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3.1.
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– L

[179]

-

-

-

6-

-
-
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-

-
-

-
-

-

-

-

-
-
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- 43 %. 
-

 3.1 

-

I 2,40 0,593 0,491 (91) 
I 0 4,00 0,548 0,427 (69) 

- I 5,00 0,543 0,414 (84) 
I 2,74 0,568 0,436 (80) 

I 0 2,80 0,560 0,442 (84) 
III I IV 0,77 0,590 0,520 (80) 

III 1,48 0,650 0,510 (82) 
IV 0,65 0,620 0,560 (94) 
I 2,55 0,608 0,541 (95) 
II 2,60 0,523 0,489 (91) 

I 1,46 0,642 0,652 (93) 
-

I

2,43 0,593 0,577 (93) 

1-  18,00 0,453 0,426 (96) 
1-  19,00 0,427 0,350 (92) 

2-  8,00 0,247 0,042 (41) 
- 1-  17,00 0,404 0,359 (93) 

I 4,00 0,290 0,150 (97) 
I 3,80 0,310 0,240 (97) 
4 1,50 0,500 0,430 (75) 
2 1,40 0,500 0,450 (75) 
1,2,3 3,90 0,460 0,360 (49) 
2 2,90 0,600 0,600 (80) 

3 15,00 0,150 0,040 (16) 
4 63,00 0,200 0,040 (54) 
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-20 % [57, 179, 

-

-

-

-

- - 16 - 17 %,
- 33- 37 %. 

-
- 90 %) 
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-

-

-

-
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60 106

-

-

-

-
-
-

- 15 %). 

-

-
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- -

- 3
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- -
-

-

-
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- -
-

-
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-
-

-

- -

-
–
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3.2. ,

[40, 57, 81, 121, 157, 159, 176, 184, 207, 229 .] 

-

–50-

-

-

-

- -

cos -

- 0,1 % [206, 207, 176]. 
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L

-

- 3 %. 

-

-
-

c c
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–

-
–

-
–

-
-
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 [60, 112, 223 .]

.

-
-

[112];

-

-

9–12 9–6 -
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9–12

-

-

-

-
-

-

9–12

[112].

9–12

-

9–12
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9–12

9–12

-

135

- 2 %. 

 [57] 

-
– -

- -
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-

- 20-

- 95 %. 
-

6:
1-9 -
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-

6

– – 20,8 %, 
–

– 2.

-

-9630
-9633 [168, 195, 196] 

-

-

-9630 -9633, -

-
- -
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- -
-

-

-
2 -
-

-

- 3

-

- 3

- 3 -

140- 3.

-
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 3.2 

3

21315
21433
21158
20937

6490
28712

23
52
52
29
58
58
44
51

30,9
33,6
7,8
66,7
4,0
6,1
94,1
202,2

61,5
85,7
70,6
91,0
77,5
56,8
98,0
99,0

24,6
35,4
26,8
49,5
9,4
7,4

113,9
203,2

54,0
77,9
77,6
84,2
83,7
60,8
96,9
96,7

2476
2031
3742
706
47

3564
4289
1709

34
39
35
17
1
37
84
19

 ( ) [57, 206, 207, 209 .] 

L -

- - 3
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–

3.3

-
-

-

6- 10 3- 6 3- 5
35 -80 4- 40 2- 50
10-55 55- 90 40- 95
2-4 0,01- 20 0,01- 20

0,01- 5 0,001-4 0,001- 4
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-

-
I - -

-

-
–

-

3

3.

- 3

-



151

-

3.3. ,

[8, 121, 135, 166, 184, 227, 224, 236 .] 

-

- -
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-

-

R

-

R = â â

ï ï

/

/

k

k
, (3.1) 

k k -
2; â

ï-

R

R  = â â

ïâ ïâ

/

/

k

k
, (3.2) 

k k -

2; â ïâ -

-
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-

G  = 0V .  (3.3) 

G  – 0 –
3; V  –

3.
V

V  = 
2 2

2
2 2

2
,

n
n i

n i i
n iRi

R k
r h m
k R

  (3.4) 

i = 1, 2, … , n –
rn –

Ri, Rn – i- n-
ki kn – i- n-
2; hi – i-

mi – i-
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- 100 %; 

-

 3.4 

- -

3 4 1969 9 35 1551 

3 4 1978 15 31 191 

2 3 1987 3 15 721 

2 1 1983 13 36 4950 

2 1991 6 36 1031 

4 1985 6 23 10 000 

0 1 2 1983 5 29 11 571 

1981 - - 493

1981 8 46 125 
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-
2 -
- 68

-

 [51, 57, 204] 
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-

3

-
NATROSOL 250 HHR-P
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BERMOCOLL E-FQ BENECEL MP874. 

- 70
- 35

CELL SIZE HEC-10, NATROSOL 250 HHR-P
CULMINAL 3000 P, MS 400 PS, CULMINAL 7000 PF 

COURGEL.

-  ( ) [15] 

-
-

–

-

-

-

- 0,5%-
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-
25

-

- - 0,2-

-

- 87),

-202– -043–

–
-225–88).

- 3

-
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-

 ( )

Na(K)AlSiO4

L
-
-
-

Al2O3 – 28 %;   
SiO2 - 42,8 %; Na2O - 12,1 %; CaO - K2O - 7,5 %. 



161

(NaK)2OAlO32SiO2 + 8HCl + nH2O = 
= 2NaCl + 2KCl + 2AlCl3 2H2O + 2SiO2 (n-20)H2O. (3.5) 

K, Na, Al Ca,
Mg

- 3.

HCl

-
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-12-
54– –

- 3

5

4
-

7
5

-
-

3

t
HCl –
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-

3

-

-

1 – 2 - 3 - -320; 4 - 5 -
6 - 7 -
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 [112]

-
CaSiO3, MgSiO3,

Mg(OH)2, Ca(OH)2

NaSiO3 + 2HCl = H2SiO3 + 2NaCl. 

-

-

-
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- 90 ............................................................................
.......  1,0- 10,0

......................................  
-

-40 ........................................................................
-90 ........................................................................

....................................................................................  
.................  

.............................................................................................  

HCl

HCl

HCl

HCl

-

-
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112].

- L

 [232] 

- -

-

t
HCl

1 - 2 -
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-

 3.5 

0,001- 0,025 0,13-0,5  0,37-210,0 6,0-7,0 17--40

-
-

0,005- 0,032 0,15- 0,5 0,37- 240,0 3,5 -7,0 25 

0,1- 0,4 0,15 -0,5 0,37- 240,0 1,5 -3,0 25 -40
0,15-0,24

0,03 -0,96

0,15 - 0,5  -

0,15–0,5

0,37-240,0

0,37–240,0

-

-

25

25

0,5-3,5

0,1-

0,2-0,5

2,0 0,2–0,5

0,30-110,0

0,30–110,0

5-6

5–6

25

25
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Cr3+ L

- L

- 15) 106

= 5- 20 %. 

[(CH3COO3Cr KCr(SO4)2 12H2O]

R
R .

L

 =       
= (3- 15) 106 - 2- 30 %; 

–75;
- -05-439–78;
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–79;
240-
L 3.

3

............................  20- 200
..............................  

..........................  90- 300

-

-

 3.6 

3

-

1 63 20 8 -
2 125 30 8 -
3 250 30 8 -
4 63 - - 0,20
5 125 - - 0,30
6 250 - - 0,30
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3.4. ,

 [8, 181, 184] 

-
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-

2

20- -
-
-

3

-
9–12.

-

-

-  ( ) [8, 184] 

-

2+ Mg2+

CaSiO3, MgSiO3, Ca(OH)2 Mg(OH)2
CaSiO3

Mg
-
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L

-

 3.7 

-

2

-

 14 0,62 32,9 -
0,1 - - -
7,7 0,70 26,0 6,9 

+ 0,05 %
0,1 - - -

0,580 86,5 

 5,4 0,72 24,2 8,7 
 13 0,60 34,0 -

0,1 - - -
4,7 0,64 30,6 3,4 

+
+

0,1 - - -

0,540 85,0 

 5,0 0,65 29,7 4,3 
 15 0,63 32,2 -

1 +
+ 1

0,1 - - -

 3,7 0,70 26,1 6,1 

+ 0,05 % 

0,1 - - -

0,570 87,0 

 5,0 0,71 25,2 7,0 

–
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-

L

–
13078–

-16-157–

–
3

1360- 3.

- 0,2–2,0;
-0,2- 0,01- 0,06

12,7- 13,7.

- 3 - 3;
3

.
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L L

- -

 [181, 184, 220 .] 

-

- -
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- 120
-

-

-

- Acine-
tobacter Specics», 

= 2-
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«

«

-

-

«
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-

-
-

- - -
- -

-

-  [8, 152, 181, 184] 

-
-

- -

-
-
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-

- -
-

-

-

2.

-
-
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-

-

- -

 3.8 

-

2

-

%

1 0,570 

1,5 % NH4OH, 0,2 . .

0,64
0,64

0,64
0,64

0,69 5,0

31,3

27,0
2 0,572 

1,5 % NH4OH+

0,64
0,64

0,64

0,64

0,72 8,0 24,4
3 0,571 

1,5 % NH4OH+0,06 % 

0,64
0,64

0,64

0,64

0,75 11,0

31,3

21,8
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4-

2

3

- 3

- -

1-
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-

-

II VI

- -

- -
-

( - , - ,
- ) [170, 171, 217] 

- L
– - - -
- - -

-

-
-

-

L
-



182

-

- - 100
10-

10- 4

-
-

- -
-

2 [170, 171]. 

10- -
100 -

t,
1 - 80; 2 - 100; 3 -
1,1 ; 1 , - 2,2 ; 2 - 3,3 ;
3 -
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-

- -
0,2-

- –1

-
-

2

-

1,1 - - 2,2 - - 3,3 -
-
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-

-
-

-
-
- -
- 95

-

-

-

 3.9 

-

-

2

-

%

I

I

I

10-11

10-11

I

I

I

91
91
91
91

91

91
93

93

0,059
0,069
0,069
0,088

0,088

0,089
0,073

0,079

-

-

-
-
-
-

-

-
-

-

60,7
63,1
62,6
59,0

-

63,0
59,4

59,0

76,4
-

82,4
-

76,2

79,1
-

80,9

15,7
-

19,8
-

17,2

16,1
-

21,9
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-

-
-

2

-

- 10 %. 

-

- -
- -

- - -

10- 5
-
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L

-

-
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L
- -

-


