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|aU 'QDj}kO |R=UxDUUo |=yVwQ R= xO=iDU= w h}iNDQ} R ?}=Q[ Vy=m w
G}=Dv "CU= xOW pOt uOW|D=}rta w |}=Qosy OvwQ Ow@y@ w =QH= u=tR Vy=m QO
xDiQo Q=Qk |OOa G}=Dv VHvU Q=}at �2012� s=vD=Q=H=Q w xO=R?}@L |y=oW}=tR;
u}= =@ =Q j@=]D u} QDW}@ xm CU= xOW s}UQD |DQwY x@ u=} QH u=O}t |xUOvy w

[9]"OW=@ xDW=O |y=oW}=tR; pOt

|HvUCLY "3
|Lr=Y w |QiaH |xar=]t QO xOWxO=iDU= |OOa pOt R= Q[=L |xar=]t QO
|ki= |xir-wt p}iwQB '6 pmW j@=]t [10]"CU= xOW xO=iDU= �2014� |Qw@=W}v
s=vD=Q=H=Q w xO=R ?}@L |y=oW}=tR; G}=Dv =@ |OOa pOt R= xOt; CUO x@ CaQU
'xOWxO=iDU= |xm@W O=a@= x@ G}=Dv C}U=UL [11]"CU= xOW xU}=kt �2011�
G}=Dv =D CU= xOW R} Q ?U=vt |xR=Ov= =D xm@W O=a@= '=y=QH= |xty QO w |@=} RQ=

"OW=@ xm@W |xR=Ov= R= pkDUt |OOa pL
'CU=ylwr@ CUOq=@ |x}L=v x@ \w@ Qt =]N u} QDW}@ xm OyO|t u=Wv G}=Dv
u}vJty "CU= xOW O=H}= x}L=v u; QO |wk |DWoQ@ u=} QH w x@=OQo OwHw p}rO x@ xm
lwr@ uwO@ jQeDUt |m}rwQO}y VQB xm �1991� u=Q=mty w nvq G}=Dv j@=]t
CiH Q}F-=D 'xJ} QO |m}ORv QO =]N Q=Okt u}= |rY= pt=a 'Ov=xOQm |R=Ux}@W =Q
Q[=L VywSB QO p=L u}= =@ "OvwW|t O=H}= xJ} QO CWB QO xm CU= |}=yx@=OQo
Vy=m =]N umtt |=H =D CU= xOW |aU RSM |oDiW; pOt R= xO=iDU= =@
=yx@=OQo Q}F-=D Vy=m =@ p=v=m CUOu}}=B CtU x@ xDiQxDiQ xm |Qw] x@ "OwW xO=O
=@ =Q |QDy@ j@=]D |OOa pL G}=Dv 'u=} QH |oDiW; uOWsm u}vJty w u=} QH Q@

"OvyO|t u=Wv |y=oW}=tR; |=yxO=O
QO =yx@=OQo |Q}oQ=Qk pLt w u=} QH |wor= '|OOa pOt QDj}kO |UQQ@ |=Q@
R= pY=L G}=Dv =@ w XNWt DSJ s} SQ QO (z = 0) p=v=m |RmQt |xLiY
7 pmW j@=]t [8]"CU= xOW xU}=kt �2012� s=vD=Q=H=Q w xO=R?}@L C=ar=]t
w =yx@=OQo |Q}oQ=Qk pLtCU= xDUv=wD|@ wNCkO =@ |OOa pOt xm OwW|t xOy=Wt
|HvUCLYwpOt uwt=Q}B QDW}@ C=L}[wD "Ovm|v}@V}B =Q =yx@=OQo pw]u}vJty

[10]"CU= xOW x�=Q= �2014� |Qw@=W}v |Lr=Y w |QiaH |xar=]t QO u;
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u=Qt

a|
UOv

yt |v}@V}B QO Q[=L|xar=]t |OOaG}=Dv xmCU= xOW xOy=Wt =ypOt |=QH= =@
w s=vD=Q=H=Q \UwD xOWx�=Q= 3 w 2 |@ QHD \@=wQ R= pY=L G}=Dv =@ 'u=} QH s} SQ
u=Wv =Q |@ wN j@=]D RWJ w DSJ Q=O}=B |=ys} SQ Cr=L QO �2012� u=Q=mty
'|v=tR C=Q}}eD uDiQov Q_vQO p}rOx@ 'Q[=L |OOa pOt xm |r=L QO &OyO|t

"OQ=Ov =Q =}=B wO \}=QW |}=U=vW |}=v=wD
G}=Dv R= |W=v '(z = 0) =ylwr@ RmQt R= xOvQPo |xLiY QO u=} QH |wor=
lwr@ uwO@ p=v=m QO jQeDUt CH w xOWx�=Q= pOt 18 x@ \w@ Qt |OOa |R=Ux}@W

"CU= xOW xU}=kt w x�=Q= 11 |r= 8 |=ypmW QO ?}DQD x@
'xO=U jQeDUt CH x@ \w@ Qt pOt QO p=v=m |UOvy O=a@= w |m}rwQO}y \}=QW
QwmPt |=ypmW "CU= 3 pwOH QO xOWx�=Q= Q}O=kt j@=]t =ypOt Q}=U\}=QW x@=Wt
QO "Ov=xOW |Ov@xwQo (xb) |xJ} QO R= =ylwr@ |Q}oQ=Qk pLt |xrY=i x@ xHwD =@
|Qw] x@ "Ov=xOW xU}=kt '=ylwr@ |=Q@ xOWxDiQo Q_vQO pmW 2 w `=iDQ= 3 'xwQo Qy
'OvyO|t u=Wv =Q |v=Um} V}=tR; \}=QW '\N l} QO sy |wQ@ wQ pmW wO Qy xm
�p}]DUt ?amt =} OQ=Ov=DU=� xDiQQ=mx@ |=ylwr@ pmW QO \ki =yu; Cw=iD xm
\}=QW QO =ylwr@ |=Q@ =Q `=iDQ= C=Q}}eD 'uwDU l} QO sy Q} R |=ypmW w CU=

"OyO|t u=Wv u=Um}
pw] Vy=m OYQO '=yQDt=Q=B R= l} Qy Q}F-=D |UQQ@ |=Q@ 'Q[=L |xar=]t QO
xOW x�=Q= 5 pwOH QO w xOt; CUOx@ 4 |xrO=at R= pOt 18 R= l} Qy |=Q@ VQB

"CU=

VQ@ pw] Vy=m = �L = Lsj � Lsjb
Lsj

(4)

x=Qty p=v=m QO VQB pw] Lsjb w lwr@ uwO@ p=v=m QO VQB pw] 'Lsj u; QO xm
w =yx@=OQo Q}F-=D CLD xm CU= |}x}L=v pw] 'VQB pw] R= Qw_vt "CU= lwr@ =@
jQeDUt VQB |=Q@ xOWx�=Q= u=} QH |wor= j@=]t u}=Q@=v@ "CU= |DWoQ@ |=yu=} QH
w DSJ s} SQ wO CQwYx@ lwr@ =@ x=Qty jQeDUt VQB w lwr@ uwO@ p=v=m QO
QO xm |Qw]x@ "OQm h} QaD =yCr=L R= l} Qy |=Q@ =Q VQB pw] u=wD|t 'RWJ

QO |oQR@ |x@=OQo pw] Q@=Q@ VQB pw] 'lwr@ uwO@ jQeDUt VQB w RWJ s} SQ
QO |}xrY=i =D w OwW|t p}mWD u=} QH K]U |m}ORv QO xm 'OwW|t xDiQo Q_v
pw] T=U=Q@ VQB pw] DSJ s} SQ QO "O@=}|t xt=O= u=vJty =ylwr@ CUOu}}=B

"OwW|t XNWt =ylwr@ CWB w wrH QO nQR@ |x@=OQo wO Q}F-=D

=ylwr@ pmW Q}F-=D |UQQ@ "1"4
Q_v QO |v=}t |=ylwr@ `]kt |=Q@ pmW wO Q[=L VywSB QO '5 pmW j@=]t
QO ?}W OwHw sOa =} OwHw x@ \w@ Qt =yu; Cw=iD |xOta xm 'CU= xOW xDiQo
u=wD|t '10 |r= 8 |=ypmW QO xOWx�=Q= u=} QH |wor= j@=]t "CU=ylwr@ CWB
Qy QO VQB pw] w R}J=v u=} QH |wor= QO =ylwr@ |DWB xHw ?}W Q}F-=D xm Cio
x@ 'OwW|t xOy=Wt 5 pwOH QO C}ak=w u}= "CU= xOw@ u=Um} ,=@} QkD pmW wO
'CU=ylwr@ pmW QO \ki Cw=iD xm 10 pOt w 1 pOt |=Q@ p=Ft |=Q@ xm |Qw]
Cw=iD xm 10 pOt w 1 pOt |=Q@ VQB pw] Vy=m OYQO p=Ft |=Q@ xm |Qw] x@

"CU= Q@=Q@ |@ wN ?} QkD =@ 'CU=y lwr@ pmWQO \ki
|Qo}O Q@ =ypmW R= l}I}y VQB pw] Q_v R= xm CiQo xH}Dv u=wD|t u}=Q@=v@
|oOW=OH |x}L=v 'OQm u=}@ u=wD|t pmW wO u}= |=Q@ xm|Dw=iD =yvD "OQ=OvC}LHQ=
CWB |x}L=v QO ?}W OwHw Cra x@ OQ=Ov=DU= |=ylwr@ QO "CU=ylwr@ CWB

"=yV}=tR; s} SQ ẁv "4 pwOH
regime S2 S1 S pOt |xQ=tW

DSJ 1 4 0 9 0 5 1
Bistable 0 6 0 2 0 5 2

DSJ 1 7 1 2 0 5 3
DSJ 1 2 0 5 0 5 4
RWJ 0 5 0 1 0 5 5
DSJ 1 5 0 8 0 5 6
DSJ 1 7 1 5 0 5 7

Bistable 0 7 0 4 0 5 8
DSJ 2 0 2 0 0 5 9
DSJ 1 4 0 9 0 5 10

Bistable 0 6 0 2 0 5 11
DSJ 1 7 1 2 0 5 12
DSJ 1 2 0 5 0 5 13
RWJ 0 5 0 1 0 5 14
DSJ 1 5 0 8 0 5 15
DSJ 1 7 1 5 0 5 16

Bistable 0 7 0 4 0 5 17
DSJ 2 0 2 0 0 5 18

EL@ w G}=Dv "4
xO=iDU= =@ 4 pwOH QO pOt Qy s} SQ ẁv '=yV}=tR; C=}�RH QDy@ |UQQ@ |=Q@ =OD@=
Q=Okt 'u=} QH s} SQ u}}aD |=Q@ xm |Qw] x@ &CU= xOW XNWt |@ QHD CqO=at R=
R= xO=iDU= =@ VQB |x} wv=F jta w ?=}=B jta =@ j@=]t V}=tR; j=QeDU= ?} Q[
xOt; CUOx@ S2 w S1 |v=QL@ j=QeDU= ?} Q[ Q}O=kt =@ w xOt; CUOx@ 1 |x]@=Q
3 w 2 |=yx]@=Q j@] �2012� s=vD=Q=H=Q w xO=R?}@L |xar=]t |@ QHD CqO=at R=
?} Q[ R= |a@=D 'O}; OwHwx@ Ov=wD|t xm |t} SQ ẁv 'u; j@] xm CU= xOW xU}=kt

"CU= S j=QeDU=

S = yt � y2
y2

(1)

S1 = 0 44F 2 1
1 (hb

y1
)3 1(wb

hb
)1 9(xb

y1
)0 65 � 0 06 (2)

S1 = 2 40F�1 3
1 (hb

y1
)1 7(wb

hb
)1 1(xb

y1
)0 17 � 0 50 (3)

j=QeDU=?} Q[ xm |Dr=L QO '=ylwr@hrDNt u=tO}J w OwQi O=Oa= |x}rm |=Q@
j=QeDU= ?} Q[ Qo = w DSJ xQ=wty u=} QH s} SQ 'OW=@ S1 |v=QL@ Q=Okt R= QDtm
u=}t S Qo = "Ov=t Oy=wN RWJ Cr=L QO xQ=wty u=} QH s} SQ 'OW=@ S2 R= QDnQR@
uOW sm =} O=} R p=L QO u=tR CWPo =@ ?=}=B jta xmv}= x@ xDU@ 'OW=@ S2 w S1
u}= QO xm CU=vat u=O@ u}= "OQ}o Q=Qk =ys} SQ R= l} Qy QO Ov=wD|t u=} QH 'OW=@
uO}UQ u=tR =D 'OW=@ xDW=O |W}=Ri= OvwQ u=tR CWPo =@ ?=}=B jta Qo = Cr=L
p=L QO u=tR CWPo =@ ?=}=B jta Qo = w DSJ u=} QH s} SQ 'S2 Q@=Q@ j=QeDU= x@
u}= x@ "CU= RWJ u=} QH s} SQ 'S1 Q@=Q@ j=QeDU= x@ uO}UQ u=tR =D 'OW=@ Vy=m

[9]"Ov} wo 8=}=B wO =Lq]Y= \}=QW
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"xb = 9 5 (cm) Cr=L QO (z = 0) p=v=m |RmQt |xLiY QO u=} QH |wor= "8 pmW

"xb = 19 1 (cm) Cr=L QO (z = 0) p=v=m |RmQt |xLiY QO u=} QH |wor= "9 pmW

xmv}= Q@ \wQWt &CU= �40 w �50 '�60 OwOL ?}DQD x@ xb = 40(cm) w
pw] 'RWJ s} SQ xm CU= xOW xOy=Wt "OwW DSJ s} SQ p}mWD x@ QHvt \}=QW
QO 'u=QoWywSB |NQ@ |UQQ@ j@] "OyO|t Vy=m �14 OwOL QO \ki =Q VQB
'Ovm|t O=H}= VQB OQmrta QO |O=} R Q}F-=D =ylwr@C}akwt R}v O=R; |m}rwQO}y VQB
VQB QO [12]"OQ=Po|t QF= R}v VQB |rw] p}iwQB QO 'OQmrta Q@ xwqa xr�Ut u}= xm

"OwW|t xOy=Wt Q}F-=D u}= R}v jQeDUt

=ylwr@ `=iDQ= Q}F-=D |UQQ@ "3"4
xDiQo Q_v QO QDt|Dv=U 5 w 3 8 '1 5 Q@=Q@ lwr@ `=iDQ= xU 'Q[=L |xar=]t QO

Vy=m <qN w |oOW=OH O=H}= p=tDL= 'u; Q@ u=} QH \w]N j=@]v= w =ylwr@
"OWN@|t Ow@y@ =Q |L=Q] C} Rt u}= xm O@=}|t

xJ} QO R= =ylwr@ |xrY=i Q}F-=D |UQQ@ "2"4
40 w 9 5 '19 1 Q@=Q@ xb xU |=Q@ =ypOt 'QDt=Q=B u}= Q}F-=D u}}aD Qw_vt x@
'xb = 19 1(cm) x@ \w@ Qt ?}DQD x@ '10 |r= 8 |=ypmW "CU= xOW xDN=U
'xb Vy=m =@ xm OwW|t xOy=Wt "OvDUy xb = 40(cm) 'xb = 9 5(cm)

Vy=m OYQO Q=Okt Cio u=wD|t 5 pwOH j@=]t "CU= xDi=} Vy=m R}v VQB pw]
xb = 9 5(cm) 'xb = 19 1(cm) pY=wi QO =ylwr@ |Q}oQ=Qk |=Q@ VQB pw]
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"xb = 40 (cm) Cr=L QO (z = 0) p=v=m |RmQt |xLiY QO u=} QH |wor= "10 pmW
"xOWx�=Q= pOt 18 |=Q@ lwr@ uwO@ p=v=m x@ C@Uv VQB pw] Vy=m OYQO |xU}=kt "5 pwOH

�L� xb(cm) hb(cm) lwr@ pmW pOt |xQ=tW
50 19 1 3 81 OQ=Ov=DU= 1
48 19 1 1 5 p}]DUt ?amt 2
50 19 1 5 OQ=Ov=DU= 3
59 9 5 3 81 OQ=Ov=DU= 4
14 9 5 1 5 OQ=Ov=DU= 5
59 9 5 5 p}]DUt ?amt 6
36 40 3 81 p}]DUt ?amt 7
36 40 1 5 OQ=Ov=DU= 8
39 40 5 OQ=Ov=DU= 9
50 19 1 3 81 p}]DUt ?amt 10
50 19 1 1 5 OQ=Ov=DU= 11
50 19 1 5 p}]DUt ?amt 12
59 9 5 3 81 p}]DUt ?amt 13
14 9 5 1 5 p}]DUt ?amt 14
59 9 5 5 OQ=Ov=DU= 15
39 40 3 81 OQ=Ov=DU= 16
35 40 1 5 p}]DUt ?amt 17
39 40 5 p}]DUt ?amt 18

(y1 = 1 91cm) xJ} QO |oOWR=@ |xR=Ov= x@ xHwD =@ Q}O=kt u}= "CU= xOW
R= QDW}@ w QDtm xm |Dr=L QO =ylwr@ `=iDQ= Q}F-=D xm |Qw]x@ 'Ov=xOW ?=NDv=
xm |Dr=L QO CU= xOW xO}O "OwW|t xOy=Wt 'OvDUy |OwQw CH Ct=N[
u=} QH h=QLv= |=Q@ lwr@ CQOk 'OW=@ |OwQw CH Ct=N[ R= QDtm =ylwr@ `=iDQ=
=} w RWJ pmW x@ u=} QH w O@=}|t Vy=m DSJ s} SQ O=H}= p=tDL= R}v w
=ylwr@ Q}F-=D 'jQeDUt VQB Cr=L QO xm Cio u=wD|t ,=D}=yv "O};|t QO |v}@=v}@
OvwW ?=NDv= |Qw] =ylwr@ `=iDQ= O}=@ u}=Q@=v@ "CU= s} SQ ẁv |Q}opmW QO QDW}@
VQB pw] Vy=m Q_v R= Q=_Dv=OQwt OQmrta w OwW O=H}= DSJ Q=O}=B s} SQ xm
lwr@ `=iDQ= V}=Ri= xm OwW|t xOy=Wt '5 pwOH j@=]t u}vJty "OyO u=Wv =Q

|RmQt |xLiY QO lwr@ uwO@ jQeDUt |}xQ=w}O CH u=} QH |wor= "11 pmW
"(z = 0) p=v=m
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|Q}oxH}Dv "5
`=iDQ= 'xJ} QO R= =ylwr@ |xrY=i %Q}_v |}=yQDt=Q=B Q}F-=D |UQQ@ x@ Q[=L Q=DWwv QO
xOW xDN=OQB =ylwr@ R= |W=v |m}rwQO}y VQB pw] |wQQ@ lwr@ pmW w '=ylwr@

%CU= xOt; CUOx@ G}=Dv u}= w
\}=QW QO xDiQopmW |=yx@=OQo uOQmpOt |=Q@|@ wN|}=v=wD 'Q[=L |OOa pOt ��
|HvUCLY G}=Dv xm |Qw] x@ &OQ=O =Q lwr@ =@ x=Qty jQeDUt |m}rwQO}y VQB
xar=]t OQwt |xDiW; u=} QH |xO}J}B \}=QW C@Uv x@ =Q |@ wN Q=}U@ j@=]D

"OyO|t u=Wv
C=ar=]t|@ QHD\@=wQ =@ Q[=L |OOa pOt\UwD xOW|v}@V}B u=} QH |wor= ��

"OQ=O j@=]D �2012� s=vD=Q=H=Q w xO=R?}@L
Q[=L |xar=]t QO xOWxDiQo Q_v QO lwr@ hrDNt pmW wO R= xO=iDU= Q}F-=D ��
R}J=v 'CU= |DWB xHw ?}W QO =yu; Cw=iD xm '|m}rwQO}y VQB pw] |wQ Q@

"CU= Q_vhQY p@=k w
V}=Ri= 'OW=@ |OwQw CH Ct=N[ R= QDnQR@ =ylwr@ `=iDQ= xm |Dr=L QO ��

"OQ=Ov VQB pw] QO |v=OvJ Q}F-=D `=iDQ=
=ylwr@ |xrY=i x@ xDU@ DSJ |t} SQ w �14 OwOL QO RWJ s} SQ ẁtHt QO ��
|x@=OQo |Q}opmW Qt= u}= p}rO "OyO|t Vy=m =Q VQB pw] �40 =D xJ} QO R=
pw] =@ xU}=kt p@=k u; pw] xm 'CU= RWJ s} SQ QO =ylwr@ |q=@ QO nQR@
'DSJ s} SQ QO |L=Q]|xH}Dv QO "CU= lwr@ uwO@ jQeDUt |m}rwQO}y VQB
umtt =Q xJ[wL R= VQB GwQN sOa R= u=v}t]= =@ QDx=Dwm Vt=Q; |xJ[wL

"Ovm|t
p@=k u=R}t x@ VQB pw] V}=Ri= Ea=@ lwr@ |=H x@ ODtt |xQ=w}O R= xO=iDU= ��

"OwW|t |yHwD
O=a@= Q}}eD =@ xm CU= xOW xOy=Wt C@=F |m}rwQO}y \}=QW |=Q@ ẁtHt QO ��
=ylwr@ OQmrta xm =Hv; R= "Ovm|t Q}}eD u=} QH s} SQ '=ylwr@ |Q}oQ=Qk pLt w
\}=QW |=Q@ u}=Q@=v@ 'CU= QD?wr]t DSJ s} SQ QO VQB pw] Vy=m Q_v R=
OQ}PB CQwY |Qw] O}=@ |L=Q] VQB pw] uOQmsm |=Q@ 'XNWt |m}rwQO}y

"OQ}o pmW DSJ s} SQ Q=O}=B \}=QW xm

pm QO ODtt |xQ=w}O Cr=L |=Q@ p=v=m |RmQt |xLiY QO u=} QH |wor= "12 pmW
"p=v=m ZQa

Oy=wNv VQB pw] Vy=m QO |yHwD p@=k Q}F-=D '|OwQw CH Ct=N[ R= V}@
"CW=Po

=ylwr@ u}@ |xrY=i "4"4
Cw=iD u}= =@ 'CU= xOW xDN=U 10 pOt j@=]t |rOt 'xOWQmP QDt=Q=B |UQQ@ |=Q@
V}=tR; "CU= xOW xO=iDU= p=v=m ZQa pm QO ODtt |xQ=w}O R= =ylwr@ |=H x@ xm
x@ ODtt |xQ=w}O |Q}oQ=m x@ xm CU= xOW xDiQo xH}Dv w s=Hv= 4 59 OwQi OOa =@

"CU= xOW �45 |xR=Ov= x@ VQB pw] V}=Ri= Ea=@ =ylwr@ |=H
|xQ=w}O |Q}oQ=mx@ CQwY QO 10 pOt \}=QW |=Q@ u=} QH |wor= '12 pmW
OwW|t xOy=Wt xOWx�=Q= G}=Dv x@ xHwD =@ "OyO|t u=Wv =Q p=v=m ZQa pm QO ODtt
O=H}= Ea=@ '|O=YDk= |xiQY Q@ xwqa 'ODtt |xQ=w}O |=H x@ lwr@ R= xO=iDU= xm

"OwW|t VQB pw] Vy=m Q_v R= QDy@ \}=QW
'=yx@=OQo uOW|wk xH}DvQO w ?; K]U x@ |OwQw CH pm h=QLv= Qt= u}= p}rO
QDW}@ |Q=PoQ}F-=D x@ QHvt xm CU=ylwr@ CWB QO xDiQopmW |x@=OQo XwYNx@

"OwW|t =ylwr@ CWB QO u; uOW QD|vqw] w
pOU}r@ xm |Qw] x@ &CU= xOW KQ]t R}v O=R; VQB |=Q@ QDV}B x@=Wt |xH}Dv
|wQ Q@ OwN C=ar=]t QO �1984� =mQDB w �1971� u=Q=mty w wm =U=@ '�1959�
ZQa hYv xm OwW|t pY=L |v=tR OQmrta u} QDy@ xm Ov=xDiQo xH}Dv O=R; VQB
ZQa x@ =ylwr@ pm ZQa C@Uv CQwYx@ =Q � QDt=Q=B w OwW xO=O Q=Qk lwr@ 'p=v=m

[15�13]"CU= 0 5 Q@=Q@ xv}y@ \}=QW |=Q@ xm 'Ov=xOQm h} QaD p=v=m pm

=yCWwv=B
1. stilling basin
2. tail water

4. reattaching wall Jet (RWJ)
5. Fluent
6. Gambit
7. symmetry
8. bistable
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