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L~'fltJfutJ~\ll-J1 (;]~~1'W1 'Wm:;u')'Wm~m~t-J~ (;]'If'fl~ L ~'fl 1 ""~1l-J1~n~ ~ L,)~lm~vi1\11'W LL~:; 

rl')U ~l-Jm~tJ~U~\l1'W 1 ""Ltl'W1tJ (;]1l-Jl-J1 m~l'W L~£J ~ ru1l1y.j"IJ'fl\l t-J~ (;].rl ru'Yl1~ ~1\191 n L~l-J 

~'fl L~£J m ~tJfutJ ~\ll-J1 m~l'W"IJ'fl\l m:;u')'Wm ~t-J~ (;]'If'fl~t!'W~\I L ~'fl ~ ~ L,)~ 1 n 1 ~vi1\11'W L~£J9:;tJ fu 

tJN~\I~fi m~vi1\11'W"IJ'fl\l rl'W LL~ :;~fin 1~vi1\11'W"IJ'fl\l Lrli'fl\lr.r n~ L~£J rl ru1l1y.j"IJ'fl\l t-J ~ (;].rl ruey]~1~91 n , , 
" 

m:;u')'Wn 1~t-J~ (;]~fi1 luh1'W9 :;1Pl'fl\l1~ LL(;] n ~1\191 n rl ru1l1y.jm~l-J1 (;]~~l'Wm ~t-J ~ (;]U99U'W'flti1\1i1 , ~ , 
, , , 

.., 0 .... q v .::I.... ...... ca.~ 

'W£J~lrlC)JYl~:;(i'lUrl,)ll-J L'lf'fll-J'W 95% (;]ll-J'\t1~n~n(;] 

-n'fl n1'\t1'W~ ~l'Wrl ru1l1y.j~\l1l-J 1~91 ~ru 11~ ml , 
I CIrt. r ell '" 0 CIrt...... r. 

• rl1,)Lrl~1:;'\t1Yl1\1Lrll-J ((;]ll-J"IJ'flm'\t1'W~t-J~(;]llru'Yl) 

• ~1~ Lrl~1:;oJYl1\1 ~1'W9~:n,)~Ylm ((;]1l-J-n'fl n1'\t1'W~t-J~ (;].rlruey]) , 

• ~1~Lrl~1:;oJYl1\1m£J1l1y.j ("IJ'W1~L~~LLU\I, rl,)ll-JWn~) 

• rh~Lrl~1:;oJYl1\1~1'WtJ~:;~lYl~l-J~~ (~n~ru:;tJ~ln!J, ~, n~'W~~, ~~'lf1~) 
"" I I 

'W'fl n91 m1'W\l1'W~r.r £Ji11~vi1 m~~ n~l LVi 'fl'\t11 LL 'W,)Yl1\1 LL~:; Lrl ~'fl\l ~'fl 1 'Wm ~rl')U rll-J n1 ~ , 
" , 

tJ;;u~\l1'W1""Ltl'W1tJ(;nl-Ji'W(;]'fl'Wl-J1(;]~~1'W(;]1l-JYl1~vi1n1~tJfutJN dJ ~ , 

~\I~ ~\ll-J'flU 1 "" LLriLN\l1'W'\t1~\l9U\ll'W~r.r £J ~'fl l-J1 (;]~~l'Wm:;u')'Wn 1~t-J~ (;] 1 '\t1~y.j ~'fll-J LL 'W,)Yl1\1 

m ~tJfutJN~fim ~vi l\11'W"IJ'fl\l rl'WLL~:; Lrl i'fl\lr.r m~ ~1l-J1~nvi 11"" L,) ~ 1 m~t-J ~ (;]~ ~~\I LL~ :;~:;UU~ 

1.4 

1 ) 

2) 

, 

~n~lYl ~~ ~~ L~m-n'fl\l LL~ :;\l1'W~r.r £J (;],)'fl~1\1 ~,)l-J n\l ~n~l~ Lrl~l :;oJ~:;UUn1~,)l\1 LLt-J'W 

LL~:;rl,)U rll-J m~t-J~ (;]"IJ'fl\l LN\l1'W(;],)'fl~1\1 , 

.."" .. 'If'fl~ rn£Junuut-J'Wn1~t-J~(;] 

3) ~ 1 ~,)9 ~1l1y.jU C)J'\t11 LL~ :;n1'\t1'W~ LU1'\t1l-J 1 £J Lrl N m ~ 1 'Wm ~'\t11 ~fitJfutJ ~\I m:;u')'Wm ~ 
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" , 
4) ~ Lf1~I::,xL'J~1 LL~~~ n'jj'nJ::n1~Yh'lI'W 1 'WLL~~::"li''W(;]'El'\.ml~~~ (;] ~'J~ n'l~I'W'J'WYnrn'lI'WVl 

5) 

H1'WLL~~::~mi1'11'W ~UI~ f1'JI~t'iJ~ ~'l!'EliJ Vi ~'El~~1 LL'Wm.h::LflYl'lI'W(;]I~~~n n1~ 

~n'jj'In1~~1'11'W 
" , 

~ Lf1 ~1::,x n1 ~~ 1'11'W 1 'W LL~ ~ ::"li''W(;]'El'W LL~::~ 1 ~fhJ t'iJ U N ~fi n1 ~~ 1'11'W LL iJiJ 1 mJVl ~ 1 ~ 1 ~Cl , 
" , 

~~L'J~11~ L~tJn1~1-nLYlf1ilf1n1~~'1~lm~ 5W 1 H LL'W'J~~LnmniJL'J~ltll LL~::1-nLL'W'J 

, " 
6) tlILL'W'J~~Vl1~LL~~::"li''W(;]'El'W~IYl~~'EliJ 1'W~::cPliJ~'El'lUBlliin1~ (Lab scale) L~tJ1-D~~n 

n1ml~'El'ElmLiJiJn1~Yl~~'El'l (Design of experiment) L~mVltJiJniJ~fin1~i:1iOl'U'W~lhJ~ 

f1'JI~ LL(;]n ~1'1YlI'1 f1nJfllVi , 

7) Yl ~~'EliJm::iJ'J'Wnl~1mJ~ ~1'Wnl~Yl ~~'EliJiOllm::cPliJ~'El'luBu~nl~~IYl ~~'EliJ ~'El1 'W 

~::cPliJLN'II'W~I~'El'l (Pilot plant scale) 

8) 

9) 

10) 

11) 

12) 

13) 

1 ) 

2) 

1) 

2) 

U~:: Lij'W~ ~ ~1'W~nJflIVi (Quality assessment) niJYlI'1 LN'II'WL~'El"1J'El'El'4~~ LU~ tJ'W~fi 

n1~~~m1-'1 

Ut'iJUN 1-D Lu'W~fin1~iOl1-'11 'Wn1~~1'11'WLL~::Yl ~~'El'l1-D~::iJiJf1'JI~ f1~ Vi~'El~ ~ ~(;]1~ ~~ , , 

L'J~IVit!n'lI'W~ ~~'1 

YlI'1 LN'I 1 'WiOl ::i1 Lf11'El'liJ'El~ f1'JiJ f1~ n1 ~~ 1'11'W~'1~ 11 ~Vit!n'lI'W 1 'Wn1~~ ~ (;]~ 1'11'WLL~~::; , 



.? 

1. 7 ~::!I::L'l~1n1~~1L ihJ\l11J1~!1 
~ 

ilJl1Itl"Un1rn'N1lJ ~.tJ.-52 Vi.I'I.-52 ij.tJ.-52 n.I'I.-52 11.1'1.-52 n.tJ.-52 111.1'1.-52 Vi.tJ.-52 fi.I'I.-52 l-J.1'I.-53 n.Vi .-53 ij.I'I.-53 ~. tJ . -53 Vi.I'I.-53 ij.tJ.-53 n.I'L-53 

1. 1:;tJ:;L'l1l1;1m~niitll;!II'jJtl~LN~1lJ LLII:;V1C]1:t5Li'\miitl~ 

Vinll-Jn1l1lJiIlUCl)lI1 

2. Ln1.Jiitll;!1I L'l1l1n1rn1~1lJ 

3. ~1LLlJniitll;!1I LLII:;lI1111LlI~'jJtl~UCl)lI1 

4 . ~ LI'l11:;,xn1rn1~ 1lJ LULLvi II :;iU(;1tllJ LLII :;lI1~iitJfutJt~ 

~fi n1rn1~ 1lJLL1.J1.J 1l1~ 

5 . 1.l1LLlJ'l?iill~~LLvllI:;ilJ(;1tllJl-J1V1l11l1tl1.J 1lJ1:;~1.J 

i1tl~tJD1.J-mn11LiIltJH'lI~nn11n1ffitlnLL1.J1.Jn1milllltl~ 

6. V1l'1l1tl1.Jm:;1.J'llJn111l1~~I.hlJn1milll1tl1.J'l1m:;~1.J 

i1tl~tJD~n1rn1V1l11l1tl1.Jvltl1'U1:;~1.JLN~1'U~1I1tl~ 
" .... ..J • _ :::. 

7 . M~Ll'l1tl~l-JtlV1'll'ltJl'I'l1.J"ll-Jn1m1~1'ULLII:;(;1I'1(;1~1'U 

n111J~(;1'l1~ 

8. V1i1ll1tl1.Jm:;1.J'l'Un111l1~Vii'tll-Jn11H'Ll'i1tl~ntll'l'l1.J'"ll-J 

n1rn1~1'U1'UT:;~1.Jn111J~(;1'l1~ 

9. 4'iIlvi1l-J1(;11S1'Un1rn1~1'U1l1~ LLII:; tJ1:;Lij'UIJII~1'U 

'"ltufl1Viri1.JLN~1'ULWtl'jJtltl'il-J-mIJ~(;1'l1~ 

1 O. ~iIl(;11l-J1J1ln111J~(;1'l1~(;11l-Jl-J1(;11S1'Un1rn~1'U1l1~ 

LLII:;ijLl'l~tl~nfl'll'ltJl'I'l1.J'"ll-Jn1rn1~1'U 

11. I1tUIJII~4'tJLLII:;ii'ElLI1'U'ElLL'U:; Vii'tll-J4'iIlvi1zULIIl-J 

~V1tJ1ilVi'Utf 

w 



d 
1JVIVI 2 

2.1 nl~~m:tl1tinl~'vhn'lJ (Method study) 

I J" 0 J<Q/ I '" J J' "I ' 
IMl'lJLL~:;m'lm,)91Pl'lI'tltn-.:J Cl tl'J'lJ"iJ'tl-.:J LL'lJ')'y']I-.:Jm'l'y']1'11'lJ'y']~'tlmL~,) LL~:;'y']9:; L~'lJ'tl"iJ'lJ~1 b~~ m'l .. 

~ , 
~m~11finln11-.:Jl'lJil9:;"'hhJ~m'l~Iij,J'lJl LL~:;mnJ'l:;rJnmfim'lVl~lrJ LL~dhj'l:;~'y']fifllYl~-.:J .. , " , ~ 

~-.:J9:;~11,x~ lPll"h H'~lrJ~'11~ L~rJ~rr IPlmJ'l:;~'1 r-1 ~'1il , 

1. 

2. L~'tltlfutlt-.:Jm'ltl~U~'11'lJ ,)1-.:J LL~'lJer'l LN-.:Jl'lJ ~m'lJ~ ~-.:J 1'lJm'lYil-.:Jl'lJIPl~'tl ~9'lJ 

3. 

4. 

2.1.1 

1. 

'i' J .., J .., , 
LLUU bN-.:Jl'lJ LL~:;Lrl'l'tl-.:J9mLrl'l'tl'l~'tlm'l 1 

~~rl,)I~Yltntn~~hJr.hLiJ'lJ~-.:J Yl1'tl~~-.:J"iJ9~rl,)I~Ln'tlrJ~1 

tlfutlNm'l H' Lrli'tl'l9 m rr~ ~ LL~:;LLN'Il'lJ1 ,x~tl'l:;~'y']fifllYl~1 n~'lJ , , 

n9m'l~~9:;Yilm'l~m~lnl'lYil'11'lJ~~ln~lrJ ~-.:Jt!'lJ m'l9:;H'tl'l:;LrJ"ll,r91nm'l~mn 
m'lYil-.:Jl'lJl~'tlth'l L~~~~'tl m'll9 n ~1 Lil'lJm'l~m~n m'lYil-.:Jl'lJ~9:;~ rl,)I~~1 r1'k! LL~:;~ rl,)l~ 

roil L1J'lJmh-.:J d-.:J ~,)'lJri'tl'lJ 1 'lJ"iJ ru:; L~mn'lJ1iu'tl-.:J n'lJm 'lL~ rJ L,) ~11 'lJm 'l~ m~n m'l~I-.:Jl'lJ~'1'tl199:; 

hJri'tl1,xLn~~~~j;J'tl'tl-.:Jr-1m n9nn~m'l~m~nm'lYil-.:Jl'lJLU'lJn9nn~j;J'tlLti'tl-.:J LYln:;rl,)I~~ruL~rJ .. '" 

1 'lJ'tl-.:J r-1ml~~1 LU'lJ'tl-.:J r-1m~ LU'lJ~l.brJ ~~ 1Pl~~'tl~tJ,)rJu1'm 'l~'tl~1 'lJZtl LLUU j;Jl-.:J 1 LL~ :;~'tl-.:Jm'l"iJ9 ~ 
'" " I , 

Vi'lltl 'l,)~~'1 ~'tl-.:Jn 1 'lnl 'l~ lij,J'lJl 'l:;uu'Il'lJ'tlth'l j;J'tl L il'tl-.:J m'lLLm"iJU 'k!~I"iJ'tl-.:J-.:Jl'lJ~il'l'tl199:;~ ~ ~ 

Yil1,xt,j ~'tl-.:J L~m,)~11 'lJm'lLLnU'k!~I"lJ'tl-.:J'Il'lJ~n~~lrJ 1 -.:Jl'lJ1il~ nI'lTil~'lJ~ rl,)I~~Ir1'k! ri'tl'lJ 
, ~ 

~~-.:J"iJ'tl'l-.:Jl'lJVl9 :;L~'tlnYil ~-.:J LU'lJ'n'lJIPl'tl'lJLL'ln"lJ'tl-.:J m'l~m~n nI'lYil-.:Jl'lJ 

Yli'tl'l LU'lJ'Il'lJ,T'lJIPl'tl'lJj;J'tl91 n n I'lL~'tl n-.:Jl'lJ nl L'lI~fjfi nl'lL 'lJn 1 'lU'lJ-n n'lI'lJ~ L~'tl n9:; ~ n~1 YilL,x 

LonI19U'k!~1 LL~ :;~1 L~ ~"iJ'tl-.:JU'k!~11~~lrJ nI'lfj Lrl'n:;oJu 'k!~19:;m-.:Jtl'l:;L~'lJLL~:;~lrJ j;J'tl nI'lLonl 

L9 n'lu 'k!~1 ~ LL V191'-.:J"lJ'tl-.:J-.:J 1'lJ -rl ') rJ 1,x~ 1~ 1 'lCl~ Iij,J 'lJlfjfi nI 'lYi 1-.:J 1'lJ ~ ~ n~1 LL~:; ril~'lJ~~11Pl 'l~I'lJ 

"lJ'tl'l-.:J I'lJL ~'tl H'tl 'l:; LrJ"ll-J"j;J'tlltl nI'lU'lJ-n n-.:Jl'lJ~'1 LU'lJ,T'lJIPl'tl'lJ~'lJ~I'lJ~"lJl ~ l,jl~ nI 'lU'lJ-n n~ LU'lJ 

~ ,)'lJ"iJ'tl-.:Jon'tl~ ~~ LU'lJ91'-.:J LL~ :;~~U nULYht!'lJ~'19 :;1oiftl 'l:; LrJ"ll'lJl~ n lU'lJ-n n-.:J 1 'lJl,j Cl n ~'tl-.:J LL~ :;hJ ".. .. 
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3. 
.... ., 

n1'i'l LfI'i1~'VI~1U 
" , 

nl~~ Lr1~I:;~~I'WLth..loD'WIWeJ'WVl-rl')tJ1 ~ L -nl1iOl U'1) 'VII LL~ ~ Ln ~ LL 'W,) ~ ~ 1 'Wnl~LLn1"1Ju '1) 'VI 1 

LYl r1~r1~1 fl 'Wnl ~~ Lr1 ~1:;~~I'W~'e) L Yl r1~r1 nl~~~ ~1 m),J L Yl r1~r1 nlnLU~ LLtJ n r1,) 1),J ~1 r1 t1! "1J'e)~ 

U'1)'VI1 LL~~LYlr1~r1nlnLU~LLtJm.h~IJ1Yl"1J'e)~~I'W nl~~~lm),JnUniOlm~),JlJil~ 1 ~u'WVin),Jl1~ 

L~liOl~1~ ~1l?l'e)U~ LU'WLL'W,)Yll~1'WnlnJfuu~~ LLm "1J~~UU~I'W LL~~-rl')tJ1~ril'V1'W~Yll~ L~'e)n 1 'VI3J ~~ 

iOl~-rl')tJ 1~ Ln ~~finl~vh~I'W~~ n~1 nl nLU~ LLtJn r1,) 1),J~1 r1'1)"1J'e)~U'1)'VI1 iOl:;vil1 ~~I),Jl~b1 LLtJn LLtJ ~ 

m:;u')'WmnL~:;~fim ~vil~I'W~I.rr'Wl?l'e)'W1~ LU'WoX') 1 iOl"1J'e)~U '1) 'VI 1 LL~ ~iOl~ufuu~~ LLm "1JU'1)'VI11 rn~ 
4.- .J qJ' 0 !!'1.J I I 

')Dm~Yl ~"1J'W L~tJnl'VI'W~ LLn ~"1JU'1)'VI1Yl~~ ~~m~Ylu),Jlnn'e)'W ~,)'Wnlmu~ LLtJnu~~ IJ1Yl"1J'e)~~I'W 
, " 

vil1 ~Yl~IU~ 1~1'W 1~ LU'W~I'WU~~ IJ1YlVl~ 1),J 1 ~b1~ ~oD'Wl?l'e)'W1~ ~ 1'W 1~ r1,)~iOl ~u fUUN 1 ~ L'VI),Jl:;~),J , 

, ", 
m~ufuu~~~I'WiOl~'e)Ir1mYlr1~r1nl~ ~~ ~~ ~,)U~I'W LYl'e)ufuu~~1~SjoD'Wl?l'e)'WVlSjr1,)I),J 

onu.jf'e)'W~~mmJ'e)tJ~~ ~ ~~1'W~13J91 LU'WLL~:;~~~ ~r1,)I),J~'1) L~tJ IJil~ 1 iOllnmnil'V1'W~Yl~IU~,)'W 

~1'W~ Ln L1tJ n~1 L,)~1 UU~:;~Ylfi[l1~ (L,)~1~13J1~vil'e)~hLL~ ~13J Ln ~ ~~ ~~ l?l1~ 11 'Wnl~~1 L~'W 
, " 

m~~~ l?l) LL~:;L,)~I~,)'WLn'W (L,)~IVl1-if'lu1 'Wm~vil~I'WLLIJi13J Ln ~ ~~~I'W'e)~h) ~')),Jt-1~m~ril'V1'W~ 

LL'VI~~~),JI"1J'e)~ r1,)I),J ~ r. I L~ tJ m~ufuu N~ 1'W~~ LU'W.rr'Wl?l'e)'W~tll ),Jl~~~fi n 1 ~vi 1~1'W~ Sju ~:;~Ylfi 
~ ~ , 

5. n1'iL u;.m.JL Vi!J'Utl'i~Liju~~n1'i'l.H'tI'lJ'i,:m1'i'vhnu • 
" 1I I I 

1 'WoD'Wl?l'e)'WmnmtJu L VltJUU~~ Li1'W~ ~ m ~u fUUN~I'WiOl ~ LU'WoD'Wl?l'e)'WVl Ln tJ ')-n'e)~ num ~ , 

I ," I I 

;~miOliOl~ LU'WL,)~lvil~I'W ~:;tJ~Yll~Vl Lil'e)~ L~'WYll~91'W,)'WoD'Wl?l'e)'WVlvil ~~ ~~ l?lVl1~fu reY l?l~1 ~~ l?l 

Jll~ (Productivity Index) "1~"1 LL~~L~tJm~1'~~~~1'W1'W~~UUL~tJ')n'W L~liOl~~I),Jl~b1U~:;d~'W~~ 

m~ufuuN~I'W1~~1 nl~H~fim~vil~I'W1'VI3JiOl:;~~ ~~ 1 rn~ ~~~I'W~n~lm~vil~I'W ~')tJ~fim~ , 

vil~I'WLLUuL~),J1'Wm),Jln.l 91'W,)U reYml~,)'W'VI1'e)LU'e)fL.n'W~L'Vhh 

6. n1'itl'i~!J n 1Jl1i'n1'ifllm:t1n1'i'Vh·nu • " , , 
Lu'WniOln ~~),J m~ril'V1'W~),Jl m~I'WoD'Wl?l'e)'W~fim~vil~I'W L Yl'e) 1-if LU'W~,)'W'VIil~ 1 'Wm ~~ nJ'Wl 

U r1~1 n 'J LL~~ii'e) LU'WLn n.leyfUfhJ~~I'V1 fu r1'W~ I'WLL~ :::~:;UU~I'W 1-if LU'W-n'e)),J ~ L ~'e) ri 1'V1'W~ LL(:,j'W~ 1'W 
,~ ~ 

LL~:;LU'WLr1~'e)~;1'e)1'Wm~r1,)ur1),Jm~vil~I'W nl~(:,j~n~'W1~r1'W~I'WtJ'e)),Jfu1'Wm~u,)'Wnl~ ~finl~ , 
o I .J 1.1 II II ~ r~ II .4 
Yll~I'W1'VI),J LU'W~I'WYll?l'e)~1'll r1,)I),J'e) ~Yl'W LL~~m"1J'Wl?l'e)'Wnl~u~:::tJ n !91'W~),J L 'VI~,) '1l~miOliOl~Lu'W(:,j~ , 
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~ 191 n n 1 J'hl 1')~ ~!l"lJ!l-l rl'W-l1'W1 'Wmnu ~ rJ 'WLLU ~NYi ~ ~ n n~ n 1 J'vi 1-l1'W ~1-!l Ln ~91 n ~ m J' 

LU~rJ'WLLU~-l'lfim J'vi 1-l1'W9 ~-l 1 'WJ':;rJ:; L,)~1 hl'W 1'Wn n ~u1uvi1-l1'W 1 'W'lfi L~~~ ~'WLrl rJ n~1 rl,)1~ , 

mJ'~ m~nmJ'vi1-l1'W dj'WLrli!l-l~!l"lJ!l-lmn~ ~ e.J~ e.J~ 1'l~-l1 'W!ll'l~ 1"mJ'J'~ mJ'e.J~ I'l LL~:; , 
~ ~ I ~ 

mJ'u~mJ' ~-l'l1'W UJ':; LrJ"llULU!l-l ~'Wn~!l "lI,)rJH'Ln ~ e.J~-l1'WYl~uJ':;~Ylfifl1Yi~1 n~'W 9 ~ LoW'W"iJ!l-l , 

2.1.2 n1'i~m:t1L'l~1 

mJ'~ m~1 L,)~1 ~!l LYl rlilrl mJ'~ ~ e.J~-l1'W~-l~ m:;U')'Wn1n~!l ri1'I~'W~~1 L,)~11'WmJ' 

vi1-l1'WL~rJ rl'W-l1'W~ L~~1:;~~ ~-lvi1-l1'W1 'W~ 1'lJ'1~Un ~ fl1rJ1~L1!l'W1 "iJ~11'lJ'~1'W1 'WmJ'~ ~ e.J~ 

-l1'W L~rJ~ e.J~~Yifi"lJ!l-lmJ'~ ~ t.J~-l1'WL1rJn~1 L,)~1~11'lJ'~1'W91n ~1ilm~"lJ!l-lmJ'~m~1 L,)~1 

LJ'1Yi!lri1~'W~~~nmJ'~'W~1'W"iJ!l-l mJ'~m~1 L,)~11~ ~-l11l!l1U~ 
mJ'~m~n L ,)~19:;~!l-l1-ifm:;u')'WmJ' 1 'WmJ'~1 L,)~11 'WmJ'vi1-l1'W 

rl'W-l1'W~H'~n'l!t11 'WmJ'~n'l!t1 L,)~19:;~!l-l dj'Wrl'W-l1'W~~ rl,)1~ L ~~1:;~~ 

rl'W-l1'W~1-if~ n'l!t1 ~!l-lvi1-l1'W 1 'W~ m1U n ~ 
" .... ...11 '1 ~ 
I'l!l-l~ L-l!l'W "iJ~11'lJ'~1'W ~'WmJ',) ~ e.J~-l1'W 

dJ) 

" , 
m:;u')'WmJ'~n'l!t1 L,) ~1 mh') L~rJ ~:; L~rJ ~ dJ'W'n'WI'l!l'W"iJ!l-l m J'~ n'l!t1 L,)~ 1~-l9:; ~!l-l~ 

!lU nJ'nJmJ'4'u L,)~ 1 m:;u')'Wm J'LLU-l LLrJ n ~!lrJ-l1'W L Yl rlilrl mJ'4'u L,) ~1 LL~:;.n-'WI'l!l'W 1 'Wm J'ri1~'W~ , 

~1~1 J'(l1 'WmJ'vi1-l1'W~9 :;~n'l!t1 dj'W!l~1-l ~ L~rJ~uJ':;~umJ'nJ~1-!l ~1'WmJ'!J n ~'W9'Wrl~!l-l LLrl~,) 

1 'WmJ'vi1-l1'W~9 :;1-if~ n'l!t1 L,) ~1 mJ'vi 1-l1'W J':;~~1-lmJ'~n'l!t1 L,)~19:; ~!l-lhl~ ~!lU~ J'J'rl9 'Whl , 

Lij'W~1 m~1'W~1~1U rl'W~')'W1 ~bk!1~ 

1'Wn1J'~n'l!t1 L,)~1 L1!l'W1"iJ~1mS1'W~ ~!l-l ~1il-l~!l ~11'l J'~1'Wn1J'~ ~ L,)~1 ~11'lJ'~1'W 
, , , 

.-::V ...., .... 0..... '" q ,eII.QI c:aI .... 

LrlJ'!l-l~m ~ L,)~1 LL~ :;~1 m~1'WmJ'Yl1-l1'W mJ',) ~ L,) ~19 :;I'l!l-l~ rl,)1~'W1 L"ll!l (l!l LL~:;~ rl,) 1~~'Wrl-l 

~J1 L~~!l Lrli!l-li1!l~1-if~ ~n L"lIW1'W th dj'WLrli!l-l~!l~l1'W~,rrJ LL~:;~11'lJ'~1'WmJ'1' ~~~!l ~ rl~!l-l rl'W 
dJ) 
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I '" I II 

nlOi:;tj.~~lh:;~Vl fi1l1Yi~1 n~'W LL~:;~,)'W~ ~Y11 £J ~'el~1 !1lj~1'Wm1li1~1'W~~IOi:; ~'el~ F11'elU FI ~~ (;]~ LL~ 
'd.9 , 

';jfin11li1~1'W ~tl1'W~li1~1'W 1:;£J:;L,)~1n11li1~1'W LL~:;~1l1YiLL,)~~'el~1'Wn1n11~1'W 'el~r1 

U 1:;n'elU"lJ'el~ m 1li 1~ 1'W L ~~1~1Oi :;~'el~ 1~~1 ~1j1'Wri'el'Wm 1~ n'M1 L ') ~ 1 

mlTi1~'W~ L,) ~n~1 ~1~1'W"lJ'el~ m1li1~1'W IOi:;U1:;n'elU ~,)£J L ,)~1~U'WYi n 1~1Oi1n m 1li1~1'W 
d.9 

~~IOi:;~'el~~1'W')nm1 L,)~1~H LU'Wrh (;]') LLVl'W"lJ'el~ L,)~1"lJ'el~m1li1~1'W~1'el ~1 L,)~1~ L~'eln (Select 

time) L~'elU1:; LiJ'Wm~'el ~11 F1,)1~ L~,)"lJ'el~ m 1li 1~1'W"1I'el~ F1'W~ 1'WLL~:;ij n 11U fu ~ 1 m1U1:; LiJ'WLL~ 

,)1Oi:;1~LU'W~1L,)~1un~ (Normal time) LL~:;L~'elijm1L~~L,)~1L~'el1Oi:;1~~1L,)~1LU'W L,)~1~1~1 

j1'W (Standard time) 

F1'W~1'W 

~~n'M1L,)~1 
'IJ 

LFli'el~n'el9UL,)~1LL~:;LLUUyJ'elf~~1~ 1 

';jfim1li1~1'WLL~:;'el~ r1U1:;n'elUVl1~m1e.J~ ~"1I'el~~1'W~IOi:;~n'M1 L,)~1 

2.1.3 

m1U'WYin.jf'elLViIOiIOi~~L~mnU~1'W ~1'elm1uDu""ii~1'W1'Wm:;u')'Wm1e.J~~IOi:;H~ry~n'Mnr 

~1~1~1'W~~ij'elu'lX1~n l~n'Mnr~~~'el1u~ 
d.9 'IJ"l;I 

" ", o 'NmUJfl'£l icy~m:tcULL'VI'Un1'itJD1J~':n'U ~ry~n'Mnr~ tJ~u'elnil~-n'W~'el'WYl~1rlry 

1'Wm:;u')'Wm1e.J~~ ';jfim1 ~1'elLL'W,)Vl1~m1uDu""ii~1'W t~£Jvi'')1ULL~,)IOi:;u'elnil~m1Ufuu~~ LLn 

1"11 ~1'el LU~£J'WLLU~~lU']J'el~~'W~,)'W rr~ ~ ~1'ele.J~ ~Jlru,,1'W"lJru:;li1m1uDu""ii~1'W 
D au"imJ fl'£l icy~m:tcULL'VI'Un1'i1Jl'i'J"~'£l1J~1'U ~ry~n'Mnr~ tJ~U'elnil~m1~1,)1Oi 

~'elUFlru1l1Yi"lJ'el~~1'W ~1'elm1~1,)1Oi~'elUm~1ru~1'W , 

q f!npf~ fl'£l icy~m:tcULL'VI'Un1'i"lJ'UthtJ ~ry~n'Mnr~ tJ~u'elnm1LFI~'el'W1~,)"lJ'el~F1'W 
~1'W rr~~ ~1'elLFli'el~9mIOi1n~~~~1u~~~n~~~~ , 

o fl'£l icy~micULL'VI'Un1'iv1Ln1J~n-t'Jf'l'i1'J ~ry~n'Mnr~ tJ~U'elnti.m111'el~Ln~~'W1'W 
~1 ~ui'W"lJ'el~ L~ ~ m 1nr (;],)'elU1Wri'W ~1'W~ 1'el F1'el£J'elU 1:;~~1~ m1uiiu""ii~ 1'W"lJ'el~WW,)£J~1'W~'el 

, 'IJ OJ 

L~'el~n'W ~1'el ~~~1~ 1 ~~~H.jf1~ 1 -B-,)F111,) t~£Jhjijm1u'WYin 

V f91",,,,,,imJ fl'£l icy~m:tcULL'VI'Uv1Ln1J~ntl1'J'i ~ry~n'Mnr~tJ~U'elnil~~Lnu~n~F1,)u 
F1~1~ rr~~IOi:;tln~~L.jf1~1LnuH ~1'eltlnr.i1£J'el'eln1u t~£Jijm1F1,)uFI~'elU1~Lu'WVl1~m1 

III III ~ " II 
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2.1.4 'l''£lUL'l~1 (Cycle Time) 

1'fltJ L'lf'l1 Lth..J91'W'l'WL'lf'l1 ('W1.y;~1'fl~'W1.y;) ~1:;tJH LU 'W'-J 1 m~I'W~IYl n~lumn.J~ m:; . .... 
, ~ ~ 

~'fl~ ~~ (;ll,nrJl~w.lh~i1~:nwl1U 1 'W'Jh~ L'lf'lIil''W L'l f'l1'll'fl~1'fltJ L'lf'lI~I'-J11rl ~1'W'lru L(;1U H'~ (;l1~'fl~ 
" 

~ m L(;1U 1 'W,r'WLL1n~:;~'fl~ ril~'W(;1 ~f'l ~~ (;l~91 LU'W[;]'fl L~'fl'W~ln rJll'WFl'lI'-J ~'fl~ m1'll'fl~ ~'W~I~1 n 
" ~ 
il''WnH'~m 

" 
= 

= 

~f'l ~~ (;l~91 LU'W[;]'fl L~'fl'W 

91'W'l'WrJ'Wvll~I'W 1 'W~ii~ L~'fl'W 

91'W'l'Wi'lL'-J~vll~I'Wl'W~ii~rJ'W 

~f'l ~~ (;l~91 LU'W[;]'flrJ'W 

LL~'l ~'fl~vllm1rJ (;11'fltJ L'lf'lI'll'fl~ LL~f'l:;m:;tJ'l'Wm1 ~1'fl LL[;]f'l :;~UBtJ"'ii~I'W (1:;U:;L'lf'l1 ~~ Li'-J m1 
,~ , 

vll~I'W'll'fl~ ~UBtJ"'ii~I'W~'Wm:;vl~ L~~~ ~'Wm1vll~I'W 1 'W~i1~ 1'fltJ) LLf'l:;1'fltJ L'l f'l11 'WLL[;]f'l :;~I'W U'fl U 

'll'fl~ ~UB~~I'WL~'flvllm1uftJ1'fltJ L'lf'l1 LL~'l~191'W'l'WFl'W~ ~'fl~m1 L(;1uH' Fl'W~'flU~~ (;1 ~~ LU'W 

~ (;1 Li'-J ~'W~ rl n ~'fl~ LLf'l :;i:lU1:;~Yl fl1l1Yl L(;1u~:;\h~~ n n11~~ n~I'llm LFll1:;\f Fl'lI'-J ~ 1'-J11rl'll'fl~ . " 

m1~ m~n m 1vll~I'W'll'fl~ Fl'WrltJ LFl i'fl~9' n 1 ~:;i1tJYltJlYl"Jh U ~ ~1~ Fl'lI'-J nf'l'-J n~'WU1:;~I'W 

rl'W'll'fl~ Fl'lI'-J ~'-J~'WfiL:n~ L 'If'l11:;~~1~ Fl'WrltJ LFl i'fl~9' n 1 L(;1 U l-D' LYl Fl'WFl n1 1L~U'W "LL~'Wlli3 Fl'W-LFli'fl~ 
" 

"'''' 0 t .JAJ' .... .diI qj .... .Jo 
lm'll11~~1l1'l:;'ll'fl~ "r,11YlI~I'W" LLf'l:; "m1'l1~~I'W" YlLn(;1'll'WntJFl'W~1'flLFl1'fl~~m LYl'flYllm1 

'fl'fl nLLtJtJ LLf'l:; LLm '11 ~1'fltlftJUN1:;tJtJ n11vll~I'W~~ n ~1'l ~~~ :;UI L Yl Fl'WFl~luH'l 'Wm1~ LFl11:;\f • 
m1vll~I'W1:;~~I~ Fl'WrltJ LFli'fl~9' m L ~'flf'l (;1 Fl'lI'-J~ '1J LU~I~ln mn'fl Fl'flU LFli'fl~9' mvll~I'W 

1. n1nil~I'W : Fl'W~1'flLFli'fl~9'm'flul'W~1l1'l:;~ril~~vll~I'W'flUI~1(;1'flUI,mii~ n~ 
" 

m1'-J'll'fl~Fl'W lrJlLLn ~1l1'l:;~ril~~ "UB~~I'W" "(;l1'l~~'fltJ" ~1'fl "LFl~'fl'W~" n~m1'-J'll'fl~LFli'fl~ 

9'm lrJlLLn ~1l1'l:;~ril~~vllm1L~'-J'-Jf'l~h l1X LLn~'W~I'W~H'1'Wm1~~ (;l 
" 

2 . m1~1~~I'W: Fl'W~1'flLFli'fl~9'm'flul'W~1l1'l:;~hJ1rJlvll~I'W'fl:;11Lf'lU n~m1'-J'll'fl~ 
" 

Fl'WlrJl LLn ~1l1 'l:;~ ri 1 ~~ 1'fl Fl'flU m 1vll~ 1'W'fl ~L~1iJ hJlrJlvll'fl:; 11 ~ 1'fl i1 n1 1LFl ~ 'fl'W 1 ~'l'fl U 1~ UFl'l1 '-J 
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19 

L'Jf'l1~1flum~~~IJ1~1-~ (T1) L'Jf'lI~LUUL'Jf'lI~'JULnU (T2) L'Jf'lIUtJ~:;~'Vlfi1l1~ (T3) 

L'Jf'l1~1flum~~~1J1~1~ (T1) ~'flL'Jf'lI~[;']'fl~H'~1-~ 1 ~~LUUL'Jf'l1~1flum~~~IJ1L~£JtJ~Ip\~ln 

f01'JI~~n.!L~£J'1J'fl~L'Jf'llvil~luhJ~I~:;~'J£J~lm[;J1~ 1 L'Jf'lI~LUUL'Jf'lI~'JuLnu (T2) ~'fl L'Jf'lI~H' 

ltJ1 um~vil~lu LL~hJ Ln ~ ~f'l~IU'fl:; h LUU~'JU~ Ln ~~UL ~~I:;f01'Jl~un~i'fl~'1J'fl~ m~vil~IU\-I1'fl 
, " 

~:;UU~IU ~'JU'1J'fl~~IUYl Lt!UL'Jf'lI~'JuLnut1u 1~ LLfl m~'fl'fl n LLuum:;U'Jum~~~ IJ1 LLf'l:;~~ IJ1Jl rwrvl 

~fim~vil~lu L'Jf'lIUtJ~:;~'Vlfi1l1~ (T3) ~'fl L'Jf'lI~hJl~vil'fl:;hLLf'l:;1~Ln~~f'l~~1J11~ 11um~ 

~ILilum~~~IJ1L~£J~'JltJ~m'llwlu ~:;~U~1 3Ym:;iJn£J~IUmnun'JU'1Jrw:;ril~~vil~lul'l,"[;']'fl~ 
, " 

\-I~~~IU Ln ~ L'Jf'lltJ~:;L1l'VlYl ~£Jn~1 L'Jf'lIUtJ~:;~'Vlfi1l1~~U 
• .... .... <IICIrrt...., .. 

L 'J~I?f'JU LnUlinn nl'i'El'Eln LL U'U n'i::'U'Ju nl'i~~ IJl LL~::~~ 1Jl1lCU'YI 

n'l~'fl'fln LLuum:;U'Jum~~~ 1J1~1~ L \-I~I:;~~ ~:;~~ ~f'l1 'IX Ln ~m:;u'Jum~~~ lJ1~iJ~UIJ1'flU 
~leD'flU Ln~'1J'fl~ L~£J~lnm~~~1J1 viI1'IX~luL~~~u1umnLnt'1J'1J'fl~ L~£J1'IX~~u m~1-irjfim~ 

vil~IU~l~~ e1 ~~UIJ1'flULLf'l:;e1 ~\-I~n m~vil~lu ri'fl1'IX Ln ~m:;u'Jum~IJ1~'J'"l~'flU LLf'l :;'1JU~I£J~1 n 

, " 
LnultJ ~~m:;u'Jumn\-l~lilL~ltl'fl~1 LUUL'Jf'l1 hlroh LUU 

L 'J~I?i'JUL nUL n j;t~1 n1fi'Vh~luhj eln i'El~ 
" 

"~fim~vil~IU~Cln[;']'fl~" ~'fl ~fim~vil~lu~vil~IUii'flmL~l~~IU~ln ~fim~vil~lu~iJ 
" " , 

L 'Jf'lI~'JULnU'fl~ vi11 'IX [;']'fl~vil~IU~1 n l~~IULyh L~~\-I1'flii'fl£Jf'l~ m~vil~IU L~£JiJiUIJ1'fluYl~~m n 

oDUeD'flU m~vil~IUL~£Ji1~UIJ1'flu~hJ~ILUU m~vil~IUL~£Jm~H'Lf011'fl~ij'fl\-l1'flLf011'fl~9'n~~1~Cln 

I II I II " 

9'n H' Lf011'fl~ij'fl Lih~I'll'J£J'r1~\-I~ ~~'JuLuum~vil~IUYlhJ Cl n [;']'fl~'r1~~U 
'II 

L 'J~1 'tftl'i::~'VItilll'r~ Ln j;t~1 n fI'Jl ~'U n~i'El~'lJ'El~ ~'!Jr.r flnl'i 

\-I~nm~U1\-11~9'~m~~~I~ru~'fl 'J1~LL~U~IU tJ~:;~IU~IU LLf'l:;f01'JUf01~~IU L'Jf'lIUtJ~:;~'Vlfi 
~ , 

'II 
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2.2 n1'1~~j;JLLUU;U (Lean manufacturing) 

n1 ~LL ~'1'll'W"lJ'tl'l fi~niOl1 'WUiOliOlU'WVi! 1 'lXn 1 ~'tl LOl~lV1 mnJ n1 nJ ~ LOl IX'tl'ltJi"tJ l'l'"J L ~'tl ~'"Jl~'tlU ~'tl 1?1 
III III q \J 

~~tJtJn1nJ~LOlLLtJtJ~'W (Lean manufacturing system) LU'W~~tJtJ~l~i"tJn1nJ'tl~i"tJ~hL~n~l LU'W 

~~tJtJn1~eJ~ LOl~~l~l~r1~ 1?1 IX'WVl'W ~ 1?1 ~'"Jl~~'1! LtJ~l LL~~~ 1?1~'"Jl~~'1! L~t1L'tln1~Yll'1n1~eJ~ LOll~ 
" , 
~'1fi'l LU'W~~tJtJYl~~l'1~l LOl~~l'W LL~~ LL 'W'"J ~ l?1~ll"1n 11 'Wm~eJ~ m'"J~ n'l~'1 L~l'~ m~tJi"tJtJN'tlUl'1 u'~ , 

I I " I 

LL'W'"J ~ 1?1"lJ'tl'lm~eJ~ LOlYl ~~~'WYl ~'"Jn~Yl1940s LI?1t1tJl'';Yl eJ~ LOl~r1t1'WLOl1LOl LtllXl LOll~ LL'W'"J ~'"Jl~ 

~1?11'W~1t1n1~eJ~LOl"lJ'tl'l Taichi Ono LL~~ Shigeo Shingo ~~'"Jm"lJ'tl'ltJl'';Yl ~L1t1nn'W~1~~tJtJ~'W 
.. ....... c;' c;' '" 

L'"J~lY>1'tlI?1(Just-ln-Time: JIT) VI~'tl~~tJtJnl~eJ~LOlLLtJtJ bLOl btl LOll (Toyota Production System : 

TPS) Lu'W~fin1~"lJ'tl'lm ~eJ~ LOliJ LihVl~l t1~ n1 ~ L-DYli"Y>ltI1m 1 'lXii'tl t1~ ~ 1?1 LI?1t1 m~eJ ~ LOl eJ~ LOlli'ruevrB'W , 

" , 
rilr.r 1?1"lJ'tl'l L~t1~'1V1~ 1?1 LOl~'tl 1?1 m~tJ'"J'Wm~eJ ~ LOl LI?1t11~ LL 'W'"J ~'"Jl~ ~ I?1m~rilr.r 1?1"lJ'tl'l L~t1Yll~~ ~'Wl 

LI?1t1tJl'';Yl Ford "lJ'tl'l Henry Ford 1'W'll'"J'IU ~A 1900 l'l'tl~1 John Krafcik ,rn~r.rtl"lll'"J'tlL~l'n'Wl~ 

~'W1iOl~~tJtJn1~eJ~ LOl LLtJtJLLOl LtlIX1LL~~~~'W1~1~tJi""llt1Jlm~eJ~ LOl ~'1 ~t1n~l n1~eJ~LOlLLtJtJ~'W Vll'tl 

Lean manufacturing ~'11'W'"Jl~~1~ "Sloan Management Review" (Krafcik, John F) U ~ . ~ . 
I I I " 

1988 iOl'Wm~~'11'Wu ~ . ~ . 1990 Jim Womack ~'W1iOl1'WLl'tl'lm~~'1~'tl'tlUl'1tJ~~Vlfil?1 Y>I~'tl~ntJL\1'W 

~1 ~~'WtJ~~~tJ ~'"J 1~ ~ 1 L~iOl1 'WL1'tl'lm ~rilr.r 1?1 ~'"Jl~ ~ t1J LtJ~l 9'11~~ n~l'tlUl'1~ ~ L~t1 1?1 LL~ ~vi 1 

'tlUl'1 LU'W~~tJtJiOl'WtJ~~~tJ ~'"Jl~~l L~iOl1 'WL1'tl'l n1~rilr.r 1?1~'1~n I LtJ~liOl~'ll'"JtI~~l'1 ~ru~h L ~~~'W~'"JtI 
'II'~ , 

1 ~~. .J .. .xc;' 
'WVI'W'I~'tl "Machine that Changed the World" YlL"lJtI'W"lJ'Wbl?1t1 James Womack LL~~~ru~ 

1~ LL~ 1?1'11'IX L \1 'Wn 'I LL'W'"JYll'1~ ~~'W 1 'Wm~r.r 1?1 m~'tl'l fii" m~iJ m~eJ ~ LOl~l n1 LL~ ~ ~'"Jl~ ~~~'Wfi~ L~tI'"J 
oif'tl'lntJniOlm~~Yll'1fi~niOl ~'11~'tlfitJlt1V1~nn1~"lJ'tl'lm~eJ~LOlLLtJtJ~'WH 5 tJ~~n1~~'tl , 

2. mnL~I?1'1~lt1fil~~ru~h (Value stream) 91LL'WmLiOlmLiOl'l1'IXL\1'Wn'lniOlm~~11?1~~~1'1~ru , , 

1"11 niOl m~~ 11?1 hJ n'tl1'IX Ln 1?1 ~ rul"11 L ~'tl~l~l~r1rilr.r I?1niOl m~~~13Jvil1 'IX Ln '" ~ ruI"11'tl'tlmlnm~tJ'"J'W , , 
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3. ~ r'l~ n ~::;U'J'\..ln'l ~~ ~ (;)~1'El1 '!XU 1n 'l ~Lu'WhJ1 'W~ n1:J'ru ::;"lJ'El~ n 'l ~1 ~rl'El tJ 'l~ ~'El Lii'El~"lJ'El~ 

n ~::;u'J'Wm ~ LC;)£J m ~1 ~ ~'EltJ 'l~ ~'El Lii'El~'"l ::;iJ'El~ rl'WL'J rl'l~ 'k! LU~'l1 'Wm ~~~ (;) 'W'El n'"l 'l ndtJ~l1 'l1 '!XhJ 

Ln c;)mn'El ~'El£J.r~ ~ ~~ ~~~~'Wfl'l LU'W~'WU "J!'J£Jrl c;) ~'J'l~~'k! LU~'l~ Ln C;)'"l'l n ~'Wfl'l ~~ ~~~ 

4. ~'W'El~m'l~!?l'El~m~"lJ'El~~nfl'l LC;)£J1'ih::;uu~~ (Pull system) LC;)£JmnL'~~~'J'l~!?l'El~m~ 

"lJ'El~rlnfl'ltJ'El'Wn~u~ LL~~~~~(;) (Downstream) L~'El~~(;)m~ ~'J'l~ !?l'El~m~"lJ'El~rlnfl'l'"l1~1 LLrl::; 
" " " 

L~'Elrl c;) ~'J'l~~ 'k! LU~'l'"l'l nm~~~ (;)~ Ln'Wm'l~ !?l'El~ m~ ~r'l~ ~'J'l~~~ ~rl LLrl ::;~'J'l~~~~'Wfi"lJ'El~ 
m~'lrum~~~(;)rlU~'J'l~!?l'El~m~1'!X~'ElC;)~~'El~rl'W 

, , 
V I I ..::U ciI ~ "" 

5. YlOO-J'W'l'Elm~(;)'ElL'W'El~ (Continuous Improvement) LYI'ElLL~'J~~'lm'l~~~\J~ruLLUU C;)'J£J 

n 'l~.r C;)U ~::;~'Vlfi [) 'lYl "lJ'El~ n ~::;U'J'W n 'l~'El tJ 'l~ ~ J 'l L~ ~'El (;) 'l~ ~::;£J::; L'Jrl 'l LC;) £J LV] £JU rlU~"j 'l ... 

(Benchmarking) ~1'El n'l~.r C;)U ~::;~ 'Vlfi[) 'lYl"lJ 'El~n 'l ~~ ~ (;) LLUU ~'W ~'J £J n'l~H' Balance Score 

Card L~'El1'!X~'ElC;)~~'El~rlU~[)'lYlLL'JC;)~'El~~ LU~£J'W1u 

........ ~ ...... 
2.2.3 Lfl'l'tl-3~'tl'VI L'!! L'\Jn'l:::U'l'\Jn'l'leJ~IJlLLtJtJ~'\J (Lean Tools) 

L~i'El~~'El~1fl'Wm~~~(;)LLUU~'W (Lean Tools) ~~ Green (2000) 1~~00-J'W'l Toolkit "lJ'El~m~ 
," , 

~~(;)LLUU~'W ~'Ju~'J~L~1'El~~'ElH~~~~c;) 27 'llilc;) LLrl::;9'lLL'Wm~1'El~~'El'El'Elmu'W 4 U~::;L[)'Vl(;)'l~ 
, , " 

~rl~YlfiV]1~'"l'ln L~1'El~~'Elt!'W1 ~'El 

L~i'El~~'Elu~uu~~'ii'(;)nm~1~rl (Flow) 1~LLri Pull production scheduling ~1'El Kanban, 

One piece flow, 5s, Standard work, Method sheet, Visual control, Total preventive 

maintenance, Reliability maintenance, Preventive maintenance, Predictive 

maintenance 

2 L~i'El~~'El~"J!'J£J1'!XLnC;)~'J'l~~c;)~~'W1'Wm::;u'J'Wm~ (Flexibility) 1~LLri Set up reduction, 

Mixed model production, Smoothed production, Cross Trained workforce 

3 L~i'El~~'El~rlC;)L'Jrl'l1'Wm~l1'l~'l'W (Throughput rate) 1~LLri Flow cell, Point of used 

storage, Automation, Mistake proofing, Self check inspection, Successive check 

inspection, Line stop 

4 L~i'El~~'El~Hf~OO-J'W'l'EltJ'l~~'ElLii'El~ (Continuous Improvement) 1~LLri Kaizen, Design of 

Experiment, Root cause analysis, Statistical process control, Team Based Problem 

Solving 
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2.2.4 ~a.Ja.J'£l.:J"ll'£l.:J~'\.I (Lean perspective) 

~!l~'iI!l ,.:m1rc.J~tilLLuU~'W n~!lmrYi~1rn.nii~mr~hJtil~!ltil~1tJ'iI!l~m:::u')'Wmrc.J~til btiltJ~mr 

~1LL'Wnii~nn~!l!lnLtl'W 3 ~n~rw::: 

1. n'"ln'i'ia.J~~1l~Li;tilfln.lfh (Value Added activity: VA) 1'W~~~!l~'iI!l.:J~n~hi'W~tilVi'1tJ~!l 
q III 'IJ III 

r.rml'Wmrc.J~til 

2. n'"ln'i'ia.J~hj~1l~Lntilfln.lfh (Non Value Added activity: NVA) ~!lii~mr~~13J1~L~~ • 

l1l')mhWD'W L,)~ 1 r!l~!ltJ (Waiting time) mr~~c.J~tilJlrwey]r:::~~1~mrc.J~til (Work in process : 

WIP) btiltJ13J L~!l~~!l L~!l L-if1~m:::u')'Wn1r~!l hn'Wr1'WYI mn;1~1'W~1-!lii~nrr~ L~tJ')n'W~1 1 

(Double handing) 

3. n'"ln'i'ia.J~ijfl'J1a.Jr.i1LtJ'\.ILL~hj~1l~Lntilfln.lfh (Necessary Non Value Added activity) • 

mrL~'W 1 'W r:::tJ :::1n~ L ~!l~uu~'W~')'W~1-!lt) tiln ~u mrL~~!l'W~1tJ!ltlmnr~1-!l L~1!l~;J!lr:::~~1~ mr , , 
I '" I " 

c.J~ til LL~:::L ~!lri1r.r tilmry'h~1'WL"ll'Wil~1Ltl'W~!l~i1 mrLtl~tJ'WLLtl~~ mry'h~1'W~f~lm1l L"ll'W mr 

,)1~ er~ bN~1'W 1 'Wm:::u')'Wmrc.J~ till ~3J ~~hj~1~1rn Ltl~ tJ'WLLtl~~ 1~ 'Wr1'WYI 

1'Wr:::uumrc.J~til~:::L~'W1~~1~~~y'hl~Liitil~rwrhL~~ LL~:::~til~'W'Yl'W ~!l mr1~~LL~:::mr , , 
" ~1Lil'W~1'Wii~mr~ (Activities) ~~LL~I1l~l'Wrtl mrtlfutlNnr:::u')'WmrLLUU~~L~~ (Tradition 

~ . 
process improvement) ~1~~ ~ ~ ~ !l~1tl~ ~ rw rh n1nJ futl t~n~!l n 1r~ tiln1nJDu~n1r 
(Operation) ~~~~~~I1lL~!l~l1lii~mr~~13J~~1~~rwrh LL~c.J~m:::'YlU~Liitil~'W~!l ii~mr~~~~1~ , 

, , 
--'I "'. '1 ell .?I.I ell Waste 'l!~ b'W[)1~1rkJ~'W~!l Muda !l!lnLu'W 7 ur:::Lll'Yl ~!l 

1. fl'J1a.J~tyLtlii1'"11nn1'i~~tila.J1mn'\.lhJ (Over-production) ~!l~,)1~~rkJLtl~h~Liil1l 

~1n LL 'W,) ~ I1l~Yi m m~ H' L~1!l~r.r nrLL~ :::Yii!n~1'W 1 'Wn 1 rc.J~ till ~~1 n~~ 111 bl1ltJ~13J1~ ~111~ ii~ ~,)1~ , 

~1~1rnl'Wmrfu~1'W~!l ~1-!l~,)1~~!l~mN1'W'iI!l~~'\..htJ~1'Wntilltl ~~~:::vi1l~LL~~:::W\.,htJ~1'W~ 

~1 Ltl'W~!l~vi1~1'WL~tJ')-if!l~~!l L ti!l~ now vi1~1'W13J ~!l11l ~~!l~~~ 11l~ now n~:::Lii til~1'W~ ~!l~r!l n1r , 
.... ..J ... X ell , ... 

c.J~til'YlLn~'iI'W~r!l~1'Wr:::~,)1~m:::u')'Wmrc.J~til (Work in process: WIP) 
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• Lnl?1r1,;)1~~'fl,m1r~'W~1'WmrrorI?1Lriu'l'n.Jr:;"'~1~m:;u,;)'l..m1re.J~j;] (Work In Process) ~'Wf11r1~ 
r1~~ 

• Lnl?1mr'lJ'W~1tJ1tlLriui,;)r1r1,;) L~'fll-n3J",~ 1?1 

• L~'fl Ln 1?1'lJ'fl~ L~tJ~1 nn r:;u';)'Wmrri'fl'WWW1~:; 13J1~fu mrLLm 'lJl 'Wi'WVi 

• H'L,;)fl11'Wmre.J~j;]'W1',.J 

~1 L"'j;]r1,;)1~~ru LiJ~1~'fl 
., \I • 

• r1,;)1~~1~1rtl'lJ'fl~LL~m:;u';)'Wmr13JLYhn'W 

• LL'W,;)~I?1~e.J~j;]1~91'W,;)'W~1n~~1?1 L~'flfll?1~'WYl'W~'flm,htJfI~ , , 

• iJfu~1tJmre.J~j;]1~~~~fI (Line balancing) L~'flri1rorl?1'1I?1~Lij'Wr1'fl'lJ,;)1?1 (Bottleneck) 'lJ'fl~~1tJ 
mre.J~j;] 

• iJfur:;l1lumre.J~j;]1~m~1:;~~nUr1,;)1~~'fl~mr~~m~1ru LLfI:;L,;)fl1mr~~~'flU 

• ri1"''Wl?1mre.J~ j;]1'WLL~fI:;r'flumre.J~ j;]1~ii'fltJfI~ 
... , 
~ ~ . 

• flI?1L,;)fl1mrj;]~Lr1r'fl~ (Reduce setup time) 

·1Jnl~Yn.rn~1'Wilin~:;1'Wmr..11~1'W"'fl1tJ~1'W (Multi-skill) 

2. fI'l1 ~ ~ '1! L,j ~1~1 n n1'i'i'El fI'El!J (Waiting) ~'fl r1,;)1~ ~ t1! LiJ ~1~ Ln 1?1~1 m1~ror tJ ~'fl~ 
mh~'lJ'fl~mre.J~j;]13J~~~'Wfin'W ..111~ilL,;)fl1~1~~1'Wl'Wmre.J~j;] ~~Lij'W~1L"'j;]..111~Lnl?1mr 

r'flr1'fltJ 

~n~ru:;r1,;)1~~ru LiJ~1~'fl 
iI • 

, 
ctI _ eM _ ... 0 

• Lr1r'fl~~m ",rmj;]tlI?1Ur'flr1'W~1Yl1~1'W , 
... 

q ~ I '" 

• ~mrr'fl'll'W~1'W~1nm:;u';)'Wmm'fl'W"''W1 

... , 
v ~ 

• mrr'flmrj;]~Lr1r'fl~ 

~1 L", j;] r1"J1~~ ru LiJ~ 1 
" 'II • 

... , 
• H' L';)~:n 1'Wmr~~ Lr1~'fl~rorm'W1'W 

• iJr:;~Ylfi1l1~'lJ'fl~ Lr1i'fl~rorm~1 

LL'W"JYl1~mriJfuiJ~~ 

, 
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• ~(1lyj11:::UUU1Nfm~1L:n-.liJ!l-.lri't..l (Preventive maintenance) L~!lu1Nfm~1Lrl~'!l-.l~m1,xiJ , , 

~[l1'r'l'r'l~!l3.J H'-.l1'W[;l~!l (1l L':l~1 

• ~(1lM1m3.J1ru-.l1'W LLN-.l1'W LL~:::LFi-;'!l-.l~m1,xLn(1l~':l13.J~3.J(1l~1'W~1Un1n.J~[;l , 
", , 

• ':l1-.l LL~'Wi'W[;l!l'Wn1nJ1u LU~u'Wm:::U':l'Wn1n.J~ [;l LL~ :::L[;l1u3.J L~1!l-.l~!l 'r'l,rn-.l1'W1,x'r'l~!lwi!l'W 
I t I "I 

~u(1lL~1!l-.l ~1!l~(1l~1!lUmnr"1i':lu1'Wn11UfULU~U'W LYi!l~(1lL':l~1n11(;]-.lL~1!l-.l~m , , 

·1Jn1,x'r'l,rn-.l1'WiJvlm~:::1'Wn11yj1-.l1'W~~1U~1'W 

3. f'l'l1)J~'Y L 'l.h~1"t1n n1'i"LI \.!~~ (Transportation) ~!l ~':l13.J~ C1J LU~1~ Ln (1l"'l1n n11 

L~~!l'W~1U~'W~':l'W rr[;ln~u ~1!l~~ [;lJl ru'Vl"'l1n~~ii-.llu~-.l~n~~ii-.l L(1luhliJ ~':l13.J91 LU'W ~1!l LU'W , 
I I '" I 

n11U11uLriuH-n':l~11':l ~-.ln11"1J'W~-.l L~~1\hu'W~':l13.J91 LU'W LLi?lrim~yj11,x Ln (1l3.J~ F11 L~3.J LL~:::~-.l 
'IJ 

yj11,xLn (1l F11 H'r.i1u~n ~':lU L(1lU1:::u:::Yl1-.l~-.lln~ ~ru[l1'r'l"1J!l-.l~'W~':l'Wri~-.l~ (1l~-.l LL~:::Ln (1l F11 H'r.i1u , 
I '" II I I 

L~3.J~'W ~-.l,r'W9-.l~':l1~(1l1:::U:::Yl1-.ln11"1J'W~-.l~1!lL~~!l'W~1U1,xL~~!li,(!lU~-.lVl~(1l 1:::UU~'WiJ~':l13.J , 

~!l-.ln11~"'l::: 1,xrr [;l'J ~U ~1'W L(1lU [;IN'''l1n ~~ (1l~11u~~1u n11~~ [;l~"'l::: 1-ifL(1lUvl'WVl 

~m~ru:::~':l13.J~QJLU~1 

• ~!l-.liJn11H'!lUnnlr ~1!lL~i!l-.l~m1'Wn11"1J'W~1U91'W':l'W3.J1n , 

" ~ Gil.... 0 

• 3.Jn11~~[;l~N~:::"'l1'W':l'W~1n 

• ~:::L~Un11yj1n"'lm13.J 5 ~ . 

• hJ1~,x~':l13.J~1 F1C1JnUn11':l1-.l e1-.l LN-.l1'W 

LL'Y':lYl1-.l n11ufuUN , 

• ':l1-.le1-.lL~i!l-.l~m1llin~n'W L~!l~(1l1:::U:::Yl1-.ln11"1J'W~-.l1,xi,(!lU~-.l 

• UfUUNn11':l1-.l e1-.lLN-.l1'W L(1lUU (1l~~n m13.J~3.J~'Wfi1:::~~1-.l~1U-.l1'W~ L~U':l-if!l-.ln'W 1,x!l~1'W , 'IJ 

" n~3.JL~U':ln'W L"1i'W n11~(1l~1Un11U1:::n!lui'W~(1lYl1U (Final assembly) 1,x!l~1n~nu~~-.lLriu~'W 

~1 L~!l~(1l1:::U:::Yl1-.l1'Wn11"1J'W~-.l 

• UfUUNn11"1J'Wchurr~(1l L~!l~(1lm3.J1run11"1J'Wchu1,xi,(!lU L"1i'W~1!lUnmrn11"1J'Wchu~ ~1!lH' " , 

.1 ' -., , .. 
4. f'l'l1)J~'YL1Jfl1"t1nn'i:::'l.J'l\.!n1'i'YI ~)JL~)J1:::~)J (Inappropriate processing) ~!l 

I '" I I ... I 

~':l13.J~C1J LU~1Vl Ln (1l"'l1ni'W[;l!l'Wn11~1 Lil'W-.l1'WVlhll~ L~3.J F)ruF111 ,xnU~'W~1 i'W[;l!l'Wn11~~ [;lVl 
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• Ln(;), (;)~ LU'Wf)'el"lJ':l (;) (Bottle neck) "lJ'el-:J~ltJn1~~~j;] 

• "lJ1 (;) f)':lI~i (;) L 9'W 1 'W'ii'elril~'W(;)"lJ'el-:J~ n fl1 
" 

• n1~n~IL'WI~lmn'Wf)':l1~9ILU'W 

• m~j;]~':l9~'el1J~lmn'Wf)':l1~91 LU'W 

• -:J1'W~~m.11n~1J~1l111mJ (Reworking) 
" I 

• =n'W1.h:;n'el1JVll11'el'eln~1 Lb~':l ~1.h:;n'el1Ji':l~~-:J hj1~ ~~ j;]'el'eln~1 (Debarri ng) 

~IL~~f)':lI~~ruLtJ~1 

• n1ntJ~tJ'WLLtJ~-:J'VlI-:Jfj PI':l m~~ L(;)tJhn~ ~lil-:J ~-:J n1~LtJ~tJ'WLLtJ~-:J 1 'Wm:;1J':l'Wn1~~~ j;] 
" 

• 'W LtJ1JltJ LL~:;-n'Wj;]'el'Wn1~~1 L 'W'W-:J1'W"lJ1 (;)tJ~:;~'Vlfi1l1'Yi 

I "" 

• fjLMI:;,xm:;1J':l'Wnl~ (Process analysis) L~'el1~'Vln1J-n'Wj;]'el'W~-:J~~(;)1'Wnl~l11-:J1'W LL~:; 

Yi91HWI L~'elnn9m~~~13J L ~~I:;~~~1l11n1~tJt'1JtJN , 

• 1-n~~nn1'j' 5W 1 H L~'elfjLf)'j'I:;,xf)':l1~9ILU'W"lJ'el-:JLL~~:;n9nn~"lJ'el-:JLL~~:;m:;1J':l'Wn1~ 

• 1-n~~n ECRS L~'eltJt'1JtJNn1'j'l11-:J1'W , 

5 . fl'J1)J ~ ty L l.hh'il1 n ~'W f'l1 fl'l fli.:Jvll~ roil L tJ 'W (Excess inventory) ~'el f)':lI~ ~ '1! 
, " I 

LtJ~IVl Ln(;)91nn1nn1J~~ (;)=n'W~':l'W ~1'el~'Wf)l f)-:J f)~-:JH~lmn'Wf)':l1~91 LU'W L~'el9:;tJ~:;n'W~19:; , 
" I 

n~~ (;)=n'W~':l'W ~1'el~'Wf)l f)-:J f)~-:J1~ L~tJ-:J'Yi'el'el~ j;]~'el (;) L':l~1 ~-:J Lu'W~~Yh 1~Ln (;) fiil 1-nr.iltJ1'Wn1~"lJ'W , " 
I " I 

~-:J~~(;)~I-:J 1 ~1~(;)Ln1JVl~-:J LL~:;~-:JLtJ~'el-:J~'WVl 'el~1-:J13J9ILU'W , " 
~n'l!tnJ:;f)'JI~~ru LtJ~1 

• Ln(;)f)':lI~~'el-:Jn1~1-n~'W~91'W':l'W~ln1'Wn1nn1Jt'n'l!tl 
• Ln(;)~I1-nr.iltJ1'Wn1~~(;)Ln1J~ln LL~:;~'W'Vl'W9~ L"J!'W (;)'elm~tJ , 

~IL~~f)':lI~~ruLtJ~1 

• f)':lI~~I~I~n'lJ'el-:Jm:;1J':l'Wn1~~~1 Yh1~~'el-:J~~j;]~'Wf)IH91'W':l'W~lnil'el-:Jn'Wn1n~tJL'eln1~ 

91nn1~13Ji1~'Wf)l 

• fjfin1'j'1J1-~I~~~(;)f)-:Jf)~-:J13Jm~I~~~ , 
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• tJ1UtJN~::UUn1~r.r~1Lriu1~~~m~ru::Lihri'el'W'el'elnri'el'W (FIFO: First in first out) L~'elhl1~~~~ , , 

~ n ~'N'el~1 'Wf1~'1 ~ 'W~1 LU'W ~::u:: L'"l r11 'W 1'W~'WL~ 'el~ ~ll1Yi 
.1 ' 4 'I 4'1' ..., 

6. fl'l1)J\,!tyLlJ~1"t1nn1'iLfl~'fI'\J L'VI'l'VI L)JL'VI)J1~1f)J (Excess motion) f1'elf1'"lI~~fk! 
I I I I" I 

LtJ~l~ Ln ~~lnn1nf1~'el'W1",'"l'lJ'el'l f1'W ~n1nf1~'el'W1 "''"l,r'WhJ1~~ n1~~ ¥1'1~r1 fOil LYi~1~nu~'W~1 .. 
I I " I 

",1'elu1'n1~ ",1'eln1~vil'11'WnULf11'el'l~'el 'eltJmnr~~-WI",,rn ",1'el~~~'"l'W~hJL"'~I::~~nuil'1n1U , 

" 
• n1n~'el~ ",1'eln1~n~i?l'"l~lmn'Wf1'"lI~~ILU'W 

• rJ~Cl~U~~::~'el'lH''"l1'1'eltJ1nr1 , .. 

• H'",~nn1nf1~'el'W1"''"l'eltJl'11h::mr~ (Motion economy) Yimm~nlr.r~n1nf1~'el'W1"''"l~1~~1 
LU'W'el'eln1tJ 

• ~m~nn1nf1~'el'W1",'"l (Motion study) L~'eltJ1UtJ~'1~fin1~vil'11'W1~Ln~n1nf1~'el'W1"''"lii'elU~~~ 
~1~",~nn1~W'\I~~f (Ergonomic) 

• r.r~~1lIYin1~vil'11'W (Work condition) 1~L"'~I::~~ L"ll'W n1~r.r~'"lI'1Lf11'el'l~'elH1n~,~tJ~~ 
, ..., .. 

'11'WLYi'elr1 ~n1n~'W 

• tJ1UtJ~'1Lf11'el'l~'el LLr1::~tJmru1'Wn1~vil'11'W1~L"'~I::~~nU~1lIYiil'1n1U'lJ'el'l~tJ~U~'11'W 
• r.r~vil~tJmnr"ll'"lu1'W1l1~r.ru~~~'W'II'W (Jig, Fixtures) L~'el1~~I~I~Clvil'11'W1~'eltJl'1~::l?l'"ln 

7. fl'l1)J\,! ty L t1t'i1"t1n-U'fltJ n 'Yi~'fI~ (Defect) ~'el f1'"lI~~ fk! LtJ~ 1~ Ln l?l'lJ'el'l L~U~1 n n1~ 

e.J~~ "'1'el'lI'W~1~1~~lm~I'W~rX'el'lviln1~LLm'lJ1"'~ 



1,.IJ'.J ..r.cal..... S; 

·1'l1YfWYl Lfi1'T!l'l3-J!l LL~:::Yit,m'l1'W1\.m1'TLLmJtlJ~1"11!l'lL~tJ3-J1n 

• Lii(?1fi1,)13-J~(?1Yi~1 (?11'WL,)~1m'T~(?1~'1 

• -n11,x~~ri1h~!ltILti!l'l'"l1nihfilm!l'lL~tJ 

• 1l1Yi~m~nr~1~~~!l!l'lr1m 

• m'T!l!lmLUU~1~1Um'T~~ [;I1~ L~3-J1:::gq3-J 

• rr[;lCl~U1~1~fi1nJ1l1Yi , , 

• fi1,)13-JL~tJ~1tJ'"l1nm'T"1I'WU1tJ 

• "1I1(?1m'T[;I'T,)'"lgq!lU LL~:::~!1l[;l13-JU!l'ln'W'if!lunYii!l'l 

LL 'W') Yl 1'1 m'TU1UUN , 

• gq~1'1'T:::UUm'TU1UUl'lliJnJ1l1Yit(?1tJm'TU!l'ln'W (Quality Improvement by Prevention) ~'1~ 

'.)fim'T~!l 1) ~'W~1"11!l'lL~tJri!l'Wti'l~n~h 2) LL'"lmL'"l'lfi1,)13-J~~n'jj'nJ:::"1I!l'lL~tJ 3) ~1gq1L~[;I"1I!l'l " , 

L~tILL~~:::~n'jj'nJ::: LL~::: 4) ih~(?1gq1L~[;I , 
, 

'" 0 ..... CIllo q II 

• gq'T1'13-J1 [;I 'Tfj1'W"1I !l'l m'TYl1'11'W LL~:::3-J1 [;I'Tfj1'W"1I!l'l,) [;ICl (?1UYl Cl n [;I!l'l 
d u ~ \I 

" 
• ~ LL~Yit!n'l1'W 1 ,xU~U"ii[;l13-J3-J1 [;I'T~1'Wj;J'I LL~ LL'Tn 

• !lu'T3-JYit!n'l1'W1,x~fi1,)13-J~ fi1,)13-J L-ih 1'"l gq13-J1'TClunUii'l1'W1~Cln~!l'l[;l13-J3-J1 [;I'Tfj1'W 
\i d..J" d.9 

• U1UUN!lUmnr~gq13-J1'TClU!l'ln'Wfi1,)13-J~(?1Yi~1(?1'"l1nm'T-n1'11'W (Poka-Yoke) , , 

• 1,x~m'T[;I!lugq'W!l'l-if!l~~Yl1'1~1'WliJnJ1l1Yi!ltJ1'1'T,) (?1 L1,) (Quick response system) 

• U1UUNm'T!l!lmLUUm'T~~[;I , 

27 



28 

... ..I.., 0 1. ... 
2.3 LL'U'lfl(;lLmJ'lm.JL'l~1'U1 'Un1'1~~j;) (Lead time) 

tlD~m~ (Processing time) L(HnL~~'El'WthtJ (Move time) L,)~I~'EltJ (Waiting time) LL~:::L,)~1 

L~~mJfi'El'Wnl~e.J~ ~ (Set up time) n1~tlfUtlN LL~:::~ (;1 L,)~ 11.11 ~,m ~1,) Lu'W1tl ~1l-JVI~ n nl~ , 

, , 
ell '" &.0'..... .dI ..... 0 oiQj. CiiI -l 

L~~'El'WtJ1tJ Iil(;1M~Y'l'Wn'lI'W LL~:::L~~'El'llilm mVl'W(;1m~e.J~ ~'EltJ1'1 LY'ltJ'IY'l'El LL~:::~(;1 L,)~1 L~~tJl-Jm~ 

ri'El'Wm~e.J~ ~ 

" , 
1. ~(;1L,)~ltlDu~m~ (Processing time) L(;1tJ~(;1r.il'W')'W:n'W~h'W LL~:::LYil-Jtl~:::~Ylfirl1Y'l 

m~e.J~~ Vl1'El~,)Il-JL~')1'Wm~e.J~~ 

2. ~(;1L,)~IL~~'El'WUltJ (Move time) L(;1tJ~(;11~L~1'El'l~n~'El~1n~n'W ~~I'1~fiL~~'El'WUltJ 
" 

1~~ltJ (Simplified) LL~:::~:::(;1')n~'W m~~(;1L~'WYll'1l-Jl~~~I'W (Standard routings) 
, 

.. 0..... diI '" 

~') l-J (1'1 m ~lilllil (;1 n ~:::u')'Wm ~ L~ ~'El'W tJ 1 tJ 

3. ~(;1L,)~I~'EltJ (Waiting time) L(;1tJm~,)I'1LLe.J'W~~~ ~(;1M~Y'lt!n'lI'W LL~:::L~1'El'l~m 
o 0..... c:Irio I cIII 

mVl'W(;1m~'1m ~e.J~ ~'EltJ1'1 L Y'ltJ'IY'l'El 

4. ~(;1L,)~IL~~m~ri'El'Wm~e.J~~ (Set up time) L(;1tJm~H'L,)~11~"J'EltJ~~(;1ri'El'Wm~e.J~~ 

2.3.1.1 LL 'U'l'YI1~1. 'Un1'i~ (;lL'l~1tlD1.J"';n1'i (Processing time) 

, " 
tlDu~nl~ LL~:::~m!ln~:::u')'Wnln11'11'WL~'El1.111tltlfutl~'1n~:::u')'Wnln11'11'W1~~~'W 

LL~::: H'tl~::: LtJ"ll,r~I'Wm~~ (;J.J'Wll-J1 ~~~I'Wm~vil'11'W 

LL 'W,)Yll'1~ijtJl-J1-n 'Wm~tlfutl~'1 m~vil'11'WL ~'El~ (;1 L ,)~1 m~tlD~'11'W~'El VI~ nnl'j' 

ECRS L~'Elm~tlfutl~'1 ECRS ~'ElL9l,)~'Ell-Jllillnlll1'!I'eY'In~1'! 4 L9l,) ~H'Lu'WVI~nm~1'W 

mnJfutlN'Il'l..l , 

• E-Eliminate (n1'iTh..r(;l): ~')tJm~1~Vlllil(;1tl~:::~'1~ 'eY'Wvil1~~Il-Jl~mil~(;1.ft''W~'El'W~ , 

hJr.il LU'W'El'Eln 1tl1~ ~tl LLUU~iJtl~:::~Ylfie.J~~'1~ (;11 'Wm~tlfutl~'1'11'W \I \I ~ __ 

• C-Combine (n1'i~1Um~1'U): ~')tJm~e.J~l-Je.J~I'W'El'l ~tl~:::n'ElU'1J'El'l'lI'WVI~ltJtl~:::m~ 

L -If 1 ~') tJ n'W "J!') tJ ~ (;1.ft''W~'El'W'1J'El'l'lI'WU1'1 ~h'W~'11~ LL~ :::iJ'El ~tJ'EltJ~Y'lU~ l~fi m ~ 1 mJ~Y'lu 
" " " " Iillnnl~e.J~l-Je.J~I'W~vil1~'11'W~'1~:::UU~ltJ~'W 
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• R-Rearrange (nl'i'4'~~I~UL ~~): n1~ LtJnUltJ~LJ LtJ~tJ'W~'W)LJ"1J'fl~'fl~f01l.h:;n'flLJ"1J'fl~ 

~1'Wm"'l~~I~ L'fln1~rilr.r ~~I'WLJI~~'J'W ~~'fl L'fln1~n1~e.J~~ e.J~1'W1mJ 

• S-Simplify ('VhL~~I!J): L~'flYi"'lI~n..l1n~n1~rilr.r~ n1~e.J~~e.J~I'W LL~:;n1~r.r~~I~LJ 

1mj'fl~I~~'flLJfl~'flLJLL~'J fl'J~'r'lmm~r.r~n1~ 'fl~f01tJ~:;n'flLJ"1J'fl~~I'W~'J'W~L~~'fl'fl~1~dJ'W 

~1'W~~ltJ~~ ~ L'Vh~"'l:;viI1~ , 

'W'fln"'lln~~nn1~ ECRS LL~'J n1~1-ifLfli'fl~ij'fl11l1~lL-nI~I"lhtJ ~'J~n~~:;LJLJ 

L'Vlfl L'WL~~~I~~'WL'VlP1L-nI~I'll'JtJr.r ~n1~ ri~I~I~b1'll'JtJ~ ~ L'J~11'Wn1~e.J~(;)1~ 

2.3.1.2 LL U'l'VII-.3L Unl'i'~~L'l~ILfl;'£lU!YI!J (Move time) 

'IJ 

Ut1!~1 n1 nfl~'fl'WU ItJ L~m-n'fl~ L~tJ (;) N rlLJn1 ~'JI~ er~ LN~I'W~hj L~ ~1 :;~~ [;)'J'fl~I~ 

L'll'W n1~r.r ~~'J'W~I'W~ij fl'Jl~ L~tJ'J-n'fl~ rl'W'fl~'fl~\-iI~"'l1 n rl'W vi11 ~ n1~tJ~LJ"i~1'W11l1~1 LU'W 

1tJ1~mn ~~nn1~~I~n 1.r'W~'W~I'W~I~rLJn1~'JI~er~LN~I'W1'W'fl(;)~I~m~~n1~e.J~(;)~'fl .~ ~ , 
, 

1. fl'JI~~~~'Wfi (Relationship) L~tJr.r~~lfl'JI~~~~'Wfi"1J'fl~n"'lnn~11l1~lL~m1-~ 

"'l1 n n"'lm~~~ij fl'JI~~~~'Wfi~1 n 1tJU'fltJ n"'l m~~ 1~~ij fl'JI~~~~'Wfi~:;~~I~ 

rl'W~lnri1~'fl~1n~rl'W 

2. Ld'fl~ (Space) L~tJYi"'lI~ruIL~tJ'JrlLJLd'fl~11l1~1~~~I'W'J'W"llil~ ltJil~ ~~'flltJ 
'VlN'jJ'fl~n"'lnn~11l1~1 ~1~ril~'W~ 1'Wer~ h~~I'W 

," 
3. n1~tJrLJ ~1 LL ~oJ~Y1 [;)~ (Adjustment) LU'Wn1~tJrLJ ~1 LL ~oJ~'jJ'fl~ n"'l m~~ 11l1~11 ~ 

L~~I:;~~JlltJ1~-n'fl~lrl~11l1~1 

1'WU"'l"'lu'Wij LL 'W'J'VlI~~'VlI~'fl (;)~1~ m~~iltJ~1-if ~'fln 1 ~e.J ~ (;) LLLJLJ L"1!~~ (Cell , , 

manufacturing) ~'fl n1~r.r~1~~'jJ'fl~.r~~LL~:;~I~LJ'jJ'fl~n1~e.J~(;)1~ ~'fl~fl~'fl~rlLJ Cycle 

time L~tJ"'l:;ijfl'W Lfli'fl~r.rm LL~:;'fltJnnw Lu'Wn~~'jJ'fl~[;)'JL'fl~L1-tJmu'W~d~L"1!~~ (Cell) , , 

L~tJ1'WLLl1l~:;L"1!~~"'l:;ril~'W~~n'rtru:;n1~vil~I'W1~~~~~ (Line balancing) rlLJ Cycle 

time 1'Wm:;LJ'J'Wn1~1~LJ1-n1~ ri~'fln1~~ ~1~ L~'W'VlI~n1~L~'W"1J'fl~~n fll LL~:;~1 ~LJn1~rLJ 
'IJ 

2.3.1.3 LLU'l'VI1-.3LUn1'i'~~L'l~1'i''£lfl'£l!J (Waiting Time) 

i1t1!~I~~n~ Ln~"'llnn1~fl'fltJ~I"'llnn1~"1JI~'Vlr'r'lmm(;h~ 1 ~~1 Lu'W1'Wn1~e.J~ (;) 

~~'fln1n ~~ ~ru~h 1 ~ e.J~ (;)11 rueyf vi11~ Ln ~n1~~ t1! L~tJ L'J~1 L~tJ LtJ~ltJ~:; LtJ"ll11 ~~t!'W~1 
LU'W~'fl~ nl~'JI~ LLe.J'W.r~ ~ r.r ~~ ~~'r'l'L!n~I'WLL~:; Lfli'el~r.r n~ LL~:;ril~'W~ ril~~ nl~e.J ~ (;)'fl~I~ , 
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LYl r1ilr1~tJl~l L-n9-l L~m-ii'fl-l nUnlJ'~ ~~nYl fYa.J1ml \Xih.h:;~Ylfi[)lYi ~-llh:;n'flu 

~(HJnlJ''Jl-lLL~'UYlfYiiJlnJ' (Capacity planning) nlJ'~~~~~~~liJ-ll'U (Line 

balancing) L~'fl~~ Cycle time l\X-W'fliJ~~~ nlJ'm:::'"lliJ-ll'Ul\XLLIPl~:::'\.n",hiJ-ll'U'fl~l-l 

LVl~ 1:;~ ~ LL~::: LYl r1il r1 n 1 J'~ ~ I'll J'1-l-l1'U LL~:;~ 1 ~U n 1 J'vi 1-l1'U (Scheduling and 

sequencing) 

nlJ'~-lfil~1-l1L~'fll\XI'lNnUr1'Jl~~'fl-lnlJ' LYlr1ilr1 SMCD (Single Minute Exchange 

of Dies) ~-l~~f)'UL~iJ Shigeo Shingo ~ntJl~11-ifL~'fl~~L'J~1.n-'UI'l'fl'UnlJ'L~1iJ~nlJ' 

ri'fl'UnlnJ~1'l LYlr1ilr1 SMCD lh:;n'flu~hiJVl~n 4 lh:;nlJ' ~'fl 

1. LLiJn Internal set up ~-l9:;~1~1J'rlvil1~rilPl'flL~'flVltJ~Lr1i'fl-l~mLL~'JLYh~'U 'fl'fln91n 

External set up ~-l~1~1J'rlvil1~LLm'UJ':::Vl~1-l~L~'ULr1i'fl-l~m'fl~ ~-l91nnlmiJn set 
... ... , 

up '0'-l~'fl-llh:;UlYl'W'fl'fln'"llnn'Uvil1\XLJ'1~1~1J'rlvil External set up l~'UJ':;Vl~l-lVl 

Lr1i'fl-l~mvil-ll'U'fl~ vil1\XLVl~'flL~iJ-l Internal set up L'Yh~'U 91nnlJ'u5u~m~Vl~n 
nlJ'~ ~1~1J'rl~~L'J~lri'fl'ULI'l1iJ~nlJ'~~~1~ 30 - 50% 

2. LLU~-l Internal set up LU'U External set up L'll'U nlJ'L-n~umruL~1~ Vl1-'fl f'jfinlJ'~ 
11 • I I 

~~'Ul~'U LYi'flvilnlJ' set up l'U'lJru:::VlLr11-'fl-l~m£J-lvil-ll'UIPl'fll~ 

3. UfUUNU'"l~iJ~iJ~~IPl'flnlJ' set up l\XiJuJ':::~Ylfi[)lYi~ln~'U ~l~lJ'rl~~L'J~l~~'fl-l , 

L~iJlunu External set up L~iJnlJ'~~u1L'Jruvil-ll'Ul\XLVl~1:::~~nunlJ'~~'Jl-l 

'flU n J'ruLL~ ~ ~ LL~ fn-rl'1 ~[) lYi'lJ 'fl-l'flU n J'ruLr1 i'fl-l~ m 1 \X'fl ~1 'U ~[) lYi~l-if-ll'Ul~~ L~ ~'fl 
'iI 'tJ ~ \I 

~lVlfUnlJ'~~L'J~l Internal set up 'fl1'"lvil1\XnlJ'~-lfil~1-l1vil1~~liJVl1-'flfil~~nlJ' 
ufu LLIPl-lVll mu'U lul~ 

4. vilnlJ' Set up ~'JiJml~L~'J~L~~~ln~'U L~iJnln~~r1'Ul'UnlJ' Set up Vl1-'flVl~n 
L~iJ-lnlJ' set up L~iJlfB'U~'J'U~lm~l'U 

lh:::L~'U~1r1'lJ~L~iJ'JnUnlJ'U1LYlr1ilr1 SMED lul-if~'fl SMED LU'ULYlr1ilr1~HL~'flLLn 

U'lJVllr1'fl'lJ'J~ (Bottleneck) ~-l'"l:::Ln~'"llnnlJ'~ril~-lnlJ'~~I'l'lJ'fl-lLr1i'fl-l~nJ'Vl1-'fl 

YlfYiiJ1m~HhJL~iJ-lYi'fl nlJ'Ul LYlr1ilr1 SMED lulfl'Un'"lnn~~l~.n'lir1'fl'lJ'J~~-liJril~~ 

nlJ'~~I'lLVl~'flLYi'fl (Excess Capacity) '"l:::hJ'll'JiJl\XnlJ'~~l'li-lJ':::uuL~'J~'ULLlPlmh-ll~ 
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... ::. . 
2.4 L 'VIf1\.1f1n1'ij;'l-3f11Cl1~ 5W 1 H 

n1~m'J'"l~'"l1~ru1~'JtJ~lm3J 5W LL~::: 1H LiJ'W[;]'J~tl~1.jfm3J(WWLtl~ L~tln1~m'J'"l 

~'"l1 ~ru 111 '1:!"'ltl~l~ ~tlU f)~tlU 1~~ 111 '1:!"'lt!'WLiJ'W"lJtl~~ 1'W~ Lf)~l:::,x~~ ~:::UU ", ~tlU1~ ~'J 'W"lJ tl~ 
~:::UU 1i!1l13J ~fi.n'"l:::"li'JtJ ~~1~ Lf)~~ ~~l~"lJtl~ LL~'W~l'WufUth~ 1 'W~'J'W ~ltJ~::: L~tJ ~ L ~tl L~13J 1 ~ LL~'W , 

~l'W~U LU~ tJ'W"lJtl~ !1l1~l~"lJtlU L"lJ (;l"lJtl~ f)'J13J LU~ tJ'WLLU~~ LiJ'WU~::: LtJ"l!'W1 'WL:n~UlJU"'ii ~~'"l :::-W1"'~ n 

m ~.n1uH1 'Wm ~~ Lf) ~1:::,x f)'J13J~1 LiJ'W"lJtl~ LL(;]~ :::.ff''W(;ltl'W"lJtl~ m ~~~ (;l L ~tl~ ~ f)'J13J~ ru LU~l'"ll n 
'II ., 

, ~ 

m:::u'J'Wm~Vl1~ L "'3J1:::~3J ~ n~ru:::"lJtl~ ~1 m3J LiJt..l~~iJ 
~ , 

• What: vi1'el::: h'ilri LiJ'Wm~U1 f)'J13J f) ~ (;l'WLtl~~1~fim~Vlvi1tl~ ~tltl:::h 
v '" 

• Why: vi11~vi1'il~'ilri1-3~'U LiJ'Wm~m'J'"l~tlU"'lrr(;l~U~:::~~f"f'lltl~~lt..lt!'W'"lln~lm3J What 

LL~::: Why vi11~0Lf)~1:::,x~13J1~Cl(;l~'J'"l~'"l1~ru1~n L"li'lltl~rr(;l~U~:::~~f"f LL~:::~fim~1~ 

• Where: vi1~ 'VI'U LiJ'W~lm3J L~tl~'"l1~ru1~m'W~vi1~1'W~liJ~ L"'3J1:::~3Jn~1"'~tl1~ 

• When: vi1L~'ilh LiJ'Wm~YlUYl'J'W9~"''J:::L'J~1 LL~:::~1~um~vi1~1'W1~L"'3J1:::~3J 

, 
~ .. ~ 

"lJtl~ f)'WnULf)~tl~'"lm 

• How: 'l"lf1fi'il:::hvi1~1'U LiJ'W~lm3JL~tJ'Jnu~fim~vi1~1'W "li'JtJ1~iJf)'J13JU~:::"'U~ LL~:::vi1~1'W 
~ 

1~~ltJ~'W!1l13J LL~ ~~~1~:::~1 r1'1:!"lJtl~m~(;l~'J'"l~'"l1~ru1 ~'JtJ (;l'WLtl~ L~tJ m~m3J (;ltlU~'JtJ 5W 1 H 
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1 
q .... I .. ... _ S; 0 

WI1J'1~'V1 2.1 lWJ'eltl1~mJ',)LI"'IJ'1::;mL1J1J'Y'l91J'ru11f)')tJI"'I1ma..J 5W LL~::; 1 H 

th::lMl SW 1H fl1unUIUJ ml'nn:Ulln'll 

~ lii~';l "f);; 1," flY ' 
1. 11'Jll1lJ1tJ Whal? 'luijtl!i1~ttJtim'l'O 

oth~~'JlrlJl~tl fJ!h~ 1, 
'IJ~flrrTuli'ljhi1'IJ~()m~n1 l1Jtlflfl 1,MIJ 

",\1 1lJ" ~1'\J,rtJ;~9i'04';' tl"mYtHn m;t) 
'" J ~ 2 . 1"qtl:::n'~fl Why? 

II ,.... ... ~ • 
1.f1.fI'f)~t'l'\.J'llH11nl1 

113f)fl1nhtl);;'h~~z 

,; ·.11 To '1 ,; .I .. 1~1'\Jt:l~ "11 11\.1" 11 lJ nl\Ju 
-9~i;o~ 1~C\:tli'tJtll-3m110011tlfiu~~1tl 

3 . tHn'\.J~ Where? nl~~\J'jj'~lI;o 
1If1:'(Ytl1'W~';lHU hl'ff1.flll9jt'UJI"" 

m'lnl~'m~A~~ 

", .. u16"" ~1'lJ~'Onh~mJlrtJ 
4. ~1~1J~'W When ~ ,h9lf)ut\.l1JJ1~11'{) ffUltl~O'\J'fhAll~'\.It11111 H llJI"tJ 1m; 

I'l1nlllde 1,flll:: 

"1fW In\.l~tl l lh 'lJ~tl ~liJ1J~lWI ,r'J 

5. tlU Who? fllJ~'\J'1 nl1liM,l;n lJemf1JltJ-31tJ9Il1J1'l1 IlJtY1l.J1111 

1mI'm'; 1~11: 

';1 "mh~'~" ,h')J~e.nt1t';mrlJ rm iftJlll'nl~l\J (ll1h '1l'tillJfl11 

6. 111111 How'! 'liii1i011g\Jvml~ln;{J tl6,j"-31'H)dl-3~ltJ 'C\::I~\JO IntlMtJl~',j 

I'rmhf)d,~'h9i,,;: hrJu ff~ Hl1l9l'! IUfl"tliim~ltJ l'il\J~'J 



2.5 nT'i'El'ElnLL U1Jn1~'VI ~~'El~(Design of experiment) 

nlJ''El'tm LLtJlJnlJ'Yl (1)'C'l'El'l \nntln'l nlJ''El'Eln LLtJtJYl (1)'C'l'El'l L~'El (;lJ',)9~'EltJ~ 'n19~m)I~'El 

I'l,) LLth L(1)~iJ ~'C'l ~'El~'l~L ~ fO),)1).J~1 ~f1IL ~~~ (;lJlruoyf~'El'El n).J1 L(1)t1iJ911l~'lVl).J1t1 ~'lt1 • tI , , 

, , 
cU .q l.q ClIo _..... CIto 

Vl J''ElYl ~M !]tJ1'l'El tI 1'lYl'El fitJ1 tI Ln tJ') ntJ n J':::tJ')~n 1 J'~ 'C'l (;l 
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2. L~'Elf1~Vl1ii'ElLYi991'l (Exploration) ~'El nlJ'~nM1n'l7SYlfi'Y'l'C'l"lJ'El'lL1'El~1"lJLVl~~iJ~'C'l~'Elm:::tJ')~ 

1. 'VI~'VIL~'U~ (Treatment) ~'El ~'lVl~'El~fi~tJBllii~'El~'lYl(1)'C'l'El'l L~'El.r(1)~'C'lLmtltJLVltltJ(;l1).J.r(;l~ 

tJJ':::~'l~"lJ'El'ln1J'Yl(1)'C'l'El'l 

2. \n.htJ'VI~~'El~ (Experiment unit) LU~).J1(;lnVl~'ElV1\btlH'.r (1)7SYlfi'Y'l'C'l"lJ'El'lYl~Yl L).J~~ ~'l L(1)t1 

~191n (1) fO),)1).J Vl).J1t1 n'l ~'lVln'lVl~'Eln~).JVln'l"lJ'El'lnlJ'Yl (1)'C'l'El'l ~'l1~ftJ91nYl ~Yl L).J~~L~t1') n~L ~ , 

nlJ'nJ':::vi1fO)f'lL(1)fO)f'lVln'l V1\J')t1Yl(1)'C'l'El'liJ"lJ~1(1)1~91n(1) m9~~LLtJJ'1tJ1~91nnlJ'YlI1l'C'l'El'lVln'l1tJ~ 

~nnlJ'Yl (1)'C'l'El'lVln'l LL~,)19::: H'~'lYl (1)'C'l'El'l LVl;j'El~nWl (;l1).J L ~n 1J'vi1n1J'Yl (1)'C'l'El'l LL~'C'l:::fO)f'l~'l ~'El'lL ~ 

~191n (1) fO),)1).J"lJ'El'lVl\.btlYl !1I'C'l'El'lL ~i (1) L9~ 

3. U"'I4'tJ (Factor) 1~LLri n~).J"lJ'El'lYl~YlL).J~~vr'lVl'C'l1t1~iJfO),)1).JL~tJ')ii'El'ln~ (A Particular Class , 
" " 

of Related treatment) 'El19L-if~1~11'l,) LLtJJ'~~J':::n1~ t19~mr~m9 LU~1~11'lii'El).Jm:n'lfO)ru1l1'Y'1 
'II , 

Controllable Factors 

! ! ! ! ! ! 
input output 

----------~.I Process I ~ ---------+. 

r r r r r r 
Z, Z: ZJ Z. .... Z. 

Uncontrollable Factors 

J'tJ~ 2.1 LLtJtJ91'C'l'El'lvY') 1tJ~1VlftJm::;tJ,)~nlJ'Vl~'ElJ':::tJtJ (tJ1J'L).Jpj "l!~).J1 , 2545) 
'II , 
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111il~t1~1)J1~r1 LLtl~'El'em LiJ'W 

• 111il~t1~rl'Jurl)J1~ (Controllable factors) VI)J1t1n~ 111il~t1~~1)J1~mi1V1'W~~1'l1'El~111il~t1 , 

t!'W1~'Wn1~~1Lil'Wn1~'Vl~~'El~ 

• 111il~t1~rl'Jurl)JhJ1~ (Uncontrollable factors) VI)J1t1n~ 111il~t1~1~~1)J1~mi1V1'W~~1 , 

• I'l'JLLunun'J'W (Noise variable) VI~'El Background variableVl~'ElI'l'JLLu~~i:ll:'J~I1i'ElI'l'JLLU~ 

~'ElU~'W'El~ (Response variable) 1'Wn1~'Vl~~'El~ LLI1i1~1'll111il~t1~ri1~~vi1n1~~m~n ~'J'W 

1mu~n1~LLfi L'J~1 VI~'ElLrl1'El~~'El'Elunnl1 LiJ'WI'l'W 
~ , 

• Nuisance variable ~'El I'l'JLLU~~~t.J~I1i'ElI'l'JLLU~~'ElU~'W'El~ LLI1i1~'Vl~1U)J1ri'El'W ~1)J1~r1 

ri1~~~'VlfiYi~'lI'El~ Nuisance variable 1~~t1n1~~)J , 

4. i'lLLtI'5'IWEl'U~'\.I'El..:l (Response variable) ~'El I'l'JLLu~~~n~~Ln~VI~'El1'~~11'Wn1~'Vl~~'El..:l 

L1-t1n~nmh-l~1 1'l'J LLU~ ~~ dJ'WI'l'J LLU~~~~Yl'El'W1 ~ L~'Wn-l~'VlfiYi~'lI'El-lI'l'J LLU~~M~ 1'Wn1~'Vl ~~'El-l 

Vlii..:l1 mlil1'~~11'l'JLLu~m)J)J1nn~1 1 fi1~ mn~'Elnl'l'JLLu~m)J~~rl'J~~1il1~ru11il1nrl'J1)J1'J 

(Sensitivity) rl 'J 1)J L~ 'El n'El1~ (Reliability) n 1 ~ LLIil nLLIil-l '11 'El-ll'l 'J LLU ~ LL~::: rl'J 1)J LU 'W hJ1~1 'W 'Vl1-l 

uBu~ 'W'ElnIil1 nd1 'Wn 1n~'El n 1'l'J LLU ~m)JIil:::I'l'El~~1il1~ru 1 ~1~-l Ln ~~1~fuIil1n'Vl1-'Vl L)J'W~Vlii-l1 
. " . 

rl'J~~ mnLIil mLIil~ LLuuun ~ ~-l~)J)J ~fJ1'Wrl'J1)J Lu'Wun ~ (Normality) i1LU'W~~~1 Lu'W1 'Wm~'El'Eln 
~ 

LLUUn1~'Vl~~'El~ ~~mlillil~Hn1nLU~~;r'El)J~(Transformation) ~1~~Ln~~~m~LLlilnLLIil-l1~un~ 
'IJ 

LU'WLLUUU n ~ 

1. Vl11'l'JLLU~~~t.J~)J1n~~~I1i'Elt.J~~'ElU y (Response) 

2. Vl171fin1~~~~1'l1'El-l x (Input) ~~t.J~I1i'El~1~'ElU y L~'Elvi11~ Y 'El~~~1~1'l'El~n1~ 
3. Vl1~fin1~~~~1'l1'El-l x (Input) ~~t.J~I1i'El~1~'ElU y L~'Elvi11~ Y ~~1iJ'Elti 
4. Vl1~fin1~~-l~1'l1'El-l x (Input) ~~t.J~I1i'El~1~'ElU y L~'Elvi11~t.J~'lI'El-lI'l'JLLU~~1~~1)J1~r1rl'JUrl)J , 

. 1!;' q I t.I q 
~ Z1. Z2 ... .. Zn )Jrl1'W'tltl'Vl~~ 

2.5.3 

VI~nn1~~'W~1'W 3 U~~n1~ ~1V1fun1~'El'ElmLUUn1~'Vl~~'El~i:J~~d 
1. L'5''Yi~LfI".r'\.l (Replication) VI)J1t1n~ n1~vi1m~'Vl~~'El~41 L~Yi~Lrli'Wi:Jrlru~)Ju~ 2 U~:::n1~~'El , 



35 

(v]'"ltJ~~l-J1 rw~h r1'"l1l-J E1 (1\~ ~1 (1\dn~ltJ LiJu'vIll'"ltJ'lJ'el'l m~.r (1\.n-u~u ~lU~l'v1ftJYir.n ~rw1~1 
r1'"l1l-J LL(;1 n (;]l'1~l'1-1ftJ-if'ell-J ~~1~fDl1n m~Y1 (1\~'el'l~uiJ r1'"l1l-J LL(;1n (;]1'1 nu1 UL=n'l~n ~'vI1'el hl 

'IJ 

" I , " 

Y1 (1\ ~'el'l ~'1'!!UL~~ ~ Lr1-DU 'I'111,x ~Y1 (1\~'el'l~ 1l-J l~tl 'vi 1 (v]'"ltJ ~~l-J 1 rw Vl tl n ~'el'l tj'l~U 1 um ~ 
'IJ 'IJ 

tJ~~l-J1rwt.J~m~Y1tJ 

2. LL'iU~'euJ1JJ L'liiu (Randomization) 'vIl-J1tJn'l m~Y1 (1\~'el'l~iJ~'1.r~ (1\~H1um~Y1 (1\~'el'l LL~~ • 
" ~1 ~tJ'lJ'el'lm~Y1 (1\~'el'l LL(;]~~r1f'l LUULLtJtJ~l-J (Random) fjfimn=n'l~n ~n1'v1U(1\~1-if'ell-J~'vI1'el r1'"l1l-J . " 

E1 (1\~~1 (1\fDl~ ~'el'l LUU(V]'"l LLtJnLtJtJ~l-J~iJmm~~fDl1tJ LLtJtJ;SM~ LL~U(1\'ell-Jll-J L 'Il-DUfDl ~vi11 ,x~l-Jl-J ~ ~lU . ~ 

dLiJUfDl1'1 ~1l-J1~tl~(1\t.J~'lJ'el'li1fDlr.rW'1tJU'eln~mfDlfDl~tJnnD1um~Y1(1\~'el'l1~ 
3. U~'£lnn.:J (Blocking) LUULY1r1ilr1~H~l'v1ftJL~l-Jr1'"lll-JL~tJ'I(;1N (Precision) 1,xLLrim~Y1(1\~'el'l 

tJ~'el n~U'vIC'lmfDlfDl ~'vIl-J1tJ n'l~'"lU'vIC'I'lJ'el'l.r ~ (1\~1 fl un 1~Y1 (1\ ~ 'el'l ~ r1'"l ~fDl ~iJ r1'"l1l-J dju~u 'vI~'1~U • 

1. n1'iUtlJJUCYVI1 (Recognition of and statement of the problem) LUum~~~1.J~l 

r1'"l1l-J~'el'lm~1um~t.J~(;1~'el'el~h LL~~~'el'lm~r'el~hu1'11um~t.J~(;1 ~'1m~iltJ1l-Ji1ru'vl1d 
'IJ ~ 

I I " " 

~Y1(1\~'el'l ~'el'lvi1 r1'"l1l-J L-if11fDl (;]'el~[l1~i1t1J'vI1VlfDl~LntJ'"l LtJ'IltJn'l.r (;1~tJ~~~'1Ii'1'lJ'el'lm~Y1 (1\~'el'l vl'lil 

L ~'el1,x Ln (1\ r1'"l1l-J-D (1\ L fDlU 1 Um~'"ll'1 LLt.JULL~~ ~1 Lilum ~Y1 (1\~'el'l (;]'elltJ 

2. n1'iL~'£lnu~4'tl LLfl~'i~iU"lJ'£l.:Ju~4'tl (Choice of factors and levels) Lijum~H 

'vI~ nm~Y11'1Y1 ~~ D LL~~tJ~~~tJ m~rufDl1 n'llu1r.rtJ (;]1'11 L~m~1.J~1i1fDlr.rtJ1(1\U1'1~1l1fDl~iJ t.J~ (;]'el 

m~Y1 (1\~ 'el'l LL~~1ULL(;]~ ~i1fDlr.r tJ r1'"l~fDl ~iJ-rl'"l'l1 um ~Y1 (1\ ~'el'l'elth'lh ~ (1\Yf 1 tJ ~'el ~~tJ~l LUULLtJtJ • • 

n 1 'vi U (1\ (;11 tJ (V] '"l (Fixed effect) LL tJ tJ ~ l-J (Random effect) 'vI1'el LL tJ tJ t.J ~ l-J (Mixed effect) ~ 'I • 
~1l-J1 ~tl'elfitJ1tJl~~'el~'1 L'lJ,J ~'1d 

2.1 LLtJtJn1'v1U(1\mtJ(V]'"l (Fixed effect) 'vIl-J1tJn'l ~~~tJ'lJ'el'li1fDlr.rtJ~~1l-J1~tlr1'"ltJr1l-J'vI1'el . 
n1'v1U(1\ ~11~ LL llU'elU 

2.2 LLtJtJ~l-J (Random effect) 'vIl-J1tJn'l ~~~tJ'lJ'el'lthr.rtJ~1~~1l-J1~tlr1'"ltJr1l-J'vI1'e)ri1'v1Ui?l . . 
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2.3 LLUUeJ~~ (Mixed effect) "'~1Un'l m~eJ~~'1::;~U"1Jtl'lU'"l~U~LijoW~'lLLUUrhww~mu 
(;]';] LL~::;LLUU~~ 

3. n1~Lihln(;)'JLL'l.J~IJl'ElU~'\.I'EN (Choice of response variable) 
... , 

n 1 '1L~ tl n (;]';] LLU '1(;ltlU ~ tJtl'l ~Yl ~ ~tl'l ~ tl'l LL 'tl1 '"l ~ 1 (;] ';] LLU '1(;ltlU ~ tJtl'lil1,x-n tl ~ ~ Lrl u ';] rl U 
~ ~ 

",1tl'ZhtJL~U'l LUtJ~1 m~1tJ"1Jtl'l m::;u';]tJm ~ LL~::;LijtJlul~~11 tJm~Yl ~~tl'lwct'lm'"l~ (;]';] LLU'1(;ltlU 

~tJtl'l"'~ 1 U (;]';] ~'l~ 1 LUtJ~tl'l ri1",tJ~~1 tl::;hU1'l ~tl (;]';] LLU'1(;ltlU~tJtl'l LL~ ::;~1~1'1nrJ ~ ,·h ~'l nfi1,;] 
, ... , 

l~m.h'lh ritltJ~~ ~1 L UtJm '1Yl ~~tl'l 1"1,;]'1;J m'1~ Lm1::;,x'1::;UU m'1rJ ~ f011 (;]';] LLU'1(;ltlU~tJtl'lt1tJ L ~tl 

1,x,rtJ 1'"l1~~1'1::;uum'1rJ ~~'lnfi1,;]~1~1'1n H' rlum'1Yl ~~tl'll~ 
4. n1~L;'Elnn1~'El'ElmLUUn1~'VIf1~'El~ (Choice of experiment design) 

mn~tlnm'1tltlnLLUUL~mrlUm'1Yl~~tl'l"1JtJ1~'lltl'l~'l(;],;]tlth'l (Replications) mn~tln 
o .... .J .J" ~ 4 !.I.... J' 1.1 

~1 ~UYl m~1::;~~'lltl'lm'1Yl ~~tl'lYl'~::;H1 tJmnnU"1Jtl~~ mn~tln 1 'll",~nm'1YitJ~1tJ1~U1'l1 tJ 
~ ~ 

5. n1~~1L U'\.ln1~'VIf1~'El~ (Performing for experiment) 

m '1~1 L UtJm '1Yl ~~tl'l LUtJm '1l11 (;l1~ LLeJtJm'1Yl ~~tl'l~tltl n LLuuH ~'l~1 LUtJ~tl'l ~ ~m~ 

... 
m'1Yl ~~tl'lt1tJhj~1~1'1mJ11m LI"1'11::;,x~tll~ 

6. n1~1Lf'l~1~~i'El~~L:a~~ti~ (Statistical analysis of data) .. 
1tJm'1~ LI"1'11::;,x-ntl~ ~'"l::;u1~fim~Yl1'l~ il ~~11-if L~tl~'"l1 'leW 1~1 eJ~~YijfLL~::;-ntl~'1U~ 

~ , 
... ... ... 

Ln ~~tJLutJlu m~ rJ (;lnu'1::;~'l ~'lltl'l m '1Yl ~~tl'l",1tl hJ vl'lil1 tJn1 '1~ LI"1 '11::;,x 1"1,;]'11-D' 1"1,;]1~ ~Yl1'l , ~ 

~ pj';]m'1~",1tl 1"1,;]1~~L~mrlUm::;u';]tJn1'1 L ~tl1 ~~-ntlMU~~ L", (;leJ~ LL~::;;J 1"1,;]1~'tl1 L~tliitl 
~ , , 

... .. ... . 
7. n1~'VIf1~'El'JL~'El!J'\.I!J'\.I~~ (Confirmation testing) 

, , ... 
L~tl~ LI"1'11::;,x-ntl~ ~ LL~,;] ~Yl ~~tl'l ~tl'l"'1-ntl~ ~u1 tJYl1'lUljU~"1Jtl'l m::;u';]tJn1'1VlLn ~~tJ 1 tJ 

... ... ... 
"1ltJ(;ltltJil 1"1';] '1U 1 Ltl1 ~fi n 1 '1Yl1'l n'11rJ L-n 1~ 1'lhu1 tJn 1 '1U 1 L~ tJtl-ntl ~ ~ tJtl n'"l1 nill"1 ';] '1vh n1 '1 

~ 

, .. 
1. n1~'El'ElnLLU1Jn1~'VIf1~'El~LL1J1J~~~~1J~tlA (Completely Randomized Design: . .. 

CRD) 

LUtJLLeJtJn1'1Yl ~ ~tl'l LLUU~1 u~ ~ ~ L"'~ 1::;~ ~ rlU n1 '1Yl ~~tl'l~hj ~1 ~ 1 'In LLU n 1~~ 1",'tl';] U 

Yl ~ ~tl'l~U1~ 1 H'~tJ;J ~ n~ru::: LL(;l n ~1'l rltJmh'l hritltJn1 '1Yl ~~ tl'l n1 '1~ LI"1 '11:::,x m1 ~ LLU'1U'1';]tJ 
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~ ~ , 
~1V1fu LLe.JUn11'Vl11l~'fl-.:jn9::; LLtJ n~1 L VlIWlJ'fl-.:j ~'JI~ erULLU1"lJ'fl-.:j-n'fl~ ~~-.:jVl~ 11l~1 Li1'fl-.:j~191 n;S'VlfiYi ~ , ~ 

'Vl1-.:j L~m (One-way classification) (;l1~ LLe.JUn11'Vl11l~'fl-.:j LLM)-.:j~1 L~'flVlll'JtJ'VlI1l~'fl-.:jl~fu 

'Vl1-'Vl L~U~~ ~'fl-.:jn11'Vl11l~'flU LL~'J ~'JI~ LL(;ln l?i1-.:j"lJ'fl-.:j-n'fl~~~ Lriul~91n LLl?i~::;Vlll'JtJ'VlI1l~'fl-.:j9::;~'fl-.:j 
~ 

, ~ , 
Ln 11191 n;S'VlfiYi ~"lJ'fl-.:j'Vl1-'Vl L~U~Yl LL(;l n l?i1-.:jnu l?1-.:jtrWYi'flL "" LLe.JunI1'Vl11l~'fl-.:jnU1::;~'Vlfi1l1Yi~-.:j~ 111 

~ , 

Vlll'JtJ'VlI1l~'fl-.:j~tll~lH' ~'J1n~n'l=tru::;~JIL~~'flVl~'fl~~ltJ~~-.:jnU~ln~~11l (Homogenous) VI~'fl 

n ~'JI~ erULLU11::;~~I-.:jVlll'JtJ'Vl "'~'fl-.:j~tJ'fltJ~~ 111 VI~n~1 ~t1!"lJ'fl-.:j LLe.JUn11'Vl11l~'fl-.:jd~'fl n11~ '" 
'Vl1-'Vl L~u(;l1""nuVlll'JtJ'Vl "'~'fl-.:jVl~'fl~ "'Vlll'JtJ'VlI1l~'fl-.:j L ""nU'Vl1-'Vl L~U~9::;~'fl-.:j Luulutl1ltJ~~ 13Jn-n'fl 

~lnI1lL~mnUn11~~ , 

~~~~L""n11'Vl11l~'fl-.:jn a 'Vl1-'VlL~U~ (VI~'fl a 1::;I?1U) 

Treatment 2 

Y11 Y21 

Y12 Y22 

Y13 Y23 

Y1n Y2n 

Totals Y1 

n ~'fl ~IU'JUfh~-.:jLn(;lLULLl?i~::;'Vl1-'VlL~U~ 

Yij ~'fl fh~-.:jLn(;l~ j L~'fll~fU'Vl1-'VlL~U~ i 

a 

Yi1 Ya1 

Yi2 Ya2 

Yi3 Ya3 

Yin Van 

Yi Ya 

Sample means Y1 

Y2 

Y2 Yi Ya 

y .. = Grand Total 

y .. = Grand Mean 

Yij = f.l + 'ti + €ij ; i = 1,2, ... ,a 

j = 1,2, ... ,n 

tl1ltJ~ Yij ~'fl fh~-.:jLn(;l~ j L~'fll~fU'Vl1-'VlL~U~ i 

f.l ~'fl fiIL'U~m'J~"JJ'fl-.:j'YJnU1::;"lllm 

'ti ~'fl ;S'VlfiYi~re)ULnI1l91n'Vl1-'VlL~U~ i 

€ij ~'fl ~'JI~~~II1lL~~'flU~~ 

(1) 
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~, ., 
2. n1'i'il'e:InLLU'l.Jn1'i'VI~~'iI.:JLLlJlJlJ~'ilmu.J"U.JlJ·Hl.I (Randomized CompleteBlock . .. 

Design: RCB) 

L'UU1'1 mJ"Vl (1)~!l'l!ll"'l1.h:::~uU'1! Vll L~t1'"l rlUVIi.l'"lti mJ'YI (1)~!l'l~Li"hJ~ r'l'"ll~~Jl L~~!l 

vilL ~mJ'YI (1)~!l'l LLUU~~ 11l~!l (1) l~~1.h:::~YlfiJll~ LYh~ WJJ'~l LU'U Lti!l'l"'ll n WJl~ eJ'ULLtlJ''1J!l'l-n!l , 

, ... , 
~'"ltl ~'1 r'l'"l1~ eJ'ULL1.h~'"l'UVI~'1~"'l:::1th'"l~!lU rlU r'l'"l1~ r'l~1 (1) Lr'l~!l'U'1J!l'lm J'YI (1)~!l'l vilL ~ t-J~J''"l~ 

'IJ 

, ... 
'1J!l'l t-J ~U'"l n'lJ!l'l ri1~'1~!l'l'1J!l'l r'l'"l1~ r'l~1 (1) Lr'l~!l'U~ rll~'1~'U ~ t-J ~ [;)!l m J'YI (1)~!lUvilL ~ Ln (1) r'l'"l1~ ~ (1) 

'IJ 

" , , 
~~ 1 (1) 1~ ~'1'l!'U~'1 (;]!l'l~ ~ 1 tI1~ LLti n t-J ~'e1'ULn (1)"'l1 n;SYl fi~ ~~'U Vil~L-rlYi ~YI L~'U(;]!l!ln "'l1 n r'l'"l1 ~ 

LLUJ'UJ''"l'U~'1V1~ (1) L ~!lL ~ LL tJL"'l~l t-J~~ill~l';j Lr'lJ'l:::lft!'ULu'U;SYlfi~~'1J!l'lYi ~YI L~'U(;] (Treatment 

effect) LL[;)LYitl'l!lUl'1L~t1'"l LLt-J'UmJ'YI(1)~!l'lLLUUU~!ln~~ LU'U';jflVl~'1L'UVI~1t11 ';jfl'1J!l'lmJ' 

~ 1 LL'U nLLUU ~ !l'lYil 'I (Two-way classification) "'l :::Li L~!lVl tJ'"l t1Y1 (1) ~!l'l ~ r'l'"l1 ~ LLI1l n [;) 1'1 rl'U 2 
... 

~n'l=tru:::~!l Yll'1LL'U'"l'U!l'U (Row) LL~:::Yll'1LL'U'"l[;]'1 (Column) ~VI~nmJ'~!l ~t11t11~~(1)VltJ'"lti 

YI (1)~!l'l~~ r'l'"l1~ r'l~1t1 r'l~'1rl'UL ~!lUL 'Un~ ~ L~tI'"l rl'U ~'1"'l::: L~t1 n~l U ~!ln ~'1t!'UWJ1~ LLU J'UJ''"l'U . 'IJ , 

J':::VI~l'1V1tJ'"ltlYi (1)~!l'lL 'Uu~!lm~tI'"lrl'U~'1~ rll ~1 LL~:::L~ r'l'"l1~ LLl1ln [;)l'1J':::VI~l'1U~!ln~ rll~'1 L 'U 
'IJ 

... 
LL[;)~:::U~!lnm:::vil L(1)t1 ~~ nnll~"'l:::vilL ~ LLtin r'l'"l1~ LLl1ln [;)l'1J':::VI~l'1U~!ln!l!l n~l"'ll ntl!l (1)J''"l~ , 

~~~~L~mJ'YI(1)~!l'l~ a YI~YlL~'U(;] LL~::: b U~!ln 11l1~LLt-J'UJll~"'l:::L~'U~1~rll 

~'1Lnl1l 1 fPll[;)!l 1 YI~YlL~'U11l1'ULL[;)~:::U~!ln 

Block 1 Block 2 Block b 

Y II YI! Y lb 

Y21 
Y 21 

Y 2b 

Y31 
Y ll 

Y1b 

J'U~ 2.2 mJ'!l!lmLUUU~!lmLUU~~u1umr (U1J'L~P1 "1l~~1, 2545) 
~ ~ ~ ~ 

... 
V Q4 q.QI 

11l'"l LLUUYll'1~ tll1l'1J!l'l LLt-J'UmJ'YI (1)~!l'l'U r'l!l 



Yij = Jl + 'ti +~j + £ij ; i = 1,2, ... ,a 

j = 1,2, ... ,n 

L~U~ Yij ~'fl ~l~'lLnj;]~ j L~'fll~fuvi~'VlLl-J'W1Pl i 

Jl ~'fl ~lL'U~m'';ll-J'lJ'fl'l'VlmJ~:;'lllm 

'ti ~'fl ~'VlfiYi~'fl'WLn~lilln'Vl~'VlLl-J'W1Pl i 

~j ~'fl ~'VlfiYi~mnn~lillnU~'fln~ j 

£ij ~'fl Pl';lll-J Pl~l ~ LPl~'fl'W~l-J • 

3. nl'5''£l'tln LL'U'1.m1'5''Vlfl~'£l-3LL 'U'U LL -Wfl'V1'£lL~m~ (Factorial design) 
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(2) 

m~'fl'fln LLUU L=D'l LL~ Pl'Vl'flL~U~ dj'W~fim~'Vl ~~'fl'l~~th:;~'VlfiJllYi~'l~ ~ 1 'Wnnll~~uIil9u " , 
~'lLL~ 2 UIil9u~'WhJ L~U'Vln1 Treatment combination 'lJ'fl'lUIil9U'VlnL'l';l~~m111il:;~nYilill~ru l 
hJYi1'fll-J1 n'W 

I '" I I I '" I 

eJ~vhn~~'WlillnUIil9m'lil'l '\.'Il-J1U~'l mntJ~U'WLLtJ~'lvhn~~'WnueJ~j;]'flU'vhii~lillnm~ 

LtJ~U'W~:;~U'lJ'fl'lUIil9m1'W 1 ~'l~Un~l eJ~'\.'I~n (Main Effect) 1'Wm~'Vl~~'fl'l~~eJ~LLj;]n~1'l'lJ'fl'l 
I " I I I '" I 

eJ~j;]'fluvhii~~'Wu'W~:;~U~1'l1 'lJ'fl'luIil9u'\.'Iil'l~~11~Lvhn'WYl~:;~u~'W 1 vl'l'\.'ll-J~'lJ'fl'lUIil9U~'W 

~'l'\.'ll-J1U~'l eJ~j;]'ElU'lJ'fl'lUIil9U'\.'I~'l~'W'fl~nu~:;~U'lJ'fl'lUIil9U~'W 1 ~'WL'fl'l L~Um'\.'l~m~nrt1~l m~ 
~ 'fl'WmrnUl (Interaction) ~'fln'W~:;'\.'I~1'lUIil9U~L~U';l-n'fl'l L~U~l~'~~l'1 1 ~'flL'l';lLLtJ~j;]'flU 

~'W'fl'l L~'fl~UIil9U 2 L'l';l~'fl A LL~:; B L~mL~~:;UIil9U~ 2 ~:;~U~'El - '\.'I~'El ~1 LL~:; + '\.'I~'fl ~'l 

tJ~:;LU'll,r'lJ'fl'lm~'Vl ~~'fl'l LLUU LL~ Pl'Vl'fl L~U ~ ~'fl ~91'W';l'Wm~'Vl ~~'fl'l,J'flU n~lm~'Vl ~~'fl'l LLUU~'W 

LL~:;fi'l1,xeJ~~L~U';l-n'fl'l (Interaction effect) ~'l~mll-J~lr1'k!l-Jln LL~:;1~~1l-Jlnml~11~lilln 
" " m~'Vl~~'fl'lLLUULmUULYlUumh'l~lmL~:;m~'Vl~~'El'lYl~:;UIil9U (One factor at a time)vl'liltil 

'\.'Iln~m~~:;L~U eJ~'lJ'fl'l Interaction mlilyh 1,x-n'flMtJe:l~Yi~1 ~ , 

4. n1'5''£l'£lnLL'U'Un1'5''V1f1~'£l-3L~-3LL-Wfl'V1'£lL~tI~LL'U'U 2k (2k factorial design) 

m~'fl'flmLUULL~Pl'Vl'fl~U~~~Pl';lll-J~lr1'k!~~~~'fl nnil~~UIil9U K UIil9U ~'lLL~~:;UIil9U 

tJ~:;n'flU~';lU 2 ~:;~u ~:;~uL'\.'Irht1mlillil:;Lii~-nm-J~L:n'lt1hJ1ru L-n'W 'flru'\.'lJln Pl';lll-J~'W'\.'I~'flL';l~l " , " 

~:;~UIil:;LL'Vl'W~';lm':;~U~'l '\.'I1-'fl~1 'lJ'fl'lUIil9U'\.'I~'l 1 '\.'I~'flm~~ '\.'I1-'fl1~~ 'lJ'fl'luIil9m1'W 1 rl1~'W 1 

L~Yi~LPlj;]~U1U~nr~1'\.'1ftJm~'fl'flmLUU tJ~:;n'flU~';lu-n'fll-J~,r'l~'W 2 x 2 x 2 x .. . x 2 = 2k -n'fll-J~ 
'" " " 

L~Unm~'fl'flmLUU~n'l1ru:;t1~l m~'fl'flmLuuL=D'lLL~Pl'Vl'fl~U~LLUU 2k L~mil'\.'1'W~ 
1. UIil9U,r'l'\.'ll-J~~~1j;]1UL'l';l 



2. m~tl'emLL1J1JLU'WLL1J1JL:n\l~)J1J1\!~nr (Completely randomized) 

3. ~)J)J ~~1'WL~mn1J rl'Yn.J Lu'Wun ~ LU'W~Utl)Jf1Jl~ 

1. n1'ij;)'i'l'Uf'El'UfI'l1~~nj;j''El\l"ll'El\lltlLL'U'U (Model adequacy checking) 

"'l1n~)Jm~ Yij = 11 + 'ti + Eij ; i = 1,2, ... ,a 

j = 1,2, ... ,n 

LJ;)U~ Yij ~tl ~1~\lLn~~ j L~tll~f1Jyi~'VlL)J'WLPl i 

11 ~tl ~1L'U~m'J)J"lltl\lYJnU~:;"l!1m 

'ti ~tl ~'VlfiYH;~'el'WLnJ;)"'l1n'Vl1'VlL)J'WLPl i 
, 

... ... -J 
Eij rltl rl'J1)J rl~1 J;) Lrl~tl'W·~)J 

(3) 

~ , 
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1'Wm~tltlnLL1J1Jm~'Vl J;)~tl\l~'J'W1~nJ ,rm;1\l~)J)J ~~1'W1'Wm~fj Lrl~1:;,x"'l1nm~~ Y ~'J 

LLu~51mm~:;"'l1mL1JULL"'lnLL"'l\lUn~ (Normal Distribution) i11\l~'W y '"i:;51m~m:;"'l1mL1J1Jnl~ 
, 

lXtl\l1'IX E 51mm~:;"'l1mL1J1JUn~~'Ju LL~:;lXtl\lLU'Wm~m:;"'l1u.yhu'W~M:; Eij - NID (0,0
2

) 

~ 

m~~~'J"'l~tl1J Eij 51 3 'JJ'W~tl'W ~tl 

1.1 m~~~'J"'l~tl1Jmm~:;"'l1U~1 LU'WLL1JULL"'lnLL"'l\lU n~ (Normal Distribution) ~1-tl hJ 
~ 

LJ;)um~Hfjfim~i11\li1 

- m~'VlJ;)~tl1JLL1J1Jlrlf~LLrl'Jf ( x2 - Goodness of fit test) 

- m~'Vl J;)~tl1JLL1J1JLrl Ln L)J~tlyJ-~ L)Jtlf'WtlyJ (Koigomorov-Smirnov Test) 

- m~'VlJ;)~tl1JLJ;)uH'm:;J;)1~~~'J"'l~tl1Jm~LL"'lnLL"'l\lUn~ (Normality Probability 

Plot: NOPP) 

1.2 m~~~'J"'l~tl1Jrl'J1)JLU'W~M:; (Independent) L~u1-ifLL~'W1li'jmm~:;"'l1U (Scatter 
'IJ 

plot) LL~'J ~~ n~ru:;m~m:;"'l1U"lltl\l' J;)~ LL 'Vl'W-ntll.J~1J'WLL~'W1:Ji'j~1 LU'WtU LL1J1J~M:;~1-tl hJ 

1.3 m~~ ~'J"'l~tl1J rl'J1)J L~ nm"lltl\l rl'J1)J LLU~U~'J'W (Variance stability)LJ;)u1-if LL~'W1:J i'j 

m~m:;"'l1U ~1 r1J1)J rl~ 1 J;) Lrl~tl'W (Residual) 1 'WLL~~ :;~:;i111J"lltl\lt1"'l~U n1tui1\l"lltl\l 

mm ~:;"'l1U"lltl\l-ntl)J ~~tltln)J 1 hl LU'W~ n~ru:;"lltl\l n 1 n ~)J~'W~1-'el ~ J;) ~\l"lltl\l rl'J1)J LLU ~U 
'IJ 



, 
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2. n1"i'YI(;)~'fI1J"UJ)J~l1'\J (Hypothesis testing) 

nl)"Vl ~~~U~~~ ~~I'WL:n-.l~ (i~ LU'WC1~rJ LLCl~-.l~ L~rJ'Jnu rl'Jl~tll'"l:::LU'W"iJ~-.l ~'J LLUtLLUU 

~~~~rl'Jl~~~~'WfinUfOhvntli1LI1l~f~~lnn~I~1-~Lvhnu~ii-.l~I~ltli1LI1l~f~~~~~I'WLLtJ-.ll~ 
2 "llU~ ~~ 

• ~~~~~I'W~ri1~'W~ (Null hypothesis) Lu'W"if~~-.l~m,,1-~-If~~~~~L~mnu~n~ru::: 

~1-.l11'Wul':::"lllm~~~-.lnlt~~'"lU~I'"l1-.l~1-~hJ t"m1-if~'1.!~n~nr Ho 

• ~~~~~I'WLLtf-.l (Alternative hypothesis) LU'W-If~rl'Jl~~1-~rl'Jl~f)~L~mnU~ln 

i1 LI1l~f~~rr-.l~I'"l::: LU'W t~rJ'"l:::~~-.l~ rl'Jl~~~lrJ~ mJ-.lnu~~~ ~ ~1'W~ nl~'W~ t~rJ1-if 

~'1.!~n~nr H, 

t~rJ t~nI~~1-~ rl'Jl~tll'"l:::LU'W~'"l :::viln1tU~ L~fi~~~ ~~I'W~ nl~'W~ (Reject Ho) '"l:::~ n 

nl~'W~ t~rJt::: (1)U'I1rJ~1 f01'ru ~-.l LU'W t~ nI ~~1-~ rl'Jl~tll'"l::: LU'W~1!~rJ ~1 n~ ~1~ltli1 LI1l~f'"l::: I1ln~u 
~ ~ 

1'W"li'J-.l"iJ~-.lnltU~ L~fi~~~ ~~I'WLU'W'"l1-.l t~m~''J lu~n'"l :::vil nlnu~rJ'W"li'J-.l"lJ~-.lnltU~ L~fi~~~ ~ 
~1'W~1-~t:::(1)Url'Jl~~'I1rJ~lf01'ru LU'W~I~nn ~ L~~ 1ft'Wnlm.nrJu LVlrJu~1-~ ~ ~~'W1'"l~I'"l:::rJ~~fu 
~ ~"I 

~1-~u~ L~fi~~~ ~ ~1'W~ nl~'W~nlt~ ~~'W1 '"l~rJ~~fu~1-~u~ L~fi 
~~~~tjl'W~nl~'W~m'"lLn~rl'Jl~~~~~I~l~ 2 nnl1 ~~ 

~ 

• nn111 rl'Jl~~~~~I~~Ln~'"llnnltU~L~fi~~~~~I'W~nl~'W~ t~rJ~~~~~~I'W~ 
nl~'W~~rl'Jl~Cln~~-.l~1-~~rl'Jl~LU'W'"l1-.l L~rJn~1 rl'Jl~~~~~I~LLUU~ 1 (Type I 

~ 

, " 
Error) ~-.l rl'Jl,.1 ~ ~~~1 ~i1~~ t:::(1)U rl'Jl~~'I1rJ~1 f01'ru 1 'Wnltl1lt'J'"l~~U~~~ ~tjl'W 

~ ~ 

• nn112 rl'Jl~~~~~I~~Ln~'"llnnltrJ~~fu~~~~~I'W~nl~'W~ t~rJ~~~~~~I'W~ 
nl~'W~~rl'Jl~hJCln~~-.l~1-~hJ~rl'Jl~'"l1-.l L~rJn~1 rl'Jl~~~~~I~LLUU~ 2 (Type II 

" 

, 

a Co q = P (rl'Jl~t:J~~~I~LLUU'Vl 1) 

= P (nltU~L~fi~~~~~I'W~nl~'W~: ~~~~~I'W~nl~'W~~n~~-.l) 
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, 
= p (~,)I3JEJ(;1Yi~I(;1LL1J1JYl 2) 

= P (mJ'£1'el3Jt'1J~3J3J~lil'W~rilV1'W(;1: ~3J3J~lil'W~rilV1'W(;1hJnn~'el--l) 
~ ~ ~ 

L(;1£1~ 1 - ~ = 'ell'Wl'"l"lJ'el--lmJ'Yl(;1~'el1J 

= P (mJ'1.JBL~D~3J3J~~I'W~rilV1'W(;1: ~3J3J~~I'W~rilV1'W(;1~n~'el--l) 

3. nl~1Lfl'i1::~fl'lIJJLLtJ~tJ~'lU (Analysis of Variance: ANOVA) 

, ., 
[)I£1V1~--l'"llnYl1~'el'elmL1J1JmJ'Yl(;1~'el--l LL~::;.yhmJ'Yl (;1~'el--l LL~,) -n'W(;]'el hJn~'el mJ'Ul-n'el3J~ 

'IJ 

~J',)1JJ',)3J1~'"l1 n mJ'Yl (;1~'el--l3Jlf) L~J'1::;\f L~'elYl (;1~'el1Jt1£1~1 rl'1JYll--l~ n ~ V1t'elV11 LL 'W,) L tJ3J (;]'el hJL(;1£1 

H'V1~nmJ'"lJ'el--l ANOVA V1t'el mJ'rl(;1n'el£1 (Regression) mJ'f)L~J'I::;\fw.n3JLLUnh,)'WLu'Wf)fimJ' 
., 

~1'W')ruLL1J1JL~"lJ~rul?1 L(;1£1mJ'LL£1n~~J',)3Jril~--l~'el--ll1--lV13J(;1 (Total Sum of Square: SST) 'el'eln 

Lu'W~'h'W(;]1--l1 (;]13J LL V1~--l ril L~(;1V1t'el~1 L V1 ~ L(;1£1'"l::;f) L~J'I::;\f~lt1'"l9£11(;1iJ~Yl flYi ~ (;]'elmJ'Yl (;1~'el--l 

L(;1£1~'"l1 J'ru 1 ml3J LL(;1 n (;]1--l L(;1£1rJ (;1 ~') 13J LL(;1 n (;]1--l J'') 3J'el'el n3J 11'W J'U"lJ'el--l ~') 13J LLUJ'UJ',)'WLL~,) LL(;1 n 
~ 

., , 
1(;1iJ r113Jln n~1 LL~ (;1--l~IU'"l9£1t1'W.yh 1~ Ln (;1 ~,)I3J LL(;1n (;]1--l L(;1£1iJ ~~ (;]'elr11 L'U~£1ril~--l~'el--l (Mean 

Square; M) ~--l LU'W~,)~UJ'::;3Jlrur11~,)I3J LLUJ'UJ'')'W~~~~(;1 

MSS = ss/df (4) 

Ln'el ss ~'el ~~J',)3Jril~--l~'el--l (Sum of square) 

df ~'el 'el--lP!I"lJ~--l~,)I3J~M::; (Degree of freedom) 

~ 13Jl J'n'elfl1Jl£1 m J'f) L~ J'1::;\f ~') 13J LLU J'uJ',)'W"lJ'el--l LL(;]~::; LL1J1J m J'Yl (;1 ~'el1J 1~ (;)--l~ 

3.1. nl~'VIj;J~~-3LL'U'U'14JJ?tJJ'U~tU (Completely Randomized Design: CRD) . " 
., , 

~13J1J'mL£1n ~,)I3J LLUJ'UJ',)'Wl1--lV13J (;1'el'el mu'W 2 ~,)'W ~'el ~,)I3J LLUJ'UJ',)'WL -W'el--l'"l1 nmJ' 

1 ~Yl ~Yl L3J'W~ (;]1--l now LL~::;~,)I3J LLUJ'UJ',)'WL ~'el--l'"l1 n ~,)I3J ~ ~1 (;1 L~~'el'W"lJ'el--l nl J'Yl (;1~ 'el--l nlJ'~~I--l (;11 

J'1--lmJ'f) L~J'I::;\f ~,)I3J LLUJ'UJ',)'WLL1J1J~iJ~YlflYi~ LU'Wr11 ~--l~ (Fixed Effect Model) 

Yij = 11 + 'ti + £ij ; i = 1,2, ... ,a 

j = 1,2, .. . ,n 

L(;1£1~ Yij ~'el r11~--lLn(;1~ j Ln'el1~t'1JYl~YlL3J'W~ i 

11 ~'el rilL'U~m'J3J"lJ'el--l'YJnUJ'::;"lIlm 

'ti ~'el ~YlflYi~'el'WLn (;1'"llnYl~Yl L3J'W~ i 

£ij ~'el ~'JI3J~~I(;1L~~'el~3J 

(5) 
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1 \.lm1~ Lr111::;\f9::;vil LlntJ m1LLU\I ml~ ~\.lLLUn~'\I~~ In'il'fl\l ril~\1 Ln (;I'fl'fln LU\.l~,)\.l1 LlntJ 

9 ::;lil~\.l1n r1,)I~ ~\.lLLU 11 ~vr\l~~ In'il'fl\l ri 1~\I Ln (;11 \.l1U'il'fl\l eJrl1,)~ Ii 1 ~\I ~'fl\lvr\l~~ In (The Total 
'II 

Sum of Squares) SSTLlntJ~ 

, 
oil 

SST = [Ir=1 I'=1Yi~] - ~) 
SStr = ~ [If=1y/J - (~) 

L~'fl SST = Total Sum of Squares 

SStr = Sum of Square Treatment 

SSE = Sum of Square Error 

0-

(6) 

(7) 

(8) 

~lnril Fa < Fa, V1 ,V2 LL~')ii'fl~lu9r.rmr\.l1~ileJrl ~1~11ntJ'fl~f1J Null hypothesis 1~ 

Source of Sum of Degree of 
Mean Squares 

Variation Squares Freedom Fo 

(SOV) (SS) (4r) 
(MS) 

Treatment SSTI' a-I MSrr 

Error SSE MSE 
MSrr IMSE 

N-a 

Total SSr N-l 

a, .. 
3,2, n1~'V1(;l~'tI-.3LLUUU~'tImUJ1aJU~tu (Randomized Complete Block Design: . .. 

RCB, RCBD) 

LLtJn r1,)I~ LLU1U1')\.l'fl'flmU\.l 3 ~,)\.l ~'fl r1,)I~ LLU1U1')\.lLi'l'fl\l91 n m11 ~vi~Y1 L~\.l~ ~1\1 rl\.l 

fOl') 1 ~ LL U ~U ~') \.l L i'l'fl\l91 n m ~1J ~'fl n LLrl::; fOl ') 1 ~ LL U ~U ~') \.l L i'l'fl \191 n r1 ') 1 ~ r1 rlll?1 Lr1 ~ 'fl\.l 'il 'fl\l m ~ 



n1J'~~1~ l'l1J'1,' n1J'~ Lm1::;lf rl'.l13-J LLUJ'1h'.l'WLL1J1J~iJ~'VlfiYi~ dj'W~1 rl~~ (Fixed effect 

model) 

Yij = /-l + 'ti +~j + £ij ; i = 1,2, ... ,a 

j = 1,2, ... ,n 

L~rJ~ Yij ~tl ~1~~Lnl'l~ j L~tll~f1J'Vl~'VlL3-J'Wi?l i 

/-l ~tl ~1L~~m'.l3-J"lJtl~'YJnUJ'::;'1l1m 

'ti ~tl ~'VlfiYi~~'WLn~91n'Vl~'VlL3-J'Wi?l i 

~j ~tl ~'VlfiYi~n1J'Ln~91n1J~tln~ j 
, 

.... .... -J 
£ij rltl rl'.l13-J rl~1 ~ Lrl~tl'W'~3-J 

(9) 
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1 'Wn1J'~ Lrln::;lf9::;vh L~rJ n1J'LLtl~ rl'.l13-J er'WLLUJ'~~~3-J ~"lJtl~ ~1~~ Ln l'ltltl n dj'W~'.l'W1 L~rJ9::;ri1~'W~ 

rl'.l13-Jer'WLLUJ'~~~3-J~"lJtl~~1~~Lnl'l1'WJ'U"lJtl~~~J''.l3-Jri1~~~~~3-J~ (Total Sum of Squares) L~rJ~ 
'IJ 

SST = [If=l L1= lYi~ ] - ~) 
SStr = ~ [Lf=l yl l - ~) 
SSB = ~ [L1= 1)~n - (~) 
SSE = SST - SStr - SSB 

, .... 
L3-Jtl SST = Total sum of squares 

SStr = Sum of square treatment 

SSB = Sum of square block 

SSE = Sum of square error 

" 

(10) 

(11 ) 

(12) 

(13) 

~1n~1 FO < F a, V1 ,V2 LL~'.l ~tl~1if9r.rmr'WhJiJ~~ ~13-J1J'blrJtl3-Jf1J Null hypothesis 1~ 
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2545) 

Source of Sum of Degree of 
Mean Squares 

Variation Squares Freedom Fo 

(SOT-) (SS) (df) 
(AtS) 

Treatment SSTI' a -1 MSrr 

Block SSB MSB 
A1STI 1 MSE 

b -1 

Error SSE (a-1Xb-1) 
MSB I MSE 

MSE 

Total SST N-1 

3.3. n1'i'VI~~"NLL1J1JLLyJfI'VI'£lL~!.I~ (Factorial experiment) 

~ , 
~1~ 1 ~n LL!m rl'J1~ LL1.hu~'J'W~-lVl~ 1?1'el'el n Lil'Wrl'J 1~ LLU~U~'J'WL n'el-llOl1 nuIOl4'u rl'J 1~ rl'i'l11?1 

Lrl ~'el'W'lI'el-l n1~YlI?1 'i'l'el-l n1~~ ~1-l m~1-l n1 ~';j Lrl ~1:;,x rl'J 1~ LLU ~u~'J'Wn nu ~S1 r;l'J LLU ~ 2 r;l'J 'lI'el-l r;l'J 

LLUnL1.J1.J~S1~YlfiYi'i'l Lil't~~1 rl-l~ (Fixed Effect Mode) 

Yij = Il + 'ti +~j + ('t~)ij + Eijk ; i = 1,2, ... ,a 

j = 1,2, ... ,b 

k = 1,2, ... ,n 
, , 

..::II I % .GIll ~ ~ '"'..... q .. 
Yij rl'el rl1·c;-lLn(;1Yl j L~'el bl?1mYl~YlL~'W(;l i 

Il ~'el ~1L'U~m'J~'lI'el-lVJnU~:;"ll1m 

'ti ~'el ~YlfiYi'i'l'll'el-lU'"14'u A ~Lnl?11Ol1nYl~YlL~'Wl'l i 

~j ~'el ~YlfiYi'i'l'll'el-lUlOl4'u B ~Lnl?11Ol1nYl~YlL~'Wl'l j 

(14) 

('t~)ij ~'el ~YlfiYi'i'li'J~'lI'el-lUlOl4'u A ~Lnl?11Ol1nYl~YlL~'Wl'l~ i LL'i'l:; 

UIOl4'UB vhnr;)IOl1n Yl~YlL~'Wl'l~ j 

Eijk ~'el rl'J1~ rl'i'l1 r;) Lrl~'el'W~~ 



SST = [Lf=l L'=l~=d'l~k] - (~) 
SSA = ~ fLf=lYt"l - (d~2n) 

1 [II ] (y2) 
SSB = ~ Lj=lYiJ - abn 

SSsubtotal =;[Lf=lL'=lYi~] - (a~n) 
SSAB = SSsubtotal - SSA -SSB 

" 

(15) 

(16) 

(17) 

(18) 

(19) 

(20) 
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'\Inn FO < F a, V1 ,V2 Lb~'.ln'el~It1'"l~u,r't.JhJij~~ ~1l-JI~tlU'ell-JflJ Null hypothesisl~ 

(;l1~1'1~ 2.5 n1~~Lf1In:;'lff1l'.lIl-JLLUnh'.l't.J ~1~flJ Two-fixed effect model (ulnl-JPl1~ 

l-J1, 2545) 

Source of Sum of Degree of 
Mean Squares 

Variation Squares Freedom Fo 

(SOv) (S5) (df) 
(At5) 

A S5A a-I i\1SA 

B MSB 

M5.~ IMS£ 
S5B b -1 

AB (a-1Xb-l) 
MSB IM5£ 

55.iB MS.4B 

Error ab(n-1) 
MSAB I M5£ 

SSE 1\15£ 

Total SST obn -1 



n11'Vl~~'elUrl(Yl~bbl?ln~I'l'Vl "N1.h::;~I'Vl~~~~'lJ'el'l~~I?lJlru,] (U11ru tll'l.m.r;l'el'l , 2547) 

9~dj-Wn11'Vl~~'elU~m~tJrlr;Jl~l~mn'el'l ~'W (Primary sensation) 'lJ'el'l~~'jj'cl' t~tJl~ ~'el'lm ~tJ 
-n'el~rl~I'l:S'l bb~b~'el'l'"lln~'W'jj'cl'~::;~~U1::;~Un1mr rlr;JI~~1 rlr;JI~~'WbrltJ ~luy'hl~bn~n11 
'IJ' , 

" ~ ~'W1 rlr;JI~~I~1 Hll 'Wn111?l'elU~'W'el'l Hlrl::; b~tJ ~~nn~'W vill ~n1 fu~~ ~'W11u dj'Wn11~1 bb'Wn 
'IJ 
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(Discri mi nation) ~'l~1~11n~1 bb 'Wn rlr;Jl~ bbl?ln ~1'l'lJ'el'l i?lr;J ~'Vl ~~'elU b'el'l '"l'Wbn ~ dj'Wrlr;JI~~I'WI'1! 

rlr;Jl~lr;J rlr;Jl~tl'el'Wl~r;J (Sensitivity response) ~~1~11nH1'Wn11~lbb'Wn~~I?lJlru'Vl1~ 1~ 

~lbb'Wn~fin11'Vl~~'elUrlr;Jl~bbl?ln~I'l'lJ'el'l~~I?lJlru']btJ'W 2 n~~ ~'el , 

1. 1fin1'1'V1~~'£l'lJf'l'J1~LL~n~h,:j1~!.I'1/nJ (Overall difference test) 

~~ltJti'l m1'Vl~~'elUrlr;JI~LLl?ln~I'lt~mr;JI~'lJ'el'l~~I?lJlru']~I~ ~1'ell~ mviL-ri'W 

" ~::;'WIr;J~rli1LLl?ln~I'llu'"lln~::;'WIr;J~~~1'ell~ (bbl?ln~I'l / l~Lbl?ln~I'l) 

JI~::;'WIr;J~1?l1 A Lbl?ln~I'llu'"llnJI~::;'WIr;J~1?l1 B ~1'ell~ (~ ;1~~) 
n111?l'elU~'W'el'l~'elrlr;Jl~l~n~'ln~lr;JbtJ'Wml?l'elU~'W'el'ln~I'l 1 t~tJl~b'"lI::;'"l'l~n'jj'ru::;~yh 

l~b~'W ~1'elLn~rlr;JI~~~n~lbbl?ln~I'l bbrl::;u1::;~I'Vl~~~~'lJ'el'lrl'W~r;Jlu~'lbb~rl::;rl'W'"l::;~rlr;JI~~~nlr;J 
'IJ 'IJ 

2. 1fin1'1'V1~~'£l'lJ f'l'J1~ LLlJln~1,:j 1~!.I~1L 'V"41~~n'l:ttu~L';l'Vn~~1'U (Attribute 

difference test) 

~~ltJti'l n11'Vl ~~'elUrlr;Jl~ bbl?ln~I'l t~m'"lI::;'"l'l~n'jj'ru::;'lJ'el'l~~ I?lJlru']~1 thYi'"l11rul 

" flltJl~~n'jj'ru::;'I1'W 1 ~~I?lJlru']~rlr;JI~LLl?ln~I'ln'W~1'ell~ mviL-ri'W 

1 . 

2. 

3. 

4. 

" " " lll~::;'WIr;J~m A bbrl::;lll~::;'W1r;J~1?l1 B ~1?l1l~bmmn~1 (A / B) 
'IJ 'IJ 'IJ 

rr~rlr;Jl~lr;J'lJ'el'l~'Vl~~'elU (Sensitivity of panelist) 
'IJ 

, _ I _ _ ~q.q ,11 

r;J ~rlr;Jl~ LLl?lnl?ll'l'lJ'el'l ~rll?lflru'Vl'Vl~rlr;Jl~ Lbl?lnm'l'W'eltJ 1 

rr ~ rlr;Jl~ L ~i1'el'Wn'W'lJ'el'l ~~ I?lJl ru,] ~~ rlr;Jl~ bbl?ln ~1'l~'eltJ'"l'W~'l Ln 1?l1~'Yiu 

rr ~~n'jj'ru::;rlr;Jl~ bbl?ln ~1'l1::;~~1'l ~~ I?lJlru,] tll~I~11nfun~ 
'IJ 
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~m~ru::fil'J1~LLj;'\n~h'l'lJ'el'H,J~j;'\Jlru"r.l'WLn~Lilw~-nTW1tlJn1~ (Expert / trained assessor) ~'lH' 

1 \.m1~f) Lfil~1::oJ filru1l1Yi e.J~ j;'\Jl ru" rJlTwfilru1l1YiYl1'l1.h::~nvl~~ er~ j;]'el1tl , . 
2.6.1 n1'iYl61~'El'Ufl'l1~LL(;Inr;h~161tl'i'nJ (Overall difference test) 

n1~Yl ~~'el'U fil'J1~ LLj;'\n j;]1'l L~t1~'J~ '\ .. "~'eln1~Yl ~~'elU fil'J1~ LLj;'\n j;] 1'1 '"l1'l (True difference 

test) "'~1 tI n'l n1 ~Yl ~~'elU fil'J 1~ LLj;'\n j;]1'l'lJ'el'l e.J~ j;'\Jl ru'Yl1~t1hj L'"l1::'"l'l~ n~ru:: L~Yi1::'lJ'el'l e.J ~ j;'\ 
~ ~ 

Jl ru" f)fii1rJ~'el~numruj;]'el1tli1 

1 . l' ~ fil 'J 1 ~ LL j;'\ n j;] 1 '1 'lJ 'el '1 e.J ~ j;'\.n ru" ~ rJ fil 'J 1 ~ LL j;'\ n j;] 1 '1 i.l 'el tI 1 hj ~ 1 ~ 1 Hl ~:: lJ 
... ..J, ~ ... 
'€'ln~ru::Yl LLj;'\nj;'\1'l L~Yi1:: b~ 

2. 1'~fil'J1~miJ'el'\.J'lJ'el'le.J~j;'\.nru"~~'lLnj;'\fil'J1~LLj;'\nj;]1'lhjYiU 

3 . 1'~fil'J1~1'J'lJ'el'l~Yl~~'el'UL~'elr1~L~'elnn~~~Yl~~'elU 
~ , ~ 

...... 

I 
'Di:l~!Ji'ltlth-.l (91U'ltm.hLuu)/ ~fim'l'LLU'l'~flvn-.l~ii&i 'lfim'l''''~~tlU 

~ 

~n~ru::!Ji'l'1ltJ1-.l One- Two- Chi-

tailed tailed square 

1. Same - Diffence test 2 (2XULLUU) 
./ ./ 

(Pair comparison) M,BB/AB, BA 

2. "A"- "Not A" test 2 (2XULLUU) 
./ ./ 

"A", "Not A" 

3. Duo-trio Test 2 (2XULLUU) 
./ ./ 

RAB, RBA (Constant R) 

4 . Triangle test 2 (3XULLUU) 

MB, ABA. BM (B= Odd sample) ./ ./ 

BBA, BAB, ABB (A= Odd sample) 

5. Two out of five test 2 (10 XUUUU) 

AAABB ABABA BBBM BABAB 

MBAB BMBA BBABA ABBAB 

ABMB ABBM BABBA BMBB ./ ./ 

BAAAB BABM ABBBA ABABB 

MBBA BBAAA BBMB MBBB 

(3A. 2B) I (3B,2A) 
I 
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.,j . 

2.6.1.1 n1'iVlfl""'£ltJ LL tJtJ""13.JL 'VI~tJ3.J (Triangle test) 
, 

n1~'Vl~IM.l1JLLtJtJ~1).JL'j..\~m.J 'j..\).J1tJ~'1 n1~'Vl~~!l1Jrl,)1).JLL~n~1'1"1J!l'l[;],)!l~1'1 2 [;]') 

!l~1'1~!l [;],)!l~1'1 A LLf'l:; B LL~4'~L~'W!l[;],)!l~1'11'W~m~ru:; 3 ~'W ~!l iJ[;],)!l~1'1b'j..\n!l'Wn'W 2 [;]') 
, 

!l~1'1 (AA, BB) LLf'l:;~n[;],)!l~1'1L~m (odd sample) 

~m~ru:;n1~4'~L~'W!l[;],)!l~1'14'~L~tJ'Im).J~u~ 2.3 ~'1LL~f'l:;[;],)!l~1'1~:;rlm:;1J~')mf'l"1J~).J 
\J 'lI"" 

" 
3 'j..\~n 4'~L~'W!l~¥!l).Jihu,)'WU1mLf'l:;rf'".ltJ1~"1JtJ:; 

~ ~ ~ . . ,.0 ' \~~~.~ \\ 
624 801 199 ~ ~ 

~m~ru:;n1~'Vl ~~!l1J 

LLUUYli1lfH1U 

LL~:-;~Ufltl 

1. 4'~[;],)!l~1'1L~'W!l~'Vl~~!l1Jm).J~ULL1J1J1'Wm~1'1~ 2.6 L~tJ4'~1~iJ[;],)L'j..\n!l'W 2 [;]') 
'IJ 'IJ 

, 
I .o:.M t,.I ..... 

!ltJ1'1 L~!lL')'W~:;tJ:;~n 

4 . ~Ubb1J1J"1J!l'lLL1J1J'Vl~~!l1Jm).J~u~ 2.4 
'IJ 'IJ 



'friangJe Test 

1~~LLtJtJ'YI~~'iltJ .......... ............ . 

'l!il~vl'"l'ilEh-.1 ............................ . 

o o 

, 
w ... 

'"l'W'YI ..... . ......................... . 

v .." 
n"~ / 'l!'il~'Yl~M)tJ ...... ... .... .... .. ..... . 

o 

H'ln111..:1 Triangle test ~1'fl One-tailed binomial test (ln111..:1~n~~ 1 Inri 

t~t1'l1u~1'W')'W~'YI~~'flu~In'flu~n ~'fl L~'fln Odd sample l~~n~'fl..:l LL~,)U1~,) 
" L~"IJ1tlLmtiu LYltiUrlU ~11'Wln111..:1 t~t1Yi911ru1 ~..:I\1 

, 
t'flm~YlIn'flutln~'fl..:l = .. 1/3 (Probability of guessing = 1/3) 

Ho (null hypothesis) = P = 1/3, q = 2/3 , ~')'flth..:lhjLLlnnIPh..:lrl'W 
- I q I _ 

LL~~ Ha (alternative hypothesis) = p> 1/3 , m'fltl1..:1~rI')1~LLlnnln1..:1n'W 

" ~..:I'l1'W rh~1'W,)'W~L~'fln Odd 1~Cln~'fl..:lil~1nn~1rhl'Wm11..:1 fi9~tJjiL~fi Ho .... d..I 

(~')'flth..:ll~LLlnn~1..:1rl'W) LL~~t1'fl~fu Ha (~')'fl~1..:1ilrl')1~LLlnn~1..:1rl'W) 

50 
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, , 
.dI .dI 1.1 ...eM 

Lrl~'e)~~'e)(;11'Wn1~rl,)1Jf)~f)ruI11~ LL~::;n1~'e)'e)mL1J1Jn1~Yl(;1~'e)~ (Design of experiment) L~'e)'j..\1 

t1'"l~tI~Yi11~Ln(;1rl,)1~C1(;1~~1(;1 LL~::;lh::;~')~~~~')tI hhLLm~ Minitab r.nnn1~~m~1Yi11~ 

Yln1J(i~t1'"l~tI~~~~~ 1~Ln (;1~1'W')'W~'e)1Jn~~'e)~ ~'e)'e)ru'j..\I1i:jn1~Yi~;{ LL~::;LLN ~~'1J'e)~~~~ ~~'"l1n . .. 

rl,)1~ L~tJ')~'e)~n1J~1'W~~tln~'e)~ n1~Hfjfin1~'e)'e)n LL1J1Jn1 ~Yl (;1~'e)~ L~'e) ~m~nt1'"l~tI'1J'e)~ 

~fin1n;1~1'WLL1J1J1 mJ~13J~~ ~~ 1~ ~') LLlh(;l'e)1J~'W'e)~~'W~ ~1 LL(;ln l'l1~'"l1n~fin1~vi1~1'WLL1J1J L~~ 

LL~::;lh::;Li:j'W~~~')tlhhLLm~mlLLYlU (Minitab) L-ri'WL~tJ')n'W ~~'"l1nn1~~m~1~11u~n1~~~1~ 
" 

2. "llry1~ 'j..\~~U~::;~~.! (2551) 

vi1 n1~~n~1 L~''e)~n1~~ (;1 rl,)1~ rl~1 (;1 Lrl~'e)'W1 'Wm::;1J,)'Wn1~~ (;1 LLl'l~ L~'W~LL~'W(;l1 L(;1t1'j..\~n 

LLn'W'1J'e)~ L~'W~~ Ln (;1~'W1 'Wm::;1J,)'Wn1~~ (;1 LLl'l~ L~'W~LL~'W(;l1 L(;1t1 L~'e)n n1~'e)'e) n LL1J1Jn1~Yl (;1~'e)~ L:n~ 

LLyjrlYl'e)L1t1~LL1J1J 2k (2k Fraction Factorial Design) ~n~11'Wm::;1J,)'Wn1~1J~'e)m~'W~ LL~::;n1~ 

~(;1L~'W~ ~1J~1 t1'"l~tI~~~~l'l'e)m::;1J,)'Wn1~1J~'e)m~'W~~'e) "llU(;1'1J'e)~Lrli'e)~~m LL~::; Function

'1J'e)~ Lrli'e)~~m LL~::;t1'"l~tI~~ ~~ l'l'e) m::;1J,)'Wn1~~(;1 L~'W~~'e)"llU(;1'1J'e)~ Lrli'e)~~m LL~::;'1J'W1(;1'1J'e)~ 

Clamp 'j..\~~'"l1nuf1Ju~~t1'"l~tI~~ ~~ l'l'e)n1~rl~1 (;1 Lrl~'e)'W vi11~~1~1nl~ (;1 ~1 Lntl~ L1J'W L(;1t1 L'U~tI 
'1J'e)~~1 Axis ~(;1~~ 18.66%1'Wm::;1J,)'Wn1~1J~'e)m~'W~ LL~::; ~(;1~1Lntl~L1J'WL(;1m'U~tI'1J'e)~~1 Axis 

'1J'e)~L~'W~~(;1~~ 13.42% 1'Wm::;1J,)'Wn1~~(;1L~'W~ 

rl,)1~ b~tI')~'e)~n1J~1'W~~tln~'e) n 1~f01 (;1 L~'e) n'j..\1~1 m ~'1J'e)~t1ry'j..\1~ Ln (;1'"l1n rl,)1~ rl~1 (;1 

Lrl~'e)'W L(;1t1 n1~ H' LL~'W~'~ r.1~U~ 1 LL~::;~ n1 ~ 1-irJfi n1 ~'e)'e)n LL1J1J n1~Yl (;1 ~'e)~ L~'e) ~ n~1t1'"l~tI'1J'e)~~fi 

n1~vi1~1'W LL~::;U ~::;Li:j'W~ ~ ~')tlLUnLn~~i:jULL YlU (Minitab) L-ri'WL~ tI') n'W 'W'e)n'"l1 nn~~~ n1~ 
~ Lrl~1::;lf(i~ Process capability L~'e)U'W~'W~1~ Lrln::;lfYl1~ f)ruI11~~1~ LYl tl1Jn1J-if'e)ri1'j..\'W(;1Yl1~ 

rlruI11~L~~ • 



n~~'~~n~nL~ G£ ,ltlVCe,6 
" 

l!l~f':16LUI:-~L~I'C~m6LI'CL~I'CLe,l!l~~" %9' ~ ~ ,ltltl'Ce,611~1 S8!J8S U88J8 I1m'I'C~LlA.nlA."~U['~~6f1 

• 11~' e,~ l!l ~f':16LUnt L~L~e,,~ ~l16LI'CL~ Ue,~~l~I:-~~l!l' 1:-~rr.L~ 1:-~6LU~L~UI1~6f1,ltlt ~~, ~11~' ~[., 
~ I ~ I 

'" , L\ell:-~ S9G nl::'~I1~'~["L\elI:-~ 09G UL~nl1~f1' t? ~e,~J~l!l'l!l~I:-~IT.t:L1k1.ru~~~" ~11~'~["L\elI:-~ 

no 110 II 1\ 

SSG nl::'~I1~'~["L\elI:-~ 09G UL~nl1~f1' £ ~e,~J~~'l!l~I:-~rr.t:L1k1.ru~ !:1Ln~~6l!l1'C' 0' ~ ~~,ltlt~~I:-~ 

'" . '" t:L1k1.ru ~~ ~" ra ~1:-l!l!:1L ~e" ~~ ~ f':1 ~ !:111}~DI:-~rr.Jn~I'C~I'CLe,l!lI:-~rr.J~ ~L\el ~U1l!lI:-LlA.I:-~~L ~l1m' I:-L~ ~ 
, , 

'" . l16LI'CL~I:-~~~lA.6LUUL~~f':1 nLMI1L~I:-~rr.e,6'I'CLe,l!l~~" t? lA.e,~6~~'l!l~I:-~IT.I'CL1k1.ru~ £ lA.e,l!l6~l!l' I:' r ,..., tt=t' ~ r ...... 
'" . ~~I:-~IT.t:L1k1.ru~ ~",ltltl1}~D £ ~ £G ~11~'~lA.l!l~"I:-~'I:-~~~lA.6LUl1mW~~6LUI1~11:-~~~lA.6Lunt 

H~I1}~D L~I1MnJtlI:-LJ:I:-~~~ lA.6LUUL~ e,~~1~1:-~~l!l' 1:-~1T.l!l~f':16LUI:-~L~I'C~m6LI'CL~~~~ ~11~' ~[., 

II At n. II n. 

L\ell:-~ OL n~'~t~~I:-~t:L1k1.ru~~~" !:1Ln~ O£ nl::'!:1Ln~ O~ UL~ra~I:-l!l~L~e,'I'C~m~' !:1Ln~~ 

6l!l1'C' 9'0 nl::'!:1Ln~~~6l!l1'C' 0' ~ UL.~I:-~L~e,~~11:-~~l!l'I:-~lT.nLMI1L~I:-~rr.e,~'I'CLe,l!l~~6LUI1~111e,,ltl 

n.1t It n. n. b n. 

f1tI'CLl!ln~I:-~~~6f111~' e,~ l!l ~f':16Lunt e, .. ~~ 1~6LUI:-~IT.~ ~I:-~ t:L1k1.ru~~ ~" ra~l:-l!l ~L~e,'~t ~f':1I:-~ n~ 
" ' " n. II n... It At n. II n. 

l:-~jWU~6lA.U~' ~I'CUUk1.L~~ ~nt e,~~1~L~6LUI:-~rr.t:L1k1.ru~uL~I:-~?' ~ ~1:-~t:lJk1.ru ~~~" ra~l:-l!l ~ 

L~e" ~~e,~ G ~tn~~I:-~n~I1~l!l6f1"e,~~11~1 (U5!S8P leIJOpe::J) ~11~'~lA.l!l~"I:-~'I:-~~~lA.6LUl1m' 

• • U~~6LUl!lUl!llA.'HI:-~ e,~~1~1:-~~l!l'I:-~rr.l!l~f':16LUI:-~L~1:-6f111,ff1~~'JlI:-~~6f1l1l!l~~UI1~~6LU 
I I I .... 

(6t?SG) ~1'C~1I'C~ JlA.l~'9 

nJtlnl::' I:-~ 

'" '" nrr.6LU~~" 11~l!l6LU 1'C~~LI'Ck1.' ~t~6LUne,I1~Wl1m' U~~6LUUL~6Lune,I1~Wn t L~f1' ru~I'CLe,l!l 

. '" '" nL,ltl ~L Mt!.' l1~l,ltltnLI:-L ~6 LU 1:-6f111,f f16L un Ut L I'CL ~l16LI'CL ~ I:-~ 6LU~6 f1 L I:-~L ~f1' ru ~ I'CLe,l!l 
, " 

• ~ ~6 LU~ ~ e,n "~Ll!l U 11~6f16LU I:-~rr.~ ~ e,n" I:-L ra~e,~nl::' ~~UI1 }~nLI:-I11!t-~J:e,I1~' I'CLe,l!l 
" , 

l'C~ra~ Lnrr.~~" I:-L~U~ LnlT.~~k1.L~~I11!,ltl~tf1t L!bl16LI'CL~~ t 6L~U~' 1111~6I1m' 

U~~~ ~" Ln~ ~~~, L~f1' flJ ~I'CLe,l!l ~ ~ 11e,f!-LI'CL~!:16L~U ~ ml1~6~~" n~~n!-t-lf1I1,ff1~~'m~~~ lA. 
, , " 10 f\ It b 

f1tL~ L~f1' ru~I'CLe,l!l~ ~~~16LU~}6Luntl1e,f!-~~t-~~l!lml::' MLlJrul!l~~t-~~l!l'~~" t-~l!lt-l!l~ ~~ 

. '" '" 6Lk1.f.116LU 6LUk1.L~~ ~I'CUU e,\el ~l!lUl!llA. ,~t~~" n~~n!-Lk1.I'C~~M 6LU~6f1~~' t-~L~f1' ru~I'CLe,l!l 

" " 
~.g11lA.111!I1I1!:1mI1W'J1.~L6l!l'~ 5u!ddew Al!,,!pe SS880Jd t-~rr.t-LlA.e,m'HI1~lL.gU~WWt-L~L~ 

t-~~l!l' ~ ~ f':1nLt-t-61 L.gU~WW~tl1~l ,ltltl'C~ra~ Lnrr.~ ~" t-L~U ~ Lnrr.~~k1.L~~I11!~tf1t L!bl16LI'CL~ 

~t L~n~t-~rr.t-~fMUI1~J:~~" 1'C~~LI'Ck1.'~t~e,k1.tn~~l!l16LU nl::'L~~WI:-~l!lt-l!lL~n~ 1'C~~LI'Ck1.'~t 

~6Lune,I1~6U t-~nIT.6LU 11~l!l~ULU f1tn~WLI'C~l!l~f':16LU ~",ltltn9 6LU~6f1~~'I:-~L~f1,flJ~I'CLe,l!l 
, , " 

110 6'P 10 n. 
1'Cl!l 11e,l!lnL!J6l!l LI'CI:-L~ ~~~" L~f1' ru ~ I'CLe,l!l ~ ~6 LUl1mmJtl Ln~ ~L.gU~ ~~' 11}~nLI:-L~ 

(£t?SG) ~~m~'~flJh ~UXJglA.~'£ 

GS 
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f)'J1).J L~ £J'J;r'tl-l nU-l1tJ1~£J~~'tl LUtJ~'J'tl~1-l'lJ'tl-l n1'iL-D' L'Vl f)Qf) n1'i'tl'tln LLUUn1'i'Vl ~f'l'tl-l 

LLf'l~l11L~ Ln~ LLtJ'Jiioi ~mn~).J'tlru~Jli1 L~'tl1 Lf)'i1~,xt19~£J (;l'tlU~tJ'tl-l ~'tl L'Jf'l1 ~-l ~f'lL~ Ln ~m'if'l ~ . " 

7 . ~'l!1~ LL'1iLL~, (2548) , 

" , , 
L~£J ~'Vl1tJ"1I'tl-ln~'tl-lm~m'l!tf'ln~n L ~~~tJ LLf'l~f'l ~m'i~ ru L~£J LLN L~£J ~'Vl1tJL~i1'tl£JY1~ ~ reltJLil'tl-l 

\J " \I aI __ 

).J191 n~t19~£J~~ ~f'lm~'VlU ~'tl LLN L~£J ~'Vl1tJ~f'l1£Jt19~ £J ~-l,rtJ9-lL~~ m'ioW1~~ nm'i'Vl1-l~tl ~ 

LLf'l ~ LL tJ'J'Vl1-l'lJ'tl-l m 'i'tl'tl n LLuum 'i'Vl ~ f'l'tl-l).J1L-D1 tJmnJfuuN m~u'JtJm'i ~~-l91 nl11 m'i~tJ~1 , 

t19~ £J LLf'l::ri 1~tJ~ ~ 1 ~.:: ~U'lJ'tl-l LL~ f'l ::t19~ £J~ ~;S'Vl fi'Yi f'l ~'tl LLN L~ £J ~'Vl1tJ (Friction) "1I'tl-l n ~'tl-l 

n'i::~1'l!t~n~n t~£JL-D'1fin1'i'tl'tlnLLUUn1'i'Vl~f'l'tl-lLLUU 2k-D Fraction Factorial Design 

Resolution LLf'l::oW1LU1 Lf)'i1::,x~1'i::~U~ L~).J1::~).J'lJ'tl-l m'iUfu~1t19~£J~ L~£J'J;r'tl-l L~'tll11L«l~ 

~1 LLN L~ £J ~'Vl1tJhj ~1n~1;r'tlri1~tJ~"1J'tl-lf'l n ~1 ~'tl 26 'tl-l Pl1 t~£J m 'iri1~tJ~'i::£J::n ~"1J'tl-l Print 
" " 

Roll Gap LVl1nu 7 i1f'l~L).J(;l'i ~1oW1£J1'J1Q'l! (Anti Slip) U'i::LJl'Vl B f)'J1).J~il~'lJ'tl-l~~nYi).Ji 
I.... __.Q I.... .oc:IIo ~ '" 

(InkViscosity) L'Vl1nU 12.5 'JtJ1'Vl LLf'l::'i::£J::n~"1J'tl-l Feed Belt GapL'Vl1nU 8.5 ).Jf'lf'lL).J(;l'j LLf'l'J 
I ... I " I 

l11 m 'i'Vl ~~'tlU L ~'tltltJ!JtJ~f'l n'tltJoW1LuL-D1 tJm 'i~~ (;l91-l 91 mrtJl11m'if)'JU ~).Jt19~ £JY1~1 ~ fbI~-l~ 

~'J£Jm::u'JtJmn:n-l~tl~ ~f'l~~-l91nm'iufuUNm::U'JtJm'i~~(;l'YiU~1 ~m).J1ru"1J'tl-lL~£Jf'l~f'l-l , 
, 

91n 889 x 103 DPPM L~~'tlLYl£J-l 11.20 DPPM LLf'l::m1).J~1).J1'irl"1J'tl-lm::u'JtJm'i (Cpk) LYi).J 

" ~tJ91n (-0.51) LUtJ 1.34 

f)'J1).J L~£J'J;r'tl-lnU-l1tJ1~£J~~'tl~m'iL-D1fim'i'tl'tln LLUUm'i'Vl ~f'l'tl-l L~'tl ~ n'l!t1t19~£J'lJ'tl-l 
" 

1fim'il11-l1tJ LLf'l::U'i::Li1tJ~f'l ~'J£J tu nLm).Ji1QLL 'VlU (Minitab) L'1itJL~£J'JntJ tJ'tln91nil!J-l~ m 'i 

1 Lf)'i1::,xn-l Process capability L ~'tltltJ!JtJ~1~L~91nm'i1 Lf)'i1::,xL Y1£JUnU;r'tlri1~tJ~'Vl1-l ~ ru 

Jl1'Yi 

9 . M'Yif'l MU'in~~'Yi'i (2542) , , 

~n'l!t1t19~£J~~;S'Vl fi'Yi ~ ~'tl n1'iL~'tl).J ~un-(;l ::~'JUtJLL~tJf'l1£J'"J-l"'l 'iYi).Ji ~'"J£J Lf)1'tl-l L~'tl).J , 

rel (;l t tJ,r~ LLf'l ~~1 L1'tltJL 'lJ~ m).J 1::~ ).J91 n n 1'i'Vl ~ f'l'tl-l L ~ 'tlf'l ~9 ~U n 'Yi i'tl-l'lJ'tl-l 'i'tl m~ 'tl).J 'Yi ~'tl).J , 

~ !1tJtJ1 m::u'"JtJm'i 1 ~nu 'i::~'VlfiJl1'Yi ~-l~tJ m 'i~ n'l!t1 f) f-l~H~~ n m 'i'tl'tl n LLUU LLf'l::1 Lf)'i1 ::,xm'i 
" 



nUWl!Iml!.' '" ,.. , 

(qel!U!V'J) 11lA. "ut: ribU"bI11 rl('~ ~r'mt:' ;:bl1;:~".lkru y~ ~ ~ t-~U.M.LLJru~ ~~ ~~ ~ ~nLt-L!:A.bLU~~ 

t-~u.rl ~~DL.j;lU l.A ~M.' t-~~ l!IlA.b L U f1f1" U ~~b LU g(,l!. t b L U ri~lelnrl ~(,nLt-f1U t-~IT.(' rl U, riL(,1el ..... s;. F' f'I=I"bo"I /'1=1" IP:' ,.. ~ ,.." r 

~~t-~t-~fM. 

b 

Uf1l!1~n(,nL~l!I ~ljbLriL~;:~t-l!. lA.Ln~~b~ri' ~nl!.'80 ~ f1ULlA. mLM.rlL~t-~U.('b' riL('Iel;:~" nLl!It-~~ G ~I'=" I "Dr ,.. I .D " 

t-~~n~~IelHLU ~~ 1J~l!I' ~l!.1 ri~~ ;:k1~1 t-~IT.~k1 ~bLU;:ru.j;lU ~f1'£l1bLU ~~~~M.LLJru~ t-LlA.~~l!I \;!' 

~ t L!:A.~bl1" (,~ t-~IT.L~ t-~~l!IlA.bLunt Ln~rl~~Df1llf1rl~' ~~' ri~~' rl~bt-~IT.t-~fM.Uf1l!1 ~l!I \;!'bLU~~ 

rl~J:1.t-LJ:n~~ ~M.~lA.~~ ~JoU ~ tAt-~IT.;:LM.' L~t-('~riL('1el L~;:~" n~~riL('1el f1~bLun(,~ntt:lmru~nL~ 

t-LlA.rl~~Dn(,~ nLM.rlL~ t-~IT.('~' riL(,Iel;: ~".f~l!I' ~ l!.1 ri~ ~;:k1~1 t-~IT.~k1 ~b LU;:ru.j;lU ~ ~~ t-~fM.Uf1l!1 ~ 

n(,nL~~~~~~~rl~~D 90'0 fU~L~rl,ttf1~;:b ru L~f1M.rl~~bLU~~ n,ttL!A' (5u!lJOllS JO) 5u!5p!J8 
, ~ 

;:~" J8PIOS lU8!J!jJnsul 'J8PIOS 8/\!SS8:Jz3 lA.LJ';:bl1ri~~W~U~IT.t-~fM.Uf1l!1~;:ru.j;lU~f1~~ 
b b b 

~(,b~ ri~~' rl~bt-~IT.t-~fM.U f1l!1 ~l!I \;!'bLun(,nL ~t-~~m t t-~~Iell!l ~~ ~M.LLJrulelnL~ t-LlA.~~nJ:1.' t-[irll!ll 
, " 

v9 



~ 
tJ'VI'VI 3 

LN~l\J~~ln1j~m~n ~~m~rw:::Lij\JLN~l\J~~I'l'ell'\,nj1h:::LIlVl']j'el~~,)LVI~'el~ LL~::: ']j'el~ 

U~~j~ (;h~1 ~~~,)\J~~~VI~nr.nn']j'el~~,) LVI~'el~ ~~Vll~ LN~1\J~~I'lJllUL~~~'el"lJ'el~u1~Vl L'el~ LL~::: 

f1J'~l~~~1'l (OEM) L(;1tJL\JLN~l\JLLtJ~mf1ljn1j~~I'lLij\J 2 ~nVl~n ~'el 

mf1lj A ~~I'l']j'el~~,)LVI~'el~ (Soy Sauce) ~~l\Jn1jVl~nL(;1m~'el"~\JVl~~ ~l'Wn1j'J,hL~'el 
LL~:::m'el~~'Wm:::~~ n~lU~l Lij'W']j'el~~,) L VI~'el~ 

, " , 
~lnmf1lj A tll~1~~~nu1'I'l~~u~'W1 L"J!'W Ln~'el tllm~ LL1J~ '1~'1 L~'elL-«l~Lij'W']j'el~(;]1~11'l1~ 

~~n~h~'el~n1j L"J!'W']j'el~L'IlU ']j'el~LVl'el1mn ']j'el~cr(;1 '1~'1 j')~1uCi~,r'WI'l'el'Wn1jUjj~']j'el~~~"lJ')(;1 
~. . 

" " 
L 'W~VlmU'Yi'Wfi'iluui1~:::"lJ'eln~l,)"lJ'elU L"lJ I'l L'ilYn:::n1j~~ i'lL 'Wm f1lj B Lvht!'W 

3.1.1 ~nHtu~n'l':a.J'l'\.ln1'l'~~j;I'Ii'fl?f1. '\.I'fI1fil1'l' B 
" " 

L'Wmf1lj B ~~n~rw:::Lij'W~n 2 -D'W L(;1U-D'WU'W ~:::Lij'W~lt!n~l'W"lJ'el~'Yit!n~l'WVln~lU ~'el~ • 

UDU~n1jl'lj,)~~'elU'1rwJll'Yi (QC Lab) LL~:::~'el~LnU~~I'lJlrweyf(;],)'elth~~~~1'l1ULL~,) 

~1~ljrlVl,)'W~'elun~u1~ 'WmruLn (;1n1j1'el~ L~u'W~ln~n ~l 
~ 

, 
~,)'W~l'W~l~m f1l j~:::Lij'W~,)'Wn1j~~ I'l uj:::n'elu ~')U ~'el~f1JLL~::: Lnu1' I'lrl ~u ~'el~-D~1' I'lrl • • 
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l-lihlLt1lJ 
~~Glfiru"'" 

Y11v~v l-lilv~lUn vTU 
&11ml1v 

I--
;== 
r--
I--
I--
r--
r-- l-lilvl.lt1ll't:in11 
I--

Gl11';j~illJ 

-- l-lilv l-lilv F}OUll'W 
- lh~'ljlJ 1 lh~'ljlJ 2 
~ 

Y11vL~U 

r-
l1ilv LlIlJ-rGlf)~lJl'I I 

l1 ilv LlIuLlllI Olrullt.)l'.ll1ilv l1il"fu-rGlf)~lI 
-rGlf)~lI l1ilv,tv 

-rGlf)~lI MihlLh, 

mtlu:: 

M.h11ll1l1 
;== 

l1ilv~i'l1I l1 il" Lilli 'lIili'lti ilU r--
r-- I Mih1llltl1 'lIili'l lJ", U~::LrllI'l1ili'l 
I-- "'1 L II !!Iil" tiilU~ i'l1I r--
t---
I--
t---
t--- l1 il"lJ 1', I--
10...-

Y11v'lfU 
;S 

G 

I--

I 

;:; 
l1ilv~n 

,.. 
:;; 

~ ~Glflru'ri l1il"1I11,~lJlIil 

~lLhltl 

I--
Mil>lllltl1 Mil>lllltl1 Mil>lLt'ilJtlil>l 

Mil>l!lJlJ'i'f':j 'VfUn"l~ 
Mil>lLlhAlJ 

I-- Lll~ IJU~51 
Jfrn'ri I Lll~IJU'il>lLYi1 I 

Yl1>lL 111 
I 



57 

'" " I I 

~'e:l'lillil :::'e:l~1 'Wi'W~'e:l'l"lJ'e:l'lm Pllr 'Yii!n'lI'Wli1'\,n~hVl j;]r'Jlil ~'e:liJ Pl ruJl1'Yi"lJ'e:l'lYl n ~ ~ j;]Jl rum'l " , , 
" v ........ I'" .oIIiIIo ....... iI .... I 

lil:::m'JIil~'e:liJYl'l ~~ j;]Jl ru'YI r:::"''J1'l ~~ j;] LL~:::~~ j;]Jl ru'YI ~ (;1Yl1tJ"'~'liJrrlil LLiJ'l nlrj;]r'JIil~'e:liJ'e:l'e:l n , , 

L1J'W 3 ~1'W ~'e:l 

1. mrm'JIil~'e:liJYl1'l~I'WLPliJLL~:::mtJJl1'Yi L-rl'W mrj;]r'JIil~'e:liJ~1Ln~'e:l ~1Pl'J1~Lu'Wm(;1 ~1 

~ ~1Pl'J1~~'W ~1Pl'J1~~'W ~1LL'e:l~nm!'e:l~ LL~:::~1hh~'W LU'W~'W 
2. mrj;]r'JIil~'e:liJYl1'l~1'W1.h:::~IYl~~~~ L-rl'W nlrj;]r'JIil~'e:liJr~'l!1~ n~'Wr~ ~n'l!tru:::tJr1n!l 

~ LVltJiJniJc;l'J'e:l~1'l~1j;]r~1'WL(;1tJ'Yii!n'l1'W~ ~.h'Wmr1Jn ~'W~1nn~1 3 Pl'W;'WltJ 

" 
3 . mrj;]r'JIil~'e:liJYl1'l~1'W1il~'WYl1~ Lu'Wmrm'JIil~'e:liJ~1'WL:n'e:lIil~'WYl1tJ1~j;]Nj;]1~-n'e:lri1"''W(;1 , , 

"lJ'e:l'l ~~ j;]Jl ruoyf~ (;1Yl1tJ LL~ :::j;]N j;]1~n!l"'~1tJtJr:::m PI m:::Ylr'J'l ~1fi1rru~"lJ 

.n-'Wj;]'e:l'Wm rj;] r'J 101 ~'e:liJ Pl ruJl1'Yi 101 :::iJ'Yii!n'l1'W fiJ ~'l c;l'J 'e:l ~1'l Lumj'fiJ c;l'J'e:l~ 1'l1il1 nlil (;1~'l c;l'J , 'IJ' 

" , , 
~ LPlr1:::,x c;l'J'e:l~I'l L~ ~Iil ~'WLL~'J 101::: LYl nL'~'l'Yii!n'l1'WVl Ln m-n'e:l'l ~1'W~ 1'l ('Yii!n'l1'W~'e:l'l ~~Wl!'e:l~ 

",1'e:l~'e:l'liJrrlil) L~'e:lLL~'ll~tJ~'e:ltJ~~j;]Jlru'YIltJ.n-'Wtil'e:lltJ 1'Wnn11~~1~LPlr1:::,x~.h'W ",1'e:l LL~'ll~nn , 

~~ j;]Jl ru'YI1 'Wmril~ ~~~ LPlr1:::",1~ ~1'W 

1I a .q .... ....., • 

"''e:l'l LniJ ~~ j;]Jl ru'YI j;]'J'e:ltJ1'l 

~1",fiJdiiJ c;l'J'e:l~1'l~1 j;]rt11'W L-rl'W ~ j;]n~iJ LL~:::~~ j;]Jlruoyf~ (;1Yl1tJ L~'e:l~1~1 LmtJiJ LVltJiJ1'W .u' , 

" 
niJm~"lJ'e:l'l~~j;]Jlruoyfi!'W 1 

Yl1'l L-n1 ~1tJ~~j;] ~ftN Lth~~ ~'e:l'l LtJ~tJ'WL~'e:l~1 LL~:::LtJ~tJ'Wr'e:l'l LYl1 

Lti'e:l'l1il1n LN'lI'WLU'WLN'lI'W~~ j;]'e:l1",1r ~'lt!'W LN'lI'W91 LU'W~'e:l'liJ r:::iJiJ GMP (Good 
, " 

Manufacturing Practise) VlH Pl'JiJ ~~~ n'l!tru:::h'l'l1'WLL~:::-n'Wj;]'e:l'Wnlr~~ j;] 1 ~~n~"lI ~ n'l!tru::: ~'l 
" , , 
i!'Wri'e:l'WVl'Yii!n'l1'WIil:::L-n1~1tJnlr~~ j;] 91 LU'W~'e:l'l LtJ~tJ'W'l! (;11~ m~1tJ Pl~~ ~~ "'~'Jn ~1tJ(;1tJ1 n , , 

, " , 
LL~:::LtJ~tJ'Wr'e:l'l LVl1 "'~'l1il1ni!'WIil:::~I'WltJu'l~'e:l'l LU1~~ LYi'e:l LU1 LPI'l!t~'l",1'e:l ~~ til1'l1'e:l'e:lnIil1n11'l 

nltJ LL~:::~1'WltJu'l.n-'Wj;]'e:l'W~1'l~'e:l~'JtJJ1tJ1~1 L~'e:l LrPl LL~:::Yi'WLL'e:l~nml'e:l~ ri'e:l'W~'J~n'l~'e:l L-n11tJ , 
" , " 

Jl1tJ 1 'W~ 1tJ n 1r~ ~ j;] ~'J tJ-n'Wj;]'e:l'Wn1 n;1 Pl'J1 ~~ :::'e:l1 (;1Vl~ 1 n~1tJ li 11 ~ n1rL~'WL-n1'e:l'e:ln 1 ~~'J'Willil::: 

L~tJ L'J~1 ~'e:l'W-n1'l~'l 
'II 
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, 
" IV IV.- "IV.... CIa 

'Wf)\I~U'J I1Hl (;lU LL~:;WEWlf\l'J I?1Cl (;lU 
., IIj 

, " 
dI CIa .... "' .... v Q .... G.'.Q Q. '" 

L~'El LLe.J 'i.lnl~e.J~ 1?1'El'Eln ~1 Y-lt..\n\lI'W""'El\l"l!\I'J 1?1 Cl (;lU'"l:;"l!\I') I?1Cl (;lU 1?11~ LLe.J'Wni ~e.J ~ 1?1~,)\I""'W 1 , , 

-if'El~ ~ 'lJ'El\l1' I?1Cl ~u~H' LL~ :;U'El (;l fl\l L ""~'El LL~')'"l:;Cl nU'El'WL -if 1 hJL 'W ~:;U1J'Vl1\1U ru~'"l1 mX'El\le cu., 'lI QI 

" " , 
L'WtX'El\lih:;lh:;n'ElurJl'Ju ~')W.jl\11'W 1 fl'W ((;lLL~~\ltX'El\li\lLL~:;tX'El\le.J~~"l!'El~) LL~:;mrn\ll'W 

'IJ 

L 'WtX'El\li\l 3 fl'W 

'" ""'El\le.J~~"l!'El~ 

L'WtX'El\le.J~~"l!'El~lh:;n'ElurJl')u ""~'Ele.J~~'lJ'Wl(;l 3.6 (;]'W 1 ""~'El, 1.2 (;]'W 1 ""~'El LL~:; 0.6 (;]'W 

2 ""~'El ~'J~LU'W 4 ""~'Ele.J~~ Lti'El\lrJl,)ULN\ll'Weviln1~e.J~I?1LYiU\I 1 n:; vilLtX~I~I~Cle.J~~"l!'El~1rJl 
~ln~~(;l 2 ~'Elu/""~'El6'W ~\lt!'Wnl~\lnI~e.J~I?1'lJ'El\lLN\ll'We9\1LYhnu 12 (;]'Wi1''W m:;u,)'WnI~e.J~~ , 

" "l!'El~ ti'El1rJl~1 LU'W '"l (;l fl'El'lJ,) (;l'lJ'El\l nI~e.J~ 1?1"l!'El~~\I m:;u')'Wni ~ , 

I '" I I I'" 

~1\1 'lJ 'El\l"" ~'El e.J ~~ LVi 'elL tX fl '11 ~ ~'El'WLL~ :;vl'Eltll1h:;u 1 (;] 'El L -if 1 L Vi 'elL tX fl '1 1~ L~ 'W ~\I"" ~\I'"l1 nYl tll 

" " U~:;Ul ~1'WL-ifl1uLtX fl'Jl~ L~'WLL~'J'"l:;~'El\lu~'EluVi\l'El'Eln~Yll\1~:;Ulutll L(;luhJrJ nI~tlln~u~1 H' 
'IJ 

, " 
L mJ JllUL 'W""~'El e.J ~~ LL(;]~:;""~'El'"l:;rJ1u~ (;l L Vi'Elvil nlm'J'We.J~~ ~:;UU'lJ'El\l""~'El e.J~~'"l:;rJ~\I LU'W 

", " 
LLUUre) 1?1 L 'Wmin~I'J ~'El~I~I~Cl (;]\1 L'J ~ 1 LL~ :;m1.mJliJ L Vi 'elL tX""~'El e.J~~~I~ I~Cl LU (;lU (;l~:;uu1'El'i'h 

, 'IJ 

", " 
LL~ :;~:;UUtll""~'El L~'WL-iflre) 1?1 L 'W~~~\lrJ L YiU\I""~'El e.J~~'lJ'W1 (;l 3.6 (;]'WLYiU\I""~'El L~U'J Lvlltr'W ""~'El 

e.J~~~'W1 'W'Eln'"ll nt!'W'"l :;vi 1\1 1'W L(;lUnI~fl,)U r)~'"l1 nY-ltrn\lI'WL 'WtX'El\l e.J~~ LYiU\I'Elth\l L~m 
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~ ~ I 

Yfwn,ntJltJ~~-lihh:::n~'lJrX';ltJ ~';l'm~.h-lltJ 1 ~tJ (~LLt'lvl-l~~-li-l ~~-lLri'lJr)(;m~'lJLLt'l:::~~-l " , 
~~)..J"Jl~~) YfWn-lltJ~~)..J"Jl~~ 4 ~tJ 

II I II I 

ltJ~~-l-n'"l:::iJ tl-l'lJtJl ~ 1 Vl'kJH Lri'lJ~ n"Jl~~Vl ~~)..J L~~'"l LL~';l H1~m1'lJ11~ 1 tJr)tJt-l~tJ ~-l~';ltJ 

lVl'kJ'"l:::Hn'lJtl-l~~)..J'lJtJl~ 3.6 l'ltJ Lii~-l'"llnhJ~I)..J11n~~(;]LLt'l:::'lJ11~L~~'"l1lItJltJ 1 r)tJYiI-lltJ 

m1UltJ"Jl~~)..J11tJtl-l1~'lJ11'"l L ~~ 1 ~~1)..J11n l-if-lltJtl-l ~~)..JnmltJ~tJ~~ hJ1rX • 

(200 )..Jt'l.- 1000 )..Jt'l.) 

3 . ~ltJm1'lJ11~"Jl~~ltJ'lJ';l~'lJtJl~lVl'kJ (1000 )..Jt'l.- 5000 )..Jt'l .) 

4 . ~ltJm1'lJ11'"l~-l'el(;] ttJ)..J1i'lJn'"lltJ"Jl~-l'lJtJl ~ L~n , . 



" " ~ltJ')tJYi'Wn'lltJ 1 tJ~'tl'lildJtJ~'1 il 

1. ~1t1n1~1Jn"~'1'fl[;lttJ~'i1tJ".lJ')t11".lJtJlt11L~n ~ltJ')tJ 2 fltJ , 

2 . ~1t1n1~1Jn~~'1'fl[;lttJ~'i1tJ".lJ')t11".lJtJlt11mn'l- 1",'k! ~ltJ')tJ 2 fltJ 

3. ~1t1n111J~~~1tJ".lJ')t11"jJtJlt111",'k! (1000 ~fl .- 5000 ~fl . )~ltJ')tJ 4 fltJ 

4. ~1t1n1~1J~~"~'1'e1[;1ttJ~'i1J~~,,1tJ'l!'tl'l"jJtJlt11L~n ~ltJ')tJ 3 fltJ , , 

" " 
itJ [;I 'tltJ 1 tJ~'tl'lil1.h:;n'tl1J hJ ~') tI 

1. 

2. 

3. 

4. 

5. 

6. 

u~:;~1J~tJ~~~[;I~n~'tl'ln~:;t111~ 

L1t1'11~itJ,)I'1~tJfh LLfl :;~'11u~'tl'l~n ~~ [;IJl rurvl~ t11VlltIL ~'tl1 ~ ~1t1 fl,)1J fl~ flruJllYi , , , 

" " 
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~1t1 n1~1J~~" 1 tJ~'tl'lil,,:;r;l'tln1J~It1n1~1J~~,,~'tl'l1J~~"'l!'tl~fl'l".lJ,) t11 ~'1'WtJ ~ltJ')tJ~lt1 n1~ , " 

...... I " 

Yi'Wn'lltJ1 tJ~'tl'li1,,:;ij~'1"'~ t11 14 fltJ~'1Yi'Wn'lltJ 1 tJ~'tl'lil":;t11 LLfl~'tl'lf1J1Jn"Jl rurvl ~')t1 " , 



'" II I I 

i\Jlwel\J).J1(;l~'i1'im1~t:.J~(;l'1l'fl~'1lil~ A "',.m~:::1J'J\JmniJ\JltJ(;l1).J(;l1~1'1~ 3.1 LL'C'l:::~tJ~ 3.8-3.9 
~ ~ 

i~-lIl1QUiufi'l~'I-l1l1 1 -lU 

+ 
fl1~'I-l~mJ~~'IItl~ 

+ 
'J.l1 L:fitl'l-l~mJ~~'IItl~ 

+ 
Lf'l~tlUti1tJ-lIl1QUiu 

+ 

o 

o 
o 
q 

1I11'l"l~tlu,11'1-lllnLLfl::r.;1U'lU-lIl1QUiu 0 
+ 
::~ 0 

eJ~~f'lNVl1 

+ 
n'lULL1'J~ (10 U1Yi) 

+ 
eJ~~l'1f~~2 0 

+ 
LUIl11tl,11Lii1Lf'l1tNLY;tl1,xf'l'l1~l'"tlU n~ 85 ° C 

+ 
1m~1~NWJjj 85° ),LUUL'lfl1 10 U1Yi 

LUII1,11'1-lfitlLUU (~NWJjj,xtl~) vi11,xLUUn~ 50 ° C 

+ 
eJ~~f'lf~~3 0 

+ 
1tl1,xLUUn~ 40 ° C ulI1,11'1-lfitlLUU UII11Un'lU 

+ 
ri~IIT'ltlti1~~ Lf'l11::,x ~,xtNtl!i1Thin11 q 

+ 

fl1~n~LnU'lltl~ritlUU11"l 

+ 
ri~'IItl~"I1 n'l-l~tleJ ~~1tJiJ ~n~ LnU 

+ 
fl1~1X'lU11"l LLfl::llitliitlllitl 

+ 
1iieJfill1nN-r1'11::vitlU11"lLY;tlhn,xL'I-lfttl,11I11n,li1~ 

111tJ1u LLfl:: 1I11'l"l~tlUf'l'l1~L~tJ~II1N 
+ 

ri~IIT'ltlti1~~ Lf'l11::,x ~,xtNtl!i1Thin 11 

+ 
~ Lf'l11::,xPi1 Lnfttl 

+ 

o 

o 
o 

q 

o 
o 

o 

o 
o 
o 
o 
o 
o 
o 
o 

o 

o 
o 0 

ri~IIT'ltlti1~~ LI'111::,x ~,xtNtl!i1Thin11 
+ 

"lflih~VltJ1 

+ 
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n1 nh~ Lij'WFl~l~~ '1! Lu~h 1 'Wm'~iJ'J'Wn1~e.J~ (;1U~~Lij 'W(;l1~~ n'r!ru~'lJ'El'l n'"l m'nJ C~,~ ~'W 

L~tJn1~~LFl~l~-JFlru~l'lJ'tl'ln'"lm'~~~'1LLU'lLL£JnLij'W n'"lm'~~~~11,xLn~Flru~1 n'"lm'~~~iJFl'J1~ , , 

~1'El ri1~~n'"lnm'~~~hJiJrJru~1'El'ElnLU ~~'1'"llmr'Wn'"lm'~~1Pi1'11'"l~~nu~~Lij'W(;l1~~~nFl'J1~ 
~ ~ 

~'1! LU~l~'1 7 U~~n1~ L~tJn1~~ LFl~1~-J'I1'W'El~1'1~~L~tJ~ 1'WLLIPi~~n'"lm'~~ ~~n Fl'J1~~'1! LU~l~'1 

7 U~~n1~LJ1 LLn Fl'J1~~ClJ LU~l'"lln1~e.J~ (;1~1 mn'WLU Fl'J1~~ '1! LU~l'"llnn1~~'El Fl'EltJ Fl'J1~~ ClJ 

LU~l'"llnn1~'lJ'W~'1 Fl'J1~~'1!LU~1'"llnm'~iJ'J'Wn1~hJL~~1~~~ Fl'J1~~ClJLU~1'"lln~'WfhFl'lFl~'1 

~hJ~l LtI'W Fl'J1~~ClJ LU~l'"llnn1nFl~'El'Wl~'J hJ L~~l~~~ LL~~Fl'J1~~ClJ LU~l'"llnojf'EliJn'Yd'El'l LLIPi 
~ ~ , 

~l~fiJn1~~ n'r!l Fl f'l-W'"l ~ L tJ'WFl'J1~ ~ '1! LU~l'Vl ~'1 e.J ~ m'~YliJ 1Pi'El n1 ~ 1'ih~tJ ~ L 'J ~1'W1'WLn'WFl'J1~~ 1 

LtI'W~'1'"l ~~ '"ll~ru 1 L~tJ n1~~ ~ (;11~ n1~e.J~ (;11 'WLLIPi~ ~i'W(;1'El'W'lJ'El'l n1~e.J ~ (;1 'El~ 1'11n~:n ~ n1 ~ 

u~~Lij'W1 'Wi'W(;1'El'We~l L~'El1,xYl~liJti'l Fl'J1~~n I LU~l~ Ln ~~'W'fl'WLtI'WL~ (;11,x L'J~l~l (;1~ti1'W1'Wn1~ ,,1:1 t1 IIIj d.S 

~1'11'W'W1'WLn'Wun~ ~'1~1~1~(1~11~LFl~1~-J~lLL'W'JYl1'1n1mnt'lJIPi'EllulJ1L~tJ~ltJLL~~(1n'"l~ ~'J 
'IJ • 

::. ...... 
1) "lI'WIJI'£l'Wn1'i~1'1\HJ'£l~~~"lf'£l~ 

~ n'r!ru~'lJ'El'l n'"l m'~~ : n'"lm'~~~iJ Fl'J1~~1 LtI'WLLlPihj~11,x Ln ~Flru~l , 
'" "I I I '" 

~n'r!ru~n1~~1'11'W : 'Vi,rn'l1'W~~':hLL~~1-nU1m"l!~~1'1L~'Elri1~~"l!'El~LL~~Fl~liJ~'W1 VlLn~;'W'"lln 

m'~iJ'J'Wn1~~ ~1'W~1 LL~~ LriiJ1l1"l!'W~~H1 'Wm'~iJ'J'Wn1~~ ~1'W~11u,x'El'l~1'11l1"l!'W~ 
, 

<Qj1'" ell 
L'J~1~1(;1~ti1'WYl "l!: 10 'W1Yl ... 
Fl'J1~~ '1l LU~l~ Ln ~~'W : Fl'J1~~ ClJ LU~l'"lln n1~~'El Fl'EltJ 

~ , 
~n'r!ru~'lJ'El'lFl'J1~~'1I LU~l : Ln ~n1~~'ElFl'EltJ'lJ'El'l,r'W(;1'El'Wtl ~ lu 'lJ'El'l'Vi,rn'll'WFl'W~'W LL~~hJ Ln~n1~ 

'" , 
o .... v 

Yl1'11'W'lJ'El'l LFl~'El'l'"lm' 

::. ...f ... 
2) "lI'WIJI'£l'W n1'i'-l1 L 'f'£l"UJ'£l ~~~"lf'£l~ 

~n'r!ru~'lJ'El'ln'"lnn~: n'"lm'~~~iJ Fl'J1~~1 LtI'WLLlPilaJ~11,x Ln ~ rJru~l 
~ , 

~ n'r!ru~n11~ 1'11'!J: 'Vi,r n'll'W L~ ~ U1 ('El ru ~1l iju n ~) ~'11 ,x~,j''El e.J ~~"l! 'El ~ VI ~ 1'W n 1 ~~ 1'1 LL~ 'J 
, 'IJ 

U~~~lru 112 'lJ'El'l Fl'J1~'"l~,j''El '"llmr'Wtl~~l~,j''El LL~~L~~1 ,xFl'J1~~'El'WL~tJn1ntl ~ l'El~l Lojf1~~,j''El 
, 'IJ 
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Fl,)I),J~ ru btl~l~ bn 1?l~'W: Fl,)I),J~ru btl~191 nm~~'El Fl'EltJ 
~ = ~ ~ 

~ m~ru::;"1J'El'l Fl,)I),J~ ru btl~l: ~trn'lI'W~'El bFli'El'l9m 1 ~ Fl,)I),J~'El'Wtl'l'Elru~llil~nl~'W1?l 
il • iIII 'U 

::. ...... .., ... 
3) "II U(;I'tlU nl'iLfl'i'EN!JI!J'l (;I tl (;I'tJ • 
~n~ru::;"1J'El'ln9m~),J : n9m~),J~1,jyh1~bnI?lFlrur11 , 

u1-b')ru~~'Ele.J~),J1~~'El'ltJ~),J'1!'El~ Ll?ltJ1-ifbFli'El'l~'El~'El~ntJn~'El (Handlift) 1'Wm~'lJ'WUltJ 
, "" 

b,)~I),JIIn~fil'WYl1-if: 10 'WIYl (l11'11'W~~'El),Jnu-n'WIn'El'WIn~,)9~'ElU'WI~trn) as 

, ," 
~n~ru::;"1J'El'l ml),J~ ru btl~l : 'EltlnnWYl1-n'lJ'WUltJ~ bVi tJ'I bFlr'El'l b~m ~m1'1~ n~ru::;~'El'l r1'El'W-nI'1 

ii = .. 
" 

bbFlU ~trn'lI'W~I),JI~n'lJ'WUltJ1~Fl1'1~::; 1 ~lb~'Yl 
::, r.., 0 "'.Q. 

4)"IlU(;I'tlUnl'i(;l'i'l~~'tl'tJUI~UnU~~~IU'lU'l(;ltl(;l'tJ • 
~n~ru::;"1J'El'ln9m~),J: n9 m~),J~~ Fl,)I),J91 dJ'WbbI1l1,jl111 ~ bn I?l Fl rur11 , 

" ~ n~ru::;m~l11'11'W: ,x') WWI 'I 1 'W),J 1 In ~,)9~'ElU'IlI~tr n bb~ ::;91'W,)'Wr5' Inn ~U m),J~ In ~ 1 'WU 1-b,)ru ~~'El 
, 'II 

, ", 
b,)~I),JIIn~fil'WYl1-if: 10 'WIYl (l11'11'W~~'El),Jnu-n'WIn'El'WbFl~'El'WUltJr5' Inn~u) as , 

Fl,)I),J~ru btl~l~ bn 1?l~'W : Fl,)I),J~ ru btl~191n m~~'El Fl'EltJ 
il = ~ ~ 

~ n~ru::;"1J'El'lFl,)I),J ~UJ btl~l: 1,j bn 1?ln1~l11'11'W"1J'El'l bFli'El'l9 m ~trn'lI'WFl'W~'W~'El Fl'EltJ,x,)~~I),J 1 

1n~,)9~'ElU 

::. ::. ... 
5) "IlU(;I'tlUnl'i~"UJfl'i"~ 1 

~n~ru::;"1J'El'ln9nn),J: n9m~),J~l111~bnI?lFlrur11 , 

" " ~trn'lI'W: b~),J'Il1 bbn::;un9.tl ruey]bb~::;b'Yl~,)'We.J~),Jtl~::;bll'Yl'lJ'El'l b~~,)~'11tl1'W~~'El e.J~),J b-ri'W 'Il1~),J , 
"w " 

~ltJ'1!91ml'l bbn~'El'W 'Il13J'W91ntJtl btl'W~'W 91ntr'Wb'Yl~,)'We.J~),Jtl~::;Ul'Yl bbU'I 1n1),J~'11tl 
" 

, 
"1" .. b,)~I),JIIn~fil'W'Yl '1!: 20 'W1'Yl 

as 
, " , 

Fl,)I),J~ UJ btl~IYl bn 1?l~'W : Fl,)I),J~ ry btl~191n mnFl~'El'W1 ~')),Jln 

~n~ru::;"1J'El'lFl,)I),J~UJbtl~l : 

1. bnl?lmnFl~'El'W1~')1'Wm~~lmb~::;tJml'lU~~,11l1'11 

2. bnl?lm~~I~UUbFli'El'lij'El~-ri')tJ1'Wmnul?lun,.tlruey]11l1'11 

3 . ~tlmn.rtl~::;Ul'Yltltl bUI?ltJ1 n 1-if b,)~1 bU 1?l'W1'W),J1 n 



6) .ff'l.lIJl'fl'.ln1~n'l'l.l~~)J LL iJ~ 
~m~ru:::~'el'lii"'lmnJ : ii"'lm1~~y'h1'IXLii~r1ru,"h • 

~m~ru:::n11v'i1'l1tJ : 

Yn!n'lltJ : 1'eln11~~~ LLU'l 10 tJ1Vl 

Lr11'el'l9m: \lmU~1tJ~cP)L~'eln'JtJ~'JtJ~~~~1'l11'IXL'ihntJ 
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Ltl'el'l"'lln LLU'l LtltJ~'JtJ~~~~ ~'el'l LL"J!~1 L~'el1 'IX Li1 ~ LLU'ltJ'J~~lri'eltJ~1~.r l1ln ~tJU1::: L[lYl~'el'l LL ~'l • 

, " 
r1'Jl~~ QJ kUrhVl Lii ~~tJ : r1'Jl~~ 'lJ LU~I"'lln n111'el r1'elU 

~ n'jj'ru:::~'el'l r1'Jl~~QJ LU~I: hJ~n11v'il'lltJ"1J'el'lYiUn'lltJ YiUn'lltJ1'el r1'elU~tJl1l'eltJn ~ lu 

l:, l:,_ 
7) "D'I.IIJI'fl'l.ln1~~~)Jfl~~'V1 2 

~n'jj'ru:::~'el'lii"'lm1~ : ii"'lm1~~y'h1'IXLii~r1rufOll • 
~n'jj'ru:::n11v'il'lltJ : 

YiUn'lltJ: LLn:::tJn"'lJlru"'LL~:::LYl~'JtJ~~~U1:::LflYl~'el'lLL~'l~'llu1tJ",,~'el~~~ L"J!tJ Ln~'el ~lm~ • 

, 
cl1" cI L'J~I~111l1:1tJYl "l! : 30 tJ1Yl 

I.J<QJ' I -l ~ 
ml~~tlJLU~IYl Ln ~~tJ : r1'Jl~~'lJ LU~I"'llnn1nr1~'eltJ b""'J~ln 

~n'jj'ru:::~'el'lr1'Jl~~ru LU~I : 
il • 

1. Lii~n1nr1~'eltJl""'J1tJn1nnmL~:::UntJ'lYi~I~~mL~:::m:::~'eltJ~I'l1 

2. Lii ~n11""I""tjtJ Lr11'el'lij'el~"J!'Ju 1 tJn1nu ~tJ11'Jl ru'" ~1'l1 
l:, ~f.,r ... - -'I. ...... COl ° 8) "D'I.IIJI'fl'l.ln1~L'UfH'fl'l.l1L"D1Lfl~'fl~L~'fl "'fl'l1)J~'fl'l.l Cl~ 85 C 

~n'jj'ru:::~'el'lii"'lnn~ : ii"'lm1~~v'il1'IXLii~r1rufOll , 

~n'jj'ru:::n11v'il'lltJ : 

YiUn'lltJ : LU ~'Jl;'J l'el~1 LL~:::n ~U~~ LL~'l r1'JtJr1~ • • 
Lr11'el'l9 n 1: l'el~1 L"ih~ 11 tJ~'JtJ1'eltJtJ'elmJ'el'l""~'el ~ ~~ L ~'el LL~ n LU~UtJr1'Jl~ ~'eltJ 1 'IX ~ ~ l1lJl ru'" ~ ltJ 

1 tJ",,~'el ~~~ 1tJ~ ~ 1 tJ",,~'el ~~ ~ LU ~ 11l~'el ~ L'J ~1 L ~'elmtJ~'JtJ~~ ~ ~1'l11 'IX L·lli ntJLL~ :::m:::"'lIU r1'Jl~ 

~'eltJ "'ltJm:::vf'l'elru""[l~~'el'l~~l1lJlru"'~ltJ1tJ~'lti'l 85°C L~'el~IL~'elLL~:::y'h1'IXLLU'l~n l'el~I~~ltJ 
'I ~ \J .. 
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, 
""1" "" L(H'lI).J')I;11~1'W'Vl "l! : 90 'W1'Vl ... 
, " 

1"1'J1).J~~LtJ~IViLn~~'W : 1"1'J1).J~'1!LtJ~I~lnm11'tlI"1'tlfJ 
" ~n'l!tru:::'1l'tl~ 1"1'J1).J~ ru LtJ~l: Yi,rn~I'WhJl~v'h~I'WLL'tl:::Ln ~ m11'tlI"1'tlfJ-n'W(;1'tl'Wn ~ ltJ 

'II • 

::. ... ... ° ~ GO 9) "jJU(;1't1Unl'i'im~I't1C\A"UnJ 85 C LlJUL'lfll 15 UI'Vl . " 

~n'l!tru:::mn;I~I'W: 
'" , 
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L'J'tlIL~'tlm'W~'J'W~~).JI;h~11~L-nln'W LL'tl:::m:::~lfJl"1'JI).J~'tl'W L~'tl"JJIL~'tlLL'tl:::;111~mj~~n 
, 
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1"1'J1).J~'lJ LtJ~l~ Ln ~~'W: 1"1'J1).J~ '1! LtJ~I~ln m11'tlI"1'tlfJ 

~n'l!tru:::'1l'tl~ ~'JI).J~~ LtJ~l : Yi,rn~I'Whl1~;11~I'WLL'tl::: Ln ~m11'tl ~'tlfJ.r'W(;1'tl'Wn ~ ltJ 

10) .ffUIJI'tIULtlIJlJI~~'tIL~U ('tIC\A~llij~'tI~) L~'tIVh1.~14'lU~~UJL~uti~ 50°C . " 
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""1" "" L'J'tlI).JI(;11~1'W'Vl "l! : 120 'W1'Vl ... 
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'II 'II 

, ~ 
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69 

.I ' .J .... J' .1 ' 
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~n~ru:;"lJ'tl\ln9nn~ : n9m~~~hjviI1~Lnj;)P1ru~1 , 

, GIl.,.., q 
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~n~ru:;"lJ'tl\ln9m~~ : n9m~~~13JviI1~Lnj;)P1ru~1 , 
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P1'JI~~ t1! Lufil~ Ln j;)~'W : P1'JI~~nJ Lufi191n m~~'tlPl'tltJ LLfi:;P1'JI~~nJ Lufi191 nm~"lJ'W~\l 

~n~ru:;'iI'tl\l P1'JI~~t1! Lufil : Lu'WmnntJ~w!h~:;~~I\l m:;tJ'J'Wm~~~ (;l L~m'tltJn, 1 'Wn ~:;tJ'J'W 

m~tlj;)lu 

17) .ffu~ilUn1'ii1~~'l'U'i'i~ LL~~9iiliil9iil (la.J''lIn'i~'U'lUn1'i'UULiu'VI1~1ntl~) • 
~n~ru:;"1J'tl\ln9nn~ : n9nn~~iJPI'JI~~ILU'WLL~13JviI1~Lnj;)f1ru~1 

~n~ru:;m~vil\lI'W : Ynrn\lI'W~'tl\ltJ~~''1!'tl~fi\l'il'Jj;) ~1\l~'JtJn''1!'tlt'lLLfidi'tl~'tl~1\l1Lj;)tJm~~j;) 
" 

UI LLfi:;t'lI~vil P1'JI~t'l:;m ~I ri'tl'Wm~tJ~~' 

.J1" cO 
L'Jfil~I(;l~~I'W'Vl '1! : 20 'W1'Vl ... 
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P1'JI~~t1! Lufil~ Ln j;)~'W : P1'JI~~nJ Lufi191 nm~~'tl P1'tltJ 

~n~ru:;"1J'tl\l P1'JI~~t1! Lufil : LPli'tl\l9ml3Jl~vil\lI'W 
:::. ............... , ..a 'tit ... .. r ..... 

18) "llU~il'Wn1'iL"Jf~~~lltU"'"Jf~'VIil'U'i'i~L'Wil a.J 'VIL'VI~ilU1~nfl1~1l1!J LU LL~::: ~'i'l~1til'U • 

.J'I " cO 
L'Jfil~I(;l~~I'W'Vl ~'1! : 10 'W1'Vl ... 
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~i~~ (Ln~"lI~~L~£J) 
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iJ • 
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• 

19) ~~i'l'EJ!h~1Lfl'i1~~ v1~'EJ~UD'U"in1'i 
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~n'l!tru:;m'j'YiI~I'W: 

~'t!n~I'W 1 'W~~~u'j''j''"l"ll~~ Lnu ~';Jmh~ e.J~ ~lJl rurvlV1~~'"l1 n L~~'"l~'Wm'j'"ll:;vl~u 'j''j''"l LL~ :;-w111l~~ H~ • • 
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, , " 
Lfi11~~r.rm'1~1rJlYiI~I'W LL~:; Ln~m'j'"lI'WulmL~:;~~~I'j'V1~lmr'WI'l~'W 

::. ~ .. , COl 

20) 'lJ'UIJl'EJ'U n1'i'l Lfl'i1~VI fl1 L n~'EJ 

~n'l!tru:;"1I~~n'"lm''j').J: n'"lm''j').J~ilfi1';JI).J~ILij'WLLj;]1~YiI1~Ln~fi1ru~1 • 
~n'l!tru:;m'j'YiI~I'W: 

~'t!n~I'W~~~1l5illim'j' : ~ Lfi1'j'1:;tf~1 Ln~~ 1 'We.J~ I'ltl rurvlu'j''j',"lI';J ~ L~~ 1'l'j'';J'"l~~u~11~il~IV1~~ 
L V1~~'"l1 ni'WI'l~'Wm 'j'~ 1~ '"l1 n~'W~'l!n~ 1'W~~~1l5 illi n 1'j''"l:; LL ~~ e.J ~ n ~u11l~~~'l!n~I'W~~~ e.J ~).J 
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"ll~~ L~~ ~ ~~'W~1 e.J~ I'ltl rurvl~I).JI'j'nu'j''j''"li'Wj;]~ 11l1rJlV11~ hJ • , 

-=I" '" CIi/ L';J~I).Jlmtjl'W'Y1 ~"ll: 20 'W1'Y1 ... 
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fi1';JI).J~nJ Lll~lY1 Ln ~~'W : fi1';JI).J~t1i Lll~I'"llnm'j''j'~fi1~£J LL~:; fi1';JI).J~t1i Li.J~I'"llnm':;U';J'Wm'j'hJ 

LV1).JI:;~).J 

~n'l!tru:;"11~~ fi1';JI).J~UJ Li.J~l : il m'j'm';J'"l~~U).Jln Ln'Wml).J~1 LU'W ~'t!n~I'WhJ1rJlYiI~I'WLL~:;Ln ~ 
" , 

m'j''j'~ f01~£Ji'WI'l~'Wtl ~ 1i.J LL~:;Lfi11~~r.r m'1~1rJlYiI~I'W 
::. 

21) 'lJ'UIJl'EJ'U'U'i'i'"l'll'EJ~~~'lJ'l1Jl • 

~n'l!tru:;m'j'YiI~I'W: 
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Lfi1i~~u'j"j''"l : ~~"ll~~~~"1I';J~ (Lfi1i~~il 8 ~';J~~) Lfi1i~~u'j''j''"l'"l::;~~'1!~~~~"lI';J~I'lI).Jm).JII'l'j'~ • • 
nlV1'W~ H L~£J"lI';J ~'1!~~'"l::; Lfi1~~'W~I'W~I£J~I'W L~m::;UU~ I'l L 'Wmi 
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.J"III q 
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'It .. '\I '\I 

'1l'i'llnV1 ~ 1'l'J LL'i'l::;tJ~::;'Yl1J.rU~1:~tJ Lr1~'fl-3tJ~::;'Yl1J.rU~'fl (;I 1: u),J~ 
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r1'J1),J~illLtJ~lYl Ln ~~u : -

ii • 

~n~ru::;'lI'fl-3 r1'J1),J~ru LtJ~l: -

23) ?J-:Jr;l'l'£lti1-:J1Lfl~1::"'~~'£l,:nJDu~n1~ (hi"l,jn~n~~3JU'ULi'U'VI1-:J1nC]911.'U?f1!Jn1~ 

~~91) 

~n~ru::;'lI'fl-3n'"lm~),J : n'"lm~),J~1~,h;11~ Ln~r1ruf11 • 

~n~ru::;m~Yil-31u: 

Yitl'n-31U 1 U~'el-3 ~ ~~"J1'fl ~ I'l n l'l'Jmh-3 ~~ (;IJl ruevlLL'i'l ::;il11tJ~-3 H~'"l ~ ~-3I'l'J'fl ~ 1-3Yi ~'fl~ 1: YlnL ~-3Yll-3 • 

cJ"I'" "=II 
L'J'i'l1~lmfJ1UYl ~"J1: 10 U1Yl 

ail 

, " 
r1'J1~~t1) LtJ~lYl Ln ~~U: r1'J1~~ b1J LtJ~l'"ll nmn'fl r1'fltJ LL'i'l::;r1'J1~~ b1J LtJ~l'"ll nm~"1lu~-3 

" ~n~ru::;"1l'fl-3 r1'J1~~ ill LtJ~l: Yitl'n-31U hnrJlYil-31ULL'i'l::; Ln ~m~~'fl r1'fltJ..uU(;I'flUtl ~ ltJ 
'Ii Qi 

Lr1~'fl-3~mhjlrJlYil-31U LL'i'l::;Ln~m~"1lUU1tJLL'i'l::;~'fl~1~V1'i'lltJ.n-U(;I'flU 
24) 1 Lfl~::'" fl1 Lfl ij fl1'V11-:JtJ~::?f1'V1i 3J~?f LL~:: fl1'V11-:J~~;/'l1'V1!J1 (l3Ji. ,jn~n~~3Ju'U L iu • 
'VI1-:J1nC] 911. 'U?f1!Jn1~~~ 91) 

~n~ru::;"1l'fl-3n'"lm~~: n'"lnn~~91 LiJuLL(1\h]Yi11~Ln ~r1ruf11 • 

~n~ru::;m~Yil-31U: 

Yitl'n-31U~'fl-3tJlj1J~m~: ';j Lr1~1::;vff11 Lr1iJ LL'i'l::;f11Yll-3tJ~:::~lYl~~ ~ ~ (;I1~oll'flri1V1U~ ~~ (;IJlruevl lrJl 

LLrim~';jLr1n:::vff11r1'J1~ LiJum~ f11 Ln~'fl f11Yll-3tJ~::;~lYl~~ ~~ (1\1-31 LL'i'l:::f11Yll-3''i'l~'J';jYltJ1 n1 

f11 ~lU(;l1~-rl'J-3~ ri1V1U~ (Specification) ~'JV1-W1 ~ltJ r1'J1J r1~ r1 ru[)lYi~l~ l~n'fl'fln ~li-3tJ~'fltJ • 
~u~11tJu-3p\u~m::;'"lltJ~U~11rJl .. 
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0 

fnkl1!JruWJi:i 85D~LU\.IL'1"1 10 \.I1Vi 15 n111{)I'l{)U 

LUllltl1\o1fimu\.l (!Jru\ollJi:iii{)~) l'i1'l1ALU\.l1i~ 50 DC 0 120 n111{)I'\{)U .. 
0 0 • ..J LI'l~{)\.I't\ol'11J1n L1i\.l~1LU\.I ~fllJl'lf~Yl3 10 .. 

0 1{)'liiLU\.l1i~ 40 DC ul'ltl1\o1fimu\.I ul'I'lun '1 \.I 90 n111{)I'l{)U .. 
f\'~iK'1mh~'i LI'l11:::1-f v!ii{)~tl!iUiiin 11 

q 
10 n111J\.If\'~ .. 

'i LI'l11:::1-ff'i1 LI'li:l LI":::,hY11~1.I1:::fl1Yl"IJa'f\ 0 30 n111{)I'l{)U .. -
ii&lLnU fl'1~n~LriU'll{)flri{)\.IU""l 0 30 n111{)I'l{)U 

'Il{)flri{)\.1 
.. 

f\'~'Il00"l1n\ol!:J{)~fllJ'tUtJ~n~Lriu 
q q 

30 n111J\.II'i~ 

U'1"l .. 
ii{)~Ul1' fl'1~ii'1U""l LI":::IIi{)o/i{)IIi{) 0 20 n111{)I'l{)U .. 

'Il{)f\ 
'loff~ iii IIlIl ru -n'll:::Yi{)U1', L ~{) 'W'lii L \oIft{)tl111l n jIl1 ~ 0 0 "l1no/i{)Un1'l'i{)~ 10 

1l1U'l\.l LL"::: 1Il1'1"lfl{)UI'l'11IJLv\U~IIlN .. 
f\'~iK'1{)th~'i LI'l11:::1-f v!ii{)~tl!iUiiin11 q 

10 n111{)I'l{)U .. 
'iLI'l11:::1-f,hLnft{) 0 20 n111{)I'l{)U .. 

0 0 U11''I1{)":~1J'1111 280 -

1A{)~Ul1' U,,.,iAUt-tf.l U U 280 -
~, ";,, .. 

tn"'~~\.IjIl1 f\'~iK'1mh~'iLI'\11:::1-f v\ii{)~tl!iUiiin11 c:;> 10 n111J\.II'i~ .. 
'iLI'l11:::1-fPi1LI'li:l Pi1Yl1~U1:::fl1Yl"IJa'fI LI":::Pi1Yl1~ 0 51'\.1 n111{)I'l{)U 

'";!'1'iYlU1 .. 
f\'~~iiilllllru't'11utJ~~\.Iun1:::"l1U~\.IjIl1 'V -

72 
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91n-if'fn~f'l1'Wm~I~~ 3.2 YitJ~If1,)I~~'1! LtJrh~ Lii (;1~ln~~ (;1dj'Wf1,)I~~'1! LtJ~191n 
mn'tlf1'tlU L-rl'WYi,rn~I'W~'tlf1'tlUmn11~IW1J'tl~Lf1i'tl~rorm vi1'tl Yi,rn,n'Wl'W~IUmn.J~m'tlf1'tlue.Jf'l 

~ Lf1~I:;'\X91nYi,rn,n'Wl 'W,x'tl~tJ~tJ"i m~ f1,)I~~'1! LtJ~l~ Ln (;1~'W~'tl~f'l~~11~ LLriml~~'1! LtJ~l~ 
~ I ~ I 

Ln (;1~'W91 n n1~'lJ'W~~ ~~YitJ~~ n1 ~'lJ'W~~ (;],)'tlU 1~91 n ~ 1 U n 1 ~e.J ~ (;] 1tJtJ~,x'tl~tJ~~ n In ~'tl (;]1')9 

~'tltJ LLf'l:;m1'lJ'W~~ e.J~ (;]11r...l"Yl1'W~IUn1~e.J~ (;] 91n~~'tl e.J~~"ll'tl~1tJtJ~n~ LntJ LLf'l:;91nn~ LntJ1tJtJ~ 

~lum1tJ119 • 

f1,)I~ ~ '1! LtJ~I~1 ~tJ~~I~ Ln (;1~'W 1~ LLri f1,)I~~ '1! LtJ~191n n1nf1~'tl'W1 ~,)~1 n Ln'W~1 LU'W 

'lJ'tl~Yi,rn~I'Wl'W1:;~~I~m1e.J~~"ll'tl~ ~n1j'ru:;f1,)I~~ruLtJ~I~Ln(;1~'W~'tl Yi,rn~I'W~'tl~Lt'tl~i1'tl~1 
'II ., 

, >-

f1,)I~~'1! LtJ~l~ (;1yfl UYl Ln (;1~'W~'tl f1,)I~ ~ '1! LtJ~ 191 n-n'tltJ nYi i'tl~ n~ 1') ~'tll 'Wm:;tJ')'W 

m1e.J ~ (;] Ln (;1'lJ'tl~ L~U L ~'tl~91 nn11 H' e.J~ (;]11 ru"Yl1 'Wm ~:;vl'tltJ119 LLf'l:;'\X')tJn9 L ~'tll ,xvl'tltJ~19 LLf'l:; • • • 
Sot " I I 

'\X')tJn9tJ~1 fl\91 nUl Yi 1'tl~ (;]~ fOll Lf11'tl~ror mri'tl'Wn11tJ11991~ ~~1 'Wi199U'WtJ~hJiJn1nil~'W(;1 . ,. 
I ... I " 

L,)f'l1 LLf'l:;m~1 ruL~~I:;~~YltJ~'tluYi~ ~~tlliJn1~H' e.J~ (;]11ru"YltJ~'tluYi~~ln Ln'W~1 Lu'Wn9:;LU'W 

'lJ'tl~ L~UYl Ln (;1~'W~1 n Ln'Wml~~1 LU'W 'W'tln91ndtJ~ Ln (;1'lJ'tl~ L~U~~191n~11'Wm:;tJ,)'Wn11~~'tl 
, " 

L~'WYlnnH'LL~')Yi~1tJt(;1uhJiJm1uln~tJ~IH1mJm~lru~~ 
'II 'II 

, " , 
91n f1')I~~ ru LtJ~IYl Ln (;1~'W1'Wn11e.J~ (;]~f'lIU9 (;1 ~~~~ e.Jf'l1 'WL,)f'lI~1 (;]1~I'WiJ fOll~~ LLf'l:; 

'\J AI .. d..9 'U 

Ln (;1'lJ'tl~ L~u1 'Wm:;tJ,)'Wn11e.J~ (;] vi! 1,xWjroru Ln (;1 LL'W,) ~(;] 1'Wn11tJftJtJN~fin11~1(;]~~I'W ~~~fim1 
" 'oIJj 

, " 
;11~ 1'W'lJ'tl~ f1'W LLf'l :;fjfi n11;11~1'W'lJ'tl~ Lf11'tl~ror m ~ n ~~ f1') 1~911ru 1 ti~ f1,)I~~1 LU'W'lJ 'tl~ LL~ f'l:; 

I " " " 

m:;tJ,)'Wn11 L~'tl;11n11f'l (;1'll'W(;]'tl'W t(;]U~~llf1ruJlIYi'lJ'tl~ e.J~ (;]11 ru"Yl~ (;1Y11U9:; ~'tl~hJ LL(;]n~I~1tJ • • 
" 91m~~ ~~1'WLL~ f1ru~~tJ"iYlI~Lf1iJ f1ru~~tJ"iYlI~mUJlIYi f1ru~~tJ"iYlI~9f'l~,)~YlU1 LLf'l:;f1ru 

.. .. 'II "I II 
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L~'ElYi91m,n L'W~'El-l ~~~'Jj'El~9:;uj:;n'EluhJ ~'"lU 4 V1~'El ~~~~Ynrn-l1'W!?l'El-lvi1-l1'W 

1UYi¥'El~1 n'W1~LLri V1~'El~~~'1J'W1~ 3 .6 j;J'W 1 V1~'El, 1.2 j;J'W 1 V1~'El LL~:; 0.6 j;J'W 2 V1~'El 

L~U9:;~LYlU-lV1~'ElLm1J'lJ'Wl~ 3 .6 j;J'W 1 V1~'El ~~1~1jrl~-lL'"l~1n1j~~j;]LLUU'elj;]L'W~~1~ 

~'"l'WV1~'El~~~~'W19:;dj'W1~~1~1jrl~-lL'"l~1n1j~~j;]LLUU'elj;]L'W~1~~-lV1~~ ~-ln1j~1LU'W 

~ , 
L'WU99U'W ~fimj~'"lU~~L'"l~1~1mti1'W "ll'Wj;]'El'Wn1jun~-l1'W L'"l~1~H' LL~:;~m 

.. .. dJ dJ " 

~ ~ 

~'ElUu'W~n mj~~ j;] LL~~:;LL~'W L 'WU1-l ~ f-lYi~n-l1'WLn ~mj~~1u~1"li'"l-l L '"lmil~'"lj9 :;!?l'El-lvi1 

n9mj~L'W,r'Wj;]'El'WL~ ~n~-lLUU'W~nn1j~~j;]"r'"lV1i.i1-l1'W9:;~'ElUm'"l9~'ElULU'WV1~n ~'"l'W 

Yi~n-l1'W~'W~'W9:;1~ fi'ElU1~~1 j;]j'"l9 ~ vi1Lm~ Ln ~n1j~'"lU ~~n1jvi1-l1'W1'"l~n'W 'W'Eln91n 
~ , 

~ ~ 

ilYi~n-l1'WL 'W~1U n1j~~ j;]1~~ 1~1jrl~ ~~ 1 ~U L'"l~ 1mjvi1-l1'W1~ ~'"lU~ 1 LV1 j;] LU'El-l !?l'W~-l , 

n~1'"lvi1L ~ L '"l~1L 'Wmj~~ m 1-l1~ m-l m~~1 mti1'W~ ri1V1'W~ H Ln ~ ~'"l1~ ~~1 ~ L~~'El'W'1J'El-l 
,jJ) 

L'"l ~1L 'Wm:;U'"l'Wm j~ ~ j;]~-l L~'ElYi91 jnJ191 n n1 jLriu-ii'El~ ~ n1 jvi1-l1'W91-lL 'W~ 1 U n1j~ ~ j;] 
~ ~ 

, , 
.... • I .... 

j1-lYl 3.3 LL~:;juYl 3.10 
" 



- .Iii.!' -n"lnl1~YlL ULflUYl1"'ln~LII 

Critical path activi ty 

" ... D 
1tlU II" 85 C 

... 
U1Yl 

9 LiJ~~T"fitlLiiu (~ru"'1J~,xtl,,) l11 

l,xI'i'luc.Jfl~Liiuii" 50 DC 

11 1tll,xI'i'luc.Jfl~Liiuii" 40 DC iJ~ 

'l1i'l~1 LL~::lun'lU 

U 10 

U 20 

10 

UU 20 

U 10 

UU 30 

U 90 

U 15 

o 120 

UU 10 

o 90 

10 

30 

30 

15 lifc.J~(;lJlru,r'll::YitlU11'L~tlhJ1,x D 

L"'~tl~1I11nA'1"rnulu LL~:: 

10 

.I 
1II1'l"lfltlUI'I'l1~LYlU"IIIN 

IU U 280 

IU 40 

IU 30 

UU1(SD) 

10.1 3.11 

20.9 3.03 

14.0 6.13 

20.4 2.22 

15.1 5.40 

29.4 2.41 

90.1 3.54 

15 0.00 

128.8 15.85 

1 0.1 1.20 

91 .7 4.79 

14.7 6.60 

32.9 7.1 3 

29.7 4.88 

11 2.31 

11 .6 2.72 

20.2 3.26 

282 20 .98 

282 20.98 

38.5 4.12 

29.9 4.63 

75 

(Range) 

6 15 9 

15 25 10 

5 25 20 

18 25 7 

10 25 15 

25 34 9 

85 96 11 l'D1::uu 

15 15 

110 160 

8 12 4 

85 100 

8 25 17 

25 45 20 

24 40 16 

8 15 7 I 

7 15 8 

15 25 10 

250 320 

250 320 

30 45 15 

25 40 15 
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BoxpIot d all activities in process 

350 

300 

250 -c 
200 i -

~ 150 
1= 100 , 

&to 

50 
• ~ " .. Q ~ ~ 9 .! B ... ... 

0 • 

. ." 
'j'UVl3 .11 Box plot LL~"'\lf')(Y)~f')~1"'Lf')~'El'W"1J'El\lL,)~1LLI1i~:;o]'t..lIWfl'l.m1'j'~~j;J"'l1nn1nritJ;r'El~~ 
~ ~ 

lnUL'W 1 0 VI~'El~~~"1J'El\ln1'j'~~~"l!'El~ 3.6 l'l'W tJ'j"j''''l''1J,)''' 200 ~~ . , 

f')~1'" Lf')~'El'W'El'Eln"'l1n L,)~1~1j;J'j'~1'WVI~1U"'l'" ~\l~\l ~~ L «l ~~1n~1\l"1J'El\l L,)~1~1 j;J'j'~1'WLu~u'Wlu .., , .., 
" I " " I 

~,)U 'W'Eln"'l1ntJL'W Box plot U\l~tJ''''VlLU'W outlier 'El~VI~1u,"'~')ml'W vl\ltJ m"'lLn"'Lil'El\l~1"'l1n 

~1'W')'W;r'El~~~LritJ 10 batch m"'l~u'Elmn",lu Vl1'ElLn"''''l1nf'),)1~f')~1'''Lf')~'El'W'''l1-\lL'Wm:;tJ,)'Wn1'j' 
~ 

" "I I I 

m:;tJ,)'Wn1'j'~1 j;J'j'~1'W~\lL 'W\l1'W';jrorUtJ "'l :;"1J'ElYi"'l1 nl..l1"'l1 ni'Wj;J'El'WVl~~,)'WLUU\l LtJ'W~1 j;J 'j'ij1'WVl ~\l 
cfJJ \I dJ cu 

I "I I 

Ln'W 5 ~\l"'l:;~tJ~1~vl\lVl~'" 7 n"'lm'j'~~\l1~LLrin"'lm'j'~m~j;J1'j'1\lVl1.2 



;! 
r 1:;U:;L'lfl1 (U1Y1) 

- ..1."1.. k -
n"nnl.J'VlLu~LrlU'Vl1-3'ln~l/l 

Critical path activity 

;! ~ 

.~ l t-L-'lfl-1---'rf'i-1L-'Il""7~U""'I'I-'l-1l.J-eJ-~U""-I'l-'1-,j-tlU--r-f'i-1l.J-1-n-r-Yl--tfI-u--f 

t: iili ..I ..I 

~ 

ll1\ . .,rnLLfI:;41U'lu1'III'l~tJ 

3 LiJ~J1"ultmju (flru'\.l~ij,xtl-3) vh 

i,x~'lUlJ~lJLijuii-l 50
0 

C 

~S l.J1"131U U.t11(SD) 'Vli111l Yli1'" (Range) 

10 14.0 6.13 5 25 20 

U 10 15.1 5.40 10 25 15 

U 120 128.8 15.85 110 160 

10 14.7 6.60 8 25 17 

IU 30 32.9 7.13 25 45 20 

IU IU 280 282 20.98 250 320 

IU IU 280 282 20.98 250 320 

Boxplot of high standard deviation activities 

350 

300 

250 

ca 200 ... 
~ 150 

100 

50 

0 -+-
1l7"*" 

~iS' 
#' 

b.;j. 
'1>~ 

·0<:-
~ 

~4f 
",Q> 

$ 

~~'"l1nn1nh:::d1'W~,)1~~~1i1lL~~'el'W ij 7 n'"lnm~U"l1nI?11~1'l~1'W'lJ'W~ijf"h~,)1~ 

~'WLLlh (Standard Deviation) ~'l Ln'W 5 ~'1'Vl1'l mr.rtJ'"l:::U1 hJ~1~1 L~I?1'lJ'el'l ~,)1~~~1 i1lL~~'el'W~ 
~ ~ , 

Ln i1l~'l LL~:::U1 hJ~1 LL'W,)'Vl1'1 LLm'lJ L>l'el hJ 
~ 

78 



...I 
'IJ'VI'VI 4 

I ~ ,~ 

"1 nm J'':j LflJ'l:::'If~ m~t1.l:::fl,)l ~~ '1! L~ rJYlLn ~~'W lWm':::'lJ')'\.m1J'eJ~ [;'11 'W'lJYlYl 3 1 'W'lJYltl,,::: 

':j LflJ'l:::"m-.l LL 'W,)Yl1-.lmJ'LLnu '1!Vl1 ~-.l n~l,) L~rJmJ'~"l J't1.l1 n-.l LL'W,)Yl1-.l m J'~ ~ fl,)l~~ '1! LU~l ~') rJ 

" VI~nmJ'[;]-.l~lm~ 5W 1 H LL~:::LL'W,)Yl1-.lmJ'U1'lJUN[;l1~VI~n ECRS • 

" " ~"1J't1.l 1U '1!Vl1'fl ~ 1-.l J''fl'lJ fl J''fl'lJ hJ~ 1U '1!Vl1l1'WLi:J'W"lJ'fl-.l-.l1'W':j LflJ'l :::'lfr1-.l J':::'lJ'lJ VI ~'fl'lJ1-.l ~,)'W'1J'fl-.l 
" 

J':::'lJ'lJn [;l1~ ':jfitl,,:::'li,)rJ~~l-.l LflN ~ ~1-.l'1J'fl-.l LLeJ'W-.l1'WU1'lJUN 1 'W~,)'WJ'lrJ ~::: L~rJ ~ Li:J'WuJ'::: Lml'l~1 'W , 
, '" "I 

L;n-.lU~'lJ--m ~-.l,,:::U1V1~ n mJ'tl1u1-n1 'WmJ'':j LflJ'l:::'If fl,)l~~l Li:J'W'1J'fl-.l LL~~:::-n-"J[;'I'fl'W'1J'fl-.l mJ'eJ~ [;'I L Yl'fl 

u11u':j LflJ'1:::'lfLL'W,)Yl1-.l mmm'1J ~'fl1u [;l1~VI~ n ECRS L~'flVl1 LL'W,)Yl1-.l~ ~ fl,)l~~'1! LU~l'1J'fl-.l LL~ 
" ~:::i'W[;'I'fl'W~'fl1u ~m~t1.l:::'1J'fl-.l[;],)'fl~1-.lmJ'~"1J't1.l1~,)rJ~lm~ 5W LL~::: 1 HLL~:::LL'W,)Yl1-.l ECRS 

, 
<IiiIII .... I .c:It. r oI:lIo 1I 0 .Q r 

[;l1J'1-.lYl 4.1 [;'I,)'flm-.lmJ',)LflJ'1:::VlLL'lJ'lJ'Y'/"1J't1.l1~,)rJfl1m~ 5W LL~::: 1 H LL~:::mJ',)LflJ'l:::VI 

LL'W,)Yl1-.lmJ'LLm'1J [;'I1~VI~n ECRS LL'lJ'lJUJ':::rJn ~~1-n1'W-.l1'W':j~rJ 

1. Lih 

Why? 

• 

(Eliminate) 

- ~I~~~I~~~1~11n~11~~nui~~~~~~1~~~~1~ 
(Combine) 

-~I~~~I~~~1~11n~~~~I~u1u~li~~~1~~~~ 
1~ (Rearrange) 
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I 
,q I IV I ~ r.llClt. "" 0 CIt, r 

IW1~1~'Yl 4.1 (lw~) IW.l'ElfJ1~n1~'JLfI~l~mLlJlJYf"ll~rul~'Jtlflltl13J 5W LL'i'l~ 1 H LL'i'l~n1~'JLfI~I~~ 

LL'W'J'YlI~n1~LLm'1J(;]13J~~n ECRS LLlJlJtJ~~t1ml~H1'W~I'W~9t1 

4 . ~11KU When? 

5 . 1'1'W Who? 

-col 
6 . 1fin1~ How? 

• 

- ri1r.r~n1~LtlntJ1t1~1LLl-l'll-.l l-l·hJn1nl'1~'El'WlwlVihJ 

~1LU'WIP1'Eln1~~1-.l1'W'El'ElnhJL~t1 (Eliminate) 
.cJ.J 0 I .....J::. 

-~n1'W~~~1'El~~1~1~n~1~nu~n1'W~-.l1'W~'W~'El'W 

ln~L~t1-.l1~l-l1'ElhJ (Combine) 

-~n1'W~~~1'El~~1~1~nr.r~'El~ln~nu~n1'W~-.l1'W 
i'W~'El'Wln~L~t1-.l1~l-l1'Ell).] (Rearrange) 

I 
Q 0 ,0 

- ~111~~'El-.l~m'W~m-.l1'W~::~1n ~'El n1~m-.l1'W~'El-.l 

~,rn-.l1'Wl-l1'Ell).] (Simplify) 

(Eliminate) 

- i'W~'El'W~~1'El~~1~1~n~11'WL1~1~~'El~nui'W 
~'El'W~'Wl-l1'Ell).] (Combine) 

- LU~t1'W~1IKui'W~'El-.l L 1'i'l1-.l1'Wll-l).]1~l-l1'Ell).] 

(Rearrange) 

LU'W~~1 LL'i'l::~11~~'El-.lLu'W (Eliminate) 

1'1'W1,J'W - ~1~1~n LoifI'1'Wl-l1'El LI'11'El-.lr.rmi1~nui'W~'El'W~'Wl~ 
l-l1'Ell).] (Combine) 

- ltXl'1'W~'W~1-.l1'WLL~'Wl~l-l1'Ell).] (Rearrange) .. 
- ~'ElUl-l~1t1-.l1'W~1~m1~~1~1~n~'El-.lI'1'W l-l~'El 

LI'11'El-.lr.rm (Simplify) 

- -.l1'WVi~1'El~ij~1 ~~31'W-.l1'W1'11UFJ~l-l1'Ell).] 

(Rearrange) 

--.l1'W~~1'El~~1~1~n~11tX~1t1n~1~1~l-l1'Ell).] 
(Simplify) 

~3J'El~ L~'El~1 LL 'W'J'Yl1~ n1~'i'l '" fI'J13J~ t1! LtJ~11 'WLL~'i'l~.j'WI;l'El'W~~ ~1'Wn1~~ LfI~1~~3J11 'WlJ'Yl~ LL~'J 
LL 'W'J'Yl1~n1~~ Lfln~~ ~'JtI ~1n13J 5W LL'i'l~ 1 H LL'i'l ~n1~~ Lfl n~~LL 'W'J'Yl1~ mnLnL'1J m3J~~ n 

ECRS LLlJlJtJ~~t1nlJl~1ft'W~1'W~9t1 LL~",~H~~~'J'Elth~~'ElLtJ.n , 
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::. ...... 
1. "JlUIJl'il\.m1'i~1-3"nJ'il~',uJ"Ji'il~ 

~,)1~~tlJLuf'i1~Lnl'l~'W: ~,)1~~tlJLuf'i1~1nn1~~'El~'ElU L~i'El'lr.rmhjl~.yh'l1'W 
n1~~L~n~,xLL'W,)'Vl1'1n1~UflJUN1'W,x')-if'El;lLij'Wlum~mn'l~ 4.2 , 

, " 
m~1'1Yl 4 .2 n1~~L~~1~'I-f 5W 1 H LL~~LL'W,)'Vl1'1n1~UflJuNl'W"n'W(;l'El'Wn1~~1'1~~mJ~~'l!'El~ • 

5W 1H f'I'l1).JlUJ1fJ U1..l'lVl1~n1nJfutll~!111).JlU~·n ECRS 

What 1 . Yft!n~1'W~1~1,.\~'El c.J~).J'lI'El~ L Yi'Elri1~ 1'1'l1'El~ LL~~ hJ~1).J1'l'C1 j;J 1'1,r1..ll;]'El'Wi11~ L il'El~~1 n LnfJ nu .. .J _ J' , ... , 
I'lru1l1'Yi'll'El~c.J~I11Jiru'n1I'1fJI11N 1'l'l'1u'El'W1YlLnl'1'l11..1~1nn'l'~U'l1..ln1'l'Ylc.J11..1).J1 · ~ .. ..iliil ..i , 

2 . 'Yi'Wn~11..1LnU1l1'l11..1~Yl '11 1..In'l'~U'l1..ln1'l'Yl c.J11..1 
, 

hr''' " ).J1 Yl1,.\'El~~1~n1'l11..1~ 

Why L Yi'El13Jl ~ Ln 1'1n1'l'tl'WLtJ'El'W'lI'El~ c.J~ I11Jiru,,~ 1 mT1..I 

..J "~~ v 11.1 111'El1..lYl LL~'l 'lI1..1111'El'WC11'1 
" 

Where ~tNc.J~).J'lI'El~ LL~~~'El~~1~'Eltlnmr . ~~~'El~~'El~i1'El~~l'1n1..l~~13JihJt1J1,.\1'l11..1~1fJ 

When ri'El1..lL1).J,.hL~'El1,.\~'Elc.J~).J 13J~1).J1'l'mtl~fJ1..IL'l~11~ 

Who ~ " 'Yi'Wn~11..11,.\'El~c.J~).J'lI'El~ 1~'Yiun~11..1~11'l'l1).J~~'El11'1'Eltln'l'nr).J1~11'W . 
~ 1" ~" 11.1 ~1'11..1LLYl1..l LL~~ 1,.\'Yi1..ln~1'W1,.\'El~c.J~).J'lI'El~ · So 

~1~11..1,r1..l111'El1..l~'El1tl LLYl1..l 

How 'YiUn~11..1L-iftl1~1'11fll'l'l'1U'Yi¥'il).J L-if LLtlN LL~~tl1 Ltl1..l~fiVl~1fJ LL~~~~mn ~'El'YiUn~11..1'El~ LL~'l 

m~11'l'l1).J~~'il1I'1,r1'1 

, " 
~,)1~~tlJ LUf'i1Yl Ln 1'l~'W: ~,)1~~ tlJ Luf'i1~1n n1~~'El ~'ElU 

" , 
n1~~L~n~'l-fLL'W,)'Vl1'1n1~uflJUl'l1'W,x')-if'ElilLij'Wlum~m~1'1Yl 4.3 

(;l1~1'1~ 4.3 n1~~L~~1~'I-f 5W 1 H LL~~LL'W,)'Vl1'1n1~uflJUN1'W,r'W(;l'El'Wn1~~1L~'El~~mJ~~'l!'El~ 
5W 1H 

What 

Why 

Where 

When 

Who 

, 

13J~1).J1'l'C1 j;J 1'1,r1..l111'il'Wi11~ L il'il~~1n Lnm nu 

I'lru1l1'Yi'll'il~c.J~I11Jiru'n1~fJI11N · 

How 'YiUn~11..1L~).Jtl1 (flru1,.\1J;Jtln~) ~~1~1,.\~'Elc.J~).J y'hl~L~'lLL~~~1fJ~1..I1I'1fJn1'l'Ltl~fJ1..ILtl1..ln1'l' 

'lI'El~~eJ1'Wn1~'~1~ LL~'l tl'l'~).J1ru1 /2 'lI'il~1'l'l1).J' L-ifJ1~'il1..l~flru1,.\1J;J~~n11 80 ° c ~~ 
1,.\~'il ~1n,r1..ltJ"I~11,.\~'El LL~~~).Jl~1'l'l1).J~'El1..l ~1).J1'l'C1~I'1L'l~1'l''El1~ LL~~~dVl1~1N~11..191 
1I'1mtJ~1'ElJ1L;h~1,.\~'Elc.J~).J L~'El'flru1,.\1Jm'W1,.\~'El Ltl1..lj;'f'il~;:j1,.\~'Elj;'f).JJ1~'El1..l LL~~'Yi'El~~J1~'El1..l 
c.J~).J~~t1~ 80° C 1~tlfl'ElfJJ1~~'El'iln 1tl~~1,.\~'Elc.J~).J~1~1 
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:::. ..., ..... .... 
3. "ll'UIJI'il'U n1'iLfl~'il'Utl1t1'J IJItl (;ltJ • 

I " I I I 

~'J13J~'1! LthhYl Ln ~~'W: ~'J13J~'1! LUf'l1'"l1nn1~'1l'W~~ L'il'el~'"l1n~UnmrYlH'1l'W~1tJi1 LYitJ~ L~1'el~ 
~ ~ 

L~m ~nvl~~mj'ru:;""'el~ ~'el'W-if1~ LL~1J n1~:=j L~~1:;lfLL'W'J'Y11~n1~uf1JU~~ 1 'W,r'J-if'eluLu'Wlum3J m 
.,j 

~1~'Y1 4.4 

, 

, ~ , 
mn~Yl4.4 n1~:=jL~~1:;lf 5W 1 H LL~:;LL'W'J'Y11~n1~Uf1JUN1'W-n'WI?l'el'Wn1n~~'el'W~1tJ.rI?lC1~1J 

5W 1H 

When 

Who 

How 
.., d" .... _ q... " ... 

'I'lkln-l1klLPl rl'elklfJ 1m 1'1 tJ I'1lJ'Vl'l'lkln-l1kl'l-l'el-l'il-l 

LI'11fJa.JH"l1n~'el-l.r-l a.J1~lJ1-L')ru'l-l~'el~~a.Jt~ 
~'el-l~~a.J'il'fl~ Ll'1fJt-if n1f.Jni:J'eltklm1~kltJ1fJ 

, , 

m1~l'1liLrilJt)l'1tJ~lJ'I-I-K-li-ll~li~'el-l~~a.J'il'el~ 

LrlfJ '1-11'el~l'1er-lLN-l1klt~L~kl'Y11-lm1~kltJ1fJ 

l:, ~ '" 0 IV oQ, 

4. "ll'UIJI'il'Un1'i1Jl'i'J~~'iltJ'U1~'UnU~=~1'U'J'U'JlJltl(;ltJ • , ~ , 
~'J13J~'1! LUf'l1Yl Ln ~~'W: ~'J13J~'1! LUf'l1'"l1nn1n'el~'eltJ hhn~n1~.yh~1'W'1l'el~ L~1'el~9m Y'/oJn~1'W 

~'el~'eltJ,r'J~~1~1'W n1~:=jL~~1:;lfLL'W'J'Y11~n1~uf1JUN1'W,r'J-if'eldLu'W1UI?l13J1?l1~1~~ 4.5 , 
, ~ ~ 

mn~Yl4.5 n1~:=jL~~1:;lf 5W 1 H LL~:;LL'W'J'Y11~n1~uf1JUN1'W-n'WI?l'el'Wn1~m'J'"l~'el1J~1~oJmL~:; 

5W 1H 

Why 
.. ~.~ 

L'I'l'el1'11,)"l~'ellJm1a.JtJnl'1'el-l~'el-lu1a.J1ruLLrl:: 

~1kl,)kl~t-if 

When 

Who 

, 

m1~l'1liLrilJt)l'1tJ~lJ'I-I-K-li-ll~li~'el-l~~a.J'l!'el~ 

LrlfJ '1-11'fl~l'1er-lLN-l1klt~L~kl'Vl1-lm1~kltJ1fJ 

L tlkl'l'lUn-l1klPlkl~kl1 t kl~'el-l ~~a.Jlir) 1-l 'el ~ Ltlkl~ 

1'11,)"l~'ellJ LL'Vlkl 
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, ~ ~ 

mn·.:J'Vl4 .5 (~!l) mJ'~L~J'1:;\f 5W 1 H m~:;LLtJ'JVl1~mnJ~1JtlN1tJ-ntJ[;lm.m1J'[;lJ''J'"l~!l1J1.hwwn , 

5W 1H Pl'l1).J\UJ1tJ LL~'lVl1·m11tJf1JtJl~(;11).J"'in ECRS 

How m'l'"l~'fl1J~1mrn1 (;1 ~ ~1J'"l1nthtJYl L~tJ~HYl -
~ 

~~ L~mYltJ1Jrl1Jt11",,rn (;11).JU~Yin'lJ'fl~ ~1tJ 

r.J~(;1 

::, ::'.,j 
5. "JJ'\Jj;I'El'\Jn1'1~~3Jfl'1'1'V1 1, 2 LL~:: 3 

~'J1~~'k!Ltl~1~Ln(1)~tJ : ~'J1~~'k!Ltl~1'"l1nmn~~!ltJ1~'J~1mntJr.i1LUtJ L1tJ Ln(1)mJ'L~~!ltJ1~'J 
1 tJmJ'~1 n LL~:;tJ ml~1J~J''1 ~1~1 Ln (1)mJ'~1~tj1J L~i!l~n!l~1'JtJ 1 tJmnu(1)1JJ'J''1.rl n.!eyJ ~1~1 
m J'~ L~J'1 :;\fLL tJ'JVl1~ mJ'tl~1JtlN 1 tJ'\X'JojJ!lt1LUtJ 1tl [;l1~ [;l1 J'1~~ 4.6 , 

I ~ ~ I 

mn.:JYl4 .6 mJ'~L~J'1:;\f 5W 1 H LL~:;LLtJ'JVl1~mJ'tl~1JtlN1tJ-ntJ[;l!ltJmJ'e.J~~~~~Yl1, 2 LL~:; 3 , 

5W 1H Pl'l1).J"').J1tJ LL~'lVl1~n1ruf1JtJl~(;11).J"'in ECRS 

What n11r.J~),JPlf~~ 1 -

Why L~'fl1~1(;1~~1J"N1'W"'~'flr.J~).J'I!'fl~ 

Where ,x'fl~r.J~),J'I!'fl~ -

When 
v V" 
'lJ~(;1'fl~n11r.J~),JP1NVl 1 -

Who Yi,rn~1'W,x'fl~r.J~).J'I!'fl~ "'~'flr.J~),J'I!'fl~ n'l1Ln'l -

LPli'fl~ij'flLtI~ntJ 

How Yi,rn~1'W : L~),Jt11 LLn::1Jn'"l.nru.n LL~::LVl~'l~ , ~ ~ !Jl~Yl LL 'lJ'l'WLPl1-'fl~ij'fl1t)ln""1J1'L 'In.rYh~1'W 
, , 

t.J~),JtJ1::L11Vl'lJ'fl~ m~'l LL~::m']~ ~~ 1111 'W"'~'fl r.J~),J ..... .. Qj , 

LL~ ::'fl'fl n LL1J1J LPl1'fl~ ),J'flVl ~:: ~'l n (;1'fl n11 

LPli'1l~4'n'l : ~mtl~ 11J~~L~'fln'l'W~'l~t.J~),Jr;i1~1 . 
V11~1'W 

1,xL-ihrl'W 

, ~ 

~'J1~~'k! Ltl~1Yl Ln (1)~tJ: ~'J1~~'k! Ltl~1'"l1nmJ'J'!l ~!ltJ hj~mJ'vi1~1tJ'1J!lWfWn~1tJ ~t!n~1tJJ'!l 
~ ~, 

~!ltJ-ntJ[;l!ltJn (1) 1tl mJ'~ L~J'1:;\fLL tJ'JVl1~mJ'tl~1JtlN 1 tJ'\X'J ojJ!lU LutJ1tl m~ [;l1J'1~Yl 4 .7 , 
, ~ 

[;l1J'1~Yl4.7 mJ'~L~J'1:;\f 5W 1 H LL~:;LLtJ'JVl1~mJ'tl~1JtlN1tJ-ntJ[;l!ltJmm'JtJe.J~~LL1J~ , 

5W 1H Pl'l1),J"').J1tJ LL'W'lVl1~n11tJf1JtJl~(;11),J"'in ECRS 

What ::. 1'1 'lJ'W(;1'fl~n11n'l~t.J~),Ju ~ -

Why L ~'fl1,x Lil ~ LL1'1~1J'l),J!Jl'l ri'fl~Yl'"l::1~1 (;1~ ~1J 

tJ1::L11Vl'lJ'fl~LLii~ L~'fl1,xLL1'1~M~1tJ . 
Where ,x'fl~r.J~),J'I!'fl~ -
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5W 1H ~'lI~'1UJ'ltJ LL~'lVl1,mlnJf1JtJt-:l11l1~~trn ECRS 

When 
' ..... .... GIl :::. GIl 

1~W:n-:l'lJ~11I'1l~n11~H'l~~N'V1 1 LLfl~~N'V1 2 1 . LL'!lLLi:l-:l'l~J'~-:lHri'1l~~'l-:l~ulri'1l~i~ 
::, .J 

l1I'1l~n1nJ~l..J~N'V1 1 

" " 0 

2 . ~~1Ji~11I'1l\.lfl1Jn11~~l..J~f-:lYl1 

Who ~~'1l~~l..J'll'1l~ -

How Ynrn-:lI~ : hh~'-:11'W ~,rn-:lI~: L'V1LLi:l-:lYlLL-rllr)'l~J'~"N~Ulfl-:l 

L~i'1l-:l~m : ~nLtJl?1'l1J~"lL~'1lm~~'l~~~l..JiJll-:11 " " " ~~'1l ~~l..J LLfl~eJl'Wi~11I'1l~i11tJi~t11?11tJ 

'l~L;hn~ 

::. ~'l~" - -", ... ., co 0 7. "lJUj;\'ElUn1'iLufl 'ElU1L"lJ1Lfl'i'El\lL~'El L'VIfl'l1)J'i'ElU 'N 85 C 
o ... 

rl'J'nJ~ru LtJ~IYl Ln 1n~'W: rl'Jl~~ru LtJ~191nmnreJrlreJtJ Ylt!n'lI'WhJ1rJi'.yi1'lI'WLL~:;Ln Inm~~reJ rlreJtJ 
\J Go' \J QI 

5W 1H f'I'lI~~~ltJ LL~'l'V11-:1n11tJfutJt-:l11l1~~trn ECRS 

What i~11I'1l~n11'l~I'l'lIl..J¥'1l~ t1-:1 85°C ~"'l11rul~I~Il..J11n'l-if~ru~.1J~~ln~1 

Why LYl'1l'JJIL~'1l"'l~~'V11-ff LLfl~~,'l~LLi:l-:lM . . 85 °c 1~~1'1lhJ 

Where ~'1l-:l~~l..J'll'1l~ -
.... .... .... q 

When ~fl-:l'lJ~l1I'1l~~~l..JI'lN'V1 2 -

Who ~~'1l~~l..J'll'1l~ -

How ~,rn-:lI~ : LtJl?1'l~~'lIl..J¥'1l~ ~"'l11rul~I~Il..J11n'l-iftll¥'1l~L'V1Ltl~~'l~ 

L~i'1l-:l~m: ~nLtJl?1'l1J~I?1L~'1lm~~'l~~~l..JiJll-:11 ~~l..JLL'V1~J,~ru~.1J~tJn~i1~~1'1lhJ L~'1l'l~ 

'l~L;hn~ LLfl~1'1lJ'~nLtJl?1L'ih~1'1l1J~'1ln'lJ'1l-:l " ~ru~.1Jij~'l~~~l..J~-:I~-:lLLiJlLLm 

..... ..... 1'" '" L~1'1l-:lL~'1l ~~'l1l..J1'1l~ 

... ... 
n~I'J~19'Wrl~1J~'lVf~1n 24 'll'Wl?lreJ'W 

~'l91 n m ~~ Lrl~l:;tfLL 'W'J'Vll'l m ~tJ~1JtJl'l 1 'W1Jl'l mru ~1 Ltl'W~reJ'liJ m ~~'l'VJ'W 1 'Wm ~tJ~1J 

tJ~'l rJi'1'WLrl1reJ'l9 m Vf1reJm~~'l'Vl'WrJi'I'WLrl1reJ'lnreJ L ~~ L~~ ~'lt!'W~'l rl'J~i1 m ~~ Lrl~l:;tfti'l-nreJ91 n In • • 
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I I I 

fj L,",11:;,r ~'JtI L(;ltl n111:; (;l).J~~Hl\l L Yi'flfj L,",11:;mi\l e.J~ m:;VlU'"l1 n n1nU~tI'\.JLLU~\I m:;u'J'l.Jn11VH1 

~'fl n11vi1\11'\..J"1l'fl\l,",'\..J n11vi1\11'\..J"1l'fl\lL,",i'fl\l~m t)(;l(1~U/U11'"l.nrueyf ~\lLL'J(;l~'fl).J ,",ru1l1Yi"1l'fl\l • • • 

Lnrueyf~'"l11ru1~~n m).J(;]'J'flu1\11'\..Jm11\1~ 4 .9 L(;ltl~,",:;LL'\..J'\..JLLtJ\lLtl'\..J 3 1:;~U~'fl ,",:;LL'\..J'\..J 

L'Yl1nU 9 ~).J1t1ti\l i1e.J~n1:;VlU'flU1\11'\..JLLN~\lr.l1Ltl'\..JI~1'fl\lVl(;l~'flU LL~:;Yl'"l11ru11'\..Ji'\..J~'fllU • 
I ..... .. CIiII '" 1<II:1II v tJ I ..... .. 

,",:;LL'\..J'\..JLVl1nu 3 ~).J1t1(1\1 ).Je.J~m:;VlUU1\1LL(;l).J).J1(;l1n1n'fl\l1ULL~'J ,",:;LL'\..J'\..JLVl1nu 0 ~).J1t1(1\1 

hj~\le.J~m:;VlU'flU1\11(;l n111~,",:;LL'\..J'\..J'"l:;1.jf~~nn11~\I).J~~L~'\..J~'fl\ltil'fl\ln'\..J1'\..JLL(;]~:;~1t1 LL~:;rh 

~ L~t1'J"lI1 ru1 '\..J~1t11(;l L~'\..J~1 ~'Jif'fl1(;l~ (;]'J L'fl\l t'U ~ (;l"ll'flUt..!1'"l:;i1 e.J ~ m:;VlU ~'Jif'flt!'\..Jn'"l:;(1 n ~\I 
'IJ ., 'IJ 

,",:;LL'\..J'\..JL'Yl1nU 91'\..J~'\..JY1 
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....dB 'II II 

~tw 

" ~tl'l 

t.l5~m1 

" g 
~tl'lLnU 

'IItl~ritlU 

un, 

" ~tl'lUl1' 

'IItl~ 

fUPltlU mnhl1U I L'lfl1 

flU 
... ...,.... , 
'I Lf'111::Wl1 Lfl~ LLfl::f'lTVI1'1 o 

t.lT::~1V1ft~cr~ 

~1'1ti'lLfiU'IItl~r1tlUUn1 o 

~'1'11tl~"I1n~iimJ~~1tJu'lti'l I c::;> 

Lnu 

~1'1~'lU11' ufl::~tliitl~tl o 

1i1~~j;J1iruorl'll::vltlU11'L~tl I 0 
1~1~L~fttl~1 j;Jn A'1'1111tJ 1u 

Ufl:: j;J1'l"l~tlUf'I'l1~L~tJ'Ij;JN 

~'1Iii'ltlth'li'jLf'ln::~~ c::;> 

~tl'lt.l5u~m1 

i'jLfln::~fhLnfttl o 

Lfl1tw"n1 I (U1;;) 

30 

30 

c::;> 30 

20 

o 10 

10 

20 

U1r''IItl~ fl '1'i1'l11l 010 280 

flm~tN:fI'l1'-J~CU LtJth~Ln"iu LLU'lYl1'1m1LIDLlIL"tJ,..crn 5W1 H LLfl: 

ECRS 

m11tlf'ltltJ t.lfut.lt'lLf'l1tl'lntli'jLfl11::~1~vi1'11UL1'l 

'iltl'li'i"lm1~~'hiluu~1~vi11~ I~u 

Li'iI1lFlNfh 

mT1tlf'1tltJ 

(~1-rli'i"ln11~1uL~UVI1'1i'jn~j;J) 

m1'i1U~'1 1. 'iltl1 tJ'ilU1I1lvltl~'1 
, , 

2. LVl~ri1ft'l'iltl'lLf'l1tl'lUN~U 

f~1n,,~l(twil 

J' ... .. 
'IItlLf'I1tl'l~tl 

n11Y1"fttlU~1~nLn1"~ 

';1 WuritlUJ.Jfu!J1.ln1:11lU011 

V111l~tlUf'I'l1~LLj;Jn~1'11::wh'l 

i'jLf'l11::~tlj;JLumi I m1i'jLf'ln::~UUULfi1 Ufl::UUU 

uVlum1i'jLf'lT1::~ 11~~ 

UUU Lri 1 

Vl"l11ru1 m 1tJfUvltl 

... ~ 

Lf'l1tl'lUNI1lU Ufl:: 

3. 4'l1lcr'lLN'I1U1~Lf'l1tl'l~~~rluti'lLnU Icr'lLN'I1U 

ml1tlf'ltltJ 

(1~1-rli'i"ln11~1UL~uVI1'1i'jn~j;J) 

iitlunvdtl'l ri1~Ul1lt.l1~1ruutiutlu1un1rYlI1l~tlU 

~Li'iI1l"l1nm11flvltl LLfl::Y1I1l~tlU I L~tl1~t.I1~1ru'iltl'lL~mi'iI1lUtltJ~~11l 

m1un, 

m11tlf'ltltJ 

ViUn'l1U~Mvi1'11U 

ml1tlfltltJ 

'iltl'li'i"ln1nJ~·hLi]uu~1~vi11~ 

Li'iI1lFlnuh 

U1 Lf'l1tl'lntli'j Lf'1n::~fl'l~1~If1Ufl1'1 

LtJ~tJu1X'liitlmri'j Lf'ln::~"11 n LnfttlLilu 

t.I1~1ru'iltl'l U~'1 UYlU ~'11i1L'lfl1 L1'ln~1 
, , 

.. .. .. '" I 

LLfl:: Lf'1rtl'l~tlLf'I fl tlUtJ 1 tJ ~:: 11l'l n n 'l1 

Y111l~tlUt.I1~1ru~1~~fl'lL~fttl 

1U'IItl~ 

Y111l~tlUf'I'l1~Uj;Jn~1'11::~~1'1 

m1i'jLf'1n::~UUULrl1 Ufl::UUU 

1~~ 

(Xl 
(!) 
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I LLlJ'lYl1~mnJf1Ju~~ I 
I 

.I~.I ..11 ,.,. 
LL lJ'l Yl1 ~ m juj1Ju~~'r1 l-Jl-J ~ ~ m::'r11J 

~'e111rumVi'lltN~~~Ji'ru,r 

'r1 ~~ 'e11Jl1i 1lJ11 rum Vi llJ~'e1~'r1 ~ ~'e1~ ~1l-J 

",inmj'e1'e1nLL1J1Jmj'r1~~'e1~ 

'111 L~lJ'e1LLlJ'l'r11~m juf1JU~~~ ~1lJ~'e1 
~ oJ ~ .I~.I" oJ ~ 
~N~1lJLVi'e1Vi"l1jru1uj1Ju~~mlJLr1j'e1~"lnj 

LL~:: er~tN~1lJ 

· ~~~'l~'e1~1~~1lJn1j 

Yl"l1jru1"l1 n tN~1lJ 

"l1nj::~1J~'e1~Un~n1jl-J1'r1~~'e11J~'e11lJ 

j::~1JtN~1lJ~1~'e1~ (Pilot plant scale) 

'V1~~'e11Jnj::1J'llJn1jl"'~~uf1Ju~~llJj::~1J 

mj~~~"l1~ (.Actua l production scale) 
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I I "" I 

'"llnm~th:::dj'W~'JI).J~~I~L~~'fl'Wvhn~~'W~'1L'Wm':::U'J'\..mI~t.J~(;] L'WUVl'Yl 3 .2 .2 YiU~I~ 
" 

.... 11 .J .J _ I I ~ .J ell 

7 "''J"lJ'fl'VlYiU~'JI).J~~I~L~~'fl'W~'1L~tJ).J~1 Standard deviation ~'1n'Jl 5 'W1'Vl'VlL~'fln).Jlm).J(;] 1 
" " 

;l 
1:;~:;L,)fI'l (lJ'lli) r '\.UJ'ltJL1-1~ 

ii"'lnmJ~Lrhm"lJ"''l~'in~lJ1 ;l 
.,. 
r r 0:0;: .,. .. ..I r );; L,)fI 'l I'i'lL1lfl ~ f'I ,)'l ~~lJ ' " f'i'l~'ln Yl~~ 0:0;: f'I 'llJfl~ 

Critical path activity ;l .,. 
~ ., 

..I ..I -, .. 
~'l1ll13'llJ U1.l1(SD) "'\1i1l "'\1111 (Range) ~ 

1 Lfl~fllJU1~ilJ1'l~U lJ11,)~l'IflU Ibl 10 14.0 6.13 5 25 20 . 
U11-1UnUfI:;~'llJ,)lJilJ1'l~U 

2 n'llJuil~ (10 lJ'lli) IU 10 15.1 5.40 10 25 15 . IU 3 LUt1lU11-1ftflLUlJ (~CU1-1JJij"fl~) vi'l 120 128.8 15.85 110 160 50 'Yjun~'llJ~t1l 

l"~,)lJ~I'I~LUlJii~ 50
0 
C ~nnfl'l~ilJ 

4 ~~rn')flth~'iLfln:;\f ~"fl~tJfl~n'l1 10 10 14.7 6.60 8 25 17 

5 'iLfln:;\ff'i1Lflil LLfI:;Pi'l""~ 10 30 32.9 7.13 25 45 20 

1.l1:;1'I'l"'~~~1'I 

6 U11"l'llflI'lMIJ,)1II IU IU 280 282 20.98 250 320 70 'Yjun~'llJ~t1l 

~nnfl'l~ilJ 

7 U11"l~U~fl 10 10 280 282 20.98 250 320 70 'Yjun~'llJ~t1l 

~nnfl'l~ilJ 

~).JI"lJ'fl'lU C1J", 1 L~tJ 0~tJL~'flm~i'fl'l~'fl~L-nL 'Wn l ~~ L~ n :::oJ~'fl LLt.J'W ~'1 ri' 1'1 tJ~ 1 (Fish bone 

diagram ",t'fl Cause and effect diagram) ~'1'"l:::Yi'"lln1JI(;] I ).J~'J eli'fl"lJ'fl'l 4M1E Hi'LLri Man 

Machine Measurement Method LL~::: Environment (;]1).J~tJ~ 4.2 - 4.7 L~'flLu'Wm~"'I ~ lm(;] " , 
I I '" I 

"lJ'fl'lU C1J",I'l1'fl'l m1'Vil'11'W YlvilL ~ Ln ~ ~'JI).J ~ ~1 ~ L~ ~'fl'W~'1L 'WLLj;]~ ::: eH'W(;]'fl'Wmh'l~::: L~tJ ~ L ~'fl'\.11 

ltJ",1 LL 'W'J 'Vl 1 '1 m nLm'll n'l ~'W(;]'fl'll'fl'lUC1J"'1 j;]'flltJ 
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YiI!fN1U r---~--L -;.....--. ~ ... , 
n1tN'YI1~ 1UtlUtl!J i'lft1 

lJ;i'lruL"~tlUU1U rlft1 .. "",..,u,,,o 

i1a~"tl~'l1~Ln~n~ 

I I I I;-

ltJ~ 4.2 LL~tJer~rh~tJ~l LL~ (?)~~~1'lJ'fl~t1'1J~1'lJ'fl~ L'l~l L~~'fltJ~lt1 LL~:::m~m'l'"l~'fl1J,hl,nrn~ 

I I '" I '" 

~1 L~ I?l~~ n~y'h 1 ~ L'l~l L~~'fltJ~ 1£.1 LL~:::I?l~'J'"l~'fl1Jtl1~t!n~ ~'J1~ ~~1 (?) L~~'fltJ~~t!tJ~l , ~ 

'"llnm~y'h~ltJ'lJ'fl~~tJLiJtJ~~n ~~t1'1J~1~'JtJ1~qj~1'"lln 

1) Ylt!n~ltJ~~~1'fl hlLU(?)(?) 11J~~ L'J~l Ylt!n~ltJ1J1~ ~tJ1tJy'h~ltJ'flU~~~m~~~~tJy'h 1 ~ 
~ ~ 

~ ~ 

ri'l~~ ~tJtJ'P.ltIn~ltJn ~ ~1'fl1J1~ ~f~ Ln (?)m~~'fl,x'J~tJ1~ltJ~11?l~'J'"l~'fl1Jtl1~t!nvi11 ~ 

1" 0 .J !'l 
"l1L'J~1~~m1'Vl~'J~'"l:::LutJ 

2) L~i'fl~Sj'fl1tJm~~'J1J~~L'J~lm~tJ~'1J~~ltJ 11JutJYinm~~~I?l~~~~~lmL~tJ m~l::: 

1tJ1 LL~tJ'"l:::~lLYl1:::r;l'fl 1 ~m ~~~~1~Ylt!n~ltJtil'fl~LU(?)(?)LLr;l~:::LL~tJ hj~l~lnl(?) 
~ ~ ~ 

o 0 

~ ~ " 
L~~'fltJ'iJ'fl~ L'J~l LtJ'fl~~l'"llnm~~tJ~l 

4) er~h~~ltJ ~-rl'fl~'Vl1~L~tJ~1~f1J'lJtJ~lt1LL~1J L~~'fltJ~lt1hj~:::(?)'Jn vi11~Ln(?) 



LPI~{)~4'n1'W~1~11m;ifl'U 
ujfl~~~L'lfl1'hl 

fl1n11'1'l'U~fl~~~~ffi'U 

Yi1\~Ynrn~1'U11.hi~~n~fl~i~ 
;~).Jfl~hh':;'U'U1ytn1 
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~1L~,wv,~n~l111'IXL'Hnm'WLLil:Ji1~,)13-J~~'W1L~~!l'W~~ Lti!l~3-J1'"l1n ~~1~ih~'W~~!l~i1 
, "" 
II " "" I 

L,)~1m'WLLil~Vi~H!lth~ii!l£J 10 'W1Vl ~~'l!'W"ti'l!n~1'W~!l~~m!l'lh,li:1n!l'Wl11O]'WI'l!l hJ1Jl LLI'l L,)~1Vl 

~!l~ ~1~'W 1'WLn'Wl111 'lXYl'l!n~1'W1tJl11~1'W!l U 1~~'WLL 'Vl'Wn!l'W ~ 1!l hJti~!l UL 'W'IX!l~~'WL ~!l1!l L ') ~ 1 
" 

Lti!l~'"l1n'IX!l~ ~~3-J"Jj!l~hli1~ti~1!l LL~~i1m n1 Pl~!l'W L~!l~3-J ~ L,)~1.n-'W~!l'WnLL~,) hJi1~fin11L~!l'W 
LL ~~"ti'l!n~ 1'W L 'IX'Vl11tJ LL~ ~"ti'l!n~ 1'W 1tlti~!lU~'IX!l~~'W~ L~'Wn~1l111 'IX"ti'l!n~ 1'WLn ~ n11~3-J 1Jl 

" 

n11'1'\'U.x~~~).J1fl'U , , , 
ynrn~1'U't1.hr~~nYi~'U 

;~hl'ti1W'UL~u~L~{)'U'I1mf'l~{)~4'n1 
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" I I I 

L(H'l1'lh~niOlm'~~\liOl~~ ~niJ-rl':l'!~n L Yl tJ,!"1/'e)'!Ynrn'!l'WYi'e)~ ~'!Vll'! LN'!l'WhJi1 m~9 ~ Fl'W~iJ LtJ~tJ'W 
I I I " I 

-rl':l'!~ nL Yl tJ'l tilL ~ L ':l ~lYlH''W 1'W Ln'W ltJ ~,!;'W'e) ~ niJ~ lYitrn'!l'WYl~ niOl ~n ~iJL -ih ~ 1 L -n 1 ~ 1l11'!1'W 
'IJ 

, " , 
L Yl'e)iOl~l11'll'WI?l'e)'WIP1'e) ltJ L~'e) h 

"" I I I I '" 

'W'e)niOlln\lulYlH'V1~'e) LFl1'e) 'I 9 n nYl'e)l11L ~ e.J~ I?l.rl rurvlLtj'Wn'! L':l~lYl ~'e)'!nl~ iOl~H'U 1 
I " " .... I 

tJ~~tJl'e)ruV1flijtJn ~ ~,!'e)ruV1flijU1V1~'e) Ltj'WiOl~;'WniJ'e)ruV1flij ~'WUl LL~~'e)ruV1flij"1/'e),!~'e),! ~,!iOl~ 
,., \J ,., 'U "I 'U 'II \J 

iltl..JtJB~n11 LLf\:::~1U n1 1 

~ filll tlfJ1nf\~1..JnUf'\Uf\ :::Yi 

" 
L 'W'll'WI?l'e)'Wm ~l11'!1'W n'e)'WiOliJ n ~~iJ':l'Wn 1 ~e.J ~ ~'l! 'e) ~iOl ~i1 m ~~'! !?l':l'e)~ 1'!~ LFl n~"r ri 1 LFl i1 

n'e)'W L~'e) 1?l~':liOl~'e)iJ rilIP11'!1~1'e)~L 'W-n'e) rilV1'W~"1/'e),! e.J~ I?l.rl rurvlV11'e) hJ n'e)'WtJ~'e)tJ e.J~ I?l.rl rurvl'e)'e) n 

lOll n~'e),! e.J ~~'l!'e)~ ltJ~~'e),!iJ ~~iOl L~ tJYitrn'!l'W~'e),! e.J ~~'l!'e) ~iOl ~ LniJ !?l':l'e)~ l'!L~ m'~tJ n LL~ ~ L Vl ~LL 9'1 " , , 
I " " I 

~'e)'!tJiiiJ~ m ~Yl'e)~Vll'!..n'W~'e),!"1/'e)'!m Fll ~ V1~,!iOll ntr'W!?l':l'e)~l,!iOl~n nt"Jl'! HYliOl ~~'! !?l':l'e)~1'! LL~~i1 
dJ 'U \J "I 

Yitrn'!l'W~l fiJ !?l':l'e)~l,!iOll n~'e)'!tJ~iJ~nl~~lfiJ !?l':l'e)~l'!ltJ LLIP1 Ln'e)'!iOll n-n'e)~~ ~ n~'!V1~ltJVl'e) ~ 
" , 

Ln'WltJl11L~ Ln ~ Fl':ll~~l-Dl hJ Lvi 1 n'W LL~ ~iJl'! Flf'!Yitrn'!l'W~'! !?l':l'e)~1'! hJ'e)~ L Yi~l~ ~'e)'!ltJl11V1,J1Yl 
" 

~'W 'W'e)niOll neL~'WVll'l~~V1~l'l~'e)'ltJiiiJ~m~~'e)~i'W~'e)'l LL~ ~~ltJ m~e.J~ I?l~'e)~ ~l'W~l'l'e)~vil'! rl'W 
dJ" '\I \J 

l11L ~ Ln ~Fl':ll~ Fl~l ~ LFl~'e)'W"1/'e),! L':l~l m~~'! !?l':l'e)~1'!~'l 



~ii'n11~1" 11 ::.x 

hJI\Un::fl l-J 
~ .. 

~fln11'l~flfl1~LflfltlU __ .;:a.. 

l'i11~~tl~1Lfl11 ::: ..n .. nJ 
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~1 L ~ ~~~ n~~11,x L 'J ~1 n1 ~~ Lf"l11:::lf ~ ~~ f"l'J1~ f"l~1 (;1 Lf"l~'fltJ~-l 'YiUn-l1tJ~ Lf"l n:::lf ~'J'flth-l 

9 :::LLtl-lm:h~ n1~~ Lf"l11 :::~1 tJLL~ ~ :::fOh L(;1tJ ~'Jmh-l ~'fl-l~ 11,x butJn-l'fl ru ~115j 25° C ri'fltJ9::: 
, 'II 

" " ~bf"ln:::~l~ L(;1tJtJn~9:::~Lf"l11:::lf 2 f"lf-l~1ntJ1tJLL~~:::~1 LL~rh~~~Lf"l11:::lfLn(;1f"l'J1~f"l~1(;1 

Lf"l~'fltJ1tJ91n~ri1~tJ(;1H~'fl-l';hn11~ Lf"l11:::~1mJ ~11,xL'J~1m9 ~'fl-l1-DtJ1tJ~tJn~1tJn ~ tJ'fln 
" , 

91 n\1'YiUn-l1tJ~ Lf"l11:::lf~91tJ'JtJ-W'fltJ~11 ,xm9 ~ (;1n1~~ Lf"l11:::lf ~'J'flth-l~tJ'fl~ 

L~'fl'YiUn-l1tJ~ Lf"l11:::lf ~'J'flt11-l L~;9 LLli'J9:::LVl1Lb9-l ~~ 1tJ~,x'fl-l ~~~"1!'fl~ L~'fl~tJ~tJ~~ n11 
II II I I 

tJ~'fltJ ~~ j;]Jlru'VlltJ~-l-ntJj;]'fltJtl (;11tJ1~~1'fl hI tJ1-l f"lf-l hl~ ~ftJ~1tJVl,x'fl-l ~ ~~"1!'fl~ L U'fl-l91 n ri1~-l 
'II 
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L 'H'lIU ~~, iJ f1'Jl~ f1 ~1 (;) Lf1 ~'El'W~ 191 nu fkJ'I.-Il'1.-1~ n ~'El 'Y'lUU fkJ '1.-1191 n m nn (;)yJ'El'l~~191 n 

'l!'El~lil1 ~m ~rr (;)m~1 m L(;)t1 ~:;UU 1'l~'J9~Um~1 m91 n Lf1 i'El'lUn9rel I'l L 'Wl-J~iJ f1'Jl~ f1f'l1 (;) Lf1~'El'W , 

~~ 1'l.ft''J f1~I'J 'W'Eln91nt1~'1'Y'lUUfkJ'I.-Il~ Ln(;)91n'Y'l,rn'lI'W~nnf'lI'1rr'W LLf'l :;Ln (;)m~lil'11'W1mJ91n 
'IJ'El'lL~t1 

~1'1.-1fU~'El'lU~~9~Ul-i'El9:;d:l'W~It1m~~~ I'l [;]'El Li'l'El'l~191n~'El'lU~~9 til L'Jf'l11'W~'El'lU~~9 , " 

91nnl~f)Lf1n:;oJ~'JtlLL~'Wcr'lnl'1Uf'l1 (Cause and effect diagram 'I.-It'El Fish bone 

diagram) m~-nl'1 r1f'W LLf'l:;L~'Eln~~I'IJ'El'lU fkJ'I.-Il~ Ln mj'Eltl~~ (;)91nnlnnu-n'El~f'l~IJllt11'W 3 

L~'El'W~ ~1'W~1 ~1~lnl~ ~U~ 1 L'I.-I ~'I.-I~ n'IJ'El'lU'1.J '1.-11 LLf'l:; LL 'W'JVl 1'1 m nLnUfkJ '1.-11 m~ ~1 m ~~1~ 
f)Lf1~I:;oJ~ILu'W1um~I'lI~I'1~ 4.12 

n"'l m'1).J~ djtJ 
L1~1 (tJ1Y1) 

L~tJVI1~~nC]~ 
L1~1 1'111).J t'l1 L Vl 'JVl~ nlItl~iI ClJVl1"'l1 n 

.; 
~tJ ~CJtJ~~n1~u~1 (Cause LL tJ1V11~ n11LLnilClJVl1 L1~1 L~~[J 

(Critical path 
).J1~131tJ LtJ ~U1( and effect diagram) 

activity) 
iI"'l'iutJ SD) 

1 Lf'11tl~lr"m 10 14.0 6.13 1. Ynrn~1tJ~).J ~~1~1~UUI'I'l1).Jfil).Jn11 . 
1'l11n~u vi1~1tJ~'lI'l[J L~'fltJ . 
1111'l"'l~'flU 2 . Yi,rn~1tJ1'fl~'lVlih:ntJ 1,xYi,rn~1'uYi~1~vi1~1tJ 
0-

tl1Vl,rmL'l'l~ ).J111111"'1 LL'Y1tJ 

~1tJ1tJ1'l11n 3. Yi,rn~1tJhjYitl L;j'fl~"'I1n r.r~iJ1111~n11vi1~1tJ LLfl~ . 
~u 

. 0'" ..I 
~"'I11ru1~1tJ'ltJYi,rn~1tJ VI1~1'U'fl'IJ'Y1' ~tl'U 

.,J 
'Y1LVl).J1~~).J 

4. MlN~1'U1~LVl).J1~~).J r.r~~~h~~1'U1Vl~ 
..I " 'Y11~ Lfil'l'l'fl'UmmLfilU 

-'" ~ 5. 'lfln11'l1'l1l'fl'lVl'l'l'ln11 r.r ~ih (;)Un11'l1~~'l1l'fl~ 

i'l1~LVl).J1~~).J vi11,xVlUU L~£J L1£J'l LU'U"ll ~1U'U 
0-

mn Yi1L~'Y1Yi~'fl).Jvi1ihmJ'l~ 



~t\\.IV11..:J1 n ~ ~ 

(Critical path 

activity) 

(flruVlJ;]ij 

~'fI'I)-n11~ 

~'lU~~~ 

. - ..... 
'lLm1~VI VI 

~'fI'I1.l5llii 

mr 

~'lfl1 

10 

120 

10 

. 

~'lfl1 

~ll~tJlu 

iI~,uu 

15.1 

14.7 

~1.l1( 

SD) 

5.40 

~1 ~ VllJjVlfln~tl..:JiI C\JVl1~1 n 

~~~ucr..:Jr'h..:Jl.lfl1 (Cause 

and effect diagram) 

1. ~'lfl1Viri1V1u~1~r'flu1u 

~nu-n11~'Y'll1n'l1u11.l 
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2. 'Y'll1n..:J1u11.ll1..:JVi~tl'l~u r.r~1u~1~'Y'll1n'l1ul1'1~n 
~~'fI'I~~UU1~mf.J1n ~LVI~1~~~ ~Lfl~iju1~m 

. 
Ln'fl'l~1n'fl1n1~lu~'fI'I 

2. J1Vil-ifVl~'fILij~UnlJ 
fl ruVlJ;] ij'f)1 m M~VI~ 1..:J1U 

., 
~r1'1r~lJlJfi1'l1~PJ~mr 

-n1..:J1ul ~i'l ~n (;) 1~~1tJ . 

ClIo! ~ I cr .... 
(;) ~ (;)'1r~lJlJU1V1fl'fl LtJUVl 

~1~1 rn f'I'llJ PJ ~fl ruVlJ;]ij 

L;h1~ 

Lti'fl'l"1n'f)1m~lu~'fI'I ~LVI~1~~~ 
~~~~'fIU 

'fI~ Vl1'f1m~'Y'l'fl 'Il'fl~LtlU~~'1i?l'l'fltJ1'1Ltl'l 

2. ilC\JVl1~1nmr~'fI~1r 1~'Y'll1n'l1ulu~'fI'I~~~ 

r~VI~1'1~'fI..:J ~~~'I!'fI~ LLfl~ 'Il'fl~Ltlu~~'1i?l'l'fl£h'l~'fI'I 

1. r.r~~'fI'I1.l5lJ~mrfl'l 

~1'f1~~1U~1'11U~'lU 

~~(;) 

2. ~~1'1~'Yhl~'1i?l'l'flU1'1 

11.l.ff'U2 



L«U'Vl1~~n~1J1 

(Critical path 

activity) 

L'lfl1 

30 

280 

280 

L'lfl1 (U1Vl) 

32 .9 

282 

282 

Ll.1.J1( 

SD) 

7.13 

fl1L~~~fln'!l!l~ilru~1~1n 

LI.~U~~n1~tlfl1 (Cause 

and effect diagram) 

, ..J 
fl'l1~flfl1~Lfl~!lu'hJr,;nnV1 

ri1~u~H~!l~'l'i1n1d 

1Lfln:;~1~lJ 

3. ~un~1U1Lfld1:;~r;i'l 

'flth~'tlJ~!l 
\ 
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1~~un~1U1u~!l~~fI~ 

'll!lfl LtlU~~~ r;i'l!l£h~ L!l~ 

r.r~~1~1.Jr;i'l!l£h~~~ 

L~~Lf'i1!l~ij!ltilJ1 LU~ 

·lhu1Un1d1Lfld1:;~ ... i1!l 

20 .98 1. Ln~~!l~'!lru:;1.Jdd,Yh1~ 1~fl1dil!l~nu~!l~L~~fl~ 

~!l~~~~fl1Un1d~~IJ1LtlU 1U'll!lfl 

d:;U:;n1L~~'ll!lflhh1U 

" "."1 1J1!l~LLnuru~1~1nfl1U 

n1d1.Jdd''ll!lflfl~'!l'l ~ 

I 1.1 I I I 

1~ Li'l'WhJ m'-J L,)~I'-Jl j;]1~I'WYlnl~'W~ H 'W'iln91ni1~'1SJ L1-'fNYl Lnm-n'il'l nUn11~ ~m11'1 L,)~1n11 

Yil'11'W'lI'il'lYlUn'lI'W n11;i~~'11~UUVl~'ilLU'W LL~~~ ~er'l LN'Il'W1mJ ~'191 LU'W!;l'il'I ~m~Ifi1,)I'-J LU'W 

hJl~'lI'il'l n l1LL 'W,) Vl 1'1 n1 nLrlU b1iVl1 i') '-J nu Vl 1'1 L 1'1'11'W 

~1V1fu LL 'W,) ~ ~n111~~11iJ'il'l n'Wn1nn ~~'il'l L~'-J~'11 'W'1!'il~ L~'il~ ~~'il'l'llru~un9 L~'il~ ~ , 
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flU LLLL 1,J'J'Yl'Nm ~tJfutJ~,:m~:::u'J1,Jm n ~'el~ ~ rl1 L'J ~1~ 1 ~ ~ti11,J L1,J"r'Joif'el 4.1 ~-l LL 1,J'J'Yl1-l m ~tJfu , ~ 

tJ~-l~L~1,J'el1r)l1,JltJ~ 4.1 LL1,J'J'Yl1-lm~tJfutJ~-l~Jl1Yn1t1!vn 
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m':::U':l'Wn1~~~(;]1'WUVl~ 4.1 LLf~::: 4.2 LL'W':lVlI-.ln1~tJfuih-.lUI-.l~':l-ll'el~ILU'W~'el-.lrlnm':l"l~'elU~1 , " 
~ , ~ 

n1~tJfutJt-.ltr'W1hJYi11 tn,x fJ rull 1 Yi"1J'el-.l ~~ (;]11 ruSY]LtJ~rJ'W1tJ ~-.ltr'WrfJ9rJ ~'el-.lvil n1~Vl ~~'el-.l1 'W 

,x'el-.ltJlj~ n1 ~(;]I~Vl~ n n1 ~'el'el n LLUU n1~Vl ~~'el-.l1 'W~'Wn ~ 1tJL~rJ 1-if ~~ n ~:::VlU~'elI"l"l::: Ln ~~'Wnu 
rlru1l1Yi"1J'el-.l~~(;]l1rusy]~~I'Wnl~~Lrl~I:::Vl1'WUVl~ 4.1 LL~::: 4.2 LU'Wi1"l9rJ(;]'elU~'W'el-.l1'Wn1~ , 

. -.. 
ft1~tJ 

... 
'YI 

2 

4 

6 

, 

UU1'Y11~n17UnL~t~~~fln 

5W1 H Uftt ECRS 

" , " 

n17'Y1 '''''iltJ ';1U" C\Ul1'WYl41 

LiJupj'il~~hri'ilu1.lftJ1.lt~ 

n7ttJ1Un17 

Y1~~'tl1Jm~'il~~'tl~~'il~L~'il'~UY1 

1tJ1~tJ1iil?h~1 

I .... .q 0 <4" <Ill 

n'ilum~C-l~~P1NY1 1 LL~::LY1U') L'l~1 P1'l1~VlU~~~mtJ~'il~C-l~1Jl 

LLil~~ LL'll LL~'l~~ 'l U~UIJl'ilUm~C-l~~ .riru-n LL~::Y1~~'il1Jm~lh::~1Y1 

" " , ............ ........ 
2. ~~1J~ulJl'ilUn1Jm~C-l~~P1NY1 1 

LYl'il'llXP1'l1~1'tlU ti~ 85 LLY1UflruWJi1t.ln~1~Vl1'tlhJ 

°c 

L~'tl'llXP1'l1~1'tlU ti~ 85 

°c 

'lUVl~'tlC-l~~LYhn1J 

85°C LtlUL'l~1 10 U1Yl 

~1~1rrl 'l-iffl NWJi1~1nr)1ll1~Vl1'il 
hJ 

Y1~~'tl1J m~mtlllTYi m~ 

t.l~::~1Y1~~~~ LP1ii LL~:: "l~~'l , 

... -
'~'l!'l'lY1t11 

Y1 ~~'tl1Jflru1Ji1Yl L Vl~1::~~ 'llXm~ 

LtI~J1 LiiuL;h~1Vlfi'il Liiu 



. .... 
ft,,,tJ 

.I fI 

9 

u 'U,)fI'~m,urll"JIt"!J,"fi n 
5W1 H Uft:: ECRS 

n1n;11tX'll'fl~Lij'Ui1~ 40 1.;rn11ii1wu~ L'lfl1 LL'Y1'U~ru~1Ji1 

DC 
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m'fI"ft'iltJ,j''Uf1NIl1'WYI..s, 
LrJ'Uri'il'UtJi'tJtJt~n'::tJ')'Um' 

, , 
(r1'l1~fI~'fl~'!J'fl~nihm~vh~L'InJ 
, 

V1~ru'\.UJij~~~1tJ) 

lh~~1'Y1~~~~ Lflii LLfl~~ru~1Ji1 

~'!J'l~1J11'~\J1~ 
'Y1~~'fl1J 'Y11~n1tJ111~ 'Y11~ 

tl1~~1'Y1~~~~ Lflii LLfl~~ru~1Ji1 

~'!J'l~1J11,f1J1~ 

1 0 1Lfl11~,rPi1 Lflii LLfl~f'h tlf1Jtlt~Lfl1'fl~ii'fl1 Lfl11~~1tX 'Y1~~'fl1Jr1'l1~LLl'1nlih~1~~~1~ 

n111Lm1~,rLL1J1JLr11 LLfl~LL1J1J 

11 

12 

'Y11~tl1~~1'Y1~~~~ vi1~1'ULr'l~'U L~mtl~tJ'U1tl1-il 

L~'flhntXL~~'fl~1Ii1n 
Fl1~111tJ1'U LL~~ 1iI1'l"l 

, 0-... . 
~'fl1J fI'l1~ L 'Y1tJ~ IiIN'U1 

wll'nn11r1'fl'Un111J11, 

, 
LP11fl~ij'f)LLVlUn11V11~1U'1J'f)~P1'W L~~ 

, , 
1-iI L'lfl1 Lr'ln~1 LLfl~Lfl1'fl~ii'fl LfI~'fl'U 1~3J 

U1tJ~~~'lnn~1 

13 n11Ln~~'fl~1'Ui'UIiI'fl'U Ln~~'fl~V1f1~ui'lLil'fl~"l1n Ltl1~'U1'U m'l"l~'fl1Jn!l~~1tJ'fl1~11 

n111J11'~~~~fl1tXLn~ 'll'fl~ r1'l1iin11L~~~11rh~~~'fl~ 'Y1~el'fl1J'Y11~tl1~~1'Y1~~~~ LL~~ 

m~tJ l~y'h n 1 ~'V1 (;)~'el1.J ~1'W~ t"W1l1'Yi 1 'W~~ ~1.JlX'el'lufi1.J~ m~ 1 'WLL!?l1:'l ~~'J-if'el ~'1~ 
" • d.J 

4.3.1 n1"i'Vlj;l~'£ltJn1"i1. ,rJ1.f'£l'U'£lCU\Ulij~'11. ~n1"ii1'1'V1,r'£l j:J~ ~ . .. .. 
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.. &of v J' _ ,q .. .J diI 

ufilI'iUJ(we)U~'W'El~: L'll'El'~'W'Yl~tI'Yl"'~~L"'~'El (Total plate count, Yeast and Mold) 

1fim~'Yl ~~'ElU: m~'Yl ~~'EluL~tlm~ihtl, ~ ~'N1L'Wm~'El~~3 .. m~~fillnm~~I~L'WLL~~:;~fi 

LL~,)-WlhJLYn:;L~'El (swab test) 'Yl~~'ElU'~~:; 3 ~1 'Vlnrr'WL~lfdJ'WL,)~1 3 rr'W 

~~m~'Yl~~'ElU 

TPC (cfu/g) Y/M (cfu/g) TPC (cfu/g) Y/M (cfu/g) TPC (cfu/g) Y/M (cfu/g) 

v ..I 
'lUY11 

<10 <10 <10 <10 <10 <10 

<10 <10 110 <10 <10 <10 

<10 
v ..I 
'lUY12 

<10 <10 <10 <10 <10 

20 <10 200 <10 <10 <10 

<10 <10 <10 <10 <10 <10 

70 <10 20 <10 <10 <10 

Lmw.n-ii'Elril"''W~ 1"11 TPC (Total Plate Count) <100, Y/M (Yeast and Mold) <10 

("'3Jlt1L"'l11: Lnru.n-n'Elril"''W~~~~I1l13J~:;UU GMP "lJ'El~h~~I'W ~ril"''W~L'lX111'll'W:;~Wr~ • 
oQj I J' ~ q ... ", I cAl I ..... '" 0 _....... '" 

m"'I~3J f11 L'll'elfil~'W'Yl~tI'W'Elti ml"'~'El L'YllnU"lJ'Elm"''W~ ~~ 11111 ru'Yl~ ~'YlIt1) . , 

~ ~ 

filln m~'Yl ~~'ElUYiU~lm~~I~ ~htl-W1 ~'El'WLL~:;LL"ri ~1~Vi~H 5 'WIYl~I3Jlnl"ll')tI~ ~ 1"11fil ~ • 

'W'Yl~tl1~ L 'Yb nu~fi n1~~ 1~ LLUU Lril~l",fuul'L,) ru111t1L 'Wtl~ LL~LI'i' ~1 tl~Ul'L')ru~I'WU'W 

111t1L'WtJ~i1"'~~L"'~'ElmJ Wj9t1~~1~'Yl~~'El~~~~~tr')~~JI (Spray ball) ~1'WU'Wtl~ L~'El 
" " 

L 'lXJI~'El'Wm:;fill tI~,) ii~~~YiU~1 ~13Jlnl ~ ~ 1"11 L~'Elfil~'W'Yl~tl1 'lX'ElU111t1L 'WLn ru.n-n'Elril"''W~ , " 

~ , ~ 

MtJ~~ m~~I~tl~~~3J'll'El~~,)tI-WI~'El'WLL~:;LL"ll~I~H 5 'WIYl LL~:;LYi3Jtr,)~~-W1 ~13Jlnl , 
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4.3.2 n''i'VI(;l~'£l1J~~n''iU'LLil-.1LL''1iJ'LLtJn;f-.111ri'£l'U~-.1 LL~ri'£l'Un1'i~"'UJflf-.1v11 LL~~L 'VI 
t . .., .... ..)" "'::. ::. .... 

'U1 LL lJ-.1'V1 LL"II LL~'l~-.1 ~ 'U'lI'U 1JI'£l'U n1'i~~)J fl'i-.1'V1 1 

.r IJInur:;~..:! Plmrl1 (VI~!llJ : mnn L'l~1~ L\n.J1:;~3-J 1 'Wm nL -ri mJ..:! 1 'W~1!lru~l1ijun ~ri!l'WL 'Vl 
Ii 'II \J 

" , 
~..:!1'Wmn.J~3-Jrlf..:!~ 1 

" 
U9r.rtl"J1L-ir1: r:;t1:;L'l~1LL-riLLU..:!1'W"J1 0,5,10, 15 LL~:; 20 'W1~ 

U9r.rtl lJI!llJ~'W!l..:! : '!J'W1 (VI'll!l..:! L~'W~1'WI'I\'WUn~1..:!'ll!l..:! Lij (VI LLU..:! 
'1/ 

I I I ... 

U9r.r tI rl'llJ rl3-J : m r";j Lrlr1:;~U9r.r t1~ rJ e.J~~rJ e.J ~ j;J!lU9r.r tI lJI!llJ ~'W!l..:! L Vi!l~..:! LLj;JU9r.rtl rl'llJ • 

C "!I\I"·ltNU 'U~l 

ru LLlJlJmr'Vl (VI~!llJ: 'Vl (VI~!llJ~3-J3-J ~ 'li1'W L(VIti mrLmtllJ L~t1lJ rl'l13-J LLlJln j;J1..:!'ll!l..:! ~1 L'Tl~t1 
tI ., rU 

", " 
.... ..QIj .... --

'll'W'Vl 1 mrlJl":!~3-JtJIJI~1'W 

~3-J~~~1'W~~n (Null Hypothesis) 

rl'l13-J LLlJln j;J1..:!!lrJ1..:!rJUtl~1 ~blJ L~!l1.jf L 'l~11 'WmnL-ri LLU,,:!~ LLlJln j;J1..:! n'W 

~3-J 3-J ~ 'li1'W r!l..:! (Alternative Hypothesis) : ~1 L'Tl ~ t1'll'W1 (VI L~'W~ 1'WI'I\'WU n ~ 1..:! Lij (VI LLU..:! rJ 
• dot '1/ 

rl'l13-J LLlJln j;J1..:!!lrJ1..:!rJUtl~1 ~blJ L~!l H L'l~11 'Wm nL-ri LLU,,:!~ LLlJl n j;J1'l n'W 

.j'W~ 2 ~1'W'l'W~'l!lrJ1..:!1'Wmr'Vl(VI~!l..:! 
e.J~lJl~'J!lrJ1..:!1'Wr:;~lJ'I~'!l..:!'Vl(VI~!l..:!mr'Vl(VI~!l..:!~:; 1 ~1 L(VItI.r(VI'll'W1(V1Lij(VILLU'l 30 ~1j;J!lmr 

'Vl (VI ~!l..:! (L~!l n.r (VI 30 ~1 L ~!l1,xu r:;3-J 1 ru n1 rm:;91 tI ~'J'll !l..:!-n!l3-J ~ LU'W LLlJlJU n ~ m 3-J 
'1/ 

Central Limit Theorem) 
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rll~:;~tJfl'Jl).JL~'tJ~'W1'Wm1'Vlj;1~'t)'l = 95% LL~:;H'rll'Vlj;1~'t)tJ One Way ANOVA test 

Lct't)~'"lln rX't)~m~'Vl j;1~'t)tJ fl'Jl).J LL(;]n ~1~"iJ't)~ rll L'tl~£J iJ 1 U'"l9m.ll L-lh LL~:;~:;~tJU'"l9£JiJ 

).Jlnn~1 2 ~:;~tJ 
... , 
~ .... 

"iJ'W'Vl 4 e.J~m1'Vlj;1~'t)~ 

e.Jf'1m~'Vlj;1~'t)~"iJ'Wlj;1Lijj;1LLu~.rj;1Lj;1mfli't)~'"l~'Vl~~fII,r~~(;]'t)~ rh~~"iJm£J 700 Lyil LLf'1:;H' 

, .... 
'Vl 4.15 

, 

11.J 4.9 n1~~m~nJ:;'lJ't)~Lijj;1LLU~"iJnJ:;LL"rl'Wl 't)nJ'l,ulij 30° C (aifl£J-tJ'W 'lJ'Wlj;1LLU~Ln't) 
~ . ~ 

L'J~I~I'WhJ 0 'W1Yl, "iJ'Jl-tJ'W 'lI'Wlj;1LLU~Ln't)L'J~I~I'WhJ 5 'W1Yl, aifl£J-~I~ "iJ'Wlj;1LLU~Ln't) 

L'J~I~I'WhJ 10 'W1Yl, 'lJ'Jl-~I~ "iJ'Wlj;1LLU~Ln't)L'Jf'11~I'WhJ 20 'W1Yl 

L'lfl1 (U1Yi) 0 5 10 15 20 

p)1L'U~m~ueJ"11..t~ucl"nfl1~(~m) 8.50 8.59 11 .03 11.22 11 .35 

../ 
~'lULlJt.J~ LlJU),J11J1131U( ~ m) 1.9898 1.8800 1.8029 1.2070 1.1245 



.. 
" to 

II) ,. 
1! II) 

J: 
" ,. 
10 

.. 

.. 
to 

,. 

J E 
" .. .. 

.. 
" to 

II) 

'" I: 
l .. 

" ., 
10 

~ J oQ ... 

'll'WYl 5 ,)LI"1~1:;~~~n1~Yl~~tl~ 

• Yl~~tlU-iftl~~~1n~~n1~Yl~~tl~~1LL~mL~~Un~~1tlhj (Nomality test) 'L~rJ 

'LunmnJ MINITAB 1~~~~~~u~ 4.10 
" 

Probability Plot of 0 ProbIIblllty Plot of 5 
tt>rmol tt>rmal .. 

IS 

to 

II) ,. 

J E 
" ,. 
10 • 

• 
10 II 12 13 10 II 12 13 

0 5 

ProbIIblllty Plot of 10 Probability Plot of 15 _I tt>rmal .. 
.. 
OJ 

II) 

'" 
J E 

" .. 
10 

10 II 12 13 14 15 10 II 12 13 14 
10 15 

ProbIIblllty Plot of 20 
_I 

10 II 12 13 14 
» 

" , I 0 .oQj .Q 0 
'llru:;LL'll'W1YltlruW)).J 30 C , " 
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I I .oQj I I.... .... 0 .... 

~1 n ~'C'ln1~Yl ~~tlUYiU,)1 1"11 P-value 'lltl~Vl n ~'C'l n1~Yl ~'C'ltl~).J 1"11).J1 nm1~:;~U'WrJ~1 1"1C1J 

~ri1~'W~ (0.05) LL~~~~1~'C'lYl~~tlUL~-"..l~1'1...lPl'WUn'C'l1~Lij~LLiJ~i1n1nL~mL~~Lu'Wun~Yln " , 



One-way ANOVA: 0, 5,10,15,20 

Source DF SS 
Factor 4 255.46 
Error 14 5 390.50 
Total 149 645.96 

MS F P 
63.87 23.7 1 0.000 

2.69 

S = 1.641 R-Sq = 39.55% R-Sq(adj) = 37. 88% 

Level 
o 
5 
10 
15 
20 

N Mean 
30 8 .498 
30 8.585 
30 11.025 
30 11.217 
30 11 .3 48 

Individual 95% CIs For Mean Based on 
Pooled StDev 

StDev ----+--- ------ +-- ------- +---- -- --- +-- --
1.990 (----*-- -- ) 
1 . 880 ( ----*---) 
1.803 (-- -- *----) 
1.207 (---*---- ) 
1 . 1 2 4 ( ----*--- ) 

----+---------+--------- + ---------+----

8.4 9 . 6 10.8 12.0 

Pooled StDev = 1.641 
Tukey 95% Simultaneous Confidence Intervals 
All Pairwise Comparisons 

o subtracted from: 

Lower Center 
5 - 1. 084 0.087 
10 1. 356 2.527 
15 1 . 548 2.7 19 
20 1.678 2 . 850 

5 subtracted from: 

Lower Center 
10 1. 268 2 . 440 
15 1.461 2.632 
20 1. 591 2 . 762 

10 subtracted from: 

Lower 
15 -0.979 
20 -0.849 

Center 
0 . 192 
0 . 323 

15 subtracted from: 

Upper 
1. 259 
3 .69 8 
3 . 891 
4.0 21 

Upper 
3.611 
3.803 
3.934 

Upper 
1. 364 
1.494 

Lower Center Upper 
20 -1.041 0.130 1.302 

+--------- + ------- --+---------+---------

( -- --*-----) 
(-----*----) 
(-----*--- - ) 
( ----- *-----) 

+-------- -+---- -- -- - +---- ----- +------- --
-4.0 -2.0 0.0 2 .0 

+---------+-- -- - -- --+---------+--- - - ----
( ---- -*-----) 

( -----*----- ) 
(-----*-- --- ) 

+---------+---------+---------+---------

- 4 . 0 -2.0 0 . 0 2.0 

+-------- - +---------+ --------- +--- ------

( ----- *-----) 
( -- ---*----) 

+---------+ -------- -+------- -- +------- --

-4.0 -2.0 0.0 2 . 0 

+---------+------- --+ ---------+---------
(--- - -* -----) 

+------ - --+---------+---------+---- -----
-4.0 -2.0 0 . 0 2.0 
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e..J~n1~Yl(1)'i'l'eltJflr;Jl~LLtJ~tJ~r;J\J~tJrJl rll P-value U'el£JnrJl 0.05 ~,nr\Je..J~n1~Yl(1)'i'l'eltJrll 

L'U~tJ~\Jl(1)L~\J~l\J~\JUn~l~Lij(1)LLil~~f1':ll~LL(;lmh~'el£h~~t1tJ~l~'1J'el~l~U'eltJ 1 ~L~'el 

H'Lr;J~11\Jn1nL"liLLil~~LL(;lmh~n\J L~'elYir.n~nJ1rll confidentl interval LL~:;Yl(1)'i'l'eltJL(1)tJ 

Tukey's test L~ml(1)'i'l'eltJfI':ll~ LL(;lmh~"lJ'el~ rll L'U~mL[;]~:;rl 1l1tJ1~L1'el\J1~~rJl~1\J':l\J 
\J 

. . 
..... 0 ..... ct • I q I .0:::lIl..- I .... I _ I <QIjIV 0 .... 

\JtJ'i'llf1ru 'l!~~tJ':ll f11L'tl~tJ'l!':l~ 5 \Jl'Yl ~f1':ll~LL(;ln(;l1~ntJ"l!':l~ 10 \Jl'Yl'eltJ1~~\JtJ'i'l lf1 ru 
'" '" 

i\J~ 6 MtJe..J~1l1~'Yl(1)~'el~ 
1 
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" 0 

'll'WVI 6 MtJ~~m1Vl(91IMl~ , 

L,)~1~Lvn.n::~~1'WmnL-rlLLil~1'W~1~ru""1:J~tJn~ (30°C) r.nnm1Vl(91~'flUVl1~~ii~f),)1~ 
LL(;l n ~h ~'iJ 'fl~'iJ'W 1 (91 LLil~ 1::""~ 1~ n11LL -rl~ 5 'W 1Yl LL ~::n 1 nL -rl LLil~~ 10 'W 1V1 'fl ih~ ihr tJ 

~1 rlqJ LL(;)mr~r,:n n 1 0 'W1V1~'W1tJ LL~,) hJ~u f),)1~ LL(;l n (;)1~'fl~1~iJUtJ~1 rl qJ ~~t!'Wf),)1 

ri1""'W(91L,)~11'Wm1LL-rlLLil~ LLtJnHri'fl'WLVl~~1'W~')'W~~~~'W1 LU'WL,)~1 10 'W1V1 

o " " rr mltJ1::~~ Fl: LYi'flVl (91~'flU~1 m1H-,.j1~'fl'WLU'W'r (;ln~U LL Vl'W"j1fi11~ (911~~ ~~ (;)'fln 1::U')'W , , 

mm,)'WLLil~""5'fl hJ 

!tJLLUUm1Vl(91~'flU : n11'fl'flnLLUUn11Vl(91~'fl~LLUU General Full Factorial Design Lti'fl~ 

~1nH't1~r.rtJ"j1L;r1 2 t1~r.rtJ LL~::LL(;)~::t1~r.rtJiJ~1nn~1 2 1::~U Lti'fl~~1n~'fl~m1VlnU 

n~'eY'Wmn1'tJ11::""~1~~~ 2 t1~r.rtJ LL~::mntJ~tJ'WLLtJ~~hn-nLLUUL~'W(;lN 
t1~r.rtJ (;l'flU~'W'fl~ : 'iJ'W1(91L~'W~1'WP!'Wt.Jn~1~ Lij(91LLil~ m1~::mtJ .. 

" 0 " 

2. 'flru""1l~tJn~'iJ'fl~"j11'Wm1~~(;l'fl~Vl30oC ~'Wn~'flru""1l~"j1~'fl'W80oC 
'II \I \I 'II" 

~~t!'Wt1~r.rtJ"j1L;r1LL~::1::~ut1~r.rmu'W1tJm~m11~~ 4 .16 

(;l111~~ 4.16 1::~ut1~r.rtJ"j1L;r1~H'1'Wm1Vl (91~'flut1~r.rtJ~iJ~~ (;)'flm1U,)~'iJ'fl~ Lij(91LLil~ 

t1~r.rtJVI t1~r.rtJ"j1 L;r1 ...,ll')tJ 1::~U'iJ'fl~t1~r.rtJ 

1 1::tJ:: L ') ~ 1 
.., 

'W1Vl 0 5 10 -

2 
... ~ 

°c 30 45 60 80 'flruWl~'W1 , .. 
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i.:J-lPl 'l m. Prul'a PI"l1.'n~ 

1 

t.LltNfi.:Jt UtI1Pl1". 

Ut;ti!ln"iltlnLlUUVlMlil.:J 

~ 
~~fl'51:::"'e./fi"il.:J~lur.hu~u!lnfi'M 

t"!Inft~'fiVl'1'1pf'; 

~ ~ 

r.i1'W'J'W~f-llWn1~VWI~H)'!J Yi1n1~VlIn~'f)-l~::; 2 ~1 LL~::;rrln"1l'W1lnLiilnLLil-l 10 fl11J1'f) n1~ 

~~n1LVlI?l~'f)'!J 

~1n~~n1~VlI?l~'f)'!JYl'!J~1 n1n~h.J~11'f)'W'f)ru,\MliJ~-lti-l 80 ° c ~~~~m::;Vl'!JlJl'f)~~(;lJlru'Yl , "" 
~ 

Llnuvi 11 "" LLil-l~'!J ~'J n'f)'WLL~::;hJ ~13.J 1 ~nrr 1n"1l'W 1 In L~'W~1'W~'W~ n~ 1-l1~ 1?1-l'W'W 1 'Wn ~::;'!J'J'W 

n1~~~(;l~1--lhJ~13.J1~m~3.J~11'f)'W'f)ru~JliJ~-lti~ 80 ° c LI?lU(;lN1~'Wn1m'J'WLLil-l ~~ , \I " 
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(Wln'l~ 4.17 ~ £'l n'1 J'VlI11 £'l'tl'l ~ £'l 'lJ'tl'l L~'W~ l'W~'W tJ n £'l1'l Lij 111 LLU'l (IJm) L~'tlL~ ~ J 1~ 
~ru'\..uJijIJl1'l 1 'VI~'l'"l1nmm'J'WLtJ'WL'J£'l1 0-10 'W1Yl 

" 
~ruV1JJ)1 mn lUn1m'lULLU'IV1~'1"1n L~h.J'I111'1ltJ (tJ1Yi) 

" '111 (DC) 0 5 10 

30 8.50 8.21 9.53 8.59 11.03 11 .14 

45 10.55 11 .08 11 .33 11.92 12.55 11.41 

60 14.41 14.14 13.95 14.56 14.02 14.32 

80 hJ~1~1nlt) ~ fi11~ L ll'1l'l"1n LLU'I4'U lJ1'lUtJI1'1ltJ 

, ", 
lUYl 4.13 mJ'~n'rtru:;'lJ'tl'lLij 111 LLU'l'VI~'lm'WLLU'l1'Win'W1'W 1 0 'W1YlYl~ru'VI1JijIJl1'l1n'W 

" " 
(oif1U-lJ'W 'lJ'W1I11LijI11LLU'l1'WU1'tlru'VI.nij 30 DC, 'lJ'J1-lJ'W 'lJ'W1I11LijI11LLU'l1'WU1'tlru'VI.nij 

III IU 'I '\J 

" 45D
C, oif1U-~1'l 'lJ'W1I11LijI11LLU'l1'WU1~ru'VI1Jij 60 DC) 

~ L~J'1:;'I.f~£'lmJ'VlI11£'l'tl'l 

" 0 • mJ'(;lJ''J'"l~'tllJ~'J1~n n (;l'tl'l'lJ'tl'l LLlJlJ'"l1£'l'tl'l 
" 

(;lJ''J'"l~'tllJ~~~~31'W'lJ'tl'l~'J1~LtJ'Wun~~'llU~ 4.14 

Nor.,..1 Probability Plot 
(response Is Result) 

fi'~--------------------------~ 

os .. • ., 
• '" I~ • 

l ., 
J) • ., 
ID • 

1~L-~--~~--~---r--~--~~ 
~ ~ ~ ~ U U M U U 

Residual 

lU~ 4.14 Normal Probability Plot 'lJ'tl'l L~'W~1'W~'Wcl'n£'l1'l LijI11LLU'l 



0.50 

0.25 

Vers .. Order 
(response IS Result) 

i o.oot---t----cl---+--f--I--f--\--f---\---jl-j 

-0.25 

-0.50 

0.50 • 

0.25 

i 
• 

0.00 

• 
-0.25 

-0.50 • 

8 

4 8 W U 11 U U 

10 

OboervatiDn Order 

Versl.& Fits 
(response Is Result) 

• 

• • 

• 
• 

• • 

• 
11 12 
lMedV •• 

• .. 
• 

13 11 15 
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'ill n e.J ~ nl~(;l~'J'il ~ 'elU~ 3.J 3.J ~ fjl\J~U ~ 1 nl~VI ~ ~'el'l i1 nl ~LL'il n LL'il'l LU\JU n ~ n 1 ~ 
J.J 

" 
m::'ill tI LU\J:a~~::hj ~U e.J~~ n'r!ru:: ~ ~U n ~r5\JLn ~'ill n f1'JI3.J LLU ~U~'J\J ~'1,r\Je.J~ n1 ~ 

" 
VI ~~'el'lili1 f1'JI3.Jt.)n ~'el'l LL~::Ul1u1 m LfI~I::\X~'el1U1~ 

• n1 ~~ LfI~I::\XfI'Jl3.J LLU~U~,)\J 

General Linear Model: Diameter versus Time, Temperture 

Factor Type Levels Values 
Time fixed 3 0 5 10 
Tempertu fixed 3 30 45 60 

Analysis of Variance for Diameter, using Adjusted SS for Tests 

Source DF Seq SS Adj SS Adj MS F P 
Time 2 4 . 6591 4.6591 2 . 4296 12.70 0.002 
Tempertu 2 67.6322 67_6322 33 . 9161 177.29 0.000 
Time*Tempertu 4 4.613 2 4.6132 1.1533 6 .03 0 . 012 
Error 9 l.7217 l.7217 0.1913 
Total 17 79.0262 
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91 n tJ~ m~'Vl ~MltJ'YitJ~1 1199tJ~~ ~h'WL'd ~1 LL~:::m1.J'I-111ij"IJ'fl~~I~'fl'WiJ tJ~ 11l'fl L~'W , " 
I I I '" 

~1'WPl'WUn~I~"IJ'fl~"IJ'Wl~Lij~LLU~'flth~iJt!tJ~lrlruVlt:::~tJfI'dl~L~'fl~'W 95% 'W'fln91ni1tJ~ " ~ 

13 

c 12 

i 11 

10 

9 

Interaction Plot for Result 
Data Means 

8'~---r--------~--------~--~ 
30 

14 

13 

i 12 

11 

10 

9 
0 

45 
Ten.,el'llture 

Mal n Effects Plot for Result 
Data Means 

60 

TIme Tem rature 

10 30 45 

" 

60 

91 n tJ~ m~';j Lml:::,x ~'d tJ m1'y.J'YitJ~1 'fl ru 'I-111 ij"IJ'fl~,\:!1iJ tJ ~ 11l'fl"IJ'W 1 ~ L~'W~ 1'Wf'll'WU , " " 
n~I~"IJ'fl~ LLU~~lnn~1 L'd~I~H1. 'Wm~m'W b~tJ~~11 'W'flru'l-111ij ~1 L'd~11'Wmm'd'WLLU~ , 'IJ 

" I II I '" 

9:::iJ tJ~I1l'fl"IJ'Wrl ~ LlU~~lnn~I~11 'W'flru'l-111m1~~~'W b~m'U'Yil:;Yl'flru'l-111ij~1 60°C L'd~1 
" " " " \l 

" " 
1 'Wmm'd'WLLu~ hJ1~~~ tJ ~ j;] 'fl"IJ 'WI ~ Lij ~ LLU~ L~ tJ ~~t!'Wnl ~'fl~ n1 ~ 1lli~ Lij ~ LLU~tJ'd~ [;]'d 1~ 
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I I I " I 

~lnY1~~L~UY1L-nL(Hn\1'f)uY1~~ fl'J~L-noWltH1J,\MlijY160oC LLr;l~I~tlrwv1llij~'1n'l 80°C 
41 41 41 11 'I "" 

v::. ::...a v _"1 "I"r" r 
4.3.4 'VIf1/Ml\J~~\J'lJ'U(;l'El'Un1'i~~~ fI'N'VI 1 n\Jn1'in1'ULLlJ~LL~:::n1'i L"li'U1'i'El'ULL 'VI'U'U1 

'ElCU~llijun~ . .. 
, " " 

r.nnn1nnU;rtl~'(l L'J'(lIn1~Yil'11'WL'W!1l1~1'1Y1 3.1 ~UrJl L'J'(lIL'W'n'W!1ltl'Wn1~~~~ flf'l ... 

~ 1 L-ifL'J '(l1 1 0-20 'W1Y1~'1 Lvii flU L'J '(l1~Hn'J'WLLU'Itl~ LL~'J LL'(l:::~ '(l nln'l ~'(ltl'lL'W;rtl~ 

~1'W~I~UrJln1~ H~I~tlrwl1Jlij ~'1~'W~'1 ~'(l~'1YilL ~ Lil ~ LLU'IU'J~ ~'J L1'J~'W9'1 ~1~I~n'(l ~ 
• ... 'II 

, " , 
L'J'(lIn1m'J'WLLU'I'(l'l1~ LL'(l::: L~tl L~~oWl1tl'W'(l'l ~'1 LLr;l LLm'"l:::YilL ~tlrwl1Jlij L1'~ ~'W'lJtl'l~!1ln ." . 
~U L~~ ~'W~'1~'W~'JU LLr;l~'1~n1)J fl'J~L~~11tl'Wtlrwl1Jlij~'180oC '(l'lhJL~'WLLU'I L~U!1lN ~'1 

" q "''' " " , 
'I1'WWj~U9'1 Ln ~ LL 'W'J ~ ~n1~~~UeJl'W!1ltl'W L~UL ~~'I1n'lI'W L~~!1ln ~U L'U~I:::'lltl~ tl'J L l1~tl'l'(l'l " . 

Sol .... '" " I 

hJritl'W '"lln'l1'WL m~ LLU'I LL'(l:::m'WLLU'I l1~'1'"l1 n'l1'W~'I1n'lI'Wn~U~leJl'W!1ltl'W~~~ flf'lY11 
I I '" I 

~'1 LU'Wn 1 ~ L~ ~ 'J'W~ ~ ~'lJtl'l L l1'(l 'J1.J~::: LJl Yl ~'W1 '(l'l11.J 1'J ~ n'l n l1L~~ oWl '(l'l11.J ~'1L 'Wn 11 

... "" " I 

Yl ~'(ltl'lil'"l:::Yl ~~tlUl1'1n11L~~oWl~rw l1/Jij1.Jn ~ LL'(l :::oWl1tl'W 80°C L~tl LU'Wn11tl'W~'WrJl 

~1~ l1n1.J fum:::u'J'Wnl11~ 9'1 fl'J 1Yl ~ ~tlU ~IYll'1n1 UJll~ (~1 fl'Jl~l1\l~ 'lJ'W1 ~ LLU'I 

nl1'(l :::'(l1 u) ~ lYll'11.J 1:::~ lYl ~ ~ ~ ~1.J 1:::~ '1tll'"l'"l :::1~fu ~ '(l n 1:::YlU ritl'W~ ~ ~'W L'"l1.J fu 

" 
1) eJl'W!1ltl'Wn11Yl~~tlUL'Wm:::U'J'Wn111.Jn~ 

, " 
nJY1 4.19 oJl'W!1ltl'Wn1~Yl ~~tlUL'Wm:::U'J'Wn111.Jn~ 
'II 
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~ , ~ 

2) -n\.!~'tl'\..ln1 ~'Vl ~~'tltJ m:;tJ')'\..ln1 ~ 1 ",3JVl~ ru"'.1:J ijt.11un ~ 

1.;~PI'l~ PI1a18P1f1Ii';l'U1 ! 
~ I 'l~frj1J1{1I'U .. 'Un=~"a" 85 0 C 

'lftft.~~\4M" LW:~uf-1 
~ tI"\4al'lIf./t1J1 ~,j,,'l\lm'U ~~,"\I~';ltl1 

I ;nVl~tv\4{!in'U\4al'tlU.JI;t 85 0 C I " '111'11 10 ".m 
'lM .. _ .. 

PI,! Pl\J'lltI"~ \4t1';lt1'U "I." ~ftllI "I .. 
~ I ,h'lWftJIHi1'Ua" 50 OC 1 

I 'lMPI'l~\J'IItI4~\4.';li'U "It'1J1M'l1i I .. 
,}"tv\qJihln;' (30 OCl I u.JI..t~ 3 I .. .. ... 

( -r"1tv\4()iItI'';l'Uf./tIJI I I ,h'lWftJa~'Uii" 40 OC I 
... .. f ~i1tl"nJ~';ltl1 20 '111;' I .. , tfi' , II I VI"'" \I I'hVl14f11t11l1" 

t ';l~t1::\4UfI1ItH~ 'UU1'U~lIna1./l 
.i1m-n.Jn:.1VI1l' JIm. 

.. tMmi~.Vl1'f..u 

+ 
I U.JI,,~;t 2 I 

I II I ... 

~UVl4.20 "ll'\..!~'tl'\..!n1~'Vl~~'tltJ1'\..!m::;tJ,)'\..!n1~1",3JVl'tlruwlijt.11 30°C .. , .. 
~ , ~ 

3) "ll'\..!~'tl'\..!n1~'Vl~~'tltJ1 '\..!m::;tJ,)'\..!n1~ 1 ",3JVl~ru"'.1:Jijt.11 80°C 

1.t~PI'l~Pl1Jl'8P1f1Ii';l'U1 .. 
I 'l"'''';l1J1';1I'U''I'Unn:~"ii" 85 0 C I ~ 

'l"fllllt';l~\4;114 ~a::~t.I~ ~ .. ~,j,,'l\lm'U ~l~\I~';ltl1 a4\4aJlI U.aJ 

I mv1tltv\4()in'U\4al'tlflllaJ;!85 0 c 

... '111'11 10 'U1;i 

'lli'" .. _ .. ... 
';lPl'lPl\J'llll"~\4.';ltl'U "I.4~f1ItI"I 

I I 
~ 

';;I.w.tltlL;'Uii" 50 OC 

• 'l .. -rPl'l~\I'II1I4 ~\IItI';l;'U "I f';laJa " 

'\II'Jm'U (80 OCl I fl.aJ ,,~;t 3 I 
.. ... 

( -r"1tv\ll{!n.t'';l'Uf./tIaJ I I ';1'lw.tltI~;'Ua" 40 OC I 
~ 

f ~tl"f\l~';l.1 20 'U1;i 

I VI" .11\1 ,,'1VI1-1101 till". 
~~t1::~fl.'11114~/'U,j1'UCl'U8n.1./I 

';'Vl1-n.IY::.1 VlIJl rrll 
I 

\ tPltlnn~.,,1'f"u 

+ 
I fl.JI"t~ 2 .1 

I '" I II 

~UVl4.21 "ll'\..!~'tl'\..!n1~'Vl~~'tltJ1'\..!m::;tJ,)'\..!n1~1",3JV1'tlru"'llijt.11 80°C 
.. , 'IJ 
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1) n1"i'VIfl1f'El'U"JJ\l1f1LijflLLil~ 

t) j;lm.h::;~~ ~m~Yl (;1~'ElU : m~Yl (;1~'ElU rl'.l16J LLj;ln (;]1~'lJ'El~'lJ'W1 (;1 Lij (;1 LLiJ~~ijfiLLj;ln (;]1~ n'W • 

~6J~~i.~1'W~~n (Null Hypothesis) 

m::;u'.l'Wm~i~ 3 ijfi1~~ rl'.l16J LLj;ln (;]1~'Elth~~t!m~1~'kJ 

~6J6J ~~1'W~'El~ (Alternative Hypothesis) : rl1 L'il~fJ'lJ'W1 (;1 L~'W~1'Wp\'W~m:n~ Lij (;1 LLiJ~'"l1n 
• .... 'IJ 

I '" ._..., I I ~.... 0 v 

'ElfJ1~'W'ElfJ 1 '.ln6Jrl'.l16JLLj;lnj;n~'ElfJ1~6J'WfJ~1rl'kJ 
" , 
']'WYi 2 ~1'W'.l'Wf'i''.lmh~1'Wm~Yl(;1~'El~ 

" ~~j;lf'i''.lmh~l'W~::;~u,x'El~Yl(;1~'El~m~Yl(;1~'El~~::; 3 ~1 L(;1fJt)(;1'lJ'W1(;1Lij(;1LLiJ~ 10 rl1(;]'Elm~ 

" , ..... ~ 0 .., .... 0 .... I GIl. 

'lJ'WYl 3 m~'W(;1~::;(;1U'WfJ~1rl'lJ LL~::;rl1Yl(;1~'ElUYl1~~rlj;l 

rl1~::;~Url'.l16JL~mr'Wl'Wn1~Yl(;1~'El~ = 95% LL~::;1-nrl1Yl(;1~'ElU ANOVA test L~'El~'"l1n 
~'El~m~Yl~1Url'.l16JLLj;ln(;]1~'lJ'El~rl1L'il~mL~::;U'"l9fJ~6J1nn~1 2 ~::;~u 
" , , 
,]'WYi 4 ~~mfYl (;1~'El~ 'lJ'W1 (;1 L~'W~1'Wp\'W~n~1~ Lij (;1 LLiJ~'"l1nm~Yl (;1~'El~mnJfuLtl~fJ'W 

'IJ 

m::;U'.l'Wm~Ltl'W1tlj;l16Jm~1~~ 4.18 LL~::;~tl~ 4.22 .. 

~tlLLuum::;u~'Wm~ m::;U'.l'Wm~ m::;u'.l'Wm~l~~~ m::;u'.l'Wm~l~~Yi 
" 

" " 
6J1j;l~31'W H'tl1'ElnJ~Jljj H'tl1'ElnJ~Jljj , .. , 

" 
U'"l'"lU'W 30°C 80°C • 

rl1L'il~m~'W~1'Wp\'W~ 9.71 10.27 13.27 .. 
n~1~Lij(;1LLiJ~ (IJm) 

rl1 rl'.l16J er'WLLtl~STDEV 1.885 1.398 4.368 
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4 .22 ~ n'rl'ru:: Lij (1l LLU,:1'°l1nm::U'd'tJn11'Vl (1lf'l'el_.l LLUU (;11-.l1 

(eif1tJ: ~n'rl'ru::Lij (1l LLU_.l'"l1nm::U'd'I.Jn1nJ n ~ nf'l1_.l : ~n'rl'ru::Lij (1l LLU_.l'"l1 nm::U'd'I.Jn11 

hnJ~'elru~l1ij~1 30°C "1J'd1:~n'rl'ru::Lij(1lLLU_.l'"l1nm::U'd'I.Jn111mJ~'elru~l1ij~1 80°C) 
iii \l ill '\I 

~L~11::lf~'d13_JLLUnh'd'I.J (ANOVA) 

One-way ANOV A: STD, 30, 80 

Analysis of Variance 
Source DF SS 
Factor 2 219 .4 7 
Error 87 737 . 60 
Total 89 957.08 

MS 
109.74 

8.48 

F 

12.94 
P 

0.000 

Individual 95% CIs For Mean 
Based on Pooled StDev 

Level 
STD 
30 

N 
30 
30 
30 

Mean 
9 . 714 

10.272 
13.270 

StDev ------+---------+---------+---------+ 
1.918 (------*-----) 
1.421 (-----*------) 

80 4.443 (------*------) 
------+---------+---------+---------+ 

Pooled StDev = 2. 912 9.6 
Tukey 95% Simultaneous Confidence Intervals 
All Pairwise Comparisons 

STD subtracted from : 

11. 2 12.8 14.4 

Lower 
30 -1. 233 
80 1. 765 

Center 
0.5 58 
3.556 

Upper 
2 .350 
5 . 348 

------+---------+---------+---------+---
(-----*-----) 

(-----*-----) 
------+-- ------- +------ ---+---------+---

-3.0 0.0 3.0 6.0 

30 subtracted from: 

Lower Center Upper ------+---------+---------+---------+---
80 1.206 2.998 4 .79 0 (-----* -----) 

------+---------+---------+---------+---

-3.0 0.0 3.0 6.0 

e.Jf'ln11'Vl(1l~'elU~'d13_JLLU1U1'd'I.JYlU~1 ~1 P-value ,j'eltJn~1 0.05 ~_.lt1'I.Je.Jf'ln11'Vl(1l~'elU~1 
L'U~tJ"1J'l.J1(1l L~WJ1'I.JP\'I.J~nf'l1_.l Lij (1l LLU_.liJ ~'d13_J LL(;lmh_.l'elth_.lihrtJ~1 ri'n Imh_.l,j'eltJ 1 ~ 

~ .~ ~ 

L~'elHL'df'l11'I.Jn11LL_riLLU_.l~LL(;lmh_.ln'I.J L~'elYi'"l11ru1~1 confidential interval L(1ltJn11 

'Vl(1l~'elurJhtJ~fi Tukey's L~'el~1 ~1 L'U~tJ~~ LL(;lml1_.ln'I.JYlU~1 ~1L'U~tJm::U'd'I.Jn111~lJ~ 
~ 

~ , ~ 

1eiftl1'elru~l1ij 80°C iJ~'d13_JLL(;lm;h_.lnum::U'd'I.Jn111~lJYl1eiftl1'elru~l1ij 30°C LLf'l:: 
iii '\I " " 
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I II "" I 

~1 n n1~Yl ~~'el U~iJ~'1n ~~iJ'J\Jn1 ~Y1 ~'HriJ-n\J11l'el\JLLr;l1.jf,j1'eH1J \.-Ill i1tl n ~Y1 30 °c hJ1~ , .. 
I I '" " 

LLl1lnr;l1'1~1n~fin1~tln~ 1\J"1Jru~Y1m~iJ'J\Jn1~Y1~~iJ-n\J11l'eli.mr;l1'Cl,j1~'el\J BOoC 
.... I I I I 

'Cl'l ~~.yi11 ~ Lij ~ LLU'In"lJ\J1 ~ 1 \.-In.J~\JYI LL~~ LLl1ln r;l1'1'eltJ1'1n,rtJ~1 ~'1!Y1~~ ~iJ Fl'J1~ L~'el,r\J 

95% ~'1 Fl'J1~ LLl1l n r;l1'1~ Ln ~~\Jn\.-l~1tJ~'1 LLU'I~ n~1tJ~\J LLr;l~ ~'Cl'l ~~ r;l'el Fl'J1~\.-lil~"lJ'el'l , 

LLl1lnr;l1'1n\J 

i19~tJ,j1L-n1: m~iJ'J\Jn1~~~11l~LLl1lnr;l1'1n\J 3 ~fi m~~tl~ 4.19 - 4 .21 .. 
i19~tJ l1l'eliJ~\J'el'l: Fl'J1~\.-lil~ ~~ l1lJlru"Yl~ ~Yh tJ (rr ~ ~'JmFli'el'l Brookfield viscometer , 

DV-II+ Pro L;~rrj;)LiJ'elf 61 Fl'J1~L~'J~'eliJ 20 rpm) 

ItlLLiJiJn1~Yl~~'eliJ : n1~Yl~~'eliJ~~~~~1\J t~tJHn1~Yl~~'eliJ One-way ANOVA L~'el'l 
~1n i?i''el'ln1~\.-I1Fl'J1~LLl1lnr;l1'1''lJ'el'lri1L'U~tJ~'1nLYitJ'I 1 i1~~tJ ~'el~fin1~~~l1l LLr;ln~1nn~1 

~~~~~1\J\.-I~n (Null Hypothesis) 
, dS 

, 
CIII I '" ~ ~.... fI" 

~~~ 11l~1\J~'el'l (Alternative Hypothesis): Fl1 L'U~tJ Fl'J1~\.-I\J~"lJ'el'l ~~ 11111 ru'Yl~1 nm~iJ'J\J 
, dS 

" .... ~ ...... I I"'" I q.., 0 ..... 

n1~Yl'l3 'Jfi~Fl1 LLl1lnm'ln\J'eltJ1'1~\JtJ~1Fl'1! 

,T\J~ 2 ~1\J'J\JL91'J'eltJ1'11'Wn1~Yl ~~'el'l 
" " ~~11lL91'J'eltJ1'11\J~~~iJ~'el'lYl~~'el'lL91'J'eltJ1'1~~ 3 ~1 LL~~rr~ri1Fl'J1~\.-lil~L91'J'eltJ1'1~~ 3 ~1 

" , v 4 0 .... .... 0 .... 

"lJ\JYl 3 n1\.-1\J~~~~iJ\JtJ~1FlUJ 

ri1~~~iJFl'J1~L~'el~\J1\Jn1~Yl~~'el'l = 95% 

,T'W~ 4 ~~n1~Yl ~~'el'l ~~"lJ'el'l Fl'J1~\.-lil~ 1\J~~ l1lJlru"Yl~~;11tJ~1nn1~tlfiJ Ltl~tJ\Jm~iJ'J\J , 
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I 
q 4 q........ '" .., 

r;n~'NYl 4.19 c.J~'il'El-:JIi)~Il-J"''W''''il'El'HJ~ j;]flru"Yl~"'YlltJliIlnn1~:;iJ~'Wn1nJ~ j;] LLiJiJr;n-:J1 

2 

3 

m'::U'lUn11l"').)~'fJruwJi1lll 

tln~ 

n1::u'lun11l",).)V1 'fJ ru"'lJi1lll 

800C 

lJi'ltlf.h~ lJi'ltlf.h~ 

~2 ~3 

253 274 243 

274 243 247 

258 264 261 

262 260 250 

" I .... cJ.. ... 

'il'WYl 5 ~LIi)~I:;mJ~n1~Yl"'~'El-:J 

274 253 274 

253 248 267 

261 267 284 

263 256 275 

..J 
VI 1 

285 

275 

267 

276 

278 

284 

274 

279 

• Yl"'~'EliJif'Ell-J~liIlnc.J~n1~Yl"'~'El-:J~ILLlilmLIiI-:JUn~",1'Elhj (Nomality test) 'l"'tJ 
" 

'lunLn~l-J MINITAB l~c.J~r;nl-Jtu~ 4.23 

ProMbUIty Plot at Sl1) ....... 

nl 240 250 2fiO 270 280 290 
STD 

I-'-r---L,.-~--r---'----r---.----' 
ZJJ 240 250 260 270 280 290 

ProM""1ty Plot af 10 ....... 

" I 

.. 

~3 

267 

253 

261 

260 

Ii1lnc.J~n1~Yl"'~'EliJ'YiiJ~1 ;1-:)3 n1~m:;iJ~'Wn1~VltlnYl"'~'EliJ1'W'.X'El-:JYl"'~'El-:J~n1~ 
" 



One-way ANOVA: STD, 30, 80 

Analysi5 of Variance 
Source DF SS 
Fdctor 2 828 
Error 24 3052 
Total 26 3880 

Level N Mean 
SID 9 257 .44 
30 9 264.56 
80 9 271 . 00 

Pooled StDev = 11.28 

MS F P 
414 3.25 0.056 
127 

Individual 95\ CIs For Mean 
Based on Pooled StDev 

StDev --------+---------+---------+--------
11.99 (---------* ---------) 
11.84 (---------*--------) 

9 . 87 (---------*--------) 
--------+---------+---------+--------

256. 0 264 .0 272 . 0 

" f"l".l13_J"v1tl~"lJ'el,,:j~~~.nruey]"'l1nm'~'U".l'\.m11r1,,:j3 ~fi;j~1hJbb~n~1,,:jri\~'el£h,,:j;j'!!U~1fl'k! 
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'" I '" I 

"1lU~ 6 Mtl~~ n11tlf'Um'~'U".lUn11r1,,:j 3 ~fi~13_J1tl~ 4.19 - 4 .21 hJ~,,:j~~~'elf"l".l13_J"v1tl~ , " 

3)n1'~~~~un1'~~~1~ 

rr~Cltl1~~,,:j~n11'Vl~~'el'U: b~'el'Vl~~'el'U~1~,,:j 3 m'~'U".lUn11hn~.yh1~bn~n11~n~~nm~ • 

" "1lU~mm11'Vl~~'el,,:j: m''el,,:j~~~.nruey]'''l1nn11'Vl~~'el,,:j~''.lU~~bLnN"lJU1~ 60 mesh 

U"'lr.rml1b-if1: ~~~.nruey]m'~'U".lUn11~~~~bb~n~1,,:jnu 3 ~fi m3_J1tl~4.19 - 4.21 
" 

~~n11'Vl~~'el'U: hJYi'U~~n'elU"lJ'el,,:jbbU,,:j~r.r'U~".lnudJun'elu~,,:j 3 ~".l'el£l1,,:j 
~1tl~~ n11tlf'Um'~'U".lUn11~13_J1tl~ hJ~,,:j~~n11~~~1U"lJ'el,,:jrr~Cl~'U1u~~~.nruey]~~ .. ... .... 

'" 'Vl1U 

4) n1'~~~~U~1_3tJ'~~1~i)J~~ 
, " 

rr~Cltl1~~,,:j~n11'Vl ~~'el'U: bYJ'el'Vl ~~'el'U~1 ~~ ~.nruey]~ ~Yf1U"'l1nr1,,:j 3 m~'U".lun11hJ;j • • 

f"l".l13_Jbb~n~1,,:j'Vl1,,:j~1U1.h~~13_J~3_Jer~ (~n'l!tru~tl11n!J ~ n~U1~ 1~"ll1~) 
~U~'elUn11'Vl ~~'el,,:j: ~1,,:j~,,:j~fin11'Vl ~~'el'U'Vl1,,:jtl1~~1'Vl~3_J er~ bb'U'U~13_J b"v1~U3_J (Triangle 

test) L~u1~~'Vl~~'el'U~ ~1Un11fl~b~'eln3_J1 bb~".l b~'eln~".l'el£l1,,:j~ bb~n~1,,:j 1 ~".l'el£l1,,:j'el'eln 
" " , 

"'l1n~".l'el£l1,,:jr1,,:j"v13_J~ 3 ~".l'el£l1~ bb~~b~UU~1~'el'U~,,:j1ub'eln~11(;)~[)1f"l~U".ln 1tl~ "lJ-3 
" 
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l'l,)'elth~~1-D'Y1 (;1~'eltJ : 

'1l(;1~ 1 l'l,)'elth~~ m~'el'\..nl'W~'el~~ Innru"Yf'"llnn1~tJ,)'t,m11Un ~ , 
, , " 

l'l,)'elU I~Yl iJll~ n'W~'el ~ ~ Inll ru"Yf n 1~tJ')'Wn 1111.nJYl'el ru'VIll ijtllU n ~ 
, 'lJ 

'1lil(;1l'l,)'elUI~ 0 o 
'VI)..Jlm~'lI~)..J 532 197 403 

'1lil(;1l'l,)'elfh~ 0 
'VI)..Jlm~'lI~)..J 965 426 713 , 

~)..J~~~I'W'VI~n (Null Hypothesis) 

'" I I I 

'll'WYl 3 ril'V1'W(;11~~lJ,rtl~IP;)UJ fiI1~~lJf1,)I)..JL1'el,r'Wl'Wm1Y1(;1~'el~ = 95% 

.ff''W~ 4 ~~m1Y1(;1~'el~ ~~m1Y1(;1~'ellJY11~U1~~IY1~)..J~~LLlJlJ~I)..JL'VI~tI)..J'"llnl'l,)'elUI~~ 

)..J1'"llnm~lJ')'Wm1~~In~LLj;]niJll~n'WLL~(;1~1'Wl?n11~~ 4.20 



, ... 
'lj~'Y11 

, ... 
'll~'Y12 

8 

I 
10 

. .... I"...... 
~1U1U~U'Y1~~U~n~~1~U~~'Y1~~'Y1 

~1l-J11C1U~n't~11tJi1~t11~LL~n(/h~~t11~ 

16 

16 
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hJLLl1lnl1h~'1lt11~ij 

,rtJ~1r1C1! 

't,J LLl1ln~1~'1lt11~ij 

,r~~1r1C1! 

*~1~;S~'"l1n!W)n,m1t~Lf)t1~~ Binomial Distribution "lJ'el~ Roessler LL~~f)ru~ L\J[l1f) 

..J 
i:JWdn !W)t1~'Yl "lJ-1 

, ~ 

mnHum~U,)\Jn1tIPl1~tl1Vl 4.20 - 4.21 r1..:J 2 LLUU hJ~~i:J~n1t'Yl(?l~'elul1t~~1'Yl 
'IJ 

~ ~ 

Ml1i:J~mt'Yl(?l~'elUr1~"'~(?I"lJ'el~mt'Yl(?l~'el~mtl1funt~u,)\Jmt'"l1n-n\JIPl'el\Jl1n~LL~~mt 
• 

l1n~hJ LLlPln ~1~'"l1n"ll\J1 (?I Lij (?I LLU~'"l1nm:;U,)\Jl1n ~'el~1~i1'1!U~1 ~n.! ~~t!\J m~u,)\Jmt 
~1~1tn~~ui\JIPl'el\J1~ LL~"lJ\J1(?1Lij(?lLLU..:J~1~'"l1nm~U,)\JmtLmJ~..:JL~~1~'el\J BOoC ~..:J 
111L \J ~ ')\Ji:J ~ ~ ~..:J i:J ~ L ~ Lij (?I LLU~i1"lJ\J 1 (?IL", t1! ~\J ~~~..:J i:J ~ LL \J,)'Yl1..:J ~ ~~\J \J'el n'"l1 n ~ 
'elru"'[lij~,)\Ji:J~~t')~ri'el\JL~f),)1~~'el\J~..:J~\J'"l1n 30°C LiJ\J 55 °c ~~~~i:J~~~~'elmt 

• 'IJ 'IJ 

~ 

~ (?I L ,)~1L \J-n\JIPl'el\Jn1t L ~ f),)1~~'el\Jtl (?I111 
~ , 

~..:J'I!\J'"l1ni:J~n1t'Yl(?l~'el~L\J~'el..:Jl1lju~mn~'elnl1funt:;u,)\Jmti:J~IPlL~LU\J1111Pl1~Xl1Vl 
~ I ~ ~ 

4.21 ~'elmt~~umti:J~~f)f..:JVl1 nu-n\JIPl'el\Jmm,)\JLLU~LL~:;L~'ll1~'el\J'elru"'[lij BOoC 
• 'IJ 

'elru"'[lij LL~ ~ L'"l~1 n1tL ~ f),)1~~'el\JLU\Ji1'"l{U"'~ n ~'eln1tri1"'\J(?I f),)1~~n"lJ'el..:J 
, 'IJ , 

LLU..:J LL~ ~m tri1"'\J(?Imt~.h L~'el'"l ~\J'Yl1~ ~~t!\Jn1 tl1fu Ll1~ U\J'el ru"'[lij ~~~ (?I LL~~ L'"l~1 
.. Oil 'U \I 'I 
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m1'Yl(;l~'elU'Yl1'11h:;~1'Yl~~er~ 

1tJ~1"m11,j1 L~'el'"l~tJ'Yl1-u mnJfu LU~tJtJ'elru~llij~'1~ (;l1tJm11~ ~'J1~~'eltJ 
'I .. \J \J lit 

LL~:;n1:;u'JtJm1~1LutJ~'el'lYi1m1'Yl'JtJ~'elUm~1ru'"l~tJ'Yl1-U~~~..:JL~~'el'"l1nm:;u'JtJm1 • 
, " " 

~11~ ~11?l1~ ri1~tJ(;l ri'eltJ9'1~1~11nufu LU~ tJtJ1~ -r1'1ilmn11 m:i''Yl'JtJ~'elU ~'el'l L~tJ ~1 H' 

r.htJ1tJm1Yi1~'1LL~:;1-nL'J~1tJ1tJ ~nvY'I'(;ldLUtJ'(;l~'JU'1~1n~[;] (Criticle control point) 

~'JtJ 'Yl1'1 ~Yh m1'Yl (;l~'el'l9'1'll'el-n1~m1ufu LU~tJtJ'"l (;ld1u 
'IJ • 

:;......,j ... • D 
n1'i'VIIJ\~'El'Unl'i~'lUJ fI'i'l'VI 3 'VI'Eltld~1l)J~ .. .m'J1 50 C . .. .. 

~1m[;]'ll'[j'lm1ri1~tJ(;l1~m11:.J~~~f'l~ 3 ~ 50 DC Lti'el'l'"l1n~[;]n~u~H'I:.J~~,rtJ • • 
'" I I I I 

[;]'eltJilLUtJU1:;Lll'Yl LL'el~n'ell!'el~ ~1'el n~tJ1~ (Flavor) Yl1~LYi~L-n1~11tJl:.J~[;]Jlru"~'1 

1:.J~[;]Jlruoy](Y)'1n~1'JhJ'YltJ(;]'el~'J1~~'eltJ~'1 ~'1~'11:.J~1~Ln(;lm11:;mtJ ~~1tJ ~1'el n~tJ1~ 
'IJ 

" " , 
(y)'1utJm1'Yl (;l~'elUil9'1 LutJ1uYlm1'Yl (;l~'elU'Yl1'1U1:;~1'Yl~~ er~'ll'el'lI:.J~ [;]Jlru,,~ (;l • 

t.I .j q cal _ ~ cJ .,J 0 0 
'Yl1tJ L~'el~mnU~tJtJLLU~'1'qru~1J~m11:.J~~~N'Yl 3 ~1'Yl 55 C LL~:; 60 C 

~ [;]nU1:;~'1 Fl n11'Yl (;l~'elU: L ~'el'Yl (;l~'elU~ 11:.J~ [;]Jl ru" ~ (;lYl1tJ'"l1 n n11LU~ tJtJLLU~'1'elru~llij 
III III 'I \J 

m11:.J~~~f'l~ 3 '"l1n 50 DC ~1~ 55 DC LL~:; 60 DC hJ;J~'J1~LL[;]n(;]1'1'Yl1'1~1tJU1:;~1'Yl 

~~er~ (~n~ru:;U11n!l ~ n~tJ1~ 1~"l!1~) 
" 
"1ltJ [;]'eltJ m1'Yl (;l ~ 'el'l: ~ 1'1;S'l ~fi m1'Yl (;l ~'elU 'Yl1'1U 1:;~ 1 'Yl ~ 1 [;] 1~ 11.JLLU U Triangle test 

(U11ru, 254 7) L(;ltJ1~ ~'Yl (;l~'elU~ ~1tJm1rl (;l L~'eln~1 LL~'J L~'eln 1?l'J'elrJ1'1~ LL[;]n (;]1'1 1 1?l'J 
OJ 

" 
'elrJ 1'1'el'el n'"l1n 1?l'J'elrJ1'1-r1'1~~ (;l 3 1?l'J'elrJ1'1 LL~:; L~ tJtJ~1 [;]'elU~'11 tJL'el n~11(y)'1111 ~ I:.JtJ'J mu 
, .. 

'Yl 'll-3 

u'"l4'm11L-n1: 1:.J~[;]Jlru"~(;lYl1tJ'"l1nm11:.J~~~f'l~ 3 ~1~'elru~llij 50
D
C 55 DC LL~:; 

• • OJ 

60 DC 

U'"l4'tJ [;]'elU~tJ'el'l: ~'J1~n n ~'el'l'll'el'lmn~'eln 1?l'J'elrJ1'1~ LL[;]n (;]1'1'"l1n ~'Yl (;l~'elU 
OJ .. 

" 



~')'e)th'l~l-nYl~~'e)u : 

1~~Yl~~'e)uL~'e)n~'"lmh'l~~1'1 1 ~'"l'e)th'l'e)'e)nr.nn 3 ~'"l'e)th'l t~tJS121~ 

"1!~~ 1 ~'"lmh'l~LVI;j'e)'Wn'W~'e) m~e.J~~rlt'l~ 3 ~'e)ru,\Mlij 50°C 
, , \j 

"1!n~~'"l'e)th'l 0 o 
VI~1mrl'lJ~~ 982 354 857 , 

I I " I I 
~ ..... I ... ~ .... .eII ..... .caI... - 0 

"1!~Yl 2 1?I'"l'e)tJ1'1YlLVI~'e)'Wn'Wrl'e) m~e.J~~rlNYl 3 Yl'e)ruVlll~ 50 C 
, , \j 

I '" I I 
.... I ... I .... 4dI .... _.cal - 0 

1?I'"l'e)tJ1'1YlI?l1'1n'Wrl'e) m~e.J~~rlNYl 3 Yl~ruVllJ~ 60 C 

"1!n~~'"l'e)U1'1 0 o o 
VI~1mrl'lJ~~ 513 721 369 • 

", " IV .cal .... ... 

'lJ'WYl 1 mil?l'l~~~l?Il1'W 

~~~~,;j1'WVI~n (Null Hypothesis) 

" , , 
..... q 0 II ~ .cal I ..... .cII 

'lJ'WYl 2 '"l1'Y'"l'Wt.JYl~~'e)u : e.J"1!~Yle.J1'Wm~rl~Lrl'e)n 30 rl'W .. " 

i'Y~ 3 ri1V1'Wm::~u,rtJ~1~'1l fi1~::~Url'"l1~L~'e),r'Wl'Wm~Yl~rl'e)'1 = 95% 
" , .., ... 

'lJ'YYl 4 e.Jrlm~Yl~'i'l'e)'1 

123 

e.J'i'lmiYl ~~'e)U e.Jrlm~Yl ~~'e)UYl1'1th::~1Yl ~~ ~ ~ LLUU~1~ LVI~tJ~'lJ'e)'1 ~'"lmh'l~~1'"l1n 

mn1J~tJ'WLLUrl'l'e)ruVlllijm~e.J~~rlt'l~ 3 ~~1'1n'WLL~~'11'Wl?I1n'l~ 4.21 . .. 
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I I ... I I 

'e)~1'l'Yb.J1"'nnrl1nU~tI'WLLUf;'l\l'e)ru~llijn1J'e.J~3,Hi'lf\lVl 3 Vl(;]1\1n'W 

, ... 
'l!(;)'Y1 1 • 6 

13 

. .. 
~1'W~'W~'W~~~u~n~~1\1U~U~~~~ 

fl1).J11tlU~n't"'~1~~~~1\1LL~nr;l1\1~~1\1 

16 

16 

, " , 

hlLLj;1nr;l1\1'fl~1\1~11tJ 

~1fiC\! 

hhLj;1 n r;l1\1'f1th\l~11u 

~1fiC\! 

MUe.Jf;'l ~13.J1J'mU~tI'Wm::;u'J'We.J~3.Jrlf\lVl3 "'nn 50°C LU'W 60 °c 1rJiL~1tI13JLLl'1n(;]1\1 • 

Jlru"';-U\l~ rl'J13.J~'e)'W~\I'e)~ (Hot filling) '"l::;vh L ~ Ln ~~C1!C1!1n1 Pl1l1t1L'W"lJ'J ~~~\I'"l1 n~1'e) 
~1 Ln ~ n1J'rl'JU LL \l'Wf;'l\l3.J1~~\I'"l1n e.J~ I'1Jl ru"';-L~'W(;]'J LL~'J n1J'un'"l LLUuC'"l::;lltl3.J L-ifnUn1J' • 

UJ'J''"l LLUUUf;'l'e) ~ L~'e) t~tlL-if rl'J13.J~'e)'W LLf;'l::;L-ifnUUJ'J''"lJlru''';-uJ'::; Lll'YI J'U'YIN LL ~\I (;]'J L -n'W"lJ'J ~ . . .. 
LLrl'J ~1-'e)"lJ'J~~f;'l1~~n~'e)'e)mLUU3.J1L'ilYn::; ~\I'"l::;13JL~3.J1::;nUn1J'L-if"lJ'J~~f;'l1~~n~13Jrl\l 

(;]'J 

GIl.... '" I ..... t; 

'"l1 n Wi J'1'1J''J'"l ~'e)U'"l1 nuJ''I!t'YI ~"lJ1 tI~U'J1 "lJ 'J ~UJ'J''"l ~ 13.J1 nl'YI'WJ'::;~U rl'J13.J J''e)'W 
'lJ • 

, " " 
1~~\I~ ~Vl 50-55 °c ~1n'e)ru~llij~\ln~1'lh::;vh L~"lJ'J ~UJ'J''"l Ln ~n1J'~ ~J'u1~~~\I'll'WI'1'e)'W 

" 'I " "., 'III " 

n1J'UJ'J'" ~\I~'W(;]'J e.J~ I'1Jlru"';-~ ~.yhtlri'e)'WUJ'J''' rl'JJ'~~ru~1:Jij ~1 n~1 50 °c ~\I'YI1\1 ~vi1 
n1J''YI~f;'l'e)\ln1~'W~L~Lyhnu 45°C t~tln1~'W~L~Hf'e)ru~llijLL'YI'Wn1J'n1~'W~L'Jf;'l1L~~'e)'W . " 

4 .3.8 n1'1'V11'1 ~'El 11 n1'115 n1'11 Lfi1 '11:::~ A1 L n ~ 'El LL 11 11 if.,., -UU (LL 11 111 Lfi1 '11:::~1f1!J • 
YiUn\l1u) L m!J1IL Vi!J1In1ln1'11Lfi1'11:::~1f1!JLfi1~'El\l1j;\'1Lj;\'1j;\'Elj;\ 1 u~ (Autotritator) 

(Lrli'e)\li~Ln~'e) Autotritator '"l1n~'e)\luDu"in1J'"lJ'e)\lLLe.J'Wn';j9mLf;'l::;~jij.J'W1 LmtlULVltlU 

nu Fi1~1~'"l1 nn1J'';j Lrln::;'\.f ~'JtI rl'W'"l1n LLe.J'Wrl'JU rl3.J rlru1l1~) • • 



n1.Ph~~I:::V11(;)tJH' LfOi~tl'l Autotritator il ~,)I3-J LL~n tp]1'1ntJtl~I'1il,rtJ~1 f01 'k}V1~tl hJ 

nhLUUm~'Yl(;)'~tl1J: m~'Yl(;)~tlU~3-J3-J~filtJLLUU Pair T-Test Ltitl'liOllnrXtl'lmmJ~tJu 
~ ~ 

125 

L YltJU roll L'U~tJiOll n1fi~'1~tl'l LLUU LUtJrol LL~:::~~m~'Yl (;)~tl'l~1~ tJLLtp]~:::rolil ~,)I3-J L~tJ') Ltitl'l 
~ ~ 

~3-J~~~ltJV1~n (Null Hypothesis) 

~3-J ~ ~ ~ltJ~tl'l (Alternative Hypothesis) : roll Ln~tl~1rXiOlln m~(h~ n:::\fLLuu1 mfi LLUU 

UiOl~utJnu~ L~~I:::V11(;)tJ H' L~itl'l Autotritator il ~,)I3-J LL~n tp]1'1tl~I'1il,rtJ ~1 f01'k} 

itJ~ 2 itJ~tltJLL~:::~ltJ')tJ~'Jtl~I'11tJm~'Yl(;)~tl'l 
, ... , 

"II" ~CIl '" ........... odiIo <ICIt. r 
LnU~I~tlLtJtl'liOllnm~~~~iOlN 10 V13-Jtl~~3-J3-Jl,)(;)~ILn~tl'Yl'l 2 LLUU LYitltJl3-Jl,)L~n:::V1 

"1JtJl (;) ~,)tl~I'1~ L V13-Jl:::~3-J LL~:::~ L~~I:::\f ~,)I3-J LLunh')tJ 
... , 
.... q 0 .... .... 0 .... 

"1JtJ'Yl 3 mV1tJ(;)~:::(;)UtJtJ~l~t1l 

~:::~U~,)I3-JL~'el,rtJ1tJm~'Yl(;)~tl'l = 95% 
... , 

-n'WYl 4 ~~m~'Yl(;)~tl'l ~~ m~'Yl (;)~tlum~~ L~~I:::\fLn~tl rX')tJ~fiUiOliOlUtJrX')tJYi,rn'lltJLYltJU , 

4.22 



%mflt'l (NaCI) (wlw) 
.j 

7t)1Jn11~ftJ,JVI ~L"l1::lf~1J1Jilli\'U~ 

(l"LPl1,,1I'l!J'VCun-31~) 

1 7.26 

2 7.12 

3 7.29 

4 7.26 

5 7.10 

6 7.25 

7 7.21 

8 7.28 

9 7.13 

10 7.28 

, .J 
r11L~fltJ 7.218 

SO 0.074 

" , 
IV.-.Q ~ 

"lJ'W'Yl 5 ') bf)~1:;~e.J~n1~'Yl ~~'fl\l 

1. 11l~,)9~'fltJ91'W,)'W!?l,)'flth\l (Sample size) 

~L"l1~~1J1Jl,..~ 

(lPlL"1lJllI'l!JL"~.:J) 

7.23 

7.1 6 

7.28 

7.25 

7.18 

7.22 

7.18 

7.26 

7.16 

7.23 

7.22 

0.043 

91nI1l1~1\l~ 4 .22 f),)1~er'WmJ~~,)~91ne.J~~bntJ~110 ~'fltJn1~~~~b'YhntJ 0.058 

~,)'W[;]1\l~l'l'fl\ln1~I1l~,)9YitJ1~b'YhntJ 0.1 bC'fl\l91n %bn~'fl~lh~'W~1'W"ifilli1~'W!?le.J~11l 

nruevl~!?lYhtJ~1~~tJ~\l~n~1 (External specification) H''Yl,",iltJ~ 1 ~1bmtl\l 
, 

'ei1'W19n1~'Yl!?l~'fltJ (Power of test) Vll'l'fl\ln1~~'fl 90% 
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b~'flH'n1~~1'W,)'W Power and sample size b~'fl~191'W,)'W!?l,)'fl~1\l~b~~1:;~~L!?ltJ 

hJnbn~~ MIN ITAB m~fl1 f)e.J'W')n f) 9:;1~91'W,)'W!?l,)'fl~1\l~ l'l'fl\lH1'Wn1~~ bf)~1:;'\Xn1~ 

'V1!?l~'fltJ Pair T-test 'fl~1'l~'fltJ 9 !?l,)'fl~1'l[;]'fln~~b~'fl1,n~~'J'W[;]1'l~l'l'fl'ln1~I1l~'J9YitJ , 



Power and Sample Size 

2-Sample t Test 

Testing mean 1 = mean 2 (versus not =) 

Calculating power for mean 1 = mean 2 + difference 
Alpha = 0.05 Assumed standard deviation = 0.058 

Difference 
0.1 

Sample Target 
Size Power Actual Power 

9 0.9 0 . 929283 

The sample size is for each group. 
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Lti'e)'1~ln ~4'£J1~li"lnl~LritJ~~)J1 LL~fJ 1 0 f1¥'1~'1~ . .J1nn~I"1J'W1 ~r;lfJ'e)th'l (Sample size) 

~ ~1'WfJ'W1~ LL~ ~'1~1 91'WfJ'WnI~Yl ~~'e)'1 L Yi£J'I~'e) LL~fJ hJ (;']'e)'1Yl ~~'e)tJ L~)J 

2. ~Lf1n:;'lXYlI'1~n~ Paired T-test ~fJ£JLtJnLm)J MINITAB 

Paired T-Test and CI: Existing, New 

Paired T for Existing - New 

Existing 
New 
Difference 

N 
10 
10 
10 

Mean 
7 . 2180 
7.2150 
0.0030 

StDev 
0.0736 
0.0428 
0.0403 

SE Mean 
0.0233 
0.0135 
0 . 0127 

95% CI for mean differen ce: (-0.0258, 0.0318) 
T-Test of mean difference = 0 (vs not = 0) : T-Value = 0.24 P-Value = 0.819 

r.nn~~nI~Yl~~'e)tJrh P-value )Jlnn~1 0 .05 LL~~'1~1 hj~tJf1fJl)JLL(;1nl?ll'1'e)th'l;:J,r£J 

~1 r)'k! ~:;t-l~I'1 nI~~ Lf1~I:;'lXLLtJtJ Lril~'1 LU'WnI~~ Lf1~I:;t-l1~£J H'~,rn'lI'W 

i'W~ 6 MtJ~~ ~1)JI~mtJ~£J'W~fi~ Lf1~I:;'IX ~lnnl~~ Lf1~I:;t-l1~£JH' f1'W LU'WnI~~ Lf1~I:;'IX • 

4.3 .9 nl~'Vl (;l~'El1J1finl~1 ~fl~I~~ e.I~ (;l.n tl.I"''VIi.:J~ln L,r e.I~ f1I.ntl.l"'lI~vi'El~ltJ1J~~~ • 
~~'VI';h,ml~1(;lfil~n~'El (rjfinl~~Th) ~mtJ1J~VitJ1Jn1J nl~1(;lm)'!ltl.1"l1'El.:J~~;j.:J~ 

.. f., ... <V ~.....' ~~~ltJ L \I\II(;l'JtJLfl~'El.:J'J(;l Brix \ 'Jfml~ L 'VI),!) 

L ti'e)'1~lnvl'e)tJ~~~ LL~:;n'ltJ~~~ 91 LU'W(;']'e)'1tl n~I'1vl'e) ~fJ£J~lr'e)'Wt-l~'1~lnnl~ 
• • 'IJ 

tJ~:;n'e)tJ L~~~ L~'e) LU'WnI~~h L~'e)~~'WYl ~6 I?l 1'1 1 ri'e)'WnI~tJ~~~ ~'1et-l~'1~1 nI~~I'1vl'e)m~ • • 
ihR)J1 n.l~1 LL~:;1'e)~It-l~'1 Lt-l~'e) 1 'Wvl'e)~'1~:;1tJtJ'W 1 'W~ ~ (;111 n.lovl"lifJ'I LLm 1~ ~'1~'W1 'Wni ~ 
tJ~~~"lifJ'I LL~n~'191 LU'W(;']'e)'1 H' ~~ (;111 n.lovl ~1'1vl'e)nI~~)JtJ~~~~1-'1 1 'Wt1~~u'W H'nI~ • • • 

, " 
~ Lf1~I:;'IX rh Ln~'e) L Yi'e)YlfJ'W~'e)tJ~1 hj;:J-WIt-l~'1 L t-l~'e)ri'e)'Wni ~tJ~~~~1-'1 • 
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'" II" I 

']'WIM1'WnlJ'Yl ~~'fl1J: U1'1l'fl~j;]':l'flU1,n.J1 L~hJU1 Reverse osmosis (u11.h~LJlYl L~mnu~ 

H'~1-.l~1tJnlJ'UJ'J") ~1~U99tJU1 L.jf1 LL~~fj L~J'1tf ~1-.l1 m~U99tJ ~'flU~'W'fl-.l 

U99tJ ~'flU~'W'fl-.l: 

.. ~ .t . 
1. muJ'~1ru~':l1~'1l'W (% MOisture) 

. ..., 
2 . ~1Ln~'fl (%NaCI) 

. ... 
3. r-i1m~1ru"1l'fl-.lLL;-.l~~~~1tJ1'WU1 (Brix) 
II II II I II I 

l1-.lil~ ~ r-i1m~1ru~':l1~~'W~-.l LU'WnlJ't) ~ r-i1m~1ruu11 'Wj;]':l'flU1-.l L~tJ ~N LU'Wr-i1~ nn 
'IJ 

... . 
U99tJU1 L.jf1: m~1ruu1~ L~~ L.jf1hJ1'W'1l'fl~ 

J'~~UU99tJ~1L.jf1 LL~~-.l1'WmJ'1-.l~ 4.23 

. ... . 
mn-.l~ 4.23 J'~~UU99tJU1L.jf1"11'fl-.lm~1ruu1~L~~L.jf1hJ1'W'1l'fl~ 

1 234 5 6 7 8 
v . ... 

IW'l'fltl'N'Yl 

0.0% 0.1% 0.3% 0.5% 1.0% 1.5% 2.0% 2.5% 

... . ... 
e.J~nlJ'Yl~~'flU e.J~"1I'fl-.lr-i1%~':l1~~'W %Ln~'fl %"1I'fl-.lLL;-.l Lij'flL~~U1m~U99tJU1L.jf1 

v ..I .1..1 
LL~~-.l~-.l~1J'1-.lYl 4.24 LL~~f:uYl 4.28 - 4.30 

%1l1i1 %ft,)1J.:fu %mfltl %,.tI~U;~ (Brix) .. 
1 2 Avg 1 2 Avg 1 2 Avg LIJIJJ 

0.0 0.479 0.479 0.479 7.175 7.156 7.166 55.8 55.8 55.80 

0.1 0.478 0.479 0.479 7.131 7.180 7.155 55.6 56.0 55.80 

0.3 0.480 0.482 0.481 7.098 7.1 21 7.109 55.7 56.6 56 .1 5 

0.5 0.483 0.483 0.483 7.112 7.104 7.108 56.1 56.6 56 .35 

1.0 0.484 0.484 0.484 7.091 7.084 7.088 57 .1 56.7 56.90 

1.5 0.488 0.486 0.487 7.060 7.058 7.059 55.1 55.7 55.40 

2.0 0.493 0.489 0.491 6.954 6.991 6.973 54.7 54 .8 54.75 

2.5 0.492 0.496 0.494 6.982 6.925 6.953 54.4 55.6 55.00 
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O/ol'l'),~f'U"L 'U ~~lJlntu'; 

0.500 

y = 0.006x + 0.478 .-. 
~ 0.490 D2 n QR? 

;l: -c-eo 
~ 
~ 0 0.480 

~ 

0.470 • 
0 0 .5 1.5 2 2 .5 

tWJJ'lcuJ,;hiiiJJ ((%) 

7.200 

~ R2= 0.954 
7.100 

~ 
'ClIO 7 .000 5 
~ 0 

6 .900 

6.800 . 
0 0 .5 1.5 2 2 .5 

58 .00 
~F 

)~ 56.00 
~ &;; 

frr; 
OJ: y -0.491 x + 56.25 

.... 
;! 54.00 r.; R'=0.414 

111" 
~ 

52.00 "7 
Gil 
I" 
~ 0 

50.00 • • • 

0 0.5 1.5 2 2.5 

I " I 

lUVl4.30 nnyJ~':l1~~~~\Jfi~~'wh-l %"lJI&m~~1w,J~I'lJlrwoy][;]'e:n.B~1,w.hVlL~~ 
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" , 
~1m,J~ n1~Vl ~~'ellJVilJ~l tfhnruu1Vi L~),J1 'W~~ [;111 ru"Yli1 ~,)l),J~),J~'Wlf fllJ r11 

II I II I 

Wl1),J~'W1'W~~[;1nru"Yl LL~~r11Ln~'el1'W~~[;111ru"Yl Li1'el'l~lnrh R2>0.8 LL(;]m),J1ruu1Vi 

, " 
L~),J1 'W~~ [;111 ru"Yl1 'Wm),J1ruu'eltJhli1 m1),J~),J~'WlffllJ %"lJ'el'l LL ~'lVi~ ~~ltJ1 'Wu11 'W~~ [;1 

" , 
~1 n n1~Vl ~~'ellJVilJ~l n1 ~-r ~ ~1 Ln~'el~ 1),J 1 ~nlJ'el n LL 'W,) L U),J"lJ'el'lU 1Viu'Wmi1 'W 

'" 

" I " I 

(;]1'l"lJ 'el'lU 1Vi U'W'el ~1 'W ~ ~ [;1 n ru "Yl1~'elth'l-n ~ L~ 'W r;l'l'l1 'W ~ 'I hi ~ 1),J 1 ~mu ~ tJ'W';)fi n 1 ~ 
, " 

';) L~~l~,xLij'Wn1~-r ~ ~1"lJ'el'l LL ~'lVi~ ~~ltJ1 'Wu11~ 

4.3.1 0 n1~VI(;)~'il1Jn1~tfhJ1tu"ll'il~vlL \nJ1~~~m,r~1'~~';:-1Ji1':l'vi'ilri'il'\J1J~~~~~-3 • 
L ti'el'l~ 1 n 1 'W u~"u'W Vl1'l LN'll'W tJ'l hi i1 n1 ~ri l'l-~'W~m),J 1 ru ~ ~'l 'elth'l LL t.!'W'el'Wvi 11 ~ 

" II I II 

Ln~n1n~m1'lm),J1ru~~ [;111ru"Yl LL~~L~m1'l L,)~lVi ~'el'lU1 ~,)'elth'l1u';) L~~l~,x r;l'l'l1'W~'l 

1~vi1 n1 ~Vl ~~'ellJ L~mnm),J1 ru~ L~),J 1~~),J1 'Wn 1~ri1~'W~m),J 1 ru n1~~'l L ~'elU ~~~tJ ~ 
" " L,)~l LL~~~ ~"lJ'el~ L~tJ1 'W-n'W[;1'el'W\J 

~ ~u~~~~ r)': L ~'el n1~ri1~'W~m),J1ru~ LLt.!'W'el'W1 'Wn1~~~ ~ ~ [;111 ru"Yl ri'el'WlJ~~'"l'"l ~~ • • 
" 
-n'W[;1'el'Wn1~Vl~~'ellJ : ~),J~,)'el~1~'"llnvi'ellJ~~"'"llnn1~~~[;1'"l~~ 'VJn11 Kg -r~~lm),J 

if'"l9tJ [;1'ellJ~'W'el~ 

i1'"l9tJ [;1'ellJ~'W'el~ : 

1. ~lm),J1ru~,)1),J~'W (% Moisture) 
, ... 

2. ~lLn~'el (%NaCI) 
, " , 

i1'"l9tJU1L-ih: ~,)'el~1~Vi~),J),J1~lnn1~~~[;1'VJn11 kg ~~LL(;]j]),J~'Wti~ 10 kg 

I J' 04 cv I .J~ let 
~~n1~Vl~~'ellJ ~~"lJ'el~~1 % ~,)1),J"Jl'W % Ln~'el '"lln[;l')'elm~VlnnVl~'el'eln),J1'"llnVl'el "Jl~ 

'" 



131 

%V'l1J1~~'U. .. 
tRJJ1N 

%Lnflfl 

.¥ 
'VI~ (kg) 1 2 Avg 1 2 Avg 

1 0.612 0.609 0.611 5.787 5.845 5.816 

2 0.524 0.510 0.517 6.215 6.246 6.231 

3 0.493 0.487 0.490 6.985 6.971 6.978 

4 0.480 0.478 0.479 7.142 7.156 7.149 

5 0.482 0.476 0.479 7.151 7.178 7.165 

6 0.479 0.478 0.479 7.173 7.159 7.166 

7 0.482 0.483 0.483 7.164 7.166 7.165 

8 0.478 0.480 0.479 7.159 7.175 7.167 

9 0.476 0.482 0.479 7.171 7.163 7.167 . 
10 0.483 0.478 0.481 7.167 7.156 7.162 

°/ofl,)1JJ~Y~~~~ ~~;'El'l'U~~lJ1nN" 
0.700 

0.600 • 
~ , 

ri 
r 0.500 
C" 
(I; 

~ 0 

00400 

0.300 I I I 

0 2 3 4 5 6 7 8 9 10 

t1'hmur.l~61.nnl~~~.:J (kg) 
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7.500 -7.000 

GI 6.500 '110 
5 
~ 6.000 

5.500 

5.000 

0 2 3 4 5 6 7 8 9 10 

r.nn~H'ln1~'Y1~~'fl~~U~I~~~'"llnHfe.J~"lJlru"Vl1\Jn1~riI9·~~I~~~~L~~'fl'fl~[11tJ 
OJ 

1\Jvl'fl ~U~I~~~'"lln~e.J~l'lnrurvlnn~~hJ 5 kg ~\JhJi1~lrl'Jl~~\JLL~::m~lruLn~'fl~'fl~ 
OJ OJ 

I I" lot 

1\Je.J~l'lnrurvlrl~Vl ~~LL~~~~lhli1\lI'"llnm::U'J\Jn1~~I~~~~m~'fl'fl~LL~'J ~~'I1\Jm~lru 
" 

L~~I::~~1\Jn1~Hfe.J~l'lnrurvl"ll::ll1£11\Jvl'flri'fl\JLi~n1~U~~''"l1'~Lvllnu 5 kg 

MUe.J~n1~'Y1~~'flU • , ... 
m~lruVl L~~I::~6J1\Jn1~Vi~e.J~ l'lnru"Vl1\Jn1~1~vl'flU~~' rl'J~LvllnU 5 kg 

1. . ....::. ... ..1 . ~ .,j 
4.3.11 n1'1V1j;l~'£lt.Jn1'1 ~~1'1t1tJtI-3n1'1Ln j;ln'£l-3 LL~::Vlj;l~'£ltJ1J'1)J1CUVIL \nJ1::~)J 

rrl'lnu~::~~ ~: L~'fl~ ~ rl'Jl~ rl~1 ~ Lrl~'fl\J'lJ'fl~ L'J~IU~~'"l'l!'fl~~~"1J'J ~'el\JLn ~'"lln~'fl~~ Ln ~ • • ..., , 
~\J1\Je.J~ l'lnrurvl ~~y'h 1~~'I1n~I\J~'fl~~~ ~~1£1 n1~e.J~ l'lLU\J~::£1::1 LYhL~~'l!'fl~1\Jti~ 

m~Il'l~~ril~\J~ 

U'"l9'£1\lIL-nl: l'1(J'Cl~I~~e.J~~~I~UU~~n1nn~~'fl~ 0.0, 2.0, 4.0, 6.0 ppm ~'fl'Y11~Lrli1 
... 

'lJ'fl~~I~UUU~n1nn~~'fl~~'fl Silicone oil (dimethylpolysiloxane) 
, 

~1'Y11~n!J~~I£1Vlril~\J~ (~I~~~'"lln USFDA 
, 

.oS 0 

http://wvvw . codexalimentarius.net/gsfaonline/additives/index.html) : .l!~nl~\J~ 

m~lrun1~1~tJ'fl£1n~I~1'flLvllnU 10 ppm 

U'"l9'£1 l'l'flU~\J'fl~ : rl'Jl~~~"1J'fl~~'fl~~ Ln ~'"llnn1~'Y1 ~~'fl~Un'IlI£11 \J~'fl~ulJU~n1~ 
... ... 

~1\J'J'W~I : y'hn1~'Y1~~'fl~ 3 ~1 rr~rl'Jl~~~"1J'fl~~'fl~~~,ml~U~~'"l~\JVll'1'J'fl~I~~:: 3 '"l~ " , , 

~'flU'lJ'J ~u~~, 

e.J~ n1~'Y1 ~~'fl~ rl'Jl~ ~~"1J'fl~~'fl~~~~n1 ~U~~'~\JVl1 \J~'fl~ulJU~n1 ~LL~ ~~ 1 \Jm ~1~~ 

4.26 LL~::ltJ~ 4.33 
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0.0 ppm 2.0 ppm 4.0 ppm 6.0 ppm 

3.40 1.90 1.75 0.00 

2 3.35 2.00 1.70 0.45 

3 3.30 2.10 1.65 0.10 

3.35 2.00 1.70 0.18 

3.10 2.45 1.55 0.05 

2 3.15 2.65 1.70 0.55 
2 

3 3.00 2.30 1.65 0.00 
, ... 
mL'!l~£J 3.08 2.47 1.63 0.20 

3.50 2.00 1.85 0.10 

2 3.55 2.10 1.80 0.30 
3 

3 3.50 2.10 1.85 0.00 
, ... 
mL'!l~£J 3.52 2.07 1.83 0.13 

~ , 
~1~tJtfhJ1rwt.fhJ1rw~11UtJU'ln1nn(9l~!l'l·ihuhJ"1J'JIVl 0.0 ppm, 2.0 ppm, 4.0 ppm 

LL~::: 6.0 ppm 

'" I I " 

L~!lnn111~~11utJU'ln1nn(9l~!l'l Silicone oil Vl 6 ppm Lil!l'l91n~I3J11tlUtJU'ln1nn(9l 

~!l'll~!lth'lihh:::~'VlfiJlI'Yi 

~ , 
91 n e.J ~ n11'Vl (9l~!ltJ 1 'W,x!l'luljtJ1i n11~'1V13J (9lU,I3J1 ~ ~u m3J (;l111'1 Vl 4.27 



ch 

2 

3 

4 

5 

6 

~ftn 5W1 H Uft: 

ECRS 
riflutJftJtJt-3n1:1J,)u 

011 

... 
5 UTVI 

" . " 
~~).Jflf'lVi 1 LL~~L'Y1tl1 ~illl1~lI1.yhtl~tN~~j;] ri'1lU j;]1).J~(ltILLi1'1LL~~1~ 
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LLi1'1~LL'riLL~'l~'11u,Tu nru" LL~~'Y1I11~'1lU'Y11'1 ~'lU~~).J~U11u,Tuj;]tlU~~).J 
~ .I • 

j;]tlUn11~~).JflN'Y1 1 th~~1'Y1~).Ja~ Vi 1 1n1).J~'1'lu 

2 . ~ftU~Uj;]'1lWiUn11 

n111"'fl'l1).J 1um~U'lUn11~1).J1Hl 'Y1111~tlU n11~~~1t1 ""~" ;' ~1).J11t1 L'llU11'1lULL'Y1UU1 
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4.4 n1'i'El'Eln LL 1J1J'i:::1JU fl11J fI ~n1'i'VI1"1UL 'Yi'El~ r;) fl11 ~ fI~1 r;) LfI~'ElU"ll'El" L 1~1'V11"1U • 
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i'l'VI~1'11U'"l :;3-J1 L~ tJU'I1U~ ril'El'lvi1~'I'VI3-J ~ 1 uiut11 U-D'El'lsD1 tJij'El~ ~'Yi ~'El3-J~'I L~tJU-D'l'l L'l~1 ~3-J rilu , 
" , 

LL~:;~U~ ~m3-J L'l~13-J1 j;]J'fJ1UVl ri1'V1U~ 1~ULLl'l~:;e.J~ j;]Jl ru'Yf l'l'El3-J1 -D'El,.m~1'1'"l:;L~tJU~1 ~tJn'"lmJ'3-J , U 

m J'1"l'ltJ 1"l3-J L'l~ 1 ~'l3-J flU LL~ :;L~'El'Yitrn'l 1uvi1 L~;'"l LLl'l~:;.frUj;]'Elun1 ~3-J 1~'1 X ~~1 L~U 1 U-D 'I 'I L 'l~1~ , 
" " 1~\JBtJ~'"l1'11u-D'El'ltJBtJ~ L~tJm:;~1Uil'"l:;~n~~Hvl'l~'El'le.J~3-J"1l'El~ LL~:;~'El'ltJJ'J" 

'VI~'1'"l1 n mJ''El'Eln LLtJtJ~tJ LLtJtJ Ll"li'El'lij'El~-D'ltJ l"l'ltJ ~3-JmJ'tJBU~'11U 0~ tJ ~'l3-J flUYl'l'l 
, " , 

LN'I1U~ ~1'1 LI"l1'El'lij'Elil'El'fi n3-J 1 LL~:;Y1 ~ ~ 'EltJ 1 ~i'l'VI~ 1'1 1U~'1-1f'El3-J ~ m3-JVl ri 1'V1U~ L~tJ ~'"l 1 n LLe.JU 
~ ~ 

mJ'e.J~j;]LL~:;3-J1mfJ1UmJ'tJntJ~'I1U 1~e.J~'El'Eln3-J1~'1J'tJ~ 4 .34 
U ~ ~ 

" " 'VI~'I'"l1 ntru1~'EltJJ'3-J LL~:;Y1 ~~'EltJ1 ~'Yitrn'l1U 1 U~'El'l e.J~3-J"1l'El~~'1 L 'l~1'"l1'1 L~tJ LsD X ~t:nL~U 

L~'Elvi1n'"lmJ'3-J"ru1 L~;'"l j;]13-J~1~ri1'V1U~ 1ULLe.JU ~'11~e.J~'El'Eln3-J1m3-J~tJ~ 4.35 
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...a 
UVI'VI 5 

• 
Iijln~~n1~'Vl(v)~'elUm:;U';)'\.ml~1'\..l~:;~u,x'el'ltJDU~n1~~~I~I~ntJ~utJ~'1Hllijln~n~l,;) 

Hi,'\..lU'Vl~ 4 'Vl1'1~4'tJ1~UIL~'\..l'el~~n1~'Vl(v)~'elU1'\..l~:;~u,x'el'ltJDU~n1~(;]'eltN'II'\..l L~m'hn1~ 

YiIijI~rt,ntJ~utJ~'1 ~'11'\..l~·1'\..ln1~~(v)L,;)~I~Ij;J~~1'\..l1'\..ln1~~~j;J LL~:;~(v)f'I,;)l~f'I~I(v)Lf'I~'el'\..l"1l'el'lL,;)~1 
. 

'Vl 1'1 1'\..l 

'Vl1'1tN'II'\..l1~n1~YiIijI~ruIL~'\..lf'l';)~1muLi'l~(v)~'1Lf'li'el'l4'm1'\..lUI'1~,;)'\..l LL~:;;:j1'\..lUI'1~,;)'\..l 

~;:j n1~~'1'Vl'\..l~'1Iij:;YiIijI~rul ~ (V) ~'11'\..l1lItJVI~'11 '\..ltl'lUtJ~:;~1 ruVlih ~'1 ~~n1~YiIijI~rultJ~UtJN , " , 

j;Jln'l~ 5.1 ~~n1~YiIijI~rtJ1tJ~UtJNm:;U,;)'\..ln1~~~j;JlijlntN'II'\..l1'\..l-X';)ojJ'eln1~~(v)L,;)~I~Ij;J~~I'\..l , ~ 
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t,,(;~ ~ Lrtt1.Lt-Lt1.k1.(;k1.g,~t1.L t-Ut1.M. ,,~ ~ 

t1.Lt-U1tM. 

c-g,I1.t1.L t-L ~~ L U rt ~ rt L(;l.! 1111::~ 

L~fbJ:t-e.lIoifl~ 1LY 

~ ~f'":IbLUY1. t L~t, 1 N1U.Y1.@~l!l1 

l§:! L~l!l I1Lt,l!ll§:! ~bLU @JIot,,X1oY1.tY1.U-i:'bl U Lt!;~ ~ f'":IbLUY1.t,n.;:bUi:'~J1n.,fJ1LrubLt!;~bLU~f'":I G"S ~i:'LbL~ 

G" S ~i:'LbL~ I1L~ J1tY1.1J1 ~ ~f'":IbLUY1. t L~t,1 i:'@U.Y1.@~l!l1 
, , 

• l§:! L~l!l I1Lt,l!ll§:! ~bLU@JIot,,X1oY1. t Y1.Li:'i:'bl ULt!;~ ~f'":IbLUY1.t,n.;:W i:'bJ1n.,fJ1LrubLt!;~bLU~f'":I n.,fk1.L~ 
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Plant scale) 

'OJ 1 n e.J ~ mr'Yl ~ ~'elU n r:::u'Jum r1 U r:::~U~'el-:JU~U~ n 1 r~ ~ 1~ 1 rtlU fuu ~-:J1~'"l1 n~1~ 

L~U'el1UU'Yl~ 4 ~1~lrtl~rUmrLU~t1ULLU~-:Jm:::u'Jumr1 'vuJ LVitiUrlUm:::u'JuLrh 1~m~ I'llrl-:J , 

1u~'J-n'el 5.1 

~-:Jt1u~9't11~r11mr'Yl!?l~'elu1uLN-:JIU~I~'el-:J (Pilot plant scale) "llUI!?l 50 kg L~'elI"lI!?l 
1"1::: Lumr~ ~ L'J~II'l~'el !?lm:::U'JumnL~:::L~'el~UtJUe.J~ 1"1 rull1'Yi"ll'el-:J e.J~ I'l.nru-n n'elU'Yl !?l~'elU 1'l'el1 U • 

r:::~umre.J~1'l'"l1-:J"llUI!?l 3,600 kg ~-:J1umr'Yl!?l~'elUr:::~ULN-:JIU~I~'el-:Jt1u~I~lrtl'Yl!?l~'elu1~u 
UI-:J~'J-n'el LL~:::~I~lrtl'Yl~~'elu1~LLI'l~UI'l'elUmre.J~~"l!'el~ ~1~fu~ul'l'elumrurr'"l"l!'el~~ILUU , 

" "" 
th9' mll L-nI: "llUI'l'elU'Yl !?l~'el-:J1 ur:::~u LN-:JIU~I~'el-:J LmtiU LVi t1Ur:::WJI-:J"llUI'l'elUU'"l,UUrlU"llU 

l'l'elU~~-:JmrufUUNm~17l1rl-:J~ 5.3 , 

" " "llUI'l'elUU'"l'OjUUrlU"llUI'l'elU~~-:JnlrufuUN . , 

,1U[Mlllluu"'l'1U-u ,yulJ1flu~i . .:mlnJru1.lt..:! 

~ ... 
~~).Jf1N'Y11 L~).JL'il'YiI:::'1!'fl£'l LL~:::LLU,,:! ~..:!'lu~~'fl~£'l).J'1!'fl~ 

~~).Jf1f..:!Yl1 ~1~fu~')u~~).JYlL'\.l~'fl~U1 

mULLU..:! (10 UIYl) L~).J,11~'flU~ruWJi1 80°C 

:::. ... 
~~).Jf1N'Y1 2 ~~).Jf1f..:!Yl 2 

Li:J~l'fl\JILYl'fl'l~f1')I).J~'flU t1..:! 85°C Li:J~l'fl\JILYl'fl'l~~f1')I).J~'flU t1..:! 85°C 

fm~l~ru'l.uJi1 85°C LtlUL,)~1 15 UIVl fm~t1~ru~1Ji1 85°C LtlUL,)~1 15 UIYl 

Li:J~\JI~~'flLUUL~EJ'l-if\JI~ru'\.11Ji1~'fl..:! (28°C Li:J~,11'\.1~'flLUUL~EJ'l-if,11'flruWli1~'fl..:! (28°C) ~1'l~ . " 
)~I'l~LUUt1..:! 50°C LUUt1..:! 75 °c ~i..:!"lmrUL1.l~EJULtlu'l-if,11LUU(5OC) 

L~'fl~I'l~'1!'fl~LUUt1..:! 60°C 

:::. ... 
~~).Jf1N'Y1 3 ~~).Jf1f..:!Yl 3 

1'fl'l~'ll'fl~LUUt1..:!t1..:! 40 °c ~tJ~m:::U,)Un11 1'fl'l~'1!'fl~LUUt1..:!t1..:! 45 °c '\.1tJ~m:::U,)Un11 

chula
Typewritten Text
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U99tJ lPl'f)U~'W'f)~ L 'J ~11 'WLLl'l~::;.]-'WIPl'f)'W, ~~ nlJ'm'J9~'f)U,"H1.UlIY1~ r;)'vhtJ"1J'f)~ ~~ IPlJl ru"Yl , , 

U99tJ nlJ'I"l'JU I"l~ • 

Material - ~1PlJ'nlJ'~~~ m~lrunlJ'~~~ (50 kg) 

Machine -nlJ'1~I"l'J1).J1'f)'WLLUUL~mn'W "'~'f)~~~ LI"li'f)~ L~mn'W I"l'JI~ L1'JJ''f)u1'WnlJ'~~~L'Vhn'W 

Man - ~l11n1J''V1r;)~'f)~LU'WI"l'W I"l'WL~mn'W .. 

~~nlJ''V1r;)~'f)~ 

1. ~~nlJ'Lfiu;r'f)~~ L'J~11'Wm::;u'J'WnlJ'~~ 1PlJ'::;~Uh~~1'W91~'f)~ .. 
~~nlJ'u'WVim'J~I~H1'Wm::;u'J'WnlJ'L~'f)'V1r;)~'f)U 1'WJ'::;~Un1J'~~1Pl 50 kg l'l'flJ''f)Un1J' 

~~~ LL~::;ml~ LL~ r;)~ L'J~Il'l'f)'f)ru"'Jlij"1J'f)~m::;u'J'WnlJ'~~ IPl ~~nfil'J ~~IPl1J'I~~ 5.4 LL~::;nJ~ 5 .7 . .. .. 

1Pl1J'1~~ 5.4 ~~nlJ'u'WVim'J~1~1fl'Wm::;u'J'WnlJ'~~~'ll'f)~L~'f)'V1r;)~'f)u1'WJ'::;~uh~~1'W91~'f)~ 

~1",fuJ'::;~UnlJ'~~1Pl 50 kg l'l'f)J''f)UnlJ'~~~ 

... 
U1V1 

LU "nh\.,~t1 Liiu Ll'ltJ1'ihh~ CW'l-llJi1 

,xt1~ (28°C) vi1l,xLii'Wti~ 

50°C 

1t11,x'1lt1~Liiuti~ti~ 40°C 'I-ltJl'l 

nn:U'l'Wn11 

.J 
L'lfl1V1"U 

5 

15 

20 

78 

93 

105 

107 

134 

... 
15 U1V1 

LU I'l~ 1'1-l~t1 Lii'W LI'l tJ 1-D'J 1~ ru'l-llJi1,xt1~ 
(28°C) vi11,xLii'Wti~ 75 °c 'I-l~~"1n 

,r'WLtJ~tJ'WLtluH~1Liiu (5°C) L~t1vi1 
1,x'1lt1~Liiuti~ 60°C 

1t11,x'1lt1~Liiuti~ti~ 45°C 'I-ltJl'l 

m::U'l'Wn11 

, " '" ~ 
L'lfl1V1"U~U 

IJlflU(U1Vi 

~) 

2 

12 

14 

19 

57 

72 

75 

77 

80 
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100 

80 
U 
0 

fri 60 
Q' 
~ 

C 40 v 

20 

0 

o 10 20 30 40 50 90 100 110 120 130 140 

'"11 n n 11'Vl ~ f'l ~~ L 'in:; ~lJ h~~I'W~ 1 f'l 'El~ L'ilVi 1:; L'J f'lIL 'W~ 'J'W n 1 HJ ~ ~ 'll'El ~ Vi lJ ~1 L'J f'l1 

~1~11blf'l~L'Jf'l11~'"Iln 134 'W1Y1 LiJ'W 80 'W1Y1L'W~'J'W'1J'El~n11~~~'ll'El~L'W1:;~lJ'b~~I'W~If'l'El~ 

fI~ dJ'W 40.3% 'iI'El~ L'Jf'lI~f'l ~f'l~1~ ~~ ~ f'l'"lln n11f011 ~ f01:; L'W;1VilJ~1 n11tJt'lJtJ~~~fi~1 (;11~1'W1 'W 

m:;lJ'J'Wn 11~~ (;1~1~ 11bl f'l ~ L'Jf'lIL 'Wm:;lJ'J'Wn111~'Elth~~1 n LL(;]~IV1t'lJL 'W~ltJ n11lJ11'"1 ~'El~ • 

rilV1'W~'iI'El~~~(;1Jlru"fl~~.yhtJ (Product specification) 

f01rufllVi'il'El~ ~~ (;1Jlru"fl~ ~VfltJ~I~~~ m~tJ1:;n1 Plm:;'Vl1'J~~IDI1ru~'1J Li'El~ ~~ (;1tlru"fl •• • 

mVlI1~1'W'"I~'W'Vl~6~vh L"x Lii ~ L1f01 ~f'l n11~ Lml:;vff01ruflIVi'1J'El~ ~ ~ (;1Jl ru"fl~ ~VfltJ'"Il n,T'W(;1'El'W • •• 

VI~~n11tJt'lJtJNLtJ'WltJmtJ(;1111~~ 5.5 • 



n 11U 1:: Li1\JY11~U 1::~ TYl ~),J cr ~ 

(fl'n~ru:: ~ n~\J1~ 1~'l!1~) 
.. 

fi1'l1),J"'\J~, cp 

pH 

%Ln~'fl (NaCI) %w/w 

Total Nitrogen, %w/w 

m),J1ru'IJ'fl~LL;~(Total soluble 

solid) ,OBrix 

Total plate count, CFU/g 

Yeast and Mold, CFU/g 

Coliforms, MPN/g 

B. cereus, CFU/g 

C/. perfringens, CFU/g 

Salmonella spp. ,L\J 25 nf),J 

Staphylococcus aureus L\J 

0.1 nf),J 

Arsenic (as As) , ppm 

Lead (Pb), ppm 

Copper (Cu), ppm 

, ... 

240 - 290 

4.9 - 5.4 

6.80 - 7.40 

0.50 - 0.65 

53.0 - 57 .0 

.5 10 

<3 

<2 

< 1 

< 20 

~f\n1n LPl11::"'(~'l 

t)£hn .. fl',m11 

274 

5.2 

7.15 

0.58 

55 .6 

200 

.5 10 

<3 

.5 10 

.5 10 

<2 

< 1 

< 20 
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n11U 1:: Li1\J~f'ltiU 1::~1Yl 

~),Jcr~"nn'fj~n~1\J 5 fi1\J 

Viscometer 

pH meter 

Titration method 

Micro Kjeldahl 

Refractometer 

FDA-BAM 

FDA-BAM 

FDA-BAM 

FDA-BAM 

FDA-BAM 

ISO 6579 

FDA-BAM 

AOAC (2000) 986.15 

AOAC (2000) 999.11 

AOAC (2000) 999.11 

LU~tI'W"1l'W(M)'W~1 (;l1jl'W~1~11n~c;) L'H'n lWn11e.J~ (;lLr;)''"11n 134 'W1Y1 LVI~tl L~tI'I 80 'WIVl ~ c;) LU'W 

L'l~I~~C;)~'1LvilnU 40.3% Lc;)tI~~H1.ml~'lltl'le.J~(;lJlCWOY]~Lr;)''"11nn~:;U'l'Wn1~Ut'UUNn11ViI'11'W • • 
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~4'tJ1~Vl~~'tlU~'tllu1~~Um~~~f;l"llUI~m~~~f;l'"l1\1 3,600 nL~nt')J L~mrU~ULfJ~I~~~1~~\I 

~)J~ ~rulll~"lI'tl\l~~f;l.nru'Vl LL~~m)JI~~)Jlum~vll\11U"lI'tl\l~,rn\lIUlu~ltJm~~~f;l'"l1\1 f;l1)J 

LLUfJVl1\1 mnJt'UUN , 

111~"lI'tl\l~~f;lf,ru'Vl~~YfltJf;lI)JO]'tlril~U~ (Product specification) • 
" "" 

ih4'mll L 0]1 : -nUf;l'tlUVl ~~'tl\ll u~~~um~~ ~ f;l'"l1\1 LmtJU L VltJU~~~~I\1-nUf;l'tlui1'"l'Uunu-nUf;l'tlU 
... • I"' • I .J 

~~\lm~LI~ULI~\lf;lI)Jf;lln\lVl 5.6 

I '" "'" 

f;l1~I\1Vl5.6 -nUf;l'tlUVl~~'tl\lLmtJULVltJU~~~~I\1-nUf;l'tlui1'"l'"lUUnu-nUf;l'tlU~~\lm~ut'UUN , , 

LR1tl\l i'Uj;1tlUm~LLU'lVlI\1n11tJfutJt\l 

rorm 
o 
00 

, 
.cAl .., ., _ 

LR~tlU£J1t1'l j;1'lI?lU 

" j;11'l"~tlUUI~,rmL~::;91U'lu1' j;1'l ~u 0 

00 
o 

00 
o 
o 

... 
UIVl 

o 
.... ° 'lltl~ LtJ Utl \I 50 C 

00 

o 
00 

" j;11'l"~'e)uul~,rn LL~::;91U'lU1'j;1'l~u 0 

... 
UIVl 

.... ° 
'll'e)~ LtJ'UtN 75 C 

LtJI?lJI~~''e)Lii'U (5°C) 1'e)1~Lii'Uti\l 

60°C 

00 
00 

o 
o 

o 

o 
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I II II II 

LJlI~I\1Vl 5.6 ([;]'el) -nULJl'elU'Vl t11~'el\l LmmJ LVltJiJ~:;~~I\1-n\JLJl'elut1'"l'"lUuniJ-nuLJl'elu~~\lmnJfiJtJN , , 

"" G'" 0 1!l ~~'l!!l~LtJUtN 40 C o 
¢ 

~\lj;)')~ti'N;S Lr111~.J ~~!l\lulj~nl1 

~\lj;)~!ltil\1;S Lr111~.J 

~~!l\lUlj~n11 

" 

D 

o 

u 

00 
00 

" ~U~~U~I~UU~Vll\1nl1UfuUl\l 

00 
o 

o 9 
~\lj;)~!ltil\1;S Lr111~.J Vl~!l\lulj~m1 

~\lj;)~!lti 1\1;S Lr111~.J 

~~!l\lUlj~n11 

D 

00 
o 0 

L,)~11 '\.,lLL[;]~:;"li'ULJl'elUo ~~m~LJl~,)'"l~'elU FlrulllVH'l t11V11tJ"lJ'el\l ~ ~ LJlJl ru"Yf , , 
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Material -tIh.jln.mIHJ~~ (3,600 nLf'lnf)J) 

Machine - "llil~ L~i;!'e)'1L ~ fl'JI)J~'e)'WLLf'l:::"llil~~~'e) ~~)J L~i~'e)'1 L~tJ')nu~fit1'"lr.l1r'W "llil~ LLf'l:::"ll'W1 ~ LU • 
~~ fl'JI)JL~'J~'e)UL'Wm~~~)J 

Man - H'Ynrn'lI'W"ll~~yh'lI'WtJn~ ~1'W'J'WLVh~fit1'"l'"lu'W , . 

~f'lm~Vl~f'l'e)'1 

1. ~f'lmnnu-if'e))Jf'l L'Jf'lIL 'Wm:::u'J'Wm~~~ m:::~um~~~ j;]'"l1'1 j;]1)J LL'W'JVlI'1m~tJfutJJ"I 
~ , 



l1iN ,fUfliIU rmYl"N1U 0 mnlJ'fl~utu_1,nU (\t~"n""'R't k..,) 7:30 - 17:40 (610 U1f\) 
I flU t.R~~m 7:00 U. I!CJIO U. 9:00 U. 10:00 u ........ :00 U. 12:00 u . 13:00 u. 14:00 u. 15:00 u. 16:00 u. 17:00 u. 

'1D1JN.1J~l 

R'''III1iilIHUJ''1Iilif U • 
,hLilillll!JillolifU"llilif () () • 

Lfl'iNCr1m51ll'llJ c::;> • 
5l11'lifillJU'lIIunLUil~"4,ulU~51I)~lJ • 

t«"1Iilif LIiI~ull" Ltl51tmf51101 iflJ • 
101 iflJRf,,111 1 LUiI~L~lJ1i''lilU 

101 if lJRf,,1112 LIiI~L~lJif""'~51vliN 

~iN t"fll,lJiilU I'hlS5 0c • • 
loIifU"llilif fmt'ijlUlII'lSl SSOC Lilumn15 u,11I '-' 

-r~-r~1-r+;-b+~~~-r~-r~1-r+;-b+~~~-r~-r~1-r+;-~ 

Ltl51 ,h~· mlh.(iJlUl1tn:lihl) vI,t"Lllul'hl 75°C ....... -t-H-t-H-+-f+-HH-+-i-t-H-t-H-t-H-+-f+-HH-+-i-t-H-t-H-t-H-+-I-
Ltl51u,lim!luCsOC) vI,t~LlluI'hl60 °c 

loIiflJfl~~3 () ~~.r+++~~~~~++~~~~~~~~~~~~++~1-

1ilt~IoI~51rl'IU't\LlluI'hl4S °c t151ti'fimllu -liliiii 
«"itliltl''''Lfl1'~\.f ~~iNlltilT~m1 q I 

'Lfl1,~\.ffl· 'Lfln LIiI ~A'VI,,,1l1~if'VllflJerif 0 
"il"LII1J R,,,i'hlLlI1J"1IilifnilUlJ11'! <.) - -t-H-t-H-+-f+-HH-+-iH-+-i-t-H-t-H-+-f+-HH-+-i-t-+-

"1Iilif «""1Iilif'l,nlll1iillol iflJ'\lllf"t'WLIIu q c::;> -+H-t-+-++-I-+~I-++-IH-+-+-++-+-t-+-++-I-+~I-++-IH-+-
.... " ...... tiI, 

R'''III!JilloliflJ''1Iilif U • 
,hLilillll!JillolifU"llilif () () • 

Lfl'il,,/i'[J~51I1~1J c::;> • 
5l11'lifil1JU'lIIunLlil~"4,ulU~51I)~1J • 

tA'''1Iilif LUiI~ull" Ltl51tmi51loliflJ • 
101 if lJflr,,111 1 LUiI ~L~lJ1i' 'l ilU 

101 iflJf1 t,,~ 2 LIiI ~L~lJif""'~51vliN 

"il" t"fll,lJiilU I'hlSS 0c _ 
1oI00U"lIilif fm:t1ijIUIIIIlSl SsOC Lilumn15 u,11I 

-I-1-r+++1~~~+1~H 
Ltl51ti'~mll\.(ijfUl1tn:liN) vI,t~LlluI'hl75 °c ....... -t-H-t-H--HH--HH-+I 

Ltl51 u,limllu (sOC) vI,t"LlluI'hl60 °c 
loIiflJflt,,~3 () ~""""' • .t-++-t~H-+++-t""""'H 

1ilt"loIhrl'fU't\LlluI'hl45 0 C t151ti,limllu l!'iUlI1Il 
A'"itliltl''''Lfln~\.f ~~iNlltilT~m1 q ~ 

'Lfln~\.fA'Lfln LIiI ~A'VI,,,1l1~if'VllflJerif 0 I 
"'9'"'t+-l-Hf-+1 II R,,,t'WLlIlJ"1IilifnilulJ11'! <. ) _ 

"il"L 1J A'''''1Iilif'l,nlll1iilloliflJ,\lllf"t'WLII1J c::;> !q 1D:t-++-t-1 
"1Iilif 

R'''if'[Jm1101~51Llil~III!JillolifU''llilif () I I 
, '" 

'1! ~ • r'fl'l9m' 

~U~ 5 .8 ~~mnnlJ-if'fll.Jj;;H(Hn1'Wm~~~(;1"l!'fl~"l!-W~ A (;11l.J-F'W(;1'fl'Wm~U~lJUN1'W~'J'Wm~~~l.J"l!'fl~ L~'fl~~(;1 2 ~~'fl~~l.J1'W 1 rJ'W 
"" . 

()1 
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~ih' 'IlU5IilU 

~iJ\llJ'i'i, 

~UA1 

~tl"lJ'i'i, 

~:~;' I I >< I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

~UA1 

~~lm~(;] ~ru~mmr , ., ~ = .yh~I'WL~tJr1'W 1= vil~I'WL~mr1i'el~9m 
nJ~ 5.9 e.J~n11Ln1J'ir'el~~L'J~n1'Wn11e.J~(;]"1!'el~"1!U~ A (;]1~i'W(;]'el'Wn1nJftJ1.h~ 1'W~'J'W~ltJn11tJ11'"l"1!'el~1'W"1J'J~"1J'WI~L~n (200 ~~.) L~'ele.J~(;] 2 ~~'ele.J~~1'W 1 t)'W 
~ \j ~ "I 

(}1 
N 

chula
Typewritten Text
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" 2. (:.J'C'lm ~m~~ LFl~1:;,x fOm..l1l1Yi~'el~ (:.J~ (;lJlru"l'l"'l1 ni'W(;l'el'W~~~ mnJ1'uuN m~ mru"l'l-ll'el , , 

ri1~'W~~'el~ (:.J~ (;lJlru"l'l~~Vf1t1 (Product specification) , 
, 

Flru1l1Yi~'el~ (:.J~ (;lJlru"l'l~ ~Vf1t1~1~~~ (;l1~u~:;m ~m:;omrN~1fi1~ru~~ ~'el~ (:.J~ (;lnru"l'l " , 

mnh~Li:j'U'Y11~U1~~'WI 

i).Jcr~ (~n~ru~ ~ n~'U1~ 

1~'ll1~) 
... 

FI"l1).J1oI'U(;), cp 

pH 

%Ln~'t) (NaC!) %w/w 

Total Nitrogen, %w/w 

soluble solid), °Brix 

Total plate count, CFU/g 

Yeast and Mold, CFU/g 

Coliforms, MPN/g 

B. cereus, CFU/g 

CI. perfringens, CFU/g 

240 - 290 

4.9 - 5.4 

6.80 - 7.40 

0.50 - 0.65 

53 .0 - 57 .0 

~ 10 

<3 

... ~ 

LloI).J't)'U1Wl 

mh~).J11i11 

253 

5.1 

7.19 

0.53 

55.4 

700 

~ 10 

<3 

~ 10 

~ 10 

... ~ 

LloI).J't)'UIiI"l 

't)th~).J11i11 

279 

5.2 

7.24 

0.55 

55.6 

500 

~ 10 

<3 

~ 10 

~ 10 

m1u1~Li:j'U~"ltJ 

U1~~1'Y1i).Jcr~"'I1n 

Y-nrn~1'U 5 FI'U 

Viscometer 

pH meter 

Titration method 

Micro Kjeldahl 

Brix meter 

FDA-BAM 

FDA-BAM 

FDA-BAM 

FDA-BAM 

FDA-BAM 
--+----------+---------+--------~--------------~ 

Salmonella Spp.,L'U 25 

nf).J 

Staphylococcus aureus L'U 

0.1 nf).J 

Arsenic (as As), ppm 

Lead (Pb) , ppm 

Copper (Cu), ppm 

<2 

< 1 

< 20 

ISO 6579 

FDA-BAM 

<2 <2 AOAC (2000) 986 .15 

< 1 < 1 AOAC (2000) 999.11 

< 20 < 20 AOAC (2000) 999.11 
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r.nn~~m~~Lfl~1~t.fYnJ~1 flru1l1Yi~'eN~~[;].nru"~1J1r.nnm~u'J'W'\.-I~,.m1~tJfu1.h-.lm~ , , 

vi1-.l1'WLu'WltJ [;]1~'if'fdhmJ~~'fl-.l ~~ [;].nru"fl1 'W'Ylntr'J'if'fl . , 

" , 
r.nn'Yl~~'flU1'W~~r;)Um~~~[;]91--.lYiU~1 L'J~11'W"E''W[;]'fl'Wm~~~~'ll'fl~L~'fl~~[;] 2 '\.-I~'fl~~~ 

[;J'flrr'W~1~1~n~~L'J~1~1m~1'W~-.l1J191n 15.2 i'JL~-.l m~m~U-.l 10.2 i'JL~-.l ~-.l~~LU'WL'J~1~ 

~~lJ1L'Vhnu 33% LL~~L'J~1m~Un9'll'fl~L~'flU~~9 2 '\.-I~'fl~~~[;J'flrr'W~1~1~n~~L'J~1~1[;]~fj1'W 
" dot 

1l1Yi~'fl-.l ~~ [;].n ru"'\.-I~-.l m ~tJfutJ,-.l m~U'J'Wm~~1 [;]~~1'WYiU~1 Lu'WltJ [;]1~'if'fl ri1'\.-1'W~ ~ ~ [;].nru" 

1 'W'YJ ntr'J'if'fl hJYiuU ry'\.-l11 'Wm ~vi 1-.l1'W~'fl-.lYiUn-.l1'W 1 'W~1 U m ~~ ~ [;] LL~ ~YiUn-.l1'W 1 'W~'fl-.l~ Lfl n ~t.f 

91nm~'Yl~~'flUYiU~1 'W'fln91n m~tJfu LtJ~u'Wn~~u'J'Wm~9~~1~1~n~ ~~'flU L'J~1m~ 

~~ [;] LL~'J U-.l"ll'JU~ ~ri1~-.l fl'W~1fl 'Wu1-.l'\.-lih~ L"lI'W YiUn-.l1'W~ Lfl~1~t.fLtJ~u'WltJvi1'\.-1ih~ ~"lI'Ju 
LL~'Wn~~u LL~ ~~ OO,J 'W 1 LL'Yl 'W LL~ ~YiUn-.l1'W~-.l ~'J'fltJ 1-.l1tJ"lI'J UYiU n-.l1'W 1 'W~'fl-.l ~ ~ ~'ll'fl~ LL~ ~~ ~ 

, " 
ill~1ru~'fl-.l L~u1'Wm~u'J'Wm~~~ [;] L"lI'W m~~~~~ [;].nru"V1H''ll~vi'flVi-.l'\.-l~-.l~1-.l~1Um~~~ [;] LL~~ 

" " I ... II I '" I 

~ ~m~Vi-.l\l11 'Wm~u'J'Wm~~'fl L~'W91n L~'flri'fl'WLu'Wm ~tJ~'flu\l1Vi-.l LtJ~u'WLu'Wm~'J'W\l1 n~u~1V1 
, " 

'\.-I'fl'\.-l~'flL~'WLYi'fl\l1\l1n~u~1H1mJ 

'\.-I~-.l91nm~'Yl~~'flU~1[;]~~1'W~fim~~~[;]1'\.-1lJ1'W~~r;)um~~~[;]91--.l [;]1~tr'J'if'fl 5.3 'Yl1-.l~ 

~~ulJ1~~vi1)]1[;]~fj1'Wm~~~[;]1'\.-1lJ LL~~tJ~~Lij'W~~J11'Wflru1l1Yi (Quality assessment) nU'Yl1-.l 
dot , 

LN-.l1'W L~'fl~'fl'fl'Li~~LtJ~U'W~1[;]~~1'Wm~~~[;]91--.l '\.-I~-.l91nC~~~~[;]91--.lLL~~Li~~m~H'~~uu 
" " fl'JUfl~m~vi1-.l1'WLLUu1'\.-1lJLU'WL'J~1 1 L~'fl'W ~m~~~[;]'ll'fl~'1lil~ A ltJ'0'-.l~'W 20 ~'flum~~~[;] ~ 

, 'IJ 
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m11\1~ 5.8 ~~mnri1J-ir'El~~L,)~1m1~~(;l 10 1'El1Jm1~~(;l (;l1~~1(;l1"i1\J~fim1~~(;llmJ LL~::;~ 
~ ~ 

m1H'1::;1J1JI"1,)1JI"1~n1n;1\11\J , 

ii"'nmJ~druLttuvn-l~n~11I 

Critical path activity 

Lf'I~~UU1t1ilJl'l~1J lJI1'l"'~~1J 
3 " 

'Lh,n!n LL'i'l:;~1U'lU 

" , " 
5 ~~).Jf'lf-lY11 LL'i'l:;L~)..Jtl11~U 

LtJ~~1\H~~Lt'iU(fJru"'.IJ~~~-l) 'r111~ 
9 

Lt'iun-l75
0

C 

LtJ~~1"'~~Lt'iU(5°C) 'r111~Lt'iun-l 
10 

60°C 

12 1~1~~~lJI.rlruoyfLt'iun-l45 °CtJ~ 
" tl1"'~~Lt'iU 

o 
o 

00 
00 
00 

o 
o 
o 

o 

00 
o 

'lLf'l11:;';~1Lf'lii LL'i'l:;~1vn-l 0 

10 

10 

10 

10 

15 

15 

55 

15 

30 

30 

10 

40 

10 

14 20 
U1:;~1Y1l)..J~~ 

1-D~~lJI.rlruoyf'!l:;vi~1J11" 5 kg LL'i'l:; 0 
16 • 20 

lJI1'l"~~1Jf'I'l1)..JLY1t1-llJl1-l 

, ..J 
f'l1L~~t1 

9.8 

12.7 

10.2 

11 .6 

15.3 

15.4 

54.7 

15.0 

31 .8 

28.2 

9.4 

37.4 

13.5 

22.1 

29.7 

17.5 

248.5 

248.5 

38.2 

30.2 

LLU1(SD) 
..J "'q", (Range) 

2.97 5 15 10 

3.68 8 19 11 

3.12 6 15 9 

3.63 7 16 9 

2.71 12 20 8 

4.22 10 22 12 

2.91 50 60 10 

0.00 15 15 o 

3.65 25 37 12 

2.82 25 33 8 

2.17 5 12 7 

3.50 30 42 12 

5.68 7 25 18 

4.79 15 30 15 

4.88 24 40 16 

2.64 15 20 5 

9.73 240 270 30 

9.73 240 270 30 

4.37 30 45 15 

4.49 25 38 13 
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f),)1J~'-Jnln;1-.l1'W~1J~1L,)~1L'U~tJ'"l1nnl1U~1J~-.l1'W'"l1'-.l~1'-J11blvi11~n~L~tJ-.ln1JL,)~1'-J11'l1~1'W 
1-mJ~n1~'W(;)H'"l1nnl1'Yl(;)~'f)1J1'W\h~f'f) 5.3 nl1'Yl(;)~'f)1Jnl1Uf1JUN1'W1::~1Jnl1~~I'l'"l1'-.l , 

nl1::j Lf)11::\ff),)1'-J f)~1 (;) Lf)~'f)'W'lJ'f)-.l L,)~1'"l1nIii1f1')1'-J er'WLLU1 (Standard deviation) ~1J 

~1 ~1 f1')1'-J er'WLLU~1'W, (;)~ Lf)tJ~1JUtlJ~1~ (;)~-.l ~9tJ1~'Yl (;)~'f)1J f1')1'-J LLl'lmh-.l'lJ'f)-.l f),)1'-J er'WLLU~ 
'lJ'f)-.l L,)~1 L(;)m,)'-JL(;)tJm~'Yl (;)~'f)1J'Yl1-.l~ti~~-.l~ 

1. 'Yl(;)~'f)1Jf),)1'-JLu'WUn~'lJ'f)-.l-n'f)~~ (Normality test) '"l1n-n'f)~~~1~'"l1nnl~'Yl(;)~'f)1J 

.9119 

.911 

.95 

~ .eo 
~ .50 

£ .20 

.05 

.01 

.001 

"""-0-: 1201.2 
sow: 14.0031 

~ 1. 

.999 

.99 

.95 

~ .80 
:0 
~ .50 

ct .20 

.05 

.01 

.001 

... -.: 899.7 
SICJert; 21 .4996 
It 10 

1080 

Normal Probability Plot 

1180 

Before 

1280 

... ,....on-O'rtng ~ Test 

A·5quarw. 0_252 

p..v .. : 0.057 

Normal Probability Plot 

880 890 900 910 920 930 940 950 

After 
MdIncr\-DaIIng tbn'aify Ta. 

A-~ect.O.563 

p.va.: 0.108 

'"l1n nI~'Yl (;)~'f)1J f)') 1 '-J LU'WUn ~'lI'f)-.l-n'f)'-J~'lJ'f)-.l L,) ~1 L(;) m,)'-J~1~'"l1 n nlnn1J ~ ~nI ~'Yl (;)~'f)1J 
" 

" 'f)~1-.l~:: 1 0 1'f)1Jm~~~'-J~-.lri'f)'WLL~::~~-.ln1~Uf1JUN ~1J~1hJ Ln (;)f),)1'-J~(;)Un ~'lJ'f)-.l-n'f)'-J~ LL~ , " 

'f)~1-.l1(;) 
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2. 'Yl1'1~'elU f)'lI~ LL(;lml1-:J"lJ'el-:J f)'lI~ er'WLLth 

'Yl1'1~'elU f)'lI~ LL(;l n ~1-:J"lJ'el-:J f)'lI~ er'WmJ mJh.lu L YltlUri'el'WLL~ :;~~-:J n1 n1 futlN LI'1t1 n 1~ 11 

Test for Equal Variances 

95% Calfidence Intervals fa S;;,nas 

50 

F-Test 

Test Statistic: 8.862 

P-Value : 0.003 

*r -[[}-----

900 1000 

100 

Boxpfols a Raw Data 

1100 

Facia Leveis 

Beiae 

After 

Levene's Test 

Test Statistic : 8.075 

P-Value : 0.D11 

1200 

, 

1300 

"'llneJ~n1~'YlI'1~'elU'YiU~lfiil P-value "'llnnl~'YlI'1~'elULI'1t1 F-test ilfiiIU'eltln~1 0 .05 

LL~ 1'1-:J~1 m:;U'l'Wn1~ 1 ~~~~-:J m~tlfutlN LL~:;il n1~~ 1'1 ~-:J Lf)~'el-:J i1'el-D'l tl1 'Wm~f)'lU f)~ mn11-:J1'W , , 

I '" I I 

Lyj'elYi"'lIH1.J1 L'U'Yi1 :;i'W(;l'el'WYl Ln I'1tl'1J~I;-:Jil f)'lI~ er'WLLtl~~ln n~1 5 LmtiU L YltlU~:;~~I-:J 

ri'el'WLL~:;~~-:Jm~tlfutlNl~eJ~~-:J(;l1~I-:J~ 5.9 , 



ii"'nmJ~Lihu~uYm 

~n~JI 

Critical path activity 

.... 0 
LUUrI'l50 C 

4 ~'l~,)tlEi1'l~Lf'l71~'" 

~~tl'luJj1J~n1'l 

10 

10 

120 

10 

30 

280 

280 

14.0 

15.1 

14.7 

32.9 

282 

282 

LLU7(SD) 

6.13 

5.40 

ii"'n11l.J~Lih.lL~UYl1'l 

~n~JI 

Critical path activity 

6.60 3 ~'lIli,)tlEi1'l~Lf'l71~'" 

~~tl'lUJj1J~n17 

159 

10 10.2 3.12 

30 28.2 2.82 

10 13.5 5.68 

20 22.1 4.79 

250 248.5 9.73 

250 248.5 9.73 

I " I tI 

linn 1W)J'1~Yl 5 . 9 YiU~1 f011 fI'J1~ er'WLLU),"lJ'El~ L'J~1L 'W'll'W(;1'El'WYl LU'Wi1'1J'\.n~ ~~~ LL~:;U1~'ll'W 

(;1'El'W~Lflrmui1n 1~1 L'li'Wm)'m'WLLU~ 1~rlntJm~nluLLg\''J~~~'"l1nm),u~u~1m~1'Wm),eJ~(;1LmJ .~ ~ ~ 

L~'El'Yl ~~'ElU eJ~ m)'u~uu~~ ~1'Wm)'~ ~ fl'J1~ er'WLLU),"lJ'El~ L'J~ 1 m)'~ 1~1'W rfj~ tJ L~'El n'Yl ~~'ElU ~'JtJ 

~~n~ti~L'Wmm1),'Yl~~'ElUfl'J1~LLU),U),'J'WL~tJLonf011 F-Test ~),:;~Ufl'J1~L~'ElJ'W 95% ~1L~(;1~ , 

L~'Eln Lon F-test Lti'El~'"l1 n eJ~m)''Yl ~~'El~~1~ L11U f011~1i1~n~ru:;m)'m:;r.l1tJ t;l'J LU'WLLuuun ~ eJ~ 

m),'Yl~~'Elu'Yl1~~ti~1~eJ~~~1W)),1~~ 5.10 



a.. 0 
LlJUt1-:J 50 C 

4 . ~-:Jj;)'l'flti1-:J:)Lrl11:;'\.f 

~~'fNU~~n11 

.. , 
7 . U11"1V1UVI'fl , 

UU1(SD) 

6.13 

5.40 

15.85 

6.60 

7.13 

20.98 

20.98 

" " ~ ... -
~UlJl'flUUlJ n L~ n 

o "" CJ ~ 0 vn ~VlLlJUt1-:J 60 C 

3. ~-:Jj;)'l'flti1-:J:)Lrl11 :; '\.f 

~~'fNU5~n11 

... , 
6 . U11"1V1UVI'fl , 

160 

f'I'l12.J~U F-Test 

LLU1(SD) 

3.12 

2.82 < 0.005 

5.68 

4.79 

9.73 0.032 
, , .. 

LL[;Jnm-:J'fllJ1-:J2.J 

9.73 0.032 
, , .. 

LL[;Jnm-:J'fllJ1-:J2.J 

91n~~n1~i3 Lr1~I:::\-I1'Wm~I-l~ 5.1 0 ~tJ r1,)I~ LL(;Jn (;j1-l'ilUI-l~i!tJ~lfOlt1!~~:::r;)tJr1,)I~ L~'il 

~'W~ 95% "lJ'il-lfOilr1,)I~er'WLL1.h"lJ'il-lL,)~11'W 3 ii9m~~~Lr1mii~i1t1!\-II~lri'il'W 1rXLLri ~'W(;J'il'W\-I~'il 

I I I '" I 

~ln~1 5 ~-l LiJ'WLnru't'1Vl1-ifril\-1'W~ [;]-l LL(;j LL1n LL(;j~I~-l~tJii9m~~Vl~ r1,)I~ er'WLLlh~-l'ilUn~1 5 'ilU 
'II 'IJ 'IJ 

3 9~ 1'Wm:::tJ,)'Wn1~ ~'il n1uj-l[;],)'ilUI-l~Lr1~I:::\-I1~tJ~i!n-lI'W~'il-l~~~'1!'il~ ~'WI?1'il'Wn1~tJ~~9 , , 
" , , 

'1!'il~~-l"lJ,)~ LL~:::-V'W(;J'il'Wn11tJ~~9'1!'il~~-l~tJ",'il Vl ~~~~tJ1rX1ffl Lr1~I:::\f\-lI~ 1 m(;J91nn1~~ ~ 
, 'IJ , 
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, " , 
~'l1'l\l~ 5.11 ~'l LVlI?J LL~ ~ LL '\.J/JVl'l\l m1LLnU 'k!"v1'l'lJ'el\l<U\J~'el\J~~UU'k!"v1'l L'l ~'l rl'l'l).,J er\JLLU1~\I"v1~\I 

m1Ut'UU1\I , 

i\J~tl\J~~UUqj"v1'l L 'l~'l rl'l'l).,J 

er\JLLU1~\I"v1i\ln'l,.ut'uUl\l 

" LL~~<U\J~'el\Jn'l1U11~~'el~~\I , 
.oQj1 _,..I 
"v1U"v1'el (~'lEJm1e.J~~~'elL\J'el\l) 

::..... '" 1. U'l\lrl1\l~\Jn\l'l\Jwtl\le.J~).,J 

~'el~~~"v1U'l~n'l1~'l\l'l\J1\J 

"v1~'ele.J~).,J~\J~\l1uhJ~'l).,J'l1Cl 
" L~\J~\J1U~\I r;i'l'elU'l\l~\J~ 

2 . ~'el\le.J~).,J~'el~LL~~~'el\l 

fj Lrll'l~\f'elu1n~n\J~'l1 ~ 
" 

" "v1~'lEJ1 r;i'l'elU'l\lri'el\JL~\J~\J1u 

-='I .....: eli 

L\J'el\l~'ln"v1~\I~'ln\J~~).,Jn'l1 

~ ~~yJv1~\I r;i'l'elU 'l\l~\J~'el\l 

U5U~m1~\I'\..h~~~'l).,J'l1Cl~~ 
, " 

U'k!"v1'l~ Ln ~i1Hl 

~ '" I '" '" I 

L\J'el\l~'ln~U'lJ'elUn~1'el\l~'ln rl\J"v1'l~'lLVI~'lJ'el\l'lJ'elUn~1'el\l • 
" " .- CIII _...... q 0 

m1~~'U~'lmum m1~).,J~'l\J ~'lnm~U'l\Jm1\JLL~~Vl'lm1 

~1~-n~L~\J~'l1~ ~'el\lLLEJn'lJ'l~ Ut'uu1\I~'el1U , 



d 
'UVIVI 6 

'" I I I 

"ll'WIWt)lW 1 ~U 1uth'l LL~ ::;lH~' n n 1 ~Vllojf L ~ tl ~ j;) rl 1 L'U~ rJ L'.l ~ 1 n 1 ~Vi 1'11'W LL~::;n 1 ~~ j;) • 
I I '" I 

rl'.l12.J rl~1 j;) Lrl~tl'W"1Itl'l L'.l~1 n1~Vi1'11'WVll-if1 'W'I1'W";j9rJi1~~U ~'1 m~1'1Vl 6.1 • 

" rl'.l12.J~qJLUrh~'1 7 u~::;n1~ 

L~tl~n'l!t1n1~Vi1'11'WLLj;]~::;.ff''W 

I?1tl'W tj;)rJn1~~'"l1~ru1ti'l rlrurl1 • 

o " 0 

rl'.l12.J~qJLU~1VlLiij;)~'W ~'1Vi11'!X 
o 

I ctf 0 q 

rl1 L 'U~ rJ L '.l~1 n1~'Vl1'11'W~'1 Ln'W 

rl'.l12.Jr.l1 LU'W 

LU'Wn1n::;j;)2.J~2.J'fl'l L~tl'VI1 LL 'W'.l 

'Vl1'11u~j;) ~::; ~'.lU ii'"lmnJ'VI1tl 

... 
LL 'W'.l'Vl1'1 ~ j;) rl'.l12.J rl~1 j;) Lrl~'tl'W 

"1I'tl'l L'.l~nn11Vi1'11'W 

n1~~m~n~n~ru::;n1~Vi1'11'W 

Lriu-ifm.J~ 1'Wn1~e.J~1?1 LL~::;n1~ 
" .. .." 

'.lLrln::;'VImrJ Box plot 

mnJ~ LiJ'WUqJ'VI1~i1 rl1 rl'.l12.J er'W 

LLU~"1Itl'l L'.l~1~'1 

dI 

effect diagram 'VI~tl Fish bone 

diagram) 

" 0 

L~'fln 1-if Vi11'!X~1rJ~'W tj;)m'UYn::;ii'"lm~2.J rX'WI?1'fl"1ltl'lUqJ'VI1 L~tln1~'VI1 LL'W'.l 

~'hJritll '!XLii j;) fJrurl1'fl'WLii j;)'"l1 n 'Vl1'1 n1nLnUqJ'VI1~~tl j;) rl~tl'ln'W 
" 'VI~nrl'.l12.J~qJLU~1~'1 7 j;]tl1u 

U~::;n1~ 



3. m~ 

m~VlU'!J'f)\I 

mmJ~tJ'U 

LLU'Cl\l 

4. m~ 
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fjVltJ'l r1ru~~U--mVl1\1 Lr1~ LL'Cl~r1ru~~U--mVl1\1mtJll1Yl) L(;)tJm~~~(;)~ • • 
~~'f)\I LL'Cl~'Cl\l r1~LL'U'U L(;)tJmn ~'U~'f)\I ~'f)\ln'U1'UVln ~1tJ • 

0-

m~ U'U 1 LL'Cl~-w11u1'Um~Vl(;)~'f)u1'U~~~u~'f)\lu!j~m~ '\..,.;''f)~\l1~~ 

L~'f)n 1-D' U1'~1~~'"l1~ru11'U,r'UlJi'f) lu 

LL'Cl~m~Vl(;)~'f)UVl1\1~ti~1'U~'f)\I 

u!j~m~ 

m~ LLni1'lJ~1t!'Uhlm~VlulJi'f)~ru 
L~'f)n 1-D ll1Yl'!J'f)\I ~~ j;]Jlruey]~ (;)Vl1tJ • 

, 
ell 

m~ LL'Cl~m~'f)'f)mLUUmnr1~'f)\I 

~'f)~~tJ1'Un1~r1~U~~n1~~1\11'U 

• '1 v!'l.l!' 
lJ'lJ~1 LL'Cl~ " ~ lJ 

m~~~U~'Cl 
0-

UN'"l1nVl1\1h\l\l1'U m~Vl(;)~'f)U UN'"l1nVl1\1h\l\l1'U m~~(;)(;]\l1-D • • 
1'U~~~u LN\l1'U~1'Cl'f)\I LL'Cl~m~ Lr1i'f)\I~'f)~~tJ r1~U ~~ L~'Cl11'Um~ 

Vl(;)~'f)U1'U~~~um~~~j;]'"l1'\I ~1\11'U LL'Cl~m~~(;)j;]1~~'Cl~~\I 

m~~~j;]'"l1'\1 

ell " '1 
LYl'f)~~1\1~1j;]~~1'U ~'Um~u~'U 

~~j;]lmJ~~1~1~(l'Cl(;)L~'Cl11'U 

m~u~'Um~~~j;]LLlJir1rull1Yl • 

ell ell 
LYl'f)j;]~~'"l~'f)Ur1~1~r1'Cl1(;)Lr1'Cl'f)'U 

"lJ'f)\lL~'Cl1~~\I'"l1nm~~~j;]'"l1'\I 
... .., . 

j;]1~~1j;]~~1'U~fim~Vl1\11'ULLUU 

1~3.l 
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" 11tJ~~L~tJ~'1J'el-.lLL(;)~~-n'W~'el'WMt1~-.l~'el 6.1 n-.l 6.6 • 

" -n'W~'el'WLLm m4'tJ1~Vn~1m~'1J'el-.lUf)I'Vn L~tJmnntJ~m.J~m1vi1-.l1'W91'-.l m1ijL~n~~ ~ ~ ~~ ~ 

o " 

m 1vi 1-.l1'W L~tJVI ~ n m 1~n'l!t1 m 1vi 1-.l1'W'1J'el-.l ~'WLL~ ~ L~ 1-'el-.l4' n 1L 'WLL(;)~ ~-n'W~'el'Wn 11vi 1-.l1'W LL~ ~ 
" 0 

ijL~11~~~n'l!tru~'1J'el-.l-.l1'WLL(;)~~-n'W~'el'W~1LU'W-.l1'W1.h~Ll1Yl'1J'el-.l~n'l!tru~n9n11lJYlvi1L~Ln~~ru~h • 

o " " 

activity but necessary) Vl1-'el n9n11lJYlhJvi11'1~'Ln~'1ru~h (Non value added activity) ~-.lil 

L~'el~9~Vl1Yl1-.l n14' ~n9 m1lJ~hJ ri'elL ~ Ln ~~ ru~h L-n'Wm1hJYi1-.l1 Ln'el-.l91 nm 11'el ~'eltJ'el'eln 11J • 
LL~~~~n9m1lJ~hJri'elL~Ln~~ru~hLL(;)~1LU'WI'l'el-.liJ L-n'W m1ijL~11~~ m1'1J'W~-.lL~LVI~'el'Ij'eltJ~ • 
"" 0 

~~ VI~-.l91mr'Wm4'tJ1fflL~11~~-n'W~'el'W-.l1'WLL(;)~~-.l1'Wmh-.l~~L~tJ~ LYi'elVl1~1LVI~'1J'el-.l~'J1lJ~ru 
It'll" '" QI 

" 0 

Lt1ghmlJVI~nm1~'1J Lt1~1~-.l 7 t11~m1 LYi'elL~~1lJ11nVl1 LL'W'JYl1-.lm1~ ~~'1J Lt1~1(;)'el1t11~ 

" 0 

L'Wm 1V1 1 LL 'W'JYl1-.l m1t1ftJt1N~111Y'/U ruVlTW'WL1'lJ91 n m 11~ ~lJ~ lJ'el-.l'1J'el-.lYl n ~1 tJ L 'W L1-.l . '" . 

~'el 6.2.1 LL~~ 6.2.2 

~4'tJ1~inijfim1~-.l~1mlJ 5 W 1 H lJ1L~'el~-.l~1mlJLL(;)~~-F'W~'el'W~1 vi1'el~11 (What) 

vi11lJl'l'el-.lvi1L-n'Wt!'W (Why) vi1L~tJL~1 (Who) vi1~1V1'W (Where) vi1L~'el1V11 (When) LL~~vi1'elrh-.l 
11 (Why) VI~-.l91nt!'W1~Hfm1ijL~11~~LL'W'JYl1-.lm1t1ftJt1l-.lmlJVI~n ECRS L~'el1~~lJ~lJ'el-.lVl1 

I ~ ~ I 

LL 'W'JYl1-.lmmm '1JUruVl1Yl Lu'W1t11~~-.lVllJ ~~'WlJ1ri'el'W L~tJ Lii'WYlUruVl191 n~ ru Lt1~1 ~1lJVI~nm 1 
Q,I • QI 'U QI 

"0 " 
~'1JLt1~1~-.l 7 t11~m1Yl1fflL~11~~lJ1ri'el'WVlii1ilLL~'J 
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(Root cause analysis ",,1tl Fish bone analysis) L~tlL~~I~I~n~Lfl~I:::1~fl~tlUfl~~LLf'l:::L91::: 
" ~nn-l ~'WlJltl"iltl-lUC\j""1 ritl'W",,1 LL 'W'JYll-l mnJfutJ~-l91n~1 m ~'W'W 1 

" ""~-l91 n m~~:::""~~~tl-l""1 LL'W'JYll-lm~tJfutJ~-lvl-lm~f'l "" L'Jf'lI~1 m~I'WLLf'l:::f'l "" fl'Jl~ , ~ 

I I '" '" ~ t,..oq v '" 0 q.q tI '" -. I q..:::ilio.:l..., .q II' 

fl f'l1 "" Lfl f'ltl'W e.J 'J 9 tI LLf'l::: fl ru::: e.JYll-ll'W Yl Ln tI 'J "iJ tl-llJl tl-l 'Yi 91 ~ru 1"" 'J 1 LL 'W'J Yll-lYl fl """il'W~ 1'W 'W~ "il tl 
~ ~ ~ 

",,1tlhJ LLf'l:::~Lfl~l:::tf~tln-le.Jf'lm:::YlU91nmntJ~tI'WLLtJf'l-ln~:::u'J'Wm~~~~tl mn11-l1'W"iJtl-lfl'W 

m ~vi 1-l1'W"il tl-l Lflitl-l~ m rr 1Jl n ~u/u n9Jl ru ey] ~-l LL'J "" ~ tl~ fl ru1l1'Yi"iJ tl-l e.J ~ lJlJl ru ey] (tJ ~:::~IYl " , 

LU'W~tl-lYl""~tlU LLf'l:::Yl91~rulL'W.fl''W~tlltJ fl:::LL'W'WLVl'lnU 3 ""~It1n-l ~e.Jf'lm:::YlUU1-lLL~~~I1J1~ 
mntl-lfULL~'J fl:::LL'W'WLVl'lnU 0 ""~It1n-ll~~-le.Jf'lm:::Ylutlth-lL"" m~L~fl:::LL'W'W9:::H",,~nm~ 

f'l-l~ ~~ L ~'W~tl-l ~tl-ln'WL 'WLL~f'l :::~It1 LLf'l :::nl ~ L~tI'J"ll1 C\jL 'W~ 1 tiL"" L ~'W~loJ'J-tftlL""~ (;]'J Ltl-lfu ~ "" 
" " "lltlU'\.h9:::~e.Jf'lm:::Ylu oJ'J-tftl'Ww19:::nn(;]-lfl:::LL'W'WLvl'lnu 9L'Wvl'WYl 

~ 

I lot I " '" 

oJ'J-tftl"iltl-l e.Jf'lm:::YlUYlm9 Ln ""~'W~-l1~ fl:::LL'W'WLVl'lnU 9 91nm~~ Lfl~I:::",,1'W'll'WlJltl'Wil9::: 

~ mll ~ 1 LU'WU9~ tllJltlU~'Wtl-lL 'Wm ~tltl n LLUU m ~Yl "" f'ltl-lL 'W~::: ~U~tl-ltJ~ u'1i m ~ritl'W U l1tJtJ fu 

tJN91--lL'W~:::~um~e.J~1Jl91--l , 

'I ...." u .... ...- ell 6.2.3 n1'i'fl'E:1n LL U'lJn1'iVl (;l~'fI-:.I L 'W'i~ (;lUVI'fI-:.I llu j;1n1'i L ~'fI'fI'fInLL Uun'i~U'l'W 

n1'i~1j;1'i~1'W'l VI~ 
dol 

fl'Jl~ Lu'WltJl~'\..ml~tJfu.fl''WlJltl'W~llJ1~~I'Wm~ LL 'W'JYll~ mnLnUC\j",,1 t""tlm~Yl ""f'ltl~L 'W~:::~u 
~tl~tJ~u'1im~ U9~tllJltlU~'Wtl-l ~-l~191 n m~tJ~:::Lij'We.Jf'l m:::YlU~tlI9 Ln ""~'WYll-l ~1'W~ru1l1'Yi 
"iltl-l e.J~ lJlJlruey]~lm Lfl~I:::~lritl'WmJln .fl''WlJltl'Wm~Yl ""f'ltl-l9:::villJ1l~ LL'W'JYll'J m~tltln LLuum~ 
Yl""f'ltl'J LLf'l:::e.Jf'l~1~9:::Ul~I~Lfl~l:::tfm~",,~n~n~~~:::~Ufl'Jl~L~tl,r'W 95% .fl''WlJltl'Wm~tJfutJN , 

, , " 
m~tltl n LLUU Lfl1-tl~ ntl-ri'JtlL 'Wm~fl'JU fl~~ 1'W L 'Wn nll YltN~I'WhJ ~1 ~ 1 ~n f'l~Yl'W L 'W~'J'Wil , , 
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1"" Lu'WhJ 1911~ LL~'W~I'W~~~~ijth~~YlfiJlIVin~I'\X'JVlihn'WLu'W~i~ L YirJ~ ~ L~m 
tll LN~ l'Wij m11'if1~uu fl'JU fJ~ ~ m n LL~ ~oDurif 'e1'W Ln'W n ~ IVi oJ n~ 1 'W J'~ r;1UUljU--m m J'L -if 11 ~ 

~ , 
1~ J'~uu fl'J~ fl~oJ'Wn~ ~hJijuJ'~~Yl fiJlIViYl~Vi'e1 LVi J'1~VioJn~ l'WhJ ~ 1 ~1 nn111911 ~1~ LL~ ~~~ n~ 1 , ~ 

,~ , 
LU'WmJ'L ~~JlIJ'~~I'W 1 "" r;1~oJ'WWj~ rJ~~ L~'e1n m J' 1 rifm~ ~1'W~'e1~1 J'LL~ ~l9l1 J'1~ fl'JU fl~ mn; 1~1'W 

'II , 

~ ~'e1~U1L'Jru~vil~I'W L~'e11 "" Ln ~mJ'fl'JU fl~ ~'J~ rl'WJ'~Vl~I~VioJn~ 1'W L~rJ n1 J'~'e1~ L~'W (Visual 
~ , 

Vl~~~1 n ~~ rJ1~~lU ~ ~ n1 J'Yl ~~ 'e1~ 1 'W J'~ r;1U""'e1~ulj u--m n1 J' LL~ ~ L~'W'e1 LL 'W'JYlI~n1 J'U 1U 

UN ~'e1YlI~ h~~ I'WLL~'J YlI~ h~~ 1'W1~ L ~'W"ll'e1U 1 'Wn 1 J'~1 L il'W~I'WL~ 'e1U 1UUN ~1'WLfli'e1~~ n J'LL~ ~ , , 

, ~ 

1. mJ'U1UUN~I'W'e1Unmr Lfl1'e1~~moJ'W ~1~ln11rif'l~Vl~lrJ~~LL~~~~~~m~YlU~~ 
.. .. III 'lI 

~ ~ 
I ClIV "''''01.1 

L"ll'W mJ'l9l ~ 19l~Vl~'e1191~'WIJ''e1'W 
I" I " 

2 . mJ'U1UUJ'~~I'W'e1Unmr Lfl1'e1~~moJ'W ~1~IJ'Cl~~"lI'e1~L~rJYlLn~~'W1'Wh~~1'W1~ L"ll'W , , 
~, ~ 

~ ..... ~ 0 0 " 

mJ'l9l ~ 19l~ LflJ''e1~YlI'W1 LrJ'W 

3. mJ'U1UUN~I'W'e1Umnr Lfli'e1~~m~I~IJ'Cl~~mJI~fl'W1~L"ll'WmJ'1-nLfli'e1~~LflJ'I~v1 , , 

'" I I I 

'W'e1n~lni1 u~L1~mJ'U1UUNLnmrlUmJ'~~um.JIYl"ll'e1~VioJn~I'W 1~LLfimJ'U1UUN1""VioJn~I'W , , 
I I I II I 

vi IwihYl LL Yl'Wrl'WL Yi'e1~ ~ ml~ J''e1 fl'e1 rJ LL~ ~~'e1~ 1 J'Vl~ 1 mJ'Wl9l'e1'W LL~ ~n1 J'U 1U LU~ rJ'W L 'J~I~ n"ll'e1~ 

VioJn~I'W1""hJl9lNrl'W LU'WI1l'W 

Vl~~~lnYlJ'IU ~~ n1J'~~IJ'ru IYlI~ LN~I'W YlI~ ~~ rJ1~tlI1u~ m~1 ~'e11 'WJ'~r;1U h~~I'W 
" 

o ., 

~1~'e1~19l1~"lI'e1 6.3.2 
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~ , 
'Yll'l m~rJlrJl'Yl t'l~'e)Uvl'ln 1::;U'J'l.Wl11 'W~'J'l.Wl1e.J~l-J'l1'e)~ 1 'W1::;IP1U LN'lI'Wroil~'e)'l ~'e) LYl'e) 

" ~ , , 
Fll!?l Fl::; L 'WL'J ~ lvl'l~l-J t'lVl ~ !?llrJl LL~::; L Yl 'e) m'W fi'We.J ~ ~ LFl n ::;'\.f'YlI'l Fl ruJll'Yi ~ 1 ~'e)'l'e) ~1 'WLn ru ,,;r'e) , " 

ril~'W!?l L~l-J 

'"lIn n 11'Yl t'l~'e)'l1 'W1::;IP1U LN'lI'Wroi 1 ~'e)'l L'U'Yi 1::; L'J~ 11 'W~'J'Wn l1e.J ~l-J'l1'e) ~'YiU~1 L'J~ 1 

~1l-Jlnl~!?llrJl'"lln 134 'W1VlL~~'e) 80 'W1Vl ~!?lLU'W 40 .3% "1J'e)'lL'd~I~~!?llrJl ~'le.J~'"llnn11Fl1!?l 
~ 

Fl::;L 'Wil'YiU~1 n1 nJ fUUN~fil-J1 ~1~1'W1 'Wn 1::;U'd'Wn11e.J ~ ~ ~1l-J1 nl ~!?l L'd~ 11 'Wn 1::;u'd'Wn111rJl 
, dJl 

, ~ , 
n11e.J~l-J'l1'e)~ LL~::;~'d'W"1J'e)'ln11U11'"l LYl'e) r;l'll"il L'd~Il-J1 ~1~1'W1 mJ LL~::;LYl'e)u'Wfi'We.J~~ LFln::;'\.f'YlI'l 

, dJl 

, ~ 

m 11'lVl 6 . 2 ~fi LL~::; L 'd ~1 ~ 1 ~ 1~1 'WLL~ ~ ::;-n'W~'e)'Wn 11;1 I'll 'WLmrJU L Vl rJU ri'e)'WLL~ ::;~~'l n l1U fUUl'l 

~ n1ni1~1~ L1fl1 

~ 
~~IJ1!l~1J11JJU~1~1~n11 

~ 
LI'l1!l~ JJ11J113'1~ Lfil1!l~ JJ1(;l131~ 

I'l~ 

4'n1 (~1V1) 

o 10 o 10 

00 20 00 10 

5 5 

o 0-

j;)11"i~'illJ,hvl'wn LLfl:: 
0-

j;)11"i~'illJinmrn LLfl:: o 
5 5 

00 20 10 

o 10 15 

00 30 15 

o 90 1'" .... ... 0 0 
"' r111).J1'il~t1~ 85 C 50 
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I ~ 

1WlJ"N~ 6.2 (l'l'el) ~fiLL~:;L')~'nJI mtJl'\..ml'l~:;..ntJ~'eltJn1n;I-lI'\..m.~tJU L~tJUri'eltJLL~:;~~,mlJ' 
6J) 

UfUUN • 

fm~n~ruwJij 85°C LUtJ 

L'lfl1 15 tJ1Yl 

(~ruWJij~tl~) 1tl1.~'lItl~LUtJ 

Ci~ 50°C 

~~IJi'ltlth~~ LFl11 ~~ 

~~tl~tlB'lJ1im 1 

m1'Vh~1tJ L'l~1 

.01 
LMtl~ ~11'1131tJ 

o 
15 

o 
120 

00 
10 

90 

10 

30 

u 
30 

30 

10 

o 10 

00 280 

00 280 

10 

... ... I ..... , 

'lLFl11~"'Fl1LFl~ Fl1m~ 0 

tl1~~1~~~~~ LLfl~f'iTvn~ 

~~CJ~I'11iru'Yl1tltT~r:!tJu V 

n1~~1 £J ~tJA'1 

" mrih~1tJ L'l~1 
itJl'1tltJI'11~utJ'l~1~n11 

.01 
Lf'l1~ ~11'1131tJ 

~ ~ ° ... 
1m~n~ru",~~ 85 C LutJ 

L'lfl1 15 tJ1Yl 

(~ruWJij~'t)~) 1't)1.~'lI't)~LUtJ 

Ci~75 0C 

".. ° L£JtJC1~ 60 C 

~~IJi'l't)£h~~LI'l11~~~ 19 
~'t)~tlB'lJ1im1 

o 

o 

o 

00 
00 

.... r ' ..... I 

'lLFl11~"'Fll LFl~ Fllm~ 0 

tl1~~1~~~~~ LLfl~f'hm~ 

~~ CJ~ l'11iru'Yl1tltT~ r:!tJu V 

n1~~l£J~tJA'l 

20 

30 

30 

10 

40 

10 

20 

30 

30 

20 

10 

250 

250 

10 
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'"l1nn11Yl(1l~'el1JlW1~~1Jn11l:.J~~'"l1'lYi1J~1L,;]~11'W~'W~!),wn"m.J~).J'll'el/'Hd'el~~~ 2 'VI~'el 
~~).J~'el1''W~1).J11n~(1lL,;]~1).J1~1'i1'W~'lhl'"l1n 15.2 ~';]'l).J'l L'VI~'elLYi£J'l 10.2 ~';]'l).J'l ~'lf1(1lLU'W 

6.9 

L,;]~1~~(1lH)L'Yhn1J 33% LL~~L,;]~1n111J11'"l'll'el~Ld'el1J11'"l 2 'VI~'el~~).J~'el1''W~1).J11n~(1lL,;]~ 1 , , 

).J1~1~1'W~'l1~'"l1n 11 .3 ~';]'l).J'l L'VI~'elLYi£J'l 10 ~';]'l).J'l ~'lf1(1lLU'WL,;]~1~~(1l1~L'Yhn1J 12% 'l(1l£J~ 

fiI rufl1Yi"lJ'el'l ~ ~ ~Jl ru'Yf ~ (1lyh mJ'l'el ~fl 1 £J 1~.u'el Ii 1'V1'W(1l L~).J , , ~ 



• <'l~'ll'fl~ L1:J~'lu~~ 'l~LL1J~ LL~~~'lUt:J~).Jr1f~~ 1 1Jl1).J 

• <'l~J11tlU t:J~).Jr1f~~ 2 LL~~L&i).J~1~fh~~~'fl~> 

• <Lil~J1V1~'flL~U(~ruV11Ji1,x'fl~) ~'fl'l,xL~uCi~ 75°C> 

• <Lil~J1V1~'flL~U (5°C) ~'fl'l,xL~uCi~ 60°C> 

• 
• <1'fl'l,xt:J~lJlnru'f1L~uCi~ 45 DC, il~J1V1~'flL~U> 

• <~~lJi''l'fl£h~~lr1~1~,x~,x'fl~U~~n1~ >---~ .. 

• 

::. 
'IJUIJl'ilUn1'i~"UJ'lI'ilft 

'IJU11J1~ft)J: 3,600 kg 

- ... I q I 

<'l Lr1~1~V1r11 Lr1).J LL~~r11 

Vl1~U1~~1Y1~).J~~> 

<LL~\lt:J~1u'l,x[:.J~).J"ll'fl~> 

(tl1[:.J~hJehuLL~\I~'lV1U1 
0-

QC LL~~~Lr1r1~,x~1) 

A> 

v .. 

<~~UUY1n 

n1~'l-ift)IJlC1 , 

170 
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"1ItJlj;1"11'l"'1.J'1'1 .... : 200 i1rl~1f11 • 

• <H'c.J~If1Jlru,,'lI::~11'Uvl'fl1J11''fl'fln 5 kg> 

• 
" LLfI'l> 

.... .... 

<Uc;)~I~'lc;)~hml"i~''fl~ 

m'l"l~'fl1JI"l'lI3-1~il'Yl~'fl~~I~'lc;) > 

-----1~. <';j L1"l11::oJl"il LI"li:lI"iI'Yl1~ 
.1 ~ v ,.If 
lJ1::~1'Yl0i3-lc.J~ LLfI::mL'lI'fl 

"l~'U'Yl1£J1'U ~3-IIJi'l'i)f.h~IPl'U . . 

<uc;)c.Jun L1£J~n~'fl~rl~1J'UYnL~'Yl1f113-13-11m31'U> 

• 11r 

<LL~~c.Jrl1tJ1,xc.J~3-I'lI'fl~> ..... ~<c.Jrl';j LI"l11::oJ~.h'U> 

" 
QC LLrl::';j LI"l11::oJ~I) 
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e.J~~LL~'J ~~~~e.Jfl1 ~fll?1rh~'J~ L'Jfll'Ynrn~I'W r11'Yi~~~I'W~'J'W~h~1 LLfl:::tJ~'lhtlfll?1ril~~I"l'W~H1'W 

UI~Vlih~ LLfl:::fll?1tIhJ1rw"lJ'fl~ L~t11 'Wm:::U'J'Wn11e.J~ ~~n ~'JtI 

(Quality Assurance) L~'fl"lJ'tl'fl~,r~ LU~t1'W~fin11e.J ~ ~ L~m11?1~'flU e.Jfl"lJ'fl~n11fll?1l"l'Jl~ I"lflll?1 

LI"l~'fl'W"lJ'fl~L'Jflln11e.J~~lilr~ en~t11~Lfiuojf'fl~flVl~~lilln~~iln11e.J~~luLL~'J 2 ~UI?11,x Lti'fl~lilln 
" " >-

-ri'J~ LLm'Yit!n~I'WtJ~'fltJ1 'W-ri'J~ C1t1'W 1'1l'W~'fl'WLLfl :::1:::UU l"l'JU I"l~ n11~1~I'WLLUU 1 Vll-l'fltJ m~:::Lfiu e.J fl 
~ ~ ~ ~ 

1'W 2 ~UI?11,xn~~li~Vl~1?110 1'flUn11e.J~~ 
Iillnn1nfiuojf'fl~flL'Jflln11e.J~~ 10 1'flU m~~lm'iI'W~fin11e.J~~1Vll-lLLfl:::iln111i1:::UU 

" U 

I"l'JU I"J~ n11'Yi 1~ 1'W'Yi U~1 L 'Jfll L1l ~ t11il1 n n11u£j u"i~ 1'W1il r~ ~1 ~ 11C1~ 11~n ~ L~ t1~ flU L'J fll~ 1 ~ 1 

'i1'W1 mJ~ ri1Vl'W1?1 H n11~ 1~I'WLU'WluLI?1t1Un ~ LLfl::: I"l rwIl1'Yi"lJ'fl~ e.J ~ ~Jl rw'Yl tJ~'fltJ1 'WLn rw'Yl~ 
U '" 

ri IVl'W1?1 ~ IVl fu e.J fl n11~ LI"l11:::,x I"l 'J 1~ I"l flll?1 LI"l ~'fl'W"lJ 'fl~ L'J flllill n r111"l'J 1 ~ er'WLLU 1 (Standard 

deviation) 'YiU~1 r111"l'J1~ er'WLLU1"lJ'fl~ L'Jfll LI?1t11'J~ fll?1fl~'fltJl~ilt!t1~II"1'1J~ 1:::~U 1"l'J1~ L~'flJ'W 

95% n11fll?1fl~"lJ'tl~ 1"l'J1~ I"lflll?1 LI"l~'fl'W"lJ'fl~ L'Jfl11 'Wn11e.J~ ~ Ln I?1lillm.r'Jojf'flVl~ n ~~ lJl'fllu~ 
1. n111·ih:::uUn11~1~1'W~iln111:::1.JVlUI~ LLfl:::L'Jflln11~1~1'W'fltJl~iI?1LIil'W LLfl:::1i 

2. n11~1?1~11VlUI~'Yit!n~I'W LI?1t11i'Yit!n~I'W~1~11C1~IVlUI~LL'Y1'Wfl'Wl~ L~'flfll?1n1n'fl 

I"l'fltl LLfl:::fll?1n11~'fl~11Vlfllt1.ff''W~'fl'W 
3. n11ufUUN~I'W'flUmrw1~LU'W1:::UUrel~L'W~1i LLfl:::iln11UfUUN~I'Wer~h~~1'W1~ , , , 

~1t1lJl'flnI1~1~I'WUfl:::~It1lJl'flnI1"lJ'W~~~I«'W 

4. n11~1?1n11'l:::UU 5 ~ L~'flfll?1n11~'WVlI L-ri'Wn11~I?1L1t1~~h~ULLfl:::n11~lihmJ~~ 

'fltJl~hfi m~ e.Jfl n11'Y11?1~'flUI"l'JI~ I"lflll?1 LI"l~'fl'W"lJ'fl~ L'Jflln11e.J~ ~Iilr~ tJ~'YiU r111"l'J1~ er'W 

LLU1~~n~1 5 'fl~ ~~Lu'WLnrw'Yl~H1'Wn11riIVl'Wl?1tl'1JVlI~~LblJlLLm il'fl~ 3 '1?1~'fl n11~~l'l'J'fltJl~ 
~ LI"l'l1 :::Vl11?1t1'Yit!n~ 1'W~'fl~ e.J ~~'1!'fl~ .ff''W~'fl'Wn11U nlil'1!'fl~ fl~"lJ 'J 1?1 LLfl:::.ff' 'W~'fl'Wn11Unlil'1!'fl ~ fl~~U , , 

, >-

~'fl Y1 r;)~t!'W!X'fl~ijn1nLrll"lJlJl'fllu 
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6.4.1 

~'W'Vl'Wrl~~ LL~::: f11 LLN~I'W)'(n.J ~ ~ ~~'vHr~mnHUth~6J 1 m'iil'WmnJ.nU~~I'W 
'I 'I d.S dJ 

~'WLd'fl~6J19lf11Yi~~~I'W f11~1 f11LLN~I'WYi'l1n~I'W1'W~ltJm)'~~j;] ~~~~ ~~LL~~~1'W 
J 

j;]1),I~'Vl 6.3 

j;]1),I~~ 6.3 ~'W'Vl'Wrl~~LL~:::f11LLN~I'W),,)6J LmtJULYltJuri'fl'WLL~:::~~~n1nJfUth~ , , 

5.58 4.66 

13.40 12.05 

18.98 16.71 

1,900,000 Ul'VllJl'flU 

"llU~ A LL~,) rfj~tJ1~mrlNn1)'~Hf~~nn1)'dnu~~j;]Jlcu'Yf~L~~'fl"llU~~'W1 ~n1'Wh~~I'W 
L~'fl1~ L,)~1 L~m,)6J~~~6J~~ ~~~ LL~:::h~~I'WiJril~~m)'~~ j;] m~'fl~I~fumn;1 ~~ j;] 

Jlcu'Yf"llU~ 1~3J1lJ1'fl1tJ ~~ LU'W~~ 1~U1-~'VliJL'flm~mn~ULj;]L~6J~'W1'W'fl'W1 rlj;] L~tJm)' 

L~6Jr.il'W,)'W~~ j;]Jl cu'Yf L~tJ~h~~1'W13Jr.il LU'W~'fl~ L~6JYi'l1n~I'W LL~ :::Lrli'fl~~ mL-ri'Wm~'fl 

1. n1)'tJfUth~9In'Vll~L),~~I'WLL~:::f111-nr.lltJ1'Wn1),'Vl~~'fl~~'fl~'fltJ[l1tJ1'Wu~Uth:::6J1CU , ~ 

" "lJ'fl~h~~I'W .yh1~Ln~rl,)l6Jrh-nl1'Wm),"lJ'fl'fl116J'itJfutJl~LL~:::"1l'fl'fl116J'i'Vl~~'fl~ ~m1~ 

~~ j;]Jl CU'Yf9l n n 1),'Vl ~~'fl~ ~'fl~Yil~ltJ~~ j;]16J~~ n Ln cu'Yf"1l'fl~ h~~I'WYi 11 -m3J ~16Jl),rl 

'Vl~~'flu1~3J1~~n 
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m4'tJ~1 LutJ~'fl'lvil n11'V1'JtJ~'flU n 11~ltJ9 ~tJ'V1 ~cl"~ L"'~ 'fl1'fl ~91 n m:;U'JtJn11~'lL-if 
ti , 

" , 
L'Jt'lI~'l [;l1'J9 LLt'l:;~h L-nr.lltJ ~'l th:;n'flu nu L'Jt'lILtJ~'JtJuhn 'll L'Jt'lIV1 LUtJt1'k!"'I~ 1 n 

" ~'V1 ~t'l'fl'l9'l~h~ n 11tl1Utll'lLtJ~'JtJu1tl 

6.6 ,j'tlL~U'tlLL U::lJi'tl L'i'l'lIU nI11~tlLL~::~~UI"l1'tl~'tll'l~I\1n11~lJi'tlltl • , " 
91nn11~1 L ijtJ'lltJ~4'tJ m4'tJi1 LL tJ'J ~ ~ L ~~ L;;~ ~'fl1tlLtJul'ltl1:;L~tJ~'lU .. 
1. 91 n n11~':; Ln [;ln11vil'lltJYiU~1 n11LtJn11vi 1'lltJn'l9 :;i1~fi n11~1 mtJltJLL'i\''J LL~ , ~ 

'11tJ~~tJnU~ n~ru:;n11vil'lltJ~'JtJ1J fI flt'l tJ'li1 fI'Jl~ LL[;l n ~1'l ntJ L'lltJLtJ~ltJ n11Un, 

"ll'fl~tJ'lYiUt1'k!"'ILtJn11vil'lltJ~ ri'flL ~ Ln ~'lJ'fl'l L~ tJ ~'fl 'Ut'lln Ln ~n11U ~ Lrlm"'~'191 n 

~ltJLfli'fl'l'flUt'l~;:'fltJL ~'fl'l91 n~ n~ru:;n11f11'flU'Ut'l1 n hJ~ "'~'flLtJ~ltJ n11~~ [;l~tJ 1 

YiU~1 ml~ L1'J'lJ'fl'ln11vil'lltJ'lJ'fl'l LL~t'l:;UfI flt'lLtJn11vil'lltJhJ L'Yl1 ntJ ~'l LUtJLi'fl'l~ , 
, ", 

Lnmnu n11~ n~ru:;vil'lltJ'lJ'fl'l LL~t'l:;U fI fI t'l ~'l,rtJm1L ~Yi,rn'lltJVI ~ 1~1 nlvil'lltJ , 

, " , 
fltJ~tJ 1 [;l1~'JJtJ[;l'fltJn114'~vil'fl'l~fI'Jl~l (Knowledge management) L~m~"l?J.,JtJl 

fI'JI~~1~11n'lJ'fl'lYi,rn'lltJfltJ~tJ 1 i'J~ ntJLtJ LfiN n11~'fl1tl 

2. tll LN'IltJ L~i1nl ~'ln11~~ [;l~~'l~ln LLt'l:;~'fl'l n114' ~vil LUtJ1:;UU ~'fl L ~'fl'l fI'J1'V1 ~t'l'fl'l 
n11tl1U Ltl~tJtJ~fin11,j1 L~'flLtJ~~ [;l11 rueyf 91n~fin11L-if1'flJIL ~ml~;:'fltJLLri",~'fl 

~ J ~q I II.J '" 
~~~~'fl'l"lltJ (Steam Jacket Agitator) "ll'l'JDnI1mm'V1f1'J1~1'fltJ'V1"ll1 fI'J1'V1~~'flU 

Ltl~tJtJLUWfli'fl'lLLt'lnLtl~tJtJfI'JI~;:'fltJLLUUL"llt'l~LLt'l:;y]'fl (Shell and Tube Heat 

Exchanger) ",~mfli'fl'l LLt'l nLtl~ tJtJfI'JI~;:'fltJLLUU LL~tJ (Plate Heat Exchanger) ~ 

~1~11nLLt'lnLtl~tJtJfI'JI~;:'fltJ1~~n~I~ln LLt'l:;~1~11nL~~nl~'1n11~~[;l1~~'l .. 
" " , 

3. n'l LL~ ~ 1'lltJ~4' tJ fl1'lU9:; L lJ tJ 1tl VI n 11t'l ~ L'J t'l1 ~ 1 [;l1S1tJ LtJ n 11~ ~ [;l LLt'l:;t'l ~ 

fI'Jl~ fit'll ~ LfI~'fltJ'lJ'fl'l L'Jt'l1 n 11~~ [;l LL~~ n~ru:;n11vil'lltJ~'JtJ L", n.J~tJnu ~ n~ru:; 
n11vil'lltJ'lJ'fl'lU fI flt'l ~'l ~'l ~ t'lL ~ fI'Jl~ fit'll ~ LfI~'fltJ'lJ 'fl'l L'Jt'l1 n11vi 1'lltJtJ'lYiu1~~'l , .. 

rll'ltlt'l1 i'J~nUn11'fl'flnLLUU LLt'l:;;; ~~'1 1:;UUn11vil'lltJrel [;l LtJ~ LL'V1tJn11vil'lltJ 

'lJ'fl'l fltJLtJUI'l"'lJl~ L'lltJn11;;~ ~'l1:;UU Barcode 1:;UU n11Un9'lJ'J ~rel [;l LtJ~~'l , 
, , _ ~ ~ 0 

~ltJ n11~t'l [;l "ll'l9 :;~1~ 11n t'l ~ L 'Jt'l1 t'l ~ fI'Jl~ fit'll ~ Lflt'l'fltJ LLt'l:;t'l ~ n11'V11'lltJ'lJ'fl'l fltJ 

1tll~ ~ 1 n ~'l9:;51 tl1:; LtJ"ll'lfmh'I ~'l nu LN'l1tJ~ 51 n 11~ ~ [;l ~'l LLt'l:; LUtJ 1:;UU n11 
ti ti 

, 
o , ... 

'V11'l1tJLLUU [;l'tJ L tJ'fl'l (Conti nueous process) 



n~~n~ Yi~'t)UYniJ."llLiOl1'1! . ~ti~~I'\.-lflJ\lI'W1P1'JmnJ L~~ 1 .. Yi~Yif1f\l~ 3. nl\lL'YlYi"1 : ~~If1~ 

~\lL~1~L'Ylf1L'WL~U (1'YlU-~~'W), 2545. 
.. " , 

n~~n~ Yi~'t)UYiIiJ."llLiOl1C)J . ~ti~~I'\.-lflJ\lI'W1P1'Jnn~ L~~ 2. Yi~Yif1f\lYl 3. nl\lL'YlYi"1 : ~~If1~~\1 

L~1~L'Ylf1L'WL~U (1'YlU-~~'W), 2545. 

iOl'YlIYiYitJ 'Yl:::1.h:::~Yi. nJ~~~"jJ't)\lL~u1'WLN\lI'W~~(;llJ~~iOl.nru"Yi~I~~n. 1'YlmiJ.Yi'Wflmrurul 
~ '4 01 01 

~'\.-lI'l'Ylm~U, 2551 . 

"llrulil '\.-l~\liJ~:::~1j-i. nJ~~ ~ f1'JI~ f1~1 ~ Lf1~'t)'W1 'Wm:::lJ'J'WnJ~~ ~ LL(;]\I L~'WiLd'W(;lI . 
'" oIJ) 

'l'YlmUYi'WflmC)JC)JI~'\.-lIUru.yj (;l JlIf1'l"llI'l Pl'Jm~~~(;l~I'\.-lnJ~ f1ru:::'l Pl'Jm~~P11~ (;If ,YfI 

~\lnn1r~'\.-l11'Ylm~U, 2551 . 

UYi'Wfl U'JLLn'J . t9m:::lJlJnJ~~~(;lLLlJlJ~'W (Introduction to Lean Manufacturing) 
" 

nl\lL'YlYi~'\.-lI'Wf1~ : ~~If1~~\lL~1~L'Ylf1L'WL~U (1'YlU - ~~'W) , 2547. 

fi'WUYi~ ~:::L'W1.h:::L~1~~~. nJ~~(;J,J'WI~i~~'Jtl\l~ L~'t)~~L'J~I~ruLtl~11'W~IUnJ~~~(;l . 'l'Ylm 

UYi'WflmtlJC)JI~'\.-lIUru.yj(;l JlIf11"ll11Mm~~~(;l~I'\.-lnJ~ f1ru:::1Pl'Jm~~PlI~(;lf ,YfI~\1 

mnr~'\.-l11'Ylm~U, 2544. 

tll~L~P1 "ll~~I. nJ~'t)'t)mLlJlJnJ~'Yl~~'t)\I'YlI\11Pl'Jnn~. Yi~Yif1f\l~ 1. nNL'YlYi~'\.-lI'Wf1~ : ~1,rn , , 

mtlJC)JI~'\.-lIUru.yj(;l JlIf1'l"llI'lPl'Jm~~~(;l~I'\.-lnJ~ f1ru:::'lPl'Jm~~PlI~(;lf ,YfI~\lmnr 

~'\.-lI'l'Ylm~U, 2551. 

~'Ylfi~n~ 'LJC)J~·ht't)L~'t). nJ~~(;J,J'WI~'WLLlJlJ1'WnJ~~~f1'JI~~ruLtl~1 7 tl~:::nJ~~I'\.-lflJ'l~I'\.-lniOl 
"jJ'WI~n~l\1 LL~:::"jJ'W1 ~rJ't)~ : nnil~n1j-1 LN\lI'W~~ (;lLf11't)\I~lm\l . 'l'YlmUYi'WflmtlJtlJl 

~'\.-lIUru.yj(;l Jllf1'l"llI'lPl'Jm~~ 't)(;l~I'\.-lnJ~ f1ru:::'lPl'Jm~~PlI~(;lf iOlYfl~'lmnr , . 
" , 

~'W"nu 1~~'JiJ."ll . nJ~~n1j-lnJ~vil'lI'W'\.-l~nnJnL'tl:::mri1~n1j-l . Yi~Yif1f'lYl4 . nNL'YlYi~'\.-lI'Wf1~ : , 
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Q,Q Q ~ .ell 

'l fin1'i'l Lfl'i1~VI'Vl1\J Lfl3J LL~~n1t1111Vi 

n .1 n1~1Lfl~~~tR).J1Cl.!fl11).J~'U j;11).J1B AOAC (1995) 

1. ~'ElU~3.J~'El'W (Hot air oven) 
"II 

" ... ... 
2. rl';ltJ'El::;~3.JL'WtJ3.J 

, , 
~ .... CII Q 0 , 

3. LF'l1'El-.l'll-.l~::;L'EltJ~YlP\'WtJ3.J 4 I1l1LL'\.-I'W-.l 
.li' 

4. LrlIPlIPlF'l';l13.J'Il'W 
"II 

1B'VI(;l~/£N 

1. ,ft--.l~';l'ElrJ1-.l1~YlnU~1Wwn~LLtl'W'El'Wlh::;3.J1ru 5 ± 1 nf3.J 1~1'Wti'';ltJ'El::;~~LiltJ3.J~-.leJ1'W 
" " , 

'" 0 IV 41 I 

n11'ElULL'\.-I-.l LL~::;YlnU'W1'\.-1'WnYl LL'W'W'El'W 

2. 1.l1~';l'ElrJ1-.lL-li1'ElULL~-.l1'W~'ElULlPltJF'l';lUF'l3.J'Elru'\.-lJl~ 105 ± 1 'El-.lp\1L'Ilm~tJ~ LlPltJLtllPl~1 
,; ~ ~ \J 

H4,ft-';lL3.J-.l 

3. t11Pl~1Jl1'1l'W::;1'W'1Iru::;~tJ-.l'ElrJl'W~'ElU LL~';l~-.l1~L~'Wl'WLrlIPlIPlF'l';l13.J~'WLL~::;,ft--.l~1WWn 
OJ "II "II 

" 
1.l1 '\.-I 1!n ~';l'ElrJ1-.l rl'El'W'ElU 

... "'_~ 'i' 'i' ::. ....... 
n .2 n1~1Lfl~1~VllJ~).J1Cl.!L'ULj;1~L~'U'VI\lVI).J(;l (Total Nitrogen) j;11).J1fi AOAC (1995) 

'tnJn~tU • 
1. '1j1Pl';jLF'l11::;'\.-I11h~'W (BUCHllh::;n'Elu~htJ Digestion unit, Distillation unit, 

Scrubber) 
, , 

4 ..... q ..::to 0 I 

2. LF'l1'El-.l'll-.l~::;L'EltJIPlYlP\'WtJ3.J 4 I1l1LL'\.-I'W-.l 

~1~Lflij 

1. mlPloft'm:rm-n~-n'W (AR. grade) 

2. ~11~::;~1tJ3.J1j;]1l1'WmIPl1e1LIPl1F'l~'El1'F'l (AR. grade) F'l';l13.JL-n3.J-n'W 0.1 N 

3. ~11~::;~1tJmIPlU'El1'n (AR. grade) F'l';l13.JL-n3.J-n'W 4 % (w/v) 

4. Selenium reagent mixture (A.R. grade) 

5. ~11~::;~1tJL"1!L~tJ3.J1e11Pl1'Eln1"1!~ (AR. grade) F'l';l13.JL-n3.J-n'W 35 % (w/v) 

6. ~11~::;~1tJ;S'W~LF'lLj;]'Elf Lj;]1tJ3.JLlPltJ~~3.J~11~::;~1tJ methylene blue 0.2 % 1'W 

LL'El~n'Ele1'El~LL~';lm'El-.l 25 ~~~~j;]1 nU~11~::;~1tJ methyl red 0.2 % 1'WLL'El~n'Ele1'El~ 50 

~~~~m 
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...... 
';) fi VI fl fl 'EN 

o "0 
1. i~r;l'J'elt.h~1..x;:hhwt1nVlLL\h,Ve)'l'!1.h:;"J1ru 2 nf~ 1~1\'! Kjeldahl tube 

2. L~~ Selinium rnixture L~'elLi~u~rntJ1U~:;~lru 5 nf~ LL~:;m~i~~~L-if~-if\'! 20-25 

n~~~l1l~ 

3 . illr;l'J'el~1~1u~'el£J~'Jm~i'el~ Buchi Digestion Unit t~£JH'~'Jl~~'el\'!L1J'elf 8 Lb~:;tJ~ 

~1 ~1\'!1J\'!~ ~'el L -ifln1J b~i'el~ ~ ~ 1'el m~ (scru bber) ~'el£J r;l'J'el~I~'"l\'!~'J\'!C,J~~ 1 \,!y,~'el ~~'el£J 
" 

4. illyJ~l~n"1l\'!I~ 250 n~~~l1l~ ~Y,£J~~I~~:;~I£J;s\'!~iL~Ll1l'elf 2 - 3 y,£J~ ~'elL-ifln1J 

U~I£J Condenser "1l'el~L~i'el~ni\'! (distillation unit) 

5. illY,~'el~r;l'J'el~I~~th\'!m~~'el£J~'elL-ifln1JL~i'el~ni\'! b~'elntunLn~~ distillation ~'el£J 

LU\'!L'J~1 6 \,!IYl 

1 0 ~ "" ~ ... J' ~... J "" J' ~ 1"" 6. \,!~:;y,'Jl~mm~\'!'"l:;Ln~LL'el~ ~~L\'!£J"1l\'! LL'el~ ~~L\'!£JYlLn~"1l\'!'"l:;C1m1J 'J~'J~I~~:;rn£J 
" 

m~1J'el1'n'"l:;1~~I~~:;~I£J~ L~ m Ld'elni\'!~~1J m~nly,\,!~ L'J~1 

7 . ~1~~'J\'!U~I£J"1l'el~ Condenser ~'J£J~lni\'!1~~~1\,!yJ~l~n~~'el~f1J~~~ni\'!1~ 
8 . ill~I~~:;~I£J~ni\'!1~\,!yJ~l~n~~y,~~~1111lLl1l~11l~'J£J~I~~:;~I£Jm~1t!t~~~~'el1'~ 

~ll1l~til\'! ~'Jl~L-if~-if\'! 0.1 N '"l\'!~~'"l~£J~ (end point) LiJ\'!~~.h~LL~~ oI.J , , 

" 10. ~1\'!'J ruy,lm~lru tu~~\'! t \,! tmL '"l\'!vl~y,~ ~ (Total Nitrogen) 

" t\,!tl1l~L'"l\'!vl~Y,~~ (%) = (Va-Vb) x N x 1.4 

" illwt1nr;l'J'el~I~LL~~ (nf~) 

Ld'el Va ~'el m~lm"1l'el~m~1t!t~~~~'el1'~~Hll1lLl1l~11lr;l'J'el~I~ (n~~~m) 

Vb ~'el m~111l~"1l'el~m~1t!t~~~~'el1'~~Hll1lLl1l~11l blank (n~~~l1l~) 
N ~'el ~'Jl~L-if~-if\'!"1l'el~m~1t!t~~f"l~'el1'f"l~1-Dll1lbl1l~11l ilml'Jmu\'! Normal 



n.3 fI'l1~ L t1'Un'i~-~1~ ~1~1fi'lJ'iI~ AOAC 943.02 (1995) 

'iI t.I n 'i cU • , 

Lrit'fl'lt)~ pH (Mettler Toledo) _ ... 
'lfi'VI~~'iI~ 

1. tJfl.J~'Wl~~I'W (calibrate) Lfl~'fl'lt)~ pH tJi"HJ standardized pH buffer L~rJH' pH 
, 

o ..... Q Q 0 
7.00 pH 4.01 LL~:; pH 9.00 (;l1~~1~1.J Yl~ru~1J~ 25 C 

2. 1~r;l'l'flrJl'11'Wumn'flf 50 ij~~~(;l~ 

3. t)~~1 pH "lJ'fl'lr;l'l'flrJl'1L~rJH'Lfl~'fl'lt)~ pH 

4. u'W~n~I~'ehw1tJi' 
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nA n1'i1'~Ln;'iI~'l!J16\.(;l L(;l'i'VI~'ltJLfl1'i1~1(;lL(;l'i'Vl'er(;l1 'U~ (Auto Titrator) (;l1~~1(;l'ij1'U 

n1'it.lD'U~~1'U'lJ'iI~h'l~1'U 

'iI t.I n 'i cU • 
Lfl~'fl'l1(;lL(;l~Ylrer(;lL'W~ (Auto Titrator) (Mettler Toledo Model DL50) _ ... 

'1 fi'VI ~~'iI~ 
, , " 

1. tJfl.J~I(;l~til'W"lJ'fl'lLfl~'fl~ (Calibrate) tJi''lrJmri'l NaCI (A.R. grade) "jl~,rn 
dot 

" " .. 
tJ~:;~lru 0.03 -0 .07 nf~ ~'11'Wti''lrJ~l~f1.J1(;lLmYl r.nn,r'WL~~"jll.J1'~Ylfi 50 n~~m 

tJ~:;n'fll.Jti''lm-ih rll.J r;l'l Lfl~'fl'l 
2. n~~~Lfl~'fl'lL~m~'fln "Standard ize method" L~'fl1(;ln(;l~Ylrll.J AgN03 0.1 mM 

3. ~'flm:;i'l Lfl~'fl'lt)~r;l'l'flrJl'1'"l'Wn'l'"l~rJ~ ~1% Ln~'fl~ LL~~'11.J'WWW1'"l'flfl'l~S1~1 hhn'W , , 

1 ±0.05 

4 . L1~L(;l1rJ~r;l'l'flrJl'1~yhm~~Lfl~I:;~1~rJmri'lr;l'l'flrJl'1 1-2 nf~ ~'11'Wti''lrJ~l~fl.J 

1(;lLmYl LL~:;L~~~ll.J1'~Yl'im~lru 50 n~~(;l~ , 

" , , 
6. n~L~'fln User method 2 LL~:;1~~I"jl~,rnYlLLtl'W'fl'WLYl'fl1(;ln(;l~Ylrll.J AgN03 0.1 mM 

"" _~ d .,j ::. ., .,j "" , _ .. 

n .5 n1'i'l~IJ'i~1tu'lJ'iI~LL'lJ~'VI~~~1!J'VI~~~ ~ (Total Soluble Solid) ~'ltJLfI'i'il~'l~ fl1'U'in'll 

(Brix Meter) (;l1~1fi~1 (;l'ij1'U n1'it.lD1J~~1'U'lJ'iI'I1 'i'l~1'U 

'iI t.I n 'i cU • , 
""" ..... , ~ r 

Lm'fl'l'l~fl l l.J~n'll (Brix Meter) (ATAGO) 
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....... 
'J fi'VI fI ~ 'iH 

1. H'~1ni'WV1U~1~V1~6J~~rh LL~'Jn~ START L~tlLtl'WmnJfu6J111lJ'~1'W (Calibrate) 
, 

I q , I.J , ..... 

2. m'J"'l~tlUrl1'Vltl1'W"'l::;l1ltl'lL'Yl1nU 0.00 

3. V1U ~~1J'f'l::;f'l1 U ~'Jtl~1'l1~V1f'l6J L~U~ ~tl'l hn'IX Ln ~~tl'ltl1 m P1 LLf'l ::;rl'JU rl6Jtl ruV1Jli1~ 
~ .... \J 

25°C 

4. u'W~nrh~'elTw1~ 

~..,.aI cv .. 
n.6 n1'i L"1ILfI'i'El~'JflfI'J1~VI'Ufi 

'Elun'icU • 

....... 

, ... 
LrlJ'tl~ Brookfield viscometer DV-II + Pro 

'Jfi'VIfl~'El~ 

1. LU~Lrlitl'lLLf'l::;J'tl1'IXLrlitl'ltJfu6J1m~1'W (Calibrate) -elI1lL'W6J1i 
'" I I '" I 
.... I ... " ... ~ I _ ..... " q 

2. l1l'lrl1LUtlJ'L"lJ6J'VlLrlJ'tl'lL'Vl1nU 61 LLf'l::; l1l'lrl'J16JLJ''JJ'tlU'Vl 20 rpm 

3. 1~~'Jtl~1'lm6J1ru 500 ml f'l'l1'Wumntlf 600 ml 

4. 1~ L ~6J~ ~ L-n1~ ~'J Lrlitl'l LLf'l::;96J L~6J f'l'l1 'IX~tl ~~ ~~ n1V1'W~ • 

n.7 n1'il,rni'El~~~'VI'i'i~LLUU~~IR'El~ Digital Microscope • 
'Elun'icU . , 

Lrl1-tl'l"'lf'l'VlJ'J'P1,r~~l1ltlf'l Digital Microscope (KEYENCE, VHX-600) 

, " 
1. LU~Lrl1-tl'l LLf'l::;1~LLeJ'WL~f'l1f'ltlU~n'WI1lNLL~'leJ1'W 

2. UfULL~'l1'1X1~LV16J1::;~6J 

3. t'l1 ~'Jtl~1'l'J1'lU'WLLeJ'W~ 1f'l ~Ln~U 1 'lXm::;"'l1U LLf'l::;U ~'t1U ~'JmLeJ'W~ 1f'l m1n rlf'l 

4. 'J1'l ~'Jtl~1'lf'l'lU'WLL vl'W'U1U 

5. tJfun1~'l"lJU1u1tJ~ 100 Lvl1 LLf'l::;tJfUJl1~1'IX..n~L~UH'tJ6JtJfUJl1~V1U1U , 

.... 
f'l::;LtlU~ 

7. L~tl1~Jl1~~~tl~mJ'LL~'J1'IXn~u'W~nJl1~ 
8 . H' ~1i'l m J'~ ~ L~'WeJ1'WP1'Wunf'l1'l n ~~6J~ ~'lJ'W1 ~ Lij ~ LLiJ'lI1l16J91'W'J'W~tl'l mJ' '" . 
9. U'W~ n rh L~'WeJ1'WP1'WU nf'l1'li'lV16J ~~~ ~ 1~ 

'II 





1Wl~~fi~ lIm'31'Wn11Uljllii-:J 1'W'iJ!l-:J LL~'Wn ~'JU ~~ ~ ru111~ rilV1'W~ 1 ~ ~-:Jd 
i~Ll.1j;li'El)J 

1. t'lCl1'W~'Yl~t'l!lULiJ'W=n~r;l'J!l~1-:J1'WtX!l-:JufU!l1n11"\ L~uuhJi1~-:J1Un'J'W L'li'W L~m LL~~ 
, 

n~'W 

2 . ~ LL~~LLt'l-:J'jJ!l-:JV1~!l~i1!l!l'W111U 1 'WtX!l-:J'Yl ~t'l!lU ~'J1'li'JU 1 tX L ~'Wr;l'J!l~I-:J-n ~ LIDl'W 

Yf\J n~1'l.I 'VI ~~'Elt.nJ 'i::~1'V1i)J ~ ~ 

1. LiJ'W~,rn-:Jl'W~ tJl'WLnru"] n111"1 ~ L~!l n'Yll-:JU1~t'lI'Yl~~ ert'l 

2. 1~fUn1~'Yl'J'Wt'l!lU'Yll-:JU1~t'lI'Yl~~ert'l'Ylntl • 

3. hJ~UlJV1i 
4. hJ'Yll'Wn1LLyJri!l'Wn1~~r;l'J!l~I-:J!l~I-:J-W!lU 4 i'JL~-:J .. ~ , 

n1'iLf1I'i!l)J j;l1'El!l1~ 

1. 1n1'J1Dlt'l!lUlDllnr;l'J!l~I-:JL~UInN 
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a. 1n1'J1Dlt'l!lU~~In.nru"Yl1~m'Yl1~111'll'W~n'JmLrh'jJ'Wl~L~nhJi1n~'W ~1'W'J'W 15 

nf~ 

b . lm''JIDlt'l!lU~n1!tru~u11n!) ~ LL~~n~'W LV1UUnUr;l'J!l~I-:J~11n~31'W~'fJruW:Jij 
LVl1n'W (25

D
C) ill~lruLVl1n'W LL~~111'll'W~LLUUL~U'Jn'W 

2 . 1n1'JlDllDllnt'l11~~ftIU 

" a. LY1~~In.nru,,]~-:J1'Wn'Juumn!lfl.t'l ill~lru 1 0 nf~ ~~ftlmll1!l'W 70-80 DC 

ill~ · 11n1 90 ij~~~1n1 ~'W~~~lu1tXL~ln'W 

b. 1n1'J1Dlt'l!lU~n1!tru~unn!) ~ n~'W LL~~1t'l'llI~LV1UUnUr;l'J!l~I-:J~11n1~1'W 
ell! .., I cIII .... 

lOll nn1nIn1U~ 1n'J!lUi-:J LL~~111'll'W~LLUU L~U'J n'W 

3. 1tX~~LL'W'WL~U 0 V1~IUn-:J~~In.nru,,]LV1ij!l'WnUr;l'J!l~I-:J~11n1~1'W 

1 V1~IUn-:J ~~ In.nru,,]LLlnn j;]1-:J1Dl1 n r;l'J!l~I-:J~11m'31'WL~ n-W!lU LLj;]U!l~fUl~ 

2 V1~IU n-:J ~~ In.n ru,,]LLlnn j;]1-:J'"l1 n r;l'J!l~I-:J~11n1~I'WLLj;]U!l~fUhn~ 

(Lnru"]n11r;l~~'W1tX 1 V11!l 2 ~1'"llntr'JV1-W1LL~'Wn) 

4 . r;l'J!l~I-:J~11m'31'W~'J1i1n1nU~U'W!l~I-:J-W!lUYJ n L~!l'WLL~~ ~~ In.nru,,]~1Dl ~ LU~U'WLiJ'W 
r;l'J!l~I-:J 1~t1f!l-:J 1~ ~~LL 'W'W 0 1'W'Yln.,tr'J~!l r;l'J!l~1-:J~11n1~1'W'"l~(1 mfiu!l~1 'W'iJ'J ~l1U 

~ I d.9 CIJ CIJ 



185 

1.1 l"1')nth'!~~u-lhj~1~n11Yl~~'e)1J~1'e) ~1~n11Yl~~'e)1J)J1LL~,) 3 tJ~1~f1J'r~trn-l1~~')hJ 

~1'e) ~1~n11Yl ~~'e)1J)J1 LL~,) 1 tJ~1~f1J'r~trn-l1~1"1,)1J 1"1)J 1"1 rull 1'Yi LL~:::'Yitrn-l1~~1rJ~4'rJ • • 
LL~:::~(;J.J~1 

1.2 ~Yl~~'e)1JI"1')nU~~il~"tJ1l1'Yi~~ 1"1,)1~:::L~~n11Yl~~'e)1Jn1J~~Lu~hI"1Yl1-lL~~~1rJl"'l 
\I \I ill \I 

" , 
1.4 1"1,)1~:::L~~n11L~m~)J1n~f-l ~1'e)'e))J~nn,)1~ .. 

2 ~-l LL,) ~~'e))J 

2 .1 ~m~~Yl~~'e)1JLU~:n)JLJl')'e)u1-l1~~'e)-ltlf1Jmn1f11 L~rJ1Jhjil~-l11Jm~ L-ri~ L~rJ-l LL~::: 

, , 
CIt. ~ CIt. cIII cIII .... I 

2.2 1"1') nLrJ n1J1L ') ruYlYl ~~'e)1J'e)'e) n"'l1 n1J1L ') ruYl LV] 1rJ)J V]')'e) m-l 

2.3 il1J1L')ruYl~~'e)1J~n~ru:::Lu~-ri'e)-l~~ ~1-'e)1JYl (booth) L~'e)iJ'e)-ln~n1111Jn,)~~-ln~LL~::: 
" 

, 
"tJ-1 ~n~ru:::~m~ :n)JLJl')'e)U1-l 

2.4 -ri,)-lL,)~1~m)J1:::~)Jl~n11Yl~~'e)1J l"1')nU~L,)~1 1 0.00 ~. LL~::: 15.00 ~ . 

2.5 -rl,)-lL,)~1~hjl"1,)1Yl~~'e)1J ~'e) -ri,)-lri'e)~n11f1Jlh:::Yl1~m~11 1 "l!.)J . LL~:::~~-ln11f1J 

lh:::Yl1~m~11 2 "l!.)J 

~ " 3 ~')"tJ'e)n11Yl~~'e)1J 

'I .... ....l' _ ~ cr 
3 .1 n11Yl~~'e)1J1"1,)1)J~1)J11n ~~n1111J1~"l!1v]'Yi~J1~ 5 1~ (1~Lu1m ~,)1~ LI"1)J "tJ)J LL~::: 

~)J1ij) 



3.2 n11Yl (;l~'tlUfi)'.l'l).J~'l).J'l1n 1 'I.,In 'I 1LLti m:;I'1u fi)'.l'l).J L e}f).Je}f'W"1I'tl'!1~"ll'l ~ 

3.3 n11Yl (;l~'tlU fi)'.l'l).J~'l).J'l1n 1 'Wn11U'tln fi)'.l'l).J LLj;ln ~'1'!"1I'tl'!1~"ll'l ~ 

4 th:;Lij'W~~n11f1(;lL~'tlmL~:;LLtlnn~).J 

~~n1nh:;Lij'WLL~:;LnnJ'Yln11~.h'Wn11Yl (;l~'tluYl'l'!th:;~'lYl~).J &r~ LL~ (;l'! 1'1'1 m1'l'!~ "11-1 

" (1~Lmm 1~~'.l'l'W 1~L~).J 1~"1I).J LL~:;1~~).J'lij) 
I 

n11Yl(;l~'tlU"ll(;lYl 2 (4 e}f'tl) 
1 

n11Yl (;l~'tlU fi)'.l'l).J ~'l).J'l n 1 'Wn11LLti n LLti :; 1:; I'1U fi)'.l'l).J L e}f).Je}f'W"1I'tl'!1~ 

"ll'l~ 

LnnJ'Yln119 (;ln~).J L ~'tl LLU'!1:; I'1U fi)'.l'l).J~'l).J'l1n 1'Wn11t'U1~ 
1 

I " I q I.t t; I ..... 

n~).JYl 1: ~Yl(;l~'tlU"'l:;j;l'tl'!~'l'Wn11Yl(;l~'tlUYl,!~).J(;l 3 "ll(;l 
1 " 1 

Lvhnu 5 e}f'tl 

I ... " 
LYl'lnU 2 "1I'tl 

n~).J~ 2 : ~Yl(;l~'tlU"'l:;~'tl'!~'l'Wn11Yl(;l~'tlUfi)'.l'l).J~'l).J'l1n 1'Wn11t'U1~"ll'l~~'W!j'l'W LL~:;~'l'Wn11 
1 " 01.9 

n11Yl (;l~'tlU fi)'.l'l).J~'l).J'l1n 1 'Wn11U'tln fi)'.l'l).J LLj;ln ~'1'!"1I'tl'!1~"ll'l ~ 

n~).J~ 3 : ~Yl(;l~'tlU~1~~'l'Wn11Yl (;l~'tlUfi)'.l'l).J~'l).J'l1n 1'Wn11t'U1~"ll'l~~'W!j'l'W 
1 " 01.9 

'Yfwn'!'l'Wfi)'.lU fi)).J fi)nJ.rlT"'~ LL~:;vnrn'!'l'W';j9mL~:;~ ~'W'l "'l:;~'tl'! j;ln'tlu1 'Wn~).J~ 1 
~ 'II " 'II 
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'Yit1n'!'l'W~'tlun~).J~ 1 LL~:; 2 "'l:;u'WVin 1'W1'ltl~'tl1'W~ ~'l'Wn1nh:;Lij'WYl'l'!th:;~'lYl~).J&r~ L~'tl H' 
" 1 " 



lWl~,;)1h,J1m~1'Wn11tlB~'n'W"lJ'e)..:!LLtJ'Wnfl'JUfDJ~fDJrufl1Yin1~'Wr;)H~..:!e 
i-3LL'lj;l;'il~ 

1. ~m'W~'Vlr;)~'e)ULU'W:n~~'J'e)tJ1..:!1'W~'e)..:!tlfumn1Pl L~tJuhJiJ~..:!1Um'W L'lI'W L~tJ..:! LL~~ 

o 0 
__ C!I .- _ _ .., I 

2 . fl'J1LLtJnun'Jru'Vl'Vlr;)~'e)u'e)'e)nr.nnun'Jru'VlL(;l1tJ~(;l'J'e)m..:! 
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3 . iJU1-L'Jru'Vlr;)~'e)U~n'l!tru~LU'W'lI'e)..:!1 ~~'e)\!'Vl (booth) L~'e)i:l'e)-,ln'Wn111Um'W~-,ln'WLL~~n'W 

4. 'lI'J-,lL'J~1~L~~1~~~1'Wn11'Vlr;)~'e)U fl'JnU'WL'J~1 10.00 'W . LL~~ 15.00 'W . 

5 . 'lI'J-,lL'J~1~hJfl'J1'Vlr;)~'e)U ~'e) 'lI'J-,lri'e)'Wn11futl1~'Vl1'Wm~11 1 'l!.~ . LL~~~~-,ln11fu 

tl1~'Vl1'Wm~11 2 'l! . ~ 

91'l'il!h-3m 'li'VI fI~'ilti (sample) 

~'e)-,liJn11fl'JUfl~L~'e)tl1~n'W~1 tJ~~lrJlLiir;)'"l1n~..:!'Vlr;)~'e)..:!LYh~'W LL~~L~'e)~r;)'e)fl~1'Wn11'Vlr;)~'e)U , 

:n~ ~'J'e)tJ1-,l~1.jf'Vlr;)~'e)u~'e)..:!~1ij-,ln..:! 3 ~'J'W ~'e) 

1. n1'i~~91'l'il!i1-3 (sampling) • 
2, n1'iLI1I~!J~i'l'il!i1-3 (preparation of sample) 
~.,J" 0 .... .., 

'C'i..:!'Vl (;l'e)-,l fl1'W-,ltj-,l fl'e) 

2.1 n11fl'JUfl~';)fin11'Vlr;)~'e)U L'lI'W ~'J'e)tJ1-,l~'e)-,lLriul'W~Lu'W'"l~~'e)-,lhJiJn~'W1~~'W , " 
~1tl'WLfJ'e)'Wl'W~'J'e)tJ1-,l 

J ~ ~ " 
2 .2 fl'J1~ L'VltJ-,l(;lN"lJ'e)-,l Lfl1'e)-,l'l!-,l m~u'e)n(;l'J-,l 'l!'e)'W(;l'J-,l 

2 .3 fl'JU fDJ~ L 'J~1 LL~~1:lru~1Jij Lr;)tJ ~'e)-,l'Vl11U L'J~1~ii'e)tJ~~ r;) LL~~~1n~~ r;)~ ~'J'e)tJ1-,l 

'"l~Lriul.nrJlri'e)'WL~fyJ 

2.4 'e)ru~flijl 'Wn1n~fyJ ~'J'e)tJ1-,l Lr;)tJ'e)ru~flij"lJ'e)":! ~'J'e)tJ1-,l ~'e)-,l fl'JUfl~ l~'e)tJl 'W 
~ '-I q ~ " '\t 

~n'l!tru~n11u1-tnfltln~ 

2.5 m~1 ru"ll'e)-,l ~'J'e)tJ1..:!~1.jf'Vl r;)~'e)U'"l~~'e)-,lYi'e) L ~~1~ 
0 " " 

~1~fUn11~'J'e)tJ1..:!Yll-if1'W-,l1'W,;)4'tJilLu'W~11~~~1tJ~'J'e)tJ1-,l 1 0% 1'W~1~'e)'W 70-80 °c 

3. ~h~t1n1'iU1L~U'ili'l'il!i1-3 (order of presentation) 

3.1 ~1~Un11~1L~'W'e)~'J'e)tJ1-,l'"l~~'e)-,l1-ifn11~~ (random) ~~'e)~11~~1~Un11~1 , 

L~'W'e) 1 'WLL(;]~ ~~'J'e)tJ1..:! Lyh n'W 

3 .2 ~~1~~L~"lJ 3 ~'Jl~nuLL(;]~~~'J'e)tJ1-,l 



188 

(Random permutation) 

3.4 n1~L~'elnj\r~j;],)!l~h-lH'~1~1..:JL~"lJ~~ (random numbers) L~tJH'j;],)L~"lJ 3 ~~n , 

3. 5 ~,x~ j;],)!lri1..:J~[n'll'W:; LL~:; lw1tJntJ..:J1'W~~9:;~!l..:J ~N fl'W 

~'VI(;l~'iltJ (Tester / panelist) 

dj'W~~i1~1tJ~!l1'W~~h'Wn1nh:;Lij'W'Yl1..:Jlh:;~1'Yl~~er~ 
" " 

" , 
4 ~,)~~:;L~'Wn1n~m~~1n~f..:J ~~!l!l~~nm1~ 

" 

~1 ~tJ n1'5''V1 (;l~'iltJ 

1 ~ ~'Yl ~~!ltJ L -ii1 hhr..:J~!l..:J:n~ 
" 

4 rfB~9:;1~ftJj;],)!l~h..:J~1~~,x~j;],)L~"lJ 3 ~~n Yl1!l~fl'W 3 j;],)!lri1..:J L~tJi1j;],)!lri1..:J~L~~!l'W 

fl'W 2 j;],)!lri1..:J LL~:;LL~n~h..:J!l!lnhJ 1 j;],)!lri1..:J 1~~~~1j;],)!lri1..:J~LL~n~h..:J91nj;],)!lri1..:J 
" 
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, 
... .. r 

~111-':)'Yl '1J-2 n11'.1LI"l11:::~ Binomial Distribution (Amerine and Roessler,1983) 

Number Number of correct answers Number Number of correct anSr'ers 
of necessary to establish of necessary to establish 

tasters lelfel of significance tasters level of significance 

5% 1% 0 . 1% 5% 1% 0 .1% 
---------_ ._ ----------

7 

8 
9 

10 
11 
12 
13 

14 
15 
16 
17 
16 
19 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

50 
51 
52 
53 
54 
55 
56 

5 
6 

6 
7 
7 
8 
8 
9 
9 

10 
10 
10 
11 

11 
12 
12 
13 
13 
13 
14 
14 
15 
15 
16 
16 
16 
17 
17 

18 
18 
18 
19 
19 
20 
20 
21 
21 
21 
22 
22 
23 
23 
23 

24 
24 
25 
25 
25 
26 
26 

6 
7 

7 

8 
8 
9 
9 

10 
10 
11 
1 1 
12 
12 

13 
13 
14 
14 
14 
15 
15 
16 
16 
17 
17 
18 
18 
19 
19 

19 
20 
20 
21 
21 
22 
22 
22 
23 
23 
24 
24 
25 
25 
25 

26 
26 
27 
27 
27 
28 
28 

7 
8 

8 
9 
9 

10 
10 
11 
12 
12 
13 
13 
14 

14 
15 
15 
16 
16 
17 
17 
18 
18 
19 
1"9 
19 
20 
20 
21 

21 
22 
22 
23 
23 
24 
24 
25 
25 
25 
26 
26 
27 
27 
28 

28 
29 
29 
29 
30 
30 
31 

57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 

70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 

85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
200 
300 
400 
500 

1000 
2000 

27 
27 
27 
28 
28 
28 
29 
29 
30 
30 
30 
31 
31 

32 
32 
32 
33 
33 
34 
34 
34 
35 
35 
35 
36 
36 
37 
37 

37 
38 
38 
39 
39 
39 
40 
40 
40 
41 
41 
42 
42 
42 
43 

43 
80 

117 
152 
188 
363 
709 

29 
29 
30 
30 
30 
31 
31 
32 
32 
32 
33 
33 
34 

34 
34 
35 
35 
36 
36 
36 
37 
37 
38 
38 
38 
39 
39 
40 
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