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.
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 01.01.99 . -
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2,7 2,0% 8,4
6,7 4,6% 21,9
91,2 64,0% 83,2
10,1 7,0% 28,0
5,8 4,2% 15,9

143,4 100,0% 41,0

. BP World Energy Statistics, 1999.
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.
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 2,5  80  130 ./  – 856 000 . 

 1996  100  (
 – 

 80 ).

-
-

.

 80 ./
145 000 ,  6% .

130 ./  1,1  10% .
 1996 

 2 600  36 200  7,2%.

1.4. 

, -
.

 1970–1975 -
 50 .  2001 -

 19–24  ( . 4).

 4

 01.01.1999 . -

8,35 5,6% 11,4
. 6,21 4,3% 71,5

5,21 3,6% 18,3
48,14 32,9% 82,7
49,53 33,8%
10,22 7,0%
10,17 6,9% 41,4
146,39 100,0% 63,4

. BP World Energy Statistics, 1999.
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 ( ) 20%;
 ( ) 35%;

7%;
38%.

300–500 .
  800–1200 .

1200–1350 .
7–12 .

-
 (300–800 ), .

 200–400 .
 200–400 .

3.3. 

 15 . .
 –  (76–77%),  (14–15%),

 (5–6%)  80 , 160 .
-

 1000–1100°  14–15 .
 –  ( , , -

, ). -

 – .

 75 . 
, 

. -
.

: , , ;
, , .

: , , , , , , .
:  – 54%,  – 30%,  – 15%.
: , 

 900–1000° ,  1000° , -
 1000° , , .
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: 
 900–1000° . 

. 
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, 
. 

300–400° . -
,  – .  20  – .

 5 : , -
, , 

. -
.  50 . -

,  350°  – -
, , 350–500°  – 

, 500–1000–1100°  – .

, .
 1000° -

. 
. .

,  0.4–0.8 ,
, 

 1.1–1.6 .  6% . 
0.93–1.25 .

 1  750 , 140–175 
 300 3) , 25–32 , 6–12 ,

2.2–3  ( . 9).
 9

% %
. .
. 

2470 95.5 - 1130 43,7

. . 9.8 0.37 - 843 32.6

19.7 0.76 . - 369.8 14.3

26.8 1.04 243.2 9.4

. . . 60 2.83 2586 100

2586 100
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 1 .
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 1000–1100° . -

 200–250° . -
 4–5 3 . 

 10–15%, , 
 3–5%, . -

, -
.

 32–35% . -
 650–750° . , 
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 28–30° .

 700°
-

.
, , . -

-
. -

, . -
-

, .
 0.024–0.032 3 3 , t = 14–18° .

, , .
: 2 – 55–60%, 4 – 20–30%,  – 5–7%, 2 –

2–3%, N2 – 4%, 2 – 0.4 – 0.8%. Q  = 17.5 .
,  6–30%. 

300 3/ 
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 50 .

 – 
 – . 

. -
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 2000–5000 3
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).
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, -
.
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 1200° .
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: -

, .
: -

. 
 1500°  1200° .

 ( ),

.

, , .
 – , -

. .
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0.5% 4; 1–4% 2; 55–58% N2.  3.6–4.6 / 3

(850–1100 / 3),  1400–1500° .
: -

 46.5%,  5%,  4.8%, -
 7.0%.  65% , 

.  1  5000 3 .  -
, -

, .
: , 

. 
 10–30  1–3 / 3.

 1–3  0.1–0.8 / 3.
, -

,  0.1–0.8  0.005–0.01 / 3.
,  –

. :  ( -
). -

 ( ), . 
 7–8°  (max 10–12° ). -

: 
2400 3 – 3320 3 , 

 –  4600 3  (1.5–1.6 3 3 ) – . -
, -

, , -
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:
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: CO=23–30%; CO2=16–22%; H2=5–11%;

H2O=3–7%; N2=45–55%; t=60–400 C.
, , 

 ( )  1 . 
 15–30 / 3.

 400–500 
 3000–3400 / 3.

 – , 
 2/3 .

-
, , ; , -

; .

(1500° ),  (1500° ),  (200–400° ). 
 2.5–3.5 .  ( . 10).

, -
,  50% . ,

. .
 ~ 4000 3,  ~1500° .

 ~95% ( ).
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% %
. 73,2 . 43,5
. 13,2 . 31,4

1,6 . . 7,0
. 12,0 5,3

. . 5,0

. . 4,8

. . 3,0
100 100

 7% .  40–45°
, .

 5% 
1500° . -

.
 4.7% , -

 1500° . .  90%
-

, . , 
 3–5 .

 3% . -
 200–400° . .

.
 200–400° ,  20–30% 
. -

.
. =2–3 . 

 200 -
.

-
,  Q =3.6–4.6 3.

: 20–30% ; 0.5% 4; 55–58% N2.
 2.3 . 

:
- ;
- .



35

 – , -
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, -
, 

.
: -

-
.

:
- ;
- ;
- ;
-  3 : , , .

30  1.3 3.

,  1–3 
0.1–0.8 3.

,
, . 

0.1–0.8  0.005–0.01 3.

.
-

,  2.3–0.5 . 
-

.

300–500 .  1300–1600° , -
 900–1000° .  4.8%.

 ( ).
 t=1400–1600°

, , -
 3–5 .

, . -
.  3 3 . .

-
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2 :  (
250 ).

.
-

.
,  55° . -

,  85–90°
. , 

 1500°  95° .

 (1962, ).
 0.230 . -

 0.01 .  (0.230–
0.01)=0.21 .

: -
 ( ).  1962 .

 ~30° ,
P ~0.230 .

-
 0° , -
.

, -
: 

.
 450°  0.220 .

 300°
0.114 .

-
.

-
, -

 (  – ).
: 

,  (
). -
, 

.
1=0.3  t1=30°C, t2>0° .
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-
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.

3.5. 

-
 4,5% 

 2%. , 
 ( . 11).

 11

:

Si, % Mn, % P, % S, % C, %
0.51–0.90 0.5–1.5 0.15–0.30 0.02–0.04 3.8–4.8

-
, -

 ( ) 1600°
. 12, 13).

 12

1.38 5.5 5.87 

 45–50 3 .
 4–5 3/( ).

 10–15 .
 13

1. 10 
2. 17 
3. , 6 
4. , 9 

42 

,
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 [Si]+{O2} (SiO2) QSi = 26 – 25.4   
 [Mn]+{O2} (MnO2) QMn= 6.4 – 6.3    
 [Fe]+{O2} (FeO) QFe = 4.1 – 4.0    
 [C]+{O2} {CO} QC = 11.3 – 11.1 
 [C]+{O2} {CO2} QC = 33.1 – 32.0  
2*[P]+5/2*{O2}  (P2O5) QP = 19.8 – 16.5  

 2500° .

, 
 – .

-
.

,  – -
.

-
.

: , , . -
 : , , , , , 2 .

: 90–100 ( ./ ).
: 50–60 ( 3 ).

: 9–10 .
: 26–28%, -

: 20–30% 2; 10–15% – 2 .
 1650° ,  – 1750° .

: , ,
, .

 1200–1250° . -
.

,   –  .  
 1450–1500° , .

. -
.
. .
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.
2 2 .

 FeO – Fe2O3 – Fe2O3+[C] – CO.
, -

.
, , -

.  .
.

 1600° .
, , -

,
.  – , , , .

1000–1200° .  –  – 
 ( . 14, 15).

 14
 100  Fe

% %
1. 95–97 89–92 1. - 102–104 97–98

2. 
 ( , -
)

8–12 7,5–:–11
2. 

1,5–2,5 1,5–2,5

3. 0,1–0,2 0,1–0,2 3.  0,4–0,7 0,4–0,7
4. 
5. - <0,1 <0,1

 15

% %
1.  0–12 1. 18–25
2. 

. 8–17 2. 2 . 1,5–2

3. 45–60 3. - 1,0–10,0

4. 
26–32 4. 45–60

5. 
. ),

)

(15–25)
(5–15)
(4–6)
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-
 >1, . :

2 , 2 2. 
, , Si , Mn ,Al. 

, . 
.

, 
. 

~25–28%, ,  ( . 16).
 – 75%,  – 25%.

 16

% %
49 71,7*
51 13,0

. 8,3
3,5

 Q 2,0
. 1,5

100 100

.

. 
 1700° ,  350 / 3, .

 – -
 – .

 – -
.

.
 – , . -

.
-

 20–80%. -
 30% -

.
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.  100 -
, , , , 

.
-

, , 
60 3  1 . 

 9428 3

(2250 3),  0,523  (17,8 .)
 1 . , -

, ,
-

.

-
. , -

-
, 

. -
, , -
. 

167–278  (5,7–9,5 . .)  1 . 
 20–30% 
, .

-

. . ,  80%,
 556  (19 .)

 1 . 
. 

, 
-

.

-
 25–30%. 

, 
, -
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 1 

.
, -

, , -
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3) ;
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;
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, 

 (  11%), 
, -

 1973  5.5% 
. , 

-
.  1973 

 17  21%
.

, -
, . -

, , -
, -

.



46

3.7. 
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................... 1,5 (51)–3,5 (120).
........ 3,5 (120)–6,0 (205).
........ 3,15 (120)–8,0(273).

-
 1,5–2,0  (51–68 ./ ), 

 3–6 (102–205).

: , -
, , 

.  50 ./
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-

.
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