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P � t (2)

|x}rw= C_re C0 'Ca=U C=wwr}m QO sQo ?UL Q@ |SQv= xOR=@ EE 'u; QO xm
Q@ nvQ hPL R 'QD}r ?UL Q@ pwrLt sHL V 'QD}r QO sQo ?UL Q@ nvQ
"OvDUy Ca=U ?UL Q@ x}iYD u=tR t w C=wwr}m ?UL Q@ u=wD P 'OYQO ?UL
=@ u} R=QDQ=D nvQ ?} QND |=Q@ l}Dv}U p}rLD 'pw= |x@DQt |m}Dv}U pOt T=U=Q@
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"Ov}=Qi |}=ORnvQ QO Q}eDt wO u=tRty C=Q}}eD Q}F-=D "4 pmW

"hrDNt \}=QW QO xOv}q; hPL u=tOv=Q w xOW KQ] |=yV}=tR; "2 pwOH
� |}=Q=m S=Drw Ov=t u=tR nvQ C_re pH xQ=tW
91=2 80 15 8 4 1
99=4 90 20 12 5=8 2
91=5 80 25 8 7=6 3
90 100 25 16 7=6 4

64=6 90 10 12 5=8 5
97=9 90 20 12 5=8 6
95=5 80 25 16 4 7
99=4 100 25 8 7=6 8
96 90 20 12 5=8 9

56=5 80 15 8 7=6 10
99 90 20 12 5=8 11
100 90 20 12 2=2 12
99=5 110 20 12 5=8 13
73=3 100 15 8 7=6 14
100 100 25 16 4 15
93=6 90 20 20 5=8 16
87=7 80 15 16 4 17
100 90 20 4 5=8 18
98=5 100 15 8 4 19
76=6 70 20 12 5=8 20
98 100 15 16 4 21

97=8 90 20 12 5=8 22
62=2 90 20 12 9=4 23
100 100 25 8 4 24
100 90 30 12 5=8 25
91 80 25 16 7=6 26
100 80 25 8 4 27
98=6 90 20 12 5=8 28

?mQt |L=Q] VwQ w Design Expert Q=Ri=sQv R= xO=iDU= =@ V}=tR; 28 O=OaD
Q}eDt Qy Q}F-=D "CU= xOW XNWt nvQ hPL OYQO w u}}aD 12�CCD� |RmQt
xOy=Wt 4 pmW QO |r; |xO=t hPL u=R}t QO Q}eDt wO u=tRty Q}F-=D w |}=yvD x@
'12 '8 '4 |xOwOLt QO nvQ |x}rw= C_re 'OW xQ=W= xm Qw]u=ty "OwW|t
V}=Ri= =@ xm OvyO|t u=Wv G}=Dv "CU= xOW ?=NDv= QD}r QO sQo|r}t 20 w 16
p}rO "CU= xDi=} Vy=m 93=6 x@ 100 R= hPL u=R}t ' 20 x@ 4 R= x}rw= C_re
QO "CUv=O nvQ C_re x@ OH |=yp=m}O=Q C@Uv V}=Ri= QO u=wD|t =Q Qt= u}=
\UwD 7 SvQw= O}U= nvQ ?} QND |=Q@ '�2020� u=Q=mty w 13w}r xm |}xar=]t
hPL OYQO u} QDW}@ xm OvOQ@ |B xDmv u}= x@ 'OvO=O s=Hv= |DQ=QLQ}e |=tUqB
QO hPL OYQO u} QDtm w ��97=5� QD}r QO sQo|r}t 5 =@ Q@=Q@ 'C_re u} QDtm QO

[23]"CU= xO=O MQ ��70=8� QD}r QO sQo|r}t 20 =@ Q@=Q@ 'C_re u} QDW}@
V}=Ri= =@ xm OW xOQ@ |B xDmv u}= x@ =yV}=tR; s=Hv= u}L QO u}vJty
QF= |R=@ \}Lt OyO|t u=Wv xm &CU= xDi=} Vy=m u} R=QDQ=D hPL u=R}t 'pH

V}=Ri= Ea=@ |O}U= \}Lt xm |r=L QO 'CU= xDW=O u} R=QDQ=D hPL QO |ivt
nvQ hPL OYQO x@=Wt \}=QW QO xm O=O u=Wv G}=Dv "OwW|t u} R=QDQ=D hPL
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yt |vat u}O@ "OQ=O xv}y@ Q=Okt l} 'QwmPt |xrY=i w 'CU= |ovQ pwrLt K]U

Vy=m nvQ hPL u=tOv=Q 'OwQDmr= |xrY=i OL R= V}@ Vy=m =} V}=Ri= =@ xm
QO "CUv=O |m} QDmr= u=O}t COW Q}}eD QO u=wD|t =Q Qt= u}= p}rO xm O@=}|t
QO C@=F w QDt|r}t 8 pwrLt K]U =D q=@ S=Drw OwQDmr= |xrY=i 'Q[=L VywSB
QO xm � xOW xO=iDU= j}=a Ct=N[ w TvH CU= QmP x@ sRq "CU= xOW xDiQo Q_v
xv}y@ |xrY=i uDi=} QO �CU= xOw@ QDt|r}t 1 Ct=N[ =@ RDQ=wm 'Q[=L VywSB
OvDiQo xH}Dv OwN |xar=]t R= �2020� u=Q=mty w 20Ow}k}P "OvDUy QF-wt pt=wa R=
?} QND u=tOv=Q QO |U=U= Vkv 'x}rND h=mW |va} '=yOwQDmr= u}@ |xrY=i xm
u=O}t COW QO Q}}eD x@ QHvt OwQDmr= |xrY=i Q}}eD =Q} R 'OQ=O Q[t |=y?}mQD
'=yOwQDmr= |xrY=i V}=Ri= 'Ov=xOQm VQ=Ro u=W}= xm Qw]u=ty w OwW|t |m} QDmr=
[30]"OyO|t V}=Ri= =Q =yxOv}q; u}at hPL u=tOv=Q x@ |@=}CUO |=Q@ sRq u=tR
|x} RHD OQwt QO xm OwN |xar=]t QO '�2002� u=Q=mty w 21wv=U 'Qo}O |wU R=
Q=Okt l} 'Ov; � OD=m h=mW xm Ov=xOQm VQ=Ro 'CU= xOw@ ?; QO |r; |=y?}mQD
nvQ ?} QND u=tOv=Q |xv}W}@ x@ |@=}DUO |=Q@ u}at S=Drw |OwQw l} QO xv}y@
OvDiQo xH}Dv OwN VywSB R= '�2014� u=Q=mty w 22nv=} S [31]"OQ=O B u}t=OwQ
u=ty x@ |@=}DUO |=Q@ OwQDmr= |xrY=i Vy=m =@ u=wD|t =Q x}rND ẁQW S=Drw xm
'OwW O=} R OL R= V}@ 'OwQDmr= wO u}@ |xrY=i Qo = w O=O Vy=m u=tOv=Q u=R}t
|L=Q] u}=Q@=v@ "O@=}|t Vy=m u=tOv=Q xH}Dv QO w Vy=m =tUqB O}rwD |x}L=v sHL
|xk]vt l} '=tUqB CN=wvm} `} RwD xm OW=@ |}xvwo x@ O}=@ OwQDmr= wO u}@ xrY=i
hPL QO |SQv= xOR=@ QF= |UQQ@ [32]"Ovm O=H}= QwDm =Q =@ j@=]t w nQR@ |m} QDmr=
u=wD 'QD}r QO sQo|r}t 14 |x}rw= C_re� xv}y@ Cr=L QO w 2 |x]@=Q j@=]t nvQ
=@ xm O=O u=Wv G}=Dv "CU= xOW s=Hv= 5 pmW j@=]t �pH=4=1 w 'C=w 6=28
=@ w 'Vy=m |SQv= xOR=@ w V}=Ri= G} QODx@ nvQ hPL u=tOv=Q 'x}rND S=Drw V}=Ri=

"CU= xDi=} Vy=m |SQv= |yOR=@ 'x}iYD u=tR V}=Ri=

Ov}=Qi h}YwD w pOt |}=tR;|DU=Q "2"3
|=ypOt CN=U w |R=Uxv}y@ |=Q@ CCD VwQ =@ RSM |L=Q] |W}=tR; OQ@y=Q
xDU@=w |=yQ}eDt QO =yu; Q}F-=D Q_v R= 'xDU@=w |=yQ}eDt QO Ov}=Qi |=Q@ QF-wt
|=ypOt u=}t R= 'OwW|t x_Lqt 3 pwOH QO xm Qw]u=ty [33]"OwW|t xO=iDU=
pOt u} QD?wr]t Quadratic pOt 'Cubic w Quadratic '2FI 'Linear

xOW u}}aD =tUqB Ov}=Qi =@ u} R=QDQ=D |DavY nvQ |xO=t hPL h}YwD |=Q@

14 |x}rw= C_re QO� xv}y@ Cr=L QO nvQ hPL QO |SQv= xOR=@ QF= "5 pmW
"�pH= 4=1 w C=w 6=28 u=wD 'QD}r QO sQo|r}t

,=@} QkD xm CU= xOw@ 62=2 Q@=Q@ pH= 9=4 QO |rw '�100 Q@=Q@ pH= 2=2 QO
u=Q=mty w 14=wmQ=D "�?4 pmW� OyO|t u=Wv =Q u=tOv=Q |OYQO 38 Vy=m
Sv=Qw= nvQ hPL OYQO 'pH Vy=m =@ OvO=O u=Wv OQU |=tUqB Ov}=Qi =@ '�2019�
QO w �71 nvQ hPL OYQO 'pH= 10 QO xm |Qw]x@ 'CU= xDi=} V}=Ri= G

u}}aD 3 Q@=Q@ 'xv}y@ pH xm CU= xOw@ �100 ,=@} QkD nvQ hPL OYQO 'pH= 3
V}=Ri= Ea=@ pH Vy=m xm OvDi=} QO R}v '�2020� u=Q=mty w 15u}Um}= [24]"OW
=@ x}iYD xk}kO 15 COt QO xm |Qw]x@ 'OwW|t u}t; swQ@ O}U=nvQ hPL u=tOv=Q
|=Q@ Q=Okt u}= xm CU= xOt; CUOx@ �77=7 hPL u=tOv=Q 'pH= 10 QO =tUqB
|t=tD "CU= xOw@ OYQO 99=5 w 98=7 Q@=Q@ ?}DQD x@ pH= 4 w pH= 6=7
'|O}U= \}Lt QO nvQ hPL xm CU= ẁ[wt u}= |xOvvmO}}-=D 'xOW QmP G}=Dv
�OH� p}UmwQO}y |=yp=m}O=Q O}rwD QO u=wD|t =Q u; p}rO xm OQ=O |}q=@ u=tOv=Q
|QwQ[ nvQ hPL |=Q@ QwmPt |=yp=m}O=Q Qw[L xm =QJ 'CUv=O �O3� uR= w
OH O}rwD x@ QHvt xm OwW|t O}rwD |QDW}@ H OYQO '|O}U= \}=QW QO "CU=
x@ &CU= |}=}rk pwrLt R= QDQ=O}=B Q=}U@ |O}U= pwrLt QO uR= u}vJty "OwW|t

[25]"O@=}|t V}=Ri= 'QDu}}=B pH QO uR= C_re p}rO u}ty
CUOx@ G}=Dv "CU= xDi=} V}=Ri= R}v nvQ hPL u=R}t 'x}iYD u=tR V}=Ri= =@
?}DQD x@ xk}kO 10 w 30 |x}iYD u=tR COt QO u=Um}\}=QW QO xm O=O u=Wv xOt;
=tUqB Ov}=Qi G}=Dv u}vJty "CU= xOw@ OYQO 64=6 w 100 'nvQ hPL OYQO
QO |OYQO 81=2 w 39=8 |}=Q=m '�2021� u=Q=mty w 16T}rwB wQt |xar=]t QO
TB Ov}=Qi |}=Q=m "CU= xO=O u=Wv =Q xk}kO 8 w 2 R= TB |@; pwrLt R= nvQ hPL
OYQO QO S=Drw C=Q}}eD [26]"CU= xOW nvQ pt=m ?} QND x@ QHvt xk}kO 20 R=
C=Q}}eD Qw_vt u}O@ "CU= xOW |@=} RQ= |Qo}O Q}eDt u=wva x@ Ov}=Qi nvQ hPL
|}=Q=m QO S=Drw s}kDUt QF= '=yV}=tR; G}=Dv w p=ta= Crw 70�110 |xvt=O QO S=Drw
xDi=} V}=Ri= 'S=Drw V}=Ri= =@ u} R=QDQ=D hPL u=R}t 'u}=Q@=v@ "CU= xOQm C@=F =Q Ov}=Qi
xov C@=F =Q pwrLt |=tO u=wD@ xm OQ=O |QDW}@ Q=@Da= |v=tR xDi=} u}= xD@r= "CU=
|WN@ 'Crw 110 x@ 70 R= |r=ta= u=wD V}=Ri= =@ 'CQwY u}= Q}e QO &CW=O
OwW|t nvQ hPL Ov}=Qi QO pwrLt Q}N@D Ea=@ w p}O@D =tQo x@ QwDm =Q |SQv= R=
xO=iDU= |Q=tu@ x=oDUO R= =tO uOQm C@=F w pQDvm |=Q@ 'Q[=L |xar=]t QO xm
x@ QHvt xm OvwW|t O}rwD |QDW}@ |SQv=QB |=yuwQDmr= 'S=Drw V}=Ri= =@ "CU= xOW
xm 'OwW|t Viv@=Qi V@=D COW V}=Ri= w uR= Ovv=t 'p=ai |=yxvwo `} QU p}mWD
QO xOW s=Hv= |=yV}=tR; j@] [27]"OvDUy O}it nvQ hPL |=Q@ pt=a wO Qy
?}DQD x@ nvQ hPL 'Crw 70 w 110 |=yS=Drw QO xm OW XNWt x@=Wt \}=QW
'�2021� u=Q=mty w 17nv=U "�O4 pmW� CU= xOw@ OYQO 76=6 w 99=5 Q@=Q@
=Q |@; \}Lt QO G Sv=Qw= |DavY nvQ hPL QO DBD |=tUqB |@} QND QF= R}v
3=5 '3 pO=at� Crw 80 w 70 '60 |=yS=Drw p=ta= =@ xm OvDi=} QO w OvOQm |UQQ@
xOw@ OYQO 76=2 w 64=7 '39=9 |@} QND u=tOv=Q 'xk}kO 10 |] �Crwwr}m 4 w
=@ =Q 19 RB�5 wR; nvQ hPL '�2021� u=Q=mty w 18^}i=L u}vJty [28]"CU=
nvQ hPL 'S=Drw V}=Ri= =@ xm OvDi=} QO w OvOQm |UQQ@ |DQ=QLQ}e |=tUqB QwDm =Q
|xv}W}@ x@ 64ppm uR= C_re =@ Crwwr}m 5 S=Drw QO w xDi=} V}=Ri= RB�5
uR= C_re =@ Crwwr}m 6=2 S=Drw QO xm Ow@ |r=L QO u}= &CU= xO}UQ ��44� OwN
C_re Vy=m R= |W=v =Q Vy=m u}= xm CU= xDi=} Vy=m �32=8 x@ 48ppm

R= uR= p}mWD 'Crwwr}m 5 x@ 3=8 R= S=Drw V}=Ri= =@ "OvDUv=O x]kv u; QO uR=
QO nvQ hPL |xv}W}@ 'Qo}O |v=}@ x@ "CU= xDi=} V}=Ri= �ppm� 63 x@ 41
xDW=O =Q OwN Q=Okt u} QDW}@ 'S=Drw u; QO uR= C_re xm CU= xO=Di= j=iD= |S=Drw
=D q=@ S=Drw OwQDmr= |xrY=i '|yOR=@ QO Q=PoQ}F-=D pt=wa R= Qo}O |m} [29]"CU=
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"|}=ORnvQ OYQO|=Q@|ak=w|=yxO=O w xOW|v}@V}B|=yxO=O|xU}=kt "6pmW

"|}=ORnvQ OYQO QO =yQDt=Q=B R= l} Qy Q}F-=D "7 pmW

Ov}=Qi |R=Uxv}y@ "3"3
VwQ QO xOW x�=Q= |=yxOwOLt w \}=QW x@ xHwD =@ nvQ hPL |=Q@ =yV}=tR; O=OaD
=yC}OwOLt p=ta= =@ TBU "CU= xOW Ci=} QO |HwQN u=wva x@ w u}}aD RSM

'�nvQ hPL OYQO� MU=B Q}eDt w � """ w u=tR 'C_re� pkDUt |=yQ}eDt |wQ Q@
QO xv}y@ |=yV}=tR; u=wva x@ w Ci=} QO Q=Ri=sQv R= xv}y@ |=yQ}eDt '6 pwOH j@=]t
'ANOVA R= xOt;CUOx@ |xv}y@\}=QW|HvUQ=@Da= |=Q@ p=L "Ov=xOW xDiQo Q_v
x@ |W}=tR; 'u=}t u}= R= w OvOW|t s=Hv= xv}y@ \}=QW u=ty QO O}=@ =yV}=tR;
=]N OYQO w hqDN= u} QDtm u; u=tOv=Q xm OW|t xDiQ}PB Cr=L u} QDxv}y@ u=wva
s=Hv= =@ "�8 pmW� OW=@ xDW=O ANOVA \UwD xOW x�=Q= V}=tR; u=tOv=Q =@ =Q
u=}t R= w xOw@ �6 R= QDtm =yV}=tR; |t=tD |=]N OYQO xm OWXNWt =yV}=tR;
'pH= 4=1 'QD}r QO sQo|r}t 14 nvQ |x}rw= C_re� |=yxO=O =@ V}=tR; '=yu;
'��99=78 hPL u=tOv=Q w xk}kO 18=7 |x}iYD u=tR 'Crw 86 |x}rw= S=Drw
V}=tR; u} QDxv}y@ u=wva x@ w xO=O X=YDN= OwN x@ =Q ��2� =]N OYQO u} QDtm
CiQo xH}Dv u=wD|t xOt; CUOx@ |=y=]N Q=Okt R= 'C}=yvQO "CU= xOW xDiQ}PB
"CU= xDW=O |@ wN Ck@=]t |@ QHD G}=Dv =@ =tUqB V@=D |=Q@ xOW O=H}= pOt xm

Ov}=Qi Qta |xt}v w l}Dv}U u}}aD "4"3
O=wt CtUk QO Qta |xt}v |=Q@ 4 |x]@=Q w l}Dv}U |=Q@ xOW x�=Q= 3 |x]@=Q j@]
7 pwOH QO xm Qw]u=ty "CU= xOW xDN=OQB =yu; R= l} Qy p}rLD x@ '=yVwQ w

"Q=Ri=sQv \UwD xOW ?=NDv= pOt |}=tR;|DU=Q G}=Dv "3 pwOH
R2 p-value `@vtxOW |v}@V}B xOW s}_vD ?U=vD Ow@tm |r=wDt

0=4969 0=6053 0=0002 < 0=0001 |]N
0=5201 0=6594 0=0002 0=2052 2FI

0=9030 0=9696 0=0505 < 0=0001 |a@ Qt
0=9909 0=0505 |@amt
"|a@ Qt pOt x@ \w@ Qt G}=Dv "4 pwOH

0=9854 R2 2=20 Q=}at h=QLv=
0=9696 xOW s}_vD R2 91=35 xv=}t
0=9030 |v}@V}B R2 2=41 ��� C=Q}}eD ?} Q[
27=5501 |i=m CkO 418=97 PRESS

|m}ORv x=Qty x@ '�98 |q=@ R2 "CU= xOW x�=Q= 4 pwOH QO u; G}=Dv xm CU=
LOF uOw@v Q=O=vat w �0=2 R= QDtm hqDN=� R2

adj s}_vD w R2 |=Q@ Q}O=kt
[34]"CU= xDW=O |@ wN VR=Q@ Quadratic pOt xm OvQ=O u}= Q@ CrqO |oty
=@ Q=Ri=sQv \UwD xOW |v}@V}B Q}O=kt |m}ORv R= '6 pmW j@=]t 'u}= Q@ xwqa
|O=yvW}B pOt xm CiQo xH}Dv u=wD|t 'nvQ hPL OYQO |=Q@ |y=oW}=tR; Q}O=kt
|v}@V}B |DUQOx@ |}q=@ Q=}U@ OL =D =Q Ov}=Qi |}=Q=m CU= QO=k Q=Ri=sQv \UwD
|=Q@ P Q}O=kt uOw@ Q=O|vat [35]"CU= |y=oW}=tR; |�RH |=]N Qov=}@ xm Ovm
Ov}=Qi |=Q@ pOt QDW}@ O}}-=D R}v ANOVA pwOH QO Qo}O |=yQDt=Q=B w pOt
u=Wv pkDUt |=yQ}eDt |=Q@ 0=0001 R= QDtm P Q}O=kt u}vJty "CU=tUqB
p=L "CUq=@ C}ty= =@ w syt Q=}U@ V}=tR; QO QwmPt |=yQ}eDt Q}F-=D xm OyO|t
R= QDtm C}ty= =@ |rw xHwD p@=k Q=F; Qov=}@ 'OW=@ 0=05 R= QDtm P Q}O=kt Qo =
|Q=t; \}=QW CQwY wO Qy QO xm 'CU= xOW QmP |=yQ}eDt |=Q@ pw= Cr=L
|=yQ}eDt |=Q@ 0=05 R= P Q}O=kt uOw@q=@ =@ "OyO|t u=Wv pOt |=Q@ =Q |Q=O|vat
hPL 5 |xrO=at R= =Q =yu; u=wD|t =Pr w O}tyi u=wD|t =Q =yu; Q}F-=D sOa 'pkDUt
OW=@ 0=05 R= QDW}@ O}=@ ?U=vD sOa XN=W |=Q@ P Q=Okt 'C}=yvQO [35'5]"OQm
CU= xOW xOQw;Q@ |tm hqDN= =@ R}v \QW u}= xm OwW O}}-=D pOt uOw@ ?U=vt =D

[35]"�0=0505 > 0=05�
\=@vDU= u=wD|t xOW QmP Ov}=Qi |xrO=at w 5 pwOH QO F Q}O=kt j@]
C_re xm |r=L QO &OwW|t ?wULt Q}eDt u} QDQF-wt w u} QD|rY= pH xm OQm
u=wD|t =Q Qt= u}= xm CU= xDW=O Ov}=Qi nvQ hPL QO =Q Q}F-=D u} QDtm 'nvQ
'=yQDt=Q=B R= l} Qy \N ?}W xm |Qw] x@ 'OQm xOy=Wt R}v 7 pmW QO
|=Q@ C@Ft Ctqa 'ut[ QO "OQ=O nvQ hPL OYQO =@ s}kDUt |x]@=Q
Ov}=Qi QO Q}eDt C@Ft Q}F-=D |xOvyOu=Wv '5 |xrO=at QO S=Drw w u=tR |=yQ}eDt
Q}F-=D |xOvyOu=Wv 'C_re w pH Q}eDt wO |ivt Ctqa xm |r=L QO 'CU=
OYQO 'S=Drw w Ov=t u=tR V}=Ri= =@ xm CU=vat u=O@ u}= "CU= Q}eDt |ivt
Vy=m nvQ hPL OYQO 'nvQ C_re w pH V}=Ri= =@ w V}=Ri= nvQ hPL

"O@=}|t
Ydye = 98=12� 9=35A� 1=69B + 8=86C + 4=47D

+6=35AC � 2=41CD � 4=25A2 � 0=395C2 � 2=52D2
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Kt(min�1) t 12
(min)

K15 = 0=16203 t 12 (15) = 4=28
0=8356

8 C_re
K20 = 0=18444 t 12 (20) = 3=76 sQo|r}t
K25 = 0=33176 t 12 (25) = 2=09 QD}r QO

K15 = 0=13964 t 12 (15) = 4=96
0=9909

16 C_re
K20 = 0=12629 t 12 (20) = 5=49 sQo|r}t
K25 = 0=12404 t 12 (25) = 5=59 QD}r QO

K15 = 0=27998 t 12 (15) = 2=48
0=9586

8 C_re
K20 = 0=44936 t 12 (20) = 1=54 sQo|r}t
K25 = 0=45159 t 12 (25) = 1=53 QD}r QO

K15 = 0=26080 t 12 (15) = 2=67
0=9417

16 C_re
K20 = 0=48402 t 12 (20) = 1=43 sQo|r}t
K25 = 0=47932 t 12 (25) = 1=45 QD}r QO

'xk}kO 25 w 20 '15 u=tR xU QO Vvm =w Qta |xt}v w l}Dv}U 'OwW|t xOy=Wt
"Ov=xOt; CUO x@ Crw 100 w 80 |=yS=Drw |=Q@ w QD}r QO sQo|r}t 16 w 8 C_re
|xOwOLt pm QO |v=tR T=}kt Q@=Q@ QO ln(C=C0) Q=Owtv xm O=O u=Wv G}=Dv
QDW}@ xm R2 |=y|oDU@ty ?} Q[ R= "CU= |]N '|UQQ@ OQwt u=tR w C_re
pOt =@ |}=tUqB ?} QND |=yVvm =w xm Ci=} QO u=wD|t 'Ov=xOt; CUO x@ 0=9 R=
xOy=Wt 9 pmW QO Kw[w x@ xm OvQ=O |QDW}@ Ck@=]t 'pw= |x@DQt |m}Dv}U
QDW}@ 4 x@ 8=5 R= |@; \}Lt uOW QD|O}U= =@ Vvm =w CaQU ',=vt[ "OwW|t
xOW QDW}@ Ov}=Qi |}=Q=m w QDW}@ =tUqB uw}U=O}Um = CQOk 'xH}Dv QO &CU= xOW
|xt}v |x@U=Lt R= "OQ=O Ck@=]t xOt; CUOx@ |y=oW}=tR; |=yxDi=} =@ xm CU=
C_re %|=yQDt=Q=B =@ 's)=23 V}=tR; xm OW XNWt =yV}=tR; |t=tD |=Q@ Qta
|x}iYD u=tR 'Crw 90 |x}rw= S=Drw 'pH= 9=4 'QD}r QO sQo|r}t 12 |x}rw=
xDW=O =Q �xk}kO 14=25� Qta |xt}v u} QDW}@ '�62=2 hPL u=tOv=Q w xk}kO 20
'QD}r QO sQo|r}t 12 |x}rw= C_re %|=yQDt=Q=B =@ 's)=12 V}=tR; 'u}vJty "CU=
hPL u=tOv=Q w xk}kO 20 |x}iYD u=tR 'Crw 90 |x}rw= S=Drw 'pH= 2=2
u}= x@ Q}N= |=yxO=O R= "CU= xDW=O =Q �xk}kO 1=19� Qta |xt}v u} QDtm '�100
u} QDW}@ 'pH RH x@ =yQDt=Q=B |t=tD uOw@ C@=F =@ xm OwW|t xOQ@ |B syt |xDmv
xO=Di= j=iD= pH u} QDtm QO Qta |xt}v u} QDtm w pH u} QDW}@ QO Qta |xt}v
x@ C@Uv pH |WN@ QF= u} QDW}@ Q@ |v@t ANOVA |xH}Dv |DUQO xm CU=

"Ovm|t O}}-=D =Q u} R=QDQ=D nvQ hPL QO Qo}O |=yQDt=Q=B

|Q}oxH}Dv "4
nvQ hPL QO =tUqB uw}U=O}Um = C}r@=k R= =D CU= xOW |aU Q[=L VywSB QO

"|O=yvW}B pOt |=Q@ Tv=} Q=w R}r=v; "5 pwOH

p Q=Okt F � Q=Okt xv=}t
DF

`tH `@vtC=a@ Qt C=a@ Qt
< 0=0001 62=55 303=94 14 425=12 pOt
< 0=0001 335=82 163=89 1 163=89 A:pH

0=0056 10=99 53=42 1 53=42 B:nvQ C_re
0=0001 301=43 146=77 1 146=77 C:u=tR
< 0=0001 85=35 414=74 1 414=74 D:S=Drw
0=3242 1=05 5=10 1 5=10 AB

< 0=0001 92=93 451=61 1 451=61 AC

0=1028 3=08 14=97 1 14=97 AD

0=9259 0=0090 0=0437 1 0=0437 BC

0=7922 0=0723 0=3515 1 0=3515 BD

0=0017 15=55 75=54 1 75=54 CD

< 0=0001 100=11 486=47 1 486=47 A2

0=4527 0=5993 2=91 1 2=91 B2

< 0=0001 86=49 420=28 1 420=28 C2

< 0=0001 35=03 170=25 1 170=25 D2

86=4 13 63=17 xOv=t}k=@
0=0505 4=79 6=99 8 55=88 ?U=vD Ow@tm

"ANOVA \UwD =yQDt=Q=B |R=Uxv}y@ |=Q@ xOW ?=NDv= |=yC}OwOLt "6 pwOH
=yQ}eDt ?=NDv= |=yQ=}at =yQ}eDt

xOwOLt QO pH

xOwOLt QO C_re
xOwOLt QO u=tR
xOwOLt QO S=Drw
xv}W}@ �|}=ORnvQ� hPL OYQO

"u} R=QDQ=D nvQ hPL QO =tUqB Ov}=Qi |xv}y@ \=kv "8 pmW
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