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1   

 

 

1.1    

 
  «  -  »   

 . , . , .26. 

 «  »   1927 .    

-  ,      

,      (  1.1).  

 

 

 1.1 –  «  » 

 

        -

 .  1940 .      

    – . 

     1960-1980 . .  1983 .  

   « -  »,   1998 . 

    «  ». 
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  2003   «  »     « 
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  (  1.2).  

 

 

 1.2 – «  » 
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 ,     , 

- ,  ,   

      ; 

 ,       -

   ; 

       -

  Cummins; 

  ; 

     ( ); 

   -  ( ); 



 11 

     ( ); 

  -   ( ); 

  ,    . 

    5   1  -

 : 

 -  –     -

, -    ,   -

      ,   -

.   ,   -

 ; 

  –      

      2500    

  500 ,  –  1000    ; 

   –  ,    ; 

 -  –   -

 ,   , -  -

.    ; ; ; ; 

   –      

 Cummins  – 19,   – 38,  – 50, QSK – 19, QSK – 60, QSX – 

15, Liebherr   . 

     -  ,     

,   ,   ,  ,   

.  

   1.3, 1,4   -   QSK – 60. 
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       : 

 -    10 ; 

    Licota AWX-

2603GTSEK03; 

  Licota PAW-04048; 

  ; 

 ; 

 ; 

 ; 

  Makita DP 3003; 

    ; 

    ; 

      ; 

   ,  ; 

    . 

 -    – 50 (  1.5). 

 

 

 1.5 –  -    – 50 
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: 

 -    6 ; 

    licota awx-

2603gtsek03; 

  licota paw-04048; 

  ; 

 ; 

 ; 

 ; 

  makita dp 3003; 

    ; 

    ; 

      ; 

   ,  ; 

    . 

     (  1.6). 

 

 

 1.6 –      
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: 

   AE&T T61210M; 

    245-992; 

  ; 

   0,5 . 

   (  1.7, 1.8). 

 

 

 1.7 –    
 



 16 

 

 1.8 –    

 

: 

     Carmec PTR-1600XLH; 

      Carmec VGP 1200; 

   MOT-400N; 

      Spring Tester; 

  Makita DP 3003; 

   0,5 . 

   (  1.9). 
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 1.9 –    

 

: 

       AZ Spa CG300-2200; 

 -      -

    AZ BAC 2500. 

   2 . 

  (  1.10).  
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  ; 

    Karcher HDS 5/12. 

   (  1.11, 1.12). 
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        -

   : 

1.     .   

K38  K50.  I  II.  № 3810304-01. Cummins Engine Company, Inc. 

Copyright 1999. 

2.        

  QSK45  QSK60.  № 4095240-00. Cummins Engine 

Company, Inc. Copyright 2002. 

3.        QSK-60  

«  »,  2015. 

4.        -50  

«  » ,  2015. 

        -

    ,   -

     ,  -

   . 

        

    (   -

),    . 

   « »    -

   QSK-60  32427 -   540,45 - , 

 -50  26072 -   434,53 - . 

 

2.2       -

       -

 

 

       

        -

 . 
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      QSK-60 

  . 2.1 – 2.3.     -

  136,52 .,    146,45 -

. 

 2.1 –     QSK – 60 

   ( -
) 

 -
, 

. 

   
 , . 

-
 

-
, 

- . 
 20 1 20 

 5 1 5 
    -
    

10 1 10 

  16 1 16 
  5 1 5 

  5 1 5 
   15 1 15 

   10 1 10 
 55 1 55 

  16 1 16 
   

 
7 1 7 

   -
 

40 1 40 

    5 1 5 
 60 1 60 

  10 1 10 
   7 1 7 
 30 2 60 

  3 2 6 
   2 1 2 
  44 2 88 

   5 1 5 
      

   
20 1 20 

  16 1 16 
 10 2 20 

 5 1 5 
 6 2 12 
 25 1 25 

   -
  

10 1 10 

 84 1 84 
    

 
20 1 20 

  6 2 12 
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   ( -
) 

 -
, 

. 

   
 , . 

-
 

-
, 

- . 
  7 1 7 

  -
  

15 1 15 

  
 

17 1 17 

  30 1 30 
  89 2 178 

  10 1 10 
  7 1 7 
 7 1 7 

  20 1 20 
   8 1 8 
  8 1 8 

  -
  

4 2 8 

  7 1 7 
  7 1 7 

  -
  

3 2 6 

 9 1 9 
  15 1 15 

 57 2 114 
  15 1 15 

 16 1 16 
  2 1 2 
   13 1 13 

  8 1 8 
    5 1 5 

   10 1 10 
   -

   
2 1 2 

   9 1 9 
  3 1 3 

  26 2 52 
  6 1 6 
   4 1 4 

   15 1 15 
   14 1 14 

  5 1 5 
  20 2 40 

-  38 2 76 
  4 1 4 

  4 1 4 
  20 1 20 

  7 1 7 
    21 1 21 



 26 

   ( -
) 

 -
, 

. 

   
 , . 

-
 

-
, 

- . 
   12 1 12 

 
1171 (19,52 

.)  

1507 
(25,12 

- .) 
 

 2.2 –      QSK-60 

  
 -

, 
. 

 
-

  -
 

, 
. 

-
 -

, 
- . 

 6 1 6 
 18 1 18 

  48 1 48 
 72 

 
72 

 

 2.3 –     QSK-60 

   
 -
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-

  -
 

, 
. 

-
 -

, 
- . 

   5 1 5 
   17 1 17 

   18 2 36 
      
 

19 2 38 

     7 1 7 
    

    
2 1 2 

  8 2 16 
   20 1 20 

    
   

6 1 6 

 2 1 2 
   20 1 20 
  23 3 69 

   360 1 360 
  25 1 25 

  5 1 5 
 20 1 20 
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 -

, 
 

 
-

  -
 

, 
. 

-
 -

, 
- . 

    13 1 13 
  28 1 28 
  25 1 25 

    10 1 10 
    5 1 5 

-  150 1 150 
  35 1 35 

   30 1 30 
  15 1 15 
     6 1 6 

     
 

11 1 11 

   24 1 24 
   2 1 2 

 150 1 150 
  20 1 20 

  15 1 15 
  97 2 194 

   30 1 30 
    15 1 15 
    5 1 5 

  7 1 7 
  7 1 7 

   2 1 2 
 30 1 30 

   7 1 7 
  10 1 10 

 12 1 12 
   7 1 7 

   6 1 6 
    6 1 6 

    31 1 31 
  15 1 15 
  35 1 35 

 4 1 4 
 11 1 11 

 20 1 20 
 20 1 20 
    130 1 130 

  23 1 23 
  33 1 33 

 54 2 108 
     14 1 14 
       

  
43 1 43 
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 -

, 
 

 
-

  -
 

, 
. 

-
 -

, 
- . 

     25 1 25 
 29 1 29 

 13 1 13 
 63 1 63 

 15 1 15 
 16 1 16 

  7 1 7 
   3 1 3 

   124 1 124 
  90 1 90 

 53 1 53 
    10 1 10 
  115 1 115 

 25 1 25 
   3 1 3 

  3 1 3 
 2 1 2 

  40 1 40 
  3 1 3 

  6 1 6 
  2 1 2 
      24 1 24 

  5 1 5 
   2 1 2 

    18 2 36 
 32 1 32 
 2 1 2 
  15 1 15 
 ,    60 1 60 

  20 1 20 
   10 1 10 

 60 1 60 
   5 1 5 

 30 1 30 

 
2700 

(45 .)  
2960 

(49,33 -
.) 

 

      -50 

  . 2.4 – 2.6.     -

  151,2 .,    159,87 -

. 
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 2.4 –     -50 

   
 -

, 
 

 
-

  -
 

, 
. 

-
 -

, 
- . 

  3 1 3 
 

60 1 60 
 

  
  

    
 90 1 90 

   10 1 10 
   15 1 15 
 6 2 12 

   -
  

30 1 30 

  30 1 30 
 ,  15 1 15 

   5 1 5 
  20 1 20 

 10 1 10 
  7 1 7 
 20 1 20 

      7 1 7 
    10 1 10 

 15 1 15 
  60 1 60 

  28 1 28 
   10 2 20 

   60 1 60 
 6 2 12 

  4 1 4 
 60 3 180 

   15 1 15 
 10 1 10 

  15 1 15 
 30 1 30 
    40 1 40 

   7 1 7 
  7 1 7 

  
30 1 30   

    
 10 1 10 

  11 2 22 
   

15 1 15   
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 -

, 
 

 
-

  -
 

, 
. 

-
 -

, 
- . 

   22 1 22 
  5 1 5 
  20 1 20 

 8 1 8 
 24 2 48 

  7 1 7 
  23 2 46 

  3 2 6 
 39 1 39 

 
919 

(15,32 .)  

1125 
(18,75 -

.) 
 

 2.5 –      -50 

  
 -

, 
. 

 
-

  -
 

, 
. 

-
 -

, 
- . 

 6 1 6 
 18 1 18 

  48 1 48 
    -

  
5 1 5 

 77 
 

77 
 

 2.6 –     -50 

   
 -

, 
 

 
-

  -
 

, 
. 

-
 -

, 
- . 

   10 1 10 
  7 1 7 

   15 1 15 
  5 1 5 

   20 1 20 
  5 1 5 

  15 1 15 
  25 1 25 

 6 1 6 
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 -

, 
 

 
-

  -
 

, 
. 

-
 -

, 
- . 

    20 1 20 
   5 1 5 

      25 1 25 
  5 1 5 

 45 1 45 
  15 1 15 

   7 1 7 
    2 1 2 
  120 1 120 

  20 1 20 
 13 2 26 

  25 1 25 
 3 2 6 

    15 1 15 
  15 1 15 
  18 1 18 

    19 1 19 
   13 2 26 

   28 1 28 
  9 1 9 
 ,   11 1 11 
   6 1 6 
    43 1 43 
 35 1 35 
   15 1 15 

  10 2 20 
 10 1 10 

  20 1 20 
   3 1 3 
  34 1 34 

  7 1 7 
  15 1 15 

  6 1 6 
   10 1 10 

 137 2 274 
  71 1 71 

  155 1 155 
 40 1 40 

,   50 1 50 
 40 1 40 

   20 1 20 
 23 1 23 

 15 1 15 
 46 1 46 
  94 2 188 
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 -

, 
 

 
-

  -
 

, 
. 

-
 -

, 
- . 

  35 1 35 
  110 1 110 

    40 1 40 
 45 2 90 

  34 1 34 
 480 1 480 

  
83 1 83  

  
 65 1 65 

  -   10 1 10 
 60 1 60 
 30 1 30 

  40 1 40 
  10 1 10 
  960 1 960 
  20 1 20 
    5 1 5 

 60 1 60 

 
3533 

(58,88 .)  

3848 
(64,13 -

.) 
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2.3  -         -

  

 

  2.7 – 2.12   -      -

    QSK-60. 

 2.7 –  –      QSK-60 ( ) 
 «  » 

 –      QSK-60 
    

   -   

№   
  , -

 
 -

  , . 
1.    – 20 ,  – 
2.    - 5 ,  – 

3.  
      
   

- 10 ,  – 

4.     - 16 – – 
5.     - 5  – 
6.     - 5  – 
7.      - 15 – – 
8.      - 10 – – 
9.    - 55  -  
10.     - 16 – – 

11.  
    -

 
- 7 – – 

12.       - 40 – – 
13.       - 5  -  
14.    - 60  -  
15.     - 10 – – 
16.     - 7  -  



 34 

 «  » 
 –      QSK-60 

    
   -   

№   
  , -

 
 -

  , . 
17.    - 30  -  
18.     - 3 – – 
19.     - 2  -  
20.     - 44  -  
21.      - 5 – – 

22.  
         

 
- 20 – – 

23.     - 16 – – 
24.    - 10 – – 
25.    - 5 – – 
26.    - 6 – – 
27.    - 25 – – 

28.  
     

 
- 10 – – 

29.    - 84  -  

30.  
     -

 
- 20 – – 

31.     - 6 – – 
32.    - 7 – – 

33.  
   -

  
- 15 – – 

34.      - 17 – – 
35.     - 30 – – 
36.     - 89  -  
37.     - 10 – – 
38.     - 7 – – 
39.    - 7  -  
40.     - 20  -  
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 «  » 
 –      QSK-60 

    
   -   

№   
  , -

 
 -

  , . 
41.      - 8 – – 
42.     - 8 – – 

43.  
    

 
- 4  -  

44.     - 7 – – 
45.     - 7  -  

46.  
    -

 
- 3  -  

47.    - 9  -  
48.     - 15 ,  -  
49.    - 57 – – 
50.     - 15 – – 
51.    - 16  -  
52.     - 2  – 
53.      - 13  – 
54.     - 8 – – 
55.     - 10 – -  

56.  
     

 
- 2 – – 

57.      - 9   
58.    - 3 – – 
59.      - 26 – – 
60.    - 6  -  
61.      - 4 – – 

62.     - 15 
,  -

 
– 

63.     0,15 – 0,20  14  – 
64.    - 5  -  
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 «  » 
 –      QSK-60 

    
   -   

№   
  , -

 
 -

  , . 
65.     - 20   
66.   -  - 38 –  
67.    - 4 – – 
68.    - 4  -  

69.     
  -

 
20 

  -
  

-  

70.     - 7  -  
71.      - 21  – 
72.     - 12  – 

 

 2.8 –  –      QSK-60 ( ) 

 «  » 
 –      QSK-60 

    
    

№   
  , -

 
 

  , . 

1    
 

 
8 – 

  
 

 

 2.9 –  –      QSK-60 ( ) 

 «  » 
 –      QSK-60 
    

  -   
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 «  » 
 –      QSK-60 
    

  -   

№   
  , -

 
 

  , . 

1  (   ) 

  
   

, , -
 -
  

12 – – 

2 
 ,   -

  
– –  – 

3    – –  – 

4   

  
10000 - . 

  
 24000 -

. -
  65, 66 

 

– – – 

5   
 : 

47,63 – 47,59  
–  – 

6    
 -

: 
47,73 – 47,66  

–  – 

7   

  -
: 

0,23 – 0,61 . 
  -
  : 

0,076 – 0,114  

–  – 

8    
 : 

0,125 – 0,265  
–  – 
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 «  » 
 –      QSK-60 
    

  -   

9       : 
0,125 – 0,265  

–  – 

10     
 : 

0,07 – 0,19  
–  – 

 

 2.10 –  –      QSK-60 (  ) 

 «  » 
 –      QSK-60 

    
         

№   
  

,  
-

 -
  , . 

1  – 6 – – 
2  – 18 –  

 

 2.11 –  –      QSK-60 (  ) 

 «  » 
 –      QSK-60 

    
     

№   
  , 

 
 -

  
, 

 

1   – 4  
 , 

  -
,    
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 «  » 
 –      QSK-60 

    
     

,   
  

 
 

 2.12 –  –      QSK-60 ( ) 
 «  » 

 –      QSK-60 
    

   -   

№   
  

,  
-

 -
  

, 
. 

1.     - 5 – – 
2.     - 17  – 
3.    - 18  – 

4. 
      -

 
- 19  ,  – 

5.      - 7  ,  – 

6. 
     

   
  2 – – 

7.    - 8  – 

8. 
     

  
  6 – – 

9.     2 – – 

10.    
 , 

 : 
0,13 – 0,52  

20 – -  

11.    
 , 
 - 23 

 , 
,  

– 



 40 

 «  » 
 –      QSK-60 
    

   -   
: 195 , 420 
, , 

200 , 420 , 
  90 
. -

  390 
. 

12.    - 360 
   -

,    
  

– 

13.    
 : 

200 , 380 , 
685  

25 
 , 

 
-  

14.    - 5 
   

 
– 

15.   - 20 
 

,  
-  

16. 
    -

 
 13  -  

17.    

 , 
  

45 ,  
 0,15 – 0,33 

 

   -  

18.    
  

80 , 165 , 
280  

25 – – 

19. 
    

 

, -
 : 
 12 80 

10   -  
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 «  » 
 –      QSK-60 
    

   -   
,  16 
195  

20.     - 5  -  

21.  -  

  
 -

: 85 , -
, 85 , 

140 .  
   

0,30 – 0,51  

150 

   
   , 

, -
 ,    

  

– 

22.     
 : 

 12 80 , 
 10 45  

35   – 

23.     - 30  – 

24.    
 

 - 
15 – – 

25. 
     -

 
 6 – – 

26. 
     -

 
- 11 ,   – 

27.     

 -
:  45 , 

 95 
 

24   – 

28.      2 – – 

29.   

 : 
70 , 200 , 

300 ,  
 90  

150 
, -

  
– 

30.    - 20 – – 



 42 

 «  » 
 –      QSK-60 
    

   -   
31.    - 15 – – 

32.    
  

47  
97   -  

33.     
 -

: 35 , 140 
, 280  

30   – 

34. 
   -

  
  

45  
15   – 

35.      - 5 
   

 
– 

36.    
  

45  
7   – 

37.    
  

45  
7   – 

38.     
  

205  
2   -  

39.   

 : 
125 , 165 . 

-
:  0,46 

. 
 : 

 0,56  

30 
 , 

  
-  

40.     - 7 – – 

41.    
  

280  
10 

 , 
. -  

42.   - 12 – -  
43.     - 7 – – 

44.     
  

200  
6   – 



 43 

 «  » 
 –      QSK-60 
    

   -   

45.      
  

80  
6   – 

46.      
  

45  
31   – 

47.    - 15 – – 

48.    
  

115  
35   – 

49.   - 4 – – 
50.   - 11 – – 

51.   

  
75 . -

  
2,42 – 2,92  

20 

    
40     -

 , -
 .  

– 

52.   
  

280  
20   – 

53.     

  
 

: 
  

0,36 . 
  

0,81 . 
 -

:  
 0, 28 , 
 0,43  

  
0,74 ,  

0,89 . 
 : 

130 
  -

 ,  -
 

– 
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 «  » 
 –      QSK-60 
    

   -   
  47,5 

,   
60 . 

 
: -

 -
  28 

,   
,   

 , 
  19 

. : 
  47,5. 

  60 
 

54.    
  

45  
23   – 

55.    - 33 – – 
56.   - 54  -  

57. 
     -

 
- 14 – – 

58. 
       

   
  

45  
43    

59. 
     

 
- 25 – – 

60.   - 29 – – 
61.   - 13 – – 
62.   - 63 – -  

63.   
  

80  
15   -  



 45 

 «  » 
 –      QSK-60 
    

   -   

64.   
  

45  
16   -  

65.    
  

45  
7   -  

66.     - 3 – – 
67.    - 124 – – 

68.    
 -

: 12 80 , 
10 45  

90   – 

69.   - 53 – -  
70.     - 10 – – 

71.    
  

45  
115   -  

72.   - 25 – – 
73.     - 3 – – 
74.    - 3    – 
75.   - 2  -  
76.   - 40  – 
77.   - 3 – – 
78.   - 6  – 
79.    - 2    – 
80.       - 24 – – 
81.   - 5 – – 
82.    - 2 – – 
83.     - 18 – – 
84.  - 32  -  
85.  - 2 – – 
86.    - 15 – – 
87.  ,    - 60 – – 
88.   - 20 – – 



 46 

 «  » 
 –      QSK-60 
    

   -   
89.    - 10 – – 
90.  - 60 – – 
91.    - 5 – – 
92.  - 30 – – 

 

  2.13 – 2.19   -      

    -50. 

 

 2.13 –  –      -50 ( ) 

 «  » 
 –      -50 

    
   -   

№   
  , -

 
 -

  
, 

. 
1.    – 3 – – 
2.   – 

60 

 -  
3.   –  -  
4.    –  -  
5.    –  -  
6.     –  -  
7.   – 90 – – 
8.     – 10 – – 
9.     – 15 – – 
10.   – 6 – – 
11.     – 30 – – 



 47 

 «  » 
 –      -50 

    
   -   

  
12.    – 30  -  
13.  ,   – 15 – – 
14.     – 5 – – 
15.    – 20 – – 
16.   – 10  -  
17.    –– 7  -  
18.   – 20  -  

19. 
     -

  
– 7 –  

20.      – 10  -  
21.   – 15  -  
22.    – 60  -  
23.    – 28 – – 
24.     – 10 – – 
25.     – 60 – – 
26.   – 6   – 
27.    – 4 – – 
28.   – 60 – – 
29.     – 15 – – 
30.   – 10  -  
31.    – 15 – – 
32.   – 30  -  

33. 
    

 
– 40  -  

34.     – 7 – – 
35.    – 7 – – 
36.    – 

30 
 -  

37.     – – 
38.     –  -  
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 «  » 
 –      -50 

    
   -   

 
39.   – 10  -  
40.    – 11  -  
41.     – 

15 
– – 

42.    – – – 
43.    – 22  – 
44.   – 5  -  
45.    – 20  – 
46.   – 8  – 
47.   – 24 – – 
48.    – 7 – – 

49.    – 23 
,  

  
. 

– 

50.    – 3  -  

51.  – 39 
 -

  
– 

 

 2.14 –  –      -50 ( ) 

 «  » 
 –      -50 

    
    

№   
  , -

 
 -

  ,  

1    
 

 
8 – 

  -
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 2.15 –  –      -50 ( ) 

 «  » 
 –      -50 

    
  -   

№   
  , -

 
 -

  ,  

1  (   ) 

   
  , 

,  -
  

12 – – 

2    

 : 
0,15 – 0,33 . 

   
   

76,07 – 76,12 . 
    

: 
80,963 – 80,988 . 

  -
: 

9,14 – 9,45  

– 
, , 

 
– 

   

  -
 : 

60, 985 – 61,024 . 
  -

  :  
114,343 – 114,369 . 

  : 
  0,10 

,   0,20 . 
  

:   
0,25 ,   0,51 

– ,  – 
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 «  » 
 –      -50 

    
  -   

 

3    

 : 
 1 110,74 – 110, 77 

;  2 111,07 – 
111,13 ;  3 184,10 

– 184,15 .  
  : 

107,87 – 107,95 . 
  -
 : 

165,05 – 165,10 . 
 : 

12,52 – 12,75 . 

–  – 

4 
   -

 

  -
: 

173,86 – 173,89   
–  – 

5   
  

65,38 . –   

6    
 : 

34, 823 – 34, 862  
–  –– 

7    
 : 

34,887 –34, 991  
–  – 

8   

 : 
0,23 – 0,61 . 

  -
 : 

22,225 – 22,276 . 
  : 

22,174 – 22,200  

–  – 

9     : –  – 
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 «  » 
 –      -50 

    
  -   

0,05 – 0,30  
 

 2.16 –  –      -50 (  ) 

 «  » 
 –      -50 

    
         

№   
  , -

 
 -

  , . 
1  – 6   
2  – 18 –  

 

 2.17 –  –      -50 (  ) 

 «  » 
 –      -50 

    
     

№   
  , -

 
 -

  ,  

1   – 48  

 , 
  
,   
 -

,    
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 2.18 –  –      -50 (  ) 

 «  » 
 –      -50 

    
     

№   
  , -

 
 -

  ,  

1 
    -

  
– 5     

 

 2.19 –  –      -50 ( ) 

 «  » 
 –      -50 
    

   -   

№   
  , -

 
 -

  ,  
1.     – 10 – – 
2.      7 – – 

3.       41  15 
 

 
– 

4.   – 5  -  

5.    – 20 
, -

  
– 

6.      5 – – 
7.     . 15    

8.    

 : 176 
, 285 , 610 , 

, 176 , 285 
, 610 . 
 : 68 , 

217 , 454 . 

25 
 

,  
– 
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 «  » 
 –      -50 
    

   -   
9.   – 6 – – 
10.      41  20 – – 

11.    
 0,13 ,  0,51 

 
5 

 -
 

– 

12. 
     -
  

– 25  – 

13.   – 5  -  

14.    45 
  -

  
– 

15.   
 : 

 158,737 ,  
158, 775 . 

15 
 -

  
– 

16.    
 0,13 ,  0, 18 

. 7  – 

17.     – 2  -  

18.    

 . -
   

: 108 , 217 
, 325 .  
 :  0,30 
,  0,51  

120 

  
  

. -
  

– 

19.     : 23  20 – – 
20.   – 13  – 

21.    
 : 90 

, 365  
25 

 
 

-  

22.   
 : 150 

, 285 , 515  
3 

 
,  

-  

23. 
   -

  
  60  15 

 
 

-  

24.     . - 15  -  
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 «  » 
 –      -50 
    

   -   
  45 . 

 : 
0,15 – 0,33  

 

25.    

  250 
. 

 : 
0,13 – 0,46 . 

 : 
0,07 – 0,51 . 

18 
 

 
– 

26. 
   -

  
  40  19 

 
 

– 

27.     – 13 
  -

  
– 

28. 
  -

  
  

39 – 42 . 28 
 

 
– 

29.    – 9 
  

   
– 

30. 
  ,  
  

– 11 
  

   
– 

31.       40  6 
 

 
 

32. 
   -
  

  40 . 43 
 

 
–– 

33.   – 35 – – 
34.    – 15 – – 
35.    – 10 – – 

36.   
  285 

 
10  -  

37.    – 20 – – 
38.    – 3  -  
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 «  » 
 –      -50 
    

   -   

39.   
  210 

 
34 

 
 

-  

40.    
 : 220 

, 395 , 555  
7 

 
 

-  

41.      60  15 – – 
42.    – 6 – – 
43.     – 10 – – 

44.   

   
.  -

: 65 , 200 , 
340 , 490 , 555 

. 

137 
 

 
– 

45.      90  71 
 

 
– 

46.      60  155 
 

 
– 

47.     40  40 
 

,  
-  

48.  ,   – 50 – – 

49.   

 : 16,3 
. 
  

2,29 – 2,79  

40 
  27  

 . -
 

– 

50.       27  20 
 

 
– 

51.   – 23 – – 

52.     40  15 
 

 
– 

53.     88  46 
 

 
– 
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 «  » 
 –      -50 
    

   -   

54.   

 -
:  

0,69 ,  0,36 
.   

0,68  

94 
 

 
– 

55.      41  35 
 

 
– 

56.      40  110  – 

57. 
    -

 
– 40 – – 

58.     60  45 
 

,  
-  

59.      60  34  -  
60.   – 480   

61.      95  
83 

 
,  

-  

62.   – – -  
63.    – – -  

64.     60  65 
 

,  
-  

65.    – 10  -  
66.   – 60 – – 
67.   – 30 – – 
68.   – 40  – 
69.   – 10 – – 
70.   – 960 –   
71.   – 20 – – 
72.    – 5 – – 
73.  – 60 – – 
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3    щ   

 

 

3.1    щ   

 

      -

         

 ,     : 

       -

  , ,   -

    ; 

     ; -

      

  ; 

       , 

       ;  

    ,    

       -

   ; 

   ,   -

 ;   . 

 

3.2    

 

   , /  
7

1 10 fmM   

306,0103051200 7  M  

 m -     , m=200  

  -  ,        -

, % ( . 3.1); 
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f1 -    ,  % ( . 3.2). 

       ,  -

      ,   :, 

/  

  ,1010 52
21

 pipip
i
p ffmfmM  

  0741,01010454920010030 52  i
pM  

 m1 -  ,   , ; 

f2 -      % ( . 3.2); 

fpip -      ,  % 

( . 3.2); 

fpi  -    ,     

( , ),  % ( . 3.2). 

 

 3.1 –     (%)     

  

    
    (%), -

    ( ) 

  

  (%) 
  

 ( '
p ) 

  
(%), -

   ( ''
p ) 

1. :  
-  

 
30 

 
25 

 
75 

 

 3.2 –      

 

 

 

 (  , fp),     , % 

  
 

, 
%

, (f
)   

 
, %

, 
(f

) 

  

-
  -
  

-
   
 

2-
- - 

 

-
-  ; -* 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
 - - - - - - - - - - - - - - - 

-197 - 39,22 41,42 8,42 - 2,01 - - 8,93 - - - - 49 51 
 - - - - - - - - - - - - - - - 

-92 - - 10,0 - 40,00 40,00 - - - - - 10,0 - 47,5 52,5 
 - - - - - - - - - - - - - - - 

-021 - - - - 100,0 - - - - - - - - 45 55 
 

646 
 

7,0 
 
- 

 
15,0 

 
10,0 

 
- 

 
- 

 
50,00 

 
10,00 

 
8,0 

 
- 

 
- 

 
- 

 
- 

 
100 

 
- 
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3.3.       

 

        

,        . 

     :   - , 

  - NOX,  - ,   - SO2,  - . -

      (  ),    -

.          

     .    

       , -

   . 

  i-ro   i;   -

: 

MMM iiххi /,  , 

 i  -   i-ro      -

 , / ; 

i  .   i-ro      -

, / . 

  i-ro       

   : 

ntPM n

n

n
xxnixxniхх /,1060 6

1





   

 Pixxn -  i-ro      n-  -

   , / ; 

txxn -    n-     , .; 

nn -    n-    . 

VqPи иVqP hnДixxДixxhnБixxixxn /,  

 qi , qix  -   i-ro     

  n-      , /  ; 

Vhn -    n-  , . 
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  i-        

   : 

ntPM
S

n
nnniiН /,1060

1

6


  

 Pi n -  i-       n-  -

  , / ; 

t n -    n-    , . 

NqPи иNqP nДininБini /,   

 qin , qin  –   i-      

    , / . . ; 

Ncpn –  ,      -

 n-  , . . 

 qi , qix , qin  , qin    . 3.3, Vhn, t n, Ncpn –   

 . 

       -

   .    -

. 

     Gi,  

   , . .     -

  .    : 

ANqANqG ДДiДБББii /,  

 qin , qin  -   i-      

    , / . . - ; 

N , N  –  ,      

   , . . 

,  –       

    . 

      ,    

   ,      -



 61 

 Gi    ,    

 i-  . 

      ,   -

    .   -

   3.4. 

 

 3.3 –       -
     (    ) 

 -
 

 -
 

      

 
    NOX CH SO2 

 
( ) 

         

 
 -

  
qix  /   

4,510-

3 
1,510-

3 
7,010-

4 
1,510-

4 
1,010-

4 

 
 -

 
qin  / . .  

1,610-

3 
3,510-

3 
5,010-

4 
1,710-

4 
2,310-

4 
 

 3.4 –       

-
 

CO CH Nox SO2 C 
QSK-

60 
KTA-

50 
QSK-

60 
KTA-

50 
QSK-

60 
KTA-

50 
QSK-

60 
KTA-

50 
QSK-

60 
KTA-

50 
Pixx , 

/  
0,27 0,23 0,042 0,035 0,09 0,075 0,009 

0,007
5 

0,006 0,005 

qixx , 
/ .  

0,0045 0,0007 0,0015 0,00015 0,0001 

qin , 
/ .   

0,0016 0,0005 0,0035 0,00017 0,00023 

Pi n, /  
 

1,44 
 

0,45 
 

3,15 
 

0,153 
 

0,207 
Mi , 
/   

1,382
4  

0,432 
 

3,024 
 

0,146
88  

0,198
72 

Mixx, 
/  

0,019
44 

0,302
4 

0,0030
24 

0,047
04 

0,006
48 

0,100
8 

0,0006
48 

0,010
08 

0,0004
32 

0,006
72 

Mi, /  
0,019

44 
1,684

8 
0,0030

24 
0,479

04 
0,006

48 
3,124

8 
0,0006

48 
0,156

96 
0,0004

32 
0,205

44 
 

3.4.  ,    

 
     ,    -

,       . 

       

  (CMC),      
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 ( )    (“  101, 203”, -100   .).  

 CMC       -

 . 

        -

   . 3.5 

        

: 

ntFgM i
M
i /,103600 6  

5,910360030545433,0 6  M
iM  

035,01036003054150016,0 6  M
iM  

 gi -    , /  2 ( .4.5); 

F -    , 2; 

t -      , ; 

n -       . 

     : 

FgG i
M
i /,  

165,25433,0 M
iG  

008,0150016,0 M
iG  

 

 3.5 –       

,   . 

   
 

 -
 

   (  
   ) 

 
 -

 (gi), /  2 
   -

 
  0,433 

    
CMC,  -

  40-50% 

 
101 
202 
203 

“ - 100 ”  . 

  
(  

) 
0,0016 
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      «  ».  -

     : 

1.      -

    -50  QSK-60,    -

    . 

2.       -

     .   -

  ,      -

 .      :  

 QSK-60 – 136,52  .,  -50 – 151,2 .   

:   QSK-60 – 146,45 - .,  -50 – 1598,87 -

. 

3.  -     -

      , , -

  . 
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CONCLUSION 

 

The present graduation thesis considers the overhaul maintenance procedures 

conducted at «Chernogorsky Repair and Engineering Works (REW)», LLC. The fol-

lowing results have been obtained: 

1. The analysis of the engine overhaul operational process considering 

KTA-50 and QSK60 ones has been conducted, and a stop-watch reading execution 

plan has been developed.  

2. Stop-watch reading execution of the given engines overhaul have been 

carried out. Consequently, the time rate, the number of staff and the labor perfor-

mance standard of each processing step have been determined. The total time over-

haul has amounted to 136 hours and 52 minutes for QSK-60 engines, and 151 hours 

and 2 minutes for KTA-50 ones. The total labor performance has amounted to 146.45 

man-hour rate for QSK-60 engines, and 1598.87 man-hour rate for KTA-50 ones.   

3. Operational repair procedure sheet checklists have been developed con-

sidering the integrated technology operational clusters as well as conditions, time, 

equipment and tools.  
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