'U ~6'11lJ1"J"f;1vJ1 ni"J"~1 "J"1 '1 m1 '16'1€JtJVl~eiPim~n 
~'Ul°ll1 LJi€1~1\ll°l'J"tl'Ul°1'1:WLL'1t L zjB~B L~ • 

1 \Jl '1~6'1lJ~'1 ~B n1'J"VllJ'Uliltl°l\16'1fl1i"m1"J"Vl:W'U L~lJ ~B LlJV!lJ'U Vl~tlVllJ'UJi1 CJl'l11lJL ~1 L '1J\llJlJl°l\I , , , q , , 1 

~1 bi;JCJ11'lf;1'1:::6'1lJ~'1~Bn1'J"VllJ'U 1~ Ldv'VlB{nG)'WBVl~Be.J'1'j1lJ61JB\I blJLlJ'U~"tJB\ILL 'j\J~m:::'Vi1~B1tll'1 , , , , 
n 

LU'U~'U~ :L)J; = 0 1m:w'Lil'i"1lti\ILL'j\I (Moment of force) Vl~B'VlBin (torque) 1\Jl~lil:::i'im"J"V!~'U 
i=I 

djmL "J"\lir"W5~ m:::vh~ei11'lf;11lJc.J1'Ul"!'U~ nm..:imfl zj..:i'1:::v111-H'Lni;i'Vl aimeitJl"!'UVn'11..:i:w1'1 1i;iCJV11fi1 
• 'IJ 'IJ 

"tlB·rnBin 1Jl1i11n6'1:Wn1"J" f = r x F LL'1:::6'11lJ1"J"'1V!1"1l'U1~"1lB\l'VlBinvr~B"tl'U1~"1lB\I 1:wL:w'U~61JB\ILL "J"\I 

1Jl1i11n rF sin(B) 

vr1Vil"l'Vl1\1"11B\I f 1~'11nn~iiei"1111 1~CJVil"l'Vl1\l"tJB\I f 1ii:::l'l..:ieiein~..:io1nnu"J":::'U1tJm1vr:w'U 
' . 

djei1tll~vr~'U 1 'WVil"l'Vl1..:i'Vl1m~:w'U1wm LL'1:::Vil"l'Vl1..:i"11t1..:i f '1:::~..:iL-U'1~..:io1nnu'j:::'U1um1vr~'U L~B 
1\Jl~V!l~'U 1 'UVil"l'Vl1\l\JlllJL ~:w'U1wm r;l..:ii!'UL ~Bl°111:W(;'f:::~1 n L 'UtJ'Vld '1:::n~11fi..:i'Vlt1{nV1~B 1:wL:w'Ul'i'"tJB\I 

d '1 q ., d "' 'i ' d 
LL 'J" \l'Vltl~ 'UW'U1'U Li;JCJ1 n'l.1611\ll°li;J LO'W1t61J'U1i;J61JtJ\I 1.:W L:W'UlP161J€J\ILL 'J" \Ith::: nB'U ntJVil"l'Vl1\l'Vli'i LO'W1t'Vl1'U 
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Lb 1-:J~flTU (couple) b limb 1-:i?ta.:i Lb 1.:i~ii'll'U1(;)b vl1n'U Lb 'U1Lb1.:i'LJ'U1'Utl'U LLl'i:WVil"l'Vl1.:J(JJ1.:JoV11! 1m11'UIPi 

'LJeNbb 1-:JFlfl'JtJ (moment of a couple) Lda:Wbb 1.:irifl1um:::vi'119ia1(JJflvJ1 L '1Xbn(;) l1Jb1l'UIPi'LJa.:Jbb 1-:Jfl", 
'IJ 'IJ • 

mu Vl1'LJ'U1(;) l1Jb1J'U\;)'LJa.:Jbb 1-:JFlflTU 1~"i11fl ~rtfl~'LJ8.:J'LJ'U1(;)'LJEJ.:Jbb 1-:JL(;)bb 1.:JV!~.:JtltJWtJ:::'Vl1\l~\l01fl 
'IJ 'IJ 

" 1:::V1l1\lbb'U1bb1\l~\l?fe:J,:j 

3. 1\lfltl-a::a.:iflm·n~v'U~ 
, 'IJ 

fl'J111l (K) 

3.1 -Um~tJ'U?111111t1a6u1m~tJ1ti'um.J~r1\9ian11V1~'U1~11 1(JJ'l~'111~r11'iam1V1~'U,r'U 1111~ 
al"iJV!(J \;1~\l 1l.l'Vl1J'UV!~e:JV!1J'U~1 (Jfl111Jb ~1 b ~.:J1J:Wf1.:J\;)1 , , , , 

3.2 -Um~tJ'U?f11111t1?f'fU1~11 Lda:Wt11b11'UIPi'LJa.:ibb 1.:iV1~a'Vlafom:::vi'11'ia11'1'l v'ht 'IX1'111~1l.la~ 

L 'U?111~r1~am1V1:w'U • • 

3.4 -Um~tJ'U?f1:1J11fl?t1tJ1~11 Lb 1.:iriFJ1u 1 fi m:::vi'1~a1111fl '1:::vi'11 ~1111fl?t:w~r1~am·a~a'U~ 
, 1\.1 \I , , q 

bb(;l 1l.J?t1J~G'l~el fl1'fVf1J'U • • 

tJeJ(J 1 rim:::vi'1~a1(Jlfl 1 'IXLn~ l:Wb:W'UIPil'11.:JoV1:W nu l:Wb:W'UIPi'lleJ.:Jbb 1-:JFlfl'JtJrl bb 1fl t~tJii'LJ'U1~b vl1tl'U vh 1 'IX 
'U , 'U 1\.1 

1(;1flatJ1 'U?t:w~r11'ie:im1V11l'U (1\;Jfl 1l-1L~a'U~bbrt::: hi'Vlll'U) , 'U , q , , 

m::'IJ'J'Un1'a (P) 

3.7 ~n~:::1'Wm1ei1'U 

f!W~n'~W::el'UW.:i'lh::a.:ifl (A) 

3.8 -Urn~tJ'Uiifl11:w?t'U h 1iH 
'IJ 

flJ.J ~it i;i v 01'a'Yf3.l'U , . 
Lde:ie:iarnb 1.:im:::vi'11'ie:i1111~ Lbrt:::v111 ~1111~ bfl~ a'U~bb uu b~a'Ul'l1bb 'VftJ\l L 'WtJ\leJV1\l b~ v1bb1\ltT'Ul'i'a.:i 

~1'U~~~'Wfinr11.:i1J1r1 (Center of mass ) ~.:JL?ti1e:im U'U~111J"Ua.:imrt1(;1~~\lna'Wbbrt::: 1 'Wmru~n 
1'111~V1r11v 1 na'WmEi~~~n'UL u'UitJV11.:il'i1\l 1~\JL~v n wuu ur1::: L 'WLL~r1:::1:::uufin'1~l"l'W~ nm.:i1J1r1 

• 'IJ 

L -d'U tl'UbbtMhii Lb 1\l nwvhlPi a1 tJl ~VJ~a1::uu hJt.i1'U~ (;)~'UV nG'l1.:i1J16'!1 \;) fl"il:::bfl~ a'U~ bb 'U'U'Vfll'U 
• • 
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111L111.J~'!leJ.:I LL 'H 

djeiiJLL 1-:i~yjfi~hh tl'Ul31'U~h.nm~vhl'ia11'1'1Lb'1~bb1-:im~vhtT'U hJ~hmJ(;)131'W6 fl'11\lll1'1'1~vl11 ~ 
'\I , , '\I 

'Vl~'\.J1eJ'LJ~(;)l!)'l.J6n'11\lll1'1 Lb'1~fl11'Vl~'U"tleJ\ll~~'Y111 ~Ln(;) hm.1'Ul11"tle:i\lbb 1-:i (Moment of a force ) 

'Vl~eJb~f.lfl~eJi l1b1Jb1J'Wl'i'Vl~eJ'VleJ{n (Torque) 

Ll.Jb1J'Ul11 = Lb 1-:i x Wf.l~'Vl1-:i~-:iu1n'11flliJ(;)'Vl1J'\.J hJEJ-:iLL'U1bb 1-:i 
' ' 

M=F·r 

-
F 

.,,j "' 'i ~ 
fl1W'VI n.19 'Vlfl'Vl1.:l'!leJ·h11L:IJ1.JlJI 

r fie:iwf.1~~1\l'11flliJ(;)'Vl1J'UL'lJc!-:iLL'U1bb1\l 'Vl'IJ1mlJ'U b1J~1 (m) 
' ' 

'Vl'IJ1mlJ'U i11l'i''U (N) 
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-
F 

111L11'Ul'im11L~11mwrn = 111L11'Lil'i'Vl1'UL~11'U1wrn 

'111m1lb1J'U~l'l11Jb ~1J'U1Wfl1bU'U111 b1l'U~~iibfl~eN'Vf1l1CJlJ1 fl L1Jb1l'Ul'i'Vl'J'U b ~1l'U1Wfl1ii bfl~tl\l'Vf1J1 CJ 

fill L 11'11tl1~11 1'1n~fliJ~fl~tinT~'VliJ'IJ ~fl'a'JiJ'Vl1.:JflcU'1f11fl'1i"lie1.:i LiJ LiJ'IJ,)ijfi1 L U'IJA'IJEJ , ' ' . " 
n 

IM;=O 
i=I 

II ., 

"lltlfl.:Jbfl!Jl 

1. l\Plf;)~'11ll1lf!l'ivfl11'Vf1J'LJ ll'lf;)tT'l.J'1tBCJL 'W'1tn'Wti·rnrtt bJV111'1.J 'Vl~B'Vl1J'LJ~'JCJeJV111b 11fl-:J~ , , , , 'U , , 

CV I I d 0 I ii CV -=ii I d ' 
2. 'J!'lf;)'11J\1lfl!'1B fl11'Vl1l'Ubbflt'11ll1lfl l'l B fl11 bf!B'LJl'l1 bb 'Vl'LJ-:J'W1B1l., fl'LJ b 1CJ fl11'11l\1lfl'Vl'11ltJ1ru , , , , I , 'U 

LF =0 x 
,,, 

~fl111l"LJB-:Jbb 1\l'Vl1\161J1CJ = ~fl111l"LJB\lbb 1-:J'VJ1\l"ll11 

LF =0 y ,, 
~fl111l"LJB\lbb 1-:J;'LJ = ~ft111l"LJB\lbb1\lfl-:J 
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hmJ'Ll~"!ltl'ILL 'N~fl1\J 
d O I CV .:::ii I CV Q.I lc:ilQ CV ii .c::il I 

LL1\16'fe:J\ILL 1\IVJm::v111Jre:n1Jm lJ"1J'U1~LV11n'W Lb'U1LL1\1"1J'U1'Un'W LLIJllJVJPlm\ln'U"1J1lJL wrnL 1\1~ 
' 

. . 
W"il11n.n"il1n.n1~~ 12 "iJ:::1~-;h1lJLlJ'Wl'l"1Ja\ILL1\lrll°11'U Fl LLG'l:::P 2 1B'UbLn'WVllJ'U O LV'W 

" ' ' ~ 

blJblJ'UIJ!1J11lJL~lJ'U1Wn1 bb6'l:::bUB\lliJ1n"1J'U1~"1JB\lbb1.,:JFlfil1'UbvJ1tl'U ~\ltJ'U '111~ F bth..t"1J'U1~"1JB\I 
" 

LL1\1Fll°1TULL~'1::LL1\I "il::vr1e.J'1"1JB\ILlJLlJ'l.Jl'i"1JeNLL1\lri1"11u FI, F 21~Lll'W 
" " 

~ ~ ~ I ~ 
blJB l btl'U1::;EJ::;VJ1\llJl\I01nWVl11\lbb'l.J1bb1\IVl\16'fe:J\I 

hl1~'1\ILn1J1-J11'l.Jm1V111mlJ'l.JIJ!1arnLn'l.JvrlJ'W~'l.J L-ti'W A Vl1a B ~\ILL6'f~\11'W.n1'1"J~ n.21 
' 

c.i6'111lJ"1Ja\l 1mii'WIJ!1iJ::;iiri1b vl1b~lJ fia b v11nu Fl bb'1~VllJ'UmlJb~lJ'U1wm n\lbb~11"iJ::;w"OJ11ru1V11 
' 

c.J'111lJ"1JB\l LlJ LlJ'l.JIJ1"1JeJ\I LL 1 \11eJU bbn'l.JV!lJ'l.J 1~ 6'l n\Jl 1lJFl1~1~'1::1°1\I L~~ LL V!G'l::VI~ 'l.JIJ11~ L ~~'l.J1Wn1 
' I ' 

b'ti'l.Jb~~ 

6'f~'IJ1~1113JL3J'Ll~"!leHLL 'a'l~fl1\JL~ 61 ii"!l'Ll1~L vi1nrn.it=1~ru"!lt>'l"!l'L11~"!ltl'ILL 'a.:!L~LL 'a'IVlrl..:i 
Q,I ~ I ~ ..J ~ ca, ~ ~ Q ~ I 

nu-a::a::f1..:iu1n-a::vi11.:iLL 'Ll1LL 'a'l\'l'l~tl'I "lf\lliJ~VllJ'UIJ11lJb "1JlJ'U1'14n1 Vl1BVl3J'UV11'l.Jb "1J3J'l.J1Wn1 "1J'l.J eJEJ 
' ' " 

nuViPl"LJB·m 1\lrll°11U~beJ\lb U'l.Jbb j\JvJ1 b ~l\Jl'1 hi6'13J~6'll'ieJn11V13J'U '\I , , , 

L da\l'OJ1rnL 1\16"~5"1Ja\1Lb j\lfl1"11u'OJ~b lJ'l.JPi'l.Jtl L '\i'J11~LL 1\l~\1'1a\lii"1J'W1~Lvl1n'l.J u 1\lril"11u~\lliJ~ 
" " " 

hliic.i6'l 1 'Wm1L~a'l.Jl'l1LL VltJ\lliJ~Pl'Utlnm'lm6'1"1JeJ\lllJ1'1~L ll'WB6'11~ LL~"ild1e.J6'l Lo~1::v111 ~Lil~m1vr~'l.J 
, '\.I , • 
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d 0 'I 'I ' 
111WVI n.23 LL 1..:im::V11 l'UnT1 ~~n~e:i..:i 

nT~1?1ncia,w1~a11'1t:i 1 tJuw~'U"J1uJl1mb "J\lb 'WLb 'U1w~u ~\li11'W~ n.22 zj-:i 1i;mtJn~~m1~n • 
1"111l.f~J(;l'Vl~ai'.ibb 'J\l b~ CJ(;l'V11'U bb~'UJl1'W6UeN Lb 'J\l~\l'VllJ(;l~ n wvh tl'U.!Jl'l t:l ?!~(;11 n~'1~bbli1(;}\l b 'UJl1'W?fa\l • 
ij~ ~-v hlbL?f (;l\l'V11\l?i1'U6Ua\lrn11J'Vl'U1 LifoLb "J\lm~l'l1~?i1'Unn1-:i6Ua-:ii'l'lt:i ?!1J1J~1 ~ncia-:iL U'Ui'l'lq~ij . . ' 

m11J'V!'U1 Lb U'U'1~1 b?!lJa tl1'V!u n'1tL U'LI Lb "J\l mtvh~ ~1 LL mkil(;)PJ'LI~ ci1-:i~nm-:ii'l'l t:i "l.ltut~LL "J -:i . " . 
m~l'l1ir-:iuaC.1ffJlLL'J\lb~CJ(;}Vl1'LI~LU'U1tJ1~ tl''LI~a F < µI\l 

F 

f ... 

1vimi:: l3Ju·1~a'LI~ LL~'Ufl1'W'lJB\lU 'j\j~n'JtYl1~€lll'lt:lbll'U~\lfl1'W~ n23 LL 1-:1 f ~f)bL 1-:!L~EJ(i) , , 
V11'U~Lfi(i)<ff'LI bLn::bL"J-:i N ~a Lb1-:i~~'Wmtl'l1nu11'1t:i1mrn1~-:itl1nnu~'LI L~a11'1ci1lJLfOJ~a'LI~ LL?f{i)\J ' . 
ffilJLlJ'LI~'V11'LIL ~1J'LI1Wm6Uru~~ Lb 'J\l w Lbn~ N 6U'W1(;}L vi1n'Wbbnd1ViPim-:in'WoU11J tJ"J::na'Ub U'LI 

bb 'J\lfOJ .... • rnu~ffi1Jb1J'W~l'111JL ~1J'LI1Wm 1m1J'U~6Ua-:i bb 'J-:il°irnu~-:i?ta-:i-;;itl'i' a-:iL vi1n'U 11'1ci~-:i 1lJ'Vl1J'UVJ~a 
" ' . 

N od1 d~'"' ffnnw'V11'Vl (i) L1Jeh1J1J 

LL'J\l F n'JtYl1 bb'U16UeN N f011'JaCJ1'LILL'LI1L~C.11tl'Ubb'W16Ua\l w L~a Lb1\l F L~lJ<ff'U bL1-:!~i1 
" " 

L1Jb1J'U~1J1n~'U ~1bb'VltJ\l6U€l\l N '1~b~e:iCJvi1-:iBe:inl\J1mb'U16UeN w b~:woff'U '1'UC'i\l"UB'IJ"tm-:in~a-:i 
ne:i'U~'1~b~1Jbav-:i'V!~a~1J 1Ji' 
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.. "" 5. Ol\lm'"51Jn1'H 'all'IJOT~'flel'IJ 

5.1 .rr'U?l~1\ll"l'J1l.J?l'l.il'i1 
.r .,J.,.,J .. ~ 

1. l"l'Wl'U'Vl'J'Ub'l.JeJVl11"11'UVlbbfl'Jb 'Hl\I b\lfft.MJ'lJeJ\l?ll.J~fl 
~ ' 

- 1,1, 1\l~\1?1111 'W"LJu1unu m~vl1~ei1'1J1m1.~Tv111 ~11Jmmtl 'U6'1.fl1'W6'1l.J~fl "ilt 1~11 1. LL 1\1 , , \I • 

~'W5'1JeJ\lbb1\l~\16'1111\Jlei\lbU'Ul'l'UV f1ei L.F = O 2. bb'U'Jbb1\l~\1?1111i;lei\leiv1.uwu1'Ub~V'Jtl'Ub6'1l.lfl 3. 
~ ~ 

I.I l I ti 
QJ II Cl.I c::i1 d I QJ 

1,1, 'U'J 1,1, 1\l'Vl\1?11l.Jl'leJ\l'W'Un'U'Vl~~ 1Vl'U\lb Vl1'U'U 

- bb )\l~\16'111Jb U'Ubb )\l'lJ'U1'U fl1tvl1~fll!Jlflbb~'Jvl11 ~ll'lfleJV1 'U6'1.fl1'W6'1l.J~fl lilt 1~11 1. , , \I , 

bb1\l~'WB'lJeJ\lbb1\l~\16'1111"1ei\lblJ'Ul'l'UV ~ei L.F = o 2. 1.m11,1.1\l~\1?1111i;lei\leiv1'Uw'U1'UL~v1n'UL6'1l.lei 
~ ~ 

3. bb 'U'Jbb )\l~\16'1111 hl'11b U'Ul'i'eJ\l'W'Utl'U~~~ 1 b~V'J 

- l"l'fU 1 b .V-1 ritJ'Vl b~ V'U 1~ v1 ~ir m ~ V'U1i~'U6'1eJ~'U~'UVltJ\l~eJ~1'11 bb Vlil\I ~ 1\11 'U 1\1 
~ ~ 

l'l1bb Vlil\IVltJ\l~eJ"iltVll.J'U 'U1\l\Jl1bb Vlil\IVltJ\l~eJ"iltb~eJ'U~ l'\'11,1, VliJ\l~flflnLb 1\lfl1tvl1tl'UVltJ\l~flbb~TVh 1 ~ 
' 

(1"11ei6'U1V 6'11 b Vll'l~t! n b~V'U 1 i~'U6'1eJ~'U~'UVltJ\l~ei~1'11 bb viil\1~1\1., l1'U1\I 1'111,1, Vl'U\I 
~ ' I 

11.14 0 I Q.14 d d 0 I do fl II CV4 d d I 

Vl'U\16'1eJ"iltVl~'U 'U1\11'11 bb Vl'U\IVl'U \I 6'1fl"iltbfl fl'U'Vl 1'11 bb Vl'U\IVIV11 b V!Vl'U\16'1flbfl fl'UVI bb'U'J bb 1\l"ilti:.Jl'U~~1 

.J.Jc0 I ' 

Vl'U\l'Vlb Wn'J1"il~l'l'UVOfl1\ll.J'Jfl ("il~Vll.J'U) ) , \I , , 

- l"l1fl1l.JtJnL~V'Ul1 fllbb'U'Jbb 1\1~1'U"il~Vll.J'U"iltbf1~n11Vll.J'UVl~eJ 13J ('b.J) 
\I , • , 

2. fl~uein~~tbt?l\1~0111,~vu 1 u-M'1.Veid-J1 

- t!m~V'U"iJ~\Jlei\leJBtJlV 1 m~l11 bb 'U'Jbb )\l~fl1tvl1~eJll'lfl~~1'U"il~l'l'UV Ofl1\ll.J'J'1tT'U lilt 
' ' ~ 

5.2 im1111"ilbb'1trJ'UV11 

1. t!m~V'UbbU\IO~l.J "11l.JL~t~t!m~v'Llii\I 
' 

2. fl11~t!m~vufo611~n"ilm1l.l~ 2 L~ei\I mJ~'1l'ieim1vil.J'ULL'1tLl.JLl.l'U"1"LJei\ILL1\I 'U , , , 

3. t!m~ vuvl1 f1 "ii m1l.J 1~v~l"l11"leJ vei6'U1m1.fi ~ 1 ~m111~ LbfitfleJVl'le:JtJ djeiiJm~vuii-Uei 
~ ~ 

inm116'1\l~V 

5.3 iuei.fhh1mLfit'1\loLJeJ?11tl 
' 
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n 
d ., '1 ... ., ' ,, !"1 ' ~M 0 2. bl.JffJ~~e:J~ 'U'1Jl1'V'l'1lJ~'1'1CWl i:.J'111l.J"l.le:J\J bl.I blJ'UIJl"l.le:J\lbb 1\JIJle:J\J b u'U~WJ ~ ; = 

i=I 

V!~e:im"il'V'l~ HH1 i:.Ji;:i11l.l"1.Je:i\J 1:wLlJ'Ul'i'vi1'Ub ~:w'U1wmb vi1nui:.ii;:i11l.J"1.Jei\J h1L:w'Ul'i'1J11l.Jb ~l.J'UT~m 
'U 

3. b~e:iiiLLH1-1mmL1\J~m~vh~e:i1'~'1 i;.Ji;:im~~e:i 
' 

LF =0 x 

LF =0 y 

~ 
i:.J'111l.J"l.le:J\Jbb 1\J"IJ'U = i:.J'111l.J"l.le:J\Jbb 1\J'1\J 

- G1l.J~i;:il'ie:im1V1~'U "il~1~ 

Ll.lbl.l'U~~1m~l.lmwm = Ll.lblJ'U~'Vl1'UL~mnwm 

4. blJLlJ'U~LU'U'IJ~mrue:i~h (nm~e:ii) LL'1~iiVi111e:iv1\JhU1\J 11~1'1JL~e:iJ1m1:iJL.V11"iJ"1.Je:J\J 
'U 

F 

s. LlJLlJ'Ul'i"l.le:i\JLL 1\Jl"irnu'Vf11~e:iv1\J h (1:iJLlJ'Ul'i"1.Je:i\JLL 1\Jl"imu 1w1 i1"1.J'U1~L vi1ilui:.Ji;:il°'lru 
'll \I I "' 

"l.le:J\J"IJ'U1~"1.le:J\JbL 1\J 1~LL 1\J'Vf;j\Jfl'U1~tJ~~\Jt:nnW'V!l1\JLL 'U'JLL 1\J~\JG1e:J\J) 
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"' ... ., 
5.4 "U'IJ"Ul:J1tJf111~~ 

1. FJ'rn5tnm ~~b&l~11 u 'i.:J'"1
1

FrJ'udteNt uuu 'i.:Jrl7 Zi1?°'"1t7 LUm.J(jJfi~em7'i'Jl/3JU 
'\J '.J 9 ry 9 

2. FJ'rn~t'l!m~ti'W~1~n'Ue:iilth1tJ '1~i;i~~e:im11'1~'Ubb~t 1~b~'U~"UeNbb 1.:i t 'U"1Ji;irhin11~~ 2 'U , , , 

5.5 ~'U'l.htdJ'Ui:.J~ 
1. Fl~~.:ibn1J1m1~~1~iie:i1'Wm1b~tJ'U n111J1e:iuF11m~ m1vi1n"ilm1~ m1e:ii1th1tJ bb~t 

6.1 ,,,,r.:i~m~tJ'U 11ti1"111b~~b&l~ YJ~n~ 2 

.. d d ' 1 .. 
6.2 "/Ji;)fl"iJfl';i1~ 'VI 2 b 1eJ.:J '1~i;J~IJ)f)fl111'1~'Ubb~t ~b~'UIJl"UeJ.:Jbb 1.:J • • • 

II .c.:t. f" ~ 

6.3 1'1ENG1~i;Jbb~t eJ'Ub 'VleJ1b 'UIPl • 

.:::: dQ.I 
7.1 '1\l'VJ'Ji;) 

7.1. l Fl11~~Fl11~boU1h 

7.1.2 'Wq~m1~m1b~tJ'U 

7.2 15m11'i;i 

7.2. l '1'lbfl1Jl'Wq~m1l! 
d "" ... 7.3 bFl1el\llJeJ1~ 

7.3.1 bb'U'U&r\lbnlPl'V'l~~m1lJ 

7.3.2 "IJ~fl"ilfl11lJ ~ 1 b~el\lb~el'U\"U"UEN61lJ~~ • • 
7.4 bnru'1n111'~i:.J~bb~tthtbi3'Ui:.J~ 

7.4.1 bnru'1m1thtbi1'Ubb uu'1\lbn1P1"Wq~m1l! 

'111~Fltbb'U'U11~ 20 Fltbb'U'U~'U1tl ~e:i11~1'U 

'111~Flt bb 'U'U11lJ~1n11 15 Fltbb 'U'U ~e:i11 hi~1'U 
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................................................................................................................................................................... 

1 o. -ri'mi'lumt u~/LL u1'Vl1'ittm "ll 

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

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

.. 
G't\1'11€1 ........................................................... . 

('W1\llJtn'j'H1.1 lTim:wi!'U'Vlu) 
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., 
U1J1Jff-3Afl~'Wq~ifrnit1uiui~uu 

" 
~ ~ 

L':iel'l .................................................................................................. "ll'LJ ............................ . 

f'l1~LLlil'I 1l1'b~11bl"l~el\IVl111t.J ../ !;Nb'U'lieN'J"~l1i''UYl~~m'J"11n1WlB'UFl1'1111 boWCJ~oLJeJ~~ 1 'lie:i~ 

Lnru'1m':ith::Lil'LJ 5 "" ..J 
VllJ1t.J'1\l lJ1 n'Vl 61 ~ 

' 
4 "" VllJ1CJtM l.nn 

3 "" tJ1'Unm~ Vl111t.J(M 

2 "" 
,,, 

VllJ1t.J(M 'UeJCJ 

1 "" 
,,, ..J 

VllJ1t.J(M 'UeJCJ'\1161~ 
' 

1. n1':iijd1'1.J~111l'l.Ji'Ub~EJ'U 

... "' 
II 'd ':i::~'U'W 'llJl n':i':i11 n11 m1m':i 
'tlel ~'l'Vltl'ILnlJl 

5 4 3 2 1 'lh~Lij'LJ 

1. iJ m~t.1'Uii~1'U~1111 'U n'il m'J"11 

2. 'U'm~t.1'Uiim11161'U h 1 tJn'il n·rrn 

3. 
QI .r:::::il I .q c:;: 

'Unb 'HJ'U'J"'J11bL61~~1"l'J1111"1~ b Vl'Ubb~~ 

0 

1JJeJ'U1"11m11 

... "' 
II 'd ':i~~'lJW'llJln':i':i11 ':i111 ~g'ln1':i 

'tlel ~'l'Vltl'ILnlJl 
5 4 3 2 1 th~Lij'U 

1. iJm~t.J'U~1111'J"ci1JJe:iur11m111Jl 
,,, 

~n\Jle:i~ 

2. 'U'm~t.J'U~1111'J"ci 1~b'Vl\Jlt:-i~1 'U 
' 

Fl1\JleJ'U 1Jl 

3. 'U'n b~ t.J'U~1m'J"'161'J"Ul"l1111'il 1 n 
' 

d d.. 1"' 
b 'J"B~'Vl b W'U ~ 
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fl~bb'U'U 11-15 

fl~bb'U'U 8-10 

fl~bb'U'U 5-7 

4 ~I Q 

G'l\l'l!B .......................................................... ~u~~b:l.J'U 

......... I .................. I ........ . 
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fliJflfl !Jie:i n1"a'Vl1l'lJ ' . 
Ldmrn fl LL "S.:Jmtvl1~ellVl'1 m1tv111 ~lV1'1 L~~el'U~LL 'U'U L~ei'U\P\'1 LL VlU.:J L YlcMel~1.:JL~CJ1 LL ';j.:J,r'U 

' ' 

mru~ii1Vl'1Vl'11CJ., tlB'Um~l'!&il'!tl'UL ll'U'SU'Vl"S.:Jl?i1.:i '1~-.:J L~CJ fl W'U'U Lrn~ L 'ULLIJift~';j~'\J'U nii'11'1 , I \I I , 

f'l'U~ fl ft 1-.:J1J1'1 L °1l'U tl'ULL~'11ii LL 'S-.:J fl';itvl1~ Bl VI '1Vl~el';it'U'U b~~1'U'11'1 f'!'U~ flft 1-.:J1J1ftl VI '1 '1 t L~~el'U~ 
\I , , \I , 

bL 'U'U'Vll.J'U 
' 

1. 111L1J'lJ~'tle:l.:Jbb 'H 

L~Bii Lb ';j-.:}~Yl5m~ b ti 'U f'!'U tlm mtv111Ji Bl (;Hl LLft ~LL ';j-.:J m~·vhiT'W 1~~1'U'11'lf'l'U~ flft 1-:im '1 '1~'Vi1 
\I • , \I 

L ~1 VI '1Vl1J 'U 'Sel 'U '11'1 f'l'U tl fl '11-.:J 111 ft LL~ '111 VI ciiT'Wii ~ ~ l'l 'Sel'U LL fl 'UVll.J'WLLfl'U Vl~-:1 '11'1 Vll.J'U tl , ci , '\I , , , , 

1~ -oJ 1 L iJ'U ~ ei-:i Vll.J'U ';j eitJ '11'1f'!'U~flft1-.:i111 ft LL ft~ fl 1 "S'Vll.J'U 'lJ ei-.:i-r VI fl,,; 11~Ln1'1111 Ll.J'U ~'lJ ei-.:i LL ';j .:i 
't 't \I , v4 

(Moment of a force ) Vl~eJL~C.lfl~ei11111JL1J'U~Vl~eJ'VIB1fl (Torque) 

111L11'Wl'i' = LL "S-.:J x "S~C.1~'Vl1-.:i~-.:io1fl'11fl'11'1Vl1J'W 1 tJ~-.:JLL 'U1LL "S-.:J 
' ' 

M=F·r 

-
F 

.d ... 'I" d 

llTW'VI n.25 'Vlft\'11.:J'tle:l.:J L1Jb1J'lJ\Jl 

vii.11muu 'D1l'i''W (N) 

Vl'l.bmll'U l.i1l'i''U-L11m (N.m) 
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d 'i' d Q -~ 
111W'VJ n.26 L:IJL:IJ'l.Ji;)i;)1:1JL"ll:IJ'IJ1wn1 

2. ~Pl'V11'WL~:w'W1wm b~t1n--J11:wb:w'U~'V11'Ub~:w'l.nWm 

d 1 d Q ~ 
111W'VI n.27 :IJL:IJ'UIJl'Vl1'UL"ll:IJ'U1wn1 

1:wb:w'W~m:wb~:w'W1wm = 1:wb:w'U~'V11m~:w'U1wm 

n11 m:l.Jb:W'U~\911:1.Jb ~:W'U1Wf11b U'U 1:w b:W'U~~i1 brl~eMVl:W1tJ'U1 n 1:w b:W'U~'Vl'J'Ub ~:W'U1Wf11li 

bri~eNV1:W1t16'l'U L ';i11.'1';itl1~-h 1'1J1n~fl:1Jfli'l~t1m1vi:1.1'1.J ~i'l11:1.1V11..:iflril1J1f'11a1J1i"llt1.:i L:IJL:IJ'IJ~ij 
'I u4 ' • 
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" .., "l.lva-:irnl'l 

1 11'1'1Yi?l:u~G'lvi El ni1V1:u'U 11'1'1,Y'U\J::; EJCJ °1'U?1.n1-w~~bbG'l::;1~Vl:u'U V1~EJVl:u'U~1CJeJ'm1 b ~1 . , , , , " , ' 

1. nT~f'i'1u1rub~eiiiu 1-:1V1a1mb ';i-:in"a::'Vl1~ei1'l'l~u~1 1l'l'la:u~a~rn~1~fliei 

1. if1?1:U~G'lvlEln11b~El'U~ \!::; 1~ L.Fx = 0 
' 

L.F =0 y 

~ 
i:.JG'l11lJ"IJEJ~ bb 1~"/J'U == i:.JG'l11lJ"IJEJ~bb 1~G'l~ 

2. 6'1lJ~G'lvlEln11VllJ'U \)::; 1~ ' , 

. . 

'W'111ru1\11n.n1-w~ 2.4 \J::;M11hJblJ'Uvl"IJEJ.:Jbb1~1'1mu F 1 bbG'l::; F 2 1EJUbbn'UVllJ'U o 
" ' 

. . 
"IJ'U1~"1JEJ~bb1~1'1f11UbbvlG'l::;bb1~ "iJ::;V11(!.JG'l"IJEJ~1m:u'Uvi"IJEJ~bb1~~mu F 1, F 21~bU'U 

" " 

Fili+ F2l2 ::--= Fl1 + F/2 = FU1 + l2) 

b~EJ l b U'LI1~CJ~'Vl1~~~u1m::;V111~bb 'Ulbb 1~~~6'1EJ~ 

hh~~~bnl'l111'Lini1V111:ublJ'UvJ1EJUbbn'UVllJ'U~'U b-d'U A Vl~EJ B ~~bb6'1~~1'W.n1'W~ 
' 



107 

~ Q I Q 

b "l.J1J'lJ1Wfl1b "ll'Ub(;l1J 

" 1u1~H1 hm.1'U~'tlt1.:ibb ':i.:i~f11u1\;l 6) ij'tl'lJ1\;lb 'Vi1nu~f!~ru'tlt1.:i'tl'lJ1\;l'tlt1.:ibb '5'.:i1\;lbb '5'.:i'Vl~.:i 
QI t • t d ~ Q 41 ~ ca. 

nuca::EJ::~.:iu 1n ca::V111.:i bb 'U1bb ca .:i'VI .:iati.:i 611\l'\J ~Vll!'U 1'111! b "IJ1J'U 1vrn 1 Vl1eJV!1J'U'Vl'J'Ub "IJ1J'U 1wn 1 . , 
~'Uvtlnul11"1"1.JeNbb 1.:iriFnudbeNb ll'Ubb 1.:ivi11 ~1l'lt:11:W6'f1J(;lrt\Jian11V11J'U 

\I \I 'I • " 

b ~eN"i11flbb 1.:i"'-w6"1.Ja\lbb 1.:irimu"il~ b tltJPl'U~ b -w11~bb 1.:i~.:i6'fa.:in"l.J'U1(;) b vi1n'U bb 1 .:iriFJTU~\l"il~ 
" " " 

hli1(:.J'11 'U rn1b~v'U1'11 bb Vlil .:i"iJ (;ll"J'U ~ nm.:im'1"1.J a.:i1!Jl t:1~ b ll'U ~"1~ bb(;)"il~n(:.J"' btJ-w1~vi11 ~ bn(;l rn1 . " . 

1'1J1t:1~nw.i 11JV1'U1 bb il'U61~1 b6'f1Ja J1wu n"il~ b iJ 'Ubb 1 .:im~vi1~1'11 bb VltJ\l"iJ(;ll"l'U ~ci1.:i~ n'11.:i1'1J1t:1 
, , \I • 

"l.lru~~bb1.:im~vi1ei.:iuatin11LL1\lL~ti(;l'Vl1'U~LlJ'Uh.J1~ iftJ~a F < µN 

+-F 

f -

d d 0 ~ ' 

11TW'VI n. 30 u ':i.:J'Vlm::'Vl1numrn.:i 

l~~"il~ 1:WLFl~eJ'U~ bb(:.J'\.JJ11'W"l.JeJ\lbb 1\l~flWvl1vl€l1~~b lJ'U\1J\JJ11'W~ fl.29 Lb 1\l f ~e:Jbb 1\lb~tJ(;l 
'Vl1'U~Lfi(;l~tJ Lrn~LL 1\1 N ~a Lb 1.:i~~um~vi1nu1'~t:11 tJLb tJ1vY\ltJ1nnu~'U bdv1'~t:11:WLFJ~a'U~ 

• • 
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LL 1\lrlFl'JU~mm:i.J'Ul'i''Vl'J'W~:l.J'U1Wfl16UUJ~~ LL 1\1 w LL"1~ N 6U'U1~L vl1tl'ULL"1~i1Vif'l1'11\ltl'U-U'1:1.J 
" 

o I ~I ' d:"!'l ' ~ "" 'l ' 1 ~ IV ' "' 
u1~nau L u'ULL 1 \IFIFl'JU'Vl:l.J b:l.JL:l.J'U\Jll'l1:1.JL 6U:l.J'U1Wfl1 b:l.JL:l.J'Ul'l6UB\I LL 1\IFIFl'JU'Vl\l~B\l"il~\Jl B\I L 'V11n'U 

" " 
11'1~~\I hhlfl-J'UV!~B~:l.Ji;:t\I 

N 

LL1\I F m~vh LL'U'J6UB\I N Fld1BCJL'ULL'U'JL~CJ'JtlULL'U'J6UB\I w Lda bb1\I F L~:l.J~'U LL1\lrli1 
" " 

b:l.Jb:i.J'Ul'imn~'U 1'11bbV1'11\16UB\I N "il~b~BCJvl1\IBBn"il1nbb'U16UB\I w b~:l.J~'U "il'Ufi\16UBU6UB\ln~a\I 

na'U~"il~b~:i.JLBCJ\IVl~v'1:i.J1~ 

~1e>Eh:i~ 1 1~m~~1'UCJ11 4m i1mi;i 20kg ~U"11CJ~\l~B\1~1'Ui1L~1~1B~ "111CJFl'U'V!~\li1:1.J1"1 
70kg ~'Uvf1\l"il1ntJ'11CJ 1~m~~1'U'V11\li1CJi'.JmlJ'UWCJ~ Im ~\11tJ "il\l'V!1LL 1\l~L~1LLlPl"1~~'U 

" 
15-.11 fl11L~Bn"il~Vl:l.J'U 1 ~L~Bn"il~~11i'Vl11Url1 "il~ 1~"il~ y , ' , , , 

F. L 
Mg 

E- Xt ~ 
f--X.,~ 

F R 

. X3----

= 

'V!~\11 ~dJ'U"il~'V!:l.J'U L ~a 1 ~~1CJlPleJfl11rl1'U'JUJL ~B\l"il1n"il~ 
' ' 

v'h 1 ~riTvm1FIL U'U~'U~ 

"il1nn!Jfl11Vll-J'U ~"il11ru1~1~m~~1'U Lda1~~~ 
d .. ' ;'1 0 1 "' ' 'Vl:l.JbL1\I 0, t:J1'ULu'U~~Vll-J'U LL"1~n1'V!'U~ 'V!'VIB1FI 'Vl'J'U 

L ~:1.J'U1Wmi1ri1L U'Uu1n 

0 

(1mX1okgX9.sm1 s 2 )+ (2mX2okgX9.sm1 s 2
) 

4m 

= 270 N 
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0 

Mg+mg-Fu 

(70kg x9.8m I s 2 )+ (20kg x9.8m I s 2 )-270N 

= 612 N 

.,. .. 0 

'Ji5"Vl1 

M = F. r 

-2 
M = (20)(6x10 )sin30 

M = 1.2(0.5) Nm 

~1t1~1~~ 3n~e:i.:im1l.JV1'U1LLU'IRl~1L?fl.Jt1~.:i~'\J ?J.:i 1.00 Ll.JV!~ n1'1.:i 0.50 bl.JV!~ iJJ1wun 2,000 
'IJ 'IJ 

'W1~'U 11.:ie:i~'U'U~'Uw~u~.:iiJ'1l.JtJ~~i1'Vl~m1l.JL~vi;i'V11'U?Jiivi~~V111.:i~1'1l.J~?f L U'U 0.4 LL ~.:i F 1 'W 

,, 
~.:JU'U W = N LL'1~ F = j 

,.., 

f iJrl1l.J1f1~?fi;J 1i;lL vi1tl'UFl11l.Jb~Vi;J'VJ1'U?fiiVI • f 
3 

fs = µ5N = 0.4 X 2.0 X 10 N = 800 N 

F --
'I.I. 51 h L U'U~~v~?J.:i?Ji;i~ LL ~.:i F m~v11~e:i1'vimL~T'J1 

'IJ. • --...---~-

b ~tl.:!'11f1'JV!ti~.:Jl"l.:JeJV b 'U?fl.Ji;J'1ne:i'U1ti'1Vl~tl~l.J ~.:iJ'U 
• 'IJ • 
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l:IJb:IJ'U\Pl'!JB.:lbb~.:lf11°1TU N, W = l:IJb:IJ'Ul'i"'!JB.:lbb~\1~1°11'\J F' ls 
'II 

Wx d = F x h 

wt .. l! 

0.50 
200 ( N ) x ( m) = 800 ( N ) x h 

2 

~ h = 0.625 m . 
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c:I I 

"lfvnfUJ • 

~~~"."J•~:<W--':i:'4'7'"-; ~- •. ,'1~;~:·;,~1 7- ;..-;'. , ~ • _, .\ ,.·. _ · , ••• •- '. 1-> •. l:'c I c~··..c., •• ¥3·"f·I'••,-.;' ,, , ••. • ..--~-_..,. -:--··",'::" ,,"OO~~!i'~'.:J:...r. 

~ c:I ~ d 
,, 1. "lfv - anf! ...................................................... "lf'U ......... bfl"tl'VI .......... . 
~ . 
" c:I ~ d 
" 2. "lfv - ana ...................................................... "lf'U ......... Lfl'tl'VI .......... . ~ II 

~ c:I t d 
~ 3. "lfv - lilfJfl ...................................................... "lf'U ......... bfl"tl'VI ......... .. 
r c:1 t d 
~ 4. "lfv - lilfJfl ...................................................... "lf'U ......... bfl"tl'VI .......... . 

~ c:I ~ d 
~ 5. "lfv - ana ...................................................... "lf'U ......... bfl"tl'VI ......... .. 
~ . 
,, 
.1: 
o>:h "~~,,,~~"""''"~., 

"il~tl~::a~fl 

1. b ~eJPin~1tl~mrubb~:;b1eJu L 6V~bMti1-U'eJ-:intJ"1:1.J~~"1 f.l fl1'j'H:l.J'U , ' 
2. vw1~f.l\I eJCT'U1til°1111J'H111tibb~:;'H1~1111b:1.J'W"16VeJ\lbb 'j\l L~ 

3. "1'jtJ1~11LdeJri1ueJti 1 un11:;"111~~~~'j1:1.J foL11ul9itJ1111b ~11mwn1 iiioi1b vi1nu~~ 'jl:l.J 111L11ul91 
• u ' 

~ .. 
'Vll'Ub 6V:l.J'U1Wfl1 

4. ri1u1ru~1111L11utJ11~ 

~tln~cl 

1. bfl~eJ-:ii-:iGitJ~-:i 1 au 
2. fl\l'VJ'j1tJ • 1 fl\! • 

"' 
3. ~ut11iru 1 ti'eJu 
4. b~b:l.J(J)'j 1 au 

..... 
'J H"'VI ~fl v ~ 

1. 1-U°b ~eJn~eJtJ~'jm-:i'1~ ~-:in~1-:i1~b:1.J(J)'j bb~1tl11Ubb6V1'U 11 nu~v~ ~1 L~b11m hfoti1 'Wbb u1 
u ' u 

'j:;v)u 1iXrn1~uJ1irutJ~~~nu1~b:l.JtJl'j~1'U~bati-:i~u '1'W LlJb:l.JtJl'jf.l~ b 'Ubb mwvi'u 

2. i-:iJ1wun6VeJ-:irn'Vl'j1tJ 1 ri-:i ~lmfl~eJ-:ii-:im.J~-:iuuVin~~ 
' ' 

f.lf.lflbb 'j\l~\lbfl~f.l\li\1"1U~\lb iXfl1'Uf.ltJb 'Ubb 'U1Wvl'U (vl\lflTW) U'WVifl fii1bb 'j\l~\I 'j~tJ:;'j:;'Hl1\1'1~ 
u • 

bb 6V1'Ufl1'U ~\1'1 ~~ bfl~eJ-:ii-:iG1u1-:i ~\!fl 1u bb~ :;'j:;'H11-:i'1~bb6VT1.m1un-:i'1~bb6V1'W (l\j'VJ 'j1 v , , , , 

4. vl1"51ifo 3. 1~m tJ~tiu~1u 'HU\l~fl~f.l\lbfl~a-:i-ti'-:iGitJ~-:ibb~:;l'l1bb 'HU\l~bb 6V1'Ut1\l'Vl11CJ 1 iJ 2-3 
' 
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.. 
')• . '· ~ . . . :• 
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......... ...... ... .. . ...... ····· ........................................................................... . 



' d"" 0 

tr mum ·rnrn m 11u vi 

~f ®l~ll!t~~i,~; 
''• ·-·~-;_-, . 
-·..:.::-a; 

~eNflTH'!~1.:i 1~~ ~6'f1m1~·rn.:ifotl1viirn'lle:i.:iviir.:i~e:i 1 vi1~mfl~6'fvi 1viEJ 1 'W • 

'll'W1V1 20x20 cm. LL'Vl'WV1u11~:::~1vi-ru1e:i.:i-ruviir.:i~e:i lil~tJVl'uum~vi1~ 8 ~1 LL'1::: 

m~vi1~n11 EJ11 60 cm. irm~EJ'W"il~ii15nTrnv1.:i b1'Wfl1~6'f~1.:i1~::: ~6'f1m1~ 

1e:i.:i-ruJ1viir fl'lJe:i.:iviiJ.:i~e:i 1i;1m n~6'f vi • 

II o "" 
"lle:J'11fli;) 

• 1~:::'\ltlJl €J\l1€l'lfotl1viir fl'lJ €l\lVIU\l~€J~'J1\l€J El~ 1'WU'W'1J €1'1b~t11'1 €J V1'1B6'f1t 
" 'l"' .,..,1 cj1,, , ,, •I ,, 'l"' ' ,, 

• b(?}~'\J~l.Jfl'1J1fl VJ LL(?}'\J:::(?l€J\l u1:::fl€JUVl'JEJ'lJ1b1'1:::€JEJ1'1'W€JEJ 1 '1J1 

• '°111l.J6'f'l'lJ€J\lb~thJ~1fll1 20 L61l'W~Ll.J(?l1 
" 

• Ldm1.:iviir-:i~e:i'1.:iu'LJ Hit"iltl'i'e:i.:i6'f1:1.n~~-ruJ1viirn 11'le:iv11'le:iv1.:iue:iEJ 2 'U1-ti 1viEJ hl 
" 
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<V 

bbN'Wi:..J.:I concept 
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........................................................................................................................................................... 

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

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

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

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

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

.......................................................................................................................................................... 
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li11nmnum1ru~.:imh1 tl'm~~J'Llij1~m1t'l.lm1ai1.:i Ui::~ijfl11:1.1LL ii.:iLL 1.:i 1'1m.h.:i11 1 Vi 
"" cl o 11 !At ti u ti "I ~ !'r"' cl u 

eJelnbb 'U'U bb~::b"!Jf.l'l.lbb 1.:ivm1::v11 a11.:i 'VlflfleJ'U bb~::Lbn L "IJ 1'U l.:J L VI Lfl L~::m::m~'Vl'V11.:J'Vrn.:J 

~~fl 1flv11f1.nTr·m~::u'lJVim.J~~.:i~111.:i~.:ii;ia 1 t1e 

0 

lil1'l.11'l.I 

'Vlfl~eJ.:J VIU.:JfleJ 
UqJV11~W'U 

m1tli'ut11.:i 

~ cl .n1w11flm1aamL'U'U 
cl 111 Lbm "IJ fl1.:J'VI 'Vl11.:J fl 

(Lfi:IJ) 



118 

u "" "'"' LLt:.JUn11\li;tn11LWUa~ 3 
I c:ll I/Cit. (( 

na"a11::n11~vu11~v1~1a~1 • v 
1'tl1 1 31212 VJ~n%1 a 

I .d 4 I 

VIU1V~ 4 flll1'Wfl"i;taLLa::a11TVWi;tVIVU • • 
~ ~ u 
L 1eN ~i;itiuvna1.:i"1aLLa::a"~a'lleH11~~ 
u d 
1U~ "n11~" 2559 

Cf l/Q,l,NQ,1 

1. "1~1~1Un11L 1VU1/~1'tl1i;J ... v 

"1~111u 1 5.1 L-V1hm1lJ"'lJ'W''l.J61~vii1.:i'W~\l\ll'Wn'tJn1'j~l'j\l~l\Jl m1Ltl~cJ'l.Jit1 
'W~\1\11'1.J tl~"'lJ'W''Wcrwvii1.:iG'f11LL'1~'W~\l\ll'W ~'1'1Jv\I m11 i'W~.:i.:i1wie:i~l\JlLL'1~~\ILLJl?l~vlJ ii 

nwu1'1.Jm1~'lJLG'fl~V11m1lJ~ ~e:iG'f 11~.:i~L~CJ'W~ LL'1~ 'l11ri11lJ-rl LJ1 itlw LCJ'Utl 
\I \I \I 

m llJ~ n11 bbtlU flJVll ~i 1tl11 n n n11ru'VJ1\l511lJ'U1~~ bfll?l~'l.J~'J'U 1 Vlfllii1tl bb 'lJ'lJ~ Lb U'l.Je:J'U 
'U " 'U 6.J gt: 'U 

G'f 1lJ11'1e:i5u 1 CJ Lrn~ m1'i\l'1e:iu1v1 .111CJ11'1-V e:ilJ i;:i LLG'l ~ Lri~ e:i .:iii e:i~n e:i ci1'W"li1.:iL1i;:i1i!'l.J61 L-LJ'1hi1 
" " I 

1'Vlmf'!1'1\Jl~ b 'V!ri ht 1i;:i~ "'.:irilJ bb'1~~\lbb 11?1~e:ilJiim1lJL~CJ1-Ve:i.:i"'lJ-Wucrn'W 

1911~11?1 1 8.1 ll.4-611 ~.:ir11mlJ~e:iciu'l.J~'l.J~1'1.J"Ue:i.:iri11lJ~LL'1~ri11lJL-LJ'1t'i\JVJ1.:i1VJCJ1l3l1'1\Jl~ 
\I ~ \I 

vi~e:iri11lJ'1'Wh vi~e:i'i\l1ntl1~ L~'W~Lnl?l~'W b 'W'IJru~iTu ~'11m1'1v\'1m 1'1111'i\l m1'i\l'1e:iuvi~e:i 

Pi m~1~'Wrii'11Jle:i ~1\1 ri1e:iuri~lJ LLG'l ~L zje:i~e:i 1Jl 

2. a11::g11~ru ., 
' ~ 

131'!.JcJ n'11\llJ'J'1 (center of mass) b U'Wvll LL vitl.:iVi L 'lJ~CJ'lJL'1iie:im U'U'i\ll?l1'JlJ'IJe:J\llJ'J'1l\Jl'1~\I 
\I ' ' 

ne:iu '11vi-ru1\Jl mL ~\I Ln~ \In e:J'l.JVl~\I 'i\l~ii131'1.JcJ ni;:i1.:im '1 b WCJ\l'i\ll?l b~CJ'J zj\le:Jl'i\le:JVJ11CJ b '1.JVl~e:J.ll1CJ'l.Je:J n 
, 'U , 'U 

Li1'e:i1\Jl'1n1Jl b 'Wmru~iiLL 1\ln1~vl1~e:Jl\Jl'1 if 1 Lb 'j\J~'WCTe:J~b 'l.Jbb 'l.J'Jt-iltJ\3!'1.JcJn'11\llJ'J'1l\Jl'1'1~bfl~B'l.J~ 
'I , 'U 'U , 

Ll?lCJ 1~vilJ'l.J • 
l3l'WcJri1.:i (center of gravity) b U'l.JvllLL Vltl\l~LL 1\l~'WB'IJB\lbb 1\1~\ll?ll?l"IJB\I fanm~v11~Bl\Jl'1 
\I \I • 

11?1ti~11 'l.ll3l'l.Jc!ri1.:i LL'1~131'1.JcJ ni;:i1.:ilJ16'l 'i\l~a v~1111 LL Vlu.:i L~ti1 nu 
\I \I \I 

'1lJl?l'1L'1~CJ1 (stable equilibrium) ~B '1lJl?l'1'1Je:J\ll\Jl'1~Ldae:ie:imL1\lm~v111iX1\Jlm~CJ\l'i\lln , , , , 

L~lJLL~'J 131'WcJn'11\llJ'J'1'1Je:J\ll\Jlm tl~ CJ'WvllLL vit1.:ie:iCJ1 'l.J1~(9)u~'1\l~'l.J 'W~\1\11'1.J~nc!"UB\ll\Jl '1lJ1 n~'l.J L~e:i 
'U , \I 'U 'I 

VICJl?le:JBnLL 1\ln1~'Vll 1\Jl'1'11lJ11'1n~'lJlJ1e:JCJ l '1.J~m~ru~L~lJ 
• • \I 

'1lJ~6l'1~L'Vi'l.J (neutral equilibrium) fia '1lJl?l'1"1JB\ll\Jl'1~L~BBe:JnLL1\ln1~vll~Bl\JlmL~'J • • • 
l\Jl'1'i\l~n~.:ihJ L1?1CJl3l'WcJn'11\llJ'J'1e:J ~1 'l.J1~(9)uri11lJG'f\IL vi1L~lJ 'W~\l\11'1.J~ncJ'IJe:J\111'1'1fl\I L~lJ l\Jl'1'i\l~ 

, 'U 'U 'U 'I , 

L tJ~CJ'WvllLL vit1.:i 1'U11?1CJ11.:il9111 u~m~ru~L~lJ 
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GUJ~'1hh~~tJ1 (unstable equilibrium) ~B mJ~'16UB\lll'm~bifoaamL1\ln1~'1'111~1\Jlt1 
't , 't , 

LBtJ\llil1n b~l.l LL~1 l"l'UVn'11\ll.l1'16UB\11'19l t1 L tJ~ tJ'Ul'l1 LL V1U\IBtJb 'U1~1'i'u~1 n11 L~l.l'W'1\l\11'Ul'3i'n~6UB\11'\Jlt1 
\r , '\J , 

lil~'1~'1\I l\Jltllil~~l.l LL'1~ 1l1~1m1t1n6"um11\1~11 'U6"m~ru~L~l.l 
' 

ti 
~ q v 

3. ,~ 1~a\l~n11~vu3 

~113.!f (K) 
CV Ci! .<:::i. c::u:;:il 0 I ( 6' I 

3.1 'Uf1L 1tJ'U~13J11'1B5'1J1tJFn13J'\/!1J1tJLL'1~15'\/!1\Jl1 LL '\/!'U\16UB\ll"l'UtJn'11\13J1'1 LL'1~1"l'UtJtld\16UB\I v v 

1'1Jlt1b~ 
' 

n1~U1Un11 (P) 

3.3 Vfm~~1'UnTs~1'U 

f!W~n11ru~erur;\lth~a\ll'l (A) 

3.4 '!Tm~tJ'UiJm1l.l~'U 1lil 1~~ 
v 

3.5 '!Tm~tJ'Ui11°1113Jfo~~'IJB'IJ l°n11J~\ltw•iB\11'Uffi~folJB'IJ'\/!l.J1tJ 
' 

q v 
4. a11::m1L 1vu3 

'UBnliJ1nm11JV!mtJ6UB\lrl1l13Jd'1 ir'liJr\'111 lil~l"1'U~ml1\13Jd'1 (center of mass, c.m.) Bni°l1 
' v 

'\/!~\!~ L .U1m L~tJ1.Ua\ln'IJ m1 Lfl~ B'U~ b -w11d1m1Lfl~B'U~~ b U'U 1 tJml.ln!J m1 Ll°l~B'U~6UB\lu11'i''U~ 

~1'U111 fivi L~i1B'Ul11'\JlmU'Ulil~ (point) LL'1~1J1'16UB\11'19lm13J~lil~d 1 'Ufl111Jb ll'Ulil~\11'19lt1lJ6U'U1~ 
, 't , , 't 

13J 1~L ll'Ulil~ n11BBn LL j\Jn)~'Vh~B1'1'rn b ~B 1 iHl'mlJn11L~B'U1'11bL '\/!U-:1b~tJ1l.IVl3J'U bb 1-:l~B-:I m~'Y11~1'U , 't , , 

lil~l"l'U~nm-:im'1 zj\IL tJ~tJ'IJ b~i1B'Ulil~113J6UB\13Jd'11' \91'1~\ltlB'U "1'\/!-r'IJ1'\Jlt1 LL ~-:i Ln~-:il'l1Lb '\/!U\16UB\llil~d 't \J , , , , 

lil~a~itJ1~~1~ '111'19lt1~L U'Ulil~m'1~B\llil~i1m'1 b vl1n'U mhwnn'W lilVll"l'Uvn'11-:im'1lil~BtJ 1n~l°i1l.l1'1 \i , 'I 'I \I , \I \I 

~mnn11 G11V!-r'Ul.l1'1 m1 Lb'1~ m2 mJutrnn'U x B11il'\/!1 l'l1LLV!U\16UB-:llil~l"l'U~n'11-:il.l1'11\9llil1n 
v ' v 
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eNl°ltl1:mau 1~ 

1 'Umru~11'lm U'ULL vi.:ivr~a L U'ULLtJ'U~iJf111:uV1'U1LL i.l'Um'1&'1~1L&'f:ua 1iJi;JPl'UVn'11.:im'1 mlillilt 
' ' " 

vr11Jl1i11nm1:u&'f:umt'l1"ll a.:i1tl~1.:i vr~alil1 n15 Lbfl'1 fl'1&'1 
" " 

LL 1.:i~i1LL 'U1mtvht-J1'Uvr~a hJtJ1'1.JliJi;JP1'1.Jvnm.:i"lla.:im'1 liltvh 1-MLni;i m1Lfl~ a'U~~hli1vr~ai1 . " 
m 1V1:u'U 1aulili;JP!'l.JV n'11.:im '1 fl11:ulil~ .:id mlil Lb&'! i;i.:i 1mi;ic.i m1~i;iV1~a an Lb 1-:i mtv111'1 mL vi.:i~'U&'f au'U 

' ' " 
~'U11u vY.:i.n1'V'4~ 1s Lb 1.:imtv1TITT~tJ1'\.JliJi;JP1'\.Jvnm.:im'1 1i!tv111~Lni;i1:uL:w'U"1"lJa.:iLL1.:i1auli!i;i 

' " ' 
P1'Uvnm.:im'1 i1t:-J'1v111-M11'lnvr:u'U 
" ' ' 

d 0 d 0 "I .,.., 1 ' 
fl1'W'Vl n.32 liJi;im::'Vl1"llv.:Jbb 1.:J'Vl'Vl1 L 'Vl:Uf11"a'Vl:U'Ubb6i:: :U'Vl:U'UWU c.m • • • 

~1V1-rum1:uV1:u1c.i"lJa.:i liJi;JP!'\.JVf1'11.:J6lJ8.:Jfn1:u 1 -U:uci1.:i (center of oravity, c. g.)V11a~-Uc.i:u . " :;, 

L~c.irnr'Ui11 liJi;JP1'1.Jvci1.:i ,1'\.J li!tb ll'Ulili;l~bb 1\!'1'V'46"lJa\!Lb 1\1~\Ji;)i;J"lJa\J fani'la"11'Ui911\Ji "lla\Jl'l'lnmtl'i'1 
'I \J , \J " 

~\! b 'U&'f m'U mwfo11:ui;i1~&'f'U1:U 1 i!:uci1.:ii1~161J1 b61:U eivf 1tJ1m \Pl 1"ll ei\11 \Pl n Iii ~Pl'UV n'11\Jm '1nu131'1.Jtl 
, , \I \I 

&'f:U:u~11i1:w1'1 m1 bb'1t m2 ~i;i11'1.JHJl1mbvi\!11'1'1~bU1:1J1f1~\!1tl a~b'UG1'U1:ULtJ:Uci1\J~ 
" • \J 'V 

0 Cl! I c.Cll .J d O I .c:J . OJ ' .J ~ ~ Q.I CV ~ 
&'f:u1 b&'l:uei :Ufl1 g 15Vl'U\J'Vl b 11ei11i11i!tV11mLL Vl'U\J'Vlbb 1\!'1'V'456lla\J Lb 1.:i"ll'U1'U'll\J L iJ'U'U1V1'Un"lJa.:i11P1n'Vl\J • 
&'Im ~a'VITJ1~1bb'VIU\Jbi;i~i1bb 1\Jj b~CJ1 (R) mtvl1bb~11iltvl1 b ~ll'l'1~\!1tuuei1:11 'U&'f:Ui;J'11~~\Jliltb~CJ'U 

' " . 
U'Vlt~i:i1n'U&'f:Ui;J'1~a 1 tl11 l'i'a\JiJ~\Jbb 1\J~'V'4BLU'UPl'UVbb'1t 1:ui.:u'U~"lla\Jbb 1\!1eiuli!i;i 1i;ii bU'Ul3!'UVlil1mtl 

'I \I , \J \J 

3.12 liltbi:1'Ul1 Ldei 1:ub:U'U"1"llv\Jbb 1\!18Ulili;J\31'1.JVfrN (c. o.) bvJ1tlUPl'UCJ1i;ic.i1~11 
" \J ~ \J 
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R 

t 
e.g. 

111-w~ n.33 ~1bbvttl.:i'tlv.:i e.g . 

..I "' blJB X1 bb'1t X2 btl'U"StCJt"'il1n c.m. 

1t1mru~"St'U'Ul.Jlff~\l?IB·nTim~1'1.J?l'U1lJ~1~?1~1b?llJB b-d'l.J ml B~b'!.J?l'U1lJ gl bb'1t 

!'! .,i..,, ' ' ' do1" '1•1~~1 m2 e:i~~'!.J?l'l.J13JV13Jfl1 g 2 1°11 g1 mnm1 g 2 bb'1t~~ e.g. "'iltB~ ru ~~VIVl1 Vl?llJn1'Sl'lB u'l.Jbu'l.J 

"'il~\I 

R 

111-w~ n.34 ~1ttvttl.:i'tlv.:i e.g. tta:: c.m. 

V :; d 1 .J 1.J ~ d I 

~\1'1.J'l.J e.g. '1~b'1eJ'Ul.J1V11\ll.J1'1 m1 'U6/JtwtVI c.m. 6/JeJ\IW'U'Ul.J1'1eJ~Vlb~lJ e.g. '1\leJ~ 

l°l'U'1tl'11bbVl't.i\ln'U c.m. mrub-d'UdB1'1bfl~~'U b-d'l.J ~11bViCJlJ~eJCJi'l'ltiiilJ1'1~1tJ?l1tJ~CJ113.J1n v111~ • 
i'l'ltie:JCJL'Ul'11bm't.i'l~iiri1?1'U13J 1 i!l..lci1\1?1\ln11 bb'1~b U'Ut:J'11 ~"S~uun e.g. e:i~~1n11 c.m. 

, \I \I \I 

"' t~ria~111-w'tlv.:i~11via • 

1'11bm't.i.:iV1~\I ~n~rut?t1J~'161JB\li'l'lti mJ.:ie:ie:imll'U 3 U"Stb.flVI ~e:i • • 
1. ?11J~'1b?lnCJ"S (stable equilibrium) Fie:i ?13J~'161JB\lll'lti~bde:im1mb"S\lm~v111~1l'lti , , , , 

b~ CJ\1'11m~1J bb~1 ~'UV nm\11J1'16/JeJ\ll l'lm LJ~ CJ'l.J 1'11 bb Vl't.i\I e:i ~1 'U"S~~u~?l\l~'U 'W~\1\11'\.J 
\I 'I \I " 

l"lnv61Je:i'l1'l'lti1J1n~'U b~BVICJ~e:ie:in bb "S\lmtv\'1 i'l'lti?11m"Stin~umtiCJ1 'U~ n~ru~b~lJ 
'I , 'I " 
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.::\ di Q.I dd OIQ.I II 

2. G1lJ~flG1~b'Vl'U (neutral equilibrium) Ae:J G1lJ~fl"Ue:J'l1(1J'1'VlblJe:Je:Je:Jflbb1'lfl1~'Vl1(1Je:J1(1Jmbm , , , " 

l(?J'1"il~n~-:i hJ 1~EJl31'UVflfl1-:imrte:iEJ l 'U1~~uA11lJG1-:i b vi1 b~lJ 'V'j~-:i-:i1'UPi'n v-ueNl(?J'1A'l b~lJ 
" 'U 'U 'U , 

l(?J'1"il~b tJ~EJ'Ul'11bb VJtl-:i 1 tJ1~m1-:i~11 'U~ n~ru~ b~lJ 
' 

1 1 c=:I di ll.J dd 01'"" 
3. G1lJ~fl lJbG1'1EJ1 (unstable equilibrium) Ae:J G1lJ~fl"Ue:J'l1(1J~'VlblJe:Je:Je:Jflbb1'lfl1~'Vl1 Vl1(1J~ 

bB EJ'l"il 1n b~lJ bb~1 131'1..l v n fl 1-:ilJ1rt-ue:i-:i1' (?J'1 b tJ~ EJ'U tJJ1bb Vltl-:ie:i EJ1 'UW~'U ~1fll 1 b~lJ'V'j"'-:J'l1'U 
\I ' \I 

.. ·-

g 
nno 

\J 
9nueo ,fl C.G. egiht~ncm 

1. 
.. ~ J 

G1lJ~fl bb 'U'U bG1'1EJ1 Jl1'W ~~Auani;:i1~"1i;:i~~~u , . ~ ~ 

G1lJ~fl bb 'U'U 11JbG1~EJ"j ~ 
. 

2. 
0 

, ~~~uani;:i1~"1i;:i{Jl1i;:i~ 

3. G1lJ~fl bb 'U'U 61~ b Vi'U 
' 

~ I .. 
~~~uani;:i1~"1i;:tb'Vl1L~" 

n1'~ii1vi~mt"~i;:ihh.J-a::an1Ji' . ' 
Vl~nm1G1ii~rtm "li'mnmEJ 1 'LI6/11(1JtJ1~~11''U 1'LI~d"il~n~11~-:in11t11VJ"'nm1G1ii~i;:i1 tJ1 "li'ti'u , , 

d II I .c::i!Q..1 1 IJ II ~II d 
bA'HJ\lflfle:JE.J1\l\11E.J b"IJ'U 1"11'U FllJ(?J~fl'J~ 'UA'J\I fle:Jbbfl~b'Wfl1 bb6'l~fl11'U bU'U\Jl'U bAW\lfl6'1 

e:i~1.:i41m Vl~1dG11mw~1'U bb 1-:i~m~vh1~e:i~1-:i 11 G11m1'1b.V11"il1~'11nn11VJ1-u'U1~-ue:i.:ibb 1\1~ 
m~v11 ru '1~1'11.:i., mii'Vl~nm1-ue:i-:iG1ii~rt 1 'U'Vlnmru 

" I , , 
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5.1 .rr'W'1~1\lrrn:w'1'W 1'1 

1. A1'Vl'U'Vl1'Wb -d'tiVf11°11'U~bb~1 b~tl\I mJ111'1\Plt1n11Vf:W'Wbb'1~ 1:Wb:W'Ut?i''Uti\lbb 1\lflrld'U 
'\.I 'I , 'U 

- 1:wb:W'W~'Utl\I bb 1\lflrld'UVl11~ti~1\l 11 ((:w b:W'W~'Utl\lbb 1\lflrld'U1111 '1 ij'U'U1\11L vJ1tl'Ue.J'1A CU 
'U "' I 'U 

'1Jtl\1'1J'W1\11'1Jtl\I LL 1\l 1111Lb 1\IV!~\ltl'U1~EJ~~\101n';i~'VrJ1\I bb 'W1bb1\l~\1'1tl\I) 

- 1:wL:W'W~'Utl\ILb 1\lflrld'UijV!'W1WJ1t1~1\l 11 (u11Ji''Ub:W1'11) 
" 

2. ri1'U t1n'1~i.h~'1\l~fl11b~EJ'W1 'W~1.Ut1d11 'IT m~EJ'W'1~\Pl t1\lt16'U1EJ 1 vi'1~11 !31'W~n'11\l:w1'1 
" ' " 

(center of mass) L U'U~1bbV!'ll\l~L tl~EJ'Ub'11lti'Wb U'U'1~11:W'Utl\ll.J1'111'1'1~\I ntl'U '1°1V1'S'U11'lmb ~\lbn~\I 
' ' ' 

nt1'UV!~\I '1~ijl31'U~mn\l:w1'1b-WEJ\1'1\11b~EJ1 zj\ltl1'1tl~Jl1EJ 1 'WVl~tl.fl1EJ'Wtlnb -dt1ll'1'1fi1~ 1'WmruvlijLb1\1 
'U , 'U , 

m~'Yi'1~t11'(91'1 tl1bb 1\l~i"lBtl~~ 'Wbb 'U1t41'Ul31'W~ n'11\l:w1'1l(91'1'1~ bA~ t1'Wvl1111v 1~Vl:W'W !31'W6ri1\I (center 
'I ';} 'U , 'I \I 

of oravity) b U'WIP11bb Vl'l..i\lvl bb 1\l~'V'l5'1Jt1\I bb 1 \l~\ll'll'l'Utl\I fo n m~v111'1t111'1'1 1111vvh 1 tll31'W~ri1\lbb'1~ 
;:, 'U , 'U 

131'W~n'11\l:W1'1'1~tl ~~IP11bmu\lb~ m n'U bb'1~ta~~1n1Y-l"lle:i-:1111H1 ~ti m1:w'11m1'11 'Wfl11'V11'11'11t1~ 
'U " , 'U 

1~'1lti\ll(91'1,!'W ru IP11bbV1i.1'11~~1bbV1u\lvi~\I ~m;ru~'1:w~'1'1lt1\11'(91'1 bbU\lt1t1mlJ'W 3 tl1~b.fl'Vl 
' ' ' 

3. 1°11'1151'11~ EJfl11tltl nbL 1\le.J~ntJ1 n n1~11\ltl~'U'W HJ~ tJ11n n11tJ1 nfl1'1~bA~t1'WvlLL 'l.J'U 
" " d.J 

b~t1'Wvl mh1~t1 hJvi:w'U '11 ni!'WmmmTm~v'W11b vil'l1m.J1 nrn~'lhivi:w'U (bb 1\l~t1t1nt41'U'1~ 
, \I , " q 

' "" 0 1 "'"' .d d .d d "' ' "' 131'WEJn'11\l:W1'1 '1\l'Vl1 V!1(9lmA'1tl'W'Vlbb 'U'Ub'1tl'W'Vlb i"lEJ\lt1V1\lbl'lEJ1) 
" ' 

4. ri~'11B(9lanri~'l 1~vm1t1t1rnb 1\le.J~ ntl1n rn(9)1bb VfU\ltl'11EJtl1nrn tl11n.Q11tl1nrn'1~ 
bA~t1'WvlbL'U'UV!~'W '11ni!'Uri~m:w'\Jm~v'W11b vi~1111tl1nm~\IV!~'W (bb 1\lvlt1t1n 1~~h'W~~V!~'W ~\lv111-tX 
bn~'Vltl{nvlvh 1-tX1 (9l mn111 n11brl~ tl'W~ bb 'U'UV!:W'W) 

' ' ., 
5.2 i'W'1°111'1bb'1trl'UV!1 

1. i.Jm~EJ'WLLu\lnG'l:w m:wl~t.yji.Jm~EJ'Wif\I 
' 

2. m1-lX'\Jm~EJ'Wfo"11111n~m1:w.yj 2 b~t1\I '1:w111'1~t1m1V1:w'WLL'1tl:wL:w'W~'Ut1\ILL1\I '\.I , , , 

3. '\Jrn~EJ'WVhn~ m1:w 1111EJ~ri1rit1EJ t16'U1mL'1t1-tXm1:w~ Lrn~rit1EJl'lt1'Ubdt1i!rn~EJ'Wij-ll't1 
" " 

~nm:w'1\l~EJ 

5.3 .rr'Wt1.iitl11mL'1t'1\l-ilt1'11tl 
' 

- ~~!31'W~n'11\lm'1 ~t1 ~111~L'11lt1mlJ'W~n:w'Ut1\l:wJ'1~\lnt1'W ~\l~~dm~~tt1EJ1 'Wvr~ti , 'U , , 'U 

'Wt1ni'i;mfi1~ vri.11EJ'Ut1\1~~!31'W~nm\lm'1~t1t1t 11 (L:wm) 
' ' " 

- ~~!31.,'W~ri1\I ~t1 ~~~b'11lt1m U'W~11:wJ1vri!n"Ut1\11'l'1'1~\lnt1'W zj\l~~dt11~~t t1~1 'W 
, , , 'U 

Vf~t1'Wt1n11'1'1n1~ 
' 
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- ?f~{;l'1b?t~v1 (stable equilibrium) fie:i ?f~{;l'1'UeJ\ll\9ltl~bi1e:ie:ie:imb1\lm:::v111Vf119lti , , , , 

bBtJ\l'OJ1fl b~~bb~1 Pl'Wtlfl'11\lm'1'UeJ\1119lm tJ~ V'W~1 bb V1iJ,rnv1 'W1:::11i''U~?f\l;ff 'W 'W'1..:i..:i1'W~fl~'UeJ\lll'lti~1fl 
'U , 'U 'U , 

;ff 'W bi1t1VltJ(;leJeJflbb 1..:im:::v\'1 l\9ltl?t1m1tin~ume:iv1 'W'1n~ru::: b~~ 
' ' 'U 

...:::.:. , , 4 CV dd OIQ.I 

- ?f~l'l'1?f:::b 'Vl'W (neutral equilibrium) rie:i ?f~l')'1'UeJ\11\9l~'Vlb~eJeJeJflbb 1..:im:::'Vl1\9leJ11Jl~ 

bb~11'19lti'OJ:::fl~\l 1 tJ 1{;]tJP!'W~fl'11\1~1'1eJtJ L 'WWl1i''Ufl11~?f\I b vi1 b~~ 'W'1\l\11'WPlfltl'UeJ\lllJltlfl\lb~~ llJltl'OJ::: 
, \I 'U \I , , 

bU~t!'Wtvl1bb'VltJ..:i 1 tJ1(;lv11..:i~11 'W'1n~ru:::b~~ 

- ?f~l'l'1 hJb?t~tJ1 (unstable equilibrium) ~e:i ?f~l'l'1"1leJ\lllJl~~bde:ie:ie:imb 1..:im:::v\'11 Vi 
1 (JI ti b av..:i-;;i1 n b~~ bb~ 1 Pl'W~ n'11..:i~1'1'Ut1..:i1 (JI ti b tJ~ v'Wl'l1 bb V1i.l ..:i e:iv 1'W1~11lu~1 n11 b~~'W~..:i..:i1'WPl'ntl"Ue:i..:i 

, 'U , \I 

" 5.4 oU'W'UtJ1tJfl11~~ 
'U 

5.5 ~'WtJ1~bij'Wt:-J'1 

1. ri~'1..:ibn1J1ri11~~1~ije:i 1 'Wn11b~tJ'W fl11\9lt1'Ur11m~ n11e:iiitJ11v bb'1::: bb?f{;l\lfl11~~{;lb ,:;'W 

5.1 VIU\l~eJb~tJ'W 11tJ1'll1b ~~b~~ W~fl~ 2 

5.2 'LJ{;]n\Jm1~Vi 3 b1e:i..:i \J{;]Pl'Wtln'11..:immb'1~?f~{;l'1"Ut1..:ii'1J1ti , , \I , , 

ti' Ct. ' ~ 
5.3 VleJ\l?f~{;lbb'1~eJ'Wb 'VleJ1b 'Wl'l 

' 

' ' 
6.1 ~\!Vil{;] 

1. ri11~~m1m.U1h 
'U 

2. 'W~~fl11~fl11b~tJ'W 

6.2 15fl11l{;l 

1. 61'..:ibfl\9l'W~~m1~ 
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2. 6lJ~f1'1n1111Vi 3 b~eJ\J 'C\Jt'lf61i.Jclnft1\J111ftLbft::;6111tilfteuth1 tt , 'U , 

6.4 1.nru,JnT~1'i;ie.Jm1."':::'lJ'j:::1.nt1i:.Jr;:i 

1. 1.nrusnm'j'lJw 1.n'Ul.1. uui1-:i1.nl'lw~~m'j:w 

- ll11~f'l:::bb'U'U'j"J:l.J 20 f'l:::bb'U'U~'WhJ nv11~1'U 

- ll11~f'l:::bb'U'U'j"J:l.J~1n11 15 f'l:::bb'U'U na111l-1~1'U 

.. 
"'-:1"1JB ........................................................... . 

(t11-:illti1'j'jtw ~5ti:w'W't1'Vltl) 
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., 
uuuil.:JAfW1Tiq~fl1·n.11uctfug~uu 

4 ~ 
b ':jf),:j .... .............................................................................................. 'ti'IJ .. ......................... .. 

f11~Lb:V~ L~b~11Lri~a\IV1:1.J1CJ ./ ~\IL 'U"lia\11:::~u~~~fff~1ln11(?)e:Ji.JA1m11 b ~CJ\loLJa~::: 1 "lia\I 

rn ru'1 m ':itJ ':i:ai'j'IJ 5 "" .. 
V11J1CJ'1\I l.J1 n'VI 61 ~ • 

4 "" Vl1J1CJ'1\I mn 

3 "" th'Unm\I V11J1CJ'1\I 

2 
d ,, 

V11J1CJ'1\I 'Uf)CJ 

1 
,,. ,, .. 

V11J1CJ'1\I 'Ue:JCJVl61~ • 
1. m':ii'.ifl1'1J~1"1 '1Ji'IJt~EJ'IJ 

5 4 3 2 1 

1. 

2. 
Q.I q I A C.: 

'Unb 1CJ'U1'J1lbb61~\lm1:wri~b Vl'LILb~::: 3. 

(?)eJUrl1'111J 

QI ... 
II ~~~a~tn~ 

'a::~U'WC)~n':i'a" n" ~ftn1'a 
"lit> 

5 4 3 2 1 th:: Lil'IJ 

1. 1Jm~CJ'U6111!11'1\JleJUrl1'111J 1~ 
,, 

nn(?)e:J\I 
'\J 

2. i!m~CJ'U6111111n 1 ~b VI(?)~~ L 'Ufl1(?)e:JU • 
1~ 

3. i!n b~CJ'Uii111111nii11tJri1111"iJ1 n b~a\I~ • 
b~CJ'U1~ 
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Ln ru'1 m 'a't.h:: Lij'IJ 

fl~bb'U'U 11-15 ~mn 

fl~bL'U'U 8-10 ~ 

fl~bb'U'U 5-7 vre:i1.U 

~ ~I Q 

'1\l'lffl. ......................................................... ~u'S~b:U'U 

......... I .................. I ........ . 
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1. ~"~'IJVnli'l1..:l'tlB..:11J1li'I (Center of mass) " C.M." 

trnmnnfl11~Vl~1tJ'UB\lfl1l1~1"1 EY.:iiJF\'111 lil~H'l'WVn"11\llJ1"1 (center of mass, c.m.) 5nf\'1 
' " cf d ii d 11 Q,I d d I d d d ~I 1 d d C\ Q,I d 

Vl'W'IVlb 'U1mbntJ'J'U€l\lntJ fl11 bfl"1B'WV1 b '1"111~11 n11bfl"1B'WV1Vlb u'W um~n!Jn11 bfl"1e:J'WV1'Ue:J\l'W11Jl'WV1 

c.111.Jm fi~b"ila'W111'1J1m U'Wlil~ (point) bb"1~~1"1'Ua.:i11J1m1~~1ii~d 1 'Wfl11~b U'Wlil~\lll'l'1lJ'U'U1~ 
'I 'I 'I 'I , 

hJ1~b U'U~~ m1aamb 1.:im~vh\;)t11'1J1m ~ti 1 ~11J1'1iJm1b~t1'U~1bb Vlu.:i 1~v hl'Vl~'U bb 1.:i~a.:im~vhc.i1'U 
~ 'I " 'I 

~~13l'UVn"11\llJ1"1 zj\j b 'Li~ (JtJ b61il tl'W lil~11~'U ti .:im "11 !Jl '1~\l n tl'W 611V1-Su1' !JI '1 bb ~\j bn ~ \j ~1 bb VIU\l'U tl\l lil ~d 
'lj \I , 'I 'I 'I 

lil~t1~h.h~'11~ t111'1J1'1~b U'Ulil~m'1"t1\llil~iJm'1 b vi1n'U t1~ bwnil'U 1ii~l3l'UVnm\1~1'11ii~t1v 1n~ioh~1'1 \i 'I 'I 'I \I , \I \I 

~mnn-h a1V1-ru~1'1 m, bb'1~ m2 t1~u'Ubbn'U x t11lilV11 ~1bbV11.l.:i'Ua\l~~~'Uvn'11\1~1'11~1il1n 
' 1· l.r ... "~n11"1B u'U fle:J 

x .., c.m. 
Vl1e:J 

n1'avt11Ji1 LL vtii..:i'tlv..:i~"~'IJamn..:i1111i1~1'::uutli-:mau~1 a1J11i1~aa61 V11i11a 6)1J1li'I 

1'U1~uu6/1\1·1..h~nauJl1vm'1~t1CJ1V1'11CJ1m'1 b~'U m1, m2, m3 , ... ,mn ii~~~min"11\1~1'1bb\;)'1~ 
,.J ( ) 0 .., 

m'1e:J~Vl X1,Y1) , (Xz,Y2 , (X3,y3) , .... ,(Xn,Yn) "11~'11~tJ 

y 

Y3 ................................................. -....•.... cp m3 

Ya ......... {f)ma i 

Y2 .......... -.... ~·-···-~·-·-··-··--· .................. ! .............. !:?.:.z.Q 
1 ! I 
I i 1 
I I ! 

Y1 ................ f ........... Ej)m1 ! j 
\ I i I 



'11mtJ b'Un1':iV!1111'1bbV!U\l'U€J\1'1(;)\31'UVmnu.116't'Ue}.r~:::tJ'Uzj\1€J~~l'l1bb'Vl'\.J..:i ( Xem , Yem ) 
\I , 'U 'U 

?11:W1'HlVl11i;)''11n?f~Jn1'.i v1\ld 

Lnei Xem blJ'U"11bbV1tl\1"1.1€J\l~(;)~'Uvrnn\lm6'tm:Wbbn'LI x 

Yem bU'Ul'i'1bbV!U\l'U€J\l~(;)~'UVn6'11\l:w16'11'11:Wbbn'U y 

V11niJ,.,t'l:wJ6'1V16'11e.1'1t'lfl':i:::'11e.iei~m:w~~1\I., t 'U?11:wii~ "11Lb V!U\l'tlv\1'1t'!Pl'UV nm\1:1.J16'1V111~ 
~ , 'U I , 'U 
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Lnei M LlJ'Llmm~\IVl:wt'l 1\/ = 2..: imi. Lrn~?t:wm':i ?11:w1':i~fi(;)LLe.irnlJ'Llei\lri'tJwneiu1i;1' 
1 'Llmru~i'l'l~ L lJmL vJ\IV!~ei L lJ'ULL~'U~iJm1:wwu1 Lb tl'Llm6'1?1~1L?1:wei '1(;)\31'UV n6'11\lm6'tei1'1'1::: . . " 

V111~'11nri11:w?1:wml'l':i'UeJ\l':itJ~1\I V!~v'11n15LLl°"l6'tl°"l~?f 
" " 

.Jq 0 I dij 1 I I tf 0 1 iJ C. d d .c::J1 Oq "' 

bb ':i\l'Vl:wbb 'U1 m:::vrn.n'LIV!':iv :w~n'LI~t'l~'Ue.i n6'11\1"1.1€J\l:W16'1 '1~'V11 V1bn(;)n1':ibl°"l6'1€J'U'Vl'Vl :W:WV!':ieJ 

iJm':iV!:W'U':ivtJ'1 t'!Pl'UV n6'11\l:W16'1 m1:w'1~\ld €J1'1bb?f (;)\I 1m(;) e.i n1':i~t'IVl~eiein Lb ':i \I nwvh~ei Lb vi\l~'U?fei . . " 
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2. 'Jfl~'Llad-N (Center of gravity) "C.G." 

'11vrfom11JVJ:IJ1tl'lJB\I '1i;J~'UVfl'11\l'lJB\lfl111J 1 i.J1Jci1\I (center of gravity, c. g.)vr~a~'Wt11l ' ... 
b~t1ni'W'1 11 '1i;J~'WVfrN ,1'W '1:::bU'W'1i;J~bb'J\l~'V<j6'lJv\lbb'J\l~\li;ii;i'lJa\lfanl'la?i1'Ul'i1\1'1 'llv\111'l'1m:::vh 

I , "' , " I , 

~\I 1'W'1'11'Wf11'JtW5'J'Jl.J{;l1~'1'W11J11J1lfr°Nnri1?1J1b'11Jvvi'1tJ~:IJ1\Jl'J'lJB\111'1'1 '1{;lial'UV fl'11\11J1'1 tl'Uial'WV 
'I , 'U 'U 

ci1\1'1:::b'iJ'U'1(;) b~t11n'U 1'Umru~1vi'1i'.l'lJ'U1i;i1 V1ru'1'Ubbvir;i:::?/1'U'lla\11vi rii1'UatJ 1'LI?1'U11Jm11J1 '!J1Jci1\l~i'.l 
, " v , 'U 

ri1~1\ln'W b u'U 1 tJ1~~'1i;)~'Uvci1\lbb'1:::'1{;l~'Uv nm\lm'1'1:::a~A'U'1:::~1 bb vr't.i\ln'W 
'I 'U 'I \I 'U 

?11J1J~11n1J1r;i m1 bb'1::: m2 ~{;ln'U11~1mbvi\li'l'lri~b'U1:inn~\l'Jtl a~1'W'1'U11l1ul.Jci1\I~ 
, 't 'U 'U 

mJ1b?f1JB nr11 g i5vr~\l~b 'J1V1'1'1:::VJ1~1 bb vr't.i\l~bb 'J\l~'V<jB'lJB\lbb 'J\l'lJ'W1'W~\lb U'Utl1'Vl'Ufl'llv\111'1~~\I 
'1v\I fiavr1111'11bb'V!U\11i;i~i'.lbb 'J\11 b~CJ'J (R) m:::v11ib~1'1:::vh1 '1Hvi~~\l'J:::'U'Uv~b 'W?f1l~'11~~\1'1:::b~tl'W 

'll'Vlb~ m n'll ?f1J{;l'1~ a 1 tl11 ~ a\li'.l~\I bb 'J\l~'V<j6 b U'W~'UV bb'1::: Lll bll'Lil'i'lla\I bb 'J \l'JB'U '1 {;11{;1 '1 b U'Uial'U V'11 n 
" 'U , I 'U 

Jl1V<j~ 3.3 '1:::b~'Ul1 bda1m1l'Wl'i'llv\lbb'J\l'JB'IJ'1{;lial'UVci1\I (c.o.)Lvi1n'Uial'Wt11{;lt11~11 
'I 'U :::, 'U 

R 

t 
c:g. 

111-w~ n.37 ~1UVIU.:J"llfl.:J e.g. 

d "' b1JB xi bb'1::: X2 b'D'WWtJ:::'11fl c.m. 

1 'Wmru~'J:::'U'U1J1'1~\l?fv\li1'Wv~b 'U?f'W11l~hJ?1~1b?f1JB b'li'W m
1 
B~b 'U?f'W11J g1 bb'1::: 

m2 B~b'U?f'W1l.J~nri1 g2 rii g1 :IJ1flfll1 g2 bb'1:::~~ e.g. '1:::v~ ru ~{;l~vl1L~'11lfl1'Jl'ia1tJ.ifdJ'W 
'1~\I 
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R 

J c;m. _x' .• m, 
e.g. . l 

7'1'1292 

d 0 ' 
111wV1 n.38 \111bbVl1J.:l"tlv.:i e.g. m1::: c.m. 

CV ~ 4f 1 .,J 1d ~ Cl I 

~.:J'U'U e.g. 'OJ~b6'1€l'Ul.n'Vl1.:J~16'1 m1 'U'1H1J~'Vl c.m. '1JeM'S~'U'Um6'1€l~'VlL~~ e.g. 'OJ.:JB~ 

v v d 
l°l'U6'1~\J\'1LL'VltJ.:Jtl'U c.m. mrub-li'Ut1€l1'0Jbfl~;u'U b-li'U ~11bVlCJ~iXmJll'l'1i'i~1'1~1CJ'11CJ'VlCJ11~1n vh1,X , 

ll'l'1BCJL 'U~1 Lb V1il.:i~i'ifi1'1'U1~ t i.J~ci1.:i'1.:in-i1 bb6'1~ b lJ'tJe.rn 1 iXw'U'Ui1 c. o. BE1~1n11 c.m. 
, 'U 'U ::> 'U 

... 
mg 

y 

mg 

'OJ1mtl 'OJ~ o bU'U'OJ~~bm1'1JB.:iJ1'Vl'unV11B mo ~~n'UhJ11bL'1J1'Ui'l'l'1L'U~n'l!fru~1~fim~ ~.:ii!'U \f , , .) , 

..,~ o ~.:ibll'U'OJ~l31'Utlci1.:i (C.G.) 
~ , 'IJ 

' ' ' 
1. l°l1'Ul'l-s.:i'1l11L'1~B 'OJ~ C.G. BEiVi'OJ~n.:inm.:im'U 

, 'IJ , 

Q.I I 1d ' 
2. 11'lmLi:.i'Un6'1~ 'OJ~ C.G. t1CJ'Vl'OJ~l31'UCJn6'11.:i'1JB.:i1.:in6'1~ , , 'U , 'U 

., 1 01 d d II od ., 11 

3. 'Jl'l'1bbi:.J'U'Su'1b'V16'1CJ~~1'U'1J'U1'U 'OJ~ C.G. €lCJ'Vl'OJ~l'l~'1J€l.:JL'1'U'VlbLCJ.:J~~ 
, \I , 'U , , 

5. ll'l'1'Vl-S.:Jn6'1~ 'OJ~ C.G. BE!Vi'OJ~131'Utlnm.:i'1JeN'Vl-s.:in6'1~ 
, , 'U , 'U 

6. 11'lmtl'Vl-s.:im~'U€ln 'OJ~ C.G. BEi~'OJ~~.:inm.:i'1JB.:Jb~'ULbn'U'1J€l.:J'Vl-s.:im~'U€ln ,\J , 'U , 

7. 11'lmtl~L'Vl~CJ~6'1n'U1\31n 'OJ~ C.G. BV~'OJ~l31'Utlm=rn'IJB.:J~b'Vl~CJmtn'U1\31n 
't'U \I • \I , 'U \I 

8. 11'lmtlm1c.i~'U 'OJ~ C.G. BCJL'Ubb'U'JL~'Ubbn'U'IJB.:im1mll'U-s~c.i~ Vii 'IJB.:im1~'1.:Jl'l'S.:J'OJ1n~1'U 
111\J , 'U " d.!I 
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*vnnel'Jl/'11 ~u'U~11i;inu~nru~nri1 o ~~1b~iiei 1'11bbVfil\J'Vei\J"ilV1 C.M.bb'1t"ilvi C.G. "ilteiti~l'l1bb'Vfi.l\J "I :::> , • ,, 

V!~€J"iJV!b~CJ1tl'U bb~li'1bU'UU'UVl'J\JV111V!~€JU~b1ru1vinmii~i1F11 0 hJ~J1b~il€1 "i)VJ C.G.liltbtl~CJ'UhJ 
' ::i ' 

"il1m~ii 

bb~ lilvi C.M. liltir\Jfl\JeitiV11'11bbV!u\JV!~€llilV1b~ilb~i1ei 
' " ' 

» lilvi C.G. bU'U lilVJ~b~:riei'UbU'U~11ii"Vei\Ju1V!'Lln"Vei\111'm~\Jnei'LI 
' ' ' » ~U'U~1fanu~b1ru~i'.ifi1 o ~tl1b~l-1€1 1'11bbV!U\J'V€1\JlilVI C.M.bb'1tlilvi C.G. lilt€1ti~l'l1bbV!i.l\J :::> , , \I 

V!~eJ"ilVJ b~CJ1 n'LI( bb~"ilVJ~\J~eJ\Ji1m 1i1V!m CJ bbl'l n~1\J n'LI) bb~ t11bU'UU'UV11\JVJ11V!~eiu~b1 ru tvi fl 
' ' 

1'11il~ijfi1 o hJ ~tl1b~iiei lilvi C.G.liltbtl~ti'LI1tllil1m~ii bbl'i lilVI C.M. liltir\Jfl\1€1V~l'l1bbV!i.l\J :::;, , , \I 

» "ilvi c.M.bb'1t"ilvi c.G. ei11ileiti'Ueimdei11'lcin11'i' b~'U bb'Vl1'U V!~ei 11'lcini;i1\J , , '\J , , 

» m1V!11'11bbV!U\J C.M. V!11~1il1nm11.ff bb 1\Jmt'Vl1~1'l'lcit1111'lci 1lJV!ii'Ubb~VJ\Jl1bb'U1'1'U~1'U"ilVJ , , , , 

C.M. 

» m1V!11'11bbV!U\J C.G. V!11~vitim1bb'V1'LI11'l~J'U1'Ubb'U1~m~rut~1\Jltl'LI1'Ubb'U1~\J 1vimb'U1 

ti Q.J QJ Q,.I' Cl.I d d d ~ ~.::!ii d I 

'VeJ\J'U1V!'Un'Vei\111'1'1"iltl'lV1n'U'Vl"ilVJ.,V!'U\J 611\J'U'Unflei oi'1fl'UEJ'11..:J " C.G." , , I , ~ 

~1eJEi1..:i~ 1 mi;i 5 nli;in-rii bb~~mi;i 25 nfan-rii eitivi1\Jtl'U 3 bl-J(Jlj "il\JV!1"iJV111'l'U~n~1\Jm~'LJ€1\J 
" ' " 

16'Vi'1 1. 11vi1tlbb~vi\Jl'l1bbV!il\J"Vei\Jm~~\J~ei\J 
" d ,, ,, 

2. b:l..mi m1 = 5 kg , m2 = 25 kg , x1 = 0 , x2 = 3 m l'l€1\Jn11Vl1 Xcm 

Skg 25~ G-----·---.. ·-·----·---.-·-·----·--·v 
....._ xqg ./ 

y x1 Jm x2 

'11fl x""' = m1 x1 + 111i"r 5(0) + 25 (3) 

mt+m, 5 + 25 
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y 4a __ _.A..__ __ 

~ 8 Jm 

' ID 

! 
a 

Qoel 0 d II I 

1li'Vl1 blJB~11 m1 = m , m2 = 2m , m3 = 3m , x1 = a ,y1 = a ,x2 = a , y2 = 3a, X3 = Sa , y3 = 

3a l'i'v\ln11Vl1 Xem , Yem 

m(a) + 2m(a) + 3m(5a) 
Xcm = ---------

m +2m +3m 

Xem = 3a 

_ m1Y1 + m2Y2 + m3y3 + m4y 4 Y cm - --''-'---'----=-~---"-''--"--___:_:-'-

m 1 + m2 + m3 + m4 

m(a) + 2m(3a)+ 3m(3a) 
y cm = --m--+-2_m_+_3_m __ _ 

Yem= 2.67a 
" ' 

~£1'1.J ~\l'l1'W'1vW!'W~fl6'!1\11J16'!"1JB\IWUUB~Vl~1bb'V!U\I (3a , 2.67a ) 
, 'U 'U 

x 
(1-X) 

m 

= 0) 

" 

m(2-X) + m(l-X) = 2m(X) 

X = 3/4 m 

IPJelU ~\l'l!'U ~1bb'V!U\1"1JB\1'1~ C.G. bvl1fltJ 3/4 blJIPl1 
' 



4m 

3m 
~ 

4m x 
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y 3m 

··· .............. ··········· 

'···· ... 

4 m ·········:-::"· 3m 
.·· ··. 

,'(2, 1.5>·· .... 

"""'
0 

d"' 
2 2 15 15 35 1ti'Vl1 b:UeJ1 A1 = 3 X 4 m , A2 = 1 X 3 m , X1 = 2 , X2 = . , Y1 = . , Y2 = · 

" 
"' \JleJ-:Jn11vn Xem, Yem 

"il1n A1x1 + A2x2 
x =----

cm A +A 
1 2 

(3x4)(2) + (1 x3)(1.5) 
=--------

(3x4) +(1x3) 

Xem = 1.9 m 
A1Y1 +A2Y2 

Ycm=----
A1 +A2 

(3x4)(1.5) + (1x3)(3.5) 
=---------

(3x4) + (1x3) 

Yem= 1.9 m 

\Jleiu ~-:iJ'W "iJ(;lli'!'W~mn-:imG1"1JeJ-:1bbeJ'Wfa'V!~de:iv~~1bb 'Vltl-:i o. 9 , l.9) 
' " " 

L 'Wu11:u"1!1~1e:iu '1 1'11 b 11"il~wu n11bfl~ eJ'W~"IJe:i-:il'\Jl~ m nm CJ 'V!mmb 'U'U b(;l m 11'11 bb 'Wn 

'1n'l!lru~ m1Lri~e:i'W~V!'1n1 e:ie:imlJm'rn-:i'1n'l!lru~fie:i nntdmJ~ (Translation) zj-:JbU'Wn11b~eJ'W 
~1bb'V!U-:J"IJeJ-:J"il(;lli'!'W~ nG11-:imG1"1Je:i-:11\Jl i;i bbm:-n 7'r'i13JU (Rotation) zj-:ibn(;l"iJ1nm1~-e:i-:il°ltJ1~ne:iu b~ n '1 

, \I , ' 

"IJeJ-:Jl\Jlmri~e:i'W~b U'W1-:inG1:u1e:iu bbn'W'V!:U'W n11bfl~eJ'W~~wu 1~J'Wnih~-:ibb uu~ bfl~eJ'W~~1 E.Jfl11:u b ~1 
' ' 

(b ~-.:i b~'Wvr~m ~-:i:u:u)ri-.:i~ 'V!~e:i bfl~eJ'W~~1 E.Jm1m ~-:i(b ~-:i b'1'W'Vl~e:i b ~-:i:u:u) zj-:im1 bfl~eJ'W~"IJe:i-:i1\Jl'1"il~ 
' ' ' 

b lJ'W'1n'l!lru~ L(;l,f 'W~'WeJVn'Ubb 1-:i'1w5'V!~eJ'Vle:i4n'1w5~ m~'\111~ e:i1 \Jl'1 'V!1mb1-:i ('Vle:i{n) '1w5~ nw'Vl1~e:i 
" ' 

l\Jlm U'Wli'l'W~ l\Jl'1fl"il~~n'l!l16'ln1wm1bri~e:i'W~b~:u Ht~ ti'Wfie:i l\Jl'1"il~ 1lJiim1:ub ~-:i (m1:ub ~-!lb ~-:i:u:u) 
, "' , , 'I 

~'Wbe:i-:i 'WeJ n"il1 ndE!-:iii'1 n'l!lru~e:i1 m1"1J e:i-:il' \Jl'1~U16'l'W L "il bbGi~W'U 1~m nm CJ 1 'W~1\JltJ1~'11i''WBne:iv1-.:i 
' 

vr~-.:i fie:i m1 mlffv "1Je:i-:11'\Jli;ivr~e:i~-:inv6'1~1-:i ~1e:i~1-:i~ti1?1'Wh"1Je:i-:11\Jli;i'Vl1e:i~-:ine:i6'lf1-:i~e:ivti-.:i n v 'I , \I 

1~Lbn b6'11bu~E.J-:i ~-:ie:i~~ e:i.1"1!-:ib~E.J:u "il.BuG111"1luTu ~-:itJ1~ne:iu1tJ~1E.J?i1'W~ri~1E.J(;leJm~m1-.:ie:i~ 
" ' " 

~1'WU'WL lJ'Wi1'W'Vl11 E.Je:i1mh~mru 130 Gl1'WU bbG1~?i1'W~ b lJ'Wl'i''Wb6'11 b lJ'Wi1'W'Vl11CJeJ1 ffth~mru 180 
' ' 

~1'WU bb'1~€inl'11e:iv1-:i'V!~-:Jzj-:Jb U'W~-:ine:i6'lf1-:ieJ''W 1vi-:i~-:i nfie:i 'V!eJbeJ'Wbi1e:i-:itJ61i1 ~-:ie:i~~ Li1e:i-.:itJ-61i1 
" 
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v ' 

thi~b'Vll31~1'11~ Lth.JV!fJ'Vl'J'ln':i~'UfJfl 8 oU'U ?!'I 55.86 bl.Jl'l'J bBtJ'l'Vl1l.Jl.J 3.97 fJ'll311 rl'Ubb'U1~'1 ~'lbb?f{;l'I 
'U ' 

1 'W"JtJ~ 1 ~-:i~t11?t'LI h Mif:J n1"J~Lfl'J-:i?1~1-:il'11Bci1-:i~-:i?teJ-:i ~-:i~L ll'LI~-:i~u'J'Jl.J"ll1&i?1~1-:i~'LI(L?11 
'U 

bil~tJ'l)bb6'l~~l.J'LI~~?f~1'1~'LI (V!fJbfJ'LI bi'.leJ-:itlsd1) f) tJb 'LIMl11~fJclti-:i 1~6"l.JV!~fJ'W'l'V1~6'l1tJ6'l'll.J1 1\il b U'LI 
' 'U 'U 

L 1m ti11'U1t.1'1'\.J :W L~B'\.J 1 "lJ'V11-:iYl~n'"1Bci1-:i1 'JV!~BV!~n fl1'J'Vl1-:iYl~n"'1{;lm iB6u1tiMn1~V!~{;]D-:i"lleJ-:i 
bfl'J'l'1~1'1 

fl1'J~l l'l '1V!~f) bfl'J '1'1~1'1~1'161 J'LI f) cJti-:i 1'1.J?t.fl1'V'lb~l.J1~ ii'LIV!l.J1 tJfl11l.J11 l l'l '1(V!~fJl l'l'1~ 
• I "' " " 

L U'LI~'l.JG11'1.J"llB'l Lfl'J'l6111-:i) 611l.J1'J'1-rn~1Mnvm1"JLfl~ B'LI~ L~l.J ( BciD-:i) 111\il ~-:iJ'l.J LL 'J'I LL'1~ml'fo 
'U 

~'V'l6~m~'Vl1~fJll'l'1~eN:Wfi1LlJ'l.Jl31'1.J~ ~'IL 'J1L~tinMn1~~11 flJ.J~flnfl (Mechanical equilibrium) 
' 'U • 

L~tJ"il1fl~fl'1°11l.J1 b 'l.JoU1'1~'\.J~'\.J "il~b ~'\.Jl161l.J(;l'1fl'1 Lb U'lfJBfl 1~ b U'\.J61B'lbb 'U'U 1~bbfl 
' 

2. 61l.J~'1"ilffW (Dynamic equilibrium) ~B '1.fl11~~11'1'1n1'1'-:iLl"l~B'\.J~V!~Bn1'1'-:iV!l.J'\.J L(;ltJ~bb 'J'I . ' . 
QJ ' ' QJ ,..J 0 I V ~ f' ~ di QJ d .d d j,I &::;: d di 

'1'V'l6bb'1~'VIB'Jfl'1'V'l6'Vlfl'J~'Vl11'1 fJ1 l'lm iJ'l.Jf'l'l.JtJ '\.J'\.JflB11'1'1'Vlbl"l'1B'\.J'Vl{;l1 tJl"l11l.Jb 'J1fl'l'VI bb'1~ V!'JB V!l.J'\.J 
'I \I 'I q 
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... 
bfltu.l'Ul1W"llv-!lfl1111l~ • 

Laih.J'j.fl1W"llei.:i1~ri ~e:i m1:w?11:wTrnhrnT~'Vl';i.:J111'1e:icJ1~'lrn.:i1'1?H:nY'\.J ru l'i'1LLV1i.l.:i111l . .., ' 
l'i'1LLV1u.:ivr-d.:i ~n~ru~?l3Jl1l~'llv.:Jll'lt1 m).:ie:ie:irnll'\.J 3 U';i::;L.fl'Vl ~e:i 

' ' 
1. 6'1:Wl1l~L6'1fiCJ';i (stable equilibrium) ~e:i 6'1:Wl1l~'lJeJ.:Jll'ltl~b~eJeJeJnLL';i,rn';i::;vh1~11'1'1 , , , , 

LaCJ.:i'il1 rn~hm"'1 131'1.J~ n~1.:i:w1~'1Je:i.:i11'lm tJ~ CJ'Wl'11 Lmil.:ie:iCJ1 'U';i::;\;)\J~?l.:i~'\.J 'W~.:i.:i1'W 
'\J 'I \I \I 

13i'n~'lle:i.:i11'lm.nn~'\.J Lde:ivrCJl1leJeJnLL';i.:Jnwvh ll'lt16'11:1J1';it1n~'l.JmeJCJL'W~m~ru~L~:w 
• , 'I \I 

~ odl Q.I d d 0 I Q.I 

6'1:Wl1l~6'1::;L'Vl'W (neutral equilibrium) fleJ 6'1:Wl1l~'lJeJ.:J11'ltl'Vlb:WeJeJeJnLb';i.:Jn';i::;'V11l'lml'lt1 , , , , 2. 

LL'111'l?lt1'iJ=:;n~~ 1 tJ Ll1lCJl31'W~nm~m~m.1 L 'W';i~~'l.Jm1:w?1.:iL vi1 L~:w 'W~.:i.:i1'Wl3i'n ~'lJe:i.:i1'l'lt1 
'I '\J 'U '\J 'I 

fl.:Jb~:w 11'lm1::; L tJ~CJ'W~1LL V!il.:i 1 ULl1lCJ11.:il1111 'W~ n~ru~ L~:w 
' 

3. 

'llltnh 

Q v ~ 
n·nu 

~ f:J ~ 
·~· 9nueD '111 C.G. eg n~mm 

~ ~ • 
1. 

.. 
6'1l.Jl1l~ Lb 'IJ'IJL?lt!CJ W1'W 

' 
If .K 

~11l~uan~1.:i111~ij-!l"llU 

2. '1l.J~~ Lb 'IJ'IJ hiL?l~CJ';i If ~ 
~~~uan~1.:i111~~1~.:i 

3. 6'1l.Jl1l~Lb'IJ'IJ6'f::;b~'\.J 
' 

If ' ... 
~11l~uan~1.:i111~ L 'Vl1 Ll1l11 
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bl°l~eNfl'1e:i~1'141CJ b"li'W 1°11'U F111til~m~ him'I ~mb'1:::bwm brn:::flll'U bU'U~'U bl°l~eJ\lfl'1eJ~1\l 

41mV1~1d~111Tm~1mb 1\l~m:::vh 1vi'e:i~1-:i 11 ~11111twu1h1~-;;i1flm1V11"U'U1~"Ue:i-:i bb 1-:i~m:::vh ru 

~~1'11\l 1 ~111V1~flfl11"Ue:i-:i~11~i;i 1 'W'VJflmru 

1~CJeJ1~CJVl'1 flfl11b~e:i-:i~11~i;i fl'1 b 11~11111'1BB mb uu 1m-:i~~1-:i"Ue:i-:i~-:i rie:i~~1-:iV1~e:im1~~ 
' 

11-:i1'~'1 b ~e:i 1 ~1~'1e:i~1'W~1J~'11~ b 11~11111'11bm1:::ifo1-:i~m:::v1111ie:i"11'U'lh:::fle:iul'i1\l '1'1J€J'I , , 'V , I 

bl°l1-:i~~1-:i~e:i~1'W~1J~'11vi' 1~CJ m~CJVI~ fl fl11db"1i'W n'W 1 w•iiie:i fl11vi'1n-;;i m 111 fl11~e:i'W.,1~d -;;i::: 
'V , \J ~ 

CJflti11e:i ~1'lfl11i.h::: CJ fl ~VI~ fl fl11 b~e:i-:i~11~i;i fl'1 b ~e:ii bm1:::ifo 1 'I~ m:::vn 111 e:ie:i-:ifit!1::: fle:iu"11'Wl'i1-:i 61 
' ' I 

'J 1 " 0 I I Q d.. 'tJ d <V ... d 
'U€l'l~t'W1'Ubb 'U1 'U b~CJ 'ljbb 'U'U'iJ1'1€l'l~t'W1'UeJ CJ1'1'11 t.Jbb Vl'U~:::'W1'U'iJ1'1V11JeJ'll°l 1:::fleJ'UV161J'lJ6/ieJ'U b 'WeJ 

l°l111141CJ 1 'Wm11 bl°l11:::"1zj-:ib oWCJ'l'WeJl'le:im1vl1m111b .rr1h1 'WVl'1 fl m1bb'1:::m:::u1'Um1~~ 

nT~tl-a::vn~h~B-!l~:!Jfl ~n yjB 1 Lft-a1::'1LL -a.:i~ff~::vl11JiEJfl1'1..11Ji1.:i 6\ •1m.:i~::'W1'1Jbb "ll1'1..1 
' ' I 

1 'W~1-rre:id b 11-;;i::: b~CJ'W~m1i11V1'1fl"Ue:i-:i~11~i;i1 t!t!1:::CJfl~1oifb~e:iibm1:::"1bb1\l~m:::v111'le:i"11'U 
" ' ' 

1'11\l '1 6UeJ\l bl°l1\l~~1-:i~e:iCJ 1 'W~11~i;i 1~CJ 1 ml°l1-:i~~1-:i~:::w1'Ubb'U1'Ub lJ'Umrut111e:i~1\l 1~CJ 1 'Um1e:i6u1CJ 
I " • 

J'U -;;i:::'W-;;i11ru 1 bb uu "il1i;i e:i-:i e:i ~ 1'141 CJ bb Vl'U~:::w1'U -;;i ~ -:i b ~e:i 1°111:t..J41CJ1'Ufl11'W-;;i11ru1 bb'1tl°l111J 

.K 1 .... .... ~ 
b V11J1:::~1J'UeJ\l b 'UeJV11 'U1:::~'U1J5CJ1JPI fl~1~ €l'UU'11 CJ 

~t'W1'Ubb'U1'U (Suspension Bridge) bU'U~:::'W1'U~lJ~1t.Jbb'U1'U (Hanger Rope) bll'Wl'i'1~'U 
... .... .K ( ) ~ .... ~ .... d.. d d .K ... 
'U1Vl'Ufl'W'U~::'W1'U Roadway Deck bb'1t'U1Vl'Ufl'iJ1 ('U1Vl'UflV11Jfl11bl°l'1eJ'UV1) 'U'U'W'U~:::'W1'U bb'11 

"1-:il'le:i1~bbri~1f.Jbl°lbD'1Vl~fl (Main Cable) ~-:i-;;i:::"1-:ici1CJbb1'11J1ir-:i"11'W~'Ubb1'1Vl'1fl ~e:i b~l 
( ) ( 

1 ( '] .. d.K d1 I <V 

Tower/Pylon Vl:t..J~ Anchoraoe) bb'1tl'leJ1JeJ Pier) b~CJ'iJ:::bWfl1tCJtVl'W'U~:::'W1'UVl 1J'1fl1'U 
' ::i " 

tl1V1i!fl b~t.Jb~1Vl~eJ~'U11 Span ~'lbb~~NL 'Ufl1'W~ fl.38 bbmm11m::'11CJ'UeNbb 1\l'iJ::b lJ'Ui;)'lbbMM1'1.J 

d 
fll'WVl fl.39 

1-- .,. ---i 

~ 
111'VfVI n.40 i;l:::'W1'1Jbb"t11'1..1 
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d 
111vw1 n.41 m-am::li11mb -a..:i'lJ'Ugl::W1'Ubb "ll1'U 

0 • • 

bb 'U'Ulil1~eJ..:J~::W1'Ubb "ll1'UeJ E.11..::1..::11'1 

b ~e:i·:r'il1rn'l:::'V'41't.r'il1·nr'W iie:i'l~tl':i:::fle:iu'\J~ n~m.1 b ll'W"ilTt.rminfl V11n-'il:::'W"il1':iru11 ~i;i::: bae.1~ 

'Vlfl~1'UJ'W 'Vl11~e.11mbi;i:::iim1:wivifo'Ubll'We:i~1\1:1.J1fl zj\I hJb V1:w1:::?1:wnu~b~e.J'WL 'W':i:::~ud ~\IJ'W L 'W 
' 'IJ 

m11bri11::;'1-1bb 1\l~m::;'Vl1v1e:i~1'Uv11\l 1 '1.le:J\l?f::;'V'41'UJ'W b 11"iJ::; 1 oUbb uu~1i;ie:i\le:i~1\1~1 t.1 bb 'Vl'W?f::;'V'41'U"il~\I 
zj\lb v;t.1\l'We:i~e:im1b~t.1'W~b~e:i'lm1'\J':i::;t.1fl~mrfl'1.le:i'l?t:w~i;i b ~e:i1 bfl':i1::;'1-1bb1\l~flw'Vl1~e:i1ri1 \l?f~1\l~e:i ~1 

\I , , 'i{j 

L 'U?f m1::;?f:w~i;i bb!;l::;b ll'U'\J';i::; b~'U'Vl~fl'Uv\l~e:im':i?te:i'Wb~e:i\l\Jlv'Wd 

b ~e:i'1~fl11:wiu~e:i'W L 'Wfl1':ifl1'U1ru L 'Wbb uu'11i;i e:J\l?f::;'V'41'We:i ~1\1~1 e.J6lle:J\I b ':i1J'W "iJ::; 1 ~iibfl b Di;i 

1v\lm -rr-ru-U1V1ir fl'1.Je:J\l?f::;'V'41'Wb Wt.l\l?f e:J\l?f1t.l bbi;J::;?f1 tJ bfl b D'1Vl~ m U'Ul (Jlf;l bb ~\lbfl~\11tl11°1'1'V'4111 L 'U'11 
' 'IJ 

b ~e:i\l"iJ1 fl bfl b D '1Vl~ fl6llv\l?f ::;'V'41'U "il1 \I L 'U'U ru::; 1i'l1'W"il1\I~e:i1c;)111~ii fl 11 b tJ ~ t.1'\.J bb tl'1\l ':itl~1\l.fl 1t.11c;( 
'IJ 

b~e:J'U 1 '1.ltlfl~'1.le:J\l?f::;'V'41'WV11e:i L 'U?f.fl11::; 1 oU\11'1.Jtlfl~ bb'1::; b ~e:J\l"il1fltl1V1iJfl'1.le:J\I bfl b Di;i'V!~ n611V1fo?f::;'V'41'U 

1~e.1~11 tl"iJ::;iil°i1-Ue:ie.1mn bde:i b Vit.1u nutl1V1ir n'1.le:i\l~'Um~Y11?f ::;'V'41'U b ll'Ui:.ii;iv\'11 ~bflb Di;iii1tJ~1\I b ll'U 
'IJ 

'i"' 'i 'i 0 ..,., ., d 
bl°l\l'V'4111b'U'11 b~t.lbb'U'U"il1'1e:J\l"iJ::;:wi;in~ru::; ~\l.fl1'V'l'Vl n.40 

111w\li n.42 Lb uu~1'1t1..:Jgl::W1'Uu "ll1'Uv~1..:i~1v 

d 0 • ...J • 
LL 'a..:J'Vlm::v11\PlvJ;11'UlP11..:J 61 "lliJ..:Jgl::W1'ULL"ll1'U 

L 'Ufl11l bf111::;'1-1bb )\l~flWvl1 vle:J~'J'U\911\1 I '1.le:J\lbb 'U'U~1'1e:J\l?f ::;'V'j1'Wbb '1.l'J'U b 11"i]::;?f:w:w~11 b 11 
I.I I.I I.I II tJ' I.I 

'Vl11u t11V1ir n'l.I v\!Yl'W?f ::;'V'41mbi;i::;?f1 mfl b ui;i':ie:i\1(?11 mb '1.11'W) VJ\l?f v\I b61'W bb'1:::t11V1irn'1.le:i\1?11mri b ui;i 

V!~fl-U'mJ:w1n bdm Vit.1u ti'utl1V1irm1:w6lle:i\1?11mb 6ll'J'W~\l?f e:J\I bb'1::;~'1.J?f:::'V'l1'U ( v111 ~?f1mfl b Dmll'W':itl 
'IJ 
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V'11111 'Um) lii'-:nYtJ 1 tJrn11bfl11~~'.iJ~1lJfi111J1V1i!n"Um?11mflb .Offv1i;r n (b ~e:i~'.iJ1n:W~'11Je:i timn'.iJ'tJ'1~ 
~~1~) 

rl€l'tJ~'tJ'.iJ~b~l.l~'.iJ11W1bb 1~~~ 1 'tJ?t1 tlbb "1l1'1.J~~?f€l~ ru l'l1bb'V!ti~~Ej\1ln'U~'tJ?f~V'11'1.Jbde:i:W1~~ 
V!~B 1 V!'1\1l (Load) e:i~~\111bbV!il~1111., 'U'tJ~'tJ?f~V'11'tJ 1111tifl1V!'tJl1l1 ~ ?11tlbb "1l1'1.J~~?fe:i~e:iti1 'l.Jbb'l.J1~~~~ 

" I 'IJ 

u1 n n'U~'tJ?t~V'11'tJ a ~vl1~'.iJ 1 ntJ'11 ti?t~V'11'1.J~~?te:i~ b vi1n'l.Jb lltJ1~ ti~ bb'1~e:i~vl1~ nm lltJ1~ ti~ :W1~ ri 
'IJ 'IJ • 

J1Vfi!n e:i~'U'tJ~'tJ?f~V'l1'tJ ~ l'l1bb'Vfil~ 1111'.iJ1n?11mb"U1'tJ 1 (n1V1'1.J1111~ x bU'tJ'U1rnde:ie:i~v11~"U11"Um 
'IJ 'IJ 

) 
., .J 

?11tlbb "1J1'1.J 1 \1l~fl1V'l'Vl f) .41 

' 1!:'1" .. ' JI 1 b11?11l.l11bl'V!11°11 T 1 bb'1~ T2 bb'1~ 111 b\1ltJfl11V'l'.iJ11W1?fl.l\11'1~€lfl11V!l.l'tJ"1lmV'l'tJ?f~V'11'tJ \1ltJ • • 
1~~1bb'Vfil~ ?11mb"U1'1.J 1 bb'1~?11mb"U1'1.J 2 bll'tJ'.iJ\1lV!l.J'tJ ~1m:hlii''U lil~d • • 

L 
T1L - W--P(L-x) = 0 

2 

T1 = ;+(1-~)p 

= 0 

T2 = ; + (~) P 
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... .., d ~ 1 .. 1 ' .. .J 'l 
"llt!ibU0\91 : T1 + T2 = w + P •1i-:iLD'LI tJIPrn.Jb\lB'LI 'IJ'IJB\l?ll.J~'1\Jle:JnT~b'1B'LI'Vl bb'1~b'LI 

m1 l"l1'U11JJ Vl1bb 1\l 1\1le.iL-U'b~B'LI 1 '1l'IJB\l6'll.J\11'1l'ie:Jm1Vll.J'Ub~tJ\lel~1\lb~tn,r'U 1°111\Jl11"il6'le:J1Jt:J'1i;r~5 
' ' 

~1e.Jl1b U'LI 1 tJ ml.J b~B'LI 1'1l"llB\l?ll.J\11'1l'ie:im1 b~B'LI~~1e.iV1~e:i hJ 
' 

"il1nt:.i'1ffi~"il~b~'Ul1 T1 bb'1~ T2 "il~~'Un1Jl'l1bbVl'tl\l'IJB\ll\Jl~ 1\1le.Jf111l.J~l.J~'LIB1~Vll1\lbb1\l~\l 
~"il\11 bb'IJ1'LI'IJB\l?l1mb'll1'Ubbl'i'1~6'l1tJnuvi'1bb VIU\l'IJB\l 1Vl'1\1lbb?lin-:i1 'Wnnvol~ 1 

' 

! 
~ 

G i 

5 

4 

3 

2 i 

0 -

-2 

-Tl 

-T2 

l--

0 6 8 10 12 

•(m) 

fl1~~ o.44 f'l11ll~ll~'U6-a::vi11.:ibb'a.:i~.:ibi'iaonu\J\'1bb'WLi.:ilvi~\9l b\9!Eltl1Vl'U\9!L\1 w=lOOO kg., 

P=100 kg., L=lO m. 

QAI ~ ., ~ Q.I .J' ~ .cil I Q.I d 0 I 

"il1nm1 n bb 1\l\Jl\l b'U6'l1eJbb'IJ1'U'Vl"il\1lbb'IJ1'Wn1J~'U6'l~~1'U'Vl\l6'lB\l6'l1tJ"il~l.J'IJ'U1\1lb 'Vl1n'Ubl.JB \Jl1bb Vl'U\l 
' 

'IJe:i.:i 1 V1'1\11B~\Jl1.:iM.:in'11.:i1~V111.:i?l1mL'IJ1'LI~.:i?lm LL'1~bb 1.:i~.:i L 'W?l1mL 'IJ1'LI~11JltiBe.i1n~:i.nnn11"il~n 
\J ' \J 

~1:i.nnn11LL 1.:i~.:iL 'U?l1mL 'll1'WaneJ''U 1 'Wmrum V1'1V1B~v11.:i"il1mnmL 'll1'W 1lJL vi1n'U ~.:im~~ n.43 
\J 
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19ie:i hJ"'1bb 1\l~\l 1 'Ua1mb "UTu ru \911 bb wu\l~Ej~nua1mflb D1.1 1~EJvh111ru1bb1\l~m~'Yi1 \9le:ia1EJ 

bb"U1'U ~\11'1J111V'l~ n.44 m131m~e:iu 1"U"Ue:J\16'llJ~1.1\Jle:im1b~e:i1..1~ 1~EJn1wu~ 1ifa1\l~lj.yj131;ff ~'UmlJ v , 

'11m1'U ~'111ru1"'1bb1\l'IJ~fi~m~m~vh ~B6'l1tHflbD1.1~~1bb"'i.l\1~~1B\lfo~~1b6'l1~\16'lB\I 
Ji'1'U ('1~ E bb1.1~ F) 1~EJ~'111ru111 6'l1EJbflbDmll'Ull'lt:lbb~\lbn~\11U~1\lll"1\IV'l111lu1.11 a~EJci1'UD1.11EJ 

' , v 

a1lJ11mu'U1Ji' b~flUBEJ) bb1.l~bb 1\l~\11 'U"11mflb D1.lljri1mnn-J1J1"'i!n"UB\16'l1mflbD1.lrn\lmn1 'Yi11 ~ 
a1lJ11~1.1~~\I m1~'111ru1J1"'i!n"UB\la1mm D1.11Ji' 1~mb 1\l~m~'Yi1 ~e:ia1mflb D1.lb ~B\1'11na1EJ 
bb "U1'UBV~~1bb "'i.l\l'IA1\1'11 fl '1~1B\l-r'U~\16'le:J\IJl1m U1.J1~EJ~ D bb1.1~ bfl b D1.llj1~EJ~l'l flVJB\l-ll'1\I (Sao) 

v ' :;, 

bvl1fl'U S ~\l.fl1VfVi fl.45 

'T 

~
, ~'E 

.'' ! --- -H ·-
r 

L • s 
t 

1~EJ~ HE (HF) bb1.l~ NE ( NF) F'ie:i "U'U1~"UB\lbb1\li.J5fi1m1mb'U1'UB'Ubb1.l~bb'U1~\1~~~1e:i\l-ru 
E (F) l'lllJci'1 ~'IJ l\;JEJB113i'm~B'U 1 "U"UB\16'llJ~1.l~Bfl11b~B'U~ '1~ 1Ji'-J1 , 
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HE = HF bb'1~ NE= NF = T3 + T4 

-o;i1mYu 'W-o;iTrn.m1au 1 "ll"IJB·H"'fl.l~"1~B nTf111~u aB'U~\Pl'V!~u~1~ 11\Pl~ n1V1'W\Pl 1~VJa{n1 uVil"l 

V11m ~l.l u1wmilbri~B~V1:i.nm Duin n \;)~d 

I 

• 

I 
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... ... 
~1'U6l!1EJ : 

H = NE ( E_ + ~) + T3 ~ 
E s 2s 2s 

= lT3 (D+L)+T4DJ l2D+LJ - T ~ 
2D+L 2S 3 2s 

... 
~1'U1111 : 

HF = NF (E_ + ..!::.) + T ~ 
s 2s 4 2s 

~1ni:.J~~-w5vtl(1) b~mbvitJl"i1 T3 bb~::: T4 b11n~:::1(1)bb1.:i'lliJn~~1bb~:::~lJ~~11rrn.:ifo~-:i"'e:i.:11tJ 
1tl~~'l.Jrl'U vl1 bb 'VltJ.:J"IJe:i.:J l 'VI~(?) ~e:i 
" 

N _ lws + ~+( 1-I )Pj(D + L )+ lws + ~+(I )PjD 
E - (2D + L) 

W + w + (D + L-x) p 
s 2 (2D + L) 



N _ lws+~+(Z)Pj(D + L )+ lws + ~+( 1-I )PjD 
F - (2D + L) 

W + w + (D +x) 
s 2 (2D + L) p 

d 
bl.IB X = L 

2 
tJijn~CJ1~'161B'lbb'U1~ ~\jl,j'LJ 

144 

'11~tJ~B 1 tJ fi"il1'H1J1bb 1 \l~fl'i~vl1~Bb611~\161B\loLJ1\I ~\1611l.111tlb ~CJ'Ubb~W11'W"1JB\lbb 1\11~~\I 
.J 

m-w'Vl n.47 
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1 'l..lnT~l°i'Ttnruvn T 7, T8 , R1 bb'1:-; R2 if 'I..! b'~1 H\ ~EJ\I b~el'l..l 1 '1l'1leJ\l?l:W~'11PieJ nT'H~fl'l..l~nb ~EJ.:rrrn 
(b ~fl\l'<il1n ~bbl'i'1:-;b?11i1~1 bb ,_i.~mlJvrnu~1b ~EJ\l?leJ\1~1) ,j''l.J~fl 

La1'1/1EJ : T 7 cos a 

D 
T7 = (2w5 + W + P) 

2scos a 

R = D tan a (Zw + W + P) + W + w + (D+L-x) P + W 
l 2s s s 2 2D+L p 

W + (Dtana + l) W + (Dtana + l) w + (Dtana + D+L-x) p 
P s s s 2 2s 2D+L 

b{f1"lJ11 ; 

D 
T8 = (2w5 + W + P) 

2scos a 

D tan a w ( D + x ) 
2s (2ws + W + P) + Ws + 2 + 2D + L P + Wp 

(D tan a ) (D tan a ) w 
Wp + + 1 W5 + + 1 -

s s 2 

(
D tana D + x) 

+ 2s + 2D + L p 
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I.I 1 IV I 

bbfl~t1n~~~1mm uf!Vi1'11bb Vli.l\IG'f\1'11 n'W'W IPl\lnTwVi n .48 
~ ~ 

~'\ll~~bb~fl~eJ'W i1LL':i\IG'IB\lbb':i\l~EJ\lhJvrnurh ii'W~B Nibbfl~ fi Ldv i = 1,2 '1~bi1'U11 

L 'Ub OB\ll°HU\Jlfd11G'f\Jl{ b ':i1G'f1l.J1':it11 ~b-w~\lb~B'U b 'V'VB\IG'fl.J~fl~eim':ib~B'U~ n b oW~\l~ei~eim':i'Vl1l°i1"11 bb th , 
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0 

'V13.lfl'tl'J1 : • N2 + T10 sin a - wA = 0 

N2 = wA - Tio sin a 

T10 cos a - f2 = 0 

f2 = T10 cos a 

b ~ei\l~'W 1 'Ubb tJ'U~16'leJ\l"1.leJ\l b 'J1 bl°l b D'1~b zjillJ'Jt'V!l1\lbITTtltJV!1w1 11..:il'i'1 b lJ'Ub?i'tJm..:i bb6'lt , 

tl1V1i!n"1.1ei..:i bl°lb Dm1mm11bb 'J..:i~..:i1 m?i'tJb~einmm1tJ6'lt~..:i1~ ~..:ii!tJ bb'J\l~..:i1 tJbl°lbD6'1611tJd~..:iii~11°1..:i~ 
iitJ~ei T9 = T7 

bb6'lt T10 = T8 b~tlbbVl'LJ~1 T7 LL'1~ T8 :ut1~11 

Dtana 
Ni = N2 = WA - (2ws + W + P) 

Zs 

D 
bb6'lt fi = fz = -(2ws + W + P) Zs 

n'Jru~ WA if ~1lJ1nV'ltl~:Ud'm~16'1lJ~6'1 bb6'lt b 'J16'f'LJ h~:UtVl'J1'U b ~tJ\l"1.l'LJ1~"1.ltl\l bb 'J\l 1 tJ , 

Lbm~..:i~1n ( N ) nrnL'J..:ib~tJ~V11tJbvhi!tJ m"J'W:u1"Jru1b~tJ..:iLvhdnL~tJ..:i~ei bbl'l1tJmru~ eitJ1nV1"J1tJ 

11tl1V1i!n"1.leJ\lV!lJ~ iieitJ~G'l~~'V!l..l~:u t EJ\ll°l\l-rm~16'1l..1~6'11~ b lJ'Ub vh 1~JtJ b 'J1:Ut~ei..:i'W:u1"Jru16'1l..l~6'l~ei , 'I , , , 
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L ~a..:i~1nV1:w(;)~..:imNn~n~ru:::LL61::: Lb 1..:i~m:::v\'1 L V1na'Un'UV1m.h:::m1 ~..:iL!'U L 11~:::v\'1m1 
' ' 

-W~11ru1 'Vl:W\;lb ~v..:ina'UL~cn l\;lt11~~(;)~Lb1..:i LL61::: m:::v11L ll'U~(;)'Vl:W'U LL~11-li'L~a'U 1-ti"LJa..:i?l:w\;161~a , , , , , 
fl11'Vl:W'U ~::: 1~ 

' 

b 
hT9 cos a - - w A = 0 

2 

2h hD 
WA = b T9 cos a = bS (Zws + W + P) 

L 11ii~:::V111uJ1Vl'un1Jat1~?1\;l'LJeJ..:i1'1?1'1~~::: 1 .Uv11V1:W\;1 LL~1v111 ~?1:::vnm)..:iat1'1 'LI?l:W(;1611~ ~..:i~ , , , \I , 

~a..:im1 ~:::L~'U111 'Um11Ll"l11:;~LL1..:i~m:;v\'1~a~1'U~1..:i I "LJa..:i ll"l1..:i?1{1..:iJ'U ?11mwv111~(;1tlfl11 

1-U L~a'LI 1"LJ"LJa..:i?1:w(;161~~11ru1~1'U"LJa..:i11"11..:i?1{1..:iV1~a~(;1~1..:i., ~Lb 1..:i~L 11~a..:im1V111u~1m:;v\'1 zj.,:i 
' ' I 

1'Uu1..:imruL!m111 -lib ~t1..:ib~a'U 1'll-ila1(;1-ila'Vl~..:inb ~v..:ivrn ~'Uv~ nu'11'U1'U~1 bb tb~hJV111u~1 bb~~..:id 
\J 

L~a'U 1'll "LJa..:i?1:w(;161~..:i?1a..:i-ilv~:::tii'a..:iL ll'LI~~..:i~{a:wn'U ~..:iL!'U L~m 111~~1LL 1..:i~1 nm11Ll"l11:;i..1~1t1 
' 

L~a'U hL .Wv..:i-ila b~t/1 iitii'a..:im1~?1au~1 t1111°l11?1 au~1~ b U'U hJm:w L~a'U 1'll~n-ila'Vl~a1lJ zj..:ir\'1\Jla'U~ 
~ntii'a..:i~:;tii'a..:i ?leJ(;)fl~a..:inu L~a'U 1 "LJ~..:i?ia..:i-ila~~a:wn'LI 

~1n n111Lm1:;~Lb1..:i~..:i'Vl:W\;1 ~u11m1 b tJ~ tl'Ubb tJ61..:i'LJv..:i Lb 1..:i~m:;v\'1 ~a~'U?1:;~1'U1 'LI 

Lb'U1~..:iJ'U ~:; 1lJ~..:i~61~mL1..:i1'Ubb'U11:::~u1 mmDmL6'J:;VJn., ~1'LI"LJa..:i l1"11..:i?1{1..:i Lb 1..:i1 'Ubb'U1~..:i~:;'1n 
' I " 

ci1t1 b VJ6'J..:j Ei'..:ib?l1bb6'J:;{Jl alJa ~1'U'Vl:W\;ln'V11J1~#..:i 1lJ1 ~b?l1~:W b oLJ1'Vl1 tl'U l\;lt/ €11Pl CJ bb 1..:i b?ICJ(;)Vl1'U~~'U n'U 
' 

na'LI11Jm LL61:;tl1wun'llv\l'Vll.J(;)"ti1CJ 1~'Vil.!(;)1lJnm1~~n~:w ~..:iLL?l(;)..:i 1 'Un1~~ n.s 1 
' ' ' 
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1. 

2. 

3. 

4. 

5. 

d ~ d 
"11ti - an~ ...................................................... "11\J ......... L~"ll'Vl .......... . • 
d ~ ~ 
"11tl - fl~~ ...................................................... "11\J ......... L~"ll'Vl .......... . 
~ ~ ~ 
"11tl - fin~ ...................................................... "11\J ....•.... L~"ll'Vl ....•.•.... • 
d ~ ~ 
'tlti - an~ ...................................................... "11\J ......... L~"!l'Vl .......... . • 
d t d 
"11ti - an~ ...................................................... "11\J ......... L~"ll'Vl .......... . • 

~tlmnl 

1. LL~'U~'t.J'Vl'S.:JbVI 1 

...... 
15'Vl~~ei.:i 

i. i11LL~'Wi'\Jlf;)~m .rr1n'UL 'liBrnL~1LL "1J1'U H~.:i-si.J 
• .., 'U 

...g 

1 LL~'U 

1 L~'U 

1 eJ'U 
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2. LdmL~'U'J\Jlf;)VICJV'lti.:J~~ 1~LL 'U"J LL 'S.:J T LLG'i~ mo BCJb 'LILL 'U"JL~CJ"Jtl'U fim~iJ'lJ'S~ A Ldm 't.J~CJ'U , , :::> 'U 

d 4 !"'1 I.I I.I I.I CJ! 

~Vl'Vl~m "lJBrn u'U~VI 8 LL'11'11f1L?f'U\1l'S.:J\111lJLL iJ"J L?f'UL "lJBfl 
• 'U • 
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• 1.J .J "" ~I ii ii ii .., ct 
3. Lu'1tJ'U~V1Vl~nb'll€Jnbu'U~V11 C ~-:iitl LLffJ'11nb61'U\9l'J'l\911lJLL'U1L61'UL'll€Jn U'tJVlnt:.J'1nl'J 

VlV1'1€J'l 

(f'I) 
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d ~ d s. '!1v - a~a ...................................................... '!t'IJ ........• ba'tl\11 .......... . 
4 ~ d 

6. '!1v - a~a ...................................................... '!t'IJ .•....•.. ba'tl\11 .......... . 
4 ~ d 

7. '!1v - a~a ...................................................... '!t'IJ ....•.•.. La'tl\11 .•......... 

~d 0 

a fl1'1J nTHU\11n1'M'U fl 

t9i' a-:i 111-s "'~ 1-:i '1t'W1u~il L :San b uu 611ui.h:: na u 1u111-s1'ULhv11.J n bLG'l:: 

'11ln-sma-:i1'utl1vrun 1 vr'1~inn~'1~ 'W'm~V'W'iJtili5111-sa~1-:i 1-s1 'Wn1-S'1~1-:i'1t'W1'W 
' 

l~ei 

• '1t'W1'W'iJtt>i'a-:i-sa-:ifotl1vr'W'n~-:i"1m-:i~11-:ia~~1uutJ"UB'IL~t1~a~1-:iB'11t 
'IJ 

• fl11l-1'1'1"llB'l'1t'W1tJ1:W~1n-J1 20 b61f'W~bl-ll'l-S 
'IJ 

• L~m1-:i~'l"UB'IG'l'l'U'W'1t'W1tJ'iJtt>i'a-:i'11m-strfotl1vr'W'n 1~av1~a~1-:i-Wav 2 'WT~ 
'IJ 

1~v1:W~-:i 

• rl1V!'W~L1'111'Wn11vl1fl'iJn1'Sl-J 20 'W1Vi 
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);.;>- 1i11mrn1u01~ru~.:infi11 t~t>W (Constraints) fiv 

~ dU I _.., II .di 

, 1il10i'lfl1'l.ln1~N~Nni'l11 Lv1Vl111Vfl111191t!.:lfl1l (Criteria) flt! 

., 
UH'U~N concept 
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lil1niHl1'1.Jn1'HU~.:inii11 tl'm'iti'l.Jii15m-;;t '1.Jn1':ifl~1.:lfl::'W1'U~ijfl111JLL .ij.:ILL ';;.:! 1~mh.:i \-;; 

t "' "' d o "' il u tl!M"' d ud VlvvflLL'U'U LLgj::L'lltJ'ULL':i.:l'VIO';i::'Vl1 fl':i1.:I 'Vl~flv'U LLgj::LLn 'llthut.11.:i VIL~fl::'W1'1.J'Vl'Vl1.:l'Wgj.:i'Vlq~ 

1~ti11flll1'WLLgi::u'LIVi mrngi.:11111-;;1.:i~.:i\Jiei 1 ud 

.. 
0 u 

'IJ1'111'Lln 
'Vl~~ei~ 

d 1"' uruV11~'W'U 
n11tli'utl1.:i 

' 
~d 111w11~m1eieimL uu 'Vl11.:I ~ 

LLm'll fl':i.:l'VI 
... 

(Kg) 
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I ..i 
n~p.i'VI ............................. . 

~'El6'f:IJ1;afl 1 'Wfl~:IJ 1 ................................................................................................ . 
' 

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

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

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

5 .................................................................................................. . 

l'U~1.J~:::Li1'U ..................................................... ············· ··············· ................ . 

""u .... fl::LL'U'Um~ 
-a1am-a'VI -a:a:1.1'U 'Vl:IJ1aL'VllJI 

4 3 2 1 • 

i. m1e:ie:imLuum1Lbm"ll 

2. m-atJ~lliim1 

3. m1tl1LG'f'We:i-D'e:iiii;i 
" 

'a'J:IJ 



., 
!Jlei-:i 1 ~m1l.J"!i1m "v1~ern~1~mn L 'l..m1"J"n1"v1'W(;)15nT~ oLJ'Wl'lEJ'W 

Lb'1:m1'J' l oULfl~EJ~i'.iEJ 

n1"v1'U(;)1°5m'J'LLG'W~.ff 'Ul'ltl'U hJnnlfi'EJ~ lPlEJ~ L ~1'1112.J"liltn "v1~El 
'IJ 

c1~1~ml.J1~61l.J 

1 

2 

3 

n1"v1'U(;)1°5m'J'.ff 'Ul'l El'U ti nlJi' El~ L~El n l off Lfl~EJ~i'.i ElLLG'l ~l61(;) titl mru1 'U n1'J''Vl(;)'1 El~ 4 
'IJ ' ' 

L "v1l.J1~61l.J 

2. m"J"tli]u"iim'J' 

!Ji'EJ~ 1 ~f111l.J"li1m "v1~EJEJ~1~mn 1 'Wm"J"~1L ii'Um'J''Vl(;)'1EJ~LL'1~m"J"1 i~tlmru 1 

~EJ~m'J' 1 -U'rJ11l.J~1m "v1~EJ 1 'Wm"J"l'i1L iJ'Wm'J''Vl(;)i;=JEJ~Lrn~ m"J" 1 i~tlmru 2 

~1L U'Un1'J''Vl(;)'1e:J~L lJ'W.ff 'Wl'lEJ'W LL'1~ 1 oUEJtlmru1~t1nl'i'EJ~~11 ~1°11LL 'l.!~'111 3 
' 'IJ 

~~'1~tli)~1~ 

U'WVirn-m L~CJ'W61'J'tl L'U'lf(;)fl'1n'J''J'l.J nn~EJ~ LLl'im"J"'111L61'UEJcJ~1~Lll'W.ff'WLll'Wl'lEJ'W 3 
' ' 'IJ 

u'WVin~.m L~EJ'W61'J'tl L'U'lf(;)fl'1n'J''J'l.J nnl'i'EJ~1(;)nl.J m"J"'l11L61'Wmllu.ffmtJu1P1EJ'W 4 , q ~ , 
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0 JI 
fl1'l1LL;J..:i 
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-----~-------- --~----~----------------~ 

d ., ""' t .J 
61JeH'1~'1'Wnb'HJ'W .................................................... 61J'LI 11 . ...... ../. ..... b'1"U'Vl ......... . 

dcvc:ii I I.I Clo I.Ill.I t Q.I Q~~ I/qt 

LlJeJ'W n L W'W a1'LI"Uarn1l.l bb" ~Y4'11':i ru1 LL"111"UeJf111lJ'W'LI m-:i m.J f111lJ fl~ L 'Vl'WVl':ieJf111lJ~G'I n 

"Ua-:i'li'm~ti'W':i~~'ll t~ 1 '!Xvl1bfl~a-:1V1mti '1 '1-:J L 'W':i~~'lll"l'J1lJ~~b i1'WV1~am1l.l~~ntYu m':ith~Lii'W'O 
'tll:W~'11~ ~a~ man Lb 'll'LJG'la'llml.l 

'IJ 

b'r4131 ( ) 6111tl 

1 2 3 4 

s. m':ibll'W~i11 
'IJ 



':i1Vn1':itl':i::Lii1J 

n1':ib~f'l111.1~111iiei 

m-:;ihbu~111 

m-:;fotl.:if'l111.1 

oC1i. A 11d 
f'll'lmu'tle:i.:ie.ieiu ... 

n1':iU'11'l'lf'l111J 
~ .. ,, 
f'll'l L 'V11J u~:: '1::'Vlil'U 

f'l111J~f'l111JLih1~ 

Lnru'1nTl'L~fl~bb'U'UL'Un1":itl":i~bij'Wl'l'UbeJ.:l'tleJ.:l~L'iE.J'U (self-assessment) L'Un1":ivl1.:11'U~'J:l.Jrl'UbU'UVi:i.i (L~:l.J 24 fll~bb'U'U) 
" 

f'1::U1J1JLL~::~1eifiu1v-:;::~uAnVll1Ylb1Jn1':ivi1.:J11JLU1JVi11 

1 f'l::U1J1J 2 f'l::LL1J1J 

ouvhrn.1~1w1u'1m'lirH'l'U~'U'l L'U ouvh:nu~1:wnu'1m'linfl'U~'U 'l 
nzj:w1~b.J~ LL'1:: 1:w1~vh:nu1uft1'U 1unzj:w1~~LiJui.nmm Lrn:: 

L(;J 'l 'llu.:i Lfl'J.:J.:Jl'UL'1EJ '1m=an 1 unzj:wLllufluv\'1.:i1mnuu 
" Vl.:J'\l!:W(;J 

oui1ft1'U~1:W L 'Uf11'Jvl1.:J1'UUBEJ 

LL'1:: L'UL1'11~1'UL'V!(1] ou1:w1'11\J 

tl'U.:Jl'U 

O'UlJn 1:w 1'11\Jfow.:i-rrm'1'UULL'1:: 

-ii'uA(;JL~'U'llu.:J'1:1J1:zin 1un~:w L w11:: 
Cl.I q Clit. cii I.I 

\l'U:W LL u1 fl (;J'IJu.:Jl'l'U L u'l'Vll'l u.:i ni 1 

u1L'1'Uu 1~~5u1~fow.:i ., 

Q'U 1lJ LflEJ LL'1(;J.:JVl~u'1::VlffWfl11:W 

A(;JL ~u'IJei.:iou 1~'1m'linAu5u 1 u 

n~ii1~fow.:i 

oui1~1'U~1:W L 'Uf111vl1.:J1'ULL\;)wu11 

ouL~EJL1'11nunwth.:i1uffilJLn(;J 

t11::1EJ'll'LJ LL'1:: O'U'W'Ull ouii 

uqi'Vl1num11~ 

oufow.:i.rrm'1umrn:~-ii'ufi(;JL ,'.;u'llu.:J 

G'lm'lin 1 un~:wu1.:ifl~.:i LL\;]ou 
4 4 "' c:::t 0 0 ct. m::l'lu1CJ1'U'Vl\11'U1L'1'UULL'U1fl(;J 

'1Jel.:il'l'ULu.:JLL'1::LL 'Vl'l n 

Cl.I 4 LI q C.: C.: 

\l'ULL'1 (;J.:J'\1!1B'1 ::'VIB'Ufl11lJ fl(;! L '\l!'Uf1 

\;]m~eii1'1m'lin 1unzj:wuun1 ~ouvi1 

3 f'l::LL1J1J 

ouv\'1.:i1u~1:wnu'1m:zinAu5u 1 u 

n~:w 1~~LiJ'Uft1'U L '\l!ru LL~h11~ . " 

LL u.:ifo.:i1'UlJ1 m vi1n'U'1lJ1'1if1fl'U 

~u '11 untj:w 

Q'UlJft1'U~1:W L 'Uf111vl1.:J1'UL U'U 

ft1u 1 'Vl'll LL'1:: 1 ~fl11:w'1u hnu 
" m"Jv\'1.:i1uuuvfl-r.:i 

ou-ruw.:i-ilm'1'U mm ::-ii'u R(;J L ,'.;u 

'1Ju.:i'1m'lin 1un~:wL llu~1u 1 mu . " 

Lrn::1'1hnuLiium~t11L'1'Uu 

Q'UL'1'Uu'V!~B'1::VlB'ULL 'U1R(;J L :zl.:i 
" 'U1f1LL'1::'1~1.:J'1W'lUBEJfl-r.:i 

4 f'l::U1J1J 

Cl.I 0 I CV ct. di 
\l'U'Vl1.:i1u·n:wnrn1m'llnfl'Uu'U 'l 

1un~:w 1~~LL'1:: 1~LLu.:i-ru'V!U1~ . 
foC:j(;J'llu'U LvJ1 n'U'1:1J1'1in L 'UVl:W'Vjf1 

fl'U 

O'Ui1~1'U~1:Wu~1.:JL~:W~ LL'1:: L~ 

m1:w'1u 1\Jnu.:i1u1u-d1.:iL1'11m1 

v\'1.:i1u1J1'1u(;J 

oui1fl11:w 1'1hu'1::fow.:i.rrm'1uu 

Lrn::-ii'uA(;JL ~'U'llu.:i'1m:zin 1 un~:w 
• cii ct. 4 

n B'U'Vl\J:: L'1'UB u 'U1fl (;!'\/!'Ju 

" Q " 'IJufl(;J L '\l!'U'IJB.:Jl'l'ULB.:J 

CV 4 I.I c::.. ct. 

\l'UL'1'UBVl1B'1::'Vlu'UU 'U1fl(;J L 'll.:J'U1f1 

LL'1::'1~1.:J'111AL U'Uft1'U LV!'li 

....... 

°' ....... 



'a1f.l n1':ith::Lih.1 

m-aLtl'l..l~tl1 
" 

'Vll]~ff':i)lJn1'a 

vhnu 

1 fl::LL'U'U 

ll'U'1!BU~'1::L lJ'IJ~(;l1lJ L U'li1.:JL 1~1 
'U 

~1'1JL'Vlaj'!JB.:Jf11Wh:nu Lrn::hJ 
II .=ii ~ G I.Io 

VfiB:W'Vl'1::'aUU'VIU1'VIL iJ'Ll~'IJ1 
'U 

ll'U'l'ltJ1tJ1:WLL(;]lila.:i1Mum1uan 

nri11LL~::J1L~B'IJLlJ'IJ'l .. Jl::-;J11~ 

vh:nu 1 ~L~~\ILL~ ::~'UL 1~1~ 

n1V1u~ 

fl::LL'Ll'ULLg:t::A1acru1a-a::~uAnw11'VlL'Un1-avh-:i1'LILU'LlfiiJ 

2 fl:: LL'IJ 'U 

ll'U~1lJ1'aflfoU'VIU1'VIL tlu~u1 u\;] 
'U 

.=ii 0 ct. I.I 

'1!BU'Vl'1::~1L'IJ'Un11~1tJ\Jl'ULB.:J 

:winrr:h 

1!uhWum1uannri11LL~::J1L~B'IJ 
\11nm.i1'Un1unzj:w'VlmEJFJ~.:i1um1 
vi1.:i1u1~L~~\lu~::~uL1m~n1V1u~ 

3 fl::LL'Ll'LI 

ll'IJ'l'l~B:W~'1::1uu'VIU1'VIL'Uf111 

Lll'U~u11unw.h:nu~1u1mu 
'U ,, 

l!u 1~1\lnum1vi11F11.:i.:i1u 1~v 

1~fom1uannri11LL~::J1L~B'IJ 
Dl'IL ll'IJU1'1Fl~'I 

4 fl::LL'U'U 

ll'U'l'l~B:W~'1::foU'VIUl'Vl1 unT~ L l!u 

~u11umwi1.:i1u~1uV1U.:i~1u1~ 
'U 

'VlnFJ~.:i u~::'li1ti 1~~m'Un1unri:w1~ . , 

ii~1'1J~1:W 

l!u1~1\lnum1vi11F11.:i.:i1u 

\Jl~B~nm 1~tihJlila.:i1~iim1uan 
,, 

nri11V1~mh~B'IJ LL~:: ou~.:iL~~:w 

1~~:w1:Un1 unri:w , 

,.._, 
°' N 
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.n1fl~tnn "lJ 

flW.fl 1'W"lJ el .:I tfl~el .:I ijelm ifl. 'lJ n Tfa'J'U ~'J:uifo:ug:i , ~ 



d 
Lft"U'Vl 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

d 
"!lei - anft • 

'W1.:l?f11111.ti'"llru1 ?f'WBU . " . 

8 

15 

11 

10 

15 

13 

7 

11 

11 

12 

10 

17 

8 

19 

18 

18 

14 

9 

12 

15 

12 

9 

11 

10 

8 

8 

12 
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... ... 
f111:WnTJ'Vl'IJ1 

19 9 73 

24 11 50 

21 10 63 

24 14 67 

27 12 50 

21 11 57 

18 8 77 

21 10 63 

25 14 63 

27 15 60 

24 14 67 

27 10 43 

15 7 73 

25 12 37 

27 8 40 

24 6 40 

22 9 53 

21 6 70 

27 15 60 

26 11 50 

24 12 60 

23 14 70 

27 16 63 

27 17 67 

24 16 73 

24 9 73 

24 11 50 



d 
L~'tl'VI 

28 

29 

30 

31 

32 

33 

34 

. "' mn.i L "rn'W 

14 

15 

14 

12 

13 

9 

10 

27 

26 

21 

23 

24 

21 

27 
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Ill Ill 

fl 'J 11Jn11'Vl'W 1 

fl::LL 'W'W 

16 73 

12 60 

13 53 

11 50 

7 53 

11 60 

11 57 
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V11-a1~~ "U.2 fi1~"tlilfll11iiat1~fll~t1~ 1oc "Ut1~bmu'Vl~at1u1~~aaiiq'Vlt·m~m-ab~v'U1"tl1wilna 
.,j 

b -ati~a.nTwaii~a • 

~am-aV1n1i!at1tJ"Ut1~ 

"' "' "'"' 
~a-a1ii"Ut1~ .. 

"l.lti'VI ~b"tlV'J"tl1ru fi1 IOC ~an1"aW1il1'aW1 
.. QI 

fl:::bb'U'U 
"' "' "' fl'U'VI 1 fl'U'VI 2 fl'U'VI 3 

1 1 0 1 2 0.67 H1~ 

2 1 1 0 2 0.67 1-tll~ 

3 1 1 1 3 1.00 1-tll~ 

4 0 1 1 2 0.67 1-tll~ 

5 1 1 0 2 0.67 1-tll~ 

6 1 1 1 3 1.00 1-tll~ 

7 1 1 1 3 1.00 1-tll~ 

8 1 0 1 2 0.67 1-tll~ 

9 1 1 0 2 0.67 1-tll~ 

10 1 1 1 3 1.00 1-tll~ 

11 1 1 0 2 0.67 1-tll~ 

12 1 1 0 2 0.67 1-tll~ 

13 1 1 0 2 0.67 1-tll~ 

14 0 1 1 2 0.67 1-tll~ 

15 0 1 1 2 0.67 1-tll~ 

16 1 0 0 1 0.33 tJfoth\I • 
17 1 1 1 3 1.00 1mv1 
18 1 0 0 1 0.33 tJfo'l.11\1 

' 
19 1 1 1 3 1.00 1mv1 
20 1 1 0 2 0.67 1-tll~ 
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~1~1.:i~ 'l.1.2 fi1~°1Jijf111:llaeiflfl~ei.:i 1oc 'l.lv.:iwuu'Vlf!aeiu1f1Naa:llq'Vl~'Vl1·rn1~L~t1'Ll1°!11wi'ind 

L~v.:1'1fl1W'1:llflt;l (~el) • 

Nam~~~'Jl\lavu'l.lei.:i 

II d 11 d Nan11'l.lei.:i 
"' 'l.lv'Vl m °!Jt1'J°IJ1ru fi1 IOC Nt;ln1~Wl\11~W1 

" ... 
' d d fl~U 'IJ'IJ 

fl'LIVi 1 fl'IJ'Vl 2 fl'IJ'Vl 3 

21 0 1 1 2 0.67 1 mvi' 

22 1 1 1 3 1.00 1 mvi' 

23 1 0 1 2 0.67 1-rrlvi' 

24 1 1 1 3 1.00 1-rrlvi' 

25 1 1 0 2 0.67 1-utvi' 

26 1 0 0 1 0.33 tJfotJ1.:i • 
27 0 1 1 2 0.67 1-utvi' 

28 0 1 1 2 0.67 1-utvi' 

29 1 1 1 3 1.00 1-rrtvi' 

30 1 1 0 2 0.67 1-rrtvi' 
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.:I 
"Uv 

tl"5::~n1"5fln'l~t1 

'U1..:JUCJT~'HU ifom.JtJ'U'VlU 

:wV111'VlCJ1~CJ'~1'1l.il!J:WVl1?1T~fl1:w vu•1. 254 7 - 2550 

1'Vlc.i11"11?11>riurusn(>l ?11'U11'1l1Yl~n~ 

:l.J'Vl11'V1CJ1~CJ'fl'1lfi!):W'Vl1?111fl1:l.J 'Y'l .1'1. 2551 

tJ1:::ml'luc.iuV11urusnV11'1l1~'Wm 
'U 

:wV111'Vlm~c.ieJ'l.Jfl11'1lli1u 'W.1'1. 2556 - 2559 • 

'W.1'1. 2552 - 2555 

fl111..:i b~c.i'U 1 'W'U'VleJ..:i1'Vlc.i1c.i'U 
'U 

e11bneJ fa'U'VleJ..:i ~..:i'Vli'lil~eJmalil 

'W.1'1. 2555-ulillilu'U • 

eJ'1b.nmihi..:i ~..:J'Vlllil'UeJ'Ubbn'U 

~1LL"Hti~ fl1 
'U 

flcn'W~v11~1'Wih1~u'U 11..:ib~c.i'U L 'W'U'\!leJ..:i1'Vlc.i1c.i'U 

eJ1b.fleJ L 'Y'l'U'\!lB\I ~..:i'Vli'lil~BCJbBlil 
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