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1    
 

  –  ,    . 
       ( ) 

   ,   ,    
      .  

     . 
  –  ,      

,        
   . 

   –     ,  
    ,     

,      
   , ,   . . 
       ,  

   , ,     
    .     

.   ,     
   ,     , 

     ,   
   .     
  ,    , 

         . 
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   ( ),  ( ), 
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     ,     , 
     ,   

     .  
        

  ,    , 
  ,  ,    

     . 
       ,  

      . 
      50  100  [2]. 

   : 
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-   ; 
-   . 
 
1.1    
 

 –  ,      
(  )    ( ). 

     ,   
   . 

       1. 

 
 

 1 –     
 

     
 : 

-    (20 ); 
-   ; 
-      ; 
-   ; 
-    (  2...3 ); 
-    ; 
-     ; 
-  ,      
  ; 
-       ; 
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-        ; 
-   –  -65°   + 90° . 

: 
-   ,      

.  
                   

  56277 – 2014 [3]. 
       

  ,       
     . 
     ,  

    ,  , , 
 ,       , 
  , ,    , 

     4      
  - 65  + 90 °  [4]. 

  [5]: 
-  – 8,6 ; 
-   –  2  40 ; 
-   –  - 65°   + 90° ; 
-  –    ,  , , 

 ; 
-      – 17,6 ; 
-      – 9,1 . 

1.2    

  ( )     , 
   . 

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

     .   
     (  ). ,  
    ,      

       ,  
    .  

https://safit.su/doc/oil-pipe-gost-r-56277-2014.pdf?iframe=true&width=100%25&height=100%25
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      ,  

    .   
   20     +95 °C. 

       , 
    ,   180 .   

       .   
      – « ».     
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      ,   
  .     

    (  2)     
   (  3),    

  .  
     (   ) –   

       .   
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1 –  ; 2 –  ; 3 –  ; 4 – 

  

       
 ,     . 
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     ( )   
      . 

        
        
        

    (  )  
       
  . 

 [7]: 
-    (   20  «50 »); 
-    ; 
-   ; 
-      ;  
-    (     ); 
-   ; 
-    ; 
-     ; 
-  ,      
  ; 
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-       ; 
-        ; 
-   –  -60 °C  +60 °C; 
-    18 ; 
-    ; 
-    200   2800 ; 

: 
-     ; 

 : 
-  – 200...2800 ; 
-   –  18 ; 
-   –  -60 °   +60 ° ; 
-  –    ,  , , 

 . 

1.3    

 ( ) –     
.  

      ,    
,     . 

       . 
      : 

- ; 
-  ( ). 

  : 
-       ; 
-       ,   

 ; 
-      ; 
-       . 

    ,  , 
    . 

    PN,   ,   
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. 
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- ё    ; 
-  ; 
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    :  ,   
7        7   14 
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        1   
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   ,  ,   
      . 

 
2      
 

        . 
 1906 .    -  ( )   
  . 
  1940-       –  

 1940          
. 

        
    ,     

.  
 
2.1   
 

        
     : 

- ; 
- ; 
- . 

     :   
  (  7),  ,   
     [8]: 

-    –   
 ,      

    (FRP),   
     ,   
   ; 

-    –    
.     ,   
  ,    ; 

-    –    
   .    , 

   ,   ё ,  
 ; 

-   A –    , 
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   ,      
; 

-   –    
,      ,    
; 

-   –      
,      , 

  ,   ,   
.      -   

        [8]. 
 

 

 7 –    

         
  .  ,    

       [8]: 
- -  –    ,   

,    ,      
 ,    –  

     ; 
- S-  –       - ,  
      .    

    ,    ; 
-  –  ,      

,      , 
    ½  ; 

- /  –   ,   
    .     

2/3 (  )  ; 
-   . 
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2.2   
 

  Baker Hughes     
-        
         

   ,  3. 
 

 3 –      Baker 
Hughes  [9]: 

    
IPS size  2 3 4 6 

   60,33 88,90 114,30 168,28 
   43,66 65,79 85,39 127,08 

   
  

/  1,34 2,75 4,41 9,33 

    21-140 
   1,65-1,03 

  
 

 
 2697 1097 701 279 

  
 
 

 3996 3420 3511 3742 

 
  

 
 1,21 1,78 2,29 3,37 

   ,     

  
   Shengli    

    ,  4    
   5    . 

 
 4 –      
  Shengli [10] 

 
 
 

 

IPS size  2 3 4 6 
 

 
 53,30...62,50 82,5...88,2 100,6...116,0 155,2...158 

 
 

 48 76-69 94 148,6-135 
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  4 

 
 
 

 

IPS size  2 3 4 6 
 

 
 
 

(-)65...(+)90 

 
 

 10...25 8,5...25 5,5...25 3,5...12 

 
  
 

 9 9 8,8 8,7 

 
  

 
 40...44 60...64 74...76 111...112 

 
 

 ,     

 
 5 –      
  Shengli [10] 

 
 
 

 

IPS size  10 12 16 20 
 

 
 258...267,2 312...326 416...422,6 521...530 

 
 

 250 300 400 500 

 
 

 
 

(-)65...(+)90 

 
 

 2,5...6,9 2,5...5,5 2,5...3,5 2,5...3,5 

 
  
 

 8,6 11,2 

 
  

 
 170...178 205...230 230...235 250...255 

 
 

 ,     

 
   Advanced Plastic Technologies   

     ,  6. 
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 6 –      
Advanced Plastic Technologies [11] 

    
   20...63 75...160 
   14,4...45,8 66...141 

    
 

/  0,112...1,015 0,980...4,400 

     132 
   10 12,5 

  
 
 

 0,160...0,500 0,6...1,28 

  
   ,  

  
 

 
2.3   
 

  XX .       
  – . 

   ,    
( )    (  ).   

     ,   
  . 

 ,    ,   
   1906   - .   1913   

     4     0,5  
 « »  

     , 
 ,       

.  
       1940-  . 

         , 
 ,    . 

   ( )     1935-
1940-  .  

  1960-       
     ,    1970-      

   [12]. 
 ,    1920- ,  

  ,    
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,   ,       -  
   1939  [13]. 

 ,     E-   
S- ,    .     

    ,  , 
 ,    .    

     . 
 1950      

       ё . 
        

    . 
Perrault Fibercast Corporation     

     ,   
  ( )   (  ). 

      Fibercast, Inc,   
         

    .  
    . 

AmericoatBondstrand       1950-   
 .  

Conley Corporation     , 
      1954.  

  1950-       .  
Rock Island Oil and Refining Company   

        , 
  . Rock Island Oil and Refining Company  

 KOCH Fiberglass Products. 
 A. O. Smith Corporation   ,  

    1955.     
    1960. 

   1955 .  1960 .     
  .   1960-     

       .  
    ,    

         
    . 

    ASTM D1694, «Standard 
Specification for Threads (60° Stub) for Glass Fiber Reinforced Thermosetting 
Resin Pipe»    1959 . 
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 1962    ASTM D1599, «Standard Test 
Method for Short-Time Hydraulic Failure of Plastic Pipe, Tubing and Fittings».  

 ,        
    [13]. 
        

    ,  : 
- American Society of Testing and Materials (ASTM). 
- American Petroleum Institute (API). 
- American Water Works Association (AWWA). 
- American Society of Mechanical Engineers (ASME). 
- National Sanitation Foundation (NSF)  
- Underwriters Laboratory, Inc. (UL)  . 

  ,      
 AER –      

 ( ) –        15 
.   ,      

      [14]. 
      ,   

CAPP_CM-Pipe [15].       8, 9  10:  

 
 

    8 –        
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 9 –        
 

 
 

 10 –       

2.4    
 

-           
     .  

 ,       , 
      , 

 ,    -
 .  

      ,   
 . 

) Specification for High Pressure Fiberglass Line Pipe [16] –  
       
    ,   
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, , ,          
.  

    c    
254       35 /c 2  350 /c 2   

) Specification For Low Pressure Fiberglass Line Pipe and Fittings [17] – 
        

    ,   
, , ,          

. 
        

610       10 / 2  70 / 2. 
) The Canadian Association of Petroleum Producers (CAPP) [15] –  

      
,     

  ,    
. 

        
51   1220       204 / 2. 

) CSA Z662:19 [18] –    «  
 »   , , 

      
,   ,   , 

 , ,  ,  
     . 

         
   1524  . 

   ,     
   ,    

   .     
  ,         

    . 
 
3        
 

       
     
  1 ,    140 ,  

  41,1 3       803,1 / 3 
   4,65 2/ ,   20º . 
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    . 

 :  
-  : d = 140 . 
-  : L =1000 . 
-   : 3

. 41,1 Q = . 

-      20 : 3
20 803,1 /  = . 

-      20 : 2
20 4,65 /  = . 

 
3.1      
 

     ,  
  .      

  ,    550 – 75 «  
      

.  » [19]. 
    : 

-  : 152 . 
-  : 6 . 
-  :  20. 

        
 (1): 

 

.
. 3600к

Q
Q = , (1) 

 

 .Q  –   , 3
. 41,1 ;Q =  

    (1)  : 
 

3
.

41,1
0,011 / .

3600кQ = =  

 
         

 (2): 
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.
2

4 кQ

d





=


,  (2) 

 

 .кQ  –      , 3
. 0,011 / ;кQ =  

 d –   , 0,14d = . 
    (2)  : 

 

2

4 0,011
0,715 / .

3,14 0,14
 

= =


 

 
      ,  
     (3): 

 

.

20

Re c

C

d

v






= , (3) 

 
 .c  –       , 

. 0,715 / ;c =  

   20 Cv   –      20 , 
6 2

20 4,65 10  / ; −
 =   

   d  –  ,     (2). 
    (3)    : 

 

6

0,715 0,14
Re 21526,881 21527

4,65 10−


= = 


. 

 
 Re 2320      .  

Re>2320     . 
      – . 

 3      : 
-     (   

     Re ); 
-    (    Re            

  ); 
-    (      ). 

      . 
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   (4)  (5) : 

 

.1

10
Re


= , (4) 

 

.2

500
Re


= , (5) 

 
   –   , . 

      (6): 
 

эK

d
 = , (6) 

 

эK –  , .       
 (  7); 

d  –  ,     (2). 
 

 7 –    (  . . ) 
    эK , . 

  ,  
0,01 0,02

0,014


 

  ,  
0,03 0,12

0,075


 

  
   

  
0,1 0,2

0,15


 

  
   

 

0,15 0,3

0,2


 

    
0,3 0,7

0,5


 

    
0,8 1,5

1


 

    
2 4

3


 

  –––––––––––––––––––––––– 
0,0015 0,005

0,00325


 

 :       . 
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  550 – 75.  0,014эK = . 

    (6)  : 
 

.

0,014
0,1.

0,14
эK

d
 = = =  

 
    (4)  (5)  : 

 

1

10
Re 100,

0,1
= =  

 

2

500
Re 5000.

0,1
= =  

 
    : 

-   : 12320 Re Re  ,    
      (7): 

 

0,25

0,3164

Re
 = , (7) 

 
 Re –  , Re 21527, .  

-  : 1 2Re Re Re  ,    
      (8): 

 
0,25

68
0,11 ,

Re
  =  + 

 
 (8) 

 
   –  ,     (5); 
Re –  ,     (7). 

-  : 2Re Re ,    
      (9): 

 
0,250,11 , =   (9) 

 
   –  ,     (5). 
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      ,   
  21527 5000.   

       
    (9): 

 
0,25

. 0,11 0,1 0,062. =  =  

 
        .   

   ,     -
 (10)      : 

 
2

.

2

L
h

d g





 = 

 
, (10) 

 
   –   , ; 
L  –  , 1000 ;L =  

.  –  ,     (3); 
d  –  ,     (2); 
g  –   , 29,807 / .g =  

    (10)  : 
 

2

.

1000 0,715
0,062 11,543 .

0,14 2 9,807
h


 =  =

 
 

 
        (11): 

 

20p g h  =   , (11) 

 

 20   –      20 , 3
20 803,1 / ;  =  

g  –  ,     (10); 
h  –       , 11,543 .h =  

    (11)       
: 

 

. 803,1 9,807 11,543 90912,688 0,9 .p =   =   
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3.2     
 

         , 
       . 

    : 
-      . 
-     . 
-  . 

       
   ,   7. 

    (6)    
 : 

 
0,00325

0,023.
0,14А = =   

 
    (4)  (5)     

: 
 

1

10
Re 434,783 435

0,023А
= =  . 

 

2

500
Re 21739,130 21739.

0,023А
= =   

 
        ,   

  435 21527 21739.   
       

    (8): 
 

0,25
68

0,11 0,023 0,044.
21527А  =  + = 

 
 

 
       -  (10): 

 
21000 0,715

0,044 8,192 .
0,14 2 9,807Аh


 =  =
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        (11): 
 

803,1 9,807 8,192 64520,206 0,64 .Аp =   =   

 
        

     (12): 
 

.

.

100%Аp p

p

 −



,  (12) 

 

.p  –        , 

. 0,9 ;p   

Аp  –       , 
0,64 .Аp   

    (12)  : 
 
0,90 0,64

100% 28,889%
0,90

−
 =  

 
    28,89 %. 
   ,  ,    
      ,   
      ,    

.  
   ,   

         
-  ,       

,    .  
 
4     
 
4.1       
 

       
     ,       

,   , ,  
  . . 
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      : 
-   , ,    

     ; 
-     ,   ; 
-     ,   ; 
-        

    (  ); 
    ,   

        ,   
  ,  «   »  

         
      . 

 ,    ,   
       . 

 ,  ,    
 1,5...2,0         . 
    ,    ,    

  . 
       

 : 
-         

          
 ; 

-           
       

; 
-   ,      

  ,     ; 
-     ; 
-     , ,   

  ; 
-  ,      ; 
-  ; 
-        

  ; 
- ,       
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4.2   
 

,      ,   
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 . 
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4.3   
 

        
 . 
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, ,  ,     
  -   ,     . 
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  ( - , , , , 

,    ). 
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 ё     ,    
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   -      
     . 
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 ,      2.04.02-84.  
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 ,    300 .  , 

   ,    . 
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 ,      ,            

 39-132 – 94. 
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  . 
 ё   ,      
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 .         

  . 
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    ( , ),     

. 
 ,   ,   
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   ,   ё  
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 . 
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         , 
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        . 

      : 
)      : 

-     – 25 ,    5     
  3     ; 

-       ( , 
 , ) – 3 . 

)      : 
-     – 10 ,    2    

. 
        
  -  ,   

  -  ,   
,      ,  

        
,   -42 – 80. 

        
 ,       

      . 
       

          
,     . ,    

   . 
  ,   ,  

      ,    
 ,        

. 
 ё         

ё  ,     ,  
      . 

    0,8    
   ,       
  0,5 . 

   ,    ,  , 
     , ,    
    .       

   ,       
  5      . 
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     ё   500 . 
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  ё ,       2  
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 ,      
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,   ,    
   ё . 
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  ,    , , 

       
  ё      , 

   ё         
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   ё     ,  
   ,     

 . 
 ,    ё    

,       . 
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     , 
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     ,   
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  ,      

,    ,   
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 . 
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 . 
  ё      
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ё      .  
 
4.4   
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   ,      
 . 
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,         
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 ,      
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   , ё      
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       .  
,  ,    ,    
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4.5 , ,  
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,      ,   
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 11 –      
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AER – Alberta energy regulator; 
API – American petroleum institute; 
ASME – American society of mechanical engineers; 
ASTM – American society of testing and materials; 
AWWA – American water works association; 
FRP – fiberglass reinforced plastic; 
NSF – national sanitation foundation; 
UL – underwriters laboratory; 
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