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1  я 

 

1.1  я   

 

 5    : 

-   ( , , ); 

-   (    ); 

-   (  ); 

-   ; 

-   (  ).  

 

 

 1 –    

 

 [1] (RU1802808C)       

     1985 ,   

 .        

 .   ,     

 ,      

 - ,      ,  

   ,    

 100°           

т о тел е ате ал  

до о ое т о тел т о  

т о тел е п оект   

п о од т о а л ч  
апол теле  

ел кое о я т о  

д у ое 
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   ,      

        100° . 

 -         

      

   ,  ,   , 

 ,     . 

 1986 .        1 

.  -   ,  1987    

  1,5 . . 

 360 .         

   -    , 

  .  ,  100 .   

     ,    

     1     25 .  

    -     

       ,  

        

        . 

  -    1983    

      23 .   

   ,   36 . 

.  0,6 .   . 

        

       30 . 3  .  

       

 -4. 

          

      .  

        

   . 
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    , ,    

  .       

      ,    

    .  

 

1.2 я     

 

З -  –       

 ,       

   . 

     25818-91 [2].    

    ,   

.         

,     ,  

 .       

(     ( )  10%)   (  

 10 %).        , 

   ,  , 

   ,   (    

 ). 

       

 .        

  .      

        

 .     

        

    . 

    : 

–   (  , , ); 
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–    (   , , 

    ); 

–   (    ); 

–  . 

           

         

.      5 %.  

      : 

- SiO2 – 40-58%,  

- l2 3 – 21-27%,  

-  – 4-6%,  

- Fe2 3 – 4-17%,  

- Na2 - 0,4-1,4%,  

- 2  -- 0,4-4,7%.  

      S 3, MgO, Ti 2  .  

        

-   (  – 25-40 %)    

  ,        

  (  > 10%),     (   45%) [3]. 

            

 1-20%      . 

        

   1000° .     

          ( , 

   ),   ( , ),   

 ( , ).     

        

 1,5-5 %,   – 2-10,   – 6-20 %. 
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Ф  .       

     , 

   . 

 ( )      

  ,  ,  ,   

    .      , 

 – ,  ,     

    . ,   

     52-70%    

 50 ,         59-

88%  ,    – 76-98%,      

        

.           

  .     

    .   ,    

  , ,  .  

         

  .      

        0,3 ,  

 –      0,25 . 

       

,    ,      

2700-4000 2/ .      

 .  

 ,       

  ,        650-

1400 / 3.         

1,75  3,5 / 3     2,1-2,4 / 3.  

    12-17 ,   

2,91-3,28 / 3,   1200-1350 / 3 [4].  
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 ,       

   .    

      ,  ,  . 

     ,   

   .          

    , . .   

       

 .        

– ,      .  

     (  

 ,     )       

    .  

         

 :     , 

 Si 2  12 3   .   

           

       

 .     

 12 3 -2Si 2    ( )2   

        

 : 

12 3 • 2Si 2 + 3 ( )2 + (  + 5) 2  = 2  • 12 3 • Si 2 8 2  +  • 

Si 2 • 2   

       

Si 2  12 3  ,      

      ( , 

). 

       

      ,  
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       . 

,       

        

.[5] 

  (    , 

)         

,     .  

    ( )2   

     •Si 2• 2   

  ( ). 

        

      ( ,  , 

 ). 

         

    ,    

-  .     

         

 0,5-2 .         

      .  

        

  ,      .  

,         , 

       .  

   :  6  40 .  ,   

  ,         

.            

 (   )   

    .   

          [5]. 
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1.3        

я  

 

1.3.1  -      

      

 

        

  . -    

          

       ,  

 .  

 -        

        

.        

 ,     ,   

-  .  

       -   

,         

,    ,  

    .  ,   

 , ,  ,      

 ,      

   .  

      

     -   . 

  -       ,  

 ,    ( ) -   

 ,    -     

( ).  ,      ( -
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)         

  .  

  -   ,  

        

 ,      .  

   ,      

.        

   ,    - . 

,   -   

 ,    1410 2/ ,  2800 

 5700 2/ ,         0,67 

  0,58  0,54. 

        

:        

.         , 

  .    

       

,     .   

       

[6].  

 -      

     ,    

   .    

    ,      

.  

 -      

 ( )       

 .     ,    

    (  46%)    

 ( ) (12%).  
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      -

     

 ,   ( ).  

       

 ( ) -     

   ( :  + ).  

     .   

  ,  -        , 

 ,        

 ( ).    ,    

   .  

     , 

 -    ,    

.     0,5-2     

   ,    

 ,     -  

 .  ,    

 ,       , 

   ,   -5  -9° .  

     

      ,  

       

.        

 ,     ,    

  ,     

 .  , ,    

      ,  

          

      .  
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,         

 [6].  

        

         

    .   ,  

   .       

     ,   

   - ,     -

   .  

 ,       ,  

      -    

      

.        -

  ,     - ,      

  -       

 - .  

       -  

  ,     

 ,       

      

  . 

 

1.3.2  -      

   

 

   ,   , -

         

.      

,    .  

 -       .  
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    -     

         

      . ,    10% 

 ( )       14 

   15-25% (     ).   

           

,       (160-360 )   

    ,   

      .  

    ,      

      .    

        

 -      .   

     .   

     ,  –   .  

    ,   

     ,   

      .   

 ,        

,        

   ,       

 ,      1 3 .  

 ,     ,  

          

   ,  -   

,   -   ( ).  

    ( ) -    

      ,  

        ,   

    –    .  
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      ,    

.         

 –  .   ,    25-55%, 

           

 [6].  

    -    

         - . 

         (  

25%  )        

- . 

    ( , )  

         

  ,       

 .       

   .     

-        .  

27-35%  -     12-22%. 

          

          

  .  -   

,       . 

 ,      

        

 .     ,  , 

   ( )2,    

.  ( )2   15-30%   

         40-50% 

 .    ( )2      

       .  

( )2         
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 , , ,     

.       , 

           

 ,     – .  

   ,   

    ,   , . . 

     

     .   

 ,  ,    .  

, - ,    

      . 

      

          

,    ,    ,  

 ,  .  

       . 

          

   ,     

 .  

       

   -   -

 .     

   ,  ,   

 .  (  )  

            

   . ,  150     

   20%        

 -     

 10%      .  -

    25%    
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  ,       

  200    .  

      

. ,  ,   

 ,    

         ( )2. 

 ,       ,  

     . ,  20%  

     -   

  ,    40    

 W12, . .   

  1,2  [7].  

       ( )  

,       ,    

     .   

 , %,     :  

            , 

 

    –  ;     –        

 (  + ). 

    ,  ,  

 ,          

     . 

       

     :  ,   

 ,     5%     

   5%  . ,   
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    20% (      

),   20%    15  25%.   ,  

     (    

 )    ,   

.        

 ,        ,  

   5-10%    . 

  ,        

  ,     

  .  

       

    ,      

.        

   . 

      :  

1.       ;  

2.     -  ,  

;  

3.     ;  

4.           

     -  . 

        

  ,   -   

       . 

    .     

          

. 

 ,      
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    , ,  

     . 

 

1.3.3  -      

     

 

        

        .   

     ,   

 .      

 : 150   1 3 .      50-

70 / 3 .          

,   .     

       

.     ,  

 ,      

        ( )  

   ,      

   .  

        

     (   ,   

.)   . 

          

     ,  

            

.         

,         

.          

       . 
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 ,    , 

    .    

  50%      ,      

    . 

        

   .      

      .    

         

 (      200 / 3)   

 .      .  

          

      .  

   100 / 3     .  

       . 

        

   OK (     ) 

 20-22     ,         

 2-4 .      .   

     ,     

   ,     , 

        

. 

   ,  ,  -

 ,  CT (0,1-0,3%   ),  

     5-16 / 3   

  .       

 5-10%   ,     28 .  CT 

      

,     . 



26 
 

      . 

          

  ,    2.03.01 – 84  

 . 

  180   1 3     18-22   

0,15% CT      ,    

   ,       

    . 

 ,    , 

    ( )2,    

.           

    .     

,         

  . 

          

   , ,  1 3      

   , ,       , %,  

 :  

                     

 

    ,     

          

     20-25%. 

        

  :     20-25 %    

20-30%,    ( ) ,   

     ,   

 . 
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     .     

        

    .  

  , ,   ,  

    .      

      

          

 . 

     ,   

       

         [8].  

 -     

       

  . 

       

  10-15% ,    ,    

 .        

 . 

      

        

. 

       

      .  

     20-25% ,      

   .     

    . 

       

   .       
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15  25          

 ,       

    20-40%    

   .     

     : 

 

: :  = (1:0,2:3,8)-(1:0,8:5,4). 

 

        

 .     , 

    (  )   

     .    

       2500-3000 2/  –  

    4000-4500 2/  –  .   

     20-50%    

      ,   . 

       

 ,      (  

150 )   (  0,8 ). 

       

 ,    . . 

        

   .     

   ,    

. ,       ,  

      . 

   ,      

,       

    ,      

. 
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        , 

     .    

       ,  

 - ,     

. 

       

,   ,    

  . ,   

   ,   15, 25, 30. 

       

 .     

      0,75 -   

 1 3   1,67 .       

 . 

 .      

   5-9-  ,     

,   .    

        5-18%, 

       9-10%,     

 9-10,6 %. 
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1.4      я -

   я  

 

         

 ,   ,     

   .      

     .   

          

          

      . 

          

        

 [9].     ,  -  

  ,     

   .   ,   

   -      70-

150 %.  

       

   -     [10]. 

  ,    -

         

     . 

 -     

     «     

 -    » [11].   

      -  

    .  -   

       

   7,9  5,7%.     

       «  », 
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 . 

     . 

. .        

       

    [12].    

     -  

,        

   .     

,      

     30-35 %  

      75-100 %      

      .    

,       , 

 ,  , ,    

   ,     

          15-20 %. 
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2   

 

2.1        

 

     Schlumberger  

 API. API  –    

  American Petroleum Institute (  

 )        

. API     

 (American National Standards Institute (ANSI).  API 

  ,    

.   ,   

, API       

 .     API   

      API [13]. 

    -    

   .     

  -   -   . 

-        

          

     .    

   2 .    6-12 %,   35 %, 

  1,5 / ³,   2800-3800 / , 

   0,3-1,0 %.    CaO   25-

61 %,       

.    :   21-44%, 

 7-14%,  0,2-0,8%;    46-49%;  

   11,7-15,7 /  (2800-3750 / ),  

 27,2-28,2 /  (6500-6750 / ) [14]. 
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   ,    – 

 . 

       

      .  

      , 

   .     

 -        

   .  

 

2.2       

 

        

: 

-  1: ,  , , 

; 

-  2: , ,  , 

, ; 

-  3: , -   , 

, ; 

-  4: , , -   

, , ; 

 –   ,  

    ,   ,   

    (  80 %).  

     

    ,     

.  ,       , 

  ,     

  . 
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   : 

-  ,     .   

  1100 / 3,     1600 

/ 3; 

-  ,    

   .     

,   .   

    40 ,    

   ; 

-  ,      

  .    ,  

 –    .   

,    25-28      ; 

-  ,  , 

  45     .  

         

 ; 

-   ,   

 ,     . 

 

 

 2 –   
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 -       ,  0,05   1-

2   ,       , 

,     .  

        

     .  

К .       

,      

.    +550     

  .  

.       

 .    . 

 

 

 3 –     

 

 ( Е ) –   . 

   ,      

  . 

  ,    ,   

  ,     ,    
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 .        

   ,     (pH=2-12).  

HEC       

.     ,    

 . HEC    , 

   , , ,  ,  

,    . 

 

 

 4 –     

 

  ( 436) –     

 .     6 %      

. 

З -  –     , 

         

.     -   

  ,    (  

   ( )  10%). 
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 .        

  .      

        

 .     

        

    . 

 

 

 5 –     

 

2.3   

 

       

 LabDB –       

 ,         

    ,    

  (    ). 
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 1 –     

 
  G 

  
-  

 
 

 

 /  3.20 1,25 1.38 3.38 2.20 

 
 

 
 

 

 
 

 
 

-  

 
 

10-100 0 10-150 0 10-100 0 0-120 0 0-120 0 

 
  

 
 

 
  

 

  
 

 

 
  

 

  
 

 

  
 
 

 
 

 

 

  

 
 / 3 

1500 1250 350 1380 680 

 
 

/  
3.20 1,35 1.38 3,37 2.20 

 
 

 
 

 
 

 

 
 

 
 

  
0-100% 20-30% 0.1-1.5% 20-30% 2-20% 
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     ,     

   . ,  -

        

7473-2010  .     25818-2017 -

    .  .  

        

,       , 

      -  

         

    . 

      

 ,    ,   

  ,     ,  

. 

         

      (  2, 3). 

 

 2 –    

   600 , 
  

 G 295,64 
   37,12 

 2,40 
  420,36 

 

 3 –    

   600 , 
  

 115,34 
 G 192,54 

   37,12 
 2,40 
  420,36 

 



40 
 

        

-   ,    

 (  4, 5). 

 

 4 –  ,  -   

   600 , 
  

 G 294,76 
-    38,22 

 2,36 
   434,725 

 

 5 –  ,  -   

   600 , 
  

 110,54 
 G 196,78 

-    38,22 
 2,36 

   434,725 
 

       

Chandler Engineering (  3260),     

         

API.  

    12000   ,   

   15   4000 . 
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 6 –    Chandler Engineering  

(  3260) 

 

2.4  я  

 

       

    ( , ,    

)      . 

        . 

        

     . 

     ,    

:    .    

    ,   

,        .   

   ,       

 .         

      ,  
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  .      

 . 

      —  — 

  ( . .    )  

    ( , 

)       .  

    ,     

         

  .        

  . 

       

    . 

       

 3500.  

 

 

 7 –     3500 
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    .  ,  

 10  API.      

,    , 

      [15].  

  3500  ,   

           

.  ,    ,  

   .      

 ,   .  

-        

         

.     ,    , 

        

 .      

   ,     

     . 

  : 

- -   . -   

 ,       

.       ,   

   ;       

,       .    , 

 ,   .   

        

 .     

  ,   ,    

  .       

          . 

       ; 
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-    .     

 ,     .    

  ,       

  ( )        

   (  ); 

-     (  - ). 

   ,     

 (  ).       

       , 

  ,       

   ; 

-  .    ,  

    .  – ,  

       . 

      

       LabDB.  

 ,   170 -1  100 -1,  

     : 

                                                                                                 (1) 

 

 Pv –   [cP];   –   [ -1];    -  ,  . 

,   : 

                                                                                      

 

,    (  ): 
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,  -  : 

                                                                                    

 

,  -   (  ): 

                           

 

    : 

                                   (2) 

,   : 

                               
 

,    (  ): 

                               
 

,  -  : 

                           
 

,  -   (  ): 
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 8 –   ,    
 

 
 9 –   ,   

 (  ) 



47 
 

 

 10 –   ,  -  
\ 
 

 

 11 –   ,  -  
 (  ) 
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 6 –   . 

 
Rpm 

, 
 

  
 

, 
 

  (  
) 

 

, 
 

-  
,  

, 
 

-   
(  ),  

300 47,0 61,0 41,0 56,0 
200 36,0 46,0 30,0 38,0 
100 22,0 29,0 19,0 22,0 
60 17,0 20,0 14,0 15,0 
30 11,0 14,0 10,0 12,0 
6 7,0 8,0 7,0 9,0 
3 6,0 6,0 3,0 6,0 

 
  

37,5 48,0 33,0 51,0 

 
 

  

9,5 13,5 5,0 8,0 

 

2.5     

 

        

 API/ISO      

 (  5  5),       

(   )     . 

        

   ,    ,  :  

-  ( )      (  

 )    66°  (150°F),   

  ; 
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-  ( )     (  12),  

  20,7  ± 0,345     

 . 

       (   27°  

± 3°  (80°F ±5°F))        

      .  

     3,5  (500  

 . )   71,7  ± 7,2   .    

3,5        17,9  ± 1,8   .  

          

    . 

 , 2 ,  -    2 , 

      ( )   

   48 ,    27° , 2 , 

    2 ,  -    

     13° . 

 

 12 –  ( ),       



50 
 

    Chandler Engineering  4207D (  

13)         . 

        

       

      2    

    10   API  ISO10426-

1. 

     4207D     

      –  

.          

  .     

          

    .   

        

.          

   .  

       Chandler 

Engineering  4207D      

        

.      

       

     4207D    

Chandler Engineering -       5270. 

       :  

      , 

      , 

        

,       API  

. 
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       . , 

   , ,    

    –     

    .     

Chandler Engineering  4207D. 

       

  .   .   

   ,      

,          

  .       . , 

  , ,      . 

,        

    ,      RUN   

 .        

    «   ». 

 

 13 –        Chandler 

Engineering  4207D 
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  7  8      , 

   27°   13°  

 

 7 –        

270  

 
 

 

 

 (  ) 

-  

 

-  

 (  

) 

  2 26,01 25,5 25 25,5 

  28,45 27,48 30,1 31,46 

 

 8 –        

130  

 
 

 

 

 (  ) 

-  

 

-  

 (  

) 

  2 24,5 25 24,5 25 

  18,61 19,31 20,55 21,72 

 

2.6   я   

 

     API  10B-2    

       250 

.       

      ,   

       . 

   165  (  14)   

       

       API 10A/ISO 
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10426-1:2000.       

 , ,  , , 

     . 

 

 

 14 –    165  

 

 165AT     

     .  165AT 

  ,     

 ,   ,  

  ,         

 . 

       

 150 /  ± 15 /  (2,5 /  ± 0,25 / )   

 ,      

 ,     

.     ,    

,     -  . 

     ,  

 ,     .    
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 2 , ,       

  : 

 

                       (3) 

 

   –  ; 

VF –    ; 

VS –    . 

,   : 

 

                

 

,  -  : 

 

=                  
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3      

  -  

 

3.1 я     

 

     : 

1  –     , ,  (  

)        

.     1,    

      1: :    /  

( , 1:2:4    / =0,6); 

2  –     ( )  1 3   

  , :  – 260;  – 700;  – 

1200;  – 160;  2320 . 

   ,   

  ,   ( ),   

    -  . 

    -

 .      

 ,      , 

, ,  ( ),  –    [16]. 

     . 

1.    -    

   ,     

.   -     

 ,     

       (   

)    : 

    /  > 0,4 ( /  < 2,5) 
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                             (4) 

 

    /  < 0,4 ( /  > 2,5) 

                                 (5) 

 

           9. 

 

 9 –         

        

 0,65 0,43 

 0,60 0,40 

  0,55 0,37 

 

 (4)  (5)                    
         

  , ,     

  .      /    

,        . 

2.         

        

     16.     

  ,    0,5%  .  

,    16      400 / 3  

        7%.  

      

 ,     . 
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 16 –        

. 

 

 

 17 –        

. 

    –    . 

:        

7%,      5      

;        

7%     5      

.        10 . 

        15-20 . 

    400      10    

100  ) 
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3.   : 

                    (6) 

 

    1 3      

 (  10),          

 .    ,   

      . 

4.    α    

   10. 

     /   α  . 

       7%  

α   0,03      . 

         7%,  α 

  0,03       . 

 

 10 –    α   

  (     ) 

 
, / 3 

   α  /  

0,4 0,5 0,6 0,7 0,8 

250 - - 1,26 1,32 1,38 
300 - 1,3 1,36 1,42 - 
350 1,32 1,38 1,44 - - 
400 1,4 1,46 - - - 
500 1,5 1,56 - - - 
 

  ,   

    α, ,     

      400 / 3 α    

1,05-1,15 (   1,1).      

  . 
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     : 

                     (7) 

 

       

5.        : 

                              (8) 

 

6.     : 

                              (9) 

 

 (8), (9)      , 

     

                                    (10) 

 

      

                                      (11) 

 

    ,  ,  ,   –   , , , , / 3;    ,   ,    –   , , , / ;     –  ;    –     ;      -   , / . 
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    ,     

   1 3     ,  

 -  ,  -      

   (  -  )   

  ,      

          

). 

7.      (  )  

  ,       

 .    ,   

      . 

 

3.2 я    

 

       

      .  

        

        . 

       5-10 %. 

  5-10 %   ,    

 .    ,  

      ,      

. 

        

 ( ,  = 8   4-5 ),    

    (  5-10 %).    ,   

     .   

       , 

   .    
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:   ,    , 

 ,    . 

    ( / ): 

                                    (12) 

 

        –       , ;     –   , . 

        

 (   ± 2 %). 

        

 : 

      ∑                           (13) 

 

 ∑m –   ,    , ;         –     , / . 

          

,      1 3 . 

      .    

     ,     

   11 

 

 11 –          

  
,  

30 20 15 10 

  
,  

85 25 12 6 

 

        

  .        3 
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.      ( ) . 

         ± 1 

%  .      (90±2).  

        

.         

,   30    . 

        

 ,        

(   50 ,      0,5 

).      

.      

               ,     + 30 . 

   2         

15-20 ,    ,      

      100%     

,   . .     , 

 , . 

        

  .        

  0,1 ,      

 . 

        

    ± 15%,       : 

      ( . . / ),  

   . 

        

.  ,   ,  

     .    

  . 

       : 
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                           (14) 

                           (15) 

 

        –     ( ). 

    : 
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