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 « »  « - » I   .+250 . 
      .   

   .+390   . + 280     
   ,  .+280   .+250   

       . 
   90‰.     

28,5 .   – 100‰ . 
     .  

       
,     .  

        
 79/21,   – ,  - -20  
.  

      
  №6 . 

      
      « »  -12. 

   : -  -400 , -850 , 
- 850. 

    ё    
           α: 

 𝑑 = ( ∙ 𝑡 + ) ∙ √ ∙ −⁄  ,                                                           (2.1) 

 
       = ,  -  , / 3;  
            =  -         
                     [4, . 13], ; 
            =  -    ,    
                       . 

 𝑑 = ∙ 𝑡 + ∙ √ , ∙ −⁄ = ,   .  
 

    ,     
,   – -250 -32   
 244,5 [2, . 7.3]. 
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  :   – ;  –   
 (f=14);   –   . [1, . 1.1] 
: 244,5 - . 

   ( )    
    : 

 = − ∙ К ∙ ∙ 𝑑,                                                                                               (2.2) 
 

 К = −  –       ;  
      d –   , ; 
       –   . 
 = − ∙ ∙ ∙ , =   
 
           Q ,    
d =0,269 (       ),   
d =0,215 ,       W =25 / . 

: 
 

Q=0.785(𝑑 ∙ 𝑑 ) =0,785∙(0,2692-0,2152)∙25=0,5 3/                                      (2.3) 
 

 , / ,   : 
 

v =
∙ ∙𝜔∙К∙𝑓∙ = ∙ ∙ ∙∙ ∙ , = ,  /                                                        

(2.4)                       
 

  -     , ; 
       𝜔 –    [2, . 4],  -1; 

       𝑑 -  , ;  
       К  -      (    – К = ). 

 
 ,       

 , ,   K  = 0,7,   
  ,   σ .  = 700 : 
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= , ∙𝑣 ∙ ∙𝜎 ∙КК ∙𝜔 = , ∙ , ∙ , ∙ ∙ ,, ∙ = ,  ·                                       (2.5)            

   : 
 = ∙𝜔𝜂 = , ∙ ,, = ,                                                                            (2.6) 

 

 𝜔-   , 𝜔 =120 / = 𝜋 = ,  ⁄  ; 

      𝜂 -   ,   0,7-0,85. 
 

    , : 

 = ∙𝑣𝜂 ∙ = ∙ ,, ∙ = ,                                                  (2.7) 

 

 -  , ; 
     𝑣  -  , / ;      𝜂 -   . 
 

       𝑣  : 
 = ∙ ,, ∙ =   

 
       

 

.

.
.

15,1







N ,                                                                

 

 .       , ; 
           .      , . 
 
 . = , ∙⋅ ⋅ ≈2 . 
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  -250 -32    
 11     .  , 

       . 
       

-5 . 
       

,    ,    
,    .  

  : 
 э = э ∙ Е = ∙ = .                                                                              (2.8) 

 

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

 

         
   : 

 

 : b =1,15√ =1,15∙ √ =2                                                           (2.9) 

 
 : l =0,77b =0,77·2=1,5                                                                 (2.10) 

 
 : h =0.75b =0,75·2=1,5                                                              (2.11) 

 
    :  

 = , ∙ ∙ Е = , ∙ , ∙ = ,                                                          (2.12) 
   –  ,  ; 

      =0,9-1,7                                            [1, . 2.4]; 
 

 : 
 = ∙ ∙ = , ∙ , ∙ = , ∙                                                (2.13) 
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  –   , ⁄  ; 

      –  , ;        –    , . 
 

   : 
 = Е ∙ = ∙, =                                                                                       (2.14) 

 

  –    , / 3; 

       –    [1, . 2.5]. 

 = ∙ ∙ = , ∙ ∙ = , ∙                                              (2.15) 

 

 : = ∙ √ э = , ∙ √ = ,  .                               (2.16) 

 

 –     [1, . 2.2]; 
 

 : = ∙ √ э = , ∙ √ = ,  .                                  (2.17) 

 

  –     [1, . 2.2]; 
 

   : = ∙ = , ∙ , = ,                                        (2.18) 

 

 = ,  –  ;  

 = ∙ ∙ = , ∙ , ∙ = , ∙  ,                                               (2.19) 

 

  : = ∙ √ э = . ∙ √ = ,                          (2.20) 

 

  : = ∙ √ э = . ∙ √ = ,                            (2.21)    

 
  : 

 = ∙ √ э = . ∙ √ =  .                                                               (2.22) 
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  –     . 
          

  : . 𝑥 = , ∙ √ = ,                       (2.23) 

   : 
 + = + = , + , ∙ = , ∙  ,                                        (2.24) 

 
    ё     
 ( .7)   ё     

 .     ,   
      ,   

ё        . 

 
 2.1 –        
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 2.2 –        

   
 

 
 2.3 –        

     
 

 N , ,        
  ё    ,   
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 ,     N1n,  
   Gk+n,    GP    . 

 = 𝑁 ∙ + + ∙ ∙c s + 𝑝∙ 𝑝∙c ssi ,                                                                     (2.25) 

 

 , , ,   –         
                            ,     , ; 
        –     , ; 
       –   ё    , . 
 = , ∙ ∙ + , ∙ ∙ , ∙c s + , ∙ ∙ , ∙c s, ∙si =33,8·104  

 
  : 

 = Е ∙∙ = ∙ ∙, ∙ . = , ∙    ,                                                                      
(2.26) 
 

  –    ,     
                [1, . 2.7], ; 
       –    [1, . 2.5];        –  ,       
                 , . 
 

,      : 
 = 𝑁 ∙𝑣𝜂 ∙ − = , ∙ ∙ ,, ∙ − =                                               (2.27) 

 

  –   ё        , ;  – 

  ё  , .7, / ; 
      𝜂  –  ё   0,8÷0,85. 

 
       : 
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´ = + ∙ ´ ∙c s + 𝑝∙ ´𝑝∙c s´ ∙si ,                                                                               
(2.28) 
 ´ = , ∙ ∙ ∙ + , ∙ ∙ , ∙c s, ∙si =35,4·104  

,     : 
 ´ = , − , 𝑁´ ∙𝑣𝜂 ∙ − = , ∙ , ∙ ∙ ,, ∙ − =                    (2.29) 

 
       : 

 ´´ = ∙ ´´ + 𝑝∙ ´´𝑝 ∙c s´´ ∙si ,                                                                                   (2.30) 

 ´´ = , ∙ ∙ + , ∙ ∙ , ∙c s, ∙si =14,2·104  

 
,        : 

 ´´ = , − , 𝑁´´ ∙𝑣𝜂 ∙ − = , ∙ , ∙ ∙ ,, ∙ − =                (2.31) 

 : 
 𝑡 ≅ ∙ 𝑑 ∙ Е− + Е, ∙Е+ ,  , ,                                                        (2.32) 

 

      𝑑  –      , ;  
            –  , 3. 

     : 
 𝑑 = , ∙ √Е = , ∙ √ = ,                                                                (2.33) 

 𝑡 ≅ ∙ , ∙ − + , ∙ + ,⁄ = ,  .  
 

        
   ё     
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 .   ё   , 𝑡 =   , 
     :  𝑡 , ,    

 𝑡 , ,        𝑡 , : 
 
t =t =t =0,33·t =0,33·34,8=11,6 .                                                                       (2.34) 
 

    : 
 = ∙ + ′ ∙ + ′′ ∙ = ∙ , + ∙ , + ∙ , =                             (2.35) 

 
 2.4 -      

    
,      , 

     :  
  N2 ,    ё   ∙ cos   

       ∙ sin   + ∙ sin .   
            

  : 
 = = , − , = , ∙ , ∙ = , ∙                                (2.36) 

 = 𝑁 ∙𝑣𝜂 ∙ − = , ∙ ∙ ,, ∙ − =                                                    (2.37) 

 
 N .  –      , ;  

       v .  –   , /  ( . . 7);  
      η .  –   ,  0,75–0,85. 
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       ё  
          
,  ,      
 + ∙ sin  , ,   ∙ sin  , ,    ё  

 ´ ∙ cos . .        
 ′ = ′ ∙ cos + ( + + ) ∙ sin , ,                                                            (2.38) 

 ′ = , ∙ ∙ cos + , ∙ + , ∙ sin = , ∙   
 

     : 
 ′ = . − . 𝑁′ ∙𝑣𝜂 ∙ − = . ∙ , ∙ ∙ ,, ∙ − =                   (2.39) 

 
       : 

 ′′ = ( + ) = 8,5+7,6)·104=16,1·104                                                           (2.40) 

 
  ,      
   : 

 ′′ = 𝑁′′ ∙𝑣𝜂 ∙ − = , ∙ ∙ ,, ∙ − =                                            (2.41) 

 
    : 

 = ∙ + ′ ∙ + ′′ ∙ = ∙ , + ∙ , + ∙ ,, =                               (2.42) 

 
 2.5 -       
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,         

  ,       
  . 

        
ё   К  : 

 

 : ′ = ∙ √ э = , ∙ √ = ,                            (2.43) 

 

   : . . = , ∙ √ = ,                                   (2.44) 
 

  : . . = , ∙ √ = .                                                  (2.45) 
 

 : = , + , = ,                                                          (2.46) 
 

   km : 
 

    m  = km ⋅m  = 0,06 ⋅ 250 =15                                    (2.47) 
 

   m  = 0,028⋅ 250 = 7                                              (2.48) 
 

    m  = 0,5 ⋅ 250 =125                                    (2.49) 
 

       : 
 

J = ( , ∙ + , ∙ ′ + − )                                                            (2.50) 

 

J = ∙ ( , ∙ , + , ∙ , + , − . ) ∙ =1,5·106 · 2 

 

         
: 

 = ∙ ∙ = ∙ , ∙ = , ∙ ∙                                       (2.51) 
 



 

 
.  № .   

 

54 
 21.05.04.09 – 2022  

 L  –          
               ( . . 7), . 
 

             +        
      : 

 + = + ∙ . ∙ = , ∙ , ∙ = , ∙ ∙                       (2.52) 

 = ∙ . ∙ = , ∙ , ∙ = ∙ ∙                                    (2.53) 

 

       ё : 
 = ∙ ∙ = ∙ , ∙ = , ∙ ∙ ,                                        (2.54) 
 

 L  –         
      , , L  ≈0.5 L  
 

      ё : = ∙ ( ′′ ) ∙ =  , ∙ , ∙ = , ∙  ∙ ,                            (2.55) 

 

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

       ё 
    ё       , : 

 ∑ = + + + + +  ,                                                                             (2.56) 

 ∑ = + + + +  ,  
 

  ,  , +  ,  –     
,   ,       

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

      
    : 

 = + . ∙𝜔 ∙ − = , + ∙ ∙ ,, ∙ − =                                  (2.57) 

 

 ∑   ∑  –       
                        ; 
       𝜔  -             
               𝜔 =0,105n =0,105·3=0,315 / . ( .7) 
 

        
 52 . 

        
    .  

 

 
 2.6 –      

 
 

             ё   , 
        , 

   ,   .  
            ( ),   

  .  
 

 :   
 = ∙ Е ∙ 𝑧 = ∙ ∙ , =   ⁄ ,                                                     (2.58)          
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 Е –  , 3; 

       𝑧 –   ,  -1, 
               𝑧 = 𝑡⁄ = = ,  −  ,        

                                                                              
        : 
 = ∙ ∙ ( + ) = ∙ ,, ∙ , =  ⁄                                        (2.59)    

                                             

 = , ÷ ,  –   ; 
      = , ÷ ,  –       [ . 5]; 
      𝑡  –         
             , ; 
      𝑡  –   , .   ё   
              : 𝑡 𝑡 + 𝑡⁄ = , ÷ ,    

 
 : э = ∙ ∙ = ∙ ∙ , =   ,⁄                                         (2.60)    

                                         

  –  , ; 
       –     .  
              ,                     
               = , ÷ , . 
 

  : 
 э = э ∙ ( − ) ∙ = ∙ − ∙ =  ⁄                  (2.61) 

                                                    

  –     ; 
       –    ,  = ÷  -     . 

 
  : 

 э = 𝑄э ∙ = ∙ , =  ,                                                                        (2.62)     
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  –  ё   , 3; 

        –  ,      
                , = , ÷ , . 

      
 ЭКГ–5А   – 6 .  

   2     
         

 .   2  -250 -32.  
     -  

    .   
   .    

-5    6 .    , -
       

    ,    7. 
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3  
 

       
   .    

       -
     (  ,  

,     ).   
 
 

3.1    
 

      
     – , 

  . 
     — 

 ё   ,   ,  
   .   —  

 ё .    
     ( ё   

10-15 .     )       
   (4-5   )   

 .  
         -

 ,        ( , 
  ),        ,  

,         
    .      

         
 /      ,      

  . 
       
, :  ,  

  ,   ,  
       ,  

         
.      : 
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  3-4    ,  
       ,  

      . 
 ,    ,  

        .  
 95 – 99%     -   , 

       . 
     

,    ,  ,   
.      

    3  (3,3 ),    
 6 /       12 /   

  . 
      

  40 . / .     
      -  

    - ,      
.       

       
  ,     

 .  
     ё   

         
 .   :   

 ;      
     ;  

       
;     

 –       . 
      . 

    ,   
    ,   

  . 
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3.2   -   
 

    ,     
   2.5 .      

2 / 3.  
       PC-800  

    -7555  30 . 
 3 -     

  -    
  3.1. 

 
 3.1 –    

  1  2  3 

  -10 Komatsu PC-1250 Komatsu PC-2000 

  7555  7555 Komatsu HD605-7 

 
   1 - -10   7555 (  3.1–3.4). 

 

 



 

 
.  № .   

 

61 
 21.05.04.09 – 2022  

 3.1 –   
 

 
 3.2 –     1 

 

 
 3.3 –    
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 3.4 – -   

 

 
 3.5 –     1 
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   2 - Komatsu PC-1250   7555 (  3.6–3.9). 

 
 3.6 –     2 

 

 
 3.7 –    
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 3.8 – -   

 

 
 3.9 –     2 
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   3, Komatsu PC-2000  HD605-7 (  3.10–3.11). 

 

 3.10 –     3 
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 3.11 –     3 
        

. 
 

 3.2 –    

    

1  2  3  

  
, /  

1107387,23 1230278,28 1491106,41 

      
, /  

10,99 11,79 9,82 

 , ,  1,82 1,86 1,99 

  :  
                                          

2 
8 

3 
8 

2 
7 

 

      
   . 

 
     3  . 
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     3  . 

 
     1  . 

 
 : 

 
   ,     3  . 

 
 3  4    3  ,    

    .     -   
,      .  

  – 3  : Komatsu PC-2000 + Komatsu HD605-7. 
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4   
4.1 ё     

   
 

 ё         
       (  

4.1).   : 

L =l - +l - +𝑏 ·(n − +  ∗ℎ  si α =30+60+ ·(15 −  +  ·  si = ,   ,        (4.1) 
 l -  =30  –        ; 

       l -  = 60  –         ; 
       n15 = 15 –    h10 = 10 ; 
       α = 60  –   ;  
       b  = 7  –    . 

 ё        L =370 . 

 
 4.1 -     : 

  –   ;  –   
 

 ё     : 
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          H =ℎ ∙ =10∙15=150 .                                                                               4.2  
4.2 ё     ,  

       
 

ё     Q     
       20 .   

Qmax/Q  > 2,      
 : 

           Q =
24∙Q 

20 =
24∙

20 = 372  3
,                                                   ⁄            (4.3) 

 Qmax = 310 3/  –      ; 
       Q  = 90 3/  –      . 

        
    Q = Q .     

  ,   –   . 
   ( )            D  =√ 4∙Q

3600∙π∙V =√ 4∙
3600∙3,14∙2, 8  = 0,235 ,                                               (4.4) 

 Q  –     , 3/ ; 

        э –      : 

         V =4,2∙√ Q
3600

4

=4,2∙√3600
4

=2,381 / .                                                              4.5  

       
:          δ0=

1875∙P ∙D
σ =

1875∙ , ∙0,235
= 2,2 ,                                                       (4.6) 

  –     , :         P = k∙ρ∙g∙H ∙10-6=1,1∙1030∙9,8∙ ∙10-6= ,  ,                                         (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∙( , +(0,25+0,1)∙12) = ,  ,                      (4.8) 

 t = 12  –    ;  



 

 
.  № .   

 

70 
 21.05.04.09 – 2022  

      𝑣 .  = 0,1 /  –      
. 

        8732-78  
  d  = 325     δ  = 8 .  

    D  = 309 . 
       

   18599-2001    D  = 333,2  (  
 d  = 355     δ  = 10,9 ),   

          1,0÷1,5 /c. 
 
 
4.3   

 
ё    :       H =H + (λ ∙

L
D

+ ∑ ξ ) ∙
v2

2∙g + (1+λ ∙
L
D

+ ∑ ξ ) ∙
v2

2∙g =                               (4.9) 

= , + (0,0281∙
10

0,3332 +6,5) ∙
1,1852

2∙9,8 + (1+0,0288∙ 0, +17,9) ∙
, 2

2∙9,8  = ,  , 

 L  = 10  – ё    ;         –    ; 
      λ   λ –        

 ; 
      v   v  –        

; 
       ∑ ξ    ∑ ξ  –     

     . 
          H =H +H =3,5+150 = 153,5 ,                                                                         
(4.10) 

  = 3,5  –     ( ё );           λ =
0,0195√D3 =

0,0195√0,3  = 0,0288;                                                                      (4.11) 

          λ = 0,0195√D3 = 0,0195√0,3  = 0,0281;                                                                          (4.12) 

           v. =
4∙Q

3600∙π∙D2 = 4∙372
3600∙3,14∙0, 2 =1,378 / ;                                                          (4.13) 

           v. =
4∙Q

3600∙π∙D2 = 4∙372
3600∙3,14∙0, 2 = ,  / .                                                         (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 –   
       

 400-240 ( . 4.3)  2-   ё  (n = 1500 / ).  
    . 4.3    . 4.4. 

 

 
 4.3 –     400-240 
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 4.3 

    400-240 (i = 2) 

 Q, 3/  250 300 350 400 450 500 

 ,  260 255 250 240 215 170 

 η, % 0 0,55 0,67 0,70 0,69 0,68 

   

    Δh ,  

 

4,1 

 

4,2 

 

4,7 

 

5,0 

 

5,7 

 

6,5 

  

   H ,  

 

5,6 

 

5,5 

 

5,0 

 

4,7 

 

4,0 

 

3,2 

 
    ,   

. 4.3,   :          H  = 
p0– p
ρ ∙ g  –  ∆h  ,                                                                                      4.15  

 p0≈105  –  ; p = 2337  –   
    20 . 

 
 4.4 -     400-240 
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    .   
      ,  

 –      .  
     . 

 

 

4.4.      
 

  Hc – Q  ,    
4.5,  : 

H =H +R ∙Qi
2                                                       (4.16) 

 Qi –      , 3/ ;  
      R  – ё     

 ,                R = 1+λ ∙
L ∙D4

D ∙D4 +λ ∙
L
D

+ ∑ ξ ∙
D4

D4 + ∑ ξ ∙
6,3∙10-8

g∙D4 =                           (4.17) 

= 1+ , ∙
10∙0,3094

0,3332∙0,33324 +0,0288∙ 0,309 +6,5∙
0,3094

0,33324 +1 ,9 ∙
6,3∙10-8

9,8∙0,3094 = 

= 0,0000 1 2
5⁄ .  

        
400-240  – Q, η – Q, ∆h  – Q, H  – Q      

   - Qi    4.4. 
 4.4 -     

Q, 3/  250 300 350 400 450 500 

H ,   159,19 161,69 164,65 168,06 171,93 176,25 

,  260 255 250 240 215 170 

η, % 0 0,55 0,67 0,70 0,69 0,68 

∆h ,   
4,1 

 
4,2 

 
4,7 

 
5,0 

 
5,7 

 
6,5 

H ,   
5,6 

 
5,5 

 
5,0 

 
4,7 

 
4,0 

 
3,2 

 

       
  4.5.      
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 400-240  – Q      

 – Q. 

 
 4.5 –      

 
      : 

–  Qo=495 3/ ; 
–  Ho=175 ; 
–  ηo = 0,68; 
–     H o = 3,3 . 
      : 
–     
Qo ≥ Q  => 495 > 372  ; 
–   

H  ≤ 0,9∙H0 => 153,5< 0,9 ∙ 175=157,5 –  ; 
–   

ηo ≥ 0,9∙ηmax => 0,68 > 0,9∙0,70=0,63 –  ; 
-    

h H H
g
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100000 2337
6,3 3,5 0,9 6,3

1030 9,8


   


 

 
2 210 1,578

0,0281 6,5 0,9 .
2 0,3332 2 9,8

L

D g

 
                  

  -   

  ; 

 0
2 2

4 4 495
1,578 /

3600 3600 3,14 0,3332

Q c
D



 

  
   

 -    

   . 
6,3=6,3 –  . 

     6,3     (H  
= 6,3 ). 

 

 

4.5.  ,      
   

 

ё    : 

          N = k ∙ρ∙g∙ H ∙Q
3600∙1000∙η

=1,1∙1030∙9,8∙ 175∙
3600∙1000∙0,6

= 242,91 ,                    (4.18) 

 k  = 1,1÷1,25 –   ,   
 ё  . 

       355 S2 
   :  

-   N = 250 ; 
-    n = 3000 / ; 
-   η = 95,2 %; 

   :          t =
Q ∙24
Q ∙ z

=
90∙24
495∙1 = ,  ;                                                                                 (4.19)  

       tmax=
Qmax∙24
Q ∙ zmax

=
310∙24
495∙2 = ,  ,                                                                         (4.20)  

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

http://www.электродвигатель.net/catalog.php?ELEMENT_ID=492
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: 

E =1,05∙10-3∙ρ∙g∙
24 ∙ H

3600∙η ∙η ∙η ∙[ 365-N ∙Q +N ∙Qmax]=                             (4.21) 

    

=1,05∙10-3∙1030∙9,8∙
24175

3600∙0,952∙0,95∙0,68 ∙[ 365-60 ∙90 + 60 ∙ 310]=925890 ∙ , 

  1,05 –  ,    
  ; 

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

 : 

e =
E

((365-N )∙Q +N ∙Qmax ∙24 = ((365-60)∙ +60∙310)∙24 = ,  ∙ / 3.      (4.22)  
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5   
 

  «   »   
      

   (  « »).  
   (   ,  
,       ) 

   - ,  
,    .    

  .      
       
     .  
   ,   

  ,      ,  
  . 

 
5.1   
 

         5.1. 
 5.1 -   

   

     

: . , . . 
5 

 : K , 3/ 3. 0,74 

   f      . . 
. 

4 

 .  

    -
  

-   - -
 

 
        

:  =  И ∗ К = ∗ , =                                      
(5.1) 
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=  И ∗ + К = ∗ + , =                    
(5.2) 

.  -     , . ;         

      .  -           
(  5.1), . ; 
       К -  , 3/ 3; 

       -      , . . 
. .    8300000   , 

 c    305    ,  
3   7 . 

 
 

5.2       
 

  .      
   .      

 KOMATSU PC-1250   ,    – 
6,7 . .     ,    

 3,6 . .    KOMATSU PC-800   ,  
  – 4,5 . .     , 

    2,5 . .   .   ( ) 
     ,  

   .    № 2,3,4 
  ,   .    

 FlexiROC D60      146-250 ,  
      .   

        - 7555, 
 45     .    

    ,       
       ,   

  . 
        

:  
    FlexiROC D60; 2   
     KOMATSU PC-1250, 3 ; 
   : KOMATSU PC-800, 2 ; 
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    Komatsu D 275 . 
     ,  

      
 ,     
 .     

,     .  
      ,    

      .  
        

    -   ,  
   .      

    . 
       

    5.2  5.3. 
 5.2 -   . 

  
N , 

 
n , 

. 

    
,  

    

   
 

305 3 7 21 520 6240 

 
      

  5.3. 
 5.3 -      

№ 
/  

 
- 
 

- 
,  

 
, 

.- . 

 
-

,  

-
-

,  

 
 

 

 
 

-
 

1 FlexiROC D60 2 22,6 

 
1 
2 
 

50 4 75 8 304 

250 16 15 75 240 

1000 72 3 480 216 

12000 400 0 0 0 

2 
Komatsu PC-

800 
2 79 

 
1 
2 
 

485 33 9 88 297 

1456 88 23 403 264 

20360 396 0 0 0 

40750 657 0 0 0 

3 
Komatsu PC-

1250 
3 111 

 

1 

530 48 8 120 384 

1590 96 2 780 192 
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2 
 

22260 432 0 0 0 

44520 720 0 0 0 

4 - 275  2 50,8 

 

1 

2 
 

200 8 21 16 168 

500 48 3 96 144 

1000 72 2 192 144 

6000 360 0 0 0 

5.3       
 

        
        

        . 
 

   ,     
  FlexiROC D60. 

   : = + = , + =                                                                                

(5.3) 

 H  -    , : = ∙ − = ∙ , − , = ,  .                                (5.4) 

 9,0...8,0nК  -      ;  
        -  ,      . 
       0КH  -      , . = ∙ ∙ + ∙ + ∙ + ∙ = ∙ ∙ + ∙ + ∙ = , ;                                                                      
(5.5) 

 ,,,, 21 К  - , ,   
,  ,      , ; 

        -       , ;  
       КNNNN ,,, 21  -   , ,  

,  ,     , 
. 

    : = +𝑇 −  = ,  + − ≈ , =                                              (5.6) 

    : 
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= ,  + − − ≈ , =  .                                                       (5.7) 

    : = ,  + − − ≈ , =  .                                                          
(5.8) 

   ,     
  KOMATSU PC-800.    

: = + = , = ;  
 H = T ∙ k − T = ∙ , − , = ,  ; 
 T = 𝑇 ∙(𝑇 ∙𝑁 +𝑇 ∙𝑁 +𝑇 ∙𝑁 +𝑇 ∙𝑁 ) = = ∙ ∙ + ∙ + ∙ + ∙ = , ; 

    : 
 N = H +HT − N = ,  + − ≈ , =  

 H = H − T ∙ = − ∙ =   

    : 
 = +𝑇 − − = , + − − ≈ , =  . H = H − T ∙ = − ∙ =  ;  

    : = + − − − = , + − − − ≈ , =  . 
   ,     

  Komatsu D275 .    : 
 N = H +HK = , + ≈ , =  . ;  
 H = T ∙ k − T = ∙ , − , = ,  ; 
 T = T ∙(T ∙N +T ∙N +T ∙N +T ∙N )K = 

 = ∙ ∙ + ∙ + ∙ + ∙ = , ; 
    : = + − = , + − ≈ , =  H = H − T ∙ = − ∙ =  ; 
    : = +𝑇 − − = , + − − ≈ , =  .  
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H = H − T ∙ = − ∙ =  ; 
   : = + − − − = , + − − − ≈ , =  . 

     5.4. 
 5.4 -       

      

FlexiROC D60 75 15 3 0 

Komatsu PC-1250 8 2 0 0 

Komatsu PC-800 9 3 0 0 

275  21 3 2 0 

       ,  
         (  
 FlexiROC D60,  Komatsu PC-800  Komatsu PC-1250,  

Komatsu D275A).     ,    , 
      5.4. 

        
     :  –  1  

 –  2. 
 
 
5.4     

 
  , .- : = 𝑡 + 𝑡 + 𝑡 + 𝑡 ∙ + 𝑡 + 𝑡 + 𝑡 + 𝑡 ∙ + 𝑡 + 𝑡 +𝑡 + 𝑡 ∙ = + + ∙ + + ∙ + + ∙ ++ + ∙ =  . − .                                                                 (5.9) 

 i
K

i
T

i
T

i
TO tttt ,,, 21  -      

 , ,      i-  
, .- .;  

        iN  -     ,   
. 

   : = ∙𝑇𝐷 ∙ . . = , ∙ , ∙ , = ,                                                       

(5.10) 

 7,1...4,1  - ,    ;  
      15,1...1,1.. К  -     ;   
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      D  -      , . = − − − ∙ ∙ = − − − ∙ ∙ , = ,  ,       

(5.11) 

  -   , ; 
      98,0...95,0k  - ,      

 . 
    : = ∙ , ÷ , = ∙ , ≈ , =  .,                                     

(5.12) 
 -  : = + ∙ , ÷ , = ∙ , ≈ , =  .                      

(5.13) 
 -  : = + + ∙ , ÷ , = ∙ , =  .,                       

(5.14) 
   : = + + + ∙ , ÷ , = ∙ , ≈ , =  .  (5.15) 
     5.5. 

 
 5.5 -       

  

   3 

-  2 

, ,  1 

 1 

    1 

-   1 

-   1 

   1 

 ( ,   . .) 1 

 12 

 
        

,     5.5     . 
 
 
5.5    
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  : = ∙ ∙∙𝐷∙ = , ∙ , ∙∙ ∙ , ≈ , = , .                                             

(5.16) 

 35,0...3,0  -   ; 
       m  -      ;  
       2040D  -      , ;  
       65,0...6,0k  -      . 

    =8 . 
        5.6  5.7. 

 
 
 
 
 
 

 5.6 -      
    

-  2 

 1 

 1 

 1 

 1 

 1 

  1 

 
 5.7. –      

№ 
 

   
 

  
,  

,  

1 -  1 63  2 5110 1690 1275 4000 

2  2 135 1 1240 810 2500 1300 

3  6 13 1 2570 2252 2430 4300 

4  7231  1 2450 1230 1500 850 

5  5 12 1 1170 1120 1750 1650 

6  5822 1 2510 2025 1480 2850 

7  
 

-401 1 555x585x848 160 

 
       , 

   ,     5.6  5.7  
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     ,   ,   , 
       . 
 
 
5.6    

 
        
,      :  

  ,    
    ,  . 

     ,  
, 2: = ∑ 𝑖 ∙  

Of
= ∙ + ∙ + ∙ + ∙ + ∙ + ∙ + ∙ =  2           

(5.16) 
  N  i –    ; 

       fo-  ,     , 2. (  
5.7). 
 

 5.7 –  ,     

  
  ,  

f , 2 
  

  600  1200 10–12 

  2000  4000 15–25 

  4000  8000 30–45 

   6000  15000 50–150 

        
 5.8. 

 
 5.8 –      

№ /     F, 2 

1    30–35 

2    20–30 

3 -    25–30 

4    20–25 

5   15–17 

6   25–30 

7   25–30 

8    15–20 

9       20–25 

10   15–20 
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11      20–25 

12   40–50 

13 -   24–26 

14   24–26 

15   25–30 

16   20–25 

17   25–30 

18   25–30 

19   30–35 

 
 

: F  = ∑ F = + + + + + + + + + + + + + ++ + + + =  , 
  

   : F = F + F = + =  . 
   : = + + + = + , + , + , = , 2  

(5.17) 

 F  -   : = , … , = , ∙ = , , 2               
(5.18) 

F  -   : = , ∙ = , ∙ = ,  , 2               
(5.19) 

 F  -   : = , ∙ = , ∙ = , , 2               
(5.20) 

 
,      

      -118-68.  
      . 

       
 ,  ,    .  

         
 ,      
. 
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.            

 . 
     :  

   . 
        : 

1.  .        , 
 , -   .   

 48 2. 
2.  .    : , , 

;     .    135 2. 
3.   .      

   ,  .   
 145 2. 

4.   .    , , 
, -  .    60 2. 

5.  .       
.    48 2. 

6.     .      
,    ,  , 

 ,  .    84 
2. 

7.   .    216 2. 
8.   .    36 2. 
9.   .    72 2. 

      
     .  

       , 
 ,    .     

       
,      . 
          

.            
.        

     6 .  
       

      5.1. 
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 5.1 -       
    

 
          

 ,        , 
  . 

      : = + + = , + + , = , ,                                    
(5.21) 

  –   , .; 
 –     , . 

  1= 8,15 . [19]. 
  : = + ℎ = , + = , ,                                                         

(5.22) 
 2h  -        , . 

   H=10,8 . 
  : 

 =  +  = 10,65 + 2 = 12,65,               
(5.23) 

 2  -  , . 
    – 6 . 

  : = 𝑡 ∙ = ∙ = , . 
    ,   
,   36    30     : 

  L = 36 ; 
   = 10,65 ; 
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    1 = 8,65 ; 
  ( )  t = 6 (12) . 

-        
  3 6,          

 . 
 
 
5.7    

 
     , 

    ,   
       . 

        
  ,      

 .    ,   , 
      ё   

 ,   ,   
(  5.2). 

 

.

М

№4

. . .

№1 №2 №3

Г ы    
щ

Г ы  

М

К -
 Б       

- Г ы  

 
 5.2 -      

 
  -    
 . 

     -  
  ( )      

 -  .      
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 .  ,   
    . 

    ,  ё   
      , 
   , ё    ,  

    -   
 , -  ,  

, ,    . 
 
 
5.8.    
 

     
 ,        

, . 
 : 

 ; 
 ,     ; 
  ,  . 

   : 
  ; 
      ; 
   ; 
   , –  

. 
 

 5.9 –   
   

-

 

       . 

     ,  

   ;   

  . . 

 
       , 

,   ,   ,   
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  . . 

        . 

        ( ) . 

 
   ,  -   

 . 

  

 

         

   . (  ) 

  

 

      

      

. 

 

     (  )   
(  ). 

   ,   
    . 

     ( )   
( ). 

 

5.9   

 

       -800. 
        

    .    
    .      
   . 

       
         

.  
       -800 

    5.3. 
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 5.3 –     -800 

 
        

 .     ,   
 ,    . 

     ,    
     .    

   .    , 
     .     

,   ,      
 .      
      . 

        
   .     

      
  . 

 
 
5.10      

 
        ,   

  ,   ,  
 ,       . 
   ,    

     . 
     

 . 
1)  . 
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 .       

   ,       
      

  -  . 
     ,  

  ,     
   . 

     ,     
        

.        
         

 . 
       

      . 
       , 

        ,   
.        

,  — - . 
       , 

, ,   . 
2)  . 

       
.       

 . 
      

  ,    . 
       

          
 .       

.       
,       (  ), 

   . 
      

        . 
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     :  
 ,  ,   

  . 
       -

    ,  . . . . 
 

Э    
 

      
        

     ,   
        

 .      
        

  ( 15 6, 17 12, 6, 8, 20  .),    
    (TiC, WC, 2 5, rB2, TaB2  .),   . 

      
     . 

   ,  
      ё   

. ,   , — «  
», «  ».  

 

 
 5.4 –   

 
    ,    

  ,      
  ,      
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, , ,    
   . 

 

   
 

 : 
   ( , , ,   

   . .); 
    ,    

   (  , , , , 
, ,     , , 
),   :      

,      
  . . 

   (  ,  , 
, , ,   .) 

: 
  ; 
      ( , , 

,   . .); 
      ( , ); 
       . 

: 
          

; 
        , , 

. 
  : 

–        
      ,      

;  
–     ;  
–        ;  
–       

 ,    ,    , 
   .; 
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–   ,     
  ;  

–     ,  
  ;  

–       (0,5 - 2,0 
);  

–     (60-80%). 
       : 

      ,   
         

. 
     (0,5–2 2/ ); 
 -     (15–60 ). 

   ,   
: 

–     ; 
–  ; 
– -   (   

   ). 
   ( )    

        
    ,  

         
-  ,    . .    

 ,     ,    
        .   

-        
      (10–11 .° )  

  (   ),  , 
  ,    

,        
 (  105–106 / 2)  .     

 , ,     
  .       

     ,    
- ,      ,   
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 ,       
.  
       

,       
       ,     
 ;     ;  

      ;  
      , 

   ,    ,    .; 
  ,     

  ;     
,    ;   
     (0,5 - 2,0 );  

   (60-80%); .    
  

 
 
5.11     

 
 

   : 
1)       . 

      500.  
   5.5.  

 

 5.5 –   500 

2)       
 . 



 

 
.  № .   

 

99 
 21.05.04.09 – 2022  

3)        
   5-6 .  

4)     . 
       . 

     10       
   –  . 

    ,    
,       .   

      .  
        

 (  ,        
,    ,        

  ( , , , )), 
   -  ,   

     40-60      
        

,     . 
      

 ( ).       ,    
  .       

     . 
 

 

 5.6 –    ( ) 

5)         .  

https://mash-xxl.info/info/50851
https://mash-xxl.info/info/279416
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6)     .   
  .      

  3 151.  
 

 

 5.7 –   3 151 

 

     28-32 / ,  
      16-60.  

   (0,63-1,25 )    
 15 /      8 /   

.       
,   ,    . 

   ,     
 .      

      . 
      -  

.       
.       0,05-0,15   

.         
     .   

      . 
       

  .     
  (10 .    1  ). 

7)       ,  
  . 
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-800    1  2. 

          
,     .  

    ,   
    .   

     .  ,  
          

   ,   
-   . 

         . 
       

.  
     –    

 -800       . 
 
 
 

 
 

 
6  .    

       
      

6.1    
 

  –        
-   .  -

   ,     
    ,    

 .      
     ,  

,      . 
        

 .    .    
 ,     , ,  

   60%     , 
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  .      
     . 

  ,    
 ,    240.  ,  

        
        

 . 
 ,      100 

 ,   -240.  
 
 
6.2       
 

 
        

         , . .  
:  
= ·n·H ,                                                                                                   (6.1) 

  –          
                  ,     ; 

n –      
          ;  
H  –     . 
         

    : 
,                                                                         (6.2) 

 -    ; 

       -                  
              ,      
              ; 

     -  ,    ; 

      -       ; 

      -     

. 

)(21NК 

N

1

2
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 ,     .  

       6.1.  
 

 6.1 -     
  -  

, . 
  

 
, +Q  

  

 
   

, 
 

1 2 
  

 35 0,6 0,9 0,8 15 

  86 0,6 0,9 0,9 42 

:          57 

 
       
  .- .,     ,  

  .      
  -240,     . 

   2.1      57 
.   (6.1)   

  .   
   -240  0,58…0,7.    

 =0,7, : 
=57·1·0,7=40 . 

  ,      
,       
       -  
     100 . 

 
 

6.3      -240 
     

     . ,  
        

      -2340,  
        , 

      . 

К
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 6.2 -     

  
 

 
 

,  
   

 

    
 

 
 

1 2 3 4 5 

1.  
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1  88  
– 

 
 

 100 
 4381-80 

1 87,75  
– 

 
 

 100 
 4381-80 

2 87,50  
– 

 
 

 100 
 4381-80 

3 87,25  
– 

 
 

 100 
 4381-80 

4 87,00  
– 

 
 

 100 
 4381-80 

5 86,75  
– 

 
 

 100 
 4381-80 

6 86,50  
– 

 
 

 100 
 4381-80 

    
  0,008 

 
 

 

 100 
 4381-80 

 2.   
   
   
 
 
 
 

1  109,98–0,015 – 
 
 

 

 125-0,002 
 4381-80 

 
1 109,73–0,015 – 

 
 

 

 125-0,002 
 4381-80 

     
2 109,48–0,015 – 

 
 

 

 125-0,002 
 4381-80 

 
3 109,23–0,015 – 

 
 

 

 125-0,002 
 4381-80 

 
4 109,98–0,015 – 

 
 

 

 125-0,002 
 4381-80 

 
5 109,73-0,015 – 

 
 

 

 125-0,002 
 4381-80 

 
6 109,48–0,015 – 

 
 

 

 125-0,002 
 4381-80 

    
   0,008 

 
 

 

 125-0,002 
 4381-80 

 3.  5-  
  

  
75 +0,12 75,16 

  
 

 

8140-07516  
 

70.0001.024-80 
 

015,0
030,0




015,0
030,0




015,0
030,0




015,0
030,0




015,0
030,0




015,0
030,0




015,0
030,0
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 50-100-2 
 868-82 

 :   

75,1+0,12 75,26 - // - - // - 

75,2+0,12 75,36 - // - - // - 

75,3+0,12 75,46 - // - - // - 

75,4+0,12 75,56 - // - - // - 

4.   
  

 (z = 22)  
 

5,370  5,17   - 4920 

5.   
   

 
5,370  4,52   - 1542 

6.  
 

   
 ё  65  59,95 

  
 

8111-05995  
 

70.0001.024-80 
 

 75-2 
 6507-78 

7.  
 

– 

 
  

  3   
 

 
   
 6 , 

  
 

 

. 
 

 
. 

 
 

 
 
 
 - 70 

 
1-4  

25706-83 

8.    
  

      
 

 
 1-4  

25706-83 

9.  
 , ,   

    

 
 

 1-4  

25706-83 

070,0
140,0




070,0
140,0




030,0
060,0
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10.  
 

  
 

(   
 

 
 
) 

16  15,99 
 

 
 

8133 – 05995  
 

70.0001.024-80 
 

 25 - 2 
 6507 -78 

11.  
 

 16–0,011 15,98 
 

 
 

8133 – 05995  
         
70.0001.024-80 
      25 - 2 

 6507 -78 

12.  
 2- , 3-    

4-   
 

 
  1-   

5-   

  : 
 

 
 

 
 

 
 

2-1-1000*630 
 10905-86 

2-2-1 
 5641-82 

-11- -8 
 10197-70 

 10  . 1 
 577-68 

0,03 0,04 

13.  
  

 
 

 

140  
 

139,70 
  

 

8111 – 05995  
 

70.0001.024-80 
 75 - 2 
 6507 -78 

, ,   
 

  

6.4        
  
  

        
: 1 –   ; 2 – ,  ,    
    ; 3 – ,   

   ; 4 – ,   . 
   2%  ,   , 

  , 4%    , 61%  
      -  

  ,  33%      
    . 

016,0
034,0




043,0
105,0
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6.4.1       
                                 

    -240    
,    6.2.  

        
       

 .        
      80…90%    

  .       
,     ,    

    .  ,   
        

 
 
 
6.4.2       
                 

        
       

: 
1.   : )  ; )  . 
2.    : ) ;  ) . 
3.      ( ): ) ; )  

; ) ;  )  . 
4.    : ) ; ) 

. 
5.   : )   ; )   . 
6.     : )    ; ) 

.  
 

     

          
 ,      

.     ,     
 .   ( -08 ;  
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-08 2 ; -10 ),  ( -30 ),  ( - -4;  
- -5) . 

        
 -      ,    
       .  
         

 .  
 

       

     -0,8 ; -30,  : -
348 , -60.       ,  

        . 
,    ,        

( , ) , ,     
      , 

    . 
 

         
 ,         

  ,   ,  
   ,     . 

      -  
   ,    

,       
      . 

 
    

        
  –     ,    

.        , 
   .     

   52…56  HRC,    . 
 :  ,   

    . 
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     .    
 ( -348 , -60)   ( -18) . 

        
    ,  , , . 
 ,      , 

   .    
     .   

      , , 
      

     . 
      

         
  . 

     - 30     
-348       

      32…40  HRC,  
      . 

,       ,    
    ,       
   ,    

       
. 

        
 -80    -348    

 . 
       

,    ,  
       , 

- ,   .   
      (  

  )     
 . 

       
   -240   ,   

   ,      
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  -80    -348    
  .   

 
 
6.5       

 -240 
 

      
        , 

, .    , 
 ,  , ,  

 .       
   ,        

 ,      -   
( , ,  ) . 

     
 (  6.1)   ,    

. 

 
 6.1 -     

 
005  

:   -3600  
:   « –101»,  30 / . 



 

 
.  № .   
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 21.05.04.09 – 2022  

:      .  
      ,    . 

:     – 10 ,   – 
70…800 , : =1…2 . 

:   =5  (  12. /12/); -
 : =3,2 ;    : = 5+3,2=8,2 

. 
 
010  

:   -70,   -
1468-01-090 . 

:  :   (40%),  
(60%),   (50   1  ). 

:    ,  ,   
    .      

     .    
 . 

, , :   
   70-8782-1001;  2-1-1000*630  

10905-86;  -2-1  5641-82;  -II -8  10197-85; 
  10 .1  577-88;   -100, -125 

 4381-87,  4-   ,  -1-160-01 
 166-88. 

:   I  = (17…20)D=1200 ;    
 Ip = 600 .  

:   = 5  ( . 14 /12/ ); -
 : =3,4 . ( . 15 /12/);    : 

= 8,4 . 
 
015  

:   -1468-01-060 .  
: ,  85%    . 
:     . 

, , :     
. 

:  : =10 ;  : 
=0,6 ;  : =0,31 ;   = 



 

 
.  № .   
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10+0,6+0,31=10,91 ; -  : =3,5 ; 
   : = 14,41 . 
 
 
020  (  ) 

:   -653 ;   -506. 
:  -80  10543-88;  -348   9087-86. 

:   . 
 :   200 ,   24 ,  

 2,5 ,   35 / ,   25 . 
  : 

h = /(D–d)/2/ +Z,                                                                                             (6.3) 
 

 d –   , d=85,42 ;  
      D –   , D=89 ; 
      Z –    , Z=1,1…1,2. 
 

h = /(89–85,42)/2/ +1,2=3  
 

 : S = (2…2,5) · d                                                               (6.4) 
S = 2·2,5 =5  /  

  : V  = 4· ·I / ·d2 · j,                             (6.5) 

   –  :   = (11…14) / * ; 
       I –  , ; 
       d  –  , ; 
        j –   : j = 7,85 / 2. 

 
V  = 4·11·200/3,14·2,52·7,85 = 57,14 /  

  : 
n = 1000·V  / 60··d, /28/                                                                               (6.6)

   
 V  –  , / ; 

        d –   , . 
n = 1000·35 / 60·3,14·85,42 = 2,17 -1. 

 : l = (0,05…0,07) · d, /28/ (3.5)   
l = 0,05 · 85,42 = 4,27  

:  



 

 
.  № .   

 

113 
 21.05.04.09 – 2022  

    : 
 =  · d · l  · 60 / 1000 · V  · S, /12/                                                            (6.7)

    
 l  –   , ;  

l  = 48+48+48+48 = 192  
S –  , / . 

To = 3,14 · 85,42 · 192 · 60 / 1000 · 35 · 5 = 17,6 . 
 

 : =2…4  /12/; 
 : =0,15·(To + T ) =0,15·(17,6 + 2) = 2,94 ;  

  = 17,6+2+2,94=22,54 ;  
-  : =7  ( . 43 /12/);  

   : = 22,54 + 7 = 29,54 . 
 

025  (  ) 
:      1-2-3-4-5 

  109,98  
 :   200 ,   24 ,  

 2,5 ,   35 / ,   25 ,  
  d = 106,8 ;    D = 

109,98 .  
  , : h = /(109,98–106,8)/2/ +1,2=2,79  

 : S = 2 · 2,5 = 5 /  
  : 

V  = 4 · 11 · 200 / 3,14 · 2,52 · 7,85 = 57,14 /  
  : n = 1000 · 35 / 60 · 3,14 · 85,42 = 2,17 -1 

 : l = 0,05 · 85,42 = 4,27  
: 

 : To = 3,14 · 85,42 · 341 · 60 / 1000 · 35 · 5 = 31,3  
 : =2  /12/; 

 : =0,15·(To + T ) =0,15 · (31,3 + 2)= 5 ;  
  = 31,3+2+5=38,3 ;  

-  : =8  ( . 43 /12/);  
   : = 38,3 + 8 = 46,3 . 

 
030  (  ) 

:    3 423. 
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:   –  «  », 
 10 / . 

:    ,   
   88,55    2-3, 1-4. 

, ,  ( ):   75-100  
6507-88;     70-8770-1007;  

  900 40 305 14 40  27 1   35 /   2424-83. 
:  : t = 0,2 ;  : V  = 22 

/ ;  : S  = 0,04 / ;  : i = 4;  
: n = V  · 318 / d ( ) = 79 -1.                               

:  : =6,5  ( . 119. . 90 /12/); 
 : = 6  ( . 122. . 91 /12/);  : 

= 3 ;  : T  = 13 ;   = 15,6  ( . 
123. . 92 /12/); -  : = 6 ;  

  : = 21,6 . 
 
 
 
 
035  (  ) 

:      ,  
    105,55     

1-2-3-4-5. 
, , :    70-

6009-1002;  7107-0069  16488-85;   125-2  
6507-88;    900 50 305 14 40 27 1  35 /   
2424-83,   – 500 . 

 
040  

:  -  2 135. 
:       , 

     .  
, ,  ( ):    

     70-7887-1003,  -
 70-2356-1001-01. 
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:     t = 5 ;  S = 0,1 / ; 
  V  = 31 /  ( . 66. . 29 /12/);     

n = 500 -1. 
:     : 1=t /n · S = 8 / 500 · 

0,1 = 0,15 ;     : =12 · 0,5 = 1,8 ; 
 : –      : 1,3  (  

); – ,      : 0,05  (  
); – ,      : 0,6 . 

: T  = 1,95 .  : = 0,4 ;  : 
T  = 1,8 ;   = 4,15 ; -  

: = 15 ;    : = 15 + 4,15 = 19,15 . 
 
045  

:    011-1-02 , 
 -0,6/8. 

:   3%     
. 

:     . 
, , :    

500 ,     00   859-85, . 
:  11…14  ( . 4 /2/ );   150  ( . 4 /2/ );  

  1,5  ( . 5 /2/ );       
 7…8 ;      1,2 · 10-5 3/ ; 

     1 · 10-6 3/ . 
:  : T  = 12,3  ( . 7 /2/ );  

: T  = 5,6 ;  : = 2,1 ;   = 
12,3 + 5,6 + 2,1 = 20 ;  -  : = 8 ; 

   : = 20 + 8 = 28  

 
050  

:    
   . 

, , :    
500 ,     00   859-85. 

:  11…14  ( . 4 /2/);   150  ( . 4 /2/);  
  1,5  ( . 5 /2/);       
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 7…8 ;      1,2 · 10-5 3/ ; 
     1 · 10-6 3/ . 

:  : T  = 13,4  ( . 7 /2/);  
: T  = 6,8 ;  : = 2,8 ;    = 

13,4 + 6,8 + 2,8 = 23 ; -  : = 10 ; 
   : = 23 + 10 = 33 . 

 
055  

:         
 109-0,01    1-2-3-4-5.  

, , :   100-2  6507-
88;     70-8770-1007;   

 900 40 305 14 40  27 1   35 /   2424-83. 
:  : t = 0,2 ;  : V  = 39 

/ ; :   : n = 165 -1. 
:  : =9,2  (  21.  22 /12/); 

 : = 12 ;  : = 3,2 ; 
  = 24,4 ; -  : = 6 

;    : = 30,4 . 
 
 
060  

:    ,   
       88,1-0,01 . 

, ,  ( ):   100-2  
6507-88;     70-8770-1007;  

  900 40 305 14 40  27 1   35 /   2424-83, 
 . 

:  : t = 0,2 ;  : V  = 17,3 
/ ; :   : n = 80,6 -1. 

:  : =11,3  (  22.  22 /12/); 
 : = 14,4 ;  : T  = 24,5 ; 

 : = 3,8 ;   = 11,3 + 14,4 + 3,8 = 
29,5 ; -  : = 6 ;    

: = 29,5 + 6 = 35,5 . 
 
065  
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:    3 423.  
:  . 
:    ,    

 . 
, , :    

     ,    – 40  
2800 –   ;  – 50  2800   – 70  2800 –   

;  70-8439-1001, 70-8439-1001-01. 
:    – 120 -1;    – 300; 

   – 4 ;    – 0,2 ; 
  – 40 ,    

 9-  . 
:  : =5  (  36.  48 /12/); 

 : = 1,2  ( );  : 
T  = 6,2 ;  : = 0,9 ;    = 7,1 

; -  : = 4,5 ;    
: = 7,1 + 4,5 = 11,6 . 

 
070  

:    -4274. 
:  ,    . 

, , :    
70-7212-1008;  2214-003 75 5 10;  -II-250-0,05  
166-88. 

:   = 7  (  89.  102 /12/ );  
-  : = 3,3 ;    

: = 7 + 3,3 = 10,3 . 
 

075  
:    1468-01-090 . 

:    .. 
, , :  – ,   75-

100,  100-125;  70-8439-1001, 70-8439-1001-01, 70-8439-1001-06. 
:   = 4,5  (  69.  107 /12/ ); 

-  : = 2 ;    
: = 4,5 + 2 = 6,5 . 
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    -240    

   ,      
 . 

 
 

6.6      
 

        
 . 

   :  
 = N  · n . ;                                                                                        (6.8) 

 N  –     , N =100 ; 
n .  –       ,   
n .  = 1,13 . 

 = 100 · 1,13 = 113  
  ,      -

653,   : 
 = 8 / n . ;                                                                                                (6.9) 
 = 8 / 1,13 = 7 . 

    :  
 = 250 · 7 = 1750 . 

   100 ,    
  -653. 

   . 
 = N  · n . ;                                                                                            (6.10) 

  –    , ; 
N  –  , ; 
n .  –       ,              
n .  = 1,95 . 

 = 100 · 1,95 = 195 . 
 ,      :  

 = 8 / n . ;                                                                                                (6.11) 
 = 8 / 1,95 = 4,1 . 

,  :  
 = 250 · ;                                                                                              (6.12) 
 = 250 · 4,1 = 1025 . 
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    3 423. 
   : 

 = N  · n . ;                                                                                               (6.13) 
 n . –        , . 

 = 100 · 0,31 = 31 . 
    : 

 = 8 / 0,31 = 25,8 . 
    : 

 = 250 · ;                                                                                                (6.14) 
 = 250 · 25,8 = 6450 . 

   2 135. 
   : 

 = N  · n . ;                                                                                               (6.15) 
 n .  –        
, . 

 = 100 · 1 = 100 . 
 ,   : 

 = 8 / 1 = 8 . 
,    : 

 = 250 · ;                                                                                                (6.16) 
 = 250 · 8 = 2000 . 

  : 
 =  / ;                                                                                               (6.17) 
 = 100 / 2000 = 0,02 . 

  . 
   : 

 = N  · n . ;                                                                                             (6.18) 
 n .  –       , . 

 = 100 · 0,13 = 13 . 
 ,   : 

 = 8 / 0,13 = 61 . 
,     :    

 -3600. 
   : 

 = N  · n . ;                                                                                              (6.19) 
 n .  –       , . 

 = 100 · 0,17 = 17 . 
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 ,    : 
 = 8 / 0,17 = 47 . 

     : 
 = 250 · ;                                                                                                (6.20) 
 = 250 · 47 = 11797 . 

   . 
        

 (  6.3). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 6.3 -    

,   
  

-
, 
 

 
 ,  

 
,  

 
, 

2  
 

 

1 2 3 4 5 6 

  
-1468-01-090  

1 2400 800 800 - - 1,92 

  
-1468-01-060 

1 1200 800 805 - - 0,96 

  
-653  

1 2720 1300 3010 6,4 6,4 3,54 

 
-506 

1 800 610 1040 40 40 0,49 

  1 650 450 1650 - - 0,30 

 1 4600 2100 1580 10,22 10,22 9,66 
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3 423 

  011-
1-02  

1 2970 1210 1320 6,72 6,72 3,60 

 
-0,6/8 

1 1900 462 1280 4,5 4,5 0,88 

  -
12600 

1 1250 830 2200 3,0 3,0 1,04 

-  
 2 135 

1 1240 810 2500 4,0 4,0 1,00 

  
-4274 

1 2580 730 1200 2,0 2,0 1,88 

   
-5126 

1 1600 430 1900 - - 0,69 

   
 -1468-05-280 

2 1400 500 2365 - - 0,70 

    
-1468-03-320 

1 500 400 1000 - - 0,20 

-   1 Q = 0,5  1,8 1,8 - 

:    78,64 26,86 

 
 

 
 
 

6.7      
    -240 

6.7.1      
 

        
       

.        .  
 ,        
    . ,  

,     ,      
     ,   . 

,         ( ),  
    ,   

 .  ,   ,  
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    .     
        

      . 
      ,   

        
      ,   

.        
. ,       
        , 

,         
 ,    . 

         
      .  

    ,       
 ,    .   

       
  -240 (  6.2),     

. 

 
 6.1 -        

 -240     
1 – ; 2,11 –  ; 3,10 – ; 

4 –  ; 7 – ; 6 –  ; 
8 – ; 9 – ; 12 – ; 13 –   ; 

14 –  ; 15 –  
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     5   7 , 
    -653.   

   ,      12   
   9.        

 14,      12  .  
   . 

          
  8,       4, 

 ,      
    .    

   15         
  4. 

       
    (  6.3). 

 
 6.3 -       

   : 1 –  ; 2 – ; 3 – 
 ; 4 –  ; 5 –   ; 6 – 

 (  ) ; 7,8 – ; 9 – 
; 10 –  ; 11 –  (  ); 12 

– - ; 13 –  (  ); 14 – ; 15,16 – 
 (  ) 
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       1,4 

   15,16.       
 9,  10 (  ),  11 (  

),   12,  (  ) 13  
 14    15  16.     

    12   .  
  15  16   ,    

    .   
    8     6, 

  . 
    ,      
.         

-     12    
 6  ,      

   .        
 15  16,  ,  ,   

 7     6,   
   .     

    . 
        

:      ,   
   ,    

 . 
 

 
6.8         
 

       -240 
           

  . 
  ( )   ( )   

     : 
                                                                  (6.21) 

                                                  (6.22) 

  d  –   , d =365 ; 

  ,K BФ d d d t d    

  ,КФ d d d d t d k       
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d  –   , d =105 ; 
d  –   , d =12 ; 
d  –   , d =4 ; 
t  –   , t =8 . 
d  –    , d  = 30 ; 
k – ,       
         ,  k = 0,96. 
 

    2022 .   : 
  

  

   :  
                                                          (6.23) 

  

    : 
                                                    (6.24) 

 k  – ,        
             , k  = 0,92…0,96. 

  

 
 

6.9     
 

 ( )   ( )     
: 

, .                                                                                          (6.25) 

, .                                                                                            (6.26) 

   –    ; 
      –    , =0,9. 

,              

(6.27) 
  N –  , N=100 ; 

(365 105 12) 8 4 1980Ф      
(365 105 12 30) 8 0,96 4 0,96 1670,5Ф         

  ,КФ d d d t d n       

 365 105 12 8 4 1 1980Ф         

  0,КФ d d d t d n k        

 365 105 12 8 4 1 0,94 1861Ф          

P
Ф




P
Ф




N n 
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n  –     , n =5,5 . 
  (2.7):  

   

  (2.5):  

 . 

 =1 . 
 : 

 . 

  =2 . – 1   1 . 
     : 

=(0,1…0,15)·  ,  .            
(6.28) 

=0,15·2=0,3 
 =1 .  0,5   . 

 
 

6.10       
 

 
       

  : 
F = F0 · k;                                                                                                       (6.29) 

  F0 – ,  , 2; 
k –  ,   ,    
       ,    k = 3,5…4,5. 

F = 26,86 · (3,5…4,5) = 94…121 2. 
      

,     .  
    12 .      
     3.    – 3  6 . 

         
    .    

       :  
           

  600 .        

5505,5100 

31,0
9,01980

550





37,0
9,05,1670

550
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   1600 .       1000   
   .   
    .   

 -       
       ,    

 . 
        

1    .    108 2. 
 
 

6.11 -     
6.11.1      

-240 
 

        
: 
 = .  +  +  ,                                                                                    (6.30) 

.  –    , .; 
 –   , .; 

  -   , .; 
       
   (  3)      

 (  6.4). 
 

 6.4 -     

  
 
,  

 
 

 
, / . 

 
, . 

005  0,13 2 94 12,22 

010  0,14 4 127 17,78 

015  0,24 3 116 27,84 

020  0,49 4 127 62,23 

025  0,77 4 127 97,79 

030  0,36 5 150 54 

035  0,49 5 150 73,5 

040  0,31 3 116 35,96 

045  0,46 4 127 58,42 
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050  0,55 4 127 69,85 

055  0,5 5 150 75 

060  0,6 5 150 90 

065  0,19 3 116 22,04 

070  0,17 3 116 19,72 

075  0,1 5 1450 145 

    861,35 

 
    10…15 %  : 

  = 0,15 ∙ ;                                                                                         (6.31) 

  = 0,15 ∙ 861 = 129 . 
         

     .   
  .     

  30,2%: 

  = 0,302 ∙ (  +   );                                                                     (6.32) 

  = 0,302* (861 + 129) = 299 . 
      

: 
.  =  +   +  ;                                                                         (6.33) 

.  = 861 + 129+ 299 = 1289 . 
     -240  2,457 

 –   -80  3,582  –  -348 . 
 

 6.5 -    

  
  1 
,  

 
,  

,  

1.  -80 2,5 200 500 

2.  -348  3,6 90 324 

 : 824 

 
       : 

 = m ∙ ;                                                                                                 (6.34) 
 m –  , ; 

       –  1       , ; 
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 = 6,5 / . 
 = 78 ∙ 6,5 = 507 . 

         
– 240 : 

 = .  +  + ;                                                                                    (6.35) 
 =  1289 + 824 + 507 = 2620 . 

        
   , ,    . . 

       
    . 

 1 2  3200 . 
 : F = 12 ∙ 9 = 108 2; 

  :  = 3200 ∙ 108 = 345600 ; 
 ,      

   416000 . 
 : 

 :  = 345600 ∙ 0,047 = 16243 ; 
 :  = 416000 ∙ 0,141 = 58656 . 

   : 
:  = 345600 ∙ 0,02 = 6912 . 

:  = 416000 ∙ 0,05 = 20800 . 
      , 

      2500    
 . 

 = 2500 ∙ 3 = 7500 . 
     : 

= ( 1∙ ∙ . + 2∙ 3∙ . .∙ . .),                                                  (6.36) 
 -   , / ∙ ; 

       1-       
             ; 
        -    , ; 
       . -    , ; 
        2-        
              ; 
        3- ,     
              ; 
        . -    , ; 
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       . -    , . 
=2,5∙(0,6 ∙ 35 ∙ 2000 + 0,8 ∙ 0,7 ∙ 0,5 ∙ 650) = 1,5 ∙ (42000 + 182) = 63273 

. 
      30 / 3.   6 .       

 = 30∙108∙6∙6 = 38880  (   ,     
6 ). 

         30 
.  1-     200 .   . 

=(3∙30)+(200∙100)=90+40000=40090 . 
     7%   : 

=0,07∙100∙861=6027 . 
   : 

l = + + + + + + + + ,                               (6.37) 
l =16243+58656+6912+20800+7500+63272+38880+40090+6027=262570  

. 
   3…5%   : 

=0,05∙262570=13130 . 
    : 
= l + ,                                                                                     (6.38) 
=262570+13130=275700 . 

   14…17%  -
 : 

=(0,14…0,17)∙ ,                                                                          (6.39) 
=0,15∙275700 = 41355 . 

     : 
= + ,                                                                                         (6.40) 
=41355+275700=317055 . 

        
: 
= ' ∙/N ,                                                                                                    (6.41) 
 N  –     , . 
=317055/100=3170 . 

 : 
 =  + ;                                                                                                    (6.42) 
  –       . 

C = 2578+3170=5748 . 
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( ),      2%   : 
 = 0,02 ∙ ;                                                                                                (6.43) 
 = 0,02 ∙ 5748=115 . 

    : 
= + ,                                                                                                 (6.44) 
=5748+115=5863 . 
 ,     -240  

    5830 .   
  100 . 

 
6.11.2     
 
        

,   .  
      . 

 
 
6.11.3 -    
 
1.   , N=200 . 
2.   : 

= ∙N,                                                                                                        (6.45) 
 -   , . 

=6000∙200=1200000 . 
3.    : 

. = + ,                                                                                              (6.46) 
 -   , .; 

       -  , . 
. =345600+416000=761600 . 

4.    n=3 . 
5. : 

= . /n,                                                                                               (6.47) 
=761600/3=253867 . 

6.    F =108 2. 
7.  : 



 

 
.  № .   

 

132 
 21.05.04.09 – 2022  

= /n,                                                                                                       (6.48) 
=1200000/3=400000 / . 

8. : 
= / ,                                                                                                (6.49) 
=1200000/761600=1,57 / . 

9. : 
=1/ ,                                                                                                       (6.50) 
=1/1,57=0,63 / . 

10.  : 
R=(  – ) / ∙100%                                                                              (6.51) 
R= (6000 – 4606) / 4606 ∙ 100% = 30,2 % 

11.    : 
=[ 1 – ( ∙ + 2 + ∙ )]∙N,                                                                 (6.52) 

 1-   , ; 
       -   ; 
       -   , ; 
       2 -        ,  
                     ; 
        -    ; 
         N-  , . 

 =[48300 – (0,94∙4516+507+0,15∙1583)]∙200=9655010 . 
 -   ,   

   -240    
.       

   200   -240   
 9655010 . 
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 Komatsu PC2000-8 2 100000 200000 20000 
 Komatsu D275  1 35000 35000 35000 

  -250 -
32 

2 50000 100000 10000 

      
  FlexiROC D60 2 30000 60000 6000 

  5  6 64000 384000 3840 
 Komatsu D275  1 35000 35000 3500 

       
  1 63  2 2970 5940 1188 

  2 135 1 2860 2860 572 
  5822 1 2950 2950 590 

  6 13 1 2920 2920 584 
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  5 12 1 2910 2910 582 
  

-401 
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1 2 3 4 5 6 7 8 9 

 Komatsu PC2000-8 2 713 1426 1 12 

 
6245880 

41,91 

 
261764,8 

 Komatsu D275-  2 306 612 1 12 

 
 

2680560 41,91 

 
112342,3 

  FlexiROC D60 2 328 656 1 12 

 
 

2873280 41,91 

 
120419,2 

  -
250 -32 

2 500 1000 1 12 
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183565,8 
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        ( , 
,    )    

  ,    , (  ), 
 .       

   8.10. 
 8.10 -         

№ 
/  

  , . . 

1  ,  . .   
  (3%   ) 

25124,58 

2      
  

20537,98 

3       6202,47 
4    (8%  

 ) 
66998,88 

5   (10%    1+2+3+4) 11886,39 
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5 ,   ,    

(10,5%      ) 
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6   (2%      ) 1995,89 
7   (10%    ) 5363,73 
    59001,04 

 
       

  1      8.12. 
 

 8.12 –    1    
№ 
/  

     
, . 
. 

 1  , ./  

1 2 3 4 

1 
    

,     
82774,96 69,21 

2     980975,6 820,21 

3 
    

 
45048,65 37,67 

4 
    

 
5631,08 4,71 
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6  158406,43 132,45 
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130750,3 109,32 

8 
  

 
59001,04 49,33 
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5  , / . 8248,28 8730 
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8      

    
, . 
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 ,      

   416 . .  
      100 .  
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   100  : 
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