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xOw@ C@=F |}=Hx@=H ẁv R= |Q=PoQ=@ 'C=ar=]t u}= QO [4]"Ov=xOQm |UQQ@ |Oa@l}
=@ CmQL CqO=at u}vJty &CU= xOW hkwDt ,=D}=yv lQD OWQ p}rO u}tyx@ w
VwQ =@ CqO=at '|oO}J}B p}rOx@ =yDv= QO w Ov=xOt; CUO x@ wmv}Wwt}D Q}D ZQi

"Ov=xOW pL OwOLt hqDN=
l}v=mt QO OwHwt |=yVwQ u=}t QO OwOLt <=RH= p}rLD hrDNt |=yVwQ
|x@ wvx@ =t= 'CU= |m}t=v}O lQD OWQ p}rLD |=Q@ =yQ=R@= u} QD|wk R= |m} 'CUmW
�FEM� 3OwOLt <=RH= VwQ QO lQD OWQ |R=UpOt "OQ=O R}v|}=yC}OwOLt OwN
|=yu=tr=VwQ "2 &�C@=F =}�um =U|=yu=tr=VwQ "1 %CU=Cw=iDt |xO}= wO |=Q=O

"OQ=O OQ@ Q=m R}v �BEM� 4|RQt <=RH= VwQ QO xD@r= xm lQLDt
|xO}=� um =U |=yu=tr= x@ \w@ Qt |=yVwQ xrtHR= 5=yxQo |R=UO=R; VwQ
x@ sRq [6w5]"CU= xOW s=Hv= u; XwYNQO |irDNt C=k}kLD xm CU= �CUNv
|UOvy w |Q=PoQ=@ ^=Lr R= xm OwW|t |r�=Ut x@ OwOLt VwQ u}= xm CU= QmP

QO xS} wx@ u;|v}@V}B xmCU= |=xDU=wN=v w ?QNt |=yxO}OB R=|m}t=v}O lQD OWQ
p}rLD |xv}tR QO "CU=C}ty= R�=L O=wt `} QUCUmW R= |Q}owrH Qw_vtx@ OQD O=wt
|}=yQ=mB�DCB� xv=owO Q=OQ}o QUl} Q}D |=yxvwtv QO |m}t=v}O lQD OWQ |Q_v
j} Q] R= R}v w |rwvQ@ � Qrw= Q}D C=}[Qi R= xO=iDU= =@ =yv; QO xm CU= xOW s=Hv=
CUO x@ lQD OWQ CaQU w C}akwt x@ \w@ Qt |xrO=at '|SQv= |xvR=wt |xrO=at
QF= 'uv}v=m p}rLD QO |rwvQ@ � Qrw= Q}D |x}[Qi R= xO=iDU= p}rOx@ [2w1]"CU= xOt;
u}tyx@ "CU= xOWv OQ=w C=@U=Lt QO |WQ@ pmW Q}}eD QF= u}vJty w Ct=N[
QwmPt |=]N uOQmhQ]Q@ Qw_vtx@ 2004 p=U QO u=oOvQ=ov xm |D=k}kLD QO p}rO
R}v w 'wmv}Wwt}D Q}D ZQi =@ DCB |=yxvwtv QO |m}t=v}O lQD OWQ OvO=O s=Hv=
xOW |UQQ@ x]w@ Qt CqO=at QO Ct=N[ w |WQ@ pmW Q}}eD QF= uDiQo Q_v QO =@
C=Q=@a uDiQoxO}O=v =@ '|}=yv p}Uv=Qi}O CqO=at QO |oO}J}B p}rOx@ ,=D}=yv w CU=
|xrO=at R= xO=iDU= =@ lQD OWQ CaQU '|m}D=DU= x@W p}rLD ZQi =@ w |UQv}=
OWQ Qo}O u}kkLt '1979 p=U QO xwqax@ [3]"CU= xOt; CUO x@ |SQv= |xvR=wt



"""R
=xO

=iDU
==@

|m
}t=v}

Ol
QDO

WQ
OwOL

t<
=RH=

p}rL
Dxr�Ut p}rLD |=Q@ sRq u=tRCOt Q@ OwW|t xO=O KQW xt=O= QO xm swO xO}=

"O}=Ri=|t
'u; ?Hwtx@ xm CU= �|rLt OOHt |Ov@xm@W� xv}tR u}= QO x=oO}O u}twO "2
OOHt |Ov@xm@W VwNDUO lQD lwv h=Q]= QO u}at w OwOLt |=x}L=v \ki
p=kDv= l}vmD xm CU= u}= pw= x=oO}O x@ C@Uv u; C} Rt xH}DvQO "OwW|t
QDsm =Q C=@U=Lt sHL u}= w OQ}o|t CQwY x}L=v u}= |=Q@ \ki C=aq]=

"Ovm|t
'(LEFM� 9|]N |v=UWm CUmW l}v=mt |xv}tRQO '1988 p=U QO
QO CUmW |@}mQD Owt Cr=L QO |m}t=v}O lQD OWQ |UQQ@ |=Q@ swO |xO}= R=
Qy QO lQD OWQ CyH w CaQU Q=m u}= QO [17]"OW xO=iDU= |=xLiY |=yxvwtv
u=wva CLD |tD} Qwor= 1996 p=U QO 'u}vJty "OW xOQw; CUO x@ |v=tR s=o
OWQ Q}Ut |v}@V}B Qw_vtx@ |v=UWm O=wt QO lQD OWQ Q=mOwNxt}v |R=Ux}@W
[18]"CU= 1988 p=U QO |r@k |xOW s=Hv= Q=m x@ x}@W Q=}U@ xm OW KQ]t lQD
� |v=UWm O=wt QO CUmW |@}mQD Owt Cr=L QO lQD OWQ |xv}tR QO xwqax@
QO xOWs=Hv= |UQQ@ x@ u=wD|t |rLt OOHt |Ov@xm@W VwQ R= xO=iDU= =@ |Q}tN

[19]"OQm xQ=W= 'Ci=} X=YDN= u; x@ EPIC10 Om u=wva xm '1996 p=U
l}vmD T=U=Q@ DCB xvwtv l} QO |m}t=v}O lQD OWQ j}kLD u}= QO
OQwtAnsys 7 0 OwOLt <=RH= OQ=Ov=DU= Om R= xO=iDU= =@ w |rm OOHt |Ov@xm@W
'=yxvwtv u}= lR=vCt=N[ p}rOx@ '|v=UWm |xr�Ut p}rLD "CU= xDiQo Q=Qk|UQQ@
wO Qy QO xr�Ut ,=vt[ [20]"CU= xOW s=Hv= |=xLiY VvD |Oa@ wO Cr=L QO
QO "CU= xOW p}rLD C@=F wQ}v w C@=F |}=Hx@=H ẁv R= |Q=PoQ=@ hrDNt Cr=L
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