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1.  
 

-
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, .  (  

). 
, -

. 
 

1.1.  
 

 
, , -

,   
. 

: -
, , .  

, -
.  

: 

I    –  2Pb , Ag , 2
2Hg ,  , . -

 Cl –  
Cl ); 

II   – 2+, 2Sr , 2+,  , . -

 2
4SO  

                                                
 

, .  
.) ZnOZnOCrCrCrOCrMnOMn 2

2
22

72
3

2
3

4
2 ,,,(  
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 – ). -
 , .  ,   

, -
 ( , .). -

 –  – -
. 

III   – 2233 ,,, ZnSnCrAl ,  , 
. ,  

 (  – ); 

IV    –  5333222 ,,,,,, SbSbBiFeFeMnMg , 
 , .  

 – ); 

V   – 2222 ,,, CuCdNiCo ,  , 
. -

 –   nNHMe x3 ,    n+  -
;  

 – n+. 
 – . 

VI    –  NaKNH ,,4  –  ,  
. , -

    . 
 I – VI . 

 
1.2.  

 
-

,  
: 

– ; 
– ; 
– ; 
– ; 
– -

; 
– ; 
– ; 
– ; 
– . -

; 
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– ; 
– ; 
–  ( , -

, ); 
– ; 
– . ; 
– ; 
– ; 
– ; 
– . . -

. ; 
– ; 
– ; 
– -

; 
– ; 
– , ; 
– ; 
– ; 
– ; 
– . 

, -
. 

. 
 

1.3.   
 

 
, , 

,  
,  . 

 
, , , – . 

: 
– ,  (  

)   0,5–1 , ,  -
, – 20–25 3. -

 (  20 3), , .; 
– ,   100  
, .  
, . -

; 
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– ,  20–25  
, .  

 2–3 3.  
, . -
; 

– ,  1 ,  
-

. 
, , , 

, -
. 

 
1.4.  

 
 « »  « » 

. 
-

  -
, , , -

 ( )   ( ) 
OHOBNa 2742 10    

4NaNH OHHPO 24 4 -
, -

 « »:  32CONa  32COK  32CONa  

3KNO . 
, , -

-
. 

 « »  
 
 
 

. 
,  

» , -
, -

. 
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1.5.  
 

, -
: 

– ; 
–  ( ); 
– . 

 
1.6. . ,  

 
 

1– : , -
 pH (–lg[H+]). 

 pH -
, : 

 

 
 

 
(pH<7) 

 
(pH~7) 

 
(pH>7) 

    
   

) 
 

     
) 

 
2– : , -

. 
 

. 
3– :  

. 
,  

. 
: 

–  Cmin –  ( 3), 
-

. 
 mmin 

 ) ,  
 ( =0,95 =0,99) -

.  
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,  « »  « -
» . 

–  (1:g), -
 ( , 

1 )  g (  1 3,  
 g , , 3). 

-
, -

,  
, -

, . 
 mmin(m)  

                                                6101 V
g

m ,                                           (1)   

   V – , , 3; 
m – ,  (1  = 10–6 ); 
g – ,  (  OHVg

2
, 3). 

 
 1.  Ag+, 

 

42
2
42 CrOAgCrOAg , 

 AgNO3,  1  Ag+  1 3. , 
 25 , -

. -
 (m,  ,  Cmin, 3)   

,  
0,02 3. 

 
: 

25000:11 Ag
g

. 

: 
 25000 3  1  Ag+, 
 0,02 3  m  Ag+,  

m 76
min 1088,010

25000
02,0

; 

34
5

7

3min /107,3
108102

108
)(
)(

MV
m

. 
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1.7.  pH .  
 

   
 pH (–lg[H+]). , -

    ,  
 pH.  ,      1  3  

10 3  0,1    HCl, , , = : 
33 /10

1010
101,0)(

V
VCHClC ,  

pH = – lg [H+] = – lg [HCl] = – lg 10–3=3, . 
pH = pH(H2O) – pH(HCl) = 7–3 = 4, . 

pH  4 . 
 1 3  10 3 0,1  NaOH, , -

, : 
pH = 14 – pOH = 14 – 3 = 11, . 

pH = 11 – 7 = 4 . 
 

  – -
; , -

. -
 (HCl .),  -

, .  
NaClCOOHCHHClCOONaCH 33 . 

,  
, : 

OHCOONaCHCOOHCHNaOH 233 . 
-

, :  
ClNHOHNH 44 . 

, -
.  ,   

.  -
, ,  

,   –  
 ( 3),  

 1  3 ,  -
 1. -

. ,  
.  
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,  
. 

 
 2.     1 -

, , -
: 

– 0,01  HCl; 
– 0,01  NaOH; 
–  100 . 

 
1. 3  

3  + + 3
–. 

-
 

5

3

3 1076,1
COOHCH
COOCHHK  

                                                      ( ) 
 

  
COOCH

COOHCHCOOHCHKH
3

3
3 . 

  -
,  

CCOOHCHKH 3 . 

 – lg ,   
CCOOHCHKH lglglg 3  

 

                                3 lg CCOOHCHpKpH .                          (2) 

,  

.,,pH 764
1
1lg764  

2.  0,01  HCl )  -
  , )  ( . ),   
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.74,4
01,01
01,01lg76,4pH  

3.  0,01  

.78,4
01,01
01,01lg76,4pH  

4.  100 ,  

.76,4
101
101lg76,4 2

2
pH  

 
 3.  1   -

,  5
4 1075,1OHNHK . 

, : 

                    .
4 lg14 COHNHpKpH ,                         (3)          

25,9
1
1lg75,414H , 

 0,01  

27,902,0259
0101
0101lg75414 ,

,-
,,H ; 

 0,01  

239
0101
0101lg75414 ,
,
,,H ; 

 100  

.25,9
101
101lg75414 2

2

,H  

 1    
 (  2). 

 
1.8.  

 
,  

 10–6 3  
(10–5 3   

). 
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 –    ( ),  -
,  ( = const). 

 
= const) ( ). 

     
), . -

  . 
, ,  

,    (    
). . -

 ( , -
.) , -

, .   
, -

. 
-

; -
,  

O2HMg2HOHMg 2
2

2  
+ 

2 ,  
22 OHMg  2OHMg .  

, . 
, , -

 
 ( 2 .)  ( 2 .), .  

, , , 
 

O2HMg2HOHMg 2
2

2  
, 

 OH  
-2

2 2OHMgOHMg     (I) 
,  

-
2 OHHOH        (II) 

 

I. 222
2 10OHMgOHMg ,  

                                   2  



 16

122 102 )x(x ,  ,103,6
4

10 53
12

x  

4102,12xOH 3. 

II. -
2 OHHOH ; ,OHHK -

OH
1410

2
 

710OH 3 .  ,  2 -
,  Mg(OH)2, ,  (I)  

, . 
   

, , , -
 2–

 ( 2+, Sr2+, Ba2+)  CaSO4, SrSO4, 
BaSO4 . -

, . -
, ,  

  2
4

2
4 SOBaBaSO               (I) 

  HClHCl 222 , 
 BaCl2  H2SO4 – , . -

 (I) , , .  
 

. 
 

1.9.  
 

 ( ) -
. 

 
1.9.1.  

 
-
-

, . , -
 2–  (Ca O3, 

Sr O3, Ba O3), . : 

22
2

3 2 COOHMeHMeCO . 
  -

; ,  (   -
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)  ,  .   
, . 

 ( 2WO4 .)   
, . -

. 
, 

,  
. 

 
 4.  

(III)  0,01    SbCl3,  42
3 10OHSb . 

 
                 ClSbSbCl 33

3   
              0,01     0,01  

                  OHSbOHSb 33
3 , 

3Sb  3Sb  3SbCl .  xOH 3 ,   

423233
3 10310 xOHSbOHSb ,  

 143
42

2 1055,1
27

10
10

x ; 

14106,43xOH 3 

;3,13106,4lg 14pOH  
7,03.1314pH  ( ). 

,  
 10–6 3.  

 3Sb , : 
423633

3 10310 xOHSbOHSb ,  

;1033,3
1027

10 133
6

42
x  

12103xOH 3; 

;1210lg 12pOH  
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    21214pH , ,  3)(OHSb  

 3SbCl . 
 

1.9.2.  
 

 « » , -
. -

, . -
,  

. 
 

 5.  10
4 10BaSO -

 0,01     Na2SO4 . 
 BaSO4  : 

2
4

2
4 SOBaBaSO      (I) 

                                                         
102

4
2

4 10][][)( xxSOBaBaSO ,  

510
1010x , . 

 S=10–5 3. 
 BaSO4   Na2SO4: 

 
2
442 2 SONaSONa      (II) 

                      0,01                    0,01  
 

 2
4SO , -

 BaSO4  2+, -

 2
4SO  

 (I)  (II), .   Na2SO4  . 
2
4

2
4 SOSO   BaSO4,  2Ba  
2
4SO  (II). 

210 1010 x ,  
82 10Bax 3. 

, : 
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3
8

5
10

10
10n . 

 
:  0,01 3 -

  BaSO4   1000 . 
-

   (50%), .  
-

, , : 

)()()( 24424 )(
pp

HSOPbSOHPbSO  

2
)(4)(2 2

)( pp HgJJHgJ . 

 
1.9.3. . 

.  
     

 
, -

, . 
 1. 

 , -
, ,  

 < , 
,  -

  -
 ).  

  
                                      =   fa,                                                        (4) 

    – , 3; 
         fa  – . 

 1921 .  
 : 

 
 (fa)   

,  
 ( ) 

 
 -
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                                 22
22

2
11 ...

2
1

nnZCZCZC .                           (5) 

,  0,1  HCl   0,2 l2 
 

.7,011052102110
2
1

2
1

212121

222
22 ClClCaCaHH ZCZCZC

 

     fa  -
 1923 : 

    < 0,05,         25,0lg Zf .                                            (6) 
-

.    > 0,05   fa  . 8.5. 
 

1.9.4.  
 

 ,  
  ,  

.  « ». 
,  4PbSO  3KNO , 

3NaNO . , -
. 

,  
-

: 

 2
4

2
4 )( SOPbPbSO . 

   =   fa,  
,)( 2

4
22

4
2

4 SOfPbfSOPbPbSOa aa  

2
4

2
42

4
2 )(

SOfPbf
PbSOaSOPb

aa
. 

   -
 (5) , -

 (6) , ,  
2
4

2 SOPb  ( ) . 
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-
,  

. 
 

 6.  4BaSO  0,01  

42SONa  0,1  3KNO . 
 

4BaSO ,  10
4 101,1)(BaSOa . 

 
1. , , -

,  42SONa : 

222

2
442

1010210

2 SONaSONa
 

 (5):                             

03,0104102
2
12)(1)(

2
1 2222

4
2 SOCNaC . 

2.  fa  2
4

2 SOBa  (6): 
2 2 2 82

4lg ( ) lg ( ) 0,5 0,5 2 0,03 3,48 10 ,f Ba f SO Z  

 540,f . 
2
4

22
4

2
4 )( SOfBafSOBaBaSOa aa  

= 10212 101,1)104,5(10x , 
 

8
4

10
108,3

1092,2
101,1x 3, 

.  ( .  5) -
 0,01  42SONa  1000 ,  

263
108,3

10
8

5
. 

3.  0,1  

3KNO : 

1,011,011,0
2
11)(1)(

2
1 222

3
2 NOCKC , 

66,01,025,0lg 2f , 



 22

44,0f .  

 4BaSO : 
2
4

22
4

2
4)( SOfBafSOBaBaSOa aa

1022 101,144,0x , 
5104,2x 3. 

 4BaSO  0,1  3KNO -

 4,2
10

104,2
5

5
. 

 0,01  42SONa  

 0,1  3KNO  
3/5104,2;43,0;13,0 xf  4BaSO  

  110
4,2

263
. 

 
1.10.   

 
,  

, , -
 ( . ).  

. 
 

 7. ,  1 2+  10–2 2+, 
 (NH4)2C2O4.    -

? ,  
,  

.103,2)(;101,1)( 9
42

7
42 OCaCOBaC  

 
: 2+, 

 [Ba2+] >> [ 2+], ,  
.  

,  2
42OC . 

: 

2
422

422
422

42 ;
Ca

OCaCOC
Ba

OBaCOC . 
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, . 

)(2

97

10
103,2101,1

x
,   = 0,5. 

,  
5,02Ba 3.  

2%)50(5,0
0,1
5,0 Ba . 

 
1.11.  

 
 

: 
–  – -

; 
–  –  «  

» , -
. ,  

, . -
, .  
; 

–  
. , -

  Fe3+, Ba2+  BaSO4,    
Ba3[Fe(SO4)3]2. -

; ,  Fe3+   Fe(OH)3  
.  

 BaSO4; 
–  

, , -
 (Fe(OH)3, Al(OH)3, SiO2 .n H2O .). 

; 
, 2 4,  MgC2O4,  

HCl,   2+ . 
 Mg2+  

. 
, . 

, -
, -

. 
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1.12. .  
 

 
, -

 ( ).  
-

: 324 NHOHOHNH   -
-

 NH3. 
 

. ). 
 -

 ( ). , 
. .  

.  
 

.  -
,  -
. 

: 
-  

, -
; 

- -
, ; 

- -
. 

,  2– 2+, 2Sr , 2+ 
: 

2
4SO 4MeSO ;  243

3
4 )(POMePO ; 3

2
3 MeCOCO . 

 
: 

 2
4SO  ( 2SO4)   

: 

,10

;10

;10

10
4

8
4

5
4

BaSO

SrSO

CaSO
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 « » 2+ – .  
,  

. 

 3
4PO  ( 3 4) -

, .  3
4PO  

. 

 2
3CO )  

 2– , . -
 CaCO3, SrCO3, BaCO3  , ,   

( 10–9), , , –
, . 

 I–VI 
. 

 
1.13.   

 
 

1.  
, . 

2. , -
 ( , , -

, .)  
. 

3. , . 
. 

4. ,  
. 

5.  
: 

– -
. ,  

 
; 

–  
; 

– -
,  ,     

; 
–  

, -
; 
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– ; 
–  

; 
–  

. 
6. , , . 
7. , , , -

 ( ,  
, .), -

 (  « »). 
8. , , -

, , . -
, . 

9. -
  , -

-
. 

10. , , , -
 

.   
. 

11. -
, , . 

 
 

2.   I  ( Ag , 2
2Hg , 2Pb )  

II   ( 2Ba , 2Sr , 2Ca )  
 

2.1.  I  
 

 
,  I , -

 d– . -
. 

 d– -
,  –  S–  (4d105S1), 

,   -
 – +1. 

-
  (5d106S2),   –   

(5d106S1 1).  )(2 2Hg  
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 +1  )(2
2 HgHgHg .  

. 
 2

2Hg : 
 

02
2 22 HgeHg , 

22
2 22 HgeHg . 

 

-
,  (6S2 2). -

 (6S1 3) . -
 +2  +4.  

, ,  +2. 
 

 
 (I)  -

: 
 

OAgOHAg 2222 , 

OHgOHHg 22
2
2 2 . 

 

,  
. 

 (II)  
 ( ,  HCl  42SOH -

 2PbCl  4PbSO ), : 
 

OHPbHOHPb 2
2

2 22)( , 
2

42 )(2)( OHPbOHOHPb . 
 

 
 d– , -

; ,  

 23)(NHAg ,  
2
2Hg  ClHgNH2 . -

-
. 

 



 28

2.2.  
I  

 
-

 I , -
 

222 ,, PbClClHgAgCl . 
 AgCl  

, , 
:  

 

OHClNHAgOHNHAgCl 2234 2)(2 . 
 

 3HNO   
 

34323 22)( NONHAgClHNOClNHAg . 

 AgCl <7, . >7  

 OAg2 . 

22ClHg .  
 

. 
 

OHClNHHgClHgNHOHNHClHg 242422 22  

 

-

 2
2Hg . 

 22ClHg , .  

 OHg 2 ,  – -
. 

2PbCl  –  -
 

 

NaClOHPbNaNaOHPbCl 2)(4 422

ClOHPbOHPbCl 2)(4 2
42 . 

 
AgCl  22ClHg .  2PbCl  

. 
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2.3.  II  
 

 
,  II , -

 s-  2- . . 
 (ns2), -

 –  (ns 1np1). 
, -

 +2. 
 

)2 , -
 2)(OHCa  2)(OHBa ,   

, -
. 

 
 S– ,  II  

,  
.  

 
2.4.  I  II  

 
 I  

 2 -
 )12(HCl  10–12 

 ( )  
).  

.  
:  2  
 HCl . , . 

  , -
 2 HCl . -

. 
 

, , -
,  II . -

 «  2–1(II)».  
 I  II 

, -
 8–10  1  2  HCl , -

 2PbCl , -
,   .  
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 1–2 .  
 «  2–1(I)». 

 
 2–1 (I)  2–1 (II) 

222 ,, PbClClHgAgCl  222 ,, BaSrCa –  

 2Pb  1 ),  HCl  
 

 2Pb  2PbCl  
 2–1 (I)   10  

,  2PbCl . -
, ,  

 «  2–2». 
 2–2  2Pb  

 2.1 –1  2.1 – 2. 
 

 2 – 1  
2 – 2 

2–1.1. 1–2  )(IIPb ,  
,  1–2 

, , 
 

 (II)  ( =1,8 10–14) 

4
2
4

2 PbCrOrOPb  

HPbCrOOHOrPb 22 42
2
72

2  
 ( . 

),   -
-

. 
2–1.2.  1–2  )(IIPb -

 1–2  KJ,  
: 

2
2 2 PbJJPb . 

 2  
 OO3 .  

, -
 2PbJ  

 (« ») 

 2–1.1  
2–1.2 , -

 )(IIPb  
 

 2–2.  
-

,   
 

«+», -
 

-
.  

 
«–». 



 31

 2Pb ,  2–1 
(I).  2–3 3  

. -
,  2PbCl .  

 2PbCl -

 2Pb  
 2–1.1  2–1.2). 

 2PbCl  «  2– 2». 
 2 – 2  

22, ClHgAgCl . 
 

 Ag  2
2Hg  

 2–2 , , 4–8 
 25%–  OHNH4 -

.  AgCl -

 23)(NHAg ,  22ClHg  

HgClHgNH2  2–2. 
 

 2 – 2 
-

 
2 – 2 

 1–2  2
2Hg ,  

,  1–2  2  
HCl .  

22ClHg . -
 

: 

OHClNH
HgClHgNHOHNHClHg

24

2422

2
)(2

 

-
 

2–2 -
-
 

,  
 
 

2
2Hg    

 
 2–2 -

, .  («  2–3») 



 32

 23 )(NHAg . -

 Ag  2–3. 
 

 2 – 3 

-
  
 

2 – 3  
 1–2  3AgNO  1–2 

 2  HCl .  
 AgCl . 

 
OHNH4 : 

OHClNHAgOHNHAgCl 2234 2)(2 . 
-

 )1:1(3HNO   -
,  1–2  

 3HNO .  

AgCl : 

34323 22)( NONHAgClHNOClNHAg
 

 

3AgNO  
-

 2 
– 3.  

 
-
 

-
 2–3 -

  -
,  

 
 

 Ag . 

 
 

 II  
 2Pb -

 II  2–1 (II)  
, ,  

HCl , , ,  
,  NH4  

-
,  (  

). 
   II -

. 
-

: 



 33

 

OHNHHCOOHCONH 432
2
34 , 

.  
~9,2.  II -

. <9,2 -
.  

NH4 , ,  1–2 -

  lNH4 . 
 II -

, , -
. 

 
2–1 (II)  NH4  

lNH 4  80 ,  8–10 

 324 )( CONH .  
-

 II . 
-

, , -
,  

. 
 

 II  
 33, SrCOBaCO  3CaCO  

8–10  2 COOHCH3 .  
 «  2–4». 

 2–4  
222 ,, CaSrBa –  

 

 2Ba  

 2–4  2Ba  
 2–4. 

 
 
 
 



 34

 2 – 4 

  
  

 
2 – 4  

 1–2  2BaCl -
 1–2  2  

 
-

 (  5)  1  
. 
 

: 

HBaCrO

OHOCrBa

22

2

4

2
2
72

2

. 

,  

4PbCrO -
. 

-
 ( ) 

  
 2BaCl  1–2 

 2–4. 
 
 

)( 2
4

2
72 CrOOCr  - ,  

 
,   

, -
 

 2Ba . -
-

 4PbCrO , 

 2Pb  
 I 

 

 2Ba ,  2–4  
6–10  50%–  4–5 ( -

, ).  
 2–4  

,   
.  

 )( 2
4

2
72 CrOOCr , , -

 2Ba . 
 2–3 -

, . -
 «  2–5»,   

 4BaCrO . 
 2–5 

2
72

22 ,, OCrSrCa –  
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 22 ,CaSr  
 2–5  

2
72OCr ,  

2Sr .  2–3  
 ( -

)  
 2–3 . , 

. . 
 2–3 

33, CaCOSrCO . 
 

 2Sr  
 2–3  4–6  2 -

 ( , -
). 

 2–6 
22 ,CaSr  

 2–6  2Sr -
 2–5. 

 

 2 – 6     
 2 – 6  

 1–2  2SrCl  
 2–3 -

 
. 

-
-

 

4
2
4

2 SrSOSOSr  

  2SrCl  2–3  
 2–6 -

-
 2–5. 

 
,  

 10   
-

 2Sr . -
,  

 2Ba  

  2Sr , -
 2–6  6–10  

424 )( SONH  OHNH4 -
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 10–15 .  2Sr  

 4SrSO ,  2Ca   , 

. )()( 44 SrSOCaSO . ,  
 «  2–7»,  

 4SrSO . 
 2–7 

2Ca . 

 2Ca  

 2–7  2Ca -
 2–6  2–7. 

 

 2 – 6  2 – 7      
 2 – 7  

 2–6 
 1–2  2Ca -

 1–2  2  
  3 ( -

), 3–4  
 4224)( OCNH ,   

-
: 

.42
2
42

2 OCaCOCCa  
 HCl  

 3HNO . 
 ( ) 
 2–7 

-

 2Ca  1  2 -
 42SOH . -

. -
 

OHCaSO 24 2 -
. -

,  
. -

 4BaSO  4SrSO  

 2–3 
 2–7 -

-
 2–

6. -
, -

,  
-

 2   
HCl .  

-
-

 2–7 
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-
 2–1  2–7 ( -

) -
 I  II : 
 I : …… 
 II : …… 

 ….. 
 ……………… 

 
 
 

3.  III 24233 ,,,, ZnSnSnCrAl  

 IV 5333222 ,,,,,, SbSbBiFeFeMnMg  
 

 
3.1.  III  

 
 

,  III , -
. 

  -
 (3s1 3p2), . , -

 +3. -
 (5 2), . -

,  –  
(5s15p3) . 

 
 +2  +4. 

 d–  2– -
 d– -

 (3d10 4S2),  
 

(4s1 4p1), . , -
 +2. 

 d–  6–  
 « »  « » -

 s–  d–  
(3d5 4s1), . ,  

: + 2, +3  +6.  
 +3  +6. 
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 III -

, , , 
 III -

, -
  -

,  
.  III  

: 
 ( <7): l3+, r3+, Sn2+  4

6SnCl , Sn4+  
2

6SnCl , Zn2+, 2
72OCr  

 ( >7): n
nMeO  

3
6OHAl .,  

224 OHOHCr ., 2
4CrO . 

 
 

 III  
, : 

–  
2

4OHZn .; 

–  224 OHOHAl           
.; 

–  2
43NHZn .; 

–  2
6SnCl . 

 
 
 III , -

,  
, : HAlOHHOHAl 23 ; 

OHHAlOHOHAlO 2
3

3
3 . 

 
. 

, ,  
, : 

 

SHOHAlOHSAl 23232 3)(26 . 
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,  
» . 

 
 

-
. 

 Cr(III), Sn(II)   . 
 Sn(IV)   Cr(VI) , -

 2
72OCr . 

 
3.2.   

III  
 

-
 III  OH ,  

 Me(OH)n,  : 
Al(OH)3, Zn(OH)2, Sn(OH)2, Sn(OH)4 – , Cr(OH)3 – 

 
 Cr(III). 

: 

OnHMenHOHMe n
n 2)(         

OnHMeClHmHClOHMe mzn 2)( , 
: 

OnHMeOnOHOHMe n
nn 2)(          

m
mnn OHMemOHOHMe )()(     . 

 
 

3.3.  IV  
 

 
,  IV , -

. ,  S–
 2-  – -

 (2S12p1), . , .  
 +2 (Mg2+). 

 –  5– . -
 (np3), . , 

,  –  
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(ns1np3nd1), . , . -
-

 +3  +5. 
 – d- .  

 (3d54s14p1), . -
, ,  
 +2  +7, ,  

 +2 (Mn2+)  )(7 4MnO ,  +4(MnO2), -

 )(6 2
4MnO . 

-
 (3d44s14p1), . , ,   -

       +2 (Fe2+), +3 (Fe3+), 

)(6 2
4FeO .  

 FeSO4  FeCl3. 
 

 
 IV -

:  Mg(OH)2,  Mn(OH)2, 
 MnO2, –

 Fe(OH)2,  
Fe(OH)3,  Bi(OH)3,  SbO(OH)  Sb(OH)3. 
Sb(OH)3  , .  

,   IV  
, , -

 Sb(III)  Sb(V) (SbO(OH)3),  
Sb3+  III,  IV . 

 
 

,  
-

 ( . ). 
 

 
, -

-
. 

 
 

 Mn(II), Fe(II) -
,  Fe(III),  Mn (VII), Bi (V) 

– . 
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3.4.   
IV  

 
 IV  -

 )(OH . -
,  

: Mg(OH)2, Fe(OH)3, 
Bi(OH)3, SbO(OH)3. 

 
3.5.  III, IV  

 
3.5.1.   

 
,  

  : 
– ,  

: 
Cr (III) – ; 
Fe3+ – . 

; 
–  pH ,  

 pH  
; 

– , -
 ( ). 

. 
 

 
 

  
 PH  

  
  

   
 

 

 
,  : 

– , -
 pH<7  ( :  1   

); 
– ,  pH>7; 
–  NH4OH, -

 ( ) . 
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,  
 

. 
 III,  IV  Fe2+  

Fe3+ « » -
.  

, -
,  

.  
. 

 
,  

,  
-

 ( ).   ,  
 «+», -

 –  «–». -
. 

 
 3–1  3–2  

 3–1  Fe2+ 
 FeSO4  

 
. -

 ( )  
 2  HCl   K3[Fe(CN)6]. 

-
 (III)  (II)   ( ): 

6
3

6
2 CNFeKFeCNFeKFe  

 

 
 

 3–2  Fe3+ 
 FeCl3  

 ( -
)   2  HCl   K4[Fe(CN)6]. 

-
 (II)  (III)   ( ): 

])([])([ 6
4

6
3 CNFeKFeCNFeFe  
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3.5.2.  III   
 IV  

 
10–12 -

 ( ) ,  
5–6  H2O2  6–8 -

 (20–25%-  NaOH  KOH). 
 

 3–5 -
 III–IV : 

;82432 2
2
4223 OHCrOOHOHOHCr  

;32 2
2
3222 OHSnOOHOHOHSn  

;2 22222 OHMnOOHOHMn  

;22 3222 OHFeOHOHFe  

.23223 OHOHSbOOHOHSb  
,   -

 
.22 2222 OOHOH  

 
 O2. 

 
. 

 
. : 

 
. 

, .  
,   

, -
, . 

 ( .  
), , -

, -
, ,  III 

. 
  , -

 8–10 , , -
 1–2 , -

, .  
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.  1–2 . 
-

: 
 3–1 (IV .)  3–1 (III .) 

33

322

OHSbO,OHBi
,OHFe,MnO,OHMg

 
2
4

2
3

2
2

3
3 CrO,SnO,ZnO,AlO  

 
3.5.3.   

 IV  
 

 3–1  8–10  2H  HNO3.  
. -

, , . 
 3–2  3–2 

            32 , HSbOMnO  BiFeMg 332 ,,  
 

3.5.4.   
 

 3–2  10  2H  HNO3 
 4  H2O2  

.  MnO2  
Mn2+ : 

22
2

222 22 OOHMnHOHMnO . 
: 

 

 3–3  3–3 
                   3HSbO              Mn2  
 

3.5.5.  Mn2+–  
 

 3–3 
 
-

 3–3 
  MnSO4 -

,  HNO3(1:1)  
 –  NaBiO3,  

-
  MnO4 – : 

OHNaBiMnO

HNaBiOMn

2
3

4

3
2

7552

1452
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3.5.6  
 

 3–3  HCl, -

 3–1: OHSbClClHHSbO 263 365 ,  
,      3–4. 

 

 3–4 

  
  

 
3–1 

 7–8  
(V)  (III),  2H  HCl, 
2–3  (  

, -
).  

 
: 

2
6

2

2

2 3 2 3 12
( 3 , ( 3 ,

3 ) 3 )

SbCl Fe Sb Fe Cl
Zn Zn

Mg Mg
 

 

 
 

3.5.7.  Fe3+, Bi3+–  Mg2+  
 

 3–2  (25%–
) NH4OH , -

 (  
). . 

 1  NH4Cl. -
. 

, ,  
, . 

 
 3–4  3–4 

             33, OHBiOHFe             Mg 2  
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3.5.8.  Bi 3+–  
 

 3–4  
 HNO3(1:1) ,  3–4–I.  

. 3.1  (II), 
 Fe (III),  Fe (III),  Fe3+ 

 « »,  Bi3+ .  
 3–4  3–4–I  

 KNaC4H4O6 ( , 
,  H2C4H4O6)  

. ( -
).  Bi3+  

 3–5. 
 

  3–4–1 
            Fe3+, Bi3+–  

 
 
 

 3–5 

-
-
-

  
3–4–I 

 2–3  SnCl2 
 SnCl2 -

),  
 2H  (NaOH  KOH) -

 Sn(OH)2,  
: 

OHSnOOHOHSn 2
2
22 22  
 1–2  

Bi(III) (BiCl3, Bi(NO3)3)   
. 

OHSnOBiOHBiSnO 2
2
3

32
2 332623
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3.5.9.  Mg2+  
 

 3–6 

  
 
  

3–4 
 2–3 , 

 ( -
)  

 NH4OH    ( -
)  

 NH4Cl*.   -
-
-
. 
-

: 
OHPOMgNHOHNHHPOMg 2444

2
4

2

. 
 

 2–3  
 3–4 

 
 -

 
Na2HPO4, 
. NH4OH  

NH4Cl  
 

 3–4 
-
-

 
*  NH4Cl -

 MgNH4PO4.  
 

Mg(OH)2  NH4OH,  
 NH4OH -

 [Mg(NH3)4]2+ 
 
 

3.6.  III  (  3–I) 
 

3.6.1.   
 

 
-

 pH  9. 
 3–1   1  -

 NH4Cl, : 
OHNHOHNH 44 . 

NH4OH   NH4Cl –
 pH  9,  

. 
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. -
. ,  

. 
 

 3–5  3–5 
          43, OHSnOHAl  CrONHZn 2

4
2

43 ,  
 
 

3.6.2.     
 

 3–5  2H  HCl -
. 

 
  3–6 

 SnClAl 2
6

3 ,  
 

 
 6 -

 3–7  3–8. 
 
 

 3–7  3–8 
  

-
 3–6 

 3–7.  
 

1–2  Al3+ -
 
 

 ( ).  
 Al(OH)3  1 -

,  1–2 
 2H  -

 
-
 

 (« ») 
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 3–8.  
 

 1–2  
 SnCl2  1–2 

 (II) (HgCl2  Hg(NO3)2). 
 

Hg2Cl2, -
: 

2
622

22 82 SnClClHgClHgSn
 

2
622

2 24 SnClHgClClHgSn
. 

 

 3–6 
 

-
 +4,  

-
-
 
 

-
 Sn (II).  

 
-
-
 
 

-
 

,  
, 
 
 

3–6. 
 1–2  

-
 1–2  

 ( -
), 
-
 
 

-
 

-
 3–8 

 
 

3.6.3.  [Zn(NH3)4]2 –   
 

 
 3–5 ,  

 
10%-  Na2CO3 . 
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(ZnOH)2CO3. , -

. ,  
. 

 3–6  3–7 
             32 COZnOH                CrO2

4  
 

 3–6  2H  HCl,  3–6–I, 
, -

 3–9. 
 

 3–9 
  

 
 3–6–I 

 2–3  
(ZnSO4, ZnCl2 .)  2–3 -

 (II)  
 

(II) ( : 

2632

4
6

2 223

CNFeZnK

CNFeKZn
 

 

 

 

 3–7  2
4CrO ,   

 3–10. 
 

 3–10 
  

-
 3–7 

  -
 K2CrO4  

. 
-

 (  
,  

,  
 

). 
 

 
-
-
 
 
 

 3–7 
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-
 10 . (  

)  
 III  IV : 

 
 III : … 
 IV : … 

 
 … 

 ... 
 
 

4.   V  
 ),,,( 2222 CdCuNio   VI ),,( 4NHKNa  

 
 

 4.1.  V  
 

  
,  V ,                   

d-  4- : )43();43();43( 1102827 sdCusdNisd ; 

)43( 210 sdd .  d-  
, ,  s- . 

 +3: 
2  3 ), 2Ni  3Ni ), 2Cu  Cu ), 2Cd . 

 
 

: 

2
2 )(2OH , 

 ( ),  2)(OHCu  
, -

-
 – . 

OHCuOOHOHCu 2
2
22 22)( . 

 
,  – : 

OnHNHOHnNH n 2
2

342 )()( , 
  –  2+. 
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 V  ,   d– -

, -
 ( . ). 

 
4.2.  

 
 V -

,  
: 

1–  –  (  2Cd  – -
 2)(Cd ); 

2–  –  
. 

,  )(),(),( IICoIINiIICu : 
1– : 

SOOH

SONiOH

NHSOCuOHOHNHSO

42

42

4424
2
4

2

)(

)(

2)(22

 

2– : 

;82)(2

8)(

2
2
4

2
43

442

OHOHSONHCu

OHNHSOCuOH

 

;122

)(212)(

2

2
4

2
63442

OHOH

SONHNiOHNHSONiOH
 

;122

)(212)(

2

2
4

2
63442

OHOH

SONHCoOHNHSOoOH
 

.42)(4)( 2
2

./
4342 OHOHNHCdOHNHOHCd

 
 



 53

4.3.  VI  
 

 VI  Na  K  s-  1-  
.  (ns1).  

,  +1. -

 4NH  Na  K , -
. 

 Na  –  ( ), 

NH4 – , . 
-

,  (  =7). 
-

: 
 

).( 34

424

NHNH

NHNH
 

 

, . -
,    

. 
 
 

4.4.  V  
 

 2Cu  
6–10  ( ),  V 

 VI  ,  ,   1   2  

42SO ,  3  3 2  

322 OSNa ,  10–15 . -
, , 

 «  4–1».  1–
2 . 

 
 

 4 – 1  4 – 1 
SSu ,2  SOSCdNiCo 22

232
22 ,])([,,  
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 2Cu  
 4–1 ,  

 ):(3 IIHNO , -
 4–2 : 

 
.483)(6163 22332 NOOHSNOCuHNOSCu  

 
                                                                       4 – 2  

                                                                     2Cu  

 4 – 2   2Cu  
 4 – 1.  

 

 4 – 1      
 4 – 2   

 1–2  )(IICu -
   

-
: 

2
433

2 )(4 NHCuNHCu . 

 )(IICu  
 2–3   

4–2. -
 

-
 2Cu  

 

 222 ,, CdNio –  2S –   
 4–1  ( -

, -
 )(IIPb ,  SH2  

),  5–6  (20–25 %– ) -
 NaOH  KOH .  4–2 -

, , . 
 4 – 2 

.)(,)(,)( 222 OHCdOHNiOHo  

 2Co –  
 4–2  2  HCl ,  4–3. 
 4 – 3  

222 ,, CdNio –  

 4–3  2Co – -
 4–2. 
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 4 – 2 
   
  

 4 – 3   

 1–2  )(II  
2–3–  2  5–6– 

 6 .  
 

  (III) : 
2

2 3

3 2 6 3 2

7 3 2

( ) 2

Co NO K HCH COO

K Co NO NO CH COO H O
 

 )(II  
 2–3   -
 4–3, -

 
 4–2. 

 
-
 

 
 

 2Ni –  

 4–3  2Ni -
 4–3 

 

 4 – 3 
   
  

 4 – 3   
 1–2  )(IINi  

-
-
-

 2–3 -
 ( ).  

: 
OHNCCH3  

2                                            3
2 2NHNi  

   OHNCCH3  

O          

 
NCCH3             3N  

                                Ni                                  42NH  

      NCCH3            3N  
 
                       O       O   

 
)(IINi -

 2–3 
 

4–3  
 

-
 4–

3 
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 2d  

 4–3  2d -
 4–4. 

 
 

 4 – 4 
   
  

 4 – 3   
 1–2  )(IId -

   4BiJK , -
 

2d :  2–3 -
 )(IIIBi -

 KJ  3BiJ , -
-

,   
KJ -

,  

3BiJ    
KJ.  

2d  
: 

.2][2 324
2 BiJCdJBiJCd  

 J –  
 

 
 3–4 -

 4–3  
   

 4–4 

 
 

 VI  

 4NH . 
,  V–VI ,  

4NH    4–5  4–6. 
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 4 – 5    4 – 6    
   

4 – 5.  2–3 -
 5  2 -

: 32CONa  NaOH  32COK , 

 .KOH  
 

 ,3NH  
-
-

 (  
!). 

4 – 6.  
 1–2  

 1–2  
 ][ 42 HgJK  )   

 
: 

.37][

4][2

222

2
44

OHJJOHgNH

OHHgJNH
 

,  
 4–5. 

 

4NH -
,  

-
: 

 
 5  .  -

,  
 K »,  

5  2 -

32CONa  NaOH ,  
 – -

 «  Na », -
 5  2  

32COK  .KOH -
 
 
 

-
. 

-
 
 

 4–6 (  
-
 

JOHgNH ][ 22  
 
 
 

 K  
 «  K »  K  

 4–7. 
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 4 – 7 
      
 K » 

 1–2 -
 3–4  2  

 2 -
  (III) ( ) .  

: 

])([
])([2

622

3
62

NONaK
NaNOK

 

-
 

 4–7,  
 

 «  K »  

 

 Na  

 «  Na »  Na -
 4–8. 

 

 4 – 8 
      

 Na » 

 1–2  
 2–3 -

 )( 42SbOKH  
-

: 

4242 SbONaHSbOHNa . 
-
-

, -
 ( 7),  

 

 
 «  Na »   

, -
 2  

-
 
 

). 
 

Na  
 (  

), , 
 42SbOKH , 

-
. -

 
 

 V–VI : 
 V :  
 VI : 

: 
: 
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5.  
 

5.1.  
 

, 
. 

 
, -

, , ,  
. 

 

; , 2a  2Pb  2
4SO –

, , 2
4SO    

.  Ag   Cl  
, . 

,  
:  

I : 2
4SO , 2

3O , 2
4O ,  2a -
. 

 2aCl -
. 

II : ,Cl ,Br J . 

 Ag  

 3HNO . 

 3AgNO  2  3HNO . 

III : 3NO , 2NO , COOCH3 . 

 2a  Ag .  
. 

 
5.2.  

 
 (  …) -

. 
 (   2),   

, . 2
3O  2NO . , 
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  2NOJ  

3NOJ ). 
,  

. 
 

-
    

 2 -

 2NO  J   7)  
.  

 
 

 2  42SO  
. -

, . -

 2
3O , 2NO – . 

 
 I  

 2   7–9 
 2)( )  2–3 

 2aCl .  
 I  . 

 
 II  

 2–3  2–3  3AgNO -

 2  3HNO .  
 II . 

 
 J  

 2–3  1  2  1–2 

 4KMnO ,  

 1 .  OnHMnO 22 -

 J . 
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 –  
 2–3 ,  2  42SO , -

, .)  1–2  
KJ . -

 –  ( 3NO , 2NO .). 
 

 3
4  

2  4  ):(3 IINO , -
 (  

424 )( MoONH ,  34NO )  
 40–50 . ,  

34NO .  

][)( 401234 OPMo  3
4PO . 

 
. -

. 
 

5.3.  
 

 I  
 

 2–3  ( -
 2)(OHBa ),    

7–9,  2–3   2BaCl .  
 I . 

 5 – 1 

4BaSO , 3BaCO , 243 )(POBa . 
 

 2
3  

 5–1 .  
5–1  0,5 3 2  HCl , -

 U– ,  
 (  2)(OHa ). 

 2
3  3BaCO : 
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.2 22
2

3 COOHBaHBaCO  
 

 
 

: 
 

OHCaCOCOOHa 2322)( . 
 

,  
, ,  

 «  5–1», -
. 

 5 – 2                                                5 – 1 

4BaSO                                             ,2
4

3
4PO  

 

 2
4SO  
 5–2                      

2
4SO , -

 2–7.  1 
,  

.  
 2–7. 

 

 3
4PO  

 1–2  5–1  1–2  

3AgNO .  
3
4PO : 

43
3
4 3 POAgAgPO . 

,   
-

. 
3
4PO  

 (  

2MgCl  OHNH4  ClNH4 ): 

OHPOMgNHMgOHNHHPO 244
2

4
2
4 . 
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 II  
 

 2–3  5–6  2  
 3HNO  1  3AgNO . -
. , -

. 
 5 – 3 

AgCl , AgBr , AgJ . 
 

 l  
 5–3  OHNH4  ( -

). ,  
 «  5–2». . 

 5 – 4                                            5 – 2 

AgBr , AgJ                                 l , ])([ 23NHAg  
 5–2  

KBr ,  l   -
 AgBr , .  

Ag ,  

])([ 23NHAg , ( AgBr ). (  
8

234 108,5])([ NHAgK , 101078,1)(Ag l , 
13103,5)( AgBr ). 

 5–2  3HNO  
 ( ).  

l ,  Ag l . 
 

 Br  J  
 5–4  2 42SO  

.  Br  J -
: 

AgJBrZnZnAgJAgBr
SOH

2242

. 
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. -
,  «  5–3», -

-
. 

 
 5 – 3  

Br , J , 2Zn , 42SO  
 5–3  5–6  

, ,  
 – ,  

. 
 J  

  2J . 
 (  

)  2J : 
 

HClJOOHClJ 1210265 3222 . 
 

 5–3  Br , -
 2J  2Br . 

:  1  5–3,  

 J  « -

» Br . 
 1 ,  

.  2J .  

 « » J . 
 
 

 III  
 

 2NO  3NO  

1–2  2  42SOH , -

 –  2NO : 
 

.2

;222

222

22

OHNONOHNO

HNOHNO
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 2NO  3NO  

 2NO , ,  
 4-  0,1 . -

 2–4  2  42SOH .  
 

. -
: 

 

,3)(22 222222 NCOOHNHCOHNO  
 

 3NO  
: 

).(2)(2

;243382

22

2
2

3

NOONO

NOOHCuCuHNO
 

 

,  3NO  2NO  
,  

, , 2NO -

 3NO ,   
, . 

 

 COOCH3  
,  3–4 

 2  42SOH ,  
. 

 COOCH3 -
.  

 3–4  42SOH . ( -
!).   1–2 -

,   
.  COOCH3 , -

 ( ) : 
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.
;22

2523523

342423

OHHCCOOCHOHHCCOOHCH
COOHCHSONaSOHCOONaCH

 

 
-

 ( ). 
 I  … 
 II  … 
 III  … 

, 
 ( -

). 
: … 

: … 
: …  

 
 

6.  
 

,  
. 

 
6.1.   

 
, , -

.  
  ,   

 
. 

, . 
 ( ) -

.  1  
5   ( -

, ,  
.). 

 (  25  1 )  
. 

 
 ( , ), -

 ( )  
. , , -

,  
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.  
. 

-
. 

,   
. 

-
. 

,   , 
 (  

.),  ( -
), -

. 
 

, . 
 

, -
 

, , ,  
. -

,  ,   
. 

-
-

. 
: 

–  ,  ,  -
,  ,   

( ), , -
, -

; 
– ,  

, .; 
. 

-
, -

. 
, -
,  

. 
 

). 
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6.2.  
 

, -
, .  3 : 

1  – ; 
2  – ,  
; 

3  – . 
1 ,  

 
. 

2 . . 
-

. 
 –  – , -

. 
,  -

, . 
 
 

( 342 ,,, HNOHFSOHHCl .)  

( 3423 ,, HNOHFHClSOHHNOHCl .). 
,  

, . , . 
, , -

, ,  
 « ».  ( -

, , .)  
, . 

-
, -

.  
, . 
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7.   
 

 
7.1.  

 
 ( ) -

 4
32 ,, NHFeFe -

 ( . . 3.5, 4.2). 
 

7.2.  
 

 I  II  III … VI . 
 I : 

 2–3  -
 2  HCl . -

   I . 
 II : 

 2  –  3   2–3 
 2  42SOH .  

 II  . 
-

: 
1.  I – II . 

, -
 I–II , , 

 2 , -
 4SO  1,  

III…VI  ( . ). 
2.  I ,  II -

.   II   2  

42SOH , ,  2  
 1 (III–VI .). 

3.  I , -
 II . 

 I  2  HCl . 

,  2  
 1 ( . ), ,  

. 
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4.  I  II .  -
: 

10–15  ( -
)  2  

 HCl  (  HCl  
),  2  42SOH  

 (  4SO  1). 
 1 .  

, , ,  
,  «  

1» ( .  ). 
 1 , 

 2  HCl  1   2  

42SOH . . 
, ,  

, -
, , 

. 
 

: 
1. :  4BaSO  

4SrSO  3BaCO  3SrCO  6). 
.  6  

 2 – 3 3 -
,  

 ( , ) , -
 2

4SO  

2BaCl  2  HCl , .  4BaSO . 

2.  2Ca  1 , -
 50%  1. 

3. ,  
.  

 
 ( . 2, 3, 4)*. 

                                                
*  I – II  

 HCl  42SOH ,   II   ( -
 6) , . 
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1. ,  
, . 1, : 

m – , ; 
Vmin – , -

, 3; 
 – , 3; 

1:g – ,    
(g, ),  1  ; 

M – , . 
 

 1 
 

 
 m, 

 
V min, 3 C,  

3 
M, 

 
1:g, 
1/  

1  0,02 0,01 107  
2  0,001 0,001 40  
3  0,005 0,0015 65,4  
4  0,04 0,002 24,3  
5 0,04   40 1:25000 
6 0,1   39 1:1000 
7 1   63,5 1:50000 
8 0,2   63,5 1:250000 
9 0,02   63,5 1:25000 

10 1 0,05  55  
11 12,5 0,05  23  
12 0,125 0,05  56  
13 0,01 0,03  209  
14 0,2 0,08  121,7  
15 8   7 1:2500 
16  0,05  27 1:250000 
17  0,001 0,5 137,3  
18  0,05 0,03 58,9  
19  0,03 0,03 58,7  
20  0,1 0,0001 197  
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2.  1M  pH: 
 
 
   pH 

1   HCOOH + -
 NaCOOH 3,8 

2   HC6H5COO + 
 NaC6H5COO 4,2 

3   HCH3COO + 
 NaCH3COO 4,8 

4   NaH2PO4 + 
 Na2HPO4 

6,6 

5   NH4OH + -
 NH4Cl 9,2 

 
: 

–  pH  
 ( .2); 

–  … M  HCl  … M  NaOH,  
,  pH 

 …   +…  ( pH).  
. 2. 

 2 
 pH  

 

  
.  

 

, 3 pH 
 HCl NaOH 

1 1 0,50 0,01 0,10 0,05 
2 2 0,10 0,02 0,11 0,06 
3 3 0,20 0,03 0,12 0,17 
4 4 0,40 0,04 0,13 0,08 
5 5 0,30 0,05 0,14 0,15 
6 1 0,70 0,06 0,15 0,09 
7 2 0,40 0,07 0,16 0,20 
8 3 0,80 0,08 0,17 0,07 
9 4 0,08 0,09 0,18 0,16 

10 5 0,60 0,10 0,19 0,10 
11 1 0,16 0,11 0,20 0,11 
12 2 0,17 0,12 0,21 0,12 
13 3 0,18 0,13 0,22 0,13 
14 4 0,23 0,14 0,23 0,18 
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.2 
 

  
.  

 

, 3 pH 
 HCl NaOH 

15 5 0,45 0,15 0,24 0,19 
16 1 0,4 0,16 0,25 0,22 
17 2 0,5 0,17 0,26 0,23 
18 3 0,09 0,18 0,27 0,30 
19 4 0,90 0,19 0,28 0,09 
20 5 0,65 0,20 0,29 0,40 

 
3.  pH  0,01 M 

 pH ,  
 10–6 3 ( ).  

. 3 -
. 

 3 
 

–
 

 
 

 –
 

 
 

 

1 
3OHAl  1 10–32 11 2OHZn  1,4 10–17 

2 
2OHCa  2 10–6 12 3OHGa  7 10–36 

3  

2OHCd  3 10–15 13 
2OHNi  

  
) 

6,3 10–18 

4 
2OHCo  4 10–7 14 4OHSn  1 10–56 

5 
3OHSb  2 10–11 15 2OHTiO

 
1 10–29 

6 
2OHCu  2,5 10–7 16 3OHTi  6,3 10–46 

7 
2OHFe  5 10–10 17 4OHZr  3,2 10–26 

8 
3OHFe  3,2 10–38 18 2OHMg  2 10–11 

9 
2OHMn  2 10–9 19 2OHZn  7 10–18 

10 
2OHNi  

.) 
2 10–16 20 2OHPb  3 10–20 
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4. , 3: 
– ; 
–  0,1 M  -   (  

» ); 
–  1 M  NaCH3COO  ( -

  ); 
–  « »  

. 
. 4. 

 4   
 

 

 
 

 
 

  
 

 
 

 

1 
43 AsOAg  1 10–22 11 MnS  2,5 10–10 

2 
32COAg  8 10–12 12 

3NiCO  6,6 10–9 

3 
4AlPO  5,8 10–18 13 

4PbCrO  1,8 10–14 
4 

32SBi  1 10–97 14 
2PbJ  1,1 10–9 

5 
4CrPO  2,4 10–23 15 

243 POPb  7,9 10–43 
6 SCu2  2,5 10–48 16 CuBr  2,5 10–9 
7 

3FeCO  3,5 10–11 17 
2CNZn  2,6 10–13 

8 
22 JHg  4,5 10–29 18 ZnS  1,6 10–24 

9 
3MgCO  1 10–5 19 

3ZnCO  1,6 10–11 
10 

42OMgC  8,6 10–5 20 ZnS  2,5 10–22 
 
 

                                                                                             5 
 

 
 

   Zi 
        1         2          3         4 

0,1 0,81 0,44 0,16 0,04 
0,2 0,80 0,41 0,14 0,03 
0,3 0,81 0,42 0,14 0,03 
0,4 0,82 0,45 0,17 0,04 
0,5 0,84 0,50 0,21 0,06 
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. 5 
   Zi 

        1         2          3         4 
0,6 0,87 0,56 0,27 0,10 
0,7 0,89 0,63 0,36 0,16 
0,8 0,92 0,72 0,48 0,27 
0,9 0,96 0,83 0,66 0,48 
1,0 0,99 0,96 0,91 0,85 

 
 

 
 

1. . . -
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2. . :  2 . – .: . ., 2003. 
3. . :  2 . . 1:  
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4. ., .  
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5. ., ., . -
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: . . . « ». 
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    I … VI  

-
 I  II  

   
III…  VI  

HCl  
+ 

42SOH  

 1 
,,,,, 44222 BaSOPbSOClHgPbClAgCl  

),(, 44 CaSOSrSO ),,( 2 BiOClSbOClClSbO  

 1 
 III … VI 

 

, 2 –, 
2
4SO –, Cl -

 
 

2b  
 1) 

2  
-

) 

 2 
,,,,, 44422 SrSOBaSOPbSOClHgAgCl  

),,( 2 SbOClClSbOBiOCl  

 2 
2b –, Cl – 

 

 

4bSO -
 2 

43COONHCH
 

-
) 

 3 
,, 22ClHgAgCl  

44 , SrSOBaSO  

),,( 2ClSbOSbOClBiOCl  

 3 

4

23 )(
SO

COOPbCH
 

 
2

2Hg -

 Ag  
 3) 

3NH  
. ) 

  4  
,, 42 BaSOClHgNHHg

4SrSO  

),,( 2ClSbOSbOClBiOCl  

 4 

23 )(NHAg
– 

,Cl –  
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    I … VI  
 

HgClHgNH 2  
 4) 

OHBr 22  
) 

 5 

4BaSO , 4SrSO  

),,( 2ClSbOSbOClBiOCl  

 5 
 

  

 3Bi –, 
3Sb   

 5) 

HCl  
) 

 6 

4BaSO  

4SrSO  

 6 
3Bi –, 

6SbCl –
, 

3
6SbCl  

 

   

 4BaSO  

4SrSO  3BaCO  

3SrCO  6) 

32CONa  
) 

 

 7 
3BaCO

3SrCO  
 

 7 
-

 

    

 2Ca -
 (  1) 

OHHC 52  
) 

 8 

4SO
 

 8 
 III…VI  
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    I … VI  
 

III -
 IV  V  

 8) 

22OHNaOH  
) 

  9 
,)(,,)( 223 OHMgMnOOHFe  

,)(,)(,)( 222 OHNiOHCdOHCu  

333 )(,)()(,)( OHBiOHSbOOHCo  
 

 9 
,, 2

22 ZnOAlO  

,, 2
4

3
4 CrOAsO  

,,2
3 KSnO  

Na , 4NH  
 

 IIISb -
-

 ( -
 9) 

3HNO  
+ 

22OH  

  10 

3HSbO  
 10 

,, 223 MgMnFe
,, 222 NiCdCu

32 , BiCo  

 

 
IV -

  V  
 10) 

32CONa  
+ 

3NH  ( ) 

  11 

322 )( COOHFe  

3MnCO  

3)(OHBi  

322 )( COOHMg  
 

 11 
2

43 )(NHCu
2

43 )(NHCd
2

63)(NHNi  
2

63)(NHCo  
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