
. 

. 
. 

2011



 621.73

:

 « »,
, 

. 

. 

., .
: . -

. : . . . 
. , 2011. 102 .

-
, , -

.
 150201

».

 621.73

©  
    

                . , 2011
©  ., ., 2011



3

 ( . techne – , , 
 logos – , ) – -

, -
.  – , 

, 
.

 XXI . 
. -

 – 
, -

.
 – -

. -
: -

 ( , , , -
, .); -

 ( , , , .); 
;  ( , -

, ). -
 – , -

 ( , , ).
 – , 

.
-

, , -
, 

,   -
. 

, , -
.



4

 1. 

1.1. 

-
, , .

-

. , -

.
: -

, . -

. 
 0,1–0,15  (10–15 ) -

. 
2–3 , . , 

. , 
 0,1% .

 2,0 -
, , -

.
, 

12  3,0 -
     15   30

.

 20 . 
, -

-
.

-

.
-

.
:

-
;



5

, . 
-

;
.

1.2. 

 ( ) 

3OHFe .

. 
-

2OHFe , -

3OHFe
.

-
.

-
 20–60 . 

. .
-

. 
.

, -
 ( , ) -

.

1.3. 

 – 
 (4–8 )  (25–40 / )

.

:

44 FeSOCuCuSOFe .

.



6

-
-

422242 SOHOCuOHSOCu .

-
. -

-

OHCuSOSOHSOCu 2424242 2201 .

- 
 0,2 3

. 
100–120 , -

. -
. 1.

 1

 ( SOH /402542 ), 

FeSO /,4
CuSO /,4 0-10 11-25 26-55 58-85 86-100

8 2 3 4 6 7
6 3 4 6 7 8
4 4 5 7 8 9

 1,0–1,5  8–12 2, 
.

, -
 ( , -

).
, -

, -
. 

, 
. 

, , -
.



7

-
-

.

1.4. 

. 
, , -

,  600° .
-

242 POHZn -

43POH . -

, -
.

244242 HZnHPOFeHPOPOHZnFe .        (a)

43243242 43 POHPOZnPOHZn .             ( )

2242432 HPOHFePOHFe .                ( )

2242432 HPOHZnPOHZn

242 POHFe
;  ( 4FeHPO

4ZnHPO ) – ; -

243 POZn . -
 – , 

.
- -

. -

 ( ). , -



8

. -
 ( ) , -

. -

, ,  –
, 

. -
, , 

. 

, 
. , 

.
, 

-
, -

. 
-

, -
-

, -
. 

. , -
, , . 

 ( ) -
, -

. 
, 

 ( ), 
-

 ( ), -
. ,  – 

.
-

. -
 10 -

 0,1 N NaOH . -
,  – -

. -
, , 

. ,  10 
30 NaOH -

, -



9

 30 . , -

 5. -
: -

, ; -
.

 ( ) -

4FeHPO . 

. -
, .

-
 8 . 

 (
). 

, -

243 POFe
. , 

.
,  ( ) – ( ) -

: -
,

; ,
,

, 

, -
.

.

, -
. , 

, . 
-
,

43 : PONO  2:1  3:1.

, 
–1 –2 ( .2). 

 90° ,  –  17
 30 .



10

 2

 ( )

, 
-

, - KKn 2Zn OHNOZn 223 6

-
,
2

-

–
2, 
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t , °

42SOH 4FeSO
t , ° -
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1,8–2,2 16,9–21,6 71–55 19–15
2,2–2,6 16,9–20,7 71–58 19–15
2.6–3,1 15,0–19,8 80–60 21 – 16
3,1–3,4 15,0–16,9 91–71 24–19
3,5–4,1 11,3–15,0 106–80 28–21

60–90 140–200  80 70–80 42–22

1,8–2,2 16,9–21,6
2,2–2,6 16,9–20,7
2,6–3,1 15,0–19,8
3,1–3,4 15,0–16,9
3,5–4,1 11,3–15,0

20–30 25–35
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20–24 14–27 - 100–170 85–95
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1,8–2,1 17,6–23,1      -

 60–120 .
1,5–1,8 23,1–30,3      -

  10–20 .
1,1–1,5 24,2–30,8

15Zn
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 4 , . 

 5 
, -
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 6. , 

, 
 – .

Na2S04 = 2Na+ + SO4
– .

. , 
– , 

.
2Na+ + 2 - = 2Na.

2Na + 2 2  = 2NaOH + 2.

 ( -
) 

. 
, -

,  –  – 

Fe2 3 - 6 - = 2Fe+++    + 3/2 2;

r2 3 - 6 - = 2 +++ + 3/2 2;

Ni  - 2 - = Ni+++ + 1/2 2.

, , -
.
-

Fe+++ + 3 2  = Fe(OH)3 + +;

r+++ + 3 2  = Cr(OH)3 + +;

Ni+ + 2 2  = Ni(OH)2 + 2 +.

 5 
, . 

, , -
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 1,935 •10-8  Dd2 , , ,
 1 , ,

2
51 935 10 DdM .

D a
, (2.2)

 D – , .
, ,

2
31 16 10 Dd V.

D a
, (2.3)

   V  – , .
, , 

, , -

DV
d a

. (2.4)

-
.

 5,5 
V  = 7 -

D = 910 ,  = 50 , -

2
3 910 5 5 71 16 10 4 03

5 5 50
.Q . .

.
.

-

3 14 910 7
360 4

5 5 50
.V

.
.

V . = 7,5 -
 5,5  24- -

4 23 67 10 5 5 7 5 24 2 0Q . . . . .
-

2 015, .

-
. ,  = 25 -
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VK = 655,8 , 
 = 7,33 . 

 2 .

.  24-
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 115x1,5  172 2, -
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 1 2
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2 0 0 012
172 5
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25 2 5
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-
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 3,5  6,5 .
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, -
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, -
 ( -

, , .). -
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60 60
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