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1.1      
 

 

      

.       

 1. [3] 

 1 -        

     
. , % . , % 

 +  1,96 1,18 
 . .  0,0448 0,0267 

 58,26 35,01 
 20,69 12,65 

 10,01 6,52 
 1,67 1,25 

-  4,12 3,41 
 1,12 1,41 

-  1,25 1,98 
 0,02 0,04 

2,3-  + 2 
 

0,23 0,73 

3  0,12 0,41 
-  0,32 1,67 

 0,03 0,20 
 0,02 0,24 

  0,1 1,16 
-  0,05 1,53 

 0,02 0,66 
  0,01 1,39 
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 ( 9+ ) - 27,33 
: 100,0 100,0 
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2 -   

 

     ё   

  1,0-3000,     

   (3000 3/ ).[8] 

    1,0-3000: 

 = 1  –  ; 

L = 10101  – ; 

D = 3000  –  ; 

V = 25  – ё  . 

       

    (  11).[2] 

 

 11 -    

 

   - ,   
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  ,     

  ,    . 

         

   .      

         

      . 

 : 

     80 3/ ; 

   21,1 % .; 

    3000 3/ ; 

   0,6 . 

 

2.1     
 

 

       

   ,   

 10.   ,    

      ( )  

  . 

    (  10)   

   ,   . 

      , 

,       

     51858-2002. . 

       

     V-1,    

  : , , ,  V-2     V-1. 

  V-3    . 

 V-4     .  ,  
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   V-1    ,   c V-2  

V-3     -1, -2.    

      

. 

 

 10 –    

 

      

 ,   V-1    

     .   

        V-1  

  1-      2-  .  

       .   V-1 

   V-2.      V-1 

 10 %    .     

 ,    V-1  

  ( – ). 
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    : 

–   ; 

–     ; 

–   ; 

–     . 

  ,       

  ,        

   30 / 3.     ,  

   ,      

      ,   

      39-228-89. 

    .   

        . 

      

         

     . 

      

      , 

     ,  

  ,   

       

,    . 

      

      

      . 
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2.2   

 

       

   ,     

 ,    , . . 

   .  

 

Q  = Q  + Q  + Q ;                                   (1) 

 

      80 3/ . 

 Q     

 w = QQ −Q ∗ % ,                                                           (2) 

 

 w –   , % . 

 Q = w∗ Q −Q%                                                                 (3) 

 Q = w ∗ Q − w ∗ Q                                           (4) 

 

  ,   ,   

  21,1 % .,     3000 3/ . 

 

,   

Q  = 283, 593 3/  

 

 , 

Q  =80+283,593+3000 =3363,593 3/  
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2.3   

 

       

. 

      (5) 

 

 
 кtt

tt






 ,        (5) 

 

 δ  –   ; 

        –    ; 

       α  –       ( ); 

   t  ,t  , t  –     

,      

 . 

: 

t = 49 0 ; 

t =20 0  ; 

t =40 0 .  

      

: 

 

α  =9,74+0,07∙Δt = 9,74+0,07∙10=11,14 / 2∙ ,    (6) 

 

 Δt= t  - t =40-20=200 . 

     

КВ  /098,0 ,  

 

5865,390395865,0
)2040(

)4049(

14,11

098,0





 . 
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2.4   

 

      

   .  ,   , 

 ,    ё   

   ,   . 

  ё       

   ( ). 

 = ∗ ∗ ∗ = ,  ⁄                     (7) 

 = , ∗ ∗ ∗ = ,  ⁄                     (8) 

 

        , 

   .     

          

 .[12] 

 = 𝑧 ∗ 𝑀 ∗   ,                                                                     (9) 

 = 𝑚 = ∗𝑧 ∗ ∗ ,                                                

 

      - , / 3; 

  P –   , ; 

  Mr –  , / ; 

  R –   , / · ; 

  T –   , K; 
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  z –  ( )  .  

         

     ,   

  . 

   (  4)     

    (11) 

 
 4.    

 .% , /  

4 10 25 58 

i- 4 10 5 58 

2 16 30 30 

3 18 25 44 

4 15 16 

 М =  ∑ 𝑥𝑖 ∗ 𝑖                                                     

 = ,  ь⁄  

     : 
 = , ∗ ∗ , ∗ −∗ , ∗ + = ,  /  

 

      (1,4 / 3), 

,   , . 

         

 z     . 

     :[12] 

 

 z  18.073.01  ,    (12) 



51 
 

 

  ,  -    , . 

 ,      

235 ,      : 

 

27.1  кк                                                   (13) 

 

  ( )    : 
 
 

Мr
К к

к

510
                                                      (14) 

 

 Мr –   ;  

          К – ,   6,3 – 6,4. 

      (15).   

     : [12] 

 

  iiy                                            (15) 
 
 

      -   , / 3; 

i  -  i-  , / 3; 

yi  –   i-    . 

 ,      : 

 = ,  ⁄  
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. = − ∗ − = ∗ ∗ ∗ ∗ ,, = , ⁄  

 

   ,      

,    ,    

     . 

       -

. [12] 

 

𝑎𝑥 = ∗ √ ь −                                             

 

    -   

      

   0,12 / . 

 

𝑎𝑥 = , ∗ √ − ,, = ,  ⁄  

 

 ,     ,    

  ,    . 

 𝐴 𝑖 = 𝑈𝑚𝑎𝑥 = , , = ,                                  (17) 

 

       .  

        ,  

  ,  500  ( ё     

    10 %). 
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𝑝 = 𝑔 ∗ 𝑝 ∗ −∗ ∗                                               

 

 dp –   , ; 

     ρd –   , / 3; 

     ρ  –   , / 3; 

      –  , * ; 

      –  ; 

 

 = ∗ + ∗+                                                       

 
 

        : 
 = ∗ ь + ∗ь + = ∗ + ∗+ = ,  

𝑝 = , ∗ ∗ − ∗ −∗ ∗ − ∗ , = , ∗ −  ⁄  

 
     ё   

  ,    ,   

   /  ,   

: 

 𝑎𝑥 = ∗ 𝑝 = ∗ , ∗ − = , ∗ −  ⁄                  (20) 

 

 ,     

    ,   

      .  

   ,    

   . [12] 
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 А ь = ь𝑈𝑎𝑥 = ,, ∗ − = ,                                    (21) А = 𝑈𝑎𝑥 = ,, ∗ − = ,                                          (22) 

        

 ¼     : 

 А = ∗ (А + А ь + А ) ⇒                                      (23) 

 А = А ь + А = , + , = ,   

 

 ,    : 

 А = (А + А ь + А ) = , + , + , = ,               

(24) 

 

   : 

 

𝐷 = √ ∗ 𝐴 = √ ∗ ,, = ,                                        

 

       

  (SR – Slenderness Ratio).   

    ё     

 s=4,5. 

 ,    : 

 = ∗ 𝐷 = , ∗ , = ,                            (26) 
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  : 

 = 𝐴 ∗ = , ∗ , = ,                             (28) 

   ,     

   11. 

 

 11 -     
 

        

    ,     

  (  12),     

 ,  ,   .[12] 
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 12 -         

  

 

 A/D2 =0,78    H/D,  0,17.  

 H/D  .  ,    

/   0,5 . 

   ¼      ё  , 

, ,   ,  

 ℎ = , ∗ 𝐷 = , ∗ , = ,                            (29) 

 

         

   ё    : 

 ℎ = 𝐷 − ℎ − ℎ = , − , − , = ,             (30) 

 

  ё     ,   

 13. 
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 1 -    
 
 
 

 

2.5  ё  

 

     ;  

, ,   ,        

. 

  .       

09 2  (  5520-62).     

 .       

       

 20 ° . 

        14249-80. 

     

,    ,  

 : 
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∙D∙[𝜎]∙𝜑− +         (31) 

 

   D≥200     

 

 − /𝐷 , .      (32) 

 

       

  : 

 = + +       (33) 

 

 1 -    (1 ), 2 –    

   ,  0,7 , 3 –  

,  0,5 .  = + , + , = ,   

 

       

09 2     : 

 [𝜎] = 𝜂 ∙ 𝜎∗      (34) 

 

 η = 0,9 –      ; 

σ* = 183  –     09 2   20 ° . 

 [𝜎] = , ∙ = ,  МП  

 

φ = 0,9 –    : , 
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,     ,   100 % 

 . 

     :[12] 

 ∙D∙[𝜎]∙𝜑− + = , ∙ ,∙ , ∙ , − , + , = ,      (35)  

 

     11 . 

 :   − , / , .  
      : 

 = ∙𝜎 ∙𝜑 − 𝑘+ − 𝑘 = ∙ , ∙ , −+ − = ,      (36) 

 

    .     

      .   

 𝜑 щ = 𝑎−𝑎 = , − ,, = ,   , (37) 

 , ∙ ,∙ , ∙ , − , + , = ,   

 

      – 11 . 

       

         

      

       :  

«  3000×12-40-09 2   6533 – 68» (  14).  
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 14 -     1235 – 67 

 

      5. 

 

 5 -   ( ) 

D ,  s,  h ,  h,  F, 2 V, 3 , 

 

3000 12 750 400 10,1 3,817 970 

 

        

   .     

        (  1235-67). 

      15. 

 

 15 –   

 

     6. 
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 6 -      . 

D,  smin D ,  D ,  h,   , 

 d  z 

3000 12 3110 3150 80 20 96 390 

 

 . 

       

   ,     

 . 

      .  

        

.        

       ,   

    ,     

     ,    

.        

       ,     

  ,    . 

      . 

1.     (d1): 

   ω= 1,5 / . 

                ё    ё    (2): 

 

= √ ∙ 𝐺∙ 𝜔                                                             

 
 = √ ∙ ,, ∙ , = ,  . 
 
2.    : 
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= √ ∙ ,, ∙ , = ,  . 
3.    : 

= √ ∙ ,, ∙ = ,  . 
4.    : 

   1,05 / . 

 

= √ ∙ ,, ∙ , = ,  . 
 

      

.         7. 

       

   7  : (  1235 – 67) (  16). 

 
 2 -     1235-67 

 
 7 -     . 

 
 

D , 
 

d , 
 

D , 
 

h, 
 

𝐷 , 
 

𝐷 , 
 

m,  
 

d  z 
  600 630 780 31 725 685 39,4 27 20 

  20 18 95 12 65 45 0,51 12 4 

  250 273 390 25 350 320 10,7 20 12 
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  600 630 780 31 725 685 39,4 27 20 
 

  (  17)      
    . 

 

 
 17 - . 

 
 

  ё    8. 
 

 8 -  . 

D , 

 

Dф, 
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