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   5  :  — , 

;  — , , . 

    (60 %),     

     16  24%, . 

     ,  , 
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« - »  

 , - .     

  .    40 - 60 .   

     ,   

   −60° .  ,     

 +35° .    : 

–   — −8,4 °C; 

–   -33° ; 

–   +19° ; 

–    — 71 %; 

–    20 / ; 

–    — 1,6 / . 
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   – 400 .   

 -  ,   –  .  
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 300      (    :  
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   -40, -24,  – -76. 

  -  
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 ,    . 

        (  2)  

       .   

    (  0,65   0,57 . ),   

   ,      

 ,         

    ,    

.  



9 
 

 

 

 2 –       

 

       (1750 – 2500 )  

,  ,   , .  

    .   

   :  

 –   –     ; 

 –   –    ; 

 –   –  ,   ;   

 –   – , ,  ( ), 

     .  



10 
 

        

   .    

    ,      

 ( )    .      

   ,      

 3000     .  

      

 ,     1. 

 1 –      
 

  

 
 

 
  

R3    
 

R3irm 
R3tok 

R2    
 

  
  

 
 

 
 

R2vng 
R2rsl 
R2yuk 
R2kop 
R2kmb 
R2dlg 
R2yur 
R2mdr 

R1    R1vdr 
Pt -   Pt1zel 
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,     400 .   
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,   390 190 . 

       -  

    -  ,    
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,      . 
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     R4,   
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 ,      ,    

 .       

       

   .  

-     -  

 -  ,      

   .      

  –2450     :   

–  -    -  , 

    1250  (    -66)  

   -    ;  

 –        150 ; 

 –    ,  -    

  400 .   

  105 85 ,     .  
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(   - ).  

C -        

   -   –  

  ,       

 .       -

    −3600    , 

     1500 .   

      

 (  ),    1000 . 
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1.4    

 

         

  : -VIII1, -I, -I   1-2 . 

 -VIII1          

-    .     

    .  

   4,0 .    0,16 . ., 

 – 0,675 . .,  – 0,00727 . .   

        :  № 6 

-   ( 6), -18, -29, -30, -35, 

-37, -54.      -18 − 251,5 . 3/ . 

       -72 − 142 3/ .  

   .  ( )   

 ( ), -    ,   

        

 ( ) .       1-2 :  

  –2072   –2023 , .  

 ,  , 

.  - -  . 

 -IX   -    . 

     -18 (3,2 3/ )  -72 (39,3 3/  

 78 3/ .  6  10   ).      

   –2023   –2072  .  ,  

, . 

      6 .  

-  .  -I    

 ,     -   

 ,    .   

    .  



14 
 

– -6 (118 . 3/ ).  

       –2022 , 

 –    –2072 .    

 16,7 .  , ,  

.  ,  -  . 

 1-2    ,       

     .  

      

    –   . 

 I-2     :   

  528,1 2 (69%  ),    228,3 2 

(29,8%  ),   – 465,4 2 (60,8 %),   – 

8,5 2 (1,1%),   – 23,5 2 (3,1%).     

  ,   – ,   – 

- .   

  (  100 3/ )     12  

   -5, 5 , 5 , 8, 14, 22, 24, 25, 50, 57, 71, 1046, 1061, 

-4.   (  100 . 3/ )     12  

   -4, 12, 16, 25, 28, 33, 48, 49, 50, 51, -4.  

          

 –2023 ,  −2072 .   2   

   1-2 . 

 

 2 –     1-2  

  

   
     

  -  
 , . 2 725 680 
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  3      
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 3 –     1-2  

  
 
 

 

   

  

 119,9 4,6-347,2 

   

  

 41,9 12,4-49,6 

   

  

 43,3 0,6-78 
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 61,4 5,4-250,0 
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   ,      
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( )        
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( ).   ,     
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  .  39   87 

.  
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 .      , 

 ,  .   
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    :  

      

  .   ,  
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  .     

       .  

   ,      

  . 

      

   (  « » ).   

    1-2   ,  –  3-5 

. ,    ( ),      

,    ( ).  

      

   ,   

  ( )    .  

   309,6      0,19  

3653,4 .      0,682 . ; 

 − 0,7 . .     

  .    

   60%  90%  .  

     

  ,  ,   

  .   :    

  ,      

, ,  ,  .  

       1-1,5 .  

    (    70-90º),  (30-

70º)   (0-30º)  , , 

81%, 2%, 7%.        

5 5     5  70 ,    10 .  

 : 

 –       
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     . 

 – -      

 . 

 

1.6      

 

 

       648,6 – 

745,4 / 3;  ,      

- 699 / 3,       0,48-2,56 *  (  

 1,67 *    ), 

    80,3-232,8 3/  (  

        

 – 167,84 3/  (      – 194 
3/ )),    1,141-1,5073,    

    – 1,36 (    

   – 1,38). 

          

(        

    821 / 3),    

     (   0,22%),   

 –   (   1,95%),    (  

 8,36 * )       

 .    -   

–   (   4,84%:  – 0,18%,  

 – 4,66%).      – 1.0.1.1  

 51858-2002. 

 

 

         (  
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2+    16,02 %)      – 74,63%. 

      0,886 / 3 (  

 – 0,736).       0,57. 

 

 

        

      0,734 / 3.    

 1,34 * .  

     0,09%,   – 

0,85%,    – 1,81%,  – 0,08%. 

-   ( )   -25  457,76 
3/ 3    251,17 3/ 3   .   

  20,0-21,0 ,    

3,1 .    133,93 / 3,  

 0,58,      0,721 / 3 

 

    79   3 

 ,       

    (    238 / ).  

        1139 / 3 (  

 – 1171 / 3).      

. .       -  . 

    0,22 3/ 3. 
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1.7      –  

 

 

      01.01.2019 .  -

      

    1  2  64,5//172,9 . , 

   1  39,4%. 

   -  

    4.  

 

 4 –     1-2  

  

1 64,5   , 

2 172,9    

1+ 2 387,3    

  0,850 / 3  34° API 

 0,2% 

 1% 

 

Co ep a e ,     ,  

    .  ,    , 

    .    2019  

 215  . 
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2.1     

 

 ,   ,      

      

   –  ( 3). 

      

      .  

        

   .      

        

       ,    ,  

    . 

 

 

 3 –      
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    ,    

         .  

     ,     . 

   ,      

        

 .       

,    . 

       

       - -

  .      , 

       

. 

 

2.2     
 

     , 

   ,   ,   

,    .  —   

      ,   

    .  

     ,     

  .    —    

,     . 

      

        

 - -   .   

    :    (I)   

(II)  
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     m  M  m  M , …, n H O,  

 M , M ,…,  –  -« »; 

m , m ,…,m–   -« »,   n  . 

       : m M  n H O 

   (  4) 

 

                 

 – I ;  – II  

 4 –    

 

      46 

         ,   

  - .    

 ,    , 

5,2 ,  ,   , - 5,9 

.  

 ,     

 ,    0,52    

 I ,    ,     

    8 46H O  5,75 H O.   

  5,2 <d <5,9 ,     

       6 46 H O  7,66 

H O.       d < 5,2   5,2 < d 

1 1 2 2 2

1 2

1 2


2

10
10



10
10




2


2

10
10

 10
10




2



2

10
10

 10
10
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< 5,9    .     

    2M 6M 46H O  M 3M 23H O. 

   II    136  

,  16   8  ,    

  - .   

       

  4,8 .    ,  

 ,  6,9 .  

 II     ,   

  .       

  5,9 .   I  ( , , 

 , ). 

 

     : 

 6 H O;                                                                                                   (1) 

   8 H O;                                                                                               (2) 

 i -  17 H O;                                                                                        (3) 

 H S  6 H O;                                                                                                 (4) 

 CO  6 H O                                                                                                   (5) 

     , . .  

,          

  100 %. 

   -    

     ;     

         

 .  ,   

  ,    

. 

 

10
10



1


2


2 1


2


2

10
10



10
10



10
10
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2

2 6


2

4 10


2

2


2

2
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,         

, ,        

    ,      

. 

      :  

1.   .   

      ; 

 2.    ( , ,  

  .);  

3.   .      , 

  . 

 

2.3       
 

        

 ,       

  .        10 – 

30     +15-250 ,      

       .

       , 

     ;  

   .      

   ( , , ,    .)  

.      ( , , , 

)   6—7  , , H4·6 2 ; 

2 6·7 2 .  

        

 .       

   .     

       , 
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    .  ,  

  ,   ,  , 

,     . 

    ,     

     ,     . 

           

  ,       

 ,    ,   

,   . 

      ,   

   ,    

.  

     ,   

         

  .   ,       

        , 

      ,   

     .  

        

 .     ,  

: 

 

t = tr  - Δtie -n( -1)+{(l-  - ( -1))( - Di(pc- py)/ H- A/cp)/ a}                   (6) 

 

 t, trp -        1; 

 

tr  = t - ( -1);                                                                                               (7) 

 t  -     ;  

       -        - 1;  

       -         -
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, ° ; 

ti= Di( - p ) { lg (1+ (Gcpτ /π hcnrc 2 ))} / lg(rk /rc) ≈ Di( - pc)           (8) 

 

 rk -    , ;  

       -  , ;  

      Di -    - , ° / ;  

       -   , ;  

       -    , ; G -   , / ;  

       -     ; τ -  

 , ;  

       h -    (  ), ;  -  

, / 3: 

 

 = (2πλ )/(Q f(τ))                                                                                          (9) 

 

 λ  -   , /   ;  

      f(τ) -  . 

      f(τ) = ln( 1+(πλ τ/  rc 
2 ) 0.5) 

 

       ; 

        , 

  .       

   ,     

: 

 

t1 = t +(t -tcp)-(kπD 1 / G cΔ)                                                                     (10) 

 t1, -    °    1   , ° ;  

      tcp -  ,    ,  ° ;  

       to -     , ° ;  

       D -   ;  
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       k –  , /  ~ ° .  

      .   

       ,    

  .     

    . 

 

2.4       
 

 

  ,     ,   

    .    

   . 

     , 

     . 

      : 

–   ; 

–   . 

       

 : 

–      

; 

–        

 ; 

–   -  ( ) ; 

–      ; 

–  ,     . 

     : 

–        

          

   ; 
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–      

         

      . 

         

,     ,        

  (     )  

,   ,   : 

–     ; 

–       ( ,  

 ,   .); 

–    ,    

 ,        

; 

–   ,    

      ,  

    ; 

–     ,   . .,   

    . 

 

       

. 

 

В    ы  . 

      , 

       ,   

      

(  5).     

. 
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 ,    , -  

 3  ( ),  ,  ( , -  

). 

 

     

 

                                                                                          (11) 

 

  ( ) ,   

 

                                                                       (12) 

 

 q ( ) -   ( ) , /1000 3 ;  

       W1, W2 -        (     

);  

        G1, G2-      ; -

    ,    ,  

    (      

  ). 
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1 –  ; 2 - : 3 -   , 4 – 

 

 5 -   (Δt)   

      

 

      

  .     

   .     , . . 

  ( 3 ),    . 

    ,  ,   

,      .   

  ,   ,   ,  

  , ,     

 .   ,     

.     ,       

   . 

         

         

 .     ,   

   (   )   

 ,       

. , ,   . .   -   

    . ,     

       

   .  (  6) 
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 6 –        .  

 

       

    : 

1.  -  ,      

      ,      

; 

2.        ,    

  ; 

3.       . 

        

  655 .   ,     2030 .   

  1 . .       
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   ,     

 . 

          

     ,    

.           

   . 

       

, , ё    .   

          . ё 

         

. 

      

  -1 ё   25 3 .  ё  , 

    100 3,   ё      

  -72 . . .    ё   

     ,   ё   

  20 ,      . 

      -1  

  -2 ё  12,5 3   .  

 -   -1. 

 . 

      ,  

   . 

          

,    .   ,   

    ,       

 .     ,  

         

. 
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  ,        

 . 

    -1600/100 

   ,     -

250  -260 (  7). 

    ,   , 

   ,   , , 

,   , ё   ,    , 

 .    

  .     

       . 

 

 

1-   ; 2 -   ; 3 - ё   ; 4 - 

; 5 - ; 6 -  ; 7 -   

; 8 -  ; 9 -    ; 10 -  ; 11 

-  ; 12 -   

 7 -     -1600/100 

 

     (  5) 
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 5−   -1600/100 

  
  , 3/  1,6 

 ,  10 
 , 0  310 

   , 3 5,2 
  , :   -250  

 -260 
9520 2500 3432 
9452 27722 3540 

 , .:   -250   -260 21,0 21,7 

 

         

  .       

     .   

          

         

.        

    . 

  я. 

    ,      

    ,     

        .  

 - ,        

 . 

       

  : 

 –       ; 

 –        

   ; 

 –    ; 

 –     ё  ё   ; 

 –     . 
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       -   

.    ё     

   . 

ш  . 

     :  

   , , .     

 - ,      , 

           

. 

     : 

– ; 

– ; 

– . 

       

 ( )    8. 

 

 

1 - ; 2, 10, 11 - ; 3, 9 - ; 4, 6 - ; 5 - 

; 7 - ; 8 -  - ; 12 –  

 8 -       

 

,  ,    1.    

         , 

   .      
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  ,     2  

 3.     .     

  ,      

    . 

        

 2.5.       1,      

   -  ,      

  .       

 (12...16 ) .       

 2,   1     . 

      3  «  »    

  ,   6    7,   

   180...200 " .      1,  

   ,      4. 

     5,     

   . .      

(  9)   6...7 .      8   

. 

 

 

1,2 − ; 3 -    "  "; 4 - ; 5 − 

; 6 - ; 7 -   

 9 -       
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   ,  ,   ,  

     - 30 " .    

 ,     , ,  

 . 

 

2.5       
  

 
      

   10 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 10 –       
    

 
      

  . 

         

          

 .        

   
 

 
 

 (  
)   

 

  

 

 

  
(  
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      .    

   :  

–      

–      .  

      ,  

  11,  ,     

   . 
 

 

 11 –       (  

 60, 73  89 ) 

          

     ,      . 

       ,  

  ,       

. 

      ,  

       ( , 

 ,     , 

). 
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 ,     ,  

   , ,  

       

 . 

    ,      

        

,           

 ,      

  ,     , 

   .    

   .  

 

2.6   
 

  – ,   

   ,     

    .     

       :  

1.   – ,   

    ,    

     .    

 ,      ;  

2.   –      

       

;  

3. ,        

  ,   « - » 
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2.6.1    
 

       

: 

В ы  ы э .  

       

  KCl 25%.   : 

–     

–     

–   ,    

  

– .  

      ,   

   ,   –    , 

        

.         

        

,          , 

          

   ,     

 . 

А ы  ы    

   ,  

      .  – 

  ,     

     . ,   , 

  ,      
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   ,  ,  

 ,      

,     –  .  

М   ы  ы    

       

       

 .      

      : 

–       ;  

–   ,     

 

–          

 

–       

 

–      ;  

    

–       

 

–       

,  ;    

  . 

 

       

   : 

–     

–       

 . 
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    ,   

 ,       

 ,      

  ,   ,  

  . 

 

2.6.2    
 

      

  .       . 

,    ,   , 

   ,       

.  

  ,       

       . 

          

 .      

     (500-1000)  

 0,5-1 . %  : 

–    

–    

–      ; 

      . 
 

2.6.3   
 

  – ,   

  ( . .   , ,    

    ) /     

     .  
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 « »   ,   -  « » 

           

        –  

 .  

      

       ,   

   ,       

 .    -

  ,    

         , 

,        

    . 

 

3       
  -   

 

     ,   

   ,  ,  

.  –  ,   

   ,     

  .  

      

         

 : 

–       

–           

   

–     
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 ,    ,     

   .   

         

   .  

 –     ,   

    .  ,   

,        , 

      

   .   

 

3.1      
 

 ,    –  

        

       2,15 

/ 2 ( l2,   111)     

 ,  ,   . 

      -   

 ,    ,   100   

 20 °   74,5 ,  100°  - 159 .  

 (  6)       CaCl2 

     . 

   CaCl2    15  30 %   

 -30  15° .       

         . 
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 6 –    CaCl2    15  30 %  
   -30  15 °  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  % 

𝗉  ( / 3)  , °  

15 0 -10 -20 -30 

15 1132 1137 1140 – – 

16 1142 1147 1150 – – 

17 1151 1157 1160 – – 

18 1161 1167 1170 – – 

19 1171 1177 1180 – – 

20 1181 1187 1190 – – 

21 1191 1197 1201 1205 – 

22 1201 1207 1211 1215 – 

23 1211 1218 1222 1226 – 

24 1222 1228 1238 1237 – 

25 1232 1239 1244 1248 – 

26 1343 1250 1254 1259 1263 

27 1152 1261 1266 1270 1275 

28 1264 1272 1277 1282 1287 

29 1275 1283 1288 1293 1298 

30 1268 1294 1298 1304 1310 



47 
 

 

    CaCl2   

,        55° .  

         29,9%, 

    30%    

,    ,      

        

      00 . 

       

     ,     

   . 

      , 

            

 ,     . 

 ,       550 . 

  ,   ,     

    1-2%.      

   –        

  -400 ,       

 . 

       ,   

         

.  ,        

  50-600 ,    ,  

        , 

    ,     

 . 

      

      

  : 

http://thermalinfo.ru/svojstva-zhidkostej/voda-i-rastvory/teploprovodnost-vodnyh-rastvorov-solej-kislot-i-osnovanij-shhelochej
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1.    ( , ),    

   

 

 =  · 0 · (1-n) · Q  · ф + V6                                                                                      (13) 

 
  = 1,5 - 2,0 -    ,  

     ; 

        0 -  , /  (     

  « »   - 1000 ./ ,  

     - 200 ./ ); 

        Q  -    , 3/ ; 

         -  ,  (   7-10 

      -  ); 

        V  -          ( 3) 

  : 

 
V  =  · r 2 (L  - L ) +  · (r  - r ) · (L  - H),                                                  (14) 

 
 r  -  , ; 

       r  -    , ; 

       r  -  , ; 

       L  -  , ; 

       L  -   ; 

        -  , ; 

        - 3,14; 

–    ( / 3)   : 

 𝗉 = [1 + 2 ·  + 3 · n0 / (1 - n0)] / [b + n0 / (1 - n0)                                                    (15) 

 
 1 -      , / 3; 

       2 -     , / 3; 
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       3 -      , / 3; 

        -   ,    , 
3/ 3; 

–      ; 

n0 -         

 : 

n0 =  
n[n +  − n  · 3 / ]                                                                                                  (16) 

 n -       . 

 

2.        

    .     

     10%. 

3.         -

320,  ,    (  12).   
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