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  –      -  
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. 
__________________ 
 

          
   MM’2X4 (M – Zn, Mn, Eu(II), Yb(II)) – Ge.   

        .  
         
   .       
   .      

 ,       (EuIn2S4–Ge, EuIn2Se4–Ge). 
 :  –  – ,    -

, ,  ,     
 

 
       

    [1-3].    
      MM’2X4,  

M –Zn, Mn, Yb(II), Eu(II), M’ –In, Ga, Yb(III), X –S, Se [4-6].  -
        -

   –  ( . . CVD («Chemical Vapor Deposition») – 
).        

  (    -  ) 
  ,     , , 
  [7-9].     
   : 

 

M2X3 + Ge  .vac,t   M2X2  + GeX ,    (1) 
 M – In, Ga, X – S, Se. 

 
 ,    ,   
    ,       

   CVD –  [10]. 
        , 
,     , , ,  -

    ,  ,   
     . 
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 CVD –   –    

  ,      
 ,       .  

    [4, 5].     
      35.5/ /1 ( -

    1985 .  16152-80). -
      RHTC 804-450 (  
 Nabertherm, ) , ,     ,  

   .     
,          

     -    ,  
     3–4 . 

   7    – ,  
 5 –   2 – ,    –  In2Se3–Ge. 

  In2S3–Ge      
 In2S3.       

  ,  : ZnIn2S4-Ge  EuIn2S4-Ge – - , 
YbIn2S4-Ge  EuIn2Se4-Ge – - ,  – -  . 

        
          
    -1      

(2–3)·10-3 . 
     ,   

        , 
          

 ( ) –  300–400 .      
  ;  ,    -

        
  –     ( . 1).  -

    –  -    . 
 

    
    . 1        

         
(80-110 ).  ,       
(   )    . 

 

 
      

 –      
 

  
I,  , . 

 
 

(d),  

 
 

, / .

 
 (f·104) 

MnIn2S4-Ge 85 6 318 58 80.2 
ZnIn2S4-Ge 80 6 425 70.8 110.7 
EuIn2S4-Ge 90 47 338 7.2 8.9 
YbYb2S4-Ge 105 9 30 3.3 2.8 
YbIn2S4-Ge 110 6 121 20.2 18.3 
EuIn2Se4-Ge 80 30 347 11.6 18.1 
YbIn2Se4-Ge 90 4 361 90.3 111.4 
In2Se3-Ge 65 10 513 51/3 121.4 
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  (  )     
   (  ,    
,    )   (   

,  ,   ,    ) . 
 ,   (Mo)       , 

      . ,   ,  
   (I).     W=I2R,  

R const,         I2. 
,       -

,    [11]: 
 

ve( /c 2· )=  ( s – p) /po,      (2) 
 

  – ,     , s p, po –   
   ,     ,   
  , . 

, s >> po,       
      : s >> p. 

 ,       
 v   · s,        
   . 

 .1 ,     CVD –   
  (f)  ZnIn2S4-Ge  YbIn2Se4-Ge,   In2Se3-Ge,  
     YbYb2S4-Ge. ,  ,  

    ,   (  EuIn2S4-Ge  
EuIn2Se4-Ge  YbIn2S4-Ge  YbIn2Se4-Ge).  In2Se3-Ge   

  .  ,      
 CVD –     : 

 

MM’2X4 
T

 MX + M2X3,     (3) 
 

M2X3 + Ge 
T

 2MX  + GeX      (4) 
 

M2X3 + Ge 
T

 M2X  + GeX2 .     (5) 
 

 ,  (     ZnIn2S4-Ge  MnIn2S4-Ge) 
 : 

MX + Ge 
T

 M  + GeX .     (6) 
 

  GeS  GeSe   ;      
  GeS2  GeSe2 [12]. ,  CVD –   

 –     InS (In2S) 
 InSe (In2Se).       ,  

,     CVD –    
 .    ZnIn2S4-Ge  ,  

  CVD –     CVD –   ZnS-
Ge (  6).       YbYb2S4-Ge:  YbS,  
Yb2S3  ,     CVD –   

. 
       -

    (  3). ,    S  Se  
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        .     
    M2+   Zn2+ – Mn2+ – Yb2+ – Eu2+ [13] 
    . 

   ,     
CVD –     ( . 2),        

: 1.        
(  YbYb2S4). 2.         
(  ,   YbYb2S4). 

         
 ,     n (  4.0),       
 . ,     CVD –  

   ,       
 ,   ,      

. 
 

 2 
       

    CVD-  
    

 n  , % 
 

, 
./  

 
 

ZnIn2S4 2.53 0.04÷0.05 1000/4 + 
ZnIn2S4-Ge 2.99÷3.06 – 2000/2 + 
MnIn2S4 2.51÷3.0  4000/0 + 
MnIn2S4-Ge 3.11 – 6000/0 + 
EuIn2S4 2.55 – – + 
EuIn2S4-Ge 3.4 – >20000/0 + 
EuIn2Se4 2.64 – – + 
EuIn2Se4-Ge 3.6÷3.7 – 9000/0 + 
YbYb2S4 2.35 0.03÷0.04 5000/0 + 
YbYb2S4-Ge 2.36 – 3500/0 + 
YbIn2S4 2.6÷2.9 0.03÷0.04 3000/0 + 
YbIn2S4-Ge 2.94  4000/0 + 
YbIn2Se4-Ge 3.18 – 4000/0 + 
In2Se3-Ge 3.45  >8000/0 + 

 
         

 ( )      
( . 1, 2). , ,   CVD –    

 (  YbYb2S4-Ge)    
(  ZnIn2S4-Ge) ,  ,    , 

  ;     EuIn2S4-Ge  
       

  . ,    
       

   .       
 CVD –  (EuIn2S4  EuIn2Se4)    

      ’  In–S   In–Se 
     . ,   

,     (YbIn2S4-Ge) – (YbIn2Se4-Ge). ,  
’       Eu( )  Yb( )  

    . ,   Eu( )   
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   ,    ,      
Yb( )       .     

   CVD – ,  . 
 

          
   MM’2X4 (M – Zn, Mn, Eu(II), Yb(II)) – Ge.  

        
 .       

       .  
        . 
      ,  

      (EuIn2S4–Ge, EuIn2Se4–Ge). 
 :   – ,    

, ,  ,    
 

 

Character of thermal evaporation in vacuum and condensation on a substrate of samples of 
systems chalcospinel MM’2X4 (M – Zn, Mn, Eu(II), Yb(II)) – Ge is investigated. Correlation 
between the rate of condensation and volatility of products of interaction of components of systems 
is revealed. For the majority of composites mechanical durability of the received coatings exceeds 
that for coatings from individual compounds. Presence of germanium in a coating promotes an 
essential growth of its refractive index. The highest values of mechanical durability possess the 
coatings received from composites with lowest volatility (EuIn2S4-Ge, EuIn2Se4-Ge). 

Keywords: systems chalcospinel – germanium, rate of evaporation and condensation, 
volatility, thin-film coatings, optical and operational parameters 

 
 

 ’      
  –       ’  

  .       
   .    
 ,       EuIn2S4 

(EuIn2Se4) – Ge. 
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