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 1.      ё   
 

        

    .    

      ( ),  

       ,   

      ( ), 

  ,      

       ( ),  

       .  

  ,       

       

 ,     

       

.         

      

( ) .     

    ,     

,       

.        

 « »  ( )  –  

      .  , 

      

     .   

        

    1970-  .,     

      .  

       , 

,   .      
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    ,   . .,   

-   .    

        

,         

,         

, ,  ,      

 . 

 

1.1     Ansys 

 

ANSYS CFX –       

        

. ANSYS CFX        

     ,  

      ,   

 ,       , 

        . CFX  

     ,  , 

     . 

 ANSYS CFX      ANSYS 

Workbench - ,     

  ANSYS.    

        

       . 

       

      .  

         ANSYS 

Workbench         , 

       ANSYS DesignModeler   

 ANSYS Meshing. 
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 ё    ANSYS DesignModeler,  

   ,    .  

      ,  

       CAD-   

          

 ANSYS    . 

        

        

 . ANSYS Meshing    

    .      

        

       . 

  ANSYS CFX -  ,  

         

.          

        

 .  

       

   ,       , 

      . 

  CFX-Pre     

    ,  

    . 

   Ansys CFX Solver   

   ,  

 Coupled Algebraic Multigrid,     

    .  ,   

      ,    

  .  ANSYS CFX  
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     ,   

  . 

    ANSYS CFX  

        

        

  . 

     , 

  ANSYS CFX,   ANSYS CFD-Post.  

 ,  ,  ,  

   ,    

. 

Ansys CFX  Ansys FLUENT –      

  ,   ANSYS, Inc. 

          

    ,    

 .       ,  

 ,     ,   

        . 

        

     .  

 ANSYS CFX     (  

   ),   ,     , 

  .    ANSYS CFX,  ANSYS 

FLUENT     (     

).         , 

    ,    

     .  ANSYS CFX  

       (  

 ),  ANSYS FLUENT     

 (    ,     , 
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    ).       

       

 . [3] 

 

1.1.2.   ё  

 

(      ё )  

       

.       

 ,        

( , , ),       

  ,  . 

        

  ,    ,  

   ,    

 :       

    : 

      , 

   ; 

  ( )     

 .  ,     

   . ,   

         

 .  

 

1.1.3   
 

,)()(  
sDU

t





                                                           (1.1) 
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t


 ‒       ; 

  ‒        

  ;  

)( U  ‒       

   ; 

)(  D  ‒       

  ; 

s  ‒        

  . 

  ,  ,    

    OpenFOAM,    

,  : ANSYS. 

 

  1.1.4.   

 

       

  ,      ё  

.      

 .      

     

  ,       

 ё   . ,      

   ,  .  

,        

,        

  .      

     ,    
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      ё  

   (  ё ). 

 

1.1.5.  Ё  

 

      ,    

  ё    .   

,    )   

      .    

    ,     

  .    

    ё    ё   

       . 

      

,      .   

   ё    

  . 

 

1.1.6.    

 

       

   « »  ,   

 ё  ,   ,    

 ,      

 ,    , 

.       

        

    ,   

   . 
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1.2     

 

 , ё    ,  

   ,     

 .      

  . 

   ё    

 ,      

    ,    

 .      

      

, ,   ,   ё  

,     .  ,    

       

   ,  . 

  ,      

    ,   ё   

    .     

 ё         

      . 

     

 -      

  ё  ,  ,    

       ,   

,      , 

   .       

       

   ,    , 

 ,  ,  ё .  

,     ,  
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,      —      
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     ,   

    ,     

         

    ,    

      .    

         

.        

    ,   , 

 ,    .   

   ,  ,   

     —  ,  

  . 

 ё       

    ,    

        

  .      

      ,  

     ё ,   

 .       

      . 

        

ё    .   ,   

   ё   ,     

  ,   , 

  .      

   - ,    

     

,   .  
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1.2.1     -  

 

       

       [Ostrach 

and Pradhan 197S, Shevtsova 1990,   . 1991, Shevtsova and Indeikina 

1993, Kamotani et at. 1995, 1996].     

  ,  ,      

.      

   0,08       

 0,5        

   3,5 /  [ -    1986].   

[    1987]   -

       

    . 

   ,   

      [Ostrach and Kamotani 1996, 

Kamotani ef al. 1995, 1996]. 

       . 

      і ,   

   [Hershey 1939,    1983, 

Van Hook et . 1996]. 

[Pearson 1958]      

,  ,    . 

   .   

            ,     

       

 ( 2 /k h  )    ( / WBi ah  ) 

 

,
))((8

33 chkkksh

kchkshkshkBichkkk
Mncr 


                                                               (1.2) 
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(  .   wT const ) 

 

,
2

))((8
322 shkkchkkshkkchkksh

kchkshkshkBichkkk
Mncr 


                                                      (1.3) 

 

(  .   wq const ) 

 

 surT
( )crMn k     mh k .   Bi  

   ,      

 .       

 ,  ,       

. 

[10]       

   .      crRa , 

crMn   k   . ,   wT const   і=0 crRa

=669  crMn =79,6   ,   

      

.       

  2crk  . ,     

  ,       .  

hlh h      .   

[Scriven and Sterling 1964, Smith 1966] ,    

     . 

[24]      

  ,     

    ,    

-    .                

-         . 
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,     , 

   ,   

         

  .     

   .   

        

[].        [27] 

  [21]    

       

 0,1-1,5 .      

  (102x40x20 ),    (  

90 ).        6 . 

         

 .       

  10-30 .     0,7 

.      1,4 .  h=0,4-0,5   

T =20-30      . 

       

    .   

  ,   . 

   U     ( )x  

 (1.4): 

 

,
3

3

2

2

dX

d

dX

d

dY

U 



                                                                                              (1.4) 

                                                                                          



19 
 

 / , / , / ( / ), ,h l Y y l U u x y      ~     

  .     U   

(1.5): 

 

,0)0( YU  ,
3 dX

d

dY

dU
Y


   Cr

dT

dT
3

3

0








 ,                            (1.5) 

 

 2( ) ( ) /x T T T    -‒    ; 

1 2( ) / 2T T T    ‒     . 

,         

  ,      (1.6): 

 

.)(2 ''2'2 Cx                                                                                     (1.6) 

 

          є 

 ,      (х=± ),   

       .  >0,5  

      

.       

         

    [Pimputkar and Ostrach 1980, Van Hook et al. 1996]. 

 

1.2.2      

 

 [9]      

        

    .      

  .   -    

 ,      
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      . 

  [ , , 1989]    

    .     

   ,      

.      tMa , 

    

,  ,   (0, )Ma Ma      

 ,  а > tMa ,    .   

[Miladinova et al. 2002]       

    .     

    ,   

        

(      )    

  .      

, , , . ,    

 ,       , 

   . 

[Tto el al. 1995]       

    .     

wq const .      : 1)  (

0iq  )  2) i wq q const  .       

,      (1.7): 

 

.)
3

(
)/(

15

2 3/1
2

Cr

wi
cr v

gqdTdkv
v

g







                                                           (1.7) 

 

  =10-30 , ,     

 .  " "     

.  " "     
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  .     

          1,5  

(D=24 ). 

 [Joo et al. 1996]       

     .   

  -    

       

    ( . 1). 

 

 1 ‒        

     [19] 

 

    . 

,      . 

         Bi = 

1,     .  

   100  і-\     

6040.       

        ,              

     [ , 1999, , 2000].  

   ,   . 

 ,    ,    

,        і. 
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1.2.3  ,     

  . 
 

 1994 .      . .-. .  . .   

     

         

      .     

       , 

        

    ,     , 

     ( . 2, 3). 

 

 

 2 ‒  , 10 %      

 

 

 3 -     , 

    , 25 %      

 

 



23 
 

        

      

    [  1999].  [Kabov et al. 1996]   

   ,     ,  

   ,  0/h h =l,32.  

        

 ,       

    .  [ , 1998]   

   .    

     ,  

     , 

      . 

     ,   

       .  [32] 

   ,     

 ,     ,    : 

 

00 cos sin ( ( , ) )xxx x y yh g h g x y u                                                             (1.8) 

 

0x yu                                                                                                                          (1.9) 

 

x y yyuT T aT                                                                                                               (1.10) 

 

( ,0) ( ,0) 0u x x                                                                                                         (1.11) 

 

( , ( )) ( )y Y Su x h x T x                                                                                                 (1.12) 
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( )

0

( , )
h x

u x y dy                                                                                                          (1.13) 

 

0( , )T y T                                                                                                                   (1.14) 

 

( , ( )) 0yT x h x                                                                                                                  (1.15) 

 

( ,0) ( )( ( ) ( ))yT x q x x x L                                                                                (1.16) 

 

         

    ,     

        

         .  

    ,   

,       

 . ,       

    3 %  .   

       

,     Re ,    1,32±0,07. 

       

  ,      

 [Frank &Kabov, 2006]. 

 [Sharypov and Medvedko, 2000]     

        

  , Re 1     

 surT . 

 [Kuznetsov, 2000]       

  .     

      [Skotheim et al., 2003], 
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      . 

[Kalliadasis et al, 2003]      

     ,   

      

,   «   », 

 ,   ,   

[ , , 1989]. [Frank, 2003]     

       ,  

  ,     

    ..      

        . 

[Chinnov et al. 2004,   , 2004]. 

  

   

 

      

      

,         , 

  ,    

.  -    

  ,   ,    

      .  

        

   ,       

  ,      

.       -

 . ANSYS,   -  

,   ,    

        ,   

 -  ,      
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.   ASYS     , 

      , 

   ,      

      . 

  ANSYS       

           

        . 

  ,     

   ,    

          

  (Re=10-104),    [Wilke 

1962,  1988,   . 1993,   ., 1992, , 

1990]. ,      Re<10  . 

 ,     

 , ,     

    .      

         5 

     ,      

 .   . 

     [Marchuk and Kabov 

1998] ,        

     -   

. 

     ,  

    ,     

        . 
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 2.    (  , 

 ) 
 

2.1   

 

      ё   

   ,      

     : 

 ( 𝜕�⃗⃗�  𝜕 + (𝜗 ⋅ )𝜗 ) = − 𝑃 + ∆𝜗 + 𝜌 𝑇   , ∂T∂t + 𝜗 ⋅ 𝑇 = ∆𝑇,   
div 𝜗 = ,                                                                                                             (2.1)  

 

 𝜗 −  ; −  ; 𝑃 − ; −  ; −  ; −   . 

        

: 

 𝑇 = − .                                                                               (2.2) 

 

 −  ё  ; = 𝑇 − 𝑇 −     ; −       𝑇 − 

       ,  
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 . 

      

   .    

       : 

  𝜕⃗⃗  𝜕 + (𝜗  ⋅ )  = − + ∆ −  ,   𝜕𝜃𝜕 + 𝜗  ⋅ = ∆ ,  
div  = ,                                                                                                         (2.3) 

 

  −  .  

ё        

.      —     

   .  ё     

 , ,        

  (     «  »). 

 

2.2    

 

     ,  

 ,       

 .        

  ,      

,    ds = 𝑑𝐹𝑛𝑑 −         

   ,    ,  ё 

 S: 
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2.3      
 

  ,    

ё        1    . 

   .   ё  

  . 

 ё       = 𝑑𝑉𝑑 , К− ℃− −   ё  , 

       1    

. 

 

2.4   ,      

 

     ,    

 .       , 

    ,    . 

  ,    ,   

   ,   

  .      

  : 

 

( )x h

T

x T z

  

  
 

  
                                                                                 (2.4) 

 

 𝜎 —   ,    

   . 

     -    

 , . : 
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0    x h                                                                                         (2.5) 

 

           (2.4), (2.5)   (29),  (32)  (33) : 

 

3 2 2( 4 3 6 1) (3 2 1)
24 24

G G

h
                  

           (2.6) 

 

5 4 3 2 4 3 2(4 5 20 10 16 5) ( 3 4 6 4 3)
480 288

GP G P z
T Ah

h
                          

      (2.7) 

 

   𝜎    

 . 

: 

 

2

3
( )

G

G g h T
 

 


  


                                                                                         (2.8) 

 

,     —      —

   . 

  5,  ,    

     ( ,  ,  ), 

     . 
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 5 –      ,  , 

      (   –   

/c;   –   ) 

 

  ,  ,   ,   

   .    37,  , 

      ,     

       ,     

 .       

    .    

                                  

   

 

       

 ,       

        

    . 

-1

-0,8

-0,6

-0,4

-0,2

0

0,2

0,4

0,6

0,8

1

-20 -15 -10 -5 0 5 10

ет ловы  п т л ко овое а ло вода
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 ,    . ,   ,  

  :  , .  ,     

   ,        

.   ,     

   . 
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 3.      

     

 

        

        

. 

 

3.1       -

    

 

),1(
1

Tguuuu t







 

,0


udi  TT ut  


                                                                           (3.1) 

 

 

 


),,,(),,,,(),,,,(( 321 tzyxutzyxutzyxuu   ; 

),,,,( ttyxp ; 

T x,y,z,t, –    ; 

p>0, z>0 –     ;  =(0,0 – g), g>0 –   , . . 1. 
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 – 6        

  z=     .   

     : 

 

T(x, y, z, t)= (t) + (t) + (t).          (3.2) 

  

  , , . 
      : 

  ⃗ =    (3.3) 

  

     : 

 𝑃  ⃗  ⃗ = 𝜎 ℎ⃗ + 𝜎  𝑃 = − + 𝒟  ⃗ ,  ⃗ = , , . 𝜎 = 𝜎 − 𝑇, > =  

 

(3.4) 

 = 𝜌  –  . 

,    𝑊 = 𝜎 /  , 𝑊 ≫ ,   

 (4)    H=0, . . z= .  ,  ,  

  ,  ,  We=∞ –   

 . 

   ,  (3) ,  𝜕𝜕 = . 
    z= : 

 𝜕𝒟𝑧 + 𝑇 − 𝑇𝑙 = .  (3.5) 

 

       ( , = ∞ . 

   : 
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= , + ℎ , ,   = ( , − ℎ , ) ,  = − ∫ ,𝑧 ;        𝑇 = , + , + , . 
 

(3.6) 

   (1)   (6)   : 

 

    fhhtndztzbtzagvfdztzffhff t

z

v

z

v zzzt 2),().(),(),(2 1
22   

  ),().(),(),(2 2 tndztzbtzagvfdztzfh
z

v

z

v zzz                                                 (3.7) 

               + + ℎ − 𝑧∫𝑧 , = 𝜒 𝑧𝑧, 
+ − ℎ − 𝑧∫𝑧 , = 𝜒 𝑧𝑧, 
+ 𝑧∫𝑧 , − + = 𝑧𝑧, , , [ , ] 

 

   (3.8) 

 

  )]()(),([
2

)]()(),([
2

),,,(
1

21

2

21

2

tntndztzbg
y

tntndztzag
x

tzyxp
z

v

z

v



 

)()),((2),()(2),(),(2 2 tPdztzfdtfzdztzggztzvf v

z

vt

z

v

z

v
                 (3.8) 

 

      (4), (6)   z=   

 

,2)( xahf zz   ,2)( xbhf zz     .                                                    (3.9) 
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  (3.9) : 

 

,0)(  bz aayka  0)(  bz bbykb                                                       (3.10) 

 

 ,    =   =    

(3.11) 

 

 
l

dztzf
0

0),(                                                                                                     (3.11) 

 

  (3.11)  

 

 
l

dztzh
0

0),(                                                                                                   (3.12) 

 

   (3.13) 

 

),(),( zfozf o  ),(),( zhozh o  ),(),( zaoza o  ),(),( zbozb o  ).(),( zoz o          (3.13) 

 

   (3.14) 

 

,0)(
0

 dzzf
l

o  ,0)(
0

 dzzh
l

o  ,0)(  lzoAooz aayka  ,0)(  lzoAooz bbykb  

.0)(  lzoAooz yk   

,2)( oozoz xahf   .2)( oozoz xbhf                                                    (3.14) 

 

     (3.15) 

 

,lz   ,
2

t
x

l
t   ,

2

f
x

l
f   ,

2

h
x

l
h   ,

4

2

dd n
l

x
n   ,

2

5*

x

lga
G


  ,

3*

a

lxa
M
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.
x

v
p                                                                                                                (3.15) 

 

 (7), (9) – (14)  : 

 

  ),(),(),(),(2 100

22 






 ndcaGfPdffhff    

  ).(),(),(),(22 200








 ndcaGfPdfhhfh                             (3.16) 

 

 ̅ + ̅( ̅ + ℎ̅) − ̅ ∫ ̅ , = ̅ , ̅ + ̅( ̅ − ℎ̅) − ∫ ̅ , = ̅ ;                                               (3.17) 

 ̅ − ̅( ̅ − ℎ̅) − ∫ ̅ , = ̅ + ∗ ̅ + ̅                         (3.18) 

∗ = ∗∗  

 

  (16) – (18) , , [ , ] 
 

    ∗ = max [ , ] | |, | |, ∗ = [ , ]| |                         (3.19) 

 

  , ,  , (     = ). 

  (3.20), (3.21) 

 

),(),(  ofof   

),(),(  ohoh   

),(),(  oaoa   

),(),(  obob   
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),(),(  oo                                                                                                    (3.20) 

 

 .1,0                                                                                                              (3.21) 

 

   (3.22) 

 

,0),( of  ,0),( oh  ),(),(  aoa   ),(),(  bob   ),(),(  o   

 ., 1 o                                                                                                         (3.22) 

 

   (3.23) 

 

1  

,0)(  baaBa  

,0)(  bbbBb  

.0)(  bB                                                                                             (3.23) 

 

k

yl
B   ‒   

 

,2 aMhf    .2 bMhf                                                                  (3.24) 

 

   (3.25) 

 

,0),(
1

0
  df  .0),(

1

0
  dh                                                                   (3.25) 

  

    (3.26) 
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,0)(
1

0
  dfo  ,0)(

1

0
  dho ,0)( 1

1

0
    oboo B  

,0)( 1   oboo aaBa  .0)( 1   oboo bbBb                                          (3.26) 

 

,
число иоk

yl
B


  

G ‒  , 

M ‒  , 

P ‒  . 

 

,   

 

,PLMG   .
2

x

gl
L


                                                                                (3.27) 

 

     ,    L – . 

,    𝜌 = , = , ∗ − ͦ  , = .  / ,   = . ∗ − ∗ͦ ,  l= −  

 = . ∗ − , = ∗ − ⇒ ~ .    𝑃~ . . 
 

  𝜌 = ,  𝜒=15.14* − К = ∙ − ℃⁄  ч  − . = , ∙ − , = , ∙ − , −  

 

    408   𝜌 = , , = ⋅ − ℃  , = ⋅ − ℃    L-0,3. X=0.121⋅ −  

υ=18,49∙ − , P~ ,         

 ̅= M F, ℎ̅=M H, 𝓃𝒾̅̅̅̅ = MΝ𝒿,  ̃ = ,                                                  3.28             
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 (1.8) - (1.10)   

 

),(),(),([]),(2[ 1

0

22 


 NdCAPLPFdFHFF    

 

),(),(),([]),(22[ 200








 NdCAPLPHdFHFHMH    

 

,]),()([2
0 



  AdFAHFAMA    

 

,]),()([2
0 



  CdFCHFCMC    

 

).(2),(2 *

0

CAdDdFMDD   



   

 

   00 )(),(),(),( AAHFF   

),()0,( 0  CC   ).()0,( 0  DD   

 

    

 

,0),0( F  ,0),0( H  ),(),0( 1  AA   

),(),0( 1  CC   ).(),0( 1  DD                                                                      (3.29) 

 

  = . 
 + = − , − = − , + − 𝑏 = , + − 𝑏 = , + − =  
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  << 1  , , , , , Ν𝒿 ,  

 

,11
1  aA  .22

1  aC                                                                               (3.30) 

 

  

 

,0),0( F  

 

,0),0( F  ,0),0( H  ),(),0( 1  AA   

),(),0( 1  CC   ).(),0( 1  DD          

 

,, 2221 CA                                                                                                    (3.31) 

 

 𝒿   .                                                                     (30) 

 = 𝑏−+ , = Β−+Β  .                                                                       (3.32) 

 

    (27)  

 = − [ + + + ] + +                                   (3.33) 

 

 ,   = .  я ая  ах я   (30). 

 

.
1

)]
3

([ 11
21*

1

1 B

CA
aa

dDDB
a

sss
b







                                                                  (3.34) 

 

 (33) + = + + − − . 
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   (27)  

 = ∫ [ + ] − Ν = 

= [ + + + ] − Ν  

 = [ + + + ξ ] − Ν + , 
F = L [ α + α ξ + A C ξ ] − PΝ ξ + α ξ                                   (3.35) 

 

   (0)=   Ν     (3.36)  

 ∫ =   Ν = 𝑃 𝛼 +𝛼 + 𝑠+ 𝑠 +  𝑃                                   (3.36) 

 

   .   Н     

 = ∫ [ − + − ] − Ν = [ − +( − − ] − Ν ,  ( - = + 𝒷 − 𝒷 + −  

 = [ − + − ] − Ν + .                             (3.37) 

 

  ∫ = ,  Ν = 𝑃 𝛼 −𝛼 + 𝑠− 𝑠 + 𝑃 .              (3.38) 

 

          (30): 
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+ = − , − = − ) 

L(
𝛼 + − 𝑃 Ν + Ν + = − + , 

L(
𝛼 + − + − = − + . 

 

       

 = Ν − + + + − 𝛼 +𝛼 + +                           (3.39) = − − + − − + +  

 

12   

  (3.39)  (3.36)  (3.38)  (3.40) 

 = − + + 𝐿 [ − + + ].                       (3.40) 

 

   , ,   [ , ]   Ν ,Ν , 
 .    Ι. = −   

   )   = = ,   

= ,   = + + ( + ) 
Ν = ,Ν = 𝑃 [ + + + + 𝛼 + ] = 𝑃 [ ++ 9 + + ]                                                                             
 

2. = − −      

:X 
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= − , = ,Ν = ,Ν = [3 + +                                                          

+ ( +  ) + ( + + ] = 𝑃[( + ) + ( + )  

 

= [ + + − − + − ] − 𝑃 +  

 = + [ + + + ]+ 𝐿 +В [ + + + ++ + ]   
 = 𝑃+  [ + + + + ] +  𝑃  

 = [ + − +− − ] − ] − +  

 

= + [ − + − ] + + [ − + 

+ + −  ], 
 

= 𝑃+ [ − + + − + 𝑃  
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 а а ь  а а я
{   
  
   = ⇒ = = −+ , = , == , = [ + − + − 𝑃 += +  + + + + [  + + ]= 𝑃+ [ + + ] + 𝑃

 

 

  ̅ = ⁄ ,  ̅ = ℓ⁄      ̅ = ℓ𝑥 ,    �̅� = ℓ𝜆 𝜗, �̅� = ℓ𝑥𝜔    ̅ = + ̅,  �̅� = −  ̅ , 
�̅� = − ∫ ,  

 

  �̅�= 𝜃 = ∗ ( , ̅̅ ̅ + , ̅̅ ̅] + , ∗ = ∗ℓ / ∗ 
 

 �̅� = ℓ𝜚  𝑥 = �̅�
 

 [𝑃 ∫  , + 𝑃 ] − − + 

+ ∫ ,  𝑃 ∫ Ζ − , − 𝑃 ∫ , + �̅̅�̅ . 
= ℊ ℯ 𝑥 −  $ 

= −   . 

−�̅� ∼ + ∫ ,                       M<<1. 

 

  (3.41) 
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�̅̅�̅ = ∗[ ̅ + ̅̅ ̅] + = ∗ ∼ ∗ ∼  �̅̅�̅ ̅ , ̅, = ̅ + ̅ + 𝒟                                                                     (3.41) 

 

  =  

 =   ̅ = ̅,   �̅� =  ̅ = − ∫  

�̅� = ̅ − ̅ + 𝒟                                                                    (3.42) 

 

    

 𝑇 = ̅ + ̅ + 𝒟  , ,       𝜆, 𝜆, 𝜆 − 𝜆, − 𝜆, − 𝜆, , ≫  ∗ = , ∗ = ∗                                                                                       

 

-  : 

       

,          

  .     . 

  :    

  .   = 5,5 °C,  

 = 80,1 °C,  = 0,879 / ³,   = 78,11 / . 

       

.     ,   

 ,     ,   

https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%8D%D1%82%D0%B8%D0%BB%D0%BE%D0%B2%D1%8B%D0%B9_%D1%8D%D1%84%D0%B8%D1%80
https://ru.wikipedia.org/wiki/%D0%91%D0%B5%D0%BD%D0%B7%D0%B8%D0%BD
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      69,25 °C (91 % ). 

   1,79 /  (  25 °C).   

  0,00147 

  :  25°    

 1,185 / 3.      —  

 (    ).   , 

  1200° ,     ,  0,239 

/ 3,   5       .   

,          

,     , ,  

. 

      ,   

    —   4°     1000 / 3,  

   1,27 / 3.     

    .    

  ,      0° ,    

 .  ,  ,  

    (  )  1,293 / 3.  

  0,0053 

   :  

  0,00258 

 

https://ru.wikipedia.org/wiki/%D0%90%D0%B7%D0%B5%D0%BE%D1%82%D1%80%D0%BE%D0%BF%D0%BD%D0%B0%D1%8F_%D1%81%D0%BC%D0%B5%D1%81%D1%8C
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