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       t  –           
( t  = 1 – 3 ). 
 

2
2

60

N
R


 , 

 
(2.75) 

 

 T  –   ; 
        c  –      – 2. 
 

   – 1 
 

11

1
1 η

τ



R , 

 
(2.76) 

 

, 1τ  –    – 1; 

        1R  –    – 1; 

        1η  – ,      
(0,85–0,95). 
 

   – 1 
 

1

1
1

609,0τ t
t




 , 
 

(2.77) 

 




1

1
1 N
t , 

 
(2.78) 

 

 1t  –        – 1;  
       1P  –      – 1 ( . 2.6.2);  

       t  –           
( t  = 1 – 3 ). 
 

1
1

60
N

R


 , 
 

(2.79) 

 

  T  –   ; 
        c  –      – 1. 
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2.6.3       

 
       
.    

 

 N
N . 

 
(2.80) 

 
      

100N .  100N      
 . 

 
    

 
τ
R

 , 
 

(2.81) 

 

 τ  –     ;  
       R  –     . 
 

' 60τ t
t




 , 

 
(2.82) 

 

 't  –     ;  
      P  –  ,      ( .2. 6.2); 

      t  –           
( t  = 1 – 3 ). 
 

60
N

R


 , 
 

(2.83) 

 

 T  –     . 
 

2.7    ,    
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2.7.1      
 

 
      

    
 

,000 ПKfF    (2.84) 
 

 0f  – ,     (   
), 2;  

0  –  ; 

ПK  –    . 
  ПK     

27 – 180 : 
       ПK  = 2,56 – 4,29; 
    ПK =2,44 – 5,17 (1, .89). 

 
     2.19 

 
 

 2.19–   ,     
  , ,    

   0f , 2  – 75131  73,2 

   , 0  ПK    F0, 
2 

  3 5,2 1141,92 

  – 1,2,3 1 4,3 314,76 

  ( ) 1 4,3 314,76 

 -1,2,3 1 4,3 314,76 

: 2086,2 

 
      576 2 . 
      

   – 7513,    20 ,  
       

 (  24000×84000×13000 ).    
 5     , , : 

 1   – 1,  – 2   – 3; 
 1  ; 
 1   – 1,  – 2   – 3; 
 3  . 

       , 
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  – .     
    ,  -  

  ,   .   
 ,         , 

       –  .  
     ,    
          

  –    ,   
        

  . 
 

2.8       
 

2.8.1    
 

     . 
,  ,  

-  ,     
   . 

 
2.8.2    
 

  2.20    . 
 

 2.20 –    

 
, 

  

   -85 1 

     37-02 1 

     .  600 500 600  -01 1 

  V=0,6 3  , 964 864 935 -02 2 

   , 3500 800 1800 -032 1 

  , 625 625 1600 -01 1 

 ,    

  II 2 

  -22 2 

   - 2 

  (  50:1)    200   
,  

d.585  1 

          – 57 1 

   2 

    (  3:1) 1700232 1 
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2.9   (  – 1,2,3) 
 

  2.21, 2.22, 2.23     
   (  – 1,2,3)   250, 500 

 1000 .  
 

 2.21 –     ( - 1)   
 

 
 

 
 

  
 

, 
-  

   
 

   (  – 1),  250 . . 
 

  
 

   
 

0.2    
,   

  

   
   

   
  

OP – 85, 
 

FORCE 

4,0     
    

(   ),  
 (  ) 

  
  

  
 

 0,2   150     
,  

    
 . 

 . 
.   

  

   0,5    105 – 
130 . .   

      
   

 
   

  
 

 

  
 

-    
  

  
   
 -  

  
 

 0,3     
  - 

.    
 ,   

  
 .  

     
   

   
 

  

  
  

0,5    105 – 
130 .  

  
  

 
 

   0,2      
15 – 20    

   

  
 

 
 

  0,1   
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  2.21 
  

 
 

  0,1      
    

 
,  

    
   (  

 ) 
 
 ,  

.   
.  

 
 

 0,1 ,    
   

 
   
  

 
 

, 
 

0,5    
     

    
  
,   
   

   , 
    

    
   

 
 

, 
 

   
 

 

  0,1 ,    
   

 
 

  
 

 
 

 
 

 0,2    
   

   
,   

    
,   

   
 

 
 

 

    0,2   
   

      
 0,65 ,  

   
   

  
 

  - 0,1    
.   

  
 , 

   , 
,   

 ,  
  -
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 2.22 –     ( - 2)   
   

 
 

  
 

, .     
 

   (  – 2),  500 . . 
   

 - 1 
  

 
 

 
  

 - 1 

8,0   
  

   
   

 , 
  

 

   0,5   
  

 
 

,  
 

,  
  
  ,  

  
 

  
  

,  
   

  
.  

 , 
 

 
  

 
 

  
 
  

.  .  
 

  , 
  
, 

 
 

0,3  
  

  . 
   

    
.   

   
 ,  

  
 

   
  

  
  , 

   ,  
  

  

0,2   
  , 

   
  , 

    
  

. 
   

 
  . 

   
  

   
 . 

 
  



41 
 

 

  2.22 
 

  
  , 

, 10% 
 

 
,   

   3 
- 5 ,  

 

0,2   
   

  
 . 

   
  

  
  

   
  . 

 
 

   
.   

  
 , 

  10%  
 . 

  
   10 – 15 

   
  

   
  , 

 
FORCE 

0,5   
      

    
   

   
  

 
(    

 ) 
 .   
  

 

  , 
 

FORCE 

0,5   
      

    
   

   
  

 
(    

 ) 
 .   
   

  , 
 

FORCE 

0,5   
      

    
   

   
  

 
(    

 ) 
  

  
,    

 
 

  0,5    
   

 -  
 

   
  

   
  

   0,3   , 
 , , 

   
 . 
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  2.22 
   

  
 
 
 

 

 , 
 

 

2,2  

 .  
    

  

 
 
 

 

 , 
 

 

   
  

700  

  
  

    
  

 
 
 

 

 , 
 

 

   
   

140  

   
   

 
 
 

 

 , 
 

 

   
   

1000  

 .  
–   . .  

 
 
 

 

 , 
 

 

   
   

3000  

   
   

     

 
 
 

 

 , 
 

 

   
   

2700  

   
 –   

    
 

 
 
 

 

 , 
 

, 
  

 ,  
     

   
   

 –   
   

  
   

 
  

   
   2  

    
  
 

  0,1     
,    

 ,   – 
   

 . 
  

   
   

 

  
( )  

 , 
  

0,5    
   

  
  . 

   
   

.   
   

   
 ,  
,   

   
   

   
  

    
    

    
 . 
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  2.22 
    

 
   

 ,  
   

 

  
( )  

 , 
 , 

  
  

0,5    
   

    
  ,  

  
 , 

  
   

  
 .  

 
 

   
  

   
 8  

 

 2.23 –     ( - 3)   
 

 
 

 
 

  
 

, .     
 

   (  – 3),  1000 . . 
  

  - 2 
  18,8   

 , 
  

  
. . 

.  
. 

 – 
 

 
 

 , 
 

FORCE 

0,5 . . . 
  

 –   

 
 

  

   0,3    
,  

  
.  

  
  

   
 

 
 . 

 
 
 

 
  

  4,0  

 
  

  
,  

  . 
 
 .   

,  
 

. .  
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 - 
 . 

,  
 - 
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  2.23 
 

 
: 

  3,0  

  
-
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 , 
 

 

 1000  

  
 

 
  
; 

 
 

 , 
 

 

2700  
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 , 
 

 

1200  
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2700  

  
 

 
 

 ; 
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2500  

  
 
 

 ; 
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600  

 
 

 
  

 
 . 

 
 

  0,5    
  

, , 
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 .  
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2.10        
 
2.10.1        

  
 
1.         

       
        . 

2.     ,     
    ,   

 -  . 
   ,   ,   

        
,       

  ,   . 
3.         

 ,    . 
        

   . 
        

   . 
4.          

  . 
5.            

       
    . 

6.       
,       

 10%.       
        

 4%. 
7.        

       0,8 . 
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3.        
 

 

        
 . 

    ,   
    ,     

:     ,  
,   ,      

 ,        , 
  .   ,    

   ,       
       .  

         . 
,          

10  ,  ,   .    
     ,    

        
    . 

         
         

 
  ,    

  ,         
         . 

 
  3.1  –    . . 

 

 3.1 –    .  
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  3.1   ,   
 . 

 

 3.1 –  ,    
 

N 
/  

      
 

   
/  

1   
 ,  
 

92011002523 II     
  

  
   

2     40615001313 III     
  

  
  

3    
 

40615001313 III     
  

  
  

4    
,   

 

40612001313 III     
  

  
  

5    
  

92130201523 III     
  

  
  

6    , 
   

 (   
  15%  ) 

91920501393 III     
  

  
  

7   
 

40635001313 III     
  

  
  

8    
  

92130101524 IV    
  

  
  

9     
    

92113001504 IV    
  

  
  

10     
   

92113002504 IV    
  

  
  

11    92031002524 IV    
  

  
  

12  ,  
 (   15%  

) 

91920402604 IV    
  

  
  

13 ,   
(   15%  ) 

91920102394 IV    
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  3.1 
14     91920502404 IV    

  
  

  
15     

 
73339001714 IV    

  
  

  
16       

 
46101001205 
46210001205 
46220003215 

V    
  

  
  

17      
 

91910001205 V  

 
3.1     ,  

  
 

     
   (   )   

  ,    ,  
  .     / . 
 
Ni = Σ N .i × ni/ i ,                                                                                  (3.1) 
 

     N .i – -  ,   i-  ; 
ni –    , .; 

i –     i-  , . 
 

     , /  
 
П  = Σ Ni×mi × 10-3,                                                                       (3.2) 
 

     Ni –    i-  , ./ ; 
mi –    i- o   . 
  

        3.2 
 

 3.2 –     
 

 
 

-  
 
-

  
 

,  

 
-

 
 

  
, 

 

 

 ,  

 
 
 

   
,  

, 
/  

 -75131 20 6 -190 1,5 73,2 2 1,854 
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 ,     ( ) 
 ,       
  –1,854 /  

 
3.2 ,  ,     

( ) 
 

       
 ,    , 

  , /  
 
П  = ΣNi  × i × Li/L i × 0,001, / , (3.3) 
 

 Ni –   i-  , .; 
 –        

 i-  ; 
 –        

 i-  ; 
Li –     i-  , .   ; 
L i –     i-     

 , . . 
 

       
   3.84 .   (   ). 

 
        3.3. 

 
 3.3 –      

  
-  

 

 

 
, 

к  

 

 
, 

к  

 
, 

ы . к  

 , 
.  

 ,   ,  

 -75131 20 14 9 90,65 3,84 4,249 6,610 

 
 ,     

      ( ):  
 4,249 / ;   6,610 / : 
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3.3   .   
  

 

     
,       

     /  
 

       
: 

 
П  = ΣNi× Vi × Li/ LHi× Np × Dn × 0,001, / ,                               (3.4) 
 

     ,  
 : 

 
П  = ΣNi× Vi × Li/ LHi× Np × Dn × К  × 0,001, / , 

 
    Ni –   i-  , .; 

V  –   ,    i- ; 
V  –   ,    i-
; 
V  –   ,    i-
; 
Li –     i-  , . / ; 
L i –     i-     , 

. / ; 
Np –    , / ; k = 0.9 / ; 
Dn –   , / ; Dn = 0,9 / ; 
К  – ,      

 ,  = 1,02 (     I – IV  
). 

       
     3.4 

 
 3.4 –      

  

 
 

N, 
.   

L i, 
. 

/
 

Li 

.
/  

V ,
 

V ,
 

V ,  
 

- ,  

 
-

,  

 

 
- , 
 

-75131 20 -50  3,84 90,65 165 92 510 74,57 35,1 198,9 
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 ,     ( ) 

 :   74,57 / .   
35,1 / .   198,9 / . 

 
3.4     
 

     ,  
 ,     

   / : 
 
П  =ΣNi × ni × mi × Li/L i × 0,001, / , (3.5) 
 

:          Ni –   i-  , .; 
      ni –  ,    i-  , 

; 
      mi –       , 

; 
      Li –     i-  , . / ; 
      L i –     i-     , 

. . 
 

         
3.5 

 
 3.5 –        

 
 

 
  N, 

. 
m,   L, . / . L i, .  n, . ,  

-75131  20 1773 90,65 40 6 482,1 

 
 ,     ( ) 

  :     482,1 
/ . 

 
3.5   
 

     , /  
 

 = m/(1 - k),  (3.6) 
 

  m –   ,   , / ; 
        k –     , k = 0,05. 

     5000   . 
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    , /  
 

 = m/(1 - k)=5/(1 - 0,05) = 5,263 . 
 

 ,     
 5,263 / . 

 
3.6    ,  ,    

 ,      
 

    , ,  
,     ,   ,   

      / : 
 

 =ΣLi/LHi × k, / ,                                                                               (3.7) 
 

:    Li  –    , / ; 
k –         

    ,  (   «   
     »  1999 .); 

LHi  –     , . . 
 

       
    ,     3.6 

 
 3.6 –        
 ,    . 

 
 ,     

   ( ):  Al  = 5.765 / ;  Cu = 0.100 / ;  Fe = 
19.254 / . 
 

3.7  ,     
 

 
      

,     
   / : 

 
П  =ΣNi × ni × mi × Li/L i × 0,001, / ,                                            (3.8) 

 
 

N, 
. 

Li, . 
/  

LHi, 
. 

/  

k, al k, Cu k, Fe  
Al , 
/  

 
Cu, 
/  

 Fe, 
/  

-75131 
20 90,65 1813 31,8 0,55 106,2 5,765 0,100 19,254 
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:         Ni –   i-  , .; 

      ni –  ,    i-  , 
; 

      mi –       , 
; 

      Li –     i-  , . / ; 
      L i –     i-     

 , . . 
 

       
   3.7 

 
 3.7 –       
 

 
 

-  
, 

 

 
 
, 

 

Li, . 
/  

LHi, . 
/  

n,  ,  

-75131 20 5,2 90,65 3,84 12 29,461 

 
 ,      

     = 29.461 / .  
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4.   
 

4.1    
 

       , 
,      ,  

,    .   
      

. 
 

 (  )   ( ) 
 

.К = З + З + З З , (4.1) 

 
    З   –    ; 

З  –    ; 
З .  –      ; 

 –    ,  = 33000000 . 
 
К = 318490 + 31849 + 31849 + 33000000 = 33382188. 
 

  4.1     . 
 

 4.1 –     

 ,  
 

, 
. 

  
WT160.W 
D5/F1.00 

1 19400 

     37-02 1 53500 
     .  

600 500 600 
-02 1 12490 

  V=0,6 3  , 964 864 935 -01 2 11980 
   , 3500 800 1800 -032 2 12262 

  , 625 625 1600 -01 1 15720 
 ,   2 30000 

  II 2 11000 
  -22 2 9800 

   19603 2 5798 
  (  50:1)   

 200   ,  
d.585  1 26000 

        
 

 – 57 1 45900 

   2 26040 
    (  3:1) 1700232 1 38600 

:   318490 
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4.2       
 

        
        

     .    
  ( ). 

     :  
  ,    , 

,  ,  . 
   .     

      . 
          

  .    :    
   ;    ,  

   ,    , ,   
.      ( )   
 

 

. .C K K ,                                                                               (4.2) 

 
   –   , .; 

K  –  ,  (К  = 1.5); 

 –   , .- , (  = 23983); 

. .K  – ,  ,   , 
 ( . .K  = 1.5). 

 

i
1
T

C

m

i
i

N

N
 


 ,                                                                             (4.3) 

 

 i  –     , . 

 ( i  = 105); 

iN  –    , .; 
N  –      , .; 
m  –  . 
 

   , . 
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ЗП0 = 5666007. 
 

    ( )   
,     . . 

         
 

= ,
100                                                                                         (4.4) 

 

  –    . 
 

100

(365 ) 1


    ,                                                                  (4.5) 

 

  –  , ; 

,  –        
. 

       6-  
     ,    
. 

   66  , 52  
  10  . 

 
   

 
ЗПДП = 1521215. 
 

    . 
 
ЗП щ = ЗПДП + ЗП0,                                                                                (4.6) 
 
ЗП щ = 7187222 

 
      .  

  ( )   : 
 

100
 ,                                                                                          (4.7) 

 
 = 2156167. 
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  –      (30 %). 
 

     
,    ,  

    .    
   . 
 

  4.2     
 . 

 
 4.2 -      

№ /    , . 
1   437472 
2     2700 
3   124,4 
4  57960 
5  17560 
6    83747,5 
7    1980000 
8   200994 
9  ,     55000 
10   7187222 
11     2156167 
12   1217894,69 
13    13396841,6 

 
   

 
W ,                                                                                             (4.8) 

 
 W  –    , 62496 · ; 

 –  1   , ,  = 7 . 
 

 =62496 · 7 = 437472. 
 

      
 

K ,                                                                                      (4.9) 
 

  –       
, 3/ , V  = 0.3344; 

 –     ,  = 280; 

K  –   , K = 0,9; 
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 –  1 3 , , = 32. 
 

 = 0,3344 · 280 · 0,9 · 32 = 2700. 
 

   
 

 = 89,1. 
 

c К ,                                                                               (4.10) 
 

  –      , 
3/ ; 

 –  1 3  , . 
 

 = 124,1. 
 
       

  ,      . 
 

    
 

OT T
. 1000

V

i
 ,                                                                             (4.11) 

 
 T  –     1 3 , /  (    

  – 15,   – 25); 

OT  –   , . (   
 – 4320); 

V  –  , 3, V  = 7488; 

 –  1  , .,  = 37,5 ; 

i –   , /  (     – 
 540). 
 

.  = 25· 7488 · 4320 · 37,5 / (1000 · 540) = 57960. 
 

   
 

W ,                                                                                           (4.12) 
 

 W  –     , , W  = 2508; 
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 –  1  , ,  = 7. 
 

 = 2508 · 7 = 17560. 
 

        5% 
   .: 

 
. . = 1674950 ∙ 0.05 = 83747,5.                                                         (4.13) 

 
         40   

   . 
        5 %  

 ,      – 2 %   
. 

     12 %   
,   – 3 %   . 

       10–15 % 
    . 

  ,      
     1000–1500 . 

   (   ). 
   «  ,    » 

   2500 .   . 
     10 %     

 . 
 

4.3      
 

      , . 
 
Д = 0 · ч  ,                                                                                             (4.14) 

 
    ч  –      , ; 

ч  = 1500 . 
 

 = 23983 · 1500 = 35974650. 
 

    ,  
 
Пч = Д – 0 ,                                                                                            (4.15) 
 

    0 –  . 
 
Пч = 35974650 – 13396841,6 = 22577808,4. 
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  , %. 

 
  = 100 · Пч  / К,                                                                                      (4.16) 
 

     –  ,  = 33382188. 
 

 = 100 · 22577808,4 / 33382188 = 67,63. 
 

   ,  
 

 =  / Пч ,                                                                                               (4.17) 
 

 = 33382188 / 22577808,4 = 1,47. 
 

  4.4   –  
. 

 
 4.4 -  –   

   
  , . 20 

   , .- . 23983,1 
  , . 11 

    , 
. 42525 

 , . 13396841,6 
 , . 67,6 

 , . 33382188 
 , . 1425292,2 

   ,  1,47 
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  - .     
,       .  

          
     . 

        
    .  
  ,   ,   
      

  – 75131    ,  
      : 

       
 ,  ,     

      , 
   .      
       

  .     , 
         

   .  
        

   .      
 ,  ,   

  . 
        -

     . 
    ,  ,    

 .      :  
   318490 ,   
 33382188 ,     
 1,5 ,    67,6%. 
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CONCLUSION 
 

The present graduation thesis considers measures of improving the 
maintenance process – evidence from the «BTL-Service» company. The analysis 
of the operational procedures has been carried out, and a number of shortcomings 
have been identified. It has been proposed to purchase advanced process 
equipment and tooling to improve the efficiency of work of the Road Transport 
Shop (RTS). 

The first chapter of the research part of the graduation project gives the 
analysis of the operational procedures of RTS. There have been presented the 
following points: main characteristics of the enterprise and its organizational 
structure, list of necessary measures for maintenance of a dumptruck BelAZ-75131 
and characteristics of the rolling-stock.  

The second chapter of the graduation project presents the calculation of the 
operational programme of RTS, main numerical characteristics of the sites, the 
number of depots that will bring the maximum economic benefit, and the required 
number of staff. Also the necessary equipment for technical maintenance area has 
been selected and the detailed process plans have been made. Considering the 
given calculations we conclude that there should be one depot for optimal 
functioning of the maintenance area. 

The third chapter of the graduation project gives the calculation of 
environmental emissions caused by RTS functioning. Wastes from mechanical 
parts, dumptruck tyres, wastes from lubricants and accumulators have been 
calculated.  

The fourth chapter of the graduation project gives the calculation of 
technical and economic indicators of the maintenance area, the total annual payroll, 
capital investments, as well as their payback period. Taking into account thereof 
we have concluded the following: the purchase of equipment requires 318,490 
roubles, capital investments amounts to 33,382,188 roubles and the payback period 
is 18 months, the return on capital investments is 67.6%.  
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