
16

 8

  
. 

                                     

         m         kg

         V          m3

                  kg/m3

            F             N

                 m2

       p        Pa = N/m2

   p
at

= 1Atm  1 tm = 105 Pa

       p
.
        Pa = N/m2  

                                         

                m/s

            m3/s

  

   
1

2

2 J/m3  

  

      gy   
 

J/m3  

              N s/m2  

      
 
        m

.  

= m

V
= m

V
  (1)

p = F

A
= F

A
  (2)

p
at

= 1Atm = 10
5

Pa   (3)

p
.

= gh   (4)

= V

t
= A   (5)

     A
1 1

=
2 2 1

=
2
  (6)

 Bernoulli    p
1

+ 1

2
1

2 + gy
1

= p
2

+ 1

2
2

2 + gy
2
  (7)

 Torricelli   = 2gh   (8)

            F =   (9)

.   

•           = m

V
.       , 

= m

V
= .,           .

•           p = F
,  F       

.       F          , 

  , p = F

A
.  

•     p
.

   h             

           .   p
.

   

        .

•    A
1 1

=
2 2 1

=
2

          .

•    p
1

+ 1

2
1

2 + gy
1

= p
2

+ 1

2
2

2 + gy
2

    Bernoulli      .

–      ,     , y
1

= y
2

= 0,    

Bernoulli   p
1

+ 1

2
1

2 = p
2

+ 1

2
2

2.  

–      , 
1

=
2

= 0,    Bernoulli   p
1

+ gy
1

= p
2

+ gy
2

(   ).

• 

    R    A = R2 =
2

4
.  

   V = Ah = R2h.   
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.    

.1          –   PASCAL

1.  

p
A

= p
.

= gh
 

2.  

p
A

= p
at

+ p
.
 

p
A

= p
at

+ gh  

3.  

p
A

= p
.

+ p
.
 

p
A

= F

A
+ gh  

4.      

 

p
A

= p
.

+ p
.
 

p
A

= Mg

A
+ gh  

5.      m 

  

p
A

= p
.

+
.
 

p
A

=
M + m( )g

A
+ gh  

6.      

 

p
A

= 0  

p =
1
gh

1
 

p =
1
gd

1
 

p
E

=
1
gd

1
+

2
gh

2
 

p
Z

=
1
gd

1
+

2
gd

2
 

7.     

  

p
A

= p
at

 

p = p
at

+
1
gh

1
 

p = p
at

+
1
gd

1
 

p
E

= p
at

+
1
gd

1
+

2
gh

2
 

p
Z

= p
at

+
1
gd

1
+

2
gd

2
 

.2            

          .

:   p
.

= gh    h   

             -

        ,      

  .
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.3        
   ( 1  >  >  2)

•           
h

1

h
2

= 2

1

.   

:        :

p = p
at

+
1
g h

1
+ d( ) p = p

at
+

1
gh

1
+

1
gd   (1)

p = p
at

+
2
gh

2
+

1
gd   (2).   (1). (2) :

p
at

+
1
gh

1
+

1
gd = p

at
+

2
gh

2
+

1
gd 1gh1 = 2gh2 (3)

h1

h2

= 2

1

  (4)

•          .

•                (p
A

= p ).

: p
A

= p
at

+
1
gh

1
p = p

at
+

2
gh

2

(3)

p
at

+
1
gh

1
. pA = p .  

•                (p
E

p
Z
).  

: p
E

= p
at

p
Z

= p
at

+
2
gh, pE pz .

  

      U         -

 .    
V

= 998 kg/m
3

   .   

= 18,4 cm d = 1,56 cm.            -

 ;

g = 10 m/s
2

1Atm = 10
5

Pa.  

V
= 998 kg/m3 , = 18, 4 cm = 0,184 m , d = 1,56 cm = 0,0156 m , g = 10 m/s2 , 1Atm = 105 Pa , = ; , p

A
= ;  

•        :

p = p
at

+ g + h( ) = p
at

+ g + gh   (1)

p = p
at

+ g + d( ) + gh   (2)

  (1), (2) p
at

+ g + gh = p
at

+ g + d( ) + gh  

g = g + d( ) = + d( )  

=
+ d

= 998
0,184

0,1996
kg/m3 = 920 kg/m

3  

•  1  
p

A
= p

at
+ g p

A
= 105 + 998 10 0,184( ) Pa p

A
= 101 836,32 Pa.  

2  
  ,      ,      , p

A
= p .

p = p
at

+ g d +( ) = 105 + 920 10 0,1996( ) Pa = 101.836,32 Pa.  

p
A

= p = 101.836,32 Pa.  
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.4                

        

    ,      -

 U     = 13.600 kg/m
3
.  -

           

.   h = 20 cm.       

   ;

g = 10 m/s
2

1Atm = 10
5

Pa.  

                                                                          

= 13.600 kg/m2 , h = 20 cm = 0,2 m , g = 10 m/s2 , 1Atm = 105 Pa , p
.

= ;  

           , 

p
.

= p
A

  (1).

  ,          , :

p
A

= p   (2).

p = p
at

+ gh = 105 + 13.600 10 0,2( ) Pa = 127.200 Pa  

p = 127.200 Pa   (3).

 (1), (2), (3) p
.

= 127.200 Pa.  

.5            

       -

       h.  F  

      :

– F = p  

–    .

•       

F = p = gh  

•    F        -
         

  h. 

     

, ,    -

  . :

F
1

= p = gh
1

 

F
2

= p = gh
2

 

F
3

= p
E

= gh
3

 

h
3

> h
2

> h
1
, F3 > F2 > F1.

        , 

    ,   

         .

        -

      p.   F  

   :

– F = pA  

–    .

•       

F = pA = ghA  

•     F         
      ,      

         
        

 .    F       
     .

 

      m, 

 B   V  -

     :

= m

V
  (1), V = hA   (2), B = mg   (3)

F = pA = ghA
(1)

(2)

m

V
gV = mg

(3)

B.  

F = B F < B ( ) .  
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    r = 0,1 m, = 0,4 m      

= 1.000 kg/m
3
.  

)                    -

   .

)                = 10
6

m
2

 

         . 

g = 10 m/s
2
, = 3,14.  

r = 0,1m , = 0,4 m , = 1.000 kg/m3 , g = 10 m/s2 , = 3,14  

) F = ;  

    p      p = g   (1).      A = r2   (2).

 F = pA
(1)

(2)
g r2 = 1000 10 0,4 3,14 0,01 N = 125,6 N F = 125,6 N.  

) = 10 6 m2 , F = ;  

      p = gr   (3).

           :

 
F = p = gr = 1.000 10 0,1 10 6 = 10 3

F = 10
-3

N  

.6      (  )

                       
F

1

F
2

= A
1

A
2

      
d

1

d
2

= A
2

A
1

      W
F1

= W
F2

= F
1
d

1
= F

2
d

2

      
     (F

1
)    -

  (d
1
)      

(F
2
)      (d

2
).

F
2

> F
1

d
2

< d
1 2

>
1
.

•       ,    F
1

        

    A
1
.        .    -

   p
1

= F
1

A
1

  (1).      Pascal,      

             A
2
. ,     

 F
2
,      p

2
= F

2

A
2

  (2).   ,     Pascal 

p
1

= p
2  

(1)

(2)  

F
1

A
1

= F
2

A
2

F1

F2

= A1

A2

  (3).

 
                B = F

2
.  

•              d
1
,        

 d
2
,     V       ,     .

V = A
1
d

1
= A

2
d

2

d1

d2

= A2

A1

  (4).

•
   

W
F1

= F
1
d

1

W
F2

= F
2
d

2

(:) W
F1

W
F2

= F
1

F
2

d
1

d
2

(3)

(4)

A
1

A
2

A
2

A
1

= 1 WF1
= WF2

 

              .
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         -

  m = 1.000 kg.  

)   F
1

         

      m;

)            ,   

   d
2

= 0,1 m;  

)       F
1
, F

2
.  ;

     R
1

R
2

= 5R
1

g = 10 m/s
2
.  

m = 1.000 kg , R
2

= 5R
1

, g = 10 m/s2  

) F
1

= ;  

          F
1

  

          

A1 = R1
2   (1).        .  -

      p1 = F1

A1

  (2).    

  Pascal,          

         A2 = R2
2   (3). 

,     F
2
,      p2 = F2

A2

  (4).   -

,     Pascal :

 
p

1
= p

2  

(2)

(4)  

F
1

A
1

= F
2

A
2

F
1

F
2

= A
1

A
2

 

(1)

(3)  

F
1

F
2

= R
1

2

R
2

2

F
1

F
2

= R
1

2

25R
1

2

F
1

F
2

= 1

25
F1 = 1

25
F2   (5)

         (   ), F
2

= B = mg = 10.000 N.  

  (5) F
1

= 1

25
10.000 N F

1
= 400 N.  

) d
2

= 0,1m , d
1

= ;

            d
1
,        

 d
2
,      V      ,     . 

V = A
1
d

1
= A

2
d

2
R

1

2d
1

= R
2

2d
2

R
1

2d
1

= 25R
1

2d
2

d
1

= 25d
2

d
1

= 2,5 m.   

) W
F1

= ; , W
F2

= ;  

 
•  W

F1
= F

1
d

1
= 400 2,5 J = 1.000 J W

F1
= 1.000 J  

 
•  W

F2
= F

2
d

2
= 10.000 0,1 J = 1.000 J W

F2
= 1.000 J  

                .
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B.   

.7             

                                           1
=

2    
   A

1 1
=

2 2
 

•             .

•        ( ) ,      -

,           .

•    m
1

        
1

    m
2

   

   
2
, m1 = m2 .  V1 = V2 .  

1.      h   .        10 m  

  2 m/s.             2,5 m;  

h = . , d
1

= 10 m ,
1

= 2 m/s , d
2

= 2,5 m ,
2

= ;  

      ,    ,     .     -

 :

1
=

2 1 1
=

2 2
d

1
h

1
= d

2
h

2
d

1 1
= d

2 2 2
=

1

d
1

d
2

2
= 2

10

2,5
m/s

2
= 8 m/s  

2.        .        h
1

= 2 m   

  
1

= 0,8 m/s.               -

2
= 4 m/s;  

h
1

= 2 m ,
1

= 0,8 m/s ,
2

= 4 m/s , h
2

= ;  

 d     .       ,    ,    

 .      :

1
=

2 1 1
=

2 2
dh

1 1
= dh

2 2
h

1 1
= h

2 2
h

2
= h

1
1

2

h
2

= 2
0,8

4
m h

2
= 0,4 m  

3.      1,44 10
3

m
3
/s.            -

 = 12
cm.  

 )           ;

 )                 

1

4
.       ;

= 1,44 10 3 m3/s , = 12
cm = 12

10 2 m  

) = ;  

     ,    .

 = =
2

4
= 4

2
= 4 1, 44 10 3

122 10 4
m/s = 0,4 m/s.  

) 
1

= 0,4 m/s , A
2

= 1

4
A

1
,

2
= ;  

      
1 1

=
2 2 1 1

=
2

1

4
1 2

= 4
1 2

= 1,6 m/s.  
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4.         = 10
2

m
3
/s.      -

 
1

= 10
cm.  

 )   
1

     ;

 )          .

 )          0,45 m       .

 g = 10 m/s
2
.  

= 10 2 m3/s ,
1

= 10
cm = 10 10 2

m = 10 1

m , g = 10 m/s2  

) 
1

= ;  

            :

 
A

1
= 1

2

4
=

10 2

4
m2 = 10 2

4
m2 A1 = 10-2

4
m2

 
 

 =
1 1 1

=
1

= 10 2

10 2

4

m/s
1

= 4 m/s.  

)   ;

           (
2

>
1
).     -

,      (A
2

< A
1
),    .

) h = 0,45 m , A
2

= ;  

      
1 1

=
2 2 2

=
1

1

2

  (1).

  
1
,

2
             -

 h = 0,45 m.  

  . . . .    , , :

 
. . . . ( , ): K

.( ) .( )
= W

B

1

2
m

2

2 1

2
m

1

2 = +mgh
2

2

1

2 = 2gh
2

2 =
1

2 + 2gh  

 2
=

1

2 + 2gh
(2)

2
= 42 + 2 10 0,45 m/s 2 = 5 m/s  

 •   (1) A
2

= 10 2

4

4

5
m2 = 10 2

5
m2 = 2 10 3 m2

A
2

= 2 10
-3

m
2.  

      A
2

:

  

=
1 1

=
2 2 2

=
2

2
= 10 2

5
m2

A
2

= 2 10
-3

m
2  
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.8                  ( )   BERNOULLI

p
1

+ 1

2
1

2 + gy
1

= p
2

+ 1

2
2

2 + gy
2
 

                 , 

           .

T y
1
,

1
, p

1
            ,       

   . y
2
,

2
, p

2
            ,  -

        .

1.             

   ,   ,    h = 5 m.  

         2Atm    

10 m/s,         1,82 Atm.  

 )         ;

 )            

  , ;

     10
3

kg/m
3
, g = 10m/s

2
, 1Atm = 10

5
Pa. 

h = 5 m , p
1

= 2Atm = 2 105 Pa ,
1

= 10 m/s , p
2

= 1,82Atm = 1,82 105 Pa , = 103 kg/m3 , g = 10 m/s2 , 1Atm = 105 Pa  

) 
2

= ;  

     ernoulli    , , p1 + 1
2 1

2 + gy1 = p2 + 1
2 2

2 + gy2    (1).

              , y
1

= 0 y
2

= h.  

  (1) p
1

+ 1

2
1

2 + 0 = p
2

+ 1

2
2

2 + gh 2 105 + 1

2
103 102 = 1,82 105 + 1

2
103

2

2 + 103 10 5  

 
200.000 + 50.000 = 182.000 + 500

2

2 + 50.000 500
2

2 = 18.000
2

2 = 36 m2/s2

2
= 6 m/s .  

) 
A

1

A
2

= ;  

         , , :

 
1

=
2 1 1

=
2 2

1

2

= 2

1

1

2

= 6

10
1

2

= 3

5
 

2.           

       .   ,     

 5Atm 3Atm .     

 h  , ;

     10
3

kg/m
2
, g = 10 m/s

2
, 1Atm = 10

5
Pa. 

                                                                   
p

1
= 5Atm = 5 105 Pa , p

2
= 3Atm = 3 105 Pa , = 103 kg/m3 , g = 10 m/s2 , 1Atm = 105 Pa , h = ;  

    Bernoulli    , , p1 + 1
2 1

2 + gy1 = p2 + 1
2 2

2 + gy2   (1).

            , y
1

= 0 y
2

= h.  

    , A1 = A2 = A   (2). 

        , , 
1

=
2 1 1

=
2 2

 
(2)

 1 = 2   (3).

 (1) 
(3)

 p
1

+ 1

2
1

2 + 0 = p
2

+ 1

2
1

2 + gh p1 = p2 + gh (4)  

gh = p
1

p
2

h = p
1

p
2

g
h = 5 105 3 105

103 10
m = 2 105

104
m = 20 m h = 20 m.
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  (4)          Bernoulli   p
1

= p
2

+ gh.  

•  p
2

< p
1
,        h   .

•  p = p
1

p
2

= gh,           h.
 

3.      .        

1
= 18 cm

2
    (   ) 

2
= 6 cm

2
.

       
1

= 4 m/s.  

 )    
2

        ;

 )         ;

      10
3

kg/m
3
, g = 10 m/s

2
, 1Atm = 10

5
Pa     ,    -

 .

A
1

= 18 cm2 , A
2

= 6 cm2 ,
1

= 4 m/s , = 103 kg/m3 , g = 10 m/s2 , 1Atm = 105 Pa  

) 
2

= ;  

          , , :

 
1

=
2 1 1

=
2 2 2

=
1

1

2

2
= 4

18

6
m/s

2
= 12 m/s  

) p
1

= ;  

     Bernoulli    , , p1 + 1
2 1

2 + gy1 = p2 + 1
2 2

2 + gy2   (1).

      ,        , y
1

= y
2

= 0.  

       , p = p
at

= 1Atm = 105 Pa.  

  (1) p
1

+ 1

2
1

2 = p
2

+ 1

2
2

2 p
1

= p
2

+ 1

2
2

2 1

2
1

2 p
1

= 105 + 1

2
103 122 1

2
103 42 Pa =  

 
= 100.000 + 72.000 8.000( ) Pa = 164.000 Pa = 1,64 105 Pa p

1
= 1,64 10

5
Pa.  

 
 

4.                20 m/s.  

 )      p      ;

 )      F          A = 100 m
2
;  

 )           ;

           1,2 kg/m
3
, 1Atm = 10

5
Pa.  

= 20 m/s , = 0 , = 1,2 kg/m3 , 1Atm = 105 Pa  

) p = ;  

                  

  .        , = 0.  

      Bernoulli    , , pB + 1
2

2 + gy1 = p + 1
2

2 + gy2   (1).

      ,        , y
1

= y
2

= 0.  

 (1) p
B

+ 1

2

2 + 0 = p + 0 + 0 p p = 1

2

2 p = 1

2

2 p = 1

2
1,2 202 Pa p = 240 Pa  

) A = 100 m2 , F = ;  

      p    F       -

      F = A p F = 100 240 N F = 24.000 N.  

) p
B

= ;  

             ,     , 

 
p = p

at
= 1Atm = 105 Pa.  p = p p p = p p p

B
= 100.000 240( ) Pa p

B
= 99.760 Pa.  
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.9                       VENTOURI

1
= 2gh

A
1

A
2

2

1

 

(  )

  Ventouri                . 

A
1
, A

2
     h           , .

   ,      ,     . 

p
B

= p
1

= p
at

+ gh
1

p = p
2

= p
at

+ gh
2
, :

p
1

p
2

= p
at

+ gh
1

p
at

gh
2

= g h
1

h
2( ) = gh p

1
p

2
= gh   (1)

         , , 
1

=
2 1 1

=
2 2 2

= 1

2

1
   (2).

    Bernoulli    , ,  p
1

+ 1

2
1

2 + gy
1

= p
2

+ 1

2
2

2 + gy
2

  (3).

     ,        , y
1

= y
2

= 0.  

 (3) p
1

+ 1

2
1

2 = p
2

+ 1

2
2

2 (2)

p
1

+ 1

2
1

2 = p
2

+ 1

2
1

2

2

2 1

2  

p
1

p
2

= 1

2
1

2

2

2 1

2 1

2
1

2 (1)

gh = 1

2
1

2 1

2

2

2
1  

gh = 1

2
1

2 1

2

2

2
1

1

2 = 2gh

A
1

2

A
2

2
1

1 = 2gh

A1

A2

2

1

.  

 
A

1
= 3A

2
, h = 0,1m , g = 10 m/s2 ,

1
= ;  

1
= 2gh

A
1

A
2

2

1

= 2 10 0,1

32 1
m/s = 2

8
m/s = 0,5 m/s

1
= 0,5 m/s.  
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.10     TORRICELLI   
 .       

= 2gh  

(  , . 14   Torricelli)

.            

        

S
max

= h, d = h

2
, = gh , = 2gh , = 45°  

      .

.           

           

,             -

,          , 

    .

B. 

     Torricelli,         

      = 2g h d( )   (1).      

        d.   
x

 

  ,    
y

  

.       :

 x = , x = t   (2),   y = gt   (3),   y = 1
2

gt2   (4)

     x = S y = d.  

(2) 
x = S

 S = t t = S
  (5)

(4) 
y = d

 d = 1

2
gt2 (5)

d = 1

2
g

S2

2

(1)

d = gS2

4g h d( ) d = S2

4 h d( ) S2 = 4hd 4d2 4d2 4hd + S2 = 0
  

(6)

•              d,       -

    , 0 4h( )2

4 4S2 0 16h2 16S2 0 16S2 16h2 S h, :

Smax = h   (7).

•    (6) S = S
max

= h, 4d2 4hd + h2 = 0 2d h( )2

= 0 2d h = 0 2d = h d = h
2

  (8).

•  (1) 
(8)

= 2g h
h

2
= 2g

h

2
= gh    (9)

•  (5) 
(7)

(9)
t = h

gh
t = h

g
  (10).  (3) 

(10)

y
= g

h

g
y = gh   (11)

= 2 +
y

2 (9)

(11)
gh + gh = 2gh = 2gh . 
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1  

      m           ,   

 d = h

2
  (8).  . . . .    , , : 

. . . . ( , ): = W K
.( ) .( )

= W
B

1

2
m 2 1

2
m 2 = +mgd

(8)

2 2 = gh = 2 + gh
(9)

= 2gh  

2   
    Bernoulli    , , :

p + 1
2

2 + gy1 = p + 1
2

2 + gy2   (12)

            , 

y1 = d = h
2

 (8) y2 = 0.   ,     ,    

   , p = p = pat   (13).

 (12) 
(13)

p
at

+ 1

2

2 + g
h

2
= p

at
+ 1

2

2 + 0 2 = 2 + gh
(9)

2 = 2gh = 2gh .  

•   (9), (11) =
y

= gh , = 45°.  

.       Torricelli,        

      = 2g h h1( )   (1).

          h
1
.  -

     ,     

  , : 

x = S = t   (2) y = h
1

= 1

2
gt2 t = 2h1

g
  (3)

(2) 
(1)

(3)
 S = 2g h h

1( ) 2h
1

g
S = 2 h1 h h1( )   (4)

      ( ), S = 2 h2 h h2( )   (5).

        , :

S = S
A

(4)

(5)
2 h

1
h h

1( ) = 2 h
2

h h
2( )  

h
1

h h
1( ) = h

2
h h

2( ) h
1
h h

1

2 = h
2
h h

2

2  

h
1
h h

2
h = h

1

2 h
2

2 h h
1

h
2( ) = h

1
h

2( ) h
1

+ h
2( )  

h = h1 + h2   (6). h = h1 + d   (7).

  (6), (7) h2 = d.  

•  E AB = ZH, S
1

= S
5
.  

•  E = , S
2

= S
4
.  

•  E = , S
3

= S
max

.  

 

. . . .  

   

Bernoulli, -

   

. -

  , 

   

 Bernoulli 

 -

    

  

   

 .
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1.         .    

,  h = 1,25 m      ,   -

= 2 cm
2
.         5 L;  

 g = 10 m/s
2
.  

h = 1,25 m , A = 2 cm2 = 2 10 4 m2 , V = 5 L = 5 10 3 m3 , g = 10 m/s2 , t = ;  

     Torricelli,            = 2gh ( . -

 . 14).

= 2 10 1,25 m/s = 5 m/s.  

    =   (1).     = V
t

  (2).

  (1), (2) A = V

t
t = V

A
t = 5 10 3

2 10 4 5
s t = 5 s.  

2.        .    -

,  h = 1,8 m      , -

   10 cm
2
,        

4 10
3

m
3
/s.  

 )             

.

 )     h         

          .

 g = 10 m/s
2
.  

h = 1,8 m , A = 10 cm2 = 10 10 4 m2 = 10 3 m2 ,
.

= 4 10 3 m3/s , g = 10 m/s2  

)   ;

      Torricelli,             :

 
= 2gh = 2 10 1,8 m/s = 6 m/s = 6 m/s.        :

  
= = 6 10 3 m3/s.     

.
= 4 10 3 m3/s. >

.
,    

  ,      ( )        

.

) h = ;  

            ,        -

,                .

 
.

=
.

= = . = 4 10 3

10 3
m/s = 4 m/s. 

 = 2gh 2 = 2gh h =
2

2g
= 42

2 10
m = 0,8 m h = 0,8 m.  




