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%OQm
"Q=O}=B=v |OwOL =D w `=@W=Q}e \}=QW 'R=@ Q=DN=U OwHw "1

O=H}= |=Q@ Qo}O |xOvvm |v=t}U pt=wa w =yOvw}B =} |i=m |Q=DN=U Vmt OwHw "2
"lWNxt}v w |a}@] C@ w]Q QO l =N |Q=O}=B

=} |Ovw}B Ctw=kt Vy=m Ea=@ xm |wLv x@ l =N C@ w]Q OYQO V}=Ri= "3
?U=vt VvD CLD uDN} QwQi w uOW xDUmW |=Q@ =Q =yv; w OwW|t |v=t}U

"Ovm|t xO=t;
[4w3]"Q=O}=B=v \}=QW O=H}= CyH sRq |xv}tm VvD O=H}= "4

?wJQ=J QO O}=@ QwmPt l =N |m}v=mtwQO}y Q=DiQ 'xOW QmP pt=wa x@ xHwD =@
|Ur |=yl =N R= |a}Uw j]=vt OwHw "OwW |UQQ@ `=@W=Q}e |=yl =N l}v=mt

"CU= xOW VQ=Ro u=yH |xQ=k 5 Qy QO Tr Q}_v |WR} QwQi |=yl =N OwHw
|=}U; '=}U; |kQW ?wvH 'u}J '|kQW |=B wQ= '=m} Qt; R= |a}Uw j]=vt =yTr
w |RmQt |=m} Qt; QO u}vJty Tr l =N Qw[L "Ov=xOv=WwB =Q xv=}tQw=N w |RmQt
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VvD u}}aD Qw_vt x ? 'CU= xOW QmP ,q@k u; C=YNWt xm 'u=oQo Tr
� |Q=PoQ=@ K]U C}=yvQO w 3 |x]@=Q =@ \@DQt |=yQDt=Q=B 's}rUD Xr=N
|Q=DiQ pOt ?U=vt |} woMU=B sOa p}rO x@ "CU= xOW xO=iDU= �LC� s}rUD
x@ xHwD =@ 'V}=tR; OQwt l =N |=Q@ �1995� Q=twm =w}U w Qr} w |xOW x�=Q=
pOt |=yQDt=Q=B |x@U=Lt Qw_vt x@ 'xar=]t OQwt |WR} QwQi l =N C}y=t
xOW xQ=W= =yv; x@ xt=O= QO xm CU= xDiQo CQwY 3 x]@=Q |wQ Q@ |D=LqY=

"CU=s}rUD Xr=N VvD "1"2"5
CLD |x@v=Hxty sm =QD |=yV}=tR; x@ \w@ Qt � � log(pn) Q=Owtv '4 pmW QO
"CU= xOW x�=Q= C@=F |Q=DN=U Vmt QO Q}eDt u}ov=}t Xr=N VvD |Q=PoQ=@
=D V}=tR; ẁQW |xrLQt |xOvyOu=Wv 'QwmPt pmW |wQ Q@ u}Jx]kv \w]N
Vmt R= p=mU=B wr}m 10 u}ov=}t Xr=N VvD CLD =yxvwtv uO}UQ pO=aD x@
|=yQ=Owtv "CU= V}=tR; Q_vOQwt |Q=DN=U Vmt x@ uO}UQ =D x}rw= |Q=DN=U
Xr=N VvD Q=Okt w xOW |R=UxO=U |]N wO CQwYx@ 5 pmW QO '4 pmW
s}rUD Xr=N |x@v=Hxty VvD u=wvax@ 'xOW QmP \N wO OQwNQ@ pLt u}ov=}t
xm CU= QmP x@ sRq "CU= xOW xDiQo Q_v QO |Q=DN=U Vmt Qy QO (pny)

Vmt QO u}ov=}t Xr=N VvD V}=Ri= ?UL Q@ sHL C=Q}}eD Q=Owtv "4 pmW
"C@=F |Q=DN=U

VvD V}=Ri= ?UL Q@ sHL C=Q}}eD �|]N wO� |xOW |R=UxO=U Q=Owtv "5 pmW
"C@=F |Q=DN=U Vmt QO u}ov=}t Xr=N

[7]"�LC� s}rUD � |Q=PoQ=@ K]U |x]@=Q G=QNDU= |xwLv "3 pmW

|x]@=Q |xOW xO=U pmW xm 3 |x]@=Q 'xOW QmP ZQi R= xO=iDU= =@ u}=Q@=v@
QO '�LC� s}rUD � |Q=PoQ=@ |vLvt |xrO=at u=wvax@ [6]'CU= u=Q=mty w wUvwr;

"CU= xOW x�=Q= u}ov=}t Xr=N VvD � |Q=DN=U Vmt |=[i

(�(s)� �) ln( pny
patm

) = (�(0)� �) ln(pny(0)
patm

)

+N(s)�N(0) + �s ln(s+ patm
patm

) (3)

QO QiUtD=l} u}ov=}tXr=NVvDCLD |xvwtv |x}rw= sHL N(s)'u; QO xm
�� log(pn) Q=Owtv?}W =} w |oOQWiC}r@=k?} Q[ �(s) w s|Q=DN=UVmt
h} QaD |Q=DN=U Vmt R= |a@=D CQwYx@ xm OvDUy C@=F |Q=DN=U Vmt QO
Vmt Cr=L QO =yQDt=Q=B u}= Q}O=kt �(0) w N(0) =DU=Q u}ty QO "OvwW|t

"OvDUy `=@W= Cr=L =} QiY |Q=DN=U
|Q=DN=U Vmt QO s}rUD Xr=N VvD ?}DQD x@ pny(0) w pny u}vJty
?}W ?}DQD x@ R}v �s w � OvDUy �`=@W= Cr=L� QiY |Q=DN=U Vmt QO w s
ZQi OOHt |Q=PoQ=@ =} |Q=OQ@ Q=@ Cr=L QO �� log(s) w �� log(pn) Q=Owtv
Vmt w u}ov=}t Xr=N VvD C=Q}}eD CLD sm Q=}U@ C=Q}}eD Cra x@ xm OvwW|t
w C@=F |Q}O=kt '\@DQt |=yV}=tR; QO xOW xO=iDU= |v}rw�=m l =N QO |Q=DN=U

"Ov=xOW xDiQo Q_v QO QwmPt Cr=L Q}eDt wO R= pkDUt
Vmt V}=Ri= =@ xm OvDiQo xH}Dv OwN |xar=]t QO �1995� Q=twm =w}U w Qr} w
w O@=}|t V}=Ri= �(s) w s}rUD Xr=N VvD Q=Okt 'l =N |=yxvwtv QO |Q=DN=U
Cr=L =D Q_vOQwt |Q=DN=U Vmt QO xvwtv sHL C=Q}}eD p}Uv=DB� s}rUD p}Uv=DB
Cr=L u} QDW}@ x@ |v=}t |=yVvD QO �C@=F u}ov=}t Xr=N VvD \}=QW QO `=@W=
sm =yxvwtv QO s}rUD p}Uv=DB 'u}ov=}t Xr=N VvD Q=Okt V}=Ri= =@ w OUQ|t OwN
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"hrDNt |Q=DN=U |=yVmt |=Q@ �s QDt=Q=B u}}aD QO xOW xO=iDU= |Q=DN=U Vmt C=Q}}eD ?UL Q@ XwYNt sHL C=Q}}eD Q=Owtv "6 pmW

"4 x]@=Q QO xO=iDU= OQwt |=yQDt=Q=B "2 pwOH
s(kPa) �(s) �(s) N(s) �s(s) pny(kPa)

0 0 052 0 098 1 59 �0 061 105
50 0 056 0 080 1 62 �0 061 135
100 0 058 0 130 1 68 �0 084 173
200 0 049 0 145 1 74 �0 083 207
300 0 029 0 160 1 82 �0 093 220
400 0 021 0 171 1 88 �0 098 247

Vmt QO xvwtv sHL Q}}eD hqDN= R= xO=iDU= =@ XNWt |Q=DN=U Vmt Qy |=Q@
|=yVvD |=Q@ (�s) `=@W= Cr=L =} w QiY |Q=DN=U Vmt =D Q_vOQwt |Q=DN=U
x@ xm CU= QmPx@ sRq "CU= xOt; CUOx@ p=mU=B wr}m 100 w 50 u}ov=}t Xr=N
|=[i QO QiY |Q=DN=U Vmt |=Q@ ?=wH OwHw sOa w |tD} Q=or |=[i p}rO

"�6 pmW� CU= xOW xO=iDU= s+ patm |=[i R= 'QwmPt
�s w � |=yQDt=Q=B [7]'�1995� Q=twm =w}U w Qr} w 'OW u=}@ ,q@k xm Qw]u=ty
ZQi C@=F =Q =yv; w xOQw; CUOx@ C@=F V}=tR; OQwt |v}rw�=m |=y l =N |=Q@ =Q
x@ �s w � |=yQDt=Q=B Q}O=kt V}=tR; OQwt Tr l =N QO xm |DQwY QO 'Ov=xOQm

x@ 'p=mU=B wr}m 300 C@=F |Q=DN=U Vmt CLD |xvwtv u}ov=}t Xr=N VvD
u}ov=}t Xr=N VvD =D \ki 'Q=@ p=ta= u=tR QO xOt; V}B |=yC}OwOLt Cra
V}=tR; OQwt |xvwtv QO \}=QW u}= CLD xm CU= xOW V}=tR; p=mU=B wr}m 200
u}= QO (pny) s}rUD Xr=N VvD w �(s) w N(s) |=yQDt=Q=B w xO=Ov MQ s}rUD
|=yVmt QO s}rUD Xr=N |=yVvD u}@ |@=}uwQO R= xO=iDU= =@ |Q=DN=U Vmt
5 pmW QO xm Qw]u=ty "CU= xOt; CUOx@ p=mU=B wr}m 400 w 200 |Q=DN=U
'Ov=xOWV}=tR; |QDW}@C@=F |Q=DN=UVmtCLD xm|}=yxvwtv 'OwW|t xOy=Wt
\=kv C=YNWt Qo = p=L "Ov=xO=O CUOx@ =Q |QDnQR@ s}rUD Xr=N VvD Q=Okt
LC s}rUD � |Q=PoQ=@ |vLvt 'OwW sUQ (s � pn) |=[i QO =yxvwtv s}rUD

[6]"O};|t CUOx@
xO=iDU= OQwt |=yQDt=Q=B '5 pmW QO xOW x�=Q= |=yQ=Owtv C=aq]= R= xO=iDU= =@
QO 'OvDUy |WR} QwQi |=yl =N |=Q@ 3 |x]@=Q |xOW KqY= sQi xm 4 |x]@=Q QO
xOW x�=Q= =yu; R= |}xYqN 2 pwOH QO w xOt; CUOx@ s}rUD Xr=N |=yVvD

"CU=

(�(s)� �(s)) ln( pny
patm

) = (�(0)� �(0)) ln(pny(0)
patm

)

+N(s)�N(0) + �s(s) ln(s+ patm
patm

) (4)

� � |=[i QO =yV}=tR; G}=Dv �s QDt=Q=B u}}aD |=Q@ 'Q[=L VywSB QO
�s Q=Okt 'CU= xOW x�=Q= 6 pmW QO xm Qw]u=ty w s}UQD log(s + patm)
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=O}B sy =@ |@ wN j}@]D 4 |x]@=Q R= xOt; CUOx@ s}rUD K]U u}vJty w xOW

"Ov=xOQm
u=wD|t 'OwHwt h} Q=aD w 7 pmW QO xOt; CUOx@ s}rUD K]U x@ xHwD =@
Vmt QO |W}=Ri= u}ov=}t Xr=N VvD Q}Ut CLD =Q |WR} QwQi |=yl =N Q=DiQ
=@ C@=F |Q=DN=U Vmt QO xm CQwY u}= x@ "OQm |v}@V}B C@=F |Q=DN=U
sm |=ypmW Q}}eD 'xOt; CUOx@ s}rUD K]U =D u}ov=}t Xr=N VvD V}=Ri=
|oQR@ |=ypmW Q}}eD 's}rUD K]U x@ uO}UQ =@ w OwW|t xOy=Wt =yxvwtv QO
|x}L=v QO l =N |=ypmW Q}}eD xm CU= QmP x@ sRq "OwW|t O=H}= l =N QO
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Q}_v |WR} QwQi |=yl =N QO O=} R |Q=DN=U |=yVmt QO s}rUD K]U QO
lWN xt}v =D lWN \}=QW QO =yu; C=QP u}@ |=yOv=@ |DNU p}rO x@ Tr

"CU=

|Q}oxH}Dv "6
u=oQo Tr |xOQwNvCUO |=yxvwtv |tHL Q}}eD Q=DiQ |UQQ@ =@ 'Q[=L Q=DWwv QO
pOt R= uDiQoxO}= =@ w C@=F |Q=DN=U Vmt QO Q}eDt u}ov=}t Xr=N VvD CLD
|=Q@ |O}OH |xOWKqY= |Q=DiQ pOt [7]'Q=twm =w}U w Qr} w |O=yvW}B |Q=DiQ
|Q=PoQ=@ |vLvt ?r=k QO R=}vOQwt C=LqY= uDiQo Q_vQO =@ |WR} QwQi |=yl =N
l =N |wQ Q@ xOW s=Hv= |=yV}=tR; R= pY=L G}=Dv =@ w x�=Q= �LC� s}rUD �
|rmQw] x@ 'Q[=L Q=DWwv QO xOW u=}@ ?r=]t x@ xHwD =@ "CU= xOW xU}=kt QwmPt

%OQm u=}@ =Q G}=Dv u}= u=wD|t
w s}rUDVvD Q=Okt '|Q=DN=UVmtV}=Ri= =@ 'xOWV}=tR;|WR} QwQi l =N QO �
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Vmt K]U Qy QO xv=o =OH CQwYx@ =yv; Q}O=kt u}=Q@=v@ "OvDUy l =N QO
KqY= [7]'Q=twm =w}U w Qr} w |O=yvW}B |x]@=Q w xOW u}}aD w x@U=Lt |Q=DN=U
xOW O=yvW}B |WR} QwQi |=yl =N |=Q@ �4 |x]@=Q� O}OH |}x]@=Q pmW x@ w

"CU=
|wk p}rOx@ xm O@=}|t Vy=m O=} R |Q=DN=U |=yVmt |xOwOLt QO � Q=Okt �
|Q=PoQ=@ V}=Ri= =@ =yxvwtv |tHL C=Q}}eD uOWsm w |}xv=O u}@ |=yOvw}B uOw@

"CUq=@ |Q=DN=U Vmt Kw]U QO
Xr=N |=yVvD |xOwOLt QO '|oOWQD QF= QO |WR} QwQi |=yl =N Q=DiQ �
Vy=m =@ |rw 'CU= u=UWm ,=@} QkD s}rUD Xr=N VvD R= p@k w sm u}ov=}t
QDt=Q=B Q=Okt [7]'Q=twm =w}U w Qr} w O=yvW}B hqN Q@ u}=Q@=v@ "CU= x=Qty sHL

"CU= |ivt R}v u; Ctqa w CU}v C@=F �s
=@ xOW |v}@V}B s}rUD K]U =@ |y=oW}=tR; G}=Dv R= pY=L s}rUD K]U �
w VwQ u}= w OQ=O |@ wN j@=]D Q[=L Q=DWwv QO |O=yvW}B VwQ R= xO=iDU=

"OwW|t O=yvW}B |WR} QwQi |=yl =N |=Q@ 4 |x]@=Q R= xO=iDU=

Vmt |Q=PoQ=@ CLD |WR} QwQi l =N �LC� s}rUD � |Q=PoQ=@ K]U "7 pmW
�4 |x]@=Q� |O=yvW}B K]U xU}=kt Q}eDt u}ov=}t Xr=N VvD � C@=F |Q=DN=U

"�3 |x]@=Q� [7]'Q=twm =w}U w Qr} w VwQ w

s |Q=DN=U Vmt Cr=L Q}eDt R= |a@=D 'xOW QmP l =N |WR} QwQi C}y=t p}rO
�s w � 'C@=F |Q=DN=U Vmt Qy <=R= x@ Q[=L VywSB QO p}rO u}ty x@ "OvDUy
xOy=Wt "CU= xOW xO=O u=Wv 6 pmW QO u; G}=Dv w x@U=Lt xv=o =OH CQwYx@
CrqO xmCU= xDi=}V}=Ri= R}v �s jr]tQOk '|Q=DN=UVmtV}=Ri= =@ xm OwW|t
Vmt C=Q}}eD x@ xOW V}=tR; |WR} QwQi l =N |=yxvwtv sHL Q}}eD C}U=UL Q@
Vmt =D `=@W= Cr=L R= � Q=Okt xm CU= xOW xOy=Wt u}vJty "OQ=O |Q=DN=U
R= |Q=DN=U Vmt V}=Ri= =@ |rw &CU= u=Um} ,=@} QkD p=mU=B wr}m 200 |Q=DN=U
|=yOvw}B uOw@ QD|wk p}rOx@ xm CU= xDi=} Vy=m � Q=Okt 'p=mU=B wr}m 200 Q=Okt
u; |tHL C=Q}}eD Vy=m w O=} R |Q=DN=U |=yVmt QO QwmPt l =N |}xv=O u}@

"CU= QDW}@ |=yVmt QO
|WR} QwQi l =N |wQ Q@ V}=tR; G}=Dv Qo}O |U=U= w syt Q=}U@ Cw=iD
l =N |=Q@ �s QDt=Q=B QO Ctqa Q}}eD [7]'�1995� Q=twm =w}U w Qr} w G}=Dv =@
u=W}= |O=yvW}B O=OQ=Qk ?UL Q@ u; uOt; CUOx@ |ivt w xOW V}=tR; |WR} QwQi
|=yl =N QO |oOWQD QF= QO sHL Vy=m =@ s-=wD |Q=DiQ |xOvyOu=Wv xm CU=
sRq "CU= s}rUD Xr=N VvD R= QDtm |Q=PoQ=@ |xOwOLt QO |DL '|WR} QwQi
=D x}rw= |Q=DN=U Vmt R= =yxvwtv uO}UQ pO=aD x@ |xrLQt QO xm CU= QmP x@
xOy=Wt xm Qw]u=ty '�4 pmW QO OwHwt |=yu}J\N� Q_vOQwt |Q=DN=U Vmt
400 w 300 '200 '100 |Q=DN=U |=yVmt QO xm |}=yV}=tR; QO OwW|t
Q=JO �p=mU=B wr}m 10� sm Xr=N VvD =D =yxvwtv 'CU= xOW s=Hv= p=mU=B wr}m
=yVmt u}= QO ?; ?PH QF= QO |UQ |=ypB sQwD R= u=Wv xm 'Ov=xOW |tm sQwD
'OwW|t x_Lqt xm Qw]u=ty "OQ=O p=mU=B wr}m 10 u}ov=}t Xr=N VvD CLD w
Vy=m xvwtv sHL w OwW|t ẁQW VR} QwQi u}ov=}t Xr=N VvD V}=Ri= =@

"O@=}|t
�LC� s}rUD � |Q=PoQ=@ K]U "2"2"5

'(s � pn) |=[i QO =yxvwtv s}rUD \=kv sUQ =@ 'OW u=}@ ,q@k xm Qw]u=ty
QO xm |D=LqY= x@ xHwD =@ [6]"O};|t CUOx@ �LC� s}rUD � |Q=PoQ=@ K]U
VywSB QO xO=iDU= OQwt |WR} QwQi l =N C}y=t T=U=Q@ R=}vOQwt |=yQDt=Q=B u}}aD
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