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, -

,   ( ,   
.).   

,  
: 

1) ; 
2) -

; 
3) . 

  
, . , -

. 
, -

: 
• , -

,  (  
); 

•  – -
,  ( ); 

•  –   
,  –  ( -

). 
 – -

, . 
-

. -
,  

:  p,  V, . , 
,  

. , -
: 

·V = n R·T,                                    (1.1) 
 n – ; R – . 

-
, ,  

. : 
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•  (  Q  W); 
•   (  H,  U, 

 G,  
 ( ),  S, -

P, V). 
 

.  –  
 

.  – -
.  

 ( , , , -
.),  

, -
,  ( -

 W, Q ,  
W Q, ,  

).  ,  -
: 

 pdVW
.

                                  (1.2) 

, 
. 

-
. , -

 ( Q  >  0)   ( Q  <  0),  -
 ( W > 0)   ( W < 0)   

 (dU). 
 – ,  

 ( -
, ,  

, -
,  ,  ,  .).  -

,  
-

: 
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 UUUdU .
.

                     (1.3) 

: 
 1. , -

. 
 2. . 
 3. -

 Q  W, 
.:  

 WQU                              (1.4) 
,  ( ) -

,  U  = U  .  
, -

.  
-

,  –  
.  – -

. -
. -

 
,  (1.4). 

 (1.4) : 
 dU = Q – W.                                 (1.5) 

, , -
,   

W = p·dV, dU = Q – p·dV ( ). 
  (V-const),  ,  dV = 0  

, , -
, ,   

VV QU , Q = dU. 
. 

  ( -const)  W = (V2 –  V1),  
 (1.3) : 

 )( 12 VVQU pp ,  
VUQp =  (U + pV).                      (1.6) 
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,  ,   
, , -

,  .   (U  +  ·V)  -
 : 

 = U + p·V  
 dH = dU + p·dV +V·d .                               (1.7) 

 – , ,  
,  

 « »:  

 .
.

.                         (1.8) 

, -
 dp = 0, V·dp = 0: 

 dH = dVpdU .                              (1.9) 
 

:  
UH . 

, -
 ( -const  U-const, dU = 0): 

Q = W, Q = W. 
-

 (Q = 0),   
  W = – dU, W = – U. 

.  
 – ,  

 
: , , . -

 – , -
-

. 
 1 -

 – : -
,  

-
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, -
 ( -  V-const). 

-
: ) 

 U ). : 

222

22

21 2/12/1

,

COOCOOC

OC H

 

 21HH . 
 

.  
 1  298  ( -

),  
,   
. 

,  
 1  298 ,  

,  . -
2  

2 .  
-

 [9], -
. -

, , : 

) H 298 = n 298
0

. ..– n 298
0

.            (1.10) 

) H 298  = n 0
298 . . – n 298

0  . ..            (1.11) 
.  0 -

-
, n – . 

.   
 

-
: 

,).()(P nCnC                    (1.12) 
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 – .  
, -

 1  ( )  1  ( -
)  1 : 

 
QC  .                                        (1.13) 

, .  
 

 
d
dQC                                           (1.14) 

,  
  

 
Qc  .                                        (1.15) 

 
 ( )  ( v): 

 
d
dC p  ,                                     (1.16) 

 
dT
dUCV  .                                     (1.17) 

v  = 
v + R,  p·dV = R·dT -

. 
-

,  (1.8)  
(1.16):  

 
d

d )(
=

dT
dH

dT
12 = ,2 – ,1=  .               (1.18) 

 (1.18) -
: -

. 
 

, : 
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 dTCHd
TT 2

1

2

1

;                         (1.19) 

 dTCHH
2

1

12 .                    (1.20) 

, , -
-

: 

 dTCUU V

2

1

12 .                (1.21) 

 ( 2 –  1),  
: 

 321C ,               (1.22) 
 , , , d –  

2 – 1). , V.  
 , , , d -

,  , , , d, -
, -

 
.  
 321C            (1.23) 

 (1.20),  
, : 

 2
2

32
0 3

1
2
1

. (1.24) 

-
C . C  > 0, H -

, C  < 0, -
. 

.  
 

. ,  
: -

. -



16 
 

-
,  

, . 
, -

. 
 ( ) 

.   
. , -

, -
 

. 
,   

. 
,  
,  

 
.  

,  
. 

  
,   S. 

-
: 
 S= k·lnW,                                       (1.25) 

 k –  (k = 13,805 10-24 .) 
 W  

,  
. -

,  
. 

 W, , -
. -

,  – . 
-

: 
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  S = S 2 – S 1= 
T
Q2

1

 .                        (1.26)  

 
-

: 

  S  
T
Q

 dS Q / T.                     (1.27) 

, -
 – /( ). 

 (1.27)  
. -

,  
 – . 

-
,  

.,  ( .-const).  
 

: 

 S = 
..

..

T
                                (1.28) 

,  
,  

. -
: , , -

, , 
. 

1 2 -
: 

 S=
T

2

1

                               (1.29) 

 -const,   

 S= 
1

2ln
T

.                               (1.30) 
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: 

S = 
T

Cv
2

1

,                                        (1.31) 

v-const,   

S=
1

2ln
T
TCv .                                            (1.32) 

 S0 -
: 

 S0 = i  S0) . – i S0) .                                      (1.33) 
 S0  1  -

 = 298 ,  = 1 . -
 
 

 [9]. 
 

(1.27)  Q  
(1.5), : 

 PdVdUdS                                  (1.34) 
-

, dU = 0  dV = 0, : 
 0dS . 

 
, , .).  

, . S>0. 
 S<0 -

, .  
.  S=0. 

, -
, . 

-
: 

1)  – ,  
: 

 = U – TS.                                      (1.35) 
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 T·S  .  
,  ( )  

. 
: 

 d  = dU – TdS -- SdT .                      (1.36) 
 (1.36)  dU  

 I  II  
 (1.34): 

 pdVSdTTdSdFdS  
:  
 d  -SdT – pdV .                           (1. 37)  

 V-, T-const dV = 0, dT = 0:  
 0. 

-
, -

.  
=0. 

2) G – : 
 G = H – T·S.                               (1.38) 

 (1.38),  
(1.7): 

 dG = dU + pdV + Vdp - TdS – SdT. 
 dU  

(1.34): 
 dG  Vdp – SdT.                               (1.39) 

-, T-const dp = 0, dT= 0: 
dG  0. 

 
, -

. -
 dG = 0. 

  G , , 
: 

 •  G < 0 –  
; 

 •  G = 0 – ; 
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 •  G > 0 –  
. 

,  G ( )  ( -
) -

. 
, .  

, G > 0   > 0. 
 

 2. .  
 

 
 

, . 
. -

. .  
. 

, , -
. .  

. - -
. . 

 
 

 
-

: 
 aA +  =  + dD,                               (1. 40) 

: 
 V1= k1 A B,                                   (1.41) 

: 
V2 = k 2 C D

d.                                   (1.42) 
 (1.40) -

,  -
. , -
 D . 

,  V1  V2 , -
, : 

 k1
  = k2

d,                              (1.43) 
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 Kc=
2

1  = ( c
c
 

d ) / (c a ).                    (1.44) 

 Kc  -
,  ,   

 = f( ).  
 (1.40)  

,  (Kp)  
:  

  = a
A pp

.                                  (1.45) 

 (1.44, 1.45)  . 
p c   

·V = n R·T, 

 c = 
v
n

 ,  =  RT.   

 Kp = Kc (RT) (c+d)-(a+b)                            (1.46) 
-

, .  + d =  + , p = c. 
 (1.40) - - 

const, -
: 

G = G . – G . = G  + dGD – aG  – bG  ,   (1.47) 
 Gi .  

 (1.47) -
 G  = cG ° + RT ln , : 

 G = cG °+RT ln a
A

d

pp
,                       (1.48) 

G° = cG° +dG° +aG° -bG°, ,,,  – -
.  

G = 0, -
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 ,,, = ,,, , -
, .   

 G°= – RT ln a
A

d

pp
 = – RT ln .              (1.48 ) 

 (1.48 )  G °, : 

G = RT ln a
A

d

pp
 – RT ln a

A

d

pp
, 

  
G = RT ln '  – RT ln  .                         (1.49) 

 (1.49)  -
. -

,  ( G0  
). 

p -
: 

 G°= – RT ln ..                             (1.50) 
, -, V-const,  

 
: 

 =RT ln a
A

d

 – RT ln a
A

d

,  

  
 = RT ln 'c – RT ln c.                                    (1.51) 

-
  ( ) - 

 : 

 2

ln
RTdT

Kd p ;                               (1.52) 

 2

ln
RT

U
dT

Kd
.                               (1.53) 
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 ( ) ,  
 (1.49) -

: 

 G = 
T
G

.                           (1.54) 

 
, :  

 2ln
RT

dTKd p .                            (1.55) 

 (1.55) ,1 1  
,2 2 : 

 
21

11ln
2

2

TTRK
K

p

p                           (1.56) 

  

12

12 )(lnln
22

T
R

K p .              (1.56 ) 

 (1.56 ) -
,  

. 
 ( ) -

. ,  
-

 ( ): H > 0  
dT > 0, dlnKp > 0.  

, -
: H < 0  dT < 0, dlnKp < 0. 

,  ( -
) -

: , , -
, , -

. 
  ( ), -

 ( , ). 
,  
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 ( , ).  ) – -
 ( . -

, ),  
. , , 

,  – : 
, . -

 .  
-

: 
 µi

 = µi  .                                                                    (1.57) 
 

, . -
 dni  

, -
: 

 dG  = – µi
 dn  , dG  = µi

 dn  .                          (1.58) 
-

: 
dG  = µi

 dn  – µi
 dn  .                             (1.59) 

 
; -, -const -

  
dG = 0, 

 µi
 = µi  . 

-
.  ( )  

, , -
,  H2 +I2 = 2HI . 

-
 –  .  

 ( ) -
,  ( )  ( ), -

. 
 

,  
, -

.  
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, . 
, -

.  
: 

                                   =  =…= ; 
                                   =  =…=  , 

,  
, : 

 µ1
 = µ1  = ... = µ1 , 

  µ2
 = µ2  = ... = µ 2 ,                                                     (1.60) 

    µ k
 = µ k  = ... = µ k  .  
 ( )  ( – 1) -

 ( ), 
-

;  ( –1) +2 . 
 

,  ,  .  (  –  1).  -
 (1.60) ,  

 (  – 1).  
, -

 =  –  
 ( –1) + 2 –  (  –1) =  –  + 2.          (1.61) 

 (1.61)  . 
 – -

 ( , , ), , 
, 

. ,  
: 

 C = 3 – . 
,   = 2 -

 , .  
, ) , . 

,  = 3 – 2 = 1, 
, .  

, . -
, ,  = 0, , 
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.  
. 

-
.  

,  
,  

– .  
. , -

, -
, , . 

, -
 ( .1)  

.  
(1.39) , : 

dG  = V dp – S dT 
dG  = V dp – S dT. 

 
. 1 
 

G = 0, , dG  = 
dG . ,  

,  (1.28)  
: 

 
VTVV

SS
dT
dp .. ,                     (1.62) 
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H  – ; T - –  
; . V –  1 -

; d /dT –  
, , -

. 
-

 ( ) H . , ( H .) : 

 V
dT
dp ,                                     (1.63) 

V – -
. H  > 0; T . > 0; .. V .= (V  – V .) > 0,  dP/dT > 0 

). 
-

. 
,   

, 
.   

 V = V  – V .  V  = 
p

RT
.                       (1.64) 

-
, :  

 
2

. RT
p

dT
dp  

, :  

 
12

2 112

1

2

1 TTR
dTT

Rp
dp T

T

P

P ; 

 ,
12

122

1

2

1 TT
TT

Rp
dp T

T

P

P                    (1.65) 

dT
RT

pd 2ln ,  

, H -const: 

dT
RT

pd
T

T

P

P 2
2

1

2

11
ln ; 



28 
 

211

2 11ln
TTRp

p . 

: 
ln  =  – 

R
1 , 

 – , -
, -

 
. 

: 
 = · . / RT .                                             (1.66) 

 
-

.  
,  

– , . 
-

, -
: 

 VdT ,                                               (1.67) 

V .= V  – V . – , . H . – -
.  

H  > 0; T . > 0. 

 (V  – V ) > 0,
dT

> 0, -

,  ,   
, -

, , 1  (6,02·1023 ) -
. 

 (V  – V ) < 0, dT < 0,  

2 , i.  
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 V  <  V , , 
,  

, ,  
, -

.  
 (d /d )  < 0.  

. 
 

 3.  
 

 
 

. .  
. -

. . . . 
. . 

 
 

 
 – ,  

. 
 , -

, -
. -

, , .  
, , 

-
. 

,  
 ( )  

 ( ), -
. 

 wi (gi –  i- ): 
wi = gi gi . 

 i (ni –  i- ): 
i = ni  ni . 
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 mi –   i-  ( )   1000   
:  

mi = 1000 ni/gi . 
 ci –   i-  ( )   1  -

: 
ci = ni /V. 

 .  
 ,  

-
:  

 
A

AA
0

0

,                                (1.68) 

 N  –  ;  0
 – -

;  –  
 ( ).  

 
, : 

 µ   = µ  , 
 µ   , µ  –  

. 
 i-  
 µi = µ0 + R T lnXi .                              (1.69) 

-
.  

. -
: 

= 0
 N  -const),                       (1.70) 

 N = n /(n +n ). 
, ,  

-
. -

.   
-

 ( m): 
.=  – 0

 = m,                       (1.71) 
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0 – ,  – -
;  – . -

-
: 

 =
1000

2
AMRT

,                               (1.72) 

 –  ;  H  –   
. 

   0,52 / .  
,  g2 , 

2,   g1 ,  
 

 m =
12

21000
gM

g
.                                       (1.73) 

: 

 = 
12

20 1000
gM

g ,                        (1.74) 

0  – , -
 [9]. 

 ( 2 ),  
: 

2 =
1

21000
g

gK ,                                (1.75)  

  =  – 0
 . 

, -
,  -

. 
-

.  . -
 ( m): 

 = 0  –  = · m,                     (1.76) 
 – ; 0  – -

;  – -
. 
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-
, ,  

: 

 =
1000

2
AMRT

,                                (1.77) 

 – , ; 
. – . 

,  
 ,  1  1 -

. 
  

 = 
1000105,6009

10182,273314,8

3

322

 = 1,86 . 

 ( ) -
: , 
, , -

 
).  

, 
. -

-
. ,  

. 
, , 

 «  – » -
. :  

-
. ,  
,  ,  
. 

, , 
, , -

, .  «  – -
». -
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 -
. 

 
, -

. 
 (  « -

») . 
: 

• ; 
• -

 ( . ); 
•  

. ,  
,  

; 
• -

. 
 

, -
,  ( ) -

, -
. 

-
. -

,  .  -
,  ( . 2).  

 (  = 1)  
: , , d. 

 -
,  ,   

, -
. :  = 1 – 1 + 1 

= 1, . ,  
. 

, -
 ( ), -

:  = 1 – 2 + 1 = 0. , -
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 ( ) -
,  

( ). 
 

 
. 2 

 
, -

. , -
 –  

. 
,  

 – ,  1: 
 = 1 – 1 + 1 = 1. -

, , , –  d 
,  . 

-
,  

 ( ). 
,  

, -
.  

. 3). -
:  = 2 – 1 + 1 = 2. 

 ( = 2 
– 2 + 1 = 1)  

, , 
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, , -
.  

 
-

. , -
, -

. -
,  

.  ( -
),   = 2 ( ),  -

:  = 2 – 2 + 1 = 1. 
 

 
  

. 3.  
 

-
, -

. 
 (  

)  ( )  
 «  – » , -

 ( . 3).  
 

: 
 – ; 
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 – , -
; 

 – , -
; 

+( ), +( ) – , -
. 

-
. 

, -
-

,  – 
. 

 
, ,  

: 

rs
rt

g
g r ,  

 g  – , ; g  – , . 
 tr·r  r s  ( . 3 ). 

 
, ,  

.  
 -

: 

 n
2

1 ,                                   (1.78) 

1,  2 – -
, n – -

,  
. 

 (1.78)  -
:  

, -
.  

 , 
. , 
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-
, .  

 

 
. 3  

 
 

. -
 

,  – , -
. 

, -
, , , -

.  
. -

 ( . 4). ,  
, -

.  
-
 

 ( ).  
, -

, , 
,   100%.  ,  
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,  –
50%,  – 20%,  – 30%. 

 

 
. 4.  

 
 

.  
, -

.  
, -

.  
 100%. -

,  ,  N,   N  
 – 20%,  – 30%  –

50%. 
-

. 
 

: 
• , -

-
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, . 
, N  

, L – ,  3:7;  
• , -

-
, -
. ,  FD, , -

,  
30%; 

• -
 S  T,  R  

 ( ), .  R, T  S 
 ( . 4): 

 ;
2

1

RS
RT

m
m

                                    (1.79) 

 m1  m2 –  S  T. 
 

 4. .  
 

 
 

.  -
. . -

. . -
. : -

. -
. . 

 
 

 
 –  . 

 
. -

-
 ( ),  

, .  
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,  
. 

  –  ,   
 R: 

 1,1
R

,                                 (1.80) 

 ( ) = -1. 
 –  

,  
. 

 12,1000 .                    (1.81) 

 
+, -

-
. : 

= 0
-+ 0

+, 0.                              (1.82) 
 (1.82)   

 ( ):  
 

: 
 0

-= F v0
- , 0

+= F v0
+ ,                               (1.83) 

v0
-, v0

+ – , 2/( ); F – -
 (F = NA  = 96490 ).  

 . -
, , -

 t+  t-: 
 t+ + t- = 1;  

;00

0

t  00

0

t . 

-
-

: 

 
c
ct

c
ct ak ; ,                               (1.84) 
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 – . 
-

: 
 =  – ,                                   (1.85) 

 – . 
 (1.85)  

 
  =0. 

-
 ( -

), . -
 pH ,  

: 

 ;                                                (1.86) 

 ;
1

2

                                          (1.87) 

)(

2
.                                      (1.88) 

 
 (L).  AgCl, : 

 = g+ = Cl-; L=aAg+·aCl- = a² ²                  (1.89) 
 

, -
,  

, . -
. 
-

,  
-

, , -
. 

-
. -

. 
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-
. 

 – ,  
. -

 –  .  
, -

. -
. , , 
,  

,  – .  
 

 ( ) .  
 ( ) : 

 = 1 – 2.
 

,  
 Cu | CuSO4

 || ZnSO4 | Zn 
022 // ZnZnCuu EE .                        (1.90) 

 A  -
,  

 A = n F E,                                         (1.91) 
 n – , -

, F – , . -
, .  

  
A = – G, 

G – ,  
: 

a
aRTKRTGnFEA lnlnmax

.          (1. 92)  

 (1.92)  
 .lnln a

a
nF
RTK

nF
RT

nF
GE                   (1.93) 

0 ,  .  
, , -

, : 
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 aK
nF
RTE ln0 ; RTlnKa = nFE0.                     (1.94) 

 (1.93)  (1.94)  
, -

: 

 .ln0

nF
RTE                               (1.95) 

°, .  
 ( G<0), -

. 
-

: 

.ln 2

2

/
0

/
0 220

Zn
Cu

nF
RTEEE ZnZnCuCu  

,  
: 

 
dT
dEnFTnF .                        (1.96) 

G = H – T S, :  

 –
dT

GdS )(  .
dT
dEnFS   

-
, -

. -
. ,  

. 
 –   (m),  -

,  
 (Q), : 
 m = k · Q,  Q = t ·I,  m = k ·t ·I, 

 k – , I – , t –  
. 

 (k) ,  
,  1  

.  
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 –  (m1, m2), 
-

,  ( 1 2) 

 
2

1

2

1

m
m

, 

 = F k,  k = .
Q
m

 

 =  ,F
Q
m

 It
F

Q
F

m ,  
F
Itm ,   F  –  

, F = NA· e = 96490 K  / , . -
-

. 
 

, . 
 

 5.  
 

 
 

. -
. . -

. . 
. . 

. . . -
. - , -
. . 

 
 

 
 – , -

, -
. 

 
: 
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• ,  
; 

•  
; 

• , -
 ( , , -

, , .); 
•  ( -
, , .). 

-
: -

, ,  
.  

, -
. 

-
 . : 

 
: 

 
dt

dc
dt

dc ... ; .                        (1.97) 

, [ -1]. 
 : 

• ; 
•  –  

; 
•  – -

; 
• . -

-
. -

.  -
, ,  

, , -
. -

, . -
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; 

• . -
  – ,  

-
; 

• . ,  
, , -

., . -
,  

 ( , ,  
.). , -

, ; 
• .  

, -
, -

.  
.  

, .  
, -

,  -

 (
t

). 

 

: .
dt
dc  

-
. .  

, . 
-
 

, , -
 ( ). -

 
 +  =  + dD 

: 
 = k  cA

a  c ,                                  (1.98) 
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 k – . 
 

, ,  
. 

  . 
 – ,  

-
 

 (1.98), . (  + ) = n.  
 

. -
 

-
 ( ). 

-
.  

, ,  
, -

, -
. , -

 
. 

 
 ( )  ,  -

,  = k c.  
, ,  2 + I2  2HI, -

 (  =  k  
22 IH c , , 

2
= 

iI c
2

,  = k  c i
2 ) . 

, , ,  
. 

.  
 v = – dc/dt = k c0  – dc = k  dt. 

 
. : 

–  = k  t + B, 
 – . 
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 t = 0  = – 0.  =  0 – k  t  

 ),(1 0 cc
t

k                                     (1.99) 

 0,  – -
 t . 

 
3 . 

 = 0/2,  t = t½,   

 ,
2 2/1

0

t
k  ,

2

0

2/1 k
t                    (1.100) 

 t1/2 – . 
           –  ,  -

. 
. -

, , , ( 2 5)2 , 
3N = NCH3, .  

:  +… 
-

:  
– dc/dt = k  c-1  – dc/c = k  dt. 

 –  lnc = k·t  + B,   –  -
.  t = 0  = – lnc0.  

 lnc = lnc0 – kt, 

 k = .ln1 0

c
c

t
 (1.101) 

 
 – -1. 

: 

 .2ln
2/1 k

t                                 (1.102) 

-
. 

 .  -
,  

, , -
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, -
. 

:  +  + . 
 

:  
 – dc/dt = k  c2  – dc/c2 = k  dt. 

: 
1/c = k  t + B,  

 – .  
 t = 0 B = 1/c0.  1/ c = 1/c0 + k  t  

 .111
0cct

k                                        (1.103) 

 
3 . 

  

 .1
02/1 k

t                             (1.104) 

 
. 

 . -
(II) , ,  

 
. 

 +  + . 
 

 
 – dc/dt = k  c2  – dc / c2 = k  dt. 

: 
1/ 2c2 = k  t + B, 

 – . 

 t = 0 B = 20

1
c

.   

 1/c2 = 20 )(
1

c
+ B;  
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 k = .
)(

11
2
1

202t
                            (1.105) 

 
6/( 2  ). 

  

 .
)(2

3
202\1 ck

t                               (1.106) 

 
-

. 
-

, -
, -

.  
 (  

)  
, ,  

. -
,  

-
. ,  N  

 N*, : 
 N*= N / RT                                (1.107) 

 – ,  
, -

, . 
1 2 -

: 

 ln )11(
211

2

TTR
E

k
k

                            (1.108) 

  

  = 
1

2

12

21 lg3,2
k
k

TT
TRT

,                             (1.109) 
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-
1 2.  

 (1.108)  (1.109)  
,   10 

 2-4 -
: 

 4210

T

T

k
k

,  10

2

1

1

2

1

2
12 TT

t
t

k
k

v
v

 ,    (1.110) 

 – , t1, t2 – -
.  

,  
 

.  
,  

. 
 

, -
: 

 lnk = – ;   k =  · / ,             (1.111) 

 – . 
  

= – ,
R

 

 R – , 8,314 /( ); -
 = lnk0. 

-
,  
. 

 (1.111) -
-

 ( -
 lgk  1/  –  ,   lgk 

). 
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 – , -
, . -

: 

) : 
B

M

1

2

. ,  

: 

l3  
2

4

32

3

OKCl

KClKClO

. 

, , -
,  – : 

 = 1 + 2 = Ackk
dt
dc )( 21 ; 

) : 21 .   
. , -

 N2O4 : 
 N2O5 232

1 OON  ( ), 

N2O5 4232 22 ONON k  ( ); 
) : . -

.  
: 

kck
dt
dc

BA ; 

)  ( ) -
 

. ,  
: 

                             lll h
2 . 

 
,  

: 
 HHClHl 22 ; 
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  ClHClHl2 ; 
HHClHl 2  

               … 22 HH  22 ll  – . 
-

. 
-

.  – 
-

. , -
. , 

;2H  
;2 HH  

...2  
,  

,  
, ; 

) -
.  

, ,  
. 

,  
,  (  

). : 
 + h *  + . 

,   ( ),   
. -

-
, -

 ( ,  ,  ),  -
.  

,  .   
, 

. -
 .  

-
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 ( ).  
 
 
 

10-9 ),  
, ), -

. 
           

 : 
  = n / n 0 ,                                      (1.112) 

 n – ,  
; n 0  – . 

  = 1 ,  
 1– . 

-
 ( -

2 2 ,  
), -

 D, -
,  

, -
, .  

 –  
, , , -

. -
 .  

, , -
-

, . :  
)  

 ( -
). 

 ( -
 

) -
,  
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. -
 ( -

). , -
 ( ) : 

112212
) + 2  = 6 12 6 ) + 6 12 6 ( ) 

 32,0 , -
 ( )  

25,6  9,4  
. 

 
,  - . 

,  
, -

 ( -
).  
, -

.  
, 

. .  
 « », -

, -
.  ( )  

 - 
, , 

 ( , ) 
. -

. 
, -

,   . -
, ,  -

. 
 ),  

, 
.  

, , .  
-
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. -
.   

 
 – ,  

, 
.  

, , 
-

,  
. ,  « » -

 250  109 ,  
 – 104 .  ,  -

,  
. 

 ( 12) -
. -

, , -
. , , -

 
, ,  

.  
, -

,  ( ) 
-

.  
, ,  

. 
, -
,  

). : 
 + h  *  + .                 (1.113) 

,  ( ),  
. -

-
, -

 ( ,  ,  ),  -
.  ,  -
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, .  
-

, . -
 -

. -
 ( -

).  
-

 (  
 10-9 ), -

 ( , ), -
 (1.113), 

. 
 

 : 
  = n / n 0 ,                                (1.114) 

 n – ,  
; n 0 – . 

  = 1 ,   
 1 – . 

-
 ( -

2 2 ,  
), -

 D, -
,  

, -
, .  

 
 6.  

 
 

 
, -

. 
, 
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, , -
, , 

. 
 

 
 

 
 

. -
 

. 

 
 

 1.  
–  Ba-
SO4 -Al2O3. 

:  
1  BaSO4 + Al2O3 2  Ba-

SO4.  
 2 – 1  BaSO4 

·Al2O3: 
 BaSO4 + -Al2O3 = BaSO4·Al2O3 + SO2 + 1/2O2 + 566,05 ; 

BaSO4 = Ba  + SO2 + 1/2 2 + 585,88 . 
  2. )2 ( )  

: 
3  + 2 + 1; 

 + 2  ( )2 ( ) + 2. 
:  

1 2,   
= 1 + 2: 

1 =  + 2( ) – 
3

 = +177,83 ; 

2 = 
2)(  –  –  = – 65,2 ; 

 = +177,83 – 65,2 = + 113,61 . 
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 3. l2O3 
 298-1000 ,  

: 
 = 114,56 +12,89·10-3  – 34,31 ·105 2. 

: = d(Cp t)/dT,  

 = 1/( 2 – 1) 
2

1

.)/( 2
T

T

dTTcbTa  

  
 =  + /2 ( 2 – 1) + 1T2; 

 Cp = 114, 56 + (12,89·10-3/2) (1000 – 298) – 34,31·105/1000·298,  
 = 107,575 .  

  4.  G0
298   

: 
 2 2( ) + 5/2 2( ) = 2 2( ) + 2  )+ G0 , 

 G0
298  = 209 ,  

 G 0
298  = – 393,3 ,  

G 0
298  = – 237 , G 0298  = 0. 

: G0
 = G0

298 2)  + G0
298 2 )  – G0

298 

 2 2)  = – 1232 . G0
 < 0,  

.  
  5.  IBr -

 250 ,  (  
)  0,5 . -

 2I r ) 2( ) + r2( )  250 -
 0,17 . -

. 
:  2I r( )  2( ) + r2( ).  

r = 0,5 ., ,  -
 (0,5 – 2 ),  = 0,17 . -

,  I r :  
0,5 – 2·0,17 = 0,16 . 

 = 
r

r
2

2 = 216,0
17,0

= 6,64  = 6,5538 ·10-5 -1. 
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 6.  15%-  
. -

 1,860. 
:  ,1000

TG
gK  = 1,860, 

 = 342 ,  g  = 15 ,  G = 85 .   = 
15·1,86·1000/(342·85) = 0,960 , -

 00 . ,  15%- -
:  

0 – 0,96 = – 0,960 . 
 7.  250 -

 537 .  2 -
 100  (  

)? 
:   

0

0

Nn
n

,  

 0 – ; 
  – ; 
 n – ; 
 N – . 

-
.  

N
n0 ; n = 2/106 = 0,019 , N = 100/74 = 1,35 ; 

35,1
019,0

537
537

 , = 529,5 .  = 0,706·105 . 

 8.  13% ( . 
,  %)  .   

, , 
 10  ,   10%  ( .  ,  %)  

, . 
: : 10% Sb, 90% Pb. -

 ( )   10  ;   
10·0,9 = 9 ,  10·0,1 = 1 .  
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,  ,  -
. -

.  100  
 13 . : 

,100
1

13  = 7,7
13

1100 . 

, 
.  10 – 7,7 = 2,3. 

 9. -
,  1/32 . 3 , -
 s = 3·10-4 2  l = 2·102 . -

 10  I = 4,3058·10-3  = 
298 . ,  

,  
+

3  - : 
 34,982 2 -1  

3
= 4,090 2 -1 

:  
 /  ;  = æ / ; æ = I·l / (V·s);  = + 

3
 

,  
 .02351,0

)09,434982(10310
32102103058,4

)( 4

23
 

 

107688,1
32)0235,01(

0235,0
1

22

.
5; 

 = – lg = – lg( )3
lg .134,3

32
0235,0  

 10. ,  = 299  
g | Hg 2 Cl 2 KCl(0,1 .) ||  H )  | Pt  

0,15 .  
0,6994 ,  – 0,3369 . 

: E = E .  = ( 0 a
nF
RT lg3,2. ) - ;  
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 ;059,03,2
F
RT = 298 ; 

= 602,3
059,0

15,03369,06994,0
059,0

. . 

 11. , -
 

g + + Br - = gBr. 
 250 ,  G,  -

gBr . 
: g | gBr|Br-|| g + g. 

: g + +  = g, 0 = 0,7991 . 
: gBr +  = g + Br- , 0 = 0,0732 . 

: g + + Br -= gBr, 0 = 0,7259 . 
G0 = -nFE0 = - (96485 -1) (0,7259 ) = -70,04 , 

  = exp
RT
G0

= exp 121087,1
298314,8

70040 . 

 1/  =  ( g+)  (Br-) = m(Ag+) m( r-)( ±)2 = m2
±)2. 

, ± = 1,  m = 7,32·10-7 . 
 12. -

. -
: 

, . 10 30  
2 , 3 3,3 8,1 15,6 

 
2 2 = 2 2  + 2 

: ,  
,  ( -

, ).  
, , -

. 
: 

k 2  =
)(

1
t

. 

-
, -
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, . 15,6 3.  
 -

.  
, : 

 k ;00172,0
3,1256,1

3,3
10
1

2  

 .00231,0
5,756,1

1,8
30
1

2k  

, , 
-

. 
: 

;lg3,2
1 a

a
t

k  

;1095,30237,0
3,12
6,15lg

10
3,2 141

1k  

.1007,40244,0
5,7
6,15lg

30
3,2 141

2k  

 ( -
)  k = 4,01·10-4 -1.  

. 
,  

. 
 13.  

: 
, 0 C 25 40 

 t, -1 0,0093 0,0342 
 300 

. 
: -

: 

 },11{lg3,2
121

2

TT
A

k
k  

 – . 
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 = – R. , 
: 

;
lg3,2

21

1

2
21

TT
t
t

 

 .8080
15

0093,0
0342,0lg31,2298313

A  

 
 = 8,314·8080 = 67247 . 

, 1 = 298 , 2 = 303 ,  
 = – 8080,  

lgk ;1627,2968,3
3032983,2
58080

303  

k 303 0,0145 –1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



65 
 

 1 
 

 
 

1. .  
2. . - -

. . 
3. , . .  
4. , -

.  
5. , . 
6. . . .  

. 
7. . -

-const  V-const. 
8.  

, ? 
9. . -

. 
10. . , ,  

. 
11. V  CP . 
12. . 
13. . . 
14. , . 
15.  ( -

- 
const). 

16.  ( -
 V-

const). 
17. . . 
18. . 
19. . -

. 
20. -

. 
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21.  
, , ). 

22. -
: , , . 

23. -
.  

24. . 
25. . 
26. . 
27. -

.  
28. .  

 
. 

29.  
, - const.  

30.  
 V, - const. 

31.  
. 

32. .  
33. .  
34. . -

, . 
35. . . 
36.  

2Cl + 2H2O   4HCl + O2, -
?  

37. -
-

: 1/3A  + 1/4   1/5C  + 1/7D ? 
38. .  
39.  

. 
40. ?  
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41. -
-const. -

 lgK  = f(1/T). 
42. -

 V-const. -
 lgKc = f(1/T). 
43. , -

, . -
. 

44. . 
45. . . 
46. . . 
47. . 
48.  ,  -

. 
49. .  

. 
50. . 
51.  

? 
52. , -

,  H2O. 
. 

53. -, -, 
. 

54. -
. 

55. . 
. 

56. - -
. . 

57. .  
58. . 
59. . 
60. -

. 
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61. -
. 
62.  

, ?  
63.  

.  
64. , .  
65. -

. -
.  

66. -
. .  

67. -
.  

68. -
. 

69. . -
 «  – » -const. 

70. . -
 «  – »  p-const. 

71. . -
 «  – » -const. 

72. . -
 «  – » -const. 

73. . 
74. -

.  «  – 
». 
75. . 
76. . 
77.  
? 
78. , -

 i. ? 
79. . 

. 
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80. -
.  

81. -
.  

82. , -
. 

83. -
, -

? 
84. , .  
85.  

. 
86.  ( ) -

.  
87.   ( )  -

.  
88. -

. 
89. . 
89.  I  II . 
90. . -

.  
91. . -

.  
92. , . 

. , -
. . 

93. . .  
 

94. , -
. -

. 
95. -

. 
96.  

.  
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97. . -
.  

98.  
. 

99. . . -
. 

98. -
.  
. 

99. . 
100. . -

. -
. 

101. . -
. 
102. -

. 
103. . 
104. . 
104. .  

.  
105. .  

.  
106. .  

.  
107. . -

.  
108.  

. 
109. -

, , . 
110.  

. . 
111. . . 
112. . 
113. . 
114. , . . 
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115. . . 
116. . 
115. : -

, , . 
116. . . 
117. . . 
118. .  
119. . 
120. ,  

. . 
121. .  
122. . -

. -
. 

123. , . 
124. .  

. , . . ). . 
125. , . 

,  
, -

. 
126. -

, . -
. . 

 
 

 
1.  12 -

 1,42·107  273 .  253 . -
?  

2.  273  1,013·105  50   
873 .  

, . 
3.  .  -

 2,040·104  
24 ,  – 1,632·105  3 . -

? 
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4. ,  10  16  
1,013·105 ,   126 .   

.  
5. -

 = 298 : 
ZnS = Zn + S, H1

0 = 200, 5 -1; 
2ZnS + 3 2 = 2Zn  + 2SO2, H2

0 = – 893, 0 -1; 
2SO2 + 2 = 2SO3, H3

0 = – 198, 2 -1; 
ZnS 4 = Zn  + SO 3, H4

0 = 235, 0 -1. 
6. -

  
NaOH + HCl = NaCl + H2 O, 

 298 . 
7. , -

,  –55,9; –56,07  – 57,74 
. -

, ? 
8.  NH3 + 5/4 O2 = NO + 

3/2 H2 O )  = 298 , : 
2 ) = 2 ), 1

0 = – 44 -1 ; 
 1/2N2 + 3/2 H2 = NH3 , 2

0 = – 46,2 -1; 
2 + 1/2 2 = 2 ), 3

0 = – 285,8 -1; 
 NO = 1/2 N2 + 1/2 O2, 3

0 = – 91,3 -1. 
9. , CV = 

14,4 /( ), 1 = 350 1 = 5 , -
2 = 1 . -

, -
. 

10. l2 3( )  298  
 –1675 -1. -

l2 3( )  800 ,  
-1 ): 

 ( l) = 20,67 + 12,39 ·10-3 ;  
 = 31,46 + 3,39 · 10-3  – 3,77· 10 5 -2; 
 ( l2 3) = 114,56 + 12,89 · 10-3  – 34,31 · 10 5 -2. 

11.  ,   1  ,   
.  W, Q, 
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U  H  .   
40,6 .  

12. 2 + ½ 2 = 2   
: 

H · -1) = – 237,65·103 – 13,01  + 2,88·10-3 2 – 1,71·105 . 
v  

 800 . 
13.  ( ) -

  Fe2O3 ) +3CO ) = 2Fe ) + 3CO2( )+ H,  
 ( H) Fe2O3( ) = – 821,3; CO ) = -110,5  CO2( ) = -393,5 

. 
14. -

  
 2HC1 ) + Ca ) = CaCl2( ) + H2( ),  
G0  HCl ) = 94,9;  CaCl2( ) = 749,5 . -

? 
15. -

 N2( ) +2H2O ) = NH4NO2( )  
, G0 

 H2O ) = – 237,4,  NH4NO2( ) = 115,8 . 
16.  C6H12 = 3 C2H4  

1000  ,  G   C6H12 = 402,1,  
C2H4 = 114,1 . 

17.  1000  
 –50 .  6008 / 

.  34,7  75,3 /( · ), 
. ,  

,  – . 
18.  ( ) -

 ( )  
U)  CH3CH  + 2 = C2H5 ,  298 , 

. 
19-24. -
 ( . ) ,  

 = 298  = 1,0133·105 . ,  
2 ), 2  ( )  N2 ( ). 2 -

:  
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. + 2 = 2,  – 393,51 , 
2 + 1/2 2 = 2  – 285,84 . 

 
      

19 10 8 ( ) –   22 2 2 ( ) –  
20 4 ( ) –  23 4ON2 ) –  
21 6 6 ( ) –  24 6 7N ( ) –  

 
25. -

 CO2 + 2NH3 = (NH2)2CO  + H2O  323 ,  298  
 -336  ,   

/( )) :  
Cp(NH3) = 29,8 + 25,5·10-3 T; Cp(CO2) = 44,14 + 9,05·10-3 T; 
Cp(H2O) = 30 + 10,7·10-3 T; Cp((NH2)2CO) = 93,7.  
26. S  1 , 

. = 100,60 , . = 46,1 . 
27.  250 G (NH3) = -16,53 -1. 

G  NH3 -
 N2, H2  NH3,  3 , 1 , 4 , .  

-
? 

28-33. G0
298 ( ), 

0
298 ( ) , -

, ,  
.  

 
   

28 Cl ) = 2 )+ Cl2 ( ) 
29 2C 2 ) = 2C ) + 2 ( ) 
30 MgC 3 (k) = Mg  (k) + C 2 ( )  
31 Mg(OH)2 (k) + C 2( ) = MgC 3 (k) + H2O ) 
32 CaC2 (k) + 3C ) = CaC 3 (k) + 4C 
33 Fe3O4 (k) + 4H2( ) = 3Fe (k) + 4H2O ) 

:  
G0

298 (C) = 0 ; G0
298 (H2) = 0 ;  

G0
298 (Fe) = 0 ; G0

298 (Cl2) = 0 ;  
G0

298 (O2) = 0 ; G0
298 ( Cl) = – 95,311·10-6 ;  

G0
298 (CO2) = – 394,379·10-6 ;  

G0
298 (CO) = –137,14·10-6 ;  
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G0
298 (MgCO3)k = – 1029,34·10-6 ;  

G0
298 (MgO)k = – 568,94·10-6 ;  

G0
298 ((Mg(OH)2 )k = – 833,662·10-6 ;  

G0
298 (H2O)  = – 237,245·10-6 ;  

G0
298 (CaC2)  = – 64,098·10-6 ;  

G0
298 (CaCO3) k = – 1128,76·10-6 ;  

G0
298 (Fe3O4) k = – 1014,6·10-6 ;  

G0
298 (H2O)  = – 228,605·10-6 . 

34.  5 3  
10 ,  – 30 . -

. -
. 

35.  H2 + I2 = 2HI -
 639  50. , 

, -
, ,  2;1,5  1,0;  – 

0,25,2,0  5,  – 10; 5  1 . 
36.    ( ) + 2 2( ) = 3 ) 

 500  = 6,09 10-3. ,  1 
, 2 2  1  (N2),  500  

 100 . . 
37.  ( )   

 2CO + 2H2 = CH4 + CO2  1000  20 ,  
 22,2 % CH4, 31,8 % CO2, 20,2 % CO  25,8 % 

H2. 
38.  2%- , -

? 
39.  CO + 2H2 

= CH3OH  800  ,   298   4,13·1010. 
 – 103,7 . 

40.  2 3 6( )  
2 4( ) + 4 8( )  300  600  

  ln  = –1,04 – 1088/  + 1,51 · 105 2.  G0, 
0,  S0  400 . 

41.  CO + H2O = CO2 + H2 
 1000  1,36,  1200  – 

0,68. . 
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42.  lg  = f (T) -
 4NH3 + 5O2 = 2NO + 6H2 O,  1000  = 

44,351.  1400 .  
43.  Fe  (

2Op = 0,2 
 2,0266·104 )  = 1000 ,  
 2Fe + 2 = 2Fe  = 2,45·1020 -1 

= 2,418·1015  ( 0 = 1 , 
G0

 = – RT lnKp, 0 = 1,01325·105 , G0
 = 95,828 n·T – 

R·T lnKp, , R – ). 
44-51.    300 ,  
 0,8·105 , . 
 

  ,  
44  + 1/2  2  0,5 
45  +  1/2  0,45 
46  +  0,45 
47  +  3  0,3 
48 1/2  +  0,5 
49  + 1/2  0,2 
50  + 3  2  0,1 
51 1/2  +  3  0,3 

 52.  
 268  421, 7  401,7 . -

G  
 268 . 

53.  
-, - . -

 NH3(r) + 
HCl(r) = NH4Cl(T). 

54.  0,1 -
 298 ,  

 2·10-5. 
55. -

,  0,2242·10-3  
30,55·10-3 ,  0,2460.  

 9,8 . -
. 
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56.  343  353  
 540,9  811,8 . .  

. 
57.  0,512. -

 5  %-  C12H22O11 -
? 

58.  1  
,  -0,5° ? -

 1,86. 
59.  3,5  

 C3H5(OH)3  10  .  -
. 

60.  C6H5CH3  C6H6  30 
. % .  303  

C6H5CH3  36,7  .  ,   –
118,2 . . , , -

-
. 

61.  298  23,76  
. .  C12H22O11. 

62.  0,3  – -
 25   

0,204 . -
,  0,512. 

63.  298  
23,7 . . , 

 7  180 ? 
64.  333  352,7 . ., -

 625  
. . ,  –  50 . 

%  ,  -
. 

65.  25 %-  
 (C6H12O6)  293 . -

 17,4 . . 
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66-69.  
 ( . ).  

.. 
 

- 
 

0 ,  -
 

 0  ,  

66 I2 137 26665 68 C2H5 2 5 
 

 

0 24533 
150,7 39999 10 38265 
160,9 53332 20 577314 
169,9 66664 30 846633 
170 79997   

67 CHCl3 
 

20 21465 69 3 
 

-168,8 639,9 
30 33065 -153 4506,5 
40 49198 -137 19546 
50 71309 -125,2 44531 
60 100663 -114,6 81571 
  -118,3 112103 

70-73. ,  Bi  
,  Bi -

 (2710 )  10005  9637 
3.  10878,4  ( . ). 

 
-

  
·10-5, -

  
·10-5, -

  
·10-5, -

  
·10-5,  

70 10,133 71 40,532 72 20,2 73 101,33 
 74. -

 ( ,  3): 
 ( )           0,0316      0,123     0,327     0,750 
 ( )     0,0770      0,158     0,253     0,390. 

 
, . 

75. , ,  
,  0,524  C12H22O11  75 2 , -
 0,0380 .  

76.  ( -
 1000 ),  

2258,10·10-3 . 
77.  

Cl4  0,0244.  ( 3) 
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,  0,1 -
 400 2  600 Cl4? 

78.  0,01  KNO3 -
 0,001182 -1 -1. +  64,5 -1 2  

 NO3
- – 61,6 -1 2. -

 KNO3. 
79.  1 -
 KNO3,  12,42 . 
80.  0,1  AgNO3 -

 0,00943 -1 -1.  
 115,6 -1 2. -

 Ag+ . 
81.  0,05  

 CH3COOH  0,000324 -1 -1. -
, -

,  
 

 347,8 -1 2. 
82. -
,  Cu2+  0,001  Zn2+ –  0,1  .  

0 : (Zn2+/Zn0) = – 0,74  (Cu2+/Cu0) = +0,34 . 
83.  1 -
 KNO3,  12,42 . 
84.  1,59·10-4 -

 250  12,77  2 . -
. 

85.   
±  0,2 m  AlCl3  250 , ± =0,305. 

86. ,  
0,10 Cl  0,20  CuSO4. 

87.  ZnSO4 + Cd = 
CdSO4 + Zn  250 -

. 
88. ,  0,5 

Hg2Cl2 + Ag = AgCl + Hg,   0,456  298  0,439  
293 . G, H, S. 
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89.  Li+  
LiCl -

, ,  0,517 . 
 LiCl  

 7,618  1 2 .  128 .  
l-. 

90.   NaCl  250  0,605,  -
-

  – 126,5 2 / .  SO2-
4  

– K 2SO4 0,515,  – K 2SO4 -
 307,0 2 / . -
 Na2SO4 . 

91.  NH4OH  
:   Ba(OH)2 = 22,88;  BaCl2 =  12,03;   NH4Cl = 12,98 

2 / . 
92. ,  

Cl  c  [4].  291 -
 

,                 0,0001  0,0002   0,001    0,002   0,01     0,02     0,1       0,2       1  
, -1 2 -1   129,1    128,8     127,3     126,3   122,4   122,3   120,0   112,0   98,3 

93. , -
 ( Cl),  291 -

 = f ( ): 
,                 0,0001   0,0002   0,001    0,002    0,01    0,02     0,1      0,2       1    
, -1 2 -1  129,1     128,8      127,3    126,3   122,4   122,3   120,0  112,0  98,3 

94.  0,41 -1
. -

 AgCl  8,317 ·10 – 6 .  
 1,6·10 – 6 -1. -

-
,  AgCl. 

95. ,  2  
 0,012  HCl  1  0,030  HCl.  

96. ,  
200  0,1  HNO3  

.  
97.  0,024  HBr, 

?  
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98. ,  1  
 0,015  1,5  0,030  NaO . 

99. N2O5  1 , -
 =  1,50?  ,  

, .  
100.   NaOH  4  ,  

 = 11,5? -
, , .  

101.  Na2O   3  ,  
 = 11,1? -

, , .  
102.  

 0,01  HCl  0,04  HCl,  
 = 1,80?  

103.  
 0,005  NaOH  0,035  NaOH, -

 = 12. 
104–112.  

H,  G,  ,  S  -
,  

 
   T,K ,  dE/dT, 

. 
104 Zn +2AgCl=ZnCl 2 +2Ag 273 1,015 -4,02·10-4 

105 Zn + 2AgBr = ZnBr2 + 2Ag 273 0,84 1,06 
106 Cd +PbCl2= CdCl2 +Pb 298 0,1880 -4,8·10-4 
107 Ag +1/2Hg2Cl2 =AgCl +Hg 298 0,0455 3,38·10-4 
108 Pb + PbO2 +2H2SO4 = PbSO4 +2H2O 298 2,04 0,00136 
109 Zn +CuSO4 = Cu +ZnSO4 298 1,0934 -4,3·10-4 
110 Zn +2AgO = ZnO +Ag2 O 298 1,83 -4,3·10-4 
111 Zn +Hg2SO4 =ZnSO4 + 2Hg 303 1,41 -3,7·10-4 
112 2Ag + ZnCl2 = 2AgCl + Zn 273 1,015 -4,02·10-4 

113–118. , -
, -

.  ,  H,  G,  ,  S  
Q,  .   

 1 . 
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  ,   = f (T) 
113 323 C6H4O2+2H+= C6H4 (OH)2+2e E=0,6990 - 7,4·10-4(T-298) 
114 363 Zn+2AgCl+ZnCl2+2Ag E=1,125 - 4,02·10-4T 
115 313 Zn+Hg2SO4=ZnSO4+2Hg E=1,432 - 1,19·10-3(T-228) 
116 298 Ag+Cl- = AgCl +e E=0,2224 - 6,4·10-4 (T-298) 
117 363 Cd+Hg2SO4=CdSO4+2Hg E=1,0183 - 4,06·10-5(T-298) 
118 273 Cd+2AgCl=CdCl2+2Ag E=0,869 - 5,5·10-4T 

119. -
 293  373 ?  

 = 2. 
120. ,  

 15 ,  200  
 2 .  = 3. 

121. -
,  

-
: 

,         273          293          298 
             1,17         5,08         6,56. 

122. ,  
 3  100 

: )  300 ; )  1000 ? 
123.  700 -

 40%  60  .  -
 80%   120  ,   60  
? 

124.  N2O5 -
 103,5 , -

 4,6 ·10 13 -1. :  
)  – 100 ; ) ,  

 90 %  500 . 
125.  2N2O  2N2 + O2  

 986  6,72 ,  1165 
 – 977,0 .  

 1053 . 
126. ,  

,  
 923 : 
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,  10-2         66,65       133,3        266,6      533,2 
1/2,              64,8         450           318          222 

127.  +  D  
2,7·10-7 /( ) , -

, 3,0·10-3  2,0 . . 
128.  +  2D -

 1,5 .  
 2,0·10-4 /( )  [ ] = 1,0 .  

 [ ] = 0,2 .  
129.  

 0,391 3/( )  
400° . , -

 15·105  5·105 .  
130. -24  

.  0,050 -24. 
 24,9  24Na  0,016 .  

 24Na. 
131.  2N2O  2N2 +O2  

 986  6,72 ,  1165 
 – 977,0 /( ).  

 1053,0 . 
132. -

 0,035 .  
 0,110  1,15·103 /( ). -

. 
133. -

 
:  

[S],               0,01     0,002     0,001    0,0005    0,00033  
w·106,        1,17     0,99       0,79      0,62        0,50  

. 
134. 2 -

:  
[S],                0,050      0,017      0,010     0,005     0,002  
w·106, 3        16,6        12,4        10,1        6,6         3,3  

. 
135. -

 N- -L-
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, . -
 

:  
 

[S]0·103, M w0 ·107, M/c 
2,24 4,25 
2,24 4,31 
1,49 3,52 
1,49 3,60 
1,12 3,10 
1,12 3,12 
0,90 2,71 
0,90 2,77 
0,75 2,45 
0,75 2,40 

136-143.  (k1,  k2 – 
-1 -1 ) -
,  k3 3,  

,  
 t,  0 . -

. 
 

 
 1  1 2  2 1  

t, 
 

0, 
 

136 2+Br2 2HBr 574 0,0856 497 0,00036 483 60 0,09 

137 2+Br2 2HBr 550 0,0159 524 0,0026 568 10 0,1 

138 2+I2 2HI 599 0,00146 672 0,0568 648 28 2,83 

139 2+I2 2HI 683 0,0659 716 0,375 693 27 1,83 

140 2 H2 + I2 456 0,942·10-6 700 0,0031 923 17 2,38 

141 2 H2 + I2 628 0,809·10-4 780 0,1059 976 18 1,87 

142 2NO N2+O2 525 47059 1251 1073 1423 45 2,83 

143 2NO2 2N2+O2 986 6,72 1165 977 1053 65 1,75 
144. -

,  
 = 2,5·10-3 ),  60 %. 

 3,0·10-3 , -
 3,0·10-4 . -
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 30 % -
? 

145. -
,  

 = 3,0 ·10-3 ),  70 %. 
 2,5 ·10-3 , -

 5,0 ·10-4 .  
 35% ? 

146.  SO2Cl2 
= SO2 + Cl2  2,2·10-5 -1  320° .  SO2Cl2 -

 2 -
?  

147.  HI( ) = 1/2 2 ) + 1/2I2 ) 
 – .  1,00  

 0,335  0,285 . 
-

 [HI]0 = 0,400 .  
148.   + -

 [ ]0 =  0,050   [ ]0 = 
0,080 .  1  0,020 

.  
. 

149. ,  
,  75 .  21° -

 8  .   
 5° ? -

. 
150. C   
 CH3C6H4N2Cl +H2O = CH3C6H4OH +N2+ HCl. 

. 
 297,9  303,2  

 9·10-3  13·10-3 -1.  
308,2 ,  99 % -

. 
151–156. , 

,  
 t ( ). 
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 , 
t,  

  
 

,  

1 2 3 4 5 
151 2NCl3( ) N2+3Cl2 

 -  N2·10-6 , 3 

Cl2  

 
4 
6 
32 

 

a 
10 
13 
26 

28,5 

 
298,2 

152 2HgCl2+HCOONa HgCl2+ 
NaCl+HCl+CO2 
a  HgCl2  
b –  HCOONa, 

 

 
0 
3 
0 
3 
0 
1 
0 
2,2 

               b 
0,1034      0,1734 
0,0079      -  
0,0503      0,1734 
0,0316      - 
0,1028      1,0227 
-                0,9579 
0,1028      0,3290 
-                0,3279 

 

153 2 2= 2 + 2  
: 

 –  KMnO4, -
 

·10-6, 3 

 
0 
11,5 
27,1 
42,6 

 
23,89 
19,30 
14,50 
10,95 

303,2 
 

154 2S2O8+2KI  2 2SO4 +I2 
a –  0,01  Na2S2O3, -

 25 
·10-6 3 , 3 
 

 
9 
16 
52 

 

 
4,52 
7,80 
14,19 
20,05 

298,2 

155  N2O5  CCl4  
2 

 – 2, 3 

20 
40 
60 
80 
100 

 

11,4 
19,9 
23,9 
27,2 
29,5 
34,75 

313,2 

156 2 2 -
-

2; 
 – 2, 3 

10 
30 

 

3,3 
8,1 
15.6 

303,2 
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, .  
 

 
 

 – ,  
 

. -
, -
. : 

•  
,  ( , .); 

• ,  –  
; 

• , , -
, , ; 

• ; 
• ; 
• : 

, , , 
, -

, . 
- , . -

, -
 (  

), ,  . 
,  

,  . -
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 ( -
) . 

, -
, -

. -
,  

 
 – .  

:  
•   (  –  

 d,  –  l); 
•  ( ) D – ,  

:  

 D = 11,,1 D                      (2.1) 

•  S  .–  
(s1,2),  (V)  

 (m): 

 
.,,

;,,

12122,12,1
.

112,1
.

S
v
s

m
s

S

S
V
s

S
 

 m  
 ( ),  -

. 
,  r, 

:  

 .663
3/4

4
3

2
2,1

. D
drr

r
V
s

S                       (2.2) 

 .62,1
. dm

s
S                                   (2.2 ) 

,  l, 
:  
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.666
3

2,1
. D

ll
l

V
s

S                               (2.3) 

-
, -

 – . , 
, . 

-
: 

• ; 
• -

; 
• ; 
• , -

-
 

.  
 

. 
 

 
 

. ,  
 ( ) -

 10-5 – 10-7 .  
 

.  
-

, . .  
,  

,  .  
 10-5–10-3 -

 . , , . 
 

, -
 

. 
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 d  10-3 -
. , . 

 
. 

 
 

 
-

:  
. 

,  
,  

 ( )  
 ( ).  – -

,  
. , 

.  
, -

 
,   (  

– , . ).  
 

 
 

-
,  ( )  ( ). 

 
  

. 5 –   
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 ( , , ),  

 – ,  –  
 ( . 5).  

 
 

 
 -

 ( )   -
) . 

 
 

. 
 

,   
. , , 

 
. 

 
 

 
 

,  
)    ( -

).  
,  ( ) -

 ,  
 ( ) – . 

 
-

,  
: 

•  ( -
); 

• , ,  
 ( ). 

 – -
-
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. -
, . 

-
; -

-
. 

 
 

 
 

 
-
  

 
) 

,  
 

,  
 

  ,  
   

  
) 

 

, -
 

,  

 
 

, 
 

,  

    
, , 

 
 

) 
   ,  

  , ,  

 
-

. -
,  

 
. -

, -
, , 

,  
; -

. 
-
 

 ( ). -
, , -

-
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 ( ),  –  
), .  
, , -

,  
, , ,  

. -
 (  = 

72,75 2) -
 

, -
 – -

. -
,  

.  
  – -

 ( ) -
.  -

 
. 
-
 

. -
 

.  
, , -

.  
. , -

,  -
,  

-
. 

.  
. , 

, -
, .  

, .  
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 , -
, -

-
. -

 
,  

.  
.  

 
.  

, , . -
, -

. 
 

: 1.  
 

 
 

.  
. . . .  

. . -
. .  

. -
 ( ). , -
. . -

. 
 

 
 

 -
. -

,  1 2 . -
 

 « »  
. -

 
.  
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.  
 – -

 
, , 

. 
-

, . , -
 14800 . 

 
 

.  
: 
 dU = TdS – pdV + ds + µi dni,                     (2.4) 

 S  –  ;   –  ;  V  –  ;   –  ;  s  –  
; µi –  i; ni 

–  i.  
 S, V, ni : 

 
inVSs

U

,,

,                                            (2.5) 

. -
-

, , . 
 (2.5) -

 ( ,  
) : 

 
iii npTnVTinpSnVS s

G
s
F

ss
U

,,,,,,,,

. 

 
.  

,  ni - const.  

 = 
inVSs

G

,,

, 2, .                           (2.5 ) 

-
, , ,  

: 
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2,1ds
W

, 

W  – ,  
 ds1,2, .  

, . 
 V,T- const  p,T- const.  

 V-,T- const:  
–  W  = d F,  

 F – , 
,  

 = ,
2,1ds

dF
 d F = ·s1,2 .                               (2.6) 

 – ,  
. 

- const: 
– W = dG,    

 G – , ,   

 = ,
2,1ds

dG
 dG = ·s1,2.                                    (2.7) 

,  –  
, -

. 
 

,  
: 

 ,
p

sU                               (2.8) 

 s -

,  – -

. 
 (2.8) Us = Gs + T Ss, -

H = G + T S.  
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 (1.27) -
: 

 ,
T
QS s

s   

 Qs –  (  
).  

, Gs = , : 
Us  + Qs                                                                (2.9) 

 (2.3)  p-, v-, s-, ni -  q - const : 

 dGs= –Ss dT  ,s

p
s

Q
T
GS                 (2.10) 

 Q  (2.9)  (2.8).  
, -

, -

: < 0, .  

. 
,  

, -
 (dF < 0)  (dG < 0).  

-
 (2.6, 2.7), -

,   
. -

, , : 
•  

; 
•  ( ) -

, ; 
• . 

 
 

. ,  
-

, , , 
. 
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, ,  
 ( ). -

,  
,  ,  -

,  .   –   (- ,  -
2 , -NH2)  (R-). 

, , -
 ( ).  

: , , . 
, -

, . 
 –  

 
,  – -

 ( ),  – -
 ( ). , -

, – ,  
 –  ( ). 

 
. 

1.  ( i) 2 –  -
 i-  

,  
. 

 2.  ( ) 2 – -
. 

 3.   ( )   –   
. 

,  
. , -

-
. -

. 
-

, : 
 U = TS + s + µi ni ,                                (2.11) 
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 dU = TdS + SdT+ ds + sd µi dni + ni dµi                 (2.12) 
 dU  (2.3)  

(2.12), : 
 S dT + s d  +  ni dµi = 0.                         (2.13) 

- const  (2.13) : 
 s d  +  ni dµi = 0.                               (2.14) 

: -
, ,  – -

 s,  
.  (2.14) -

 s, : 

 i
i

idd ,                                 (2.15) 

i = ni /s  i -
 

). 
, -

, ,  
, -

. , 
 dµi = R T dln ai , : 

 
RT
a

aaRT
i

ii
i ln

1 .                         (2.16) 

,  
, i ,  

(2.16) : 

 
RT

i

i

,                                   (2.17) 

 –
idc

d = g -

, 2 . 
 

, , -
. 
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.  
 ( ).  

 g > 0, d /dc < 0,  > 0,  
 – g < 0, d /dc > 0,  < 0.  

-
.  
   

 
3-3,5  - CH2. 

: 
gggg

323223233 )()( . 
 –  

. 
: 

 A = ack
m
n /1 ,                              (2.18) 

 n,  m  –   ( )   ( )  
;  – , 3; k, 1/a – 

. 
 

 ( ). 
: 

 lnA = lnk + 1/a lnp,                               (2.19) 
 lnA – lnp -

 k  1/a. 
: 

 
pk

pkaa
1

,                               (2.20) 

 a – , 2; a  – , 2;  – 
,  

; k – . 
 0  (2.20)  
 k·p ,  a = a ·k· .  

 a = a . -
-

,  
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 (   
 ).  a -

 – -
 S .   S0 – , -

, :  
 S  = a  ·S0·N ,                                 (2.21) 

 N  – . 
: 

 
pkaaa
1111

                            (2.22) 

  k. 
 

: 
•   (  

) ,  
; -

; 
•  – -

; 
•   
. 

 ( , , ): 

 

ss

s

p
pc

p
p

p
pa

a
)1(1)1(

,                               (2.23) 

 – ,  –  
,  –  

. 
 S- . 

:  
•  

; 
• -

, -
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 –  
.; 

•  
. 

 
 

, -
, , , , 

. .  
. -

 – -
 ( ).  

. 
. 

,   
, -

, -
 

.  
. 

 
)  

. 
-
: 

 = 0 – ·ln(1+k· ),                                 (2.24) 
0;   –  -

;  – , k – 
,  – . 

 
 (  = ),  

 (2.17)  (2.20) -
  

 
1kc

kc
RT
cg ,  

  



103 
 

 
1kc

kg ,                                       (2.24 ) 

 =  RT, . 
 (2.24 ) g= – d /dc , -

 (2.24): 

 ,
1kc

kc
dc
d  

 )1ln(
1 0 kcdc

kc
kc .               (2.24 ) 

-
.  

. 
, -

,  
. 

, -
, , -

. 
 – -

.  
 - 

, , -
,  

.  –  
,  

. 
 W  

, , 2.  
. -

-
 

-
, . 

 W  =2  .                                         (2.25) 
, -

, : 
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 Wa =  +  +                                 (2.26) 
 . 

 – , -
 – . -

-
 ( ).  

: 

 cos                               (2.27) 

 (2.27) ,  > ; cos  > 0 (  
< 900), – ,  <  cos  < 0 
(0 > 900), .  

 – ,  
. 

,  
, -

: 
 W  =  ·(1+cos ).                                       (2.28) 

 (  < 900), .  
 2 , :  

 
2
cos1

2
aW ,  

2
cos1

k

a

W
W .                     (2.29) 

 (2.29) : 
1)  = 00 cos  = 1, W  = W ; 
2)  = 900 cos  = 0, W  = W /2; 
3)  = 1800 cos  = –1, W  = 0.  

, . 
 

 2.  
 

  
 

 
:  

, , . . -
. , -
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. , . -
.  

 
 

 
 ( )  

-
, -

.  
,  

.  
 

  ( ).  
,  = 0)  

. 
-

,  
: 

 
rN

RT

A 3
2 ,                                (2.30) 

 – , ; r – , ; N  –  
. 

 
, . -

. 
-

.  – -
.  1855 .  

 
 ( ),  

 ,1
. dx

dcD
dt
dm

s
i                                (2.31) 

 i . – , , -
 1  s, -

; D –  ( 2 -1); m – -
; dc/dx – -

. 
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 « » -
,  dc/dx ,  

  .  
 dc/dx = –1, s = 1  t = 1,  D = m, . -

 D , -
 

, . 
 1908 . , -

 D , 
 r: 

 
ArN

RTD
6

 .                                                          (2.32) 

 
, -

: 
 D22 ,                                      (2.33) 

 –  ,   ( -
). -

, -
. , -

 D  r ,  
 ( ) : 

 
ANr

M 33
4 ,                                  (2.34) 

 –  ( 3).  
 –  

 ( ) . -
 – ,  

, -
, , -

. , -
. 

-
 ( )  

.  



107 
 

 
: 

*· k· ,                                     (2.35) 
 –  ( 2), * –  

3): .  
,  

. 
,  

,  
, , -

-
 ( -

). 
-

,  
, ,  

. , -
, -

. 
, -

 « » ( -
, ): 

 

4

2
2

2
2

1

2
2

2
1

3

0 )2(

)(24

nn

nn
I
I

,                              (2.36) 

 n1, n2 – ;  
– ;  –  

3),  4 r3;  –  
 ( );  J  – ; J  – -

. 
 (2.36) ,  

 Ip  
 n1  n2. 

-
. , -

. 
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-
 Ip 

4: ,  
. ,  (  = 380 – 450 ) -

 ( 16 ) -
 (  = 620 – 760 ). -

.  
, ,  

. -
: 

 Jp = k· 
34 r

,                                  (2.37) 

 – ;  –  
; k –  ( -

). 
-

: 
 J  = 0 · e - l,                                    (2.38) 

 J  – ,  – -
,  – ; l – . 

 ln 0  = D – ,  (2.38) 
: 

 D= ·c·l.                                      (2.39) 
 

. -
. 

 « », , -
: 

 D =  = · -n ,                                      (2.40) 
 – , , -

;  n  –  ,   
 2  4 (  n = 4  

;  n = 2 -
). 

 lg  
lg  

 n.  n , 
 ( .1): n = 
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f(z),   z  =  
r8

,  

.  
 
 1 –  (n) -

 Z 
 

n z n z 
3,812 2,0 2,807 5,5 
3,686 2,5 2,657 6,0 
3,573 3,0 2,533 6,5 

1 2 3 4 
3,436 3,5 2,457 7,0 
3,284 4,5 2,379 7,5 
3,121 4,5 2,329 8,0 
3,060 5,0   

 
 3.  

 
 

 
 

 
.  

.  
: , . -

. -
. -

. 
 

 
 

-
 

) . , -
-

 
 AgNO3 + KI = AgI + KNO3.                    (2.41) 
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,  
AgI . 

 (2.41), -
 Ag+ (  AgNO3)  I– 

 KI)  
AgI, . -

  -
. .  

-
 ( ) – NO3

–
  )  + ( ), 

.  
-

 ( ), -
,  « »  (  

). -
  . -

-
,  – . 

 1,1- -
: 

 {m(AgI) n Ag+(n-x) NO3
-
 }+x · xNO3

-              (2.42) 

 {m(AgI) n I- (n-x) +}-x · x +,                     (2.42 ) 

 m –  AgI ; n –  
,  

;  (n  –  x)  –  ;  x  –  
. 

 AgI  
; -

; -
,  

. 
, , -

, . -
 

. , -
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,  
. 

,  
, -

 (  
2.42)  (  2.42 ).  

. -
 

. 
-
-

, -
-

. -
 . , 

, -
, -

.  
, , ,  

-
, -

-
. 

-
.  

, , ,  
-

. 
-
, 

, -
.  -

 -) .  
 ( ),   

 - . , 
 - ,  -
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.   ( ) -
: 

 = 
0

U
,                                    (2.43) 

 U – -
, ;  – , ;  – -

  (  81); 0 – 
,  8,85·10–12 ;   –  

, .  
 

 4 .   
 

 
 

 
-

. -
. -

. ,  
.  

. 
 

 
 

-
, -

. -
 

,  
.  

. -
 ( )  

. 
 ( )  – -

. 
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 ( )  
 Fg,  

.  r 
Fg = 4/3  r3  – 0) g, 

 g – ; 0 –  
. -

 ( ) -
 F : 

 F  =  = 6  r ,  
 – ;  –  
;  – . 

 
,  Fg -

 F  -
: 

 .
9

)(2
6

)(3/4 0
2

0
3 gr

r
gr             (2.44) 

 (2.44),  
. -

 
, , -

. -
. -

-
 . 

 
 i : 

 ,
6

)(3/4 0
3

r
gri                   (2.45) 

 – . 
 

-
 ( ,  

).  
,  

,  – , -
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-
.  

 ( -
),  -
.  

 i  = i . ( , -
,   h,   ): 

,
dh
dD  .dh

D
d

 

 0  h  
0 ,  

 ln( 0/ ) = ( /D)·h,  = 0 exp[– ( /D)h], 
0 – ,  –  

 h . 
 = 0 · -( /D)h .                                      (2.46) 

, -
. 

 –  
, -

. 
-

. -
: 

1)  ( ). 
 

; 
2)   ( ). 

 
. -

; 
3)   ( ).  

 ( )  
.  

 
.  

; 
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4)   ( ).  
,  

,  
. ;  

5)  ).  
-

. 
 

 U  U .  
,  

. -
.  

,  .  
, . , .   

.  
-

. -
, . 

, -
. -

, -
 « » , . . 

, , « » . « -
» – , -

,  
,  h , .  

. « -
» , . -

,  – -
. 

: 
U = U  + (–U ) = U  – U . 

 U  >  U ,   
.  U  < U ,  

, .  
 –  ( -

) , -
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: -
, -

, ,  
.  

-
. ,  

, -
, . 

 
, ,  

 ( ).  
, , -

,   ( ). 
, -

,  (  
, ) -

. , -, -  
, -

: 1:25:500 ( ). 
-

: 

 = k

V
Vc ' , 3 .                            (2.47) 

, ,  -
 ( ): 

 = 
1

 .                                          (2.48) 

-
, : 

 = 1 / z6 ,                                       (2.49) 
. -

. 
,  

-
 (k): 
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 k = 
0

111
nn

,                                      (2.50) 

 n0  n – -
, . 

 
 (D)  (r): 

 k = 8 D· r.                                           (2.51) 
 

: 

 D =
r

kT
6

.                                         (2.52) 

 (2.51)  (2.52) -
: 

 k = 
3
4

3
4 k

N
RT

A

 , ( 3 )                           (2.53) 

 – , ; NA – . 
 

, , -
, -

: 

 n = 
1

0n
,                                      (2.54) 

 – , ;  – -
, . 

: 

 10

n
n

,                                (2.54 ) 

 n0/n = f( ).  
, , . .  

-
, . 
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 5.  
  
  
 

: 
-

. : , , , -
. . 
 

 
 

 
 – 

. -
 ( ) 

, -
. 

.  
: 

•  ( ); 
•  ( -

). 
 
 

.  
: -

, , , , . 
-
-

 –  
 ( ),  

. ,  
,  

.  
 : 

• ,  
, -
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, -
; 

 •  ;  -
,  

; 
• ;  
,  ,  ,  .   

 
; 

• ; -
 

, , -
, ; 

• , , 
. 

-
 

 ( ,  V2 O5) , 
.  -

 ( . – ). 
 –  

,  
. -

. -
-

 « »  – -
. 

 – . -
,  

), . 
 

. 
 . 

-  
-
. 

,  -
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, , -
. 

 
, ,  –  

.  
. -

 
-

, .  
 

. 
,  

. 
, -

, ,  
 ( , -

,  .),   
 

.  
,  

,  
. 

 -
,  

  – . 
,  

-
 ( , , -

). 
-

 . 
 –  

.  
 ( ). 

 
),  

, ,  
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  . -
-

: 
 = 0 (1 + )  

0

0 ,                (2.55) 

0 – , ;  –  
;  –  ( -

 = 2,5); .– . 
, -

: 

 
d
d ,                                  (2.56) 

 – , ; ,  –  
 ( ). 

, -
-

, : 

 
l
prV

8

4

,                                 (2.57) 

 V – ,  r  
 l ;  – ; 

 – . 
 

, , -
-

. -
. -

 ( ) ,  
. -

 .  
, -

, -
: 

 n  1n ,                       (2.58) 



122 
 

   n – ,  
. 

 n = 1   =  (2.58)  
. ,  n -

-
.  

 n < 1 -
.  

. 
 n > 1 -

.  -
. 

-
. -

. -
 

 – ,  
. ,  

. 
-

: 
 –  =   =  +  ,                   (2.59) 

 – ,  
. 

 
. -

: 
 =  +  n .                               (2.60) 

 (2.60) n = 1,  
;  n > 1 – ; 

 n < 1 – . 
-

, ma  – min.  ,   
. ma  min -

. ,  
ma  = 106 , min. = 10-2 . 
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 = ma  –  min  
, -

 
. 

 ( ) 
, -

 
.  

, . 
-
 
. 

,  ,   
.  

, . -
 

,  
 

. , -
,  

. 
-
-

, , , , 
. -

, -
 

. -
.  

-
: -

.  -
. -

-
.  

,  
-
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. -
.  

 
.  

,  
 

. -
 

. 
 

-
.  

-
, -

. -
 

 ( ,  ,  ,  ),  .   
.  

 
 SiO2  Al2O3,  

CaSO4 · 1/2H2O ( ), , . 
 

, -
.  

, .  
 

, . -
, -

 ( ) -
, . -

. 
 ( , .)  

-
.  

, -
.  

, ,  
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. -
-
-

.  
, , -

. -
 

. -
 ( , -

) .  
,  

, . -
, . 

. 
 – -

.  
 – ,  

.  
), , -

, ,  ( ), -
. , , -

,  –  
. -

-
. -

. 
-

 ( ).  
 

, . 
 – .  

,  
, -

, . 
 

-
 ( , , .). 
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-
 – .  

, ,  
. 

 
 6.  

  
 

 
, -

. , , , -
, . 

 
 

 
-

 10-5–10-3 . 
 – , . 

.  -
-

,  .   (  –  )  -
, -

, .  
,  – -

. 
:  ( ) 

 ( ).   
, . 

, , , 
. 

 
: , ,  

 
.  

, -
 ( ) -

 ( ). -
-
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.  
, -

. 
-

,   (  
, -

).  
, -

 – . -
-

, .  
 

. ,  ( -
) , -

,  
. 

 – , , -
  ( ) -

.  
.  

, -
. . 

, -
. -

, , , , 
, . . 

-
, .  

, -
. -

-
, , , . 

 
, -

.  
-

, . -
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, -
 ( )  

,  
, . -

. 
 –  

,  
.  10-7  10-1 -

. -
, -

. -
,  

, -
. -
. 

, .  
,   

 ( ). -
 –  ( ). 

 – , -
, -

,  (10-2 – 10-

6 ) . -
. -

 
). ,  

, . 
-

: 10-1–10-3  – , 10-3–10-4  – , < 10-4  – 
. 

 
, , -
. 

,  
.  ( -

) . 
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 – . -
 

 10-2–10-4 , -
. , 

, -
.  

, ,  
-

, -
. ,  

.  
.  

 ( ). 
 –  

) -
,  

-
.  ( ) -

-
. ,  

. -
,  

 ( , .).  
-

. 
 

 7.  
  

 
 

 ( ). -
. . 

 ( ). . 
 ( ).  

. .  
. 
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 –  ,  -

,  
-

, . . -
,  

,  
, , , , -

-
, .  –  

. 
-

 (- , - , -NH2, -SH -CH, -CHO, -NO2,  -CS,  -
SO3H), . -

-
. -

 
.  

 
. , ,  

 . 
-

.  
-

. 
, 

, -
, , .  

-
: 

1) -
; 

2) ; 
3) . 

 
-

, , , -
 ( .  1). 
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. -

 ( )  ( )  
. ,  

 ( ) .  
-

: 
 = 7 + )  – ) ,  

  )  –  ;  
)  –  ( ) 

.  
: 

• : –  – 21,1; –COONa –19,1; –COOH 
– 2,4; –OH – 1,9; =O – 1,3; 

• : = –; – 2–; – 3–;  =  –  
0,475.     

 1  6,  
 ( ) 

. 
 > 10,    

 ( ) 
. 

 7  9, -
. 

 13  15, -
  . 

 15  16, -
. 

 10-3–10-6 3. -
 

 ( ) .  
-
-

.  
 

,  
. , 
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, , .  
 . -

-
,  

, .  
, -

 (  
, ,  

) . 
 

. . 
 – ,  

. 
 – , -

. 
 

, . 
 ( , , ) 

,   
,  

 
. 

 
: , 

, -
.  
 

 8.  
 

 
 

 
 ( ).  

. . . 
: . -

; -
. 
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, : 
, . : -

, , .  
 – . . 

. 
 

 
 

 – -
 10000 . -

 – . 
, -

.  
, . 

-
: , 

,  
 – -

. , -
, . 

 –  
),  ( ), -

, , , , , , 
.   –  

, -
. 

 
, , )  ( -

,  .)  .   
 – , , ,  

.  
 ( ),  

 
. -

, 
, . 

 ( ), 
 ( ),  ( -
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)  (  – ). 
,  ( ),  

 –  ( -
). 

,  
 ( ) 

. ,  
.  

, . -
 

, -
 – , . -

: , -
.  

, . 
-
 

, . -
: 

 
0

0)(
m

mm ,                                      (2.61) 

 m   m0 –  
. 

-
 ( , -

), . 
-

,   
, . -

-
,  – . 

 ( -
)  (  

). , , 
 – .  

. -
. 
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-
,  

,  
. -

, -
,  

, -
.  

 ( G < 0). 
 

 ( S > 0). 
-

, -
. -

, ,  
-

. 
-

. , 
.  

. 
-
 

, .  
 ( , 

, ).  -
. 

,  
-

, -
, , , 

, . -
.  

. -
,  

 
. 
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-
-

, , . 
 . -

.  
, ,  

, , pH .  
-

.  
,  

.  
, , -

 ( ). 
,  

. , 
 (2.32), -

, , 
 (2.34). 

 ( . -
)  -

 ), -
. , -

 –COOH- ,  -SO3H- ,  
.  

 -NH2 , -
, -NH3OH- . , -

,  
, , 

 -COO-, -NH3
+ ,  

, -
.  

-
.  (-COOH  

-NH3OH)  .   
 

HOH3N – R – COOH, 
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 R – , -
 -CONH-.  

,  
.  

. - -
 

, . 
 pH  

. -
, -

 – . -
, -

. 
-

 pH -
 pH < 7  . 

-
: 

OH- – H3N+ R COO- – H+ 
-

, . -
 pH .  

,  
,  

. 
 – , , 

, , , -
.  

. , -
 (60 – 

65 C) ,  
 100 C . 

, -
,  

-
. -

, , -
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-
. 

-
, ,  

, . 
 

. , -
.   

-
,  .  -

,  
. 

 
 9.  

 
 

 
, .  

. , . -
. -

. . 
 

 
 

, 
-

,  .  -
-

 ( -
),  (  

)  
-

.  –  
, , , 

.  – -
, , . 

 
, -
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. , 

,  
, -

 ( -
). , ,  

-
. -

. 
,  -

, , ,  
– , -

, . -
,  

), , -
 (  ) 

. 
  

-
)  -

 ( ). -
, , , -

-
. -

 ( , , -
),  

. 
, ,  

.  
, -

 ( -
),  

 
).  

,  99% ( , -
). 
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,  

. -
, , -

. -
 – -

. 
. 
-

 ( ). 
 –  -

, . -
.  – 

. 
 ( -

, -
)  

,  .   
.  

 
.  

,  
 ( , ), -

 ( , ).  
-
-

, -
. -

,  
. 

-
.  

, .  
-

 – . 
, -

, ,  
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,  
.  

, -
 ( , -

, .). 
 

,  .  -
-

. 
,  

 . -
, .  

, -
-

. , 
, .  

, . 
 

 
 

 1. , 
,  

,  10 , -
 – 1,5 103 2. 

: 1)  ( )  
 (2.2a)  

S  = 6/ (d·p) = 6/(10·10-6 ·1,5 103) = 400 2 ; 
2)  ( )  

S .= 4/( · ) = 4/(10·10-6 1,5·103) = 267 2 ; 
3)  ( )  

S .= 1/(a·p) = 1/(10 10-6 1,5 103) = 67 2 . 
 2.  

 4,2 3. -
,  3,7 , 

 –1,1 103 3. 
: ,  V = (4/3) ·r3  

v  = v /(V p) = 3,42 ·10-6/4 3,14 · (1,85 ·10-6)3 1,1 ·103 = 1,44 ·108 3. 
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 1 3  144 . . 
 3. -

-
 

: 
·103 , 2   0,05      0,127     0,263    0,496 
·103, 2      67,88     60,10    51,58     44,97 

:  

= –
dc
d

RT
, 

 
dc
d 0  

 ( )  
 d  =  f(c)  ,   

=0.  d  = f(c).  
 = 0  tg  = 0,0967. : 

 = 25 /10936,10967,0
298314,8

496,0tg
RT

 

 = 94  
 = 1,936·10-5·94 = 1,82·10-3 2. 

  4.  293  
0,1 3  k = 12,8 ·10-3, 

 = 7,16 . 
:  = /RT -

  

1,016,71
1,016,7

29310314,8
108,12

11 3

3

kc
kc

RTkc
kc = 

2,19·10-3 2.  

:  =
dc
d

RT
,   

RT
dc
dg 33

3

1033,529310314,8
1,0
1019,2

. 

 5.  
,  



143 
 

 55,6 2.  0,5 , 
 k  7,73 ,  

 295  71,96 2. 
. -

:

2
6

3
0 1017,4

)73,75,01ln(295314,8
)6,5596,71(

)1ln( kcRT
. 

, : 

2
66 1032,3

73,75,01
73,75,010179,4

1 kc
kc . 

 6.  0,1%- , -
 30 2,  

, -
 150. 

.  (2.25) :  
Wk = 2  = 2·3 = 60 2, 

: 
W  = (1+cos ) = 30(1+cos15) = 59 2. 

 7. ,  
 12,5 .  

313 ,  6,5·10-4 . 
.  (2.32) -

  

c
r

kTD /108,2
105,12105,614,36

3131038,1
6

211
94

23

. 

  8.  As2 S,  
 1,2·10-6 3  NaCl -

 0,5 3?  
 MgCl2, 0,036 3 (  0,4·10-6 3  

10·10-6 3 )  lCl3,  0,01 3  
 0,1·106 3  10·10-6 3 ). 

.  = k

V
Vc

,  

 NaCl= 2
6

6

106
1010

102,15,0 3; 
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         3
6

6

, 1044,1
1010

104,0036,0
2MgClk

3; 

4
6

6

, 10
1010

101,001,0
3AgClk

3; 

 NaCl : 
2,MgClk :

3, AlClk = 6·10-2: 1,44·10-3:10-4 =1: 0,024:0,0017. 
 9.  

 
,  = – 0,058 -

 =  500  -1; -
 =  81,   =  10-3 , 0 = 

8,85 1012 . 
.  U  – -

: 

a

Uf , 

 – ; 
= 0  ( 0 = 8, 85 10-12  – -

), f – , -
 (f = 3/2 -

, f = 1 , -
). 

f
u 2,311012,3058,0

2/310
5001085,881 6

3

12
 

 10. -
:  

[ ] = 0,15. :  = 
4,53·10-5;  = 0,74. 

:  [ ] = -
, : 

lg = Rlg]lg[ ; 

lg M= ;75.4
74.0

1053.4lg15.0lg 5
=56200. 
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 2 
 

 
 

1. . ? 
2.  

? -
. 

3. .  
4. , , -

.  
5.  50  

 20%- , -
 10%- ? 

6. -
, -

. ? 
7. . 
8. -

. 
9. -

.  
10. -

? 
11. . 
12. .  

 
?  

13.  
 

? 
14.  

. -
.  

15.  
? 

16. ? 
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17.  
. 

18.  
. 

19. -
. -

. 
20.   

? 
21. -

? 
22. -

.  
23. . . 
24. . . 
25.  

. 
26. . . 
27. . 

. 
28. .  
29. . . 
30. .  

.  
31. , .  
32. . -

. 
33. -
. . 
34. . 
35. ,  

. 
36. . . 

. 
37.  

.  
38. . . 
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39. . 
40. . . 
41. . -

? 
42. .  

. 
43. . -

 
. 

44. .  
, . 

45. .  
. 

46. .  
, . 

47.  
.  

. 
48. , -

-
: 

, , . ? 
49. .  

.  – -
. 

50. . 
51. ,  

.  
52. . -

.  – . 
53. . . 

, . 
54. . -

. 
55. .  

. 
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56. -
? 

57. -
. -

? 
58. , . ,  

. 
59. . 
60. .  

. 
61.  

, ? 
62. , -

.  
. 

63. . 
64. -

. 
65. .  
. 
66. -

.  
67.  

. ,  
. 

68. . -
-

.  
69. , . -

. 
70. , -

. 
71. . 

 
. 

72. -
. 
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73.  – .  
74.  – . 
75. . 
76. . -

. 
77.  ( ) -

. -
. . 

78.  
.  

. , , , . . 
79.  

. .  
80.  

. .  
81.  

. . 
82. . 
83. .  

, . -
. 

84.  
. , -

. 
85.  

. 
86.  

. 
87. -

.  
? 

88. ,  
.  

. 
89. .  

. 
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90. -
. 

91. , -
. 

92.  
. 

93. -
. . 

94. ?  
-

? 
95. . -

. -
. 

96. . . 
97. . 

. , , -
. 

98. -
 ( -

. ). 
99. -

? -
. 

100. -
? . 

. 
101. . . 

, . 
102. -

. .  
. 

103. , -
,  

.  
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1.  r = 
10-7  273  = 10 .  = 1,7·10-5 
H· 2. ,  10-6 ? 

2.  
 = 2 3  d = 6·10-9  

19,3·103 3,  = 293 . 
3.  

 r = 6,5·10-6  = 10 ; -
 = 10-3 H· 2,  = 288 . 

4. -
 AgCl ,  

: r1 = 30·10-9  r2 = 55·10-9 . 
5. -

 r  =  2·10-6 ,   =  1,7·10-5 
H· 2  = 283 . 

6.  
 = 1,5·10-3 3. -

 r = 2·10-8 ,  2,2·10-3 3  = 293 . 
7. -

: -
 = 60  10,65 ,  r 

= 0,212 ,  = 290  = 
1,1·10-3 H· 2. 

8.  = 0,3 , -
 D = 2·10-6 2 ., 

 Al2O3  4 3,  =1·10-3 
H· 2,  293 . 

9.  2 
3,  6·10-9 ,  19,3 3, 

 293 . 
10.  

 r = 10-6  
= 283  = 5 .  = 1,7·10-7 

. 
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11.  1 -
,  0,08·10-3 ?  0,01 3. 

12. , -
 2·10-3 ,  1,3·103 3, -

 5·10-8 ? 
13.  2·10-3 -
,  2·10-8 

.  1,3·103 3. 
14.  

, -
 0,5 3,  

5·10-8 2,  21. 
15.  2·10-7 . -

,  
 2·10-4 ,  13,5·103 3. 

16. -
, .  

 1/  
. 

, 3:  0,018   0,031   0,062   0,126   0,268   0,471   0,882 
, : 0,467   0,624   0,801   1,110   1,550   2,040   2,480 

17.  
:  = 0,012  = 2. -

,  1  3,05 
. 

18.  3·105 2 . -
 2,2 3.  

. 
19. -

 298 -
: 

, 3     0,006    0,025    0,053     0,111 
, :   0,44      0,78      1,04       1,44 

20. ,  – , , -
 2·10-8 ,  8·103 3, : 
)  0,2·10-4 ; 
) . 
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21.  BaSO4  
Ba(NO3)2  H2SO4. , -

.  
? 

22.  0,029 % 
 NaCl  0,001  AgNO3, -

 AgCl?  NaCl  1 
. 

23. : Al(OH)3,  
AlCl3  SiO2,  H2SiO3.  

 FeCl3? Na2SO4? 
24.  Au,  

KAuO2.  :  NaCl,  Na2SO4, BaCl2  FeCl3 
? 

25. : Al(OH)3, -
 AlCl3; SiO2,  H2SiO3.  

– NaCl, Na2SO4  FeCl3 -
? 

26.  Fe(OH)3  FeCl3. -
,  Fe(OH)3 

 Fe-3  Cl-. . 
27. , 

 0,058 ,  
 = 5·10-2 , -

 = 81, 0 = 8,85·10-12 . 
28. -

,  5·10-2 

 180 ,  = 1·10-1 , 
 = 81, -

0 = 8,85·10-12 ,  = 1·10-3 . 
29. : CdCl2  Na2S; 

FeCl3  NaOH, , 
 

) ; 
) . 

. 
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30.  Agl  8  0,05  KI  
10  0,02  AgNO3.  

,  
. 

31. ,  
 10·10-6 3  AgI  1,5·10-6 3 KNO3 -

 1 3  0,5·10-6 3 Ca(NO3)2  1 3 
 0,2·10-6 3 Al(NO3)3  0,01 3? 

32. : NH4Cl  
(NH4)2SO4  
 [n Al(OH)3 m Al+·3(m-x) ·Cl-]3x+·3xCl-? 

 NH4Cl,  
 30 3  0,33 3 20 %  

NH4Cl (  1060 3). 
33.  Al2(SO4)3  0,01 

3  10-3 3  As2S3? -
 = 96·10-6 3. 

34.  10·10-6 3  Agl  0,45·10-6 
3  Ba(NO3)2,  0,05 3.  

. 
35.  K2Cr2O7 , -

 1·10-3 3,  = 0,63·10-3 
3. 

36.  
 AgBr.  

Al2(SO4)3  100 3 , , -
: ) ; ) -

.  ( 3)  
 142;  – 2,43;  – 0,068. 
37.  

; 
                       0        7,0      15,0   20,2     28,0 

n·10-15, 3    32,2    24,2     19,9   16,7    14,2 
 

. 
38.  1/n = f( )  

-
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: 60, 120, 240, 480 
 600 .  2·10-7 ,   = 25·10-3 

3,  0,97·103 3.  
240 . 

39.  
n0,  20·1015  1 3,  5 ?  
60 ?  = 3·10-16 3 . 

40. -
 KCl, -

: 
,                     0          0,66      4,25      19,00     43,00 

n·10-14, 3  29,70    20,90    19,10    14,40      10,70 
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 – , , 2; , 
; , . 

 - , ; , . 
 – , . 
 – , , . 

D – , -1; ; -
, 2 . 

 – , ;  
, ; , H/ 2. 

F – , H. 
f – , 2. 
G – , . 
g – , . 
H – , ; , -1; . 
I – , ; , . 

 – . 
k – , . 

 – . 
NA – , -1. 

 – , 2. 
 – , . 

Q  – , ; , . 
R – , /( ); -

, . 
r – , . 
S – , ; . 
s – , 2. 

 – , . 
U – , ; , . 
u - , . 
V  – , 3 . 
 - , 3 . 

x – . 
z – . 
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 – . 
 – ; -

. 
 – , 2. 
 - . 
 -  ( ) , . 
 – . 
0 - , . 
 – , . 
 – , . 
 – , , . 
 – , -

, -1; , . 
 – , ; 

, 2 . 
 - , . 
 – . 
 – , ; , . 
 – , 3. 
 – , ; , -1. 
 – , 2, . 
 – , ; . 

 
 1 –   

 
,  C  - , 2 t, C - , 2 t, C - , 2 
10 74,22 17 73,19 24 72,13 
11 74,07 18 73,05 25 71,97 
12 73,93 19 72,90 26 71,82 
13 73,78 20 72,75 27 71,66 
14 73,64 21 72,59 28 71,50 
15 73,49 22 72,44 29 71,35 
16 73,34 23 72,28 30 71,18 

 
 2-  

 - 
 

- 
 

(20 C), 
3 

,  
2  ( C) 

20 30 40 50 
1 2 3 4 5 6 7 
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1 2 3 4 5 6 7 
 46,07 0,789 22,4 21,6 20,7 19,9 
-1 60,10 0,804 23,7 22,9 22,2 21,4 
-2 60,10 0,785 21,3 20,5 19,7 19,0 
-1 74,12 0,810 25,4 24,5 23,6 22,7 
-1 88,15 0,814 25,8 24,9 24,0 23,2 
-2 88,15 0,810 24,0 23,0 22,0 21,0 
-1 102,18 0,819 26,2 25,4 24,6 23,8 
 86,18 0,659 18,4 17,4 16,3 15,3 
 92,14 0,867 28,5 27,3 26,1 24,9 

 119,38 1,498 27,3 26,0 24,7 23,4 
15 C 

-
-

 

153,82 1,595 27,0 25,8 24,6 23,4 

-
 

60,05 1,049 27,6 26,6 25,6 24,6 

 112,56 1,107 33,3 32,3 31,1 29,9 
 123,11 1,203 43,9 42,7 41,5 40,2 

 93,14 1,022 43,3 42,2 41,2 40,1 
 58,08 0,791 24,0 22,9 21,8 20,7 

 
 4 – ,   

 
 

  S0 1020, 2 
1 2 3 

 CH3(CH2)10COONa 41 
 CH3(CH2)12COONa 34 
 CH3(CH2)14COONa 25 

 CH3(CH2)16COONa 23 
 C8H17CH=CHC7H14COONa 28 

-
 

C12H25C6H4SO3Na 33 

 C12H25SO4Na 33 
 C8H17(C2H5)NH2CI- 34 

 C16H33NC5H5CI- 46 
-1 C8H17OH 30 

 C8H17OCH2CH2OH 32 
 – -

  
C8H17C6H4O(C2H4O)8H 53 

-  
 

C8H17C6H4O(C2H4O)8H 58 
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1 2 3 
-  

 
C8H17C6H4O(C2H4O)10H 74 

-  
 

C8H17C6H4O(C2H4O)16H 80 

 
 5 - -

 
 

   
1 2 3 4 

 
 C9H19COONa 9,4 10-2 -

 
  9,5 10-2 -

 
-

 
11H23COONa 2,5 10-2 -

 
  2,3 10-2 -

 
  2,4 10-2

  
 

 C13H27COONa 6,9 10-3 -
 

 C17H33COONa 1,1 10-3  
  2,1 10-3 -

 
 

 
C12H25SO4Na 8,1 10-3 -

 
  8,3 10-3 -

 
-

 
C14H29SO4Na 2,1 10-3 -

 
-

 
C12H25SO3Na 9,8 10-3 -

 
-

-
 

C12H25C6H4SO3Na 1,2 10-3 -
 

 
-

 
C12H25NH3CI- 1,5 10-2 -

 
-

 
C14H29NH3CI- 2,8 10-3 -

 
-

 
C12H25(CH3)NH2CI- 1,5 10-2 -
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1 2 3 4 
-
 

C12H25(CH3)2NH2CI
- 

1,6 10-2 -
  

-
 

C12H25(CH3)3NH2CI
- 

2,0 10-2 -
  

-
 

C12H25NC5H5CI- 1,5 10-2 -
 

 
 

-
 

C12H25O(C2H4O)4H 10-5 -
 

 
-

 

C12H25O(C2H4O)6H 8,7 10-5 -
 

 
-

 

C12H25O(C2H4O)8H 8,3 10-5  
 

 
-

 

C12H25O(C2H4O)12
H 

1,4 10-4 -
 

- -
 

-
 

C8H17C6H4O(C2H4
O)3H 

1,1 10-4 -
 

- -
 

-
 

C8H17C6H4O(C2H4
O)7H 

1,8 10-4 -
  

 
 6 –  

 
 1020,   1020,  

1 2 3 4 
 3,7  1,5 

 0,3-1,7  0,56 
  1,7  0,04 

 3,1-4,4  0,08 
 2,5-10  0,0024 
 4,2  0,40 

 (III) 3,4  0,1-1 
-

 
12,6  0,54 

 
(III) 

17,7-20,0  0,72 
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 7 –  
 

  
 

  
  

 13 000 50  
 

  
 

 
17 800 

 
62 

 
  

 23 200 80  
 

 25 600 89  
 

 
24 700 54  

 11 900 50  
-
 

8 200 24   

-
 

12 300 55,5   

-
 

18 600 64  

 
 

38 500 63  

 
 

32 000 45   
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 25.04.2014.  60  84 1/16. 
. . . 9,76.  100 .  111. 

 ______________________________________ 
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