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x@ xm CU= |tyt ẁ[wt OwN O=@ |xr}Uwx@ l} QDmr=wR}B l} QLD |ovwoJ
R= |NQ@ xt=O= QO "OQ=O |oDU@ O=@ =@ u; pt=aD |xwLv w xOvvmCW=OQ@ Q=DN=U

"s}=xO=O KQW =Q Q=DN=U w p=}U pt=aD |=yQ=mwR=U

1 Q=DN=U =@ p=}U pt=aD R= |W=v C=W=aDQ= "3"1
|v=Uwv C=mQL 'O=@ QF= CLD l} QDmr=wR}B |=yxOvvmCW=OQ@ xOR=@ V}=Ri= |=Q@
u}= "OvwW|t O=H}= |m}t=v}OwQ}; |=y|Q=O}=B=v pQDvm =@ xm CU= R=}v OQwt |}xDUw}B
xU x@ w xOt; OwHw x@ Q=DN=U =@ p=}U pt=aD R= |W=v C=W=aDQ= QF= Q@ |=y|Q=O}=B=v
3(FIV) QDqi R= |W=v C=W=aDQ= 2'(VIV) x@=OQo R= |W=v C=W=aDQ= |rm |xDUO

[9w8]"OvwW|t s}UkD 4nv}B wr=o |xO}OB R= |W=v C=W=aDQ= w
C=W=aDQ= Q@ |vD@t l} QDmr=wR}B |xOvvmCW=OQ@ QO swyit u} QDxOW xDN=vW
Q=Qk l} QDmr=wR}B |xQ] Q}D |xr=@vO QO xm CU= |}xv=wDU= 'x@=OQo R= |W=v
Oa@|@ QDt=Q=B wO x@ xv=wDU= x@ OQwNQ@ R= TB u=} QH Q=DiQ "�1 pmW� OQ}o|t

[10�8]"CU= xDU@=w p=ywQDU= OOa w ROrwv} Q OOa
w |WJ}B |Q=O}=B=v u; QO xm CU= l} QLDOwN l}DUq=wQ}; |xO}OB l} QDqi
C=W=aDQ= Q@|vD@tl} QDmr=wR}B |xOvvmCW=OQ@ QO [11]"OvyO|t MQ u=tRty|WtN
|xr=@vO QO xm CU= |r} wiQ}= 'swyit u} QDxOW xDN=vW 'l}Uqm QDqi R= |W=v

[9w8]"�2 pmW� OQ}o|t Q=Qk l} QDmr=wR}B |xQ]Q}D
|xDUO wO x@ w [11]CU= Xr=N |WtN |Q=O}=B=v =@ QDqi |awv nv}B wr=o
|xOvvmCW=OQ@ Q=DN=U "OwW|t s}UkD 6xr=@vO nv}B wr=o w 5|[Qa nv}B wr=o

82



2|
xQ=t

W'
37

�3
|xQ

wO'
�14

00
R}}=B

�h
}QW

l}
v=mt

|U
Ovyt O=@ |SQv= R= xO=iDU= ?}=at �

R= xO=iDU= =@ |SQv= |xOvvmCW=OQ@ R= =Q |O=@ |=yu}@ QwD ?}=at O}=@ xv}tR u}= QO
"OQm l}miD l} QDmr=wR}B O=wt
|O=@ |=yu}@ QwD ?}=at �

CN=U "3CW=O Ovy=wN |DwY |oOwr; "2 'Ovvm|t Q=OxWON =QCa}@] |xwrH "1
[3]"CU= xDiQW}B |SwrwvmD w Vv=O OvtR=}v =yu; C=R}yHD p=YD= w
l} QDmr=wR}B O=wt |xr}Uwx@ O=@ R= |SQv= CW=OQ@ ?}=at �
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[3]&OQm ?}mQD ?w=vDt O=@ w ?=Di; =@ |}=yu=mt QO =Q |O}WQwN |=ypv=B w
|=ywmU ' Q̀=Rt 'pR=vt QO u=wD|t =Q |O=@ C=R}yHD %uOw@v Q}o =H w |Q}PBT=}kt "3
=@ xU}=kt QO |O=@ |=yu}@ QwD [3]"OQm ?Yv Ovr@ |=yxBD |q=@ QO w |}=} QO
O=@ |SQv= |=yxOvvmCW=OQ@ [3]Ovvm|tv p=eW= =Q |O=} R |=[i =yx=owQ}v Qo}O
OvwW|t xDN=U |mJwm Q=}U@ O=a@= QO 'OwW|t xO}O C=k}kLD QO xm u=vJ R}v

&OvW=@|t ptL p@=k |DL w
x@ u; p}O@D C=R}yHD w O=@ |SQv= %R}t;xaH=i EO=wL ẁkw p=tDL= uOw@ sm "4
|Q}oQ=@ |DWm QO =} G=QNDU= w QiL O}=@ xm OvDU}v |}=yCNwU x@ |mDt jQ@
"Oy=m@ |SwrwvmD u}= x@ \@DQt C=Q]N R= |O=} R OL =D 'Ov=wD|t OQwt u}= "OvwW
Ovvm CWv Ovv=wD|t |}xDUy |=yx=owQ}v =t= 'OvDUy QO=v |FO=wL u}vJ xJQo =
|=yu}tR w |vwmUt |L=wv w OvvR@ skQ =Q =t}Wwmwi =} p}@ wvQJ Ovv=t |a}=Hi w
[14]"Ov}=tv xOwr; =Q |a}Uw |=yTwv=}k= w =y=} QO =} Ovvm |oOvR p@=k Q}e =Q |oQR@
\@DQt xRQr u}tR |DL w |v}tRQ} R |=y?; |oOwr; x@ sy |a}@] R=o G=QNDU=
O}rwD |v=OvJ lU} Q uwO@ jQ@ xm OyO xR=H= Ov=wD|t 'O=@ |wQ}v =t= "CU=

[3]&OwW
C=R}yHD R= xO=iDU= =@ O=@ |SQv= R= xO=iDU= %CU= |O=YDk= 'O=@ |SQv= Qo}OC} Rt "5
?Yv OwN |=yu}tR QO =Q =yv; xm |v=Um x@ '|O=@ u}@ QwD =} w |SQv= CW=OQ@
=Q OwN Q=m w ?Um R=}v OQwt |SQv= '|mJwm u}tR QO xm Ovm|t ltm 'Ov=xOQm

[3]"OvyO Vy=m =Q jQ@ xv=y=t |=yxv} Ry w "Ovvm u}t-=D
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|xO}= T=U= Q@ �wR}BCNQO� QwD=QvS|W}=tR; |xvwtvl} w |twyit KQ] "4 pmW
[25]"uwUm}O \UwD xOW x�=Q=

u}= |xO=U ,=D@Uv Q=DN=U x@ xHwD =@ ?}DQD u}= x@ "OQm xO=iDU= u; R= =ylQ=B uwJ
?U=vt CN=U 'K}LY |L=Q] CQwY QO Cio u=wD|t =yxOvvmCW=OQ@ R= ẁv
R= Qo}O |Q=}U@ x@ C@Uv =yxOvvmCW=OQ@ R= ẁv u}= O}=W '=yv; K}LY ?Yv w
uwQkt |O=YDk= Q_v R= l} QDmr=wR}B O=wt R= xO=iDU= =@ O=@ |SQv= |=yxOvvmCW=OQ@
R= ẁv u}= =@ x]@=Q QO xOW s=Hv= C=k}kLD Q@ |QwQt Q_vt u}= R= "OW=@ QDxiQY x@

"Ovm sy=Qi =Q =yQ=DN=U u}= QDW}@ |xaUwD |xv}tR Ov=wD|t =yxOvvmCW=OQ@
'OQ=O xov O=@ O}OW =} s}qt |=yu=} QH Q@=Q@ QO =Q =yu; xm |}x}=B x@ xk=U w nQ@
\}=QW '=yv; |UOvy \}=QW 'sy x@ =yCtUk u}= p=YD= |ovwoJ "OvwW|t pYw
TvH w l} QDmr=wR}B |xO=t uDiQo Q=Qk pLt 'Q=@ Ctw=kt 'xR=U =@ p=}U OQwNQ@

"Ov=xOvvmCW=OQ@ OQmrta Q@ QFwt |=yQDt=Q=B 'u;
|xv}tR QO xDiQo s=Hv= |=yVywSB xm OWXNWt OOaDt `@=vt |xar=]t R= Oa@
� nQ@ Q=DN=U =@ l} QDmr=wR}B O=wt |xr}Uwx@ O=@ u=} QH R= |SQv= |xOvvmCW=OQ@
|Ov@ Qm}B |UQQ@ %R= Ov=CQ=@a xm CU= xDiQo CQwY hrDNt |xv}tR xU QO 'xk=U
|UQQ@ w xv=oOvJ |xk=U � nQ@ |=yxOvvmCW=OQ@ |UQQ@ 'xk=U w nQ@ |xUOvy w

"CU= nQ@nQ |=Q=O l} QDmr=wR}B nQ@ xm |}xk=U � nQ@ sDU}U
|UQQ@ '=yQDt=Q=B R= l} Qy QF= w xDiQo s=Hv= xv}tR u}= QO xm |D=k}kLD 'xt=O= QO

"OwW|t xU}=kt sy =@ xk=U � nQ@ |=ysDU}U OQmrta w xOW

OQmrta Q@ xk=U w nQ@ |xUOvy w |Ov@ Qm}B C=QF= |UQQ@ "1"3
xOvvmCW=OQ@

w |r =t= "OW u=}@ [24]uwUm}O \UwD xk=U � nQ@ Q=DN=U R= xO=iDU= |xO}=
� xk=U sDU}U |Owta w |ki= |Ov@ Qm}B wO OQmrta w xDiQo s=yr= u; R= [25]uwUB}r
=Q |Owta w |ki= 'x}rw= |Ov@ Qm}B xU OwN VywSB QO =yv; "OvOQm V}=tR; =Q nQ@
w qwr l} R= xO=iDU= =@ xk=U w nQ@ p=YD= =@ 'x}rw= |Ov@ Qm}B QO w xOQm |L=Q]
l} QDmr=wR}B |xO=t '�hr= 5 pmW� O=@ Q@=Q@ QO `v=t |xv=wDU= x@ |ki= |xk=U p=YD=
|xk=U x@ |irDNt |=ynQ@ swO |xrLQt QO [25]"OvOQm ?=NDv= =Q ?U=vt xOR=@ =@
|HwQN w xOvvmCW=OQ@ Q=DN=U |DNU |UQQ@ =@ w OvOQm pYw �hr= 5 pmW� |ki=
? 5 pmW QO xm u=vJ "Ow@ ?=NDv= u} QDy@ pmW |FrFt nQ@ 'u; |=Q@ QDq=@ u=wD
Owta xk=U 'OQ=Ov OwHw `v=t sUH |Owta |Ov@ Qm}B QO 'CU= xOW xO=O u=Wv
xk=U '|Ov@ Qm}B u}= QO OQ}o|t Q=Qk O=@ |=DU=Q QO '|ki= Cr=L Ovv=t nQ@ w CU=

[25]"OwW|t VtN w VJ}B Q=JO u=tRsy

l} QDmr=wR}B O=wt j} Q] R= O=@ |SQv= |xOvvmCW=OQ@ Q=DN=U "3"2
|L=Q] |}xR=U O}=@ =OD@= 'l} QDmr=wR}B O=wt \UwD O=@ |SQv= CW=OQ@ Qw_vt x@
R= |O=OaD |xU}=kt =@ "Ovm pkDvt l} QDmr=wR}B x@ =Q O=@ |m}v=mt |SQv= =D OwW
O=@ |SQv= p=kDv= Q=mwR=U x@ xHwD =@ =Q =ysDU}U u}= u=wD|t 'xOW s=Hv= C=ar=]t
l} O=@ 'Q=wO |=ysDU}U QO "OQm s}UkD Q=wO w Q=wOQ}e |xDUO wO x@ 'Q=DN=U x@
x@ Q[ p=ta= ?@U xQB VNQJ '|awvDt |=yQ=mwR=U j} Q] R= w Ov=NQJ|t =Q xQB
QO "OwW|t O}rwD |m} QDmr= |SQv= ?}DQDu}O@ w OwW|t l} QDmr=wR}B x@ VvD =}
O=@ Q@=Q@ QO 'CU= pYDt u=UWm |x}=Bl} x@ xm |tUH,qwtat Q=wOQ}e |=ysDU}U
pkDvt l} QDmr=wR}B x@ V=aDQ= u}= &Ovm|t p}O@D V=aDQ= x@ =Q O=@ |SQv= w xDiQo Q=Qk
x@ u=wD|t =Q Q=wOQ}e |=ysDU}U "OwW|t p}O@D |m} QDmr= |SQv= x@ xH}Dv QO w
10s}N[ sUH 9'xO}tN |=y?=k 8'Twmat |=ysJQB 7'xk=U � nQ@ |=yQ=DN=U
p}O@D Q=mwR=U O}=@ Q=DN=U Qy R= xO=iDU= |=Q@ "OQm s}UkD 11=yxQ]Q}D w O=@ Q@=Q@ QO
w O=@ CaQU 'xR=U |v=UWm w |}=Q}t |=yQDt=Q=B 'x@ Q[ =} V=aDQ= x@ O=@ |SQv=
C=W=aDQ= Q=JO xm |}xR=U QO p=Ft Qw] x@ "OQm |UQQ@ =Q l} QDmr=wR}B |xO=t ẁv
"OW=@ Qt}rB w h]avt Q=}U@ O}=@ l} QDmr=wR}B |xO=t 'OwW|t nQR@ |xvt=O =@
"CU= |tyt QDt=Q=B Ovm pta u; QO CU= Q=Qk x=oDUO xm |O=@ |xOwOLt u}vJty
Q}eDt Qw=DWo w wQ}v QF= CLD R=wQB s=ovy '=wy u=} QH CaQU x@ xDU@ p} wiQ}= l}
'OW=@v |i=m C=m} QLD uOQ@ u}@ R= |=Q@ xR=U |}=Q}t Qo = "OQ}o|t Q=Qk |m}t=v}OwQ};
R= |W=v V=aDQ= xR=U w OwW O=H}= |rO=aD XNWt CaQU l} QO CU= umtt
uwO@ Q=DN=U V=aDQ= |xvt=O '=wy u=} QH CaQU QDW}@ V}=Ri= =@ "Ovm x@ QHD =Q QDqi

[10]"OvmW|t =Q p} wiQ}= w xOQm OWQ C}OwOLt
O=@ |SQv= |xOvvmCW=OQ@ |xv}tR QO xOW s=Hv= C=ar=]t Q@ |QwQt xt=O= QO
hrDNt |=yQDt=Q=B QF= Q_v R= 'xk=U � nQ@ Q=DN=U =@ l} QDmr=wR}B O=wt |xr}Uwx@

"CU= xOW u=}@ �l} QDmr=wR}B xO=t 'u=tO}J 'O=a@=� |L=Q]

xk=U � nQ@ sDU}U "3
xk=U � nQ@ |=ysDU}U x@|m} QDmr= |SQv= x@ O=@ |SQv= p}O@D |=Q@ u=kkLt R=|ywQo
|m} QDmr= |SQv= CW=OQ@ =yQ=DN=U u}= R= xO=iDU= p�qO u} QDsyt R= "OvOvtxkqa
|wLv x@ &CU= ?U=vt O=@ R= QDQ=OQwNQ@sm |]}Lt \}=QW R= |Q=}U@ QO 'O=@ R=
xwqa "OQm CW=OQ@ |SQv= u=wD|t =yQ=DN=U u}= R= |t}Uv lOv= OwHw =@ |DL xm
O=@ R= |SQv= CW=OQ@ |=yxR=U Qo}O ?}=at xO=U |=yQ=DN=U u}= R= xO=iDU= u; Q@
C}OwOLt 'xO}J}B <=RH= w Q=DN=U uwJ |@}=at "OvQ=Ov =Q |O=@ |=yu}@ QwD uwJ
w C=Q}taD u}vJty w ?Yv u=Qo |=yxv} Ry 'R}NO=@ |=yu=mt QO ?Yv 'u=mt QO
x@ xHwD =@ =yQwWm R= |[a@ u=tOQt uwvm =sy xm Q_=vt |xQyJ ?} QND C}=yv QO
u}= QO "OvDUy OwN QwWm QO |O=@ |=yu}@ QwD ?Yv |OH hr=Nt pmWt u}=
xk=U � nQ@ CQwYx@ |xOvvmCW=OQ@ |L=Q] |x�=Q= =@ CU= xOW |aU =yQ=DN=U
nQ@ R= =ysDU}U u}= Q=DN=U "OwW ^iL Ca}@] xQyJ =@ u; Ck@=]t u=mt= OL =D
nQ@ u=wvax@ uyB ,=D@Uv |xLiY l} pt=W xm xOW |Q=OQ@ wor= u=DNQO |xk=U w
CmQL x@ R}v =Q u; w xOW pYDt x=Dwm ,=D@Uv |xk=U l} x@ |}qwr |xr}Uwx@ xm CU=
|W}=tR; |xvwtv l} w [24]uwUm}O \UwD xOW u=}@ |twyit KQ] "OQw;|t QO
xOy=Wt xm u=vJ "CU= xOW xO=O u=Wv 4 pmW QO xk=U � nQ@ |=ysDU}U R=
xm CNQO l} Ovv=t w OQm O}rwD xw@v= CQwYx@ u=wD|t =yQ=DN=U u}= R= OwW|t
|a}@] j]=vt Qo}O w |QyW |=y\}Lt R= |Q=}U@ QO OQ=O |SQv= CW=OQ@ C}r@=k
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[26]"O=@ CaQU |xOwOLt Qy |=Q@ xk=U ?U=vt |xUOvy "1 pwOH
(W (m=s)) O=@ CaQU |xOwOLt

W > 7 5 4 < W < 7 5 W < 4
x=Dwm |xk=U l} Q=@ w x=Dwm |xk=U Ovr@ |xk=U |HwQN u=wD QFm =OL

R}v xv}y@ |m} QDmr= Ctw=kt "O@=}|t V}=Ri= xk=U |WtN |DNU 'xk=U ZQa =}
xOWv |UQQ@ CkO x@ u; |ovwoJ xr=kt u}= QO xm OQ=O |HwQN u=wD Q@ |O=} R Q}F-=D

"CU=
Q=@ Ctw=kt |=R=x@ 7m=s O=@ CaQU QO l} Q=@ w x=Dwm |xk=U =@ sDU}U QO
u; |rm |xH}Dv "CU= 2039 (�W=cm3) |HwQN u=wD |r=oJ Q=Okt '30M


ZQat QO xm |r=L QO |Owta CQwY x@ xk=U � nQ@ Q=DN=U |Q}oQ=Qk =@ xm CU=
'pmW |FrFt nQ@ xD@r= &OwW|t O}rwD |QDW}@ |m} QDmr= u=wD 'OW=@ u=} QH |=DU=Q
O}=@ =Q xk=U "OvQF-wt |HwQN u=wD V}=Ri= QO xv}y@ Q=@ Ctw=kt w O=@ CaQU 'xk=U

[26]"CiQo Q_v QO O=@ CaQU =@ ?U=vDt C=W}=tR; s=Hv= =@
C@Uv w A = (hb=2) nQ@ CL=Ut QwDm =i wO [27]'u=Q=mty w |DQ=mlt
TBU "CU= u; |=v@t b w ErFt `=iDQ= h u; QO xm OvO=O Q}}eD =Q u; (h=b) O=a@=

"OvOQm |UQQ@ =Q xk=U � nQ@ sDU}U u=wD |HwQN Q@ =yv; Q}F-=D
C@=F nQ@ O=a@= C@Uv '|W}=tR; O=@ CaQU |xOwOLt l} QO pw= |xrLQt QO

"OwW|t C@F u=wD |HwQN w xOW xO=O Q}}eD nQ@ CL=Ut w xOw@

u=Um} nQ@ =@ '|Owta w |ki= |=y|Ov@ Qm}B R= l} Qy swU |xrLQt QO
|xOwOLt QO xk=U hrDNt p=mW= |=R=x@ =yu; OQmrta w xDiQo Q=Qk O=@ pvwD QO
'|ki= x@ C@Uv |Owta |Ov@ Qm}B OyO|t u=Wv G}=Dv |UQQ@ "OW C@F O=@ CaQU
Q=@ Ctw=kt =@ x=Dwm |x}qlD |xk=U R}v |Ov@ Qm}B u}= QO w xDW=O |QDW}@ xOR=@

[25]"Ovm|t O}rwD =Q |HwQN u=wD u} QDW}@ 10(M
)

=Q xk=U 'OwW|t xO}O ? 6 pmW QO xm u=vJ [26]uwUB}r w |r ,=OOHt
nQ@ OQmrta w OvO=O Q=Qk u=} QH Q@ Owta |=DU=Q QO xmr@ u=} QH |=DU=Q QO xv
ErFt 'x} w=Rr=s�=k ErFt '300 x} w=R =@ u}k=Ur=|w=UDt ErFt '|}xQ}=O '|a@ Qt
w Iv}= 0 01 Ct=N[ =@ PVDF R= pmWDt 'pmW p}]DUt w `q[q=|w=UDt
`q[r=|w=UDtErFt xm 'OvOQm|UQQ@ s=Q; u=} QH Q@=Q@ QO =Q 14 4(cm2)CL=Ut
nQ@ |UQv}= u=tt "CW=O =Q OQmrta u} QDy@ xrLQt u}= QO 'xOW XNWt O=a@= =@
TBU "CU= |L=Q] syt |=yxir-wt R= |m} 'xk=U w nQ@ u}@ |v=QwO QwLt x@ C@Uv
V}=tR; hrDNt |=yCL=Ut =@ PVDF xO=t u=ty =@ =Q `q[r=|w=UDt ErFt
CL=Ut w 10cm `q[= =@ `q[r=|w=UDt ErFt R}v xrLQt u}= QO xm OvOQm
Ov=wD|t PVDF xO=t |Q}oQ=Qk Q_v R= xk=U |Ov@ Qm}B "Ow@ xv} Ro u} QDy@ 43 3cm2

xUOvy Q_v R= w OW=@ (A-D) |}=wy |xrY=i =@ x}qwO w (D) x}qwO '(S) x}qlD
OwW|t xO=O Q}}eD (N-S) l} Q=@ w x=Dwm w (S) x=Dwm '(L) Ovr@ Cr=L xU u}@ xk=U
|xOwOLt l} |=Q@ XNWt |xUOvy =@ |}xk=U Qy '�1 pwOH� G}=Dv j@] xm
pw] Vy=m =@ =Q} R 'OwW ?=NDv= u; =@ ?U=vDt O}=@ w CU= ?U=vt O=@ CaQU
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'xQ}o ZQaWclamp 'xQ}o pw] Lclamp q=@ R= xOvQ=Oxov xQ}o |=tv "7 pmW
[28]"OvyO|t u=Wv =Q |r}]DUt xk=U u}J \N w CN=wvm} O=R; u=} QH U1

=@ '(U) O=@ u=} QH Q@=Q@ QO sy Q=vm |xOvvmCW=OQ@ wO V}=tR; C=t}_vD "8 pmW
w hr= |=yCtUk x@ pYDt PVDF <=We R= |LQ] w pYit QU wO x=o x}mD

[29]"?

QO =Q} R CU= Q=OQ}oQUwO x@ C@Uv pYit QUwO |Ov@ Qm}B |QDQ@ Qou=}@ G}=Dv
|i=[= |SQv= u}= "OwW|t CW=OQ@ |QDW}@ |SQv= �64 |r= �42 |Ov@ Qm}B u}=
C@Uv nQR@ |=vLv= ẁkw =@ x=Qty 'nQ@ |DWoQ@ w CiQ CmQL |xvt=O O}OWD x@
xOW CW=OQ@ |SQv= |xQy@ 'nQR@ |=vLv= p}rO x@ xm OyO|t u=Wv G}=Dv "OW xO=O
QUwO |Ov@ Qm}B |k=@]v=OwN C}y=t "CU= xHwD p@=k 'pYit QUwO |Ov@ Qm}B R=

[29]"CU= xOW xO=O u=Wv R}v u=} QH hrDNt |=yCyH x@ MU=B QO pYit
OvOQm xO=iDU= Ovv=t �Vr*i� u=m}B |xLiY l} R= [30]'VQ=mty w GL OtLt
|x} w=R QF= w xOW pYw l} QDmr=wR}B |xa]k x@ |}qwr I}y uwO@ u; |xr=@vO xm
|HwQN Q@ =Q u=m}B sQH C@Uv w |WtN |DNU 'xUOvy 'O=@ CaQU w OQwNQ@
"CU= xOW xO=O u=Wv 9 pmW QO |L=Q] |=yQ}eDt [30]"OvOQm |UQQ@ sDU}U
|x} w=R '(W2) u=m}B ErFt |=v@t Q}}eD Q}F-=D w CU= C@=F (L2) u=m}B ErFt `=iDQ=
(U) O=@ CaQU w (�) O=@ OQwNQ@ |x} w=R '(L1) u; sO pw] Q}}eD w (�) T-=Q
xO=O u=Wv 2 pwOH QO |=y|Ov@ Qm}B "CU= xOW |UQQ@ xOW CW=OQ@ u=wD Q@
pYw |QwDwtwQU x@ xm CU= pYw l} QDmr=wR}B Q=wv l} x@ u=m}B sO "CU= xOW
QF= u}}aD |=Q@ "OW=@ Q}PBu=mt= sDU}U =@ O=@ OQwNQ@ |x} w=R s}_vD u=mt= =D xOW
|=yO=@ CaQU QO sDU}U OQmrta 'xOW CW=OQ@ u=wD Q@ O=@ OQwNQ@ |x} w=R Q}}eD
u} QDW}@ '9 5(m=s) CaQU QO RH x@ OyO|t u=Wv G}=Dv "OW |UQQ@ hrDNt
"OyO|t MQ 'CU= 3 4� x@ l}ORv OQwNQ@ |x} w=R |Dkw 'O=@ CaQU Qy QO u=wD
l} x@ QDqi xJQo = xm CU= u}= Qou=Wv xm OvQ=O |y@=Wt Q=DiQ |=y|Ov@ Qm}B Qo}O
xOW CW=OQ@ u=wD '6 5� =D 1� |xOwOLt QO =t= OQ=O R=}v QiY Q}e OQwNQ@ |x} w=R

w xOQm O}rwD =Q |HwQN u=wD u} QDW}@ xm |oQ@ CL=Ut swO |xrLQt QO
CL=Ut w h = b = 80 (mm) O=a@= =@ nQ@� OQ=O |@U=vt |v=QL@ QDqi CaQU
|=Q@ (h=b) = 0 25; 0 86; 1; 4 O=a@= C@Uv w xOW C@=F '�A = 32(cm2)
s} SQ '|v=QL@ QDqi CaQU 'QDt=Q=B wO u}= |xO=U Q}}eD =@ "OwW|t xDiQo Q_v QO u;
CL=Ut V}=Ri= "Ovm|t Q}}eD |Q}otWJ Qw] x@ u=wD |HwQN |=yxir-wt w QDqi
sy nQ@ OwW|t Ea=@ CU= 1 =@ Q@=Q@ w C@=F u; O=a@= C@Uv xm |r=L QO 'nQ@
|=ynQ@ OyO|t u=Wv 'pw= |xrLQt QO C=W}=tR; |xH}Dv "OwW QDuyB sy w QDOvr@
QDqi s} SQ x@ |O=} R V}=Qo R}v w OvQ=O QDqi x@ p}=tD |QDu}}=B O=@ CaQU QO QDOvr@

"CU= QDsm u=wD |HwQN u; QO xm OvQ=O s_v|@
QDqi |v=QL@ CaQU OyO|t u=Wv swO |xrLQt QO V}=tR; G}=Dv |iQ] R=
QDW}@ Qo}O |=ynQ@ xty R= �nQ@ u} QDOvr@� (h=b) = 4 O=a@= C@Uv =@ sDU}U

"OQ=Ov |v=wNty 'C@=F O=a@= C@Uv Cr=L V}=tR; xH}Dv =@ u}= "CU=
Vy=m w (h) nQ@ pw] V}=Ri= =@ swO |xrLQt QO xm CU= u}= Qt= u}= p}rO
|UQv}= u=tt |x]@=Q x@ xHwD =@ w CU= C@=F nQ@ CL=Ut xm |r=L QO u; ZQa
|SQv= 'QDqi ẁQW |=Q@ xH}Dv QO w xDi=}V}=Ri= Ib 'Ib = (mh2=6) qwr pwL nQ@
xH}Dv QO "OyO|t MQ QDQ}O QDqi QDOvr@ nQ@ QO O}=@ TB 'CU= R=}v OQwt |QDW}@
CU= QDW}@ |r}N pw] V}=Ri= QF= R= '|v=QL@ QDqi CaQU Q@ nQ@ |=vyB Vy=m QF=
CL=Ut l} |=Q@ O=a@= C@Uv =@ xU}=kt QO |UQv}= u=tt QF= s}} wo@ CU= QDy@ =}
=@ nQ@ R= (h=b) = 4 O=a@= C@Uv =@ nQ@ xm OW XNWt "CU= QDsyt 'C@=F
'|rY= Tv=vwRQ wO |=Q@ w OQ=O |QDq=@ |HwQN u=wD '(h=b) = 0 25 O=a@= C@Uv
x@ |QDoQR@ |v=QwO |SQv= 'QDoQR@ |UQv}= u=tt w (h=b) = 4 O=a@= C@Uv =@ nQ@
x@ 'xOW V}=tR; O=@ CaQU |xOwOLt QO u; QDqi Tv=mQi w Ovm|t p=ta= sDU}U

[27]"CU= QDm}ORv xv}y@ Q=Okt
sDU}U QO |v=QL@ QDqi CaQU Q@ xQ}o xUOvy Q}F-=D [28]'|Qo}O VywSB QO =yv;
sDU}U wO u}@ ?U=vt |xrY=i OvOQm |aU TBU 'xOQm |UQQ@ =Q xk=U � nQ@
xk=U =@ |SQv= |xOvvmCW=OQ@ sDU}U "Ovvm XNWt =Q sy QU CWB xk=U � nQ}
QO '�Twmat sJQB |=yxOvvmCW=OQ@ Q=DN=U Ovv=t� nQ@ uwO@ w pmW p}]DUt
|r}]DUt `]kt K]U ZQa w pw] 'xar=]t u}= QO "CU= xDiQo Q=Qk O=@ u=} QH Q@=Q@

"OW xO=O Q}}eD xQ}o
"CU= xOW XNWt 'O=@ VRw CyH w xQ}o |UOvy |=yQDt=Q=B 7 pmW QO
Q=Okt R= xQ}o `]kt pw] =OD@= "Ow@ 12 mm u; pw] w 3 5mm xQ}o `]kt ZQa
pw] TBU "Ow@ C@=F u; ZQa xm |r=L QO OW xO=O Q}}eD 70 mm =D 12 mm

[28]"OW xO=O Q}}eD 12 mm =D 3 5 mm R= u; ZQa w C@=F xQ}o `]kt
w OW=@ Q=O}=B u=} QH =D OW xO=O V}=Ri= |oDUy; x@ O=@ CaQU 'xrLQt Qy QO
K]U pw] xm OyO|t u=Wv G}=Dv "OwW C@F <=We QDqi ẁQW =@ Q_=vDt O=@ CaQU
`]kt K]U ZQa V}=Ri= w OQ=O QDqi |v=QL@ CaQU Q@ |tm |r}N Q}F-=D xQ}o `]kt
|Q}oxR=Ov= hrDNt C=yH R= O=@ VRw Q}F-=D "OR=Ov=|t Q}N-=D x@ =Q QDqi ẁQW xQ}o
G}=Dv x@ =Q u; O}=@v w OwW|t xO=iDU= 's=Q; u=} QH |=Q@ \ki G}=Dv u}= "CU= xOWv

[28]"O=O \U@ xDiW; u=} QH
xOvQ=Oyov x}=B x=ox}oD Q_v R= =Q syQU CWB |xOvvmCW=OQ@ wO =OD@= [29]w}r w w}
xOvvmCW=OQ@ wOTBU "OvOQm xU}=kt 'CU= pYDt O=@ pvwDhkU whm x@ xm 'xk=U
xv}y@ |SQv= CW=OQ@ |=Q@ |[Qa |xrY=i =D OvO=O Q=Qk sy Q=vm u=} QH Q@=Q@ QO =Q
|Ov@ Qm}B l} QO xm OwW|t xOy=Wt 8 pmW QO V}=tR; C=t}_vD [29]"Ov@=}@ =Q
|SQv= |xOvvmCW=OQ@ Qy OQmrta "Ov=pYitQUwO |Qo}O QO w Q=OQ}oQUwO =yx=ox}mD

[29]"OW |UQQ@ x}v=F Q@ QDt 19 5 =D 9 CaQU =@ O=R; u=} QH QO
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[11]"|v=mt |=yQDt=Q=B "10 pmW

[31]"(x=L) |=R=x@ |DWB |xOvvmCW=OQ@ |HwQN u=wD "11 pmW

QF= CLD swO |xOvvmCW=OQ@ ,qwtat |=y|Ov@ Qm}B u}= QO "Ovvm xU}=kt 'OQ}o|t
"OQ}o|t Q=Qk x@=OQo VR} Q R= |W=v C=W=aDQ=

w xO=O Q=Qk O=@ Q@=Q@ QO xrY=i =@ =Q xk=U � nQ@ sDU}U wO [31]u=Q=mty w u=}=Q@
w (x) |rw] |xrY=i =OD@= "OvOQm |UQQ@ =Q pm |HwQN u=wD Q@ xrY=i u}= C=QF=
w s=Q; V}=tR; u}= QO u=} QH "OwW|t u}}aD 10 pmW Ovv=t (y) |[Qa |xrY=i
,=D@Uv |ki= |Oqwi Q}D l} xk=U w pmW p}]DUt p} wiQ}= l} nQ@ "CU= |R=wt
xO=iDU= |m}t=QU l} QDmr=wR}B O=wt R= Q=m u}= QO "OQ=O |tm |DNU xm CU= Ovr@

"CU= xOW
xOW xO=O Q=Qk O=@ pvwD QO =RHt Qw] x@ =yxOvvmCW=OQ@ R=l} Qy pw= |xrLQt QO
(y=L) Oa@|@ |=yQ}eDt swO |xrLQt QO "OwW pY=L u=v}t]= =yv; Cy=@W R= =D
QO 'OwW|t C@=F OwN |=H QO |} wrH |xOvvmCW=OQ@ w xOW h} QaD (x=L) w
"OQ}o|t Q=Qk u; x@ C@Uv |irDNt |=yC}akwt QO |DWB |xOvvmCW=OQ@ xm |r=L
|DWB |xOvvmCW=OQ@ Tv=mQi C@Uv w xOvvmCW=OQ@ wO Qy R= xOW CW=OQ@ u=wD

[31]"CU= xOW |UQQ@ (y=L) Q}O=kt xty |=Q@ (x=L) Q}}eD |=R=x@ |} wrH x@
|} wrH |xOvvmCW=OQ@ u=wD Q@ (x=L) w (y=L) Q}}eD xm OvyO|t u=Wv G}=Dv
(x=L) = 2 w (y=L) = 0 |Dkw |DWB |xOvvmCW=OQ@ QO =t= OQ=Ov |v=OvJ Q}F-=D
|=Q@ xOW CW=OQ@ u=wD Q=Okt R= xm �11 pmW� O};|t CUO x@ u=wD u} QDW}@ 'CU=
0 � (x=L) � 2 xR=@ QO "CU= QDW}@ �30 =RHt |xk=U � nQ@ sDU}U l}
QO xOvvmCW=OQ@ wO Tv=mQi =Q} R CU= V}=Ri= x@ wQ |DWB |xOvvmCW=OQ@ u=wD
QO OwHwt u=} QH 'ODi}@ j=iD= u}= xm |t=ovy w CU= Q@=Q@ ,=@} QkD |rw] pY=wi u}=

|L=Q] |=yQDt=Q=B w Ovv=t u=m}B xk=U � nQ@ |xOvvmCW=OQ@ R= |LQ] "9 pmW
[30]"u; x@ \w@ Qt

W w L OL=w� Ovv=t u=m}B nQ@ u=wvax@ xOW |UQQ@ |=y|Ov@ Qm}B "2 pwOH
[30]"�CU= QDt|r}t

�(�) = tan�1( 2L2
W2 ) W2 W1 L2 L1 �

60 35 13 30 20 1S

50 50 13 30 20 2S

40 70 13 30 20 3S

60 35 13 30 30 1L

50 50 13 30 30 2L

40 70 13 30 30 3L

Q=Okt w u=Um} OvwQ OQwNQ@ |x} w=R C=Q}}eD |=R=x@ 7�8m=s |=yO=@ CaQU QO
[30]"OQ=O |tm

'O=@ CaQU |=R=x@ |=y|Ov@ Qm}B R= l} Qy |xOW CW=OQ@ u=wD C=Q}}eD
QDOvr@ sO |va} "CU= QDqi |xv=DU; CaQU Q@ u=m}B sO pw] Q}F-=D |xOvyOu=Wv
xm 2S w 1S |Ov@ Qm}B 'p@=kt QO "OwW|t QDqi QDsm |xv=DU; CaQU x@ QHvt
|=Q@ ẁ[wt u}= =t= "Ovvm|t CW=OQ@ |QDW}@ |SQv= 'OvQ=O |QDx=Dwm u=m}B sO
"Ovm|tv jOY 'u=m}B ErFt |=v@t QDW}@ |=vyB w sO pw] u=ty =@ 3S |Ov@ Qm}B
h} QaD 'sDU}U (�) |WtN |DNU w (�) sQH C@Uv '(Q) S=Drw Oa@|@ QDt=Q=B xU
XNWt sQHC@Uv =@ |Ov@ Qm}B Qy |=Q@|WtN|DNU |=R=x@ (Q) C=Q}}eD w xOW
u=wD |QDq=@ CaQU QO QDW}@ sQH C@Uv =@ |Ov@ Qm}B xm OW XNWt w |UQQ@
[30]"OQ=O R=}v |QD nQR@ |WtN |DNU x@ |SQv= CW=OQ@ |=Q@ w Ovm|t CW=OQ@
C@Uv u}@ 'sDU}U u}= R= |SQv= |xv}y@ CW=OQ@ |=Q@ xm O=O u=Wv G}=Dv u}=
xDiQo Q_v QO |=y|Ov@ Qm}B u}@ "OQ=O OwHw |v=QL@ pO=aDl} |WtN |DNU w sQH
7(m=s) u=} QH CaQU QO 'xv}W}@ u=wD O}rwD ^=Lr R= 'xOvvmCW=OQ@ u} QDy@ 'xOW
Ow@ 771=3(�W ) |HwQN u=wD |xv}W}@ w CU= 2S |Ov@ Qm}B 'u; R= QDW}@ =} w
[30]"CU= 2 2(mW=cm3) u=wD |r=oJ =@ Q_=vDt '9 5(m=s) CaQU QO xm

xv=oOvJ xk=U � nQ@ |=yxOvvmCW=OQ@ |UQQ@ "2"3
OwN VywSB QO [29]w}r w w} w [32w24'22]u=Q=mty w |DQ=mlt [31]'u=Q=mty w u=}=Q@
CW=OQ@ u=wD w xO=O Q=Qk sy QU CWB =} Q=vm =Q xk=U � nQ@ sDU}U wO OvOQm |aU
Q=Qk pvwD QO xOvvmCW=OQ@ l} \ki xm |Dr=L =@ =Q Cr=L u}= QO sDU}U |xOW
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[32]"u=} QH sUHD |=Q@ |R=OQB Qwv pw= VwQ "13 pmW

[32]"u=} QH sUHD |=Q@ |R=OQB Qwv swO VwQ "14 pmW

|xOvvmCW=OQ@ QDqi xvt=O xm x@=OQo |=yxDWQ R= |W=v Q=Wi u=}O=Qo "15 pmW
[32]"Ovvm|t C}wkD =Q |DWB

swyit uOQmXNWt 'u=} QH|=y|oS} w |xOy=Wtj}kLDu}= QOhOyu} QDsyt
=yxOvvmCW=OQ@ R=i Q}N-=D w u=} QHCaQUu}@X=N|x]@=Q w u=} QH|=yQ=DN=Uu}=
sUHD |=Q@ '|R=OQB Qwv l}vmD wO R= xO=iDU= =@ �xOvvmCW=OQ@ wO C}akwt Cw=iD�
|rLt Q=Wi u=}O=Qo 'CU= xOy=Wt p@=k 15 pmW QO xm u=vJ "CU= u=} QH
w O=R; u=} QH |m}t=v}O Q=Wi =@ xOW QWDvt |=yx@=OQo R= |W=v u=tR =@ Q}eDt
|DWB |xOvvmCW=OQ@ QDqi |xvt=O uOQ@ q=@?@U w xOW xDU@sy QDqi |=y|D=@F|@

"OwW|t

|v=mt |=yQDt=Q=B w sy x@ C@Uv xOvvmCW=OQ@ wO |Q}oQ=Qk l}D=tW "12 pmW
[28]"=yv;

|xvt=O uOW QDnQR@ Ea=@ w xOW `tH |DWB x=oDUO =@ |} wrH x=oDUO |xr=@vO
"OwW|t |DWB x=oDUO |HwQN u=wD w u=Uwv

x=oDUO 'OW=@ (y=L) = 1 |Dkw 'OwW|t xO}O 11 pmW QO xm u=vJ =t=
|} wrH |xOvvmCW=OQ@ |xr=@vO Q}F-=D CLD '(x=L) C=Q}}eD OwHw =@ |DL |DWB

[31]"OQ}o|tv Q=Qk
|v=QL@CaQU Q@ xQ}o`]ktK]UO=a@= QF=|UQQ@ R=TB [28]'u=Q=mty w|DQ=mlt
l} QDmr=wR}B xO=t "OvO=O Q=Qk O=@pvwD QO syQUCWB =Q xOvvmCW=OQ@ sDU}U wO 'QDqi
41�16�0 205(mm) O=a@= =@ PVDF xOvvmCW=OQ@ wO u}= QO xOW xO=iDU=
\UwD xOW xO=iDU= nQ@ Ovv=t R}v u; O=a@= w CU= 12ur}B wQB|rB 'nQ@ TvH "CU=
pYw sy x@ l@U |m}DUqB |qwr |xr}Uwx@ xk=U w nQ@ "CU= [25]uwUB}r w |r
sDU}U |=Q@ xv}y@ Ctw=kt '|W}=tR; s=Hv= =@ 5m=s O=@ CaQU QO "OvwW|t
pw] 'CU= xOW xO=O u=Wv 12 pmW QO xm u=vJ Qo = "O};|t CUO x@ 5 6(M
)

Q}eDt 'OW=@ Q}eDt w d xOvvmCW=OQ@ wO |xrY=i w OW=@ C@=F w L xOvvmCW=OQ@ Qy
(d=L) = 1; 2; 3 |=R=x@ =yxOvvmCW=OQ@ OQmrta w xOW h} QaD (d=L) Oa@|@
O=@ CaQU |=R=x@ |DWB xOvvmCW=OQ@ Oa@|@ u=wD xrLQt Qy QO w OwW|t |UQQ@
QO xm OwW|t XNWt w xOt; CUO x@ 8(m=s) =D 3(m=s) =D |xOwOLt QO
1 4 R= QDW}@ w u=Um} '(d=L) Q=Okt xU Qy |HwQN u=wD '8(m=s) CaQU
u=wD x@ 'CaQU u}= |=Q@ Q=@ Ctw=kt uOQm xv}y@ =@ CU= umtt =Hu}= QO "CU=
|QDW}@ Q=Okt Oa@|@ u=wD (d=L) = 1 w 2 Q}O=kt |=Q@ "Ci=} CUO sy |QDW}@
|xOwOLt QO u=wD |HwQN OvwQ R}v (d=L) = 3 QO p=L u}= =@ OyO|t u=Wv =Q
Tv=vwRQO[ ẁkw p}rO x@ 4(m=s) O=@ CaQU QO "CU= |W}=Ri= 'O=@ CaQU
xv}tm u=wD '|DWB sDU}U QDqi Tv=mQi w |} wrH sDU}U |WR} Q x@=OQo Tv=mQi u}@
CUO x@ (d=L) = 2 QO |DWB |xOvvmCW=OQ@ |=Q@ xv}y@ u=wD |HwQN "CU=
OwOL QO V}=Ri= u}= w "OQ=O Ck@=]t [31]'Vv=Q=mty w u=}=Q@ |=yxDi=} =@ xm O};|t

[28]"CU= �40
|} wrH |xOvvmCW=OQ@ R= xm |v=} QH |=yQ=DN=U [32]Vv=Q=mty w |DQ=mlt
x@ '|DWB |xOvvmCW=OQ@ u=wD |HwQN QO V}=Ri= �40 p}rO x@ =Q Ov=xOQm Qw@a
|xr}Uwx@ u=} QH sUHD 'xO}OB u}= syi |=Q@ "OvOQm |UQQ@ u=} QH sUHD VwQ
xOW pYw O=@ pvwD x@ hQ] wO R= x}=B l} =OD@= "CiQo s=Hv= VwQ wO x@ 'OwO
VwQ QO TBU "OwW pYDt u; x@ xOvvmCW=OQ@ w OW=@ xDW=Ov |[Qa CmQL =D
|wQ "OwW|t xO}@=D xOvvmCW=OQ@ x@ hQ] wO R= 13umi=Qwv Q=yJ '�13 pmW� pw=
Q} w=YD |DaQUQB u}@ QwO w xOW xO=O Q=Qk 45� |x} w=R =@ xv}; l} O=@ pvwD hkU

[32]"Ovm|t \@[ =Q xv}; |wQ
x@ 'CU= u} wv |WwQ xm '�14 pmW� xv=owO |R=OQB Qwv VwQ =} swO VwQ QO
xO=O Q=Qk pvwD GQ=N 14O}qU= QwDmSwQB Q=yJ 'pvwD pN=O =yumi=Qwv R= xO=iDU= |=H
|=yQwDmSwQB =@ O}qU= |ovQ |=yQDr}i R= 'nvQwO QF= x@ |@=}CUO |=Q@ "CU= xOW
|=yQDr}i w xOWv QDr}i O}iU Qwv R= ?wN nvQ CU=QDvm x@ |@=}CUO |=Q@ w O}qU=

[32]"OW xO=iDU= |HvQ=v
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"ROrwv} Q OOa QO =yxOvvmCW=OQ@ u}@ R=iQ}N-=D "17 pmW

"u}@ QwO Qy|@} QkD O}O u=O}t w O=@ pvwD pN=OV}=tR; C=t}_vD R=|LQ] "18 pmW
"[33]"CU= X C@Ft CyH |=DU=Q QO u=} QH

Q=Qk =yxOvvmCW=OQ@ h=Q]= QO s�=k Qw] x@ 'OwO =@ xOW sUHt u=} QH u=tRty
[33]"OvO=O

u}@ xU}=kt u=mt= S=Drw u=tRsy C@F w u}@ QwO wO =@ Q} wYD C@F 'u}= Q@ xwqa
"Ovm|t sy=Qi =Q xOW O}rwD |xr=@vO Q=DN=U |xOy=Wt w S=Drw w Q} wYD |=yxO=O

%R= Ov=CQ=@a VywSB u}= QO =yxDi=} w G}=Dv

xQ=wty |} wrH |xOvvmCW=OQ@ pmW|]wQNt |WR} Q |=yx@=OQo xH}Dv QO
=@ |O}it pt=aD w OwW|t |DWB |xOvvmCW=OQ@ u=wD |HwQN V}=Ri= x@ QHvt
u} QDu}}=B p}mWD 'OwW|t xO}O 16 pmW QO xm u=vJ "OQ=O |DWB |xOvvmCW=OQ@
TBU 'OW R=e; hr= 16 pmW QO nQ@ |} wrH |x@r |x@=OQo w |]wQNt |x@=OQo
QO "OvOW p}mWD ,qt=m =yx@=OQo w OvOQm CmQL q=@ CtU x@ ? 16 pmW QO
xO}O C 16 pmW QO x@=OQo Q=WDv= s=Hv=QU w OW =OH nQ@ R= x@=OQo A 16 pmW

[32]"OW
wO Qy R= u=tR =@ Q}eDt |=yS=Drw 'R=i \@=wQ |xOy=Wt p}yUD |=Q@ 'u}vJty
|=yGwt pmW uOQm xi=[= =@ R=i Q}N-=D w OW C@F u=tRsy Qw] x@ xOvvmCW=OQ@
|}xOwOLt QO 'hrDNt Q=@ Ctw=kt wO =@ xOvvmCW=OQ@ |HwQN "OW xOy=Wt S=Drw
R=i Q}N-=D 'ROrwv} Q O=Oa= R= |NQ@ QO xm OW xOy=Wt "OW Q=QmD ROrwv} Q O=Oa= R=
Q}N-=D Qo}O |NQ@ QO w �hr= 17 pmW� OQ=O |D@=F Q=Okt 'O=@ CaQU =@ ?U=vDt
u}@ |x]@=Q xm OW XNWt �? 17 pmW� OyO|t u=Wv =Q l}Ow} QB |Q=DiQ R=i
w CU= |]NQ}e COW x@ 'X=N |Ov@ Qm}B u}= QO pk=OL O=@ CaQU w R=i Q}N-=D
R=i Q}N-=D C=Q}}eD Q@ |Q}F-=D Q=@ Ctw=kt w CU= C@=FxOvvmCW=OQ@ wO u}@ R=i Q}N-=D

[32]"OQ=Ov
V}=Ri= u}= QDuWwQ p}qO x@ uO}UQ |=Q@ [33]u=Q=mty w |DQ=mlt p=L u}= =@
Ovv=ty w OvO=O s=Hv= xv}tR u}= QO |Qo}O V}=tR; '|DWB |xOvvmCW=OQ@ QO u=wD
\@[ |=Q@ 'Ov=xOW s=oty |v=tR ^=Lr R= xm =Q CaQUQB u}@ QwO wO 18 pmW
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[29]"=yv; (D=L) |xrY=i w u=} QH CaQU x@

[34]"|SQv= |xOvvmCW=OQ@ sDU}U w nQ@ Q=DN=U "21 pmW

C=W=aDQ= \UwD w OvDUy |SQv= |xOvvmCW=OQ@ u=tr= =ynQ@ j}kLD u}=QO TB
"Ov};|tQO CmQL x@ 'OvwW|t O=H}= `v=t sUH =@ O=@ OQwNQ@ QF=Q@ xm x@=OQo R= |W=v
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[31]"OQ}o|tv Q=Qk |} wrH |xOvvmCW=OQ@ xr=@vO
QO |DWB |xOvvmCW=OQ@ |HwQN u=wD 'pYit QUwO x=ox}mD R= xO=iDU= =@
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"OwW|t
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"Ovm|t O=H}= =Q =yO=@ CaQU R= |a}Uw h}]

=yCWwv=B
1. Fluid-Structure Interaction (FSI)
2. vortex-induced vibration (VIV)
3. 
utter-induced vibration (FIV)
4. galloping phenomenon
5. transverse galloping
6. wake galloping
7. leaf-stalk
8. inverted 
ag
9. curved panels
10. blu� body
11. cantilever beams
12. polypropylene
13. 
oodlight
14. slide projector
15. palmate
16. pinnate
17. ginkgo
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