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אאWאא 
 
אאW 

אאאאאאא
אאאאאK 

 
אאW 
אאאאאW 

١K אאאK 

٢K אאאאK 

٣K אאאאאאא 

٤K אאאK 

 
אאאWאאא٩٥K٪ 

 
אאאW٦K 



 ٢٥٤ אא 
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אאWאא 
١ J١  

 אאא Fא  E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אא،אK 

١ J٢ אאא 
،אאאאאאא

אאאאאאאאF١ J١KE 
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אF١ J١WEאאאאאK 

א א 

א(t) (s) 

א(A) ٢(m2) 

אFVE ٣Fm3E 

א(M) (kg) 

א(F) (N)،(kN) 
1 kN = 1000 N, 1 kg = 9.81 N 

א(v) L(m/sec) 

א (g) L٢(m/sec2) 

אZ٨١}٩L٢ 

א(Q) ٣L(m3/sec) 

 
א(P) 

FL٢EPa = N/m2 

FL٢EkPa = kN/m2 

FL٢EMPa = N/mm2 
kPa = 1000 Pa 

א(W) ×،(N.m) 

 



 ٢٥٤ אא 
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١ J٣ אאאא 
،אאאאאאאאאאא

אאW 

١K אK 
٢K אאאK 

٣K אK 

٤K אאK 

 
١-٣-١ א 

אאא3/ mkg=ρK
אא،אא1000 kg/m31 gm/cm3

א 4oCK 

الحجم
الكتلة

Volume
Mass

==ρ 

 

٢-٣-١ אא 
אאאא3/ mkgW 

الحجم
الوزن

Volume
Weight

==γ 

אFρEאFγEאאW 

F١ J١Egργ =  

FW2/81.9 smg =EאאK 
 



 ٢٥٤ אא 
אא אאא אא 
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٣-٣-١ א 
  ،א  א  א   א  א  

אא،אאאא،אאW 
F١ J٢E  

ρ
µν = 

W 
ν=אאFm2/sE 

µ=אאFPa.sE(N.s/m2) 

ρ=אFkg/m3E 

 

٤-٣-١ א 
אא،אאK

אא،אאאא
، א  א  א  ،א 

אF١ J١KE 

אאאאאאאW 

F١ J٣E A
Fp = 

W 
p=אFN/m2E 
F=אאFNEZא 
A=אאאFm2E 

אFρEאאFhEא
אW 

F١ J٤E( )
h

hgghp
γ

ρρ
=

== 



 ٢٥٤ אא 
אא אאא אא 
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 
אF١ J١WEאאאאK 

 

אאאאא
   אא   אF١ J١ KE א   

א(bar)אאאF
_
pEאאW 

 

F١ J٥E   5

_

10
pp = 

א1.0 kPaאא0.102 mK 
F١ J١WE 

 א א  א٣ ،א א  א א(kPa) 
אאK 

 
אW 

א1000 kg/m3אF١ J٤EאאאW 

لسطح السائ  

h 

H

 شكل توزيع الضغط
على المستوى الرأسي 

)متغير(  

 شكل توزيع الضغط
 فقيعلى المستوى الأ

)ثابت(  

hp γ=  hP γ=

hP γ= مستوى أفقي

ى 
تو
مس أ



 ٢٥٤ אא 
אא אאא אא 
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kPa
m
kN

m
N

sm
kg

m
s
m

m
kg

ghp

43.2943.2929430
.

29430

381.91000

222

23

====

××=

= ρ

 

 
١ J٤ אאאאאא 

א،אאאאא
אא،

Kאא
،אאא،א

،אאK 
١ J٤ J١ אאFאE 

 א ،אא אא 
אאאKאא

F١ J٢Eאא،F١EאאF٢E،W 

 

F١ J٦E 222111 AVAV ρρ =  
  

W 
1ρ=אאF١E  
1V=אאF١E
1A=אF١E  

2ρ=אאF٢E 
2V=אאF٢E 
2A=אF٢E 
 
 
 



 ٢٥٤ אא 
אא אאא אא 
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 א  (Q) א א א(A) 
א(V)W 

F١ J٧E VAQ =  
 

אאא،אא21 ρρ =،
אאW 

F١ J٨E 2211 AVAVQ ==  
  
  
  
  

 
 
 
 
 
 

אF١ J٢WEאאK 
 

V1 

A1 

A2 

Q V2 

1 

2 



 ٢٥٤ אא 
אא אאא אא 
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F١ J٢WE 

  א F١ J٣ E  א 4.0 m/s
אF١E0.25 m/sאF٢KEאאF1E3.0 mm

אאF٢E؟ 

 
אF١ J٣WEF١ J٢E 

 
אW 

WsmV /0.41 = smV /25.02 = 

• אF1EW  

26

2

2
1

1 1007.7
4

1000
3

4
mDA −×=

⎟
⎠
⎞

⎜
⎝
⎛×

==
π

π 
 

F٢EWאאא 

24
2

2
6

2211

1013.1

25.01007.70.4

mA

A

AVAV

−

−

×=∴

×=××

=

  

  
• אאאF٢WE 

mmmD

mDA

0.12012.0

1013.1
4

2

24
2
2

2

==∴

×== −π
  

  

١

A1A2 

V2 V1 Q 

٢



 ٢٥٤ אא 
אא אאא אא 
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F١ J٣WE 

150 mmאא0.12 m3/s،א
אK 

 
אW 

WmmD 150= smQ /12.0 3= 

• אW 
2323

22

10671.1710671.17
4
150

4
mmmDA −×=×=

×
==
ππ 

• אW 
AVQ = 

• אאW 

sm
A
QV /80.6

10671.17
12.0

3 =
×

== − 
 

١ J٤ J٢ FאE 
 א      ، א  א  א   

א،אאF١EאF٢E
אF١ J٤Eאאא،F١EF٢Eאאאא

אאא،אאאאאא
W 

21 HH = 

1H=אאאF١KE 2H=אאאF٢KE 

 



 ٢٥٤ אא 
אא אאא אא 
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אאW 

 

F١ J٩E 2

2
22

1

2
11

22
Z

g
VpZ

g
Vp

++=++
γγ  

W 
1p=אאF١KE 2p=אאF٢KE 

1V=אאF١KE 2V=אאF٢KE 

1Z=אF١EאK 2Z=אF٢EאK 

γ=אK g=אאK 

 

 
אF١ J٤WEK 

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛

g
V
2

2
2  

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
γ

2p

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

g
V
2

2
1  

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
γ

1p

H2 H1 

אא 

אא 

 (T.E.L.) 

א 

(H.G.L) 

Z2 

Z1 



 ٢٥٤ אא 
אא אאא אא 
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אאאאW 

• אW⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
γ
p • אW⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
g

V
2

2

 

• אW( )Z 

 
• אאWHZ

g
Vp

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
++

2

2

γ


אאאא
א א א ،א  K א 

אאאאאאאא
אK 

 
F١ J٤WE 

،אאF١ J٥E،
אאאF١EF٢KEאאאא

אא،אאhFאאאF١EF٢EE؟ 

 
 

 

 

 

 

 

אF١ J٥WEF١ J٤KE 

V1 = 2 m/s 2.0 m

0.5 m

אFאאE �

2

1

V2 = 9.6 m/s 

h 

2

1

Z1 

Z2 

א�

א�

א�

א�
Q 



 ٢٥٤ אא 
אא אאא אא 
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אW 
،אאאאW 

021 == pp 
אF١ J١EאF٢ J٢EW 

2

2
22

1

2
11

22
Z

g
VpZ

g
Vp

++=++
γγ

  

W 

mZ
smV

p

5.0
/6.9

0

2

2

2

=
=
=

    
mhZ
smV

p

2
/2

0

1

1

1

+=
=
=

 

אאאhW 
( ) ( ) ( )

5.0
2

6.9
02

2
2

0
22

++=+++
g

h
g

 

mh 0.3= 
١ J٥ אFHydrologyE 

    א   א א א  א  א  
  א א א  ،א  

אK 
 

١ J٥ J١ אא 

      א א     א 
אF١ J٦Eא  ،א  א אא     א 

אאאאאאאאK 

 

 

 

 



 ٢٥٤ אא 
אא אאא אא 
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 

 

 

 

 

 

 

 

 

 

 

 

 

 

אF١ J٦WEאאK 

 

אאאאאW 

• א 
• א 
• אא 
• אא 

• א 
• אא 
• אא 
• אא 

 





אא 

א
א

 
 

א 

 

א

 

 

א 

 
 

�



 ٢٥٤ אא 
אא אאא אא 
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אאאאאאאKא
אאאאW 

 

F١ J١٠ESOI ∆=−  

FIE،אאאFOE،אאFS∆E
אאאK 

 
١ J٥ J٢ אא 

אאאאאאא،א
אא3181036.1 m×Kאאאאא

אאאאאאKאF١ J٢Eאאא
אK 

אF١ J٢WEאאאK 

א אF103 km3E אאE٪F

 ٢٥}١ 

٦٢}٠ 
א ١٢٥ 

א٨٢٥٠ א 

אא٦٥ א 

אא ٠٠٨}٠ ١٠٥ 

א٠٠١}٠ ١٣ א 

אאא ١٠}٢ ٢٩٢٠٠ 

 ٢٥}٩٧ ١٣٢٠٠٠٠ 

 ١٠٠ ١٣٦٠٠٠٠ 



 ٢٥٤ אא 
אא אאא אא 
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 
،אאאאאאא

٦٢}٠٪אא،אא
800 mאK 

 
١ J٥ J٣ א 

אאאאאא
،אאאאא

(mm)אin)KEאאW 
١E אW0.5 mmאא،W 

• Wא7.6 mm/hr 
• Wאא2.5 mm/hr7.6 mm/hr 
• Wא2.5 mm/hr 

 

٢E אאWא0.5 mm
1 mm/hrK 

٣E אWאא،א
K 

٤E אWאאאאאא5 mmK 
 

אאW 

١E אWא
F١ J٧KEאאאאאא

אK 



 ٢٥٤ אא 
אא אאא אא 
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٢E אאWאאא
אאK 

 
אF١ J٧WEאK 

 

אW 

١E אאWאאא
א،W 

 
 

F١ J١١E    ∑=
N

i

i

N
P

P 

W 
P:א 
P:אא 
N:א 

٢E אWאאא
אF١ J٨Eאא،

 �
 

 

 �
א 



 ٢٥٤ אא 
אא אאא אא 
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،אאאאא
אW 

F١ J١٢E   
∑

∑
= N

i
i

N

i
ii

A

AP
P  

AאאK 

אF١ J٨WEאאK 
 

١ J٥ J٤ א 
אאאאאאKא

Kאאאאאאאא
אאW 

١E אאאWאאאאאאאK 

٢E אW،אא،אאאאK 

٣E אאWאאאאאאאאK 

אאא،Wאא
2900 mm/yearאאK 

אאKאא
אאאFclass A panEאאF١ J٩Eאא

אאKאאאKאאא

3

4

5

6

2
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אאאא،אאא٦}٠
٨}٠K 

אF١ J٩WEאK 
 

אאאאאאאא
אW،אא،אאאאאKא

אאאאא،אאאאW 

F١ J١٣E ( )( )254.05.035.0 ueeE sa +−= 

W 
aE:אאFmm/dayE 

se:אאא 
e:אא 
2: uאא2 mFm/sE 
 

F٥ J١WE 
אאאאאאא

٤}١٤٨}٥א،אא18 km/hrK 
 

�
א١٢٢ �

א٤}٢٥ �

 �
١٥ �
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אW 
• אW 

smhrkmu /5
6060

100018/182 =
×
×

== 
• אאW 

( )( )
( )( )

daymm

ueeE sa

/63.9
554.05.08.54.1435.0

54.05.035.0 2

=
×+−=

+−=

 

 
١ J٥ J٥ א 

،אאאאא
،אאאאאאא

אאKאאW 

١E אאאאאK 
٢E אאאK 
٣E אאK 
٤E אאK 

אא،אאא
א(hydrograph)אאאאאK

אא،א
אF١ J١٠EאK 
 
 

 
 
 

 
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 
 
 
 
 

 
 
 
 
 
 

אF١ J١٠WEK 
١ J٥ J٦ אא 

אאאא
אאKאאאאא

،אאF١ J١١KE 

א 

אFhrE

אא 
א








F

m
m

/h
r

E



א



 ٢٥٤ אא 
אא אאא אא 
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 
 

 

 

 

 

 

 

 

 

 

 

אF١ J١١WEK 

 

،אאאא
אאאW 

F١ J١٤E VAQ =  

WQ:،אאאA:אV:אK 

אאאא
אאאאא،א

אF١ J١٢KEאאאא
אאאאאאאK 

 


 

אא

 


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 
 
 
 
 
 
 
 
 

אF١ J١٢WEK 
 
 
 

 


א






F

mE 

אFm3/sE



 ٢٥٤ אא 
אא אאא אא 
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W 

١E W،א،אא،אאK 

٢E Wא،،אאאK 

٣E אאאאאאאK 

٤E אאאאFאKE 

٥E אאאאאאאאא
אאאאא،K 

٦E אאא٥}٢Kאאאאא(kPa)K 

٧E   א     6 m/s  א 0.2 m/s
אKאאאאא cm٥؟ 

٨E א ٢٠٠MMאא0. 2 m3/sK 

٩E   ، א   א،א
 א  א אF١ EF٢ KEא א  א   א

אאא،אh؟ 

 

 

 

 

 

 

١٠E אאאאאא
٥}١٣א١}٦א،אא20 km/hrK 

V1 = 3 m/s 2.5 m

0.6 m

אFאאE �

2

1

V2 = 10 m/s 

h 

2

1

Z1 

Z2 

א�

א�

א�

א�
Q 


