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    , 
     ,   
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  .  70%      
 ,         

 .    -    
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   ,    
 . 

    (  25° )   
  (   ). 

    
        

  . 
       

       ,  

     

-130400.65-2020  
 

     
7 И .  №    

2020 



    .    
.        -

        
    .    

      
        

 .     
   ,   
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              : 

1.       . 
2.       . 
3.   . 
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1   
 
 1.1   
 
       
 -   ,    

  15   .  (  )   .  
(  ),      , 

    . 
    - - ,  
- -   ,    30-50˚. 

              .  
       

,   -  ,  
   .    

    . 
           ,   « »,    

       .  
 .        
,    ,   .  

     40-70˚    ,    
  . 
       

        
.       

 1500 ,      480 .   
          13,0 . 

    ,    
     ,    

         .   
  4,8 .    , 

 ,      . 
       

      
  .       

  . 
       1 
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                                                  и  и а в  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   

 1 -   
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           1.1.1       
 

          
 .   -    
 . 

        , , 
,  – , , . 

    .   
         10-15%. 
        

,        , 
  /       

   .   
 – ,  60-80%    , 

.  – , , . 
         

   ,   
  ,  
   .  -  

       
 .         

    -    -
  .     

  .    
     ,  

,        
   . 

      1.1    . 
 

 1.1 -       

 
 

  , % 

Fe Al2 O3 CaO MgO Mn Sb As SiO2 

S 
 

S 
 

Cu Pb Zn e Se - 

 
№1 

9,27 0,72 5,69 0,018 0,76 0,014 0,0021 71,3 
4,45 4,05 0,0153 0,0069 0,172 0,00001 0,00001 - 

 
№2 

7,61 0,77 5,76 0,081 0,093 - 1,05 71,82 
3,20 - 0,019 - 0,014 - 0,000015 - 

 
     

-130400.65-2020  
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  ,     
      ( , ),    
 ,      .  
   9-10%,     

 , , .   72% 
,  . 

 
1.1.2    
 

        
,    , .  
    480-490 .  

-  ,    
,       ,   

 3 ,    1,5 .   , 
       , 

       3,0-8,5    
.      1,5-2,0 . -

       
    .   ,   

  .   ,    
    ,  .  

     . 
    ,  

       .   
   ,      

   ,    .  
     -     

 .      
 -  -   . 
  – -   ,  

,  .    
       . 

           
 20-25   .   .    
 .      

  1,68. -     
    1.2. 
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 1.2- -      

   

  , / 3 2,72 2,65 

   ( - / . 
) 

IX-XI  
X 

V-VIII 
VI-VII 

    
 . . 10-15 10-12 

      
      1.1.3    
 
           

  . ,        
      

 ,   . 
          . ,    

   . .    113 ,   
       

.      .  –   
    6   4  .  
.   .       

  .  .  
    . 

               
- ,    (76-

120 / ).    ( )  7,0-7,4,   
 .      

       -  
,      , 

      , 
    ,     . 

   -     
  .   , 
       ,   

 ,       
.       ,  

,        
. 
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           1.2  ,       
  
        

     .[ ] 
 1.       

   (1): 
    = ± , × , √4                                                                         (1) 

 
        -   , ; 

   -  , . ; 
      1.3. 

 
 1.3        

  , Q, .  0,62 

 0,8 1,0 1,2 

 ,  4,6 5,8 6,9 

 , Q  = Q / ,  
.  

135 107 90 

  130 100 90 

 
           ,      
      ,    

 .       
    ,   

        
(   ,  ): 
     2.       

 
 

          𝐴Г = ℎГ × × × + ,                                                                 (2) 
 

          ℎГ -    , ; 
 -    , 2; 

                 –   ,   ; 
                -   ,   . 
     
            

     

-130400.65-2020  
 

     
14 И .  №    

 



            ℎГ = ℎ + Δℎ, /                                                                                 (3) 
 
       ℎ  -      , / ; 
            Δℎ -    , / . 
                                              

  1.4. 
 
   1.4 -       

№ 
/  

  
 

 
 

1 
   

  /  
h  19 

2 
    

/  
h -1,8 

3 
  
   /  

h  17,2 

4 
   

  . 2 
S 2,2 

5    0 0,978 

6 
  

 
r0 0,105 

7      / 3  2,72 

8 
  
     

. /  
Q  111,2 

9 
 

   
 . /  

Q 110 

 
    ,   

       110 . .  
  -        

         
.        (110 

. ),         
 (  ZX450,   2,5 3   -7540, 

 30 )     : 
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-       - 340; 
-       
                           - 1;  
                 - 2; 

          -    - 11 . 
             1.5. 

 
  1.5 -     

№№    

1  :  ,  1090 
2  :  ,  370 
3   (  ),  150 
4     ,  500 
5   ,  325 

6 
       
, . 3 

15976,8 

7 
      

  

567,8 .  
208,7 . 

3 
8  , % 2,2 
9 ,  % 10,5 

10 
       
 

620,3 .  
228,0 . 

3 
11   , . 3 15748,8 
12   , 3/  25,4 

13 
     . . . 

 f 
10÷15 

14 
     . . . 

 f 
10÷12 

15   , / 3 2,72 
16   , / 3 2,65 
17    ,  10 
18    ,  5 
19    , . 70 
20  , . 47 
21      , .  110 
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                                                                                                                             1.5 
22    , . 3 3000                
23     ,  340 
24     ,  7 
25     ,  1-2 
26   ,  11 

 
          1.2.1       

 
              - , . 

      
 .   -    
 .     2,72 / 3, 

    . . .    f = 10-15. 
       .  

       ROC L6.  
      Hitachi ZX450  
  2,5 3.     

   -7540 
 30 .      

 1000 .        
 .      

 ROC – L6,   .    
-152 .  
                 
Komatsu 750-7    «  »   4,5 3. 

        
-   Terex 400  

38   -7540 ,  30 . 
    ,    

  ,     30  (     
  ).       

.       
    .   

          90 
.        30  

                
    ,    . 
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       10     
 .     70°,   -

  ,     
10 .       2. 
 

 
           

 2 -     
 

À-À

х  

   

 

À À

 
х
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1.2.2 -   
 

  -     
       

   ,      
        

    . 
    ,  

-         
  .  

  ,       
,    -   ( )  
 0,3    .     130,7 . 

3. 
   , -   

   . 
      
1.2.3   
 

            ,   « »,    
       .  

 .        
,    ,   .  

     40-70˚    ,    
  .           

      
    .  

      1500 ,   
   480 .        

     13,0 .   -   
        

  .   -  
,       

 :  1,2  .    
       

     75; 170  240 . 
    ,   

  ,     .  
        
      . 

      

     

-130400.65-2020  
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   .    
     . . , 

. .   . .  [ ].      
         

  .   -   
,       

.       
   1.6. 

 
 1.6-     

 
 

    
 , /  

0,8 1,0 1,2 
1 2 3 4 

  
 ,  290 290 290 

   ,  220 220 220 
 , . 2    

-   55,4 55,4 55,4 
-   2,8 2,8 2,8 

 ,  140 140 140 
   

,  
45-50 45-50 45-50 

    
, . 3 ,  . : 4685 4685 4685 

-   
, . . 324 310 305 

-  , . 
3 

4522 4528 4531 

 
             ,   , 

        
         .    
   (max  175 ), 

              : 
 ,      

  ,   
.   (   ) 

       
 .    0,08. 
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           1.3     
 

                   
           

      
      [ , − ].  
      80 ,    
   70 ,     –70 ,  

     –  47 .   
,    30 ,   10 ,  

        
  . 

           10     
   Komatsu PC750 (10,6 ).   

   30 .     
 5 .   -      
. 

        (4) 
 

       

2

sincos
1 













cc
c δρδHγ

kcosρ
ctgδ=ctgα                                                    (4)             

                                 
         = 2,65 / 3 –    ; 

 δ  = 50  –     ; 
 ρ = 35  –     ;    -   ,  / : 
 

          = +𝑎×  𝐻×𝑊 = + ×  × = ,  /                                             (5) 

 
       -    - 0,7 ; 

a = 3 –       [ ] 
      100-150 / 2); 

       𝑊 -  ,  - 5; 
           Н = 30  –  . 

 

            331,0
3505 s50302,65

0,635
150

2














ooo

o
o

incos

cos
ctg=ctgα  
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           o=a ,717  

           ,   ,     
   70°    . 

 
  . 

 : 
               – 70º. 

                       – 30 . 
     ,    

 -  > 80 . 
 ё                   – 2,65 / 3. 

     - 0,7 .  
             - 34°. 

   1,3: 
 

              = = , = ,  /                                                                       (6) 

               

              𝑔𝜌 = 𝑔
                                                                                                (7)     

 

              𝜌 = 𝑔 𝑔 °, = , °                                                                    (8) 

 
     : 
 ′ = 𝐻𝐻9                                                                                                         (9) 

 

          = 𝑛γ ctg ° − 𝑛                                                                              (10) 

 
1.    : 𝜌 = ,  ° , = ,  /  –     1,3. 
2.    : 

 

          = × ,, ctg ° − , ° = ,    

3.     Н′. 
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22 И .  №    

 



           ′ = , ≈ ,   

                 , 
     (66,8 )   
  (30 ) -     . 

       . 
                  

     . 
                 

 ,      
        
    [ ]. 

     175 . 
   , : 

 

           ′ = , ≈ ,   

 
                   

     .             
Н′ = 2,6       = 28,3°    

  ,  70°.  
               ,  

    47 . 
                 

: 

             )7(

22
45

2
2

12 90







 







 















 








tgctg

HtgctgH
                                            (11)

 
 

             
tgctg

tgctg

2,13

2

4,2747

2

4,27
45

0,682
2

4,2747
4711752








 







 















 


  

 
              . 
          ё       

   . 
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              ,     
,      .  

    ,      
 Н90,       )2/45( 0   ;   

        
)2/45( 0  .       n   

   . 
 
               1.7. 

 
 1.7 -     

 1 2 3 4 5 6  
ai 27,2 27,2 27,2 27,2 27,2 27,2 

 
hi 13,6 38,4 58,8 73,6 81,0 75,3 

 
φi 4 13 23 32 44 58 

 
l i 27,3 27,9 29,4 32,2 37,7 51,6 206,1 
Ni 977,9 2696,9 3901,4 4499,0 4199,9 2876,2 19151,2 
Ti 68,4 622,6 1656,0 2811,3 4055,7 4602,9 13817,0 
n 1,52 

     
     ,  

  n  1,52,     
 . 

     (    , . . 
    )     

   . 
                 

  ,[ , . ].      
   ,[ , . . . ]  

      : 
 
             = 1,9 + 5,1 = 7,0  
 

     -10 ,    
,   ,   , 

      +400  
 10 .  
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         1.3.1     

                  
     

,      .    
          

.         
          

  .       
    (  )  1 , 

     3 .   
  .      

( )        
    (12): 

 
          = × + × ,                                                                                (12) 

 
   R = 10,0  –     -7540; 

         = 1,5  –        
 . 

  

              = × + × , = ,      
 

        
  25,0 . 

 
          1.4   

 
          ,         
ROC L6 (  «Atlas Copco»),    

    . 
      (   

 ,  - , ,   . .),   
  ,[ ]. 

       
 - -20 (   120 ,  6,5 ),    

-   6 .     
      1.8. 

             ROC L6(30)    
 1.9 
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       1.8 -       
№ 

/
 

  
 

  

1     (Q ) 

110 . 
 

7 950 . 
 

40,4 
. 3 

3 000 
. 3 

2     10-15 10-12 
3    IX  VIII 
4    5 10 
5     152 152 

6 
  ROC-L6,  

: 54 54 

7    
8      4,6 × 4,6 5,1 × 5,1 
9    6,8 11,3 
10    . 1 2 

11     1   9 197  76 442  
3 381 3 28 846 3 

12 
   1   1 

 . 30 104 

13 
   1  (   5% 
)  

214 1 234 

14     2 562 128 332 
15       1 2 

16 
   

  
220 264 

17     67 320 161 568 
18        - 

 . 0,04 0,79 

                                                         - 
 

1 

19   
 - -20, 

 d=120 , 
=6,5  
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26 И .  №    

 



                                                                                                                    1.8 

20    
 

 6  
21    
22    

23    ,           
  

24   1   66,0 118,0 

25 
   1   1  

  
1 980 12 272 

26    1   1   376 1876 
27      1 1 

28 
  : / 3 0,586 0,425 

 . .          -  / 3 0,577 0,422 
 ( ) -  6  / 3 0,009 0,004 

29    / 3 0,111 0,065 
 
        1.9 -    ROC L6(30) 

   

    90-152 
    45 

   ( . .) 287 (440) 
 34/ 44/ 54 

  10700 
  2500 

  3200 
  21,7 

  /  3,5 
 
       

 1.5                       
 
         

  :       – 
  № 1      ,   

   № 2      .  
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27 И .  №    

 



       
,          

     № 2. 
    f = 10-15,      

      .  
  -  ROC – L6.   -152 .  

                Hitachi ZX450-3   
  «  »   2,5 3.   

       
 -7540 ,  30 . 

      – , . 
      

      
.  :    5 ,   

  - 70°,      - 24,3 , 
  –      25,0 .      

  1000 . 
           

  : 
   --      110 .    ; 
   --     ; 

            --       ; 
   --           

    ,  ,  
        

   . 
      

     .  
    = 25,4 3/    

    3000 . 3  .  
       3. 
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 3 –    

 
                                        

 
х

À-À

х  

   

 

À À
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 1.6     
 
    « »   

 ,   ,   
     .  

     ,  
  0  2 .      

.  -      
.       

       ,  
  -  ,    , 

 .    -   -  
,   .  

        
. ,    ,   

      . 
  ё        

 15750 . 3   (17640 . 3    
  1,12).       

 -         
 .       

     +512 .    
  15430 . 3      

.       ,   
 ,    2210 . 3 . 

    3,0 . 3    
 .     : 

,   .  .  
     .    

1,1 ,   .       
      .  

  . 
       50-55%    
.         . 
,            
,    ,     

.           
  . 
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           1.6.1   
 
          ё        

ё     ,[ ]. 
 : 

    – 34º. 

   ( ) – 30 . 
 ё     – 2,65 / 3. 

       
  . 

1.     : 
ρ = 28°, = ,  / . 

2.  ё      
   (8) , (6): 

 

           𝜌 = 𝑔 𝑔 
              (8) 

 

           =                                                                                                         (6) 

 

          𝜌 = 𝑔 𝑔 °, = °   
 

           = ,, = ,  /   

 
  n = 1,2 –   . 

3.   (10)    
 

          = 𝑛𝛾 × 𝑔 ° − 𝑛                                                                         

 

          = × ,, × 𝑔 ° − ° = ,   

 
4.         

 60  (2 )    (11): 
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2020 



           )7(

22
45

2
2

12 90







 







 















 








tgctg

HtgctgH
                                             (11) 

 

            
tgctg

tgctg

4,0

2

2434

2

24
45

9,42
2

2434
341302








 







 















 


  

 
,          

  2,9 ,      
    . 

ё         . 
1.      : 

  𝜌′ = 20°. 
2.   ё      

   (8): 
 

           𝜌 = 𝑔 𝑔 
  

 

           𝜌 = 𝑔 𝑔 °, = °  
 

  n –   . 
3.         

        
  : 

 

           ′} = ± 𝜌 − 𝜌′ −  𝑛′𝑛                                               (13) 

 
: 

  = ° + ° − ° − °° = ° + ° − ° = ° 
 

:  ,    n = 1,2,  
      28°   (   

).  
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4.     : 
 = ′ ×               (14) 

 
     :  
 
           = − ×          (15) 
 
         (32): 
 
           = 𝑔𝜌 / 𝑔𝜑′                 (16) 
 
       : 
 
          𝜑′ = 𝑔[ 𝑔𝜌′ + ′ /𝜎  ]                                                                  (17) 

 
       : 
 
          𝜎  = / × ℎ × ×                                                                    (18) 

 
: 

 𝜎  = × × , × =   

 𝜑′ = 𝑔 [ 𝑔 ° + , ] = , °  
 = 𝑔 °/ 𝑔 , ° ≈   
 = , − × , = ,   
 = , × , = ,    
 

       51,0 . 
      23°,  

  : 
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′ = , × =    
 = , − × , = ,   
 = × , = ,    
 

          ё        
   . 

              ,     
,      . 

              ,   
    Н90,       

)2/45( 0   ;      
    )2/45( 0  .  

             n    
       

   (12): 
 

          
 


 


i

nni

T

LktgN
n


                                                                                      (12) 

 
Ni, Ti –       

 ,      (13)  (14):  
 

iii PN cos  ;                                                                                               (13) 

 
 iii PT sin ;             (14) 

 

i –   ,      
   ,    

     (15) :  
 

iii haP   .        (15) 

 
l i –       . 

             
   ,      .  
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     2.0. 
 

 2.0 -     
 1 2 3 4 5 6  

ai 23,2 23,2 23,2 23,2 23,2 23,2 
 hi 4,3 11,7 16,2 17,7 15,8 9,4 
 φi 3 10 17 24 31 39 
 l i 23,2 23,5 24,2 25,2 27,0 30,3 153,4 

Ni 264,0 708,4 952,5 994,1 832,6 449,1 4200,7 
Ti 13,8 124,9 291,2 442,6 500,3 363,7 1736,5 

n 1,73 

 
              ,  

  n  1,73,     
 . 

               4. 

 
  4 -   

 
      

6
0

20-200

I 
ч

6
0

20-200

II
 ч

О   щ  :
1.  Komatsu D355  - 2 .
2.  TEREX  TA400 - 12 .
3.  З-7540  - 9 .

50

3
0

3
0
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  2.1 -    

  
 

  
  

( ),  

 
 

,  
,  

,  
. 3 

1 489 519 30 10,1 

2 519 549 30 5,3 
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    2.2 -    

 
 

 , 
  

 
 

,  
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, 
 . 3 

 410 455 45 1,0 

 350 380 30 1,2 

  2,2 

 
 
         1.6.4    
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      2.3 -      

   

  
Komatsu 
D355  

    Q  = V ×n×  × ×  ×  –  
 3 

3511 

     V = × h2 / (2× tg ) -    , 3 7,74 

              -    ,  4,71 
             h -   ,  1,87 

             -      ,  40 

  n = 3600 / t -     78,9 

   t  = L /   + L /   + T  + tc -  ,  45,6 
             L -     ,  20 

              -      , /  1,1 

              -    , /  1,4 
             -    ,  3 
             t  -    ,  4 
             t  -    ,  5 
     =  /  -  -   0,52 
             -  - ,     0,67 
             -  -      1,3 
      -  ,  11 
       -  -      0,8 

     V  -    , 3 4412 
N  = V  / Q   -    , . 1,3 
          , . 2,0 
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 .     -7540    

       2,5 : 

    – 0,5 ; 
   – 0,5 ; 
  – 1,5 (    - 3,25) . 

      6,5 : 
   – 1,0 ; 
   – 3,0 (  1,0) ; 
  – 2,5 (    - 3,25) . 

            :    
III -  –        14,5  - 

    50 , 13,0  -    50-100   12,0  - 
    100 .     

     23,5 , 22,0  21,0 . 
    – 0,08.  

                23,5 ,  
       III-

.      -  
 98 , 829 -06 ( /  ). 

      , 
       2.4 
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№№ 
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2 
 (  
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) Atlas Cop o ROC-L6  1 2 
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 « » 
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   / 
   

-829 -06 
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 -1  261 3/ ,    -2 -
208 3/     – 432 3/ .   ,  
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; 1-        , 2 –
  , 3-      , 4 –    

  , 5 –      
  , 6 – -   ( ) , 

7 –     , 8 –    
 , 9 –   .  
        2.8 

 

 2.8 –     

 
 

NP, 
 

n ., 
. 

    
,  

    

  
 

 

 
340 

 
2 

 
11 

 
22 

 
680 

 
8160 

 
                

,         
        

        
.  

              ,  
       2.9  

 
 

 2.9 –      
   

№ 
  

, 
 

 
ё , 

.  

 
,  

-

  

  
 

 

 
 

 
 
1 

 
ROC 
L6 2 21.7 

 682 9 17 9 70 

1 2045 26 6 52 104 

2 4089 44 3 174 232 

 12267 104 1 522 348 
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№ 
  

, 
 

 
ё , 

.  

 
,  

-

  

  
 

 

 
 

 
2 

 
ZX450 

1 46.4 

 250 10 78 - - 
1 1000 18 19 55 443 
2 2000 54 9 277 1038 
 19569 385 1 1923 480 

 
3 

750 2 73.2 

 250 11 80 - - 
1 1000 20 21 60 487 
2 2000 59 10 305 1142 
 21526 394 1 2115 528 

4 D355-A 2 53.9 

 165 13 79 26 1267 
1 825 79 10 158 950 
2 1650 119 8 317 1584 
 9900 627 1 2310 2310 

 
             ,     

      . 
 
          2.2       

 
 
         ROC L6   : 

 

          N =
Н +Н = + ≈ ,                                                                      (19) 

    
      -    ,  
 
            =  ·  –     (20) 

 
            =8160·0,8 – 397 = 6131,0 
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     = 0,8 –      ; 
 
          –  ,       
  = 𝑇 ∙(𝑇 ∙𝑁 +𝑇 ∙𝑁 +𝑇 ∙𝑁 +𝑇 ∙𝑁 )𝐾                                                          (21) 

  

           = ∙ ∙ + ∙ + ∙ + ∙ =  

 
 , 1, 2,  – , ,  

 ,  ,    
         

         ЦЦЦ NNN 21,, -   , ,  
,  ,     

; 
           = 12267  -    ; 
           = 0 -      ; 
           =8160-    , . 

 
   : 

 𝑁 = 𝐻 +𝐻𝑇 − 𝑁                                                                                   (22) 

 

 𝑁 =  + − . = . ≈  

 
 

   : 

 𝑁 = 𝐻 +𝐻𝑇 − 𝑁 − 𝑁                                                                        (23) 

 
     H  -      , .;  
           T   –     , . 
     1 = 1410  -    ; 
 

 H = H − T ∙ = − ∙ =  ч                                            (24) 
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     . 
 
 

 = 𝐻𝑇 = =                                                                                  (25) 

 

 𝑁 =  + − − ≈ . =  . 
 

   : 

 𝑁 = 𝐻 +𝐻𝑇 − 𝑁 − 𝑁 −𝑁                                                                 (26) 

 
   H  -      , .  
        T  –    , .  
 

 = − ∙                                                                                  (27) 
 
 = − ∙ =  ч 
 

 n  –         
    . 

 

 = 𝐻𝑇                                                                                                     (28) 

 

 = =  

 

 𝑁 =  + − − − ≈ . =  . 
 
        Hitachi ZX450-3   : 

 

          NК = Г+ К = + ≈ ,  

 
    -    ,  

 
 =  ·  –   
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Г 
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           = ∙ ∙ + ∙ + ∙ = ч 
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         ЦЦЦ NNN 21,, -   , ,  
,  ,     

; 
           = 19569  -    ; 
            = 0 -      ; 
           -    , . 
 
    : 

 𝑁 = 𝐻 +𝐻𝑇 − 𝑁  

 

 𝑁 =  + − = . 
 
 
 

     : 

 𝑁 = 𝐻 +𝐻𝑇 − 𝑁 − 𝑁  

 
   H  -      , . 

         T  –     , . 
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  H  -      , .  

        T  –    , .  
 

 = − ∙  
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 = 𝐻𝑇  
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 𝑁 =  + − − − =  . 
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         -    , . 
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 𝑁 =  + − =  . 
 

   : 

 𝑁 = 𝐻 +𝐻𝑇 − 𝑁 − 𝑁  

 
 H  -      , .;  

       T  –     , . 
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      . 
 

           = 𝐻𝑇 = =  

 

           𝑁 =  + − . =  . 
 

  : 

 𝑁 = 𝐻 +𝐻𝑇 − 𝑁 − 𝑁 −𝑁  

 
   H  -      , .  
         T  –    , .  
 

 = − ∙  
 
 = − ∙ =  ч 
 

 n  –         
    . 

 

 = 𝐻𝑇  

 

 = =  

 

 𝑁 =  + − − − =  . 
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NК=
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 =  ·  –   
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Г 
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; 
         = 9900  -  ; 
         = 0 -      ; 
         -    , . 
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 𝑁 = 𝐻 +𝐻𝑇 − 𝑁  

 

 𝑁 =  + − = . ≈  

 
   : 

 𝑁 = 𝐻 +𝐻𝑇 − 𝑁 − 𝑁  

 
     H  -      , . 
           T  –     , . 
 
            H = H − T ∙ = − ∙ =  ч  
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 = 𝐻𝑇 = =  

 

 𝑁 =  + − − ≈ . =  . 
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 𝑁 = 𝐻 +𝐻𝑇 − 𝑁 − 𝑁 −𝑁  

 
 H  -      , .             T  –    , .  

 
 = − ∙  
 
 = − ∙ =  ч 
 

 n  –         
    . 

 

 = 𝐻𝑇  

 

 = =  

 

 𝑁 = ,  + − − − =  . 
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 ( ) (6,  2.5)     , 
        (6). 

  (6),     ,  
        .  

    (7)    ,   
 (6)     ,    (5, 

 2.5). 
                

    ,      
  ,    ,   

 (7)       .   
(7)    ,      

  ,      .  
         

  2  1,    ,   
–  .       
 

     

-130400.65-2020  
 

     
69 И .  №    

 



 ,      . 
 ,   (7)    

. 
      1.         ,  

 . 
      2.        . 

      
      . 

           
 
          2.5.9    
 
                

       
       . 

               
   . 
        

       ,     
    ,      

    .      
     ,       

 .       
.       

      . 
 
           ,      

          
   10 

  

     

-130400.65-2020  
 

     
70 И .  №    

 



 
 

 10 -  ,       
   

 
               φ    , 

   φ a .     ,  
  φ′ 

                 
, . .      , 

   :  
 

          R`    = 0.5 · R  · φ  =0.5∙440000∙0.1 =22000    (29) 
 
                   

     60%      
 R  = 440000       φ =0.1 

   ,   R`    22000  
  `   

 

           ` = R`  · r = 22000∙1=22000 ∙  (30) 

 
       r  -    = 1   
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                  (  
 ):  

 

           `= ``  R`` = `` /r = 22000/1=22000 ∙   (31) 

 
     
 

            R  =  R`  +R`` = R  · φ = 440000∙0.1=44000  (32) 
 
        

 : 
 

            R`` =0.5 · R   · φ a   = 0.5∙ 440000∙0.3=66000  (33) 
 
       φ a   -    = 0.3 
 

 ,      
  : 

 

            R  = R`  + R`` = R  ·( φ + φ a )/2.= 440000∙0.4/2=88000             (34) 
 
         

   γх =        
,       .  

 

             γх= 
φ ax+φ i∙ φ i  = 

. + .∙ . =2     (35) 

                 
      

 . 
               ,   P ,   

    :   `   
``  ,       . 

 
                 

   
 
          P  = `+P``+Pr       . .  P =  · ω =44000∙11=484                         (36) 
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             P`= `· ω`=22000∙12=264       (37) 
 
            P``= ``·ω``=22000∙10=220                                                       (38) 
 
                       
      ω`  ω``      .  
                        
             ω`= 12 /      ω``= 10 /     
 
               

       : 
 
              Pr = r · (ω`– ω``)    (39) 
 
              Pr =14666∙2=29332  
 
              :  
 
               · ω = `· ω` + ``· ω`` + r · (ω`– ω``).   (40) 
 
        : 
 

              ω = ω`+ω``
 = 

+
 =11 /       (41) 

 
                  

     : 
 
                ``=  – `      : 
 
                 · ω  =  `· ω` + (  – `)· ω`` + r · (ω`– ω``).                       (42) 
 
                                

                `= 
ω −ω`` ω`−ω``  - r                                                                             (43) 

 
 
             (33)  (34)     
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           ω = ω`+ω``                             (44) 

 
 

                `= 
ω`+ω``−ω``ω`−ω`  - r                                        (45) 

 
     
 
                              
          `= 0.5∙ - r=0.5 ∙ 44000 - 14666 = 7334 ∙                                      (46) 
 
 
          ``= 0.5∙ + r = 0.5∙44000+14666 =36666 ∙                                    (47) 
 
 
          ,       

  ,    . 
 
             . 
 
          ,       

 φ a  = 0,8,   φ  = 0,1,    
     8.    

 φ a  = 0,6  φ  = 0,15.  ,К  = 4. 
  ,     

     3-5.   
  , . .     

  ,     К  = 5    
      . 

 
                 

 
 
 

                     η = 
− r                                                                                          (48) 
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          r =  · = 0.33 ∙ 44000 = 14666 ∙             (49) 
 
       –   (    ). 
 
          r =  ·  · (ω`– ω``).                                                                              (50) 
 
 

     i = ω`ω`` = = .  –     
 

  . 
  
          ;   ω`– ω``= ω` · (1 – i).                                                                    (51) 
 
          ; ω`+ ω``=2 · ω ,   
 
          :    ω  = ω`· 0.5 ·(1 – i).                                                                          (52)      
 
           
 

               `= 05⋅ − r       `` = ⋅  + r 
 

     r     
 
   
 

               ` =0.5∙ − А          ``=0.5∙ (1+2 )                        (53),(54) 
 

               ` = . ∙ ∙ − ∙ . =  ∙  
 

               ``=0.5 ∙  ∙ +  ∙ 0.33) = 36520  ∙                     
 
             ``  ` :  
 

               К = + ∙А− ∙А = 5    (55) 
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               = К −К +  = 0.33                                                                   (56) 

 
           :  
                                          

           η=1-
К −К + ∙ −+      =      1- −+ ∙ . −. +  = 0.94   (57) 

 
 
           ,      

. 
                  

 ,    ,  
         (58) 

 

          R = R′ + R′′ = R′′ = . ∙ R ∙ φ′ ∙ √ φ′′φ′ − −K′K′ + fφ′ ∙ . −K′K′       (58) 

 

          R = . ∙ ∙ . ∙ √ .. − − .. + . . ∙ . − .. =124850  

 

      К ′= M′′ + ′′  = + = .                                                              (59) 

 
           К′-     

        
   . 

           f –    = 0.02  
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1
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  =L  / L  –    
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L  –  , 4,3 7,8 
L  –  ,  6,8 11,3 

  = L  / L  –   
  (    

), . .
1,0 1,0 

f –    15 12 
d –   ,  0,152 0,152 
 –       

,  
4,6 5,1 

 - ,   
  tg 1=К р   
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Н -  ,  5 10 
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          3.         
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  ,    30   .  
   3.6 

 
 3.6 -        

 

  
 

  =  √ ,  122,5 245,4 

Q  = Q  + Q  -    
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3,55 14,25 

Q  = 12  d  N -    
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1,30 3,0 

 -    1  ,  15,8 15,8 
d –  ,  0,152 0,152 

 - - ,    L   d  0,003 0,002 
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N -    , . 15 52 
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