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 1   
 1.1    
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   , : 
  1.1 -   , 
  1.2 -      1.1; 
  1.3 -     1.1; 
  1.4 -      1.2; 
  1.5 -  ; 
  1.6 -    . 

     1,  2,    
 3  4   5.  1     1.1  1.2  

 1.3.   3  4  2   
 6 (  1.2). 

  6    -   6.1 
(  1.5 « »)     6.2. (  1.5 « »). 

  6     ,  
  6.1.1.  6.2.1.     

3  4  2 (  1.2, 1.5). 
 5     5.1  5.2 (  1.1, 1.3).   

    5.1    
 3,        5.2 

    4,        
7  8.    3      
1.1,     4      1.2. 

      7  8 (  1.3),   
     9  10  1 (  1.4). 

    2 (  1.2)    3  4 
   6,   6.3,   

 ,    ,   
        .  

   . 
   5  2   1.1  1.2 

( .1, 3, 6),           1.3, 
     1   2. 

       6.3 (  
1.2)  

 7  8   11, ,   . , 
    (  ),    12, 

    11      
 12       

     .    2   
13     ,   14  

  2     12,   7  8.  
   14  13    12   

7  8   . 
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     ,    
    /   ,  

        
    . 
     5.1  5.2 (  1.1)   

 
 14  .   14    

  15  16. 
      

 ,       
   . 

 ,     ,  , 
    ,     

      2    
6.2,   6.2.2,      

     . 
   6      

  ,    ,   
   . 

          
   12   11     2   

  . Д2Ж 
 

 
 1.1 –    
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 1.2 –      1.1 

 

 
 1.3 –  -    1.1 
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 1.4 –      1.2 

 

 
 1.5 –   
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 1.6 –     
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 1.2      
 

      12 18 10 .  
:    

 
   12 18 10     1.1  

 
 1.1 –    

  
 SТ MЧ NТ S P CЫ CЮ TТ FО 

 
0,12 

 0,8  2 9 – 11  
0,02 

 
0,035 

17 –19  0,3 0,4 – 1 з 67 

  
 

   12 18 10     1.2  
 

 1.2 –    
 

 
, 

°  

σ0,2 ( ) σ ( ) δ5 (%) ψ % KCU (  / 
2) 

20 225 – 315 550 – 650 46 – 74 66 – 80 215 – 372 
500 135 – 205 390 – 440 30 – 42 60 – 70 196 – 353 
550 135 – 205 380 – 450 31 – 41 61 – 68 215 – 353 
600 120 – 205 340 – 410 28 – 38 51 – 74 196 – 358 
650 120 – 195 270 – 390 27 – 37 52 – 73 245 – 353 
700 120 – 195 265 – 360 20 – 38 40 – 70 255 – 353 

 
 

  12 18 10      . 
       

 .        
 500-800 ° .        

       . 
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 1.3    
 

     : 
, ,    ,  

 ,   , - , 
   . 

   : , , , 
    ,  ,  

,   ,     , 
      . 

 : , ,  , ( ) 
, , , . 

        
.     —    

  ( , ),    
, .       ,   

  .     
    .   

     ,  
,    ,     
    .       

  ,     ,   
      . 

     .   
         

 ,        
.        

  ,     ,   
.        
    . 
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 2   
 
 2.1    
 

1.       
  ,      

  ,       
,     .    

     ,     
          5%.  

2.   ,    ,  
     4-5 .  

3.        
 (    )    
 .  

4.         
.    ,     , 

.  
5.          

           
 .         

  .  
6.           

  ,   .      
      .  
7.       16037-80.  
8.         

     .     
        

  ,        
 .  

9.     ,    
  ё  .     

     .  
10.        

 . 
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2.2    
 

     : ,   
. 

      (  2.1). 
1.   –       

 .       
      ,   

 . Д8Ж 

   -   .  
        = 106 – 107 

/ 2,          
   . 
      :  

    ,     
      ,   , 

   ,  ,    
,   . 

         
 .      

.       0,05  1,0    
   . 

 2.1 –    
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,    30 - 90%.     

        5 /   
   20 .     

  (    1,5 ,   
).     . 

     :  (    
  100 ), -  (    0,1  1 ), 

 (    1 ). 
  : 

-    ; 
-   (0,01 - 2,0%). 

  : 

-    ; 
-      ; 
-       (    20 

      15 /   5 - 8 ,  
        100 /   

1); 
-        . 
 

       ,  
 ,   ,    . 

2.       , 
   ё      

    —      . 
     : , 

  . 
       

     .   
,  ,   1 .    

    . 
       

     .  , 
     ,  

       
 .    –  3 .   

       
   . 
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 (  ),      ,   
  .      

.    –  3 .    
    . 

   150 – 200 ,      
  .      0,5   

  40 – 50 .       
     1, , , 

     
3.      ,   

 ё        
  –      .    

         .  
          

,     -   
.     -   

       . 
          

    ,     1 –
16 . 

      . 
       

      ,     
      100 / ².  

   0,5 – 3 .    
   ,     
;   ;       

,     ;   
 .      ,   . 

       
  0,1 – 0,5 , . . ,    , 

       . 
   120 – 300 / ²   .   

  0,1—1,5 .      
 3 – 8 / ².       
,   ;   ;  
 . Д3Ж    
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2.3    
 

   12 18 10       
. 

 ,      : 
1.      ,   

,        

; 

2.       ; 

3.       . 

        
   0,7%   0,4% . 

  ,   , 
   .        

,      2-3     
  . 

    14111—69,  ,   
  ,     

 .      , 
         

,    .  ,    
 .   

       
,          ,  

   ,         
     .   , 

          .  
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 2.4    
 2.4.1 В    

 
ё         

Н ,       S ( ) Д11Ж (1): 
 
 
                                                   Н  = 2·S+3,   S  3                                      (1) 
 

 
Н  = 2·1.5+3 = 6  

 
        

  .    ,    ,  
    .   

       
    ,     

  ,          
  ,   .    

      . 
       

         
 .       

     . 

          
    ,     . 

         
,        ,    

   ё .   ,  
       

 (5…8 / )       
     ,  ,    

  ё    . Д11Ж 
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 2.4.2 ч    
 

     Д12Ж (2): 
 
                                                      Э  = Э · S,                                      (2) 
 
S = 1,5  –   ; 

Э = 660 –  ,       
  

 
Э  = 660 · 0,0015 = 1  

 
    ,  .   

 ,       
(  8-10    ),      . 
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 2.4.3 ч   ч   
 

   I     -  Д11Ж (3): 
 

                                            св = ээ∙ д. ∙ св   ,                                  (3) 

 
 = 1,2 –       ; 

R .  = 32×10-5  –     ; 
Э  = 1  –  ; 
Q  –    .    : 
Q  = Q1 + Q2 + Q3, : 
Q1 – ,       ; 
Q2 – ,       б2  

 ; 
Q3 –       . 
 

 , ,       
 Q1    (4): 

 
                                         =  ∙ э ∙ ∙ ∙ с ∙ ∙  ,                          (4)  

 = 1,3  –   ; 
Н  = 6  –  ; 
 = 769 / °  –   ; 
 = 7920 / 3 –   ; 

 = 1713 °  –   . 
 =  , ∙ , ∙ ∙ , ∙ ∙ ∙ =  Д   
 
 

,     ,  б2,  
 ,    (5): 

 
                        = ∙ ∙ ∙ я + ∙ ∙ ∙ ∙ ∙  ,                (5) 
 

 = 1,3  –   ; 
 = 0,8 –  ,     б2 

  ; 
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я = 4  –  ; 
 = 769 / °  –   ; 
 = 7920 / 3 –   ; 

 = 1713 °  –   ; 
 –   ,   .    

(6): 
                         
                                              = , св ∙  ,                                 (6) 
 св=1  –  . 
 = , √ ∙ = ,   
 

  ,      Q2: 
  = , ∙ , ∙ , ∙ , + , ∙ ∙ , ∙ ∙ ∙=  Д   
 

      ,    (7): 
 
                                     = ∙ ∙ ∙ я ∙ ∙ ∙ э ∙ Т  ,                    (7) 
 
Ф2 = 1 – ,     ; 
Н  = 4  –  ; 

 = 371 / °  –   ,    
; 

 = 8900 / 3 -   ,    ; 
 = 1083 °  –   ; 

б3 –   .    (8): 
 
                                         = , св ∙ ,                                     (8) 
 св=1  –  . 
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 = , √ ∙ = ,   
 = ∙ ∙ , ∙ , ∙ , ∙ ∙ ∙ = ,  Д  
 ээ = + + , = ,  Д  
 

   I   : 
 св = ,, ∙ ∙ ∙ =  А 
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 2.5    
 

        -
1201 4 (  2.2). 

        
      -  
. 

  : 

1.     ...................................................... 380  
2.    ....................................................................................... 50  
3.    ................................................................................................................. 1 
4.       .................................. 12000  
5.    ,    ................................. 3200  
6.    ...................................................................................... 0.6 
7.     ,    ....................... 40  
8.    ( )  ................................................................... 10 % 
9.   =50%,    ................................................................ 18  
10.     ........................................................................ 380  
11.    (   0.5 ),    .................. 380  
12.    (   0.1 ),    .................... 76  
13.      ................................................. 0.5  
14.    .................................................................................... 260  
15.    ................................................................................. 230  
16.     .........................................................0.025 З3/100  
17.   ,   ......................................................... 300 /  
18.       ,    ....... 10 З2 
19.      .........................................    
20.    ,   : 

  .....................................................................   0.2+0.2  1.4+1.4 ; 
  ..............................................................................................   3+3 . 

21.         ...........  
 ................................................................................................   0.5+0.5  1.4+1.4  
22.     ........................... 170 /  
23.  : 

 (  )  ................................................................................... 300  
 (    )  ..................................................................... 900  
 (  )  ................................................................................................ 1310  

24.   .............................................................................................. 1310  
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 2.2 –    -1201 4 

 
   -1201 4   

       
   -  . 

-1201  , , , 
  .       

 . 
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 3 -   
 3.1  
 

     : 
, ,    ,  

 ,   , - , 
   . 

   : , , , 
    ,  ,  

,   ,     , 
      . 

 : , ,  , ( ) 
, , , . 

        
.     —    

  ( , ),    
, .       ,   

  .     
    .   

     ,  
,    ,     
    .       

  ,     ,   
      . 

     .   
         

 ,        
.        

  ,     ,   
.        
    . 

   : 
  .      

    .  
        

      .     
      

  . 
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       :   
,     ,  ,  

  .    ,    
  ,     
   .      

 . 
 ,  /       

    .       
     ,   

      . 
       

   ,   
        

 .       
 .     

     ,     
    . Д5Ж 
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 3.2    
 

У      :    
       

,      .  ,  
         

 .       
   ,      . 

     .   
     .   

          
,         

 . Д4Ж 
       

       . 
       

.        
     ,    

   .     
  ,     

   ,      
. 

  : 
-  (  ); 
-   (     ); 
-   ( ); 
-  . 
 

     ,   ,  
    ,    

   .    
       . 

        , 
      
 .        

  ,     
            

 .  
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 ,   .  ,   

        
  ,        3° . 

 ,        
" "  ,      

,   .    
      
  .     

         
. 
     

 —    ( )  
     ,     

    ,     
. 

 
  : 

 
-      ; 
-   ( , 700 2  6 3); 
-    ( 10 – 100%   ); 
-   ; 
-  ; 
-  ; 
-     ; 
-        

; 
-      ; 
-       ; 
-        ; 
-   ; 
-    ; 
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   : 
   

 ,      ,  
    ,  : 

-  ; 
-       ; 
-       . 

       
     ,    

      (     
).        
,    ,   

   . 
      , 

 ,  /     
.      

(   :         
): 

-   (  ) –    ; 
-   –     

  ; 
-  . 
 

  : 
-    ; 
-    ; 
-     ; 
-    ; 
-    . 
 

   : 
 

1. . 
          

       
       . 

 
2.       . 

        
    .      

,   .     
   . 
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3.    . 
     . 

 
4.        . 

        
 ,    . 

       
,   ,   ,      

  . Д5Ж 
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 3.3     
 

       
 -  . 

 
: 

1.   . 
2.   . 
3.    . 
4.   .     
(   ).  
5.    
6.  . 
7.        

,    . 
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 3.4   
 

1.    12 18 10 ,  40 120 1.5 ,  

 10 . 

2.    ,   . 

3.        -5. 

4.     .  

. 

5.    . 
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 3.5    
         

 : 
 3.1 –   

 
№   

  Uбб, 
 

  Э , 
 

  
 F ,  

1, 2 2.6 0.5 152 
3, 4 2.8 0.5 152 
5, 6 3 0.5 152 
7, 8 2.6 0.7 152 
9, 10 2.6 0.3 152 
 

      . 
  Δ1, Δ2 = 2 , Н  = 6.5 
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 3.6    
 

 . 
1 : 

   Н  = 6.5 ,   Н  = 3.5 . 
     765 . 

2 : 
   Н  = 6.4 ,   Н  = 3.4 . 

     760 . 
3 : 

   Н  = 7.1 ,   Н  = 3.7 . 
     1000 . 

4 : 
   Н  = 7.0 ,   Н  = 3.6 . 

     990 . 
5 : 

   Н  = 7.5 ,   Н  = 5 . 
     1382 . 

6 : 
   Н  = 7.4 ,   Н  = 4.9 . 

     1370 . 
7 : 

   Н  = 7 ,   Н  = 4 . 
     884 . 

8 : 
   Н  = 6.9 ,   Н  = 3.9 . 

     880 . 
9 : 

   Н  = 5.6 ,   Н  = 3.9 . 
     576 . 

10 : 
   Н  = 5.7 ,   Н  = 4 . 

     580 . 
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     : 
 

     (  3.1): 
 

 
 3.1 –   Н   U  

 
      (  3.2): 

 

 
 3.2 –   Н   Э  
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     (  3.3): 
 

 
 3.3 –      U  

 
      (  3.4): 

 

 
 3.4 –      Э  

 
 

     ,    
   ,   ,      

  .       
 3,        1382 . 
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 3.7      
 3.7.1   ч   

 
1.     2   ESI SВSАELD. 
2.       L 40, 60, 80 . 
3.    АELD PLANER    L   

  D . 
4.    .   

    L  D . 
5.    .     

   . 
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 3.7.2 А      
 
 

  VТЬЮКХ-АОХН     .  
 ,   AppХТМКЭТШЧЬ (      

) (  3.5)  MОЬС  

 
 3.5 –   

         . 
  ,  ,    ,   

  (  3.6) 



 

 
И м. Л  № д к м. П д ь Да а 

Л  

42 
 

15.04.01.2018.215.00  

 
 3.6 –   

   (  3.7)     

 

 
 3.7 –   
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    .      
 

,   .    3 

  : .3  , .4  . 
 

  2D     (  3.8) 

 3.8 –   
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   (  3.9)    

 3.9 –    

    4 .      . 

   2D MОЬС,   ,  , 

 (  3.10).  

 
 3.10 –    
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  ,    ,     
 (  3.11) 

 

 
 3.11 –    

 

     ,  . 
 

  (  3.12) 

 
 3.12 –  

 
 ,    ,      

(  3.13) 
 
 

 
 3.13 –    
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  2D   SpХТЭ (  3.14) 

  

 
 3.14 –   

 
   (  3.15),    

 

 
 3.15 –   
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  (  3.15) 

 
 3.16 –  

 
  2D   RОЦОЬС (  3.17) 

 

 
 3.17 –   
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    (  3.18) 

 
 3.18 –   

 . 
 

  ,      10 
(  3.19) 

 
 3.19 –   
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  ,    2D MОЬС,  EХОЦОЧЭ OpЭТШЧЬ,  TвpО: QЮКН-
TЫТК, OЫНОЫ: LТЧОКЫ (  3.20). 

 
 3.20 –    

 
  (  3.21) 

 
 3.21 –  
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  2D   SpХТЭ (  3.22) 

 
 3.22 –   

 
   (  3.23),    

 
 

 
 3.23 –   
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    ,     
 (  3.24) 

 
 3.24 –  

   ,  2, 3, 4  5 ,   80  (8 
) (  3.25, 3.26) 

 
 3.25 –  
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 3.26 –  

 
 FТХО – EбpШЫЭ    (  3.27) 

 

 
 3.27 –   
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  ASC (  3.28) 

 
 3.28 –   

 
 *  FТХО NКЦО  30 (  3.29) 

 
 3.29 –   

 
      40  60  (4  6 

, ).  EбpШЫЭ. 
 

      ESI АОХН PХКЧОЫ. 
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   IЦpШЫЭ      (  3.30) 
 

 
 3.30 –   

      ASC (  3.31) 
 

 
 3.31 –   

 
     (  3.32) 

 

 
 3.32 –   

 
  HТРС ЬЭЫОЧРЭС ЬЭООХ    2    

   (  3.33) 
 

 
 3.33 –   
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     АОХН ЬОКЦ,    SpШЭЬ 
(  3.34) 
 

 
 3.34 –   

 
 

   SpШЭЬ,         
  (  3.35) 

 

 
 3.35 –   

 
 5  (  3.36) 

 

 
 3.36 –  
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 .    . (  3.37) 
 

 
 3.37 –   

 
   5      (  3.38) 

 

 
 3.38 

 
     .    6 , 

  SpШЭЬ (  3.39) 
 

 
 3.39 –   

  



 

 
И м. Л  № д к м. П д ь Да а 

Л  

57 
 

15.04.01.2018.215.00  

 
  6 .     (  3.40) 

 

 
 3.40 –   

 
     ,  SpШЭЬ  CХКЦpЬ (  3.41) 

 

 
 3.41 –     
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       (  3.42) 
 

 
 

 3.42 –  
 

     .     
OЧО АОХН PОЫ SЭОp (  3.43) 
 

 
 3.43 –   
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 « » 
 .     pМ (  3.44) 

 

 
 3.44 –   

 
 .   SТЦЮХКЭТШЧ (  3.45) 

 

 
 3.45 –   

 
    (  3.46),  . 

 

 
 3.46 –   
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        НКЭ (  
3.47) 
 

 
 3.47 –   

 
  (  3.48) 

 

 
 3.48 –   

 
     ESI АОХН PХКЧОЫ    6, 7  

     L 40  80 .      
. 
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3.7.3   
 

  9  ,  9  
: 

 
1 . 

   L = 80 ,   D  = 5  
    3.49 

 
 3.49 –   

 
  0.0682 

 
2 . 

   L = 80 ,   D  = 6  
    3.50 

 

 
 3.50 –   

 
  0.0984 
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3 . 
   L = 80 ,   D  = 7  

    3.51 
 

 
 3.51 –   

 
  0.116 

 
4 . 

   L = 60 ,   D  = 5  
    3.52 

 

 
 3.52 –   

 
  0.0702 
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5 . 
   L = 60 ,   D  = 6  

    3.53 
 

 
 3.53 –   

 
  0.110 

 
6 . 

   L = 60 ,   D  = 7  
    3.54 

 

 
 3.54 –   

  0.127 
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7 . 
   L = 40 ,   D  = 5  

    3.55 
 

 
 3.55 –   

 
  0.0681 

 
8 . 

   L = 40 ,   D  = 6  
    3.56 

 

 
 3.56 –   

 
  0.107 
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9 . 
   L = 40 ,   D  = 7  

    3.57 
 

 
 3.57 –   

 
  0.120 

 
     ,    4 

 

 
 

 3.58 –    
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     (  3.59, 3.60): 
 

 
 3.59 –       

 
 

 
 3.60 –      
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 3.8       
 

 
     , , 

       ,    
,   .      

 –   ,     
,    .  
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 3.9    
 

    ,      
,   . ,      

 .  
     ,   

 ,    D  = 5 ,   
  L = 40 .        

0,0681 .        : 
 2.6 ,   0.3 ,    152 . 

    ,    
 ,   3 ,   0.5 ,  

  152 ,     7.5 . 
     , , 

       ,    
,   .      

 –   ,     
,    .  
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  -  . 
          

     . 
  ,       

.      .  
   ,     

 . 
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