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ABSTRACT 

 

Master's thesis on "Technical control of leakage of water through structural 

components of the hydraulic unit to assess its technical condition" contains a 55-page 

text document, 10 illustrations, 5 tables and formulas 34. 

The object of the research: key components of the hydraulic unit. 

The aim of this work is the analysis of existing methods of calculation of 

leakage and the effectiveness of measures to minimize leaks 

Tasks in progress: 

a) the study of water leaks in a constructive hydrounit components 

b)minimize leakage by implementing measures to improve the condition of the 

seals and constructive elements. 

C)Description of methods of calculation of water leaks through the closed 

guide vanes and comparing them. 

Leakage of water is observed in the flow path of the turbine through the cover 

of the turbine, labyrinth seal Assembly shaft, guide vanes closed, the embedded parts 

of pipelines for various purposes. When water leaks through the labyrinth seal of a 

shaft embedded parts of pipelines for various purposes, perhaps purposeful water gets 

on the cover of the turbine. Through the closed guide vanes with leakage lost kWh of 

electricity per day. 

The solution is the implementation of the adjustment and replacement of shaft 

seal and structural elements of the guide apparatus turbines 

The amount of leakage and power losses determine the current methods of 

calculation. 

Calculated water leaks through the closed guide vanes after the conclusion of 

repair two methods to output the repair, as well as the comparison of the obtained 

results. The magnitude of the leakage amounted to 0.03 0,03 /s 

As a result, water leaks through the closed guide vanes of the hydraulic unit 

No. 9 is lost 1260,7 kWh of electricity per day. 

 



6 
 

 

 

 .............................................................................................................. 8 

1    .............................................................................. 9 

1.1   ................................................................................................. 9 

1.2   .................................................................................................. 12 

1.3   ................................................................................ 13 

1.4   ........................................................................................... 14 

2      .................................................... 15 

2.1    .............................................................. 15 

2.2   .................................................................... 16 

2.3   ............................................................................................ 18 

2.4  .................................................................................................. 19 

3   ,   ............................................................ 20 

3.1    ............................................................................... 20 

3.2   ( )      

 ............................................................................................................... 21 

4     ,  

       ............................................. 23 

    4.1      ............. 23 

4.2         ............. 24 

5         

 .................................................................................................................... 27 

6        , 

  .................................................................................................... 31 

6.1     ........................................................... 31 



7 
 

6.2    ............................................................................. 31 

6.3    ................................................... 33 

6.4   .................................................................................. 35 

6.5   .................................................................................. 37 

6.6         

 ............................................................................................................... 41 

7         

№9     ................................................................................. 43 

7.1        

 №9       .................................... 43 

7.2         (   

 14 / 2) .................................................................................................. 49 

8         

    ................................................................................................ 54 

 ...................................................................................................... 57 

   .............................................. 58 

 

 

 
 

 
 
 
 
 

 

 

 



8 
 

 
 

       ,    

  ,    ,  

 ,     

.       , 

    ,  

      .   

      ∙    

.        

     .   

        

 . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



9 
 

1     

 
1.1   
 

       

  𝜗𝑔,     + ,     

       .  ,    

 𝐻 = 𝜗 −𝜗𝑔 + − + − − ∆ℎ .к,                                                      (1.1) 

 

  1       ,   

2  ;  ∆ℎ .к -     . 

   ,     

       

   -  .     

    - .    , 

       .  

        ,  

  .  -    

         

       . 

  ,      

 ,     .   

   ,   

,        

          

 ,      . 

  -       1 



10 
 

 

 1 -    -    

 

    :  (2), 

       ;  (1), 

        

   ;  (3),   

,  (4).  ,     -

 ,     . 

     D1 -    

      , . . 

,        .  

  -       2. 
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 2 -      

 

-       

,  ,       ;  

   ,   .  

          

      . 

      -   

  .     -  

        3. 

 

 3 -     -    

  , nS = 60 ÷ 400, (1 – , 2 – , 3 – 

) 
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  -      

     nS.   

         nS = 60 ÷ 400  

 nS = 60 - 106,       

    ,   , . .  D1> 

D2.  

-     nS = 190 ÷265,  

   100  250 .  -       

 ,     ,  

   . 

         

    ,     

         

 .       , 

  - ,     

 -      S. 

 

1.2    

 

        

 ,      ,   

  ,     (  , 

 )          

.          .  

        

 .    :      

   .      

 ,      .  

   .     
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   ,  - —    

     ,      

   ;  —  

      (« »),   

    ,     . 

     ,   

      (  1400 ). 

     4 

 
        4 -   

 

1.3   
 

  – -  ,  

    ,   

    ,    . 

      : 

1.        

         ;  

2.      ,   ;  

3.       . 
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1.4    
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2      
 

2.1    
 

     

 : 𝐻 −  , ; −  , ; 𝑁Т −    , ; 

к Т −    ; −  , / ; 𝐷 −    , ; −  ; 𝜎 −  . 

  : 

   -        

         . 

  -  ,     

   . 

    -  ,     

  . 

-   : 

 ,      

          ; 

 ,     
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 ,      

       ,   
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 . 

   -       . 

     -   - 

         

     

 

       

  

 
2.2   
  

       

   ,       

     . 

      

 ,      1 ,    1 . . 

       ,   

        ,  

    ,   . 

       

  : 

 = , 𝑛𝐻 √𝑁√𝐻                                                                                            (2.1) 

 

      : 

 = , √√𝐻                                                                                             (2.2) 
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: 

 = , ′ √ ′ к                                                                                      (2.3)  

                

   ,      , 

   ,       , 

       , 

    .   

       

     . 

      

         

,    .   (2.3) ,  

       

,     . 

      

     .   

    ,    

   ,      

       

        

  ,    
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3.2   ( )     
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  .  

      

 Q .   :  

 

резПqQ . ,                                                                                              (3.1) 
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6.3    
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      . 

          

       . 

          

        

 .        

        

        

 . 

           

      : 

 = , ℎ , ,                                                                                                   (6.1) 

 

 −   , / ; ℎ −          
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6.5   

 

  ,    1 

        

        : 

 ∆𝑉 = 𝑑 = − Н 𝑑𝑡,                                                                        (6.2) 
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 𝑉 − , ; −        

, ; = 𝐷𝑖𝑛 −   , ; 𝐷 −   , ; −      ; −     , / ; 

Н −    , / ; 𝑡 − , . 

  > Н         

dz   ; 

  < Н         

dz   ; 

  = Н          

dz =0, . .    . 

  6.2 : 

 

Н = − 𝑑𝑑                                                                                           (6.3) 

 

   z=f(t)     

dz/dt.            

       S,  

   Н     z. 

      1   

        Н   

       ,  

  : 
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Н = 𝜇𝐹√ 𝐻,                                                                                           (6.4) 

 

 𝐻 − ,    , ; −   , / ; 𝜇 −  ; 𝐹 −   ,  

  6.3  6.4 : 

 𝑑𝑑 = 𝑆 − 𝜇𝐹√ 𝑔𝑆 √𝐻.                                                                                    (6.5) 

 

         

   ,      

 z   H   t. 

                     𝑑𝑑 = √𝐻   

  

 

𝑖+ − 𝑖𝑖+ − 𝑖 = √𝐻𝑖+ −𝐻𝑖                                                                                   (6.6) 

 

  𝜇, 𝐹    ,    

 : 

 𝑑𝑑 = − √𝐻                                                                                             (6.7) 

 

 a  b    ,  

,       

 .       8 
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 8 -   𝑑𝑑 = √𝐻  

 =                                                                                                        (6.8) 

 

Н = √𝐻                                                                                                 (6.9) 

 

  ,    2. 

         : 

 ∆𝑉 = 𝑑 + 𝑑𝑆 = Н + Н 𝑑𝑡,                                                         (6.10) 

 

 𝑉 − , ; −        

, ; = 𝐷𝑖𝑛 −       , ; −     , / ; 

Н −    , / ; 𝑡 − , . 

  6.8 : 
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Н = + 𝑑𝑆 𝑑𝑑 − Н                                                                             (6.11) 

 

   z=f(t)     

dz/dt.     Н        

      S   

 z,      Н     

z.      z     

 Н    9    НА =  

 

 9 -   НА =  

 

      2   

         

 Н          

     z=f(t).    

 z      Н . 

 

6.6        

  

 

         

     Н а ч   
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Н
∗ = Н √𝐻 а ч√𝐻 ,                                                                                           (6.12)      

       

 Н
∗ −       , / ; 

Н −    , / ; 𝐻 а ч −  , ; 𝐻 − ,       , . 

         

      ; 

 

Н
− = Н

∗
а ч

,                                                                                                  (6.13)  

                                                    

 Н
− −     , / ; 

Н
∗ −       , / ; 
а ч −         

 . 
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7        

 №9      

 

7.1        

 №9       1 

 

        

    

      3. 

 3 -   
 

 
 .   

  9 -   
 04.02.2020 -   

  520,27    
  323,72    

 
196,55   

 
  

 
 

45,76   
 

  
 

194   
 

 
  

357,2 /   
 

  
   

-2,72   
 

 

     : 

1.         

   ,      

         

2.         

  ,    14 /   9 /  

3.         

 . 
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 4 

 4 -       

№     / 2  dt,  

1 22:44:27 0 13,93   0,00 

2 22:45:33 1 13,95 0 66,00 

3 22:46:39 2 13,94 1 66,00 

4 22:47:45 3 13,94 2 66,00 

5 22:48:51 4 13,93 3 66,00 

6 22:49:57 5 13,90 4 66,00 

7 22:51:03 6 13,91 5 66,00 

8 22:52:09 7 13,88 7 66,00 

9 22:53:15 8 13,89 8 66,00 

10 22:54:21 9 13,89 9 66,00 

11 22:55:27 10 13,89 10 66,00 

12 22:56:33 11 13,88 11 66,00 

13 22:57:39 12 13,88 12 66,00 

14 22:58:45 13 13,88 13 66,00 

15 22:59:51 14 13,86 14 66,00 

16 23:00:57 15 13,84 15 66,00 

17 23:02:03 16 13,85 16 66,00 

18 23:03:09 17 13,84 18 66,00 

19 23:04:15 18 13,84 19 66,00 

20 23:05:21 19 13,84 20 66,00 

21 23:06:27 20 13,84 21 66,00 

22 23:07:33 21 13,83 22 66,00 

23 23:08:39 22 13,83 23 66,00 

24 23:09:45 23 13,83 24 66,00 

25 23:10:51 24 13,83 25 66,00 

26 23:11:57 25 13,83 26 66,00 

27 23:13:03 26 13,83 27 66,00 

28 23:14:09 27 13,83 29 66,00 

29 23:15:15 28 13,83 30 66,00 

30 23:16:21 29 13,83 31 66,00 

31 23:17:27 30 13,82 32 66,00 

32 23:18:33 31 13,82 33 66,00 
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  4 
№     / 2  dt,  

33 23:19:39 32 13,81 34 66,00 

34 23:20:45 33 13,80 35 66,00 

35 23:21:51 34 13,79 36 66,00 

36 23:22:57 35 13,80 37 66,00 

37 23:24:03 36 13,78 38 66,00 

38 23:25:09 37 13,78 40 66,00 

39 23:26:15 38 13,77 41 66,00 

40 23:27:21 39 13,77 42 66,00 

41 23:28:27 40 13,76 43 66,00 

42 23:29:33 41 13,76 44 66,00 

43 23:30:39 42 13,74 45 66,00 

44 23:31:45 43 13,75 46 66,00 

45 23:32:51 44 13,73 47 66,00 

46 23:33:57 45 13,75 48 66,00 

47 23:35:03 46 13,73 49 66,00 

48 23:36:09 47 13,74 51 66,00 

49 23:37:15 48 13,74 52 66,00 

50 23:38:21 49 13,73 53 66,00 

51 23:39:27 50 13,73 54 66,00 

52 23:40:33 51 13,73 55 66,00 

53 23:41:39 52 13,72 56 66,00 

54 23:42:45 53 13,72 57 66,00 

55 23:43:51 54 13,72 58 66,00 

56 23:44:57 55 13,72 59 66,00 

57 23:46:03 56 13,71 60 66,00 

58 23:47:09 57 13,71 62 66,00 

59 23:48:15 58 13,67 63 66,00 

60 23:49:21 59 13,69 64 66,00 

61 23:50:27 60 13,68 65 66,00 

64 23:53:45 63 13,68 68 66,00 

65 23:54:51 64 13,67 69 66,00 

66 23:55:57 65 13,67 70 66,00 

67 23:57:03 66 13,67 71 66,00 

68 23:58:09 67 13,65 73 66,00 
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 H = P ∙ + P = , ∙ − , = ,  ,                                  (7.1) 

 

 𝐻 −  −       

      : 

 𝑑 = Н − Н = , − , = − ,  ,                                          (7.2) 

 

 𝑑 −         

    

 = √𝑑 = √− , =                                                                                 (7.3) 

 

    

 = 𝑑𝑑 = − , = − ,                                                                           (7.4) 

 

     5 

 5 -  

, 
/ 2  

 H, 
0,5 

, 
 

, 
 dt 

 
  

 
  dz/dt 

13,94 0 11,69 136,64 
  

dz x y 
13,95 1 11,70 136,77 136,77 66,00 -0,138 - -0,0021 
13,94 2 11,69 136,71 136,71 66,00 0,062 0,125 0,0009 
13,94 3 11,69 136,68 136,68 66,00 0,030 0,087 0,0005 
13,93 4 11,69 136,55 136,55 66,00 0,135 0,184 0,0020 
13,90 5 11,68 136,32 136,32 66,00 0,232 0,241 0,0035 
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  5 
, 

/ 2  
 H, 

0,5 
, 

 
, 

 dt 
 

  
 

  dz/dt 
13,91 6 11,68 136,35 136,35 66,00 -0,037 - -0,0006 
13,89 7 11,67 136,14 136,14 66,00 0,213 0,231 0,0032 
13,89 8 11,67 136,22 136,22 66,00 -0,080 - -0,0012 
13,89 9 11,67 136,17 136,17 66,00 0,051 0,113 0,0008 
13,89 10 11,67 136,15 136,15 66,00 0,021 0,073 0,0003 
13,89 11 11,67 136,13 136,13 66,00 0,014 0,059 0,0002 
13,88 12 11,66 136,06 136,06 66,00 0,068 0,131 0,0010 
13,88 13 11,66 136,06 136,06 66,00 0,001 0,018 0,0000 
13,86 14 11,66 135,89 135,89 66,00 0,171 0,207 0,0026 
13,84 15 11,65 135,68 135,68 66,00 0,210 0,229 0,0032 
13,85 16 11,65 135,77 135,77 66,00 -0,090 - -0,0014 
13,84 17 11,65 135,70 135,70 66,00 0,069 0,131 0,0010 
13,84 18 11,65 135,71 135,71 66,00 -0,011 - -0,0002 
13,84 19 11,65 135,69 135,69 66,00 0,021 0,072 0,0003 
13,84 20 11,65 135,65 135,65 66,00 0,040 0,100 0,0006 
13,83 21 11,64 135,57 135,57 66,00 0,088 0,148 0,0013 
13,83 22 11,64 135,55 135,55 66,00 0,020 0,070 0,0003 
13,83 23 11,64 135,55 135,55 66,00 -0,001 - 0,0000 
13,83 24 11,64 135,54 135,54 66,00 0,003 0,027 0,0000 
13,83 25 11,64 135,54 135,54 66,00 0,005 0,037 0,0001 
13,83 26 11,64 135,54 135,54 66,00 -0,005 - -0,0001 
13,83 27 11,64 135,54 135,54 66,00 0,000 - 0,0000 
13,83 28 11,64 135,54 135,54 66,00 0,002 0,024 0,0000 
13,83 29 11,64 135,54 135,54 66,00 -0,002 - 0,0000 
13,82 30 11,64 135,50 135,50 66,00 0,047 0,108 0,0007 
13,82 31 11,64 135,47 135,47 66,00 0,032 0,089 0,0005 
13,81 32 11,63 135,35 135,35 66,00 0,117 0,171 0,0018 
13,80 33 11,63 135,30 135,30 66,00 0,044 0,105 0,0007 
13,80 34 11,63 135,24 135,24 66,00 0,060 0,122 0,0009 
13,80 35 11,63 135,28 135,28 66,00 -0,037 - -0,0006 
13,78 36 11,62 135,10 135,10 66,00 0,185 0,215 0,0028 
13,78 37 11,62 135,09 135,09 66,00 0,002 0,022 0,0000 
13,78 38 11,62 135,04 135,04 66,00 0,057 0,119 0,0009 
13,77 39 11,62 135,02 135,02 66,00 0,015 0,061 0,0002 
13,76 40 11,61 134,89 134,89 66,00 0,129 0,180 0,0020 
13,76 41 11,61 134,88 134,88 66,00 0,008 0,045 0,0001 
13,74 42 11,60 134,65 134,65 66,00 0,233 0,241 0,0035 
13,75 43 11,61 134,74 134,74 66,00 -0,092 - -0,0014 
13,73 44 11,60 134,57 134,57 66,00 0,178 0,211 0,0027 
13,75 45 11,61 134,78 134,78 66,00 -0,211 - -0,0032 
13,73 46 11,60 134,59 134,59 66,00 0,188 0,217 0,0029 
13,75 47 11,61 134,73 134,73 66,00 -0,146 - -0,0022 
13,74 48 11,60 134,65 134,65 66,00 0,087 0,148 0,0013 
13,74 49 11,60 134,63 134,63 66,00 0,014 0,060 0,0002 
13,74 50 11,60 134,64 134,64 66,00 -0,005 - -0,0001 
13,73 51 11,60 134,61 134,61 66,00 0,028 0,084 0,0004 
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  5 

, 
/ 2  

 H, 
0,5 

, 
 

, 
 dt 

 
  

 
  dz/dt 

13,72 52 11,60 134,50 134,50 66,00 0,111 0,166 0,0017 
13,72 53 11,60 134,51 134,51 66,00 -0,010 - -0,0001 
13,72 54 11,60 134,50 134,50 66,00 0,008 0,044 0,0001 
13,72 55 11,60 134,50 134,50 66,00 0,004 0,030 0,0001 
13,71 56 11,59 134,36 134,36 66,00 0,139 0,187 0,0021 
13,71 57 11,59 134,37 134,37 66,00 -0,012 - -0,0002 
13,67 58 11,58 134,01 134,01 66,00 0,358 0,299 0,0054 
13,70 59 11,59 134,23 134,23 66,00 -0,219 - -0,0033 
13,68 60 11,58 134,11 134,11 66,00 0,117 0,171 0,0018 
13,68 61 11,58 134,08 134,08 66,00 0,030 0,086 0,0005 
13,68 62 11,58 134,10 134,10 66,00 -0,015 - -0,0002 
13,68 63 11,58 134,04 134,04 66,00 0,057 0,119 0,0009 
13,67 64 11,58 133,99 133,99 66,00 0,055 0,117 0,0008 
13,67 65 11,57 133,97 133,97 66,00 0,017 0,065 0,0003 
13,67 66 11,57 133,97 133,97 66,00 -0,004 - -0,0001 
13,65 67 11,57 133,81 133,81 66,00 0,160 0,200 0,0024 

 

            
               b       8 

 = 𝑡 = , , = ,                                                                             (7.5) 

 = ,   

    b      

 √𝐻 

 

Н = 𝑆√𝐻𝑑 = , ∙ , ∙ , = ,  /                                                 (7.6) 

 

    : 

 = 𝑆𝑑 = , ∙ , = ,  /                                                         (7.7) 

 

    194  : 

 



49 
 

Н
∗ = Н √𝐻 а ч√𝐻 = , ∙√, = ,  /                                                   (7.8) 

 

      

: 

 

Н
− = Н

∗
а ч

= , , ∙ = , %                                                               (7.9) 

 

       

: 

     
  7.10   b: 

 = 𝑛 ∑ − ∑ ∑𝑛 ∑ − ∑                                                                                      (7.10) 

 

 a   : 

 = −                                                                                             (7.11) 

 

    . 

 

7.2         (  

  14 / 2) 
 

        : 

 

 = 𝑉,                                                                                                         (7.12) 
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 −  ,  𝑉 − ,  𝑡 −  

  (   ) 

 𝑉 = ∙ ∆ℎ = , ∙ , = ,  ,                                               (7.13) 

 

 −  ,  𝑉 − ,  ∆ℎ −   

 = ,                                                                                                  (7.14) 

 

 −  ,  − ,  −      

 = , ∙ , = ,    

 

 : 

 = ∙ ∙ ℎ = ,  /                                                                     (7.15) 

            = ∙ ∙ ℎ = ,  /                                                                   (7.16) 

 

    : 

 ℎ = ∙𝑔 = , ∙ ∙ , = ,  /     
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            ℎ = ∙𝑔 = , ∙∙ = ,  /   

 

  ∆ℎ = ℎ − ℎ = −∙𝑔 = ,  /                                (7.17) 

 

      

 = 𝑆 ∙ − ∙𝑑 ∙ ∙𝑔                                                                                       (7.18) 

 = , ∙ , − , ∙∙ ∙ , = ,  /   

 

 dt: 

 𝑑𝑡 = 𝑡 − 𝑡                                                                                                               7.19) 

 𝑑𝑡 = ( − ∙ ) + ( − ∙ ) + − =   

 

      

: 

 

НА− = = , ∙ = , ,                                                                 (7.20) 

 

 −   . 

     

   10      
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 10 -        

 

         

 

       6. 

 6 -       

 
, 

/ 2  
, 

/ 2  
, 

/ 2 
22:44:27 13,94 23:05:21 13,84 23:24:03 13,78 
22:45:33 13,95 23:06:27 13,84 23:25:09 13,78 
22:46:39 13,94 23:07:33 13,83 23:26:15 13,78 
22:47:45 13,94 23:08:39 13,83 23:27:21 13,77 
22:48:51 13,93 23:09:45 13,83 23:28:27 13,76 
22:49:57 13,89 23:10:51 13,83 23:29:33 13,76 
22:53:15 13,89 23:11:57 13,83 23:30:39 13,74 
22:54:21 13,89 23:13:03 13,83 23:31:45 13,75 
22:55:27 13,89 23:14:09 13,83 23:32:51 13,73 
22:56:33 13,89 23:15:15 13,83 23:33:57 13,75 
22:57:39 13,88 23:16:21 13,83 23:35:03 13,73 
22:58:45 13,88 23:17:27 13,82 23:36:09 13,75 
22:59:51 13,86 23:18:33 13,82 23:37:15 13,74 
23:00:57 13,84 23:19:39 13,81 23:38:21 13,74 
23:02:03 13,85 23:20:45 13,80 23:39:27 13,74 
23:03:09 13,84 23:21:51 13,80 23:40:33 13,73 
23:04:15 13,84 23:22:57 13,80 23:41:39 13,72 

 

 

13.6

13.65

13.7

13.75

13.8

13.85

13.9

13.95

14

, 
/

2

, .
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      7 

 7 -   
 .   

1)   
  9 

/  0,03 

2)  
  

% 0,01 

 

 ,       

   №9   .  

  ,  ,   

       ∙  . 

. 𝑞 = ∙, ∙ ∙𝐻∙ƞ = , ∙ ∙ , = ,  / ∙                                   (7.21) 

 

        

 ∆ = чк ∙ ∙ = ,, ∙ ∙ = ,  к ∙ ч                (7.22) 

 

        

№9  1260,7 ∙     . 
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8        

     

 

        : 

 

 = 𝑉,                                                                                                          (8.1) 

 

 −  ,   𝑉 − , 

 𝑡 −  

  (   ) 

 

 𝑉 = ∙ ∆ℎ = , ∙ , = ,  ,                                               (8.2) 

 

 −  , 𝑉 − ,  ∆ℎ −   

 = ,                                                                                                   (8.3) 

 

 −  ,  − ,  −      

 = , ∙ , = ,   

 

 : 

 = ∙ ∙ ℎ = ,  /                                                                    (8.4)  



55 
 

                                                                           = ∙ ∙ ℎ = ,  /                                                                      (8.5) 

 

    : 

 ℎ = ∙𝑔 = , ∙ ∙ , = ,  /     
            ℎ = ∙𝑔 = , ∙∙ = ,  /   

 

  ∆ℎ = ℎ − ℎ = −∙𝑔 = ,  /                                  (8.6) 

 

      

 = 𝑆 ∙ − ∙𝑑 ∙ ∙𝑔                                                                                         (8.7) 

 = , ∙ , − , ∙∙ ∙ , = ,  /     

 

 dt: 

 𝑑𝑡 = 𝑡 − 𝑡 = ( − ∙ ) + ( − ∙ ) + − =    (8.8) 

 

     : 

 

Н
− = = , ∙ = , %,                                                               (8.9) 

 

 −    
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 ,       

     .  

  ,  ,   

       ∙   

 𝑞 = ∙, ∙ ∙𝐻∙ƞ = , ∙ ∙ , = ,  / ∙                                (8.10) 

 

        

 ∆ = чк ∙ ∙ = ,, ∙ ∙ =  к ∙ ч                 (8.11) 
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