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 JF,      ,  [5] 
   [4]:

kDF = J1 / JF = (1/2 2) [2 sin ( s / d) sin (2 h / )]2. (1)

 (1)    [4]      -
      k = 1,0

      . 
  ,         

      (30–60)º [1],    
        10°.  

  [4]   kDF = J1/JF   -
      .

 ,       J1,
 JF  .     

:     (     
  ) J1,      

 Jref,       .
     ,     -

    : 1-  J1  0-  —
J0  2-  — J2,    .

 ,      -
    [2, 3],     ,  -
     .    

[2–5]         -
  ,     .   -
         -

.
,        -

         -
 .  ,  ,    -
         
    ,      

 (   , ,   ( , , ).
         .

 
        -
     

«PC Grate-6.1».        -
  «International Intellectual Group, Inc.».   -
  [6]  :

n1 sin( i) cos( i) – nk sin( m,l) cos( l) = –m /d, (2)

i = – 0 —    ; i —   
; l = 0    , l = 1, 2, 3…  -
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,   ; nk —   . -
     N  100     -
 ,       .  

 TE(P)/TM(S)      
 , ,    ,    

  ,     ,   -
   .       
  . 1,        

 L = 50    h = 150     
d = 1500    s = 600 .

. 1.    : 1 — ; 2 — ; 3 — 

    «PC Grate-6.1»   -
  [1]       
      «  –  – ». -

   ,   [1]: -
   s     -
     s.     h  
       h0.  
   ,        

  h0.     . 2, . 
     [1]: d = 1670 , s = 600 , h0 = 130 ,

 = 633 .     = 0º.   -
,     ,       -
 n1 = 1,33.   n2  n3
    1,60,    
.      . 2, .   -

     ,     -
  .

      1-   -
J1  2-  J2,       [1].
          -
  Jref  0,85 %    0-   -

J0   = 0º,      ,   
      [7].
     ,   -

   2-   J2 (  . 2   — TE(P)-
,  — TM(S)- ,   —   -

).   0-   1-     
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  ,     < 25º,   -
 h < 130 ,       

.

) )

. 2.     
  [1]: )   ; )  

  «PC Grate-6.1»     -
      , ,   -

         , 
       .

       -
   ,      SD  ST

.        
   ,      [1]

kT  50 %.     ,   ,  
S      ,  

kT  60 %.  , ,        -
,      ST   
.    ’   SD,  -

    SR = ST – SD.    -
           

ST.     0-  D0  -
  R, , ,   

  J0D     .
 «PC Grate-6.1»     .  

 J0       
     JR   SR
      ST  :

J0  = {J0D SD + JR SR + JR (SD+SR)}/ SD. (3)
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  kT = SD/(SD+SR) [1],  (3)  -
  :

J0 = J0D + JR (2 / kT – 1). (4)

      (JR S ) , 
 J0    :

J0  = J0D + JR (1 / kT – 1). (5)

 (5)    J0    
    Jtrs,    .

kT       -
       «Neophot-2». JR

         -
   h.     J0
        «PC Grate-6.1»  -
        -
    kD1 = J1/J0p 

  .
     J0p    -

J0   h = 0.  JD   
,  ,      

JF,   
   «PC Grate-6.1»     -

   .    -
       
  ,        ,

,       
–200 [8].

      [9]  
         .

    

 = 408  = 532  = 654 

n k n k n k
Cr 1,7057 3,6213 2,6571 4,1600 3,4477 4,2768
Ag 0,1383 1,9846 0,1429 3,0518 0,16016 3,9579
Al 0,48794 4,8085 0,50175 6,2097 1,3609 7,5189
Al2O3 1,7852 0,0000 1,7717 0,0000 1,7659 0,0000
SiO2 (NS6) 1,5186 0,0000 1,5083 0,0000 1,5030 0,0000
PC 1,6114 0,0000 1,5917 0,0000 1,5788 0,0000

,       n1 =
= 1,333,     «Shipley 1805»,  -

         , 
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     n2 = 1,62.  -
   n2 = 1,585,    

 .
        CD- . -

           
  d = 1500    s = 600 .  -
      Jref   -

     = 654 .   
 = 10º.

      
–200 [8]       =

= 532 ,     = 0º.    
.
        .

 
«  –  –   »

       
     ,   
    .

  «PC Grate-6.1»    
,      [1]     
,  -  ,    

 . ,        -
      .

       
    (n2 = 1,62) h0 = 150   -

   SiO2 (n3 = 1,52)   Al2O3 (n3 = 1,775)   
« »     = 654      = 10° -
  . 3.   ,     (n1 =

= 1,00),          -
      kD   -
        -

.   ,   h  h0,  
      .

 ,        
        ,    

[1] ’   .       
    0-     1-  . ,

  h = 150    J1 J0 -
       40º.  J1 J0     55º.

   kD1 = J1/J0p,   -
   = 45–50°,  6,78–7,47 %    9,78–10,44 % 

.   kDF = J1/JF  1,00–1,08 % 
  1,66–1,77 %  .
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) )
. 3.     «  – »:

)    SiO2; )  Al2O3

         -
 –200 [8]   ,   –200   -
 « »     = 532      = 0°

 Jtrs,   .  ,   –200 -
     ,      
        -

   CD-   1-   1D = 20,773°  2-  
2D = 45,181°.  ,   ,    -

         1D =
= 12,646°, 2D = 25,967°, 3D = 41,056°, 4D = 61,130°.  DVD-  

     , , ,  2  .
   = 532      -

Jref  . 4  J0, J1  J0p,    -
    ( . 4, )    « -

 –  – ».   ,     -
   Jtrs,  J0 – J4 ( .

4, )   «  –  – ».
         -

kD1 = J1/J0 ,      h ~ 140–150 .  -
         

   h ~ 100–120 ,     -
 .

  « »  « »    ,
  0-   1-   ,    2-  -

J2,    . ,  
kD2 = J2/J1         
    h,    .
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) )
. 4.       = 532   
  : )   ; ) ,   

  Jtrs,   ,  -
   3-  J3  4-  J4.   -

kD2 = J2/J1, kD3 = J3/J2 kD4 = J4/J3    ,  
,        

 J2, J3 J4.    ,  kD2–kD4  -
   JF J0,       -

 .
 ,      kD1 = J1/J0 = f (h)

 h ~ 100–150      kDF = J1/JF = f (h),
         

kD1.

  «  –  – / »
      ( -Al2O3 – )  -
        -

   [10]       -
         -
.         
       , 

     .
      « »  (  =

= 654 ,    = 10°)   «  – »,  -
     ,   . 5.
   n1 (« ») n1 (« »)  -

   Jref,       
 0-  J0.  J0    -

   45°   23,2 %  41,3 %.    , 
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J1       2  (8,7 %   
4,2 %  ),  kD1 = J1/J0     
4 ,         -

.

) )
. 5.     «  – »: )  ; )  

         -
 1-  ,    .  , ’   2-

 J2,       -
 kD2 = J2/J1       -

 J0   J0    0-   -
.  kD1 = J1/J0p     45–50° 

12,55–13,05 %     4,36–4,81 %   . -
  kDF = J1/JF  8,71–8,94 %   

 4,22–4,62 %   .
    1-       

  n1 = 1,00; n2 = 1,62, n3 = (SiO2, Al2O3, Cr)  
       . 6.

. 6.       
  ,   : 1 — SiO2; 2 — Al2O3; 3 — Cr
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       ,  -
   ,    .    . 6 -
  Jref        1,3

 9,8 , .  ,   Jref    =
= 26,7°,    h     h0 =
= 150 .   ,     -

J1/JF   1-      h = 150 
   = 45°.
    SiO2  = 45°  kDF = J1/JF 

 1,0 %.       
kDF      288    -
       = 0,8 ,   -

 k  = kDF/kDF  = 1,25 (%/ ).     Al2O3 -
 kDF = 1,66 %,   k  = 1,25  

A  1,33 .     Cr  kDF = 9,35 %,  k  =
= 1,25       A  7,48 .  -

      = 15 %  
 1,12 ,     J1/JF  ,     -

       288 .
      
          .

    -      
       h0 = 150 

  kDF = f (h)   . 7,  -
       «  – -
 – ».

. 7.         
,   : 1 — SiO2; 2 — Al2O3; 3 — Cr

      h ~ 130–150  
       (J0/JF =

= 7,7 %)   (J1/JF = 16,0 %)      -
  ( , h ~ 75  J0/JF = 42,7 % J1/JF = 0,7 %).
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         -
kD1 = J1/J0 ,    kDF = J1/JF   2

,   h ~ 150    30 %.  ,   1-
        .
   ,     

      , ,    -
  kD1 kDF     .

  «  – »
  ,     ,

  ,       -
. ,        -
      , ,  

« »  ,    -   . 
          -
      .
 ,       -

         
.

       . 8  -
        = 654    -

  = 10º    h      :
 = 40° ( . 8, )  = 60° ( . 8, ).

) )
. 8.         

  ,       
    0-   1-   .   . 8 -

        .
 ,      

      = 40–60°,  kD1 = J1/J0  
  h.      h ~ 140–

150    kD1  40 %.   
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  h    
kD1.

        -
   ,    kD1=J1/J0  -

    ,        -
  ,  1-   ,  , 

   kD1 = f (h)  .
         -
       ( . 9).

) )
. 9.      
      : )  = 0º; )  = 10º

       
kD1 = J1/J0   kD1   
         . 

        h  -
kD1.     h ~ 140–150   

 = 0º   kD1  40 %.     = 10º
kD1  55 %.
      = 0º   ’  

2-   .  ,       -
 0-   1-  ,      .

 ,   kD2 = J2/J1     
h ~ 100–150  ( . 9, ).      
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 :    ( . 10, ),   -
 ( . 10, ),     ( . 10, ),    

  kD1 = J1/J0  kDF = J1/JF (  . 10 
kDF  ).

) )

)

. 10.    
( ): )   ; ) 

 ; )   

     ,    -
 -   ( )  «Dimension 3000».  -

  . 11      ( )  
  ( )         ( -

 «TEST: SAP HR 04»  15.10.15,    25.10.15, trek # 3). 
   .

        -
 ,     .  d   -

,   ,       ,
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0,0

1,0

2,0

3,0

4,0

5,0

6,0

7,0

0 50 100 150 200 250
 , 

. 
, k

D
 / 

., 
%

 .

0

20

40

60

80

100

0 50 100 150 200 250
 , 

. 
, k

D
 / 

., 
%

0,0

1,5

3,0

4,5

6,0

7,5

9,0

0 50 100 150 200 250
 , 

. 
, k

D
 / 

., 
%

  .



. . , . . 

52

dAFM  1650 ,  h = 145 , s = 825  ( ), s = 150 
( ),       22°.

) )
. 11.   - : )  ; )  

 . 10 ,    kDF = J1/JF
   kDF = f (h)   

 h ~ 90–120 . h  40   ,  -
   kDF = 1,4 % ( . 10, ) 
 ,          ’   

 kT = 0,286      ( .
11, ).

 ,   kDF = J1/JF   
  kDF = f (h)   

     .

       
       , -

    .    
         

          -
    .
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