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 ( )  
 ( ). 

. 
 1  = 1 ,     

1  = 1000 3600  = 3,6 106 . 
 

, , -
 1  ( ). 

 ,  1 -
 7000  (  29309 ) . -

, 1  29,3 109  = 8,14 103 . 
, ,  

.  
: 

  ( ) –  103 ;     ( ) –  106 ; 
  ( ) –  109 ;      ( )  –  1012 . 

, 1  = 1 103 ; 
                   1   = 106 . 

 ( ) -
: 

 %           ; 
 (ppm) –    0,000001.  

 
– .  

 – . 
 – , , 

 1  1  (  19,5  20,50 ). 
1  = 106  = 109 ; 
1  = 4,187 ; 
1  = 1,162 ; 
1  = 860 . 
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3.4.  
 

 
:  .  - 
 235U. -

.  
 2–3%  

.  
 233U  239 u,  

. 
 235U  0,7%, 

 238U,  
. ,  

1/140 . 
 235U  

 – .  
 235U , -

 (« »). -
,  2–3 . 

-235, ,  23,2  = 8400 . 
,  1 .  

, , -
 - . 
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 5  
12 .  

 1963  1972  2,6 ,  
 –  1,7 ,  

. -
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 1,7% ,  – 0,4%, -
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.  XX  1900  1980  
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 1,7–1,8 .  
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. -
 

. -
,  40 . 

 
: ,  ( ), -

,  ( ). 
-
-
 

.4.1). 
 4.1 

 1950–2020 .  
 

 1950 1960 1970 1980 1990 2000 2010 2020 

 
, 

 . 

2,85 4,35 6,44 10,1 12,2 13,0 15,5 19,0 
 

-
, % 

- 52,6 48 56,8 20,8 6,6 19,2 22,6 

 
  
1980 ,  

-
. 

-
 1860–1990 . .4.2. 

 
 4.2 

 
 

 , 
 

, 
 

, 
3 

, 
 

, 
 

1860   246 - - - 440 
1900 1350 26 7,3 28 560 
1920 2350 123    22 86 670 
1940 3300  494    88 200 780 
1960 3810 1160  423 860 780 
1970 3930 2590 1058 1390 720 
1980 5090 4110 1423 1660 670 
1985 5590 4170 1530 2590 590 
1990 6280 4220 1920 3300 560 
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7,2 ,  
. -

, -
, 

. , 
,  40 , 

 5 .  
 2,8 ,  

 – 1 . 
-

: 
- 37% , 13% , 

19% , 14% ; 
-  

 (  1700 ) ; 
-   –   

 
; 

- -
:  80% -

 75%  [3] ( .4.3). 
-

 – 15–20 ,  – 55–60 ,  – 300–500 . 
 

», -
, -

. 
 

, , -
, 

,  
. 

 « »  
 

. -
 , ), -

 
535 3 . -

.  1999  419,3 3 ,  
2005  273 3,  2020   
83 3.  

 ,  
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 100 3 -
 8-10  (  2005 ). 

 4.3 
 

 

 1940 1960 1970 1980 1990 1995 2000 2004 
, 

 
: 

 
150 
 

 
368 
 

 
858 
 

 
1465 
 

 
1875 
 

 
1406 
 

 
1267 
 

 
1486 
 

, 
 

 
0,2 

 
27 

 
119 

 
301 

 
737 

 
685 

 
584 
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-
,  

 
9,2 

 
101 

 
240 

 
782 

 
738 

 
439 

 
324 
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,  134 436 391 261 273 181 258 280 
-
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19 

 
31 

 
28 

 
26 

 
19,2 

 
20 

 
101 

 
116 

, 
. , 

: 

 
31,6 
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470 
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1082 

 
862 
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931 

 2,5 24,7 65,9 107 170 103 - - 
 - - 1,6 64,3 102 172 - - 
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, , ,  
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, , -

.  
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 40%, 
 –  47%. . 5.1  

 (- 10%),  (- 55%) , -
 (+ 35%). 

-
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1,2  (  20  
, ).  
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, .  
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 .5.2). -
 13 , -
 1 .  

 
, -
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 2 . -

 3 ,  
 5400C,   13–24  -

 8. , -
 9 . 
 

 
. 5.2. :  
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 11 -
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5.3.  
 

 ( ) – -
, ,  

 (  
, -

). 
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 ( )  [6]: 
-  p=const ( -

), 
-  =const  ( -

).  
 (  

) .5.3. 
: 

- , , 
-  - , . 

 
.5.3.   

 ( ) 



 

37 
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, , . 
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 10–15 . 
 . 5.4  V94.3  Siemens. -

 
)  4,  –  16  

. .  
 = 13–17, -

 1,3–1,7  (13–17 ).  
,  

, ,  10–15 . 
 300–350° .  

, , 
. -

,  
 ( ).  

 10 -
.  

,   
 ( ).  

,  
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-
 7 ,   -

 ( ,  
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-
. -

, -
 14  – ,  

,  
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, 
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. 
 

 15,0–16,0 . -
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, -

 . -
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 1932   

. . .  
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 4,  
,  
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, ,  
,  ;  -

. -
, , 

. -
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. 5.6  
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 - -

 -  100 .  
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  10 . 
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-
 2,14%. , -

 2,14%  6,67%. -
 ( , , -

.) .  - 
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. 
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, , . 
,  
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 – , , -

, . 
 

: " "  " "  " -
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6.1.  
 

-
,  
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. , ,  ( . 6.1): 
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. 6.1.  

 
-

, , -
; 

-
, , -
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; 
; 

 ( , , -
) ; 

, -
 – , , , , . 

-
,  -

.  
 

.  
 

; . -
  - , , 

, . 
,  

. -
, -

.   ( -
 2%) -

. 
: 

1)  – , ,  
-

;  (  60%)  
 – ; 
2)  ( -

, , , ) ; 
3)  ( , 

, , , ), , .; 
4)  
 ( , , , . .),  

. 
, , ,  

. 
. -

 ( , , , ), 
, . 

,  
 

.  
. ,  30–50%, 

 3–5%,  0,005–0,02%. 
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, -
, . ,  

Fe3 4, F 2 3, F 2 3* 2 ,  F 3 , , 
 SiO2, 12 3, , .  

, : -
, , , , , -

. . 
-

.  45–50%  
.  ( ) -

 – .  
.  - -

 
. -

. 
. , -
, , , ,  
) .  

, , -
,  

. -
,  

. -
 – .  
, -

.  
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