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b~eJ{I m'ai'uSl:Ufl'aSleJU~~biieJ n'V-nrn{l1U1JVi11'V11'J1am~u'a11'J1~ 1'V11'J1b"!J~A~'a1'tl1 


(?)ltJflru~11'11m'UJ1'1l?ll'1~ 1'11''.il'1Jl 1JVlll'VltJl~mfl~1'11m?ll'1~ 1'VltJlb'VI'11'111l'lll ~,ml~'Il6'l'U~
q 

ij fllllJLh~?I-!I fi'~~ ~'U?lJJfl1?1eJUf1Vl b~ €I fl'U fl fl6'l b.yJ eJm1~'Ufl fl6'l b-tJl b DU'\f1n1fl-!llU1JVlll'VltJ l ~tJ b~'W1l tJ1(?)
q q q 

l'VltJl b'V 1'11'111l'lll b.yJDtJ:O'l1~VlUTvh'Wi;r-!lnVlflru~11'11 m11J1'1l?ll'1~ 1'1~1l'lll lVltJij1ltJ6'l~ b€ltJVl(1)-!I~D1tJd 

o I <l::1li, iI I Q.I " 
@. 	 ~1bbVlU{I'VI~1{1bb~~bb~{I~{I 

tJ1lfl!leJ~1mltJ6'l~ b€ltJVl bb'W'UVlltJtJ1~f1l1'1d "ill'Wl'W (9) ~l bbVlU-!I 

bfl~m1'1l?ll'1~ ll(?)ltJf1l1'U~Vll1-!1l'W'Uflfl6'l~'l1fl-!ll'W1JVlll'VltJl~m~u1ltJM 1JVlll'VltJl~mfl~1'111'1l?l1'14 ~,1'1, 
, 	

q 

" 
\;Jctbm 6'l-!llUVi \;JrnI fl1Jm~'Wl5 ~,1'1, \;Jctbm (1)-!lU

q 

(\;J) 	b D 'W ~b~ D1l1?11'W fll1tJ fl f11 €I -!I 1 ~ 'U €I 'U tJ 1 ~ 'Ill6tJll'1 tJel'W ij~ 1 ~1lVll fl ~1'1~ tJ 
" 

'Vl1-!1bD'WtJ1~1l"!J 
q 

((9)) 	 bD'W~~h1-.1~l bb VlU-!I-tJl1l'llf1l1f1l1biJeJ-!I m11l f1l1'U~Vll1~11fl f1l1 b:lJeJ-!lVl1€I 
" 

b~lVlUl.ffi'W~11flf1l1b:lJeJ-!I 

(\;J) b	D'W flUl fl6'l~~1'1V11eJ ~ 1'1~'W bYJeJ 'W hJ?llJtJ1~fleJ'U Vl1elbD'Wfl'WHfllllJ?ll1Jl1f1 

Vl1elb?liJeJ'WHflll1l?ll1Jl1f1 Vl1elbtJ'Wbfll'1l1l~ fl, 'U.1l .nlVlUVl 

(m) btJu~mh~Vlll-!lflfli-!l~fl-!llU Vl1eJflfli-!llVleJeJfl~lml'WHneJ'W 
'lJ 'lI 'U 'U 

(b) bfl tJfln"illfl fllVl tJfhYl~l fl~lfi-!l~?lVl1Vl~lfl fl bl'Wbb~ bD'W1'Vl~61lVl~'UfllllJ~Vl 
'\J 	 'I "I q 

~l(?)m~vh1~tJtJ1~lJl'VlVl1eJflll1l ~Vl6'lVil'Vl~ 
q 
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(mI) bACJ(1fl{;l'lb'VI'\~1VlElElfl tJ{;l('1ElElfl Vl1El1~ElElfl"iJlfl~":l'W'jl'Vf11'j ~\il~lVln"iJ" .,.. 
I <:::!.I Q..I 6' I 6' 

Vl'W1 CJ 'Il'W El 'W'1J El 'I'j1l El 'I Af11'j:lJVll'V'W Vl'W1 CJ 'Il'W bEl fl'V'W bb {;l ~ El'l Af11'j'j~Vl1l 'I 

tJ'j~b'Vlf1 

(~) bACJ(1f1b~fl{fl'1 {;l'lb'Vl~1VlElElfl tJ{;l('1ElElfl Vl1El1~ElElfl b~'jl~m~vl'lfj('11trCJ
"v , 

(9Il:lJ~mJ'IfI'U'U Vl1Elfl~Vl:lJ1CJB'W 

(~) btl 'W ~~ bA CJ m~'Vl°1VJ "iJ 1(911'W f11';j~El'U b~ l1'U 'jl'Vf11';jVl1El b~ ltJ 5D~'Il'W 
1'WVliJ1CJ'Il'WB'W'1JEl'l11l 

bYl.@l 1'U~d1A';j~El'U(9Il:lJ bb'U'U'V'lEl~:lJ~:lJVl11'Vlm~mllVl'W('1 bb'W'UVllCJ bElfl~l';jd 

bYl.1v 'jtJ Ql CJVlulm 'Ihj~lllVlm fl 
" 

bb{;l~1111~ bbl 'W (91 1 (9]1 '1J'W 1('1 @l.<t .01 ~'IQl CJ11A~'I b~ CJ1n'W 

hJbn'W @l tJ (tr'Utl'll'W~tJ('11'U~d1A'j) "'Ill'W1'W Iv 'jtJ
" 

bYl.bYl 

1'l1bbVliJ'I (9Il:lJ~nlVl'W('1111'W'jlCJ{;l~ bBCJ('1'1JEl'l bb~{;l~l'll bbVliJ'I(9Il:lJtJ'j~f11f11'U~d1A'j 

bYl.cs: ?!1 b'W 1 bElfl~l'jf11'jbtJ~ CJ'Wr'ht11VlU1~ El mmtJ~ CJ'W~ El Vl1eJbtJ~ CJ'W'Wl:lJ~fl (;l a'Wmru ~:lJ f11'jbtJ~ CJ'W), 
b'll'W ?!1 b'Wl'Vl~ btlCJ'W~m~ ?!1 b'W1Vltr'l~m!lCh ?!lVl1'UVliQ'I~vl'1 f11'j~mmb~l btl'W~'W 

bYl.<t bEl n ~ 1'j~ 'W ~ 'I bb~ ('1'1 A ill ~mJ~ bQ~ 1 ~ ?!lVl1'U 1>11 bb VliJ 'I (9Il:lJ ~ fl01Vl'W ('11n 'W 'jl CJ {;l ~ bB CJ ('1, 
'1J El 'I bb~ {;l ~ 1>1 1 bb VliJ'IVl tJ ';j ~ fll f11'U ~d1A 'j b'll'W bEl n ~ 1 'j bb~ ('1 'IA 11:lJ ~A1l:lJ ~ 1:lJ 1 'j (11'W n 1'j1i 

" 
AEl:lJV;l b(9lEl~ Vltr'l~El1mEl'lf11'j~1'W'Il'W ~{;lf11'j'Vl('1~El'U.fI1~Tel'lfl~~ btI'W~'W 

bYl. b ?!1 b'Wl'Vl~ btl CJ'Wth'W ?!1 b'W1D(9I'jtJ'j ~'Vl'V'W ?!1 b'Wl1'U ?!1f1qj'VlVll 'j flEl'l bn'W 

bYl.mI 1'U1mEl'lbb~'Vl cJ bb~('1'1":i1hJbtl'WbA~El'lVll:lJ(9Il:lJfl~ n .~. El. ':i1#11CJ bA~:lJ~fl~ill~~El'lVll:lJ 
btl'W~1';jl'Vf11';j~{;lb1El'W1'W~mD'WEl('1:lJi>ifl~1 ~.f1. Iv<tcs:~ {;l'll'W~ cs: 5'W11A:lJ ~.f1. Iv<tcs:~ , 
~'IElElfl1Vfl11 bn'W @l b~El'W 

bYl.~ ~1mEl'l "'Ill'W1'W bYl A'W b('1mtl'W~~~~nn'U~~d1A'jbtl'Wmh'l~~'Im'lltJ('11 :lJ1'j('11 ~1:iJ rmm 
'U 'U 'U 'U 

~uEl'l~l:lJ tJ('11 :lJ1'j('11 b~m n'W (9Il:lJ bb 'U'U'V'lEl~:lJ~:lJVll1'Vl m ~WllVl'W ('1 ~'Id Vl~'I1 'W"'ill'W1'W 

~1mEl'l ~'I fl~11 ~El'l btI'W~l 'jl 'Vf11 'j Vl1ElVll n ~ml'V f11 'j'VlVll 'jVl1El ~1';j1"iJ ~El'l:lJ CJ 1'1111 ~1 fl1l 
" 
~El mElfl Vl1El~trn'l1'W'1Jm~1l Vl1El~trn'l1'WtJ';j~"'Ill~tJ5D~'Il'W:lJ1 bb~1111UElCJfl1l @l tJ 

~.(9) m':i61eJ'U.zrm~fl'W bbflf1eJeJrlbU'W ~ Vl:lJ'J~ flI~bb'W'Wb~:lJ ~oo ~~bb'W'W 

fl. Vlm('1ml:lJ~ml:lJ~1:lJ1'j(1vi'11tJ blm~El'U @l o&lb:lJ'I A~ bb'W'Wb~:lJ @lOa A~ bb'W'W 
" 

d 
~El~l'j 

- 'Vl('1~El'Uml:lJ~1:lJ1'j(11 'W f11'ji>ifl~11 bA'jl~~bb{;l~~'jtJ bVl(91 ~{;l b('1CJ f11'j 1 Vl~'jtJ" , 
A1l:lJVl1El 1 Vl~'UtJ'j~ b~'W1'W~ElA1l:lJVl1m~El'l';jl1 Vl1El1 Vll bml~~bVl(9lf11'jru Vl1El~'jtJ bVl(91 ~{;l'Vll'1 f11'j b:lJEl'l bf1';j~\in"iJ

'I 9 9 d..9 

Vl1ml'lA:lJVl1El 1 VlVll bb 'W1bU:lJVl1ElA1l:lJ btJ~CJ'WbbtJ{;l'l~iJ 1"iJ~ btl'W1tJ(9Il:lJ~El:lJ{;l Vl1El~:lJ:lJ ~\il'W Vl1El1Vli>in~11 bA'jl~~" .,.. 



bbG1~6'1~'llbVl(91 ~G11{YltJn1~eJ rh~ ~'LJ ~~ bVlm~6'1~ bbr1 n1TV1{Yl6'1eJ'Urlll~6'1lm~{1t9l~n~ll mreJ(?)~'LJn1TVl (?) 6'1e:l'Urlll~~ , , 	 " 
ml~6'1lm~{11'LJn1~1oUi1l'\~1l1'VlmVleJn1~~eJ6'1l~ l(?)mtJ'LJoiieJ6'1eJ'U'\J~LTtJ mlo rl~bb'LJ'LJ 

(tv) l'1Jl.fll'l.~IlD~n~~ 

- 'Vl(?)6'1e:l'Urlll~~flll~6'1lm~[11'LJnl~Hill~lD~n~~1'LJnl~~e:l6'1l~ bbG1~ 
btllmru l(?)mtJ'LJoiie:l6'1e:l'U'\J~LTtJ bflO fI~bb'LJ'LJ 

'll. Vl1Jd~~dl1J~f1'n1J6111J1'HHQ'Vn~~hbb'VIti-!l bd61161B'U kl <ti'dl~-!I ~~bb'W'Wb~1J GlOO 

" 
~~bb'W'W 

" 
(Gl) 'Vl{Yl6'1e:l'Uflll~~.fIlrl'Vl~~~Vi bflm tl'U'Vl'LJ.1ll'Ul m m~~ 'Vll~(i1l'U~eJ~Vil b(9leJ1 

btJ'LJoiieJ6'1eJ'U'\J~LTtJ ~l'LJl'U eto oiieJ eto fI~bb'U'U 

(tv) 'Vl{Yl6'1eJ'Uflll~~.fIlrl'\JDU~~b~tJltlml'LJ(i1l'UfleJ~Vil b(9leJ11(i1bbr1 n1~~{Yl~~ 
fle:l~Vil b(9leJ1moUt'UVie:l~'\JDu~m~fle:l~Vilb(9le:l1 fI'UG1~ Gl ill~~ eto fI~bb'LJ'U 

~~d ~iJ~'Vl5 boiil6'1eJ'UiKwn~ru~~ ~eJ~1(i1f1~ bb 'U'LJVlm{Ylml~~~ll~6'1lm~[1~11 '\J bbG1 ~Vlm (?)ml~~
" 	 " " 

rlll~6'1lm~mi:J'Vn~l'hbbVl'l1~ bb~G1~Vlm{Ylhj~lnll~eJtJfl~ eto bbfl~1(i1f1~bb'Um1~~~ tv Vlm(?)hj~ln'"h~e:ltJG1~ bo 

~~d ~iJ~'Vl56'1 eJ'UiK~Jll~ru ~eJ~ btJ'U~iJfI ru6'1~U~(9I~~ (9Il~'\J~~ mf'1 bbfl~ be:l n6'1l ~Vl~mil'U[1 n ~e:l~fI1'Ui11'U 
\I \I q 	 dJJ '\J 

<V • d 

co::'.kl nl'a61B'U611Jill'efN ~~bb'W'Wb(9l1J GlOO ~~bb'W'U 

l{YltJ'\J~~b:!J'U'UfI~fl bVle:lVi~l~rulfl1l~bVlm~6'11Jtl'Ul'\'lbb9,Jl'l1~~ln'\J~~'W1611'U~1 '\J~d'~m~, 
~n~l bbG1~'\J~~l~nwvh~l'U'1Je:l~~boiil6'1e:l'U bbfl~iKwn~ru bVle:lVi~l~rulfl1l:WbVl:Wl~6'1:w1'LJ(i1l'U~l~61 b'li'U ml~~ 

" 	 I " 

flll:W6'1lm~[1 '\J~~6'1'Un1~ru Yh~Vill~l eJ'\JiJiKtJ e:ll~:Wru 'V1f'1'LJrl~ m~'\Jf'U~1boiiltl'U~~1:W~l'LJ ~1:w~~iK~fI:Wbbfl~ , 	 " 
~~bbl(?)~e:l~ fl1l~fl{Yl~b~:Wbbfl~6'1~l~6'1~~r1 b'1JTlDtutul bbfl~'UfI~n.flll'mrh~~'U b~'U~'LJ v v , 

C::. l'U bd611 	 bb61~61m'UVi-r'U61l1~'a 

~~lJflll:w'\J~~6'1~fi~~6'1JJfI~boiilf'Um~~(?) b~eJ n ~(?)~e:l~'LJ1'U6'1JJfI~ 'W~eJ~'lh~~ril6'1JJfI~6'1e:l'U1(i1
" 

~~l'U~flflfl flru~1f'11m~:Wf'1l6'1(911 f'11~l'1Jl .rr'U tv e:llrll~ tvbfl '\JDU~nl~1~tJ'Vll~1f'11m~~ ~Vlll'VltJl~tJ 
bn~(9I~f'1l6'1(9111'Vltll b'1J(9If'11~l'1Jl ~~Vll(?)'1Jfl~1 Vl~e:lVi:w'W1'U6'1JJfI11(i1~ln http://www.en~.src.ku.ac.th ~~ bb~U{Yld 
~'LJfi~l'LJ~bflo :!JQ'UltJ'LJ 'W . f'1. tvetb~ 6'1l~l~[16'1eJ'U[1l~~ltJG1~bBtJ(?)nl~f'U6'1JJfI~b~:IJb~~1(i1~ 
anchalee@eng.src.ku.ac.th Vl~eJl'Vl~~'Wl'1 Obfl~-bflet~et~O -~ ~eJ bbtvtvmlGl (~ruDflj'1J~) blfll ~.bflO-Glb.bflO 'U. 

'Vlnl'Ubl'Ul'UVltJml'1Jm~, 	 , 

b. ~15'a'a:WbutJ:wnl'a61l1~'a61B'U 

1Vi~6'1JJrl~f'U~{Ylb~e:lm~tJrilD~~miJtJ~6'1e:l'Ul'\'lbbVl1.l~\9l~n~ll :;)l'Wl'U tvoo 'Ul'Vl (b~eJ~ltJ
" 

rilD~~:W biJtJ:Wn1~6'1i1f1~bb~1~~1:!JA'U1Vi bl'LJbb~iJn1~tJn b~nn1~6'1e:l'Uflf~ti'U~~Vl:W{Yl) 

bfl mn£llrl~ 'W.f'1. tvetb~ ~ http://www.eng.src.ku.ac.th 

~ 
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51 tJn~ k~ tJVi bb 'UlJ~11m.h~f11I"1~(J;;~~Jf'5rlVi b~'il fI~t(fl-:J1'lWVnll'l tnfi'tJ b~ '1)51 rJ1~ 1,}1 tn l'lJ (il1"1~ 51'?Jl 

i:l'l';{l.lVl lvlv V1bicrJl1fl:lJ VI. 1"1. lvctb~ 

o I I d c:,. If 

(?l1bb 'j/lJt,;J"lI1.:1bf'1':l€HlflBll'llf11,(?lB'a 

bv1eJm'a~ btJ'U~t(fN1'UllVl111'I tJ1~m~'U51tJ1~ 1l'ltJl b'lJ(ilI"1~'J1'li1 flru~lm m'J1I1"11?f(il~I"1~'J1'li1 -;J1'U1'W 

fl rul7l:l-,11J~bQ'Vn:;; a1V1.:r'Uvl1!.b'Viti'l---or- - - --­

l~~'U1OO,lth::; fIll"1i.1tJ'tJ(il11'li1~~~'W?f'l Vi1eJ bVltJ'U1vi1li ~h fll1dvmfleJdJvb b(ileJ ~ VI~ eJ?f1'lJ1l'li1B'W~ b~ tJ1~'eJ-:J, ~ 

srfl~ru~.:I1'W1~E.lyt1hJ 
?f1tJ'l1'.Jdfl~dJn'l~1 bb VlU"~l""1 ~tJ5U&1'l1'W'?h.:lbfl~eJ,:jflmj'W1 b(ileJ1 lVitJJJ~f11~ru~-l11.J~tJllu~ ~-ld fIl5 

flTlWll! f!11Vh'i'll.J'lJeJ-1 bfl~ fl·~fleJdJ~~J .'?leJ1 1fITJ'1"I?feJ'U buYl'lJ1Jru'l.nrr~.rreJ.;jl 'ld r'l'JtJihJ(il·n'W ~\i'imdJAm~1 
~ v ~ 

iI~ QJ,Q, QJ 

'Vi'W1~fl1111'a~~~"lIB~'Viafl 

tJnU~;jrw1'W~11.l~;[~tJntr~1~rU'1J-lhj~Sl htJ'W(i)E;~1,;rr:r6'11 kZl'\1 il11Am~T;::;~'Utl~nl ru1d.J d.!I '1J d.J 'U '.'j v 

fl111l ?f11l11[1tJllu~-l1'W~h'W bfl~eJ-lfl eJlI'W1 b(il eJ1 . , 
aIQV.",. OQ.J.:::!j ~ ICloQ..).o:::..::::!:I I~<::::I.::::.I. I I V srv ov 
uf1'Ut;;l~llJ(9llwrl?l:l Vl1'E.mtI1J Vl1'P)kktf"l'Vl1-ltJ]1!(il VldfJmJeJ'VlllmjfltJl-lfln~ "1 Jl1U6~lfll1f1lii1j (il1T'\1(,~eJ'U

d..J (f.< ~"" "U 

(iln eJ\?J'il'Wl1Xr11lJ~ fl~l bb 'W::;'l1l bbn::; bG1'Wmb'W::;1)'8 f1l':ibblihj't.J~'U't.J ~ 'lfmtJiltJ~i-l1'W bbi;1::; tJllU~l'll'W~'W (9lldJvi1 ~~'U 
dJeJ'U'\IImtJ lvmiJ~fI~ru~'mJ~tJll'\J~l'W~llJ~l'~ "1 ~.:Jd 

.., 
0). Vibbi~1 ~iYi~-l 'l1n~Jfl~l 'liDJJbb"IUJ vTJ-;U?feJ1Jlr1Vllnu 

~ , 

fI€JdJ'W1bl'leJ4bbfl::;~tJmru~m\h-l 1::;'U'Ubfl~eJ-UltJ~eJ?fl1 11JJ~-l'a::;'U'U?ft('U?f'ii'U~1-l"1 bv1eJ1VI,)~'U'U\ll'W~l-l "1 

?flm~iGl'l.;rnwl~:e:)tJl-l~;;; La i']-l bbfl:eihj'J~~'Vi~;J n~ 

., "" 
~TIJn T'J 'U 'a fl1 ';j 

0). 11Xr11bb'W::;th (il€J'U1JfljVll bbm'lJ1J~'Vll1'Wfl1'atJllU~-ll'W1 Vibbri~~'U'U~fl11 ~-lJl1tJ1'Wbbfl::;Jl1tJ'WeJfl 

'\IIU1 tJrl'U bv1fj dnn tJfl';l\J ?1::; Vi 1 n bL?I::;b?f1Ji?i11-lfll T\j~\"111JJ ,,1:":'l-;u1'W-lllttil-lbfl~t)1\,leJJJ'WJ biY'!eJ4 
" 

1!J. '\.h~~l'U bbnmlJ~tJ'Wfl?TIJ'~'bbn~';;mJn~l.:1 '1 b~tJ1nll.:Jl'W1'WVI,Jl~ ~-lmfJ1'Wbbn~mtJ'UeJflVI'thtJ\ll't)
~ 'U 

bv1 eJ1Vifll1 tJ II,;'!(fIJl 'W btJ 'l11th~1 tJ fl;)i~J ;;'\::; V1l rn-; \'l b~1 II me iJ tJ1 ~ i}Vl[l.fll~ 

srfl~QJ~\l1'W~11llU~(?l1JJ~ti1f.1il'Yn1'Vi'U~ 

fl1'l~I'l~.:J Vi bbG'1 €JtJmrufl€J1I'W1 bl'l€l4 'a1:wll-l eJtJmrubfl~€l-UltJ ~mJ1'Wfll11lVi bbfl'1J€J-lJl1f11'IJ111"11m,)JJ
'U ~ q 1) 

fleJ:wr~J L!;:)eJ1 bL61z;ilVl,Jlr1V1G~fI bbnz:;YnIJJ~1J t1v1'IH)tl~r;lf1l'lil "1 filJ'lJlJJltJ0Y1191eJ1'lJO 

. .., 
~~ViVl1'51 (Jill'J b VjiJ\! I) eJ'W:l.I~l·~~·l'1JeJ'Vl v1 hbvl'W, 



Iv. rllUrI:lJ ~bb~ &1~~'1 lh~'1:rn1j1 'l1f):lJbb"ll:lJ I91'H;;]G'1f)UnWVl1HU bbnhJ'uruvl1n1'j1-if'l1'U'Uf)'1'j~UUbrl~eN
q 'IJ q Q.J 

rlf):lJ~l bl91f)1 bb~~€JtJmrul9i€J~l'1 'j~UU brl1f)'lhtJ~f)G'11'j 'jl:lJ~'1'j~UUG'111UG'1'U'U19i1'1 '1 b~f)1Vf'j~UU'l1'U
" " I 

1911'1 1 G'11:lJ1'jfl1-if'l1'Ul~mh'lI9i€Jb~f)-!lbb~~:wtJ'j~~'VlBm'V1 


:rn1j1r111:lJtJ~f)~iltJ 


~11\nr ';G1nJV!ltJ'Uf)-!loVf):lJ~

''J <V 'U 

I91f)UUtyV!l bbm'UunJIII1'liJf1 TllJs,j'lJ'~,rn/lVfbbri~:rUU1n1'j ~-!lm 2) 

vnh CJHW b~m)l'Ul tJrll1:lJG'1~~1 i1 bb~:;:; 664:~:lJ64~1'lril cl:lJ~rll1:lJ boV1h 1 'U-!l1'U'li1'1 bA~ eJ'Iflel:lJViJ b(ileJ1
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