
  

      
  –    

     
 «     

 . . » 
 

 
 

. .  
 

 
    

  
 
 

 

 
 

 
 
 
 
 
 
 
 
 

 -2019 



  

 54 
 24.1 

-51 
 

 . .    :   / . . 
 - :   –  , 2019.- 79 

. 
 

 

 

:    ,   , 
  «  ,    

 »     

 
 

   :       
    19.03.03    

. 
 
 

 
 

   «  , 
    » 

  –  
   , 
 № 1  2  2019 . 

 
 

    
  –  

     
 № 2  10  2019 . 

 
 
 
 
 
 
 
 
 
 
 
  . ., 2019 
   –     , 2019 



  

 

 

 

 1   
  

 1.     
1.1. , , .......................................................................  
1.2.   ....................................................................  
1.3.     .....................................................  
1.4.   ё ...............................................................................  
1.5.    ...............................................  
1.6.     .................................................  
1.7.   ....................................................  
1.8.   .......................................................  

....................................................................................................  
  ...................................................................................................  

 2.      
2.1.  ....................................................................................  
2.2.   ......................................................................  
2.3.   .......................................................................  
2.4.  ё      .............  
2.5.     ..................................................  
2.6.    .........................................................  
2.7.    ...................................  

....................................................................................................  
  ...................................................................................................  

 3.     .........................................  
3.1.      ....................................  
3.2.   ......................................................................................  
3.3.    - .....................................  
3.4.    .......................................  

....................................................................................................  
  ...................................................................................................  

 4.     
4.1.     .....................................................  
4.2.   ..............................................................  
4.3.     .........................................  
4.4.  .  ....................................................................  
4.5.    .  ..................................................  
 

 

 

 2   
  

 4.    ( )  
4.6.   ...................................................  
4.7.   ............................................................  
4.8.   – ............................................................  
4.9.  – ..................................................................  
4.10.  – ..........................................................................  

....................................................................................................  
  ...................................................................................................  

 
 5.   

5.1.    ........................................................... 
5.2.   ............................................................ 



  

5.3.   ......................................................... 
5.4.     ................................................... 
5.5.  .................................................................................. 

.................................................................................................... 
  ................................................................................................... 

 6.  
6.1.  ...................................................................... 
6.2.    .............................................................. 
6.3.     ............................................ 
6.4.   ................................................... 
6.5.  ........................................................................... 
6.6.   ............................................... 
6.7.   ......................................................... 

.................................................................................................... 
  ................................................................................................... 

 7.   
7.1.   .................................................................... 
7.2.   ................................................ 
7.3.     ............................................ 
7.4.  ........................................................................................ 
7.5.     ................................... 
7.6.    ........................................... 
7.7. :  ......................................................................... 
7.8.  ............................................................................ 

.................................................................................................... 
  ................................................................................................... 

  ................................................................................................. 
  ...................................................................... 
  ........................................................................................... 

  ........................................................................................... 
 ............................................................................................ 

 



  

1.1. , ,  
 

      .      
,       . ё ,  
      ,    .   
         .      
,   .  

 ,    ,      ,   
 .       ,     
,    ,      ,  

 ,  .  ,    ,  
. ,      .    ё    ,  

.       ,   
  .      ,      .  

      .   
   –    .    ,     

   . , , , ,     
 . ё , ,        ,  
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  m.              
.      .    

       Ц,   –   . , 
ё   V,  ё  Vm  (Vm = V/n),  ё  v  (v = V/m).  ,   
ё       ,     m/V = v–1.  

        ,   ё  
 .       ,    . 

         ,    .  
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 ё         .  
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        .    
      .   ,  ,  

   .   ё  . ,   1    
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, ,   ,    ,   . . 

         , ,   .   
     ( , 1 ),      
.      ,   (   )   
   .        ,   

    .          
   2 (   ),     .   
   .       ,   

      ,    = v–1.      
   :  , V,  .       ,    
  ,   .       f(p, V, T) = 0.  

,   ,  ,      : pV = nRT. 
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   .       ,   , 
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     ,       . 

       ,      . 
     ё   .    

   ,      1843  1848 .  
       . 1.1.      ,  

.    ,   ё       
 .     ё    (  m)   ,    

         .      
/  ,     ё .      ё   ,    

      h1,    h2 (   )   v   

                   – mg(h2 – h1) = 
2

2vm  

   . (      ).   
ё   ,          ,    

  w  .  ,    h2  ,  

:                    – mg(h2 – h1) = 
2

2mv  + w. 

 ,           ,  
 ,    (m, g, h1, h2) .  

  ,       ,   
  .  ,         

(          ),     
  .  ,       – 

   . 
  ,   ,     ё      

  ( . 1.2).         .   
  (  )          , 

     .       
 .  ,     ,      
,     ,        (  –  

 ). ё   ,           
   .          .     
     ё  ,     
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,      ,   ,   

                
,    .        1-  

.  
  ,           -  

. ,     ,         , 
 ,           ,  

  .        ,      
 .  ,     ,       



  

        .    U,   
       1    2           w = U2 – U1  U. 

 ,            
.  ,      ,    ,  
    ,    .    ,    

ё   .     ,   " "  " " 
      .          

,         . 
     . 1.2  1.3.  . 1.2    

  ,     .  . 1.3       
,     . ,       

      ,         . 1.3  
 .      ,    .   

  ,   . 1.2           
   . ,    ,       

      ,     ,   .  
    ,           

 , ,  .   ,  . 1.3      
  ,      .  ,  

        .      , 
 ё   .       ,  ё   . 

  ,    ,       
    .      " ё ", 

" ", "  , , ",     (   
),      ,       
           " ё " .  "  – 

 "   (   )      . 
  , ,     .   , ,  ,    

  ,     ё   .  
 ,    ,   , q. 

        ,   ,     
  ,   ,       

,    .  ,   ,      
   1   2   ,    ,     
     . (  –    ,  

      ё  ,    
  .      2). 

 ,    U = w.  ,     , U = q. 
    U = w + q.     1-   . 

,    ,   . ,   
(    )  : 

  ,   , U,       
    ,          

:                                                 U = w + q .                                            (1.4) 
 ,    (1.4)          

        (IUPAC)     .  
     ,    .    

            , wsys. 
   wsys = – w    U = q – wsys  q = U + wsys ( ,   , 

      ,  ).   , "  
",      . 

 ,        ,  ,  
,       ,     .   

 . 1.2,     ё ,    ,   
,     ,         

.      ,   U    
  –U  ё  ( ) .    ,  

   . 1.4,   ,        
 .  

      ,      
 ё  ё .    ,       
.      ,        

  ,   ,    , 



  

  . .      ,        
   ,    . 

 ,         1   
3RT/2.     ,     ,    

     ,        (  
   ).   ,       ,  

   .      Um = 3RT/2     
.     ,   3    ,  3, 

      . , ,    
     .          

 .  
1.3.      

 
  ,       . ,    
 ,      .  ,     
 .  ,          , 

     ,  p, V  T   .   ,     
   w  q  ё    ,    

    . 
,          ,    

   .   ё  ,     Fext  
 (   ОбЭ  " ",   external).     S,    

   pext = Fext/S.          , -  
             ,     

 .  ,           
 .  

          .   
  ,              

 .  ,        ,   ,  
     ,      
   .        ,   

     .  ,      
  ,     (   ). 

                 
.      .  

          
   .    .     F,  

  .      НL,   Н ( ) 
    L.     

w = FdL = pSdL. 
  w    (  " ", ).       w, 

,    НL,     w,   w    .  ,  w  
            w. 

      SdL   ё  , –dV.  
     : 

w = – pdV.                                                 (1.5) 
  ё   V1     V2  ,   (1.5)  

:              
2

1

d
V

V
Vp–w . 

  (V2  V1)       .   (V2 
 V1)   . 

       : 

wsys = pdV,          
2

1

dsys

V

V
Vpw . 

              
  .       ,     ё   

 .             
.           "pV– ",  

   (1.5),  "  pV– ",    wNPV (    NPV,  
 non-pV, " - ").  wNPV     ,    ё .  

 1-          
dU   = q + w   = q – pdV + wNPV.                              (1.6) 

  ,    ё    (wNPV = 0),    
: 



  

dU  = q – pdV .                                              (1.7) 
       ,      .  

  (1.5)      ,     
       .   . 

 . ,  ё    V1  V2   .  p = const 
 (1.5)   : 

w = – p(V2 – V1). 
   –   V2  V1,     :             

w = – p(V1 – V2) = p(V2 – V1). 
      ,    .   

      . 
 . ,       1  2,  ё  ё  

.  V = МШЧЬЭ,   (1.5)   w = 0. 
         (V, p1)    (V, p2). , 

       V  . 
 .       ,        V, 

   (1.5),  .     ё      
.   ,         p = f(V, T): 

,     .  p = nRT/V.  
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2

1 1
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V

V

V

V V

V
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V

dV
nRT–dV

V

nRT–w . 

 .    ,     , V      
.      ,      

 .    CV. (    
 ё       ).          w = – pdV = 

CVdT. 
    CV     .    

   ё :     w = CV(T2 – T1), 
 1 –    , 2 –  .        

     V.     ,        
– pdV = CVdT. 
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)( pVVp
nR
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nR

pV
CVp– V
V dddd 
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.    /  U = w( ) + w( )   0. 
1.4.   ё  
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  1 .    ё .  ё     
  q      :  

TqC  / . 
          ё ,   

   . - ,  ё      . 
   ё    ,      

  TqC /d    ё    .      
,    ,   q    .     ,  
 ё   q,      .     

ё    q    ,     
   . 

,  ё    ,     pV– .   (1.7)   
  : 

q = dU + pdV.                                             (1.8) 
         U  V.     

  ,   НU       
,   V: 
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U
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U
C 











 .                                             (1.10) 

   ,  = МШЧЬЭ.     (1.8)  :          
q = dU + pdV = d(U + pV). 

,   U + pV   ,      ё    
.     , : 

H  U + pV .                                            (1.11) 
 ,     :            qP = dH. 
   q   ,  НH     : 

p
p

H
T

T

H
H

TP

ddd 
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       ,     
ё ,    .   U     ,  V  CP 

   .          .  
(1.10) ,  НU = CVdT.        , :           q = CVdT 
+ pdV. 

 (1.13) ,  НH = CPdT.  НH = dU + pdV + Vdp,       
:                  q = CPdT – Vdp. 

,    ,          
 .   ё       (1.10),   

      , CV, m = 3R/2. ( , ,    
 ,     RT    ).       

   ё   ,    pVm = RT: 
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 .                              (1.16) 
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Mdx + Ndy ,                                                (1.17) 

 M = M(x, y)  N = N(x, y) –  ф   х, уг   ф я f (x, y) а аяб 

ч         y
y

f
x

x

f
f

xy

ddd 





















 = Mdx + Ndy, 

 (1.17)     .  ,  –   
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f
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   (M/y)x = (N/x)y, ,        . 
 ,        ,     

 (х, у),    .  
 ,        ,   
 –   ( ). 

        ё .      
   ,     pV– .    НU = q – pdV,  q = dU + 

pdV . 
       V.  ,      1.5,  НU  
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V
V

U
T

T

U
U

TV

ddd 
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V
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T
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U
q
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     MdT + NdV  (T,V) = (U/T)V  N(T,V) = nRT/V.  
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   ё   T = МШЧЬЭ,     ,   N/T    .  (1.18)  
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q
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 ё   .   ,  –1     
  (1.18),     (1.19)     . , 

  q/T   -   .       
 S,       

dS = Tq/ .                                           (1.20) 
ё        (1.19).  ,  (U/T)V = V  

 (1.10).  (1.19)      : 
dS = V

V

nR
T

T

C

T

q V dd 
 .                                 (1.21) 

 ,  ,  

V
V

nR
T

T

C
V

V

S
T

T

S
S V

TV

ddddd 





















 . 

      (  V = const): 

TCVnR
V

V
nR

T

T
CS VV lnln

dd   , 

 ,    
S = CVlnT + nRlnV + C,                                       (1.22) 

  –  ,      V. 
,  S    ,       

 (1.22). 
   ,   ,     .   ,    
,        ,      
      .  ,   

   ,       ё    
       .      

 ,    ,    ,                             
UA + UB = const;       SA + SB = S. 

     ,      
: 

dUA + dUB = 0;        dUA = – dUB;                           (1.23) 
dSA + dSB = dS.                                        (1.24) 

     ,  НU = TdS  НS = dU/T    .   (1.23)  (1.24) 
:     НS = 

B

B

A

A dd

T

U

T

U
 = 

B

B

A

B dd

T

U

T

U–  . 

                                          НS = B
AB

d
11

U
T

–
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   ,     ,       ,  НUB  0. 
 ,     НS  0.    ,     ,  

    ,  НUB  0.  ,      НS  0.   
= ,        НS = 0. 

               + ,    
:        :  

dS  0                                                               (1.25) 
    :          НS = 0. 

       ,     . 
,      . ё     – 



  

ё ,        , 0.     
   ,    ё    -  ё  

ё .    ,          
   (1.25):                                      НS + dS0  0, 

 НS –   , НS0 –   ,  ()   
 ( ) ,   (=) –  .   ,   

   ,    0 ё     
ё .      q,    –q.     

     ,    ,    НS0 = – q/T0,    
      . , 

dS – 
0T

q   0,                   
0T

q   dS .                                              (1.26) 

    .       
,   0   ,       . 

            ,   
   1.20  1.26          . 

      (   )    .   
   ё         ё ,  

    ,       .  
        ,    (1.26)  

   0         .    
 ,     (  –   ), 0 

   ,        .  
   ,  (1.26)    :   , 

 ,            
,      .  

 (1.26)    (НS  q/T0   )      
   .         ,  

        .  ,   
 q/T0,    ,       ,   НS 

   ,    .     
   1   2,     S = S2 – S1   ,  

     ( ),    ,   .  
 ,   
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)(
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V,T
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q
S–S  

     1  2,    ,      
 (  ё    ),       1    2: 
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22
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S–S
T

q
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)(
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 ,         : 
  ,  , S,       

    ,     ,   

dS = q/T,                             (  1.20) 
      ,     ,  

      : 
dS  q/T0.                                                (1.27) 

         НS  0    , 
       (1.25).     , ,  

     .         
,       ,       

,      . ,      
,   НS  0  : 

tS/dd  0   ,           tS/dd  = 0  . 
  ,      ё ,   

  –    .   2-   ,   
            

 ( .   . 1.5).  ,        
 ,    НS –    . 

 ,           
  ,   .       



  

  .  ,       ,    
,   ,   .  

         (   
    )    .       

.  
 1-   НU = q + w , , q = dU – w.    НS  q/T0 , , 

T0dS  q.  T0dS  dU – w.  ,  
w  dU – T0dS. 

,      ,    0    , 
  ,      .  U  S   ,  

                                   w  (U2 – U1) – T0(S2 – S1). 
  ,       1   2     
 ,   (U2 – U1) – T0(S2 – S1),    ,      (  

     2-  ).  ,       
.         , wsys = – w,                                

wsys  (U2 – U1) – T0(S2 – S1). 
 ,    ,    ,  (U2 – U1) – T0(S2 – 

S1),   ,         . ,  
   ,     . 

  ,           . 
                

  ,      .     . 
 ё         ,     

     ё   ,    .  ,  
 I  ,       ,   

  ,    II,          
.      . 
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N
C
r
N  .                                                 (1.28) 

 N ! = N×(N–1)×(N–2)×… ×1,  .     ,  
 ,  0 ! = 1 ! = 1.   ,       , 

 N       ,        
. 

  , , , 10         
 ,     : r    , 10 – r   .    

. 1.7       r  10  r. (     
).     1024,   252         

,         .     
       ,   –   .  ,   

           ,   ,    
        ,      
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 10  –    .        ,  
      .   ,  . 1.8   

  20 .  ,     r     .   
   1 ,      10:10 (10      

10 –  )    1000 ,             
(   0:20  20:0)  ,     . ,     

 1023 (  )         , 
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  ,            
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N

N

N
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r
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  0! = 1.   ,         . 
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   .         (1.28), 
    r     N/2 (  ).    
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 . 

    (1.8)     .       
 (r)  N1,       N2,  :                        
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!
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N
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N
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         ,    
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. (      ,       
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N
W

!!!

!

321

 .                                    (1.29) 

     . 1.6,       
 .       .   ,  

       : 
 S = kBlnW ,                                         (1.30) 

 kB – ,   .        
,        R    NA.  



  

 ,   ,        
      ,    

    .   ,     
,     ,     (N1 = N2 = N3 = …).    

 ,     " ",  " "   
" "    .  

 (1.30)  ,     .      ,   
   S,     W,  .     

     .         
. (      ,     -   

ё  ;      2). ,    W   
   .  ,      ,   

   . 
    ,      . 1.6.        

,         . ,      . 
,        .     W   

       W       
,      W = W W .    (1.30),  
: 

S = kBlnW = kBlnW W  = kBlnW  + kBlnW  = S  + S  
    .  S     ,    

   ё .      .  S  
  ,        .     
 ,     ё .      1  

 2  : 
 
S = SC + ST = kBlnW ,2 + kBlnW ,2 – kBlnW ,1 – kBlnW ,1 =  

1T

2T
B

1C

2C
B lnln

,

,

,

,

W

W
k

W

W
k  . 

        .  WT,1 = WT,2, ln(WT,2/WT,1) = ln(1) = 
0.         . ,   , 

    ,       
 ,       .   

        .      
 ,         ,  

    . 
   , ,     ,    

 .  ,     ё  ,     
   ,     . (    

    0, ±1, ±2, ±3, ...,    .    
  ,   –   ).      

.          ,   
      ,    .    

    ,        .  
     ,         

     ,     .    
     (1.29),  W ,     

  1,  0 ,   0 ! = 1 ! = 1,  ё      (1.29)   
  W.     , ,  ,   

   . ,   ,      , 
  ,         ,     

.   i-    Ni,    Еi,      : 

U = N1Е1 + N2Е2 + N3Е3 + … NkЕk = 




ki

i

iiEN

1

.                    (1.31) 

 ,      ,    U.  
         W,    

       ,      

Tk

E–
NN Be0 ,                                            (1.32) 

 N0 –  ,       .  
  ,        ,   .  

 ,    ё     ,    
. ,   ,   " "     ( . 1.9  ). , 



  

         ,   ,    
  (1.30). 

  ,    ,        
ё     ё .  ,     m    " "   

 L, ,    ё , ё    : 

 222

2

22

2
zyxj nnn

mL





 ,                                   (1.33) 

 nx, ny, nz –  ,       (   
ё   ),   ħ – .    L2     ё  

" " V2/3.    ё   .  
 j –    ,     ( )    

 ё    nx, ny, nz.           
 ё .   ё        , ,  
      ё    ,       

.  ,   ё  ,      .   
ё       .       

      ( . 1.9  ),      
. 

           V: 
S = CVlnT + nRlnV + C,                      (  1.22) 

       .    – 
     ( . 1.9  ), -      

    .  ё       W , ,  
     (1.30).  

  (1.22)     ё .   –  
          ( . 1.9  ). ,  ё   

 W      (1.30). 
 
 

         ,    
 pV–  (  1.7).  ,    (1.31)    

 N  Е: 
 

dU   =    q     –     pdV ,                        (  1.7) 
  iiii ENNEU ddd .                                   (1.34) 

 
  ё    q   ё       

.      НN         
.   ,  ё  НV ё       НE.  

,  (1.34)   EdN   q  (1.7),   NdE   –pdV  (1.7).  
           . 

,             
   ( . 1.9  ).  ,     ,  

 ,       " "    
 –  S . ,    (   )   

,   S .          (   
     ), , -    ,    

 .       ,   
  .   ,       

  .  ,   ё  ,   ,  
 ,     ,      (S = 0). 

 
1.8.    

 
 2-       НS = 0     

dS  0    .  –   ,  ,  
 ,     .  ё    

    ,   V    .      
   ,       . 

    .       
     , ,    ё , 0.   

   НS  q/T,   =    ,    ,    
 ,  ё ( )      ,    

 , 0,  .    : 



  

q – TdS  0.                                            (1.35) 
   1-   q = dU – w,     

dU – TdS    w.                                          (1.36) 
 T = const,                                         d(U – TS)  w. 

 ,     ,  Н(U – TS)  0.    ,  U – TS  
    ,    . ё  А  

F: 
A  U – TS.                                               (1.37) 

 Н(U – TS)  0    ,       
      (       ,  

  – ,  ,   ).  ,   = 
МШЧЬЭ    : 

dA = 0 (  ), НA  0 (     ). 
   ,  ,     ё     . 

, , ё           V     
 . 

     .   (1.36)         : 
pV–     , wNPV 

dU – TdS  – dV + wNPV ,                                  (1.38) 
  –     (    )       

  (    ;  ,    ,  
     ).   :          dU – TdS + dV   wNPV. 

         : 
d(U – TS + V)  wNPV. 

 ,  wNPV = 0,  Н(U – TS + V)  0.    ,  U – TS + V    
    . ё      G: 

G  U – TS + V  A + pV  H – TS .                         (1.39) 
 ,     = const         dG  wNPV .                                           (1.40) 
 ,  wNPV = 0,  НG = 0 (  ),  НG  0 (     

). 
 ,    (А  G)       , 

      ,     
 .    ,        

   ( . 1.10).              
  .    -  , 

             .  , 
  ,  -  .  ,  (1.38)  ,  

U  -  ,    V  S = МШЧЬЭ (  wNPV = 0)    НU  0. 
,  ,     -  . 

  ,  U, A, G  H   ,     
        ,  

    . 
,    G  А   ,      

       ё   w  q.       
          ,     . 

, ,             ,       
G   ,          . 

          
 .    ,     (1.37)  

(1.39): 
dA = d(U – TS) = dU – TdS – SdT ,                             (1.41) 

dG = d(U – TS + pV) = dU – TdS – SdT + pdV + Vdp.                (1.42) 
   ,  НU   (1.38): 

dU = TdS – pdV + wNPV .                                                              (1.43) 
 НU    (1.41)  (1.42)  (1.43), : 

dA = – SdT – pdV + wNPV,                                     (1.44) 
dG = – SdT + Vdp + wNPV.                                     (1.45) 

 (1.43–1.45)     ,    
             

    .      ,   wNPV 
= 0       ( ) . ,  (1.45)  wNPV = 
0   



  

pVTS–p
p

G
T

T

G
G

Tp

ddddd 





















 ,       

S–
T

G

p










 ,            V

p

G

T










 .                            (1.46) 

       - .  
 (G/T)p = –S (1.46)     G = H – TS (1.39)  

T

H–G

T

G

p










                  

pT

G
THG 











  .                   (1.47) 

      .      
    ,   G/T  .  ё ,    G/T    

 = МШЧЬЭ    : 
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T

GTS–
T

G–S–
TT

G–
T

G

TT

G

T pp

































)( . 

  G  H – TS (1.39),     

2

/

T

H–
T

TG

p











 )( .                                      (1.48) 

         – , 
  G  .  

 
 

 
1.1.         –44 ,    

  170 ,  ё    10 .    ё   ?  
1.2. ё   PЛO      p,m/(  –1 –1) = 44.35 

+1.67×10–3
/ .        1.00  PЛO  500  300 .  

1.3.           :  
 1.988  (   20.0 ° ),    4.023  (   30.0 ° ) (  = 524 

 –1 –1).  
1.4. 1.00     (CV,m = 5R/2)      

  1.00    27 °     10.0 .   ё , 
 ,     q, w, U,  H   .  

1.5.         0 °  ( )   = 1.00  
 –40.0 °    = 0.202 .      ? ( ,    ,  

1.22     ) 
 

 
 
1.1.   ,   ,  : 
)         . 
)     . 
) ,    ,   . 
)      . 
) ,    ,  . 

1.2.   ,  : ) , ) , ) ё , ) 
, ) ё , )   , ) , )  . 

1.3.   ,   ,  : 
)    ё      V, 
)   1-   U = q + w  w      . 
)       ё ,      

 . 
)  w = –pdV     . 

1.4.     : 
)    S      
)         S = 0. 
)         S  0. 
)        S = 0. 
)     S  0. 

1.5.      : 
)  U, H, A  G –   . 
)  G = H – S    . 
)  G = А + V    . 
)  0 °    = 1     ,       . 

 



  

 
 
 
 
 

2.1.   
 

        .  ё , 
   ,    ,  .  

    ,   ,     
,  .   –  ,    
      .  

,    ,       
,  .          

     . 
    ,  : 

 +   Z + Y, 
    ,  .     ,   

 ё           1.    
    ,          1  V1,  ,  
    Г  В    1  V1.   ,     

   q.        : 
rU = U ( ) – U ( ) = U (T1, Z + Y) – U (T1, A + B) = q,       (2.1) 

   Ы        .     1.2, 
  q   ,   ,     

  ,    .         
( )   ё .      ,  q = 0  w = 0,  

    .    : 
U (T2, Z + Y) – U (T1, A + B) = 0.                              (2.2) 

 T2  1. ,   ,       
,      T1.       

: 
U (T1, Z + Y) – U (T2, Z + Y) = w.                              (2.3) 

  (2.3)  (2.2),  : 
U (T1, Z + Y) – U (T2, Z + Y) + U (T2, Z + Y) – U (T1, A + B) = w + 0, 

U (T1, Z + Y) – U (T1, A + B) = w.  
     (2.1),  ,      

           
. 
 ,         , 

    . 2.1.    UI = 0 (q  w    0),    UII = w. 
  

rU = UI + UII = w,                                         (2.4) 
 w –        . 

  ,         
  ,       .   

,         .    
    НQ    V,    : 

  tIVQVw dd , 

 I –   (   , I = dQ/dt).         
 t,     ,  

tIVt–tIVtIVtIVw

t

t

t

t

  )( 12

2

1

2

1

dd .                   (2.5) 

      .  ,  
  . ,        ( 2 

 1),       .     
       1   ( ,   

       ).      
       2.     

rU = UI – UII = – w                                    (2.6) 
  ,   w    . 



  

        ,     
. ,    ,  ,   
  – .        

      (q  0),   –    
  (q  0). 
 ,      (2.4),    – 

 (2.6). 
    ,        

 , -      (2.2)    ,    (2.3)    
 .       ,   

  -  .       
  . 

 ,  ё     ,    
   .         ,  
       ,    
 . -  ,          

,  ё       (2.2)  (2.3).     
,           .     

   (2.2)  (2.3)     ё : 
U (T2, Z + Y) – U (T1, A + B) = – p×[V (T2, Z + Y) – V (T1, A + B)],             (2.2 ) 
U (T1, Z + Y) – U (T2, Z + Y) = w – p×[V (T1, Z + Y) – V (T2, Z + Y)],          (2.3 ) 

 w –   .     :         U (T1, Z + Y) – U 
(T1, A + B) = w – pV (T1, Z + Y) + pV (T1, A + B), 

U (T1, Z + Y) + pV (T1, Z + Y) – U (T1, A + B) – pV (T1, A + B) = w,  
 (T1, Z + Y) –  (T1, A + B) = w,  

    U + pV. ,           
      ( . 2.2):  

r  =  I +  II = w.          (2.4 ) 
  ,        . 

        ,    
 .  ,          

ё .       ё  CV,    
 –  ё  Cp.  

   ё       
   ,  ,    .  

   1,          
 : w = CVT (  V = МШЧЬЭ)  w = C T (  p = МШЧЬЭ).     +  = Г + В 

    (2.3)  (2.3 )  : 
U (T1, Z + Y) – U (T2, Z + Y) = [CV (Z + Y)]×[T1 – T2]                              (2.7) 

 (T1, Z + Y) –  (T2, Z + Y) = [C  (Z + Y)]×[T1 – T2]                            (2.7a) 
 CV (Г + В)  C  (Z + Y) –    ё      

 .  ,  V  T = const:  
rU = CV(T1 – T2)= – CV(T2 – T1).                                (2.8) 

,    T = const:  
r  = C (T1 – T2)= – C (T2 – T1)                               (2.8a) 

 (CV   – ё      ).  
,        

 ,   ё     " " ,  
  ё       .    
   ,   . 

 . 2.3  2.4       .    
         ( . 2.3),   –   

     ( . 2.4).      
 " ".          ,   

     .   ,    
     ( ).       
 ,     ё  .      

     . 
 

2.2.    
 

  ,          V 
         .        
  .   rU  r , .   ,     

 ,      qV  qp,      , 



  

     V            ,  (   r ) 
   ё .  

  ,    ё     
.      , ё    .   
  ,    " " ,    

,       . ,    
2  + 3 2  2 3 

 r m   10.8  –1.      
 + 

2

3
2  3 

     r m    .   ,      
( )   ,       .    

           ,   
        ,     

 . ,       :  
 ( ) + 

2

3
2 ( )  3 ( ),  r m = 5.4  –1 

 298    1 .         :  
( ),  ( ),  ( ) ( ).       , 

      .           r m (298 , 1 
) = 5.4  –1. 

       ,  .  
 ,         , -   

 .   ,       ,  
  .      ,    

             .   
 ,       U  ,      1-    

        . 
       . ,    

 r m,0  
 ( ) + 2 ( )  2 ( ),                                     (2.9) 

     

 ( ) + 
2

1
2 ( )   ( )    r m,1 (298 , 1 ) = –110.5  –1        (2.10) 

 ( ) + 
2

1
2 ( )  2 ( )   r m,2 (298 , 1 ) = –283.0  –1      (2.11) 

 ,   (2.10)  (2.11)     (2.9).     
,   (2.10)  (2.11)  ,    (2.9): 

 ( ) + 
2

1
2 ( ) +  ( ) + 

2

1
2 ( )  2 ( ) +  ( )   

=  ( ) + 2 ( )  2 ( ). 
    ( )      ,    

2   .     (2.10)  (2.11)     (2.9),  
  (2.9)     (2.10)  (2.11): 

r m,0 (298 , 1 ) = r m,1 + r m,2  
= (–110.5  –1) + (–283.0  –1) = –393.5  –1. 

,        (2.10),      (2.9)  
(2.11), ё      r m,1 = r m,0 – r m,2. 

        ё   .  
       ,   

  ,        -
 .  

   (   fHm)    
 1      ,      . ,  

   :                     ( ) + 
2

3
2 ( )  3 ( ), 

2H2 ( ) + 
2

1 N2 ( ) + 
2

1 Cl2 ( )  NH4CХ ( ), 

NК ( ) + 
2

1 F2 ( )  NaF ( ),                                      (2.12 ) 

SТ ( ) + 2F2 ( )  SiF4 ( ),                                        (2.12 ) 
 
2NК ( ) + SТ ( ) + 3F2 ( )  Na2SiF6 ( ).                   (2.12 ) 
 

    ,  ,     ,     
    1,        .  



  

 " "  (   ) ,      
      . ,         

      ,           
.     2 ( ),    ( ), 3 ( )  2 ( ). 

   r m    .     
   

Na2SiF6 ( )  2NaF ( ) + SiF4 ( ).                                          (2.13) 
,           

 Um   ё  Vm.        m = Um + pVm 
  .            ,  

    1  NК2SiF6,      2  NКF  1  SТF4: 
rHm = 2Hm (NaF) + Hm (SiF4) – Hm (Na2SiF6).                                (2.14) 

  ,         ( .  
 2.12 , , ): 

fHm (NaF) = Hm (NaF) – Hm (Na) – 
2

1 Hm(F2),                                 (2.14 ) 

fHm (SiF4) = Hm (SiF4) – Hm (Si) –2Hm (F2),                                    (2.14 ) 
 

fHm (Na2SiF6) = Hm (Na2SiF6) – 2Hm(Na) – Hm (Si) –3Hm (F2).        (2.14 ) 
 

    ,      (2.14): 
Hm (NaF) = fHm (NaF) + Hm (Na) + 

2

1 Hm (F2), 

Hm (SiF4) = fHm (SiF4) + Hm (Si) + 2Hm (F2), 
 

Hm (Na2SiF6) = fHm (Na2SiF6) + 2Hm (Na) + Hm (Si) +3Hm (F2). 
 

      (2.14): 
rHm = [2fHm (NaF) + 2Hm (Na) + Hm (F2)] + [fHm (SiF4) + Hm (Si) + 2Hm (F2)] – [fHm (Na2SiF6) + 2Hm (Na) + Hm 

(Si) +3Hm (F2)]. 
      

rHm = 2fHm (NaF) + fHm (SiF4) – fHm (Na2SiF6).                           (2.15) 
 ,    (2.13)    (2.14)  

     (2.15).     ,    
       .    .  
  i-     i,    

      ( )  ,      
(  ) – ,        : 

 iiH...HHH m,m,22m,11mr ,                           (2.16) 

  ii H...HHH m,fm,2f2m,1f1mr ,                 (2.17) 

iHm, –     ,  iHm,f –    
. 

   U , , Hm,i   ,    
       (   )   

  .          
  (  2.17).   ,        
  . 

           .    
       ,   

   .  ,  IUPAC,  : 
   ,     ,    

         105  (1 ),      
 . Э       . 

     ,    ,   
      ё  , ,     105  

(1 ). 
 ,         1 ,     

        ,  1982   IUPAC   
  105  (1 ).           

  ,  . 
 ,     ,    

       (  )    °,   . , 
     : 



mrH    mrH   



  

    Ц,         .  
     ,      

     (25 ° ),          
  ,   ё   .     . 

 ,          
 

  ii HH ,fr mm
 ,                                  (2.18) 

 
iH ,f m

  –      ,  i –  
  ,   : 

                               0 =  iiA ,                                              (2.19) 

 i –  –  .    ,   
    ,    – . 

     ,      
(  ),  (  )     .  , 

         ,      
  . ,     25 °    =  = 1   

.   BЫ2 ( )  - :                 Br2 ( )  Br2 ( )     

mfH  = 0. 

,       (         = )  
 . , 

Br2 ( )  Br2 ( )     

mfH (298 ) = 30.91  –1. 
      1   BЫ2  298     1   1 

  BЫ2  298      1 .       
. ,            

,         . 
 ,         

,             
   . ,   : 

2  ( ) + 2 ( )  2 2 ( )                                      (2.20) 
      ,   2 4, 2 6  ,   

2 2.           (  25 ° ): 
 ( ) + 2 ( )  2 ( ) 

mcH  = –393.5  
–1, 

(
2.20 ) 

2 ( ) +
2

1
2 ( )  2  ( ) 

mcH  = –285.8  
–1, 

(
2.20 ) 

2 2 ( ) + 
2

5
2 ( )  2 2 ( ) 

+ 2  ( ) 



mcH  = –1299.6  
–1, 

(
2.20 ) 

   (2.20 )   2,   (2.20 )      (2.20 ), 
   (2.20).     (2.20)      

 (2.20 , , )   : 


mfH ( 2 2) = 2 

mcH ( ) + 

mcH ( 2) – 

mcH ( 2 2), 


mfH ( 2 2)/(  –1) = 2×(–393.5) + (–285.8) – (–1299.6) = 226.7. 
       ,   , : 

  ii H–H ,cr mm
 ,                                  (2.21) 

       (   ),     
          .   

        U + pV   (2.16): 
  iiiiiiiiii pVUVpUHH m,m,m,m,m,mr )( . 

 :                  ii pVUH m,mrmr . 

            , 
   .        

,    . - ,  ё       
,    pVm,i          

 ,      . - ,      
   ,       pVm,j = RT.  : 

 jRTUH mrmr ,                                      (2.22) 

 j –      (  –  , 
 –   ). 



  

 
2.3.    

 
            

     ,   .   
     ,   ,    

     .      
   

)()( ,,r mmm   jjii HHH , 

 i –    i-      , Hm,i ( ) –  
, j –    j-  , Hm,j( ) –  . 
 ,     , ,    

          .   
              

 . 
 

2.4.  ё       
 

  ,   ,     .     
,         .     

 : 

pH
p

TH
T

H
Tp

ddd mrmrmr 





 








 

 )( . 

       ,    
   .         = const (dp = 0): 

TH
T

H
p

dd mrmr 





 

 )( .                                   (2.23) 

,    , ,     : 
 iiHH m,mr ,                           (  2.16) 

       (2.23): 

ipi

p

i
i

p
ii

p

C
T

H
H

T
H

T m,,
m,

m,mr  

















 








 

 , 

      ,   i    
,        ё    (  2.13).  

,  

ipi
p

C
T

H
m,,

mr 








 .                                      (2.24) 

      : 

iVi
V

C
T

U
m,,

mr 








 .                                      (2.24 ) 

 (2.24)  (2.24 )   .     
       V.         

 r m: 

m,r
mr

p
p

C
T

H










  ,          m,r

mr
V

p

C
T

U










 ,                (2.24 ) 

   ё  : 

ipip CC m,,m,r  ,        iViV CC m,,m,r                        (2.25) 

 ,  (2.23)     TCH p dd m,rmr  )( . 

       1,     2 ё   
  : 

 
2

1

dm,r1mr2mr

T

T
p TCTHTH )()( .                            (2.26) 

     ё  (2.25),     
  ё     .  ,    

       .      
   . 

 ,m          : ,m =  + bT + 
cT2 + …            ,m =  + T + T –2 + …  a, b, c,…  , , , ... –  ,   

      . 
  (2.26)    ё  . ,   

 a, b, c,… : 



  

ipip CC m,,m,r  =   )( ...TcTba iiii
2  

=   ...cTbTa iiiiii
2     (2.27) 

      . 
       ,m    ,   

ё   -    ,     1  2:  

)()()()( 12m,r1mrm,r1mr2mr

2

1

d TTCTHTCTHTH p

T

T
p   .        (2.28) 

      ,    2  1 
 ,    100 .     1    

  298 ,             
    298 .   ,      

     ё  .      -  
,     .      

ё      .  
 

2.5.      
 

     ё         
    

 iiSS m,mr ,                                   (2.29) 

 Sm,i  –   i-   ,  i –  . ,  
  rHm  rUm,   ,    ё  ,    

    .  
         ,  

       .  ,   
            0 : 

0lim
K0




S
T

.                                          (2.30) 

      .        
,        . 

   , ,    (2.30),     
       0 .      . 

,      ,     
       , - ,  . (  1995    

  = 2×10–8 ,   –   ).  ,     
   ,      .   , 

     , , ,    
  ,          

   . ,          
  , -             

  . 
       ,       

       .  
           .  

  ,    НS = q/T.   ,     
      ,     ё , q = CpdT.  

T

TC
S

pd
d          

T

TC
S

,p d
d

m
m   .                         (2.31) 

     0        Cp,m   
,         (2.31): 


T

,p

T

TC
STS

0

m
mm

d
K0 )()( ,                              (2.32) 

 Sm(0 ) –   0 .         , 
 Sm(0 )   .         . 

        –  ( )  .  
        . , 

   ,        
,            ( , , , 

 ...).  ,     ( ,  2, NO, N2O, H2O),   
 .    Sm(0 )  ,   .  

          . 
  ,  ё  (  )      
    ' ,       (   10 



  

),    ,      .   
ё    ,    (2.32).    ,  
ё          ,   

    . , ,                 

 
T

T

,p,p

T

TCTC
STS

'

)'(
)()(

d

3
K0

mm
mm 

)(

)(

фг г
фг г

T

H . 

          0 .  , 
   ( )     ,   

  .          0  
   ',   .     

          ,   
   .   –      , 

    0   ,   ( . .)    , ( . .) – 
     . 

           . 
           .  

        ,  : 
 

iiSS m,mr . 

     . , 
1)        ,   ё   
   
2)       ё         

  
3)              

.  
 ,        (  )  

      90  –1 –1.     
  . 

 
2.6.     

 
           . ё 

      :                               iiGG m,mr ,               

(2.41) 
       ,  Ц  ,        

,    ,         
.       Gm     . 

, ( )          .  
   (  )     : 

 mG G/n,                                            (2.42) 
 G –   n  .  : 

  iiGmr .                                        (2.43) 

  G  H – TS.   = Hm – TSm.  (2.43)  : 
  i,ii,i STHG mmmr . 

   (2.16)  (2.29)          
mrmrmr STHG  .                                   (2.44) 

   ,        
.   , ,     ( , ).  – 

   . (        ).  
  ,        :                       

mfmfmf STHG  .                                   (2.45) 
          : 

  ii GG m,fmr .                                     (2.46) 

 -       ,    
      .      

    , ,   25 ° .  
 ,        .      

            ,   
  (2.44).  ,       

   (2.46). 



  

       .   ,   
         (    ё ),     

      . ,      
 ,    ,    –   .     

         ,      
  .  ,      ,   ,    

  .  ,       ,  
      . ,      ,  
        .  

    (2.44),          –TS.  
 G        S.  , ,  

             . 
   ,        .  

     .     S     
  ё,       –TS,   G     . 

     ,       (   0).  
,  ,     ,  .   

       (   0),    
    .   ,    

  ,   – .  
           

    (  2.26  2.40 )  
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1

2

1

dd
m,r

2m,r1mr2mr

T

T

T

T

p
p T

T

C
TTCTGTG )()( .              (2.47) 

 ,      ,       
 2.11.    (  2.46),         

  ё . ,          

:             m
m V
p

G

T










 . 

  ,     

pVp
p

G
G

T

ddd m
m

m 










 . 

       ,     ,  
   : 

 
p

p

G

G
pVG


dd mm

m

m

,  
p

p
pVGG



 dmmm ,      
p

p
pV



 dm . 

    (   )  ё  ,     
      .     ё  ,    

 .     .   Vm = RT/p.  


p

p
p

p

RT


 d = 
p

p
RT ln . 

 ,                                      




p

p
RT ln ,                                      (2.48) 

  .  
      V  ,     ,     , 

А.      ,     
  .   -       
 .        .    , 

 G = A + pV  (  2.39).       Gm = Am + pVm (   = Am + pVm). 
  (2.41) :   iiiiiiiii pVApVAGG m,m,m,m,m,mr )( . 

   ,      2.2      . 
      pVm,i,   :                  jRTAG mrmr .               

(2.49) 
 j –     . 

 
2.7.     

 
     ,     , 

    .   ё         
  .            



  

 (IUPAC)       .       
 ,       . 
 

. 1        (   Y)    
 

 
  

 I
UPAC 

  
 

  .  
 (reaction) 

Yr

 
Yr  

  
(formation) 

Yf

 
Yf  

  (combustion) Yc

 
Yc  

  (phase transi-

tion) 
Ytrs

 
Y ( . .) 

 (vaporization) Yvap

 

Y (   ) 

 (sublimation) Ysub

 
Y (   ) 

 (fusion) Yfus

 
Y (   ) 

   
 (mixing) 

Ymix

 
Ymix  

 (solution) Ysol

 
Ysol  

 (dilution) Ydil

 
– 

 
 ,  ,  ,          

,  .  " "  ,       
    . ,   a  + b   zZ + yВ      

,   Г  В .      . , 
        ё        . 

      :       ( )   ( ). 
   1,    ,     1,  

   . 
              

 ,       .      
. 

  2 ,    ,   1   1 ,   
  2.    ,         V, ,     

   .      ,    /    
 1.      ,             

V. ,   ,    2,     
  .  ,       a   zГ    

 T  ,      ,   H = H(T, p, nA, nZ).  ё  
  : 

Z
Z

A
A

ddddd n
n

H
n

n

H
p

p

H
T

T

H
H

n,p,Tn,p,Tn,Tn,p












































 , 

        ,  ,   
  . , ( /nA)T, ,n   ,  ё   

 T, , nZ.  
     ,       

,         . , 
     ,  z   Г.        

nA = nA – nA,0,  nZ = nZ – nZ,0,  ,   ,  ni = ni – ni,0,  ni,0 –   i-   
, ni –       , ni –      . 

      .    ,  



  

z

n

a–
n ZA 


  

    .        
  (  " ", ).  

     a  + b   zZ + yВ     .  
     

0 = zZ + yY – aA – bB 
   :                      0 =  iiA ,                                                    (2.50) 

 i –  –  , i –   ,   
     . ,     

i

,ii

i

i
nnn








 0 ,                                      (2.51) 

    .   ni,0  i  ,  Н = dni/i  Нni = i d. 
,     
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T

H
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)( , 

 


























 dddd

n,p,Ti
i

n,Tn,p n

H
p

p

H
T

T

H
H . 

 ,        3 ( , ,  ),  ,  
 1 .         ,        

 , , ,     (  3). 
  ( /ni)T,V,n      (i-   

).        .  

              





















 dddd m i,i

n,Tn,p

Hp
p

H
T

T

H
H ,         

n,p,Ti
i,

n

H
H 











m . 

  Н         1   
     , ,     2.2,   " "  .  

ё      :    i,iHH mmr .                                          (2.52) 

    НH  : 


















 dddd mrHp

p

H
T

T

H
H

n,Tn,p
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  ,    ,    































dddd

p,T,T,p

H
p

p

H
T

T

H
H                 (2.53) 

     : 

p,T

H
H 









 mr                                       (2.54) 

        ,    
       . (  ,      1 

  1 ). ,   CКCO3 ( )   ( ) + 2 ( )   ё    
    (  ё    )    .      

           .    
   ,   ( /) ,    .   (2.53)  
        = 0            

: 
 mrr HH               = const, 

 :                                     
i

i

n

HH
H








 rr

mr .                            (2.55) 

,           (   ). 
       ,    ,  

          . ,  
      NH3 ( ) + HCХ (Кq)  NH4CХ (Кq)   

 .        ,    
    .        . 

 ,  ,      ,      
 :  , ,     .    

  . 
     : 






















dddd mrHp

p

H
T

T

H
H

,T,p
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dddd mrGp

p

G
T

T

G
G

,T,p
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dddd mrUV

V

U
T

T

U
U

,T,V
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dddd mrAV

V

A
T

T

A
A

,T,V

, 






















dddd mrSp

p

S
T

T

S
S

,T,p

, 

  i,iHH mmr ,  i,iGG mmr ,  i,iUU mmr ,  i,iAA mmr ,  i,iSS mmr   
   (  ,   ,   , 

  ,  , ),     r m  rUm, 
   " " .  

          
              V. 

 ,         ,  
     (    ).      

 : 
    :     mrr HH ,  mrr SS ,  mrr GG  
    V:     mrr UU ,  mrr SS ,  mrr AA  

   ,    . .,      
      " "  "  " . 

 
 

 
2.1.     0.325    (  = 122.05)     

   1.48 ° .       0.69  ,     
  4.89 ° .          uc ,  

    

mcU = –3.227×106  –1 ? 
2.2.    

2

1 H2 ( ) + 
2

1 F2 ( )  HF ( )    mrH = –273.3  –1, 

2 ( ) + 
2

1
2 ( )  2  ( )    mrH = –285.8  –1, 

       
2F2 ( ) + 2 2  ( )  4HF ( ) + 2 ( ). 

2.3.   ( 

mrH – 

mrU )   ( )   25 ° :   C6H2CH3(NO2)3 ( ) 

+ 
4

33 O2 ( )  7CO2 ( ) + 
2

5 H2O ( ) + 3NO2 ( ). 

2.4.     , 4 ( ),     
 : 

mcH ( , ) = –393.5  –1, 

mcH ( 2, ) = –285.8  –1, 

mcH ( 4, ) = –890.4 
 –1. 

2.5.            0 °  ( )  
114.9 ° ,  ,  ё ё                 Cp,m/(  –1 –1) = 30.093 – 4.944×10–

3( / ). 
2.6.    ё   2 2 ( )     : 

2

25
m K102288K96085

4116
T

.

T

.
.

R

C ,V 
  

    300  1000 .         300  698 
.  

 
 

 
2.1.   ,   ,  : 

)          , 
rU = 0. 

)     ,    25 °  
)        ,    0.  
)         (  ),  
 . 

2.2.       ,        
  ?  

) 2 ( ) + 2 ( )  2 2 ( )         ) 2 2 ( ) + 2 ( )  2 2  ( ) 
2.3.   ,   ,  : 

)       , U = 0. 
)   N2 ( ) + 3H2 ( )  2NH3 ( ) r   rU.      . 
)      2     
  2 . 



  

2.4.     ,   –        
 : 

) 2Cl2 ( )  ) CХ3 ( )  ) 3CХ ( ) 
2.5.     : 
)    –       
)      –        
)     –       . 

 
 
 
 
 

3.1.       
  

     ,    ,      
     .        , 

      ,         
.  

        : G = G(T, p),      
    ,       .  
     .       G = G(T, p, 

n).   G     : 

n
n

G
p

p

G
T

T

G
G

p,Tn,Tn,p

dddd 
































 .                        (3.1) 

       G,       
( ,  ё ,   . .).   2.5     .  

  –    : 

p,T
n

G











 ,                                             (3.2) 

      G/n    .   ,  
 1.10  ,  

S–
T

G

p










 ,            V

p

G

T










               (  1.46) 

  . ,          
(3.1),      n = МШЧЬЭ.      : 

npVTS–G dddd  .                                 (3.3) 
 ,       ,     .   , 

  ,      .      
   ,  

  GGG          GGG ddd .                           (3.4) 
        ,          

    .  НT = 0  Нp = 0   .   (3.3)  (3.4) : 
  nnG ddd . 

      ,  Нn = – dn (  ,    
,  ,    ).  

  n–n–nG dddd )( .                         (3.5) 
     НG  0,   (3.5) ,      
      .       

,   ,        .  ,    
     . ,     ,      

.  ,        .    
   . (  ,       

  ).  
  ,  (3.5) ,        ( : НG = 0     ) 

,      .     
     .  

       . , 
    , 1  2,       ,   . ( , 

        ).      : 
2211 ddddd nnpVTS–G  . 

            
 : 



  

  22112211 ddddd nnnnG . 
           .         

  2211 dddd n–n,n–n . 

,                   222111 ddd n–n–G )()( . 
      Нn = 0   ,     

:           ,  
 ,           .  

 ,        ,    
 i     .  : 

...TTT   , ...ppp   , ... 
111 , ... 

222   . . 
          .    (2.46)  

  ,   

mS–T
p










 ,            mVp

T










 .                       (3.6) 

    2,       ,  
   ,               . 

  (3.6) ,           
.            = МШЧЬЭ,    
     ,          . 

      ,      
,     .  

     . 3.1.         
     ,           
.     ,      ,  

         (  3.6).  ,     
 ,      .        

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

,  ( ),    .  ё    
,       ,   , 
  ё    .      , ё     

  ,   ё      .       " " 
,      ё    .    

     ( . .). (  " "      
     ё    ,  -  ).  

         .       
        .  

  ё         1  (1.01325×105 ), ё  
,    1  (105 ) – .  

      Н = 0.   G = H – TS   = Hm – TSm,    
 Н = dHm – TdSm = 0.       Hm – TSm = 0.   : 

)(

)(
)(

фг г
фг г

фг г m
m

T

H
S


 , 

– ,      2 (  . .   ).  , 
     ,     .  

   .  ,        
,        . 3.1,    .     

,      .       
       ,      ( , 

    ,    ).      , 
,  ,       .     

 ,        ,     
.     ,             

    .   ,     ,  
  (   ),         

.        . 3.1.. 
                , 
   ё  (  3.6).  ё  –   . ,  

      –  .  ,  ё  
  (   )    ё  .     

   . 



  

 . 3.2 ,              . 3.1. 
               ,    
      . ,    . 3.2 ,   ( . .) 

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

  .            
.          , 

.  
          

 ё        .  ,    
      .  ,      

   .       . 
     (   . .  . 3.2 ). 

 ,  . 3.1  3.2   ,       
  ё     .  ,     

 ,    .    ( )       
,      . 

 
3.2.    

 
           ( . 3.1).     

 ,  ё ,       (   ).    
  ,        ( )  .    , 
      ,       

  .      .        
   . ,         , 

    , . 
   .         (  

" ", ).  ,         (1 ),    
  ,     ,   ё   .  

      ,   2   
(     )   –  (   n, m  V). ,        

 ,   n.           3.  
        ,      

, -      . - ,     
   .      (  )     = .    

  (,   )      =    =  (   =   ,     
 ,     ).  ,   – 1 ,   

. ,    ,    – 1 ,    . 
,        ( =  =  =... ),  ё  ё  – 1 . 

, 3( – 1)          .  
    , N,  N = 3 – 3( – 1) = 3.     

    ,   n, n, n  .      
    ,       .   N = 3    ,  

    ,       
 , F: 

F = 3 –  (   ).                    (3.7) 
      (   ).  
       . 1)  –    

,     ,      
 . 2)  –     ,   

      . 
  ,       .     

       ( ,  ,   m,  m –   )  
  ,   .    , 

   1, 2, 3, ...       ,    – 1  
,       ё  , .     

3 +  – 1 = 2 +    .      (     
)  (2 + )  . 

    ,   .     – 1 
 .  –    – 1.     – 1   

  :      ... 
111   – 1   1, 

       ... 
222   – 1   2, 



  

 . .,  ( – 1)   .      
   2( – 1) + ( – 1)   .  ,  
       N = (2 + ) – 2( – 1) – ( – 1) = 2 + .    

  ,      ,      
 .     : 

F = 2 +  – .                                           (3.8) 
       .   = 1,   (3.8)  F = 3 – , 

      (3.7). 
  , ,     .      , 

    .    (3.8) F = 0   = 2 + ,     
  -  ,   .       F = 0,  

  ,  ,      .     
(  :    ).  ,   = 1 (  ), 

   ,       ,  3. (  : "  
"   ).       , 

  ,      .  F = 1,   (  )  
  ,  F = 2,  –     . . 

 ,         ,   
 ,        ,        
   .  

 
3.3.    - . 

 
     ,       

   1.    ,       . 
       (  ): 

)()( T,pT,p   ,                                            (3.9) 
  ( , )   ,       
   . 

            ,  (3.9)   ,  ,  
        = ( )   = ( ). ,   ,        

    .         (   ).  
,        .     НT,    

 ,       ,     
(3.9).    

  dd .                                                     (3.10) 
       ,  

p
p

T
T

p
p

T
T

TpTp

dddd 
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   (3.6)  ё : 
pVTS–pVTS– dddd mmmm

  , 
,   , : 
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)(

фг г
фг г

d

d

m

m

mm

mm

V

S

V–V

S–S

T

p








.                            (3.11) 

   ,         
   .  (3.11)     

)(

)(

фг г
фг г

d

d

m

m

VT

H

T

p




 ,                                 (3.12) 

  –   .  (3.11)  (3.12)      
 .  

,   Нp/dT        ,    
,  ,   ,          . 

     ,       
ё     ,   ,   ,  .  ,  

      .       
    ,    ,     .  

    ,          
  .        ё     , 

        .      ё    ё    
   ё      .    (3.12) 

   



  

 



2

1

2

1

d
d

m

m

T

T

p

p
T

T

V

H
p

)(

)( ,     
1

2

m

m
12 ln

T

T

V

H
pp

)(
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            (3.13) 

   ё    .      
  . 
 ё      .       

 . -   ё         ё  
  (   ).   : 

а
m

гф
m

а
mm фгг VV–VV  )( , 

  . .   . 
 ,      ,   .                       

p

RT
V а

m      

    
p

RT
V  )( фггm . 

    (3.12), : 

2
m фгг

d

d

RT

Hp

T

p )( 
       

2
m фгг

d

d

RT

H

Tp

p )( 
 . 

  Нp/p = dlnp,   ,    – : 

2
m фгг

d

lnd

RT

H

T

p )( 
 .                                   (3.14) 

     ,     : 











12

m

1

2 11фгг
ln

T
–

TR

H–
p

p )( .                        (3.15) 

       (1 )      
, ,          . ё  

  ё           .  
         3.13  3.15  ,  
   .  

,   ё ,      3.13,     
.          .     

  ё ,      

n

V
V m ,     

V

m
 ,      

M

m
n  , 

 : Vm = M/,   –  .  
  , ,      " "  . 

    (3.12)      : 

)(

)(

фг г
фг г

d

d

vT

h

T

p




 ,                                 (3.12 ) 

 h( . .)  v ( . .) –      ё , ,   
,  v = 1/. 

 
3.4.    . 

 
      (    Vm)      

.   3.3 (    3.4)    –  ,   
    .     ,     ( . .). 

         .      
 .  1     .      

  (    ).  2   ё    .  
   (  = 0 ,  = 0)   .  3      

ё  .      ,  ,       
.  

       ,        
  : 

)(

)(

фг г
фг г

d

d

m

m

V

S

T

p




 .                      (  3.11) 

  ё     , ,  ,    
,          .  

    /  (  1).      
      (       ).   

    ,     .  ё    
  ё  ,     .    ё      
 . ,     (3.11)    Нp/dT 



  

.  ,   1   .       
    .     . 3.3. 

ё            ё  / .     
    .  , ,       

   (  )         (  ) 
     . ,      ,      

.            ( . 3.3):  
 1   ,    2 –  . ,    

    .  
    ,        

    ё        .  
Sm (   ) = Sm (   ) + Sm (   ). 

         .      
   : 

 m (   ) =  m (   ) +  m (   ).                     (3.17) 
(        ).      

     ,          , 
   ё. 

  (  3),  ,      .    
     ё ,          

  . -         (3.11)  .  
,  Нp/dT  ,    ,        

 .  
 3, ё ,   .       , -

    ё  .       
  Нp/dT     .   

        . 
  ( )     (   ), -   
  ё     .        
  ё    .         

  (  . 3.4  . 3.3).    ,  , ,  (BТ)  
 (SЛ).  

  . 3.3  3.4    ,    .  
,    ,        .  

       2 ,    . 3.5    (   
. 3.6,   , –    ).       0.01 °  

( )  4.585  . .,       (  1 ) –    
, 0 °   . (  ,    0.0000 ° ,   ,  ё  

, 0.0024 ° ). 
           . 
,     " ",       , 

       .  
        ,   
.  ,    -     ,   

   ,       .    
  ,  ,    . 

,      ,     ё  , ,  
  " ё "  . 3.5.         ё        

.  ,    (     " ё ")  ,   ,   ё   
  .           .    

   ,       .  ,   
  3.1,        ,      

  .  ,      .    
         .       ,   

   .           
    ё    .   ё , ё     

 .           
  .        ,     

  .  ё     / ,      
. 

   , ,          
    ,    .    ,     

       .  ,   ,  
    .        – ё  ,  



  

 .           –    ,  
,    . 
   ё    ( ).       

,   .    , 2,    . . 
  –57 °    5.1 .      1  ё   

  ,  ,   –  ё . 
        ( . 3.6). ,   115 °  

     ,     1  (  ,  
    100 °   . 3.6).       , 

       ,   ё        
/ .       ,     ,  

    ,   (  ) , ,    
.  ,   ё   .     ,  

          .  ,   (       
 )   " "      " " , 

     .      ,  ё 
  . 3.7.  ё  ,       

              .  
     /    ,      

,     .    ,   
         ,      . 3.6. 

 ,          .     
  .   ,     (  ё )   

  . ,    .        
,      .     

    / .       , , . 
    ,        :  

        (  ),    ё .   
(    )  .       

 .      374 ° ,    218 .  
     .        

   ,    ,    .  
        .      

      2 (    31.1 ° ),    
 ,          (      

 ),      .     " " 
     ,          

  . ,    , 2, N2  2,   
   ,      . 

           
    . ,     

   .  ,       
 , -            . (  

    ). 
            

 ,   .   . 3.8,       
  ,  ё      ( . .). (  . 3.8  

     .    ).     
   ,   . 3.8,              

    —b—М   .   .     
            A   .  

        .    
          .  :  

 – ,      ;   – , 
     ;   – , ё    ,  . . 

,           –40 °    
   280 °   .  

 ,     ё ,     .  
   ,          

,  .     ,      
,   ,   (  ,     

). 
      ,     

   . ,        ,  
   .         ё  



  

 (  ).     ё    –  
 ,    ( )     .     
    ё  .      ё  , 

       ,   . ,    
   .         ,   

  (   )      2.9  –1  
 . , ё          

 . 
        ,   

    .  . 3.9    ,    30 
 (  30000 ).        ё / /    

   .     .     7  
 ,    ,    .   ,   

    ,   ё     .    
  7  ,   4        

,  3 –    ё  .  I      
 ё ,     .      ,   
       –    I   

 . 
 

 

 
 
3.1     4 ( ) + 2 ( )  2 ( ) + 2 2   25 °   –890.36 

 –1,    ,  –802.34  –1,  – .   
   25 ° . 

3.2      2  ( )  2  ( ) ( . 3.6),     
     25 ° . (    ). 

3.3    -   1.94   293   31.86   343 .   
     -  ? 

3.4      , HI,     
      : ХЧ(p/  . .) =  + b/T   a = 17.572, b 

= –2595.7 . 
3.5            

ln(p/  HР) =  + b/T   a = 18.33, b = –4110      a = 22.67, b = –5319   ё  
.      . 

 
 

 
3.1.      "        
       ?": 
)    ,  )    ,  )   ,  )  
     

3.2.   ,   ,  : 
)          ,      

    3. 
)    F  –   ,   ё  

 . 
)   ,      1. 

3.3.     ?: 
)    –  ,       1 . 
)          . 
)       100 °  . 
)             

1. 
)       . 

3.4.     ?: 
)  dlnp/dT   H/RT2     /  
)  dlnp/dT   H/RT2     /  
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  .    (4.47)     . 
          . 

      .      , 
   ,   2 , 2, 2, N2,   ,    , 

    .  ,   ( ,   ),   
  ё  ,   ,       

 .        .   
     ,   ё      ,    

    .   ,       
 .            . 
   ,     . ,    , 

         .  ,    
  ,  ,      . 

 
4.8.   –  

 
  ,        , 

   ё           + .  
 ,    (4.40),       

       (  ,     ). 
,    ,     ё    

.            ,  
  ,   ,   (4.40): 

Bln x  













B

Bm, 11

TTR

H
–

)(
.                         (4.48) 



  

 * –     (  ),  –    
    ё    . 

  (4.40)      ё   .   
    : 

)( B1ln x  













A

Am, 11

TTR

H
–

)(
.                       (4.40 ) 

      
1

Bm,B

ln1
–

B

H

xR

T
T



















)(

,    
1

Am,

B

A

1ln1
–

H

xR

T
T





















)(

)(            (4.49) 

                ,  
  , ,    . 4.18.   (  )   

      ,       
 ,    . ,    ,   ,   

.   ,      ё    . 
      .      ,   – 

ё  ,    (    , ,  )   
 ,    (       )   

     . ,   ,1 ( . 4.18).   
 1.  1 – 

AT        ( . .)   
 = 1 – .   2.   ,     ,2,   

         2. 
,      –     ,   

             . ,   , 
    .      ё     

,             
.       (   , ,  

,  ,    . .) 
 (4.48)          ё  

: 

Bx 




























B

Bm, 11
exp

TTR

H
–

)(
.                         (4.50) 

    ё .    ,  ,   (4.40),  
  (4.49),    ,    ,    

   ,   ё    .  ,   (4.50), 
   ё  .       .  

   (4.50),   ё         
  ,      .     .  
. 4.18   ,      –    

–  (   ).    ,      
      (   )     

   ё   (   ,    ).  ,  . 4.18 
          .     

     .  ,   ,    
,       ё       .  

,    ,   ё     .  
   ,    . 4.19.       

   = 0.30.     ,    .    
   ,   ,   (  –Я).   

      (  q),   ё  .  
 ,         q–Ю,  ё  

   ё ,     ,    .   
           ,  

     Ю–Я       .  
       ,     

   ё         ,  
   . ,   Ы     . 4.19.   

 Ь–Э   ё     Ь (  = 0,  = 1 –  = 1) –    .   
  Э,      ,    (   ,  = 

0.44,  = 1 – 0.44 = 0.56).           
 . ,  –      ,  

  ,      . 



  

 ,  Ы    ,  Ь –  ё  ,   Э –  
 . 

      .   ,     
.      ,   ,   n  n, .  L – 
         ,    .  L – 

    ,    .   , 
  LnLn       









L

L

n

n .                                    (4.51) 

     ,  ,   Ь–r–t –      Ы   
   ,     . ,     

   (4.51).     .  
     Ы  . 4.19,   ё     

ё    : 

0300

300440

s—rчаа
r—tчаа

–.

.–.

n

n
 = 0.47. 

 ,      q  Ю      , 
     ,     ё  ,     

.     ,    ,   
         . ,    Ю–v 

  ё     .  , ё       , 
,   ,      . 

 ,           
.           ё  .     (3.8),  F = 

2 + C –  = 2 + 2 – 3 = 1,  ,   .       
,     ,    .     

   . 
,          . 
  " "     (   ОЮЭОФЭШЬ –  "  "). 

  . 4.19  ,    ,   
   .       . 4.19,     

  .      ё  .   ,  
  (     ),      (  
  ё  ),    ё       . 

     ё    ,   , 2 , 2 3  
. .          . -     

  ,         . 
    ,         
    ,   ё  .      

 . 
     ,    " -

 ".  ё     .     
             

  – .       
  ё . ,         

,        ( . 4.20;  p–q).  
  ,    ,       

 ,          . ( .  q–u). 
           (  q).   

 ,     " ",    ё  
  .     ,       ,   

     ,  ё  ё  . (  Ю–v). 
        ,       

  .     ,   .  
 

4.9.  –  
 

  . 4.19         ,   
     . ,        

,       ,   –    
   .        ,    

             
   .     ,   ,  . 

. 4.21        – .    
             
 .          (    



  

).       ,        
.  

,       (  )        
.      ,       

 p–q.            ,     
  –       .      

 q,   .      ё     : 
     (  q)       (  Ь).   ,   

  ,      ё  ,   .  
    ,    ,         (  

" "),      –   (  " ").      
       .       

  q–Ь,  ё  ,     ,   q  Ь. 
,       –    .  

    ,      – .     ,    
    Ь.             .   

.    ё       . 
   . 4.21,  q–Ь     .     

          .   , 
       .     ,  
      .   ,     

  ,   ,      ё    
   . 

,     ,     ,   . 4.21.  
      ,       

  ,   ( . 4.22).      
    ( ),    –      ( ).  
    ё ,     –  .  ,    

   .      –   – . 
         .  ,  , 

,      .    
  –     ,     

         .  
,     ,  ё   .   ,  

      .  
  ,           

,    2– 2 , NH3–CH4, - – .       
,  ,     ,   ,    .  

 
 

4.10.  –  
 

          
 ё ,     .       . , 

,         .   
       .      

,    ,  ,    – .  
  ,            

  .      –       
 –    .        

      ,   . 
. 4.23    –   ,    
    .      :      

(   ,  ),      (   , 
 )    ,   .   ( , 

      )        
 .            ,   

 )(   ABBABA ppxpppp . (  4.18) 
         . ,  

        : 
p

px

p

p
y


 BBB

B . 

     0  1,           
  .   ,           , 
   . ,   50  . .   (  Э)  
       = 0.3,    (  Э') –    yB = 0.6.  



  

 ,              ,  
  –           .   ,  

      ,    –     
.      (    )   ,   
     ,  ё       

(  q),      (  Я)   ,     
    (  Ю'). 

,           
 (  ).      ,        
. (    ).      (  q),    
   (  q').         

q–q'.  ,       –  (q)    
,     ,        q' , , 

.    ,        q–u'. 
        ,      
    . ,       q–r–

s–t–Ю,          q'–r'–s'–t'–Ю'.  , 
     (  ),    .    

        q–q', r–r', s–s', t–t', u–Ю'.   Ю  
      ,      ,    

.  
      (  Я),     .    

       Ю'–q,      
 (  Ю'–t'–s'–r'–q'),     ( )     

(  Ю–t–s–r–q).  
. 4.24       –    

.        ,       
         (   
– - ).            

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

    .        (  p) 
  ё   ,   ё ,       

(  q).    ё    q'   .   , 
       q–Э',      

  (   q–r–s–Э),    –    (  
q'–r'–s'–Э').   ,   Э',       

 . 
 ,     ( . 4.23  . 4.24),    – , 

        ,      
.        (   )     

  (   ),  .    ,    
 : 

        ,     
              

. 
            , 

   . ,         0.5  
  95 °    .         (  Ы'  

. 4.24).  "  "       ,    
( ),       .      

 90 °         ,   , ё   
.     ,     .   

             
       ё .     

 . 
 ,      ё ,    

,            ё ,  
 .    ,     " "  .  

     .   ,    
   ,       ,   
     .         ,   

        ,    
 ,             



  

.      ё   ,     
 ,  ,    ё . . 4.25 ё     

    .       . 
     (  )     ё  

     ( ,       
  ). 

           .   
     "  " ( ,      

    ).       – , 
            

    (   ). ,      –  
   = 0.2   = 0.81,           ё  

( . 4.26).  
      .   

,       75      
 .     ,      

. ,      ё  ,    
       ( ,   ),    
 :     ё   ё .    

      "  "    ,   
      . 

           . 
          .    

   ,             – 
  .    ,       (  

 )       .     
  ,          .  

          –     –  
 – . ,         

–     –   – .  
 . 4.27        .  ,  

       .  ,  ,    
 ,           ,    

    .         
 ,     –   (  –   "  

 ").          .   
   (       ),    

 –     . ,        96 % 
  4 %  (   ).     ,   

           4 %.   , 
         ё    

. ,    (  )   HCХ  
20.222 %,      760  . .      

       HCХ    . 
 

 
 
4.1     (  = 180.6  –1)      0.561  –1. 
4.2 ,  72.061  2  (A)  192.252  3  (B),  25 °   1   ё  307.09 3. 

,  VA = 16.49 3 –1.  VB. 
4.3     (  = 123.11  –1),     5.7 

°     11.59  –1. 
4.4 ,  0.80    100 3 ,    2.06  . .  25 

° .      ? 
4.5     14 10 (  = 178  –1)    60 ° ,   

   162  –1     216 ° . 
4.6  100.0   (  = 78.11  –1)  70.85   (  = 128.2  –1)  25 ° ,  

 35 °   103.66 .      . 
 

 
 

4.1.      "   ё        ё  
  ,          ?":  ) ё     ё , ) 

ё     ё , ) ё     ё  
4.2.   ,   ,  : 

)       ,     1. 



  

)           ,     
. 

)       . 
)      1,      

  1. 
4.3.     ?: 

)      ,      
  1    1  . 

)   – ,    ё    
 . 

)   ( . .) = –1.45 ° ,   ( . .) = –1.45 . 
) Bcryoг mK–T  )( ,     . 

4.4.     ?: 
)            ,   

   
)             ,   

  . 
)           

. 
)          . 

4.5.   ?: 
)              
)              
)         S = H/T    
)             

   
)               

 
)      ё     ё   

    
 
 
 
 
 

5.1.     
  

,   2,          .   
   ,      ,     

.         ,   
     .  ,       

    ,     .        
  .    ,    -  :   +   

Г (     1). 
  –    nA, nB, nZ.     

   (  )     : 
ZZBBAA  nnnG .                                 (5.1) 

      ,       . ,     
,    G      :  

1) ,   Г –  ,    ,     2 ( ) +  ( )  3 ( ),  
2) ,   Г –   ,       

   ,     O ( ) + CХ2 ( )  OCХ2 ( ). 
       (5.1)      

 ,       .  (5.1)       
  ZZBBAA nnnG ,                                  (5.2) 

 " "   ,   ё    . 
           = (ni – ni,0)/i, 

 i –   (         
).    +   Z   Z = 1,   = –1,   = –1.  , nZ = nZ,0 + , nA = nA,0 – , nB = nB,0 – .  

     .      Г.     
    ,    .  , 

  ZZ,0BB,0AA,0 )()()( nnnG . 

,  ё ,     nA,0 = 10 , n ,0 = 10 , nZ,0 = 0.  



  

  ZBAь10 )()(G .                              (5.3) 
 ,      .    ,  G 

       ,          ( . 5.1). 
     = 10 ,   G   = 10      

 .  ,    .     rG 
(   )  ,   . 5.1.       

     .    G    ,  ё  
 : 

rGm = rG/. 
      . 5.1,    (    ). 

   ,  ,   Г    .     
     (5.1).        

,    .      .    (5.11) 
     :           i

 i + ixRT ln , 
 i –    .    (5.1), : 

 
.        (5.4) 

 
         , ,  Г,    , 

   ,          .   
       (5.14) –      ё  
  .   (5.4)  (5.2) ,          

     .      : 
, 

 G –  ,    ,        ,  
  .  

           nA,0 = 10 , n ,0 = 10 
, nZ,0 = 0.     nA = 10  – , n  = 10  – , nZ = , n = nA + nB + nZ = 

20  – .       : 
  ZBAь10 )()(G + 

+.   (5.5) 
        (  5.3)  ,    

 G    (5.3)   ,    .   
    G    ,    . 5.2.   

       .       
 G,          ,      

     .      ,   
       .  

   rG (   )  ,   . 5.2.   
       .        G  :              

. 
   , ё     G      .  

    ,      :  –   = 0     , 
  G (  5   . 5.2).          + 

    .        ,  
   = 0      .      

 ,     . 
            

            .   
  ,  mixG –  . ,  G   

   ,    ,        
  G*.              

. ,     +   Г   ,   ё    
   ,   ,      ,     rGm.    Г 

        ,             
  ,     . ,  nA,0 = 0, n ,0 = 0, nZ,0 = 10    

,   . 5.2.     G   = 10   . 5.2.  
,    G    5 .     Г  A + B   
 .  

    G           
        .  



  

,           .    
     Г    ,    . 5.3   nA,0 = 

10 , n ,0 = 50 , nZ,0 = 0. ,        G      
= 10  (       Г),      ,   . 5.1.  ,  

   . ,         Г,  
     = 0,    . 5.4   nA,0 = 10 , n ,0 = 10 , nZ,0 = 5 .  

          
  .  

  BA  Z , 
      ,     G   ё   

   .            
 .                           BA  Z , 

       ,      . 
 ,          ,    

        ,     ,     ,   
        .   ,     
 .    ,          
   .       (  

 ),   ,      ё    
   ,      .   ,   
            ,    
         . 
 
 

5.2.    
 

,     ,  .    
     ,  . 

      
 

aA + bB + …  zZ + yY + … ,                                     (5.6) 
 

 , , ..., Г, В, … –  –  ,  , b, …, z, y, … –  
 (  ).       : 

0 = zZ + yY + … – aA – bB + …  iiA ,                              (5.7) 

 i –    , , ..., Г, В, …,  i –   – , –b, …, z, y, 
…(        ).  

       , , nA, nB, …, nZ, nY, …. ё  
  : 

 ii npVTSG dddd ,                                  (5.8) 

                          ,   ,   .            (5.9) 
 ,   ,  nA, nB, …, nZ, nY, …    ,  

    .         
.   ,        : 

  i.                              (5.10) 
  ni,o  i –  ,  Н = dni/i  Нni = id.  Нni = id  (5.8), : 

  dddd iipVTSG  =.         (5.11) 

  ,  ,      : 
.                                          (5.12) 

 ,           
  A.        ( )  

 ,          .  
  (5.11)       ,  (5.11)    

  G      : 
. 

   (5.11) : 
=.                                   (5.13) 

   ,           
, i.  

. 
 (5.13)  : 

  )()( iiiip,T aRTG ln/  =   iiii aRT ln . 



  

     ,   lny = lnyx     
  : ХЧy1 + lny2 = lny1y2: 

p,TG )(  / = =.      (5.14) 

     " "   ,   ё:                 
    " " ,    . 

  ,     ,    
  (     5.14),      

,   G       ,  (5.12)  (5.13).  (5.14) 
      : 

p,TG )(  / =  ,                   (5.14 ) 

mrG =.                                 (5.15) 
   ё   .       

  -   ,         
 . (  ,   m      ,    

    ). 
         Gm,   ,   

     .  ,   , 
           (  ,    

 ).  
   G         .      

  : 
, 

         : 
,            .                       (5.16) 

     " " ,     , ё  
    . 

          ,   
 .        ,    

.    
aA + bB + …  zZ + yY + … ,                                     (5.17) 

ё      : 
.                           (5.18) 

  ,         , 
     ,        
         .  
 ,      ,    ,  
 i = pi/p : 

==,            (5.19) 
  К        (  ): 

.                                         (5.19 ) 
 ,          (5.4)   
   (5.6).             
: 

= =,                         (5.20) 
,                                           (5.20 ) 

==,              (5.21) 
.                                          (5.21 ) 

  (5.17)           
(  ,  1)   .        

    . ё        ё  
 : 

==,           (5.22) 
   К    ,   (5.20 ). 
   ё          

 (Кm),    (KC)      (К ): 
== 

,      (5.23) 
,                                                       (5.23 ) 

== 
,            (5.24) 

      (К )   ,      (5.21 ),  
     –  ,   (5.20a). (    (5.17),   
,       .       

    ). 



  

  ,       ,  
   , ,   ,  ,    
  .  

      (5.16) 
          KRTG lnmr                  (5.25) 

,      ,     
 .    ,           
 ,     ,       . 
,     ,       ,  

            .  
      .       

     (    ).       
.                ,  

     1.  ,     К , К ,  К    
 ,    .     К       , 

     .   ,  Кm, KC  К  ,   
 ё     .  

       ,      
        ,   

    .   ё   ,    
      , ,   ,     

     .     
      (5.25)       

 ( .  5.1).  
 

5.3.    
 

     ,    ,    
.             . 

          .    
       . 

   
aA ( ) + bB ( )  zZ ( ) + yY ( ),                                     (5.26) 

, ,  2PbS ( ) + O2 ( )  2PbO ( ) + 2SO2 ( ). ,      
  :     Z,    ё  ,      Y.       

       (5.13).   : 
p,TG )(  /  = zZ + yY – aA – bB = 0.                            (5.27) 

             
 .           

. ,   : 


AA  , , , YYY lnaRT  . 
 

  : 
)( BYBAYZ lnln aaRT bybayz   =. 

         ,   
       : 

,        ,       . 
     (5.17)  (5.18)   ,  ,   

   (5.17)  (5.18),       .  , 
  ё              

. ,           
    .  
 ,         ,  

,   ,  ,  .  
,  ,    ,   

 
 ( ) +  ( )   ( ) +  ( ). 

 
,          .  

        ,     
(5.18).        1,  ё  : 

= . 
     ,      .   ,    

     ,   ,  ,    . 



  

        ,   ,  
 1,    ё  ,  1.  ,   : 

,              
B

B
s

p

x
K  . 

 КS –  .      , , 
  S (   solubility – ).      ,  

      ,    ё   –   . 
 ё           . 

,   : 
BsB pKx  .                                             (5.28) 

 ,    .       .   5.5 
         .     ,  

       .        
      .   (5.28)    (5.24),   ,  

     ,        
  . 

,   ё           
: 

,              Bs mK  . 
 ,          1. 

        : 
1.        ё    

,         .    
  ,      . 

2.   ,         
,       ,       

    (  , ,   . .) 
3.    ,   ,    1  

  . 
4.  ,     ,    1,   , 

     . 
5.          (  , , 

  . .)   ё   . 
    .  

 ,    .   ,     , 
   ё ,     ,      

   ё   .  ,     
( ),    ,   IUPAC.  

,      
 + 3   3 + 2  

     .      
   ,   ё    .   

            
       .  ,      

   (   5.25)       . 
,          (5.25),   

  ,         .  
 ,      , ,     

,       .        
      ,    -    .  

" "          . 
     .  . 5.1      . 

  ,    ,         
   .        .  

    ё    ,     
ё       ё      ,  

       –    .     
   ё  ,  ,     5,   

         ,   
    –1   –3, .       

           . 
 

           
  :  



  

2 2 (aq)   2  ( ) + 
2

1
2 ( ) 

(aq – aqueous –    ) 
.     ( ).    ,   

       ,       
 .  – ,      .     

  ( ).   2 2   ,        
1.  ( ). 

( ),             ( )  ,               ( ). 
 

5.4.     Т 
 

. 5.5           (   ). 
,    .   ,     

  (rH  0)       (rH  0).  
       ,   

  (5.25)  : 
. 

         ,   
  .  

     , 
                               (5.29) 

        – ,   
       : 

.                   (  1.48) 
  (1.48)    i,  : 

, 
    (  )      i.  ,  

 ,       i   †: 
,                                          (5.30) 

   ,        
( )    . 

  (5.29),  
. 

    ,   (  3.52),    . 
 

.                                         (5.31) 
     .         

.  ,         - .  
   (5.31)       .  

   2,          
.       : 

,                          (5.32) 
  –  .    : 

                                    (5.33) 
 А (  )   . 

 (5.33)   ,      . 5.5.    
 ,         ,   

         .   ,  
 (5.32) ,          

   .  . 5.6      ,   . 5.5,    
1/  — lnK.  ,     .     

  . ,        ,  ё 
     RH /mr

    . 
           ( 1),   

      ( 2).      (5.32)  
 .     ,    : 

T
RT

H
KK

T

T

dlnln
2

1

2
mr

12  




   












12

mr
1

11
ln

TTR

H
K



           (5.34) 

 
5.5.   

 

                                                        
†  ь б  а   я  а а  я яб  а  а а г  я  
( а а ) а  ё  а а а   а б  а  (5.30) я я я ч  я а а  я я 

а  я г 

 N2O4 ( )  2NO2 ( ) 
 



  

     ,    ,   
,    .     ,     , 

     .  
    ,        

       . ,    
    ,    –    .     

 ,    ,       .       
          . 

    5.1,        . , 
       .   ё    : ,   .   

 : 
.        (5.35) 

         
,            ,                (  1.46) 

      : 
              , 

 rSm  rVm –              
 ( , )  ( , ), .    mrG p,TG )(  / ,               . 

,   (5.35)   : 
. 

        .      
,     .   , 

 d/dd0 22
mrmr p,TGpVTS– )( .              (5.36) 

  ,  (3.44),   
0mrmrmr  ST–HG , 

 ,                            THS /mrmr  . 
  (5.36)      : 

. 
      

.                    (5.37) 
     rGm = 0,           

  .  ,           . 
  ,  ё          : 

.                                (5.38) 
   (5.37)  (5.38) ,  

.                               (5.39) 
    ,        .   G 
 .    ,        ,  

  –  .    G     .  
( )  .        . , 

  (/ )     ,   –    .   
 (  ),   (/ )    .   
   ,      .   

 (  ),   (/ )   .    
  ,       . 

 ,    (5.37)  (5.38) : 
.                           (5.40) 

  , ,   ё     ё     
      :  

. 
  ё     (    ),      

 (     )    ё      . 
   ,     5.2,   ё    

 ё  .                                                   . 
 ,   ё         

.   ,   ё    ( ё     
).  ,  – .  

   (5.40).      (5.40)   (   G 
  ).       ,    (/ )    

 ё  .   ё   ,   (/ )  .  
    ,       . 

  ё   ,   .     
 ,      . 



  

     ,         
– . ,   ,    ,   

,  ё    ,      
( ). 

     . ,  ё    
         : 

N2O4 ( )  2NO2 ( ),       mrH  0,    mrV  0         (i = 2 – 1  0). 
, ,       ,    . 

    ,        .     
,          –  ,    –    

  .     ,       
  +  ,    –      .     
(     5.39),     (  –  ),     

   . 
 ,   ё    ,   ,   

.     ,        .    
 ,         +  ,    –    
   ё   .     ,   

      –  ,    –      ё  
 .     (     5.40),    

 (  –  ),        . 
    , ,  ,      

" " ,        .   , 
 , ё  ,    .   ,  

 ё      (  ). 
, ,     ,    ,   

 ( ,    ).     ,      
,    ,         .   , 

     .       . 
   –    ,  ё      

  .   pi = niRT/V,       .  
,     ,   ,     . 

 
 

 
5.1            

   : 
) 2   2,    ) 2 + Cl2  2HCl,      ) 2NO + O2  2NO2,        ) 3 2  2 3,  
) 2 l2 + 2H2O  4HCl + O2. 

5.2    I2 ( )  2I ( )  1400 °      I2 ( ) 28.1   
   36.0 .   К   К . 
5.3    PCl3 ( ) + Cl2 ( )  PCl5 ( )  700 ,     

0.0408  500         –69.8  –1. 
5.4    ,  ,  ё     2 

     300  400 . 
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 –    .    ,    .   
   ,    ,   (  ,   

).      ,    
  "   ": 

cB 0                                              (6.5) 

 0 –       (   
),  ,  ,      0.     

,    .  ,  0         
    = 0,   В –    .  

 
6.2.      



  

 
 (6.5)    .      

  (  , ,      ),    
       (  –    ). 

 ,       ,    
          .   
      ,   ,    
   .  ,       

    : 
 = /0                                                      (6.7) 

           
 . ,      ,   ё      + + –,  

   +  –    (    ),    
( )    (1 – ).  , 












11[HA]

]][A[H 222 c

c

c
Kc

)(
 

  (6.7)  

)( 



00

2c
Kc                                             (6.8) 

     .       
 ,     : 

2
00

11










cK

c  

     ,          ( , 
1/),         К 2

0,    ,  
  0            = 0. 

 
6.3.      

 
        ,    
          ,  

  ,     .      
  . ,  ,    1   1    

   
  000  

   00    00  –     , .   , 
      +   – ,     : 





  000  

       ,       
  .       ,   

      ,       .   25 °  
   –  –     -  .  

,           , 
      . 

  ,        .    , 
        .    , 

  ,     .      
,     .        : 

           









0t ,      









0t  

          



 
t ,     




 
t  

,     . 
          
  .       

    ,    Е.      
,    .        qE,  q –  . 

      ,    . ,    
           ,  

       –  .  
,  ,   , : 

 = qE – v. 



  

        ,       ,  
  ,    ,     : 0 = qE – 

v.          ,    
  (    ).      
 : 

f

q

E

v
  

          
 , u: 

E

v
u   

  ,   q,     (  ), , 
,        (  ,    
), q = ze.       ,    = 6r,  r – 

   ,       

r

ze

f

ze
u




6
 

             
Fzu   ,    Fzu    

 F –   (     )    




 


r

eFz

6

2

,           



 


r

eFz

6

2

                                   (6.9) 

   ,           .  
   .   ,     . 

       ,      
.  ,   ,    .  ,     . 

        .    
    . ,        ,    

 .       ,    
,  ,           

 . ,        Cs  Rb  K  
Na  Li,  –   Ba  Sr  Ca  Mg  Be.     

         .  
,   ,   Li          

   ,         
 .  

     ,  ,     ,   
  .     –  –      

 .     ,    –   
(  , ,   ). -    ,   ,  

     .        ( . 
6.1).    .   ,  , " "   .  

    ,   " "    " ".   
       ,         

         " "    .  ,   
   ,   ,    " "  (   ). 

 ,     ,   .    
   ,     ,     

. ,   (6.9),    .     
      . 

    ,   + ( )  – (  ). 
              . 

,         (  ).   
      ,    .  

 . 
  ,            

2    + + –.   ,  +     (  +   
 – ),         ,   " "   
     –.    +     ,  ё  
:      3

+        ( . 6.2 ),    
 –     ё  – ,       

         – ( . 6.2 ). 
 

6.4.     



  

 
 ,    2...6,         

,             
  . 

         . ,   
,      0.01  –1 NaCl    ,     
 0.01  –1 ,     .    

 ( )   .     ,  
      i,        

(     )      ,   
  .          :             

        N(1 – ),  N –   , 
    N.          

: 
)(

)(
11

1





N

NN
i  

         (    
 ). ,        

     : 
 :                                             =  icRT 

                  Bcryoг miK–T  )(  

                       Bebuг mKiT  )(  

,     ,   = 1,      
 ,     , i = .       

  :   =  cRT,    Bcryoг mK–T  )( ,     Bebuг mKT  )( . 

           
.  

   
   ,       ,  

    : 
  mRT ln                       mRT ln  

          mm      
mm   .  ,     :         



  mmRT ln)(   

      : 






 /1)( mmm                 





 mmm  

C      : 
  mRT ln)(   

            
: 







  /1])()[( mmm = 





  /1)])([(m  
    ,      

      ,    0.001  –3. 
         .   

 .         
  r    6  r.     

           r .  , 
        ,     

    ,      .     
         ,   

        . 
     ,      : 







 /1)( aaa                 





 aaa  
    .       

       ,  :                 ma ,   






  /1)(  
       : 

  aRT ln)(  = 
  aRT ln)(  = aRT ln  )(   

  , ,     : 

 aa  



  

        ,  
    ,  ,    

   ,    .       
         ё    

 .  ,         , 
          

    .      - .  , 
       I  ,   

 : 
    :             2

2

1
iim zmI  

    :            2

2

1
iic zcI  

       . 
    (IC  0.01  –3)    : 

IzA 2lg   ;    IzA 2lg   ;     I|zz|A  lg  
  – ,        ,     

    .   – ,    25 ° ,  А = 0.5092 ( 3 
–1)1/2.        .     , 

              
,      .  ,       , , 

, MgCl2  Ca(OH)2     .    
,         0.01  –3.   

  (   ),      ,    
 ,    .      0.1  –3   

     : 

IrB

IzA









1
lg

2

;  
IrB

IzA









1
lg

2

,       
IrB

I|zz|A









1
lg  

 В – ,     (  25 °  В = 0.3301 ( 3/2 –1/2 Å–1   
, й – , 10–10 ),  r –   .  ,  

  ,  ,   ,      
   .         

       ,       
  .   ,     ,   Вr   

     1   .      
     : 

I

IzA


 


1

lg

2

;  
I

IzA


 


1

lg

2

,       
I

I|zz|A


 


1

lg  

          
,  ,  .   ,    ,  

 ,      . , ,    
  . 

,   ,    ,   AgCl.  
  : 

  + + – 
     

 aaKS
  

     , ,  .     
  : 

  ma ,   ma  

                       SS KmmK   = SK
2
  

 КS –   ,    .   
       ,   S: 

2SmmKS   ,   22SKS   

                                                            





SK
S  

 ,     .    
,          .  

      .  
 ,        ,    

  : 



  

















   )()( SSmmKS
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6.1.        6.7110–4 /  3 ,     

.    3   1.7510–5. 
6.2.   NH4CХ      0.491.     

 ,       14.910–3  2 –1. 
6.3.    Р2 Ы 4,       1.0410–4 /    

25 ° .    : Ag2CrO4 ( )  2Ag+ (aq) + Ы 4
2– (aq). 

6.4.   ГЧ( ) + 2AРO( ) = ГЧO( ) + AР2O( )    1.83   25 ° ,  
 Н/dT = 5.7×10–5 / .  G, H, S  . 
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 1.100 .      25 ° ,    CЮSO4  2.50×10–4 
/ , К ГЧSO4 – 2.50×10–2 / . (   CЮSO4      1;  

Zn2+  6 й) 
6.6.       CН2+ + 4NH3  Cd(NH3)4

2+   
        : 

Cd2+ + 2e–   Cd                                               °  = –0.40  
Cd(NH3)4

2+ + 2e–   Cd + 4NH3                  °  = –0.61  
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