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1   

1.1   
 

  « » –   –  
     ,     -

     –    -
 . 

  « » (  –  « »),    « -
»,        

   .   « -
»       1980 .   -

  ,     .    
 ,      

   ,   320  . 
     « »,    

 .      -
   –   (  – ),  

         -
.      -

         -
   .     3,6 

2.         -
 0,3-0,4   1 2.     16  

,  -   7  .   -
    .    

      .  -
   , ,     ,    

 .      
    (40 ),  (90 ),  (150 ).  -

   -      80 . 
      (     ) -

  III  (170 ).      -
  III  (25 ).       

     –  – -
         ,    

            
. –     .  -

.     -   
 305  -  . 

         -
.         -

 (  ),     ,     
.       -

  -    « ». 
       – -

      -
           -
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    .    
        -

     ,   -
   . 

 

1.2    
 

 01.05.2020 .      -
   93  .     

 .     1.1   1.1  -
      . 

 

 
 1.1 –      -

 
 

 1.1 –      
   ,  

 773D (220 ) 44 
CAT 785C (136 ) 49 

 93 

 
  1.2     . 

  1.2 - 1.3    .  
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 1.2 –    
   

  Caterpillar 785C Caterpillar 793D 
  ,  mo 113480 159662 
 ,   

 ,  
mo1 53222 73445 

 ,   
  ( ),  

mo2 60258 86217 

  ,  ma 249480 383749 
 ,    

,  
ma1 83077 141985 

 ,     
( ),  

ma2 166403 257112 

 ,  m  136000 220000 
 ,  L 5,18 5,905 

  ,  Nmax 1082 1801 
     , ./  nN 1750 1750 

  33.00R51 40.00R57 
   nk 2 2 

 ,  B 6,64 7,680 
 ,  H 5,77 6,494 
  ,  K 11,022 12,862 

 ,  B 4,85 5,610 

 
  1.2-1.3        -
 CAT 785C  CAT 793D . 

 

 
 1.2–       CAT 785C 

 

 
 1.3 –       CAT 793D 
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    1.3   
 

 
 1.3 –    

, ,   
 

, . ё ,  

Caterpillar 7540   2 30 
Caterpillar 7540   3 30 
Caterpillar 74131 -  1 140 
Caterpilar  777 D  1 90 
K MATSU FD 160 E-8    1 - 
K MATSU FD 18T-20  1 - 

 315196   1 - 
    10  

 

1.3   
 

  1.4      -
  05.05.2020 . 
 

 1.4 –     . 
  

   76 
   11 
   9 
    7 
  -   4 
 ,      2 
  212 

 272 

 
      365.    -

,    – 11 ,   
.      – 730.    -

: 2  , 1  -  . 
         

  2000    800,       0100  0200 
 0500  0515.     800    2000,   1300 
 1400   1700  1715. 

  -   -
     1.5. 
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 1.4-   -  -
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1.4 ,      
 « » 
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      : 
- -  ; 
-  ; 
-    ; 
-  ; 
-  ; 
-  ; 
-  ; 
-  ; 
-  . 

       -
    , ,   . 

       -
 ,  ,   ,  . 

        -
      ,   . 

        
  ,        -

   ,    ,   -
,   ,    . 

         
 . 

    . 
      ,  
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  ,        -
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,   ,    . 

      
 .    ,  
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  .          -
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        -
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1.5        
 

        
,      -

   ,      
      : ,   -

 ,       -
     ; ,   

   ,    -
 . 

       
    ,   -  -

 ( ). 
     -    

   .      ,  
    ,   -  . 

       -
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     . 
 ,      -

       -
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-      (   ); 
-    ( -1) -  250   -
; 
-    ( -2) -  500   -
; 
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-    ( -3) -  1000   -
; 
-    ( ). 

         
  ,     
,   ,    ,   
,    , –  . 

,  ,    -
  ,        . 

-1, -2  -3  , , -
, , - , -   (  -
    , )   ,  

      ,  -
     ,  -

,      . 
            

        .   
    -2  -3. 

        -  
.   ,      -
.           

       . 
    ,    

   ,       ,  -1, 
-2  -3. 

          
.       ,   

   ,   ,   
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    ,      
   ,    ,   

    , . .     
,  .       -

     .     
  -   ( ),    

 .      .   
        -

  ,    . 
     ,   -

 ,    ,  -
  .         

 . 
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1.7     ,  
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   ,         
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        -
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 ,    «  ». -
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  ,     ,   
     . 

        
   ,       

. 
,       , 

        
 ,        -

  ,      
  . 

         -
     . 

 

1.8       , 
 -      

 
 ,      «   -

 »  « »    2017   2019  -
,           
       785 .  

       785 ,    
      785000 .    

793D     ,    
151121 .,         . 

     1.8.1     
 1.5 

 
 1.5 –      2017 .  2019 . 

 ,  ,  

 785  
2017 250 

2018 670 

2019 750 

 

 
 1.5 –        

2017 .  2019 . 
 

 2018           
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   « »       -
       -  , 

    « ».  « -
»    25    « -
».        .   -

    « »,      
  .           

            
  . 

          
    « »,    ,  

        -
. 
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2   

2.1    
 

      
    : 

       ( CA ). 
1.    ( lCC ). 
2.       . 
3.         . 
4.   . 
5.  . 
6.      .  

 

 2.1 –      
   

 
Caterpillar 

785C 
Caterpillar 

793D 
1 3 4 5 

   136 220 
  , c . 49 44 
 ,  ,  . 2 44 

    -   ·  64687 12779 
   294 310 

-        365 365 
    250000 250000 
  -1  3800 4500 
  -2  7600 9000 
  -3  15200 18000 
  -1  76000 90000 
  -2  121600 144000 

 1     - 1,1 1,1 
 1   - 1,2 1,2 
 1    - 1,2 1,2 
 2     - 0,9 0,9 
 2   - 0,9 0,9 
 3   - 2,3 2,5 
 4   - 1 1 
 4    - 1 1 
 5      1 1 
 5    1 1 
 6    0,95 0,95 
 6     0,95 0,95 
 7      1 1 
 7    1 1 
 7    1 1 
 7     1 1 

   - 0,3 0,4 
  -1 - 11 12 
  -2 - 24 26 
  -3 - 31 35 
  -1 - 159 159 
  -2 - 340 400 
   - 12 12 
     1,6 1,6 

 
       
  (  2.2). 
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 2.2 –     
 

 
 

,  
 , 

/  
 , 

 
 
,  

Caterpillar 785C 136 15,2 11,022 6,64 
Caterpillar 793D 220 18 12.862 7.680 

 

2.2    
 

       -
         

 : 
– -   – K1; 
–     – 2; 
–         – 3; 
–       – 4; 
–    – 5; 
–   ,   – 6; 
–  ,     – 7. 

     
  ( )    

 

765  . (2.1) 
 

        
   

 
765  . (2.2) 

 
     

  
 

21  . (2.3) 
 

     -
  

21  . (2.4) 
 

     -
 (    )   
 

764321  . (2.5) 
 

      
 

 

76541  . (2.6) 
 -      -
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 . 
     (5%)     

    
 

mp

n

L

L
 , (2.7) 

 
     Ln  –       50%, ; 

Lmpi  –     , ; 
Qi – ё   ,   i-  ; 
Lni –       50%, . 
 

      
 








 i

mpii

i

nin

n

LQ

LQ
L

1

1 . (2.8) 

 
     2.3. 

 
 2.3 –     

  Caterpillar 785C Caterpillar 793D 
    ,  12 12 
      50%,  12 12 

     50% 0,5 0,5 
       1 1 
     0,99 0,99 
     0,99 0,99 
      2.35 2.56 
     1,14 1,14 
   -2, % 50 50 

 

2.3        .   
      

 
        

    
 
L lE сс0  . (2.9) 

 
      

lL  . (2.10) 
 

  –      . 
    ,  (TO-1) -

  
эVKLL  1

/
1 , (2.11) 
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      L1  –    TO-1  .∙ .   -

;  
K  –     -

   ( ) ; 
эV  –   , / . 

 
    ,  (TO-2), -

  
 

эVLL  22
/ , (2.12) 

 
     2L  –    TO-2  ∙ .   -
;  

K  –     -
   ( ) ; 

эV  –   , / .  
      (TO-3), -

 , . 
 

эVLL  33
/ , (2.13) 

 
    3L  –    TO-3  · .   -
;  

K  –     -
   ( ) ; 

эV  –   , / . 
      ( -1),  

  
 

эVLL  11
/ , (2.14) 

 
      1L  –    -1  · .   

;  
K  –     -

   ( ) ; 
эV  –   , / . 

      ( -2)  
  

 
эVLL  22

/ , (2.15) 
 

    2L  –    -2    , -
· ;  
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K  –     -
   ( ) ; 

эV  –   , / . 
     ( -1) -

   
 

ii  11
/ , (2.16) 

 
     1 –    -1   , .∙ .;  

K  –     -
   ( ) . 

     ( -2) -
   

 
ii  22

/ , (2.17) 
 

     2 –    -2   , .∙ .;  
K  –     -

   ( ) . 
     ( -3) -

   
 

ii  33
/ , (2.18) 

 
    3 –    -3   , .∙ .;  

K  –     -
   ( ) . 

     ( -1)  
  

 
ii  11

/ , (2.19) 
 

     1 –    -1   , .∙ .;  
K  –     ( -

) . 
     ( -2)  

  
 

ii  22
! , (2.20) 

 
   2  –   -1   , .∙ .; 

K  –    . 
    ( )   

 
ii / , (2.21) 



22 

      –      , .∙ .;  
K  –      

  . 
       

 
ii / , (2.22) 

 
       –       , .∙ .;  

K  –     . 
       

 

100

202/ 
 i

i , (2.23) 

 
     i

/  –   , .∙ .;  
i2  –     -2, .∙ .  

     2.4. 
 
 
 

 

 2.4 –       -
  

  Caterpillar 785C  Caterpillar 793D 
  136 220 

  ,  294 310 
  -1,  (1 .) 3412,5 4725 
  -1,  (2 .) 3528 4650 
  -2,  (1 .) 6825 9450 
  -2,  (2 .) 7056 9300 
  -3,  (1 .) 13650 18900 
  -3,  (2 .) 14112 18600 
  -1,  (1 .) 79800 94500 
  -1,  (2 .) 84672 93000 
  -2,  (1 .) 127680 151200 
  -2,  (2 .) 127008 148800 
  ,  (1 .) 202041 250000 
  ,  (2 .) 212143 262500 
  ,  (3 .) 211680 260400 

 

2.4    -1, -2    -1,       
-2, -3  ,   -2  

-1 
 

   -1       
 

)(
21

1


  ii
cii L

L

L

L
AN . (2.24) 

 
   -2    

 

)(
32

2


  ii
cii L

L

L

L
AN . (2.25) 



23 

 
   -3    

 

)(
13

3


  ii
cii L

L

L

L
AN . (2.26) 

 
   -1    

 

)(
21

1


  ii
cii L

L

L

L
AN . (2.27) 

 
   -2    

 

)(
2

2
ii

cii L

L

L

L
AN 


 . (2.28) 

 
        

 

)( i
i

cii N
L

L
AN  , (2.29) 

 
    N -1 i, N -2 i, NT0-3 i, N -1 i, N -2 i, NK i –    -

      i-    ; 
L i –    i-      , ; 
L -1, L -2, L -3,L -1, L -2,L  –    , 

     , ; 
N i –      i-    , .; 
Aci –    i-  , . 

    . 
     2.5. 

 



24 

 

 2.5 –   ,      
   

  Caterpillar 785C Caterpillar 793D 
 ,  136 220 

  3    ,  1,5 1,5 
     , /100  1,2 1,4 

        100  1,8 1,96 
     720 840 
       381 510 

   0,65 0,62 
  , . 70174 70384 

   0 0 
  0,3 0,3 
 -2 1,3 1,5 
 -1 0,3 0,3 
 -3 14,7 13,7 
 -2 15,3 14,27 
 -1 44,7 41,7 
  720 840 
 -1 79,1 73,9 
 -2 33,1 30,9 
 -3 17,6 16,5 
 -1 1,7 1,8 
 -2 1,6 1,8 

 
        -

    
 

1

1
1




  i

i
N

N , (2.30) 

 

2

2
2




  i

i
N

N , (2.31) 

 

3

3
3




  i

i
N

N , (2.32) 

 
i

i
N

N 1
1


  , (2.33) 

i
i

N
N 2

2


  , (2.34) 

 
i

i
N

N  , (2.35) 

 
     N -1 i, N -2 i, NT0-3 i, N -1 i, N -2 i, N i  –    

      i-    ; 
-1,  -2,  -3,  ,  –       -1, -2, 

-3, , . 
     2.6-2.7. 
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 2.6 -  , , ,       
   

  Caterpillar 785C Caterpillar 793D 
 ,  136 220 

      0,3 0,3 
  0,11 0,07 
 -2 0,44 0,40 
 -1 0,11 0,07 
 -3 4,86 3,71 
 -2 5,08 3,86 
 -1 14,81 11,28 
  238,69 227,05 
 -1 26,23 19,98 
 -2 10,96 8,34 
 -3 5,84 4,45 
 -1 0,56 0,48 
 -2 0,53 0,48 

 

2.5   ё    , , , ,         
,      

 
         -

          .  
      i-  , .· .    

 
iii NT  . (2.36) 

 
       TO-1, 

-2  -3  i-  , .· .    
 

iii NT 11
!

1   , (2.37) 

 
iii NT 22

!
2   , (2.38) 

 
iii NT 33

!
3   . (2.39) 

 
         

-1, -2    i-  , .· .    
 

iii NT 11
!

1   , (2.40) 
 

iii NT 22
!

2   , (2.41) 
 

iii NT 22
!

2   . (2.42) 
 

      ( )   
   i-  , .· .    

 
iii NT  , (2.43) 
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      , -
    -2   20%    -2, 

.· .    
iiT 22,0  , (2.44) 

 
    K  – ,        

  -2.  
      -1, -2, -3, 

-1, -2, ,   i-  , .· .    
 

    CO OiTOiTOiTOiTOiTOiTO KTTNTNTN 332211  (2.45) 
 iiiii NN   2211 , 

 
     ,  – ,    -
 . 

     2.7. 
 

 2.7 –  ё    , , , ,  -
    

  Caterpillar 785C Caterpillar 793D 
  , .· . 3473,61 3956,06 
 -1, .· . 7901,71 5895,90 
 -2, .· . 5917,30 2976,08 
 -3, .· . 7312,64 5657,87 
 -1, .· . 847,66 506,01 
 -2, .· . 7300,27 6968,82 
 , .· . 44563,26 40136,01 
 , .· . 6051,80 5450,57 
 - , .· . 50615,06 45586,58 

 

2.6       , , , ,  
     

 
     , .· .   

 

i

n

i

T 



1

. (2.46) 

 
       -

 TO-1, -2  -3, .· .   
 

i

n

i
CT 1

1
1 


  ,  (2.47) 

 

i

n

i
CT 2

1
2 


  ,  (2.48) 
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i

n

i
CT 3

1
3 


  .  (2.49) 

 
         -

 -1, -2  , .· .   
 

i

n

i

T 1
1

1 


  ,  (2.50) 

 

i

n

i

T 2
1

2 


  ,  
 

(2.51) 

 

i

n

i

T 



1

. (2.52) 

 
        

   , .· .   
 

i

n

i

T 



1

,  (2.53) 

 
       -1, 

-2, -3, -1, -2, , , .· .   
 

i

n

i

T 



1

. (2.54) 

 
     2.8. 

 
 2.8 –      , , , ,   

  
  ё , .· . 

  , .· . 7429,67 
 -1, .· . 13797,61 
 -2, .· . 8893,38 
 -3, .· . 12970,51 
 -1, .· . 1353,66 
 -2, .· . 14269,08 
 , .· . 84699,28 
 , .· . 11502,37 
 - , .· . 96201,65 

 
             -

    (  2.9 - 2.10). 
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 K 

 

 2.9 –    -1, -2,    
  -1 -2 -3 
,  

 
136 220 

 
136 220 

 
136 220 

 % 
  

% 
  

% 
  , .· . 8 632 472 6 355 179 5 366 283 

, .· . 34 2687 2005 34 2012 1012 42 3071 2376 
, .· . 12 948 708 19 1124 565 17 1243 962 

- , .· . 20 1580 1179 16 947 476 15 1097 849 
- , .· . 11 869 649 12 710 357 10 731 566 
 , .· . 5 395 295 9 533 268 7 512 396 
, .· . 5 395 295 2 118 60 2 146 113 
, .· . 5 395 295 2 118 60 2 146 113 

 100 7902 5896 100 5917 2976 100 7313 5658 
 

 
 2.10 –      , . . 

  -1 -2 
,    136 220   136 220 

 %     %     
, .· . 2 17 10 2 146 139 

, .· . 58 492 293 65 4745 4530 
, .· . 20 170 101 10 730 697 

- , .· . 9 76 46 9 657 627 
- , .· . 11 93 56 12 876 836 
 , .· . 0 0 0 0 0 0 
, .· . 0 0 0 0 0 0 
, .· . 0 0 0 2 110 96 

 100 848 506 100 7300 6969 

 

2.7       
 

     -1, -2  -3: 
-  i-   
 

TPiKi
T
Ki

T
KiKi TcTbTbTaT  3213,2,1

32 , (2.55) 
 

  aK-      –     TO-1; 
b 2  ,b 3  –     ,      TO-2  -3; 
cK –     . 

 : 
 




 
n

i
iTT

1
3,2,13,2,1 . (2.56) 

 
     -1  -2: 

 i-   
 

iKiKi TbTbT 2
''

1
'

2,1   , (2.57) 

 
  b'   ,b" –      -1  -2 
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n

i
iTT

1
2,12,1 . (2.58) 

 
    -1 

 i-   
 

ii TT 3,2,11 3,02,0   , (2.59) 
 

   
 




 
n

i
iTT

1
11 , (2.60) 

 
    -2 

 i-   
 

ii TT 3,2,12 3,02,0   , (2.61) 
 

   




 
n

i
iTT

1
12 , (2.62) 

 
    -3 

 i-   
 

ii TT 3,2,13 3,02,0   , (2.63) 
 

   
 

iii TTTT 213,2,13   , (2.64) 
 

    -1: 
 i-   

 
ii TT 2,11 7,06,0   , (2.65) 

 
    

 
iii TTT 12,12    (2.66) 

       -
    2.12 
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 2.12 –       i-     
, . . 

 Caterpillar 785C Caterpillar 793D   
-  2365 1845 4210 

-1 591 461 1052 
-2 828 646 1473 
-3 946 738 1684 
-  163 149 312 

-1 106 97 203 
-2 57 52 109 

 
        -

    TO-1, -2  . 
 i-   

 
 Kii aTT  11

'
1 , (2.67) 

 
 212

'
2

T
Kii bTT 

,
 (2.68) 

 
 313

'
3

T
Kii bTT 

,
 (2.69) 

  
 '

1
'

1 1 Kii bTT   ,
 (2.70) 

 
 ''

2
'

2 1 Kii bTT   ,
 (2.71) 

 
    

 





n

i
iTT

1

'
2

'
2 ,

 (2.72) 

 





n

i
iTT

1

'
3

'
3 ,

 (2.73) 

 





n

i
iTT

1

''

,
 (2.74) 

 




 
n

i
iTT

1

'
1

'
1 ,

 (2.75) 

 




 
n

i
iTT

1

'
2

'
2 ,

 (2.76) 

 
      ,  

     2.13 
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 2.13 –     ,     -
     , . . 

 Caterpillar 785C Caterpillar 793D   
-1 7270 5424 12694 
-2 5562 2798 8360 
-3 6947 5375 12322 
 49603 44675 94278 

-1 831 496 1327 
-2 6716 6829 13546 

 
    

 

i

i
i N

T
t

1

'
1'

1 
,
 (2.77) 

 

i

CiCOii
i N

AtT
t

2

'
2''

2

2 


,
 (2.78) 

 

i

i
i N

T
t

3

'
3''

3 
,
 (2.79) 

 

Cii
TPiTPi AL

Tt



1000'''

,
 (2.80) 

 

i

i
i N

T
t

2

'
2''

2



 

,
 (2.81) 

 
       

,       2.14. 
 

 2.14 –      ,    
       

 Caterpillar 785C Caterpillar 793D   
-1 491 481 972 
-2 1094 725 1820 
-3 1429 1448 2877 
 14 14 29 

-1 1474 1032 2507 
-2 12645 14230 26875 

 
    , , ,    

      -01-91,  -
    2.15. 
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 2.15 –     , , ,   -
    

     % 
 

, . . Caterpillar 785C Caterpillar 793D 

1 2 4 5 6 
  

 100 3474 3956 7430 
 -1 

 100 491 481 972 
 -2 

  90 985 653 1638 
    4 44 29 73 

 4 44 29 73 
 1 11 7 18 
 2 22 15 36 

 100 1094 725 1820 
 -3 

  90 1286 1304 2589 
    4 57 58 115 

 4 57 58 115 
 2 29 29 58 
 1 14 14 29 

 100 1429 1448 2877 
 -1 

 100 848 506 1354 
 -2 

 100 7300 6969 14269 
  

-1 100 640 462 1746 
-2 100 896 647 2445 
-3 100 1024 739 2794 

-1 100 79 67 231 
-2 100 43 36 124 
 

 
2682 1951 7339 

  
  

 2 1012 912 1924 
 2 1012 912 1924 

-  32 16197 14588 30785 
 3 1518 1368 2886 

  50 25308 22793 48101 
 17 8605 7750 16354 

-  8 4049 3647 7696 
 5 2531 2279 4810 

 2 1012 912 1924 
  4 2025 1823 3848 

-  2 1012 912 1924 
 2 1012 912 1924 

-  3 1518 1368 2886 
 2 1012 912 1924 
 2 1012 912 1924 

 1 506 456 962 
 1 506 456 962 

 1 506 456 962 
  50 25308 22793 48101 
   100 50615 45587 96202 
 

 
67933 61623 132262 

 



33 

2.8       
 

      ,  -
 30 %      ,    
 
T     (T    T1    T2     3  -1  -2   T    ) K  (2.82) 
 

 K  - ,      -
. 

      -
    

 
K  K  K'

 (2.83) 
 

     K  – ,    ; 
K  –  ,      

     . 
       

    2.16. 
 

 2.16 –      

 

2.8.1       ,  
   ,    

 
  , TO-1, TO-2, -3      -
  .   TO-2  -3 -

   [8]. 
        

.       . 
       

  (          8–10 . 
.   ),         .  

  ,   ,     
,           , -

 , -2  -3 
 

iiiiiii kTTdTcTbTaTT  
''

2
'

13
'

2  (2.84) 

 % .· . 
   ,    100 132262 

  30 39679 
   

   55 21823 
  8 3174 

,      12 4761 
   10 3968 

   7 2778 
  8 3174 
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 i –     i-  . 
ai ,bi ,ci ,di ,ei ,ki  –     , -

          -
    .     -

  : 
) , - , , ; 
) , ,   ; ) -  

 . 
        , -

    ,    -
   2.17 

 
 2.17 –       

    % .· . 
 25 5456 

 10 2182 
 16 3492 
 2 436 
 4 873 

 4 873 
 1 218 

 ( ) 22 4801 
-    16 3492 

 100 21823 

 

2.9     
 

    
 

P  , (2.85) 

 
 

   T  –     -1, -2, -3, , , -1, -2, , 
. . 

 –    , = 2070 . 
  , .   

 

i

i
i

T
P  , (2.86) 

 

   i  –       -
, i  =1820 . 

       
    2.18. 
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 2.18 –       -
  

   
   ,  

  
  ,      2070 1820 

 
     2.19. 

 
 2.19 –      

     
i, .·  , . , . 

      
1 2 3 4 5 6 

  
 7430 4 4 4 4 

 -1 
 972 0 0 1 1 

 -2 
  1638 1 1 1 1 

    73 0 0 0 0 
 73 0 0 0 0 

 18 0 0 0 0 
 36 0 0 0 0 

 1820 1 1 1 1 
 -3 

  2589 1 1 1 1 
    115 0 0 0 0 

 115 0 0 0 0 
 58 0 0 0 0 
 29 0 0 0 0 

 2877 1 1 2 2 
  

-1 1354 1 1 1 1 
-2 14269 7 7 8 8 

 15623 8 8 9 9 
  

-1 1746 1 1 1 1 
-2 2445 1 1 1 1 
-3 2794 1 1 2 2 

-1 231 0 0 0 0 
-2 124 0 0 0 0 

   1924 1 1 1 1 
 9263 4 4 5 5 

  
  

 1924 1 1 1 1 
-  30785 15 15 17 17 

 – . 10582 5 5 6 6 
 2886 1 1 2 2 

  46177 22 22 25 25 
  

 16354 8 8 9 9 
-  7696 4 4 4 4 

 4810 2 2 3 3 
 1924 1 1 1 1 

  3848 2 2 2 2 
-  1924 1 1 1 1 

 1924 1 1 1 1 
-  2886 1 1 2 2 
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  2.19 
1 2 3 4 5 6 

 1924 1 1 1 1 
 1924 1 1 1 1 

 962 0 0 1 1 
 962 0 0 1 1 

 962 0 0 1 1 
  48101 23 23 26 26 
   94278 46 46 52 52 
 132262 64 64 73 73 

 
      -

         
 21 %   19 -01-91. 

      
    2.20 – 2.21. 
 

 2.20 –    
 , . 73 
   , % 21 

  , . 15 

 
 2.21 –    

   %  , . 
   46 6,9 

 10 1,5 
  20 3 
,      9 1,35 

    15 2,25 
 100 15 

 
      –  101  200 -

,  -01-91,    2.22. 
 

 2.22 –    
     , . 

  2 
-  ,  1 

-   0 
     1 

     3 
    1 

   .  1 
   1 
    4 

 14 

 
  -    -

         
   3%,  -01-91,    2.23 

– 2.24 
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 2.23 –   -     
%     

 -   93 
  -  , % 3 

  -  , . 3 

 
 2.24 –     - -

  
   - 

  
 

, % 
 

, . 
  28 1 

   20 0 
   11 0 
   18 0 

  23 1 
 100 2 

 
       -

         -
 4,9%,  -01-91,    2.25. 

 
 2.25 –      %  -

   
    93 

   , % 4,9 

  . , . 5 

 
 ,     , -

   2.26. 
 

 2.26 –  ,      
,       , . 

    1 

 -   1 

  1 

 3 

 
    

 

i

P



.
 (2.87) 

 
   

 

i

P


 ,  (2.88) 

 

 T   , ; 
c –    ; 

 –      ; 



38 

 –   ; 
α  –   . 

       2.27 
 



39 

 2.27–    
 ,  136 220  

   49 44 - 
     365 365 - 
   2 2 - 

 ,  11 11 - 
   0,65 0,62 - 

  124 106 230 
   141 121 262 

 
       2.28. 

 
 2.28 –     

 

2.10     ,           
,                     -

 
 

       -
 . 

   TO-1    
 

N
N

1
1 . (2.89) 

 
       

N1 12 15   .      . 
   TO-2    

 

N
N

1
1 , (2.90) 

 

N
N

2
2 . (2.91) 

 
       

N2 5 6  .       . 
        

 
N

N  . (2.92) 

 , . 
   73 

   15 
   14 
    5 
  -   3 
 ,      3 
  262 

 375 
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        2.29. 
 

 2.29 –    
  Caterpillar 785C Caterpillar 793D 

 -1  , .  0,01 0,01 
  -1   

 -2  , . 0,01 0,01 
  -2   

 -3  , . 0,04 0,03 
  -3   

   , . 32 27 
     

 
     

 
T b

P T c  
   

( )
( )


 , (2.93) 

 
     b  –     ;  

  – ,    -
  ;  
P  –  ,     , .; 
T  –  , .;  
c  –    ;  

 –     , .;  
  – ,     . 

     2.30 
 

 2.30–      
  Caterpillar 785C Caterpillar 793D  

  , . . 1286 1304 2589 
   1,2 1,2 1,2 

    0,02 0,02 0,02 
     ,  365 365 365 

 ,  11 11 11 
  1 1 1 

  ,    ,  1 1 1 
     0,9 0,9 0,9 

 0,01 0,01 0,02 
 0 0 0 

. 
 2.31 –     -    

  Caterpillar 785C Caterpillar 793D  
  , . . 16197 14588 30785 

   1,2 1,2 1,2 
    0,34 0,34 0,34 
     ,  365 365 365 

 ,  11 11 11 
  2 2 2 

  ,    ,  2 2 2 
     0,9 0,9 0,9 

 0,46 0,41 0,87 
 1 1 2 
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 2.32 –   -    
  Caterpillar 785C Caterpillar 793D  

  , . . 5568 5015 10582 
   1,2 1,2 1,2 

    0,11 0,11 0,11 
     ,  365 365 365 

 ,  11 11 11 
  2 2 2 

  ,    ,  2 2 2 
     0,9 0,9 0,9 

 0,05 0,05 0,10 
 0 0 0 

 
 2.33 –      

  Caterpillar 785C Caterpillar 793D  
  , . . 1518 1368 2886 

   1,2 1,2 1,2 
    0,03 0,03 0,03 
     ,  365 365 365 

 ,  11 11 11 
  2 2 2 

  ,    ,  2 2 2 
     0,9 0,9 0,9 

 0,00 0,00 0,01 
 0 0 0 

 
  TO-1   

 

R1
1

1
  , (2.94) 

 
 1  –   TO-1, .;  
R1 –   TO-1, . 
 

1 1 1
60  t P t . (2.95) 

 
 T N1 1 1 ' , (2.96) 

 
      T1  –       TO-1, 
. ./1 .; 
P 1

 –  ,     TO-1, .;  
t  –         , 

. 
 
R T c N1 160   , (2.97) 

 
     T  –  , .;  

с  –     TO-1. 
  -2   

 

R2
2

2 2
 


( ) , (2.98) 
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     2  –   -2, .;  
R2  –   -2, .; 
2  – ,     . 

  -2   
 
2 2 2

0 9 60   t P t, , (2.99) 
 

t
T

N
об

2
2

2

 
'

, 

 
(2.100) 

     t2  –       -2, . ./1 .;  
P 2

 –  ,     -2, .;  
t  –         , 

. 
 

  -2   
 

R T c N2 260   , (2.101) 
 

     T  –   , .; 
c  –     -2. 
 

  -3   
 

)( 33

3
3 


 R , (2.102) 

 
     3  –   -3, .;  

3R  –   -3, .; 
3  – ,     . 

  -3   
 

tPt  333 609,0 , (2.103) 


N

Tt
3

3
3 , (2.104) 

 
      t3  –       -3, . ./1 .;  

3P  –  ,     -3, .;  
t  –         , 

. 
  -3   

 
NcTR 33 60 , (2.105) 

 
     T  –   , .; 



43 

c  –     -3. 
     2.34. 

 
 2.34 –   -1, -2, -3, -1  -2 

 -1 -2 -3 -1 -2 
    , . . 13797,61 8893,38 12970,51 1353,66 14269,08 

      1221,88 418,76 401,56 8,60 39,29 
  ,   , . 2 4 4 4 4 
  , . . 11,385 24,75 32,67 157,41 366,3 

     , . 3 3 3 3 3 
  310,395 337,125 444,045 2128,035 4948,05 

 ,  11 11 11 11 11 
  2 2 2 2 2 

    3,35 1,15 1,10 0,02 0,11 
  394 1151 1200 56026 12264 

     0,9 0,9 0,9 0,9 0,9 
 0,9 0,3 0,4 0,0 0,4 
 1 0 0 0 1 

 
    

 

EOR


 , (2.106) 

 

 τ   -      ; 
 R  -      

 

EO
EO t

t





60'

 , (2.107) 
 

 
 t' –     ; 

P     –  ,     ; 
t  –         . 
 

EOCYT
EO N

T
R

60
 , (2.108) 

 
 T  –      . 

 
   

 

EO
EO R

m


 , (2.109) 

 
60

 , (2.110) 

 
 A -        –    , ./ . 
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 2.35 –      
  

    , . . 59,41 
  , ./ . 8 

  7,5 
     22 

  22,22 
 0,34 
 0 

 
 2.36 –      

  Caterpillar 785C Caterpillar 793D  
   , . . 32,04 27,37 59,41 

     0,5 0,5 0,5 
   3,5 3,5 3,5 

   8 8 8 
 0,6 0,5 1,1 
 1 0 1 
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1
1




 


R 


, (2.111) 

 

     τ -1    –   -1; 

R -1 –   -1; 
η

-1  –      -1, -
 0,6–0,75. 

 

t
t










1

601
1 , (2.112) 

 
   t -1  –       ; 

 –  ,     -1; 
t   – -         . 
 

 


 

N
t

1

1
1 , (2.113) 

 

 N 1      -1   . 

N
R

1
1

60





 , (2.114) 

 
     T  –   -1, .; 

N -1    –  . 
 

N
N  

  1
1 , (2.115) 
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    –       -1. 
  -2, -3       

– -1  -2 –  . 
    -1, -2, -3, -1  -2 

   2. 37 
 

 2.37 –   -1, -2, -3, -1  -2 
 -1 -2 -3 -1 -2 

   ,   , . . 1052 1473 1684 203 109 
 ,      2164,39 904 482 48,75 47,14 

  ,    
, . 2 2 2 1 1 

     0,49 1,63 3,49 4,17 2,32 
     , . 3 3 3 3 3 

  17,59 51,90 107,84 252,99 142,18 
  11 11 11 11 11 

  ,  5,93 2,48 1,32 0,13 0,13 
  111,30 266,49 499,94 4941,96 5109,97 

      0,75 0,75 0,75 0,75 0,75 
 0,2 0,3 0,3 0,1 0,0 
 0 0 1 0 0 

 
       : 

    –     ; 
   ,    – 20 %  -

 . 
   , , ,    -

   2.38. 
 

 2.38 –    , , ,    

    
 : ,  

    
   

  
  

 1,06 1      
-1 0,21 

1 
   
   

-2 0,26 
-3 0,29 

-1 0,07 
-2 0,04 

   0,02 
-2 0,33 
-1 0,87 1     
-3 0,41 

1 
     

 
-1 0,04 
-2 0,45 

 4,04 4   
 

-   0,87 
1     -   0,10 

  0,01 
 0,97 1 

 
 5,02 5   
  

 0,06 0   
-1 0,2 0   
-2, -3 0,4 0   
 0,4 0   

 - 0   
   5   
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2.11       

2.11.1   , , ,     
 

     TO-1, TO-2, -3,  -
     
 
F f K0 0 0 0   , (2.116) 
 

    f 0  – ,    , 2;  

0
 –  , .; 

K0  –     1 2  . 
     2.39. 

 

 2.39 –     , 2 
 ,  136 220 

  1-   73,19 98,78 
    X i K    F i, 2 

  2 5,2 1027,31 
 -1 1 4,3 424,75 
 -3, -1, -2 1 4,3 424,75 
  1 4,3 424,75 
 -1, -2, -3, -1, -2, -2 2 4,3 849,51 

 0 4,3 0,00 
:     3151,09 

2.11.2    
 

         
         

 
F f f PЦ    1 2 1( ) , (2.111) 

 
     f1  –     , 2; 

f 2  –     , 2 ; 
P  –    ; . 

     2.30. 
       

 
F f Kоб об  , (2.112) 

 
     f об  – ,     , 2;  
Kоб  –    . 

        
 
З G g З   0 01, , (2.113) 

 
      G  –   , ;  
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g  –     (  41), / ;  
З  –     . 

       2.40. 
 

 2.40 –     

    

 , 2  
 

P ,  

 
   

 F , 2 

 
 

f1 
 

f2 
 22 14 8 120 

-  18 12 4 54 
 15 9 2 24 

 21 15 1 21 
  14 8 2 22 

 18 15 1 18 
( . ) 12 6 1 12 

-  21 5 1 21 
 15 9 1 15 
  15 9 1 15 

 . 18 12 0 0 
       322 

 

2.11.3      
 

      3 %  -
 -  .    

   5 %       -
-  . 
  2.41  ,     , -

     . 
 

 2.41 –      
  % , 2 

  122,34 
    60 73,41 

 40 48,94 
: 100 122,34 

  203,90 
   20 40,78 

 15 30,59 
  15 30,59 

 10 20,39 
  20 40,78 

   10 20,39 
  10 20,39 
: 100 203,90 

  , 2   325.45 

 
       
 -      2.42 
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 2.42 –  -   
  %  2 

    , 2 71,55 3151,09 
  7,31 322 

 13,74 605,00 
 2,78 122,34 

 4,63 203,90 
: 100 4404,33 

-  

2.11.4    ( )  
 

       
 

XAX KAfF  , (2.114) 
 

     fA – ,    , 2; 
AX –  -  ; 

  –    -  ,  = 
2,5. 

     2.43. 
 

 2.43–     
  Caterpillar 785C Caterpillar 793D  

   2,5 2,5   
   49 44   

   , 2 73,19 98,78   
   , 2 8965 10865 19831 

 

2.11.5  -   
 

   ( )    
     : 

  –  10 2   ; 
 – 10-15 %        

; 
-  – 0,27 2   . 

    ,  -
  . 

        -
        -
   . 

       
  .      

          
.           -

     . 
        -

 . 
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0,25 2.       0,1 2  
. 

        -
          -

 . 
        -

       ,  
      , 

  . 
     ( )    2 2,   

     – 0,8 2. 
         -

  30      15 ,    -
 .   

         -
    . 

      2-3 2   .  
           75 . 

     0,03 2     
  0,01  2      ,        -
.       9 2.     
      75 . 

       -
 . 

     2.44 
 

 2.44 –   
  , 2 , 2 

   638,95 639 
   63,89 64 
 -  43,45 43 
  -    31,37 31 
     34,49 34 
   85,00 85 
    20,00 20 
  -   10,00 10 
   76,00 76 
  30,40 30 
  19,09 19 
   4,83 5 

    0 
   1056 

 

2.11.6    
 

      - -
   (    ,    

.),    -     -
    . 

       
  ,    ,   -
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     . 
      

   .     -
    -   , 
       .  -

        
         . 
  -      
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3
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K
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 , (2.115) 

 
    F  –   -  , 2; 

F  –   -  , 2; 
F  –       , 2; 

З –   , %. 
       89- 80 

          -
 50%. 

 -      -
 ,   ,  ,  

           
  . 

         -
        

  ,     
 . 
        

 ,   , ,  -
 ,          

. 
       2.45. 

 
 2.45 –    (  ) 

 , 2 
  -   4404 
    1056 
      19831 

  , % 50 
  (  ) 50583 
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2.12    

2.12.1    
 

      2.1. 
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 -1: ,    -1,  -

    ,     -  
        -1.  -1  

    ,   -
,         

  .  -1     -1   
 ё  ё    ,    -

  -    (  -1,         ). 
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 -2: ,    -

 ,       -2  -
,     , -
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52 

2.12.2        
 

  365   .    -
.     .   12 . 

       
   2.46. 

 -      -
   8-00   17-00 .    -

 365   12 .       -
     - 305.    
  -   ,   2002  

 .      12 .     20-00 
  8-00 .    -  , 

       12-00  13-00 . 
        . 

 
 2.46 –     

 
 

  
    ,   

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

 -
 

365 
                        

 -
   

365 
                        

   365 
                          -1 365 
                          -2 365 
                           365 
                          -1 365 
                          -2 365 
                        

 

2.13        
 

        -
 2.47. 

 
 2.47 –   

  
 

   
  

 
  

, % 
  , .  93 93 0 

  , . . L  140558 140558 0 
   

 1 , ./1  
 0,78 0,82 -4 

   1   0,05 0,05 0 
 -  -
  1 , 2/1  

F  47,35 ??? ????% 

 
      ,  -

  93 ,       365 
  ,   : 
–     1   0,78 

,   4 %   . 
–    1   0,05 ,    -

 . 
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–   -    35,5  
2,   48%   . 

      ,   -
 .      

  .  
 

2.14  -   

2.14.1    
 
      -

  ,    -
 ,       

  , , ,   
 ,  . 

        
 . 

              
   , ё     2.48 

 
 2.48 –      

    % .· . 
 (  ) 16 3492 

 
  ,     

 .  
 

    
 

i
i

T
 , (2.116) 

  
  Ti  –       ( . ), 

i
 –   -

   ( ).     1.12. 
   

 

P
T

Ш i

i
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 , (2.117) 

  
  

i
 –       -

,     2.49,   -01-91 
. 
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 2.49 –     ( -01-91) 
   

   ,  
  

 1830 1610 
  ,      2070 1820 

 
      2.50 

 
 2.50 –   ,  

     i, . ×  
, . , . 

    

    3492 1,69 2 1,92 2 

 
      . 

     ,    
,    ,  . -

 .       
Caterpillar,    .   

   2.51 
 

 2.51 –     
  , . 

 Gigant -2.0 1 
  18765-2.5 1 

 4 -9900 1 
    D 50-1 1 

    358-4528 1 
   -6-1  1 

     -6911 1 

 
     

 
F   = f   ·  , (2.118) 

 

 f  – ,     (   ), 
2; 

 –     
        2.52 
 

 2.52 –     
  F , 2  F , 2 

 Gigant -2.0 1,6 3,5 5,6 
  18765-2.5 4 3,5 14 

 4 -9900 0,48 3,5 1,68 
    D 50-1 1,5 3,5 5,25 

    358-4528 0,8 3,5 2,8 
   -6-1  6 3,5 21 
     -6911 1,6 3,5 5,6 

 15,98   55,93 
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2.14.2      
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3   
 

        
  ,     785 . -

       -
           . 

        « », -
      ,     

       « ». 
 

3.1                  
  

 
         -

: 
–        , =750 ; 
–     , =0,5 ; 
–     , =2 ; 
–       , =1 ; 
–     , =10,34 / · ; 
–    , L =12 .,  , L =12 .; 
–   , m =136 ; 
–    , L =187 .; 
–    , =11  . 
–      
 

n

c

LL

L
N


 , (3.1) 

 
    N  –     ; 

L   –     , .; 
L  –    , .; 
L   –     , . 

           
3.1. 

 
 3.1-         

L , . L ,  L ,  N  

187 12 12 7,79 

 
      

 

N
 , (3.2) 

       –     ,  ; 
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 –       ,  ; 
N  –     . 

      i-     -
 3.2. 
 

 3.2–        i-   
,  ,   N ,   ,  
11 7,79 1,41 

 
           

        3.3 
 

 3.3 –          i-    
   

  i,  % n,  
 0,5 14 107 

 2 57 428 
,   1 28 214 

 3,5 100 750 

 
   

 
=Q·ɤ· L ,, (3.3) 

 
      –    , · .; 

Q –  , Q=136  ; 
ɤ –   ,  ɤ=1 : 
L  –    . 

   
 

=P· , (3.4) 
 

      –    , .; 
 –      , / ·  . 

 
         

           3.4. 
 

 3.4 –         
         
n,  N ,  , ·  ,  

107,14 75,99 124012,21 1282286 
214,29 151,98 248024,30 2564571 
428,57 303,95 496048,60 5129142 
750,00 531,91 868085,11 8976000 

 
   ,        

          -
. 
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3.2     

 
       , -

,      ,  , 

   .    -

     . 

     

 

CK  ,  (3.5) 

 

    C  –    (  3.5); 

 –   –  ;  

 –    ; 

 –    = 0. 

       

 3.6. 

 
 

 

 3.5 –      
  , .  , .  , . 

 Gigant -2.0 1 20000 20000 
  18765-2.5 1 27000 27000 

 4 -9900 1 130000 130000 
    D 50-1 1 195000 195000 

    358-4528 1 485000 485000 
   -6-1  1 37000 37000 

     -6911 1 39000 39000 
 

  
933000 

 

        8%  

      

 

.08,0   

(3.6) 

 

       5%  
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.05,0  (3.7) 

 

    3.6 

 

 3.6 –     
 ,  

  933000 
    27990 
    46650 

   1007640 

 

3.3        

         -
 ,    , , 

 ,  . 
       ,     

. 
     ,  ,   

          .  
        

     . 
          -

  .    :    -
   ;    ,     

,    , ,   . 
        З  -
   

 
З  =    Кндп  КС  Кд, (3.8) 

 
     –     3-  ; 

 –  ; 
 –    . 

 – ,  ,   ; 
 –  ; 
 –  . 

         
 3.7 
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 3.7-        
    

 
V 

 , . 2 
 , ./  55,4 

  , .·  3492 
   1,3 

  1,5 
  1,3 

  1,8 
  , . 1765486 

 
        -

   
 

 = З  /100, (3.9) 
 

      –      , =30%. 
        

 
З  = З /(N12), (3.10) 
 

     N –    , N=2   
    3.3 

 
 3.8 –      

    , . 1 765 487 ₽ 
       , . 529 646 ₽ 

    , . 73562 

 
      

 
 э = Wэ эк , (3.11) 

 
     Wэ –    , ; 

эк  –  1        -
 , эк =6,5 . 

       
 

Wэ = 
mC

oo

ZZ

KZN




, (3.12) 

 
   N  –      , 

N =8  [8, . 25]; 
 –      , =8760 . ( -
   365   );  

oZ  –   , oZ =0,6; 

oK  –    , oK =0,3; 

CZ  – ,    , CZ =0,96; 
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mZ  –   , mZ =0,9. 
     – 5%    

    
 

 = 0,05 , (3.13) 
 

     12 %   -
, . 

 

       0,12, (3.14) 
 

  ,      -
     1430    -

     
 

 = 1430N, (3.15) 
 

   «  ,   » -
 2200         

 
 = 2200N, (3.16) 

 
   ,     

 .    ё   -
 . 

    10%   .  -
     3.5. 

      
  3.9. 

 
 3.9 –    

  , . 
   33184,68 

   14191,20 
   46650,00 

   11960,00 
       934,00 
 ,      2000,00 

 ,     16000,00 
  12491,99 

   137411,87 

 
         

       3.10. 



66 

 3.10 –        -
  

  , . 
 , .     

 , %  1000 
 

 1  ∙ 
 

    1765487 12561 506 72 
    529646 3768 152 22 

  12492 89 4 1 
  137412 978 39 6 

 2445037 17395 700 100 

 

3.4 ё      
 

   3.4       -
         -

              
    .  

        -
         .  

      , . 
 
Ээ =  – , (3.17) 
 

    –          , .; 
 –          ,   

   . 
     , . 

 
Э = Ээ– · , (3.18) 
 

       –  , .; 
 –     , = 

0,15. 
       

 

=
эЭ

, (3.19) 

 
 ё    3.11. 

 
 3.11 –    

 , . 5129143 
  , . 4977997 

 ,  0,2 

 
       -

    -  . 
-      3.12. 
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  , . - 4977997 

   , . - 0,2 
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4     

4.1        

4.1.2     ,  
 

 
    ,   
 , /  

 
310i

i i i
i

L
M N n m

L
     ,  (4.1) 

 
   iN  –   i-  ; 

in  –  ,    i-  , 1in  ; 
 

 4.1 –     

  Ni,  
mi,  Li, . 

/     

Caterpillar 785C  49 6 0,6 3 70 
Caterpillar 793D 44 7,2 0,72 3,6 70 

 
 4.2 –     
 

  
ni, 

 

L i, .  M, /  

      

Caterpillar 785C  1 25 2 8 0,825 1,032 1,289 

Caterpillar 793D 1 25 2 8 0,892 1,115 1,394 

, . 
    

1,717 2,146 2,683 

 , . 
    

6,54 

 

4.1.4   ,         
  

 
     , /  

 
410i i i iM N q n L H         ,  (4.2) 

 
    iq  –     100  , /100 ; 

in  –     100  , in =3,2     
in =0,4    /100 ; 

H –    , 0,13H  ; 
   ,    

       Caterpillar 
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310 ci kVN ,  (4.3) 
 

: Ni  –    i-  , .; 
V  –    i-  , ; 
k   –    , k  = 0,9; 
  –   , / ,  = 0,9 / . 

    4.3 
 

 4.3 –     

  
 N

i, 
 

q i
, 

/1
00

 
 

L
i, 

. 
/

 

n
, 

/1
00

 
 

n
, 

/1
00

 
 

V
  

– 
 

  
 , 

 

M, /  

 

  

Caterpillar 785C  49 175 70 3,2 0,4 258 22,529 2,816 10,240 

Caterpillar 793D 44 240 70 3,2 0,4 326 27,827 3,478 11,619 

: 24,397 3,050 7,456 

   78,51 

 

4.1.3      
 

      
  , /  

 
310i

i i i
i

L
M N n m

L
     ,   (4.3) 

 
 in  –       i-  ; 

im  –        i-  , ; 

iL  –     i-      
 . 

     4.4. 
 

 4.4 –      
 

  
Ni,  ni,  mi,  

LHi, . 
/  

Li, . 
/  

mi ,  M, /  

Caterpillar 785C  49 18 3,7 10 70 22901 22,901 
Caterpillar 793D 44 20 4,44 12 70 22917 22,917 

 45818 45,818 
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4.1.4       
 

      , /  
 

3/ ( 10 )i i i i iM N n m L L      ,                   (4.4) 

 
    in  –  ,    i-  , ; 

im  –      , ; 

iL  –     i-     , . 
. 

     4.5. 
 

 4.5 –    
  Ni,  ni,    mi,  Li, . /  L i, .  M, /  

Caterpillar 785C  49 6  2300 70 30 158,17 
Caterpillar 793D 44 6  4100 70 30 253,95 

 
      

412,12 

 

4.1.5      
 

     , 
    ,     

 .    , ./  
 

.i i
i

i

N n
N

T


 ,  (4.5) 

 
 .iN  –  ,   i-  ,; 

in  –    , 1in  ;  

iT  –     i-  , 3iT   . 
     4.6. 

   , /  
 

310i iM N m    ,  (4.6) 

 
    im  –    i- o   , . 

     4.6. 
 

 4.6 –   
  

 
  N .i ni,  Ti,  mi,  Ni, /  M, /  

Caterpillar 785C  6 -132 49 2 3 37 33 1,21 
Caterpillar 793D 6 -132 44 2 3 37 29 1,09 

 62 2,29 
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4.1.6    
 

     , /  
 

k

m
M




1
 ,                      (4.7) 

 
 m –   ,   , m=0.2 / ; 

k –     , 0,05k  . 
 

211,0
05,01

2,0



M .  

 
4.2 ё       
 

         -
      (  30 ). 

   ,     -
 ,      . 

    ,    -
   : 

–   –  ,    ; 
–    –       -
        ; 
–  (  50%)    –  -

          . 
        -

  Caterpillar 785C -5 ., Caterpillar-75131-15 ., Caterpillar 
793D-10 . 

    ( , NOx, CH  C)  
 , /  

 

3
1 10

1 kTq jij
m

j
i






, (4.8) 

 
:  m –   ; 

Tj –      j-   , . 4.7; 
k – ,        

 .       2  k=1, 
   2  k=1,2 (  1,2); 

q1ij  –    i-    -
 j-       , / ,   

 5.1  [6].  
     ( , NOx, CH  C) 

  , /  
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m

j

jij
i

Nq
кM

1 6,3

1
, (4.10) 

 
 Nj –      j-  

    4.7. 
         4.7  4.8  
 

 4.7 –   
 

 , .    ,    k 
Caterpillar 785C  49 264502 1,2 
Caterpillar 793D 44 172050 1,2 

 
 4.8 –           

Caterpillar 

Caterpillar 785C  

 
 NOx CH C 

      -
     q1ij, /  

0,868 2,828 0,291 0,088 

 , Mi, /  275,505 897,614 92,364 27,931 
   , M i к, /  11,814 38,492 3,961 1,198 

Caterpillar 793D 

      -
     q1ij, /  

1,466 4,993 0,524 0,167 

 , Mi, /  302,670 1030,853 108,185 34,479 
   , M i к, /  17,918 61,026 6,404 2,041 

 
     , Mi, /  0,868 2,828 0,291 0,088 
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 :     

.  
–     1007640 .; 
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CONCLUSION 
 
The development of the repair and maintenance infrastructure of dump trucks is 

aimed at improving the performance of car repair work at the enterprise. The main re-
quirement is to ensure a high technical level and economic efficiency of the proposed 
measures. Advanced technologies, a sufficient level of mechanization of production 
processes provide specified labor productivity and low cost while maintaining a car and 
high production culture too. To improve the technology of car repair at the enterprise it 
is to reorganize technological processes of car maintenance, the replacement of a shift 
lever in particular. 

The main calculations have been made, and the necessary technical specification 
has been developed. 

The engineering part of the thesis deals with the production program for car re-
pair and maintenance, and the necessary number of tech staff and checklist stations 
have been calculated. The final table has been compiled and conclusions have been 
drawn up.  

To reduce the downtime of equipment at the time of repair and to reduce the loss-
es of the enterprise from downtime, it has been proposed to introduce a desk for the 
production of shift levers directly on the premises of the production building. 

For this purpose, necessary equipment and accessories have been selected. 
Necessary technical specification has been developed; checklists with the pro-

posed equipment have been compiled. 
The economic part of the thesis deals with the economic effect of the proposed 

implementations; the payback period has been calculated. Technical and economic indi-
cators have been calculated: the economic efficiency of the provided measures has been 
proved. 

– The amount of capital investment is 1,007,640 rubles. 
– The payback period is 0.2 years. 
The last chapter of the thesis provides an assessment of the environmental impact 

and presents calculations of the amount of solid waste generated from production pro-
cesses.  
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