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Ŷ = �0 +
X

�iXi +
X

�iiX2
i +

X
�ijXiXj

|=Q=O KQ] "CU= MU=B K]U KQ] ?=NDv= |=Q@ syt Q=}U@ |D}Y=N |Q}PBu=QwO
Ŷ Tv=} Q=w s}yO u=QwO (0; 0; 0 : : : ; 0) RmQt pwL =Q u; |Dkw '|D}Y=N u}vJ
x=o}=H xm u}= p}rOx@ wCU= |R=Uxv}y@ RSM hOy xm =Hv; R= "Ovm|tv Q}}eD u; QO
|DkO O=ODt= s=tD QO xm |LQ] R= 'CU= swrat=v V}=tR; |=QH= R= p@k xv}y@ |x]kv

"OwW|t xO=iDU= OQ=O OQw;Q@ QO u=Um}
=Q} R CU= xOW xO=iDU= pOt VR=Q@ |=Q@ swO |x@DQt pOt R= Q=DWwv u}= QO
pw= |x@DQt pOt =} pw= |x@DQt pOt x@ C@Uv pOt u}= 'xOW O=} OQ=wt Q@ xwqa
u}vJty w CU= |QDW}@ �xv=oOvJ u}}aD ?} Q[� R2Q=Okt |=Q=O p@=kDt \@=wQ =@

"CU= xOW O=} pOt wO R= QDsm u; (MSE) =]N QwPHt u}ov=}t
'CU=|RmQt?mQt KQ] 'swO|x@DQt pOtVR=Q@ |=Q@ xDiQ Q=mx@ |=yKQ] R=|m}
|x]kv 2k j=Lr= =@ ��1 pwtat O=tv =@ xOW |Ov@Om � 2kpt=a R=CU= CQ=@a u; w
nc w (0;: : : ; 0;��0; ) """w (0;��; 0 : : : ; 0) '(��; 0; 0 : : : ; 0) |QwLt
Q}PBu=QwO � ?U=vt ?=NDv= =@ |RmQt ?mQt KQ] ' (0; 0;: : : ; 0)|RmQt |x]kv
|rt=a VN@ QO \=kv O=OaD x@ OQ=O |oDU@ |Q}PBu=QwO |=Q@ � Q=Okt "OwW|t
|RmQt ?mQt KQ] xm OwW|t swrat � = (nf )1=4 ?=NDv= =@ `k=wQO "KQ]
KQ] |rt=a VN@ QO xOW xO=iDU= \=kv O=OaD nf x]@=Q u}= QO &CU= Q}PBu=QwO

"CU=
|rt=a VN@ u}=Q@=v@ w CU= xDiQo Q=Qk |UQQ@ OQwt pt=a 4 Q=DWwv u}= QO
Q@=Q@ KQ] |Q}PBu=QwO |=Q@ � Q=Okt TB "CU= (nf = 24 = 16) x]kv16 pt=W
?=NDv= =@ u=wD|t =Q |RmQt ?mQt KQ] Qo}O X=wN "�(16)1=4 = 2 "CU= 2
|RmQt ?mQt KQ] u=wD|t nc CUQO ?=NDv= =@ "OQm pQDvm nc |RmQt \=kv O=OaD
u}= QO "OQm CUQO CN=wvm} CkO =@ |LQ] u; R= u=wD|t =} CN=U Ot=aDt =Q
xDiQo Q_v QO x]kv 7 'CN=wvm} CkO =@ |LQ] O=H}= |=Q@ |RmQt \=kv O=OaD Q=DWwv
'xOW QmP ?}mQD 4 |=Q@ |RmQt w |QwLt \=kv OwOL w Kw]U OwOL "CU= xOW

%CU= xOW XNWt 7 =D 5 pw=OH QO

swU w pyJ |xQ=tW �h} QW 91
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m

R= xO�W VR=Q@ pOt |=Q@ =�yxOv=t p=�tQv p=tDL= |}x]kv Q=Owtv "1Q=Owtv
"umWnvU |xrLQt |=yxvwtv

u}ov=}t Q=Okt xm OwW|t xOy=Wt xOW x�=Q= pOt Tv=} Q=w R}r=v; pwOH QO CkO =@
"OW=@ |O=} R Q=Okt OUQ|t Q_v x@ w CU= 1448 926 pOt u; QO =]N QwPHt
xHwD =@ "CU= F value = 4 37 w R2 = 0 7927 u}}aD ?} Q[ u}vJty
XNWt t � student uwtR; w SAS |HwQN QO =yQDt=Q=B u}tND pwOH x@
u}= p=L u}= =@ &CU= QDW}@ Ov}=Qi R= xrLQt u}= QO Sio2 ?}mQD QF= xm OwW|t
?wr]t Q=Okt x@ |Oa@ pL=Qt QO xm OvQ=O Q=_Dv= OL R= |QDW}@ |OYQO C=@}mQD

"OW Oy=wN l}ORv OwN
uOw@p=tQv |xQ}PB "1"1"4

"CU=yxOv=t p=tQv p=tDL= Q=Owtv sUQ 'uOw@p=tQv |xQ}PB |UQQ@ |=Q@ O}it |xw}W
s}kDUt \N l} x}@W Q=Owtv u}= 'OW=@ p=tQv =]N |}=v@ Q} R `} RwD xm |DQwY QO

"�1 Q=Owtv� CU=
pw= |xrLQt xm u}= p}rO x@ '=yxOv=t p=tQv p=tDL= |}x]kv Q=Owtv x@ xHwD =@
xOWxDiQo |=yxvwtv CU= xv=NQ=m x@ x}rw= O=wt |OwQw ẁQW �umWnvU |xrLQt�
's} R}vt O}Um = Ovv=t Qo}O |aQi QY=va w =y|Yr=N=v OwHw Crax@ xrLQt u}= QO
xOW x�=Q= pOt 'u}=Q@=v@ "OvDUy xOQ@s=v C=@}mQD R= |@U=vt OYQO Ok=i: : :w =y|}=}rk
"CU= O=} R Q=}U@ xO=Di=QwO |=yxOv=t O=OaD =Q} R CU}v Q=OQwNQ@ |@U=vt C}=im R=
j} Q] R= swO |xrLQt QO �� OW Oy=wN x_Lqt xt=O= QO xmu=vJ �� pOt u}=
l =QwN� swU |xrLQt QO w xOW KqY= 'C=@}mQD u=R}t Q}}eD w OOHt |Q}oxvwtv
|@U=vt OYQO |=Q=O O}=@ ,=tDL w CU= u=t}U Qmv}rm O}rwD R= p@k |xrLQt xm �xQwm
u} QDsm =@ xOWx�=Q= |=yQ=Owtv x@ xHwD =@ OW=@ u=t}U |xOvyOp}mWD C=@}mQD R=
l =QwN� xrLQt u}= R= Oa@ xm CW=O xHwD O}=@ "CU= xO}UQ ?U=vt |D}=im x@ =]N
|rwYLt O}rwD u=mt= w CU= =Rxv} Ry Q=}U@ QwmPt C=@}mQD QO Q}}eD xvwoQy �xQwm

"OQ}o|t xOvvmO}rwD R= =Q ?weQt
4=v=t |x]kv uOQw; CUOx@ "2"1"4

xv}y@ =Q xOW |v}@V}B MU=B xm s}@=}@ =Q x1; x2; x3; x4 R= |]=kv s}y=wN@ Qo =
x@ |�RH C=kDWt uO=OQ=Qk QiY |w=Ut R= �� OwHw CQwY QO �� \=kv u}= Ovvm
|x]kv uOQw; CUO x@ |=Q@ "Ovt=v|t =v=t |x]kv =Q |}x]kv u}vJ "O};|t CUO

%s} Q=O umWnvU |xrLQt x@ \w@ Qt swO |x@DQt pOt QO =v=t
�Ŷ1=�x1 = 0! �46 543 + 60 208x1 + 0 4588x2�
3 0175x3 � 6 4113x4 = 0
�Ŷ1=�x2 = 0! �1 4833� 0 4588x1 � 8 3770x2+

0 7512x3 � 0 7875x4 = 0

"umWnvU |xrLQt QO C=W}=tR; R= pY=L G}=Dv "8 pwOH
Sio2 Al2o3 Fe2o3 Cao L:S:F

x1(X1) x2(X2) x3(X3) x4(X4) Y1
�1(8 81) �1(2 70) �1(0 88) �1(30 44) 107 08
�1(6 75) 1(5 13) 1(3 02) 1(43 37) 161 13
1(19 83) �1(2 75) 1(2 68) 1(41 96) 69 34
1(23 55) 1(4 87) �1(1 21) 1(42 76) 59 00
1(20 33) 1(4 85) 1(2 53) �1(30 78) 47 87
�1(8 97) �1(2 88) 1(2 43) 1(42 84) 142 35
1(20 20) �1(2 69) �1(1 36) 1(43 02) 70 97
1(18 97) 1(5 09) �1(1 48) �1(40 72) 67 77
�1(11 06) 1(4 87) 1(2 68) �1(31 02) 81 13
1(20 68) �1(2 96) 1(3 27) �1(31 42) 49 46
�1(11 61) 1(4 92) �1(0 88) 1(42 8) 110 06
�1(11 39) �1(2 29) �1(1 27) 1(41 95) 118 43
1(23 18) �1(2 85) �1(1 11) �1(31 60) 45 80
�1(8 68) 1(4 89) �1(0 98) �1(30 72) 100 02
�1(11 32) �1(2 22) 1(2 56) �1(31 51) 87 57
1(20 62) 1(5 99) 1(3 20) 1(43 60) 65 18
�2(0 52) 0(4 65) 0(2 33) 0(32 19) 380 60
2(32 29) 0(4 61) 0(1 80) 0(37 14) 38 28
0(15 27) �2(1 68) 0(1 71) 0(37 35) 81 46
0(15 06) 2(7 78) 0(1 75) 0(33 11) 63 08
0(12 44) 0(3 35) �2(0 55) 0(35 40) 90 43
0(12 32) 0(3 62) 2(3 65) 0(39 10) 95 04
0(13 41) 0(4 06) 0(1 99) �2(13 47) 30 89
0(17 21) 0(3 23) 0(1 68) 2(54 15) 101 57
0(16 10) 0(3 92) 0(1 82) 0(33 31) 65 45
0(15 29) 0(3 41) 0(1 62) 0(32 50) 65 93
0(12 51) 0(4 11) 0(2 30) 0(38 90) 94 02
0(15 55) 0(3 21) 0(1 68) 0(33 15) 68 46
0(14 50) 0(4 25) 0(2 29) 0(35 32) 73 48
0(16 73) 0(3 37) 0(1 95) 0(37 11) 71 24
0(16 71) 0(3 40) 0(2 00) 0(38 50) 73 89

u}}aD x@ C@Uv Q_v OQwt Kw]U QO =yxO=O |Ov@xk@] R}v w 'CtUk u}= QO xOW
"CU= xOW s=Ok= |RmQt \=kv w |QwLt \=kv '|rt=a \=kv

pw= |xrLQt "1"4
R= xO=iDU= =@ w �8 pwOH� xOW Om |=yQ}eDt j@] xOWVR=Q@ swO |x@DQt pOt

%CU= xOW xO=O u=Wv Q} R QO SAS[10] Q=Ri=sQv
Ŷ1 = 73 21� 46 543x1 � 1 4833x2 + 1 4217x3+

14 63x4 + 30 104x21 � 4 1885x22 + 0 9277x23�
5 6985x24+0 4588x1x2 � 3 0175x1x3�6 4113x1x4

+0 7512x2x3 � 0 7875x2x4 + 8 3862x3x4
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wYk
t "O=wt ?=}U; |xrLQt QO C=W}=tR; R= pY=L G}=Dv "9 pwOH

Sio2 Al2o3 Fe2o3 Cao L:S:F

x1(X1) x2(X2) x3(X3) x4(X4) Y2
�1(11 40) �1(2 30) �1(1 68) �1(39 62) 110 89
�1(11 80) 1(3 58) 1(3 52) 1(41 05) 103 75
1(13 54) �1(2 22) 1(3 01) 1(41 06) 96 63
1(13 95) 1(3 55) �1(1 71) 1(41 01) 92 44
1(14 44) 1(3 62) 1(3 11) �1(39 41) 84 34
�1(11 99) �1(2 02) 1(3 00) 1(41 10) 108 42
1(14 66) �1(2 13) �1(1 69) 1(40 50) 90 68
1(13 99) 1(3 54) �1(1 80) �1(38 43) 86 32
�1(11 53) 1(3 99) 1(3 20) �1(38 10) 97 51
1(14 02) �1(2 02) 1(3 11) �1(38 41) 87 97
�1(11 20) 1(3 99) �1(1 61) 1(41 53) 111 89
�1(11 91) �1(2 38) �1(1 79) 1(41 01) 109 88
1(14 41) �1(2 21) �1(2 20) �1(38 00) 85 61
�1(10 50) 1(3 55) �1(1 60) �1(38 39) 110 86
�1(11 91) �1(2 82) 1(3 10) �1(38 43) 99 32
1(14 52) 1(3 61) 1(3 43) 1(41 09) 87 15
�2(10 44) 0(3 50) 0(2 98) 0(40 09) 113 57
2(14 75) 0(3 31) 0(2 51) 0(40 40) 86 25
0(12 75) �2(2 02) 0(2 63) 0(40 02) 100 57
0(12 71) 2(4 01) 0(2 63) 0(40 39) 96 09
0(13 00) 0(3 30) �2(1 59) 0(40 76) 98 62
0(12 99) 0(3 29) 2(3 82) 0(41 00) 95 93
0(12 91) 0(3 06) 0(3 01) �2(37 90) 90 85
0(12 95) 0(3 11) 0(2 22) 2(42 20) 101 99
0(12 31) 0(3 16) 0(2 50) 0(40 31) 97 49
0(12 91) 0(3 00) 0(3 00) 0(40 10) 96 30
0(12 58) 0(3 90) 0(2 81) 0(40 05) 96 15
0(12 93) 0(3 33) 0(2 51) 0(40 65) 97 33
0(12 95) 0(3 14) 0(2 63) 0(40 41) 96 96
0(12 98) 0(3 20) 0(2 77) 0(40 34) 96 22
0(12 97) 0(3 29) 0(2 70) 0(40 35) 97 23

uOw@p=tQv |xQ}PB |UQQ@ "1"2"4
xm OQ=O OwHw xO=Di= QwO |x]kv wO =yvD OwW|t xOy=Wt 2 Q=Owtv QO xm Qw]u=ty
xDi=}VR=Q@ pOt xm Cio u=wD|t "OvQ=O xrY=i QiY R= Q=}at h=QLv= Q@=Q@ 3 R= QDW}@
QD?U=vt Q=}U@ |rQDvm C=}rta u}L xOW s=Hv= C=LqY= Crax@ swO |xrLQt QO

"CU= pw= |xrLQt QO xDi=}V=R=Q@ pOt R=
=v=t |x]kv uOQw; CUOx@ "2"2"4

%O=wt ?=}U; |=yxO=O x@ \w@ Qt pOt |=Q@ =v=t |x]kv
�Ŷ2=�x1 = 0! �8 1675 + 1 4642x1 � 0 3838x2+

2 2225x3 + 0 4562x4 = 0
�Ŷ2=�x2 = 0! �1 0042� 0 3838x1 + 0 6742x2�
1 5025x3 � 0 3512x4 = 0

�Ŷ1=�x3 = 0! 1 4217 + 3 0175x1 + 0 7512x2+

1 8554x3 + 8 3862x4 = 0
�Ŷ1=�x4 = 0! 14 630� 6 4113x1 � 0 7875x2+

8 3862x3 � 11 396x4 = 0
%CW=O s}y=wN q=@ CqO=at x=oDUO pL R=

x1 = 0 7678;

x2 = �0 2325;

x3 = �0 7735;

x4 = 0 2987
"OQw; CUOx@ Q} R \@=wQ R= xO=iDU= =@ u=wD|t =Q |rY= |=yQ}eDt u=R}t u}vJty
0 7678 = (X1 � 14 965)=8 215! X1 = 21 272
(�Sio2) = 21 272
�0 2325 = (X2 � 4 105)=1 885! X2 = 3 667
(�Al2o3) = 3 667
�0 7735 = (X3 � 2 04)=1 16! X3 = 1 142
(�Fe2o3) = 1=142
0 2987 = (X4 � 37 02)=6 58! X4 = 38 98
(�Cao) = 38 98
xOW |v}@V}B MU=B s}v=wD|t Ŷ1 = �0 + 0 5x00b |xrO=at R= xO=iDU= =@

"�9 pwOH� s} Qw; CUO x@ =Q =v=t |x]kv QO
Ŷ1 = 57 15

swO |xrLQt "2"4
R= xO=iDU= =@ �9 pwOH� xOW |Ov@Om |=yQ}eDt j@] xOW VR=Q@ swO |x@DQt pOt

%CU= xOW xO=O u=Wv Q} R QO SAS Q=Ri=sQv
Ŷ2 = 96 811� 8 1675x1 � 1 0042x2 � 1 6192x3+

2 5125x4 + 0 7321x21 + 0 3371x22 + 0 0734x23�
0 1404x24 � 0 3838x1x2+2 2225x1x3+0 4562x1x4

�1 5025x2x3 � 0 3512x2x4 + 0 975x3x4

|Q}osWJ RQ]x@ (MSE) =]N QwPHtu}ov=}t 'Tv=} Q=w R}r=v; pwOH x@ xHwD =@
xDi=} V}=Ri= OYQO 96 95 x@ R2 u}}aD ?} Q[ u}vJty "CU= xDi=} Vy=m
pm OYQO 3 05 =yvD h}YwD R= xDi=}VR=Q@ pOt xm CU= u}= |xOvyOu=Wv xm
pOt x@ xHwD =@ F � V alue u=R}t u}vJty "CU= RH=a xDiQ Q=mx@ |=yQ}eDt
u}tND pwOH x@ xHwD =@ "CU= xO}UQ 36 31 Q=Okt x@ w xDi=} V}=Ri= Q=}U@ |r@k
QF= u}vJty 'OvDUy jwi Q=Okt |=Q=O ?}mQD Q=yJ Qy t-student uwtR; w =yQDt=Q=B
O}Um = w ly; w &l} Qi O}Um = w =v}twr; &l} Qi O}Um = w T}r}U C=@}mQD p@=kDt

"OvQF-wt xrLQt u}= QO l} Qi

swU w pyJ |xQ=tW �h} QW 93
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Q@Q=

m"xQwm l =QwN |xrLQt QO C=W}=tR; R= pY=L G}=Dv "10 pwOH
Sio2 Al2o3 Fe2o3 Cao L:S:F

x1(X1) x2(X2) x3(X3) x4(X4) Y3
�1(13 44) �1(3 12) �1(2 01) �1(38 14) 89 48
�1(13 23) 1(4 17) 1(2 91) 1(40 61) 92 59
1(14 09) �1(3 21) 1(2 90) 1(40 56) 89 88
1(14 11) 1(4 00) �1(1 99) 1(40 51) 88 99
1(13 61) 1(4 33) 1(2 56) �1(38 70) 86 22
�1(12 99) �1(3 11) 1(2 60) 1(40 52) 97 09
1(14 41) �1(3 31) �1(2 10) 1(41 05) 89 98
1(14 00) 1(4 01) �1(2 02) �1(38 01) 84 00
�1(12 97) 1(4 03) 1(2 50) �1(38 21) 89 49
1(14 12) �1(3 14) 1(2 52) �1(38 25) 85 22
�1(13 39) 1(4 02) �1(2 00) 1(40 99) 94 15
�1(13 21) �1(3 12) �1(2 01) 1(40 56) 96 62
1(14 43) �1(3 11) �1(2 01) �1(38 11) 83 97
�1(13 00) 1(4 00) �1(2 06) �1(38 17) 89 89
�1(13 03) �1(3 49) 1(2 63) �1(38 29) 90 49
1(14 61) 1(4 20) 1(2 70) 1(41 01) 86 12
�2(12 96) 0(3 81) 0(2 21) 0(39 50) 93 55
2(14 66) 0(3 73) 0(2 12) 0(39 61) 84 58
0(13 51) �2(3 11) 0(2 17) 0(39 78) 92 70
0(13 63) 2(4 51) 0(2 33) 0(39 81) 88 46
0(13 51) 0(3 80) �2(1 98) 0(39 13) 89 74
0(13 92) 0(3 91) 2(3 06) 0(39 47) 86 59
0(13 71) 0(3 99) 0(2 31) �2(38 00) 85 20
0(13 66) 0(3 88) 0(2 29) 2(41 73) 94 16
0(13 58) 0(3 94) 0(2 15) 0(39 10) 88 72
0(13 93) 0(3 95) 0(2 20) 0(39 99) 88 67
0(13 99) 0(3 53) 0(2 39) 0(40 16) 89 46
0(13 50) 0(3 59) 0(2 36) 0(40 31) 92 51
0(13 50) 0(3 61) 0(2 49) 0(40 44) 92 58
0(13 67) 0(3 63) 0(2 19) 0(39 98) 90 89
0(13 57) 0(3 61) 0(2 20) 0(40 01) 91 58

0 3275x2x3 � 0 76x2x4 � 0 5088x3x4

Vy=m sy R=@ (MSE) =]N QwPHt u}ov=}t u=R}t 'Tv=} Q=w p}rLD pwOH x@ xHwD =@
C=@}mQD uOwRi= Crax@ R}v u}}aD ?} Q[ u=R}t "CU= xO}UQ 1 67 Q=Okt x@ w xDi=}
|mOv= �xQwm l =QwN� QN; |xrLQt QO: : :w =y|}=}rk wMgo Ovv=t xOvyOp}mWD Qo}O
F �value = 14 48 u}vJty wCU= xO}UQR2 = �92 68 x@ w xDi=}Vy=m
QO T}r}U w ly; C=@}mQD C}ty= t � studentuwtR; x@ xHwD =@ "CU= xOW

"OwW|t XNWt xrLQt u}=
uOw@ p=tQv |xQ}PB |UQQ@ "1"3"4

xOy=Wt '|Q=OQ@xvwtv swU |xrLQt QO xOW xOv=R=Q@ pOt |=Q@ 3 Q=Owtv x@ xHwD =@
,=@} QkD =yv; QO p=tQv |atHD `} RwD w OvDUy �3 u}@ =yxvwtv OYQO100 xm OwW|t
=yxOv=t %Cio u}vJ =yxOv=t OQwtQO u=wD|t u}=Q@=v@ "CU= s}kDUt \N pmW x@
xH}Dv u}vJty "OvDUy u=Um} Tv=} Q=w w 'QiY u}ov=}t =@ p=tQv ,=@} QkD 'OQ=Ov=DU=

"CU= Q=OQwNQ@ |i=m C}=im R= =yxO=O h}YwD |=Q@ swU pOt xm s} Q}o|t

|=yxvwtv R= xOW xOvR=@ pOt |=Q@ =yxOv=t p=tQv p=tDL= |}x]kv Q=Owtv "2 Q=Owtv
"O=wt ?=}U; |xrLQt

�Ŷ2=�x3 = 0! �1 6192 + 2 2225x1 � 1 5025x2+

0 1468x3 + 0 975x4 = 0
�Ŷ2=�x4 = 0! 2 5125 + 0 4562x1 � 0 3512x2+

0 975x3 � 0 2808x4 = 0
%CW=O s}y=wN xOWQmP CqO=at x=oDUO pL R=

x1 = 0 1830;

x2 = �0 0523;

x3 = 0 1883;

x4 = 0 0738
%O};|t CUO x@ Q} R \@=wQ R= R}v |rY= |=yQ}eDt u=R}t

0 1830 = (X1 � 12 58)=2 08! X1 = 12 96
(�Sio2) = 12 96
�0 0523 = (X2 � 3 005)=0 985! X2 = 2 95
(�Al2o3) = 2 95
0 1883 = (X3 � 2 6)=0 92! X3 = 2 77
(�Fe2o3) = 2 77
0 0738 = (X4 � 39 765)=1 765! X4 = 39 89
(�Cao) = 39 89

%R= CU= CQ=@a =v=t |x]kv QO xOW|v}@V}B MU=B
Ŷ2 = 96 03

swU |xrLQt "3"4
R= xO=iDU= =@ w �10 pwOH� xOW Om |=yQ}eDt j@] xDi=}VR=Q@ swO |x@DQt pOt

%R= CU= CQ=@a SAS Q=Ri=sQv
Ŷ3 = 90 63� 2 64x1 � 0 8233x2 � 0 2617x3+

2 2742x4 � 0 3473x21 + 0 0315x22 � 0 5723x23�
0 1935x24 + 0 24x1x2 + 0 0613x1x3 � 0 3463x1x4�
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t 0 1806 = (X2 � 3 72)=0 61! X2 = 3 83

(�Al2o3) = 3 83
0 0582 = (X3 � 2 45)=0 46! X3 = 2 47
(�Fe2o3) = 2 47
�0 0615 = (X4 � 39 53)=1 52! X4 = 39 43
(�Cao) = 39 43
xO=iDU= =@ Ŷ3 = 90 56 %R= CU= CQ=@a =v=t |x]kv QO xOW |v}@V}B MU=B
CQwY |rta V}=tR; l} 'xOt; CUO x@ |=yOYQO w X � Ray x=oDUO R=
Q=Okt =@ xm OwW|t xO=O u=Wv 88 46 =@ Q@=Q@ (LSF )ly; `=@W=?} Q[ "OQ}o|t
"CU= R}J=v |iqDN= xm OQ=O hqDN= 0 02 =v=t |x]kv QO u; |xOW|v}@V}B

|HvULP VwQ =@ ?=wH |UQQ@ "5
[11]%|HvULP VwQ |rm |=tW

MIN : Z =
nX
j=1

wj((y�j � yj)=y�j ))pp � 1

ST : gi(x1; x2; : : : ; xn)��bi i = 1; 2; : : : ;m
|v=Um}C}ty= O}rwD R= p@k pL=Qt QO xOWO=} |xrLQt xU xm =Hv; R= 'jwi CQ=@a QO
R= xO=iDU= =@ "s} Q}o|t Q_v QO 1 pO=at 'xrLQt xU Qy |=Q@ =Q (wj) uRw 'OvQ=O
'xr�Ut |=yQ}eDt w q=@ hOy `@=D u=R}t P Q=Okt uO=O Q}}eD =@ w Lingo7 Q=Ri=sQv
?=wH xm u}= =D s} Qw;|t CUOx@ =Q yj(j = 1; 2; 3) Q}O=kt =yv; R= xO=iDU= =@ w

"OwW =O}B QF-wt
%R= CU= CQ=@a x]w@ Qt Lingo |xt=vQ@ -

Min = ((57 15� (73 21� 46 543x1 � 1 4833x2

+1 4217x3 + 14 63x4 + 30 104x21 � 4 1885x22

+0 9277x23�5 6985x24+0 4588x1x2�3 0175x1x3

�6 4113x1x4+0 7512x2x3�0 7875x2x4+

8 3862x3x4))=57 15)P̂ + ((96 03� (96 811�
8=1675x1 � 1 0042x2 � 1 6192x3 + 2 5125x4+

0 7321x21 + 0 3371x22 + 0 0734x23 � 0 1404x24�
0 3838x1x2+2 2225x1x3+0 4562x1x4�1 5025x2x3

�0 3512x2x4 + 0 975x3x4))=96 03)P̂+((90 56�
(90 63�2=64x1�0 8233x2�0 2617x3+2 2742x4

�0 3473x21 + 0 0315x22 � 0 5723x23 � 0 1935x24+

0 24x1x2+0 0613x1x3�0 3463x1x4�0 3275x2x3

�0 76x2x4 + 0 5088x3x4))=90 56)P̂;

S:T :

x1 <= 1;

x2 <= 1;

R= xOW xOv=R=Q@ pOt |=Q@ =yxOv=t p=tQv p=tDL= |}x]kv Q=Owtv "3 Q=Owtv
"xQwm l =QwN |xrLQt |=yxvwtv

xOW |v}@V}B Q}O=kt p@=kt QO (ei) xOW xOy=Wt Vvm =QB Q=Owtv "4 Q=Owtv
"(Ŷ3) MU=B Q}eDt

=]N Tv=} Q=w |UQQ@ "2"3"4
I}y x@ R}v w OvW=@ Q=DN=U|@ O}=@ =yxOv=t OvW=@ Q=QkQ@ =yxQ}PB w 'K}LY pOt Qo =
QO =]N Vvm =QB Q=Owtv x@ xHwD =@ "OvW=@v xDU@=w MU=B Q}eDt xrtHR= |Qo}O Q}eDt
"�4 Q=Owtv� Ov=Tv=} Q=wsy =y=]N 'swU |xrLQt QO xOW |v}@V}B Q}O=kt p@=kt

=v=t |x]kv uOQw; CUOx@ "3"3"4
%R= CU= CQ=@a xQwm l =QwN |=yxO=O x@ \w@ Qt pOt |=Q@ =v=t |x]kv

�Ŷ3=�x1 = 0! �2 64� 0 6946x1 + 0 24x2+

0 0615x3 � 0 3463x4 = 0
�Ŷ3=�x2 = 0! �0 8233 + 0 24x1 + 0 063x2�
0 3275x3 � 0 76x4 = 0
�Ŷ3=�x3 = 0! �0 2617 + 0 0613x1 � 0 3275x2�
1 1446x3 � 0 5088x4 = 0
�Ŷ3=�x4 = 0! 2 2742� 0 3463x1 � 0 76x2

�0 5088x3 � 0 387x4 = 0
%CW=O s}y=wN q=@ CqO=at x=oDUO pL R=

x1 = �0 0646; x2 = 0 1806; x3 = 0 0582;
x4 = �0 0615

%O};|t CUO x@ u}vJ |rY= |=yQ}eDt Q=Okt w
�0 0646 = (X1 � 13 79)=0 82! X1 = 13 73
(�Sio2) = 13 73
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Q@Q=

m"|HvU LPVwQ R= xO=iDU= =@ xOt; CUO x@ G}=Dv "11 pwOH
Y1 Y2 Y3 x1 x2 x3 x4 hOy `@=D Q=Okt

P = 1 92 87 98 61 92 38 0 0 1 1 �0 6722
P = 2 57 41 93 92 89 17 0 266 1 0 0 0 736�103

P = 3 92 87 98 61 92 38 0 0 1 1 �0 244
P = 4 57 83 94 03 89 21 0 252 1 0 0 0 256�106

P = 5 92 87 98 61 92 38 0 0 1 1 �0 0956
P = 6 58 51 91 19 88 43 0 84 0 372 0 462 0 414 0 171�107

P = 7 92 87 98 61 92 38 0 0 1 1 �0 0373
P = 8 63 38 92 79 88 99 0 94 0 0099 0 74 0 746 0 211�107

P = 9 92 87 98 61 92 38 0 0 1 1 �0 0145
P = 10 64 27 92 77 88 85 1 0 0 791 0 792 0 918�109

P = 11 92 87 98 61 92 38 0 0 1 1 �0 0057
P = 12 64 27 92 77 88 85 1 0 0 791 0 792 0 14�10�10

|Q}oxH}Dv "6
|xrLQt xU QO OvrDQB u=t}U |xOvyOp}mWD C=@}mQD |xv}y@ OYQO VywSB u}= QO
OQwt (RSM) MU=B |L]U |U=vWVwQ KQ] R= xO=iDU= =@ Qmv}rm O}rwD R= p@k
'x1 T}r}U %R= Ov=CQ=@a |UQQ@ OQwt |rY= ?}mQD Q=yJ "CU= xDiQo Q=Qk |UQQ@
w |RmQt \=kv w u}}=B w q=@ Kw]U xm 'x4 ly; w x3 l} Qi O}Um = 'x2 =v}twr;

"Ov=xOW XNWt |D=W}=tR; |] =yv; QO |QwLt
OwW|t XNWt 'V}=tR; |xrLQt xU Qy QO F � value Q=Okt x@ xHwD =@
QO "OvQF-wt MU=B Q}eDt |wQ |rY= pt=wa s=tD � = 0 05 Q=O|vat K]U QO xm
=Q jwi C=@}mQD R= Q=DN=U u} QDy@ O}=@ �xQwm x@ O=wt |OwQw |xrLQt� swU |xrLQt
"s}W=@ R=}v|@ O}rwD R= Oa@ =} u}L QO =y|Q=mxQ=@ wO w C=LqY= R= =D s}W=@ xDW=O
QwPHt u}ov=}t uDW=O Crax@ xQwm l =QwN |xrLQt QO xOW x�=Q= swO |x@DQt pOt
u}ov=}t =@ p=tQv Q}O=kt w '?U=vt u}}aD ?} Q[ u=R}t 'u}}=B Q=}U@ (MSE) =]N
xvt=O QO u; |=yxOv=t p=tQv p=tDL= |}x]kv Q=Owtv xm 'u=Um} Tv=} Q=w w QiY
"OQ=O ?U=vt |D}=im =yxO=O h}YwD |=Q@ 'OvDUy u}ov=}t R= Q=}at h=QLv= Q@=Q@3
|xrLQt QO �xOWx�=Q= |=yQ=Owtv x@ xHwD =@� C}=im =@ pOt l} x@ uO}UQ =@
xOW|v}@V}B MU=B xm Ov=xOt; CUO x@ C=@}mQD |xv}y@ |=yOYQO xQwm l =QwN
w X � Ray x=oDUO R= xO=iDU= =@ =t= "CU= 90 56 OW QmP xmu=vJ 'u; |=Q@
xOW 88 46 =@ Q@=Q@ (LSF )ly; `=@W=?} Q[ 'xOt;CUO x@ |xv}y@ |=yOYQO
u}vJty "OQ=O =Q 0 02 Z=te= p@=k hqDN= u; |xOW |v}@V}B Q=Okt =@ xm CU=
x@ Q}O=kt p=ta= =@ xm CU= xOW |UQQ@ R}v |HvULP VwQ =@ C=@}mQD u}= u=R}t
u; LSF u=R}t X �Ray x=oDUO ltmx@ |rta V}=tR; l} |] xOt; CUO

"OQ=O hqDN= 0 05 xOW |v}@V}B Q=Okt =@ xm CU= xOt; CUO x@ 85 56

x3 <= 1;

x4 <= 1;

x1 >= �1;

x2 >= �1;

x3 >= �1;

x4 >= �1;

=@ "CU= xOWv xO=O u=Wv x@=Wt Xi Q}O=kt O=H}= p}rOx@ 12 R= QDW}@ |=yQ=QmD
x@ xHwD =@� ?wr]t Y3 w Y2 Q}O=kt O=H}= Crax@ p = 6 Q=QmD '11 pwOH x@ xHwD
|@=wH u=wvax@ Ov=wD|t hOy `@=D pw@k OQwt Q=Okt R}v w �Q=DWwv QO xOW xDio OQ=wt
R= xO=iDU= =@ C=@}mQD |xv}y@ |=yOYQO uOQm =O}B |=Q@ u}=Q@=v@ "OwW ?=NDv= QF-wt

%s} Q=O QN; |xrLQt QO |HvULP VwQ

0 84 = (X1 � 13 79)=0 82! X1 = 14 48
(�Sio2) = 14 48
0 372 = (X2 � 3 72)=0 61! X2 = 3 94
(�Al2o3) = 3 94
0 462 = (X3 � 2 45)=0 46! X3 = 2 67
(�Fe2o3) = 2 67
0 414 = (X4 � 39 53)=1 52! X4 = 40 16
(�Cao) = 40 16

CWwv=B
1. response surface methodology
2. lime saturation factor
4. stationary point

`@=vt
1. Bye, G.C. \Portland cement, composition, production

and properties", Pergamon Perss, (1983).
2. Myers, R.H. and Montgomery, D. C. \Response surface
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