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I ... 

lYllfltl 

'lntlOOO : "!01J::,,;'n (3 : 1) 1 "" 2t11Yl 
.... 
flO 7 C1f1J. 

'lfltl6'fJO : 'lJ01Jz:,,;'n (4 : l) 1 
.. 
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.. 
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1::v::nftl.O.:lfll'Jl1.:1,r1JUft1'il::lcjl1ill~lJ1fltll'Ufl'hLlJ'l1rl'1t1 '1 !'niH ) -2 lnl1 l\.lV9l'.} l\iTlJ 

" 'j/ 1 .cS ~.cS I''''QI fM Q,oHfflJ 'lfl'UOllO: "!VlJ::'W1n = 2 : 1 ~~Uff'il~ umn~'Y! 3.2 ~~'U~g~~!h~~H!f!;r ~~'iil,.j~1jf!!j 
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911'S"Hii 2.211UtH1.h~iiYlim'Vf ('l~tl~L1t'l1) m'l~lnh'll6.:Juli.:JL;;6L'Vfa.:J'U691'llri1UNtYlI 

,j'H'1 [3] 

.,: .
 'l~tlzml1Lutltl
 

'HlIltlL'HPjtY1UHtYlI 
... • .4 cs " 

~UfI.:JU1L~6~ (U1Yl) 

Y1~tl6.:JtitJL9I1,.h::iiYlifl1'WtJ.:J18'W1\Iti'6tJ (100%) 

"iJ '''1 i" ," ... " " 21 fnll 1 11 ~tl 'tl'llYl.:JL'tl'6L'WtH'W1\I66tJ : 1tJlI::'Vf'l11 (2 : 1) 

.." ..
'HUfl (U'H.:J) 600 fnll23'IlU'60 : 1r.JlI::'W~11 (I : 1) 

('H;6t,/11th"::1I1W 30 CJfll.)..-mOOr} :1mJ::li!11 (l : 2) 34 

.. • 4• Q

2.4 NDHDllama8mD~ 

• w. 

iimil1,nUri1U'Il6.:J'S::tJ::L1tll'll6.:Jfll'S6~uli.:JL;;6L'Vfa.:J' ih'M'Y1ntJo.:JU9Il'll.:Jii 2.1 
tI 

L1tllm'SHaflm1l11.Jllli.:JL;6L'Wa.:J 10 lClUAl1l9l'S ('H;6 1 LlI9I'S) Utl::'Ha.:J'lfl9l1mL~A ilfuli.:J 
II • • II • 

l;;6&11D.UU\'1 i.:JU1'H\iflih'MYI'S11.JO.:JHftHa9lL;1uUl'HUfl1~tJUtYA.:J'U9I111.:Jii 2.3 

• tI 

911'S'Hii 2.311UA~HtlNa9l'll6·:mli.:JL;;61'Wa~'U6fl11ri1UHtYlI~1.:J '1 [3] 

Ht'f'1J 

m · J ...'S1I1W'Il6.:JlLYI.:Jl'tl'61'WtH . .. .. 
916m16~ 60 U1Yi 

: .. " ,J ... 
Ul'HUflll'H.:JUYI.:JL'tl'6l'Wtl.:J . 

4' ., CS 

LUtltlfl6fl116~ 60 U1Yi 

'JS1U66r.J (100%) 1,700 CJfll. (17 11.) 25.5 flfl. 

'tl'lUtWtJ : 1rw::,.fl1 (I : 1) 4,000 CJfll. (4011.) 60.0 flfl. 

'JSlul8tJ : 1r.JJJ.,..,.!11 (2 : 1) 4,000 CllI. (40 11.) 60.0 flfl. 

'JnutWtJ : 1rw....,.fl1 (3 ; 1) 3,000 CJfll. (30 11.) 45.0 flfl. 

" "'tl'lU88tJ: ,mJ::"'S11 (4: 1) 3,000 CllI. (30 11.) 45.0 flfl. 

,~ q , ... 1 • 'JI Q,r 4 JI • 4 
'lflfll1181l11l.:JL'Il'6L'Wtl.:J uYiAtYfl1.J'HlfJlfl111l16Ufl1.Jlfl'l6.:J Caloremeter Bomb lltl1fllYi 

'~'lflfln'f'Jl~~8r.Jn~'lfl·h~HtYlIti1.J'r.JlI::"rl1UA~::~lfl11'1l6.:Jh1YhJUt1::fhui.:J~ 

l'iiflUlfUhu'tfHlU'I1.J1Um11Hl (Carbonization) c;.:J'thilfiitli1l1Wf1111.J6UltYfltl1 tY'lt11f1111J .. v 
• II tI II 

!f)U~U~R'1J (nfJD::18tJflA,mt'1f1-3'u~nn-3i\3.4) ufhi.:J\ju't'i-3afll;1m'Wil-3iM't11f1111J~f)U~.:J 
" " 

U11J110«1Jlh'~l}tunol1111l;\11h:;1J1U1 18-24 111;; ('lfl~1'11~i12.2) 1'lJl\Jw::i1~'U ('~1l~~11l 

" .,: .. · iii " 12.": ..LYlfY) 1'Jl1tlll~ftn 28 U1Yi Uft::mu (11l1l::'I'1Jl1lfY) 'Il1t11nUltJ 36 U1Yi 
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• • 
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. . 
~ln3fl 2.4 UtYA-3t"hfl111J!f) t.I 'Uf)-3Ul1-30Al';f)lYia-31flV1Jfl1J;hma:a:hu [3) 

. 
ff1UHff1J fllfl111J!f)U (Uflaf)~/f)i'1J) 

"'lS1Uf)f)V (I00".4) 3,172 

'lS1U~f)V : "101J:Yi!'l1 (l : 1) 3,050 

'lS1U~f)V : 101J:YiJ'11 (I : 2) 2,975 

T1u'1l1J:'U11Jlflfl 4,721 

. ,"OlU 1J1J:'U11Jlflfl 7,391 

nnI11.Jfl111J11U1UoW U (Density) "f)-3lL'ri-31~fllYia-3fl'~fi1fll1f1Afff)1.J 1R011 n 10tJA1 

• 
fl1U1W ;if) fl111J11U1UUU (0) = U111UO (m) / U;1JlA1 (v) oi'1JIa1.J.l:Jf1J. 

• II, , 

fhii '~'Uf)-311l1~1:;f)~ Yi a-3 iifi1~10'lSlU~60a'1U CO) ijfl1tJ~tIA 1;] V1Jfl1.Jii Hff1J fl1.J'V tJ 

1J:Yi!111uOfl11tY1UAl-3 CO) ll1Vi.ifl1fl111J11U111Uulmllflv~ti1 1 (A'-3110a:10VA'U~111-3~ 2.5) 

"111'3;]2.5 lltYA-3fl1f1111J11U111UU'Uf)-311'i'i-31~f)1'Wn~\UOA'J'ltY1UHff1JRl-3[3)CO) 

•ff1UHff1J 

. •fllfl 111J11U1UUU 

'" .....
(m1J~01J1flmWAWA1) 

111JlrJl11~ 

'lS1'U~tlV (I00".4) 0.98 

0.82 

0.61 

0.57 

fl1U1WlAvl.fffA1• 
m 

D== 
v 

'lS1'U6tlV : l1V1J:Yi!l1 (2 : 1) 

~1'Ufl'atJ : ;,tJ1J:~!t"J (I : 1)• 

'lS1'U6f)V : 'VV1Jt'W!'l1 (l : 2) 
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2.6 811ftlnam-ll 

" .,. " - 01.J1\J~01.Jun'~mfl~tI... 

. " 1! ".os...... 1 - 01.J"1t1f111JJ~OUflnH'Oflnlfl H~l\Jf.l~fl'l'tfmnJ 

1! " ... 0 " - 01.J"1t1f111JJ~ ou~lfllm0~fI1f1111J~0\J 

d U ,.!I '" 
2.7 n111ft1.J1n1flllfl~IY81'"IH 

fllHifi 1M'11~1\J&1orl~1~01M'~fl'1tHl1JUft::fl'::f11fl 1\Jfll~limfo fll~~f1f11~ ~::Yil'tf~nlfl 

9l'fl&1,f~1;tJtJrfltlU~1 fl1,i~Ufl'~:: lfiiAfl1J C'J \1;fl1tJiiAflA1AflfAAlrJ'U~f)\JC'J A,1J(Mfl" fl" 

... 5" l!l' ...... ~1"" " .1 .... , 1'" 1'"•Ylfll1J\Jil\J1\J1Jlfl '1 Ii:: 'l51mO~Ylflfl fI mYla~fll~1J1::'tffJflfIl ~\llt1Ui\:: 1J91tNfl11f1111l 

fl'1t1~lJJ~1.fiioifllO~ 
"" . 1 r.i ~ ~.. ~ '"" ~ ... I· <V ~ II ~ "lyq,;i,... ,:

fllnn~~'tflJ'tfo f1U'YI1"01'fift~1JftnllW::&1J'j..,j (Porosity) ~-3'UtJt:rHfl1l ~-.1 &'1..1 ;-jii,:mJini 

o 1" ..: ....os.l .lIS" ~, !"'l .." • ..." ... ~ ~~ ~::f11 'tfU'YI~l"Ol"ft~1J~l'\J\J l'tfYl\J~~910~lfllJ 1 L\J'YIU'tf~ fll~1fl'q~"ftlfl'~flUft1l:lft1'lhflq~fl 

~~:"';ji:J :~'"-!ln;j~ 1;i.j ~i;fm -i Oi:plHtY~il tl~frlJ,j~jJltu~~0-3fll~l~lJ111.rUft::f1111Jfl'::f11fl~iJ 
"i J ~ ~ 4 ..: ~ '1 ~ ~ Q,I d" "" 0 ., 7J d 1"" 4 "4 I ,. 

, -:') ,~:~-'---~~C)~~ "'!"'~~'~~',~n~l'lnn':"0-i 'Jili1Jii ..i 1 i l lA '1j~fl'lflfJJ"I'H1fllJ 1 !1J.'YI11'tf ~'YI~-~\J'J17e 

ri:;;(HJ,nJ~ him::l'lflJl,)lhJ 

2.8 ft111111l';~1;81,"a~'tIl,nUft11'tJ~ft~ 
" )J -; 

iflmi-31otiol'rtn-3hlllluorlOUffU'l ih1111Jtll1fffl 1 ih ilU1U 3-4 orlO\J ~JJft,,11J. 
1l0ftnOliJOn~f1 1," uft'11Hl'i O~ lU1Ylllfio1.f11l\J140~f1'," (Starter) la1ufi~14al'rt~~~'jj1~~lJ 

=' v ~ ~ ~ V~".4 lI:cv d - d ~ 
!.'Df.'Hm;;rf\",'l') ~qm'w.~'!!'l!l! '1 !'l-J!~"!!!f!1'll''il'fll'rlln C)ll::; l'ifl! 11ll.fUfrff l~nl.f h,HftJCi:Y'll'Hl'iio. 

H,Jif1J Uft::hiiJfrJUnlT)'}'jj• 
....," " '" .; 'JJ "1'" .1 ... ~ .i~l'YI "m 'I1l~l'filJ1Jl'j.Jfll':i':i:::lI1fJfl1fl1rY\HWtJ tl'f':il:::HFH1J'UU1AtClO'lIut:lZ!Rl 

81 u\i;;;,~ftl hi ti»1Ti~ 'jj~-:'1i'rYlJl'jffl!1"I ~~ A11 !lIlJl~ l~ii'YI':i..:j\1~u(l:mn::;lJ1ml1fllff~~::11l\J1Al~U 
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. .. 
l'l1n 2.1 m".gmi.:ll'i1m"ii.Jh.lfll111~~1J [3J
 

~ U ii-I ,.....

2.9 fJWtnnJflIArJ1Il lJ'U8.:t1!YI.:t1'V81'nQ.:t . .. . 

1"tl'r11''l11.V1"ii.:lii fJW UflllW::flK1V:n\.l ijtl1fl111J~V\.I~hfli1ri1\.11J1fl n'fl1 ~~ijfl1\.1 
" I II I 

1J1f1 tr1,.gn'UL~ltJriV.:I\)::';1(J'fl"tri\.ll;fV1"ii~;;nn1mflll,"'Il1';\.I 'Il1\A~VV l~\.Il';mytii~iiii 
.c:I , .d 4 ~ ., d tI I 0 Gt ".c:s J.cI Q Q

flwm,,~ 111f1Hff1JH.:IfIl\.l'fU'I1 tlV'fHffflltlfl'tWV ~:'Il1tJ'm I 111JflWflTYH'l'~"l..IUtl:1J'l1 1:ff't1 'D fl1". . ­
JI.. .r .. 

hiu,f'hu,.,i 6 9::~fl11,hulfftJ6fl U~';~i19::~6~~1..1 6~ti'tJfl111l1'li'119~6~ ~HaPI u a::m~1;;61"a ~ .. .. .. 
11..lfll1'l1i'mJ1.:11't1flUfllgfl '1 WVO'l . .. .. 

1ijv.:I'lmlyj.:l1';61"ii-:j1ifilfl111J"'\.I1U~1..I (Density) 'fl~lflV~ 1 ~~\!\.Iff11J"H)\11'tJ1H1 

lnl..lU11..11A' (Carbonization) 1~tJ'1f1mnl~'flV~lH1ll'lJ1J1lf1'fl'lJf1'fl'lJ Hntl1'lh::1J1W 20 - 24 
• ,,, " I 

... ~ ... • .. , JI • '_1 ~ Q lJ JI 'I JI )I' JI .... Q 4" JI....

'Il11m (I 11..1) Utl::fIll..l't1 "t'l'11J1Ul1..11 1JllJl..Il'Ilm'W'fl~ If! Utl:: l'Hfl111JHll..l ~t'l'~ l'lltJl'YUI.:l't1I'Jf.. 
.. ''JJ'" ~ .: c$ ... Q' .. ~ .: Q..i ....
1'lJ 1J ff'ULlJl..I'JfUltlfl "1 Hff1Jfl'Utlfl lH'lJ1JtJ1\1'lJ1..I't1H'I20- 30% 'il~llJ1Jl'lltJl'WM'YI1'H1I1::t'l'1Jfl'lJ

'I 'JJQ 
' .. JI ...' JI ...... ~ 'JJ ... .. 'JJ 'JJ111fll'Jftlf1 1..I'Y1H~'fl11J" t:l~um lfll'il::'il'lJ~11lJl..Iflf)1..I11V1fltl1fl 'M1flHt'l'1J'Il11J1tl'il::'Jf1V !'MlfllU~fl 

~1t1 (19il11..11, 2529) 
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-., 

. " . 
11.l1l2.2 m'i,j 11l.,j~1~tJ1't'til~'1.l1~11,"tJ1f'tU11.lrll'U [3] 

.. 
v "V _~ • '" ...... IV •~ 

2.10 'Il8IillulD1J..HI1Hl'U8ma·UnnUnU,,\&UQ::Ol\l 

1. '1i~8~iR 1U'fi lilltJiJl1l1fil1rJU;JUUil:1~lthu nn1f1481't'tft~~~fil'ln"lU~mJ 
Uil::1fllj,"" <1il.., 'rlRUll\J;J'U Uil:::rllufilhfiiltJmtr'~';1tJn'nuiJl'U''U8~''lA11',;'Qn'HillU 

" . 
2. m'1RiiR1l1fil'~~ltJn·:h;JuUil:rllUl;lll..,il~ll '~'lfl"l\J~lltJ ,:1fntn'um, 

iitJ~14ll1't'til~llil:::'RiiR1-wflltJlu 1 Ul'ri ~~;JUllil::rll'Ufil '1i'~ 
, tJ ~ ~ ,,,.CS Q ~ , ".. do ,~ I

3. pU"lll"'il~tr:Oli'l nU1~1 'Hllll1.l'i:::tr'rllUll..,tr~ m'i1~1 'H1l'~P1n1111UUil:fl1U•" .. . 
\JOf'l~1f'liiV~trlll·"O'flli'lll'rl\J'H~Oltr~lJUntr11~I1J ,it\Jtn~10fl1trutl:::1hflf\l fill l;ffll't'til~ll'~ .. 
\lln"lU~tJtltl1J~tlll:::Yt~1111ib'~ (Unflamable) Pl~uu,~'1iih)U9I~ltJ\llnm~~:::liiP1 l';U O~ 

Un'ff'tt ~~1l~1.l~ lnQf1111J~ty1i1tJllY'l.hw '1 

4. vh1.rtR'ff:::i'l1mril'HlYl'Wllil:::1NltllU1't'tn:::1'ff'1 iP1m~'t'tl::"luti'OtJ Uil:::1''',"'''H1'ft 
, ;". J/.:i 0 

~ltJUil:::llfl19l1 flllllU..,'tJll11\l:::m .. . 
5. ';1tJfililltJ1,m9fUmUn1U,"'Ulllflll91'im~1l1';U 'HtYl'U\l~\lU 'lltJnuvm,f 1"'"" 
JI" " t " " 

tJd'~'r1~1Ju'Umm:'\J,jl1';U lff'U nnu1.l1'","",jl'rh1Jn1Ull'H~~1~tJ~1.lill i191tlU'rlHflllUlflll 
" " " .. 

'YI H,j1 fil',;'fliltJ~~::1JlfJ,jl~U1;jU1m:::i1P1m~~:::1JltJ,jll';U Hn9l1J"11 

6. ijffntJfIl"'~\l:::'th1rJU14tJl't'til~~ijn~U'Hllll'~ O'll~on'~,"'lf l';U '1Jl9ltJ fil1rJU 
.. " 

4l!I Q' 4'''.:5 ~" 1'tftJ1't'til~tJl~lUll l11l1m1llll 1lJ'U9I'U 

7. ijllflltlnn11;J\,\uil::thu• 
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2.11	 nn~ltndnJ1rrnriiu\u;.:IilOft (ANOVA) 17] 

tl1~11m1::11 fl111JU,j~,jn\.ll"\.I1inl~~U,j~fl111JU,j~,j~1\.1'UtH~tl\!i'ltltlmil\.lth\.l ., 
~ . 

1A fJ'iJ::UfJfltl111Jll,j~,jn\.l 'i'i.:llf1JA'U tl~~m.! i'ltltlmn1J ff11lfPJ9i1~ ., ;jih1,",lnAfl111Jll,j~,j ~ 1\.1 

- - ~ 1\.1 ~:: If1Hn ~ 1JntJ fl111J 1lf thU\.lmh1fl8 UU.:Ifl111J U,j~,j ~ 1\.1n~ If 1JAtltln l" \.I fl111J U,j~,j 

u,j~,jnUtl1fJ 'Ufl~1Juiii'l::n~1JltJ~ 

, \.I m~ Y1f1 fftlU fl1J1J~J 1\.11AfJm~ 11fl ~ 1::11fl111JU,j~,j ~ 11..1 9::-W\l1~ W1Ofl ~ 1rr1\.1 'U tl~ 

fl111JU,j~,j11U~::lf11~fl~:UUi'I::fl111JU,j~,j~1\.1tl1fJ'\.In~1J1AfJ1n\.l11ijtl111Jufln~h.:ln\.l1J1n 
" ... ,.... • tl'(2J"~

\.IOfJ1'nfN A• ..u'l'11J1UI'n'1~W1fl111JUflflfl1~ lAA~\.I 

1. 1rtm)f111tT1uij,h\!tlfJ Uff~N11fl111JU ,j~,j n\.l~ ::lf1Hfl~1JntJfl111JU,j ~,j n\.l . 
mfJ'\.Ifl~1Jijtll'n8" nu fllnlAfftltJU1J1J~Jl\.li.:lhjij,jmhtitll

~ 

~~,j\.lfhmiiv'Utl.:l,j~::')flm 

'VJnfl~1J1,hnu 

2. 1rt089111thuijfil1Jlfl UtrA.:I11fl111JU,j~,j~1\.1~::lf'h~mi1Jij1Jln1rlm'ifJtJntJfl111J 
"	 .m.hIh "JiJfl1(J'lJt1~1J1afJ1 m~ 'nfi ffiJUfflJlJ~i llJ~~ij,jmhtitll ~.:J,j\.l tl1111 iifJ'U fH1h::'1nm 

. ... 1 .. i.d _I ." I d .... ci A ..I 

U9Iflfl1~flU f101Jftl1tllUJ,.8'11J1::'lflm8UH\.I8fJ 1 fI1'nU9Iflfll~flUfl1mi'lVDU" C)f~tl1nlAtYml 

c, -1 - ~ J.I.l~ .. , .l 
~"'~ !lH1.l iii . \oWIl17i Ji~i:'l::rFl JilJH'! 'J 11:1 1'\..i1.i!1l"iJ iill'YiY;J (ftJ1Jfrn:IJHfln~nr:i::'/1')HflllUi'lfJ'Utl~ 

,h::'nm lf1mhuI11J11ijfl111JU9In9i1~n\.llfio'u119i'Uff11J1~DtJOn'~11ijtilmgfJ~'f1UH~ 

H~tl;iHftU i~~ll'fhJJf)'I.gl·''''i..f'l''' ..... ''''·'''.H.O::.iluUrlv i 1"'" . 1/ -"" ~ "'11" po.,,:,.. u • ••" .,u '" 0: .,: "\".~' • ,.:. "'•...• ' , "- ~ - .n "" ·"HHI' .,fln Ilfl'-BtU v i'41~~r.U;,.:,,'d:'tllfil""H' 

l ,.,..,...-s.Jof:I I f':!.d .d d =......t J1AfJ 'lf11in11fJn11 tl1~11I'HI'Ul~!!'t!"n~~m (Mu!tipk C~.'mptlriso!!; "!f,'n:~:~:';~::'~i~"!'" .;"':!] I~~! '1"" 

minhJ1Jfl~t)'l1 

1. tlti1J9\18rh~1h::'lnm;jijm~uinmml'lJtJtln~ 

2. fI111Jut1'i\Jn1J~fHt1'.i::')flmUAi'I:::nri1J,re~l'Viln'!.J, 

3. fl~1Ji16rh.:l"1J11"fJ1iti1J 

4. t6'f)\lil"O.:lf)dlUil1~iM1::iiU1Jl~~Jl\.ltl\.lflnl1fl Scale)(Interval lfi[l1Jl~11 
... . 
tl9l~1ft'1U (Ratio Scale) 

2.11.1 nUltfl~1::l'i~f!111JU1.h1l~1\.1'nHl~fJ1 (One-Way ANOVA) [7J 

m~11fln::,.(fl111JU,j~,j~1\.1'nHl~fJ1l"\.Inl1'nAffetJ~mifJff\.l1\lfltnmlmIW::.. .	 " 
'Utl~l.h::"lfl1'"iiAl11tJ~liifJ.:a~llRCl1l'rh,r\.l lAvtJn~ 'll:~A,rtl1J" 1\.I tYJ111m 1:lfl..r(l,il,J )'1J

¥	 ~ .. ....."
Pll~l~A~\.I 
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~1l'S111 

.... I 

"'Ul~Pl10Vl~ .
, ... 
fllLUllV 

k 

N 

T 

... 
flO 

... 
flfl 

... 
flO 

... 
flO 

... 
flO 

... 
flO 

.. 

X j flO 

... 
X flO 

. 

• .... 
nQ1I'n 

1 2 ... j '" k 

XII XI2 ... X1j '" X1k 

~I Xn ... X2j ... X2k 

Xli Xl2 · · · Xlj · · · X3k 

· · · · · · ... · · · ... 

T1 T2 ... Tj '" Tk T 

fl. 

-
X, 

NZ 

-
X~ 

'" Nj 
-
XI 

'" Nk 

-
X, 

N 

-
X 

t QI' • oIlCI 

f1lJlI9\10lJ1UI j 

~ l'U1'Un~1Ji18th~ 

~1'U1'Ui18th~11.1mi1J~j 
o "'"" 
~ 11.111.1 "18rnnl~111J" 

t11"8~i18th~~ i '1.In~1I~ j 

~"'S11J'1.In~1J~ j 
" 

fl nn1ln~1111" . . 
l.do • a 
fllLUlltl"0~ni111" j .
,&I 

fllLUllV'S111 

." 
Li'10~ ~ 1on1'111fl '1 1:li'fl1111Lltlnh11.11r11.1 m 1 Llvnfl1111LLtl '1 tl'S1\;1n.:l 1111" 0 0 n9\ 111 

11'1111 ~~ iil1Mln~ fl1111Ut.I'S tl 'S1'U Uit::11.1nu""11'01.J11'1111Ai1'U ~::&m t11.JlfirJ1.J fl1111 Ut.I 'S t.I 'S 1\;1 

" 'S::11·h.:ln~1In1.Jfl1'1Iutl'1tl'11\;1mfJl1.1miJJ i·nr'U1~i'lrl'UlfHfh'U1W11,til1J1::1I'Wt11'1J 

" m.ht.l'S11J (Mean Square) ""JUAa::tl'S::Ul"l"vl.,~,,'Si.:l;j 
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'-­

..;,
l1m MS. '" flfl 

'"M~ flfl 

MSw '"flfl 

'"SSt flfl 

o!I 

SSb flfl 

SSw flfl 

'"df, flfl 

dfb '" flfl 

o!I 
dfw flfl 

SS, 
;=1 

55 
-' 
df, 

(N _X)l
• 

FI 

N-I 

j=' N 

df = N-lw ---J 

. " 
FH'InJJnln·HfO·:u~afJ';.:J't1llfl (Total Mean Square) . 

o Q,f .::I , • 

~C1nllnUt.:Jft'O.:Jl~C1fJ'j::'t111.:Jni]1l (Between Mean Square) 

~C1'j11lnln.:Jft'O.:Jl~gfJmfJ''Un~1l(Within Mean Square) 

" 
~C1'j11lnln.:Jft'o.:Ji.:J't1llfl (Total Sum ofSquare) 

~C1'j1JJnln.:Jft'O.:J'j::'t1':iHn~1l(Between Sum of Square) 

~C1nllfha.:Jft'o.:JmfJ'un~ll(Within Sum ofSquare) 

" " iu fl111l1flu Oft''j::';.:J't11l~ 

iu fl111ll-tl'UBft''j~'j~'t11 Hmill• 
" 
iUfl111ll~Uijft''j::fl1fJ iUmlll• 
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'" SS, flo SSb + SSw 
~ ~ 

;r'U~6'U i 'U fnjlWlfm1H"1J1J91~ l'U1~tJfn'11fl'j 1::"'ml'1lu1.lnh1'U'YIH1~tJ1ij~.lJil 

~I = ~z = J..l3 = ... ~ 

~ I :;t: J..lz:;t: J..l3:;t:··· ~ 

F 
MS 

w 

3. nll1'Utn:::~1Jml1Jijumhfiqj (U) 

4. l1~1'Wl'\l61J1'IJ<i'11flq~hw~:::1.lDltf1i Ho lrtfJ F ~fil'U1W '~lJlflfl1'l1ifJnhn'U 

U'lNftfnjl11l1jOll'\ltltJ!'\l1l1fltjll'WtJ'j, F ~fll'U101 ,~..r6tJfl'hfil F ~lil~1l1fl~ljHllff~H .. .,
 
'j, Hftfll'HmlJtJlnlJ1JhiiiulJrlltlqj U'U~6 fil1~~lJ'\lfl,nh:::'lflfl'Hl1,htT'Uiifi1'VW'1 n'U 11~U'1 F 

~fll'U 101'~lJ1flfl1111 ~61l'h OtJ F ~lil~\I1flll1j H Hftfn'HtJivtJlnVtJ\I:;ijUtJrllrlW.. Ufffll~11 
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. 
5. l~V\J~ n1~1Tl tJ lfftllff\J tl~ftf1111Ifl11:::"'tl111111t.1nh1\JR~U

~ 

U'Hti~tl1111U1ht.l'j1\J 

(Source of Variation) 
SS df MS F 

. . 
1:'H11~nil1l 

mol\Jn~1I 

SSb 

SS.., 

k-l 

N-k 

MSb 

MSw 

MS/MSw 

1111 SS, N-l 

2.11.2 f11111m1:::l1f11111ut.lnh1\Jfftl~Yl1~ (Two - Way ANOVA) [7] 

f11111tl'j1::'"f11111U1.1 'j tJ 'j1\JYl1~lAV1~mj,1111U~1 Irl\J011Ylfl fftl'l.l~ij~hmh ~ 

ff\J l'1;;O~A11AV11W f11'j! mO'l.lliiV'l.Infftl\J 4 ill Irh.101'jYlflfftl'l.l~iiA1UtJ1~ff\J'\l~i1Ut.l1 
CI ..aw=l .d _I I' AMI 4 • tit ct..cI " CI 1ACIto., ~ ~ 

lflV1 fltl111"fJ\JCJl'~1J~:::flfJ'l.I~1011i01~YlU~fl~1~fl\J 4 111 U" \J'l.IHmOUj1'ilVtl1'ilPltl~01'i"fl1!l1 

OYli"a'JfJ~A1mh 2 A1UtJ'i'\J01'jYlflftfJ~lAV1n\J 1,f\J l1J01'jlmV'l.ILiiv'l.I~ftd'lIqYliYl1~01'j 
~. . 

iiv1J'UfJ~,rn"fl1!l1 FOiVfJ1~ff1J'\l';~1ifftl\J (i1U1.hii 1) Uft::l"ff'lltl~irfl"fl\ll (i1Ut.I'jYJ 2)• 
1flvGiiofft.l',-i11"ff11ti~U~:::1"ff'J11V~liv\J~1V1i011 fffJ\J~U~fl~h~nt.l 4 111 'il:::ii~ftff1JqYl( 

Yl1~fl11i;V1JUAfl9iH01J'H~tl1J,j'\Jfl1'jYlflfttl~d',.rhfl1'j11tl~1::·.Hlft::A11It.l1~~tl~'r11fl1'jffn1!l1il~ 
~ ~ ~ ~... 

2 tli'~ CJl'nh'fl'lOftfl1111Lliff::fl1fl ff\Jlt.lgtl~li~l1ft1 Uft:::fhl~~10 R~ir\J01'j1lm1::"'?I111J 
~ ~ 

Ut.InJl1\Jfftl~Yl1~ lflv-n'il1~ Oni1Ut.I'j li~ fftH"!tl1l0\Jl\J01'jYlflfttH l~ V~tl i'~ I;; 61'11::: 'Jf1V1l1' 
~ . 

tJ'j::110fll1ft1Uft::fh'""lVl'W01'j11tln::l1 \Jtln'lflij~~oO~ff11J11flYl'i1'l.1Nft'lltl~t.IfimfJ1i11Jii 
~ ~ 

tl1'ilIOfl;j\J'j:::11-i1~A1uuni~'O'tl~6nA'1v 

n'1'\J01'jffnllliii1utJ'j~ff\J''il2 i1UU'j fitl A Uft::: B Hft:::l\JA';Ul1.h A 

tJ:i:::ml1J~1lJ r 1:::~'l.I un:::1'lJi1U1h B lh:::m1lJ~1V c 1:::R'1j '\J011Ylflf.HJ.~~~Vff11J11flffn1!l1 
" 

... ... ... • w .1 ".1' '''' 1 'I • ... ....... ,

f''YI1i'YH~'!lfW'!~~1 !f)1~ , "ft~:;:1!1.1J':i A m::::~I1U1J'j B ~~10 flO &'WUAft:::'i:::fl'l.l'il:::1Jnft1J1I1tltlH. 
~ri1J1J1flfl1!l1\l1\J1\Jl,hn\J 1'Wfln11ml:::11,rm.lftffl1Jn\H"~Hln\Ji'l1'jHffBnlHfl~J 
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" ­

1zi1J9i"N'1 

'ItH 

"11111'1/\ 

(row) 

1 

I 

XIII 

X112 

· · · 
XII. 

X211 

X212 
· · · 
~I. 

I 

@ 

@ 

1::i1J9h~ , "tH9l1lnh B 

(Column) 

2 ... 

XI21 X1d 

XI22 X'<2 
· @ · · · · ... · 
X12• X.." 

X221 X2el 

Xm X2<2 

· @ · · · · .,. · 
X22R ~ 

C 

@ 

@ 

':i11J 

TL 

T2. 

..; 
l'lZW 

-
ll!. 

-
)b.. 

· · · · · · 
· · · · · · · · · · · · 

· · · 

r 

':i11J 
-_._­

..; 
l'liUJ 

X,II 

Xr12 
· · · 
Xr'D 

._­

@ 

T. r. 
-
X.J. 

Xr21 

Xr22 

· @· · 
Xr2a 

T2. 
-
X.,. 

... 

.. , 

... 

X",I 

Xr<2 

· · · 
Xn:u 

0 
Te. 
-
X. c . 

Tr.. 

T 

-
XL 

= 
x 

.,j 
11JO Xijk fhff~lflA'illfl~1mh~~ k '.i::~lJ~ i 'Uo~~1m.h A Ull::'.i::AtJ~ j 

'UO~A1111b' B 
... 
flO ~ll111J'UO~fhff~lflA hn::?1tJ~ i 'U6~~11l1h A Ull::'.i::?1tJ~ j 

'U6~~11l1h B 

fill'il~fJ'UO~fhff~lflA i'W'.i::~1J~ i 'U6~~11l1.h A Im::'j::AlJ~ j 

'UO~~111\h B 
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X. 
o 

n ~1'U1'U ,j10dl~1'Uu~~::':i::i1J
 
...
 
fit) fftn11l'tJo~fhff~If)91 ''U'j::i1J~ i 'tJo.:j~1mh A 

. 
l~UJ Tj ! L X .,. 

J=I .1.=, 

! ~j 
j=' 

T.
l~tI X;_ 

oc 
1 • .
-I I Xjjk 

DC 1=1 '~I 

... 
T.j. flO 

DC 

j=t 

... 
X.i. flO 

X.j. = 
or 
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."
.. 

T fit) Nm11J"tHtllff~LflAl1~111J~ 

" 
l~w T I

, 

t I Xijk 
j=1 ;=. k=1 

T TiP.I t 
i=1 ;=. 

I
, 

T Tj•• 

i=1 

T - I
< 

T'r 

l..:::t. • QI QI" 
x flll~ rl t1"tmnn.:JLflA'Yl.:Jl11JA 

T 
1~t1 X 

ncr 
I < . 

T = -I I t X ijk 
ncr ;=" ;=. k=' 

JI JI tII 

1I1l'J1l'J1'\.J11.:J111J~.yilfl~;j'\.Jm1J1I11~.:J9il.:J'1 ~.:JU 

'" ? 

(Xjjk - X r Itt 
i=1 ;=1 ..=. 

- 2 
- Xv)+I! t (Xijk 

i=l Pi "=1 

. 
IIA 

i=1 j=1 t=t 

- =' 2 
(Xj.~ X)+t t! 

i-I ;-1 "-I 

- - - =' 1ttt ( Xv . - Xi .. - X ..+X)
J 

i=1 ';=1 .. =. 
, , , 

(X -X)' (Xi .._X)2
,jkIII Itt 

;='I ;=1 t='\ 

(X.,-X)'+I t t 
• • IlIIt :-. 

. 1 
(X•. -X; .. -X.j.+X) 
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i=1 FI 

. ~ 

UUtltl f\111mtJ'l'tJnUY1-:llnJ~ = fl1111UtJ,tJ'l'1Unitl.:j'll1m::il.J~H'1 'Utl.:j~1 

mh A + fl1111UtJnJ·I1ULdtH'Il1fl'I:imh.:j '1 

'UtH~1U1.h B + fl1111Ul,htJnULdtl.:j'll1fl 

tJnmV1~111'S::,.d1.:j'S::il.J~H'1 'Utl.:j~1uth 

A ua::'l'::il.JAH '1 'Utl.:j~1UtJ'S B + fl1111 

utJ, tJ'S1Ufl1Vlufl~lI11itlfl1111fl111~L fl gtlU 

tld~ Ldtl-:l\l1flfn'Hhu 1Wtl1fl1111UthtJ'nUAH '1 ~.:jflrln<U'1.:j;Tu '1in'~~1fl1Ufl11 
II • II 

tl1U1W i~UUL~tlf\111JtY::~) 1flt.:j,~~~'S1Ufl1'Stl1U1tl1i~i1 

r-----------------, 
SS 

I 

df 
T 

SS, 

d~ nrc 1 

SS 
A 

df 
A 

d~ =' 

;=, 

T- 1 

T' T' ,--­
nrc nrc 
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SS 
MS =........'!..


B 
df 

B 

<L T~ T 1 

-'- ­
i=' nr nrc 

df, c-l 

SS 
MS =~AB 

df 
~~	 ...:;A::....B-----1 

: r T 
SSAB	 SSA - SSBI, _.-- ­

,=, n nrc
 

df,'B (r - 1) (c - 1)
 

df... 

SSw SSy - SSA - SSAB 

dfAB rc (0 - 1) 

" " 'lJ'U 11U'U 1'U fIl~ Y1~ffV'lHY1J1JA! l'U i ~{lfll~1tm 1::"'fl111Ju1Jnh1'U n'U-3Y1 HA-3ij .,.., 
"" 1. 11 -3 ff1J1J1I! l'U 

1.1	 HI! fill\lgmJ8-31J:i::'tilf)'jl'U~1u1J~ A 11iu"n~Hti'U 

HI fll1\lgmJ8-31.J:i'::'tilf)'j l'U~1u1J'J A l!1In~1-3ti'U 
.... 

l1:iD Ho IlA, = J..l~ = J..lAJ = ... = J1A, 

HI IlA, -:1= ~ -:1= J..lA3 -:1= '" -:1= IlA, 
.;, .... 

l1JU J..lAj flU fll1\lgtnlU-31.h::'tilm'J::A'U~ i l'U~11l1J:i A 

1.2	 Ho fll1\lg0'U8-31J'J::'tilml'U~1u1J:i B 11iU1In9iHt1'U 

HI fll1\lglJ"8-31J:i::'tilf)'jl'U~1U1J~ B 1l1ln~Ht1'U 
.... 

l1:iD Ho J..lB, = IlB2 = IlB3 = .,. = IlBc 

HI ,..WI -:1= IlB2 -:1= IlB) -:1= ..• -:1= J1Bc 

.;, .... 
11JU IlB j flU fll1\lgtrUfN1J:i::'JI'lnn::A'U~ j l'U~1111J'J B 

., 
Ho 'l1iij1J5mtl1i11J:i::111H~1u1J:i11-3ffU~ 

" 
HI ih.J0mllli1m::l1'h:j,)'1Ulh 'ti·HH).:j 

1.3 
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lAB = 0 

IAB,*O 

" 1.IomVl';11J1t11·h~i1u1.I1n~rro~ 

MS 
2.1	 F 

A 
ff'11i''Urr1J1JA!l'lJ 1.1 

MS.., 

MS" 
2.2	 F ffl11 i''Urr1J1JfiJTu 1.2 

MS.., 

MS 
---2!..2.3	 F ffl11i''Ua'1J1JAJllJ 1.3 
MS .., 

3. til11lJA1::R'Ufl111Jih1'vthft'ty (U) 

" 4. Yi\l11Wl'UO'Ul'U~1flqA1AmJnU'fTi Ho mwyjl~ "l ~~;j 
JI •	 •• 

4.1 ~l~~rr1J1J¥l!llJ'lJm1ii;j I.l \l::1.IOla'Ti Ho l1iofhrrilfi F ;jfillJ1W'~1J1flfl'h 
... I.., 

11101'Y11fllJ Fa,[r-,.n:(s-J») 

4.2 ~l~~rr1J1J91!llJ'lJfl1W~1.2 \l::1.I51rrll Ho lrlOfllrroA F ~fillJ1W't\'1J1flfl11 
... I.., 

11101'Y11fl'U Fa1c-I.n:<a-I») 
11 I	 •• 

4.3 ~lA~rr1J1J91!llJ'lJmwYi 1.3 \l::1.IOlrrTi Ho li10flln'ofi F YifillJ1W '~1Jlflfl11 
~ I OJ 

11101'YIlfllJ Fa[r-I.n:<a-I») 

cI ... 1 .4 .Q ~ _I ., .: ~ ~ 
5. l'UVlJAln~n'11JLYfOln'lJOHnfl111lfl11::'I1fl111JU1J,1.I11lJtHlJ A111~fl1111fln::11 

fl111JU1.I11.111lJ 

U,"~~f)111JutlnJn~J 

(Source ofVariation) 
SS df MS F 

1::1111~i1U1.I, A SSA r - 1 MSA MSiMSw 

'::11';h'3;\1U1.I, B S~ c· I MSB MSiMSw 

1.IomV1i11J'::1111~A1u1.I1i~n'o~ SSAB (r-l)(c-l) MSAB MSAJMSw 

mv'lJ;\1u1.l1,f~n'O~ SSw rc (n-c) MS.,.,. 

'11J SST nrc - 1 
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6. ffllINftfl1'J'11fl:il::lff1111J1111nJ'l'J1J 

6.1 fl1'J'lmVtHntltJf111U&lu~1Ull:i A ..,;tJfl1'J'lmtltJI-nVmmJlU:11 (Row) 

6.1.1 ~lFE'fl1'J'l1ftff')tJihjmhflty (tJU1ff1i Ho) llff,,~'hf111~~fJ'lJtl~9i11Lth A 

hJ'j::AtJ~h~ "ll1Afl~l~tlumh~iiurJthtitll 

6.1.2 t5'lNftfl1:il1ftff81l'liihivihfltl/ (fJtl1li'tJ Ho l1ff,,~'hf111~~fJ'lJtl~~111th A 

lu'J'::Am.,~ "l '1illAfl~HtltJtJdHihrrJthfttlJ 

6.2 fl1'J'lmotJl'ViotJf111UgfJ'1.I~111'lh B ..,;fJfl1'J'lmOtJl-nOtJfll11ffft1ln (Column) . 
6.2.1 ~lNftfl1'J''''ftfff)tJihjfJihtity llffft~'hf111~nfJ'lJV~~')l1th B l1J'J':;til'tJ 

• • ., f.ct., 0 ., 

fll~ "l1191flPll~fl1JOlJl~1I1JfJff1f1tlJ 

6.2.2 d'lNnfl1'J'l1ftff8tJ'liijUtlthfltlJ llff~whf11m~lJ'lJo~9T11lt.l'J'B lu'jtAtJ 

~H ., '~l1Pln~h~tilJod1~ijtTfJihflOJ . " 
6.3 fl1'J'lmlJtJl-nfJtJf111~ftmi~111J11l0111ft:;ffft1ln 

6.3.1 ~lNftm'jl1ftfftlU'1iij,j'fJU1flty 11ffft~'h '1iiit.lijm lJ11 111'J' :;,",:h~i111th 

A llft::9i111t.l'J' B mh1ftoi1Ull'j'j::R'u9il~ ~ llU1l101Uft::ffft1ln '1iiiNft1111ti1JPitlfl1'J'''ftft8~~1 

ImlJtJl'ntltJfhlU~fJ1Ui1Uth A (fl'jDi~ 6.1) Un::M;tJfl1:ilmfJtJl-nlJtJ f111~~lJl1Ji1Ut.I'J' B 

(n'J'w~ 2) UPln~l~tl,n)dHii,j'tllhfltllUUtWhfl111JUfln,h~~lnf\~UL11lJN~"nni1mhA 'YIiv 
" i11lth B l'rh,j'u 

6.3.2 ~lNftm'J'l1ftfftluiiUtn;'tltl/llffft~·hijt.l6mtni111'J'::wiHi1Ut.I'jA 

llft::A1Ut.I'J' B mil1tl6PT1UU'j'j'::R'u9iH ~ U1J1UO'll1D::Uft1JniiNDi11JtllJPi6fl1'J'''ftft6~ND 

• ..;....t, ~ .. .1 ~ " • ~ 
fl'll1JUflflflHl1Lflft'Ul.I Ufl1'J' l1Rft6~ IlJUHft1llt1flPl1UlJ'J'U1J1U0111nz ffft1lfl11l "ltJ1J Nft '"1fl 

" 9i111t.1'J' A ..,;69i'1Ut.I'J' B lftfJI'il"l::L';lU1J 



.t 
U'n'n 3 

.. 
.., 0 Q ~.., 

3.1 ......ftfrUm'J~lL'U'Um'J11)t1 

". . . 
O11ff01l10111i'rJ,j'iJ9I0\JU1milJ\)10011ff01l1Un::11tJ11lJ,j'02JnfhnrJ1,j'0~\)10O111i'rJ 

1\J O;lA cJ1~ii011ff01l1011 Ni'1A01\JtlflUfi~ 011 ff01l1~'JJm W'l\J011 NftAOl'UtlflLLfi~ un:: 
• II • 

flOllTift'91fl1Y'1'U011NftA 'r/rOlJ'r1~~1fl11'nflnO~L,"ONftA01\JtlflUfi~un::'nflft'OtJft'lJ1J;i ~h~ C'J 

lY\J 'fll~0~'U0~J1 1::rJ::l1n1011LN111111 fl1fl11lJfo\J ft1fl11lJl1\J1UU\J 'JJ;lJ1WLll101\J un: 
II • • 

fl11lJ.v\J l-nOlJ1lmrJtJLflr.J1.1 NliAtlWIfi'Ol\Jtl~U fi~ 1~rJ011ft'n 1111ft'91LlfftO1~fll1hflrJii~ 1\J1i'rJ 

1J1no'U LY\J ltJ',j'Hft'lJi~,j'111n~ 111\J~\J 
.4 d d. : 0 4Q "0

llJO'n1011 'n~ffotJHn \) 0\J1Fm011'n~ft'OtJ\J\J lJ1'n101111m 1:11Hn011'n~ffOtJ'U0~ 

ol\Jtl~ufi~ \)10NftAftWcr1(h\Jtl~ufi~ii~n101ff91111ftO1~'lSu~~\J un::ff1'JJNn01n1~no~~~ii 
II II 
., 04.,4 

'U\JAO\J011~lL\J\J~1\J~~\J 

,., • .e.,J, '" !II 2'l1lJ1r.Jl11~ : lfl1fl1\J 11lJ1rJiH fl1\J'nH1\J0111N1 l1lJOn1r.JL1J\Jl\11fl1\J 

~ 51 
3.2 flfl'tl11l8\fD 

flO1l1,j'02Jn 011 'n~ffOtJUtJtJ9h~ C'J 'IIo~l1,r~flou9i n::LnlJ1\J "O~ff1A~'U O~ ff(l11J\J1i'rJ 

1'Y1rJ1ff1ffAfun::lYIfll\J1no 1;7OU1lJ11mrJtJlflrJtJlJ1A'JJ1\J 1\J011'n~ffOtJ~jj01'J'YI~ffotJu9in:: 
Q • d ." d -..:l 0 .4 III:L4"1. 1"'"

'If\J~11lJ011'YI~ffOtJOrJ1~ &1lLn::lJff1JtJAYI1~~l\J ~ n10\)::YI1011 ln0011i011 'YI~ffOtJ l1AHOtJ 
• • II 

ft'1J1J~'U0~(h\Jt1~llfi~u9in::'lfU~I-nOfl~::U101\Jtl~ufi~'lfu~ir\J''JJlnt\'ot.h~LlflJ1:fflJtitJfl11lJ 

" I "AD~011'Uo~uAn::~1\J 

ff01l1,j'02JnL~rJ1ti'lJfffl1\J~;j1fl11'Y1~ffotJl1n1rJ C'J iil~rJffOllT:hft'fl1\Jiiuli ~ lfl1~lfl~O~ 

1\J OU 'YI~ft'otJ ~'11 lA1 i 1\J lJ10011un::lJ011 'n~ffOtJ'IS\J~ ~tJHl11lJ1::fflJ OtJ ~1\J Y1~ ffO'U1" '.. Q 1 " ... 

rh1~~lrJ1\J011Y1~ft'o'Ulil\J0l';'~ 11 1~1::rJ::l1n11\J011 'YI~no~un::Y1~ffotJlJ10U'Or.Jl-nrJ~1~ un:: 

DDfiltJ:rtJ10~Nn011'Y1~ffotJ11io '1iom~ 11 
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I3.2 imnf8~a I 

3.3 ftfl1l1fll1f1nfl 

Ol\l8f'IIYi-:l 

3.3.1 ftfl1l111lIlUU'lltl-:l 
.I .. ., ~ 

rrtlIYla-:ltlflll'll-:l 

3.3.2 i1n1l1,fUYlf'iltl-:l 

3.3.3 ftfl1l1f)Wf/llUA 
.I .. 

"8~I"tll'rta-:l 

, 

3.4.1 ftmJ11,J8-:ltlU 

. ... 
3.4.2 tmlIllfn8-:lUfl 

3.4.3ft01n 

IftWmmU 

3.4.4 tiflln 
... . uneneu 

3.4.5 timn 

1ft1"'N.rru 

3.4.6 ftfl1l1 .. .. .
 
Ifl1IHt1fUlYl-:l 

r 
r 

3.6flmUtl 

8l'1nlflUHf/1l 

3.7 88flllUU 

nnYltlM-:l 

3.8 nnYltlt'ftlU 

3.5.1 mlll1ll'll8-:l1f/tt 

IlIft81'; 

3.5.2 fl111l"'8-:lfllnn;-:l~lU 

ft"l\I;1uua::01U 

3.5.3 f/lm::~llIlll::t"ll 

, .. 
rUll 3.1 ;r'U~fl'Um'J1~fJ 1'Um::'U1'Ufl1':lNa~ Nft~.flwcnril\Jfl~ufi'Hnn1ff~1'tf~6 1f 
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4 ,q,,, 1 

3.3 ftnVlnUNilfl01U8i111'tl.:l 

91nlt1~l'HaU'n1.:lfl1~I011~~ Il1tJlfiii8'AfOlJ 6~l1rtlJUfi~ 1At!1~1t1~Ll1ftO1~91n 
!II .: ..... .: , , • .:.. ... 1'" 1" .... ..,

m~lflll~~llJlJl"OIYnH I"'l.l 'UntJ t1 U 'Ulnot! UflntJ l1~0 1..1 11 ua: tJ'I1tyl ~l1nmn9[J'U0~ 

t1tl1u1J1io1'nOlfflt1911ua:;I'ntlllJ 1aOu,;~th:aY1tl''n[J 'A'fhliol'wft~U~.:IR1t1ltl~0~6AlAfJlf 
" •	 JI tl' , 

fl111l~01J'ln"'lYh UlIfla'LJ ;;lftO[J ua:Y1lJoo[J 1t1~ll1rilijlrt1J1t1~ll1aoii~;jod1l1fl1Jl[Jua:: 

uPi ft:ofh~XlrtlJi1"'1~'l::t\'u,uh9~J~ilJ \JOfl91flrl'iJ~Y1~nrh fl\Jhltlt111l1~m.h::~vi 
• w	 • 

Lfl;u~ ifl~ nmi'tJ1fMl,h;;m"ii~u~~" 1~fJlnfJ\JlItJtJlfl;0~91fltJ~11'n91fl~ l~ th:L'nfl .. 
3.3.1	 flflVll1JUtJtJ"O~I~OI"Mi/ilIl~.:I 

Irt\J fl1~ftfl\J lti'10fi 1.:I,4u,,, ft~8'AU~~ 1AfJ1ffl111l!O\J ii ft'flvw:a rt \J 11.1 

Y1Hm:tJOflRHflal.:lfla1~ uft::fl1'i1fa4m"ft~~t1191fl ~1~OfJ ~fltJ 6Aa~hl1\Jm::tJofl ~~O~ 
,	 w. 

ii'J1flft1~ , 1i1\JUfl\Jflftl~ 11J010l'21UflUflftHOOn 1;;01"ft~;j6~odl \J m:uo,a::ii ft'fl'U w::IfJ1.1 

1tJm::tJOfl9l'Hfl nHulfla1.:1I';lJlftfJ'1tlU ll1fllJ flal~iitJ~::1fJ",r,1.1 l~o.:l,hfJfl1~ qfl , '1121l1;0 
w 

fl1'i~/il h4'UfH'~0,,,ii~ 
fI 

3.3.2	 ffmnWY1/ilfttH 

,d0.:1 'lfl1t1~ 111 ftO1ftlflfl11IflV9l~~iio~lrtlJ tJ~1l1W1l1fl1l1[Jun::ii oQm::9A 

~ '_1 ._.!II': _.. d.. .. 111/ d... 1~" '2:!!1
fl1::tlfJY11 11 l11fl1l11111IlJ'UI'fUl1'fa~UIII&'U~OfJl'Hl[J , 1l'f0 "10~fl9::lfl~1.1~:: fJ"lJ 9~ ~"fl1n 

_. d I': -., " .... " • .1 21 1"";' .. J! .. ~- .. 
'n~t101Jl111119l1~, Ui\tIl11J111'l01"a~69lU'U.:I'n1JfJ'nl'U\JLm1 ?\[J "LflH)~Ofll0\J C)f~11J1J11i'n 

~0~a.:lYllJ1l1flua::fl'0~tnftfJlYlfll\J laufitru,rl.:liH 

.4 ".,	 0': Q., c:l 
3.3.2.1 fl1l1ftOfl'''1t1~1:t111.1 11Jfl1'j'nll"011'fa.:lo~u'U~ 

1AQ1.1'j::in\Jii'tfa1U"ii~ IW fll1gl;fJ fll114lJOn fl111111'nflClf fll1LAflClf 

~lilJ fl11U~~ Irt\J~lJ 1\J~1\n1J1AfJlh:t'J11J1't1ih~ fl11uil,u1J'U')~fJlb~m\J~ih W11\lnu''':: 
•	 w 

l11~1t!fl11fl11W9101J ;~ '~Lft1)fl 1~LfilJ'im,I-:i::ffl1J l'Ufn':i'"hL;ttm-tft,m~·~ ill1U"'~ 1. u~mm; n•"	 . 
u1futl~,jlJih1.1::l1a~ cj~ii·ni'ntiO'l.l,rHQfl t1,'A'l91t!Hutl.:l,j'l.lriltJ::l1tl'Hj~'jlth'l.l~h~ COJ 01.1 
~ .~	 • I 

;;Y.:ji:~'Jtiufl1 5,10, 15, ':0, 25 ;ili~ 30 i'Wi:Hnf111JJi"'Jj'lI'IJ'\I[l~f11Jli1!~n!1iJn~:fflJfhwr'l..I',*I1JlJ 
v'"'! '" 

1~Q'lh::t'I'llJ1\Jfl1~t111';01l'fft.:la~11~.:I• .:Illil~,j'l.l tY1'I.J::11 ~~~ 1'.J V~'j lrY1Ulifl rl'111 ~-n~hnj 1 

y '1- -.: ..= j{ ':J: ::1 ~..q ., 'P ~1 - -. 
i 00 ~11!. 101!1 . ~!.~'m" ~llmmi:lfi1)::: l~fl1'lllfl~91·:Il'lH;n.d9lmh:::l'I'l'U~n1J¢it)~fI11.	 , .. 

.cs Q,t .s q 

3.3.2.2 191~[J1l11J~I"flll'fa~ 

j) Yi, ;b~148I'Wa~ h11l'l1~ lh~~.,r n ll"l~:I.ni: l!l>iiiilil ~ Ii tJ 111 w~ tiii 
r:ttU 11 n~ II o"c "1 "" .: 1'" " ".1." 'I • 0 'l 'J/ 'J/•	 'll'" 91Jll'tf~ ~t!1Ifl111l"\J 1Ilfl'l.l'HHlCl~ 10 OlflTIlJ'lf'U:JJ ifHni~ !1J;j):;~n rH!'!11 

..' •	 ~ J,1 :II 

~?'Itl'U~lliJBB~Llj\JLni~ Ll"~81'iii:;')hl't1'ft'tnJL,;oL't'tii~~'lJ~ili~ 'Uf)fl~ln'l1'Ull~ 1~fil'U5'1JltuWniJ 
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... .: "'" " ... 4 ... ..." 1 "" 2) 'lJtt1ffAl'WfH1UH 11f1:::10tlA llJ09l1fll1'JOO1.J'lI~'Ul1 'WAUl1~Ufl1161lJl• 
.cl 4. 0'4	 , '" d' ~ ;.

1.JA,,ra:::16t1A~1t1lfl'10~1JA hfilflO'1lJa (Roller Mill) 1.JA 11f1:::16t1Al'n1~'U1tl~O~~1fI0tl 
.... . ... 

3.3.2.3	 11109l'11ff1'U'rI111lJl:::fflJ 

1) 111fl11lJl"'JJW~O~fl11 't;'fll1Uil~ ,,rijfl11lJl"'lJ"'U9il~ '1 ti'U U~1161 

fll1Uil~lJ1HfflJti1.JCj~,j'111"A1JA ''U8tt'111h'U I : I lrlofl~mflftlHfflJti'U~U~16A1HU1J1J 

al11EtllJ\1flUlffn''U'U1A 2 d'l U~1PllflUttAl1~OO1J''U~01J~Wl1tJii100°C ,,rU,r~ ~lflfl11'r1AaO~ 

fl11UiJ~~ijfl11lJl,j'lJ,j''U~OVO:: 20 , .fn1Y1Plflth:::ffl'U1~• 
2) Ml0Plnli1'Uci~,j'111rtA1JAti1Jfl11U~~1,rfl11lL~~flllJ,j'O 3.3.2.1 

6Pl'11fb'UH1'l'lJci~,j'111ftA'lIA9iofll1uiJ~ 1 : 2, 1 : 1 UfI::: 2 : 1 lrlOHfflJti'U~uft'10An~U1J1J 

ihl1gtllJ\1flUlffn''U1J1A 2 ~1 Uft1fllflUAAl1iOO1J''U(01J~Wl1tJii llO"C il1'u,"~ ~lflHflfl1'i 
., ' ''2. ,_'4 o!:lt':.- Go' d,~

't1AaO~OPl'11ff1'U'f~"111ft~UAfl0fl11UIN 1 : 1 't1111J'Ul'lf61'¥f(Ht'l~t!~!~ .~A 
II 

3.3.3 flmnfJWfflJ1M'UO~l~Ol"n~ 

3.3.3.1	 fl11l.111'U1UUU 
•	 II , " ... ~ .cIl "~ • 4	 ,A	 I rlJl1Ull1'U'rI Yl1J'U1Y01,"nn:::lJfl11lJl1'Ulu'U'Uo~n111H 0.35 - 0.8 

Q " .ct.. I .- , ,_.1 " " .., • ~.-	 .....1 Q IQ 

(mlJ9I09l111~1'f'U9IW9l1) 1't181"a~'t11Jf111lJl1'Ulll'U'UlJlflfl1':i9lPl l1\l:::91AtJlfl !!1t~~ .nflr,• flln" 
II	 • II 

1.ytllftft~iiijfll1lJl1\11U\hnrtlfl011Att'~~1f1 u9i011Att , ~od'tbhn'U~l1lJPl &.vtllftft~6PlU~~ 
..." 1 •• - I ~ •d	 1 Go' .Q <IE! Q.!' 

vlfl'f~1in ftR1J~il"111Jl1i;lUulmfJ'i~l'!11::0.45 -- U.S m1JPl69l1'il.J!Cl11APl!lJm 'iHl.'t1t11Jl't11fl1J .	 .~ 

1,j'11~tl~1J.yj141~'U1Wl'Wn~ Odli'1' tJ 
." 

3.3.3.2	 f111lJW 

iii "d, "0 ~ ~ 4': """... .l 1" "!'II:: "'" " LlJ't1 'ITIl11J'U111J11'101't161ftfl~ fI1lJf111lJ't1'UlJlfl lJl1'16l1'U'U'U~:::91A ~ 

tI1fllLa::l,ffhtJ1lJ1Wfl11lJ~01J116t11~ui'm!l1Vlfl ij'fl;f''U11 PlH,j'l1Jt1'1111~Hh1l1ihH~DI'W ii,ni 
.:" 4 ,.... "",. 1", Q tJ A.Q .d.cea .:f111lJ't11J1JOtll1'10 lJlJlfltl 'il::9IA ~~lt1Ufl::: l1f1l1.hllltl!fl'lTIJ'HI'tHH t~~ln"Hi ;·r~1.JZ;·!1'mpl. 

II.	 '" 

11ilnU!Otla::: 10 1;S61'Wil~afiu~~.yjfil\llfli~;jl11'WAijfl11lJ;rUtlg'j~w:h~~6t1i:l:; 10.5 -10.7 lAll 
II • 

, fJJ' ~ 4 A dd 

.~11nIHI~fH't'fl'l.:l't1A7ftJff'Jf!1j 

I "3.3.3.4	 i11f1111J'H)'U 

~ -'t1'!G1"'. '" _,	 dl GI': d.QQ,I

l1'UM':iO lJ 111f11f111lJ1a'UlJ':i::lJ1W 3.934 Uf1f1a'i~flfl'ilJ !'l161'W~FlfJ~UiJ~ 

'lflci~;jl11'WAh\'fllf111lJ~OU 4,770 Uf1ao~Piofli'1J ~~l'h~'U14tH'Wi1~~1,"thfl111Ji'm..l~i~ 
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-.: .. J .. .. d 
,~LYenUI~ L'II'tll,"1l~8flU'U~ 

eif~"'111,"fl ei~"'Y.I1,"fl 
.. 

" . U01l1.1 " . Um\1.J 'H'Hl.... .. .. 
'ILllOll "LllOll 

l1'U1.1'1 1.1'1 1.1'1 1.1~ 

tlTnnn.rllnl'U - - - 0.475 0.37 0.47 0.3-0.8 
., . ~ 

(n'i1ltl8Qn1.J1l'ln 

lWiaM1) 

".. 10.03 9.00 7.86 10.70 9.10 8.20 10.~18.0tl1umJ% 

1~1% 2.83 2.26 14.62 2.70 2.32 14.78 3.9 

fhft1lJd8'U 4,965 4,956 4,044 4,770 5,028 4,022 3,934 

(UtlDeitiemU) 

... _I 4 ... 
3.4 t1OHl'Ufl1Q1fll1FUlfi 

fff11!11L~rnffHn1JHafiftOltyj"'ull'Ufll11f-nu fJwm'rtfll'i1fnu ft111JU~~m~ l1\.1111\.1 

... ~ ., '" 1 '" ... '" ~J ... 0 ~ 12.1"'.1	 " \H llJ \.I U'i~ Hftf1f1\.1 \.I fll'i (l tlf1UUU'rt.'.1l lJ'iUlJl~fJ Wfll'rt'U(l~HftflflW'l'I'U\.I \H \llllJ\.I fI (l ~ 'IJ 

tJ'i:aftJfll'iWtl111JU11JUfl ~ij(ld 'thtl111Jlf11,1\.I fll1fff1111~tJf11Wfll'i Hafl Uft::i1ty'tflJ\.I '1 

1" "l1QfltlItH 

3.4.1 fffl1f1lfl~t'l~VU 

'\.Ifll1'riH1'\.J'U(l~ltl1(l~8UU,r~~~f1ft1'l 1tftll'tf~ (l1f~L;1\.1;\.I 1'tf qj~ '~U1 'tJ1f 
JI. JI 

''\.Jf1ntJtlufi~ H!8u'ri~l~8t1'fa~u~~itHa~'1\l::Qf1'f&i~'\.Jlf8l'rtn~'\.IL911 "lhflflfltllfllff!(l\.l 
JI	 • 

, , t' •• ., 1 ". ". QI' 19J t., .ctJl
'tf ftHl1U'U1~'Y1 (l'IU '\.J 'U (l~ tfl1(l UU'tf~ Uft:fl1Vll1tl111J 'i 8\.1 H1\.1 H\H'YI(l 'tfUf11 tftl 'YI fI (l~f11'i 8U 

1\.I 'U0I::~1Ut2l'tfft(l 1f~~(l~fll'i(lUU,;' ~ ,t\'\Jf1i1(l\.ll.u'l~'ri(li\.l\.l(lf1 'tf ~~\l1f1fll7 N1\.1fll7 i(l\.lLL~1 

'tf an1fl~(l1f11ffr8\.1 thfJl 'YItl111J r()\.1,ruriFnr~'ri (lUt\'1 ~OI 'tf fJij 'iI::ftflM ~ 'iI::''tf ft 1f1f1~ U 
". • II • 

T11~ A'11.1tJft10'ri(lfh,,'riuy'U \.I8f1iiij1Ut21'tf ft81f loft(l 'i ::1J1Vfl111JY\.I(l(l f1\.1(lf1lfli (l ~ (luu,f~'Y1 H 
• JI 

1Ja(l~iiAftA~,~ 

3.4.2	 fff11!11ltl~fH1JfI 
., ~,: J.,,, 1 " d..., d.c:s'" 4 

'rt1f11ff~l'tfft tll1U1f1fll'i1f111A'i \.I 'U (lf1'i11n'lf~'U11 'VfflLLft1f1V~:IJ'UUH)tJ umm 

Ufl\.ltl811J1!\.I"htl=Ma~ 1tJ'sj ltmqi'11i\b1 f111J1'Y1V1ff1ff91!d1 'A1~lfl~(l~ hftlft(l{ijft (Roller 
JI • r	 JI. 

Mill) »;e (Jig Saw) ti1Hr1JtJ~i'il1t1nta'lij1,rft:tfjm~ !fl~8'~iJti! hata8fi1ftihflWA;f)""\iil~H' 

~l1J'M t1'i:m8uhUf1uflmgf1f1ft1J 2 9f1 f1i~'tJPl11J'iH iPlVijUH'Ufl~ltl1(l~,j'lJ (Motor) t~u 

A1<UuuurnOUfl1lft21'tffff)'iU'tfi"hiil..ra:160M i~L~1 Ll~lfl~fl~Jih1fllflfl\.l'liHU'Vf~ tl1'l1l1tI114 

I 
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" "	 ,)I 
o 4 .. ., d 'II"".Q " ~ .. 0 4.c1 " 4.Q 01 "1'

it::Y111"lf61'na.:j6tlL&~.:jfl1~t "Iflfl~ 6.:j ~~11l1JUlft~ 6.:j~111 ~ 
01

1J1Jtllfi~ 6.:j ff'Ul1\11Jft muu:: fI ft 1tl 1J 

" 
ff1 11i'1Jhiull.:j L&"ij~\l1tllmyfy;hhi1J1fl ij\1111unmt1J1n 'rh~1t1121uft::R\I;)61JtJft1n ffl1J1~(l 

" "	 " "mriffi2l11a6iin1nm~ln't:l~m11thu1Ma:10tltl t11\1nfllU\l'liu'n.:j "If11,j1\l11i6lfl't:ltl~m 
" 

"... ...	 .. '" 0 4litnn\ltlffl1Jl1QH1H16Y11'll\l1J11""IfUH'J!tI 
3.4.3	 ffnll1lfl~6.:jff1JV6t1 

1~i2111S61"~1~\lltf\ltln In mfl~6t1 yfH,j'l1 11i6F'in~1J"If11 ~11~\lYl6.:jU1J 

V6t1l~6lMij'U\l1tll111J1::fnJn6\1~;)::\11 \l.:j '~66ml1J1Jua::i~U1!H111Utlu-n.:j A.:jt!\I 1Y1. 

lfl~tHU1JOtJtI ~.:jijth\ll1~:n61J11nn '~un luiitl~Rtllitl.:ji1n\l1J\ll'Wa1~111!\I'~~6ml11tltl 

141J 61~ 6{1~\I A1tUtJlfl~61J ~.:j ~ \l1tl~ 8.:jlflffHumj6t1ua:: i 1\11\111Jijtl~9itl1J \ll'Wft 1~a6tl it \I 

nn't:lW::~6.:jl1Jmt i1l~\I"tJ~tJtJnu1J1J1Ml111Jl:U1J01J"IfUtl ~\l1tl uft::l1i1J1W 'U a.:j1~i2Uf n6l.j~ .	 . ." . 1'" , ... 1" ClIo.....	 ."". '''., d "~tJ.:jm1it::t160~\l1tl tltl,n	 I !'nU IlJ1Jn\llJ1J~tl~::UflH·H)\l1tJ.:j'j1JtJ~"If1~ftl~ ,nff~l,r.lflfJmn 

F';'\I~::L&fl1.:jitJ\lntl\lQfl\h'tJl.n\lm1tltlL&'ri~ 
4	 4'

3.4.4	 ffnll1lfl~tJ.:j~m: 

11 a.:j'ln~1U~111a tJ1f~jj"\l1tt1Hq;Hitltll11~QnvtJtl11i tltftJlJii"u1tll~f1 C1'1 

~ • • oJ 1.". ~ .r A 1"'" '" ,,,..1,,mn fl1nn\lm~~tl\lYl~::UflH~\l1tl1JU6t1n11 4.5 ~~ .1J1J. Y1.:j\lnu) 111ffi'Jl'WClfl "If\1~'if1"!i 'I)~ 

Ul1J1tltlu-n.:jjjm11m::i1tl1J '~A
 

'" A
3.4.5	 ffn't:l1lfl1tJ.:jflff1J 

.	 " 
fl11J1Y1t11ff1fftl1., 1~AtlUtJft~1Jlt1mflimflff1Jfl6\1ni~ 1tltll~\i.:jUl1J\I'U\l1~ 

.c:a 4 : tJ : ~1' .. d
200 ft~~ 1JFhi1tlYl.:j~6~tl1'IJ ~HnftH.6.:jYl~tr6"uhlit1ZI 1.H1'l ff\l'flllltllH'lO~1J'!J'W1fl,.,Jli 

" " " ,.hf3'\J60ftHth::1J101 %ih tYtlA1N1\J'J" YI::qi')a,nhu\Ji~ntl,uh lift::l1flfttltltlO1'lhiH'10 
:l:Jg} .~ ';''1",.~4o'' • d .-i~ ' .....

~'H IlJ~'u i~nQ; 6 in i,U'1 i'Um1J\l1JtJiJ11l~'Ulf21\l Y1tl'Unfftnna1JYlIlJ\lun1Jmn~f)~mvl\4(l~ 

Jl21\1ifl~tl1J~1t111Jfl1\1 (1iJfl1\1rl''rh~101Hgf)fla1Jld'\lFhU\l6flft1.:j Y4 if') 4 url1 2 Utl1U~fl 
~ 0:." :iV -:'l \\~......, QI • 1 . 

;,-r.fl1JlJ>T;i ;;m!'!!llam 2 m.-nr;~~l'f,e1Jt1'i11Jn\l 2 1101111n 1::t1::11H~6.:j 1Jn1\1U~a::U\l1\16\1 

Go' rJJ .., 4 _P' ., :.. • : .: A ~ 
'ir~jJl'Jntim:tl1J'~nn11j6T11t1~f)"(l"'U11J\lYl11pJ 45°'~ Y1~\ll'W6tJ~:: lt1"1f\l1\1f11~flff1JfI11u11.:j 

fltd'ffii,i61l'fii'l lMfI'lfllflft'lfi'\lA~tItllin::'rlllHlfi~tJ'Ifm1Jd'YiH1\l'~'j'1tll~J~fHloMlfl~fl,,'ihJ 
(Motor) 11l\J~1,j'UllYl\Ji'immu

• 
.::!J	 ~ -:;;.' , 

3.4.6	 fffl't:l1ltl1tJ'I6tm'tN 

mli1't1[J1ff1~~f '~fffl1n Rtlutla.:j lfl~6.:jtltlJ1U\l1Jn;'1~'Ulfl~O~Otl1461'Wih . ,. . 
u~~ ltltlitlul1a,,1,r~ltll,j'llifl1n;'lfli8~tltllYal'nD.:jiJ ijJT,nh~1[J'111 iJIHflft1"J1'U~hj'ij'1J' 

.. I : .", J 4 ,.. 1 1" '" dflClll ., 1Ul1Hfl1::1J6fl~'ItJq!ll'\.IFn~fJfla1~lflft1UYl1fl1lU1lj) "V m.!1J1J'nlHH ~'rU)fl fl11lJ 

V11'UtH'21flft1J~thlHm~1Jf)flif1,rtJ'Ifl11U1J1J2 if, ~HtJil1tlU-n.:j~6'1!l\ljjun 2 ~\I ;~U)d~ 
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tIill011lhJ'ItH!1'U 'J tl~i''U L'Ill:1Lrrnf~utJ~I'U , 1fih:ti'Utl111JiJ~ L-n lfl'Ufl111J fJ ~ 'II tl ~ ,J1fl il1J1 tJ 

.. " d ~ CI .., .. ,,,; • 

In~m:'Utlm11Jfl'Utl111J~~"tl~'1JUfl1Jflill~fttlflllil::nn:1Ltf'Y1~t'I'tl~tlm:f1'U,"'U ~ '" 'Ilfl11 
"" . . " 

1U'Jfltl'J::1J1W 1 - 2 ih 'j::·tI';h~Lt'I'lti~Utl~ijfl'UltJfllf1tJ'l"'f1UU6flill~ (;lilfl1J) tldjjlLt'I'lti~t'I'tl~ 

fl'U 10flif';l.t1tJ'J1ijf\111J"U'Uil::U~~1l·Hfttlrr1Jft1'J flflUH1J'~fl'U ltJfl"H~d'1JHt'I'Ufl'UflilH 
.4., "d~'" II ,: .ad" .,''

Lt'::lflil1J CO) Y1UN'UtlUltJfl '1 'R1J'tI'UN1tJUtJflill~ ''"UJfl111Ufl'Uflill~'IItl~L'lftlLftil~LilflUtlO Lfttl '" 

." " 
'15'flil1J CO) liLiJ'UUfl'UflilH"O~L~tlLftft~lI::iJtltlfl hJ'~i1U'U'Udl," i''U l"ti~L~m'Vfit~ Him:;;ilu;: 

'U1J'II'Ulfi 1 Uflililtl'U Uil::~tl~ijFh'J1flft1J CO) nn::l'lfl15'flil1J~d~I'Uufl'UflilHYI::~tltlfl hJ'~ 

L'lilJl~ltnfi'lJ 11lBfI tlflUlJ1JflJ :i1n~lJ lJ;f\J1Jl~~'lJlJjl'tntl~i'lJ lf1tJ1..r~1U'lJ'lJLiltJ 1JJUfl'Ufl ill~ lri 

n-:n:~·'::~;~f·!t·~"Ni;:'!.f "'~ cl"!fi'J~·1 '" 1JUf1'UflilH tlfl'l1tJtl'U "'i! tJfl f1tJ ,~"""d'! m~'u ilfl~ll&'lJtJ ,11AHfllJ"'," "'11 '" l1J 

UfllJfltlH lHrl~'U1Jluft'1flatJ "l tlflt1'U ItJf1il~ hJvflllfuuwrHHf1Jtl11 tJflUP4\iih..l·[tlmHlfll1j~FJl 
tI1~ 4 " ,: .Q ". ~ "tuOflfl lfl1l.ll'ln~!I!J·Hfl,~i1l'1~'J'lJ~Hf!tl1l!'lfDI'Wn~'il~Ylum!'1I'!!il'ij1"·i";0 iiT-';' Ef'l'e-:J:nJ'l'H:,'

.' . . ..-
" 

iJ1lLfl'Uflill~tltlfl 1l::'~LYt:ll'r~ft~OflU~~ ,h'tlAlflUfifi'1fLnf~ 

. " d ".:::Iti !:!IIt.'oCIo 4 ~ 

3.5 f1nHllfUJilUYlI~HDftl~alTtD~ 

'" ,J 4"" , "do '" ..., co,l... d "" I .. d4 co iQI·n.1~,.lI·' 111'.\0 .1.1JdYitUlHlfJ1'1fYlt'l'l1Jl'i{l.. 'Ift1JUli!fl~1!. .'Wm~r-m~H'lf~n·HNH'U·~I~Uf!. ... ... . 

w • w w • • 

L~l1\llai11W Uflil'lJ ;;lfttl(J f11fl~tltJ 1il'1 ti~;h~tll1fnflii'UUil:ftlfl'lJ'81fl'j'lliijtldl'U-iU9iJ 
w. " 

t "" \V ,... tV I ~ :;..r.4.do I. JI d ~ .. 11 4 1 Ill", ...,"'
 
&rlUi~H41iu"'it'-'WhJU1JJt:i\ltHnljjH"Ui1Wl'Wfl,)lY11"l.JnUlllAfl1':itt'l'l,., Lftn ""1t'1'9iJlltilU 'if
 

~ fiflL;llJl1'Yi~ ,~~ 

3.5.1 l.filJ1W'lltl~it'l',!1,"j';tl1.j 

, 'U f11 i NnflL4tllltn~u~~i'Ut,}'It'I'l""fI'i'i1J ~lLrJ'Ultl~thiA~n~tli1JltU'IItl~1f1qA 'lJ 

11i tl1t'1'~L"" fitl~i 4~;)::,hlJ1t11f11iijfl 1,fl~lJU-n~ i~;fn'fn:::tJilJltU '\ItJ~1"q~1JL~U~hThH uii:,i 
. " 

0 .... "" 1" I Q Q,I .t:I JI I 4' 10 01 I ,fl'lflty'YI;):;UUfl ...,Y1i1U11f11iHl1f1tJlJ 'l1Jml1JfllJl'lUflfJflliiHlJUWHl .ll ffll'l'j'U'L 7~mfl 11,J 

~\It 11,.,11'1 :LnffLflll~ 'im 'i1J fln L~lJ~'U~Lltl::tl\1fl llJ119iil::iJDtl1JUt'l'f1~i1~ ~1'U1'U NilHnfl 

"" '" .,,, 44 ,.". .1 '111'" 
;; ;~ ~f:iJ .·i~ ;.~'I;;;·~ i1 ii~ 1; ~ u"u j ; i.,;.TiWlj·r.:Ull'i II iill U' :jIlJ1J9Il1J 1 f11lJ

• . " . v 

d ~ d .. 1 4 Q,I.4 _t,Q
'I1i1~Y1 3.2 mffl\l OWU YI fll'HYtl::lJ\lfllt'lfLf)'lI'I'ifl'i'i 1J 'Rilfl NilHil91 Uil:: lJ 'j1JltU 

..... ,~...J '9. ..... t ~ tJ." ~ I~ '':'' ::5 ~ 'JJ .. • 4
 
:"~'; 't; i~,:"; iii,i !,';"~l!\il'.' ;~T ~U~. 2:-3t;·2~·5'j t""U ly;:j111lilJ1W'Jff~1'Hilalijf;)lflf111lJ\lfl'Vi'lf
 

Wid ~ d I ." Q,I' ·~r.4 OQ,ll 4'lJl'.t 'l"~
1i Jj)'\JD nl'itl-;';ftrv'w~ 9 'tf'U~ mnf111 6Q mUfI'UfltllJ ~~f11i'Ul1t'1'~l,"iltl 'lfl't1ill'UlJ1 'lfl1JU 

::' .-.. - .~, v.... _: ;; t ; ~ J.~ ,;; ...~.d~ ....:_"'1 i 

:'i! fHl'I(H 1~tj~~~.l..iiHl'illrl~lfj12UBi L'IfW lIfiJI~.iin.,ijHtHJm V~'I'I1;n h~Wtl;l il.H) 1JhllUnfl .Hli;; 

~'.' I Q 'j/ " 0 Q,I I oIC::lo JI d QII f..:.J..o<-t ~ 
1titll'll'U'IHY ·BY ~ Vll1..., n l~ 1'll'11'U f:Hl 'ill11~Btlli)Yf l~ lH1J'i n~1mH!'HJ·~m lHYr1\-l ~Hl~ flfl'''H 

" IU ~ 
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1111.rf.:Jij,Toi1titl9l111~'iori"Uld'1JJ-mtll"UU'r1.:JliolYift.:JU~.:Jl;qO1~fltlUflU '~;'lJu ;.:Jli'lU'tJ 

'111101U'rllUlfiml 

JI	 ., II ~ ... & ' 

3.5.2	 f11111"O.:J01'jYift.:J.:J1Utt11Jmmft::mu 

1~ ,:>' .:'!...~ ",.<l/ " ... 1" '" 
011 ncU	 11Uft::mUJIlJ1111W11110U\1.:Jtl.:J10Vft:: 14.2 Clr.:J\1.:J011fi11 "Yift.:J.:J1U 

~	 ~ 

hHhUft::(hu,"Ufto 'u.fluihRV1tiU uomnoi] fi11'~UOfttJ 1.3 x 10 
12 

nlftuflfto'; 1!UlfJU 

.till JJ _~ ..I... • 12 "1.t111 ~ ..: 
LYiV.:J10Vft:: 5.88 "O.:JlJ'i111WUOfttJflJJ8g (22.09 x 10 0 ftUtlftOl 'il109l111.:JfI 2.1 Uft::91111.:JfI 

" II'	 •• 

2.2) R.:J1!u fi1n~ft9ll~OlYift'lU~.:J'lo1'ut!l'HaO'~ ltlVlUYi1::0fh.:Jv.:J'10UOfttJfiijtJ~111Wl'HftO'~ 

11'H1ft1ft ri011li'lUYift'.:J.:J1UflIiIUflU;lub1Uft:(hu'1601110 

.	 ~ 

~111.:Jfi 3.2lmvtJlfiVtJfJWb'l'11lliil~onwD.:J"O.:J1ff91l'HaO 1~ 

1fftll'H08,~ 
ffn1::nUI 

% 

nlUtNi1 

'" 
l~l 

% 

fl1lJ::tiu 

% 

.lltl11JJ!fJunlautlllf>il 

nlani'lJ 
~.'Ula80 75.4 22.4 2.0 0.20 4,750 

mn~80 73.9 11.6 8.5 0.3 4,440 

unt'I\J 62.7 17.4 20.0 0.14 3,860 

Ylwrn 74.4 IU 7.3 - 4,300 

ci~';nl"A 76.1 21.8 2.1 - 4,450 

,0lJ::"rn 63.3 29.4 7.1 0.06 4,380 

ilTu~1l'Ha8~ 72.5 19.1 8.4 - 4.150 

ilTu1j'ud1tl::'Ha~ 76.2 19.1 4.7 1.3 4,300 

1'Htl1j'ud1tl::'Ha~ 75.0 17.0 8.0 0.28 4,050 

ltnl 'H110 70.5 23.1 5.7 - 4,480 

llJ011tJii'ml 71.2 25.1 3.7 - 4,460 

finAtJ'JIl 58.9 153 25.8 1.19 3,010 

~111 : 1Lfl·n~111tlv,ro.:JtJC1J~01·H4ol"D.:J~"ffllfm111 ffl",1iv~~ffllfm111m1'YH1.:J.:J1U, 
'lVl. [4] 

3.5.3 fffll1::fi!111Jl~ff1J'tJtl~1flllAlJ•"	 ..
1lJ 011 ~ii~ri llJ L;fOLYiii.:Ju~.:Jijo,uhh:mJtJlf ft'onfl11t1l'U .:Jil'll'w fl1'11'm 1 ~ft ~ 

~nl! 1th)dl~ihh:::ihJiiflll'mril1~t1 
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tI • ill II " • 

3.5.3.1 f1111J;1J 1~rJ"1 hJ1tT~lHaO lff11,jjfl111J;f1J1lilO1J 10% 'r1~ihYto1M' 

1tT~i~nril1lm::n1JlrJ1Ju'Yi~ U'41rJ'lijj1OtJUfUl!l1 Uil::jjfl111JU~~U H'rtOl;; rJ~ tTl1Jl1 (l'U1J ti~ 

1rI~v'1iuAn..rn 

3.5.3.2 tJWl1lJiJ f1W'HlJiJ'UO~lfl~Onllf1111J!01J~l'H1J1::tT1Jf1110~11J')b~ 260 ­

300°C ~~li'J1J')b~tJW'HlJiJ~tTl1J11tn1l1~1tT~1'HaOl~ l,s1J uniltJ ~lgOrJUil::mn6'omm::n1J 
" . 

li11Juyj~oth~ihh::iiflifl1"'Uil::ii1Jl1JaO~'rtft~~11J''''''l1l'OrJfiq~ 

3.5.3.3 fl11lJi1J '1Jm::tJontl~ ln~'lnm1~tTnltl~'I11J1Ji1J1~1tT~~1J01Jl,11 
• Wqw., w ~ .,.,-1 I., • I.a.., 

lf110~O~91~ntJN1J~m::tJ0f10~1JOn'ln1Jfl111J~1JrJ~'U1JO~ntJ'i::rJ::'Hl~1::'H1HLOilV10~f1111J 

.cI d , .., .,. ., 

\l~'UO~LOilV1 f1111Jl'S1'UO~ffnlAilO~'1J1::tJ::'H~'i::H11~N1J~m::tJOnO~tTnll1J01tT~QntTnl 

.. ,,,... .. '" .... .. 11 ' '" 11 • '" 11 ...'111J1J~1J 'Hf1~ntJfl'i::tJon()~ ~~1tJfl ~11Jl01J'lmlN1J 'Hfl111Jl01J 'l::f11 'Hf1111Jl 01JLO~m'i 

lm::A1n1JUil::U'i~larJ~f11\J1::'H'h~m::tJontl~ntJuyj~~1J~nlft~lflgo1JlA10on,::')bV';1'lfl0~ 
.., .d • , "OJ Q ., 01 • ~ ", 

f1111J~1Jfll'H1Jl::rr1Jfll 'H1t1'~LO~m10~911U1J1JtJ~'U1J 

1J'::Ulfl'rtft~~l1J 1J;1J1Wf1111J!01J (10
12 

oliluflilO1) 
.,. ---:­
tT~tT11J'UO~f1~'H1J~ (%) 

Clil ., ~:., 
NilAflWcrJ1Jl1J1J 

" 
100 60 

1~"'1'rtft~Ul 12 7.2 

nn'1J.lUil::Ol1J'I11J 

" 
7 4.2 

mnoorJ 10.7 6.4 

uniltJ 1.3 0.8 

~1J 
, 

5.9 3.5 

011J 
ttl ... 

17.8 10.7 

m~1i111J"191 12 7.2 

'11J 166.7 100 
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..... 1.1 .­
mlJ1W1fffjL'Hna, ..4 'rlUflL'n1:: \ttl fU'H11tt 

WA1fffjL'Haa,~ 
.­u,,,,, HaHnR 

(x 1,000 'i) (x 1,000 fiU) (x 1,000 9iU) 

1 ",11 63,353 22,016 5,723 LLnn1J 

19,805 ...h~'li11 

2 ~11111t1 8,346 4,155 8,128 i~ufl::th~U~111'nA 

3 uudnJ::'H ft~ 7,885 17,388 6,953 t;,~uuudnJ::'Ha~ 

4 ~f)O 6,279 57,974 17,438 mn~au 

5 lJ::...rn 2,362 1,413 1,509 L1.IftatllJ::...J"1 

6 ';rrih~ 887 194 677 thA'u'li'11'rh~ 
.. .. 

596 
, • JJ ~ ... 

7 01L'IU'1 2,197 234 1JUn::n1P1U01L.,.U1 
.:. ... 

386 1,176 
, . ,,~ . 

8 01L'HfttH 1,887 1JLla:: ftlPlU01L'H fla~ 

9 n,fJ 
\ 363 81 164 IhA'un1U 

1111 93,553 103,841 62,214 

. " 
ill1~Hii 3.4 Uffill~tJW ff1J,jA~11Jl~61,"n~'U6~1ff~ L'H n6 lf~lnfll'Ln'H9I~LLil:: 

~91ff1'Hnn1JiidltlOJ,:a-tf1J1~"h ij1ff~l'Hn61f'Hil1tJ'tfiiilll';1J -nH.ul1 flln~6tJ -nH.ul1 

" i~~111"f1 ua::,tJll:"f11 ~r1\J~\J ijfi1fl111lffl\J1l1f1f1114,300 nlftLLflftfl1~flnlftfli'1l, 6f1';-1ij 
, • I '" 

thri11JfI~P\1\1~"6ii,::1111J1Ln1J191q~1Jii,:t1illln1JU';~LoW6 lfln1Jl~6n~n~'nillU'n1J ,J1;':j1J 1~;l ij 

lyttJ~uniltlUil:Fln9ltl'tf11~ijtJi1J1Wld'lti61J LL~~ 1~,j 1v:an 1J 1] tlI'H 111Jnu1fLn 1J.u1~\1~ 
.: 9 ., _~ • da II 1 it. w ...... it CII '4 A 0 ., ...

L'tf6L"il~d1'H1t1lJ11J1Wfl'ln:mftJill1~n1JfllnillfltJ~n1J 1J'U6ill6g'n'lj,1J1Wfll1J::01J fttl111f1'~ 

I I.,.Jt. ... .... " .A 1'~ 4' 1"'" '1l'Hil6 'JLn6t1lJ~ill1Jfl11J6tJn11 '1 env: 1JLlJ1Jff1~'nn6 'Hlflill1Jilfll1::U9I6tJ1~ , 

OJ' I 
3.6 tlfl11iJ1YNIn.I 

1. 'h1Jlt11J1. ei~~1-11ft91
 

2, uiJ~'U~htJ::l1~-:j
 
" 3. 111 

3.6.1 8R11ff11Jii1,* 

1:111l'11 1flfl. : i~.,jl11'Wfll flfl. 
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" ~ 1" "" 3.6.1.1	 lOW"'0l1HfflJYI I Y111t1HfflJ 15 \Jnl 

1) U9111tY1\JHfflJ 1 : 1 =1'U'~ : ei.:a"'111n~ 

..	 " 1 _'I .. " 0:.	 1'U
,

11"+ • .:a'l11 1IR 93% UIH1I\J 4% : \J1 3% 

o	 • • 
111t10l18tJ 6 'lf1J. t1\J1\Jtl1\J 4 un.:a 

" 
.'.	 1tJ'~ + cidn1.. 93% uiI.:a~\J 4% U13% 

1101ft118tJ 10 '111. '1\J1\Jth\J 4 uri.:a 

1 , "	 .. " 1 _'I .. 0
" 

. '.	 'U lJ + CJf.:a'ln 1Ht 93% UlH1I\J 4% \J1 3% 
o	 , I 

111t10l'S8tJ 15 '111. ~1\J1\Jtl1\J 4 un.:a 

2) t191'SUf1\JHfflJ 1 : I = 1tJ'~ : ci.:a"'111",~ 

" 
.'.	 1tJ~ + ei.:a"n11Ht 94% uiI.:au\J 3% : U1 3% 

111tlflU8tJ 6 'J1J. i1\J1\Jtl1\J 4 uri.:a 

" 
.'. 'tJ'21 + cidn1.. 94% uil.:au\J 3% U1 3% 

11010118tJ 10 '111. i1\J1\Jtl1\J 4 uYi.:a 

" _'I" 0 " :.	 1tJ
,

lJ" + CJ.:a'l11.. 11HI94% UIH1I\J 3% \J13% 
o	 , , 

111t1flU8tJ IS '111. '1\J1\Jtl1\J 4 UYI.:a 

3) t191'11tf1\JHU1Il: 1 = 'tJ'21 : ci.:a"'111",~ 

" 
:. 'tJ'21 + ci.:afI11.. 95% uiI.:au\J 3%: U12% 

1101flU8tJ 6 'J1J. i1\J1\Jtl1\J 4 uYi.:a 

" 
'tJ'21 + ci~m1.. 95% uil.:au\J 3% U1 2% 

111t10U81J 10 'lf1J. i1\J1\Jfh\J 4 uYi.:a 

1 , "	 "''' 1 _'I '" " 
0tJ	 lJ + • .:a'ln ?Itt 95% UIH1I\J 3% \J12% .	 , , 

n1t1011tlU 15 'JlJ. '1\J1\Jtl1\J 4 um 

""	 1 ," .. " 14) 8~'11Ul\IHl'DJ I : 1 = tJ lJ: CJ.:a,.l1 ?Itt 

" 
:. 'tJ'21 + ci~4nl"'tt 96% u-lJ.:aU\J 20" :U1 2% 

11n10U8tJ 6 'J1J. i1\J1\JtllU 4 uYi~ 

.'. ,'U'21 + ci.:a'111ntt 96% uiluj\J 2% : J1 2% 

111t10l'18tJ 10 'lf1J. i1U1Ufhu 4 uYi.:a 

.'. 'tJ'21 + ci.:a(nl"'tt 96% uiI.:auu 2% : J1 2% 

111t10l'18tJ IS 'tJlJ. i1\J1\Jtl1\J 4 uYi.:a 
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.. 
3.7 "'Uft8'U01,nili.'t8.:.1 

.- eo ... 
1~'V1J1f1Qtm 

u~:tl11mur~lj'1u01,~n" 

, 

ofll1,\'trJutln'tJfJU 

,
 
," .­11ft 'H~:ltlOtt 

Ir 

~U1JR'1fJtlfIl1fi1\l 
d. 
l1fll'HUti 

11, 

... . 
oilUl1~ 

,Ir 

011 ,,rU't1'~ 

l1ilUot) 

Ir 

"" " 1111fnl:11lm::ul

"
. 1f~1J'Vl 3.2 'li'lJI9H)\Jm'j'Y1il~O.:lfll'j~n"Hiiflt1O!cri'''lfriff~l'H~O
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3.7.1	 m·H~ifJll'i~qA1JUn::~tln1W~,.nUfll1Nft~ 

1) ,h1~qA1J~i'A1AirJu'l1rhJm1Nft~ l'tfU l1J'J11.1~u1w 20 

~111~~ 1.I1::U1W 20 nlnniu 

2) i'~lFlifJ2Ji1~'f&i~ui11h::tnU,,r1~lnUl'tfU U~~ 1.I1::U1W 5 

1.I1::U1W 7 ft~1 

3) iA1A;VUlfl~fH~'f1Ufll'1JA 

4) i'A1AivUlfl~O~~,.nUm,6A 
....... A d,.J!lII


5) 'A1~1VUlfl10nl '1lUfll1NUU 

6) i'A1"iVU!fl~O~~''''um101J 

7) i'A1"ivu(;'I'lnu~,hm'NftANft~~ tl.CJSfw,j~m (l 1) lH~lUthU6AUti~~ 
'II"" QJ

fJWU~1"V 0f111fl1UV 
.... tJ .... ,tJ~ ~1 ...

3.7.2 mllN1CJS~"11 'l'fAun::01J1AQA1J 111lJUfll11JVU 
...	 wi 

,h1U~ci~tG'111'1'fAU1A1nUAA',;'U,;'~ lAVl,;'Ufl111l';uU'vvnqA u~1,h liiluti'll 
,JI	 1 I " 

;;'1iufl11]~'lmju,hm1~Y'l '~111ijoUn1Jm'SlN1thu '21,;'1'tlllloci~~111'1'fA1N1' 11J1'r1~11UA 

... tJ tJ 0 _I 1]'''''' ... , " tJ ... '_I'~ A ...... ..:,tJ 1tJ11 V'U10vun1U 1H1U1 A l1rru Y11'l'fO U 1100nCJSl'lUl"1 11 ,,-unliU,:: ..nn1 U 0111ff1 

ci~tG'111'1'fA 3 i11u~~oci~~111'1'fA 8 nlnni'u 11ft~'lnci~tG'111'1'fA1tJ~fJUUfl1~1~Ufll{1JOU 

'::'~thU.~~111~A111ftfll~tJ~ 1nlnni'u A~llrrA~'ultl~ 3.3 il~ltl~ 3.5 

;.. , ; 
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Id ""1 ,"!'! ~11 'VI 3.4 fll1IH1CJf.:a'U11 'nA lUlJllfl111.J01..l 
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3.7.3 O1'H)1J111'~uM'~ 1M'LtJgV'U fftll'WL;1'Ufnf116'U 
tI 

\h1tfi>J111 '~LLM'~1I1';61{1IA1vm:ftnj~6rJ lftouAn::';6\l::ihh'Hufl 2 nlnfli'1I 

u~11ril'U~01J lft061J~flW'HtJij 150°C 1~l1n11'U01,o1111J'l1uM'~ 20 'U1fi ~~tJ,::tf1Jilty'H1 

1 , "... , . ..: ~ ~ _I'" ... .1 ..: 1" 1<!l 0

11 1IV~ 1IL1.lnV'Utffll'W1lJUfll'110'U lI~'m01'1J'1JflW'H1J1JlJ~"UfI 200°C 'n:rJ:l1n1 'U 

01'611 20 'U1fi 'lflO1'6'IJ'11'11,f~ 2 flf~rl' ,::'ll1J'~~L1.1g0'Utffll'WL;1'Ufllf1J6'U'li'H1Ift 
II II • • 

\llflUUYhmn.li'1JtJW'HtJmiflfli'~fi 250°C 1f,::v::L11n1um'61JLlf1i6'ULA1Ifi 20 u1fi tJ'lfltrh 

111 '11~ '~~v~L;1ufl1f116'W 'li'H 11ft u~1'rh01nlftn6~Oflfli~tJi'11tJtU'H1Jij' tJ~ 300°C " 

'::V::l1n101'611 2 flf~ fl6 ~ 20 u1fi tJ"fltrh111'~~'I~v~L;1ufllf116'U'li'H1Ift un::~ 

30 'U1fi t1'11fltrh11J '~L~1J'::L;1ufllf116'U 'lmrutnhm'Ltlgv'U1tfi>J';61{1JUt1'Um::ftl1J 
tI 

'ri6V ILn:l~lllft6UiM1V1IL'1::1~luoG'l~un:A1'U11u'ri~2 111 fl111l 191"6~lL\l1:: 10 1111. LL~1 1ri 

1 , ,,..: " ... 1" d ~ 1" .... 1"'" 1 ,,,..: ...011 1IflmHffUfI lfL911Jlllfi 'lflUU 'll'mftft~fln111h::fl11 lftfUfI fl101'1611 11 1IflflW'HtJ1I 

350°C l'Ul1nlt1':1J1W 20 - 30 u1fi i~LLffft~1ult1~ 3.6 n~l1.l~ 3.7 t1"fltrhfl'fll'W'11',j'~'~ 

6d'ult1fllfm)u~ff1J''J'W 
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. ,,,!II"ItJii 3.7 tYtl1'n'1.J 1JllJUf111'1.J8U 

3.7.4	 m1'1.JtlI 

.. • • l-f!!IiI " ... 1! ~:" " ..." 111:8Nlum::U1Ufl11Y11 111lJUfll1'1.J8Ul1'U1.J18011111 'YI-1l 1.J 1Jm"~O)f-ll~l1 Yftll 

• • ....O!\ 1 · , '''., ., J! 1 ... At ... ..!... .I.dtYl1J1HIU1Cl1U1Jl1.JtlIfl1.Jlfl18-1l1.JtlI tlIUllom::1111-1l 1.J 1JfltJ.~"l1 Yftll O)f~'::1JtY"l tlI~llJ'YI 3.8 

il-llltJ~ 3.9 ld8';lm1' 1.JtlIl~ rJ1.Jr8011~111a::,h'tJ1.J1'1' 1thuR-Ilmil1'rim::tY81.Jl~8tY::tlI1n'U 

m11~ui'm:nUa::'~-IllU 
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·,
 

.... . 
3.7.5 m~Nff1J6~~lff1'U 

o ,.:,~ ~.,. .. ,,: 

'Ultll'Ull ~1J1NfI'1J~1lJ6"nt'f1'U 93:4:3, 94:3:3, 95:3:2, 96:2:2 .~n1Jll~l11JA 

, • "" .!' .. : 2 d .. I0

4 ~'" Un::Nffll 'Uu~n::~~nn61'Vl1fl'6~HfI'lI '1n'U'Ulllm~HffllUn1flnlUln"1116"'1t'f1'U 

1~6ff::A1n''Um,olI6'Ul;l1~lfl~6~6AUyj~A~ltJ~ 3.10 

~ 

_Id
. 

I 1 'JlOI · 01 JI 1 1 _JI 01 •!lJ'VJ 3.10 nl':i N'ff1J(ll'U 'lJ 1Jfl'lJ(llU.~'ll11 'WA'i::~11~U1Hfl'lJ\Jl 
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3.7.6	 m1titiUhLlhrLi1'Ufln~ulOlcn 

t111ff~~FH"lJ~llJq~m~rru~mJUa'1ll1fhfmil6\1L'1~Lfl~tHtiilUyj~~~\l:ai1ulu 
_I 4	 01 " JJ. tI d."""

l1Jfn'AflWC¥I'n'Hm:mOO'U'LI1ilLff'Ufl1U'JtlOflH 2.5 CIflJ. Ufl::lJl~HOfl1~Lff'Ufl1'Utf'UtlnflH 

0.5 C1flJ. Ufl::'U'U1ilfl11lltl1110 CJl'll. ,::'A'flnAflwcnri1'Utii\llyj~~rr1ll1'Hlt11(hutiilllyj~hi 

A::un1,ma'1l'nlo~0'U A~liJ~ 3.11 

_'''' ... 1"!il Il1J'YI 3.11 m':iflCt~m'LI 'Hl1J'LIU'n~ 

3.7.7	 O116'UUlH" 
• I Q,I '.Q j} ~ do Q., tI. QI I JJ" .4 

Lll0 fl1'U m::'U1'tJ011 6ftLL'n~L'l tl'U'l6 flU"10U1f1nYlflWCft01'UOilLl'n~L '1.11110 ~ 0 'U CJl'.:I 

"	 ..."" "'... 0 1" 1116.:10'Ullfl11lln11~ 4 lllYl':i m1~ 2 LlJ~1 \'l~ 2 LlJ~1 6'U'YI~tu11\llJ 100 - 120 C 'If'l::V::L1Ctl 'U 

.4 i'" 'd" _1 4GI oQ QIO110'U 6 'lflJ., 10 'lflJ., 15 'lf1J. un:: 48 'lflJ. C1f.:l'il:: f1tll'LI6i\U'YI.:I'YIUl1.:1t'1\1'Y1 i\~11J'n 3.12 un:: 

" 
ff1ll110t11 '1J'YIftff6'U111fi1f1111J~6'L1 fl11lJ'l1\JlUW'U 1J~lllWtQ'l fI11lJ;f'LI ~6 hJ 
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3.8 ftl'YlRII'81J 

A. ..,t ,,, d4~1 t t Jlo 
12JfJH11Jm::tJ"l\Jm~VRfl1\J llfl::8tJfl1\JUl1.:1la'nl'HIUHJV \JU~f1:: ff1UHa'2JUfI"l \J 1
 

"1' II
 

;\J.:Il1Jn'llt.l'YIRa'vtJ loWV111fh ~::m:nfllm~LHl '1111 ,RIMfJR'U8.:1\h!fJU fi"l1Jfhfl"ll2J!fJU 

• ~ ~ J~ JlQ,lcu=I

fl"l12J11\J1UU1J fl"ll2J'II'1J t.l~ ll1tU'I.IlU1 'a::l'll'11i\n"l1i9l12J2Jl~~Jl\J"fJ~ American Society for 
oQoCIQ ~ ~... ,~. 

Testing and Materials (ASTM) Ui\::"l1l"llft11::11"fJ.:I~t.lmwlfl1fJ.:I2JVnn.,:: 1'11'\J "l1l111fllfl"l12J 

~ Qcs.r" A .6 4: ~ 
'V\J'I.IV~ Parr Ui\:;11l111f1"l11J'lJUR"lrl1fl~fJ.:I Mettler LP 16 CfiJ~::2J"\JAV\Jm~Y1RffVtJ'YIiJl12JR 

3.8.1 m~'YIRffVtJ~::fJ::ni\lm~lHl'1111 

\hfh\J ij~U";iJl1 ~Vi"l8tiH~'l::'YI~ffVtJ U91f1:: fi11J Hff2Jfll2J ff~ fi"l\J ~,~~l1nm~ 

'YI~i\8.:1 't.Ii.:lJ'll1Un 1~viifh"n~fl"lllJl~8hilfl1J 10 ni'lJ 4.:1 l1Ju91i\::fti.~\):: l~fhu ij~U";iJ 

10 U";iJ/fli.:llrtvi.:lJ'll1UmivtJ!fJoun'''l ~\)::ulfhu't.l,~,,.n\J19l1191Dl';ufJi\nV@Jm140 

iji\i\~'j/fl1.:11um1,tiI'-ri m1~tJl"li\lU\Jffl2Jl1nitJl1i\111n~ril1J1H1'11U'hhrJ\Jrnn 30 \J1ii 

-~ufl~1fh\J~::AtJi\.ni·n'2JA 

'" 
3.8.2 m~'YIRffvtJ~~I~V~"V.:lUlII _ 

m~111~~lAV9l'tJV.:lUl!8\JU\J ~::1Al1n~m~IHlh,11r-h\Jhh~\Jni\1 30 U1-rl 

Q': "" : 'd d. : ~ ~ Q,I' ~: Q)

Ufl::l~2J9IiJl12JfJfl2J\JltJUlfllfl1'U CJl'~'l::lJm1J1W\Jl 2,000 iJfltU1Jfl~ m~ 1AVfU'\1 fl1J'I.IfJ~ 'U 111:: 1~. .. ., ., . 
,;Hn\J 10 \J1iilUU91f1::f1i'.:I 1~v 1';lYlV{llJijlAfJ{1~\)\Jn11fJWl1flij'l.lfl~Ul! fl\Ji\~M9hflil. .. 
50°C ~,::,~fll'Rl~fl~'I.I fl~J1!f)\JU~i\::i'b1JHff)JA11JffAfi"l\JJu 
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. " 3.8.3	 mnUHYOUfl1fl111110U 

, ,, .s 4 4... • 1 1"'" , AI1AO ')fLfl1mll0'YIL'W011 Oxygen bonb calorimeter AO ')fA10UH1J1~111W 

0.5 - 1 n;l1 un1l'Ufll';liiit u~11ffl'U1l1')f'U:ilA11'ii'YI~I;on11bomb 1l101~Un01mff"O~ 
" , 

OflO';UnJ 'iI:anAm1LFn1'HU'orh~11'11\!1W Uit::fI1Ufl111J~o'lJhl'n1JUliio~1VU bomb ijflW'HfJfi 

.I .! .1'" 1!..l '" .I 1J! I 1! "' .. 1 ...... .1 
~~'U'U t'fl1Jl1a,.1'U10hJ11J lUI f11l1110'lJ'YILnA"U ¥l fI1f1111110U\llnmnLfI11~'H A01l! 'U 

... •	 .s 1: ..l '" .I 1"· 1" "1l1lJ01l gross calorific value LUonln O'U1'Y1LOA"'U'lnnULH1 'Hll ~n'Yl1 'H~nfll1Ju'U'Uog 'U 
"	 . 

Unl"'lJfHl'Hln m11LfI11::l1u1inzm.h::1J1W 1 i1111~,jO 1 ~loth~ 

3.8.4 m1'Y1A11'VUfll111'H'U1LL11u 

m1'H1f11111'HU1Ull'U U1IU True density ,h1A''Hit10n lA'uri 'H11'H1Ui1l1Pl11AO 

on;9I""'9I m1'H11l;1I10l1A(Jm1u"u~J'1'H~01l10'YI 'H~om11i flotation tube ll1'U~'U 
" . 

lmo1lliioonmhl1Un lftOtll'U1Wfll11l'HU1UlJU tl111lfln::"'fll111'Hl.I1u1lULL1.JU Bulk density 
, ,	 tJ. 11 

Yi11ilrJ'ffUio~an'fttlll"'U1fl 12 x 12 x 12 ih ii'YI11UU1'HUnu11,9i'1mh~it~lum,v~lAtJL'YI 
11 "" tI,,,

~lnfll111~~ 2 ~91l'H;jV"01.JnftO~ l'Uthnfto~l'Ull'Uli~ 5 fli'~ lAUii~illtl1::ilu 6 Ul oj~U1'H,rn 
.:I ., _~ .. 0	 • 1 .. ~ " .cI I ., I

1111l"oon1l111111911 l'WOfll'U1Wf1111JH'U1U'lJU 'Um11LfI11::'H lynitl 15 'Ul'YI 910 1 911801~ 

.: 
3.8.5 mnIAft'OUf1111J')f'lJ 

V1fftl'Hnnm10UR10V"NU1::1J1W 1 ni'1I1'UflleiLflit~~W'H1Jfi 100°C li1ul1~n 
.:. 1 1II: ., .J ~ .. .,~ 1 .... ~," oCt ~! -:.r)I.

2-3 'f1 1J~ 'U P1'Ul'HUnf1~~l 'YI~ I'HWU 'UlflCJflfllAfljOO..:n..ltltJ 30 U-"'l Hft'J\JllJ l1I'~l.m·"'!n 

•	 "" • II 

iiH1fJhl flO t1i1l1Wfl111lW fl111lfl11::,f;jlimnlh~1I1W 5 i111J~ f1i'~it~'~Ln'U 5 i1tl1h~ 

3.8.6	 "" m1'Y1Aft'01.Jmmw;iul1 

~ Q ...~.. ..: 0'" .-::, 

~, 11Jm11lfln~'M'YI9Itu\,lO~'lnm1'Hlf11fl1111'fl.l lAOO1'ilJ lA1f.ltlHVI~''Ufl11li 1 
" . 

tl1f11111Wm;'1hIlHliifJUl'H~ijlI~n11 ftO t1'J::1J1W 70(lC 70S"C LrJUl1itl'1.h::1I1iU 3-4 ')f1l. 
•	 • • I 1/ , 

'\I'1111'H\infl~iiii~ hflg\llm~~ltll9\f){U~1lhi! 1~~-U1H :0;104 ,,'; ~f1ilt~D' ,;<1:;');:11:=\ ~;; . - .	 ..
 
mJJ1W:Uld'1 fl111lft11:lfi11ft1tntl,:1J1W 6 oj']i1J~ f1i'

~

~n:: '~~VtJfl11 4 P110d1~ 

... , _I "'6.1 
3.9 mllIft11::'ttllD::1Il1Jmlfllnn 

.s ,	 ~ ", ..l,,, , , "4
I1JtlH1Un1::1.J1Ufl11YlAU01JL18U10tJUal fll'YI A l'lf'U nalf11'HH1 'HlJ 'n:m:ni'l1 

"" ""' • iii _1= .I _I _ I "'. I " ,

iUiH1alft8M U111(Ut111::lff11111LhJ1ul1U UlJlJ'fI1.:JLAlJ1 Uit::U1f11fll11110U f11f1111J - "	 .
mnu:uu fnnwu fhml11W;;:a'1 rll'Uf1~Al 11'1'j'j~1'HtJ hJn ~tl1.JlfitJlJ11'1J,j~timh\'\')fij9\~'U 

~Hl'Um::ll1Ufl1HjALU'Uuyj~li!J1J!tw ilo1f1tUUlJ,r~I'iFi '111Ct:lllfh~~n11 rilll~Ni1(9l~'1rJ:r'1~
.... 'I ,Yo	 ..,,, 1 .. ~ 0 ...l,,,_ .s" Z • ..

• 
'JlJA 111 :IJ qr~"11 TtA 1111::tl1J '1 ilf1lJ'lJ1Jlf1111 ~ !lhY'n..!t'l'liJhhJ~~o'%1n:; ~'1!'tJ~J"":::. t~. ' 

UfJ:,hHl1\lliitltltJ9IlltJnn1ffl::Lf1~tl~ifl1nitL~tJnnfln~LLn::u 1hn,lU'lI'1J')f'U ~M"j~ ~ tJ11J
• 
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inn14 

~~~.ntucti'iff'Plmi1fl cl ~ti1'IJti~uvi~~ffTIJ~ff:U~1:unnY'U'Pl1.h::fltl1J~'wi~~l'll 'V'4~~fl• " . 
i1J'~u,r~i'Uff~ff~'U 50 : 50 i)~utl'U 93%,94%, 95% U,,~ 96% l'PlfJ~ff:un1Jul1~u,,~'\.hViff'Plffl'U 

o GI ~ 0 -4 a.o ct..J lq, illq .... 1 0 a"r4 91 
4 : 3, 3 : 3, 3 : 2 U,,~ 2 : 2 ~l:U"l~tJ 'il1fl'U'U'U1~"~.flWIl)']'Yl ('Pl IlJ'Yllfll'j'Yl~fffltJfJWff:utJ~Pl1'U 

. " I llJ3I I lI'J !)I a GI ij) jI o.0=9.t:!1 
~1~ "l IPlUn 'Yl~fffltJfll'jl~l rl1:Ul'V'4tllPlfll'j 'I1f111:JJ':itl'U'lJtl~'U1'il'Utl~~Pll~tl~U"~'j~fJ~n"lfll'j 

,,rf111:U!tl'U 'IJtl~~l'U~n'ilf(tltJ'j ~fJ~nCllfll'j 1~1 1 '11 ~ ~n'ilfftlmilfll1:ui tl'U (iil"UfI"tli/ 

fil"ni':u) ~'jl'i1fll1:U'l1'IJ1ul1'IJ(ni':uliJntJ1ffnlll]f'IJ~h:u~I':i) ~n'ilfftltJ1Ji:JJlWl~lri1'IJ(%) um: 
~. ~ 

~'jl'i1fftltJfhfll1:U~'U(%) 'IJtl'1~~~.nwgyj'Vi't11fll'j~~~~"fll'j'Yl~fftltJi'U~1'IJ~V.l"l ~~U 

.. . 1"... 0 '" .. II4.1 Ni:llfll1'f1~l:rfJ1J'lW'tt<QJJ'Ut:h11..nI~tl~Ui:ll~1~fJ~r.u1l1 A'l.lfll1 'ttfll1JJ1tl'l.l 

4.1.1 ~"fll'j'YlPlfftl1J'lJtl~~~Vl.nWcti'~iiffl'U~ff:U'IJtl~ri1'IJci~~lli'~Pl~tlitJ 1~u,r~ u11~ 
'" 

ufI:tth iUff~~hu 93 : 4 : 3 

lIJ 1I <!\ 'I !lI!lI 'I "" : i
~"fll'jl~ll'l1'jJl'V'4tl'Yl~fftltJfll'j 1'l1f111:U'jmHl,,~n"1 t'IJfll'H~tl~'IJtl.:.J'U1 ~fJ .. .. . 

ti I'll 'IJPIi,ri~m:mmHnHf'IJ'UIPl 40 iJ"i1i1Vl':i~tlfll':i'ilPl~P1hhL~"~fli'~ 'lhfii~i'Unl':i~:U~l'Ul'U• 
2,000 iJ,,~~Vl'j Im~ii~w'l1tJi1titl'IJ~:utJ'j~:JJlW(18 - 21°C) 1~~"m:UVl1'jH~ 4.1 (i~ 4.4 u,,~ 

Ut1P1~~"lmfJtJ1'¥ifJtJi'IJ'jtJ~4.1-4.4.. 

• II. I JJ I 
.cI GI e=, 0 a .cI I Q. Q"r L:It. e.t:!l 

~1'jH'Yl4.1 N"fll'j1PltlW'I1.fl1J'lJtl~'U11PltlPl'Ylffl'U~ff:U93: 4: 3 L'j:U1P1tlW'I1.fl:U'IJtl~'U11:Utl 
q cu q cu 

l'unlu011 
• .J

lFn1,.,l! OTH1'lJ 6 'If1J. OTHI'lJ 10 'If1J. nTHI'lJ 15 'If1J. nTHI'lJ 48 'If1J. tllt1HIfJ 

82°e 94°e 96°e 97°e40 Ul'Yl '" 92.25°e 

88°e 96°e 1000e 1000e 96°e50 Ul'Yl '" 

lOooe lOOoe lOOoe lOOoe lOooe60 'Ulii 

98°e 98°e 98°e 98°e 98°e70'Ul'Yl'" 
098°e 90 e 96°e 96°e 95°e 

92°C 82°C 92°C 96°C 90.5°C 
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I JI I , I' , 
.eI' Q.I ~ o,!l do' ~ Q.I .<!!!!l, o.o!ll 

1Jl11H'YI 4.1 (IJlV) Nftflln~~~:'t1fJlJ'tIV~lJll~V~'YIft"J'UNfflJ 93 : 4 : 3 nlJ1~fJW't1fJlJ'tIV~'UltlJV 

fll'mn1mj'NllJ lJtrJlJnftl 30 mVi 

!'unlUf)TI 

lfni'Hl! nTHJ1J 6 'If1J. nTHJ1J 10 'lfll. nTHl1J 15 'If1J. nTH)1J 48 'If1J. 

100 'U1l1 84.5°C 

110 'U1l1 79°e 

120 'U1l1 72°e 66°e 800 e 74°e 73°e 

MOe 62°e 76°e 66°e 67°e 

58°e 59°e 74°e 600 e 62.75°e 

150 'Ul'ri 51°e 54°e 54°e 54°e 53.25°e 

160 'Ul'ii 4soe 49°e 47°e 4soe 48°e 

120 
-+- nTHl1J 6 'If1J. 

- nTHJ1J 10 'lfll.
100 

nTHJ1J 15 'lfll. 

so ~ nTHJ1J 48 'lfll. 

60 

40 

20 

l::fJ::mnm~mni'Hl! 

40 50 60 70 SO 90 100 110 120 130 140 150 160 

('Ulfi) 
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, I 'J/ t 

'llflfl11-WhrnHi 4.1 ff~ff1'Ufll1FHnJ 93 : 4 : 3 ~1111~ijW'l1fliJ'lJij.,',jthdhH'Ul1Nl'U1tJ.. . ..
 
40 'U1Yi th'U~Fh'Ufll':imJ 6 1r1l. 1~fJW'I1fJiJt'yhtilJ 82°C ff1'Ufll'JijlJ 10 '1111. 1~fJW'I1fJiJt'yhtilJ 

94°C ffl'11i'lJfll'JijlJ 15 '1111. '~mu'l1fliJt'yhtilJ 96°C U{1~fll'JijlJ~ 48 '1111. ijW'l1fliJ~1~;jij 97°C 
q eu q cu 

~1'" 4 61" ~ ~:'61'l::t'I1'U ~11fl1'JijlJ't148 '1111. 'l:: ~'I1~W'I1iJ1It!.,',j ~W'I1iJ1I'lJij.,',j'Ul ~'Ufll'JijlJ 15 '1111. tm:: 48 '1111. 

'l::ii'l~t~6Ijilt'thti'U trl6t1{11~ 1'1J1tJ~ 50 - 60 'U1Yi 'I1.r.,',j'llflt1{1uh'U1tJfl.,',j 160 'U1Yi 6W'I1fliJ{1~. . ..
 
~l{1.,',jfl'h 50°C ~.,',j'l1~~'thfll'Jlill 

..c:::.. Q.I o'd.d. I 'Q.I!iI,.., til 1~ ~ _jj
4.1.2 H{1fll'J't1~ffml'lJ6.,',jH{1~flwcn't111ff1'UHff1l'lJmtl1'IJ 1Itt'l1.,',j ttlHC)f.,',j'lJl1 ~'W~~ij!lJ 

>J 

U{1::-Ul ''Uff~ff1'U 94 : 3 : 3 

r 'J/ I I JI , 

~nl~.y) 4.2 H"fl111~flW'l1flrJ'lJfl~tht~fl~~hi1'IJHfflJ94 : 3 : 3 t1lJ1~flW'I1fliJ'lJfl.,',jthtiifl 
q cu q cu 

fll'JtHl1'11~Hlu1'lJ~~Un{11 30 U1Yi 

mnhJfll':i 

tF,n ''\1U' fll':itlU 6 'Il'1J. fll':itlU 10 'Il'1J. fll':itlU 15 'Il'1J. fll':itlU 48 'Il'1J. 

40 'Ulfi 87.75°C 

50 'Ulii 100°C 

60 'Ulfi 94°C 97°C 100°C 100°C 97.75°C 

92°C 94°C 98°C 98°C 95.5°C 

80 t.nfi 89°C 92°C 96°C 92°C 92.25°C 

80°C 90°C nOc 88°C 87.5°C 

100 'Ulfi 76°C 82°C 88°C 85°C 82.75°C 

70°C 80°C 84°C 79°C 78.25°C 

120 \nfi 68°C 76°C 76°C 78°C 74.5°C 

130 'Ulfi 60°C 6SoC 70°C 70°C 67°C 

140 'Ulfi 54°C 62°C 62°C 68°C 61.5°C 

51°C 54°C 56°C 5SoC 54.75°C 

160 t.n;; 47°C 48°C 46°C 48°C 47.25°C 
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" 
€Jtu'l1flij"€J~ih (C)

• OJ 

120 

100 

80 

60 

40 

20 

-+- fll',Hl'U 6 '1111. 

- fll',HI'U 10 'tnJ. 

flTHl'U 15 '1111. 

~ fll',HI'U 48 '1111. 

':i:::fJ:::l1fllfll'.ilNli'l11! 

('1.nii) 

40 50 60 70 80 90 100 110 120 130 140 150 160 

. ~ 

ltJH 4.2 oHrhtff~.:.IU'Ul1,rllflW'YI.fliJ'tI~N'I.h .. . .. 

I • J/ I 

'il10m1~1'U'JtJfi 4.2 ~Pl-dl'Unl'JNffll 94 : 3 : 3 ti1l1PltJW'YI.fl~'tItNU1tijfln"wh'UitJ.. . .. 
40 mfi ci1'U~f,h'Unl'JtJ'U6 'llll. i~fJW'YIfJiJt't;,fi'U 85°C -dl'Unl'Jfl'U 10 'ifll. '~fJW'YIfJiJt'vhfi'U 

90°C d1'Y1f'UnlHI'U 15 'if1J. il9i'fJW'YIfJiJt'vhti'U 94 'if1J. tm:01'.itJ'U~ 48 'ifll. fJW'YIfJiJ~'~fifl 82°C 

~ II) !II' d 1!II "" .. • '~I ... ~. "" 'il:m'U &Pll1nl'Jfl'U'YI 15 'ifll. lJ~ 'YIfJW'YIfJllt;!.:.I tm~tllfln"lN1'U 1J 50 'UTYI 'il~m'Ul1fJW'YI.fJll'tlfl.:.l 
J/ I • 11 , , 

U1 'il:ij~Plt~flPlfit't;,fi'UfJO"1 'ifll. fi111nl'Jfl'U 'il1m!'Utijfln"lf·h'UitJfi 60 'U1fi'il:11101'.i1Pl 
!II • I • 

.-- • .od.... ." 4 ." I -S 

flW'YI.fl1l'tlfl.:.l'U1flO'YInl'ifl'lJ 15 'ifll. U"~nl'ifl'lJ 48 'ifll. 'il~ll'ilPllPlflflfl.:.l'YI ffl'Unl'ifl1J'YI 6 'ifll. 11":. .. . 
)1 • )1 ,. )1 

10 ~ll. VJaA113JiJ'UfJ-:JU1t71111flll-:J '111m!'UtijfJn1l1~h'U i 1Jfi 160 mfi 'II~tit\J '~-j1fJDA113JiJ'UfJ-:JU1 . 
.dl 0 I o.dl 0 e::t,QI 

'il~"Pl".:.I'il'Utl.:.lfl101150 C 'il.:.l'f1t1Pl't11nl'Jl'iltl• 



47 

" u,,:::ih t'U-ff~"hU 95 : 3 : 2 

I tJI. I 'JI I 
~ _ QI ~'O lI!!I ~. . A QI <t::Ito 0 ol!!!I 

~1'jWYl 4.3 N"f11':i1"~WllfJ1J'Ufl~'l.Ill"fl"'Ylff1'l.1ff"''lJ95 : 3 : 21':i'lJ1"~WllfJ'lJ'Ufl~'l.Ill'lJfl 

f11':iun 'l1i1Nl'l.l "dl1:!'U!1"l 30 'l.I1Yi 

; 

l1,nl'Ufll~ ~W11t,)iJ~€l,nh 

un'111i' fll1€l1J 6 ~1J. fll1€l1J 10 ~1J. nl1€l1J 15 ~1J. nl1tJ1J 48 ~1J. 

40 'U1Vi 

100°C tOoOe tOoOe 100°C 100°C 

60 'Ulli Ioooe 98°e tOoOe Ioooe 99.5°e 

96°C 96°C 96°C 98°C 96.5°e 

80 '1.l1fi 80°C 92°C 94°C 96°C 90.5°e 

78°C 88°C 94°C 94°C 88.5°C 

74°C 80°C 92°C 86°C 83°C 

68°C 76°C 88°C 80°C 

120 tnii MOe nOe 82°C 76°C 73.5°e 

130 'Ulfi 68°C 

140 'Ulli 64°C 

150 'Ulli 52°C 52°C MOe 54°C 55.5°e 

160 'Ulli 50°C 48°C 58°C 46°C 50.5°e 

170 'Ulfi 48°C 44°C 46°C 42°C 45°C 
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3 

2 

o 
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... .. 
'::tI:l1alt'W~fUfl8f1 (Ul'YI) 

40 

20 

o 

136W. 

• lOW. 

Dlsw. 

D48w. 

93:04:03 94:03:03 95:03:02 96:02:02 

11.1.., 4.14 ml-Wll'ri.:JUt'I'A.:Jmn'1J~~UAflA"fl.nh'1JlflW~01'SHfI'1I~H'1 

. . . 
... loe:I ....1 1 .... 4 , a' 

\llfll1J'YI 4.14 mlJ1U'YI.:JUt'I'A.:J'.i::tJ::l1ft1\l1Jtl.:J~A1AflAfll'SNt'I'1I'YI : 3 tl11J'YIN11J93 : 4 

.c: 4 4 : a ~ .. cid d QI d!ll d 
fll'Sfl1J'YI 48 '11'11. \l::1I~AlABA'\Ifl.:J1Jl 42 1Jl'Y1 \}::llJ1J~A1AflA'YI1'S1'Y1qAtlA1I1fl\l::l1J1Jfll'Sfl1J'YI . . . 

o Q,I oe:Il 4 d" 0 

10, 15 Uft:: 6 'II'1J. ftA".:J~11J1'llA1J'YIt'I'11Jfll'.iHt'I'1J 94 : 3 : 3 fll'Sfl1J'YI 10 'II'1J. \l::1J~A1AflA"fl.:J1Jl 

QI445'1 ~ 4dc.i d 5'1.4 OQ,l' 

42 1Jl'Y1 ClJ1.:JllJ1J1A1RflA'YI1'.i1'Y1QA tlA1Jlfl\l::llJ1J01'Stl1J'YI 15, 6Uft:: 48 '11'11. ftAft.:J~111ftlA1J t'l'11J 

.d oe:I ~ : 4.d 5'1 4 -=:i d ci I d 
O1'.iNt'I'1J 95 : 3 : 2 O1'.ifl1J'YI48 '11'11. \l::1J~A1AflA'\Ifl.:J1J142 1Jl'Y1 ClJ1.:JllJ1J~A1AflA'YI1'.i1'Y1QA ~fl1l1fl . . 

~ did d", 

\l::l1J1Jfll'.ifl1J'YI 10, 15 u,,:: 6 'II'1J. U"::t'I'11Jfll'.iHCI'1J 96 : 2 : 2 fll'Sfl1J'YI 15 'II'1J. \l::1I~A1AflA"fl.:J 

: 4 ~ ~.dd d d oe:I 0 QI ~ dQI 

1Jl 42 1Jl'Y1l1J1J1A1AflA'YI1'.i1'Y1f{A U"::fll'.ifl1J'YI 48, 10 Uft:: 6 'II'1J. l'SV.:J~l1J"lA1J A.:J1J1J\l::lM1J 

'~11ml-Wufi.:Jut'I'A.:J11"1~Al~flA 11Jfjflff11JO1'S Ht'I'1I \}::ij~A1AflA~1 fl~l~V.:Jn1J t'l'1111'S m111tn.f 
1.I'.i:: iV'II'1J1~fjfl "1 ff~ff1\Jfl1'jHt'I'1J 
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50 4444.2543.5 43.75 
45 

40 

35 

30 

25 

20 

15 

10 

5 

o 
93:04:03 94:03:03 95:03:02 96:02:02 

. ."
11.1fi 4.15 n'i1~UlftiHfhl~ftrJ111'11"U.:l'.h l'U,till~Util (C) 

. ."
~1fll1.1ii 4.15 111'1'~Hfhl~ft(l111'11"U.:I,hl'U,till~tJtil H1'Im~1irJHft91flWcnri1'Ut1til11';.:I 

.1' ... 1 ..i ~ • .. d..i '" d ~ 
lJ'i1nQ11~::V::l1a11fll"U" um~Hmm 93: 4 : 3 l1J'UfI1~::V::111'11'tilltiltJtilln"tytil tltil1J1fll1J'U 

. ""'. . 1" 4. ".::1 WQI

1'I'f11'1'1'Um~H1'I'1J94 : 3 : 3, 96 : 2 : 2 1'I'1'Um~H1'I'1J 95 : 3 : 2 'tn::rJ::111'111tilltiltJtil'b'1"tftil til.:l'U'U 

N1'Im~1itJ~ri1UH1'I'1J,i.:l1f1Jml::n1'U'.t·h ~::tJ::111'111till~tJtiltJdl'U';1.:1 43.75 - 44.25 'U1ii ntJ 
. " 

1~·hlrt'Ufhl~ftm11'11"U.:I\hil.:l,till~tJttlna'lfltJ.:Ifl'U 1'I'11J1~mh 1tJlfl~'rJnutilri1'Um~N1'I'1J 

, !II' 

4.3 NDfI11Y1AilBtlt11t111111tl'U 

Cl • JI • ." 
9l1~H'YI 4.9 U1'l'til.:ltl1fl111J~tJ\J'tltJ.:ItI1'UUtilll'YI.:l 

'" "1 '"_'I 01 1 " 'lJ 1J+'l1.:1'tll1 'fttil : 11u.:l1J'U : 'U1 4,700 

(93 : 4: 3) . 
CI QI oQ QI1 1" '" "1 '"_'I : 4,660 'YI til 1'1' D'lJ 'YI1'I' (l1 'lJ 'U 1 \) rJ'lJ 1J+'l1.:1'tll1 'fttil: UU.:l1J'U : 'lJ1 

(94 : 3 : 3) 

, 1" '" "1 _'I '" :'lJ 1J+'l1.:1'tl11 'fttil : 11lJ.:I1JU : 'lJ1 

(95 : 3: 2) 

'1 ""'''1 _'I"':'lJ 1J+'l1.:1'tll1 'fttil: 11u.:l1J'U : 'U1 4,730 

(96: 2 : 2) 
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..,; • 1! ~ ,"',\Ifl'Afl'1Ufl11Nfl'1J 95 : 3 : 2 .... '"11\l109l11HYl4.9 Fn'fl11YlAfl'OtJft1ft111JltJ\lt::nn.l 9111 , 

I 1!"'; col ..,; A ~ I "..,;.... , , " 

fl1fl111J10UYl 4,830 0 ftUfHl01/00.•~ltJ\lfllfl11lJ10UYlfl'~OA1J1fl'1Ufl11Nfl'1J 96 : 2 : 2 \l:: 11.. 
fhfl111JJOU~ 4,730 nltmflfto~/On. uS1i"rbu0l1Nff1J 93 : 4 : 3 ~::,..rthfl111JJOU~ 4,700 

• , II 

col ..... , " • 1! col .... ........ ,
o l'UlflnO'J/oo. lm::fl'1um:iF~fl'1J 94 : 3 : 3~:: l1fl1ft111J10U 4,660 0 nUftft01/00. A~UU U 

tlAff1Ufl11Hfl'1J 95: 3: 2 ilfthfl111JrOU\l~ l111Jl::ff1'Hi'1J\hhJHii9l(hUOA&n;~ 

4.4 Ni1fll111Rir8tJft1ft11'UUU1U\I\I 
.Q • •• GI , 

911n~Yl 4.10 Ufl'A~ftlf1111J'HU1UUU"O~Ol\lOAUYl~ 

I 

fl'1UHfl'1J 

. , 
ft1fI111J'HU1UUU 

.. ~ co 
(01lJ I ~otJltfmCJfU9I11JA1) 

111J1tll'Hi'J 

"" .... "1 " .... :tJ 1J+CJf~"l1 'WR: U ~1J'l.J: U1 

(93: 4: 3) 

0.530 

0.540 

0.580 

0.580 

,.... .... co ... 
YlRUOtJYlUmtJU1tfJ 

... ~ 

1YlfJlf't1fl'A1Uft:: 

lYlfllU1ftV 

mi~ lh::1Ylffhw 

'tJhr-tCi~"'111'WR:Uil~~'l.J : J1 

(94: 3: 3) 

, '" .... "1 il"':tJ 1J+C]f~"11 ",,: U ~1J'l.J: U1 

(95: 3: 2) 

, '" .. " 1 "....:\J 1J+CJf~'Ul1 "A: U ~1J~J: U1 

(96: 2: 2) 

Yl109l11 H~ 4.10 Nftfll1YlAfl'OtJti1f1111J'HU1UYU~::llfu'R";h,UffAff1Ufll' Nfl'1J 

.jet • QI ~ I I IlW' 

95 : 3 : 2 Uft:: 96 : 2 : 2 CJf~1Jfl111J'HU1U\lU 0.580 O11J/fttJ.CJf1J. 11JUfl1f111lJ'HU1UUU1J10 OA1J1 
.cI tIlW'I 

fl'11.1fll'JHfl1J 94: 3 : 3 \l::1Jfl111J'HU1UU1.I 0.540 O11J/fttJ.CJf1J. Uft::fl1Ufl11Nfl1J 93 : 4 : 3 
II 

iifl111J'HU1UY1.I 0.530 Oi'1J/fttJ.CJf1J. i~,rUt::llfu'A"h'UffAff1Ufll1Hfl1J 93 : 4 : 3 iifl111J 

• " .4 .... : .... ..,; 0' " 'H U1UUUUOfJ .~1JU111um ml'H1J1::Ylt::U1 tJ''I1~lU 

I 
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____ e .; SI 

4.5 'Ulfll1YlilV1nJ1J1S11W'UIOl . ~ 

P11n~ii 4.11 llt'fA~tbm1J1w;jlti"1JtJ~(hutTflllti~ 

. 
t'f'lUHtr1J m1J,w;flt\', (%) 't11J,m't1~ 

1 1" .. " 1 -lI":'U 1J+.~1Jn WA: U ~1J'\.J: U, 

(93: 4: 3) 

16.3 

. 
.q Q,I • ., 

'YIflt'l'tJ'U'YIt'I'm*'UU'l'll.l 
Q .. 
1'Y1l.l'ff't'I'~'mfl:: 

1'Y1t11U lflv&ni~'lh::l'YIff 

''YIl.l 

, '" .. " 1 ~..:'U 1J+.~1Jn WA: U ~1J'\.J: U1 

(94: 3: 3) 

15.5 

1'U111+'i~;1nlwA: 1l~~~'U :,f, 

(95: 3: 2) 

15.7 

''U'l1+.~;1n lwA : 1l~~~'U : ,f, 
(96: 2: 2) 

16.6 

t,nft"l~ii4.11 HftnnYlAtrtltJtli2J10l1d'1 t::n1u1t\'-h t1i1J10l1{)11\Jffftt1'l\J 96 : 2 : 2 

ijtli1J1Wl{)1 16.6 ltlf)!14u~ 4~1;'Juth~t)m1J1wld'lU~d'fl1J1nflri'lUm~Ht'f1J 93 : 4 : 3 ij 

... ~ _I ".. ", !iii ~ '"'t1... ~ ".. " t1~1J1Wlll1 16.3 11Jf)~lWft fltJ1J,.::l1JUn11Ht'f1JYl 95 : 3 : 2 1J ~1J1Wlll1 15.7 lt1tJ~l.\J" llfl:: 

.. I ..._~ 11 _I ".. ..1Ut'I'At'I''lU 94 : 3 : 31J1J~1J1Wlm 15.5 11Jtl~1.UPI 

.., ... 
4.6 'Um11Ylil&nnlftlft1l1nf'U . ~ 

~l'n~ii 4.12 llt'l'~thm1J1Wfl'l11JW1Jf)~(hUtlAUfi~ 

. 
t'I''l1.IHmJ 

• ,l 
t11f1'l11JW (%) 't11J1m't1~ 

, 1" .. " 1 IJ"':'U 1J+.~'Un WA: U ~1JU: 1.11 

(93: 4: 3) 

7.3 

, 
.cs QI.c:llW 

'YIAt'I'tJ'lJ'YI t'l'Ol'lJU 1~l.l 

... .. 
1'Y1l.l1ff1t'1'fl'I11fl:: 

1'Y1t11u lflv 

mi~1.h::L'YIff''YIl.l 

''lJ'l1+.~'''nlwR : U~~~\J : ,fl 

(94: 3: 3) 

7.3 

""""1 -lI"':'lJ 1J+.~1Jn WA: 11 ~1JU: U1 

(95: 3: 2) 

6.4 

, '" .. " 1 -lI"':'lJ 1J+.~1Jn Wtl: U ~1JU: 1.11 

(96: 2: 2) 

6.5 
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.:t • ~ d "" • .ct' l 1 I...
~10Al"SHYI 4.12 Hnm"SYltH'fo'Utlltl1l1J'lfU t::ntU LA1l1Jfl1fl1l1J~U UffAff1U 

... .: "d .. .I"' .... .: ....... 
93 : 4 : 3 un:: 94: 3 : 3 1JfI1tl1l1J'If\I 7.3 lUO"SlCJSUA • .:iil01l1Jfl1tl1l1J~UtJ.:i £lA1J11UffAff1U 

... .: .. d" ... ....: .. d .. 
96: 2: 2 1Jfl1fl1l1J'lfU 6.5 nJO-SllJlU9l UO::1UffAff1U 95 : 3 : 21Jfl1fl1l1J'lfU 6.4 lUO"Sl'lfUA 

4.7 fl11~lft11::~tnuJUthunu (ANOVA) 

• t d A _~.ct 1"" ,." lllQ
4.7.1 m"StllU1Wflll~ OfU'nOl1J"S rJ'UL'YIrJ'UL101m"S l1tl1l1J"SOU,.O.:i£l1U OAU'YI.:i'U£l.:i 

" '" 01AIAOA,.O.:iUl 

lrtonlmnlflffo'U'Hlthl~grJ"6.:i1tllA6tl lUtY1UHff1J 4 "S::A'U ~"S::~'U1jrJ1hflt'\l 

0.01 

. .. •
oq1JA10m.:i 93%4%3% 94%3%3% 95%3%2% 96%2%2% 

1 

2 

3 

4 

Ti 

-
Xi 

46 

43 

43 

42 

44 

42 

43 

46 

46 

44 

45 

42 

46 

45 

42 

43 

174 175 177 176 T = 702 

43.5 43.75 44.25 44 
-
X = 43.875 

... '" ff1J1JAj lumnlHfftJ'UtlO 

Ho : III - 112 - JlJ - 114 
,dl cd r SJ ,~. w 

HI : 1Jfl11~OrJtJm.:i'\.H)rJ 1 fJ 'YI91HOU 

0.01 k = 4 n = 4 + 4 + 4 + 4 = 16 
rQ 4 . 

fll10qPlfltJ fll fO.OI (3.1:') 

" o I' GI do 

fll'\.J1WfllPll.:i '1 fl.:i'\.J 

= 5.95 

CT 
n 

(702)2 

16 

30,800.25 
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• ~ T 
SST LL x:--

2 

i=J FI 0 

~~+d+d+d+~+d+d+~+~+ 

2 2 2 2 2 2 
44 + 45 +4i + 46 + 45 + 42 + 43 ) - 30,800.25 

30,838 - 30,800.25 

37.75 

• Ti
2 

T
2 

SSA L -- ­
,=. oi 0 

2 2 2 2 
174 175 177 176-+-+-+- -30,800.25 
444 4 

30,801.5 - 30,800.25 

1.25
 

SSW SST -SSA
 

37.75 - 1.25 

36.50 

JJ 

ff1t1Fu1mnllt,nW1'lJ~,.n~ ANOVA '~A~ij 

SOY df SS MS Fa . ., .... ... 
'j::: 'H 11~fliJ1J'YI1J'S :::A'U 

U ~~ J, • QI

l t:I 'j lClf'lJ ~ff1'lJ flff1J~ 1~ fl'lJ 

4 
fl111JfUl1Alflat:l'lJ 

3 

12 

1.25 

36.50 

0.416 

3.0416 

0.1367 

~ 
'j11J'YI~'H1JA 15 37.75 3.4576 

4
• I 'QI 4'" "4" .,., 

JJ 

l'lJt:I~~lflfl1 F ~lfl~1'j1~ ANOVA lYl1fl'U 0.1367 1Jfl1'lJt:ltlfl11flnflq~flt:l5.95 A~ U'lJ o 

d QI • "", ., d : .­
ll~tlt:l1J'j'U"o U":::ff1,.h1'j:: tI:::n"11'lJfl1'j l'H 'I111J'S t:I'lJ\lt:I~m'lJU~a:::ff1'lJHff1J~'lJtH'lJ11At:lA 

(IOO°C) 1.yntl1'3,jll~fl~l~n'U~'j:::Atn:rmhfifY0.01 
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4.7.2 O11fl1'U 1wfill~ ~tJli4tJnRVtIliiVU1:: V::L1i111N11",1 
lrttnh011Y1Yl tTOU"ltill~~V1::V::11i11011lFnhn'Uif1UH\'I'1I 4 '::~U ~'::~U 

... 
. 

1 " ~ln~YI 4.14 1::V::11i110111m "11 

'" .
mJ1Ifl10tl1~ 

1 

2 

3 

4 

93% 4% 3% 

3: 10 'U1'ii 

3: 08 'U1'ii 

3: 07 'U1'ii 

3: 02 'U1'ii 

94% 3% 3% 
... 

3: OO'U1Y1 

... 
3: 09 'U1Y1 

3: OS '1..11" 
... 

3 : II 'U1Y1 

95% 3% 2% 
... 

3: 05 U1Y1 

... 
3: 00 'U1Y1 

3: 11 u1fi .. 
3: 08 'U1Y1 

96% 2% 2% 
.. 

3: 08 U1Y1 

3: 02 'U1ii 

3: 10 'U1i\ 

3 : 13 'U1ii 

Ti 12 : 27 'U1Vi 12: 2S 'U1ii 
... 

12: 24 'U1Y1 
.. 

12 : 33 'U1Y1 T = 49.09 

Xi 3.067 3.062 3.06 3.082 x == 3.068 

... oS 

\'I'1I1I"!lU011YlRtTOUfl0 

Ho : ~J = J..4 = III = ~4 . .
 
ell CI '9J '4'"

HI : 1Ifl11~i1V0tl1~'\.Jt)tl 1 ~ 1IR1~fl'U 

nntUR a 0.01 k=4 0=4+4+4+4= 16 

fO.OI U.lc) = 5.95 ., 
o ,. w d 

f11'U1Wfl1~1~ '1 R~'\.J 

(49.09)2 
CT 

n 16 

150.614 

SST
 

2 2 2 2
(3.10 + 3.08 + 3.oi + 3.02 + 3.00 + 3.09

2 
+ 3.052 + 

2 2 2 2 2 2
3.11 + 3.05 + 3.00 + 3.11 + 3.08 + 3.08

2 
+ 3.02 ) + 

3.10
2 

+ 3.13
2
) - 150.614 

150.640- 150.614 

0.026 
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• Ti' T' 
SSA L -- ­

j:::1 oi 0 

12.27
2 

12.25' 12.24
2 

12.33
2 

--+--+--+-- -150.614 
4 444 

150.616- 150.614 

0.002
 

SSW SST-SSA
 

0.026 - 0.002 

0.024 

" rflt.lHafll'Stil'U1W1lJAln~ ANOYA '~.r~U 

SOY df SS MS Fo 

• . ....... .., 
'i::1t11~fliJ1JYl1J'S::A'U 

t.I "d ". ...,
1 fl'SlCJlJArf1lJHff1JA1~fllJ 

... 
fl111Jfl111fUfll1fllJ 

3 

12 

0.002 

0.024 

0.0006 

0.002 

0.3 

; 
n1JYI~1t1JA 15 0.026 0.008 

. a." " 4 • '4./1' t,c. AI QlQI 

llJfl~"'lflfll F 'illfl"l'Sl~ ANOYA lYllfl'U 0.30 1JflllJflOfl11fll1fl£lAflfl 5.95 A~lJlJo 

;~Ofl1Ji'tJ Ho Ul1::rflt.1-j,'J::O:; n111fll'J1Hl''t1J'Im~lh1JOAUfi~u~11::ri1lJHff1J1~11111'1iU~lfl~l~ 

filJ~'J::.rtJlrmhtity 0.01 
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fl111l4u fl111l filfl111Jf8U 
.. .

% l1ulmlu nlaLlfla8~9n8rm % l1111ml1'J 

% mll/fll.J. mn.% 

'1111.
 

mn_ 73.9 17.6 8.5 - - 4,440 1Lfl'n::l'i'lflo
 
I---~---+---+---+---+---+----t--------i" .1"' ­
i~..nl1tA - - 2.70 10.7 0.47 4,770 l18~lJ{)1.J9101' 
~----+----+---~--+---I-----/-------l~ .. 
"lou..-,dn 63.3 29.4 7.10 - - 4,380 1'1f81YUH 

unal.J 14.78 8.20 0.47 4,022 ~91nll1n"l1 nl"l 

1iofJflnll1n"1I 

~a~~1U 1'n. 

32.1 45.8 15.7 6.40 0.58 4,830 
....... J
 

1\l01'nol"lnfl' 

Llfl::l'nfllulao 

m1~t1, ::1'n"''nO 

, A.., , 

4.8 nntnrJ"'BRNa~nn9nnll"'U 

Hfl.:l1U1ivm~';\IIlU1~ii~flwcri'(huOfluli~tl1nit'f~L'tfflo'.f'tfft.:ltl1fl'A,hm~ffmn 1iv 

t1U t'f1U1~()Hii~\l1UDflU yj~ \llflit'fflL'tfflU'.fit'tf"''A~lrJ Ufl:ai1u it'fflL'tfflO, .f;tn,u,fU.:I;t 'Aun, , 

'" "1 " " '" ... 1". .4}1 , '" " ," ~.1'" 0C)f~'Un 1tfl .1.J 11 1 t'ftlL'tf fl 0 ~OU C') lYtUL1J1'tf1l1V Um~flfllJnJ1Wfl1~~fl~U 11 U1Y1,."U 'll0~ 
JI 

'Jfn,11u'U'I1I'JfU 'tfiU1I1Li1UL~ULYtii~'umn;,ii\lo~~1I~1~'1 'R'un mn;'01'tf1~ fl1~ '.f.:l1U, 
.,,, 11'''' .s I tI, QI:.4I" at.4

LYtO 'tfft111110U Ufl1U~1.:1 '11UOn1fl11'f1lW'tf)j1.J1U if'llt'f1l1J~W~. YlVt'f111flfl U. 1~U1L'llV1 

... ~ , !II '" '" 4 " 2 ' '" '" 
t1.Utl~11'1tf1l1 mu'PJ'JfU mnJ~L1WL'I~1'U1C)f.:tog mU'UflflflYlV1UU'tf.:I'Jfl91 Yl1.Jfl1ULLfl:: fl~YlU1U 

UM~'I1R''U1 ''tfoj tJ~::'Jf1m~hu''tfojtJ~::flU1.JU1;1t&fl~fl~fl~,hH !l1t'f1U i'1.J«H Li1U~U 

'11 'JfU1t~,J1Uif'llt'f1l1J~WL~lIHii~ L11fl'tfU1IlflVfl1~l1U1.Jl1~U\llm1U1iv'llO.:l1l'tf 11Y1U1ftV 

1 1 <to... co '" J,: 4 ,:
lY1 tl U DfJif~U 1~ t1.Utln 1'Jfcr1l1Ufl:'UfJ1Vfl1~Hftfl1l10'llU U'llUflOU 'tfU.:I'llO.:lfll~LYt l::Q~L'JfO 

d • ~ "4 ,: d 4 4"'Yo " ,: ",";, "'" ~ ~ L'tf fl'tf OU'lL1JU~O~U~Q~LYt1:: L'Jf0l'tffl '1~fl1~U~~O.:l 'JL~l'llU1fl 'tfqJL'JfOlYtflHl 'JfLfl1lL1JUnU 

'" " , '-'" iI _I'" '_1 . ~ "4 ... ".J!"t11flm1RR9IU 11 lU 1 Ufl:LlJ'lVU lJ1Il~::'tf1HUfll1'tf~~1IC)f.:l1lnfl1UYt~ 'Jf111.J1UU11fllflUYlU 
~, . , 

" 
~ 11 Ufl:t11flm1Y1~1'V 0fl111L'lll ~Itl.:l 11" 1t,)'1L1JU~O.:l1tU1I1fl~'flU• " ... "''','' ... "..'" ''''''1fl1l "'-11"'"lJ uYt'U U'Jf1.:1lJ 2545 

'il~ 2547 '"trh"'\J',j'1.J~L1W'VlamUfl::ih'mlLfiu~L;~L'lll\1fl~fl'1J1I1fl~\J C') ~~ 'AL'li1Yt1J~1UYl\J 
" . .

~1J')fU ~l'I~,jl'lJ If)'W~~fll1fl t)lU'~UltJfjllj)f)1,nhl;fJ11cWf)'t11U'lJ1'rn~ne~n'U ll'lJfl'.i~n~'~ 
JI JI .. 

LL \J '1flfl'Ufll~i'fl~.:Ifl~1INflflUl'U1;f01Yt~.:I'11fl111~L'tf, 1;01.f1~Vfl111UHU'lfV'lHllfl'U1mhmui.:l \J 1, 
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1;;rn'H'fll~UUUU1fU ua:u'lNa'H'61i'fJ1jJJ~11ii Ufll~1~6U,r'lJU1iU1JJ"U ,~, H'ijfll~i~~u'J1 

JJlflfl'h~1iJU 6a dlu1ihtnntJ'Ufllnh1i'rmn:';fIlU1NnAflW cti'rilUtiAUfi~ 1~6' of'U1JJ"U . " . 
~f) 'tl1AtJHn~1u1itJ~'t\'i'1J1rU ill'tl~fl1Uht.l'nf)A~')J"U A~fl1't'fi1 4.16- 4.29 

OIl 4Clt.., 4Clt. • ." , I

4.8.1 f11't'ffl1',"fIlUl~1U1ttJNnAmUt)flU'l'l~ua:fl1~mfJ'n6A1J'PJ"U 

ltl~ 4.16 umu~rl6U!1~ ..nhfJ~lUV6tJ1~6riltJ'n6ANiH1U1itJfj1JJ"U 

1t~,rlUq"UJJ\I~W A. ''ntJU1)jtlft 6. inil1;;tJ1 t. Uf1~~l"ffJJl 
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.. . . 
l1Jii 4.181fftJiifhum1tJAUt\'11-n€l1h'1J'Uf1J1U';UA8UAtI'1J 



70
 



71
 



72
 



73 

,. 
<-, 

~;..~~~ 
... .. 



74 

.I~ I I... ... 1~ '1! I ... " 1 1 '" .1'" '"llJ'YI 4.28 U'YI~rn\l1tf~ll1ft6 'tf l\l'PJW tlun .~"11 ytFlHtf1J tJ 1J Htf1JllJft6nHft 1J 



,~ 

, 
d 

'UTITI 5 

5.1 i:Jlt.1FH101119£J 
, " 

5.1.1 ~lmH'fll'J1~mJ-nf1!]'h F-li1~fiwenril'Ufl~u'Vi~fhhUFH1lJ~h~ ., 'ti~ 4 rh'lmrtlJ 

1l1f1fll'J'lh 'tJ'YI~rtfltJn~l1'Ufll'J i M'fl11lJ~fl'U ~'Uil~~~t~fl~fl~l 'U'Ib~ 42-46 'U lfl 'J::{I::n~11'U. .. 
fll'JtF-ll''H~fl~1'U'ib~ 3-3.13 i'11lJ~ rilfl11lJ~fl'Ufl~1'U'ib~4,660 - 4,830 fi1~ufl~fl~~fl 

fi1~f1i'lJ fl11lJ'H'U1U'l1'Ufl,il'U'Ib~0.530 - 0.580 f1i'lJ~fl~f11J1fl'nt"lf'U~tlJ~'JtJi1JlWtt.i'1f:h'Ufl~ 
~ .. .. 

'I ' .1 .. "'.. , ,l ''I ' .1 .. '" .. & 0 ,.11 v
~'U'II'1~ 15.5 - 16.6 tlJfl'Jt"lf'U~ tm::fllfl11lJ'II''Ufl~ l'U'II'1~ 6.4 - 7.3 tlJfl'jt"lf'U~ CJ1~rtllJl'Jf:l'Ul lJ 'II' 

'~'t'Jmh'U F-lrtlJtt~::f1l'J1tml~..1fl11lJtttJ'JtJ'J1'U ANOVA tJ'J lf1!]'hiiril '~U~f1~l~f1'U 1~{1 . . 
do Q,lQ,loQ,l 4 I d'Q.lOQ,l ,'Q .4 

'YI~rtfltJ'YI'J~~tJ'Umnmy= 0.01 t'Ufl~~lf1fll Fo 1l1f1~l'JH ANOVA lJfll'U{lrtlflt:yf111fll1f1q~flfl 

5.95 J~ 2 ril~'t11lJ11tml~..1 ~~J'U ~~{IfllJi'tJ Ho 'i!~J'Utrtmf1""~'Jm'Him~~ff'Ul~1'Ufll'J~i1~.. 
cil'Ufl~Lt 'Vi~ ffllJl'Hlfff1lJ ltrJ'WU'U1'Y11~'Himi~tffilJ1M'l1rllf1lJ~'J m't111tJ ~i1~ 1 'U ff~ ~i1'U 1 'Ufll'J 

" , 
d'l vi " " ~1 ""1 Q.I .4' I· "" 

~fflJ 95 : 3 : 2 t.... 'Jl::fll'J~fflJ'U 1~ 'Hfllfl11lJ'Jfl'U 4,830 f1 mtfl~fl'j~flf1 ~mlJ f:lfl11~~f111 

Q,I • .t:!i.d & ... 1 0' do', - ... 1 0' d 0'Q,I 

ff~ff1'Ufll'jF-lfflJfl'U ., U~lJffl'j'j~H'H{I\1~f:l~32.1 tlJfl'JtCJ1'U~ m'UiH~145.8 tlJfl'jlCJ1'U~ fl11lJ 

'H'UlUU'U 0.58 f1ilJ~fl~f1tJlf1n'teH'U~t1J~'j~~U'Ut11lJl'jf:l'lhjt1~t'li'Ui~.u'111.... ~tm:: ilJ '~u;1'-1.. " . 
't11lJl ~i1~trJ'UF-li1~fiw enri l'Ufltl U..;~ ci1~ ~::'li1{1trJ'U ....ft~~ l'U'VI~U 'VI'U1'U fl'U lfl~ '~trJ'U fl~H~ 

, ;f tI , 

5.1.2 1'U"w~flVllfll'JfllJ 1lJ 'U'i't1'trJ'Uf1l1tJfl'UU'U fl1'j~~flW'H f1iji 'Ufll'JfllJfl 350°C . .. 
Vhfll'j i 'Un~l 20 - 30 'Ulfi ftf1lJW~fll'jfltJfl1'j't11itJ'1fttJ'timtU'lf11J'Wfl{l U~1~~'t11t.u'1' tJi'U~fltJ.. 
t.i'1~tJa,j~'t11itJ'~'tJfltJl~{Ii~'tiflv.Jfl{ll'Uf.JW'HfJij~ 350°C i'Un~l 20 - 30 'Ulfl 1tJ'~~~tfi~ 

fll'J ''H~ttJ'U:u''tt.i'l vh i'H"'~ffllJl'jf:l't11'tJl.n'Ufll'j~i1~f.h~'\fl~Ul'i~1~ 
, JI, I 

5.1.3 i'Ufll'j'YI~~fl~lflifl~fl~,r'Ulijmhf1l'Jv~ril'U'tJ'Ul'U ., U~1 tf1~{I1fil~''Ufll'jfl~ 
I I I JI 

~~afi~fll'Jfff1'H 'jfl ~fl~ ..hf1l'J t~fllJ""flf1fl~tfflJfl ~1~t~fllJ 1 'Ufll'J t~fllJ""flf1,r'U ii ri1'U ~hriw 
.. u 

4. do Q,I I Q,I"" 5.1.4 '1 'U '\lW:: Vi lfllHhl'l!'U ~::ln~f111lJrfl'U ff~fflJ tlJfl tmW1fl~ m 'U flfl f1lJ 1'U 'U 
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'I d ''''1 , 0 '" 5.1.5 l'\.HH'fll'Jl1~H'1')·HI:a11'U ~11'il'1-3nlllfllHllJ 15 'il'1J. UllZ 48 'il'1J. 1111Jl::t'l'l'l17lJ 

o 'A 1'1 iI Iii' ilAI '" I'ill , , ''I iI"', "" ,_,Ul lJ l'il'-31U UlfI(l1'1:: l1lJ'i::l1t1~fIl 'il''11tl Unl'HllJUll:: 1J 1'111t'l't111111 Unl'HllJ1JlmnU lJfl1'J 

'\..;'\1::'~';1-311C'1lnl'JtllJ 15 'il'lJ. l1JUl1111~1111Jl::t'l'1Jdl'11i'1J'\.h hJl,r-31U 

5.2 fl111,rtJ7::lfJ'IruiJlflfll71.ufJ 

5.2.1 U1Fmfll'J1~t1hJ1,rth:: 1t1'il'U m;-3'11nnl'i1~t1th::t'l'lJ~lldl1~'1U~1 t'l'l1Jl'J(l~ii'fl 

(huei~u'Yi-3 '~f1oun ....~ '11nJtJU1~llnl'J1~t1~'~i'lJ 1tJl'iftJ'J:: lt1'il'U"WlflJ'il''U hwn n ~'1ii~nrili• ' l\. 

I "" d 1 ' jI ttJ' "J ~ do. QI"" od

1Nlt'l''iIHll'il'....m'Jln1:l\011 •'W~1J'!fU m~1!l'lJ'~'iEi'1!\J·HU \91. ll'1!JfflllRf! D. 1\!'tm~Hn 

.c4. ~ ~ • ,,! i ~ d jJ ~ f QI t" J. '-" ~i . _ .. 
il.lAfl'J'Jl'!f!;l:!J1UfiiHfHFJ m:tJ·m·mi"nJul1ft;Fjrtll'fl(l1'Ut)~1111'l l1J61l.l11 2411Jllltll.l 2548 

of .l " 

1it(.i.~~ j 1U'j 8'11] 1f! lflO t1fi~~-?'ilR ·;'r~·ll·J~~r!~ti"'J tr1t:n1TirtP1~··~'t!-H~rrl:~.f!~ t~r1urrj~r;i! 1"{~~1~1o! . , 

,.!~~.~i,,::f. "~ ...a»~.j "!;~"',.C"'".,~- .., .r.:1:i:",,'t.~ !~·-:.~C! ~,iJi" "~F1"':=:- ~ .•• '''' ~".. '11/ ~ c.'J-;"'. 4 
~ r, H '-; ! JJ ~"lt! • I! ". ",; '" ;;.., ~" • " •• t..,. H'l d .. ~;,'!'! l:1t! nil f1 un C1Y!t. i l.! ••1:i tJ ... Hl:'r3J Jl:'r~111i:'16 1'1Hnl1:i1 I. . 
ii;;;;;i~; ~'i~ :~;';~ irlu £;;'jt~:i1J';TU'hriSimf!;;,}{ili11 iid~,fDJT~r;ili5.id ,'jm~}!;:-;!~}'fi1Hli~f;'1iD~_ CO! ~ 
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1.	 m1Jth'~. ff(l~~U~iJ-I'U'Ufl~th~l'Vlff''VW. 'thut!u6.u'm~'lmn~, 'thirf1ff'.i'IffU1't1fl, m1J 

iJ1'~. 2539. 

2.	 m1Ji9!1lU1U'l~ri ~lff~1JVi~~~lU. '.i 1t1~lUVi ~~~lU'Ufl~tJ'.i~l'Vlfl' 'Vl t1. m~'Vln~1'Vltl1fl1ff~ f 

1't1fl1U1'lVU'l~~~u1~tl'fl1J. 2539. 
, I ~	 ~ 

3.	 19!1lU1 lff(\t1'.iff1ff~. '.i1fJ~lU1~m~fl~1';mViil~1~t11 (lflHf11'.il';mViil~u~~). fllfl1'lf1 

4	 ~ ~ ~ 

Vi'lfff1U, flW~mlj~'.i 1Jm1'Vltl1'lmf1lj~'.ifl1ff~'.i f1~~1't1fi<1. 

tI	 II d .o=::::..c:!!t 

4.	 1~U1 lff(\t1'.iff1ff~. '.i1t1;j1U1~t11f1'Hf11'H1l'i~1;1fllViil~u'U~. fllfl1'lf1Vi'lfff1U f1W::1f1'tJ~~ 

"".., " 
1Jm11'1t11'lmf1lj~'.ifl1iY~'.i. f1~ ~1't1Vi1Jmum. 

5.	 f:hirf1~lU";I'1IU1'J11J 'lfml11.fl fln 11h~. ff~tJ N'l f11'.i ~ 11-UU ~lUi9!1l U l'J11J'lfU tJ '.i~ ~ 1i1 253ft 

~~lf1~mqjllU'LJ~ . 

6.	 'thirm1ufffi~~~lf1~mqjllU'LJ~. ff~~'.i1t1~lUfffi~~~lf1~f11qjllU'LJ~ Vi.fl. 2539. 'thirf1~lU 

.QQ,I <Ii!!:t, G' oCt. 

Vi.fl. 2524 f1fl~m'.i11ltl. m1J1'Vltl1fl1ff~'.i'U'.im'.i. 

..	 • II 

9.	 m'.iNil~u't'i~l;1mViil~u~~ 'J1f11ff~fi1lf~fl ,~;rU~~ff1lfm'.i1J fft:lTUU1~t11'Vltl1fl1ff~f U'l~ 

!'Vlfl1U l'lvu,.;~tJ'.i~1't1fl'1l'1(J 

.1 ""	 'I" • ~ ~ , ':"'I "" .... "" " 
Il.lJ'.i~11JUfl111J1lf1J~ff1Jm'.i t'ifU'Vl~-nU Uf1'l'U 'Vl~U'VlU -nU 1J LUm'.iN'l~ m'lflffUl1i11 

ffm,jU1~t11'Vltl1fl1ff~fU'l~1't1fl1U hVU,.;~tJ'.i~!'Vlfl''Vltl 

12. fl111J1lf1J1~ff:U'Uf11'.iNil~ l1U Uf1'l'U ffm,jU1~t11'Vltl1fl1ff~flm~1'Vlfl1u hVU";~tJ'.i~1't1fl 

''Vltl 
~ .Q d	 0'

13.1m~m'.i!'lffllVi'l~U'U~ ffm,jU1~t11'Vltl1fl1iY~'.iU'l:1't1fl1U l'lvu,.;~tJ'.i~!'t1fl''Vltl 

...s	 QI oQo'J Q,I 11'",	 0'
14.	 m'.iflflf1U'U'Ulmfl~llmfl'l m:u 2, 0l~.1'.i'Vl1i fl~fl1mW-'lf1\ll t:l\J~~lU, UNUf11'Vlfl \J 'ltl 

fI1~ffflljl 'U~il\'l ~16A~lf'1iU ~lftA, fl1 ~l\'lVi"', 2523 
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is. ~l'ilHlt.ll,I'"::, Rf'I'.1J1'.HCI.:J f'I''iiJCI - Rf'I'.1.h::lffij ;l1Vff1J\l1W, lH\;1Jl1 ffm'Ut.I 

l'YItllt.11C1fh~'i::\lV1Jlmh flHI'YI'W'1 2524 

16. tl111JU~.:JllH'UV.:J1ff~, 'lft.l::: flam£, fff:l1'Ut.ll'Yltllt.11C1V'Yn:::'iIV1Jlf1~1'W'i:::t.lml'I1'UV 
"d • G' tI Q ~ a ~ 

17.	 flClf'l'lff~'i'UV.:JU'U.:J, q''S:::I'lf'll! ~ .:J1\\1t.1'W.:J'll, mtl1'lf11f'1'1f1'i'i1JlmV.:JflCl tlW::1f'1'1m'i1J 

l'YItllt.11C1V ffm'Ut.lI'YIf/ Lt! lC1V'Sl'if1J.:Jf/C1 1'Y1VW\I~l'YInf'l'f 
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fllflNU1fl 



" . 
lflJ 1RtJ'j'lJJ tl mU1JiJ1,,1i'n'1 tlLLLHni1"'ririlJri~lff11H)1~YI~r.tn~ri11HJAllvl;j. . .. 

_cu c1'
"..-'"t Cl.J rl. ~ ~ QI 

llfl ~J \lJ flll j 1'1 24 IA fJ 1J 11J1:J 1Ut1 
I 

1"1
•
111i ftfl':i 1'11 2548 . 

• y • . , 
r.t Cl.J • rl let 

l'lfl·HHJli:11I11 171 mJlL. - HlJl'1 2 . 

• 
~ 

"1 d.I ,...t 0 Cl.J 0 " d .. Q,I cv 

~ 

d 

VI 11m. . .. lHllf llJflrl. tJllfl fJ , . ').:It111'\Jtll ;)·:nnA 1Jfl':i ':i l'lHW 1 .. 

d ....."l l 'J . • J ".1'tltl III "i~inJfl·l1lJffll'jllmlJl~m 'j:;,Y.:Ifll1flu':i::fll'.ill1fJill
1 • U 

l V11Y ~. rl l' ~ ..... 
ltJ HI 'nnl.. ~ ~ lfltllJ .. , 'YHl'lJfllfllJ 'YfY11iftfl':i 1'll' 2548 . 

.. .. 
(U HJrrnTiflfl~ 'yn1J':i::il'Y1~ff1J) 

1 

" 
(U ltlff'.Hfl'll'

• 
'YH'Y1lJ) 

.. 
o OJ 0 d o IV 0 d 

\Jl rJ CJ llfl fJ 1.:1 lJ II 'lJ til lflHfl':i eJl1flfJl.:1U 11'\JUl 



81 

illflNUlft ft 
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. 
Q.QJ 4. 4 QJ Q,' cv , " 

Nafll11;Jtlfll1Na~Ufl18~8~UIl::NaftOl,"8ftU"~;Jlflfl::anJ::Ti111 

, .. 
Q,/ "~cv4 Q

1. l1aflfll188mA'Umla~i.T1Hlfl18~8ftl~8lTia~ 

1.1.1 f)l'H)flf1U1J1J'fIl~1ff1m'i1J (Engineering Design) 

f)l'iflflfl111J1J'VI1~1ff1mj1J 1I1J1U()~ f111flflf1U1J1Jff~~1~~ ~~1J1J~H~ ~6~lt\'1~6~~mf1fl 
. " ."" '" .. 1 'jI _I" ...... r 0'" "" r ... I 'I •

FHWlfitl.!Gf1 flHff'iH ~lJf1':itl.! Ufl::1fl'ifl~1Jfl~H''l m~ff111'i1Jf)l'iflflf1U1J1J~'lJff1'lJ1fI'ifl~f1flff1'lJ

u "'1'"J:: '~mrf1f11'fltU~ff1ff~1 1'Vlmfflff~11ff~ (Materials Sciences) lltlt1'VltJlfflff~1'V11" 

1ff1m'i1J1fl~fl~f1fl (Engineering Mechanics Sciences) 
, t ". 

f)l'i6flf1U1J1J1flIfl~tijmf1fl 'il:~fl~~ 1,r11 'il1nU1n1Jf)l'i tijPl ~lU'lJf1~'lJff1'lJ1flI fl~ tijmf1fl (Machine.. 
II • I , 

Elements) ~H"l ~~U~f)l'ifi1'lJ1tl.! 'il1f1,rfl1,dfl\1'V1'il1J 1'lf'lJ ~l'lJ\1fh 1Mfi1il'~~1'lJ\11eMu"'lfi1'lJ1tl.!1I1m ~ 

1'lJu9ifl::ff1'lJ ~11J ~ l~1JlIoW'1~'tIfl~f)l'iViH1'lJ 'tI fl~lfl~ fl~ hw1eMli il'f1f)l'i'tl fl~f1flff1ff~{ U"'lVi1f)l'i 
" . . 

flflf1U1J1Ju9ifl:~'lJ ffl'lJ1"; fl1Mffl1Jl')flVi1~1'lJ ,~~ 11J11 oW'1\11~w hj'ti~lIIVti'fU1I1U 

o ~ 'jI , fJJ GI d Q,I 0 .,,~ -C:Io 

1'i1111llJ'lJVI fl~ ~11 flf1f)l'i'tl tHfl111JU'tI~m ~'tIfl~lffPl'lJ1:U1~ltJUf1lJW1l1'f1l{J1ff1m'i1J 
• u 

" 1unf1UUU flflf1U1J1J 
. ." 

'"J::~v~Vi1m111tn1::»flll1J1~'lJ (Stress) l";V~fli1'lJ1~\1 v::1M;r'lJ t'b'lJ9i1~~ t'l'11J11ai'1Jfll11J',f'lJ 

ff{JffPl (Maximum Stress) U9ifl:~iJPI 1~.. . 
.1 

1.1.2 f)l'iflflf1U1J1J1ffflfff11 

1iflffm1~1J~~ ~PI:U1n1Jffm 1fl~fl~1JPl1;fflihlmJtu:1Jfl1J1Jl~ i'1J~1'lJ1I11f1 1~1 111 ; ~ .. .. 
, ".ct GI .: ~ " A 1!"'1" d ".Q d'd0 tJPl1Jf1lH'H"lJ'lJ1lfftlfff1':i'tl'lJlJl 1I1J f1l'i'VI11ffflffm Pll~llIflf1'V1fl 8P1'iflflf1 'iflU'VI'imVlfl'i'VI1~~1'lJ.. .. 
hi'~U~llJ1~Pl1;j'lJU~'lJ"l 'tI'lJ1~tJ'i::1J1tl.! 5 x 12 '1f1J. 1I'lJ1 1 '1f1J. f:1'111l1llgmifl'81P1'iiif111i'~ ~1~ 
'd '" d d d ~ 0 .4 , d fJJ~ 

'VIfllll flf1't1'lJ1P11ff'lJ~ltr'lJUf1fll~ 15 '1f1J. 'VI'J.I'1JU'tI~U 'VI'lJ 'il1f1'lJ'lJ'rI1f1l'i 1~fl1JU~'lJmflf11111lJ'lJltJ 

". " 
'VI'i ~m::1Jflf1fl1lJu1iU1J1J .flltJ1'lJ1ffflfff11ihrf11:ltu::11j'lJ'.ifl~\11fiPl 'il1f1f1l'i'fl'lJn'lJ'tI fl~ U~'lJllI gf1 '.i fl.:ji1 

, eMVi 111 oW'1~1 i'J'lJ~1'1J 'i flii1,r1ff~~1JPIijPlllll'lJ f:1'11ff~~ ~ f11J PI ijPlllll'lJ 11:: Vil'Mf1l'iff1J Ufl::1J PI ijPI ~1U 

\11 " 'jI 1 'jI , 'jI 'jI .. r'jl :l .. 
fff1I'il:: 111 PI~fl .flltl 'lJ'VIfl.Jfffll\JflU'j'.i~ 1fl1tJfffll 1I1fffl1VYfl1l.l1hmJ6-3t.;O'fi'nt 1~·;)t"!'niBf1 

GI tJ ~ ~ 9J J." Q,I ...9 rQ,I QI <:V 

'i fl~ 'J 1J Pl1U~ fl1J tl f1lJ'lJ 'VI1H1J'lJ ff1lJ 'til f11'lJ Uf1 ~ '"J::~ m ~61J' 'Ulf11J1on fl1f1'lJ fl'lJ '1f ~ 11~ V~1J 'lJ~fl 'lJ 

I .I!!!I
.. ll:J"'" I 0 ., , JI tJ I 1 "jJ ""!" QI

'lJm'Ue~t"ffep'f)~'il:::mnn.rlU1fl'U ?l'1'H'i1 l~m'lllm ll-nnU1 (l'U'Ufl~m::1Jflf1 PI 'P1T\.!'Ylll~"'\!~Ntfft) 

tftl~ 1J:;;iJ'h~IU tlfllJ thl1 f 'lJ~tH~m,H<{lltlu!y~luLi fl'lJ'tI tN'1!'P1tl'U 'ItA 
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, I" . 
flU 'lU ttlu i:T1U ,"~fH;fmJfl1J ff1U ~l(J'\Jfl,uiYtnm~ flU 'lU 'il::lh::flfl1J~1(J~~1J~flilu,"ihn~ 

.d & J o SId," CI' ~o SId OIfJ1 QIQ.I QI 

tfl(J.:J ~lU 11 U.:J ~ n 1J ~ flilu U 'YITI1 U1'YI ~ fl~l'U fll'i ~'U fl n1J '\Jfl.:Jfffl1 UJ fl 'YI111 U1'YI1J ~ fl~ 'YI1 m'YHllfl'U 'lU 

";111\1l~t ~alU~ 1t1tlYf"trl~~i' tl fl1~~~ltWtatrl9i'ufl1"~'u~fl1:l (u::fh,,~'H~ lYta1t1Uau~dj~fl~l1 ,. cu • • 

1.1.3 fll'iflflflU1J1Jm::1Jflfl 'l~(Die) 
,,<Ji ",.1 _I ,"':

m::1Jflfl ~ ~\!fl'Yi\lil'Ul'\JU1l111nl(J1lJu1J1Jun::'Hnl(J'\Jul~ m::1Jflfl ~1I'YI.:Jm::1Jflfl 

!~Ul1 (Single - die cylinder) UCl~li"l(J'l m~1Jflfl l1~flm~1Jflfl'~'i111 (Multi - die - cylinder) 
t1
 

'I .d. """ , Q,I'

tYi~'lJUfl ttHlH1!m~lJ\Jm~(;1\1::1J'\Jtn~\'>11.:J"l~.:JU~ 3.5 9f1l. 5.0 9f1l. 7.0 9f1l. un:: 10 9f1J. fl111l(J11 

, <J1:..~ 

1 yJil tlm1'Ut-6'U~lrru~'flnl~ 10 ""lill. i'i'tJ.:Jiirnl1JtlTjt~ 80 "Jf1J. m~1Jofl1~~Jlili-ft'i\!tnUtnl~1iiiTl 7. .. 
~:y, ttI_. .Q, .d.yt.~. ~ 

m~1Jt!f1 ljm'U~lq'lwmrHflJ:::1Jemi~2.8 ']'1L '!!"..;71 4- m::l1t1f1 ~jttr~g-m.:r~!f1f1~1'Y~l~,uu;n.;::;;;"; 

9111. J~tt'lJ'U 7 m:1Jf.Jf1 tm~ 4 mZ1JfJfl 'O~ijfl11JJ(l111h~1JlU! 12 ,11 m::mJfllfl~',r~l'U~ 2 
• ":0.' J::..: .:S 

U'};:!!llltrrlnft:~~ ~l':; 

1.) m::1Jflfl '~~L1JRel'u'1i'~ (Non - changeable)
 

(Changeable)
 

1.1.4 fll'HlBflU1J1Jffmtl'~.. 
" :J ~ eJ::II <.J 4J 4 eJ • ~ .Q,.4 1(10 c: ~ 91 

-M:'HlflU 1J llJU111 t'ilTI lflW'\J fl.:JLfl ':i ~Hfl\O\H'¥Hl'l!~"'YH1,mJfJ1 fl11~H'n! j 'iJ li'i Elfl':nmtiHl1tl1.. . ~ . 
.:.-; ! -":> -:.- i:v I:" e..-: ~ ',';I';; ,.J... k'1 Co ry 1 I '.c:::J. 

'!~,)~:n-:..ln,}UI';\'. :;rri:~ '.;': r;;;:Jfl'l'l}Jil nn-nti !-;.J·fW~~~l~tfJ'UftmYIUll'\JllJl'llfl~H1J'J~mrr t'ifU 'iltA 
q,t .cu q, iIU 

t1 t1 
~~ ]!...r; =:,,,,. '~.""'" "1' .;"ff1" ~'-'-;I~::O; ..;li~If-'".<;' ~ ..... c •.-:-.. .... ~rw;... ~., ,l.... ...., ....... .-"'... ".._.-.~ -- e: -- ;"':o1~. f3 ·:.'a., ~ ~
 
~.\':;, .;.! ,'';,. n'h, '.,.,i ., .",:v .. ,~fp' 11 <,,,,"} 'I" .u iJ tV i'Hd~ 'II' i'l ~"L,I\!TI'W I+~' 'ij i.Ylli nN l1!lJ~HlH:ni~ fl 

r d 51 • A..., CI.I - d ~ a..-..i & ,.i:-: (,J 'i j,J ..... 

'UtJ~oo'U'l '1S~L1J'U~1'Ut1J1 U~L1Im.Jf11n·''P.J1-.!1~llfll'I-J 1l'1m~m,}~l'1~~'\Jt!1'Ut.i rrilt'W'lJ~\1fl"J.!jJ; l'!!'fTU ~:tl 
.p '6 'jJ 

:r] ;;"llTH ~.j 1jjiJ IT i1)=~fhltJ':~'l1-1~1~ t-~' ~¥'i~ dth ";'u t:n"i .!~~1i!1J·!~iil>l~·t1:··~.~;f~u·~-!Ti~~ ~·1j'1!~·i·r=U ~11JlrW'n.. 
w.A.e::..!!'t~::=t .I;IJ i ~ - ,.,,~ ~ t 

n ic;f:\O!~:l'i-3''!1~)!'ViM!'\I(J) 'll~!1JtJrn'j1J~fJ~'Vi'lm4Jrllll lin' teJtH4JrLlllta-rr "1{l"1 ~1r~L1JtA-31tJ'tfUnfl11.. " 

... >:~ <,;; ... r.-Jl'" 'j 

U"::'ilTU'JUiHHJf1L;J::J ~m dU lim; 
-- . 

(~1f,ii,tG'~-~T\-;~'h-;JfrU[;-ilE1-)i1'!;",.i.; 1';HHd;-~:; '._: ;:;-.';!(-, ,::' :-:-~~ 
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d,!"'I'JI'JI d ~.I "i' <II 'JIdO 1"1 1'J1 '" J
fl ~ m'IJOlff'UOU'U::Y1\l:a1J'UlJ'j~ !(J'lf'U~OFjYlYl1fll'jOOflU1J1JU~::Ufl t'IJfffll 'Ht111J1:ffJJflUnU'U 

lflmll't'i1~oriH~~fll'jFH"1J1'I1nfll11'ijfl111JU~~1'I1i1(J1 1- 3Y1'UYl1'U fll'jl~1Jfl111J11'U1'IJO~tf'U1f1ii(J1~ 

~:.Il~'Uri1'U~ffmntl1Jlfl~ff~ fJl'jU~~1~lfltl~1..rl'H1Jl:::~t1fll'j1J~6j>l ffn,.hJlf)~f11~:nJlHl~ 4:.1111• 
" .d QI .d._st I '_I.eI I ".eI & " ,& d • - ! '1 'JIQI Go' 

11'U1Y1'j1J1ff~Y11JB'UlJlU~::~'U~ ~ lJ!fl~(J1tY-J'UH'Ul lJfllll1'fftlii'Hrl.H:.:tlfnl "l!''!f!iJl\jfj;;;lJiul. ~ ~ ~h 

" f1J!m::~'U ff ~1'1;1'~.bl~1l1fl.u'U 

.J ...•. ,! ... u' ,". l' r. _·':fl• ..8".Jt'~-~ ~I-';""i' ,.'--~,' ;,.... 1-:;,1-· ... ~ .... ~" •• -"! .....- ,31I"~' "' .... ,.. ,:,;,,;~ ~ q.fj .... ')"11"- .f:"'""'1n Jk(U;'W" ..J1Jr (,1 :rrt~C:1 :.. ~rln:..4., 'lc..:·.~1 .:~ r;l:.1 It f;.J:;-rr:, T l~nTltlJ~... ~.r,·>(#--.T~ . . ~.l"",--u"'~6;;· 

'" '" , 'JI & 'JI 'I I oCt J iv do'" I 
n11Jl 'im 1J ~ 1 'U 11 'U fl ~ CJl'~'IJ lJ 1~ ;)::~ t1~ t11illt 'VW-3l'Hl Y1Wli:1'fl':i' 11 ::1JUfl'U "'1,., 'J'I H1i1;:':ifl ft 1-1 !!'YN.. .. .. 
~ff('i:(:~; ,,~:J;":; :::;:.:;=:~) :;1w;1·" :~~fHr::;~nr\1,i'\fn'1¥-n!E~~~ Hp.~r1l'jU·!l 'tnt L~f1l-J'j'lliA'o~riJ,nw 

dO 'e-O A ~,:~ 4 C",J ..; ':~~1~: Q" ~ i;J 

1JU ~1~1Je~(,ifl41i'U tl~nIYli1-r !A1Jfj.;}:.~,~·~ rl'~09t ~~;-r~ t.l ;~)~~~'I:f1 ~'-b';1nlrt-~f~ ;"r~J ffn',i:'; ;i~~'j i 2~ 2 ~r ~;- ~ 

\:;]UI~!~ ~''li:'r~'\!1nflh'l qj l'!f'! lfi~ '1~B~i'W :i.Jfl/Gl'l"lJ" #- S~1::: 1~;~~t~;, !\:~r ::2 f( :ii'':.' ~n-; ':. "~~'" ~ '";~ ~1$, ,. ',~!'i 
.:.: ,J' ....::. .=,! c;.,; C;.., ~ I~'~, ds0

",nnr-; ~11iUiiiJ HnHtW;~ ..nniJl-6 ft~H)~ t·lf'i~Hn mWiiiNnClf'ilJ-ifi'd'w'OmHj
.. ~ u 

c!~( ..Y _ ..d~ ..v • or C' ..... <:o­

LYiUltih..i'D'U'i.-f1iHi'I'.i U~'iitrHm"1ffI11W).nfi hiT'; 1':1 t1'~f!'j(Jm,j-;i ~~':h'1J 'n i-i'!i.. . 
Xn,Hn'~U~1 l'ilmlf!~uG'1m~1"l,,';u!~r\'Y!'!.!1;f!ln'U·J·~lnnJ U(;;~1~jt;'H,;l1..!~i"fiit::~·i; 

..::.~~, .:.:... 'I!!~ ~ ;'~ .. 

t"~t,l-i ~.',j-iH~J~U~l ~L~b~~U'~l~i i{;':;-it,V4f11tf')"Hl'1111l 

. ~ 

n'1~~i;~-:} '-Jjjf1'd-'~j~_f{~lJ11-~ riF~-~1 j~;7;tfii1ri·: ~-ri'-iif~ ~'t'~~~; [j lri[il~~ 

'­
~:fiH'If'l 

q:--.; .:::II ~'*'"" ~.z: , ..or::::., Q,f " 10 W .d. 
>.)',.' • 'Y."~" .. '..~r,~~ ,<;:~, \.-:..:._". C'c~· ...., .. ·,· ~<''''''''~''':'''''l~'''''J'''''''nG!·~t't'U'hlJLLIJ Y'lri"U!r't.1"G""'lfl"",'''''l'''',,'''.,'!'1_TI_"-!d'lrl.• l''''''''''IA'it!''l'rl~ Hl'l~t,~I 'JI.",'_'~'_'~_-!;,J.~.""'~'':.~._.Oll-'~'" f"~ ._, :'~,..,!,;o,J .. t.1"'~ lln~1 ...,. 

J ,,~ o·.d ~ ';~; ci "' , ~ ut ~ .:::::r. ~ u. :..:..".;.. -.~
m{Jfllft~1llfl'l ;)ltll'U.Y1'iJ;:;~B" !'iftllJ (Key) u~flti'Jtmnj (Key \Var) fln "iftil.,!.Hi!':!o~;i)1IlJi':'~fJr:i 

1 ,. J II , 

filJ~~n1 ri U'-lftlJ: 1't1!l~f!i rwrd1n ~fr~i:11lI IT' l~Hcr~TWi'-~ 1..lHtlV)tttTLF1H!qtYi [}-; 

(Rotating) 
". . ~ I .J, ~ 'JJ 'JI JI 

, ., __ :~_~~_~:.~:3I~: T'f) ~ ::-;~·~·f- ~.!~ ~t1;il-- ~ ~-~1~ ~ .1/ ~ ~~~ -~ l)r~-~·l ~~.~~fjf~111'~~1 ~~'~.-r~~l ~~l~ tl1~rti ~~~ V~f1~ ~Hl1~-fJtil~ 
...-i I ~ 1.' .-4 _ ~ .c.',' ~ _ _..d ..... _ \ I 0.::.1 ~ 

:;no n·Hl-HlIfiTl A\Ol:lJn1,;;~m'!llrit..ifitn:lfnl~iiJ1~~fltl'JfJlJTI'i':;fi'lf;IlJfn1:i'~ ~t~l:;;t';u .liih~;~.:;';ti _1;}>;' 
to' . ' ~ • t' c 

1i;i... nlf.'·nl':l1n.l~ '~~fU;~/h) t~1'G ~ li '!nnn1,fi~!f!r~! ;:ri!'!1 wn~rS ::,};.~J~2';~_j'i ni :;:;~':C!:" "':~ 
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1.1.6.3 utJ~.:nin1J~l (Plain Bearings) l1'h.JutJ~~~'HHi'tJf1l·Hgtl'U (Sliding Support) 

do 1 1'J1 .t!I d.4 ~ A ,A ~ oIC:ll 

Ui1::UH1fftJ~'YIl'U'il:::~W"'~1Jlf) ~tJf1l'i 'If'Utl~1l1i11 li'itl~tl~U'U~ liHlf1lCJfl'VWf1l'ilii1tli1'U U1JH'If'U~ 

if~iJ~ l~~l'Uij~nii . .
tlGI A, 4. Q,I.4

1. l'ilfl'j'Ui1UtJH (Journal Bearings li'if) Sleeve Bearings) 'il::'ifl~'itJl'VHnf1i11Jl'VHJf1l'i 

lill'Uli~flllf)1il 1~fJ~lltJ~ il 'il::iJ I1Hl~ft'"lfJflHm:::tJaf) U'Cl:a'iltlf,r'Clnfta~h'Ulid~'Ua~l'VHn lrlt> 

~ i-" _4' WI d I 6 cC ,41 d do , ~ I ~ d 
UVi'li:'lUlJ'HJ111'lJtJ'.itHU'dll'iflf)11 !l1J'Hl91lJ (Ful! Be,tring:;) u~jlim\H'.I\l' n·n'l'1mfl')~l!' !J'~tTI1'U1!- ''l 

afJ1J'HltJ1'ilDfiri:ll'ill~fJf)11utJ~~"h'U (Partial Bearings) ''Ul1'Ir~ffDrl'1'il'il:::mi11nmrrn:::1l1J~ill~H 
'" i.1111'1\-I . 

~ 

2. ml'HHf)'U (Thrust Bearings) u:::'jt.)~i'tJL'Yfi:ll 

JI • ,. 

.. • '" '12· "'... '" l' '" "" I3. tltJH'Ul (Line li'iij Guide Bearings) &'Jf'U1Ui1:::'ifJntJ'If'WffTWVI'il~'iltl'ilfti:lij'U'YI 'U 

V1fll:il'W't\'1V (TrdIlSlation Motion) . 
'1 'J/.et • !IVQI 

1.1.7 f1l'i l'lHmW1f)~ff-31'i.'rA• 

Lf1~[nffl'l1 i'tJf1l'i ff -:J fh~'i11~ mm,l:iilfh"" ~ 11i1'U ~ 'il:::~{N 111ft"JUJl'1h1'ilfl'Uf! )~ ltlfl 

o.ok iI,iI'
fl11:U tJl'ifll9fil"~~tl'i "'lftlt/UUJO 

. ., 
<C\ " di QQ,/ ""'i 4 .4/ tlL.I .... 

'i:::tJ:::Tl¥l"l!' ; 'j~U:::'Y!1.:j,n~~1]JH'U1Uf1'U'UD'ifff)1'illf)~~li'U'itJ'Ulf)i1tJ111'U.:JP l11Jl@-:j llJtJ'i~~ 

lAv'}f:tj;;l!tl'JlflftV'j"~ti~ft~'1J 
'" .!l d ~ d'!JI ,..J L1 I

li'Cl~ (Lead) ; L fie 'i~U:::'YI1'il'lt'1'f)11f1Ue'U'1 ~P11lJUlJ1Utll.l'UV.:Jfff1~ 'U'lJW~iifffl~l1).fj.J11,c 

.;,::t,,,,,- ...... , ,~.;:~.,~.;'t'~"'":'a~ ...4."'~~.,.;.~ { ....::_(_!~ i'· _ .... ~.,j .. .. ..... -;i(;i~ f :~ ~ Go' ~ ~"'i~~:=-:'v:ot . Pl:;,,0 , . '1 t QJr:. 
;;;c, -'::: ;, ",~.;,,;,.;(,;.i-J,~,;, ,,"_,"':~";1~ L!"C<lU) J... v",'UO ...jH."IJJftl.'Yl1tl1J1",tJ",'Yfr}'.Il" tI ,,·.dlHlfl1iJv-:j 

"" «j I l,;;j ,;;j
'1 Ilfl (1 k!llb:.:::kc~d) l,fitlWJ~~~J'L If)flltJ':i~'l'I11'i~mW1ffV'Uf)at!''J 

I, nIt 

~~~ " a. _ .c:s ~ ~. ~ QI Go' 

1J:iJe(ltJ1i i1'HJ1JJJ nl~ (HeliX or Lead Angle) ; a li1Jlflfl.:J 1J1J'i~1111'i'i::l.IltJ'YIfflJ~fff)tJfl111J.. . QI 

d.c:s .d.~ Go' 'J11"?t "t .e:d' 
~~~il ~'Uf1-'l~~Elrn!![i~l~'\.nll'Y!~..:j\Jlf)mmf)'U'lJfJ'ifff)! m 11 d llJ'Ulff'U~l'Uf.!''UtJf)'ClHll!'CltJ'Uij'i'i''n't 

m 

ufl~'\.hri1'U~ffmlf1~D'U~hJt'W'UW::~111J\J'Hd.:JifJtJ1Jlf1~'i.Jaf1 aa:~J1n1~~ file 
~ . q " ...- • q 
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1 
tan (J., = e 

JZd 
m 

l~lJfillJt!lJ6flClHUfltll~lJl~lJfillJt!lJ6flClH~lgfl~~~'Ufl~C!'fl~ 
d "" 

'I1lJl.IlflCltl1 (Screw) 'I11JltJt:N 
d _. 

mClfl~lJYlHm~1Jijfl 
_I & d ... ~ _I' 
lJCllt1'11lJ~1J'I111lJlJl1J~H'1 

d.' & 
ijfllJClltJ'I1lJ~l 

lfflJr,hlJt!lJ6flCll~' '11 qjl~lJl fflJr,hlJt!lJ6flCll~~' 'I1tli~ ~~'Uij~C!'fl~ ~~ii1Jn1Ja~fl111J~ ~llm 

lfliltJ1~'.W lllJlf1~Z1J (Nominal Size) lltHC!'fl~ri~fh~~~::1J6fllf1fJ'tfl'UlJlf1l~lJfillJtYlJ6mn~h1tY 
~ . 

lC!'1Jtl ~lJlfl~t:n '~ff1'l1i'1JV~~lJ ~hlJ 1M'~~nlJ hw'1J~tl~ 1~Ui1lJlfl~(J1 (Nut) 

.c:S. " 1 ...... .I ~ ! ',J ';J """- ~ d: .... ~...d;....f
lljmfflJ [.lC!' ~ifl~lz ..n.;jt1Jlmfn,:;['J·~ lb~t;:}Ur[iri'JJf!ltltn;jrl-;fn'i"il,!(f;tnn'j iUIi'U ,'! 1~~J: ::'-:~lj .. :tii!i1-: j

• • v 

" . 
1i~1<i'11!.u'T.n1~C!'fJ~~f.h':~f!'fl~H'~-n-nfj'U~-_W~~J 38 tl~ffl ih 44 e:.:fl: ,fim'n~~ ~;J~r ';f;"_"~;;~·,"~;ii;{"-,f:'i; 

~-

ufluo,m1tJJtJ~B.;j1~ 

. 
d d 

lflf.U':n f111 FoHn-H, 1 '" 
J~tJ~ntl1u:·n'mr (fl:::tillJ:::rl~i"J 94% ullulu 3% lJ-: 

5~'nri1lJ 

I fri-j¢l'i1"imiA is 'liiL 

I 

l~nnfllnm jlfll'l11thnCll 

2.45 "ILli.
 

2
 2.43 ~.1J. 2.33 ~411. I 

i 
3 2.41 '1l'.1J. 2.30 ~.1J. . ~ . '" ii'rHinlUTJ:JJ 2,,32 'ILl!. ,I , 

2.50 '!flJ. 

2.48 'il'.lJ. 

2.45 ~.lJ. 

2.47 'IU.J. 



87 

" dttl f;U '11 fll'Hr", lJ 'Yl 1 

fl~~lff1'lJ 
1 " " 

'J~tJ~n'lllF<ll 11lJ (tl~'lllJ~'t'I'J11 _!It'"95% UlHlJ'U 
JI 

03% 'U1 2%) 

fll'J911tlUflfl 6 'll'lJ. 

I 

l~1l11f11l1,rl 

fll'J911tlUflfl 10 'll'lJ. 

I 

l~1l11f1111'11 

fll'J 91 1tlUflfl 15 'll'lJ. 
~. _____I ___ -

IF<l1111fl1n'l1 

1 2.45 'll'lJ. 2.42 'II'.lJ. 2.39 'II'.lJ. 

2 2.41 'II'.lJ. 2.39 'II'.lJ. 2.37 'II'.lJ. 

3 2.38 'II'.lJ. 2.35 'II'.lJ. 2.34 '11'.11. 

2.41 'II'.lJ. 2.38 '11'.11. 2.36 'II'.lJ. 

" .,;lflWCVl fll 'J F<l fflJ 'VI 1 

fl\9l'J1ff1'U 

2 

}I j 

I 
i 

. . "" 
~ 11.,;1 ftfJ'i111 2.44 '11'.11. 2.39 '11'.11. I 2.56 '11'.11. 

fll'J\9l1tlUflfl 6 'll'lJ. 

2,48 '\flJ. 

2.45 ~.1J. 

2.40 1UJ. 

fll'J\9l1tlUflfl 10 'll'lJ. fll'J911ftUflfl 15 '11'11. 

I 

IF<l1111filn'l1 

2,43 '\f.11. 

2.40 ~.1J. 2.55 C}f.1J. 

I2.36 'iUJ. 2.53 '1!.JJ. 
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. 
d.. ..tfiijl CVI m 'HHrlJ VI 1 

1" "	 94% 11 ~lJ'U 3% \11 3%)':i:(I:nmLFn l1lJ (f1:mlJ:~':i11 i1'" 
'" I 

fl~nff1'U 

I I0 

m1911f111flfl 15 '!flJ.mi~lmlflfl 6 '!flJ. mi911f111flfl 10 '!flJ.~ 1'U1 'U 11VI ~ f.l1 UVI,Ulfl ~ 

,I 

1~1111f1111tllIf-l1111f1111tll Ufl111fil11tll 

2.20 '!f.lJ. 2.30 '!f.lJ.2.00 '!flJ.1 

'l 2.35 '!f.lJ.2.20 '!f.lJ. 2.30 '!f.lJ.... 

2.35 '!fJJ. 2.40 '!f.lJ.2.25 '!f.lJ.3 
0 ... 

2.15 '!f.lJ.fIl1'l'IV'nlJ 2.28 '!f.lJ. 2.35 'lfoll. i 

m':i~lf1Uflfl 10 '!flJ. Im':i~lf1Uflfl 15 '!flJ. 

I 
I 

m':i~lmlfl? 6 '!flJ. I 

, 
If-l1111fllnm If-l1111fhnm	 !1f-l1111fhn'l-·; r 

! I 
2.20 '!.flJ. I 2.30 'If.i!. I 2.35 'b'.lJ. I 

, .	 I 
2	 2.25 ~f.1J. 

o d 

flll'l'ltJ'i1lJ 2.24 '!f.lJ. 2.35 '!f.lJ. 2.38 '1f.lJ. 

3 
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<f .d 
IILfHll erIfll'j~~1I'Vl 1 

'j::tJ::L1ml~l''I1,j'(fl:m1l::'V..r11 96% uil.:l~'U 2% \11 2%) 
fl~'i1~hu 

fl1'J~lmL~~ 6 'lf1l. 
, 

L~ '1 'I1'lfI'IL'Ja1 

fll'j~lflU~~ 10 'lf1l. 
, 

Lm'H1f11L'Ja1 

fll'j~lflUfl~ 15 'lf1l. . 
LJi.l1'H1t'l1L1a1 

2.30 'lf1l. 2.35 'If.1I. 2.4.5 'If.1I. 

2 2.35 'If.11. 2.40 'If.1I. 2.50 'If.1I. 

3 2.40 'If.1I. 2.40 'If.1I. 2.45 'If.1I. 

2.68 'IUJ. 2.38 t'.lJ. 2.46 t'.lJ. 

..,tI 
LflWerI fllm~1I'Vl 1 

fl~'jl~h'U 
o , , 
1I1tJ1tJU'n~()1tJ 'nA"f)~ 

I 

1 

,, 2
i I 
I 3 ! 

II 

'j::V::L1~m~l'mr(fl::m1l::.... ~11 94% uil.:l~'U 3% \11 3%) 

fnJP'llf1UAA 6 t'1I. fn1P'l1f1UAA 10 t'1J. 1.5 t'1J.fn1P'llf1UAA 

I , •lNllllfllnm L~l'I11f1lnCtl tF--il'l11fllnm 

2.50 'lf1l. 2.50 'If.1I. 2.65 'If.1I. 

2_55 'lUI. 2.55 'lfJJ. 2.68 ~.1.1. I 

i 
2.55 'If.1I. 2.58 'If.1I. 2.65 'If.1I. 

j 

2.53 'If.1I. 2.54 'If.1I. 2.66 'IL1L 
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" d 
1flij!l'1 fll'H-l \jlJ 'VI 1 

fl91c;ll;hU 

tIi »J »J ij ... 3% \11 2%)1:::u:::n,nun l1lJ (f):::"1lJ:::vn11 95% U ~lJ'U 

~ 1'U1'UU'Yi~(h'U'VIfI"U~ fllHllf)UflfI 6 'tilJ. 

- or. __ 
If.ll111TllnCl1 

fll19l1f111flfl 10 'tilJ. 

. - _ ..f. ___ 

lr-l111lTlln"1 

fll19l1f111flfl 15 'tilJ. 

-, - .. '­ - --­

lr-l1111flln"1 

2.65 'ti.lJ.1 2.65 'tilJ. 2.60 'ti.lJ. 

2 2.70 'ti.lJ. 2.65 'ti.lJ. 2.70 'ti.lJ. 

3 2.69 'ti.lJ. 2.70 'ti.lJ. 2.65 'ti.lJ• 

, .,; 
fIlm"m1lJ 2.44 'ti.lJ. 2.65 'ti.lJ. 2.65 'ti.lJ. 

" .,;1flWenfll1NfflJ 'VI 1 

fl9l11ff1'U 

JI 

i »J 'J/ _'4 ." 0 

1:::(l~nmlr-l1 1111 (f)Z"111:::l'f1l1 96% 1l1J~11'U 2% 'U1 2%) 

~ 1'U1'UU'Yi,n'h'U 'VIfI "U\I 

I 
! 
i 

fll1~1f)UflfI 6 'tilJ. 

I 

U-l1111fl1nm 

fll1~1f)llflfl 10 'Il'lJ. 
I 

lr-l111lTllnm 

2.70 'l1.lJ. 

fll'i9il1f1!!~f1 15 11'11. 

lr-l1111rilnm 

I 
! 

2 2.68 ~JJ. 2.60'0.1. 2.70 '11.1.1. 

2.70 1LlJ. 2.58 ~.lL 2.65 'UJ. . 
fiWi~~tJ5'UJ 2.67 'ti.lJ. 2.62 'ti.lJ. 2.68 'ti.lJ. 
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x 

nr.n ('Il'lJ.) ~lfHl~~ 10 'Il'lJ.D 
4 • ~lflUflfl 15 'Il'lJ. 

3.5 

3 
2.562.47 

;>a--_~; Y InW'flflTH;,nJ 

" .J
~.f}f~;IIT1J~fr#Jfl ~ 

2.41 2.38 2.36 2.44 2.39 
2.32 

2.43 

o 

1.5 

2.5 

2 

05 

i,..~ ..~)7/"r1 

W11t1U'f1'fl G 'li1J . ~ x 

nr.n ('Il'lJ.) 11\ in 'lCH~lflU~1il .v »oW·I I I 
4 I • ~lflU~~ 15 'Il'lJ.3.51 
3 2.46 

" 
~.:1;':":·-·::.:: ..::.. :. .... 



92 

~lflU~~ 6 'lf1l.x 

nm ('lfli.) 

4 

3.5 

3 

2.5 

2 

1.5 

;}.;, 

~lflU~~ 10 'lr1l. 

• ~lflU~~ 15 'lf1l. 

2.65 2.65 2.67 • 268 
2.53 2.54 

II

2.66 

*~ ..._>t 
;-·,"-i-'·W9~ .. <".":'~UA
pzi~ fW~Ja 

~ ~~W"«";".~·r"."~.~_;:: m1J~",:v"~.~;~ rN'._L'.•{} _"_~:L"-~-' ;':":'~--=:;:=""----~~'----~-==------=):'" y 
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illflN'Ulfl 'U 

l'lhuJ~~fI1'1~uii'UfI1'1li't1 
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. . " 
nJll '\.1-3 ~f)1JW:::fl1'ji'.:.l'l.h.nrf)'\.Iij.:.lril'LJ~l'LJ1U 10 Ul1.:.l.. 

. " 
':itlll '\.I -4 fl1':i'lhrilUl,;m.... ~.:.lt1~ll~.:.l ,riel.:.l'Ul~l1.. 
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,~ ~ ~ 

11Hi 'IJ-5 itiUl 500 iJ~i1i1~1 ~1l!1l! 4 fli'~~f)fl11't1"~eH 1 fli'~.. 

. '" 
ttl.., 'IJ-6 t111J1WUfl~mHJf)~ 40 iJ~i1i1"1~flf1l1't1"~fl~ 1 fli'~ 
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• tI • 

11Hi '\1-7 fl11!'YIllfl"mHlfl""~tJ'U;r'UnUl-nfl'thfll1un 
OJ 

• tI 

1,Hi '\1-8 fl111~flW"1fiiJ'\Ifl~,hrifl'U~1l 
OJ • • 
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I II I , 

i1..ln 'tl-9 ftm,Jf.U~f1111~tJW'l1fJiJ'tlij,:j'lhlijijl~1JVilf11·mn'vJ1..l':i~1Jlf.U 40 'Inn 

• • oJ
 
_I d _ I"" ')I I 1 <!t "_ I ='t d ')I


~lJ'Vl 'tl-10 uft'~,:jlJ':imWlmm'\.,l '\.,Il~ll~Jijl1cn~l'\.,1 lJ\)'\.,ImmJllJ'\.,I'tl!n_~ . 
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.fl1f1N'Ulfl fI 
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~ Flnt.IYH, 00 H104-1 ()!48 
riO: 

mnn I ""'12 

nl'i Q ,! 

lli'tlmTflU 11Itl~1::'t1 ASTM 0 1762 and 0 2015 

.. J .. 
ml::m~'t1~iHlU11!fl'i1::'t1: Qill'tUJ1J ·c % 

... , 
Hl:Ifll~'t1~atl1J 111f)'i1::11 

fl111111t/lllthl 

('%) (%)(%) ("In) 

cillllr~llli~i~~n1\,~ + 7.3 4,70032-4 44.0 16.3 0.530 

lu'lfJ AI 

OllIORUlhi~~l1i\1f1+ 4,(>607.3 3:3.4 0.540
 

luHi A2
 

DlUORlIli~'1i'~~1111HI •
 

43.8 15.5 

64 32.1 4,830 0.580
 

1lJ'lJ1 A3
 

45.8 15.7 

6)Olt/ORlIli"i~,ill ht.. ­ 31-9 45.0 16.6 4,730 0.580
 

1lJ'hj A4
 

.. 
101 

• )1 

mml1J'i01J 

.". ,-oj ," ".,1. :.' " "ol~.··.'.,·j~ ~ 1,1:~.11 HI • ~ ~ \.,. - FM-EEE-14 
:'", ;.... ",7:',', 
E·m~11 . :'111~lll1~11.1lr.lh .;;..: :. •..... ;,~: ..r" 
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nnlDuinl\n 11.001/49 ~ !f1T(.tn-l. OOI-OOHlI/48 

ll\!~ '1 ~ft~ 2 

-fJUI&nItWlfllSUr11 ,,,,;nn1nlllY" 

~hOUH 
.: 

fl"}UJ'VU 111l11:1l10 cilllfl.Ui"} "1m ri,fl1,IJ-rOll 

("/.) (%) (%) (%) (Oiallfltl01lOfl. ) 

Ihlllifllll\~i~,i'l-l inil ~ . 34.9 47.5 17.6 5.080 

111ll! A I 

anltiRUl;~i~{111nil + 36.1 47.2 16.7 5,030 i 

111'1111\'1 

lillltitlllliJi'J~11111f1 + - 34.3 48.9 16.8 5,160 

lulu AJ 

alutiflll1i~i~~ninR . - 34.1 48.2 17.7 S.060 

lulU' A4 

... .. " Fjrlfllr01J I ")1tl11~'11 

I. 1110illlni'itpnOl 

2. UltJi17l1til i~UnllJ 

Ila:1n1l1nl~~.li~el,nunl1 

,hOa-1U1+lQ01J '\Ulftil1U1 un:mQ-1-111A 

~ .... 
1l1f1 13 'f,lt11fl1J 2548 

f1il0l7\1i1llnll"ilIl11:11U i'u1IlUlillDlll:A1i16H'ri'I~1i1n1n1~'ldU / 'ilnnt1111inl'u 

IhUUltlilOl1t1<lIlUU I ;1011:11 '111~"",lRojjlo;fIUtl~l\l1l1Inul1lO"ifl\tfti'.rnul tlfl 11. 

l"".~ 
. - . 

~I:;.-. '\" .to\: ,'.• , • :.';~~" , I:,f :l!··.• '. '.', ~ 1'~·t:f.I:-14 

.l,. .'. I • ~. J. ,,,~:". -" 

r "..,'11 1l~1-:':11"1,.Ulllh ,,"11'1. "' -I'"~ 'I. 
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iIlflNUlfl ~ 



• • 
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oQ,Q~ J 
lfillfl11Z'tt 

" fll':i ilfl':il::l1flW ff1J1j~1fffl1;ftH~ ~~ 1~'.Hlflini1m 1::11~11l1l1~':i if 1'U 'UtH American 
, q q .. 

~d.~ d' ... 1 d'.A 4 , ~d
 
Society for testing and Materials (ASTM) 11(l::11i1[m1::11'UV~t,]lJmf.lllflH)~llVm~lZl'lf'U 11i
 

.Q d' I !I I 0 QI .Qd.oC:l d' .a fj/ a 
1tm 1::11fllfl111l':iV'Ull(l::fl1fllll::f:l'U'UV~Parr 11(l::11i11fl':i1::11fl111l'lf'Ufl1mmm Mettler LP 16 

.;. QI' d. I .4.c:. tid , Q.f d tlQI'..c:u:::l.Q 

t'UV~'il1fl~1VVH'Yl'U1i1~t~V1tfl':i1:::11llfl111lU~fl~Hfl'U'il~U1H11ifll':i1tm1::11~1mJl~ 

1tl'U 2 tJ':i::1.fl'Yl lmy "l flV 
" ;I J/ 

1. ~1vdHtJ':i::t.fl'Yl '1J', tff1l1ffflt'l1 ~vVi~, 1;rVt~~~tlflU11~'il1mff1l1ff~H11 ~vVi~, tm::'Uv:: 

" " iflVii;r'U~V'Ufll':iitm1::l1ifl£Jff~tJ ~~U 
" fl. fll':iltfl':i1:::l1111fl1fll11l;f'U lil'~ 4 infl11lfl111lt111l1:::ffllflV Oven drying 

ddd 

method, electronic moisture meter methok, distillation method 11(l:: hygrometric methok. l1i'Yl 

ff::fl1m1(l:::1~t1'U'1!..t1'tJ flU in Oven drying method fiv fll':iV'U~1mh~~'Ufl(l:::tflVflU~1~ 
JI I " .". 

flW 11.fl ii 103°C)f 'il 'U' cA''U 111,rflfl~.yj i~'U 1fl flfll 1ritfl ~lflt~ V{Vi~ h11~'U U~1'U 111,,1~'U 111,rfl-rl. .. 
,'II , VI 

111v'tJ1Ylmll'U1Wfl1fl111l;f'U l'Ufll':ii1fl':i1::111~n(lltJ1::1l1W 5 il11l~ fli'~(l::hhfi'U 5 ~1fld1~ 

'U. fll':iitfl':i1::11111tJ~1l1Wlt.~1 iflVfll':i1~1~1VdHi'Ul~n'vJ~1 (muffle) tlw11tJii 

° ° i d .,. " 1".... d .,. ~ 'A I I " , "580 C)f - 600 C)f flm':i1l'il1flt,]W11.fJ1l11V~ 1m::: 11fltl':i1fll':it~1lt,]W11.fJ1l1lJ'U lJVVH'lf1 "l t~l'il'U fl 
JI j tI j •"t

U111,rflfl~-rl i~ 'l11fl Vfl1l1 1 fftfl ~tfl ttl fl{ Vi~ 1 ,rtg'U u~1'l111l1i~'l1111,rfl-rl t11 ~fl tViV'l11' tJ 
. " 

th~1W'l11tJ~lJ1tlH~1 lU.flullfl'n:::l11cNn(l11.h:::lJ1t\l 6 'i11~H f1i'~(l:::'l-itfh~ 4 ~16dH 

fl. fll':ii1m1:::l1rll fl111l11'U1UU'U ll'U'U True density .yh'~11(llv11i '~uti fll':i111 
. " 

tJ~1l1W lflVfll':i 1fl'U'U1fl, fll':i111tJ~1l1~':i lflVfll':itt'Yl'U-rl'l11 11ivtJ':iV'Yl 11iVfll':il~ flotation tube 
" . 

1tl'U~'U ttJ'i V'UlnV'Ut1'U'l1111'11fl 1Ylflti1'U1W111fl111l11U1UU'U fll':ii1m 1::: l1fl111l 11 U 1UU'UUlJ'U 
. , ",,, 

Bulk density l'i11flfJ'~flri6~iYt'l1~fJlJ'lJUlfl 12 x 12 x 12 ih -rl'Yl'j11J\h'l1lrfltln'~'H)dH~~1u. 
" " " 

mifl~ i~Wt'Yl'il1flfl111lff~ 2 ,'Jfl t'I1i7fl'U6'Uflrlfl~ t'Ud1flrlfl~1'Uu'U1~~ 5 fli'~ iflVVi~'il1m:::~'U.. . 
JI , II , 

.c:. QI 0 QI q ... I<l::lt. .a 0 ''1.Q fl,1 " A I
6 'U 1 'Il' ~1..I111 'Um11lt'YlV'UlJ'nJlfl':i 1ViOfll'U1':ifl111l11 'U 1U'U'U &'Ufll'.i11fl'.i 1::11 'lfl1tl1lJ'.i:::1l1tu 

" l1'U f1i'~(l:l: 4 ~1fltiH 

'il. fll~1tfl'j1::l1ri1'fn11l~V'U lflvl1t1fl~a~ijil~ii ilty;jj oxygen bomb cai"nmeter 1fitJ 

i'~~'md1~tJ':i::1l1W 0.5 - I fli'll 'U':i':i'il l'Ufl'.i ~llJ(l U~1 lril 'U.fll'lf'U::iJflff'l1'Yl~l'ivfl'h bomb. .. 
q ~ . ...:." _. £:.'\ ~ ';'~ • tI 'jI)I Qi : ~ , 

AnD ~m n:Wifilrr'Uv·H)t'H19H'iU ll:;;kn~fl1..mn I11lJf)Ell~iYll1J1W m'l~fl'W'f1111l'H)'U 1l'1fl'U'U1'Ylfl~ 

_. _ ~ d ~ _. J ~ 0 .0. fjJ d ~ J 1fJJ • jJ .e:t.d 

';i ?.Jl.l 'i bomh ~J1]u;m:n.;n:j,\n.; -,rlln'JDflltJ ']f'J1.!Jlnrufll111'H.l'\.J'Yl!flfl'U'U fl fIlf!111l'J fl'U lflV11i 
'.,: .:;:­

'J1 "". J,: ..~ .= I • ~ ill ~ o<..J. ....... _ ei _ _ III 'jJ ('0 ~ .'1- t , ..::1.
' 

Ul'd[h111 gro5:"""'-~cdonfic value ~'Uf}'~'Oll-i oul-: Il'Hn1'i~1JiJlflfl rJtt-fi ~li:U rifjir~ ifl'{'"j d1JUI...~1Jt";lj lcw 
CM .-~ 

, ~ <;>I,..r~ jI. ~ ~ ~ Q.I' 

;r.fllV{'If)·~~Mft1 ~Ufrr~'~:Hn~l~"t~'W!"!!~~~lli~:ttr1'il~ ! 1f1 ~;!.~ !·r~··r~0 ~ ~T,n~~~;-; ~ 
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Q.I' , ,Q, V QQAA If u .:, d 
V116rJH1h::a.n"Q1U11U, Qmltlfl Ui;1~'n" 1Jl1illfl'n~11V1~'U 

" fl. rn'i1lml~11l11tl11J1Wtll11J~'U tnff(Jl1"'flflTH)1J~lijdl-:ltl'i~1J1W 1 fli'lJ l'Utllclf 
I • JI , JI 

l-U"ll~tul1fJiJ 100 09f + 5 09f In'UnmtnU 2 - 3 i111J-:l \)Ui~thl1trfltl-:lll Vl-:l'l1't~U'Ut,,~ttl 
• JI • JI JI 

l~fl{vdHU'V(J 30 'UT;:; U~lUllJli.:J unnTflyhtl(llti ~V t111J1Wfll11J~'U fln1lml:::..1ul~11i:ll 
• 01 

t1'i:::1JlW 5 i11u:J f1i'·:m:::'lilfl'U 5 i1tlth~ 

~ ....,? .Q; ~ oo:!I fe. jI 0. .Ie:, ~ I ~I ~ " .t:::lo QJ' , 

:'1'~~F.;: !'VfT!.i~;)f! 'f)f; l..';;ll!;l[:~l' f;Tnrf;;;1=:~~'U ~'!nTCil'Ll::~l\# 6 ,!>1 m'H'~ ,l./!.f1'U 4 f1']l'Itll~ 

1'1. fll:il!ml~"r'l1111~mUHf 11':i::!1HJ lVim1l1Hil\OlI''fh;1'1f'}vfrio~f3 (rube furnJlcc) 

lcir;;r";-inh::';"Tji;~ n.'=;- !i~]': ljd';~ 11.H1,"iirij., i.i.d1··.. ti.ril'i'i..!::.:iiY1;n.h-l?t~1mrJ! £lomb Jn~l~' 
'" . 

~: 3" ~ ~;l~-lrr~~B .~ n~r1r.l!! ~14 ~;:; ~;: 01: ~r,z~ 1.1 ~~~ ~f;:.~f[' ;!J1rS tt f!~f; -~fJ~ ~'1:;!flU 111'titiU1Yi(}~~ tJ'U 
~ ~ 

~ • 1" 

bOll1b iJ eWl} fliJff'~~\J rfliJ l~fin l"ri '1'~ l1'=JillWfl '1 lJ.j~ f;;.gl1LD '~i'i 1-~. -j!t1l1 in·J iJ,j:~:iw 'fiii in·i ~ 
.. It! "Ct 

"j!~1Y1::;,.r l~u~~ift~myh grf,c,:" '.;;!:.-,riftc v,:\iuc l1;1-11! :tl 'h!J ;-i:-~~;';11i;il;n" ,:--; ;1~di ~!!~~ ;;t 
• U'I . .Q. . J:fQ'lI d.,.•~ • -:.; ,

fijUHUlUi~ itH'i'f;'11<Ij~€i·hj-H:lj fii11~m1:::HlJ i~n(jiih~lIiOi 1 t'1 UJ·MO 1 ~JOtl"l·~ 
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i11f'tNU1fl ;) 

V11"1Hfl1"11Ifl"11::~tllUJU1JnJnu(ANOVA) 
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'" : 

..\6 Crilic.;lJ Values of The F Distribution (Continued) 

II. 

! .J 4 5 !i 1 
-

18.00 

4999..s 
99.00 
}OR1 .. . 

16.&J 

~n 

99.17 
19.a6 

I 
.. 

15.9l! 

562~ 

99.15 
18 '\ ~ .. 

15.j2 

5704 
?9.Xl 
"8 '-4 - . -' . 

15.21 14.911 

~ 592851159 

91.}] ,'t 99.36 

'79"1 , .. 67 

n.li' 
10.9: 

l2.06 
9.78 

I IU9 
9.15 

lo.cn 
~.15 

1ll.67 

8.~.'1 

1(1.46 

il.26 

9.5S S."j U5 7.46 i.IT 6.9'" 

8.6S 1:59 7.01 6.6J 6.31 6.111 

8.02 6.99 _6.42 6.06 .5.80 L61 
- '. 

_.",,:~.j6:: .. , 
. : 

6.~S~ . 
.. 

:5.99 .s.64 ~ . .s.19 , ·S.20 • 

1.11 6.22 :5.61 5.32 .5.07 4.89'" 

. 6.93 .5.95 5.41 S.~ ·4.82 4.64 

6.70 5.74 5.21 . -l.U '·4.62 -4.-&4 

6.51 _ 5.56 5.04 ':.69 [ 4.46 4.28 

Uti 5.42 4.1I,} <.56 I J.32 .l,j-i 

6.23 5.19 ·4071 4.44 4.20 4.03 

6.11 
6.01 

S.9J 

' 5.lg· 
Hl9 
S.OI 

4.67 
4.jll 

·1.50 

, 
! 

4.:14 

4.:5 
·U~ 

4.[0 
4.01 

J.'~ 

~.93 

.t.84 

l.'''" 
I 

S.S5 4.9-. ~.~) 
. 

.:I 10 1.37 ]:~O 

. ­

j 
I ",.
 
I i , 

2f 

I
, 

..J 

I S 
I Il 

-;I 
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q 

Ii) 
I t 
12 
13 
JoS 

I! 
IIi 
I r 
I~ 

lQ 

I ~ 

:1I 
~~ 

15 
::6 
,21 
2R 
~9-

JO 
.&() 

60 
Ill> 

"" 

I 

I ......)~: 

r ill.S'" 

I 
I ~.12 

21.20 

I , 16.2to 
I 

i 
I,!.-:S 

1<:.2:5 
11.26 
10.56 

: 

.10.04 ; 
• 9.65 
9.JJ 
9.07 
8.11& 

8.68 

.Its1 

I
 1l..!O
 
1l.29 
!l [.ll. 

3.10 

, 
, .XI! 

i , H~. 

, 7.17 

l ,7.12 
,7.611 
1.64 
1.60 

7.56 

1.ll 
7.08 

6.AS 
1i.6} 

I 

I 
, , I~l S11,! I '. ~ll ol..)\1 • -1.]; ~ (lot i.:\ I l./4 UI 

I -~ I 11)~ U~ 
I ·U! I ~.li J.':i'< 1.~6 1.Y) ).:15 I-­ I H ...i

I 

~_61 

I 
~.S1 

S.5J 
j.49 -. 
5.·1S 
5.42 

5,39 
s.n 
~.98 

4.79 
4.£1 

I
 ~. ':'(, 

.l.. -:'~ 

4.68 
4.64 

4.60 
...57 

"..s-c 
".S\ 
".JI 
4.13 
3.9'S 
3.18 
. 

. 

I .. ::'t· 
4.12 

4.18 

4.14 
4. Jl 
4.07 
4,G4 

4.02 
J.63 
}.6~ 

J.41l 
J.n 

I
 ].~ 

], 'JO 

J.8S 
.3.81 
l.ll! 
.3.7~ 

3.13 

1.70 
1.:51 
3.34 
],11 

HI2 

i.
 
: 

l 

J -:'1 
.l.h) 

J.63 
).59 

U6 
Ul 
].~ 

3A7 
3.29 

l.12 
2.% 
~.i!O 

i. ~~ 

J..~() 

]."6 
].41 

1.39.. 
3.36 
3.1l 

l.JO 
3.12 
2.95 
2.19 
2.64 

a 

5981 
99.37 
2749. 
14.60 

10.29 
ILl 0 
6.54­

'6.03 
.$ ...L 
~ ..~~ 

-:":5: ,; 
.....,.. ~ 

4.50 : 
4.30 
4.i4 

4.00 
J.89 
3.79 
:UI 
].6J 

_1.5& 

J ..:II 
J. }f., 

J.n 
3.19 

}.~.. 
3.23 
3.20 . 
..". 

].17"" 
2.99 
2.82 
2.66 
2.51 

. 

9 

6022 
99J9 
2-I.35 
14.66 , 

IO.Hi 
1.'i6 
fl.]! 

5:91 
. ,5..15 ­

.~J~'~:; ...~4. • 
d4;6j' . 

'4.19 . 
·'4.19 
4:0) 

),89 
3.78 

3.6R 
3.60 
3.52 

J.~ 

3.40 
3.J:I 
~.JO 

5.26 

3.12 
3•.18 
3,1-S 

....J:li: 
J.09 

,'.3.07 
'U9 
,2.r.. 
2.S6 
2.4\ 
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d' d.'1 ~ ... 
~ U'il'YI1J1 ~J,J 

Forest Area 

liI17'H~ 1 ,mtJu~iiau,d~~thts!''Il~Ut:;W\''1'!1D mli1~\j 2531 • 25411~lU1t1-(nl'S" 

Table 1 The Camporison of Forest Eltisling lind lis Periodic ChMQe bellVillel\ I<,;B3 . 199B 

(1 ) (2) Lii~~1hl\'! . 
1i58~. ~nt~tl1iWllJ~\li~'1~ Forest Ar'Oc 

~~Wrl1lJmM '11~~,," NOII·:>nal (3) (4) (51 (6) {71 (8) Province/Region 

Tolal Area Forest Reserves 2531 • '1~88 2!l32 - 19a9 2534.1991 2536· 1993 2538·1995 2541·1998 

P11,nlJ. 'It.!1lJ. ~1.nlJ. ('11.nlJ 1il1.nlJ. ~f.nlJ. r~, n\l. n.n)!. 

sq.km. ~q.km. sq.km. 0/, ..,(~.km % ~q.km . % sq.km. % sq.~on % sq.km. % 

t.l~t1~!1tJ 11,678;37 10,433.10 4.344 37.'0 <1.311 35.91 4.110 35.19 3.991 34.17 3.866 33.10 3.819 32.70 Chiang Rei 

2.l'l~~t11 6.335.06 682.61 2.785 43.96 2,763 43.61 2.564 40A7 :?50a 39.53 2.443 36.56 2,,121' 3B22 Phayao 

3.~;jtJ~tmi 20.107.06 19.5~'!l.a3 15.204 75.62 15.170 7545 14.T41 73.31 1.1,420 71 72 14,232 70.78 11,,06C 69.93 Chiang 1.1011 

4.ti1'JU 4,505.68 2,92a.06 2.550 56.59 2,547 56.53 2.324 51.58 2.207 48.98 2.155 47.83 2.132 47.32 lamphvn 

5.\l.I.ltU~!I\1 12,681.26 11.15: .64 9.252 72.95 9.243 72.89 9.157 72.21 9.050 71.37 a,935 70.46 8.767 69.13 M<Ja Hong Son 

6.~1tJ1~ 12,533.96 B,57J.70 8,775 70.01 8,712 69.99 B.ng 66.45 iI.l06 64.67 7,893 62.97 7.835 62.51 Lampang 

7.1i11J 11,-412.07 10.3!l5.S7 5,123 44.65 5,109 44,53 ':.971 43.33 4,813 41.95 4.805 41.86 4.792 ~1.T7 NOIn 

a.'IYI~ 6,538,60 4,763.0? 2.554 39.06 2.550 39.CO 2.400 38.05 2,435 37.24 2.421 37.03 2,411 3687 Phrae 

9.'lM~~n 7,838.59 5.21\0.07 3.189 40.68 3,186 40.65 3.057 39.00 3.043 38.82 3.029 38.64 3,017 3949 Ull~radit 

10.IYl'U1i1n! 12,668.42 6,32553 2,Ml 23.3i' 2.952 23.:!O 2,732 21.57 2.586 20.41 2,521 19.9:> 2.(,56 19.39 . PMtcnOltun 

11.iil!l'Ljtrm 10.815.85 5.0(\3.68 2.88:! 26.ut. 2.B7!! 26.61 2.503 23.14 . ,,.128 22 ~~, 2.407 22.25 2,390 22.10 Phllsorlulok 

12.~t"itl 6,596.09 2,i69.56 2.524 38.27 2.510 38.05 2,292 34.75 2.262 3·1.?9 2.229 33.79 2.216 3:>60 Sukhothoi 

13.lhLLl'NLYI'U 8.007.49 5,241.55 2,242 26.05 2.'27 20.117 2.147 249<1 2,098 24.37 , .M9 23.6' 2.C03 n27 Kamphaeng Phct 



109 

(1) (2) L~a~,.h111 

L~Il~ L~Il~\I1~~'lwli~,'I~ Forest IIn:;I 

.(~m·A 11111'\ ,r~~ll" Nlllional (3) (4) (5) (6) (7) (8) PtO'{i:1t;e.!Reg Ion 

Tolal AroD .Forest ReSf:1lVeS 2531·1!)68 2532 ·1989 2534·1991 2536· 199:) 2538·1995 2541 ·1998 

lit. nil , 1117,011. At,ml. "'?,I1Il. I'lt.nll. 11~.IllJ. : Jilt.nll. IIt.l1lJ. 

sq.km. sq,km. sq.krn. "I. foq.kfll. % sq.km. % sq km. % sq,km. % sq.km. % 

14:~~"t 4.531;01 6.26 . . . . Phlchit 

t5.\lFl'~'lttA , 9,597.68 2.110.87 823 8.57 818 8.52 721 7,51 685 7.14 673 7.01 662 6.90 Nakhon Sawan 

16.11~tJ~1ti 6J30.25 4,525.10 2.712 40.30 2.709 40.25 2,689 39.95 2.620 38,93 2,591 38,50 2.584 38.39 Ulha; Thal'l; 

17.R1n 16;406.65 12,108.43 12,482 7608 12,477 76.05 12.316 75.06 11.983 73.0'1 11,637 70.93 11,492 70.04 Tsk 

l11AL"ilil 169,644.29 111.964.7B 60,402 47.39 60,222 47.29 77.143 45.47 75.231 44.35 73,88a 43.55 73.os7 43.06 North 

1.n1lfilll{ 6.946.75 1.1131.32 645 9.26 B37 9.11 598 B.61 596 8.58 59<: 8.55 591 851 Kalasin 

2.'1II.1lf.nll 10.885.99 2,716.03 932 856 917 B.42 844 1.75 833 7.65 815 7.49 812 7.46 Khan Kaen 

3.itJ~il 12.778.29 3,303,74 3,154 24.68 3,146 2/..62 3.135 24.53 3,078 24.09 3.056 23.93 3.011 23.56 Chs.yar::t1un1 

4\l\lt~Fl1!J 7,332.28 3,338,84 543 7.41 540 7.36 492 6.71 484 6:60 410 6.41 1,63 6.31 Non9 Khai 

5.\ll'lT"t.I)l 5,<;12.67 2.93504 642 11.65 640 11.61 595 10.71:) 571 10.36 566 10.27 563 1021 Na krron Phlmom 

6.'!I1R1\11t 4,339.83 1.072.71 1.553 35.18 1.54<1 35.58 1.353 3ill', 1.3,;7 3104 1.342 30.92 1,331 3(l.67 Mukdanal'l 

7.lJ"1l\1'Pl1SJ 5,291.68 406.00 51 096 49 0.93. 38 0.72 35 0.66 34 0.64 33 062 Mahll SRrsktlem 

8.1l 1l'1l'lU 11.730.30 '.893 16,14 1.a81 1604 1.873 15.97 1,M7 15,75 UdonThani 

7.219 m 2,398 15 J.g (,395 15 J& '. 

9."1.Jfl~U1~11J 3,859.09 303 7,85 3GO 777 299 7.75 293 759 Nongbua LumphClD 

10.'lA,,'I,! ~:-11 20.493.96 7.782.78 2,582 1260 2.577 12,57 2,340 11.42 2.294 1119 2.256 11.02 2,223 1065 Nakhol'l Ratchilsima 

11.lii-1m! 10.321.66 2,llCO.l1 598 5i'9 59E 577 536 5.19 530 5.13 527 5 11 !i24 5.08 Bun Rum 

12J!lU\~'" 6,299..45 766,89 226 2 72 222 2.137 195 2.35 Hll 2.30 189 2.28 187 2.25 Rei El 

13.LlltJ 11.424.61 6,96337 3.261 2672 3.264 2057 2,936 25.70 2.92.1 2559 2.912 25.49 2.889 25.29 LODI 
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fl1t14ii 12 rJriF\l"':ui;\"1l'iry~lA'l1m.h1~ 

Table 12 Production of Major Forest Pre:J.Jcts 

S111nU 

Hem 

1ubtJ 

Vn,l 

2534 

19Y1 

2535 

1992 

2536 

:'1,(1 

2~]7 

I 
2!:'38 

19'~4 19% 

2539 

199fi 

2:<.10 

19,,7 

~\1 1,000 ~lU.1J. 409.J 2!:l9.C 257.9 ' /].1 1!J12 1481 E..O 

Fire WootJ \,000 C""' 

n"1 1.CDO ~lU.}J. 225.:l i"~5.2 1/8.9 1:.!~.G g;)4 cG~ ~6.6 

Wood ChnrcoOI 1,000 1;'~UT1 

t ~ 
1.1~J1;t11~ 1,000 ~f'I)' 254.5 .::>. 6 5i> .\ ,~ 2 2.-b ;t.G rJ'l 

WOOd Tar I,COO I,[rt' 

l~jf,tnU'i f.lJ 23il l,) lJ D.C' ')(1 00 DC G.O 

allrk~ 10rl 

WJ1tJ lIi·.~ e6?9 ..: 'J! 1 32~1.~ ".:1 ;­ Sf) a 491.5 7~.8 

Ratlc"'~ to!'" 

111m~1 1.C:J0 \u 16!.>.O ~!.:'O.'::I 48.S t /5.0 4,~2 0 33·\ n 106.0 

Patm-Iear 1.000 ~"etll 

1111rJ '1~1l:;' 13.6 15.2 • '1. ~ 09 11 10 1: " 

Bamboos mjIJion pl~::~~ 

u'j~,n ~'i'.J.~t, 38.2 ,~ 1:1 2[; (; 133 5.:>' 6.6 0.':/ 

BembrJo Slfll~s rnilllun PI~C~S 
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(1 ) (2) ~~tl,h'l 

~~ll~ ~ntlihh~~'l"ll~~'l'~ Forest ArcOl 

("will/mil ~~\\)l#l N<llional (3) (~) (5) (G) (7) (B) Provence/Region 

Tolal Area Forest Resel"IEls 2531 -1988 2532·1969 25J~· lQ91 2536 - 1993 253B - 1995 2541 - t098 

1ii7.nlJ. 1Il,.nlJ. IIlt.n". "'1.I111. IU.nlJ. .,1.nll. "'.ml. li\'.nlJ. 

sq.km. sq kin, sq.km. % ,oknl % sq.km. % sq.~rn. '/~ SQ.klll. % sq.km. % 

12.tl21l1tll,lu 872.35 25.93 - - 16 206 15 172 17 1.95 Sllmut 511khon 

13.l'llfl\'t\~fU')J 416.71 ' - - 10 2.40 9 2.\6 11 2.64 Samul Songklvam 

14.1I~·MtJ"n'l' 1,004.09 - . . 3 0.30. 2 0.20 3 0.30 Sa!nul Prakan 

15.Wl11J1 622.30 - - - Nonlhaburi 

16.ul'lnJ:)l 2,168.33 - - Nalchon Plllhom 

17.th~I1!l~ 968.37 - - . AngThong 

18.ft~~1.j1 822,48 - - - - Sing Suri 

I\,,,nfl'" 87.398.70 20.414.15 17,244 25.59 17.223 25.55 16.616 24.85 '.8,408 24.34 16.288 24.17 16.049 23.81 Contral 

1.'111\11 4,363.00 1.450.23 257 5.89 251 5.75 246 5.64 244 5.59 243 5.57 241 5.52 Chon Buri. 

2.'::tl!l~ 3,552.00 82Ul9 240 6.76 232 6.53 221 6.22 218 6.1·' 21~ 6.02 209 5.88 Rayong 

3.'fu'lliJ 8,338.00 2,54 6.72 1,917 30.25 1,905 30.06 1.895 29.90 1,881 29.08 1.873 29.55 1.B87 29.46 Chanlhaburi 

4.91"" 2.819.00 1.365.70 790 2BJ.l2 790 28.02 784 27.81 773 27.42 758 26.59 752 26.68 Tral 

5.1l::~;'~11'l~' 5,351.00 2.42737 1.265 23.61. 1,237 23.12 j ,199 22.41 1.195 22j3 1,193 22.:19 1.1!>9 21.66 Cha C.~oo)n9 5'10 

6. tI "~ UlIT 4.762.36 1.639 34.42 1,&32 34.27 \.624 3·1.10 1,598 3355 Prllch,n Bun 

5.862.00 2.Ba3 24.: 1 2.869 2399 

r.l\,rLLn'J 7;195.14 1.209 16.BO 1,/07 1678 1,204 16.73 1.200 16.6B Sa K!lP,w 

B.'UI'\MJ1tln 2.122.00 4B2 22.71 502 23.6u 495 2H7 ,184 22.!!1 1.82 22.71 4BI 22.67 N9k~.on Nayok 

I\,ArI::-rU'll... n 36,502,50 14,474.91 7.834 21.4'; 7,766 21,33 7.691 21.07 7,634 20.91 7.591 20.80 7.507 20.57 East 
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(1) (2) IQ'Il~l.ht{ 

\~1l~ l~fl~I.l'IH",\l\,III~'JI1~ Foresl ,'fO<l 

4'~'111'JI I 111 A ~.mlJ" Nalicl'IDI (3) (4) (5) (6) (7) (8) I'ruvlnce/Reglon 

TolalAlIl1I F0,e31 Rc sorv"s 2531 - 1985 2532· 1989 2534 - 19t11 2536 - 1993 2:'38· 19~ 2541-1995 

"'.nll, "'.nlJ. 1Il',n1r, 1J'!.nll. ~,..n1J :·11nlJ l1!1nll ~,m:. 

sq.km. sq.km. sq.km. % SlI.km . % sq.krn, % 5Q.km. % sq.km. ~~ sq.km. % 

1,1ll\'l' 6.009.01 3,110.55 1,425 23.71 1.':19 23.61 1.205 20.05 1, 104 18.37 1,053 17,52 1.019 16.96 Chumphol'l 

2.f:UIH 3,298.05 2.227.sa 1,393 42.2'1 1,390 42.15 1.159 35.14 1,132 :)4.:12 1,005 3320 1.064 32.26 Ranong 

3.11,,~, 4.170·,89 2.403.68 1.339 n.10 1,337 32.C6 1.2138 30.40 1.;>26 2939 1.181 28.32 1.1<12 273e Phar'!.II~y" 

4.~M1tDh,G 12;891.47 5.829.75 3.397 26.35 3.3ee. 2G.2!! 3.283 25,47 1,166 2450 3.044 23.61 3.')11 23.36 SurDI Thai'll 

5·IJL~1Il 543.03 169.3,:>. 40 7.37 '10 73'( 38 7.00 26 4 '/1:) 2~ 4.42 2·1 442 Phukel 

6,nr~d 4,708.51 2,265.52 .150 9.50 449 9.54 ":47 9.49 391 ~30 338 7,18 319 5.71 Krabl 

7.UM",'fGWJS1'l 9,942,50 3,079.45 lA3B 14.4(, 1.434 1-1.42 1.409 14.17 1,271, 12(\1 1.261 12.68 1,229 12.36 Nakho)n Si Tharnrnllfal 

8.llIf" 4,917.52 2.361.28 1,010 20.5': 1,009 20.52 1,001 2C'.3E :,5i If! ·:f, 955 19.':2 935 19.01 Trang 

9.li"tl~ 3,424.47 1.21035 512 II, !l5 ~11 14:92 ,:87 ~~.2~ ':72 13.75 1,69 13.7C 435 12.79 pnllltnl'llU1\O 

10.tI~1'\ 2,478.98 1,167.96 680 27 ':3 679 27,:)9 582 23.':B 566 2?B3 561 22,63 52!'! 21.30 Salur, 

I1.M'f11 7,393,89 2.Cl0.67 8G9 11.i5 866 ln4 624 !\AI, 594 8.03 55j 7.!!6 572 7.74 Song Khla 

12i!DlIll"lil 1,94 O.3G 159/.4 49 Vi:> te 2.47 47 2.42 45 2.32 45 232 44 2.27 PaUDni 

13.[1:'111 4,521.08 1,CG9.48 1,231 27.23 1.231 27.23 1,181 26.12 1,144 ?5.30 1,143 25.28 1,115 24.66 Vala 

14,,.nil?1tl 4,475.43 1,11:\.011 797 17.81 797 17.81 7111 16.04 711 1!>.89 705 15.75 685 15.31 NOrlll/liwDI 

1l1f1',r 70,715.19 28,183,15 14.630 20,69 14,600 20.65 13,449 19.02 12,608 18.11 12,455 11.61 12,125 11.15 Soulh 

f'UI~nJ1:; I'I'll'l 513.115.02 230.:\70.39 143.803 28.03 143,417 27.95 136.698 26.64 133,554 26.03 131,485 25,62 129,722 25.28 Whola Kingdom 
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,:i:..,~ 

Sp~c,,~s 

AllLU'lU Xcrospllrlf'.U.'T1 intcrwedillm ROldik. 

i'nh Bom~ ..x Olr.cc~ p'il/re 

~.,th 

",thl, 

;nu~ ''IYO$! 

;du 

'1)1I1,nn L~[JflIo;itl 

;~ 

Il,: ~,; 

ILM 

~IHA'l" lUI·M1 

":,,,,tfl 
t

1'1:"" 
.. 

1ll:~tl'IJ'1'1!l 

,,;,R[Jl.Il'l~~ 

l'I:aioitl\lnn 

I'I:UlD\nl;f 

,.::lAWt\\l 

Michefia chOlmpaca linn. 

~.kh~I;~ r:OlllJJr"~J Fin·"l S Galitll!D 

Po:!laQIJ>Jnl g~tra 60lJI & P. (It;ov..'~m E.....~(:{ 

Dalbergl3 clt,'CI; Gamtle 

HGriliera ]lwanl:o Koste,,", 

Gmellnll mborOD Ro~b. 

MUCllia altOPU/ouroil Bemh. 

Xylia xylc.:ar;:lil Taub. 

$ylygium spp 

SChleichera C1coSil Mett. 

Garuga pinnal!! Roxb. 

HopeD a\lell~n\:a Helm 

Hopei:! odorOlIO Rox!) 

Hopea p''o',r,"; Hone'! 

Ar.ogei$su5 aC';Ir-'Mla '.\'all 

~Iopea (errC3 PlCrto 

\~.~ ~~ r.ou ~ Unl cum 

:!.)i' 25:15 25392~36 

19961(.'05:9:KI l~:.o~ 

37 0 C 'J 

[)()26 0 

015 0 0 

000 2 

t;052 0 

01 013 

0233 0 0 

Q (;10': a 

() 028 0 

!)~ 01,&02 0 

f,C269 0 

037 0 0 

1 Q 'J8 

(J1!l2 00 

(} ()73 176 

.;I)~5 0 

IJ':C<J 00 

0 :JI~ 

25-10 

1997 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

e 

0 

C 

0 

C 

0 

Q 

(; 
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'ln~l~ 2536 

Species ;993 

0j;l::m.JnhH\I· "~L1UnLLI1l~ lagerslroemia cDlyculala KUlz 

~~'IU Cplophylklm J)ulCllerrimum Wall. 18 

emafl Aphilnflmixis polystachyo PDrker Hi 

31\1un Vilex pi"nala linn. 5 

<11~U1UA «"urrru Alstonia scMlaris R. Sr. 

LIiI~ f~ Shorea obtusa Wall. & S. SlamenSls Mlq. 2,<:67 

J' 
~lll~U~ Koompilssia rnalaccensis Benli\. 110 

tT~ n::,,~t\lt~qJ Lilseo g'Mdis Hook.f 1,1 

tlu~~1 f):: t1~ PellophcrurTl InlHlTle Llanos & P d8syracrli$ K\lrz 7 

tb::~ P!lIrOCltrp'JS macro::arpus Kur l 162 

~l~'l~tl'l[J Tcrmlnolin niorr.vcnulnso Pierro l!X Laness. ;) 

ttl1-l blN'U1'l Ceriops IOXbl;r;;)!\iana Arn I? 

IHI'~ tl1~\~;l?~ Diplerc:arpu5 t1berculolus tlo~b. 612 

m;[J'1~ ShQr~1I lilium Roxl1. 0 

YI:::~~ D31berQia ::u<:hinctlillensis Pierre 0 

,~\t~, 5::L'J"11r~ Valic!! ode,ala Sy'llillg & V. einerefl I<ir,o 0 

t;f')a~h "il~Il.'~LLfI~ Hurnaliurrl tk_lIlron\JI,_nunl Craib 100 . , 
J.J::ln~ ~~nf\mn~elJ Cenal'il.lln k8f1ii Cri:J1b 1r~ 

2537 

1\),,4 

44 

0 

oJ 

18 

0 

39 

0 

0 

C 

:e­

2 

0 

2':' 

21 

:3 

12 

0 

i' 

"U10: 

2530 

199!J 

ilU.lJ Unit cum. 

2539 2540 

1996 1997 

0 a 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 7 

0 0 0 

0 0 0 

0 0 0 

0 0 " 
0 [) 0 

0 'J 0 

[) .. 2 

0 0 0 

0 0 0 

0 0 0 

0 t· 0 

C' 0 0 
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'.tUt'J~U 2536 

Species 1993 

0lJ::';'lL~ Sindora sial'lullsis Tcjjsm. ex Mlq. 

~::LLYl\l Protium sesr&lum Engler <I 

lJ::llmh Mongiroro caloncura Kurz 61 

lJ:;\·l1ll "'WI ArtoclllpUS lakoocha ROl<.b. 20 

rJlJ'tlilU Toona cillOJlil M. Rccm. 2 

tJ,~ Dipleroc'lrpus spp. 2.a,:~ 

1n'~1 Terminaha ;:]1;:]1" Heyne ex Roth 732 

LfltJ~lJ"\1 Berrya ammon"la Roxb. a 

~lJllt'lD Terminalia chebula Retz. 14 

tllJtli'lLfm TermlnOJ!iOJ be"~rlca Roxb. 66 

!III1"'., Shoree eSSO:Imicll Dyer var. globllera Syming. 51 

f\tJ1LIt1l~ Shore a c.ur1isli Dyer ex King 1,300 

«'n Tectone YI<lllci,. Linn.r. 2.967 

"",,,, Oillen;a spp 35 

"'i'!lJnll lnlsia baken PIi;!,n 93 

',l'h Euge:lli] cumini Dr\Jcn 24 

M • 
l.1[J~ tJ1~lV.!i~ DipterOCofl)JS (;1~Il.'SiIOlius Teijsrn. ex M,q. 3l'i 

oBtll~1~ ~n Lannco corom:Jnrlnlk~a Merr. 32 

2537 

mobtt 

25113 

n~J)1. Unit: 

2530 

cum 

2540 

H:O.1 1995 1990 1997 

2 0 f] 0 

2 

2 

(j 

0 

0 

0 

0 

0 

0 

0 

" 

0 

0 

0 

a 

0 

5.103 

d 

3.093 

C 

2.603 

GI 

4,000 

0 

0 0 c 0 

0 0 0 a 

2 0 0 0 

a 0 0 a 

0 0 0 0 

189 138 3 52 

a 

0 

0 

0 

(I 

I:' 

a 

0 

4 0 (l 0 

0 

3 

0 

0 

0 

0 

0 

0 
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'105't'~JJ 2536 

Spl:lcies. 1993 

t~VI\lfl Lagerl;lrcemia sl=ofrcbsa Perl;. & L. mOlcrOClIrrm \Vall. .: 

~tM l\'1Jnu Hyll\(llloiJidyc/\ l.lxcClsum Wall 10 

.. 
il'J 1 Others 1,929 

Mal'~WH\1'nl Tolal Reservcd Species 17,790 

'i"l),lh7u'IlnwJ,s""Ul Total NOR-reserved Species 38.425 
~ ... 
ilJ'lI'll4nfl'l4 -In Teak 3,180 

Connscat~d - n-r.:t1"l ~fUJ Others 5,473 

'i')J,I~4ft\J Grand Tolal 64.868 

m~1U flV lJ. Unit c,lrn 

2537 

19i?4 

D 

() 

211
 

7,292
 

32,040 

5,592
 

17,403
 

62,327
 

2538 

Hl9S 

2539 

1996 

0 

G 

0 

2540 

1997 

0 

0 

137 

0 

0 

a 

3.250 2,61B 4,198 

28.183 

12.81,9 

14,490 

59.720 

23.248 17.503 

10.681 

13,091 

43,893 

2,016 

6.370 

34,884 





v."'U .•~."m Un,l : sq.km 

nil 
.I J 
"1111 

Ilmnnnnlilh.\u,l1nllll Fore.' .:>rId u<o Iypos '1lJ."'P. 
('1 

~,,;; 

A111::h 

~"'~ 

~'~~'.i 

'"1,,(,1\;\ 

Ii,\,; 

\tiD1\ iilltl 

.I " 'tl".n 

~I.ll~ 

~\l.il'll Plovincoih (h (h ii1 ih~~ Ih ih (11 

i'~""111 mn i~o\"l1 '1:1\11 IUr~1l'l"11l l~~r~ ..., ihmu "u",r. Oil 'Ii "L1IPII '11IJ':M~ ..'Uf1111Tl;' ::11\1l lh "'9lon 

Proy;nca TropiGllI M..Od DIY Swamp InunriMaG Baach Pille BambOO Mon;rovct TOll'l Foral1 Seoondnry Toiol % Non 

Are. Ev.rg...,n Doci~ucu. D;pt.noCllrp Fo,.." Forcs. F",es. foreit F~csl Forasl NultJra.1 Planll111e>., Qro.o.11l Fo'usl 0110'111 Fore" 

FOlasl Forost Forast FOlc.t Forosl Anla 1<1.. Atea 

Kal.';nnll'lih'f 6.934.4 54.7 10M 509.4 2.2 671.7 1(l8.8 6.6 787.'1 11.35 5.147.0 

'lI01l~rill 10.84~.4 240.1 613.~ IS0.0 17.8 21.5 1.053.0 179.2 21.B 1.253.8 11.78 9.391.6 I<Nln Kaon 

"'linD• 12,888.2 1.710.2 1.518.1 281.5 3.7 61.1 8.9 3.582.5 14.8 137.9 3.735.2 29.48 8.933.0 Chaiyaphum 

lIFl'l1'lllll 5.559.0 16.7 112.0 639.8 OA 47.'1 815.3 1.3 ~.9 823.5 14.81 4.735.5 N.khon Phanom 

1If11"''IlihJ1 20.789.6 1,BOII.II 6~S;.1 224.3 126.0 2.859.2 ZOll.O 206.2 3.2/2.4 15.74 17.517.3 NokhOtl Ral<:h8s1m. 

lfri'1IU' 10.097.9 516.2 au 103.9 26.7 - 7683 07.1 36.6 802.0 8.93 9.195.9 Bun Ram 

11""111111111 6.651.4 5.5 1.5 131.3 8.8 147.1 41.~ lUI llM.8 3.45 M56.11 Mah. $a,akhnm 

Ifn.",nf 4.189.8 17Z.7 618.2 875.9 - 1.0 1.487.1 lZ.0 13.6 1.494.1 35.6B 2.695.6 MulGllhlln 

vTIIO'1 4,128.7 11.1 0.6 347.7 19.3 - 379.2 1.0 5.7 385,9 9.35 3,742.8 Yl'SOlhon 

;oulli., 7.831.3 31.4 3r.3 267.0 24.3 365.9 26.8 6.2 3l/U 5.09 7.432.• Roi EI 

IftU 10.4111.0 478.1 3.010.4 408.3 46.3 0.0 - 3.950.& 32.6 28.4 4.011.8 38.50 6.401.7 Loal 

P1111:lnti 8.933.8 1198.2 47.6 160.8 31.3 - 19.7 90\5.6 6.2 12.4 984.2 10.79 1.969.5 51 s. K'l 

IInllllFlf 9.580.2 137.8 301.4 1.223.9 5.7 328 1.701.4 16.9 6.6 1.725.0 18.01 7.855.3 SOlIon N.khon 

~;II"f 8,857.0 410.3 4.3 218.2 156.4 · 0.11 . 119';l.tI 48.6 31.9 180.4 8.81 !,07U Surln 

~'IlD~mV 7.299.4 55.3 268.6 169.5 - . · - 80.5 573.8 31.G . 80M 8.29 6,694.0 NlH111 Kllai 

1\1I0~UiA'1J 4.100.8 1.0 281.8 1l1U 0.8 411Z.3 29.1 1.3 512.7 12.60 3.587.8 "'ongbua Lumphoo 

O'lI,mll\l 3.272.2 111.3 44 402.5 12.2 · ~~7.4 0.5 11.5 515.4 15.15 2,758.8 Umnod C/lotoun 

qJltnll 11.109.3 81.6 653.6 825.8 . 0.7 33.5 1.401.2 61.1 31.1 1.493.4 13,44 8.&16.0 UdonThani 

~tJn""l"'ll1 15.647.8 1.147.1 5.8 1.38&.8 . 38.4 - 47.0 2.825. I 11.4 34. I 2,87IUI 17.07 12.971.4 Ubon Ratchalh.nl 

n'IU't~"ODn 

I«U~IIt~O 
1111.715.7 7.686.4 8.351.8 8.1~.5 - 256.8 · 1307 391.3 24.988.5 927.9 510.5 26.526.9 15.82 141,1118.7 Narth ..... 

nlllnl'l~ 1,570. I - . 3.2 3.2 3.2 0.20 1.568.9 B.ngkok 

i'U"1" 2.4159.7 33.3 2.8 - - JG.l 15.7 2.8 54.8 2.21 2.415.0 Chal Nal 

14,.nll' 623.2 . - - - - 823.2 NonlhDburi . 

~ 



.fI1tlNU1n CJ 

f111HNi1f1.flWcrtihftwth~;nnill 
u 



.'l1ti~ii 12 rJ~!'1J':\'~,11'i1A'L1I~tP:'l1n\.h':'i 

Tobie :2 P/odUCliol\ or Millor Foresl Pro:J"~15 

n,:n11 

liem 

lnbu 

Un;1 

lG3~ 

1\1111 

2535 

1992 

i'53" 

i~nJ 

\1\l 1.000 llU.IJ ':09 -l ;:tl9.0 257.9 

FireWo·-;,cJ 1.000 ,:""' 

nil. 1,0:.'0 tlU.II. 225.:.1 t-;5.2 1:>8.9 

V'r'o·:·d ChiJrcon! , ,OOC 1;~IIt\ 

I ~ 
1n~n.ia1~ 1.000 ~fo1)' 254.5 ·::It'i 51) ,: 

Woon Tnr 1.Cl)0 I,lr~ 

I~J~tlnhi r:·1.j n8 LID O.C' 

8arks 1011 

1''),,\!! (;i·.~ SG7.~) .: 1.' 1 3~9.!" 

RllU~f\~ lor 

\11~"\\1 1.C~\O \U l!J!J.U :!!.\O.C' 48.S 

Plllm.lear 1,000 ~"e,,1 

1~11i ,\'~1I::1 13.6 1:'.2 ~ 1. ! 

B~mboo~ million p.lc~~!', 

'IJ~r~n :'i"\'.l~1 36.2 ,113 2L'C 

Oemb"O SIl~Jks rnill'ull P'~C"~ 

.
 

2,,37 

1!:.1':)4 

• /~, 1 

I~:..'.(; 

',,: 2 

~) (I 

c'·: 17 

I i~.O 

09 

13.3 

2~402~J92~<3a. 

I , 19~719Sfj1!f\)" 

148.1 6.01!.>1.2 

46.6g:J.J !:!c, ..: 

no2.':' l.G 

I) 0 00 o.e' 

5!1 il n.b·:g'.5 

4,:20 106.033·' n 

C"1 :l 1.0 •• w 

5.3 6.6 0.0 

"'
 



'U 

illftNUlfl 01 

Al'nnA1Jlw'1Y'tiU~fiH , ~U18f)fl;)1fl1'h 



111t'H'1 9 tlhn(\J'~h::'v.~hI1 r:~iw~!m~~I1II" 25~6· 25·10
 

T:lt>le 9 Prc.c~'CliOn of T,,"~r by SIJ~'~I~S. ·9~:)· :;:g7
 

- ."'I ~Jtl,~J 

Sp\1cies 

'w~')nr12J Reserved SPOdl!5 

nt~'~£~ SJ.~~~.J(LI2 .. I;1 ~,lJ~Jlp~7 r·.~crr 

nmi lJ AA,r.oc~~t\;j\JSc.:I::larr,~a I,:q 

main 1,...·;.~J!d n·;;.·;;~.i:nil Ol.... ,~ .. A ~~.n 

M:U1n A')ll'opl"r~ :osl;)l~ Koron 

1)1::,~'11l1A~1tJ Dr,II)"'(;1<1 cul:.. al~ Gml) ex BCr'llh. 

II~~ S,r,d"';'1 CoJII;;t;da M~in9. ~x Pr<1i" 

tit! CJ:;I;"'<J~;I:i Sr.I~. 

Ih"\\lfiil~ ";a~::C':' Ctl-~rf;':IS L;.~"" 

n1:1n s.":tC'~) ';~',), ..::ell:in::t He•." 

I)',lh t\l:I\;O::~'''' S~l"U(Jc.:::H:;J;; hcrr.WIlS-OS 6ec= 

tn~n,~bL\\f\I:l1JJin RI-.lllJ!J!·,ora n'.LJcre-nf'lla PUll. & It ap,cLJi:/;: ,~I 

~'1.Iull1 ArlLlC:lrpus I:lncdl\:'lilJS Roxt.;, 
,

lIutah i,:.ii!:,) P... r~~hcr~~ ~h"!llalCt Kur l.. 

':, ....... .:
 Hi,;1I'"t f.'o.ir'\ 1::,.~-n:::·S;';f·' 8c-lh 

•":-'-1 \,D Di.,.,LI.f11 t:c:;t\.r·C~''d-c-oit] P".:'~r ..... 

~I~~!. :~~I :J lin.• c JI1~ 

.~l:'1 '~ 7 2~':C::~.J(j ,r):lB 253£t 

!C.t ,.; 199'(~S~~15 '%6:~'~J 

I) Q:7 C· 0 
" 

':91 C . 0' 
0:':3 0 ': 

I,' 0, ~I ..:~~ ':.' 

(j .:.; D0 

.:l.. .) 0 1~1 

r.·'1 
.) r, (j~f1 3': 

-.. ~l' ;6 

C '-~l Ci I)
 

I:, Q .) . 0
 

~ o.~ 

.. 0 1£. :2 C 

.j IJ\ii'l 0 0 

I/':! G 0 G 0
 

.. Ci -:
 ':! 01 
-"'1 

r, 2~ 0 C· r;.. 



· .<:t '" ....
fl1188flUUUml:'f1'lJl'U8,:,jfl1188fllA1JUlfl18,:,jllfl1flil 



IH 



OSI 

o
tlf/l 

... 

~I! 

~I
 





.". 



I
n

~ 
• 

:! 

~
~
~
L
L
l
i
J
2

 Ii" gI 



clL 



.Il 

O
U

e> 



-
I 







' .. 

IId 

I J 



.. 

•;;c ::3 

... 



· 1')­
T

 

I 
· 

4 

I"'-­
· · 

............ 
o

· 

~ g 
r..... 

i)l ·
. 

.
"

... 

V
 

~ ·:: ·
. 

..... ~
 · I
~

 

" 



f
(
'
~

 

~
 

-

$ 

~
---II n

 l 

~I 
~

 

-til 
r-+-----J 

l 

I 
I 

~
 

I
 

i
::Il lJ !! 

~ J 

~ 
0

I 
.1 

\-

.... 



'. 

, I , 1. I 



'it 

I" r-! 

.. ".'.... 



b
-
~
~

 

III~ 
f+ 

m... ... ~
 

§ 

II 
~l 

a 
'f' 

~
I~ 

~
 

.. 
-;it'-' 

-I:q 
r­

, 





/
 



.'. 

.
j
 



r 

i
 I
 

eE
 

IK
 

i 

, 
~
r
-
-
-
t 

,­~ 
~ IIi 



;I 
r­

-
0

 

e z:.,. 
i 



fllflf.ll~1fl .fl 
~ ~. 

<::!l """cv ~ V ~ <:t 0_1 
fll'iftfl1l1H~:11ltl~1J6.:l~U('rflft11l.~11Jl.:l) 

1l;l~U'i:~fl't1fl:~1)J:'rf111 
ca 











0001~}
 


	หน้าปก
	บทคัดย่อภาษาไทย
	กิตติกรรมประกาศ
	สารบัญ
	สารบัญตาราง
	สารบัญภาพ
	บทที่ 1
	1.1 ความสำคัญและที่มาของการวิจัย
	1.2 วัตถุประสงค์ของการวิจัย
	1.3 ขอบเขตของการวิจัย
	1.4 ระเบียบและวิธีการดำเนินการวิจัย
	1.5 ประโยชน์ที่คาดว่าจะได้รับ

	บทที่ 2
	2.1 ความหมายของเชื้อเพลิงและแท่งเชื้อเพลิง
	2.2 สภาวะที่เหมาะสมในการผลิตถ่าน 
	2.3 กระบวนการอัดแท่งเชื้อเพลิง
	2.4 ผลผลิตแท่งเชื้อเพลิง
	2.5 วิธีการทำให้ถ่านแห้งมี 2 วิธี
	2.6 การตากแห้ง
	2.7 การเก็บรักษาแท่งเชื้อเพลิง
	2.8 การนำแท่งเชื้อเพลิงไปใช้ในการหุงต้ม
	2.9 คุณสมบัติโดยทั่วไปของแท่งเชื้อเพลิง
	2.10 ข้อได้เปรียบของแท่งเชื้อเพลิงเทียบกับฟืนและถ่าน
	2.11 การวิเคราะห์เปรียบเทียบเชิงสถิติ (ANOVA)

	บทที่ 3
	3.1 ขั้นตอนการดำเนินการวิจัย
	3.2 ศึกษาข้อมูล
	3.3 ศึกษาการผลิตถ่านอัดแท่ง
	3.4 ศึกษาอุปกรณ์การผลิต
	3.5 ศึกษาวัตถุดิบที่ใช้ผลิตเชื้อเพลิง
	3.6 อัตราส่วนผสม
	3.7 ขั้นตอนการทดลอง
	3.8 การทดสอบ
	3.9 การวิเคราะห์และสรุปผลการวิจัย

	บทที่ 4
	4.1 ผลการทดสอบอุณหภูมิของน้ำเดือดและระยะเวลาในการให้ความร้อน
	4.2 ผลการทดสอบการเผาไหม้ของผลิตภัณฑ์ถ่านอัดแท่ง
	4.3 ผลการทดสอบค่าความร้อน
	4.4 ผลการตรวจสอบค่าความหนาแน่น
	4.5 ผลการทดสอบปริมาณขี้เถ้า
	4.6 ผลการทดสอบค่าความชื้น
	4.7 การวิเคราะห์ความแปรปรวน (ANOVA)
	4.8 การถ่ายทอดผลงานวิจัยสุ่ชุมชน


	บทที่ 5
	5.1 สรุปผลการวิจัย
	5.2 การใช้ประโยชน์จากการวิจัย

	บรรณานุกรม
	ภาคผนวก
	ภาคผนวก ก
	ภาคผนวก ข
	ภาคผนวก ค
	ภาคผนวก ง
	ภาคผนวก จ
	ภาคผนวก ฉ
	ภาคผนวก ช
	ภาคผนวก ซ
	ภาคผนวก ฌ
	ภาคผนวก ญ
	ภาคผนวก ฎ
	ภาคผนวก ฏ




