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 – 
r = 3 .

-
, 16 , 17 , 18 ; -

14 , 15 , 19 .  ( ?)
. -

, 
, 

.
sp3- . 

,  –  – 
104.5º, .  90º

   ( ) -
 – , , -

, -
. 

. 

. ,  4
, 

, . . 1:

. 1 – ) 
) .

 – ,
-

, , 

. 
. -

 – 
. -
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:  –   0,96·10–10

 1,76·10–10 . 

, . 

, .

, 
. 

, 
, , . 2:

. 2 – 
:   = lq,

    – , , ;
l – ;
q – .

, 
, 

1,844 . 
. :

,
,

: 

, 
 “ ”;

.
. , -

, . : 
, (  NH3); 

, 

. , 
 V

 (10–14). , 
, 

, .
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.
.  70,8% 

(8% ) – . 
 2,4 , , , 

   « »,  « ».
,  ( ,

, , , , , ), 
 ( ) ,  ( , , , , ), 

, -
 ( )  ( . . ) – -

: «  - », «  - », «  - ».
-

 – ; , -
, ; -
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.,   
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) ,   
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.
.  2

, .
. (1970) ;  

.

. -
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.
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. , -
, , . 

, -
, . -
. , .

, , ,
, ,

. ,
, , 

.
, , , -

. , 
.

MgCO3 –
, :

               MgCO3 + H2O  Mg(OH)2 + H2CO3
Mg 2+ + CO3

2- + 2H2O  Mg 2+ + 2OH- + H2CO3
                         CO3

2- + 2H2O  2OH- + H2CO3
, 

.  2 :
1  – , -

. , .,
uSO4·5H2O, .

2   –   ,  

:
     Na2  + H2O  2NaOH                                 SO2 + H2O  H2SO3
     2K + 2H2O  H2 + 2KOH                              + H2O H3 H
                                     2  = 2 + H2O  H3  – 2 H

-

:                        2Fe + 2H2O + O2  2Fe (OH)2.
-

.
:         CaCO3 + CO2 + H2O  Ca(HCO3)2  Ca2+ + 2HCO3

–
,

 CO2 . -
, 

:
SiO3 + CO2 + H2O  CaCO3 + SiO2 + H2O,

.
-
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, . -
:

CaCO3 + H2SO4  CaSO4 + CO2 + H2O,
  SiO3 + H2SO4  CaSO4 + SiO2 + H2O.

, -
, 

. , 
. 

.
, -

, . , 
, –  NaCl,  CaSO4, 

 CaCO3, ·Mg(CO3)2. 
: , , , , , ,

, ., 
.

,   
, h ,

, .
, 

, ,
, ) 

 – , -
, , 

, .
-

, , .,  ( )
:             NaOH  > Ca(OH2)  > Zn(OH)2  > Fe(OH)3.

, -
:   Fe3+  Al3+  Ca2+ +  Na+ ;  CO3

2–  SO4
2–  Cl–  NO3

– .
, -

, -
 – h,  ( ). 

, 
.

 Eh  +700 – -500 . 
 Eh, 

SO4
2–, Fe3+;  –  Eh 

 Fe2+.
. 
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 –
6342
,,,, SFeMnCu -

 ( NO3, H2SO4, , ).
 – , 

, 
, 2S,   NH3, 

 Fe2+  Ag2S, PbS, CuS.
, 

, .
 – 

: 2
+ +  –

, 
.

.
, , :

, , 2S, Na2CO3.
+, , >7:

2S +  + K S,
:   2 + + S2– +  2 + + – + S–, 

                                           S2– + – + S–.
, , FeCl2, MgSO4.

–, ,  <7:
FeCl2 +  F (OH) l + HCl,

Fe2+ + 2Cl– +  F (OH)+ + Cl– + H+ + Cl–,
Fe2+ +  F (OH)+ + H+.

, , (NH4)2S,
(NH4)2CO3. 

, -
, :

I :     (NH4)2CO3+  NH4OH + NH4HCO3,
                      2NH4

++ CO3
2– +  NH4OH + NH4HCO3,

:   NH4HCO3 +  NH4OH + H2CO3,
                                      NH4

++ CO3
– +  NH4OH + H2CO3.

.(NH4OH) = 1,8·10-5; .(H2 3) = 4,5·10-7.
.(NH4OH)  >  .(H2 3), 

- ,   > 7, .
, -

.
 – , 

, .
. 

(1909 .) . (1925 .), 
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:  =  + b,
 – ;

 b – .
 60-70- . . . , . 

. .
, 

, :           1 + 2   3 + ,
  1– ,

2 –  ,
3 – , 1 2,
 – , .

,  – 
.

, , :
1. .
2. , , .
3. .
4. .
5. .

. 
: H+ > Fe3+ > Al3+ > Ba2+ > Ca2+ > Mg2+> K+ > Na+.

,
, 

.  Na2SO4
. 

: 
:

SO4 ( . .) + 2Na+ BK)  Na2SO4 ( . .) + 2+ ),
 – .

-
 SiO2  Al2O3, 

, :
{[(mSiO2·nSiO3

2–)·2(n-x)K+]2x–·2xK+} – , 
 ( ).

  -
, 

. -
. 

 – , 
:

2 + 2
h ,

2  + 2,   º= 470 ,
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, , ( -
2  – ), 

, 
. 

,  (NO3
–, SO4

2–)  
.

. , 
 – 

2S – 
. 

, : 
, 

:
6 12 6 + 3Na2SO4  3Na2CO3 + 3CO2 + 3H2S + 3H2O + Q.

, 
 –  40-60 º .

, , -
2S  S :

                                          2 2S + O2   2S +2H2O,
S + 3O2 + 2H2O   H2SO4.

:
2 + 2 2S   2S + H2O + 2

, 
.

, -
:

 – 2– NH2 + 3 2  2N 3 + 2 2  + 4 2.
 ( ., Azobacter) 

:           2N2 + 6H2O   4N 3 + 4 2.
:

3  N 2
–  N 3

–

, 
:      2N 3

–  2N 2
–  N2

                           2N 3  N2

, . 
 Fe2+  Fe3+, ., FeCO3

 Fe2(CO3)3, :
4FeCO3 + 6H2O + O2  4Fe(O )3 + 4 2,

    2Fe2(O )6
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 (5-10 º ).
. , 

:
Sb2O3 + 2  Sb2O5.

, -
; 

; 
, . . ; 

. 

:
6 12 6 + 6O2  6 2  + 6 2,  º= - 2820 

.
– , 

).
:

 – , ,
 – ; h

; , 
 – .

– , 
 ( ., -, -, -

, , ) -
,  ( , 

).

 2. : 

 – 
:  =  / V.

: , 3, , , .
:  ( 2+) = 2 .

 – 
:  = . / ..

, ;
 100%, ,

,  100 
 ( /100 ).  – 1 , 

 ‰, . ,  “
 ” .
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:  = 0,34  34%.
 – ,

, :  = /V = ·V.
: 3, , 

3.
: 2SO4) = 0,02  0,02 .

 – ,
, :

 = /  =  / · .
: , .

: Cl) = 0,01 . 2SO4) = 0,02 .
 – 

( ). , , 
: (

z
1 ) = ./V  = ·(

z
1 )·V . = ·z/ ·V .,

z – , (
z
1 ) = ·z.

: 3, , 3.
: (

2
1

2SO4) = 0,5 .

, %- , , , 
 (% - ) – -

, 
.

 %- : 
, ,  100 

 %:

% -  x = KatAn

x
z

100)1(
.

, l–,
SO4

2–, HCO3
–  Na+, Mg2+, Ca2+, K+. 

 1 , -
. , -

,  10–3 % .
 – 

: , , , , 
. . 

. , ,
. . .
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 (  1 , 2)
. ,

 0,204 %. 
 1 , 

, :
 NaCl  26,4%,  MgCl2 – 35,3%,  CaCl2 –

42,7,  KCl – 25,58%.
, -

, . 
- 

. l–  350 . 
, , 

 1 – 2,5 .
:  NaCl, l, 

), , , -
, .

,

.  (  – 
) 

.
.

 AgNO3
 AgCl . 

l– -
:

                          NaCl + AgNO3  NaNO3 + AgCl
K2CrO4 + AgNO3  2KNO3 + Ag2CrO4

 –  2 l–. 
, .

– , 
, l– , 

- ; -
2+, 4 -

. 2+ -
 S 4

2-  1 . 
 500 .

, 
, -

 ( 2S). 
 ( .  1).
, 
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, 
, . 

, 2S  2
, ., . ,

.
: SO4· 2 2

Na2SO4· 10 2 ; ; ; ; 
2SO4) , , , 

.
.

. -
-

. 4.
 SO4

2–

Pb2+ bSO4
, -

, :
SO4

2- + b(NO3)2  2NO3
- + bSO4

S
b2+ + 2 C6H5 – NH – N  – C                               

                                         N = N – C6H5
                                                           6 5

                                        S                 N = N
C6H5 – NH – N = C                   Pb                  C = N – N  – C6H5
                                    N = N                 S

                                           6 5
 10 .

 – -
, -

. 
.

, 
, 2 :

2 = [CO2] + [HCO3
– ] + [H2CO3] + [CO3

2– ]
,

, -
, 
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, :

2 ( .)
  

2 ( )   2 3
1 + + 3

– 2 + + 3
2–

                                   3
2– + 2+

3 )
  

                                                                   3 .)
 CO2, HCO3

–, CO3
2– .

 = 7,0 – 8,5,  HCO3
–:

. 3 – 

, 
, , 

.
, , 

;  –
, ; 
 > 8 

.
 – 3,  MgCa(CO3)2, 

 50-80 % 3  MgCO3), 
2::

3 + 2 + 2  2 O3
- + 2++ g2+
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:             SiO3
– + 2 O3

– + SiO2,
                                   OH– + 2 O3

–.

, , 
.

2, O3
–. , 

,  (
, , ), .

 – 
, 2, 

, 
.  0,5º 

.
. 1. -

; -
,  – 

-
:  2 + 2   2 3,

                                    2 + 2  + 2+  + + 3 .
2

: 
(100 ) 10  0,1 % 

. 
, : 

 ( = 0,0277 ), , 
 (

2 ) .
2

 Na2CO3, ,  10.
– 

, 
, l–.  –

, 
 Na+ l– . 

 80-89 % , 
, 

 3 .
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 – , .
 – -

, , , , 
,  – , ,

, . 
:

Na4

+ a2+ ( g2+)

22 , Mga

 + 4 Na+

,
,

. (
.  7).  100 

. -
, , 

, :

Na+ = KA
V

10001,0 , ,

 – , ;  – -
 (

z
1 ) = 0,1 ; V – -

, .
-

, -
. 2+, 

. , 2+

 1 ,  1 
.

.
,

 – 3,6. ,  CaF2,  Ca3(PO4)3,
 MgCa(CO3)2,  CaSO4,  CaSO4·2H2O,  

, 3 , 
 ( , , , ) 

40 % . 
, 
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. 
, 

,  – , .
. -

3
–  SO4

2– -
. , 

 – 
.  ( , )  ( -

) , ,
 –   .

-
g2(OH)2CO3, 

:

3)2 t 3  + 2 + 2  ;

Mg( 3)2 t Mg 3  + 2 + 2  ;

2Mg( 3)2 t Mg2(OH)2 3  + 3 2 + 2  .

 ( ) 
, , , , . 

, -
, :

MgSO4 + Na2 3 t Mg 3  + Na2 4 ,

l2  + 2Na3 4 t 3(P 4)2  + 6NaCl,
 – 2+  Mg2+  

Na+, ,  (Na2O· Al2O3·
2SiO2· 2H2O), ,  – , 

.
2+  Mg2+

:

                                      . = 16,1204,20
][][ 22 MgCa ,

 20,04  (1/2 r
2+)  12,16

 (1/2 r Mg2+) c(
z
1 ) = 1 .

3

2+  Mg2+  1 , 
, 3

–,  – 
SO4

2–, NO3
– . .
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: 1d  ( )  0,01  1 
,  0,357 ,  17,86 3  1 .

, 1  = 1 3 . ,
1 3  2,804 d  ( )  50,05  ( -

).
:

0 - 1,5 4,5 - 6,5 
1,5 - 3,0 6,5 - 11 

- 3,0 - 4,5   > 11 

-
, , -

, , 
. 

, -
2+ . 

. 
, 2+

.
, 

,  7  ,
 10 

. : 
 (> 20 

3) , 
, , dCl2 – 73,5  0,6 ; BeSO4 –

20,3 i 0,14 , . 

.

0,1- 0,2 ,  –  , , -
 –  100 .

: ,
, , , .

 ( .) 
 ( ) 

. 
:

. = V

V
z

c

2

1000).1( .

 ,
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(
z

.1 ) – ;

V – ; V 2 – .
 –  ( 2+

) –  ( ) 
.

, -
 –

2,1 %. , -
 10 ; -

, 
, . 

. :
, 

 – .

,  MgCO3, 
H3[(SiO4)2Mg2OH],   Mg2SiO4,  ( ) -

 ( ) .
. g2+ ,  

 100 . 
:
g = . - .

 3.  : ,

, . , -
, ,

 10 .  < 10–3 %.
, .

: -
, ,

, , ;
, - -

, , 
,  – ;

, 
,  –

;
, , ,
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, ,  – ,
  , 

.
.  5 , . 1:

 1 – 

)
1 +, Rb+, Cs+, Be2+, Sr2+, Ba2+

2 Cu2+, Ag+, Au+, Pb2+, Fe2+,
Ni2+, Co2+

3 Cr (+3,+6), Al (+3), Mo(+6),
Mn (+6), V(+6)

4 Br-, F-, I-, BO3
3-

5 40K+, 87Rb+, 235, 238U6+, 210  2+,
232Th4+, 226Ra2+, 14CO3

2-, 3H+

, 
, ,

.
. , 

. 
 ( ) –  Fe2+(3+), Al3+,

Cu2+, Sn2+, Cr 4
2– , .

-
 (D) , -

 ( ) 
D =f(c), 

-
. 

:  =
V
1000 , ,

 –
, ; V – , , ; 1000 – 

.

 – ,
-915,  – -

.  40 -
:
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 – 0,004,  – 0,03,  – 0,07,  – 0,12 .
-S 

 73 , 
.

:  “ ”, 
-0251,  ( ., -68), 

 3000 , ,
, , -

, , -
. -

 5·10–11 –1.

 – , 
-

: , , , N, P, S, Si, Mg, Ca, K, Fe, Al, Mn. 
, 

.
, N  Si -

, , 
,

, , 
, -

.

 2 – 

- , 

1 2 3 4
N NH3, NH4

+, NO2
–,

NO3
–.

, , , ,
-

, -
 Nitroso-

monas:
NH4

++2 2 = NO2
– +

2 ;
 Nitrobacter:

2 + 2NO2
– = 2NO3

–.
: 

; ,
.

, 
2N-CO–NH2  NH3

NO2
–  NO3

–

 NH4
+  NO2

–

 NO3
– .

       
:

 + 4NO3
– +2 2

2N2 + 2 + 4 O3
– -

, 
N2 , .



26

1 2 3 4

2 4
–, 4

–,
4
3–.

5 4)3 l (F),
, 

 ( .)   
                             
     
            

Si H2SiO3, H4SiO4,
SiO2, SiO2·yH2O,
Si(OH)3

–,
Si(OH)6

2–.

, ,
, , -

,
., Mg- :

MgSiO4 + 4CO2 + 4H2O
Mg2+ + H4SiO4 + 4HCO3

–,
, 

, 

 SiO2 -
-
-
-

-
 Si  -

-
 S -

, -
  

.

. , -
. 

 ( 2[HgI4]) – 
);  (

) – -
 ( ),  –  (

).
:

= ,1000
V

 (  NH3) = ,1000
V

,

 –
, ; V – , , ;  –

.

. 
: , 

, , 
 – , , 

 – , ,
 – .

 – -
, .
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 –  ( , ,
, ) 

, ), 

.
 ( ), 

.
, 

. 
.

, . 
, , 

, .
4

 – 2, NH3, H2S, H2O, H2PO4
–, FeS.

 –
1,98-5,42 ,  –  20 , 

.
.

:
 – , 

,  1 , 2 .
nO4

 (
) –  ( )

 ( , -
) –  ( ). 

nO4 ( ) 
nO4 :

,
10008)1()1([( 4223421

V

OCH
z

CVKMnO
z

CVV

 – , 2 ; V1 –  MnO4, 
, ; V2 –  MnO4, 

2 2 4, ; V3 – 2 2 4, ; (
z
1 KMnO4) – -

MnO4, (
z
1

2 2O4) – -

; 8 – ;
V – , .
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) – , 
, , -

 ( ), 
 (1:1) 

2 ). 
2,  2 ,  N2  Ag2SO4, , ,

. 
, , 

:  1 l– – 0,23 2, -
.  –

 ( 2 r2O7 )
 ( ) 

-
.

 ( 5) – 
. 5 – 

, , 
 1 , 2 2  5 

.
; 

, 2 , , 
.

5  ( -
5  0 – 6 ) , 

,  4-5 ,  1 
1 .  ( .,

 –  8,5 2 4  21,75  NH4Cl;  22,5  MgSO4·7 2 ;
 0,25  Fe Cl3·6 2 ;   27,  5  l2) 

 1 .  -
 (1  1 )  0,2 

 1  6,8 – 7,5. 
.

5  0,5 2 .
5  6  (2 – -

, 4 – ): 
-

,  –  5 . -
2 nSO4 i 

KI, 2SO4 2 -
 Na2S2O3  C(

z
1 ) = 0,01 
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. :
n2+ + 2OH–   Mn(OH)2,

2Mn(OH)2 + O2 + 2KI + 2SO4   2MnO2 + I2 + 2H2O + K2SO4,
I2 + Na2S2O3  Na2S4O6 + 2NaI.

, ,
 – 

,  = -lg [H+]. 
, -

,    10–14:
2

+ + –, = [ +][ –] = 10–14 ,   [ +] = [ –] =10–7 ,
 = 7, ,  [ + ] < 10–7

 > 7 ,  [ + ]  >  10–7  <  7
 – .

, , -
-

. , , 
: , ,

; , 
 > 8 . , -

  - 

. 
.  = 6,7 – 8,6,

: , ,
2 3, .

:
, 

, . 3 :

2 + 2   2 3
1 + + 3

– 2 + + 3
2–

2

                                                    2 3 + –

2 ;
2 . 3

–

, -

. , 
, ;

, , 
 3,5, , 2 3

.
, ,

.
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 SO2  NO2 i , 
.

,  Na2CO3
 Na CO3,  11. 

, 
.

.  – 
. -

. -
, . -

 10 ,  1-2 -
. 
. 3.

 3 -  
  

0,1 -  1,3  –  

                                            
                                           

0,13 – 0,5
1,0 – 1,5
2,0 – 3,0

 – 
 – 

 – 
       

                                            
0,2 – 1,8
7,0 – 8,8

 – 
 – 

2,9 – 4,0  – 
3,0 – 4,6  – 
3,0 – 4,4  – 

2,5- 4,0- 5,8  – 
4,4 – 6,2  – 
5,0 – 6,6  – 
6,0 – 7,5  – 

8,2 – 10,0  – 
9,3 – 10,5  –  

 R 10,0 – 12,0  – 
11,0 – 13, 0  – 
12,0 – 14,0  – 

, , -
:

N2, O2, CO2, CH4
)

H2, H2S, He, Ar, CnH2n+2 (n=1-4)
)

NH3, SO2, HCl, HF, Br,
HI, )

3, 
 N2O, NO2, H2O2.
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: 1)  (N2, O2, CO2, He, Ar).
2)  (O2, CO2).
3) -  (  – 2,
N2, NH3, H2S, 2, H4 ; ).
4)  ( 2, NH3, H2S, 2).
5)  ( 2, SO2, ).
6) 
(CO2,  CH4, 2 6, 3 8, 4 10).
7) , -

 ( 2, 4 , 2S, NH3,  H2,
HCl, HF, Br, HI, SO2.

. 
 2 ,  4 

,   -
. -

. , 
. , -

, , 
, , 

.  
. , ,

.
, 

. , 
2 .

, 
,  (

).
: -

; , ,
. -

  : .= ,
 – ;  – ;

 – , .
 4.

 4 – 

, , 
2 0 – 14 (  50,0) 2 0,1- 3-4 .
2S  7,5,    = 1  N2 10 - 16
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 4. 

. -
 (1933-1936 .). 

, 
, . ,

, , -
. -

,   -
, 

 (  105 º ).

 5 – . 

, 
< 1,0

1,0 –10,0
10,0 –  50,0

> 50

. 
, 

:

 6 – . 

,  ‰
< 1,0

1,0 –25,0
25,0 – 50,0

> 50

.  (1945 .  1972 .),
:  (< 1,0‰),  (1,0 - 35‰),  (>35‰), 

, ,  (< 0,1‰),
 (0,1-0,5‰)  (0,5 – 1,0‰); 
 –  (1,0 –3,0‰),  (3,0-10,0‰),

 (10,0-35,0‰),  – 5 :  (35,0-
70,0‰),  (70,0-140,0‰),  (140,0-270,0‰),  (270,0-
350,0‰)  (>350,0‰) .

, .  (1961 .)
 5 :  (< 0,1 ),  (0,01-1,0 ),

 (1,0-10,0 ),  (10,0-50,0 ),  (>50,0 )  12
.
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 7:

 7 –   

, 
< 1,0

1,0 –  3,0
3,0 – 10,0

10,0 –  35,0
35,0
> 35

. . ,
.

: 1) , 

; 2) .

                                                 

                      S                         l
          , -       

, -                 , 
                 l

  Ca2+ Mg2+     Na+           Ca2+ Mg2+        Na+          Ca2+ Mg2+        Na+

      

              V   V             V   IV       

. 4 – 
 ( . ).

-
;  –

, . 
, : .

:
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 – 3
– > 2+ + Mg2+, , , 

, .
 – 3

– < 2+ + Mg2+ <  SO4
2– + 3

–, 
 ( , , ).
 – SO4

2– + 3
– < 2+ + Mg2+, , , l– > Na+. 

, , 
 ( , , , ,

).
V  – 3

– = 0, , 
,  ( ,

),  ( -
),  ( , 

), , .
. 

: –
3
–, S – SO4

2–, l – l–;
 –  Na+, 2+, Mg2+

 ( );
– .

, , , 
: Mg

II .

,  5% 
, 

1) ,  0,1 
;

2) , 
.

, 3,
4,0
MgCa

IIS
, ,  0,4 

 3 , 
.

.  – ,
.

: 1)  (
) ;

2) ;
3)  “ ” 

. , 1, 2, 3, S1,
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S2, S3, );
4) .

 3 : , 
 4 : , ,

; 
. 8:

 8  – . 

- - - -

2
:

g

2
:

g
Na

1
:
Na

3
:
Na

2
:

g

2
:

g

 S2
:

         g
 S1

:

g
         N

 S1
a:

 S2
:

         g
 S1
:

g

 S2
:

         g
 S1
:

          g

 S1
:

g
         N

 S1
:

 S1
:

g

 S2
:

g
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:

g
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:

g
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:
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) , gCl2, NaCl, 
, gSO4, Na2SO4.

) , 

.
. .

: 1) 
,  12,5%-  ( ,

,  50%);
2) .

 9  – . 

                                                                                                

HCO3
– SO4

2– Cl–

V

NO3
–

V

HCO3
–, SO4

2–, Cl–, NO3
–

                      
:          g

                      Na

                
:    Mg

                Na

                
:    g

                Na

               K
:   Na

                      
:          g

                      Na

:
1.  Fe3+ > 10 
2. s3+ > 1 
3.   –   
                              Br– > 10 
4.   H2SiO3 > 50 
5.  F-, Zn2+, Mn2+, Cu2+, Li+,
Co2+,  

:
1. 2 > 075 
2.   2S > 10 
3.  Rn > 13,4·103 3

4.  ( , )

:
1.  37 º
2.   > 37 º

. -
. 

.
: 1) : 2+,

Mg2+, Na+ : HCO3
–, CO3

2–, SO4
2–, Cl–.

2) 
, ,

.
 4 : -

, , :

Na2CO3       Na HCO3       Na2SO4 NaCl
                    HCO3
MgCO3             -                     -               -

aCO3              -                     -               -
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     -                     -                      Na2SO4 NaCl
MgCO3         g(HCO3)2          MgSO4 MgCl2

CO3          (HCO3)2           SO4          -

     -                     -                         - NaCl
     -                     -                         - MgCl2

CO3        (HCO3)2          SO4          Cl2

               
2SO4 Cl             F

, 
, , 

, .

         10 – 
                                         . :

1 < 3
2 3 - 5
3 5 – 6,5
4 6,5 – 7,5
5 7,5 – 8,5
6 8,5 – 9,5
7 >9,5

 ( ) 
. 

.,,
623

SCuFe
 – 1) ,

,  S2–, S–,
, , ., , ,

, ,  > 7, h < 0;
2) , 4, Fe2+, 2
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  , , ,
. h < 300-200 .

, 
, 

. 
. ,

, , 
, 

.

:
1.  – , -

 %- ,  – -
, ,  10 %- -

,  (%- ) . 
: 

) ,  ( );
)  ( ) , 

, 
, );

) ); 
 ( ) ,  ,  3

) :

  , ; , 21,4 2,1 133750
5152060 343

MgNaa
NOSOl

38 9,

: 
 2,1  2100 

 1,4 ,  38  9 
3
– –  60  %- ,  l– –  20  %- ,

SO4
2– – 15 %-  NO3

– – 5 %- + – 50 %- , Na+ – 37 %-
Mg+ –  13 %- .
2. , 

:
) ;
) ;
) , ,

,  .
)  1%, -

, ,  1,285 
 1,29 ,  35,872  35,9 .
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: 
 ( ),  ( );

, 
%-  (%- );

) , -
.

 1 .
 – , 

, 
.  1 

 3 , -
. 

 – , 
,  1  333 .

. 11.

 11 – 

< 3
3-1000

1001-104

10001-5·104

50001-105

>105

3.  ( . 5) 
 ( .6),  – 

 ( . 7), ,  ( .8-9).

                              Mg2+

     Na++K+

         Ca2+

                                                                                  CO3
2– +HCO3

–

                                 Cl– (+NO3
–)            SO4

2–

. 5 –  ( )
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. 6 –  ( )

. 7 – ) ; ) .

. 
, -

, . 
.
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 – 
. : , 

,  – 
, ,

. 
.

. 8 – .

, -
 ( ) 

),  %- . 
.

. 8 – .
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. 9 – .

, 
, , -

, -
.

. 

 5. . 

:
1.  – , , , , , , -

 – 
, 

: 
, 

, 
, , , 

.
 (  5 ), -

l– i SO4
2–,   –  2+ g2+. 

, : 
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. -
. -

, -
.  20-25% 

 ( +, NH4
+, NO3

–).

,  – 
. 

 ( , , , 
) .

2.  – , . -
 83,5 3, -

: 70% 
,  44% ,  30 % - -

 (55% ).
. 

,  1 
 1 . 3 ,   –  4,6  3.  3039 

 10 , 22000 .  4% 
, 

.
, 

, :
1. .
2.

, 
.

3. .
4. , 

.
5. , 

, 
. -

, .
6. .

, 
 4  ( ):

.  200 .
.   200 - 500 .
.   500 - 1000 .

V.   >1000 .
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-
. 

: 3
– > S 4

2– > Cl–;
2+ > Mg2+ > Na+ > K+. : Br, I, Cu,

Pb, Co, Ag, Mn, Ni, Mo, W, Zn  10-30 .

 15-18 / .
 (

 N  ),  (  N/ )  (
1,5 ) ,  (0,1- 0,5 ),

 (  5 ).
 20-30 , 

10 , (
),  14 ,  10 ,

1,5-20 .
, -

 – 10-20  10-12 , .
, 

 6,8-7,4,  8,2.
3. – ,

 – , -
. , 

.

, 
.  748 , 

1 3  20 . .
,  ( -

, , 
, ) -

. , -
,  10 -

, 
 “ ” (

, 
, ), , 

. , 
.

, : 
.
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: 
,  –

,  – . 
:    2+ > Na+ + K+> Mg2+.

, 
, 

.
, 2  –
 (  9,7)  (  7,0).

) , 
; ) -

, , ; )  –
.

,
 ( ,  1 %),

, 
 350 )  –  (  25 %) 

 (>25 %).
) 

: , 
; ) , 

: 
390 , .

.
 1) -

: 3
– > 4

2– > Cl–; 2+ > Mg2+ > Na+ > K+;
2) ;
3) , 

 – .

–  2, 2,  N2  – 4, 2,  H2S, 
. 

,  (
), , 

, . . .

, ,
, ) , 

.

.
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-
,  – .

 – , , ;
,  – , -

.
4. .

. 
, 

, 
. 

:
1) 3

–, 3
2–,

4
2–, Cl–, Br–, F–, Na+, Mg2+, K+, 2+, Sr2+, 3 3 .

2) , , 
 1 .  2 : – 

2+, Fe(OH)2
+, Cr3+, Mn2+, Co2+, Cu2+, Cd2+ rO4

2–, HAsO4
–, WO4

2–,
VO2(OH)3

2–, Al(OH)4
–, .; – 3 ,

14 , 10 , 32Si, 40K, 87Rb, 
 [UO2(CO3)3]4– , 
. 

 11,1 ,  40 
. , 

.
3) , 

 – , .
4)  – , 

, .
, ,  – 

2SiO3,  – 2SiO3, 
SiO2· 2O,  – 

:
.=

5)  – , -
 – O2, N2, CO2, Ne, He, Ar,  –

2 2,  3, NO2, NH3,  – 2S, CH4
.

, 
, .,  100%,

 – 117%,  – 130%. ,
, , 
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, , 
.

. , 

2S  0,19  200  11,5  1500 . 
 80-120%, 

 –  200%, 
.

. , 
, 

, , 
. :

S + S  + S + S + S  =  S  + S  + S  + S + S ,
 S – , ; S  – , 

; S – , ; S  – ,
; S  – 

, , ;
S – , ; S  – , 

; S  – , -
; S – ,  ( 3, Mg 3, 

,   Na2B4O7, , ·Na2O·3B2O·6 2 );
S – .

 – ,  – , 

, , ), ,
, , .

.
, -

 (  35 );  (  =7,6-8,4);
; 

. 
, , 

. 

, 
. 

: . 
” , 

.
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,   -
: 

, , -
, .

5.  – , 
. 

, , ,
. : 

, , , 
, , ,

.
:

1. , 
 – Fe2+, Mn2+, NO3

–,
, , ., 

, 2, .
2. 

)  650  ( ).
3. .

, 
. ,

. 
, .

 – 
, , 

, 
: 

,  – .
: ) ; ) 

 ( , ); ) 
 ( 4,  H2S); 

 ( , , .).
:

 – 
;  – 3

–

SO4
2– + Cl– ;  – Na+, Ca2+.

 – 
, . 

 – , :  3
– +

SO4
2–; SO4

2–; SO4
2– + Cl–; Cl–.
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 47 
, 

.
 ( ) – , -

, 

. 
.

:  –  0,1 %, -
;

 (  10 %), -
 ( 4, CO2  H2S);  35 %) (>35 %,

 600 , 
 – 642 ), 

 Na+ i  Ca2+ i l–,  -
 – , .

 59 
.

– , 

.
 – ;

2 ., ,
.), 2S (c , .),

 ( , , ); 
,  (

), . 
.

;
; -

. . , -
;  ( . );

.
 – , 

.
– ,

.
 – , , 
.



50

 – , 
, , 

.
 – .

 –
, ,

.
6. .  “ ” -

. .
.  (1865-1940) 

,  Fe2+

. , 
, -

. 2, , 
), , ,

.
. , -

, , , , 
, .

, , , , 
. ,

, , - .

 – 
h, , .

, 
, , 

. Eh . 
,  ( h = 0), 

 – , . 
, h  0,  -500 

.

. 

 6. 

.
.

-
. , 
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, , , -
, , . -

 ( , - ), -
 ( ),  ( ,

, ),  (
).

, ,
, ,

, , .
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, , .
-

. , -

. -
. 

-
. -

-
 2004 .

. 
, 

, 
.

, 
, , , , , -

, , .
– , 

.
 – 

: , . -
 (NH3),  ( 2S),

, . 
.

 – 
, ., 

; ,  Pb(NO3)2, 
2S, 
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, 
 1) , ., 

; 2) ,
., , Fe2+, Br–,  S2–,
, ., NO2

–  [Cu(CN)4]2–, .
 – , 

, , ,

.
, 

, -
:

– . , -
; , -

 0,00001- 0,0001 , 
.  ( . gravis – 

.  – ) -
, 

.
 – , 

' , , 
.

:
 – 

;
, 

 10–3 ;
 (  . titre – , ) – -

, 
 ( , ) -

.

, : 

.
:

(
z
1 ) / (

z
1  Y) = V(Y) / V(X),

 V( ) V(Y) – , ;
(

z
1 ) (

z
1  Y) – -

, , ; z – .
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-
 – , 

,  1 , :
 =

)(
)(

XV
, .

 ( 3
2–, SO4

2–, Cl–, NH4
+), ,

 ( 2, 2,  2S), 
 ( , ).

, 
. :

 – , 
;

: , ,
, , , , , 

, , ;
, , , , ,

, , 
, 

.

 ( ) 
 (z), . -

, 
, 

. 
 –  10–6 .

, , 
 20 , , , , . 

 0,05 .
–

, , 
, . 

, , 
, 

 (0,025 ) 
 14 ; , 

; 
.
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, -
, . -

-
. -8,

-1, GS-2.

-
 ( ) ,

, , 
 ( , ), 

. , 
.

, , , 

.
-

.
 – -

, -
. 

 – 8- -
, , . , 

 Ga,  – g.
– -

.
. -

, -
, , .

, 
 –  ( -

) -
 ( -

).
, , 

. 
 ( -

, . . ), .   -
 10–8-10–7% 

 ( ) – .
 (

) . -
-
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 Fe3+, Cu2+, Co2+, Ni2+, Mn2+. 
 – -

,  10–7%.
– 

, ., , -
. , , ,  – -

. 
.

10–4-10  (10–10 %) , 
, . , 

, , ,  (  5·10–4 ),
 (  5·10–3 ),   –  (

2·10–5 ),  (  5·10–4 ),  – Pb (  5·10–3 ),
Cu – (  5·10–2 ) . -

 10–13 %.
 –  ( -

) .
-

,  70 .
-

. 
, 

 Na+ + . 
-915 

.
 ( )

, 
, 

. -
, -

,  , ., 27 l.
.

, , ., , -
, , , -

; -
.  10–15- 10–5%.

, , ,

.
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: , -
, , .

. conductivity – 
.  –  )  –  ,  

, 
. ,

. 

. ,
.

-
. 

. 
.

, 
,  Ag+, Mg2+, Sr2+, Pb2+, Ba2+,

l–, SO4
2– .

-
 – 10–5-10–4 , 

 (0,1-2%), 
.

. potentia - ) 
, , 

. 

, , , 
.

-
, 

,  – .
:

,lgg 0l czEc

z – , – ,  25  58,8 ,
0 – .

 2 :
1.  ( )  ( .)

 –  ( ) 
, , 

 ( ), . 
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.
, ,

 ( ., -01, -NO3-
01)  ( ., -1 3) .

, 
, ; , ., 

; ; 
, 

+, 2+, g2+, Cu2+, l–, Br–, I–, CN–.
2.  – 

( ) , , -
. 

.

. 
. -

, -
.

– ,
-

, , 
. 

.
-

 (Id) -
 (Ec)  (V) .

, , 
.

-
, , , 

.  10–6 – 10–5 . -

, .
– , 

 ( ), 
, ,  ( , 

, ),  – 
). -

, . ., , 
.
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 ( . – ) 
I = f(E)  –

. 

. 
  , 

 0,002 . 

 – , , .
-1

 ( u, Zn, Pb, Cd,
Ni)  ( , , ). 

 10–6 – 10–5  (10–8 ). 
.
-
-

 (10–8 - 10–7 ).

 0,12 - 0,15 .

10–11 -
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. -
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- , , 
, ,   

.
-
-

.
 – , 
 –  (1903 .) -

. .
, 

, , 
, . 

, , 
, – , 

, , 
, 
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, .
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.
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-
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 – )  (  –
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 ( ), .
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 – , . -
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-
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, ., , 
. , 

, 
.

OZNkPmSn  -
  :

OZNkPmSn
h O2 + H2O + zO2 + kNO2 + mPO4

3– + nSO2

                                                                        NO2
–
, NO3

–

, 
; 

. 

.
 – -

, 
. 

.
. . bio – , indicare – ) 

. 
, , 

, 
, , ,  (

), , , 
, .

, , 
. (1887 .).

– , 
-
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. 
.

– -
, -

. , 
, , , 

. , 
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, 
.

, , 
 ( ) . -

Chlorella vulgaris,
hlorophycota, Rhizoclonium hieroglyphicum,

Chyanophycota, Anabaena, Daphnia magna
 Cladocera, Nitrozomonas, Nitrobacter,

 (  – , , ,  – ,
, ), , ., , 

.

. ., 
(Streptococcus salivarius)  10–5 . -

.
, , -
, 

, -
,

, , -
, , -

.
, ., , 

  ., 
 Pb, Mn, Cr, Ni, Mo, Sn, V, Cd, Cu, Zn, Co 

.
-

. 
(20- .). -

-
. -

.
 – , 

-
. -

. , 
: , , , , .

, 
, , 
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SS- . SS ( . Prediction of Activity Spectra

for Substances) – , -
 “  – ” 

, . SS

. 
” .

 7. 
, 

 – 
, :

;
;

;
;

;

 – -
, , , -

, 
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.
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 ( )  ( ). 

 – , .
,

 ( . ) , -
, , -

,  ( , , ) -
, , 5,  (SO4

2–, Cl–, HCO3
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 ( .  4), , 
.

. 
, , 

, . 
, 

. 
,

 (  45 ).

 5  ( , , ) 
 0,1-0,2 º  0,2 

.  1 
”: 

. ,
 “ ” , -

.
,

, , , ;
.

.
, 

, 
.

 – , , -
, ., , 

; , -
, . 

,  – -
,  –  Fe3+ , 

 (78 º ) . 

. ,
 – , , -

. -
, .

.
1.  21 , 

1-11 12-21 ( . 12), 
, .
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2. 
, 

, . -
-

 12 – 

I, II , V
III, IV XV, XVI
V, VI  XVII, XVIII 

VII, VIII XIX, XX
IX, X

XI, XII XXI

 13  1 –  0,0875  K2Cr2O7, 2  CoSO4·7 2
1 2SO4 2SO4  = 1,84 3)  1  2 – 1 2SO4

 = 1,84 3)  1 . -
 ( . 13).

 13 – 
 1, 0 1 2 3 4 5 6 8 10 12 14 16
 2,  100 99 98 97 96 95 94 92 90 88 86 84

0 5 10 15 20 25 30 40 50 60 70 80

 20º  – 
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 0,5 - 1  2 . 
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.

 15 – 
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, -
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 16 – 

-
,

-
,

-
,

-
,

-
,

-
,

0 , 2 4
)

1 3 5

. ,  – -
, -

, . 
,  20-25º  60º  16.

 17 – , 
 ( . , . )

, 
, 

NaCl 150 500 ( )
MgCl2 100 400 ( )
MgSO4 200 500 ( )
CaSO4 70 150 ( )

KCl 350 700 ( )
FeSO4 1,5 5,0 ( )
MnCl2 2,0 4,0 
FeCl3 0,3 0,5 ( )

, -
, ., , , , , 

.

. 16).  20  60
 2 .

100  20 -
, , 

, , 
.  100  60-65 .

 – , , -
 2 . 
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, , ,
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Cs -
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C
M
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 300 .
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) -
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