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3.1      
 

  –    ,  
   92-99%.  .  ,   – 

0,559.    .     ,  
 .        5%  

15%. 
  xa a a   o o o  o  a o  

o  o o o a a ( .3.1). 
 

 3.1 -      

 
   

  % . 

 
   

 
 

(  
) 

 

 , 2 0,01-1,0 
, N2 1-4,5 

, 4 97,8 - 99 
, 2 6 0,0 - 0,15 

 3 8 0,0 - 0,02 
 4 10   0,0 - 0,01 

  20°   0,1013 , / 3 0,58-0,616 

,  0,4-0,7 
, °  - 7÷ +19 

  
   
  

(  
) 

    , 0    - 20  
    , 0    - 10 
  / 3,   0,007 
  , / 3   0,016 

  , %   1 
 , 0  .  

  20°   0,1013 , / 3 0,55-0,58 

,  61-66 
, °  21-46 

 
3.2     

 
        

   -7˚C ÷ +19˚C    0,7    
   . 

       -1   
  -2,        

.  
   -1  -2   ,  

    .  
   -2   =700    

 .      
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       ( )  
-1,   -7 ÷ +190     0,4-0,7 .  

,   -1   1,6-2,6 ,   
170-200̊C        

  -1,    25-45̊ C    
  -3,     ,  

 .        
 .     

   .  -3      
  ( )  -2.  
,   -2  6,5-8    180-200̊ C, 
    -1,    

      70-115̊ C.    
     -2. ,   

 25-45̊ C   6,5-8 ,    -4  
 -1      .  

  -4      
    .    -4 

     -5,      
 -6. 

   -4    -1,     
    .     

 -1    -5, -6.      
       ( ). 

         97-99,8 %.  
    ,   , ,   

,       ,    
  . 

    -1      -
7,       .   

 -7        
.   -400         66  

  21-46̊ C       
 .   200,5   150    

.  170       =80  
    ,      

        
  . 
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3.3    
 

3.3.1    
 

  –    ,  
   92-99%.  .  ,   – 

0,559.    .     ,  
 .        5%  

15%. 
  xa a a   o o o  o  a o  

o  o o o a a ( .3.1). 

 3.1 -      
    

 
 

  % . 

   
 

 
(  

) 
 

 , 2 0,01-1,0 
, N2 1-4,5 

, 4 97,8 - 99 
, 2 6 0,0 - 0,15 

 3 8 0,0 - 0,02 
 4 10   0,0 - 0,01 

  20°   0,1013 , / 3 0,58-0,616 

,  0,4-0,7 
, °  - 7÷ +19 

  
   
  

(  
) 

    , 0    - 20  
    , 0    - 10 
  / 3,   0,007 
  , / 3   0,016 

  , %   1 
 , 0  .  

  20°   0,1013 , / 3 0,55-0,58 

,  61-66 
, °  21-46 

 

3.3.2     
 

        
   -7˚C ÷ +19˚C    0,7    

   . 
       -1   

  -2,        
.  

   -1  -2   ,  
    .  
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   -2   =700    
 .      

       ( )  
-1,   -7 ÷ +190     0,4-0,7 .  

,   -1   1,6-2,6 ,   
170-200̊C        

  -1,    25-45̊ C    
  -3,     ,  

 .        
 .     

   .  -3      
  ( )  -2.  
,   -2  6,5-8    180-200̊ C, 
    -1,    

      70-115̊ C.    
     -2. ,   

 25-45̊ C   6,5-8 ,    -4  
 -1      .  

  -4      
    .    -4 

     -5,      
 -6. 

   -4    -1,     
    .     

 -1    -5, -6.      
       ( ). 

         97-99,8 %.  
    ,   , ,   

,       ,    
  . 

    -1      -
7,       .   

 -7        
.   -400         66  

  21-46̊ C       
 .   200,5   150    

.  170       =80  
    ,      

        
  . 
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3.3.3      , 
   

 

,    Vc=40,5 . 3/ . 
   ρ=0,6 / 3   . 

 
G = Vc·ρ = 40,5·109·0,6 = 24,3·109 /                                                         (3.1) 
 

 G –  , / ; 
Vc –  . 

    :    
 5,5%,   1,2%,   0,2%. 

 
G . = 24,3·109·0,055 = 1,34·109 /                                                       (3.2) 
G . = 24,3·109·0,012 = 0,29·109 /                                                      (3.3) 
G . = 24,3·109·0,002 = 0,049·109 /                                                       (3.4) 
 

        
( . 3.2.) 

 
 3.2 -       

  
 %  . /  . /   %  . /  . /  

1.  
   

100 2892,86 24,3 

1.   90,9 2629,6 22,0887 
2.  2,2 63,646 0,5346 
3. .  5,5 159,11 1,3365 
4. .  1,2 34,714 0,2916 
5.  0,2 5,79 0,0486 

 100 2892,86 24,3  100 2892,86 24,3 
 

    
   40,5 . 3    ; 

1.     350  (8400 ); 
2. t =t =10˚C    ; 
3.     = -20˚C; 
4.    =8 ; 
5.    98,5%; 
6.    96,6%; 

   : 
7.   – 25·10-3 / 3; 
8.   – 2,5·10-3 / 3. 
 

      [4, c.54]: 
 
G  = G . · 2 / ( 1- 2)                                                                               (3.5) 
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 G .  –   , / ; 
X1, 2 –       , 

% . 
    [4, c.54]: 

 
G .  = ( - )·V                                                                                          (3.6) 

 
 V –    , 3/ ; 

,  –          . 
 
V = 22,4·G·(t +273)·0,1·106·z / ( ·273· )                                                 (3.7) 

 
 G –  , / ; 

t  –      , ˚C; 
z –    .  
 
G = Vc·ρ = 4821,4·106·0,6 = 2892,86·106  /                                            (3.8) 
 

 z=0,95.     : 
 

6

66

10827323

95,0101,0)27310(10 2892,864,22




V  = 34,682·106  3/  

 
   : 

 
G .  = (25-2,5)·10-3·34,682·106  = 780,35·103 /  
 

       
2=0,966 %,      

 . 
  :  

 
G  = 780,35·103·0,966 / (0,985-0,966) = 38149,4·103 /  
 

     [4, c.55]:  
 
V  = G /ρ = 38149,4·103 /1116 = 34,2·103 3/                         (3.9) 
 

 ρ –   , / 3. 
   ,  ,  

 ,    ,  
    [4, c.56]. 
      [4, c.57]: 
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G +G  = G +G .                                                       (3.10) 
 

        : 
G  –    ;  
G  –   . 

        :  
G  –    ;  
G . . –    .  

     [4, c.58]:  
 
G  = G+ ·V                                                         (3.11) 
 
G  = 2892,86·106+25·10-3·34,682·106 = 2893,73·106 /  
 

    [4, c.58]:  
 
G  = G –G . –G .                                                      (3.12) 
 

 G .  –   ,   , 
/ . 

 
G .  = V . ·ρ . ·V                                                   (3.13) 
 

 V .  –     , 3/ 3; 
ρ .  –    , / 3; 

       8  
  30˚C  V .  = 1,5 3/ 3. [4, c.59] 

     [4, c.59]: 
 
ρ .  = r·P·273 / (22,4-(t+273)·0,1·z) = 

= 
95,01,0)27330(4,22

273823




 = 77,9 / 3                                   (3.14) 

 
: 

 
G .  = 1,5·77,9·34,2·103 = 3996,5·103 /  
 

      [4, c.59]: 
 
g  = Δg·V/1000                                                  (3.15) 
 

 Δg –          
         

       .  30˚C  8  
Δg=0,7·10-3 / 3 [4, c.60]. 
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    : 
 
g  = 34,682·106·0,7·10-3 / 1000 = 24,277 /  
 

    : 
 
G  = G –G . –G . +g                                                                                     (3.16) 
 
G  = 2893730·103-780,35·103-3996,5·103+0,024·103 = 2888953,17·103  /  
 

    : 
 
  G .  = G +G . +G . -g  = 38149,4·103+780,35·103+3996,5·103-0,024·103 =  

= 42926,23·103 /                                                                                             (3.17) 
 

      3.3. 
 

 3.3 -    
  

. %  /  /  . %  /  /  
. 

 
98,5 2893730·103 24307332·103 

 
  98,4 2888953,17·103   24267207·103 

 1,5 38149,4·103 320455·103 .  
1,6 42926,23·103 360580,3·103 

 100 2931879,4·103
 24627787·103  100 2931879,4·103

 24627787·103 
 

      [4, c.60]: 
 

 = X1·G  / G .                                                       (3.18) 
 

 = 0,985·38149,4·103 / 42926,23·103 = 0,876 
 

 ,   2     
  ,  ,       

.     2=0,966  =0,877 
 10 %       . 
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3.4    
 

3.4.1     
 

        
          [6].                    

       t   
   [6, c.122]: 

 

  )t0002,0t054,0exp(0418,0t00027,0t0735,0exp
457,0

W 22 
  
(3.19) 

 
 (5.1)      
     : - 50  50˚ . 

        
          ( . 3.1).  

       3.4. 
 

 3.4 -         
 

, % . 0,5 1,0 1,5 2,0 3,0 3,5 5,0 

 , °  -31 -32 -20 -16 -13 -12 -9 
 

, /  0,0138 0,0258 0,0324 0,0436 0,0543 0,0584 0,0724 
 

        
       t=30 °C   

   (3.19):  
 

  ./15,0)300002,030054,0exp(0418,03000027,0300735,0exp
8

457,0 322
1W 

 
  tp=-20°C:  ./032,0W 3

2   
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 3.1 –      

 

         .  
        . 

         
    n' =2.  -  

 η=0,2.   ,   (3.20): 
 

333,3
6,0

2
n

                                                         (3.20) 
 

         
n   ,  (1,5... 1,6) [6, c.123]. 
 

5333,36,1 n  
 

 n  = 5 . 
 

3.4.2 ё      -  
 

 
 ё      [4, c.73]: 

 

)27320()1013,08(3600

)273(1013,0





ztQ

q                                                              (3.21) 

0

0,1

0,2

0,3

0,4

0 1 2 3 4 5 6

ла
го

од
е

а
е 

га
а,

 г/
3

лаго оде а е ДЭ а, % а .

А

В
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645,1
)27320()1013,08(3600

95,0)27330(1013,04821,4





q  
3/  

 
     -  

   [4, c.74]: 
 

TW sк                                                  (3.22) 

 
Ts –     ,  Ts =3,4; 
σ –         , 

 0,041 / ; 
 – ,     .   
  [4, c.75]: 

 

4
g




                                                                                                (3.23) 

 
 ρ  =52,5 / 3 –  ; 

g=9,81 /c2 –   . 
 

296,0
5,52

041,081,9
4 


  

 
, 1296,04,3 кW  /  

 
 ё     -  

 [4, c.75]:  
 

кW

q
F                                                                                                   (3.24) 

 

645,1
1

645,1
F  

2 

 
  -     

[4, c.76]: 
 

2785,0 эd

F
n


                                                                                              (3.25) 



43 
 

 d  –  -  ,  0,06 . 
 

09,582
06,0785,0

645,1
2



n   

 
   -   n  

582 . 
     (3.24): 

 

э

n
dD                                                                      (3.26) 

 
 ε –      ,  0,66 

[4, c.76]. 
 


66,0

503
06,0D 1,78   

 
    9617-61     

D =1,8 . 
 

3.4.3   
 

      

 
Hp=h1+h2+h3 +h4+h5+h6                              (3.27) 

 
    : 

-        h1=2,5 ; 
-     h2=4 ;  
-    h3=9 ; 
-       h4=1,5 ; 
-   h5=2 ; 
-   h6=0,7 . 

 
 = 2,5+4+9+1,5+2+0,7 = 19,7  

 
3.4.4     

 

   4  

d1 –       ;  
- d2 –       ;  
- d3 –       ;  
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- d4 –       . 
          

[11, c.15]: 
 

 SV    



V

dш
4

                                                (3.28) 

 
  –  , / ; 

V –   , 3/ ; 
         : 

 

d1 =  
V4

                                                            (3.29) 

 
   : 

 
G

V



3600

                                                   (3.30) 

 

3,15
5,523600

2893730



V  3/  

 
, ω  30 / . 

 

d1 = 3014,3

3,154




 = 0,39  ≈ 0,4  

 
  355-67           

D =400  [11, c.254]. 
          (3.30). 

 

28,15
5,523600

2888953,17



V  3/  

 
, ω  30 / . 

 

d2 = 3014,3

28,154




= 0,387  ≈ 0,4  

 
  355-67           

D =400  [11, c.254]. 
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          (3.30). 
 

009,0
36001116

38149,4



V  3/  

 
, ω  3,5 / . 

 

d3 = 5,314,3

009,04




= 0,057  ≈ 0,06  

 
  355-67           D =60 

 [11, c.254]. 
          (3.30). 

 

01,0
36001116

42926,23



V  3/  

 
, ω  3,5 / . 

 

d3 = 5,314,3

01,04




= 0,059  ≈ 0,06  

 
  355-67           D =60 

 [11, c.254]. 
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4   
 

4.1       
 

      ,  
 ,  , . .    

  ,  .    
     .    

 14249-89. 
     ( . .3.1), 

   :     . 
           

  ,       . 
      ( . 

 ): 
-    D = 1800 ; 
-  ( )  P  = 8 ; 
-    =17000 ; 
-     t  = 30̊ C; 
- :  ; 
-  ( ). 

   –  . 
 
4.2         

 

4.2.1   
 
        

   30̊ C,  8    
          

    09 2 ,   
   [13, .4]: 

  = 270-350 ;   = 430-500 . 
:   = 270 ;   = 440 . 
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1 – - ; 
2 –   -   

 4.1 –    
 
4.2.2       
 

        
,        14249-89 

   [13, .5]. 
 

;
][2

C
P

DP
S 





                                                   (4.1) 

 
 S –    , ;  

P  –   , ;  
  
D  –   , ;  
 –     ;  
[ ] –     09 2    

, ;  
=(1-6)   –    , ;  

   ,        -
     ,   

,  ,  φ = 1 [13, .5]. 
 ё    ,   

    ё   ,  
   10%,   ,   0,2   
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.      
      

 [13, .6]. 
 ,       

 . 
          

 [13, .6]:      
 

 = 8-0,1 = 7,9                                                (4.2) 
 = 8+0,8 = 8,8                                                        (4.3) 
 = 8+0,2 = 8,2                                                           (4.4) 

 
     8,8 ,   

       t =30̊ C 
 
4.2.3    
 

  [σ]    [13, .7]: 
 

][][                
 

 η –  ,  0,9  ,  
   ; 

[σ*] –   ,    
 [13, .7]: 

 

n

  ][                                                                 (4.6) 

n


  ][                                                   (4.7) 

 
 σ  –     ,   ,   

20̊ C,        
 [13, .7]; 
 
σ  –      
 
n  ≥ 1,5; n  ≥ 2,6 
 

: n  = 1,5; n = 2,6. 
 

180
5,1

270
][   ;  170

6,2

440
][   ; 
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   : 

 
17118095,0][   ; 1701700,1][   ;  

 
     [σ] = 170 ,  

  [σ]  : 
 

1531709,0][   ;   
 

     =4 , . . -   
         

     .    
   [13, .7]. 

       : 
 

058,0004,0
8,811532

8,18,8





S                                                                (4.8) 

 
        , 

  ,   ,  
,     ∆S=2 ,    

         [13, .8]: 
 
S  = S+ΔS = 0,058+0,002 = 0,06                                                                 (4.9) 
 

     0,06  [13, .9]. 
 
4.2.4     

 
  ,    4 ,  

 ,    4.2. 

 

 
 4.2 –   
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       ,  
    ,   [13, .10]: 

 

C
P

RP
S 






5,0][2                                         (4.10) 

 
 R = D    = 0,25D . 

 

S 058,0004,0
8,85,011532

8,18,8





  

 
       (   

   ).     ∆S=2 .  
       S =0,06  [13, 

.10]. 
         

  [13, .11]: 
 
h0=0,6S+0,048=0,6·0,058+0,048=0,083  

 
4.2.5         

   
 

        [13, .12]: 
 

 
  σ9,0

CS2

C]-[Sσ 




D                                                                                  (4.11) 

 
  –         

, . 
 

 =  +  · 10 –2                                                                                               (4.12) 
 

  –  , ;  
 –     , . 

    ,    , 
   .      

      [13, .13]. 
     [13, .13]: 

 

t][

][25,1

                                                                                               (4.13) 
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 [σ] –      (20º );  
[σ]t –     . 

  : 
 

2,12
153

1708,825,1   

 
      [13, .14]: 

 
  = + . .+ . .                                                                     (4.14) 

 
  –    , ;  

. ., . . –     , .  
        (  
    0,25·D )      

[13, .14]. 
, 

 
. .= 0,25·1,8+0,1=0,55   
. . =0,25·1,8+0,1=0,55    

  =17+0,55+0,55=18,1  
 

,  
 

 = 12,2+18,1·10–2 = 12,381   
 

     [13, .15]: 
 

32,112
)004,006,0(12

0,004)]-0,5(0,06[1,8381,12σ 


             

 
0,9·σ  = 0,9·270 = 243                                                                         (4.15) 

 
σ  < 0,9·σ , ,     

.  ,     -  
. 

 
4.2.6     

 

        400  
6000     ,   

     ( ),  
    ( ,    ).  

    ,      , 
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  .        
         

,         
  .  ,     
  .    800    

        500  [13, .19]. 
 ,   ,   

         
,       . 

   ,    
.  ,      10  

 ,      H/D>5,  H –      
; D –   [13, .19]. 

 ,    ,    
    ,   , , 

 .      200  
 t=20º . 

     –  09 2 ,  
  S=60 .     26-467-72 

     D1   D2 
   [13, .20]: 

 
D1 = (0,9÷0,95)·(DH) 
D2 = (1,08÷1,18)·(DH)                                                   (4.17) 

 
 DH=1,92  –   , . 

      12 . 
 
D1 = 0,925·1,92 = 1,776  
D2 = 1,1·1,92 = 2,1  
 

      [13, .21]: 
 
0,015· 1>h>0,01·H1+0,05                                                                         (4.18) 
0,015·19,7>h>0,01·19,7+0,05 
0,255>h>0,22 

 
 H1 –   ,    , . 

: h=0,24 . 
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4.2.7    
 

      [13, .39]: 
 

GGGGG  ..                                  (4.19) 

 
       [13, .38]: 

 
DDG   )(4/ 22                                  (4.20) 

 
 D , D -      ;  

-    , ;  
3/7500к -   [13, c.37]. 

 

кG 6,3810875005,14)8,192,1(
4

14,3 22   

 
  ,      : 

F=4,02 2;  G =1782 ;  V=0,992 3 [13, .75]. 
  :  

 
кGGG Щ 6,41672178226,381082              (4.21) 

 
 , , -     

    10-20%   [13, .38]. 
    : 

 
кGG Щ 9,579236,4167215,115,1                                                (4.22) 

 
      [13, .38]: 

 
GGG .. 2                                                                       (4.23) 

 
 G . ., G . .        , 

   [13, .38]: 
 

кHDG 48085501,05,1492,114,3.             (4.24) 

 
кFG 1,2215501,002,4.                              (4.25) 

 
   -  ;  
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  -   [13, .37]. 
   : 

 
кG 2,52501,22124808   

 
    (  )     

 [13, .39]: 
 

 2 V2H4/DV2VVG

к3,388631000992,0210005,144/)8,114,3( 2                 (4.26) 
 

      (3.19): 
 

MкG 02,110181333,1018133,388631,22148089,57923   
 

4.2.8   
 

     ,   
,    4.3.       

 .        10 . 
       ,   

     ki.      
 ,       

  . 
         3 :    

h1=5 ; h2=5 ; h3=9,7 . 
       ,   

        (xi) [13, .41]: 
 
x1 = h1/2 = 5/2 = 2,5                                                     (4.27) 
x2 = h1+h2/2 = 5+5/2 = 7,5                                        (4.28) 
x3 = h1+h2+h3/2 = 5+5+9,7/2 = 14,85                                                       (4.29) 

 
       (Pi),  

     . 
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 4.3 –    ,    
 

         
[13, .41]: 

 
Pi = K  qi  i  Si                                                                         (4.30) 
 

 K –   (    
K=0,6-0,7[13, .42];  

qi –       i-   
   xi   , ;  

i –    ,  
   ;  

Si –     , 2;   
 Si = Dihi,  Di –      , ; hi – 

 ,  [13, .42]. 
 
S1 = S2 = 10,6 2           
S3 = 15,84 2 

 
       [13, .42]: 

 
qi = q0  Qi                                                                                                 (4.31) 
 

 q0 –        
   10  (  .  q0=350 ) [14, .141];  

Qi = (xi/10)0,16 – ,    
    xi   . 

 
 

q1 = 350(2,5/10)0,16 = 280,37  
q2 = 350(7,5/10)0,16 = 334,25  
q3 = 350(14,85/10)0,16 = 372,85  
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    i    

[13, .43]: 
 
 i = 1 + mi                                                                                  (4.32) 

 
  –  ;  

mi –      (    
xi   ) [13, .44]. 

m1=0,35; m2=0,35; m3=0,35. 
         

    T ( ) [13, .45]. 
    [13, .45]: 

 



















0
4

t
EI

H

g
2

Q
H79,1T                                                                (4.33) 

 
 H –     , ;  

Q2 –   , ;  
g –    (9,81 / 2);  
Et –        

, ;  
I –        

    , 4. 
0  –        

 , ( · )-1 [13, .46]: 
 

0114,0
88,0100

11
0 










IC

( · )-1                                                    (4.34) 

 
  –     ,  

=100 / 3 [13, .47]; 
I  –       

 . 
 

88,092,1065,0065,0 44  DI  4                                                       (4.35) 

 
        

E=1,98105  [13, .74]. 
       

     [13, .47]: 
 
I = /64  (D 4 – D 4) = 3,14/64  (1,924 – 1,84) = 0,1 4                           (4.36) 
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     , : = 1=19,7  

         
 : 

 

1,20114,04
51098,10,1

19,7

9,81

1,02
 1779,1T 

















  

 
  ,   = 2,8 [13, .49]. 

 
1 = 2 =3  = 1+2,80,35 = 1,98 
 

 ,    : 

P1 = 0,6280,371,9810,6 = 3530,64  
P2 = 0,6334,251,9810,6 = 4209,14  
P3 = 0,6372,851,9815,84 = 7016,3  
 

           

0        : 
 





0

1
01B )(M

n

i
i xxP                                                                (4.37) 

 
   (  4.3): 

 
M  = P1x1+P2x2+P3x3                                                                                   (4.38) 
 
M  = 144587,2   = 0,144   

    , 
   M       0   

    «m»      [13, 
.50]: 

 





0

1

'M
m

i
i

MM
                                                                                (4.39) 

 
 m0 –   ,   

 ; 
M i –           

. 
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  )(4,1M 0Bi
xxfq niiii

                                                                   (4.40) 
 

   0=0  
 

 iniii fxq4,1M
iB

                                                                                                                                      (4.41) 
 

 ni –    ; 
∑f –     ,    

 , 3,       
. 

     [13, .50]: 
 
∑f = 0,35Dnihni                                                                                          (4.42) 
 

 Dni –     ; 
hni –  , .     20 ,  hni=1 

. 
: 

 
∑f =0,351,921=0,672 2 

 

         
       4.1. 

 
 4.1 -        

№  1 2 3 

qi,  280,37 334,25 372,85 
ni,  8 14,9 17,6 

M i,   4178,2 9277,3 17113,4 

 

  03,09,30568M  

 
 174,003,0144,0M '

 
 
4.2.9    

  

       
        . 

       
   [13, .52]: 
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W

M

F

Q B 2
                                                                                            (4.43) 

 
 F –    ; 

W –       
. 

 
2222

1
2
2 99,0)776,11,2(785,0)(4/ DDF 

                                   (4.44) 
 

244
2

4
1

4
2 48,0)92,1/776,11,2(32/14,3)/(32/ DDDW 

             (4.45) 
 

355,1
48,0

174,0

99,0

02,1
  

 
       200,  

     8 . 
8

 ,      
  .

  

 
4.2.10     

 

,   σ2,    
 .       

     [13, .53]: 

 

 /3 2Bk                                                                                           (4.46) 
 

  –     , ;  
σ –   ,      

   20º  [13, .53]. 
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1 –  , 2 –  
 4.4 –     

 
  4.4: 

 

2/)( 2
O
HDDB                                            (4.47) 

 

 SDD H
O
H 2  -    .                              

 
DO

H 04,206,0292,1   

03,02/)04,21,2(   
 σ =[σ]=140  [13, .53], : 

 

k 01,0140/355,1303,0   
 

4.2.11     
 
     ,   

   .   ,   
   .      

 ,    . 
      [13, .54]: 

 

BB

Q

M

RQ

M

M
y 11                                                                                            (4.48) 

 
 MQ –        

, · ;  
Q1 –   , ;  

1 

2 
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R1 –   Q1 (       ), 
  0,42·DH. 

   ,  <1,5 [13, .54]. 
 
R1 = 0,42·1,92 = 0,8  
 = 0,2·0,8/0,174 = 1,03 < 1,5 

 
,    .  

,     ,   
.        

   [13, .54]: 
 

W

M

F

Q B 12,0
48,0

174,0

99,0

2,01
1                                               (4.49) 

 
 σ1≥0  >1,5 ,      . 

  σ1       
.    ,    

   [13, .55].  
   σ1<0, ,    

. 
     σ  (   ) 

   .     n,  
     ,    F/n 

 .    σ1, , 
       [13, .55]: 

 

n

F
P 014,0

8

99,0
12,01                                                                 (4.50) 

 
        

   [13, .55]: 
 

  C
P

d 014,0003,0
14014,3

014,044









                                          

(4.51) 
 

   =140   –     ,  
      20º ; 

=0,003  –     [13, .55]. 
      8,   

 34 . 
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4.2.12   ,      
 

    ,     
      [14, .146]: 

 

cc
c W

M

f

Q '
2                                                                                                  (4.52) 

 
 f -     , 2; 

W  -     , 3;  
' -      .   

     ,    
 . 
    S    D  [14, .147]: 

 
225,006,07,092,114,37,0 SDf Hc                                      (4.53) 

 
322 12,092,106,07,08,07,08,0 DSW Hc                                  (4.54) 

 

32,5
12,0

174,0

25,0

02,1
c      

 
           0,8·[σ], 

 [σ] –       [14, .148]. 
   [σ]=153 ,  0,8·153=122,4 . 

, 5,32<122,4 –   . 
 

4.2.13        
      

 

 

 4.5 –  ,     
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    ,    
,      Q=Q2    

M’ . 
       [13, .58]: 

 

1
'

2 
M

M

Q

Q
                                                                                             (4.55) 

 
 Q –    ;  

 –   . 
 

   ccsDQ )(                                                                           (4.56) 
 

 ф  –    . 
 

      [13, .59]: 

   
T

E

cs

D





18,0

)(2
 

 

2

)(2
231

1















cs

D

E
T

                                                                             (4.57) 

 

1,17
)004,006,0(2

92,1

)(2





 cs

D
 

 

5,148
240

1098,1
18,018,0

5





T

E


 

 
 

17,1<148,5, ,    
  :                                                    

 

99,0

1,17
198000

240
231

1
2






 



          

 

 
Q 8,4614099,0056,092,114,3   
 

   [13, .61]: 
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2)(785,0 DcsM и                                                                       (4.58) 
 

    [13, .62]: 
 

2

)(2
3,151

1















cs

D

E

и




                                                                         (4.59) 
 

99,0

1,17
198000

240
3,151

1
2






 

и  

: 

 
  

M  5,22056,092,114099,0785,0 2  
 

1026,0
5,22

156,0

8,46

02,1


 
 

,      . 
  

99,0

1,17
198000

204
231

1
2






 

  

 
Q 1,4012099,0056,092,114,3   
 

99,0

1,17
198000

204
3,151

1
2






 

и

 

: 
M  25,19056,092,112099,0785,0 2  
 

1033,0
25,19

174,0

1,40

02,1
  

,      
. 
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4.3   
 

       ,  
   .  

                  
 .  :   30º ,  8 

.   09 2      D =400 
 –    ( .  ). 

       
 [15, .5]. 

    ( . .4.6):          
D  = 0,715  –  ; 
D  = 0,620  –   ; 
D1 =0,560 ; 
DS = 0,510  –   ; 
h = 0,076  –   ; 

 = 0,200  –  ; 
h1 = 0,004 . 

 48   16 . 
        

.  
    ,    

,    [15, .6]: 
 

bmDQ  2D4/
n

2
n

                                                                    (4.60) 

 
 

 Q  –    , ;  
Dn –   , ;       

 –   , ;  
m –     ,   

        ,  
   ;  

b –   ,      
    , . 

     : m = 2,75;  
 qn=30 ; b=0,009  [15, .6]. 

 
Q 04,2009,0248,014,375,284/48,014,38 2   

 
    ,     

,       
,    [15, .7]:  
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qbDQ
n

4,030009,048,014,3
n

'                                                (4.61) 

 
 

,       
  ,      [15, .7]: 

 
)( FttQt                                                                                          (4.62) 

 
  –  , ,  = 1,98·105  [12, .153];  

α –    , º  
–1, α = 11,1·10–6  

º -1 [12, .152];  
t  –  , º ,      

;  
t  –  , º ;  0,95·t    
;  

F  = n·0,785·d 2 –       , 2,  d  
–   ,  [15, .8]. 

 
F  = 20·0,785·0,0482 = 0,036 2 

 
Qt 11,0036,0)3095,030(101,111098,1 65    

 
     [15, .8]: 

 
Q  = tQQ  = 0,4+0,11 = 0,51                                                               (4.63) 
 

      [15, .9]: 
 





  2

11
)(4/ dq                                                                                       (4.64) 

 
 d1 –    ,  (d1=41,505 ) [15, .20];            

1 –   (      1=0,002 );  
[σ] –  ,  ([σ] = 128) [15, .9]. 
 
q 156,0128)002,00415,0(4/14,3 2   

 
     [15, .10]: 

 
n = Q /q  = 0,51/0,156 = 4,2                                                                           (4.65) 

       ,        n=8. 
 ,  ,   [15, .10]: 

 
qnQ 248,1156,08'                                                                       (4.66) 
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     [15, .10]: 

 
Q  = (Q  + Q )/2                                                                                          (4.67) 
 

: 
 
Q  = (0,51+1,248)/2 = 0,884  
 

       Q     
        ( . 4.6).  
  σ   σ    .     

   [15, .14]: 
 

σ  ≤ [σ]  σ  ≤ [σ]  
 

 
 
 

 
 

 

 

 

 
 
 
 
 
 
 

 4.6 –      
 

       [15, .15]: 
 

2
0S

6

hD

lQ ф







                                                                                                  (4.68) 

 
 l = 0,5·(D -DS) –   Q ; h0 = h+h1. 

      [15, .16]: 
 

2
1

14,2

SD

lQ







                                                                                              (4.69) 

 
 l1 = 0,5·(D -D ) –   Q . 

А 

В 
С 

Dб 

Qбр 

Dф 

Dу 

Ds 

Dc 

D1 

h 

l 

l1 
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DC = (DS + D )/2 = (0,510 + 0,4)/2 = 0,455                                              (4.70) 
 

: 
 

46,28
08,0510,014,3

055,0884,06
2



  

 

5,47
055,0455,014,3

08,0884,04,2
2



  

 
   09 2    30º   153 . 

σ   σ  < 153 , ,      
. 
 
4.4    

 

4.4.1   
 

      
      .   

   ,    .  
         

.        ,  
        

  . [8] 
   ,   ,   

   ,   /  , /  
,    ,   ,   

,   ,   ,   
 ,  ,       

  . 
 
4.4.2       

 

      
        

[5]: 
-      ; 
-    ,   

 ,       
,       

      ,    
      ; 
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-    ,   
; 

-       
, ,      

 - ; 
-    ; 
-    ; 
-        

  ; 
-  ,    , , 

   ; 
-         

; 
-        ; 
-    ( )     

 .      . 
  .1     

 ,         
   . 

 
4.4.3 -      

 
 , ,    ,  

    , ,  
 ,          . 

   ( , . )     
  ,     . 
      , , 

  ,     
 , ,      

 1%.     ,  
  .        

       ,   
   [5]. 

     . 
       

        -405, -
406, -407, -408.   -9, -10.   

   5º        
,       . 

   : 
-   – 450 ; 
-   – 800 . 

  . 
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1.       
« »        

 .       
   (   «    

»).  
2.      350-450 ; 
3.        770 ; 
4.         

15º ; 
5.          5º ; 
6.         10º ; 
7.    : « »  «  

»; 
8.         

   ; 
9.     ; 
10.    220 , 110 , 27 ; 
11.          

    ; 
12.   ; 
13.     -1  -2 

        
  .       

  « ».  
      « ».  

   ,     
     

     .   « »   10 
   ,      

.   10    ,   
  «  »,  : «  

  »,           
  [5]. 

 20         
0,17          

. 
         
  -102, -103    2    

 .     -102    
  -103,       

  .       
   0,3 ,   -10,  

 -102,     -112,   -109  
  .  
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       2,0 ,  
 -11,   -110,      

      (     
),       [5, c.134].  

  «  »   : 
1.    ; 
2.     ; 
3.     ; 
4.    60 ,   

     ; 
5.    50 .  

       2600 /  
  : 

1.   -111; 
2.   -110; 
3.     ; 
4.     ; 
5.     ; 
6.    (    ); 
7.  ; 
8.    50   60 . 

       4400 /  
  : 

1.     ; 
2.     10     

 . 
        

   5800 /    : 
1.     ; 
2.   ; 
3.    300   2 ; 
4.       . 

         5800 /  
  -16.  

     (   300  
  ),        

« » [5]. 
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4.4.4   
 

   .  
        

      « ».  
       -121   

   -12.    -121  -
121    -105. 

    [5]: 
-          

 3000 / ; 
-  ,    300 . 

  300       
 : 

1.   -112; 
2.   -109; 
3.   ; 
4.     . 

     -101    
 .      -103  

      0,5     
        60 .  60 

    ( ). 
      : 

1.         ; 
2.   ; 
3.      ; 
4.   -103; 
5.     «  ». 

   . 
       

    ,    ,  , 
       . 

        
   .   
    ,   ,  

       
      3 .  
       

 : 
1.   -101, -112; 
2.   -109, -121, -121; 
3.   , , ; 
4.   , ; 
5.       ; 
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6.       ; 
7.       ( ). 
             0,5 

,        60 
,      [5]: 

1.         ; 
2.   ; 
3.        ; 
4.   ; 
5.  , , . 

    ,   
 ,       

    « », « », « », 
« ». 

      
. 
       

 , ,      
,      .   

     ,  
      « » ( )  

  .  
     ,  

       
   « ». 

  ,    
   « »      

« ».  
          

         , 
  .      

 ,    ,    
      ,  

        
« »    .      

     [5]. 
 

4.5       
 

          
   (  ,  , 

   ). 
     

   .       
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    ,    
.  ,     . 

        
  .        

  .      
 ,     

    .    , 
,    ,    

      ,   
      . 

       
          

 .        
      ,   

         
,   , ,    

.       ,  
    .    

         
( ),      . 

       
 .       

 ,       
 , , ,      
 . 

  ,      
        .  
         
     ,   

     ,  
  . [10]. 

       
,        ,   

        
 .    , , 

 , -  .  
   ,      

.  ,        
   .      

         . 
      5 . 
        

   .  ,       
     ,  ,     

,       
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.          
   .  (   ).    

       ,   
   ,  ,     

.  
         

  :         
 10%   ,       , 

    .  , ,  
, , ,    -

,     :  
,    . 

      ,  
    .   

       , 
       0,3%    , 

    1      2 . 
        .  

        . [10]. 
        

   ,      , 
       

, ,        
      ,    

          
  . 
     ,      

    .    – 
  ,    
    ,  ,   

      , 
 . 

        
,     ,    
          

,       90    . 
         

,       .  
        ,  

    . 
     . ,    

     ,    
,      .   

          
 , ,  , , ,  , 
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. .     , ,  
 ,         

 . 
       ,  

        .  
        .  

      ,   
  ,     
    (   );   

        
   .  

   - .    
    ,    

 . 
    ,     
  ,    ,    

,   ,    ,    
.   ,      

  ,  ё   . [10] 
        

,     ,   
      .    

   .      
   . ,     

    . 
        ,  
, ,  ,  ,   . . 

,     ,  
 ,      

   .     
   ,       -

     , ,   
. . 

         
    .    

  ,         
,      ,  , 
,  ,   . .   . 

  . 
,        

,    .     
 . 

, , ,   ,    
       . 
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       .   
  :     . 

          
 ,         . 
        .  

          
.        

,      ,   
 ,   . 

         ,   
     .   , 

       (  
),     .     

  ,  ,   
         
.       
   . 

 ,     , 
    .    

  ,    .      
   .        

 .     ,  
 ,       

  .       , 
       .  

  ,         
,       . [10] 

 
4.5.1      

 

          
   . [10]: 

1)     ,   , 
       ; 

2)    ,     
   ,     ; 

3)   ,       
 ,      , 

    . 
        – , 

  ,   ,  ,  
  .     ,    

    ,    
. 
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 ,    ,      

         ,  
           

 .     ,   
 . 

        
 ,        
         

 ,        
  . 

        
  ,  ,     

        
,     . ,    
    ,    

. 
        

      .   
       ,     

       , , 
    ,    

 . [10] 
 

4.5.2       
 

    ,   
,   ,        

         
    ,   . 

         
  0,1 % ,     15 .    

         
     . 

      ,   
       , 

    .    , 
   ,     

     .  
       

      . 
    ,     

  , ,    
 .       

  . [10]. 
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4.5.3    
 

-           
    -   .  -   

 ,       
,     .  

      ,      
-   , ,    

,  ,    , 
    . 

 -  ,    
,  ,  -    .  

        . 
,         

      .   
 -          

  ,       
   0,1 / . 

     .  
    - ,  , ё  

 . 
       -  
  ;     , 

,    ,   
. 
        

:      -  
  ,     12-18  

 .         
        . 

        
 .       

, ,      ,   
  ,   ,    
      .    

   .       
    . ,     

,       
    . 

       
 .     ,  

     50 º  
      -  

         , 
    .   
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    ё      
    . 

 -    ё ,   
    .    

  ,          
  ,      
,       . , 

       . 
       . 

,      ,   
   ,    ,   -  

        
,   ,      . [10 

.35] 
     ё   

   ,      
,      ,     

. 
,        

     .  
   ,    

   ,    ё.  
 ,         

 300 / 3,    – 10 / 3.  
       

. 
    -    
  .       

,       ,   
       

    .   
        15 .  , 

       . 
          .  

        
,    ,   ,  

    . [10] 
        

 ,       (  ).  
   ,     

   ,  . 
         12 

.     . 
   ,  ,   

  .     
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 ,         . 
    ,      , 

    ,  . 
   ,   , 
           

 ,   .    
     ,  

    ,  ,  
     . 

      
     .     

, ,     .  
       . 

          
   .  ,  

       ,  
:          .  

   ,     
       . 

       
  .      
,       ,   

  .     .   
         

     .    
     ,  

  .    , ,    
        

 . 
,      

  –    ,  
,   , ,    

        .  
           .   
          

 , ,     .   
      . 

 ,       , 
     .  

       . 
        

      ,     – 
 . [10]. 
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4.5.4    
 

        
 , ,   .     
       – , 
    .      

  .     
     .    

  ,     
 . 

        
 -       

 . ,    
.         

    . ,     
         

   .   , 
,      ,  ,  

,   . 
         

      .   
  ,       . 

      -   
 ,       .  

     ,  ,    
,      ,      

     , ,  , 
       .    

    .   ,   
   ,       

         
 . [10].  

 
 

4.5.5   
 

  .     ,  
 ,       

      , ,   
,         

      .  
      , 

    ,         
      .    

    . ,   
,        , 
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,         .  
      5-7 ,    

   .      , 
    ,    
   ,      0,5-

1,5 .  
       , 

     ;  
 ,        

         
.   ,   ,     

      -     
     0,8%     

    . 
 ,       ,  

    ,    
       

 ,  ,  .    
 ,       

      ,  ,   
ё   . 

       
.   ,     

      -   , 
  .    ,   

  , ,  . ,   
     .   

,        . ,  
    ,       

  . 
         20 - 40 

 (      )      
   (  )   [10]. 
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    -   
      40,5 . 3   

     . 
          

  ,  ,    
 ,    ,     

,   -    
  .  

       
   ,    40,5  3,  

   . ,   
         
. 

        
     ,  ё  

   -     , 
     .    
    ,     ё  

 .       , 
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2        . : 

 2-  . – .:  «  – », 2002 – . 1. – 517 . 
3  « », №4, 2004. 
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. – .: , 1987. – 352 . 
5    «   » -1 . 

 . 
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11  . .      
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15  . .,  . .  .  
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1982 – 32 . 

16  . .,  . .     
-    . – : 

, 2004 – 26 . 
17  . .      

«    »     
. : , 2003 – 37 .   

18 . 2516636 2  .    / 
 . . ; .: 20.09.2013, .: 20.05.2014 – 16 . 
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19 . 2491982 1  .  / 
 . .; .: 03.04.2012, .: 10.09.2013 – 12 . 

20 . 2116585  . /  . ., 
 . .; . 03.10.1996, . 27.07.1998 – 4 . 

21 . 2474462 2  .   / 
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 .1 –    ,         
    

 
-  

, 
 

 

-   
   

,  ( ) 
     

  
,  

 

    
,   

  
 

   
 -1 

 
    

  
    

 
  

  
 95 
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  97-98,5 % 
  

 

    -2. 
     

,   . 

 
-  
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-   
   

,  ( ) 
     

  
,  

 

    
,   
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. 

  . 

     92-92 0 . 
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-1 

 
350-500  

   
 . 

  ,  , 
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