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1. я  

 
1.1   я 

       
       .   

          
. 

 

1.2    
   -    20   𝜎в=200   

  B = 190 / 2.    
 .       
       = 10-30 ;   

 ,      
   300ºC.   

        1412-
85     1.1  1.2 :  

 

 1.1 –    20 
 

   , % 

C  3,3-3,5 

Si  1,4-2,4 

Mn  0,7-1,0 

P   0,2 

S   0,15 

 
 1.2 –   20 

 
 

, / 3 
 

 , % 
 
 

 
 

·10-2,  
 

 
 

 t  20  
200 ,  

 
 
 α, 

1/  

-
 

 20  
λ, /( ·°C) 

 
7·103 

 
1,1 

 
850-1100 

 
480 

 
9,5·10-6 

 
54 

 

   20  . 

 

 

     

-15.03.05 000.000.       

. Ли  №   Д  
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.     y  6  

. .     –   
. 26-1 

. .    
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1.3   

        
 .       

,    . 
        -  

  ,     .    
  . 
     -   

      . 
     ,   
    .  

        
   : 

 
1.    

 

m

m
k = >0,75       (1.1) 

 
 m  -   , m  -  . 

 
km =31,8/35,5= 0,9. 

2.   
 

y

k
k = >0,5

k
          (1.2) 

 
 k   -   , k  -   

. 
k  =38/58= 0,66. 

 
3.    . 
 

cu
u

ou

k
k = >0,5

k         (1.3) 

 
 k  -   , k  -   

. 
k  =12/14=0,86.  

 
4.  . 

 



 

8 
 

on
0

N
k = >0,5

N
           (1.4) 

 
 N  -   ,  N  -    

. 
k .  =34/58= 0,59.    

 
   ,    ,   

  . 
 

1.4.      
 

       
   , ,  

,    ,    
.   –     .  

      
    .  

        
 . 
         

   . 
 ,  ,     

     
i

c
S

S ( Q k k k k k ) (Q q) ,
1000 1000

          (1.5) 

 i -   1  .  
k , k , k , k , k  - ,     ,  

,  ,        , 
   . 

Q -  .  
q -   .  
S  -    . 

       35,5 , I  
, III   ,   20, 1   . 

      34,8 . 
        . 
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      1.3 

 
  i k  k  k  k  k  Q Q S  
.  65000 1 1 0,74 1 1 35,5 31,8 10000 

 65000 1,1 1 0,74 1 1 34,8 31,8 10000 
 

       : 

1
65000 10000

S ( 35,5 1 1 0,74 1 1) (35,5 31,8) 1337,55
1000 1000

           ; 

2
65000 10000

S ( 34,8 1,1 1,05 0,74 1 1) (34,8 31,8) 1633,33
1000 1000

           . 

 ,      . 
   -     ,  

 ,      
       . 

        
      

  :  

=(S 1–S 2)N,                         

     S 1–  ,    , ; 
S 2–  ,    , . 

 = (S 1– S 2)N=(1633,3-1337,55) 100= 29578 . 
 

1.5.       
 

                  
      .     

   :  
-       

; 
-     ; 
-    . 

       
 . 

          
 : 

-    ; 
-    . 

      
        . 
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1.6.        
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-  ,      ; 
-       

 ; 
-     ; 
-    . 

       
    .     

      . 
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.     1. 
1.   2 . 
2.   2 . 

 -  6 13,   
,    315 6. 

 
20  

.     2. 
1.   1 . 
2.   1 . 

 -  6 13,   
,    315 6. 

 
 
30  

.     2. 
1.  2 .   1 13+0,11 . 
2.  2 .   1 13,8+0,043 . 
3.  2 .   1 14 . 
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 -  2 55,   
,  ,   . 

 
40  

.     1. 
1.     . 

.     2. 
2.     . 

 -  6 13,   
,    25 6. 

 
50  

.     1   . 
1.     . 
2.     . 

 -  6605,   
,    315 6. 

 
60 -  

.     1   . 
1.  . 3, 4, 5, 6      

  . 
2.  . 3, 4, 5, 6    . 
3.  . 3, 4, 5, 6    . 

  -  2 615. 
 
70  

.     1   . 
1.  18 . 7, 12 . 8     2 . 13+0,11 

    . 
2.  2 . 13,8+0,043 . 
3.   18 . 7  12-6 ,  12 . 8  14-6   

 2 . 14     . 
 -  2 55,   

,  ,  
 
80  

.     1   . 
1.  10 .  . 2     

. 
2.   10 .  . 2  10-7   

. 
 -  2 55,   

,  , . 
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90  

.     2. 
1.  10 .  . 1     

. 
2.   10 .  . 1  12-6   

. 
 -  2 55,   

,  , . 
 
 

 70%       
   .   

      
   . 

         
      
    .  
 —    ,   

       
. -    ,  
  .  

    :  
-     1,5...2,5   

       
;  

-        
 - ;  

-      ,  
      ;  

- ,    ,  
,     ;  

-         
    ,    

  .  
        .  

10 -    
    1.    . 

1.   1   . 
2.    180 . 
3.   2   . 
4.  10 .   29+0,036. 
5.   10 .   2    10-6 . 
6.    180 . 
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7.  10 .   1  11+0,043 
8.   10 .   2    12-6 . 
9.     1   

. 
10.       2   

. 

   .  . 
1.      . 
2.  . 3, 4, 5, 6      

   . 
3.   . 3, 4, 5, 6, 7   . 
4.  . 3, 4, 5, 6, 7   . 
5.  4 .   1,  6 .   2  13+0,043    ,   . 7 

13+0,043  . 
6.  .  7    13,8+0,043  . 
7.    4 .  1  12-6 ,    6 . 2   14-6 , 

 .   7 . 
8.    180 . 
9.   6 .   3,  4 .   4,   4 .   6   11+0,043    6 .    5   

13+0,043,  ,  .  8  13+0,043  . 
10.   .   8   13,8+0,043  
11.     6 .   3,  4 .   4,   4 .  6   12-6 ,   6 .   

5   14-6 . 
12.   .  8  . 
 

 
1.7      

 
 -  ,        

         . 
         

  ,     -
   . 

      (  
  125   )    .       

 
1.    125+0,04. 

      R  = 1,6   
     .   

    ,    
. 
       

     [8]: 
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2 2
i-1 imin i-1 i-1

2Z =2(Rz +h + D +e ),     (1.22) 

 Rz – , ;  
h –   , ;  
 -     

 , ;  
 -     , . 

  Rz  T,    
    ,  600 .   

  T       , 
       Rz = 50 . 

                  
        

 . 
2 2

d
Δ = Δ +Δ (1.23) 

     ,      . 
2 2Δ (Δ d) (Δ l)    (1.24) 

     Δ = 1 .   
d=125 ,  l = 30 .  

2 2Δ (1125) (130) 130 .      

        
       

 . 
2 2

1 2Td TdΔ
2 2

       
   

(1.25) 

    11T-0-0-11  26645-85  
 1600 . 

2 2
1600 1600Δ 1130

2 2
        
   

 

2 2
d

Δ 130 1130 1140    

         
,  :    0,06,  
 – 0,04. 

         
         

.   -     
       

.    : 

max A B min
S =TD +Td +S         (1.26) 
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 D  –   , 18 ;  
Td  –    , 18 ;  
Smin –  , 10 . 
Smax= 46 . 

         
           

 ,     : 
masS 0,046tgα= 0,0001
l 390

  (1.27) 

      
      – 370 :  

=370·0,0001= 37 . 
       = 100 .  

,      
2 2

1
ε 37 100 107   . 

      , 
     .  

        
      . . 

        
    . 

      
     ,   – 

     . 
      

      , 
  –     

. 
     1.2. 

 
2.   . 

  2050,23.     . 
      

  : 
2 2
i-1 imin i-1 i-1

2Z =2(Rz +h + Δ +ε )            (1.28) 

  Rz  h  600 .   
 Rz = 50 . 

      
    :   

          (1.29) 

     Δ  = 1 .   
l=510 ,  b = 290 .  
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2 2Δ (1510) (1290) 587 .      

              
2 2ε= ε +ε        (1.30) 

     ,      
 = 107 .  

       . 
     1.3. 

 ,       2,5   
,   – 1,5 . 

 
1.8    я 

 
      ,  

  ,    ,    
,    . 

        
. 

1.   125+0,063  
     – ,   . 

1.1.   
   . 1.2. t = 2,2 . 

     . 12 S = 0,6 / . 
        .  

       
V

Vm x y

CV= K 0,9
T t S

 
 

          (1.31) 

   v      
 17 [27] v= 243;  = 0,15;  = 0,4; m = 0,2; 

v-      ,  
  ,        

v = v v v ,              (1.32) 
 v - ,   -  

  ,   1 [27]    =190 -  
v = 1; 

v- ,    , 
  5 [27]       - v = 0,8;  

 - v = 1. 
v - ,   ,   6 

[27]      6 - v = 1; 
v = v v v=10,81=0,8; 

 –   ,   
  = 60 ; 
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0,9 -    . 
   : 

0,2 0,15 0,4

243V 0,8 0,9 102 /
60 2,2 0,6

   
 

 

     
1000 V 1000102n= = =260 /
π D 3,14125

 
 

              (1.33) 

    250 / . 
 
                 

3,14125 250 98 /
1000 1000

D nV и          (1.34) 

    : 
yx n

z p p
P =10 C t S V K                  (1.35) 

         22[27] 
=92;  = 1;  = 0,75; n = 0. 

 –  ,    
.   

 =  φ  γ  λ  r          (1.36) 
  –     ,  

    = 190  . 9  = 1; 
φ  –      ,   = 30, φ = 1,08; 
γ  –    ,   = 0, γ = 1,1; 
λ  –      ,   = 0, 

λ =1; 
r  –     ,  r = 1  r = 0,93. 

   = 1,15. 
     

z= 10922,210,60,759801,15 = 1110  
    : 

P V 1110 98zN = = =1,77 .
e 1020 60 1020 60

 
             (1.37) 

 
1.2.   

   . 1.2. t = 0,2 . 
        

      
   .  .14  Ra = 3,2   r = 2   S = 0,25 

/ . 
          

0,2 0,15 0,2

292V= 1 0,9=158 /
60 0,2 0,25

 
 

. 



 

19 
 

  
1000 V 1000158n= = =403 /
π D 3,14125

 
 

 

   400 / . 
     

π D n 3,14125 400V= = =157 /
1000 1000
    . 

   
z=10920,210,250,7514801,15=135 . 

   
z

e
P V 135157N = = =0,35 .

1020 60 1020 60
 
 

 

 
1.3.   

   . 1.2. t = 0,1 . 
        

  .  .19 S = 0,1 / . 
      V = 200 / . 
  

1000 V 1000 200n= = =510 /
π D 3,14125

 
 

. 

   500 / . 
     

π D n 3,14125 500V= = =196 /
1000 1000
    . 

   
z= 10920,110,10,7519601,15 = 28  

 
 

   
z

e
P V 28196N = = =0,1 .

1020 60 1020 60
 
 

 

2.   
    .   –  

 315    z = 18.  
2.1.   

  t = 1,3 . 
      .33      

   Sz= 0,2 / . 
  –      

q
V

Vm x y u p
z

C D
V= K

T t S B z

        (1.38) 



 

20 
 

  CV      .39, 
   –  .40. 

     , 
   ,  

KV= KMV K V K V              (1.39) 
 V= 1; v = 0,8; v = 1; v = 0,8; 

V = 445; q = 0,2; x = 0,15; y = 0,35; u = 0,2; p = 0; m = 0,32;  
  = 180 ;    = 290 . 

  : 
0,2

0,32 0,15 0,35 0,2 0

445 315V= 0,8=140 /
180 1,3 0,2 290 18

 
   

 

    : 
1000 V 1000140n= = =141 /
π D 3,14 315

 
 

    (1.40) 

 – 100 / . 
     
π D n 3,14 315100V= 99 /
1000 1000
            (1.41) 

  –  : 
x y u

p Z
z q w

10 C t S B Z
P = K

D n

               (1.42) 

       .41,   
     –  .9: = 54,5;  

= 0,9;  = 0,74; u = 1; q = 1; w = 0;  = 1.  
0,9 0,74 1

z 1 0

10 54,5 1,3 0,2 290 18
P = 1=5550

315 100

       

    
Z D 5550 315= = =8,7

2 100 2 100

               (1.43) 

  

Z
e

P V 5550 100
N = = =9

1020 60 1020 60

 
  .            (1.44) 

 
2.2.   

  t = 0,2 . 
   .37        

 S= 1,2 /   Sz= 0,07 / . 
   

0,2

0,32 0,15 0,35 0,2 0

445*315V= *1=248 /
180 *0,2 *0,07 *290 *18

 

   
1000 248n= =251 /
3,14 315
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 – 250 / . 
     

π D n 3,14 315 250V= = =247 /
1000 1000
    . 

  –  : 
0,9 0,74 1

z 1 0

10 54,5 0,2 0,07 290 18
P = 1=693

315 250

       

    
Z D 693 315= = =1092

2 100 2 100

     

  
Z

e

P V 693 247
N = = =2,8

1020 60 1020 60

 
  . 

         
   . 

 
 
 
 
 

     1.4 
 

  t, 
 

S, 
/  

V, 
/  

n, 
/  

Pz, 
H 

Ne, 
 

 
 
 

1,3 3,6 100 100 5550 9  

 
 
 

0,2 1,2 250 250 693 2,8 

 
 
 

1,3 1,2 12,5 160 1090 0,24 

 
 
 

0,2 0,8 25 315 348 0,24 

 
 

2,2 0,6 100 250 1110 1,77 

 
 

0,2 0,25 160 400 135 0,35 

 
 

0,1 0,1 200 500 28 0,1 

 
.13 

6,5 0,4 6,3 80 380 0,1 



 

22 
 

 
.13,8 

0,4 0,8 25 315 254 0,1 

 
.14 

0,1 1 20 400 280 0,09 

 
.11 

5,5 0,26 3,15 100 225 0,12 

 12 0,5 1 3,15 80 247 0,03 
 .9
 

4,5 0,22 3,15 100 192 0,12 

 10 0,5 1 3,15 80 107 0,03 
 

.13  
6,5 

0,4 6,3 80 380 0,1 

 14 0,5 1 4 80 232 0,1 
 
 
 
 
 
 
 

1.9    
 
        

 [25]:      
 = t  + t  + t  + t  + t (1.45) 

 
 t  -  ( ) ,   

    ; t  -  
,   ,    

 ; t , t  - , ,   
   ; t  -     

 . 
       

             
 = t  + t              (1.45) 

t , t   t        
. 

   ,      
 . 

        -  
  ,   ,      

     . 
 

   . 
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   4  .  
 
1.   .  

   . 
        

: 

o
Z

Lt = i
S Z n 

           (1.46) 

 L = L0 + L1 + L2 -  ,    
  L0,   L1    L2;  
SZ –    ; Z –   ; n –  

 ; i –  . 
       L0 = 510 . 

           
 5 , . . L = 510+(157,5+5)2 = 835 . 

 SZ, Z  n       . 

           o

835
t = 1=2,65

0,07 18 250   

 
 
2.  .  

   . 
        

: 

o
Lt = i

S n
          (1.47) 

 L = L0 + L1 + L2 -  ,    
  L0,   L1    L2;  
S – ; n –   ; i –  . 
       L0 = 38 . 

      – 5 , . . L = 38+5+5 = 48 . 
 S  n       . 

           o

48
t = 1=0,32

0,6 250 . 

3.  . 
    .     L=48 .  

o

48
t = 1=0,48

0,25 400 . 

4.  .      o

48
t = 1=0,96

0,1 500 . 

     
t = 2,65+0,32+0,48+0,96 = 4,41  
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 , ,      . 
   [12]: 

1.         0,23 ;  
2.       0,18 ; 
3.       0,36 ; 
4.     0,24 ; 
5.     0,34 .  

   
t  = 0,23+0,18+0,36+0,24+0,34 = 1,35  

              
 = 4,41+1,35 = 5,76  

     [12]: 
t  = 2% T = 0,02·5,76 = 0,12 ; 
t  = 1,2%  = 0,012·6,09 = 0,07 ; 
t  = 4%  = 0,04·6,09 = 0,23 . 

 = 5,76+0,12+0,07+0,23 = 6,18  
 

        
    . 

 
      1.5 

 
 
 

 to t   t  t  t   

10  

1.   
  

2.   
  

 
0,98 

 
1,12 

 
0,76 

 
2,86 

 
0,07 

 

 
0,04 

 
0,13 

 
3,1 

20  

1.  -
   

2.  -
   

 
1,1 

 
1,27 

 

 
0,76 

 
3,13 

 
0,07 

 

 
0,04 

 
0,13 

 
3,37 

30  

1.  2 . 13 
2.  2 . 13,8 
3.  2 .14 

 
1,02 
0,26 
0,16 

 
1,73 

 
3,19 

 
0,06 

 
0,04 

 
0,12 

 
3,39 

40  

1.   
 

0,92 
 

1,16 
 

3,14 
 

0,07 
 

0,04 
 

0,13 
 

3,38 
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2.   1,06  
50  

1.    
 

2,32 
 

0,72 
 

3,04 
 

0,07 
 

0,04 
 

0,13 
 

3,28 

60 -   
1.   

2.   

3.   

4.   

 
2,65 
0,32 
0,48 
0,96 

 
1,35 

 
5,76 

 
0,12 

 
0,07 

 
0,23 

 
6,18 

70  

1.  . 13 

2.  . 13,8 

3.  14 

 
1,46 
0,13  
0,52 

 
1,06 

 
3,17 

 
0,06 

 
0,03 

 
0,12 

 
3,38 

80  

1.  . 9 

2.  10 

 
1,36 
0,76 

 
0,98 

 
3,1 

 
0,06 

 
0,03 

 
0,12 

 
3,31 

90  

1.  . 11 

2.  12 

 
1,34 
0,74 

 
1,03 

 
3,11 

 
0,06 

 
0,03 

 
0,12 

 
3,32 
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 1.6 –         
 

 
 

to t   t  t  t   -  

10  

     1. 
1.    1 

   
2.      180 
3.   2 

   
4.  10 .   
2  9+0,036 
5.   10 .  

 2    10-6   
6.      180 
7.  10 .   
1  11+0,043  

8.   10 .  
 2    12-6 . 

9.   
  1 

  
. 

10.   
   2 

  
. 

 
      

1.    
  

. 
2.  . 3, 4, 5, 6 

    
     

. 
3.  . 3, 4, 5, 6, 7 

  . 
4.  . 3, 4, 5, 6, 7 

  . 
5.  4 .   1,  6 .   2  
13+0,043    ,   . 7 
13+0,043  . 
6.  .  7    
13,8+0,043  . 
7.    4 .  1  

12-6 ,    6 . 2   
14-6 ,  .   7 

. 

 
 
 

1,33 
1,02 

 1,78 
0,94 
0,48 
1,02 
0,98 

 0,17 
0,20 
0,32 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
1,14 
1,69 
1,43 
1,26 
1,5 
0,18 
0,71 

 
 
 
 
 
 
 
 

0,65 
 
 
 
 
 

0,37 
 
 
 
 

0,14 
 
 
 
 
 

0,48 
 
 
 
 

0,14 
 
 
 
 
 
 
 

0,73 
 
 
 
 
 
 
 
 
 

0,14 
 
 
 
 
 
 
 

25,53 0,54 0,28 1,12 27,47 
29,
41 
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8.      180 
9.   6 .   3,  4 .   4,   
4 .   6   11+0,043    6 .    5   
13+0,043,  ,  .  8  
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CONCLUSION 
 

This graduation qualification work presents the manufacturing technology 
of the transfer case housing of a skidder with the annual program of 100 
pieces. 

When designing the rational structure of technological treatment 
processes has been worked out, the optimal modes have been calculated, the 
high-performance equipment and metal-cutting tools have been selected, and 
the high-speed clamping (for milling operation) and control devices (for 
controlling parallelism of bore axes) have been developed. 

High-performance variants of technological treatment processes have 
been developed both for the universal metal-cutting equipment and the 
modern equipment with CNC. 

The technical and economic analysis of the developed variants of 
technological processes performed has shown that the use of CNC equipment 
provides a 4-fold reduction in the number of used equipment and workplaces, 
a 2.5-fold reduction in the area for equipment, decreasing the payroll due to 
reducing the number of workers. On the whole, the economic calculation has 
shown that machining on CNC machines is more cost-effective than 
machining on universal equipment and will reduce the cost of machining by 
5.03 %, which is confirmed by the technical and economic indicators of the 
process. At the same time, the economic effect will be 3,055 rubles for the 
annual output program. 
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