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1.1.    
 

      : -
,    . 

 –       
            -

.      ,      . 
 –          -

     .     
     –   ,  -

  –  .     
   .  

  –      
    .     -

    (  , -   -
).       . -

    ,   . -
,  ,    .  -

       
.       

   .     
     .    

         -
. 

      –    
      .   

     : 

  t = f (x, y, z,  ),   (1.1.1) 

  t – ;  
, , z – ;  
 – .  



12 

    .    
   ,     -

. : 

t = f (x, y, z), t/  =0; 

    ,    , -
    -, -  .  -

         
 t = f (x). 

,      , 
 .    , 

    ,     . -
         -

. 
,      -

 ,   (n)   . 
       -

  : 

 .t grad
n  

(1.1.2) 

  – ,       
   .   ,   

      F   
 ,  Q , .  ,   -

   F   ,   -
 Q, .  ,    , -

   : 

g = Q/F, 

  q [ / 2]. 

        -
  (V)     ( . 1.1). 



13 

 
. 1.1.       ( . )   

   

   ,   -
        

   [15, 12, 18].   ,   ,  -
          

,      
     ,   ,    -

  .    -
         -

 .       
      -

 ,   ,    .     
,    (F0 = const) ,  ,    

  .      
  . .     , -

   . 

 ..Kq , / 2,  (1.1.3) 

   –  , / 2· , 
 –  , ° ; 

.  –   , ° . 



14 

    : 

 
1

1 1
, / 2 ,  (1.1.4) 

  a –      ,  / 2 ; 
 –  , ; 

 –  , / ; 
 –  , ; 
 –  , / ; 

a –        
, / 2 . 

         -
         

,         .  
,       ,  

        : 

 . .q
   

(1.1.5) 

 

 .
q

; °   (1.1.6)

 ; °  (1.1.7)

 .
q

, °    (1.1.8) 

   –  , ° ;  
 –       , ° ;  
 –  , ° . 
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 uN
d

  (1.1.9) 

 0,60,356 ;uN R   (1.1.10) 

 c
v SR   (1.1.11) 

  Nu –  ; 
 –   ; 

S –  , ;  
Re –  ;  
v –   , / ; 
 –   , / ; 
 –   , ;  
 – ,    (0,8÷0,9). 

 

1.2.    
 

,  ,   , 
       -

 : 

n
tq (1.2.1) 

 ,        
: 

 Q = qF  (1.2.3) 

 Q  = qF ,  (1.2.4) 

  F –   , 2;  
 –  , . 

 
     (1.3)  -

       . 
   – /( ).   
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  , , ,    . -
       

  ( ,    , , -
),    .   -

  ,  –    
.       , ,  t1  t2,  

       ( ) 
   .      = f(t)  

  ,        .  
        = f(t): 

 (t) = 0(a ±bt),   (1.2.5) 

  , b –  ,   . -
       t1 – t2,  ,  

  (1.2.5)  (1.2.6): 

2 1

1

2

( )t t

t t
   (1.2.6)             1 2

2
t ta b ,   (1.2.7) 

      t   -
     t     – , -

     q   -
   : 

       q  (t  t )        (1.2.8) 

  (1.2.3)  (1.2.4)   Q  Q .  -
    (1.2.8)   - 

 / 2  K       
     .   -

  ( , ,  )  – « »  -
   – t .      

t   t ,      ,  , ,  -
  . .      -

    . 
       -

   : 
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4

100
Tq q c (1.2.9)

  (1.2.9)     
   ( ),      

  .        , 
   –    . 

 

4

0 0 100
Tq c (1.2.10)

    – ,    -
      .   -

   c0 = 5,67 /( 2. 4) 
 

   
   ,      [1],   -

     , -
  

2 2 2

2x Y Z v
t t t t t t t q

x z zx
(1.2.11)

   –  , /( );  
 – , / ;  
 –  , /( );  

, , z –     ;  
qv –     , / 3. 

 
 (1.2.11)     = const.  -

        
       (1.2.11)   

x =  = z = 0, cp = cv = c: 

2 2 2

2 2 2 ,
p p

t t t t q
c x z c

(1.2.12)
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  /cp   a –  , [ 2/  ]   
    .   = f(t)   

   . 

2 2 2

2 2 2
p

t t t t q
cx z

     -
.       ,  

   ,    
    : 

-  ,     ; 
-  ,     -

 ; 
-  ,      

 ; 
-  ,      

 . 
    : 

-    ,    
  : 

tc = f(x, , z, )  tc = const; 

-    ,     
  : 

qc= f(x, , z, )  qc = const; 

-    ,    t   -
     . 

     –   , -
  1 2      t : 

 q = (t  – t ). 

         1 2   -
    

0n

tq
n
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0
c

n

tt t
n

(1.2.13) 

 
1.3.      
 

       -
    ( )   -
. ,        

 ,       
,   .   -

        
    .    -

      -   -
      ,     

      . 

2
, , ,

2
1Fo Fo Fo

Fo
(1.3.1) 

       -
        -
    : 

,0 0 (1.3.2) 

 1
1 1 1

, , 0
Fo

Bi Fo     (1.3.3) 

 2
2 2

,
1 , 0

Fo
Bi Fo   (1.3.4) 

  0 1
,

0 2

T TFo
T T

   ; 

0 1
1

0 2

T T
T T

   ; 

h     ; 


