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(asf ) XwYNt K]U CL=Ut �
Q=}U@ CQ=QL p=kDv= K]U xHwD p@=k V}=Ri= p}rO x@ =yswi OW xQ=W= xm Qw]u=ty
|Q=DN=U X=wNu} QDsyt R= XwYNtK]Up}rOu}ty x@ "Ov=xDiQo Q=Qk xHwD OQwt
[17]"CU= =yswi QO sQH w CQ=QL p=kDv= 'CmQL |UQQ@ QO syt |QDt=Q=B w swi

[15]%4 |x]@=Q xrtH R= "OQ=O OwHw |OOaDt \@=wQ =yswi XwYNt K]U

asf = 3�ds
�

1� e�((1�")=0 04)
��

(0 59dp)2 (4)

(hsf ) |rLt |}=Hx@=H CQ=QL p=kDv= ?} Q[ �
p=kDv= ?} Q[ '=yswi QO CQ=QL p=kDv= |xar=]t QO Qo}O syt |=yQDt=Q=B xrtH R=
hqDN= uDiQo Q_v QO |=Q@ OW xQ=W= xmu=vJ xm &CU= |rLt |}=Hx@=H CQ=QL
CQ=QL p=kDv= u=R}t |x@U=Lt xH}Dv QO w Ot=H w p=}U R=i u}@ |rLt |=tO
w xaUwD |=Q@ QDt=Q=B u}= wQ u}= R= "OwW|t xDiQo Q_v QO R=i wO u}@ |rLt |}=Hx@=H
xmCU= |U=U= |QDt=Q=B =yswi CQ=QL p=kDv= |UQQ@ QO LTNE pOt uDiQo Q=m x@
CQ=QL p=kDv= ?} Q[ |Q}oxR=Ov= VwQ "OwW|t |Q}oxR=Ov= |y=oW}=tR; CQwYx@
|x�=Q= |=Q@ "CU= xOW xO=O K}[wD [18]OwHwt |=y|UQQ@ QO |rLt |}=Hx@=H
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�0 25
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�
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l
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�
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�1=5
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O}@ Q=m uwm}r}U w (Mullite) C}rwt '(Al2O3) =v}twr; |=yswi |wQ Q@ =wy u=} QH
QO OYQO 30 =D 7 |xOwOLt QO |}=]N xm xDiQo Q=Qk |UQQ@ OQwt (OBSiC)
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CUO x@ |y=oW}=tR; C=aq]= VR=Q@ R= u; C@=wF w CU= |@ QHD xt}v |x]@=Q
x�=Q= u; |=Q@ XNWt C=}[Qi |=v@tQ@ |k}kO |m} R}i w |Q_v p}qO 'Ov=xOt;
5 |x]@=Q |xaUwD p}rO x@ xm Ov=xOW |aOt x]w@ Qt u}kkLt OvJQy "CU= xOWv
CQ=QL p=kDv= ?} Q[ |x@U=Lt |=Q@ u; R= u=wD|t 'Oa@ uwO@ O=Oa= T=U= Q@
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R= sy |Qo}O u}kkLt "OvDiQo Q_v QO =Q |rLt |DQ=QL pO=aD ZQi w |QwLt
R= xm |r=v=m QO CQ=QL p=kDv= "Ov=xOQm xO=iDU= OwN |xar=]t QO LTNE pOt
Q=Qk |UQQ@ OQwt xOWQB |Rri swi =@ ,qt=m w xOW p}mWD |R=wt |xLiY wO
w utmv} Q@ � |UQ=O swDvtwt |xrO=at R= u; |r}rLD pL QO xm [10]CU= xDiQo
p=kDv= R= xm |QDpt=m pOt QO "OvOQm xO=iDU= �LTNE pOt� |SQv= |xrO=at wO
ZQi Q@ xwqa [11]'xOW x�=Q= pNrNDt swi =@ xOW QB |R=wt |xLiY wO u}@ CQ=QL
xOW xDiQo Q_v QO R}v |SQv= O}rwD w Q}eDt pNrND QF= '|rLt |DQ=QL pO=aD sOa

"CU=
?w}DwQm}tl} QO R=o u=} QH |}=Hx@=H CQ=QL p=kDv= |xar=]t ut[ u}kkLt
\QW u=wva x@ =Q xQ=w}O QO C@=F |DQ=QL Tmqi \QW [12]'pNrNDt |}xv=wDU=
OvDiQo Q=m x@ CaQU |RQt \QW u=wva x@ =Q xQ=w}O QO VRer \QW w '=tO |RQt
"OvOQm |UQQ@ CQ=QL p=kDv= w Q=Wi Ci= '=tO 'CaQU Q@ =Q uUO=v OOa QF= w
p=}U R=i |}=tQo |}=v=UQ ?} Q[ u}@ hqDN= xm |v=tR OW xQ=W= xm Qw]u=ty
|UQQ@ |=Q@ |k}kO pOt LTE pOt � |Rri |=yswi Ovv=t � OW=@ O=} R Ot=H w
=]N Q=Owtv l} |x�=Q= =@ [14]'|Oa@ C=ar=]t QO [13]"Ow@ Oy=wNv CQ=QL p=kDv=
|}=tQo |}=v=UQ C@Uv xm |v=tR OW xDio LTNE w LTE |=ypOt |=Q@
(LTE) |}xrO=atlD pOt R= xO=iDU= |=]N OwW lJwm Ot=H x@ p=}U QF-wt
|}xar=]t QO "Ow@ Oy=wNv Q@Dat Qo}O |}xrO=at lD pOt u}=Q@=v@ w O@=} |t V}=Ri=
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|}=v=UQ ?} Q[ u=}t |O=} R hqDN= xm |DQ=QL |=ypO@t Ovv=t |}=yOQ@ Q=m |=Q@
wO pOt R= =yv; p}rO u}ty x@ "CU}v Q=QkQ@ 'OQ=O OwHw p=}U w Ot=H |}=tQo
xO=iDU= |Rri swi R= xOW QB |xrwr CQ=QL p=kDv= OQmrta |xar=]t |=Q@ |}xrO=at

"OvOQm
'(ppi) pNrND u=R}t Ovv=t hrDNt |=yQDt=Q=B QF= |xar=]t x@ Q[=L Q=DWwv QO
wO h=QLv= Q@ xrwr Q]k w CaQU Q}F-=D 'R=i wO QF-wt |}=tQo |}=v=UQ ?} Q[ C@Uv
|UQQ@ x@ =OD@= Qw_vt u}= |=Q@ "CN=OQB s}y=wN sy R= LTNE w LTE VwQ
|xrwr l} QO swDvtwt w |SQv= CqO=at pL =@ '|r}rLD CQwY x@ CQ=QL p=kDv=
|iQat =@ TBU w CN=OQB s}y=wN LTNE w LTE VwQ wO x@ swi =@ xOW QB
|UQQ@ h=QLv= u}= Q@ =Q uwo =vwo |=yQDt=Q=B QF= 'VwQ wO u}@ |@Uv h=QLv= Q=}at
|=yswi QO CQ=QL p=kDv=|UQQ@ w R}r=v; |=Q@ R=}v OQwt |=yQDt=Q=BTBU "OQm s}y=wN

"s}vm|t |iQat =Q pNrNDt
(keff ) QF-wt |}=tQo |}=v=UQ ?} Q[ �

QF-wt |}=tQo |}=v=UQ ?} Q[ |xr}Uw x@ pNrNDt |=y\}Lt QO CQ=QL p=kDv=
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|}=v=UQ?} Q[ |x@U=Lt |=Q@ Ov=xOt;CUO x@|y=oW}=tR; CQwYx@ Qo}O|[a@
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"swi =@ xOW QB QwOt |xrwr l} l}D=tW "1 pmW
%p=}U R=i |SQv= |xrO=at

kfe
1
r
@
@r

(r @Tf
@r

) + hsfasf (Ts � Tf ) = �cpu
@Tf
@z

(9)

%Ot=H R=i |SQv= |xrO=at
kse

1
r
@
@r

�
r @Ts
@r

�
� hsfasf (Ts � Tf ) = 0 (10)

%CaQU |RQt \}=QW
r = 0 du

dr
= 0 uQ=kD \QW

r = r0 u = 0 VRer sOa \QW (11)

%=tO |RQt \}=QW
r = 0 @Ts

@r
= @Tf

@r
= 0 uQ=kD \QW

r = ro

8<:Ts �= Tf �= Tw [14]

kse @Ts@r + kfe
@Tf
@r = qw

(12)

|R=UOa@|@ "2"2
|RQt \}=QW x=Qty x@ |SQv= w swDvtwt CqO=at pL |R=UxO=U |=Q@ CtUk u}= QO
Oa@|@ =Q CqO=at =yv; |xr}Uw x@ =D s}vm|t |iQat =Q Q} R Oa@|@ |=yQ}eDt x]w@ Qt

%s}vm
Z = z

ro
; R = r

ro
; U = u

um
; �s = (Ts � Tw)

qwro
kse

;

�f = (Tf � Tw)
qwro
kse

; �f;b = (Tf;b � Tw)
qwro
kse

; � = kfe
kse

;

P = K
�fum

dp
dz
;Da = K

r2
o
; ! =

r
"
Da

;

Bi = hsfasfr2
o

kse
; � =

r
Bi(1 + �)

�
; � = kse

�cpumro

|SQv= CqO=at w 8 swDvtwt |xrO=at 'xOW h} QaD Oa@|@ |=yQ}eDt R= xO=iDU= =@
u=wD|t =Q 12 w 11 |x]w@ Qt |RQt \}=QW x=Qty x@ 10 w 9 Ot=H w p=}U R=i

%CWwv xOW Oa@|@ CQwYx@
%xOW Oa@|@ swDvtwt |xrO=at

R2 @2U
@R2 +R@U

@R
� (!R)2(U + P ) = 0 (13)

(K) |Q}PBPwiv �
\}Lt |=Q@ swDvtwt |xrO=at QO R=}v OQwt |=yQDt=Q=B R= Qo}O |m} |Q}PBPwiv
R= xm xOW x�=Q= =yswi QO |Q}PBPwiv |x@U=Lt |=Q@ |irDNt \@=wQ "CU= pNrNDt

"OQm xQ=W= [29]7 |x]@=Q w [28]6 |x]@=Q x@ u=wD|t xrtH u;
K = 0 00073(1� ")�0 224(df=dp)�1 11d2

p (6)

K =
� 1
Ki

+ 1
b

��1
b = d2

h

32 Ki = "3

4a2
sf

(7)

xH}Dv QO w CrU=v OOa uOQw; CUO x@ |=Q@ |OQ@ Q=m w xO=U |]@=wQ |x�=Q=
|=yxOwOLt |xty |=Q@ swi =@ xOWQB ,qt=m |xrwr |}=Hx@=H CQ=QL p=kDv= ?} Q[
|DQ=QL C}=Oy Q}O=kt s=tD w |UQ=O OOa 'hrDNt |=yppi w pNrND u=R}t
swi |=y|oS} w uDW=O =@ `k=w QO "CU= Q[=L Q=m h=Oy= R= 'Ot=H w p=}U
x@ xHwD uwO@ =Q CrU=v OOa Q=Okt |DL=Qx@ u=wD|t xrwr QO xOW xOQ@ Q=m x@
Ot=H w p=}U R=i wO |=y=tO x@ \w@ Qt \@=wQ "OQm x@U=Lt =yQDt=Q=B xOwOLt
"CU= xOW x�=Q= LTE w LTNE pOt wO Qy R= xO=iDU= =@ CrU=v OOa w
R= xOW QB |xrwr CrU=v OOa xm u}= x@ xHwD =@ Q[=L j}kLD QO 'u}vJty
C}=Oy C@Uv 'ppi 'pNrND u=R}t QDt=Q=B 5 R= |a@=D LTNE Cr=L QO swi
QF= |=Q@ pt=m |r}rLD 'CU= CaQU w xrwr xR=Ov= 'Ot=H x@ p=}U QF-wt |DQ=QL
|=Q@ sy R= pOt wO h=QLv= w LTE w LTNE pOt wO Q@ QwmPt |=yQDt=Q=B
p}rLD R= xO=iDU= =@ `k=w QO "CU= xOW x�=Q= LTNE COW QF= uO=O u=Wv
Q@ Q=m 'xO=iDU= OQwt swi |=y|oS} w w |D=}rta \}=QW x@ xHwD =@ w xOW x�=Q=
p=kDv= p}rLD |=Q@ LTNE w LTE |=ypOt ?=NDv= x@ C@Uv R=@ O}O =@ Ov=wD|t
|SQv= w swDvtwt CqO=at |r}rLD pL x@ xt=O= QO "Ovm s=Ok= pNrNDt swi CQ=QL

"s} R=OQB|t

|r}rLD pL "2
|[=} Q |R=UpOt w sm =L CqO=at "1"2

l} QO |Q=@H= |}=Hx@=H CQ=QL p=kDv= |=Q@ |r}rLD pL l} CtUk u}= QO
x�=Q= LTE w LTNE pOt wO R= xO=iDU= =@ swi R= xOW QB ,qt=m |xrwr
x=Qty x@ xm CU= swi =@ xOW QB ,qt=m |xrwr l} xm xr=Ut l}D=tW "OwW|t
xrwr `=aW "CU= xOW xO=O u=Wv 1 pmW QO (r,z) |}xv=wDU= C=YDNt
|UQQ@ u}= QO "CU= xOW OQ=w xrwr xQ=w}O x@ C@=F |DQ=QL Q=W l} w ro
|m}rwQO}y Q_v R= u}vJty 'sm =QD p@=kQ}e 's�=O u=} QH xm CU= xOW ZQi
w ( @Tw@Z = @Ts

@z = @Tf
@z = const) OW=@ xDi=} xaUwD ,qt=m |}=tQo w

p=kDv= "CU= xOW Q_v hQY |WaWD w |a}@] |}=Hx@=H CQ=QL p=kDv= R=
|m} R}iwtQD X=wN s=tD w OW=@ Z=te= p@=k xm OwW|t ZQi |QwLt CQ=QL
CqO=at q=@ C=}[Qi T=U= Q@ "OvwW|t ZQi =tO R= pkDUt `}=t w Ot=H
w Ot=H |=yR=i |=Q@ |SQv= CqO=at pt=W xm xv=wDU= C=YDNt QO sm =L
Ow@ Oy=wN CQ=@a CU= utmv} Q@ � |UQ=O swDvtwt |xrO=at x=Qty x@ p=}U

%R=
%�utmv} Q@ � |UQ=O� swDvtwt |xrO=at

�f
"
d
dr

�
r du
dr

�
� �f
K
u� dp

dz
= 0 (8)
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UQQ
@xm CU= (�s + ��f ) Q}eDt |=Q@ uoty=v Qr} w= � |Wwm |xrO=at 22 |xrO=at

%O};|t CUO x@ =tO |RQt \}=QW p=ta= =@ u; ?=wH
�s + ��f = P

�1
2 (1�R2) + 2

!2

�
I0(!R)
I0(!)

� 1
��

(23)

|SQv= |xrO=at QO �s |v} Ro}=H w �f ?ULQ@ �s uOQw; CUO x@ =@ ?}DQD u}O@ w
%CW=O s}y=wN �f ?ULQ@ x]@=Q |R=U?DQt w �21 |xrO=at� p=}U

d2�f
dR2 + 1

R
d�f
dR
� �2�f =

�P
�

�
Bi
�1

2 �
2
!2

�
+ 2� Bi

2 R2 � 2(!
2 �Bi
!2 )I0(!R)

I0(!)

�
(24)

QO "CU= QiY x@DQt uotyQ}e |xOW KqY= pU@ |xrO=at l} 24 |xrO=at
%Ow@ Oy=wN u}vJ u; ?=wH xH}Dv

�f = a1I0(�R) + a2I0(!R) + a3R2 + a4 (25)

QO �s = �f = 0 w R = 0 QO @�s
@R = @�f

@R = 0 '=tO |RQt \}=QW p=ta= =@
%R= Ow@ Oy=wN CQ=@a 25 |xrO=at ?}=Q[ R = 1

a1 = �a2I0(!) + a3 + a4
I0(�)

a2 = 2P (!2 �Bi)
!2I0(!)[�!2 �Bi(�+ 1)]

a3 = � P
2(�+ 1)

a4 = � 2P�
Bi(�+ 1)2 +

P [2 +Bi
�

1
2 � 2

!2

��
Bi(�+ 1)

%=@ Ow@ Oy=wN Q@=Q@ 23 |xrO=at j@=]t �s Ot=H Oa@|@ |=tO xH}Dv QO
�s = �(P2 + �a3)R2 +

� 2P
!2I0(!)

� �a2
�
I0(!R)�

�a1I0(�R)�
�2P
!2 � P

2 + �a4
�

(26)

uOQw; CUO x@ w p=}U lr=@ \UwDt Oa@|@ |=tO h} QaD R= xO=iDU= =@ xt=O= QO
swi |xrwr CrU=v OOa h} QaD x@ 'pNrNDt swi |xrwr l} QO u; |=Q@ |}x]@=Q
|=tO wCaQU CqO=at |Q=Po}=H =@ p=}Ulr=@ Oa@|@ |=tO "s} R=OQB|t pNrNDt

%O};|t CUO x@ u; |rm h} QaD QO '25 w 17 CqO=at 'Oa@|@ p=}U
�f;b = (Tf;b � Tw)

qwro
kse

= 2 1s
0
U�fRdR (27)

"OQm x@U=Lt =Q =yv; O}=@ xm CU= xOW KqY= pU@ p=QoDv= GvB pt=W 27 |xrO=at
s}y=wN p=}U lr=@ \UwDt Oa@|@ |=tO |=Q@ [30]'=yp=QoDv= u}= |x@U=Lt |]

%CW=O
�f;b;LTNE = r1[I20 (!)� I21 (!)]

+r2[�I1(�)I0(!)� !I0(�)I1(!)]

+r3[(!2 + 4)I1(!)� 2!I0(!)]

+r4I1(!) + r5I1(�) + r6 (28)

"R = 1 QO U = 0 w R = 0 QO @U
@R = 0 |RQt \}=QW =@

%xOW Oa@|@ |SQv= CqO=at
1
R

@
@R

(R@�s
@R

)�Bi(�s � �f ) = 0 (14)

�
R

@
@R

(R@�f
@R

) +Bi(�s � �f ) = U
�
@�f
@Z

(15)

R = 1 QO �s = �f = 0 w R = 0 QO @�s
@R = @�f

@R = 0|RQt \}=QW =@

sm =L CqO=at pL "3"2
swDvtwt |xrO=at pL "1"3"2

x@DQt uoty Q}e |xOW KqY= pU@ |xrO=at '13 |xOW Oa@|@ swDvtwt |xrO=at
%CU= u}vJ u; ?=wH xm CU= QiY

U = c1I0(!R) + c2K0(!R) + c3 (16)

swO w pw= ẁv QiY |x@DQt xOW KqY= pU@ `@=wD ?}DQD x@ K0 w I0 u; QO w
%Ow@ Oy=wN 17 |x]@=Q j@=]t Oa@|@ CaQU 'CaQU |RQt \}=QW p=ta= =@ "CU=

U = P
�
I0(!R)
I0(!)

� 1
�

(17)

|=Q@ w CU= Q=QkQ@ 1
A

R
UdA = 1 |x]@=Q \UwDt CaQU swyit |xrO=at R=

%CW=O s}y=wN P ?} Q[

P = I0(!)
2
! I1(!)� I0(!)

(18)

LTNE pOt R= xO=iDU= =@ |SQv= CqO=at pL "2"3"2
Ot=H w p=}U Oa@|@ |=tO `} RwD uOQw; CUO x@ |=Q@ |SQv= CqO=at CtUk u}= QO
`]kt QO |Q}op=QoDv= TBU w 10 w 9 |xrO=at wO `tH =@ =OD@= "OW Ovy=wN pL

%CW=O s}y=wN xrwr
@Tf
@z

= 2qw
�cpumro

%R= CU= CQ=@a u; xOW Oa@|@ xm
@�f
@Z

= 2kse
�cpumro

= 2� (19)

pmW '�15 |x]@=Q� p=}U |SQv= xOW Oa@|@ |xrO=at QO '19 |x]@=Q |Q=Po}=H =@
%x@ OwW|t p}O@D |SQv= CqO=at Oa@|@

1
R

@
@R

(R@�s
@R

)�Bi(�s � �f ) = 0 (20)

�
R

@
@R

(R@�f
@R

) +Bi(�s � �f ) = 2U (21)

`tH sy =@ =Q 21 w 20 CqO=at 'Ot=H w p=}U |SQv= CqO=at uOQm pB wm |O |=Q@
%s}vm|t u} Ro}=H 17 |x]@=Q R= =Q U w xOQm

1
R

@
@R

�
R @
@R

(�s + ��f )
�

= 2P
�
I0(!R)
I0(!)

� 1
�

(22)
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|U
Ovyt %O};|t CUO x@ 33 |x]@=Q j@=]t Oa@|@ |=tO xH}Dv QO

�LTE = �P
2(1 + �)

(R2 � 1)

+ 2P
!2(1 + �)

�
I0(!R)
I0(!)

� 1
�

(33)

%CW=O s}y=wN sy LTE pOt |=Q@ LTNE pOt x@=Wt Oa@|@ lr=@ |=tO |=Q@
�f;b;LTE = 2 1s

0
U�LTERdR (34)

R= pY=L 'p=}U lr=@ Oa@|@ |=tO 'xOW KqY= pU@ |=yp=QoDv= |x@U=Lt =@
%R= Ow@ Oy=wN CQ=@a LTE VwQ

�f;b;LTE = 4P 2

(1 + �)
(c1[I20 (!)� I21 (!)]

+c2[(!2 + 4)I1(!)� 2!I0(!)] + c3I1(!) + c4 (35)

%R= CU= CQ=@a C4 =D C1 ?}=Q[ u; QO xm
c1 = 1

2(!I0(!))2 ; c2 = �1
4!3I0(!)

c3 = � 1
!I0(!)

� 2
!2 � 1

4
�
; c4 = 1

2
� 1
!2 � 1

8
�

'35 |xrO=at 'LTE pOt x@ \w@ Qt p=}Ulr=@ Oa@|@ |=tO |Q=Po}=H =@C}=yv QO
x@U=Lt pOt u}= R= xO=iDU= =@ =Q swi =@ xOW QB |xrwr l} |rm CrU=v OOa u=wD|t

%OQm
NuO;LTE = hO2ro

kf
= � 2kse

kf�f;b;LTE
(36)

LTNE w LTE pOt wO |@Uv h=QLv= "4"3"2
COW QF= uO=O u=Wv w LTNE w LTE pOt R= pY=L G}=Dv |xU}=kt |=Q@

%s}vm|t h} QaD 37 |xrO=at j@=]t =Q CrU=v |@Uv h=QLv= LTNE

DevNu =
�
NuO;LTE �NuO;LTNE

NuO;LTNE

�
� 100 (37)

|HvUQ=@Da= "3
w pNrNDt swi R= xOW QB |xrwr |=Q@ xDiQo CQwY |r}rLD pL |HvUQ=@Da= |=Q@
xO=iDU= [12]|r@k xOW s=Hv= C=k}kLD R= 'xrwr|rmCrU=v OOa |=Q@ xOW x�=Q= |x]@=Q
LTE w LTNE pOt wO R= pY=L CrU=v OOa Q=Okt '1 pwOH QO "CU= xOW
xmu=vJ "CU= xOW x�=Q= Q[=L |r}rLD pL R= xOt; CUO x@ w [12]xOW VQ=Ro
[12]`HQt LTE w LTNE pOt CrU=v OOa u}@ |k}kO j@=]D OwW|t xOy=Wt
pOt R= pY=L CrU=v OOa Q=Okt u}vJty "OQ=O OwHw Q[=L Q=m |r}rLD pL w
Q@=Q@ QiY |UQ=O OOa |=Q@ w 4 363 Q@=Q@ C}=yv|@ |UQ=O OOa |=Q@ LTNE
Q@=Q@ C}=yv|@ |UQ=O QO LTE pOt R= pY=L CrU=v OOa Q=Okt "CU= 7 908
7 911 Q=Okt QiY |UQ=O OOa |=Q@ w �Nu = 4=36 'xrR} wB u=} QH� 4 363
xOW x�=Q= 2 pwOH QO Q=wxYqN Q}O=kt u}= "CU= �Nu = 8 'nqU= u=} QH�

"CU=

%R= Ov=CQ=@a ?}DQD x@ r6 =D r1 ?}=Q[ u; QO xm
r1 = Pa2

I0(!)
; r2 = 2Pa1

(�2 � !2)I0(!)

r3 = 2Pa3
!3I0(!)

; r4 = 2P
�

a4
!I0(!)

� a2
!

�
r5 = �2Pa1

�
; r6 = �P

�
a4 + a3

2
�

xrwr |xQ=w}O QO C@=F |DQ=QL Q=W |RQt \QW T=U= Q@ |rm CQ=QL p=kDv= ?} Q[
w 28 CqO=at |Q=Po}=H =@ xH}Dv QO "O};|t CUO x@ 29 |xrO=at R= xO=iDU= =@
swi =@ xOW QB ,qt=m |xrwr l} |rm CrU=v OOa [31]'CrU=v OOa h} QaD QO 29
Oy=wN 30 |x]@=Q j@=]t |rLt |DQ=QL pO=aD sOa pOt R= xO=iDU= =@ pNrNDt

%Ow@
hO = qw

(Tw � Tf;b) = � kse
ro�f;b

(29)

NuO;LTNE = hO2ro
kf

= qw2ro
kf (Tw � Tf;b) = � 2kse

kf�f;b;LTNE
(30)

%u}=Q@=v@
NuO;LTNE = f("; ppi; �; ro; u)

LTE pOt R= xO=iDU= =@ |SQv= CqO=at pL "3"3"2
QO CQ=QL p=kDv= |=Q@ (LTE) |rLt |DQ=QL pO=aD pOt |UQQ@ x@ xt=O= QO
R}v |}xrO=atlD pOt =Q pOt u}= "s} R=OQB|t pNrNDt swi R= xOW QB |xrwr
w OW=@ Q@=Q@ Ot=H w p=}U |rLt |=tO xm OwW|t ZQi pOt u}= QO "Ovt=v|t
|r=L QO "OwW|t Q_v hQY p=}U � Ot=H |rLt |=tO hqDN= R= xH}Dv QO
`k=w QO "OwW|t ^=Lr LTNE pOt QO hqDN= u}= 'OW xOy=Wt xmu=vJ 'xm
'C}=yv|@ CtU x@ Bi OOa uOQm p}t =@ "CU= p;xO}= Cr=L l} pOt u}=
l} R= LTE pOt QO "OQm Oy=wN p}t LTE pOt x@ LTNE pOt |=y?=wH
|xrO=at wO `tH R= u=wD|t =Q |xrO=at u}= w OwW|t xO=iDU= |SQv= |xrO=at
CUO x@ �s = �f Ot=H w p=}U |=y=tO uOw@ Q@=Q@ ZQi w '21 w 20 |SQv=

%OQw;

(1 + �) 1
R

@
@R

�
R @�
@R

�
= 2U (31)

"R = 1 QO � = 0 w R = 0 QO @�
@R = 0 |RQt \}=QW =@

?=wH xm CU= uoty=v Qr} w= � |Wwm |r}Uv=Qi}O |xrO=at l} 31 |xrO=at
%R= CU= CQ=@a u;

� = d1
R2

2 + d2I0(!R) + d3 (32)

CQ=@a 32 |xrO=at ?}=Q[ '32 |xrO=at QO '|RQt \}=QW p=ta= =@ xH}Dv QO w
%R= Ow@ Oy=wN

d1 = �P
(1 + �)

; d2 = 2P
!2I0(!)(1 + �)

;

d3 = P (!2 � 4)
2!2(1 + �)
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"LTNE w LTE pOt wO R= xO=iDU= =@ CQ=QL p=kDv= Q@ pNrND u=R}t QF= "2 pmW

pOt wO R= xO=iDU= =@ CQ=QL p=kDv= Q@ (ppi) Iv}= l} QO C=QiL O=OaD QF= "3 pmW
"LTNE w LTE

p=kDv= G}=Dv p}rO u}= x@ w OwW|t Q_v hQY 'Ot=H w p=}U |=y=tO uDiQo Q@=Q@
=@ xm OwW|t xOy=Wt u}vJty "Ow@ Oy=wN QDq=@ pOt u}= R= pY=L CQ=QL
Vy=m LTNE w LTE pOt wO u}@ h=QLv= Q=Okt 'pNrND u=R}t V}=Ri=
'pNrND u=R}t V}=Ri= =@ xm OQm u=}@ u}vJ u=wD|t =Q Q=DiQ u}= p}rO "O@=}|t
|DQ=QL Ctw=kt xH}Dv QO w xDi=} V}=Ri= (K) |Q}PB Pwiv =} |}=w=QD QwDm =i u=R}t
l}ORv sy x@ LTNE w LTE pOt wO G}=Dv w O@=}|t Vy=m |rLt |}=Hx@=H

"OvwW|t
(ppi) Iv}= l} QO C=QiL O=OaD QF= "2"1"4

u=Wv swi =@ xOW QB ,qt=m |xrwr CQ=QL p=kDv= Q@ (ppi) Pi=vt |r=oJ QF= 3 pmW QO
l} QO (ppi) C=QiL |r=oJ V}=Ri= =@ OwW|t xOy=Wt xm Qw] u=ty "OyO|t
V}=Ri= =@ C@=F pNrND l} QO "O@=}|t V}=Ri= CrU=v OOa 'C@=F pNrND Q=Okt
Ea=@ u}= xm CW=O Oy=wN x=Qty x@ =Q =yp=} Q]k Vy=m w =yxQiL R}=U Vy=m 'ppi
OvwQ u}= "OWN@|t Ow@y@ =Q CQ=QL p=kDv= w OW Oy=wN T=tD K]U |r=oJ V}=Ri=
C=Q}}eD OvwQ s}v}@|t xmu=vJ &s}vm|t xOy=Wt LTNE w LTE pOt wO Qy QO =Q
"CU= T=UL QDsm LTNE pOt x@ C@Uv ppi T=U= Q@ LTE pOt QO CrU=v
u}@ h=QLv= Q=Okt '(ppi) =yxQiL |r=oJ V}=Ri= =@ xm OwW|t xOy=Wt u}vJty
|DQ=QL Ctw=kt syU Vy=m u; p}rO &O@=}|t Vy=m LTNE w LTE pOt wO
wO G}=Dv 'xH}Dv QO w CU= pm |DQ=QL Ctw=kt QO '1=hsfasf '|rLt |}=Hx@=H

"OvwW|t l}ORv sy x@ LTNE w LTE pOt

[12]"`HQt w |r}rLD pL R= pY=L 'swi R= xOW QB ,qt=m |xrwr CrU=v OOa "1 pwOH
=yQDt=Q=B [12]`HQt Q[=L j}kLD

! = 1; � = 1 NuLTE = 4=415 NuLTE = 4=415
Bi = 10 NuLTNE = 3=607 NuLTNE = 3=604
Bi = 100 NuLTNE = 4=194 NuLTNE = 4=294
Bi = 1000 NuLTNE = 4=413 NuLTNE = 4=414

Bi = 1000000 NuLTNE = 4=415 NuLTNE = 4=415

"|UQ=O OOa |OL Cr=L wO QO |r}rLD pL R= pY=L CrU=v OOa Q=Okt "2 pwOH
Da NuLTNE NuLTE

Da =1 4 362 4 363
Da = 0 7 908 7 911

EL@ w G}=Dv "4
|]@=wQ uOQw; CUO x@ w swO VN@ QO CQ=QL p=kDv= |r}rLD |UQQ@ x@ xHwD =@
pOt wO R= xO=iDU= =@ swi =@ xOW QB ,qt=m |xrwr l} |rm CrU=v OOa |x@U=Lt |=Q@
h} QaD w (LTNE) |rLt |DQ=QL pO=aD sOa w (LTE) |rLt |DQ=QL pO=aD
|=yQDt=Q=B QF= OQwt QO EL@ w |UQQ@ x@ VN@ u}= QO 'VwQ wO u}= u}@ h=QLv=
pOt wO R= xO=iDU= =@ swi =@ xOW QB ,qt=m |xrwr l} QO CQ=QL p=kDv= Q@ hrDNt
w sy R= pOt wO u}= h=QLv= |UQQ@ u}vJty "CN=OQB s}y=wN LTNE w LTE
|=yQDt=Q=B pt=W =yQDt=Q=B u}= "s}yO|t Q=Qk xHwD OQwt =Q h=QLv= u}= Q@ =yQDt=Q=B Q}F-=D
swi |m} R}i QDt=Q=B '(ppi) Pi=vt |r=oJ '(") pNrND u=R}t Ovv=t swi |UOvy
x@ p=}U QF-wt |}=v=UQ ?} Q[ C@Uv '(ks) Ot=H R=i |}=tQo |}=v=UQ ?} Q[ |va}
'ROrwv} Q OOa� (u) CaQU C}=yv QO w (r0) xrwr `=aW '(� = kfe=kse) Ot=H

"Ow@ Oy=wN �Re

CQ=QL p=kDv= Q@ =yQDt=Q=B QF= "1"4
pNrND u=R}t QF= "1"1"4

swi =@ xOW QB ,qt=m |xrwr CQ=QL p=kDv= Q@ (") pNrND u=R}t QF= 2 pmW QO
l} QO pNrND u=R}t Vy=m =@ OwW|t xOy=Wt xmu=vJ "CU= xOW xO=O u=Wv
pNrND u=R}t Vy=m =@ "O@=}|t V}=Ri= CrU=v OOa '(ppi) C@=F C=QiL |r=oJ
`k=w QO "O@=}|t V}=Ri= Ot=H QF-wt |DQ=QL C}=Oy ?} Q[ u}vJty w =yp=} Q]k
CQ=QL p=kDv= w O@=}|t Vy=m swi QO |D}=Oy |DQ=QL Ctw=kt pNrND Vy=m =@
w xOW h}a[D swi |}=tQo Vv=UQ syU 'pNrND u=R}t V}=Ri= =@ "O@=}|t Ow@y@
LTNE w LTE Cr=L wO Qy QO =Q OvwQ u}= "O@=}|t Vy=m CQ=QL p=kDv=
LTE pOt R= xO=iDU= =@ CQ=QL p=kDv= G}=Dv '=yQ=Owtv pm QO "s}vm|t xOy=Wt
|DQ=QL Ctw=kt pOt wO Qy QO "CU= QDq=@ LTNE pOt G}=Dv R= xQ=wty
Q_v hQY p}rO x@ LTE pOt QO "OQ=O OwHw swi w p=v=m |xQ=w}O u}@ |U=tD
Ctw=kt swi |DQ=QL Ctw=kt 'p=}U w Ot=H u}@ |rLt |=tO hqDN= R= uOQm
|U=tD Ctw=kt Q@ xwqa LTNE pOt QO xm |r=L QO "CU= |rY= |DQ=QL
Ctw=kt 'Ot=H |}=tQo |}=v=UQ Ctw=kt %OQ=O OwHw |rY= |DQ=QL Ctw=kt xU
R= LTE pOt QO "|rLt |}=Hx@=H |DQ=QL Ctw=kt w p=}U |}=tQo |}=v=UQ
p}rO x@ 'p=}U w Ot=H u}@ T=tD K]U QO |rLt |}=Hx@=H |DQ=QL Ctw=kt
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|U
Ovyt Q=}U@ Q}O=kt QO "O@=}|t Vy=m LTNE w LTE pOt wO Qy QO CrU=v OOa

swi Ot=H |=yp=} QO |DQ=QL C}=Oy u=ty |rY= |DQ=QL Ctw=kt '(�) lJwm
Qw]x@ pOt wO R= pY=L CrU=v Q}O=kt (kfe=kse = 0=003) C@Uv QO "CU=
p=}U R=i |DQ=QL |=y|}=v=UQ C@Uv V}=Ri= =@ "OvwW|t QwO sy R= |Q}otWJ
w LTE pOt wO u}@ h=QLv= Q=Okt �Ot=H R=i |}=tQo |}=v=UQ Vy=m � Ot=H x@
R= |W=v |DQ=QL Ctw=kt C@Uv u}= Vy=m =@ xm =QJ 'OW Oy=wN QDsm LTNE
?r=e |}=Hx@=H |DQ=QL Ctw=kt w Ow@ Oy=wN |WwBsWJ p@=k |}=tQo |}=v=UQ
u}= Vy=m =@ xH}Dv QO w OwW|tv ^=Lr LTE pOt QO Ctw=kt u}= &OW Oy=wN

"OvQ}o|t xrY=i sy R= pOt wO G}=Dv C@Uv
xrwr `=aW QF= "5"1"4

"CU= xOW xO=O u=Wv p=}U w Ot=H R=i |=tO hqDN= Q@ xrwr `=aW QF= 6 pmW QO
w Ot=H R=i wO u}@ |=tO hqDN= xrwr `=aW V}=Ri= =@ OwW|t xOy=Wt xmu=vJ
xYNWt pw] u=wva x@ xrwr `=aW R= xO=iDU= p}rO x@ QF= u}= "O@=}|t Vy=m p=}U
V}=Ri= =@ Cw}=@ OOa 'h} QaD j@] "OwW|t |W=v |UQ=O w Cw}=@ OOa h} QaD QO
p=kDv= V}=Ri= |xOvyOu=Wv OOa u}= V}=Ri= w O@=}|t V}=Ri= wO u=wD x@ xrwr `=aW
OOa u}= uOQm p}t =@ xm |Qw]x@ 'CU= p=}U w Ot=H R=i wO u}@ |rLt CQ=QL
j@] 'u}vJty "OQm Oy=wN p}t LTE pOt x@ LTNE pOt C}=yv|@ Q=Okt x@
V}=Ri= u}= `k=w QO "Ci=} Oy=wN Vy=m |UQ=O OOa xrwr `=aW V}=Ri= =@ h} QaD
pw] u=wva x@ xrwr `=aW R= xO=iDU= p}rO x@ 'xrwr `=aW =@ |UQ=O Vy=m w Cw}=@
`=aW V}=Ri= =@ xm Cio u=wD|t xH}Dv QO "CU= OOa wO u}= h} Q=aD QO xYNWt
R=i wO |=tO hqDN= u=R}t |UQ=O OOa Vy=m w Cw}=@ OOa V}=Ri= p}rO x@ xrwr
|}=Hx@=H|DQ=QLCtw=kt xH}Dv QO w|rLt CQ=QL pO=aD sOa COW 'Ot=H w p=}U
x@ LTE w LTNE pOt wO w O@=}|t Vy=m |awvYt =} |vt[ CQwYx@ |rLt
|}=Hx@=H CQ=QL p=kDv=?} Q[ Q@ xrwr `=aW QF= 7 pmW QO "Ovvm|t p}t syCtU
xm Qw]u=ty "CU= xOW xO=O u=Wv LTE w LTNE pOt wO R= pY=L |rm
Qy QO |}=Hx@=H CQ=QL p=kDv= ?} Q[ Q=Okt xrwr `=aW V}=Ri= =@ OwW|t xOy=Wt
LTNE QF= O@=} Vy=m xrwr `=aW xJ Qy 'Qo}O CQ=@a x@ "O@=}|t Vy=m pOt wO
CQ=QL p=kDv= ?} Q[ h=QLv= OYQO xrwr `=aW V}=Ri= =@ w Ow@ Oy=wN QDXNWt

"O@=}|t Vy=m xrwr |rm |}=Hx@=H
CaQU QF= "6"1"4

LTNE w LTE pOt wO R= xOt; CUO x@ CrU=v OOa Q@ CaQU QF= 8 pmW QO
Qw]u=ty 'LTE pOt QO xDi=}xaUwD ,qt=m s=Q; u=} QH |=Q@ "CU= xOW xO=O u=Wv
'LTNE pOt QO |rw "CU= CaQU R= pkDUt CrU=v OOa OwW|t xOy=Wt xm

"p=}U w Ot=H R=i Oa@|@ |=tO hqDN= Q@ xrwr `=aW QF= "6 pmW

Ot=H R=i |}=tQo |}=v=UQ QF= "3"1"4
xOW QB ,qt=m |xrwr CQ=QL p=kDv= Q@ (Ks) Ot=H R=i |}=tQo |}=v=UQ QF= 4 pmW QO
C}tm u} QDsyt p=}U w Ot=H R=i |DQ=QL |}=v=UQ u}@ Cw=iD "OyO|t u=Wv swi =@
Q=Okt V}=Ri= =@ OwW|t xOy=Wt xm Qw]u=ty "CU=yswi QO LTNE QF= |=Q@
LTNE w LTE pOt wO Qy QO CrU=v OOa Q=Okt (ks) Ot=H |DQ=QL C}=Oy
pOt QO w xOw@ QDs}qt LTNE pOt QO CrU=v OOa V}=Ri= u=R}t "O@=}|t V}=Ri=
p=kDv= Ow@y@ "CU= |]N Ot=H |DQ=QL |}=v=UQ ?UL Q@ CrU=v C=Q}}eD LTE
Ot=H |}=tQo |}=v=UQ Ctw=kt Vy=m x@ Ot=H |DQ=QL |}=v=UQ V}=Ri= =@ CQ=QL
LTE pOt R= pY=L G}=Dv 'OwW|t xOy=Wt 6 pmW QO xmu=vJ "CU= \w@ Qt
x@ w Ow@ Oy=wNv xO=iDU= p@=k OvQ=O |}q=@ |}=tQo |}=v=UQ xm |Rri |=yswi |=Q@
u}vJty "OwW|t xO=iDU= LTNE pOt R= ,=@r=e |Rri |=yswi |=Q@ p}rO u}ty
Qw]u=ty "OW Oy=wN QDW}@ Ot=H |DQ=QL |}=v=UQ V}=Ri= =@ pOt wO h=QLv= u=R}t
pOt wO u}@ h=QLv= u=R}t u} QDW}@ Ea=@ swi (ks) QDt=Q=B OwW|t xOy=Wt xm

"OW Oy=wN QDQ=mW; LTNE COW QF= u; V}=Ri= =@ w OwW|t
Ot=H x@ p=}U QF-wt |}=v=UQ ?} Q[ C@Uv QF= "4"1"4

(� = kfe=kse) Ot=H x@ p=}U R=i QF-wt |}=v=UQ ?} Q[ C@Uv QF= 5 pmW QO
xOy=Wt xmu=vJ "CU= xOW xO=O u=Wv swi =@ xOW QB ,qt=m |xrwr CQ=QL p=kDv= Q@
'(� = kfe=kse) Ot=H x@ p=}U QF-wt |DQ=QL |}=v=UQ C@Uv V}=Ri= =@ OwW|t

LTE pOt wO R= xO=iDU= =@ CQ=QL p=kDv= Q@ Ot=H R=i |}=tQo |}=v=UQ QF= "4 pmW
"LTNE w

xO=iDU= =@ CQ=QL p=kDv= Q@ Ot=H x@ p=}U QF-wt |}=v=UQ ?} Q[ C@Uv QF= "5 pmW
"LTNE w LTE pOt wO R=
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"Cw}=@ OOa C=Q}}eD T=U= Q@ CrU=v h=QLv= "9 pmW

"|UQ=O OOa C=Q}}eD T=U= Q@ CrU=v h=QLv= "10 pmW
T=U= Q@ CrU=v h=QLv= C=Q}}eD |x@U=Lt x@ \w@ Qt |D=}rta \}=QW "3 pwOH

"Cw}=@ w |UQ=O O=Oa=
" ppi ds(m) dw(m) u(m:s�1) r0(m)

0 8 10 0 001063 0 002257 2 0 01
0 8 10 0 001063 0 002257 2 0 015
0 8 10 0 001063 0 002257 2 0 02
0 8 10 0 001063 0 002257 2 0 025
0 8 10 0 001063 0 002257 2 0 03
0 8 10 0 001063 0 002257 2 0 035
0 8 10 0 001063 0 002257 2 0 04
0 8 10 0 001063 0 002257 2 0 045
0 8 10 0 001063 0 002257 2 0 05
0 8 10 0 001063 0 002257 2 0 055
0 8 10 0 001063 0 002257 2 0 06
0 8 10 0 001063 0 002257 2 0 065

Oa@ uwO@ O=Oa= |xOwOLt "7"1"4
pO=aD sOa w pO=aD ZQi wO QO CrU=v h=QLv= C=Q}}eD '10 w 9 |=ypmW QO
"CU= xOW xO=O u=Wv |UQ=O w Cw}=@ Oa@ uwO@ OOa wO T=U= Q@ |rLt |DQ=QL
\}=QW CLD =v}twr; |m}t=QU swi QO =wy u=} QH |=Q@ QwmPt |=yQ=Owtv |x}rm
OwW|t xOy=Wt 9 pmW QO "CU=xOW sUQ 3 pwOH QO xOW xO=O u=Wv |D=}rta
w OUQ|t �10 R= QDsm x@ 100 R= QDlJwm Cw}=@ O=Oa= QO CrU=v h=QLv= xm

QB ,qt=m |xrwr l} |rm |}=Hx@=H CQ=QL p=kDv= ?} Q[ Q@ xrwr `=aW QF= "7 pmW
"LTNE w LTE pOt wO R= xO=iDU= =@ swi R= xOW

"LTNE wLTE pOt wO R= xOt;CUO x@ CQ=QL p=kDv= Q@ p=}UCaQU QF= "8 pmW

"OwW|t |W=v (hsf ) |rLt |}=Hx@=H CQ=QL p=kDv= ?} Q[ R= CrU=v OOa Q}}eD
pOt QO \ki xm '(Nusf ) |rLt CrU=v OOa |=Q@ OwHwt \@=wQ T=U= Q@
wO u}@ |rLt CQ=QL p=kDv= |xOvyOu=Wv xm OOa u}= 'OwW|t h} QaD LTNE
pDv=QB OOa w swi xQiL K]U QO ROrwv} Q OOa R= |a@=D CU= Ot=H w p=}U R=i
ROrwv} Q OOa p=}U CaQU V}=Ri= =@ TB "(Nusf = C:Readpore:P rb) CU=
|=vat x@ u}= &O@=}|t V}=Ri= |rLt CrU=v OOa xH}Dv QO w xDi=} V}=Ri= |rLt
CU= p}rO u}ty x@ w CU= Ot=H w p=}U R=i wO u}@ |rLt CQ=QL p=kDv= Ow@y@
V}=Ri= �ROrwv} Q OOa� CaQU V}=Ri= =@ LTNE Cr=L QO |rm CrU=v OOa xm
p=kDv= ?} Q[ V}=Ri= Ea=@ CaQU V}=Ri= LTNE pOt QO TB "Ci=} Oy=wN
w Ot=H R=i u}@ CQ=QL p=kDv= u=R}t uDiQ q=@ xH}Dv QO w |rLt |}=Hx@=H CQ=QL
|rLt |}=Hx@=H |DQ=QL Ctw=kt Vy=m x@ QHvt xt=O= QO xO}OB u}= "OwW|t p=}U
pOt QO xm |r=L QO "OwW|t CQ=QL p=kDv= Ow@y@ xH}Dv QO w swi QO (1=hsfasf )

|R=}v w OwW|t xDiQo Q_v QO Q@=Q@ lQDWt K]U QO Ot=H w p=}U R=i |=tO LTE
LTE pOt CrU=v OOa Q@ CaQU V}=Ri= xH}Dv QO "CU}v hsf QDt=Q=B h} QaD x@
R}v u}W}B C=k}kLD QO CaQU =@ CrU=v OOa C=Q}}eD xvwou}= "Ow@ Oy=wNv Q=PoQF=
=]N u=R}t CaQU V}=Ri= =@ OwW|t xOy=Wt xm Qw]u=ty [32w15]"CU= xOW xO}O
x@ u}}=B |=yCaQU QO "OW Oy=wN l}ORv sy x@ pOt wO G}=Dv w O@=}|t Vy=m
"OQ}o|t xrY=i sy R= pOt wO G}=Dv |rLt |}=Hx@=H |DQ=QL Ctw=kt V}=Ri= p}rO
100 Q} R x@ VwQ wO |=]N u=R}t QDq=@ |=yCaQU QO OwW|t xOy=Wt xmu=vJ

"OUQ|t OYQO
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Ovyt ?} Q[ Vy=m '(ppi) Iv}= Qy QO C=QiL O=OaD V}=Ri= 'pNrND u=R}t V}=Ri= =@ "5

V}=Ri= 'Ot=H x@ p=}U QF-wt |}=v=UQ C@Uv V}=Ri= xH}Dv QO w Ot=H R=i |}=v=UQ
VwQ wO R= pY=L CrU=v h=QLv= 'p=}U CaQU V}=Ri= u}vJty w xrwr `=aW

"O@=}|t Vy=m LTNE w LTE
w Ot=H R=i |}=tQo |}=v=UQ u}@ QDW}@ hqDN= 'QDu}}=B |=ypNrND u=R}t |=Q@ "6
QF= 'QDu}}=B ROrwv} Q O=Oa= w QDsm C=QiL |r=oJ 'QDlJwm |xrwr `=aW 'p=}U

"Ow@ Oy=wN QDQ}otWJ w QDQ=O=vat LTNE pOt
"OQ=O |rLt |DQ=QL pO=aD sOa COW QO =Q QF= u} QDW}@ swi |DQ=QL C}=Oy "7

s}qa CUQyi
(m�1) swi XwYNt K]U %asf

&|}xv=wDU= pNrNDt \}Lt Cw}=@ OOa %Bi
&|UQ=O OOa %Da

&(m) swi p=} Q]k %ds
&(m) swi |xQHvB Q]k %dw

&(m) swi l}rwQO}y Q]k %dh
&(m) swi |xQiL Q]k %dp

&(Wm�2K�1) |}=Hx@=H CQ=QL p=kDv= ?} Q[ %h
&(Wm�2K�1) Ot=H � p=}U |rLt |}=Hx@=H CQ=QL p=kDv= ?} Q[ %hsf

& (Wm�1K�1)|DQ=QL C}=Oy ?} Q[ %k
&(m2) |Q}PBPwiv %K

&Ot=H � p=}U |rLt CrU=v OOa %Nusf
&Iv}= OL=w QO swi C=QiL O=OaD %ppi

&|rLt ROrwv} Q OOa %Red
"(ms�1) p=}U CaQU %u

|v=vw} s}qa
&pNrND u=R}t %"
&Oa@|@ |=tO %�

&Ot=H x@ p=}U QF-wt |DQ=QL |=yC}=Oy C@Uv %�
"(m2s�1) |m}D=tv}U CHRr %�

=yT}wvQ} R
&QF-wt %eff

&p=}U R=i %f
&\UwDt Q=Okt %m

&Ot=H R=i %s
&p=}U QF-wt %Se
"Ot=H QF-wt %fe

QO 'p@=kt QO "OQm xO=iDU= |}q=@ u=v}t]= =@ |rLt |DQ=QL pO=aD ZQi R= u=wD|t
x@ C@Uv |rLt |DQ=QL pO=aD ZQi |=]N xm CU= xOW xO=O u=Wv 10 pmW
x@ "O@=}|t V}=Ri= |UQ=O OOa V}=Ri= =@ ,=O}OW |rLt |DQ=QL pO=aD sOa ZQi
lJwm Q=}U@ |UQ=O O=Oa= |xOwOLt QO |rLt |DQ=QL pO=aD ZQi 'Qo}O CQ=@a
V}@ x@ CrU=v h=QLv= 0 0002 R= QDq=@ x@ |UQ=O OOa V}=Ri= =@ w CU= Q@Dat

"O@=}|t V}=Ri= �10 R=

|Q}oxH}Dv "5
wO QO u=wD|t =Q |r@k x@=Wt C=k}kLD x@ C@Uv Q[=L Q=DWwv |Qw;wv |rm Qw]x@
QDt=Q=B GvB |UQQ@ "2 CqO=at j}kO w s=o x@ s=o pL "1 %OQm |Ov@xDUO OQwt
VwQ C=}�RH |UQQ@ j} Q] R= =Q G}=Dv |HvUCLY u=mt= pw= OQwt "|OQ@ Q=m
swO OQwt "Ovm|t sy=Qi pU@ CqO=at T=U= Q@ |SQv= w swDvtt CqO=at xO=U pL
QO |OQ@ Q=m |=yQDt=Q=B T=U= Q@ LTNE =} LTE VwQ K}LY ?=NDv= u=mt=

"Ovm|t O=H}= =Q pNrNDt \}Lt CQ=QL p=kDv=
|=yswi QO |}=Hx@=H CQ=QL p=kDv= QO xDiQo CQwY |QDt=Q=B R}r=v; x@ xHwD =@
=Q Q[=L Q=DWwv |rY= |=yxDi=} 'LTNE w LTE pOt wO T=U=Q@ pNrNDt

%OQm u=}@ u}vJ u=wD|t
OOa 'pNrND u=R}t QDt=Q=B GvB QF= XwYNQO pt=m |r}rLD 'Q[=L Q=DWwv QO "1
LTNE pOt wO Q@ p=}UCaQU w xrwr Q]k '(ppi) swi Pi=vt |r=oJ '|UQ=O
\}=QW x@ xHwD =@ `k=w QO "CU= xOW x�=Q= sy R= pOt wO h=QLv= R}v w LTE w
|=ypOt ?=NDv= x@ C@Uv R=@ O}O =@ Ov=wD|t Q@ Q=m swi |=y|oS} w w |D=}rta
"Ovm s=Ok= pNrNDt \}Lt QO CQ=QL p=kDv= p}rLD |=Q@ LTNE w LTE

R= pY=L G}=Dv R= V}@ xQ=wty LTE pOt R= xO=iDU= =@ CQ=QL p=kDv= u=R}t "2
w p=}U R=i |rLt |=y=tO uOQm ZQi Q@=Q@ p}rO x@ u}= xm CU= LTNE pOt
LTE pOt QO |rLt |}=Hx@=H |DQ=QL Ctw=kt uDiQo xO}O=v xH}DvQO w Ot=H
CrU=v OOa |@Uv h=QLv= 'LTNE pOt QF= u=R}t uOQm swrat |=Q@ "CU=

"OW h} QaD LTE pOt w pOt u}= u}@
|}=tQo |}=v=UQ ?} Q[ V}=Ri= 'C=QiL |r=oJ V}=Ri= 'pNrND u=R}t Vy=m "3
Vy=m 'Ot=H x@ p=}U QF-wt |}=v=UQ C@Uv Vy=m xH}Dv QO w swi Ot=H R=i
pOt wO Qy QO CQ=QL p=kDv= Ow@y@ Ea=@ p=}U CaQU V}=Ri= w xrwr `=aW

"OwW|t LTNE w LTE
p=kDv= Ctw=kt syU Vy=m =} 'p=}U x@ Ot=H |DQ=QL Ctw=kt C@Uv Vy=m "4
h}a[D =Q LTNE QF= 'pm |DQ=QL Ctw=kt QO |rLt |}=Hx@=H CQ=QL

"Ovm|t
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