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s�=k Q=@ 10 CLD =yv; |WQ@ Ctw=kt w xDiQo Q=Qk s}kDUt VQ@ V}=tR; OQwt

"|m} Swrw}@ uw}U=Dv=t}U R= Oa@ |}xU=t |xvwtv "7 pmW

"XRD V}=tR; G}=Dv V}=tv "8 pmW

?}mQD \UwD xOWO=H}= |oOv@UJ =@ w xOQm Q)B =Q R}tD |xU=t |r=N |=y=[i u}@
QO "CU= xDi=} Ow@y@ |yHwD p@=k Q=Okt x@ |}xU=t l =N |UOvyt X=wN 'QwmPt

"CU= xOW xDN=OQB xOWO=H}= C=Q}}eD |@=} RQ= x@ 'Oa@ |=yVN@
XRD G}=Dv |@=} RQ= "1"3"2

uRw Ovv=t |}xU=t l =N |UOvyt X=wN '|}=}t}W uw}U=Dv=t}U uOQ@ Q=mx@ =@
|wQ XRD V}=tR; G}=Dv '8 pmW [17]"Ovm|t Q}}eD """w |Q}PBPwiv 'XwYNt
R}r=v; R= xOt;CUO x@ h}] u; j@=]t xm 'OyO|t u=Wv =Q xOWxDv=t}U |xU=t
xHQO x@ xHwD =@ "CU= (SiO2) RDQ=wm =} s}U}r}U O}Um = x@ \w@ Qt 'Tm}= |xaW=
l}B uOWxO}O R= `v=t V}=tR; QO xO=iDU= OQwt |xU=t C=QP 'RDQ=wm |ov} Qwr@ |q=@
2� |x}=wR 'xHQO 40 =D 30 |xOwOLt QO "CU= xOW s}UrmC=v@ Qm|@ x@ \w@ Qt
l}B =@ xwOLt u}= |m}ORv Cra x@ w CU= s}Urm C=v@ Qm l}B x@ \w@ Qt |x}L=v QO
u}OvJ 'u}=Q@=v@ "CU= xOW Q_vOQwt ?}mQD l}B |v=WwBty Ea=@ 's}U}r}U O}Um =
C=v@ Qm OYQO =D 'CU= xOW s=Hv= xOWxv=t}U |=yxvwtv |wQ |}=}t}W V}=tR;
2 8 OwOL C=v@ Qm MQv 'xOWpY=L G}=Dv T=U=Q@ "OwW XNWt \}Lt QO s}OU
xv V}=Ri= u}= "CU= xDi=} V}=Ri= R}tD |xU=t x@ C@Uv xOWxDv=t}U |xU=t QO Q@=Q@
'CU= R}tD |xU=t x@ C@Uv xOWxv=t}U |xU=t QO C=v@ Qm V}=Ri= R= |m =L \ki

"CU=yV}=tR; QO xDiQQ=mx@ |}xU=t l =N uOw@|r=DU} Qm Qou=}=tv xmr@
|m} Swrw}@ VwQ x@ xOWxDv=t}U l =N |Dtw=kt |=yQDt=Q=B |@=} RQ= "2"3"2
Ci=} QO u=wD|t R}tD |}xU=t l =N =@ xOWxDv=t}U |}xU=t l =N G}=Dv |xU}=kt =@
|xU=t XwYNt uRw u=R}t =Pr 'CU= xDi=} Vy=m 0 55 x@ 0 73 R= pNrND
uOWQ)B p}rO x@ Qt= u}= xm 'CU= xO}UQ ?amtQDt Q@ uDw}vwr}m 20 x@ xOWxv=t}U
u}= QO s}kDUt VQ@ V}=tR; G}=Dv xmv; ut[ "CU= C=QP u}@ |r=N |=y=[i
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Q=y@
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}QW
u=Qt

a|
UOv

yt "OOHt w x}rw= |=y|oOQwNCUO CLD l =N |WQ@ Ctw=kt Vy=m OYQO "3 pwOH
|WQ@ Ctw=kt Vy=m OYQO s�=k Q=@|oOQwNCUO CLD |xvwtv

(kg)OOHt x}rw=
3 3 1 66 15
4 8 3 20
3 12 1 4 25

3 1 56 30
2 94 1 17 35
2 8 1 69 40
2 73 1 37 45
2 67 1 33 50
2 59 1 3 55
1 74 1 05 60

|=yxvwtv |=Q@ s�=k Q=@ =@ |oDN}Uo |x_Lr QO |WQ@ |wQ}v C=Q}}eD "10 pmW
"OOHt w x}rw= |=yxOQwNCUO CLD '|m} Swrw}@ VwQ x@ xOWxDv=t}U

Ov=wD|t Qt= u}= xm 'OQ}o@ OwN x@ xv=OR} Q |=yl =N |B wQDwUm}D uwJty |D}Y=N
"OW=@ QF-wt Q=}U@ 'uw}U=Dv=t}U ẁv u}= R= |OQ@ Q=m |=yxO=iDU= QO

'l =N | =yxvwtv |WQ@ Ctw=kt QO |oOQwNCUO Q}F-=D QDy@ |xU}=kt Qw_vt x@
xvwtv |WQ@ Ctw=kt s}UQD QO 2 pwOH G}=Dv R= u; QO xm 'CU= xOW x�=Q= 10 pmW
"CU= xOW xO=iDU= s}kDUt VQ@ V}=tR; Qy QO xvwtv Qy Q@ xOQ=w s�=k Q=@ x@ C@Uv
|xvwtv QO |oOQwNCUO Q}F-=D '10 pmW j@=]t 'CU= xQ=W= R}v ,q@k xm Qw]u=ty
QO |yHwD p@=k Q}F-=D |m} Swrw}@ uw}U=Dv=t}U QF= w 'xOw@ R}J=v Q=}U@ xOWxDv=t}U

"CU= xDW=O R}tD |xU=t x@ C@Uv xOWxDv=t}U |xU=t Ctw=kt V}=Ri=

xOWxDv=t}U l =N Q=DN=U QO O=tHv= � ?wP |=ypm}U QF= "2"3
l} u=wvax@ xQ=wty 'u=Ov@N} w ?wP |=ypm}U p=ta= R}v w CQ=QL xHQO C=Q}}eD
Ctw=kt Vy=m QO pt=a u}= "OwQ|t Q=tW x@ l =N |=yxvwtv |oOQwNCUO pt=a
Vy=m QO Q=PoQ}F-=D pt=a l} u=wva x@ xQ=wty w OQ=O |}=RUx@ Q}F-=D l =N |WQ@
?wP |=ypm}U QF= |UQQ@ Qw_vt x@ "OQ}o|t Q=Qk |UQQ@ OQwt =yl =N Ctw=kt
l =N xvwtv 12 '|QyW j]=vt QO |oOQwNCUO pt=a l} u=wvax@ u=Ov@N} w
pm}U l} CLD 4 pwOH j@=]t w xOW xDN=U |m} Swrw}@ VwQ x@ xOWxDv=t}U

"Ov=xDiQo Q=Qk u=Ov@N} � ?wP

CLD '|m} Swrw}@ VwQ x@ xOWxDv=t}U |=yxvwtv |WQ@ Ctw=kt "2 pwOH
"OOHt w x}rw= |=yxOQwNCUO

(kg) |WQ@ |wQ}v s�=k Q=@xOQwNCUO CLD |xvwtv |xvwtv
(kg)OOHt x}rw= x}rw=

290 295 300 15
295 300 310 20
310 315 5 320 25
320 325 330 30
330 336 340 35
341 349 355 40
355 360 365 45
364 370 375 50
375 379 385 55
394 397 401 60

s}kDUt VQ@ uwtR; R= |HwQN G}=Dv "CU= xOW |Q}oxR=Ov= 2 pwOH j@=]t Cw=iDt
|oDN}Uo |x_Lr QO|WQ@ |wQ}v u=R}t 's�=k Q=@V}=Ri= =@ xmCU= u; |xOvyOu=Wv
xOWxDv=t}U Q=DN=U uOw@uoty w |DN=wvm} Q@ CrqO Qt= u}= xm 'CU= xDi=} V}=Ri=
Qw_vt x@ "OQ=O l =N |WQ@ Ctw=kt V}=Ri= x@ uw}U=Dv=t}U ẁv u}= C@Ft MU=B w
|Qo}O |=yxvwtv 'xOWxDv=t}U l =N |WQ@ Ctw=kt QO |oOQwNCUO QF= |UQQ@
\}=QW QO xOQwNCUO |=yxvwtv u}= "CU= xOW xDN=U x}rw= |=yxvwtv ?} QND R=
pY=L G}=Dv wxDiQo Q=Qk s}kDUt VQ@ V}=tR; CLD 'x}rw= |=yxvwtv x@=Wt |Q=PoQ=@
Ctw=kt |xv}W}@ 'x}rw= |xvwtv Ovv=t "Ov=xOW x�=Q= 2 pwOH QO QwmPt |=yV}=tR; R=
|wQ}v u=R}t 'T=U= u}ty Q@ "CU= xOW CW=OQ@ s�=k Q=@ |xv}W}@ QO R}v |WQ@
sQowr}m 60 s�=k Q=@ QO xm 'CU= sQowr}m 397 OwOL |oDN}Uo |x_Lr QO |WQ@
|xvwtv |WQ@ |=yCtw=kt u}@ |k]vt |xU}=kt x@ xHwD =@ "CU= xOW pY=L
QF= QO Ctw=kt Vy=m \UwDt u=R}t xm Ci=} QO u=wD|t xOQwNCUO |xvwtv w x}rw=
|xU}=kt Qw_vt x@ "OUQ|t Q_v x@ |R}J=v Q=Okt xm 'CU= �2 OwOL |oOQwNCUO
?} QND R= |twU |=yxvwtv '=yxvwtv OOHt |oOQwNCUO QF= j}kO |UQQ@ w QDy@
Ctw=kt |Q}oxR=Ov= w x@=Wt |Q=PoQ=@ \}=QW =@ "CU= xOW xDN=U swO |=yxvwtv
T=U=Q@ "CU= xDiQo Q=Qk |UQQ@ OQwt xQ=@ wO G}=Dv 's}kDUt VQ@ uwtR; QO |WQ@
|=yxvwtv x@ C@Uv |WQ@ Ctw=kt Vy=m w |oOQwNCUO QF= 'xOWpY=L G}=Dv
OwOL ?}DQD x@ 'OvOw@ xDiQo Q=Qk |oOQwNCUO Q=JO Q=@ l} xm |}=yxvwtv w x}rw=
xOWxDN=U |=yxvwtv |x}k@ Ctw=kt Vy=m OYQO |xU}=kt "OvDUy OYQO 4 w 2
xOW x�=Q= 3 pwOH QO x}rw= |=yxvwtv =@ |oOQwNCUO swO w pw= |=yxrLQt QO
x}rw= |=yxvwtv x@ C@Uv xrLQt Qy QO |WQ@ Ctw=kt C=Q}}eD u; j@=]t xm 'CU=

"CU= R}J=v Q=}U@
Q=Qk sQowr}m 20 s�=k Q=@ CLD xm CU= |}xvwtv x@ \w@ Qt C=Q}}eD u} QDW}@
C@Uv �4 8 OwOL |WQ@ Ctw=kt Vy=m C=Q}}eD R}v Cr=L u}= QO "CU= xDiQo
R}J=v Q}F-=D Qou=}=tv Qt= u}= "CU}v O=} R u=OvJ xm 'CU= x}rw= |=yxvwtv Ctw=kt x@
CQ=@ax@ "OvwW|t xDv=t}U |m} Swrw}@ VwQ x@ xmCU= |}=yxvwtv QO |oOQwNCUO
j} QRD R= TB 'OQ=O R}J=v |WQ@ Ctw=kt =OD@= QO xm '|}xU=t l =N |xvwtv 'Qo}O
'OwW|t q=@ Ctw=kt =@ CNU l =N xvwtv l} x@ p}O@D |m} Swrw}@ uw}U=Dv=t}U
,=@} QkD w Ovm |R=UR=@ =Q OwN u}W}B Q=DN=U CU= QO=k |oOQwNCUO QF= CLD xm
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"""C
=Q}}e

Dw
Q=DN

=UQ
O|

oOQw
NC

UO
Q=F;

|@=}
RQ=|=yxvwtv x@ C@Uv xOWxDv=t}U |=yxvwtv Ctw=kt Vy=m OYQO G}=Dv "6 pwOH

"u=Ov@N} � ?wP |=ypm}U CLD x}rw=
=tO QO Ctw=kt Vy=m OYQO

�sQowr}m � s�=k Q=@
u=Ov@N} ?wP 15 25 35
�3 +7 0 5 0 2 0 2
�7 +7 2 1 4 1
�10 +7 7 6 2 6
�20 +7 10 9 8 2

'OQ=Ov 'Ov=xOW xDv=t}U |m} Swrw}@ VwQ x@ xm '|}xU=t |=yl =N Ctw=kt Vy=m
|=yV}=tR; QO "CU= O=Qo|Dv=U xHQO �10 Q} R u=Ov@N} |=tO xm |v=tR ,=YwYN
QO xm 'CU= xDiQo Q=Qk |@=} RQ= OQwt u=Ov@N} � ?wP |=ypm}U O=OaD QF= |Oa@
u; Qo}O xHwD p@=k |xDmv "OW Oy=wN xDN=OQB ẁ[wt u; |UQQ@ x@ Qo}O |Q=DWwv
V}=Ri= QO |yHwD p@=k Q}F-=D |m} Swrw}@ uw}U=Dv=t}U '11 pmW j@=]t xm CU=
Q}}eD '=tO C=Q}}eD =@ w xDW=O R}tD |xU=t x@ C@Uv xOWxDv=t}U |xU=t Ctw=kt

"CU= xOQmv |v=OvJ

|Q}oxH}Dv "4
Ctw=kt QO =tO C=Q}}eD w Q=DN=U QO |oOQwNCUO Q=F; |UQQ@ x@ VywSB u}= QO
'Qw_vt u}= |=Q@ "CU= xOW xDN=OQB |m} Swrw}@ VwQ x@ xOWxDv=t}U l =N |xvwtv
w xDiQo Q=Qk |UQQ@ OQwt CN=wvm} |Ov@xv=O =@ CU )U |}xU=t |xvwtv l} =OD@=
xOW xDN=OQB u; Ctw=kt |@=} RQ= x@ '|m} Swrw}@ VwQ x@ uw}U=Dv=t}U j} QRD R= TB
=tO C=Q}}eD w Q=DN=U QO |oOQwNCUO CLD xOWpY=L |=yxvwtv TBU "CU=
xOW |UQQ@ xOWC}@FD l =N Ctw=kt Vy=m QO QwmPt pt=wa Q}F-=D w Ov=xDiQo Q=Qk

%CU= xOW pY=L G}=Dv u}= 'xOWs=Hv= C=ar=]t T=U=Q@ "CU=
R}tD |}xU=t l =N Ctw=kt Ov=wD|t |m} Swrw}@ uw}U=Dv=t}U VwQ R= xO=iDU= "1
XwYNt uRw xrY=L G}=Dv T=U=Q@ "OyO V}=Ri= |yHwD p@=k Q=Okt x@ =Q
uOWQ)B R= |W=v V}=Ri= u}= xm 'CU= xOQm =O}B V}=Ri= �11 OwOL =D l =N
G}=Dv xmv; ut[ "CU= |m} Swrw}@ O=wt j} QRD QF= QO C=QP u}@ |r=N |=y=[i
V}=Ri= w p=mU=B wr}m 250 x@ QiY R= |oOv@UJ Q}}eD R= |m =L '=yV}=tR;
l =N Ctw=kt V}=Ri= Qou=}=tv Qt= u}= "CU= �14 OwOL =D l =m]Y= |x} w=R

"CU= |m} Swrw}@ VwQ R= j} QRD =@
Q=Qk Q=DN=U QO |oOQwNCUOCLD Q=@ 2 xm|}=yxvwtv |wQ Q@ xOWpY=L G}=Dv "2
xOWC}@FD |=yl =N QO |WQ@ Ctw=kt Vy=m u=R}t xm OyO|t u=Wv 'Ov=xDiQo
C@Uv 'Ov=xDiQo Q=Qk |oOQwNCUO Q=@ 2 w Q=@ 1 CLD xm |m} Swrw}@ VwQ x@
=Pr "OvDUy OYQO 4 8 w 2 OwOL ?}DQD x@ 'xOWC}@FD |x}rw= |=yxvwtv x@
xDW=Ov l =N |=yxvwtv QO |v=OvJ Q}F-=D |oOQwNCUO xm Ci=} QO u=wD|t

"CU=
|oOQwNCUO x@ C@Uv |QDW}@ ?D=Qt x@ Q}F-=D Ov=wD|t CQ=QL xHQO C=Q}}eD QF= "3
T=U=Q@ "OW=@ xDW=O xOWC}@FD l =N Ctw=kt Vy=m QO 'l =N Q=DN=U QO
�20 |=tO QO w sQowr}m 15 s�=k Q=@ QO Ctw=kt Vy=m |xv}W}@ 'xrY=L G}=Dv
V}=Ri= =@ "CU= �10 OwOL u; Q=Okt xm 'CU= xOW pY=L O=Qo|Dv=U xHQO

"=yxvwtv Q@ xOWp=ta= u=Ov@N} � ?wP |=ypm}U C=YNWt "4 pwOH
=tO O=OaD pm}U QO |Q}oQ=Qk u=tR

=yxvwtv �Ca=U�
u=Ov@N} ?wP ?wP u=Ov@N}
�3 +7 3 12 12
�7 +7 3 12 12
�10 +7 3 12 12
�20 +7 3 12 12

xOWxDv=t}U |=yxvwtv |=Q@ |oDN}Uo |x_Lr QO |WQ@ |wQ}v G}=Dv "5 pwOH
"u=Ov@N} � ?wP |=ypm}U CLD

=tO |oDN}Uo |x_Lr QO |WQ@ |wQ}v
�sQowr}m � s�=k Q=@ |=Q@

u=Ov@N} ?wP 15 25 35
�3 +7 299 4 321 5 340 6
�7 +7 290 1 310 7 332 6
�10 +7 281 3 302 3 322 5
�20 +7 268 1 288 9 308 4

=yxvwtv |oDN}Uo |x_Lr QO s�=k Q=@ x@ C@Uv |WQ@ |wQ}v Q=Owtv "11 pmW
"hrDNt u=Ov@N} � ?wP |=ypm}U CLD

|WQ@ Ctw=kt '=ypm}U s=tD= R= TB w xOW xO=O Q=Qk xvwtv 3 'pm}U Qy QO
s�=k |=yQ=@ u=}t R= "CU=xDiQo Q=Qk |@=} RQ= OQwt s}kDUt VQ@ V}=tR; QO =yv;
sQowr}m 35 w 25 '15 Q=@ 3 ?}DQD x@ 'xOQwNCUO w x}rw= |=yxvwtv QO xOWp=ta=
pY=L G}=Dv x@ xHwD =@ "Ov=xOW xO}HvU xOWQmP |=yQ=@ CLD =yxvwtv w ?=NDv=
QO 'xrY=L G}=Dv j@=]t "Ov=xOW x�=Q= 11 pmW w 5 pwOH 'QwmPt |=yV}=tR; R=
,qt=m Q=Okt u}= xm 'CU= �0 5 OwOL |WQ@ Ctw=kt C=Q}}eD '�7 =D �3 |=tO
x�=Q= 5 pwOH QO xm '=yV}=tR; R= xOWpY=L Q}O=kt x@ xHwD =@ "CU= TwULt=v
6 pwOH QO u=Ov@N} � ?wP pm}U CLD |=yxvwtv Ctw=kt Vy=m OYQO 'Ov=xOW
Q=@ QO Ctw=kt Vy=m |xv}W}@ 'QwmPt pwOH x@ xHwD =@ "CU= xOW xO=O V}=tv
u; Q=Okt xm 'CU= xOW pY=L O=Qo|Dv=U xHQO �20 |=tO QO w sQowr}m 15 s�=k
|WQ@ Ctw=kt Vy=m OYQO u}= u=R}t 's�=k Q=@ Q=Okt V}=Ri= =@ "CU= �10 OwOL
|=y=tO |=Q@ Ctw=kt Vy=m xm OQm xOy=Wt u=wD|t u}vJty "CU= xDi=} Vy=m
uOQmQ_vhQY p@=k xm 'CU= �2 R= QDtm 'O=Qo|Dv=U xHQO �10 R= QDq=@ u=Ov@N}
QO |v=OvJ Q}F-=D ,=twta u=Ov@N} � ?wP pm}U QF= xm Ci=} QO u=wD|t =Pr "CU=
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yt QF= xm Ci=} QO u=wD|t =Pr "CU= |UwULt=v ,qt=m Q=Okt xm 'CU= �0 5 OwOL
'O=Qo|Dv=U xHQO �10 Q} R u=Ov@N} |=tO |=Q@ ,=YwYN 'u=Ov@N} � ?wP pm}U
u; C=Q}F-=D CU= sRq Q=Okt u}= R= QDtm |=y=tO |=Q@ =t= "CU= |WwBsWJ p@=k

"OwW xOy=Wt l =N |WQ@ Ctw=kt Vy=m QO

"O@=}|t Vy=m '|WQ@ Ctw=kt Vy=m |xOWQmP OYQO u=R}t 's�=k Q=@ Q=Okt
R= QDq=@ u=Ov@N} |=y=tO |=Q@ Ctw=kt Vy=m xm OQm xOy=Wt u=wD|t u}vJty
ut[ "CU= uOQmQ_vhQY p@=k xm CU= �2 R= QDtm 'O=Qo|Dv=U xHQO �10
|WQ@ Ctw=kt C=Q}}eD ��7 =D �3 |=tO C=Q}}eD Ovv=t� =y=tO R= |NQ@ |=Q@ xmv;

CWwv=B
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