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   (   100 2)    
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200 .         
    -  .     

   .    
 -      450  1050 :  ( ), 

    " " ( -    
 ).     , 

      .  2009    
        " " 

. 
         

-      ,   -
-     13÷15°.     

       (  45°).  
     :    (    

  )  40÷45  -  .      №1 
        -1   -  

 .           
6÷10 .         

      . 

 

1.1.2 -   
 

        
-      ,     

  (       №1),   
   9,0 3/ .     

 -650   -850 ,      3,5 3/ . 
          

40÷70 3/ .  
     -   
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-   1   – 4.2 / 3; 
-   2   – 4.0 / 3; 
-   2   – 3.05 / 3; 
-   – 3.3 / 3. 
 
   ƒ    . .   

  -      : 
-   – ƒ = 5÷10; 
-   – ƒ = 5÷16; 
-   – ƒ = 5÷10; 
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  ,           ,    
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    .       
  .     ,     

      25 .        
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  45 ,    20 .        
   3 .          

  ,          .    
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 40-100 .  
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.  

       
   -  ,  
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           .   
        ,     

  .   
     400  1200 ,       –800-

1000 .   -800 ,     – 1000 .   
    40 . 

 
1.2       
 

       
   m=24,5 .    H =1050 ; 

       L=1100 , B=400 
;         =10;    

=4,4 / 3.  
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. .,      =50 . . 
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   ,     1.4. 
        

     ,    
 1.5.  

         
: « -353 », « -282», «  L2D», «  L2D», «SOLO 1020», 

«Minimatic-205 40», «Simba - H254»  .  
 

 

-      ; -  
         

 
 1.4 -     . 
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 ,  .)      
   UTILIFT-607, Utimec 1500 Transvixer, Charmec 

1907/9805, UTITRUCK-800CR, UTITRUCK-818, UTILUBE-842,   
 . 

  ,    1.6    
TORO-151D, TORO - 301DL, TORO-400D  . 

 

 

 

 1.6-        
 . 

 

        
  . 

         
     : 

-          
    3,5 ; 

-    (  )          
          
    3 ;   ,    
          3 ,  

       .  
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0 
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3000 
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84000 

0 

36960
0 

0,02 

36220
8 

0,1 

40245
3,3 
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103600 

735 
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   1.2      
: 

1)    -  ,   
 ,   1000    : 

     V = ∑ V ∙ ∙ / ∙ ,  /                                          .  

 
 V  -      ,  ; 

      ∑ V  -      ,  ; 
       -   , . 

 V = ∙ , ∙ / ∙ , = ,  ,  /                           
 

2)     ,   1000  
  : 

   L = ∑ L ∙ ∙ / ∙ , /                                                .  

 
  L  –      , ; 

   ∑ L  -      , ; 
    -   , . 

 L = ∙ , ∙ / ∙ , = ,  /                                 
 

1.2.4  -   

 
 -     ,    3.  

 
 1.3-  -          

                     

 

  
 

 1 , 
. 

 
, . , 

 
  
,  

ё ,  

 

 1180 58,1 68558 4500 308511000 

 1155 44,2 51051 4600 234834600 
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 918 44,2 40575,6 4600 186647760 

 

 937 44,2 41415,4 4600 190510840 

 1155 44,2 51051 4600 234834600 

 5345 44,2 252651   1155338800 

      
 -900  

 

 510 8 4080 2100 8568000 

 

 505 8 4040 2100 8484000 

 

 800 8 6400 2100 13440000 

 

 2200 8 17600 2100 36960000 

.  - - 8000 5000 40000000 

 4015 
 

40120 
 

107452000 

      

 -1050   

  510 12 6120 2200 13464000 

  3330 12 39960 2200 87912000 

  3200 12 38400 2200 84480000 

 

  1.3 

 

 505 12 6060 2200 13332000 

.   - - 28000 5000 140000000 

. . . - - 6000 5000 30000000 

 7545 
 

124540 
 

369188000 

      

      
   16775 

 
417311 

 
1631978800 
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     : 
     = ∑ , / ∙                                                                                                 .  

 
 ∑  -     , .; 

       -   , . = , ∙ = ,  / ∙                                                                         
 

  -     : 
    V = ∑ V ∙ , /                                                                                       .  

 
 ∑ V -     , ; 

       -  , . 
      = m ∙ L ∙ B ∙ ,                                                                                                       .  

 
 m -   , ; 

      L -    , ; 
      B –    , ; 
       –   , / . 

     = , ∙ ∙ ∙ , =                                                                           
       V = ∙  = ,  /                                                                                
 

   -     
:      = ∑ , /                                                                                                                .  

 

 ∑  -     , .; 
       -  , . 

   = = ,  /                                                                                       
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1.2.5      

 

         1.4 

 

 1.4-    . 
 

 
 

N , 
 

n
 

   ,  
. 

    
  

 
 

305 3 7 21 520 6240 
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2       -  
 

 
2.1         

 
    3        
    : 

-  
-  
-  

         
    . ё   , . .   

      0,2 – 1,7 / 3.  
        ё  

,         ё     
  . ё      

0,4 – 4 / 3,       . 
     

        
          

  ,    ,  
   ,        

  ё  .     
     ё  

  ,       
,        12-20 %. 

       ,  ,  
      ё   : 

,   . 
      -   
        ,  

 ,   . .   f-10    
        

   . 
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    ,  ,   ,  
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 ,        
, : 

-     ; 
-      ; 
-        ( , , 

 ); 
-  ,     , 

 ,    ,  ё   , 
      . 

      : 
-         

 ,          
; 

-       ;  
-  ,       

    ; 
-     ; 
-  ; 
- . 

    ,   
         

   : 
- ; 
- ; 
- - ; 
- - . 

        
 ,    2. 

 
 2.1        

   

 

       

 
 2 
 

2-6 

 , 
 ; 

  

 2-20 

  
,   

   
-   

-
 

2-20   

-
 

2-16   
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       f=10,  
-   . 

 
 
2.2    
 
       ё    

,      ,  ,   
  .  

         : 
-   ; 
-   ё ; 
-   ё   ; 
-    . 
    : 
    -  -      
 ( ;   ;     

); 
-   (  ;   

   ;  ;   
); 

-   ( -, ;   ); 
-  ( , , ); 
-    . 

         
 -312   Atlas Copco Boomer 282.  2.1  

      2.2. 
 

 
 
 
 

                          )        
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                          )              
 
 

 2.1  -  : ) Atlas Copco Boomer 282.   ) -312  
 
 

  2.2.1      
 

      
    ,   . 

       17196-71.  
,          17196-71 

    ( ) –  2.2.   
    f=10     ,  
    15.     

  35 .  
     17196-71.    

 -      
 dk=46   46-32. 

 17196-71      
  .    -    
       d =38   

 

                                                   
 

 2.2    
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2.2.2    
 

     -312 : 
 

    (  . .   . . ): 
       = ∗ ( + ) − , ∗ f,                                                                                .  

 
  -    , ;  

  f -    . 
 = ∗ ( + ) − , ∗ =                                                                             
 

     : 
       m = = = ,                                                                                                  .  

 
    : 

       n = , + ∗ f ,                                                                                             .  

 
  -    , . 
 n = , + ∗ = ,  ≈                                                                           
 

  : 
       n = ∗ nm = ∗, =  −                                                                       .  

 
 

   : 
       M = − ∗ f                                                                                                          .  
 
 f -    . 
 M = − ∗ =                                                                                                 
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  : 
       𝑉 = ∗ − f                                                                                                       .  
 
 f -    . 
 𝑉 = ∗ − =  /                                                                            
 

  -312 : 
       Q = t + t , /                                                                                   .  

 
 t  - ,      1 , ;                                                                               t  -       1 , . 
       t= v ∗ n ∗ k ,                                                                                                               .  

 
 n –     ; 

      k = ,  -  ; 
      𝑉  -   , / . 
 t = ∗ ∗ , = ,                                                                                                   

      t = t + t + ,    + t ,                                                                                                         .  
                   
 t  = 0,25…0,5  –   ,        

; 
       t  = 0,25…0,5 -         1      

; 
       t  = 0,1  -    . t = , + , + , = ,                                                                                     

 Q = , + , =  /                                                                                              
 

   -312 : 
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 Q  = T − t + t´ + t + tt + t  , /                                                                  .  

 
 T = 480  –   ; 

       t  = 10  –              
 (2,5 %  480 );         t´  = 45  (9,5 %  480 ); 𝑡  = 48  –    (10 % 

 480 ); 
       t  = 57  –    ,    

  (12 %  480 ). 
 Q  = − , + + +, + , =  /                                                       
 

    -312 : 
       Q = Q ∙ ( − n ) ∙ S  /                                                                       .  
 H = 305 -      ; 
 n  = 30…45 –       ; 
 s = 3 –    . 
  Q = ∙ − ∙ =  /                                                             
 

    -312 : 
 

   -312 : 
      N = V  Q                                                                                                                    .  

 
 Q  -     , / . 

       : 
       Q = Q

 ∙ //                                                                                                                .  
 
 
 -    1 . . , 3 ; 

  -  , 3/ . 
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V . = ,, ∙ , =  /                                                                                       N = = ,                                                                                                                   
 

 N =  
   -312 : 

      N = NK                                                                                                                   .   
 
 K  = 0,85 –   . 

  N = , = ,                                                                                                                      
 

  N =  
 

  5   -312  
 

       (V  ≈ 
591856 / )      6  

 -312  (Q  = 5 = 700650 / ),  Q  > V . 
,   -312    

 . 
  

     Boomer 282: 
 

    (  . .   . . ): 
       = ∗ ( + ) − , ∗ f,                                                                             .  

 
  -    , ;  
 f -    . 
 = ∗ ( , + ) − , ∗ = , ≈                                                           
 

     : 
       m = = =                                                                                                .  
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    : 
       n = , + ∗ f ,                                                                                          .  

 
  -    , . 
 n = , + ∗, = ,  ≈                                                                         
 

  : 
       n = ∗ nm = ∗ =  −                                                                     .  

 
   : 

       M = − ∗ f                                                                                                        .  
 
 f -    . 
 M = − ∗ =                                                                                                 
 

  : 
       𝑉 = ∗ − f                                                                                                     .  
 
 f -    . 

 𝑉 = ∗ − =  /                                                                             
  -312 : 

      Q = t + t , /                                                                                 .  

 
 t  - ,      1 , ;           

   t  -       1 , . 
       t = v ∗ n ∗ k ,= v ∗ n ∗ k ,                                                                                                            .  
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 n –     ; 
 k = ,  -  ; 
 𝑉  -   , / . 
 t = ∗ ∗ , = ,                                                                                                  
       t = t + t + t ,    + t ,                                                                                                     .  
                   
 t  = 0,25…0,5  –   ,        

; 
       t  = 0,25…0,5 -         1  

; 
       t  = 0,1  -    . 

 t = , + , + , = ,                                                                                     
 Q = , + , =  /                                                                                                                                                  

   -312 : 
      Q  = T − t + t´ + t + tt + t , /                                                                  .  

     
 T = 480  –   ; 

       t  = 10  –        
 (2,5 %  480 ); 

       t´  = 45  (9,5 %  480 ); 𝑡  = 48  –    (10 % 
 480 ); 

       t  = 57  –    ,      
  (12 %  480 ). 

 Q  = − , + + +, + , =  /                                                       
 
 

    -312 : 
      Q = Q ∙ ( − n ) ∙ S  /                                                                       .  
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  H = 305 -      ; 
 n  = 30…45 –       ; 

   s = 3 –    . 
  Q = ∙ − ∙ =  /                                                             

 
    Boomer 282: 

 
   -312 : 

      N = V  Q                                                                                                                    .  

 
 Q  -     , / . 
 

       : 
      V . = Q

 ∙ /                                                                                                .  

 
 -    1 . . , 3 ; 

  -  , 3/ . 
 V . = ,, ∙ , =  /                                                                                       
 N = = ,                                                                                                                   

 N =  
 

   -312 : 
      N = NK                                                                                                                    .  

 
 K  = 0,85 –   .  N = , = ,                                                                                                                   
 

  N =  
 

  5   Boomer 282 
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       (V  ≈ 
591856 / )      6  

 Boomer 282 (Q  = 5 = 700650 / ),  Q  > V .  
,   Boomer 282   

 . 
        

   ,      
 2.4  

 
 2.4-    -312     

 
   

-312  Boomer 282 

  5 5 
  , /  16,6 16,6 

  
 /  

173 173 

   -1 COP 1838 
 

         
    Atlas Copco Boomer 282 . .      
   -312 ,     ,  

        . 
    Atlas Copco Boomer 282,   

 2.3 
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 2.3-    Atlas Copco Boomer 282   
 
 
2.2.3      
 

       
 ,   ,  

  . 
       
,     ;   .  

 ,    ,   
 , , ;   ,  

 . 
        

  .    
 -      

    .     
            

       
  .      
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      . 
        

       
      .     

     .    
         

 . 
       

 ,       
 . 

        
 . 

        , 
          

 .      
    ,   . 

 
2.3   -   
 

     ё   
 ,     ,  ,  

   .  
        

: 
-  -   -   

( ;   ;     
); 

-   (  ;   
   ;  ;   

); 
-   ( -, ;   ); 
-  ( , , ); 
-    . 

     :  
-  ;  
- ; 
-     ,    

    ;  
-  (          

 ). 
 :  

-      ;  
-       (3-6 ); 
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-  ,  ,      1/3 – 1/2  
  ;  

-         
  1,5-2 ,      ,    

      ; 
 (12 2  )        

;     ,  ,  
  . 

      -  
.         
  ,  ё   (  ),   

      ,    
. 

         
        (600 – 800 ),   

   (  500 ),     
-8  Caterpillar R1700G,       

 2.5 
 

 2.5-    -8   Caterpillar R1700G 
 

 -8  Caterpillar R1700G 

,  8 12,5 
,  8 12,5 

 , 3: 
 

 
4 

 
5,7 

  2, 3, 4,5 3,4,6; 5,0; 6,6; 7,3; 8,8 
   , 2 12-14 12-14 

  
,  

200 450 

   
,  

2200 2443 

    
,  

7500 6878 

  
,   

350 429 

    
  ,  

 
210 263 

 , : 
 

 
 (  ) 

 
9000 
2500 
2500 

 
10589 
2894 
2557 

,  22 38,5 
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 2.4  -8    CAT R1700G 

 

       
   .  

 
2.3.1     -   
 

   -   8 : 
 

     ё   : 
      V = Q

γ ,                                                                                                                .  

 
 Q- ё  , ; 
   =4,4 / 3-  .  V = , = ,                                                                                                                   

 
 

  V =  . 
 ,   : 

      M = ∙ Q , ,                                                                                                           .  
 
 Q-  , . 
  M = ∙ , = ,                                                                                                           
 

  ё : 
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      QN = ,Q , , /                                                                                                      .  

 
 Q-  , .  
 QN = ,, = ,                                                                                                            
 

  : 
       = ∙ ∙ L , ∙ ∙ ∙ ,                                                                     .  
 
  =1,5 ,    ; 

       . =0,2 ,    ;  
        =1,2 ,    ;   
        =1,1-1,8   ;  
       L  –     , . 

       L = , − , ∙ L ,                                                                                           .  
 
 L  -   , . 
      L = , ∙ √V ,                                                                                                     .   
 L = , ∙ √ = ,                                                                                                  
 L = , ∙ , = ,                                                                                                   
 

     B -      . 
 = , ∙ , ∙ , , ∙ ∙ , ∙ , = ,  =                    
 

  ,    ё       G = n ∙ ,                                                                                                            .   
 
 n=1,1-1,15  ; 

       =0,7   ё   . 
 G = , ∙, ∙ = ,                                                                                              
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 ,     : 
      F = Gc ∙ ,                                                                                                             .    
 F = , ∙ , = ,                                                                                                   
 

     ,    
          ,  

    .     
   ,    

(         
): 

 F >                                                                                                                                      
  >                                                                                                           
 

 . 
 

       : 
      N = G ∙ V∙ η ∙ [ − 𝑓 cos a + 𝑓 cos a ±] [±sin a ± + K ∙ dd ] ,   .  

      N  = G ∙ V∙ η ∙ [𝑓 ∙ cos a ± sin a ± + K ∙ dd ] ,                                      .  

 
 G -         , ;  
      G = G + Q                                                                                                                 .  
 
 G -  -  , ; 

     Q-  -  , .   G = , + = , =                                                                                         
      V -   , / ;  
      η -      ;  
      𝑓 = 0,15 -     ;  
       =5-   , ;  
       = 0,1-0,25 - ,      

;  
      dv/dt -   , / 2. 
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 N = ∙∙ , ∙ , − , ∙ cos + , ∙ cos +                                          
 +sin + + , ∙ , = ,                                                                               
 
 N = ∙∙ , ∙ , − , ∙ cos + , ∙ cos −                                      
 −sin − + , ∙ , = ,                                                                               
 
 N = ∙∙ , ∙ , ∙ cos + sin + + , ∙ , = ,                
 
 N = ∙∙ , ∙ , ∙ cos − sin − + , ∙ , = ,             
 

      
         -

  -  . 
 

   : 
       Q = V ∙ γ ∙ K ∙ ∙t + t + t , /                                                                             .  

 
  V -  , 3;  
        γ =4,4 / 3-  ;  
          =0,9-0,98-   ; 
        =7 -  ; 
        t -  , ; 
        t -  , ;          t =  –  . 

 
  : 

 t = t ∙ ∙ K ∙ t ,                                                                                           .   
 
 =1,15-2 ,           

         =1,1 ,     ; 
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         =1,3 ,    ё    ; 
         t  =10-12  –         

, . 
 t = ∙ , ∙ , ∙ , =                                                                                        

 
  : 

       t = ∙ L ∙ V + V ,                                                                          .  

 
 L=0,3        ; 

       V -     ё  ; 
       V -       ;                          
       =1,25-1,3 ,      

    . 
  t = ∙ , ∙ ( + ) ∙ , =                                                                         
           Q = ∙ , ∙ , ∙ ∙+ + = ,  /                                                                    
 

   : 
      Q = Q ∙ (N − ) ∙ n , /                                                                     .  
 
 N -     ; 

       n -  . 
 Q = , ∙ − ∙ =  /                                                             

   -   -8 : 
 

   : 
    N = Q                                                                                                                     .  

 
 -   , . 
 N = , ∙ = ,                                                                                                           
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 N =  
 

   : 
      N = N                                                                                                                   .  

 
  = ,  –   . 
 N = , = ,                                                                                                                  
 

 N =  
 

 

   -   CAT R1700G 
 

     ё   : 
 V = Q

γ ,                                                                                                                                 
 
 Q- ё  , ; 

         =4 / 3-  . 
       V = ,, = ,                                                                                                    ,  

    V =  
 ,   : 

      M = ∙ Q , ,                                                                                                            ,  
 
 

 Q- ё  ,  
 M = ∙ , , = ,                                                                                                    
 

  ё : 
       QN = ,Q , ,                                                                                                          .  
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  Q- ё  , ; 
 QN = ,, , = ,                                                                                                      
 

  : 
      = ∙ ∙ L , ∙ ∙ ∙ ,                                                                      .  

 
  =1,5 ,    ; 

      . =0,2 ,    ;  
       =1,2 ,    ;   
       =1,1-1,8   ;  
      L  –     , ; 

       L = , − , ∙ L ,                                                                                           .  
 
 L  -   , . 
       L = , ∙ √V ,                                                                                                     .  
  L = , ∙ √ = ,                                                                                                
  L = , ∙ , = ,                                                                                                 
 
 B  -  ,    . 
 = , ∙ , ∙ , , ∙ , ∙ , ∙ , = ,  =                 
 

  ,    ё : 
      G = n ∙ ,                                                                                                             .  

 
 

 n=1,1-1,15  ; 
      =0,7   ё   . 

 G = , ∙, ∙ = ,                                                                                              
 

      : 
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     F = Gc ∙ ,                                                                                                               .  
 F = , ∙ , = ,                                                                                                  
 

     ,    
          ,  

    .     
   ,    

(         
): 

 F >                                                                                                                                       
  >                                                                                                           
 

 . 
 

     : 
      N = G ∙ V∙ η

[ − 𝑓 cos a + 𝑓 cos a ± sin a] ± [ + K ∙ dd ] ,         .  

      N = G ∙ V∙ η [𝑓 ∙ cos a ± sin a ± + K ∙ dd ] ,                                        .  

 
 G -         , . 
       G = G + Q,                                                                                                               .  
 
 G -  -  , ; 

 
       Q-  -  , .  
 G = , + = , =                                                                                   

 
       V -   , / ;  
 
       η -      ;  
       𝑓 = 0,15 -     ;  
        =5-   , ;  
         = 0,1-0,25 - ,     

 ;  
       dv/dt -   , / 2. 
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 N = ∙∙ , ∙ , − , ∙ cos + , ∙ cos +                                          
 +sin + + , ∙ , = ,                                                                                
  N = ∙∙ , ∙ , − , ∙ cos + , ∙ cos −                                       
 −sin − + , ∙ , = ,                                                                               
 N = ∙∙ , ∙ , ∙ cos + sin + + , ∙ , = ,               
 N = ∙∙ , ∙ , ∙ cos − sin − + , ∙ , = ,            
 

      
         -

  -  . 
 

   : 
       Q = V ∙ γ ∙ K ∙ ∙t + t + t ,                                                                                .  

 
  V -  , 3;  
        γ =4 / 3-  ;  
          =0,9-0,98-   ; 
        =7 -  ; 
        t -  , ; 
        t -  , ;          t =  -  . 

 
  : 

       t = t ∙ ∙ K ∙ t ,                                                                                         .  
 =1,15-2 ,           

         =1,1 ,     ; 
         =1,3 ,    ё    ; 
          t  =10-12 -         

, . 
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t = ∙ , ∙ , ∙ , =                                                                                        
 

  : 
       t = ∙ L ∙ V + V ,                                                                          .  

 
 L =0,3        ; 

       V -     ё  ; 
       V -       ;                 
       =1,25-1,3 ,     

    . 
 t = ∙ , ∙ ( + ) ∙ , =                                                                        

 Q = ∙ , ∙ , ∙ ∙+ + = ,  /                                                                    
 

   : 
       Q = Q ∙ (N − ) ∙ n , /                                                                    .  
 
 N -     ; 

       n -  . 
 Q = , ∙ − ∙ =  /                                                            

 
  -   Caterpillar R1700G:  

   : 
 
       N = Q                                                                                                                 .  

 -   . 
 N = , ∙ = ,                                                                                                              
 

 N =  
 

   : 
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      N = N                                                                                                            .  

 
  = ,  -   . 
 N = , = ,                                                                                                                  
 

 N =  
 

        
-     2.6. 

 

 2.6     
 

  
 
 

 
-8  Caterpillar R1700G 

  . 13 9 
  

 
/  299,1 484,5 

ё   8 12,5 
  3 - - 
  3 4,1 5,7 

    
  220 263 

  22 38,5 
 

  2.6 ,      Caterpillar 
R1700G        -8 ,  

 -      Caterpillar R1700G 
 3 ,      Caterpillar R1700G    -

8 ,    Caterpillar R1700G. 
 

  -   Caterpillar R1700G   
,    2.5 
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 2.5 –  -   Caterpillar 
R1700G    

 

2.4        
 

      
      , 

    ё  6   10 ,  
  Normet ( ),   

 -  .  
: 

-         
  Charmec 6605 B.  3 . 

-  Charmek-2K    ,   
 ,        ё   
 .  4 . 

-  Utimec    Rider.  3 . 
-     Crane   ё -

 .  3 . 
-   Lube.  3 . 
-     Robolt G 395.  2 . 
-     (   800   

).   800 – 1 .  – 1 . 
        2.7 
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  2.7-    

  
  

 : 
 

6 
 

-  : 
 

9 
 

    3 
    3 
    3 
    4 
    2 
    2 
     

  3 

: 35 
 

 
2.5      

 
 

       
  (  ,    . .) 

     ,    
 ,     ё   
     ,  ё  

5 , ,       
. 

         
          

  ,  , , 
-         

   . 
        
 ,     .    

ё       ,    
 . 

         
.     ,  , 

   ,       
  . .       . 

     ,    
      ,   

   .  
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3       
 

 
 

      -  
    ,    

     -   
  , -       

  .   
         

  ,      
   ,    

       ,  
     . 

         
        

. 
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3.1        
. 

 
3.1.1     
 

        
       .  

          
 ,        . 

       :   
      ;    

    ,       
   ;        , 
,    . 

          -    
, -   , -  

   ,    , 
   -   ,  

         
    .  

            
:   ,    
,        . 

 
  : 

       = n ∙ n ,                                                                                                    .  

 
 -   , / ; 

       n -     ; 
       N -    . 
 = , ∙ ∙ = , ≈                                                                                       
 
           

      , ,    
 .      3.1. 
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  3.1-    
 

 
, 

 

 
, 

 

 
, 

 
2732 8196,7 2500000 
 

     ,   
,        

    .  
    ,     

 . 
 

3.1.2      
 

  ,   
  ,     

  . 
       

      
ё     . 

 
   ,     

,        
   Sandvik TORO-40D  Atlas Copco Minetruck 

MT5020,        3.2.  
 

 3.2-   Sandvik TORO-40D  Atlas Copco 
Minetruck MT5020 

 
 Sandvik TORO-40D Minetruck MT5020 

 ,  30700 30600 
,  40000 50000 

,  354 485 
,  10217 11220 
,  2990 3325 
,  2670 2840 

 

   3.2        
ё   , . .     ,   

 .      
Sandvik TORO-40D 
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  :  
 =  ;  b =  ;                                                                                                 

 =  ;                                                                                                                        
 =  ;                                                                                                                          
 = + + =  ;                                                                              
 R = , ∙ = , ∙ = ;                                                                       
 S = B ∙ H + , ∙ R = ∙ + , ∙ = ,                              
 
 
 

 
 

 3.1-       
 V = S ∙ = , ∙ =                                                                               

               2200 
./ 3 .      : 
       = V ∙ = ∙ =                                              .  
 

 Sandvik ORO – 40D    25059320,29 . 
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      : 
       = ∙                                                                                                                    .  

 
  T  -    ,  7 ; 

       -   , . 
 = ∙ = , ≈                                                                                                            
 

  :  
        = ∙ L ∙ V + V ∙ ,                                                                .  

 
  L – 3,5    ; 

        V   - 8 / -     ; 
        V  - 14 / -     ; 
         - 1,25…1,3- ,   . 

 = ∗ , ∙ ( + ) ∙ . =                                                                    
 

         : 
      = ∙ QG                                                                                                                   .  

 
:  k = 1,5  -   ;  

        Q  -   , ; 
        G –  , . 

  = . ∗ , = , ≈                                                                                      
 

    : 
       N = = = , ≈                                                                       .  
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    :  
       G + = G + G ,                                                                                                         .  
 
 G -  , ; 

       G -  , . 
 G + = , + = ,                                                                                                       
 

   : 
 
G  = 30,7 . 

 
   :  

       = G + ∙ = , ∙ , = ,                                                                      .  
 
 , = , -   .  

 
 

   : 
        = G ∙ = , ∙ , = ,                                                                         .  
 

    qc = 10000.  
 

         ё     
 η = 0,27 : 

 
   

       = ∙ L∙ ∙ , = ∙∙ ∙ , = ,                                             .  

 
   

       = ∙ L∙ ∙ , = ∗∗ ∗ , = ,                                          .  

 

  : 
       = + = , + ,  =  ,                                                                 .  
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    : 
       = ∗ ∗ N = , ∗ ∗= ,                                                                                                  .  
 
 =   -  ; 

       N -  . 
 

 1 .  32 .,     : 
       = ∙ . = ,  ∙ = ,                                                    .  

 
 . =  -    . 

 
      : 

       = ∙ n ∙ = ,  ∙ ∙ =                                .  

 
 n = -     ; 

       n = -    . 
 

      : 

 :        З = + ∙ n = +  , ∙ =                      .  =                                                                                                                    
  1  : 

      = З = = ,                                                           .  

 
3.1.3 ё     

 
      .   , 

 ё ,  ё .        
  .       

      . 
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 -  ё . 
     2 100 . .       

1400     ,    
         

20. 
 

 2 100: 
   2,5 / ;  
  16,5 3/ ; 

  600 / ; 
    3500 ; 

  250 ;  
  1108 ; 

 930 . 
 

 -20: 
  20000 ; 
  900 ; 

 : 
-  10870 ; 
-  1360 ; 
-  1550 . 

  1650 ; 
  : 

-    47 ; 
-   18 ; 
-  9 / . 

  : 
-    18,8 ; 
-   4,5 ; 
-  14,4 / . 
 

  : 
 = + + + + =                                                       
 R = , ∙ = , ∙ =                                                                        
 S = ∙ + , ∙ R = ∙ + , ∙ = ,                               

 
 S = 9 2  
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 3.2 –       
 

  1 3     
  2200 .     : 

 = L ∙ ∙ S ∙ , = ∙ ∙ ∙ , = .                      .   
 

  1      800  100000 . 
 

   : 
       З = L ∙ = ∙ =  .                                      .  
 
 L –  , ; 

 
   20- 3000000 .( .  14-3200000 ) 

 
    : 

 
  1       -33- 300 : 

       З = L ∙ ∙ = ∙ ∙ =                                           .  
 

  : 
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    -3,3:    
       G = V ∙ = , ∙ , = ,                                                                                 .  

 
 -  , 3; 

       = ,  -    , / 3. 
 

   :  
       G + = G + G = , + , = ,                                                             .  
 
 G -  , . 
 

   ,      
 ё     : 

        + Q = ∗ ∗+ i + ∙ j                                                                                  .  

 
  = 0,21 –   ё   ,    

; 
       P  –   , ; 
       -    , =9 / ; 
        j  -    , j =0,04-0,05 / 2; 
        i –    . 

 + Q =   ∗ , ∗           + + ∗ , =                                                                     
 
Q  =   154 . 
 

   :  
       n = QG + G = , + , = , ≈                                                           .  

 
     :  

 
   - 3,3- 119000 . 

       З = n ∙ = ∙                                                                                .  
 :  4000000 . 
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      : 
 

 : 
       З = + З + + З + З + З = + + .  
 + + + + =                          
 

   : 
       = З = = .                                                             .  

 
3.1.4      

 
,   ,   2732 / , 

      ,      
 . 

       -20. 
        

        , 
          . 

    ,       ,   
,   ,    .  , 

    ,      
     ,   

   .  
 

       3,3 3 
 

  : 
  h = + =                                                                                                       
 = + + =                                                                                    
 R = , ∙ B = , ∙                                                                                 
 S = D = B ∙ H + , ∙ R = ∙ + , ∙ = ,                        

  S =                                                                                                                
  A =700; b =200;  = 1550;  = 850; 
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 3.3-       
 

  1 3     
  2200 .     : 

 = L ∙ ∙ S = ∙ ∙ =  .                                       .   
 

   -20- 3000000 . 
 

    : 
 

  1       -33- 300 : 
       З = L ∙ ∙ = ∙ ∙ =                                           .  
 

  : 
 

    -3,3:    
       G = V ∙ = , ∙ , = ,                                                                                 .  
 
 -  , 3; 

       = ,  -    , / 3. 
 

   :  
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      G + = G + G = , + , = ,                                                             .  
 
 G -  , . 

 
   ,      

 ё     : 
        + Q = ∗ ∗+ i + ∙ j                                                                                   .  

 
  = 0,21 –   ё   ,    

; 
       P  –   , ; 
       -    , =9 / ; 
        j  -    , j =0,04-0,05 / 2; 
        i –    . 

 + Q =   ∗ , ∗           + + ∗ , =                                                                     
 

Q  =   154 . 
 

   :  
       n = QG + G = , + , = , ≈                                                           .  

 
     :  

 
   - 3,3- 119000 . 

       З = n ∙ = ∙                                                                               .  
 

 :  4000000 . 
 

      : 
 : 

       З = + З + З + З + З = +                                     .  
 + + + + =                                 

   : 
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      = З = = ,                                                                .  

 
3.1.5     
 

  –      
      .   
      .  , 

       
       .  

      
,     ,  

.   ,     
      .   

      . 
  –      

    ,    
 .         

. 
  –     . 

        ,   
   . 
 
 
3.2    

 
3.2.1     
 

        
        , 

          . 
    ,       , 

,   ,    .  
 ,     ,  

         ,  
    .  

        ,     
   . 

   -20. 
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3.2.2   
 

     :  
 ,   ,   , 

  ,  . 
        

    : 
-  ,       (  ). 

      ; 
-  ,    (  ).  

  ; 
-  ,        

 (  ).         ; 
-     (  ).    

 . 
 ,       

   (  )   , 
   . 

         
      , 

    .     
            
      .     

       ,   
    .    

         
    3,3 3,     3.4. 

 

 
  3.4-    – 3,3    . 
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    -3,3    3.3 
 
 

 3.3-    -3,3 
 

  

Ё   3,3 
 , : 

-  
-  
-  

 
1320 
3450 
1300 

 ,  1100 
 ,  900 

,  1207 
 ,  350 

 
        ,  

       1000   ,   
       ,      

    . 
,        ,  

 900 ,     – 18 (  3.5),   
  18 . 

  
 

 
 

 3.5-    – 18        
. 

 
3.2.3     ,    

 . 
 

 ,   , ,     
        .  
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,   ,    .  
     .    

   600, 750  900 . 
        900 ,   

  900 . 
 

       3.6. 
 

 3.6-     
 

          
 .      

    (  , , 
 )     33-38 / ,  
  – 24-33 / ,      –  

18-24 / .      25-30 . 
        

.        5 . 
   -33   1   33 . 
   . 

  ,       
   ,        

(     ).  
    900  ,     1600  . 

     i=0.03-0.05.     
     . 

 
3.3     
 

ё       :   
;       ;   

 ,  ,  ;     ; 
    ; ё     

ё   . 
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       : 

       Q = ∙ ( ∙± i + ∙ a i − ) ,                                                              .  

       Q = ∙ ( ∙± i + ∙ a i − ) ,                                                               .  

 
  -   , ; 

        = , -       ; 
        ,  -        

 / ; 
        I = − 0/00 -    ; 
        A i = , -       . 
 Q = ∙ ( ∙ ,+ + ∙ , − ) =                                                           

 Q = ∙ ( ∙ ,− + ∙ , − ) =                                                            
 

          
     : 

       Q = ∙ ( ∙± i− )                                                                                                              .  

 
 = , -       ; 

       -       (3.37) 
       I = − 0/00 -    ; 

 Q = ∙ ( ∙ ,− − ) =                                                                    
 

      : 
       n = Q iG ∙ g                                                                                                                    .  
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       n = Q iV ∙ ∙ + G ∙ g                                                                                              .  

 
 Q i , Q i  -       

, ; 
  G ∙ g -  , ; 

      V-   , 3; 
      -  , / 3; 
      = -  . 
 n = . ∙ = ,                                                                                                             

 n = , ∙ , ∙ + , ∙ = ,                                                                            
 

          n   n .    n=8. 
          

: 
       n a = L − ll + l                                                                                                          .  

 
 L  -  , ; 

       l  -  , ; 
       L -  , ; 
       L = , -       , . 

 n a = − ,, + , = , ≈                                                                                         
 

     : 
       Q = n ∙ V ∙ ∙ + G ∙ g,                                                                                .  
       Q = n ∙ G ∙ g,                                                                                                       .  
 
 n-  ; 

      G ∙ g -  , ; 
      V-   , 3; 
       -  , / 3; 
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       = -  . 
 
 Q = ∙ , ∙ , ∙ + , ∙ =                                                            

 Q = ∙ . ∙ =                                                                                          
 

     : 
       F = P + Q∙ ± i ,                                                                                              .  
       F = P + Q∙ ± i ,                                                                                             .  
 
 -   , ; 

      ,  -        
 / ; 

      I = − 0/00 -    ; 
 F = + ∙ − = = ,                                                               

 F = + ∙ + = = ,                                                               
 

    : 
      F , = F ,                                                                                                                    .  

       F,= F ,                                                                                                                              .  

 
 F , F -      , . 
 F , = ,  = ,                                                                                                                  
   F , = ,  = ,                                                                                                                       

 
      ,  : 
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      I = , ÷ ,∙ I                                                                                                                  .  
 
 I -  , . 
 I = , ÷ , ∙ = , ÷                                                                                
 

     ,   
(  3.7),     : 

 

 
 

 3.7-   -20 
 I =  ,  v = ,

 

 I =  ,  v = ,
 

 
      : 

       t = ∙ Lv ,                                                                                                           .  
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      t = ∙ Lv ,                                                                                                           .  

 
 L -  , ; 

       v  , v = , ∙ v  -      , 
/ . 
 t = ∙ ,, ∙ , = ,                                                                                                     

 t = ∙ ,, ∙ , =                                                                                                         
 

    : 
       = t + t + ++ ,                                                                                                   .  
 
 
 , =   –     

    ; 
        =   -      

 . 
 = , + + + + = ,                                                                      

  : 
      I = a ∙ √ I ∙ t + I ∙ t                                                                                       .  

 
 a = , − ,  -     

    . 
 I = , ∙ √ ∙ , + ∙, = ,                                                                    

 I ≤ I = , ≤ , ÷                                                                                            
 

 . 
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      : 
       v  = √ , ∙ L ∙ b + − i ,                                                                  .  

  b -   . 
       b = ∙ φ ∙ ∙+ Q                                                                                                   .  

 
 

 φ = , − ,  -    ; 
       = , − ,  –   . 

 b = ∙ , ∙ , ∙+ = ,                                                                                    
 
 v  = √ , ∙ ∙ , + − = ,                                                         

 
 

  8,1<11,1,    .    
     L=30 , : 

 𝑣  = √ , ∙ ∙ , + − = ,                                                           
 

      :  
        n = ∙ ∙L ∙ a ∙ λ − P ∙ +G ∙ ± i + G ∙ +                                                                       .  

 
 -   , / ; 

       -  ; 
       =1,05-1,15 – ,      

; 
       λ-     . 
 n = ∙ ∙ ,, ∙ , ∙ − ∙ +∙ − + ∙ + = , ≈                                                            
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      n=9. 
 

  :       n = (n ∙ N ) ∙ ∙ , = ∙ ∙ ∙ , = , ≈     ≈                                                                                       .  
     : 

        λ = ∙ T                                                                                                                   .  

 
 T =   -     , . 

 λ = ∙, = , ≈                                                                                                               
      : 

       λ = λ + λ                                                                                                                  .  
 
 λ = -     ; 

       λ -     . 
        λ = ∙V ∙ ∙ ∙ n                                                                                                          .= ∙V ∙ ∙ ∙ n                                                                                                                 = , − ,  -    ; 
      -  , / . 

 λ = , ∙, ∙ , ∙ ∙ =                                                                                                
 λ = + =                                                                                                                    

  : 
       N = λλ = = . ≈                                                                                           .  

 
   . 

 
    : 
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       N = N + N = + =                                                                                  .  =                                                                                       
 
3.3.1      

 
         

    ,   
    : 

 
       A = a ∙ n ∙ λ ∙ U ∙ I ∙ t + I ∙ t∙ , ∙                                                             .  

 
  n-   ; 

       U = ,  -     . 
 A = , ∙ ∙ ∙ , ∙ ∙ , + ∙∙ = ,                                    

 
       : 

       m =                                                                                                                        .  

 
 =  ∙ -   . 

 m = , = , ≈                                                                                                       
 

  ,     ,  –  .  
 

       : 
       m = ∙ N  ∙ N                                                                                                                  .  
 N –     
 m = ∙ ∙ =                                                                                                                       

 
      , . . n = . 
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3.3.2     
 

         : 
       Q = n ∙ V ∙ ∙ + G ∙ g,                                                                                  .        Q = n ∙ G ∙ g,                                                                                                         .  
 
 n-  ; 

      G ∙ g -  , ; 
       
      V-   , 3; 
       -  , / 3; 
       = -  . 
 Q = ∙ , ∙ , ∙ + , ∙ = ,                                                              

 Q = ∙ , ∙ = ,                                                                                          
 

     : 
       F = P + Q ∙ ± i ,                                                                                   .    ∙ ± i ,                                                                                         
      F = P + Q ∙ ± i ,                                                                                   .  
 
 -   , ; 

      ,  -        
 / ; 

      I = − 0/00 -    ; 
 F = + , ∙ − = ,  = ,                                                
 F = + , ∙ + =  = ,                                                     
 

 ,       : 
       = , ∙ ∙ F + FL + l , ∙                                                                             .  

 
 F , F  -   ; 

       L-  , ; 
       L = , − , -   , . 
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= , ∙ ∙ , +, + , = ,  ∙                                                         
 

    : 
       = ∙ ∙ . , ∙                                                                                 .  

 
  = , − , -  ; 

        = , -    ; 
        Η . = , − , -   . = ,, ∙ , ∙ , = ,  ∙                                                               

 
     : 

       a = ∙ λ , ∙                                                                                                .  

 
 λ  –      .  
 a = ,  ∙ = ,  ∙                                                                          

 
  : 

       = a ∙ L , ∙                                                                                                 .  

 
 -   , / ; 

       L –  , . 
 = ,   ∙ , = ,  ∙                                                                                   
 

       
   . 

  : 
 
       = n ∙ U ∙ I ∙ ,                                                                                        .  

 
 n = -    ; 
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       U = , − ,  -       , ; 
       I = ,  -  , . 

 = ∙ , ∙ , ∙ = ,                                                                           
 

     : 
       S = n . ∙ ∙. ∙ cos φ . ,                                                                                            .  

 n . -   ; 
       = ,  -  ; 
       Η . = ,  –   ; 
       Cos φ .  -         

 S = ∙ , ∙ ,, ∙ , = ,                                                                                        
 
3.4        
 

        
  ,     

 :      
,   , ,  

     . 
       

  (  3.8) 
       4,5-900 

(  3.9) 
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 3.8 –     

 
 

 
1– , 2-  , 3-  , 4-  

, 5- , 6-  , 7-  , 8- , 9-
 , 10-  . 

 
 3.9 –    4,5 - 900 

 
 

 

И . Л  № к .  Да а 

Л  

81 
 . - 21.05.04.09 – 2021  



3.4.1   
 

      , 
      ,   

    .   
    ,     

    .    
     . 
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4.   
 
4.1       
 

      : 
-    ;  
-        ; 
-      ;  
-       ;  
-     . 

 
 4.1 –   

 
  . -1180 (Q ), 3/  15 
  . -1050 (Q ), 3/  20 
  .-900 (Q ), 3/  20 

  ( ),  1180 
  ( ) 7 

    (L ),  30 
     (n ) 305 
     (n ) 60 
   3 

 
    ,    4.1 

 

 

 4.1 –    « » 
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4.1.1 ё    . -1180  
 

 
Q =15 3/ ;  = 130 ; Q = / . 

 
   ,   ,    

          20 : 
       Q = ∙ Q , /                                                                                                          .  

 
 Q =15 3/  –    . 

 Q = ∙ =  /                                                                                                          
 

  : 
      = ,                                                                                                                          .  

                                                             
  –   , ; 

       n  –  . 
       = + ,                                                                                                            .  
  
 -   , ; 

   -  , . 
 = + =                                                                                                            
 = , =                                                                                                                     
 

      22 – 135    
 135/49 = 3 

         4.2 
 

   : 
       d = √ ∙ Q∙ ∙ V ,                                                                                                  .   
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 V  –      , 
 2…3 / . 

 d = √ ∙∙ . ∙ = .                                                                                           
 

 
 

 4.2 –       
 

  8732-78     (   20)  
   63,5     6  

 
    : 

       = ∙ Q∙ ∙ d , /                                                                                            .  

 
 Q -  , / . 
 = ∙∙ , ∙ , = ,  /                                                                        
 

   : 
       d = √ ∙ Q∙ ∙ V ,                                                                                                  .  
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 V –     , / . 
 

 d = √ ∙∙ , ∙ , = ,                                                                                      
 

  8732-58     (   20)  
  73 ,    =6 . 

 
    : 

       = ∙ Q∙ ∙ d , /                                                                                           .   
 
 Q -  , / . 

 = ∙∙ , ∙ , = ,  /                                                                          
 

    :  
 Σ∆ = λ + ξi ∙ ni ∙ g ,                                                                                          .

   
 l  –     , ; 

       ξi∙ni –        
       ξi∙ni =ξ . +ξ +ξ +n ∙ξ  = 7,0+0,26+10+6∙0,5=20,26; 
        –   . 

       λ = ,√d                                                                                                                     .  

 
 d  -   , . 

 λ = ,√ , = ,                                                                                                            
 Σ∆ = ( , ∙ , + , ) ∙ ,∙ , = ,                                                    
 

    :  
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      Σ∆ = (λ ld + ξi ∙ ni) ∙ g ,                                                                                   .  

 
 
 l  –     , ; 

       –   . 
       λ = ,  √d                                                                                                                   .  

 
 d  –   , . 

 λ = ,√ , = ,                                                                                                               
 

Σ∆ = ( , ∙ . + , ) ∙ ,∙ , =                                                                    
 

  : 
       Σ∆ = Σ∆ + Σ∆ ,                                                                                           .  
 
 Σ∆ -     ; 

       Σ∆ -     . 
 
Σ∆ = , + = ,                                                                                                      

 
  : 

       = + Σ∆ ,                                                                                                       .  
 
 -  ,     (4.2). 

 = + , = ,                                                                                                  
 

 : 
       R = ΣΔHQ , /                                                                                                   .  

 
 Q -  ,     (4.7)  
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R = , = ,  /                                                                                                  
 

   = 135 + , ∙Q2    
,      4.2 

 
 

 4.2 –     
 
Q, 3/           0         7       15       23        30 
    ,         135       138      147       164      183,6 
 
 

 
 

 4.3 –     
 

     : 
 
  Q =19 3/ ; =157 ; η =0,70. 
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4.1.1.1      , 
    

 
 : 

       = = , < ,                                                                                             .  

 
  : 

 ≤ .                                                                                                                                 
 
  –     , ; 

       .  =3,5  –      
  . 

      Σ∆ = + (λ ∙ ld + ξi ∙ ni) ∙ ∙ g ,                                                                   .  

    -  ,     (4.10); 
       g-   , / 2. 

 Σ∆ = + ( , ∙ . + , ) ∙ ,∙ , =                                                           
 

   Σ∆ = ≤ . = , ,      
 .  

 
      : 

       N = , ÷ , ∙ − ∙ ρ ∙ g ∙ ∙ Q, ∙ η ,                                                      .  

 
 ρ=1020 / 3 –   ; 

       ; Q ; η  –     
 . 

 N = , ∙ − ∙ ∙ , ∙ ∙, ∙ , = ,                                                  
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      N =13,6  
        

 160S-2   15      3000 / ,  
 380-660 .    , 

     22-157. 
 

                   
: 

       t = Q ∙Q ∙ n ,                                                                                                              .  

       t = Q ∙Q ∙ n ,                                                                                                       .  

 
 n –    .       
 t = ∙∙ =                                                                                                                  

 t = ∙∙ =                                                                                                               
 

 , 3:  
       V = , ∙ ∙ Q , V                                                                                                  .  
 
 Q -   , . 
 V = , ∙ ∙ =                                                                                                       
 

        
 

  :  
      = N . .h . ∙ h . ∙ (t ∙ n + t ∙ n ), ∙                                                  .  

 
 η .   η .  –     . 
 = ,, ∙ , ∙ + ∙ =  ∙                                            
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  , 3: 
       W = n ∙ Q + n ∙ Q ∙ ,                                                                   .  
 
  n -     ; 

       n  -     . 
 W = ∙ + ∙ ∙ =                                                                   
 

  : 
      = W , ∙ /                                                                                                   .  

 
 -   , ·  

      W -   , · / 3 
 = = ,  ∙ /                                                                                        

 
ё    . -1050  

 
Q =20 3/ ;  = 150 ; Q = / . 
 Q = Q + Q = + =  / ; =  ; Q a =  / ; 
 

   ,   ,    
          20 : 

 
       Q = ∙ Q , /                                                                                                       .  

 
 Q =35 3/  –    . 

 Q = ∙ =  /                                                                                                          
 

  : 
      = ,                                                                                                                       .  
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   –   , ; 
       n  –  . 

       = + ,                                                                                                         .  
  
 -   , ; 

   -  , . 
 = + =                                                                                                            

 = , =                                                                                                                     
 

      38 – 60                                       
 

   : 
       d = √ ∙ Q∙ ∙ 𝑉  ,                                                                                               .  

 
 V  –     , / . 
 d = √ ∙∙ . ∙ = .                                                                                           
 

     : 
       = , ∙ ∙ d. ∙ σ − . − . ∙ + ,                                                                 .  

 
 σ -  , / 2 (120-160). 
 = , ∙ ∙ ,, ∙ , − , ∙ + = ,                                                                 
 

  8732-78     (   20)  
  70 ,    =7 . 

 
  : 

       d = d + ∙ ,                                                                                                       .  
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 d-    , . 
 d = , + ∙ , = ,                                                                                      

 
    : 

       = ∙ Q∙ ∙ d , /                                                                                          .  

 
 Q-   , / . 
 = ∙∙ , ∙ , = ,  /                                                                             
 

   : 
       d = √ ∙ Q∙ ∙ V ,                                                                                                 .  

 
 V –     , / . 

 d = √ ∙∙ , ∙ , = ,                                                                                         
 

  8732-78     (   20)  
  95 ,    =6 . 

 
    : 

       = ∙ Q∙ ∙ d , /                                                                                          .  

 
 Q -  ,     (4.30) 

 = ∙∙ , ∙ , = , /                                                                           
 

    , :  
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      Σ∆ = (λ ld + ξi ∙ ni) ∙ ∙ g ,                                                                                .  

 
 

 l  –     , ; 
       ξi∙ni –        
       ξi∙ni =ξ . +ξ +ξ +n ∙ξ  = 7,0+0,26+10+6∙0,5=20,26; 
         –   . 

       λ = ,  √d                                                                                                                  .  

 
 d -   , . 
 λ = ,√ , = ,                                                                                                                

 
 

Σ∆ = ( , ∙ , + , ) ∙ ,∙ , = ,                                                          
 

    , :  
       Σ∆ = (λ ld + ξi ∙ ni) g ,                                                                                     .  

 
 l  –     , ; 

   –   . 
       λ = ,  √d                                                                                                                   .  

 
 d -   , . 

 λ = ,√ , = ,                                                                                                              
 

Σ∆ = ( , ∙ . + , ) ,∙ , = ,                                                                 
 

  : 
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      Σ∆ = Σ∆ + Σ∆ ,                                                                                           .  
 

 Σ∆ -     ; 
       Σ∆ -     . 

 
Σ∆ = , + , = ,                                                                                                  

 
  , : 

      = + Σ∆ ,                                                                                                        .  
 
 -  ,     (4.25) 

 = + , = ,                                                                                                  
 

 : 
       R = ΣΔHQ                                                                                                                      .  

 
 Q -  ,     (4.30) 

 R = , = ,                                                                                                               
 

   = 163 + , ∙Q2    
,      4.3 

 
 4.3 –     

 
Q, 3/  0 10 20 30 40 50 

,  163 165 169 177 188 201 
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 4.4 –    

 
     : 

 
 Q =41,5 3/ ; =193 ; η =0,73. 

 
4.1.1.2      , 

    
 

 : 
     = = , < ,                                                                                              .  

 
  : 

 ≤ .                                                                                                                                 
 
  –     ; 

       .  =3,5  –      
  ;  

       Σ∆ = + (λ ∙ ld + x . + x + x + x ) ∙ ∙ g ,                           .  
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   -  ,     (4.33); 
       g-   , / 2. 

 

Σ∆ = + ( , ∙ . + , ) ∙ ,∙ , = ,                                                         
 

   Σ∆ = , ≤ . = ,  ,      
 .  

 
     :  

       N = , ÷ , ∙ − ∙ ∙ g ∙ ∙ Q, ∙ ,                                                      .  

 
 ρ=1020 / 3 –   ; 

       ; Q ; η  –     
 . 

 N = , ∙ − ∙ ∙ , ∙ ∙ ,, ∙ , =                                                     
 

      N =35   
       1LG4207-

2AA61  37      3000 / ,  
 400-660 .    , 

    38-176,  ,     
  . 

 
                   

: 
       t = Q ∙Q ∙ n ,                                                                                                              .  

       t = Q ∙Q ∙ n ,                                                                                                       .  

 
 n –    .       
 t = ∙, ∙ =                                                                                                                 
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t = ∙, ∙ =                                                                                                              
 

 :  
       V = , ∙ ∙ Q , V                                                                                                  .  
 
 Q -   , . 
 V = , ∙ ∙ =                                                                                                     
 

       . 
 

  :  
      = N . .h . ∙ h . ∙ (t ∙ n + t ∙ n ), ∙                                                  .  

 
 η .   η .  –     . 
 = ,, ∙ , ∙ ∙ + ∙ =  ∙                                         
 

 , 3: 
       W = n ∙ Q + n ∙ Q ∙ ,                                                                   .  
 
  n -     ; 

       n  -     . 
 W = ∙ + ∙ ∙ =                                                                   
 

  : 
      = W , ∙ /                                                                                                   .  

 
 -   , ·  

      W -   , · / 3 
 = = ,  ∙ /                                                                                       
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4.1.2  ё    . -900  
 
Q =20 3/ ;               = 900 ;             Q = /  

 Q = Q + Q + Q = + + = / ; =  ; Q a =  / ; 
 

   ,   ,    
          20 : 

       Q = ∙ Q , /                                                                                                       .  

 
 Q =55 3/  –    . 

 Q = ∙ =  /                                                                                                          
 

  : 
      = ,                                                                                                                        .  

                                                             
  –   , ; 

       n  –  . 
       = + ,                                                                                                          .  
  
 -   , ; 

       -  , . 
 = + =                                                                                                            
 = , =                                                                                                                     

 
      180   

    
   : 

 
       d = √ ∙ Q∙ ∙ V  ,                                                                                               .  
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 V  –     , / . 
 d = √ ∙∙ . ∙ = .                                                                                           
 

  8732-78     (   20)  
  114 ,    =8 . 

 
     : 

       = , ∙ ∙ d. ∙ σ − . − . ∙ + ,                                                                 .  

 
 σ -  , / 2 (120-160). 
 = , ∙ ∙ ,, ∙ , − , ∙ + = ,                                                               
 

  : 
       d = d + ∙ ,                                                                                                        .  

 
 d-    , . 
 d = , + ∙ , = ,                                                                                    
 

    : 
       = ∙ Q∙ ∙ d , /                                                                                         .  

 
 Q-   , / . 
 = ∙∙ , ∙ , = ,  /                                                                          
 

   : 
       d = √ ∙ Q∙ ∙ V ,                                                                                                .  
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 V –     , / . 
 d = √ ∙∙ , ∙ , = ,                                                                                      

 
  8732-78     (   20)  

  127 ,    =6 . 
 

    : 
       = ∙ Q∙ ∙ d , /                                                                                         .  

 
 Q -  ,     (4.30) 

 = ∙∙ , ∙ , = ,  /                                                                          
 

    , :  
       Σ∆ = (λ ∙ ld + ξi ∙ ni) ∙ ∙ g ,                                                                             .  

 
 l  –     , ; 

       ξi∙ni –         
       ξi∙ni=ξ . +ξ +ξ +n ∙ξ  = 7,0+0,26+10+6∙0,5=20,26; 
        –   . 

       λ = ,√d                                                                                                                   .  

 
 d -   , . 
 λ = ,√ , = ,                                                                                                                 

 

Σ∆ = ( , ∙ , + , ) ∙ ,∙ , =                                                             
 

    , :  
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      Σ∆ = (λ ld + ξi ∙ ni) g ,                                                                                     .  

 
 l  –     , ; 

        –   . 
       λ = ,√d                                                                                                                   .  

 
 d -   , . 
 λ = ,√ , = ,                                                                                                               
 

Σ∆ = ( , ∙ . + , ) ,∙ , = ,                                                            
 

  : 
       Σ∆ = Σ∆ + Σ∆ ,                                                                                           .  
 
 Σ∆ -     ; 

       Σ∆ -     . 
 
Σ∆ = + , = ,                                                                                                 
 

  , : 
      = + Σ∆ ,                                                                                                        .  
 
 -  ,     (4.50) 

 = + , = ,                                                                                             
 

 : 
       R = ΣΔHQ                                                                                                                      .  

 
 Q -  ,     (4.55) 
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R = , = ,                                                                                                                
 

   = 905 + , ∙Q2    
,      4.4. 

 
 4.4 –     

 

Q, 3/  0 24 48 72 92,4 

,  905 912 933 967 1007 

 

 
 

 4.5 –    
 

     : 
 
 Q =69 3/ , =960 , η =0,73 
 
 
4.1.2.1      , 

    
 

 : 
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    = = , < ,                                                                                              .  

 
  : 

 ≤ .                                                                                                                                 
 
  –     ; 

       .  =3,5  –      
  ;  

       Σ∆ = + (λ ∙ ld + x . + x + x + x ) ∙ ∙ g ,                          .  

    -  ,     (4.33); 
       g-   , / 2. 

 

Σ∆ = + ( , ∙ . + , ) ∙ ,∙ , = ,                                                    
 

   Σ∆ = , ≤ . = ,  ,      
 .  

 

     :  
       N = , ÷ , ∙ − ∙ ∙ g ∙ Q, ,                                                         .  

 
 ρ=1020 / 3 –   ; 

       ; Q ; η  –     
 . 

 N = , ∙ − ∙ ∙ , ∙ ∙, ∙ , =                                                    
 

      N =260   
       4-400 - 

6 3   315      1000 / ,  
 6000 .  

   ,   
  ,         180-1024. 

 

И . Л  № к .  Да а 

Л  

104 
 . - 21.05.04.09 – 2021  



                   
: 

       t = Q ∙Q ∙ n ,                                                                                                              .  

       t = Q ∙Q ∙ n ,                                                                                                       .  

 
 n –    .       
 t = ∙∙ =                                                                                                                 

 t = ∙∙ = ,                                                                                                           
 

 :  
       V = , ∙ ∙ Q , V                                                                                                  .  
 
 Q -   , . 
 V = , ∙ ∙ =                                                                                                     
 

       . 
 

  :  
      = N . .h . ∙ h . ∙ (t ∙ n + t ∙ n ), ∙                                                  .  

 
 η .   η .  –     . 
 = , ∙ , ∙ ∙ + , ∙ =  ∙                                   
 

 , 3: 
       W = n ∙ Q + n ∙ Q ∙ ,                                                                      .  
 
  n -     ; 
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       n  -     . 
 W = ∙ + ∙ ∙ =                                                                   
 

  : 
      = W , ∙ /                                                                                                   .  

 
 -   , ·  

      W -   , · / 3 
 = = ,  ∙ /                                                                                     

 
4.2      ё     
 
 
4.2.1  ё        
 

ё         
 : 

-    ; 
-  ; 
-     ; 
-        

. 
        

     ,  
. 

   = 3 . / .   
   n=450 .       

2269 .  – 0,0%. 
     , 

  : 
       ΣN = ∙ N                                                                                                                 .  
 
 
 N1 =263  –     Caterpillar R1700G. 
 
ΣN = ∙ =  . .                                                                                                  
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   , . .     
 ,    ,     

  ё   . 
 

ё  : 
 
-        : 

       Q . . = , ∙ n ∙ , /                                                                                   .  
 

 n –   ,    , 450 
; 

        =1,4 –   . 
 Q . . = , ∙ ∙ , =  /                                                                                     

 
-       : 
       Q . = ∙ ∙t , /                                                                                    .  

 
  –    , ; 

       t –  , 1800 . 
 Q . = ∙ ∙ , =  /                                                                            
 

-        
: 

       Q . = ∙ ΣN ∙ ∙ , /                                                                           .  

 
  =5 3/  –    1 . .   .  

       =0,85 –   . 
 Q . = ∙ ∙ , ∙ , =  /                                                                    
 

 
 ё     ,   ё   

 .  
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: 

 
-     
       Q = , ∙ V , /                                                                                         .  

 
 V  – ё   , . 
 Q = , ∙ = ,  /                                                                                      
 
-   -  : 
       Q = , ∙ V , /                                                                                     .  

 
 V  – ё   , . 
 Q = , ∙ = ,  /                                                                                      
 
-  : 
       Q = , ∙ V , /                                                                                               .  

 
 V  – ё  , . 
 Q = , ∙ = ,  /                                                                                         
 
-     : 
       Q = , ∙ V , /                                                                                                .  

 
 V  – ё     , . 
 
 Q = , ∙ =  /                                                                                             
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-  : 
     Q = , ∙ V , /                                                                                          .  

 
 V  – ё   , . 
 Q = , ∙ = ,  /                                                                                          
 

         4.5 
 

 4.5 –       
 

 
ё  , 

3 
 , 

3/  
 2000 11 
 5000 27,5 

  1200 6,6 
  1500 1,75 

 200 1,1 
: 9900 48 

 
        : 

       Q . = (Q + ΣQ ) ∙ , , /                                                                              .  
 
 Q –   , ; 

       ΣQ0 –        
, / . 

 Q = , ∙ + =  /                                                                            
 
4.2.2        

 
 

       
  ё        

       . 
ё         
: 

 V i ≤ V ≤ V a                                                                                                                   
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 Vmin  Vmax –        
, / . 

 
  ё       

: 
       V = Q∙ S , /                                                                                                         .  

 
 Qc – ё   ,   , 3/ ; 

        –    ,   
: 0,9-0,95,    0,8-0,9; 

       S –   , 2. 
 

          
 4.6 

 
 4.6 –      

 

 
 

S, 2 
 

 V , 
/  

 
 

 Qc, 3/  

  
 58,1 8 0,9 362 
 44,3 8 0,9 239 

  
 44,2 15 0,95 473 

 
 

12 8 0,95 106,4 

.  4 4 0,95 15,2 
       V = Q∙ S = , ∙ , = ,   /                                                               .  

 V ≤ V a , . .  . 
       V = Q∙ S = , ∙ , =  /                                                                  .  

 
 V ≤ V a , . .  . 
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      V = Q∙ S = , ∙ , = ,  /                                                           .  

 V ≤ V a , . .  . 
 

 
4.2.3 ё    

 
 

     .   
     ё .     
,       . 

 
     : 

       H = Σh + Σh + h ,  . .                                                                             .  
 
 Σh –  ё     ,  

    ,   
 ,   . ,  . ., .; 

        
Σh  –  ё      ё   

 ,  . .,  (Σh =15-20%  Σh); 
 
He –   ,  . .,  (5-10%  Σh). 

 
ё    ё     

:        Σhi = Σ
ai ∙ Pi ∙ LiQiSi ,  .                                                                         .  

 
 i –    , 2/ 4; 

       Pi –  , ; 
       Li –  , ; 
       Si –    , 2; 
       Qi –    , 3/ . 

 
      4.7 
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 4.7 – ё    

 
 
 

 
 i*10-4 Li,  Pi,  Si, 2 Ri,  Qi, 3/  hi, . .  

  . 
 

39,2 1180 25 58,1 0,0009 362 52,3 

  . 
 

39,2 937 21,4 44,2 0,0021 239 94,7 

 . 
 

15,0 1030 21,4 44,2 0,0009 473 183,0 

 
 

  4.7 
 

 
 

 
 i*10-4 Li,  Pi,  Si, 2 Ri,  Qi, 3/  hi, . .  

 
 

 
 /  

15,75 498 14 12 0,0110 121,6 162,4 

 
 

 6,0 1900 14 12 0,0160 121,6 236,0 

. 
 

/  20 8,5 8 4 0,0021 15,2 0,5 

 
 

 
 /  

6,0 120 14 12 0,0010 121,6 14,9 

:        743,8 
 H = Σh + Σh + h = , + + , =   . =           

 
4.2.4      
 
 

          Q .  
 

    : 
       Q = ∙ Q ,  /                                                                                                    .  
 
  – ,      

   . 
 Q = , ∙ =  /                                                                                                   
 

      ,     
       . 
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      . 
 

   : 
       = , ∙ Q√ ,                                                                                                       .  

 
 Q -      , / . 
 = , ∙√ =                                                                                                         
 

    : 
 

        d = √ , ,                                                                                                            .  

 
  –   , . 

 d = √ , = ,                                                                                                                 
 

     : 
             R = ∙d                                                                                                             .  

 
  –    . 
 R = , ∙ ,, = ,                                                                                               

 
         Q  

 0  2. 
            = ΣR ∙ Q + R ∙ Q ,  .                                                                   .   

 
 ΣR –    ,    ё  

, ; 
        R  –     , . 
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     4.8 

 
 4.8 –   

 
 

 
0,25Qb 0,5Qb 0,75Qb 1,25Qb 1,5Qb 2Qb 

Qb 90,5 181 271,5 452,5 543 724 

Qb
2 

8190,3 32761 73712 204756 294849 524176 

H ,  . . 235 470 705 1175 1410 1880 
 

 
 ё    Q      -

47  « » - 2 ,       4.9 
 

 4.9 –    -47  
 

 
 

 
 

  ,  4700 
 , -1 450-490 

    
 

- , /  
-  ,  

 
20-430 

1000-8800 

 ,  1250 
    0,86 

 
       

     . 
 

      : 
   : 

 – 362 3/ ; 
 – 239 3/ . 

 
   : 

-1 –473 3/ . 
    ,  

  –  .    
   .   

   2-   (   )  . 
       . 
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5.      
« » 

 
     ,  

          
  ( ),        
        

   -   ( ).  
       

,      
   ,    ,   

,    
 . 

  : 
-      ( )  

      ; 
-      

; 
-     ,    

  ; 
-    . 

   -   ( ): 
-   :    

 ; 
-  ,      ( 1, 2, 3…)  

  ( ). 
      

,      
 ё     ,     

  . 
  : 

-   ; 
-   ,    

 ё   . 
  «  -     

   »,   , 
    ,    

 5.1 
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 5.1 –    
 

№
  

/
 

 

 
 

, 
 

 

 
, 

.- . 

 

, 
 

-
, 

 

 
 

 

 
  

1 

Atlas Copco 
Boomer 282 

5 17,5 

 
1 
2 
 

470 
1410 
2820 
8460 

6 
18 
30 
72 

12 
3 
2 
1 

8 
45 
150 
450 

60 
90 
200 
300 

2 

Caterpillar  
R1700G 

9 38,5 

 
1 
2 
 

470 
1410 
2820 
8460 

6 
16 
40 
160 

12 
3 
2 
1 

16 
94 
312 
1170 

125 
187 
415 
780 

3 
 

-20 3 20 
 

 
 

470 
2820 
16920 

6 
18 
72 

30 
5 
1 

6 
60 
360 

60 
100 
120 

4 
 22-157 

3 1,5 
 

 
 

730 
4380 
17520 

2 
6 
24 

30 
5 
1 

2 
12 
72 

30 
30 
36 

5  38-176 3 1,5  
 
 

730 
4380 
17520 

2 
6 
24 

30 
5 
1 

2 
12 
72 

30 
30 
36 

6  180-960 3 1,5  
 
 

730 
4380 
17520 

2 
6 
24 

30 
5 
1 

2 
12 
72 

30 
30 
36 

7 -47  « » 2 90,2  
 
 

730 
4380 
43800 

2 
48 
96 

50 
9 
1 

18 
439 
1098 

183 
787 
219 

 
5.1       
 

         
         

      . 
          

     . 
 
5.1.1         

      Atlas Copco Boomer 282 
 

  : 
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      N = H + HK                                                                                                                 .  

 
 H  –    , ; 

      H = -      , ;        K -   , . 
       H = T ∙ k − T ,                                                                                                         .  
 
 k = , ÷ ,  -      ;  

      T  -     , ;         T  -  ,      . 
       T = T ∙ T ∙ N + T ∙ N + T ∙ N + T ∙ NK ,                                  .  

 
 T ; T ; T ; T  – , ,   

,    , ; 
       N ; N ; N ; N  –   , ,  , 

   , . 
 T = ∙ ∙ + ∙ + ∙ + ∙ = ,                                            
 H = ∙ , − , = ,                                                                                   
 N = , + =                                                                                                              

 
   : 

       N = H + HT − N                                                                                                     .  

 
 H  –    , ; 

       2 –    , ; 
       2 –      . 

       H = H − T ∙ n ,                                                                                                        .  
 
 H -  ,     (5.1); 

       T -    , ;         n  –          
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    . 
       n = HT                                                                                                                           .  

 
 H -  ,     (5.1); 

       T -  ,     (5.5). 
 n = =                                                                                                                         
 H = − ∙ =                                                                                                       
 N = , + − =                                                                                                    
 

   : 
       N = H + HT − N − N                                                                                         .  

 
 H -  ,     (5.4); 

       T  –     , ; 
       H  -      , . 

       H = H − T ∙ n ,                                                                                                      .  
 
 H -  ,     (5.1); 

       T -    , ;         n  –          
    . 

       n = HT                                                                                                                            .  

 
 H -  ,     (5.1); 

       T -  ,     (5.7). 
 n = =                                                                                                                         

 H = − ∙ =                                                                                                        
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N = , + − − =                                                                                            
 

  :       N = H + HT − N − N −N                                                                              .   T  –    , ; 
       H -  ,     (5.4); 
       H  -      , . 
       H = H − T ∙ n ,                                                                                                   .  

 H -  ,     (5.1); 
       T -   , ;         n  –          

    . 
       n = HT                                                                                                                          .  

 
 H -  ,     (5.1); 

        T -   , . 
 n = =                                                                                                                           
 H = − ∙ =                                                                                                         N = , + − − − =                                                                                    

 
5.1.2           

    -   Caterpillar R1700G 
 

  : 
        N = H + HK                                                                                                           .  

 
 H  –    , ; 

      H = -      , ;         K -   , . 
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       H = T ∙ k − T ,                                                                                                      .  
 
 k = , ÷ ,  -      ;  

      T  -     , ;         T  -  ,      . 
        T = T ∙ T ∙ N + T ∙ N + T ∙ N + T ∙ NK ,                               .  

 
 T ; T ; T ; T  – , ,   

,    , ; 
       N ; N ; N ; N  –   , ,  , 

   , . 
 T = ∙ ∙ + ∙ + ∙ + ∙ = ,                                          
 H = ∙ , − , = ,                                                                                   
 N = ,  + =                                                                                                             

 
   : 

       N = H + HT − N                                                                                                  .  

 
 H  –    , ; 

       2 –    , ; 
       2 –      . 

       H = H − T ∙ n ,                                                                                                    .  
 
 H -  ,     (5.12); 

       T -    , ;         n  –          
    . 

       n = HT                                                                                                                         .  

 
 H -  ,     (5.12); 
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       T -  ,     (5.16). 
 n = =                                                                                                                          

 H = − ∙ =                                                                                                       
 N = ,  + − =                                                                                                   
 

   : 
       N = H + HT − N − N                                                                                       .  

 
 H -  ,     (5.12); 

       T  –     , ; 
       H  -      , . 

       H = H − T ∙ n ,                                                                                                     .  
 
 H -  ,     (5.12); 

       T -    , ;         n  –          
    . 

       n = HT                                                                                                                         .  

 
 H -  ,     (5.12); 

       T -  ,     (5.18). 
 n = =                                                                                                                         

 H = − ∙ =                                                                                                       
 N = ,  + − − =                                                                                           
 

  :       N = H + HT − N − N −N                                                                            .  
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 T  –    , ; 
       H -  ,     (5.15); 
       H  -      , . 
 
 
       H = H − T ∙ n ,                                                                                                   .  

 H -  ,     (5.12); 
       T -   , ;         n  –          

    . 
       n = HT                                                                                                                          .  

 
 H -  ,     (5.12); 

       T -   , . 
 n = =                                                                                                                            
 H = − ∙ =                                                                                                          
 N = ,  + − − − =                                                                                   

 
5.1.3           

      -20 
 

  : 
        N = H + HK                                                                                                            .  

 
 H  –    , ; 

      H = -      , ;         K -   , . 
       H = T ∙ k − T ,                                                                                                       .  
 k = , ÷ ,  -      ;  

      T  -     , ;  
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       T  -  ,      . 
        T = T ∙ T ∙ N + T ∙ N + T ∙ NK ,                                                    .  

 
 T ; T ; T  – , ,   

,    , ; 
 
       N ; N ; N  –   , ,  , 

   , . 
 T = ∙ ∙ + ∙ + ∙ = ,                                                            
 H = ∙ , − ,  = ,                                                                                  

 N = ,  + =                                                                                                             
 

   : 
 N =                                                                                                                                        

 
   : 

       N = H + HT − N − N                                                                                      .  

 
 H -  ,     (5.24); 

       T  –     , ; 
       H  -      , . 

       H = H − T ∙ n ,                                                                                                    .  
 
 H -  ,     (5.24); 

       T -    , ;         n  –          
    . 

       n = HT                                                                                                                         .  

 H -  ,     (5.25); 
       T -  ,     (5.27). 
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n = =                                                                                                                         
 H = − ∙ =                                                                                                        

 N = ,  + − − =                                                                                            
 

  :       N = H + HT − N − N −N                                                                           .   T  –    , ; 
       H -  ,     (5.27); 
       H  -      , . 
       H = H − T ∙ n ,                                                                                                  .  

 H -  ,     (5.24); 
       T -   , ;         n  –          

    . 
       n = HT                                                                                                                         .  

 
 H -  ,     (5.24); 

       T -   , . 
 n = =                                                                                                                            

 H = − ∙ =                                                                                                          
 N = ,  + − − − =                                                                                

 
5.1.4           

     22-157 
 

  : 
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       N = H + HK                                                                                                           .  

 
 H  –    , ; 

      H = -      , ;         K -   , . 
       H = T ∙ k − T ,                                                                                                      .  
 
 
 k = , ÷ ,  -      ;  

      T  -     , ;         T  -  ,      . 
       T = T ∙ T ∙ N + T ∙ N + T ∙ NK ,                                                     .  

 
 T ; T ; T  – , ,   

,    , ; 
       N ; N ; N  –   , ,  , 

   , . 
 T = ∙ ∙ + ∙ + ∙ = ,                                                                 
 H = ∙ , − ,  = ,                                                                                    
 N = ,  + =                                                                                                             
 

   : 
 N =                                                                                                                                        
 

   : 
       N = H + HT − N − N                                                                                      .  

 H -  ,     (5.33); 
       T  –     , ; 
       H  -      , . 

       H = H − T ∙ n ,                                                                                                   .  
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 H -  ,     (5.33); 
       T -    , ;         n  –          

    . 
 n = HT                                                                                                                                .  

 
 
 H -  ,     (5.33); 

       T -  ,     (5.37). 
 n = =                                                                                                                          

 H = − ∙ =                                                                                                        
 N = ,  + − − =                                                                                            
 

  :       N = H + HT − N − N −N                                                                            .   T  –    , ; 
       H -  ,     (5.33); 
       H  -      , . 
       H = H − T ∙ n ,                                                                                                   .  

 H -  ,     (5.33); 
       T -   , ;         n  –          

    . 
       n = HT                                                                                                                          .  

 H -  ,     (5.33); 
       T -   , . 
 n = =                                                                                                                            
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H = − ∙ =                                                                                                          N = ,  + − − − =                                                                                   
 
 
5.1.5            

     38-176 
 
 

  : 
        N = H + HK                                                                                                           .  

 
 H  –    , ; 

      H = -      , ;         K -   , . 
       H = T ∙ k − T ,                                                                                                      .  
 
 k = , ÷ ,  -      ;  

      T  -     , ;         T  -  ,      . 
       T = T ∙ T ∙ N + T ∙ N + T ∙ NK ,                                                    .  

 
 T ; T ; T  – , ,   

,    , ; 
       N ; N ; N  –   , ,  , 

   , . 
 T = ∙ ∙ + ∙ + ∙ = ,                                                                  
 H = ∙ , − ,  = ,                                                                                    N = ,  + =                                                                                                             
 

   : 
 N =                                                                                                                                        
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   : 

       N = H + HT − N − N                                                                                      .  

 
 H -  ,     (5.42); 

       T  –     , ; 
       H  -      , . 
 

      H = H − T ∙ n ,                                                                                                    .  
 
 H -  ,     (5.33); 

       T -    , ;         n  –          
    . 

       n = HT                                                                                                                         .  

 
 H -  ,     (5.42); 

       T -  ,     (5.46). 
 n = =                                                                                                                          
 H = − ∙ =                                                                                                        

 N = ,  + − − =                                                                                           
 

  :       N = H + HT − N − N −N                                                                           .   T  –    , ; 
       H -  ,     (5.42); 
       H  -      , . 

       H = H − T ∙ n ,                                                                                                   .  

 H -  ,     (5.42); 
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       T -   , ;         n  –          
    . 

       n = HT                                                                                                                          .  

 
 

 H -  ,     (5.42); 
       T -   , . 
 n = =                                                                                                                            
 H = − ∙ =                                                                                                          N = ,  + − − − =                                                                                   

 
5.1.6            

     180-1024 
 

  : 
        N = H + HK                                                                                                            .  

 
 H  –    , ; 

      H = -      , ;         K -   , . 
       H = T ∙ k − T ,                                                                                                       .  
  
 k = , ÷ ,  -      ;  

      T  -     , ;         T  -  ,      . 
        T = T ∙ T ∙ N + T ∙ N + T ∙ NK ,                                                   .  

 
 T ; T ; T  – , ,   

,    , ; 
       N ; N ; N  –   , ,  , 
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   , . 
 T = ∙ ∙ + ∙ + ∙ = ,                                                                  
 H = ∙ , − ,  = ,                                                                                    
 N = ,  + =                                                                                                             
 

   : 
 N =                                                                                                                                        
 

   : 
       N = H + HT − N − N                                                                                      .  

 
 H -  ,     (5.51); 

       T  –     , ; 
       H  -      , . 

       H = H − T ∙ n ,                                                                                                   .  
 
 H -  ,     (5.51); 

       T -    , ;         n  –          
    . 

       n = HT                                                                                                                         .  

 
 H -  ,     (5.51); 

       T -  ,     (5.55). 
 n = =                                                                                                                         
 H = − ∙ =                                                                                                        

 N = ,  + − − =                                                                                           
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  :       N = H + HT − N − N −N                                                                            .   T  –    , ; 
       H -  ,     (5.51); 
       H  -      , . 

       H = H − T ∙ n ,                                                                                                   .  

 H -  ,     (5.51); 
       T -   , ;         n  –          

    . 
       n = HT                                                                                                                          .  

 
 H -  ,     (5.51); 

       T -   , . 
 n = =                                                                                                                            
 H = − ∙ =                                                                                                          N = ,  + − − − =                                                                                   

 
 

5.1.7             
     -47  « » 

 
  : 

        N = H + HK                                                                                                           .  

 
 H  –    , ; 

      H = -      , ;         K -   , . 
       H = T ∙ k − T ,                                                                                                      .  
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 k = , ÷ ,  -      ;  
      T  -     , ;  
        T  -  ,      . 
 

       T = T ∙ T ∙ N + T ∙ N + T ∙ NK ,                                                   .  

 
 T ; T ; T  – , ,   

,    , ; 
 
       N ; N ; N  –   , ,  , 

   , . 
 T = ∙ ∙ + ∙ + ∙ = ,                                                               
       
 H = ∙ , − ,   = ,                                                                                   
 N = ,  + =                                                                                                             
 

   : 
 N =                                                                                                                                        
 

   : 
       N = H + HT − N − N                                                                                      .  

 
 H -  ,     (5.60); 

       T  –     , ; 
       H  -      , . 

       H = H − T ∙ n ,                                                                                                   .  
 
 H -  ,     (5.60); 

 
       T -    , ; 
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        n  –          
    . 

       n = HT                                                                                                                          .  

 
 H -  ,     (5.60); 

       T -  ,     (5.64). 
 n = =                                                                                                                         

 H = − ∙ =                                                                                                        
 N = ,  + − − =                                                                                            
 

  :       N = H + HT − N − N −N                                                                            .   T  –    , ; 
       H -  ,     (5.60); 
       H  -      , . 
       H = H − T ∙ n ,                                                                                                    .  

 H -  ,     (5.60); 
       T -   , ;         n  –          

    . 
       n = HT                                                                                                                          .  

 H -  ,     (5.60); 
       T -   , . 
 n = =                                                                                                                            
 H = − ∙ =                                                                                                          N = ,  + − − − =                                                                                   
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 5.2 –       
 

№  
 

N  N  N  N  

1 Atlas Copco 
Boomer 282 

8 2 1 0 

2 Caterpillar 
R1700G 

8 2 1 0 

3  
-20 

8 1 0 0 

4  22-157 6 1 0 0 

5  38-176 6 1 0 0 

6  180-960 6 1 0 0 

7 -47  « » 6 1 0 0 

 
 
5.2          
 
 
5.2.1       
 

     : 
 
 T = t + t + t + t ∙ N + t + t + t + t ∙ N +                                 
 + t + t + t + t ∙ N + t + t + t + t ∙ N +                                         
 +(t + t + t + t ) ∙ N + t + t + t + t ∙ N +                                         
       + t + t + t + t ∙ N , . − .                                                                     .                              

 
 t , t , t , t , t , t , t  –    

    , .- .; 
        t , t , t , t , t , t , t  –     

    , .- .; 
        t , t , t  t , t , t , t  –     

    , .- .; 
        t , t , t  t , t , t , t     –     

   , .- .; 
         N , N , N  , N , N , N , N  -     , 

  . 
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T = + + + ∙ + + + + ∙ +                    + + + + ∙ + + + + ∙ + + + + ∙ +    + + + + ∙ + + + + ∙ =  . − .                     
 
 

5.2.2          
 

   ,   
    ,   , .: 

       M = α ∙ TD ∙ k . . ,                                                                                                        .  

 
 α = , … ,  - ,    ; 

       k = , … ,  – ,      
  (   . .); 

       T  -   , ;         k . . = , … ,  –     . 
      
  D  -      , . 
       D = − − − ∙ T ∙ k ,                                                                      .  

 
  -      ;  

       -   ; 
       -     ;   

 D = − − − ∙ ∙ , = ,                                                          
 M = α ∙ TD ∗ k . . = , ∙, ∙ , = , ≈  .                                                                       

 
 
5.2.3          
 

        
    5.3 

 
 
 
 

И . Л  № к .  Да а 

Л  

135 
 . - 21.05.04.09 – 2021  



 5.3 –      
 

 
  

 
,  

   9(45%) 
-  5(25%) 

, ,  2(10%) 
 2(10%) 

 2(10%) 
 

     (  , 
, , ,   . .): 

       M = M ∙ , … , , .   = M ∙ , … , , .                                                                                                .  
 
 M-    , . 
 M = ∙ , =  .                                                                                                         
 

 -  : 
       M = M + M ∙ , … , , .∙ , … , , .                                                                                  .  
 M-  ,     (5.72). 

 M = + ∙ , =  .                                                                                            
 

 -  : 
       M = M + M + M ∙ , … , , .                                                         .  
  M-  ,     (5.73). 

 M = + + ∙ , =  .                                                                                           
   : 

       M = M + M + M + M ∙ , … , ,                                                .  
 

  –  ,     (5.74) 
 M = + + + ∙ , =  .                                                                            
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      ,   
 5.4 

 
 5.4 –   

 
 

  
,  

 : 
-    

- -  
- -  
- -  

-  

 
9 
5 
2 
2 
2 

    2 
-   2 

ё -   1 
   1 

 26 
 
 

5.2.4     
 
 

 : 
       N = ∗ α ∗ Tm ∗ D ∗ k , .                                                                                                 .  

 
 = , … ,  -   ;  

      m -      ,  m = ; 
      D =   -      ; 
      k = , … ,  -      . 

 N = , ∗ , ∗  ∗ ∗ , =  .                                                                                       
 

       5.5 
 

  5.5 –       
 

 
  

 
  , . 

-  1 62 1 
 2 135 1 

 6 82 1 
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 3 184 1 
 2620  1 
 -93-2 1 

  1 
   7 

 
 
5.3        
 
5.3.1      

 
ё       

 . 
    ( )   

   :   
       F = ∑ N ∙ f ,i=                                                                                                 .  

 
 N  –   ё  ; 

       n –   i-  ; 
       f0 – ,   . , 2. 

     F = ∙ + ∙ + ∙ + ∙ + ∙ + ∙ + ∙ +=   
 

  ,   . ,   
, :   ,    

 ,   ,  ё -
 ,     . 

 
  ,  ,   

    ,   , 
  : 

       F = ∑ F i ∗ k=
i= ,                                                                                                .  

 
 F i -  ,  𝑖-  , ;      k − ы  , / . 
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 5.6 –      
 

№ 
 

   
 

F ,  F 

1    30-35 3,5-4 
2    20-30 4-4,5 
3    20-25 3-3,5 
4     40-47 2-2,5 
5   25-30 4-5 
6    15-20 5-7 
7       20-25 3,5-4 
8      20-25 4-4,5 
9 -   24-26 3,5-4 
10   24-26 3-3,5 
11   25-30 5-5,5 
12   25-30 6-6,5 
13   25-30 5-5,5 
14   120-140 4-5 

 F = ∙ , + ∙ + ∙ + ∙ + ∙ + ∙ + ∙ , +               
  + ∙ + ∙ + ∙ + ∙ + ∙ + ∙ + ∙ =         
 

  , 2: 
       F = , ∙ F,                                                                                                           .  
 
 F-    , 2 . 

 F = , ∙ =                                                                                                   
 

  , 2: 
      F = , ∙ F,                                                                                                           .  
 
 F –  ,     (5.79). 

 F = , ∙ =                                                                                                   
 

  :    
,     ,    . ., 

2: 
       F = , ∙ F,                                                                                                                  .  
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 F –  ,     (5.80). 
 F = , ∙ =                                                                                                      
 

   : 
       F = F + F + F + F ,                                                                                      .  
 
 F-  ,  , ; 

       F -   , ; 
       F -   , ; 
       F  -   , . 

 F = + + + =                                                                   
 
5.4       

 
       

    :    ё  
. 

       
 ,  ,   ё  .  

         
 ,      
. 

          
.            

 . 
          
         ,   
   .        

 : 
-  .  ё      , 

  -   ; 
-  .  ё  : , , ; 
    ; 
-   .  ё    

   ,  ; 
-   .  ё  , , 

, -  ; 
-  .  ё     ; 
-     :     

, ,     ; 
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-   ; 
-   ; 
-   . 
 

       5.1 
 

  
  

 
  

 

   

  
  

 
  

      

 
 5.1 –     

 
5.5        

 
    :   L;  

 t     ;   Lt;   
  H1;   H (       

  );   HC;   S 
(           

) 
 

   : 
       H = K + e + f + c,                                                                                                 .  

 
 K-          , ; 

  e -    , ; 
  f -       ; 

      c -           
, . 

  H = + + , + , =                                                                                                
 

 , : 
       H = H + h,                                                                                                               .  
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 h -        , . 
 H = + , = ,                                                                                                              

 
 : 

       H = H + a,                                                                                                               .  
 
 a -  , . 

  H = , + = ,                                                                                                           
 

 , : 
       S = t ∙ n,                                                                                                                      .  

 
 n -   . 

 S = ∙ =                                                                                                                        
 

        
  

 
 5.7-       

       

    
 
, 

L, . 
 , t, . 

 
, , 

. 

  
 

, 1. 

   
 

24  - 6 
 - 12 

10,8 8 
18                

 
      5.2. 
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 5.2 –    
 
 
 

  -      5.3. 
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 5.3 –   -   
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  -      5.4. 

 

 5.4-   -   
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5.6      
 

     .   
     ,    

 ,       
 .      

 . 
       

 . 
 

       
 5.2 

 

 
 

 5.2 -      
 

         
 ,    ,  

 ,   ё  ,  
 ,  ,   

  ( ),       
.  

  

.  .  .    
  

№1 №2 №3 №4 

  

 
 

: 
, 

 
, 

 
 

. 

: 
-

, 
, 

. 

: 
, 

-
, 

, 
-

, 
. 
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      ё   
. 

        
        
,     . 

      
. 
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6  
 

    « »    
  110   ,   . . 

    ,  
  6 ,      

  ё    .  , 
    ,   

    . 
 
6.1  ё     
 

ё       .  
      2848 ,  ё  

2 ,    -100,    1320 . 
 

 ё : 
        = ∙ ∙ Ia ∙ cos αK ∙ h , .                                                                                           .  

 
 3 – ,   ; 

      Ia  -      α; 
      h –   ; 
       –     . 

        = ∙ , ∙ ∙ ,, ∙ . = ,  .                                                                                           
 

          ё  : 
      α=650; cos α=0,37; cos3 α=0,06. 

        tgα = Q∙ h                                                                                                                     .  

 
 h –  ,     (6.1). 

 tgα = ∙ . = ,                                                                                                               
        > i                                                                                                                       .  
 , >                                                                                                                                       
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 ё , : 
        = ∙ tgα, .                                                                                                                      .  
 
 -  , . 
 = , ∙ = ,  .                                                                                                            
 

    : 
        N = ld , .                                                                                                                   .  

 
 l -    ,  

 N = = ,                                                                                                          
 

 N =  . 
 

  : 
       = N ∙ ,                                                                                                          .  
 
 =   -   -100. 

 = ∙ =                                                                                                
 

6.2  ё       1000 . 
 

     ,  
       

,      ё    
  ,       

 . 
   1000     

 6/0,4 ,   ,   , 
     ё    6   

 . 
       6.1 
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 6.1 –    . 
 

 ё         
 .      6.1. 
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 6.1 –       1000 .  
 

  

 

, 
. 

 
, 

  cos𝜑 
  

 . 
 

ло, 
ощ о т   
п я е е 

под т  
. . . . 30, 

к т 
Q30, 

к  
S30, 

к  
WS, к *ч 

уд к «Октя ь к » 
Го о т -   

ч тков я пе едв я под т ц я V             
е т лято  Э-6 2  50  0,70 0,80 35 26 43 235425  

 -1024 1  315  0.85 0,80 146,2 108,2 181,9 313140  
Элект оо еще е ое    2  1,00 0,60 2 3 3 22995  

 3  367  0,85 0,70 173,2 137,2 227,9  1 250  
            

Го о т - 5   
ч тков я пе едв я под т ц я V             
е т лято  Э-6 2  50  0,70 0,80 35 26 43 235425  

 38-176 1  37  0,85 0,80 25,2 18,6 31,3 213140  
Элект оо еще е ое    2  1,00 0,60 2 3 3 22995  

 3  89  0,85 0,70 62,2 47,6 77,3  1 250  
            

Го о т -   
ч тков я пе едв я под т ц я V             
е т лято  Э-6 2  50  0,70 0,80 35 26 43 235425  

 22-157 1  15  0,85 0,80 10,2 7,55 12,69 149120  
Элект оо еще е ое    2  1,00 0,60 2 2 2 22995  

 3    0,85 0,70     1 250  
            

   414  115  1,00 0,60 115  
 

 

 

Изм
. 

Л
 

№
 

к
. 
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Л
 

151 
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6.3  ё    
 

       
        ,  

, ,        
     : 

-               
   ; 

-  ,      ; 
-    ,    . 

ё  ё         , 
 ё    6.2.  

 
 6.2-      

 

чет е о ул   
ел ч  

Л я 

т ет 

К  

Л я 

т ет 

 

Л я 

т ет 

 

Л я 

т ет 

 

Л я 

т ет 

180-

1024 

Л я 

т ет 

-100 

Л я 

т ет 

Э-6 

Го о т -   

Дл  уч тк ,  1100 200 100 300 100 100 100 S , к т 300 400 25 63 315 2 50 .  0,90 0,80 0,80 0,80 0,85 1 0,70 cos φ 0,90 0,80 0,80 0,80 0,80 0,60 0,80 tan φ 0,48 0,74 0,74 0,74 0,74 1,3 0,74 . = S ∙ . ∙ cos φ, 
к т 

243 224 16 40,32 214,2 1,2 28 Q . = . ∙ tan φ,  

к  
116,64 165,76 11,84 29,84 158,51 1,56 20,74 S = √ . + Q . , 

к т 

269,54 278,66 19,90 50,16 266,49 1,9 34,84 𝐼 = √ ∙⁄ ,  25,93 26,81 1,91 4,82 25,64 0,18 3,52 

ят  к ел  -6 

 

-6  

 

-6  

 

-6  

 

-6 

 

К Э -6  

 

К Э -6  

 

кте т к  
п ято о КЛ: r  X  

 

 

0,245 

0,365 

 

 

0,885 

0,336 

 

 

0,885 

0,336 

 

 

0,420 

0,308 

 

 

0,245 

0,365 

 

 

0,885 

0,336 

 

 

0,420 

0,308 

Го о т - 5   

Дл  уч тк ,  1200 200 100 300 100 100 100 S , к т 300 63 25 63 37 2 50 
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  6.2 
 

чет е о ул   
ел ч  

Л я 

т ет 

К  

Л я 

т ет 

 

Л я 

т ет 

 

Л я 

т ет 

 

Л я 

т ет 

180-

1024 

Л я 

т ет 

-100 

Л я 

т ет 

Э-6 

.  0,90 0,80 0,85 0,80 0,85 1 0,70 cos φ 0,90 0,80 0,80 0,80 0,80 0,60 0,80 tan φ 0,48 0,74 0,74 0,74 0,74 1,3 0,74 . = S ∙ . ∙ cos φ, 
к т 

243 40,32 16 40,32 25,16 1,2 28 Q . = . ∙ tan φ, 
к  

116,64 29,84 11,84 29,84 18,62 1,56 20,74 S = √ . + Q . , 
к т 

269,54 50,16 19,90 50,16 31,30 1,9 34,84 𝐼 = √ ∙⁄ ,  25,93 4,82 1,91 4,82 3,01 0,18 3,52 

ят  к ел  -6 

 

-6  

 

-6  

 

-6  

 

-6 

 

К Э -6  

 

К Э -6  

 

кте т к  
п ято о КЛ: r  X  

 

 

0,245 

0,365 

 

 

0,885 

0,336 

 

 

0,885 

0,336 

 

 

0,885 

0,336 

 

 

0,245 

0,365 

 

 

0,885 

0,336 

 

 

0,420 

0,308 

Го о т -   

Дл  уч тк ,  1400 200 100 300 100 100 100 S , к т 300 25 25 63 15 2 50 .  0,90 0,80 0,80 0,80 0,85 1 0,70 cos φ 0,90 0,80 0,80 0,80 0,80 0,60 0,80 tan φ 0,48 0,74 0,74 0,74 0,74 1,3 0,74 . = S ∙ . ∙ cos φ, 
к т 

243 16 16 40,32 10,2 1,2 28 Q . = . ∙ tan φ,  

к  
116,64 11,84 11,84 29,84 7,55 1,56 20,74 S = √ . + Q . , 

к т 

269,54 19,90 19,90 50,16 12,69 1,9 34,84 𝐼 = √ ∙⁄ ,  25,93 1,91 1,91 4,82 1,22 0,18 3,52 

ят  к ел  -6 

 

-6  

 

-6  

 

-6  

 

К Э -6  

 

К Э -6  

 

К Э -6  

 

кте т к  
п ято о КЛ: r  X  

 

 

0,245 

0,365 

 

 

0,885 

0,336 

 

 

0,885 

0,336 

 

 

0,420 

0,308 

 

 

0,885 

0,336 

 

 

0,885 

0,336 

 

 

0,420 

0,308 
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7       R1700G      
    « »   

. 
 

         ,                  
      ,                   

                      .       
,                                       , —  

                -      
     ( )        .                     
                
    .      ,         

       .    
      70-    . , 

     ,    
 1 . . 

      .   
        

50-60 %       .   
        

     . 
   (   100 2)    

-      .    
      -  

:   .    
       

      . 
    . .   

 ..     8, 6 .              
    ,     

.        91%  ,  
70%     60% .  ,      

         55–60%   
   ,    
   ,        

        . 
:       

,   ,    
 -   CAT R1700G 

       
.      

,    . 
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:  .    ,   
      R1700G. 

        , 
 ,   ,   
,  ,  , . 

     R1700G    
    ,      

 .        
    . 

  -   
  -  
 

 

7.1     R1700G 
 

-     R1700G     
 14      -  

.          .   
  R1700G     

          
     .         

        
   ,  

     .   
 ,       

 . -     R1700G    
 7.1      Caterpillar. 

 Caterpillar    -  
   ,       

       
 . 

  R1300G    Cat® 3306B DITA, 
   SAE J1995 123 ,    

6800 .        
        

 . 
       R1600H   Cat® C11    SAE 
J1995 208 ,     10200 .   

     .  
        

  ,     
  . 
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  R1700G   Cat® C11    
SAE J1995 263 ,     12500 ,   

         
         . 

  R1700   Cat® C13,   — ISO 14396 
269 ,    15000 .    
   -  ,  

      . 
 CAT R2900    CAT® C15,   — 

ISO 14396 305 ,    17200 ,  
  -  ,   

   .   
 ,   Stage V ,  

 ,   R2900     ,  
        

. 
 

 

 7.1-  R1700G 
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 7.1       R1700G 
  

  
    

   Cat® C11 ACERT™ 
 

  
 

1 800 /  
 

  – SAE J1995 241/263  323/353 . . 
 

  – SAE J1349 218/241  293/353 . . 
 

  – ISO 9249 
 

218/241  293/353 . . 
 

 
  – 80/1269/EEC 

 
218/241  293/353 . . 
 

  130  5,1  
 

  140  5,5  
 

   11,1  680 3 
 

  
1-    4,7 /  2,9 /  

 
2-    8,3 /  5,2 /  

 
3-    14,3 /  8,9 /  
4-    24,1 /  15 /  

 
1-    5,4 /  3,3 /  

 
2-    9,4 /  5,8 /  

 
3-    16,4 /  10,2 /  

 
4-    25,3 /  15,7 /  

 
     

   4 
  

  12 500  27 558  
 

  –  14 000  30 865  
 

    52 500  115 745  
 

   
, ,    

31 781  70 065  
 

  (SAE) 20 885  46 051  
 

  – 
  

12 500  27 558  
 

   
   ,   

 

26 306  57 995  
 

И . Л  № к .  Да а 

Л  

157 
 . - 21.05.04.09 – 2021  



 
 

    38 500  84 878  

    16 940  37 346  
 

     21 560  47 532  
 

     51 000  112 436  
 

     37 077  81 741  
 

      13 923   30 695  
 

  –  52 500  115 743  
 

  26,5 × 25–36  STMS L5S 
 

 
    

 6,8  
  2,9 

 
   

   
 

2,4  

    12,1  

 
 

 ISO3450, AS2958.1, 
CAN-CSA424.30-M90 

/FOPS BS EN ISO3449, SAEJ231, 
AS2294.3 

/ROPS ISO3471, SAEJ1040, 
AS2294.2, EN13510 

  

  – . 5,7 3 7,5 3 
 

  (   ) 2 772  109,1  
 

  –  4,6 3 6 3 
 

  –  5 3 ,5 3 
 

  –  6,6 3 8,6 3 
 

  –  7,3 3  9,5 3 
 

  –  8,8 3 11,5 3 
 

  –  
( ) 

5,6 3 7,3 3 
 

                                                  
  ** 6 878  270,8  
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  ** 

 
3 229  127,1  

  8º 
  44º 

 
   

    34  8,98  
 

  47  12,4  
 

 125  33  
 

  63  16,6  
 

    61  16,1  
 

     61  16,1  
 

    
 (   ) 

 

90  23,8  
 

     
(   ) 

90  23,8  
 

  570  150,5  
 

   (  ) 420  111  
 

 

 

7.1.1    
 

 Caterpillar® C11   ACERT™   
   ,     

    .   
 ,  ,    

    ,     
 .  

  Cat C11   ACERT™    3 
       Stage III 

 .      
,       

.          
 .  

       
   ,    ,   

  .     
   ,    
     .  
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    -   
      .    

        
  .     

       .  
   ADEM™ IV.   

     .   
       
  .    . 

       
     ,      

 , ,   ,     
      .   

  (EUI).      
         
,    . 

  Caterpillar       
   .    

     (15 )    
 CJ-4. 

 

  7.2  –     

 

  -  ,     
       Caterpillar, 
   ,    

        . 
      . 

       
   Caterpillar C11   ACERT™   

,        
 . 

     
      .   

          
 .        

        

  Cat® C11 Cat® 3306B DITA 

   1800 / . 2200 / . 

  263  123  

  11.1  10.5  
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 .        
 . 

       
  .    

   ,       
.  .  

        
         

    .    
        

 . .    
    ,    
  .   

       
      .  

        
 . 

 

 

7.1.2   
 
     .  

   ISO 3450.  
       

       . 
       
     . 

 

7.1.3  Ги и  

 
   Caterpillar   

     .  
   Caterpillar   

    ,     .  
   .       

      ,  
  .  

     ,   
 ,   ,   

.  
   ,     

 ,      ,  
   .  
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   .     
,        

    ,  
      .   

 
          

.        
 ,         

 .         
  -      5 /  (3   
).  

       
Caterpillar XT™     ,  

        
  .       

       
           

. 
 

              

  7.1.4 Си ы  э ы ции 

 

 

         
 . 
 -      

,         
   .  Caterpillar   

         Cat.  
       

  (FEA).  
     ,  

   , ,   ,  
   .        

 .  
       

   .    
   ,    ,  

  .    
       . 

         
  ,     Z-   

 .  
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     ,   
 .    .  

        
  ,        , 

 ,   .  
 Z-       

,     ,    
      .  .   

          
  ,        

.        
.       

  . 
        

     .     
     .    

    .  , 
        

  .      
    ,   , 

     ,   
 . 

         
.       

        
. 

 

      7.1.5 К ш 

 

 Caterpillar        
    . 
    Caterpillar  

       
. 

        
.         

  . 
 -   Caterpillar   

    ,     
,   . 

          
    .    

.      
      .  
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    ,  
    ,     
 ,         

 .    7.2     
  

    Caterpillar      
  .        

      

  
                                           

  

                                   
                          7.2                                        
 
 
  7.2.   А  R1700G 
 

    R1700G    7.3. 
 

 
 

 
 7.3.    R1700G 
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 7.3    R1700G 
 
  252-7194*   

281-0445 Э   
1 О я   я      (18'5")    (19'3") 
2 М я      (16'1") 

 

   (16'1") 

 
3          

   (13'6") 

 

   (13'6") 

 
4       

   (8'0") 

 

   (7'9") 

 
5     "   
6 У       

 

° ° 
7     ' "     ' "  
8 я         я 

   (6') 

 

   (6') 

 
9 О я       (36'2") 

 

   (36'6") 

 
10 О я      (34'9") 

 

  (35'1") 

 
11     (1'5") 

 

  (1'5") 

 
12 я         я 

   (6') 

 

1   (6') 

 
13 я      

 

   (11'3") 

 

   (11'3") 

 
14        (6'6") 

 

   (6'6") 

 
15     ROPS    (8'5") 

 

   (8'5") 

 
16 я  я**    (13'1") 

 

   (13'1") 

 
17 я  я**    (13'1") 

 

   (13'1") 

 
18 О я      (8'8") 

 

   (8'8") 

 
19 О я       (8'10") 

 

   (8'10") 

 
20 О я       (9'6") 

 

   (9'6") 

 
21 К я     (12'1") 

 

   (12'1") 

 
   ,   ,  я  ,   ,  я  
 Ш         (9'1")    (9'1") 
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7.2.1     

 

         ,        , 
     .          

       — .                
            ,          

         . 
                 

   .            
      ,         ,    

      .            
.                        

         ,      
                  
    (  7.4).                  

    ,                .   
                       

,        —            
      . 

 

   
 

                               7.4        

        
 (« » ,  « »),  

  -  ,   
       ,  

  .       , 
     ,      
.      Hardox   

  «Hardox In My Body».    
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  OVERLAY     
 ( , ). 

      
     ,  

    . 
 
 

 

 

 

7.3        
  R1700G        « » 
  . 

 

 7.3.1                                   
 
                   

.               
,          .        

                  ,   
,     ,     ,   

 ,     ,   . 
                            

.                  ,  
              . 

  ,        
,      . 

      ,  
,         

    .  
         

   .  
          , 

          ,      , 
   . 

        
: 

-   ,  
-   -  ( ).  
            (     

 ),         . 
    ,    
-     (  ;   

;    ;     
),  
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-               (  
  , ).  
 

 

7.3.2     
 
 

 ,    –           -
       -          

  .         « » –    ,  ,  
,    . . –    « »  .   

 ,       ,    
.      ,        Hardox,      
    -            . 

 

 
 7.5        HARDOX 

         
 

   7.5         
HARDOX500,         

.         
 Reschke  CAT.  

      ,   
 (  7.6) 

 

  
  

   
Caterpillar  

  HARDOX 
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 7.6 –       HARDOX. 
        
 

  7.6         
   ,   .   

      , 
       .                        

       . 
       ,  

       
 Hardox,     600 .  

    

 

7.3.3      R1700G 
 

    ,       
         
     ,   

     .  
          

      .             
       

     .  
    -   

Termika 3,    7.7 
          

 

   
  

 

И . Л  № к .  Да а 

Л  

169 
 . - 21.05.04.09 – 2021  

javascript:window.open('img8.htm',%20'MyPage',%20'toolbar=0,%20location=0,%20menubar=0,%20width=350,%20height=460');%20void(0)
javascript:window.open('img8.htm',%20'MyPage',%20'toolbar=0,%20location=0,%20menubar=0,%20width=350,%20height=460');%20void(0)


 
                                                              )   Termika 3.  
 

 

                 )   Termika 3. 
 

 

 7.7       ;  
                          ) –    Termika 3;  
                          ) –  Termika 3. 
  

      Termika 
3.          

          
, , - , ,  

  ,       
     . 

        
(HVOF)        

        
  . 
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       (d  = 30-150 
);    ( )  ;   

       (~106 / ) 
      

, ,  ,       
        

 .       , 
     .    

     , 
 . 

   ,    
  .      

   -  ,  
  ,     

. 
,   ,    

  ,  ,   
,   (     ),  

  (    ),  
     (  

   ),    
,   ,  
,    ,  

    (    150—200 ° ), 
   .   

 ,     
,           

 . 
       

    , ,    
        

  (     ,  

  ,      
  ).     

        
   .   -

      ,   
    -  .  

        
  ,    

  ,      (  
        

       
).  
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  ,    

     – - -6.   
 ,    .   

   ,    
    ,    

  .       
 .       

  , (  7.7)   
        

 10-50  
 

        
 

 7.7 –      . 
       

  ,  ,  , 
 «  » ,      

 ,    . 
   ,    

  Fe-Cr-C-Ti  -    
  ,       

 FeCr2O4.    
       

         
        

  .  
            

      . 
            

 :  
 1 – Fe – (Fe-Cr),  

 
 2 –   FeCr2O4,  

 
 3 -   Fe2C, Cr3C2. 
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   (HVOF)  
        
 .     , 
  ,  ,     . 

,    Termika 3   
      CAT R1700G  

 .   -     
    CAT R1700G    

«     » 
 
 
7.4      
 

       ,  
    -    
       

 ,                 
     1 ,    1,5 .  

  —  ,      
   -   .  
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8.   
 

8.1       
 
8.1.1       

 
  

      
, ё      ё   . 

-      
   .    

 -      
.   ё      
     .     

     .     
    .     

        . 
-   ё  ,    

,   -  
.       

         
. 

      
    . 

 

 8.1 – ё     
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  8.1.2      
 
 

     .  
  8 .      365. 

       
   . 

         8.1 
 

 8.1 –       
 

 
  

  

   ,  365 365 

  104 104 

   ,  261 261 

  ;   :   

,  30 30 

,  3 3 

   ,  228 228 

   1,2 1,2 

 
 

8.2     -    
   

 
8.2.1         

 
 

       , 
       

,        
 ,     

.     
        -     ё  : 
1. -  ,      
      ; 
2. -  ,   ; 
3. -  ,    . 
 

 -      8.2 
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 8.2 –  -   

 
          8.3 

 
       8.3 –        

 

 
. 
. 

 
, 

3 
 3, 
. . 

 

, 
. . 

 , 
. . 

 
, 

. 

 
. 

/  

 
: 

      

  
 

. 3 68558 4,6 308511 
6,51 19530 

   . 3 51051 4,6 234834,6 4,95 14850 

   . 3 40575,6 4,6 186647,76 3,94 11820 

 
  

 
. 3 41415,4 4,6 190510,84 

4,02 12059,999 

 
  

. 3 4552,6 4,6 20941,96 
4,41 13200 

 
 

. 3 448500 9,7 435045 
9,17 27510 

 
 

. 3 122660 2,2 269852 
5,69 17070 

 
 

 
. 3 40000 5 200000 

4,22 21660 

    1415648,61 42,91 137699,999 

 
  

 
 

  
, 

. . 

 
 
, 

. . 

 
  

  
 

, 
. . 

  : 
 1 8852 8852 2,50% 221,3 
 1 10000 10000 2,80% 280 
   18852  501,3 

  : 
   219 219 5,60% 12,264 

  233 233 5,00% 11,65 
   452   23,914 
    19304   525214 
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      , 
   8.4 

 
 8.4 –       

 
 

   , . . 

 1 

-   1415648,61 

    19304 

  107175 
   452 

    46281 

   92561 

     240659 

     1922080,61 

 2 
    57814 

   45287 

    96356 

     19945,7 

  1-   2-    1942026,31 

  491754 

   2433780,31 

 

 

 
8.2.2          
 
8.2.2.1       
 

 
       

 8.5 
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 8.5 – ё    
 

 
 

-  

, . 

 

, ./ . 

 
, 

. 
 

 

, . 

 

, . 
  

 
 

 
 

5 1 3 1,2 15 18 

  
 

    15 18 

 
 3 1 1 1,2 3 4 

  
 

    3 4 

 
 

 
9 1 3 1,2 27 32 

  
 

    27 32 

       45 54 
  

 9 1 3 1,2 27 32 
  

  
    27 32 

     72 86 
 

 
8.2.2.2         
 

        
      ,  

   . 

ё         
 8.6 

 
8.3  ё      
 

  1       
     -    

 .     1 
3       ,  

 . 
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8.3.1    
 

   : 
-      1      1 3 

 : ,  , ,   . 
-  ,   -  : , ; 
-  ,    . . 

 
 

 8.7 – ё     «  » 

  
 

 /  3000 1,53 0,25 1147,5 
  

 
        1147,5 

  
   5000 1,5 0,43 1935 
   5000 120 0,15 54000 

 ( )   5000 4,5 0,6 8100 
 

          64035 

         290992,5 

 
 

 

  
- , .  

 
, 

./  

  
, 

. . 

 
, 

.

. 
 

  
d=46,  

 3000 0,029 8 696 

  
d=36  

 3000 0,04 24 2880 

       3576 

 
  

 №6  
 3000 1,27 0,2 762 

  
          762 

 

 /  3000 0,14 40 16800 

  /  3000 3,1 22 204600 

 
 

/  3000 0,12 0,2 72 

           221472 

          225810 
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8.3.2  
 

        
  .      , 

   . ё  ё    8.8 
 

8.3.3      
 

          
    .     

 ,   ,        , 
    .  

 

 
8.3.4      
 

          
    .   

  .     
  30,2% 

 
 
8.3.5  
 

       
,  ё     ё  ,    

    .  ё    
 8.3, 8.4, 8.8 

   -   137699999 
      525214000  .  
      

89494193 . . 
       8.4 

 
8.3.6       
 

        ( , 
,    )    

  ,    , (  ), 
 . 

      8.9 
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 8.9 –        
 

   ,   . .  

  6656,1647 

   2087785,98 

   527097,86 

    (26%  
  ) 191327,879 

   (8%  
 ) 326632,28 

  4301,941 

 2143802,105 
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 8.8 –    
 

 
 

 , 
 

 , 
 

 
, 

 

 
 

 ,  

  
1 
  

  
 . 

, . 3  1        
 

Atlas Copco 
Boomer 282 

5 250 1250 18 540 0,8 540000 3 1620000 

    1250    648000  1620000 

  

 

-20 3 180 360 24 720 0,8 207360 3 622080 

   360    207360  622080 

   
  2 500 1000 8 240 0,8 192000 3 576000 

 6 1750 1750 24 720 0,8 1008000 3 3024000 

    2750      3600000 

    4360      5842080 

 

  

И
м

. 
Л

 
№

 д
к

м
. 

П
д
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а

а 
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 8.6-      
 

  

. 
., 

. 

 
 

, 
. 

. 
 

 
, 

 

  , . 

 
. 

.
, 

. 

 
 

 
, 

. .    
 

 
 

 
 

 
  

 
 

 
. 

  

 
 

 
 

, 
 

  
 18 1200 184 3974400 1589760 635904 397440 6597504 10556006 1583409 10714346 

 4 800 184 588800 794880 117760 76800 1578240 2525184 378777,6 2903961.6 
            

  
 

32 1100 184 6476800 2590720 1036288 647680 10751488 17202380 2580357 19782737 

  54               30283570 
3117475,

5 
33401044 

  
 40 750 184 5520000  1104000 720000 14796000 23673600 3551040 27224640 

 94               53957170 
6668515,

5 
60625684 

 

  

И
м

. 
Л

 
№
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к

м
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П
д
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8.3.7   
 

         
   8.10 

 
 8.10 -         

 
 

 
 

-  
 

 
, 

. 

, 
. 

 , 
. 

  
  

.  - , 
 

 1 90000 36000 126000 2419200 
 
 

1 85000 34000 119000 2284800 

 
 

1 80000 32000 112000 2150400 

 
 

1 75000 30000 105000 2016000 

  
 

.  
7 60000 24000 84000 1612800 

  
 
 
 

7 50000 20000 70000 1344000 

 
 

1 80000 32000 112000 2150400 

  5 60000 24000 84000 1612800 
 

 
1 65000 26000 91000 1747200 

  3 60000 24000 84000 1612800 
      

 2 50000 20000 70000 1344000 
 2 50000 20000 70000 1344000 

.  
 

1 50000 20000 70000 1344000 

 33    22982400 
 

 

      8.11 
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 8.11 –    
 

  
  

.  
 1   

    22982,4 7,66 
  .  5975,4 1,99 

    459,6 0,15 
 2298 0,77 

  31715,4 10,57 
 

8.3.8    
 

    1      8.12 
 

 8.12 –     1   

 

   

   

 1 
3 

  
,  . 

. 

 1 
 

  
, . 
. 

 1 
 

  
, . 
. 

 
  

 
 

0,75 51320 0,38 1147,5 96,9 372981,72 

  
 

 
0,65 441,8 0,23 691,74 0,88 1133,54 

  
 

1,94 1319,98 7,89 23673,6 9,83 268400,41 

 
  

5,79 3949.27 2,35 7076,16 8,15 254432,26 

  
  

6,57 44786.81 1,99 5975,4 8,56 294169,04 

 29,12 19853.42 24,52 73585,053 45,89 657359,52 

  
  

 
 

17,72 12084,69 0,65 1976,38 18,38 346659,98 

  2,11 6343,08 8,45 25372,32 10,57 275122,23 

 
 

7,34 500559,04 5,62 1684945,74 12,95 2428911,61 

 
 

14,68 10011,18 11,23 33698,91 25,91 287116,92 

 
 

 
2,25 15317,12 17,2 51559,34 9,65 310283,27 
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  8.12 
 

 
    

 1 
3 

  ,  
  1  

  
, . 

 
 1  

  
, . 

 
 29,12 19853.42 24,52 73585,053 45,89 657359,52 

  
  

 
 

17,72 12084,69 0,65 1976,38 18,38 346659,98 

  2,11 6343,08 8,45 25372,32 10,57 275122,23 
 

 
7,34 500559,04 5,62 1684945,74 12,95 2428911,61 

 
 

14,68 10011,18 11,23 33698,91 25,91 287116,92 

 
 

 
2,25 15317,12 17,2 51559,34 9,65 310283,27 

       5496570,5 

 
 

3,71 25328,29 28,4 85258,25 6,66 353993,36 

 
 

1,86 1266,41 1,42 4262,91 3,28 248936,15 

  94,49 687680,079 110,4 1999223,31 257,61 6099500 
 

 

8.4      
 

-        8.13 
 

 8.13 – -     
 

      

  , .  47432 47432 

 , .  2500 3000 
 , /  257,61 300 

         , /  29069,76 16042,8 

  ,  119 220 

. . .  33 33 
. . .  86 187 
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  8.13 

   

          
    (  . ). 

             
 

 8.14 –     . 
 

 
     
 
 

 
 

  
 
 

 

       

 1  1000 ./  1000 . 
 0,5  700 ./  350 . 

 8 . 80 ./  640 . 

 1 . 1000 / . 1000 . 

-  
 5  

0,5   .∙ ∙  7,5 . 

    

  1 . 250000 /  250000 . 

 1  700 ./  700 . 

 10  1000 ./  10000 . 

  620 30  500 ./  15000 . 

  -561 3 
20  

10   .∙ ∙  600 . 

   Σ = ,   

      

     ,  58750 40500 
, ./  0,15 0,25 

, ./  6,94 4,08 

 , % 39,25 35,78 

,  16855975000 9450000000 

   ,  1,7 - 
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               = 
,  ,  = 203531,67 . 

 
               ,    

           Pr =  - 418946, 25 - 203531, 67 = 214414, 58 .     
             Termika 3   = 580000   

                          
                  = 𝐾𝑃𝑟 = , = ,  . 

 

  

 
 

  
 
 

 

       
 1  1000 ./  1000 . 

 0,5  700 ./  350 . 
 8 . 80 ./  640 . 
 1 . 1000 / . 1000 . 

-  
 5  

0,5   .∙ ∙  7,5 . 

    
  1 . 250000 /  250000 . 

 1  700 ./  700 . 
 10  1000 ./  10000 . 

  620 30  500 ./  15000 . 
  

-561 3 20  
10   .∙ ∙  600 . 

 
 2  1000 ./  2000 . 

  
 

20  1000 ./  20000 

 1 . 1000 / . 1000 . 
 2 . 4000 / . 4000 . 

   Σ = ,   
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