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1   я 
 

 [1],       
   ,     
 𝑁 = ⋅ , (1.1) 
 

  –  ,  = 400 / ; 
F –  , . 

      1. 
 

 1 –    
№ 

 
 
,  

 

 
, 

. 

№ 
 

 
, 

 

 
, 

. 

1 7 2800 14 8,05 3280 

2 8 3200 15 4,55 1820 

3 7,68 3072 16 2,86 1144 

4 7,68 3072 17 4,16 1664 

5 7,7 3080 18 2,86 1144 

6 5,82 2328 19 8,75 3500 

7 6,9 2760 20 11,4 4560 

8 15,2 6080 21 3,61 1444 

9 12,08 4832 22 1,69 676 

10 7,7 3080 23 1,69 676 

11 7,7 3080 24 6,25 2500 

12 7,7 3080    

13 13,3 5320    =68132 
 

      68132 . 
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2   я  
 

        
        

.       
    . 

        
: 

1)   (    ); 
2)      ; 
3)      ; 
4)  . 

      ,   
   ,    , 

 . 
    ,     
   ,    ,  

 ,    : , 
   ,   

  ,    
     .  

     ,    
   ,     

. 
  , ,    

 ,   
 = ⋅ 𝑁, (2.1) 
 

 а–  ,   ,  0,85; 
      N –  , ,  1. 

 
 , ,     , 

   
 = ⋅ 𝑁, (2.2) 
 

 b –  ,      , 
 0,8; 

      N –  ,    (2.1). 
 

    , / ,   
 

Н = К ⋅ Н + К ⋅ Н , (2.3) 
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 К   К  –    , К  = 0,85, К  = 0,15; 

Н    Н –   , / ,    
Н = 45,973 / ,  Н = 45,431 / . 
 = , ⋅ , + , ⋅ , = ,  / . 
 

     , / 3,   
 

Н = К ⋅ Н + К ⋅ Н , (2.4) 
 

 К   К  –  ,    (2.3); 
Н    Н –   , / 3,     
Н = 91,321 / 3,  Н = 118,736 / 3. 
 = , ⋅ , + , ⋅ , = ,   / 3. 
 

  , / 3,    
 𝜌 = К ⋅ 𝜌 + К ⋅ 𝜌 , (2.5) 
 

 К   К  –  ,    (2.3);  
      𝜌   𝜌  –      , / 3, 𝜌 = 1,872 

/ 3, 𝜌 = 2,519 / 3. 
 𝜌 = , ⋅ , + , ⋅ , =   / . 

 
  , / 3,    

 𝜌 = К ⋅ 𝜌 + К ⋅ 𝜌 , (2.6) 
 

 К   К  –  ,    (2,3);  
     𝜌   𝜌  –      , / 3,  𝜌 = 528 / 3, 𝜌 = 601 / 3. 
 𝜌 = , ⋅ + , ⋅ = ,  / 3. 

 
    [1]     

 ,       20%.  
       2. 
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 2 –      

 
 

 

 
 

   1 .  

 3/  /  3  

1 2 3 4 5 6 7 
  

  
  

. 

𝑁 = ⋅ = = , ⋅ == ,  
7300103 159,1 76,5 9213831,02 4430283,3 

  
  
. 

𝑁 = − ⋅ = = , − ,⋅ = = ,  

2540103 55,4 26,6 188725,64 90615,56 

 
 

 
    9402556,66 4520898,86 

 
  

  
    11283068 5425079 

 
      (  3)   (1) 

 4    3     
   , /  

 5 –   3      , 
/ ³  

 6    4  2,   7 – 5  2 
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3   
 

  ( )   
       

  -  . 
  , ,      

    .     
, ,  .  

    ,  
 .     

 ,      
 ,       

  3 8  4 10,    -
, , , - , 

- , - ,   . 
,        
, , -  , 

      -, -  
,   . 

      : 
1)   ; 
2)   ; 
3)       ,   . .; 
4)           

; 
5)    ,  , ; 
6) ё      ; 
7)        ; 
8)       ; 
9)      ; 
10)       ; 
11)  ,    ; 
12)   ; 
13)         
; 

14)    ,     
  . 

      
   [8]  , . .   

  . Э     
 ,        
      ,   

  , ,    
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  ,   , ,   
 ,     . . . 

Э        
  ,     -  

   ,    
            

   ,  , . 
 

3.1     
 

 ,     ,    
,    ,   

         , 
   50 .  

     , 
       

    ,    25 . 
        

   25, 50, 75, 100, 125, 150, 175  200 
3,      ,     

16       +15 ˚    -40 ˚   
 1,8 .         

    .    : 
    ;    ;   

 (      );  . 
           2 

 . 
         

  . 
       
    ,    

   
    

    ,   
  ,    5 , . .   

   500 . 
     , 3,    

 𝑉 = ⋅𝑛⋅ ⋅ , (3.1) 

 
 Q  –   , ,  2; 

       –   ,  = 5 ; 
      k –  ,     0,9; 
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      ρ  –    , / 3,  (2.6). 
 𝑉 = ⋅⋅ , ⋅ , = 292 3. 

 
  , ,     

 150 3,    
 = , (3.2) 

 
 

 V –   , 3,  (3.1); 
      V  –        150  3. 

 = = 2 . 
 

   2     150 3. 
Э      /    

5     180 .        
,           ,  

        
   .     

     ,    
. 

 -      
    ,      

 ,     
 𝑁 = 𝑎𝑥⋅ , (3.3) 

 
 Qm x –   , ,  2; 

       G –   , G = 32,1 . 
 𝑁 = ,⋅ ,  =0,98 ≈ ш . 
 

   1 -  . 
 

3.2  я я  
 

  –     . 
   ,      
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   ,   
.    200 – 500     

   ,     
500        . 

      : 
    ,   , 

   ,   . 
      :  

        . 
        

   .      
    . 

      
   ,     

.      .  
  (   )     

    .  ,   
   ,      

  ,   .  ,  
         

    .    ,   
   ,      , 
  .   ,    
. 

    5, 12, 27, 50  80 . 
 , ,    ,  

  
 = 𝑐 ,  (3.4) 

 
 G  –   , / ; 

       g –  ,  0,021 . 
 

  , / ,    
 = ⋅

, (3.5) 

 
 Q  –   , ,  2; 

       k –     , k = 0,1. 
 = , ⋅ ,  = 3,1 / . 
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= ,,  = 148 . 
 

 ,     , 
 148 . 

 

3.3    я  я  

 
        . 

      : 
 

б

Т
tn

m


                                                                                                   (3.5) 

  бn  ,    , ; 

        t    , 10 ; 

        Т    , 480 . 
 

           
.3

480

10148 шm 


  

 
 3     . 

 
 

3.4     
 

         
 .  

       
   . 

 

N =
g

G
, .                                         (3.6) 

 G  –    , / .  
g –    ,  1 /  
 –     ,  6 . 
 –   ,   0,65 

 

          G =
365

nG 
, .                                                                                                    (3.7) 

 
 n –         0,95 
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G –   ,  
 

          G = /12,14
365

95,0079,5425




 

 

          Nk= .462,3
665,01

12,14 ш
  

 
      . 

 

 3.5  -   
 

       
   -    

4, 4 . 
   ( )  , 

      
  .      

  .      
, . .        

. : 
1)         ; 
2)         

     ; 
3)   ,    

  ,  ,    ; 
4)         . . 

       
 , . .        

. ,       
,          
 ,   . 

      : 
    ;  ; 

 ;  .     
: 

1)        
; 

2)          
,      ; 

3)          
 ; 
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4)        
  . 
    ,   

        15%  .  
     1,25 p.  

    , 2,   
      ,   

,    
 = , ⋅ ⋅ ⋅ − ⋅ / , (3.6) 

 
 G –     , / ; 

       а –    ,  0,6; 
        – ,   ; 
       1 –      ,   
2,3 ; 
       2 –    ,  0 ; 
       ρ1 –    1  t1, / 3. 

   1  t1, / 3,    
 𝜌 = ⋅ ⋅⋅ ⋅𝑧 , (3.7) 

 
 ρ , ,  – , ,     

, / 3, ρ  = 2,29 / 3,  = 273 ,  = 10332 / 2;       
      1, 1 –      , 1 = 333 , 1 = 23000 

/ 2; 
      z –    , z = 0,9. 

 𝜌 = , ⋅ ⋅⋅ ⋅ , =4,64 / 3. 

 
  , / ,   

 
 = ⋅ ⋅ 𝑡 −𝑡

, (3.8) 

 
 k –        

      23,2 / 2 ° ; 
       F –   ,   -150 F = 148 2; 
       t  –     550 ˚ ; 
       t  –         

  60 ˚ ; 
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        q –     t  q = 295,48 /  = 1241 /  = 
=1439,5 / . 

 = , ⋅ ⋅ −, = 1168,8 / . 
 

 , / ,      
     

 = ⋅ 𝐷 ⋅ + 𝐷
, (3.9) 

 
 D –  , , D=3,0 ; 

      L –  , ,  L=14,95 . 
 = ⋅ ⋅ , + = 52350 / . 
 = , ⋅ , ⋅ , ⋅ , − ⋅ , /  = 2333 2. 

 
 , ,    

 = ⋅ 𝑐 /
, (3.10) 

 
 F  –     , 2,  (3.6). 

 = ⋅ , /
= 54,516 . 

 
 [2]      

  4-40, D  = 80    № 115   
 1,3-1,8 . 

 

3.6  -  я 
 

 -      
          
    .  

       , 
  ,  ,    ,  

         
    .   
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      ,  
      .  

         
         

. 
        

           
      
.        

        .    
        .  

        
 :       
 ,    ,   

 ,       
   . 

 , / ,      
 15-903R  54 3  D=2,8 , Z=10,8  ,   

 d  =100 ,     l  = 250 ,  
 τ = 2 , λ = 0,02,    587,25 / 3,    
 

ч = ⋅ ⋅𝛥⋅𝜏 / , (3.11) 

 
 k1 –   ,  40; 

      F –   , 2,    
 = 𝐷 ⋅ , (3.12) 
 

 D –  , ; 
      Z –  , . 
      Δ  –    , ; 
       r –   ,  80 / ; 
       τ –  , . 
 = , ⋅ , = 30,24 2. 

 
     , / , 
   

 𝜔 = ⋅⋅ ⋅𝜏, (3.13)  

 
 V  –  , 3; 

 



18 
 

       k –   , 0,8; 
       f  –   , 2; 
       τ –  , . 

 
  , 2,    

 = ⋅
, (3.14) 

 
 d  –  , . 

 = , ⋅ ,
 = 0,00785 2; 

 𝜔 = ⋅ ,, ⋅ ⋅ = 2,16 / . 

 
   , ,  

  
 𝛥 = 𝜆 ⋅ ⋅ ⋅𝜔⋅ , (3.15) 

 
 λ –   ; 

      l  –  , ; 
      ρ –  , / 3; 
      ω –     , / ,  (3.13); 
      d  –  , . 

 𝛥 = , ⋅ ⋅ , ⋅ ,, ⋅ = 68497  = 0,7 / 2. 

 
     ,   

Δ =2 / 2. 
 

ч = ⋅ , ⋅⋅ / = 19,85 / . 
 

     1   τ  = τ/2 = 1 
 

ч = ⋅ , ⋅⋅ / = 28 / . 
 

     5  
 

ч
ч = ⋅ , ⋅⋅ , / =97,5 / . 
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      97,5 /      
19,85 / . 

 

3.7    
 

   -        
,      ,   

.    -   
 ,    

   ,    ,    
       

. 
  ,     

      
  -  .   , 

          
       .  

  ,     ,  
       , 

,      . 
     

 ,         
.      
   -       

         
     .   

          
 ,    .   

         
.     .  

      
 

ч = 𝑐
ч⋅ , (3.16) 

 
 V  –    , 3; 

       Vч –  ,   -10, 8,5 3; 
        –    ,    

 = 𝑡⋅𝑐 + ⋅𝑡 , (3.17) 

 
 t –    , ; 

      l –     , 5 ; 
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       –    , 50 / ; 
      t1 –  - , 1 . 

 = ⋅55 + ⋅ = 3 . 

    3 . 
   , 3/ ,   

 𝑉 = ⋅⋅ , (3.18) 

 
 Q –     , ; 

       ρ –    , / 3; 
       k –      , 0,9. 
 𝑉 = ⋅ ,, ⋅ = 22,78 3/ ; 

 
ч = ,, ⋅  = 1 . 

 
   , ,    « »  

   
 𝑞 = 𝑞 ⋅ , (3.19) 
 

 q –   , 0,8 ; 
        –   . 
 𝑞 = , ⋅ =2,4 . 

 
        

 𝑞 = 𝑁 ⋅ , (3.20) 

 
 Q –     , ; 

       N –     , 320; 
       k –  ,   1,15.  

 𝑞 = , ⋅ , ⋅ , = 4 . 
 
 

     « », ,  
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ч = , (3.21) 

 
 q1 –     , ,  (3.19); 

      q2 –   , ,  (3.20). 
 

ч = , = 2 . 
 

 2   « »  1 . 

4      
  

 
       

      
 .       , 

      , 
 .     .  
,  ,     

   ,   
    ,  
       ,    

 .    ,   
   .  

     : , 
       ,  

,   ,     
,  ,    , 
         

 ,        
   (     ). 

        
      .  

       
   1,6    .    

  ,     .   
    ,   

 ( ,   . .),      
.         

     ,   
  .        

    ,   
    ,    . 
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,       
       , 

     ,   
. 

 

4.1       
 

       
(     ),  , 

   -  .  
        , 

     .   
     (  ),  
,    ,     

    .     
         

      .  
         
 .          

 . 
  , ,     

 
 𝑁 = , (4.1) 

 
 V  –   , 3/ ,  [1],   

 5 3 V  =1,9 3/ ; 
       V  –   , 3/ ,    , 

   
 𝑉 = 𝑛⋅ ⋅ ⋅К⋅ , (4.2) 

 
  –  ,     , 
; 

       К  –        
,        К  = 1,4; 

       q  –          
/ ,          

  q  = 2800 / ; 
       К  –     ,   
[1], Кч = 0,12; 
       Q  –    , / 3,  (2,4). 
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 𝑉 = ⋅ , ⋅ ⋅ ,⋅  =11,13 3/ . 
 𝑁 = ,,  =7 . 
 

        , 
  ,     

.      ,   
     .  

       
     ,     
     .     

   m.    
[1].  7    0,655. 

  , 3/ ,    
    

 𝑉 = 𝑁 ⋅ 𝑉 ⋅ , (4.3) 
 

 N –  , ,  (4.1); 
      V  –  ,    (4.1); 
       –   . 

 𝑉 = ⋅ , ⋅ , = 8,71 3/ . 
 

        
        ,    

 , 3,    ,    
 

 𝑉 = 𝑁 ⋅ 𝑉 ⋅ ℎ ⋅ 𝑉 , (4.4) 
 

 N –  , ,  (4.1); 
      V  –   , 3; 
       h –  ,        

 .    85%,   
25 – 35%. 

 
h=0,85 – (0,25…0,35) (4.5) 
 

V  –  ,     1 3 .  
   269 3 ,    1 3  235 3 

. 
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 , 3,    
 𝑉 = ∑ х𝑖 ⋅ 𝑉𝑖 , (4.6) 
 
 

 хi –      ; 
      Vi –    , 3. 

 𝑉 = , ⋅ + , ⋅ = 263,9 3. 
 
h = 0,85 – 0,3=0,55. 
 𝑉 = ⋅ ⋅ , ⋅ , = 5080,1 3. 
 

       
 = 𝑎𝑐 , (4.7) 

 
 V а  –      , 3,  (4.4); 

       V  –   , 3/ ,    
 𝑉 = ⋅К ⋅⋅ , (4.8) 

 
 , К , q , Q  –  ,    (4.2).       

 𝑉 = ⋅ , ⋅ ⋅ = 76,1 3/ ; 
 = ,  , = 67 . 

 

4.2       
 

      , 
 ,  ,  

  -  . 
      

,    . 
 , / ,     

     
 = 𝑛⋅ ⋅К ⋅К⋅ , (4.9) 

 , К , q , К ч –  ,    (4.2); 
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       Q  –    , / ,  (2,3). 
 = ⋅ ⋅ , ⋅ ,, ⋅ = 19 / . 
 

  , ,    
 𝑁 = , (4.10) 

 
 G –   , / ; 

       GU –   ,   -
 ,      

. 
 𝑁 = = 1 . 

 
 , ,     

,    
 𝑁 = ⋅ 𝑐⋅ , (4.11) 

 
 Z –    .     

 ,      
 (  7  30 .),  Z =27 ; 

     G  –   , / ; 
     V  –   , 5 3; 
     ρ  –    , 3/ . 

 
  , / ,    

 = ⋅К ⋅⋅ , (4.12) 

 
 , К , q , –  ,    (4.2);        

       Q  –  ,    (4.9). 
 = ⋅ , ⋅ , ⋅ = 158,2 / . 
 𝑁 = ⋅ ,⋅ , = 2 . 
 

    2   5 3  
  . 
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5    
 

         
 . Э      , 

      ,  
         

 . 
      ,  

  .  
    ,    

.            
,         .   
   . 

       
         
 . 

       
  ,       

          
.  

        
    .       

  ,        
,   . 
        

         ,  
 ,      , . . 

 . 
        

 .  
  , 3/ ,      

 = ∑ К 𝑖 ⋅ 𝑖 ⋅ 𝑖, (5.1) 

 
 К i –      , 

  [1]; 
      qi –       , / . 

      ( 2) – 25000 / ,   
    ( 4) q=40000 / ,   

 ( ) – 100000 /  
      Q  –    , / 3,  (2); 
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       i –  . 
 

     1. 

 
  

 1 –     
 

        3. 
 

  , ,    
 = ⋅ + , (5.2) 

 
 l –    , ; 

      а –       , %,    
   25 %;   – 20%;   1-2  – 

450%, 2-3  – 350% . 
   , / ,    

 𝛥
, (5.3) 

 
 Δ  –   ,   350 ; 

      l –    , . 
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     ,   

     .      
    . 

 
  , ,     

 𝛥 = 𝛥 ⋅ , (5.4) 

 

 𝛥
 –    , / ; 

        l  –   , . 
  , ,   

 
ℎ = ± ⋅ ⋅ 𝜌 − 𝜌 , (5.5) 
 

 g –   , 2/ ; 
       Z –   , ; 
        ρ  –  , / 3, ρ  = 1,29 / 3; 
        ρ  –  , / 3. 

 
        ,   

    .    
  ,      

    . 
     4. 

 3 –      

 
 

 
 

 
 

 
, 

0 

  
 V  , 3/  

1-2 4 1 1,0 0,42 
2-  4 1 1,0 0,42 
3-4 2 4 2 0,65 0,546 
4-5 3 4 3 0,45 0,567 
5-6 4 4 4 0,35 0,588 
6-7 5 4 5 0,29 0,609 
7-8 10 4 10 0,254 1,0668 

 
 



 
 

 4 –     

№
 

 

 
 

 
V

, 
3 /

 

 
 L

, 
 

 
 

 
 

, %
 

 
 L

, 
 

 
 

 
 (Δ

/h
)

, 
/

 

 
 d

, 
  

 
 (Δ

/l)
, 

 
/

 

 
 Δ

, 
 

 
 

 z
, 

  
 

, 
 

 
 

 
 

 Δ
+

, 
 

1–2 0,42 0,5 450 2,75 17,52 21,3 2,8 1 2,8 0 0 2,8 
2–3 0,42 3 20 3,6 17,52 21,3 2,8 1 3,6 3 38 41,6 
3–4 0,546 3 20 3,6 17,52 21,3 2,8 1,2 4,3 3 38 42,3 
4–5 0,567 3 20 3,6 17,52 21,3 2,8 1,2 4,3 3 38 42,3 
5–6 0,588 1,5 20 1,8 17,52 21,3 2,8 1,3 2,3 1,5 19 21,3 
6–7 0,609 0,5 25 0,625 17,52 21,3 2,8 1,3 0,8 0 0 0,8 
7–8 1,07 3,2 25 4 17,52 21,3 2,8 2 8 3,2 40,5 48,5 
∑ 

   
19,975 

      
199,5 

 

   . . 199,5<350 . 
 . 
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6    
 

       . 
    250 ,    

        
  . 

  ,      
     250 .  

      
 2. 

 
 

 
 2 –     

 
  , 3/ ,      

 = ∑ К 𝑖 ⋅ 𝑖 ⋅ 𝑖, 3/  (6.1) 

 
 К i –      , 

  [1]; 
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       qi –       , / , 
   q=40000 / ; 

         Q  –    , / 3; 
          i –  . 

        5. 
       

 𝑁 = 𝑁𝑐 ⋅𝑁к
,                                                                                                    (6.2) 

 
 N  –    , ; 

       К  –  ; 
       Nк  –     . 

 𝑁 = , ⋅ =18  

 
 6   3 . 

 
  , ,    

 = , ⋅ , (6.3) 
 

 l –    , . 
 

   , / ,    
 𝛥

, (6.4) 

 
 Δ  –   ,   250 ; 

      l –    , . 
 

        
     ,   

     .      
    . 

  , ,     
 𝛥 = 𝛥 ⋅ , (6.5) 

 

 𝛥
 –    , / ; 

          l  –   , . 
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        ,   

    .    
  ,      

    . 
     6. 

 
 5 –      

  
 

 
  0 V , 3/  

1-2 10 4 10 0,254 1,067 

2-3 20 4 20 0,235 2,0 

3-4 30 4 30 0,23 1 2,9 

4-5 40 4 40 0,227 3,8 

5-6 50 4 50 0,233 4,9 

6-7 60 4 60 0,220 5,5 

7-8 70 4 70 0,217 6,4 

8-9 80 4 80 0,214 7,2 

9- 10 90 4 90 0,212 8,0 

10-11 100 4 100 0,210 8,8 

11-12 110 4 110 0,208 9,6 

12-13 120 4 120 0,206 10,4 

13-14 130 4 130 0,205 11,2 

14-15 140 4 140 0,203 11,9 

15-16 150 4 150 0,201 12,6 

16-17 160 4 160 0,199 13,3 

17-18 170 4 170 0,198 14,1 

18-  180 4 180 0,197 14,9 
 

 6 –     

 
№  

 
  

V , 
3 /  

 
 

L,  

 
 

L ,  

 
 

d,  

 
 
 

( /l) , 
/  

 
 

 , 
 

1 2 3 4 5 6 7 
1-2 1,067 15 16,5 26,8 2,8 0,6 9,9 
2-3 2,0 15 16,5 33,5 3,2 0,5 8,25 
3-4 2,9 15 16,5 38 3 0,4 6,6 
4-5 3,8 15 16,5 42,3 3,5 0,65 10,725 
5-6 4,9 15 16,5 48 3,5 0,4 6,6 
6-7 5,5 15 16,5 48 3,5 0,8 13,2 
7-8 6,4 15 16,5 57 3 0,6 9,9 
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8-9 7,2 15 16,5 60 3 0,65 10,725 
9- 10 8,0 15 16,5 60 3 0,8 13,2 
10-11 
12-13 

8,8 15 16,5 60 3 0,85 14,025 
11-12 

 
9,6 15 16,5 60 3 0,9 14,85 

12-13 10,4 15 16,5 60 3 1 16,5 
13-14 11,2 15 16,5 70 3 0,5 8,25 
14-15 11,9 15 16,5 70 3 0,6 9,9 
15-16 12,6 15 16,5 70 3 0,7 11,55 
16-17 13,3 15 16,5 75,5 4 0,5 8,25 
17-18 14,1 15 16,5 75,5 4 0,6 9,9 

18-  14,9 25 27,5 75,5 4 
 

0,7 19,25 
   308   201,57 

 
 , . .  201,57 <250 . 

 
7     
 

   Δ =250 . 
   ,     

,   .      
 ,      
 .  

        
10%     . 

 : 
 
Lp=1,1∙L,      (7.1) 
  

         
  ,       

     ,  : 
 ∆ = ∑ ℎ, / ,   (7.2) 

 
 ∆

=7,2 / .  

  
    7. 
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 7 -      

№ 
 

-
 

 
 Q , 

3/  

 
 

L,  

-
 
 

L ,  

 
-

 d,  

 
 

 
 

(ΔP/l) , /  

 
 

 
(ΔP/l) , /  

 
 

ΔP,  

1-2 60 4,5 4,95 70×3 7,2 4,7 23,2 
2-3 120 27 29,7 83×3 7,2 6,6 196 
∑  34,6  219,2 

 
 , . . 219,2<250 . 

 

7.1   -2,5 
 

     2,5 -
 ,     ,   

    ,   
   .      

   ,   ё ,  . 
  

 8 –    
, /  2,5 

, % 92 
      , ℃ 115 

   68,6 2 
     ,  ℃ 70 

     36 / 3, 3/  270 
     93 / 3, 3/  105 
    (    ) 95℃ 115 

   160 
   0,6 

        95℃ 0,15 
   2,2 

  2,4 
 : -   

                                                      ,     
 150 

340 600 
    , / 2. 130-180 

 
  -3,5;     -2,7. 

   ( .  )   (1),  
  (2),  (3),  (5,6),    

 (10,8),   (8).      (4)  
 . 

 ,        ( . 
 )     ,    
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      ,   , 
   ,    , 

   . 
 ( .  )   (5)    

 ,      
  (2).     , 

 (6)   (11)    . 
       ,  

     d38 ,    
   .     
   ,   

    .   , 
    ,       

.       
         

.          
   ,  ,     

     .   
      .  

      .   
 .  

     ,   , 
  20-50 / 2,     

      . 
     40-50 / 2    

  ,     
. 

        
   ,    

 .   :  
  ,    ,   

       .    
  ,      

.     .  
     .     

    .   3-4 . 
       

        
,       -2,7  . 

         
    .    

  2     
   .     

      .   
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      .    

   ,       
.      

    100  40%    .  
 ,        
    ,     

       .  
    ,     

     ,   
 .       

   2   2     
.       

.        
   .     

     ,    
.  

     : -  
,  –   . 

 
 7.2 я  - -3,5 
 

   ,    , 
      . 

        . 
      .   

         ,  
         

  . 
          ,  

        , 
  6       
,         

,       . 
       

     -  . 
        

   -   . 
      

. 
       

.          
     .   ,   

  -   ,    
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    ,     
  . 

       , 
 ,      ,    

     . 
        

  . 
       

       . 
          

. 
  ,      , 

        . 
        

       . 
  ,      ,   

 .         
   ,      

  .        
 ,          

  ,       
 . 

          
   .       

         
.   ,        

          
  . 

          
     ,  

   ,    
    .  ,  

 ,   . 
 

7.3   я  
 

     , 
     : 

 
G =G∙ρ, /  

 
(6.3) 

 G –   , 3/ ; 
ρ –        , / 3. 
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G =120∙2,126=205,1 / ; 
 

 : 
 

N=
z∙GV ∙ρ , . 

 

   (6.4) 

 z –       ; 𝑉  -  ; 𝜌  –    . 
 

N=
∙ ,∙ , =1 . 

 
      - 

,  100 / , : 
 
Nu=205,1/100=2. 

 
 

   2  .  
 

7.4   я  я 
 

       
 100 /     80°    

  ,     
   27x3      .    

       .    
           

         
 .        

      ,  . 
   ,      

 80℃,    ,     
    .     

    ,      ,  
      - , 

   .       
  ,   ,  , 

         
   . 

    
8.    
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8.1   
 

  -      
      (   ), 

: 
-      , , , 
; 
-     , , ,  

   ; 
-    ; 
-    ; 
-   ; 
-       

; 
-        
 ; 
-        

; 
-       
; 

-  ,    
; 

-     ; 
-      , 

  ; 
-    ; 
-          

   . 
       

         
, , , , ,    

 . 
       

(  ,    ). 
     : 

-    ; 
-   ; 
-   ; 
-      . 

       
        
  -  . 
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8.2.    
 

        
        [12], 

[13]   . 
   ,     

, : 
-        

    1/500  2     
   50   1  ; 

-          
 ; 

-         10   
    2 ; 

-         100    
  ( ,    ;     

      .). 
      -
      . 

       
       . 

       
  .        

   ,       
 ,      . 
         

   ,        
    ,   

 . 
       ( , , 

  . .)       
 ,        

  3  4 . 
       

    : 
-         

 (  )      
 ; 

- ,         
   ,  ,  

  ; 
-        

10  15      2×2     20  25 ; 
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-       :  
     ,      

 -      ; 
-          

    2 ; 
-  , ,        

 ,        
   . Э        " " 

(         
 " "); 

-      (   
,  ,      . .)  

   ,   ,    
,       
 (    , ,   . .). 

       
          [14] (  

1.5). 
        

         
 . 

 

8.3 я   
 

        1  
1,3 .        

,      
        1 .    

       25-30  . 
        

   . 
 ,  ,     

         ,  
 ,     .     

     . 
       

,        
  - ,  , 

  . 
        

       
. 
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 . 
       

       . 
        

            
        . 

      
 [16]. 

 , , ,    
           

   ,   , 
         -

         
,    . 

       
,    ,  

        2   
     1    .   

         
 ,    . 

         
   ,  ,  

,    .     
    (D+300)      700   

1,5D -    700   ,  D -   
.    ,    

   D      
 (D ). 

         
      ,   

  . 
      

        2,2D. 
        

   ,  :  1,0 ,  (D  + 
1,2) ,  D  -       , 

 0,7 . 
,   ,       

      0,5    .   
        

-   (  ).    
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     ,    
     . 

      .   
        

  . 
        

  , -      
       . 

        
         

           
 . 

       
 . 

        
       15 . 
      

     ,   
 :    ,    

 ,      ,  
 ,    35°. 

  ( , )   
  ( , )      

      3 .  ,   
 ,       
. 

          
 ,     ,  

    . 
      ( , , ),  

      ,  
       30   . 

    : 
-     50 ; 
-      10 ; 
-  ,     ,  

2 ; 
-      , , , , 
   ,     

 . 
          

  : 
-         

         ; 
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-        
 ; 

-      ; 
-       

    ; 
-        

  ; 
-  -     . 

      
    . 

      , 
,      
 .      

        
         

.      
          1,0 . 

, ,     700    
( , ,  ).    

   . 
        

  ,    . 
       (  

,   . .)     ,   
  . 

        
           

    . 
       

         . 
     . 

         
  . 

        
    . 

         
,     ,     

        . 
         

     .     
       -1562   15-20    

,    .  
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8.4   , , я 
 

,         
  TGS 40.400    65117  

   . , ,   
 ,     
,    - , 

      
 . 

 ,    ,   , 
 ,        
  .  , ,  , 

       . 
      -

 ,  ,      . 
       , 

,     .    
        . 

      . 
 

 

8.5     
 

      ( , 
  )   ,    

   . 
,       

    [17]    
.         
 . 

        
 0,15S + 0,5 , 

 S -      , . 
    -   

    ( ),      
   50 - 100        

  ,   . 
      400    

     (   )   ( ) 
   . 

   ( ,    
)      -  

  . 
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      ( ).   
 (       ,  

 )     . 
    :    

  [17];  ;  
. 

     : 
  -       

; 
     -  

     . 
         

         
  . 

      : 
1.        ( , 

, , ,  ,    .); 
2.     ,  

       3,5%   ; 
3.          

         10 . 
 ,  , , ,   

  5 ,  . 
  5%     . 

    100% . 
     5°       
  . 

       , , 
      10 /      

       . 
 
8.6   

 

         
,     . 

      
  .    

 ,      0.02   
.        

   4-5 .     
  -35715    18 ,  16 . 

      d=50 
. 
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  ,     

,    .    
    ;       

 ,   .       
 .    (   1   

)       .  
    10 .  

 ,       
    .  

  : ,    
    ,    ,   

       ,  
 ,      . 

        
     ,    
  ,    -  

 . 
        

  ,     10 / 2  
        .  

       
  .  

       
       .   

         
 h=0,3        .  

      
  1 .    0,000    

,   .    
        

    1,6 .  
        
    100.    

  .  
       

      . 
 

8.7     
 

 ,    ,   
 ,    .    

   ,    ,  
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,    ,     
 .  
 ,     

  ,     ,   
   ,  ,  

.    :  ,  
 ,   ,  , 

  . 
        

.       
,      .   

    ,    
     ,   

 .      
  15...20%.      , 

, ,   . 
 ,    ,   

  .     
     .   ,   
        
, . .    ,    

   . 
 pH          

      ,    . 
  pH  :  (3... 4.5),  (4.5... 5.5), 

 (5.5... 6.5),  (6.5... 7.0),  (7.0... 7.5), 
 (7.5... 8.5),  (8.5  ).   

      pH  10  14    
 pH  4  2.5.       

 ,        
    . 
       

    .     
       

    . Э     
    ( ,  , 

 ,    .). 
         

   —       
   .      

   .     
 ,         

       .    
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 .  

     ,   
   ,      

.        ,    
,  .       
    ,      
 .   ,       

,    .     
     . 

 

 
 3 -       

 . 
 

       —  
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 ,    ,   .  
  « »    
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  ,  ,   .  

       
 ,        . 

    « »,    
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 .        
  «   ».      

  ,      
. Э        
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    —     
.    ,    

   ,    
 ,   ,  

    ,    
   . 

 

8.8   
 

      
      ,   

( .9).   ,   ,  
      .   , 

       3 / 2,  
  .       
,  ,       
   .        
       

      
. 

 
 9-       

   , 
/ 2 

 , / 2 

 
    

 (  0,05) 3,0 1,0 
 (  0,05  3 4,5 3,0 
 (  3  6) 7,5 6,0 
 (  6  12) 15,0 12,0 
        

  .  ,   ,  
          

.        
     .   

     :   
    ;      

         6 
/ 2.       (   ,   

)    . 
       

   ,   , 
  .       

   1 ,      , 
    ,     

  (   ),    
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    (   [1]).  
         

. 
        
.        

         6  
24          

.       
    24 ,       

  . 
   ,    

   (  0,05 / 2)   150  
    1 / 2,    — 0,2 / 2  

 1 .      ,  
 ,    ,   10 

 . ./ . 
      ,  

 .         
       (     

)   (     ).     
         

.        
         . 

     . IX.1. 
       

   1 .     , 
    ,     

     .   
.    
    12      . 

        1% . 
      , , 

        : 
 1)   —         

 .       3 
/ 2  ,   3 / 2 — ; 

 2)    —    ,  
   ; 

 3)    —    
  . 

         
  . 

 

https://bstudy.net/606722/tehnika/ispytaniya_gazoprovodov#gads_btm
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8.9    . 
 

        
       10    . 

       
  . 

       
    ,   . 

         
     .  

    . 
          

 ,         (   
)  . 

,      ,  
         
,         

, ,      
          

 (     ). 
        

      ,  
,    . 

       
       

,       
 . 

 
 
9.    я   
 

  , ,    
 
а = + , , (8.1) 
 

  –     , . 
 
а = , + , = 4 . 

  , ,    
 = + , , (8.2) 
 

  –     ,  
 = , + , = 4 . 
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 , ,    

 ℎк = Н + , , (8.3) 
 

 Н  –  , . 
 ℎк = , + , = 2,8 . 
 

  , ,    
 = + ⋅ ⋅ ℎк, (8.4) 
 

 а –   , ,  (8.1); 
       –  ,    = 0,2; 
      hк –  , ,  (8.3). 

 = + ⋅ , ⋅ , = 5,12 . 
 

  , ,    
 = + ⋅ ⋅ ℎк, (8.5) 
 

  –   , ,  (8.2); 
      , hк –  ,    (8.4). 

 = + ⋅ , ⋅ , = 5,12 . 
 

 , ,    
 
Н = ℎ + + + , (8.6) 
 

 h –   , , h=0,8 ; 
      d p –   , ; 
      k –   , k = 0,1 ; 
       –    ,  = 0,15 . 

 
  , ,    

 = ∑ 𝑖⋅ 𝑖∑ 𝑖 , (8.7) 

 
 di –   , ; 

       li –  , . 



54 
 

 = , ⋅ + , ⋅ + , ⋅ + , ⋅ + , ⋅ +. 

 + ⋅ , + , + , + , + , + , ⋅ + ⋅ , + , + , ⋅ + , ⋅ + , ⋅
= 

0,058 ; 
 

Н = , + , + , + , = 0,96 . 
 

  , 3,   
 𝑉 = 𝐿 / ⋅ ⋅ Н, (8.8) 
 

 L /  –  , ; 
       –   , ; 
      Н –  , ,  (8.6). 

 𝑉 = ⋅ , ⋅ , = 153 3. 
 

 , 3,    
 𝑉к = ℎк ⋅ ⋅ + ⋅ + + ⋅ + , (8.9) 

 
 hк, а –  ,    (8.4); 

      а1 –   , ,  (8.4); 
      b –  ,    (8.5); 
      b1 –   , ,  (8.5). 𝑉к = , ⋅ ⋅ + , ⋅ , + + , ⋅ + ,  = 58,5 3.       

 
      , 3,   

 
 𝑉 . . . = 𝐿 / ⋅ ⋅ Н . ., (8.10) 
 

 L / , а –  ,    (8.8); 
      Н . . –   ,   0,2 . 

 𝑉 . . . = ⋅ , ⋅ , = 33,6 3. 
 

       , 3, 
   

 𝑉 . .к = а ⋅ ⋅ Н . , (8.11) 
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 а1, b1 –  ,    (8.9); 

      Н .  –  ,    (8.10). 
 𝑉 . .к = , ⋅ , ⋅ , = 5,24 3. 
 

      , 3,  
  

 𝑉 .к = ⋅ ⋅ ℎ , (8.12) 
 

 а –  ,    (8.4); 
      b –  ,    (8.5); 
      h  –  ,   0,1 . 
 𝑉 .к = ⋅ ⋅ , =1,6 3. 

 
      , 3,   

 
 𝑉 . = ⋅ 𝐿 / ⋅ ℎ , (8.13) 
 

 , L /  –  ,    (8.8); 
       h  –  ,    (8.12). 𝑉 . = , ⋅ ⋅ , = 16,8 3. 

 
         
 , 3,    

 𝑉э .к = 𝑉 , (8.14) 
 

 V  –   , 3,    
 

 𝑉 = 𝑉 ⋅ , (8.15) 
 

 V  –  , 3; 
        –  . 

 𝑉 = ⋅ = 10 3; 
 𝑉э .к= 10 3. 
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 , 3,    

 𝑉э . = 𝑉 / , (8.16) 
 

 V /  –  , 3,           
 𝑉 / = ⋅ 𝑐𝑝 ⋅ 𝐿 / , (8.17) 

 
     L /   –  ,    (8.8); 
          d /  –  ,    (8.6). 

 𝑉 / = , ⋅ , ⋅ = 0,8 3; 

 𝑉э . = 0,8 3. 
 

ё            
, 3,    
 𝑉э . = 𝑉 − 𝑉 . . . − 𝑉 . − 𝑉 / , (8.18) 
 

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

 𝑉э . = − , − , − , = 101,8 3. 
 

ё           
 , 3,    

 𝑉э .к = 𝑉к − 𝑉 . .к. − 𝑉 .к − 𝑉 , (8.19) 
 

 Vк –  , 3; 
      V . .к –       , 3; 
      V .к –     , 3; 
      V  –   , 3. 

 𝑉э .к = , − , − , − = 41,67 3. 
 

    , 3,    
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г

з К

VV
V /

.


 , (8.20) 

 
 V , V /  –  ,    (8.18); 

       К  –   ,  1,05. 
 𝑉 . = − ,, = 145 3. 

 
    , 3,    

 

з К

VV
V




.
, (8.21) 

 
 Vк, V  –  ,    (8.19); 

       К  –   ,  1,05. 
 𝑉 . = , −, = 46,2 3. 

 
       10. 

 
 10 –     

   
 
 

  

    I  
 Shantui SD16 

3 38,84 

    I 
  Э -1621   

    15 3    
  

3 10,8 

  I     
     
  15 3   

3 106,8 

  I     
  (  ) 

3 18,4 

   I   
   

3 191,2 

 

9.1      
 

   I     ,  
,    – Э  1621.  

 : 
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-   – 0,15 3; 
-    – 1,7 ; 
-    – 4,10 ; 
-   – 60 ; 
-   – 3,9 ; 
-    – 2,2 . 

    Shantui SD16. 
  : 

1.       
2.     
3.    
4.     
5.   .  

 : 
  – 3970 ; 
  – 1090 ; 
   – 540 ; 
  – 225 . / ; 
   – 4,4 . . 

 : 
  – 3388 ; 
  – 1149 ; 
   – 540 ; 
  – 225 . / ; 
   – 4,5 . . 
U-  : 
  – 3556 ; 
   – 1120 ; 
   – 530 ; 
  – 250 . / ; 
   – 5 . . 

 : 
  – 1710 ; 
    – 592 ; 
    – 572 . 
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 4 -  Shantui SD16 

 
    -35715. 

  35715    -533702-021-40.  
       
 .      

 ,     . 
 

 11-    

я  я 

  
 167  227 . . 

ё ,  16 
 

  48 /  
 

ё   480  
 

 ,  . 18 . 8 

ё ,  7–9 
 

  . 17 . 1.9 

 ё ,  18,4–9.1 25–26   

 ё  / .   – 8.5   – 17 

  -1 2,5 
 

  2400 2700 

  4 2 
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  ,  4,1 5,2 
 

 ,  2,5 3,9 10 
 

  ё  ,  17, 11 17, 42 

 

Г ые е ы к  ец КС-35715  ш  МА -5337 

 5 –   -35715 
 

   : 
-  –  365117 
-  – 14,5  
-   –  100 / ; 

      
65117    6. 

 
 6 –    65117 

 
    TGS 40.400 6 4 
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     ( , , 
  )    (    

)     (    –   
 . 

 – 25 . 
 – 8260×3370×2550. 

  – 40 . 
  – 19,0 3. 
 Vm x = 80 / . 
  TGS 40.400 6 4    7. 

 

 
 7 –   TGS 40.400 6 4 

    Bomag BW 213 D-4 
   – 2,13 . 

  – 2 . 
    – 6-11 . 

 

 
 8 –  Bomag BW 213 D-4 
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ЮЧ  
 

      «  , 
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1    ;  
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5       

 ; 
6         

 ; 
7       ; 
8     . 
9      

     .  
    .  
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