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1.1     

 
     « »,  

.     12,5 .,    
10,5 .    0,66 3/ .,   

  0,84 3/ .     ,  
       

,          ,  
          

 . 
     .  

     – 990 ,  – 240-350 .  
      .  2008 

     ,  
     .  

         
  -  .       

  400-600 ,      900 . 
 2008-2009 .      .  

2010 .  , -    ,  
  2-3  ( ).      

  2019       
   6000 . . .   

  ,     
   .         

  .  
       . 

       KOMATSU PC-400-
3 ., -750-1 ., -220-1 .,  -10  -1 .  KOMATSU D65  -
2 ,  W-420 -1 .  W-470 -1 .,   F W  

  19,3 3,  30 . – 13 .   
     

 -10/70 (  1.1)     
        

     .      
      MAN ,  

   -    
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 1.1 –   10/70 
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( ).    ( , , )  
    KOMATSU W-420-3(2 .). 

     KOMATSU -220  
  1 3. 

      1.1. 

 1.1 –    

 
 

    

 ,  5-10 5-12 

   , . 80 45-60 

 ,  14 14-40 

  , : 43 43 

  2-3 1-2 

  ,  1100 1400 

    (  2020 ), /  40 40 

 
 
1.2    

 
          

,        
  (  ) (  1.2, 1.3).  
        

« »         ,  
  .        

        .   
        (  1.4). 

       
 1.5.      

   1.6. 
      .  

    Komatsu PC-400    
 MAN.      

  . 
       
 ,     ,  
,    30    .  

     KOMATSU 
PC-400  -750   c   
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 1.3 –     

 
 1.4 –     (1)    . 
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  III -  
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   2 
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 5     5 .        
  5         
 .        

 (40  60 )        
,     .   

     ,   
       ,  

  .        
       (  ,  

  ).      1.7.  
         1.8. 

       
       . 
  ( )      

   .     
       5 . 

          
   ,    

  .  
        70%.  

       . 
 
 

1.3      
 

        
   (  15 ).  

       
   . 

     -150,  
 150 . 

    ,   
  №1-5,  №1-9.     , . . 

    « ».     
    -0,8. 

  – . 
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   –     
№6 ,  79/21, 30/70, 50/50, 79/21 , 82/18,  - 4, 4- , 8- , 

      .  
   : -20 ,  150 ,  – 

10 .  3-4 .     50,   – 150.   
 20 3/ . 

     : 

         lllL 48801,15,15,142,05102001,15,15,1   (1.1) 

 n –    , ; 
l  –  , ; 
l  –   , ; 
l l  –   , ; 
 –     , ; 

1,5 –         ; 
1,1 – ,   . 

   0,16 / ,  – 0,013 / . 
   , ё    

     ,   
    . 

        
-1 , -3 . 

      
 -3043,     -140. 

        
    . 

     : 
-        

,          
       ; 

-        . 
       

  ,      
        

 .        
   [4]. 

  -        
     . 
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   10%,   ,  

     . 
       : 

1.   – 1 . 
2.   – 1 . 
3.   -140 – 1 . 
4.  – 1 . 
5.  – 2 . 
6.  –         
7.  -    

       
     (  1.3). 

 1.3 –         , 
      

  
 ,  

  
   

 
1.    
2.     
3.     

 
 

200 

102 
250 
200 

   200 250 
       , 
         1,5 . 

        1.4. 
 1.4 –    

 

  
   

 
 

     . .  4 
 ,  10 

    ,  70 
    ,  90 

ё   , 3 30000 
   , / 3 2,0 

  ,  200 

  
 

79/21,  
    

 ,   0,150 
  ,   9,0 
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  ( ) , ( ) 

1,00 

   , /   16,0 
    ,   4,8 

   ,   4,0 
     ,  4,0 

   ,   0 
  ,   0,84 
 ,   10,0 
   ,   13,5 

     , / 3 0,07 
    ,  15 

  ,   15 
    , .  3 

        , 
3  

20 

  , .  150 
     ,  18,00 

ё  , . .  1500 

 
         

   [1]. 
      1.9. 

 
 1.9 –    
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      1.10. 

 
 1.10 –    

 
 
1.4        

 
   ,   c  

  [2].     
  –      

.      
  :      10    

   5 ,      23 .  
       

( )   5-10 . -   ,    
          . 
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    . 

       
  ,   .  

    1.5.  
 1.5 –        

(  ) 

  (H),  
   
(),  

  a/H 
(  ) 

  
  ( ), 

 
5 80 0,169 0,85 
10 80 0,169 1,69 
15 69 0,1596 2,39 
20 71,9 0,1567 3,13 
25 67,4 0,1562 3,91 
30 69,4 0,1535 4,61 

 
        

      1.11.    
    1.12. 

         
    ,  ,   

       
  1,3.      1.6. 

 1.6 –        
 

 ,  

 , 

(





) 
 

H’ 

  
 

 
 

,  

 
  

 
 

,  

 
 

 
 ( ), 

 
5 1,17 0,32 90° 80,0° 0,89 
10 2,34 0,65 90° 80,0° 1,78 
15 3,51 0,97 87° 69,0° 2,48 
20 4,69 1,30 83° 71,9° 3,38 
25 5,86 1,62 78° 67,4° 4,08 
30 7,03 1,94 74° 69,4° 4,98 

 
       1.7. 
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  ( ),  5-10 5-23 
   , . 80 45-60 

  , . 80 45-60 

  ,  - 40-60 
    

, :   

-  (   2000 
. / )  43 43 

-  (   5000 
. / ) 65 65 

  2-3 1-3 
  ,  1100-2400 1400-2800 

  , /  40-60 40-60 
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 1.8 -     

     ( ),    , . 

 
10 
15 

20-60 

35 
28 
26 

 
10 
15 

20-60 

32 
26 
23 

   
10 
15 

20-60 

36 
30 
27 

 
10 
15 

20-60 

38 
33 
28 

 
     ,    
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-    .  ,   

    ,  
  . 

        . 
    80%     20%  .  
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, . . 365   .      ,   

,   280 .  

       
№70      -10  

  -170.  
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2.    
 

       
        

     : , , 
, ,   .   
     ,  ,  ,  

     ,  ,  
 .  ,     
      -
 .         

  . 
        

      . 
        

,     .   
      . 

        
        

( ) , , - , ,   
  (     50 )     
-  . 

       
KOMATSU PC-400.       

 10/70. 
 
 

2.1.    
 

       
,    ,    

,    .  
       10/70. 

  : э = э ∙ 𝐸 = ∙ =                                                                         (2.1) 

       э  –    ,     
      (  2.1);                                    
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            𝐸 –  , 3.  

 2.1 –       
    

    
    

 , 3 2-20 4-50 4-25 
    k , / 3 38-55 55-110 50-110 

  kL  :  
 

1,8-1,85 3,2-4,5 7,0-8,0 

   0,45 0,7-0,8 0,15-0,50 
  1,15-1,25 2,1-2,9 - 

  0,85-0,95 0,95-1,4 1,15-1,30 
 :  1,7-1,8 2,65-2,9 4,6 

 1,23-1,30 2,8-3,2 2,5 
   1,1 1,7-1,95 - 

 :  2,6-2,7 3,5-4,5 7,55 
 2,4-2,5 3,3-4,3 7,48 

    0,95-1,0 1,25-1,40 1,2-1,8 
   0,37-0,40 0,5-0,56 0,42-0,60 

 
 : b =1,15√𝐸 =1,15√ =2,5                                                        (2.2) 

 : l =1,2b =1,2·2,5=3                                                                       (2.3) 

 : h =0.65b =0,65·2,5=1,6                                                             (2.4) 
    :  = , ∙ ∙ ( + ∙ 𝐸) ∙ 𝐸 ⁄  , .                                                           (2.5) 

       𝐸 –   ,  ; 

              ,  ,  –       
(  2.2); = , ∙ , ∙ , + , ∙ ∙ , = .  

 2.2 –       
   1 2 3 

 0,7-1,2 1,0 1,25 0,13 
 0,9-1,7 0,7 2,40 0,12 
 1,1-2,1 0,52 3,25 0,08 

   : = Е ∙ = ∙ ,, =                                                                                  (2.6) 

  –    , / 3; 

       –    (  2.3). 

 2.3 –   
   

I II  III  IV 
  k  2,5-3,0 3,5 4,0 5,5 
   kp 1,1-1,15 1,25 1,3 1,3-1,37 

    γ  / 3 1,5-1,8 1,8-2,5 2,5-3,0 3 
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   : + = 𝑔 ∙ ( + ) ∙ , .                                                                            (2.7) 

       𝑔 –   , ⁄  ; 

            –  , ;              –    , . + = , ∙ + ∙ = ,  ∙ . 
      kL   
   : 

  : . = ∙ √ э = , ∙ √ = ,                                                         (2.8) 

 –      (  8); 
 : = ∙ √ э = ∙ √ =  .                                                                      (2.9) 

 –     (  2.1); 

    : 𝑁 =  Е + 𝐹∙∙ ∙ = + , ∙ , ∙, ∙ ∙ , = ∙                                           (2.10) 

      𝐸 –   , ; 

           = 𝐸 𝐸⁄ -  ё       
.  ё ,   ё     , 

, 0,4; 0,3; 0,2;                    
        –     (  2.4), ; 
       = ⁄  -         (  
10);  

       –    (  2.3). 

 2.4 –  ,   
  

 
  

 , ·105 

  
,   I 0,16-0,69 0,27-1,77 
,   II  0,59-1,28 0,98-1,86 

 ,   III  1,08-1,86 1,57-2,55 
 ,   

 
IV 1,96-3,04 3,04-4,02 

 
      : 𝑁 = 𝑁 + + ∙ sin + 𝜌 ∙ + ∙ cos  , .                                            (2.11) 

       +  –    ; 
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            –    (  ё     45÷50°, 

  – 40˚   ё  – 30÷35°); 

             𝜌 .–      (   0,4). 𝑁 = ∙ + , ∙ ∙ sin + , ∙ , ∙ ∙ cos = , ∙   

        
: = 𝑁 ∙ 𝑉 𝜂⁄ ∙ −  , В .                                                                              (2.12) 

       𝑁  –      , ; 
             𝑉  –     (  2.5), / ; 
             𝜂  –    0,8÷0,85. = , ∙ ∙ ,⁄ ∙ − =  В .  

 2.5 –       
 

 , /    
 n, -1    

 0,4-0,75 0,65-1,0 - 2,5-3,5 
  0,4-0,75 1,0-1,6 - 2,5-3,5 

  - 2,0-3,5 1,4-2,6 1,0-1,5 

 
         ё  

: 𝑁´ = , ∙ + + 𝑁  , .                                                                                       (2.13) 𝑁´ = , ∙ , ∙ + = , ∙  .  
 𝑁  –  , 𝑁 = + ∙ 𝜔 ∙ . ∙  , .                                                                            (2.14) 𝑁 = + ∙ , ∙ , ∙ =  .  

       +  –    , .; 
             𝜔  ( ) -    ; 
             𝜔 = , ∙   ; 

             .  –   , .  𝜔 = , ∙ , = ,  ⁄ .  
 , ,      
    ё    . , 

       ,  
     2.1.     𝑡 =  , 

    :   𝑡 = , ∙ 𝑡 = , ∙
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=  ;          𝑡 =𝑡 = , ∙ 𝑡 = , ∙ = ,  .       ё  
  𝑡 = ÷  . 

 
 2.1 –        

 
 2.2 –     ,  
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 2.3 –         

 
    ё      

« » .        
 ,    10÷20 %.  

  : ´ = , ÷ , ∙ 𝑁´ ∙𝑣𝜂 ∙ −  , В .                                                                   (2.15) 

      𝑁  –         , . ´ = , ∙ , ∙ ∙, ∙ − =  В .  
       

: = , + , ´, = , ∙ + , ∙, =  В                                                   (2.16) 

             375,5 . 
                 

         . 
            

: 𝑁 = , ÷ , ∙ + = , ∙ , ∙ = , ∙                                      (2.17) 

  ё        
   : = 𝑁 ∙𝑣𝜂 ∙ − = , ∙ ∙, ∙ − =  В                                              (2.18) 
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       𝑁  –   ё        , ;                𝑉  –   ё  , (  2.5), / ; 
            𝜂  –  ё   0,8÷0,85. 

                  : 𝑁´ = + = , ∙                                                                                       (2.19) 

               : ´ = 𝑁´ ∙𝑣𝜂 ∙ − = , ∙ ∙, ∙ − =  В                                                  (2.20) 

           ( )        
 : 𝑁´´ =G =m ·g·103=13·9,81·103=12,8∙   

       : ´´ = , ÷ , ∙ 𝑁´´ ∙ 𝑣𝜂 ∙ − = . ∙ , ∙ ∙. ∙ − =  В                  (2.21) 

   ё   = ∙ + ´ ∙ + ´´ ∙+ + = ∙ + ∙ + ∙+ + =  В                                  (2.22) 

             t =60   :  : 
t =0,3t =0,3·60=18 ;         

 t = t =0,35t =0,35·60=21 .        
  t =2-3 .      348,5 . 

          
ё   К  (  2.1) : 

 
 2.4 –        
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 2.5 –         

 
 

 : ´ = ∙ √ э = , ∙ √ = ,  .                   (2.23) 

   : . . = , ∙ √ =  .                                 (2.24) 

  : . . = , ∙ √ = ,  .                                           (2.25) 

 : = + , = ,                                                         (2.26) 

  m =km·m =0,75·1000=750                                                 (2.27) 

    m =km·m =0,07·1000=70                                        (2.28) 

       , 
     ,     

: = ∙ [ , ∙ + , ∙ ´ + ∙ , ∙ − . ] ∙  , ∙                .  = ∙ [ , ∙ , + , ∙ , + ∙ , ∙ , − , ] ∙ = , ∙  ∙  

     +        
    : + = + ∙ . ∙ = · , ∙ = , ∙  ∙                        (2.30) = ∙ . ∙ = · , ∙ = , ∙  ∙                                 (2.31) 

         
: = ∙  ∙ = ∙ , ∙ = , ∙  ∙ ,                                   (2.32) 

  -        , , 
=0,5·L ·cosα +L . =0,5·80·cos30+5,5=40,1 

    , ∙     
    ё       , : 
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∑ = + + +  ,                                                                                                (2.33) ∑ = + +  ,  
  ,  , +  ,  –       , 

  ,         
 . ∑ = , + , + , ∙ = , ∙  ∙    ∑ = , + , + , ∙ = , ∙  ∙     

   ( )   
       : 𝑁 . = + ∙𝜔𝑝 ∙ − = , + , ∙ ∙ ,, ∙ ∙ − =  В                           (2.34) 

 𝜔.  –       
      𝜔 =0,105n=0,105·1,25=0,132 / . 

        
  315 .  
    ё   , 

        , 
   ,   . 

  ( ),    
 .  

 

 
 2.6 –         

 
         : = ∙ Е ∙ 𝑧 = ∙ , ∙ =   ⁄ ,                                                            (2.35)  Е –  , ; 

      𝑧–   , − , 
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𝑧 = 𝑡⁄ = =  , −  ,                                                                                    (2.36) 

  𝑡  –    𝑡 =  . 
 : = ∙ ∙ ( + ) = ∙ , ∙ , =  ⁄  ,                                        (2.37) 

       = , ÷ ,  –   ; 
             = , ÷ ,  –      ; 

      𝑡  –         
             , ; 
      𝑡  –   , .   ё  

               𝑡 𝑡 + 𝑡⁄ = , ÷ ,                              

 : э = ∙ ∙ = ∙ ∙ , =  ,⁄                                             (2.38) 

        –  , ;                 –     .  , 
                     

             = , ÷ , . 

  : э = э ∙ (𝑁 − ) ∙ = ∙ − ∙ = ⁄                      (2.39) 

       𝑁 =  –     ; 
              –    ;  

       = ÷  -     . 
  : 𝑁э = Аэ ∙ = ∙ , =                                                                                 (2.40) 

       А  –  ё   , 3; 

              –  ,      
 , = , ÷ , . А = К ∙ А ⁄ = , ∙ , =  ,                                                     (2.41) 

       К  –  ; 
            А  –     ; 
             –   . 

       
ЭШ-10/70   – 2 . 
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     2.2    
 

       
KOMATSU PC-400. 

       
,    ,    

,    .  
  : э = э ∙ Е = ∙ , =  .                                                                          (2.42) 

 э  –    ,    
                       38-55 / 3;                               Е -  , 3.  

         
   : 
 : b =1,15√𝐸 =1,15∙ √ , =1,4                                                   (2.43) 

 : l =0,77b =0,77·1,4=1,07                                                            (2.44) 

 : h =0.75b =0,75·1,4=1,05                                                         (2.45) 
    :  = , ∙ ∙ Е = , ∙ , ∙ , = ,                                                     (2.46)  𝐸 –  ,  ; 

      =0,9-1,7                              
(  2.2); 

 : = 𝑔 ∙ ∙ = , ∙ , ∙ = , ∙                                              (2.47) 

 𝑔 –   , ⁄  ; 

      –  , ;        –    , . 
   : = Е ∙ = , ∙ ,, = ,                                                                                  (2.48) 

  –    , / 3; 

       –    (  2.3). = 𝑔 ∙ ∙ = , ∙ , ∙ = , ∙                                             (2.49) 

 : = ∙ √ э = , ∙ √ = ,  .                                    (2.50) 

 –     (  2.1); 

 : = ∙ √ э = , ∙ √ = ,  .                                    (2.51) 
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  –     (  2.1); 

   : = ∙ = , ∙ , = ,                                     (2.52) 

 = ,  –  ;  = 𝑔 ∙ ∙ = , ∙ , ∙ = , ∙  ,                                               (2.53) 

  : = ∙ √ э = . ∙ √ = .                          (2.54) 

  : = ∙ √ э = . ∙ √ = .                            (2.55)    

  : = ∙ √ э = . ∙ √ = .  .                                                                 (2.56) 

  –     . 
  : . 𝑥 = , ∙ √ = ,                          (2.57) 

   : + = + = , + , ∙ = , ∙  .                                          (2.58) 

    ё     
 (  2.7)   ё     

 .     ,   
      ,   

ё        . 

 
 2.7 –        
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 2.8 –        

   

 
 2.9 –        

     
 N , ,        

  ё    ,   
 ,     N1n,  

   Gk+n,    GP    . 𝑁 = 𝑁 ∙ + 𝑘+ ∙ 𝑘∙c s + 𝑝∙ 𝑝∙c ssi ,                                                                         (2.59) 

       , , ,   –        , 
    , ; 

               –     , ; 
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             –   ё    , . 𝑁 = . ∙ ∙ . + . ∙ ∙ . ∙c s + . ∙ ∙ , ∙c s. ∙si =12.8·104  

  : 𝑁 = Е ∙∙ = , ∙ . ∙. ∙ . = . ∙ ,                                                                         (2.60) 

        –    ,     
 (  2.4), ; 

               –    (  2.3);                  –  ,        
    , . 

,      : = 𝑁 ∙𝑣𝜂 ∙ − = . ∙ ∙ ,, ∙ − =  В                                              (2.61) 

       𝑁  –   ё        , ; 
             𝑉  –   ё  , (  2.5), / ; 
               𝜂  –  ё   0,8÷0,85. 

       : 𝑁´ = 𝑘+ ∙ ´𝑘∙c s + 𝑝∙ ´𝑝∙c s´ ∙si ,                                                                                (2.62) 𝑁´ = . ∙ ∙ , ∙ + , ∙ ∙ , ∙c s, ∙si =7.3·104  

,     : ´ = , − , 𝑁´ ∙𝑣𝜂 ∙ − = , ∙ , ∙ ∙ ,, ∙ − =  В                    (2.63) 

       : 𝑁´´ = 𝑘∙ ´´𝑘+ 𝑝∙ ´´𝑝 ∙c s´´ ∙si ,                                                                                      (2.64) 𝑁´´ = , ∙ ∙ , + , ∙ ∙ , ∙c s, ∙si =4,6·104  

,        : ´´ = , − , 𝑁´´ ∙𝑣𝜂 ∙ − = , ∙ , ∙ ∙ ,, ∙ − =  В                   (2.65) 

 : 𝑡 ≅ ∙ 𝑑 ∙ Е− + Е, ∙Е+ ,  , ,                                                        (2.66) 

       𝑑  –      , ;  
            Е –  , 3. 

     : 𝑑 = , ∙ √Е = , ∙ √ , = ,                                                             (2.67) 
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𝑡 ≅ ∙ , ∙ , − + , , ∙ , + ,⁄ =  .  
        

   ё     
          
.   ё   , 𝑡 =   ,  

    :  𝑡 , ,     𝑡 , ,        𝑡 , : 
t =t =t =0,33·t=0,33·114=37,6 .                                                                        (2.68) 

    : = ∙ + ′ ∙ + ′′ ∙ = ∙ , + ∙ , + ∙ , =  В                                (2.69) 

 
  2.10 -      

    
 

,      ,  
    :    N2 , 

   ё   𝑁 ∙ cos     
     ∙ sin   + ∙ sin .      

           
: 𝑁 = 𝑁 = , − , 𝑁 = , ∙ , ∙ = . ∙                                  (2.70) = 𝑁 ∙𝑣𝜂 ∙ − = . ∙ ∙ ,, ∙ − =  В                                                   (2.71) 

 N .  –      , ;  
       v .  –   , /  (  2.5);  

       η .  –   ,  0,75–0,85. 
       ё  

          , 
 ,       
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+ ∙ sin  , ,   ∙ sin  , ,    ё   𝑁´ ∙cos . .  
      : 𝑁′ = 𝑁′ ∙ cos + ( + + ) ∙ sin , ,                                                            (2.72) 𝑁′ = . ∙ ∙ cos + . ∙ + . ∙ sin = . ∙   

     : ′ = . − . 𝑁′ ∙𝑣𝜂 ∙ − = . ∙ . ∙ ∙ ,, ∙ − =  В                      (2.73) 

       : 𝑁′′ = ( + ) = 3.0+2.6)·104=5.6·104                                                          (2.74) 

 

  ,     
    : ′′ = 𝑁′′ ∙𝑣𝜂 ∙ − = . ∙ ∙ ,, ∙ − =  В                                               (2.75) 

    : = ∙ + ′ ∙ + ′′ ∙ = ∙ . + ∙ . + ∙ . =  В                                  (2.76) 

 
 2.11 -      

    
 

       , 
         
 ,        

 . 
        

ё   К  : 
 : ′ = ∙ √ э = , ∙ √ = .                              (2.77) 

   : . . = , ∙ √ = ,                                     (2.78) 
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  : . . = , ∙ √ = .                                                    (2.79) 

 : = , + . = .                                                          (2.80) 

   km : 

    m  = km ⋅m  = 0,06 ⋅ 95 =5.7                                     (2.81) 

   m  = 0,028⋅ 95 = 2.6                                             (2.82) 

    m  = 0,5 ⋅ 95 =47.5                                     (2.83) 

       : 

J = ( , ∙ + , ∙ ′ + − )                                                            (2.84) 

J = . ∙ ( , ∙ . + , ∙ . + . − . ) ∙ =0.3·106 · 2 

         
: = ∙ ∙ = . ∙ . ∙ = . ∙ ∙                                    (2.85) 

 L  –          (  
2.7), . 
             +        

      : + = + ∙ . ∙ = , ∙ . ∙ = . ∙ ∙                        (2.86) = ∙ . ∙ = . ∙ . ∙ = , ∙ ∙                               (2.87) 

       ё : = ∙ ∙ = . ∙ . ∙ = . ∙ ∙ ,                                     (2.88) 

 L  –         , 
, L  ≈0.5 L . 

      ё : = ∙ ( ′′ ) ∙ =  . ∙ . ∙ = . ∙  ∙ ,                            (2.89) 

 ( ′′ )  -           
( . + , ∙ . ) , . 

       ё 
    ё       , : ∑ = + + + + +  ,                                                                             (2.90) ∑ = + + + +  ,  

  ,  , +  ,  –     
,   ,        

  . ∑ = . + . + . + . + . ∙ = . ∙  ∙ .   
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∑ = . + . + , + . + . ∙ = . ∙  ∙ .    
      

    : = + . ∙𝜔 ∙ − = . + . ∙ ∙ ,. ∙ − =  В                                 (2.91) 

 ∑   ∑  –       
                        ; 
       𝜔  -     ,  𝜔 =0,105n=0,105·3=0,315 / . (  2.5). 

         
5,5 . 

        
    .  

 
 2.12 –      

 
           
             ё   , 

        , 
   ,   .  

            ( ),    
 .  

 :   = ∙ Е ∙ 𝑧 = ∙ , ∙ , = ,   ⁄ ,                                            (2.92)    

 Е –  , 3; 

       𝑧 –   ,  -1, 
       𝑧 = 𝑡⁄ = = ,  −  .                                         
        : = ∙ ∙ ( + ) = , ∙ , ∙ , = ,  ⁄                                (2.93)            
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       = , ÷ ,  –   ; 
      = , ÷ ,  –       (  2.3); 

      𝑡  –        , 
; 

      𝑡  –   , .   ё   
: 𝑡 𝑡 + 𝑡⁄ = , ÷ ,    

 : э = ∙ ∙ = , ∙ ∙ , = ,   ,⁄                               (2.94)            

        –  , ; 
              –     .  , 

     = , ÷ , . 

  : э = э ∙ (𝑁 − ) ∙ = , ∙ − ∙ = ⁄                  (2.95)           

       𝑁 –     ; 
              –    ;                 = ÷  -     . 

  : 𝑁э = Аэ ∙ = ,9 ∙ , =  ,                                                                       (2.96)     

       А  –  ё   , 3; 

             –  ,     

 , = , ÷ , . 

      
 KOMATSU PC-400   – 23 . 
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3.    
 
                   

   .    
       -  

    (  ,  ,  
   ).   

 
 

3.1    
 
              

    – ,   
. 

             —  
ё   ,   ,  

   .   —  
 ё .    

     ( ё   
10-15 .     )       

   (4-5   )   
 .  

            -  ;  
      ,  ,   

          
.       

         /   
   ,       

 . 
             

, :  ,   

 ,   ,   
      ,   

        .  
    :   3-

4    ,     
    ,   
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     .  
,    ,    
      .   95 – 99% 

    -   ,   
     . 

          ,  
  ,  ,   .  

       
 3  (3,3 ),     6 /    

   12 /     . 
             

  40 . / .     
      -  

    - ,      
.        

        
,      

.  
          ё    

        
 .   :   

 ;      
     ;  

       
;      

–       . 
           . 

    ,   
    ,   

  . 
 

 

3.2   -   
 

           ,     
   4,1 .      

1,45 / 3.  
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               -5   
    -7540   30 . 

 3 -     
  -    

  3.1. 
 
 

 3.1 –    
  1  2  3 

  -5  Komatsu PC750-7 Komatsu PC-1250 
  7540 Komatsu HD405-6 Komatsu HD605-7 

 
 

3.3 -   
 

   1 - -5    7540 (  3.1–3.6). 
 

 

 
 3.1 –   
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 3.2 –      1  

 
 3.3 –   1  
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 3.4 –    

 
 3.5 – -   
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 3.6 –   1  

   2 - Komatsu PC750-7  Komatsu HD405-6 (  3.7-
3.10). 

 
 3.7 –      2  
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 3.8 –   2  

 

 
 3.9 – -   2  
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 3.10 –   2  

   3 - Komatsu PC-1250  Komatsu HD605-7 (  3.11-
3.14). 

 
 3.11 –      3  
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 3.12 –   3  

 
 3.13 – -   3  
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 3.14 –   3  

 
 

3.4    
 

      ,    
 3.2. 

 3.2 –       

  1   2   3  

 /  589392 2 581500 3 906101 1 
  2,42 3 2,27 2 2,2 1 

   27,2 3 23,7 1 26,45 2 
  8  6  4 

 
      
 3 Komatsu PC-1250  Komatsu HD605-7.  
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4.   
4.1 ё     

   
 

 ё         
       (  

4.1).   : 

L =l - +l - +𝑏 ·(n + n − +  ∗ℎ + ∗ℎ  si α =  

=50+250+ ·(2 + 4 −  +  · + ·  si = 588,9  ,                                       (4.1) 
 l -  =50  –        ; 

       l -  = 250  –         ; 
       n10 = 4 –    h10 = 10 ; 
       n12 = 2 –    h12 = 12 ; 
       α = 60  –   ;  
       b  = 43  –    . 

 ё        L =600 . 

 
 4.1 -     : 

  –   ;  –   

 

 ё     : 
          H =ℎ ∙ +ℎ ∙ = 0∙ +12∙2 = 4 .                                              .2  
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4.2 ё     ,   
      

 

ё     Q     
       20 .   

Qmax/Q  ≤ 2,       
: 

           Q =
24∙Q 

20 =
24∙ 0

20 = 8  3
,                                                   ⁄            (4.3) 

 Qmax = 90 3/  –      ; 
       Q  = 70 3/  –      . 

        
    Q = Q .     

  ,   –   . 
   ( )  

                                        D  =√ 4∙Q
3600∙π∙V =√ 4∙84

3600∙3,14∙1,642 = 0,135 ,              (4.4) 

 Q  –     , 3/ ; 

        𝑉э –      : 

                                             V =4,2∙√ Q
3600

4

=4,2∙√ 84
3600

4
=1,642 / .                 4.5  

       
                                             δ0=

1875∙P ∙D
=

1875∙0,71∙0,135
= 0,5 ,               (4.6) 

  –     , :                                      P = k∙ρ∙g∙H ∙10-6=1,1∙1030∙9,8∙ ∙10-6= ,71 ,      (4.7) 
  = 1,1 –   ; ρ = 1030 / 3–  

 ; σ  = 340  –     
,     2 ; g = 9,8 / 2 –   . 

ё     : 
                δ =1,18∙ δ0+ 0,25+v . ∙t =1,18∙(0,5+(0,25+0,1)∙15) = 6,8 ,       (4.8) 
 t = 15  –    ;  
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      𝑣 .  = 0,1 /  –      
. 

        8732-78  
  d  = 152     δ  = 7 .  

    D  = 138 . 
        

  18599-2001    D  = 177  (   d  

= 200     δ  = 11,4 ),     
        1,0÷1,5 /c. 

 

4.3   
 

ё           H =H + ( ∙
L
D

+ ∑ ξ ) ∙
v2

2∙g + (1+ ∙
L
D

+ ∑ ξ ) ∙
v2

2∙g =                            (4.9) 

= 67,5+ (0,0347∙
10

0,177 +6,5) ∙
0,9492

2∙9,8 + (1+0,0377∙
600

0,138 +17,9) ∙
1,5612

2∙9,8  = 0,6 , 

 L  = 10  – ё    ;         –    ; 
      λ   λ –        

 ; 
      v   v  –        

; 
       ∑ ξ    ∑ ξ  –      

    . 
                                          H =H +H =3,5+64 = 67,5 ,                                      (4.10) 

  = 3,5  –     ( ё ); 

 =
0,0195√D3 =

0,0195√0,1383  = 0,0377;                                                                         (4.11) 

 = 0,0195√D3 = 0,0195√0,1773  = 0,0347;                                                                                 (4.12) 

 v. =
4∙Q

3600∙π∙D2 = 4∙84
3600∙3,14∙0,1382 =1,561 / ;                                                                (4.13) 

 v. =
4∙Q

3600∙π∙D2 = 4∙84
3600∙3,14∙0,1 2 = ,949 / .                                                                (4.14) 
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 ё      
       

. 4.1  4.2. 
 4.1 

     

  
, ξi  , 

ni 
ξi 𝑖 

    5,6 1 5,6 
     90  0,162 1 0,162 

 0,3 1 0,3 
  0,15 3 0,45 

 ∑ ξ = 6,5 

 

 4.2 

      
  

, ξi , 
ni 

ξini 
  0,09 1 0,09 

  0,09 1 0,09 
  6,8 1 6,8 

     90  0,154 3 0,462 
     110  0,120 6 0,72 

 0,75 2 1,5 
  0,5 1 0,5 

  0,2 2 0,4 
 0,1 1 0,1 

  0,15 48 7,2 

 ∑ ξ = ,  

 

        

    :     

   .      

    . 4.2. 

    ё         

   , , , 
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  «  -  »   «  » 

( ). 

 
 4.2 -      : 

1 – ; 2 –  ; 3 –  ; 4 – ё  
  ; 5 – ; 6 –  ; 7 –  ; 8 – 

; 9 –   

 
       

 105-98 ( . 4.3)  2-   ё  (n = 3000 / ).  
    . 4.3    . 4.4. 

 

 
 4.3 –     105-98 
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 4.3 

    105-98 (i = 2) 

 Q, 3/  0 25 50 75 105 125 

 ,  118 118 116 112 98 92 

 η, % 0 0,25 0,46 0,57 0,66 0,64 

   

    Δh ,  

 

- 

 

- 

 

- 

 

3,5 

 

4,5 

 

6,4 

  

   H ,  

 

- 

 

- 

 

- 

 

6,2 

 

5,2 

 

3,3 

 
    ,   

. 4.3,   :                                                      H  = 
p0– p
ρ ∙ g  –  ∆h  ,                                        .15  

 p0≈105  –  ; p = 2337  –    
   20 . 

 
 4.4 -     105-98 
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    .   

      ,  

 –      .  

     . 

 

4.4.      
 

  Hc – Q  ,    4.5, 

 : 

                                    H =H +R ∙Qi
2      (4.16) 

 Qi –      , 3/ ;  

      R  – ё     

 ,                R = 1+ ∙
L ∙D4

D ∙D4 + ∙
L
D

+ ∑ ξ ∙
D4

D4 + ∑ ξ ∙
6,3∙10-8

g∙D4 =                    ( .17) 

= 1+0,0347∙
10∙0,1 4

0,177∙0,1774 +0,03 ∙ 0,138 +6,5∙
0,1384

0,1774 +1 ,9 ∙
6,3∙10-8

9,8∙0,1384 = 

= 0,00  2
5⁄ .  

        

105-98  – Q, η – Q, ∆h  – Q, H  – Q      

   - Qi    4.4. 

 4.4 -     

Q, 3/  0 25 50 75 105 125 

H ,   67,5 69,59 75,73 86,03 103,82 118,98 

,  118 118 116 112 98 92 

η, % 0 0,25 0,46 0,57 0,66 0,64 

∆h ,  - - - 3,5 4,5 6,4 

H ,  - - - 6,2 5,2 3,3 
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  4.5.      

        

 105-98  – Q       

– Q. 

 

 4.5. -      

 
 

      : 

–  Q =101 3/ ; 

–  H =101 ; 

–  η  = 0,65; 

–     H  = 5,3 . 

      : 

–     

Q  ≥ Q  => 101≥ 84  ; 

–   

H  ≤ 0,9∙H0 => 67,5≤ 0,9 ∙ 118 –  ; 
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–   

η  ≥ 0,9∙ηmax => 0,65 ≥ 0,9∙0,66 –  ; 

–    

H + ( ∙
L
D

+ ∑ ξ ) ∙
v2

2∙g  ≤ H  ,                                                                    (4.18) 

 𝜈  –       : 𝜈  = 
4∙Q

3600∙π∙D2 =
4∙1

3600∙3,14∙0,1772  = 1, c ,                                             (4.19) 

3,5+ (0,0347 ∙
10

0,177 +6,50) ∙
1,1402

2∙9,8  ≤ 5,3,                                                   

4,1 ≤ 5,  –  . 

     4,5     (H  

= 4,5 ). 

 

4.5.  ,      

   

 

ё    : 

                 N = k ∙ρ∙g∙
H ∙Q

3600∙1000∙η
=1,1∙1030∙9,8∙ 101∙101

3600∙1000∙0,65
= 48,4 ,          (4.20) 

 k  = 1,1÷1,25 –   ,    
ё  . 

       225 M2 

   :  

-   N = 55 ; 

-    n = 3000 / ; 

-   η = 92,5 %; 

   : 

t =
Q ∙24
Q ∙ z

=
∙24

∙1 =16,6 ;                                                                                   ( .21)  

http://www.электродвигатель.net/catalog.php?ELEMENT_ID=492
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tmax=
Qmax∙24
Q ∙ zmax

=
0∙24
0 ∙2 = ,  ,                                                                              ( .22)  

 

 z = 1 –  ,   ;         zmax= 2 –  ,   ;            t  –     ;           tmax –     . 

      

 

E =1,05∙10-3∙ρ∙g∙
24 ∙ H

3600∙η ∙η ∙η ∙[ 365-N ∙Q +N ∙Qmax]=                            ( .23) 

    

=1,05∙10-3∙1030∙9,8∙
24101

3600∙0,92 ∙0,95∙0,65
∙[ 365-60 ∙70 + 60 ∙ 90]= 980 ∙ , 

  1,05 –  ,    

  ; 

          η = 0,95 –   ;              N  = 60  –       . 

  ,      

 

e = E
((365-N )∙Q +N ∙Qmax ∙24 = ((365-60)∙70+60∙90)∙24 =0,5  ∙ / 3.      (4.24)  
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72 12 0,85 734ЭQ Q        3/                                                     (5.5) 

   

   . 734 365 50 2 462420Э Э PQ Q N n n       , 3/                                         (5.6) 
 -  , 3;  

      -  , ;  
      =0,8…1,1 -   ;  
      =1,1…1,5 –     ;   
      

Pt -         , 
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      t -   , ;     

85,0...8,0
P

P

tt

t
; 

      -  , ;  
      -      9,0...8,0 -  

,     ;  
      N -     ; 
      

Pn -       (        
10 3 50...45Pn );  

      n-    . 
  :  

.
.

.

3300000
1,2 8,6

462420Э
Э

A
N K

Q
     , .                                                                (5.7) 

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

  9 . . 
 

2.   я 
 

   : 
 210 6...8 0,01 7 4 150 42f d         ,                                                   (5.8) 

  : 

4 2 4 2

3 3 42 2 2,5
0,70

10 10 4 0,15
V

f d

     
  

   
, /                                                (5.9) 

 ω -   , -1;  
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      Ш -      (    – Ш = 

2,5). 
   : 
 . . . 720 60

227
1,4 1,5ЭQ

t t

  
  

 
                                                               (5.10) 

   60...30
...  ,  -  -

    ;  
 5,1...83,0t ,    ; 

 t  -  ,    1  , .   
1 1

1,4
0,70

t
V

                                                                                         (5.11) 

   : 
   . 227 365 60 2 138470Э Э PQ Q N n n        ,                                                 (5.12) 
    : 

 .

.

1,15 1,15 8300000
. . 1,2 1

1,9 65 138470Э

N
Q 

 
    

   
, .                                            (5.13) 

.

.

1,15 1,15 3300000
. . 1,3 1

0,66 65 138470Э

N
Q 

 
    

   
, .                                             (5.14) 

 =65 -       .  
 

3.   
 

     : 
4 33

. .0,1 5 10 0,45 0,1 400 0,0005 400 1,33
            ,                  (5.15) 

 δ = 0,45 –   ; 
      .  –   . 

    , : 

 

 

3 2
2 1 0

3
. 0 . 1

2

10 cos

cos sin 10 0,055 4,82 0,3

9,81 5,32 0,66 0,6 9,81 5,32 0,66 1 cos 55

9,81 51,15 0,1 cos15 sin15 9,81 0,7 8,75 1 172,9

FW K L t g V g V

g m f g K m

    

  

             

             

         

         

                    (5.16) 

 F = 0,055 -   , ;  
      L  t -       , ;  
      γ -  , / 3; 
      1  2 -         ; 
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      m .   m .  -        
, ;  
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       α  δ0 -    ( )     

, .;  
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       V  -   : 

2 20,5 0,5 1,25 4,82 1,33 5,32V K L H         , 3                                                 (5.17) 

  =1,25 -   ,       
 =1,41 .    L=4,82     . 

  : 

. .

3600 3600 5,32 0,9 12 0,9 0,5
894,12

104,1э
V

Q
         

   , 3           

(5.18) 
  =0,85…0,9 -     ; 

       - ,    (1…0,4 –    
0…15%); 
      α  - ,                          
ё    l . 

    5,05001,011  l                                                                     (5.19) 

04,0...008,0 , -1. 

Ц –  , : 

1,1041025,15
5

508

1

50

5,0

8
2 





 ttt

v

ll

v

l

v

l
   (5.20) 

 l   l   –      (6…10 )   
 , ;  

       ν , ν ,, ν  –      (ν  = 0,4…0,5), 
  (ν  = 0,9…1,1),   (ν  = 1,1…5), / ;  

        t ,  t , t  –      (  5 ), 
  (1,5…2,5),   (10 ). 

  Komatsu D65EX-16. 
  : 
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5.3       
 

   ,      
 -150. 

   : 
3585,76

0,48 0
7500

H H
N

K


                                                                         (5.24) 

 H  -    , : 
8760 0,8 3422,24 3585,76nH                                                            (5.25) 

 9,0...8,0n  -      ;  
        -  ,      . 
       0H  -      , . 

 

 
24,3422

7500

15301196361619248760

2211










NNNN

                                            (5.26) 

 ,,,, 21   - , ,   
,  ,      , ; 

        -       , ;  

       NNNN ,,, 21  -   , ,  , 
 ,     , . 

    : 

2
2

3585,76
0 3,59 4

1000

H
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    : 

1 2
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H
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    : 

2 1
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H
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1 1 2 2
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H
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 5.3 -       
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2N  N  

-150 4462 3422 72 13 4 0 
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H
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1,4 88066
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    : 
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 -  : 
     0,07...0,09 38 4 0,08 4          .                                           (5.35) 

 -  : 
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   : 
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T
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Of -  ,     , 2. 
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1sin cosК2
2sin sin( )

  
  
 


 

,                                                                                        (6.3) 
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