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1.   

1.1. А    
 

      ,   
  ,        

   ,    . 
          , 

    ,       
 .      20  1412-85.   

 ,       .   
            

        30 .    
     : 
 = 196 ;           = 397 ;           = 1 %;          = 190 

     (%): 
                                              

3,4-3,6           1,7-2,1              0,5-0,7            0,3         0,15-0,2  
 

1.2.  А   
 

       : 

-            
; 

    ,   
  ,    

. 

      
  : 

1.   . 
=

m
> 0,75  ,                                                                                                              (1.1) 

  -   , m  -  
. 

 

 

 

     -15.03.05-2020  

 

     

.  №    
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.     y    

. .     –   
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=
42

43.5
= 0,9 > 0,75           

2.  . 
=

𝑁
N

> 0,5 ,                                                                                                                     (1.2) 

 Non -   , No6 -   
. 

=
6

11
= 0,54 > 0,5  

 . 

1.3.     
 

 : 

  – 20; 

  - 42 ; 

  – ; 

  - 100 . 

       
   , ,  , 

   ,    . 
  –     .  
      
    .   

       
 . 

    III  , III   
. 

        
  20  1412-85    -  .   

     20  1412-85 
         .  

     . 

 ,  ,    
    [3]: 

 
10001000 MBCT

i S
qQkkkkkQS 






 

                                                         (1.3)
 



6 

 

 𝑖 , -   1  , ; 

к , к , к , к , к  –    ,  , , 
      ; 

Q -  , ; 

q -   , ; 

Somx -    ., . 

      . 

 

 1.1 –       

  Ci к  к  к  к  к  Q q Somx 

 42500 1,05 1 0,8 1,04 0,76 43.5 42 5000 
.  38500 1,05 1 0,8 1,04 0,76 43.5 42 5000 
 

       
: S 1= 1219 ,     S 2 = 1104 . 

   ,        
  .        

,    .     
        . 

 Ø150+1  Ø72    .    
  ,        ,    

   .      
         .  

    ,       
    . 

   -     ,  
 ,      

       . 

 : 

 

 

 

 

.11500NSк кSЭ 
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1.4.   
 

 

 

.1.-   

 



8 

 

 
 

05  
.    . 

1.   2     
2.   7    

 –  9   12  Ø72 
 –  -  6 12,   

–   6  5808-77,  – . 
 
10  

.    . 
1.  2  11  Ø16+0,008   
2.  2  11   Ø16+0,018 
3.  6   15     
4.  11   13 Ø8,5   10   28±2 
5.    11   13  10-7  

.  . 
 –   9   12 Ø72 

 – -  2 55,   -  
 16, Ø8,5  6 5,  2353-0133  14953-80,,   
   1672-80,  – .  

 
20  

.    . 
1.   8   ,    

Ø130 

2.    9   , 
  Ø190-0,435  

3.   
 –   2  2  11 

 – -  16 20,   -  
 6  18880-73,   6  18879-73 

 –  . 
 
30  

.    . 
1.   12 Ø72   , 

  Ø72+0,046 

2.   6 
3.      7 
4.   10 Ø150+0,1    , 

    150 
 5.      7 



9 

 

.  . 
 –   2  2  11. 

 – -  2620 ,  ,   
 6  9795-73,  – . 

40  
.   

1.   6  5 Ø8,5 

2.  4  4 Ø8,5 

3.     5,   1 45 
4.     4,   1 45 
5.   10-7    5 
6.   10-7    4 

.  . 
 –   2  2  11 

  – -  2 55,   -  
 ∅8,5  22735-77,  2353-0133  14953-80,  

2624-0138  3266-81,  – . 

1.5.   
 

  -  ,        
         . 

         
  ,     -

   . 
     150H9 (+ 0,1) 

      
    (      

) 

 1.2 –    

  
 

 

 150H9 (+ 

0,1) 

 
, .  

 

2Zmin, 

. 

 

 

Dp, 
. 

 

, 
. 

 

, 
. 

 
, 

. 

Rz h   Dmi

n 
Dmax 2Zmin 2Zmax 

0.  

4
00

 

1
38

,9
5 

– – 

1
48

,2
5

5 

1
00

0 

1
48

,1
58

 

1
48

,2
55

 

- - 
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49
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37
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,1

8
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31

 

6
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1
,2

 

  
     

1
,8
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3
,7

8 

 

       
    

к.
k
ΔΔ 951382

0
2  ,                                                                                    (1.4) 

   : 

95.1382)1307.0(2)1507.0(2)(2)(  lкd
kк ;                                    (1.5) 

     :  

1.0
0
  

       
 0,06  0,04 . 

 :  

22
1

             ,                                                                                          (1.6) 

  E  =0 –   ( . 1.4 [ 2 ]) 

Е  =760 –   ( . 1.5 [ 2 ]) 

 : 

  ;22
11

·2
min

2 



 

 



iii

h
z

RZ 
                                                                     (1.7)

 

;11822131295.138400·2
1min

2 кZ 
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  ;54.6622131238.8100100·2
2min

2 кZ 



   

       
      . 

        

190H9(-0.115) 

      
    (      

). 

 1.3 –    

  
 

 

190H9 (-0.115) 

 
, .  

 

2Zmin 

. 

 

 

Dp, 
. 

 

, 
. 

 

, 
. 

 
, 

. 

Rz h   Dmi
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Dmax 2Zmin 2Zmax 
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00
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1
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1
,0
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2.  
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0 

5
0 

0
,3
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1
31

 

4
28

.9
 

1
89

,8
85

 

1
15

 

1
89

,8
85

 

1
90

 

0
,4

2 

0
,9

9
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1
,5
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3
,6

9
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к
k

17,1472
0
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17,1472)1307.0(2)1507.0(2)(2)(  lкd
kк ; 

     : 

1.0
0
 . 

       
 0,06  0,04 . 

 :  

22
1

   

  E  =0 –   ( . 1.4 [ 2 ]) 

Е  =760 –   ( . 1.5 [ 2 ]) 

 : 

  ;22
11

·2
min

2 



 

 



iii

h
z

RZ   

;11942131217,147400·2
1min

2 кZ 



   

  ;2.6622131283.8100100·2
2min

2 кZ 
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     504 

 1.4 –    

 
 
 
 

330-0,68 

 
,  

 

 

Zmin 

. 

 

 

Lp, 
. 

 

, 
. 

 

, 
. 

 

, . 

Rz h   Lmi

n 
Lmax Zmin Zmax 

0.  

4
00

 

3
37

,5
 

– – 

2
26

.1
6 

1
15

0 

2
26

.1
6 

2
28

,1
1 

- - 

1. 
 

 5
0 

5
0 

2
0

.2
5 

2
00

 

9
37

,5
 

2
25

.2
1 

2
90

 

2
25

.2
1 

2
25

.7
3 

0
.9

4 

2
,3

8 

2. 
 

 2
5 

2
5 

0
,8

1 

2
00

 
 

3
20

 

2
24

,8
8

 

1
15

 

2
24

,8
8

 

2
25

 

0
.3

2 

0
,7

2
5 

       

1
,2

6 

3
,1

0
5 

 

   E  =200 ,   E  = 200, . . 
       . 

       
 [2]. 

 1.5 –      

 
  

   
504 0.95 0.94 500±2 

 0,5 0,32  
 150H9 (+ 0,1) 1,2 1.18 Ø149,5+0,22 

 0,4 0,66 Ø149,8+0,087 
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 72 (+0.046)  1.2  Ø71,5+0,19 
 0.4  Ø71,8+0,074 

 190H9 (+ 0,1) 1.1 1.09 Ø189,5+0,12 
 0,4 0.42 Ø189,8+0,084 

 190 (+ 0,17) 1,36  Ø189,5+0,29 
 0,37  Ø189,8+0,10 

 190 0.95  Ø189,5+0,12 
 0,5  Ø189,8+0,084 

110±0,435 0,95  110±0,5 

1.6.    
 

1. Че в е  а а ва е в.  150H9 (+ 0,1)  
 –        6 

 9795-73, φ = 90°. 

   : 

Vyxm
V k

StT

C
V 


                                                                                           (1.8) [2] 

292
V

C  -  ,    :  
,    . . 

2,0;2,0;15,0  ymx  -  . 

T 60  ; 

t 58.2  ; 

Vk   . 

uV
k

nV
k

mV
k

V
k  ,                                                                                               (1.9) 

: 

15.1
25.1

170

190190
















n

HBmv
k  [2] – ,   

 ; 

 8,0
nV

k ,      [2]; 

1
uV

k ,    [2]. 

92,018,015,1 
V

k  
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             V /17.15092,0
15,058.260

292
2,015,02,0




  

D

V
n p /66.318

15014,3

17.15010001000












 

    n /250  

   nD
V /8.117

1000

25015014,3

1000







  

    : 

P
knVySxt

P
C

Z
P 10                                                                                (1.10) [2] 

 ;0;75,0;1;92  nyx
P

C  

78,093,01189,094,0 
rp

k
Np

k
p

k
up

k
mp

k
P

k    [2] 

Z
P 24,44678,008.11775,015,0158.29210   

 : 

кВ
V

z
P

l
N 86,0

601020

8.11724,446

601020











 

2. Ч в е  а а ва е в.  150H9 (+ 0,1) 
 

t 2.1   

S = 0.246 –  [2]. 

   : 

V /57.15292,0
2,0246,015,02.12,060

292





 

D

V
p

n /77,323
15014,3

57.15210001000












 

    n /350  

   nD
V /93,164

1000

35016014,3

1000







  

 : 
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Z
P 55.20778,0093.16475,0246,012.19210   

 : 

кВ
V

z
P

l
N 56,0

601020

84,175133

601020











 

3. Че в е  ф е е ва е  а  L = 504 
 

 -         
  6  9473-80.  

    : 

V
k

pZUBy
z

SxtmT

qD
V

C
V 






                                                                                (1.11)

 

445
V

C  -  ,    :  
,    . . 

0;35,0;2,0;15,0;32,0;2,0  pyUxmq  -  . 

T 180  ; 

t 38.2  ; 

 39B  . 

V /07.18092,0
103914,038.3180

160445
02,035,015,032,0

2,0





  

  : 

D

V
n /24,358

1000








 

    n /350  

  : 

180
1000





nD

V
  /  

  : 

   ZP : 
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mp
k

wnqD

znBy
z

Sxt
P

C

Z
P 






10
                                                                    (1.12)  [2] 

 z  , n   

2,0;3,1;1,1;75,0;1;825  Wqnyx
P

C    [2] 

z
P 1103

2,03503,1160

101,13975,014,0138.282510





  

, : 

кВ
V

z
P

l
N 3.3

102060

9,17599.560

102060









    [2] 

         
 [3].    : 

 1.6 –    

  , 

/  

 , 

/  

, 

 

  504 
 

0,14 180 3.3 

  504 
 

0.12 139 2.34 

   
150H9 

0,15 117.8 0.86 

   
150H9 

0,245 165 0.56 

   
72H8 

0,15 125,6 0,92 

   
72H8 

0,246 175,84 0,38 

   190 0,698 59,14 2,57 
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   190 0,92 174,9 5,2 

  
110  

0,71 144,14 3,3 

   0,14 175,84 3,27 

   16 0.46 18.48 0.92 

   
16 

0,22 122,9 3,3 

   
16 

0,71 111,96 2,7 

 . 10 0,31 20,8 0,5 

  10-7   9 0,3 

1.7.    
 

-       
 : 

n
T к


 

                                                                                                 (1.13)
 

 T  . 

В                                                                                      (1.14) 

    , ; 

В  , ; 

     , ; 

       , . 

В 
                                                                                     (1.15)

 

         , ; 
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       , ; 

      , ; 

     , . 

 -      
. 

       . 

  05: 

     

i
nSz

lll

z





 21                                                                                               (1.16) [5] 

 l 160 ,   ; 

1l  ; 

2l   ; 

2i ,   ; 

10z ,   ; 

14,0zS  /  –   ; 

350n  -  . 

65,02
35014,010

23160





   

    : 

2,2;65,0;1,1;6     [5] 

В 95,92,265,01,16   

 : 

25.1495,93.4   

     : 

42,0%3   

   : 



20 

 

57,0%4   

   : 

24,1557,042,095,93.4   

-    14     100 : 

nк 38.15
100

14
24.15   

   020: 

 . 

     

i
nS

lll





 21                                                                                                 (1.17) [5] 

 l 190 ,   ; 

l 51   ,  ; 

l 12   ,   ; 

1i   ; 

63,0S  /  – ; 

350n  -  . 

88.01
35063,0

15190





   

    : 

2,2;12,0;1,1;3     [5] 

В 42,62,212,01,13   

 : 

3,742,688.0   

     : 

22,0%3   



21 

 

   : 

9.2%4   

   : 

81.729,022,042,688.0   

-    14     100 

: 

nк 95.7
100

14
81.7   

        
    1.7 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



22 

 

 1.7 –        

 t  t   t  t  t   -  

5  
1   
2   

 
0,88 
0,78 

 
9,95 

 
14,25 

 
0,17 

 
0,22 

 
0,43 

 
15,2
4 

 
15,38 

     10  
1  2 . Ø16 
2  Ø16 
3  6 . Ø16 
4  11 . Ø8,5 
5  Ø8,5 
6   10-7  

 
0,26 
0,02 
0,78 
1,43 
0,02 
2,05 

 
 
 
 
7,28 

 
 
 
 
7,48 
 

 
 
 
 
0,25 

 
 
 
 
0,22 

 
 
 
 
0,22 

 
 
 
 
8,01 

 
 
 
 
7,86 

 
      20  
1   
2   
3   
4   

5    
6   

 
 
0,89 
3,1 
0,92 
0,51 
0,51 
0,51 

 
 
 
 
5,41 

 
 
 
 
6,42 

 
 
 
 
0,26 

 
 
 
 
0,22 

 
 
 
 
0,29 
 

 
 
 
 
7,81 

 
 
 
 
7,95 

      30  
7   
8   
9   
10   
11   
12   

 
0,93 
1,09 
1,22 
0,71 
0,87 
0,98 
 

 
 
 
6,42 

 
 
 
6,65 

 
 
 
0,32 

 
 
 
0,38 

 
 
 
0,19 

 
 
 
10,2
7 

 
 
 
10,45
7 

      40  
1  6 . Ø8,5 
2  4 . Ø8,5 
3  Ø8,5 
4  Ø8,5 
5   10-7  
6   Ø 10-7  
 

 
0,62 
0,39 
0,63 
0,27 
0,48 
0,32 

 
 
 
 
7,41 

 
 
 
 
5,01 

 
 
 
 
0,25 

 
 
 
 
0,36 

 
 
 
 
0,22 

 
 
 
 
9,86 

 
 
 
 
9,89 
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1.8.      
 

        
  ,    .  

-        
.     ,  ,    

 .       
.  

 ,     «  
»?     ( ).   
    , 

    .  
 –   ,    
     ,    

 .  

 : 

-    1,5...2,5     
    ;  

-        
 ;  

-      ,  
      ;  

- ,    ,  
,     ;  

-         
    ,    

  .  
  

       
    Kafo HMC-500  . 

 

1.9.    
 

     
,        

     -      , 
   . 

KAFO (Kao Fong Machinery Co., Ltd) –   
  1968 . 
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 ,     

       , 
      .  

 

    HMC   
         

.     ,   . 
 :      
   - , , , 

,   .     
 .         

 . 
 : 

 ; 
 ; 
 ; 
 ; 
 ; 
  . 

 . 
       ,    

- , ,      ,  
 , . . 

 
 1.8 –      

 ( ): 
 ,  500 × 500 

.   ,  800 
 , . 2 

   (  / ), 
 

Ø700 / H800 

  ,  11 
: 

 X,  720 
 Y,  650 
 Z,  650 

   
( ) 

: 
  № 40 

  , / . 10000 
   2 

      100 – 750 
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 ,  
      ,  150 – 800 

: 
 ,  , /  10000 

    X/Y/Z, /  48/48/48 
   : 

-    , . 40 
 , ,   20 
.  ,  Ø95  
.  ,  350 

   (    
),  

2 

   (    ),  6 
: 

 , /30 ,  15/18,5 
  ( X,Y,Z, ),  7/6/4/4 

 : 
 ,  40 

,  13000 
  (  x  x ),  4035 6385 3105 

 

1.10.     
 

        . ( .1 – 
 ) 

10 -    

    1.     9    12. 

1   2   . 
2   7 . 
3  2  11 16+0,08  . 
4  2   11  16+0,018 . 
5  6  15 Ø16   . 
6  11  13 8,5      28±2 

. 
7   13   . 
8    13  10-7  . 

   .     2   
  11. 

1   8 ,   Ø130. 
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2   6. 
3    9 ,   

Ø190-0,435 

4  . 
5      7 
6  6  5 Ø8,5   .  
7  4  4 8,5 . 
8     5. 
9     4. 
10   10-7    5 
11    10-7    4 

      HMC-500; 
   ;  

. 

   –   CoroMill  ® 365 200 (Sandvik Coromant), 
  Tungaloy 8,5, 16,  Karnasch 16,  

 Karnasch 8,5,  Yamawa M10,    
Tungaloy 72, 150,   Tungaloy Ø72, 190,    
Tungaloy Ø190.  

      
    ( . 1.2-1.5). 

1.11.        
 

        
  .    ,  
    ,   , 

      . 

    1.8. 
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 1.8 –         

 t  t   t  t  t   -  

10  
 1. 

1   
2  2 . Ø16 
3  Ø16 
4  6 . Ø16 
5  11 . Ø8,5 
6  Ø8,5 
7   10-7  
         
1   
2   
3   
4   

5    
6   
7   
8  6 . Ø8,5 
9   4 . Ø8,5 
10  Ø8,5 
11  Ø8,5 
11   10-7  
12   Ø 10-7  

 
0,89 
0,76 
0,02 
0,18 
0,04 
0,17 
0,02 
 
0,36 
0,22 
0,31 
0,63 
0,08 
0,14 
0,26 
1,4 
0,48 
0,18 
0,03 
0,02 

0,64 
 
 
0,38 
 
 
 
 
0,15 
 
 
 
 
0,45 
 
 
 
0,17 

 
 
 
 
 
 
 
 
 
 
 
 
14,68 

 
 
 
 
 
 
 
 
 
 
 
 
0,56 

 
 
 
 
 
 
 
 
 
 
 
 
0,32 

 
 
 
 
 
 
 
 
 
 
 
 
0,44 
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2.1.    

2.1.1.      
. 

 

       
 ,      

    . 
      

   Ø150  Ø72 .   
        

     .  
   . ,    

      .   
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 1R , 2R   3R    , ,   1T , 2T  
 3T  .        

 . 

  : 

f

Pk
Q H





2                                                                                                         (2.1)

 

  5,0f  ; 

k  . 

6543210 kkkkkkkk  ,                                                                          (2.2) 

  5,10 k  -   ; 

11 k  - ,    ; 

2,12 k  - ,   ; 

2,13 k  - ,     ; 

14 k  - ,    ; 

2,15 k  - ,   ; 

16 k  - ,    
. 

59,212,112,12,115,1 k  

  : 

Q 6.3283
5,02

8.126759.2





  

2.1.3.    
 

    ,     
        

   .       
 . 

       . 
    . 
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2.2.    
 

       
   -   

 (  166-89).     
  -  -   .  

       
 (  2789-73)   .    

       
  . 

2.2.1.      
 

 

      
   Ø190    

 Ø150.  

  : 

 

     
,     .  

   -     1 . 
  , .     . 
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2.2.2.    
 

  Ø150  ,    
 .     ,   

 .      
 Ø190.       

           
 .       

 50 .  

2.2.3.    
 

  -      
 . 

  ,     ,  
  8-30%    . 

   50 , ,  
    10 . 

        : 

2222                                                                     (2.3) 

  ∆    –       ,   
  .  

   ,    
 .  

 ∆   – ,           
(0,001 ); 

 ∆   – ,          (0,002 ); 

 ∆  –     (0,005 ); 

кк 106006,0005,0002,0001,0 222  . 

  ,      
         
.  
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3.   

3.1. В     
 

 ,    
:  

  5   –   6 12  -  = 15,24 ; 

  10  40 –   2 55  -  = 9,86 ; 

  20  –   16 20  -  = 7,81 ; 

  30  –   2620   -  = 10,27 ; 

       [7]: 𝑇𝑁 =
𝑇  𝑎𝑥 ∙𝑁𝐹 ∙60

=
15,24∙100

1946 ∙60
= 0,013 ,                                                  (3.1) 

    .max –   , , 

N –    , 100 , 

F  –      , 
1946 . 

     1    
    Kafo HMC-500 c -  = 19,57 . 

      : 𝑇𝑁 =
𝑇  𝑎𝑥 ∙𝑁𝐹 ∙60

=
19,55∙100

1946 ∙60
= 0,017 .  
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 3.1 –    

 

 
-
 

-
,  

 

 

 

R  

 

-
 

, 
2 

  
,  

 

,  

 -
 

6 12 

1 7,5 22 2,3 1,95 850000 850000 

-
 

2 55 

2 4,5 21 2,7 1,0 1100000 2200000 

-  
2620  

1 7,5 21 5,5 3,2 3050000 3050000 

-
 

16 20 

1 11 26 2,8 1,2 1390000 1390000 

 5 30,5 90 28,15  7490000 

            

      
  ,    

 (  3.2). 
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 3.2 –      

 

 
-
 

-
, 
 

 

 

 

R  

 

-
 

, 
2 

 
 

, 
 

 

,  

 
 

 
   

HMC-500 

1 18,5 41 4,1 6,4 4760000 4760000 

 1 18,5 41 26,24  4760000 

 

3.3.         
  

 

,  ,    [7]: 

S=fkf,                                                                                                                          (3.2)              

     f –      ; 

kf = 2,5 - ,   
  , ,   

  . . 

     5    
  28,15 2. 

S  = 28,152,5 = 70,38 2 

      
 5000 .     

   S  =351900 .    

       1   26,24 
2.  

S  = 26,242,5 = 65,6 2 
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 5000 .     

     S  = 328000 . 

3.4.    
 

         
  .     

 .       
 – 1104 . 

             
,                

          . 
           

       [9]: 

 di ,                                                                                      (3.3) 

     i ––     ; 

m ––     ; 

C di ––            d-   
     i-   ,  ./ . 

          d-      
    i-         , 

 ,       
.   
           

   [5]: 

= ri·k ·k ·k ·k ·k ·k · di,                                                                 (3.4) 

    ri –          , 52,2 ./ ;  

k  –  , 

k , k , k , k , k   –  ,    ,  
             (1,3),   

 (1),     (1,4),  
  (1,095),       (1,3);  

di –       , / .  

       
.   1,21.     
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  43,18   0,72 ;     – 
19,55   0,326 . 

 = 52,2·1,21·1,3·1·1,4·1,095·1,3·0,72 = 117,82  ./ . 

       
           

.        4   
 ,     3 , 

    . ,  , 
  ,  0,0815 .    
  25%.     

,  15%   . 

  = 52,2·1,211,25·1,3·1·1,4·1,095·1,3·0,08151,15 = 19,17  ./ .  

   (  3.3, 3.4) –    
 ,       

        
 . 

      :   ; 
 ;  ;   , 

   .  

    3 %   
      1 % -  

  .     1 %  
  .    

  0,5 %     
  . 

 ,    ,  [5]:  

N

АА N  ,                                                                                     (3.5) 

    A   -   , ., 

         N –   , ,  

         N –   , 100 .  
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 3.3 –       
  

 

 -  

 
 

, 
. 

 

, . 

 

 

, % 

 

. ., 
. 

. 
. 

 
, 

. 
1  70,3

8 2 
75000 5278000 3 158340 20,58 

2
 

5 
. 

 7490000 12 898800 116,84 

3    224700 8 17976 2,34 

4 
 

  74900 15 11235 1,46 

5    63840 15 9576 1,24 

   13131440  1095927 142,46 

 

 3.4 –      
   

 

 

-
  

 
, 

. 

 

, . 

 

, % 

 

 

. 
., 

. 

 
. 

 
, 

. 
1  65,6

2 
75000 4920000 3 147600 25,1 

2
 

1 
. 

 4760000 12 571200 97,1 

3    47600 8 3808 0,65 

4 
 

  47600 15 7140 1,21 

5    48400 15 7260 1,23 
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   9823600  737008 125,29 

 

           
[5]: 

=(N·kN·k ·ko ·kw/)· .max· ,                                                              (3.6) 
 

     N –   , ; 

kN, k , ko  –          
,  ,       

   (0,7); 

kw – ,            
 (1,06); 

η –      (0,7); 

 –       (3,75 · ). 

 = (30,5·0,84·0,62·0,7·1,06/0,7)·0,72·3,75 = 45,46  ./ . 

 = (18,5·0,52·0,97·0,7·1,06/0,7)·0,326·3,75 = 12,1 ./ . 

       [5]: 
 

RW

.

 ,                                                                                 (3.7) 

    W  -     -    
 ,       

 – 12500 ; 

 R  –   ;  

 .  –    6   24174 ; 

  –       –  
 – 0,256 ,   – 0,3 ,   – 0,1325 ,  

 – 0,1325,     – 0,3262 . 

 =
12500 ∙ 22∙0,256+42∙0,3+26∙0,1325+21∙0,1743 

24174
= 13,25 /  

 Ч =
12500∙41∙0,326

24174
= 6,91 /  

      [7]: 
 

 = + .+ + P,                                                                                    (3.8) 
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   -          , ., 

 -    ,  
  , .; 

 -       , ., 
P -    .             

     
: 

 = 117,82+142,46+45,46+13,25 = 318,99 ./ .    

      : 

   =  19,17+125,29+12,1+6,91 = 163,47 ./ .  

              
      [7]: 

  
 = S + ,                                                                                                 (3.9) 

 
    S  -  , ., 
          -   , . 

 
 = 1104 + 318,99 = 1323 ./ . 

 
 = 1104 + 163,47 = 1167,64 ./ . 

  ,        
       11,7 %.  

        . 

 ,    (    
) : 

 

2 1
( ) ,Э N                                                                              (3.10) 

    1 -               
      , ., 

2 -               
     , ., 

N –     , 100 . 
 

NЭ 15560100)64,11671323()
12

( 
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3.5. -   
 

1          
  – 100 . 

2          
    1.6  1104 . 

3        3.3, 3.4. 

4       3.1, 3.2. 

5        – 
 3.1, 3.2. 

6          
    .  

 . 

          
  ,  ,    

   ,   .  
,         
. 

7      
     [7]: 

N
Tmn

NЗ
З 18881

013,01215

10082,117

12.









 ,                                       (3.11) 

      –    ,    
,     , / ; 

N –   , ; 

n –    , ;  

m –  ;  

12 –   ; 

N –   , . 

        
   [7]: 

N
Tmn

NЗ
З 37588

017,012125,0

10017,19

12.









 ,                                  (3.12) 
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   ; 
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 (      

 ∅190     ∅150), 
      . 

 
 ,    
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 -     
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        . 
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Conclusion 

This graduate qualification work presents the manufacturing technology of 
rotary gear housing with the annual production program of 100 pieces. 

As a result of the work we can mark the following points: 

 The rational organization of the sequence of technological processes; 
 The calculations of the optimal modes  and time standards for all operations; 
 Selection of suitable and efficient equipment and cutting tools; 
 Designing of clamping (for …operation) and control devices. The last one is 

for checking the alignment of the outer cylindrical surface Ø190 and the 
inner Ø150).  
 
These variants of technological processes of machining job were developed 

not only for the universal metal-cutting equipment but for the modern equipment 
with CNC too. 

The technical and economic analysis of the developed variants of 
technological processes performed that the use of CNC equipment provides a 5-
fold reduction in the number of used equipment and workplaces, a decrease in 
payroll by reducing the number of workers. All in all, the economic calculation 
has shown that machining on equipment with CNC is more cost-effective than 
machining on universal equipment and will reduce the cost of machining by 
11.7 %, which is confirmed by the technical and economic indicators of the 
process. At the same time, the economic effect will be 15560 rubles for the 
annual output program. 
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