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19 2 51 94 Ca-G0
15 1 38 20 Ca-G1
11 6 17 11 Ca-G2

pNrND 'xv=OR} Q OYQO V}=Ri= =@ w xOw@ OYQO 11 6 w 15 1 '19 2 =@ Q@=Q@ ?}DQD
xvwtv |=yxQiL Q]k u} QDpw=ODt w l =N sQH OL=w QO =yxQiL sHL '|}xQPuwQO
"CU= l =N C=QP |xR=Ov=Vy=m p}rO x@ Qt= u}= xmCU= K[=w "CU= xDi=}Vy=m

Q=Wi |xLiY |=yV}=tR; G}=Dv "2"3
w xD=v@ Qm |=yl =N l =N � ?; |xYNWt |vLvt |xU}=kt "1"2"3

xD=m}r}U
xD=m}r}U w xD=v@ Qm |=yl =NhrDNt |=y|Ov@xv=O |=Q@ Q=Wi |xLiYV}=tR;G}=Dv
l =N wO G1 |Ov@xv=O |=Q@ SWCC 'u; j@=]t xm OwW|t xOy=Wt 8 pmW QO
40 OwOL =D G2 |Ov@xv=O |=Q@ w p=mU=B wr}m 20 OwOL =D xD=m}r}U w xD=v@ Qm
|=yQ=Owtv 'QDq=@ |=yVmt QO =t= "CU= j@]vt sy Q@ =yQ=Owtv w u=Um} p=mU=B wr}m
'u=Um} |=yVmt QO xD=v@ Qm l =N xm CQwYu}O@ 'CU= xDiQo xrY=i sy R= =yu;

"OQ=O xD=m}r}U l =N x@ C@Uv |QDW}@ ?; CW=Oyov p}Uv=DB
'=yxQiL "CU= xD=v@ Qm l =N QO |}xQPuwQO |=yxQiL OwHw p}rO x@ Qt= u}=
|=yxQiL R= =OD@= ?; w Ovv=t|t `=@W= 'u}}=B |=yVmt QO uOw@ lJwm Crax@
|=yxQiL 'sm |=y Vmt QO '`k=w QO "OwW|t x}rND �OvDUy QDnQR@ xm � |}xQPu}@
p}rO x@ =Pr 'Ov};|t ?=ULx@ SWCC pmW QO xOvvmu}}aD pt=a |}xQPu}@
SWCC Q=Owtv 'l =N wO |}xQP u}@ |=yxQiL xH}Dv QO w |Ov@xv=O uOw@ u=Um}
|=yxQiL 'QDq=@ |=yVmt QO =t= "CU= u=Um} ,=@} QkD sm |=yVmt QO =yu;
l =N ?; CW=Oyov p}Uv=DB QO |QDnvQQB Vkv 'xD=v@ Qm l =N |}xQPuwQO
'CU= QDtm xD=v@ Qm l =N QO ?; uOW |WmyR CaQU w Ovvm|t =i}= xD=v@ Qm
"CU= |QDq=@ |=yVmt sRrDUt =yu; |}xQPuwQO |=yxQiL R= ?; GwQN =Q} R
|=yl =N hrDNt |=y|Ov@xv=O QO ?; CW=Oyov C}r@=k QDy@ |xU}=kt CyH
|r=ta= |}=yv Vmt xU QO =yu; `=@W= |=yxHQO C@Uv 'xD=m}r}U w xD=v@ Qm
xm Qw]u=ty "CU= xOW x�=Q= 2 pwOH QO �p=mU=B wr}m 490 w 290 '148�
Vmt xU QO xD=m}r}U x@ xD=v@ Qm |=yxvwtv `=@W= |=yxHQOC@Uv 'OwW|t xOy=Wt
xOw@ G2 |Ov@xv=O R= QDnQR@ G1 |Ov@xv=O |=Q@ '|r=ta= |}=yv (SrCa=SrSi)

%CU=
(SrCa=SrSi)G1iSrCa=SrSi)G2

x@ C@Uv G1 |Ov@xv=O '�7 pmW� O=O u=Wv MIP |=yV}=tR; xm Qw]u=ty =Q} R
"OQ=O |QDW}@ |}xQP uwQO pNrND G2 |Ov@xv=O

xD=m}r}U w xD=v@ Qm |=yl =N |=Q@ SWRC 11|k=@]v= |=yQ=Owtv "2"2"3
w xOw@ Q@u=tR 'Vmt |Q}oxR=Ov= =@ XNWt l =N l} |=Q@ SWCC Q=Owtv sUQ
[5w4]"CU= OOaDt |=yV}=tR; sRrDUt SWCC Q=Owtv OOaDt \=kv uOQw; CUOx@
CU= R=}v QwmPt |=yV}=tR; G}=Dv R= xO=iDU= |=Q@ OQ=wt R= |Q=}U@ QO 'Qo}O hQ] R=
u=QoWywSB\UwD |Q=}U@ |=ypOt =Pr "OW=@ xDW=O OwHw u; R= |}xDUw}B |vLvt xm

"Ovry |xD=m}r}U l =N C=QP R= SEM Q}w=YD "6 pmW

"xD=v@ Qm l =N hrDNt |=y|Ov@xv=O |wQ Q@ MIP V}=tR; G}=Dv "7 pmW

33



"""l
=N?

;C
W=O

yov
C=}

YwY
N|

@=}RQ
=

"Ca-G0 l =N |=Q@ SWRC |k=@]v= Q=Owtv "9 pmW

"Ca-G1 l =N |=Q@ SWRC |k=@]v= Q=Owtv "10 pmW

OwHwt |k=@]v= \@=wQ u} QDy@ R= u=QoWywSB R= |Q=}U@ Qw=@ x@ xm �F �X |k=@]v=
[30w26]%CU=

� = �s
� 1

ln [e+ ( =a)n]m
�

(1)

'u; QO xm
a =  i

m = 3 67 ln
�
�s
�i

�
n = 1 31m+1

m�s
3 72s i

s = �i
 p �  i

%=yu; QO xm
'|tHL C@ w]Q OYQO %�

'`=@W= \}=QW QO |tHL C@ w]Q OYQO %�s
'Vmt % 

'|vLvt h]a |x]kv QO Vmt % i
'h]a |x]kv QO |tHL C@ w]Q OYQO %�i

"|ki= QwLt =@ |vLvt h]a |x]kv Q@ T=tt \N `]=kD % p
Qy |=Q@ 13 |r= 9 |=ypmW QO '1 |x]@=Q R= pY=L |k=@]v= |=yQ=Owtv
|@ wNx@ Q}N= |x]@=Q '=yu; j@=]t xm OwW|t xOy=Wt xD=m}r}U w xD=v@ Qm l =N wO

xD=m}r}U w xD=v@ Qm |=yl =N hrDNt |=y|Ov@xv=O |=Q@ SWCC Q=Owtv "8 pmW
"�Q=Wi |xLiY V}=tR;�

"G2 w G1 |=Q@ xD=m}r}U x@ xD=v@ Qm `=@W= xHQO |=yC@Uv "2 pwOH
Vmt SrCa=SrSi

G1 G2
148 3 29 1 71
290 3 10 1 96
4 90 30 7 2 11
u}ov=}t 3 15 1 92

G1=G2 C@Uv 1 64

|=yV}=tR; G}=Dv |=Q@ xDUw}B Q=Owtv w |[=} Q |=yxrO=at O=H}= hOy x@ hrDNt
l} Qy [27�23w7]"CU= xDi=} xaUwD w xOW x�=Q= x]kv OvJ \ki uDW=O =@ xOW xQ=W=
|UQQ@ hrDNt u=QoWywSB \UwD xm OvQ=O |Dwk w ha[ \=kv QwmPt \@=wQ R=
=@ SWCC Q=Owtv R= xOt; CUOx@ \=kv 'Q[=L VywSB QO [29w28]"CU= xOW
|x]@=Q� Ov=xOW VR=Q@ �1994� nv} R w OvqOQi |O=yvW}B |k=@]v= |x]@=Q ltm

34



4/
1|

xQ=t
W'

36
�2

|xQ
wO'

�13
99

u=DU
tR�

h}
QW

u=Qt
a|

UOv
yt "��1994�nv} R w OvqOQi pOt� SWRC |=yQ=Owtv|k=@]v= |=yQDt=Q=B "3 pwOH

	i �i �s n m a

3 7 0 33 0 48 2 47 1 38 3 7 Ca-G0
4 0 0 34 0 44 2 05 0 86 4 0 Ca-G1
6 0 0 40 0 50 1 83 0 82 6 0 Ca-G2
5 1 0 34 0 49 2 10 1 34 5 1 Si-G1
6 5 0 39 0 54 1 96 1 19 6 5 Si-G2

QO CW=Oyov p}Uv=DB xm CU= u; R= |m =L xD=v@ Qm l =N |=Q@ �QDtm n� QDtm ?}W
Qw]u=ty 'xwqax@ "CU= u=Um} |Ov@xv=O =@ xD=m}r}U l =N R= QDW}@ 'xD=v@ Qm l =N
w =wy |OwQw OOa 'xv=OR} Q OYQO V}=Ri= =@ 'l =N wO Qy |=Q@ 'CiQ|t Q=_Dv= xm

"CU= xDi=} V}=Ri= ?; CW=Oyov p}Uv=DB

Vmt pQDvm QDtwO= |=yV}=tR; G}=Dv "3"3
xtOkt "1"3"3

l =N � ?; |xYNWt |vLvt 'XNWt l =N l} |=Q@ |DL 'Ca}@] QO
hrDNt |=yC@ w]Q OYQO CLD SWCC |=y|vLvt "CU}v xv=o} w C@=F
|rY= Q=Owtv w 12|oOWQD |rY= Q=Owtv s=v x@ RQt wO u}@ 'l =N l} |=Q@
OwW lWN |v=}t `=@W= xHQO l} =D l =N xJv=vJ "OQ=O Q=Qk 13|oOWlWN
xm \@DQt `=@W= |xHQO � Vmt Q=Owtv 'OQ}o@ Q=Qk |oOWQD CLD TBU w
xDN=vW �nv}vmU=� 14|W} wB |vLvt u=wvax@ 'OQ}o|t Q=Qk Q}N= RQt wO u}@

"OwW|t
l =N � ?; |xYNWt |vLvt T} RQDU}y Ca}@] QO QF-wt |rY= pt=wa
|xR=Ov= `} RwD =@ \@DQt� QywH |Q]@ x@ hwQat QF= '|oOWlWN w QD \}=QW CLD
|xU}=kt |=Q@ [31]"CU= |oOWQD u}L QO Qwm |=yxQiL QO =wy uO=Di= Q}o w �=yxQiL
T} RQDU}y pm}U l} 'xD=m}r}U |=yl =N =@ xD=v@ Qm |=yl =N T} RQDU}y Q=DiQ
�|W}=B |oOWlWN � |oOWQD Q}Ut TBU w |oOWlWN Q}Ut l} p=ta= =@�
u=}=W "OW xU}=kt QwmPt l =N wO |=Q@ G}=Dv w p=ta= l =N wO Qy G1 |Ov@xv=O x@
?} QkD =@ w sm Q=}U@ 'xvwtv wO Qy |=Q@ sHL C=Q}}eD xm O=O u=Wv G}=Dv CU= QmP

"CU= uOQm Q_vhQY p@=k |@ wN
xD=m}r}U w xD=v@ Qm |=yl =N |m}rwQO}y T} RQDU}y Q=DiQ "2"3"3

|=yxQiL |r=tDL= Q}F-=D |UQQ@ 'xOW s=Hv= C=ar=]t R= Q[=L VN@ |rY= hOy
"CU=yu;|m}rwQO}yT} RQDU}y Q=DiQ QO xD=v@ Qm |=yl =N XwYNt|}xQPuwQO
Ca-G1 |=yxvwtv |wQ Q@Vmt pQDvm QDtwO= x=oDUO =@ xDiQo CQwYV}=tR; G}=Dv
=yxvwtv '|oOWlWN Q}Ut QO "OwW|t xOy=Wt 15 w 14 pmW QO Si-G1 w
=D �p=mU=B wr}m 9 R= xD=m}r}U |xvwtv |=Q@� p=mU=B wr}m 6 R= Vmt p=ta= CLD
QO xm OW p=ta= |W}=B |oOWQD Q}Ut u; p=@vO x@ w OvDiQo Q=Qk p=mU=B wr}m 100
Vy=m p=mU=B wr}m 18 x@ xvwtv wO Qy |=Q@ |}=ys=o |] Vmt 'xOW xQ=W= Q}Ut
p}rO "CU= xDi=} V}=Ri= |}=ys=o |] ,=OOHt |W}=B |oOWlWN Q}Ut TBU w
T} RQDU}y |xkrL QO CWoR=@ |x]kv u=wvax@ p=mU=B wr}m 18 Vmt ?=NDv=
|xLiY V}=tR; G}=Dv T=U=Q@ xm '�OW xQ=W= ,q@k xm Qw]u=ty� CU= u}= QwmPt
|oOWlWN |vLvt Si-G1 w Ca-G1 l =N wO |=Q@ SWCC |vLvt 'Q=Wi
'QDq=@ |=yVmt QO =t= 'CU= xOw@ x@=Wt p=mU=B wr}m 20 =D QwmPt l =N wO |rY=

"Ca-G2 l =N |=Q@ SWRC |k=@]v= Q=Owtv "11 pmW

"Si-G1 l =N |=Q@ SWRC |k=@]v= Q=Owtv "12 pmW

"Si-G2 l =N |=Q@ SWRC |k=@]v= Q=Owtv "13 pmW

Q}O=kt "CU= xOQm VR=Q@ V}=tR; OQwt l =N wO Qy |=Q@ =Q ?; CW=Oyov Q=DiQ
x@ 3 pwOH QO �a; n; m; and �s� 1 |x]@=Q x@ \w@ Qt |=yQDt=Q=B xOW x@U=Lt
|x]@=Q� F �X |k=@]v= |x]@=Q QO n w a|=yQDt=Q=B "Ov=xOW x�=Q= xYqN CQwY
"OvDUy SWCC Q=Owtv ?}W w l =N |=wy |OwQw OOa |xOv}=tv ?}DQD x@ '�1
|xQ} RH |xD=v@ Qm |=yl =N u}@ �13 |r= 9 |=ypmW� xOW QmP |=yQDt=Q=B xU}=kt
'xD=m}r}U l =N |=Q@ n w a |=yQDt=Q=B xm OyO|t u=Wv Ovry |xD=m}r}U w RtQy
|OwQw OOa 'xD=m}r}U l =N xm O=O u=Wv Qt= u}= "CU= xD=v@ Qm l =N R= QDnQR@
'Qo}O hQ] R= w OQ=O u=Um} |Ov@xv=O =@ xD=v@ Qm l =N x@ C@Uv |QDnQR@ |=wy

35



"""l
=N?

;C
W=O

yov
C=}

YwY
N|

@=}RQ
=w Q=Wi |xLiY x=oDUO R= xOt; CUOx@ |=y SWRC |xU}=kt"3"3"3

QDtwO=
p=ta= QO Vmt pQDvm QDtwO= w Q=Wi |xLiY x=oDUO wO Qy Q=m T=U= xJQo =
x=oDUO wO QO |}=yCw=iD OwHw p}rO x@ &CU= QwLt p=kDv= VwQ '=yxvwtv x@ Vmt
|xU}=kt 'u}= OwHw =@ "CW=O OwHw =yu; G}=Dv QO hqDN= OwHw u=mt= 'QwmPt
Q}Ut hqDN= OyO|t u=Wv x=oDUO wO G}=Dv u}@ 15 w 14 pmW QO xDiQo CQwY
u}= xm CU= Z=te=p@=k w sm Q=}U@ x=oDUO wO =@ xOW |Q}oxR=Ov= |oOWlWN
?U=vt |}=Q=m w CkO R}v w xDiQ Q=mx@ |=yx=oDUO |q=@ CkO |xOvyOu=Wv Qt=

"CU= Vmt p=ta= w |Q}oxR=Ov= QO QwLtp=kDv= VwQ

|Q}oxH}Dv "4
srUt xRwQt= "OvQ=O Q=Qk `=@W=Q}e \}=QW CLD u}tR K]U l}ORv |=yl =N QDW}@
|=y|Qw�D R= xO=iDU= =@ `=@W=Q}e |=yl =N |Q=DiQ C=YNWt Q}UiD xm CU= xOW
Q}PBu=mt= ,qt=m 'OwQ|t Q=mx@ `=@W= |=yl =N |=Q@ xm |Q=DiQ u}v=wk w l}Uqm
R= |}x_Lqtp@=k syU 'OvW=@ `=@W=Q}e\}=QWCLD xm |}xD=v@ Qm |=yl =N "CU}v
C=ar=]t "Ov=xDiQo Q@ QO =Q |rL=U |L=wv QO XwYNx@ |O}rm |=y xR=U |R=UQ} R
xD=m}r}U w xD=v@ Qm |=yl =N Q=DiQ u}@ |yHwDp@=k |=yCw=iD xm CU= xO=O u=Wv
|=yl =N |xv}tR QO xOW s=Hv= C=ar=]t G}=Dv s}taD u=mt= R= `v=t xm OQ=O OwHw
|oS} w u} QDsyt u=wvax@ l =N QO Vmt uOQm ^=Lr =@ "OwW|t xD=v@ Qm x@ xD=m}r}U
Q=_Dv= xD=v@ Qm |=yl =N |q=@ Pi=vt C@Uv Q=vm QO `=@W=Q}e |=yl =N |Q=DiQ
=yu; |m}v=mt Q=DiQ xH}Dv QO w xD=v@ Qm |=yl =N QO ?; CW=Oyov C}r@=k OwQ|t
VywSB QO =Pr "OW=@ xD=m}r}U |=yl =N R= QDxO}J}B w Cw=iDt `=@W=Q}e \}=QW QO
=@� xD=v@ Qm l =N Ci=@ w |}xQPuwQO |=yxQiL |:tm w |i}m |@=} RQ= R= TB 'Q[=L
Q=Wi |xLiY |=yV}=tR; R= |Q}oxQy@ =@ '�SEM w MIP |=yV}=tR; R= xO=iDU=
xD=m}r}U l =N =@ u; |xU}=kt w xD=v@ Qm l =N ?; CW=Oyov p}Uv=DB |xar=]t x@
T} RQDU}y Q=DiQ 'pQDvm Vmt QDtwO= x=oDUO |Q}oQ=m x@ =@ u}vJty "OW xDN=OQB

%CU= xOt; CUO x@ G}=Dv u}= w OW xar=]t xD=v@ Qm l =N |=Q@ |m}rwQO}y
OwHw R= |m =L 'xD=v@ Qm w xD=m}r}U l =N wO |=Q@ SEM Q} w=YD |xU}=kt "1
hqNQ@ "CU= xD=m}r}U l =N =@ xU}=kt QO xD=v@ Qm l =N |=Q@ |ia=[t pNrND
|=yxQiL 'RtQy |xQ} RH |xD=v@ Qm l =N C=QP 'Ovry |xD=m}r}U l =N C=QP
OQix@ QYLvt |=y|oS} w R= xm OvQ=O hrDNt |=yxR=Ov= =@ xHwD p@=k |}xQPuwQO

"Ov};|t Q=tWx@ xD=v@ Qm |=yl =N
xm O=O u=Wv xD=v@ Qm l =N |Ov@xv=O xU Qy |wQ Q@ MIP |=yV}=tR; G}=Dv "2
"CU= x_Lqtp@=k xD=v@ Qm l =NhrDNt |=y|Ov@xv=O |=Q@|}xQPuwQOpNrND
C=QP QO =yxQiL Q]k u} QDpw=ODt w |}xQPuwQO pNrND 'sQH OL=w QO sHL

"O@=}|t Vy=m xvwtv |xv=OR} Q OYQO V}=Ri= =@ l =N
|=Q@ x@=Wt |Ov@xv=O p}rO x@ xm O=O u=Wv Q=Wi |xLiY |=yV}=tR; G}=Dv "3
wO G1 |Ov@xv=O |=Q@ SWCC 'V}=tR;OQwt |xD=v@ Qm w xD=m}r}U |=yl =N
=D =yu; G2 |Ov@xv=O |=Q@ w p=mU=B wr}m 20 OwOL =D xD=m}r}U w xD=v@ Qm l =N
|=yVmt QO "Ov=xOw@ j@]vt sy Q@ =yQ=Owtv w u=Um} p=mU=B wr}m 40 OwOL
SWRC Q=Owtv xm CQwYu}O@ 'CU= xDiQo xrY=i sy R= =yu; |=yQ=Owtv 'QDq=@
x@=Wt |Ov@xv=O =@ xD=m}r}U l =N x@ C@Uv |QDtm ?}W =@ xD=v@ Qm l =N |=Q@

"�pQDvmVmt QDtwO=� Ca-G1T} RQDU}y xkrLl} w SWRC Q=Owtv "14 pmW

"�pQDvmVmt QDtwO=� Si-G1T} RQDU}y xkrLl} w SWRC Q=Owtv "15 pmW

|xU}=kt xm Ovm|t ltm ?=NDv= u}= =Pr &OQ}o|t xrY=i sy R= =yu; |=yQ=Owtv
l =N T} RQDU}y Q=DiQ QO =Q |}xQPuwQO |=yxQiL Q}F-=D |QDy@ wLv x@ xOW s=Hv=
Vmt QO `=@W= |xHQO Vy=m C@Uv xm OyO|t u=Wv G}=Dv "OyO u=Wv xD=v@ Qm
xD=m}r}U l =N R= QDW}@ ��30� xD=v@ Qm l =N |=Q@ |oOWQD Q}Ut QO p=mU=B wr}m 18

%CU= ��20��
Sr18

d � Sr18
w

Sr18
w

�
� 100 = 36 4� 28 2

28 2 � 100 � �30�
Sr18

d � Sr18
w

Sr18
w

�
� 100 = 35 5� 29 7

29 7 � 100 � �20

w xD=v@ Qm |xvwtv wO |@Uv |r=oJ w |Ov@xv=O |vLvt uOw@ u=Um} x@ xHwD =@
|W=v� xD=v@ Qm l =N |xv=owO pNrND 'Cw=iD |rY= pt=a 'V}=tR; OQwt |xD=m}r}U
wO 'OW xQ=W= xm xvwou=ty "CU= �xD=v@ Qm l =N QO |}xQPuwQO |=yxQiL OwHw R=
|Q]@ QF= 'l =N � ?; CW=Oyov |vLvt T} RQDU}y Ca}@] QO QF-wt |rY= pt=a
`} RwD =@ \@DQt QywH |Q]@ QF= xm 'CU= Qwm |=yxQiL QO =wy uO=Di= Q}o w QywH
l =N QO |}xQP uwQO |=yxQiL OwHw p}rO x@ Qt= u}= w CU=yxQiL |xR=Ov= ẁvDt
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