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    : 

 1-   2-    .   

      λ1 = 3,3922   λ2 = 3,3912  

; 



35 

      

 (  0,0024); 

      

  (  0,0005); 

     (  0,8); 

      (  

0,0181); 

   .    

      , 

  ; 

   .    

     ,  

 ; 

   .   

,       ; 

    1  2 .   

       ; 

 ,       

       ,   

   («+») ,    

( )  («−»),    ,    

  ,    .  

    . 

      .  

      

       450 /   

      30  100 .  

   (   – R)    50 .  

 -       3,3922   

3,3912        . 



36 

    30    50 .  

     7,5 . , 

,      ,   

0,375 .     450 / ,  125 / . 

 ,       

  3 .       

   10 , ,    

     300 ,    

 3400 . 

     3400 ,   

  T = 300 ,     

  .  

 

                 (2.8) 

 

       150 . 

     :       = 20 ,      = 10 . 

      = 0.8,  

   ,    

[32],                    ,   

  .  

          [22]: 

 

                       (2.9) 

 

    –    ;      –    ( ) ,  

       . 



37 

  ,  [30],    

,    ,  [29]  

: 

                    (2.10) 

 

 D –  ,      

    150     . 

   ( )     

      0,       

 . ,      

  MatLab,      

  2.2. 
 

 
 

 2.2 –    ( )    

    

 

    ( ) ,  

  ,    



38 

(  )     .  

       2.5-2.9.  

,             ,  

    10-1 / 3,   « » 

         

: 
 

 
 

 2.3 –          

     (            –  

10-1 / 3) 

 

      : 
 



39 

 
 

 2.4 –  ,   .   , 

   2.2  2.3 

 

  2.5 – 2.9    

    ,   

 : 

 

 
 

 2.5 –        0.05. 

      ,  –   



40 

 
 

 2.6 –        0.005. 

      ,  –   

 

 
 

 2.7 –        0.0005. 

      ,  –   

 



41 

 
 

 2.8 –        0.00005. 

      ,  –   

 

 
 

 2.9 –        -0.01. 

      ,  –   

 

 2.5  2.9     :  

     ,    

   –   (  2.5),   



42 

   (  2.9) –   . 

   ,    (  

 –     ),  ,  

   .      

   ,     

     ,    

       . 

,    2.5, 2.6, 2.67, 2.8, 2.9 

   ,    

 ,      

0.05, 0.005, 0.0005, 0.00005, -0.01.  

    ,    

 ,   ,     

    , ,  

      ( ):  

 

                      (2.11) 

 

      –   ;   – ;      –    (  ). 

 

   ( 15%),    

    : 

 

                                          (2.12) 

 

    –  ;    –   . 



43 

2.3    

 

      

      , 

   . 

 .      

  ,      

 :     

 ,     . 

 ,      , 

     Matlab Simulink   

 .  

   ,  ,   

       

 ,      [33]. 

  ,      ,   

       . 

   ,   

     ,    

      .   

       

     ppm,   

      

 ,      

 ,         

  [34]. 

   ,    

  10     , 

     ( )    



44 

   .   ,   

     .  

  ,         50 

. ,      -5   0.05  

,  .  

 ,    , 

   ,    

        . ,  

  -0.01,      ,  

     ,   

,    ,      

 ,  .  

  ,    

,        

       

  . 

 

  



45 

3     

 

       

      , 

   .     

      , 

      

     .   

  ,      

        , 

    , ,   ,  

        

.       

   He-Ne ( - )   3.39   

  .      

     ,    

        

 . 

      

(  3.1).  



46 

 
 

 3.1 –     

 

3.1      

 

      

      λ1=3.3922   λ2=3.3912 , 



47 

 λ1   ,  λ2  . 

       ,  

   ,       

        

     .   

        

   λ1=3,3922   λ2=3,3912    

 1=10   2=5  .  

      1  2 ,  

         

1=20   2=10   [34]. 

    ,   

  ,     

      

     (  3.2).  

 

 
 

 3.2 –      12 , 

       3400 .   

 200 /  

λ1

λ2



48 

   3400       

 .      

 ,     .  

       

   .     

 ,     

       λ1  λ2 (  

3.3). 

 

 
 

 3.3 –    .     

  20 ,     10 .   3400  

(  294 )  

 

 ,      

          

  , , ,      

 .        



49 

        

    , 

   .  

       

,        

 50   .  ,    

    (30-70 )    

    .     50 

         

  30 ,        

 7,5  (  3.4). 
 

 
 

 3.4 –        

 



50 

      

 : ,        

    ,   

    . 

 

3.2     

 

  3.5     

    . 

 1  2     .  

   1   ,     

 1:     ,   

 .   2   , 

     2:     

.      

  . 

 
 3.5 –      

 



51 

       .  

    ,    

     .  

    .  

,    ,    

     . 

 

3.3    

 

       

      

  – .      

  .     Micro ap 

   -    

(  3.6). 

       , 

  .     

     (R2), 

     ,  

,    2. 

       (X1),  

   . 

   ,   

   30   -15   15 .    

      +5 . 

 



52 

 
 

 3.6 –         

 

      

 .          

       (3.1): 

 

              (3.1) 

 

      

 .     , 

    .   

      R2.   

,         

4

51
R

R
Ku 



53 

 –         

   R2. 

 

3.3.1   

 

    -    

   .     , 

      .  

      , 

        

 . ,       

: 

a) ,     - ,  

     (  3.7); 

b)       

   3,39 ; 

c) ,   ,  

    . 

 

 
 

 3.7 –     [4] 



54 

     

( ) - ,     , 

      ( ), 

   .  

      

   .    

         

. 

      

.       .  

,       

  .      

   . 

   ,  -6,  

    ,      

 ,       

    . 

      

   ( ).      

       ( , 

 , , ,     .), 

   .       

 . 

      

   ( ).     : 

  ,    

,   ,    

  . 

       

 ,    (  3.1). 



55 

 

 3.1 –   

  ∆λ,  
∆λmax, 

 

U, 

 

R, 

 

ᵼ, 

 

, 

* 1/2

* -1 

∆T, C 
, 

 

, 

 

1-38-1-

2 2 
1.0-4.5 

3.8±0.2 5 
0.02-

0.25 
2-10 

(0.8-

1.8)*1010 -55… 

+55 
8.4 4 

4 ( . 

3.8) 1-38-1-

3 3 
3.8±0.2 8 

(0.8-

1.8)*1010 

-611 2.7-4.2 3.6 5 
0.08-

03 
25 

(0.8-

2)*1010 

-60… 

+55 
7.8 11 

4( . 

3.9) 

3-1/20 1-5.5 4.3±0.2 12 
0.06-

0.3 
2-4 

(2-

5)*108 

-60… 

+60 
7.4 3 

1( . 

3.10) 

 

  3.8 – 3.10    

 .   ,    

     -611. 

 

 

 3.8 –  1-38-1-2 2 (3 3) 
 



56 

 
 

 3.9 –  -611 

 

 
 3.10 –  3-1/20 

 

   ,  

    .   

   : 

a)     ( ),  

    ; 

b)    ,     

  ( , ,   .); 

c)     ( , , , , ) 

  . 



57 

  (   1  4 ), 

   ,     

.       « » 

  [35].  

      30–40°   

  .       

      50  1000   

  3  6 .      –  1  10 . 

    .  

,  ,     

     [35]. 

      

     « »  . 

,   ,  

    .   

   .  ,   

   ,    77° .  

        30 ,   

        

4 .  ,        

 .  . 

 ,   , 

      

.     

 .       

    77° .       1 

 10 ,       . 

 ,        

 .  .    



58 

,  ,    , 

   . 

       

 3.2-3.5. 

 

 3.2 –   

 

 

∆λ, 

 

∆λmax, 

 

U, 

 

R, 

 

ᵼ, 

 

, 

* 1/2

* -1 

  

∆λmax 

∆T, 

C 

, 

 

, 

 

2-34-

1-2 2 1.0-

4.2 

3.6±0.2 5 
0.03-

0.4 
6-10 

(2.5-

4)*109 

(0.3-

4.8)*109 
-40 

… 

+55 

15.2 8 
8 ( . 

3.11) 2-34-

1-3 3 
3.6±0.2 8 

(2.5-

4)*109 

(0.3-

4.8)*109 

-127 

-01 

2.7-

4.2 
3.6±0.2 15 3.5 15 1.2*1010 --------- 

-50 

… 

+60 

--------- 

9 

( . 

3.9) 

2 
2.6-

4.8 
3.4±0.2 30 4 50 3*1010 

(1…3.0) 

*1010 

-40 

… 

+50 

--------- 

30 

( . 

3.12) 

 

  3.9, 3.11, 3.12    

  .   ,  

      2.   

    ,    

   

 



59 

 
 

 3.11 –  2-34-1-2 2(3 3) 

 

 
 

 3.12 –  2 

 



60 

 3.3 –    

 

 

∆λ, 

 

∆λmax, 

 

-  

. . . 
U,  

R, 

 

ᵼ, 

 

, 

* 1/2

* -1 

∆T, C 
, 

 

, 

 

- -

407 

1.5-

5 
3.8-4.2 48  5 0.1-10 50 3*1010 

-60… 

+55 
53 46 

125 

( . 

3.13) 

164 
1-

5.0 
----- 24 2 5 1-10 50 3.5*1010 196* --------- 130 

-

 1-

5.5 

4.2 48 
5.4-

6 
1-15 

25-

50 

(3-

4.5)*1010 

195* 55 60 

130 

( . 

3.14) 
-

2 
4.2 64 

(3-

4.5)*1010 

*195(6)  –   

 

  3.13 – 3.16    

    (  

3.13, 3.14)      

(  3.15, 3.16).   ,     

  .      

         . 

 ,        

 . . .,         

 . 
 



61 

 

 

 3.13 –  - -407 

 

 

 

 3.14 –  -  1  2 

 

 

 



62 

 3.4 –     

 

 

∆λ, 

 

∆λmax, 

 

-  

. . . 
U,  

ᵼ, 

 

, 

* 1/2

* -1 

  

∆λmax 

∆T, 

C ,  

, 

 

663  

1.6-

4.9 

3.4±2 16 

±10 

 

50 

5*109 7.5*1010 

-60 

… 

+60 

 

 

100 30 

300 

( . 

3.15  

3.16) 

 

663  3.4±2 32 5*109 7.5*1010 100 41 

 

663  
3.4±2 

48 

 
5*109 7.5*1010 100 54 

664  
1.6-

5.2 

3.8±2 
16 

 
15 

5*109 4.8*1010 100 30 

664  3.8±2 32 5*109 4.8*1010 100 41 

664  3.8±2 48 5*109 4.8*1010 100 54 

 

 
 

 3.15 –  663 ,    

 
 

 3.16 –  664 ,    

 



63 

 3.5 –    

 

 

∆λ, 

 

∆λmax, 

 

-  

. . . 

U, 

 

ᵼ, 

 

, 

* 1/2

* -1 

  

∆λmax 

∆T, 

C 

, 

 

, 

 

 
1.8-

4.7 
----- 128 15  

50 

 

----- 1*1010 240* 58 70 -------- 

 
1-

4.8 
----- 1 

10-

15 
----- 7*1010 

293* 

 
8 11,5 -------- 

*  –   

 

         

.  -       

   -     . 

         

    (PtSi/Si).    

       

  ,  4- -  3-   . 

     1-5  (  

3.17),   80 .      

  3.6. 

 

 3.6 –  

  ∆λ,  
∆λmax, 

 
  ∆T, C 

ELCM1090 1-5 ----- 
480x 

320 
80* 

ELCM1091 1-5 ----- 
320x 

240 

80* 

 

*   

 



64 

 
 

 3.17 –   ELCM1090-1091 

 

3.3.2   

 

        

  -  (  1.5-15 )  

  600   ,   

      

     .  

     :  

   ,     

.      

 ,       

 ,  ,    

.  ,      

   ,     

  ,  ,     



65 

     .   

       

 ( ).  

  ,    

   ,     

(  3.7). 

 

 3.7 –      

 

 
∆λ,  ∆λmax,  -   

, 

* 1/2* -1 

ELCM1090 1-5 — 480x320 — 

ELCM1091 1-5 — 320x240 — 

2 2.6-2.8 3.4±0.2 1 3*1010 

611 2.7-4.2 3.6 — (0.8-2)*1010 

 

  3.7   ,     

2-  -   3 .     

    (  10%),    

      . 

    (  1  5 ),  ,  

         

,     .  

    2 (  3.18),   

   ,   

      ,   

   .  

 



66 

 
 

 3.18 –      2 

 

        

,         

.         

 .     , 

  ,   -   ,   

 ,      

/ .      

        

  : 

a)        

 ; 

b)       

  ; 

c)       

      ,    ; 

d)          

    . 

       3.19-3.21. 

   3.19        

       

  . 



67 

         

         

.        

    . 

 

 
 

 3.19 –          

 

        

  3.2: 

 

,            (3.2) 

 

  –  ; 

Sv  –  . 
   f = 2πR3·C. 

   3.20       

 . 

      

         

 . 

1)
R3

R2
(SV vc 



68 

 

 
 

 3.20 –         

 

        

  3.3.    f = 2πR2·C. 

 

,           (3.3) 

 

   3.21     

 ,      

  . 

 3.21 –     ,     

  

1)
R3

R4
(SV vc 



69 

       , 

  ,      

.        .   

    (  3.21)   

  < U .max·RF/R. 

 

3.4     

 

   –    

      .  

 MicroCap      

  ,  .  

,     .   

       .  

        

  –      

    294 .    8 

    .     

   .      

      . 

       

     .  

       

, . (2.5)  (2.6).      

3.8. 

 

 

 

 

 



70 

 3.8 –      

№ 

 

 

, 

 

 

 

, 

 

,  

 

, 
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   Matlab 

 

Fs = 1e8; 

t = 0:1/Fs:(10*300e-6);       %  :  :   (  

% ) 

pulsewidth = 147e-6;          %   

pulseperiods = 294e-6;       %  

P1 = 2;   %  

P2 = 1;   %  

x1 = P1/2+P1/2*square(2*pi*1/pulseperiods*t, pulsewidth/pulseperiods*100);  

x2 = P2/2-P2/2*square(2*pi*1/pulseperiods*t, pulsewidth/pulseperiods*100); 

subplot(211) 

plot(t.*1e6, x1); axis([0 600 -4 4]); 

xlabel('\mus'); ylabel('Amplitude, *10^-5'); 

subplot(212) 

plot(t.*1e6, x2); axis([0 600 -4 4]); 

xlabel('\mus'); ylabel('Amplitude, *10^-5'); 

  

P01 = 20; 

P02 = 10; 

n = 0.8; 

c = 3e8; 

ta = 294e-6; 

E = 1; 

A0 = 0.0181; 

Ar = A0 * E; 

Bet = 6.83*10^-3; 

R = 50; 
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Cons1 = P01 * n * c * ta / 2 * Ar 

Cons2 = P02 * n * c * ta / 2 * Ar  

Alph = -0.1; 

e1 = exp(-2*50*Alph); 

e2 = 1; 

 

P12 = Cons1 / R^2 * Bet * e1 

P22 = Cons2 / R^2 * Bet * e2 

 

P3 = P12+P22 

Fs = 1e8; 

t = 0:1/Fs:(10*300e-6);       

pulsewidth = 147e-6;           

pulseperiods = 294e-6;        

x1 = P12/2+P12/2*square(2*pi*1/pulseperiods*t, pulsewidth/pulseperiods*100);  

x2 = P22/2-P22/2*square(2*pi*1/pulseperiods*t, pulsewidth/pulseperiods*100); 

x3 = x1 + x2; 

subplot(311) 

plot(t.*1e6, x1); axis([0 600 -0.04 0.04]); 

xlabel('\mus'); ylabel('Amplitude, *10^-5'); 

subplot(312) 

plot(t.*1e6, x2); axis([0 600 -0.04 0.04]); 

xlabel('\mus'); ylabel('Amplitude, *10^-5'); 

subplot(313) 

plot(t.*1e6, x3); axis([0 600 -0.01 0.05]); 

xlabel('\mus'); ylabel('Amplitude, *10^-5'); 

a = -5:0.00001:50; 

y = exp(a); 

plot(a, y); 
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DA1-DA4 140 6 4   

R1, R5 -0,125-240  2  

R2, R6, R9, 

R10, R11 
-0,125-100  5  

R3, R7 -0,125-150  2  

R4, R8 -0,125-510  2  

R12 -0,125-200  1  

R13 3-16 -10  1  

R14, R15 -1 – 40 -40  2  
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