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C=Q}}eD <=R= x@ |m}rwQO}y |xUOvy \@=wQ 'Q[=L VywSB QO [26]'OOaDt |r}rLD
C=Q=@a |Q=Po}=H R= "CU= xOW u}}aD xHQO 90 =D 30 R= p=v=m |xQ=vm |x} w=R

%�Q}eDt ?}W Cr=L� �24 |r= 22 \@=wQ� OwW|t

(Pbed)m =(Q

y

cr�yc
)

1
(x+2+��y) � (K1

K2
)

y
(x+2+��y)

�m(�m + 2p1 + z2)(x�y)=(x+2+��y)

(�m + z)(x�y+1)=(x+2+��y) (22)

Dm =(Q

y

cr�yc
)

1
(x+2+��y) � (K1

K2
)

y
(x+2+��y)

(�m + 2p1 + z2)(x�y)=(x+2+��y)

(�m + z)(x�y+1)=(x+2+��y) (23)

Vm =(Q(x+��y)c2
r(
�c



)2y)
1

(x+2+��y) � (K2
K1

)
2y

(x+2+��y)

(�m + z)(x�y��)=(x+2+��y)

(�m + 2p1 + z2)2(x�y)=(x+2+��y)
(24)

xv}y@ K]U ZQa |x]@=Q '8 |xrO=at QO 23 |xrO=at |Q=Po}=H R= u}vJty
%OwW|t pY=L 25 |x]@=Q CQwYx@

Wm =(Q

y

cr�yc
)

1
(x+2+��y) (K1

K2
)

y
(x+2+��y)

� (�m + 2p1 + z2)(x�y)=(x+2+��y)(�m + 2z)
(�m + z)(x�y+1)=(x+2+��y) (25)

%CQwYx@ p=v=m ZQa pm QO QDU@ Q=@ |x]@=Q uDiQoQ_vQO =@
Qs = Pbedcs(�0=�c)m((�0 � �c)=�c)j�m+j

c

CQwY QO xm OwW|t pY=L |}x]@=Q '22 w 20 '19 CqO=at =@ u; ?}mQD w
Qs = Qsmax ZQi =@ w �Q}eDt?}WCr=L QO |va}�Qs wQ Q}O=kt uOw@swrat
CUOx@ u; R= u=wD|t =Q (�m) p=v=m |xv}y@ pmW pt=a 'p=v=m QO pO=aD \}=QW QO

%�26 |xrO=at� OQw;

Qs=(Qsmax)=jjcs

y

(x+2+��y)�
m+j� y

(x+2+��y)
c (Q=cr)

1
(x+2+��y)

� (�m+(2 + �)z�2(1 + �)
p1 + z2)j(K2)m�

y
(x+2+��y)

(K1)m+j� y
(x+2+��y)

� �m(�m + 2p1 + z2)(x�y)=(x+2+��y)

(�m + z)(x�y+1)=(x+2+��y) (26)

'�m = �(2 + �)z + 2(1 + �)
p1 + z2 <=R= x@ '26 |xrO=at j@=]t

Qw_vtx@ u}vJty "CU= CmQL |xv=DU; \}=QW |xOvyOu=Wv xm OwW|t Qs = 0
p@=k |xOwOLt w Ctqa u}}aD O}=@ 26 |xrO=at 'Qs � 0 Q}O=kt uOWpY=L
'Qs � 0 Q}O=kt uDW=O |=Q@ '26|xrO=at x@ xHwD =@ "OwW h} QaD �m |=Q@ |rw@k
p=kDv= w u=} QH Ctw=kt \@=wQ u}@ m+ j > x+ 1 +� |x]@=Q xm |DQwY QO
%OwW|t OwOLt 27 |x]@=Q QO xOWh} QaD |xR=@ x@ �m C=Q}}eD 'OW=@ Q=QkQ@ ?wUQ

�(2 + �)z + 2(1 + �)
p1 + z2 < �m <

[ (2m(1 + �) + 2(1 + �) + 2j(1 + �))
p1 + z2

2(m� x� 1� �+ j)

+(�m(2 + �) + 2 + 2x+ �� j(2 + �))z +
p

�
2(m� x� 1� �+ j)

]

(27)
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(cr) u=} QH Ctw=kt |x]@=Q QO |Q@ R ?} Q[ uOw@pkDUt ZQi =@ u}vJty
S 'Q |=yQDt=Q=B ?ULQ@� xQ}eDtxU |m}rwQO}y |xUOvy \@=wQ 'S w Q Q@ xwqa

%�45 |r= 42 \@=wQ� OwW|t pY=L � crw

(Pbed)m / S�2=�1(c�1
r Q)(1+(�2=�1))=(x+2+��y) (42)

Dm / S(�2�1)=�1(c�1
r Q)(1+((�2�1)=�1))=(x+2+��y) (43)

Vm/S�4=�1Q(x+��y+(�4=�1))=(x+2+��y)c(2�(�4=�1))=(x+2+��y)
r

(44)

Wm / S�5=�1(c�1
r Q)(1+(�5=�1))=(x+2+��y) (45)

�m |v}}=B OL QO |m}rwQO}y |xUOvy \@=wQ "3"3"2
|va}Qs = 0 x@ �m = �(2+�)z+2(1+�)

p1 + z2 <=R= x@ 26|xrO=at
|m}rwQO}y |xUOvy \@=wQ u}}aD Qw_vtx@ "OwW|t QHvt CmQL |xv=DU; \}=QW
C@=F Q=Okt '25 |r= 21 CqO=at QO CU= |i=m 'CmQL |xv=DU; \}=QW QO
'S \@=wQ w OQm u} Ro}=H =Q �m = �(2 + �)z + 2(1 + �)

p1 + z2

CUOx@ 49 |r= 46 \@=wQ CQwYx@ Q R= |v=wD ?UL Q@ =Q W w V 'D
%OQw;

Str = ttrQ�1=(x+2+��y) (46)

Dtr = ctrQ1=(x+2+��y) (47)

Vtr = ktrQ(x+��y)=(x+2+��y) (48)

Wtr = atrQ1=(x+2+��y) (49)

%=@ OvDUy Q@=Q@ ttr w ktr 'ctr 'atr ?}=Q[ '=yu; QO xm
atr =(
y=(cr�yc ))1=(x+2+��y)(2(1 + �)

p1 + z2 � �z)
� (2(1 + �)

p1 + z2 � z(1 + �))(y�x�1)=(x+2+��y)

((4 + 2�)
p1 + z2 � z(2 + �))(y�x)=(x+2+��y)

ctr =( 
y

cr�yc
)

1
(x+2+��y)

(2(1 + �)
p1 + z2 � z(1 + �))(y�x�1)=(x+2+��y)

((4 + 2�)
p1 + z2 � z(2 + �))(y�x)=(x+2+��y)

ktr =(c2
r(�c=
)2y)

1
(x+2+��y)

(2(1 + �)
p1 + z2 � (1 + �)z)

(�y+x��)
(x+2+��y)

((4 + 2�)
p1 + z2 � (2 + �)z)

2(x�y)
(x+2+��y)

ttr =(cr(
�c



)(x+2+�))
1

(x+2+��y)

((4 + 2�)
p1 + z2 � z(2 + �))

(2+�)
(x+2+��y)

(2(1 + �)
p1 + z2 � z(1 + �))

(1+�)
(x+2+��y)

=@ xOWQmP \@=wQ QO "CU= CmQL |xv=DU; \}=QW |xOvyOu=Wv 'tr T}Ov=
XwYNt uRw 
 u; QO xm � �c = ��c 
d50(Gs � 1) |x]@=Q uDiQoQ_vQO
\UwDt uOw@pkDUt ZQi =@ R}v w �CU= C=@ wUQ XwYNt |r=oJ Gs w ?;
|m}rwQO}y |xUOvy \@=wQ '(Q) |@O Q@ xwqa (d50) QDU@ C=@ wUQ |xR=Ov=
Ovy=wN pY=L 53 |r= 50 \@=wQ j@=]t �Q w d50� ?UL Q@ xQ}eDtwO

C@=F R}v w 29 |xrO=at =@ 4 |xrO=at ?}mQD '32 |r= 28 CqO=at QO pY=L |v=wD
QO OOaDt u=QoWywSB |xOWx�=Q= h} Q=aD x@ xHwD =@� (Qs=Q) C@Uv uDiQoQ_vQO
OQ=O Q=Qk s} SQ =} pO=aD QO|v=tR|DiQ@; p=v=ml} xmv}= Q@|v@t 'pO=aD swyit =@ \=@DQ=
|=yQDt=Q=B w [27]�Ovm Q}}eD |OwOLt |xR=@ QO =} CU= C@=FQs=QC@Uv u; QO xm
|Q@ R ?} Q[ w '(d50) QDU@ C=@ wUQ |xR=Ov= \UwDt '(�c) |v=QL@ |WQ@ VvD
?ULQ@ xQ}eDtlD |m}rwQO}y |xUOvy \@=wQ '(cr) u=} QH Ctw=kt |x]@=Q QO

%�37 |r= 33 CqO=at� OW Oy=wN pY=L |@O
(Pbed)m = eQ((1��2=�3)=(x+2+��y))+(�2=�3) (33)

Dm = cQ((1+ (1��2)
�3 )=(x+2+��y))+ (�2�1)

�3 (34)

Sm = tQ�((1+ �1
�3 )=(x+2+��y))+ �1

�3 (35)

Vm = kQ((x+��y� �4
�3 )=(x+2+��y))+ �4

�3 (36)

Wm = aQ((1� �5
�3 )=(x+2+��y))+(�5=�3) (37)

%=@ OvDUy Q@=Q@ e w t 'k 'c 'a ?}=Q[ 'QwmPt \@=wQ QO xm
a =[ (Qs=Q)

jjcs�
m+j� y

(x+2+��y)
c ( 
ycr )

1
(x+2+��y)

]
�5
�3

( 
y

cr�yc
)

1
(x+2+��y)

c =[ (Qs=Q)

jjcs�
m+j� y

(x+2+��y)
c ( 
ycr )

1
(x+2+��y)

]
�2�1
�3

( 
y

cr�yc
)

1
(x+2+��y)

k =[ (Qs=Q)

jjcs�
m+j� y

(x+2+��y)
c ( 
ycr )

1
(x+2+��y)

]
�4
�3

(c2
r(
�c



)2y)
1

(x+2+��y)

t =[ (Qs=Q)

jjcs�
m+j� y

(x+2+��y)
c ( 
ycr )

1
(x+2+��y)

]
�1
�3

(cr(
�c



)x+�+2)
1

(x+2+��y)

e = [ (Qs=Q)

jjcs�
m+j� y

(x+2+��y)
c ( 
ycr )

1
(x+2+��y)

]
�2
�3 ( 
y

cr�yc
)

1
(x+2+��y)

w |@O |=yQDt=Q=B ?UL Q@ xQ}eDtwO |m}rwQO}y |xUOvy \@=wQ u}}aD Qw_vtx@
CUOx@ 35 |xrO=at R= =Q S w Q ?ULQ@ Qs |x]@=Q CU= |i=m |rw] ?}W
|r= 38 \@=wQ ?}DQD u}O@ 'OQm u} Ro}=H 37 w 36 '34 '33 CqO=at QO w OQw;

%CW=O s}y=wN =Q 41
(Pbed)m = e0S�2=�1Q(1+�2=�1)=(x+2+��y) (38)

Dm = c0S
�2�1
�1 Q(1+ �2�1

�1 )=(x+2+��y) (39)

Vm = k0S�4=�1Q(x+��y+(�4=�1))=(x+2+��y) (40)

Wm = a0S
�5
�1 Q(1+ �5

�1 )=(x+2+��y) (41)

?}DQDx@ e w t 'k 'c 'a ?}=Q[ x@ xHwD =@ e0 w k0; 'c0 'a0 ?}=Q[ '=yu; QO xm
w k0 = kt��4=�1 'c0 = ct(��2+1)=�1 'a0 = at��5=�1 %R= OvCQ=@a

"e0 = et��2=�1
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"CmQL |xv=DU; \}=QW QO OwHwt |m}rwQO}y |xUOvy
|m}rwQO}y |xUOvy \@=wQ x]@=Q ẁv `HQt

W / Q0 44�0 50

xQ}eDtlD � |r}rLD Q[=L |xar=]tD / Q0 44�0 50

S / Q�(0 50�0 44)

V / Q0�0 11
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50 Q0 44�0 50
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50 Q0 44�0 50

S / d1 22�1 25
50 Q�(0 5�0 44)

V / d0 44�0 50
50 Q0�0 11

W / Q0 50

xQ}eDtlD � |r}rLDxt}v [28]|Q@D / Q0 482

S / Q�0 482

V / Q0 072

W / d�0 15Q0 46

xQ}eDtwO � |r}rLD [29]u}rD / d�0 15Q0 46

S / d1 15Q�0 46
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'|oDUw}B CqO=at R= =yv; QO xm � |Wr=t |wQ}v |=ypOt R= pY=L |=yu=wD
|xUOvy |x@U=Lt |=Q@ xQ=vm w hm C=@ wUQ CmQL |xv=DU; w u=} QH Ctw=kt
"OQ=O =yv; =@ |@U=vt |Q=oR=U w xOW xU}=kt '�CU= xOW xO=iDU= Q=O}=B p=v=m
|m}D=DU= |Q=O}=B =@ |=yp=v=m |=Q@ xv}y@ `]kt O=a@= |L=Q] Qw_vtx@ u}=Q@=v@
QO=k |rw Ovm ptL ?wUQ OwN =@ Ov=wD|t u=} QH =yv; QO xm |}=yp=v=m �
|m}rwQO}y |xUOvy \@=wQ R= u=wD|t '�CU}v xy=Q@; |=yRQt V}=UQi x@

"OQm xO=iDU= �m |v}}=B OL <=R= x@ xOt;CUOx@
,=@} QkD 'pmW pt=a |}q=@ OL w |v}}=B OL u}@ |m}rwQO}y |xUOvy |=yu=wD "2
|m}rwQO}y |xUOvy |=yu=wD =@ w OvDUy u=} QH Ctw=kt CqO=at R= pkDUt
w Cw=iDt |i=Qow} R}i X=wN =@ |}=yxv=NOwQ QO |}=QLY C=Oy=Wt R= pY=L
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w OvDUy OwN p=v=m pmW s}_vD x@ QO=k pO=aD \}=QW x@ uO}UQ =D |a}@] |DiQ@;
T=U=Q@ Ov=wD|t |m}t=v}O |Q=O}=B =@ |=yp=v=m |=Q@ xv}y@ `]kt O=a@= |L=Q] R}v

"OQ}o CQwY QwmPt \@=wQ
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Str / d(x+2+�)=(x+2+��y)
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Dtr / d�y=(x+2+��y)
50 Q1=(x+2+��y) (51)

Vtr / d2y=(x+2+��y)
50 Q(x+��y)=(x+2+��y) (52)

Wtr / d�y=(x+2+��y)
50 Q1=(x+2+��y) (53)

\}=QW QO xQ}eDtlD |m}rwQO}y |xUOvy |=yu=wD '53 |r= 46 CqO=at x@ xHwD =@
OQ=O |oDU@ u=} QH Ctw=kt |xrO=at x@ \ki 'Q[=L |xar=]t QO CmQL |xv=DU;
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\}=QW pO=at \}=QW u}= "OvQ}o|t Q=Qk p=v=m |xQ=OH Q@ `k=w C=QP CmQL |=Q@
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V / Q0 176�0 233S0 262�0 363

W / (c�1
r Q)0 465�0 505S(�0 039)�0 077

xQ}eDtxU � |r}rLD Q[=L |xar=]tD / (c�1
r Q)0 286�0 313S�(0 39�0 351)

V / Q0 176�0 233S0 262�0 363c�(0 824�0 767)
r

W / Q0 45

xQ}eDtlD � |@ QHD [24]uQwD w |yD / Q0 35

S / Q�0 2

W / Q0 467�0 555S0 011�0 203

xQ}eDtwO � |r}rLD [11]uwUv=v w nv=wyD / Q0 261�0 306S�(0 438�0 337)

V / Q0 184�0 227S0 235�0 326

W / Q0 4�0 5S�(0 2�0 25)

xQ}eDtwO � |r}rLD [30]sq=O=oQ=w w u}rwHD / Q0 25�0 4S�(0 2�0 125)

V / Q0 2�0 25S0 375�0 4

W / (nQ)0 444�0 480S(�0 037)�0 04

xQ}eDtxU � |r}rLD [31]QvQ=w w nv=wyD / (nQ)0 312�0 333S�(0 324�0 278)

V / Q0 208�0 222S0 315�0 364n�(0 792�0 778)

W / Q0 501n0 355S�0 156

xQ}eDtxU � |@ QHD [31]QvQ=w w nv=wyD / Q0 299n0 383S�0 206

V / Q0 2S0 362n�0 738

[24]"�uQwD w |y %=yxO=O `HQt� xO=iDU= OQwt |=yxO=O |xOwOLt "5 pwOH
u=} QH C=YNWt C=L}[wD xO=iDU= OQwt Q}O=kt |xOwOLt
Qbf (m3/s) QB `]kt |@O 424� 3 9
D50 (m) QDU@ O=wt |xR=Ov= \UwDt 0 176� 0 014
W (m) QB `]kt ZQa 77 10� 5 5
dm (m) u=} QH jta |xv}W}@ 5 25� 0 77
S p=v=m |rw] ?}W 0 021467� 0 00119
n nv}v=t |Q@ R ?} Q[ 0 07� 0 024

Q@ (n) nv}v=t |Q@ R ?} Q[ "OvDUy xOW |Q}oxR=Ov= |=yxO=O D50 w S 'dm
nv}v=t |x]@=Q R= Q_vOQwt |=yxv=NOwQ |D=Oy=Wt O=a@= w u=} QH C=YNWt |=v@t
w x}yD |UQQ@ OQwt |=yxv=NOwQ QO � |xQ=vm |x} w=R [13]"CU= xOW x@U=Lt

"CU= xHQO 90-34 R= u; C=Q}}eD |xOwOLt xm [25w24]'CU= xOW |Qw;OQo
|=yu=wD =@ pY=L |m}rwQO}y |xUOvy \@=wQ |=yu=wD '"4"2 VN@ QO

pOt |HvU=w "3
xO=iDU= KQW u}= x@ |OQwt |xar=]t 2 R= pOt |HvU=w Qw_vtx@ 'Q[=L VywSB QO

"CU= xOW

pw= VN@ "1"3
R= Q=O}=B |vW QDU@ |xv=NOwQ 58 |=yxR=@ R= xOt;CUOx@ |=yxO=O R=CtUk u}= QO
|xN=WlD |=yp=v=m u=wvax@ QwmPt |=yxv=NOwQ w xO=iDU= [25w24]'u=DUrov= QwWm
\w@ Qt C=aq]= 'QwmPt |=yxO=O xawtHt QO "Ov=xOWh}YwD lQLDt QDU@ =@ Q=O}=B
VWwB "1 ẁv %Ov=xOW XNWt w |Ov@xk@] xwQo 4 QO xQ=vm |y=}o VWwB x@
&xJDNQO w CNQO VWwB �5 =D 1 "2 ẁv &xJDNQO w CNQO xvwoQy uwO@ |ira
CNQO VWwB �50 R= V}@ "4 ẁv &xJDNQO w CNQO VWwB �50 =D 5 "3 ẁv

"xJDNQO w
'W 'Qbf u; QO xm 'CU= 5 pwOH j@=]t xO=iDU= OQwt |=yxO=O |xOwOLt
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|m}rwQO}y |xUOvy |=yu=wD =@ Q[=L |xar=]t QO xDi=}xaUwD |r}rLD pOt R=
|=yu=wD x@U=Lt QO ?}DQDx@ �15 63 w �0 00 |@Uv |=]N \UwDt� |D=Oy=Wt
=@ |D=@U=Lt |m}rwQO}y |xUOvy ?} Q[ u}@ |@U=vt=v ,=D@Uv ji=wD '�f w b
OwOL |@Uv |=]N \UwDt� OQwN|t sWJ x@ ZQa |x]@=Q QO |D=Oy=Wt Q=Okt
CU= umtt u; Cra w �c w a ?}=Q[ |x@U=Lt QO ?}DQDx@ �1 69 w �49 04
|y=}o VWwB p}@k R= xv=NOwQ l}t=v}OwiQwt QO Q=PoQ}F-=D pt=wa |NQ@ p=ta= sOa

"OW=@ |O=yvW}B pOt QO xQ=vm
C=}YwYN w \@=wQ R=i 2 QO |HvUCLY xm OQm u=}@ u=wD|t Qw]u}= ,=D}=yv

"CU= xOW s=Hv= |UOvy

swO VN@ "2"3
u=DU=� u=Q}= QwWm R= xv=NOwQ 4 |=yxR=@ R= xOt;CUOx@ |=yxO=O R= 'VN@ u}= QO
w xOW |Qw;`tH [32]'2014 p=U QO =yxO=O u}= "CU= xOW xO=iDU= �u=DURwN
"Ov=xOW h}YwD lQLDt |vW QDU@ =@ Q=O}=B |=yp=v=m u=wvax@ R}v =yxv=NOwQ u}=
xm 'Ov=xDiQo Q=Qk u=DURwN |kQW w |r=tW CtUk QO xar=]t OQwt |=yx=oDU}=
C=aq]= w C=YNWt "OvDUy TQo =R xwmxDWQ |x}W=L QO '|v=DUywm |k]=vt
u=DURwN jQ@ w ?; u=tR=U \UwD |QDtwQO}y x=oDU}= Qy QO OwHwt xOW|Q}oxR=Ov=
|[Qa `]kt CW=OQ@ pt=W ,=DOta |Q=}DN@ w p=LtQ=yJ |}xk]vt ?; Qwt= w
C=@ wUQ |xR=Ov=\UwDt "CU=nv}v=t |Q@ R?} Q[ w xy=Q@;?}W 'xvq=U CQwYx@
w |UOvy C=YNWt "CU= xOW u}}aD [32]'|QywH \UwD QB `]kt |@O w QDU@
xm CU= QmP x@ sRq "CU= xOW x�=Q= 7 pwOH QO xar=]t OQwt |=yxR=@ |m}rwQO}y
R= 'OmwD= Q=Ri=sQv R= xO=iDU= =@ w xDW=Ov OwHw `HQt |=yxO=O QO (�) xQ=vm |x} w=R
\UwDt w u}}aD x=oDU}= Qy QO xv=NOwQ |xQ=vm 2 QO |[Qa `]kt pmW |UQQ@
QO xm =Hv; R= u}vJty "CU= xOW xDiQo Q_v QO pOt x@ |OwQw |xO=O u=wvax@ u;
'CU= xOWv |Q}oxR=Ov= ,=t}kDUt (Qs) QDU@ Q=@ '|UQQ@ OQwt |=yxO=O |xawtHt

"CU= xOW xO=iDU= C@=F ?}W Cr=L QO pOt R= |HvU=w Qw_vtx@
u; ?}mQD w [13]'nv}v=t u=} QH Ctw=kt |xrO=at |Q}oQ=mx@ =@ xOWx�=Q= pOt
xOW =QH= [21]'QmQ=B w [20]'|w@ wO [19]'Qrwt w QD}B � Q}}t QDU@ Q=@ p=kDv= CqO=at =@

"CU= xOW x�=Q= 8 pwOH QO pOt |=]N OYQO w
Q}=U x@ C@Uv [19]'Qrwt w QD}B Q}}t QDU@ Q=@ |xrO=at '8 pwOH x@ xHwD =@
|QDy@ OQmrta 'u=DURwN QO |D=ar=]t |=yxR=@ QO xO=iDU= OQwt QDU@ Q=@ CqO=at
jta w QDtm =Q |DiQ@; |=yp=v=m ZQa ,=@r=e |O=yvW}B pOt 'u}= OwHw =@ =t= 'OQ=O

"CU= xOR u}tND |D=Oy=Wt Q}O=kt R= QDW}@ =Q

|Q}oxH}Dv "4
=}� ?}W |xv}tm |OL |Qw�D wO uOw@ RQ=sy Qou=}@ 'pOt R= xOt;CUOx@ G}=Dv

"CU= ?wUQ p=kDv= C}iQ_ |xv}W}@ w �u=} QH u=wD |xv}tm
sQi x@ QDU@ Q=@ p=kDv= CqO=at R= |a}Uw h}] uDiQoQ_vQO =@ Q_vOQwt pOt
'V = crRxSyD� sQi x@ u=} QH Ctw=kt CqO=at w qs = cs�m0 (�0� �c)j
hrDNt CqO=at ?}mQD R= pY=L |m}rwQO}y |xUOvy |=yu=wD xm CU= u; |=} wo
Q}O=kt =@ |D=@U=Lt |m}rwQO}y xUOvy |=yu=wD j@=]D w CU= u=Um} ,=@} QkD

'CU= xOW pY=L |D=Oy=Wt |=yxO=O R= xm u=QoWywSB Q}=U C=ar=]t R= pY=L
\@=wQ QDj}kO |HvUCLY Qw_vtx@ 'xt=O= QO "CU= xDiQo Q=Qk |HvUCLY OQwt
<=R=x@ Q=@ 1 'xQ}eDtwO |m}rwQO}y |xUOvy \@=wQ |Q}oQ=mx@ =@ |m}rwQO}y |xUOvy
Ctw=kt |xrO=at ?}mQD <=R=x@ Qo}O Q=@ w [20]|w@ wO w [14]'|U}r CqO=at ?}mQD
p=v=m |UOvy O=a@= [19]'Qrwt w QD}B Q}}t QDU@ Q=@ |xrO=at w [13]'nv}v=t u=} QH
|xOvyOu=Wv '4 w 3 |=ypmW "CU= xOW s}UQD |D=Oy=Wt O=a@= Q@=Q@ QO w x@U=Lt
"CU=yv; |ak=w O=a@= =@ u=DUov= |vW |xv=NOwQ 58 |xOWpOt |xUOvy hqDN=
QO MSP w MSTC |@}mQD pOt 'CU= OwyWt QwmPt |=ypmW QO xm Qw]u=ty
ZQa ,=@r=e 'u=DUrov= QwWm QO ?NDvt |xv=NOwQ 58 |=yxR=@ Ovv=t |}=yxv=NOwQ

"OvvR|t u}tND |D=Oy=Wt Q}O=kt R= QDW}@ =Q jta w QDtm =Q |DiQ@; |=yp=v=m
u=} QHCtw=kt |xrO=at |Q}oQ=mx@ =@� xv}y@ `]kt O=a@= |x@U=Lt |=Q@ 'xt=O= QO
CtUk QO xOWx�=Q= \@=wQ R= �[19]Qrwt w QD}B � Q}}t QDU@ Q=@ |xrO=at w [13]'nv}v=t
|@Uv |=]N OYQO =@ ?}DQD x@ QB `]kt jta w ZQa w xOW xO=iDU= "1"3"2
xDiQoQ=mx@ |D=@U=Lt jta w ZQa TBU "CU= xOW x@U=Lt �38 w �47 \UwDt
|xUOvy \@=wQ ,=D}=yv w xOW xO=O VR=Q@ =yv; x@ xQ}eDtlD |v=wD \@=wQ w xOW
"�6 pwOH� CU= xOW xU}=kt [24]'uQwD w |y \@=wQ =@ xOt;CUOx@ |m}rwQO}y

"|D=Oy=Wt w |D=@U=Lt QB `]kt ZQa |xU}=kt "3 pmW

"|D=Oy=Wt w |D=@U=Lt QB `]kt jta |xU}=kt "4 pmW
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a|

UOv
yt "�SI sDU}U� |D=Oy=Wt w |D=@U=Lt |v=wD \@=wQ |xU}=kt "6 pwOH

u}}aD ?} Q[ D = cQf ;W = aQb p=v=m C=YNWt `HQt
(R2) f c b a

0 769 �� �� 0 45 1 86 (W ) QB `]kt ZQa Q[=L |xar=]t0 605 0 37 0 58 �� �� (D) st} Rm =t jta
0 801 �� �� 0 45 3 65 (W ) QB `]kt ZQa

[24]uQwD w |y0 787 0 32 0 59 �� �� (D) st} Rm =t jta

"�u=Q}=� u=DURwN u=DU= QO |D=ar=]t |xR=@ 4 QO xv=NOwQ p=v=m QB `]kt C=YNWt "7 pwOH
\UwDt jta K]U ZQa xQ=vm x} w=R |Q@ R ?} Q[ O=wt xR=Ov= \UwDt ?}W QB `]kt |@O s=v s=v

(m) (m) (0) nv}v=t (m) QDU@ |rw] (m3/s) xv=NOwQ x=oDU}=
8 34 64 54 32 0 041 0 0526 0 0007 1330 98 uwQ=m uUwU
2 97 72 52 22 0 034 0 0283 0 00136 473 08 u} Q}W ?; O=@;Q}N
2 96 117 68 53 0 031 0 0305 0 00203 1029 06 uwQ=t s=_vsJ
1 00 13 4 84 0 050 0 0369 0 0039 11 27 p=R p=R pB

QO xQ=vm |y=}o VWwB QF= Vy=m =@ Z} Qa |=yxv=NOwQ QO `k=w QO "Ovm|t Q}}eD
x=Qty |QDW}@ |=]N =@ pOt \UwD p=v=m ZQa Q}O=kt |v}@V}B 'u=} QH Ctw=kt
p@=kt QO "OQ}o Q=Qk xO=iDU= OQwt \=}DL= =@ O}=@ pOt QwmPt \}=QW QO w CU= xOw@
ZQi x@ =yxQ=vm uOw@sw=kt p}rO x@ 'xw@v= |y=}o VWwB =@ ZQasm |=yxv=NOwQ
Q=O}=B O=a@= u}tND G}=Dv w CU= QDl}ORv |O=yvW}B pOt QO =yxQ=vm uOw@?rY

"OvQ=O |QDW}@ CkO |}=yxv=NOwQ u}vJ QO 'pOt \UwD
|xUOvy |=yu=wD j@=]D seQ|ra |O=yvW}B pOt |=QH= R=pY=LG}=Dv|UQQ@
'OwHwt \@=wQ =@ Q[=L |xar=]t QO xOWx�=Q= |r}rLD VwQ R= pY=L |m}rwQO}y
|D=Oy=Wt |xUOvy =@ p=v=m |D=@U=Lt |xUOvy?U=vt=v ,=D@Uv ji=wD |xOvyOu=Wv
l}t=v}OwiQwt QO Q=PoQ}F-=D pt=wa |NQ@ p=ta= sOa CU= umtt u; Cra w CU=

"OW=@ xQ=vm |y=}o VWwB p}@k R= xv=NOwQ
u; |xrRvt x@ |O=yvW}B pOt R= xO=iDU= xm Cio u=wD|t |rm Cr=L QO
|=yZQa w OvQ=O V}=UQi p@=kt QO |}q=@ Ctw=kt 'xv=NOwQ |=yxQ=vm xm CU=
sw=kt |=yRQt =@ |DiQ@:= |=yp=v=m QO QwmPt pOt R= xO=iDU= =@ p=v=m |xOW|v}@V}B
G}=Dv CU= umtt u; T=U=Q@ Q}PBV}=UQi |=yxQ=vm \}=QW =Pr w OvDUy Q@Dat
O}k p=ta= =@ QwmPt pOt R= xO=iDU= |OQ=wt u}vJ QO� OW=@ xDW=Ov x=Qty x@ |@ wr]t
uDiQoQ_vQO =@ Q[=L VywSB QO xOWx�=Q= pOt R= "�OwW|t O=yvW}B xQ=vm |Q=O}=B
uwJ |OQ=wt QO |DiQ@; |=yxy=Q@; Q=O}=B |xUOvy |L=Q] CyH 'xOWQmP OQ=wt

"CUH xQy@ u=wD|t xv=NOwQ |@ wQ}q w =}L=

"pOt C=@U=Lt |@Uv |=]N OYQO \UwDt "8 pwOH
\UwDt |@Uv |=]N OYQO Q=@ p=kDv= |xrO=at
\UwDt jta QB `]kt ZQa QDU@

23 65 (25 57) [19]Qrwt w QD}B � Q}}t
35 54 (33 45) [20]|w@ wO
29 57 (29 37) [21]QmQ=B

Q}O=kt R= QDtm u}tND� |ivt Q}O=kt |xOvyOu=Wv ( ) Ctqa
"CU= �|D=Oy=Wt

'pO=aD \}=QW x@ uO}UQ =D |a}@] |DiQ@; |=yxy=Q@; xm OyO|t u=Wv |D=Oy=Wt
"OvDUy OwN p=v=m pmW s}_vD x@ QO=k

pOt \UwD xOW|v}@V}B |=yZQa xm CU= u; R= |m =L pOt |HvU=w Ov}=Qi
=@ hqDN= u}= u=R}t =t= 'Ov=xOt; CUOx@ |D=Oy=Wt |=yZQa R= QDlJwm ,=@r=e
=@ xm |Qw]x@ "�3 pmW� CU= xDi=} Vy=m =yxQ=vm |y=}o VWwB |r=oJ V}=Ri=
QDU@ Q=@ p=kDv= |xrO=at =@ u; ?}mQD w nv}v=t u=} QH Ctw=kt |xrO=at uDiQoQ_vQO
'xv}y@ K]U ZQa u}}aD |=Q@ xOt;CUOx@ \@=wQ |Q}oQ=mx@ w Qrwt w QD}B � Q}}t
VWwB |=Q@ 0 40 R= \UwDt Qw]x@ |D=Oy=Wt x@ |D=@U=Lt K]U ZQa C@Uv
0 72 =D '�xJDNQO w CNQO xvwoQy uwO@ |ira VWwB =@ |}=yxQ=vm � 1 ẁv |y=}o
�xJDNQO w CNQO VWwB �50 R= V}@ =@ |}=yxQ=vm � 4 ẁv |y=}o VWwB |=Q@

=yCWwv=B
1. at-a-station hydraulic geometry
2. downstream hydraulic geometry

3. extrenal hypotheses
4. maximum sediment transport capacity
5. maximum 
ow e�ciency
6. minimum stream power
7. minimum variance
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8. minimum energy dissipation rate
9. minimum unit stream power
10. riprap
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