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im11vJt1{:um1'llt1'llt11m1m 1 fl1 ~m1111t1 

1. ~ti lm~m1 

m1-W'WJ'UlP.-Hlff:IJ(j'Vlt'V11~fl11!~tl'Ul'll11~1J1Jfl11JfJ:IJ 1~w1~@t111.hum:u MATLAB 'Utl~Uflfftl'lfl 

1~~11tl~tytyw1~ 'ff1'll11f11m1:u ivJ~1 :um1'Vlm~m'Vlfl t 'U hun'llmffi:lnty\j~ (A Development 

of Leaming Achievement Using MATLAB in Control System of Undergraduate Students) 

2.i 'Vi mrn~fl11:u ~1! rl'U 'l 'U m1 'll t11t1rnn 
q 

2.1 i<lti~'illflfl11111't1m1Viw.imi;..n'lff:IJ(j'Vlt'Vl1~fl11!~ tl'Ul'll11~1J1Jfl11JfJ lfltl 'l ~@ti 1 tlrnflrn MATLAB 

'llti~Uflfffl'l:llfllfll'lll ivJ~1 rnfo 53142 EPE tflt1~1!U'Ufl11111't11'Wri1'U'llt1~fl11!n1J111111:u{J't1:u'i:lfl11:1J 
q ~ 

~fl!~'U!~t11i11Jfl11~1'i:ltl~1~1J1Jfl11Jfl:IJ~1tl~tl 1tl1uflrn MATLAB fl11tltlfl!!1J1JU1J1J'Vlfl'fftl1Jlflli-rn 
q 

<I <I " 

ff:IJ (]'VI n'VI 1~fl11 !~ tl'U 1 fl tlfl11in11111J 11:1J,r tllJ'i:l~1m! 1J1J'Vlfl 'fftl1Jlfl P.rn ff:IJ(j'VI ll 'VI 1~fl11 !~ tl'U 'ii~ !'ff1 'ii iY'U 

mt1tt~~m1'fft111tlmt1mfl1'll11~1J1Jf111Jfl:IJ 'l'Wi'U~ 2 \911:1lfl:IJ 2555 
q • 

d11j'Jlo a. "1.1 'J) 
3.H'i:l~l'U'VI tflfll!'U'Ufl11 rnum 

di .,...,dd 'JI"' o 'JI 'i.I "" o' GJ'Jl'i.l 
3.1 fl'fl'l:ll!tlfl'ff11 ~1'U1'iltl'Vl!fltl1'llti~fl1Jfl11'ill'i:lti~1~1J1Jfl1tl rnrnflrnflti:IJV'l1!\91tll m1 i'll rnrnm:u 

..:::i. "' dt -=::. d d QJ 0 'J) dt 
fl ti :IJ V'l 1! \91ti1 '111 ti 'ff ti 'U ! 'V'I ti ti tlfl ! ! 1J 1J ! ! 1J 1J 'ff ti 1J \11:IJfl1 l:IJ fl fl! 'Vi 'U ! fl ti 1fl1J fl 11'il1'i:lti~l~1J 1J fl 11J fl :IJ fl 1tl 'ff ti 

'i. l 0 "" c:l 'J) 'J) 
rnrnm:u MATLAB !!'i:l~fll!'U'Ufl11!fl1J111J11:1J'lltllJ'i:lU'i:l1 

3.2 fffl'l:ll,rtl:IJ'i:lfl11'1~~1'U ltl1um:u MATLAB il4ti'ff~l~U1J1JNfll1flfl11 ltlrnm:u MATLAB 'l'Ufl11 
~ 

~1'i:ltin~1J1Jf11m1:u tl 1u 1111Nfll1fl1 tl'l ~il4 ti'W'w.i 'UlH'i:l d':u (]'VI i 'Vil~ m1 i~ tl'U 1 fl tit! ti flu 1111u 1J1J'Vlfl'ff ti1J 

ifl H'i:l d':u (]'VI f m~ m1 i~ t1'U ~'Vi 1fi1fl 11m ~mt'Ui~ t11J~ t1t1u-a'1 ( tl 1u 1111'Vlfl'ffti1J1 tl ifl H'i:i 'l in~ tti1~ m1 'ff t11J 

tlmt1mfl) 

d ~ & QJ 

4.1~tl~!1ftl'Vl'lltl'lltlltl 12 !fltl'U (119Jftlfl:IJ 2555 \I~ 30 fl'Utlltl'U 2556) 

5. ~l'U 'l'U ri1'U~'llti'llt11m1m 
<I o' <I 

5.1 tJ1U1J1J'Vlfl 'fftl1JlflH'i:lff:IJ(j'Vlll'Vll~fl11 !~ tl'U l tll!fl':i 1~'11 H'i:lff:IJ(j'Vlll U'i:l~'ff~tlHmltl~l'U 

5.2 tJ1U1J1J'fftl1J\11:1Jfl11:1J~fl!ll'U!~t11i11Jfl11~1'i:ltl~1~1J1Jfl11Jfl:IJ lflt1'l~@t1 ltl1um:u MATLAB tfltl 
q 

'l~lurnm:u SPSS il4t1mfi1'Vll~'ffO~ U'i:l~'ff1tlH'i:i • 

5 .3 1im 1~11' f111:u t11fl~1t1~1t1'llti~u 1J1J'Vlfl'fftirnl4titl 11tlfiw.i'U1u'i:l~ 'l ~f111tl' flfffl'l:llfllfll'lll 

1f11m1:uivJvhmi:ut'U ci Bfl~ti 111 
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U1J1J'WtiflJfl11'1Jtl'lltlltl!T~1 l 'fll 'lfl11l11'tt 

1. ~ti 1'f'l1'lm11tt1'l m1~wimi:·rni1'l.1trv1i'Vll'lfl1111ttu1'll'1ufiu~m11~1J1Jm1J'flll 1~wi~im1u (Job 

Sheet) 'llt1'lirnf1mn1~~1Ju~ruruw11 ffl'llllff1mrn1'WVl111m1'Ylttl~m'Yl'f'l l'W 1i;iti11'll'll'l'f'li;J 
"" 

'6ty1J1 (A Development of Leaming Achievement Using Job Sheet in Control System Laboratory 

of Undergraduate Students) 

2.m19Jui;ig:f11111~11 ilu ium1'1Jtt1ttnm 

2.1 1 tit1'l 'illflfl11111ttm1~wim Hmfo q'Ylf 'Y11'lm111tt'W1'll'1ufiu~mn~1J1J'f'l11J'fJ hw i ~i 1J'll'W(Job 

sheet) 'llt1'lirnf1n1111~~1Ju~ruruw11m'f'l1'll'11mmrn1'WVl111m1'Yltt1~m'Yl'f'l1u 1i;iti11'll'm'f'li;inru1J11\Pltt 
u u u Q 

~lt ii um 111l'tt i u ri1u 'll tl'lfll 1titlflU1J1JUH'l1'l 'il1 fl11'f'l11J 'f'lll~i ~u1~ flt11J i 1JU1~ i;i ti'l ii'f'l 1111 CJ11J°*timrn~ • 
~ti'l i ~"QiJmwi um1u1~nt11JUH'l1'l'i11~~t1'l i ~nm i um1u1~nt1rn~t1 i ttmm1u i ~i u i 1Ju1~i;it1'l 1~ 

'I _1 9) "' 9) 9)"' 11]9' 9) '1 11]9' 
2.2 fl11tltlflU1J1J t1JIJ1~J;ltl'l\9ltl'lllfl11\9111'ilfft11J'f'l11:1J(]fl\9ltl'l 'f'l11:1Jt'IJ1fl1J t\PIUJ;l~\9ltl'lffl:IJ11(] t'W'll'W !\Pl 

"' 
.,, d llJ9'a 9 9) _1 11]9' "' 

'ilH\91111UH'l1'l'il1'YltltlflU1J1J !d t'Y'ltl tl1fl11IJ1~J;ltl'l t\PIHJ;l\9ll:IJ'Ylt)'l:lf;) 

dli]9Jo <'> liJ_I 9) 

3.Hi;J'll'W'Yl t\Pl\Plltu'Wfl11 mum 

& ~Q.I d d jl Q.I q j/i ... I ~ d d Q.I 

3.1 fffl'l:ll!tlflffl1 'll'W1'iltl'Yltfltl1'1Jtl'lfl1J t'll' 1JIJ1~J;ltl'l Ui;J~tJtlflU1J1JU1J1JfftJ1J(]l:IJ'f'l11:1J'f'l\Plt'l1'Wtfltl1fl1J 

'1 9''] - I _I"" "'"" 9J 1- I liJ 9J o "" fll';j t'll' t1JlJ';j~J;ltJ'l1Jt)1J\9lfl111~1J1J'f'l11J'fJ:IJ\Pl1tl lJlUfll:IJ Lab VIEW trn~ MATLAB ui;i~ t\Pl\Pll!'W'Wfl11 

ti ti nu 1Jrnrn~tl 11 U'Yl\PIJ;lti'l i ~ull1 
& 9J '1 9J 1- I ,,j 9J 'I _I d _ 1 "''1 9', o 

3.2 fffl111'1Jtl:IJJ;lfll';j t'll''ll'W IJrnflrn Lab VIEW !l'Wff11'l t1JlJ1~J;ltJ'l'Yl1J1~tlfl\9l !'ll' 'W1~1J1J'f'l11J'f'l:IJ'Wl "' . . 
' ti 'J} ti 

i 1J U1~J;ltJ'l1 u i ~! ~tl~Wl'W lHmY'llq 'Yl n'Yll'lfl1111 tl'W 'Vl ~ ti:IJ'ti'l tltlflU 1J1JU 1J 1J'Yl \Pl fftl1Jl\Pl Hi;J ifoq 'Yl n 'Yl 1'lfl11 
l I I l I 'J} 

11ttuYitt11'i1'f'111m~mJ'u11tt1J~t1ttull11\Plttiii1Ju1~i;it1'lYitl1m i~~1u1u 5 t~tl'l ~'liJ 
d ~ 9) .Q "' 

fl11'Yl\Pli;Jtl'l'Yl 1 !1tl'lfl11'f'l11J'flll\Pl1tl'f'ltl:IJ'Vl1!\9ltl1 (Direct Digital Control) 

d ~ 'j) 0 Q.I Q.I di Q.I <V 

fl11'Yl\PIJ;ltl'l'Yl 2 !ltJ'l fl11ff11'1U1J1J'il1J;ltl'l'lltl'l1~1J1Jtl'W\Pl1J'\1'W 'I 1~1J1Jtl'W \Pl1Jfftl'lUJ;J~1~1J1JHff:IJ 

fl11'Yl\PIJ;ltl'l~ 3 1tt1'l ~1'f'l11J'fJ:IJU1J1Ji1\Plti1\PIUJ;J~fllrn11J'fJ:IJU1J1J~l'l"'] . . " 
"' <!! i 9'1- I <!! 9J fl11'Yl\PIJ;ltl'l'Yl 4 !1tl~ fl11 'll' IJ1ttflrn Lab VIEW !1Jtl'l\9l'W 

fl11'Yl\PIJ;ltl'l~ 5 1tt1'l m11~1urnm11 Lab VIEW !~tl~lJ;ltJ'lff'J1J'f'l:IJ1~1J1JU1J1J PID with DAQ Card • 

. 
d ~ & Q.I 

4.1~tt~nm'Yl'llt1'lltt1t1 12 t\Pltl'W (1 19Jm'f'l11 2555 U'l 30 nutt1ttu 2556) 

5. 'll'W i u ri1u~'llt1'1Jtt1ttnm 
. . " 

0 "' -1 ""'1_1 '1 9)<V '1 -1 "' 9) & "' 
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LL UU~'il~3-lfl'l1"ll'il"ll tl'ltl L 'd~'l LF11..:Jfl'l1~~tl 

1. f'il Lfl7.:Jfl17 m".i L-ifm..:in".i'n..i·1n~~1vi-ru~~u1v.J~lJlnru"Ylvn-n~..:i Lft'i'lwJ 
"' 

(Using natural rubber to develop the PARA shingle roof products) 

• ~ Cj) 
2. L VI ~LLfl~fl'J13-1~1L U'ld L'ldfl17"ll!J1!J L'Jfl1 

L-ri'fl'l~1flLVl~'fl.ffUlJl'flUYl!Pl'iN'f!Ufl1".i~!Pl~'I fl1".il-if'11U~~'I LYl'flLtnUULYJUUV1~'1~11W1".i1~'1Lft'Cl".irJ~1fl 
"' 

fl1".iYl!Pl'i'l'fl'I LL'i'l~Vl~'IR1~'1Lft'Cl".irJ~tl1Lii1~1fllJ11..:itJ".i~LY1~ "j'J~rr..:iri1UYl'fl!PlLY1R lUL'i'lfi L~'fl'I "fl1".iL-ifm..:in".i".i~'lf1~ 
"' 

~1vi-ru~ ~u1v.J~lJlfiru"Ylw1".i1~..:i Lft'l'l".irJ" r.r1P1vi1".i1u..:i1u~uu'.N~u".icl tJ".i~n'f!unu~'fl..:i L-if ".i~u~L'l'l'l1 T um".i'C{..:i 
"' "' 

Vl~fl~1Ufl1".i "{-ifr.hm~u LL'i'l~U!Pl lR".i'lfl1".i 

3. ~fl.:J1'1diitf~i;l1LM'ldfl17ltlLL~'J 

~fl~1ii'fl~'i'l LYl~ L~~ L~U'lnu v.J~lJl.firu"Ylvi~..:i R1~'1 Lft'i'l".irJ LYl'fl L-if d'.iuii'fl~'tl~u~1u LUfl1".i 
'U 'U 'U 6.1 

'fl'flflLLUU'fl(Jl"j1'i'{'Ju~1V1-rutl1~1Y11P1\N'f!U\N~U~lJl1'1 j 

LlJl~u~1''Cl'!Pl 'f!Ufl".irn LL'i'l~'fl'flflLLUU\N(Jl"jm..:J'll'fl'ILLvJUVl~'IR1W1".i1~'1Lft'Cl".irJ 
'I .. 'U 'U 

LlJl~U~U1'1R'fl~W1'l~LL'i'l~~U".iUU1'1R'fl~W1'l~ LLvJUVl~'IR1m'IW1".i1~'1Lft'i'l 
"' 

Yl!Pl\N'f!U\N~U~lJl1'1j 'll'fl'l~ULLUUVl~'IR1~'1Lft'Cl~rJlJl1~mlJl".i~1U ASTM 

4. 7::tJ::L'Jfl1vl"lJ'il"ll!J1!J 

r.$1U'JU 12 L~'f!U ~'fl L~'f!UlJl'i'l1R~ 2555 ti..:i L~'f!Uflumuu 2556 
' 

5. .:i1uT'ldff'Juvl"ll'il"lJtJ1tJ 

Yl!Pl\N'f!Ufl1".i~!Pl~'I fl1".iL-if..:i1u~~'I LYl'f!LU~UULYJUUVl~'IR1W1".i1~'1Lft'Cl".irJ~1flfl1".i'Vl!Pl'i'l'fl'I 
"' 

LL'i'l~Vl~'IR1~'1Lft'i'l".irJ~u1LiJ1~1fllJl1'1U".i~LY1~ 
"' 

11 LR".i1~~~UY1U R'l1~ R~ '"11 L~'I L~".i~~R1\NlJl{ 
' ' .. 

1'JLR".i1~~v.J'i'l LL'i'l~'i'l'1Uv.J'i'lfl1".il'Jr.ru 

rhtiYl'fl!PlL'VIR 'i:uL'i'lfi L~'fl..:i "m".i L-ifu1..:in".i".i~'lf1~~1vi-ru~~u1v.J~lJl.firu"Ylm".i1~..:i Lft'i'l~rJ" 
r.r!Plvi1".i1U'l1U~UU\N~U".irn 

"' 



6. LL~'l.IO'l'ii;i'uih&~'l'l.I cTwR'l'l.!Yi"ll'il"l.l!l'l!IL'lfl'l) 

'i'l!Jflt L ~!I i;tO'l'i"l.l'il"l.I !11!1 L 'lfl'l 

1. V1"1i'l''flUf117~"1~'1 f117 loi1'11U~~'I 

L~'fl Ltffou LViUU'V!~'l R1Yn71 

~'IL~~~'l"J ~1flf117Y1"1~'fl'I LL~:; 

'V!~'IR1~'1L~~7°1"J~i.11L~1~1fl\Pl1'1 
" 

tJ7:;LVJp;f 

2. IJLR71:;~~UV1U R'J1:1-i~:l-IR1L~'I 
' ' 

Lp;i7'J!l~p;f1'&'l'i;J{ 

3. IJLR71:;~vi~ LL~:;'&'l'7UVJ~f1171J~u 
' 

4. rJ1UVJ'fl(PJLVJRLUL~fl L~'fl'I 

"f117 L-iiu1'1n77:1-1"lf1~~1V1-¥u~ ~u1 

vi~i;inru'1w171~'IL~~7'1"J" 
" 

5. ~"1vl171U'l1UQUU'tl':l-IU7cl 
" 

7. 'i'l!JfltL~!Ji;tO'l'i t.fi~'l.Jtl'it3-11tu 

ti c1• .. ~ti ... 
~'l.J 'it3-11tu'Yli;t1L'l.!'1.101'iL' LLfl'l 

- R1\Pl'flULLV1U 

- R1l-iii'l''flU 

- R1rJ'tl'"1 
' 

- R1i'l'1n17rutJlnR 
" 

- R1R7nru'1 
' 

tl~'l.Jtl'iti.11m 2556 

i'.l.u. I fl.R. I i'l'.R. I fl.U. 

90,000 U1Yl 

88,000 U1Vl 

115,310 U1Vl 

16,620 U1Vl 

U1Vl 

ti c1"?... • .. ~ ... 
'i'l3-l~'l.J 'iti.l'lfl.l'YI Li;ti;t'lL '1.1'1.!0'l'i LtlLLfl'l 309,930 'l.J'l'YI 

~'1.Jtl'it3-l'ltufNLVl~'il 

- R1\Pl'flULLV1U 68,770 U1Vl 

- R1l-iii'l''flU 126,000 U1Vl 

3,000 U1Yl - R1rJ'tl'"1 
' 

U1Yl - R1R7firu.y] 
' 

'i'li.1~'1.Jtl'it3-11tuFNILVl~'il 197' 770 'l.J'l'YI 
' ., ... ' 

VI3-!1m'V!\Pl 'il'flfl'JLQ~U~1UV1m1Uf117 . ' 

~~nJ. 
(u1utJ7:;"lf:i..i "'11w~) 

' ' 
,r'J'V!oW1 LR7'1f117 
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U.'U'UcW'el~i.i n1'l"11!11!1 L 'J'a1 lfl'l .:in1'l1~t1 

1 . ~'el tfilN n11 unr.i.n '1..levlLf>li'el\I ~1'el'N"'l1 n'V'li·n~ ~nU'elt!Ml1tJL~Vl1\l:n'l111'V'l q 

2. L '1-'j;jt.lflLLfl:::fil'l1l-1~1 LU'WL t.ln11"11tl1tl L'lfl1 
' ., 

L il'fl\1"'11nn11Vl ~~'el'l.J~l-1-mi 1?11\11 "ll'el\I Li1 ~'Y'lfl1~ ~ n (:J~l-f i!t.l ~'el\l~\I~ L1°111:::if ri'l.J'l-'U'l tl\11'1..l 

111t1u'eln~\I ~'el\I H'm ~u L'l fl 11 um1~1 Ltlum1 

3. t.Jfl\11t.l~L~~1Lilt.!L1lLL~'l 

- '!-'1 ~r:i L~'fll-l1l1:::~1uLLfl:::ml-f 1 ru~ L m.n:::~l-11 um n1Pl1u l-l'V'l'el~ Ll-l'flft:J~l-11:::1"~1\l'V'l'el~ LLfl n ~n 
' 

LL'el~~LLfl:::'V'l'el~U'lfl~'Wif>l~Lt.l!Pl ~'lmf>11'fl'IL'flnivii~LL'l.J'l.J~ni~ (Twin Screw Extruder) LLfl:::v'hm1~~ 
' CJ' "' ~ Q.I ct Cit, 

Ll-J~~'ltl LM'el\l IPl~Ll-J~'Y'lfl1~ !Pln 

- v'hm1vi ~~'el'l.J~l-f'LI~Vl1\I mu111'V'l"ll'el\I Li1 ~'Y'lfl1~ ~n t.J~l-1 L~LLri 

- n11Vl~~'el'l.J'!-'1~1P111n11L'l-'fl (Melt Flow Index, MFI) 

- n11Vl~~'el'l.Jn11~L'°w1:::ifL~\lfil'l1l-11'flt.l (Differential Scanning Calorimetry) 

- m1~Lf'l11:::i.f~n~ru:::~ru31u~vim~r:iu SEM 
' ... <II 

4. 1:::ti:::L'lfl1Vl"ll'el"lltl1tl 3 L~'elt.l 

s. 'l1utu~r:iu~"ll'fl"llmmr:ifl1 
J' ., 

- "ll'WliJ~t.l\11'1..lVI ~~'el'l.J'l.J1\I~ IP11 

- VI ~~'el'l.J~l-1-miL~\I nfl 

... .. 
- 'l Lf>111:::'1-'LLfl:::n'l.Jnl-Jt.Jfln11Vl ~fl'el\I 

Q.I o Q.I r 
- "'l~Vl111tl\11t.l'U'l.J'l.J~l-f\j1'1..l 

6. LLt.lt.ln11~1Lilt.l\11t.l (Lt.l~'lt.l~"ll'el"lltl1m'lfl1) 

.... 
:i''1t.1~::L'flt.lr;) 

1. ~uzuiu..:i1uVJ r;i~'flum..:1~1?11 
2.'Vlf;l~'fl1J~a.J1J~Lil..:in~ 

3.:SLf'l11::i.fo~::nuna.ii:mm1VJr;i~'fl..:i 

4. 4' r;iVi111u..:i1uiuuu~a.i\!1ru 



7. r1t1~:::Ltit1i;.,mrt-if.:iuiJr:::inru 

.:iuiJr:::i11 ru~ ~1Lilumr11.J bb~'J 
1"11 IWeltJbb VI 'W 

-1"111weiu LL Vl'WeJ"li'Jtitl'n'ij~u .. 
1"11 L-if~'fltl 

1"11i)~i;., • 
1"11~1fi1rruiJbiiri .. 
nii.:iuiJr:::ii1 ru~ ~1bilumr11.J bb~'J 

.:iuiJr:::ii1 ruri.:i b 'Vl~'fl 
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' 

b 68..:ifl"1 bb"1::;6'1lJU~'V11..:im1lJ-re:i'U'lle:i..:i1'6'llil'U11'Ufle:ilJ1 Y'l~l'l'lle:i..:iY'le:i~bb"1fl~mbe:i"Bliln'Uvie:i'U11 'U 
' • fl11'Utl'U 

"" . 'V1 lil6'1€l'U bb"1::;1 bfl11::;'\ll~"1 

3.1 fl111'111'16'1€l'Ufl11f11::;li]1 EJ~1'()eJ..:JvleJ'U1 b 'Ufl1{'UeJ'U bbG'}::; bfl1..:16'1-r1..:i'V11..:1'1"1.fl1fl'()eJ..:Jl6'11il 
' ' 

'U1b'UfleJlJbY'l~1'1'11flb'Vlfl'ilfl Scanning Electron Microscope 

3.2 'Vllil6'1eJ'U6'1lJ'U1ifl111 Vl"1 blilEJllilfl11lJVliilil'11fl bfl~e:i..:i Rheometer 

3.3 'V1 lil6'1eJ'U6'1lJ U~ fl 11'Vl 'U \?le:i bb 1 ..:! ~..:! bb"1::;m1lJ ~ lil'Vl ~'U blil EJ b A~ eJ..:J'Vl lil 6'1€l'U eJ b 'U flD1::; 6'1..:1 i"1 
' 

(Universal tensile tester) 

3.4 Pl fl ~16'1lJ u~ fl 11'Vl 'U \91e:ifl11 lJ-r eJ 'U bb "1::; fl 11 m lJ 'U ~~fl '11 flb 'V1 fl iJ fl Differential 

Scanning Calotimetry 

3.5 Plfl~1fl116'1'11EJ~1'V11..:Jfl11lJ-re:i'UblilCJb'Vlfl'ilfl Thermogravimetric Analysis 



~ --·-1 
~ ~+· ,~:1 .. ;(1 I 

I "'Jfll'iltJ!W~· .. :' I tt1~' 'J"".''"\\': 
~ 1m1~ 1 •· · ' 

. 

m11;;;1f1 0 :q~_l[f~~-~--... ' 4J ······ 
;,,i ... ··6·····0·····r1 25.55 ...... ···· 2 CJ.... u ~;,,:i ··········· '· '\,( -~.] .......... . 
!'li1l ........ ~=·~ ~ .ell 91 

'UCU'Vlfl6l.ltlfl111l 

fl'l'U'a1'lf fl1'a i11fl1"1l111311m1l.I 1mn 
.. ' 

fltw:nl3l1m1l.113116'1~1 1'Vl1. 0 25493410 

ALU!Cli'1\)f1~'ilJA 1 M1~ 
., .,; ~-;) 3)51 

' ' .ct QI .ct QJ 

'VI CJtl !JI °I /2555 'J'U'VI 2-0 ffUCJ1CJ'U 2555 

L1il~ "lltl"lJCJ1CJ1~CJ~b1fl1~1Lil'W1fl1\lfl111..ijc.J 
'i1JV1 ..................................... . 

., ·• 2 1 n 8 2555 'l1J\1 ...... ······ .... • .... '. ...•...• ···•···· 

l1'11.' ·············· ....... ··············· 

L'ijvu flwu~ (~1u 1a'lflwu~~1CJ1"1l1rn1LLfl~1..ijc.J) L-------

ml.I~ mfl1 "1111mm1lJ1CJtJ11~ ~ rnutJ1~l.11W~1fl 1fl1\lrn11..ij CJ~1~ ~ rnutJ1~lJ1rutJ1~'11ll 'Vt 131. 

2555 1~~1Lilum1Lfl1\lfl11 

D 
zj\lbtl'U JZf 
zja1fl1\lfl11 

' .Q QQJ' 4 I.I ~ I.I 

i:Jfli:Jfl~\11'U1~CJL'V'ltl6'111\ltl\lflfl11lJ1 
" 

21 i:Jfli:J~ ~'11'til ..ij m~ a~1CJ'Vlt1~L'Vlfl 1u1"~ 

1fl1\lm11 'Vlll D 1fl1\lm1~aL~rn 
' ., 

2 ti b~lJ~\lbb~ll\l'UtJi~lJ1f;U ............ . 

"'U~tlflfltl'Ufl~~i:JG'llJ~~fltl'UU1~U1" '11m'U~'U 298,000 'U1'Vl (6'1e.J\lbb6'1'ULtl1Vln'ULLU~~'U'U1'Vl 
li'1u) fl11m11rnL~1i!u a~1'lhnml.lcl1V1~u1fl1'lm11..ijc.J.Q L~'11~~ua'4ir~1fl1'lm1LdaL~aumn.i;i1fllJ 2555 LI.fl~ 
"llru~dtJ''l1m-Om~'U\l'l~~ 1 ;s'lv111mfl1\lm11~~1Lilum1Ltl'U'U1\1~1uwhi!u ~atJ1~mru~t1CJfl~ 15 zj\le.JCJL'W'li'l'I 

" 
..ij~b~~CJlJ'\11116'1~ bl.fl~1~'Vl~G'ltl'Ufltu6'1lJU~L.na\l~'U"lltl\116'1~'U1\1~1'U ;s'l'11Ltl'U"lltltl'U~"lJCJ1CJL1fl1~1bil'Ufl11tltlfl1tJafl , , , .. 

., 
12 b~tl'U ~\ILL~ 1 ~fl1fllJ 'V'l. 131. 2555 5'1 30 tl'UCJ1CJ'U 'V'l. 131. 2556 • 

;s\IL~CJ'Ul.11L ~a 1 tJ1~-W~11w1 

/O~ hlQ 6'uM~ 
(~1. ~~'V'lfl ~\ltJrn~~) • 

'IX1V1ti11fl1\lfl11 

"" "' b1CJ'W Aru'UV! 

Q.I~ b0~ei 1 U'5"til~~':\l1'Hlnei~~~ ~-;)~ 
a~11vi 

<Jl' ?lhJ 1><; '\Jd o 11-1..:'oU ( .... 16) O<v 5~) 

J o-1 • 
)f") <ttv ,if' 

~~ 2b OVl)r 

'll;:1 
lJ,Qo~ 

,y 
.).f'ff~~< 



LL uurJe1{imT"a'tlt1'tlt11t1L1~1 lfl-a.:im-a1:5'a 

1. ~elLf'l'.i·m11 "U~elflf'lel'Ufl~!Plt:.ii:!l.l!Pltflel'Utht'\J1" 

2. L'Vl\Jlbb~tf'l11l.1'11b ll'U 1 'Ufl1'.i"lltm.Jn~1 
..i t ~ ~ ...... ... ... ..i .... 3... ... ... .,j ,,. 0 ~. ~ ~ J! 

b'Uffi"il1flbf'l1-:lfl11b'Vl.:J b~1'UeJ'4l.ll'l lllelb~el'Ufl'.ifl~1f'll.I 2555 b"'1t"lJM::'Utl-:11elb'\J flL-:l'U-:id~'Vl 1 "il-:l'Vl1b'V! bf'l1-:lfl1'.iWI 

~1bil'Um1btl'Utrn6'i1'Ubvl-J'U 
3. t:.i~-:i1'Uvt1.~~1bil'Um11'1.Jbb~1 

..ij~bl'l~t1l.l1'1:1~ el'l.Jmru1'Ufl11'Vl~~el-:i , , 
'VI ~1:1 el'U f'l rui:!l.lllii b -6 el-:J~'U'Vl1-:i~1'Ui'i:! ~'\J -at 1:11'U"ll el-:ii' 1:1 ~'\J '.it 1:11'U , , , 

d di~. di Q,J 

4. 1tt1tb1~1w11el"Umt1 12 b~el'U l'l-:Jbbl'l 1 l'lmf'll.I 'Vl.131. 2555 '1-:J 30 n'Umt1'U 'Vl.131. 2556 , 
~ I .,j 

5. -:11'Ub'Ui:l1'U'Vl"llel"lltl1tlb1~1 

m1V1'1 el \911el~1.:i1'Um-a'Vl~1:1 el'U fl1'.i"ll m t1 l911"U el-:Jl.lel1~11 ( u 1-:i6°i1'U) fl1'.i'Vl~i:lel'IJ fl1'.i"ll t11 t1 l911"Uel-:J 

~1el~1.:Jl.lel1~1fl 'Ui:111~t~1 t1'1!~ b Yll'l bb~tf'l~el 1-aii 1 bf'l'.i1t'l.1t:.i~fl1'.i~m~n bb~t11t1-:i1'Ut:.i~m1~n'l!l-1 
0 ... ( .,j ) 

6. bbt:.i'Ufl11~1b'U'U-:J1'U 'Vl"llel"llmt1 

11tlfl11 

Q.I A cu .dJ di 

1) "il~bl'\'.itll.111:1~ bb~tbf'l'lel-:ll.lel , 
el'l.Jmcl~"i11b tl'U 1 'U m1~n'l!l-1 , 

I "' q 2) 'Vl~el'U~elflf'lel'Ufl)IP\t:Ji:ll.I 

1Pl~flel'U'\J1~'\J1 1~t11i1Pltflel'U 
... "' .,j 

'\J '.i t'\J 1tl''U "ii~ b iJ'U m '.i bb 'Vl'U'Vl1 'U 

.1 ... ' .... .,11 
\j'U'llbl.l'UIP\ bb~t'Vl1elfl11bb'Vl'U'Vl 'U 

'Vl11t1V1~el~.:11:1el-:iel~1-:i 1~t1m1 
bb'Vl'Uvfl'U'\J~l.11'1..1~~1.:l'l fl'U 

3) 'Vl~i:!elu l'lrui:!l.lu&i"Uel-:iu~el n , 

l'lel'Ufl~IPl1~bbn n1~-:ier~ n1'.i~~ ,, 
16/:R ~ II A 

'lll.l'U1 bb~tlP\'U'Vl'Ufl11t:J~IP\ , 

4) lbf'l11t'l-1t:.i~fl1'.i~fl'l!l-1 

5) ..ij~ri1t1'Vlel~b'Vll'lL'UL~~ 

6)11tl-:11'Ut:J~f111~fl'l!l-1 

... 1" 7. '.i1t1~~belt1~m1 611-:iu'\J-atmru 

0 ... ( .... .,j) 
'.ittlt~1b'U'U-:11'U b~el'U'Vl 

1 2 I 3 I 4 5 6 7 8 I 9 I 10 I 11 I 12 

-:iu'\J'.i~l.l1ru~~1bil'Um11'1.Jbb~1 '11'U1'U - u1V1 (. ............ -............. ) 

-:iu'\J1~l.l1ru1'l-:ib'Vl~el '11'U1'U 298,000 u1V1 (i:!el-:Jbbi:l'Ubn1V1d'Ubb'l.J~~'U'IJ1V1~1'U) 



·• 
.. 

w 
' t'f1\.l'Htfnl1 

' .;! 

YI 

r;.;{). ----·· -----------·-··1 
·~ ,..,. 

[ 

'l "·"·.·." ..• , ..•..• ·1·1"·"1'·.·· '·;···""1 I ., ~"'I i") . , · iJ :._ I,. 'i Iv ~I ,. :..· · f' • 

~ . ~ I _ . •1·''·= ;;;r1_~!;a '/~ . 
I JI! .................................. I 
L, ... 2.1 .. o: ~}.t5;~··~···•••:· J QJ ~ 91 

1J'U\1fl1J8fl111J 

..,, ..,, A "' " 1 .fl1fl1"1f11fl"Jn'n'lltfl'HNfln fltu~1fl1fl11llfl1ff~1 'Vl1. 02-549 4419 
' 

fl fl Jq" /2555 
u .,. fJ QI 

1\.IYI ti!O. fl'Uf.Jltl'U 2555 

A~tH 'llfl'llt11t11~f.l~nm~hti!u 1m~m11~f.I 
f"l ru~i 1'1}1n·Vi-lJf'!1;;,i;i{ 

v .. ~? ,300)1 
"itll'l.. ............ : ...................... . 

1'1t1u fltu'IJ;lfltu~1fl1m1llfl1ff~1 (N1'UuNun1~mm~th~dju~m) 
• :~~ •• ?. Ao •• ll ~ .•. l55~ •.••.• / 

' 
"' 'JI 'JI "' "' '"" !:'I"'- I "I 'J/QI "' -1 ' "' - I 0 ~I ~11J'Yl'IJTYmn fl'j J'VlflfUflf.11~ n1l1J'Yl1J11fl11 tfl1'1Jfl11 ~flff1H'IJ1J1~1JltuUN'Ufl'U ]J'j~ ~11J 

2555i-tt'v11ti!u1m~m1 

C7f "' ""'"' A 'JI " 'J/ D ..,, ""QI A ' 1 1 "' ~ NnNn~~1'U1~m'V'lflff11~V~flfl11lll NftNn~~1'U1~m'Vifltntl'VlVfU'Vlfl 'U nf.I 

:J~i!lu 0 1m~m1hni D 1f'l1~m1~fltitv~ ........ tJ t~11~~u~il~'IJ'l11~mtu 2555 

~v 1flnm1 "m1~~u1m~'IJ1um1vvnu'IJ'IJ~tlmrulu1~'1J'IJ1t1 i'Vlvh mtl1f1m:nnn 1nm1ttlflllfl'l11~~ 
.:J _ t QI "' d A 'JI 'JI .:J .J'"I 11 
fl'UlJnVfl.fW'IJV~"lfl'U"lfftl" 1~t~'U 270,000.- 'Ul'Vl (ffV~Uff'Ut~fl'\1lJ'U'IJ1'Vl\11'U) fl111J'Vl11'1Jt!n1'U'U 'IJtu~'U ttl 

fi1ti!u 1m~mnl'~mh1 itlg~~'U~fl'U~ 1 fl~m~vvn 11 ~u~vu u~titfl~~1nijm~Nn~1ii'Jufiv t~~ 11li'rn~u 
~'Ut11~mtu Vii 'l-tt'1fl1 ~m1~~ffti11 ilimm1t1fi1ti!u m11~..ru~1lJti1'!1'Wflnm~1~'l.J Biu 1m ~m1fiu i$ivu 
QI ~ QIQ, 0 Q, "I ..... fQ 4 .cg 4 QI 

fl'Uf.Jlf.J'U 'Yi.fl. 2555 ~~'IJVV\.!ll~'1Jtl1tlt1nlfl1t'U'Ufl11flflfl mflfl 12 tflV'U tHtflfl'U fl'Wtlltl'U 'Yi.fl. 2556 

<ii "' A 1-• ..,, 
~~tW'Ulllt'ViV 1J'ifl'Vi~11tu1 

~cYD) . 

( fl1.t'Vlti~t111m1 ) 
QI 'JI 1 '\11'\1'U1 flHfl11 

"" "" b'JtJ'lj Pif.'..i'UV\ 

b~ei1 u1fl~'11JflJ1B'WWl ('l\S ll\/\~ r ~-?~J 
' 

CV~ 

tl~iJ~ 

~ Q-j) • 

'll1J) ~· !V\O')~~~ ~~~..S JMJ~~~ 
'Ls-IT C\j\/')UO~~ll 1£.. f~tM ( ~~'5"0'11.V'C!li.b,°")f,) 

2'f-"·"' \Y rdirjS 
2~ ('IC/S$' 

;}/' 
J.4 /'JfJ.~~ 



n-n 

ra~~nLt-~M.mmi ·zi 
n. n. 
~~tf'\~u~uiu1~u~~~~~ii11rniucmtwB~~LlA~~ ·ii 

• 
f\Lt-ft!}iL~!.LU~~f'\!.IC! ·oi 

f\Lt-L1'\!.LUM.Llf£1A.~~!.['\11@1C!~IA.~~ii t-@~~IA.!.LUL1'\ . 6 

• 
tnWf'\Bt-~~~~~iil1@U~!.f'\!.LUf\Q.iL~ ·g ... 

n. • 
L~R.f\Lll.t-@11.ralf~@~['\f\U~~!.f'\LIA.~&IA.ruW['\@LIA.t-IC!~~,mtlC!nll.@f/J~& . L 

,.,, ~ 0 f='.11 0 1' I : K ,.,, 

• • ~IC!,t-~~iitnWf'\BL~L!.11@1C! ·9 
n. • 

L~ll.f\Lll.t-@11.r3,V~@~['\f\,V~~!.['\t-@11.~IC!,t-t-@11.t-!.iit-~mtLt~~~L!.~i~ ·~ 
... 

n. 
Bi ~n t~ 1.£~f3t~L~ll.nLR.t-@11.ra,V~@~['\n._v~~!.f'\~U~u it LU Ut ~u~~Lt~i ~ ·p ... 

n. 
!.LUrt!.!.W tls6~U~Vl.~ t ra~1L~ll.rl.Lll.t-@l1.r3,V~@~['\n._v ~~!.f'\Ut ~u11rni U@@ "£ 

... 
n. 

1111~!.t-~ irt!.!.Wtls6~U~Vl.~ t ra~1 ~~!.f'\Ut ~Un.Lt-L1'\!.LUrtt!.M.Llfl111 iiu@@ ·z 
n. . -

~ ~ L~R.rl.Lll.t-@11.ra.v~ @~['\n.¥ ~ ~!.f'\U t ~Ul1,V t-@~W ~, ~rt!.Wru!.!.tn.ttA.111A. ·i 

oi-6 B-L 9-~ 1r£ z-i 
(IA.n.@~i) L~ti~ra~t rt!.W&U 
f" IP .. 

(l&:!tiBLBR.QR.!!tttptt.1) H.U•H.!;!-1l14tlUH.NH 0 9 . 
z:I IAJ'l.G~\'11\.Nl l IA.ftG~\'11\. 

~ ~ ~ ~ ~ 
I fl I " 

l&:!t1BLBR.QR.U.H.t.OH,i H.lt- "S 
r=' ' " 

BLBR.QR.!!l&:!tl~B~t • ., . 

tl!11rtitlUH.!;!-1l~~~H,Lt-&:!H 
0

£ 

mLrt~tr.ru-ntm!~t t-~1 

ll'.lt1BLBR.tLUH.tH.fl1l~l'UtY::l!nY"1 "l 

UlSbM.LSbt-Gl\.~if~GIJ.fl> 

n~16~tr.~u~u1twui IJ.ULR.U~~w =qt~t lltfT,fT,~tM.t,!UWfl>@n,m1uG@tLUfttfT,~WLf1.~~tLU 
" 

Ub\...I b 



~· 

QJ ~ 91 
1.JU't'lfl1J8tl11tl 

C
~·-q ,-;~~:-;;--·-1 
1.lflJ\).'J!.:.~1~'.L .. 1~ ...... :.··· I 

.. ,._, , , ..• ::;'T]flj 'j JF,/) '.•i J IT11w,,. ']t' 

WO -l~~ ............ ] .. . 1 ·
111

.'L ... 3 ..... n .... 8 ... 2555 .......... .. 

l·),111 .. "."... ... .. .... -\6 . 
11 IJ). · · · · ............ ~.I;+ .. ·.1.0. :.:.:..:.= .. .. 
' . -----.. ~ ---

I "' <I 
tl1'U1l'affll1 'flW~1ff1fl':i"HJf'llfffl'i m'fli'l11iff1mrntJflffTMfll'i 1 n1. o 2549 3440-1 

~ ()fl D°f J. 12555 
. 

OJ "" 1'Ufl 01 ~-•• .. 1""• 1 25551 F1•• 1•·:·r.,'P"'".'"'"" -~'.'&',,:. -Ll""'lrl flctJ ..,..,..; ... ,,,' '•·•·~.~ ltH,.J 

.,. -= e.J":I, ':i.Wi 
';; lJVl .. ....................... ,-. ........ , .• , 

···- " ·• 4 n r:_...z~~~--·· !~0.:1 'lltl'llt11m1a1mHhtiJ'Ufll'i l'flHfll'ii,)tt 

!~tl'U 'flW'IJ~'flW~iff1fl'i'illfflffflf (Nl'UUN'Ufli,J'ttua~'lh~1ilm-rn) 1-1 •• (1 .................................. . 

fllll~,r1vH~1 Nff.nwcyia 'YltJ-:iff1 i~i''IJ-:irn.h~mw 1h~'11il 2555 'l-1ll1~1~'Utl~'l-1'U'U 1m-:im11,J'tt • • • 
I >J 

1~ tl.:J "m1-rl'\Pll'U 11h ~ ff'VI~ fl TW m ~ 'IJ1'U m1 N~flww-:i'll a1'V16~ iirni' 'IJ N~flfiw cvf1 tJ..1o'll" 'IJW~ i1 i ~ IP'i'11iJ'U 

1 m-:im1i'1tti-:imii1i'llmf10-:ii'Ufltl'U fll'i'Yl~ao-:i it'fl'il~MNa ua~ ff'i'llHafll'i'Vl~atJ-:i ~-:im1\P'l11il'Um'i . 
1m-:im11'1mn~'fl11mh.U1n11~nrn'U~ if l111"1-1~1b.lff1m1t11P'i'11iJ'U m11 'fl1-:im11,J'tt1 ir1ff~11~'Ufl1ll 

'i~t1~!1'11'1l6.:J l'f1Hfll'i1,J'tt ~6 i'U~ 30 nh!ttltl'U 2555 i~ fl'i~Nll~.:J'll6'1Jtllt1!1a1\P'll!U'Ufll'i6tlfl i'llfin 12 
1 jJ I I 

1$itl'U 1~m1lll'1-:iu~ ih!n 1 fl'11'flll 2555 a-:i ih!n 30 nh!ttltl'U 2556 11tta~16tt~UH'U.:Jl'U1P'i'11iJ'UmHi-:imnm1 . 
U'U'IJ 

.o!i "' <!\ 'i. I "' 11.:J!'itl'Ulll!Vrn tu'i~'W1ll'iW1 

- r </ "' (~'l11tlfflfffl'i1111'itlfJW C\'1'1 'Yl6.:Jff'i) 

l11"1-1tl'11'fl1-:im11,J'tt 

C---::40-V: 
(~6lf1ttf'llfffl'il1ll'irJ ~'i .Wil rj'll\91111'§tt'i) 

Q.I~ 

tlUiJVI ca 

QI jl .Cit, .Cit, 

'l-11'1-1'\.! lfl 1'fl1'1111ff1fl'inl6flffl'tt fll'j . 

J -_J • 

4 01V.. « 
"" "" b 'HJ 'U fl ru 'U \91 

b~ei 1 tl"J~vhn·Hu1eiu~ 'UVt~k'>~ ti ~ ~;-, 

i UcJ C} "2. '~ . -'1)'5Y'Qu.p \J ~ l"O 7 s-

'CJ\tlll .;< 
ltJcW. 

A ri~ ,;<( 



_ .. t! ~ ""QJ 
m.JUntl'UJfl11'1\lt11t1ntl1 i fl1.:lfl111iltl 

t. ~o lfl1·un11.Uu: m1-W'\PllirnJ1~ii''YI1i mvm1~1J TW m1 Nil191'Htl' ~ihn'Ylt>~ rirni'1JNil191fiw evil t>Vl' DU 

2. m~Nm&a~fl1liJ4i1iilu1um1'llmunin 
d ,Jlq~o ~ Q.I I lq i) ~ :, ~ c/ 

t'Wt>~'illfi'UW~'W i~~lt'W'W lf1Hm1~~nm1 iumntN'U'W\91t>'Wfl11'Yl~at>~ 1im1~'V!Na ua~ff1UNa 

m1'Yl~at>~ ~~1~v~na1~1ti!'Wm1in~fl1111ci1~1ni1~rlrn'W~ i 1' li11iriilff1m1t1~1ti!'Wm11 m ~m111lv 

1iriff~'il~'W\911m~v~nm'Ut>~ lm~m111lvi~ ~1tim\9ldm1'Uvwna1m1~1ti!'Wm1 lm~m111lviuvn 12 . 
<!I 1 131,- ''"'' oj <I ., .I .tdllJ31o llJ31 
t~fl'W 'il~fflll11fl'il'1tJ 'H if1Hfl111'iltltff1'ilffll1J';i'W\911111\91fl1J';i'~ff~fl'YI !~fll'H'W~ n "' . 
3. Nam1~1iuum1 l f11~m11\lu~N1uiJ1 

m1~1ti!'Wm1 lm~m111lv~N1'Wm i~li1m1t\91'1v11m1V1~at>~ unl'Uui'1Jt1Htfl1t>~ 1%m1V1~at>~ • 
t6lf'W ui'1JU1~ttfil'Utfl1t>~ 1111a~m1rlm'W~i1uu1~1~ ci 1'Wf111'Yl~at>~ ~~t>11J~i~n1nn'Yl~at>~u~1m~ 
i1ut11 

ci 
4. 1~tl~!1tlln'Utl'Utlltl 

'Ufl'Utlltl 1f1Hfl1111i'm~llt~llt~'W';i'~tl~!1alflf1 12 t~fl'W l~m~l.l~~U~ 1'W~ 1 \91'11flll 2555 a~ 1'W~ . 
30 ti'WtiltJ'W 2556 

' ' ... 5. '1'1U~1Ufl'Utl'Utlltln'11 

1. li1m1V1~at>~ ua~tn1JNam1V1~at>~ 191111i1ut11~rlm'W~t~11t~11 
. "' " 2. mm11tf111~'HNam1V1~at>~ 

3. ff1UNam1V1~at>~ 

4. 1l~li111v~1'W11i'v ua~mmt~~ ~l'W11i'v 



fll'J . llHtJfi:'J';)UIV[l~1J'.i ~; :i: W·l ~1 

nt1J;;; l!l'Jf)J '.i JJF! i (!';:If 

QJ dl ii 

UUVln6lJeJfl1111 

c", ~ c..i \? . 9 ~ /Y1 
;.J,1 ....................................... .. 

:; ;; 2 5 n. o. 2ss5 ,Ji,1. ....................................... . 

n,11 ............. :1~:..ll)- Li 
..... ·········· 

..J .. .. ... 'l .. • 'l 0 
"'1u-a1'Un1-a ....... n1m."Lt.11mm.-a;,i:mJ+~~fi~-~~1'IJ:r11 .... rilli;!]rJ]o1:um1?1m ...... J.xt'L. ---~~;;w.;i;,;..t_ ____ _, 

vi ... 9-D.: .. ~5.q __ .'L55 ............................................ 1Y~---·····}[ .... o'.Y.tiJJ'J.\L2555 ............... !'.1.~~~Jn"i"jlJf'l1~"11 
.~~-q .,,:;-,<11e11e••...,~J"J<;r.:11oliq1'1..,o;.qDJ<;~~e1 fo~ ............ ?: ... ~.1~~---······· 
~dU'l ••••••••. lU~.'li..I. i..IM»J. LJ. Jt.tl •. tHH.lllJI.'.! ••• t.t:>ti..I ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ··::··::···i·s···n:·n 2555 

1'\.JYl ..................................... . 

L';au RW'U~Rru:111"11m1l.Jl'l1G'll'1{ (~1'U1tl.:!RW'U~iJ1ti1'111fl11bb"1~1-;ijEJ) no1 ..................................... . 

!'11l.Jvl oLJTVH..ij1 'U1.:i?l11nm~ ~.:i'li?lilvi t11'111tltJ1:1"ii1mRi'111il'l1m1l.Ji'?l\;lbb"1:1 L"1'V!fl11 
' ' 

hi'-rurn1-;ij{;l?l11.:iutl1:1mrutl1:1"ii1u 2555 1 ~~1 b iJ'Un111m.:irn1 

0 ~"1~~!'1.:i1'Uio;ijEJ~t1?l1'1.:it1.:i~m1l.J1' D ~"1~~!'1.:i1'Uio;ijm~t1ci1tiVJt1(;lbVJR L'UL"1~ 
" 

.J ~ C711 1 ' D · ..i ""' ..: ~ • 611.:ibi.J'U L!J R1.:lfl11 'Vfl.J LR1.:lfl111'1tlb'UtJL .. iJ b1l.J\'1.:lbb1'1U.:l'UU1:1l.J1W ...... 

~ti 1m.:irn1 "fl11Ll'11til.JLL"1:1Pin~1?ll.J'U1i'1Jt1.:ii'?l\;1Rt1l.J 1'V"l~m:1'V!11.:i1m"1lhl'U/~m?lL1'1Ll.Jt1{/'U1 L 'ULLR"1L~EJl.J 
' 

R1{um'U1'1r:i1'V!1'Uti.:i1'U~1'Ul?l\;JEJ1'UEJ'U~" "ii1'U1'Ub~'U 199 ,800 'U1V1 ('V!i!.:iLLG'l'Ubtl1'V!~'Ubtl1~'UbbU\;11tJEJ 
' 

'U1V1~1'U) ,r'U '1Jru:1ffi~~1bU'ULR1.:lfl11~.:lfl~111tlL1EJ'U1vmL~1 50 % bb~tJ.:i1lJLL~1LG'l1'1G'll.J'U1W ~.:iiiR11l.J 
" 

"ii1Lll'U'lltlt1'4l.J1i'lltl1tlb1"11LR1.:!fl11~1LU'U1m.:irn1t1t1n 1tl~ntl L~tl'U ~ti~.:!Lb~l'U~ 1 ~"11Rl.J 'V"l.l'I. 2555 

fi.:ii''U~ "3J ffi!mrn 'V'J. ri. 2556 L\;ltiiiLL~'Urn1~1LiJ'Urn11'U'1h.:i~.:in~11 ~.:iLt1n?l11LL'U'U 

~.:iL1EJ'Ul.J1b~tl LU1\;1Yi"i111W1 

CV~ 

0Utlft 
QI 

~ - 3- " 
1..-) (\ N ~..(' 

~ 
(\;11.f\"11{;1 G'l.:!'1JG'l'UV1) 

' 
~1'Vfli'11R1.:irn1 

"" "" b 'rn'Ll fl tu'U ~ 

b~u1'J".i~l'~-;;J1".itu18'U~ "'\CV1'V ~ ~'b\J 
' 

~ ~J ~ '7 t; i Jd f\ ~9.c~ uJ ( d16) fl4t1 "") 

u l'fW "{ ') \ 1\ <Jv-f . 

r;},ff ,.,. ~ 
1f I 'V 

~ 
c).S l)P. SS 



LL uuv.JeiiiJn1~"lleJ"llt11m 1~1 lA~.:Jn1~1..ijv 

1. ~il lfl"S..:ln1"S 

m·m1im.J LL"1t~mrnu.Jllii'1ltJ.:i1G"t~R€Jl.J l V'l~\Jl'WV111.:i fa L"1Yl'W/B"11G'I L\JlLl.JtJ~/'t.11 L 'WLLR"1L"liEJl.J 
' 

R1~UBL'\.J\Jl~1'Vl'ru1i.:i1'U~1'U1G'l~EJ1'\.JEJ'Wl'i (Preparation and Properties of ternary 

polyolefin/elastomer/nano-CaC03 composites use for automobile materials) 

2. L 'Vl'lu.a::f1112.1~1Ltl'lJL'lJn1"S'!Jt11m 1a1 

L vi €Jvl1 f11"S'\ll~G'l€JUG'll.JU°i f11"S 1 'Vl"1 LL"1 t G'l"SU ~rn f\1"S'\11~"1€J.:! vii b'1°l.J"S1~N1'1.JV'l'fol.J f\1 "SU1 bG'l'Utl 
' 

~"1..:11'U1:5'EJ 

3. ~a..:i1'lJv1\~ti1LU'lJn1"SbtlLLt\'1 .ff'U\Jltl'U~ 1 fi.:i.ff'U\Jltl'\.J~ 5 . ' 

4. "S::t1::L1a1Vi'!Jil'!Jt11tl ..... 12.L~€J'\.J ~€1 1 IP)"11Rl.J V'l.PL 2555 fi.:ii''WVi ";JJ rutnUU vMi.2556 
1. d ~ d ~ ~ d 

5 . ..:11\J L'lJfl1'lJ\'l'!Jil'!Jtl1EJL 1f\1 '1J'\.J\Jl€J'\.J'\11 6 '1.:!'1J'\.J\Jl€J'\.J'\11 8 

6. U.~'lJn1'itl1LU'lJ..:!1'lJ c'l'Wci1'U~'1l€l'1JEJ1m1"11) 

bb~'Wrn "Sl'i1 b tim1'W1 :5' El "StEJtL1"11 (b~tl'U) 

1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 I 9 I 10 I 11 I 12 

1. ~ m~n-rr m.m LL"1::°'5'~m1 l'm~u 
" ' 

2. f\1"SL\Jlitll.J~'\.J"SU1G'l~~G'll.JLLUU 2 
" ' 

.ff 'U\Jltl'U"St'Vl11.:i POE nu CaC03 LL"1t H 
d d Q.J 

LR"Stl.:!U~~G'll.JLV'ltl~G'll.JfiU PP 

3. f\1"SL\JliEJl.J~'U~tl1G'l~'\.J1 L 'URtll.J l V'l~\Jl ,, 
LLUUi'U\Jltl'\.JL~EJ1"St'Vl11.:i PP /POE/ 

CaC03 

4. 'Vl~G'ltJu~m~m.it LR"S.:JG'l~1.:i SEM 

5. 'Vl~G'l€JUG'll.JU1i'V11.:!fi"1 

6. f\1"S'\ll~G'l€JU'\111.:!f\1"Sb'Vl"1 

7.'Vl~G'l€JUG'll.JU1i'V11.:!fi1Eln1V'l 

8. 1LR"S1ti.1 'Vl1R11l.J"'l.J~'UBLL"1t°'5'~vf1 

"51 EJ.:11'\.J fl1 "S1 °'5'EJ LL"1tG'l"SU ~ "1 

./I ./ 

./I./ 

./I ./ 

./I ./ 
./I ./ 

./I ./ 
./I./ 

./I ./ 



A- .a. ~A 

OJ <:11 II 

(_~ 

61~-;,fJ t,j 

I 

CD 
{'\'.J.f_tn L ~ 

r
b "' " ---::-·----1 

[lfll11l~~,ju:·a.~1h:.· :I.ti;/ r:i I 
\:'1"'1°··,•.cr J'I)' l 1 · , .. ' I .. ] J 

3 
.... , ..... " " .. "/.. I 

I ''· ':: Lw · qo5 q-
i :J 

11

''-ro .. ·n:·if .. 25~~---·.·:_·_·:.·.·_·_·_·: I 

'U'U'Vln6lJe:if111:u 
L:'·~~:~-:~.-:i.~--~---~~--~-1 

~'J'l..l"i1"llfl1"i mfl1"1J111311m1ii LCJu1 flru:::1mm1iil311?1\911 bV11. 0 25493410 

~ 1t'D ~A?f I ti?cytj . Aru~1m~'Vil.lf11"1"1~ 
.~ ·'" pJ-,_ ~~ ;zq 
J,J ¥1. ......................... .,55······· 
:' d 1 1 n 8 25 J°IJ"r'l .•• •'• •..••.••.•• ! ... ! ................ . 

Q,I d 
'J'IJ'VI 10 . tl'UCJ1CJ'U 2555 

b~v.:J 6ll€16ll CJ1CJ1::: CJ::: b 1ml?\'1b'W'W11"11.:i m11~ CJ 

l1'11 ..................................... . 

b;t:J'IJ l"IUJ'IJ~ (~1'U 1€1.:Jl"IUJ'IJ~~1CJ1"1l1fl11bbfl:::1~CJ) 

\911iJ~ mfl1"1J11 mmiii LEJu11~~u.:irnh:::mru'11n 11"11.:im11~EJ~1~~u.:iut.Ji:::mruth:::~1tl 'Vl.131. 

2555 1Vf~1btl'Wm11m.:im1 

Ja ..:::::i. ~ Q..I .::!ii ii' ' ii 

t:-Jf!t:-Jf! \91.:i1m '1 m'Vl e:i?111.:ie:i.:ifl m1ii1 
'U 

D t:-Jf!t:-J~\91.:i1'U1~m~e:i~1CJVJ€1V1bVJl"IL'WLfl~ 

zj.:ibll'U D 11"11.:in111vr.W ~ 11"11.:im1~m~eN 2 tJ b~ii~.:ibb~U.:i'Uth:::mru .2554 

zj e:i 11"11.:im1 "e..if!m:::viu6lle:i.:i6ll biJ'W~ b51f!e:imbf!:::t:-J.:i'i1'W'lJ 'W~ e:im16llmEJ1'116lle:i.:iiie:i1~111 'W?111f!:::mCJ.a' mvJ\91bbfl:::flf!€l 
'U 

11~" "'i\'1m'W~'W 301,000 u1vi (?11ilbb?t'W'Vltl.:i~'U'IJ1VJ51'U) m1iim1ub~1i1'W 6llru:::-d1~~h-W'Wm111"11.:im1 b~1b?t1'1 

th:::mru~e:iEJf!::: 80 zj.:iem '1wh.:i1eJe..if!m1vivi6'leN\911i1mEJ~VlV1?1eJ'IJ ~ .:i"lJeJeJ'W~~"llmm1m~1btl'Wm1eJeJITT1.Ri n 9 b~ eJ'W 
'U ' ' ,, 

1'1-:ibb~ 1 \916'l1flil 'Vl. 131. 2555 5-:i 30 j1tl'U1CJ'U 'Vl. 131. 2556 
' ' 

~.:ib~CJ'Wmb ~e:i 1 tJ1vi'W'111ru1 

c:Ar/ 
(er-d1CJl311?1\9111'111~ V\1. ll~1311'U~ ni'1i11\911) 

'U 

V!1V1ti111"11.:im1 

.,, "'"' 
b~fftJ f'lQ!'UA 

CVq 

tl'l;fiJ~ 
1,~;j ;;;-~'J'Jc:iq/;Jc;i1';in.narn~ ")O'(l.JJ ~1 

~ ~\n IU~0 

~ e-.l . 
1l ncV,~ 

,, Mi. S~ 

ct~ c¥~-rtvn) 

~ ~onvfi 

o'TJ~ 
10 .nvTu 

(}--
( 0 (LC.-~/, 



a1u':i1°lf n1, .fl1fl1'1l111"11m1~e:i\91?11V1rn1 
' 

;i e:in 2'fJ. 12555 

QJ di 91 

uuvin't1eifl1111 

~t,.cl. 

_,._.., 
w 

~ .. 
flru~11"11m1~1"11?1m 

i[Vj)~fl~~1llJl!('iz;Jh~··,j I ;'..~·-·1J' 
... ; f; 1J.r ~: ·m rn 'J 'J JJ1J i rill 1 

'.i l'll.. ...... ~.~.:.~?~ ... )I..° ......... I 

1 
ii.~ ... 3 ... n .. 8 .... 25.5.5 ............. I 

Li ''"l· .......... ~-+-~.?!.\.~ ... ~ ........ I ··-------------J .. 
1'Vl1. 0 2549 3491 

~ .:l 
1'1.J'VI 01 ~.:IV11fl~ 255 

b~ei.:i 6lle:J6lltnt11~t1~b1mrn1~1b'Ll'LI1fl1.:irn11~tJ lr.N. ~ I~~-~ ...... 
'"~ uu Ur nus 2~55. m• I 
foii .. '7.u••••'u• d 
I;~~-:-~-.:~:.:__:.:::.:._:.:_::_:.:_----

b~V'l.! fltu'U~flru~11"11m1~1"11?1\9l{ (~1'U1e:i.:iflru'U~ ~1tJl'1l1f111bb'1~1~tJ) 

1911~Vimfl1'1l111"11m1~e:i\91?11V1rn1 flru~11"11m1~l"11?1\9l{ 1~~rnut.J1~~1ru 'lh~"i\'1tl 2555 
' 

1~~1b'Ll'Uf1111fl1.:!f111 

ff v.i'1v.i~191.:11'U1~tJb~e:i?1~1.:ie:i.:iflm1~~ D v.i'1v.i~191.:11'Ui~tJb~e:i~1t1'Vle:ivib'Vlfl1'LI1'1~ 
" .J «I ~1 ~- · D 'i' • .. ... ..: ~ .... 

61!.:!bU'U 1:.J 1m.:im1b~ bfi1.:im1\9lm'Urn ...... iJ b1~\9l.:!bb\9liJ.:i'U't.l1mnru ...... . 

~e:i 1f11.:irn1 rn1~n~1fl11~bll'LI1u1ru'Urn11 ibt11'1e:itJe:i'1ikut1~b tJ'Uci1'Uv.i?1~1'U~~'Vl'U1 vJ "il1'U1'Ub~'U 143, 900 
" "' 

'U1'Vl f111~'Vl11'U bb~1LY'U 6llru~m~~hb ti'Urn11fl1.:irn11 ubb~1~e:itJ'1~ 10 ~.:i"lle:ie:i'Umi°llmm 1m~1bti'Urn1 
' 

e:ie:in1'LlBn 12 b~e:J'U 

~.:ib~tJ'U~1b~e:i 1 't.l1viVl1i111ru1 

;;;1£~-
('U1tJ't.l111~'Vltl 'V'l'U'LI1tJ~) 

" 
~1V1'W'11fl1.:lf111l~tJ 

~er-

(~-d1tJl"11?1m11i111tl vi1. ru~1 fl't.l~~b~m) 
'lJ d.8 ' d.8 

Q.I ii .c::i.. ...::.. 

V11Vl'U1.fl1fl1'1l111"11f111~€l\916'11Vlf111 
' 

Q.I~ 

Cl~lJ~ 

~ CL ....-1 -

... "" 
b1tl'U fln.!'UV1 

b~e:i1t11vi'\Al\111ru1vip!~-t'tlltd~i!)l\T)icJ ~ ~7 
1 uo (\ 1'2 tc>'fcM . ~\j ? f) u o/S'"' . 

4- (l 1'l N\./ qf'b~~ 
~"" 

Ll MJ~ 



bb uuv.Je:i1:um~"llei"llmm 1~11fl~-:tm~1~v 

1. ~el bfl~-:ln1~ 
flT;j~fl~11'111lJb ll'U 1 tJ1m 'Ufl111 i bi;i'1r;:iBtJBr;'lfa-UmJ b ll'U?i1'U~?flJ 1'LIB~'Vl'U1 yJ " ... 
Feasibility Study of Aluminum Dross as Alloying component of Refractory Brick 

2. b 'Vl\Jl bb~:::fl11:ulii1 b thJ t 'Lln1~"lltl1tl b 1~1 
11'11\lm1-d'bll'LI11'11\lm11"5'tJmtJ1~\l'UtJ1~ll1rutJ1~~1tJ 2555 iibb~'U~1b'W'Lim1~\lbbl'i1''Livi 1 l91'111'1ll 2554 • 

bbl91L~bn~iJruV11~'U ~B tl'n1"5'~ 1~~'\Jb~'U\l'\JU1~ll1tum11"5'~ bdei1'Uvi 6 iJ'1'U1~'U 2555 zj\1'11i1ffJ1bb~'U ., ' 
~1b'W'Ufl115\I 8 b~B'U ~'11l.l?11m1'1"5'~6ffei1'?1~bbr;'l~BtJmru l9lr;'lB~"il'Ufl11vl1fl111"5'~l911llvi1~'1J1'Ubb'U'U 1"il.1 1~ 

' ' ' 
~\I ll.l?11ll11'1~1b 'W'U bl'11\lfl111 ~bb~1b?l~"ilmllrl1'V!'U~b1'11 12 b~B'U 1~ 

3. ~~-:t1'L!m~~1bil'Llm~lt1bbil'1 
CV .c:il I.I q .::::ii Q.I 

- "il~ bl911~lJ"l.IBlJr;'l bbr;'l~bBfl?l11'Vl bfl~1"1.JB\lfl'\J fl11'\11~'1B\I 
" 

- fl11~~"1.l'U1~"1.1B\IB'U.fl11'1"1.1B\lbi;i'1r;:iei~B~afa-U~ll (Aluminum Dross) 1~~1-&'bl'1~B\l'Vl~?IB'U'V!1fl11fl1~"il1tl 
' " 

~1 (Test Sieve Analysis) zj\ltJ1~nB'\J~1~l9l~bbfl1\l~B'U (Vibrating Screen) 1m'Lifl11fl1~"il1~"1.l'U1~"1.1B\I 
B'U.fl 11'1"1.1 B\I bt51r;:i B ~B ~r;:iiJ b i1tJll1~ ~vi 1m1 b~ ~\1191 ~ bbm \I ~B'U b ll'Lioff 'U 6'1\911llcl'1~'\Jm1ll'V! m'\J 5'11'111lJr;:i ~ b B ~ ~ 

' " I 

"IJB\l"liB\lbll~~B Mesh No. 40, 50 bb'1~ 100 

- bdei1~"1.l'U1~"1.JB\IB'U.fl11'1bt51r;:iei~B~aiJbi1~lll911lJvin1'V!'U~t!11tJei'UviBtu'Vf.fliJ 110 °c bll'Ub1'11 3 .ff1blJ\I 
" C\J 'I C\J 

byjBvl1fl111'1m1lJ:ff'UBBfl byjB h11 ~~\l"l.IB\lbt51r;:iei~ei~aiJbi1~lJbfl1~tl'Ubll'UnB'U riei'Uvi"il~i.111tJ~?flJ1 'LI 
" 

6"~?i1'Ul'i1\l 1 

- ~'U1tJ<5'U'Vl~?1ei'Uvial9111?i1'U~?flJ"IJB\IB~'Vl'U 1 vJviam1?i1'Uvi 1 1 oo:o " ... 
CV I ~ CV I d d Q 

- m1bmmeim\l"ll'U'Vl~?IB'UB\9111?11'U'Vl 1 'Vl 1000 bbr;'l~ 1500 c 

- t!1"5'U'Vl~?IB'Uviam1?i1'Uvi 1 1tJei'UviBtu'V!.fliJ 110 QC b~B1'11'111lJ:ff'UBBflbll'Ub1r;'l1 3 .ff1blJ\I ~1ml911B\J 
' " 

b?l~"il bb~1i.J1~1B~1\l;§''U\11'U'Vl~?IB'U 1tJ~~BBfl1 Wo~"IJ'U1~\911lJlJ1l911~1'U.yirl1'V!'U~~B 51x51 mm. l911lJ ... 
ll1l911~1'U ASTM Designation: C 20-97 

" ' ' 
- 'Vl~?IB'U?fllllii'Vl1\lfl1~.fl1'V'l6li'U'Vl~?IB'UViBl9111?i1'UVi 1 

0 Q.I ii JI d ~ ~ .dcv I d 
- 'Vl~?f B'U fl1'1\ll911'Ubb 1\1'\J'U~ blJBb~'U"ll'U'Vl~?f B'U'VlB\9111?11'U'Vl 1 

- ~'LI1tJ<5'LI'Vl~?1B'IJ~eJ'm1?i1'U~?1ll"l.IB\IB~'Vl'LI 1 vJviam1?i1'Uvi 2 so:20 " ... 
Q.J I ~ Cl.I I d d Q 

- m1bmmBm\l"ll'U'Vl~?IB'UB\9111?11'U'Vl 2 'Vl 1000 bb'1~ 1500 c 

- t!1"5'U'Vl~?IB'Uvia19111?i1'Uvi 21'\.Jei'UviBtu'V!.fliJ 110 QC byjei1'1m1lJ:ff'UBBflbll'Ub1'11 3 .ff1 bll\I ~1mmB'IJ 
' " b?l~"il bb~1i.J1~1B~1\l;§''U\11'U'Vl~?IB'IJ1tJ~~BBfl1 Wo~"l.l'U1~\911llll1l911~1'U.yirl1'V!'U~~B 51x51 mm. l911ll ... 

ll1l911~1'U ASTM Designation: C 20-97 
" ' ' 

- 'Vl~?IB'U?fll'U°1i'Vl1\lfl1~.fl1'V'l61J'U'Vl~?IB'UVieJl9111?f1'LIVi 2 
0 CV I.I JI d ~ ~ dcv I .d 

- 'Vl~?IB'Ufl1i:1\ll911'Ubb1\l'\J'U~blJBbtl'U"ll'U'Vl~?IB'U'VlBl9111?11'U'Vl 2 

- ~'LI1tJ<ff 'U'Vl~?IB'Uvial9111?i1'U~?fll"l.IB\IB~'Vl'U 1 yJ.yie)19111?i1'Uvi 3 60:40 " ... 
Q.J I ~ Q.J I d d Q 

- fl11bmmB~1\l"ll'U'Vl~?IB'UBl9111?11'U'Vl 3 '\11 1000 bb'1~ 1500 c 



- tl1~'UV1~?1eit1~51wnG'iTu~ 3 1tJeitJ~eiruVtnil 110 °C b~ei1~1°1-·.rn..1~'Ueieimtl'Ub1Gn 3 .ff1h1~ ~1m~1eit1 
' " 

b?l~'1bb~1tl11'11ei~1~~'U~1'UVl~?feitJ1tJl'i'~eiein1 Vi1~"1l'U1~~1ll&.n~1;i1'U~fl1Vt'U~~ei 51x51 mm. IP11ll 
"" 

ll1\Pl1~1'U ASTM Designation: C 20-97 
., ' ' 

- vi~?1eit1?1lllliivi1~mCJm~:a'Uvi~?1eit1Vi5m1G'i1'UVi 3 
0 CV ii ~ _d ~ ~ dv I d 

- vi~?f BtJ m~~m'Ubb 1~t1tJ~ bllmCJ'U"1l'UV1~?1eit1vieim1?11'UVJ 3 

- ~'U1tJ~'LIV1~?1eit1~51P111G'i1'Ue.J?lll"1leJ~a;ivi'U 1 vJ~51P111G'i1'U~ 4 40:60 " ... 
Q.I I ~ Q.J I d d Q 

- n11be.J1\PldeJCJ1~"1l'UV1~?1€ltJ€l\Pl11?11'UVl 4 Vl 1000 bbii'I~ 1500 c 

- tl1~'UV1~?1eitJ~eJ1P111G'i1'U~ 4 1tJeitJ~eiruVtnii 110 °c b~ei1~m1ll~'Ueieimtl'Ub1m 3 .ff11ll~ ~1m1P11eit1 
' " 

b?l~'1bb~1tl11'11ei~1~~'U~1'UVl~?feJtJ1 tJl'i'\9leieJn1Vi1~"1l'U1~mllll1m;i1'U~n1Vt'U\91~€l 51x51 mm. mll .... 

ll11Pl1~1'U ASTM Designation: C 20-97 
., ' ' 

- vi~?feJtJ?tlllliivi1~mCJm~:a'Uvi~?1eit1VieJ'1P111G'i1'UVi 4 
OQJi.J' 3 d ~~ dv Id 

- Vl~?f €ltln1ii'l~\Pl1'Ubb 1~tltl~ bll€lbCJ'U"1l'UVl~?f €ltJV1€l\Pl11?11'UVl 4 

4. 
d 

1::a::b 'U't1'Vl'tlel'tla1fl 

12 b~eJ'U b~ll 1 \Plii'l11°1ll 2555 ti~ 30 tl'UCJ1CJ'U 2556 
' 

5. ~1'U 1'Ua1'U~'llv'tla1ab1li'11 
- <fi''U1U~'UV1~?1eit1~5m1G'i1'Ue.J?fll"1JB~B;iVl'U 1 vJ~eJ'm1G'iTu~ 5 20:60 " .... 

Q.I I ~ Q.I I d d Q 

- n11be.J1\Pl1€lCJ1-:J"1l'UV1~?1€ltJ€l\Pl11?1TUVl 5 Vl 1000 bbii'I~ 1500 C 

- tl1~'UV1~?1eit1~eJ'1P111G'i1'U~ 5 1 tJeitJ~eiruVtnii 11 o 
0 
c b~ei 1~1°111ll~'Ueieimtl'Unm 3 ~11ll-:i ~1m1P11eit1 

' " 
b?l~lil bb~1tl11'11ei~1-:i~'U-:J1'UVl~?feJtJ 1tJl'i'~eiein1 Vi1~"1l'U1~\Pl1ll&.n\Pl1;i1'U~n1Vt'U~~ei 51x51 mm. mll .... 

ll1\Pl1~1'U ASTM Designation: C 20-97 
., ' ' 

v..::ii. .C::::.. .::iV I .::ii 

- Vl~?f€ltJ?flltJ\PlV11-:Jn1CJ.fl1~"1l'UV1~?1€ltJV1€l\Pl11?11'UVl 5 
ocvll 3 d ~~ dcv 1 d 

- Vl~?f BtJ n1ii'l-:J\Pl1'Ubb 1~tltl~ bll€lbCJ'U"1l'UVl~?f €ltJV1€l\Pl11?11'UVl 5 

- ~'U1tJ~'UV1~?1eit1~eJ'1P111G'i1'Ue.J?fll"1leJ-:ia;iVJ'U 1 vJ~eJ'1P111G'i1'U~ 6 O: 1 oo " .... 
Q.I I ~ Q.I I d d 0 

- n11be.J1\Pl1€lCJ1-:J"lj'l.JVJ~?f€ltJ€l\Pl11?11'UV1 6 Vl 1000 bbii'I~ 1500 c 

- tl1~'UV1~?1eit1~51P111G'i1'U~ 6 1 tJeitJ~eiruVtnil 110 ° c b~ei 1~1°111ll~'Ueieim tl'Unm 3 ~11ll-:i ~1m1P11eit1 
' " 

b?l~:Ubb~1tl11'11ei~1-:i~'U-:i1'Uvi~?1eit11tJl'i'~eiein1 m~"11'U1~mllm1P11;i1'U~n1Vt'U~~ei 51x51 mm. mll .... 

ll1~1~1'U ASTM Designation: C 20-97 
., ' ' 

Q.14 .:::.. ..::ii Q.I I d 

- Vl\91?1€ltJ?flltJ\PlV11-:Jn1CJ.fl1~"11'UV1~?1€ltJV1€l\Pl11?11'UVl 6 
ovll 3 d ~~ dcv 1 d 

- Vl~?f BtJ n1ii'l-:J\Pl1'Ubb 1-:Jtltl~ bll€lbCJ'U"1l'UVl~?f €ltJV1€l\Pl11?11'UVl 6 

- lb\0111~~ bbii'l~?11tJe.Jii'!m1vi~ii'lei-:i 
' 

- ~~v111tJL~ll 
" 

6. bb~'Un11~1bil'U~1'U 

- ~'U1tJ~'Uvi~?1eit1~eJ'm1G'i1'Ue.J?lll"UeJ-:ia;ivi'U1vJ~51P111G'i1'U~ 5 20:60 1~Vt11-:i 1 1P1ii'l11°1ll 2555 - 30 
" "" ' 

~']l"l~n1CJ'U 2555 
., ' 

- n11be.J11'11ei~1-:i:a'UV1~?1€ltJeJ\Pl11G'i1'UVi 5 Vi 
0 ' 

1000 bbii'I~ 1500 c 1~Vl11-:J 1 \Plii'l11°1ll 2555 - 30 
' 

~']l"l~n1CJ'U 2555 



~
-----
t:f1.~{l.'CJUi1':'1}1t' \ I~" -_·:--·-I 

Q/ ',..,., \,':.':.·111 f 

[;;,c:, lH11l'jJ )Jfi) II 
I f1;:1 ....... 0.?.:.'&tO l'J\ · ' ·············· . 
I l.' .: .. ~ ... 3 .. n .. .o .... 2sss .. -.-.-.._._._._ . ._.: i 
~- ........ 1~<.~!:-. 4 . ! 

----.:.:.:.:..:.:.:..:.:.:..:..:..~~_j 

GA)~. 

w 
~ 

~ dl !II 

\JtJVI n6lle> fl11~ 

a1u11'tfn11 mfl1"1J11P11m"j":i.JBl116'11V1rn1 flru~1P11m1:i.1\3116'1111{ 1V11. o 254 4 1 _ 
' vi Bn 13::1~ 12555 1uvl 'b~ ~-:iV11fl:i.1 2555 flru:'.irJ._.,,.~,,1 ·?11 

u .. ~ 9."1°15 
'iU~.- · ·: ~- · i · · h: ·ri · · · ir.s · · · · · · 
TU'Yl ................ ." ... : .... 7.".:-'. .•...•.. 

t~e:J.:I 61JB61JCJ1CJ1~CJ~b1mf111~1bti'U1f11-:Jf111l~CJ 

b~U'U fltu'U~flru~1P11m1:i.il"f16'1111{ (~1'U1v-:iflru'U~ ~1c.Jl"ll1f111bb'1~1~c.i) 
L"J'11 ..................................... . 

1111:i.1Vimfl1"1J11P11m1:i.iv1116'11V1rn1 flru~1mm1:i.1\3116'1111{ 11'1-rrn'U'Li1~:i.11ru 'Li1~..ij1tl 2555 
' 1 ~~1bti'Urn11fl1-:irn1 

ff ~'1~~\11-:J1'Ul~CJb~B6'1~1-:JB-:irlfl11:iJ~ D ~'1~~111-:i1ii.i~CJb~B~1CJVlB~bVlfl1'U'Tui~ 
'\J 

.; ~ ~1 ~- · D 'i • ..i "" .,;, ~ '"" 61J-:JbiJ'U 1:...1 fl1-:Jn11b'Vl:i.J bfl1-:Jn11111Bb'UB-:J ...... ti b1:i.Jl11-:Jbbl11U~1~1ru ...... . 

~B 1fl1-:Jf111 f111~n'l~1BV15'Vl'161JB-:J~\11~ n-r'Uv'1fa -Uc.i:i.J'11n 11-:iV1'1B~ii~'1~B6'1:iJ~61JB-:Jl6'1~~6'1:iJ'VlB~ b:i.JB{-~'U'Vl~ n 
'\J ' 

'VlB~'Vl1B~~'U ~1'U1'Ub~'U 99,500 'U1Vl f111:i.1V111rnb~1i!'U 61Jru~mt'i'~1bti'Urn11fl1-:irn11'Libb~1~vc.i'1~ 10 ::5-:i 

61JBB~mi61Jmm1m~1bti'Urn1Bvn1uan 12 b~B'U 

::5-:ib~c.i'Umb~B 1 u1~~'111ru1 

tl-
(e!"lbCJP116'111111'111m Yl'U'1~ bb~:i.Jb~B'U) 

'\J '\J 

~1Vl-W'11fl1-:Jf111l~CJ 

~er---

(e!"li1c.il3116'111111'111~ ~1. tu;'i1 fl'Li~~b~c.11) 
\.I ~ Cl OS 

Q.I ii' .Q. .Q. 

'Vl1'Vl'U1fi1fl1"1J11P11n11:i.iv1116'11V1n11 
' 

QJ~ 

flUiJVJ 
Q 

"" "" L1CJ'U fltU'U~ 

L~shh~rvl-;,nwrnn~i1'~11til'cl1'60ftf3l'v~ G ~ 
'1Ud'o (~ 1~cu . vLJ'{YlM \J ? a1 u 0~ h.- j_ . 

4:-(l .. ~~ 
r,)l~ 

r"' (kJ ~ 
.l;'tJClJ 

a ri4'J ~ 



• • 
19LWt'B~n.n, im@t~lel t!i@_!tlzlttlAt!&t'B~UU L&lelLlJt!&t'Lk~t'tlell LRU ~tLU -

()SO) A.q.awpo1eJ 8uiuueJS 1ei+uaJaJt!O lelnlel1AiULM1.BtlbLllelt'L1A~n.rc~LRU!.ltLU -
"=" l'5 ~ ~ 

o aJ04s n.mii:-~imLllell9~t'B~leli_e.t~19l ovzz 
0 V\JlSV' nL~t~LlblbL~}Bmg@Mt'Bfl.t'~imLllell9~tLUL,lA (8ui+sa+ ssaupJeH) t'~iirtLL,lelfl,@~191AtLU -

8£9 0 V'JlSV nL~t~LlblbL~t'l9t't im@~l91AtLULIA, 
"' 0 

(8ui+sa+ a1isua+) t'~t't imB~l91AtLU::rnii Al adJ\ l 8£9 o V\JlSV lbL~t'L~fb~~~l9119U~rc~rtime.,_!flb~n!l: 
... 

~ ~ 

tLU£~~ 19lfbtn.(l:jl. Vf Wlb~l':l}Blbi g@M.19~, Lfb }Bibi g@Ml:-Bll.~,Cblb~::rnii i:-~g ,, n.@~191ABM-mLt'n&fbtn.(l:tLU -
f1 I I f5 f1 

L~t 1raLBl1.@11.~n.qmtn.Lt-

L~m t n.Bfb Vf Wlb~l':l 
~ 

;@mg@M19~iLfb~19l u~~Lt!M,l9~,l9~t'B~lelml91 l9~mQ-il9~tLUL,lA::rnii !.ILUL@n t e.,~n,~,~ t L,lAUll.!f Wlb~l':l 
~ 

~;@mg@M 19~~i:::t!l9fblb~t} ,~t!Bnku:::~~rc~i L,~tL~n..vrc~l':l}Blbig@ML[b n t ~LlJlb~l':lt'B~lelm t lb~l':ltLU -
' ... ' 

fbBL~mt 

n.@jl. Vf1J11b~l':l}Blbig@M19~,Lfb~191 u~~Lt!M,l9~,l9~t'B~lelml91 l9~mQ-il9~tLUL,lA:::t!ii Lfbn t e.,~n,~,~ t L,lAU~ 
' ' ... 

rn~m@l1,Jr1,L,~~umn.iil9~19~t'B~lelrnL&LlbUB@nL:.i~rc~l':l}Blbig@M 1911,Jr1.L1J~fb@tl,~irbLL,lel:::t!ii lb~l':ltLUnt 

~u1r1,me rc~l':ltLUn t mLrc~fbt-~rn~mBn1r1,rn~umn. ii19~19~1:-B~lelim t rc~l':lfb t LfbnB~ rc~l':lrn~lelm t (£ozw) 
~ 

19~~i:::t!l9n.rc~o.i~t!Bnku:::~}rc~ie.,~tL~n._vrc~l':l dd ~,,.!ft ;@mgBMLfb e.,~~mBn1r1,rn~umn.ii19~19~ 
~ 

1:-B~lelmtrc~l':ltLU lb~,L,~tL~n..v n~~BtMg@M:::t!ii n~g1Amg@Mt'L~1t1.:::t;@mg@Mjl.tn.(l:tLU:::t!iirt~l':ltLU -
' ... 

~ . 
rc~mlbt!BG.t!Jr1.tLUlbtW"1.L~~B 

~ ~ ' 
~ . 

UL&lb~t}i~t!BnkU:::~~ :::~ii :l17017 dLJttLUt'LIAB~ n~~BtMg@MU~~Lt!M,19~i B~ t'Bt!l91AtLUnte-wl9~~ -

"' , t'Bt!l91AtLUfbUt'Bll.WUi1AtL~UBrnt!iit!rtG.ll.lb~~~il9& -
l'b FF l'5 rc::io n. 

• • • 
.!ft l "&L, n.mm1n.:::t~lbL~~~~tLUL,lAtLUn&l9Bt!~ ~Wjl.@:::t!iil9~~@~19~lltLlbL~fttt'~ n@~i 8 t'_l2tLUnQiL~ 

' ... 
nl':liiL~UL_e.L!:'!t'~ S"SSZ n~Ln~~ 9 ~n~@~i ~~~tLUmLrc:::tjl.mntmk.!ft ~~~U,tt @~ n.(l:LJr1.fuQ.19~,.!ft.~,, 

I I I fl 

• 17S"S"Z lble!Lt!~ l ~n~!~mt'~tLUnQiL~nl':lii~ S"S"S"Z l,!L~:::tjl.mLrc:::tjl.m~1~u.m~~tLUt'tlellnQ-io.tLUt'tlell 

' ... L~tmLran.r.Lun.1n.r;1L~n:L~lel::~1116111.1 ·z 

s1epa+eV'J a+isodwo) JawJ\1od-X!J+ew 

aua1J\doJdJ\1od uo J\Jo:pe:J 8ui:i.se) wnuiwnw WOJJ ssoJo wnuiwnw JO J\pn+s aJuanuu1 

nt!MBtM 
~~ . ~ 

g@MU~lt1.nM--}Blbig@Mlb~l':l19~p@ri.~rc~@~t!l':l~~B!:'llt1.t'tlUL&lb~t},~t!Bnku:::~~t'Bll.t!M£1A@LRU~tLU 
... ' ... 

f.LUt'f.lell@~ "l 



Ov-O· 

® ~
irn~f:'::;1u:1::; iJ J. ; .. ';J·-~~· 7· i 

~ ~ ~ 

rn:::1rrrn:i'.i Jfr. 11 <v 1 ·i · 1 

I 
111}L .... ~ .. J?.n./vx ....... I 

I 11 1 1L~ .. 3 ... CJ...~.b·~~····;········ I 
f J }rl I .......................... ~;,;. .. ~~.._,.! QJ ~ ~ 

1J u fl fl\I t) fl 11 ti 

ti1u·n'lffll'j f11'fll'lfllft1mrni'fl~ti.:im'l 'flw::::1ft1fffjlJftT1:rn{ 1'Vl'L 02 5493430~_-,.,..,...,.,.,,..,..,=~--:--i 
~-----~-o, ___ .. ~2L_~;.~:;~·-:·::: __ :_-·::··:···::::··----__ ::::·-- __ ::::··:_~~-i:·:~:.:.::~~~~~:--~~5-~------~--~~-~-~~~~~~;:;~ 
~ 'i'\JV1 .............. : .................... .. 

t'j0~ ... '\l.~.'!l-~J.eJ~?;~?;~1f1J.~_J.t'CT~J~J"-~D.i1'.'.i~~------·------- .. --------------------------------------- .. ----- ----:<:·------4---ID-:ft- 255~--···· .. 

''"" """'" (N1u rn'0111uiiNw'h1mrno.'i.'o) l ,~:~_:::·.·_·_·.·.·.·.:·_ .... ·· ... · .. · .......... J 
.d~ ~ .I ...., 

\9lllJ'\fl'IJ1'VH~1 'U1V111::::!{1"j~ 
o' 1IJ ~"' "' • I • I o ':'I 'l ~ 

m'Jfl'W'W'Vl tl'l1um1~l'liYn.:iu111::::mw111::::~111 2555 11 

0 ...., 'i" ~ ~ o' 0 "' ~ •• 1.!!1 ...., 
fll~'W'Wf111 t'f1Hf111 fl11tltlflU'lJ'UU€1::::iY11-!l\PllJ€1'ellJV!\9l'tlliY1111'UHIV'W\9l !l'fY'll 1-:J~-!l'W 602,000.· 'Ul'\fl ('Vlfl • 

V V V I 

UiY'WiYti.:i-W''W'lJ1'\fl01'W) 'fl11lJ'\fl111H!~1U'W 'IJW::::ui~~l!tJ'W 1'fl1-!lfl1Hl.:Jmh1 itJ().:i.U'W\?ltl'W~ 3 'fl.:J!'Vltltiflfl 

" 
6 oU'W\?ltl'W 

' d. d. 0 d ~ eA l'I 'j}Q,J ' 'J} Q.I cl di 0 'J} 

U\?l!'W ti.:i ~lfll.l!'Vl\91 vH'l~1ill'W 'flti !'W t1.:i~1n ifl1rnuil1::::mw m'l!'1irn::::1t11ut11lmw ~.:i'Vll 'l tt . . 
iifonm ~.:i't11'l1-1'1'fl1.:im1 ilimm1t1~1~iJtJm1i~l'i''W\9lll.ltlltt'Wl'lnm~1::::1_Ji11'W1'fl1.:im1 fl ti tl'WVW'W 

'W.ft. 2555 ~.:i'lltiti'Wil'&l'l.lv1mT~1~1~iJ'Wm1titifl iilfln 12 i~ti'W ii.:ii~ti'W tl'WVlV'W 'W. ft. 2556 1flVlJUN'Wfl11 • 
~iiiJ'Wm1'lw1h.:i~.:in~11 ~.:irnnmrn'W'U 

~-!l!~V'Wl.Jl!vjtl 1iJ1f1Vi~11W1 

QJ~ 

C>UiJfl 
Cl 

~ .l g 

4-~rA~ 

~ 
• I ...., o' 

('WW111::::!iY1~ '111'lfl'W'W'\fl) 

"' ~ 'i" 11111m im .:im1 

"' ..... b)CJ'W f\UJ'U~ 

b ~El 1 '\.J)\91'~':i111tu1B'4iJ~ "ff)IU'W I :>(ti ol 10 t.L 

~ iJtf\ 12--1~cr0 ~'/61 f\vc; l.. 

l)~\J ~Sl«!V'I 

~1~ 
I 3 ~(f\ ~ 

~ 
~l)f)tr W 



u1111.We~iinn'll e>'lltmu 1tn 1 m .:Jm'li-U'a 

1. ;e 1m.:Jm'l 

nn tHJ nu u11w;1~i;r~1~~ :i.J~ti :i.Jti t\91ti1ilrnfu1titi'W1911vHl1 

2. mviuil:::m1ii~111lulum'l'llmm11n 
q 

1~frn~u~mh~mw~1'11'1 u~~1t1fut1umru 
,,;lll ii 0 .. ,_. ii 

3. f.lil'll'Url g~~l!'U'Ufll'l 'UUil1 

4. 

11rn 
,,; 

'l:::r.i:::nilrn'lle'llmr.i 

<'i 

12 l~tl'W 

. 
'I ' "" 5. 'll'U&'Uil'1'Url'IJ6'1Jr.Jlr.Jt1ill 

'JI ' 'JI ' 
~ d ~ ~ d 

'IJ'W\?ltl'W'\11 3 tl~'IJ'W\?ltl'W'\11 6 

. 

6. !!f.l'Ufl1'l~11il1-Hrn (hril1u~'lle>'llmr.inil1) 

llHll fll'i~ll llll'3lll 
~.fl. I ru.1. I fi.fl. I ii.fl. I fl.Vt I il.fl. I 1ii.u. I 'Vt.fl. I iJ.u. I fl.fl. I «.fl. I fl.u. 

2555 I 2555 I 2555 I 2556 I 2556 I 2556 I 2556 I 2556 I 2556 I 2556 I 2556 I 2556 

"" " I .fffl'lfl!l?J:;J"1'1J'J1:1J'\JV1,!?1 ~ -
2.1'11u1t1um:;vvm1'1J'IJ ~ -

0 Q " 

3.~11uumJ"ffn:i 

4. 'l'1Mv'IJ11?J:;ufou1 ~11fi'l'\J 
~ ,,. .::11119.1 

5.11m1:;ttN?1'1'1 t~ ~ 

6. ffgu1m:;~mhrnmw 

7. 'llr.Jil:::tar.ivmn1-if.mtJ'l:::mw 

.:J1JtJ'l:::illW~~11ilum'litJu~1 
. 

fll\91tl'Ull '\ll'W - 'Ul'\11 

. 'l" fll '1$J;\'tltl - 'Ul'\11 

. "' 
fl11J;\'~ - 'Ul'\11 • 
fi1m1i11wutflfl 16,300 'Ul'\11 

" 



nur:-w1 L,ttUt!f> 

(!Annul.LU Ktm:::tri~Ln) 
P ~I" 

I.Un. OOI'SOt 

IALl1 

IALl1 

IALl1 

IALl1 

U.Ln. 

IALl1 

G2M.1t-Ymut:::trin.rnu. 

lkimtJ ~IALIA 
p "' • 

1'1.IA1111G~LIA . 
Q21·Ut-Ymut::::tftrl.t­

t~Hftk!.LUftt;l>il~~mut:::tftrl.Nttt 

lki mu ~IALIA 
p "' • 



J 

,_ 
._7i'11'~'0 

CE 
HYnl fllUUU(l ;;;11J:;; l'lJllHfl 

"" .,. 
tlU1::;1ff1fl"i'.l lJi11 ~~n 

111~ ........... ~.:.1.~.~.~.t.~ .. : ..... . 
1P \ \ .1.. .U ... GJ. 8 ..... ?.?~.~ ............ . 
""'' 11,ii - '7 "" t1 • t ~· c ,. ....................................... . w OJ di lll 

uuvtn6Ue>A111J 

fl1u1111n11. _______ Il1e'.i~JJ~J.l~~'1~l~l5Jl1~ ______ 5™~)~JJln.tim~-~:i ___ lYJj, __ o_.zst+9..3-.~......_ _____ _ 

vf ____ :m __ q~i12ss_s _______________________________________________ fcy~------------1-~---~~1e;,1 _______ 2ss_s ____ --;;--;:~-~-~-??1~15~~~~1 
L~eN ° "' 1 1 "'"" 'im: .... ·1··---········n···2555····· _____ .'tl_t1_61JfJ'.lfJD_~1~1~tt'U f.l~:~D.. .. D_l\l_ti __________________ ----------------------------------------------------- ___ , ________ ---2 Gl, r 1. 

2'tl't1 .................................... . 
q c:il .c:::t. ,. 

L -avu r1'1JUl'lflru:::1mm'.ll-ll3!1mw~ 1;;:;1 .................................... . 

m~ l'l'.l. ~l.J'Ul.l1'1tl LUEJ:!..l'Vf'11\l L~1\m1'.l~l'l~'.l'.l\l'U'IJ'.l:::mruLLCJ'U~'U'IJ'.l:::-'ii'1tJ 2555 1~~hil'Wm'.l 
1m'lm'.l 0' ~'1~~t'l\11'Ui~mvJa~~1\la\lrJR11l.l~ D ~'1~~t'l\11'Ui~mvJaci1mial'!L'VlflL'U1'1E1 
~\ILlJ'U B Lfl'.l\lm'.l1'\.-1ll D LR'.l\lm;~m~m ·----· tJ L~l.l~\ILL~tl\l'U'IJ'.l:::mru ....... 

~aLfl'.l\lm'.l m'.lPin~1m'.lm'URl-lm'.l~'1l'l'IJG°iaEJm~~nl'l'11m'1'U~1\1'1'.lLoU'11n'll111'1'.lL'1'1Ll'IEJ1-ti'l:v-lrhtJ'U~1 • 
fl'l'Ufll.l liJ1'U1'UL~'U 236,400 'U1'VI (~8\IL~'U~1:!..J'Vflj'UV!rm'U~~8EJ'U1'V1~1'U) fl11l.J'Vl'.l1'UL~1,f 'U 'lJW.,.,ffi~ 
~1LU'Un1'.lLR'.l\lm'.li~EJ~\lnG'l11l.l1L~1'1J'.l~1ru 6Q0!6 ~\l'llaa'Umi'llmEJnm~1Lil'Wm'.laan1tJBn 1 tJ (t'lmfll.l. 

' ' 2555- tl'UEJ1EJ'U. 2556) 

~\IL~EJ'Ul.l1L vJa 1 'IJ'.ll'l'W'11'.lru1 

iJ!l'b :l.(l~ cJ b 1i 'u ~ \.l till J 
) ' "' 

l'l'.l. ~l.J'Ul.J1'1 EJ L 'UEJl.JV!'11\I 
' 
i11vriJ11fl'.l\lfl1'.l 

/-'~v~!l_ 
.~ l'l'.l.ru'.l\lrl-a'EJ 1m'1~'1J 

i.r1vri11.fl1Ri"1111~1'1LL'1::: favrm'.l 
' 

"' "' LW'U f1'l.J'U'91 

L~ahbli-lVl'<il1'.lUl18'W:iJ&i ;!tef"lUI .?~161 1ltth-!~ 
' 

Q.lq 

tl1'iJ~ 

~L .. 

ll-"J~l.-v 

1-00~ciJ.ll c;i;;;;1 '{Ja0 1"' ,~w. ~r 0° ?"' 

~'\/ 10 ~ff 

910 
/tP 6"11\ ~ 

J/ 
tJL~f>- ""'/ 



.. 
k!IA.Y::.tftH~ 

::mmtt-,tA!.LULJl.~M.LNH:lCH1 .. Lff9 ,. 

~GY~IA.L~L~~G~ft~Uftt-GU~IA. 

L~~i~~~l.6Y~W::ftYYt1.[':!nLGYL!Lt-GU~IA.·£ 

L>UIP Wt-Gil. 

UGG.!'.M.YY!.LlJl.6~~YfU~ '"ID.ld 'W3:S tt.Jl.Y 
I """ I 

UC!.Y 

!.~1.@t ULl\fttt1.~t-~W::ftYYt1.[':IYYfttt1.~ . I 

6 8 l 9 !; t £ Z I lI II 01 

fl.LN1.Q. 1L)!ltLUf1.H11"9 

t!Hfl.LN~Lt [1.t~ S'"S' 

t-Bt!~lA.tLUt!HV1.~Lt~1t 1iS' , .. 
• 

L~~ t~,,~W~t ~w~n.rrnru~n.B~~IA. £"S' 

1a80JPAH t-Bl7.f1.L.[n.M.lflfl.M:~ru~n.B~~IA. z·s-.. ...,,. 
" 

Wt-BQ.~M. 11tLUfl.B~~lA. 1 "S' 

Lt!tmL~l7.Bl7.lA.rtrnm fl.Lt-"S' 
f' ' ,. 

I} 1 ~L~l7.Bl7.IA.Lt!ti~~~i;,·17 
... f' 

n. 
[1.trt~tLUfl. t~tLL.f~LVI. 17·£ 

" 
M:~1tL~BU.t-~ £"£ 
~ K~ 

tLun.n. iL~mm1:-LrntiimrcB11.ri:ttn.tt ;;:·£ .. . ~ 

1:-B17.WU1 IA.~ &tr'LLl:-~t!11 t!rtBl7.LV1.Lt~n.~ 1"£ 
11 f'f'l'b~ 11 11 l'1 

t~11fbl~LUf1.Q. 1L)!l~141-f1.Ll:-t!H "£ 

ruLM:~t[bn.1:-~LQ.UL&i:-Bpi ~tn.B~~lA.tLUf1.Q.1L)!llltLM:L~fttl:-~ 1:-L~Bt~n.B~~IA. 

tLUL.(A.t-B~t~l:-Lfl.1:-L~Bt~I:-~ ULM:L2oL~LM: S'S'S'Z Qttp.n. ttLUrtQ. 1L)!lruLM:~t[bfl.1:-UL&i:-Bp 1 

Lt!t 1~L~l7.tLUf1. t fl.IJ-1L~M:Lt~~t!11~V1. rz 
M:~fl.™t~f1.IJ-1L~~l,E-t ~~l t!Mt~l~ UL&~ 1~t&l:-Lytf1.L~UL&~,\!~~W~B~~t!f':ltLUM:~fl.™tLULi;J.U~tLU 

tLUl:-t~lB~ ·1 



. · t;.JIQ • 

~ 
--------,------~--~~··-·-·-~ 

tl.Tl.i'1·1 J~~(1~.·,J]-; ,1; 

QJ di 'V 
1J'Uflfl\llJrl1lil 

C ; \Jl\,.
0 

~~1'}~94it~ ...... j 

• '. ,: ?Un. 8il~; u . / 
L._., ___ , ___ _ 

a!1i.111'1fm1 mfli'lf1ifl'1mrn ivHh ~ ~ 1 
mu~1fl'1m'Jllfl'Tff\9l'J V11. o 2549 3556 nn •':' ·,. ' · -~ :r.·--:;":~;J 

., "l <;:i • ~g-<ff 
~ vJvJ J3'6 12555 -li.1~ 91 ff'll1lflll 2555 ~~.n ~ ...... . ···················· 

&~0.::i 'Ufl'UUlU'J~U~!1tnf1l'J~ltU'W 1 fl'J 'lfiT:ii~u 
·" ·" - 4 11 8 2555 ~ \~ Y1 .•••• ! : ........ -.. ~ .. · '· .....•.•..•...• 

1 n~.1·····::.=: ... ~~--·············· 
&1fJi.1 fltu'U~ (H1urn-:ifltu'U~Niui'!f1m11rn~i~u) 

\9llll~fllfli'lf1ifl'1mrnivJrl1 i~i''Um1~~ffnt~'W'l'UU1~mtuuHu~u u1~~1iJ 2555 ltt 

~11-Uu 1m-:im1 0 v·mNii\91-:i1ui~m~flffr1-:ifl-:iri'm111r D N~Nii\91-:i1ui~m~flriiuV1fl~1V1fl 1u 1~ti 
"' 

clt-:iiflu 0 1m-:innlmj D tflHm1fimiTfl-:i ........... il 1~11i-:iu\91U'l'UU1~mw .................... .. 
.,j t "" iJ , iJ .., II) •• 1-~ - I llJ , "' d"' , iJ ~ II) ~ 
'Jj'fl flHf111 f111fl'ffhllfl1111\9lfl'lf1lrnn 'lf't'rn'l'll'W tl'frll'Ufl'IU'J~!'Vlfl' !'YIU 'Wfl'itu'Ylllf111 'Jj''JflU'U\91 HJ'Urn 

U~~1t:IU'W\911 vJrl1 luu1~!'Vlfl'iV1u ~l'W1'Wt~'W 87,200.00 'Ul'VI (UU~11du1~~°ti'Wfffl'lrflU'Ul'Yl~1'W) m111 
iJ " 'JI I 'j/ I " I 'JI 

V111'Uu~1i!u 'lltu~un1"-:i~11uu tflHm1lwu'W\9lfl'WVi I 1rn~'ll'W\9lfl'WVi 2 fl'lm~fl'll'W\9lfl'WVi 3 u~~'ll'W\9lfl'W 
I I I I 

.Cl I ~ .Cl 0 ~ ~ .-=ii 0 .::::t. I jJ ..:::., .... I .Cl lf) j/QJ 0 , iJ1 
'VI 4 U\9lt'Wfl'l'il1n11m~'il1111u flfl 1111~11uu-:i1u~l'lfl!fl11~1flt'l'W'l'Uu1~mtu'VI 1~1'U Vil l1 m-:inn 

~-:inrl11iiiff1m'Jt:1~11uum1i~l1u191111nrnu~11m~1~1Jiflu tflHf111~fl !~fl'W nuuiuu fl.fl'. 2555 ~-:i 
,, 

'llflfll!ir~'Uu1m1m~11-Uum'Jflfln iuijn i2 t~flu 191-:iufi i~flu ~mfl11 2555 a-:i i~fl'W fi'uuiuu fl.fl'. 2556 

1~uih1N'Uf111~l!U'Wf1111'W°lf1'1~'1nrl11 lflfiffl1~'1U'W'U 

~-:it1U'Wlllt~fl t Urn~'ill1W lfl\.!lJ~ 

.ra 
~ ~ 

(~1. 'it1'W'Vl1 Ul'i'lll'llll) 

'111l1Ul tflHf111 

cvq 

tlUlJA 
qi 

(A 
~ ~ 

(~1. 'it1'W'Yl1 Ul'i'lll'llll) 

~ ._,-l .. '111111! imfli'lf1immrn i vJrl1 

+oN!f(' 
"' "' b w 'l.J A ru u vi 

bv1BhbYJW~1'HU1eJtj~~1J'dlGJ°\'9a'~c-J ~ i; 
\\Jd'o 1~ toYc.J. 1)~ ? nu en 

'Qrmt° -r3 ch.J Sl 

,J-/a.J LI f)'I.) 65 



... .L..JJ.L..11 .. ..,YV 1 ... .-u1111 ov1v•v•• •- -----· 

_.. .! '\' ... ., 
H 'l.ltlnti·ninTl'Uti 'Umm 1tn 1 fl "1 ~ fll"Hll£1 

.,j '\' "' fJJ 1 fJJ "' ''1-.I-~ _ I "I 1 "' d"' 1 fJJ <f 1. 1fij lfl'l~fll"j fll'Hl'f11:11fl11ll\9lfl.:jf)l'if11'.i 'lf'VH.'M.:il'W I l"fl"ll'lrn.:iu'.i~!'Vlfl' I 'VH'J 'W mw 'Vlllfll'.i 'lf'.i(ltl'W\91 

leJ'Ul~U"~'.itH.l'W\911TI~l1 U il'.i~!'Vlfl'l 'Viti 

0 ii GI di 0 ... I fl) ... _ 1 "'"' fl)., 
2. !'tt~Ht\~fl1ltl'illl 'lU!.!fll'l'UUltl!1t\l LlJfl.:j111f1fllrn1L'W'W.:jllJ"1'1f1L~'.i1~'.i-eJl.:jlJ.:j'lJU'.i~lJ1W'Vl !~'.i'U 

~,,. ... 111_1" 
3. Nt\~1'1.!fl !~Wlll'l.!'1.!fll'l llJHt\1 

f1n1:11il1:1.J 1w fl 11:1.J~ u.:i m'.i~ ir.:i.:i 1u ! TI~ 11 u ii '.i ~L 'Vlfl't 'Vl mrn~m·.iu fll'.i ~~ m 

~ir.:i.:i1u ! TI~11-tt'L'~a.rnu~um1:1.J~u.:imrnu 1 fl TI~1'llu.:iil'.i~'lfl'lf'W u"~ f1n1:11 

fl 11:1.J~u'I m'.i m'.i 1flTI~1rlrn f 'U '.i o au 1911ei'U 1 ~ u" ~'.i o au 1911TI~1 

cl "' !ffl"'ill!'11 

2 
fJ) 0 ~ cl 

ff'.il'IL L 'U 'U 111" fl.:j'VJ l.:jfl W \9lfl'1 ff \91 '.i n1i:i-:i~11il'Uml" 

3 'Vl ~ffU'U u 'U 'U ~ 1"-eJ'l'Vll'lfl W\91 fl'l ff \911tm~ iii' 'Uil ~ 'IU 'U'U ~ 1"u'I il-:i 'hJ'Mv'h 

4 ff~il ~rn fll'.i 1,J mm~ ,J~l'l 1'.i 1 t1'11u \l U'Uffll \! '.i w a-:i'hJi'1'l'i1 

d "' 4. "1~£1~l1t\l'fl'Utl'UU1£1 12 L~fl'W 
I 

GI I d 
5. ~l'U !'l.!'1'1'1.!fl'Utl'UUltl!1t\1 

0 ... <f 
'Vl ~ff fl 'UL L 'U 'U 111" fl 'I 'VI 1 'I fl W \91 fl'l ff \91 '.i LL"~ 

ilf'Uil~ 'IU'U'U~l"U.:i 
v-:iilli'1'vh 

ff~il ~rn m'.i1,J au"~ ,J ~1'11'.i1 tl'l l'W \l U'U ffll\J'.iW a-:iilli'1'l'i1 

6. HN'l.!fll'l~llil'l.!~l'I.! (1mY1'W~'IJV'\Jtllt1!1"1) 

d iJ~'l.IU'l~mw 2556 
"11£1t\~ 1t1£1V1fll'l'Uti'Umm1i11 

'Vl~ ffV'UU 'U'U ~l"V'l'Vll'I 

"" " -1"' • I flW\9lfl'lff\91'.iLrn~u'.i'UuH • 
U'U'U~l"V'I 

ff~ ii ~rn m'.i 1~ mm~ .U~l'l1'.i1a.:i1u 
.., <f 

\l 'U'Uffll\j'.iW 



~· 
i ~ ~.; r -1 mm n'.3r~'ll1'1:;:'.tl ! 
---·-, 

~· -~ nu~:~~li-1~:;/;;J 
,1111 ........................................ . 

t~ .. 3 . ..ri..a •.. .25.5.s ............ I 
l1'1l ................ ~~~ . .?.~.-~ ..... : ... I w 

~ 

QJ di !II 

\J1JVln°lJeJA111J 

i;f1'1J'j1'tfn1'j fl1rii"111imm11Je:J1?1G11V1m1 riru::!iP11m11Jl3!1G11?1{ lm. o 2549 3491 
' 

~ e:in ~<Sj 12555 1'1..1~ . • .-- - ' . :·•c... r_·~ I ;,•1 ··~ .\ J}1 j 

~1 ~'l'V!1f11J 2555 ! ;; ' ...... #~'. .. ~~~-····· 
b1t1.:i "1Je:J"1Jcnt.11::!t.1::!b1mm1\9\'1b'Ll'Utri1.:im1i~t.1 

b~ll'LI f1t\J'U~f1tu::!il3!1n111Jl3!1G11?1{ (~Tt.i1€l-:Jf1t\J'U~ ~1t.Ji"ll1f111bb'1::!i~t.J) 
. 4 .,, -~ .... -"~-- ~-- .n .. u. ... 255.5 .... 

,,11 .............. ······· ··············· 

1?11lJ~mrii"ll1iP11m11Je:i1?1G11V1m1 riru::!imm11Jl3!1G11?1{ 1~fo.:iuth::!mru tl1::!'11tJ 2555 
' 

1~\9\'1b'Ll'Um1 tri1.:im1 

ff t:.Jm.J~1?1.:i1'Ui~m~e:iG1~1.:irnfim1lJ~ D t:.J'1t:.J~1?1.:i1'Ui~t.1b~e:iri1t.1V1e:i~b'Vlf11'LI~~ 
'U ..; ..: ~ ~- , D '1 , .d .. .,: ~ ... 

61l.:ibll'LI LJ 6ri1.:im1b'V!lJ br11.:im11?1e:ib'Urn ...... ti b11J1?1-!!bb1?1tl.:i'Uth~1ru ...... . 

zje:i tri1.:im1 m1bmt.1'UbVit.1'Ua1?111m1n~n~e:i'U"1Je:i.:i1e:it.111lmnt.1e:i'1ilb i1t.11Jt:.JG11J AA11 oo bb'1::!b V!~n n~1ri1foe:i'LI 
'U 

~1 AISl1015 1'LIG1fl11::!tl1'Vl::!b'11'LI'l .. h::!b'Vll3!1'Vlt.1 '11'U1'Ub1'LI 170,100 'U1'VI f1111J'V111'Ubb~1,!'U "lltu::!ffi~ 
\9\'1b'Ll'Lim1tri1.:im11tJbb~1~e:it.1'1::! 70 ~.:i"1Je:ie:i'UWi"llcnm1m\9\'1b'Ll'Um1e:ie:inhJ~n 12 b~e:J'LI 

' 

~.:ib~CJ'UlJ1b~e:i t th~Vi:u11ru1 

0""" ~~>,I 
~'U1t.1~-r1?1tl 1?1-rt.11'\.J~-!!Pl) 

~1V1-W'1 tri1.:im1i~t.1 

<.~~-

(~°1i1t.1P11G1m1:u11tl ~1. ru~n ritJl'i'~b~t.11) cu dS 'I dS 

Q.I !1J' .iCllt. .::::t, 

V!1V!'U1fl1f11"1!1113!1fi111J~l?1G11V!fi11 

"" "' b'rn'W FW..!'U~ 

QJ~ 

flUJJ(?) 
b~e:i1t11~~:u11ru1e:i'4mi'1J~9t,mrn<c.1~ S5' 

1 <)! l\ 12.1"1tl.L . ..UUVV7vli4 ~ nu ~ . Cl 

~ <2--! ' 

4 flcVNT ¥ 
3 OU S'S' 

~~-
A flt.! 5\ 



bb uucrJe:iiimT"a"lleJ"llf.11m1a1 Lfl':i-:ln1':i1lij'a 

1. ~e:i tfl':i-:im':i 

nT;mnti'Ub Vit1'1.JeJl'111 rn1n1?1n~e:i'U"1Je:i-:11m.1~mn t1e:i6'lfo ilt111~?111 AA 11 oo bb6'l::; b vr~n n6"1rn{'Ue:i'U~1 
'\J 

AISI 10151'U?iJ11'J::;ilTv1::;b6'l1'U'lJ1::;bVJl"f1 Viti 

Corrosion Rate Comparison of AA1100 Aluminum Alloy and AISl1015 Low Carbon Steel 

Lap Joint in Thai Marine Environment 

2. b VI~ bba::ft1111,J1 b U'U L 'l.m11"1Jmm 1a1 • 
11"11-:im1dbtl'LI11"11-:irn1i-;ij't1mt11~-:i'IJ'lJ1::;111ru'lJ1::;:i\'1tJ 2555 i1bb~'U~1b'U'Urn1~-:ibb~i''LI~ 1 1'16'l11"111 2554 

' 
bbl'11i;)bfi1?1iJruvr1~'U ~e:i irni-;ijt11i;1'fob~'U-:iu1.J':i::;111rurn1i-;ijt1 b~e:ii''U~ 6 fa1'U1t1'U 2555 ~-:1'11-tl1n-:i1bb~'U ., ' 
~,b u'Lirn1'1-:i s b~e:i'U ~-:i hJ?11m1'1-;ij1?16ff e:i1'?11?1bb6'l::;m.Jmru 1P16'le:i1?1'1'Urn1v11rn1i-;ijt11P1111~1::;'1.J 1 'Libb'IJ'IJ 1'1.1 1i;1 . ' ' 
~-:i hl?11m1'1~1b U'U 11"11-:irn11 '1Xbb6"1 b?f~'1mw11vr'U1?1 nm 12 b~eJ'U 1~ 

3. Na-:11uvi'l~~1bi)um1ltlbbtl1 
' ' QJ' q i.I qq QJ 

- '11?1 bl'11tl11"1J €1116'l bb6'l::; b€l fl?f 11Vl bfl tl'J"IJ €1-:J fl'IJ fl11Vll?l 6'l €1-:1 
'\J 

- 1'?11?1m-tl~e:ie:i6'lfoilt111bml?l 1100 bb6'l::;bVf~nn6"1rn1'1.Je:i'U~1 A1s11015 m111vr'U1 1 1111. '1ml'1~t1111'1Xi1 
' '\J '\J 

1D~1-:J~b VI~ t111~'Uer1 bl?ltl rl1V!'Ul?l 1 'iXVil"IV11-:J"IJ€l-:J fl11~1?l"IJ'U1'Utl'Ui;)'1'Ul"l1111 tl11"1J€l-:J~'UV11?1?1€l'IJ bl?ltl bb~'Ul?f l?l 
'\J ' ., 
Vl-:1?1€1-:lbfltltl'U 30 1111. 

- ~'UV11?1?1€l'IJ~1'Ufl11vl11"11111?f=:;€J11?1 bl?ltlil11'11~1'U ASTM-G 1 ne:i'U 1'l.Jv11rn1V11?1?!€l'IJ1'LI~'Ul'1€l'U~€l1 'IJ ... 
- ~'U-:i1'U '1ntl11uv11m1vi1?1?1€l'IJ1 'Ue:i'i.Jmrurn1vi1?1?1€l'Ufl11tll?lfl~€l'Ubb 'IJ'IJ~11~?1~1-:11P1111m1P11~1'U ASTM 

'll q , c'8 

G31 

- vl1fl111'111'1?1€l'Utl1vrirn~'UV11?l?f €l'IJ n€l'Ufl11tll?lfl~€l'U 1 'Ubb vr'1-:1J1~ 1 

- vl1fl11Vll?l?f€l'Ufl11tll?lfl~€l'U 1 'LibbV!'1-:Jtl1~ 1 

- v11m1-a'n~'LIV11?1?1€l'IJ€1€lfl'11ne:iumrurn1vi1?1?1€l'IJ"IJ€l-:JbbV!'1-:1J1~ 1 vin 3 i''LI 
' ' 

- 1'111'1?1€l'UtJ1e:ie:in 166ii"IJe:i-:J~'UV11?1?1€l'IJV!i;r-:iv]11 '1Xbb'IX-:i"IJe:i-:i~'UV11?1?1€l'UbbVl'1-:iJ1~ 1 VJ fl 3 l'U 

- 1'111'1?1€1'1.JtlTV!Ufl"IJ€l-:i~'UVll?l?f€l'IJV!i;r-:iv]1r\'1'11?1e:ie:in 166#i~1t115vi1-:ibl"li1bb vrci-:1J1~ 1 vin 3 l'U 
' 

- vl1fl111'111'1?1€l'Utl1vrir fl~'UV11?1?1€l'Un€l'U fl11tll?lfl~€l'U 1 'Ubb vrci-:1J1~ 2 

- vl1fl11Vll?l?f€l'Ufl11tll?lfl~€l'U1'UbbV!ci-:iJ1~ 2 

- v11m1-a'n~'UV11?1?1€l'IJ€1€lfl'11ne:iumrum1vi1?1?1€l'IJ"IJ€l-:JbbV!ci-:1J1~ 2 vin 3 i''LI 
' ' 

- 1'111'1?1€l'UtJ1e:ie:in 166ii"IJe:i-:i~'UV11?1?1€l'IJV!i;r-:iv111 ~bb ~-:1"1Je:i-:ii'UVJ1?1?1€l'UbbV1ci-:1J1~ 2 vin 3 i''LI 
' 

- m1'1?1€l'Utl1vrirn"1Je:i-:ii'Uvi1?1?1€l'IJV1i;r-:iv11r\'1'11?1e:ie:in 166iii;1'1t115vi1-:1bl"li1bb vrci-:1J1~ 2 vin 3 f'U 

- vl1fl111'111'1?1€l'Utl1vrir fl~'UVl\?1?1€1'1.J ne:i'U fl11tll?lfl~€l'U 1 'UbbV!ci-:1J1~ 3 
' 

- vl1fl11Vll?l?f€l'Ufl11tll?lfl~€l'U1'UbbV!ci-:iJ1~ 3 

- v11m1-a'n~'UV11?1?1e:i'Ue:ie:in'11ne:i'l.Jmrurn1vi1?1?1e:i'IJ"IJe:i-:1bb vrci-:1J1~ 3 vin 3 i''LI 
' ' 

- 1'111'1?1€l'UtJ1e:ie:in 166ii"IJe:i-:i~'UVll?l?feJ'IJV!i;r-:iv]11 ~bb ~-:J"IJ€l-:J~'UV11?1?1€l'Ubb vrci-:1J1~ 3 vin 3 i''U 
' 

- l"l':i1'1?1€l'Utl1vrirn"IJe:i-:i~'UV11?1?1€l'IJV!i;r-:iv11r\'1'11?1e:ie:in 166iii;1'1t115m-:ibl"li1bbV!ci-:iJ1~ 3 vin 3 i''LI 
' 



4. 
d 

':i::ll::L 1i'l1'Vl"IJtl"IJll1ll 

12 b~ffU b~l.J 1 ~'11fll.J 2555 fi.:i 30 tl'UCJ1CJ'U 2556 
' 

5. .:i1ut ua1uvl"IJt1"1Ja1m 1i'11 

- v11m1~11'.\1'1eJ'UJTv1tr n~'UV1~'1€1'U rie:i'U f1T;itl~n'~em 1 'Ubb vrci.:iJ1~ 4 

- vl1f111V1~'1ff\Jf111tl~f1~€J'U 1'UbbV1ci.:iJ1~ 4 

- v11m1in~'UV1~'1e:i'Ue:ie:in'.\11ne:i'IJmrum1vi~'1€1'U'lleJ.:JbbV1ci.:iJ1~ 4 vin 3 1'LI 
' ' 

- ~11'.\1&1€J'U~1€1€Jf1161!11l'1Je:i.:J~'UV1~&1€1'UV!6"1.:ivi'111faVf .:i'lJ€1.:l~'UV1~'1€1'UbbV!ci.:iJ1~ 4 Vlf1 3 1'LI 
' 

- ~11'.\1'1e:iuJ1vrirn'lle:i.:i~'Uvi~'1e:iuvr6"1.:iv11n1~~e:ie:in 161!11l~1CJ15vi1.:ibfli1bbvrci.:iJ1~ 4 vin 3 1'LI 
' 

- 11u11iJ lbf111~~ &11'1Jl!-l'1m1vi~G'le:i.:1 
' 

- ~~v11~'1Jbcil.J 

6. LL~'Un1':i~1Lil'U.:J1'U 

7. 

- v11m1~11'.\1&1eJ'UJ1vrirn~'UV1~'1e:i'Urie:i'Um1n~n~e:i'U1'UbbVJci.:iJ1~ 4 1~vr11.:i 1 ~'11fll.l 2555 - 7 
' 

~'11fll.J 2555 
' 

- v11m1vi~'1e:i'Um1ti'~n~e:i'U1'UbbVJci.:iJ1~ 4 1~vr11.:i 1 ~'11fll.l 2555 - 31 5'U11fll.l 2555 
' 

- v11m1in~'UV1~'1e:i'Ue:ie:in'.\11ne:i'IJmrum1vi~&1e:i'U'lleJ.:JbbV1ci.:iJ1~ 4 vin 3 1'LI 1~vr11.:i 31 ~mfll.l 2555 -
' ' ' 

31 l.Jf111fll.J 2556 

- ~11'.\1'1€J'U~1e:ie:in 161!11l'lle:i.:i~'UV1~'1e:i'Uvr~.:iv111 Vlbb Vf .:i'1Je:i.:i~'UV1~'1e:i'U bb vrci.:iJ1~ 4 

V'l'Jfil~f11CJ'U 2555 - 28 ~wn'W''U6 2556 

- ~11'.\)'1e:iuJ1V!tJ f1'1J €1.:l~'UVl~ '1 €J'UV!~.:lvl1 n1~ ~ €1€1 n 161! t1l ~1 CJ15vi1.:i bfli1 bb vrci.:iJ 1~ 
5'U11fll.J 2555 - 31 i1'U1fll.J 2556 

vin 3 1'LI 1~vr11.:i 1 
' 

4 vin 3 1'LI 1~vr11.:i 1 
' 

- 11u11iJ lbf111~~ '11Ul!-l'1f111V1~'1m 1~vr11.:i 1 bl.l~1CJ'U 2556 - 31 mf1{]1fll.l 2556 

- ~~v11~'1Jbcil.l 1~vr11.:i 31 mf1{]1fll.l 2556 - 30 n'UcnCJ'U 2556 

"" 1" ':i1lli'l::Le:ia~m':i 'ti.:J'Ut.h::imu 

.:iu'IJ1~iJ1ru~~1 b 'U'Um11 'IJ bbGl1 

11l.J-r'U 119,070.00 'U1Vl 

- fl1~ff\JbbVl'U 0.00 'U1Vl 
' .... 

- 1°111'1~ 
' 

107,515.50 'U1Vl 

- fi1'11u11ruLJlnfl 
'IJ 

7,300.00 'U1Vl 

' 11l.J'.\11CJ 114,815.50 'U1Vl .. 
4,254.50 b V!G'1€1 'U1Vl 



w Cun 1{i;!.in~1J '.i ;; i JJ~;H b) 
~ o' 

'!rn; -.irnm '.i1Ji':·:•:hl'.i 

... w~.ibA/'('(. I J,., ········································· 

·l .·::,~~ 3 n.,~ i~~~\ I 
----·--· 

@ 

QJ ~ 91 
'UU'Ylfl6UtlA11iJ 

ii'l'U11'1ffl11 fltu~if11m':i11f1Tff~~ mfli"lf1if11mrn6~ffl'ttfll':i 1vi':i. o 2549 3440-1 

~ 6fl m ~ 12555 
' 1ufi ~1 iY.:Jtt1fl11 2555 

~~O~ '\J6'\Jtl1tl!1'11fll':i~1!ii'W fll':i 1f1Hfll':iiit1 
·:-. ~. , ..... ~:.".. <;• - ' ,..,, ~ r1t1.; . . i., Jfl(H:?1 i.IM~ 

d'Jvi ............. ~J· ..... ~10 
~~£.l'U flW1J~flW~if11fl'J'':illf11ff~l (Hl'WW:·.J'Wfli1lt1U'1~1.h~1ih.JJ}H'l) 

·ruv~ (~ 4 n. a. 2555 ........ . 
·················-···················· 

L)f11 .................................... . 
------------·----------' 

m11~.,r1va'1'1 Nf1.11t1~1 i.1111~~~ 1~i''LI.:J'Ut1':i~111w l1':i~~11J 2555 tt111~u~t1~~tt'4'W 1m.:Jm':i1it1 

~ "" "" ., .I 'I ., ~ .I~ I llJ ., 1 1 'JI ""d 
!':i6.:J "6Vl1il"l'1'\J6.:J~1UlJ':i ~'Wfll':i6~'\J'WlIJW'W~6fll':i !'tt'1~1'\J6.:J '1'tt~ !La~ f1Hff':i1.:Jll'tt1.fllfl'\J6.:J6~ll!'Wtlll 

,, ,, 
Nffll" '\Jtudl 1~~1!U'W 1 f1Hfll':iiit1i.:Jnri111 iJuti'1~.:J,j''W~6'WflWVl~'16.:J 1tfl':i1~MN'1 U'1~ff11JN'1fll':i 

vi~'16.:J ~.:Jfll':i~11iit1m':i1m .:Jm':iiimn~fl1111ri1.U1wh~firnt1~ 11' 'Vi11tt~ijff1m':it1~11iit1m':i 
1f1Hfll':iiit11i1'1ff~1l~'W~lll':i~tl~!1"1'\J6.:J 1m.:Jfll':iiit1 ;j6 -f'W~ 30 n'Wtlltl'W 2555 1~ m~Nll~.:J'\J6'\Jtl1tl 

11'11~11iit1m':i66fl 1iJ6n 12 1~6t1 1~t1i~11i.:Ju~ 1t1~ i ~"1fl11 2555 ~.:J 1t1~ 30 nt1t11t1t1 2556 ':i1t1'1~16t1~ 
UN'W.:J1'W~1!U'Wfll':ii.:JWflff1':iU'W'U 

~.:J~t1t1m1fi6111':i~TI111':iW1 

Q.I~ 

tlUilft ca 

J_ ~~ • 

4)}-1,\1(' 

• 

9/ I r/ t:S. I Ct. r/ 
(N"lf1t1f11'ffm1111':it111t1m t111111m) 
" 

'111tti!11fl'j.:Jfll':iiit1 

~~ 
(~'1f1t1f11ff~':i1111':i V ~':i. W ~p fJ1Jfl1:H~tl':i) 

Q.I 91 .c:. .c:. 
tt1ttt11mfl1"!f11f11mrn~~ffl'ttfll':i 

""' "" b~t.l'Ll AfW'U(il 

b vhihh viY1'.l1'Jru1eJ'U~~11VI 'cir"~~ Ms"?;-"'° U i S ss· · 
' iuol\ 1i.1~CA4. ?f ~ J; nuw 

~Ofl ST 
,J)aJ 

,t!M.Jn° -



_.. cl "i' """" 
H1J1JTI0·n.m1"ill\IE.JlE.Jrnn ~ tl"i~Ol"i111EJ 

... "' ... .., "' "' ., -1 1 ., ,M -•<I ' 1'I ., 'T 'T !JI 1. 'Vt'Hf11.:Jfl111ilr.l: tl'Vl1iVHl'IJtl'l\911UlJ':i lHll':itl~'IJ'U':i1JW'U\9ltlfll':i tlHl\911'1Jtl'I iil'H~ Uil~ im'lff':il'll.l'Hlfllfl ... 

"'"' 'lltl'lfl~l.lt 'UUl.INffl.I 

2. m~Naua~fl11JJ.fi1tilu1um1'llmurnn 

t~t1'1111n'llw~d i~f"11tiJu 1m 'lfll':ii'lnci11 i tlut\'10'1i'W\9lt1'W fll':i'Vl~ilfl'I 11m1~-H Nil Uil~ff1t1Nil 
fll':i'Vl~iltl'I ~'l':i~ U~ I 1illfl1! iJ 'U fll':i !fl~fl11l.lri1'*1fll1~ tll'H'U~ 1-r 'V\'11 tt'tiiffll.ll':iOfll!lJ 'U fll':i 1 fl':i 'I fll':i11f U 

1tt'1ff'i11~um11':i~U~!1ill'llt1'11m 'lnn11f ui~ ~1U!'H\9ld fll':i'IJU1m1mm':if"111iJ'Um':i 1m 'lfll':ii'ilui tl6n 12 . 
<!I ' 1~ "'"' Q " ., -• .tdl'l!li• 1'1!ll 
!~fl'U 11~ffll.11':iOGJf1U 'H tfl':i'lfll':i111U!ff':i11ffl.11fitu\9lll.11\9101J':i~ff'lfl'VI t~fll'H'U~ t1 ... . 

3. Nam1~1ti'.lum1 lfl1.:Jm11.n'u~Nrnm 

fll':ifll!lJ'U fll'j 1 fl':i'I fll':ii'iiu~ Nl'U l.11 i~'Vllfll'j 11911' Ul.lfll':i'Vl~ilfl'I uftl '1Jtli''Utl1 'I nfll':i'Vl~iltl'I 16lf'U 

tli''Utl( 'IUftl'll ':i1lli1'1m':in111u~i1utl':il9i1'1 '1 11-A fll':i'Vl~iltl'I l"l~v11J'l i~'Vl1m':i'Vl~ilt1'1ut\'1rn'li1utl':i 

. 
4. 1~u~na1n'Uo'llmu 

'llt>'lluiu 1m'lm':i1'iim~m~m~'W':i~u~nil16n 12 1~t1'W 1~mi11i'lul9i i'W~ 1 ~illfll.I 2555 O'I i'W~ 
30 n'WUlU'U 2556 

. 
' "' 5. t\'1U.:JlU't1'Ufl'Ur.llr.lt1'11 

1. 'V\'1 fll':i 'Vl~il fl'I Uil~ tn'U Nil fll':i'VI~ iltl'I \911llf1' 111 tl':i ~tll'H'U ~t~l.l!~l.I 
0 "' " 2. 'Vllfll':i1!fl'jl~'HNilfll':i'Vl~iltl'I 

3. ff1t1Nilfll':i'Vl~iltl'I 

4. 'ii~'V\'1':iW'll'Wi'iiu Uil~!f-WU't'I~ 'll'Wi'iiu 



.._ 
1111i,::: ~ m n '.i rn fil l:Wri ·. 

~· ,,; l}J\J ·" 14 (ff . 
. '

111>rs···rr·t!:··2sss···· ·· 1 I i1dl .................. ~·~·.-·1\.Ci . . \ 
~Oi ................................... ____ . __ i w 

~· 

Qt uvrn n1~t1ira:::1l'.i :;;1Drn 

rv di ii 

tJtJV1n6l.leiA11i.1 

a1'1J~1"1fn1~ ....... 111ei_j_-in.1.~Jn1.·n,1]~-~~~~-~.1~'.l!l.n11 ____ fllli;!'.imo1)_~~1?1\'li ______ h1_1_. __ o_.25-~9-.3-~8~.-.,..,,._s __ _ 

iif.----2~-~~~---1ss ____________________________________________ 1'u~-----------25 ________ olJ.tJJJJ.\J ... 2sss _____ -----·-:f')-~-~-]-~'ff;~J.J;11~-; ... . .. 1 .. ., .,.. - ' 
L~ei.:i ________ 'lltl'1EJ1m1~1m1l!lJ1'UlJ. f)j_~mD~El----·-·-·-·------·-··------------------------------------------ __ !_'l}_~::::rr--n··8··-·25ss········ 

·j"'1l'Vi .... ........... .' ... ~ ........ ·.· ....... . 

L~fl'IJ f1 ruu~~H\.1~11'11 fl11l.Jl'11 ?ti'!{ (e..11'U1€l--1f1ru'U~ ~1 EJ1'll1 f111 LL'1 ~1 :ij EJ) nrn ..................................... . 

ml.I~ iTr4L~1 'U1\1?111111& e:i1EJ11EJ~tl''Uv1 m"il11tltJ1~'11ml"l1'll111'11m1l.Ji'?tt11 
' ' 

LL'1~ b'1Vff111 b~1'um1:5't11?111\l'UU1~l.J1rutl1~'11u 2555 1 ~~1LU'Uf111 bl"l1\lf111 

0 ~m.J~l'!\11'U1:5'EJ~e:i?11'1\le:i\lflf111l.l1' D ~'1~~1'1\11'U1:5'm~e:irl1EJ"v1e:Jt11LV1f1 L 'Ufa~ 
'IJ 

"ii\ILU'U 011"11\lf1111Vfll D 11"11\lm1~m~e:i\l ..... i'.l L~lJ~\ILLIPiu\l'U'th~mru ..... . 
zje:i bl"l1\lf111 "f111~~'U1'l!e:J\l'tJ11lilL'l!'1~a1V1forn1"il~LTIEJlJLL'Ul'lbl'le:J~"il1n1?tt11'11fa'Ul'l b '\"4~LlJe:J{" "i11'U1'UL~'U ' ' ' 
334, 100 'U1VI (?11lJLL?l'U?l1lJVf~'U~~'UVfi1\11e:JEJ'U1Vl'11'U) ,r'U '1Jru~m~~1LU'U bf11\lf1111'1\ln'1111 tlL1EJu1e:iEJ 

LL~1 55 % LLl'ie1''11liLL~1L?l~"il?ll.lrnru ~\lijm1l.l"i11L U'U'lle:Je:J'Uml'llmm 1'11 Ll"l1\lf111~1LU'U Ll"l1\lf111e:Je:Jfl 1tJ~n 
'IJ ' 

12 L~e:J'U fJe:J~\ILL~i''U~ 1 l>j'111"ll.J '1"4.1'1. 2555 (i\li''U~ 30 tiUmru y.J.fj. 2556 b\11EJljLLt:.J'Uf111~1LU'Uf111 
1 'U'lf1\ll'1\ln'111 1'1\1 Le:Jfl?l11LL 'U'U 

~\IL1EJ'Ul.J1Lf1e:i b U1\11Vi"il11ru1 

~' -0~ .,,D!~ ... · ') 
(~'ll1EJl'11?11'111"il11EJ \111.111ru e:J1EJ11EJ~'U'UVI 

'IJ ' 

~1VIU1 LF11\lf111 

"' "" m.1'\.J riruu~ 

L~eihbvi~':il1':iru1e:ii1Wi rc-J1U ~0~0 
' 

loon te r~vu: 'fJ)jt?'? K'.S-40) n.CJ~~ 

VJYVJw\J 1-lfJ n I/VY 

QJ~ 

01-!iJfl ca 

~..1.--l.. --
@sf 

v;cw~ 

~ 

,2..A"" f\/V /r,/ 

c}'S f>f2,SS 



• 
~l':lru.~:rniifl~~tLun.u:-flLt 

/' /' L!A~~::~ii~n.~rt~rtLt~Llll. ~::Lt~1~ '8 

llsLU .. 
/' /' ::~iiLp.GiG~n.IA.tLU~rt~ru:rn~IA.tLU 'L 

" 
/' /' MLU'flLUt-LIA.~rt~~G~~IA.'9 

rt.Gt 
"' 

/' /' rtLt~UL~MLU'~rtG~1tLU~G~~IA.tLU ·~ 
!" 

/' /' ~~1tL~G~r1.IA.tLU~rt~~G~~IA. ·17 

rt J! ~n.,e. t-Gl1. 
" 

/' /' Lrt.111.rtLt~ t-Lk~t-t~1 ::mRu~~G~~IA. '£ 

/' /' }Grti~Ml ftJ!~rttn.~rtfl~~1tLU ·z: 
" 

/' /' ~~~~tLlll.~M~irnrtGf!.LRUk!'t 
"=" ,,, ,,, fl p 

Zt n Ot 6 8 L 9 ~ 17 £ z: t 

(r1.G~1) L~t i::fl::t fl~tn.Lt-n.n. 1L~tLUr1.l':l11 
,,, "=" ~ 0 

9 l1or1.G~r1.,(lot-~ t l1or1.G~r1.,.f!. 
• n • n 

~ 1111 ::~11 L !1Gl tLU G ~ r1.IA.tLU:: ~11 r1.GkrtL t~t-LIA.MLU'~rtG~i tLU ~G~~IA.tLULJ,A.G~ i 

" L~t. 1flLBR.tLUr1.l.M.ij1l .. ~rtLt.Y~~11~1t1.1 ·z 

(A.lanes Jaw,.<:1od wn!Ll+!l JOj Jaw,.<:1od pa+eu1we1 WOJj lla) 8u18e)j:>ed jO +uawdo1aAaQ) 

}Grti~M 1 ~n. ,~L~~~iu L~~G~,~~ iirtll£,~~tm~h-111.L~J!~lls, ~tmt-GllsLn.~~tLU 

tLUt-f.Yll!~ "l 



(ilA. 

(£ rn1;: h11ri:i11H1 . ! 

fu~ ........ ~ ·'1'ltt!W ·~, I 
'!·p•; \ l n-:tr··2'j'J~r ········ i 

I'""::: K~~~ .. :.. I 

!lY!1lf1"°1i1tJ1.\1'1i::lh' Ill:' 
-·--1 

QJ .:::i 21 

tJUVln6l.IBfl1111 
I 

fl'J'U'j1eun1'j .f11fll6111ll"l'Jn'J'jl.JeJ~?l1Vlfl1'j flill~ll"11n'J'jl.Jl"11?1~{ b'Vl'j. 0 2549 3440 
' 

d 
'VI 

d 
b'jeJ.:i 

b~CJ'U 

elfl hO\ /2555 
., ... 
1'U'Vl 

~ r:n !"': -\'.?"...-" ·::·:~ '?i'":'1/i'S 
~3 nmnmJ ... ?~.~.~ ....... : ....... : .. ·; ..... '..~i.J!:J .. :Jq§b·.... . ...... . ..... ·········································· I . ·ti ..... 1···l n-·g-···2555 

·············f , ... ,.,71. ·:·::.: :~·~ :: : : :::·:· .. ~:·:: ............ .. 
. ' i '• .. 05 /.f 

;_~-.:_·&· .. ·.:.:~~~=== 

'IJB'IJCJ1CJ'j~CJ~b 1'11fl1'j~1b'Ll'U1m~fl1'jl~CJ 

flruu~ (~1'U 'jeJ~ fl ruu~ ~1 CJl6111 fl1'j bb~ ~1~ CJ) 

ml.l~ .rrTv-n-~1'U1CJ?ll.lfl1'j bb11~ m'11'jtl1h~"il1mfl161111mm'jl.JeJ~?l1vtm'j 1~1'ueimY&i 
' 

bfl'j~fl1'jl~CJ ~'\JU'j~mru U'j~"il1u 2555 b~eJ~ fl1'jD1U~J1b~CJ~1CJfl~'UeJ~~~1 b61!'Llfl bU'U"iJ1'U1'Ub~'U 
' 

244,300 '\J1'Vl (?leJ~bb?l'U~Vl~'U~~'U?l1l.J~eJCJ'\J1'Vli;)'1'U) J'U fl11l.J'Vl'j1'\Jbb~1J'U '1Jru~d1~~1b 1J'U bfl'j~fl1'j~~ 
.ff'W~B'W~ 4 fl~bvt~ei .ff 'W~B'W~ 5-7 vh 1vt'1ii?11l.J1'ji;i~1b'Ll'Ufl1'j1~'0''U~1Wl1vt'W~b1m~'j~'\J1il'W1m~fl1'jfleJ 

' 
b~eJ'U n'UCJ1CJ'U V'L\"1. 2555 ~~'IJeJeJ'U~&i'IJCJ1CJb1'11~1b'Ll'Ufl1'jeJeJfl1uBfl 12 b~eJ'U ~~b~eJ'U rumuu ' V'L\"1. 

' 
2556 1~CJlibb~'Ufl1'j~1 b 'Llm1'W~~beJfl?l1'jbb 'WU 

~~b~CJ'Umb~ei 1 U'j~~lil1'jill1 

fl14JJft 
~ 

/'--1 .r-e..xr 

('U1CJ?ll.Jfl1'j bb11~) 

~1vttl'11m~fl1'jl~CJ 

~ b c====-=-~ <. ______ _ 

(~~1CJl"11);'1~'j1'<iJ'.11cJ m.~~.a'CJ · ~m'.11)~), 

'jeJ~~1vttl'1m Al6111 ~1CJ\J5V11~1,1,~ ~11~ bb~'U -rn~1'ii161J fl1'j bb 'Vl'W 

Q.J I.I .::,., .c::::i. 

Vl1Vl'W1D1fl1611111"11fl'j'jl.JeJ~?l1Vlfl1'j 
' 

... ... 
L'rn'U rWJ'U~ 

~~eih\'j~~~1'HU1eJ'1~ "6C{\U~~out'6n. 

tQ. t~V\.k. ci~tn n"l-'CJ)lJU fJ.qc;h). 

~\J !~ nu 7( ~ 

~,;r 

f3 095'( 

y 
t41)0.., f'Y 



01 CAJQ· 

HHl!f\ l ~r1m1i iJ ~~~ :i] WI 11 

Q,J .cS ,2.. 

1J CU VI fl~ 'iJ fl'l'l 3-1 

r-. .,, 

nrn::.: lfl 1n1~i1Jn i nY11 

rii ~ ......... 0:>..~.~t'!.)vJ..~ ........ I 

c:,~ ~ ~ 0'~.f f~ , I 
~'l'U"i'l°lffl'l"i ____ fl1~~'.'ISJ~_~'ll1A'.H-j_bX\~_®_J ________ f.l_™~'.lfJ:Jfl.J.J.~fJ'.J~~{ _____ 1V!J,_0_-:-_2-549::.~_579::8.1 

v\ ____ 1\_~-~-~-~-~JJ. __ ~~-~----------------------------i'M~------.4 __ fiim1i:J~ __ 2_5_55 __________ t_<r_ .. ~1-~-~:-~~~--:;r~~1 
' 'l'UYl ..... ~··7···n··M----z555··-----

4 0 A, G/ • I (JI 

L"a'iN ________ "tl_'U1!~'.J~-~-:;:-~_:;:_~11~1!_~fl1]~.'Jl~~1fl])!f)'.J]:J'."J.~-------------------------------------- .:)~~,, ................................... . 
~'"'::i:11 .. ................................... . ... 

L"itl'I.! riru.u ~ riru.~'J l"T'J n11~ WJ'C:f \914 
-----·- . _______ ... .., .... _ .... ---·--· 

\911~~ 'W'l'l'C:f'lr.J'C:f'l!'W u'l'Wmri1 1~~\Jm1~~'C:f11~uu1~mru.Lb~'W~'Wu1~r.hu 2555 LVi~1bi'.l"Wm1 • 
tri1~m1 D v.iiiv.i~\9l~'l'W'1~m~'fJ'C:f~'l'l'fJ~¢lrir.J1~~ D v.iiiv.i~\9l~'l'J...l'1~m~'fJfi1t1vi'fJ~bYlriL'WLi1u 

'IJ 

~~bu'W )2( tri1~m1tvia.J D tri1~m1~1Jbtl'fJ~ ........... u b~~~~bblPlu~uth~mru. ................. . 

~'fJ tri1~m1 ~n~1n1 ~ur.J"Wn11 v.i~vin~ViJ1'W~~1r.J~r.J~nu1¥'qJv:l"l5'V'l1m1GJil41 <J~b ~ilvi ~ bb vi"Wn ~Vi1GJ1n 
~~'\Al~'l'J ~'l'W'd'W~'W 191,900.00 rl'J'l~Vl1'lUbb~'J,.f'W °llill~~~'lbtJ'Wf1'l1lr11~f1'l'J~f11::1'lf11~U'J'Wf1'l1v.J~VI 

n~ViJ1'J...l~~1'J~'J~nufiqJv:l"l5'!Al1m1GJ'fJ.fl 1~b ~ilvi ~ bb vi'Wn ~Vi1GJ1n~ ~'\Al~'l'J 1 u1~t1 ~viri~ bb ~'J ?.J~°lJ'fJ'fJ~~~ 
°llmmr.Ji11t'i1bi'.l"Wm1ililn1u~n 1 ti ~~bblPi 1\9li11ri~2555 ~~ 30 n"Wmti'W 2556 

q 

~~b~tl'W~'lb~'fJ LU1~Yl'°l'l1ill'l'fJ'W~~ 
q 

QJ.:::\ 

0\t1Jft 

~ - j_. • 

~etc-
(v.Jl"l.~1.'C:f'l!'W u1'J...l'C:f1ri1) • 

~'J'Vl'ih lr11~f1'l1 

~ 
('W'lti151~'\Al~~ rl'J'J~'l'W'J'W) 

~'J'Vlil'l.f1'l rlfJ"l5'lfJ '°1'Jf111~ b f11::1 Vl1 

"" "' 1."W'U f\tu'U\il 

1.~eihl1\il~'111ru1e:i~iWi ro1<-v1~ Td\5YJIV\l?aw 

nJ~ri 1Zr 1ife1J. ~~DI '}ti ()ef1b) 

'1 °'"KV 
VSYY7 '4 v b n w1 · 

~~ 
b(ltl~ 

J/• 
4- I) ':; lc-v' 

-



Q£ 

QJ ~ 'V 
'UU'YI06lJflfl1liJ 

llfHHllJUl!n:- 1J···, .:~. " ' .:_ ' >l 11 r·i c1 

fl bl!Z' licf)rlJ 'JJ ,,. . ;! 
:" .; fl.I'() Cl.Cr"['' lclvi.J 

J]Jtl ....... ':":' ... · ODO If( · :; - 3 n-·~····2sss····· .. ··· 
l ................ ' ... ~ ......... . 

I rnn .............. -~-lf- . ~ i.~ .. ·: · · .. · .. ___ -·············-········· 

' "' " tl1\!11'tffll''i flW~1fl1mrnfl1ffm mfliGJ11ifl1mrnvf!n'l'ttfl1'i 1'Vl'l'. o 2549 3440-1 

~ Vfl ~8'9· /2555 
' CV <=I fLA "' 

1\!'YI 71 ff~'ttlfll.l 25~ .. 1 
... A,_ •. :, ·:·,\ •t 11·, ~·;:~.1 . 

t~a~ 'llV'llu1m1a1m1~1tul!m11m~nniiu 9'604 
~··········· 

t'1uu flW'LI~flw~ifl1mrnfl1fffli' (N1l!ttNl!niiuua~1.h~till!Na) 
·1 v ..; :- 4 n o 2~~5 · ')iJYl ... : ............ · ... : ..... !'il' ........ . 
I I ·:-:fll .................................... :.. __ , 

.d 91 j) ~ .=! d. a QI rl \fl 9/QI ... I ... I 0 ';ii 
fl11J'Vl'l1Wlt'il1 l!1U1tGJl'U'i ttlVl!tfl'iV1flU L~'i'IJ~'IJ1J'i~1J1W 1J'i~'il11J 2555 m.n~t~l!fJ~'tt'4l! 

,.. ~QI d. .i:i Q..-=:t. .:::ii ,.. j) A I ,.. ,.. A jJ 

L flHfl1'i1'ilut'iV~ "fl1'jflfl1:11ff1J'Uf!tGJf~flatta~ im ~ff'i1~~flfl1fl'llV~fl1'jtGJl'V1Jf'IV L fl'tt~Nffl.l L~Ufll'i tGJl'V11~1U 

fl111ltffU~'V11l!" 'llw~tl11~~1tul! 1fl'l' ~m1iiu~~nrl11iiluif1il~Jl!f!Vl! fll'i'Vl~av~ itm1~ti'Na ua~ff(11Na 
m1'Vl~av~ ~~m1~1tul! m11m~m1iimn~fl1111rl1.U1n11~nrnl!~i1' 'ti1 ''"~"ff111110~1tul! m1 

1m~m1iiulM'tff~'il~l!fl11J'i~U~t1fl1'llV~ 1flHfl1'l'iiu ~v 1'l!~ 30 til!U1Ul! 2555 i~ m~N11i~'llV'llU1U 
' 'J} • 1 

nm~1tiJl!f11'iVVfl iiJijn 12 t~Vl! 1~m111i~u\9i 1'l!TI 1 flfllfll.l 2555 a~ 1'l!TI 30 til!U1Ul! 2556 11ua~tflU~ 

UN\!~ ll! ~ lt U l! fll'i ~~tVflffl'i U l! 'LI 

«I "' <!\ 'I'. I "' 
'il~t'itll!1.11tvrn rn'i~V'l'ill'l'Wl 

Q.I~ 

0~tl~ 

~~ 
4- n c'J l\"Y" 

. 

~ 
~.:::I d. .c:!I QI rl 

(l!1U1tGJl'U'i ttlVl!tfl'iV1flU ) 

l11'ttu11m~m1iiu 

c=2£~ 
(~6lf1ufllfffl'il'ill'l'V ~'i .wi1 fJl1i1:1t~u1) 

QI jJ Q ~ 

'"1'ttl!1mfl1GJ111fl1 m rn fJfl ff l'tt m1 

"' "' b'W'l.J flUJ'UVI 

b~a1t\';il'i~li11'm11mi~ 1Jfdl41~-a'9Msfbrd ~ &"c;­
i od" o 12 ,~et.! · 1J~ \J ~ q) u 91 . 

'dlf.r 
.3 ou rr 

fi]<LJ. 
A M.J ~ 



-.I t! 'i' ""'"" ~mun0·ntnl''11Jtnm1in i fl"l.:lfll"11'llr.J 

. . . 
<!l'i' ....... "'I ....,.... <j ~ <!I ''i <j <!I ~ 

1. 'VfHfl1~fll11i'JU: fll1fYf11flffllmH'lf-3fHH!a::-: tf1Hff11'31rn.fllfl'IJV-3fll1t'lfVlJ\91V tm..Y::-:NfflJ t~tlfll1t'lfVlJ~1tl . 
... 

fl111Jtfftl~'YI TU 

2. m~Nima~fl11i.J1l1iilu1um1'Umuna1 

irtv-3'illtl'IJW::-:d 1~~1ti1u im-3mHi-3tici11 hht~1a-3,f 'U\91V'Ufll1'Yl~av-3 itm1::-:11'Na ua::-:ffpJNa 

m1'Yl~av-3 ~'31::-:v::-:na1~1ti1um1tti~ri11llri1.U1n11~rlrnu~ 11' 'V\'1 h1'11i'ff1mH1~1tih.1m1 i m '3m1i'1t1 

'j}c;I~ ~Cl.llq'j/'j/ J o~ .c\Qlll].c::t 

hnff1'ilff'U\91llJ1::-:t1::-:na1'1JV-3 im-3m11'ilt1 t~ ~1m'tt\91'Ufll1'1Jt11m1a1mrn1tuum1 im-3tll':i1'ilt1 itlvn 12 . 
<!I • 'l~'i '""" d " OJ _, <1d111~· 111~ 
t~V'U 'il::-:ffllJUtl'lf1tl t'tt tflHfll11'iltltff1'ilfflJ'U1W\91llJ1\91tllJ1::-:ff-3fl'YI t~fll'tt'U~ t1 .. . 

3. Nilfl11~li'U'Ufl111fl1~fl11l~U~Nl'U3Jl 
m1~1ti1um1ir1Hm1i1ft1~Nl'Ulll1~'Vilfll1t\911tillfll1'Yl~aV-3 util'lltlf'UtlH nm1'Yl~aV-3 t'lfu . 

tli''Utlg-3Util'll 111Ja-3m1rlrnu~i1utl1~1'3 ci 1um1'Yl~av-3 ~~vmf-31~'Vi1m1'Yl~av-3u~1m-3i1utl1 

. 
4. 1~u~na1;l'Ufl'Umu 

'IJV'llt11t1 im-3m1i'1m~llt~m1'1u1::-:t1::-:na1fltl 12 t~vu 1~m1mf-3u~ iu~ 1 191a1rill 2555 a-3 iu~ . 
30 tiuvwu 2556 

. 
I "1 

5. U1U~l'U'fl'Ufl'UU1m1ill 

1. 'Vi1m1'Yl~av-3 ua::-:tn'UNam1'Yl~av-3 \911lli1utl1~t1rnu~t~llt~" 
0 ... " 2. mm11tm1::-:'ttNam1'Yl~av-3 

3. ffgtlNam1'Yl~av-3 

4. '1~'V\'111t1'31ui'1t1 ua::-:tNt1u~i-31ui'1t1 



@ -·-----·- -~4 

wrn ::::111' / 
~. 

, ..... ! 0' ~ -·/ ...... 

w OJ .:g ~ 

1J lfYI fl 6\.16fl1111 • 

f!i'L~.'~/''. ~
1

;z'J';IH 
.,:; o 3 ·n"··~·.-··2sss 

l_~' l.-.·:::::::j~:;:~:~::4· . _j 

~1'1J';i1'lfm~.----------mfl1~11mm1i11fJ1n _____ ~lli~j_m_o,_'j_~_~J-~-~i ______________ lt'l, _________ 9_~:!!.~g_:!?fl_~®-Q:.®. . . 
ii ______ ~J_Q_------~-~------&l!!.ct~--------------------------------------------1'~X\ ____________________ Q1® _________ ~.;11'!J~i!---------~~-ct~ 

.~e•mn. ~~.~.a11J.•~D.~.--~.1l1101•.~1• i1ulft11m11ii ~ .~~1m.1li!!t1n~111~w1il~>n~wi~r11.~:w ••JJ1m~~1h , 
_fJ_1~1111Jl~fJ~~J~mJ~~-fJ1!01J.~~1J_ei_m~~~~~~irn.~ml'Jl~11J f1ru::1Pipm1lJP1,'J.~1 

., ..; czj~. ~'"h I 
'ii.J'Vl .......•.••...••.....•..........•..... 

.c:::t ..:::I Q t{ 

b';iEl'IJ l°ltu'U~l°lW~11"11m"jlJl"f1({\9l"j 
.. ,. - 4 n. 8. 2555 1iJY1 .............. ·············· ······· 

~1'11 ........ ········ ......... ············· 

\911wimfli"ll111"11m"jlJ 1tJu11~~'lJf11"j~~m"j.:J'lJU"j~mrubwJ'U~'Wth~'11tJ tvcr~-;t 1~~1~t-:W~ 
lfl"j.:Jfm 

0 D ~~~~\91.:11'Ui~m~eici1tJVleJ~bVll°ll'W1'1~ .:::::.. ..:::i, Q.J d ii' t{ ii 

~~~~\91.:11'Ud"iltJb~eJ(f"j1.:JB.:11°11°111m 
" 

..; <l JZI " ~- , D " , .d .. ~ ~ ... 61.1.:!bU'U bl°l°'j.:Jf11"jb'Vll.J bl°l°'j.:Jf11"j\9leJb'Wrn ...... tJ b"jlJ\91.:!bb\91U.:!'lJU"j~mru ...... . 

zjellfl"j.:Jf11"jfl1"j'W'~'U 1\0lW({lJU~ b ~.:! fl~"1JB.:IB~~'U~'U bb 'U'lJ~({lJtl1 tJ1.:1~1"j1 l~tJ b U~tJ'U b Vi tJ'Un'UB~lJeJru bb~~B~lJf)tl.J 
, d.9 ce.a v 0.9 v 

lJ1\9l"j~1'U '11'W1'U~'U mm@,ctoo 'U1Vl 1°111lJVJ"j1'lJb~1,1'U "1Jtu~1f1~~1btl'Uf11"jlfl"j.:Jf11"j1UlJ1flffJ1 oo % b~1 "1J1~b~m ... 
f11"jVJ~(feJ'U 1 'W.fr'U\9leJ'U(f ~Vf 1mbfl~f11"j(f"jtJ 1 bfl"j1~ih ~~ zj.:Jf11"j~ 1·ihbn ~"il1flf11"jVJ~(feJ'U'U1.:Jf11"jVJ~({eJ'U bJ(l1lJ1"jflVJ~({ei'UbeJ.:1 

' ' 
1~ ~em\'1m"j~1.:ib'Vll.J1VJ~({eJ'U iii.:1"1leJB'U~"1lmm1m~1btl'Um"jeJeJfl1tJ~mti't.Jb1m ~ b~B'U ~.:Jbb~1'W~ (9) \9lml°llJ ~.l"f. 

' ' 
,,;:f QJ ..::ii ..:::i, 

tvcrcrcr fl.:11'UV1 mo lJfl'U1tJ'U ~.l"f. lvctctb 
' 

iii-:ib~tJ'UlJlb~B 1 U"j~~"iJ1"jt\J1 

c - c ~
/ 

, S: ;t,6) A: 0(".b'\)y{Yl S 

(~"j_~h~~fl~ ~~f)f).:J~'UVJ{) 
VfT\lt-U'1 l\Ol"j-:Jfl1"j 

A ....--

(~~1tJl"f1({\9l"j1"iJ1"j~ ~"j.tJ~l"f1'Wl'i ni'1lJ1m) 
" 

Vl1vt-U'1ml°li"ll1il"f1m"jlJ 1tJu1 

Q.lq 

~~lift .. .. 
~ e-l- ' 

b"jtJ'U fltw'UV! 

l~;jB°L'U'JV1f11\J1"jtu1B'U~ ~JJ ~ll 
.J 6~ ~s~ S)8~n. ~~ ~ f)V\) 

o 4 n. a. 2555 
~ 
_ if;-S5 

'l£\.C ~ 



bb uu'v-le:i{11m'l"tle:J"tlmm 1~1 bfl'l.:im'l1..iju 

@. ~e:l bfl'l.:ifl1'l 

1m.:irrnm1~~i..nrirum..Ju&i b ~.:ifl~61le:i.:iaio&\i.J&\u bb uu t:-1?1l.ltl 1 tn.:i'V'l1111~m b LJ~tiu b Vitiu nuaiol.lel ru bb~:::aio 
q dJI dJI v dJI 

l.lelilll.11~1iti1i.J ., "" 

l!J.b 'Vl'1 bb~::f\11111i11 b U'IJb '1Jfl1'l"tlf.11U b 1~1 • 
61Jru:::-d1~\111b'Lli.Jm11ri1.:im11LJl.11flfll1 b'llo % b~l 61J1\1lbYimm1vi\1l?lelU1i.J.ffi.J~eli.J?l\11VJ1tJb~:::m1?1TU 

' ' 
1 bri11:::~t:-1~ zj.:im1i;ili1bn\11'11flm1vi\11?1elurn.:im™\11?1elu bJ mm1t1vi\11?1elUbel.:i 1~~.:iiiri11l.lli1'1 b lli.J~ el.:i..;f 1-:i b Vtm 

vl1fl11Vl\116'1ffU 

m.ern.:11'1Jvf'L~~h b il'IJfl1'l 1 tlbb!K1 

m.<9l 1~v11m1~m~n?ll.lu&i~1i.Jm1fon1~.:ifl\1leJ\11 (Compressive strength Test) 61Jel.:JB~&ii.Jb'VlUtJ1 
,, 

t:-1?ll.1'111tJ1.:J'\l'l111 nu a itil.I el ru bb~::: a ijjlJ el illl.11~1iti1i.J 
dJI QJ dJI v dJI 

m. \v 1~~ fl~1?1l.lu&i~1'\.J fl 11-ru n 1 ~ .:i fl \11 er \116/J el .:ia io&\i.J b Vtu ti 1t:-1?!l.ltl1ti1.:i'V'l111~ n el b l1 i.J n1 bb '\l'l.:i61li.J1 \11 
"" 

b~fl (Prism) nuaiol.lelillbb~:::aiol.lelilll.11~1iti1i.J 
dJI v dJI QJ dJI 

m.m 1~~fl~1~1i.Jfl11\11\116Sl.ltl1bb~:::m1-run1~.:i~\11 (Flexural 
'U 

tn.:J'V'l 111 nu a ijjlJ el ru bb~::: a ijjlJ el rul.I 1~1iti1i.J 
dJI v dJI v dJI 

..; 
er. 'l::U::b 1~1Vl"tle:l"tlf.11U 

~ b~eli.J (<9l ~mril.I 'V'l.Pl. lvctctct - mo i1t1i.J1tJi.J 'V'l.Pl. lvctctb 
' ' 

ct'. • .:11'1Jb'IJ~1'1J~"tle:l"tlf.11Ub1~1 
,, ' 

ct.<9l ~fl~1Vt18m1611i.Jm1t:-1?1l.li11m.:i'V'l111Vib'Vll.11:::?1l.I 

ct.iv v11m1ibri11:::~t:-1mb~:::?11'\.Jt:-1~m1vi\11?1elu 

b. bbllJ'IJfl1 'l~1 b il'IJ.:i1'1J 

,,, ,,,,,~,,;~,,~~.q .. ,,i~~;~~~;~;w,,i,1;~;i~~~!:;li;it~~""'l""'''''''i"'''',;,;;,;,,,,,,,,,,,,i, 

~~~~ta~fl-U~"l'lA~~~\.i~ilfl'i~f'l11 

1. ~ fl~1-1Jel~~ b ~l.I b&'il.I bb~::: b~~til.I bbt:-1'\.JtJ~u&i 
m1\911.:i1 

.c::i. ' ~ii Q.J 0 QJ Q.J 

2. 1 bf111:::Vtfltu?ll.IU~\111i.J fl111Ufl1~.:Jfl\11 el\11 • 
6/Jel.:i aio&im Vtum bb~:::~ nel b lli.Jn1 bb '\l'l.:i 

"" 
3. vl1fl11Vl\116'1elU ~1'\.J n1~.:i-ru bb 1.:l~\116/J el.:Jaio&\i.J 

"" ,, 
q 0 Q.J .c::i. ~ 

b Vli.JtJ1t:-1?ll.li.J1ti1.:i'V'l111 flU elitil.I el ru bb~::: el iol.I el ru 
dJI v dJI v 

l.11~1iti1i.J 
"" ,, 

4. vl1fl11Vl\1l?lelU~1i.Jfl11\11\116Sl.li.!1(Water 
'U ,, 

Absorption Test) 6/Jel.:JB~&ii.Jb'VlUtJlt:-J?ll.li.!1 

tJ 1.:l'\l'l111 nu a ijjlJ el ru bb~::: a itil.I el illl.11~1iti1i.J 
dJI v dJI v dJI 

' 

2 

Test) 6/Jel.:Jaio&\i.J b VlUtld t:-J?!l.ltl1 
"" 

3 4 



Qi ""~ J .··, l ' ,....,,. (.)"! w ...--:"'<!" "'i -l!f~tl I I ~.1,ull fl~ 1 .L.: ! : ,J .,:"I 

··,; 1111r:;;,~~~·i;/r;~ 
7 I 

1 ).Jd .... o .. rn.·o!-.. 2ss·s · · ·· 1 

[~,, ~E ~ b . -..c__' .. • .... I QJ ~ ii 
1.JUTifl6\18fl1liJ 

a1'L!';i1'tin1';i ___________ [lJfJ]~JJmf1J.)_~1~nJ _____ r!ill~j_m_fl)J_~m1?1_ie\i ______________ 1_Y\) _________ Q_~:l:$:'.<,Q;'.!i_:m<,Q;'.®_Q:ID 
~ °" .d ~ 
~------uo __________ ~it. ________ &2~<t~-------------------------------------'l'WXt ___________________ m® ________ Kl3J~Jf.l"1 _________ ~_<tlt<t 

b~v.:i _________ "?J_~~~1m_~-~-~~J~11'w:iJ:;i~1~iJY1fl::i~D1)j:[f.J_b~~-~~~n-~~xi_\.!~YJ:ifl'.l)J\m)_~n~~'.0J_b_b'.U_\.!~JltJ~1~1 
~-~-~~Y~J:i_~-~~lu_~Jill~~~-~--usi'i~_b_?l_~-~-~J~ __ ElBER:BE!NFOBCED._f:QLY.MER l f1ru~1~1ni·rnf'l1'11111 

v ..; tr!~ ':2.'1"10 
'l\J'Vl.. ..••....... .' ............ -.. : ....... _ 

bjfl'L! fltu'U~flru~il311m1~m?11111 I 1\J~ .... ~ .. ~ ... D. .. -~" )~~-~ ....... . 
L1'11 ..................................... . 

1111wimfli"111imm1~1mn1~-r'Um1~~?111..:i'U't.h~mrubbeJ'U~'U'Li1~-'ilill ~cr~cr 'tiW~1biJ'Urrn 
bfl1..:Jfl11 

121 t:.i'1t:.i~111..:i1'Ui~m~e:i?1-r1..:irnr1m1~-r D t:.i'1t:.i~111..:i1'Ui~m~e:iri1uv1ti~bVlflb'Ub'1~ 
'IJ 

d "' r/I 'l ~- • D 'l , ""' ... ~ ~ .... 
66..:ibtl'U t:.J bfl1..:Jfl11b'V!lJ bfl1..:im1111tib'U&:i ...... D b1~111..:ibbl11iJ..:J'ULJ1:::~1ru ....... 

zjti1fl1..:im1t:.ii;:i m:::VJLJ•1rn..:im1-r'U bb 1..:im:::v11 bb 'U'U~11 LJ~1~1"1Jti..:it:.itl'..:i ritiB~ 1 LJ11rub?1i'iti'Ll"il~..:J b?l~~~1 ti Fl BER-.. 
REINFORCED POLYMER "i\'1m'U~'U Ql~~,~00 'U1Vl m1m11'Ub~1'1'U "1Jtu~~~hiJ'Ufl11bfl1..:Jf1111'Li~1flfl11 
oo % b~1 "lJ1~bVlmm1V!~?lti'U1'Ll.rr'U111ti'U?l~V11mb'1~fl11?11LJ lbfl11~~t:.ii;:i zj..:im1~1i1bn~"il1nm1V1~?1ti'U 

' ' 
LJ1..:im1V1~?1ti'U'Wm~11t1Vl~?lti'Ubti..:i1~ ~..:J"LJtiti'U~"1Jmm1m~1biJ'Um1e:ie:in1LJ~mtl'Ub1m ~ b~ti'U ~..:Jbb~1'Llvi 

' ~ QJ d -=-
(9) \11'111"1~ 'V'l.131. ~crcrcr tl..:J1'UV1 mo ~tl'U1tl'U 'V'l.131. ~ctctb 

' ' 

~..:ib~ti'Umb~ti 1 LJ1~~"il11ru1 

<V~ 

flUJJ~ 
Cl 

~~ 
~ 

1· iJ,_1.VO 
(~1.Vlil..:J ~..:i) 

V!1V1,J11fl1..:im1 

/!? ~ 
(~°1i1til311?111111"iJ11~ ~1.tl~l311'Uil n~1mm) 

'IJ 

Vl1V!,j'1fi1fll"111ll311fl11~btlfi1 

... .. 
b1tl'U Aru'U~ 

o ~ rt tl. 2sss b ~ei 1 tl1~~"il11ru1ti'U~ ~ ~~\l-~ 
~SS M16) ~o ~ s1o 

~ ~ (/tlrt 

91~ 

·r31'G9J 
,fl.Vt>-{ 



bb uu'V-lei~11mca'llv'llmm ·un 1flca{lmca1~v 

@. ~ei 1flca{lmca 

1fl1.:Jfl11t:Jflm:::'Vl'U61J eN rn1-r'U bb 1-.:im:::vh bb 'U'Ue3'11 tJe3'1m61J eNt:.111-.:i neJB:O 1 'U11tub6'fiJeJ'U"il~.:J b6'f~:W~1 tJ ... 
FIBER-REINFORCED POLYMER 

1£1.b 'lll~bb~:::F11111~1 b tlu t umca'tlv1v b 1~1 
61Jru:::i11~\;\'1biJ'Um11fl1-.:im11tJ:w1nm1 gi)o % b~1 61J1~billmm1'V1~6'fe:i'U1'W-&'U~e:i'U6'f~Vl1mbi;'l:::m1mtJ 

' ' 
1bm1~t:.1fl zj-.:im1ci1"il'1bn~"il1nm1'V1~6'fe:i'U'U1.:Jm1'V1~6'fei'UbJm:w11t1'V1~6'fe:i'Ube:J.:J1~~-.:iilfl11:w-;J1blJ'UIPi'e:i-.:ii;1-.:i'Vl~6'fe:i'U 

m.e..J~{l1'Llm~~1 b ilumcal ti bb~1 
Q1.(9) 1~v'i1rn1Pin~11°Jru6'f:wtm61lei-.:i8jj 1 LJ11ru vi1 m 'Urn1Pin~1'Wf1~ m1:w61le:i-.:it:.111-.:i8jjne:i 1LJ11ru.n1ti11Pi' 

bb 1-.:im:::v'i1bb 'U'Ue3'11 t1e3'1m 

Q1.~ 1~Pin~1'Wfl~m1:w61Jei-.:it:.111-.:i8jjne:Jfo11rubb'U'U Full scale test mti11Pi'bb1-.:im:::v'i1bb'U'Ue3'11tJe3'1 

111 

Q1.Q1 1~Pin~1'Wti~m1:w61Jei-.:it:.111-.:i8jjneJ 1LJ11rubb'U'U Full scale test b~mn~rn11u~b~e:i-.:i"iJ1mb1-.:i 
m:::v'i1bb 'U'Ue3'11 tJe3'1m bbf1:::6lle:imb61l:W1eimb~f1~11~1 ti Bllein6/l (Epoxy) bbfl:::'U'U~'d~'Ut:.111-.:i b6'f~:w~1 ti 
Fiber-Reinforced Polymer (FRP) 

d 
er. ca:::v:::b 1~1V1'llv'llmv 

~ b~eJ'U (@ ~fllfl:W 'W.l"l. ~c:tc:tc:t - Q10 i3t1'U1tl'U 'W.l"l. ~c:tc:tb 
' ' 

II:. {11'Llb 'Lli'i1'Ll~'llel'llV1V b 1~1 
c:t.<9l Plf1~1'Wfl~F111:W61JeJ.:Jt:J11-.:i8jjne:ifo11ru bb'U'U Full scale test b6'f~:w~1t1 Fiber-Reinforced 

Polymer (FRP) mti1lPlbb1-.:im:::v'i1bb'U'Ue3'11tJe3'1m 

c:t. ~ v'i1rn11bfl11:::~t:.1mbfl:::6'f1tJ t:Jflf111'V1~6'f ei'U 
' 

b.bbe..J'LI mca~ 1 b U'Ll{l1'LI 

i;ieu~ 

1. Pin~1eff e:il.J"' b ~:w b~:w bbfl::: b~~ti:w bbt:J'UtJ5u~ 
rn1~1-.:i1 

~ ' ~ -=-. 
2. 1 bfl11:::'VlflU.!6'f:W'U~'Vl1.:J f11 tl.fl1'W61JeJ.:JeJ:O ' ... 

1LJ11ru 

3. 'Vlcie:i8:o 1 LJ11ru m:weY~11;;11'Ut:J6'f:W~n1'Vl'U~ ... 
'Vl ~ 6'f e:i'U fl11:w'Vl'U 1 bb U'U bbfl :::'Vl ~6'1 e:iLJ f11 n1~-.:i-r'U 

bb1.:JeJ~ 

4. 'Vl~6'f eJ'Ut:.111-.:i8:o 1 LJ11ruv'i1 rn1'V1~6'f eJ'U bb 'U'U ... 
4 ~ 0 I q 

b6'f:WeJ'U "il ).:) bbfl :::'Vl1fn16/leJ:W bb 6/l:W bbfl :::'Vl~ 6'f eJ'U eJ f1 
" ' 

fl-r-.:i'Vl11-.:i 

;~ 



@~ls1.1t-~ruLit::tp.n.t-

IA.Lrl. O ~fU'' ® fU'G\ 

l'..~11P,\tLUrtt}1 L~~ruL1t::tp.n.t­

ruL1t::tp.n.t-~ ttLUlM~!!1::~aLt "fUl 

• t-B t!~ IA.t LU t! 1':1 ll.t~:; t!11 t!rtB JH1.:; Lt ~1 ~ 

ruLtn.1 B~t-,ti.l':lt-BfMttw~lJM.Li;\.U~ ·s-

t.~utr.ti11•lll~U:~~M1i~a11::~aLr. 
" ,,.,;';'~,,;!::, ,,, ,., , ' ' 



_A~ #rAJ...J7 

----r~ ~ 

~tth9 
"-"11> 

um111tWllel~LQ.~~LU'L,Clltl.lk\ 
n. 

(t~LlbL~U ~n.Llel~~ 't~ ~tL&Lt~IJL!el~lp.~) 
" j)OUh~ ~ 

( q.5~ ~~J~l ~ Wlr~ l.5 ~G 

tLUt't~l L,Clltl.lk\ 
A I\ 

(m~&ium. ri~kL~rl.Q;~tL&Lt~IJL!el~lp.~) 

~~wf 

b b b 

cyJ)G[ ·1e1·M. n.~Ln.llt: n.G~i t-~ J>J>J'G[ ·1e1·M. lb~L~~ n.G~i ~iit-~ n.G~i ii' U~f1.tUG8tLUn.Q.iL~L~li~L~!l.filtrl.8811.t-~ 
" b 

J>J'J'G[ ·1e1·M. n.~L~rl.iJ n.G~i 8~tLUt't~1n.u-tn.~t~L~li ~n.ltl.L1JlbL~rl.Xt~ttLUM.Q.iL~lltLlbLIJfttlL~Ut-~tLUt't~W.tL,tA 
n. b b n. 

t-~ !lltn.lb!Jrl,,(l.Orl.LWLtL,tA~~tLU~~ii[l.t!J r\,GIJ~lA.tLU~f':l~~Lt~i~tLUM.tL~li~tt-G~n.~iL~~ltl.i~UL&t-Gpi~ii !lltMIJ 
b 

n.,(l.Orl.Lt'~LtL,tA~~~~ii ~f':l[l.t!J r\,GIJ~lA.tLU~f':l~~Lt~i~ ~n.G~rl.].t-~[1.tlL~Ut'~tLUt-t~ltLUn.Q.iL~~tt}~ru!l. 
' " ,. 

n.n.r.,~,, 
,.. " 
" 

n.LtlA.lbLl~ (n.l~lA.Ln.~GkL1nn.~~n.~111.~n.1Jii~) IA.Ln. ooi>'';!l;!l;!l n.t,it-r., n.~n.~~L~n.iJt-GQ.n.Lt-n.kltl.L~u~ii 

L~ltl.U Lt~~,,~~L~ltl.ULt~ l~t'~L,Ylb~IJ, ~rno-111. m~n. t n.@~i t't ,, n.kt-~L,Yt-G!l.lbtW ~bM. tLUt't~l G!J: ;!JJ>J'G[ 
I I f\ I 

ruLlb~t[1.n.t-1;1~m~11~i ftltl. ttLUt't~l n.~ it-!?! klbLl~Jlt'Gt'Lk!JG~ rn,Q:~n.Lt-~~f':l~f':l tLUt't~ltLUrl.Q. iL~~ t 
11 I I I 

;1>J)J>G[ l;!L~~tri.n.~n.~iiruLlb~t[l.n.t-tt!J~,Q:tLUn.k~t fu~&ium ri~kL~rl.Q;lL!Jt-Ln. L~iM.LE-~lbL~ 

........................... Ll:!CJ l 
r"'i"'(i ·-r1 ........ 

7 
....... ~rtl· 

'J • 
.. ······:·············"IA.(U. 

!,(6 ~~~~!, ~-£:~~;;,; ~ r: --~-- ··········· · -----------·----------- · · -·------ · -~~{~CUt:t·ki1n:u;1c~·tr.un:1rn[; ~~~~m::~·n;C?:ri; ------- t-B~, 
, = • 

J>J> ··rmc~n1r··0'18l·--------------~n;~-------------------------------······-J5;pJ5'18l--;··-~·-i·f ~--~w-~ 

···c:"Y@_:!>u;·;,.os,j);pc•r·o·!:u:1··----------g,~-1Jr:i;int"t.Ut!lC:::ruil·--··r,g~·1nt"tiJCk!t'LJ&tl.rClJ ______________ tLUJ&Ltru,1ci 
, ~ ~ '="' p 



bb'U'UrJrii:unTl"llfl"llEJ1m 1fl1 Lfl'l.:in1'l1..ij'EJ 

1. ~ij 1fl'a.:ln1'a ~~~m1l.l'lJa.:in1~.:i~ubb1.:ib5ffu1'U~mV1-UEJ1~b?1~l.ln1~.:i~1EJ11nmy1~zjbb~~11nV1~1 
bb~n611V1~u.:i1'U'l'.Ja.:in'Um~~'U~'U 

(The Behavior of Shear Strength of Bangkok Clay with Roots system for 

Slope Protection: A case Study on Ruzi Grass Roots and Vetiver Grass 

Roots) 

2. L'Vl\;ILLfl::f11111'11L U'UL '1Jn1'a"llmm 1f!1 • 
b ~ a.:i"il1 n b VI~ ai'U i;ia'Um11 bl"l11~~e.i~ m1'Vl ~?!au ?11'1.J e.i~ bb~~~ ~vi'111 EJ.:i1 fJ ouu?ll.l'U1uJ ' ~ 

'IJ1~naunu~a.:i 1 i1~fJ~b1~11 'Um1'1.:iV1~mi1'Um11 i~1fJ bb~~tJ~ Ll"l1.:im1 
"" 

3. t:Jf!.:i1'Um~~1Lil'Um'ah.Juti1 
- ~~bi;i~fJl.ll?I~ a'l.Jmru1'Um1'Vl~~a.:i 

' ' Q,.IQ I.I Q Q 

- 'Vl~?lv'Ul"lfil?ll.J'Ui;)'Vl1.:i~1'U1l311m1l.l'llv.:i~'U 
' I.I c:J ti 

- 'IJ~n-viru1161lbb~~V1ru1bb~n 
'U " 'U Ill 

- 'Vl~?lau m1~u bb 1.:i~.:i bb~~ m1'Vl~?1au bb 1.:i bua'U 1~ EJvi1.:i'lJa.:i~'U~ b?l~l.l~1 EJ11 nV1ru11zj bb~~11 nV1ru1 .... ~ .... 

bb~n 

d 
4. 'a::EJ::L 1fl1'Vl"lltl"ll£11£1 

" 
-;ij1'UTU 9 b~v'U ~.:Jbb~ b~a'U i;i~1l"ll.l ~.131. 2555 fi.:i b~v'U lJt:1'U1fJ'U ~.131. 2556 

' ' 

, ' d 
5 . .:11'Ub'Ufl1'U'Vl"lltl"ll£11£1~fl1 

.. ' - 1bl"l11~V1e.i~m1'Vl~?la'U 

- 1 bl"l11~~m1~ l"l11l.l~l.l'1'U th~w:h.:i bb 1.:i bUv'U nu m1l.l bl"l~fJ~'lJa.:i11 nV1~1 

- ?11'1Je.i~m11~fJ 
' 

QJ 0 CV ' 

- "il~'Vl111fJ.:J1'UO'U'U?ll.J'U1fil 
~ 

-



6.LL~'IJn1'l~1Lil'IJ..:!1'1J cL'l.la1'1Jvt"!Jv"!Jf11f.IL1f11) 

... 
11 CJ'1~ baCJ~ fl11"1l a'1JCJ1 CJ nm 

1. 1Lfl11~i.1e.Jf!fl11'Vl~?f€1'U 

2. lbfl11~-Hm1'V'lm1l.Ji1l.J~'U6 
I QI QJ -=ii 

1~'Vl11.:J bb 1-:J b0€1'U fl'U fl11l.J bfl1CJ~ 

'1J€1.:!11fl'Vl~1 

3. ?11tJe..if!rn11~CJ 
' 

4. ~~v1111CJ.:11'UuU'U?fl.J'U1ru 
" 

1. 'l1afl~Laa~m'lt<ti..:iutl'l::l.J1ru 

..:iutl'l::i.11ruvt~h L ilu..:i1u l tlLL~1 
' - fl1\?1€l'ULb 'Vl'U 

- ri11-U?taCJ 

- ri11'?1~ 
' 

- ri1?11611rutJ1.nfl 
" ' ., .. 

- fl1fl1.f1f1l'Vl 
' 

2555 

1:m~nm 6 b~a'U 

72,000 

170,500 

34,990 

16,420 

2556 

'l111..:!Utl'l::1J1ruvtl~~1 L il'Llm'll tlLL~1 293,910 

'U1'VI 

'U1'VI 

'U1Vl 

'U1Vl 

'U1Vl 

U1'VI 

..:iutl'l::111rufNL'Vl~e> 
' - fl1\?1€1'Ubb Vl'U 

- ri11-U?taCJ 

- ri11'?1~ 
' 

- ri1?11611ru'IJ1.nfl 
" ' ., .. 

- fl1fl1.f1f1l'Vl 
' 

n11..:i utl 'l::111 ru fl ..:i L'VI~ ei 

VllJ1flLVll'l '!lm)1~1t1V1m1t1nTl . . 

44,490 

99,500 

7,000 

150,990 

~miJJh_ 

'U1Vl 

'U1Vl 

'U1Vl 

'UTVl 

'U1Vl 

U1'VI 

(~-d1CJP11?1m1'111tl~'Um-r\?ltl ml1L'1~ru) " ~ 

'H'1VltJ1 bfl1.:Jfl11 

fl.fl. I ?I.fl. I fl.CJ. 



mi1,i;i:in 

m11.1ml1J 

\llG1ilil.i1hu-iuN11m"iillm,n 

,,,. 

U,UUVU'\l"S fliJUGhJn 

"Sl:t'111, 

01320101 Engish 1 
04411102 Engineering Drawing 
04621101 General Computer 

.Ou~u~11, 

09011141 Calcuk.Js I for Engineers 
09020121 Fundamentals of Chemistry 

2550 
UU'lUiiGI 

3 
3 
3 
3 
3 

09020122 Fundamentals of Chemistry Laboratory 1 
09080131 Phystsl 
09080132 Physts Laboratory 1 

THIS SEMESTER 
CR CP CA GP GPA 
17 17 17 38 2.23 

CR 
17 

3 
1 

CUMULATIVE TO THIS SEMESTER 

Jtd 
~· 

1 CA GP 
i 17 38 

Loading ... 

"SitA-111, 
01110005 
01320102 
01620001 

Human Relations 
EngHsh 2 
Recreation 

fl1"1tYl"iA 

;'iu~u'111, 

04311201 Engineering Mechants 
04720201 Engineering Materials 
09011141 Calcuk.Js I for Engineers 
09080133 Physts 2 
09080134 Physts Laboratory 2 

THIS SEMESTER 
CR CP CA GP GPA CR 
20 20 20 48 2.4 37 

"St:tA-111, ;'iu~u'111, 

09011142 Calculus llfor Engineers 

THIS SEMESTER 
CR CP CA GP GPA CR 
3 3 3 6 2 40 

"St:tA-111, ;'iu~u'111, 

01210001 Report Writing and Library Usage 
01320003 Techntal Engrish 1 
04111201 Geobgy for Engineers 

04114201 Hydraurics 
04121201 Surveying 
04411101 Bast Engineering Training 
09011243 Calcuk.Js ill for Engineers 

THIS SEMESTER 
CR CP CA GP GPA CR 
17 14 17 32.5 1.91 57 

"SitA-111, 
01320017 
04110201 
04110202 
04111202 

;'iu~u'111, 

Engrish for Career 1 
Strength of Materials 
Concrete Technobgy 
Soil Mechants 

n41 -, 1 -,n-, C:1 on10\linn Dr:.,-tir-<> 

UU'lUiiGI 

3 
3 
1 
3 
3 
3 
3 
1 

CUMULATNE TO THIS SEMESTER 
CP CA GP 
37 37 86 

3/2550 
UU'lUiiGI 

3 
CUMULATIVE TO THIS SEMESTER 

CP CA GP 
40 40 92 

uu'lun111 

3 
3 
2 

3 
3 
3 
3 

CUMULATIVE TO THIS SEMESTER 
CP CA GP 
54 57 124.5 

2/2551 
uu'lun111 

3 
3 
2 

3 

www.aeg.rmutt.ac.tWregistrar/grade.asp?avs392130312=3 

Ln"SGI 

c 
c 
c+ 
w 
D+ 
B 
C+ 
B+ 

GPA 
2.23 

Lfl"SGI 

A 
B 
B+ 
c 
D+ 
D+ 
c 
C+ 

GPA 
2.32 

Lfl"SGI 

c 

GPA 
2.3 

Lfl"SGI 

B 
c 
c 
F 
B 
D+ 
w 

GPA 
2.18 

Lfl"SGI 

B 
D+ 
c 
w 
n 

fl-i1r11nu 

113 



w 
eJ.,() . 

@ ·- 1 ""Q• 

!INtJ'.~-~'llUl![l~JJ•:·. '' :ici 
!)f'..;wlff:Jrl'.l.JLI• ,•,.,.j,J 

i11ii.. ....... 0-?.:.~~.?./Vi_ ... : ....... . 
,'.':.~: '.'.} o1~.:~s : I 

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

OJ ..:!I 91 
'UU'Ylfl\18tl11ll 

I 

lf1'U'Hll'ftl'l 
.c.:t. ct. .:I QI 

flli'l1'1fl1fl'1m1l.l1i'lll1m~1n-~ .. ./ 1 
i'IW~1fl'1mrnf1'1ff1911 m. 02-549-4614, 02-549-4601 

~ fill ii&~ 12555 l'U~ '/ fl'WUlU'W 2555 fl ru~1Pl11n'j'jlJi111~1}11 
., .J FJ ';). 5Gl 1h 
~'U'Vl ......... o .......................... . 1~0'1 'llti'lluiunu~nf11~11iiu 1 m '1rn11'1u-2555 

·iu·~ .... ~~- ...... .8. '.. ~ ..... ?~~ ...... . 
1'1uu i'IWlJ~ (fhu 1tl'1i'IWlJ~NlU1'1flfl11Ufl~1iu) nz11 ......... · ................ .. 

lflHfll'J' 

D 
~'111'.lu 0 

, ..... - ..... --.,·-·-·--.. -~·----·-

\91lll~ mfl1'1fl1fl'1m1ll1i'llju"'~1n-~ Mf 11m1'1~n-1n11tl1~mw1wiu~u1h~'1iil 25551M'~11iium1 

M'l~ii\9!'11u1'1m~an-~1'1t1'1tfm1ll~ 0 ~"'~iil9l'11u1'1m~arl1uvm~1'Ylfl lu lfla .. 
1m'1tm1'1·nj D lfl1'1m1~m~t1'1 - ii iilli'11t\9IU'1tJtl1~mw ....... . 

41 .c:i.Q/A 111 A QI bJ.ci. ~QI fl.c:i. v 11.i::s.4 o 
'lftl i'l1'1fll11~U l'J'tl'1 "fl1rnrn'1&'11fl'IJ1H!VWfffl~!Wflvltiff1vl mu~ 1'W'Wlll'Wtllflll~lJ~1Ul'Yli'l 'W flUWtl" ~l'W1'W 

,, ,, 
~u. 152,7001Jl'YI i'l1lll'Yl'Il1JU~1tl'u 'IJW~Uil'1ti~1m~Mil'1fll'J'~11iium1 lflnm11imi'1n~n ~'1'lltit1'4ll1i'llmu11m 
~11iium1aan1lliin i'1u~1u~ 1<fJmflll2555 u'11u~ 30 numuu 2556 

~'1ilU'Wllll~tl ltJrnf;~l'J'Wl 

~~IV~ ~ .. 
~ 

(-.')~y 

cv,~ 
/' 

<~'111uf1'1n-19111~11u ~'J'. vhi"'u f191u~-nif!) 
... ii 1 l'l1l'l'Wl i'IHfll'J' 

"' "' l.'S8'U fl(\J'U~ 
~r• A Q.IQ a__ \ 

~ 'l/IJB L '\J';i'~"1!~1'J'tu1e11f~·J\9l"l D'l'c.Ad (G)SlYlnNJ<U 

~9J;.i"iJ-s'1u6" '\'2- l~cU (~~~6) n4l!?b) 

~\J ':1- f\v~ 

Jlf 
100~ 

-:/// 
Io f) Q, c..rr· 



lflfla'l11UJ1t1Ullll 5 

a-m-Uu1~uurt::~wiu1 :t.J1111vw1rl'm'Ylfl 1u lrtu11'b':t.J~flrti'qJ1.Jl U1.JtJ a'1'f'Ul.-l ~ 

ffl'IJHl'U'\16~1.J'Yll .1i 

U1J1J1ltl'll'Ufl1UJfll111Ullllfl'l lfl1'1fll1'i~t1 (Research project) 

L ~6 tflHm11~u m1m6~ i11rt'll1H1~6ffn~uunvfoa-1 vJirtu~ luJurul11rl':t.J~u,;'1u 
mfl 1u 1?1u1~6 

' Ql.dQl.Q .c:i.QI .d~" ~A , QI ' 

2. '11'U1U~l'U '11ftf1VI1 lJ ll'l~'b'61J ~l'U 1 ~mm:: ff fll'U VI~ ~fl l 6 lJVI ~'b'6'11\.l1U~l'Ullft::ft m1w::'II6~fll1'l'11.J ~ l'U 
.QQIQI ' 4 Jl.c::I 
1~Uf11J'11'U 1U~l'U6'U ( fllll) 

QI " ,.. .q QI "' ti \fl QI ti QI Q.q 

11111m iflHmn~u: ~'b'1Utl1ff~11~11u ~1. ~ inrtu 1~u::'Vlff!' 

mfl1'1f11tl1mrn1fliJ1md'a-~ fltu::1mmrntl1a-~i' :t.J1111V1u1rl'mV1fl 1u fou11'b'mflrt 

'liqJ1.Jl tl.i'~ff~-umu1un ~.flrt6~11n 6.i'qJ1.Jl ~.UlJll1i1il 12110 1 VIHYmi' 02-5494601 
9/1 .QQI ,,, o' I .c":I .Q QI J_ 
~111J1~U: ~'b'1Utllff~'l'l~l1U ll'l6~tl'l' tl11ltlf1~ 

mfl1'1f11tl1mrn1fliJ1md'a-~ fltu::1tl1mrntl1a-~i' :t.J1111V1u1rl'mV1fl 1u lrtun'b'mflrt 

i'qJ1.Jl tl.i'~ff~-ummun ~.flrt6~11n 6.i'qJ1.Jl ~.UlJll1i1il 12110 lmff'mi': 02-549-4618 

~'lf1Utllff~111ll'l'U ~'l'. W!'1'l'lW fJUVi'YIUlU'Wl'i' 

fllf11'b'l!flJJ fltU::1VIU1tllff~.f :t.J'l111VIUlrl'utVlfl fo lftU1l'b'mflrti'qJ1.Jl tlJ~ff~-'Ufl'l''UlUf1 

~.flrt6~11n 6.i'qJ1.Jl 11.UlJll1i1il 12110 lmff'mi': 02-549-3523 

3. i,ri'lJ61'mi~~ff'l'HlJU'l'::mwl11::~iil 2555 ~1u1m1u 152, 700 rn'YI 

.Q o' .i::::t. QI 

ff1'1111tl1m1:t.Jtllff~'l'1m::~~ffl11m1 :t.J111u 
ct o .QQI A 4 .:!l QI 

4. !'l'lJ'Yllfll'l'11lU!lJ6 !~6\.l~ftlfllJ 2555 tl~ f1'UU1U'U 2555 

.cS d QI " " QQI s. 1 iurt::rnu~mu1null'!rt~1ufl11:t.J m111m'll6~mn~u 

1~~l11::ff~fl'll6~lfl1~n111~u(1~ua-1l1) 

1~6~wiu1m11wnm1vl6ff 1 vJirtu~ luJ1JjuiJ1rl':t.J~u,;'1mV1r11u1 rtu1~61mu i11rt'll1H l~u 
flf1'1:1lil'lrt'll6~fl11 :t.Jiu -Uuurt::fl 111.J 1~ 1~ 11.J '1111~~ 6vl rl' n cHU rt:: 111:: ff'Ylt n l'Vl n l'l' 1wn 

6. m1¢i11uu~1u1~u~tff'W6 Biu lr1Hm11\lu 

(I) ~1u1\lu~ i,r¢i11uum1 i11u~1 
JI Qlo"o o' I 4 .d QI 

66f1ll1JlJff'l'l~llft::1l~Vll'll6fll'l1'U~'ll6~~iJ mW 1::lJlJVI6 !fl'l'6~t}'lJ V1!'111Jl:: fflJ 11~'111 

~llnnu~HG'J 1'lfu tCJf11iJnu:t.J:t.J1mu m111~r111:t.Jiu tfl~6~t}'Ufflrn::murnmCJfuluJ1JjuiJ1rl':t.J~u '1M 

"·' "A "• 1m::111~u1:: f161J fll'l' ff'l' 1 ~tfl rn~ m 6~~11.J'll 6 m11 u ~ 



2 ltlfltfl'j'IUJlUlfl'IJ 5 

(2) 1f1Hfll'iiiutitj':i~l11Hm':i~11U'Ufll':i 

., ,l • I " "" " A d111 " - 'il~CJftlfJ11n':iWUfl~ffl':iltl1J ff':i1..:Jlfl':itl..:Jn':itl..:J~l11J't1 !~tltlflU'U'U 

~ _,. ... I • I .. .. d 
- nn1:1111'il 'ilt1~t111 ':i~ ff'Ylnmvmfl~ trm1~'Ylm m~ ffl.l 

(3) m':i~11ii'U..:i1'Uiiu~111~m'Ut11ft'U1m..:im'iiiun..Aurnnurnirn1'Wiiu~1~~11u'Um':i 11J 

.1' • F- d 111 "· I • I " cl " mn 11rn1ru..:i1'UV1 1~11':i~mru 50 111t1':itCJf'U~ 

(4) ':iltlfl~t6t1~1~1Jl~l.Jl~tl1fl'Ufll':iiiu~1~~11U'Ufll':i11Julf1 l~t1U'U'U'U'Yltl111JNfl..:J1'U 

t11111ti'1111u 1'YIHi'lf1mnrn..:i1 m ..:i m'iiiti':i ~1111..:i fl1':i~11u 'U fll':i ~!fl u-W11-w"i 'U11':i ffl':i'Yll..:J 

i'lflfll':i ulf 1111ti'U'Ylt1111J~ 'il~U11~WU'Wl'Yl1..:J~tll.J1fl'lf'U 1~ ( tf 1ih 

1liii 

.I d111~v1 111.1 Y"' t •~ o"" ~"" t.f 
(4) ..:iuunmru'YI 1~ 1'lf'il1t1111uft1'Uu~..:iu~1rn~1m'Um':i11J'Ut..:i'UV1..:Jff'U .... o.oo ..... m'YI 

(5) ..:i1'U~111uf-!m1'U 1m..:im':i1iu~'il~fi1~t1111 ti ti i..:i,Yti~ 6 (2) 

" ' 
(6) fi1;u'il..:i1nu1tiuifi'\!111u"~111t1fJlJtrnfl (ti'1ii) 

mm~~~11u'U lm ..:imnh~1m':i1~ (I) tl1111rl1~1'1m..:i..:iulJ':i~mru~1~i'u (1~i'ut111111i 18 

l.Jn':iltll.J 2555) l~tl..:J'illfllht11111my 2554 (2) tl111Jrl1~1f-lftfl1':i-W'ill':iW1..:J'UlJ':i~l.J1W~'IJtl 

t1t1111i1~ 111~ 11 'ill flfltl'll'J'U ii t1'1Jt1..:i11mi'Ylt11 '1't1'1 1~t1..:i'il1n..:iulJ':i~mru ~ 1~i'mf'U1li1-Wu..:i-wt1 
I I I JI 

~ti fl1':i'rl11iu '111wU'11 m ..:i m':i ~..:itff'Wt111t1..:i'llt1t1t1111i ..:iulJ ':i ~mru1-W111~ 11 -n'iufiq'~..:Jl'U 1iuil 

Ill 1111 ,,., • I "' ~ "" Ill ,,., " "" 1 4 "" 111 1~rn..:iu11':i~mru ff'U'Ufftl'Ul'Wl.Jt~l.J 1rn~ 1~rnmrn'il..:Jf-lftfl1':i'W'ill':iru 1 'Ut~ti'U ff ..:imtl11 

2555 tidHh ~~111 ..:i1'Uiiud~t1..:i~11u'Um':i~t111J1'U'llt1'Ul'll~..:i1'Uiit1~'1Jt11Ji'rn~t11M' 
v Q.I ... I .dll) "QI ' QI 

fft1~tlftt1..:inrnu11':i~mruV11~rn1V11nu 152,700 'Ul'YI 



l ::!!l 
I 

~o I ~ ~e I _, ::!l.ll. 
o.11 

:::> "-'lie 
_, _, 

~l.e 

"" 
""'1 ~ 

"" Cl 
:SA. 

...J ...J 

~ C! 
~ ~ 

.... "" "-'ID.-
~ 

...J <:!) 

Cl -~ ~e "" :::> 

i 
o.Jb 

:::> ""'1 
~e ::§l. 

""'1 ~' ~ 
Cl 

Cl 
:::> 

~ 5 
...J 

~ 

"" 
""'1 

~e ""'1 ::§l ee 
:!lo 

~ ee 
...J 

~ 
...J 

~ ~b ~ ...J 

Eb 

::::!: :::Sil.. ""'1 

;3e 
~ t:::itb .....s ~ 

~ 
.~ ~ ~le ~Jl. d1e :::> 

""'1 ...J 

Cl ...J 
e, ~ Cl 

::lb ""'1 - ~ <:!) -5 
:::> ::!> ee 2 
""'1 ""'1 

"" 
~ ~ 

""'1 ~ 
:::> ~ 
...J 

...J 
o.) 

ee ""'1 
:::Sil.. o.Jb 
:;: ~e 

:::iiD.-~ 
...J 
ee Cl 
~ "" ~ :::> 

...J 
""'1 
:::> 
""'1 
Cl 

"" .....s 
::s: 

·~ 
j :::l) 

::§l d 
o.) ~ ...J 

"" :!!JI,. 
Cl ~ N 
~ VI 

=>e C:: VI 
~ 

~ 1r 

·~ C! 
t:::it :::> 

::::L ~ 
Cl 
~ 

~ 

~ :::l) 

' ::§) 

:::> 
""'1 ~ ee 
C! 
ee 
:3 

~Jl. :::l) 

~ ...J 
:!lo 
...J 

Eb 
E ~ 

:::> ~ ...J 
""'1 -:iiD. 

~ N Cl 
~ VI ~ VI -VI 

~b 
C:: 

:::> 
~ 

t 

·~ 
~ 
~ 

:::> 
C:: 

t l . 



·. 

'-'1 '.I 'J (ll ti 

~ 
llVl lJ 11'°-i1)(;~--.~----------

,) o(.l/ J,j ,11!l·'.,'i_1 

fi\:11:::1rnin:;i· -

QJ ~ !V 
1Jt!flfl6ll~rl1ltl 

11ni .... ~J0.:1~ l~ ·.' 

~
. . . 8 G1.ff"·2555·· ....... I 

....... : .. :.......... .... I 4\.Dblf ..... ! 

··.:.:~~~~~-· .. :.:.: . ····· . J 
tTTU11'tifl11 .... rnft}l1.1Jft1fJ_~A~.!j'.lt~-~n~ .... l'.1.\l!_~_?_f'.".)_0'.J.'.JJ!fflffY.l{ ..... 1'YlA,_Q2 __ :?1~3.4.3_Q___ --·· 

' ..t 4 ,, QJ ..t .- riru"'if'\~11iim~vi1 
'fl l'lfl. :> 1 /2555 'J'U'fl > \91'1ll'llJ 2555 ., -. -. ---------------.. -----------. --------------.. -. -- -- -- --. -. ------. ----. -- . ----. . ----- -.. -----..... --.. --- --.. --------.. --;;- -:.- --------- -. - •:r:· 3'21:. ~ 

1~0'1 ---~mrn:wJ.~-~-~-nm~Jtil1Alft1_~_m_~J~f.l ________________________________________________________________ .. :~.:·_-_-_-_-;.-.-9:::{;i;:~~-·2555······ 
lUYI ..................................... . 

1~rm muu~ (~lhl 'HMl'lW1J~~wi'l11m·rnJ;1~1~v) 
L1fl1 ........................ --·.:.:.:.:.:.:.:: 

19111.l~~Q''U m.:iff1Tffh6111 !'il~t'\J11'.l !~i'11m1~~'tfjH1Jth~mru1h~~11J 2555 iM'fl11ut.1m1 tl'lHfl11 

... I "' ~... .J i ~... ,.\ "I "I"' .. ,. "' ,. .. I, I "' f111~WJ'U11l~'U UJtl~'lf.:i 'lf\911!'lft:Jl.lu1~ffl'U'illfHuJ;ltJfll'J!'.iEJ'U i~EJm~U1'Uf11'.i 11.11m1111 um~u1umrnrn1~'U 'N!'l'U 

d di CJ) Q.I CJ} 'J) j} i J'lll j) O ~ ,. Q.I I 

785,200.- 'l.Jl'VI (!'il~!!ir'U!!U~'ttl.l'U'ttl'W'Ufft1.:i1t1l'.J'l.Jl'Vlt11'U) l'l11l.l'V1111J!rn1'U'U 'IJW~'U t~~l!'U'U 11'1Hfl11~.:inm1 
V I V V 

!u~.:i'lJ''Ul'ltJ'UYi 3 l'l'l!'ttiit:Jflfl 4 'll'Ul'ltl'U 1rn~~Q'UL~'fl11u'Ufl1W·W!!'W'iHJ;1.:Jl'Ul~l'.J'l.J1'1ff1'U'lltJ'1 tl'lHfl11Ui'U 

fl11U1~'l;fl.li'l11fl111~~1J'l11~ ME-NETT 2012 1~'tt11.:i1't.1~ 24-27 'Wt)rl~flll'.J'U 2555 !!~1-dt1.:i'il1fliill119JJ:-rn~11~'U 
flt! 1rlt11~t1'U19Jml'll.I - 'Wt)rl~flll'.l'U 2555 'V11.:i1.1mi'Vlv1~vu1~ffu1.1mr;i'Vlnfiv ri.:ii:-.1'1~t111'ltt1.:i'5'm1rn~11'ltt1.:i 
'Vl~fft111rn.:il'i1 !~i'11m1m~vmv~.:i~t1.:i'fl11iJt.1m1ri .:icift11.1 ~.:irit1tM1n~l'l111.1ci1~1'1Jt1.:it1'1Hm1 'il1m'ttl9JH1;'1 

~.:inci11mu~1~.:il11tM11'l1.:im1 !limm1t1'fl11ut.1 m1 !~'1t.11'111.1n1'ttt.1 ~nm~1~1.J ! ~t 'Wt l'l1.:im1 "' "' l'ltl !~tl'U 

fl'Ul'.JW'U 2555 ~.:i'Ut1t1t.1l!~'IJEJ1m1m'fl11ut.1m1t1t1n LUflfl 12 1~t1'U ii.:i1~t1'U fl'Ul'.JW'U 'W.rY. 2556 1~viii1i:-.it.1m1 
• 

'fl11iJt.1 m1 i w1h.:i~.:inci11 1911mt1nmrn 'WU 

& "" Ji '1".I "' '11'1!11'.l'Ul.ll!'Wt:J rnrn'W'il11Wl 

QJ~ 

flUlJVI 
Q 

~ Q l- ' 

~ ov~Yl/ 

~ 1171 ~ ~1~ 1~ 
(m.:im1ffh'l11 t'il~t'\J11'.l) 

QI ~ ,. 

'tt1'tt'Ul !l'lHfl11 

""' "" mn..i At'..!~Jvi 

b~ti l0J'5~.W'11".iW18~:iJ'~ l'V1U I;)(\ 16) 11i,h.I.~ 
0w ~1drJ lf? iv11 (\ ~i- 1~0v ~v:~ C\u '"1 

~k'°IY)~~(· 

t(YJ51G 
s-~f 

y 
<!? ",, • \'V 



(n.mnuw@mL~) 

t-@~ m~n,n.m'IJ ~ll~ M.LMIJL.L!~!}J{,tvtt! f.ij l ftb 

Qt ~t-@IA, M.@ft" M.Q f.1i!u@11 fL1ULl1 ~@ft1 t\,J{, M.Hm "nn.@f. LU M.t n.~w M.~L f. ijjf,f.LU ·z 
If, l=7 Ir l'Otf, IJl. ;g I (6 p ~ 

t-@~m~t-Q~ll~M.LMQL,L!rl.rl.~f.~\P~l M.@krtl1n.1mt~tvtt1f.ijl rti!Jt~t-@lA,M.@ftM. 

M.Q f.1LtU@11fL1ULl1 ~@ft1 t\.J{,M.Hnt-M. nn.@f.LUM.tn.~WM. b M.Lt-t-11MJ{, bf.LU M.~LWlt f.LU · 1 
J::7 Ir l'O('f) IJl. ;;' I (6 l't> (6 p ~ 

Jbllb ~g~rtWHL m ~~~z ftijll1~ LZ-vz ~M.1-t-L~M.~f. (ZIOZ lEIN-tlW) 9Z ~t-_fij IJIA,bl~u,1~!.fL . . " 
t-rt lrn U t-@ ~ ij 1 ftf. f. Ut,Y~QL ~@ ~ ij1 f.LULJ{,~ rttl.~f. fL f.LU ~LJ{,rl. ~~f. f.L l.JLJ(,~ rttl.~f. fL f. LU ti. 1, tl ~Ut-~ 

Q~~M.Lt-11Hrl._frl.@~~b~l1nt~nfLb!.LUM.!j.1L~~b~M.tpt-Lrl.IJ~!;;M.Lt-11H~MlmH1f.LUM.!j.1L~~b 

t~'IYl1'Lf·LUM.~R~~L~M.LNU<I "£ 

f.LUHijl M.1,Hh,~r.~Ll1t1~M.M.L~rtL~M.~~bf.LUM.!J.1L~ 

l1f.Lrtl.L!ftb f.LUt-Wl~l, L~t-~t~mrttl~Ut-~11H~M.1ULl1 f.LUt-Wl t-@n.L~L~ftltij~~1~1.@µt-~ rtllfW 

t-p f.LU ti.!} 1L ~t-@M1t-~QL M,Q~mltij rl.£~ b t ~ t-Ln.n.@.L! ~lA.t-@ ~ ~1~11 n w~ t-@ ~ ~1@~111'::1 t-p Q ,VU lA.QL !A.ft 

rl..L!~!.fL!J~WlA,!;;LM.ftt-LlA, ~~~z M.IJLU~.YUM - ft~Ll1~M.@~mµ1 @~M.IJ1L~l11'::1~M.1~ULl1t-@~j 

Ll1tmwn.tuminr,pL!;!-11LUJ~l1nl1Nhiuv ·z 

t1.~1m@f.LUM.tn.~WM.Utt1t~l rtb 

tLUM.trl.~WQ~ l M.Q f. 1LtU@11fL1ULl1M.L.L!~f.f!,ft@J{,lt~J{,1, t-Sl:i~@ft1 t\.J{, M.HnLM.~MtLU 
l=7 Jr 'r l'Otf, f'l'0(6lt\;;' I 11) 



!.LUt-!'.l!!lltl.1-ttl-t ,,; ,. 

(fl~~.t~1 uu 1.uu.1H'L ti.) 

~l.RlfVI lj,>t 

IA.Lfl, 

IA.Lfl, 

IA.Ul. 

IA.Lrl. 

£z:9'6Z:Z: 

£Z9'18 

000'001 

ooo'8t 

G~Wt-l!!\'\llrt~!.fbrl.1:-rtt!. 

IA:i\'\lU'~lU-:ll-t~L!.l!!1tO.t!.~t-LO.Ll!! -
t° (ti '!;II /J '!;II ('fj I 

f ~.UL.b!LfllA.~~.U~/t-G~fbltl.g~.U~L~ -
• 

(s;s;s;z; 'ij'!l- s;s;s;z; '(,!'~) tl.G~1 £ umt1.n.1 n.G.U~IA.~U11t-GU~IA.!.LU ,.. Ip 

UftG,Qorl.~1 fl~~flt/f>tl.Lt-tl.!J.1L~ IA.Lrl. 000'8 ~Utl.G~1 tl.l!! l ~~LfUfU~["brl.~~!. fl~~flt/b~tl!.l!!t~t-L~L~ -

(tl.tlllA.Ul.rl..U.UflGWl-ttl.M.LU1tl.rtl-t.Utl..U11Ll-t) LUrt Of79 '6f7S ur.n~Ut-GR.Glmlt-l!!YOLtt:::r.n.rtt' 
('fj '1;11 f" 16 It> ('fj \?' F' (fj fr' , ... 

], IA.Lit OL'LIO'OZ£ 

IA.Lrl. Ol'LI0'901 

IA.Lrl. ooo'oL 

IA.Lrl. ooo'vvI 

t1mriir.LUl1.11.1L~IA.YOLtt:::r.rim,tttr. 
I& '="' 0 ~ 

f~.UL.b!LfllA.~~.U~/t-G~fbltl.g~.U~L~ -
• 

~Grt1tl.J!.tl.H11n.G!.LUtl.l,tAt1!.l!!1 ft1t-G!.l!£1J(,l,!.LUtl.l,t-LO.Ll!! -
M(fj :r I tr' ('fj (fj I 

(s;s;s;z; 'fl'U - s;s;s;z; 'l!!'rt) tl.G~1 6 LUtltl.~1 rl.G.U~IA.~U11t-GU~IA.!.LU 

fb1 t¥-!.LUtl.tn.~W 

fl~l ;)! ~un dd ·,in tl.L.U~!.fbrtG~1t~N~~H~~g~1tl.ffet1.~11~U11 

tAU.tl!!l ft1 !.LUtl.trl.~Wfl~l tl.fl~1lA.UG~fb!ULO. tl.L.U~!.fbrtG~1t~ 

~l,l:-~~g~1tl.&tl.~11t-L~l-t~.tl.,t-L!6~£1rt.Urtfl~111.fl~[b1!.LUL!it ·z; 

~Gm tl.Jl.tl.t-:1111:-GR.tl.G!. 
tt1(6 IA :' I t6 

rtLWt-LIA~U11 UUl:-LIA. M.LU'flLUt-LIAl:-i't l.,t-L!6~£1rt.UrtG.U~IA ·1 



TSF 2019 f11';ith~·1pJ'i'!f1f11';iU'1~'il'll1tJlf'11ffl';i11Lf'l~'iJ~nilLLlA~tlwLYlf'11YltJ f'l~~y\ 26 

\!)'111'111 2555 ~~\11i;iL;itJ~';i1tJ 

., 
nT~1 bfl11~...;n1~u1un11e:iu bb ~.:i bb~u;Ju l"el'l'I 

1il1n b tlile:in'VI b~Ei'UVl~eJ'U'Vlv.:1~1EiwLfl1b1'VJ'tlill'lfl1Ei'V-11'U~1 b~ Ei.:I bb uu~e:i b ile:i.:i 
~ 

Analysis of Drying Process Particleboards 

from durian peel Using Microwave Energy with continuous Belt system 

A ..: ... 1 ., ..! '·I ., ~ 2 .Y .f ., ~ 2 ~ A ... 1 
tl\fll\Jl 'ill'VIEJ , G'll..ll"lfWl 1-!l'l!J'u';i~l'ltMW , e.l{i)-!li'lfll'l ';i\Jl1.JLl'lb'1l * LL'1~ G'lb';i'1!1 L'il';iqjleJ * 

1 mf'l'i'!f1'if'11m';illLf'l~e:Mnil f'lN~'if'11ffl';illf'111'1111{ 11\11lYltJ1.i'tJLYlf'lLuLil~';i1'!fll~f'lilG'IJ'L!~ 
39 ,,.,~ 1 Cl'U'U'i'~i1111-'Uf'l';i'U1tin 111.f'lil'il~,,.,n a.G'IJ\j~ '1.tlvi1101ii 12110 

* ~~~'il (Corresponding Author) E-mail: sarochakuk@hotmail.com, LVl';i 0-2549-3430-9, LYl';il'l1';i 0-2549-3432 
2 

\1il1tiWtiL ~'ilrn'i 1-a'tl'i~1ti'lfU'11n 1111f'l';iL1l-fl 'U~1'U'if'11ffl';jlJ (R.C.M. E.l 

f11f'll'!f1lf'11ffl'i11Lf'l~'il~nil f'lN~'if'11n'i'illf'111'!111{ 11\11lYltJ1.i'tJo'i';illf'111'!11l{ 99 11.18 Cl."r'l\1'1Lti5'U 111.f'lil'il~\1~~ 'il.f'lil'il~\1'11~ '1.tlvi1151u 12120 

unff PiEiu 
.:i1tJi ~ vdL ll'W fl1 'j Pl fl~1 ~ fl~ru::vrn 'il'W 'l'l '1 l"\1 ?I \9l { 'U t1 .:i m:: 'l.J1'U fl WEJ'\.J LL~ .:i LL~'U~'W1iiei' l'l'il1 rn tl~ t1 flVl L~ V'W , 

'V1).Jt1uvit1.:i'UtJ1vi 20 x 20 1viv1m).J1fl'jLJvl'1Jtivi?11t1'1'11u'1'1L~t1.:iLL '\.J'l.J~m dt1.:i lvitiw'l.J'l.Jvflm 'Ufll'jVl\>l'1t1.:itl'j::flt1'\.J(;)1t1 

LL).JflU\Jl'jt1tJLll'WLLV1~.:in1Luvif!~tJ1).J1mnvlm1).J~ 2.45 GHz 'Uu1vi 800 w "ii1mtJ 6 ~1 &lvi~.:im::'il1t1mt11'Wt1 L).J.:ir\' 

'Utl'J'j:l'l.J'l.J1).JLfl'jL'Jvlzj,:in~fl~ru::LU'U~L'Vl~tJ).J~'Ue4'1VIU1tJi'V! 0.45 L).J\Jl'j x 0.90 L).J\ll'j LLG'i:I 1'U'l1'Ul~tJdvi1fl1'j~f1~1 
vi1 fll'j ~ fl~1 fl11).J~).J~'lJG'j :i'Vll 1'1 ti ruV111iJ LL'1:i fl11).J~'U n'l.J L 1 '11 LL'1:ielm1 fl1 'jtl'l.J LL ~'I 'j'J).J~ '111'1 ?f).JiJ~1vi BL~ fl\ll~ fl'U ti'! 

" ' " 
LL~'U~'U 1iiell'l 'il1 fl L tJ~ ti flVl L ~ tJ'lJ'Vl).Jtl'UVl ti'! rl tl'Utl'\.J LL'1:i'Vl~'ltl'\.J 

' 
Fl win: fll'jtl'\.JLL ~.:i~1v1).J Lfl'j nvl, 'j:l'\.J'\.J?l1t1'l'l1u'1'1L~t1.:i~m dt1.:i, LL~'W~'W 1iiei'vi'il1m tl~t1 flVlL~tJ'U 

' 

Abstract 

This research studies on the kinetics of drying process of particleboards from durian peel of 

size 20 x 20 centimeter using microwave energy with continuous Belt system. Its internal structure 

included 6 magnetrons, microwave generating sources at the frequency level of 2.45 Gigahertz (GHz) 

and power of 800 watts, built at the cavity wall inside the system. The microwave cavity was 

rectangular shape with dimension of 0.45 m. x 0.90 m. The tested properties are the relations 

between temperature and moisture profile with respect to elapsed time and drying rat, the 

measurement of dielectric properties of particleboards from durian peel before drying and after 

drying. 

Keywords: Drying process using microwave energy, Continuous Belt system, Particleboards from durian 

peel. 
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\l)l11fllJ 2555 ~~Vl1~L'ilV~"i1V 

.. d d ,, 
2.'Vl'J~!)'VlbflEJ1'lleN 

2.1 m".iil'Ubb~.:i L\11EJL-ilfl~'IJ1111F1·n1vl 
Vodl .K 4 ~ 

f11".iv'lJ bb ·vrn•rn n Tm 'H~ 'lJ 1'\J n THWl m 1l.l'll'U'Wrn 'Ll1 

vv f\'11f\e.J~(1)JlruonL 'UeJ(1l'S1 L ~1~Lf1~ L~ EJ{I n'lJeJ(1l'S1f11'S 
" ' D CltCll. Q, CV ' ll 

'S::: L'\llEJ'1Jfl{l'IJ1Vlt.11'1Jfl{le.J'1(1).flru'YI f11'SV'U LL '\11{1 LL 'll'lJli'S'SlJ\111 

'1::: 1 i'Vl~n m-sci1m Vlfl11l.l~v'U L\11EJv1~EJfl1111 LL(1ln~1.:i 

'1J v ·rn ru'Vl.nn~ el1m EJL 'LI LL '1::: m EJ 'LI v n'll v .:i t.1~ (1) Ji' ru '1 
' " LL~m·rn,m..X.:i1~v-v1~EJfl~'LI1ii1fl·mv.Ji!'U m1ii~v'U~ 
" " .t=t. d d I Q.J oQ. Cit. CV ' I QJQ. 

Lf\ \11'1J'U'1:::'1J'IJB El f\'lJ'll'U\11'1Jfl{le.J'1(1).fl ru'YI LL'1:::f\1'1lJ'lJ(1)V11{1 
" 1\11~ L~f\(11~ f\'1Jf){je.J~l'1Jl ruontf 'IJ 'l 1'1~~ L U'Utl'U1'U~ilf'11 

m-si111vlvh~1 fl~'U1111mnvl'Vl:::'1~1'U1~~ L~'U LLn1 

v1ml'l t1'1n'111 L•1mnn~ Ltl'IJ~'U ?l;'LI1'1\11~ilf'11m-si11 
" ' ., ' 'I ., ..i ~ 'I •. 1 .J 

fl11l.J'Sv'UG'\{I L 'll'U {11'\J b'1'\ll::: '1:::'1:::Vlv'Ufl'1'U bl.J bfl'S LJTI '1M 
" fl~'U 111 "1m-sflvi:::'1~1'U ttn~ ~1Vl1'tJ1'1\11 L\11~ L'1fll'1~n , , 

VI~ v1'1~ ~.:in'U1'LI~il.ff 1vi 1.:i1voJYh( Dipole) L ~'LI J 1 

m:::\111~ L -s'ii'LILL'1::: 1~'1:::'11l.l1'Sfl\11\11f\~'Ufl~'ULl.l Lfl'SL 1'11'1 
" 

LL'1:::LiJ~EJ'ULtl'U'V'l~-lfl11lJ~fl'U ~n~ru:::f\1'SLn\11fl11lJ~fl'U 
'1::: Ln\11 '11 f\LL 'S .:i L~EJ\11~'S:::Vll1.:i f11'S~\11 L~ EJ.:i~1 L '\ll:iJ '1J €1.:J 

111L'1n'1J1 Ld v \11 \11n~'Ufl~'U?I.:i1 ~ Ln \11Lu'Ufl1111 ~ v 'U 
' " .fl1EJL'U~1~'1L'1v1'1~(Volumetric Heating) m1l.l~v'U 

LL'1::: m 111:ff 'U "il::: fl n ci 1mvi"il1 nm EJ L 'Uv v n?I el1 m EJ'Uv n 
" " 

'1Jv.:i1'1\11 m".i1~m111~v'Ufl~'U1111mnvl"il:::vi11 ~~1'1Jv.:i , 
e.J~(1)Jl ru'Yl1:iJ~1.:i 1 iJ'11 m~11m nti' n L tiv-i'11n m-s-s::: L VIEJ 

'1Jf){lfl11lJ:ff 'UmEJ1 'Ue.J~l"lnru'1L tl'LI1 iJmhWJ\11L ~1LL'1:::il 
f\ 1 ".if\ 'S::: '11 El ~1'1J fl.:! €1 ru'\11.nn .fl 1EJ1'1\11flEJ1 .:i '1tl1 LG'll.J €1 

' " ' 
'11l.J1'Sfl'1 \11 f\1'S LL(1) f\~11 LL'1::: ".iv EJ1 Vll.J1 'Ue.J~ (1)Jlru'1 zj.:i 

mm-sfli11 t iJiJ-s:::EJ nl'11 .ut 'Uf\1'Sfl'lJ LL ~.:i~1V11'tJ1'1\11 L 'lJ{l1'U ' , 
~(1)'11'\llf\'S'Sl.J~fl 1 iJ 

"Ji 0 " ,, 

2.2.fllJ n1-s fl1111".i'Vl'IJ qj1'1J 'IJ ei .:in 1".i'Vl 1fl1111 ".iil'IJ \111 EJ " ... 
'Vl~{l{l1'1J blJ bfl".ib 1vl 

""~" 0 ,1..i <"-'~AdA fl'1'U bl.J bfl'SL1Y1Ll.Jv'Vl:::'1t.11'U1'1\11 b\11VL'1f\(1l'Sf\'1:::fl f\\11\11 
'I 'I \I \I 

'llrnL'1::: L iJ ~ EJ'UL tl'LI'V'l~ .:i.:i 1'\J fl11 l.l ~ v'U L ~ EJ ni 1f'i1 ri1~.:i 
f\1'S~\11'll'lJFl~'U~€1'\llrj-l'\11'11viJ~ml'1'S (De~sity of 

Microwave Power Absorbed, Q) 'li-i~l.l~'U5nu 
G'l'U1111 vivh LL'1:::'1'U1l.J LL:iJ L '\II~ nmEJ 1'LI1"~1\11B L~ nl"I~ n 

fl EJ 1.:11'Hl1'11l.J1'1 \111\11B L~ f\ l'1~f\1:iJil e.J '1 ~ €1'1.fl1'V'l L 'B.:i 

.ff 1 LL :iJ L VI~ f\L d €1 €1 ~L 'U '1'LI1 l.J LL :iJ L VI~ n ~ .:i tf 'U ~ .:! 1 :iJ il 
" 

'1'U1l.JLL:iJ L '\ll~f1~'1JL~EJ 1 'U'S:::'\lll1-lf\1'SLL~-r.:i~1l.J Lfl'SL 1vl LL~ 
1 '1\11 L\11B L~ n l'1 ~n "il:::il e.J '1 ~ €1 n1-s L iJ~ EJ'ULL iJ'1-i L vl'1'1J v-i 

' '1'U1111vJw1~t1V1rj.:im.hm1'11 ~-itf "Uf'i1Ln~EJ-s1n~'1t1-i 
'1J v.:ifl11m-U'11'1Jv.:i'1'U1mL:iJ L '\II~ n 1viw1"il:::~n1 i1 'U n1-s 

iJ -s:::111ruf'i1'V'l~ .:i .:i1"U111Lfl'SL1'\'J~ fl n \11 \11'lltJ L\11 EJ1'1\11 
" " ' 

1\11BL~f\1'1~f1 LdvG'll.JlJ~L m:iJilm'S~'lJL~EJG'l'U1lJ LL:iJL '\ll~n 
A1'1Jv-l m-s ri1 L \l\11iJ~mrum111~v'U.fl1 El L 'U~ v'Vlrj-l'\llU1EJ 

iJ~lJ1(1l'S'11l.l1'SmL'1\11-l 1~~-i'1l.lf\1".i~ ( 1) 

Q = wc0c;E2 = 27Z" · f · &0 • c;(tan o)E
2 

(1) 

Ldv E fl€! '1'U1lJ1vlvh~.:i"il:::LiJ~EJ'ULLD'1'1(1)1lJ 
o ' .. ' d .,/ 1 1 .. I .. 

(1)1bL'WU.:I f Av A1fl11l.Jfl'tl€l-lf'l~'U lJ f'l'H'lTI CO fl€) 

m111 L ~1L 'B{j~l.J'1Jfl{jfl~'U 111 Lfl'SLJvl &~ Av relative 

dielectric constant zj{j'lJvfl5{j'1lJU~'1JCJ{j1(1)~ L\11 'l~ 
v5tJ1EJ5{jfl11l.l'11l.l1'Sfl L 'Uf\1-S\11\11-a'U ?l{j~1'ULL'1:::'1:::Vi'v'U 

" 'V'l~{j{j1'U'11 n?l1'U~ L tl'LI'1'U1l.l 1vJw1'1JB.:ifl~'U111Lfl'SL1'\'J 
L\11EJ &

0 
AB Dielectric Constant '1Jfl{jB1f\11'1 LL'1::: tan8 

A€1 Dielectric Loss Tangent Coefficient zj{j\J€Jf\5{j 

fl11l.J"1l.J1W L 'Uf\1'S L iJ~ EJ'U'V'l~{j{j1'U~1'1\11\11\11'll'lJ'V'l~{j{j1'\J 
'" 

m111~t1'U f'i1'V'l~{j.:J1'U111 Lf1'mvl~fln\11\11'lltJ"il::: LL iJ-s~'U 
" " 

l'mntJf'i1m111~'1J€J{jG'\'U1l.l1vlw1 tan8 LL'1:::f'i1ri1~{jG'\B{j 
'1Jfl{jG'\'U1lJ1vlw1 LL~'11f'11 tan8 '1Jfl{jLL~'U~'U1~B\11ilA1lJ1fl 
'1 :::?l.:it.1 '1 L ~n1-s\11 \11-a'tJ'V'l ~{j{j1'1.J1l.l 1m L 1'\'J LL'1::: iJ~m ru 

" m111~t1'U~Ln\11:ff'Liilmn1iJ~1EJ LL~t11f'11 tan8 ilf'11uvEJ 

fl~'U 1111m L 1vl'1:::'Vl:::'1~1'ULL~'U~'U1~B'\11L\11EJ1:iJ Ln \11m111 • 
~t1'U:ff 'U BEJ1{j 1-sn(1)111vruV1.nlJ~"{j:ff 'l.Jt11'1"il::::ff 'Uv EJ ntJvi'1 

'l \I \I 'U 

LLD'S~'U L~'U A1fl11l.J~fl11l.l~€1'U~1L'V'l1:::(Specific 
Heat) f'11m111:ff'U(Moisture content) ~n~ru:::'1Jfl{j 
LL~'U~'U 1~ eJ\11 LL'1 :::'1J'U1\11'1JB{j LL~'U~'U 1~ el \11~1 El 

' .. 1 .. .. f11fl11l.J'1fl 'Uf\1'S'Vl:::'1'Vl:::'11.:J'\ll".i€1".i:::EJ:::'Vl1{j'Vl 
' 

G'l'U1l.J 1 viw1 L-U11 iJ1~ '111111f1V111~'11n'111m1~ (2) 

D, = -7!===="==="=' 

e' I +( 6~)' - I 
2ef 1/ ' e; 
v ~ 2 

2ef / e;J1+(tan8)' - I 
v v 2 

(2) 

..i .. ' " 8 Ll.JB V fl€! fl1fl11l.JL ".i1LL'1{j (3x 10 mis), f Av 

' d ..i 1 'i ··' .. . fl 1fl11 l.J fl '1J v a '1 'U lJ b fl 1L111 (t:;) fl B Relative 

dielectric constant ( tano )AB Dielectric Loss 

Tengent Coefficient 

"il:::L~'Ul1A1 Dielectric Constant LL'1::: Loss 

Tangent Coefficient LiJ~EJ'UA1fl11l.J~f\L 'Uf\1".iV1:::~ 
V1:::'11.:J LL'1:::'1'U 1111 'l'JW1.fl1 EJL '1..11'1\111\11 a L~ nvi~ n n "il::: 

' ..I ., 
L D'1EJ'ULL D'1'1(1)1l.J\111EJ 
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3. -a:atleiu151~v 
d ~ .,. •• 1 .. • .. 

3.1 Lfl'ail.:lil\J bil b\i'l'aL 1TI'!J'Llt'lfl1fl'Vi1tli'l1Li'lfl.:I 

' d LL \JU \Jl Vb 'LI il .:I 
~.,.. .Jt}lJ' LI ... LI~ .x~ 

'a~'\.J'U bl.I bA'ff"JWVl b'l!cl1Vl'rn.:iTU1"iltJ'll'\.J'\.JLUm~'l.J'\.J 

111LAdL1vJ~1lJ tl'U'1lJ~€l'\.J Lt'\ CJL .ff 'llUt'\ '11 CJ'V'11'1.J'11 L~CJ'I 
LL '\.J'l.J~m ~e:i.:i ~V11.:iV1i.l1tJi~m ~ e:i n1-a 1 .fftl1~ LCJ'llU"il1 n 

LlJLA'SL1WL'\.J.:11'1.Jil'11n'S'S:l.J (R.C.M.E.) ~9ll'\.J1~'\.J Lt'\CJ 
" ' LI LI <di t.I ell LI .ail 0 I 

u11'1EJV1'1nrn1Luu.:i\Jl'l.JA€l 1'1t'IVl'l.J1lJ1e.J1'\.Jnd~'\.J1'\.Jfn1 
' • .. .,. ' ,, 1-1'1 'i ,.J.. " ., 

"il~rtn'11L'1CJ'I bt'ltJ'11tJ'V'11'\.Je.J1'\.JL '!11 u b '\.J€l blJ'lf1VllJVl'\.J1\Jlt'\ ,, ' 
" .J .J ' LU'l.J~tlm'lllmJlJ (Rectangular cavity) ;.:imtJL'\.J'S~'\.J'\.J 

"il~&it'l~'ILLlJn'U\Jl1€l'\.J l°l~'l.J1lJLA1L1V'lm111~ 2.45 GHz 

11~1'\.Jd'\.J 12 ~1 (rl1~'1 800 1\Jl~/~1) LL'1~Lf1~€l~rl1L\it'I 
i;,11~e:i'\.J e:iruV1.f1ij1:1~1:1t'l~vi11!i11t'ltJtl1~111ru 240 e:i~P11 

, '\I '\I , 

L"ll'1L~CJ'1 (~'1.Je:i~n'l.J1:111llii1'1:1t'I) it'I e:iruV1.f1iji;,11~e:i'l.J Lt'ltJti 
'\I , , '\I 

L V1e:ift11r1tl LlJ'1 Lt'ICJ 1 i'll-Lit'1'11tJ'V'l1'U"1 L~CJ~LL '\.J'l.J~m dfl~ 
A~'U 1:1.J lmLT1fo nEi~"il1nLLlJntJ\Jl1€l'U zj~&Jt'l~~e:i~'Sfl'\.J"' 

" " I 

'\.J~ L 1ruvi11°111lJ~fl'U'11lJ11'1vi 11!i11t'I CJ "1 L~ tl~i '1 t'1 L~ 
' .J Q .1 ,, .1"' .1.J 

'11tl'V'l1'UV1'1.J1L'lru u1nV11~L '!111~'\.J'\.J ('111111'1 u'S'\.JL u'1tl'U 

m1m ~1'11tl'V'l1'U 1~m11;;lfl~ n11) "il1 nii'Ll'11 EJ'v'l1'U"il~ 
"1 L~t1~1''1t'I L-rr11tlv~'\.J~L1ruvi1m111~€l'U m1tl'l'U LL~~ 

' 
rl 1~'1'11l.J11'1vi111i1'tt1 n11 L lJt'I LL'1~lJt'I LLlJ ntJ\Jldfl'U\Jl1:l.J 

vi 1 LL Vli.l~ ;;)'fl~ n1 d '\.J~ L 1 rutl1nVl1~ L-rr 1 LL'1 ~€)fl m ~'\.J'\.J 

111Ll°l'SL1vJii1~'1.J'\.Jrn1~ nl°l~'l.J111Ll°l'SL1W~fl1"il{11 '111'1 

flvnl.11 L ~fl hJ1 ~L lJ'UeJ'\.J\Jl11 ti~ fl~tll)iJ&i~1'Uzj~rhm1 
{11 V1'1ii111\Jl1~1'UflEJLilLn'U 5 ij'1~1\Jl~/\Jl111WlJ'U&iLlJ\Jl1 .. ,, 
cl1Vl'l'U m11t'lflru'lll.f1ij1'1t'IV1 Me:i'\.J '111111ri it'I 1~~ 

' ,, ' 
vi 1 LL V1i.l~tl1 nV11~ LoLJ 1 LL'1~e:ie:inL\Jl11:1.J Ll°l'S L 1V'JLt'I EJL-ff 

B'UW11L1t'ILV1€lft:l.JijL\Jlfl{ (1"111lJLLil'UEJ1L'U-tl1~ ± 0.5 

€l~P11L"llm~EJ'1) 

(n) 

" 
~~ .. -

('IJ) 

'SU~ 1 (n) LA~fl~1:l.JLA1L1WLL'\.J'\.J'a~'\.J'\.J'11tl'V'11'U"1 
" 

L~tl~~€JLUfl~ 

1 
.. .. 

('!J) t'\€l~LLnd11d1tl'1~Lfltlt'\Lf11€l~Vlt'\'1€l~ [1] 

~ 
3.2. '!J'U\Jlil'Un1'a'\ll\Jli'lil.:I 

111LL~'U~'U1l1 elt'I '11 m tl~ fl n'VI L~ tl'UVl:l.Jtl'U'\11 €)~ '!J'U 1 (9\ 
' " " 

20x20 L'll'U&iL:l.l\Jld ~~ 12 LL~'U mvi1m11't'lm1:1.J~'\.J 
LL'1~rl1'1:l.JiJ&i1t'IB L~ n\Jl~n (Relative dielectric 

constant, Relative dielectric loss and Loss 

tangent) L~:l.ltJ1'Urifl'Un11Vlt'l'1fl~ 

1. Software 

2. Microwave 

Reflect meter 

3. Coaxial Cavity 

4. Coaxial Cable 

5. Sample 

6. Female Calibration 

Standards 

.1.J .. " Q' 1 ' 'Su'\11 2 LA1fl~L'U\JlL111°l'U1 m"llm [1] ,, 
'11ni1'Uvi1m1'\11 t'I '1 e:i~ hw m 1 fl'\.J ~1 ti Ll°l ~ e:i~ e:i'\.J 

1:1.J Ll°l d L 1vJ'tJ\j (9\ '11tl'V'l1 tl"1 L~ ti~ LL '1.J'\.J~fl L de:i~\Jl1:l.J\Jl1:l.J 
Lifl'Ll1'll Lt'lt1vi1m1LlJt'ILL:1.JntJ\Jl1fl'U 6 ~1 fl'\.J~flru'lllfiij 

' " 
100 e:i~Plwllm~t1'1 Lt'lt1'V!n'1Lifl'U L 'll'1~iim11't'l~ruV1JJij 

'l .: 1" JI .. .. • "' .fl1tl b'U'll€l~'ll'U lJ 1°111:l.J'll'UA~LVl'1€l L'V'lfl'\111n111'1n"t;1 
~LI-- I Q. Jlt.1 

A11l.J'1l.J'V'l'\.Ji51~'11111 ~fl ru'lllfil.I LL'1~ A11:l.J'll'U n'\.J L 1'11 
' " zj~ LL~'U~'U 1aJ elt'l~1'if fl'l.Jii 1°111l.J~'U L ~:l.J tJ1'UU1~111 ru 30-

20 % dry basic LL'1~ii~ruV1JJfa~:1.JtJ1'U 25°C LL'1~vi1rn1 
~1tl.fl1'v'l'\111~1°111:l.J~fl'U LL'1~1t'lrl1'1:l.JiJ&i1t'I fl L~ n\Jl~n'!Jfl~ 
LL~'U~'U 1aJelt'\'11 n L tl~ fl n'VI L~ tl'UVl:l.Jfl'U'\11€l~~ ~1'U n11fl'\.J 

' 
~1tl'V'l~~~1'UA~'U 1:1.J LA1L 1vJ 
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4. eJftn"l';i'Vl~fttl.:lbbft::vfith1e.JeJM1';i'Vl~iUl.:! 

4.1 f'i1Arufl11u~'lJ t1.:i bbN'U.ij''U\~ tl~\nn b t.l~ vn'VI b~e.J'U'lllll t1'U'Vlt1.:i 

l'l1'i1.:i~ 2 '112JtJ~'lJel.:i LL~'U<B'U 1~ei' ~'ill m t.l~el fl'VI ~ ~ EJ'U'VllJ el'U'Vlel.:i rl el'U ni'rntJLb'1:::Vt'1.:ielu m1ii:S''U bb'1:::ei' l'l'i1fl1''iel'l.JLL '1.:i 
' 

~\Jl'HJ\1111'11'\J 
Dielectric Properties 

LL&J'\J tl€l'\JffU 

:B''U121 
LL'1t:L~€l'UL 'U 1 'U 

" 

er~ 
fll'it:J~\Jl LL&J'\J'1J'\J I II 

121'il~ t: t: tan8 

1 1:1:1 (80) 2.00 0.32 0.16 

2 1:1:1.5 (80) 2.25 0.43 0.19 

3 2:1:1.5 (80) 2.31 0.43 0.19 

4 2:1:2 (80) 1.92 0.27 0.14 

5 1:1:1 (90) 2.15 0.35 0.16 

6 1:1:1.5 (90) 2.23 0.43 0.19 

7 2:1:1.5 (90) 2.45 0.46 0.19 

8 2:1:2 (90) 2.20 0.35 0.16 

9 1:1:1 (100) 2.38 0.66 0.15 

10 1:1:1.5 (100) 2.19 0.38 0.17 

11 2:1:1.5 (100) 2.08 0.37 0.18 

12 2:1:2 (100) 2.38 0.48 0.20 

1'11'i1.:i~ 1 LL'11~.:ie.i'1fll'i'V1~'1el.:i'il1flm'i1.Un1'1.:i 
h11ri'invl 6x800 11'1~ eiruVtniJ 100 °C v\'1m'ivtJLL~'U 

' " 
<B'U LlJeJ~'illfl L tl~vfl'VIL~EJ'UVl:l.lv'Uviv.:i 1~mL~'U<B'U LlJeJ~'il::: 

' 
i1ei'm1~!'l'iL'Ufll'ieJ~l'l ei'm11.'11'U~v (L"''ULEJLtl~vfl 

'VIL~EJ'U : eJ.:iLtJ~vfl'VIL~EJ'U : tl1) 'ilt:L~'Ubti\'-J1f'l1 
' ' 

Loss Tengent Coefficient ( tan8) i1'llel.:iLL~'U~'U1~ 
er~ nel'U~tJ LL~'1::: LL~'Uijf'i1~.:i L ~el.:i'il1flLL~'U~'U1il~~LLIJi 

I CV Clf O .... d ,,f d O 

'1::: LLeJ'U'U'U:l.J'U 1'\ll'U fllJl flLL'1:::lJf'ld1:1.J 'll'UlJl fl LL'1::: Lll v'Vl 1 

fl 1'ieiulii'1EJ'l'l'1.:i.:i1'U 'il 1flri~'UblJ1ri'i L 1vlvrn-J 1fl 1 

Loss Tengent Coefficient ( tan8) 'lJv.:iLL~'U~'U1~ei'~ 
I I -=iii I ~ Q.I JI d. 

LLl'l '1::: LLeJ'U:l.J fl1'1~ '1.:i 'Ul'Vl'U fl'1~ '1.:i LL'1::: f'ldllJ'll'Ufl '1~'1.:i 

1• I " d ., ' d b b m:1.1 umEJ L'Uv.:i'il1fl'1!1'l'ivl'l'i1'111'ULL'1:::L.:iv'U 'lJ 'Uf11'i 
" 

eJ~l'l LL~'U~'U blJel~ij eJ'11Ji v fl 1 'i~ ~sUtJ'l'l '1.:i.:i1'U'il1 fl fl~'U 
" 

blJ1fl'iL1vl 1~mL~'U~ 9 1:1:1 100 °C i1eJl'l'i1fl1'ii.'11'U 

b 'U fll'ieJ~l'l~UvEJ LL'1t:b 'Ufl'it:tJ1'Ufl1'ieJ~l'lLL~'U~'UblJel~ 
vtJ~ el ru'VI niJ'1! .:i~.:iv\' 11'1ijtl1wJ' nu el EJ f'ld 1:1.J:ff 'U ~ 1v\'11 '1ij 

, 'lJ 'lJ I 

r11 Loss Tengent Coefficient ( tan8) ~1 fll'i"':::Vi'v'U 

'lJv.:i'l'l'1.:i.:i1'Uri~'U 1:1.11ri'invli1r11~1 v\'11'1ri~'U1:1.11mL 1vl 

'1!1ii 1'i"~.:in1 ~.:i'VI::: '1'Vl:::'11.:i~1'U ~'J'lJ ei.:i LL~'U~'U 1mlii'ii 1 n 
' 

~ .:i eJ '1L '1ij ell'l'i1 fl1 'ivtJ LL ~.:i 'i1 ~ L ~'J~'U ~H ~'U-J 1 

.., ' "' 11 €llil'i1"'1'ULL'1t:L.:iel'U 'lJ 'U 

I 

t: 

1.56 

1.50 

1.59 

1.56 

1.48 

1.50 

1.61 

1.63 

1.73 

1.62 

1.51 

1.53 

"1'1~€lU 
" " Drying 

'11wun '11"1i1fl 
II 

tl€l'\J€lU "1'1~€lU 
rate 

t: tan8 
(g) (g) 

(g/min) 

0.15 0.100 361 318 0.24 

0.15 0.101 365 320 0.27 

0.15 0.098 364 319 0.27 

0.15 0.101 357 318 0.23 

0.15 0.103 358 314 0.25 

0.15 0.102 363 319 0.25 

0.15 0.099 354 311 0.25 

0.16 0.098 355 312 0.27 

0.16 0.096 357 315 0.19 

0.16 0.100 362 319 0.25 

0.15 0.103 353 310 0.26 

0.15 0.101 365 319 0.19 

fll'ieJ~lilLL~'U-a'U 1,Je)~~L VllJ1t:'11lJ~elellil'i1~1'U 1:1: 1 €JU~ 
eiru"11Jfi 100 ° c 

{~if 

Wt\.,(). 

"'' ,._. 

it;(l 
i. 
J~, 

"' 

~·--...... 
...__ - .,.(' ' t ~·J 

-~,. 
~ 2o * 

~ 
, t~ H A A A t. ~ 

"' 

TUU<l lUHll• 

• .... ,., .. j 

• c,,.,..~ 

. ''"'~"· 
·~-~r_..,,...~ 

~ --- f"ttt .. !t 

!',n,.? 

• -C:-1,.I« 

• '"'""l! 

- .-... ~1:: 

At•"'' i 

'itl~ 3 ri11:1.1"':1.1~'UB'i:::vd1.:ieiruV1niiLL'1:::m1:1.1:ff'U 
'\J ' " 

rltJL1'11 

'illfl'itl~ 3 LL"'~.:if'l11lJ"'lJ~'UBWVl11.:ielruVtf1iJLrn::: 
'\J ' '\J 

.¥ d'1v .1"" "" .., ' 
f'l11lJ'll'UV1 L~'il1flf11'i'Vl~'1v.:iL u'iEJtJL V1EJtJfltJL1'11 'l'ltJ11 

dfo b 'U~'J.:i LL 'ifl ( 0-50) LL~'U<B'U blJ el~'il:::~ ~'8'tJ'l'l~.:i.:i1'U 
'\J 

1ii 1ri'iL 1vl11ltii'mfl L ~v.:i'il1nLL~'U~'U1l1ei'~i1ri11:1.1:ff 'U~.:i 
IJiellJl fll'i~ ~entJ'l'l~.:i.:i1'U 1:1.11ri'i L 1vl'lJel.:i LLeJ°'U<B'U 111 el~ 'il::: 

" 
L ~:1.1ijf'i1'1 ~ '1.:i L ~ el.:i'il1 flf'l11:1.J :ff 'Um EJ b 'ULL~'U~'U blJ el~ 1ti\' 
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K~Jr ... urr 
bF1~€l'IJIJi''HJ€ln 1 tJ 1 'Ll'll1·HL ,n'1J€l.:im:::tn'\Jn1'rn'IJLb ~.:i 
m v1 '\J Lb~'\J,r'IJ1if ff ~il L i'l ?I'll €1.:i'lJ €1.:i b '\11~1 €l ~ €l ~1.:i 

'U 

~€1 b ti€l.:ivi 11 ~BVI G'V'l~'1J€l.:J Fl11lJ~'\J m'W1~ 1~( Capillary 

) 
..,., d 1·1"'-" ' Pressure Vl'lJ'UbFl~El'\J'lJEl.:Jb '\11~1 uEJ.:Jt-11'\ll'\J1'1J€l.:Jbbt-1'\J 

,r'\J 1if ff ~ill'l1 bb~Ldm 1~1~1'\J 1 tltl~mrum1i1~'\J~~~.:i 
vh1~m,LA~€l'\J~'ll€l.:JFl11lJ~'\J «ii.:idJ'Ll1m:b'IJ1'Vlaj) €l€ln 

~~1'\llU 1~ .:i b U'U BVIG'V'l ~'ll €1.:J n 1, bb Yi,· '1J €l.:J1 €l (vapor 

diffusion) bb~:::Fl11lJ~'\Jtl1'l! (Gas Pressure) btJ'\J'Vl"'n 

~1'\Jn1~.:i 1ii 1ri,L 1i'l?t:::Vi'€l'U~~1Lb~'U,r'U1if ff~"il:::ill'l1m n 

1
1 1 docvd 

'U'1J1.:iu,nu~:::"il:::F1€lEJ i ~~~.:i"il'UA.:JVI n1~.:iri~'\J 

1ii 1mL 1'WV1:::'l~1'\Jbb~'U~'U 1if ff~ill'l11'1€lv i L ~ii~'\J 1~v 
1 '" ., "'1" .. 1.J' .. '\J'll1.:JVl1EJ n1'jVl~~€l.:J'V'l~.:J.:J1'\JFl~'\J lJ bfl'jb1y1Vlt-11'\J"il:::lJ 

1'11?1.:i bti€l.:i"il1nLb~'U,r'U1ifff~ilm1ii~'U~~~.:i m,~~.a''IJ 
'U 'U 

'V'l~.:J.:J1'UFl~'IJ1lJ Lfl'jb1i'lill'l1~~M\911lJ1 tl~1EJ bb~:::bdtJ 
A 'd Q.I I 1 .,j 
1Lm1:::V1ri.:in'IJF11 Dielectric Properties 'U(tJ·m1.:iV1 2) 

'V'l'\Jl1b1~1~1 'Un1'rn'Umn~'Uvi11~1'11m1ii~'Uill'l1L-if1 
1n~"il~?flJ~~ 

U• 

... 
I; Sf ·= i 
i •i 
s 
; 
& .. 

! 
?& 

' ' 

I 
-, u 

. ~~~>-~;~-?~ 
9?:~· () () () 

1¥,,-· • () 

,. .. 
'rum{nt.iu~ 

I 
1 • 

----c·.-... 1 

• nu,1 

e._., 

~ ...... 
.. c"'""'"' 

"" ·:!. 
I . f ..... , 

i 
I! 
" ! 

-« ('•.tll 

(> ,~ ...... 

.,l.o=J CV CV ' I 4. 

'juVI 4 Fl11lJG'llJ'V'l'Uu,:::V111.:i€lru'VlfllJbb~::: 
'U ' 'U 

., " ., 
€l\J1,1n1,€l'Ubb '\ll.:Jn'Ub1m 

"i11mtl~ 4 u?t~.:im1ii~i1-A''IJ1h:::V111.:i€lru'VlfllJLL~::: 
'U ' 'U 

ff \J111m1€lrnb ~.:im~"i11nn1':iVl~~€l.:i b tJ~v'IJ b Viv'Un'Ub 1~1 
'V'l'IJ111 tJ'll1·m,n (0-20) ffm1m,€l\Jbb~.:iill'l1?1.:i~'U 'U 

b ti €lH1 n bb~'U~'U1if ff ~il ri11lJ~'U?f .:i ~.:ill n 1,~~.a''IJ 
'U 'U 

., "' 1 'I' •• 1 ' ' "' ' "' 'V'lM.:J1'UFl~'U lJ bfl'j b 1Y1€lEJ1.:J\J1€lb 'Utl.:J bb\J'I blJ€J'j:::EJ:::b1~1 

~1'U 1 tlvi11 ~ff \J1,11 'Un1,€l'\Jbb ~.:i~~~.:Jbb~'\J~'\J 1if ff~ilm, 
~~.a''IJ'V'l~.:i.:i1'1Jri~'U 'lii 1ri, b 1 i'l~ ~ ~ .:i €l ru'Vlill1?t.:i~'U Lb~ 
'U ' 'U 'U 

'V'l~.:i.:i1tJm1i1~€l'UG'l:::G'liimv 1'ULL~'U~'\J1if ff~~.:iifo~~wh 
1 ~€1 '1.J'VlfllJ~-:!Fl.:JG'f.:J~.:Jvi11 ~ff \J'l'j1 n1'j€J'IJ bb ~.:iiJ1'11L-if1 Ln~ 

, 'U 'U 

1'11?1lJ~~ 
' 

(n) 

('ll) 

,\J~ 5 (n) m'V'l~1EJV11.:im1i1~€l'Ubd€lvi1m1€l'IJ 10 'U1Vi 
'U 

I ti Qj 0 4 

('ll) mvm1EJV11.:im1m€l'UblJ€lV11n1,€l'IJ 70 'U1VI 

.1.J ' " 1" "il1n':iuVI 5 bb?f~.:Jfl1'V'lrl1EJV11.:JFl11"1el'\J"il1nn11 '1l 
'U 

n1~.:i1ii1mL1i'l 6xsoo 1\J'I~ €lru'Vlill1 10o·c vi1m1€ltJ 
' " 

bb~ 'U,r'U \if ff~ "ii 1 m tl ~ €l n VI b ~El 'U'\lll.I el'UVI el .:J'V'l 'Ul 1 L '\J 
' " d 1 'I' •• 1 ' .. m:::'IJ1'Un1,€l\J~1EJA~'\J l.I bFl,b 1Y1?11m,ri'IJ.:i'Uelnm m, 

VI :::~V1:::~1.:i'1Jel-:!Fl~'U Ll.I 1ri·mi'l1~ b tJ'Uel ~1.:i~ 1~ v~.:i bn\J'I 
' ' 

'11 n~'llel.:Jfl1'V'l~1 EJV11.:iri11ii~ €l'U'llel.:J bb~'U~'U 1if ff~"il::: b \,;'IJ 

l1bdm~lJvi1n1'jel'\J ( 10 'IJ1Vi) bb~'U,r'\J 1ifff~"il:::iJFl11lJ 
~€l'U (~bb~.:i) m:::"il1EJ?t~1LG'llJeloX.:ibL~'IJ L'V'l11:::11LL~'IJ~'U 
1 ... ., .. J( .. ., ., "'1" .. 1 
lJel~l.Jfl11lJ'1J'lJG'f .:J lJ n1°S~~'l!'IJ'V'l~.:J.:J1'1.Jfl~'lJ lJ bfl°Sb 1Yl 

" 'U 

mn~\J~L 1ru\J1,.:in~wv€l.:iLL~'U~'U 1if ff~~.:ie-i~ 1 ~Ln~m1ii 
~elumv 1 tJ~1Lb~'U~u1if ff~vi11 ~el ruV1ill1?1.:i~'U LL~::: Ldtl 

' 'U " 

b1~1~1'U1 tJ (70 'IJ1Vi) Fl11lJ~'\Jbb~:::Fl11lJ~el'U'1Jel.:Jbb~'U 
~u1ifff~"il:::rin~1EJLV1"il1nfl1EJL'\Jeleln~~1fl1EJueln'll€l.:J 

'U " 

bb~'U~'ULif ff ~vi11~n11~ ~'!!'IJ'V'l'1.:i.:i1'UA ~'U 1ii 1ri-s b 1i'l 
" ~~M~-:1~~ L ~'IJ~b 1 '1..1\J'l'S-:i n~1-:!'1Jel.:Jbb~'U~'U1if e)~~.:iiJ 

m1l.l~'U?t:::mrn~ vi11 ~~el'U (~bb~.:i)m:::"il1EJel~'U~L1ru 
" " 

\J'I, .:i mn.:i'llel.:J bb~u~u'lif e)~ '11nm,1 ~ri11l.l~el'UF1~'\J 
'lii 1Fi-s L 1i'l"il:::vi11 ~~1'1J€l.:Jbb~'U~'U 'lifer~ 1lJ ~1.:i 1 tJ"il1 n L~ii 



TSF 2019 fl1'lti'l~'!l1l1'U1fl1'jLf\~Elii1v1mm'l1JLf\~El~m'ILL'l-i~tl'l:mlf'1LVltl f\.f~vi 26 

1')'11f\1J 2555 ~~~1~L:0!J~'l1!J 

., J{ 1 ,.:{~v 
lnfl'UflL 'l'l"i1tfl1";i";it L VIV'Utl.:JA11l.J'1l'Ui11V 'Ubbe..J'U'l!'U Ll.J 

el~Luu 't tlmh.:i"i1~L ~1 

5. ~1tle..i~fl1"aVlfl~tl~ 

'11flfl1'rn'U LL .X.:i LL~'U~'UL,j' el~ '11 fl b tJ ~ tJ fl'VJ b ~ V'U 

Vll.J tl'UVI tJ .:J'l'l'Ul 1 1 u '1i1 .:J LL "i fl 'U tl 'l fl"a::: 'U1'Ufl1 "atltJLL .X .:J 
LL~'U~'ULlJ G'l1ll1 ";jfl~ ~.a''U'l'l «.:i.:i1'UA~'ULl.J LA";i L 1vl't\9l~ 

" 4_ 1~'1111&111.1....i JI o1VQ 
L 'U tl'l '11 flLLe..J'U'll'l.JLlJ tl~ V'llJ A11lJ'll'U"'.:J VI 1 VI Lfl ~ A11lJ 

" fau~'Ui11V1 'ULL~'U~'U't,J el ~Mml.IL tlvi'1 V Lb"1t Lde:i 
' ,, " 

1 II """' c;t QI II.I .d 
"itVtL1"11 'Ufl1"itl'ULb Vl.:Jb 'l'll.J'U'U fl1"i~~'ll'U'l'l"1.:J.:11'UA"1'U 

" 
Ll.JLA"invl:;idi rl1"1~"1.:J btltJ.:J'11flbL~'U~'U 't,Je)~ilfl11l.J~'U 
"'~ M ~.:ivh 1.Xe:i ruV1fliJ m v1 'U '1l e:i .:i Lb~'U~u't,J el ~il r\1 . " 

Q.I d II.I J/ I 

"1~"1.:J LL"1t"1 fl~ru::: fl1"iLA"1tl'U\111'U tl.:J A11l.J'1l'U'1!1 .:J bL ";i fl'Utl.:J 

m:::tJ1'U fl1"iB'U LL .X.:imv 1 uLbc.iu~u't,Jel~ :;idh vlG'i'Ue:i.:i 

'Ue:i.:i L V1"11e:iEie:i Ei1.:i~m tle:i.:ivh1 .X BVlfi'l'l"1'UB.:JA11l.J~'U 
" 

Q .. ( • ) .,J., ..i 
A1'1'l1"'1"i Capillary Pressure Vl'U'ULA"1B'U'UB.:JLVl"11 

L tJE!.:ieJ1V1U1'UtJ.:J LL~'U~'UL,Jel~ilri1G'l.:i LL~ Lde:i L 1"11~1'U L tJ 
" • IQ J{ o 1 v ..I .J J{ 

u"ill1ruf\11l.J'll'U"1~M Vl1 Vlfl1"iLA"1tl'UVl'Utl.:JA11l.J'1l'U 

( zj,:i Luu 'te:i~1u 1 V1aj)e:ie:ifl~eJ1V1u1i.Tm U'U~'Vlfi'l'l"1'UB.:Jfl1"i 
LL'l'l~'Ue:i.:i'te:i(vapor diffusion)LL"1tfl11l.Jtii''Un1'll(Gas 

Pressure) LU'UVl«fl '11fl.:J1'Ui..ijv.QG'l1inwi11'l'l~.:J.:J1'U 
A~'U Ll.J LA";iL 1vll.J11 m 'Ufl";it'UJ'Ufl1"iLL tlntle..J~(;).ri'ru'V'iLL~'U 

" ~'U 't,Jel~ LtltJ.:JlJ1'11fl'l'l"'.:J.:J1'UA~'U LlJ LA"iLJvlG'l1ll1"iC1Vlt"1 

~1'ULoff1 L tl1 'U LLc.i'U~'U 't,J el~ ~ti 1l.J 1vi 1fl1 ";i tl'U LL~ .:IL~ 
v .J Q ..i ~ .,. •• 1 1 ' ,:: 

L '\'l";i1tf\11l.J"itl'U'VILfl~'11fl A"1'U Ll.J LA"iLJTii11V 'ULLe..J'U'l!'U 

't,Je)~iJfl1"ifl"it~1V~1€JEl1.:JG'IJ1LG'll.Jtl~.:Jvi11 ~f\11lJ LL .X.:i~ 
Ln~ Luu 't tJe:i Ei1.:iG'IJ1 LG'll.Je:i 't tl'Vl fl~1LL V1tl.:i'Ue:i.:i~1 bL~u~.:i • 
b uu b VI (111.X fl 1 "i AJ'U Al.I A rufl 1'l'l1ufl1"ie..i~111vi1't~~1 v . . . 
";it Vt L 1"'11 'Llfl1"itl'U tl~'Ul1 fl1"itl'U Lb 'U'Utl fl~ bL"1t EJ.:J L U'U 

L 'VIA 1ufavmrv1 Vlli~L Vlin:::n'U fl1"iti1 't tJ1 <if L ~mL tl"i"itl 
" .Q. QI ~ cil I.I 

e..1"1 (;)fl ru'Vlfl1A fl1"iLfl~(;)";i'Vl L 'U'Ufl1";i A1'U Al.JArufl1'1'l •• 

6. n\Jl~fl"a"ai.Jtl-a::mfl 

~1 ..ij v1ri ~'U e:i'U e:i tJ A ru.:itJ tJ "i::: l.J 1 ru LLc.i u ~ u :;i 1 fl " . 
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tJ'Vlff PJEitJ 

.:i1tJi~ tidL lltJm1i11 LG'l'YB m-si Lm1::~m11oif'Vl"'.:i>11'U1~ mi 1 m1V1~irn.:i L 'W m:::m'W m-seiu LL~ .:i LLe.i'W:B''W 1~ei'~ 
:v1 n L i.J~ei nvi L ~tJ'WVllJ eitJV1ei.:iv11t1ll.I1ri-s L 1vJ ~1l.I ntJG'llJ~B'W 1~ t11 oif-s:::uu G'l1tivnmi1 L~ ti.:i ~ ei L ~ ei.:i 1~ t11ri 1 .:iG'l~1.:i1:::uu 
i.J1::neiuv11tJLLl.lflU\Jl1u'Wzj>1LtJ'WLLV1".:ifi1L-U~ri~'Wll.11ri1nvJm1lJ~ 2.45 (GHz) 'l.11.11~ 800 1\Jl\11 "ii11.111.1 12 il1 ~~~-!!L'W 
~1LLV1i..i>1G'll.l~G'lmt111.1ei 1mr1'l.lei.:i-s::uu1l.11mnvJzj.:iiJ"'n~ru::LtJ'W~LVl~l'JlJ~'WeJ1V1U1il~ 90 'Ill.I. x 45 'Ill.I. x 270 'Ill.I. ' . 
bbG'l::Lri~ei.:irh-U~G'llJ~eJl.I ~ileiruV1fli1fl11vi1>11W'1-!IG'I~ 240 eJ>IP11L'llG'IL6ill'JG'I 1G'l~~1otll'Wfl11Plfl~1 fleJ LLe.i'U'11'W1~er~:v1fl 

, '\I '\I , , 

LU~eJfl'Vlb~l'J'WVllJeJ'lJ'VleJ>I 'l.l'W1~ 20 x 20 L'll'W~LlJ\Jl) :V1flfl11Vl~G'leJWiUl1 fl11L~l°l11lJ~eJ'UL'W-1i1.:iLL1fll°l11LoifG'tlJ~eJ'UrleJ'LJ 
' Q.Q QJ I I.I 'J II t,I 1 """"' cJ .Q. Q.I ~ d ~ .J Q. oQ d 'J t.I 

b 'Vl11::1!i~>lflG'l11'l.leJ>I m:::tJ1'Ufl11eJtJ LL Vl>l:V::: b Vll°l11l.11eJ'l.J ~~Vlt:J1 VIG'l-!l:Vlfl'W'W LlJeJl°l11lJ'lJ'LJ'\11U1L 1rut:J1G'l~G'l>l:V>I b Vll°l11lJ 

~ei'Wv1'1t1ll.I1ri1L1vJ L ~ei.:i :v1 n~ ~1G'l1l.11-Sflvi11~m-s~~-a-uri~'Wll.I1mL 1vJ1v1~ LLG'l:::m11 ~ri11l.l~ei'Wv111'.J ll.I 1m L 1vJ:v::: Lii ~ 
\I 

1°111lJ~eJ'W:v1 nm l'J L 'W LLe.i'lJ~'lJ 1,J er~ ~-!IG'lll.11) fl'llu Ll°l~ eJ'lJ 1°111lJ~'l.JlJ1i;;~1VIU11v111~ L ~1 '11 fl m-s«.:i Lfl \Jl.fl1'\li ci lt! m llJ~eJ 'lJ 
\I 

'l.lei>ILLe.J'Uoa'lJ 1,Jer~ ~.:it!'Um-seiu LL ~.:i~1t1vi"'.:i.:i1'U 1lJ 1ri-sL 1vJ~1lJnuG'll.l~ei'W1 'Wn1::m'Wn11eiu LL ~.:ivi11 ~i.J1:::~V15mvi 
L ~lJ~'WeiEJ1.:imn L~ei L i.J~l'Ju L vitiunu 1<if'Vl"'.:i.:i1'U1lJ 1ri1L 1vJL ill'J.:ieiEJ1.:iL~l'J1 
f'lwin: 'Vl"'.:i.:i1'W, m1eiuLL~>1. llJLFm1vJ, LLe.J'W'11'W1,JeY~ 

Abstract 

The paper presents the energy analysis in drying process of particleboards from Monthong 

durian peel using microwave energy and hot-air in a continuous belt system, consists of twelve 800 

watts 2.45 GHz coupled into the cavity wall inside the system. A rectangular microwave cavity of 

dimensions 45cm x 90 cm x 270 cm combined with hot-air generator having the maximum operating 

temperature at 240 °C was chosen. Particleboards from Monthong peel with dimension of 20 cm x 20 

cm were manufactured. The test results and thermal photosraph show that usins hot-air drying in the 

first stage, the surface of samples should be sreatly dried out. As the result of hot-air drying, this was 

dedicated to moisture removal of the surface of samples. Afterward, the samples were heated by 

microwave drying that caused the heat was generated inside the samples. thus transporting rapidly of 

moisture to the surface of samples. Therefore it would seem that the combination of microwave and 

hot-air drying process provides more efficiency compared with a single microwave drying. 

Keywords: Energy, Dyins, Microwave, Particleboards 
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1. 'U'Vlii'l 

f11'i t-ff16'11'lVl\1\LL VliJ 1~li'i'il.J'l!1~ L lJiJLL iJJV11.:J'Vl~.:!Lyj€l 
' 

'111 t1'11'lUt1J'Vl1viVl'S'vm1 mLJ11~ii'11miJ'1\11'1.:J 1 iJ'1Jru~vi 
" ~!:'!'"'"" 'r" ~ ~ .ol fl11l.Jl'l€l.:!fl1'i b 'l! bl.Jtl.:!lJLL iJJ b iJlJ L 'WlJl.Jlf1'1JiJ LL'1~L iJ€l.:!'11f1 

tl'i~ L Vl 1'11 Vl ti L lliJtl 'i~ L Vl l'1 Lf1~1'l 'in 'i'ilJ ~rnt:J ~ l'lV11.:i 

fll'l'Ln~m L '!liJ t:J'11lJ ii LL iJ11 u2..16'1.:i'!1iJ1 iJLLlJl'1~ll ~.:it:J'1 
" 

vil 1 i116'11'l L 'Vl~B 1 oUVll.:Jfll'i Lf1~1'l'i ii'11miJmn<ff iJL UiJL.:!1 . 
ml.11111 ~-:iLfil'lLL m~l'lm'l'i.1116'11'lb 'Vl~B 1 -&''-.i1w1m tl~Bn • 
t:J'11~ L'liiJ Ltl~€lf1Vlb~tliJ'VllJBiJVlB.:! L~B.:!'11f1Ltl~Bf1 

' 
Vl L ~ti iJ 'VllJ €liJVl B-:Jii A l~l.J ti 'i ~ ~VlB f11'itJ1 fl') ll.J ~BiJ ~ 1 
' 

Lvlltl'U 0.0921 W/m.K L'Vll.J1~.y/'1~U1l.l11-&'LlliJ11'l'1~'U 
1 iJfl1'it:J~l'lLL~iJ~iJ1~Bl'lL vJB b lJiJ16'11'lfl1t11 iJ€l1fl11~yjB 

' 
f11 'l'tl'l' ~'VI EY \11w'1.:i.:i1iJ '1l'lfl1 ll.J ~ BiJfl1t11iJB1fl11 

L ~ B.:!'11 f1'W '1.:i-:J1iJL lJiJ~.:iviiim1l.Jril ~ qi(i).:iJiJ f111B'4 fo~ 
bL'1~ti1 ~'VI EJ l'l'W '1.:i .:i 1 iJ ~ .:i L tJ iJiB f11 'i'VI~ .:i vi '111 ti '1 l1l 

A11i~1t1~1iJw'1.:i.:i1iJ 

Ll'lt1vi'11 tlt:J~l'lil ru'YiV11.:im'l'Lf1~m LL'1~Bl'l6'11'Vlfl'i'il.J • 
::; Cil Q. d d "' II.I ll ..J 

iJiJlJ'V1'11 ti f1W'U1iJ fl11t:J'11'lVl Lf1 tl1'1J B.:! f1 'U fl11B'ULb 'VI.:! 'M 

ifim'l'm iB ~niJv\'11t1~1iJ1 'Vlaj L i'.liJm'l' 1i1m1lJ~BiJ11'l t1 

ifilinl.l \111 zj .:iii n 11il BiJ m 1l.l ~ BiJ vi~ -:i V1u1~iJ.:i 1iJ 

u1.:i fl~ .:i Bl '1 bn l'lu qiV11nu~iJ.:i1iJviiim12..1V1iJ1lJ 1 n 'l 

L ~ B .:!~iJ .:i 1iJ'1~1\;H'U F111 l.J ~ B iJ hJv\'1fi.:!'VI~B6'1~1 LG'll.J €l 

iJBf1'11n-d'm~'U1iJf111t:J~l'l1-&' L 1'11iJ1iJ iim~.:iEY.:ivi11 ~ 
i;"fl.JU~ L'B.:i 1m.:i6'1~1.:!LL'1~6'1lJU~L '8.:iflru.fll'WL tl~t1iJ1 ti ~.:) • 
!'I .J ... ""1 '1 ... ."1 .J LuiJVllJ1'1J€l.:!f11'l'LL6'11.:!'Vl11li 'VllJ iJf111'1J'111luqj'V11Vl 

Lnl'l<ff iJ m1tl'l'~t1nl'l1-&'w'1.:i.:i1iJ12..1 Lfl'ib -:ivim ih lliJiB'Vl~.:i • 
vliit11~ ~VlGJll'Wi;"f.:J LL'1~ EY.:i b lliJVl 1.:i b~B f1'Vl~.:iri1V1-S''Ufl11 

" 
t11'ut11 .:i flrumw'1l B.:i LL~iJ~'l.11~ Bl'l L ~B Hl nw'1.:i.:i1iJ . ' 
1lJLfl'lb1viii-ffB1~Ltl~t1'U'Vl'1lt1tl1~f11'i mh1A€l ii 
tl1~~VlfimwV11.:im1lJ~BiJbL'1~flrui11'W'1JB.:Jt:J~l'l.fi'ruon6'1-:i . " 
L w11~ L lliJfll'l' 1 i1m1l.l~BiJL '8.:itl~mm 1 -&'1~ ti~ L1'11~iJ 
w'1.:i.:i1iJm iL lJiJwir.:i.:i1iJ6'1~€lll'l hiiiL '1Jl.h 1m~tl L lJiJ~iJ 

1'1i1.:iV11'1111~vi~1iJl.l11~iin1'l'u1fl~iJ 
LLiiL 'Vl~f11 vivh1iJ'li1.:!f111lJ~fl~iJ12..11m L -:ivi1~'Vlll.:! 0.3 

fi.:i 300 GHz 'Vl~B1iJ'll1.:im1l.lt111fl~iJ 1 mm. fi.:i 1 m. 

m 1 ib lliJLL V1ci.:iw'1.:i.:i1iJ 1 ~fl11lJ~BiJL y;mL tl1~tl16'1~1'i1.:i 'l 
1iJBl'l6'11'Vlfl'i1lJ .:i1iJi~t11m~{i)uiJ1iJ1'1!1~vi~1iJv/[1-7] • 
b~ tl1 tl'U fl'l~'U1iJ f11'ivl 1fl11lJ~BiJLL'1~ B'U LL ~.:!16'1~ 1 iJ 

tlHLi1VllJl1.:!'l vi1-&'w'1H1iJ1lJLf11L1vi 1~LLn 
Rattanadecho et al. [1] 1~v\'1m1~f1'l!f1'1'1iJl'116'11'li 

fl'i~'U')iJfll'l'B'ULL ~.:i16'11'l 11'lBL~f11'l~fl Ll'ltl 1 iLl'l11lJ Lfl1L -:ivi 

'l!Ul'l6'11tl'W1iJ~1L~tl.:!LL ~'Ul'iB L ~B.:! 1'111l 111lBL~f11'l~flvi1-ti 
' 

1iJfl11~f1'l!f1AB t11.:!'W111 LL'1~L"ll'l'1i1f1~ J. Varith et al. 

[2] 1~v\'1 fl11B'U Lb i1.:i~11t1~1ti12..1 Lfl1nvi~1l.J tl'U'1lJ~BiJ 

L y;B~ f1'\!f1 BV1B'W'1'1J B.:! fl') llJ,,,iJ LL'1~fl11 iiJ L ti~ B.:!'W'1.:J.:J1iJ 

'-.i1L'W1~ (Specific Energy Consumption) vi1~(i)u 
€Jf;\J'Vl.f1iJ 40 50 LL'1~ 60 °C rhr.:i1lJLfl1L1vi 100, 180, 
' " 

300 LL'1~ 450 W G.P. Sharma LL'1~ Suresh Prasad 

[7] 1~~ f1'l!f1 fl11B'ULL '1.:i Ll'ltl 1i'1l.l'foiJ~1lJ nu 1l.J 1m nvi 

; .:i €) iJ n 1run11€1 u LL i1.:ivi1-u-Li'.JiJ~Bu1l.J1fl 1 L -:ivivi m -u-, " 
vi'1'l1 ti L y;m tl~tl'U L Vit1u m1iiJb tl~B.:iw'1.:i.:i1iJ (Specific 

Energy Consumption) 

(i).:itTiJ.:!liJl~ t1'if ~.:i 1~~ f1'\!f1l Lfl'l1~~f11'l'1 otl'W'1.:!.:!1iJ 

1iJf11~'U1iJ f111 B'U Lb \1.:!Lb~iJ~iJ1~ fl \11'11 f1 L ti~ B f1Vl b~ tliJ 
' 

'VllJ B iJ Vl Cl.:!~ 1ti1l.J L fl 1L1vi~1lJfl'U'1lJ1' B iJ L \11ti1i1 ~ 'U 'U 

6'11tl'W1iJ~1 b~ ti .:i l'i €lL ~ B.:! L\11 ti~') bL ti 1-viv\' 1 f11 'i ~ f1'\!f1 

1~LLn n1'1.:i.:i1iJ1lJLfl1L1viviilBiJL-ff1~1~'U'U(2400 W) 
" 

Bru'Vli1i1'1lJ1'€liJ.yilJBiJL-ff1~1~'U'U (40, 50 LL'1~60 o C) 
' " " 

L vl B'Vl16'1fll')~1 iJ fll'l'B'U Lb i1 .:iv/ b 'Vll.11 i;"fl.J b UiJ bb iJ')Vll.:J 1 iJ 

fl11~ \llliJ1fl'i~'U1iJ fll'l'B'U LL \1.:!l'iB1 ti 

ad .cii" II 
2. 'Vl'l~!)Vlbf1tl1'1J€l-:J 

11J/ o II' II 

2.1 gii.im1fl11i.iiV1'Ll~'l'Ll'llil-:Jn'l'i'V11fl11ll'iv'Lll'l1V 

\'igl.:l-:J1'Ll1ll 1fl1b 1~ 

fl~iJhl Lfl'lb -:ivi briBV1~'1~1iJ16'111l 111lB L~f11'l~f1'1~'1f111ll'l 
'I , \I \I 

'li'u bL'1 ~ b ti~ tliJ b UiJ'W'1.:!.:!1iJfl 112.J 1' BiJ L ~ti f1l1A1 n1 '1.:i 

m1~l'len'Ufl~iJl'lBV1~.:iw1.ht1tl~mm (Density of 
. .J 11.J 11.J 'Q.J 

Microwave Power Absorbed, Q) "ll.:!6'1lJ'WiJlif1'U 

i;"fiJ1lJ1 vii11LL'1~6'1iJllJ LLii L 'Vl~f1Jl1t11iJ16'111l11'lB L~f11'l~ f1 
' 

B v1.:i1'in1'112..11 i;"f \111\11 €i L~ n l'l ~ n hJii t:J'1 l'i B6'1i11w b -a .:i 
' ~1 LLl.J L 'VI~ mri BB fl1 iJ i;"f iJllJ LLl.J L 'VI~ f1 (;) .:iJiJ~ .:! 1l.J ii 
" 

i;"fiJllJLL:Wb 'VI~ n~tiJ L~tl 1iJ'i~'V111.:im'l'LL~-r.:im2..11mb -:ivi Lbl'i 

... 1 ... " ... .. ' ti .J ti ··1 
16'1\11 l'l€JL'1f11'l'if1'1~lJt:J'11'lBf11'l'L '1tliJLL '1.:!b-ni;"f'1JB.:! 

' 
6'1iJ12..11viV11l'lBV1~.:iV1i.11m1'11 (;).:itTiJA1 bu~t1'l'1nvi6'1B.:i 
'1J B .:J fl 112..1 L -U 2..1'1JB-:J6'I iJ 1l.JLLl-1L'VI~n1viVI1'1~rin1itiJn1 'i 

'U 

tl'i~l.Jlrufhwir.:i.:i1iJ 12..1 Lfl'i L -:ivivirinl'll'l-B'u Ll'ltll6'11'l 11'lBL~f1 
'U " ' 

l'l~ n LriB6'1lJ2..1~1 miiiin1'l'~t1JL~tli;"fiJ12..1LLl.lL 'Vl~n A1'1JB.:! 

f11 'i n1 L ij l'ltl~l.Jl ru fl') 1)J1' €liJi11 t11 iJ l'i €l'VI~ .:!'VIU ')ti 

ti.. 1"'-' ~ 'il.Jll'l'i6'11l.Jl'imL6'11'l.:! \11\11.:!iJ 

" 2 ' 2 
Q=W£0 £,C = 2n.f.£0 .£,(tanO)D (1) 

L~B E AB i;"fiJ1l.J1viV11zj.:i'1~Ltl~t1iJLLtl'1.:Jl'lllJ 
• ' .. ' .J .ol 1 'i •• 1 

l'l1LL 'VliJ.:! f f1€l f11f111lJC1'1JB.:!f1'1iJ lJ bfl'l'L1 l~ (J) AB 

fl11lJL~1L'B.:J~lJ'1JB.:!fl~iJ12..11mL1vi £~AB relative 
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dielectric constant zj,:iu eifl(i.:i fHlJG1lJiJ'~'lJ€l.:J1\Jlri 1~ 'lyj • • 
ei5u1EJ(i.:im1iia1m'iri L 'Ufl1'i~~.a-u ~.:ie.i1'ULL?lt~tVi'ei'U 

'U 

Y4"'.:i.:i 1'1..1\!1 fl ~-rnvi L U'W a'U 1ii 1vJVl1'1J ei .:i fl ~'U 1ii Lfl 'i L 1vJ 

1~Ei £
0 

fiei Dielectric Constant '1Jei.:iei1ml'l LL?lt tano 

fiei Dielectric Loss Tangent Coefficient zj.:i'Ueifl(i.:i 

1 .1.J ., .,j., ... ., 
1'111lJ'G11lJ1'irl 'U fl1'i L u?l EJ'UY4?1.:J .:J1'UV11'1~ ~ ~"ll'UY4 ?i.:i.:Jl'U 

"' 
f111ii~ei'U A1Y4"'.:i.:i1'U1ii Lfl'i L 1vJvi rifl~~.a-u\lt LL ,.her'U 

'U 'U 

\Jl'i.:inuA1f111ii5'1Jei.:ia'U1lJ 1 vJV11 ta no LL?itA1n1"'.:iaei.:i 

'lJtl.:!'1'U1lJ1vJvh LLllif.11A1 tano 'lJtl.:JLLe.i'U:B'W1ifrY~ilA1lJ1fl 
\It~ .:i f.J ?i L ~fll'i~ ~.a'uY4"' .:i.:i1'W1ii Lfl'i L 1vJ Lrn t'll~m ru 

fl11lJ~tl'UviLn~~~ilmfl1'll~1V LLlli'11A1 tano ilA1UtlV 

fl~'U hi Lfl'i L 1vJ'1tV1t?l e.i1'ULLe.i'U:B'U 1if rr~ 1~ v 1:iJ Ln ~1'111l.J • 
~ei'U~'U t1v1.:i 1 'in\Jl1iieiru'Vl11;Jvla.:i~'Uei1\l\lt~'Ueivti'u~1 

" '\J " " 

LL 'll'i~'U L'li'W Al m1ii ~ m 1l.!~ tl'U ~ 1LY41t(Specific 

Heat) A1fl11l.!:S''U(Moisture content) "'fl'\?:irut'lJtl.:J 

LLe.i'U:B'U wrr~ LL?lt'lJ'U1~'1Jt1.:iLLe.i'U:B'U wrr~ Aim1ii~fl 1 'W 

fl 1 'iVl t ?lVl t ?11.:J'\ll~tl 'it V tVl 1.:Jyj '1'U1l.! 1vJVl1L-ff11 tJ1~ . 
1

., .,j 

'11lJ1'irl'\111 ~\l1fl'G1l.!fl1'iV1 2 

(2) DP 
2: (( J1+(tan8)2 -I) 

2 

2.ef I '- , 
u 

.,j d 8 .. 
1'111l.!L'i1LL'1.:J (3x10 mis) f fltl Ll.Jtl V = 

A1fl11l.!5'1Jei.:Jfl~'W1l.!1fl'iL'JvJ £~ fiei relative dielectric 

constant tano fiei Dielectric Loss Tangent 

Coefficient 

\ltLi1'W11A1 Dielectric Constant LL?lt Loss 

Tangent Coefficient L 'll~V'Ui'111l.!~ fl L 'Ufll'iVlt?lt 

Vlt?l'"l.:J LL?lt'1'U1l.11vJVl1111 VL 'U-l~~ 1~ ~ L~ fl\Jl~ fl n\l t • 
LU~V'ULLU?l.:J~1V 

., 'I ., 
2.2 fl1'ilillJ~~ lJ'l~ 'WM.:11'1..1 ~'Ufl'i::'U'l'Ufll'iel\JLL'\11.:1 • 

\! 1 fl fl~ fl1'it1~-S fl~l.J'J?l'IJ t1.:i'll~m rum'U ~ii \911lJ~tlvi 1 
0 d· .,\ . .,j iJd 

V11fl1'i'1lJ~?ll.!1?1LlJtl mgl 'VI~~ 1 LL"::: mg2 Vl~~ 2 L 'U 

rJ\Jl'i1fl1'i1 'Vim -ff1LL?itt1t1fl wd L U'Ul.!1?i'lJei.:i1a~LLe.i'l.J:B'U 
1ifrY~ x

1 
LL?it x

2 
LU'UrJ\9l'i1~1"Um1lJ:S''U'lJt1.:it11ml'1LoU1 

LL?lt ti ti fl\! t 1~ '1lJ fl1 'l '1lJ ~ ?ll.11 ?I'll ti.:! fl'l t 'U1'U fl 1'ltl'U LL~.:! • ... ~ 
~.:J'U 

dmcv = mgl - mg2 
dt 

(3) 

W dMp =m (X1-X2) d --- a 
dt 

(4) 

mw =ma(X2 -Xi) (5) 

L~eJ wd LU'Ul.J'J?l'lJtJ.:J1'1~LLe.i'U:B'U1ifr)~ (kg) ma 

LU'UrJ\Jl'l1fl1'l1'Vl?i'lJtJ.:JeJ1fl11'1LL~.:i (kg/s) x 1,2 rJ\Jl'l1~1'U 

m1lJ~'UL'Ut11ml'l (kg water/kg dry air) mw rJ\Jl'l1 

fl1'l 1'Vl?i'lJt1.:itl1t1t1fl\l1fl1a~LLe.i'U:B'U1"rr~ (kg water /s) 

rii'Vlfo fl 1 'li Lfl 'l1ti1fl1 'l'1lJ ~ ?l Y4"'.:!.:!1'U\Jl1lJ fl~ -ff ti~ 
1 'lJtJ.:J L VltJ'iLlJ 1~'U1;Jfl~ 'Vl~tlfl~fll'it1~-Sfl~Y4"'.:i.:i1'U'lJt1.:i 
'it'U'Ul'11'\JfllJ Ln~fl1'ici1m vim1lJ~t1'U L ut1.:i\l1flilm'i 

yj 1fl11"~ tl.'U LL?l t fl11 lJ ~ti 'U~ Ln ~~'U 1'U1" L?l fl ?I'll ti .:i J 1 

I11VL'U1'1~LLe.i'U:B'UhJrJ~ vi1L~Ln~fl1'i'ltL'VIV'lJt1.:Jtll'Vl~tl 
' 

m 1lJ:ff "Um v 1 "U1a~LLe.i"U:B''U1" rY ~ LL?l ti'111lJ ~tl'U~1'U'Vl~.:i • 
aru L~VL ~tl'U~.:JLL 1~~tllJ '1lJfl1'i~lJ~?lY4"'·N1'UL ~ V'U111i' 
\I"'., 'I ., .. 
~.:i'U 

Lkm-LEout +Est =Msystem (6) 

1 "U1a~ LLe.i"U:B''U 1"rY ~ L~ t1il fl 1'iY41m1lJ~t1'ULL?itw~.:i.:i1"U • 
1" 1mL 1vJ\lt Ln~m1lJ~t1'UatalJ~'U t "U-ra~ LLe.i'U:B''U wrr~ 

' . ,, 
rJ\Jl'i1 fl1'ici1 v L Vli'111l.J ~tl'UL Utl.:J\11 fl fl1'i'it L 'VI V'lJt1.:itl 1 LL?l t 

rJ \Jl 'i 1fl1'ici1VLV1fld1lJ~ti'U1tJ~~.:!LL1 ~~ti lJ L ~ V 
'U 

fl11lJ «m~'"Ut5a1m 'im ~ V'U L 'U'i'll alJ fl1 'l~.:i-d' 
'U 

wd (hm2 -hml) = Q
0 

+ma(hi -hi)+~w -Q1oss evap (
7
) 

tit 

Ldt1 wd LU'Ul.!1?i'lJt1.:i1a~LLe.i"U:B'"UhJrJ'~ (kg) LU'ULB'U 

Vl 1?1U'IJ ti .:i1a ~ LLe.i 'U:fl'U 1if r) ~ (kJ/kg) L U'U L 1 ?11 ( s) 

Qevap LU'UrJ\Jl'i1fl1'ici1VLVlfl11lJ~eJ'U LtitJ.:J\l1flfl1'i 

'itL'vW'lJv.:Jtl1 (kJ/s) ma LU'UB\Jl'i1fl1'i1'Vl?i'lJtl.:itl1fl11'1 

LL~.:i (kg/s) h LU'ULtl'UV11?1U'lJtl.:Jtl1fl11'1LL~.:i(kg/kg) 

~w LU'UW"'.:J.:J1'U1lJLfl'iL1vl (kW) Q1oss LU'Uel\Jl'i1fl1'l 

ci1m Vlfl11lJ~tl'U 1'll~~.:iLL1~~tllJ (kJ/s) 
'U 
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Kf\Jf 
UlT 

CV 
Moist air 

h 0 T2,ma2· 2 

G) 
Drying air 

0 h 
T1.ma1· 1 

------~-~----: Controlvolume 

Evaporation! 

1 
V Wet product 

~'<..,, : ,G) 

':i'\.J~ 1 m:.:u1um':iv'ULL ,X,m~u~u 1lJeJV1'11m '\.J~mwiL~t1uvilJeiuYJei.:i~1t11lJ Lf'l':iL 1vl~1lJn'll'1lJ~eiu 1V1t11 i':i:.:'U'U?J1t1vnu ,, ' 

2.3 n1':i~'UL'l.Jiiti.:i'Wi\'-N1'U~1L'W1::1'Un'a::'IJ1'Un1'a 
tlULLiX.:i (Specific Energy Consumption in 

Drying Process) 

n 1':il bm1:.:l-1m':i~'UL '\.J~ v.:i'Vi ~.:i.:i1u'.i\'1 b 'l'l1:.: b iJun1':i 

'\.J':i:.: biju\11nmwu bb 'IX.:i~1t1h11mb 1vi~1lJn'U61lJ~eiu 1Vlt1 

1 i':i:.:'U'\J?l1t1'Vl1'U~1 L~t1.:ii;l m dei.:i -W\11':iru1\11 nm':iil eiu 

'l'l~.:i.:i1u 1un1':iv'UbbiX.:i~eiru111flij61lJ\1eiu 40 °C, 50 °C 
' 'II 

Lb61:!60 °C fl11lJL~161lJ 0.5 mis n1~.:i1lJLf'l':iL1vl (bllVI 

bbl.lnuui':ieiu 3 ~1) 2400 w m':i~'UL'\.J~ei.:i'l'l~.:i.:i1u 
'.i\'1bvn:.: (SEC) vi11~'11f1?llJf11':i~ 3 

SEC 
Totalelectricalpowersuppliedin drying [kW -hr] 
Amoumtof waterremovedduringdrying' kg 

(8) 

SEC Ptotal [kJ] 
Amoumtof water removed during drying' kg 

(9) 

L~B P
101

•1 ~v'l'l-K.:i.:i1u 1 vl-W1-k..:ivi:wV1v!'lm um::u1um':i 

€1'\JbbiX.:i ?11lJ1':i'1Vl11~'11f1?ilJf11':i~ 5 

Protal = Pmg + ?Jieater + Pexfan + Pcofan +Peon ,[kw x 3600s] 
(10) 

b~B Prn
8 

bll'U'Vi~.:inu1vl.W1'.i\'Tv1i.11t11u magnetron, 
a., 1 .c!lo I.I c:i: 

?hearer bU'U'Vl61.:J.:J1'U vl.W1bi'J':i€J..:IY11fl11lJ':i€J'U, Pexfan bU'U 

'l'l-K.:i..:i1u1 vl.W1~V161lJ~V1€J1f111"1, Pblfan bll'U'l'l«.:i..:i1u 1vl.W1 

~VIG'llJL lJ16'llJ 1 PcofanL lJ'U'Vl~..:1.:11'1.J 1 vl.W1~V1'1lJ':i::'U1 tlf'111lJ 

~€J'U Lb61:! P blJ'U'Vi~.:J.:J1'U1'1'J.W1':i::'\J'U?l1tl'l'l1'U~1L~tl.:J con 

0 .:ii I .df 
611b6ltl.:JUIBL'U€J.:J [1] 

3. -a::L ii~u15m-a'V! "giti.:i 

LL~u~u WeJ'V1\11n L '\.J~ei nvi L~t1uvilJv'Uviei.:iffi m um':i 
' 

V1Vl61€J.:J ii"11'U'\.J':i:!f1€l'U~€J b~'ULtl,e..J.:J LL61::J1 bbU.:J 
I tJ ~ ?11ue..i?JlJeieim u 4 ~m f'lv 1:1:1, 1:1:1.5, 2:1:1.5, 

2:1:2 Ul1lJ~1~'\J '!J'U1VI 20x20 L'1l'U~LlJUl':i LL61:!€J'\JLbiX.:i 

LVI tl':i:!'\J'U 1:w Lf'l ':i L 1 vizj..:i L ll'U':i:; 'U'U 1lJ Lf'l ':i L 1vl ~1lJ nu '1lJ 

~€J'U LVI ti 1 i':i:!'U'U?l1tl'Vn'U~1 L~ t1.:ii;l €J L d €J.:J~V11.:JV1i.11 tll ~ti 
L ~ ei n 1':i1 i'\.J':i:: Lti'!!tl \11n1:w 1m L 1vl1u.:i1u11"11 n ':i ':ilJ 

~~u1~u 1V1t1ei1~t1vi~nn1':i~ei 1?1vi~'ti1lJ1~1u 
' 

f1':i:!'U1 'U f11 ':i \I:: '1 f1~1 L ~ ti.:! L VI ti ?11ti'l'l1'U~1'UL'1f11 '\.J1 'U 
'II 'i ,.J .. "., !"1 .1.J .J 

~ blJ.:Jf'lVllJVl'l.11\ilVIL u'U~u~LVIG'ltllJ (rectangular cavity) 
.. 'I ~., .. ""1'i .. 1 '1l.:Jfl1tl b'U':i::'U'U\l:!\ilVl\il.:JLLlJf1'U\il':i€J'U f'1'1'U lJ bf'l':iL 1 n 

f'111lJ~ 2.45 GHz H'.i\'1u1u 12 ~1 (n1~.:i 800 1\illli'/ 

~1) LL6l:!Lf'1~€J..:in1LUl'l61lJ~€J'U eiruviflij?J.:i?Jl'l~vh1~ 
, 'U \J 'I 

Ll'lt1'\.J':i:.:mru 240 ei.:il"l1L'1lm'iit1?1 (~umJnu?JlJ'l1~1?Jvi) 
'II ' 

1vi ~ ruviJJij61lJ~eiu 11'1t11iLvieifll.11'1'1.JLtJ61 L\11t11 i':i:.:uu 

?11tl'l'l1'U~1 L~ ti .:i i;1 BL d ei.:i f'1 ~'U1lJ Lf'l':i L 1vl () f1 ~ .:i \11 f1 
• u 'II 

LLlJ nu \11 ':i €J'U IH.:i ~VI ~.:iv~ ':i€J'U 'l 'U~ L 1 ruvi1 f'111:W~€J'U 

?11lJ1':i'1vi11ruVltl~1 L~ tl.:Jl?IVI 1"1?11tl'l'l1'U~'U~L1ru'\.J1 f1 
' 

Y11.:JL '1f 1W'U'U \11f11T'U?l1tl'l'l1'U\l::Gi1L~tl..:il?IVIb'1f11 '\.J V.:J 
' 

'U~ L 1 ruvi1f'111lJ~€J'U f11':i'\.J-ru LLi;l..:i n 1~.:J?l1lJ1':i'1vi11rut1 

f11':iL Ul'ILLG'l::U\11 LLlJf1U\il':iB'U\111lJl'i1 LL vii.l.:i~ei.:im':i u~nru 

'\.J1f1V11..:iL'1f1 LLG'l:! €J€Jf1':i:!'U'U 1lJ Lf'l':iL 1vlii':i::'U'U f11':i~ f)f'l~'U 
1 'i ··1 .J .., 1 .J 1 il " fl ., ' lJ bi'l':iL1Y1Y1€J1\l':i1 Vl61€J€Jf1lJ1L'l'l€J lJ VIL u'U€J'U\il':i1tl\il€J 

~'\.Ji)'\J~.:i1uzj.:if11 f11':i~11 V161ii:1J1\il':i~1uei~'1ihiiu 5 ij61~ 
1\illll/\111':i1..:i L '1l'U ~ L:W \11 ':i '11 vi f u f11 ':il \11€Jruviflij1 ?I VI ' ,, ' 
V1Vl?IB'U?l1lJ1':i'1 lVI 1~~1Ji1LL vii.J.:i'\.J1nvi1..:i L '1f 1LL61:!B€Jf1L\111 

1:w 1mL 1vl1VI t11 ii5uvl':i1 L ':iVI L Ylv11lJflL\ilv{ (f'111:w bLl.iuE11 

1uoiJ1.:i ± 0.5 v..:il"!1L'1!m'iit1?1) 
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~,,-.,...,.. 

('!J) 

tl
.J d 11 .. I o d 'i i'1 2 (fl) Li'l'itl'I :W i'l'iL1rtLL'\J'\J'il::'\J'\J"11tJYn'U1;11Li;ltl'I 

" 
\;)mlle:i.:i ('!J) 111rn:::LLfl':i:w':i1tJ1;1l::LBtJ111Li'l~tl'liltli'11111;1el'I [1] 

fl1'i1 Li'l'i1:::'1 flwvhm1:w ~e:iu 1u1"11111111B L~ fl \Jl~ fl • 
1111vm'i1111rh 1111BL~fl\Jl~fl~1 EJ Li'l~e:i.:i L U\Jl Li{l'le:im 1"1 L•1m{ 

(Network Analyzer) 11i'.:iLL"1111'11mtl~ 3 LvleltiLll'U 
v " 

.if e:i:wi;i¥lu101u L ti~ tJ'\J L Vi tJ'U1 'U fl1'i1 Lm1:::'1 L :a.:i~ fl L iJu 
" .. 

.if m.ii;iue:im .if 1ri1V1fo fl1'i1 Ll'l'i1:::'1 L :U.:iV1C)i3~~1v"1:wiJ~ 
1111B L~ fl\Jl~fl 1 u1"1111 L i'.lu~.:i,j1Li'.lumh.:i~.:i1 ufl-s:::u1ufl1'i 

• 
1:w 11'l'i L 1'\'J L 'V'l'n:::"1rn1~1111B L~fl\Jl~fl L llu"1:w'l1~~ LL"1111.:ifi.:i 

m1:w"11m'ifl 1ufl1'i111111~'\J'V'lc;r.:i.:nu 1:w 11'l'i n'l'l l'i1 Li'l~el.:i 
" iJ elifo.:i l'ltl'i::: fl el'U~,j1 L tJu\;) tl fl1'i1111el~1'1 "1:W'U'i ru LL '\J'\J 

" 
L'liu m'i'S'fli31"''1Jqj1ru1:w 1mL 1'\'J fl1'irhmru"'qJ'1J1'iru 

d lJ O 0 CV I 

fl1'iLfl'\J'lltJ:Wl;1"il1 fl fl1'ii'l1'W1 ru Lrn::: fl1'i'U1~m111.:i flm1m 
" 

LL"1111 H U'U fl':i1'1'l 1'11'\J i'l:W fl 1'ivi1.:i1'U~1 EJ'llel'l'l LL 1{ • 
4 t'dcv1cvtl ~' II d 

i'l tl:W'V'l1 L\Jltl'i L 'V'leJ'l 111i'l1"1:W 'i::: '1i'llifl1'i"1:::i'l tl'U'll el-:! i'l6'l'U 

mv 1 u1"1111~flfli'1111"1el'\J "iJ1mYu"il:::\Jl'i1"il~'Ui'l11:W~fl1'i . " 
iu~el'l'llel.:Ji'l~'WmEJ1 u~11111 (cavity) 'i1:w1 tlfi.:iu"il~EJ 
rirum'V'l (quality factor) LLi;i:::u1.if m.ii;i~1~LL tl'iflc;r'\J 

L U'U rl1"1:W~1111B L~ fl\))~ fl'!Jtl'l1"1111~fl fli'1111"1eJ'U . " 
~ 

3.1 'lJ'W\Jlv1Jfl1':i'Vl~~eN 

fl1'i1111r\1i'lru"1:WD~1111BL~fl\Jl~fl u11"1111LL~'U~'U1if8111 . . 
"iJ1mtl~elfli'lL~EJ'U'Vl:Wel'Ui'lel.:J vi1m'ii111 5 "il111\;)e:iV1il.:i • • 
~ 'U .:i 1 'U 1 off L i'l ~ tl .:i L i1 \)) L 1 { i'l tl 'U 11 i;i L 'll'El { (Network 

Analyzer) iJuViflri1vtl.~LL~1t!1mV11ri1 tan8 

1. Software 

2. Microwave 

Reflect meter 

3. Coaxial Cavity 

4. Coaxial Cable 

5. Sample 

-

6. Female Calibration 

Standards 

tl
.J d d .. , 1 ' 

'i i'1 3 Li'l'iel.:JL'U\JlL1'ii'ltl'U1 i;iL'lltl'i [1] 
" 

fl 1 'iel'\J LL ~'IU 1LL~'U~'U1if B 111"il1 fl L ti~ el fl i'1 L ~ tJ'U 
' 

0 CV ~ ..::::. t,I I 0 

'Vl:Wtl'Ui'lel.:Ji'11 fl1'i1111i'l11:W'll'UL 'i:W\Jl\Jfltl'U fl1'ii'11111;ltl.:J i'11 

fl1'ii'11111;ltl-:!LLU.:Jtltlmtlu 3 mrul?i'.:iif 

mru 1 1offLL:Wfl'U\Jl'itl'U,j1u1u 3 1Ji1(n1c;r.:i 800 

1\Jll11/1Ji'1) 2400 W elC\J'Vl.f1iji;i:w~tJ'U~ 40 o C LL~'U~tJ1if 
' " ., ti"" .. ..11 ~ .. tl111"il1flL 6'ltlfli'lL'iEJ'U'Vl:Wtl'Ui'lel'li'l 'llb'Ufl1'ii'1111i;ltl'I :W 

' ~1'Utl 'i::: fl e:iu A el L'1u1ti ,e.J.:i LL"1::: J 1 LL tl.:i ~1'Ue.J "1:W 

tJ .. eltlm u 4 ~\Jl'i i'lel 1:1:1, 1:1:1.5, 2:1:1.5, 2:1:2 

\Jl1:W~111i''IJ '!J'U1111 20x20 cm. 

mru 2 LoffbL:Wflti\Jl'iel'U,j1'U1'U 3 1Ji'1(n1c;r.:i 800 1~111/ 
\;)1) 2400 W tlC\J'Vl.f1iji;i:w~el'U~ 50 °C LL~'U~tJ1ifBl11 . " 
"il 1 flL ti~ el fl i'1 b ~ EJ 'lJ 'VI :w tl 'lJ i'1tl.:i~1off1'lJfl1'ii'1111 i;i tl .:i iJ 

• 
~1'Utl 'i::: fl el'\J A tl L'1u1ti ,e.J.:J bb1;1:::J1 Lb u.:i ~1'Ue.J"1:W 

tJ .. eltlm u 4 ~\Jl'i i'ltl 1:1:1, 1:1:1.5, 2:1:1.5, 2:1:2 

\Jl1:W~111i''\J 'll'U1111 20x20 cm. 

mru 31.ffLL:Wflti\Jl'iel'U,j1'U1'lJ 3 1Ji1(n1c;r.:i 800 1~111/ 
1Ji1) 2400 W elC\J'Vl.f1iji;i:w~el'U~ 60 o C LL~'U~tJ1iJ8111 

' " 
ti

.. .. ..11 !1'l .. 
"il1flL i;lelfli'lL'itJ'U'Vl:Wel'Ui'lel'li'l 'll b'Ufl1'ii'1111i;ltl.:J :W 

' ~1'Utl'i:::flel'UAel L'1tJ1tJ,e.J.:J bLi;l:::J1 LLU.:J~1'Ul!-1"1:W 
i'.I .. elelm u 4 ~\Jl'i i'lel 1:1:1, 1:1:1.5, 2:1:1.5, 2:1:2 

\Jl1:W~111i''\J 'lJ'lJ1111 20x20 cm. 

4.e..i~fl1':i'Vl~~v.:iLL~::vfitl'i1fle.J~fl1'ii'l~~v.:i 

rl 1 "1:WD~1111 B b~ fl\))~ fl'!Jtl.:J LL~'lJ~tJ1ii 8111 "il1 fl L ti~ tl fl 
.. .J., 1 1" d d .. ' 1 ' i'lb'iEJ'lJ'Vl:Wtl'lJi'lel.:J i'11111 111EJ 'tlLi'l'itl'lb'U\JlL1'ii'l'€l'lJ1 i;lb'lltl'i 

' 
(Network Analyzer) Lb"1111.:Jl1i'.:i1u~1'i1.:J~ 1 

"il1fl':itl~ 4 bb"1111.:Ji'l11:W"':W~'lJ15'i:::'Vll1.:J'€lCU'Vl.f1ilLL1;1::: 
m1:w~u~unm 1111EJiJn1c;r.:i1:w1mn'l'l 2400 'w el~'VIDil , " 
i;l:W~tl'lJ 40 °( 'V'l'\Jl1'1i1.:JLL'iflelC\J'Vl.f1iJLL~'lJ~'lJ1ife)'111"1.:J~'lJ 
'€l~1.:i\;)m lle:i'1 L llel'l"il1 flLL~'U~tJ1if~l11lJi'l11:W~'ULL~:::fi1 
Loss Tangent Coefficient (tano) ~.:i vi11~LL~tJ~u1ii 
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KM 
UTT 

el\;l\;l\;l.ffU'Vi~.:l.:11iJl~111f1 vi11 iXA1111~€liJ.f11V L iJLL~iJiiJ 
1l!eY\;l(Q) ~.:im111tl~1v (~.:i1iJ~1lf11'ivl 1) LiJ'1h.:imn 

IJl €l111 €l N'\11 fllJ'U €l.:I LL~iJiiJ1,J el \;l ij fl 1 fl €l V <l '1\;l~1'1.:1 
' " I 

_r L ., 1" d ., 1· I d L'Vi'i1:::A11116UiJ.fl1V iJ1~\;l \;lLA'1€liJ(;l1€l€lf1 u LiJ€l.:1'11f1 
' 

1 iJ'll1.:i LL 'if1'U €),:j m:::U1iJf11'i€lULL ,x .:im v 1iJLL~iJiiJ1,Je){;l 
'1:::ii L vJ~'U€l.:l'U€l.:IL '\11'11€lV€l EJ1.:il'lm ~€).:! vi11 iXu'Vl5Yi'1'U€l.:I 

" Q.I Q .c:::il • ..J Q.I d 
A111J(;liJ'Vi1'11'i (Capillary Pressure) 'Vl'UULA'1€liJ 

'U €l.:!L '\11'11 l tl v.:itl1V1U1'U€l.:! LL~iJiiJ1"e){;lijl°\1~.:i LLl'i Lri €l 

L 1'11~1iJ 1 tltl~mrum111:ff iJ'1{;)'1.:J vi11 iXm'iLA~"€liJvl'll€l.:i 
(;l1'i1.:iv11 l°\1~11llii1\;1BL~f1(;\~f1'll€l·:JLL~iJiiJ 1l!el'{;l'11f1 

L tl~ €l f1'Vl L ~ ViJ'\1111€liJ'Vl€l.:I 
' 

l°\1 1'11 ' 
LL~iJ 

A1 Loss 

.J Dielectric Dielectric 
iiJ1l! 

tangent 
flj\;l'Vl 
' constant loss factor coefficient ., 

€)\;) 
( &~) 

1:1:1 2.18862 

1:1:1.5 2.14632 
1 

2:1:1.5 2.25451 

2:1:2 2.31650 

1:1:1 2.37493 

1:1:1.5 2.39608 
2 

2:1:1.5 2.23818 

2:1:2 1.88531 

1:1:1 2.59829 

1:1:1.5 2.18999 
3 

2:1:1.5 2.72758 

2:1:2 2.23574 

160 
-0--JY'H l 

H-0 -x-vt11~4 

L!I) 

'C' 
'7.'lQ() 

~ 
e so 
! 
~ 60 • 

.io 

20 

... 

u JO .!O 

• 

( £,) (ta no) 

0.345547 0.157533942 

0.379913 0.176934528 

0.446069 0.197688973 

0.443787 0.191471577 

0.525012 0.220931119 

0.539043 0.224797550 

0.455578 0.203464611 

0.306049 0.162227395 

0.610489 0.234860799 

0.419730 0.191616784 

0.677368 0.255083833 

0.422795 0.189115917 

60 
-0-m~·! -i:r-t;l"'f J_ 

• .,.,M<»$Ui.t'(Ot-) 

•"---;...___..,~- .' 

• • 

~· 
,.. 
i;' 

.io i 
~ 

~ 
8 I lo 

ij 

~·) 40 

Tnno!'[min] 

~o <W -o 

'itlv1 4 m111'111~'UB'i:::'\lll1.:1€lN'\ll.fllJLL'1:::m111:ffiJnU 
" ' " 
L1m 1\;lviin1~.:i1111A'invJ 2400 w €lru'Vlfli3"11~€liJ 

' " 
40 °( 

m 111:ff iJ (zj.:i L lliJ1 €l '11iJ1 'VI t"\J) €l €l n ~ tl 1V1\J 1 '1iJ L tltJ 

B'Vl5Yi'1'U€l.:lf11'iLL'Vi~'U€l.:IL€l (Vapor Diffusion) LL'1::: 

A1111~iJfl1'1l (Gas Pressure) LlliJ'Vl~f1 tl'i:::f1€lUrlU 
" 

u 'Vl5'Vi '1'll €l .:J f11'i'V'l1m111~€liJU~L1rutl1V1\J1 'U 'tl .:i LL~ iJ:aiJ 

1,Je)(;l%.:Jvi1L iXf11'iLA~€l'UeJ1VA111l:ff 'UvlU~L 1 ru tl1'\llU1 

'U€l.:ILL~iJiiJ1,je)(;l~.:J LL'1:::Lri€lVi'11'iN1.fl1ViChVA111J'foiJ 

'U 'tl.:i LL~iJiiJ1l!e)~ y.iu11m v1iJU~L1ru M.:i nm.:i'1 :::ii 
.Q. IV QJ ... Q.Q ei ru'VI JJ11~.:im1 miJiJ €l n €liJ L iJ 'tl.:1111 '11 n €l'Vl LiYrn f11 'i 

m:::'11V'U€l.:JA111J:ff iJmV 1 iJLL~iJ~iJ1l!e){;l 

160 

1-1-0 

110 

~lQO 
~ ., 
e so 

! 60 

.jij 

20 

-<>--""'' 
-X-ip\1~ 

0 10 "o 

-0-~ll -0--~nJ 

• ~..,,,., .. ,.·riq 

• • 

.<Q .j(J ~;_l 

r;n.,p.nJ 

w 

" 
::: 

.~o ~ 

~ 
l~ 

6U 

'itlVi 5 A1111"111YitJtl'i:::V1i1.:i€lruV1flfaL'1:::m111'8iJnu 
" ' " 
L1'11 L\;1Vlhi1~.:!l11LA'iL1vJ 2400 W €lN'VlfllJ'111~€liJ 

' " 
50 °C 

lliO 

l-IO 

l:?O 

~too . 
! 80 
~ 
5 60 

-10 

"" 

-<>-~11 

-><-11"'' 

10 .!O 

-0-tf<"1 -/rf!'1J" 

• ~Wi;11;1\1r•IDV-} 

• 

;l.tj -IO 
lun~~l!an] 

()U 

I' 

::: 
--x .ioi 

"' s 
15 

~·U 

'itJv1 6 A1111~11~iJth:::V111.:i€lruV1flfaL'1:::m111:ffiJnu 
" ' " 
L1'11 L\;1Viin1'1.:i1111mnvJ 2400 w €lN'\llfllJ'111~€liJ 

' " 
60 °C 

'11mtlvl 5 LL~{;l.:IA1111~11~iJlh:::'Vl11.:i€lru'\ll.flfaL'1::: 
" ' " 

A1111:ffiJnUL1'11 L\;1Viin1~.:i1111mLTrl 2400 w €lN'VlfllJ 
' " 

'111~€liJ 50 °( YiUl1'li1.:!LL 'if1 LL~'U~iJ 1,Je){;lii€lru'VlfllJ 
' 'IJ 

L~11~iJL~€lV') L~€l.:1'11f1LL~iJ~iJ1,Je){;liif11'i~\;l.a'UYi~.:J.:11iJ 
1111m L1vl€lv1.:il'lm n€l.:i'1.:i~rn 1 iXLn\;lA1111~€l'U~'U LL'1::: 

Lil €lii f11'i \;l\;l«B'U'Vl~.:1.:11iJ'1\;lM l'i1€l N'\11.fllJ %.:iii fl1'1 \;1'1.:1 
'IJ ' " 

\Jl11ll tl~1 V Lllm.h 1 ti L ti~ VU L Vi VU nu f1'i rubi n1~.:i 
L11LA'iL1vl 2400 w €lN'\llfllJ'111~€liJ 40 °( ViUl1Lll€l1'ff 

' " 
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