
!"# $%#$"&''# (&)*$%', +,'-./*'0"1'%2 3(,4 , 5*"&-,"02 *(30'/)'%2 
64*",-, 4&$'%2 7*'/$ $%-*(%68*$,981 #-/6'/ (&0-./:.  

;*<'0 #-/6'0 (&0-./# 6,4(*$*=<,>816# *6*?"%$%5 @*$'/A'/5 &+&-8*5 — 
4*#$*9 4&$'*3* @0?0($"&''#, ,8$*(&''#5 *60=, 0?* 30@, @ 20(0-8&('%5% 
+/@%)'%5% 80 2/5/)'%5% $"068%$*68#5%. 

B*? $%#$%8% 2"*(%=-0'/*'% $ (*@)%'/, '&*?2/='* =*=08% =* '1*3* (*@)%' 
0(3&'8,5(C) '/8(08,. D'06"/=*- $@0>5*=/: 7*'/$ ,8$*(9>816# ?/"%7 6%('%-
68%7 *60= 0(3&'8,5(C) 2"*(%=,, '&(*@)%''%7 , -%6"*802: 

Cl– + Ag+ = AgClE. 
!"# @=/76'&''# #-/6'*: (&0-./: '0 -0(?*'08-0'/*'% =* (*@)%', =*=0981 
(*@)%' -%6"*8% ('04(%-"0=, 2"*(%='*:). ;0(?*'08-0'/*'% (&03,981 /@ 
-08/*'05% F/=(*3&', /@ ,8$*(&''#5 6"0?-*: -0(?*'08'*: -%6"*8%, #-0 (*@-
-"0=0>816# '0 $,3"&-%6"%7 30@ / $*=,: 

CO   + 2G+ = HI2J + G2I. 
K0- 605* 5*<'0 $%#$%8% -0(?*'08-0'/*'% , 8$&(=/7 6*"/. 

B*? 4&(&-*'08%6#, L* $%=/"#>816# 605& $,3"&-%6"%7 30@, 7*3* 4(*4,6-0-
981 -(/@1 $04'#', $*=,. M&7 30@ (&03,> @ -0"1./7 3/=(*-6%=*5 @ ,8$*(&'-
'#5 '&(*@)%''*: 6*"/ — -0"1./7 -0(?*'08,: 

HI2 + H0(IG)2 = H0HI3E + G2I; 
HI2 + H02+ + 2IG– = H0HI3E + G2I. 

!"# $%#$"&''# $ (*@)%'/ 6,"1+08-0'/*'/$ $%-*(%68*$,981 (*@)%' ?0(/7 
2"*(%=,. N/= )06 $/=4*$/='*: (&0-./: ,8$*(9>816# *60= ?0(/7 6,"1+08,, '&-
(*@)%''*3* $ -%6"*802: 

SO   + Ba2+ = BaSO4E. 
O?% $%#$%8% $ (*@)%'/ -08/*'% Fe2+ / Fe3+, 5*<'0 $%-*(%6808% (*@)%' ",3,. 
;08/*'% P&(,5,(CC), 64*",)09)%61 /@ 3/=(*-6%=-0'/*'05%, ,8$*(9981 @&-
"&'-,$08%7 *60= 3/=(*-6%=, Fe(OH)2, 0 -08/*'% P&(,5,(CCC) — ?,(%7 *60= 
64*",-% Fe(OH)3: 

Fe2+ + 2OH– = Fe(OH)2E; 
Fe3+ + 3OH– = Fe(OH)3E. 

Q*@)%' ",3, $%-*(%68*$,981 / ="# $%#$"&''# -08/*'/$ 05*'/9. R-L* =* 
(*@)%', 05*'/7 2"*(%=, =*=08% (*@)%' '08(/7 3/=(*-6%=,, @’#$"#>816# 20-
(0-8&('%7 @0402 05*'/0-,: 

NH  + IG– = NH3J + H2O. 
M/>9 (&0-./>9 5*<'0 6-*(%6808%6# ="# $%#$"&''# 0@*8'%2 =*?(%$, L* 
5/68#81 6*"/ 05*'/9. 
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S’#6,$08% '0#$'/681 , (*@)%'/ 5&806%"/-08-/*'/$ 5*<'0 @0 =*4*5*3*9 -%6-
"*8%. D'06"/=*- $/=4*$/='*: (&0-./: ,8$*(9>816# =(03"%68%7 *60= 5&806%-
"/-08'*: -%6"*8%: 

SiO   + 2G+ = H2SiO3E. 
Q&0-8%$*5 ="# @=/76'&''# #-/6'*: (&0-./: '0 *(8*+*6+08-/*'% > (*@)%' 
0(3&'8,5(C) '/8(08,. R-L* =* (*@)%', '08(/7 *(8*+*6+08, =*=08% (*@)%' 
0(3&'8,5(C) '/8(08,, 8* 64*68&(/308%5&5* ,8$*(&''# <*$8*3* *60=, 0(3&'-
8,5(C) *(8*+*6+08,: 

PO   + 3Ag+ = Ag3PO4E. 
M&7 *60= (*@)%'#>816# $ (*@?0$"&'/7 '/8(08'/7 -%6"*8/: 

Ag3PO4 + 3HNO3 = 3AgNI3 + H3PI4; 
Ag3PO4 + 3H+ = 3Ag+ + H3PI4. 

T/=*5*68/ 4(* #-/6'/ (&0-./: '0 =&#-/ 7*'% '0$&=&'* $ 80?"%./: 

T%#$%8% =&#-/ -08/*'% , $*='%2 (*@)%'02 80-*< 5*<'0 @0 :2'/5 20(0-8&(-
'%5 @0?0($"&''#5: 
Cu2+ — ?"0-%8'/, Fe2+ — @&"&'-,$08/, Fe3+ — ?,(/, Ni2+ — 6$/8"*-@&"&'/. 

!"#$%&'(%)*+,-)+ .+/+0+ 

D )*8%(1*2 4(*',5&(*$0'%2 4*6,=%'02 5/68#816# (*@)%'% 05*'/7 2"*(%-
=, / 6*"&7 G08(/9 — 6,"1+08,, -0(?*'08, / *(8*+*6+08,.  

P*(5,"0 7*'0 Q&03&'8 S*$'/A'/7 &+&-8

;08/*'%

Ag+ Cl–
N*#$0 ?/"*3* 6%('%68*3* *60=,, 
'&(*@)%''*3* $ -%6"*802

Ba2+ SI42-
N*#$0 ?/"*3* =(/?'*-(%680"/)'*3* 
*60=,, '&(*@)%''*3* $ -%6"*802

Fe2+ OH–
N*#$0 @&"&'-,$08*3* *60=,, L* A$%=-* 
?,(/> '0 4*$/8(/

Fe3+ OH– N*#$0 ?,(*3* *60=,

NG4+ OH–
N*#$0 (/@-*3* 20(0-8&('*3* @0402, 
05*'/0-,

O'/*'%

Cl– Ag+
N*#$0 ?/"*3* 6%('%68*3* *60=,, 
'&(*@)%''*3* $ -%6"*802

SI42- Ba2+
N*#$0 ?/"*3* =(/?'*-(%680"/)'*3* 
*60=,, '&(*@)%''*3* $ -%6"*802

QI43- Ag+
N*#$0 <*$8*3* *60=,, (*@)%''*3* $ 
'/8(08'/7 -%6"*8/

HI32- G+
T%=/"&''# 30@, ?&@ @0402,, L* 
64(%)%'#> 4*5,8'/''# $04'#'*: $*=%

SiI32- G+ N*#$0 ?/"*3* =(03"%68*3* *60=,
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S0 =*4*5*3*9 #-/6'%2 (&0-./7 $%@'0)8& $5/68 -*<'*: 4*6,=%'%. 

12.3’4.+))4. 
C/"1 05*'/9 "&3-* $%#$%8% @0 =*4*5*3*9 (*@)%', ",3,. ;0(?*'08 5*<'0 
$%@'0)%8% @0 =*4*5*3*9 -%6"*8%. Q&0-8%$*5 '0 *(8*+*6+08-/*'% > 0(3&'-
8,5(C) '/8(08, 0 ="# $%#$"&''# 6,"1+08-/*'/$ $%-*(%68*$,981 (*@)%'', 6/"1 
U0(/9.  

I8<&, ="# $%@'0)&''# 6*"&7 '&*?2/='/ (*@)%' '08(/7 3/=(*-6%=,, 2"*(%=-
'0 -%6"*80, (*@)%'% 0(3&'8,5(C) '/8(08, 80 ?0(/7 2"*(%=,. 

D 80?"%.9 @04%6,>5* 4*-(*-*$/ =/:, 64*68&(&<&''#, (/$'#''# (&0-./7 / 
$%6'*$-%: 

! 
"/#

$% &%'()% $% *#%*+,&-./0)% 1-234334 &,/56-7 8(*3%2%5

1. !* 4(*?% @ 
-*<'*: 
4*6,=%'% 
=*=0>5* 
(*@)%' 
'08(/7 
3/=(*-6%=,

G0= 6,5/AA9 
(*@)%'/$ VW3 / 
",3, @’#$"#>816# 
(/@-%7 
20(0-8&('%7 
@0402 05*'/0-,

NH4Cl + NaOH = NaCl + NH3J + H2O

NG  + OH– = NH3J + H2O

D 
4*6,=%'/ 
VW3 — 
(*@)%' 
NH4Cl

2. !* -*<'*: 
4(*?% @ 
4*6,=%' 1, 2 
/ 4 =*=0>5* 
2"*(%=', 
-%6"*8,

Q*@)%' VW2 
(&03,> @ 
-%6"*8*9 @ 
,8$*(&''#5 30@, 
?&@ @0402,

Na2HI3 + 2GCl = 2NaCl + HI2J + G2I

HI   + 2G+ = HI2J + G2I

D 
4*6,=%'/ 
VW2 — 
(*@)%' 
Na2HI3

3. !* -*<'*: 
4(*?% @ 
4*6,=%' 1 / 
4 =*=0>5* 
(*@)%' 
0(3&'8,5(C) 
'/8(08,.
!* <*$8*3* 
*60=, 
=*=0>5* 
'/8(08', 
-%6"*8,

D (*@)%'/ VW4 
,8$*(9>816# 
<*$8%7 *60=, 0 
(*@)%' VW1 680> 
-0"05,8'%5.W
 
 
I60= 
(*@)%'#>816#

Na3PO4 + 3AgNO3 = 3NaNO3 + Ag3PO4E

QI   + 3Ag+ = Ag3PO4E

 
Ag3PO4 + 3HNO3 = 3AgNO3 + H3PO4

Ag3PO4 + 3H+ = 3Ag+ + H3PO4

D 
4*6,=%'/ 
VW4 — 
(*@)%' 
Na3PO4

4. !* 4(*?% @ 
4*6,=%'% 1 
=*=0>5* 
(*@)%' 
?0(/7 
2"*(%=,.

!*=0>5* =* 
*60=, 
'/8(08', 
-%6"*8,

D8$*(9>816# 
?/"%7 
=(/?'*-(%680"/)-
'%7 *60= ?0(/7 
6,"1+08,.WW

 
I60= '& 
(*@)%'#>816#

Na2SO4 + BaCl2 = 2NaCl + BaSO4E

SI   + Ba2+ = BaSO4E

BaSO4 + HNO3 X

D 
4*6,=%'/ 
VW1 — 
(*@)%' 
Na2SO4
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D5/68 -*<'*: 4*6,=%'%: 
 

9&/5+(:3- "/2;/334  

1. N(*0'0"/@,78& &-64&(%5&'80"1', @0=0), / 4*#6'/81 5*<"%$& ,8$*-
(&''# -0"05,8/ 4/6"# @5/A,$0''# (*@)%', VW1 @ (*@)%'*5 0(3&'8,5(C) 
'/8(08,.  
G04%A/81 $/=4*$/='/ 5*"&-,"#('& / 7*''*-5*"&-,"#('& (/$'#''#. 

2. D$/=4*$/='/81 7*', +*(5,", #-*3* '0$&=&'*, @ (&03&'8*5 ="# 7*3* 
$%#$"&''#. 

 !"#$%&' (")%  *+',+)- 

            1 N                  < '08(/7 3/=(*-6%= 

            2 Ba2+                        = -,4(,5(CC) '/8(08 

            3       8 2"*(%='0 -%6"*80 
                             > '08(/7 6,"1+08 
                             ? '08(/7 2"*(%= 

3. R-%5 (&0-8%$*5 5*<'0 $%#$%8% -08/*'% Fe2+ / Fe3+? Y*5, *=%' /@ 
4(*=,-8/$ $/=4*$/='*: (&0-./: @5/'9> @0?0($"&''# / #- 605&? G04%-
A/81 (/$'#''# (&0-./7 / $-0</81 :2 @*$'/A'/ &+&-8%. 

4. Y% 5*<'0 @0 =*4*5*3*9 $04'#'*: $*=% (*@4/@'08% (*@)%'% '08(/7 
-0(?*'08, / '08(/7 '/8(08,, #-/ 5/68#816# $ 4*6,=%'02 ?&@ &8%-&8*-? 
T/=4*$/=1 *?Z(,'8,78&. 

5. ;(/@1 (*@)%' $04'#'*: $*=% 506*9 100 3 @ 506*$*9 )068-*9 ",3, 
0,148W% 4(*4,68%"% $,3"&-%6"%7 30@ =* 4*$'*3* *60=<&''# -08/*'/$ 
;0"1./9.  
I?)%6"/81 *?'>5 (5") ('. ,.) $%8(0)&'*3* $,3"&-%6"*3* 30@,. 

V 4*6,=%'% Q*@)%' 6*"/
1 Na2SO4

2 Na2CO3

3 NH4Cl
4 Na3PO4

Н+
4

СО2−
3
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