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�Colloidal Silica, Nano Silica� pwrLt R= u}vJty "CU= �40 2 Ot=H
R= QDlJwm =yv; |xR=Ov= xm Ot=H C=QP �50 9 |=Q=O w 1 03 XwYNt uRw =@

"OW xO=iDU= 'CU= QDtwv=v 50

"=yxv=OovU |Ov@xv=O Q=Owtv "1 pmW

|iQYt uD@C}i}m Ow@y@ pt=W =yuqwRwB hQYt |=yxR}ov= "OW|t xO=iDU= s}HL
s}Urm O}UmwQO}y =@ uOW?}mQD p}rO x@ |Q}PB?}U; Vy=m '|Q}PBPwiv Vy=m �
u=R}t V}=Ri= '�xOv@UJ sUH |}=R=tQo Vy=m w u=t}U |Q}o@; Vvm =w R= pY=L
xH}Dv QO w |SQv= hQYt Vy=m 'u; <=kDQ= =@ xmr@ C}i}m Vy=m uwO@ u=t}U O}rwD
C618-78 OQ=Ov=DU= [3]"CU=wy |oOwr; Vy=m w CU} R \}Lt ^iL x@ ltm

%Ovm|t h} QaD u}vJ =Q |vqwRwB O=wt 'ASTM

uOW|v=t}U VRQ= OwN |OwN x@ xm |D=v}twr; T}r}U =} |U}r}U |}xO=t�
=@ |rwtat |=tO QO w C@ w]Q CQw=Ht QO w CU= xOW QOwB CQwYx@ =t= 'OQ=Ov
uOW|v=t}U X=wN xm =Q |D=@}mQD w OyO|t |}=}t}W Vvm =w s}Urm O}UmwQO}y

�"OQw;|t OwHw x@ 'OvQ=O

wv=v |Qw=vi "3"1
O=wt X=wN Ow@y@ |=Q@ |Q=}U@ |=yO}t= 'wv=v Qwy_wv |Qw=vi 'Q}N= p=U OvJ QO
s=tD pta w QmiD |kqD |x]kv |xrRvtx@ w CU= xOQw; OwHwx@ u=yH QO hrDNt
|vi |=yCiQW}B |O}rm |=RH= R= |m} w hrDNt swra u=QoWywSB w u=OvtWv=O
utv}=i OQ=J} Q \UwD |Oq}t 1959 p=U QO wv=v |Qw=vi |xO}= "CU= Q[=L uQk
|x�=Q= =@ �OQ=O OwHw u}}=B Kw]U QO |O=} R |=[i� u=wva =@ |v=QvNU l} |]
s}kDUt CQwYx@ =Q =ysD= w =ypwmrwt s}v=wD|t l}ORv |}xOv}; QO xm x} Q_v u}=
O=a@= QO O=wt X=wN |UQQ@ x@ |Qw=vi u}= [4]"OW KQ]t 's}vm V}=Q; w |Q=mDUO
R= |Q=}U@ xm =Hv; R= "OR=OQB|t =yv; |Q}oQ=m x@ |ovwoJ w QDtwv=v 100 R= QDlJwm
'|Q=Wi Ctw=kt %Ovv=t� |m}v=mt X=wN xrtH R= 'xO=twv=v l} u=wvax@ uD@ X=wN
%Ovv=t� |t=wO X=wN w �|oOW`tH w VRN '|a=HDQ= pwOt '|WWm Ctw=kt
w |oOW?; pm}U Q@=Q@ QO s=wO 'Qrm uw} w =yC=irwU |}=}t}W CqtL Q@=Q@ QO s=wO
'CU= wv=v O=a@= QO Q=DN=U R= |W=v '�uw}U=D=v@ Qm |xO}OB Q@=Q@ QO s=wO w '|oORM}
"OQ=O OwHw uD@ |xOWO=} X=wN Ow@y@ QO wv=v |Qw=vi R= xO=iDU= |=Q@ |}=yO}t=
|}=yQ=DN=U w O=wt T=}kt QO 'Qo}O |=y|Qw=vi =@ wv=v |Qw=vi |rY= Cw=iD
,qwtat wQm}t O=a@= QO O=wt C=QP "OvQ}o|t Q=Qk xO=iDU= OQwt |Qw=vi u}= QO xm CU=
T=}kt QO xm |r=L QO 'OvyO|t u=Wv OwN R= xO=t |xOwD Cr=L x@=Wt |Y=wN
QO "OvQ=O xOwD Cr=L x@ C@Uv |R}=tDt ,qt=m |m} R}i C=}YwYN O=wt '|QDtwv=v
QO w s}DUy xO=t |xOwD x@ pwmrwt =} sD= |=QPo Cr=L l} QO wv=v O=a@= QO `k=w
'wv=v O=a@= =@ |=yQwr@ p=Ft |=Q@ "Ovm|t RwQ@ xO=t R= |}xS} w C=}YwYN Cr=L u}=
|NQ@ QO Cw=iD u}= w OvQ=O xO=t |xOwD Cr=L x@ C@Uv |QDtm Q=}U@ ?wP |=tO

[4]"O}UQ Oy=wN R}v O=Qo|Dv=U |xHQO 1000 =D OQ=wt
xmv; R= QDW}@ wv=v |Qw=vi xm OQm u=}@ u}vJ u=wD|t C=L}[wD u}= x@ xHwD =@
xOW OQ=w swra hrDNt |=yxv}tR QO xm CU= |O}OH OQm} wQ 'OW=@ O}OH |tra
OQm} wQ CQwQ[ lQO Qw_vt x@ "CU= xOQm O=H}= =yVwQ w =yx=oO}O QO |D=Q}}eD w
QO |r=N |=y=[i |}=U=vW |=Q@ u; Q=DN=UR} Q xm CU= sRq uD@ QO |Qw=vi wv=v
x@ u=wD|t |r=N |=y=[i u}= `=wv= u} QDsyt R= 'OQ}o Q=Qk xar=]t OQwt wv=v O=a@=
|=wy |=y?=@L w xv}} wt |=y=[i 's}Urm C=m}r}U pS QO |}x}q u}@ |=y=[i
xm CU= u; xHwDp@=k |xr�Ut "OQm xQ=W= uD@ =} w u=t}U Q}tN QO xOWTw@Lt
�|rS |=yxQiL 'C-S-H� s}Urm C=m}r}U pS QO |}x}q u}@ |=y=[i |tU= Q]k
OwOL QO u=QoWywSB \UwD 'OvyO|t p}mWD =Q pS sHL pm �28 OwOL QO xm

"CU= xOW u=}@ �QDt 10�10� swQDUov= 25 �5 u}@ =} w QDtwv=v 3�2
xOWxD=QO}y u=t}U Q}tN =} uD@ Q=DN=UR} Q QO OwHwt |=yxQiL Qo}O ẁv
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OW s=Hv= 4|}=OH uwDU V}=tR; |xwqax@ 'OvDUy sm =QDtOwN uD@ |=Q@ |Q}tN
QO sm =QDtOwN |=yuD@ R=Ht |=yxOwOLt 'xU}=kt Qw_vt x@ u}vJty "�2 pwOH�
x�=Q= 3 pwOH QO V}=tR; Qy |=Q@ [13w12]xOW s=Hv= C=k}kLD T=U= Q@ |Q}tN R=i
Q}O=kt x@ 2 pwOH QO xOt;CUO x@ Q}O=kt 'CU= XNWt xm xvwou=ty "CU= xOW
w xOW |L=Q] q=@ Ctw=kt sm =QDtOwN uD@ wv=v 'u}=Q@=v@ w CU= l}ORv |O=yvW}B

"CU= xOQm ?Um =Q |v=yH |=yQ=}at |Q}tN R=i QO
AtqU= u=} QH Q]k u}}aD V}=tR; "1"1"4

|xwLv "CU= xOW s=Hv= |vD@ |=yxvwtv |oOvvmQB C}r@=k u}}aD |=Q@ V}=tR; u}=
"CU= xDiQo CQwY [13] PCI ptar=QwDUO j@=]t V}=tR; u}= s=Hv=
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"""C
tw=k

t'|
Q}tN

R=i
G}=D

vQ@
Qr}i

wu
qwR

wBQ}
F- =D[13]"sm =QDtOwN uD@ |Q}tN R=i |=yV}=tR; pw@k p@=k |xOwOLt "3 pwOH

xOwOLt |Q}oxR=Ov= QDt=Q=B V}=tR;h}a[ \UwDt ?wN �P� xOW
P � 78 & P � 61 71 < P � 78 & 53 � P < 61 61 � P � 71 Flow (cm) AtqU= u=} QH Q]k

P � 8 6 < P � 7 P � 6 T50 (sec)

P < 0 54 0 54 � P < 0 85 0 85 � P � 1 0 h2/h1
L |x@aH

P > 26 14 < P � 26 P � 14 H SVIM���
P > 26 14 < P � 26 P � 14 V SVIM��� |}=OH uwDU

P < 0 54 0 54 � P < 0 85 0 85 � P � 1 0 h2/h1 J |xkrL

?}DQD x@ xm OvDUy |Oa@|@ |=yXN=W SMIi w SVIi '=yx]@=Q u}= QO xm
"OvyO|t u=Wv V}=tR; x=oDUO CtUk Qy Q@ =Q |tQH w |tHL |}=OH u=R}t
CtUk Qy QO uD@ �sHL� sQH OL=w QO =yxv=OovU uRw (SVIi) SMi `k=w QO
uD@ s=tD QO uD@ �sHL� sQH OL=w QO =yxv=OovU sQH u}ov=}t x@ V}=tR; x=oDUO
|t=tD |=Q@ O=Oa= u}= 'OyOv MQ |}=OH xm|DQwY QO "CU= V}=tR; x=oDUO pN=O

"Ow@ Oy=wN u=Um} =yCtUk
xDW=O =Q |Dw=iDt Q=Okt Ovv=wD|t '|}=OH uwDU CtUk Qy |=Q@ SVIi w SMIi

Qy |}=OH Q@=Q@ QO Ctw=kt u=R}t uO=Ou=Wv |=Q@ |YN=W u}}aD Qw_vt x@ "OvW=@
%OwW|t xO=iDU= 6 w 5 |=yx]@=Q R= 'KQ]

V SMIm =
i=5X
i=1
jSMIi � 1j � 100 (5)

V SVIm =
i=5X
i=1
jSVIi � 1j � 100 (6)

ltm =@ "OwW|t QiY Q@=Q@ SMIm w SVIm u=R}t '|}=OH OwHw sOa CQwY QO
2 pwOH QO G}=Dv w s=Hv= SCC2 w SCC1 KQ] wO |=Q@ Q}O=kt '6 w 5 |=yx]@=Q

"CU= xOt;
L |x@aH ltm x@ |ki= |}=OH |Q}oxR=Ov= V}=tR; "6"1"4

uOWxmwr@ |UQQ@ w |Q}PBu=} QH '|v=wQ u=R}t u}}aD Qw_vt x@ L |x@aH V}=tR;
C=aq]= uOQw;CUOx@ Qw_vt x@ =t= "OwW|t s=Hv= =yOQor}t |xr}Uwx@ =yxv=OovU
|x@aH|ki=CtUk [12]u=kkLt O=yvW}B T=U= Q@ 'C=QP|}=OH XwYN QO QDW}@
OwW|t s}UkD �xOvvm =OH |xJ} QO R=� |QDt|Dv=U 22 |w=Ut VN@ 3 x@ L

OQm =O}B u=} QH |ki= CtUk x@ |Owta CtUk R= uD@ xmv}= R= Oa@ "�3 pmW�
'�L |x@aH V}=tR;� OW |Q}oxR=Ov= |ki= CtUk |=yDv= w =OD@= QO uD@ `=iDQ= w

"pmW L |x@aH l}D=tW w Q}wYD "3 pmW

QO CmQL =@ |Rri lR=v |xLiY l} =@ 'O}UQ ?r=k |q=@ x@ uD@ K]U xm |t=ovy
hrDNt |=yCtUk 'xk}kO 15 =D 10 R= Oa@ "OwW|t h=Y |ki= w |Owta CyH
xv=o =OH CQwYx@ s=OmQy uRw w =OH sy R= |Rri lR=v |xLiY ltm x@ x=oDUO
?; =@ 4 |xQ=tW lr= |wQ uwDU CtUk Qy uD@ 'u} RwD R= Oa@ "OwW|t |Q}oxR=Ov=
uRw TBU "OvwW =OH 4 75mm R= QDtm Q]k =@ |=yxv=OovU =D OwW|t xDUW
QO xOWlWN CQwYx@ uwDU CtUk Qy |=Q@ lr= |wQ xOv=t|k=@ |=yxv=OovU

"OwW|t x@U=Lt �Ca=U 24 COt x@� um lWN
|Q=O}=B |tQH XN=W swyit wO ltm x@ |oOW=OH Q@=Q@ QO Ctw=kt
xm OvwW|t u=}@ '(V SVIi) s�=k |Q=O}=B |tHL XN=W w (V SMIi) s�=k

%2 w 1 |=yx]@=Q R= Ov=CQ=@a
V SMIi =

MCAi
MCi

MCA1
MC1

(1)

V SVIi =
MCAi

hi
MCA1

h1
(2)

's)=i CtUk �um lWN QO xOWlWN� xv=OovU sQH MCAi '=yv; QO xm
XN=W `k=w QO "CU= s)=i CtUk `=iDQ= hi w 's)=i uwDU QO xR=D uD@ sQH MCi

sQH OL=w QO xv=OovU sQH C@Uv Qou=}=tv �V SVIi u}vJty w�V SMIi

�sHL� sQH OL=w QO xv=OovU sQH x@ |}=OH uwDU CtUk Qy QO uD@ �sHL�
XN=W u=wvax@ h} QaD u}= "CU= V}=tR; x=oDUO (S1) |x}=B CtUk QO uD@
"OR=U|t umtt =Q Cw=iDt |=y\qDN= KQ] u}@ xU}=kt u=mt= '�CUWv� |}=OH
'=yCtUk |t=tD |=Q@ V SVIi wV SMIi ?}DQD x@ 'ODi=}v j=iD= |}=OH Qo =
xm CU= u}= |xOvyOu=Wv OL=w R= �QDlJwm � QDnQR@ Q=Okt Qy w OW Oy=wN OL=w

"OQ=O x}=B CtUk x@ C@Uv xv=OovU �|QDtm � |QDW}@ Q=Okt 'CtUk u;
Qy QO 'uwDU CtUk Qy QO =yxv=OovU |oOvm =QB u=R}t R= QDy@ lQO Qw_vt x@
p@=k 4 w 3 |=yx]@=Q =@ CtUk Qy OOa uOQm x}=Bsy =@ '|tHL w |tQH VwQ wO

%CU= |UQQ@
SMIi=

MCAi
MCi

i=5P
i=1

MCAi

i=5P
i=1

MCi

(3)

SVIi =
MCAi

hi
i=5P
i=1

MCAi

i=5P
i=1

hi

(4)
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m=|
ra 5 w 4 |=ypmW QO hrDNt u}vU QO |@amt |=yxvwtv |Q=Wi Ctw=kt V}=tR;

CQwY QO xm CU= uU Qy |=Q@ V}=tR; 3 u}ov=}t G}=Dv u}= "CU= xOW xO=O u=Wv
u}= '�q=@ Q=}at R= h=QLv=� G}=Dv u}ov=}t =@ V}=tR; l} |xH}Dv u}@ O=} R hqDN=

"Ci=}|t V}=Ri= uU Qy |=Q@ V}=tR; 5 x@ O=OaD
xOW|Q}oxR=Ov= |@amt |=yxvwtv ?; ?PH u=R}t 'hrDNt u}vU QO u}vJty

"CU= xOW xO=O u=Wv 6 pmW QO w �sQo ?UL Q@�
xOW x}yD 7 pmW =y\qDN= KQ] Ctw=kt ?Um OvwQ |xU}=kt Qw_vt x@
xRwQ 28 uU QO SCC1 |xvwtv xm OwW|t XNWt 'pmW u}= x@ xHwD =@ "CU=
QO xm |DQwY QO 'OQ=O =Q ?; ?PH Q=Okt u} QDtm w |Q=Wi Ctw=kt u} QDW}@
Ctw=kt Q=Okt u} QDtm '?; ?PH Q=Okt u} QDtm OwHw =@ 'RwQ 28 R= QDtm u}vU
xOQm ?Um �u=t}U =@ xOWu} Ro}=H uqwRwB p}rOx@� �SCC2� |vqwRwB |xvwtv =Q

"CU=

"SCC1 xQwLtlD |Q=Wi Ctw=kt ?Um Q=Owtv "4 pmW
�$A�

"SCC2 |xQwLt lD |Q=Wi Ctw=kt ?Um Q=Owtv "5 pmW

"|@amt |=yxvwtv ?; ?PH u=R}t "6 pmW

'|Rri lR=v |=yjQw ltm x@ TBU &OwW|t =yQ xk}kO 10 =D 5 COt x@ x=oDUO
xv=o =OH hQ_ uwQO CtUk Qy uD@ &OvwW|t =OH sy R= hrDNt |=yCtUk uD@
uRw w xDUW 4 |xQ=tW lr= |wQ CtUk Qy uD@ TBU "OwW|t uRw w xDN} Q
"OwW|t |Q}oxR=Ov=CtUk Qy |=Q@ umlWN uwQO uOWlWN R=TB =yxv=OovU
(H SMIi) |tQH |Q=O}=B XN=W wO ltm x@ |ki= |oOW=OH Q@=Q@ QO Ctw=kt

%R= OvDQ=@a xm OwW|t u=}@ (H SVIi)|tHL w

H SMIi =
MCAi
MCi

MCALV
MCLV

(7)

H SMIi =
MCAi
MCi

MCALV
MCLV

(8)

um lWN QO xOWlWN |xv=OovU sQH (MCALV) MCAi '\@=wQ u}= QO xm
V w &�LV� s)=i CtUk |xR=D uD@ sQH (MCAi) MCi &�LV� s)=i CtUk |=Q@

"CU= L |x@aH s)=i CtUk QO uD@ sHL (VLV)

xJv; x@=Wt '|ki= |=DU=Q QO |}=OH Q@=Q@ QO Ctw=kt XN=W |x@U=Lt |=Q@
%OQm xO=iDU= u=wD|t 12 |r= 9 |=yx]@=Q R= 'OW u=}@ |}=OH uwDU |=Q@

H SMIi=
MCAi
MCi

i=4P
i=1

MCAi

i=4P
i=1

MCi

(9)

H SMIi=
MCAi

Vi
i=4P
i=1

MCAi

i=4P
i=1

Vi

(10)

H SMIm =
i=4X
i=1
jH SMIi � 1j � 100 (11)

H SVIm =
i=4X
i=1
jH SVIi � 1j � 100 (12)

uD@ |oOWCNU R=i "2"4
|=yxvwtv R= u=DUrov= |xt=vu}�; j@=]t xQwLtlD |Q=Wi Ctw=kt u}}aD Qw_vt x@
TB w GQ=N ?r=k R= RwQ 1 R= TB |vD@ |=yxvwtv "OW xO=iDU= |@amt
|}xv=wDU= |xvwtv xU u}vJty "OvOW |Qw;pta ?=kQe CQwYx@ 'u} RwD R=
|xQwLtxU V}=tR; s=Hv= Qw_vt x@ QDt|Dv=U 14 5 `=iDQ= w 6 5 Q]k x@
w OvOW GQ=N ?r=k R= RwQ 1 R= TB |@amt |=yxvwtv Ovv=ty w xOW|R} QuD@
Q=Qk V}=tR; OQwt xRwQ 28 uU QO w |Qw;pta ?=kQe CQwYx@ 'u} RwD R= TB

"OvDiQo
xQwLtlD |Q=Wi V}=tR; "1"2"4

V}=tR; OQwt xRwQ 28 w 14 '7 '3 '1 hrDNt u}vU QO |Q=Wi ?amt |=yxvwtv
|Q}oxvwtv ?r=k |@v=H Kw]U =@ T=tD QO xm '|vD@ |xvwtv R= K]U wO "Ov=xDiQo Q=Qk
Q@ x=oDUO C=LiY R= |m} "OvOW xO=O Q=Qk V}=tR; u}W=t RmQt QO 'Ov=xOW h=Y
OyO|t j}@]D xvwtv K]U =@ =Q OwN w CU= Q=wDU= |wQm Q=mOwN |xOvvms}_vD |wQ
'�load cell� GvUQ=@ x@ V}=tR; x=oDUO� OwW =[Q= xQwLtlD V}=tR; \}=QW =D
w CU= RyHt =yxO=O QoVR=OQB w �Q=@ V}=Ri= Qy =@ VvQm C�=Qk Qw_vt x@� QoTL
G}=Dv "�CU= sy=Qi |Q=WiCtw=kt |=yxvwtvVvQm �VvD Q=Owtv sUQ u=mt= u}=Q@=v@
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"RwQ 14 uU QO SCC1 VvQm� VvD Q=Owtv "8 pmW

"q=@ Ctw=kt sm =QDtOwN uD@ wv=v |xQwLtxU V}=tR; "9 pmW
|xQwLt xU V}=tR; R= |Q} wYD [6]"CU= Q=}DN= QO sm =QDtOwN uD@ wv=v |xQwLtlD
xOW xO=O u=Wv 9 pmW QO q=@ Ctw=kt |wv=v |w=L sm =QDtOwN uD@ |=Q@ xOWs=Hv=

"CU=
OwHw |Dw=iDt |=yx} Q_v 'xQwLtxU V}=tR; R= xOt;CUOx@ G}=Dv p}rLD |=Q@
u}= QO xm |}=Hv; R= um}r "CU=yv; u} QDQwyWt R= ?trm � Qywt x} Q_v xm 'OQ=O
uD@ |=Q@ 'Ovvm|tv ptLD =Q |WWm xvwoI}y Kr=Yt xm CU= u}= Q@ ZQi x} Q_v
CLD CUmW uO=Ou=Wv |=Q@ VwQ u} QDu=U; xm =Hv; R= =t= "OQ=Ov |v=OvJ OQ@ Q=m
lOv= u; Q=Wi x@ C@Uv uD@ |WWm ptLD ,qwtat w CU= xQwLt OvJ |=yVvD
xO=iDU= OQwt j}kLD u}= QO xm |DUmW |x} Q_v [5]"OQ}o|t Q=Qk xO=iDU= OQwt 'CU=
x@ QO=k Kr=Yt Q=}at u}= QO xm 'CU= uw=Q@ � lwy CUmW Q=}at 'CU= xDiQo Q=Qk
CU= Q=wDU= =]N w |aU VwQ Q@ ,=U=U= 'CUmW Q=}at u}= "OvDUy VWm ptLD

[16]%OwW|t u=}@ 13 |@ QHD |x]@=Q CQwYx@ w
�1= �3+�c[m�3

�c
+s]

12 (13)

|rY= QF-wt VvD �3 'CUmW |x_Lr QO xv}W}@ |rY= QF-wt VvD �1 'u; QO xm
x@ \w@ Qt QDt=Q=B m 'xQwLtlD |Q=Wi Ctw=kt �c 'CUmW |x_Lr QO xv}tm
xm Kr=Yt QO RQO u=R}t =@ \@DQt '1 =D 0 u}@ |QDt=Q=B S 'Kr=Yt xOwD X=wN
Q=Okt 'uD@ |=Q@ ?re= "CU= 1 =@ Q@=Q@ 'Qm@ nvU xrtH R= RQO uwO@ Kr=Yt |=Q@
xDiQo Q_v QO 0 95 =@ Q@=Q@ S Q=Okt j}kLD u}= QO "OwW|t Qw_vt 1 =D 0 9 u}@ S

"OW
w xOW s=Hv= |QwLt xU V}=tR; Q=@ 3 \qDN= KQ] Qy |wQ xmv}= x@ xHwD =@
13 |x]@=Q QO xQwLtxUV}=tR; G}=Dv |Q=Po}=H =@ 'OvDUyXNWt �c w S Q}O=kt

"uwo =vwo |=y\qDN= KQ] Ctw=kt ?Um OvwQ |xU}=kt "7 pmW

|=yuD@ u}vJty w [8]'|vqwRwB sm =QDtOwN |=yuD@ OQwt QO xOWs=Hv= C=k}kLD
Vy=m x@ QHvt uD@ QO u} Ro}=H uqwRwB OwHw xm OvO=O u=Wv [5w3]|vqwRwB |DvU
|vD@ |=yxvwtv x@ C@Uv QDq=@ u}vU QO Ctw=kt V}=Ri= w x}rw= u}vU QO Ctw=kt
R}v �7 pmW� sm =QDtOwN uD@ wv=v |=Q@ |}xH}Dv u}vJ "OwW|t �uqwRwB Ok=i� Oy=W
Vy=m Ea=@ 'u} Ro}=H uqwRwB OwHw OvJ Qy 'Qo}O CQ=@ax@ "CU= OQ@ Q=m |=Q=O
u}= \ki xv 'QDq=@ u}vU QO =t= 'CU= xOW x}rw= u}vU QO uD@ Ctw=kt ?Um OvwQ
|xvwtv x@C@Uv QDW}@Ctw=kt?UmEa=@ xmr@ 'CU= xOQm =O}BVy=m |@UvCi=
j=iD= RwQ 14 R= TB syt u}= 'SCC1 \qDN= KQ] |=Q@� CU= xOW uqwRwB Ok=i

"��7 pmW� CU= xO=Di=
sm =QDtOwN uD@ wv=v VvQm� VvD Q=Owtv "2"2"4

=@ |}=vW; 'O=} R w sm |xrRrR COW =@ j]=vt QO KrUt uD@ |=yxR=U |L=Q] Qw_vt x@
C}ty= �CU= |iQYt uD@ VvQm� VvD Q=Owtv CN=vW Qw_vt� uD@ OQmrta |xwLv
\ki sm =QDtOwN uD@ OQwt QO C=k}kLD QDW}@ 'OvyO|t u=Wv =y|UQQ@ "OQ=O |O=} R
uD@ ẁv u}= VvQm � VvD Q=Owtv xm |r=L QO 'Ov=xDN=OQB uD@ |Q=Wi Ctw=kt x@
Q=DiQ R= u=wD|t Kr=YtVvQm �VvD Q=Owtvltm x@ u}vJty "CU= xOv=t xDN=vW=v
CyH u}vJty w |}=yv w |Q=OQ@xQy@\}=QW R=l} Qy QO =yxR=U QO |iQYt Kr=Yt
'CU= R}NxrRrR j]=vt QO |O=} R C}ty= |=Q=O xm u; |Q}PBpmW ?} Q[ u}}aD
K]U Q@|m}v=mt w|m} QDmr= |=yQoTL?Yvltm x@ j}kLD u}= QO "OQm xO=iDU=
=yv; |Q=Wi Ctw=kt u}}aD =@ u=tRsy =yxvwtv VvQm� VvD Q=Owtv '|@amt |=yxvwtv
xO=O u=Wv 8 pmW QO =yv; R= |}xvwtv w CU= xOW u}}aD |QwLt lD V}=tR; QO
Qw]u=ty "�CU= uD@ ẁv u}= |=Q@ q=@ |Q}PBpmW ?} Q[ |=} wo pmW� CU= xOW
QakD |=Q=O VvQm � VvD Q=Owtv |OwaY |xN=W 'OwW|t x_Lqt pmW u}= QO xm
"OwW|t xDiQo Q_v QO |]N CtUk u}= '|Qw�D QO xm |r=L QO "CUq=@ x@ wQ
OwHwt p@k R= |=ylQD uOWxDU@ xrtH R= OQwt u}= QO =Q |OOaDt p}qO u=QoWywSB
[15]"Ovvm|t |Qw;O=} =Q =yxv=OovU pwL u=t}U Q}tN |oOW`tH R= |W=v 'uD@ QO
QDh}a[ |oOW=OH w |oDN=Ov=?; p}rO x@ uD@ |}q=@ |L=wv xm |}=Hv; R= u}vJty

"Ow@ Oy=wN |ak=w Q=Okt R= QDnQR@ R}v =yVvQm 'CU= uD@ |xOwD R=
xQwLtxU V}=tR; "3"2"4

s-=wD |=yVvD CLD CU= umtt |vD@ w[a '|vD@ |=yxR=U QO xm |}=Hv; R=
xQwLt OvJ |=yVvD CUmW p}rLD u}=Q@=v@ 'OQ}o Q=Qk VQ@ w 'VWm 'Q=Wi
=y|UQQ@ [5]"OwW|t s=Hv= Kr=Yt Q_vx]kv R= xv w xO}OB l} u=wvax@ ?re=
uD@ wv=v |=Q@ |W}=tR; u}vJ 'xQwLtxU V}=tR; C}ty= OwHw =@ 'OyO|t u=Wv
V}=tR; |=Q@ |H}=Dv u}vJ OvJQy 'CU}v Q=}DN= QO q=@ Ctw=kt sm =QDtOwN
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ra 'CUmW |xLiY |x} w=R u}vJty w |WQ@ w p=tQv VvD uOWXNWt =@

|@v=H |=yQ=Wi |=Q@ jwi ?D=Qt Q=QmD =@ w OQm sUQ u; |=Q@ =Q Qwt |xQ}=O u=wD|t
x=oDUO QO xvwtv |=Q@ =Q Qwt |oDN}Uo VwB u=wD|t 'Qwt Q}=wO sUQ w Cw=iDt
w sUQ \qDN= KQ] wO |=Q@ Qwt Q}=wO '12 w 11 |=ypmW QO "OQm sUQ � � �
4 xHQO |vLvt l} =@ VwB |vLvt 'CUmW |xLiY |=yVvD ltm x@ TBU
'12 w 11 |=ypmW QO xOWxO=O u=Wv |x]@=Q ltm =@ "CU= xOW xOR u}tND
u}tND u}= xm 'OR u}tND p=tQv VvD u=R}t ?UL Q@ =Q |WQ@ VvD u=R}t u=wD|t
x�=Q= =t x@ =Q |Q=PoQ=@ hrDNt |=yCr=L QO uD@ Q=DiQ R= |@U=vt x=oO}O Ov=wD|t

"Ovm
"xQwLt xU |=yV}=tR; G=Dv "4 pwOH
SCC2 SCC1 \qDN= KQ]
�9 66 �15 �t
116 8 117 6 �1

30 30 �3
62 8 66 5 2�
43 74 43 37 �

36 25 41 27 �

"SCC1 |xvwtv Qwt VvD VwB sUQ "11 pmW

"SCC2 |xvwtv Qwt VvD VwB sUQ "12 pmW
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