
 

   
  

   
 

 «   » 
 

  ,    
 «    » 

 
21.05.04.09 «    » 

    
 
 
 

                      
  

_____________       . .  
                  ,   

« _____»   ______________  2022  . 
 
 

   
    

 
«       

    » 
   

«     
  -5 » 

 
 
 
 
 

  
  – 21.05.04.09 – 121516826 

 
 
 
 

                     _________ . . ,     . . 
 15-06         ___________                                          . . 

 
 
 
 
 

 2022



 

 

   
 

  : 
 

                             _____________              . .  
                                                    ,                  ,  

 
                                          . .  

                                                     ,                ,  
 

                                                                               . .  
                                                     ,                  ,  

 
                                                                                                  . .  
                                                      ,                  ,  

 
                                                                            . .  

                                                      ,                 ,  
 

                 __________             . .  
                                                      ,                ,  

 
                                      __________              . .  

                                                      ,                 ,  
 

                                                       . .  
                                                      ,                 ,  

 
                                              ______________             . .  

                                                                                          ,                    ,  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

   
  

   
 

 «   » 
 

  ,    
 «    » 

 
 
 
 

 
 
 

                      
  

_____________    . .  
                  ,   

« _____»   ______________  2022  . 
 

 
 
 
 

 
    

    
 ,  ,  ,   

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 



 

 

                                     

 , ,  

 1506   ( ) 21.05.04 «  » 

   

21.05.04.09 «    »  

 

    «   
       

 »    

«     
  -5 » 

 

    № 19106/   24.12.2021 

  . .  , . .   

 , , ,      
   __________________________________________ 

_________________________________________________________________ 

___________________________________________________________________________ 

     ,  
 , ,  ,  

,  ,  , 
   

       
15  

 

               ______________ . .                                                                         
                                          

                                                    . .  

                                                                ,      

 

«_____» _________________20___ .



 

 

.  № .   

 

 
 

П 21.05.04.09 –2022 П  

 . орелов .А. 
 . ашлаев . . 

  

 . . ашлаев . . 

 . ашлаев . . 

«     
    
  »  

  

«    

   -5 »   

.  

 

МиК 

 
…………………………………………………………………………..8 

1   ……………………………………………………...9 
1.1  …………………………………………………………………..9 
1.2    ………………………………......10 
1.3   …………………………………..10 
1.4      ……………………..12 
1.5    ……………………………………………13 
1.6  ………………………………………………………17 
1.7 - ………………………………………….…22 
1.8 …………………………………………………………..26 
2   …………………………………….....38 
2.1       ………….…….....38 
2.1.1      …………….…41 
2.2 ,    -  

…………………………………………………………………….54 
2.2.1 ,    -  ...54 
3  …………………………………………………….…...56 
3.1     ………………….....56 
3.2    …………………………………………………….57 
3.3         

-  ……………………………………..58 
3.4  …………………………………………………………58 
3.5  …………………………………………………………...64 
3.6     …………………………..70 
3.7    -   

……………………………………………………………………….…..71 
3.8    -   

…………………………………………………………………………..74 
3.9  ……………………………………...75 
4    ………………………………………..76 
4.1  ……………………………………………………..77 
5      ……………………...83 
5.1      ……………….84 
5.2     ……………………………….86 
5.3    ……………………………….92 
5.4   …………………………………………..95 
5.5   ……………………………………….....96 
5.6   ………………………………….......100  
5.7       …………………….101 
 
 
 
 
 



 

 

.  № .   

 

 
 

П 21.05.04.09 –2022 П  

 . орелов .А. 
 . ашлаев . . 

  

 . . ашлаев . . 

 . ашлаев . . 

«     
    
  »  

  

«    

   -5 »   

.  

 

МиК 

   6  ……………………………………………………..…..113 

6.1      
5 …………………………………………………….............114 

6.2    ………………………115 
6.3  ……………………………………………………118 
7  …………………………………………...121 
7.1     …………..121 
7.2      ………………124 
7.3          

……………………………………………………….............................125 
7.4  ……………………………………………………125 
7.5     ……………...127 
7.6      

…………………………………………………………………..127 
7.6.1      ………….....128 
7.6.2      …………...128 
7.6.3    -  ………....132 
7.6.4      ………..133 
7.6.5    ……………………..…133 
7.7  ,     

…………………………………………………………............134 
7.8         

………………………………………………………………………..136 
7.9.     ……..137 
7.10     

……...138 
7.11 ………………………………………………………………...138 
7.12     ……………………....138 
7.13    ………………………………139 
7.14   ………………………………………………...140 
7.15   ……………………………………………...141 
8  ………………………………………………………..143 

8.1       «  
»…………………………………………………………………………..143 

8.2       
……………………………………………………………………..147 

 



 

 

.  № .   

 

 
 

П 21.05.04.09 –2022 П  

 . орелов .А. 
 . ашлаев . . 

  

 . . ашлаев . . 

 . ашлаев . . 

«     
    
  »  

  

«    

   -5 »   

.  

 

МиК 

 

8.3    -  

……………………………………………..………………………....150 

8.4    ……………………...............….........154 

8.5  -   …………..........….158 

 

 

 

 

 
 
 
 



 

 
.  № .   

 

8 
 21.05.04.09 – 2022  

 
 

      
    ,    

  ,    
 (  5-8 ),    (  2-4 )    

 (    )     75% 
    

       
  ,    

 .     
    (     . .). 

      
,    :    

     ,  
 ,   ,   

      , 
    ,      

 . 
      
      , 

       , 
          

,       
,      ,  

 -  ,    
 .        

   
  -    .  

   -    
.    1991 .  73,1 . ,  1995 .   

26,1 . .    180 . , 160     
.      48 %   

  ,  27 %    25 %   
 . 

       .  
  ,        

         
 ,     

,  ,        
. 

 



 

 
.  № .   

 

9 
 21.05.04.09 – 2022  

1    
 

1.1   
  1956   -   

         .  
  -     

         . 
,   38    .    

:     ,  
  (80 )    (12 ), ,  (18 ). 

   .       
 (380 ),  ,     - 

,     .   . .  
      -

       -  
.       

+170,+350,    +90,+230 . 
 

 
 

 1.1 -   



 

 
.  № .   

 

10 
 21.05.04.09 – 2022  

 

1.2     

 

   .   
  1.5 0 ,    -   51-54

0 ,  -    35-36 0 .  
      450-470 .    

  -190,   (      
)-26.    1-1,2 ,   
  1,5-2 .   .  

   -   - . 
  6 . 

           
    - , , ,   

 . 
    .     

 .      -2,2-2,8 , 
 2-4 .    4978 3/ .,   30000 

3/ .     0,4-0,5 / ,   1.8-2.0 / .  
,    ,   -  

.       +87,+88 .  
           25 

-15 ,     15  30   
   . 

 
1.3    

 
       
  -     -  

 ( ) ,   -  
   ,   (  30 )   

  .       
     . 

     . 
  ( )   -     

     . . ,   
, -    ,  

-  .   350-400 . 
  ( ).     

  -      
,        . 

 ,     



 

 
.  № .   

 

11 
 21.05.04.09 – 2022  

   ,    - 
 -  .      : , 

  ,    , ,  
.   ,   , 
     ,     

      .   
  - ,  -  ,  -  

 . 
 ,    . 

       
      .    

  -  ,    ( . 310-315°)  
    75-80°,    . 

 
  ,      ,  

  1 .       
   .    . 

-    -   .   
 - , , ,   

  .     -  
      .   -  

 - .     , 
, .   , , , 

, .       
,     .    

 ,    ; ; ; ; 
; ;   .  

 1.1 –    
 

 
  

 
 

 
 

  
 

  

 

, 
 

 
 

 
 

1100 1400 60 – 100 

 
 
 

 
950 13 13 – 20 



 

 
.  № .   

 

12 
 21.05.04.09 – 2022  

-
 

 
 

 
700  23 – 100 

 
        

 1%  -       1%.  -
   71.5%    94% .  

      - 6:1.   
   ,       

   . .   –    
 300       .   -   

   .  
     ,  

    ,      
    (  15  25%    

).         , 
    0,09 (  135     

).         
 83% (  )    165% (  

 ).  
 
     : 
- 5%     ,  
 0,22%   0,24%; 

- 5,2%   ,     
0,74%   0,26%; 

- 3,3%  -  ,     
0,61%   2,52%; 

- 25,5%  ,       
 (1-3%); 

-61%  ,    3%,    
91,9%    74,8%  . 
 

1.4       
 

        
   2500 . 3[1]. 

      1,44 3/ .   
+25   4,1 . .      .  

 +85 +5      4,9 3/ . 
    ,    

   , ,    
   2,5 3/ , . .   

   6250 . 3. 



 

 
.  № .   

 

13 
 21.05.04.09 – 2022  

      1,5,    25 
. .   –     2   . 

   12 ,      
    36 . 

 
 
 
 

 1.2 –    
 

  

1.    , 3 681 420 

2.  : 
- ,  
- ,  

 
295 
260 

3.  : 
-  ,  
-  ,  

 
1 220 
310 

4.  : 
-  ,  
-  ,  

 
746 
50 

5.   : 
-  
-  
-  
-  

 
28°57' 
34°19' 

45° 
33°51' 

6.    (  01.01.2006 
.), . . 36 691 

 
1.5     

 
         +31 

      .     1977  
          

 . 
    -175      

.          
   . 

-       
 ,      
     [2]. 

      -  
     ,       



 

 
.  № .   

 

14 
 21.05.04.09 – 2022  

     .   -
         

 .        
   , , -

 .     [2]. 
         

  – ,       
          

         . 
     :  

 . 
         
 ,       

   [1]. 
    - 10 ,   5-10   
  -   [3]. 

       : 
-   -       

 ; 
-       

    .    
    ,  , 

     . 
      

        
 ,   ,   

.        
 .      

 ,       
  . 

 

 



 

 
.  № .   

 

15 
 21.05.04.09 – 2022  

 
 1.2 –     

 

 
 

 1.3 –     
 

 

 

 1.4 –     
 

        1.3. 
 
 
 
 
 
 
 



 

 
.  № .   

 

16 
 21.05.04.09 – 2022  

 
 
 

 1.3 –      
 

  
1.     . +105   -175,  4 742 
2.     
+105 +45,  
+45 -150,  
-150 -175,  

 
26 
24 
16 

3.    
+105 +85, ‰ 
+85 +45, ‰ 
+45 -150, ‰ 
-150 -175, ‰ 

 
70 
80 
80 
100 

4.   ,  10 
5.     ,  20 
6.        
–  : 
+85 +45, . 
+45 -35 , . 
-35 -175, . 
-  : 
+120 +85, . 
+85 +45, . 
+45 -175, . 

 
 

55 
60 
65 
 

50 
60 
65 

7.   : 
-  ,  
-  ,  

 
10 

5-10 
8.    : 
-  ,  
-  ,  

 
60 
60 

9.       : 
10,  
5,  

 
30 
25 

10.    : 
-  ,   
-  ,  

 
54,9 
47,3 

 
 
 
 
 



 

 
.  № .   

 

17 
 21.05.04.09 – 2022  

 
 
 

1.6   
 

  1.4     
 

 1.4 –      
 

    
 - 250 -32,  4 

DML ,  2 
ROCL 8,  1 

 
       

  . .  [2].     
        -  

. 
   ( )     

    (  1.5).  
 1.5 -        

  
 

  
 

  
,  

  
 

  
 

5,1-11,3 
   

  
 

  8-9,6 
  

 
  

 
7,9   

 -
 

3,8-15,3 
    

  
 -

 
 

6,3-16,3 
   

   
 

 
 

6-13,7 
   

  
 

 
 

  1.5 



 

 
.  № .   

 

18 
 21.05.04.09 – 2022  

 
 

 
15,4   

 
 

16,4   

-  
 

9,8-21,4 

   
  

 
 

 -
 

8,5 
  

 
 -

 
10,6-17,3 

  -   
 

 
  ,       

    3.8.  21.4.  -      
 14,2    10,6  17,3. 

 
         

  -250 -32. 
     ,   

      .  
    . .  [2].   

   1.6 
 

 1.6 -    
 

  
 

, 
 

  

  
 

 

 
  
 

 
1 2 3 4 

1.  ,   10 10 
2.  , / 3 γ 3 2,7 
3.   f 8-10 6-10 
4.    - VII-VIII VII-VIII 
5.    - IV IV 
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W ≥ · tg α 
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  ,  
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,  
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      -

 ,      
.        

     «KOMATSU» -275 . 
       1.10 
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1.    ,  . 3 7300 
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      10 , 3 
1500 

3.    , 3/  10,6 
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7 

5.    ,  2449 
5.   , . 3 720 
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,  
3 
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4,4

5,13,31
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b  – 4,40     7555, . 
 

        
: 

 

5,141
6,10

1500


W

Q
L                                      (1.2) 

 
 Q –     «KOMATSU» -

275 , 3. 
W –    , 3/ . 
 

    Na  : 
 

6,14
3,31122743

730000015,1)25.115.1(










p

B
a VTnN

A
N                             (1.3) 

 
 N  = 15 

 
       

: 
 = ∙ 𝑎 =  ∙ =                          (1.4) 

 
   0 = 20-30 -  ,      -

, . 
 

    : 
 

 
2825

2743

5,0730000015,125.115.1











p

B

nN

КA
W 3(1.5) 

 
 W  -  ё     , 3;  
 = 0,3-0,6 -     . 

 
    : 

 

10972450155,0
1500

2825
15. 






 








 a LN

Q

W
NL (1.6) 

 
    -   , N .  = (0,5-1,0)·Na;  

Lo  -          
Lop   Lon. 
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     «  »    -175  
          

 .  
   ,    

    .     
  . 

        = 6,25 . , 
    .  = 2,5 .       

f  = 10, f  = 8          
   -250 -32,    

   -  ,     
  .   -    

-5     5 3. 
 

2.1   ,     
 
2.1.1       

 
   – -250  32.  

  :  – ,    
(f=9);     .  III 244,5- , 

  – - - ,   –  .  
 

   : 
 

   = 10-2 ∙  ∙ f ∙ d;      (2.1) 
 

  = 6 - 8      ;  
d -  ,   
f -   . 
 

 = 10-2 ∙ 7 ∙ 10 ∙ 244,5 = 171  
 
   : 
 

  V = 
∙ ∙  ∙ К Ш∙ 𝑓 ∙ /   (2.2) 

 
 w -   , -1;  

d -  ,    К Ш -     , К Ш = 2,3  
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V = 
 ∙  ∙ ,  ∙ , ∙  ∙ , = ,  

  
  

 

h= 
𝑉К К∙𝑧  ∙ ,      (2.3) 

 
  К К – ,   , К К = 0,5 z  –    , z =3. w –   , / . 

 

h = 
,,  ∙  ∙  = 0,218 

 
      

    , 

 

                                              Z = h ∙ ∙ 𝑧 ∙𝜎  ∙ 10-4;     (2.4) 

 
 𝜎  -    , 𝜎  = 625 ∙ 10-5 

 

Z= 0,218 ∙ , ∙  ∙ 625 ∙ 105 ∙ 10-4 = 50071,875 

 
  PZ      (2/3) ∙ (d/2)   

.  ,        
  : 

 

                                                 = Z∙   ∙ К  ∙ 10-2; ∙    (2.5) 

 
 К  –     , К  = 1,12 

 

 = 50071,875 ∙  ,  ∙ 1,12 ∙ 10-2 = 4580 ∙  

 
      
 

  N  = 
 ∙ wƞ ∙ − ;     (2.6) 

 
 ƞ  –   , ƞ  = 0,65; 

w –   , w= 9,4 / . 
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N  = 
 ∙ ,,  ∙ −  = 66,2  

  
       

 : 
 

N  = 
 ∙ 𝑉ƞ  ∙ −   (2.7) 

 
 𝑉  –  , / ; ƞ  –   , ƞ  = 0,65 

 

N  = 
 ∙ ,, = ,   

 
      

: 
 

=
 − 𝑡  + 𝑡 /    (2.8) 

 
  –  , ; 

 –     , ; 𝑡  –    1  , ; 𝑡  –                     
 1  , .   

 

=
−,  + ,  = 94 /  

 
     : 
 .  =  ∙  . = ∙ =  /   (2.9) 
 

 .  –            
 ,       

    -  
, . 

  
   :  

 =  ,  ∙  .𝜑 ∙ .  = 
.  ∙ ,  ∙  = 4   (2.10) 

 
  -      , / ;  𝜑 -     1  , 3. 
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 2.    – -250  32 

2.2 ,    -   
 

         
 = 2,5 . ./ . 

 
   -5  

 
 2.1 –   -5  

 
  

 , 3  
 5 

  ,  45 
 ,   10,5 
 ,   7,8 

     ,   9,04 
  ,  14,5 
  ,  12,65 

     ,  - 
  ,   10,3 

     ,  11,8 
  ,   6,7 

  ,  5,25 
 ,  5 

   ,  8,1 
   ,  1,85 
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  ,  0,55 
       ,   2,25 

  ,  6,06 
   ,  5,24 
  ,  0,9 
  , /  0,55 

,   ,  12 
    ,  0,21 

    ,  490 
  , /c 0,87 

  ,  194 
  ,  250 

 ,  6000 
 ,  23 

   ,  196 
 

   
  ,       

. 
 : 

 
 m  = k  E = 40  5 = 200  (2.11) 
  

 k  –  ё , / 3 
       –  , 3. 
 

 : 
 

 Еb  05,252,12,1 33   (2.12) 
 

 l  = 0,77 b  = 0,77  2,6 = 2   (2.13) 
 

 h  = 0,75 b = 0,75  2,6 = 2            (2.14) 
 

   : 
 
(5.15) 
 

G  = m  g = 8,625  9,81  103 = 84611                (2.16) 
 

   : 
 
 mp = cm  = 0,45  8,625 = 3,88  (2.17) 

625,855,115,115,1  Еcm
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  – ,     ,   

 = 0,45. 
 
 Gp = mpg 102 = 3,88 9,81  102 = 3806  (2.18) 
 

  : 
 
 4,62001,1 33  эmkL  (2.19) 

 
  : 

 
 63,220045,0 33  эmkL  (2.20) 

 
 
 

  : 
 

 2,1020075,1 33  эmkL  (2.21) 

 
 ё  

 
   : 

 

   H 375000
3,14,6

1016,25 5

1 








kL

kE
N  (2.22) 

 
:k  –    ,    

, k  = 2,16 ;  
L  –  ,      , L  
= 6,4 ; 
k  –   , k  = 
1,3.
 
  
 

       : 
 

 3,10
3,1

7,25








k

E
m


 (2.23) 

 
H 3,35732910)3,10625,8(81,910)( 33  mmgG (2.24) 
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(2.25) 

 
        : 

 

l

lGlGlN
N

6,517232
5

2,18,380621,73,3573292,9375000

11









 

(2.26) 

 
 l , l ,l , -  ,    2.1; 

N  –       , . 
 

 : 
 
(2.27) 

 
 N  –      , . 

 
 ,       

   : 
 
 
 (2.28) 
 
 
 

 N'  –         
  , ; 
 

          
   :  

 

H 7,162524
63sin3,8

5cos)58,380621284611(

sin

cos)(
'

''
''
















l

lGlG
N

(2.29) 

 
: l’ ,l’ , l’ , -         

     2.2  2.3; 
N''  –          

  , . 
 

      : 

H 5,500698
63sin10

5cos58,380625cos123,357329

sin

coscos
'

''
'











 




n

n

l

lGlG
N

H 8,380621088,381,910 33  mgG

H2250003750006,0)05,1...5,0( 12  NNN
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H 261773 5sin)8,380623,357329(63cos5,500698

sin)(cos''



   GGNN (2.30) 

 
 N'  –         , . 

 
 ,       

  (  2.2)   . 
           

          
.   : 

 
   H 8,1226738,3806284611''  GGN (2.31) 

   
 N'' –          

  , . 
       

 . 
       

 : 
 

    5,31110
83,0

5,06,517232
10 33 





 VN

P


 (2.32) 

 
 V  –    , V = 0,5 / ;           

  –   ,   =0,83;     
 –     , . 
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 G +  –    , ; 
G  –  , ;  
L . . –   , ;  
l , lk, l1, lp –    .  
 

 
 

 2.2 -        
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 2.3 -        
   

 
 

 2.4 –       
 

 
 

 2.5 –       
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 2.6 –       
 

       
   : 

 

    3,6010
83,0

5,05,500698
2,0102,0 33

'
' 





 VN

P


 (2.33) 

 
 '  –        

  , ; 
V  –    0,2V . 
 

       
   : 

 
  
(2.34) 
 

 
 ''  -        

  , ; 
V  –    1,2V .  

      : 
 

06110
0,85

4,0225000
10 33 





 VN

P


(2.35)
 
  

  4,11710
83,0

5,07,162524
2,12,1 3

''
'' 





 VN
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06110
0,85

4,0225000
10 33 





 VN

P


   (2.35) 

 
 V  –   , V= 0,4 / ;  

 –   ,                                                                                                
    =0,85; 
 
  

 –      , . 
 

       
  ,: 

 
 

(2.36) 

 
 '  -         

, ; 
 
V  –    0,2V ;. 

          
      .  

     : 
 

(2.37) 

 
         

. 
         : , 

  ,   . 
 
 5,113533,033,0  tttt  (2.38) 

 
 t  –  , 

 

     35
6,0511,0

5
589,0194

6,011,0
194 1212 




















 

E

E
Edt cp  (2.39) 

   
 d  –     , 

 

VN
P 2510

85,0

4,0261773
2,0102,0 33

'
' 





 



 8,5710
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4,08,122673
10 33
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 d  = 0,5253 E =0,525 89,053    (2.40) 
 
  
t  –  , ; 
t  –    , ;  
t  –    , . 
 

      
  : 

 

 7,160
35

5,114,1175,113,605,115,311

'''










t

tPtPtP
P

(2.41) 

 

 62
35

5,118,575,11255,11106

'''










t

tPtPtP
P

 

 
       

,         
  ,       

  . 
 

        
  ё   К  : 

 
 : ′ = ∙ √𝑚э = , ∙ √ = ,  ;(5.42) 

   : . . = , ∙ √ = ,  ;(5.43) 
  : . . = , ∙ √ = ,  ;(5.44) 
 : = , + , = ,  .(5.45) 

 
   𝑘  : 

 
    𝑚 = 𝑘 ∙ 𝑘э = , ∙ =  ;            (2.46) 
   𝑚 = , ∙ = ,  ;                       (2.47) 
    𝑚 = , ∙ =  .               (2.48) 

 
       , ,    ,     

: 
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 = 𝑚 ∙ ( ,  ∙ + ,  ∙ ′ + − . ) = (5.49) 

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

        : 
 = ∙ , ∙ = , ∙  ∙ (2.50) 
 

  -        ,  
 

          
      : 

 + = 𝑚 + ∙ ∙ = , ∙ , ∙ = , ∙  ∙ (2.51) 
 = 𝑚 ∙ ∙ = , ∙ , ∙ = , ∙  ∙ (2.52) 
 

       
: 

 = 𝑚 ∙ ∙ = , ∙  ∙ = , ∙  ∙ (2.53) 
 

 L  –         , 
, L  = L  = 6 . 

 
     ё  : 

 = 𝑚 ∙ " ∙ =  ,  ∙ + , ∙ ∙ = , ∙  ∙ (2.54) 
 

 "  –         , . 
 

       
  ё     , : 

 ∑ = ( + + + + + ) ∙ =(5.55) = , + , + , + , + , ∙ = , ∙  ∙  
 ∑ = + + + + ∙ = 
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= , + , + , + , + , ∙ = , ∙  ∙  
 

  ,  , +  ,  –     , 
  ,         

 . 
 

      
    : 

 =  + 𝜔t ∙ − = ,  + ,  ∙ 6 ∙ , =  (2.56) 

 
 𝜔  – ,     , 
/  t  –        , . 

 
   
: 

  
 

nEQ z / 3602,156060 3  (2.57) 

 
 nz –   , 

 
1- 2,1

7,48

6060
z t

n  (2.58) 

 
Q  –  , 3/ . 
 

   : 
 

 7,2058,0
4,1

1
360 




tt

t

K

K
QQ 3/                   (2.59) 

 
  –   ,  = 1; 

 –     ,  = 1,4;  
t  –        , ; 
t  –   , , 
     

   8,0
tt

t
  (2.60) 

Q  –  , 3/ ; 
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   : 
 

4,13168,087,205 э KTQQ  3/                    (2.61) 
 

  –     ,  = 0,8; 
Q  –  , 3/ . 
 

    : 
 

(2.62) 
 

  –    ,  = 270 ;           
Q  –   , 3/ . 
 

       
. 

 

 3
32,710899

625000015,115.1










э

э Q

A
N . (2.63) 

 
 N 1 –  , ;  
 –      ,  = 6,25 . .  

 
:  3  -5   . 

 

 

 
 5.9  -5  

NTQQ ээ / 2,71089922704,1316 3
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: 

 

    25,1
7,22,710899

250000015,115,1










э

э Q

A
N   (2.64) 

  
 N 2 -  , ;  
 –     ,  = 2,5 . . 

 
:  2   -5 . 

 
2.2.1  ,    -  

 
 

   -275  «KOMATSU» 
 

 
  : 

 

320
2,52

5,018,06,1136003600






э T

KKV
Q


 3/     (2.65) 

 
 Q  –  , 3/ ; 

V  –  ё   , 3 
K  – ,  , K  = 0,8 

 – ,   ,  = 1 
  – ,        ё 

,   = (1 – l ) = 1 – 0,01  50 = 0,5. 
 –  , : 

 

2,522925
5,4

502

5,3

50

5,1

2
tt2t

v

ll

v

l

v

l
c

0p

p 





    (2.66) 

 
 l  –    , l  = 2 ;  

l  –     , l  = 50 ;  
V  –    , V  = 1,5 / ;  
V  –     , V  = 3,5 / ;  
V  –     , V  = 4,5 / ;  
t  –    , t  = 5 c;  
t  –    , t  = 2 ; 
t  –    , t  = 9 . 
 

  : 
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Q  = Q  N  = 320  340  12 = 1305600 3/                  (2.67) 
 

 Q  –  , 3/ ;  
       N –      

 –  . 
 

  : 
 
N  = k  / Q  = 1875000  1,1 / 1305600 ≈ 1,6 = 2 .         (2.68) 
 

  –  ё    , 3/ ; 
kp –   . 

 = (0,30,4)  = 0,3  6250000 = 1,875  106 3                    (2.69) 
 

:      2   -275  «KOMATSU» 
 

 
 

 5.10 –     
 

 
 

 5.11   -275  «KOMATSU» 
 

 
      ,   
   , - , -
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  . 

         -
250 -32.      ,    

   4 . 
 -  ,     

    -5 .    5 
. 

 -       
-275 ,   2 . 

 
3   

3.1      
 

        
  ,     

  . 

      
: 

-           
   ; 

-          
. 

 
 -        

= 2,5 . 3.,   =6250, . 3    
 L=4037 ,   L=4150 . 

        4 ,   
       . 

      : 
  

 

L 1  =552  
L2 =776  

L3 =1413  
L4 =1296  
L =4037  
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L 1 =1000  
L2 =1050  
L3 =1200  

L4 =900  
L =4150  
 

     : 
 

i1=
H −Hi. ,  ‰              (3.1) 

 

i1=
+ , =  ‰ 

 

i2=
− =  ‰ 

 

i3=
, − =  ‰ 

 

i4=
, − , =  ‰ 

 
 

 

i1=
− =  ‰ 

 

i2=
− =  ‰ 

 

i3=
− =  ‰ 

 

i4=
− =  ‰ 

 
       

    . 
  -    -5    
  . 

 
3.2     

 
      :  

-  ; 
-  ; 
-  . 
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  20 . ,    5 , 

   250 ,        
  .     

     ,  
,    ,  

   ,      
    . 

     ,   
 (  15        120-150 )  

       
    . 

       
  20 . ,    12 , 

   300       16‰.    
       

   ,  ,   
 ,   , , , 

  ,  ё . 
        

 ,       
        

. 
       
  50 . ,    5 , 

   250 ,     .  
       

   ,    
,      ,  

     -    
  . 

    , 
 ,      , 

  -      
.       

  ,     
 . 
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 ».    3  -
 : 

 
1) -5  – «KOMATSU» HD325 
2) -5  – 7555  
3) -5   – «KOMATSU» HD785 
 

3.4   
 

  ,   ,  
   ,    3.1. 
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,     3.2: 
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3.6      

 
        

    2.1 
 

 3.1 –    3   
 

  
  

I II  III  
 

 
, /  

19,26 20,51 18,8 

 
 

, /  
243925,73 434757,79 488622,14 

   
 .  

, / ·  
0,11 0,11 0,11 

 
, /  

4,57 5,81 4,1 

  
, /  

10,4 11,6 10,8 

 
        

    3.2 
 

 3.2 –    3   
 

  
  

I II  III  
 

 
, /  

8,11 8,57 8,17 

 
 

, /  
292407,24 494597,28 628036,8 

   
 .  

, / ·  
0,09 0,1 0,1 
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2,28 2,73 2,34 
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13,60 48 72 



 

 
.  № .   

 

72 
 21.05.04.09 – 2022  

 
 

3.7    -  
  

 
        

-  . 
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:     2  3  

 

 
 

 3.26 –    
 

:    1   
 

 
 

 3.27 –     
 

:    1  
 
 
 
 
 

0.09

0.1 0.1

0.085

0.09

0.095

0.1

0.105

 
 

 
 

.  
, 

/
·

I - вариант            II - вариант         III - вариант

2.28

2.73

2.34

2

2.2

2.4

2.6

2.8

 
, 

/

I - вариант            II - вариант         III - вариант

13.6

48

72

0

20

40

60

80

  
,

/

I - вариант            II - вариант         III - вариант



 

 
.  № .   

 

74 
 21.05.04.09 – 2022  

 
3.7.2   

 

 
 

 3.28 -     
 

:    3  
 

 
 

 3.29 -    
 

:    3  
 

 
 

 3.30 -        
 

 
:   ,   3  . 

19.26

20.51

18.8

17

18

19

20

21

 
 

, 
/

I - вариант            II - вариант         III - вариант

243925.73

434757.79

488622.14

0

100000

200000

300000

400000

500000

600000

 

/
, 

/

I - вариант            II - вариант             III - вариант

0.11 0.11 0.11

0

0.05

0.1

0.15

 
 

 
 

.  
, 

/
·

I - вариант            II - вариант         III - вариант



 

 
.  № .   

 

75 
 21.05.04.09 – 2022  

 

 
 

 3.31 –    
 

:    3  
 

 
 

 3.32 –     
 

:    1  
 

3.8    -  
  

 
   ,     

   -   
.         , 

     (  2.3) 
 
 
 
 
 
 
 
 
 
 

4.57

5.81

4.1

0

2

4

6

8

 
, 

/
I - вариант            II - вариант         III - вариант

10.4

11.6

10.8

9.5

10

10.5

11

11.5

12

  
,

/

I - вариант            II - вариант         III - вариант



 

 
.  № .   

 

76 
 21.05.04.09 – 2022  

 
 

 3.3 -    
 

  

 
 

 
 

 
 

 
 

I II  III  I II  III  
  

, /  
1 2 3 2 3 1 

 
 

, /  
3 2 1 3 2 1 

    
.  

, / ·  
2 1 1 1 1 1 

 
, /  

1 3 2 2 3 1 

  7 8 7 7 9 4 
 

       ,   
 ,    ,    3 ( -5   – 

«KOMATSU» HD785).  
 
3.9     

 
       

(340   )     12      
     .  

       
,    4    .  

       
  . 

       
,    4,2    . 

          
  .   ,      
    ,      

 ,      . 
   ,     

    .  
 :  ,  ,  , 
 ,  ,    , . 



 

 
.  № .   

 

77 
 21.05.04.09 – 2022  

       ,  
           

. 
         

.          
   ,       

   .  
     ,   

  , . .     
  « » ,       

       
.      

 ,   ,  ,   .  
 

4     
 

        
        

.         
        .     

        .      
       ,  

   ,         
 .        

       60-65  .  
       ,  

  ,      
  ,       
 .     

,       
,       .   

 
 
 

 4 –      
 

  
  Q , 3/  400 

  ,  100 

  Qmax, 3/  650 

   7 

   ,  75 



 

 
.  № .   

 

78 
 21.05.04.09 – 2022  

  h ,  10 

      
 l ,  

15 

    l ,  60 

     
 m ,  

300 

     
 mmax,  

65 

 
 

 

 
 

 4.1 –    
 

4.1   
 

    : 
 

480
20

24400

20

24








Q
Q  3/    (4.1) 

 
  : 

 

9,108
95,0

5,103



    (4.2) 

 
    ,  ; 

 



 

 
.  № .   

 

79 
 21.05.04.09 – 2022  

5,1035,03100  К h    (4.3) 
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      , 
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        d  = 353 
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81,92

4,1
1186,035,11023,0

29,0

304
03,0

2
2

























 

 (4.8) 

 
 i, ni       ; 

   : 
 

03,0
29,0

0195,00195,0
33


d

    (4.9) 

 



 

 
.  № .   

 

81 
 21.05.04.09 – 2022  

   : 
 

    304601820
75sin

10
81571

sin



 H lnl

h
nlll


(4.10) 

 
 n  , . 

 
    : 

 

g

V

d

l

66,0
81,92

4,1
5,06,06

353,0

7
02,0

2
2

...

























 

 (4.11) 

 
 l    , ; 

     : 
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     : 
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Q, 3/  0 100 200 300 400 500 600 
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    (4.19) 

 
43,35,4    . 
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     . 

 
      , 

   : 
 

296
69,010003600

8,910005701201,1

10003600











p

gQK
N


 (4.20) 

 
 К   ;  

  , 3/ ; 
 ,  , ;  
  ;  

   . 
 

      N = 296  
      n1 = 1500 / .  

       
113-4   N = 320 ,  = 94,5%.   

 ,     500160. 
 

    : 
 
-    : 

 

8,16
570

2440024








Q

Q
t (4.21) 

 
-    : 

 

6,13
2570

24650

2

24max
max 









Q

Q
t (4.22) 

 
 : 

 
3680400415,1415,1  QV 3(4.23) 

 
  : 

 

1,1К
Q

H

 3/1000
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mtmt
N

Э HH
э

/3672000656,1323008,16
945,095,0

32015,1

2
15,1

maxmax
.














(4.24) 

 
 э.  ; 
   . 

 
 : 

 
 

 
QmQmW

/26473202465065400300

24
3

maxmax




(4.25) 

 
  : 

 

38,1
2647320

3672000


W

Э  / 3   (4.26) 

 
      . 

 
 

 

5       
 

    –  
       

      
 .     

    ,     
,        

,      . 
.  

    ,     
,        

       ,   
   ,  , 

, ,   ,    
         

 .  
      .  

  (    ) 
     ,    – 
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  , ,   , , 
   . 

 
      

 
        

   2500 . 3 
      1,44 3/ .   

+25   4,1 . .      .  
 +85 +5      4,9 3/ . 

    ,    
   , ,    

   2,5 3/ , . .   
   6250 . 3. 
      1,5,    25 

. .   –     2   . 
   12 ,      

    340  
 

 
 5.1 –     

 

Np n  
   ,  

    
340 2 12 24 730 8760 
 
 
5.1       
 

  ,  , 
  -   ,    

       
: 

1.   : 
  -250- -32, 2 .; 

2.   : 
 -5 , 3 .; 

3.   : 
 -5 , 2  ; 

4.   : 
  7555, 6 .; 

5.  : 
 -275  KOMATSU, 2 . 
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  2 [10]   , 
     : 

 
 5.2 –    

 
 

 
 

- 
 

- 
,  

 
, 

. . 

 
, 

 
, 

 

  

 

 

  

-5  2 297 

 
1 
2 
 

530 24 32 106 845 
1590 96 13 407 1322 
8480 360 2 1078 539 
15900 600 1 4642 1161 

 
-5   

3 
72,3

7 

 
1 
2 
 

398 36 42 90 720 
1193 72 20 585 2173 
16695 324 1 3052 436 
33390 540 1 7643 1092 

-250-
-32 

2 85 

 
1 
2 
 

50 4 192 8 768 
250 16 36 75 1350 
1000 96 11 480 2640 
12000 530 1 2000 1000 

 7555 6 40,5 

 
1 
2 
 

470 6 12 12 96 
1410 16 3 72 143 
2820 40 2 240 312 
8460 160 1 900 600 

- 275  2 50,8 

 
1 
2 
 

200 8 48 16 768 
500 48 6 96 576 
1000 72 5 192 960 
6000 360 1 1400 1400 

 
     -5  

  𝑘 . 
 𝑘 = = , = , (5.1) 

 
 𝑘  -   ; 𝑚  -   -5 , ; 𝑚  -   ,     

 (  PC-750), . 
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  3 [10]     𝑘 =,  
 

     : 
 𝑇 = 𝑘 ∙ 𝑇                (5.2) 
 

 𝑇  -       
 , . – . 

 
5.2      

 
        

        
        . 

         
  . 

 
         

  -5 : 
 
-   : 

 N = H +H ;                     (5.3) 

 
 H  –    , ; H -      , .,  H = ; K -   , . 

 H = T ∙ k − T = ∙ , − = ;(5.4) 
 

де k = , ÷ ,  - пл уе  ко е т пол о я   е у; T  - о л  о д е е  от  о о удо я,  (т л  3.1); T  - кол е т о о , т е   е о т  пл уе о  оду, . 

 𝑇 = T ∙(T ∙N +T ∙N +T ∙N +T ∙N ) =      (5.5) 

 = ∙ ∙ + ∙ + ∙ + ∙ = ; 
 



 

 
.  № .   

 

88 
 21.05.04.09 – 2022  

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

   , . 
 N = + ≈ , =  . 
 

-    : 
 N = H +HT − N ;             (5.6) 

 
 H  –      , ; T  –     , . 

 H = H − T ∙ n = − ∙ =  ;                        (5.7) 
 

 n  –          
    . 

 n = HT = = ; 
 N = + − ≈ , =  . 
 

-    : 
 N = H +HT − N − N ;               (5.8) 

 
 H  –      , .; T  –     , . 

 H = H − T ∙ n = − ∙ =  ;                         (5.9) 
 n = HT = = ; 
 N = + − − ≈ , =  . 
 

-   : 
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N = H +HT − N − N −N ;    (5.10) 

 
 H  –      , .;     T  –    , . 

 H = H − T ∙ n = − ∙ =  ;                   (5.11) 
 

 n  –         
    . 

 n = HT = = ; 
 N = + − − − ≈ , =  . 
 

             
   PC 750-7: 

 
-   : 

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

 N = + ≈ , =  . 
 

-    : 
 H = H − T ∙ n = − ∙ =   n = HT = =  

 N = + −  ≈ , =  . 
 

-    : 
 H = H − T ∙ n = − ∙ =   
 n = HT = =  
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 N = + − − ≈ ,  =  . 
 

-   : 
 

 H = H − T ∙ n = − ∙ =  ;                   (5.11) 
 

 n  –         
    . 

 n = HT = = ; 
 N = + − − − ≈ , =  . 

 
         

   -250- -32: 
 

-   : 
 H = T ∙ k − T = ∙ , − = ; 
 T = T ∙ T ∙ N + T ∙ N + T ∙ N + T ∙ NK = = ∙ ∙ + ∙ + ∙ + ∙ = ; 
 N = + ≈ , =  . 
 

-    : 
 H = H − T ∙ n = − ∗ =  ; n = HT = = ; 
 N = + − ≈ , =  . 
 

-    : 
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H = H − T ∙ n = − ∙ =  ; 
 n = HT = = ; 
 N = + − − ≈ , =  . 
 

-   : 
 H = H − T ∙ n = − ∙ =  ; 
 n = HT = = ; 
 N = + − − − ≈ , =  . 
 

         
    7555: 

 
-   : 

 H = T ∙ k − T = ∙ , − = ; 
 T = T ∙ T ∙ N + T ∙ N + T ∙ N + T ∙ NK = 

 = ∙ ∙ + ∙ + ∙ + ∙ = ; 
 N = + ≈ , =  . 
 

-    : 
 H = H − T ∙ n = − ∙ =  ; 

 n = HT = = ; 
 N = + − ≈ , =  . 
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-    : 
 H = H − T ∙ n = − ∙ =  ; 
 n = HT = = ; 
 N = + − − ≈ , =  . 
 

-   : 
 H = H − T ∙ n = − ∙ =  ; 
 n = HT = = ; 
 N = + − − − ≈ , =  . 
 

         
   -275 : 

 
-   : 

 H = T ∙ k − T = ∙ , − = ; 
 T = T ∙ T ∙ N + T ∙ N + T ∙ N + T ∙ NK = 

 = ∙ ∙ + ∙ + ∙ + ∙ = ; 
 N = + ≈ , =  . 
 

-    : 
 H = H − T ∙ n = − ∙ =  ; 
 n = HT = = ; 
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N = + − ≈ , =  . 
 

-    : 
 N = H + HT − N − N ; 
 H = H − T ∙ n = − ∙ =  ; 
 n = HT = = ; 
 N = + − − ≈ , =  . 
 

-   : 
 H = H − T ∙ n = − ∗ =  ; 
 n = HT = = ; 
 N = + − − − ≈ , =  . 
 
 

 5.3 –       
 

     
-5  6 3 0 0 

 750-7 11 5 0 0 
-250 
-32 

74 14 4 0 

 7555 10 3 2 0 
275-  16 6 5 0 

 
 

5.3     
 
5.3.1    
 

     : 
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T = t + t + t + t ∙ N + t + t + t + t ∙ N +(3.12) + t + t + t + t ∙ N + t + t + t + t ∙ N = 
= + + ∙ + + + ∙ + + + + ∙ + + + ∙ + + + ∙ =  + + + + =  . − . 

 
 𝑡 , 𝑡 , 𝑡 , 𝑡  –     

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

  , .- .; , ,  ,  -     ,   
. 

 
3.3.2      

 
   ,   

    ,   , .: 
 = α ∙TD  ∙ k . . (5.13) 

 
 α = , … ,  - ,    ; 𝐷  –      , . 

 𝐷 = − − − ∙ 𝑇 ∙ 𝑘 =(5.14) = − − − ∙ ∙ , =   
 

  –      ; 
 –   ; 
 –     ;             k = , … ,  – ,      

  (   . .); T  -   , ; k . . = , … ,  –     . 
 = α∙TD ∙k . . = ,  ∙  ∙ , =  .(5.15) 

 
3.3.3     
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 5.6 –      
 

  ,  
   3 

-  2 
, ,  2 

 1 
 1 

 
5.3.4      
 

     (  
, , , ,   . .)  
: 

 M = M ∙ , … , = ∙ , ≈ , =  .(5.16) 
 

  -   
 

   :  
 M = M + M ∙ , … , = ∙ , ≈ , =  .(5.17) 

 
 -  : 

 M = M + M + M ∙ , … , = ∙ , ≈ , =  .(5.18) 
 

   : 
 M = M + M + M + M ∙ , … , =(55.19) = ∙ , ≈ , =  . 
 

        5.7 
 
 
 
 

 5.7 –         
 

  ,  
  8 

    2 
 1 

-   1 
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   1 
 13 

 
5.4     

 
  : 

 N = δ∙α∙T∙D∙k = ,  ∙ ,  ∙  ∙  ∙ , ≈ , =  .(5.20) 

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

    =8 . 
    

 
 5.8 –       

 
  , . 

-   16 20 2 
  2 135 1 

  6 83   1 
  7231  1 

  5 12 1 
  5822  1 

  -401 1 
 

   =  . 
 5.9. –      

 
№ 

 
   

 
  

,  
, 

 

1 -   2 5110 1690 1275 4000 

2  2 135 1 1240 810 2500 1300 

3  Т  1 2570 2252 2430 4300 

4  7231  1 2450 1230 1500 850 

5  5 12 1 1170 1120 1750 1650 

6  М 1 2510 2025 1480 2850 

7  
 

-
401 

1 555x585x848 160 
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5.5     
 
5.5.1    
 

        
,      :  

  ,    
    ,  . 

 
 5.8 –  ,     

 

  
  ,  

f , 2 
  

  600  1200 10–12 

  2000  4000 15–25 

  4000  8000 30–45 

   6000  15000 50–150 

 
 5.9 –      

 
№ 
/  

   F, 2 

1 -   25–30 
2    20–30 
3   25–30 
4    20–25 
5   20–25 
6       25–30 
7   25–30 
8    15–20 
9   20–25 
10   20–25 
11   20–25 
12   24–26 
13  20–25 
14 -   24–26 
15   25–30 
16   12-17 
17    30-35 
18 -    25-30 
19   25-30 
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   ,   

         
: 

 = ∑ 𝑖 ∙ 𝑓                                                                                          (5.21) 
 

 𝑖 –    ; 𝑓  –  
,    , 2. 

 
1=2∙30+1∙25+1∙25+1∙25+1∙10+1∙25+1∙25=185 2                                  (5.22) 

 F = F + F = + =                                                                              (5.23) 
 F = ∑ F = + + + + + + + + + + ++ + + + + + + =                                                                   

(5.24) 
 

 F  –     , 2. 
 

  : 
 = , ∙ = , ∙ =                                  (5.25) 
 

  : 
 F = , ∙ F = , ∙ =  (5.27) 
 

  :    
,     ,    . .: 

 F = , ∙ F = , ∙ =  (5.28) 
 

   : 
 F = F + F + F + F = +  + + =                       (5.29) 
 

5.5.2     
,      

       -118-68.  
      . 

       
 ,  ,   ё  .  
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 ,      
. 
          

.            
 .  

         
          

,      .  
       

   ,     
.      5.1. 

 
 

       
 

   

       

      
 

 
 5.1 –       

    
 
 
5.5.3       

    :   L;  
 t     ;   Lt;   

  H1;   H (       
  );   HC;   S 

(           
). 

 
   : 

 
H1 = A1 + B + D                                                                                       (5.30) 
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 1 –   , ;  –     
 (    4 ); D –    , 2,15 .  

 
H1= 2,5 + 4 + 2,15 = 8,65                                                                           (5.31) 
 

 : 
 

H = H1 + h = 8,65 + 2 = 10,65   
 

 h ≥ 2  –        .  
 

 H = ,  . 
 

 : 
 

H =H+a = 10,65 + 2 = 12,65                                                                       (5.32) 
 

  = 2  –  .  
 

 , : 
 

S = t · n = 6 · 6 = 36                                                                              (5.33) 
 

 n –   .  

             ( )  t = 6 (12) . 

 
 

       
     860 2,  ё   24 ,  
 6 ,   11 ,  ё  10,65 ,   

12,65 ,  ё  36 .         
5.3  5.4   №3 

. 

        : 
1  .     ,  , 

 , -   .  
  60 2. 

1.  .     , , 
,     .    48 2. 
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2.   .      
   ,  .   

 198 2. 
3.   .     , 

, , - .    36 2. 
4.  .       

.    36 2. 
5.     .      
,    ,  , 

 ,  .    72 
2. 

6.   .    216 2. 
7.  -  .    90 

2. 
8.  .    108 2. 

 
5.6     

 
  -      

 5.2        , 
    ,   

     .   
    .  
       

 .  
        
,    ,   

  ( ),   -  
 ( ),   .  ,   

    .  
       -

      – 
 ,        

 ,       
       . 

  -      
 . 
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  5.2 –     
 
 
 
 
 

 
 

5.7        
 
5.7.1     
 

     —  .  
         

 ,       
,    ,    , 

        
   ( , ,  
 )   . 

         
  ,      

     
 .    ,  

      . 
-   -   , 

ё   .      
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,     ;   
  . .  

  –   ,  
         

  ( ),      
., ,   ,   ,   

  . .  
      

        -  
    ,      
      .  

       
      

  —      
      

  .  
   (  ) 

-      (     
    ),   

 ,          
     .. (  

)  
  –       

    -
           

  ,     -  
    

  –      
     ,  

     . 
 
5.7.2   
 

       
    .    

       
,    .     
       ,  

      .     
  ,       
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  ,        
     . 

      -5 .  
   – ,   ,  

  .    ,   
 5.5. 

 
 5.5 –    -5  

        – 
 ,        

.      ,     
         
,       . 

           
—        .     

    ,      
, , ,  .  
 
5.7.3        -5  
 

  ,    
 , : 

1.     : 
      .  

   ,     .  . 
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   .    .   
 ,        

,    . 
      ,    

    .    , 
    .    

. 
2.    : 

       
    ,   , 

      ,    
  ,        

,       . 
        .    – 

   .      
    .   . 
3.    : 
   ,  

    5-10 .   ,    
    , ,   ,  

    ; 
        ,  

           
; 

       ,  
     ; 

  ,      
  ,    ,    

; 
     .    
           
. 

       
,     ,     

    ,    
   ,  ,   
 ,     . 
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5.7.4      -5  
 

     -5    
    (  5.6). 

 
 5.6 –      

 

       
 .      

     .    
   .  ,   

,       . 
       

.  
       .     

         
.         

    , ,    
,         

   .  
-            

.     ,    
    .      

    ,      
   . 
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       .   

    -400     Tubrodur 
15.40.        

-7     Tubrodur 15.52. 

 
 5.7 –        

 
  5.9   . 

 
 5.10 –   

 
 

,  

 
, 

 

 
 

 

 , 
 

 1,5 3 4 80-100 

 5 4-5 1-2 130-180 

. 5 5-6 2   180-240 

   , ,   
       100 . 

       
 3. 

 
          

        
   – 2  -5 , 3   750-7, 2 

  -250- -32 6   -7555  2 
  Komatsu D-275 .      

-  ,    
    ,    
 . 

    :     
;         , 

    . 
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    -5 ,   

     – ,   –  . 
 

 №2 
 

  -    
 
 

№ 
/  
 

 
 

 
 

I  II  III  IV     
 

 
 

  

  

        

 1 2  

1 
 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

1 
-

5  

 

 
 

 

 
 

 

 
 
 

 
 
 

 

 

 

 

 

 

 
 
 

 
 

 
 
 

 

 

 

 
 
 

 

 
 

 
 

 
 
 

 

 
 

 

 
 

 
- - 

2 
 
 

-
5  

 

 

 
 
 
 

 
 

 
 

 
 
 
 
1 

96 

 
 

24 
 

 

 
 
 
 

 
 

 
 
 
 
1 

96 

 
 

 
24 
 
 

 

 
 

 
 
 

 
 
 
 
1 

96 

 
24 
 

 
 

 

 
 

 - 
 
 
- 

3 
-

5  
 

 

36 

 

36 
 
 

1 

72 

 

36 

 

36 
 

1 

72 

 

36 

 

36 
 

1 

72 

 

36 

 

36 
 

 

 

36 

 
 

1 

72 

 

36 

 

 

 

36 

 

 

 
 

 

1 

72 

11 
18  - 

 
 
- 

4 
-

5  
 

 

36 

 

36 

 

36 
 

1 

72 

 

36 

 

36 
 

1 

72 

 

36 

 

36 
 

1 

72 

 

36 
 
 

1 

72 

 

36 
 

 

 

36 

 
 

 

1 

72 

 

36 
11 
18   - 

 
 
 
- 
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5 
-

5  
 

 

36 

 

 

36 
 

1 

72 

 

36 

 

36 

 
 

1 

72 

 

36 

 

36 
 

1 

72 

 

36 

 

36 
 

1 

72 

 

36 

 
 

 

1 

72 

 

36 

 

36 

11 
18  - 

 
 
- 

6 

-
250-

-
32 

 

 
1 

16 

 
 

 

 
1 

16 

 
 

 

 
1 

16 

2 

96 

 

 
1 

16 

 

 

 
2 1 

16 

 

 

 
1 

16 

2 

96 

 

 
1 

16 

 

 

 
1 

16 

 

 

 
1 

16 

2 

96 

 

 
1 

16 

 

 

 
2 1 

16 

 

 

 
1 

16 

2 

96 

 
 
 

 

 
 
 

 

 
 
 

 

 
 
 
- 

7 

-
250-

-
32 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 

 
 
 

 

 
 
 

 

 
 
 
- 

 

8 
-

7555 

 

 
 

 

 
 
 
 

 

 
 
 

 

 
 

 

 

 
6 
 

 
 
 

 
 
 
 
2 

40 
 

 
6 
 
 

 

 

 

 
 
 
 

 
6 
 
 
 
 
 

 

 
 

 

 

 
6 
 

 
 

 
 
 
 
2 

40 

 
 
 

 

 
 
 

 

 
 
 

 

 
 
 
- 

9 
-

7555 
 

 
 

6 
 
 
 
 

 

 
 

 

 
 
 

 

 

 

 
 
 
 

 
 
 
 
 
2 

40 

 

 
 
 

 

 

 

 
 
 
 

 
6 
 
 
 
 

 

 
 
 

 

 

 

 
 

 
 
 
 
 
2 

40 

 

 
 
 
 

 
 
 

 

 
 
 

 

 
 
 

 

 
 
 
- 

10 
-

7555 

 

 
 

 

 
 

 

 
 

 

 
 

 
 
 
 
2 

40 
 

 
6 
 
 
 
 
 

 
6 
 
 
 
 
 

 

 
 
1 

16 
 
 

 

 
 
 
 

 
6 
 
 
 
 

 
 
 
 
2 

40 

 
6 
 
 
 
 
 

 

 
 

 

 
 

 
 
 

 

 
 
 

 

 
 
 

 

 
 
 
- 
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11 
-

7555 
 

 
6 
 
 
 
 
 

 

 
 
 

 
 
 
2 

40 

 

 
 

 

 

 

 
 
 

 

 
 
 
 

 

 
 

 

 

 
6 
 
 
 
 
 

 
 
 
 
2 

40 

 

 
 

 

 

 

 
 
 
 

 

 
1 

16 
 
 

 
 
 

 

 
 
 

 

 
 
 

 

 
 
 
- 

12 
-

7555 

 

 
 
 
 
 

 
 

 

 

 

 
 

 

 

 
6 

 

 

 
 
 

 

 

 

 

 

 
 
 
 

 
 
 
2 

40 
 
 

 

 

 

 

 
6 
 
 
 
 
 

 

 
1 

16 

 

 
 
 
 

 
 
 

 

 
 
 

 

 
 
 

 

 
 
 
- 

13 
-

7555 
 

 
 

   
 
 
 

 

 
 
 

 
6 
 
 
 
 
 

 

 
1 

16 
 
 
 

 

 
 

 

 
 
 
2 

40 

 
 
 
 
  

 

 
 
 

 
 

6 
 
 
 
 

 

 
 

 

 
 
1 

16 
 
 

 

 
 
 
 

 

 
 

 
2 

40 
 

 
 
 

 

 
 
 

 

 
 
 

 

 
 
 
- 

14 
-

275  

 

 
1 

48 
 
 

 

 
 
 

 

 
1 

48 
 
 

 

 
 
 
2 

72 

 

 
1 

48 
 
 

 

 
 
 

2 
72 

 

 
1 

48 
 
 

 

 
 
 
2 

72 

 

 
1 

48 
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72 
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48 
 
 

 

 
 
 
2 

72 

 
 
 

 

 
 
 

 

 
 
 

 

 
 
 
- 

15 
-

275  

 

 
 
 
 
 

 

 
1 

48 
 
 

 

 
 

 
2 

72 

 

 
1 

48 
 
 

 

 
 
 
2 

72 

 

 
1 

48 
 
 

 

 
 
 
2 

72 
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48 
 

 

 

 
 
 
2 

72 
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48 
 
 

 

 
 
2 

72 
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48 
 
 

 
 
 

 

 
 
 

 

 
 
 

 

 
 
 
- 

 
 

  
 

737 776 775 778 760 756 755 794 793 796 750 776 
185
4 

269
6 

469
0  

 
 

 
  -     
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№ 
/  
 

 

 
 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
  

  
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

 
1 2  

1 
 
-5  
 

 
              

- 

 

 

 

- - 
               

 
2 
 
 

-5  
 

                

 
- - - 

   
24 

            

3 
-5  
 

 
24 

 
12 
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