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-
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, . -
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V
m

,

 - , 3 ( 3); m – ,  ( ); V – ,
3 ( 3).

:  2,2  8,0 3. 
-

, , 
 7 3. -

, . 
 (2,2 3). -

 ( , , -
) – 2,2-2,9 3,  – 2,55 3.

-
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 0,15 3  100° .
. , 

0,1-0,2 3,  0,8-0,9 3 , .

, 
. -
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.  – -

, 
. -

. 
, ,

, , , .
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, , .

, :  – 25-
100;  – 500-800;  – 15-20. -
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. , -

 CaO, SiO2,  BaO,  TiO2  B2O3 -
, PbO  Al2O3 , MgO, ZnO  Fe2O3

. .
-

. 
 150 - 200° .

-
, . 

-
. 

, -
. -

 100-200 .  

 ( ),
,  ( -

).
. 

, -
 18-30%  Al2O3  -
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.
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 – -
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 – , 
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. -
.

-
 – . 
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, -
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, 2 2. 
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) , -
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 4800  8300 2(  7140 2),
 20 000 2. , 
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 12%), . 

.  8-
10% , .

. -
-
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,  , ,

.
 – , -

-
, . -

, , -
. 

,  1  1° . -
. -

 0,340-1, 050 
.

. -
 – -

, 
.  (SiO2, Al2O3,  B2O3, MgO,

Na2O  Li2O)  . -
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  ,   , -
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. -
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 – -

. -
.

. , , 
,

 (PbO, BaO), -
.

-
, , 
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 Na2O, K2O, Li2O . 

 – 1200-1500° . 
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 550-700° .
 ( ) – -

 –

. -

. -
-

   1° , :

 =
1

 ·
t

,

- , ,  0° ; - 
t °.

-
 3 .

-
 5 · 10-7  200 · 10-7.   -

   =  5,8  ·  10-7. 
 = 88 · 10-7.
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.
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 – , -

, , , . 
-

, ,
  , -

.
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-

 – . , -
,  ( ),

 (  7 ). -
, -

, . 
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 (  HF)

. 
, , 

. , , -
, -

, :

            R2SiO3 + H2O  2 ROH + SiO2 ( )

, -
. 

. 

. 

 50 .
-

, , -
. , 

, , -
. -

 ( , , 
, ) 

, -
. -

, . 
.

, HF -
, -

, 
. 

 (HF), , -
, -

. , , 
:

Na2O · SiO2 + 6 HF  Na2SiF6 + 3 H2O
K2O · SiO2 +  6 HF   K2SiF6 + 3 H2O
PbO · SiO2 +  8 HF  PbF2 + 2 H+ + SiF6

2- + 3 H2O
MgO · SiO2 + 8 HF  MgF2 +  2 H+ + SiF6

2- + 3 H2O
SiO2 + 6 HF  2 H+ + SiF6

2- + 2H2O
SiO2 + 4 HF  SiF4  + 2 H2O
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, .
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, BaO, MgO, PbO   TiO2.
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 1°  15-30% , 
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 100° , -
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-

. 
, , -

. , 
, -

 120° .
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, . -
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. -

:       1,2-2 
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. 

.
-
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, .
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, -

. .
-

. -
    .

2.1.  

.
-
-

: , , ,
. -

, .

,    (SiO2), 
(Al2O3, SiO2),  (B2O3, SiO2),  (PbO), -

 (CaO, Na2O, SiO2)  , 
-

: Li2O, Na2O, BeO, ZnO, CdO, PbO, Fe2O3 .

, 
- -

.
-

. -
.

.
-

, 

, , 
. -

 ( ) 
, 

 (1750–1900°). -
 « »
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 1000° ), -
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-

, -
. , 

. 
-

.

, 
, , ,

.

, , , -
.

-
, , -

, , 
.

 1850-1950° . -

) -
,  SiO2.

 (SiO2)   (Na2O).  1 
 3 , 

900° , ; -
. , 

, -
, .

. ,
-

. -
-

, , -
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, ,   -
,  MgO, Al2O3, BaO,   . 

 Na2O, CaO 
SiO2, -

, 
. 

-
, , -

. -
, 

  .   90%
.

 PbO ,  (
) . -

 ( )- ,
. 

 PbO -
. -

, 
-

,  -
.  PbO 

. 
,
-

. , ,
.

 - -
 SiO2,  –  – 
 (B2O3). , 

-
. 

 2-5 , . -
-

, -
. -

, , 
.

. -
.  – , , -

. -
, , -

, .
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-
-

. , -

.
-

. -
, -

.
-

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

 ( ), -
, , , , , -

.
 (  111-78) – , 

, ,
  ), 

, 
, ,

, -
, .

: -
, , , -

.  -
-

, ,  (
). : 3,

4, 5, 6, 8, 10, 12, 15, 19 . 
 2  2,5  87%, 

3  4  -   85%.
 3  6 . 

, 
.  8  19 

, , -
. 

, .
-

 2,5-4 . -
, 

 (« »)  5 - 10 . 
, 

.
 15-19 

, 
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. 
 –  400° . -

, -
, 

. -
, , . -

. -
, -

. 
 84%.

, -
 (8 - 15 ), 

, , -
.  ( ,  19

) .

, , -
-

 ( ) -
: -

, , .
, , -

, -
-

. -
. 

 7380-77. 
 0,84 

. -
. 

 13454-77.
 – , -

. -
 683-75  0,8-2 . -

 0,85 -
.
 –
, , -

. 
 6799-75  3-7 . 

.
– , -

, ,
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 4-7 . 
 15469-82).

 – , 
.

 – 3-4 . 
. 

. 
, ,  2-5 .

.
, -

, -
. 

. -
, ,  3-4 .

-

0,3-1 .  
- -

.
 –   , 

 0,5-1 . 
, , -

. 
-

.  5533-86.
 – , -

,
-

. -
, -

, , 

. 
 7481-78  5,5,   -

 – 6 . -
, -
.

, . ,
.
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 – , -

. -
. 

, 
, -

. 
. 

. -

,   .
 – , -

-
, -

.  5-6 . 
. -

, 
, .

 – -
 20  20 -

 4-5 . 
, 

. 
 17057-89.

, 
, 

. ,
, -

, , -
. -

-
.

  -
. 

SiO2, CaO  Na2O  3-3,5% MgO, 
 3-5% Al2O3.

-
 0,1%,  – 0,5% Fe2O3. 

  Fe2O3  1,5-2%   MgO  1-2%.
-

 –
. 
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-
,  SnCl4

(450-600° ) . 
-

 150- 200° . 
-

. -

 6-20%, 
 1,5-2   

. , 

.

.  
, 

-
, .

-
: , -

. 
. 

. -
  .

 18-24%  PbO -
 1,532-1,542, -

 90-92%.  
, -

. , -
, .  Fe2O3 -

 0,05%. 
:  – -

 (Co2O3, Mn2O3, Cr2O3, , , 
), , , - ,

 (GeO2, Nd2O3, Pr2O3). -
.

. -
: , -

, , , ,
, , , -

 ( ),  ( ) .
 – -

, . 
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-
: 

. -
, -

. -
 PbO (  70% ) 

.
, ,

– . 
-

. -
-

. 
, -

, .
-

. 
. -

, , 
), -

, -
. , -
 90-97%  100 . 

. -
-

, . 
. 

, -
.

-
, -

, 

. 
, 

.
-

, 
.  ( -

),  ( )
   ( , ) . -

 Na2O  –  CaO  –  SiO2
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 Al2O3 .

, 
. 

, , -
-

. -
,  -

 B2O3, Al2O3, ZrO2, TiO2, -
. -

.
-

, 

. 
-

, 
; 

. , -
, . 

, -
, . , 

-
,  – -

. 
, , -

. 
 As2O3, Sb2O3, P2O5 .

, , 
. -

-
,   

, . 

 1°  ( ). -
, : -

, -
. 

. 
, -
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 ( ),  ( -

),  ( ), -
, , 

.
, -

, 
.

:
.  « » 

,  –
. -

.
, ,  3+3 -

, .
,   

, 
.

, -
,  - -

,  “ ” -
. -

.
  - , 

 1-2,5 , -
  .

-
; 

; ; ,
; -

; , -
.

, . 
, , -

.  194 194 78 ,  - 2,5 .

, 
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-
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, , -
: -

.

, ,
-

. 
.

-
, , -

, . 
, , -

, , , .
-

. 
: , , ,

, . , ,
: , , ,

. -
, 

, -
. 

-
, 

.
-

: -
 SiO2 , , ,

; CaO  MgO – , , ;
Al2O3 – , , , -

, , ; PbO – , -
; Na2O  K2O – -

, , , , , 
.

. ,
 100 -
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, 20 , 17  ( ), 5
. 

.

.

:
-  – , , , -

, ;
-  – , , , , -

.
.

, -
, -

, , .

, -
. -

(Cr2O3)  (Cl-).

, 
, , 

.
-

, ,
. 

-
. -

.
,

, 
, -

.

3.1.1 

 SiO2. -
. 

, 
 SiO2  55-82%. 

 SiO2
 – , -
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, , 
. 

 SiO2 – ,
, . -

, , 
.

-
. -

, .
– ; -

 ( , ,
, .). -

 – , 
. 

,

. 1).
                                                                                      1

-
, %

   0,01
 ( )      0,01-0,015

     0,05-0,15
     0,03-0,07

 ( , )      0,05-0,25

, 
95% SiO2 . -

 Cr2O3  TiO2. 
, -

 – .  Cr2O3
 0,0001%,  TiO2 – 0,05% . 

, , 
. , -
 – .

, , 
.  

: , , -
. , -

, .



44

-
.

 – -
 SiO2

, .
-

. -
. 

 0,05  2 . 
:
 (0,05-0,1) ;
 (0,1-0,25) ;
 (0,25-0,5) ;
 (0,5-1,0) ;

 (1-2) .
 0,15-0,3

,  5%  0,5
 8%  0,1  ( ). 
 0,8-2 ) 

, 
, .

, -
-

. 
.

-
:

,  98% SiO2  
 1,5% Al2O3;

 90-
98% SiO2   1,5-10% Al2O3;

 85-90% SiO2        7-
9% Al2O3.

,
 0,05-2,0%

 (  0,05%).
-

. , 
, -

. 
-

.
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 7,  –
2,65 3.  – , . 

, , .
,

, , , . 
, -

, 
-

. , -
, 

. 

 – .
, -

, -
. -

.

. -
, -

 95%.   - 1 3.
 1990 .   ( -

) IARG (International Agency for Research on Cancer) 
 SiO2   .

,   (IV)  ,
 1- , 

.

, 
, , , ,

, , 
.

-
. 

, ,
, -

.
, 

, 
 – , -

.
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 B2O3. -
, , 

. 
, . 

-
, -

. 
 SiO2 -

.
 2

 20% B2O3. 

.
 Al2O3.

, -
. , , -

.  Al2O3 – -
; 

, , . -
 – -

, , , 
 – .

 – , -
. -
,  99%  Al2O3. 

. -
.

 – -
. 

 (K2O·Al2O3·6SiO2), 
(Na2O·Al2O3·6SiO2)  (CaO·Al2O3·6SiO2), -

, . -
, -

-
.  Al2O3 -

 30%.  0,4-
0,5% ,  0,06-0,30% Fe2O3.

, -
,  97%  5%

 ( , .),   
.
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. -
, 

 5,5  6,5 ( ).
 75%  25% 

. 
-

 15% Al2O3,  8% Na2O + K2O 
 0,25% Fe2O3 ( ). -

, -
. -

,  75- 80% -
 0,1-0,8 .

29%  Al2O3, ,  18-19% 
, . 

 – 
-

. 
 (3% ) 

.
 Al2O3 · 2SiO2 · 2H2O.

 38,0% Al2O3; 46,6% SiO2; 14% H2O. -
-

. 
.  0,4-

1,0% . -
.

.
Na2O   K2O. 

, -
. 

.
Na2O, -

, . 
. 

  Na2CO3 –
,  Na2SO4  (

) NaNO3.
 Na2CO3 – 

. -
, , -

. 
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 Na2CO3
 99% , -

 –  0,8%; Fe2O3 –  0,02%. 
 58,5%  Na2O  41,5%

.
 Na2SO4 -

 5  15%  Na2O. 
. -

, 
 ( , ). -

, -
, , 

.

, -
. 

 0,5  0,7%  Na2O  -
.

, 

, , -
. 

-
,  Na2SO4 · 10

H2O, .
-

:  96,5% Na2SO4; Fe2O3  0,01%;
NaCl  1%; CaSO4  0,8%;  3%; -

 1,5%.
-

. 
. 

, , . 
 4,22% ; 

 6-7% .
K2O. -

  , 
, . -

-
. 

 K2O  
K2CO3,   KNO3  –

.
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 K2CO3 – -
, , ,   

68,2% K2O  31,8% CO2. 
.  K2CO3 · 2 H2O

 K2CO3. -
, 

 98%  K2CO3. 
,  ( -

),  – , -
 ( ).  – . 

-
.  ( ) -

 1  6% K2O.
.

CaO, MgO, PbO, ZnO, BaO -
. -

, .
 CaO, ,

, 
. 

, , 
.

 CaCO3 –  
. , -

,  51-54% 
 0,1-0,2% . 

. 
.

– , , , -
, 

. 
, 

 (IV) – . 
 1498-64. , -

, .
 CaO  54,3%,  –

 0,2%. , -
, .

– ,    99-99,5%
CaCO3  – 0,015%, -

.
 MgO 

. -
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  , 
, 

. 
 –   CaCO3 ·  MgCO3.  

MgO .
 – , -

. -
-

:  19,5% MgO, -
 18% ;  CaO -

 32  34%;  Fe2O3 – 0,1-0,4%. 
   30,4% CaO  21,9%

MgO,  47,7% CO2 .
, -

. -
.   -

.
 BaO 

, , -
, 

.  CaO -

.
 BaCO3,

 BaSO4  Ba(NO3)2.
 – , 

,  77,7%
BaO.  ( ) .

 ( -
) .  BaSO4 -

, . 
 5% BaO  BaSO4, 

 (5-7%  BaSO4).
-

. , , -
,  56,6% BaO 

. -
.

 PbO – , -
  , 

, , 
, -

. 
, .
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Pb3O4  PbO. -
, 

, , 
360-380° .  SiO2, Al2O3,  CaO  
Fe2O3.  0,01%, 

, -
. 

, ,
 ( ). -

 97,7% ,  2,3% 2 . -
.

 ZnO -
, , , -

. 
-

 ( , 
). -

 – , -
-

.

, -
-

. -
 ZnO – -

. -
.

 202-84),  96% ZnO; -
 –  ZnCO3, 

 ( ) 
 Zn(NO3)2.

-

 “ ” . 
 (SiO2,  CaO,  Na2O),  

. 
; 

:  5  19%.
,  « » , -

, 
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. -
, 

. 

.

-
, -

.
, 

) -
. , % :

SiO2 – 35-65; CaO – 30-40; Al2O3 – 5-20 ; S – 2-4; Fe2O3 –  5; Mn –
 2;  –  2. -

, 
-

.

-
, % : SiO2 – 25-30; CaO – 50-55; Al2O3 – 5-

10; MgO – 5-15; Cr2O3 – 2-7. 
80% .

-
-

.
.

 ( , , -
, , .) -

, -
. -

, -
. -

, , 
  

. -
.

, 
, -
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, 
. ,  65-75%   

 25-35% . -
 ( -

 50%) , , -
. 

, -
.

. -
, , -

. .
, , -

, . -
. -

, , 
 ( ) 

.
, -

, -
. 

: , . , 
 ( ) -

, , , , 
, 

 2%.
-

. -
   1% -

,  20 . , -
, , -

 100° . -
.

3.1.2.  

: , , -
, , .

. ,
, . 
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, 
, , , -

.
 1%  1450°

, . 
 Na2SiF6.

 Na2SiF6 – 
, , . 

 0,3-0,5% . 

. -
, -

   -

. 
, -

.
 NaCl  ( ) -

 1,5  3% . , 
.  30

 35% .
 3%

 100%  10-15%.
 1,5% B2O3  100% (

SiO2) ,  . 

.
 0,25-0,5%, -

,  10-15%.
 – , -

 ( -

, 
). 

, , , -
.

 Na2SO4  -
 0,5-1% .

 NaNO3   99%  
   725° -

.
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-
KNO3 ,  925° .

 As2O3  Sb2O3 -
,  As2O3  Sb2O3 -

 (V) As2O5  Sb2O5.    1150-1200°
.

 NH4NO3  0,25% , -
 (NH4)2SO4  0,5  3%, -

  NH4Cl – 0,25%.
-

. , -
, , -

. -
.

 – , 
, , 

, , -

 ( , , .). , -
, 

FeO, , 
 Fe2O3, . -

-
. 

,   -
 (

) 
. 

.

, 
, 

.
: 

. 
 FeO + Fe2O3  0,08%, 

 –  0,06%.

, , -
, , 

, . -
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, -
 (II),  (II),  (IV) -

 ( ).
 Se 

CoO, , -
-

, . 
 0,005-0,01%, 

– 0,0001%. -
 Na2SeO3,  45,6%  -

. -
 (  700° ), , -

,  25-30% . 
-
-

 0,09%.
 NiO , 

, 
.

 (IV) MnO2  
: 4 MnO2  2  Mn2O3 +  O2. 

 (III)   
.

-
.  Nd2O3 -

 0,005-0,007%, 
.  Er2O3

0,02%  .
-

, -
 Fe2+

 10  Fe3+. -
 500 10-9 -

,  – . 
, 

. -
: ,

, .
-

 (400° ). 
  1-1,5% .

 (III) As2O3 -
 (V)
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As2O5, ,  1400° , -
. 

 (II) FeO   (III) Fe2O3. -
 0,3% As2O3.

 (III) Sb2O3,  (III),
, 

.
 (IV) eO2 – . 

 0,07-0,1%. 
 (IV) ,  87,4-

91,5% eO2.  (IV) 
.

 – , 
. -

,  ( -
) -

 ( ). -
, -

, , 
, .

 – ,
, , , , , , , .

.
 (II) CoO, -

, -
. 

 CoO  Co2O3   0,002% -
,  0,5% - . 

 – 
,  3-6% CoO. -

, . -
, -

 ( )
.

 (III)
Co2O3, .  1150 - 1200°

 (III) Co2O3   (II) CoO.
 (II)  4467-48.

4 – .

 Mn2O3  3%   –
 12-20%. -
 –  MnO2 -

 KMnO4.
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 (II) NiO. 
. -

 NiO (2-3%) 
.  NiO  (III) Ni2O3

). -
.

, 
  , , 

.  (II) CuO ,
. 

 CuO  1-2%, -
 (II) . 

) -
 30% . 

.
 Fe2O3 -

, FeO – . 
, , -

. -
 – -

,  – 
. , 

.
-

 FeS, -
.

 UO2
, UO3 – .  0,5-

1,0% UO3  13% UO3 . 
 Na2UO4

. , , -
, .   -

-

. , ,

.
–  Na2SeO3

 ( ).

. -
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, 
 – .

 ( ). , 
 ( ), 

Na2Se03,  45,6% .

.  Cr2O3 -
 K2Cr2O7, 

.  Cr2O3  0,25-
1,2% .  (

) . -
, 

Cr2O3, SiO2, Al2O3, CaO, MgO, 
 ( , -

, ). -
 (0,5%), 

(2%) . 
: CuO : Cr2O3  = 3 : 4.

.
-

 CdS – . 

CdS ,  PbS, -
.  CdS -

, 
, 

.

.  (IV) CeO2
.  (IV)

CeO2  (IV) TiO2  -
.  (IV) CeO2 -

, -
.  Pr2O3 -

,  Nd2O3 – -
,  Er2O3 – .

-
, , , -

, , , 
-

.
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. -
, -

. -
, 

.   -

”.
,

, ,  (I), .
 –

 ( ). -
 “ ”  PbO  25 

50%.  10%-  ( ) 
 (III) AuCl3,  100 -

 1 . -
 0,01%,  – 0,02% . , -

, -
. 

.
. -

 0,01% .  10%-
 ( )  AgNO3. 

. -

. -
 (IV) SnO2.

 Cu2O -
-

,  580 - 700°
 ( ). 

.  Cu2O  1-
3% . -

,   -
 KHC4H4O6

 (II)  SnO. -
.  0,8-1,8% 

,

.
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 Se -
 ( -

).  ( ) 0,3-0,8% Se, 1-1,45%
 CdCO3  0,5-1% S (

). -
,  4-18% , 

. 
 70-80% .

 Sb2O3  Sb2O5
, -

-
. -

.   
,  Sb2S3 – 

. -
  

.

 ( ). 
, 

1 . 
 ( ).

-
. -

 2-3%    4–5%.
-

 Na2SiF6  3NaFAlF3.  
 12,8% 

 Al2O3, 32,8%  Na2O  54,4% .
-

 (  –  CaF2), . 
 5-8% 

. , -
. -

.
.
-
,
-

. , -
 Ca3(PO4)2, 

Na2HPO4 ·  12  H2O   Ca4(CaF) · (PO4)3. 
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 80-85% Ca3(PO4)2, 10% CaCO3, 
 Mg3(PO4)2   CaF2.

, 
.

, 
. -

, -
, 

. -

, -
. .

. 
, 

  
).

. ,
, , 

.
 –  NaNO3 – 

318° ,  400° , 
725° , 
(IV) .

 KNO3  336° ,
, 

(925° ), -
.

 As2O3
. , -

. -
 (0,3% As2O3  1-1,5% ) 

 (V), 
, , -

, . , -
, 

.
, -

, .
 (IV) CeO2

 (II) . -
.
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.
, , , ) 

.
 KHC4H4O6

. 
.

-
 (II) SnO – ; 

SnCl2 · 2H2O – 
  Sn.

3.2. 

-
, .

3.2.1. 

, 
, .

, 
. 

, -
, , -

.

, 
  , 

.
-

. 

. 
-

, -
. 

.
, , , , 

.
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. , ,
, 

. 
. -

: -
, , . , 

, .
 ( ) – 

, 
, 

. -
, , 
, -
.

-

-
, -

:
 – -

, ;
 – -

;
 – 

;
 – 

 – , -
-

;
 – -

,  -
;

, -
 0,005-0,01%.

-
, -

, -
.

. , -
 4,5% . , -



65

. 
, 

4,5%, 
. 

.
.  ( ) 

. -
. -

, -
,  81  1 2. -

.
, . , -

  -
:  –  –  –  – -

.
, ,

, , , 
.

 40-
50 , -

,  400°   
. , -

 7%,  ( -
 0,08 )  7 .

, 
0,2  60  90% .

-
 09 (64 ./ 2),  

-
.

; , 
, . -

, -
. -

 1,1 (49 ./ 2).
. -

, , 
 – .

, , -
, 

-1, 
. , , -
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. 
 1,3  1,4.

-
, . 

, .
. 

  , . 
, , 

, .

 36 
1 2 (  1,2).   -

, 
650-750° , 

.
.

. 
-

. , -
.

, ; -
 – . 

 30%. 
 (  30-60 ), , -

. .
.  , -

, ,  ( ) -
. -

1. , , 
 1,4-1,2 

. 
.

 ( ) -
.

.
, 

.
, , 

  -
. -

 ( ) -
    -
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, -
  , 

. , 
, .

  , -
  .

 10 -
,  24 ,

.
,

. -
-

. , 
, 

.

3.2.2. 

-
-

. , -
, ,

.
, , ,

, , -

. 
  -

: , , , -
, . -

, 
-

. -
-

.

, , , -
, 

.

. -
. 
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, 
. -

. -
. 

, .

. -
, -

. , 
, , 

-
. 

, 
.

, , -
, -

 4-5%,  – 4-7%. 

 (50-60° ).
-

, : -
. 

, 
, . 

-
. -

 2-5 .

 ±0,3% .
-

. 

-
.

, -
, 

. 
-

.

-
 ( ). -



69

-3 –
3-4 m/ .  250-270 3 . 

.
-

, . -
. , ,

, 
.

, -
 ( , -

, ) 
, . -

.
-

, -
 – 

.
-

. , , -
.

, 
. 

, ,
-

.
-

, .
.

-
. -

, 
. -

, 
.

-
. 
, 

. 
. , -

.
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, 
. ,

. -

. 
, ,

-
.

-
 ( .1). -

,
.  1 

 2, -
 3.

. 1.   

. 
, 

-
. 

), -
 4. -
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, -
. , 

 5. -
-

.
 6,

 7. 
 8 .

-
, 
. 

 9  10  11.
: 

, ,  – .
 – .

-
. , -

, -
.

.
-

.
-

, , , -
, , 

 – . 

, -
.

, , -
, . -

, 
, -

-
.

. -
 50 

10-12 . 
. , 

.
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-
, 

, -
. -

 – , , , .
, 

.

3.2.2.  ( )

-
. -

 – 
.

, 
, -

, -
 –  –  – -

.
: -

, , -
,   
: , , ,  -

.
, -

,  1450-
1500° ,

-
.

: ,  – -
, -

;   – .  -
, 

. , 
, -

.  – . -
. 

. , 
, -

, -
. -
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. -
-
-

.
. -

 - -
, 

-
. -

, 
, , 

.

 800-900° . 
, . 

, -
; , . -

-
. 

:

                     575°           870”            1470 0  (  17100 )

 SiO2 -
.  1713° -

.
 300-400° -

-
:

MgCO3 +Na2 CO3=  Na2Mg(CO3)2;
3 +N 2 3 = Na2Ca(CO3)2.

 600–830° -

MgCO3:

Na2Mg(CO3)2 +2SiO2 =Na2SiO3 +MgSiO3 +2CO2;
Na2Ca ( 3)2+2SiO2 =Na2SiO3+CaSiO3 +2CO2;

MgC 3=MgO+CO2.

. -
 780-880°
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Na2Mg(CO3)2  N 2 3)2 ,   Na2Mg(C03)2 –  Na2CO3,
2 3)2 – Na2CO3. 

 N 2 3
 854° .

 912°
:

3 O2.
 980–1200°

:

MgO+SiO2 =MgSiO3;
CaO+SiO2 =CaSiO3

, -
.

 Na2SO4 -
 1200° :

Na2SO4+SiO2=Na2SiO3+SO2+1/2 O2.

 ( ).  Na2SO4 -
:

Na2SO4+2C=Na2S+2CO2.

-
, 

:
Na2S+Na2SO4+2SiO2 =2NaSiO3+SO2 +S;

 Na2S+Na2SO4 +CaC03 +3SiO2=2Na2SiO3+CaSiO3+SO2+S+CO2.

 740-1100° . 
-

 NaOH,  SiO2 -
:

Na2S+2H2O =2NaOH+H2S;
2NaOH+SiO2 =Na2SiO3 -H2O.

-
-

. , 

.
 100-150° -

. -
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, 
. 

 900-1150° .
, 

, 
, . ,

, 
. -

, -
. -

, , – -
.

, -
. -

 5 -
.

-
, , 

. -
 0,5-3%  ( , -
, , ), -

.
 (  80-1000),

.

. 
, -

, 
.  

.  500°
, 

,  SiO2. -
, -

: -
 3-5% ,  Na2SO4

–  7%.
. -

-
 ( ), . -

-
 25% 

. 
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. -
, -

  60-70% .

, 
, , 

, . -
. 

, , 
.
-

, , -
.

, -
,  – 
,  – , 

 ( , ) -
.

. -
, . -

 (  <0,3 ), -
 – . 

. , 
 ( ,

.), 
.

. 
. -

, ,
-
-

.
.  

, -
 ( ).

-
, , -

 Na2SO4 .
. 

. -

 1550-1600° , 
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. 
10°  SiO2  10-15%, 
1550°  1600°  –  5-7%. 

, -
, 

.
-

, 
. -

, , 
. -

.
-

. 
, 

, 
, .

, -
 ( , ), 

. 
 ( -

) .
. , 

-
 (

) ,  ( ).
.

, 
,  ( ).

, . -
, .

 – 
. 

, -
, 

-
. .

, -
. 

: ,
, -

 – , 
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, 
.

: 
(0,3-0,5%); 
(1% K2O  0,02% As2O3);  (0,5-1%); -

 (0,25%);  (
1%) , 

.
-

, -
.

. -
,  ( , 

), , 
, -

 (
).

-
, -

.
. -

:
,

, 
,  200° ;

;
-

;
-

, . 
, , 
.

 1,5% , 
.

-
 B2O3. -

 1,5%, 
 10-15%. , , 

.
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, 
, : 

, -
-

. 
. -

 1420-1550° . -
 10-20 .

.
,

 ( ) . -
 ( ) -

. -
. -

-
. 

-
, 

. 
,  (1420-1550° ).

, . -
, , , 

, , , -
. -

. 

, , 
.

.
, 

-

. , 
.

-
, 

.

-
, 

. -
.



80

 ( ).  – -
, 
.  ( ) 

. 
 200-300° , 

 ( -
) . 
 1520-1580° , , 

, 1120-1280° .

, , -
. -

, -
. -

-
, 

 – . -
-

.
-

, 
, 

.

,
-

. 
, -

.
.  

. -
, -

. 
.

. -
-

,  ( -
), -
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. -
 (NaOH) -

, -
, 

. 
-

, -
.

-
 (

). 
-

. -
. 

, -
.

, -
. 

, -
. 

. , -
-

, -
.

.
-

, -
.  1450 

1620°
 5 . ,

, 

, 
, -

.
-
.

,  – 
.
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. 
, -

.
,

.

-
-

, 
. 

-
. -

. 
.

3.2.4. 

-
, ,

.  – -

. 
, 

. -
. 

.
 –

, . 

 ( ) 
 ( , ). -

, 
, . -

-
-

 ( .2). -
, -

, -
, 

. 
.
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. 2. :
1 – ; 2 – ; 3 – ; 4 – ;
5 – ; 6 – ; 7 – , 8 – ;

9 – ; 10 – 

 ( .3) – -
, ,

, 
. , -

,  ( -
), , -

, .
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. 3. :
1 – ; 2 – ; 3 – ; 4 – ;

5 – ; 6 – ; 7 – ;
8 – ; 9– 
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: 
, , -

, , -
, , -

.
 1, -

, , 
,  6.

, 
, 

. -
, ,

, 
. 

, , 
, , 

. , -
, , , -

,– . -
. -

.
.
.

, , 
.

  -
. , 

, . -
-

. -
-

 ( ) -
, .

-
, 

-
: , 
.

,
. -
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. 
-

 100–300 . 
 60–150% -

. -
, .

.

, ,   , 

. , -
, , -

, . -
. ,

. 
,  – -

. -
.

, 
. -

, .
, 

. 
-

. , -
, 

-
.

-
. -

 – .
-

-
. 

-
, . 
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-
 – , ,

.
-
-

.

. -
, . 

-
. -

: 
 7500–8300 

1  2800 .
, -

 ( . 4). 
” , 

. 
. -

-

.
 1 .

-
, -

, , 
. -

; -
,  1100– 1300° , -

.
-

.

 6–15 ,  1,5–3  0,6–
0,9 .      
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. 4. :
 – ;  – ; 1 – ;

2, 4 – ; 3 – 



89

. 4.  ( ):
 – ;  – ; 1 – ;

2, 4 – ; 3 – 



90

, -
. -

. -

, 

 3 . 
-

. 
 40 .

 1200-1500 2 ,  1 
 12,5-17,6 . 

 5,5 , -
. 

. 
-
-

.
-

. -
-

, 
. -

, -
, -

.

,  ( -
).

. 
. -

 18-26%, -
-

.

: , .
, . -
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.

60% . -
. -

 5 .

;  (
) . 

.
-

, -
. -

, .

 (2,2–7,2)  103

1 . -
, -

, -
.

, 
, . 

, -
.

, 

.
-

, 
. 
, 

.
-

. , 
, .

 ( ) 
: -

, -
 – .
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-
, -

 ( ) , -
, ,

. -
  :  ( ) 
. -
 ( ), 

. 
-

2 / .
, -

, -
, . -

-
.

3.3. 

-
, -

, .
-

. , , 
. -

-
.

:
 ( , );

 ( , );
 ( ).

 ( ).  
, -

.  
 ( , O2, N2, CO, CO2, SO2), 

. 
. 

, , 
, 

.
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 ( )
.

-
, 

1 .  (  1 ) 
”.

: , -
, . 

. , -
-

, ;
-

.
, 

, .
  , -

:

;

 ( );
;

;
;

.

.
-

, -
: , -

, -
, .

-
, 

,    (
 1200° ) . -

. 
, 

.
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-
. -

-
 (SO2,  O2); -

.

,   .
-

, , .

 – 
.  Al2O3  SiO2 -

-
.
-
-

.
,

, , . 
, 

, 
.

-
. 

, -
, .

-
: 

, , -
, -

, 
, .

, 
. , -

, 
 ( , ) -

.
 – , -

 ( , -
, , ) -
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 – . -
,

, -
-

.
 – 

.  – -
.

, -
. : 

, 
, -

. -
.
,

, ,
. 

, -
. , 
, , 

.
-

. -
. 

  

.
 ( ) -

. -
.

-
, , 

-
.

-
, 

, -
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  4

 100 -
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,  – -

.
, ,

 13 .
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, .
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. -

,  5 
,  “ -
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 1500- . 
, -
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, 

. , 
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.  XII–XIII -

, , ,
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, 
, , . -

, , -
 “ ”

 1625 , ,
, -

 1635 .
-

  -
, , , ,

. -

, .  -
, 

. 
,

. -
, 

, -
, 

 ( , 
). -

, 
. -

. -
-

 ( ). 
, -

. -
, -

 –  (2,5 3) .
, 

, , ), , 
, :  2001-2003 . -

 4,75 -
, -

, -
,  10,0 .
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 ( , , -
, , , , -

).
, -

, . 
:

, 
;

 (
 0,5  2 3).

, -
, , , -

, , 
. 

-
; . -

-
. -

, -
.

-
,  ( , ,

, , ) 
. , , 

 2,3 ,  5-8% -
. 

 7  220 
.  0,5- . -

:
.

, , -
, 

, -

-
 ( , , , , , 

, .).
-

, , 
 ( ) 

.
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 (  10117-91); -
 (  15844-80);  (

14182-80); , 
 10782-85); , , -

 (  6-19-72-76) . -

, -
, , , , , -

, , , , , , -
. 

 (  10117-91) 
. 6) :

I –  –  ( .
6, )  200; 250; 500; 700  1000 3

;
II –  –  ( . 6, ) -

 400  800 3 ;
III –  –  ( . 6, ) 

50; 100; 250  500 3 , 1,  B1;
IV –  –  ( . 6, ) 

250  500 3 ;
V –  –  ( . 6, ) 

500 3 ;
VI –  –  ( . 6, ) 

500 3 ;
VII –  –  ( . 6, ) 

250  500 3 ;
VIII –  –  ( . 6, ) -

 700 3 ;
IX –  – , -

 ( . 6, )  272  544 3

;
X –  – , , 

 ( . 6, )  330  500 3

;
XI –  –  ( .

6, )  200  500 3 ;
XII –  – -

 ( . 6, )  330 3 ;
XIII –  –  ( . 6, ) 

750 3 .
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. 6. 
 (  10117-91)
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. 7. 

 ( . 7):
 –  ( . 7, );
 –  ( . 7, );
 –  ( . 7, );

A,  A1 –  ( .
7, );

, B1 –  ( . 7, -
);
 –  ( . 7, ).

 (  15844-80) -
 ( . 8):

I –  ( .
8, ) –  250; 500 
1000 3 ;

II –  ( .8, ) – 
 250; 500  1000 3 -

;
III –  ( . 8, ) – 

 500 3 ;
IV –  ( . 8, ) – 

 200  500 3 -
;

V –  ( . 8, ) – 
 200  250 3 -

.
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. 8. 
 (  15844-80)

-
, 

.
-

, 

.

, , , . .), 
, , 

 ( , ), 
,  – 

. 
; -

, , -
, .

-
, -
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, . .9
,

 ( . 9, ); , , , 
 ( . 9, );  ( . 9, ).

. 9. 

. 
, , -

, -
. -

:

, , , ;
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-
;

;
-

, ;
, 

;
, -

 4–5 ;
, -

, 
;

, -
, 

.
-

, 
, , -

, 
. -

: -
, 

. -

, , -
, . -

.
-
-

, -
 25%, 

-
, .

-
-

, -
.

, , 
, 

,  0,025  10 3.
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. 
-

, . -
-

, , 
, -

. 
, , 

-
.

-
, . -

, -
-

.

, , 
. 

 5717-81) 
. 10, ) : I -  ( .

10, ), II –  ( . 10, )  III–     ( . 10, , ).

. 10. 
 5717-81)
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, 
. 2.  I ( . . 7, )  II ( . . 7, ) -

 58,68, 82  100 ,
 III -  58  66  ( . .

7, )  82  ( . . 7, ). -
, 

.
 15-25 -

0,1-0,2 . , 
, -

 40  100° . 
 5 

:
 1000 3 –  0,5 ;

 5000 3 –  0,35 ;
 10000 3 –  0,3 .

 2
 (  5717-81)

, 3 , 
-

D d
100 .,

, 

100 130±3 58 65 - 1 64-1 54 1,7 11
200 225±7 58 100-1 64-1 54 1.7 15
350 385±10 66 125-2 724 64 2,0 18
350 385±10 68 125-2 72-1 64 2,0 18
350 385±10 82 88-1 89-2 78 2,0 19
500 560±15 82 118-2 89-2 78 2,0 25,5
650 710±15 82 141-2 89-2 78 2,0 30
800 865±15 82 164-2 93-2 78 2,2 33
1000 1060±20 82 162-2 105-2 78 2,2 41
2000 2080±30 82 207-3 133-2 78 2,5 75
3000 3200±50 82 236-3 154-2 78 2,7 96
5000 5200±100 82 286-3 172-2 78 3,0 130
5000 5200±100 100 286-3 172-2 96 3,0 135

10000 10300±150 82 380-3 220-2 78 3,0 240
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. 11. 

-
, -

, 
-

.

, -
. :  1-82-500  5717-81.

-
-

, -
-

, 
. . 11 

, -
 ( .

11, , , ),  ( . 11, ),  ( . 11, ),
 ( . 11, ),  ( . 11, ), 

 ( . 11, ). -
, 

.
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. ampulla) -
-

, , 
.

-
, , -

, , ,
- . -

, 
. 

 ( . 12, ) -
. ,

. -
 1 ( . 12, ), 

 2, , 
 3,  4.

.12.  ( )  ( ):
1 – ; 2 – ; 3 – ; 4 – 
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 0,1 
30 3 , -

.

, . -

-
 200  300 .

-
, 

.
-

.
-

: ,
, , , , -

, , , , ,
, . 

 –  0,25  3 , . -
-

) 
 0,1  0,5 . , 

 ( , ).

, , 

: , 
), , , ., 

.

, -
, -

 – . -
-

,  0,25  3,0 ,
) -

,  1 . , 

 0,75  4,5    –  –  1  6 ,
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 6  8
, , 

 0,370 .

. -

,  0,25  1,0 .
. -

-
. , 

 30 , ,
 – . 

 28 ± 1 ,  32,5 ±
1 . , 

, -
, .

, , -
, -

 100 ,
. 

), . -

, , 
 20 . 

, , ; -
 5 .

 0,25 .
-

, 
. -

 ( , .), 
, . .

, , -
, -

. 
-
-

. 
 ( ,

, ),  ( , -
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, , ), -
 ( , ,

)  ( ).
-

, . -
, , 

. 
, -

.

4.2. 

, -
, .

, 
, 

. -
.

-
, -

, -
. , -

  .

. , 
-

. -

 (  200 ), 
.

,  SiO2,  
Na2O, l203  MgO,

. -
 MgO  3,0–3,5%. 

l2 3 , -
,  3-4%, , 

, –  5-7%. -
, 

.
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 Fe2O3. , -
, 

0,15  0,3%  Fe2O3. , -
,  -

, -

1,5-2,5%.  2,0-2,5% .
 (

) 
,  0,1% Fe2O3. 

 2-3% Na2O 2 , , -
, -

 1% .

 1% 2 3. 
SO3  0,5%.

-
. -

-
2, , 

, . 
 (%): (SiO2 + R2O3) – 74-75,5, RO – 10-

11,5  R2O – 14,0-14,5.

, -
. , -

 (%): (SiO2 + R2O3) – 74-76, RO –
9-10  R2O – 15-16. -

: (SiO2 + R2O3) – 74,6-
75,0, RO – 8,5-8,7  R2O – 16,5-16,7%.

, -
, -

 (%):
(SiO2 + R2O3) – 75-76, RO – 11-13, R2O – 12-13 ( -

, 
).

 ( , , ) 
, , -
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, , -
 (50-100 ), 

. -
, 

. -
, , 
; , -

, , , . -
 1103–55  10117–62 , 5717–51 -

.
 (%): 

 SiO2 – 73; 12 3 + Fe2 3 – 3-3,5; CaO + MgO – 10;
Na2  +K2O – 14,5; SO3 – 0,3; F – 0,5 (  100%); -

 SiO2 – 68,5; 12 3 – 4; Fe2 3 – 1,3; Mn3O4 – 1,2; CaO +MgO –
10,3; Na2  + K2  – 14,5;  SO3 – 0,2.

, 
, 

, -
 450 , 

. 
, -

. -

.

.
-
-

 MgO  0,8-1,5%.  MgO -
-

, -
 Al2O3.

Na2O  3%   K2O. -
, -

.

 B2O3  BaO 
 1% . 

.
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4.3. 

-
: , , ,

, -
.

, 

-
. 

, -

.
-

, -
.

, ,
-

. -
-

, , .
, 

. 
, -

. -
,  ( ), .

-
. , ,

 40% , 
,

, , , -
.

 1450–1550° . 
-

. -
, -

.
-

 1460–1480° .  1500–1560°
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 1800  / 2 -
 1530º  3000 2  1600º .
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, . -



121

, -
-

, , ,  (
).  
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, -

, . -
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, , 
 –

. , 
.
  

: . 
-

. -
, , -

. 
-

, 
.

, ,
. -

 10  108 , -
 10 . ,

, 
. , -

 103,5 ,  –
102,2,  –10 , , -

, 
.

. 

. 
, 

. , 
, 

, 
 “ ” -

 ( ). -
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, -

.
-

: , -
, , , -

,  ( . 3). -

.
 3

-

-
-
-

-
,

0

,

1050–
650 103– 4 107 , , ,

, , 
- 1100–

700 103– 4 107 , -

1100–
750 5-102– 5 106

-
, -

1050–
700 103– 107 , -

, 

1150–
800 102– 106

,
-

1200–
700 103– 107

 – -
. -

. -
, 

. 



123

.
, 

.

) ( . 12). -
. -

, -
 « ».  -

:
, -

;
-

 “ ”;
 “ ” 

 “ ”,
;

-
.

. 12. :
 – ;  – ;

 –  ( )

-

.
-

, , -

. 13).
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. 13. 

. -

6-, 8-  10- , 
. -

, , -
.

, , 
 ( . 14).

1. -
, 

.
2. -

.
3. , , 

.
4. 

 180° -
.

5. -
, -

.
,

 – ,
 ( ) . -

-
.



125

. 14. 

. , ,  (
 30 )  15-160 , -

 25-370 ,  15-4000  – , -
, , . 

-
 ( , , , -

, , ).
 – ,

-
-

, 
: . 

 (
30 ), -

.

 ( -
),  –  ( ),

 ( , -
) , 

.
-

 ( . 15). 
3 (  I), 

 2, , .
 1 .

           1                    2                    3                   4                   5
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” (  II). 
,  “ ” 

 5  6
 III).  4, -

,  “ ” 

 IV). 
, -

, -
.

. 15. :
1 – ; 2 – ; 3 – ;
4 – ; 5 – ; 6 – 

 – 
, 

(2 -12, 2 -3, JS-6-2 .). -

, , 
,  ( ). -

-
, .

,

-
. , -

, 
  .

 – , -
-
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, -
, -

, , 
.

, . 

, -
-

, .
-

, 
. -

. 
-

. 
, 

, .
-

, -
, -

.

. 
, -

, , 
. , 

, 
. 

. 
 10 . -

 10  5 .
-

 520–600° .
 – , 

, -
. -

 1014 . -
 100 , .

-
 50–60° , 

 70–100° .
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-
 450–480° .  SiO2,

Al2O3, CaO, MgO , 
, N 2 , 2 .

-1000X18 . 
-

 30 , , 
 ( ) 

200-300 , . 
 560° , -

 60° . -
. 

, 

. -
.

 – , , – 
, -

-
. 

, 
 4-6 , .

 – -
, , 

, 
. 

-
, . 

. , 
. -

 2–3 .
, ,

. 
:  SiO2

12O3 ,  Na2O, 2 ,
 – . 

, 
. 

. 
-

, 
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 (  5-7 )
 (

, ).
. 

: ,
, . 

, .
.

-
. 

:  – 
 ( ), -

, 
400 ,  150 , 

 400 ./ ; -
 – 
,  ( )

 500  200 , 
 300–400 ./ .

, -
, . 

, : ,
, ., . 

 500 ,  80 ,
 800–1000 ./ .

-
. 

, , . -
, 

.
-

, 
, -

, , 
 2–2,5 . -

; -
. 

. 
-

.



131

. 
, -

.
, 

 ( ,
). ,

, , , 
-

. , 
. -

, 
. 

, 
, -

.
-

 – -
. 

, 
, 

. 
 3-5 , 

, , . , 
-

 1  (
), .

-
,

, , . -
, -

 SnCl4 -
. , -

. 

 150–200° . -
, 

.
, 

, 
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. -
: 

 SnCl4 ,  – 
. -

 20-30%.

.
-

. -
, .

 ( -
 420–500° ) 

.
3 (  1,5–4 ) 

Na+c  0,098 + 
0,133 °. 

 30–40 . 
, ,

 2–4 , -
 1,5–2 . 

 600–620° ) -
-
-

. ,  Na+ + -
 Li2SO4  0,068 °, 

 250 . -
, -

. -
, , -

, , 
.

, -
, ,

 10–12- . 
-

.

, -
: -
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 ( l, KNO3,
K2SO4 .). -

. 

, 
10–18 , 

.

4.4.  

.

, -
-

. :
,
-

;

, ; 
;  – ;

.
-

.
-

 – , ; 
-

.  ( ) -
, -

 ( ) . 
, 

-
,  ( ) .

 –  (
IV, . 16), . 

. 16.  I 
 3 .  II -

.  III 
; -
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 – “ ”,  5 -
 (  IV). -

.
-4,

-211, -312, -221. -
, , 

, -
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. -
, -

. -
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 –  15  2 .

. 16.  :
1 – ; 2– ; 3 – ; 4 – 
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, .
. -

, 
, ; , 

, -
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. 17. 
:

1 – ; 2 – ;
3 –   ; 4 –   ;
5 –   ; 6 – ;
7 – ; 8 –   

 2 -10 
0,1  3,5 . -10 -

 0,5  –  28 ./ ,  –  29000 ./ .
-

, -
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,  o . 
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. -
 – 
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 ( . 18), .
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: -
-4 -4-2, -6 -6-2 (

).
-4 , 

, , -
 ( .19). -

, 
, -

, .
-

:  ( ) -
 “ ”  ( . 19, ), -

 “ ” 
. 19, )  ( . 19, ). 
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 – .

, -
, , ,

. , , .

.

.19. -4

, ,
, -
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, -
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. 20 
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6
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-
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-4-2  -4 ,

. -4-2 
-521. -

, 
-521  ( -

). -
.

. -
-

. -
, , -

 ( ), 
. -

:
, 

, ;
.

, , ,
, 

, , .

. 
-6 -

.
-6 -

-  10 
200  ( ). -

-2 
 (   3 ). :

, 
 – , , 
. 

 – . -2 –  9000
 0,5 .

.
) -

. -
-12 – , , 

(“ ”).  12 , 
 12 .



142

 200
 5000 .  – -

 0,5-1 . -
-12  30 .  0,5  27-28 .

 1 . -
 70 . . .

-
: -

 ( ), 
-

 ( .21).

. 21. :
I – ; II – ;
III  IV – ; V – 

; VI – 
; 1 – ; 2 – ; 3 – ;

4 – ; 5 – ; 6 – ;
7 – ; 8 – 

-12
-3.  2 -3-2  2 -3,

.
.

, 
,  – . -

-
,  –

.
-

, -
,

, 
, -
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, , , 
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 1,8  2 2, 
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) 
. -
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, -

. , , -
, -

, -
. 

, 
 ( ), 

. 
, , , 

, -
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-
 ( . 22). , 
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, 
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-6, -

,  33  75 . ; -
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, -
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