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'=yRvr |xO}J}B pmW w u}tR |=yx}q ẁvD x@ xHwD =@ u}vJty "OQ=O xar=]t OQwt l =N

pw=ODt |=yVwQ Q}=U =@ xU}=kt QO |QD?wr]t G}=Dv x@ QHvt QwmPt VwQ R= xO=iDU=
"OwW|t

m.lbolok@gu.ac.ir
a.tabarsa@gu.ac.ir

'|t}mLD CUWv 'VwBsy |xDUUo C=a@ Qt |xv}tm '|}xU=t Rvr %|O}rm u=oS=w
"|}xQiL ?; Q=Wi

xtOkt "1
|x}q l} uwQO Cw=iDt |UOvy O=a@= w u=tO}J =@ xU=t TvH R= xOWQwYLt
|WmyR =yu; QO xm 'xU=t |=yxOwD u}= "OwW|t xOy=Wt `=@W= |xv=OR} Q l =N

[3w2]"OvwW|t xO}t=v |}xU=t Rvr 'OQ}o|t CQwY |@v=H Kw]U s=tD R=
xO=O u=Wv Q}PBs}mLD l =N |x}q l} QO xU=t |=yxOwD R= |}=tv '1 pmW QO
QO [4]"OvW=@ xDW=O |}xO}J}B |=ypmW Ovv=wD|t =yRvr 'u; j@=]t xm 'CU= xOW
l =N QO xOWQwYLt |}xU=t |=yRvr |}=Qou=wQ QF= QO lQD |xaUwD '2001 p=U
[5]'xDiQo Q=Qk |UQQ@ OQwt OwOLt <=RH= VwQ ltm =@ |rm}U |Q=PoQ=@ CLD |UQ
[6w4]'|y=oW}=tR; C=ar=]t Qo}O G}=Dv =@ ?wN Q=}U@ j=@]v= R= |m =L =yu; G}=Dv w
|UQ |=yl =N QO |}=Qou=wQ sU}v=mt R}v '2005 p=U QO "CU= xOt; CUOx@
Q=Qk |UQQ@ OQwt OwOLt p[=iD VwQ R= xO=iDU= =@ xU=t |xv=owO |=yRvr |w=L
|=yRvr l}ORv QO CUWv Q=Okt |xv}W}@ xm xO=O u=Wv xOt;CUOx@ G}=Dv w CiQo
|xrY=i QO ,=@} QkD CUWv u}= Q=Okt xm |Qw]x@ 'O=O Oy=wN MQ xOW=Qou=wQ |xU=t
QO pwtat |OOa |=yVwQ [7]"CU= Z=te= p@=k =yRvr pw] Q@=Q@ 4 |r= 3
<=RH= |=yVwQ 'u=}t u}= QO "OvDUy |Ov@xm@W Q@ |mDt ,=@r=e CUWv C=@U=Lt
CUWv |OOa C=@U=Lt QO =yVwQ u} QDOQ@ Q=mQB <RH OwOLt p[=iD w OwOLt
xm |rmWt u} QDsyt "OvQ@|t xQy@ =yu; R= |OOaDt |Q=Ri=sQv |=yxawtHt w OvDUy

|=ypmWQ}}eD w `=@W= |xv=OR} Q |=yl =N QO |}xQiL ?; GwQN |H} QOD Ov}=Qi x@
R= |U=U= pL=Qt pt=W s}mLD Ov}=Qi [1]"OwW|t xDio s}mLD |xO}OB 'u; R= |W=v
uOW p�=R p}rO x@ x}rw= s}mLD '|Q=PoQ=@ R= |W=v l =N C=QP |x}rw= |oOQWi %p}@k
x@ l =N |Q}tN pmWQ}}eD R}v w 'u; R= |W=v CUWv w |i=[= |}xQiL ?; Q=Wi
ltm =@ |UQ |=yl =N QO s}mLD |xO}OB 'x=oW}=tR; QO "CU= x} wv=F s}mLD p}rO
w Pi=vt C@Uv C=Q}}eD w |Q=PoQ=@ R= pY=L CUWv OQw;Q@ Qw_vt x@ QDtw�O= V}=tR;
"CU= |k=RQD |Oa@l} s}mLD |Qw�D Q@ |vD@t xm 'OwW|t s=Hv= u=tR pw] QO VvD
R= l} Qy |x]U=w x@ xm CU= |OOaDt |xOvvmxO=U C=}[Qi Q@ |mDt |Qw�D u}=
u} QDsyt "O};|t OwHw x@ =yl =N |t}mLD C=YNWt Q}O=kt QO |}=y=]N '=yu;
|xO}OB uOw@ |Oa@l} ZQi 'OQ=O OwHw |k=RQD |Qw�D QO xm |}xOvvmxO=U ZQi
l =N TvH O}OW C=Q}}eD =yu; QO xm |r�=Ut QO ZQi u}= "CU= s}mLD CUWv
Q}e |=y?} QkD =@ 'OQ=O OwHw |WmyR hrDNt \}=QW R}v w j=ta= w K]U QO
|NQ@ QO "Ow@ Oy=wN x=Qty l}vmDw�S |UOvyt QO |OOa p�=Ut pL QO |rw@kp@=k
|=yx}q 'xk]vt |m}vmDw�S w hrDNt \}=QW p}rO x@ '|U=vWu}tR |=yOvR=U R=

pw�Ut xOvU} wv �
"1394 10 12 VQ}PB '1394 9 22 x}LqY= '1394 5 6 Ci=} QO %M} Q=D



"""C
UW

vQO
|}x

U=t
|=y

RvrQ
F=|

UQQ
@

|xv}tm |xm@W uwO@ VwQ 'Q[=L VywSB QO [21]"CU= xOW xO=O s}taD |Oa@
Q=Qk xO=iDU= OQwt s}mLD |Oa@ wO |xr�Ut pL |=Q@ VwBsy |xDUUo C=a@ Qt

"CU= xDiQo

sm =L CqO=at "2
Q=Okt R= xO=iDU= =@ w pQDvm sHL l} |wQ Q@ u=} QH |oDUw}B |x]@=Q uDWwv =@
Cr=L QO s}mLD |Qw�D Q@ sm =L |xrO=at '(m�) l =N OL=w sHL QO sHL Q}}eD

[1]%O};|t CUOx@ 1 |x]@=Q CQwYx@ |Oa@ wO
@u
@t

= C�(@
2u
@x2 + @2u

@z2 ) u = �u on �u (1)

C� "CU= �u |xrJ} QO RQt QO |}xQiL ?; Q=Wi xi=[= Q=Okt �u 'u; QO xm
C=QP u}@ R= ?; GwQN "OwW|t xO}t=v s}mLD ?} Q[ xm Oa@ uwO@ CU} QDt=Q=B
xm 'CU= xDiQo CQwY C=yH |t=tD QO '|HQ=N |=yVvD p=ta= QF= QO l =N
TB "O=O Oy=wN MQ |Oa@xU Cr=L QO l =N |=ypmWQ}}eD w CUWv u; QF= QO
s}mLD OYQO u=wD|t u=tR w x]kv Qy QO |}xQiL ?; Q=Wi xi=[= |x@U=Lt R=
(Scf ) l =N |}=yv CUWv u=wD|t 2 |x]@=Q ltm =@ x=ov; w OQm u}}aD =Q Q_vOQwt

[1]%OR u}tND =Q xDi=}|O=a s}mLD TQ |=Q@
Scf = cc h0

1 + e0
log (1 + ��0

�00
) (2)

h0 '|UQ |x}q RmQt QO QF-wt VvD �00 '|Q=PoQ=@ R= |W=v Q=@ QU ��0 'u; QO xm
Q_vOQwt l =N |x}rw= Pi=vt C@Uv e0 w 's}mLD XN=W cc '|UQ |x}q Ct=N[
CUWv 3 |x]@=Q j@] u=wD|t 'pm |}=yvCUWv |x@U=Lt R=TB 'xt=O= QO "CU=

[1]%OQw; CUOx@ =Q Q_vOQwt |x]kv QO (St) |}x_Lr
St = (1� ut

ui
)� Scf (3)

|x}rw= Q=@ QU w t |x_Lr QO |}xQiL ?; Q=Wi xi=[= ?}DQDx@ ui w ut 'u; QO xm
QO xOWKQ]t p�=Ut |t=tD QO CU= QmP u=}=W "CU= l =N |Q=PoQ=@ R= |W=v
'0 1 'QDt 5 pO=at ?}DQDx@ 
sat '
w 'e0 'cc 'h0 |=yQDt=Q=B 'Q[=L VywSB
TQ l =N |=Q@ ?amtQDt Q@ uDw}vwr}m 20 w ?amtQDt Q@ uDw}vwr}m 9 81 '1 18
xOW xDiQo Q_v QO |}xU=t l =N |=Q@ ?amtQDt Q@ uDw}vwr}m 21 pO=at 
sat w
Q_v QO RwQ Q@ `@ QtQDt 0 125 =@ Q@=Q@ |UQ |x}q |t}mLD ?} Q[ u}vJty "CU=

"CU= xOW xDiQo

|xDUUo C=a@ Qt |xv}tm |xm@W uwO@ VwQ "3
VwBsy

xm 'CU= C=a@ Qt |xv}tm VwQ 'VwBsy |xDUUo C=a@ Qt |xv}tm |[=} Q |x}=B
QO xm |}=Hv; R= "OwQ|t Q=m x@ |RQt \}=QW p=ta= w CqO=at |R=UxDUUo QO
'OwW|t xO=iDU= =y|R=UxDUUo QO p}Uv=Qi}O CqO=at |wk sQi R= QwmPt VwQ
hPL Ea=@ |Q}op=QoDv= x@ R=}v sOa "OwW|tv pL Ov}=Qi OQ=w |Q}op=QoDv= Ov}=Qi
VwQ ?}DQD u}= x@ "OW Oy=wN |Q}oxvwtv \=kv uOQm =O}B |=Q@ |}xv}tR |Ov@xm@W
'xOWQmP |xm@W uwO@ VwQ QO "OQw; ?=ULx@ xm@W uwO@ ,qt=m u=wD|t =Q QwmPt

[4]"|UQ |=yl =N uwQO |}xU=t |=yRvr "1 pmW

|=ypmW =@ xO}J}B |=yxRwL |Ov@xm@W 'Ov=xH=wt u; =@ xm@W Q@ |mDt |=yVwQ
s_vt=v Q=}U@ |=ypmW x@ C}=va =@ 'Q[=L VywSB QO [8]"CU= hrDNt |UOvy
|voty=v x@ xHwD =@ u}tR hrDNt j=ta= w K]U QO xOWQwYLt |}xU=t |=yRvr
=@ CU= umtt |Ov@xm@W R= xO=iDU= =@ xr�Ut |v=mt |R=UxDUUo 'xk]vt l =N
l =NTvH O=} R C=Q}}eD xm |Dr=L QO 'u}= Q@ xwqa "OW=@ x=Qty |O=} R |=y|Q=wWO
=yxm@W R= xO=iDU= 'OyO MQ xk]vt l =N |voty=v p}rO x@ s_vtQ}e |=yx}q QO
|=yRvr hrDNt |=ypmW |R=UpOt w Q=m CrwyU p}rO x@ "OW Oy=wN R=U QUOQO
uwO@ u} wv VwQ l} R= Q[=L VywSB QO '|WmyR hrDNt \}=QW p=ta= w |}xU=t
uwO@ |=yVwQ "CU= xOW xO=iDU= |Oa@ wO s}mLD CUWv |R=UpOt QO xm@W
|OOa pL QO '|v=mt |=yxRwL |R=UxDUUo QO u=W|Q}PBh=]av= p}rO x@ xm@W
|=yVwQ "Ov=xDiQo Q=Qk u=QoWywSB R= |Q=}U@ xHwD OQwt |UOvyt hrDNt p�=Ut
u}= |R=UxDUUo w xDW=Ov |v=mt |xRwL |Ov@xm@W Ov}=Qi x@ |R=}v 'xm@W uwO@
R= 'Q[=L VywSB QO "OQ}PB|t CQwY xOvm =QB |]=kv R= xO=iDU= =@ \ki xRwL
sm =L CqO=at pL |=Q@ VwBsy |xDUUo C=a@ Qt |xv}tm |xm@W uwO@ VwQ
x@ R=}v sOa '|oO=U x@ u=wD|t xm@W uwO@ VwQ u}= |=}=Rt R= "OW Oy=wN xO=iDU=
uwO@ |=yVwQ R= xO=iDU= |xO}= u}rw= "OQm xQ=W= u; uOw@xv} Ry sm w |Q}op=QoDv=
|twHv |=yxO}OB |R=UpOt Qw_vt x@ Q=wty C=QP l}t=v}OwQO}y VwQ QO xm@W
u}vJty[9]"CU= xOW xDiQo Q=m x@ |Q=@e |=yQ@= |xOwD w u=oQ=DU VQDUo uwJty
u}t-=D Q=wty C=QP l}t=v}OwQO}y VwQ |=Q@ |Q=oR=U \}=QW 'uRw `@=D KqY= =@
VwQ R= '1999 p=U QO [10]"CU= xOW x�=Q= p=vQm C=QP O}rwDR=@ VwQ w xOW
Q=wty C=QP l}t=v}OwQO}y VwQ QO pmW `@=wD O}rwD |=Q@ lQLDt C=a@ Qt |xv}tm
|Q}oQ=m x@ QO u=QoWywSB|NQ@|D=k}kLD |=yC}r=ai R=TB [11]"CU= xOW xO=iDU=
uwO@ |=yVwQ OWQ OvwQ [12]'C=Ot=H l}v=mt QO VNB <RH |xm@W uwO@ VwQ
|xm@W uwO@ VwQ %Ovv=t |O=} R |xm@W uwO@ |=yVwQ "CU= xDiQoCaQU xm@W
|=yQ@= VwQ [15]'R=Qi= OwOLt <=RH= VwQ [14]'|}x]kv |v=mtsy VwQ [13]'u}mQr=o
C=a@ Qt pk=OL VwQ w [17]'u}mQr=o wQDB |rLt |xm@W uwO@ VwQ [16]'|B I=
uwO@ |=yVwQ Q@ |rt=m QwQt [19w8]'=yVywSB |NQ@ QO "Ov=xOW x�=Q= [18]'xDUUo
C=a@ Qt |xv}tm VwQ CkO Ow@y@ |=DU=Q QO "CU= xOW =yv; |rt=mD Q}U w xm@W
w �2008� xOW xO=iDU= C=a@ Qt |xv}tm Ov}=Qi x=Qty x@ VwBsy \=kv R= 'xDUUo
xO=iDU= =@ ?}DQD u}O@ [20]"CU= xOW x�=Q= VwBsy |xDUUo C=a@ Qt |xv}tm VwQ
|xv} Ry xmv; uwO@ "CiQo|t CQwY |QDq=@ CkO =@ xr�Ut pL VwBsy \=kv R=
pL QO \=kv |k}@]D |}=Hx@=H |=Q@ |WwQ u}vJty "O@=} V}=Ri= u=OvJ |D=@U=Lt
wO p�=Ut pL |=Q@ VwQ u}= '�2009� ,=Oa@ xm 'CU= xOW x�=Q= |Oa@ l} p�=Ut

80



2/
2|

xQ=t
W'

33
�2

|xQ
wO'

�13
96

u=DU
@=D�

h}
QW

u=Qt
a|

UOv
yt p@=k |} wHxiQY CQwY u}O@ w xQ}NP x_i=L QO =yv; |Q}oQ=Qk TQO; x=Qty x@

C=}rta |x}rm 'u}= Q@ xwqa "OW Oy=wN R=}vOQwt |x_i=L Q=Okt QO |}x_Lqt
QiYQ}e |=yx}=QO =@ \ki 'OW Oy=wN s=Hv= =yT} QD=t xvwou}= |wQ xm |U} QD=t
pta 'OvW=@ QB =yT} QD=t xm |Dr=L x@ C@Uv |Q@=Q@ u}OvJ CaQU =@ w Ovvm|t Q=m
|xv}tm |xm@W uwO@ VwQ R= xO=iDU= =@ sm =L CqO=at pL |xwLv [22]"OQm Ovy=wN

%CU= xOW xO=O KQW s=o x@ s=o CQwYx@ xt=O= QO VwBsy |xDUUo C=a@ Qt
|x]@=Q pmW x@|vt[ Qr} w= VwQ R= 1 |xrO=at '|v=tR |R=UxDUUo |=Q@ %pw= s=o

%CU= xOW xO=iDU= 5
un+1 ��t:C�(@

2un + 1
@z2 + @2 un+1

@ x2 ) = un (5)

"OvDUy |v=tR s=o |xR=Ov= w xQ=tW ?}DQDx@ � t w n 'u; QO xm
' (F ) CU=Q CUO Q=OQ@ w (K) ?}=Q[ T} QD=t |x@U=Lt Qw_vtx@ %swO s=o
O}=@ 'n+ 1 |v=tR s=o QO |}xQiL ?; Q=Wi xi=[= Q}O=kt uOQw; CUOx@ |=Q@

[22]%�6 |x]@=Q� OwW s=Hv= KQW u}= x@ |U} QD=t Q@H C=}rta
L = '��t:

�
C� 
 (@

2'
@z2 ) + C� 
 (@

2'
@x2 )

�
(6)

%OwW|t h} QaD 7 |x]@=Q CQwYx@ C� 
 ( @
2�
@z2 ) CQ=@a QO 
 Qorta

C� 
 @2�
@ z2 =

h
C�1 C�2 ::: C�;M

i




26666664
( @

2�
@ z2 )11 ( @

2�
@ z2 )12 ::: ( @

2�
@ z2 )1;M

( @
2�
@ z2 )21 ( @

2�
@ z2 )22 ::: ( @

2�
@ z2 )2;M

...
...

...
...

( @
2�
@ z2 )N;1 ( @

2�
@ z2 )N;2 ::: ( @

2�
@ z2 )N;M

37777775

=

26666664
C� 1( @

2�
@ z2 )11 C� 2( @

2�
@ z2 )12 ::: C�;nc( @

2�
@ z2 )1;M

C� 1( @
2�
@ z2 )21 C� 2( @

2�
@ z2 )22 ::: C�;nc( @

2�
@ z2 )2;M

...
...

...
...

C� 1( @
2�
@ z2 )N;1 C� 2( @

2�
@ z2 )N;2 ::: C�;N ( @

2�
@ z2 )N;M

37777775
(7)

|xR=Ov= x@ xHwD =@ "CU= x@U=Lt p@=k R}v C� 
 ( @
2�
@x2 ) CQ=@a 'x@=Wt j} Q]x@

"Ow@ Oy=wN N � M CQwYx@ 'L T} QD=t |xR=Ov= 'pmW `@=wD |=yT} QD=t
%O};|t CUOx@ 8 |x]@=Q R= xO=iDU= =@ ?}=Q[ T} QD=t 'p=L

K = L� LT (8)

CUOx@ N � N ?}=Q[ T} QD=t |xR=Ov= 'L T} QD=t |xR=Ov= x@ xHwD =@
%OQw; CUOx@ 9 |x]@=Q R= xO=iDU= =@ u=wD|t =Q CU=Q CUO Q=OQ@ "O};|t

F = L� un (9)

xOW xO=iDU= |Dr=vB VwQ R= |RQt \}=QW p=ta= |=Q@ 'Q[=L VywSB %swU s=o
s=v x@ |@} Q[ =@ |awvYt Qw] x@ =yRQt QO =yxOv=t|k=@ Q=Okt 'u; QO xm 'CU=
"OvwW <=[Q= |RQt \}=QW 'pL Ov}=Qi |=yDv= QO =D 'CU= xOW |}=tvnQR@ |Dr=vB

[22]"CU= xOW x�=Q= '2015 p=U QO |WywSB QO VwQ u}= C=}�RH
=Q \}=QW xm 'CU= lvD w uQ=kDt '|Dr=vB VwQ R= xOt; CUOx@ ?}=Q[ T} QD=t

VwQ QO VwBsy w |}xQo \=kv \UwD xr�Ut |xRwL |R=UxDUUo |xwLv "2 pmW
"VwBsy |xDUUo C=a@ Qt |xv}tm

"OvwW|t |R=UxDUUo |}xQo \=kv \UwD u; |=yRQt w xr�Ut |xRwL =OD@= QO
"OvQ}o|t Q=Qk =yRQt QO w xr�Ut |xRwL QO x=wNrO ,qt=m CQwYx@ R}v VwBsy \=kv
xOW x�=Q= VwBsy w |}xQo \=kv u=tO}J x=Qty x@ |[Qi |xRwL u}= '2 pmW QO
Ctqa =@ VwBsy \=kv w (�) xQ}=O Ctqa =@ |}xQo \=kv 'QwmPt pmW QO "CU=
|x]kv l} ,=tDL '|}xQo |x]kv Qy QO xm CW=O xHwD O}=@ "Ov=xOW xO=O u=Wv �+�
RQt w xrJ} QO RQt Qou=}=tv ?}DQDx@ �t w �u '2 pmW QO "OQ}o Q=Qk O}=@ R}v VwBsy
`@=D u}tND Ov}=Qi |=Q@ |U} QD=t Ci=}yQ l} 'Q[=L VywSB QO "OvDUy |kDWt
`@=wD =OD@= O}=@ 'Qw_vt u}O@ "CU= xOW O=yvW}B p}Uv=Qi}O CqO=at |R=UxDUUo w
uOWOQ=w R= p@k xm ?}DQD u}= x@ "OvwW xQ}NP |}=yT} QD=t QO =yv; C=kDWt w pmW
QO u; C=kDWt w pmW `@=D Q}O=kt '=yv; pL w p}Uv=Qi}O CqO=at |R=UxDUUo x@
xJv; Ovv=t '|}=yT} QD=t QO w x@U=Lt |}xQo \=kv |t=tD |=Q@ VwBsy \=kv |t=tD

"OvwW|t xQ}NP 'CU= xOW x�=Q= 4 |x]@=Q QO

' =

26666664
�1(X1) �1(X2) ::: �1(XM )

�2(X1) �2(X2) ::: �2(XM )
...

...
...

...

�N (X1) �N (X2) ::: �N (XM )

37777775 (4)

|}xQo \=kv O=OaD ?}DQDx@M w N u; QO xm 'CU= N �M 'T} QD=t u}= |xR=Ov=
pmW `@=wD Q}O=kt Qou=}=tv 'QwmPt T} QD=t Q]U Qy w OvDUy VwBsy \=kv O=OaD w
R= swO Q]U QO 'p=Ft u=wvax@ "CU= VwBsy \=kv |xty <=R= x@ |}xQo |}x]kv
'pw= VwBsy |x]kv x@ \w@ Qt C=YDNt QO swO xQo pmW `@=D Q=Okt ' 'T} QD=t
w &swO uwDU QO 'swO VwBsy |x]kv QO swO xQo pmW `@=D Q=Okt &pw= uwDU QO
's)=M VwBsy |x]kv C=YDNt <=R= QO swO |xQo pmW `@=D Q=Okt ?}DQD u}tyx@

"OwW|t xO=O Q=Qk swO Q]U R= s)=M uwDU QO
xOW xO=iDU= pmW `@=wD O}rwD |=Q@ \=kv|a=aW|@=}uwQO VwQ R= Q[=LVywSB QO
x@ xHwD =@ [22]"CU= xOW x�=Q= '2015 p=U QO |WywSB QO VwQ u}= C=}�RH "CU=
@2'
@y2 ' @2'

@x2 ' @'@y ' @'@x '' |=yT} QD=t O}=@ 'Q[=L VywSB QO xOWKQ]t CqO=at
|yHwD p@=k VN@ pwtat Cr=L QO QwmPt |=yT} QD=t "OQm xQ}NP w x@U=Lt =Q
x]kv |OwOLt O=OaD \ki xmv}= x@ xHwD =@ |rw 'OQm Ovy=wN p=eW= =Q x_i=L R=
u}= '�x]kv25 %Q[=L VywSB QO� OQ}o|t Q=Qk VwBsy |x]kv Qy QF= |xRwL pN=O
|=[i R= |tm sHL ?}DQD u}= x@ w OvQ=O QiYQ}e |x}=QO |tm O=OaD =yT} QD=t
QiYQ}e Q}O=kt \ki =yT} QD=t xvwou}= QO |DQ=@a x@ "Ovvm|t p=eW= =Q x_i=L

81



"""C
UW

vQO
|}x

U=t
|=y

RvrQ
F=|

UQQ
@

"pw= |xr�Ut |=Q@ xOWxDiQo Q_v QO l =N \}Lt "3 pmW

"pw= |xr�Ut |R=UxDUUo QO |}xQo \=kv `} RwD "4 pmW

x=Qty x@ (x = 15m) `]kt QO xOWx@U=Lt |}xQiL ?; Q=Wi xi=[= "5 pmW
"xiQ]wO |WmyR \}=QW CLD |r}rLD pL

"hrDNt |=yu=tR QO |UQ |x}q RmQt QO xOWx@U=Lt CUWv Q=Okt "6 pmW

|Q=QmD |=yVwQ R= xO=iDU= =@ pY=L |]N CqO=at x=oDUO |Q=QmD pL |=Q@
wO 'xOWxDiQo Q=m x@ VwQ R= pY=L |@} QkD |=y ?=wH "OR=U|t =}yt QF-wt
?} QkD R= xO=iDU= =@ xm CU= |}=]N '=yu; u} QDsyt w u}rw= %OQ=O =]N ẁv
=]N u}= "OvwW|t xO}t=v |R=UxDUUo |=]N w O};|t OwHwx@ |vwtR; `@=wD
w xr�Ut |xRwL Q@ sm =L p}Uv=Qi}O CqO=at u}t-=D sOa R= |W=v Ck}kL QO
uOQm OQo |=]N 'swO |=]N "CU= |vwtR; `@=wD ?} QkD \UwD u; |RQt \}=QW
Ov}=Qi R= xrLQt Qy QO C=aq]= |R=UxQ}NP C}OwOLt R= |W=v =]N u}= "CU=
xv}tm =yxv=}=Q uwRi=RwQCiQW}B x@ xHwD =@ u=wD|t =Q swO |=]N "CU= C=@U=Lt
\=kv V}=Ri= =@ u=wD|t 'VwBsy |xDUUo C=a@ Qt |xv}tm VwQ QO "CN=U

"OQm C}=Oy QDj}kO |=yMU=B CtU x@ =Q ?=wH '|R=UxDUUo QO |}xQo

|OOa |=yxr�Ut "4
|}xQiL ?; Q=Wi xi=[= pw= |xr�Ut QO 'xOWx�=Q= VwQ |HvUCLY Qw_vtx@
G}=Dv =@ G}=Dv w pL 'OwW|t VmyR hQ] wO R= xm Q}PBs}mLD l =N R= |}x}q |=Q@
'VwQ |=yC}r@=k uO=Ou=Wv |=Q@ TBU "CU= xOW xU}=kt |r}rLD pL R= pY=L

"CU= xOW pL QDxO}J}B |RQt \}=QW =@ xr�Ut l}

pw= |xr�Ut "1"4
u}}=B w q=@ R= xm 'O} Q}o@ Q_v QO =Q QDt 5 Ct=N[ x@ TQ l =N |x}q l}
100 Q=Okt x@ CN=wvm} w xOQDUo |Q=@ QU O}vm ZQi "�3 pmW� OwW|t VmyR
ZQi '(q0 = 100 kPa) OwW|t OQ=w l =N u}= Q@ |v=yo =v CQwYx@ p=mU=B wr}m
Q=Okt x@ u=Um} CQwYx@ l =N |x}q pm QO |i=[= VvD u}= |x}rw= `} RwD OwW|t
'CiQo Q_v QO |Oa@l} ,qt=m u=wD|t =Q xr�Ut u}= OvJ Qy "OW=@ p=mU=B wr}m 100
|R=UxDUUo u; |Oa@ wO pmW QO xr�Ut '|OOa pL |HvUCLY Qw_vtx@ |rw
|}xQo |x]kv 3920 R= xr�Ut |m} R}i |xRwL |R=UxDUUo QO "CU= xOW pL w
xOW xO=iDU= 'OvQ=O CN=wvm} Q}e ,qt=m |a} RwD xm 'VwBsy |x]kv 5700 x=Qty x@
'|v=tR |R=UxDUUo QO "CU= xOW xO=O u=Wv 4 pmW QO |}xQo \=kv `} RwD "CU=
QDt=Q=B 'xr�Ut |v=tR Q}eDt |=Q@ "OwW|t xDiQo Q_v QO x}v=F 0 01 |v=tR s=o Q=Okt

%OwW|t h} QaD 10 |x]@=Q CQwYx@ |Oa@uwO@
T� = C� t

d2 (10)

|}xQiL ?; Q=Wi xi=[= Q=Okt "OwW|t xDiQo Q_v QO l =N |x}q jta d 'u; QO xm
QO w x@U=Lt (x = 15m) `]kt QO T� |=Q@ 0 5 w '0 2 '0 1 Q}O=kt <=R= x@
Q=}U@ j=@]v= 'G}=Dv "Ov=xOW sUQ 5 pmW QO '|OOa pL R= pY=L G}=Dv p@=kt
CUWv 'jwi C=@U=Lt G}=Dv x@ xHwD =@ "OvyO|t u=Wv |r}rLD pL =@ |@ wN
xm |Qw]u=ty "CU= xOW xO=O u=Wv 6 pmW QO u=tR CWPo =@ l =N |t}mLD
CUWv u=R}t '�|Q=PoQ=@ R= TB RwQ 3 OwOL =D� x}rw= |=yu=tR QO 'OwW|t xOy=Wt
GwQN uOw@ |H} QOD w |WmyR Kw]U =D Q_vOQwt |x]kv |xrY=i p}rO x@ pY=L
OwOL =D u=tR CWPo =@ u}vJty "CU= R}J=v |UQ |x}q C=QP u}@ R= |}xQiL ?;
R= |}xQiL ?; O}OW GwQN Cra x@ l =N pmWQ}}eD w CUWv u=R}t 'RwQ 35
CWPo R= Oa@ C}=yvQO xm 'CU= xDi=} V}=Ri= |OvD ,=D@Uv ?}W l} =@ l =N |xOwD
x@ |t=Q; ,=D@Uv ?}W l} =@ l =N |t}mLD CUWv Q=Okt '|Q=PoQ=@ ẁQW R= x=t 2
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