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אאא،אאא
אאאא،

אאאאW 
١ J אאאאאא

אאK 
٢ J אאאאאאא

Kאאאא
אאאK 

٣ J אאאאא
אK 

אאאאאא
אW  ١− אאאאאאא
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Morphological, Morphometric, and Hydrologic Characteristics 
of the Valleys in Makkah Sanctuary 

Dr. Meraj Nawab Mirza  &  Dr. Muhammad Saed Al Baroody 

Makka city occupies the bottom beds of the main four valleys that 
constitute the Makkah sanctuary Area.  As a result of this location, the 
holy city experienced along history of overwhelming floods that caused 
immense devastation and loss of lives.  Despite the execution of several 
projects aimed at curbing and reducing flood dangers, the dangers 
remain. The reason behind this is the fact that project feasibility studies 
were based upon estimates rather than meticulous studies. Accordingly, 
this topic is chosen for this research to provide a glance at morphologic, 
morphometric, and hydrologic characteristics  of the area.  Based on 
these features  it would be possible to determine flood factor, flood 
volume and speed.  The main research objectives are: 

1- To present the plain morphologic and morphometric 
characteristics of drainage basins that encompass the holy city. 

2- To reveal the correlation between these features. 

3- To determine the risk area (the most vulnerable among all) for 
diagnosis and for the purpose of offering solution. 

To achieve the above objectives the following work plan is devised : 

1- Preparation of a detail map that reveals the sanctuary valley 
basins depending on large scale maps and satellite images. 

2- Specification of rock formation and tectonic structure and its 
direction because of its impact on the run off. 

3- Calculation of rain volume that fall on the studied basins as this 
has direct relation to origin of floods. 

4- Measurement of morphological features of drainage basins and 
relating it to morphometric characteristics to determine 
hydrological characteristics of area under study. 
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א٤٠٠–٦٠٠،

אאא 



Kאאא–Kא 
 

 

אאא١٤٢٦L٢٠٠٥١٨١ 
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 
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 
 
 
 
 
 
 
 
 
 
 



אאאאאאא 
 

 

١٨٢אאאא 

F٩٨٧E،F٩١٩EאK
F٧١٩E،F٨١٤E،

אF٦٢٠KEאא٣٠٠
אF٢EKא

אאאאאא
אאK

אאאאאאא
אאאאK 
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Kאאא–Kא 
 

 

אאא١٤٢٦L٢٠٠٥١٨٣ 

אאאאא(Intrusions)
،א

אאאאK
אא(Dikes)א

אאK 

אאאא
אאKאאאא

אאאא
אאא،אא

،אאאאאאא
אאאאא،FE

אא
،אאאאאאאא

אאאא،אא
א(Pediment)א

אK 

 JאאW 

א
،אאאאא

אא،אK 



אאאאאאא 
 

 

١٨٤אאאא 

אאאאא
אאאאא

אאאKF١E
אאא

אKאFplutons EאאK 
١ JאאW 

אאא
אאאא
אאא،
אאא،אא

אאאאאK 
אאאאא

אאKאא١W٠٠٠}٥٠٠
אאא

(Brown, G. et al,1962)אאא
١אW٠٠٠}٥٠Sahl,1987)Eא

אKF١E 

                                                           
F١EאאאאW 

1- Alshanti, A. M. and others 1980 . 2 – Jado, A. and Zotl, J. 1984�
)١( ،אאאאאאא

٢٠٠٤K  



Kאאא–Kא 
 

 

אאא١٤٢٦L٢٠٠٥١٨٥ 

אא١W٠٠٠}٢٥٠(Moore and Al 
Rehaili,1989)אא 

א،אא
אאאF٣KE 

 
 
 
 
 
 
 
 
 
 

אאאאאא
אאאאאאא،

אא
Makkah Batholite،אא

אאאPlatonsא
אא،א

אאאאK 



אאאאאאא 
 

 

١٨٦אאאא 

א،
אאFאE

א،אאא
،אאאא

אא،א،،אK 
אאאאא

אאאGraniteאDioriteאא
GranodioriteאTonaliteאאא
Amphiboliteאאאאא

אאK 
אאאאא

אאאW 
 JאאWUnassigned Amphibolite 

אאאא،
א،א،אא

אאאא،אאאאK
אאא

K 
 JאאאW 

אאאאmetagabbro and 

gabbroאTonalite،،
א،אאא،א



Kאאא–Kא 
 

 

אאא١٤٢٦L٢٠٠٥١٨٧ 

אאאא،،א
אאאK 

 JWMilh complex 
אאא١٥٪

אא،אא
אאא

אאאאא
אK 

،אאאאא
אKא

אאאאא
אK،א

אאאK
אאאא

אאאK 

 JאWJuranah Complex 
אאאא

א٣٠٪،אא،
אאא،אאאא

אK
אאFאEאאאא

אאאאא،



אאאאאאא 
 

 

١٨٨אאאא 

א٥٨א٪K 

אאאאא
א(Sahl, 1987, P. 15)K 

 JאאאWQuaternary Deposits 
אאאאאא
אא،א،אא

אאאאKא
אאאאK

אאאאFE،א
א،אאאא

אFTalusE،אאאא
אאאא

אאאK 

٢ JאאאאW 
אאאאאא

אKאאאא
GrabenאHorstsאאא

אאאאא
אK 

אאאא
אא



Kאאא–Kא 
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אאאאF،אא٢٠٠٤Eא
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א،אאא
א،אאאאא

אאאאא
אאאא،א

אאK 
אאאאאא

אאאא،א،אא
Fאא٢٠٠٤KE 

،אאאא٨٥٪
אאאא،אא

אאא
אK 

אאאאאאאא
א،אא

אאאFאEא
אא،א

אK 
 JאאאW 

אאאאא
،אאאא
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אאאאאI.T.C.Zא
אאאאאאK

א،
אאאאKאא

אאאאא
אאאאאא

אאK 
١ JאW 

אא
א١٩٨٠אאאא١٩٨٠،

אא١٩٨٥א،
אא
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א،אא،א

אK 
אאאאא

אאאאא،
אא،א
א،אאא

אאאאא
אאאאאא
אאאאא



Kאאא–Kא 
 

 

אאא١٤٢٦L٢٠٠٥١٩٣ 

אאאאא
אF٥KE 

 
 
 
 
 
 
 
 
 
 
 
 
 

אאא
،אאא،אא
،אאאאא،א

אאאא
K 



אאאאאאא 
 

 

١٩٤אאאא 

אא٣٠١٩٦٦ J١٩٩٨
אא١٠٠א،

אאאא
אאאאאאF١E،

١٩٦٩אא٥}٣١٨،
אא١٩٧٤א٧}١٤K

אאאאאאFאE
אאאאא،אאא

אא١٦٢}٧٢אא،٧}٧٠٪
אאאK 

אא،אא
،אאא–

Kאא،
אאאאא

אאאאאא
אאאאא 

אאאאאאW 
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شكل - ٦ - الأمطار في مكة المكرمة بين عѧامي  ١٩٦٦ و١٩٩٧م
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אאאאא

אאאאאא
אאאא

אאאאאא
אאאאאאא
אאאאא،אאאא

אFאאEאאאא
אKאאא

אאאאא
אאאאאא

אאא
אK 



אאאאאאא 
 

 

٢٠٢אאאא 

٣ JאאW 
אאאאאא،

אאאאאא
אKאאאא

אא،אאKאאא
אאאאא

אאאא
אאא–אאא

אאאאא
אאאאאא

אאא،א
אאאאאאK 

אאאאא
אאאאאאאF٣٠

EF١EאאאאF٧}٣٦٤}٢٣
אאFE٨Eאאאאאאא،

אאאאאK
אאאא

א٥٢אא
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شكل ٨ متوسطات درجات الحرارة العظمى و الدنيا بمحطتي أم القѧرى و أم الجѧѧود 
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אאאאאא

אאאאאאאאא
אאאא

אF١٤٣E،אא
אאא١٤٧٢אא،

٣٥K 

٢ JאאW 
אאאאאאא

אF٩٨٧EאF١٢E،
אאא



אאאאאאא 
 

 

٢٠٨אאאא 

אאאאאא
אאאאא

א،א،א،،א…א
אאאאF٧٠٩E،F٦٠٤E،

F٤٠٦Eאאאא
،אאאא

אK 
 
 
 
 
 
 
 
 

אאאא
א،א،אא،

אאאאא
אאאא
אאאאאא

F١٥٣Eאאא
א١٢٧٢אא،٣٣K 



Kאאא–Kא 
 

 

אאא١٤٢٦L٢٠٠٥٢٠٩ 

٣אW 

،אאאא
אאאאאאא

אF١٣EאאF٩١٩E،
אF٥٥٥E،אF٤٣٤Eאא
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F١٥אEאאא
אאאאאא

אאאK
  אא Kא  א    

  א   א א אא    א
   אא     א  א אא

א
 א F ٤ Eאא   

אאא٨٥}٣א،
٨}٦אאאאאאKא

  ٤}٠ א א א  –א K
      א    א אא א

אאאאאא
 ٤}٢א ٦}٢ אא

אאאאא
   א     א    א

אאאאK 



Kאאא–Kא 
 

 

אאא١٤٢٦L٢٠٠٥٢١٥ 

 
 
 
 
 
 
 
 
 

אאאאאא
 א   א א   אא א א

١אא،א
אא٥}٧אאא،

א٧٢}٤K 
אאאאאאאא

אאאK 
 אאא אאא
 אא   

אא אא 
   א      א   

א–אKאאא



אאאאאאא 
 

 

٢١٦אאאא 

 א  א–   א Kא
 א    א   ،א אא 

א
 א א    א א   א  

אF١٣،١٤אEK 

 JאאאW 

א א א   א א    
אאאאאא
אא،אא

אאאא،א
  אRelief Ratio אא א Texture Topography

אאאאא א
אK 

١ JאW Relief Ratio 

אאאא
       א  א א  

אאW R = Hb / Lb                                                       

(Madment, 1993, PP. 8-12)   

RZאHbZא
،אLbZא 



Kאאא–Kא 
 

 

אאא١٤٢٦L٢٠٠٥٢١٧ 

    אא     א  
    ،אא   א א 

אאאאF٥אE
אאאאא،

אא،אאאאא
אאא Kאאא

 א   א  אא אא
אאF١٤٧EאF١٢٧EאאF٦٧

٢ E  א   א ٤٠}٤٥אL     
،אאאא،א

אאF٥٧٨Eאאאאא
K 

F٥Eאאאא 

אא 


FE


FE
א


א

L 
אאא ٦٧٠ ١٤٣ ٥٢٧ ٥١}١٣ 

אא٩٨٧ ١٥٣ ٨٣٤ ١٦}٢٣ 

א ٩١٩ ٢٣٨ ٦٨١ ٤٠}٤٥ 

אא٧١٩ ٢١٣ ٥٠٦ ٦٢}٣١ 

א    ٤٢}٢٨ 



אאאאאאא 
 

 

٢١٨אאאא 

٢ JאאאW Texture Topography  
אאאאאא

Texture TopographyאאDissection 

Ratioא،אא
،אאא

אאKא
אאW 

Dr = ∑Nu/Bc                                                            
(Chorley and Kennedy, 1971, P. 48)             

  Dr  א  Nu∑  א   
،אBcאK 1950 Smithאא

א אF E
Fא٤١٠KE 

אאאא
אא٦אאאאא

אא٤א١٠א
אאאאאא

א،אא
א

אא
א،אאא



Kאאא–Kא 
 

 

אאא١٤٢٦L٢٠٠٥٢١٩ 

אאאא
אאאאאF،אא

٢٠٠٤KE 

F٦Eאאאאאא 
 

אא א
א
FE 

א
FאE

אאא ٧٧٧ ١٠١ ٦٩}٧ 
אא ٥٤٧ ٩٣ ٩}٥ 
א ٢٥٧ ٤٣ ٩٧}٥ 

אא٢٨١ ٤٤ ٣٨}٦ 
א   ٤٨}٦ 

 
 JאאאW 

אאאא
אאאאאK 

אאא
אאאאא

אא
אאKאאא

אא



אאאאאאא 
 

 

٢٢٠אאאא 

אא،אא
אא(Strhler, A.N. 1958, P.p.279-300)K

אאאאא
אא،אא

אאאא(Horton,1945,P.38)Kא
אאאא

אאאK 
אאאא

אאאK 
١ JאאאאWBasin circularity 

אאאאאא
אאאאK 

אאאא
אאK 

אאאאאא
אאאא،אא
אאאאא

א،אאא
אא…אא

אאW 
אאZאF٢EDא

אF٢E 
(Strahler, 1968, P. 903)                     



Kאאא–Kא 
 

 

אאא١٤٢٦L٢٠٠٥٢٢١ 

אאאא
אאא٧אאא١٨١}٠
אאאאא١٨٤}٠

אאאא
אא

F٤٩٠}٠٤٦٠}٠אL،٢٠٠٢٣١E
אאאאא

אא
אאאאא

אאאאא
אאא

אאאK 
F٧Eאאאאא 

 

אא 
א

٢ 
א

 
א

٢א 


אא
א

אא 
١٤٧ ١٠١ ٠٣}٨١٢ ١٨١}٠ 

א
א 

١٢٧ ٩٣ ١٩}٦٨٨ ١٨٤}٠ 

א
 

٦٧ ٤٣ ٠٦}١٤٧ ٤٥٥}٠ 

א
א 

٥٤ ٤٤ ١٣}١٥٤ ٣٥٠}٠ 

א    ٢٩٢}٠ 



אאאאאאא 
 

 

٢٢٢אאאא 

אא٤٤٥}٠א
אא٣٥٠}٠אאא

אאאאF٦٧٠}٠
א٢א١٩٩٩،٢٤E

אאאאאא
אאאא
אאא

אאא،אאאא
אאא

אאאאאאאא
אאF١٩٨٢٦Eאא

אאאאאא
אאאאא،

אא
אאK 

٢ JאWElongation ratio 
אא

אKאאא
אאאKאא

אאF٢EFKE
אאאאאK

אאאKאאאאאא
אאאKא

אאW 



Kאאא–Kא 
 

 

אאא١٤٢٦L٢٠٠٥٢٢٣ 

אZאאFED
FE 

F،١٩٩٢א،٨٠E 

אאאא
אא٨אאא

٧١٠}٠אאאאא،
אאאאאאאK

אאאאאאא
אK 

F٨Eאאאא 
 

אא
א

٢ 
א

אFE 


FE


א

א
אא 

١٤٧ ٦٨}١٣ ٣٥ ٣٩٠}٠ 

א
א 

١٢٧ ٧١}١٢ ٣٣ ٣٨٥}٠ 

א
 

٦٧ ٢٣}٩ ١٣ ٧١٠}٠ 

א
א 

٥٤ ٢٩}٨ ١٣ ٦٣٧}٠ 

א    ٥٣٠}٠ 
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٢٢٨אאאא 

١K אאאאאW 

אאאאאאא
٥,٠א٦٥٪אFא١٠،١١E

אאאא
אאאאאאאאא

٠٠٥,٠٠٠٧,٠אאאאאאא،
אאאאא

א١٨٠،אאK 
F١٠Eאאאאאאא 

 
 א  א

א 


אא אא ٪
א 

٠٠٠ ٥٠٠ ١K     
٩٠}٢ ١٩}٣ ٠٥٣}٠ ١١٢٥ ١٢٥}١ ٤٤٠ ٢ 
٩٠}٢ ٠٦}١ ٠١٧}٠ ١١٢٥ ٢٥٠}٢ ٤٢٠ ٣ 
٢٦}٣ ٩٦}٠ ٠١٦}٠ ١٢٥٠ ٥٠٠}٣ ٤٠٠ ٤ 
٤٤}٤ ٧٠}٠ ٠١١}٠ ١٧٠٠ ٢٠٠}٥ ٣٨٠ ٥ 
٨٧}٥ ٥٢}٠ ٠٠٨}٠ ٢٢٥٠ ٤٥٠}٧ ٣٦٠ ٦ 
٤٤}٤ ٧٠}٠ ٠١١}٠ ١٧٠٠ ١٥٠}٩ ٣٤٠ ٧ 
١٨}٧ ٤٣}٠ ٠٠٧}٠ ٢٧٥٠ ٩٠٠}١١ ٣٢٠ ٨ 
٥٧}٤ ٦٨}٠ ٠١١}٠ ١٧٥٠ ٦٥٠}١٣ ٣٠٠ ٩ 
٨٥}٦ ٤٥}٠ ٠٠٧}٠ ٢٦٢٥ ٢٧٥}١٦ ٢٨٠ ١٠ 
١٨}٧ ٤٣}٠ ٠٠٧}٠ ٢٧٥٠ ٠٢٥}١٩ ٢٦٠ ١١ 
١٨}٧ ٤٣}٠ ٠٠٧}٠ ٢٧٥٠ ٧٧٥}٢١ ٢٤٠ ١٢ 
٤٥}١٠ ٣٠}٠ ٠٠٥}٠ ٤٠٠٠ ٧٧٥}٢٥ ٢٢٠ ١٣ 
١٤}٩ ٣٤}٠ ٠٠٥}٠ ٣٥٠٠ ٢٧٥}٢٩ ٢٠٠ ١٤ 
٨٧}٥ ٥٣}٠ ٠٠٨}٠ ٢٢٥٠ ٥٢٥}٣١ ١٨٠ ١٥ 
١٢}١٠ ٣٠}٠ ٠٠٥}٠ ٣٨٧٥ ٤٠٠}٣٥ ١٦٠ ١٦ 
٥١}٧ ٣٥}٠ ٠٠٥}٠ ٢٨٧٥ ٢٧٥}٣٨ ١٤٣ ١٧ 



Kאאא–Kא 
 

 

אאא١٤٢٦L٢٠٠٥٢٢٩ 

F١١Eאאאאאאאאאא 

אאא
FE 

אא
א٪ 

 

½ ٧٥}٦٥٪ 
،אאא

אא 
٥}٠–١ ٤٥}٢٨٪ אא،אא 
١–٢ ٩٠}٢٪ אא 

٢ ٩٠}٢٪ אא 

-  אא א  א א ٥,٠ א   א ٢٨ ٪ 
אא،אא

   אא    א א  א א 
٣٠٠٣٤٠K 

-  אא א א א ٢א ٩٠,٢٪
 א א א   K א     

א   א    ، א א  
אאא٥٠٠אאK 

٢K אאאאW 

٥,٠אאאאאאא -
א٤٤٪אFא١٢،١٣Eאאא،

אאאאא
אאאאא٠٠٤,٠٠٠٨,٠אא

١٦٠١٧٠אאאא 



אאאאאאא 
 

 

٢٣٠אאאא 

F١٢Eאאאאאא 

 א א אא 
אא

 
אא 

٪
א 

٠٠٠ ٩٠٠ ١K     

١٧٥ ٨٠٠ ٢K ٤٦}٠ ٢٨}٣٤ ٥٧١}٠ ١٧٥ 
٣٥٠ ٧٠٠ ٣K ٤٦}٠ ٢٨}٣٤ ٥٧١}٠ ١٧٥ 
٥٢٥ ٦٠٠ ٤K ٤٦}٠ ٢٨}٣٤ ٥٧١}٠ ١٧٥ 
٧٢٥ ٥٠٠ ٥K ٥٣}٠ ٢٠ ٥٠٠}٠ ٢٠٠ 
٣٢٥ ٠٥٠}١ ٤٤٠ ٦ K٨٦}٠ ٠٤}١١ ٠١٨٤ 
٣٢}٥ ٦ ٠١٠}٠ ٢٠٠٠ ٠٥٠}٣ ٤٢٠ ٧ 
٤٦}٢ ٦٤}٠ ٠١٠}٠ ٩٦٥ ٩٧٥}٣ ٤١٠ ٨ 
٦٦}١ ٩٦}٠ ٠١٦}٠ ٦٢٥ ٥٠٠}٤ ٤٠٠ ٩ 
٤٦}٢ ٦٤}٠ ٠١٠}٠ ٩٢٥ ٥٢٥}٥ ١٠٣٩٠ 
٩٩}١ ٧٩}٠ ٠١٣}٠ ٧٥٠ ٢٧٥}٦ ١١٣٨٠ 
٠٦}٤ ٧٨}٠ ٠١٣}٠ ١٥٢٥ ٨٠٠}٧ ١٢٣٦٠ 
٨٦}٤ ٦٥}٠ ٠١٠}٠ ١٨٢٥ ٦٢٥}٩ ١٣٣٤٠ 
٩٩}٥ ٥٣}٠ ٠٠٨}٠ ٢٢٥٠ ٨٧٥}١١ ١٤٣٢٠ 
٦٦}٥ ٥٦}٠ ٠٠٩}٠ ٢١٢٥ ٠٠٠}١٤ ١٥٣٠٠ 
٩٩}٥ ٥٣}٠ ٠٠٨}٠ ٢٢٥٠ ٢٥٠}١٦ ١٦٢٨٠ 
١٩}٦ ٥٤}٠ ٠٠٨}٠ ٢٣٢٥ ٥٧٥}١٨ ١٧٢٦٠ 
١٨٦٦}٥ ٥٦}٠ ٠٠٩}٠ ٢١٢٥ ٧٠٠}٢٠ ٢٤٠ 
١٩٥٢}٥ ٢٨}٠ ٠٠٤}٠ ٢٠٧٥ ٧٧٥}٢٢ ٢٣٠ 
٢٠٠٦}٥ ٣١}٠ ٠٠٥}٠ ١٩٠٠ ٦٧٥}٢٤ ٢٢٠ 
٢١٤٥}١١ ٢٧}٠ ٠٠٤}٠ ٤٣٠٠ ٩٧٥}٢٨ ٢٠٠ 
٢٢٣٢}٩ ٣٤}٠ ٠٠٥}٠ ٣٥٠٠ ٤٧٥}٣٢ ١٨٠ 
٢٣٨٦}٣ ٤١}٠ ٠٠٦}٠ ١٤٥٠ ٩٢٥}٣٣ ١٧٠ 
٢٤٣٣}٣ ٤٨}٠ ٠٠٨}٠ ١٢٥٠ ١٧٥}٣٥ ١٦٠ 
٢٥٢٦}٦ ٢٥}٠ ٠٠٤}٠ ٢٣٥٠ ٥٢٥}٣٧ ١٥٠ 



Kאאא–Kא 
 

 

אאא١٤٢٦L٢٠٠٥٢٣١ 

F١٣Eאאאאאאאאא 

אאאFE אאא٪  

½ ٨}٤٤٪ אאא

٥}٠–١ ٣}٤٦ אא 

١–٢  J  J 

٢ ٩}٨ אא 

אאאאא٥,٠١א٤٣٪
،אאאא

אאא٠٠٨,٠א٠١٦,٠K 

אאאאא٢אא
٩٪אאאאא

אאאא،
אאא٩٠٠אאK 

٣–אאאW 

אאאאאאא
٥,٠א٢٢٪אאFא١٤،١٥E

אאאK 

 



אאאאאאא 
 

 

٢٣٢אאאא 

F١٤Eאאאאא 

 
א

 

 

א
א 

אא
 


אא 

٪
א 

٠٠٠ ٨٠٠ ١K     

١٢٥ ٧٠٠ ٢K ٩٠}٠ ٤٨ ٨}٠ ١٢٥ 
٣٢٥ ٦٠٠ ٣K ٤٥}١ ٣٠ ٥}٠ ٢٠٠ 
٥٧٥ ٥٠٠ ٤K ٨١}١ ٢٤ ٤}٠ ٢٥٠ 
٠٨}٣ ١١}١٤ ٢٣٥}٠ ٤٢٥ ٠٠٠}١ ٤٠٠ ٥ 
٩٠}٠ ٦}٩ ١٦٠}٠ ١٢٥ ١٢٥}١ ٣٨٠ ٦ 
٢٦}٣ ٦٦}٢ ٠٥٥}٠ ٤٥٠ ٥٧٥}١ ٣٦٠ ٧ 
٠٧}٩ ٩٦}٠ ٠١٦}٠ ١٢٥٠ ٨٢٥}٢ ٣٤٠ ٨ 
٩٨}٩ ٨٧}٠ ٠١٤}٠ ١٣٧٥ ٢٠٠}٤ ٣٢٠ ٩ 

١٦}٨ ٠٦}١ ٠١٧}٠ ١١٢٥ ٣٢٥}٥ ١٠٣٠٠ 
٧٩}٤٤ ٧٣}٠ ٠١٢}٠ ١٦٢٥ ٩٥٠}٦ ١١٢٨٠ 
٢٤}١٣ ٦٥}٠ ٠١٠}٠ ١٨٢٥ ٧٧٥}٨ ١٢٢٦٠ 
٥١}١٤ ٦}٠ ٠١٠}٠ ٢٠٠٠ ٧٧٥}١٠ ١٣٢٤٠ 
٧٧}٢١ ٠٩}٠ ٠٠٢}٠ ٣٠٠٠ ٧٧٥}١٣ ١٤٢٣٥ 

F١٥Eאאאאאאאא 

אאאFE אאא٪  
٧٧}٢١ ٥}٠٪ אאא 

٥}٠–١ ٦٧}٨ אא 
١–٢ ١٦}٨ א  אא   

אא 
٢ ٤}١١ אא 



Kאאא–Kא 
 

 

אאא١٤٢٦L٢٠٠٥٢٣٣ 

אאאאא٥,٠א–١
א٥٩٪אאאא

אאאאאאא
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אאאאא
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אאאאא٢
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אאKאא
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
אא 


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٠٠٠ ١٥٠٠K     
٣٢٥ ٢٤٠٠K ٩٧}١ ٤٦}١٨ ٣٠٧}٠ ٣٢٥ 
٨٧٥ ٣٣٠٠K ٣٤}٣ ٩٠}١٠ ١٨١}٠ ٥٥٠ 
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א٪ 
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אא א 


א 

אא 

א 
א 


א 


א 

1 566 72 154.5 0.27  
2 172 22 94.9 0.55 3.3 
3 32 4 53.5 1.7 5.4 
4 6 0.8 13.1 2.2 4.6 

א
אא 

5 1 0.1 29 29 6 

  777  345  4.82 

 1 404 73 122 0.3  
 2 117 21 76.2 0.65 3.45 

3 21 3 37.6 1.8 5.6 
4 4 0.7 23 5.75 5.2 

א
א4 17.5 17.5 0.1 1 5 א 

  547  276.3  4.56 
1 175 68 60 0.34  
2 56 22 38 0.67 3.1 
3 15 6 34 2.6 3.7 
4 5 2 15.3 3 3 

א
 

5 1 0.8 6.8 6.8 5 

  252  155.8  3.7 
1 196 69 55 0.28  
2 65 23 33 0.5 3 
3 16 5 22 1.4 4 
4 4 1 8 2 4 

א
א 

5 1 0.3 9.5 9.5 4 

  282  127.5  4.27 
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אאאאאאא
אאאא،
،אאאאאאא

אאאאא
אאKאא

אאאאא
אא

אאאK 
אאא
אאאא
אא،אאK

אאאאאא
אאא

אאא
אאאאא

אאאK 
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٢٤٤אאאא 

אאאאאא
אאאא

אאאאא
אאKאאא

אאאK 
–אW Bifurcation Ratio 

    א     א  
אאאאא١٩

אאאא
٨٢}٤אאאא٥٦}٤אא٢٧}٤

א א٧}٣ K אא 
Horton  א א٢ J٤FHorton ,1945,p.2b6)  א  
FStrahler,1975, p.450 Eא   א ٣ J٥ 

אאSchummFSchumm, 1958, p.603E
א   אא א אא א    א א

  א א  K  א  א א 
אאא
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אאא
אאאאא،אא

אאאא
אא

אאא
אאKאא

אאאאאא
אאאאא

אאאאאאאK 
KאDrainage Density  

אאאא
אאאאא

FHorton,1945,p.283KEאא
אאאאא

אאאאאK
אאאאא

אאאאאאK 
א אא אא א   

 א א א  א א  Kאא   
אאאא،אא

אא  Kא    
  אא  א א א K  

אאאאאWD = ( ∑ LUkm / AKm2)   
FSchumm ,1956 ,p.607E 



אאאאאאא 
 

 

٢٤٨אאאא 

D،א LU∑אא
،Aא٢א٢٤א

אאאאאFא
אאE

אאאW 
١ J אאאאא٢٨}٢L

٢אא
אאF،٢٠٠٢،٤٠–٤١E

אאאא٢١،٠
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FChorley , 1967 , pp.146-47E 

F אאa אא٢   Nu 
אאאאKא

אאW 
١− אאאאאF٢٨،٥

L٢EאאF٢٢،٥L٢E
אא،F٣٠،٤L٢KEא

F٧٦،٣L٢KE 
٢− א٢٤אאאא

אאאאאא
אאאאא٢٨،٥٢٢،٥

L٢אא،אא
אאK 

٣− אאאא
٧٦،٣L٢אאK

אא٢٨،٢L
٢K 

٤− אאאא
אאא٣،٤L٢١٧،

٢L٢אאא
א،אא



Kאאא–Kא 
 

 

אאא١٤٢٦L٢٠٠٥٢٥١ 

F٦٠،٠KאE
אאאאאאK

אאאא
אאאא

אK 
٥− אאאא

אאאא٩٪
אאא

٢٠א٪אאא
אאאאK 

٦− אאאאאא
אא

אאKאא
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אאKאא
אאאאאK



אאאאאאא 
 

 

٢٥٤אאאא 

אFאEאאא
אאאא

אKאאאא
אW 

Tc = 76.3 √s/√i           
( Jaton,1980,p.41) 

TcאFאE،Sא
F٢EiאאKE٪Fאא

אא١٧אW 
١K אאאא٤١٢

אא،א٣א،א
Fא٤٠Eאא،
٣٣K 
F٢٥Eאאאאא 

א
א


א

٢


א

א
 





 





 


אא

א
٪ 


א

FאE
 


א

א
L 


א

אא١٤٧ ٣٩ ٦٧٠ ١٤٣ ٥١،١٣٢٥٢ ٧٠٠ ٢،١٨ 

א١٢٧ ٣٦ ٩٨٧ ١٥٣ ١٦،٢٣١٧٩ ٩٣،٠٣،١٤

٦٧ ١٥ ٩١٩ ٢٣٨ ٤،٤٥٩٣ ٧٥،٠٦١٣

א٥٤ ١٦ ٧١٩ ٢١٣ ٣٢}٣١١٠٠ ٧٤}٠ ١٨ 



Kאאא–Kא 
 

 

אאא١٤٢٦L٢٠٠٥٢٥٥ 

٢K אאאא
אאאאאא،

אאא٤٥K٪ 
אאאLאאא

אאW 
V = L (m) / 3,6 TC (S) 

(JATON , 7980 , P. 42 )  
 

V אא،L(m) אא
،TC (S) אאK

אאא٢٥W 
١K אא٩٣}٠

Lאאא،٧٠،٠L
אאא

אא٧٥،٠٧٤،٠LאאK 
٢K אאאאאאא

אאאאא
،אאאא

אאאאאK 
٣K אאא

אאאאא
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אאאאא
אאאאאא

אאאאאא K
אאאא

   א א א א  א   K  
א   א      א

  אאאא אאאא
א،אא

 א א   א  א א א
Kאאאאא

אK 
   אאאאא

אאאא،
  א  א     

א    אא   אאא  ،
אאאאאאK 

אא
אא

אאאאאא
אאאאאאאKא

אאאאאאאא
אאאאאאא
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אאא١٤٢٦L٢٠٠٥٢٥٧ 

،אאאאאא
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F٩Eא
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אאא
אאאאא،א
אאאאאא

אKא
אאאאא

אאאאאK 



אאאאאאא 
 

 

٢٦٠אאאא 

אאאאא
א א،אאFאאE 

١٠٠٪א
 א א 

אאאאאK
אא אא א  א א  א 

א א  א   א      ،
  א      א  א

אאאאK 
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Kאאא–Kא 
 

 

אאא١٤٢٦L٢٠٠٥٢٦١ 

אא 

WאאאW 
١ J،F٢٠٠٠Eאא

،אאF٤٥Eאאאא،،
אא،אK 

٢ J،אF١٩٩٢Eא،
אא،א،אK 

٣ Jא،F١٩٨٤Eאא،א
،א،אא–

אא–،אK 
٤ J،F٢٠٠٢Eאאא

אאאאאK
א،אF٥٣Eאאאא،

אא،א،אK 
٥ Jא،،אF١٩٩٩Eאאאא

א،א،אF٣٨Eאאא
א،אא،א،אK 

٦ J،F١٩٨٢Eאאא
אאא،אאא،٧א،

K 
٧ J،F١٩٨٢Eאאא،

אאאא،אא،א،א
F٤٣Eא،K 



אאאאאאא 
 

 

٢٦٢אאאא 

٨ Jא،אF١٩٩٩Eאאאא
אאאאאאאא

אאאK 
٩ Jא،F١٩٨٥Eאא،א

،א،אא،
אא،אK 

١٠ J،F١٩٨٤Eאאא
א،אא،אא،،
אK 

١١ Jא،F١٩٩٤Eאא–א
،אא،א،אK 

١٢ Jא،F٢٠٠١Eא
אא،א،אא،

א،אK 
١٣ Jא،אF١٩٩٣Eאאא

אא–אא–א
،אא،א،אK 

١٤ Jא،אאF١٩٩٤Eאאא،
א،אא،אא،

אא،אK 
١٥ Jא،אאא،F٢٠٠٤Eאא

אאא،
אא،א،אF٥٦Eא،K 

١٦ Jא،אא،،אF٢٠٠١E،אא



Kאאא–Kא 
 

 

אאא١٤٢٦L٢٠٠٥٢٦٣ 

אאא،אאאא–
אאא،אF٢٥٣E،אK 

١٧ Jא،F١٩٩٥Eאאא،א
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