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PAPER 

  

In this work technological process of machining of the case of the 

mechanism of cutting of the valochno-packaging ML-78 car with use of machines 

with ChPU in the conditions of a mass production is designed. 

In technological part office purpose of the case was analysed, the analysis 

of technological effectiveness and technical requirements, a choice of a way of 

receiving preparation, calculation and a choice of allowances for machining, 

calculation and a choice of the modes of cutting, rationing of technological 

processing of the case is made, the necessary quantity of processing equipment is 

defined 

In design part the special tightening adaptation for installation of 

preparation on operation of drilling of fixing openings on the universal radial-

drilling machine was designed. The special control adaptation for control of 

coaxiality of landing openings of 180 and 110 is designed. 

In economic part calculation of expediency of introduction of machines 

with ChPU in production was made. Calculation of cost of OPF, calculation of a 

salary of workers and calculation of cost of production of the plug for the designed 

and basic options is carried out.  

In graphic part works were performed the drawing of the plug combined 

with preparation, cards of technological process of processing of the plug 

on the designed and basic options, drawings of tightening and control 

adaptations. Options of planning of a site are illustrated and the main 

technical and economic indicators are taken out.
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1  я  

1.1 А   я 

 

 –  .  ,     
 ,     ,   
        , 
   .      

     ,     . 
    18  1412-95.  

  ,      
  (  1.1, 1.2).  

            
          30 

.          [3, 11]. 

 

 1.1 –      18, % 

 
 

 

 

Si 

 

Mn 

  

  

 S 

  

3,2-3,5 2-2,4 0,5-0,8 0,2 0,15 

 

     18 

1     –   = 180 ;           
2   –   = 363 ;           
3   –  = 16 %; 

4     = 190 / 2
. 

 

 1.2 –     18 

 
 

, / 3 

 
 

, % 

 
 

 
 

·10-2, 

 

 
-  

 t  20  
200 ,  

 
 
  

α, 1/  

  
20  

λ,  

0,72·103 
1,1 700-1100 460 9·10-6 

59 

 

 

1.2 А   

 

       
.       

    20/40.  
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       : 
1      ,    

   ,     
   ; 

2         ; 

3   52     – 

,  , ; 
4       ,  

       . 

       
    [11]. 

      

1    

 

75,085,0
14,6

2,5


m

m
К                                                                     (1.1) 

 

 m  –   ,  
m  –  . 
     

2   

 

5,069,0
52

36


К
К

К                                                                       (1.2) 

 

 k   -   ,  
k  –   . 
 

3    . 
 

 5,067,0
15

10


К
К

К                                                                         (1.3) 

 

 k  –   ,  
k  –   . 
 

4  . 
 

5,085,0
52

44
 on

N

NК                                                                   (1.4) 

 

 N  –   ,   
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N  –    . 

1.3 А    

 

       18  1412-

85.  

       
      .    

    : 
–       0,015 ; 
–       0,03 ; 

–      
      0,015 ; 

–        0,6 
. 

       
         

 . 

       
  . 
       
   :    Rz40  

  ;    R  = 2,5   
  7    ,    

. 

      . 

 

 

1.4         
   

 

     
  : 

-  ,      ; 
-       

 ; 
-     ; 
-    . 

       
 .  

     
  –     

  (  ).    
.       , 
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         0,3-1,2  
  .       

      ,  
.          

0,3-1,2    . 
      

      (  
)     . 

      
,         
 .   .  

      . 
      

   (  )      
 (  ).       

,  ,          
  . 

       
    .     

      . 
    ,    

  ,    40  
 ,          

.        
   –      52. 

        ,  , 
   ,     

 -    16 20,   – 

-  6 13,       20  – 

-  2 52. 

       
,   .    

        = 60     
   18882-93.    –   

        18880-93.   
   –      

    18878-93.     –  
  9473-80 160     .  

  52 –      
    2-035-591-98 51,4, 51,8, 52.   

       4010-97     
3266-81.        – 

     .   
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  20 7 –    12489-91    
 1672-80.  

    (  1.1)   
. 

 
 

 
 

 

 1.1  –   

 

 

010  

     11   9. 

1   1 . 
2   2, 16, 3 . 
3   19 . 
4   20 . 

 -    6 13,  – 

;   –   125   51,4.  

 

020  

         19,  20,  21,  22      
 1. 

1   6 . 
2   9 . 
3   5 . 
4   7 . 
5   7 . 
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6   7 . 
7  . 

8   11 . 
9   11 . 
10   11 . 
11   15 . 
12   10 . 
13   13 . 
14   12 . 
15   14 . 

 -  16 20,  –  
 ;   –  

, ,   .  
 

030  

     2, 16   1. 

1  6  8   . 
2  6  8 . 

3  2  17 . 
4  3    . 
5   3    6 . 

 -  2 55,  –  
,  ;   –  

, , . 

 

040  

       11,  9   
 8. 

1   2, 16, 3 . 
2   2, 16, 3 . 

 -    6 13,  – 

;   –   51,8.  

 

050  

     11,   9    
 8. 

1   4 . 
2   4 . 
3   4 . 
4   4 . 

 -  2 55,  – ; 

  – , , ,  .  

 



 14 

060  

      11,   9   
 8. 

1  8  18   . 
2  8  18 . 

3   8   18  8 . 
 -  2 55,  –  

,  ;   –  
,  , . 

 

 

1.5       
   Ч  

 

 70%       
   .   

      
   .  

         
       

   .   —  
  ,     

     . -  
  ,    .  

    :  
     1,5...2,5    

      ;  
        

 - ;  
      , 

       ;  
 ,    ,  

,     ;  
         
    ,    

  .  

        . 
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010 -  

       19,  20,  21,  22    
   1. 

1   6 . 
2   9 . 
3   5 . 
4   7 . 
5   7 . 
6   7 . 
7  . 
8   11 . 
9   11 . 
10   11 . 
11   15 . 
12   10 . 
13   13 . 
14   12 . 
15   14 . 
16  6  8   . 
17  6  8 . 

18  2  17 . 
19  3    . 
20   3    6 . 

        11  

 9. 

21   1 . 
22   2, 16, 3 . 
23   2, 16, 3 . 
24   2, 16, 3 . 
25   19 . 
26   20 . 
27   4 . 
28   4 . 
29   4 . 
30   4 . 
31  8  18   . 
32  8  18 . 

33   8   18  8 . 
       

HYPERTURN 45;  –  , ,   
;  , , ,   63  

 32, , ,  ;  
 –  –    

,  –   . 
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1.6      

 

       
   , ,  

,    ,    
.  

  –     .  
      

    ,  
    . 

  18      (80%)  
 ( )  – .   
     (  1.3). 

 ,   ,   
      Д6] 

 

1000
)()

1000
( c

i S
qQkkkkkQS                                           (1.5) 

 

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

. 
Q -  .  
q -   .  
S  -    . 

  2   , IV  ,  6,14 

   , 3   . 
 

 1.3 –   

 
  i k  k  k  k  k  Q q S  

 67800 1,05 1,25 0,91 1 1,44 6,03 5,2 5000 

.  66000 1 1,2 0,91 1 1,44 6,14 5,2 5000 

 

        
S 1 = 699    

S 2 = 632,53  

 

   ,        
  .       

 ,    .   
        

  .      ,   
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     ,       
.        

       .    
  ,        

   . 
       66,47 ,   

 – 6647 .                 

 

1.7         

 

 -  ,        
         . 

         
  ,     -

   . 
     . 

 

1    40 7. 

      Rг = 2,5   
     .   

    ,    
. 
       

     Д6] 

 

)(22 22
111min iiii

TRzZ   
                                              (1.6) 

 

 Rz – , ; T –   , ;  - 

     
, ;  -     , . 

  Rz  T,    
    ,  700 .   

  T       , 
         Rz 

(  50  20). 

      
    .    

       
      . 

 
22

кd
                                                                               (1.7) 
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    ,     
. 

 
22 )()( ld ккк                                                                  (1.8) 

 

              Δ  = 1 .   
d=40 ,  l = 68 .  ρ =79 . 

      
       

. 
 

2

2

2

1

22















                                                                     (1.9) 

 

         
 55   60    1600 . 

к1132
2

1600

2

1600
22














  

.1134113279 22 к  

   ρ      
,  :    0,06;   – 

0,04. 

        
  1 = 160  [6]. 

      , 
       . 

        
      . . 

        
    . 

      
     ,   – 

     . 
      

      , 
  –     

. 
     1.4. 
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2   . 

  Rz40,   98-0,54. 

    – . 
        Д6Ж 

 

iii
T

i
RzZ  

111min
                                                         (1.10) 

 

  Rz  T    700 .   
 Rz = 50 . 

      
       

 

= = L                                                                                             (1.11) 

 

              Δ =1 .   
l=125 .  ρ = 125 .    

        
      ε  = 600 . 

     1.5. 

     [3] (  1.6). 
 

 1.6 –   

 

  

   
 

 

 ,  -

 
  
 
 

 

  
, 

 

-  -  

1, 9 –  98-0,54 1   1,32 22 1021,1
 

2, 16 –   52
+0,03

 1   

2   

3   

 2,22 

0,22 

0,12 

470,8 

51,4-0,3 

51,8-0,074
 

4 –   20
+0,021

 1  

2  

3  

 9,72 

0,22 

0,12 

--- 

19,4-0,21 

19,8-0,052 

5, 7 –  90,5 1   

2   

3   

 2,2 (2,5) 

0,2 

0,1 

12,50,5 

9,30,3 

9,10,25
 

6 –  196-1,15 1    2 2001,5 

11 –   40
+0,025

 1   

2   

3   

1,852 

0,122 

0,0962 

2,22 

0,22 

0,12 

350,8 

39,4-0,25 

39,8-0,062 

15 –   20
+0,52

 1    22 160,5
 

19, 20 –  1150,435 1    22 1191,1 
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 22 

 

1.8    я 

 

      ,  
  ,    ,    

,    . 
        – 

  40    . 

 

1   40 . 
     – , , . 

  . 
    1.4  t = 2,2 . 

      
   ,     . . 

        .   
  12 [14] S = 0,4 / . 

       
  

 

9,0



Vyxm

V K
StT

C
V                                                                   (1.12) 

 

   v      
 17 Д14] v = 292;  = 0,15;  = 0,2; m = 0,2; 

v –      , 
   ,        

 

v = Я · Я · Я                                                                                

(1.13) 

 

 Я - ,   -  
  ,   1 Д9Ж    =190 -  

Я = 1; 

Я - ,    , 
  5 Д9Ж       - Я = 0,8;  

 - Я = 1. 

Я - ,   ,   6 
[9Ж      6 - Я = 1; 

v = Я · Я · Я=1·0,8·1=0,8 

 –   ,   
  = 60 ; 

0,9 -    . 
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V /989,08,0
4,02,260

292
2,015,02,0




  

     

 

D

V
n /780

4014,3

9810001000 







                                                   (1.14) 

 

 630 / . 
    

 

nD
V /80

1000

6304014,3

1000









                                                 (1.15) 

 

     

 

p
nyx

pz
KVStCP 10                                                           (1.16) 

 

         22Д14] 

=92;  = 1;  = 0,75; n = 0. 

 –  ,    
.              
 

 =  · φ  · γ  · λ  · r                                                                 

(1.17) 

 

  –     , 
     = 190   9   = 1; 

φ  –      ,   = 60, φ  = 0,94; 

γ  –    ,   = 0, γ  = 1,1; 

 λ  –      ,   = 0, 

λ =1; 

r  –     ,  r=0,2 , r  = 0,85. 

    = 0,88. 

    
z = 10·92·2,5

1·0,4
,75·80

0·0,88 = 1018  

     

 

кВVP
N z

e
4,1

601020

801018

601020






                                                       (1.18) 

 

     10 ,  
  – 15 . 
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  . 

    1.4  t = 0,2 . 
        

      
   .   14 [14]  Ra = 3,2   r = 0,2 ,  

S = 0,2 / . 
     . 

  (1.12)  

V /1669,0
2,02,060

292
2,015,02,0




  

  (1.14) 

n /1324
4014,3

1661000 

  

 1250 / . 
   (1.15) 

V /160
1000

12504014,3   

  (1.16) 

z = 10·92·0,2
1·0,2

0,75·160
0·0,88 = 50   

  (1.18) 

кВN
e

13,0
601020

16050 


  

 

  . 

    1.4  t = 0,1 . 
      19 [14]  

 Ra = 2,5 ,  S = 0,1 / . 
       V = 200 / . 

  (1.14) 

n /1600
4014,3

2001000 

  

 1600 / . 
   (1.15) 

V /200
1000

16004014,3   

   (1.16) 

z = 10·92·0,1
1·0,1

0,75·200
0·0,88 = 15  

   (1.18) 

кВN
e

05,0
601020

20015 
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2  . 

     – .   
   9473-80 160, Z = 16.  

 . 
    1.5  t = 2 . 

       33 [14]     
    Sz = 0,2 / . 

  –      
             

                   

Vpuy

z

xm

q

V K
zBStT

DC
V




                                                                      (1.19) 

 

  CV      
 39 [14],    –   40 [14]. 

     , 
   , KV = KMVK VK V, 

 V = 1; Я = 0,8; Я = 1; v = 0,8; 

V =445; q = 0,2; x = 0,15; y = 0,35; u = 0,2; p = 0; m = 0,32;  
  = 180 ;    = 115 . 

V /1078,0
161152,02180

160445
02,035,015,032,0

2,0




  

  (1.16) 

n /213
16014,3

1071000 

  

 –200 / . 
   (1.17) 

V /100
1000

20016014,3   

  –   

 

wq

uy

Z

x

p

z K
nD

ZBStC
P






10
                                                        (1.20) 

 

        41 [14],  
      –  

 9 [14]. 

 =54,5;  = 0,9;  = 0,74; u = 1; q = 1; w = 0;  =1.  
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Pz 30901
200160

161152,025,5410
01

174,09,0





  

 

 

    

 

кDZ
к 








 5,2
1002

1603090

1002
                                                  (1.21) 

 

  (1.20) 

кВN
e

4,5
601020

1003090 

  

 

     7,5 ,   
 – 15 . 

 

        
[12]      1.7.  

 

 1.7 –   

 
  t,  S, /  V, /  n, /  Pz,H Ne,  

  
 

2,2 0,5 100 450 1182 2 

  
 

0,2 0,25 160 800 76 0,2 

   0,1 0,1 200 1000 12 0,04 

  2 0,5 160 250 914 2,4 

  2,2 0,4 80 630 1018 1,4 

  0,2 0,2 160 1250 50 0,13 

  0,1 0,1 200 1600 15 0,05 

  
 

2 3,2  100 200 3090 5,4 

  
  

2,2 1,2   50 315 2115 1,7 

  
  

0,2 0,6 80 500 294 0,25 

  
  

0,1 0,3 125 800 26 0,06 

 19,4 9,7 0,42 20 250 3218 1,3 

 19,8 0,2  0,5 25 315 524 0,26 

 20 0,1 0,8 31,5 400 237 0,13 

 12  6 0,38 16   400 2807 1,2 

 5  2,5 0,18 10 500 2413 1,6 

 6 0,5 0,5 3,15 200 264 0,05 

 7  3,5 0,24 12,5 400 2672 1,3 
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 8 0,5 1 4 160 241 0,04 

 

 

 

1.9     

 

       
 Д13] 

 

 = t  + t  + t  + t  + t                                                                  (1.22) 

 

 Э  -  ( ) ,   
    ; Э  -  

,   ,    
 ; Э , t  - , ,   

   ; Э  -     
 . 

      
          

    

 = t  + t                                                                                             (1.23) 

 

t , t   Э   ,     . 
  ,      

 . 
       -  

  ,   ,      
     . 

 

   . 
   4   

1   . 
   «  »  . 

       

 

ZnS

L
t

Z
o

**
                                                                                      (1.24) 

 

 L = L  + L1 + L2 –  ,    
  L0,   L1    L2;  

SZ –    ;  

n -   ;  

Z –   . 

       L  = 125 . 
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          + 5 . 
L = 125 + 85 + 85 = 295 . 
  

 

S = 0,2 / ; Ч = 200 / ; Z = 16 (     ). 

to 46,0
162002,0

295



  

 

2   . 

  «  »  . 

  L = 50 + 44 = 94 .  
S = 0,2 / ; Ч = 315 / ; Z = 6 

to 25,0
63152,0

94



  

 

3    . 

  «  »  . 

  L = 44 + 55 + 55 = 154 .  
S = 0,2 / ; Ч = 315 / ; Z = 6 

to 41,0
63152,0

154



  

 

4    . 

  «  »  . 

  L = 44 + 55 + 55 = 154 .  
S = 0,2 / ; Ч = 315 / ; Z = 6 

to 41,0
63152,0

154



  

 

     
t  = 0,46+0,25+0,41+0,41 = 1,53 . 
 

        
 , ,      . 

   Д13] 

1         0,43 ;  
2     0,37 ; 
3   -   0,76 ; 
4     1,08 .  
 

     
t  = 0,43+0,37+0,76+1,08 = 2,64 . 
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 = 1,53+2,64 = 4,17 . 

 

  

    Д13] 

t  = 2% T  = 0,02·4,17 = 0,08  

 t  = 1%  = 0,01·4,17 = 0,04                                                    (1.25) 

 t  = 4%  = 0,06·4,17 = 0,17  

  

    

 = 4,17+0,08+0,04+0,17 = 4,46 . 
 

      -

   
 

шкш
n


..

                                                                                  (1.26) 

 

 -       
  . . =18 , n –      – 100 . 

кш 64,446,418,046,4
100

18
  

 

        
     1.8, 1.9. 

 

 1.8 –      

 

 to t   t  t  t   
. . 

n -  

10  

1    
2   

3    

4    

 
0,46 

0,25 

0,41 

0,41 

2,64 4,17 0,08 0,04 0,17 4,46 0,18 4,64 

20  

1   

2    

3    

4    

5    

6    

7   

8   

9   

10   

 
0,16 

0,12 

0,12 

0,12 

0,14 

0,27 

0,02 

0,27 

0,27 

0,42 

4,76 6,92 0,21 0,11 0,42 7,66 0,21 7,87 



 30 

11   

12    
13   

14   

15   

0,07 

0,02 

0,05 

0,05 

0,06 

  1.8  

 

 to t   t  t  t   
. . 

n -  

30  

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

 
0,84 

0,12 

0,32 

0,78 

0,45 

4,62 7,19 0,22 0,11 0,43 7,95 0,17 8,12 

40  

1 .  
 

2 .   

 

0,32 

 

0,4 

2,19 2,91 0,06 0,03 0,12 3,12 0,18 3,3 

50  

1  

2  

3  

4  

 

0,51 

0,33 

0,17 

0,08 

2,54 3,63 0,11 0,06 0,34 4,14 0,17 4,31 

60  

1  8 . 
2  8 . 
3  8 

 

1,68 

0,16 

1,04 

3,96 6,84 0,21 0,11 0,42 7,58 0,17 7,75 

 

 

 1.9 –            

 
 to t   t  t  t   /  

10 -  

     

1   

2    

3    

4    

5    

6    

7   

8   

9   

10   

11   

12    
13   

14   

15   

 

 
0,16 

0,12 

0,12 

0,12 

0,14 

0,27 

0,02 

0,27 

0,27 

0,42 

0,07 

0,02 

0,05 

0,05 

0,06 

2,13 13,83 0,42 0,23 0,85 15,33 15,95 
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16  6 . 
17  6 . 
18  2 . 
19  3 . 
20  6 

0,84 

0,12 

0,32 

0,78 

0,45 

 

  1.9      

 
 to t   t  t  t   /  

  
 

21    
22   

23   

24   

25    

26    

27  

28  

29  

30  

31  8 . 
32  8 . 
33  8 

 

 

0,92 

0,32 

0,51 

0,63 

0,34 

0,34 

0,51 

0,33 

0,17 

0,08 

1,68 

0,16 

1,04 

       

 

1.10  В  я 

 

  ,     
   

  10  40 –   6 13  -  = 7,94 ; 

  20 –   16 20  -  = 7,87 ; 

  30, 50  60 –   2 55  -  = 20,18 . 

 

       

 

F

Nш
N

00835,0
604029

10018,20

60

max. 






                       (1.26)

 

 

 .max –   , , 
N –    , 100 , 
F  –      , 

4029 . 
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F

Nш
N

0066,0
604029

10095,15

60

max. 
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       , 
    (  1.10) [15]. 

 

 1.10 –       
 

       
  HYPERTURN 45 

  ,  
max   – 300  

max   – 510 

  2-8 

Ma    
, /  

7000 

 ,  15 

-   2 12 

  ,  0,5 

  Fanuc 21i-T 

 

 

 
 

 

 

 1.2  –       
  HYPERTURN 45 

 

 



 34 

   HYPERTURN (  1.2) 
       
   . 

 HYPERTURN    –  , 
        

  30 ,    12000 /     
 220. 

   HYPERTURN 45   
  (  1.3). 

 

 

 

 
 

 

 1.3 –    
  . 
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2  я  

2.1   я 

  

     
   ,     

     . 
 

2.1.1        
 

 

        
  .     

        
 . 

     52 7 
       40 7. 

      
  -   6 12.   

.  

 

2.1.2      

 

       6 

,         
 .        

  40 7.      7 
    .     

 3   . 
       
    .    

 ,   ,   . 
 

 



 36 

 

 
 

 

 2.1 –    

 

 

   (  2.1),   
 ,   .   

 

 0XF               02 
Z

F                                                    (2.1) 

 

 Z –    ,   
     (  1.8) Z = 294 ;   

F  -          
 

F =Q·k                                                                                                     (2.2) 

 

 Q –     ; 
k  = 0,16 –     ; 
294 = 2·Q·0,16,    

Q = 920 . 

 

Z 

F  F  
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2.1.3     

  

  ,       
 = f(Q). 

      ,   , 
    ( ),    -  

  . 
          , 

     ,      ,  
    Q`=еQе. 

        ,   
         

 (  2.2).   
 

 

 

 

 

 

 

 

 

 

 

 

 2.2 –       

 

 

Q` ·L1 + F 1 · L2 -  · L3 - F 2 · L4 = 0                                                  

(2.3) 

 

 L1, L2, L3, L4-   ; 
F 1 = Q`· f  -     ; 
F 2 = · f  –     . 

   
 

Q` · ( L1+ k  · L2 ) =  · ( L3 + k  · L4 )                                                 (2.4) 
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21
·

·

·

LfL

LfL
QP


                                                                              (2.5) 

 

 L1 = 35 ; L2 = 10 ; L3 = 35 ; L4 = 15 ; f = 0,16. 

Q’ 

F 1 
F 2 

 

L1 L3 

L4 L2 
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   , :    = 900 . 
2.1.4     

 

     . 
      20   

   0,8-1,2       
HRC 55-60. 

    Д3Ж 
 





cos1

1




 J

s

                                                                                       (2.6) 

 

 s1 –      (0,3 );  
 -        (1 );  
J –   ,  2000 / ;  
 -   ,  60. 
 

.5,3
60cos1

2000

900
13,0





                                                                              (2.7) 

 

      

 

.4,2
404

900

4
r 







                                                                       (2.8) 

 

  = 40 ,   .  r = 2,5 .  
     b = 2,5 .  
    

 

 = rf = 2,50,1 = 0,25                                                                         (2.9) 

 

      

15,0
R

,      

 

R = 3,5/0,15 = 24                                                                                (2.10) 

 

        = 250 

     = 210
5  ,     
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.12
25040

102900
17,017,0

2

5

2R

Е
В 











                                                     (2.11) 

       
     = b = 12 . 

  ,   , 
   

 

Nl = [1+sin(’+)]eP  = [1+sin(120+6)]3,5900= 5,7         (2.12) 

 

’ = 180- = 180-60 = 120                                                               (2.13) 

 

   60 ,     
N = 5700/60 = 95 . 

      ,    
   . 

 
2.1.5        

 

     .  
       

     ,  
  ,   .  
 ,  ,   
        

 [7] 

 

=  - · Д( 1· )
 2
+ 2

+ 2
+ 2

+ 2
+ Д( 2 ·А) 2] 0,5

                          

(2.14) 

 

  = 30  –  ; 

 = 1,2 - ,     
     ; 

1 = 0,6 - ,    
       ; 

2 = 0,7 - ,      
 ,  ,   

; 
W -   ;  
  -     ; 
  -   ,    

  ; 
  -     ; 
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  -   ,    
  ; 

  -    . 
      -  

  .      
.  ε  = 10 . 

   ε  = 0,      
          

.  

      
     ,    = 0. 

  

 

  = 2·N                                                                                                  (2.15) 

 

 2 = 0,002 - ,     
    –  ; 

N -       .    
        

  100 .    =0,002·100= 0,2 . 
    ,   = 0. 

  А = 20 . 
  = 30-1,2Д(0,6·10)2

+0,2
2+(0,7·20)2

]
0,5 

= 30-18  = 12 . 
  . 

 

2.2     я 

 

       
   –   

  166-90.    

   868-82. 

    -  –  
 .       

    7398-95   .  
       

     . 
 

2.2.1      
 

 

        
 .     
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 52 7.    ,    
      . 

       . 
 

2.2.2     
    

 

    4,    
   .    

   . 
       

.         
1.        

  5,     3  .  
      8, 

   1  ,    
    .  
  ,       

  ,       
 ,  .   1  

   4,    ,  
    . 

     1   2. 
 
2.2.3      

 

  –      
  . 

  ,     , 
   8-30%    . 

   15 , , 
     5 . 

         Д7] 

 
2222                                                                     (2.16) 

 

  ∆    –       , 
    , ∆  = 0,  
;        0. 
∆   – ,         

  (0,001 ); 
 ∆   – ,          

(0,002 );   ∆  –     (0,0025 ); 
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кк 54004,00025,0002,0001,0 222   

  ,      
.  
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3  я  

3.1 В   я 

 

        
.        

  (  3.1). 
 

 3.1 –    

 

 

 

-

 

-

, 
 

 
 
 

R  

-

 
, 

2
 

 
 

,  

 
, 

 

-

 6 13 

1 7,5 29 2,6 2,3 1796000 1796000 

-

 16 20 

1 10 19  2,5 1,5 952000 952000 

-

 2 55 

1 5,5 26  2,7 1,5 964000 964000 

 3 23 87 35  3712000 

 

       
 ,     

(  3.2). 
  

 3.2 –      

 

 

 

-

 

-

, 
 

 
 
 

R  

-

 
, 

2
 

 
 

,  

 
, 

 

 
 

   
HYPERTURN 45 

1 15 38 2,7 2,1 2478000 2478000 

 1 15 38 15  2478000 
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3.2     

 

,  ,    

 

S = f  kf                                                                                                    (3.1)             

 

 П –      ; 

kf = 2,5 – ,   
  , ,   

  . . 
     3    

  13,78 2
.  

S  = 13,782,5 = 35 
2 

       1 .  

S  = 5,672,5 = 15 
2 

 

3.3 я    

 

       
    ,     

.           , 

       
         . 

,   ,    
  .      

    .  
       .  
    .  

         
. 

        
   ,    

   ,      . 
     ,   

        
 - .      

,       
. 
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3.4 я  я 

 

       
       

  .  
 ,   ,   

    .    
      

, , ,  . 
          

 . 
     HYPERTURN 45  

  ,   
 ,     

,      , 
      , 

       
     .   

      
. 
 

3.5 я  я 

 

      
      

,        . 
    ,  

       -  
    .     

,  ,        
 .      

    ,     
 ,     

 .     . 
 

3.6 я       
я 

 

       
      

-       
,    ,    
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 , ,     
      . 

         ,   
    ,   

  ,     , 
  . 

 -   ( )  
   ,     

.  
     [5] 

 

– – – – – – – – – – – – – – – – – –  

 

  -  ;  -  ;  
 -  ;  - . 

   - ,  
        

 ,   ( )    
      . 

 

3.7    

 

         
  .     

 .       

 – 632,53 . 

              
,                  
        . 

           
       Д8]  

 

 di
                                                                                    (3.2) 

 

  i –     ; 
m –     ; 
C

di
 ––            d-   

     i-   ,  ./ . 
          d-      

    i-         , 
 ,       
.   
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 = ri· k · k · k · k · k · k · di
                                                          

(3.3) 

 

  ri
 –          , 52,2 ./ ;  

k  –  , 
k , k , k , k , k   –  ,    ,  

             (1,3),   
 (1),     (1,4),  

  (1,095),       (1,3);  
di

 –       , / .  
      
  ,     4   . 
  1,21.  
      35,99  

 0,5999 ;     – 15,95   0,2659 .  

 

 = 52,2·1,21·1,3·1·1,4·1,095·1,3·0,5999 = 98,17  /  

 

       
         . 

     , ,  
,    ,  0,133 .   

   25%.    
 ,  15%   . 

 

 = 52,2·1,211,25·1,3·1·1,4·1,095·1,3 ·0,1331,15 = 31,29  /  

 

   (  3.3, 3.4) –    
 ,       

        
 . 

         ; 
 ;  ;   , 

   .  

    3 %   
      1 % -  

  .     1 %  
  .    

  0,5 %     
   [8].  
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 ,     

 

N

АА N                                                                                       (3.4) 

 

N –     (  1.10), ,  
N –   , 100 .   
 

 3.3 –      
   

 
 

 

-

 

 
 

, . 

 
, 

. 

 
, 

% 

 
 

, . 

 
.  
,  

1  35
2
 75000 2625000 3 78750 6,58 

2  3   3712000 12 445440 37,19 

3    111360 8 8909 0,74 

4    37120 15 5568 0,47 

5    31685 15 4753 0,4 

   6517165  543420 45,38 

 

 3.4 –      
    

 
 

 

-

 

 
 

, . 

 
, 

. 

 
, 

% 

 
 

, . 

 
.  
,  

1  15
2
 75000 1125000 3 33750 2,23 

2  1   2478000 12 297360 19,63 

3    24780 8 1983 0,13 

4    24780 15 3717 0,25 

5    18015 15 2703 0,18 

   3670575  339513 22,42 

 

             

 

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

(3.5) 

 

   N –   , ; 
kN –          

 (   – 0,85,    – 0,75); 

k  –          , 

(   – 0,85,    – 0,95); 

ko  –        
(0,7); 
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kw –– ,            
 (1,06); 
η –      (0,7); 

 –       (1,52 · ) 
 

 = (23·0,85·0,85·0,7·1,06/0,7) ·0,3364·1,52 = 9,01  /  

 = (15·0,75·0,95·0,7·1,06/0,7) ·0,2659·1,52 = 4,58  /  

 

       

 

шRW

.

                                                                                (3.6) 

 

 А  -     -    
 ,       

 – 12500 . 
R  –   ;  

.  -    6   24174 ; 
 –       –  

  – 0,1312 ,   – 0,3363 ,   – 0,1324 

,     – 0,2659 . 

/8,7
24174

)1324,0293363,0261312,019(12500   

Ч /23,5
24174

2659,03812500   

 

    
  = 98,17+45,38+9,01+7,8 = 160,36 /   

  = 31,29+22,42+4,58+5,23 = 63,52 /   

 

              
    
 = S +  = 632,53 + 160,36 = 792,89 /  

 = S +  = 632,53 + 63,52 = 696,05 /  

 

  ,       
        

60%.          . 
 ,    (    

)  

 

NЭ  )(
12

= (792,89-696,05)·100 = 9684                              

(3.7) 
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3.9 -   

 

1         
   – 100 . 

2          
    1.6  936,86 . 

3       3.3, 3.4. 

4      3.1, 3.2. 

5       
 –  3.1, 3.2. 

6         
     

.   . 
          

  ,  ,    
   ,   .  

,         
. 

7      
     

 

mn

NЗ
З

N

16330
00835,01223

10017,98

12
. 








                                  (3.8) 

 

  –    ,    
,     , / ; 
N –   , ; 
n –    , ;  
m –  ;  
12 –   ; 

N –   , . 
        

   

 

mn

NЗЗ
N

Ч
Ч 34356

0066,01225,0

10021,27

12
. 








                               (3.9) 

 

  –    ,    
,          , / . 
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А Ч  

 

       
   .  

        
,          

   . 

       
 ,  -

 ,      
 .  

      -

 ,      
   . 

       

     ,    
     

   .  

       
    ,  

 . 
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