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.
, ,

 –  ( ) 
. 

.
s-,  d-,  f-

- .  – , 
,

. 
, 
 ( )

.
.

. 
:

F > O > Cl > N > S > C > P > H > Si.

, 
, , , 
 ( ) ,

 – .
: :  – Zn,  – Cu,  – Fe.

:  –P4 ,  – S8,  – O3,  – H2,  – N2,

.  ( ) 
, : , , 

; , ,
, , , , 

 ( ).  – 
, 

: , 
.

,
.

CuO; (NH4)2S;  –
Ca3N2; Mg3P2; Al4C3; CaH2.
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1 

. : 
,

, .

1.1  - 

, 
:  =     

\/
 : .

 – , 
 47 .%.  – 2, , ,

; 
, , , , 

. 2

3, , 
 25 . 

, , 
.

, 
: 

498 . .
.

,
, 

.
 « » 

. , 

. : FeO –  ( ), Fe2O3 –  ( ).
. 

. :
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          0         0             +3  –2
4Al + 3O2 = 2Al2O3

          0           0           +5  –2                                             +4              0         +6 –2
4  + 5 2 = 2 2 5 2SO2 + O2 = 2SO3

      0         0       +4 –2                                                              -2           0           +4 –2               –2
    S + O2 + SO2 2H2S + 3O2 = 2SO2 + 2H2O

  , :
) 

                                                          t
2Mn2O7 4MnO2 + 3O2

) 
                                                           t

2Al(OH)3   Al2O3 + 3H2O
) 

                                                            t
H2SiO3   SiO2 + H2O

) 
                                                             t

NH4NO3   N2O + 2H2O
) 

                                                             t
2BaO2   2BaO + O2

) 
                                                      t

Cu + 4HNO3   Cu(NO3)2 + 2NO2 + 2H2O
                                                                    t

CO2 + C  2CO

 (
) .

Na2O                                                                Cr2O3

           Na  O  Na                                      O =   Cr  O  Cr =

. 
 ( ) .

, , 
 ( ). 

, 
, .
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 P2O5 SO3 Mn2O7

O = P  O  P = O           O    S   O                    O                  O
                                                                                                                                            

        O              O                           O                      O= Mn  O  Mn = 
                          

                                                                                                         

, ,

.
,  3-

:

        Na            Mg                 Al                         Si             P            S             Cl

   Na2O          MgO              Al2O3                      SiO2      P2O5       SO3       Cl2O7

                                                                   

, .
 «–1», 

 «-1/2» (Na2O2, KO2). 
 (  – 2 2).

, Na2O2, CaO2

2 2.

, , 
. 

). , 
. ,  ( ) N2O,  ( ) NO, 

 ( ) CO.
, , ,

.

  

 – , . 
, : Li2O, Na2O, K2O, MgO, BaO, Ca

–
; : MnO, Mn2O3 CrO

.  – . 
.
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, 

 ( )  ( ).

1. .
)

CaO + H2O  Ca(OH)2 BaO + H2O  Ba(OH)2
CaO + H2O  Ca2+ + 2OH –               BaO + H2O  Ba2+ + 2 —

Ca(OH)2 – . , 
 – . 

. 
. , 

, , 
.

2. . .

CaO + 2HCl CaCl2 + H2O

CaO + 2H+  Ca2+ + H2O

CuO +H2SO4  CuSO4 + H2O
                                 
CuO +2H+  Cu2+ + H2O

3. . .

CaO + CO2 = CaCO3

4. .

. .
                                                          t

Na2O + Al2O3 2NaAlO2 –
                       t
CaO + ZnO  CaZnO2 –

– , , 
 – : N2O3, NO2,  N2 5, SO3, CrO3,  V2O5 . 

,  ( , 
) 
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:  (V2O5, CrO3, MnO3, Mn2O7). 
.

. 
. :

P2O5, CrO3, Mn2O7; : N2O5; : SO2, CO2.

1. .
SO2 + H2O  H2SO3

SO3 + H2O  H2SO4

. . 
, , , 
, , ,

: S O2. , ,
, O2 :

O2 + H2O   .

, 
: ,  (IV) 

:

                +4                                  +5                 +3
2NO2 + H2O  HNO3 + HNO2

      

2.  ( ). .

SO3 + 2 OH  K2SO4 + H2O –
SO3 + 2OH—  SO4

2— + H2O

SO2 + 2 OH 2SO3 + H2O –
SO2 + 2OH—  SO3

2— + H2O

P2O5 + 3Ca(OH)2  Ca3(PO4)2  + 3H2O –
P2O5 + 3Ca2+ + 6OH—  Ca3(PO4)3 + 3H2O

3. .

P2O5 + 3CaO  Ca3(PO4)2 –

P2O5 + Fe2O3 2FePO4 –  ( )

N2O5 + CuO  Cu(NO3)2 –     

SO3 + ZnO  ZnSO4 –     
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4.  ( ) ,  
.

2CO3 + SiO2 2SiO3 + CO2

2CO3 + P2O5 2 PO3 + CO2

2NaHCO3 + SiO2  Na2 O3 + H2O + 2CO2

CO2 SiO2 –
 ( ); P2O5 –

.

5.  ( ) .
, , 

 ( ) . 
.

P2O5 + 4Na3PO4  + 3H2O  6Na2HPO4 –

P2O5 + Na3PO4  + 3H2O  3NaH2PO4 –

P2O5 + 2Na2 PO4 + 3H2O 4NaH2PO4 –

CO2 + Na2CO3 + H2O 2NaHCO3 –

. 
:

Al(OH)3 Al2O3  H3AlO3  H lO2 + H2O
                 

Zn(OH)2 ZnO H2ZnO2
            

: Al2O3,  ZnO,  Cr2O3, BeO, SnO2,
PbO2, MnO2, O2 .

; 
 ( , ) 

. , 
, , 
. ,  (Cr2O3, Al2O3,

TiO2 ) : 
, . 

, ,  (
K2S2O7).  ( ):
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Al2O3 + 2Na  = 2NaAlO2 + 2

Al2O3 + 6KHSO4 = 3K2SO4 + Al2(SO4)3 + 3H2

, , ,
, . 

, 
 5, 6, 7 – .

, MnO, Mn2O3, MnO2, Mn2O7.  –
, MnO2 – ,  – .

1. , , 
:

ZnO + 2HCl = ZnCl2 + H2O –

Al2O3 + 6HNO3 = 2Al(NO3)3 + 3H2O –

2. , , 
:

ZnO + 2NaOH = Na2ZnO2 + H2O –

Fe2O3 + 2NaOH = 2NaFeO2 + H2O –

:

Al2O3 + Na2CO3 = 2NaAlO2 + CO2       –   

Fe2O3 + Na2CO3 = 2NaFeO2 + CO2

1.2 

, 
, , ,

. 
 ( ),  ( ) 

,  – 
.

1.2.1  - 

, 
 - . -

. 
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 – , 
 –  ( ).

.

. , 

, 
. : Cu(OH)2 –  (II),

Fe(OH)2 –  (II) ; Fe(OH)3 –
 (III) .

, , 
. : NaOH, KOH, LiOH – ; Ca(OH)2,

Sr(OH)2, Ba(OH)2 – ; Bi(OH)3, La(OH)3 – ; Sn(OH)4 –
. - .

 – 
,  « »

. –
.

. 
:  ( ) . 

 (NaOH, KOH, Ba(OH)2, CsOH),  (Mg(OH)2,
TlOH, Ca(OH)2) (Tl(OH)3, Bi(OH)3).

 (
)  ( , 

).  – , 
-

. .

1.
:                         NaOH  Na+ + OH

Ba(OH)2  BaOH+ + OH ;  BaOH+  Ba2+ + OH

, 
.

2.
, 

, ,
, :

Ca(OH)2 + HCl =CaOHCl + H2O –
Ca2+ + 2OH + H+ = CaOH+ + H2



14

Ca(OH)2 + 2HCl = CaCl2 + 2H2O –
– + + = 2

a(OH)2 + H3 4 = aH O4 + 2H2O –
– + + = 2

3 a(OH)2 + 2H3 4 = a3 4) 2 + 6H2O –
3 a2+ + 6OH  +6H+ + 2 4  = a3 4 )2 + 6H2O

NaOH + Al(OH) 3 = Na[Al(OH)4] –
OH  + Al(OH) 3 = [Al(OH)4]

 –  –
.

:
                                        t

NaOH + Al(OH)3  NaAlO2 + 2H2             –  

- 
.

                                           t
3NaOH + Al(OH) 3  Na3 AlO3 + 3H2       –  

. —-
:

, 
– .

3. .

a(OH)2 + CO2 aCO3 + H2O
aOH++ – + CO2 aCO3 + H2O
a2+ + 2  + 2 O3 + 2

Ca(OH)2 + N2O5 (NO3)2 + H2O
2OH  + N2O5 2NO3  + H2O

2Sr(OH)2+ 4NO2 Sr(NO3)2+ Sr(NO2)2 + 2H2O
2OH  + 2NO2  NO3  + NO2 + 2

4.

                                                t
2 OH + Cr2O3 2 CrO2 + H2O           –      

                  t
6 OH + Cr2O3 2 3CrO3 + 3H2O     –      
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5. , 
.

Fe2(SO4)3 + 2KOH 2FeOHSO4  + K2SO4
SO4 + Fe3+ + OH  FeOHSO4 –  (III)

Fe2(SO4)3+4KOH [Fe(OH)2]2SO4  + 2K2 4
2Fe3++4OH +SO4  [Fe(OH)2]2SO4     –

Fe2(SO4)3 + 6KOH 2Fe(OH)3 + 3K2SO4
Fe3++3OH  Fe(OH)3     –   (III)

6.

OH + HCO3 2CO3 + H2O
OH + HCO3

—  CO3  + H2O

OH + H2PO4 2HPO4 + H2O
OH + H2PO4  HPO4 + H2O

OH + 2HPO4 3PO4 + H2O
OH  + HPO4  PO4  + H2O

2 OH + H2PO4 3PO4 + 2H2O
2OH  + H2PO4  PO4  + H2O

, .

7. , ,
, . 

                 t
)2  + 2

                 t
)2  + 2

, 
, ,

. 
, , 

. 
:

1.

La(OH) 3 + HCl  La(OH)2Cl + H2O
La(OH)3 + H+  La(OH)2

+ + H2O
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La(OH) 3 + 2HCl  La(OH)Cl2 + 2H2O
La(OH)3 + 2H+ [La(OH)]2++2H2O

La(OH)3 + 3HCl  LaCl3 + 3H2O
La(OH)3 + 3H+  La3+ + 3H2O

2. . .

t
Mg(OH)2  MgO + H2O

t
2La(OH)3  La2O3 + 3H2O

  .

 ( ) :

) :

2Na + 2H2O 2NaOH + H2

Ba + 2H2O  Ba(OH)2 + H2

) :

2  + 2 2

 + 2 )2

 – :

) 

Bi2O3 + 6HCl 2BiCl3 + 3H2O
Bi2O3 + 6H+ 2Bi3+ + 3H2O

NiO + H2SO4  NiSO4 + H2O
NiO + 2H+  Ni2+ + H2O

) , , , :

BiCl3 + 3KOH  Bi(OH)3  + 3KCl
Bi3+ + 3OH  Bi(OH)3

NiSO4 + 2NaOH  Ni(OH)2 + Na2SO4
Ni2+ + 2OH  Ni(OH)2

:
)  ( )
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) 

             OH a(OH)2        Fe(OH)3

      —O—H  H—O— a—O—H H—O—Fe—O—H

                        O–

, 
.

1.2.2   - 

, 
,  ( ) –

. 
 – , 

 – . 
, 

.

HCl   H++ Cl

:

1.  – 
) ,

: H2S,  H2Se,  H2Te, HGal (F, Cl,
Br, ), HCN i HSCN;

) :  – HNO3,  H2SO4,  H3PO4,  H2CrO4 – 
) , 

 (+5, +6, +7):

2 + 2 2 3             –       

SO3 + H2O  H2SO4               –       

CrO3 + H2O  H2CrO4            –       .

 – H2S2O7,  H2B4O7,  H4P2O7,  H2S2O8
 – H3[P(Mo3O10)4], H4[Si(W3O10)4]

2. : 
, .

HCl, HNO3, C 3COO – ; H2SO4,  H2 O3 – ;
H3PO4; H3AsO4 – .
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3. :
)  – :

, , , 
: HNO3, HClO4 – ; H2SO4 – ;

3, HClO2, HClO.

)  – : H2SO3,
Gal,  H2SO4 ,  HClO4 .

) : HNO3,  H2SO4, HClO4, HGal;
 – H3PO4,  H2SO3, HSCN  – H3BO3,  H2CO3, HCN, HNO2,  H2S

.

, - (
 – 

), -, - ( ), 
». 

, -
) - ( ). 

. 
-, -.

+7                                                 +5                                          +3
: HClO4 – ; HClO3 – ; HClO2 – ,

+1                                                     +5                                            +3
HClO  – ; H3AsO4 – ; H3AsO3 – ;

H2Cr2O7 – ; H2B4O7 – ;

H3[P(Mo3O10)4] – ;

HCl – ; HCN – .
 ( H3BO3, H2SiO3), 

 ( H2SO4, HNO3).  
. 

. 
 – , 

. 

, . , HNO3,  H2CO3,  H3PO4
: NO3

—;
CO3

2—; PO4
3—.
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1.  – 
) ,  – 

Cl + + Cl
H2SO4 H+ + SO4 ;   HSO4  H+ + SO4 ;

3 4  H+ + 2 O4  2 + + 4
2– 3 + + 4

3–

, 
+, .

2.

NaOH + HCl  NaCl + H2O
OH  + H+  H2O

, 
, . 

:
+  + 2 .

, 
, :

Ni(OH)2 + 2HCl  NiCl2 + 2H2O
Ni(OH)2 + 2H+  Ni2+  + 2H2O

, :

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

, , 
.

Al(OH)3 + HCl  Al(OH)2Cl + H2O    –    
Al(OH)3 + H+ [Al(OH)2] + + H2O

Al(OH)3 + 2HCl  AlOHCl2 + H2O –     
Al(OH)3 + 2H+  (AlOH) 2+ + 2H2O

Al(OH)3 + 3HCl  AlCl3 + 3H2O –
Al(OH)3 + 3H+  Al3+ + 3H2O

Al(OH)3+3H2SO4  Al(HSO4)3+3H2O –
Al(OH)3 + 3H+  Al3+ + 3H2O

+

:  – ,  – .
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3.

BaO + 2HCl   BaCl2 + H2O
BaO + 2H+   Ba2+ + H2O

Al2O3 + 3H2SO4  Al2(SO4)3 +3H2O
Al2O3 + 6H+ 2Al3+ + 3H2O

Fe2O3 + 6HNO3  2Fe(NO3)3 + 3H2O
Fe2O3 + 6H+ 2Fe3+ + 3H2O

4.

Zn + 2HCl  ZnCl2 + H2
Zn + 2H+  Zn 2+ + H2

 (HCl, H2SO4 ., ) 
, , 

 ( ), 
,  (Cu, Hg, Ag, Au, Pt) 

.
: H2SO4 ( ), HNO3

 ( Au, Pt) , 
 ( , ).

0            +1 +5                                +2                      +4
    Cu + 4HNO3 .)  Cu(NO3)2 + 2NO2  + 2H2

Cu + 4H+ + 2NO  Cu2+ + 2NO2 + 2H2O
       0                  +6                               +2               +4
    Cu + 2H2SO4 .)  CuSO4 + SO2  + 2H2O
    Cu + 4H+ + S 4  Cu2+ + SO2 + 2H2O

5.
) )

NaCl .. + H2SO4 .  NaHSO4 + HCl

2NaC1 . + H2SO4 . Na2SO4 + 2HCl

2KNO3 . + H2SO4 . K2SO4 + 2HNO3

. 
. , , 

, :

  2

Na2CO3 + H2SO4  Na2SO4 + H2CO3   2
CO3  + 2H+   CO2 + H2O
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NaHCO3 + HCl  NaCl + CO2 + H2O
HCO3 + H+  CO2  + H2O

)

2S + H2S HS
S  + H2S 2HS

CaCO3 + H2CO3  Ca(HCO3)2
CaCO3 + H2CO3  Ca2+ + 2HCO3

–

Ca3(PO4)2 + H3PO4 3CaHPO4
Ca3(PO4)2+ H3PO4 3Ca2+ + 3HPO4

K2SO4 + H2SO4 2KHSO4
SO4

2– + H+  HSO4
–

)

2NaAlO2 + 4H2SO4 = Na2SO4 + Al2(SO4)3 + 4H2O
lO2

– +2H+  Al3+ + H2O

Na[Al(OH)4] + 4HCl = NaCl + AlCl3 + 4 2O
[Al(OH)4]– + 4H+  Al3+ + 4H2O

6. .
.

                  t
H2SiO3  H2O + SiO2
                 t
4HNO3  4NO2  +O2  + 2H2O

1. :

SO2 + H2O   H2SO3
SO3 + H2O  H2SO4
   +4                                    +5               +3
2NO2 + H2O   HNO3 + HNO2

, 
 (  (V)  (III)). :

                          +4                                      +5                +3
2ClO2 + H2O  HClO3 + HClO2   –  
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, 
. , , ,

.

SiO2 + 2KOH  K2SiO3 + H2O
SiO2 + 2OH  SiO3

 2  + H2O

K2SiO3+ 2HCl = H2SiO3 + 2KCl
SiO3

 2  + 2H+  H2SiO3

2. 

PCl5 + 4H2O = H3PO4 + 5HCl

2 2  + SO2Cl2 = H2SO4 + 2HCl

PI3 +3H2O = 3HI + H3PO3

PCl5 –  – .
SO2Cl2 –  (VI) – .
PI3 –  – .
3. 

. 
:

H2 + Cl2 2HCl –

H2 + Br2 2HBr ––

H2 + I2 2HI             –      

4. 
, .

2CH3COONa + H2SO4 . 2CH3COO  + Na2SO4

FeS + 2HCl  FeCl2 + H2

Na2SiO3 + 2HCl  H2SiO3 + 2NaCl

2NaCl + H2SO4  Na2SO4 + 2HCl

,  (
) :

HCl               H2S

    H — Cl           H—S— H
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, 
, 
:

               +6                                                                 +5                                                           +3
        2SO4                                       H3PO4                                   H3PO3

H—O— S —O—H                –  –  –  –                      –  –  –  – 
 // \\                                      //  \                                              |

          O   O                                   O     –                                      – 

 « » 
.

.

                +5 +3
         HNO3 HNO2

     O  N—O—H O = N – O – H
                      

O

1.2.2.1  

1.2.2.1.1  

 (IV) :  20
 1  40 SO2; 

:

SO2 + H2O  H2SO3

 – :
1 =  2·10–2,  2 =  6,3·10–8. 

)  ( ) . , 
. 

H2SO3 SO2 i H2O.
:

HO H           O
\ . .                          \      //

                        S = O               S
                     /                                /     \\
              HO                           HO         O

SO2 , SO2
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sp2 – , O – S – O = 119,5 , SO2 –
.

SO3
2– . 

sp3 -
. 

SO4
2–  i HSO3

–.
SO3

2– SO4
2–

. H2SO3 ( ) 
:

                                                                       +4             0                    +6 –2
2Na2SO3 + O2 = 2Na2SO4

:
                                                             +4                    –2           0

H2SO3 + 2H2S = 3  + 3H2O

 (VI) SO3 SO2
 500 :

+4              0         +6
2SO2 + O2  SO3

. ,  (VI) 
:

SO3 + H2O = H2SO4          = -88

 – 
 1,84 3. :

HO       O
           \    //                       d(HO—S) = 154 ,

      104 S     119           d(O=S=O) = 143 
            /    \\

HO       O

. 
, 

, .
, 

;  – .

H2SO4  H+ + HSO4
–

HSO4  H+  + SO4
2–     ( 2 = 1,3 · 10–2)
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 – . 
, 

, 
. ,  ( ,  ) 

, H2SO4
 – 

 (IV):
           0                 +6             +2                      –2

4Zn + 5H2SO4 = 4ZnSO4 + H2  + 4H2O
0                 +6             +2                   0

3Zn + 4H2SO4 = 3ZnSO4 + S  + 4H2O
       0                 +6            +2                +4
    Zn + 2H2SO4 = ZnSO4 + SO2  + 2H2O

,  ,  ,  
H2SO4 , 

H2SO4  (VI):
0                  +6            +2                 +4
Cu + 2H2SO4 + CuSO4 + SO2   + 2H2O

,
. 

, , :
         +6                 0          +3                  +4
3H2SO4 + 2Fe = Fe2O3 + 3SO2 +3H2O
        +6            0       +4               +4
2H2SO4 + C = CO2 + 2SO2 + 2H2O
        +6                 0               +5            +4
5H2SO4 + 2P = 2H3PO4 + 5SO2 + 2H2O
        +6            0          +4
2H2SO4 + S = 3SO2 + 2H2O

 ( ) 
:

       –1          +6                  0            –2
8HI + H2SO4  = 4I2 + H2S + 4H2O
       –1             +6              0         +4
2HBr + H2SO4 = Br2 + SO2 + 2H2O

, 
, :

0              +6                              +2                  0
Fe + H2SO4 (  )  = FeSO4 + H2
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, , 
, :

                                                 0              +6                            +2                  0
Zn + H2SO4 (  ) = ZnSO4 + H2

 – 
. ,

,  (
HNO3 + H2SO4, ), .

SO3
:

SO3 + H2SO4 = H2S2 7

 H2S2O7  H2SO4. 
:

             O            O
                                     
    HO – S –  O –  S –  OH
                                     
            O            O

1.2.2.1.2    

NO i NO2  (III) 
:

+2         +4             +3
NO + NO2  N2O3

N2O3 – , NO i NO2
. N2O3

HNO2. , : (  = 5·10–4)
:

                                                  O
                                                 //
    H – O –  N = O      H –  N  = O

, , NO i
NO2

                                                                    +3           +4            +2
2HNO2 = NO2 + NO + H2O
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, 
.

, :
               +3                 –1                              0          +2

2NaNO2 + 2KI + 2H2SO4 = I2 + 2NO + K2SO4 + Na2SO4 + 2H2O
               +3                  +7                                           +2                           +5

5NaNO2 + 2KMnO4 + 3H2SO4 = 2MnSO4 + 5NaNO3 + K2SO4 + 3H2O

NO2
– , , 

Cl—, Br—,  I— , , 
.

AgNO2 :

AgNO2 + KNO2   K[Ag(NO2)2]      –     

. 
 ( )

NaNO2 + H2SO4  NaHSO4 + HNO2

3HNO2  HNO3 + 2NO + H2O

2NO + O2 (  ) 2NO2    ( )

.  – 
86 ,  1,51 3.  « », 

, 
, 

NO2, 
.

                                                            +5 –2            +4                0
4HNO3 = 4NO2  + O2  + 2H2O

.
HNO3 . 
. ,

 68,4% HNO3  121,9 . 
: HNO3·H2O, HNO3·3H2O . 

; 
 130 d (0,121 ), 

d (0,141 )  116 . 
 102

d (0,096 ). 
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. , 
.  (

, , , , ). 
(Cr, Fe, Al), 

.
      0               +5            +3                +4
2Al + 6HNO3 = Al2O3 + 6NO2 + 3H2O
0               +5                                  +6              +4
S + 6HNO3 .) =  H2SO4 + 6NO2  + 2 2

   0               +5                                     +5              +2
3P + 5HNO3 ( .)  = 3HPO3 + 5NO  + H2O

, 
 ( V):

  0                 +5            +2                           +4
Zn + 4HNO3 = Zn(NO3)2 + 2NO2  + 2H2O
 0                 +5              +2                          +4
Hg + 4HNO3 = Hg(NO3)2 + 2NO2  + 2H2O

 (II).  ( , )
 (I) 

.  –  , :

    0                +5                                  +2                           +2
3 u + 8HNO3( . ) = 3Cu(NO3)2 + 2NO + 4H2O

    0                    +5                               +2                     +1
4Zn + 10HNO3 .) = 4Zn(NO3)2 + N2O + 5H2O
    0                     +5                                +2                         0
5Mg + 12HNO3 . ) = 5Mg(NO3)2 + N2 + 6H2O
     0                     +5                                                +2                         –3     +5
4Mg + 10HNO3 ( . ) = 4Mg(NO3)2 + NH4NO3 + 3H2O

, , , , , ,
, , , , , , 

. , ,
.

. - .
- 
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, 
:

H2[SiF6] – , H2[WF8] – ,
H[AuCl4] –  , H2[PtCl6] – .

, , , 
:

                                  0             +5                                       +3                 +2
Au + HNO3 + 4HCl = H[AuCl4] + NO  + 2H2O
    0                                      +5                     +4                    +2
3Pt + 18HCl + 4HNO3 = 3H2[PtCl6] + 4NO  + 8H2O
    0                                    +5                     +2                  +2
3Si + 9H2F2 + 4HNO3 = 3H2[SiF6] + 4NO  + 8H2O

 (45-, 47-  55%-
)  (  98%- ) . 

.

1.2.2.1.3 

. 
,  ( ) 2 3  (V)

2 5.
, , 

, 3 2. 3 2
:

 –
                             \  /

                            /    \\

,  (  =  10–1). 
3 2  (+1), 

. 3 2 .
 ( ) 2 3, ,

. , 
 23,8 . 2 3

4 6. 2 3

3 3, 
. 3 3, 

 ( 1 = 2•10–2 , 2 = 3•10–7). 3 3 . 4 6 ,
3 3 . 3 3

2.
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, 
. 

 42 ,  ( 80%)
, 

. :
d (P=O) = 0,152 ,  d( — ) = 0,157 .

PO4
3–,

d( — ) = 0,154 

                  112
 –  – 

                 |   106
O

H3PO4 , 
 = 7·10–3;  2 = 6·10—8;  3 = 10—11).

 225
:

2 3 4 = 2O + 4 2 7 ;   = -71 
                                                                 

                                          \\     /
HO —                       — OH                                     – 

                    \          /                                                  /     \           
              /            \        

                                                             |          |
–  –           = 
                                                                               //  \      /   \

            

 61 , 
,  ( = 3·10–2;

2 = 4·10–3; 3 = 2·10–7 ; 4 = 5·10–10).
3)n ,  n  3, .

3. , ,
. ,

. 

. 
.

,  (V) 
3 4.
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1.2.2.1.4    

 (IV) 2
, 

. 2 – , 
, 

. 2
.

 – ,
, .

: 
 7 % 2 .

 ( V) , 
20  1  0,88 2. 2

, , 2
, , .

2 3 ( 1  = 4·10–7; 2  = 5·10–11) –  ( )

2 + 2 2 3

, 
 ( V) 2 2 3.

3
2–  (sp2

 ), d( — ) = 0,129 .
 –  – . 

,  ( ) .

1.2.2.1.5  

SiO2 – . 
, 

nSiO2·mH2O. 
 – :

Na2SiO3 + H2SO4 + (m – 1)H2O = SiO2·mH2O + Na2SO4

,  (1V ) , 
: , (H2SiO3)n

 H4SiO4  H6Si2O7,  H4Si3O8.
 – , , 

. 
Na2SiO3, K2SiO3, 

. 
.
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 1.1 –  

                                                          

HCl                             Cl—                 
HBr                             Br—                 
HI                                I—                  
HNO3                          NO3

—              
HNO2                          NO2

—              
H2SO4                         SO4

2—             
H2SO3                         SO3

2—             
HPO3                          PO3

—              
H3PO4                         PO4

3—            
H3PO3                         PO3

2—            
H4P2O7                        P2O7

2—           
H2CO3                         CO3

2—            
H2S2O3                        S2O3

2—           
HMnO4                        MnO4

—           
lO                           ClO—              

HClO2                          ClO2
—            

HClO3                          ClO3
—             

HClO4                          ClO4
—             

H2CrO4                        CrO4
2—           

H2Cr2O7                       Cr2O7
2—          

H3AsO3                        AsO3
3—           

H3AsO4                        AsO4
3—           

H3[P(Mo3O10)4]    -   [P(Mo3O10)4]3—    -
                                                                       

1.2.3 

, 
, 

 ( ).
 – , 

 – 
, .

 ( , ),
, 

. 
. 

 – . 
, : Zn(OH)2, Al(OH)3, Cr(OH)3, Pb(OH)2,

Be(OH)2, Sn(OH)2.
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, , 
, 

, 
, . 

:
Zn(OH)2 – , Cr(OH)3 –  ( ) .

, , 
:

+ + –                 + + –

, 

.

1.  – . 
Me  -  O O  -  H , 

H+ OH

Al(OH)3   = [Al(OH)2]++ OH =  [AlOH]2++ 2OH     =    Al3++ 3OH
                              -                 -

                           

H3AlO3     = 3H+ + AlO3 =   HAlO2 +H2O      =   H+ + AlO2  + H2O
-            -            -                   -

                                                                                 

.

2. . 
, 

.

Cr(OH)3 + HCl = Cr(OH)2Cl + H2O
Cr(OH)3 + H+= [Cr(OH)2]+ + H2O

Cr(OH)3 + 2HCl = CrOHCl2 + 2H2O
Cr(OH)3 +2H+ = CrOH2++ 2H2O

Cr(OH)3 +3HCl = CrCl3 + 3H2O
Cr(OH)3 + 3H+ = Cr3+ + 3H2O

Pb(OH)2 + 2HNO3 = Pb(NO3)2 + 2H2O
Pb(OH)2 +2H+= Pb2+ + 2H2O
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3.  – 
. 

 – - 
                                          t

Al(OH)3 + NaOH   NaAlO2 + 2H2
                                       t      -
Al(OH)3 + 3NaOH  Na3AlO3 + 3H2O
                                       t         -
Zn(OH)2 +2NaOH  Na2ZnO2 + H2O –   

4.
) OH

.

Zn(OH)2 + 2NaOH  Na2[Zn(OH)4]
Zn(OH)2 + 2OH [Zn(OH)4] 2–

Al(OH)3 + KOH  K[Al(OH)4]
Al(OH)3 + OH [Al(OH)4]

Al(OH)3+ 3KOH  K3[Al(OH)6]
Al(OH)3 + 3OH [Al(OH)6] 3

, 
, . 

, 
.

Zn(NO3)2 + 2NaOH  Zn(OH)2 + 2NaNO3
Zn2+ + 2OH  Zn(OH)2

2CrCl3 + 3Ba(OH)2 2Cr(OH)3 + 3BaCl2
Cr3+ + 3OH Cr(OH)3

Al(NO3)3 + 3KOH  Al(OH)3 + 3KNO3
Al3+ + 3OH Al(OH)3

, . ,
, 

 ( ). , 
, 

 ( ).
, , 

, ,  1929 .
. . , 
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, ),  ( ),  –
,  ( ):

 + 

, , 
.

:
) :

HCl  H+ + Cl–

H2SO4 H+ + HSO4
–

)  ( ) :
HSO4

–  H+ + SO4
2–

HPO4
2–  H+ + PO4

3–

)  ( ):

NH4
+  H+ +NH3

H3O+  H+ + H2O

:  (H2O,
NH3,  C6H5— NH2), (Cl— ,OH—, NO3

—), (H2N—NH3
+).

, 
.

, :

2
+ + –

, , 
:

2  + +
3

+

, .
, 

, 
. 

. :

NH3 + H2O  NH4
+ + OH–

HF + H2O  H3O+ + F–

,  – .
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1.3  

.  – 
  

 ( )
– . 

, 

.
, , , , ,

.

 – 
. :

2Na + H2SO4  Na2SO4 + H2

2Na + 2H+ 2Na+ + H2

Fe + 2CH3COOH  Fe(CH3COO)2 + H2

Fe + 2H+  Fe2+ + H2

Ca(OH)2 + 2HCl  CaCl2 + H2O

Ca(OH)2 + 2H+  Ca2+  + H2O

Fe(OH)3 + 3 lO4 Fe(ClO4)3 + 3H2O

Fe(OH)3 + 3H+  Fe3+ + 3H2O

 ( ) , , 
.

 – NaCl, Na2CO3 , 
(Na3N),   (Ba3P2),  (CaC2) . 
(Fe3O4, Pb3O4) – 

. , 
.

                     +2          +3                        +2   +3
Fe3O4  FeO·Fe2O3 – Fe(FeO2)2

                         +2          +4                      +2  +4
Pb2O3   PbO·PbO2 – PbPbO3

                           +2         +4                       +2   +4
Pb3O4  2PbO·PbO2 – Pb2PbO4
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Fe2O3   HFeO2 –   ( ) .
PbO2   H2PbO3 –  (IV) 

H2SiO3 ).
PbO2  H4PbO4 –  (IV) 

H4SiO4 ).
 ( 2 2

–  ) BaO2, CaO2 .

,  – KAl(SO4)2, NaKSO4.
 – , 

: Ca(OCl)Cl
l2)  –

( l   l).
:

KAl(SO4)2   K+ +Al3+ + 2SO4

Ca( l)Cl   Ca2+ + OCl  + Cl

 – , .

K4[Fe(CN)6]  [Fe(CN)6]
K4[Fe(CN)6] 4K+ + [Fe(CN)6]4—

Na[Al(OH)4]  [Al(OH)4]
Na[Al(OH)4]   Na+  + [Al(OH)4]

Na3[Co(NO2)6]  [Co(NO2)6] 3

Na3[Co(NO2)6]      3Na+ + [Co(NO2)6] 3

[Zn(NH3)4]Cl2 [Zn(NH3)4]2+

[Zn(NH3)4]Cl2 [Zn(NH3)4]2+ + 2Cl–

[Cu(H2O)4]SO4 [Cu(H2O)4]2+

[Cu(H2O)4]SO4 [Cu(H2O)4]2+ + SO4
2–

 – 
  

 (MgOHCl, ZnOHCl, (CuOH)2SO4 ):

(OH)3 + HNO3 (OH)2NO3 + H2O
Bi(OH)3 + H+  Bi(OH)2

+ + H2O

Al(OH)3 + 2HCl  AlOHCl2 + 2H2O
Al(OH)3 + 2H+  AlOH2+ + 2H2O

Cr(OH)3 + H2SO4  CrOHSO4 + 2H2O
Cr(OH)3 + 2H+  CrOH2+ + 2H2O
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 – 
.

2Na + 2H2CO3 2NaHCO3 + H2 – ).

          + 3 4 = 2 4 + 2 –

, 
. : 

.

Kx
m+A n– /m · x/ = /n · y/

K – , ,
 – , ,

m, n – ,
x, y – .

Bax(PO4 ) y                   Ba  Ba2+,               PO4 PO4
2x = 3y,   x = 3,    y = 2         : Ba3(PO4 )2

Cax(H2PO4 ) y              Ca  Ca2+,               H2PO4  H2PO4
2x = 1y,               x = 1,    y = 2           Ca(H2PO4 )2

: MgCl2 – , Na2S  – .  
, 

  -.
: Ca(HS)2 – , Na2HPO4 –

, NaH2PO4 – .
-.

: (MgOH)2SO4 – , Fe(OH)2CH3COO –
 ( ), Bi(OH)(NO3)2 –  (III),

Bi(OH)2NO3 –  (III) . 
, , 

: KAl(SO4)2 – ,
KNaSO4 – , Ca(OCl) 1 – .

 – . 
, , . 

. 
.
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1. .

CaCl2 + NaOH  CaOHCl + NaCl
Ca2+ + OH  CaOH+

CaCl2 + 2NaOH  Ca(OH)2 + 2NaCl
Ca2+ + 2OH  Ca(OH)2

NaHCO3 + NaOH  Na2CO3 + H2O
HCO3 + OH  CO3 + H2O

FeCl3+ NH3 · H2O  FeOHCl2 + NH4Cl
Fe3+ + NH3 · H2O ( FeOH)2+ + NH4

+

FeCl3 + 3NH3 · H2O  Fe(OH)3 + 3NH4Cl
Fe3+ + 3NH3 · H2O  Fe(OH)3 + 3NH4

+

 ( , ) 
 ( ).

2. .  (
).

) 

FeS + 2HCl = FeCl2 + H2S
FeS + 2H+ = Fe2+ + H2S

CuOHCl + H2SO4 = CuSO4 + HCl + H2O
(CuOH)+ + H += Cu 2+ + H2O

NaHCO3 + HCl =  NaCl + CO2  + H2O
HCO3  + H+   CO2 + H2O

) .

CaCO3 + H2CO3   Ca(HCO3)2
           (H2O + CO2)

CaCO3+ H2CO3  Ca2+ + 2HCO3

K2S + H2S 2KHS
S  + H2S 2HS

) , :

Fe(OH)2Cl + HCl  FeOHCl2 + H2O –  
[Fe(OH)2]+ + H+  (FeOH)2++ H2O
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CuOHCl + HCl  CuCl2 + H2O –    
[CuOH]+ + H+  Cu2+ + H2O

2Na[Al(OH)4] + 4H2SO4 Na2SO4 + Al2(SO4)3 + 8H2O –
[Al(OH)4]  + 4H+ Al3+ + 4H2O

Na[Al(OH)4]
:

2Na[Al(OH)4] + H2SO4  Na2SO4 + 2Al( )3 + 2H2O
[Al(OH)4]  +H+  Al( )3 +H2O

3. :

BaCl2 + Na2SO4  Ba SO4 + 2NaCl
Ba2+ + SO4  Ba SO4

AgNO3 + NaCl  AgCl + NaNO3
Ag+ + Cl  AgCl 

. 
, .

, 
, :

Na3PO4 + NaH2PO4  = 2Na2HPO4        Na3PO4 + Na2HPO4
PO4 + H2PO4 2HPO4             PO4 +  HPO4

FeCl3 + Fe(OH)2Cl 2FeOHCl2        FeCl3 + Fe(OH)Cl2
Fe3+ + [Fe(OH)2] + 2(FeOH)2+        Fe3+ + (FeOH)2+

4. .

CuSO4 + Fe  FeSO4 + Cu
Cu2+ + Fe  Fe2++ Cu

, 

, :

FeSO4 + Cu .

,  (K, Ba, Ca, Na ), 
, 

, 
.

CuSO4 + Ca + 2H2O  Cu(OH)2  + C SO4 + H2
Cu2+ + Ca + 2H2O  Ca2+ + H2  + Cu(OH)2
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5.  ( ) .
  t

Na2CO3 + SiO2   Na2SiO3 + CO2
                                          t

4NaNO3 + 2Al2O3 4NaAlO2 + 4NO2  + O2

, 
) .

6. . 
:

 t
CaCO3  CaO + CO2

     t
Ca(HCO3)2 CaCO3 +CO2  + H2O

t
Ca(H2PO4)2  Ca3(PO3)2 + H2O

Na2CO3, C 3(PO4)2.

:

)  

3Ca +2P  Ca3P2  ; Zn + Cl2  = ZnCl2

)    ( )

Cl2 + 2KOH  KCl + KClO + H2O
Cl2 + 2OH  Cl  + ClO  + H2O

Si + 2NaOH + H2O  Na2SiO3 + H2
Si + 2OH   + H2O  SiO3 + H2

) 

Cl2 + 2KBr 2KCl + Br2
Cl2 + 2Br— 2Cl— + Br2

) 

3CaO + P2O5  Ca3(PO4)2

MgO + SO3  MgSO4
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) 

Cl2O7 + Ca(OH)2  Ca(ClO4)2 + H2O
Cl2O7 + 2OH 2ClO4 + H2O

CO2 + 2NaOH  Na2CO3 +H2O
CO2 + 2OH  CO3  + H2O

N2O5  + Zn(OH)2 = Zn(NO3 )2 + H2O
N2O5 + Zn(OH)2 = Zn2+ + 2NO3

2– + H2O

) c
                            t
Na2CO3 + SiO2   Na2SiO3 + 2
CO3  + SiO2 SiO3 + CO2

aCO3 + CO2 + 2 Ca(HCO3)2
aCO3 + CO2 + 2  Ca2+ + 2HCO3

) . 
,  – 

, , 
.

Fe + H2SO4 )  FeSO4 + H2
Fe + 2H+  Fe2+ + H2

Cu + 4HNO3 (  )  Cu(NO3)2 + 2NO2  + 2H2O
Cu + 2H+  + 2NO3

–  Cu2+ + 2NO2 + H2O

) :

CaO + 2HCl  CaCl2+ 2
CaO + 2H+  Ca2+ + 2

3Na2O + 2H3PO4 2Na3PO4 + 3H2O
Na2O + 2H + 2Na+ + H2O

)  – :

NaOH + HCl  NaCl + H2O
OH– + H+  Na+ + H2O

Ca(OH)2 + 2HNO3 Ca(NO3)2 + 2H2O
Ca(OH)2 + 2H+  Ca2+ + 2H2O

2Bi(OH)3 + 3H2SO4  Bi2(SO4)3 + 6H2O
Bi(OH)3 +3H+  Bi3+ + 3H2O
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)   

CH3COONa + HCl  CH3COOH  + NaCl
CH3COO  + H+  CH3COOH

K2Cr2O7 + H2SO4  K2SO4 + 2CrO3  + H2O
Cr2O7

2– +2H+ 2CrO3  + H2O

)   

Hg(NO3)2 + Cu  Cu(NO3)2 + Hg
Hg2+ + Cu  Cu2+ + Hg

3NiCl2 + 2Fe 2FeCl3 + 3Ni
3Ni2+ + 2Fe 2Fe3+ + 3Ni

)   

CuSO4 + 2KOH  Cu(OH)2  + K2SO4
Cu2+ + OH  Cu(OH)2

ZnSO4 + Sr(OH)2  Zn(OH)2  + SrSO4
Zn2+ + Sr(OH)2  Zn(OH)2  + Sr2+

)   

Ba(NO3)2 + Na2SO4  BaSO4  + 2NaNO3
Ba2+ + SO4  BaSO4

2K3PO4 + 3CaCl2  Ca3(PO4)3 + 6KCl
2PO4

3– + 3Ca2+  Ca3(PO4)3

) 

Zn + 2NaOH + 2H2O  Na2[Zn(OH)4] + H2
Zn + 2OH + 2H2O [Zn(OH)4]2 + H2

Ga + 2NaOH + 6H2O  2Na[Ga(OH)4] + 3H2
Ga + 2OH + 6H2O  2[Ga(OH)4] + 3H2

2Cr + 6KOH + 6H2O 2K3[Cr(OH)6] + 3H2
2Cr + 6OH– + 6H2O  2[Cr(OH)6]3– + 3H2
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1.3.1 

, 
:

 H2SO4                                               Na2SO4

H – O        O Na – O      O
         \\    //                                                              \\   //

S                                                                    S
         //    \\                                                              //    \\
H – O        O Na -  O        O
            _                                                                _

3 4,                                          3 4)2

H - O        O                                                O         O                O        O
          \   //                                                  /      \   //                      \\   /     \
          P – O – H Ca         P – O – Ca – O – P Ca
         /                                                        \      /                                \     /
H - O                                                           O                                     O
            _                                                               _

2SO4                                           Cr2(SO4)3
  

  Cr.

O       OH                                   O      O       O                 O       O
    \\    /                                           \\  /     \              ||                /     \   //
       S                                               S Cr – O – S –  – Cr      S
    //   \                                            //   \     /             ||                \     /   \\
O       OH                                   O       O               O                 O       O

, , 
 ( )  (Fe )

  H2SO4                                           Fe(HSO4)3
           O                                                     O                         O

                    ||                                                                            ||                                     ||
H – O – S – O – H                            H– O – S – O – Fe – O – S – O – H
                    ||                                                                                              |                  
             O                                                                O            

|
O = S = O

                                                                                                                    |
OH
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, 
 : [Fe(OH)2]+

3 4                                  [Fe(OH)2]3PO4

         O                                              HO                             OH
              ||                                                   \             /
HO – P – OH                                          Fe – O – P – O – Fe
          |                                                   /                 |              \
          OH                                          HO               O              OH

                              |
                               Fe
                               /   \

                                                                        HO      OH

  

1. 
?

2. ?
3. , ?
4. ?
5. ?
6. ?
7. ?
8. .
9. , ?
10.

.
11. .
12. .
13. .
14. ?
15. , 

.
16. .
17. ?
18. .
19. , , 

.
20. , 

, ?
21. , l.
22. , S.
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23. , N.
24. , P.
25. , ?
26. .
27. .
28.

.
29. ?
30. .
31. .
32. .
33. , , ?
34. .
35. .
36. .
37. ,  – ?
38. .
39.   .
40.   .

1.4 

. .
. :

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:
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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  Ag2SO4

:

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

 (
). Ni

Mg Cu
.

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

 ( ).

.     
.
. , 

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



48

. : .  – 
Ni ( ).

 – , , .
NiO – .
Ni(OH)2 – , , .
(NiOH)2SO4 – , .
NiCl2 Ni(NO3)2 – ; .

. , .
. , NiCl2, Ni(OH)2,

(NiOH)2SO4,Ni(NO3)2, NiO.
.

Cl — Ni — Cl –  ( ). Ni = O –

                  O                                                           O – H
                                                       /

            O—N=O       –              Ni           –
Ni \

 O N =O                                                     O – H                

                  O
H – O – Ni – O – H

 O
                                             
H   O Ni  O  S O Ni H –  ( )

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

. Ni(OH)2 –
 ( ), , .

 +2, , 
. 

, , 
, , 

. , .
                                                              t

Ni(OH)2    NiO + H2O
Ni(OH)2 – .
Ni(OH)2 –  – , 

, .
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1.5  

  « »

1. , .
2. 

 ( , , )
3. , 

, , 
.

4. , , .

1. CdO  Cd  Cd(NO3)2  Cd(OH)2 [Cd(NH3)6](OH)2
2. B  H3BO3  Na2B4O7  H3BO3
3. Mg2Si   SiH4   SiO2   K2SiO3  H2SiO3
4. Cu  CuCl2  CuO  Cu(OH)2  (CuOH)2SO4
5. Al Al2O3  Al2(SO4)3 Al(OH)3  Na4[Al(OH)6]
6. ZnO  Zn  Na2[Zn(OH)4]  ZnSO4 [Zn(NH3)4]SO4
7. HgS Hg  Hg(NO3)2  HgI2  K2[HgI4]
8. CuSO4  Cu  CuCl2 Cu3 4)2  Cu( 2 4)2
9. AgNO3  Ag AgNO3  Ag2S  Ag  Ag2SO4
10. Co2O3  Co  Co(NO3)2  Co(OH)2  Co(OH)3  CoCl2
11. FeS  Fe2O3  Fe  FeCl2  Fe(CN)2
12. NiO  Ni  Ni(NO3)2  Ni(OH)2  Ni(OH)3
13. H3PO4  (C OH)3PO4 Ca3(PO4)2 H3PO4 P2O5
14. P2O3  Na3PO4  Ba3(PO4)2  Ba(H2PO4)2
15. Zn(OH)2  ZnOHNO3  Zn(NO3)2  ZnSO4  Zn(OH)2 Na2ZnO2
16. Al2O3  NaAlO2  Al(OH)3  AlOHCl2  AlCl3
17. SO3  H2SO4  CuSO4  Cu(HSO4)2  CuSO4  (CuOH)2SO4
18. SO2 K2SO3  KHSO3 SO2  CaSO3  Ca(HSO3)2
19. Sn(OH)2  Na2SnO2   SnSO4  Sn(HSO4)2  SnS
20. Be  BeO  BeSO4  Be(HSO4)2  BeSO4
21. Be(OH)2  BeOHNO3  Be(NO3)2  BeO
22. C CO2  CaCO3 CaO  Ca(OH)2  CaOHNO3
23. Cu  CuSO4  (CuOH)2SO4  Cu(OH)2  CuO
24. CaO Ca  Ca(OH)2  CaOHCl  CaCl2
25. FeS  Fe(HS)2  Fe(OH)2 FeO  Fe2O3
26. N2 NO  HNO3 Pb(NO3)2  Pb SO4  Pb (HSO4)2
27. CuS  CuO  CuSO4  Cu(H SO4 )2  Cu(OH)2
28. KHCO3  K2CO3 OH  PbOHNO3  Pb(OH)2
29. Mg(NO3)2 MgOHNO3  Mg(OH)2   MgO  Mg(HCO3)2
30. Zn(OH)2  ZnSO4  Zn(H SO4 )2  ZnSO4  Na2ZnO2
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»

1. , .
2. , 

.
3. , , 

, .
4.   

.
5. ,  (%).

, , 
).

1 Li Mn S 16 Fe Be Br
2 Be P Co 17 Hf I C
3 B Fe As 18 Bi Cr Cs
4 Na N F 19 Ba F Cl
5 K V Si 20 Zn V Ni
6 Cu C Co 21 Pt Al Ge
7 Zn Se Al 22 Sb I Os
8 Sn Mg Cl 23 Mg Se Cl
9 S Cu Sr 24 Na Li Tc

10 Ge Al Ni 25 Zn B Br
11 Ag C Te 26 Pb Cl Cu
12 Cd Rb P 27 Sn Ca Cl
13 Te W Co 28 Te Cl Rb
14 B Hg Cl 29 Co Re S
15 Al N Os 30 Ba Rb As
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»

1. , , .
2.  (

)
3.  (

, ).
4. .
5. 

, ).

1 Al Mn 16 N Ba
2 Mg Sb 17 S
3 Ag V 18 Au As
4 Be Cl 19 Cr Mg
5 I Zn 20 Fe Cu
6 Cd Co 21 Co Sb
7 Sn Br 22 Ni Ce
8 F La 23 As Na
9 Li W 24 Ge Ba
10 K S 25 Pb Hg
11 Si Rb 26 Bi S
12 C Cs 27 Nb Ca
13 Hg F 28 Tc
14 P Zn 29 Al Tl
15 I Ti 30 I
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2       

 – 
. , 

, 
. 

.
, 

. , 
 –  ( )

.
 15. 

. , 
,  – B  –  Si  –  As  –  Te  –  At . 
, i , 

. 
 (B, C, Si, P, As, S, Se, Te, I, At),  –  (N2, O2,

F2, Cl2),  – .  –
 (Br2 , P)  (I2).  –  –

,  1940 .

1. , 
 ( – ).

2. 
 2  4 ( F). 

.
3. . 

 IV  VII .
4.  – 

.
5. 

, 
.

2.1    

 – , , , 
, . 

, 
.  –

ns2np6- ,  .  ,
, 

. 
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, 
.

. 
, .

 – , 
 – . , 

. 
 ( , 

), . , 
. 

, 
.

2.2  – 

 – .
 – 1s1. 

, 
. ,

, . 
, , , 

. , 
.  – , 

. 
, , 

.  ,  
. , 

, ,
.  (10–6 ) 

 (0,06 – 0,17 ). 
. , , 

.
. 

, .
 (11%), 

, , , , 
.

 «+1»  «–1». 
 «+1» (HGal, H2O) 

.
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– .  «-1». 
, .

             .
 2.1    I – VII .

     I .         II .      III .    VI .    V .       VI .      VII .

LiH         BeH2        B2H6      CH4       H3N         H2O        HF
    NaH        MgH2       AlH3      SiH4      H3P         H2S         HCl
    KH          CaH2       GaH3     GeH4     AsH3       H2Se       HBr
    RbH        SrH2        InH3       SnH4      SbH3 H2Te       HI
    CsH        BaH2

   –             –       –
           (H—1)                .                                          (H+1)

 – .
, 

. .
     0           0           +1  -1
2Na + H2 = 2NaH )

   0               0             +3  -1
2La + 3H2 = 2LaH3

.

BaH2 + H2SO4 = BaSO4 + 2H2

BaH2 + 2H2O = Ba(OH)2 + 2H2

2LiH +2H2O = 2LiOH + H2

LiH + HCl = LiCl + H2

 –
 ( ): BH3, AlH3, SiH4.

   = 2,1         Si = 1,8
                                        = 2.0        Al = 1,6

 (
).

SiH4 + 4H2O = H4SiO4 + 4H2
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H2 SiH4 ( ) 
                                                                +4  -1                                                                                  +1

 «–1» (SiH4 ), H  H2

+1        -1            0
4H + 4H = 4H2

 – , , 
 :

SiH4 + 2O2 = SiO2 + 2H2O + 1427,2 

SiH4 . :
SinH2n+2, n < 8.

, 
. 

Si-H (  = 323 ) Si-Si (  = 226 ) 

 –   (  = 416 )  –   (  = 356 ) 
.

BH3. – .

          LiH + BH3 = Li[BH4] –  .
                     

     
H                 H —

[ :]–+  B:H         H:B:H
                                                          H                 H

        ( )

AlH3 – ,
 ( ) 

 ( ).
:

          AlH3 + 3BH3= Al(BH4)3 –        
         

AlH3 + KH = K[AlH4] –       
         

 ½ H2 /H– = -2,23B,
, H – – , 

 – .
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. , 
.  (Ti, W, Nb

) :

2CaH2 + MeO2= 2CaO + 2H2  + Me
CaH2 + Al2O3= 3CaO + 2Al + 3H2  (t ~7500C)

Ca, Sr,  Ba ,
CaH2 :

CaH2 + 2H2O = Ca(OH)2 + 2H2

, 1 CaH2  1 3 H2.

2.3 

 « »
), 

. 
: ..ns2np5.   –

- .  ( )
d- , 

-
.  –«-1», (

 «-1»),  ( ) 
«+7».  – , 

.
, 

,  
. 

, 
 (Gal )

Cl2 + 2KBr  Br2 + 2KCl

. , HF, 
.  – . 

 (HCl  HBr  HI).



57

2.3.1    – 

, 
. : CaF2 –  ( ),

Na3AlF6 – , 3Ca3(PO4)2·CaF2 – .  – 
(F2), . 

, . 
, O2, He, Ne,

Ar. , . 

,  – –  -1. 
,  2- , .

:

Mg3Ca(SiO3)4 + 12F2 = 3MgF2 +  CaF2 + 4SiF4 + 6O2

. 
, 

OF2.
     –2         0                 –1         0
H2O +  F2 2HF– + O
     –2            0                            +2  –1
H2O + 2F2 2HF + OF2

H2O + 3F2 6HF + O3

 ( ) – HF ( ):

0         0         +1 –1
H2 + F2 = 2HF

 – , . 
, , , 

, – .
, , . 

, , HCl.
HF , 

  .
, 

.

SiO2 + 6HF = H2[SiF6] + 2H2O –   ,
                                                                      

           B2O3 + 8HF = 2H[BF4] + 3H2O –   



58

 (  = 0,6·10–31 · ). 
 — F.

. 
, F. 

:
+    –      +    –

H – F  + H – F  HF… HF  (HF)2

.
, 

. :

HF + H2O  H3O+ + F–;          K = 7,2 · 10-4

F  + HF HF2
–;                        K = 5,1

, , 
 (HF – , ) 

HF2
— (F•••H — F)—, F—.

KHF2 (KF · HF), , :

2HF + KOH = KHF2 + H2O

KHF2 + KOH = 2KF + H2O

. 
. : KF, RbF, CsF, NH4F, AgF, SnF2, HgF2.
, , .

, 
. , . 

. 
:

2NaF + SiF4 = Na2[SIF6] –   

KF + SbF5 = K[SbF6] –    (V) 

, 
:

AlF3 + 3KF = K3[AlF6] –

2AlF3 + 3SiF4 = Al2[SiF6]3 –
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; 
OF2.

 +2,  -1.
. 

) 
, , .

BF3 ( ).

2.3.2   – 

, 
 – .

NaCl ( ), 
KCl, KCl·NaCl, KCl·MgCl2·6H2O.

, 
.  – , 

. 
, .

 –  ( l2), ,
.  – . 

 ( ,  2,  N2 ), 
. 

. 
:

2Na + Cl2 = 2NaCl + Q

, 
. , , 

. 
, 

.

H2 + Cl2 = 2HCl H = -183,6 

 – , 
,  (1  20

 450 ). 1 – 
,  ( ) , c

. , 
AgCl,  ( ) CuCl, PbCl2,  ( ) TlCl,

 ( ) Hg2Cl2.
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 37% l,
 1,19 3. 

, .
 – 

,  – , 
, 

, :

      I .         II .          III .                     IV .        V .        VI .
    NaCl      MgCl2           AlCl3                      SiCl4        PCl5            SCl4
                                                                 

, 
:

PCl5 + 4HOH = H3PO4 + 5HCl            PCl5 -  (V)

 (PCl5, PCl3).
; 

l–,
– .

:

2NaCl + TiCl4 = Na2[TiCl6] –    

, 
:

2NaCl + ZnCl2 = Na2[ZnCl4] –   

ZnCl2 + TiCl4 = Zn[TiCl6] –   

2.3.3  ,  – , 

 – , . 
, ,

, . 
. , 

.

. . 
, . 

: HBr
, HI – 
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, 
:

                 t
H2 + I2 2HI

, , . 
, , ; BrF3,

IF5, IF7, ICl, ICl3, 
 – , . 

 – . 
 – .

, , ,
. 

:

BBr3 + 3HOH = H3BO3 + 3HBr
PI3 + 3HOH = H3PO3 + 3HI

:

KBr + HOH     
NaI + HOH     

:
KBr + AlBr3 = K[AlBr4]   
2KI + HgI2 = K2[HgI4]     

, 
AgBr, AgI, CuBr, CuI, PbBr2, PbI2 .

HF  –  HCl  –  HBr  –  HI . 

. , HF Cl
, HBr H2SO4 SO2, HI H2S:

        –1             +6               0       +4
2HBr + H2SO4 = Br2 + SO2 + 2H2O
      -1           +6               0             -2
8HI + H2SO4 = 4I2 + H2S + 4H2O

HF HCl
, 

H2SO4.

PI3 + 3HOH = H3PO3 + 3HI
PBr3 + 3HOH = H3PO3 + 3HBr
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2.3.4 

, 

 2.2

+1 +2 +3 +4 +5 +6 +7

Cl2
Cl2O
HClO

—
—

—
HClO2

ClO2
—

—
lO3

Cl2O6
—

Cl2O7
lO4

Br2
Br2O
HBrO

—
—

—
HBrO2*

BrO2
—

—
rO3

BrO3
—

—
rO4

I2
—

HIO
—
—

—
HIO2 *

IO2
—

I2O5
HIO3

—
—

—
HIO4

* BrO2
— IO2

—  - .

 – .
, , . 

 – Gal HGalO,

Cl2 + HOH  HCl + lO

 –
,  > HBrO > HIO. 

, 
, .

. .
                                                                                    : :

.
2 . 

,  – HBrO2 HIO2 .
HGalO3 HGalO

:
               +1                     –1            +5

2HClO  = 2HCl + HClO3

 – ,  – . ,
3. HClO3 – HBrO3 –  HIO3

.
4 4 , 

HBrO4 . 4
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. 
.

                                                          +1               +3                 +5                +7
 – 2 – 3 – 4

, 
, 

 ( ) .

2.4 

 – O,  S,  Se,  Te – 
. 

...ns2np4. , . 
– p p .

 ( ) 
d- , 

s- p- .  –
«–2»,  ( )– «+6».

 –  – 
.

.
, .  –

,  – , .
,  – 

, 
.  – ,

 (  = 3,5)  (  = 4).

 (  = 2,5)  (  = 2,4) 
 = 2,1). 

, , , , .

. , , 
, , 

.

                       , 
2          -  246 H2O  H+ + OH          K   = 1,8 • 10–16

H2S          -   20 H2S  H+ + HS—         K   = 1,1 • 10–7

   H2Se        +   86            H2Se  H+ + HSe—       K   = 2 • 10–4

   H2Te        +  155 H2Te  H+ + HTe—       K   = 2,3 • 10–3
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 – .
.

,  – , 
.

2.4.1  – 

 –  – .
 ( ), 

: FeS2 , ; PbS
; ZnS ; Cu2S ; HgS .

 – . .
.

 – 

. , H2S i SO2
, , )

: «-2»; «0»; «+4»; «+6».
. 

. 
, , , , , 

. , 
, , , , , , 

, 
.

. 
 ( ,  ( I2), ,

, ) . 
 «-2».

                                                                              0          _       –2
S + 2e  S.

 – :
                                            0           0             +3   –2                   0          0       +2  –2

2Al + 3S   Al2S3;            Zn + S  = ZnS
                                                                                      0        0       +4  –2

 :     S + O2 = SO2

:

                                               0                                          –2              +4
3S  + 6NaOH = 2Na2S + Na2SO3 + 3H2O
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. 
,  (II).

, .
 0          0      +2–2
Hg + S= HgS.

 –

,  – .
:

, 
                                                                             0         0      +1 -2

H2 + S = H2S.

 900-10000 :

                                       0    0     +4 –2
2S + C = CS2 – 

                                 0         0       +5  –2
5S +2P = P2S5        (V)

, 
,   

P2S5 + 8H2O = 2H3PO4 + 5H2S

. H2S
, ,
. 

. 
. . 

, –S–  =  92 , 
d( —S ) = 0,133 . 

, , 
 – . .  20

 2,5 H2S. H2S, 
, . :

H2O + H2S  H3O+ + HS–

 – , 
  .

H2S  H+  + HS —            1 = 6 • 10—8

HS —  H+ + S2—             2 = 10—14
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 – . 
, ,  – H2S.

. 

:  ( NaHS)  ( Na2S).
 – . 

 (IV) :
 –2            0                 –2         +4 –2

2H2S + 3O2 = 2H2O + 2SO2

H2S :
                                                                     –2        0                 –2           0

2H2S + O2 = 2H2O + 2

:

H2S+ Zn = ZnS + H2

H2S+ Ca(OH)2 = CaS + 2H2O
H2S + Ca(OH)2 = Ca2+ + S2— + 2H2O

H2 S+ Na2O = Na2S + H2O       
H2S + Na2O = 2 Na+ + S2— + 2H2O

H2S + CaS =  Ca(HS)2
H2S + S2— = 2HS—

. .

PbS.

H2S + Pb(NO3)2 = PbS  + 2HNO3
H2S + Pb2+= PbS + 2H +

.
 (MnS, FeS, CoS, NiS, ZnS) ,

 ( -
):

FeS + 2HCl = FeCl2 + H2S
FeS + 2H+ = Fe2+ + H2

, CdS, CuS, PbS, Sb2S3 , As2S3 , SnS, SnS2 , 
-

. 
:
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                                          –2             +5                                              +2              0
3CdS + 8HNO3 = 3Cd(NO3)2 + 2NO + 3S + 4H2O

) H2S,
: «0», «+4», «+6».

3 u2S + 22HNO3 ) = 6 u(NO3 )2 + 3H2SO4 + 10NO + 8H2O

:

3   | u2S + 4H2O - 10e 2Cu2+ + SO4
2— + 8H+

10 |  NO3
– +4H+ + 3e  NO + 2H2O

3Cu2S + 12H2O + 10NO3
— + 40H+ 6Cu2+ + 3SO4

2— + 24H++10NO + 20H2O

3Cu2S + 10NO3
— + 16H+ 6Cu2+ + 3SO4

2— + 10NO + 8H2O

, 
, , Sn (IV),

As (III), Sb (V), Sb (III) , 
.

: CuS PbS – ,
CdS – , ZnS – , MnS – , SnS – , Sb2S3 – .

.

, , 
.

, s  1 
:

Na2S + HOH  NaHS + NaOH
S2– + HOH  HS– + OH–

, Na2S, K2S, Li2S – .
, 

:

SiS2 + 3HOH  = H2SiO3 + 2H2S

,  (Al2S3,
Cr2S3, Fe2S3) :

Cr2S3 + 6HOH = 2Cr(OH)3  + 3H2
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:

Na2S + CS2 = Na2CS3

:

Na2CS3 + H2SO4 = Na2SO4 + H2CS3

H2CS3 = H2S  + CS2

 –
. 

 (
):

Na2S + S + Na2S2 –

 2–8, 
 2. 

. 
:

                    ..
: S :

\  ..  / \ .. /
             S           S

,
.

                                                          –1      +2–2                  +4 –2
(NH4)2S2 + GeS = (NH4)2GeS3

 –1 
 +4,  –2.

                                              +2  –1            0         +3  –2       +4  –2
4FeS2 + 11O2 = 2Fe2O3 + 8SO2

  -1 (FeS2) .

.

 (H2S)
 (II)

FeS + 2HCl = FeCl2 + H2S
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. 
, . 

. 
. 

, . H2S
, .

2.4.2      

, 
2 3.  +4 

SO2 – , SeO2 ,TeO2 – .
 (IV) 

. , 3
2–,

 (IV):

TeO2 + 2NaOH  Na2TeO3 + H2O

H2SO3   H2SeO3  H2TeO3    .
 +4 (

) , , 

             +4                    –2                  +6
4Na2SO3  =  Na2S + 3Na2SO4

.  (IV) 
SO2   SeO2  TeO2.

 –  (H2SO4,
H2SeO4). , 

. 
, . 

, ,
, . 

, , , 
  .

Zn + H2SO4  ZnSO4 + H2

:

Zn + 2HCl  ZnCl2 + H2
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 –
«+6» –   ,  ( ,

) .
+6             +4             0               –2

H2SO4  SO2  S  H2S

Cu + 2H2SO4 )    CuSO4 + SO2 + H2O

3Zn + 4H2SO4 )   3ZnSO4 + S  + 4H2O

4Mg + 5H2SO4 )   4MgSO4 + H2S + 4H2O

, 
 1, 2, 3 SO3

                                                     + SO3                    + SO3                      + SO3

H2SO4    H2S2O7      H2S3O10    H2S4O13

, 
  .

2.5 

 – , , .
 ...ns2 np3 . 

, 
.  – - , 

, 
, 

 V . 
d , 

s . 
 «– 3»,  «+5»,  –

. N – P – As
, , 

. . 
 +5 

. , , 
, , . 

. 
, 

AsH3 ( ).  V 
, 

.
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2.5.1  - 

 – N2,  –
:N:::N:,  N. N2

, .
N2 – . 

, , . 
 78%.

 ( .),
- NaNO3, KNO3, NH4NO3, Ca(NO3)2.  – 

.
 (

– ) . 
N2 +945 2N, .

 ( , ,
) 

 – .
, 

:
6Li + N2 = 2Li3N

, 
:

2Al + N2 = 2AlN  ; 3Mg + N2 = Mg3N2

:

2B + N2 = 2BN  ; 3H2 + N2 = 2 3

 –«-3».

. , 
:

Na3N ,   Mg3N2                AlN                       N4Si3  , N5P3 ,  NCl3

                                                              

s  I  II , 
 – , , 
,  3000 . 

,  –NH3

Li3N + 3H2O = 3LiOH + NH3

Ca3N2 +6H2O = 3Ca(OH)2 + 2NH3
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 – . 
l3 = 229 ), 

. .

l3 + 3H2O = 3HClO + N 3

BN, AlN, N4 Si3 , Ge3N4– 
 (2000-30000 ), 

.
d . 

. MeN (TiN, VN, CrN)
Me2N (Nb2N, Cr2N, Mo2N). : 

. 
. : 

, , , .

. 
:

Li3N + AlN = Li3AlN2
.      .

5Li3N + Ge3N4 = 3Li5GeN3
.      .

 – 3 –
. : ( ) – NH3,

                                                               
                                                                                                                                                                                                

                  ..
                                                                                     N

          ..                                     / \
:  N  H                      H—N—       

                                                                                                               

 1070 - , 
.  «– 3».

. 
, . 

:  700
. 

. 
 25%. 

:
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                H                                H
                        | .. |          + :O:
          H– N: … H– O:       H–N–H      +

|                     |                          |                          H
                H             H                H

K .(NH3·H2O)=1,76·10-5 (t  =  250C), 
, , 

.  – NH4
+ – . 

 (
), . 

 «– 3»,  (IV),  –
. .

, 
: , .

NH3·H2O + HNO3 = NH4NO3 + H2O
NH3·H2O + H+ = NH4

+ + H2O

, 
. , 

, :

NH4
+ + HOH   NH4OH + H+

. .
, 

:

NH4Cl   NH3 + HCl

, ,  –
:

                                                              –3       +5           +1
NH4NO3 = N2O + 2 H2O

 – 
:

NH3 + HCl = NH4Cl –
NH3 + H+   NH4

+

NH3 + H3PO4 = NH4H2PO4 –

NH3 + H2SO4 = NH4HSO4 –

2NH3 + H2SO4 = (NH4)2SO4 –
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.
, :

2Al + 2NH3 = 2AlN + 3H2      –   

2Na + 2NH3 = 2NaNH2 + H2  –   

2Na + NH3 = Na2NH + H2       –   

,  – . 
NH4

+  ( H3O+  )  
 ( ), NH2

– ( OH– ) –  –
. , 

NH4Cl, NH4NO3,  – KNH2; Ba(NH2)2 – .
Zn(NH2)2 Al(NH2)3– .

2.5.2  – 

.
, .  – ,

 ( ),  ( ) 
. 

. 
. 

.  –  – 3Ca3(PO4)2·CaF2,
Ca5(PO4)3F 3Ca3(PO4)2·Ca(OH)2,  Ca5(PO4)3OH.

 – .
, , 

. 
, .

. , 

. 
d

.
, 

: , , , 
 –  – «+3», «+5».

                                                0               +5                                       +5              +2
3P + 5HNO3 + 2H2O = 3H3PO4 + 5NO

, 
 – «-3». 

 - )

3Ca + 2P = Ca3P2 .
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.
s  II 3 2 – 

, ,  ( ) 
PH3 NH3).

Ca3P2 + 6H2O = 3Ca(OH)2 + 2PH3

d  ( Nb , Cu 2, Cd3 2) 
, . 

. 3 –
. . 

. , 
                                      0                                                                  +1                         –3

2P4 + 3Ba(OH)2 + 6H2O = 3Ba( 2 2)2 + 2 3

:

Ca3P2 + 6H2O = 3Ca(OH)2 + 2PH3

, , , 
. 

. (HClO4, HI,
HCl):

PH3 +HI = PH4I .

:

4  + 2  = 3 + I– + 3
+.

. 
. 

, . , 
, , 

.
– , 

. , ,

.

2.5.3  V 

 V 
. 

.
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 2.3  V   

    
 – 3 – 2 – 1    0  + 1  + 2  + 3  + 4  + 5
NH3 N2H4 NH2OH N2 N2O NO N2O3 NO2 N2O5

 PH3 P2H4 —  P4 —   P4O6 (PO2)n  P4O10

AsH3  As  As4O6    As2O5

.  (NO) 
, N2O3,  N2O5 – 

.
 +3 :

P4O6 As4O6 . 

N2O3 + H2O = 2HNO2

P4O6 + 6H2O = 4H3PO3

As4O6 + 6H2O = 4H3AsO3

 ( ) HN 2  ( ) H3PO3
,  ( ) H3AsO3

.
 +5 - N2O5 , P4O10 , As2O5

– :  ( ) HN 3,  ( )
H3PO4,  ( ) H3AsO4 , 

, .
HN 3 - H3PO4 -  H3AsO4 . 

, HN 3 – 
, H3AsO4  

, H3PO4  
.

2.6 

 – ...ns2np2 – .
p

, 
s , : «– 4», «0», «+2»,

«+4». 
, , 

 –  – , 
 – .
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2.6.1    –  

.
, , . 

, 
. 

 ( , , ). 
: 3, 3·MgCO3. 

 (IV) 2.  – 
, , , .

 ( ) 

. : , , , .
, 

. 
1s22s2p 2p 2pz

, . 

 ( ) 
. 

.
. 

 – , , ,
,  – 

 – «+2», «+4».
, 

 «-4» ( ). 
. 

.

Ca + 2C = CaC2   .

Ca  + 3C = CaC2 + 2CO

SiO2 + 3C = SiC + 2CO   

2Al2O3 + 9C = Al4C3 + 6CO   

, 
.

SiC 4  – .
, . 

, 
, 
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.  – 4.
 – 

 (Be2C, Mg2C3, CaC2, Al4C3). 
 – 

.  – Al4C3,
;  – 2; Fe3C,  

:

Al4C3 + 12H2O = 4Al(OH)3 + 3CH4

Al4C3 + 12HCl = 4AlCl3 + 3CH4

CaC2 + 2H2O = Ca(OH)2 + C2H2 - 

Fe3C + 6HCl = 3FeCl2 + CH4  + H2

 – s-  d  I  II
, . :

2AgNO3 + C2 2 = Ag2C2 + 2HNO3

2 2 :

2Al + 3C2 2 = Al2(C2)3 + 3H2

Zn + C2 2 = ZnC2 + H2

2 ( ), 
:

 + 3  = 2 + 

:

2 + 2 2  = )2 + 2 2

s-  1 . 
d-  I  II  ( u2C2, Ag2C2, Au2C2, HgC2) 

.
d  IV- VIII . 

 ( ) 
 ( ,

, , .). :
, , ,  – 

.
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2.6.2  – 

 – . 
. 

SiO2, . SiO2
 ( ), 

 ( , , , )
 (1s22s22p63s23p23d0) 

. 
, 

sp3 . ,
sp2-, sp . 

     –4,   0 ,  +4.
. 

, 
. , , 

, 
.

, 
.  – 

. 
, .

,  «– 4».

2Mg + Si = Mg2Si  (700– 12000 )

. s-
d  I  II , Ca2Si, CaSi, CaSi2 – . 

.
.

Mg2Si + 4HCl = 2MgCl2 + SiH4      .
Mg2Si + 4H2O = 2Mg(OH)2 + SiH4

d- f , , Mo3Si,
Mo5Si3, MoSi, MoSi2. .

. 

. , Si2
, F , 
HF +HNO3.

, V5Si3, Nb2Si,
WSi2, , .



80

                             Ti5Si3            V5Si3              MoSi2                 WSi2
.,                2120             2150              2050                  2165

, 
. 

f- .

.

2.6.3  IV 

. 

. 
) .

 + 2H2SO4 (  ) = CO2 + 2SO2 + 2H2O

3Si + 18HF + 4HNO3 = 3H2[SiF6] + 4NO + 8H2O

 ( ) 2SiO3
:

Si + 2KOH + H2O = K2SiO3 + H2

:
C + H2O  CO + H2O

Si + 3H2O = H2SiO3 + 2H2

.

.  (II) , 
 –  (IV) 2. 

 (IV) SiO2.  (II) 
:

Si + SiO2 = 2SiO

 (IV) – , 
,  (IV) – 

, .
 (IV)  (1:120 ) 

,  ( ) 

2 + 2 2 3
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, 

2  + 2 2 3
+ + 3

– 2 + + 3
2–

                                                                

2
. 

.
 (IV) . 

, 
, 

Na2SiO3 + 2HCl  H2SiO3 + 2NaCl

(xSiO2·yH2O),  x  y
.

1. 
2. , ?
3. .
4. .
5.   .
6.  ( ).
7. .
8. .
9. .
10. 
11. .
12. .
13. .
14. .
15. .
16. , , .
17. ,  , .
18. .
19. .
20. .
21. 2.
22. , ?
23. ?
24. 

Zn + HNO3   NH4NO3 +….
HCl + HNO3  NO + Cl2 + ….
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25. ,
, , .

26. , 
?

26. . 
?

28. 
:

4 3 2
29. 

?
30. , :

H2S,  S , SO2, SO3       HCl,  Cl2,   HClO4
31. 

:
HClO3  -  HBrO3   - HIO3

32. 
:

H2SO4   -  H2SeO4  - H2TeO4
33. 

:
HNO3   -   H3PO4   -  H3AsO4

2.7.      

 I. .
. , , 

.
.  «-2»,

 «-1»,  «-2».

, x y – .
+1   –2                            +1  –1                                      +1  –2
NaxOy                  NaxHy                        NaxSy

, 
, :

                  +1  –2
Nax Oy (+1)x + (-2)y =0              x =2y          x = 2; y = 1

                +1  –1
NaxHy (+1)x + (-1)y =0              x = y ;                    x = 1; y = 1
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  +1  –2
NaxSy (+1)x + (-2)y = 0             x = 2y;                   x = 2; y = 1

:  – Na2O,  –
NaH,  – Na2S.

 II. .
 - 

.
 (x) =  m(x) / m

 (x)–  x;
m(x) –  , m– .

 – , 
. , i i i

B + C +  = 1                %  + %  + % = 100%

. (IV) TeO2.
. .

)=127,6 ; )=16 ; 2)=159,6 .

.

(Te) = m(T )  / m(TeO2)

, m( ) = ( )
m( 2) = 2)

 (Te) =   m (Te)/m (TeO2)  =  127,6 / 159,6 = 0,799  0,8   80%

 ( )= 1 – );  ( )=  1-0,8= 0,2    20%

:  (IV)  0,8
 80%.

 III. .
. Na2O , Al2O3, Li3N,

AlN.
. , 

,  (N), ,
. 

).
, .

Na  O  Na,          O  Al  O  Al  O,             Al   N,                     Li   N    Li     Li

Li
                                                                                                                                                                                               

Na–O–N ,            O=Al–O–Al=O,            Al  N,                   Li – N – Li
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 IV. ,
.

 ( ) 
 = (  + )/2,

– , –  – , 
.

), , 
, .

, 
, .

,  – .
>1,7 , 

0,7 <  < 1,7– .

. H2S,
PH3, H2O.

.
 ( ) , 

, , .

                                                                    
H2S = 2,1 S = 2,6          2,6-2,1 = 0,5
PH3 = 2,1 = 2,2         2,2- 2,1 = 0,1
H2O = 2,1 = 3.5         3,5 – 2,1 = 1,4

H2S  -    = 0,5  (< 0,7) – .
3  -    = 0,1  (< 0,7) –  .

2   -   = 1,4  (> 0,7  <1,7) –  .

 V.  ( ) ,
.

. LiH, CaH2, N 3,
3, .

. 
  

 (H) = 2.1  (Li) =0,98 (Ca) =1,04
 (N) = 3,07             (P) =2,2

 ( ).

LiH                 = 2,1-0,98= 1,12 \
CaH2  = 2,1-1,04= 1,06       -  

3               = 3,07-2,1= 0,97 /

3               = 2,2-2,1= 0,1 – 
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LiH, CaH2, N 3
[0,7–1,4] – , 3  0,7 –

.
 – . 

.

Li + H2O = LiOH + H2                LiOH, Ca(OH)2 – .

CaH2+2H2O = Ca(OH)2 + 2H2

LiH + HCl = LiCl + H2

CaH2 + H2SO4= CaSO4 + 2H2

 N 3 , :
NH3 + H2O = NH3·HOH = NH4

+ + OH—

 NH3·HOH  1,76·105.
, 

, .
:

, :
NH3·H2O + HNO3 = NH4NO3 + H2O

.

2NH3 + H2SO4 = (NH4)2SO4 –  .

PH3  ( ).

. 3
(HClO4, HI, HCl)

PH3 + HI = PH4I – .

PH4I + H2O = PH3 + I– + H3O+

.  – . 
, 

:
NH4NO3 = NH4

+ + NO3
–

(NH4)2HPO4 = 2NH4
+ + HPO4

2–

(NH4)3PO4 = 3NH4
+ + PO4

3–

:  LiH,  CaH2, N 3– , 3–
.
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2.8 

2.8.1  – , 

 ( , ).

1. .
2.  ( ,%) .
3.  (

).
4.  ( ) , 

 ( ).
5.  (* 

, ,  )

                            

1 F        Ca 11             Se      Mg 21             Ca        P
2             Na      P 12             Li      Zn 22              Te        Be
3             Cs      S 13             Be     P 23             B          P
4             B        Br 14            Te      Sr 24             Si         Cl
5             Ba      Te 15            W       Na 25             Ge       F
6             K        N 16             P       Sr 26             Sn        I
7             Sn      Cl 17             S       Be 27             C          Na
8             Rb      Si 18            Mg     F 28             K         S
9             I         Al 19            Br      Ca 29             As        Cl
10           Ga     S 20            Cs      Si 30             Sb        Br
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2.8.2   – , 

 ( , ).

1. .
2.  ( ,%) .
3.  (

).
4.  ( ) , 

.
5. .
(* , , 

 )

                         

1 F        Ca 11             Se      Mg 21            Ca      P
2              Na      P 12             Li      Zn 22            Te      Be
3              Cs      S 13             Be     P 23            B        P
4              B        Br 14             Te     Sr 24            Si       Cl
5              Ba      Te 15             W      Na 25            Ge      F
6              K        N 16              P      Sr 26            Sn      I
7              Sn      Cl 17             S       Be 27            C       Na
8              Rb      Si 18             Mg    F 28            K        S
9              I         Al 19             Br     Ca 29            As      Cl

10             Ga      S 20             Cs     Si 30            Sb      Br

2.8.3       – , 

 ( , )

1.  – ,

2. , .
3. .
4.  (

).
5. , 

.
(* , , 

 )
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1         L          Ti 16            Si           Cu          Y
2                  Si       Be         Zr 17                        Zn          Te
3                 B        Na        Hf 18            B             Ag         Ru
4                  Al       Mg       V 19            Al           Cd         Rh
5                  Ga      K         Nb 20            Ga          Au          Pd
6                  Ge      Ca       Ta 21            Ge          Hg         Ag
7                  Zn      Rb        Mo 22            Zn          K           Cd
8                  Sn      Sr         W 23            Sn          Ca          Re
9                  Tl       Cs        Mn 24            Tl           Na          Os
10                Pb      Ba        Fe 25            Pb          Mg         Ir
11               Si       Li         Cr 26             Si           Be          Pt
12                H       Na        Ni 27             H           Li           Au
13               B        K         Co 28            B            Na         Hg
14                Ga     Ca        Cu 29            Ga         Cd         Ti
15                Ge      Mg       Zn 30            Al          Au          V

2.8.4    – , 

 ( , )

1. .
2. ,  ( , ,

).
3.  (

).
4. .

            .                  .      

1                Na       Al 11          In       Li 21          Sc      H
2                Mg      Si 12          Ir       Ca 22           Ti      Mg
3                Be       Cl 13          Pt       K 23           Ni     Ca
4                Ca       S 14         Os       Mg 24           Co     Sr
5                K        F 15          W       Na 25           Pd     Cs
6                Li       Ga 16          Ta       Cl 26           Rh      Ba
7                Rb      As 17          Hf       S 27           Ru      K
8                Sr       Se 18           b      P 28           Cu      S
9                Cs      Ge 19           Zr       Si 29            Zn      Si
10              Al       20                 30           Ag      As
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 1
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                                                                                                                                                                                      2

 1 –

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  - -
SiO3

2– P P - H H H H H - H H H H - - - - H H H H -

:   – ;  –  ( );  – ; “–“ 
, .
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 3

 2 –  ( ) .

I II III IV V VI VII VIII
1 H

2.1
He
-

2 Li
1.0

Be
1.5

B
2.0

C
2.5

N
3.0

O
3.5

F
4.0

Ne
-

3 Na
0.9

Mg
1.2

Al
1.5

Si
1.8

P
2.1

S
2.6

Cl
3.0

Ar
-

K
0.8

Ca
1.0

Sc
1.3

Ti
1.5

V
1.6

Cr
1.6

Mn
1.5

Fe
1.8

Co
1.9

Ni
1.9

4

Cu
1.9

Zn
1.6

Ga
1.6

Ge
1.8

As
2.0

Se
2.4

Br
2.8

Kr
-

Rb
0.8

Sr
1.0

Y
1.2

Zr
1.4

Nb
1.6

Mo
1.8

Tc
1.9

Ru
2.2

Rh
2.2

Pd
2.2

5

Ag
1.9

Cd
1.7

In
1.7

Sn
1.8

Sb
1.9

Te
2.1

I
2.5

Xe
-

Cs
0.7

Ba
0.9

La*
1.08

Hf
1.3

Ta
1.5

W
1.7

Re
1.9

Os
2.2

Ir
2.2

Pt
2.2

6

Au
2.4

Hg
1.9

Tl
1.8

Pb
1.9

Bi
2.0

Po
2.0

At
2.2

Rn
-

7 Fr
0.7

Ra
0.9

Ac**
1.1

 1.08-1.14
**  1.11-1.2
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