
     Ц  

      

   

« -    

(   )» 

 .  

  « »  

  «   » 

 

   

. .  , . . . 
           _            . .   

 «_____» _______________2018 . 
 

 

    « » 

 

 Ц   

 – 15.03.05.2018.696.00.00   

 

 

 

, .                                        , .  

      

     / . .  /             _    / . .  / 

«_____» _______________  2018 .    «_____» ________________2018 .  
 

, .                 

                                         _ -441 

                          

     / . .  /         / . . / 

«_____» _______________  2018 .    «_____» ________________ 2018 .
   

          

 

, .     , .  

     

  / . .  /     _____ / . .  / 
«_____» __________________2018 .   «_____» _________________2018 .
  

 

 

 

 

 2018 



 

Изм. Лист № докум. Подпись Дата 

Лист 

4 15.03.05.2018.696.00.00 ПЗ 

 

 ............................................................................................................... 4 

 .............................................................................................................. 6 

1   ........................................................................ 8 

1.1      ................................................. 8 

1.2        ................................... 10 

1.3   ....................................................................................... 11 

1.4       
 . ......................................................................................... 16 

1.5     ........................................... 21 

1.6   .............................................................................................. 27 

1.6.1.   ..................................................................................... 28 

1.6  . .......................................................................... 36 

1.7   . ..................................................... 38 

2   ...................................................................... 39 

2.1       .......................... 39 

2.2      .
 ................................................................................................................................. 46 

2.3      ................ 48 

2.4      
 . ............................................................................................. 52 

3   ................................... 55 

3.1         ....... 55 

3.2  3D    ........................................................... 59 

4.3     .................................... 60 

4   ............................................................................. 62 

4.1       
 .......................................................................................................... 62 

4.2.   - . .............................................. 63 

4.3     ................................................................ 64 

4.4       . ................................ 64 

4.5  -      ................. 64 

5   ................................................ 67 



 

Изм. Лист № докум. Подпись Дата 

Лист 

5 15.03.05.2018.696.00.00 ПЗ 

5.1   .................................................................. 67 

5.2   ......................................................................... 68 

5.3   ................................................................................... 69 

 ..................................................................................................... 74 

  ................................................................. 76 

  

.  

.   

  



 

Изм. Лист № докум. Подпись Дата 

Лист 

6 15.03.05.2018.696.00.00 ПЗ 

 

    . 

        

    .    

      , 

      .  

       

 ,     . 

  ,    : 

 -   ,   

  ,   , 

   ,   . 

        

.      , . . 

      

. 

        

 ,   ,  

          . 

       

,        

   .  

         

    ,  

  .      

      ,   

       

 . 

        

      



 

Изм. Лист № докум. Подпись Дата 

Лист 

7 15.03.05.2018.696.00.00 ПЗ 

,       

   .      

    .  

        

.        

      

ё . 

    :   

    « ». 

: 

-    ; 

-   ,    

 ; 

-       

 . 

  



 

Изм. Лист № докум. Подпись Дата 

Лист 

8 15.03.05.2018.696.00.00 ПЗ 

1   

1.1      

 « »      , 

     ,  

 ,        

       . 

  70 8-     Ra 1.6. 

  45° ±1' 

  

 1 –   
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 2 –   

 

     40   4543-71 -   

, .  

m 40   –  0,36  0,44% ,   

  – ,      0,8  1,1%. 

 : 

  (Si) –  0,17  0,37%; 

  (Mn) –  0,5  0,8%; 

  (Ni) –  0,3%; 

  (S) –  0,035%; 

  (P) –  0,035%; 

  ( u) – l  0,3%. 

  :    = 440 ; 

     = 650 ;   Ψ = 

40%;  ρ = 7825 / 3. 

     .  
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1.2        

 

         

     . 

   ( )    

   : 

-        

     ,   

     . 

-       

  ,     

,     , , 

,           

   . 

-       , 

,   ,     ,   

   . 

-     . 

-   ,       

     ,      . 

-   ,  6…8%;  

(    )    2…4  ,   

. 

-         

  . 

     : 

1.   2. 

2.    2. 

3.    4. 

4.    13. 
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5.     1 . 

6.    ё    0,8 . 

7.    7°. 

8.    5° 

9.   3 . 

10.       1,1 . 

11.       . 

 

1.3   

      .  

         

,    ,   

        . 

        H S SL-30. 

 

 

 3      H S SL-30  

     1. 
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 1  

  N  H s 

.   864  

.     432  

.    762  

    76  

    12 . 

  3400  / . 

   22  

   3900  2000  1900  

  7250  

 

      

    T JM -ZPS H630  

 

 4 –      T JM -

ZPS H630 
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     T JM -ZPS H630 - 

    .   

      

   -  .     -

    -   (  ), 

        

(  Y).    Z    (  )  

 . 

 2.  

  T JM -ZPS H630  

 -   ( ),  750 

 -  Y (  ),  700 

 -  Z (  ),  770 

   -  , . 360 

    ( . 

),  
750  800 

    X, Y, Z, /  50 

    X, Y, Z, /  50 

   -  , -1 8 

   X, Y, Z, / 2 5 

  ,  630  630 

  ,  800 

   ( ),  0,01 

    X, Y, Z,  0,006 
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  2 

    ,  3" 

 ,  2 

  ,  10 

  ,  0,01 

    X, Y, Z,  0.01 

    ,  6" 

  ,  56 

  , . 3,1 

     

,   ,  

5 800  3 

140 

 ,  3 260 

 ,  17 000 

    

 HSK- 63 

  , -1 18 000 

   

  /   S6 - 40%, 

 
25 / 31 

  /    S6 - 40%,  159 / 157 

 IS  50 

  , -1 8 000 
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  2 

  /   S6 - 

40%,  
20 / 30 

  /    S6 - 40%,  306 / 458 

  
-

 

 HSK- 100 

  , -1 14 000 

  /   S6 - 

40%,  
25 / 37 

  /    S6 - 40%,  159 / 236 

 

      

  +    B hmuller 122-

0 N   

 

 5 

     3. 
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 3. 

  SINUMERI  

  100  

   X / Z 200  300  

  120000 /  

  2.2  

   0-8 /  

   5200 x 3000  

 

1.4       
 . 

 4.  

№ 

 

     

 

 

000 

-

 

 

2R000=1.4 

2r000=1.0 

000=1.0 

ʘ (2000 4000) = 

0.8 

20=40=1.0 
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  4 

005 

 

 

 

 

(  

1), 

 

, 

(  

4  6).. 

 

005=0.22 

2r005=0.12 

2B005=0.12 

005=0.39 

ʘ (2005 4005) = 

0.2 

010 

 

 

 

  

(  

1), 

 

 

(  

2). 

  

2R010=0.14 

010=0.16 

ʘ (2000 4005) = 

0.0.8 
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  4 

015. 1  

 

  

 

 

 

015=0.15 

015=0.13 

015. 2  

 

  

 

 

 (8 

) 

 

020=0.12 

020=0.13 
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  4 

015. 3  

 

. 

 

 (16 

) 

 

2F025=0,012 

015. 4  

 

. 

 

 (16 

) 

 

2G030=0.075 

2 030=0.1 
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  4 

015. 5  

 

.  

 

 (16 

) 

 

2 035=0,14 

035=0,21 

015. 6  

 

 

. 

 

 (16 

)  

 

040=0,18 

040=0,18 
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  4 

015. 7  

 

  

 

 

 ( 8 

) 

 

045=0,18 

045=0,18 

020 

 

 4. 

 

 

2r050=0,046 

ʘ (2010 4050) = 

0.08 

 

1.5     
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  .      

      .  

   

 

 

 6  

 

       

,        [ |] = − |
 [ ] = | −  
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[ |] = − |
 [ ] = −  

 

   

 

 

 7 

 

       

,        [ ] = − | − || −  [ |] = − | || − || − |
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[ ] = 𝑟 − | − | || − 𝑟 ||
 [ |] = 𝑟 | − | − − 𝑟  [ ] = 𝑟 − − − 𝑟  

    – .  [ | ] = − 𝑎 |
 [ ] = | − 𝑎  [ | ] = − 𝑎 |
 [ ] = − 𝑎  [ ] = − 𝑎 |
 [ | ] = − 𝑎  [ ] = − | − || − 𝑎  [ | ] = − | || − || − 𝑎 |

 [ ] = 𝑟 − | − | || − 𝑟 𝑎 ||
 [ | ] = 𝑟 | − | − − 𝑟 𝑎  [ ] = 𝑟 − − − 𝑟 𝑎  

     (1.1): = + ℎ, 
 RZ –   ,    

, ; 

h –   ,    , 

. [ | ] = , + , = ,  [ ] = , + , = ,  [ | ] = , + , = ,  [ ] = , + , = ,  [ | ] = , + , = ,   

(1.1) (1.1) 
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[ ] = , + , = ,   [ ] = , − , = ,   [ | ] = , + , = ,  [ ] = , + , = ,  

       

    .  [ | ] = − 𝑎 |
 . = − .  = . + . = .  

𝑎 = +  

𝑎 = . + . = .  = . − ,  [ 𝑎| ] = [ | ] + 𝛴  [ 𝑎| ] = , + , + , = ,  [ ] = | − 𝑎  . = | − .  | = . + . = .  

𝑎 | = | + |
 

𝑎 | = . + . = .  | = . − .  [ 𝑎 ] = [ ] + 𝛴  [ 𝑎 ] = . + . + . = ,  [ ] = − 𝑎 |
 . = − .  = . + . = .  

𝑎 = +  

𝑎 = . + . = .  
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= . − .  [ 𝑎 ] = [ ] + 𝛴  [ 𝑎 ] = . + . + . = .  [ | ] = − 𝑎  . = − .  = . + . = .  

𝑎 = +  

𝑎 = . + = .  = . −  [ 𝑎| ] = [ | ] + 𝛴  [ 𝑎| ] = . + + . = .  [ | ] = − | || − || − 𝑎 |
 . = − . − . −  = + . + . + . = ,  

𝑎 = +  

𝑎 = . + . = .   = . − .  [ 𝑎| ] = [ | ] + 𝛴  [ 𝑎| ] = . + . + . + . + . = ,  [ ] = − | − || − 𝑎  . = − . − . − ,  = . + . + . + . = .  

𝑎 = +  

𝑎 = . + . = .  = . − .  [ 𝑎 ] = [ ] + 𝛴  [ 𝑎 ] = . + . + . + . + . = .  
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[ ] = 𝑟 − | − | || − 𝑟 𝑎 ||
 . = − . − . − 𝑟 𝑎 ||

 𝑟 𝑎 || = − . − . − . = .  𝑟 || = 𝑟 𝑎 || − 𝑟 ||
 𝑟 || = . − . = .  𝑟 || = . + .  [ 𝑎 ] = [ ] + 𝛴  [ 𝑎 ] = . + . + . + . + . = .  [ | ] = 𝑟 | − | − − 𝑟 𝑎  . = . − . − . − 𝑟 𝑎  𝑟 𝑎 = . − . − . − . = .  𝑟 = 𝑟 𝑎 − 𝑟  𝑟 = . − . = .  𝑟 = . + .  [ 𝑎| ] = [ | ] + 𝛴  [ 𝑎| ] = . + . + . + . + . = ,  [ ] = 𝑟 − − − 𝑟 𝑎  . = . − . − . − 𝑟 𝑎  𝑟 𝑎 = . − . − . − . = .  𝑟 = 𝑟 𝑎 − 𝑟  𝑟 = . − , = .  𝑟 = . +  [ 𝑎 ] = [ ] + 𝛴  [ 𝑎 ] = . + . + . + . + . = ,  

 

1.6    
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1.6.1.   

 : 

 005,  2.      

   H S SL-30  35.62,   40 ,  

. 

        t = ,  .  

    12 [4, . 268].    

 R  = 12,5         

 r  = 0,6 , S = 0,25 / . 

   .    

    = 60 . 

   ( / ),   

 ,   : V = Vm·t · KV . 

  –   , , 

t –  , , 

s – , / . 

  17 [4, . 269]     

  :       

S ˃ 0,3 / ,       15 6  V = 350; x = 

0,12; y = =0,5; m = 0,28. 

 KV   ,  

     K V,  

 K V,   K V,     Kφv  

   Krv.  

KMV =1,13;   4 [4, . 263] 

K V = 0,6;  .6 [4, .263] 

(1.2) 
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 φ = 800 , KφV = 1   18 [4, . 271].   

    (    )  

. 

 KrV = 1; K V = 1; 

      

V = Vm·t · ·KMV K V K V KφV KrV , 

V = , · , , · , , ·1,13 1 0,6 ·1·1 = 174 /  . 

  ,    

,    (1.3): n = ∙ Vπ ∙ D . 
 V –  , / , 

D –   , . 

 ,  n = 
1000∙
3,14∙ =  / . 

 ( ),   , 

N = 
P V∙  

  ( )   (1.5)  P =  P t  S  V  KP 

  22 [4, .273]      

.      = 300; x = 1; y = 0,75; n= 0. 

       

,       

 : KP = KMP KφP KγP KλP K P 

     10 [4, . 264]  

 23 [4, . 275]. 

    : 

(1.3) 

(1.4) 

(1.5) 
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KMP  =1; 

KφP = 0,89,   φ = 80˚; 

K P = 1,    = 10˚; 

K P = 1,    = 0˚. 

        

   . 

       ,  P = ∙ ∙ , ∙ , , ∙ − , ∙ ∙ ∙ , ∙ ∙ =  . 
    (1.4) N =  ∙ ∙ = ,  В . 

,        N ≤ Nш . 
  16 20 Nш = N η = ∙ , = ,  В .   ( , ≤, ), ,  . 

  

      : T = Lins , 
 L –   , ;  

i –   ,    i = 1. 

    

L = l + y + ∆,  

 l –   , ; 

y –  , ; 

∆ -  , . 

  y = t tgφ,  y = , ∙ tg ˚ = , ∙ = ,  . 
   3 : 

L = 34 + 0 +0,26 = 34,26 ; 

(1.6) 
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T = , ∙∙ , = ,  . 
 

1.5.2  .  

 : 

 015,  2.  

 , =5, t=21, 

      , 

   15 6   3 [4, . 117]  5348-69 

 D=80 ,  =5     z=18 [4, . 182].  

      17 [4, . 225]:  

φ = 900, α = 150 ,  = 50 ,w = 100, φ1 = 50,f = 2. 

 

  . 

    t =  .  

       33 [4, . 283].    

  15 6    22 : Sz=0,09 / . 

   ( / ),   

 ,   : 𝑉 = V·𝑇m·𝑡 · ·Bu· V . 

  39 [1, . 288]     

  : СV = 68,5; q =0,2; x = 0,35; y = 0,3; u = 0,1; p = 

=0,4; m = 0,35. 

    40 [4, . 290] = 60 . 

 KV   ,  

   K V,    

K V,   K V.  

  1 [4, . 261]     σ 6500 : 

KMV = σ 𝑉,  nV = 0,9; 

(1.7) 
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      (  

  )  . 

 KMV = , = 1,13; K V = 1; K V=1. 

   :   𝑉 = V·𝑇m·𝑡 · ·Bu·  ·K V·K V·K V 𝑉 = , · ,, · , · , , · , ·  ·1,13·1·1= 43,5 / . 

  ,    

,   : n = ∙ Vπ ∙ D . 
 , : n = 

1000∙ ,
3,14∙80 =173 / . 

  

SM=SZ·z·n 

SM=0 ,08·18·719 = 907 / . 

 Sz –    , /  

z –  , 

n    . 

 ( ),   : 

N = 
P V∙  

  ( ): = · 𝑡 · · ·· ·  

  41 [1, .291]      

.     С  = 68,5; x = 0,9; y = 0,8; n = 1,1; 

q=1,1; w=0,1. 

(1.8) 

(1.9) 

(1.10) 
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   9 [4, . 264]: 

KM  = 
𝜎 ,  n = 0,3; KM  = =0,9 = · , · , · , , · , ·, ·  ·0,9= 3107 

 , · ,  : 

= 
P ·D· , 

 D –  ,  

= 
··  = 1243 

  ( ), : 

Ne= 
𝑃𝑧·𝑉·  

Ne=  
· ,·  = 2,2  

,        𝑒 ≤ш .      ш = η = , ∙ , = ,  В . 
  ( , ≤ , ), ,  . 

  

      : = 𝑀 , 
 L –   , ;  

SM –  . 

   : 

L = l + y + ∆, 

 l –   , ; 

y –  , ; 

∆ -  , . 

 : = ,  = , ∙ =  

(1.11) 

(1.12) 

(1.13) 
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   36 : 

L = 34+ 24 = 58 ; = = , . 
1.5.3   

 : 

      4. 

  :  t = D − d = − , = ,   

 .         S =,  / .  

  ,    

: V = V ∙ DT t S KV 

   . 

: T =   [4, .280] 

         

 :        V =163; x =0,2; y =0,5; m =0,45; q = , ;  –  .29 [4, 

.279]. 

 KV   ,  

     KMV;  

 KИV      K V. KV = KMV ∙ KИV ∙ K V 

  1 [4, . 261]     σ 6500 : 

KMV = σ 𝑉,  nV = 0,9; 

(1.14) 

(1.15) 
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      (  

  )  . 

 KMV = , = 1,13; K V = 1; K V=1. 

V = ∙ ,, ∙ , , ∙ , ,  ∙ , = ,  ⁄ . 
  : M = ∙ ∙ D ∙ t ∙ s ∙ K  

        

22[1, .274]:  = , ; x = , ; q = ; y = , . M = ∙ , ∙ ∙ , , ∙ , , ∙ , = .   

: N = M · n
 

 

  ,   : n = · Vπ · D  

n = ∙ ,, ∙ =  ⁄   
 = . · = .  

 

,        N ≤ Nш . 

 2 135  Nш = N η = ∙ , = ,  .   , < ,    .  

    T = LnS 

  L -   , ; 

   : L = l + y + ∆ 

(1.16) 

(1.17) 

(1.18) 
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  l -   , ; y -  , ; ∆ -  , ; y + ∆ = 2  L = , + = ,   T = ,∙ , = ,  

        7 

5 

№ 

 
 𝑡  𝑉     

𝑡 , 

 

005  
0,9 0,51 179 485 703 - 2 0,27 

0,74 0,33 215 527 405 - 1,4 0,35 

010  
1,03 0,51 162 398 936 - 2,9 0,3 

0,75 0,33 215 527 705 - 1,4 0,35 

015  

21 0,3 20 184 6391 639 5,6 0,4 

1 0,15 30 228 4952 742 4,6 3,9 

21 0,08 43,5 173 3107 1243 2,2 0,4 

20 0,09 3,6 305 40 0,2 1,6 0,2 

1,05 0,3 22,1 1406 38 0,16 0,02 0,005 

0,55 0,3 23,3 1854 79 0,7 0,13 0,002 

- 0,3 20 1818 - 0,8 0,14 0,003 

18 0,08 49,4 341 1168 228 1,77 0,47 

020  0,1 0,025 15 73,5   1,04 0,58 

 

1.6  . 

       005. 

 . 
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 t = 0.88  

        

t  = 0.43 .[6, . 56,  2].  

 ,     

t  = 0.15  [6, . 110, .20].  

     t  = 0,    

     . 

   :  𝑡В = 𝑡 𝑐 + 𝑡 + 𝑡 ∙ К𝑡  

 t  =1.15 –       

      

. 𝑡В = , + , + ∙ , = ,  

    : 𝑡 = 𝑡 + 𝑡В 𝑡 = , + , = ,  

      6%   

. [6, .223,  45]. 𝑡 𝑐 = 𝑡 ∙ ,  𝑡 𝑐 = , ∙ , = ,  

        4%  

 . [6, .236,  46]. 𝑡 = 𝑡 ∙ ,  𝑡 = , ∙ , = ,  

  : 𝑡ш = 𝑡 + 𝑡 ∙ + 𝑡 𝑐 + 𝑡
 𝑡ш = 𝑡 + 𝑡 ∙ + 𝑡 𝑐 + 𝑡
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6 

 6 

 №  to tv t  t  to  t  KtB to  t  

005 0,880 0,667 0,430 0,150 0,053 0,035 1,150 1,547 t 

010 1,110 0,667 0,430 0,150 0,067 0,044 1,150 1,777 1,778 

015 3,900 1,024 0,680 0,210 0,234 0,156 1,150 4,924 4,942 

020 3,200 0,598 - 0,520 0,192 0,128 1,150 3,798 3,810 

025 8,480 0,115 - 0,100 0,509 0,339 1,150 8,595 8,667 

030 0,320 0,115 - 0,100 0,019 0,013 1,150 0,435 0,435 

035 0,080 0,115 - 0,100 0,005 0,003 1,150 0,195 0,195 

040 0,048 0,115 - 0,100 0,003 0,002 1,150 0,163 0,163 

045 3,760 0,897 0,680 0,100 0,226 0,150 1,150 4,657 4,674 

050 0,580 1,081 0,520 0,420 0,035 0,023 1,150 1,661 1,661 

 

1.7   . 
       

  , < и.м ≤  . 

 

 

      (1,20) [1, 

.6] 
 

 и.м =  𝐺𝐺З
 , (1.20) 

 

   –  , ; 
  З –  , . 
 

и.м =  , ,  = 0,53, 

 

  , < и.м ≤     « » 
 . 
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2   

2.1       

          

« ». 

       .  

       

    ,   

 . 

      ,   

    ,     

. 

    1,23 ,    

,       

0,5 . 

       

      TAJMAC-ZPS H630.  

   , ,  , 

 .        

- ,   ,      

   . 

      : 
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 8 –      

       

 

.  

                                                             
 50sinfQF

, 

 F  –      ; 

Q –   ; 

f –  ., 

(2.1) 

  ,    ,   
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02  FG
, 

 

050sin2  fQG  





50sin2 f

kG
Q

, 

 k –   : 

 k = k1 k2 k3,  

  k1 -  , k1 = 1,7; 

     k2 - ,    ,   

     , k2 = 1,4; 

       k3 -  ,      

   , k3 = 1,8 ( 5, . 506).  

f  -  , f = 0,4 (5, . 85); 

 

Q 107
50sin4,02

8,14,17,181,923,1






. 

      W. 

    ,     

  . 

(2.2) 

(2.3) 

(2.4) 

 G –  ; 
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  ∑ =0    : 

 

                                            
.

cos
)cos(12

;)cos(1cos

b

aW
FF

bFaW









 

                                                    
.

sin

)(
2

;sin2)(

d

edQ
F

dFedQ












 

  (2.5)  (2.6), : 

                                   
,1207

5,1775sin5015cos

20)405,17(107

sincos

)(

;
sin

)(cos

da

bedQ
W

d

edQ

b

aW






















 




 
pW

Dц

4

2

; 

                                                    
 




p

W
Dц

4

, 

 p -    , p = 0,5 ; 

       -  ,  = 0,9; 

(2.5) 

(2.6) 

(2.7) 

(2.8) 

(2.9) 

  ∑ =0   D : 

   b –   ; =50 ; b=20 ; d=17,5 ; 

e=40  α=15° ; =75°  (  ). 

       ,   

    : 
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ммDц 58
9,05,0

12074






 . 

 D    . D  = 63 .   

    : 

цш Dd 5,03,0 
  

ммdш 20  

W 1402
4

9,05,014,3502





. 

 

 

;0 Axx FQF  

,0 AFGWF
 

:  

.

;

GWF

QF

Aó

Ax





 

(2.10) 

        

 

,           

   : 

 

    ,    

2.9, : 
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.119581,923,11207

;107





A

Ax

F

F

 

;22

AAxA FFF 
 

.11991195107 22
FA 

 

      : 

,
][

4 АF
d

 



 

 [ p] -      40  [ p]=120 ; 

.04,4
12014,3

11994 ммd 





 

,
2

bd

F

ш

А
м 






 

 b=20  –   ; 

 

(2.11) 

(2.12) 

   : 

 

    .   d=8 . 

   ,     

   40  
][ м =80 : 
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.8013,6
20814,3

11992 ПаПам 





 

     

           

     .    

,          

,      .   ,  

    .    

  .      

    ,   

          

 . 

,
2

418,0
dl

Q






 

 




2

 -      

   ;  =2,15∙105  (  40 ),  =2,12∙105  

(  40 );  

;1013,2
1012,21015,2

1015,22 5

55

5

Па





 

(2.13) 

        

: 
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  d –  ; 

       l –   . 

               Па650  (  40 ). 

;
418,02

2

2





d

Q
l

 

.2.3
650130

1013,2107418,02
2

52

ммl 





 

  .  l=40 . 

2.2      . 
      .  

     .   

     . 

 

 9 –    

(2.14) 

  : 
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.  

= 𝑓 + 𝑓 − 𝑑− 𝑑 + 𝑓 − 𝑑− 𝑑  

= − 𝑓 ( − 𝑑− 𝑑 )𝑓 + 𝑓 ( − 𝑑− 𝑑 )  

= . ∙ − ∙ . ∙ ∙ ( −− )∙ . ∙ ( −− ) = ,  

     3057-90. 

 3.   D = 71 ,   d=28 ,  

 t = 2,6 ,   s3 =2 ,   

h=4,6 

        

= 𝛿− [ ℎ − (ℎ − ) + 𝛿 ] 

= ∙ ∙ ∙ . ∙− . [ . − ( . − ) + . ] = , . 
 

      

 = , √𝑃ш ,  

   –      ,   = 0,5 . 

 = 1,14 ∙ √ ,  ≈ 124.9 . 

(2.15) 



 

Изм. Лист № докум. Подпись Дата 

Лист 

48 15.03.05.2018.696.00.00 ПЗ 

  15608-81      

     :  = 125 , 𝑑ш  = 32 . 

  (2.16)  (2,17)      ш  

[ , . 6.11, . 151]    : 

 

 ш  = 
𝜋

p η, (2.16) 

 

  η –    , η = 0,85. 

 ш  = 
𝜋
 ∙ ∙ 0,5 ∙ 0,85 = 10431 ; 

 

  = ∙ 𝜂, (2. 17) 

 

 = 10431 ∙ 0,9 ≈ 9387 . 
 

2.3      

 

      

.      

        

 .     

 ,   ,    , 

    .   

   ,     

 . 
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 10 –   

 

     [8 . 151] 

       . 

       (  11, ). 

        (  11 ) 

    φ   . 
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  11 

      = ∙ ∙∙ 𝑟 ∙ , 
 Q —  , ; M  —    , _ ; n —  

 (n = 6); f —       (f = 

0,15); 

r —    r = D/2, ; k —   

. = ∙ ∙∙ ∙ = ∙  

  ,    : = ∙ ∙∙ 𝜋 ∙ 𝑟, 
 M  —     r , 

   , ; l —     

  , . = ∙ ∙ ∙∙ 𝜋 ∙ = ∙  

 

     D. = . − . ∙ ′, 
 D’ —   , ;  D’   h7–h9. 

(2.18) 
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     b, ,   b = 

0,025 ∙D. = . ∙ = ,  

  D/2r,    —    

M , _ ,    M . 

    : = ∙∙ ∙ − , 
 B —      , 

_ ; 

E —  ,  (E = 2,1∙105 );  

b —  , ; 

= 0,3. = , ∙ ∙∙ ∙ − , =  ∙   
 

        

     (Dmin ) : 𝜑 = 𝑎 ∙ 𝑟∙ ∙ + , 
 φ—   , . 𝜑 = ∙∙ ∙ + , = , , . 

 

8.     : 𝜑′ = 𝜑 + ′∙ + 𝛥∙ , 
 TD’—    D, ; Δ = 0,01–0,03—    

       Dm x. 𝜑′ = , + ,∙ + ,∙ = , , . 
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9.    P ,     

  : = ∙ ∙ 𝜋 ∙ ∙ 𝜑′𝑟 ∙ , 
= ∙ ∙ 𝜋 ∙ ∙ , ′∙ = ,   

      

 = , √𝑃ш ,  

   –      ,   = 0,5 . 

 = 1,14 ∙ √ ,  ≈ 44 . 

  15608-81      

     :  = 50 , 𝑑ш  = 16 . 

         ш  [ , 
. 6.11, . 151]    : 

 

 ш  = 
𝜋

p η, (2.2.12) 

 

  η –    , η = 0,85. 

 ш  = 
𝜋
 ∙ ∙ 0,5 ∙ 0,85 = 834 ; 

 

  = ∙ 𝜂, (2.2.13) 

 

 = 834 ∙ 0,9 ≈ 751 . 
 

2.4      
 . 

      . 

 



 

Изм. Лист № докум. Подпись Дата 

Лист 

53 15.03.05.2018.696.00.00 ПЗ 

 
 12 

1.        

    1  16085-80,  Tp=0.2 :  

 ,     5 10 : 

F=0.026 ; =0,008 ; W=0,01 ; 

   : 

0= =0,008 ; W0=W=0,01 ; 

2.        : 

dk0m x = dG0-W=78 ; 

      

   24853-81 

dk0min = dG0-W=78-0.008=77.992 ; 

dk0x-W = 78-0.008-0.010=77.982 ; 

   : 

dkm x = 5-0.2+0.026+0.008 = 4.834 ; 
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3.         1 

 16085-80 

    ,   , 

    : 

)          

  

)         

,     100 , ,  –  
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3   

3.1         

 

       

M.   -   , 

        

 . 

      . 

 

 13 –   
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 14-     

 

 15 –    

         

   ... 
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 16 

 

 17 -   
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 18 

        . 

 19 . 
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 20 

 

3.2  3D     

 

  3D      

-3D V16.1.       3D-  

      .  

     3D  ,   

.      ,  . 

 ,  ,     

   .    

     .   

     . 

3D      . 



 

Изм. Лист № докум. Подпись Дата 

Лист 

60 15.03.05.2018.696.00.00 ПЗ 

 

 21 

 

 22 

 

4.3     
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 23 –  

      

         

.     -3D,  , .    

    .  

       ,  

 3D . 

     ,  

   ,    

   . 

   ,    

 .  (  , 

 ,    .)    

    .    )    
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4   

4.1       

 

 

   -      

.         

(3): 

𝑎𝑐 = 𝛴
 

  –   , 𝛴-       

, , =  -       

[11, .18], 

𝛴 = ∑ ∑ 𝑡ш ,== , 
 t –    j-    i-  

, . 

N –   i-  . 

𝛴 = , ∙ =  

    : 

𝑎𝑐 = = ,  

        = 1. 

       

 (4): К = 𝑎𝑐
 

  -   , 

-   , 

(4.1) 

(4.2) 
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-   , К = , = ,  

        .  

     9 

  7. 

    

 0,04 1 0,043 

 0,06 1 0,063 

 0,02 1 0,21 

 

       (4.3): К .𝑐 = ∑ 𝑎𝑐=∑ =  

 ∑ 𝑎𝑐= , ∑ =  –     

   i-  , 

m-  . К .𝑐 = , + , + ,+ + = ,  

 

4.2.   - . 
 8  

   

-

 

   1 

   

  1 

(4.4) 
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4.3     

 

       

       1 ²  

  , / ². 

        

         

 ( ).        

         

   .  

   ,    . 

         

 .  

 

 4.4       . 

 

    -  

   .   M bilmet  M bil  

       , 

  .     

       , 

  . 

          

   6 . 

 

4.5  -      

 

.      : 1- -5-

16,5-12-380  22045-89. 
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T JM -ZPS H630 - 5800 3140 3260 

     ,    5 

 

 19 -    

1 –  ; 2 -   ; 3 –   

; 4 –  

     

  , . .      

  ,     

    .    

,         

.  

    ,   

  18 12 

 

        

h1,   h2     

,        h3   
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  h4   H1    

:  = ℎ + ℎ + ℎ + ℎ ,  
 h1 -    ;  

       h2 -       

;  

       h3-     ;  

       h4 -  -   ( ) = + . + . + . = ,  . 
: = ,      7.1 [14, .43] 

  1       7.1 [14, .43] 

 = ,   
   9,6     5    

 25628-90   1 96   400 600 .  
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5   

5.1   

 –      

,       

:   ,  ,  

 . 

       

       

       

 ,     

       .  

         

8-        

,      ,  

       

   .   

       

 

 «   »    

 « »   II ( )  .   

-        , 

  / . ,  , , 

,      II ( )  , 

    172  293 / ,   , 

     10    

   (     

, , , ,   

     . .).    

        

   18 - 20 ° ,     20 - 23 ° ;  
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   40 - 60 %;    ,  

       ,  

 0,2 / ,   -0,3 / . 

       ,   

        

        

 2°          

. 

 

5.2   

 

       .  

     , -  

.   ,  

    ,  

       

 . 

       : 

       

 ,       . 

  ,  ,   

:    ,     

 ,     ,    

  . 

    23-05-95.  

  ( )     

    .   

       , 

  –    (   ). 
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      ( ), 

   ,    : 

, ,  (   5 )   (   0,3 

).        

 ,        .  

      

      1,5 .   

   ,   

 .      

         

 30°.  ,       

 ё      23-05-95.   

         

200      100    .  

  750      300    

     .  , 

           

 . 

 

5.3   

 

      

      ( ,   

       )   

II  .    

       

. 

       

   12.4.009-83. 

  ,     : 
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) ; 

)  ; 

)  ; 

)   . 

       

,          

 (   )    

 . 

   : 

-         1,5   

          , 

    ; 

-        ,  

       .  

  ,        

  ,     

   ,      

 . 

      , 

: 

-     ; 

-         

; 

-     .  

-       .  

        

 . 

        

  ( )     

      . 
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      1,0 3   

     19596.   

( )        

 . 

,   ,     

  . 

     ,   

     ,  

         

      (    ) 

    4 ,    

      1 /   1 2  . 

   (   )  

 . 

      ,   , 

,           

       . 

      ,  

           

 . 

  , : 

-       112, (   

,   ,  ); 

-  ,     ; 

-     ,  ,  

 . 

-     ,  ,   

     ; 

-     ; 

-   ,   ; 
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-         

(        )     

   ; 

-          

,        

.         

 ,   ,    

      . [15] 

5.4   

    ,     

      , 

       

  ,   ,   

. 

-     ; 

-          

 ; 

-         

   ; 

-       , 

    . 

       

    . 

     

       

    :  

-      ,  , 

       

 ,    ( , , 

, ,   .); 
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-      ,  

      

     ; 

-      ,   ; 

-          

,   ;    

  ( ),      

 ( ,   ); 

-     , 

, , ,     

(  ),  ; 

-          ,   

  ,   ,   

  . 

    , 

  ,  . 

       

. 
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  « »    .  

       :  

-    ; 

-   ,    

 ; 

-       

 . 

   –      

   ( ),    

 ,      

       

 . 

       

   .  ,    

      

,    ,     

.          

       , 

   .    

  =0,04  

     

    . 

   .  

       

   .  

        

,  :   3D-   

    ,  3D-   



 

Изм. Лист № докум. Подпись Дата 

Лист 

75 15.03.05.2018.696.00.00 ПЗ 

,      

  . 

        

  ,    

 ,  -  , 

    ,   . 

  «  »   

 ,  , 

      . 
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