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h} QaD =yu=tr= |=Q@ =Q |rmW ẁv Qy u=wD|t 'x=wNrO pmW |=Q=O |=yu=tr= |r[=iD
�9�FLAC 3D� Oa@ xU QO xDUw}B |Sv=Qo q `} QU R}r=v;� Q=Ri=sQv T=U= "OQm
pL |=yR=}v |t=tD |xOvvmhQ]Q@ xm CU= K} QY OwOLt p[=iD VwQ CqO=at
3D OwQ|t Q=_Dv= =DU}= p�=Ut pL QO xJQo = "CU=|m =N |xDUw}B\}Lt |xr�Ut
|m}t=v}O CqO=at |Ov@pwtQi QO `k=w QO =t= 'O@=}@ =Q xr�Ut |=DU}= pL FLAC

u=mt= xW}ty '|]NQ}e Kr=Yt =@ xyH=wt QO "Ov=xDiQo Q=Qk x_Lqt OQwt CmQL

l =N pOt xm OvDiQo xH}Dv u}kkLt "OQ}o|t Q=Qk xO=iDU= OQwt xar=]t u}= |=Q@
QDU@ nvU CmQL R= =Q |atW |B MU=B |yHwD p@=k Qw]x@ '|Q}tN Cr=L QO
p}rLD |=Q@ xOWxO=U w OwOLt u=tr= pOt l} 'u=tR u}ty QO [5]"Ovm|t hQLvt
u}= [6]"Ci=} xaUwD OQivt `tW l} |=Q@ l =N � `tW |]NQ}e |m}t=v}O VvmQOv=
|R=UpOt j}kLD u}= QO "Ci=} s=Hv= C=@U=Lt *|v=tRsy VwQ R= xO=iDU= =@ p}rLD
|}xQiL Q=Wi hqD= w uOQ@q=@ |xr}Uwx@ |}xQiL ?; Q=Wi C=Q}}eD w pmWQ}}eD
VvD Q=DiQ h}YwD C}r@=k R= xm l =N pOt u}= QO "OwW|t s=Hv= u=tRty CQwYx@
R= w `tW |R=UpOt |=Q@ Q}D |=yu=tr= R= 'CU= Q=OQwNQ@ =Qou=wQ |xU=t *VvQm �
|xNUvl} u}vJty "OwW|t xO=iDU= l =N |R=UpOt |=Q@ |yQoCWy |=yu=tr=
[6]"CU= xDiQo Q=Qk xO=iDU= OQwt |OwQw CmQL u=wvax@ x@ wm |xrRrR R= xOWT=}kt
C=QF= |v}@ R=@ |=Q@ =Q |Oa@xU OwOLt u=tr= VwQ u=QoVywSB R}v 2004 p=U QO
1*lQDWt K]U QO |}=OH w �|oOWCNU pta s=t[v=x@� l =N |Q}tN Cr=L
[7]"OvO=O \U@ =y`tW xwQo w OQivt `tW l} |m}t=v}O MU=B |wQ '`tW w l =N
|Q}tN Cr=L l} =@ l =N w '|]N u=UWm |xO=t l} =@ `tW VwQ u}= QO
w Y 'X� CyH xU Qy QO �Qo =Q}t w Qvi� u} wrm |=yu=tr= "OW |R=UpOt xDiQW}B
|r=tW |xir-wt \UwD pOt "CiQ Q=m x@ OwOLt=v l =N \}Lt |R=Ux}@W |=Q@ �Z
w `tW |}=OH "OW |Q=PoQ=@ QDU@ nvU QO 'wQDvUp= |xrRrR ?=DW |@ wvH �
`tW u}@ l =m]Y= R= w CiQo Q=Qk x_Lqt OQwt |Q=PoQ=@ |=DU=Q QO =yvD l =N
QO� l =N |=yu=tr= QO p=tQv VvD |Uwo |x]kv Qy QO "OW Q_vhQY l =N w
Q=QmD Qy QO w |v=tR s=o Qy |=Q@ jta u; QO xOvvmOwOLt Q=Wi w �|Q=PoQ=@ |=DU=Q
OW=@ xOvvmOwOLt VvD R= QDnQR@ |WWm p=tQv VvD xm |v=tR "OvwW|t xU}=kt
xDmv u}= u}@t u}kkLt u}= \UwD xOWs=Hv= *|OOa p}rLD "ODi=|t j=iD= �|}=OH�
pOt R= QDq=@ Q=}U@ u=UWm l =N pOt R= xO=iDU= u=tR QO 'V}=OH CaQU xm Ow@
Q@ |O=} R QF= `tW � l =N sDU}U QO l =N |]NQ}e MU=B xJQo = 'CU= |Q}tN

"OQ=O u}}=B l} QLD |=yTv=mQi
x@ |UQDUO sOa =} OwHwt |=yQ=Ri=sQv C}OwOLt R= sa= �� hrDNt p}qOx@
xOWs=Hv= C=k}kLD QO �� l =N C=YNWt Q}}eD |R=UpOt |=Q@ =v=wD |Q=Ri=CNU
|=Q@ OwHwt |Q=Ri=sQv C=v=mt= x@ xHwD =@ "CU= xOw@ C}ak=w R= QwO =y|R=UxO=U
h=Q]= QO |]}Lt \}=QW Q}}eD *Q}F-=D XwYNQO Q=Oxvt=O w O}OH |=y|UQQ@ s=Hv=
uwt=Q}B l =N C=YNWt Q}}eD Q}F-=D |UQQ@ '`tW � l =N p@=kDt Q=DiQ Q@ =y`tW
lQDWt pYi Q}F-=D u=R}t R}v w l =N Ca}@] *QDxv=v}@ `k=w \}=QW |x�=Q= ^=Lrx@ `tW
C}ty= R= 'Q=PoQ}F-=D *|v=QL@ *\=kv u}= QO `tW |Q=O}=B Q@hrDNt *l =N x}q wO *|}=OH

"Ow@ Oy=wN Q=OQwNQ@ |}=RUx@
l =N w `tW Q=DiQ Q@ l =N C=YNWt C=Q}}eD Q}F-=D |UQQ@ hOy =@ j}kLD u}=
|m}D=tv}U VvmQOv= |UQQ@ x@ =Q =t xr�Ut u}= |R=UpOt "CU= xrRrR Q=@ CLD
�p=kDv= `@=wD x@ xDU@=wTv=mQi�\UwD |m}D=tv}U C=QF= "OyO|t jwU `tW � l =N
QO O=R; u=O}t CmQL x@ |B CmQL C@Uv CQwYx@ p=kDv= `@=D "OwW|t K} QWD
'xr�Ut u}= |UQQ@ |=Q@ [8]"OwW|t h} QaD |Uv=mQi |xRwL QO xR=U l} ?=}e
2`} QU |x} Qwi p}O@D R}v w ?=DW |v=tR |xJN} Q=D CQwYx@ p}rLD R= pY=L G}=Dv
1 pmW QO "OvwW|t x�=Q= '|Uv=mQi |xRwL QO O=R; u=O}t x@ C@Uv `tWQU ?=DW
'u; QO xm CU= xOW xO=O u=Wv Q[=L j}kLD |=Q@ Q_v *OQwt *pOt R= |rm |}=tv
TQ l =N |x}q |wQ 'xDiQo Q=Qk sQv TQ l =N |x}q QO xm R} Q=H QO |vD@ `tW
Q=Qk sy x@ C@Uv hrDNt |=y`=iDQ= QO hrDNt |=y|R=UpOt QO xm �� CNU
|R=UpOtCr=L u} QD|v=QL@C}=yv QO w &OvwW|t p}rLD xrRrR Q=@CLD �� OvQ}o|t

"OW Oy=wN XNWt

50



|vW
roQ@

m=|
raw

|�=[
QOt

LtQ
}tO

tY "=yp}rLD QO xO=iDU= OQwt TQ l =N C=YNWt "1 pwOH
�MPa� l =N |v=UWm pwOt 20

�KN/m3� |Qwx]we XwYNt uRw 11 8
uwU=wB ?} Q[ 0 45

�KPa� QF-wt |oOv@UJ 34
|rN=O l =m]Y= |x} w=R 16 5�

`=UD= |x} w=R QiY
�m/s� |WQ@ Gwt CaQU 65

"=yp}rLD QO xDiQ Q=m x@ `tW C=YNWt "2 pwOH
�m4� |UQv}= u=tt 0 0306

�MPa� |v=UWm pwOt 200
uwU=wB ?} Q[ 0 15

�m2� `]kt K]U 0 196

QO p}rOx@ u}W}B |=yj}kLD w Q[=L G}=Dv u}@ lOv= hqDN= "CU= xOW x�=Q=
VJ}B R= |Q}owrH R}v w 'Q[=L |xar=]t QO ?trwm�Qywt l =N Q=DiQ uDiQo Q_v
xDWPo C=ar=]t =@ |@ wN |v=wNsy |rm |xH}Dv "CU= Q[=L pOt QO `tWQU

"OyO|t u=Wv

|m}t=v}O CLY "2"2
|UQQ@ |=Q@ u}kkLt xm|r}rLD x@ 'xrRrR Q=@CLD pOt|m}t=v}OCLY|UQQ@ |=Q@
[12w11'7]'Ov=xO=O s=Hv= OQivt `tW |W=aDQ= p}rLD |Oa@xU pOt Q@ |v=UQ}tN C=QF=

"s}=xOQm O=vDU=
pOt O=a@= w =yQDt=Q=B "1"2"2

'|r}rLD pOt "CU= 4 w 3 pwOH j@=]t ?}DQDx@ |vD@ `tW w TQ l =N |=yQDt=Q=B
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