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ABC @? :چكيده DEFGHI JKLM NOHBP QR? KS THUVW XYSNZ[\ D]SĜ JSGP _`\ aY [̀W b̀ Lcdb JLeJLe fg hi@ R fjkLi_@LldMS DVEM JLeAMS _`\m]Ĝ QR? XYS ?@Dه بDb AM@NOYne og ?@ Np ỲgaqS`] 
mfjkLiاست rH\P LeR?هNOHBP JLeGdb S?Ls oStOu?@ JKLM Gvw _`\ NdiGxẁ SmLP rH\ XHHcWGYLM NOHBP JLe GEq aH[q KS D]SĜ JLeGHydb ,R@ ztq? GM fjkLi_L{d|YS }LlW?S R LeR?og ~LMS GP �L��s JLecW LeDb XHHẁt\m NOHBP QR? ?@AY@R`Vb NH�p _`\ N� S?S JKLMDOi JLeAuGM NP �tPGb\ R LeHب�d�LOs hPLW XdiGx Gvw ?@ LP Le Db NdiGx Gvw ?@@t\m fjkLi h^LUb aZ\Db LeR?_GY S@ ẁ StWای ,NUwKR�`\LP D�HEd|b R JSmDb NZ[\ XHO��e - NP ẁ StWt\ D]SĜ �e?@ LY R Sn�b �?t�@mLdwيs QR? �H@LBOی�Ldw LPيKS _ b̀ g AM P̀ � �VW a]H�DLUbي_`\ N| Ldw Rي|P TPLEW R@ Ge �HPtF ?LDAMS _@S@ oL�wmSGPي� Lw StW o@S@ oL�wي� b̀ي@GP?L� �L�b H@Gx ني� a] nي_`
  mاست

  ��������� ���: NOHBPNOYne �fjkLi NZ[\ �DEFGHI JKLM  

  

١� ¡¢£¡
  i NZ[\ ¤Y ¥S`]SR fjkL fg hi@N¦P DVE¦M JLe  صـورت NOYne §G� zn�d|b �e?@ LY R Sn�bD¦b D¦wjp JLe¦̀\LPmXH¦HcW og NOYne Np NOHBP ¨ĜaqS`]R `\LP AY@R`Vb NH�pS? D¦Oi JLe Y KS _@LldMS oR P̀ Ỳ L�w Lk?S? � ¦̀b r¦MLObي� �¦kLJSG¦P D¦d]`\LP XZ�bGHI ỲL\ R aZ�b ?LH|P JGbS NPG�W LP oLM ÒBb,SG¦YK JSGP] SĜي �P NZ[\ ¤YX¦Z�b NOYnx ?L�\ا Nd¦\S@ @t¦CR A¦M Le?LHcb R ©P Stk Np `\LPیDOiرا Lk?SbيỲ L�wm NOHBP ¨Ĝ XHHcW �P XYS XHP KS NOYne aqS`] LP D]Ĝ XHHcW DOcYN¦OYnx ?L�\ ك ي ـ QR? NOHBPJKLMیقو@?S@ zKªm  �LM ?@LeGWtH�bLp AiG�Hs LP GHFS JLe ,�LUHUVW?@ �cHMR ?LH|P NOHBP NOHbK¨Ĝ JKLM LeAMS NdiGx �?t� fjkLi Jm  

                                                                 
  «¬­® °̄±²³́ µ ¶· µ¸ ¹̄ ¶º»¼½/٦/¼½¾¿ À­®ÁÂÃÄ²Å ¶Æ Å ® ÇÈ Á ÉÉÊÅË Â¶Ìµ¸ ³́ µ ¶·٣¾½¼/٢٥/٦ÍÎ® ÏÐÑÎµ «´ ¶Ò² Ó´ÔÕ· ǢÖ 

  Ã×Ø¸² ¶» ¶Î Ù¹Á ÐÚÛ» ÜÑ±ÝÙÞ®ÃÚß «ÎÐàÒ» ÏÁÃá ¸¶×Î® ÉÏÐâã² ®¸Á Ùàä ÙÎÐàÒ»Ï¶Äã² ®¸ ÉÅ ®ÔÌ ® Þ®ÃÚå ÐÑÒæ  ¹ Á ÐÚÛ» ç¶Úè Ã×Ø¸ÙÙ²¶»¶Î ،µ ¶Ñã² ®¸ÏÁÃáÏÅ ¶Î ÙÎÐàÒ» Ï¶Äã² ®¸ ÙÆ é ê¶Ì ëµÐ» ÍÑÆÃ·، com.yahoo@2003samani_j   Ðæµ ® ë¶àæµ¶Ø Éì¶·Ãä Ü±Û»ÙÎÐàÒ»Þ®ÃÚß  

  

Ò�eí�LM ?@îïðð [1]،DwLCS@٢a�C R٣�LM ?@îïñò [2,3]  از QR?NOHBP JLeEFGHI JKLM يẁ@t�w _@LldMSmS UVWي@? XH�LU fjkLi GM R@ ztq? R GEqNOHBP JLeGdb S?Ls oStOcP LeR??LZP JKLM @GP`\ _ẁmاQR? XYS _ �̀u �LZ\P JLeGEq Np @tP XYS LeهAM@ W?L�W JLeGEq _ b̀ gDJLói ?@ J@ ù Ge LeGEq DOcY ẁ@t[w Db @S ù S NdMtHsÒ\LP Òd|w StWmQR? NZOY S GP LiLób?tpôb JLe _L{d|YS AHcqtbD�w S? �L��s JLeR XHHcW A|wStW NOHBPJKLM ỲL�wmn�RGi٤nCGP R٥�LM ?@îïñõ [4] P LPهNOHBP QR? o@GP ?Lp - NbLwGP JKLMLYts JnY?٦fjkLi GEq_L{d|YS aVb R LeR?�L��s JLe NOHBP S?ẁ@t�w JKLMmDW?L�W _`\ XHHcW JLeGEq QR? XYS ?@ R ẁ@tP ?LH|P NviL] QR? _`�u �LZ\S XZHي ز�@LoLbK R|PH?L
LldMS@_طولاني  KS hwLb Np NbLwGP JSGCSZ[\ JSGP og KSهö?nP JLe Db`\m  Db٧ R oS?LZ�e�LM ?@îïñð [5] NbLwGP QR? KSJLYts JnY? Nd||x٨NbLwGP QR? ¤Y hqSR ?@ Np ẁ@Gp _@LldMSDb LYts JnY? - `\LPmNbLwGP NP A[|w Gd�p NviL] NP KLHw QR? XYSNd\S@ LYts JnY?

                                                                 
1 Holland 
2 Dajani 
3 Gemmell 
4 Frolse 
5 Burges 
6 Dynamic Programming 
7 May 
8 Discrete Dynamic Programming 
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��AMS Gd�HP nHw og �L[MLVb AuGM RmXYS ?@ LY Snb XYS @tCR LP b̀AM@ JSGP DOH�óW �A\S ẁ @tCR NOHBP fStC NP DPLYm JRnwíR JGx٢�LM ?@îïõ� [6] NbLwGP GP NHZW LPN� S?S D� b̀ LYts JnY?@tM NOHBP D]SĜ R NH�RS D]SĜ �dY?t{� S R@ KS og ?@ Np ẁ@S@`\ _@GPmNbLwGP KS _@LldMS LP NH�RS D]SĜ KS c̀P QR? XYS ريزی @? LYtsيهزكمNOGWيXDb XHHcW NOYnx`\mNp @tP XYS QR? XYS rHu _L{d|YSD�w XHHcW �L��s JLezL{Oe NZOY S G{Y@ R `\@Gxo@Gp @ � b̀ @?S ẁ LdMS JLeGEq NP _ b̀g AM P̀ JLeGEq�Db D�SGxSR ?L - `\mD�٣�LM ?@îïõð [7] RtHWLb R D�٤ [8] �LM ?@îïï�LP NbLwGP QR? Db ?Lp ¨j�SRS JLYts JnY@S@ NcMtW S?ẁd|wStW RÒ NOYne § è hPLWe@ �eLp `�?@ �\ S? LeÒm@?L{btP٥oS?L	�e R �LM ?@٢٠٠٢ [9,10] ?t{� S QR? KSتم ژنتيHSGP �ẁ@Gي[\Le	N يHNOKLM بهي� _@LldMS fjkLim  NOHBP GP DOd[b D\R? N�LUb XYS ?@_ \̀ @LBO�Hs DEFGHI JKLM rH\ ©Ui og ?@ Np AMSJLefjkLiP LeR?هJLeGdb S?Ls oStOu NOHBP_`\ fL
dw S JKLMR ẁ S ©MtW D]SĜ JLeGHydb GYLMẁt\ Db XHHcW DZH�R? H̀e �L[MLVbmNOHBP QR? XMLVb KS DZY - XYS _`\ N� S?S JKLMا Db DMtOHM _`\ aY [̀W JLói Np AMR `\LP @tP è StF ¤Y R Gl� XHP GHydb Ge _@R`VbmABC _@R`Vb XYS ?@ b NOHBP zS@ ?@ o@Ldi S KS JGHxt�Cوضع�LUw D}RG\ap ?@ S?b KS �u S ��d
b NOHBP �LUw LW _@Gp �
s �SGHHyW oS H̀bوضعR D ��Ỳg AM P̀ DmNOHBP �LUw XYS XHP ��M��fL
dw S Dbي@t\m 
O�Hsهم QR? XH@LBOی�Od[bDb t�d|C GPيog ?@ N� `\LP
CRیHKLن § è hPLW Td�b N[MLVb NP@?S ẁ @tmيا� Lw StW }tktb XD BP QR? AuGM RHNOKLMیb oS Ò� R@ S?DL�wي`m  
  
��� �� �����¡ �ª@Lcb�pL]R DZH�R? H̀e �
P R@ NP NOHBPDb �H|UW JKLM - @t\�  
  

١������������ �� �!"�Bb GHydb?@Db oLYGC DP@ fjkLi NZ[\ D]SĜ`\LPmA�L] ?@ NP oLYGC DP@ D�pGYK �?t� b N[MLVbD@t\�  
)î(  rlw QQQQ ++=  og ?@ Np�  

wQ =JGB\ fjkLi DP@  

ا
Q =DP@نفوذیfjkLi NPfLd�w LY R?  

rQ =fg DP@oS?LP KS D\Lw DVEM JLeDb`\LPm  
                                                                 

1  Nzewi 
2  Gray 
3  Li 
4  Mathew 
5  Boomgaard 

JGB\ fjkLi DP@
wQW oSnHb ~LMS GPAHc�C �pSG ,#EM

R, حوضه z@Gb $OeGi?S Ùb DwtZ|b T^LOb JSGP DiG%b fg , J?L�W ,Db N[MLVb DdcO� R@t\mDP@
lQfg abL\KS J�tlw JLe N�t� �L%W S aVbLe ,&GW�{d|Z\ R LeNP LefLc�w S aVb ?@ _'YR NwLFR Le N�t� _?StY@ TYĜ KS QRSGW LYLebD`\LPm@fg DPJLe oS?LP KS D\Lw DVEM

rQ b S?DoStWهبQR? N�HMR@ c̀db JLe R AwLM �ª@Lcb a] Òw Lb AwLw٦oL�� S QR? LP@R`Vb JLe٧R akLlW@R`Vb JLe٨@t�w N[MLVb[11-16]mQR? XYSLe _@tP _ H̀�Hs R J?S Ỳ Ls �jZ�b JS?S@ ªt�cb٩DbÒ\LP[17,18]mR? KS DZYQ - DUEOb QR? ftF D[|w Aq@ LP R �RS d̀b _@LM JLeí(Db`\LPm AMS GYK �?t%P DUEOb NEP S?�  
)٢(  AiCQ =  og ?@ Np�  

C =DVEM fLw SR? rYGk  
i =Dx ẁ?LP �`\ oSnHb  

A =fg Nkt] #EMHxDb G`\LPm  fjkLi GEq XHHcW JSGPb _@LldMS $OHw Lb NEPS? KS R?D@t\�  
)٣(  2/13/21

SAR
n

Q r=  og ?@ Np�  
n =$OHw Lb rYGk  
R =oLYGC hEUb DZH�R? H̀e }Lc\  

rA= A]L|boLYGC hEUb  
2/1S =fjkLi rH\رDb R`\LPm  _GY S@ h^LUb ?@ oLYGC T�u N[MLVb JSGPNUwKR� R JSNEP S? KS JS XWtHw QR? KS $OHw Lb-ot|iS?ííDb _@LldMS@t\m  
  ����)*�+, �� �!"-.�/ NOHBP �ª@Lcb§ è hPLW KS JKLMí0R AY@R`Vb1Leí2N̂ tPGb Db aHZ�W@t\m  
  

١�����3�� 4,�5THUVW XYS ?@}t��bNOYneP ¨Ĝ JLeهfL
dw S § è hPLW oStOu AMS _ Ỳ@GxmNOYneabL\ ¨Ĝ JLeK @?StbيbGD`\LP�  î (fjkLi NOYneeR?L  
٢ (��s NOYne�L 

                                                                 
 
6  Saint Venant Equations 
7  Finite Elements 
8  Finite Differences 
9  Stability 
10  Rational Method 
11  Newton-Raphson 
12  Objective Function 
13  Constraints 
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�� NOYnefjkLiLeR?ỲGF abL\ ,aUw R a�] ,J?Sôx?Lp, �LH��u NOYne R DpLFR �SGH�cW NP �tPGb J?LC JLe �t̂ ?@ J?S B̀{w Db ¨Ĝ _?R@`\LPmهبfjkLi NOYne D�p ?t̂LeR?ی_GY S@DcPLW JS og @LcP S LY GEq KS ,og J?Sôx?Lp T�uog �t̂ R aVb ?@ LeDb Le - `\LPmNOYne XYSfjkLi A�Hq NP NCtW LP S? LeR? LeNiGcW R ?SKLP ?@ - og J?Sôx?Lp JLe LeT�u ?@P ��d
b JLeهDb AM@ỲgmJSGP R D�HEd|b h^LUb NUwKR�R @LcP S NP NCtW LP JS og T�uDb LeoStW @t�w XHHcW S? �t̂ `]SR NOYnem  fjkLi NOYne _`\ NHBW � b̀ ?@_`\ DiGcb �?t� XY P̀ LeR?


� JSGPGeست که ا�b GEq ,fjkLi_GY S@ R?XHcb @LcP S LY R JS NUwKR� R D�HEd|bT�u R JSNOYne ��d
b JLe�t̂ `]SR JLe Db _@S@ D|YGWLb �?t� NP N̂ tPGb@t\mR @LcP S JSGP T�u LP �t̂ `]SR NOYne �
�b J?Sôx?Lp oR?@ KS _@LldMSN[MLVb DPLY Db@t\m�t̂ ?@ og fGk LP ��MfjkLifjkLi NOYne R?R? Db N[MLVb@t\m  NOYne abL\ �L��s NOYneR ỲGF JLe ��s r%wLe ,¥S`]S _L{d|YS oL�dFLMNOYne R �L��s JLeN̂ tPGb J?LC JLemNOYne XYS - �L��s DP@ KS DcPLW Le ,DZHbLOY@ }LlW?S apíDb`\LPm� b̀ ?@ DP@ JSGP J@LBO�Hs}LlW?S R ��d
b JLeY@ JLe�
�b DZHbLO NOYneNOYne Òw Lb N̂ tPGb JLefjkLi JLeR? Leه بD|YGWLb �?t� Db _@S@@t\m  LPNCtW�ti r�LEb NP§ è hPLW Gpô� S )NOYne apLe (هبNEP S? �?t� @tP è StF aY��  
)٤(  ∑ ∑

= =

+=
NM

i

NP

j
ji CPCMTC

1 1

  og ?@ Np�  
iCM =NOYnefjkLiR?ی i    

NM =@S c̀WifjkLLeR?  

jCP =NOYne�L��s _L{d|YSj  

NP =_L{d|YS @S c̀WL��s JLeDb �`\LPm  
  ��������  ���"�� AY@R`VbDb aY� @?Stb abL\ Le\LPÒ�  �� ����� �� fjkLiهب�"���  rH\ JSGP D�p ?t̂`] LeR? P XH�Ls `] R ªLPهDb NdiGx Gvw ?@ aY� �?t�@t\�  
)٥(  , 1,2,....,maxSi S i NM≤ =  

)٦(  , 1,2,....,minSi S i NM≥ = NOHBP D��S JLeGdb S?Ls Np AMS Gp� NP zKªNbLwGP ?@ Np JKLM NOHBPJKLMDb GHHyWfjkLi rH\ ÒYL�wÒ\LP Db LeR?m hqSR ?@ NOHBP NbLwGPrH\ JKLMfjkLi JSGP D�LeDb XHHcW LeR?Np ỲL�w Db aqS`] S? § è hPLWÒpm  
                                                                 

1 Total Dynamic Head 

��� / ��  ���"��fjkLi ?@ oLYGC AuGMNP @R`Vb LeR? R ªLP `] ¤Y Db XH�Ls `] ¤Y`\LPmAY@R`Vb XYS DkLY? aZ\Le
AMSبه GYK �?t��  
)٧(  1 0 , 1,2,....,max

max

ViV V i NMi V
≤ ⇒ − ≥ =  

)٨(  1 0 , 1,2,....,min
min

V iV V i NMi V
≥ ⇒ − ≥ =  og ?@ Np�  

iV =fjkLi ?@ oLYGC AuGMR?i  

maxV= AuGMfjkLi ?@ KL�b G�pS `] oLYGCR?  

minV =GMoLYGC AuaqS`]fjkLi ?@ KL�bرDb R\̀LPm  AY@R`VbJLe ٧Rرا  ٨DbN� S?S GYK NOYne Dd�LOs hPLW aZ\ NP oStW P § è hPLW NP R @Gpه@t�w NiLkS JKL�b NOYne oStOu�  
)٩(  

2 2

1 1
max max

V Vi iPF r
V V

 
    = − + −       
     

  W XYS GP LOPP D�LBw § è hPLه@tP è StF GYK �?t��  
)î�(  

1 1

2 2

max max

1 1

NM NP

i j
i j

i i

TC CM CP

V V
r

V V

= =

= + +

    
 − + −   
     

∑ ∑
  GHFS N�@Lcb ?@r 

hPLWd� LOsfjkLi oLYGC AuGM GxS Np AMS DR? `\LP KL�b _@R`Vb ?@ ,Db fL
dw S Gl� GP SGP@t\ ,هبG{Y@ �?L[u !HeA\S@ è St
w Dcq SR NOYne GP JGH"LW Nwtxm@ §Ĝ KSيG{ _LxGe LYGC AuGM_@R`Vb KS oي@t\ #?LF KL�b،?@ ö?nP ?LH|P J@ ù Db NdiGx Gvw@t\LBw ?@ LWزت ايBP _@R`VbH@t\ #?LF NOmhq SR?@ ,JLeGdb S?Ls Np AMS _ \̀ _@LldMS aH�@ XY P̀ Dd� LOs hPLW _ Ỳ S KSNOHBPfjkLi rH\ JKLMAuGM R Òd|e LeR?RnC oLYGC JLe D�w LeGdb S?Ls\LPÒmNP �L]� هDb DUYĜAuGM AY@R`Vb oStWLe _S? XYGdBP KS DZY Alx ỲLP $MLs ?@ %@t�w �L�u S S?KS _@LldMS Le ?@ oLYGC AuGM _LxGe og ?@ Np AMS Dd�LOs hPLW fjkLi ¤YR? AuGM KL�b _@R`Vb KS #?LF@@Gx Le ,?S Ùbd� LOs hPLWDr
J@ ù H|PLDb fL
dw S ö?nP ?§ è hPLW LW @t\)e }t��bNOYnLe (aZ\ NP @R? ªLP D�tUcbLwmNOYnx XHO� Np AMS #kSR!He NP JSD�w NCR - a�u XYS LP R @@Gx NOHBP ẁ StW ,?tpôb NOYnx §ô] @tF NP @tF Db@t\m  N�@Lcb ?@ _`\ N� S?S § è hPLWî�AY@R`Vb _SG�e_`\ N� S?S JLe ?@©PSR? ٥R٦NOHBP QR? N�HMtPJLeGH|b DEFGHI JKLM db_`\ aY [̀W b̀ Lc٢Db aqS`]@@Gx[19]mDOd[b hqSR ?@ QR? XYS ABC ?@ t�d|C GPDb b̀Lcdb JLe`\LPmGe?LP§ è hPLW Np Db N[MLVb@t\ ,N|YLUb D�[q N�]Gb § è hPLW ?S Ùb LP og ?S Ùb Db@t\m`\LP D�[q N�]Gb § è hPLW KS Gd�p Ỳ`C § è hPLW GxS , P ABC oL�e ?@ t�d|Cه§Ĝb NEUwHDb S H̀s Nb S@S ��HOÒpm?@

                                                                 
2  Transformed Conjugate Direction Method 
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�!XYS GHIصورت ,zL�w S �Zu ABC ?@ D�R LdMS? oL�e ?@ t�d|C @t\ Dbm  ���  ���"  ��/����AY@R V̀b GYLMDb GYK @?Stb abL\ Le`\LP�  
- Ge @LcP SfjkLiR?بزرگ fjkLi @LcP S JRL|b LY GWAM@ªLP R? Db`\LPm 

- A[|wC hEUb Dx`\Gs G�pS `]oLYGm 

- T�uJ?Sôx?LpfjkLiSGCS T�u LY R JS _GY S@ h^LUb JSGP LeR? JS _GY S@ GHI h^LUb JSGP  ازaqS`]KL�b G�pS `] KS R Gd�HP KL�b Gd�p `\LPm 

- T�uR? z@g Ge DCRGFí1@R?R KSXHYLs LeLY GWaqS ]̀JRL|b `\LPm 

- GEqfjkLiR?_GYS@ h^LUb JSGP ای ازaqS`]KL�b`\L[w Gd�pm AY@R`VbZH�R? H̀e aH�VW ?@ Gpô� S �ti JLeDDb �L�uSẁt\m
  �� ���� � ���	�
¢�� ��
�� ���
����� R DZH�R? H̀e aH�VW THl�W �dY?t{� S aY� ?@ NOHBPJSGP JKLM fg hi@ R fjkLi NZ[\ NOHBP D]SĜ LeDb N� S?S DVEM J@t\�  î- rH\fjkLi JSGP NH�RS JLeKS LeR?NOHBP NbLwGPfL¦
dw S JKL¦M Db@t\m 
٢- DP@QfjkLi Ge JSGPNEP S? KS R?٢R N[¦MLVb @L¦cP S L¦Y G¦Eq
LeNEP آن S? KS٣Db XHHcW@t\m 

٣- zLx NP NCtW LP)٢ (Db S H̀s NbS@S �L[MLVbT�u Np D�LC LW Òp &LFR J?S@GP J?Sôx?Lpلوله YL�w KRL�W KL�b G�pS`] KS`mL�wg ?@ Db _@LldMS �L��s _L{d|YS KS~LMS GP og DZHbLOY@ }LlW?S R @t\ LVb J?Sôx?Lp T�uسDb XHHcW _`\ N[@@Gxm 
٤- NOYneJLeNEP S? NP NCtW LP apî�Db N[MLVb@t\m 

٥- NOHBP NbLwGP NPDb �GdOpR Nd�xKLP JKLM§ è hPLW LYg Np @t\ NOYneJLeN[MLVb ap_`\ zLx ?@)٤ (AMS aqS`]mhPLW N�wLO� `\L[w aqS`] ?tpôb ,rH\NOHBP DkLY? ©P Stk LP J Ỳ C̀ JLe - Db fL
dw S JKLMzLx NP R @t\)٢ (Db KLP@@Gxm? Ùw g a�u XYS Db ?SGZW�HMGP aqS`] § è hPLW NP LW @t\m¨Ĝ NP �?t� XYS ?@ �YS _ H̀M? NOHBPm
  ���¢¡ ��� �� ���
�� b̀ AV� DPLYK?S JSGP ,LP �L�b ¤Y D�H�VW a] �YLdw N|YLUb KSDb _@LldMS �L�b oL�e JSGP � b̀ JSGCS KS a�L] �YLdw@t\m ازL[YGUW _ H̀�Hs ?LH|P fjkLi NZ[\ ¤Y D�H�VW a] Np L�wgAMS XZ�bGHI ,Db _@GP _GBP _@LM �L�b ¤Y KS@t\m�L�b XYS ?@ fjkLi R@_GY S@ h^LUb LP R?GM A�s JS Òw Lb �eaZ\îGvw ?@ Db NdiGx@t\mfjkLi rH\P LeR?هJLeGdb S?Ls oStOuBP �tB�bHNO

                                                                 
1  Manhole 

KLMی?@Gvw_`\ NdiGxẁ SmfjkLi JS d̀P S T�uGP SGP �RS JR? ٢/î Db �Gi J?Sôx?Lp T�u aqS`] oStOcP Gdb@t\m  
  

  ���۱������5 ���" ��� ��!� "
  XYS JSGP�L�b XYS JSGP D�H�VW a] oStdP Npه بzKª @?Rg AM@ 
Pا ap NOYne hPLW Np AMهP § è hPLW oStOuهÒw Lb DkLY? �?t� GYK@t\ N� S?S:

)îî(  2 2(0.5 40 10 80).TC D H D Lav= + + +  og ?@ Np�  
D =fjkLi GEqR?  

.avH =fjkLi GM R@ J?Sôx?Lp XH{wLHb T�uR?  

L = طولfjkLiرRDb`\LPm  
  
NdlxLẁن L�wrYSGk NpN�@LcbîîA�Hq ~LMS GP oStW Db S?R Le NiGcWQKSGP KS _@LldMS LP N̂ tPGb JLe٢@t�w XHHcWm  GYLM AMS _`\ _@?Rg aY� ?@ �L�b NP �tPGb �Luj^S�  

 
Z1 = 15.1 m 
Z2  = 15 m 
Z3 = 14.8 m 
DH1 = 1.2 m 
L1 = 75 m 
L2  = 70 m       
Q1 = 0.01 m3/s 
Q2 = 0.01 + 0.025 = 0.035 m3/s 
n = 0.013  a	\ NP NCtW LPî�ti �Luj^S R�b A\tw oStW�  

  
DH1=1.2 m 
H2 = H1 – S1×L1 = 13.9 – 75S1 
DH2 = Z2 – H2 = 1.1 + 75S1 
H3 = H2 – S2×L2 = 13.9 – 75S1 – 70S2 
DH3 = Z3 – H3 = 0.9 + 75S1 + 70S2 
Hav1   = (DH1 + DH2)/2 =  1.15 + 37.5S1 
Hav2   = (DH2 + DH3)/2 =  1.125 +75S1 + 35S2 Dx`\Gs A[|w �Gi LP �L]٠,٨$OHw Lb NEPS? KS _@LldMS RNEPS?

Pيز Gهb AM@Dيآ`�  
                                                                 

2  Regression 
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)îò(  
8/3

2/1
0

815.2










=

S

Qn
D  P LPهGM R@ J?Sôx?Lp XH{wLHb T�u o@?Rg AM@ fjkLi GeKS R? R �ti �YLdw_@LldMSN�@Lcb KSîòN�@Lcb ?@ J?Sô{YLC RîîJSGP fjkLiJLeR?îDb a�L]@t\�  

3/ 8

2 3/16

0.001323 1 10 (1.15
1 75

37.5 1) 2.057 1 80

S
TC

S S

−

−

 + ×
= ×  + + +   fjkLi ap NOYne JSGP RR?٢�  

 
3/8

2 3/16

0.003385 2 10 (1 75 1
2 70

35 2) 3.291 2 80

S S
TC

S S

−

−

 + × +
= ×  + + +  fjkLi R@ a� NOYne N�Hdw ?@NP R?@tP è StF aY� �?t��  

)î�(  

3/8

2 3 /16

3 /8

2 3 /16

0.001323 1 10 (1.15
75

37.5 1) 2.057 1 80

0.003385 2 10 (1 75 1
70

35 2) 3.291 2 80

S
TC

S S

S S

S S

−

−

−

−

 + ×
= × +  + + + 

 + × +
×  + + + 

  

N�@Lcb KS 1GHx Td�b LPî� NP A[|wS1RS2 Gl� LP 1RL|b R P �ª@Lcb o@S@?SGqه�b a�L] �_ b̀g AM@@t\�  
ٍٍS1 =  0.0015055 

S2 =  0.0023175 LP?SGq rH\ o@S@N�@Lcb ?@ N��L] 1Leî� LP GP SGP a� NOYne î�ï������LY? @tP è StFm1@LBO�Hs � b̀ N�HMR NP �L�b XH�e nHw AMS _`\ a]m�R`C ?@ _ b̀g AM P̀ �YLdwîAMS _ Ỳ@Gx N� S?Sm jb�b Nv]LP GP SGP a� NOYne N� @t\î�ï��ñ�� LP N� AMS �LY? �YLdw��HF TPLEW ��H�VW a]@?S@ �PtFm��Lw StW �YL�w 1SGP �L] � b̀fjkLi N� hbLC fjkLi N	[\ �Y �L�b �]SĜ 1SGPfg R �{wLFh�C S? �VEM 1Le�b 1?RgN� S?S Ỳ L�w�b @t\�  a	\ ?@٢AMS _`\ N� S?S fjkLi N	[\ �Y ��L�wLCm�L%
�b N	[\R�Luj^S�RS`C ?@ 1@R?R٢LW٦AMS _`\ �	cObm�YLdw
M@�R`Cهب ?@ 1@LBO�Hs � b̀ 1SGCS KS _ b̀g A٧AMS _`\ N� S?Sm  

  ����۱.
��� ���" �� .� )���� �����۱ 	
��
 ����� ���
�

 

���� �	���� �� ����
 

��� �	�� ���� �� �����
 

!��"#�$ �%&�����
 !��"#�$ ��' 

(��)'!��"#�$ 

7614.7 0.9 0.01 0.174 0.001506 
* 

7319.0 0.9 0.035 0.257 0.002318 2 
  
  

  ���۲.4+� )�,� ���" -.�+����/ � -0��1 �23�! ���/-�4/ ���
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"�����۲.4+� )�,� � ��� ���2 ��/ � -0��1 �23�! ���/-�4/ ��� ���#�������%� 

	#�� �� ���!��"#�$���� 
�
 

��� �� �"#�$ ������ �� � ���	�� ���
 

����"#�$
- !������

 

	��
 ��&�����������
 

	��
 ��&��
�� � 
�����

 

(�� (��)'���� � 

(�� (��)'�
�� � 

0.36 3.16 0.0120 180 12.0 14.5 14 1 
0.36 1.52 0.0110 140 14.5 18.0 1 2 
0.36 1.68 0.0110 160 14.5 17.5 1 3 
0.36 0.84 0.0105 150 17.5 25.0 3 4 
0.36 3.12 0.0120 170 14.5 16.7 1 5 
0.36 1.56 0.0110 140 16.7 18.8 5 6 
0.61 1.72 0.0111 160 16.7 20.0 5 7 
0.36 2.48 0.0116 150 20.0 25.2 7 8 
0.36 0.80 0.0105 140 16.7 18.7 5 9 
0.85 2.16 0.0113 140 18.7 22.6 9 10 
0.75 1.60 0.0110 160 18.7 20.1 9 11 
0.85 2.16 0.0113 150 20.1 22.8 11 12 
0.85 3.16 0.0120 140 22.8 24.0 12 13   

  �����
.�23�! ), ��, " ���2 � ���" �����!��"#�$ �%&����� ���#�
�� ��

 

�������
'��
��� �& �
��)�!��"#�$ �������������
 

�)� ��� � 
�!��"#�$ �������������
 

�& �
�
��� �����	������ ����
 

��� � 
�
��� �����	������ ����
 

0.2 0.013 0.9 1.0 5.00 0.6 3.0 
0.25 0.013 0.9 1.0 5.00 0.6 3.0 
0.30 0.013 0.9 1.2 5.20 0.6 3.0 
0.40 0.013 0.9 1.2 5.20 0.6 3.0 
0.50 0.013 0.9 1.5 5.50 0.6 3.0 
0.60 0.013 0.9 1.5 5.50 0.6 3.0 
0.80 0.013 0.9 1.5 6.50 0.6 3.0 
1.00 0.013 0.9 1.6 6.50 0.6 3.0 
1.20 0.013 0.9 1.6 8.00 0.6 3.0 
1.40 0.013 0.9 1.6 8.00 0.6 3.0 
2.00 0.013 0.9 1.6 10.0 0.6 3.0 
2.50 0.013 0.9 1.6 10.0 0.6 3.0 
4.00 0.013 0.9 1.6 10.0 0.6 3.0   

  ����۴.�23�! �� �� �� )*������������ ������	���	
�  ��!���"
 �
#'����
!���" 

 
1 

 
2 

 
3 

 
4 

0.20 93 173 293 653 
0.25 100 185 310 680 
0.30 107 297 327 707 
0.40 123 223 363 763 
0.50 140 250 400 820 
0.60 159 279 439 879 
0.80 201 341 521 1001 
1.00 250 410 610 1130 
1.20 305 489 705 1265 
1.40 367 567 807 1407 
2.00 590 850 1150 1870 
2.50 820 1130 1480 2300 
4.00 1750 2210 2710 3830   
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  ����۵.��"  , � , � -�����, ����
��	��&��
 

��
� ��� �
' ����� �� ��� �����
 

5 30.0 
10 25.0 
15 21.0 
20 18.0 
30 14.0 
40 11.2 
50 10.0 
60 9.0 
70 8.3 
80 7.7 
90 7.0 
100 6.5 
120 6.1 
150 5.7 
200 5.0   

  �'���.�
��� �����!�
�	 	���"  ���)� ������ �� � ���	�� ������)� ��	
�������   
0.1 

 
0.5 

 
1.0 

 
2.0 

 
5.0 

0.2 20100 20500 21000 22000 25000 
0.4 20200 21000 22000 24000 30000 
0.7 20350 21750 23500 27000 37500 
1.2 20600 23000 26000 32000 50000 
2.0 21000 25000 30000 40000 70000 
3.0 21500 27500 35000 50000 95000 
4.5 22250 31250 42500 65000 132500 
6.0 23000 35000 50000 80000 170000 
10.0 25000 45000 70000 12000 270000   

  �����
.,� ���" -� �  �����4+� � �23�! )��/ ���/���-�4/(��)'!��"#�$ (��)'(���
�� � (��)'(������ � ��
�� � ��&�!��"#�$�����

 

����� � ��&�!��"#�$�����
 

��'!��"#�$ �%&
(m) 

���
(m3/s) 

���� 

(m/s) 

	
��
 ����� ���
�
 

���(
�� 

1 1 14 8.5 7.432 0.00594 0.8 0.928 2.298 51228.07 P 
2 2 1 16.0 13.194 0.02 0.25 0.049 2.0 18797.5 MD 
3 3 1 13.393 10.186 0.02 0.25 0.081 2.031 70626.38 MD 
4 4 3 16.4 13.393 0.02 0.2 0.031 1.977 23590.5 P 
5 5 1 9.51 8.5 0.00594 0.8 0.764 2.229 73225.22 P 
6 6 5 15.5 12.694 0.02 0.25 0.05 2.041 19987.76 MD 
7 7 5 12.194 8.987 0.02 0.4 0.152 2.429 82386.91 P 
8 8 7 15.2 12.194 0.02 0.25 0.074 1.968 26513 P 
9 9 5 11.822 10.791 0.00736 0.6 0.526 2.134 51228.07 P 
10 10 9 17.4 12.618 0.0342 0.3 0.139 2.803 18644.99 MD 
11 11 9 12.781 11.822 0.006 0.6 0.395 1.898 50999.45 MD 
12 12 1 13.669 12.781 0.0592 0.6 0.323 1.797 73268.3 P 
13 13 12 14.5 13.669 0.00593 0.5 0.199 1.593 52121.11 P   
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"�
P= �L��s _L{d|YS  

MD= z@g�\nY? R? N	[\ NOYne a� =٧/ðîòñ�ñ �LY? ?Sne  
  �� ���������EF GHI 1KLM NOHBP GP �Od[b �kLY? � b̀ �Y THUVW XYS ?@Rg AM P̀ 1SGPN	[\ NOHBP ¨Ĝ o@? Lefg hi@ R fjkLi 1 Le ي AMS _`\ N� S?S �VEMmQR? _`\ _@LldMS 1KLM NOHBP QR? ABC Le_`\ aY [̀W b̀ Lcdb 1�b `\LPms QR?H@LBOی�Od[bDGP t�d|C�b w og ?@ N� `\LPHKLی@tCR § è hPLW Td�b N[MLVb NP S R @?S ẁي� Lw StW }tktb XDBP QR? AuGM RHKLM NOی oS Ò� R@ S? bDL�wي`m  � b̀1@LBO�HsR @LcP S XHHcW NP ?@Lq rH\ LeP LeRGPjkLi - ه1 ¨Ĝ ��LBw NOYne N� �UYĜaqS`] �b `\LPmR @tHq NH�� AY@R`Vb LerH\ XH�Ls R ªLP @R`] aH[q KS �Oi 1 LeAuGM � Le ، �x`\Gs `� ?@ R LeRGPjkLi 1?Sôx?L� T�u LeGvw ?� � b̀ XYS ?@ NdiGxAMS _`\ma�u 1?t̂ � b̀ hqSR ?@�b _LxGe N� ỲL�w NOYne Le_L{d|YS R LeRGPjkLi 1?Sôx?L� R 1?Ll] 1 LeªLP �L��s 1 rH\ �`\LP LefL
dw S LeRGPjkLi 1SGP Gdx?nP @LcP S R Gd�� 1�b Ò� NOYne _LxGe �	uGP R Le_L{d|YS 1 LerH\ �`\LP XH�Ls �L��s 1 Le ي 	�t� @LcP S R GW ÒWfL
dw S Gd�b ẁt\mAH�P Lq 1S?S@ _ \̀ N� S?S � b̀1S _GY S@ h^LUb GP _Rju ��HEd|b R 1S NUwKR� h^LUb KS _@LldMS�b `\LPmNP KLHw N� ���S fjkLi �tEF �]SĜ ?@ ��Lw StW XYS_GY S@ GHI h^LUb KS _@LldMS @?S@ ö?nP ?LH|P @LcP S اي�b ?tEP ẁ StW NOYne �BCtW aPLq LeL� S?è@ �emKS G{Y@ �	Y XHO��e AH�PLq Le_GY S@ h^LUb �]SĜ ?@ N� A|OYS � b̀ XYS 1KS ©Ui 1S _@LldMS ?SKLP ?@ @tCtb 1LeGEq�b Ỳ L�wm~LMS ot� ��� ?tEPhPStW N[MLVb ?@ NC Ge �AMS NOYne aqS`] LP ¨Ĝ XHHcW ?L�èStF GW@L�duS aPLq � b̀ �YLdw @t�P 1Gd�HP a�u Aq@ NOYne@tPm  
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