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      .   

        

   0.2-1 /     , 

        475  

(  ).        

 ,  -FeSi2.      

    ,      

 630  20 ,       -FeSi2 

(  ).        

 ,   ,    

   375  (   ).  

          

     475    2 . 

1.1       

   

       

  -FeSi2      

 (001) [2; 3]   ,      

   .     

     Si(111)    

        

          

 ,   Si(001).  

 ,     , 

   1.      Si(111)  

Si(001)    ,    ,  

         

 -FeSi2. 
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 1.       

  -FeSi2. 

 
/  

 
 

 

Fe,  

 

 

Fe, /  

. 

, 

/  

 1 Si(111)/p 1 0.2 0.6 - 

 2 Si(001)/p 1 0.8 0.12 - 

 3 Si(001)/p 1 0.8 1.1 - 

 4 Si(001)/p 1 0.8 2.4 - 

 5 Si(001)/p 1 0.8 5.0 - 

 6 Si(001)/p 1 0.8 1.2 800/2 

 7 Si(001)/p 1 0.2 1.3 700/2 

 8 Si(001)/p 2 0.2 0.25 - 

 9 Si(111)/p 2 0.8 0.6 - 

 10 Si(111)/p 2 0.8 0.6 750/2 

 11 Si(001)/p 3 0.2 0.32 - 

 12 Si(001)/n 3 0.2 0.37 700/2 

 

   . 

 1.      

      475  –   

        

   [4; 5; 6].  6-13       

       

100-1000  [4].       

        

,       . 
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  ,      

        

 (111).      -FeSi2  

 .        

       

-  ( )       

( ) [7].        

0.6 / .        

     1. ,   ( ) 

  ( )    (LVV, 91 )   

    .    

     ;   . 

       ;   , 

 
 1.  ,     Fe 

 Si(111)   475  [7]. 
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    .     

      0.4 ,    

    ,    -FeSi2. 

      (  2 ) 

    ,       

   [7]. ,       

( )  ( ) 

 2.  ( ) -   ( =500 ),   

  Fe     Si(111)  

 475 ; ( ) -        ( )  

    .    

   [7]. 
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       (17  [8])  

 -FeSi2 (21.8  [8]).      

  (  2 )    

       :  -

        

,   2   –   -FeSi2.  , 

       

  . 

        [7] 

     -FeSi2,  

   ,   ,  

     ,     

     ,  

  -        

   (  2 ).  ,   

        

  -FeSi2 [9]. 

     0.2    Si(111) 

        .  

  ,   -  

 ( )    3.  

   1   0.6 /   

       2  3. 

          

     .    

,     (001),    (111)  

,        -FeSi2  

 .  ,     (111) 

 ,   (001),      ,  
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     (  1  2). 

         

 1.   ,        

. 

   2, 3, 4  5,     

  (0.8 )      Si(001) [3].  

     4,     

     -   2. 

       

(0.12 / )       

  1010 -2      76 .  

     ,   .  

      115    

108 -2,       . 

     (1.1  2.4 / )  

  4   .        

  59-65    8.2-8.7×109 -2,    

 3          

1012 -2.         

   -  , 

 
 3.     1    

-FeSi2,   Si(111)  . 
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  ,     4   

    ,     -  

  ,   . 

     5 /    

      0.8     , 

     4 .  ,   

    50    7×109 -2  

      . ,  

        

 ( )  ( ) 

 ( )  ( ) 

 4.      0.8  

      475  (  ).  

( ) – 0.12 / ,  2; ( ) – 1.1 / ,  3,    

    ; ( ) – 2.4 / ,  4;  

( ) – 5.0 / ,  5. 
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 ,     . -  

      , 

        

    .    

   2.4 /     

      

  .     

         

 3 / . 

   ,       

     (    

    500-750  [10; 4])      

  ,      

    . 

       

  -FeSi2  Si(001)     

  6  7      475  

   800  700 , .   7 

 0.2  ,  ,      

     . 

    0.8    

 (  5 ,  6)  ,   

     (  4 ,  3). 

        

  ,    3,   

 .          

      (  2). 

  0.2   ,    7,   

   700    2  (  5 )   
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(  2).      50    

5×109 -2      .  

     37    2   

6×1010 -2,       .  

    Si(001)      

  0.2 . 

       -

FeSi2,   ,    

    (   ,   

   )     . 

         

,         . 

 2.    -FeSi2   

 0.2          

   20   630 .     , 

        6.  

        

  (91 )         

( )  ( ) 

 5.       -FeSi2 

(  ),     2 . ( ) - 6, =800 ; 

( ) - 7, =700 . 
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 575-730 ,       (  6 ). 

 -         

 ,        

     . 

    (  6 )   

  ,      

:       (10 ),  

     .    

 6.8  12 ,      17.9   

      ,   [11]  

   .      

   18.7 ,     . 

          

    Si(111) (  2 ).    

  ,        

     ,    

  .   -FeSi2   

( ) ( ) 

 6.   ( )    ( ) ,     

Si(001),   0.4         

  -FeSi2. 
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  Si(001),    , . ,  

        S(001)  

,  ,   .  

    8,  2   

Si(001)    7.      

  1.2 .     

      4.7×1010 -2,  

 24    4 .       

       . 

        2×108 -2.  

   -FeSi2     

Si(111)       

   Si(111)    Si(001).    9 

(  8 )         

 ,   ,   Si(001) (  2,  

8  9),  ,    9    4  ,   8. 

       

 ,       

  ( ) 1×1    (    8 ). 

      (111)    

 
 7.     8 (  Si(001)), 

  : dFe=0.2 , =630 , t =20 . 
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      , ,  

  (    (001))     

    ,   

.  

        

  10,      

 9,      2   750  (  

8 ).   ,       

,       .  

        30   

 50-100 .   60     

    ,    , 

,    [110].   

   ,     

     .  ,   

       , . . 

 ( )  ( ) 

 8.       -FeSi2, 

  Si(111)  : ( )  -  9,  ( ) - 10.   

 ( )  ( ),       2   

750 .         

. 
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   [12]. ,   

    -FeSi2,    , 

  .        , 

       

  .  [13],    Si(111)  

  -FeSi2   ,  -FeSi2[010]  

[001]||Si[110],      8 .    

  (2 ), ,    

  ,      

  .      

         

(    8 )    1×1  ,    

 ,  . 

 3.      

         

   11  12.      375   

 0.2   (  ),     

   0.2       2  

 475  (  ).      ,  

    ,  12  

    700 .    

     : ,   

        

 [14; 15].        

        .  

  9       11. 

    -FeSi2   1.6×109 -2,  

  45    9 .    

     (2×1010 -2)  
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  30 ,  1 .   9      , 

       . 

,      ,  

,     –    (  

          (1×1). 

   9     12 – 

  11,      700    

2 . ,         

     .     

        11,    

     -FeSi2 (  

  45 ,  1 ,  1.2×1010 -2).  

 ( )  ( ) 

 9.     11  

 -FeSi2   ( )   12  

   700    2  ( ).    

( )          

 .        

 . 

 



30 
 

,       ,   

 ,     (  

  9 ). 

 2.       -FeSi2, 

  . 

  

   F
e,

 
/

 

Fe
, 

  
 

 
, 

  
 

, 
  

,×
10

8  
-2

 

 
, 

 

1 Si(111) 1 0.6 0.2 
50×180/ 

30×70 
10/2.5 30/10 4.85 

2 Si(001) 1 0.12 0.8 115/76* 11/3* 1/105* 1.3 

3 Si(001) 1 1.1 0.8 59/25* 8/1* 82/100* 3.3 

4 Si(001) 1 2.4 0.8 65 4.6 87 1.4 

5 Si(001) 1 5.0 0.8 79 4 70 1.4 

6 Si(001) 1 1.2 0.8 50 5 320 1.6 

7 Si(001) 1 1.3 0.2 50/37* 6/2* 50/600* 1.5 

8 Si(001) 2 0.25 0.2 39/24* 9/4* 2/470* 1.3 

9 Si(111) 2 0.6 0.8 50/30 6/2 60/40 1.63 

10 Si(111) 2 0.6 0.8 
50-

100×30/20 
5/2 30/20 1.91 

11 Si(001) 3 0.32 0.2 45/30* 9/1* 16/200* 2.1 

12 Si(001) 3 0.37 0.2 77/45* 3/1* 10/120* 0.6 

* /   
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1.2    CrSi2    

  CrSi2       

,      ,   

    ,    

   [16; 17].  ,  

Cr-SiO  Cr-Ge          

 [18; 19].     [20; 21; 22]  

  [23; 24]   CrSi2  

      0.35 .  

     (111) CrSi2   

        

 .   [24]    

     ,   

    CrSi2(0001) -   Si(111) [25; 

26].          

  ,      

          

    CrSi2.     

    ,    

:   CrSi2   -    

   30       0.1%.     

  CrSi2 -    ,   

,       -  , 

,    .  

       

  (111)     

( )    [27],   ,     0.008-

0.032 ,   Si(111)   450-550 ,  

     ,   
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   –  CrSi2.  ,  

       

,     CrSi2,  

   .       

     ,   

    .  

        

      CrSi2,   

     (111)  (001) [28; 29].  

     -   , 

    500 ,   0.017-

0.023 /    0.01-0.18 . 

      

   Si(111)     

 ( )    1.1-2.8 .   

       10-15 . 

        

   ( )    [30], 

     :     

.  

  10    ,   

   . ,    0.06     

      1.3, 1.7  2.3 ,  

       

CrSi2 [20].   ,        

    ,   

  .        

 0.065  (  10 )    CrSi2  Si(111)7×7, 

       [27].   

    0.08-0.09      
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0.1  (  10 ),       

CrSi2. 

         

CrSi2         0.12  0.18  (  

11 , ).     0.12      

 CrSi2   4-5×109 -2,  1-3    

 30-50 .     17-18%.  

     0.18      

   (  11 ),      

 50-100      .   

   25-26%,     

      . 

     ,     0.06-0.07  

    CrSi2    

 CrSi2        2 ,  

  ( )   ( ) 

 10. ( ) -      

  ,    500 .  ( ) - 

       

    . 

 

1,0 1,5 2,0 2,5 3,0
0,0

0,5

1,0

1,5

2,0

2,5
, 

.
.

, 

 0.13 
 0.1 
 0.06 
 0.02 

0,00 0,05 0,10 0,15
0,0

0,5

1,0

1,5

2,0

2,5

, 
.

.

 Cr, 

 2.29 
 2.09 
 1.73 
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 6    [0001]    

 ,     CrSi2     [20]. 

     0.6      

   , . .   . , -  , 

         

 750 ,        

    .    

       

          

   . 

     CrSi2,  

    750 .   12 ,  

    ,  

  .    0.1    

    20-30 ,  4-7    

4×109 -2 (  12 ).       , 

     .    

  2-4  .  ,  , 

( )  ( ) 

 11.    Si(111)   CrSi2, 

        

 500 .     0.12  ( )  

 0.18  ( ). 
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   0.1      

 750         

     . 

        0.6  

    750    2–3  

   (8-12×109 -2)     (  30-

60 ).      3-7 .      

       (  12 ), 

          

 .      ,  

     .  ,    

   (0.6    7.5   Si(111))  

        

 750      ,   

          

    . 

 ( )  ( ) 

 12.       CrSi2, 

  Si(111)   500    

   750    2 .   

 0.1  ( )  0.6  ( ). 
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      ,    

       

  (0.07 )  500 ,    0.1    

500       750 . 

       

       

 .     0.6      

 750        

  ,        50%   

  . 

       

       (001). 

      

        

      

 CrSi2,        

 .       

  Si(001)  .  –    

 500 ,   –     550   

 20 .     0.2-0.4  ,   

 0.2 / .  

  13       

  ,     

  0.4  . 
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( )  ( ) 

( )  ( ) 

 13.       

 ,   Si(001)   ( )  

 ( )  0.4  .   ( )   

     . ( ) –  

   ( ),        

. ( ) –    ,   ( ). 

 

        ,  

   (  14).    

           

 0.6 ,    [8]     

     . 
  

0 5 10
102

103

104

8 ± 2 

 

-
 

2 ± 0.5 

, 
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 14.       

-   (  Si(001))     

    (  CrSi2). 

 

        

  . ,     

           

 (  3).      

    (  13 ),       

2 ,          8  – 

  .        

   2×1011  2×109 -2 (  3).   

      

(       )   

2×1010 -2.  

        

       . 

         

  .     20-  

       ,  

5 10 15 20 25

 CrSi2
 Si(001)

-d
2 N

(E
)/d

E2 , 
. 

.
, 

0.6 
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. 

 3.   ,  

    13. 

 

 
 

 
, 

×1
09  

-2
 

 
 

, 
 

 
 

, 
 

 

 

, 
 

 

 

 2 8±2 90±8 1.49 

 200 2±0.5 20±2 

 

 

 10 4±1 90±10 1.41 

       CrSi2, 

  Si(001)    ( ),  

 ,       

      .   

     3       

        . 

         

   5%,         

  ,   Cr     

.  ,  50%        

      Cr   

   .     

       1×1 
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(  13 ).      2×1  

   Si(001)  =600-800     [31]. 

1.3       

    

1.3.1    Si(111)- × / °-Cr  

     

      

      

 -FeSi2.  Si(111)   ,    

    .  

        

   ,   .   [32]  ,  

    Si(111)- 3 × 3Ag   

    Fe3Si   3-8×1011 -2.   

        

 ( ),     . 

   ,    

   Cr     Si(111)7×7.  

   0.02  Cr   500  [33].  

      7×7   ,   

 , . ,     

   [24] (     

  (7×7)-Cr).      

0.3  Cr   0.1 /        

  400    0.5  [34].     

   3 × 3/30°    [24]    

  (  3Cr).      
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0.2     475 . 

    (7×7)-Cr  (7×7) ,  

 (1×1)  .  ,     

 .      (  

15 ) ,         

40-80    10 .     4×109 -2. 

   3Cr     

,       .   

15       . 

,    ,   2×109 -2, 

      ,   

    .   

   ,    ,    

 ,   ,       (7×7)-Cr.  

    [27]   

Si(111)- 3 × 3/30°-Cr    ,   

 75% . ,       

 ,    Si(111)-7×7,   

       

 ( )  ( ) 

 15.    -FeSi2   

  (7×7)-Cr ( )  3Cr ( ). 
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.       

        , 

      .  

 ,        

,       3Cr. 

    ,     

 . 

 4.   -FeSi2,    

 0.2       Si(111)-7×7  

 . 

  

 

 

,  

 

,  

 

, 

×109 -2 

Si(111)-7×7 30×60 8 12 

Si(111)-(7×7)-Cr 40×80 10 4 

Si(111)- 3 × 3/30°-Cr 
: 60×80 

: 30×40 

25 

10 
2 

       -FeSi2, 

    0.2      

 Si(111)-7×7,    (7×7)-Cr  3Cr   

 4. ,        

      -   

Si(111)-7×7.         2-5 

 ;        .  

       

 ,      
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. 

1.3.2    Al-Si(001)  

     

          

  Si(001)-c(4×12)-Al [35; 36].    

  ,    [37]     

  800      0.5  (0.055 ).   

        . 

 ,  ,        

          

     (   ) 

.  ,    Si(001)-

c(4×12)-Al    ,      

         , 

  Si(001)-c(4×12)-Al,        

 .  

    ( )   

  1x10-9 ,     

,       [38],   

  Fe  Al.   15x5x0.35  

    Si(001) -    

4.5 O × .         

.         

650    10 .      

   1200 .     , 

  Si(001)2×1. 

    Al  ,  

 .  Si(001)-c(4×12)-Al    
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1  (0.11 ) Al    Si(001)2×1 (T=700-800 ) [37]. 

 (99.99%)    0.08 /    Fe 

 .   Fe  Al    

 . 

  UH    U  (  

)      [38].  

         

       

.      Si(001)-c(4×12)-Al 

          

 .      

      -      

 . 

         

  16   .   16     Si(001)2×1, 

     Si(001).  

        . 

    16    Si(001)-c(4×12)-Al    

.   ,     

.        

 17 . ,    ,  -  

  ( )   0.14 .     

,        .  

        18  

       ,     Si(001)-

(4×12)-Al. ,       

      ( .  18 ). 

   Si(001)2×1     

   dFe ~ 1 ,     ~ 5%.   

dFe ~ 1.6     UH   2.3     
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( )  ( ) 

( ) ( ) 

( ) ( ) 

( ) ( ) 

 

 16.    -   Si(001)2×1 ( ) 

  Si(001)-c(4×12)-Al ( ).        

Si(001)-c(4×12)-Al    ( - )   300  ( - ). 

 

0.17  0.08  

0.09  0.04  

0.05  0.01  
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 .     Si(001)-c(4×12)-Al UH   

    .  ,     

    ,    

     . ,    

    (  0.01 )   , 

     .  

  U          

(  18 ).    Si(001)  U     

   .    8%    

 0.8   1 .      U   

( )  

( )  ( ) 

 17.       

 Si(001)-c(4×12)-Al ( );     1.8 , 

   ( ).  ( ) -     

,   ( ). 

 

0 2 4 6 8 10 12 14

-
 

, 
. 

.

, 
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  1   1.8 .   Si(001)-c(4×12)-Al U    

 dFe  0.4  ,      ~  25%   0.4    dFe  1 ;  

    1.8    U  . 

     Si(001)-c(4×12)-Al    

          300 . 

       ;   

  .      

 16 -    16 - .   16 -  ,    

 ( )    Si(001)-c(4×12)-Al 

( )  

( ) 

 18.    UH (a)   

 U  ( )   .     

      Si(001)2×1  Si(001)- (4×12)-Al, 

.       5%. 
 

0,0 0,5 1,0 1,5 2,0 2,5
5,0

5,5

6,0

6,5

7,0

U H
, 

  , 

(2x1)
(4x12)

0,0 0,5 1,0 1,5 2,0 2,5
1,0

1,5

2,0

2,5

3,0

U
, 

  , 

(2x1)
(4x12)
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   0.04      dFe = 0.08 .  

  300  Si(001)-c(4×12)-Al    dFe = 0.09  (  

16 ).      dFe =  0.17   (  16  ). 

 ,     Si(001)-c(4×12)-Al    

       ,  . 

    UH  U    

 ,    ,  

     [39].     

,    ,  ,  

,  ,     . . 

     ,   , 

   .     

   .    [40]   ,    

 ,    ,   

,       

  .        

  5  10     0.35 .  ,  

    .   ,  ,  

     ,    

 ,        .  

 UH  U    ,   . 

    ,   

 ,        

(  19).       

 ,    ,       (   

 )  .    (  )   

  ,     ,  

   ,     

,       [41].  , 
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 ( . .     - )  

     ,  

 : 

=  (1) 

=
1

 (2) 

 k   k  –  ,    

  ; UH  U  – ,     

 , ; I0 –  ; Bz –  

 .   ,    

      : 

= / , (3) 

  –  , rH –  ,      

   [42].  

    Fe/Si(001)   

 19      .     

 Si(001)2×1,      18  

 Si(001) 2×1 = 3.9×10-3 -1 (     19 )   

   3×10-3 -1   [43].    

~3.4 %      ,    

  dFe  0.7 ,    0.7–1     ~10% 

  1   dFe  2.3   .  
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 ( ) ( ) 

 19.        

   Si(001)2×1 ( )   Si(001)-c(4×12)-Al ( ). 

       

  ( )    . 
 

      (1)   µH 

(  20)  3     . µH  

  dFe<0.8 ,   0.8<dFe<1.5    ~ 8%, , , 

 1.6<dFe<2.3    20%.      

   ,    21 .  

 
 20.       

   Fe/Si(001). 

0 0,5 1,0 1,5 2,0 2,5

3,6

3,8

4,0

4,2
10

-3
 

-1

  , 
0 0,5 1,0 1,5 2,0

5

6

7

10
-3
 

-1

  , 

0,0 0,5 1,0 1,5 2,0 2,5
450

500

550

 
, 

2
-1

-1

  , 
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        Si(001)2×1.  

  ,      FeSi, 

   Fe3Si,       [44; 

45].        (  19 

)       2×1, 

   (  )  .  

    [43],  ,   Si(001)2×1 

     . 

    0.7<dFe<1   

  H ( .  20).     

  -      , , 

     Fe3Si,   

  ,     FeSi.   

 Fe3Si     µH   1 < dFe < 1.5 .  

  1.6  dFe  2.3       

(  19   20).  ,     

  .  ,    

( ) ( ) 

 21.        

Fe/Si(001) (a)   Fe/Si(001)-c(4×12)-Al ( ). 

 

0 0,5 1,0 1,5 2,0 2,5
1,00

1,25

1,50

10
15

 
-3

  , 
0 0,5 1,0 1,5 2,0 2,5

1,00

1,25

1,50

1,75

2,00

10
15

 
-3

  , 
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   19    1.8–2.3   7.5×103 ( × )-1   

13       .  , ,  ,  

          

  . 

    ,    20,   

      [46].  

  ,    0 < dFe < 0.9    

   ,    Fe3Si , ,  

dFe>1.6  –   .    (  20)  

 [44],       , 

   .    [44]  Fe3Si 

  dFe  0.43 ,      dFe  1 .   

       (~ 20%   

). 

        (4×12) 

,      .   

    620 c 2× -1× -1 (   (4×12)   

725 c 2× -1× -1 (   Fe 1.8 ).      

  1.36×1015 c -3  1.7×1015 c -3 (  21 ). 

        (4×12) 

   19 .     (  0.3 )  

   .   dFe = 0.4 ,  

,        

1 .  ,        [47]   

Al  In   Si(001)-c(4×12)-Al,      

  . 

         

  [48],  ,     

     : 
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( ) ( ) , (4) 

 d dc,  d –   , dc -   

(        

 ).  

        

dc=0.5     t  1.3 [48].     

   0.04  (1 = 6.78×1014 c -2   

Si(001).    t = 1.36±0.09     ,  

   0.3 ± 0.02 .   

,     ,   

 19     .    

     ,    

(   )   .      Fe 

     .   

     ,    ,  

    .    

    ,       , 

   .  ,     ,  

0.5      . , 

   ,    ,    

    [39].     , 

    t     , 

         

    . 

     

      c(4×12),   

    (      ) 

      ,   
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.   ,   c(4×12)   

   .  

  ,    c(4×12)    

0.08      (  16 )   ,  : (1)  

,  (2)      , 

  ,   .    c(4×12)  

   0.17    300  (  16 ),    

 ,     -    

  ,     

 ,   ,  c(4×12). , 

       ,  

,         . 

   ,   [49]  , 

  (4×12).      

 ,     370      

         ~2-

5 . ,   ,    (4×12). 

    ,        

 . 

 ,     ,   

  (  dFe = 1 ),     

  .       

 .      

( ) = + , (5) 

 d -  , a  b - .  a    

 .       

     19   ,   

  1×104 ( × )-1,      
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  .    

  . 

    (4×12)  1.8    

   17 .    ,  

  2×1010 c -2.        

  60    4.5 ,      

 17     .  

      ,   

,   ,  0.56 , . . 1/3    

 . ,        

 ,   ,   

  . 

   ,    ,  

     Si(001)-c(4×12)-Al,   . 

  (0–0.3 )    .  

        Si(001)-c(4×12)-Al,  

   .     

,      .    (0.3–1 ) 

         

  .  ,   

 ,      . 

   (1–1.8 )      

.       

. 

1.3.3    Si(111)-(2×2)-Fe  

    

      

     ,    , 

     .   ,   
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 Si(111)-(2×2)-Fe  Si(111)c(4×8)-Fe,     

  0.12-1.36    450-600  [50; 51].  

  Si(001)-c(4×12)-Al,    

       

 . 

     

     Si(111)    ,  

      (2×2) (  22 ) [52].  
      0.1-2.0    

   400-650 ,    

 Si(111)c(4×8)-Fe,         

.   ,       2×2 

(  22 )        , 

    [50; 53]    

Si(111)c(4×8)-Fe.    ,      

      Fe  

 FeSi1+x  CsCl [54], ,       

  (   1×10-9 )     

( ) ( ) 

 22. ( ) -       

(2×2)     0.18  ,     

  550    20 . ( ) –    

 . 
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      ,  

     . 

      

Si(111)-(2×2)-Fe    22 .     

     0.2 .  

       20 – 

40 ,  2-3    1×109 -2. ,    

    ,       (2×2) 

[51].            

     ,     

    ,     

    30-50     

1×1012 -2.  

  in situ     

        

    Si(111)7×7.    

     (1)  (2).   23 

  ,     

     . ,   

  20-150        

  2×2     

(  23 ).       2×10-4 -1 

(  14%).       

   -   Si(111),   

 -    6%   0.1    

 [55; 56]. 
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( ) 

( ) ( ) 

 23.    ( ), 

 ( )   ( )       

Si(111)7×7       Si(111)-

(2×2)-Fe.  ( )      Si(111)7×7 (1.14 ) 

 Si(111)-(2×2)-Fe (0.99 ),     . 

 

        

         

      [39].    

     

 7×7,         

   ,    .  

1,5 2,0 2,5 3,0 3,5
1

2

3

4

0.99 

 Si(111)7x7
 (2x2)-Fe

ln
 

, 
-1

1000/ , -1

1.14 

0 50 100 150
0

100

200

300

400

500

600

 Si(111)7x7
 (2x2)-Fe, 

2
-1

-1

, 
0 50 100 150

4,0

4,5

5,0

5,5

6,0
 Si(111)7x7
 (2x2)-Fe

, 
10

14
 

-3

, 
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         .  

   Si(111)-(2×2)-Fe      

 ( ) (  23 ),    Si(111)7×7.   

      Si(111)-(2×2)-Fe ,  

   (  23 ).      

  15%.       

  (  23 )     

            

.  Eg=1.14±0.05        

  [57].     Si(111)-(2×2)-Fe  

     0.99±0.06 ,    

   .  

       

 ,       

Si(111)-(2×2)-Fe      Si(111)7×7 [58],   

         

  [59].      

       .    

       Si(111)-(2×2)-

Fe:  A  45 ,    – 20 . ,   

          

  .   Si(111)7×7  

 . 

  24      

     .    

   ,    . 

        , 

       (  24 ).   

    1 ,     1.35 .  
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        2.3 ,    

 3.2 .       . 

      

(  )       

(  24 ):   ,       

  ,   . 

     (  24 )    

  ,        

. ,      

         [60; 61]. 

         

 .        

Si(111)-(2×2)-Fe       .  

 (       )    , 

  Si(111)7×7 (  )     

   . 

 ( )  ( ) 

 24.   ( )   ( )  

  ,       Si(111)-

(2×2)-Fe (    )   -   (  ).   

 45  (  A)  20  (  ). 

 

0 1 2 3 4
12

16

20

24

 A
 
 B

U H
, 

  , 
0 1 2 3 4

5,0

5,5

6,0

6,5

7,0

7,5

8,0
 
 
 

U
, 

  , 
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(  )       

(  24 ):   ,       

  ,   .     

 ,   –  .      

      25 .    

   Si(111)7×7 (  )   0.8    

        

  Fe-Si [44; 62].      

   Si(001) (  19 ).    

      (1 ).  

        0.8-2.5    

   .      

        

 .        ,   

    .   (5)   

 ,    0.16×104 ( × )-1,    

 ( )  ( ) 

 25.   ( )     ( )  

   ,        

    Si(111)-(2×2)-Fe. 

 

0 1 2 3 4

1,2

1,3

1,4

1,5

1,6

1,7

10
-3
 

-1

  , 
0 1 2 3 4

300

400

500

600

700

800

 
, 

2
-1

-1

  , 
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    .     

  ,       Si(001)-c(4×12)-Al, 

    .  

         

  Si(111)-(2×2)-Fe  Si(001)-c(4×12)-Al  

    ,      

     ,    

       .  

     0.8      

   ,    

       [63].   

        

 .    1.35     

820 2 -1 -1 (  25 ),       Si(111)-(2×2)-Fe 

 520 2 -1 -1.   ,        

,        ,   

        ,  

,       . 

           

  [40],     

  . 

         

     .    

   [61],      

     .      

          

 .        

     . 

      (  24 )  

   ,   Si(111)-(2×2)-Fe    
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 .        

    ,   

       .  , 

         

(1.7 ).        

    (  )   3.3 ,    

 UH   .     

 ,      

 Fe  Si.  

  [64],    ,  

   ,     

  ,    2.3 .   

       

 ,    .    

   ,     . ,  [60] 

,    ,     

     1.8 .    

   Si(111)-(2×2)-Fe     1.35 .  

,        ,  

         

1.7 .  

        2.07 , 

    Si(111)-(2×2)-Fe,   

 26. ,         

 20-30 ,    .   

      0.11 . , 

          

       - . 
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 26.     ,  

 2.07    Si(111)-(2×2)-Fe   . 

 

   

 -FeSi2    , 

     .     

    475   (  ),   

–           20 

  630  (  ).      

 375 ,        

  475  (  +  ).      

    0.1-5 / ,  ,    

      3 / .   

           

        

 Si(111),      

   .        10 

,      109 -2.    

  Si(001)   700  800  ,   

 ,   ,  ,  

,     ,   

   .      
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    (001)   

      1010 -2,    

  . 

      

  Si(001)  .  –    

 500 ,   –     550   

 20 .     0.2-0.4  ,   

 0.2 / .       

    :   

          

  .       

       

  .        

     .   

    20    

   ,      

,       

 .     (0.6-0.9%) 

   CrSi2   Si(001).  

  CrSi2      

500   Si(111)  ,      (001), 

    ,     

        .  

    ,   

        

Si(111)    Si(001).   0.1    Si(111) 

     : 

         

  . 
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   Si(111)-(7×7)-Cr  Si(111)- 3 ×

3/30°-Cr         

   ,      

 ,          

     Si(111)-7×7.   

     ,   

        

(475 ),        . 

          

Si(001)-c(4×12)-Al.       

         300 .  

  /          

,         ,    

 .        

    0.3-1 ,    

    ,    

          

. 

      

     ,    , 

     .   ,   

 Si(111)-(2×2)-Fe.       

Si(111)-(2×2)-Fe      

 ,      

     .     

    1.35 ,    

  ,  820 2/( · ),    

,     .  
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 2.    

       

     

2.1       

-FeSi2 

 

2.1.1       

      

       

       

       

  .  ,   

,        

.        

  ,      

 5. 

  ,     

 -FeSi2,   Si(001)     13 [3; 65]. 

         600 . 

           

    500  [10]  750  [4].    

 80 ,       

       ,   

    . 
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 5.        

-FeSi2. 

 
/  

 
 

 

Fe,  

 

Si,  

 

 

Si, /  

T  

Si,  

 13 Si(001)/n 2 0.2 80 20 600 

 14 Si(001)/p 1 0.8 200 8 700 

 15 Si(001)/p 1 0.8 400 8 600 

 16 Si(001)/p 1 0.8 400 8 700 

 17 Si(001)/p 1 0.8 400 6 800 

 18 Si(001)/p - - 400 8 700 

 19 Si(001)/n 3 0.8 800 15 700 

 20 Si(111)/p 2 0.2 400 11 750 

 21 Si(111)/p 1 0.8 400 8.5 800 

  27   ,   

      . -  

    (2×1) (  27 ).  

 0.2     (2×1)  ,  

  (  27 ).    ,   

     (0.2  Fe  Si(001)  2.5 

),    ,    .  

(2×1)      .  

     ,   (2×1) 

 ,        , 

   (  27 ).    Si   

    , ,  

  .    27     

  ,     .  , 80  
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      -FeSi2,  

 . 

   13,       

,    28.    ,  

    ,    28 ,  

15 .         

  (  28   ).  ,  , 

   ,      

,         

     .     

   (  28 )      

( ) ( ) 

( ) ( ) 

 27.        

 -FeSi2        

   600  (  13). ( ) – -  ; 

( ) –   0.2    ; ( ) –   630    

20 ; ( ) –     600 . 
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 (0.1 ).        

  (  27 )     

 ,     80  . 

     -FeSi2   

     14 (  29). 

          

    0.8      200  

[66].     2.5  ,    13,   

       40 ,  1  

  2×108 -2.      14  

      13    

( )  ( ) 

( )  ( ) 

 28.     13 (  ), 

          

:   ( )   ( )    

  15  80 . 
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  Si,       -  , 

       -    

    .     

  ,       

     -FeSi2,      

.   ,      (5-

15 / )    700     Si   

     –    [67],   

    13 (  28 ).   ,   

   14 (  29 )  16 (  30 ), 

   ,    

 .  

,   400  ,   ,  

 0.8    ,     

     .    ,    

 

( )   ( ) 

 

 29.      -FeSi2, 

  Si(001)     200    

 700  (  14). ( ) –  , ( ) –   

 ,   ;     

 . 
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   " " ,  

     -     

   .      , 

   .     

14  ,      

   .     ,  

      (  29 ),      

       . 

   15, 16  17      

       

  ,       

(001).      (    

 475 ),      600, 700  800 .  

         

0.8  .    ,     14,     

     400  (  5). ,    [10] 

        , 

   dFe=1.6 .  

      

   6,       –  

 30.  

       

     

   .     

      16 (  30 ), 

  700 .  800    17  

     

 (   (2×1),  30 ).  

 ,   ,    
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 15,   600  (  30 ).    

     (2×1).  

       

 ,   .    

       . 

      16 (  30 ), 

   700 .   15,  

 600  (  30 ),       

  .  

   800  (  17,  30 )   

    ,   

,     ,  ,   

   (  6).     

  30 . ,       

        ,   

  ,      [68]. 

   ,     

 :      . 

,         

,    .  

      13   

   15  80  (  28 ).  

    ,   15, 16  17   

   5  ,  13.       

       -  

  ,   400      

         .  
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  ( )  ( ) 

  ( )  ( ) 

  ( )  ( ) 

 30.         

  -FeSi2,   Si(001)    

   400    . ( ),  ( )  -  15,  

=600 . ( ), ( ) - 16; =700 . ( ), ( ) - 17; = 800 . 

 

       

      -  -   
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       ,    

 18,       ,   

      ,      

   -FeSi2.     400  

        

  (  6).      

,     (  31 ),   

  (2×1)   (  31 ).  

     ,    ,   

   .  ,      

    ,    

.  

       FeSi2  

Si(001)     0.8  ,    

     800   [69].   32 

      19.  

           

13 (  28 ),        

( ) ( ) 

 31.      18, 

   400    700  ( )    

   ( ). 
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 1.2 ,  70    2×109 -2 (  6). 

      

   2×1    .   

 ,   800      

. 

       -FeSi2, 

  Si(111)    ,   

 33 [33].    ,    (001)  

     ,    

   .   20,  

      400    1×1010 -2 

(  33 ).  ,     13, 

   (001) (  28 )       

   10  ,   .   

  ,   20,     

 21,    (  33 ).     

  17  Si(001) (  30 ),    

        

( ) ( ) 

 32.     19   -

FeSi2,   Si(001)      

 700 , dSi=800  ( ).      ( ). 
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     0.5 .    

          

50  (  33 )     2×108 -2.  

          (  

  ,     33 ).   

    ,   

  (111).  

  ( ) 

  ( )   ( ) 

 33.     , 

  Si(111). ( ) –  20,  ; ( )  ( ) –  

21,  .  ( )     ( )  

   . 
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 6.   ,  

 .  
  

 

, 
 

 
 

:  

 ×
 

, 
 

 

, ×
10

8  
-2

 

 
 

:  

 ×
 

, 
 

 

, ×
10

8  
-2

  

, 
 

15 600 202×14 2 - - 3.28 

16 700 132×4 4 - - 0.10 

17 800 66×3 8 - - 4.88 

18 700 70×1 0.1 - - 0.40 

14 700 80×1.5 10 40×1 2 0.86 

19 700 70×1.2 20 - - 0.24 

20 750 - - 40×1.5 100 0.36 

21 800 250×50 2 150×7.5 4 0.50 

 

    21,   

  ,    34.  

,        

  .     

        -

FeSi2 (  33 ).     

50×25 ,       2×109 -2.    

         

  .  

     , 
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,    [70].      

   : 

=
+ 2

, (6) 

 d1  d2 –  ,  –   . 

   ,      

 (  34 ),      

  {112}       1 .   

    -  (  34 )   ,  

    (  34 ).  ,  

     , 

         {110}. 

       ,  ,   

    34   D=3.8±0.05 ,   

d1=dSi[110]=0.38402 ,  d2=0.34877±0.0004 .   

       -FeSi2 

  [021]. 

   -FeSi2 (  6)    

       ,  

    34     ,    

  (  3). ,    

         

 , ,      3.1.2    

     ( ),  

        

        .  

       , 

   . 
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 ( ) ( ) 

( )  ( ) 

 34.       

21   -FeSi2,   Si(111)  . ( ) – 

  ; ( ) –  ,  

    .  

 -FeSi2 ( )  - ,    

    ( ).      

Si[111]. 

 

100  200  
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  ,   Si(001),   

       .  

     ,  

 .   35      17, 

     (001).    , 

  Si(111),       

 ,      

 . 

,          

 .         

5×109 -2,     50 .   ,  

  35,  7×1010 -2,    6 .   

      , 

      3 (  4   

 2).     17     

 (  30 ),     .  

,  ,     0.8  

 
 35.    17: Si(001),  , 

dFe=0.8 , dSi=400 . 

 

200  



82 
 

,        

400 . 

      

    ( ) , 

    17 (  36 ), ,   

      -FeSi2. 

 ,    -  

(  36 ),  -FeSi2(100)||Si(111),     

       [71]. 

( )  ( ) 

( )  ( ) 

 36.     

,     17: ( )  –  ;  ( )  –

. ( )   ( ) – -   ( )   ( ), .  

     Si[001]. 

 

6  



83 
 

  36     ,    

.    -FeSi2     

      36    

   .  ,  

      ,      

 .     , 

   -     (  36 ). 

 ,    ,  

      Fe3Si  

   Fe3Si(001)||Si(001)  Fe3Si[100]||Si[010]. 

  Fe3Si      

   ,   Si(110). 

      -FeSi2, 

  Si(001)    ,      

 .      

      .     

      ,   

     [72; 73; 

74].   37      

       -FeSi2;   

    ,    

. 

,       (320 – 490 K) 

     ,    

        , 

     .    

  T-1.16,         

      [75]. 
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   460       

  (4.5 × ) [76].    (490-540 ) 

       

   ,    

     .   

       T-2.44,     

        

 T-2.33.         

 (      [77]) 

      ,    -FeSi2 

-    [39]. 

     -FeSi2 

        

 ,      .  

           

 ,       

 
 37.       

 ,       -FeSi2. 

 

300 400 500
101

102

103

T -2.44

T -2.33

Si/ -FeSi2/Si(001)
Si(001)

 -FeSi2 /Si(001)

 
, 

2
-1

-1

, 

T -1.16
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 .      

          

     [78].    

 

2.1.2     -FeSi2, 

    Si(111) 

      

      200-

400     6 /    800  [33].  

   200    , 

  7×7-Cr,        7×7, 

       ,  

      . 

   (  38 )     

(    3.5 ).    

    50×80 ,  30    

4×108 -2.         

 ,     .  

      8×108 -2 (  38 ).  

,      ,  2-3   

   .       ,  

,   .   

,    ,   

        

60  (  38 ,        ). 
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 ( )   ( ) 

 38.       

 -FeSi2,     7×7-Cr; 

   200 ,   800 .  ( ) –   

, ( ) –       

 . 

 

    2.1.1  Si(001),  

         

 Si(111)    .    

     ,    

   .    

    :  ,   

      .  ,  

         

 ,        

.   34         

5×108 -2.  

    800    12  (  39)  

,       

     .  

   1.2  -      

 -FeSi2,      .  

     1×1     
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.      ,   

  28×108 -2.      

.      200    60    2 . 

,      -FeSi2   

Si(111) -         

.  -FeSi2[110]   5.3% (  5.5%)  

 Si[1-12]  -FeSi2[010]   1.4% (  2%    , 

     )   Si[110]. 

    [79],     

  Si(110)      -

FeSi2,     700-800 .  

  -FeSi2,    3Cr, 

   400 .      

    7×7    .   

         

(  40).       

 0.5 .      

     20×60 ,  5   

 
 39.       

 -FeSi2,    7×7-Cr  

    800    12 . 
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 7×108 -2 (  40 ).     

     ,   

      (  40 ).   

     .  ,  

         50 . 

,        . 

          

 ,     4×108 -2.  

        

 7.        

   200  400 .      -

FeSi2          

.   ,      , 

   Si(111),    

  .   

          

-     .  

( )   ( ) 

 40.       

 -FeSi2,    3Cr;   

 400 ,   800 . ( ) –   , ( ) – 

       . 
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 7.       

 -FeSi2,     . 
 

 

 

 
 S

i, 
 

 
 

, 
 

 
, 

 

 
, 

×1
08  

-2
 

 
, 

×1
08  

-2
 , 

 

Si(111)-7×7 400 120×200 5-10 3 2 0.4 

(7×7)-Cr 200 50×80 30 5 8 0.5 

 (7×7)-Cr +   200 60×200 2 28 - 1.2 

3Cr 400 20×60 5 7 4 0.6 

         

 ,    ,   

 (7×7)-Cr  3Cr,      

     (  38  40). ,    

    ,      

 ,       , 

  .  
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2.2       

 

2.2.1     CrSi2    

  (111) 

       

    CrSi2   

   Si 50       

,  700  750 .       

     0.06  [80]. 

       CrSi2  

   Si(111)1×1    

(  41 ),      

   -         

      , 

  (  11 ). 

( )  ( ) 

 41.     (Ep=104 )  

    CrSi2 (dCr=0.06  ,  Si=500 )  –  ( )    

       

(dSi=50 , Si=750 ) – ( ). 
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  Si(111)7×7,      

   CrSi2.     7×7 

      750  (  41 ). 

       

,        

  0.212     750  (  

42 ).     700    

  ,       

0.245  (  42 ).       

          

    2-4 . 

         

       750 , 

   3-4 /      100 .  

    ,      

    Si.     

,        50    CrSi2, 

   0.06  ,     

( )   ( ) 

 42.       

 CrSi2   50    750  700  – ( ) 

 ( ), . 
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    8×108 -2.  ,   

   CrSi2,      

.   ,       

   ,     

 . 

      –   

          

       .    CrSi2 

         

 500       100   

 750 .       0.1, 

0.3, 0.6  1.5  [81]. 

     CrSi2 ,  

 Si(111)7×7    -   

       (  43 ).  

         

   CrSi2     

       ,   

     -FeSi2,  

        (001)  (111), 

   2.1.1. 

      (  43 - ). 

   ,      

    ,        

(  44).    (4×109 -2,  44 , )  

         

      750  (  12 ).  
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( )  ( ) 

( )  ( ) 

( )  ( ) 

 43.       100   

 CrSi2 ( );        

750     CrSi2  Si(111)    

: ( ) - 0.1 , ( ) - 0.3 , ( ) - 0.6 , ( ) - 1.0   ( ) - 1.5 .   

     : , 

,   . 
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      20-25    6-8  

(  43 , ).     30-35 ,  

 

( ) ( ) 

 

( ) ( ) 

 

 44.        

( ),     ( ),    ( )  

     ( ). 

       

    ,     –  

    CrSi2. 
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 – 3-4 .       

 ,    0.6  . 

   0.6    (  43 , )   

   ,   .  

      ,    

    0.6  (  44 ,  ).   

,     ,     

 .  ,    ,   

 , ,     ,    , 

- ,      .  

      (  44 ),  

      .  

   dCr = 1.0 .     

     ,     0.6  

,        . 

        

CrSi2  0.6         

        CrSi2  

 .     1.5   , 

     CrSi2 ,   

      .  

   0.6       

  (  44 ).    

         

  ,        

.  

     CrSi2     

,        

.         

    .  
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    ,      –  

       [82].  

         0.3  

     1.8  (  45 ),  

       CrSi2  

    [83].       

       100  

        CrSi2 

 ,         CrSi2,  

    0.1  0.3  (  45 ).  , 

 CrSi2       

 ,        

 .           

,        (  1 )  

   ,    .  

    1.8     

   (  45 ),    

      

  -      

(  45 ).       0.3     

  1.5-3.0     .     

1.5       (  45 ) 

      1.8 ,     

 (  45 ).        

   0.6 .      

       

 [82].  
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 ( ) ( ) 

 45.     R, 

  T ( )     ( )   

   CrSi2,      0.3  

 1.5  .    ( )      

  CrSi2 [29]. 

 

         

   ( ×h )1/2  ( ×h )2   .  

     0.3        

  ( ×h )1/2 (  )   ( ×h )2 (  46 ).    

       0.1 .      

      CrSi2.    

    ( ×h )2       

   1.5  (  46 ),    

      1.5  1.95 .  

     1.4  1.9    

   CrSi2(0001)  Si(111) [83]   CrSi2 [84]. 

        ,  0.6 

 1.0 . 
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( )   ( ) 

 46.   ( ×h )2   , 

    45        

0.3  ( )  1.5  ( ).     ( )   

    1.5  1.95 . 

 

,       

        

  CrSi2,      

        

 0.6 -1.5 .         0.1  

0.3    ,        

 6×108  1×108 -2 (  43   , )   

  ,      

  CrSi2        -  

  .  

   1.8     

(  45 )     0.6   (  47),  

        

   (  44). ,    

 CrSi2.    1.8   1.0  

      CrSi2  ,  

1,5 2,0 2,5

6x1011

1x1012

2x1012

1.50(
h

)2 , 
2 /

2

 , 

1.95
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       CrSi2.  

  1.8         

1  [85],         

 (    100 ),        CrSi2 

     .     

    1.5 ,    1.8    

(  47)     CrSi2   (  44 ). 

,  ,       CrSi2 

    ,       

         

    .     

         

  CrSi2   . 

   CrSi2     

     ( ). 

      48,    

       100   CrSi2, 

 

 47.    1.8    

    ,     

Si(111)/  CrSi2/Si. 

 



100 
 

  0.3  .     

      .   

         .  

,        ,   

   .  ,   

        

 100    750        

    0.3     . 

     CrSi2 

        

     .  

      ,  

0.1  Cr,    49 .     

 

 48.         

    CrSi2,   0.3    Si(111) 

 500    100    750 .      

    . 
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     ,      

  (      –    

  )   . 

  49          

.         

 6×109 -2,       CrSi2, 

       (  11 ).  

( )  ( ) 

( )  ( ) 

 49.     

       

CrSi2.     0.1  Cr (    ( )  

 ( ) ), 0.6  ( )  1.5  ( ). 
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    5  15 .   , 

 0.6  ,    49 .    

2×1010 -2,    20-40 .       

  ,    .   

    ,    ,   

     (       

 ) ,     (  12 ). 

,  1.5  ,      (  

49 ),  1.3×1010 -2   .   

   20-50 ,       

,      .     , 

         . 

    ,  0.1, 0.6  

1.5      50. ,     0.1  Cr 

     (  50 ),     

0.6  –          

   (  50 ).    1.5  Cr    

    ,   (  50 ).  

        

 ,     /   

     50 ,      .  , 

         

   .     

      .   

         

(  50 ). 

        

        

.   51        

1.5  ,   ,    51  –  
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  Cr       . ,  

    ,   ,  

      50,      

 (  51 ).  

  CrSi2         

         –   

   .    1.5    

     130 ,       

 .  

  CrSi2,      

    52.     

   =0.4428   =0.6369 ,  

  Si(111)   d=0.3135 .  

   1.5%,  ,    

( )  ( ) 

( )  ( ) 

 50.      

    CrSi2.    

 0.1  Cr ( ), 0.6  ( )  1.5  (   ). 

 

500 nm 

 

 



104 
 

 CrSi2       .   

           

;       .  

  0.1  0.6        , 

   {111},  .  

( )  ( ) 

 51.   ( )   Cr,    

   ( )      CrSi2, 

   1.5    Si(111)  

 100  .       

-     . 

 

 52.       

,    1.5  Cr. 

 

10  
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      /  

 . 

       

       ( ).  

     Cr    

  (  53).     , 

   0.1, 0.6  1.5  ,  

 ,    165 .      Cr  Si  

  .   ,  , 

 1.1×1016, 7.8×1015  1.8×1015 -2,   1.3, 0.9  0.2  Cr 

      1.5, 0.6  0.1 , . 

        35 . 

  53 ,        0.1  Cr 

        

 .       170     0.6 

 

 53.      , 

   0.1, 0.6  1.5  .  

: =165 , E=2 , 4He+. 

 

  

, 
.

. , 
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 1.5  Cr.    0.6       ,  

   0.1 ,   1.5        

     .  

      

 ,       

   ( - ).  

         -

 -       [86].    , 

,        

    ,  ,  

   .  (  10 ) 

 ,     

  ,    CrSi2   

 0.1     500   Si(111)   100  

 [87].        

 ,    . 

         

         9   

 1.5 .      5   

 .  

  54     

     .  ,   

  10-200    ,     

 -      

  [88]: 

( ) = exp , (7) 

 Ea –      . 
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    20      (~0.9 ), 

         

.  (  ),    CrSi2  

       .   

20-40  Ea = 17 ,    40-70      

6.8 .    70-100    100-200   

  42  (  54 ). 

 ,        

    ,   410    

  [89],        

.       

     CrSi2. 

       

  [90]: 

( ) = exp , (8) 

          1/2  1   

    [91]. 

,    10-15     

 =1/2,       

    (  54 ). 

   20-40      

    /Si     

 17  (  54 ),     70   

    .   [89]   

,   ,   44    

 ,        54   

.      70-200    

 ,        . 
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  ,      ,  

   .  

       

 25-30       5    

 55.  ,      

 ( )  

 ( ) 

 54. ( ) -        

   CrSi2,      (111). 

    . ( ) – , 

    ,   25  30 .   

   10 . 

 

0,02 0,04 0,06

102

103

104

105

106

42 

17 

6.8 

, 
/

1/ , -1

0.9 

100 50 30 20
, 

0,20 0,25 0,30
4x105

5x105

6x105

7x105

8x105
9x105
1x106

, 
/

1/ 1/2, -1/2

24 22 20 18 16 14 12
, 
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 ,     

   25  30 . 

       

 ,      , 

 . ,      

 [92],   [93; 94],   [95]   , 

  [96]      

  .      

   ,     

    -     

  [97; 98]      

 [99].   CrSi2,    

  ,    

 [100]   600%  25  (  55). 

  

 55. ,    25  

30        CrSi2,     

 (111).      10 . 

 

0 1 2 3 4 5
0

1

2

3

4

5

6

7
 =25 
 =30 

/
0 

 , 
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2.2.2      

  CrSi2,   Si(001) 

   ,    CrSi2,  

   1.5    Si(111),    

     ,     

 100 ,    750  (  43 ).   

     (001)    

        

  [101]. 

  56          

CrSi2,   Si(001)  0.4      

500       100    700   

 2.5 / .  ,      

  56 .   2×1    

  ,     ,  

   .  

     ,    

       

(  56 ).   ,       

 100 ,   ,     – 90 ,  

     .  ,  

   ,     

    ,       

   . 

     

         

,    0.2  Cr   

  230   .      

      .   



111 
 

     670 ,    –  600 .  

 57          

.        ,  

   57 ,   , 

     .  

 2×1  ,   

   ,  . 

( )  ( ) 

( ) 

 56.  ( ) -      CrSi2, 

  Si(001)  0.4      500  

     100    700   

 2.5 / . ( ) –     ,    

( ),     ,     

    . ( )  –     

 . 
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 ,        

 (  56   57 ).         

     90 .    

  (    0.5 ) –     

     .    

    ,   9×108 -2 

   .      30   200      

    ,   

 .      

 ( )  ( ) 

( ) 

 57.       , 

   0.2 Cr     

 230 : ( ) –      Si 670 , ( ) 

– 600 . ( ) –     . 
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  -  .    

   30 ,     5±1 . 

         

   (     4.5 / ),  

     600  (  57).  

     ,   

   57   ,  

550 .        58 . ,  

   ,     (  

  –  58 )    .   ,  

       

 ,        

  Si      

.  

       ,  

230 ,       , 

     ,    

( )  ( ) 

 58.       , 

   0.2 Cr     

 230    550  -  ( ).  ( ) –     

. 
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  . 

       CrSi2,  

  0.2 Cr      230  

  600 .     ,   

   .       

      . 

      59. 

   ,       

  , . . 230  .   ,   

    100  ,  

 ,      56   

 .    ,  30  

,        

 180±50  (  8).       

,      . 

     ,     

    .   ,  

      Si(001)  CrSi2 (  

)    Si   . 

       

   .    

      

  ,       

         .    

,          

      (  57   ).  

,         

230  ,     600 . 
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        8.   

 ( )  

( ) 

 ( ) 

 59.     ,   

      600      

  230 ,       

  CrSi2. ( ) –      . 

( ) –    (dSi=100 );       

 ,        

 . ( ) -       (dSi=30 ).  
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 ,         

     .  

       .      

      CrSi2  

,   ,   

  ( .  3  8).     

          

 ,       . 

 8.    ,  

        . 

 

 Si,  

 

,  

, 

×109 -2 
,  ,  

230 2.42 140 1±0.1 13±2 

100 4.6 50 1.1±0.2 17±2 

30* 11.61 3 40±10 180±50 

*     30     . 

     CrSi2   

          

    ,        

 (  59 ).      

      

        

  . 

   

      

    -FeSi2 ,  

      Si 
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   700 .     

      , 

  ,          

-FeSi2,   ,   - .  

,       , 

    . ,  

 -FeSi2,   Si(001)  ,   

     80 ,   

  0.2 .    ,    

      400     

0.8 . ,    (dFe=0.8 ),   

  800  ,     . 

     (111) ,  

 ,      ,  

        

   Si(001).     -

FeSi2,   . 

       

 .       

  . ,      

,    (111)  ,   

  -FeSi2    30-50    

 .  ,   

  Si(001)       ,  

           

.     ,    

     Fe3Si,   – 

  -FeSi2.  , 
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Si(111)-(7×7)-Cr  Si(111)- 3 × 3/30°-Cr     

      .   

    ,    

  (200-400 )   .  

   -FeSi2       . 

        

   -FeSi2 ,      

    ,    

     -2.33  -2.44   

 .     

    ,     -  

       . 

    CrSi2 c  4-6×109 -2, 

     0.18  Cr  Si(111), 

  50  .      

        

 CrSi2   .  , 

   CrSi2,    

         

1.5  Cr.     CrSi2      

     ,  ,     

 .       ,   

  0.1  Cr     ,   

 0.6  –   ,       ,   

1.5  –         .  

        

    .  ,  

      

    ,   
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 0.06 .         

,  CrSi2,      

      .   

  ,  100    ,   0.3  

    ,     

  . 

 ,       

 CrSi2,         

,        

   .          

   ,    –    

/  . 

       

   CrSi2,      (111) , 

   10-200       

   /Si      17 .  

  70       . 

          

   .   CrSi2, 

     , 

      600% 

 25 . 

      Si(001)  

   ,    

 Si   CrSi2  Si(111),     

  .      

       CrSi2, 

    . ,   

   CrSi2,   Si(001)  

 ,    ,  600 ,    
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  –   230 .     

  CrSi2  Si(001) c      

 ,  230       

       . 
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 3.      -FeSi2  

CrSi2  -   

     

      

   .      

         

       

  -      

    .    

    :    

 ( ,   )  

     ,   

 .       

    .     

, . .       

  (    ,    

. .).         

 ,    .   

           

  ,      

. 
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3.1      -FeSi2  

3.1.1        

 -FeSi2 

     

      

    ,   

     9.       

      (001)  

(111) n-  -       0.5  10 × . 

        

         0.1  0.8 . 

      100  800 .  

     850    

        

  [102]. 

      22,  8 

  (1 ),    60.  

      700      

      

 (  16,  30 ).   1×108 -2   

  (  60 )       16 (4×108 -

2),        .   

    14    200   

       (  29),  

,         . 

  22,      

    16,     

 400    .  ,  
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   ,   Si(001) [103]. 

 9.     

    -FeSi2. 

 

  

 

 

-
 

 

 F
e 

 

, 
 

 S
i 

 

, 
 

 
 

Si
, 

  
 

Si
, 

/
 

, 
/

 

 22 (001) 1 8 0.8 400 400 20 - 

 23 (001) 1 4 0.8 200 200 18 - 

 24 (001) 1 8 0.8 400 400 20 850/12 

 25 (001) 1 10 0.8 400 400 12 - 

 26 (001) 3 4 0.8 800 800 10 - 

 27 (001) 3 4 0.8 800 400 20 850/8 

 28 (001) 3 15 0.2 100 300 11 - 

 29 (001) 2 15 0.2 100 300 6.9 - 

 30 (001) 2 7 0.2 100 100 8.2 - 

 31 (111) 2 8 0.2 200 200 11.7 - 

 32 (001) 2 4 0.2 100 200 9 - 

 

  60       22. 

 ,        

 .       

        

   .     

  ,   .    

 8         
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    .   , , 

    .      

( ) 

( ) 

 60.    ( )     

  ( )  22,  8   -FeSi2, 

    Si(001). 

 

 61.      22. 

 

500   

 

10  
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      ,     

     .  

  ,    

 (  61), ,      10   

 -FeSi2.       

    (     61). 

     -FeSi2(100) ||Si(111). 

 

( ) 

( )  ( ) 

 

 62. ( ) -    23,  4  

 -FeSi2,     Si(001). ( ,  ) -  

  -FeSi2,   Si{111}. 

40  10  

200   
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 ( )  ( ) 

 

 63.    ( )     

  ( )  24,  8   -FeSi2, 

    Si(001)   12   

 850 . 

 

        

   (001)       . 

  62       23, 

     ,   

 22,   4     200    

.  

     ,  

,   ,    

   62   .  ,     

       [001]  35 . 

    ,    62   , 

 

500  
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 -FeSi2(100)||Si(111).  ,    62 

        -FeSi2 

 ,   (100)   

    {111}.  

       

 ,    22,    

   24   850    12 . 

         63. 

,          

4×108 -2,         

  (  60).     24, 

   63 ,      

     12-     .  

,         

 ,         

  ,       

    ,    . 

 ,    24,  

    .   

   -   , 

 .   64     

,    64  - -   . 

    -FeSi2  ,   

 64 ,  -FeSi2(100)||Si(111). 
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( ) 

 ( ) 

 64. ( ) -    -FeSi2,   

 24. ( ) – -   ,  

 ( ). 

 

      

,   ,      

  22  23 (  ,   ) 

       [104].   65 

     26     

 .  

20  
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  ( )  ( ) 

 65.    ( )     

  ( )  26,  4   -FeSi2, 

    Si(001). 

 

    ,   

  800        

      0.5  

(  65 ).       

    ,     

(2×1).     ,    

  2    1×109 -2.    

      19 

(  32),       

     . 

       65  

 4    .    

       ,   

 65  ,      ,     

    .    , 

500  
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    ,    .   

         ,  

     . 

   ,      

    ,    .  

        

,    (12 )    

         

   .   [67],      

 1×10-9      -    

         

 12 ,      

 .       

    -    

 ,      ,  

     ,   , 

   -  . 

   27   850    8  

           

100    0.5×109 -2 (  66 )  ,   

    ( .     

   66 ).      

       

 ,  ,   , 

        .  

     27    

,   ,    66 .  

    4  ,    

      , 

   66      .     
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 ,         

,    26 (  65 ).    

           

  (   200-300 ).      

   .      27  

    ,    

(    12       

 )      26. 

    

         

         

 .      

    29,     

    (  0.2     ),  

       100  [105].  

  15     ,     

 ( )  ( )  

 66.    ( )    

  ( )  27,  4   -FeSi2, 

    Si(001)   8   

 850 . 

 

400   



132 
 

  (  67 )     ,  

       200 . 

      -     n-  

       , 

   -FeSi2,      p-n 

.         

   .  

  67  ,       

 ,    20-30     

  1×1010 -2.      , , 

 -     .    

         200  ( . 

 65 ),        100   

        

       (    

29     ).      -

FeSi2         

  ,      .  

         , 

   .     -FeSi2  

          

       , 

   67 . ,   ,    

       ,  

  . 

          

  ,      300 .  

  ,     

  (  67 ).      



133 
 

   100 ,   1    1.2×108 -2, 

    . 

      29 (  67 )  

     . ,     

 ( )  ( ) 

( ) 

 67.     ( )   ( )   

  ( )  29,  15   -FeSi2, 

    Si(001)     

100 . 

 

50  200   
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    23,      

 (  62).        

    .     70 , 

        .  

   ,       29 

(  68 )    -  (  68 ) 

,      

  .     

 : -FeSi2(100)||Si(111)  -FeSi2[021]||Si[110].  

         

     ,  

 2.7%   -FeSi2[100].  

 [71],  -FeSi2       

 Si(001) ,  -FeSi2(100)||Si(001).   

 -FeSi2(100)  Si(001)     : -

,  -FeSi2[001]||Si<110>  B- ,  -FeSi2[001]||Si<100>.  

( ) ( ) 

 68. ( ) -    -FeSi2, 

   29    Si(001). ( ) -  

     -FeSi2.   

    -FeSi2. 

 

3  
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,      -FeSi2      

 (001)     . ,  

 -FeSi2  Si(111)    , 

  Si(001).           

  ,      

  [70],       

Si(001)    . 

       

-FeSi2,        

      (001)  (111).   69 

        

   30    31, 

  Si(001)  (111), .      

       0.2 .   

  100   30  200   31,    700-
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