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1   
 
1.1    ( ) 
 

        
( . . )5,5 5,53 3 .      №63  

  ,      .  
       ( ) (  

1.1)         .  
      100 ,    

 400 .   ,    ,   
  1200 2200 . 

       50  
,       . 
 ,  ,  2    1000  
,  ,  .   1    

  .     1 
  10 .  

 

 
 

 1.1 –    ( ) 
 

   Doosan P222LCF    1.1. 
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 1.1 –    Doosan P222LCF 
   

 . P222LCF 
  4-       
    . 12 V-  

  .  
 . 21,9  

    . 128 142  
.  
  . ,  

 / . SAE 1/14" 
 . API CH4 

  . <0,5%   
 . EN 590 

    . 250  
   100%  / . 1500 /  = 133,0 
   80%  / . 1500 /  = 99,8 
   50%  / . 1500 /  = 66,7 

  . 23,0 . . 114 .    
    , 
 ,   . . 40,0  

 . 24     
    

. 
-15 °C 

    
. 

-30 °C 

  . 1591  
 . 1500 /  
 , . 548,0 

  .     25°C; 
 1000 ; 
  30%; 
  0.8. 

 .     
  (  ). 23  
  .  0,9 / 2 

 . ,   
  . 508 /  (1800 / ) 

.  , 
   71° , 

   85 °  
 .  , ,  

915 , 7  
 . 24 45  
 .   . 

. 24   7,0  
 . 24  

 . 200 · , ( ) 
   .    
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, 1           
  .      

   . .    , 
 ,  ,    .    

        6-7   . 
 ,  ,      

  .        
   7  30 ,    ,   

          . 
 
1.3        
 

     24      9 
  , , -1  -2      

    1  . 
 1 :    

   10W40 – 86,83·40  = 3473,2 . 
  LF 670 – 584,75·2 = 1169,50 . 
  FS1212 – 682,63·2 = 1365,26 . 

  (1   ) F 25708 – 3600·2 = 7200 . 
 3     2 : 

3·2·(3473,2 + 1169,5 + 1365,26) + 2·7200 = 27234,26 / . 
   27234,26·9 = 245108,34 . 

   3000 .    
,      ,  6000 .   
. 

   24·30·9=6480 .  
114·2 = 228 ·77.69 = 17713 ./  -   
114·2·2 = 456·64,1 = 29229 ./  -   – 2   . 

     2100000 ./ . 
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2.   
 

2.1     
 

       VOLVO, 
UMMINS QST-30  D SAN.     ,  

       
   .       
     ,   D SAN  
    .       
       

   . 
 
2.2    
 

        
  : 

1  –  D SAN; 
2  –      VOLVO  

UMMINS QST-30; 
3  –    VOLVO  UMMINS QST-30; 
4  –    VOLVO  UMMINS QST-30. 

  2.1      . -   
 .     , 

        
. 
 2.1 –    

1  2  3  4  
0,38 10,711 10,711 10,453 
0,45 14,435 11,312 11 
0,52 14,564 11,725 11,2 
0,53 14,6 12,3 11,745 

0,554 15,832 13,95 12,25 
1,341 16,85 14,75 14,2 
1,39 17,851 16,635 16,3 
1,84  16,701 16,94 

1,923  16,99  
2,202    
2,33    

2,345    
2,64    

2,648    
2,69    

2,735    
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  2.1 
1  2  3  4  

2,738    
2,74    
2,95    
3,42    

3,721    
4,04    
4,09    

4,654    
4,815    
4,98    
5,55    

5,802    
  : 

1.        , . 
-  
 

1

n

i
i

L

L
n




, 
(2.1) 

 
 iL  –     , . - ; 

n  –   (  ). 
2.      

 , . -  
 

2

1

( )

1

n

i
i

L L

n
 







. 

(2.2) 

 
3.       

 
 

L
  . (2.3) 

 
    .   

    (S)    (mj)    
 . 

    , . -  
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max minz L L  , (2.3) 
 

   maxL -      ; 

  minL  -      . 
           

  
 

1 3,32 lgS n   ,   (2.4) 
 
4.   , . -  
 

z
L

S
 

.
 (2.5)  

 
      2.2. 

 2.2 –    
 1 2 3 4 

  28 7 9 8 
    ( L ), . -  2,71 14,98 13,90 13,01 

  ( ), . -
 

1,57 2,28 2,49 2,50 

  ( ) 0,58 0,15 0,18 0,19 
  ( z ), . -  5,422 7,140 6,279 6,487 

  ( S ) 6 4 5 4 
   ( L ), . -  0,90 1,79 1,26 1,62 

5.        
   (  2.3). 

  (mj)       
 (  2.3). 

 2.3 –   .  . 

 
 
 (j) 

 
, . 

-  

 
 

(Lj), . 
-  

, 
  
 

(mj)   
1 2 3 4 5 6 

1 

1 0,38 1,28 0,83 5 

2 1,28 2,19 1,7355 4 

3 2,19 3,09 2,64 10 

4 3,09 3,99 3,54 2 

5 3,99 4,90 4,45 4 

6 4,90 5,80 5,35 3 
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  2.3 
1 2 3 4 5 6 

2 

1 10,71 12,50 11,60 1 

2 12,50 14,28 13,39 0 

3 14,28 16,07 15,17 4 

4 16,07 17,85 16,96 2 

3 

1 10,71 11,97 11,34 3 

2 11,97 13,22 12,59 1 

3 13,22 14,48 13,85 1 

4 14,48 15,73 15,11 1 

5 15,73 16,99 16,36 3 

4 

1 10,45 12,07 11,26 4 

2 12,07 13,70 12,89 1 

3 13,70 15,32 14,51 1 

4 15,32 16,94 16,13 2 

6.   ( )  
 (f (L))   (2.6),   (F (L))  

 (2.7),    (P (L))   (2.8). 
 
 

( ) jm
f L

n L



, 

(2.6) 

1( )

s

j
j

m

F L
n




, 
(2.7) 

  

( ) 1 ( )P L F L  . (2.8) 

 
        2.4. 

 2.4–   
 ( )f L  ( )F L  ( )P L  

1 2 3  

1 

0,1976 0,18 0,82 

0,1581 0,32 0,68 

0,3952 0,68 0,32 

0,0790 0,75 0,25 

0,1581 0,89 0,11 

0,1186 1,00 0,00 

2 
0,0800 0,14 0,86 

0,0000 0,14 0,86 

0,3201 0,71 0,29 

0,1601 1,00 0,00 

3 

0,2654 0,33 0,67 

0,0885 0,44 0,56 

0,0885 0,56 0,44 

0,0885 0,67 0,33 

0,2654 1,00 0,00 
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  2.4 
1 2 3  

4 
0,3083 0,50 0,50 

0,0771 0,63 0,38 

0,0771 0,75 0,25 

0,1542 1,00 0,00 

7.       
  . 

         
 ,      

  – . 
     

. 
    –    
 b,        

     a,    
 

 1 1
L

a
b

  , (2.9) 

 
   1 1 b  –  –  (     

     ). 
       

 2.5. 
    (f (L))   

(2.14),   (F (L))   (2.15),  
  (P (L))   (2.16). 

 
1

( )

b
ib L
ai

b Lf L eaa

   
     

 
, 

(2.10) 

( ) 1

b
iL
aF L e

 
 
   , (2.11) 

  
  

( ) 1 ( )P L F L  . (2.12) 

 
        2.5. 
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 2.5 –   

 
 

 (b) 

 
-

 
 1 1 b  

 
 

( ), . 
-
 

( )f L  ( )F L  ( )P L  

1 1,7824 0,8897 3,053,05 

0,1914 0,09 0,91 
0,2606 0,31 0,69 
0,2409 0,54 0,46 
0,1780 0,73 0,27 
0,1109 0,86 0,14 
0,0597 0,93 0,07 

2 8,4452 0,94125 15,91 

0,0472 0,07 0,93 
0,1163 0,21 0,79 
0,1908 0,49 0,51 
0,1539 0,82 0,18 

3 6,4988 0,9318 14,91 

0,0816 0,16 0,84 
0,1232 0,28 0,72 
0,1563 0,46 0,54 
0,1577 0,66 0,34 
0,1168 0,84 0,16 

4 6,1481 0,92885 14,01 

0,1100 0,23 0,77 
0,1570 0,45 0,55 
0,1521 0,71 0,29 
0,0840 0,91 0,09 

 
2.3   

       
     2

,k  (  
). 

       
   : 

1.   jn P    ,  jP

   (2.13). 
 

( )jP f L L  . 
 

(2.13) 
 
2.   j jm nP    . 

3.      2( )j jm nP . 
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4.  
2( )j j

j

m nP

nP


  . 

5.   
2( )j j

j

m nP

nP


   –    

 2
, k  

 
2

2
,

( )j j
k

j

m nP

nP


 . 

 

(2.14) 

6.  2
, k     2

, k   

   (  α = 0,05). 2
, k .   

    
 

1k S R   , 
 

(2.15) 

  S  –  ; 
R  –    . 

  ,    
 

2 2
, ,k k   . 

 

(2.16) 

        2.6. 
 2.6 –     

 jP  jn P  j jm nP
 

2( )j jm nP  

2( )j j

j

m nP

nP


 

2
, k  

2
, k  

 
 

1 

0,173 4,844 0,156 0,024 0,005 

6,897 9,4 0,95 

0,235 6,593 -2,593 6,722 1,020 
0,218 6,096 3,904 15,241 2,500 
0,161 4,505 -2,505 6,275 1,393 
0,100 2,805 1,195 1,427 0,509 
0,054 1,510 1,490 2,220 1,470 

2 

0,084 0,589 0,411 0,169 0,286 

2,838 5 0,95 
0,207 1,453 -1,453 2,110 1,453 
0,340 2,383 1,617 2,613 1,096 
0,275 1,923 0,077 0,006 0,003 

3 

0,102 0,922 2,078 4,318 4,684 

7,608 7,4  
0,155 1,393 -0,393 0,154 0,111 
0,196 1,767 -0,767 0,588 0,333 
0,198 1,782 -0,782 0,612 0,343 

0,14669 1,320 1,680 2,822 2,137 

4 

0,178 1,427 2,573 6,621 4,641 

6,409 5  
0,255 2,036 -1,036 1,074 0,527 

0,2478 1,973 -0,973 0,946 0,480 
0,136 1,089 0,911 0,829 0,761 
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2.4 -     
 

-      
(  )      

  .  
     (  

 ). 
      

 
 a

CP

1 ( ) ( )
( ) mini i

i
i

C P L C P L
S L

L

   
  , 

 

(2.17) 

  aC , C  –      , 
.; 

( )iP L  –      i-   
; 

CPiL  –        -
 , . -   . 

        
 (   – ) 

 

( )

b
iL
a

iP L e
  
  . (2.18) 

 
        

    (   – ) 
 
 

     
1 2 1 3 1

2 3
....

1 2 1 2! 3 1 3!

b b b
i i i

i i b b b

L L L
L L

b a b a b a

   
     

     
. 

 

(2.19) 

       
  2.7. 

 2.7 –   
   a , . -    b  

1 3,05 1,7824 
2 15,91 8,4452 
3 14,91 6,4988 
4 14,01 6,1481 

   ,      
        2.8. 
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 2.8–    ,    
    

 
  

  iL , . 
-  

  
 aC , 

. 

  
 

C , . 
1 2,71 2100000 100000 
2 14,98 2100000 100000 
3 13,90 2100000 100000 
4 13,01 2100000 100000 

        2.9 -2.12. 
 2.9 – -      

( )iP L  iL , . -  CPiL  ( )iS L , ./ -  

0,997743 0,1 0,099919 209,197 
0,992258 0,2 0,199443 115,807 
0,984116 0,3 0,298282 88,351 
0,973617 0,4 0,396187 77,118 
0,960985 0,5 0,492934 72,233 
0,946411 0,6 0,58832 70,430 
0,930071 0,7 0,682158 70,323 
0,912128 0,8 0,774281 71,226 
0,89274 0,9 0,864535 72,761 

0,872058 1 0,952785 74,704 
0,85023 1,1 1,038909 76,915 
0,8274 1,2 1,122798 79,302 

0,803707 1,3 1,20436 81,801 
0,779285 1,4 1,283515 84,367 
0,754265 1,5 1,360197 86,968 

 2.10 – -      
( )iP L  iL , . -  CPiL  ( )iS L , ./ -  

1 0,5 0,5 40,000 
1 1 1 20,000 
1 1,5 1,5 13,333 
1 2 2 10,000 
1 2,5 2,5 8,000 

0,999999 3 3 6,667 
0,999997 3,5 3,499999 5,715 
0,999991 4 3,999996 5,001 
0,999977 4,5 4,499989 4,447 
0,999943 5 4,99997 4,005 
0,999873 5,5 5,499926 3,646 
0,999735 6 5,999832 3,351 
0,99948 6,5 6,499642 3,109 

0,999027 7 6,999279 2,913 
0,998259 7,5 7,498617 2,760 
0,996999 8 7,997457 2,651 
0,994998 8,5 8,495493 2,590 
0,991907 9 8,992274 2,584 
0,987254 9,5 9,487141 2,646 
0,980411 10 9,979164 2,789 

 2.11 – -      
( )iP L  iL , . -  CPiL  ( )iS L , ./ -  

1 2 3 4 
1 0,5 0,5 40,000 
1 1 1 20,000 
1 1,5 1,5 13,333 

0,999998 2 1,999999 10,000 
0,999991 2,5 2,499997 8,001 
0,99997 3 2,999988 6,671 

0,999919 3,5 3,499962 5,724 
0,999807 4 3,999897 5,019 
0,999585 4,5 4,499751 4,482 
0,999177 5 4,999451 4,066 
0,998472 5,5 5,498879 3,748 
0,997312 6 5,997848 3,514 
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  2.11 
1 2 3 4 

0,995482 6,5 6,496079 3,357 
0,992697 7 6,993171 3,278 
0,988588 7,5 7,488556 3,280 
0,982693 8 7,981462 3,373 
0,974444 8,5 8,470857 3,568 
0,963161 9 8,955401 3,879 
0,948061 9,5 9,433383 4,322 
0,928265 10 9,902679 4,917 

 2.12– -      
( )iP L  iL , . -  

CPiL  ( )iS L , ./ -  

1 0,5 0,5 40,000 
1 1 1 20,000 

0,999999 1,5 1,5 13,334 
0,999994 2 1,999998 10,001 
0,999975 2,5 2,499991 8,004 
0,999923 3 2,999968 6,677 
0,999802 3,5 3,499903 5,737 
0,99955 4 3,999748 5,045 

0,999071 4,5 4,499415 4,528 
0,998226 5 4,998759 4,143 
0,996815 5,5 5,497547 3,870 
0,994567 6 5,995434 3,698 
0,991129 6,5 6,491917 3,627 
0,986045 7 6,98629 3,662 
0,978751 7,5 7,477594 3,811 
0,968566 8 7,964559 4,090 
0,954693 8,5 8,445546 4,514 
0,936235 9 8,918489 5,102 
0,912223 9,5 9,380855 5,875 
0,881676 10 9,829622 6,850 

        
  ,    0,95., . . 95 %    

  . 
  , ,    DOOSAN 

    600 - .  
      , 
    600 - .   

       -2. 
  VOLVO  UMMINS QST-30   

    6000 - .  
      

 ,       
7000 - . 

   ,     
(  2.13-2.14). 
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 2.13 –      D SAN 
, 

-  
   

600 

   
 

  t ,  .    
  .      

.     .  
  .    . 

  ( )    

  
   .    

 

  

   ,  , 
  ,   -  . 

  ( ) ;   t , 
         

 . 

  
   ,   . 

    .    
       

   ,     . 
 2.14–    VOLVO  UMMINS QST-30 
, 

-  
   

7000 

   
 

   .   
  .   t , 

  .     
     .     

.     .  
   . 

     ,  , 
  ,      

,      .  
         

   
      t  
     2 .   

-   .   
 -    
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3.   
 
3.1      
 

        
,  100 ,      .   

         
.     ,      

    .      
    .  

        
 .    1   2 ,     

,      ( , ).     
        .  

  3.1  3.2    .  
 

 
 

 3.1 – ё      
 

 
 

 3.2 –  ё   
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 . .    ,  , 

 ,    .     
6-7   . 

      
   ,     

.      ,   
    ё .       

 .        
.  

 
 3.2    
 

      
,     .  

   . 
    , 

   ,     . 
     . 

      , 
   .     
      

,    .  
     :   

  . 
   : 

  
  
  
 .  

     , , 
.      

     . 
     : 

    ,   41.1 3/ ,  
  1500 /   52,5 3/ ,    1800 / . 

   111,3 3/ ,    1500 /   
138,4 3/ ,    1800 / . 

  ,       
   10000 3/ . 

    -15 (  3.3) 
       

 ,     
 ,   , ,   ., 
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  ,    ,   
      .    

         
  .  

 

  
 

 3.3 –    -15 
 

  ,      
,        

,    ,   2, 4, 6  8  
.       , 

   .    ,    
       

 .       
   2-  :   ,  – 

 - .     
 ,       

    ,       
.  ,      

    .      
    .  –  
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 = 0,05 1238000 = 61900. 
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 4.2 – ё  ё     
№  

 
 

 
 

  · 
   

1  -130 4 1 4,3 
2  -170 4 1 4,3 
3   RD-220 Y-1 4 1 4,3 
4  -35 12 1 11,0 
5 -155  6 1 6,0 
6  -355  6 1 6,0 
7  -355  6 1 6,0 
8  SD 16 6 1 6,0 
9  138 6 1 6,0 
10    4 1 4,3 
11  -500 6 1 6,0 
12 A3 12 1 11,0 
13  12 1 11,0 
14   8 1 7,7 
15                                                        8 1 7,7 
16  8 1 7,7 
17  375-  8 1 7,7 
18  4320 -  8 1 7,7 
19  4320 8 1 7,7 
20   8 1 7,7 
21  55571  8 1 7,7 
22  ZX-330-3 6 1 6,0 
23  ZX-450 8 1 7,7 
24  1200 6 1 6,0 
25  TIANGONG PU 8 1 7,7 
26  -100 6 1 6,0 
27  -130 6 1 6,0 
28  -131 6 1 6,0 
29  (14 .) 168 14 154,0 
30   12 1 11,0 
31 -  8 1 7,7 
32  12 1 11,0 
33  (5 ) 60 5 55,0 
34        8 1 7,7 
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2 = щ / , 
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           – ё         
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          2 = 1044122 / 2070 = 504.      
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  , % 

 
 = 100 ∙ ( 1 / 2 – 1) ,                                          (4.15) 
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; 1 = 2000 / .;  
2 –     , 2 = 504 / . 

 
 = 100 · ( 2000 / 504 – 1 ) = 297. 

 
     , . 

 
Ээ = ( 1 – 2) · ,                                                    (4.16) 
 

   – ё  ,  = 2070 .· .; 
 

Ээ = (2000 – 504) · 2070 = 3095878. 
 

  , . 
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 –    ,  =0,15. 
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5.1 ё       

 

5.1.1      
 

       
 :   – ,  – ,  

 – N x,   –   SO2. 
 i-      

 

1ik ik LikM m t m t   
  (5.1) 

  

 

  mnpik –   i-     ,  / .; 
mLik –  i-  ,   , /  [21]; 

 tnp –   , .; 
t , –       , .  

 
,iikik KmM   (5.2) 

  

  Кi –     [21].  
   

 
6

1 10 ,ij b ik k pM M N D     
 

 
(5.3) 

  αb  –   ; 
Nk –    ; 
Dp –         ; 

     5.1  5.2. 
 5.1 –        

  
CO CH N  SO2 C 

 

 
T T T T T 

 

1 2 3 4 5 6 
m ik, / . 1,65 0,8 0,62 0,112 0,023 

t , . 4 4 4 4 4 
mLik, /  6 0,8 3,9 0,69 0,3 
t , . 1440 

M1ik,  8646,6 1155,2 5618,48 994,048 432,092 
Ki 1,03 0,57 0,56 0,112 0,023 
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 5.2 –        

 α 
 
 

 
 

Mij, /  
CO CH N x SO2 C 
T T T T T 

 1 3 365 9,4680 1,2649 6,1522 1,0885 0,4731 
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(5.4) 
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    , /  

 
 = ∑ 𝑖 ∙ 𝑖 ∙ −3, 
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 -
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5.4 ,   
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  ,   , /  

 

 = ∑ 𝑁𝑖∙ 𝑖∙ 𝑖∙𝐿𝑖𝐿 𝑖 ∙ −3,   
 

(5.12) 

  Ni –  , .; 
ni –  ,   , .; 
mi –   , ; 
Li –    , / ; 
L i –     , / . 

        5.8. 
 5.8 – ,   

 
 

 
 

,  

 
 

,   

 
 

,  
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/  
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, 
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,  

 
 

 
,  

 
 

 
,  

3 3,6 1 1,5 9000 750 250 129,60 108,00 162,00 
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 –      , ; 
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CONCLUSION 
 
The author of the final qualifying work carried out an analysis of the existing 

structure and production management system. The methods of failure of diesel power 
plants (diesel power stations) are investigated. The conclusions are drawn based on the 
results of the analysis. 

The purpose of the final work was to develop measures to improve the 
maintenance and repair of diesel power plants. 

• Measures have been developed to improve the prevention system, including 
the power and cooling system of diesel power plants. 

• Made a choice of air purification system. 
• We carried out an analysis of the maintenance and routine maintenance of the 

fuel equipment of the DES. 
• Technological maps of testing and adjustment of fuel injection pump, testing 

and adjustment of injectors have been developed. 
The introduction of the newest equipment into the production process is 

suggested: 
• Stand for testing the injection pump with a protective screen Dieselland. 
• Stand M-107E for crimping and adjusting any injectors of diesel engines. 
• Industrial dust collector Cyclone -15. 
The organization of work on the repair of diesel fuel equipment was proposed, 

technical and economic indicators were calculated: 
• capital investments amounted to 1398940 rubles; 
• The payback period of capital investments is 0.5 years. 
Indicators of reliability are determined, the optimal frequency of preventive 

maintenance is estimated, and a map of preventive works is developed. 
The amount of waste generated is calculated. 
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