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    T(x,y)   

  (  – ∆ a),   
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 ∆ 𝑖 ,∆ 𝑖 –     

 , 

    T (ti), T (ti)  

        

L (x,y)     , ,    𝜏   𝜏в , ,    : 

)    ∆𝜏 а = (0.. ∆𝜏 ),   

 ∆𝜏в = (∆𝜏 .. (∆𝜏 + ∆𝜏 )); 

)        

 q (tj)    𝜏     

    ∆𝜏в = (∆𝜏 .. (∆𝜏 + ∆𝜏 )); 

–       T (ti), T (ti)  

       q (tj), 

–    (R)    

       

 (x0, y0): 

R(X , Y ) = 
|N ∑ {TB t }=N= − N ∑ {TB t }=N= |

N ∑ {qB t }=N= ,                                               (1.3) 

 N1 = (  )   ∆τ  / ∆𝜏 в, 

N2 = (  )  ∆𝜏  / ∆𝜏 , 

N3 = (  )  ∆τ  / ∆𝜏 , 

i, j, k –  ,    

        

 (x, y): 

R(x, y)=aT( , y)+b,                                                                               (1.4)             

a=[R(x01 , y01)–R(x02, y02]/[T(x  01, y01)–T(x02, 02)] 

b= R(x01, y01)–aT(x01 , y01). 
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𝑑𝑑  ( 𝜆 • 𝑑𝑑  ) = – q – ρ 𝑑𝑑𝑡 –   ;    (2.2) 

  :  𝑑𝑑  ( 𝜆 • 𝑑𝑑  ) + 
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  β= –1+√ + 𝐿𝑣 э 𝜆 𝑘−
                                    (3.5) 
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,      – ,   
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 λ = 0,56 / ·° ,  =1,05 / •° ,  
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     11. 
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      ,  

       ,   

    ,     

 ё         .   

        

y = 0.0006x2 + 0.0128x - 0.0119

R² = 0.9981

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

2 5 8 11 14 17 20 24

То
л

а п
о

е
а

я 
те

, 

В е я, 



54 
 

         

     .   

       

( )    .     

          .   

      ,       

     ,  

 .  ,   

 .    

,       

« » , . .    

.    ,          ,    

     ,     

     . 

  ,     

      ,    

      ,   

 ,     . 

      

      

  .    ,  

    0° ,   

 ,    .  

       

       

     [65].   

        

    . 

     (  

 . )    .   
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   ,       

     ,     

    (  12).     

  –    ё     

           ,  

    ,    .   

      , 

       

  10 .   12    

         

  10  [32]. 

 
 12 –         

     10  

      ,  

,        

   10, 20  .   

      

         10 , 
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 ,      

.  

      

        . 

         

    (  13). 

 

 13 –       3  

 

   1949  ,   

   – .   

   ,     

        . 

     , 

   .   

 α        

   α= 8,7 /( 2·° ),    

      α= 23 /( 2·° ), 

  14      

. 
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 .  [47] .       III    . 

 . 2 [47]     . 

 :     = –2 ° ; 

    в  = 20 °  

 

 

 

 

 

 14 –         

      

 



58 
 

      9. 

 

 9 –       

         

   
№    

 , 

/ 2 

 

 

 , °  

  

 , 

/ 2 

 

 

 , 

°  

1 0,07 –0,92 0,13 –0,91 

2 0 –0,9 0 –0,9 

3 0,04 –0,9 0 –0,9 

4 0,28 –0,88 0 0,9 

5 35,33 –1,3 0,18 –0,9 

6 9,8 –0,27 47,2 –0,78 

7 14,85 –0,17   

8 32,42 –15,55   

9 37,1 –15,45   

10 58,74 –15,9   

11 60,54 –16   

12 67,4 –11,84   

13 30,15 –11,74   

14 24,4 –4,52   

15 26,3 –4,4   

 

   ,  

          

(  6  ). ,   5 [2]  

       

       

 4°    .      

 (t = 20°   ),   ,   
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  .    ,   

       

         

 . 

 ,    ,     ,  

     ,    

   .     

,  ,         

        

 [2]. 

       

       

 . 

3.4 А         

        

      
 

3.4.1А         

        

      
 

      

     

 .       

0° , ,       

    ,     

 . ,    

.  
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 —     

 ( )          

 ё      ( , ,  

 . .).         

  ,     

     . 

    ,  

  ,      

     ,   ,  

,     . 

        

        

        Elcut: λ  = 0,038 /( ·° ) –      λ  = 0,045 /( ·° ) –     

 1 –   

  

 

 15 –          

    ,     
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 10 –       

        

        

   

 
№     

 , / 2 

    

   , °  

3 1,37 –0,98 

4 1,78 –0,72 

5 36,46 2 

6 10,39 2,8 

 

 2 –   

 11 –      

  

 
 , 

/°  •  

 , °  

0,3 –30 

0,2 –20 

0,045 –10 

0,04 0 

0,038 10 

0,038 20 

0,038 30 
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 16 –          

    ,     

     

 

      12. 

 

 12 –       

        

       

    

№     

, / 2 

    

   , °  

3 0,46 –0,92 
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  12 
 
№     

, / 2 

    

   , °  

4 1,9 –0,78 

5 28,56 1,97 

6 37,31 2,21 

 

   ,     

 ,    (   6)   

         

   39%,    

   22%     

. 

:      

       

 .       

       

 , . .     

      

. 

3.4.2 А         

        
      

        

        

        Elcut: λ =0,025 /( ·° ) –     
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λ =0,03 /( ·° ) –     

 

 1 –   

 
 

 

 17 –          

    ,     

    

 13 –       

        

        

  

 
№     

 , / 2 

    

   , °  

3 0,68 –0,98 
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  13 
 
№     

 , / 2 

    

   , °  

4 1,64 –0,7 

5 15,08 1,95 

6 22,91 2,53 

 

 2 –   

 14 –      

  

 
 , /°  •    , °  

0,4 –30 

0, 35 –20 

0,3 –10 

0,03 0 

0,025 10 

0,025 20 

0,025 30 
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 18 –          

    ,     

    

      15. 

 

 15 –       

        

        

  

№     

, / 2 

    

   , °  

3 1,28 –0,97 
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  15 
№     

, / 2 

    

   , °  

4 2,03 –0,7 

5 15,38 2 

6 23,38 2,53 

 

   ,    

 ,    (   6)   

         

   39%,    

       . 

:      

       

 .       

       

 , . .     

      

. 

 

 19 –          1  
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  19     2003  

.        , 

         

   . 

:      ,   

     XX  XXI  ,    

   ,  –

 ,   . 

3.5         

       

       

( )       

:        ,  , 

         ,   

   .  ,     

 ,    ,    

,          

    .      

,          

 , . .     ,   

 .     

  ; ,      300 

000 / .   ,    

,          

    .  [19] 

  (   ) –     

       ‐ .  ε  

    '  '   

 ,   '   '    
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.      ε = 1.   

      

   ,    𝑡в  = 20° ,  

    = 8,7 /( 2·° ),    = 23 

/( 2·° ).       

     = 0,9      

 = 0,7   [13]  [14].     

 (),        

 J() ( ). ,      

 – .     

 𝑘   .  

    𝑘=0,51   

 : 𝑘=0,7 /( ·° ), а𝑘=4,42·10–7 2/ . 

    R0= 0,708 2·°  / . 

      (𝑘 = 0,38 )  

  – :   = 0,1 ;  = 0,038 /( ·° );  

a = 7,14·10–7 2 / .     R0 = 2,189 2·°  / . 

 ,     

    .  =0  

     , 

   .    

        

  T ()  J().   

          

.      

 . 
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q . .=   [T ()–T  ()] + J() +  •0 [T 4()– 

–T  4()], / 2,                                                                                            (3.6) 

 T  ()–    .  

σ0–  – ,  5,7·10–8, /( 2· 4), 

 4.3 [13] 

       

   (  )   

          

  2019 .       

(  20). 

1. в(00:00) = –34°  . в. ()= –29,6° ,  

q . . = 23• [10–(–29,6] + 0,7•40+0,9•5,7•10–8+ [104–(–29,64)]= 75,85 

/ 2. 

2. в(03:00) = –35°  . в. ()= –29,7° ,  

q . . = 23•[10–(–29,7] + 0,7•40+0,9•5,7•10–8+ [104–(–29,74)]= 76,9 / 2. 

3. в(06:00) = –37°  . в. (06:00)= –29,9° ,  

q . . = 23•[10–(–29,9)] + 0,7•40+0,9•5,7•10–8+ [104–(–29,94)]= 78,6 / 2 

4. в(09:00) = –35°  . в. ()= –29,7° ,  

q . . = 23• [10–(–29,7] + 0,7•40+0,9•5,7•10–8+ [104–(–29,74)]= 76,9 / 2. 

5. в(12:00) = –28°  . в. ()= –24,2° ,  

q . . = 23• [10–(–24,2] + 0,7•40+0,9•5,7•10–8+ [104–(–24,24)]= 33,37 

/ 2. 

6. в(15:00) = –24°  . в. ()= –22,7° ,  
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q . . = 23•[10–(–22,7] + 0,7•40+0,9•5,7•10–8+ [104–(–22,74)]= 25,63 

/ 2. 

7. в(18:00) = –27°  . в. ()= –24,6° ,  

q . . = 23• [10–(–24,6] + 0,7•40+0,9•5,7•10–8+ [104–(–24,64)]= 35,7 / 2. 

8. в(21:00) = –31°  . в. ()= –28,1° ,  

q . . = 23• [10–(–28,1] + 0,7•40+0,9•5,7•10–8+ [104–(–28,14)]= 63,43 

/ 2. 

9. в(24:00) = –34°  . в. ()= –29,6° ,  

q . . = 23• [10–(–29,6] + 0,7•40+0,9•5,7•10–8+ [104–(–29,64)]= 75,85 

/ 2. 
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     (  21). 

1. в(00:00) = –34°  . в. ()= –30° ,  

q . . = 23• [10–(–30] + 0,4•40+0,9•5,7•10–8+ [104–(–304)]= 37,5 / 2. 

2. в(03:00) = –35°  . в. ()= –31,3° ,  

q . . = 23•[10–(–31,3] + 0,4•40+0,9•5,7•10–8+ [104–(–31,34)]= 38 / 2. 

3. в(06:00) = –37°  . в. (06:00)= –29,9° ,  

q . . = 23•[10–(–29,9] + 0,4•40+0,9•5,7•10–8+ [104–(–29,94)]= 41,2 / 2 

4. в(03:00) = –35°  . в. ()= –31,3° ,  

q . . = 23• [10–(–31,3] + 0,4•40+0,9•5,7•10–8+ [104–(–31,34)]= 38 / 2. 

5. в(12:00) = –28°  . в. ()= –24,2° ,  

q . . = 23• [10–(–24,2] + 0,4•40+0,9•5,7•10–8+ [104–(–24,24)]= 29,8 / 2. 

6. в(15:00) = –24°  . в. ()= –23,1° ,  

q . . = 23•[10–(–23,1] + 0,4•40+0,9•5,7•10–8+ [104–(–23,14)]= 24,81 

/ 2. 

7. в(18:00) = –27°  . в. ()= –23,7° ,  

q . . = 23• [10–(–23,7] + 0,4•40+0,9•5,7•10–8+ [104–(–23,74)]= 29,3 / 2. 

8. в(21:00) = –31°  . в. ()= –28,8° ,  

q . . = 23• [10–(–28,8] + 0,4•40+0,9•5,7•10–8+ [104–(–28,84)]= 34,4 / 2. 

9. . в. ()= –30° ,  

q . . = 23• [10–(–30] + 0,4•40+0,9•5,7•10–8+ [104–(–304)]= 37,5 / 2. 
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,     .  

       

    [2].     

  α  = 23 /( 2·°C)    

:          

  ;     5 / .  

         

   10 / .       

     . 

,         

 α         

 α  = α  + α ,  α  —   ; 

α  —   . 

        

 = – 37° ,      

        = –30° . 

    ,   

        , 

    𝑎н  = ε·𝐶 · −8 −− ,    

ε –    ; 

0–     ,  5,67 

/( 2– 4); –    ; в–  

 . 

 α        [54]  

α  =7,74ν0,656 + 3,78e–1,91ν, 

 ν —  ;  = 2,718 —  . 

  23   . 
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4      

       
     

        

 

,          

       

  .    

  . .,  . .,  . .  . [54–66].  

 . .  ,    

«  », «  »  

  .     

     1 . .     

       1 . .    

             

 ,    .   

    ,    

  (         

  )    ,       

   «  » [56].  

 . .       

 ,             

,       ,      

.     ,    

        ,    

  .       

   ,     

   [57]. 

  . .,    . .,    . .        

       ,        
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    .         

              

      ( ),     

,      ( )     

  .          

,        

 [58].  

  .  .,    ,    ,  

    « »,         

  .           

       

     ,          

                 

         

  [59].   

            

  . ,         

               

,                

  .     ,    ,  

         

    ,     

 .        . .        

  ,      –       

                ,  

         

,     [60–63].  

       

 .        

    ,   
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  ,     .   

      

  ,     

    .  

       

      

       

  . 

       

       

      

       

  1 2  .  

    

         

      

,         

       

     .  

       1   

     1 2   

    17. 

     

    .     

 16. 

 

 16 –      

  

 , /°  •   , °  

0,3 –37 



80 
 

  16 
 

 , /°  •   , °  

0,2 –20 

0,1 –10 

0,03 0 

0,03 10 

0,03 20 

0,03 30 

 
 :      = –37 ° ; 

    в  = 20 °  

 

 17 –      

   1      

  1 2     
№    

 

 

  

 

, / 2 

1   

    

  

     

   

 

 

114,85 

2   

    

  

     

    

 ( ) 

 

68,22 
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  17 
 
№    

 

 

  

 

, / 2 

3   

    

  

     

    

 ( ) 
 

47,71 

4   

    

  

     

    

 ( ) 
 

42,04 

5   

    

  

     

    

 ( ) 
 

38,24 

6   

    

  

     

    

 ( ) 

 

37,31 
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  17 
 
№    

 

 

  

 

, / 2 

7   

    

  

     

   

  

( ) 

 

70,21 

 

    ( ) 1 / 2= 0,86 / . 

      (1° =0,001 

)   1 3      .   0,0755  

(1 =1000000 ).      (  2019 .)  

.   1298,53 . 

      17    

       = 20°  

     . 

       = 20°  

(  1)  1 2    : 

1 : 114,85•0,86=98,77 /  

1 : 98,77•24=2370,5 / . 

1  (31 ): 2370,5•31= 73485,62 / . 

        

: 1 = 1000000  

73485,62/1000000= 0,073 / . 
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  ( )      

 = 20°   1 2      : 

0,073•1298,53= 95,4 / . 

        

  =20°      

. 

       = 20°  

(  2)  1 2    : 

1 : 68,22•0,86=58,67 /  

1 : 58,67•24=1408 / . 

1  (31 ): 1408•31= 43648 / . 

        

: 1 = 1000000  

43648/1000000= 0,044 / . 

  ( )      

 = 20°   1 2      : 

0,044•1298,53= 56,68 / . 

       = 20°  

(  3)  1 2    : 

1 : 47,71•0,86=41 /  

1 : 41•24=984 / . 

1  (31 ): 984•31= 30504 / . 

        

: 1 = 1000000  

30504/1000000= 0,03 / . 

  ( )      

 = 20°   1 2      : 

0,03•1298,53= 38,9 / . 

       = 20°  

(  4)  1 2    : 
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1 : 42,04•0,86=36,15 /  

1 : 41•24=867,7 / . 

1  (31 ): 867,7 •31= 26898,8 / . 

        

: 1 = 1000000  

26898,8 /1000000= 0,027 / . 

  ( )      

 = 20°   1 2      : 

0,027•1298,53= 34,93 / . 

       = 20°  

(  5)  1 2    : 

1 : 38,24•0,86=32,88 /  

1 : 32,88•24=789,3 / . 

1  (31 ): 789,3•31= 24467,48 / . 

        

: 1 = 1000000  

24467,48 /1000000= 0,024 / . 

  ( )      

 = 20°   1 2      : 

0,024•1298,53= 31,16 / . 

       = 20°  

(  6)  1 2    : 

1 : 37,31•0,86=32,08 /  

1 : 32,08•24=770,1 / . 

1  (31 ): 770,1 •31= 23873,1 / . 

        

: 1 = 1000000  

23873,1 /1000000= 0,023 / . 

  ( )      

 = 20°   1 2      : 
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0,023•1298,53= 29,86 / . 

       = 20°  

(  7)  1 2    : 

1 : 70,21•0,86=60,38 /  

1 : 32,08•24=1449,1 / . 

1  (31 ): 1449,1•31= 44922,7 / . 

        

: 1 = 1000000  

44922,7 /1000000= 0,045 / . 

  ( )      

 = 20°   1 2      : 

0,045•1298,53= 58,33 / . 

      18. 

 

 18 –       1 2 

    , . 
     

   в  = 20°   1 2 

    , . 

   

   

1 2, . 

1 95,4 – 

2 56,68  

 

 

185 

3 38,9 

4 34,93 

5 31,16 

6 29,86 

7 58,33 

 

:        1 2  

     ,  

   (    – 

)    10      
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       = 20°   

56,5 / . ,      

    1 2  185 ,    

      

           

 (56,5 / )   3 . 
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