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1.1      
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      ,  
       [1, 2]. 

       - 
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2)    
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      , 
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,  , ,  .    
   300…350 [13].    

       
   -  . 
      

      -     
       . 

 ,   ,     
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  [1, 39, 46]    
      
,     , ,   

      . 
  ,    ,  , 
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2     
     

  
 

       
      ,  

 ,      .  
   .   
      

    [48]. 
    ,   
 ,       

  .  ,     
        

  .  ,     
  (  ), ,   

,   ,      
 [67]. 

        
,   -   

 ,   ,       
  ,     

 .       
         

 ,  ,   ,  
-      [1,10]. 
    (   –   

 –      – - 
    – -   
)       

.       
     (  2.1) [40–47].  

     ,   , ,  ,  
  .     

        
  ,      

    ,  ,   
      [48–50]. 
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 –   ;  – ;  – 
  ;  –  ; 

1, 2 –    ; 3 – ; 4 – ; 
5 – ; 6 –  ; 7 – ; 8 – ; 

9 –  ; 10 – ; 11 – ; 12 – ; 
13 – ; 14 –  ; 15 – ; 16 –  

; 17 – ; 18 – ; 19 – ; 20 – ; 21 –  
 2.1 -     

, 1
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 –   ;  – ;  –  

 ;  –  ; 
1, 2 –    ; 3 – ; 4 – ; 
5 – ; 6 –  ; 7 – ; 8 – ; 
9 –  ; 10 – ; 11 – ; 12 – ; 
13 – ; 14 –  ; 15 – ; 16 –  

; 17 – ; 18 – ; 19 – ; 20 – ; 21 –  
 2.1,  2 

 
      

,     
,       

         
-  ,    

     ,    
       
       

   . 
 

2.1      
   

 
         

   ,    . 
 ,     ,  
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2 1 

    [1, 51, 52] 
 

           Q = k · F · ( 1-2– 3)(2.1) 
 

    k –   ; 
F –   , 2 

1-2–     , ;  
3–     , . 

 
    , 

    ,    
 .       

 ,  [53, 54],   
,       

  (Δt)    ,   
.  ,         Q 

       , 
 ,        

    ,    
   t1”>t2

”(  2.2). 
 

 2.2 -     
 

       
,       

    .       
   [53, 54],     

      .  
     ,    

       . 
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      .   

          
        [48–50]. 

   ,      
  ,         

 (  2.3). 
 

1 – ; 2 – ; 3 –  ; 4 –  ; 5 –  
; 6 – ;7 –  ; 8 –  

 
 2.3 -       

 
 

,    1-2  3-4,     
   ,    
           

        ,  
          

     = 1-2= 85±5 oC. 
       
     [54],    

     . 
      

 2.2  2.3: 
 

23    Z,                                             (2.2) 
 

 T − = T + TM − T ∙ Z ∙ M∙ m∙ ,(2.3) 
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     –     ,oC; 
–       ,oC; 

Z–   [54] ( 2.1); 
G –    , 3/ ; 
G –     , 3/ ; 

–       
, /( ·oC); 

–        
/( ·oC). 

 
 2.1 -   Z   (2.2), (2.3) [54] 

 

G1  ∙c1 

G2  ∙c2 

k ∙F 

 
G1  ∙c2 

0,033 0,10 0,33 0,50 1 2 3 ∞ 

0 0,033 0,10 0,28 0,39 0,63 0,86 0,96 1,00 
0,01 0,033 0,10 0,28 0,39 0,63 0,86 0,95 0,99 

0,05 0,033 0,10 0,28 0,39 0,62 0,84 0,91 0,95 

0,10 0,033 0,10 0,28 0,38 0,61 0,81 0,89 0,91 

0,20 0,033 0,10 0,27 0,38 0,58 0,76 0,81 0,83 

0,50 0,033 0,10 0,26 0,35 0,52 0,63 0,66 0,67 

1,0 0,033 0,09 0,25 0,32 0,43 0,49 0,50 0,50 

2,0 0,033 0,09 0,21 0,26 0,32 0,33 0,33 0,33 
5,0 0,032 0,08 0,14 0,16 0,17 0,17 0,17 0,17 

10,0 0,028 0,06 0,09 0,09 0,09 0,09 0,09 0,09 

20,0 0,024 0,04 0,05* 0,05 0,05 0,05 0,05 0,05 

50,0 0,016 0,02 0,02 0,02 0,02 0,02 0,02 0,02 

100,0 0,009 0,01 0,01 0,01 0,01 0,01 0,01 0,01 

*    Z. 
 

  ,     , 
   (2.2)  (2.3). 

         
      . 

       
        

  40 .        
  ,     

(6…7 %),       4  20  
      (85-90 ) [2, 6, 13, 14]. 

       ,   
         

     ,  -
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      , , 
-200 , -300, ,    . .  ,  

    ,     
 50-60 C,  ,  ,     

 ,  ,   
.  ,       

,     ,    30 
 [6]. 

      
    , ,      

   , ,  , -
    .  ,    

          – 
 .  

,    ,     
        

. 
 ,      

   ,    
 (  ) ( )      

    – 85±5 . 
         

  –     ,   
 ,       . 

       
   2.4 [1, 51, 53, 54] 

 k = α +δλ+λ (2.4) 

 
     α1–        

, /( 2· ); 
δ–      , ;  
–    , /( · ); 

α2–       , /( 2· ). 
 

  α1  α2     
      2.5 [1, 52, 54] 
 Nu = , ∙ Re ,8 ∙ Pr , ∙ m , ∙ ,(2.5) 

 

Nu–  ,Nu = α ∙m [1,52, 53]; 
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Rem– ,Nu = Um∙m  [1,91,101]; 

Pr–   [1, 91,101]; 
1–  ,   1=1+d/R [92]; 

db–   , ; 
–   , /( ·oC);  

υ –      , / . 
–    , 2/ .  

 
   ,       

, ,       
 (       

). 
 ,      

 ( 1-2)    ( 2-3),    
 (Q ),       

: 
 
Q = 4260,27 · 0,18 · (90 – 80) = 7668,49 . 
 

 ,       
: 
 
Q i = 17,8 + 7,7 = 25,5 . 
 

 ,         
,       

  , ,    
    ,     

      . 
         

         ,   
  ,    . 

 
 2.2     

    
 

       
        

 ,   .1.4. 
   ,       

  – «      
».      

 ,      
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  - ,     
 –         

. 
,         

   ,    , 
 ,     ,    

. 
     

(  2.4)  :      
l,    L,    H,   

 F,    n. 
 

 
 
 
1 – ; 2 – ; 3 –  ; 4 – ; 5 – ; 6 – ; 7 – 

 ; 8 – ; 9 –  ; 10 – ; 11 –  ; 12 – 
; 13 – ; 14 – ; 15 – ; 16 –  ; 17 – ; 18 

– ; 19 – ; 20 –  ; 21 –  6×16  7805-70; 22 –  
5×6  11644-75; 23 –  ; 24 – ; 25 – ; 26 – 

; 27 –  6×12  7805-70; 28 –   
 2.4 -    

 
     l [ 54]   

 (2.6) 
 

lD , (2.6) 
 

   D  –   , , D  = 0,15 ; 
 

     2.6   : 
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l3,140,150,47 . 
 

   F [54]    (2.7) 
 F = ∙Δ ̅ . (2.7) 

  

    Q–   ,      
     , , Q=14,7 ; 

k –      , /( 2◦ ),  
k = 4260,27 /( 2◦ ) (  ) 

t ., –     , , 
    2.8; 

 
 Δt̅ ., . = " − ′t −t′t −t" (2.8) 

 
t –    , , t =85 ; ′ –    , ,t=5 ; "–    , ,t=40 ; 

 
     2.8, 2.7   :             𝛥 ̅ ., . = 42,3 ;F=0,18 2. 

 
   L    2.9[54] 

 𝐿 = 𝜋∙ (2.9) 

 
   d –    , , d = 0,016 ; 

 
     2.9   : 

 
   n    2.10[54] 

 = 𝐿
(2.10) 

 
       

 2.10 
              = ,, ≈  
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   H    2.11[54] 

 
H n h, (2.11) 
 

 h –    , , h = 0,1 ; 
 
H  8  0,10  0,8 . 

 
    ,    

  ,  .   
  ,      

 .         
 .      , 
   ,   

 .     MATLAB, 
       

SIMULINK. 
SIMULINK         

  . SIMULINK   
     MATLAB,      

   [55].       
 " " -  Scope,    
  .      

    (2.12), (2.13)  
: 

 t = T ∙ b ∙ Z t √p(p-p)-Q )                                                            (2.12) 

 
 . . = Ck U − (R I ) − L I

.                                                               (2.13) 

 
          

   MATLAB 6.5   
  «Matlab+Simulink». 

   ,    MATLAB 6.5 
   2.5. 
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 2.5 −  ,    MATLAB 6.5 
 

      :  
  (P0 = 21 ),    (Mb = 0)  

,    (ymax = 0,3 ),   
       “SignalBuilder”   “MATLAB”, 

   2.6. 

 
 2.6 −     

 

       
   “M- ”    ,  

,    . 
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2.3       
 

 
       

: “  ” – -   (  
2.7)  “ ” (  2.8),     “ ”, 
“ ”, “ ”. 

   “  ”   
 2.7.    “ ”   
 2.8. 

 
 

 
 2.7 −    “ ” 

 
 

 
 2.8 −    “ ” 

 
      

        
       

, ,  ,    
.  

 “ ” (  2.7)    
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.       
 . 

 

 
 

 2.7 –    “ ” 
 

     : 
 Д = − ; (2.14)  Д = − ;

  

     QД1, QД 2-   ;

Q1,2.3,4-       ;
      

    2.15: 

 Q = s x v, (2.15) 
 

 S(x) −   ; 
 

v -      , 
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vi = √ |Р −Рi|ρ ig Р −Рi , и i = , ; vi = √ |Рi−Р |ρ ig Рi−Р , и i = , ;            (2.16) 

 

        −  ; 

−  ; 
 

 pi −   ; 
 p Ï −  ; 

            pñë−  ; 
  

S(x)
 Si x = { √ +  и х≥δ                  и < } ; i = ,                                    Si x ={ √ +  и х<δ                  и ≥ } ; i = ,                                                                         (2.17) 

 
        x –      ; 

 lx –      ; 
 

 l–   ,    ; 
–  . 

 

 “ ”     :  
: 
1) y –  ; 
2) 1  2 −    1 2; 
3) Ppit −  .  : 
4) Qd1  Qd2 −   ,    1 2; 
5) Qpit − ,    . 

        
      Q,    ,  

 .      
       . 

 “ ” (  2.8)    
         
       

(     )   
 (         

).      : 
 “ ”     :  

 :Q -   .  
 : P -   . 
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 2.8 −    “ ” 

 

 ,    
 ,       

    : 
 

p∫ p√ g
γ

(P − P ) − Q = π∙ t ∙ T ,                                            (2.18) 

 (p p − p ) = Δp, (2.19) 

 ∆p = ∙ ∙g ,(2.20) 

 f p = l ∙ b t , (2.21)  
 

 fdp-    ; 
dp     ; 
   ; 
g –   ; 

 –      ;  
 –      ;  

d   ; 
ξ –   ; 
l  –     ; 
b –  . 
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 2.18      
 « - ».   2.19 −    

.  2.20        
  .  2.21    

. 
 “ ” (  2.9)   

 2.13. 
 

 

 2.9 −    “ ” 
 

        “Simulink”  
      ,  
  “Scope”,   ,  

   : 
-          

  (  2.10). 
-     ,  , 

         
(  2.11). 

-        
 (  2.12). 

-         
 ,       (  

2.13). 
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 2.10 −    ( ) 
 

 

 
 

 

 2.11 −   ( / ),   ( .),  
,   
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 2.12 − ,     

 
 

 
 

 2.13 −    ,  , 
  ( ) 

 
 



42  

3   
 
3.1    
 

       . 
         

      ,    
  ,      

(          
 )     
    « - ».    
      -1 .   

      
 .    

   3.1. 
  : 

-       
 ё      ,  

; 
-       

    
 ; 

  -4815 ,    ё  
   -10 2  8581-78,   

 ,     , 
       

 .     
  . 

        
    [50] (  3.1).   

         
,        

 ,        
   [48, 50]. 

      
 1,    3    

 -  15,      – 
 7   6      . 

  10       11 
        ,   

   ,       
8   
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 .  4  ,    
         

 . 
      

 12,       
 13,      

 ,      
   14,     

  ,    . 
 

13 10 11 14  12 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

1 –   ; 2 –  ; 3 –  ; 4 – 
 ; 5 –  ; 6 –  ; 7 –

; 8 –  ; 9 –   ;10 –  ; 11 – 
   ; 12 – ; 13 –  

; 14 –  ; 15 –  
 3.1-   

 
        

     -4815 ,  
     -50 -3   

75- 3 ( 3.2).     
 -23  « »      

 (  3.3). 
 

8 

9 

15 
в а мо е  

6 

7 

2 1 4 3 5 
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1 –  75- 3 ; 2 –  -50 -3  
 3.2 -      

 

 
1 –   -23  « »; 2 –  -4815  

 3.3 -    
 

       
 .      

,      ,   
   (  3.4).       

   Thermostat U1 ( ).   
 ,      

 -   ( . 3.5)    
  –50…+60     

  -4    2 . 
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 k 
i 

       , 
   -4815 ,    -

160  8625-77    0,5 / 2    -
40 -6  12671-81      40…120 / , -
25 -16  12671-81      7…40 / . 
  

3.2     
 

 
      

   «Excel 2003», «Statistica v.6.0». 
     

  ,       
    ,  : 

 
 

y b0  bi Xi  bijXi X j  biiX
2, (3.4) 

i1 ij i1 

 
     -    ; 

b0, bi, bij -    ,  
  ,     . 

 Xi, Xj -     ; 
 k -   .

       
   «Statistica v.6.0»,      

 ,     
    . 

      
    

 
 

 ̂ = + ∑ = ∙ 𝑋 + ∑ ≠ 𝑋 𝑋 + ∑ 𝑋 (3.5) 

 
     ̂ -    ; , , ,  –    , 

   , ,   
 ; 

Xi, Xj –     . 
 –   . 

       

k k 
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   «Statistica v.6.0»,      
 ,     

    . 
      

    3.7  3.8: 
 ̅ = 𝑁 ∑𝑁= , ̅ = +√ ̅ ;                                                       (3.6) 

 
     -   . = 𝑟− ∑ − ̅̅ ̅𝑟= ;                                                                            (3.7) 

 
 

     r–      ; 
–        

. 
 

     
      

  : 
 𝑝 = 𝑆𝑢∑ 𝑆𝑢𝑁𝑢= <                                                                                       (3.8)

 
    G  -    ; 

G –       : 
 f1r1   f2N    α=0,05.

-     . 
 

      
     t –  (  
): 

 𝑝 = | 𝑖|𝑆 𝑖 >                                                                                            (3.9) 

 
      bi  b0, bij, bii; 

t  –   t-      N(r-1)  
  α=0,05.
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      F-  (  
): 

 𝑝 = 𝑆𝑆 ≤                                                                                        (3.10) 

 
     -  . 

F –   F-     ∫ =N-𝛌, 
∫e = N(r-1)    α=0,05. 
 

     
     «Excel 2003», «StatisticaV6.0». 

      
   P = 0,9876   [57]:  

 δ = ± , SA ,(3.11) 

 

    S –       ; 
А–   . 

 
3.3       

       
  

 
       

     -4815    
        

    ё   3.6. 
  3.6 ,     

    40     
 . ,      

  1    16       
  40  .     6   16 
        

  2       
  40 .     

    ,    
ё  .         

   ,   
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.      
 

    3.7. 
 

τ, и  
 

120 

 

 

100 

 

 

80 

 

 

60 

 

 

40 

 

 

20 

 

 

0 

-16 

 

 

-11 -6 -1 

 

 

4 

t  ,  С 

3.6 -      40    
   

 
 

 
 3.7 -       

120 120 120 
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     3.8, –   

   3.9.  
        

    ,   
     .  

       
    .  

     40...60   . 
        
   80...120      

ё   .   (  3.7) 10... 12   
    16   53...54    

  24   [58, 59]. 
      

 ,   ,  ,   
 . ,     

        ,  
   ,     

  (  ,    . .)   
. 
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1 –  t  = – 16   = 0,0789τ3 – 2,0724τ2 + 16,894τ – 29,805; 

2 –  t  = – 1   = 0,0789τ3 – 2,083τ2 + 17,101τ –14,809; 
3 –  t  = 24   = 0,1007τ3 – 2,5401τ2 + 19,479τ +10,266 

3.8 -    ( )    

 ,    ,  
     (t ) 

 

 
1 –  t  = – 16   = 0,1778τ3 – 4,5936τ2 + 36,499τ – 44,793; 
2 –  t  = – 1   = 0,1841τ3 – 4,7134τ2 + 36,978τ – 28,324; 

3 –  t  = 24   = 0,2303τ3 – 5,7981τ2 + 44,37τ – 5,4832 

3.9 -    ( )    
 ,   ,  

     (t ) 
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                    ,   

     40  :  
    16  – 51 ,  11  – 35 , 

 6  – 20 ,  2  – 16  (  3.6),   
       42   

    16    94    24 
 (  3.7). 

  ,     
   ,       

 , ,    
       5…30 

       
  . 

,       
    ,      

  ,   
  ,     
,       

      . 
       

   . 
 

3.4     
      

  
 

      
     ,  

   . 
      

      
     (  3.1). 

 ,       
      .  

         
 35…50    Q  = 100,9…103,1 /   η  = 

0,94…0,96.     (Q   =  67,7  / )    
  (η  = 0,63)       80 C. 

        
–  
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. 
      5 ,   

      Q  = 82,7 /   η  = 0,77,    
         

,       . 
 

 3.1 -       
 

 

  ,  5 20 35 50 65 80 
 , Δ ,  0 0 0 0 0 0,5 

   , Q , 
/  

82,7 92,4 100,9 103,1 88,1 67,7 

 , : 
–   
–    

,η  

 
11,0 

 
11,0 

 
10,9 

 
10,8 

 
10,9 

 
10,9 

13,1 13,1 13,0 13,0 13,0 13,1 
0,77 0,86 0,94 0,96 0,82 0,63 

 
 ,    
,       

    .  
 ,       . 

 ,      
 ,       

    –    50  5    1,25 
,  50   80  1,5 ,      

  .    
  ,    

 ,   , 
     

. 
 

 3.5       
       

  . 
 

       
     ,  

  ,   40     
      3.10, 3.11. 
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 3.10 -      40    
   

 
1 –  t  = – 28   = 0,1568τ3 – 4,273τ2 + 36,947τ – 60,364; 
2 –  t  = – 18   = 0,131τ3 – 3,5189τ2 + 29,861τ –36,15; 
3 –  t  = – 8   = 0,1323τ3 – 3,5242τ2 + 29,597τ +29,497 

3.11.    ( )    
  ,   

   (t ) 
 

        
,     . 

120 

τ, и  
100 

80 

60 

40 

20 

0 

-28 

 
-18 

 
-8 t ,  С 

120 120 120 

82 
67 

23 
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,        
  2       

 28   8 ,        
 40 .        

   :   
   28  – 82 ;  18  – 67 ;  8  – 23 

. 
 
 3.6     

       
 

  ,     
        . 

        -  
  35…50    Q  = 92,4…95,6 /   η = 

0,86…0,89.     (Q = 67,7 / )   
(η = 0,63)       80 C.  

        
   –      

            
,     3.2. 

       3.12. 
 

η 
1,2 

 

 
1 

 

 
0,8 

 

 
0,6 

 

 
0,4 

 

 
0,2 

 

 
  0 

5 20 35 

 

 
50 65 

 

 
80 

 

t  ,  С 
 

 3.12-     

1 

2 
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 3.2 -     
  

 

  ,  5 20 35 50 65 80 
 , Δ ,  0 0 0 0 0 0,5 

   , Q , /  67,7 83,8 92,4 95,6 82,7 62,3 
 , : 

–   
–   

 ,η  

 
10,8 

 
10,9 

 
11,0 

 
11,0 

 
10,9 

 
10,9 

12,9 13,0 12,9 13,0 13,1 13,1 
0,63 0,78 0,86 0,89 0,77 0,58 

 
      5 ,    

     Q  = 62,3 /   η  = 0,58,    
         

,       . 
 ,    
,       

    .  
 ,       . 

        , 
    ,     

    , ,  
,    . . 

 
 

3.7      
  

 
    ,    

       
   ,      

       
 ,     ,  
: 

-           
        (   

    )    
       

 ; 
-  ,       - 

 ,    ; 
-        

   . 
    : 
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-     40     - 
     82     28 , 

67    18 , 23    8     
         (   
). 

-       
 70...80 %        

    (   ). 
-       

      –   
  (     ). 

       
       

     .  ,   
       

,        
   .    , 

     .   
        

       [48, 49, 
50, 59]. 

     -
 ,       

    .    
      

     . 
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4      
 

 
     

   . 
      

        
  . 

 
T = – 0,0084t2 +1,9426t –44,786(4.1) 

 
       

: 
 

ɳ=0,967-0,2 10-4 -0,94 10-8 2   (4.2) 
 

  –  . 
 

     
    . 

  4.1  -    
.  

 
 

 4.1 -     
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     : ,  
, , .  

  Displey    : 
1)   ; 
2)  ; 
3)     ; 
4)    ; 
5)    ; 
6)    . 
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5     
 

    -
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1)        
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     . 
2)    ,   

      
   . 

3)      
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4)     
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      -10 2 
 8581-78 

Model: M =b1*t ^2+b2*t +b3 
(Spreadsheet1) Dep. var: M  Loss: (OBS-
PRED) **2 

Final loss: 1,545515610 R=,97365 Variance explained: 94,799 % 
 

 .1 -     
 

 b1 b2 b3 
Estimate 0,00497 - 0,4651 21,52392 

 
 .2 -      

 

 
 , 

·  

 
 

, ·  

  
 

  
, ·  

14 14,20841 - 0,208405 

12 11,32911 0,670892 
10 10,68468 - 0,684676 

12 12,27511 - 0,275109 

16 16,10041 - 0,100406 

14 13,30189 0,698110 

16 16,10041 - 0,100406 
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  ,   

      .1[1, 10, 52, 
53, 54]: = · 𝑝 · ( ж" − ж′ )( .1) 

       
 .2 [53,54,]: 

 " = ′ − − 𝑝                                                              

( .2) 

       
         .3: 

 

ж = , · ж" + ж′                                                                                          ( .3) 

      [52, 
53] 

        
 .41[1, 10, 52, 53, 54]. 

 
 𝑒ж = 𝑈 ·ж                                                                                                            ( .4)

 

        
       .5  .61[1, 10, 52, 53, 

54]. 𝑁 ж = , · 𝑒ж,8 · 𝑟ж , · 𝑟Ж𝑟𝑐 , · 𝜀ж                                                     ( .5) 

             𝛼 = 𝑁 ж · 𝛼ж    ( .6) 

 

        
  . 
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     .7 [1, 42, 91, 92, 101, 
102, 120]: 
 𝑘 = 𝛼 +𝛿𝑐𝜆𝑐+𝜆    ( .7) 

       
B.8 [54]: " = ж′ − ж′ − ж′ · ; " = ж′ + ж −′ ж′ · · · 𝑝· 𝑝 ( 7) 

 .1 -   ,   
  

2–    , /( ·oC) 2= 1910 
1–    , /( ·oC) 1= 2070 

G2 –    , / * G2 = 1,63 
G1 –    , / * G1 = 0,26 
t’ 2 –    ,  t’ 2 = 0 
t” 2 –    ,  t” 2 = 40 
t’ 1 –    ,  t’ 1 = 90 
Q –   , / * Q = 124,2 
t 2–    , * t 2 = 20 
t 1–    , * t 1 = 85 
γ 1 –   , / 3 γ 1 = 872 
γ 2 –   , / 3 γ 2 = 908 
ν 1 –    , ( 2/ )·10-6 ν 1 = 18,3 
ν 2 –    , ( 2/ )·10-6 ν 2 = 620 

2 –    , 
/( · ) 2 = 0,127 

1 –    , 
/( · ) 1 = 0,13 

r 2 –      r 2 = 3730 
r 1 –      r 1 = 265 

υ 2 –    , /  υ 2 = 8,9 
υ 1 –    , /  υ 1 = 1,5 
Re 2 –     * Re 2 = 229,9 
Re 1 –     * Re 1 = 1305,2 
Nu 1 –     * Nu 1 = 910,3 
Nu 2 –     * Nu 2 = 1371,9 
α1 –        

 , /( 2· )* 
α1 = 7396,5 

α2 –        
 , /( 2· )* 

α2 = 10889,1 

tc –    ,  tc = 50 
k –  , /( 2· )* k = 4260,3 
t''1 –      - 

, * 
t''1 = 81,6 

t''2 –     - 
, * 

t''2 = 37,2 

*   
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   “M- ”    ,  

: 

wgd=3e-4; 

    Ly, 3* / ; Ly=1e-11;  

   Lp, 3* / ; Lp=4e-12;   

  , ; Eg=9.0e8; Eg3=1e9;  1 V, 3; 

Wp1=0.0005; 

 2 V, 3; Wp2=0.0005; 

 3 V, 3; Wp3=1e-3;  

 Jgd , * 2; Jgd=200; 

   fgd,  / ; fgd=100; 

    1,2 pmax, ; pmax=50e6; 

    3 pmax, ; pmax3=25e6; 

    3 pmin, ; pmin3=1e6  

 Psl, ; Psl=0.3e6; 

  po, / 3; po=800; 

  D, ; D=0.005; 

   kp; kp=0.5; 

  dz, ; dz=0; 

  u; u=0.71; 

gnmax=0.523; 

kdin=0; 

kreg=1e-7; kn=1.2e-

3. 
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      -4815  

       
   :  16  

Model: =b1*τ^3+b2* τ ^2+b3* τ +b4 
(Spreadsheet1) Dep. var:  Loss: (OBS-PRED)**2 

Final loss: 17,969280719 R=,98942 Variance explained: 97,894 % 

 .1 -    
 

 b1 b2 b3 b4 
Estimate 0,000075 -0,017408 1,243236 -14,5247 

 

 .2 -      
 

 ,   ,  
   

  ,  
-16,0000 -14,5247 -1,47527 
-3,0000 -3,7582 0,75824 
5,5000 3,9760 1,52398 
10,5000 9,1274 1,37263 
12,0000 12,1451 -0,14510 
12,0000 13,4785 -1,47852 
12,0000 13,5769 -1,57692 
12,0000 12,8896 -0,88961 
12,0000 11,8659 0,13412 
12,0000 10,9550 1,04496 
12,0000 10,6064 1,39361 
12,0000 11,2692 0,73077 
12,0000 13,3929 -1,39286 

 
       

   :  1  
 

Model: =b1* τ ^3+b2* τ ^2+b3* τ +b4 

(Spreadsheet1) Dep. var:  Loss: (OBS-PRED)**2 
Final loss: 17,309190809 R=,99040 Variance explained: 98,090 % 

 .3 -     
 

 b1 b2 b3 b4 
Estimate 0,000075 -0,017567 1,264860 0,648352 
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 .4 -      
 

 ,   ,      - 
 ,  

-1,00000 0,64835 -1,64835 
13,00000 11,61538 1,38462 
20,50000 19,51998 0,98002 
26,00000 24,81319 1,18681 
28,00000 27,94605 0,05395 
28,00000 29,36963 -1,36963 
28,00000 29,53497 -1,53497 
28,00000 28,89311 -0,89311 
28,00000 27,89510 0,10490 
28,00000 26,99201 1,00799 
28,00000 26,63487 1,36513 
28,00000 27,27473 0,72527 
28,00000 29,36264 -1,36264 

 
       

   : + 24  
Model: =b1* τ ^3+b2* τ ^2+b3* τ +b4 

(Spreadsheet1) Dep. var:  Loss: (OBS-PRED)**2 
Final loss: 73,729270729 R=,95733 Variance explained: 91,648 % 

 .5 -     
 

 b1 b2 b3 b4 
Estimate 0,000093 -0,020599 1,373102 27,93956 

 

 .6 -      
 

 , 
  ,     

  ,  
24,00000 27,93956 -3,93956 
43,00000 39,70330 3,29670 
52,00000 47,90310 4,09690 
54,00000 53,09491 0,90509 
54,00000 55,83467 -1,83467 
54,00000 56,67832 -2,67832 
54,00000 56,18182 -2,18182 
54,00000 54,90110 -0,90110 
54,00000 53,39211 0,60789 
54,00000 52,21079 1,78921 
54,00000 51,91309 2,08691 
54,00000 53,05495 0,94505 
54,00000 56,19231 -2,19231 

 
 
 




