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       . , 
          
 4 [0C]      = 1000 [kg/m3].  

        ( ) 
  ,   ( )   

  ( )    20 [0C]. 
 

    [kg/m3]   [Pa]  [m2/s] 
 998,2 1065.10-6 1066.10-6 
 879 670.10-6 0,762.10-6 

 1250 - 1260 105000.10-6 836.10-6 
 680 - 705 (578 – 620).10-6 (0,85 – 0,88).10-6 

  791 600.10-6   0,759.10-6 
   877- 982 40700.10-6 444.10-6   

 13547 1566.10-6  0,115.10-6 
  760 - 900 (53,2 – 126).10-3 (25 – 140)10-6 

  789,3 1240.10-6 1,57.10-6 

 
         -         

         
.          

    (k),     
: 

1

1 1
V
V

pp
VVk  1

Pa
,   : 

 
p =p2 –p1 [Pa] –   ,  
V = V1 – V2 [m3] –   .   
 (-)       

     . 
       

       . 
 

K
k
1  [Pa] 
 

          
,   .     
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         -       
        

           
    .    (  ), 
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 [ Pa s ] -    ,    
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    20 [0C]   31 [cm3] , 
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 . 

   

A
Fp

A 0
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        ,       , 

       
   ( F)     ( A)   

   . 
       [Pa].  

         
1[N] (1 )       

 . 

1 [Pa] = 
N
m2  

 
        

   :  [hPa] = 102 [Pa],  
 [kPa] = 103 [Pa],  [MPa] = 106 [Pa].   

     [bar], : 
 

1 [bar] = 105 [Pa]. 
 

,     ,   
  ,        
,         .  

        : 
 

FA
A
FApR  [N]. 
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      ,   

      (g)    
. ,         

 (   ),       
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 (p)        
 p  pat.          
p - pat   0.                 

   (pat)      
   .    

      
       0 [0C]  
 101325 [Pa] = 1,01325 [bar]. 

            ,      , 
           

 ( . 5)    :  , 
   ( ). 

 
1.     p > pat,     

 p - pat      
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     (pm),     
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 pm  = p – pat  [Pa]    

 
      2.      p < pat,    

 pat – p        
  (pv)     : 

 
pv  = pat  - p [Pa]    
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             -  :   p = pm + pat  [Pa], 
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I.      : 
 
1.    (F)     .   

      ,  pM = p0,  
 :   

F = pM . A = p0 . A [N] 
  

2.          
 (  ):   
     

G = V .  .g = H .A. . g [N],  :      
    

A [m2] –     ,     
V [m3] –    ,     
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H [m] –    ,     
 [kg/m3] –   .   

II.  ,    ,   
    R   ,   

.      : 
 

R = pE .A = p.A [N],  : 
  

         p [Pa] -         
                          . 
                 

,       .   
          

  (y)     : 
 

y = 0;     F + G – R = 0          
 

      F, G  R,  :  
  

p0. A + H.A. .g – p.A =0 
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          , 
 :  

p0  + .g.H – p = 0 
 

       
    :   (p)      
          

   (p0),     
     ( )     

 .  
 

p =  p0  + .g.H  
 

          
           

  ( o ) 
p -  p0  = .g.H  
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atA phgp  

 
            

      
     

, (pA  0)  : 

  hgpat  [Pa],     h
p

g
at

 [m]. 

 
      
     

  atp = 101337 [Pa],   
      . 10      = 13547 [kg/m3],  

     : 
 

][763,0
81.913547

101337 m
g

P
h at  

              (1)  
       = 998,2 

[kg/m2],   ,  
   : 

][349,10
342,9792

101337 m
g

Ph at    

 
           

   ,  
       

  . 
 ( . 11)    

  .   
         (hp)   
     5 [mm].   (p)   

        , 

 
        .11    
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1.    ,    
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)( hhgpp patA  [Pa] 
 

2.     ,   : 
hgppA  [Pa]. 
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pat
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 ( )   
     . 
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   (p)    ,   U-  

     hz.    ,   
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       ,     
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-    : 
 

zzatA hgpp   [Pa], 
                                                                                                                  
 -    : 

 
hgppA  [Pa]. 

 
     pA,  :  

 
)( hhgphghgpp zzatzzat  [Pa],           

 
 :      z –   , 

                        -     . 
 

         ,     , :  
 

zzzzm hghhgp )(  [Pa],       <<  z 

 
 ( . 13)      

.        . 
 U-   ,           

    (p).   (p)   
    ,    U-  
   .     (hz),   
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 :                                     
             

ghpp zzat   [Pa],  : 
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hpphg
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 (5)  (7),   ( )       
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   (3),        
  (2).    (9),    

         .    
      . ,  
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      (2)    
  .    ,     

,    [kPa]  [bar]. 
         

,     .    
      ,    

    ,      
.                        

 

 
. 14     

 
            ( .15)    
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 (2).  
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        .  
   (p)    ( ) 
,        

 .      
    .     

      20 [kPa]  3 [Mpa]. 
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    U-    : 
1.      ,  U-   

     ( .16).  
    U-     ( 1)  ( 2), 
     - .      

    ,     
        - . 

     U- ,  :  
 

11 hgpp at [Pa] 
 



28 
 
 

            :   
  

22 hgpp at [Pa] 
 

             :  
 

ghpghp atat 2211  
 

            : 
 

2211 hh ,  
1

22
1 h
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2

11
2 h

h  

2.       U-    
,  U-       

     ( . 17).  U-  
      h1  h2.   

     p,    
( 1  2)      : 

 
 
 
 
 
 
 
 
 

 
   

          . 16  U-         . 17    U-  
 

         
 : 

ghppat 11  
 

    :  
ghppat 22  
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h     
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11
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p
F
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22
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hgpp
hgpp

  

.
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;33

nn hgpp

hgpp
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   .        

     ,   
    ,     

        . 
        

 , . 19.  
     ,     

  (F1)      (p),  
:  

p
F
A

1

1
  [Pa] 

         ,      
  ,       .   

      (K2)    
   (F2).        

   :   
  

2

2

A
Fp   [Pa],       22 ApF   [N]. 

   ,       
  (F2)        (F1) 

     (A2)   (A1). 
          

        
,   ,     

   ,       . 
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1     F1,      
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2
1

1

1

1 4
d

F
A
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  ,       
    2       : 

4

2
2

22
dpApF  

   : 

2
1

2
2

1

2

d
d

F
F               

                  
       

  .  ,    d2 = 10 
[mm], a d1 = 2 [mm],    a F2 / F1 = 100/4 = 25,  
F2    25     F1.  
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1

2
1
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             K1    
  K2      s2    

      . 
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22 4
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1
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       . 

    
   AMN : 

n : r = G : FC 

 
            

 n  :   
  

22

g
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F

rGn
C
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  (  = const),  
     

 n    
.   

      
   

 n    
. ,   ,    
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12.1    
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  .      m,  
   (G),       
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G m g [N],  
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.25     
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gVFp  [N],  :   

V[m3] –                  
[kg] –    .  

 
  Fp      ,   

  .     
         

(287-212)  . .       
 :         

        
 .   ,      
  :                                                                                             

 
VggmFGG p1   [N] 
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  (G < Fp),        



41 
 
 

          
     .  

      ,    
,      : 
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        (T)  
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-  r > ,      , 

   -  r <  ,        
           - ako r = ,      .     

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

. 32      
 



45 
 
 

   
 

1.          
  m = 8 [kg],         

  V = 4 [m3]. 
 
 : 

2
4
8

V
m  [kg/m3]. 

2.      ( . 34)    
 F1 = 150 [N].    l = 1 [m]; m = 0,3 [m], d = 30 

[mm], D = 275 [mm],     s1 = 38 [mm],   
  :    

-    F2, 
-     p, 
-  F       A2  

    
 
 : 

500
300

10001501
2 m

lFF  [N]. 

7,714285
0007,0
500

1

2

A
Fp  [Pa]. 

42220
0009,0
076,0500

1

2
1 A

A
m
lFF  [N]. 

 
3.     (    

    . 20)    200 [KN]   
   d1 = 25 [mm].       F1 = 12,5 

[KN]    K2   s2= 42 [mm],   
    K1       d2 

    ?    
 
 
      : 
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100
5,12
25200 2

1

2
12

22
1

2
2

1

2

F
dFd

d
d

F
F  [mm], 

672)
25

100(42)()( 22

1

2
21

2

1

2

2

1

d
dss

d
d

s
s  [mm]. 

 
4.    F        

     ,   
     d = 100 [mm],    

F1  = 120 [N],       D = 450 
[mm], ( . 33)? 

  
: 

2

1

1 A
F

A
F

p  [N/m2] = 754,7 [Pa]. 

][962,50079,07,7541
1

NApF
A
Fp   

 
 

. 33     ( ) 
 

   5. Ko   F        
( . 34),  D = 320 [mm], d = 120 [mm], m = 60 [mm], l = 650 
[mm],     F1 = 500 [N]? 

 
:       F = 38348,105 [N]  
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 . 34      
 
6.         

  ,    ,    
              

h = 2[m],     L = 200[m]    
      = 550. 

 
:            

                 p1=1,3 [P ],            ps=9,4 [Pa],            pk=17,6 [Pa] 
 
 
         7.         

      h = 1000[m],     
     g = 1020[kg/m3]  

      0 = 4,7.10-5[sm2/kg]. 
        

. 
 
           : 

ph=102[Pa],             g=1020 [kg/m3] 
 

8.   F2       
  . 20,     : d2 = 
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350 [mm], d1 = 25 [mm], F1 = 12 [N]  s1 = 68 [mm].    
    K2 ? 

 
:      

F2 = 2352 [N];    s2 = 0,35 [mm]. 
 
 

9.     H     F1  
             

 = 998,2 [kg/m3]   D = 420 [mm],     
         F = 134 [N]. 

      V = 1324 [sm3] ( . 35)  
 

:  
H = 0,0096 [m];      F1 = 146,98 [N]. 

 
. 35:       

 
10.    . 34 e    
       4 500 [N].  :  

d = 80 [mm], D = 280 [mm], m =60 [mm], l =370 [mm]   
    s1 = 135 [mm].    F1   

   ,     F   K2  
 s2   ? 

 
:   

F1 = 60,81 [N];  F2 = 375 [N];  s2 = 10 [mm]. 
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           11.    ,    
    ,       

G1 = 80 [N],    G2 = 52 [N].  
 
 :      : 
 

G1 – G2 = gv.VT 
        

 
VT = 0,028 [m3] 

 
       : 

 
G = g .VT    

 
g  = 2857 [N/m3] 

 
        

        
     : 

 
gR = 2,857 

 
 
           
       12.         = 2[m]   
G=10[t],         .   

          
     ,    
      G1=400[N]?   

      13,8%  
    ,         

gV =1,23 [kg/m3]. 
 
 :  

V = 7437 [m3] 
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  : 
 

1.      ? 
2.     ? 
3.      ? 
4.    ? 
5.    ? 
6.       ? 
7.         ? 
8.    ? 
9.    ? 

   10.     ?  
   11.      ? 
   12.    ,   ? 
   13.     ? 
   14.    ? 
   15.      ? 

 
    
 
               

     ,     
         

.       
  ,    ,  
        

 .        
   ,    

    ,   . 
 ,        

  ,       
.         

        
  .    , 

      ( )  
       

   .       
        

.  
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13.   ,   
 

                 
         

. 
               

          
. 

        
,          

. 
        

 :    .  
   ,     

           
    .   

          
  . 

   ,    
 ( , , , ... ),    

     ,    
    . 

  ,      
        ,   

      :  (vv), 
 (p)   ( )      

   (t).  
 

).,,,(
),,,,(
),,,,(

tzyx
tzyxpp
tzyx
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.      
 . 

        
          . 

    ,   
           

  .   
     ,   

           
  .     

        
  , : 
 

).,,,(
),,,,(
),,,,(

tzyx
tzyxpp
tzyx

 

 
                

   ,      
      . 

       
 .   

               ,   
    .  

          
   (s)     .  

 
      :    

. 
 

          
        

    ,      
  . 

 
),,(1 zyxf ;                       ),,(2 zyxfp . 

 



53 
 
 

                  
           

 ,       . 
 ),,,(1 tzyxf ;                        ),,,(2 tzyxfp  

                 
 :  

           ,   
         . 

            ,   
          
 . 

                  
 : 

         
          

    .     
          

.         
 (     ). 

         
    .      

  ,   .  
          

          
    .     

           
.         

.   ,    
    ,       
         . 36 . 

      
      ,  

      .  
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 . 36  ,    

  
              

      .    
  ( . 36 )      

,       . 
         

 ,       
  . 

       
        

     –    
      .    

       
.         

  . 
  ,     
   ,     . 

 ,     : 
- E  ( ),    
-  ( ),  
-  ( ). 

              . 
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14.     
 

    
 ,    

    
  (  )  

 .   
    
     : 

             
     

 ,   
     
      

  : 
 

srV A
t
Vq  

m
s

3

 
 

                  
 : 

 

A
qV

sr   
m
s  

   
               

        
   . 

                 
( )       (qm),      

: 
 

t
m

tV
Vm

t
VqAq Vm  

kg
s   

 

 
. 37   
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V
m

 
kg
m3  -   ,   

             m  [kg] –   ,  
                               t  [s] –   .  
         

      , 
          

 ( =const.).        
,     ( ),  

    ( const.). 
 
15.        

 
 

               
        

.       
    ( ,  

    ).      
     ( )   ,  

          
.  ,       

        
,        

        .  
 . 38         

         
      I  II. , 

        .   
           

       ,   
     :   

 

.
2

2

constz
g

p
g
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. 38       

 
 
              

     . .: 
2

2 g
eK   -  ,  

p
g

eP   -   ,  

z = ez   -  .  
      

 ,         
  [m],        
,   : 

2

2 g   -  ( ) ,    

p
g  -    (  ),   

    
 z –   ,   .  
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. 

 
2

2 g   + 
p

g  + z = H   

 
                   

   p1, V1, z1,  p2, V2, z2,   
        , 
:  

.
22 2

2
2

2
1

1
2

1 constz
g

p
g

Vz
g

p
g

V = C 

 
: e1 = e2 = const. 

 
      M1     
         M2    

     .   
                  

    ,      
       .  

    ,    
   (e1),       

 ,        
: 

e1 = e2  + e      :   
e –  ,     

      ,  
        .        

      ,    
     ,   

   ,    
,    : 

hz
g

p
g

Vz
g

p
g

V
2

2
2

2
1

1
2

1

22
 

                  
     ,   :  
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h e
g  [m] –       

  ,     1    
     2      

      .   
         

          
  q AV sr  [m3/s]   .  

     ( )    
      . 

 
16.     

 
        

: 
      (  ), 
   ,  
    , ( - ),  
     ,  
    ( )... 

   ,      
 :   

 
16.1   -     

     ( )     
(Q)      .  

      (  ),   
        . 39. 
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.39   

 
     1  2  : 

 
 

    1. 1 = 2. 2      
  1 ,      2  : 

  
         

,  : 

 2  =   [ ] 

     :  

Q2 = 2 .  2  =  2 .    [ m3] 

   p1  p2    
         
       p1 –  p2 .  

 
16.2    ( ) –     

  ,     
 .       
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.         
         

.  . 40       
    .    

      1.   
    2      

3.    : 
hvs -    , 
hp -  , 
H -          

  ,     
   [m]. 

h0 -         1  
 . 

h -   ,     2    
 3. 

 
. 40  
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 . 40        

 .       
   (1)    (2)   
 .    ,  

      ,   
         

   .     
     (3)      

   .   (4)   
    (3)      

 (1).        (5).  
,    ,   

        
    .    

     (6)    
  (3).  

          
  ,       . 41. 

            
 ,   ,     

      ,    
     ,      
       h. Ako  a  

        h,    
           

 . A o    ,   
       (p1 =0).   

        ,    
      .  

  p1=0  : 
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     v1 1 = v       

1          ,   
       (  

     1). 
 

 
 

          , 
   . 

.  
. 41    

 
        

 3,5  4 [bar]      3m,   
  .       

    ,   
      .    
       ,  

           
 .        

  40m,         
           

. 
 . 42       ,   

       .  



64 
 
 

  (3 - 6) [bar]       
 D,          

  L       
 ,     .    

       10m,    
           

3m.  

                         
. 42      

 
16.3  -     ,   

        .    
       (pd) 

   .  . 43    - 
,        

      .  
 

 
. 43  (Pitot)  
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       1  2 (  
   )  : 

+ h1 =   h1 

 

        2  ,  
        
: 

 + =  

 
     (p2)    

     h     
(p0),  

: p2 = h. .g  + p0 

    p2       
: 

 =  

 
 

 

h =  +   [m] 

   (h)          

   .      

       (pd)  
       ( ),    
 : 

pd =  
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17.     
(     ) 

 
       –  

           
:   . 

        
,        , 

    ,      
    ( . 44 ) 

        ,  
,         

    .     
        . 

                       
. 44       

     
               ,  

   ,      
         

 ( . 44 ).      
 , ,     

, , ,     
,   ,   .  

 ,   ,   
  ,      

        .  
        

        . 
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       ,    
    . 

 
17.1        

 
             

  .      
        

1883 .  . 45       
        

     . 

 
. 45    

 
  (1)      (2), 

    (3)    (4)   
   .     ( )   

   ,    ( ),   
   .     (5)  

        (2), 
        
.         

  ,       
 .     ,   

  .      
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,     .     
   : 

 
dRe  ,   :      

 
   [m/s]-   ,    

d    [m] –    ,     
 [m2/s] –      

.  
 

               
      Re = 2320, 

        .  
 : 

 
   Re 2320 -   ,   
   Re 2320 -   .   

  
        

     ,   : 
 

                                            
d

Rekr
kr   [m/s] 

 
                , 

     . 
 
 

18.       
   

 
             ,   

       .  . 46   
           

   .  
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. 46     

 
    1  2  : 

 

h1 +   +    = h2+  +  + ht     : 

ht = h1 – h2 +  
 
        . 46         

        .  
   , :    

 
h1 =h2  

    : 

ht =   

          
   .      

        
 (   ).      

        
    (Darcy),  : 
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ht = .           

 :  –        
     ,  Re = 2320 

(  ) :  
 = 64 / Re = 64.  / .d 

          
   : 

ht  =  

       
    .   

    Re > 2320,     
 ,         

    . 
 

19.         
      

 
     (  )    

         
   .      

          . 
        

    .   ,  
      , ,  

,      ( ,  
),  .,     . 

      ,  
     : 

 
-   –      

  , 
-     
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  ,       
 ,         

 . 
                   

          
         

     : 
    -         
      , 
    -     , 
    -    (   )  
    -      . 
              

     L,     
 ,    : 

2

2

1
sr

d
Lp   [Pa],   :    

L [m] –   ,   
           d [m] –    ,   
           sr [m/s] –    ,   

 [kg/m3] –   ,   
 -         

              
       Re     
      L /d.    =64/Re,  

                        
                   ( ) ,  
                  ,  ,   ,  
                  =  (Re,  /d).   

           
:     

gd
L

g
ph s

2

2
1

1
  [m] 

                   
     : 

 -      , 
 -        ( , 
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   ,        
    )  
 -     (    
       ),   
 -    ,     
       ( , ,   
     ). 

              ( p2)     
   : 

2

2

2
sp    [Pa] 

 ,     , 
          : 

gg
ph s

2

2
2

2 [m],   : 

 -         
          

.          
        

    . 
            ,  

         , 
: 

2

1
2 2

1
si

m

i
ig

h   [m] ,    :    

                   n –    .    
          n     
di   Li   m  ,    , 

     :     
n m

siisi
i

i
i d

L
g

hhh
1 1

22
21 2

1  [m] 

          ,   ,   
       ,  

    5  6%    
. 

        
:  
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A qV

sr
  [m2] 

    :  

sr

V

sr

V

sr

V qqdqdA 13,14
4

2

 [m],   :  

A [m2] –      ,     
qV [m3/s] –  ,   

sr [m/s] –    ,   
d [m] –    .   

            ,     
         

.        
       ( )  

  ( ).    :  
            

e1 + ep = e2 + eh,   :  

 
2

2
11

1
pe   -       

                         1 – 1   , 
 
 ep –       ,   
  

 e2 gHg
p

2

2
22  -       

                                          2 - 2   , 
eh hghhg )( 21  -       
                                              
                                         .   

             ,   
  :  

hgpHgep
gp 22

2
22

2
11  

 
            p1 = p2 = pat,     

        = 1 = 2 0 .  
        :     
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hgpHgep at

gp
at

22

22

, 

)( hHghgHge ggp  
:        ( )  

 ( ), ( . 47),  P      
    Hg     
   . 

h e
g  

 

 

. 47:        
 

 20.       
 

                 
( ) ,          

       .    
          

 ,          
   ( ) .   
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20.1         
    

        
       .  

   ,        
        . 

          
        ,   

     ( . 48). 
            

 ,        
 ( ) .    1    

          
 .      : 

q AV1 1 1(m3)  [m3/s] 

 
 . 48         

   
  

         
   ,     

 0 – 0 (   )  1 – 1 (   
   ).  

  

hz
g

p
g

z
g

p
g 1

2
1

0

2
0

22
 

 

: 0=0, z0 = H , z1 = 0 , h g
1
2

2  ,  :   
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)1(
222

2
1

2
1

2
1

ggg
H  

 

Hg2
1

12
1  

 

HgHg 22
1

1
1

 [m/s],   :   

1
1  

1     .    
  0,96  1.      

  ,       
.      

         20% 
    ( . 49).   

     : 
 

AA
A

A
m

m 1    :  

m –    .  
      : 

 
 HgAHgAAq mV 221   [m3/s],  : 

 
          1 -   .   
 

    
    

   
    

 f Re( ).   
     

    
  . 

 
. 49     
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     ,    
     ( )    

    . 50.  
         

   :   
0,5 <   < 1,0 

 

 
. 50   ( ) 

 
20.2     
 
                  

.     , ,  
,   ,      

      .    

 
. 51     

  
dc  = dsr   + ,                       dk  = dsr  - , 

 

2
kc

sr
ddd  
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 . 51          
      .     
         

2
kc dd ,     ( p)    

 (qV)      : 

3

12

sr

V

d
Lqp   [Pa];          

L
dpq sr

V 12

3

  [m3/s] 

             ,      
      .   

          
    = (2 – 8) [ m].  

  
21.       

 
 

             
      ( )   

  ,   .  
       (  

)     .   
         

   , ,       
 ,    .   

    :  
        )      , 
        )         
             (   e  ).       
               

    ,      
    ( ). 

          
 ,       

          
       

    .     
        
  ( ),       
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,          
        . 

    p    
  : 

 = 2 – 1    p = .c.  [Pa],     :   
 -   ,   
  -    ,   

     c –      , . .  
             .   

E
Dk

kc
1

1  [m/s]   

k –     ,     
E –          
      .   

               
          

 (   -        
      ). 

T
L

c
2

  [s] 
      t  , 
    ,     

:      
t < T –  ( )  ,   
t > T –  ( )  .  

        
    ,     

  (   ),   . 52. 
      : 
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. 52    

 
)  , 
)    , 
)     , 
)    , 
)    ,   . 

 
           

            
  ,        

.  
   ( . 52 ),     

 ,  ,     
,        

 .       
,     ( )    

     .                                                         
     ( . 52 ),  

        
  .      

  ,         
 ,        

.        . 
52   .                                                                                                                   

   . 52       
    .    

    ,       
   ,      
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  .       
,        

            
  .  

          
         

( ),      .  
       

   .   
        .   

 
22.        

 
                    

         
     .    

           
,    .      

       ( . 53), 
          

   .       
          

      ,     
  .    (m)   1 – 1   
   h ,       

h1 –h ,,     – .     
   (p0) ,    h ,  

       p0 +h ,. .g.  
  2 – 2      (m)     

 h “,       p0 +h “. .g. 
             1 – 
1  2 – 2  : 

h1 – h’ +   +  = h2 –h”   +   +  

      : 
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h1 +   = h2 +                   

      h 
,   h ,, ,  

   ,        
     .  

 
.53      

 
          ,       

 1 – 1          
 (ht )      2 – 2.    
    :  

 
h1 +   = h2 +   +ht 

 
                     

 : 
 
)        

        , . . 
1 =   2 

       (2)  
: 

h1 –h2 = h = ht  
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     :   
 (h)     m    ,  

        (ht). 
                   

   ( )       
    .  h     

,         
 L.     Rp  (%)   
  :  

 
 

)       
                   

     Rp  ( )    
          

       .   
    Rp        
 ,      . 

)    
                   : 

-   , 
-   , 
-       
-     .  

 
1.     .      

       Q   
 ,       : 

 
      ( , , 

, ,  , ,    
 )        . 

         
      , 
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       .  
        

  .          
         

  U      
 R, : 

 
         

   R      
,        
       . 

2.        
     ,    

          
. 

3.        
         
        

        
.        

  ,         
        
. 

4.          
        . ,  
             
        .     
    ,       
    ,         
     .      
            
         . 
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   ?      

     ( )    
          

 .   ,   
   ,      

 .       
     ,     

        
.  

              
  :  ,   

  , , ,      
  ,   ...   
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  : 
 

1.    ,     ? 
2.        ? 
3.        ? 
4.       ? 
5.         ? 
6.       ? 
7.       ? 
8.      ? 
9.     ? 
10.          ? 
11.         ? 

 
 
 

  
 

       
      ,  

    (      
),         

.        
   ,   ,   

       .  
        

     .    
           

      .   
        

           
 .        

      .  
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: 
 
 

1.       ( kr )  
       d = 25 [mm],  

   t = 20 [0C],   
   12106, [m2/s]? 
  

: 

11136,0
025,0

102,12784 6

d
Rd

R ekr
kr

kr
e   [m/s], 

11136,0kr  [m/s] = 400,896 [m/h]. 
        
2.     d = 180 [mm]     

 t = 72 [0C]    = 1,2 [m/s].     
? 

 
: 

 
     72 [0C] ,   61039,0  [m2/s], 

2320553846
1039,0
18,02,1

6

dRe , 

          .   
       
3.     d = 150 [mm]    

 qV = 15 [m3/s].        
   ,     

   0415,  [cm2/s] ? 
  

 
: 

kr  = 0,64 [m/s]. 
          
 

4.            
   10 [mm],      100 [mm]  

  ?     
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   = 0,75,       = 0,85. 
        ? 

 
: 

 
1 = 1,05 [m/s];     qV  = 0,189 [m3/h]. 

 
 

5.     d = 200 [mm]   L = 1,2 [m] 
   qV = 0,5 [m3/min]   = 880 [kg/m3]. 

       ( sr)   
  ( p)    ,    

   = 0,015? 
 

 
: 

 sr  = 0,265 [m/s];       p = 2,78 [Pa]. 
 

  
6.         d = 0,1 

[m]   L = 50 [m].      
  H = 4 [m].      

    l = 0,025,   
      1 = 0,5,      

2 = 2,5,       qV [m3/s]  
          

[m/s]   . 
 

:  
 = 2,18 [m/s],      qV = 0,017 [m3/s]. 

 
 

7.            (  
  )   d = 10 [sm],   

    Q = 5[l/s]              
 = 0,0117 . 10-4 [ 2/s]. 

 
: 

Re = 53846 
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 53846 > 13800,     . 
 

 
8.         =0,8[gr/sm3], 

oe   t=10       
    d=10 [mm],     

    H=2[m],      
        

 = 0,62. 
 

: 
G = 83,97 [kg] 
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23.      

 
       ,    ,    

  ,   ,  
        

 .      
     ,  ,  
 ,        

. 
            , 

  ,  , 
 , , ... 

       ,      
        

         
   .   , 

       .  
         
. ,      

   , ,    
 . 

 
      ,      

  ,     ,  : 
 

1.         
1 [bar]-          

.     . 
2.     (1  10) [bar]-  

   ,     
. 

3.     (10  500) [bar]-  
   ,     

  . 
4.        ,  
500 [bar] -       

 . 
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24.      

 
 
                , 

       : 
       
 : 
1. ,        ,  
       . ,  ,  
        .     
2.           
      ,      
           ,  
    20000C.        
          .    
3.       ,  
         .     
4.          
    .     
               
     .     
5.    ,   ,   
        . 
6.   ,      
       .     
7.          
     . 
8.       . 
9.        
    . 
 
        : 
1.        
         , .     
      .     
2.      ,   
            
     . 
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3.     ,   
           
     . 
4.    ,     
    . 
5.         
     . 
6.         
    ,       . 

 
25.       

 
  ,      
  ,       

  ,     . 
      ,     

  .        
        .  

   ,     
           

 .     
           

.         
      . 

      ,   
  ,      

  .     .  
  ( )      , 

     .     
,   ,      , 

,     , 
         

   ( , , ). ,  
,        

   : 
 

1.    , 
2.   , 
3.   , 



96 
 
 

4.     . 
          
25.1      
 
                  : 

 ( ),  (p)   ( ),  
   (v). 

             (p)       
     ,   

, : 

A
Fp   [Pa] 

 
         1,01325 [bar] = 101325 [Pa] = 
101325 [N/m2],       ,  

 T = 273,15 [K],  t = 0 [0C]. 
    ( )      

 ,           
: 

V
m

  [kg/m3] 

  (vvs)    
,           
: 

ns=   
m
V1 s      [m3/kg]    

           ( )       
      .     

 ,        
   .      = 0 [K] 

= - 273,15 [0C],    .   
         

  t [0C].      
    : 

 
T [K] = 273 + t [0C]. 
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26.       

 
 ,  ( )      

    (p)   (T).  
         (  -

 -  ),      
 

TRpp      :   

          p [Pa] –    ,      
           [kg/m3] –   ,   
         v = 1/  [m3/kg] –  ,  
         R [J/kg K] –  ,     287,                     
         T [K ] – .   
                   

: 
  

),( TfTRp  
 

             ,     
 : 

0
0

0

Tp
Tp    [kg/m3]        :  

    000 ,, Tp  -    ,   
, p, T –       . 

 
26.1      

 
   ,     , 

  :  
 –               

(T = const.).         
 , . . )(pf ,      : 

  

.
,

222

111

TRp
TRp  
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 T=const.  : .2211 constpp  : 

            
2

2

1

1 pp
     ( -  ). 

  
 –      (p = const.), 

         
, .  )(Tf ,       

:                 

 
.

,

222

111

TRp
TRp

 

 

        p = const.  
2

1

2

1

T
T

, .e.  
2

1

1

2

T
T

 (  –  ). 

           –      (vv = const) 
     : 

.
,

222

111

RTp
RTp  

                v1 = v2 = const.     
2

1

2

1

T
T

p
p

 (  ).  

 ( ) ,     
: 

 .const
p

n ,      :  

.2211 constpp nn  
           

 .  n e   .   
    n,     

  : 
 n = 0,       (p = const.), 
 n = 1,    (T = const.)   
  n =  ,     (v = const.).   

  ,     n = 
k,       ( ),  

: 
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.constp
k     :     

c
c

k p
 -   ,   

cp [J/kg K] –        
                    (p = const.)                       
c  [J/kg K] –        
                     (v = const.).              

   0 [0 C] ,  4,1
720

1010k . 

 
        

     .    
  p,   T  ,    

  : 
  

.
2

22

1

11 const
T

p
T

p  

           ( )     
,         

: 

k

p
p

1

0
0          :  

p0 , 0 –     ,     
p,  –     .  
    

27.     
 

                
 ,      

 ,       
 . ,   ,  

         
 .        

,         
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,       
.        
 ,       

     (   ). 
        

   ,    .    
   ,     

vv[m/s]       A [m2], 
    :  

 
AqV   [m3/s] 

 
          ,        

    qm [kg],     
 .      : 

 
Aqq Vm   [kg/s],       :  

   A [m2] –      ,     
 v[m/s] –       ,         
    [kg/m3] –    . 

 
28.    

 
         

 I – I   II – II,      
1   2 ( . 54).       

   I - I      
       II - II.  

    ,  :   
2211 AAqq Vm   [kg/s],   :                                    

1    2 -    , 
1  2  -       

              . 
 

       ,  
      ,      

[m3/s]. 
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. 54     

          
29.   

 
       

   ,      
        , 
   .     

,      ,  
         

 .    , 
    ( . 54).   I - I,  

     vv1,  p1   1. 
    ,   

          : 
1

2
1

1 2
pe  [J/kg] 

 
           II - II      

     2 ,  2p    2, 
   : 

2
2
2

2 2
pe  [J/kg] 

 
           ,       

   ,   
,    I - I      

   II - II, : 
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21 ee                 2
2
21

2
1

22
pp  

 
        ,     

    ,  ,     
         , 

    .     
           

   I - I  II - II, :    
  

21 eee ,    
 

)
2

()
2

( 2
2
21

2
1 ppe  

 
          ,        

  ,         
        

 . 
 

30.        
         

( )    
 

           ,      
       ,   

     .    
         , 

     .   
( )  ,      

          
     (  )   

.   
                  

.         
   ,     
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   . 

          
     (  = const),   

    (vv = const)     
(  = const.),    : 

2

2

21 pp  

               
     : 

2

2

e ,  : 

 -        
      .   

         
      ( ).  

          
: 

d
l

 ,     :   

l [m] -    ,      
d [m] –        

-   ,     
      

      
.  

                
      ( )  

  ,     , 
        

    ,     
. 

                 
,         

 ( )        . 
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   .      
         

      ,   
           

.        
     ,   
       (  

).         
 .  
           

         
 . 
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  : 
 

1.      ? 
2.        ? 
3.          ? 
4.         ? 
5.      ? 
6.     ? 
7.     ?    
8.     ?      
9.           

  ?    
10.      ,     

  ? 
 
 
 : 
               

   .       
   ,      

    .    
    ,    

 ,        
     . 

          
     (     

 ).        
          

  (   ),    . 
       

        
      .    

           
      .   
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   : 
 

  
        1.          

 50 [0C]    4 [bar]. 
 
 : 

01,5401,1nat ppp  [bar] = 51001,5  [Pa]. 

4,5
)50273(287

1001,51 5

TR
p  [kg/m3]. 

 
2.         

 9 [m3],     40 [kg]     3 [bar]. 
  

: 

314
28740

1014)301,1( 5

Rm
VpT  [K]. 

 
 41273Tt  [0C]. 

 
         3.     0,2 [kg]    

     n = 1,3.   : 
      ,  
  1p  =1,2 [bar],   t = 14 [0C]. 

         

  5,3
2

1

s

s

V
V . 

: 
V1 = 0,69 [m3/kg]; 
V2 = 0,2 [m3/kg]; 

3,1
2 5,32,1p  [bar] = 6,12 [bar] = 51012,6 [Pa]. 

 
4.         

    150 [m]   d = 32 [mm],   
  1p  = 2 [bar].      
7  [m/s],   t = 26 [0C],   = 2,27 [kg/m3], 
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     = 6108,15  [ sPa ]      
 = 0,024.       

 
: 

                        p2 = p1 - p = 1,94 [bar] = 51094,1 [Pa]. 
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 8. . . : „ ”, , 1979 
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