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2.1  

.
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1) .
:   -  Hydrogenium  ( );  Oxygenium (O);

 Cuprum ( u).
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3) ;
4) ;
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4) , ;
5) ,  1 ;
6) .
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, . 

, . 
 2 , 1 
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H2SO4  98 . (Mr = 2 1 + 32 + 4 16 = 98).
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D .
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2

1

M
M ; D =

2
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r

r

M
M .

,
 2 

)
MDH

2
2

;     M = 2
2HD .

 (Dn). 
, . 

 29 . 
:

M = 29 Dn.

, 
 ( 2, O2, N2, Cl2),  –

 ( ,  Ne,  Ar,  Kr,  Xe,  Rn). 
.

,  – 3,  – 4, P8 , 
 – S8.

.

2.2  

 1.
, 

. ,
, .

 1.  68,4% . 
.

: .
100  68,4  31,6  (100 – 68,4 = 31,6 ).

Cr O  52  16 .

:
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n( ) =
M
m =

A
m

OCr
16

6,31:
52

4,68 ; (Cr) : (O) = 1,32 : 1,98

. ,
;  1,32.

(Cr) : (O) =
32,1
98,1:

32,1
32,1  = 1: 1,5

,
 2. (Cr) : (O) = 2 : 3.

Cr2O3.

 2.
 2.  2,8.

.
.

1. .
 ( ) Dn
 ( ) 

) = 29 .

D =
M

) ,

) = Dn Mn

M = 2,8 29  = 81 
2. :

) = ) – );

( ) = (81  1) = 80 .
, ,  ( r).

3. r :

D
2H r) = 5,40

2
81

)M(H
M(HBr)

2
.

: r,  – 40,5.
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 3.

 3.
Na2 3 nH2  0,63. .

.
) 

1. Na2 3 :

(Na2 3) = 1 – (H2 ),
(Na2 3) = 1 – 0,63 = 0,37    37%

2. :

(Na2 3 nH2 )   -   1
M(Na2 3)             -   0,37

37,0
)()n( 32

232
CONaMOHCONaM

37
100)()n( 32

232
CONaMOHCONaM ,

/286
37,0

106)n( OHCONaM 232 .

3. :

(Na2 3 nH2 ) = M(Na2 3) + n M(H2 )

             m(H2 ) = (Na2 3 nH2 ) - (Na2 3)

m(H2 ) = 286 – 106 = 180 .

4. :

10
18
180; n

O)M(H
O)m(Hn

2
2 .

,  1 Na2 3  10 2 . ,
Na2 3 10H2 .

) 

:

OH

OH
H

2

2
2
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nn :: O .
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 100 
. (H2 ) = 0,63 ,  100  63 

 37 (100 - 63)  (Na2 3).
:

OHCONaOHCONaO;HmCONam
232232232 5,3:35,0

18
63:

106
37: .

:

OHCONaOHCONa 232232 10:1
35,0
5,3:

35,0
35,0 .

Na2 3 10H2 .
: Na2 3  10 

H2 .

 4.

 4. Ag2S  2,7 . 
.

.
1. :

;
M(Ag)
m(Ag)n(Ag) ;025,0

107
7,2n(Ag)

2. Ag2S, 
0,025 . Ag2S :

n(Ag)S)n(Ag2 2
1 .0125,0

2
025,0S)n(Ag2

3.   :

S)M(AgS)n(AgS)m(Ag 222 .1,3480125, 20S)m(Ag2

4. :

;
S)m(Ag

m(Ag)(Ag)
2

%.87,87,0
1,3
7,2(Ag)

:  87%.
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CuSO4 nH2O
t CuSO4 + nH2O.

:
mmnn 2OH 2

::

.

: ; ; 
. CuSO4 nH2O. CuSO4.

 0,0001 .  1 – 1,2 
. 

.
, , 

 3/4 .

.  ( ),
. 

.
. 

,  0,0002 , 
. 

. 
.

 2.1

- -

m1, m2, m3, m4, m5, m6,

1. :

m3 = m2 - m1.
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2. .

m5 = m2 – m4.

3. .

m6 = m4 – m1.

4. 
xCuSO4 yH2 :

mCuSOm
24 : .

5. CuSO4 : H2O .

6. .

, 
.



27

2.5  

 1

, :

 2

, 
 (

2HD ) 
 ( .D ):

 3

:
m m m

2

1 2 3 4 5 6
1 43,4 % Na; 11,3 % C; 45,3 % O 93,75 % C; 6,25 % O; .D  = 4,41 1,43 0,53 Na2CO3

2 1,53 % V; 2,73 84,2 % S; 15,8 % C; .D = 2,64 7,3 CaCl2 3,6 

3 63,64 % N; 36,36 % O
54,5 % C; 36,4 % O; 9,1 % H;

2HD = 44
9,8% Mg;

13% S 51,2 %

4
70 % Fe; 30 % O

77,4 % C; 7,5 % H; 15,1 % N;
.D = 3,21

18,6% Na;
25,8% S 36,2 %,

5 36,8 % Fe; 31,6 % Ti; 31,6 % O 87,5 % N; 12,5 % H; .D = 1,1 2,111 0,947 Na2SO4

6 72,4 % Fe; 27,6 % O 82,4 % N; 17,6 % H;
2HD = 8,5 2,1522 1,7019 CaSO4

7 34,6 % Cu; 30,4 % Fe; 35,0 % S 92,3 % C; 7,7 % H;
2HD = 13 2,0333 0,9523  MgCl2

8 64,7 % Mn; 35,3 % O 92,3 % C; 7,7 % H;
2HD = 39 1,1450 1,0550 

Na2RuO4

9 18,4 % Fe; 60,5 % W; 21,1 % O 95% F; 5% H;
2HD = 20 1,8440 1,6620 K2SO4

10 40 % Ca; 12 % C; 48 % O 78,18 % B; 21,82 % H;
2HD = 13,71 1,9071 1,0063 

Na2B4O7

11 29,4 % Ca; 23,52 % S; 47,08 % O;
75,76 % As; 24,24 % O;

.D = 13,65 1,6700 1,1921 
Fe3(PO4)2

27
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1 2 3 4 5 6
12 32,9 % Na; 12,9 % Al; 54,2 % F 46,15 % C; 53,85 % N; .D = 1,79 36,6 BaCl2 5,4

13 66,7 % u; 33,3 % S
24,26 % C; 71,62 % Cl; 4,12 % H;

.D = 49,1 6,10 5,2 BaCl2

14 68,4 % Cr; 31,6 % O 84,04 % F; 15,96 % B; .D = 2,34 18,23% Ca;
32,33% Cl 49,36%

15 49,8 % Zn; 15,3 % Si; 34,9 % O 3,85 % H; 96,15 % As; .D = 2,7 2,94 CaCl2 1,45 

16 56% V; 44% O
54,50 % C; 86,36 % O; 9,16 % H;

.D = 3,04 2,48 Na2S2O3 0,90 

17 66,7 % Mo; 33,3 % O 20,2 % Al; 79,8 % Cl; .D = 9,2 6,44 2,84 Na2SO4

18 60% Ti; 40% O
64,87 % C; 21,61 % O; 13,51 % H;

.D = 2,56 1,23 MgSO4 0,63

19 26,53 % K; 35,37 % Cr; 38,10 % O
24,24% C; 4,05% H;71,71% Cl;

.D = 3,42 1,91 1,01 Na2B4O7 -

20 75 % Al; 25 % C 6,66 % H; 93,34 % P;
2HD = 33 2,92 Na2B4O7 0,90

21 1,58 % H; 22,22 % N; 76,20 % O 82,76 % C; 17,24 % H; .D = 2,01 0,80 CuSO4 0,45 

22 42,07 % Na; 18,91 % P; 39,02 % O
24,24% O; 75,76% As;

.D = 13,65 0,304 FeSO4 0,252

23 21,83 % Mg; 27,85 % P; 50,32 % O
15,10% N; 7,5% H; 77,4% C;

.D = 3,21

16,08% Na;
4,19% C;
16,7% ;

62,93 %

24 6,2 P; 14,2 
71,62 % Cl; 24,26 % C; 4,12 % H;

.D = 6,38 1,32 0,78 NiSO4

28
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1 2 3 4 5 6

25 15,79 % C; 84,21 % S
53,85 % N; 46,185 % C;

.D = 1,79 0,533 CrCl3 0,216 

26 63,2 % Mn; 36,8 % O
77,4% C; 7,5% H; 15,1% N;

2HD = 20 1,8440 1,6620 K2SO4

27 36,8 % Fe; 31,6 % Ti; 31,6 % O 92,3 % C; 7,7 % H; .D = 2,62 7,3 CaCl2 3,6
28 34,6 % Cu; 30,4 % Fe; 35 % S 82,76% C; 17,24% H; .D = 3,42 1,91 1,01 Na2B4O7

29 32,9 % Na; 12,9 % Al; 54,2 % F 75,76% As; 24,24% O; .D = 2,7 2,94 CaCl2 1,45 
30 49,8 % Zn; 15,3 % Si; 34,9 % O 92,3% C; 7,7% H; .D = 9,2 6,44 2,84 Na2SO4

29
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 3

»

: -

;
-

;
-

.

3.1  

, 
.

(f ) ,  
.

f  ( ) =
z
1 ,

z
, .

( )
 ( , ).

M = f M

 (V ) – 
 ( 3 , ).

V = f Vm

.

, 
.

:

 ( ) 
) .
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 ( ) – 
.

 (n ) =
M

m .

, 

n (A) = n (B).

(A)M
m(A) =

(B)M
m(B)

(A)V
V(A) =

(B)V
V(B)

:

m(B)
m(A) =

(B)M
(A)M ;

V(B)
V(A) =

(B)V
(A)V ;

V(B)
m(A) =

(B)V
(A)M ,

m(A), m(B), V(A), V(B) –  ( ) ,
M ), ), V (A),  V (B) –  ( )

.

.

3.2  

 1.

 1. r2 3.
. : B(Cr) = 3.

B =
M
M         M r) =

B(Cr)
M(Cr)

M = /3,17
3

52 .

 2. ,

1. , 
 65,57% . 

35,45 .
. , 

 100 , .
 = - l;                  = 100 – 65,57 = 34,43

)  
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l)
)

Cl

)= ;
m(Cl)

l))

)= ./62,18
57,65

45,3543,34

 2.  5 , ,  9,44 
. .

.
.

) = ) – (Al),
) = 9,44 – 5 = 4,44 ,

)= ;)           )= ;8
2

16

(Al)=
m(O)

(O)Mm(Al)

(Al)= )9
4,44

85

B(Al)= ;
(Al)M

M(Al)     B(Al)= .3
9
27

 – Al2O3

 3.  5,2  3,5 , . 
,  1,  – 3?

: :

(N) = ;
B
M       (N) = );4,67

3
14

,
(N)

)M
(N)

(Me)
m(N)

(N)))M ,

)6,9
3,5

4,675,2)M .

:    ) =  ( ); ) = 6,9 .
 –  6,9 .
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 4. ,  0,0547 
 50,4 .

:

)                    V 2) = f V m =
2
1 22,4 = 11,2 .

) ) =
2H

2

V
)Vm(Me)  =

05040
21105470

,
,,  = 12,15 .

 5.  ( ), 
 55,8?

:

) f (Fe3+) =
3
1

) M (Fe) = f  =
3
1 55,8 = 18,6 ).

 6. ,  60 2 6.

:

mV
V

M
m

M
VmV m = .,, 844

30
42260

 7.  454 ,  37
97325 ,  0,626 . .

:
:

M =
Vp

TRm1000 ,

 = 97325 ,  V = 0,454 ,   = (273+37) = 310 ,  m = 0,626 .

M = )536
454097325

310314862601000 ,
,
,, .
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 8.  1 4 ( .).

:  1  – , 
M = Vm,

 =
4,22

16
mV

M = 0,175 ,

:  1 4  0,715 .

 9. 2,   16,8  
.

:                   n =
mV

V =
422

816
,

, = 0,75 .

3.3  

1. , :
) , ;
) ?

2. ?
3. ?
4.  3,06  28 ,

. .
5. ,  1,6  2,615 

.
6.  20,06  21,06 .

, 
 8 .

7. ,  7,2 
 28,2 . 

 35,45 .
8.  69% . 

 47,9. .
9. ?
10. ?
11. : 2; 2; l2; CO2; NH3;

N2; NO; SO2.
12. .
13. .
14. : SO3; TiO; SnO2;  P2O5;

Pb(OH)2; CsOH; Ga(OH)3; Ba(OH)2.
15. :
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) HPO3 + Bi(OH)3 = Bi(OH)2PO3 + H2O;
) H2SO4 + NaOH = NaHSO4 + H2O;
) 3H2SO4 + 2Al(OH)3 = Al2(SO4)3 + 6H2O;

16. :

) H3PO4 + Ca(OH)2 = CaHPO4 + 2H2O;
) 2HCl + Bi(OH)3 = BiOHCl2 + 2H2O;
) 3Ca(OH)2 + 2H3PO4 = Ca3(PO4)2 + 3H2O.

17. :

) H2SO4 + 2KOH = K2SO4 + 2H2O;
) HCl + Cu(OH)2 = CuOHCl + H2O;
) 2HCl + Cu(OH)2 = CuCl2 + 2H2O;

18. , :
) 0,29 t = 27 C =1,064 105  0,32 ;
) 1,56 t = 27 C  = 1,037 105  2,86 ;

19. ,  0,046 
 62,35 , 

 17 C  764,52 . 
17 C  14,53 . .                        ( : 88,9 )

20. ,  0,035 
,  20% ,  11,9 

,  17 C 
774,53 .  17 C 
14,53 .

3.4  

: -

;
-

;
-

.

:
-  ( ). 

. , .  (25-50 ), 
 (250 ), .

-  (Zn, Mg, Fe, Al) ~ 0,007-0,12 . 
 (2 ).
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.

 ( g, Zn, Fe, Al) 
, .

, 

Me + 2HCl = MeCl2 + H2            (Me Mg, Zn, Fe)
2Al + 6HCl = 2AlCl3 + 3H2

-
. , 

.
, 

:

22

22

. . 3.1.

 3.1 – .

, ,
103 . .)

, ,
103 . .)

0 0,61 (4,58) 19 2,20 (16,48)
5 0,87 (6,54) 20 2,37 (17,53)

10 1,23 (9,20) 21 2,48 (18,65)
15 1,70 (12,79) 22 2,64 (19,82)
16 1,82 (13,63) 23 2,80 (21,09)
17 1,93 (14,53) 24 2,98 ((22,37)
18 2,06 (15,47) 25 3,16 (23,75)

1. 

. . 3.1).

. 
. .  1 2 
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, . 
. 

.
 15 20 3

, . 
, .

0,0001 . .

. 3.1
:

1 ; 2 – ; 3 ; 4 – 
.

2. .

, ,
, 

. 
, . 

 ( , 
). 

 10 15 
. 

. .
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3. , .

 t C 
( 0 + t C). , . 

(
2

, ). 
.

 3.2 – 

mMe, T, , 2 )

,

2

2
2HV , V0, 2Hm

K (273 + t C) a

1. .

.
H VVV

2
.

2. .

. 
:

0

00

T
pV

=
T

pV ;        
Tp

TVpp
)(HV

0

0OH
2

2
0

,

C273325,101
273

0
OH

20 t
Vpp

)(HV 2 .

OH2
pp

, 
.

22
.

3.  .

 0,0001 .
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pV =
)M(
)m(

2

2 RT,
TR

)M(HVp)m(H 2
2

R – , R= 8,314 ;

2) – , 2 ;
V – , 3.

4. 
).

 0,01 .
) 

)m(H
m(Me)

2
=

)(H
MeM

2
;    M (H2) = 1 .

) 

)=
)(HV

)(HVm(Me)

20

2 , V (H2) = 11,2 

)  0,01 .

5. .

) =
B
MeM ,

. .

6. .
 0,1% 

:

%100

7. .
. 

, 
.
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3.5  

:
1) .
2) .
3) .
4) 

 ( ).
5) .

1 Cu2S, CuO, CuSO4, Cu2O Cu
2 Au2O, Au2O3, H uCl4, Au(OH)3 Au
3 Hg2O, HgO, Hg2Cl2, Hg(NO3)2 Hg
4 VO2, V2O5, HVO3, VO, V
5 Cr(OH)2, Cr2O3, CrO3, Cr2(SO4)3 Cr
6 MnO, MnO2, MnCl2, Mn2O7 Mn
7 FeSO4, Fe2O3, FeS2, FeCl3 Fe
8 CoO, Co(OH)3, CoCl2, CoAs Co
9 NiO, NiSO4, Ni2O3, Ni(OH)3 Ni
10 OsO4, OsF3, OsO2, OsCl4 Os
11 PtCl4, PtO2, PtCl2, H2Pt(CN)4 Pt
12 TiO, TiF3, TiO2, TiCl4 Ti
13 ZrO2, ZrF2, K2ZrCl6, ZrSiO4 Zr
14 HfO2, HfF4, H2HfF6, HfN Hf
15 VCl3, K3VF6, VCl2, VO2 V
16 VO, VCl4, V2O5, VOF3 V
17 Nb2O5, NbO2, NbOCl2, NaNbO3 Nb
18 CrCl2, CrCl3, KCrO2, CrO2F2 Cr
19 WF6, WO3, WO2Cl2, WBr2 W
20 MoCl6, MoO3, MoCl2, MoS3 Mo
21 Mn3(PO4)2, MnS, MnF4, MnSO4 Mn
22 TcO2, TcCl4, KTcO4, Tc2O7 Tc
23 ReCl6, ReF7, ReO2, ReCl4 Re
24 FeI2, Fe(CN)3, FeO, K2FeO4 Fe
25 RuO2, RuF4, RuO4, RuF6 Ru
26 OsO4, OsF6, OsCl4, K3OsCl6 Os
27 RuF6, RuCl4, K3Ru(CN)6, RuO4 Ru
28 Co(OH)2, CoF2, Co2(SO4)3, K3Co(NO2)6 Co
29 IrF6, Ir(OH)4, IrO2, Na2IrCl6 Ir
30 RhF6, RhF3, Cs2RhCl6, Rh(NH3)3Cl3 Rh
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4

»

: - 
;

- ;
-

.

4.1 

.

1. , 
. :

) , :

H2 + l2 = 2 l, H = -184,6 ; Q = +184,6 

) , 
:

N2 + 2
t  2NO, H = 180,8 ; Q = -180,8 

.

2. . :
) , :

2KClO3 = 2 l + 3 2

) : 
:

H2 + I2  2HI

 ( ).

3. . 
:

) : 
.

2SO2 + O2 = 2SO3
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) : .

(N 4)2Cr2O7 = N2 + Cr2O3 + 4H2O

) : 
.

2Al + 3H2SO4 = Al2(SO4)3 + 3H2
Zn + Pb(NO3)2 = Zn(N 3)2 + b

) : 
), .

AgNO3 + Na l = AgCl  + NaNO3
( )2 + 2 l = l2 + 2 2

, 
, .

 – 

H2SO4 + 2KOH = K2SO4 + 2H2O

4. .
, 

.
, 

, .
11121113
ClK2ClFe2IIK2ClFe2 2

-
0
2

-
3

2
0

32 OCFeOCOFe
423

323

OClHClHOHCl
-

22

11
0

4.2  

: - 
;

- ;
-  

.

: ; 0,1 , 
, , , , ,

;  ( u2( )2 3), ;
 ( Cl),  (NH4 ).
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 1.

 ( )
.  25 % . 

, 
. 

Cl NH3. 
?

 2. u2(OH)2 3

. 
. 

. . 
:

u2( )2 3
t  2  + 2   + 2

? ? 
2 . 

 (IV) ?

:  6,2 
CuSO4 5H2O  4,2  Na2CO3. 

 250 
 0,5 .

2 . 
, . 

 10-15 . 

.
, 

 t = 80-100° .

 3. .

CuS 4. . ? 
? 

. ? 
?

 4. .

)  2-3 Cl2  2-3 
Na2SO4. .
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)  2-3 
K2CrO4. . . 

? ?

 5.

.  2-3 
Na2S

 (H2 4). ? . 
?

 6.

 2-3 . 
. . ? 

 ( ).
? 

. . 
?

4.3  

1. ?
2. : ) ; ) ; ) ;

) . .
3. ? 

.
4. ? 

.
5. . 

?
) CaO + CO2

t
3

)  + 2
t )2;

) 3
t CaO + CO2;

) 2Zn(NO3)2
t  2ZnO + 4NO2 + O2.

6. . 
? .

a) 2  + uSO4 = Cu(OH)2 + K2SO4;
) Cu + 2AgNO3 = 2Ag + Cu(NO3)2;
) 2KMnO4 = K2MnO4 + MnO2 + O2;
) 2NaOH + CO2 = Na2CO3 + H2O;
) 2H2 + O2 = 2H2O.
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7. - ?
) FeO + CO = Fe + CO2;          H>0
) 2NO + Cl2 = 2NOCl;              H<0
) 2SO2 + O2 = 2SO3;                  H<0
) 2WO3 + 3C = 2W + 3CO2,      H>0

8. ? 
:

) 2NO2 = N2O4;
) CaCO3 + 2HCl = H2O + CO2 + CaCl2;
) 2CO + O2 = 2CO2;
) 2NO2 = 2NO + O2;
) Na2SO4 + BaCl2 = BaSO4  + 2HCl.

9.  ( ). 
.

) g + HNO3 Mg(NO3)2 + NH4NO3 + H2O;
) Al + HNO3 Al2O3 + NO2 + H2O;
) In + H2SO4 InSO4 + H2;
) I2 + HNO3 HIO3 + NO + H2O;
) 2BiCl3 + 3H2S Bi2S3  + 6HCl.

10. .
) KBr + AgNO3 = KNO3 + AgBr ;
) CaO + H2SO4 = CaSO4 + H2O;
) 4HCl + MnO2 = MnCl2 + Cl2 + 2H2O;
) MgOHCl + HCl = MgCl2 + H2O;
) I2 + Cl2 + H2O HIO3 + HCl.

11.
 ( ). ,

.
12.

. 
?

13.
. , 

. , 
. ?

14.
. 

?
15. ? 

,  (NH3) 
(HCl). , .
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 5

« »

: -
;

- ;
- .

5.1  

, ,
.

, 

, 
: O , Mg = , O = = O .

, 
, Na2O2 (Na ), BaO2

       
a

.
.

: N2O, NO, CO.
, .

. 
. :

 + H2SO4 = FeSO4 + H2O
MgO + SO3 = MgSO4

. .
, 

, 
Zn(OH)2 + 2HCl ZnCl2 + 2H2O

Al2O3 + 6HCl  2AlCl3 + 3H2O
ZnO + 2NaOH Na2ZnO2 + H2O

, 

H2Zn 2 + 2 H = K2ZnO2 + 2H2O
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, , .

.
ZnS 4 + 2  = Zn(OH)2 + Na2 4

Cr(NO3)3 + 3KOH = Cr(OH)3 + 3KNO3

5.2 
 1. .

. :

Ni  NiCl2  Ni(OH)2  (NiOH)2SO4  Ni(NO3)2  NiO.

.  Ni  NiCl2, 
,  – 

, Cl:

Ni + 2HCl NiCl2 +H2
Ni + 2H+ Ni2+ +H2

NiCl2 Ni(OH)2
:

NiCl2 + 2NaOH  Ni(OH)2 + 2NaCl
Ni2+ + 2OH  Ni(OH)2

Ni(OH)2 (NiOH)2SO4

2SO4 :

2 Ni(OH)2,  1 2SO4:

2Ni(OH)2 + 2SO4  (NiOH)2SO4+ 2H2
Ni(OH)2 + +  NiOH++ H2

:
(NiOH)2SO4 + 2SO4 2NiSO4+ 2H2
NiOH+ + +  Ni2+ + H2

Ni(OH)2 + 2SO4 NiSO4 + 2H2
Ni(OH)2 + 2 + 2+ + 2H2

(NiOH)2SO4 Ni(NO3)2 AgNO3.
Ni(NO3)2 , Ag2SO4 -
.

(NiOH)2SO4 + 2SO4 2NiSO4+ 2H2
NiSO4 + 2AgNO3  Ni(NO3)2 + Ag2SO4

2Ag2+ + SO4
2  Ag2SO4
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:

                                                               MeNO2 + O2
                Mg
                    MeNO3 Mg – Cu      MeO + NO2 + O2
            Cu
                                                             MeO + NO2 + O2

 ( ,
). Ni

Mg Cu
  .

2Ni(NO3)2
t 2NiO + 4NO2 + O2

 ( ).

5.3  

: -
;

- ;
- .

: , ;
: 0,5 ; 2 ; 0,1 

, ;  ( );
; .

: ; ; .

 1.

 1 c 3 0,5   (II)  
1 3 1 .  (II), ,

,  (II). 
? , 

. 
. ?

. 
?

 2 . .

. 
. 

. 
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. ? 
. 

,  1-2 . 
? 

? 
. 

CO2.

 3.

(NH4)2 r2 7 . , 
. 

 (III) 
, .

! ( ).
 (III) ?

(NH4)2 r2 7 Cr2 3  + N2  + 4H2

 ( ) 
.

 4.

200-300 . 
 (IV) 2. 

, , , 
 (  + ).

, 
. 
 (IV) N2 4. 

. 
 (IV). 

.
 (IV) NO2 , 

 +140 ° . 
N2O4, 

 ( ). 
: N2 4  2NO2 -

.
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 5.

a)  1-2 
. .

. ? 
.

)  1-2  (II),
 (II),  (II),  2 . 
. . 
.

(OH)3 Fe( H)2
.

4 )2 + 2 + 2 2  4Fe(OH)3

, Co(OH)2.
.

5.4   

1. : Mg(OH)2;
Al(OH)3; InO; Ba(OH)2; Fe(OH)3.

?
2. : P2O5; NaOH; InO;

AgNO3; Na2CO3; KCl; Cr(OH)3; H2SO4?
.

3. , 
:

) Fe(OH)3 Fe2O3 Fe FeCl3 Fe(NO3)3;
) P P2O5 H3PO4 Ca3(PO4)2 Ca(H2PO4)2 Ca3(PO4)2.

4. , 
:

) Cu(OH)2 CuO Cu CuSO4 Cu(NO3)2 CuOHNO3;
) C CO2 CaCO3 CaO Ca(OH)2 (CaOH)2SO4.

5. , 
:

) Al2O3 KAlO2 Al(OH)3 AlOHSO4 Al2(SO4)3;
) B H3BO3 Na2B4O7 H3BO3.
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6. , 

) Ca(HCO3)2 CaCO3 CaO CaCl2 CaOHCl;
) N2 NO HNO3 Pb(OH)2 PbO Pb.

7. , 

) NiO Ni  Ni(NO3)2 Ni(OH)2 Ni(OH)3  Ni(OH)2NO3.
) S SO2 K2SO3 KHSO3 SO2 CaSO3;

8. . 
.

9. , .
10. , 

.
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 6

»

: - ;
 - ;
 - .

6.1  

, 
. 

. 
, , 

.  (HNO3, HCl),
 (H2SO4, H2S),  (H3PO4 ).

. : H2S, HF, HCl, HBr, HI .
. 

. 
.

2 + 2  = 2 3

, , 
:

2NO2 + H2O = HNO3 + HNO2

:

1. :
SO3 + H2O = H2SO4.

2. :
2NaCl + H2SO4 = 2HCl + Na2SO4.

3. :
3  + 5HN 3 + 2 2  = 3H3PO4 + 5NO.

4. :

2 + Cl2 = 2HCl.
.

. 
, , .
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: Al2(SO4)3, MgCl2, KNO3 .

: NaHSO4, MgHPO4 . 
.

, 
OH . 

Al(OH)2Cl, Ni(OH)NO3, Al(OH)SO4. .
.

1. :

Zn + 2HCl = ZnCl2 + H2
Cu + 2 2SO4 = CuS 4 + 2  + 2H2

2. :

 + 2 Cl = Cl2 + 2

3. :

(OH)2 + 2 l = Cl2 + 2 2

4. :

2NaCl + H2SO4 = Na2SO4 + 2 l
Na2SO4 + H2SO4 = 2NaHSO4

5. :

 + SiO2 = CaSiO3

6. :

6  + 2O5 = 2Na3PO4 + 3H2O

7. :

CO3 + SiO2 = CaSiO3 + O2

8. :

Fe(NO3)3 + 3NaOH = 3NaNO3 + F (O )3

9. :

 + CuSO4 = FeSO4 + Cu
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10. :

2  + 3 l2 = 2 l3

11. :

Cl2 + Na2SO4 = SO4 + 2NaCl

12. :

Zn + 2NaOH = Na2Zn 2 + H2

13. :

3S + 6NaOH = 2H2S + Na2 3 + 3H2

14. :

l2 + 2KI = 2 l+ I2

15. :
2KNO3 = 2KNO2 + O2

6.2  

: - ;
 - ;
 - .

: ; ;
: H2SO4; 

HCl; H3PO4; 
Ca(OH)2;  ( ); 

Na2SiO3; Pb(NO3)2; NaCl;
AgNO3; CoCl2; 

NaHCO3; Ba(OH)2; 
Na3PO4; CaCl2; ;

: Na2 O3, NaNO3, 
Na2SO3, NaCl, 

Na2B4O7·10H2O, ; Ba(OH)2; 
).

 1.
:

CaCO3 + 2HCl  CaCl2 + H2O + CO2

,
. 

1-2 .
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, , 
1-2 . ?

. 
.

 2.

10-20 . 
 1-2 3 . .

.

 3.
 1 3

Na2B4O7·10H2O,  1  2,5 3 .
 8-10  12,5 . 

, 
. 

H3BO3.
, , 

:

Na2B4O7 + H2SO4 Na2SO4 + 2B2 3 + 2
B2 3 + 3 2  2 3 3.

 4.

: , ,
, 

. 
, 

. 
. 

, , . 
, , 

. ,
, 

.

 5.

 2  3 Na2SiO3,
. 

. ? :
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. 
. 

.

 6.

 1  2 3 . 

, . 

, 
, . 

, .
.

. 
. 

.

 7.

, . 
.  (

) 
. .

. 
.

 8.

 1 3

.
.

 9.

)  1 3

. ? 
. ?

)  1 3

3·6 2 . . 

, , .
? .
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 10.

, . 
, ? 

 (IV)? .

 11.

 1 3

. .

, . 
. 

, ?

6.3 

1. : CrCl3,
Ba(HCO3)2, AlOHCl2, Fe(NO3)3, CrOHSO4, Ca3(PO4)2, Fe(HS)2,
(ZnOH)2SO4, Al(H2PO4)3, CaHPO4, Cr2(HPO4)3, CaSiO3, FeOHNO3,
NaHCO3, BiOHCl.

2.
:  ( ), , 

.
3.

)2 + 3 4

, .
4. :

; ; 
;  ( ). 
.

5. , 4, 
.

6. , , 
. .

7. , .
8. , .
9. .
10. .



58

1. . . - .: , 1988. – 704 .
2. . . – .: ,

1988. – 272 .
3. . . – : , 1998. – 480 .
4. . . . – , , 2009. – 304 .
5. . . – .: ., 1985. – 679 .
6. . . – : .,

1994. – 423 .

7. ., ., . . . – ,
1997, - 392 .

8. ., . .  3- . –
.: , 1976. – 654 .

9. .  – .: . 2005.- 639 .
10. ., ., . 

.- .: . 2003. – 342 .
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 1

59



60

 2

K+ Na+ NH4
+ Ba2+ Sr2+ Ca2+Mg2+ Al3+ Cr3+ Fe3+ Fe2+ Mn2+Zn2+ Ni2+ Co2+ Ag+ Hg2+ Cu2+ Cd2+ Pb2+ Bi3+ Sn2+

OH
F  - 
Cl -  
Br -  
I
S 2 - - 

SO3
2 - - -  -  -  - -  - -

SO4
2 - 

PO4
3  -

CrO4
2  - - - - 

CO3
2  - - -  -

NO3  -
NO2 -  -

CH3COO  - -

:   – ;  –  ( );  – ; “–“ 
, .

60
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