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1        
  

 
1.1      
 
1.1.1      

 
     ,    

     .   
  — 169 ,  ё   — 6800 ². 

       33,6 ³/ .  ё  ё 
     . .   , 

  .     +6  +12  
   - .  

 —         , 
      . 

 
1.1.2      
 

     ё    
,        . 

 
1.1.3   
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  — ,        
 2-15° .      . 

,        
-29  .     ё ,   . 

     ,    ,  
       (  +37,0° ).   

 —   — .        
  +32° C.  

 
1.1.4  
 

    -  
 :      

,       
 ,   ,   , 

    .  
 
1.1.5   
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      1955–2004 .  
  1. 

 
 1.1 – ,     

 ( 3/ )    
 I II  III  IV V VI  VII VIII IX X XI  XII Q .  

1955 24 33 35 33 38 32 51 43 19 19 20 22 28 

1956 9 10 31 28 41 64 75 60 22 22 9 15 32 

1957 14 18 23 24 36 51 70 64 27 17 14 17 31 

1958 16 19 25 26 50 56 69 58 23 25 14 17 33 

1959 12 18 23 21 33 55 65 53 16 6 6 14 27 

1960 8 10 13 19 35 50 61 54 17 6 9 16 25 

1961 17 18 23 23 33 50 66 57 21 21 19 17 30 

1962 22 23 25 24 34 51 69 58 22 13 10 16 31 

1963 15 18 27 30 37 57 66 57 20 14 17 16 31 

1964 13 18 29 28 33 52 58 54 18 16 14 15 29 

1965 14 18 23 23 40 42 62 59 21 21 16 15 30 

1966 17 19 24 22 30 52 68 57 22 14 9 16 29 

1967 19 26 42 50 92 102 86 63 23 21 18 17 46 

1968 16 21 24 23 32 44 59 61 20 16 7 15 28 

1969 17 18 27 31 37 46 57 52 22 17 12 17 29 

1970 14 18 23 22 80 70 63 57 19 11 9 15 33 

1971 10 17 22 24 59 57 64 59 23 13 11 13 31 

1972 26 33 36 38 36 39 62 49 20 18 19 21 32 

1973 17 19 24 24 39 56 68 61 37 23 27 17 34 

1974 17 24 23 25 35 49 62 57 20 23 17 18 31 

1975 19 24 26 32 84 70 82 71 22 31 25 21 42 

1976 16 18 22 27 43 52 73 62 25 23 26 16 33 

1977 18 19 23 28 38 44 64 55 19 13 23 17 30 

1978 6 11 14 41 52 61 57 38 19 19 17 16 29 

1979 14 18 24 23 88 85 65 38 24 25 30 16 37 

1980 4 10 15 15 44 42 55 56 20 18 12 15 26 

1981 17 18 24 28 71 80 60 60 20 16 22 18 36 
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  1.1 
 I II  III  IV V VI  VII VIII  IX X XI  XII Q .  

1982 14 18 28 30 40 59 72 60 24 20 34 14 34 
1983 17 19 24 23 69 63 68 58 22 18 9 29 35 

1984 17 19 30 29 60 74 77 63 24 18 16 17 37 

1985 17 25 30 52 99 100 87 69 35 29 24 21 49 

1986 21 19 24 46 77 74 90 75 39 35 26 17 45 

1987 21 23 25 38 63 57 74 63 27 26 23 19 38 

1988 9 16 26 38 70 65 73 60 23 25 31 18 38 

1989 23 18 27 35 62 59 70 58 22 15 12 16 35 

1990 20 19 28 24 46 55 73 59 24 20 20 17 34 

1991 18 19 22 22 34 49 65 62 24 20 16 16 30 

1992 16 18 23 34 65 103 71 59 22 17 14 15 38 

1993 14 15 27 28 48 49 63 53 17 12 6 16 29 

1994 16 19 24 35 55 55 73 61 23 23 18 16 35 

1995 16 18 23 28 40 44 45 58 19 13 17 15 28 

1996 17 17 23 33 46 50 68 55 19 18 25 22 33 

1997 17 19 24 32 37 61 64 58 22 19 14 17 32 

1998 16 17 18 32 50 52 70 59 20 21 12 16 32 

1999 8 10 14 16 33 38 49 41 19 18 15 15 23 

2000 16 18 22 19 61 65 65 54 18 10 12 17 31 

2001 16 19 24 24 55 57 65 67 25 15 17 15 33 

2002 22 22 25 31 70 73 76 60 26 28 16 21 39 

2003 21 19 25 37 47 53 72 68 28 25 29 17 37 

2004 17 22 29 31 35 44 74 64 25 20 19 16 33 

.  16 18 24 29 51 58 67 58 23 19 17 17 33 

 

          1.2. 
 

 1.2 –       

 
 

1 2 3 4 5 6 7 8 9 10 11 12 
 , 

3/  
19 26 28 30 36 35 56 47 15,0 15,0 16,0 14,0 

Q, , 3/  0 0 0 1 1 1 1 1 0 0 0 0 



11 

 

  1.2 

 
 

1 2 3 4 5 6 7 8 9 10 11 12 

Q, , 3/  1 1 0 -1 -1 0 0 0 0 0 0 0 

Q, , 
3/  

1 1 1 1 1 1 1 1 1 1 1 1 

Q, . , 
3/  

9 9 9 9 9 9 9 9 9 9 9 9 

 
       ,   

,    1.3,    1.1. 
 

 1.3 –        

Q, 3/  Z ,  
0 652 

24,8 652,4 
49,6 652,8 
74,4 653,2 
99,2 653,6 
124 653,8 
149 564 

 

 
 1.1 –     Z  

 
       ,   

 ,    1.4,    1.2. 
 

 1.4 –        

Z,  V, 3 
652 0 
657 0,05 
661 0,1 

651.5

652

652.5

653

653.5

654

654.5

0 50 100 150 200

Z
,

Q, 3/c

    Z
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 1.4 
Z,  V, 3 
665 0,15 
668 0,2 
670 0,25 
671 0,3 
672 0,35 

 

 
 1.2 –     Z  

 
1.1.6  -    
 

        :  
 —   ,   —   , 

 -    ,   —   ,  -
 —       —   .  

   ё      
«  ». 

-       
  (  )     . 

 -     
  -    . 

       .   
 ,       

,         
    ,      .  

     : , , 
 , ,     

 .      

650

655

660

665

670

675

0 0.1 0.2 0.3 0.4

Z
,

V, 3

    Z
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 ,      
     .  

  ,     
 . 

  :   ,  
, Pmax=3604 . 

       1.3 
 

 
 1.3 -       

 

1.1.7     -  
 

     1.5 
 

 1.5 –   
  ,  *  N ,  

  384 200 
 

  - 7%. 
  - 1%. 
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2 - c    ё  
 
2.1       

      
 

        
         

,      1.1   1955-2004 .,  
     .  

         –   
. 

,      ,    
    .    

 .  
 ,     V, VI , VII, VIII , ,  

   – IX , X, XI , XII , I, II , III , IV .  
    ( 3/ )    ,   

        . 
    2.1: 

 P m = + ∙ % (2.1) 
 

          

   2.1 
 

 2.1 –          
 

m P, %  Q , 3/   Q , 3/   Q , 3/  

1 2 1985 49 1985 29 1985 89 

2 4 1967 46 1986 28 1967 86 

3 6 1986 45 1967 27 1986 79 

4 8 1975 42 1987 25 1975 77 

5 10 2002 39 2003 25 1992 75 

6 12 1987 38 1975 25 2002 70 

7 14 1988 38 2002 24 1979 69 

8 16 1992 38 1973 23 1984 68 

9 18 1979 37 1988 23 1981 68 

10 20 1984 37 1982 23 1970 67 

11 22 2003 37 2004 22 1988 67 

12 24 1981 36 1996 22 1983 65 

13 25 1983 35 1994 22 1987 64 

14 27 1989 35 1972 22 1989 62 
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  2.1 
m P, %  Q , 3/   Q , 3/   Q , 3/  

15 29 1994 35 1976 22 2000 61 

16 31 1973 34 1979 22 1994 61 

17 33 1982 34 1990 21 2001 61 

18 35 1990 34 1984 21 2003 60 

19 37 1958 33 1974 21 1956 60 

20 39 1970 33 1989 21 1971 60 

21 41 1976 33 1981 20 1990 58 

22 43 1996 33 1997 20 1958 58 

23 45 2001 33 1958 20 1982 58 

24 47 2004 33 1969 20 1998 58 

25 49 1956 32 1983 20 1976 57 

26 51 1972 32 1955 20 1973 56 

27 53 1997 32 1992 20 1997 55 

28 55 1998 32 1961 20 1957 55 

29 57 1957 31 1977 20 1996 55 

30 59 1962 31 1963 20 2004 54 

31 61 1963 31 1991 20 1963 54 

32 63 1971 31 1962 19 1962 53 

33 65 1974 31 2001 19 1993 53 

34 67 2000 31 1957 19 1972 52 

35 69 1961 30 1998 19 1991 52 

36 71 1965 30 1965 19 1978 52 

37 73 1977 30 1964 19 1966 51 

38 75 1991 30 1995 19 1959 51 
39 76 1964 29 1956 18 1961 51 
40 78 1966 29 1966 18 1965 51 
41 80 1969 29 1978 18 1974 51 
42 82 1978 29 1968 18 1977 50 
43 84 1993 29 1993 17 1960 50 
44 86 1968 28 1971 17 1964 50 
45 88 1995 28 1970 17 1980 49 
46 90 1955 27 2000 16 1968 49 
47 92 1959 27 1959 15 1969 48 
48 94 1980 26 1999 14 1995 47 
49 96 1960 25 1980 14 1955 41 
50 98 1999 23 1960 12 1999 40 

 
2.2        
 
-  (50%)  
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      =50%,    
    : 1956   1972. 

    50% . 
1973  1976 .      49%  51%  

. ,    = 56,5 / .   
   50%  . 

1955  1983 .      49%  51%  . 
,    = 20 / .     

 50%  . 
        

1956  1972 . 
1956 : 
 

 =     = . = .  (2.2) 

 

 =     = =  (2.3) 

 
1972  
 

 =     = . = .  (2.4) 

 

 =     = = .  (2.5) 

 
       1,  

 .      
  1972 .    1972   

  .      
    2.2. 

 
 2.2 –       

 I II  III  IV V VI  VII VIII IX X XI  XII  
Q50%  26 33 36 38 36 39 62 49 20 18 19 21 32 

Q50%  

. . 23 30 32 34 39 42 67 53 18 16 17 19 32 
 
-  (90%)  

   90%   1955 .  
          

 .   /  (1968 ).      90% 
 . 
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=  /  (2000 ).      90% 
 . 

 

 =     = = ,  (2.6) 

 

 =     = = 0,8 (2.7) 

 
        

    2.3. 
 

 2.3 -       
 I II  III  IV V VI  VII VIII IX X XI  XII  

Q90% 
. 

24 33 35 38 33 32 51 43 19 19 20 22 28 

Q  19 26 28 30 36 35 56 47 15,0 15,0 16,0 14,0 28 
 

2.3     
 

    2.2, 2.3   ,   
 2.1.  

 

 
 2.1 -    

 
2.4      

   
 

     P(t),    
    : 

       
          2.8: 

0
10
20
30
40
50
60
70
80

1 2 3 4 5 6 7 8 9 10 11 12

Q
, 

3 /
c

   

50% 

90% 
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= + ∙ cos| ° ∙ − °| , (2.8) 
 

 t -      (1- , 2-   . .);  
,b - ,     :  

 a = ax + ax = + =  (2.9) 
 b = ax− ax = − =   (2.10) 

 a = + = + = ,  (2.11) 
 b = − = − = ,  (2.12) 

 
      

    ,     2.4 
 

 2.4 -       
t  cos  P(max) P(cp) 
1 0,26 0,97 3591 3204 
2 0,79 0,71 3492 3115 
3 1,31 0,26 3321 2961 
4 1,83 -0,26 3124 2783 
5 2,36 -0,71 2953 2630 
6 2,88 -0,97 2854 2541 
7 3,40 -0,97 2853 2540 
8 3,93 -0,71 2952 2629 
9 4,45 -0,26 3123 2782 
10 4,97 0,26 3320 2960 
11 5,50 0,71 3492 3114 
12 6,02 0,97 3591 3203 

 

        
2.2 
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 2.2 -      
 

2.4.1         
   

 
       

      . 
     (1955 .)   

           2.13, 
2.14: 
  . Э = ∙ % ∙ 𝐻 Э ,  (2.13) 
 

   –   ,  =  , ; % –     , 3/ ; 𝐻 Э −    , . 
 𝐻 Э = − ( ) − ∆ℎ, (2.14) 
 

 −   ,    , ; ( ) −   ,     
  , ; ∆ℎ −     , ∆ℎ = ,  . 

          
  (2.15):  

 ХК = ∙ ХК ∙ 𝐻 Э , (2.15) 
 

 ХК −       
, 3/ . 

0

500

1000

1500

2000

2500

3000

3500

4000

0 2 4 6 8 10 12 14

P
,M

B

       

Pmax

P
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     2.5 
 

 2.5 –        

 I II  III  IV V VI  VII VIII IX X XI  XII 

Q 90% 19,0 26,0 28,0 30,0 36,0 35,0 56,0 47,0 15,0 15,0 16,0 14,0 

Q  19 19 19 19 19 19 19 19 19 19 19 19 

 , /  0 0 0 1 1 1 1 1 0 0 0 0 

, /  1 1 0 -1 -1 0 0 0 0 0 1 1 

,  /  1 1 1 1 1 1 1 1 1 1 1 1  , /  0 0 0 0 0 0 0 0 0 0 0 0 ∑ , /
 

1 1 1 1 1 2 2 2 1 1 1 1 

. ., /  18 25 27 29 35 33 54 45 14 14 15 13 ,  564 565 565 565 565 565 565 565 565 565 565 565 ,  671 𝐻,  107 107 107 107 107 107 107 107 107 107 107 107 
 

    2.5 ,  12  –   
  . 

        2.6. 
 

 2.6 –      
 I II  III  IV V VI  VII VIII IX X XI  XII ,  17 23 25 27 33 31 50 42 13 13 14 12 ,  13 13 13 13 13 13 13 13 13 13   13 13 − , 

 
4 10 12 14 20 18 37 29 0 0 1 -1 

 
 ё      ,    

   ,   . ,  
     ,    

2.16:  
 

N -N = 145   (2.16) 
 

   2.6   ,   
 2.3,        
,       
         

 .  
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 2.3 -       ё  
    

 

 ,     ё  
 ,      
  (  ). 

       ,   
 N -N   .   2.3 ,   

  2 ,    ,    
 .   2.7    1  

. 
 

 2.7 –     

 I II  III  IV V VI  VII VIII IX X XI  XII ,  80      80 

 
2.5 -         

 
       

    .    
-  ё       

      ё   .  
      ё  

. 
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   ,    , 
,      ∇  = 671 . ,   

      ,  
        , 

    . 
       

   .1 [  ]. 
   ,       
 .  ,     .  

         .2 
[  ]. 

   ,     652,5 
. 

 -      
   2.4  

 

 

 2.4 -  -      
 

      : 
–   ,  – N =60 ; 
–  ё  ё  –  =652,5 ( ). 
–   – V =0,29 ( 3). 

      (2.17), 
      V =0,3 3    
       : 

 = ̅   (2.17) 
 𝑊 = Σ ·−9 = · · ·−9 = ,    (2.18) 

 

650.0

655.0

660.0

665.0

670.0

675.0

0 2 4 6 8 10 12 14

Z
,
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= ,, = ,    
 

     . 
 

2.6       
 

   ,     6 . 
       ,  

    2     ,  ( )  
,      . 

          
  : 

 Э .  . Э = ,  . ∙  
 

      ,  
     ё   20%,   ё : 

 Э . .. Э = ,  . ∙  
 Э . .. Э = ,  . ∙  
 

  : 
 =   
 

   ,     
  ,   -   

 .   ,    
 ,         

.3 [  ]. 
      , ,    

  ё.  
          

,      . 
   , Q .  = 9 ³/c,    2.19, 

2.20: 
 = ∙ . ∙𝐻 = , ∙ ∙ , = ,   (2.19) 

 Э = ∙ = ,  . ∙   (2.20) 
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     .   
       . N =60 , 

   2.21  2.22: 
 Э = ∙ = ,  . ∙   (2.21) 

  
 =  -  = 1,4 – 0,18 = 1,25 . ·   (2.22) 

 
     ,    

  .     P,  
 N  = 61,1 .  

 
 ,       N : 

 
N  = N  + N  = 61,1 + 7,79 =68,9  (2.23) 
 
2.7      

     
 

       
  2.6     2.8 

 
 2.8 –        

 N ,  
 69 
 39 

 25 
 37 

 32 
 24 
 24 
 32 
 37 
 25 
 39 
 69 

 
2.8        

 ,    
 

     ,  
     %   ,    

7%  .  



25 

 

        
,      .   ё  

   2.9. 
      ,    

   , . .      
.  

      2.24: 
 F Э = 𝑥Э ∙ = = =  ∙   (2.24) 

 
 2.9 –       

 

 .     

Pcm N .  N .  N  N .  N  N  N .  
N

 
N  N  N  

I 3591 36 251 240 34  69 2  3282 251  
II  3492 35 244 224 33  39 1  3229 244  
III  3321 33 232 208 32  25 1  3088 232  
IV 3124 31 219 192 30  37 1  2895 219  
V 2953 30 207 176 28  32 1  2745 207 67 
VI  2854 29 200 160 27  24 1  2670 200 179 
VII 2853 29 200 160 27  24 1  2669 200 179 
VIII 2952 30 207 176 28  32 1  2744 207 67 
IX 3123 31 219 192 30 40 37 1  2894 219  

 3320 33 232 208 32  25 1 12 3087 232  
XI  3492 35 244 224 33  39 1  3229 244  
XII 3591 36 251 240 34  69 2  3282 251  
N

 
65   274   71   3533   

 
   2.9   ,  2.5 
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 2.5 –       

 
       

2.25   : 
 .Э = Э + Э = + =   (2.25) 

 
2.9 -       

     
 

        –  
 . 

        
    ,     

 2. 
  ё       

          
 2.6 

 

 
 2.6 -  -     

2000

2200

2400

2600

2800

3000

3200

3400

3600

3800

4000

1 2 3 4 5 6 7 8 9 10 11 12

P
.

 
 . 

 
  

  

  
. 

 
  

  

  
 

650.0

655.0

660.0

665.0

670.0

675.0

0 2 4 6 8 10 12 14

Z
,  

 

 = 652,2

 = 671  
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2.10   
 

     , 
 ,         

   ,    2.7  
     ,   

  «   » 
 ё     2.10. 

 
 2.10 –  ё    

    
 

 
 

 .  
 N  

 . 
 . 

.  ,  /  .,   ,  ,  𝐻  𝐻,  , /  𝐻,  
,/  

0 564,00 107,00 88,5 99,97 119,1349 62 98,75 42,7 
15 564,00 106,60 88,10 99,57 111,58 66,20 94,70 42 
30 564,68 106,32 87,82 99,29 104,92 70,40 91,00 41,3 
45 564,88 106,12 87,62 99,09 98,75 74,60 87,00 40,6 
60 565,06 105,94 87,44 98,91 93,74 78,80 84,00 39,9 
75 565,22 105,78 87,27 98,75 88,99 83,00 83,90 39,2 
90 565,38 105,62 87,12 98,59 84,71 87,20 83,80 38,5 
105 565,56 105,44 86,94 98,41 80,81 91,40 83,70 37,8 
120 565,73 105,27 86,77 98,24 77,26 95,60 83,60 37,1 
135 565,89 105,11 86,61 98,08 74,01 99,80 83,50 36,4 
150 566,01 104,99 86,49 97,96 71,02 104,00 83,40 35,7 

 

 
 2.7 –   

 
    (  2.7) : 
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–   H x = .     
         

; 
– ё   H = .  .     
        ё  
; 

–   H i = .  .     
         

 .
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3    
 
3.1      
 

       
     ,   
 : 

1)        
 , . . 𝐻 𝐻 .; 

2)  𝐻 𝑖𝐻 𝑥 = . = ,       

 (    𝐻 𝑖𝐻 𝑥 = , . 

3)        
    . 

      : 
- 115-B; 
- 115- . 

      (  3.1). 
 

 3.1 –      
 115-B 115-  

,  115 115 

min/Hmax 0,5 0,6 
n'Iopt, -1 83 75 
Q'Iopt, /  830 900 
  opt 0.916 0.927 

QI max, /  1200 1080 
D'1 m,  0.40 0.15 
H ,  0.460 0.5156 
t , 0  4 4 
·10-6, 2/  4 2 

 
       

 1,      . 
ё      D1    

   :  
 

       3.1: 
 N = , · Q′ · D · √H · η ∙ η , (3.1) 
 

 Q'I  -     ; 
  -   ; 
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  -  .   =0,97 
     3.2: 

 η = − − η ( − + √ ∙ √ ∙ √ νν ), (3.2) 

 
   -   ; 

D1  -   ; 
 -   ; 

D1 -   ; 
 -    ; 
,  -        

 ,         
 ;        10°   

1,3·10-6 2/ ; 
 - ,       

  (𝜺=0,75). 
    3.3: 

 Z′ = ,  (3.3) 

 
 N  -    (N  =71000 ); 

Na -  ; 
    3.4: 

 ∆ = ηη   (3.4) 

 
   (      

)    3.5: 
 ′ = 𝐼 ′ √Δ ∙ ,  (3.5) 

 
 n'I  -        

. 
 ,      

   3.6, 3.7  3.8: 
 n  x′ = ∆ i .   (3.6) 

 n  ′ = (∆ ) .   (3.7) 
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n  i′ = ∆ ax .   (3.8) 

 
 ё         

 3.9: 
 Q′ ∙ η = a, ∙ ∙ p, ∙η    (3.9) 

 
         n'I , 

  Q′ ∙ η        
. 

        
3.10: 

 Q′ ∙ η = a, ∙ ∙ ax, ∙η    (3.10) 

 
    3.11  3.12: 

 Q′ = i∙ ∙√ i ∙Δ  (3.11) 

 Q′ = i∙ ∙√ ax∙Δ  (3.12) 

 
    , 115  115  
   3.2  3.3 . 

 
 3.2 –   115- 45 

D1,  1 1,25 1,4 1,6 1,8 1,9 2 2,12 
  0,941 0,943 0,944 0,945 0,946 0,946 0,946 0,947 
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  3.2 
D1,  1 1,25 1,4 1,6 1,8 1,9 2 2,12 
Q max 476,26 406,05 647,12 495,21 586,66 526,43 475,02 422,68 
Q min 528,17 450,31 717,66 549,19 650,61 583,81 526,80 468,75 

 
 3.3 –   115 

D1,  1 1,25 1,4 1,6 1,8 1,9 2 2,12 
  0,920 0,922 0,923 0,925 0,926 0,926 0,927 0,927 

N`  
 

9,312 14,550 18,251 23,839 30,171 33,616 37,248 41,852 

Za` 7,625 4,880 3,890 2,978 2,353 2,112 1,906 1,696 
Za 8 6 2 3 2 2 2 2 

N   8,875 11,833 35,500 23,667 35,500 35,500 35,500 35,500 
m(∆1) 1,041 1,043 1,044 1,046 1,047 1,048 1,048 1,049 

nc` 761,2 609,7 544,7 477,0 424,2 402,0 382,0 360,5 
nc   1000,0 750,00 600,00 500,00 428,60 428,60 375,00 375,00 

n1`Hmax 94,8 88,7 79,5 75,6 72,9 76,9 70,8 75,0 
n1`Hp 98,5 92,3 82,6 78,6 75,8 80,0 73,6 78,0 

n1`Hmin 105,1 98,4 88,1 83,9 80,8 85,3 78,5 83,2 
Q1*ƞ  1,039 0,887 2,120 1,082 1,283 1,151 1,039 0,925 

Q1*ƞmax 0,925 0,789 1,887 0,963 1,142 1,025 0,925 0,823 
Q max 390,92 333,17 796,33 406,17 481,10 431,67 389,49 346,54 
Q min 433,5 369,4 883,1 450,4 533,5 478,7 431,9 384,3 

 
     : 

-  ; 
-    ; 
-   ; 

       , 
 .1 [  ]
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∇ . . = + 𝐻 , (3.13) 
 

  -       ,  
   . 

    HS   
        

.    ,   
    , . .    

,  ,  : 
-    Hmax   ; 
-    H    ; 
-    Hmin   . 

     3.14: 
 𝐻 = , − − 𝜎 ∗ 𝐻 − , + ∆ . , (3.14) 

 
  –  ,     

   ;  
 –  ,      Z (Q ); 

Z . . –       
   ,    -  Z . .=0. 

 min: 
 𝐻 = , − , − , ∙ − , + , = − ,   

 
 H : 

 𝐻 = , − , − , ∙ − , + , = − ,  

 
 Hmax: 

  𝐻 = , − , − , ∙ − , + , = − ,             
 

      . 
        

       . 
 . . = . . . . + 𝐻 , 
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 . . . .  –        . .,   
ё     𝐻 . 

 
   : 

 . . = , + , = ,  . 
 . . = , + − , = ,  . 
 . . = , + − , = , . 
 

        
  .  

 : 115- -180 К H i = ,   К(H ) = ,   К H = ,   
 ,       

   ,     115- -
180.        

   Z  (H )= 562,257 . 
 
3.3       

 
      , 

         
 . 
  “     

”   . . ,   «15.8  
 » ё      15.2 – 15.3  

     .   
  -425/135-14. 

        .  
 ,   . 

 
3.4      

 
        = f (N),  

s = f (N)  Q = f (N)     n    
  ( max, , p, min). 

  H    3.15. 

H  = (  min +  p)/2, (3.15) 
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и ии ия ( max - p) < (  - min). 

H  = (87 + 99 )/2 = 93 . 

      .   
   3.4, 3.5, 3,6 и 3.7. 

 

Т и  3.4 – З ия и  и и  я Hmin 
 n1=83,8 ( / )  =87,2 ; kQ=30; kN=8,8 . 

 η  
Q1, 

3/  
σ η σ 

Q1σ, 
3/  

η  
Q, 
3/  

N,  s,  Nσ,  

1 0,88 0,382 0,05 0,892 0,45 0,894 11,81 8013,9 3,53 11091,5 
2 0,89 0,436 0,1 0,916 0,69 0,904 13,48 10123,3 -1,41 17464,6 
3 0,9 0,502 0,15 0,9205 0,826 0,914 15,52 12101,9 -6,36 21009,6 
4 0,91 0,588 0,2 0,918 0,938 0,924 18,18 14708,9 -11,31 23793,5 
5 0,915 0,652 0,25 0,917 1,03 0,929 20,16 16484,72 -16,26 26098,7 
6 0,919 0,79 0,3 0,916 1,096 0,933 24,42 20061,14 -21,21 27740,8 
7 0,915 1,11 0,35 0,913 1,157 0,929 34,32 28064,48 -26,16 29188,9 
8 0,91 1,23 0,4 0,911 1,215 0,924 38,03 30928,54 -31,11 30584,9 
9 0,909 1,245 0,415 0,909 1,245 0,923 38,49 31271,32 -32,59 31271,3 

 
 3.5 –     H  

 n1=86,( / )  =98,7 ; kQ=30; kN=8,8 . 

 η  
Q1, 

3/  
σ η σ 

Q1σ, 
3/  

η  Q, 3/  N,  s, 
 

Nσ, 
 

1 0,6 0,283 0,08 0,905 0,783 0,647 9,33517 5695,404 4 12001 
2 0,65 0,31 0,1 0,926 0,881 0,697 10,2258 6758,68 -1,41 18509 
3 0,7 0,338 0,12 0,918 0,961 0,747 11,1494 7935,998 -3,39 20308 
4 0,75 0,367 0,14 0,908 1,023 0,797 12,106 9232,39 -5,37 21707 
5 0,82 0,43 0,15 0,89 1,08 0,867 14,1842 11826,85 -6,36 22306 
6 0,84 0,467 0,13 0,872 1,123 0,887 15,4047 13157,79 -12 25502 
7 0,86 0,523 0,125 0,869 1,29 0,907 17,2519 15086,45 -20 28704 
8 0,88 0,597 0,12 0,865 1,34 0,927 19,6929 17621,54 -29 31308 
9 0,9 0,66 0,11 0,86 1,39 0,947 21,7711 19923,85 -32,5 33309 

 
 3.6 –     H  

 n1=86,7( / )  =93 ; kQ=30; kN=8,8 . 

 η  
Q1, 

3/  
σ η σ 

Q1σ, 
3/  

η  Q, 3/  N,  s, 
 

Nσ,  

1 0,88 0,39 0,05 0,89 0,447 0,894 11,4007 6789 4,59 9287,14 
2 0,89 0,447 0,1 0,915 0,69 0,904 13,067 8252,1 0,71 14738,6 
3 0,9 0,52 0,15 0,92 0,824 0,914 15,201 10125 -3,17 17697 
4 0,91 0,6 0,2 0,918 0,94 0,924 17,5396 12136,3 -7,06 20144,4 
5 0,915 0,655 0,25 0,917 1,034 0,929 19,1474 13541 -10,95 22134,7 
6 0,919 0,838 0,3 0,916 1,105 0,933 24,497 17978,12 -14,83 23628,8 
7 0,915 1,116 0,35 0,9125 1,17 0,929 32,6237 23838,01 -18,72 24923,2 
8 0,91 1,223 0,4 0,91 1,23 0,924 35,7516 25980,8 -22,61 26129,5 
9 0,905 1,284 0,445 0,905 1,286 0,919 37,5348 27126,78 -26,11 27169 
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 3.7 –     Hmax 
 n1=88,3( / )  =107 ; kQ=30; kN=8,8. 

 η  
Q1, 

3/  
σ η σ 

Q1σ, 
3/  

η  Q, 3/  N,  s, 
 

Nσ, 
 

1 0,6 0,27 0,08 0,912 0,78 0,647 9,25921 6105,549 4,0 13012 
2 0,65 0,29 0,1 0,926 0,88 0,697 9,94508 7104,296 -2,5 20309 
3 0,7 0,32 0,12 0,913 0,97 0,747 10,9739 8442,241 -3,5 21310 
4 0,75 0,36 0,14 0,898 1,03 0,797 12,3456 10175,92 -5,5 22907 
5 0,8 0,439 0,15 0,88 1,1 0,847 15,0548 13236,23 -7,0 24108 
6 0,82 0,485 0,13 0,82 1,2 0,867 16,6323 14988,75 -9,5 25607 
7 0,84 0,54 0,12 0,8 1,25 0,887 18,5184 17095,54 -12,0 27306 
8 0,86 0,595 0,1 0,78 1,3 0,907 20,4046 19285,24 -18,5 31005 

 
   = f (N),  s = f (N)  Q = f (N)    

    3.1, 3.2  3.3 . 
 

 
и  3.1 -  З и и  К Д  щ и 

 

0.6
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и  3.2 - З и и   ия  щ и 

 

 
и  3.3 - З и и    щ и 

 
3.5       
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    –   
,   ,    

   ,    3.8, 3.9. 
 

 3.8 –    ao=f (N) 

a0 [ ] 

55 73 92 
H [ ] N [ ] H [ ] N [ ] H [ ] N [ ] 
107 19005 107 23598 107 27900 
99 20455 99 25362 99 30043 
93 21677 93 27006 93 32999 
87 22574 87 28640 87 34365 

 
 3.9 –    ao=f (N) 

a0 [ ] 

105 125 140 
H [ ] N [ ] H [ ] N [ ] H [ ] N [ ] 
107 32056 107 34755 107 36369 
99 34600 99 36300 99 38188 
93 37893 93 39125 93 41509 
87 40900 87 42489 87 44897 

 
 ё       , 

    .    
   ,      . 

    .2 [  ]. 
 
3.6   

 
        

    .      
     ,   

 . 
       3.16. 

 ∗ ( , ∙ [𝜏 ]) , ,  (3.16) 

 
 [𝜏 ] = 30-35 ,        

3.17. 
 = , ∙   (3.17) 

 
      

(  50     1000     100   D ) 
      3.16  3.17. 
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= , ∙ , = ,  ∙  

 = ( , ∙ , ) , = ,   

 
     0,5  
      

 .  
          

 . 
        

   3.18. 
 = , ∙ ∙   (3.18) 

 
    ,   ,  

  15 – 20   . 
       

 3.19. 
 =  ∙ℎ [ ] (3.19) 

 
 ,   [ ] = ∙ 𝑈, , 

 𝑈 = 𝜋∙ ∙
 (3.20) 

 
  : 

 = , ∙, ∙ , = ,   

 𝑈 = , ∙ , ∙ , = ,   

 [ ] = ∙ , = ,  , 
 =  ,, ∙ , [ ] = ,  ,  . 
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[ ],     ,   
      . 
        
   3.10. 

 
 3.10 –     

D ,  500-800 850-1100 1200-1600 1700-2200 
H ,  300 400 500 600 

Z  8 8 10 12 
 

        3.21. 
 = + 𝛼+ s 𝛼 ,  (3.21) 

 
  –       

 3.22: 
 = °

  (3.22) 

 
       3.23. 

 = ∙ℎ [ ],  (3.23) 

 
  –     ,    3.24: 

 = , − , ∙𝜋∙
  (3.24) 

 
    ,   [ ] = ∙ 𝑈, . 

  : 
 = ° = ° 
 = ,+ + cos ∙ = .   

 = , ∙ , ∙ , = ,   

 [ ] = ∙ . =   
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= ., ∙ , [ ] = .     

  [ ],     ,   
      . 

   ,   . 
 

3.7       
 

 

         
. 

        
     ,       

      . 
   115- -180   : = , ∙ = , ∗ , = ,  
  𝜑 =   

  = + , = , + , = ,    
    D1 =1,8  = ; ℎ = ; = ; R =200  

       3.25. 
 = ∙ 𝜑 = ,   (3.25) 

 
      3.26. 

 𝐹 = 𝑣 = ,   (3.26) 

 
      3.27. 

 = √𝐹𝜋 =  ,   (3.27) 

 
      3.28. 

 = + ∙ ℎ = ,   (3.28) 
 

          
 3.29. 
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= + √ − = ,   (3.29) 

 
       3.30. 

 = + = 3,744  (3.30) 
 

 𝜑       3.31. 

 = ∙ −√ −𝜑 = ,   (3.31) 

 
     𝜑𝑖  ∆𝜑 = ,  

      3.32. 
 = 𝜑 + √ ∙ ∙𝜑 − 𝐻 = ,   (3.32)  

 
        3.33. 

 = + 𝑥 = ,    (3.33) 
 

      3.34. 
 = √ + = ,    (3.34) 

 
     3.11. 

 
 3.11 –   

1 2 3 4 5 6 7 8 9 10 11 12 
φ - - - - - x x2 p2 p a R 

  

φ 
/3

60
 

φ 
/c

 

2R
4*

[3
] 

[4
]-

(H
1/

2)
2  

√(
[5

]) 

[6
]+

[3
] 

[7
]2  

[8
]+

(H
1/

2)
2  

√(
[9

]) 

R
4+

[7
] 

[1
0]

+
[1

1]
 

351 0,975 0,290 0,956 0,702 0,838 1,13 1,271 1,525 1,24 2,777 4,012 
336 0,933 0,277 0,915 0,661 0,813 1,09 1,188 1,443 1,20 2,740 3,941 
321 0,892 0,265 0,874 0,620 0,787 1,05 1,107 1,362 1,17 2,702 3,869 
306 0,850 0,253 0,833 0,579 0,761 1,01 1,027 1,282 1,13 2,663 3,796 
291 0,808 0,240 0,793 0,538 0,734 0,97 0,948 1,203 1,10 2,624 3,720 
276 0,767 0,228 0,752 0,497 0,705 0,93 0,870 1,125 1,06 2,583 3,644 
261 0,725 0,215 0,711 0,456 0,676 0,89 0,794 1,048 1,02 2,541 3,565 
246 0,683 0,203 0,670 0,416 0,645 0,85 0,719 0,973 0,99 2,498 3,484 
231 0,642 0,191 0,629 0,375 0,612 0,80 0,645 0,899 0,95 2,453 3,401 



43 

 

  3.11 
1 2 3 4 5 6 7 8 9 10 11 12 
φ - - - - - x x2 p2 p a R 

  
φ 

/3
60

 

φ 
/c

 

2R
4*

[3
] 

[4
]-

(H
1/

2)
2 

√(
[5

]) 

[6
]+

[3
] 

[7
]2

 

[8
]+

(H
1/

2)
2 

√(
[9

]) 

R
4+

[7
] 

[1
0]

+
[1

1]
 

216 0,600 0,178 0,588 0,334 0,578 0,76 0,572 0,826 0,91 2,406 3,315 
201 0,558 0,166 0,547 0,293 0,541 0,71 0,500 0,755 0,87 2,357 3,226 
186 0,517 0,154 0,507 0,252 0,502 0,66 0,430 0,684 0,83 2,306 3,133 
171 0,475 0,141 0,466 0,211 0,460 0,60 0,361 0,615 0,78 2,251 3,035 

 
   R    𝜑: 𝜑= = ,  

       
 3.35: 

 = ∙si = ,∙si = , .  (3.35) 

 
        3.36: 

 𝜑= = 𝜑= −( + ∙ − s 𝑘 )∙ s   (3.36) 

 

𝜑= = , − ( , + , ∙ − cos )∙ cos = ,   

 
    3.12,    3.12  3.11 

  ,  3.4. 
 

 3.12 –      
φ 1 R 2 

156 0,88 3,0 1,21 
141  2,8 1,10 
126  2,8 1,00 
111  2,7 0,90 
96  2,6 0,85 
81  2,5 0,80 
66  2,5 0,72 
51  2,4 0,64 
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 3. 4 -       
 

     .3 [  ] 
 
3.8   

 
      

           
           

 ,     ,     .  
,    ,   

  .            
     , 

   z0.      
        D0. 
        

         1 — 4 
,   ,      

    . 
       

       D0 ≤ 4020 .  
 3.37. 

 = k ∙   (3.37) 
 = , ∙ , = ,  . 

 
 ,   ,  D0  z0  

 115- -180     D1 = 1,8 ,  
D0 = 2,2 ; z0 = 20, φ = 351⁰. 
 
3.9     

 
        -

 ,        . 

2.0

2.5

3.0

3.5

4.0

4.5

0 100 200 300 400

R
,

φ, 
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     , ,  ,  

   .  
       . 

         
      

. 
 

 3.13 –      
 . ,  . ,  

L 0,16789 0,369 

L1 0,07867 0,173 

r 0,00337 0,07 

k 0,0011 0,02 

a 0,00524 0,011 

b 0,0093 0,020 

c 0,0133 0,029 

d 0,01648 0,036 

e 0,01826 0,040 

g 0,01848 0,040 

h 0,01755 0,038 

m 0,01508 0,033 

n 0,01105 0,024 

p 0,0074 0,016 

 
       

,       D0. 
       (  

3.13). 
        (𝜀), 

        
        

ё ,      3.38.  
 = 𝜀/ ′ + ′    (3.38) 
 𝜀 = ′ + ′ = ,  
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- 3.5   (    ) 

 
     a0max. 

 a x      . 
      3.39. 

 a  x = a , x ∙ ∙ zz  (3.39) 

 

, = , ∙ ,, ∙ , ∙ = ,   

 
3.10      

  
 

      
      .  

  ,     
  . 

         
   : L  −    L  −  , 

   D  (     )  D  
(     ).  

          
  ,   .  D      

   ,   
   3.40  3.41 

 = , − ,   (3.40) 

 = ∙ ,  (3.41) 
 = ∙ , =  . 

 
     3.14     3.6. 
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 3.14 –       
D0, [ ] z0,  φ,  D , [ ] L , [ ] L , [ ] L , [ ]  /a 

2280 20 22 3200 240 130 297 IH 
 

 
 3.6 -       115- -180 

 
   3.6   ( 0)  (Smax)   

 ,   0=f(S)    3.15  
 3.7. 

 
 3.15 –        

0 , [ ] S , [ ] 
0 0 

27,7 40,42 

54,66 84,68 

72,3 117,92 

90,5 161,24 

109,3 200,78 

133,7 248,37 
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 3.7-        
 

       
 (S  = 248,37 )     

   ( 0  = 133,7 ) 
 

3.11     
 

  ( ): 
      
 ,     , 

  . 
        

    :  1,6/1-40-2,5-2 
 1,6 -  ; 

1 -  ; 
40 - ,    40 / 2; 
2,5 –     3; 
2 -  . 

 : 
    .    - , 

  .    - 100 .   - 
-100 4/11 

  -  ; 
100-   % 
4 -   4-  . 

 : 
 ,    ,  

   : 
1)       . 

0

20

40

60

80

100

120

140

160

0 50 100 150 200 250 300

S
,

a0, 

0=f(S) 



49 

 

2)       ,   
 . 

3)     
  - 2,     90 

.      10    
 ё  10 . 
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4       
 

 
     

  -       
,    4.1.  

 

 
 4.1 –     

 
  4.1     
      4.1  

 
 4.1 –      

 
 

  
 

 
  

1   9 
  

 
2  10   
3  11   
4  12  
5   13   
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  4.1 
 

 
  

 
 

  

6   14  
7  15   

8   16 
 

 
 

 (3)      .  (2) 
     (1)  ,  

 (4)  (7) —   (5)  (8),    (6) .  
         

     .    
     . 

    (9),     
.        

   (11),    .  
    ,      

  ,      
 .        

   .    (12)   
         .  
      (10),   

   (14).      
   (13),    

         
 .  

         
 (16),   ,    . 

       ,  
      (15).   

   ,      
. 

 
4.1       
 
4.1.1  ё   

 
       

 4.2 
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 4.2 –      

 
4.1.2   

 
       

   4.2 
 

 4.2 –      
   

  1,  l1 5,5 
  2,  l2 = b0 33 
  3,  l3 6 
  4,  l4 69 
  5,  l5 85 

  ,  z0 20 
  ,  z0 20 

    
,  

D  3,3 

  ё   
,  

D  3,0 

   ,  L 43 
 ,  D1 1,8 
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  4.2 
   

     
 ,  

α 107 

      , 
 

 63 

     
 ,  

 41 

 ,   107 
 ,  D0

 2,2 
  ,  b0 0,33 

 ,  Lh 240 
  ,  dc 0,11 
  ,  db 0,12 
  ,  da 0,11 

 ,  dv 0,08 
 ,  hv 0,58 

 
4.1.3      
  

     4.1. 
 q = , (4.1) 

 
 = −     ; 

 −  ,   y   4.2: 
 P = π ′z ,  (4.2) 

 
    –       ;  

 = 1000 /  –   ;  𝑧  –   ; 𝐻′ – ,       4.3: 
 𝐻′ = + 𝜉 ,     (4.3) 

 
  𝐻 -  ; 𝜉 –        

 .  𝜉     ,    
 ,   107  𝜉 = , ÷ , .  𝜉 = , . 
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𝐻′ = + , ∙ = ,  �f 
 = , ∙ , ∙ ∙ , ∙ , = ,  = ,   

            = , = ,  
�k�f

= ,   

 
�M�k�b�e�b�_���� �i�j�b�e�h�‘�_�g�g�h�_�� �d�� �p�Z�i�n�_��

�b�g�_�j�p�b�b���l�_�e�Z���e�h�i�Z�l�d�b �j�Z�k�k�q�b�l�u�\�Z�_�l�k�y���i�h���n�h�j�f�m�e�_  
 P =  P cos α, (4.4) 
 
�]�^�_ P  �– �m�k�b�e�b�_���h�l���k�_�j�\�h�f�h�l�h�j�Z�����i�j�b�e�h�‘�_�g α �– �m�]�h�e���f�_�‘�^�m���h�k�v�x���j�u�q�Z�]�Z���b���]�e�Z 

�I�j�b���j�Z�k�q�_�l�_���i�j�b�g�b�f�Z�_�f�� 
 P =  P . 
 P =  P = ,  �d�]�k = ,   
 

�<�_�e�b�q�b�g�Z  P  �h�i�j�_�^�_�e�y�_�l�k�y���i�h���n�h�j�f�m�e�_ 4.5:  
 

�3�S� 
�3�k�’�\��

�]���’�F
�´
�V�L�Q��

�F�R�V��
, (4.5) 

 
�]�^�_  �– �^�b�Z�f�_�l�j���h�d�j�m�‘�g�h�k�l�b�����g�Z���d�h�l�h�j
�d�h�e�v�p�Z����  �– �^�b�Z�f�_�l�j���h�d�j�m�‘�g�h�k�l�b���j�_�]�m�e�b�j�m�x
�i�Z�e�v�p�u���k�_�j�_�]�� 

�����– �m�]�h�e���f�_�‘�^�m���h�k�v�x���g�Z�d�e�Z�^�d�b���b���h�k 
�����– �m�]�h�e�� �f�_�‘�^�m�� �h�k�v�x�� �k�_�j�v�]�b�� �b�� �d �\�� �l�h�q

�a�Z�d�j�_�i�e�_�g�b�y���k�_�j�v�]�b���� 
 �– �m�k�b�e�b�_���^�\�m�o���k�_�j�\�h�f�h�l�h�j�h�\���j�Z�k 

 P = π d − d ∙ p x,  (4.6) 

 
�]�^�_ p x �– �f�Z�d�k�b�f�Z�e�v�g�h�_���^�Z�\�e�_�g�b�_���\���k�_2;  

dc �b��d�k�l�����– �^�b�Z�f�_�l�j�u���i�h�j�r�g�y���b���k�l�Z�d�Z�g�Z�� 
�I�j�_�^�\�Z�j�b�l�_�e�v�g�u�c���j�Z�k�q�_�l���^�b�Z�f�_�l 

 d = λ ∙ D ∙ √k ∙ H x, (4.7) 
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 λ = ,   20  ; D  –   , ; k −   : 
 k = ,  (4.8) 

 
 b −   . 

 k = ,, =  ,  

 d = , ∙ , ∙ √ , ∙ = ,   
 

      V.40. 
    ( :  

  . . . . 1971) 
 d =   
 d =   

 = , ∙ − ∙ =  =  ,   

 = ∙ ,∙ ∙ ,, = ,   = ,   

 
4.1.4    

 R = + = + = ,   (4.9) 

 R = ∙ sin α − = ∙ sin − = ,   (4.10) 

 R = = = ,   (4.11) 

 R = + = + , = ,   (4.12) 

 R = + ∙ sin α − =  + sin − = ,   (4.13) 
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R = + =  + = ,   (4.14) 

 
4.1.5   . 

 M = R ∙ l = ,  ∙ , = ,  ∙  (4.15) 
 M =  R  ∙  l = , ∙ , = ,  ∙  (4.16) 
 M = M =  ∙  (4.17) 
 M =  R ∙ l +  −  (4.18) 

 M = , ∙ , + , − , = ,  ∙   

 M = R ∙  l = , ∙ , = ,  ∙  (4.19) 
 M =  R  ∙ l + l = , ∙ , + , = ,  ∙  (4.20) 

 M = l ∙ sin α − = , ∙ sin − = ,  ∙  (4.21) 
 M = l − l ∙ sin α −  (4.22) 
 M = , − , ∙ sin − = ,   

 M = R  ∙ l + = , ∙ , + , = ,  ∙  (4.23) 

 M = R ∙ l = , ∙ , = ,  ∙  (4.24) 
 M = R  ∙ l +  l = , ∙ , + , = ,  ∙  (4.25) 
 M =  l = ,  ∙  (4.26) 
 M =  ∙  (4.27) 
 M = R  ∙ l + = , ∙ , + , = ,  ∙  (4.28) 

 
4.1.6       

 M =  M ∙ +  M ∙ − M ∙ R = , ∙ , + , ∙ , − 
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− = , ∙ , (4.29) 
 

 R =  
 M =  M ∙ +  M ∙ − M ∙ R = , ∙ , + , ∙ , =  =  ,  ∙  (4.30) 
 M = M ∙ = , ∙ , = ,  ∙  (4.31) 
 M = M ∙ = , ∙ , = ,  ∙  (4.32) 
 M =  M ∙ +  M ∙ − M ∙ R = , ∙ , + , ∙ , =               = ,  ∙   (4.33) 
 

4.1.7 ё       
 σ = W = ,    , ∙ − =  / 2 (4.34) 

 W = π∙ = , ∙ , = , ∙ −  3 (4.35) 

 σ = W = ,   , ∙ − =  / 2  (4.36) 

 W = π∙ = , ∙ , = , ∙ −  3 (4.37) 

 σ = W = ,, ∙ − =  / 2 (4.38) 

 W = π∙ = , ∙ , = , ∙ −  3 (4.39) 

 σ = W = ,  , ∙ −  =  / 2 (4.40) 

 W = π∙ = , ∙ , = , ∙ −  3 (4.41) 

 σ = W = ,   , ∗ − =  / 2 (4.42) 

 W = π∙ = , ∙ , = , ∙ −  3 (4.43) 
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4.1.8 ё     
 

 
 4.3 –        

 
  ,    4.45  4.46 

 = + + = , + + =   (4.44) 

 = − + + = − , + + = −  (4.45) 

  
ё   ,   : 

 = ∙ ∙ ∙ , (4.46) 

 
  –   ; 

dn –   
 = ∙ , ∙ , ∙ , = ,  ∙  

 = ∙ ∙ ∙ = , ∙ , ∙ , ∙ = , ∙ − ∙  (4.47) 

 
 Ra –      

 = ∙ ℎ ∙ 𝑖 − − , ∙ ∙ + ∙ ∙ − , (4.48) 
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 hn –  ; 
n1 = 0,01 
 = , ∙ , ∙ , − , , ∙ , ∙ + , ∙ , ∙ − ,  
 = ,  ∙  
 

           = ∙ ℎ ∙ 𝑖 − − , ∙ ∙ ∙ −  (4.49) 
 = , ∙ , ∙ , − , ∙ , ∙ , ∙ − , = ,  ∙  
 = ∙ ℎ ∙ 𝑖 − − = , ∙ , ∙ , − ,  (4.50) 
 = ,  ∙  
 = ∙ ∙ 𝑖 − + , ∙ − , ∙ ∙ + ∙ ∙ −−  (4.51) 
 = , ∙ , ∙ , + , ∙ , − , , ∙ , ∙ − ,921 
 = ,  ∙  

 
       

: 
 𝜏 = = , ∙ −, ∙ − =  / 3 (4.52) 

 𝑊 = 𝜋∙ = , ∙ , = , ∙ − 3 4.53) 

 𝜏 = = ,  , ∙ − =  / 3 (4.54) 

 𝑊 = 𝜋∙ 𝑣 = , ∙ , = , ∙ −  3 (4.55) 

 𝜏 = = ,, ∙ − =  / 3 (4.56) 

 𝑊 = 𝜋∙ = , ∙ , = , ∙ − 3 (4.57) 
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𝜏 = = ,  , ∙ − =  / 3 (4.58) 𝑊 = 𝜋∙ 𝑣 = , ∙ , = , ∙ −  3 (4.59) 

 𝜏 = = ,    , ∙ − =  / 3 (4.60) 

 𝑊 = 𝜋∙ = , ∙ , = , ∙ −  3 (4.61) 

 
4.1.9      

 
  ,   : 

 𝜎 = √𝜎 + ∙ 𝜏 = √ + ∙ = ,  / 2 (4.62)  
  𝜎 = √𝜎 + ∙ 𝜏 = √ + ∙ = ,  / 2 (4.63) 
 𝜎 = √𝜎 + ∙ 𝜏 = √ + ∙ = ,  / 2 (4.64) 
 𝜎 = √𝜎 + ∙ 𝜏 = √ + ∙ = ,  / 2 (4.65) 
 𝜎 = √𝜎 + ∙ 𝜏 = √  + ∙  = ,  / 2 (4.66) 
 

      10 12  
     -    -

     .     
     ,     

      ,    
.  20 ,    , , , 

      ,    
, ,     800  = 800 / . 

    [  ]: https://www.center-
pss.ru/st/st165.htm (  : 24.02.2020). 

        ,  
   -      

,         
   ,    .  

 
4.2       

 Cosmos/M 
 

https://www.center-pss.ru/st/st165.htm
https://www.center-pss.ru/st/st165.htm


61 

 

  ,   .    
         

  (  4.1). 
 

 
 4.1 –   Plane 

 
  Y (  4.2). 

 

 
 4.2 –   Plane 

 
       (  4.3), 

   Define. 
 

 4.3 –   
       Y   Y 

1 0 0 0 
2 0 0 0,03895 
3 -0,0412 0 0,0451 
4 -0,0824 0 0,0497 
5 -0,1236 0 0,0517 
6 -0,1648 0 0,0497 
7 -0,206 0 0,041 
8 -0,248 0 0 
9 -0,227 0 0 
10 0,233 0 0 
11 0,233 0 0,0041 

 
       (  4.3). 
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 4.3 –     

 
    Ellipse     8  7,  

   9.         
      (  

4.5). 
 

 
 4.5 –      

 
   ,      

,    Symmetry. 
   Circles      

 .        
     : 0,03895 . –  ; 

0,05395 . –   (  4.6). 
 

 
 4.6 –     

 
       

      Extrusion. 
    ,     

   (  4.7). 
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