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.
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, 
.

 – 
, .

 ( ) – ,
:   (

2 3, 4 8); 
 ( , , ).

 ( .)  1/12 
12 ,  1,6608 10-27 , .

r – , 

 1/12 12 , ( r .

relativus ): r= )C(m/
m

a

a
12121

106608,1
10674,1

27

27

(H)A r = 1,0079;

1066081
106572

27

26

,
, ( )A r = 15,9994.

 – 
,  – 
.

 (Mr ) ,

 1/12 12 .

, . ,

Mr(H2O) = 2Ar(H) + 1Ar(O) = 2 1,0079 + 1 15,9994 = 18,0153  18

 « »  «
»  « », « », 

.
 (CI)

.
 – , 

 ( , , , .), 
 0,012 12 .

 ( )  0,012 
,  (1,993 10–26 ):
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Na =
109931

0120
26,

, = 6,02 1023

(NA, –1)  
.

, ,
,  « ».

(M) , 

: M =
n
m

 – .

.
, r (C ) = 40, M(C ) = 40 ;

r (C CO3) = 100, M (C CO3) = 100 .

 (Vm) – , 

: Vm =
n
V

 – 3 3  ( ).
n = 1 Vm = 22,4  22,4 10–3 3.

. 
 (m, ),   (n, ) 

( , ) :

m = n M;       n =
M
m ;       M =

n
m .

, 

.

, 
 ( ) .

 (f ) ,  ,  
.

 –  , )

M = f M.

 (V ) – 
 ( 3 , )

V = f  Vm
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) – 

:  (n ) =
V
V

M
m .

, , . 
.  – , 

. , 
 – Hydrogenium,  – H,  – Oxigenium – O,

 – Ferrum – Fe .

.
 – 

, , . : ,
, .

 – , 

). , H3 O4 ,  
 3 , , 4 

.
 –  ( ) , 

.
– , 

.
 – 

. 

H2SO4
.

. 
. , 

 « ». , 
 ( ),  – , 

 ( ).

CaCO3 + 2HCl = CaCl2 + CO2 + H2O
2AlCl3 + 3H2SO4 = Al2(SO4)3 + 6HCl

), .
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 – , 

.
 – 

, 
.

1.1.1 

1. ? 
?

2. : ) , , ; )
.

3.
? ?

4. , 
.

5. ? 
?

6. ? 
– ?

7.  « ».  « »,
« », « », « »?

8.  « »  « »?
9. ? 

Vm  ( .)?
10. ? 

, , , ,
, ? .

11. ? 
?

12. ? 
?

13. ?
14. / r / .
15.

? 
?

16. ? 
.

17.  « »,  « »,  «
».

18. ?
19. ?
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1.2 

, 
. , , 

, , , 
 ( ), 

, . .
 – ,   

 ( )  ( .
– stoicheion – , ,  – metreo – ).

. .  1748 . 
 (1756 .) :

, , 
, .

 1789 . .
 1840 . :

. 
,  – ,  – . .

 – 
– .

.

. 
m

:  = mc2 ,  –  – 2,998·108 .

.
 – .  1808 .

.

.
, , 

, 
.

:
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, , 
, .

 ( , 
) .

. ,
, .  (1766-1844 .) 

 (1803 .):

, 
, 

, 

. ,
.  1792-1800 .,  (1804-1808 .) 

, 
.

 – ,
 1

.

.

, 
.

:

 ( ) 
 ( ).

) – 

 (n ) =
M

m .

, 

n (A) = n (B),

)A(M
)A(m =

)B(M
)B(m

)A(V
)A(V =

)B(V
)B(V

 ( ) 
:

) = f  M(B);         V ) = f Vm(B)
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 ( ) 
.

:

)B(m
)A(m =

)B(M
)A(M ;

)B(V
)A(V =

)B(V
)A(V ;

)B(V
)A(m =

)B(V
)A(M ,

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

.

.   
,  1 

 ( )  ( ).
, 

) =
V

n    =
VM

m

1V1 =
1

1

M
m =

2

2

M
m

1V1 = C2V2

.

:

2
1Of

3
1Alf1f ;;

, , 
. ,

f (H2)= 12
1 =

2
1 ;        f (Cl2)= 12

1 =
2
1 ;      f (O2)= 22

1 =
4
1 .

 -
, ,  , .

 ( + , 
)

f  =
)H(n

1
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,

f (HCl)=
1
1 =1;       f (H3PO4)= 3

1 .

 ( , 
):

f  =
)H(n

1

,

f (KOH)=
1
1 =1;        f (Fe(OH)2)= 2

1 ;        f (Al(OH)3)= 3
1 .

:

f  =
)(n)()(n 2

11 ;

,

f (N2O)=
21

1 =
2
1 ;    f (NO )=

21
1 =

2
1 ;   f (N2O3)= 23

1 =
6
1 ;

f  =
)()(n

1

,

f (Na3PO4)= 13
1 =

3
1 ; f (CaSO4)= 21

1 =
2
1 ; f (Ca3(PO4)2)= 23

1 =
6
1 .

,
, 

.

.
, 

. 
, .

.

, 
), 

, .
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, 2 + Cl2 =2HCl,
.

V( 2) : V(Cl2 ) : V(HCl) = 1 : 1 : 2

.

. .
, , . 
, 

(1811 .)

 (
) 

:
1) 1 6,02 1023 ,  

.
2)  (  = 101325 ,  = 273 0 ° ) 1 -

22,4 .
Vm = 22,4  – .

Vm=
n
V ;     n=

mV
V , V .

3) , 
 (n)

n1 = n2

n =
M
m ,

m – ;  – ;

1

1

M
m  =

2

2

M
m ,

2

1

m
m  =

2

1

M
M = D,

D – .
, 

,  2 :

)
MDH

2
2

; M = 2
2HD .

 (Dn). 
, , 

.  29 . 
: M = 29Dn.
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 ( -
).

, . 
 – V,  (  =  273  + t) – 

.  1,013 105  (760 .)  273 
(0 ) , 

: , . . – Vo.
:

:

1

11

T
Vp =

2

22

T
Vp

. .:

0

00

T
pV = Rconst

T
Vp ,

, R.
.  1 .

0

00

T
pV =R, pV = RT

n pV = nRT.
n :

pV =
M
m RT,  V, 3   pV = 1000

M
m RT, V, .

.
R

.  – 3,  –  ( ), 

R =
0

00

T
pV   =

273
100133110422 533 ,, =8,314

3

= 8,314

:

M =
pV

mRT .

 ( ).
, 

.  –  ,  ,
, 

.
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:

 ( .), 
, , 

= 1 + 2 + 3 + ... + n

.
 –  :  21%  2, 78% N2  1%  .

P = 1 .

= 0,21 2)+0,78 (N2)+0,01 P( )
= 0,21 2)+0,78 (N2)+0,01 .)

1.2.1 

1. . 
? ?

2. ?
. ? 

?
3. ?
4. ? 

?
5. .
6. . 

?
7.

? ?
8. , 

, 
, , ?

9.
, , 

?
10.  « »? 

?
11.

?
12. ?

?
13. .
14. ? 

.
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15.
?

16.
?

17. . 
?

18.
?

19. ? 
?

1.3  

1.3.1 

:

)  ( ) = )  ( ),

; i – .

, , ,
 – .

 1. .

.  ( ) 
 ( V), , .

.
:

                                                                    III      II                     IV     II
Cri   Oi Sni   Oi

:

B(Cr) i(Cr)=B( ) i( );    B(Sn) i(Sn)=B( ) i( )

Cr – 3 i(Cr)= 2 i( ),
i(O)
i(Cr)    =

3
2

Sn – 4 i(Sn) = 2 i( )
i(O)
i(Cr)  =

4
2  =

2
1

: :  – Cr2O3,
 – SnO2.
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 2. .

. Mn2O7
 – SiH4

. 
.

 Mn2O7:                  B(Mn) i(Mn)= B( ) i( )

B(Mn)=
i(Mn)

i(O)B(O) =
2

72 = 7

 SiH4:                      B(Si) i(Si)=B(H) i(H)

B(Si)=
i(Si)

i(H)B(H) =
1
41  = 4

. n2O7  7.
SiH4   4.

1.3.2 . 

– , ,
 0,012 12 .

N  = 6,02 1023 ( –1) – 
.

 ( ) – , 
 (m)  (n), ; 

 =
n
m

 3.
.

 1.  3,27 .
.  (Zn) = 64,4

n(Zn)=
M(Zn)
m(Zn) =

464
273

,
, = 0,05 .

: 3,27  0,05 .

 2.  12 
 (IV).

.  (IV) 

M(SO2) = 1 A(S) + 2 A(O);   M(SO2) = 1 32 + 2 16 = 64
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n(SO2) = )M(SO
)m(SO

2

2 ;    n(SO2)= 64
12  = 0,188

: 12 SO2  0,188 SO2.

 4. .

. NaI
0,6 .

.

M(NaI) = 1A(Na)+1A(I);  M(NaI) = 1 23 + 1 127 = 150

NaI

m(NaI) = n M(NaI);   m(NaI) = 0,6 150 = 90 ( )

: 90 NaI  0,6 .

1.3.3 

 – 

) = ) ,

) ; ( ) – ;
.

 – , 
.

, Di

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

 5. .

.  (IV) 
 (VII).

.

M(Mn) = 55 ; (MnO2) = 87 ; n2O7 ) = 222 .

 1 .

m(MnO2) = n M(MnO2) = 87 .
   m(Mn2O7) = n M(Mn2O7) = 222 .

MnO2  1 , 
Mn2O7  2 , :
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m(Mn) = n M(Mn); m(Mn) = 55 ;

:
m(Mn) = n M(Mn);  m(Mn) = 2 55 = 110 ;

:

(Mn) =
)m(MnO

m(Mn)
2

;  (Mn)=
87
55 = 0,632 63,2%

  (Mn)=
)Om(Mn

m(Mn)
72

; (Mn)=
222
110 =0,495 49,5%

1.3.4 . . 

. =101325  = 1 105 ; = 273 ), :

M = Vm = D 29 = 2HD 2;

n =
M
m  = =

mV
V

AN
n

,

 – , ; ,  3 );
D , 2HD ;
n  ( ); V 3 ( );

Vm , Vm = 22,4 ; n  – ;
NA ; NA = 6,02 1023 –1.

, : ;
; 

; ,
.
 ( ) – , 

.
 1. 2,  16,8 

.

.                   n =
mV

V =
422

816
,

, = 0,75

 2. ,  60   2 6.

.
mV

V
M
m

M
VmV m = .,, 844

30
42260
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 3.  1 3
4 ( .).

.  1 3  – , 
M = Vm,

 =
4,22

16
mV

M = 0,175 ,

 1 3
4 0,715 .

 4. .
.

D = 11
29
32

29
O2 ,)M(

 5. , 
 11.

.
M = D(He) M(He) = 11 4 = 44

1.3.5 

-

: pV = 1000nRT pV = 1000 RT
M
m ,

, ,  – ,
 – ,  – ; R – 8,314 .

 1. 2S)  102 
 20 °  125 .

. 

n(H2S)=
S)M(H
S)m(H

2

2 ;    n(H2S)= 3
34

102

.

V(H2S) = n(H2S) Vm;       V(H2S) = 3 22,4 = 67,2 3 ( )

, 
:

0

00

T
pV =

1

11

T
pV

101,3 ;  = 273 ; V  – , , .;
p1 – 125 , 1 = (273+20) = 293 , V1 , , 

             .
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V1 =
01

100

Tp
TVp ;    V1(H2S) = 4558

273125
2672933101 ,,,

 2.  454 3 ( ) ,  37
 97325 ,  0,626 . .

.
:

pV = 1000 RT
M
m ,   M =

pV
mRT1000 .

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

M = )536
454097325

310314862601000 ,
,
,,

 3.
 20 . , 

 3 ?
.

T
Vp =

1

11

T
pV ,

1 = 3 , V = V1,  = (273+20) = 293

T
Vp =

1T
Vp3 ;

1

31

1 = 3 ;  1 = 3 293 = 879    t = 606   (879  – 273 )

1.3.6 

 ( ) – 
)  ( )

n =
M

m

:

)
)M

m(B)
m(A) ;

(B)V
(A)V

V(B)
V(A)

(B)V
(A)M

V(B)
m(A)

m(V)  ( ) ;
(V )  ( ) .
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 6. .
. r2 3.

. : B(Cr) = 3.

B =
M
M         M r) =

B(Cr)
M(Cr)

M = )17,3
3

52

 7. .
. 2 4.

. =  f
2 4). (f )

f 2SO4)= ;
)n(H

1         f (H2SO4) = 1/2,

M  (H2SO4) = f  (H2SO4) M(H2SO4)
M  (H2SO4) = 1/2 98 = 49 .

 8. ,
.

. , 
 65,57% . 

 35,45 .
. , 
 100 , .

 = - l;     = 100 – 65,57 = 34,43
)  

l)
)

Cl

)= ;
m(Cl)

l))      )= );18,62
65,57

35,4534,43
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1.4 

1.4.1. 

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

m, m, 

1 Ca3(PO4)2 – 75 NH3 – 34 16 CaO – 18 S2 – 6,4 
2 Cu(NO3)2 – 10 CO – 84 17 Cu(NO3)2 – 15 CH4 – 3,2 
3 Ba(OH)2 –12,5 H2S – 34 18 Cu(OH)Cl – 35 C2H6 – 5,6 
4 H3CrO3 – 17 CO2 – 13,2 19 BaCl2 – 18 H2O – 5,4 
5 NaSbO2 – 15 PH3 – 3,4 20 Fe(HSO4)3 – 81  HCl – 7,3 
6 Fe3O4 – 20 AsH3 – 15,6 21 Al2(SO4)3 – 35  I2 – 2,54 
7 ZnCl2 – 10 H2 – 2 22 NaHSO4 – 18  Br2 – 3,2 
8 Na2CO3 – 18 O2 – 0,5 23 H2SO4 – 49 H2 – 11,2 
9 ZnO – 11 Cl2 – 14,2 24 HNO3 – 36 O2 – 22,4 

10 P2O5 – 17 SO2 – 1,28 25 Ca(HCO3)2 – 11  NO2 – 4,6 
11 MnO2 – 12 NO2 – 5,6 26 K2HgJ2 – 91 CO2 – 2,8 
12 Na3PO4 – 7 SO3 – 2,8 27 Fe(NO3)3 – 70  PH3 – 3 
13 N2O5 – 90 NO – 3 28 MgCl2 – 32 NH3 – 4 
14 Na2ZnO2 – 33 N2 – 2 29 MgO – 10 HCl – 67,2 
15 PbO – 11 H2S – 8,4 30 HNO3 – 17 F2 – 3,8 
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1.4.2 

:
1. , , . 

, .
2. : ; ;

;  
.

,
3 .)

, ,

1 O2 0,016 101080 290
2 NO 0,061 101125 381
3 CO2 0,046 101210 314
4 H2S 0,055 101150 296
5 NO2 0,038 101078 382
6 O3 0,084 101216 348
7 H2Se 0,078 110192 320
8 F2 0,068 100104 332
9 H2 0,054 100201 308
10 N2O 0,042 101520 317
11 CH4 0,034 89850 321
12 HCl 0,088 110030 305
13 C3H8 0,079 125410 350
14 N2 0,049 96780 388
15 HBr 0,024 110075 490
16 C2H2 0,035 108170 463
17 CH3Cl 0,038 88760 395
18 C2H4 0,044 94530 402
19 SO2 0,056 100810 310
20 NH3 0,033 102310 298
21 HI 0,062 121230 414
22 Cl2 0,028 85156 345
23 CH2O 0,039 91347 436
24 CO 0,047 109735 362
25 PH3 0,051 117324 257
26 C2H6 0,073 124670 339
27 HBr 0,082 111230 418
28 AsH3 0,041 107324 277
29 Br2 0,068 111230 314
30 I2 0,093 107310 398
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2 

2.1 

 XIX . , , 
, 

.
. 

, 
 1836 , . 

1897 . ( e ). 
19106021, ,  «-1».

281019,me .
 (p+) – .

, 
 – «+1». p+

mp+ = 1,00728 .
 –  (n0) –  

 1920 . 
 1932 . . , 

. , ,
mn0 = 1,00866 .

, 
 ( ) 

 ( - ).

 – ,  – 
.

 1911 , 
. 

. 
.   .

 1913 
, , 

.

.
1. , 

. .
2. , 

.
3.
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. 
.

h  =  E .-  E . ,  – 
.

.
 1924 , -

, 
:

h/mv.
 1924 .  ( ),  ( ) 

 ( ), 
, , 
, .

.  (1927 .) :
 (  = m V) 

.

 – , : 
;   ; ;

.
 (n) – 

, , . 
, , 

. n
.

:
n = 1   2  3  4  5 6  7

K L M N O P Q
 ( )  (l)

0 (n-1).
n l. 

, l, 
. 

:
l: 0;          1;               2;                 3;

s,          p,                d,                  f.
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 (ml)
, 

.

–l 0
+l ( . 2.1).

 2.1.
l l -

-
ml = - l…0…+ l

ml = 2 l+1
0 s 0 1
1 p -1, 0, +1 3
2 d -2, -1, 0, +1, +2 5
3 f -3, -2, -1, 0, +1, +2, +3 7

 ms . 
, , 

.  « ». , 
. 

 «+1/2»  « -1/2».
, 

,  - .
, 

:  (n) 
 ( ); ,  (l) –

;  (ml) – 
,  (ms) – .

2.1.1 

1.
, ?

2. ?
3. ?
4.  «n» 

?
5.  ( , ) 

 ?
6.  «m l» ?
7. , 

?
8. ?
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2.1.2  

.  …3p64s23d5

 4 
.

.
, . ,

Mn –  4.   –  3d
 10 . Mn  3d

5 , . 
Mn – …3d54s2  …4s23d5

-2 -1 0 +1 +2

3d
4s

- 
Mn

n l ml ms
3d1 3 2 -2 -1/2
3d2 3 2 -1 -1/2
3d3 3 2 0 -1/2
3d4 3 2 +1 -1/2
3d5 3 2 +2 -1/2
4s1 4 0 0 -1/2
4s2 4 0 0 +1/2

: n – ,
l – , ml –  ms – .  (n)

.  3d1 – 3d5

 3,  4s1, 4s2  –
.

 (l) 
: s, p, d, f, 

–  0,  1,  2,  3. l d  – 2, 
s  – 0.

ml = 2l + 1 s  – 1, 
p –  3,  d – 5, f – 7 . 

, ml =  -l…0…+ l.
, s  – , 

 «0».
p  – 3 , 

ml – «-1», «0», «+1». d  – 5 ml –«-2», «-1»,
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«0», «+1», «+2». f ml  «-3», «-2»,
«-1», «0», «+1», «+2», «+3».

,  3d1 ml  «-2»,  4s1 – «0».
 (ms) 

. 
 +1/2  –1/2. 
:  3d1-3d5  4s1  “-1/2”,  4s2 – 
 – «+1/2».

2.1.3 

1. .
2.  4 .

:
1 … 2p63s23p1 16 … 3p63d34s2

2 … 4p65s24d4 17 … 3p63d104s2

3 … 4s23d104p2 18 … 3p63d14s2

4 … 5s24d105p2 19 … 4p64d35s2

5 … 3p64s23d10 20 … 5p65d16s2

6 … 3p64s23d2 21 … 4p64d105s25p3

7 … 4s23d104p3 22 … 4p65s24d105p5

8 … 4p65s24d1 23 … 4p65s24d2

9 … 4p65s2 24 … 6s24f145d4

10 … 4s23d104p5 25 … 4p65s14d10

11 … 5s24d105p1 26 … 4p65s24d10

12 … 4s23d104p4 27 … 6s24f145d10

13 … 2p63s23p4 28 … 6s24f145d106p2

14 … 2p63s23p6 29 … 6s24f145d106p3

15 … 1s22s22p4 30 … 6s24f145d106p1

2.2  

2.2.1 

, 
n, l, ml, , 

, .

, 
.

, , 
n, l m, 

, . 
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 ( ) . 
 ( ) ,  –

, .
, 

.

:

, . ,
.

. , 
, , 

. 
, 

, .

. 
, , 

 (n)   (l) . 

. ,  1961 . 
( ):

 (n+l)
.

 (n+l) 
:

(n+l) 
 n.

 (n+l) , 
 ( )

1s22s22p63s23p64s23d104p65s24d105p66s24f145d106p67s25f146d10…

. 
» 4s 3d- , 

1s22s22p63s23p64s13d5 3d .
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. 
,  ( ), 

. .
, 

.
,  25 ( )  25 , 

25 Mn 1s22s22p63s23p64s23d5.
 35 : 35 Br 1s22s22p63s23p64s23d104p5.

, 
, s-, p-, d- f- . , 

d- , p- ,  (11Na 1s22s22p63s1)
–s- .

.

. 
, 

. . 
, , , 

, . 
. , 

16S 1s22s22p63s23p4.
d , 

p- s-
S … 3s23p4 + h  S* … 3s23p33d1

S0      +h S*    
3d 3d

3p 3p
3s =2 3s =4

)

: 16S* 1s22s22p63s23p33d1,
 (  = 4).

, 3s
S**    

3d
3p

3s     =6
16S** 1s22s22p63s13p33d2.
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.

. , 
, , . 

, 

p   s  d  f
d d s ,

s
, d , 

, d .
, :

Fe0
-
e2- Fe2+ e1-

3d 3d
     4s 4s

e1- Fe3+

3d
         4s

s- p-
.

. ,
, , 

17Cl0 1s22s22p63s23p5  +1e -
17Cl –1 1s22s22p63s23p6

+ 1e17Cl0

 3p
17Cl 1

 3p
3s 3s

,  17 ,
 18 .
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2.2.2 

1.
?

2. , ?
3. ?
4.

?
5. ?
6.

?
7.

?
8. ?
9. d-

, f-  – ?

2.2.3 

 1. Mn.
 1. Mn :

1s22s22p63s23p64s23d5,

  1, 2, 3, 4, 3 – ; s, p, d – .

 2.
.

 2.
. 

,  (n)  (l) 

1s2 2s2 2p6 3s2 3p6 4s2 3d5

n 1 2 2 3 3 4 3
l 0 0 1 0 1 0 2
n+l 1 2 3 3 4 4 5

s-, p-, d-, f  0, 1, 2, 3.
: 

(n+l) 
n. n+l

2p6  3s2  3p6  4s2  2p  3p,  3s
4s.
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 3. .
 3.

, , - .
Mn …  4s23d5  – 

 4.
.

 4. Mn  …3d54s2

  Mn0 +h Mn*

  3d        3d     4p
     4s         4s =7

,  4s  2 . 
, , 

.  4p
. 

 4s
Mn*

Mn0 …3d54s2 +  h  Mn* …3d54s14p1.
. 

. Mn*  7.
. 

.

 5.
.

 5.
. Mn , 

4s  –  2 .  3d ,
 5 ,  –

»  4s  - . Mn
. , , 

  Mn0 -2e Mn2+

3d   3d
4s 4s

Mn0 …3d54s2-2e  Mn2+ …3d54s0

   -3e  Mn3+ …3d44s0 – 
  -4e  Mn4+ …3d34s0
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  -5e  Mn5+ …3d24s0

  -6e  Mn6+ …3d14s0

  -7e  Mn7+ …3d04s0

, Mn  7 : Mn0,
Mn+2, Mn+3, Mn+4, Mn+5, Mn+6, Mn+7.

2.2.4 

1. .
2.

.
3. .
4.

.
5.

.

: 1. Si  Y 11. Pb  F 21.  Ag
2. Sc  Cl 12. In  Se 22. Sr  As
3. Zn  S 13. Ge O 23. Cr In
4. Al I 14. As Cd 24. Nb S
5. Cu  C 15. Co  B 25. K  Zr
6. Ca Re 16. Ti Br 26. Mo  Li
7. Sn P 17. Ga Kr 27. Hg  Rb
8. Sb N 18. V Xe 28. Ag Ti
9. Tl Ar 19. Ag Mg 29. Te  Ba

10. Te Fe 20. Au  Ne 30. Cs  As

3  . 

, 
.  1869 . :

, 

.

, 

, . 
, ,

, 
.
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, .
.  1914 . 

1bza ,

 – 
, –1; a, b – ; z – 

.

. 
, 

. , , 
.

:

.

3.1 . .
, , 

, ,
. , 

Li, Na, K . Ne, Ar, Kr .
, 

, . 
, 

.

n s-  p- , 
.

, 
, . 

. 
.  – .

s- p- ,
d-

f- . , , 
B, Al, Ga, In, Tl,  – Sc, Y, La, Ac.

,  (Ce - Lu) 
, , , , 

. 14 
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f- , 
4f- .

, ,
.  VII 

 VI .
, 1

116
. 

, 
. .

3.2 

, ,
,  ( ), ,

, 
. 

, , 
, . , 

, .

 (  1  2 – 
I  1  8  II  III ), 

:  (  I ) 
, 

. 
ns2np6.

.

2  1  (s- ) 
d- . 

, d- . 
d-

p- np6. 
, .

 VI  VII 
, d-

f-  ( ), 
. f- d-

p- .
, 



40

.
, 

.
s-  (

s- ), p-  ( p- ). 
d- f-  (d-, f- ). 

4f- 5f- .
. , 

, , 
.

:
-  – 

;
- ;

-  – 

; - 
.

, , , 
. 

, ,
. .

.
: 12

6 C – 1s22s22p2

 …2s22p2 - 
C0 …2s22p2 – 2e  C+2 …2s22p0

 2- ,  4 
, p- .

C0 …2s22p2 – 4e  C+4 …2s02p0

C0 …2s22p2 + 4e  C –4 …2s22p6

) : +2 +4                       –4
C, C, C;

          CO, CO2, CH4.

 – : CO2 – .
 – , Be, Zn, Al, Cr,

.
, , 

. , ,
. 
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. CO, SO, NO.
d :

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

Be, Zn, Al, Cr Be, Zn, Al, Cr

 +5, +6, +7
 – ,  – 

 – .

: ?

S0 …3s23p4 S+4 …3s23p0 S+6 …3s03p0

, SO2 SO3

, H2SO3 H2SO4

Mn0 …4s23d5 Mn+2 …4s03d5 Mn+4 …4s03d3 Mn+7 …4s03d0

, MnO MnO2 Mn2O7

, Mn(OH)2 Mn(OH)4=H2MnO3
 - 

HMnO4

3.3  

; , , 
. , 

, 

, 
 ( ), 

 (e )  ( ).
, .

, ,
 ( )

 (e ).

, , 
 (EH), 

:
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EH =
2
1 +E).

, , 
; , 
.

3.3.1   

1. . 
. .

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

? 
?

3.3.2 

 1. , 
 …3p63d54s2. 

: .
.

: …3p64s23d5.
d . d . 

s-,d, f , . 
.

 2. , , 
 – 1s22s22p63s23p3. 

: .
.  – , 

, 
.

 – 3s23p3;
– 2p6 – . : …3s23p3. 

p . p .
, 

p : p B-At, .
p B-At , 

.  – . 
B-At, .
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 3. 
.  ...4s23d104p65s24d6.

. : …5s24d6.  5 
,  – 5. 

: 2 + 6 = 8  – 8. 
d . s- p

, d- f  – .
: ,  …5s24d6

 5 , 8 , 
. .  - Ru - .

 4. , 
, , 

.
.  …5s24d2.

:

4d
5s

Zr  – , ,  4d  « »
5s- . , .

Zr0 …4d25s2 – 2e  Zr+2…4d25s0

    … 4d25s2 – 3e  Zr+3…4d15s0

    … 4d25s2 – 4e  Zr+4…4d05s0

d :

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

:

ZrO,      Zr(OH)2
Zr2O3,   Zr(OH)3

ZrO2,    Zr(OH)4=H2ZrO3 - 
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3.3.3 

 1.

, -

,

(Me Me)

 2.
-

 ( , ,
, 

)

 3.

-
, -

, 
-

, 

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

…1s22s22p3

…2p63s23p5

…4p65s24d3

…4s23d104p1

…2p63s23p6

…4p65s24d4

…3p64s23d2

…4s24p65s24d1

…3p64s23d104p4

…2p63s23p3

…4s23d104p2

…6s24f145d106p1

…3s23p64s23d1

…4p65s24d105p2

…3p64s23d3

…1s22s22p4

…6s24f145d106p3

…5s24d105p5

…4d105s2

…3p64s23d4

…4s23d104p5

…4p65s24d105p3

…4s23d104p3

…2p63s23p1

…5s24d105p1

…3p64s23d5

…3s23p6

…5s24d5

…6s24f145d106p2

…4p65s24d10

…5p66s25d1

…4s23d104p3

…6s25d106p2

…4p65s24d10

…3p64s23d104p5

…4p65s24d105p3

…4s23d3

…3p64s23d1

…6s25d106p1

…2p63s23p1

…3p64s23d4

…6s25d10

…4p65s24d105p1

…2p63s23p4

…5p66s25d106p3

…3p64s23d5

…4s23d104p2

…2s22p3

…6s24f145d2

…5s24d105p2

…4p65s24d1

…4p65s24d4

…2p63s23p2

…3p64s23d6

…4s23d104p1

…3p64s23d104p6

…4p65s24d105p3

…6s24f145d4

…4p65s24d10

…4s13d5

As
Zn
Ga
Ti
Br
Mn
Hg
Ag
Se
Bi
Mo

Sn
Cu
Y
In
Sn
V

Ge
S
Br
Fe
Al
Pb
In
I
P

Cd
Sc
Te
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4  

.
, 

.
.

:
 ( );  ( ).

, 
.

, :
1.

 +  

2.
 + 

3.
   «+»   +   «–»   ( )

4. , 
.

,  1 
,  ( ., ).

4.1 
 – , , 

. 
. :

, , , . 
, ,  =  0,

. 0  <  1,7
,  > 1,7, 

.
.

. 
1s

· + · : 2 - 

- 

- 
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 –   – , l
s-

: .
, 

, 
, , 

 (H2, Cl2, O2, N2).
l

 ( l), .

, 
. 

. 
.

, 
.

.
, ,  –

 ( ).

. , 
. 

.

-, - .
. .

.
, ,

, 
. , 

. , .
,

, .

, .
s1–s1 – 

 ( , 2) s1–p1

, l) p1– p1  (



47

l2), .
, 

. BeCl2. 
 +2,  –1. 

 (Be 1s22s2) ,  –
. 

.
                     0

Be  +   h Be*
1s22s2 1s22s12p1 …2s12p1  … 2q2

  =0                  =2
sp1 – ,

(q2  1800. sp–
 II , .

 III sp2– .   –
,  – 120 .

AlCl3
- 

Cl … 3s23p5
3p

3s

. 
. , 

. 
, , .

                                         Al + h Al*

                             1s22s22p63s23p1 … 3s13p2-  …3q3 .

        = 1            = 3

4
 – sp3- .

0

C + h C*
1s22s22p2 1s22s12p3   …2s12p3 …2q4

                           =2                 =4

4 sp3- 
 109 28´.

1200

Cl Cl

Cl

 Al

109028`

 H  H

 H

 H C
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. NH3
 3 . 

, 
 - s p.

N + h   –
1s22s22p3 sp3 – 

 2s .

 H

N

 H
 H

 H

 H

 H

, , 
, 2s- , 

 107 18 . 
.  V .

s- . 
,  –

. 
 ( . 50)

2
 2   /1s22s22p4/ 

s

O … 2s22p4

2p – sp3- 
                           2s

s- , 
 2s-  2 , 

 104 30 . 
 VIA .

.
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.

.
, , , 

, ,  – .
-

.
NH4

+ :

                  N – 1s22s22p3 NH3 + H+  NH4
+

2p
2s :

..

..
: N

H

H

H ,:
..

..
: HN

H

H

HH

N   – ; H+ – .
BH3:

B – 1s22s22p1 + h   – B* – 1s22s12p2

2p 2p
2s

  + h    –
2s

BH3 ( ) . ,
H – .

B

H

H

H
..

..
: ,:

..

..
:: HB

H

H

HH

BH3 + H – – BH4
–

.

, 
, 

. 
.

. 
.

, 
 – , , ,  –
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, . 
, 

. 
,

. , , 
. 

. :

H2O  (H2O)2;  HF  H2F2  H6F6.

4.1.1 

1. ?
2. ?
3. ?
4. ? ?
5.

?
6. ?
7. , 

?
8. ?
9.

?
10. -, ?
11. ?
12. ?
13. ? 

?

4.1.2 

 1.
AlI3, H2S, PH3, .

.
, 

. 
.

AlI3 A1 = 1.6 1 = 2.6  = 1.0
H2S H  = 2.1 S = 2.6  = 0.5

3 H  = 2.1 P = 2.2  = 0.1

, AlI3 =  1,  
.
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 2. AlI3, H2S, 3.
.

, 2, , 2, 2 , 3 , 2, 3

4  (  - 
,  – 

). 2, 2, ,  
.

,  
:

1. :
lI3, l,  III;
2S, S,  II;

3, ,  III.
2. 

, 
.

l,  S,  – , 
.

13Al…3s23p1, 16S…3s23p4, 15P…3s23p3

3. 
. 

, 
, , – .

lI3. l
,  – III. l

: 13Al*…3s13p2

s- 
, . 

s- , 
2 l. 

 120°.
2S. 

2S. 
,

2S  90°.
3, 

.  3 
, 

.
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4.1.3 

-
, 

, 

,  
, 

-
, 

-

.

-

1 Ge 4 N2 PH3

2 l3 H2 l2

3 Si 4 l2 GeI4

4 r2 Si l4 AlCl3

5 2 3 l2

6 MgF2 O2 CH4

7 H2O 1F3 BI3

8 l2 NO l2

9 SbH3 Si r4 P2O5

10 r Cl2 H2Se
11 l4 SO2 l2

12 l4 r2 BF3

13 I2 3 Si 2

14 CF4 r2 2O
15 l3 NH3 2

16 lF3 NO2 PH3

17 Si r4 H2S SnCl2

18 l2 SiO2 H2S
19 FeO l3 l4

20 BeF2 CuI2 NO
21 r2 l4 2 e
22 GeF4 l3 O2

23 I3 gCl2 SO2

24 2 r2

25 AlCl3 O2 CuI2

26 CuI2 F2 HBr
27 P2O5 F2 MgF2

28 H2Se Cl2 AsH3

29 N2 P2O5 AlCl3

30 AsH3 CaI2 HCl
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5        

5.1 

,

. , , 
, , . 

. 
. 

,  – . 
:

          -  + 2 = 2 + Q.
       - 3 + Q =  + 2.
      -           2Mg + 2 = 2MgO + h .

   -           2AgBr + h  = 2Ag + Br2.
      - Zn + CuSO4 = ZnSO4 + Cu

                                                         ( ).
   -           2 2  = 2 2 + 2

                                                         ( ).

, 
, .

. 
Q . 

«terme» –  «dinamic» – , .

, 
, . 

.

5.1.1 

 – , 

.

,  – . 
.

 ( ) 
).

, ,
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, .
, , .

. 
,  – , ,

, ,  - .
, , 

, –  (U),  ( ),  (S),
 (G,  F) – . 

, 
, ,

V (C).
 4 

:
1.  – 
 (  = const,  = 0).
2.  (V = const, V = 0).
3.  (  = const,

 = 0).
4. – , 

 (Q = const, Q = 0).

.
.

, 
, 

.  ( ) – 
, 
.  ( ). 

 4,18  (1  4,18 ).
 2 :

.
, 

2 + Cl2 = 2 Cl + 184,6 .
, 

½ N2 + ½ 2 = N  – 90,4 .
, 

 « »  «
».

 – , 
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.
, 

1 .
 – , 

.

. , 
 (U).

). ,
, 

, , ,
, .

, 
: V – ,  – 

 – : U = f (V, , )
,

, , 
U = U2 – U1

.
, U

.
 – . 

, .
. 

 (
)  = V (  = const),

V – .
 (V = const)  = 0 , 

V = 0.
 Q – , 

.
, Q

.

5.1.2 

. 
, , 

. 
Q = U + 
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, , 

Q  = U + V

U +  V  ( ) :

 = U +  V

 = f (U, V, ). 
.

 – , , ,
V, . 

. :  = 2 – 1
, 

, :  = - Q .
:

QV = U,

 = 0. 
.

  

.
   (1784 ):

 ( ), 

0
.298

0
298

(1840 ):

 (
) 

, 
, 

.

U
, .

, 
, .
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, 
, 

:

.)(.)(. nn

. :
, ,

.
 –  ,  

 1 
 (  = const).

 (  = 101325 ,  = 298 )
 1 

0
298 , 0 .

, 
. 0

298 .
,

 – .

.  ,  
.

, , ,
.

 – , 
, 

, 
.

..  ( ).

.

.

5.1.3 

. 
, 

 (1850 ):
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.
 1865 . „S”, 

 - ). , 
. S /( )

,
T
Q

=S

, , 
, , .

 (U = const), 
(V = const), U = 0.

.
– ,  = const.

 – U,  
, S, S – .
– , 

S = K lnW.
 (W),

.

:      , S  S  S .
: S V.

, 
 ( ) :

S  0, ;
S  0, ;
S = 0 – , .

:

.... SnSnS

. , 
, :

 ( );
 (

).

( , ) :  = S,
    

                 

: S = G
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.
G = S;    G = f( , )

.  
G –

. G – , 
.

 – 
. G ,  = -

 = S
U + p V = T S

 (V = const, V = 0) –  (  = const) 
U = T S

: U  T S = F

 « »
, :

F = U T  S;                    F = f (V, T) .
, 

, ,
.

0
298

,  1 
. ,

 ( G . = 0).
 (

) .
, 

, :

.... GnGnG

G = S , 
.

G  0,  ( );
G > 0, ;
G = 0 ,  = S

.

H S (
).
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 5.1 –  °298, S°298
G°298

                           298  (25° )

H0
298 S0

298
/( )

G0
298 H0

298 S0
298

/( )
G0

298

12 3 ( .) -1676,0 50,9 -1582,0 2 .) 33,5 240,2 51,5
4  ( .) -74,9 186,2 -50,8 NiO ( .) -239,7 38,0 -211,6

2 4 .) 52,3 219,4 68,1 2 ( ) -943,9 50,3 -888,6
2 2 .) +226,8 200,8 +209,2  ( .) -219,3 66,1 -189,1
2 6 .) -89,7 229,5 -167,9 2 .) -296,9 248,1 -300,2
6 6 .) 82,9 269,2 129,7 3 ) -394,8 256,0 -370,0

2 5  ( .) -277,6 160,7 -174,8 ZnO ( .) -350,6 43,6 -320,7
2 5  ( .) -235,3 282,0 -168,62 AgCl ( .) -126,9 96,0 -109,6

3  ( .) -201,2 237,7 -161,88 Ag+ 105,90 73,93 77,11
3  ( .) -238,6 126,8 -166,1 A13+ -524,7 -313,4 -481,2

3 .) -486,6 159,7 -392,1 AsO4
3– -870,3 -144,8 -636,0

 ( .) -110,5 197,5 -137,1 CO3
2– -676,3 -53,1 -528,1

2 .) -393,5 213,7 -394,4 Ca2+ -542,9 -55,2 -553,1
3 ( .) -1207,0 88,7 -1127,7 Cl– -167,46 55,1 -131,2

CaF2 .) -1214,6 68,9 -1161,9 Cu2+ 64,4 -98,7 64,98
CaO ( .) -635,5 39,7 -604,2 Fe2+ -87,9 -113,4 -84,94

Ca(OH)2 .) -986,6 76,1 -896,8 Fe3+ -47,7 -293,3 -10,5
12 ( ) -785,8 113,8 -750,2 H+ 0 0 0

CuO ( .) -162,0 42,6 29,9 Hg2
2+ 168,2 74,2 154,2

Fe .) -264,8 60,8 -244,3 K+ -251,2 102,5 -282,3
Fe2 3 .) -322,2 87,4 -740,3 Li+ -278,4 14,2 -293,8
Fe3 4 .) -1117,1 146,2 -1014,2 Mn2+ -218,8 -79,9 -223,4
HBr ( .) -36,3 198,6 -53,3 MnO4

– -518,4 190,0 -425,1
HCl ( .) -92,3 186,8 -95,2 Ni2+ -53,2 -1261 -45,6
HF ( .) -270,7 178,7 -272,8 NO2

– -106,3 125,1 -35,3
HI ( .) 26,6 206,5 1,8 NO3

– -206,6 146,4 -110,5
H2  ( , .) -241,8 188,7 -228,6 Na+ -239,66 60,2 -261,87

2  ( ) -285,8 70,1 -237,3 OH– -229,94 -10,54 -157,3
H2S ( .) -21,0 205,7 -33,8 PO4

3– -1284,1 -218,0 -1025,5
MgCl2 .) -641,1 89,9 -591,6 SO4

2– -907,5 17,2 -743,0
MgO ( .) -601,8 26,9 -569,6 HSO3

– -628,0 132,4 -527,3
MgCO3 ( ) -1096,2 65,7 -1029,0 PCl5 ( ) -369,45 362,9 -324,55

NH3 .) -46,2 192,6 -16,7 PCl3 ( ) -277,0 311,7 -286,27
NH4Cl ( ) -314,2 95,8 -203,2 Sn2+ ( ) -10,5 -22,7 -27,3
N2  ( .) 82,0 219,9 104,1 Sn4+ ( ) -2,43 -226,1 -2,4
NO ( .) 90,3 210,6 86,6 SnCl4 ( ) -528,9 299,6 -257,7

N2 3 .) 83,3 307,0 140,5 Zn2+ -153,74 -110,67 -127,3
N2 4 .) 9,65 304,0 99,56 PbCO3 ( ) -699,6 131,0 -625,9

2 .) 33,5 240,2 51,5 PbSO4 ( ) -920,6 148,7 -813,8
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 5.2 - 

H S G
 +  

+   +
 ±

+ + ±

5.1.4 

1. ?
2. ? 

?
3. ? 

? ?
4. ?
5. . 

?
6.  « »? ?

?
7. .
8. , 

?
9.  « » 

»? ?
10.  ( ) .
11. ? 

?
12. ?
13. ? 

? ? ?
14.

? ? 
.

15.  « »? 
?

16.
?

17.
  ?
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:
1) ;
2) 

;
3) ;
4) , ;
5) :
6) .

5.1.5 

 1.
. 5.1.

:

3Fe(NO3)2 (p) + 4HNO3 (p) = 3Fe(NO3)3 (p) + NO ( ) + 2H2O )

.
H . :

1. , 
:

3Fe(NO3)2 (p) + 4HNO3 (p) = 3Fe(NO3)3 (p) + NO ( ) + 2H2O )

2. :

3Fe2+ + 6NO3  + 4H+ + 4NO3  = 3Fe3+ + 9NO3  + NO + 2H2O

3. :

3Fe2+ + NO3  + 4H+ = 3Fe3+ + NO + 2H2O
                            -87,9     -206,6        0     -47,7     +90,4   -286

4. 0
298

,  5.2.
5. :

0
..298

0
..298. nn

6. :

H . = 3 H(Fe3+) + H(NO) + 2 H(H2O) - 3 H(Fe2+) + H(H+) + H(NO3
–)

7. 0
298 H .:

4,154)=3,470(7,624=
=)5,206+(04)+9,87(3)286(2+4,90)+7,47(3.
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8. : H . < 0, 
 ( H . = -Q).

 2.

:

) + 3 2 ( ) = 4 ( )  + 2  ( )

.

.... GnGnG

G . = [ G( 4) + G( 2 )] [ G(CO) + 3 G( 2)]
                                               -50,8          -228,6              -137,1                0

0
298G .5.1 G

G . = [-50,8 + (-228,6)] [-137,1 + 3 0] =
= -279,4 – (-137,1) = -142,3 .

:  G . <  0,
 ( ).

 3.
 4 Fe2O3.

.

:

mV
Vn

M
mn .

, 0
298

 1 , 

= n 0
298 =

M
m 0

298 .
0
298 (Fe2O3) =  322,2 ;

 (Fe2O3) = 160 .

=
160
4000 (-322,2) =   8055 .

:  4 Fe2O3  -8055 .
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 4.
112 .

.
 ( . . 3)

.5
422

112
,V

Vn
m

 5 3:
0
298 ( 3) = 46,2 .

= 5  46,2) = 231 .

= ., .= 231 .
:  112  231 .

 5.

?
2 6 ( ) + 1,5 2 ( ) = 2 .) + 3 2  ( ).

.
0

T,G .
:

G . = [2 G( ) .) + 3 G( 2 ) )] [ G( 2 6) ) + 1,5 G( 2) )].

G , 
G . = 3 G( 2 ) ) G( 2 6) ).

G . 5.1.
G . = 3(-237,3) (-32,9) = -744,8 .

:  G . <  0,
.
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5.1.6  

 1.

.

-

1 Fe3O4 ( ) + CO ( ) = 3FeO ) + CO2 ( )
2 CO ) + 3H2 ( ) = CH4 ( ) + H2O )
3 Fe2O3 ( ) + Al )  Al2O3 ) + Fe )

4 FeO ) + H2 ( ) = Fe ) + H2O )
5 NH3 ( ) + HCl ) = NH4Cl )
6 C2H6 ) + O2 )  CO2 ) + H2O )
7 CO ) + H2O ) = CO2 ( ) + H2 ( )

8 Fe2O3 ( ) + 3H2 ) = 2Fe ) + 3H2O )
9 CH4 ) + CO2 ( ) = 2CO ) + 2H2 ( )
10 C2H2 ) +5/2O2 ) = 2CO2 ) + H2O )
11 2NO ) + O2 ( ) = 2NO2 ( )
12 4NH3 ( ) + 5O2 ( ) = 4NO ) + 6H2O )
13 PbO ( ) + CO2( ) = PbCO3 ( )

14 CaO ( ) + CO2( ) = CaCO3 ( )
15 Ca(NO3)2 ( )  = Ca(NO2)2 ( ) + O2 ( )
16 CO2 ( ) + 4H2 ) = CH4 ( ) + 2H2O )
17 C2H4 ( ) + 3O2 ( ) = 2CO2 ( ) + 2H2 )
18 2CO ) + SO2 ) = S ) + 2CO2 )
19 C6H6 ( ) + 7,5O2 ( ) = 6CO2 ( ) + 3H2O )

20 NH4NO3 ) = N2O ) + 2H2O )
21 2HNO3 ( ) + 3H2S ) = 2NO ) + 3S ) + 4H2O )
22 NiO ( ) + CO ) = Ni ) + CO2 ( )
23 8Al ) + 3Fe3O4 ) = 9Fe ) + 4Al2O3 ( )
24 C2H6 )  =  C2H4 ) + H2 )
25 C2H5OH ) = C2H4 ) + H2O )
26 Fe2O3 ) + 3CO ) = 2Fe ) + 3CO2 ( )

27 CO2 ( ) + ) = 2CO )
28 SO2 ( ) + 2CO ) = 2CO2 ( ) + S )
29 PbO ( ) + CO ) = Pb ) + CO2 ( )
30 Zn ) + PbO ) = Pb ) + ZnO )
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 2.

.

1 10,2  Al2O3 11 190  MgCl2 21 3  C6H6
2 6,72 4 12 5  N2O 22 3,4  H2S
3 250 3 13 285  AgCl 23 1   PbO
4 32 NH4NO3 14 6  HF 24 8  CuO
5 11,2 2 4 15 48 Fe2O3 25 7  CaCl2
6 100  MgO 16 0,5 3 CO2 26 64 SO2
7 1,5  NiO 17 1,5  Fe3O4 27 312  CaF2
8 168  MgCO3 18 10 ZnO 28 48  CH3OH
9 1 3 H2O 19 90  H2S 29 2,5  NH3
10 200  NH3 20 11,2 30 134,4  NO2

5.2   

5.2.1    

 – , 
.

:
-   :    2 2 ) + 2 ) = 2 2 ),

 – (Pt)  (700 ) ;
-                  2NO ) + 2 ( ) = 2NO2 ( )
- : 2 ( ) + F2 ( ) = 2 F )

.
, , 

, , , 
.  – .

.
. 

. ,
:

VM
mC;

V
n .

W .

S
.
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. 
, , ,

,  – 
, .

. 
, 

.  – .

. 
. . 

. 
, .  1865 

. 
: «...

».
 1867 . . 

:

, 
  

:

 +  =  + d D

:
ba BAKV    b

B
a
A CCKV ,

, b – ;
 – , 

.
 =  = 1 3,  = const, V = .

 – 
 1 3.

, 
, 

.

. , 
, 

. , 
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) + 2 ) = 2 )

2
'

2 OKOconstKV             ' = const.

.
, 

.

:

10
 2 – 4 

10
12

12

TT

TT VV      10
12

1

2

TT

T

T

V
V

,

 -  2-4, , 
. 

.

5.3  

, 
; , 

 ( ).

2NaOH + H2SO4 = Na2SO4 + 2H2O
BaCl2 + Na2SO4 = BaSO4  + 2NaCl
Na2CO3 + 2HCl  2NaCl + H2O + 2

 – , 
  . 

:

2 + I2 2 I 221 IHKV ; 2HIKV 2
2 2 + 2 2 2 221 HK 2V ; 2V HK 22

3 2 + N2 2NH3
3

221 HNKV ; 2V 32 NHK

V
V , .

, 
 ( ), , 

 ( ) 
.  – 



69

G = 0,  = S.
, , 

 [ ]  - .

.
. )+ NO2 ( ) 2( ) + NO )

, :
V1 = K1 [CO] [NO2],   V2 = K2 [CO2] [NO].

V1 V2 , 
, 

, V1 = V2 ,
K1 [CO] [NO2] = K2 [CO2] [NO],

PK
NOO
NOCO

K
K

2

2

2

1 .

. 

.
, 

m A + n B  p C + q D ,

nm

qp

P BA
DCK .

, 
.

  , 
, 

CO2( ) + C ) 2CO ) ;
2

2

K P ,

CaCO3( )  CaO ) + CO2( ) ; 2K P .

 (
, ) . 

. 
.

. .   
 ( , ,

) .
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, . 
, , 

. 

. 
,  – 
 (1884 .):

, , 
, ), 

, .

. 
, , 

, , , 
.

.

: )  ( ); )  ( V).

SnCl2 + 2FeCl3 SnCl4 + 2FeCl2.
SnCl2, 

, , .

2SnClC   .

, 
3FeClC .

 (IV) 
, 

SnCl4. 4SnClC     .

, 

 .

. , 

2NO2 ( ) N2O4 );  0  ( Q > 0 )
                                                          

 – ,  – .
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2NO2 ( ) N2O4 );  0

, 
,   NO2:

 ( ).
, 

N2O4:
 ( ).

,  – 
.

.

. , 
 ( ) 

.
, 

N2 ( ) + 3H2 )  2NH3 )

 = 4                 = 2 

 ( ) – 2 NH3 ,
 – 4  (

).  ( ) 
,  – 

NH3 ( ).
 ( ), 

 (N2  3H2), 
 ( ). , , , 

. :

 (
) .

5.3.1 

1. ?
2. ? 

? ?
3. . 

.
4. ? 
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?
5. ?
6. ? 

?
7.

? .
8.

.

5.3.2  

 1.
2NO + O2 =  2NO2

 [NO] = 0,2 3,
[O2] = 0,3 3,  [NO2] = 1,2 3. 

.
:
                     2NO + O2 = 2NO2

120
0120
441

3020
21

2

2

2
2

2
2

,
,

,,
,

O
K P

 2 NO  1 2
2 NO2.  1,2 NO2  1,2  NO
0,6 2

  NO =  [NO] + 1,2 = 0,2 + 1,2 = 1,4 3

O2 =  [O2] + 0,6 = 0,3 + 0,6 = 0,9 3

 2.

,  3 

2 ( ) + ) = 2 )

::
, 

:

22 COK'constV

 3 ,  3 , 
2  3 

22 33 CO'K''V
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3'3

2

2
CO'
CO

V
V'

,  3 .
:

2''V

2''2'' 9KV'

99
2

2

CO''
CO''

V
V'

,  9 .

 3.

 80  20 ,  = 2?
:

,VV
TT

10
12

12

V1, V2 – 1, 2.

.
V
V TT

64
122 610

8020
10

1

2
12

:  64 .

 4.

: , , 3

2NO ) + Cl2 ) = 2NOCl );  < 0.

:

,  – ,  –
(  = - Q )

2NO ) + Cl2 ) = 2NOCl );  < 0.
                                , ,

                                        = 3                 = 2 

 ( ), .
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, 
: 3  2 . 

, : .
 – NOCl,

 (
), NOCl .

5.3.3 

:
1.

.
2.

.
3.

: ; .
4. 1

2, ( )  …

1.          2SO2 ( ) + 2 ( )  2SO3 ( ); H  0
3 ) = ) + 2 ); H > 0

4) 1 = 40 C, 2 = 60 C,  = 2
2.          2WO3 ( ) + 3  ( ) = 2W ) + 3 O2 ( ); H > 0

2NH3 ( ) + 3N2O ) = 4N2 ( ) + 3H2O ); H > 0
4) 1 = 50 C, 2 = 80 C,  = 2

3. 2 O ( ) + 2 2 ( ) = 4 ) + O2 ( ); H  0
Fe2O3 ( ) + O ) = 2FeO ( ) + O2 ( ); H  0

4) 1 = 50 C, 2 = 10 C,  = 3
4. Fe3O4 ( ) + 2 ) = 2Fe ( ) + 2 O2 ( ); H > 0

2  ( ) + Cl2 ) = 2N Cl ( ); H  0
4) 1 = 10 C, 2 = 60 C,  = 3

5.          2 O2 ( ) + 2 ( ) = 2 ) + 2O ( ); H > 0
3Fe ( ) + 4 2O ) = Fe3O4 ( ) + 4H2 ); H < 0

4) 1 = 20 C, 2 = 80 C,  = 3
6.          2NO2 ( ) = 2NO )+ O2 ( ); H > 0

SrO ( ) + O2 ) = SrCO3 ( ); H  0
4) 1 = 60 C, 2 = 20 C,  = 3

7. FeO ( ) +  ( ) = Fe ) + O2 ( ); H > 0
4NH3 ( ) + 5O2 ) = 4 ) + 6H2O ); H <0

4) 1 = 100 C, 2 = 50 C,  = 2
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8.          2  ( ) + 2 ( ) = 2 O2 ( ); H  0
 ( ) + 2N2O ) = 2N2 ( ) + O2 ); H  0

4) 1 = 40 C, 2 = 70 C,  = 3
9. N2 ( ) + 3 2 ( ) = 2NH3 ( ); H  0

 ( ) + O2 ) = 3 ); H > 0
4) 1 = 30 C, 2 = 70 C,  = 3

10. 4 ( ) + 2 ) = ) + 3 2 ( ); H < 0
WO3 ( ) + 3 2 ) = W ( ) + 3H2O ); H > 0

4) 1 = 100 C, 2 = 70 C,  = 2
11.        2 2S ( ) = 2 2 ) + S2 ( ); H > 0

Fe2O3 ( ) + 3 2 ) = 2Fe ( ) + 3H2O ); H < 0
4) 1 = 10 C, 2 = 50 C,  = 2

12. N2 ( ) + 2 ( ) = 2NO ( ); H < 0
 ( ) + 2 2 ) = 4 ( ); H > 0

4) 1 = 65 C, 2 = 105 C,  = 3
13. 4 l ( ) + 2 ( )  2Cl2 ) + 2 2O ( ); H  0

 ( ) + O2 ) = 2 O ); H > 0
4) 1 = 75 C, 2 = 35 C,  = 2

14. O ( ) + l2 ( ) = OCl2 ( ); H  0
2Hg ( ) + O2 ) = 2 gO ); H > 0

4) 1 = 25 C, 2 = 55 C,  = 3
15. 2H2 ( ) + 2 ( ) = 2 2O ( ); H  0

4 3 ( ) = 4NO2 ) + 2 ) + 2H2O ); H > 0
4) 1 = 45 C, 2 = 75 C,  = 4

16.        2Mg ( ) + 2 ( ) = 2MgO ); H  0
2 H3 ( ) + 4 2 ) = 2 5  ( ) + 3H2O ); H  0

4) 1 = 110 C, 2 = 160 C,  = 2
17.        4 l ( ) + 2 ( ) = 2 2 ) + 2 l2 ( ); H  0

Fe2O3 ( ) + 3 O ) = 2Fe ( ) + 3 O2 );, H > 0
4) 1 = 20 C, 2 = 70 C,  = 2

18. 3Fe ( ) + 4H2O ) = Fe3O4 ( ) + 4 2 ( ); H > 0
 ( ) + 2O ) = 2 ( ) + H2 ); H  0

4) 1 = 170 C, 2 = 220 C,  = 2
19.        2NH3 ( ) + 3N2  ( ) = 4N2 ) + 3H2O ); H > 0

WO3 ( ) + 3 ) = W ( ) + 3 O2 ( ) ; H > 0
4) 1 = 120 C, 2 = 180 C,  = 2

20. 2NO2 ( ) = 2NO ) + O2 ( ); H > 0
3Fe ( ) + 4 2O ) = Fe3O4 ( ) + 4 2 ( ); H < 0

4) 1 = 100 C, 2 = 150 C,  = 2
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21. 4NH3 ( ) + 5O2 ) = 4  ( ) + 6H2O ); H  0
WO3 ( ) + 3 2 ( ) = W ) + 3H2O ); H > 0

4) 1 = 60 C, 2 = 100 C,  = 3
22. 3Fe ( ) + 4 2O ) = Fe3O4 ( ) + 4 2 ( ); H > 0

2 ) = 2 ( ) + ); H > 0
4) 1 = 70 C, 2 = 140 C,  = 3

23.        2 O2 ( ) = 2 ) + O2 ( ); H > 0
Fe2 3 ( ) + 3 2 ) = 2Fe ( ) + 3 2 ); H < 0

4) 1 = 30 C, 2 = 70 C,  = 4
24. O ( ) + 2 ( ) = O3 ( ); H > 0

2  ( ) + O2 ) = 2 2 ( ); H  0
4) 1 = 40 C, 2 = 80 C,  = 3

25. FeO ( ) +  ( ) = Fe ) + O2 ( ); H > 0
2SO3 ( ) = 2SO2 ( ) + 2 ); H > 0

4) 1 = 20 C, 2 = 90 C,  = 2
26. Fe2 3 ( ) + 3 2 ) = 2Fe ( ) + 3 2O ); H  0

H4 ( ) + 2O ), =  ( ) + 3H2 ); H < 0
4) 1 = 70 C, 2 = 110 C,  = 3

27.  ( ) + 2N2  ( ) = ) + 2N2 ( ); H  0
4HCl ( ) + 2 ) = 2Cl2 ( ) + 2H2O ); H   0

4) 1 = 60 C, 2 = 90 C,  = 2
28. 2 O ) + 2 2 ( ) = 4 ) + O2 ( ); H  0

 ( ) + O2 ) = 2 O ); H > 0
4) 1 = 170 C, 2 = 220 C,  = 2

29.  ( ) + 2N2  ( ) = ) + 2N2 ( ); H  0
2N2  ( ) = 2N2 ( ) + 2 ); H > 0

4) 1 = 40 C, 2 = 80 C,  = 4
30. 2NH3 ( ) + 3N2  ( ) = 4N2 ( ) + 3H2O ); H > 0

Fe3O4 ( ) + O ) = 3FeO ( ) + O2 ); H  0
4) 1 = 60 C, 2 = 110 C,  = 2
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6. 

6.1  

 ( ) , 
 ( ) .

.

 – , 
 – .

 –  (
), , .

.

6.1.1  

( )
:

V
m;

mm
m

m
m B

S

B

; mB

; m ; mS ;
, 3; V .

, .
%)  100 

% =  100%.

 (Ni)  (nB) 
, ,

.

21

2
2

21

1
1 nn

nN;
nn

nN

n1 n2 , N1

 – .
 ( , m)

)  (1  = 1000 ) .

,
mM

1000m;
m
n

S
m

S

B
m

m mS ;
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. 
.

 ( ,
3)

(m ),  (V):

V
mB

B .

6.1.2  

( )

,
VV

V;
V
V

S
B

B
B

; V
; V  ( ) ; VS .

, 
(% .) =  100%

 ( , )

 1 3  (1 3 = 1 ).

B

B
M

B

B
M VM

m=(B);
V
n=(B) .

3 .
.

 (
, , , )

 1 3

 = .
VM

m(B);
V
n(B)

B)

B

B
3

.

 “ ”, .

V . 
, :

 ( )  V(B)=  ( )  V (A).
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) , 
,  1 3  (1 3 =  1 ).

, ( ; 3):

1000
C;

1000
C;

V
m

B

B .

6.1.3 ,

 ( ) 
, ,

, 

 ( , 3).
:

,1000C
100%

C%1000C MM

3; 1000  1 3 ;
1000  1 3 .

.1000=C
100%

C%1000=C

6.1.4  

1. .
2. ?
3. , .
4.

? .
5. ?
6. , 

?
7. ,

?
8. ? 

?
9.  (« ») 

?
10. ? 

?
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11.
?

12. ?
13. ?
14.

?
15. ?

6.1.5  

 1.
120 l 0,04.

 .
, 

:

= m /m
m(KCl)= m (KCl) = 120  0,04 = 4,8 

m(H2O)= m  m(KCl) = 120  4,8 = 115,2 .

 2.
50 CuSO4 0,03

CuSO4 5H2O.
.

CuSO4 ( ).

m(CuSO4) = m  (CuSO4 ) = 50  0,03 = 1,5 

CuSO4 5H2O, 
CuSO4.

          1  CuSO4 5H2O  1 CuSO4

         249,5  CuSO4 5H2O -         159,5 CuSO4

m  CuSO4 5H2O -         1,5  CuSO4

m (CuSO4  5H2O) = (249,5  1,5)/159,5 = 2,34 

m(H2O)= m  - m(CuSO4) - maq = 50,00 -1,50 - 0,84 = 47,66 .

: 
,

.
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 3.
300 3 0,2 K2Cr2O7.

.
K2Cr2O7,  300 3 0,2 ,

:

V
mCM .

, ,  300 3 3 – 0,3.
m(K2Cr2O7) = M(K2Cr2O7)  CM  V = 294  0,2  0,3 = 17,6 .

 4.
250 3 0,2 CaCl2.

.
CaCl2,  250 3 (0,25 3) 0,2 

, :

V
mC

m( aCl2) = (CaCl2)  CH  V = ƒ (CaCl2)  M(CaCl2)  CH  V;
m( aCl2) = 1/2  111  0,2  0,25 = 2,78 .

.
 1.

200 20% H2SO4
 (96% ). 
.

.

 « ». 
 96,  0  (H2O),  

, 
 20 : 76  =  5 : 19 

.  ,  200  20%-
 41,65  96% H2SO4 (5 )  158,35 H2O (19 ).

 20  96%-
 0

H2SO4 96 20H2O 76 H2O
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m(H2SO4)= 200
195

5  = 41,65 ;

m(H2O)= 200  1
195

19  = 158,35 .

H2SO4 – , , 
H2SO4 (1,84 ), :

m =  V ; mV 41,65  23,2  96%- H2SO4,

 158,35 ,  200  20%
H2SO4. , 

.
, 

, 
, , 

 (  20%- H2SO4 = 1,14 ).

 2.
100 3 0,5  l, 

0,8 0,3 .
.

» 

.

                                +

                                        0,5 

,  0,8 HCl  0,3 HCl
 2 : 3 (  40 3 0,8  60 3 0,3 ),

 100 3 0,5 HCl.

V1 = 100  0,2/(0,2+0,3)= 40 3 0,8 l
V2 = 100  0,3/0,5 = 60 3 0,3 HCl

     HCl
0,8

0,3
0,5

0,2   0,8 

 0,3   0,3 
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 ( ), 
 ( ),  ( m)  ( ) 17 % 

,  1,12 3.
.

, 

CM
1000 , C 1000

 (H2SO4) = 98 
 (H2SO4) = f  = 1/2 98 = 49 

31,94
98

0,1710001,12
MC

:

33,88
49

0,1710001,12C

:

S
m mM

m 1000

m, ms – 

ms = m  – m . = 100 – 17 = 83 .

2,09
17)(10098

100017
m

:

1000
C

1000
C

33 0,1901
1000

493,880,1901
1000

981,94)SO( 42

: 3
42 1,94)SO(CM , 3

42 3,88)SO(C ;
2,09m ; .)SO( 3

42 0,1901
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6.1.6  

 1

-
, 

:

 2  3

, , m, T:

1 2 3 4

1
80 SO3  920 .

 8% 
K3PO4  250 ?

8% K2SO4,

1,065 3

2

7  Ca(NO3)2  360
.

0,12  40 ?

30% 
HNO3, 

 1,184 3

3

25 ZnCl2  440  
.

 200 
 40 .

,

 1 *.

12% l,

1,059 3

4

12 NiCl2  940  
.

 170 
 1,8

. 
 0,88 .

.

16% 
NaOH, 

 1,180 3

5

4  CoCl2  420  
.

 300 
 0,15 

KCl?

21% 
H2SO4, 

 1,151 3

6

4,8 FeCl2  760 
. CuSO4 5H2O

 40 
CuSO4 2%?

30% 
Pb(NO3)2

 1,326 3

7
25  800 

.
 0,1  

 8 
CuSO4?

49,4% 
, 
 1,530 3

*1  = 1 3 ;         1  = 1 3
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 6.1.6

1 2 3 4

8

56 NaNO3  3  
.

 1 
NaNO3

40%, 
1,32 ?

9% HNO3,

1,05 3

9

4,4 Co(NO3)2  1  
.

1,4 CaCl2
 1,12 .

35% 
NaOH, 

 1,383 3

10

57 Cr2(SO4)3  3  
.

 9,3% (
1,05 ) 

0,35 H2SO4
40 ?

6% 
KMnO4, 

 1,041 3

11

1,2 KNO3  12  
.

 5 

0,6 
259 ?

80% 
H2SO4, 

 1,732 3

12

6,5 CuBr  140  
.

 250 ,

 10%, 
 150 . 

.

19% HCl,

1,094 3

13

68 NaCl  10  
.

 200 
,

 20%.

150 . 

.

10% 
K2Cr2O7, 

 1,070 3

14

20 KF  500 
.

 2  6 
HCl

 500  3
?

17% 
H2SO4,

 1,120 3
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 6.1.6

1 2 3 4

15

4  CaSO4  800  
.  10%

. 

200 
 0,96 ?

10% FeCl3,

1,085 3

16

12 NaNO3  240  
.

 400  

 12  (
). 

.

55% 
H2SO4, 

 1,447 3

17

8  Cu(NO3)2  3  
.

 40%

 500 

K2CO3
15%?

10% 
Na2CO3, 

 1,102 3

18

5  NiCl2  12  
.

 600 

 560  (
). 

.

13% ,

1,109 3

19

6 SO2  180 .  20 
0,1 

 8 
NaOH. 

NaOH  1  
?

20% aCl2,

1,178 3

20
2  CuSO4  600 

.
Na2CO3

 500  0,25 
?

65,3% 
HNO3, 

 1,400 3

21
3  NaF  220

.
NaNO3,

-
 300  0,2 .

21,75% 
NH3 H2O, 

 0,920 3
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 6.1.6

1 2 3 4

22

6,8 AlBr3  300  
.

 30 
0,1 

 12 .

.

39% HCl,
 1,200

3

23

36 TiCl4  3000 
. CuSO4

10% , 

 500 
CuSO4 2%

6% 
Al2(SO4)3, 

 1,061 3

24

18 MgSO4  480  
.

 0,5 
H2SO4

 15  2,5 
?

26% ,
 1,241

3

25
27  1 

.
 0,1 

H3PO4
 75  0,75 ?

86% HNO3,
 1,480

3

26

41 K2Cr2O7  3  
.

 6,0 
HCl

 25  2,5 
HCl

31,75% 
NH3, 
0,890 3

27

32 K2CO3  1,5  
.

, 
 50 

 1,2 .

48% 
H2SO4, 

 1,380 3

28
3  HgCl2  5  

.
 0,05 

100  1 ?

4% BaCl2,
 1,034

3

29

18 CdSO4  18 
.

 2 
Na2CO3

 1  0,25 
?

28% ,

1,263 3

30

4  CuCl2  800  
. ( ) 

 (
1,18 ), 
36,5% ( .) HCl

94% HNO3,

1,500 3
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6.2 

, 
. , , 

, . 
, , 

 – .
.

, 

. .  (1883 .) , 
. . 

.
 – 

.

.
 ( ) – ,

, 
:

N
n .

 ( ) , 
.

, 
, .

.

,  30 %. 
, HClO4, H2SO4, HNO3, HCl,

HBr, HI, NaOH, KOH, Ca(OH)2, Ba(OH)2.

(  3%). 
. 

,  – HClO, H2S,  H2SO3,  H2CO3,  H2SiO3,
, , NH4OH.

,  3%
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- H3PO4, HNO2, Mg(OH)2 – .

: .

6.2.1 

.
.

H-O               
  H2SO4                     S
                          H-O              

 ( ) :

) = 2,1;   ) = 3,5; (S) = 2,5.
. 

 = 0 – ; 0 <  <  1,7  –  
;  1,7 – .

 –  – S

 –  = 3,5 – 2,1 = 1,3;
 – S = 3,5 – 2,5 = 1,0.

 –  – S , 
 – , 

. 

H2SO4 H + + HSO4  2H + + SO4
2

H3PO4 H + + H2PO4   2H + + HPO4
2  3H + + PO4

3 .

– , 
 – + ( ). 

.  – 3
+, 

+.

.
NaOH Na – O – H

EHNa = 0,9; EHH – O = 3,5 – 2,1 = 1,2; EHNa – O = 3,5 – 0,9 = 2,4.
 – , 

NaOH  Na+ + OH
NH4OH  NH4

+ + OH

.
Ca(OH)2  CaOH + + OH Ca2+ + OH
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– , 
 ( ).

. 

. 
 –  –  
. 

Zn2+ + 2OH Zn(OH)2 = H2ZnO2 2H + + ZnO2
2

Al(OH)2
+ + OH Al(OH)3 = H3AlO3 H2O + HAlO2 H + + AlO2 .

.  – )2,
Ga(OH)3, Cr(OH)3, Ge(OH)2, Pb(OH)2, Sn(OH)4. 

2
+ + .

.  ( ,  )  –
 – . 

Na2SO4 2Na + + SO4
2

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

CaOCl2  Ca2+ + Cl  + ClO .

NaHCO3  Na + + HCO3  Na + + H + + CO3
2

FeOHCl  (FeOH)+ + Cl  Fe2+ + Cl + OH .

( +) .
,

.
, , -

, 

HCO3 + OH  CO3
2  + H2O

FeOH + + H +  Fe2+ + H2O.

.
 – , , 

HAuCl4  H + + [AuCl4] – I 
[AuCl4]  Au3+ + 4Cl             – II .
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[ u(NH3)4](OH)2 [ u(NH3)4]2+ + 2OH – I 
[ u(NH3)4]2+ u2+ + 4NH3   – II .

K2[HgI4] 2K + + [HgI4]2 – I 
[HgI4]2  Hg2+ + 4I               – II .

. 
.

6.3 

,
.

:
,  – .

.
 4 ,

.
, , ,

.
:

BaCl2 + Na2SO4 = BaSO4  + 2NaCl
)

, ,
,  – :

Ba2+ + 2Cl + 2Na + + SO4
2  = BaSO4 + 2Na + + 2Cl )

:

Ba2+ + SO4
2  = BaSO4       

:

NaCl + H2SO4 = HCl  + NaHSO4
   .     .                          

Na + + Cl  + H + + SO4 = HCl  + Na + + SO4

Cl  + H + = HCl  – 

:
 – .

:
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2Na + H2SO4 = 2 2  + Na2SO4

2Na + + 2 + 2H + + SO4
2 = 2 2  + 2Na + + SO4

2

2  + 2H + = 2 2  – 

 – 
 – .

2KCN + H2SO4 = K2SO4 + 2HCN
2K + +2CN + 2H + + SO4

2 = 2K + + SO4
2 + 2HCN

2CN + 2H+ = 2HCN – .

:
ZnCl2 + 4NH3  [Zn(NH3)4]Cl2

Zn2+ + 2Cl  + 4NH3  [Zn(NH3)4]2+ + 2Cl
Zn2+ + 4NH3  [Zn(NH3)4]2+

, 
.

,  ( ,
)  (

).

6.4  . 

, 
:

2
+ + 2 3

+ + .

:

.,
][

][][ 16

2
1081

 – 55,55 
:

[ 2 ]= [ +] [ ] = 1,8 10 16  55,55 = 1 10 14

2  = [ +] [ ] = 1 10 14

2  –  –  22
. ,  [ +] = [ ] = 10 7.

 – [ +]  > 10 7 3,  [ ]  > 10 7

3  [ +]  <  [ ].
 ( ) 
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, 
. , 

:

 = lg [H +].

 –  – 
, 

 = lg [ H ].

 14

 +  = 14.

,  0   14.  
 = 7, ,  < 7, 

 > 7.
: 

. 
.

-
 – , 

.
HInd

Ind , .

 6.1 – 

<3,1 3,1< <4,4 >4,4

<4,2 4,2< <6,3 >6,3

<8,0 8,0< <9,8 >9,8

<5,0 5,0< <8,0 >8,0

6.5 

.
, , , , .

.
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.

.
 4 :

1. .
 –

Ca( )2, Sr( )2, Ba( )2.
 – HCl, HBr, HI, HNO3, H2SO4, HClO4.

Cl2, Ca( )2
 HCl, , 

 (H + )
Cl2 + 2  Ca( )2 + 2HCl

2+ + 2Cl  + 2 2+ + 2  + 2H + + 2Cl

, 
 – 2 :

Cl2 + 2  Ca( )2 + 2HCl

, .
 –  = 7.

2. , 
(H2S, 3

2-, SO3
2-, CN , CNS , CH3COO .) 

 ( ). 
,  –  > 7.

, CH3COONa.
CH3COONa + CH3COO  + Na

CH3COO  + Na + + CH3COO  + Na + + 
CH3COO + CH3COO  + - ,  > 7

 ( +) 
 – 

 ( – ). , 
,  -  > 7.

Na2S + Na S + NaOH
2Na + + S2  + Na + + S  + Na + + OH
S2  + S  + OH  ( )

Na S + 2S + NaOH
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N a+ + S  + 2S + Na + + OH
S  + 2S + OH )

,  > 7

, ,
. 

 -  > 7.
, .

3. , (Al3+,
Zn2+, Mn2+, NH4

+ .) . 

,  ( +). 
 –  –  < 7.

NH4Cl +  NH4  + HCl
NH4

+ + Cl  +  NH4  + H + + Cl
NH4

+ +  NH4  + H + - ,  < 7.

:
Zn(NO3)2 + ZnOHNO3 + HNO3

Zn2+ + 2NO3  + ZnOH + + NO3 + H + + NO3

Zn2+ + ZnOH + + H + )

ZnOHNO3 + Zn(OH)2 + HNO3

ZnOH + + NO3 + Zn(OH)2 + H + + NO3

ZnOH + + Zn(OH)2 + H + )

  –  -
 < 7.

, .

4. , .
.

CH3COONH4 + CH3COO  + NH4

CH3COO +NH4
+ + CH3COO  + NH4

:
CH3COO + CH3COO  + 

5
3 101,8

NH4
+ + NH4  + +
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5
OH4NH 101,8

, . 
,  –  7. 

, 
 –  ( = 7).

,
, :

Al2S3 + 6  2Al( )3  + 3H2S
Cr2S3 + 6  2Cr( )3  + 3H2S

Al2 3)3 + 6  2Al( )3  + 3H2 3

                                                             3 2          3 2
Al2 3)3 + 3 2  2Al( )3  + 3 2

.

6.5.1 . 

 - , 
 – .

 – , ,

,

 – ,
 – .

.
:

 +  + 

 [ 2 ]  55,5 . 

[ 2 ] = const
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2
-

-

2 - ; 2 = 1 10 14.

2

2

 – :
 ( ), , 

.

, , 
.

 ( , ) 
 ( , ).

6.6 

1. ? 
?

2. , .
3. ?
4. ? 

?
5. ?
6. ?
7. , ?
8.

?
9. , ?
10. ? ?
11. ?
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6.7 

 1. , 
 AgNO3,  ( ), 

 ( ) .
:

AgNO3 – , .
, 

 – .
, 

. 
 –  < 7.

Ag+ +  AgO  + + - ,  < 7
Ag + + NO3  +  AgO  + + + NO3

AgNO3 +  AgO  + NO3

 –
. .

12
3

14

AgOH

O2H 102
105

10
K

2

AgO  5,0 10-3 ( . . 6.2)
: AgO ,

 (  < 7), 
. 

 2,0 10 12.

 2. , 
2SO3,  ( ), 

 ( ) .
:

2SO3 – , .
. 

 - 2SO3.  – , 
. 

:

SO3
2  + SO3  +  -

2 + + SO3
2  + + + SO3  + + + 

2SO3 + SO3 + 

SO3
2
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 ( ), 
 (  > 7). 

, 
.

:

][SO
][OH][HSO

3

3
1

3SO2H

O2H

K
K

1

2SO3 :

1( 2SO3) = 1,4 10 2

12
2

14

1071,0
104,1

10
1

SO3  + 2SO3 + - ,  > 7
+ + SO3  + 2SO3 + + + 

SO3 + 2SO3 + 

.
:

]SO
][OH]SO[H

3

32
2  ;

3SO2H

O2H

K
K

2 ; 6
8

14

1016,0
102,6

10
2

2SO3 :

2( 2SO3) = 6,2 10-8

:  (
)  ( ). 

 (  > 7). 
1 = 0,71 10-12; 2 = 016 10-6.

 3. NH4NO2.
:

NH4NO2 – .
.

NH4NO2 + NH4  + NO2

NH4
+ + NO2  +  NH4  + NO2

, 
 (  7). 

, 
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(NH4 ) = 1,76 10 5  < ( NO2) = 6,9 10 4

. 
 (  7).

35
45

14

1081008,0
109,61076,1

102

:  

.

6.8 

6.8.1  « »

, 
. , , 

), , 

1 AlCl3, CH3COOK 16 NH4Br, NaH2PO4
2 Li2CO3, MgCl2 17 CaCl2, NaNO2
3 RbCl, CuSO4 18 Na3PO4, CrCl2
4 NiSO4, NaH2PO4 19 MgSO4, Na2S
5 K2SO3, TiCl2 20 Ca(NO3)2, KCNS
6 K2SnO3, FeCl3 21 Zn(NO3)2, CaCO3

7 Mg(HCO3)2, NiCl2 22 NaCN, NH4NO2
8 Ca3(PO4)2, CrCl2 23 K2CO3, Cr(NO3)2
9 CoCl2, K2S 24 NH4Cl, NaF
10 (NH4)2CO3, KCl 25 Na2HPO4, ZnBr2
11 FeSO4, Na2SO3 26 FeCl2, CH3COONa
12 Hg(NO3)2, NaNO3 27 CH3COONH4, CoCl2
13 NaHCO3, NiCl2 28 MnSO4, KI
14 ZnCl2, CaS 29 SnCl2, Na2SO4
15 SnCl2, Na2S 30 NaNO3, FeCl2
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6.8.2   « »

1 CaCl2 + Na2CO3  CaCO3 + NaCl
2 Fe(OH)3 + HCl  FeCl3 + H2O
3 Pb(NO3)2 + KI  PbI2 + KNO3
4 FeS + H2SO4  FeSO4 + H2S
5 BiCl3 + H2S  Bi2S3 + HCl
6 2CuSO4+Na2CO3+H2 (CuOH)2SO4+CO2+Na2SO4
7 AlCl3 + Na2CO3 + H2O  Al(OH)3 + CO2 + NaCl
8 4Mg + 10HNO3 4Mg(NO3)2 + N2O + 5H2O
9 NiSO4 + NaOH  Ni(OH)2 + Na2SO4

10 NaHCO3 + NaOH  Na2CO3 + H2O
11 BaCl2 + Na2SO4  BaSO4 + NaCl
12 MgOHCl + HCl  MgCl2 + H2O
13 8HI + H2SO4 4I2 + H2S + 4H2O
14 BaCl2 + Na2CrO4  BaCrO4 + 2NaCl
15 Pb(CH3COO)2 + HNO3  Pb(NO3)2 + CH3COOH
16 CaCl2+AgNO3  Ca(NO3)2+AgCl
17 CH2COOH + NaOH  CH3COONa+H2O
18 Cu + 4HNO3  Cu(NO3)2+2NO2+2H2O
19 CoCl2 + KOH  Co(OH)2 + KCl
20 NaHCO3 + H2SO4  Na2SO4 + H2O + CO2
21 Na2SiO3 + HCl  H2SiO3 + NaCl
22 Al2(SO4)3 + NaOH  Al(OH)3 + Na2SO4
23 Ca(OH)2 + HNO3  Ca(NO3)2 + H2O
24 FeCl3 + NaOH  Fe(OH)3 + NaCl
25 Na2S + H2SO4  Na2SO4 + H2S
26 NH4Cl + Ca(OH)2  CaCl2 + NH4OH
27 K2CO3 + HCl  KCl + H2O + CO2
28 AlBr3 + AgNO3  Al(NO3)3 + AgBr
29 CaCO3 + HCl  CaCl2 + H2O + CO2
30 Pb(NO3)2 + Na2S  NaNO3 + PbS
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 6.2 –  (  = 298 )

 = - lg 
HNO2 6,9 10-4 3,16

3 3 7,1 10-10 9,15
            1

2
H4GeO4

7,9 10-10

2,0 10-13
9,10
12,7

HIO 2,3 10-11 10,64
             1

2

3

H4SiO4

1,3 10-10

1,6 10-12

2,0 10-14

9,9
11,8
13,7

           1

2

3

H3AsO4

5,6 10-3

1,7 10-7

2,95 10-12

2,25
6,77
11,53

H3AsO3 5,9 10-10 9,23
     1

2
H2Se 1,3 10-4

1,0 10-11
3,89
11,0

                1

2
H2 3

1,4 10-2

6,2 10-8
1,85
7,20

        1

2
H2S

1,0 10-7

2,5 10-13
6,99
12,60

                1

2
2 ( )+ 2

4,5 10-7

4,8 10-11
6,35
10,32

3 1,74 10-5 4,76
          1

2
3 3

3,1 10-2

1,6 10-7
1,51
6,79

2,95 10-8 7,53
HCN 5,0 10-10 9,30

          3 Al(OH)3 1,38 10-9 8,86
NH3  H2O 1,76 10-5 4,755

 ( )            2 Fe(OH)2 1,3 10-4 3,89
 ( )           2

3
Fe(OH)3

1,82 10-11

1,35 10-12
10,74
11,87

              2 Mg(OH)2 2,5 10-3 2,6
 ( )    2 Mn(OH)2 5,0 10-4 3,30

 ( ) Cu(OH)2 3,4 10-7 6,47
 ( )        1

2
Pb(OH)2

9,55 10-4

3,0 10-8
3,02
7,52

AgOH 5,0 10-3 2,30
                2 Zn(OH)2 4,0 10-5 4,4
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 1
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 2
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 3
 ( )

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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 4

- . -
- -

1 2 3 4 5 6

HCl
,

, ClH 1 Cl

HBr
,

BrH 1 Br

HI
,

IH 1 I

SH 2
, HSH 2 HS

-

HClO
,

,
 ( )

ClOH 1 ClO
,

 ( )-

2HClO ,
 ( ) OClOH 1 2ClO ,

 ( )-

3HClO ,
 (V) 1 3ClO ,

 (V)-

4HClO ,
 (VI ) 1 4ClO ,

(VI )-

32 SOH ,
 ( V) 2 SO3

SO3
2

-
,

V)-
,

V)-

42 SOH , 2 SO4
SO4

-

2HNO
,
,

 ( )
ONOH 1 2NO ,

 ( )-

3HNO , 1 3NO
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 4

1 2 3 4 5 6

3HPO 1 3PO -
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