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������ 

� ±ĭĢú�CØƒAOQ, ÈăCƐCƈQô, şĎ*

·�3R/>*|ģ0S<%R. /CO&@ŔùCz=

ęÌŢĲUńĈ1<Ś,ƋA, ƈƐĜ�mboUİ%<

õÙěĕC�ĬŢŇ, J7, ÈăŪ/Q&RƈƐUâÃ

1<|ģŢŇUŚ&. 5Cz=ŮÑCĻøƅ=ƍzĶA

ƈRƈƐNĻøƅ=¹ƁCƐ*ƈRO&@ƈƐ, ºĦÅ

UM7P3O&@ĀûýCƈƐņCČ"@ƈƐAORƈ

ƐĜ�U�Ĭs|ģ=+RƈƐĜ�mboDƀŝ=$R.

//=ƀŝ@CDƈƐĜ�U�ĬŢŇ3RƋA, ěĕē

AéÃ17gnlt_=D@,, Ÿ¡AÃLPS7gn

lt_=�Ĭs|ģ=+R/>=$R. 5Cmbo=D§

2mboċŴ, §2gnlt_=$RŀÓCŉÓ=ƈƐ

Ĝ�UĊB�Ĭ3R*ƀŝ=$R. 5CáũUƈƐĜ�

mboCpf]cá>%&. ƈƐĜ�mboCpf]c

áUŤ�3R/>D, 5CmboCėİáCƕ0UŤ�

3R/>A@R.  

� ĂŦð=D, ËıP*ëĈ17ƂĸĝŰďċUœã1

7�uñƑA(.RƈƐĜ�C´ĽÔ 1)AĹķ1, �ć

ÌĜ³A$Rřÿ`kĜ³UÇŧA, Ÿ¡Aĵį17ƈ

ƐWjrcUİ%<mboCpf]cáCŤ�U3R/

>UķĶ>3R.  

 

��dCtnUc�

� ËıPDĜ³CüÉ]\toU�uñƑ>1 ,  

Kinematic WaveĚUżİ17ĩĮmboUëĈ172).  

J7,  ËıPD5CmboAƂĸĝŰďċUœã3R/

>AOQÛămboOQ�ĬáCŘ%mboUëĈ17.  

ĂŦð=DvůCƈƐĜ�mboUÇŧ>3R. 

 

����F=Z����"��dC�LlP�

  ËıPDÛă)PĜ³CüÉ]\toU�uñƑ>1, 

ñƑĜwô¨ĜSU Kinematic Wave >1�uñƑA(.

Ruŗ�17ƈƐĜ�CÔUëĈ1<%R. �wA5C

ĊŝUľ3.uŗ�17ŷ��U(1)Ô, ŵŐÔU(2)ÔA

ľ3. (1), (2)ÔU q A;%<ïĮ3R>(3)ÔUÜPSR. 

,      �  �    (1) 

       � �          (2) 

     �       (3) 

781, �     (4) ,   �     (5) 

//A, vƖòƑÐ²Ĝų[mm/h], hƖĤĕĞ[mm], q(t)Ɩ�

�ÏĜƁ[mm2/h], r(t)Ɩý�ƈƐÕÓ[mm/h], mƖĜ�gn

lt_, αƖĜ�ĪáUś3gnlt_=$R. J7, Ĝ�

gnlt_ α, m AƆ1<DñƑĜ>1<°¶�CĜSU

Çŧ>3Rµ¥D, (6), (7)ÔCO&A°¶s±×Īá)P

ĘÃ0SR. 

   
 
     (6) ,            (7) 

//A iƖñƑ�ſ, DƖśÊ°Ê [mm], ksƖƔ«Űĕ�

î[mm/h], wƖý�ŃƊī=$R. ËıPD, ĸèĜ�Dñ

ƑŮ�)Pĵį1, 5CĜ�ƁDñƑƃAĔ�1(8)ÔC

O&@·î�Ǝ×CŮ�Ô*äń3R/>Uľ17. 
                 (8) 

//A, q*(t)ƖĜ�ƕ[mm/h]. ĸèĜ�DñƑāŅ=ĵį

3R>œ', ñƑƃU L >1, (3)ÔA��, ïĮ3R>(9)

ÔA@R. 

    � �        (9) 

     � �        (10) 

(9)ÔD�uñƑA(.RñƑĜ�Uś3´ĽÔ>@R.  

�

Ytqtd� �uñƑA(.RƈƐĜ�C´ĽÔ���ƂĸĝŰďċ���pf]cá����������������� �î�

ŵŏ�� #�����		�� Ą~žð~�÷ö�������
� z½ºÂĮÍÂŽ� �
���������
����	�


�����Ɩ������!���� ���������������

v =αhm q = vh =αhm+1

∂h
∂t
+
∂q
∂x

= r t( )

∂q
∂t
+ aqβ ∂q

∂x
= aqβr t( )

a = 1
1−β

α1−β β =
m
m+1

α =
ksi

Dγ−1wγ
γ =m+1

q x, t( ) ≅ xq∗ t( )

dq* t( )
dt

= a0q*
β r t( )− q*( )

a0 = aL
β−1 = m+1( ) α

L
!

"
#

$

%
&

1
1+m
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� Ë±Ĝ³A(.RĜ�Ĭŧ=D, śƑĜOQzƅĜ*

�Ŭ3R/>*ĺPS<%R. 5C7LºşĎ�ĕM1

,DñƑĞÊCĜSUœã17Ĝ�ŢŇUŚ&7LAD, 

ñƑ¹ÊĜSU¹ÊċŴ>1<æ&Þŝ*$R. 5/=

ËıPD, �wAľ3ó1%Ĝ�ŢŇåĚUİ%<�Ĭ

áC¨vUťK7. J4, ËŖñƑ*ŜîCÊ=ċä0

S<%R>œ', n ÊķA(.RƂĸĝŰA;%<œ'R. 

n-1 Êķ)P n ÊķFCĝŰƁ Vn-1(=bn-1sn-1), n Êķ)P

n+1 ÊķFCĝŰƁ Vn(=bnsn)>¤ÊA(.RĜ�AÆy

3RƐƁCŵŐƆ�)P(11)ÔUÜR. 

             dsn
dt

=Vn−1 − rnm −Vn       � � �      (11) 

� ¤ÊCĜ�AÆy3RƈƐƁD(12)ÔAľ3O&A°

Ê�ĕ� sn*¤ÊC�ĕ�Uś3°Ê�C�ôä�J=

Cƕ0 hnmUū'7øħ=ĵį3R. 

      � � �       (12)  

0PA, (12)ÔzC rnmU(13)ÔzC´ĽÔAñƑĜ�AÆ

y3RƈƐ>1<y'R/>=uŵCñƑŢŇ*ŚTS

R. 

          � � �    (13) 

� //A, n:Êî, m:¤ÊA(.R�ôä�Cî=$R. 

J7, snƖ¤ÊC°¶�ĕ�[mm], anm, bnƖ¤�ôä�ĝŰ

ä�CĔ�Ãî[1/h], hnmƖĜ�ä�ĵįCƇ�[mm], rnmƖ

ñƑĜ�AÆy3RƐƁ[mm/h], VnƖƂĸĝŰƁ[mm/h]=

$R. αnm, βnmƖ�uñƑA(.RƈƐĜ�C´ĽÔC a0, 

βA5S6SÇß3R, anm, bnmƖ¤�ôä�, ƂĸĝŰä

�CĔ�Ãî. J7I�� AƂĸĝŰUœã17�uñƑ

A(.RƈƐĜ�C´ĽÔCĊà¯Uľ3. /CƂĸĝ

ŰďċD, ƈƐ*Ĝ�AÆy3RJ=CŶSøƅNì¾

ƐƁUśĬ3R/>*�ăR. ƂĸĝŰďċA(.R¤

ÊC�ôä�D, Ĝ�AÆy3RƈƐƁ>1<(13)ÔC

��ƈƐ>1<y'PSR. 

 

	��u?Uc�

����{hdK;Nv��%3:,�_s�

� żİĜ³>1<D���ćÌĕŊCġŘĥÌvĜ 78km

±ħA�ő3R¹ķĶ`k=$Rřÿ`kĜ³UÇŧ>

3R��Ĝ³ƑŁD 254km2 =$Q��ĶAË±Ĝ³>

�

I����}jexa`$pT��F=Z����"��d

C�LlP�_RI��

š'R��ļłAİ%RƈƐWjrcDřÿ`kĜ³=

1978 Ñ)P 2003 ÑJ=Aĵį17ƈƐWjrc 19 Wj

rc=$R. ĂŦð=D, 1 WjrcUƈƐƄÁøƅ)P

ƈƐō{øƅC96øƅÚUJ=U1Wjrc>ÃŒ3R. 

�

����9/(,S�u?Uc�

� Ăļł=D, ËıPCëĈ17ƂĸĝŰďċUœã1

7�uñƑA(.RƈƐĜ�C´ĽÔUÇŧApf]c

áUŤ�3R*, 5CŤ�åĚ>1<D, ÇŧƈƐWj

rc19\t]Uİ%ÇŧmboC5S6SCƈƐWjr

cAÇ3Rüż@gnlt_^acU19^acéÃ3R. 

ĐA5Cgnlt_^acUİ%, éÃAİ%7ƈƐW

jrc�¸C 18 \t]CƈƐĜ�U�ĬŢŇ3R. 5C

ŎĆUNash-Sutcliffe�î(�wNS�)Uİ%<�ĬŉÓU

Ť�17. 5CŎĆ)P�ĬŢŇU3RCAüMÀÖ@

gnlt_UĘÃ3R. §ČC/>UuŗĶAÒ,İ%

PS<%R_rZmbo, ŨĳƆîĚ, J7, ËıP*Û

ă)PëĈ1<%R�uñƑA(.RƈƐĜ�C´ĽÔ

=Ś%, NS �UçčA�ĬŉÓCĔŭUŚ%, pf]c

áUŤ�17. 

�


��q\*4dK���"dC075<)�VM�

� õÙCļłOQĜ³ƑŁ 200km2 ŀÓC`kĜ³]\

to=D, ęŹC�ĆUœã1@,<M, ŢŇŎĆAº

+@ØƒU¢I0@%/>*ľ0S<%R. O:<, Ă

ļł=DęŹŢŇDŚ@T4, řÿ`kĜ³CāŅCĜ

ƁUĜ�ŢŇAOQĸèŇ�1<%R. 

�

����dC075<)�VM�

� gnlt_CéÃAƆ1<DGauss-NewtonĚUİ%R

/>=ÄģƈƐ)PÊċŴU­T4�<Cgnlt_U

§øAéÃ17. Gauss-NewtonĚDŢŇ3RC*®Ə@2

       rnm = 0
rnm = anm sn − hnm( )
"
#
$

%$

dqnm
dt

=αnmqnm
βnm rnm − qnm( )
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ƉÝ�*xŝ@7L, ķĶƆî*Ðô«A@RüÉ�­

Ɠ=D��ŠUĖLR7LA))RøƅUňŋ3R}*=

+R� 

�

����075<)�VMo^�Bgtn�h�"075<

)�bM�

� Ÿ¡CWjrc)PéÃ1719^acCĜ�gnlt

_)P5S6SCgnlt_CéÃ17. J7, éÃŎ

ĆCu�CeWdp[niUI��Aľ3. I��Aľ3O

&A Gauss-Newton Ě=éÃ17üż@gnlt_Uİ

%<Ĝ�ŢŇUŚ@:77LeWdp[niDń9v*

Q, htZ�, űĠŽ%4SCż¥ÓMŘ¿=$:7. J

7, �C 18 \t]AƆ1<M, §ČCŉÓ=eWdp[

niUê,/>*£ŕ=$R. �ů17O&AƈƐĜ�

mboCpf]cá>D, 1 ;Cgnlt_^ac=Č"

@ƈƐĜ�U$RŀÓCŉÓ=�Ĭ=+R>%&/>=

$R*, éÃ17gnlt_C�*º+,EP;,>, 

5SPCgnlt_=�CƈƐĜ�U�Ĭ17øAŘ%

ŉÓ=�Ĭ=+R>Dœ'A,,, pf]cá*ƕ%>

DŤ�=+@%. 5/=, ĂĜ�ŢŇåĚCpf]cá

UŤ�3R 1 ;CåĒ>1<, éÃ17gnlt_CE

P;+CŀÓU�íC�)PŤ�17. r�� AĂĜ�Ţ

ŇåĚAO:<ÜPS7gnlt_C�íUľ3. r��

*ľ3O&AƂĸĝŰAÆy3Rgnlt_��ñƑĜ�

AÆy3Rgnlt_C�íDÉ0%/>*T)R��õ

ÙCļł>ĔG<M���íC�)Pgnlt_CEP;

+DÉ0%>œ'R/>*=+R� O:<, ĂĜ�ŢŇ

åĚ=éÃ17gnlt_D, ƈƐCŻ%AORØƒD

H>V?@,, gnlt_C�DH>V?·�1@%/

>*T):7. 

 

�	��]dCtnUc�Z�tn�E^�

� I�� AM$RO&A, ĂĜ�ŢŇåĚDƂĸĝŰďċ

>ñƑĜ�AÆy3RƈƐƁUś3ĊàĶ@Ž�>ñƑ

ŢŇUŚ@&ĩĮĶ@Ž�=ċä0SR. _rZmbo

>DĴ@QñƑŢŇUŚ@&/>AOQŶSøƅN, °

¶Īá)PñƑŢŇAİ%Rgnlt_UĘÃ3R}*

=+R. J7, z=MŶSøƅDƈƐƄÁøƅ>ƈƐĜ

�ƄÁøƅCÎUś3gnlt_=$Q, /Cgnlt

_UŉÓŘ,ś3/>Dƀŝ=$R. I�	 AĂĜ�ŢŇ

åĚA(.RhtZĜƁ>ŶSøƅCƆ�Uľ3. //

=š&ŶSøƅ>DñƑĜ�AÆy3RƐChtZCĵ 

�

I����zG���%3:,�!VM��075<)� 

".%-9'72�=>��

r��� ]tnUc� ��Q!#�075<)�DW��

�

�

I�	� ]dCtnUc���"1<&d|�y#[~�

�@��

�

įøƅ>ÄģCüºƈƐÕÓĵįøƅ>CÎ τ1, Ĝ�ƕ

ChtZCŢŇ�>ÄģCüºƈƐÕÓĵįøƅ>CÎ

τ2C/>Uľ3. Ĝ³ƑŁ* 200km2�vCřÿ`kĜ³

A(%<ƈƐChtZ*ĵį1<)P3-AĜ³CāŅ

J=Ĝ�ChtZ*�ź3R>Dœ'A,%. I�	 Aľ

3O&A, ƐChtZ*ĵį1<)PñƑĜ�AÆy3

RƈƐChtZ*ĵį3RJ=CŶSøƅDH>V?Ĩ

%*, ñƑŢŇAO:<ÄƋADĵį1<%R>œ'P

SRŶSøƅUś3/>*=+R. I�	 *ľ3O&A τ1
> τ2 CÎ)PñƑŢŇAORŶSøƅ*T)R. �vC

/>)P, ĂĜ�ŢŇåĚD, ñƑŢŇU3R/>AO

:<, ŶSøƅUśĬ=+R>œ'PSR.  
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���Bgtno^�

� �AůG7O&A, řÿ`kĜ³UÇŧAŸ¡CƈƐ

Wjrc 19 \t]Uİ%<Ĝ�gnlt_U 19 ^ac

éÃ17. 5Cgnlt_^acUİ%< 1 ;Cgnl

t_^acAÇ1<éÃ17\t]�¸C\t]U�Ĭ

ŢŇ17(19×18 C 342 \t]). ĐA�ĬŢŇCŎĆ)P

Ĝ�mboC�ĬŉÓUĉţ3R. �ĬŉÓCĉţAD

�ů17O&A NS �Uİ%R. NS �DƈƐĜ�ŢŇC

ĉţAİ%PSRçč=$Q, NS �* 1 AŮ%ŀmbo

C�ĬŉÓDŘ%>0S<(Q, NS �* 0.7 �v=mb

oC�ĬŉÓ*Ř%>0SR. I�
 AĂĜ�ŢŇåĚA

ORhtZĜƁ> NS �CƆ�Uľ3. 342 \t]C NS

�CÐ²�D 0.82, �íD 0.013>@:7. I�
Aľ3O

&A, htZĜƁ*º+,@RA;SNS�D1AŮ,@

Q, �ĬŉÓ*Ř,@R/>*T)R. �vCŎĆ)P, 

19 \t]CƈƐĜ�UüMŉÓO,�Ĭ=+Rgnlt

_^acU 1 ^acŞ;., §ČC/>U_rZmbo, 

ŨĳƆîĚ, ËıPCëĈ17�uñƑA(.RƈƐĜ

�C´ĽÔAƆ1<MŚ@:7. 5C�ĬŢŇŎĆCe

Wdp[niCu�UI�� A, 5C�ĬŢŇŎĆ)PÜ

PSR NS �CÐ²>�íUr��Aľ3. r��Aľ3Ų

Q, ĂĜ�ŢŇåĚCNS�CÐ²�*0.92>@QüM�

ĬŢŇCŉÓ*Ř%/>*T)R. J7, NS �C�íM

0.0029 >@R/>)P, ·�DH>V?@,, ?C\t

]MNS�*1AŮ,�ĬŉÓDŘ%/>*T)R. �C

Ĝ�mbo=C�ĬŢŇŎĆAƆ1<D, _rZmbo, 

�uñƑA(.RƈƐĜ�C´ĽÔ=C�ĬŉÓDŘ¿

=$R>š'R. 1)1, ŨĳƆîĚM©L75SPC

mboAĔGĂĜ�ŢŇåĚDŶSøƅ, ƂĸĝŰďċ

U5S6SŘ,śĬ=+R7L, �ĬŉÓAŻ%*$R

>œ'PSR.  �vC/>)P, ĂĜ�ŢŇåĚD 1 ;

Cgnlt_^ac=Č"@ƈƐĜ�UĊB�Ĭ=+R

/>*T):7. 

 

�������

� �wAÜPS7ĺŞUJ>LR��

1) ĂĜ�ŢŇåĚD_rZmboAĔG<ƈƐĜ�C

ŶSøƅUŘ,ś3/>*=+R/>*T):7. 

2) řÿ`kĜ³A(%<, Ÿ¡C 19 \t]CƈƐ=é

Ã17gnlt_C�í)PĂĜ�mboCĜ�g

nlt_DƈƐAO:<H>V?·�1@%/>*

T):7. 

�

I�
��]dCtnUc���"Bgtn� ��Q�1

<&d|�
�A��@��

�

I����]dCtnUc��):&6+8��wi�Xc��F

=Z����"��dC�LlP� "Bgtn

o^�=>��

r����
��dC6+8�
�A�OJ�DW��

 

3) řÿ`kĜ³A(%< 1 ;Cgnlt_^ac=Č"

@ƈƐĜ�UĊB�Ĭ=+R/>*T):7. 

4) �v)PĂĜ�ŢŇåĚD, řÿ`kĜ³A(%<, 

pf]cá*ƕ%>Ť�=+R. 
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