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2  4 5575 1990 
2  4 5568 1987 

6006 6004 1968 
9370 6034 1992 

 5598   
-303 5571 1989 

 , 5586  5586 .  
   -2 , 

5589  
5589 2005 

 2705  912  2003 
 31029  920  1994 
 3110  569  1992 
 3110  600  2002 
 3110  905  2003 
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 5314  587  1989 
 66  579  1991 
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 431412  645  1993 
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  -11 52500 1  

1990  
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2929 1 62000 1  
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2.1    
 

      
    : 

1.        ( AC ). 
2.    ( lCC ). 
3.       . 
4.         . 
5.   . 
6.  . 
7.      . 

 

    ,    
       

   2021 . 
 №1                                                    14 . 
 №2                                                    10 . 

        №3                                                    11 . 
 №4                                                      6 . 
 №5                                                     30 . 

 

       2.1. 
 

 2.1 -   
 1 2 3 4 5 

 -   14 10 11 6 30 
-  -   . -  14 10 11 6 30 

 ,  228 200 77 130 150 
-   .    255 255 255 255 255 

   , .  400 300 300 450 150 
 -1 ( .),  5000 4000 4000 4000 4000 
 -2 ( .),  20000 16000 16000 16000 16000 

   1  , % 25 0 0 0 10 
 2 , % 50 50 50 50 50 
 3 , % 25 50 25 40 40 
 4 , % 0 0 25 10 0 
 5 , % 0 0 0  0 

. 2     1,0 0,95 0,85 0,85 1,0 

. 2      1,0 1,15 1,1 1,1 1,0 

. 2  .     1,0 1,0 1,1 1,1 1,0 

. 3     0,8 0,8 0,8 0,8 0,8 



 

 

 

 1 2 3 4 5 
. 3      1,2 1,2 1,2 1,2 1,2 
. 3    0,9 0,9 0,9 0,9 0,9 
. 4  .  1,19 1,19 1,19 1,19 1,19 
. 5 0,9 1,0 1,0 0,9 0,9 
     , ./1000 . 0,22 0,43 0,43 0,38 0,35 

-    , . 0 0 0 0 0 
  , .∙ . 0,25 0,35 0,35 0,3 0,2 
  , .∙ . 0,12 0,17 0,17 0,15 0,1 
  -1, .∙ . 3,4 5,7 5,7 3,6 1,8 
  -2, .∙ . 13,5 21,6 21,6 14,4 7,2 
  , .∙ ./1000  2,1 5,0 5,0 3,4 1,55 

-  .     ,  255 255 255 255 255 
   , % 0 0 0 0 0 

-  .        255 255 255 255 255 
-  .      255 255 255 255 255 
-  .      255 255 255 255 255 

 
       

  (  2.2). 
 

 2.2 -   
 1 2 3 4 5 

  
 

  
  

 , /100  11,0 35,0 26,0 29,0 10,0 
  4 10 10 6 6 
 ,  4,735 6,18 7,14 5,05 4,5 

 ,  1,82 2,5 2,5 2,5 2,1 
 , . 1550 7100 9000 4800 1610 

,        
 180 743 743 490 170 

  25 314 314 120 35 
  85 1147 1147 500 110 

  100 330 330 260 60 
 
 
 

2.2        
 

 
     ( )  

  , : 
 

L lE сс0 = .                                                                        (2.1) 



 

 

 

 
    ,  (TO-1),  
, : 

 
L L K K1 1 1 3

' =   ,                                                                     
(2.2) 
 

 L1  –    TO-1   , ;  
K1  – ,    ; 
K3  – ,      

 . 
    ,  (TO-1),  
, : 

 
L L mE1 0 1

'' =  ,                                                                         (2.3) 
 

 m1  –     m1' : 

m
L

LEO
1

1'

'

= ,                                                                             (2.4) 

 
    ,  (TO-2),  
, : 

 
L L m2 1 2

'' ''=  ,                                                                         (2.5) 
 

 m2  –     m2' : 
 

m
L
L2

1

1

'
'

''= .                                                                          (2.6) 

 
     (    

 ) –  , : 
 

L L A L A A Ak k CHi k Ci CHi Ci

' ( , ( ))=  +   −0 8 , 

 
 ACH i  –   i-  ,    

; 
AC i  –    i-  ;  
Lk  –        

 ;  
0,8 – ,     



 

 

 

    . 
    –  , : 

 
 

L L K K Kk k1 1 2 3

'' '=    ,                                                           
(2.7) 

 
 K K K1 2 3, ,  – ,    , 
          

 . 
    –  , : 

 

L L mk k

''' ''= 2 ,                                                                          (2.8) 
 

 mk  –     mk' : 
 

m L Lk k

' '' ''= 2 . 
 

     2.3.  
 

 2.3 -       
 1 2 3 4 5 

   ,  228 200 77 130 150 
 1    0,9 0,85 0,825 0,84 0,87 

. 1    1,1 1,15 1,175 1,16 1,13 
 -1 1 

,  4050 3060 2970 3024 3132 
 -1 

2 ,  4100 3000 3000 2990 3150 
 -2 

1 ,  16200 12240 11880 12096 12528 
 -2  

2 ,  16400 12000 12000 11960 12600 
   1 ,  400000 300000 300000 450000 150000 
   2 ,  288000 193800 168300 257040 104400 
   3 ,  295200 192000 168000 251160 100800 

 
 

2.3    ,  
 -2  -1,   

 

2.3.1  , -2, TO-1,       
 



 

 

 

 
    : 

 
1N = . 

 
   -2  : 

 

N
L
L

N2
2

= −
'''

'' .                                                                (2.9) 

 
   TO-1  : 

 

N
L
L

N N1
1

2= − +
'''

'' ( ) .                                                      (2.10) 

 
    : 

 

N
L
L=

'''

.                                                                    (2.11) 

 
     2.4. 

 
 

 2.4 –  ,    
 1 2 3 4 5 

  0 0 0 0 0 
 -2 18 16 14 21 8 
 -1 54 48 42 63 24 
   1295 960 2182 1932 672 
   115 102 90 134 51 
 -1 77 69 60 90 34 
 -2 22 19 17 25 10 

 
 : 

 
N N=  .                                                                    (2.14) 

 
 
 

 -2: 
 

N N2 2=  .                                                                     (2.15) 
 



 

 

 

 TO-1: 
 

N N1 1=  .                                                                      (2.16) 
 

 
 : 

 
N N=  ,                                                                  (2.17) 

 
   –      : 

 

 L
L

= ''' ,                                                                        (2.20) 

 
 L  –   , : 

 
L l=   ,                                                              (2.21) 

 
   –    : 

 
 ЭЦ ЭЦ Ц= +( ) ,                                                     (2.22) 

 
 ЭЦ  –     ; 

Ц -       : 
 

L lЭЦ CC= ''' ,                                                                    (2.23) 

 
d LЦ = + −

' ' ''' 1000 ,                                                (2.24) 

 
 '  –        ;  
d −
'  –         1000  , 

        : 
 

2Kdd = −− ,                                                              (2.25) 

 
 d −  –        1000  ,  

     2.5. 
 2.5 -  .       

 1 2 3 4 5 
       0,220 0,430 0,473 0,418 0,350 



 

 

 

    0 0 0 0 0 
       65 83 79 105 35 
  1    1295 960 2182 1932 672 

   0,95 0,92 0,97 0,95 0,95 
   57399 48760 19793 32728 37763 

     0,19 0,25 0,12 0,13 0,37 
  0,0 0,0 0,0 0,0 0,0 
 -2 3 4 2 3 3 
 -1 10 12 5 8 9 
  84 244 257 252 252 
  21 26 11 18 19 
 -1 15 17 7 12 13 
 -2 4 5 2 3 4 

 

2.3.3  , -2, TO-1,        
 

 
   : 

  i -  : 
 

N N A
i i
=  ,                                                               (2.26) 

 

 : 
N N

i
i

n

 =
=1

.                                                               (2.27) 

 
 -2  : 

 i-  : 
N N A

i i2 2=  ,                                                                (2.28) 

 : 
N N

i
i

n

2 2
1

 =
=

.                                                             (2.29) 

 TO-1  : 
 i-  : 

N N A
i i1 1=  ,                                                                 (2.30) 

 
 : 

N N
i

i

n

1 1

1

 =
=

.                                                               (2.31) 

 
 

   : 
 i-  : 



 

 

 

N N A
i i
=  ,                                                              (2.32) 

 
 : 

N N
i

i

n

 =
=1

.                                                            (2.33) 

 
     2.6  2.7. 

 
 2.6 -        

 1 2 3 4 5 
  0 0 0 0 0 
 -2 42 40 22 18 90 
 -1 140 120 55 48 270 
  1176 2440 2827 1512 7560 
  291 256 123 106 576 
 -1 210 170 77 72 390 
 -2 56 50 22 18 120 

 
 2.7 -       
   

 
 
 

 
 

 -2 212 1  
 -1 633 3  
  8308 33  

  1352 5  

 -1 919 4  
 -2 266 1  

 

2.4   ё    ,    
  

 

2.4.1       
 
 

   , .∙ ./1 .: 
 

t t K K K K
i i

' =    1 5
.                                                 (2.34) 

 
 K    ,   

   .     
   0,75-0,8. 



 

 

 

  : 
 

K M= −1 100
,                                                                  (2.35) 

 
 M –   . 

         
-    ,     

 . 
      , .∙ .: 

 

T t
N

ni

i

i

n

= 
=
 '

'

1

,                                                       (2.36) 

 
 n '  –   ,     -

   . 
     2.8. 

 
 

2.4.2     TO-1  -2  
 
 

     TO-1 (t1 ), -2 (t 2 ) 
        
         

    K ,    K2   
   K5 , .∙ ./ .: 

 
t t K K K
i i1 1 2 5

' =    .                                                            (2.37) 

 
    -2, .∙ ./ .: 

 
t t K K K
i i2 2 2 5

' =    .                                                           (2.38) 

 
 K ,      

 ,   0,75-0,8. 
    -1  -2  i-  , .∙ .: 

 
T t N
i i i1 1 1= ' ,                                                                     (2.39) 

 
T t N
i i i2 2 2= ' .                                                                    (2.40) 

 



 

 

 

      , 
    -2       
 t , .∙ .: 

 
t t K

i
=  +2 1' ( ) ,                                                            (2.41) 

 
 K  – ,        

  -2.  
     -2    

 :  
 i-  , .∙ .: 

 
 T t A

i i i
=  2 ,                                                          (2.42) 

 
 , .∙ .: 

 

 T T
i

i

n

=
=

1

.                                                                 (2.43) 

 
 

     -2 ,     
 : 

  i-  , .∙ .: 
 

T T T
i i i2 2= + ,                                                                (2.44) 

 
 , .∙ .: 

 
T T T

i i i2 2= + ,                                                                 (2.45) 

T T T2 2= +  .                                                                  (2.46) 
 

    TO-1, -2  , .∙ .: 
T t N

i i
i

n

1 1 1
1

= 
=
 ' ,                                                                  (2.47) 

T t N
i i

i

n

2 2 2
1

= 
=
 ' .                                                                (2.48) 

 

 
     2.8. 

 
 2.8 -        

 1 2 3 4 5 



 

 

 

 . -   0,200 0,322 0,308 0,264 0,160 
 . -   0,096 0,156 0,150 0,132 0,080 

   1 1 1 1 1 
-  . , .  1  1 3 3 3 3 

  c   14 3 4 2 10 
     1,1 1,0 0,5 0,4 2,3 
 . -2   0,2 0,2 0,1 0,1 0,4 
 . -1   0,5 0,5 0,2 0,2 1,1 

 -   -1, 
.∙ . 4,05 7,80 7,46 4,71 2,14 

 -   -2. 16,07 29,56 28,27 18,85 8,57 
    , .∙ . 706 87 97 44 134 
    , .∙ . 28 40 18 14 46 
    -1, .∙ . 567 936 410 226 578 
    -2, .∙ . 675 1182 622 339 771 

 -    ё  -2, % 30 30 30 30 30 
  , .∙ . 4,82 8,87 8,48 5,66 2,57 

   , .∙ . 135 177 187 68 154 
   -2 , .∙ . 810 1359 809 407 925 

 -  , .∙ . 1,98 6,30 6,15 3,72 1,50 
    , .∙ . 1591 3072 1339 730 1699 

 
 

2.4.3        
 

 
       

      : 
1 -     ; 
2 -       ;  
3 - -     ; 
4 -      ; 
5 -    .  

 

 
t t K K K K K

i

' =     1 2 3 4 5
.                                               (2.49) 

 

       i-  , 
.∙ .: 

1000
A

LtT i
ii
= ,                                                       (2.50) 

 L
i
 –    i-  . 

        , 
.∙ .: 

 



 

 

 

T T
i

i

n

=
=

1

.                                                                      (2.51) 

 
  ,  TO-1  -2,    

2.9.          2.10. 
 

 2.9 -    -1  -2, .∙ . 
 1 2 3 4 5 

 68 81 94 136 41 81 23 41 58 93 
 261 300 356 503 156 299 86 151 220 342 

 57 89 103 258 45 154 25 77 64 176 
-  96 89 197 231 86 138 47 69 121 157 

-  34 65 94 109 41 65 23 33 58 74 
  17 24 28 95 12 57 7 28 17 65 
 34 16 66 27 29 16 16 8 40 19 
 0 146 0 0 0 0 0 0 0 0 

 567 810 938 1359 410 810 227 407 578 926 
 

 2.10 -      , . . 
 1 2 3 4 5 

1 2 3 4 5 6 
  

 32 61 27 15 34 
 64 46 20 11 25 

-  509 1106 482 263 561 
 – . 95 61 27 15 34 

 95 184 80 44 102 
  795 1458 636 348 756 

  
 239 553 241 131 306 

-  159 338 147 80 187 
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1 6 -60 14 1 2,5 17,5 5,6 0,098 
2 6 -120 10 2 2,5 41,0 8 0,328 
3 6 -120 11 2 2,5 41,0 8,8 0,3608 
4 6 -100 6 1 2,5 31,0 2,4 0,0744 
5 6 -75 30 1 2,5 24,0 12 0,288 

 : 36,8 1,1492 
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 . 
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(M), ** 

 . 
. 

 
(M), ** 

1 14 0,25 0,1 0,35 723,2 126,6 101,2 354,4 
2 10 0,5 0,1 0,5 424,2 106,1 42,4 212,1 
3 11 0,5 0,1 0,5 200,3 55,1 22,0 110,2 
4 6 0,35 0,1 0,45 176,7 18,6 10,6 47,7 
5 30 0,25 0,1 0,35 1019,6 382,4 305,9 1070,6 

, / : 688,8 482,1 1795,0 
, / : 0,689 0,482 1,795 

  , / : 2,966 
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**         10 .    100   . 
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1 14 8 0,2 723,2 1620,0 
2 10 12 0,53 424,2 2697,9 
3 11 12 0,53 200,3 1401,3 
4 6 12 0,5 176,7 636,1 
5 30 8 0,2 1019,6 4894,1 
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CONCLUSION 
 
Modern economic conditions objectively change the relationship between 

consumers and service providers. Motor transport companies, in the face of intense 
competition and escalating needs for systematic improvement of technological 
processes, inevitably strive to maximize the rationalization and increase the productivity 
of car maintenance and repair services. 

Operational reliability, safety and environmental friendliness, operating costs, 
manageability of the maintenance and repair Department, and the level of quality of 
services depend on the rational and scientific organization of maintenance and repair. 

Optimization of measures to improve the work of the Department for 
maintenance and repair is one of the main tasks for the development of any automobile 
enterprise, since the maintenance of a car is spent many times more labor and money 
than its production. Therefore, the topic of this diploma project is relevant. 

This diploma project deals with the reconstruction of the MAINTENANCE and 
maintenance zone in an existing enterprise. 

In the research part of the diploma project, the technology of car maintenance and 
repair, regulatory documentation for repairs were analyzed and shortcomings were 
identified. 

In the technological part, the production program for the repair and maintenance 
of the company's rolling stock was calculated, and proposals were made for the 
organization of the zone's work. To improve the quality of engine repairs, as well as 
reduce the time of repair, it is proposed to introduce new equipment and new 
technological processes. The placement of equipment on the sites is proposed, and the 
required number of posts is calculated. 

In the economic part, the economic effect of the proposed implementations was 
calculated, amounting to 59,455 rubles, and the payback period for the proposed 
measures and equipment purchases was 2.8 years. 

The diploma project also addresses issues of industrial safety and environmental 
friendliness. 
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