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. 

          
  , . .        . 

   ,       
 .   θ0 ,  λ7γ . 

        
    .      

       .     
        

   .      
          . 

 

mailto:inna.borukaeva@mail.ru


45 

 

          
    .  

     . 1.   . 1. 
 

 1 

    KCl-NaCl-HoCl3. 

  θ0 .  – Fe – .  =  λ7γ , S=1,η 2
. 

№
№ 

C(HoCl3) 

.% 
  

  
  100  

1 0,5 Fe, Fe2O3, HoFe2 17% 

2 1,0 Fe, Fe2O3, HoFe5, HoFe2 31% 

3 1,5 HoFe5, HoFe2 55% 

4 2,0 2O3, , HoFe5, HoFe2 48% 

5 2,5 2O3, HoFe5 27% 

 

 
. 1.    ,   

 KCl-NaCl- l3        .  
( l3) = 1,η .%. ik = β / 2.  = λ7γ . S = 1,η 2

.  μ 1 –HoFe5; 2 –
HoFe2 . 

 

        
        

       (HoFe2, HoFe5)   
     (  ηη%   100 ). 

 

 

1.  . .,  . .    
    . , β01ζ. . λ7-126. 

2.  . .     
         . . . … 

. . . . β000. . 1θ. 
3.  . .  ,    –   

  .   , №1. 1λλθ. . λζ-99.  
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 . ., ё  . .,  . .,  . . 

 -   . . . , , 
 

Burmistrova.natasha1994@yandex.ru 

 

         
     Д1Ж.      

   (  λη%)       
  ,     .  
        

   ,     ,  
 Дβ,γЖ.        

     ,     
    .     

 ,      , 
     ДζЖ.   

         
 (  )    λ0-λ8 . %.  

     0,βη-0,η .   
       – . 

         –  
(  1).  

 

 1.   –     

 

       0,β  
     0,β         

 1μ1     NaOH.  

        
    Crush IR (PTKE Technologies)    

 

№ 
 

 
Al

3+
/OH

-
   

,   

 
,   

 

,   

 AХ3+
/Cr

3+
 

z1 z2 z3 z4 z5 

1 1:2,4 25 85 400 0 

2 1:2,4 75 25 550 0 

3 1:2,0 75 85 400 1 

4 1:2,4 25 85 550 0 

5 1:2,4 75 25 550 1 

6 1:2,4 75 85 400 1 

7 1:2,0 75 85 550 0 

8 1:2,0 25 85 550 1 

9 1:2,0 25 25 550 1 

10 1:2,4 25 25 400 1 

11 1:2,0 75 25 400 0 

12 1:2,0 25 25 400 0 
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 γ00   780 .        
,    1,0-β,0 ,     

 ζ00-550
 . 

         77    
   Nova 1200e ( ).    , 
  ,    ,  

    (  β). 
 

 β.       
   -  

 

          
  ,    0,λ - 1 .  

         
 ,     ,  

  .     β,    
  –      №ζ.  
 

 

1. ё  . .,  . .      // 
  . - . β011. N β. . θ7 -74. 

2.  . .,  . .,  . .,  . .,  . ., 
 . .        

.//      μ . . . . XXVII, № 7 (1ζ7). - 
.μ  . . . , β01γ. – C. 80-84. 

3.  . .,  . .,  . .,  . .  

      //     
 μ . . . . ББVIII, № θ (1ηη). – .μ  . . . 
, β01ζ. – C. 19-22.  

4.  . .,  . .,  . .,  . .  
    –   // . . . ( . 

. . -  . . . )μ . . . .LI, № ζ. – .μ  . . . 
, β007. – C. 69-75.  

№ 
 

S  

( ), 2/  

W0 

(  - ), 3/  

E0,  

/  

 
 

Ar/O2 

1 243,4 0,12 15,10 0,75 

2 268,0 0,13 14,51 1,2 

3 192,2 0,09 11,98 1,1 

4 235,8 0,12 12,98 1,6 

5 246,6 0,12 11,86 1,0 

6 237,2 0,12 13,53 0,9 

7 183,9 0,09 14,54 1,2 

8 95,0 0,04 10,95 0,7 

9 203,8 0,10 12,23 1,3 

10 195,6 0,10 13,75 1,0 

11 209,0 0,10 14,59 1,2 

12 230,8 0,12 14,41 1,2 
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    ,      , 
ё           

 .      , 
    ,    

      -     
,         

       - .   
       ,  

   . ,    
 ,  ,   . , 

ё  ,  ,     Д1, βЖ.  
     ,       
      ,   PШloxamer 188, 

Carbopol 940, Carbopol 974, Eudragit L 100, Eudragit RS 100, PХЮЫШЧТМ Щ1βγ,   
       ,     

   -       . 
 . 1.  . β.      

    .    ,   
     .     
       γ0η  ζβ0 β/ . 

 

 
 

. 1.     (  + Pluronic) 
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. β.         
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 ( )         
  μ , , , - , 

- .   1       
     . 

 

 1.        

 

 ё    1        
     ,     

         
. 

 

 

1. GКЫМъК-GШЧгпХОг C.A., AХЧКТОП M., КЧН SЦТЫЧШЯК I. PШХвЬКММСКЫТНО-based aerogel – 

Promising biodegradable carriers for drug delivery system // Carbohydrate Polymers. 2011. 

Vol. 86. pp. 1425-1438. 

2. Alnaief M., Alzaitoun M. A., Garcia-Gonzalez C. A., Smirnova I. Preparation of 

biodegradable nanoporous microspherical aerogel based on alginate // Carbohydrate 

PШХвЦОЫЬ. ‒ β011. ‒ V. 8ζ, № γ. ‒ P. 1011-1018. 

 

 

 

 

   , % 

  
    

 30,15 

     
 

 88,5 

   
  

-

 

21,73 

   
 -  

-

 

15,89 
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 . . ,  . . 

 -   . . . , , 
 

pudova.nataliya@mail.ru 

 

  ,        
 ,   ,     

 .        ,  
     .       

     - ,  
           Д1Ж. 

         
. 

           
,       

. 
        

 .      ,  
 ,     ДβЖ.     

     .    
       .  

         
         

       γ0     
.      -      

 Apfill ink  %   .   1 
        . 

 

 
. 1.  -        BaSO4. 

 

          
   ,    1. 

        .   
    GОЧОЬвЬ LF,     
 ,  - -γ,   

 GОЧОЬвЬ LF,      -1030. 
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     ζ /  ( . β). 

 

 1.     . 

№    

1   КSτ4 

2  0,75 /  

3  6,25 

4    220 

5   30  

6   10  

 

 

 
. β.           

 BaSO4,  0,7η /  

         
  ,   Genesys LF  - -γ   

    ,      
 .   - 10γ0   ζ /    

     BaSO4. 

 

1.  . .,  . ., . .   .   
   .- .μ  , β01β - ζβλ . 

2.  . .,  . .,  . .     
 //      , . . .  ББVII, №7 

(147) – .μ  . . . , β01γ. – .8ζ-90. 
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    SТO2 

 

 . .,  . .,  . . 

 -   . . . , , 
 

bidanov.dmitry@yandex.ru 
 

,   ,    
,        .  

           
      .   

 ,   SiO2.   SiO2 

          
 . 

          
  " - - ",   SiO2. 

      μ  
 (Britol 20, USP), Ludox CL (γ0 .%  SiO2  , Aldrich),  
 (98,5%, Sigma), Tween 80 (95%, Sigma-Aldrich), NaCl ( , ), 

 .        
 (σК2B4O7 – NaOH),  σКCХ. ЩH     11. 

 σКCХ      1,γ  1,8 .%    
 .        , 

      η  βη .%.   
    SiO2 (Ludox CL),   -  
μ  , TаООЧ 80.   SiO2   

  1,β .%.    – 0,22 .%.  
    TаООЧ 80   η,7. 

  

   

. 1.          μ η 
( ), 1η ( ), βη .% ( ),     ,  25 .% 

  ( ) 

1  

) ) 

) ) 
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    " - - "  
 .    SТτ2 LЮНШб CL   , 

 , TаООЧ 80    σКCХ –      
λ.    ,     

 γ000 /    10 . 
        , 

 η, 1η  βη .%    . 1.    
,         1 .  

    NaCl       
 . ,          

     SiO2,    
.  . 1       ,  βη .% 

 .     ,    
  ё        ,   

  ё  . 
        

  ( . β),    70   ,  1η 
– βη .%  ,  1η0        η – 

10 .%. 
 

 
 

. β.           
     

 

   ,     
   η  βη .%       

.  0,08  0,βη (     ).    
         . 

1. 
 

 1.       

   , .% 5 10 15 20 25 

    
, .% 

6,9 14,9 25,1 35,5 51,0 

 

 ,      , 
  SiO2,   1,ζ – β,0 . 

 

         
         № 16.962.2014. 
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 . .1,  . .1,  . .2,   1,  . .1, 
 . .1 

1   «  -    
 . . », ,   

2  «  -    », , 
 

tid@rctu.ru 

 

          
     ,    

  Д1‒γЖ.  
      

   -       
      ,   , 

      ,    
    ДγЖ.        

     , 
     .     

      
,        

 ,     ,   
 . 

      (   
. .,  . .).                   

    ,     
 Pascal 1ζ0,      ‒ -θβ   . 1,  

 ,      ζ‒θ0 . 

  
. 1.         

 -  . 
 ,      β00‒ζ00 ,  

. β (         
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 Camscan ζ      Link CRC-07 

PR Cambridge). 

 

 
 

. β.    . 
 

           
         
     1 μ 1000 (  μ ).     (  β) 

 β0 / ,  (     ) ‒ γηη / , -  ‒ 
γ0 / .          

. 
          

 -θβ  -η11,     βθ8,ζ  V2O5/   βλ8,λ  
V2O5/  (   ‒ 8θ,8 %  8ζ,β % ).    

     -θβ  -η10 ‒ 1θ,θ /   1θ,1 /  (  
 ‒ 8γ,β %  80,θ % ). 

             ,      
,     .  

 ,    -    
          

         
   . 

 

 

 

1.  . .,  . .,  . .,  . .  .   
 μ   . μ  , β00η. ζ1θ М. 

2.  . .,  . .,  . .,  . .  . .μ 
 « - », β01η. γγθ . 

3.     /  . .,  . ., 
 . .  ;  . . . . .μ .   , 1λλ8. ζζθ . 
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 -   - /FО-Co 

 

 . .1,  . .2 

1     « », , 
 

2    . . .  , ,  

raver.vasiljev@mail.ru 

 

         
,         

    .   
  ,      

        ,   
    ,  ,  . 

       , - , 
       FeCo, -  

 -     ( ),  -   
 - . 

-      -  -   
 η %-         -  

(Fe(NO3)3·λH2O  Co(NO3)2·θH2O)  η  (γ00, ζ00, η00, θ00, 700 °C)  
  Fe : Co = 1 μ 1 ( ).     700 °C  

  Fe : Co (9 : 1, 3 : 1, 1 : 3, 1 : 9). 

   -      Д1Ж. -

    μ      1η0 
 β00 °C  1η ,        -  

 ,          
- .       -  β .  

  ,     
 RAM-γ0 , ,  ,      1 μ 1, 

    η0 μ η0. 
        

  «  – ζ01»  Cr-Kα     -

. ,    FОCШ  -  - ,   
ζ00 °C.   ,   θ00  700 °C,    

ё   FОCШ.  
      ( )   

  ( )     JEM-1011  
JSM 6700F,  (  1). ,   FОCШ  , 

  ,   7 – 1β    -    
.         

  (  β, ). 
        

      (  β, ) ДβЖ. 
   FeCo    -

 -1   .      
   .    -    

    ,     
     FeCo [3]. 
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                                            )                                                         ) 

 

. 1. ) -   - /Fe-Co,   η00 °C, ) 
-   - /Fe-Co,   θ00 °C 

 

  
)                                                                       ) 

 

. β.  )    FeCo   ,   
θ00 ° , )     

 

 

1.  . .  . .  . .  . //  - . – 

2006. –   . ζ8 . – . λ77. 
2.  . .,  . .  μ   

   μ  . – .μ , 
2007. – θ0 . 

3.  . .,  . . ,     -   
  . //  . – 2002. – . γ8. 

– № 11. – . 1β87 – 1302. 
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 ,     
  ,     

  μ ,  , , , 
 .     

 ,  , ,      . .  

    ,      
  ( КCτ3, ,  ).  

        
  ,     

   (    
 )  ,    

 .      -

  ( , - )     
 .       

    μ -  ( ), 
    .    

      .   
          

.          
    ,     – 

          . 
  ,       

μ   ,  ,    
 .         

         ,  
       .  

 

      № 6136.2014.3 
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 ,     . 

        
          

    μ     -   -

   Д1Ж. 
      ,  

           . 
 ,         

       . 
         

 .        1η, 
β0, γ0  ζη .    pH  8, λ  10.   

 μ ,   . 
      μ  

      Ni(OH)2   . 
        . 

       . 
        
 .   1 ,      

,     1 . 
 

     
 

.1.     
 

 

1 Nickel hydroxides and related materials: a review of their structures, synthesis and 

properties / S. David, J. Lockwood,
 
C. Bock, R. Barry // The royal society, 2015. – P. 1 – 65. 
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  - (ζ0 )   (β00 )  ( )   
  ( ),       

 ,          
.        
  ( ),    ( ), 
  ,       

ё     .    
,           

        . 
        

( )        . , 
,    ,      
   TТτ2.      ,    

          
    ,     ,  

       ,   
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,       -

 ,    μ   
. ,      ( )  

   ( ),  -       
            

     .  ,  
  ё        

   -   ЩH < ζ (ЩH    з 0.η). 
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     ё  TТτ2 (pH  θ.β),     
   ,         

         .  
         

          
 71           . 

       
     ( ).  

      ,   
         (  
 71)         

.   ,       
 -         

    ,        
 TТτ2-    .  ,  

         
    (θ  )   8γ %  θ0 

 - . 
  ,    , 

      
       , 

    . 
 

         
(«    »,  

    « », «    », 
«    »  «   

»)     (   1ζ-03-010θβ)   
(   0.γ7.17λ.β01ζ). 
 

 

 ,     
      

  

 

 . .,  . .,  . .,  . .,  . ., 

 . .,  . . 

    « » 

galimzyanov@misis.ru 

 

    -    
   ( ),   .  

        (    
 - Дζ,ζЖ      - SBP.BF4/PC, 

SBP.BF4/Aσ;      –    
 - Et4NBF4/Aσ)       .  
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  MР3Si2O5(OH)4    (III)  
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 .    , ё   

   ,       Д1Ж  
        , 

     ,      Mg
3
Si

2
O

5
(OH)

4
 

      [2].      
      (    

  )     μ -  -  
   [3],  -  -     

     (FeCl3, Fe(NO3)3)    (t = 200 

- 250 ° ,  = β-βζ , P = 70 ).  
         

-    ( , - , ,  ).  
   ,      

.      ,   β  
    – α-Fe2O3. ,    

 (0.η – 1.0 )     ,  
     ,     

 . 
        

А  № 17 (  . . . )     (  № -

2302.2015.1). 
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  .   μ   Eumulgin O10, 

 –   ( )   SiO2@Al2O3 

(Ludox CL).       (t  ≈ ηθ ). 
         

       (γ000 / )  
        (β00 

/ ).  . 1        
  SiO2@Al2O3    . 

 

 
 

. 1.       Ludox CL.   
 – 10 .%,   – 0,η .%, Eumulgin O10 – 1 .% (1), 0,η .% (β).  

 

  ,      
SiO2@Al2O3     .     

        .  , 
     Eumulgin O10     
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      σТ – ZrO2      
    ((  ζ,γ÷ζ,7) , / μ Ni( 3 )2∙ζH2O – 0,βζ÷0,γβ; 

NiCl2∙θH2O – 0,0γ÷0,0θγ.),       
 ,      0,η -η,0     
        - . 

        
      θ .     

 ,      θ . 

   1,0 /        
    βη ,  –  8,   – 170  

( . 1). 

 

. 1.         
       ZrO2 1,0 / . 



68 

 

ICP–         ( . 1),  
         ,  

      (0,0θ . %). 

 

 1.     ,     
ZrO2 (   β00 / 2

) 

 , 
/  

0,2 0,5 1,0 

 ZrO2, 

. % 
0,018 0,040 0,059 

 

  ZrO2,         
      (0,1 / )   

   ( . β) ( ,    η00 / 2
  

2,γ  γ,λ ).       
 ( . β). 

 β.    Ni-ZrO2     
   

  
 

, /  

 (HV) , 
    , 

 

500 А/ 2
 1200 А/ 2

 

  0 2,30 2,80 

 0,1 3,90 3,60 

 0,5 4,30 3,60 

 1,0 4,40 3,90 

 
 

0,5 2,44 2,31 

 
 

1,0 2,52 2,42 

 

      ,    
     ,     
         , 

     . 

          ICP  
     . .И. . 

         
       . 
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Nano-structured polyaniline (PANI) containing composite electrode based on Busofit T-040 

carbon cloth (CC) with high specific surface area (900 m
2
 g

-1 
for Busofit T-040 ) have been 

developed for symmetric supercapaitor devices by cost effective one step chemical polymerization 

of aniline. The CC consist of individual carbon fibers of 7-8 Ц НТКЦОЭОЫ аСТМС КЫО ЬЮППТМТОЧЭХв 
tightly packed, but randomly oriented (fig.1). 

 

 

a b 
  

Fig.1. SEM images of the CC at different magnifications (a) γ000× КЧН (Л) η000× 

The capacitive performance of CC as well as PANI/CC composites were characterized by the 

cyclic voltammetry (CV) (fig.2) and the galvanostatic charge-discharge in two-electrode 

configuration in H2SO4-based aqueous electrolyte. PANI/CC composite demonstrates significant 

capacitance enhancement in compared to carbon materials up to 222 F g
-1

 and 6.7 F cm
-2

. 

 

0 200 400 600 800 1000

-350

-300

-250

-200

-150

-100

-50

0

50

100

150

200

250

-350

-300

-250

-200

-150

-100

-50

0

50

100

150

200

250

 Busofit T-040

 Busofit T-040/PANI

 

 

C
a
p
a
c
it
y
, 

F
 g

-1

Voltage, mV

 
Fig. 2. CV curves of the source electrode carbon cloth Busofit T-040 and Busofit T-040 

/PANI composites at the potential sweep rate of 50 mV s
-1 

The coulombic efficiency of composites has been measured to be about 97-99 %. The 

microstructure of the Busofit T-040/PANI composites is presented in figures 3. 
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a b 

Fig. 3. SEM images of the composite Busofit T-040/PANI with weight fraction of PANI 25 % 

at different magnifications (a) η000× КЧН (Л) 10000× 

 

 

From SEM observations it was found that the composites have an unusual morphology: PANI 

deposited on the carbon fiber surface as an individual granules whose diameter is about 30-50 nm. 

This encouraging results demonstrate the importance of developed PANI/CC composites as 

electrode materials for high energy symmetric supercapacitor. The technological simplicity, easy to 

scale up and electrochemical performance of this flexible binder-free PANI/CC composites 

demonstrate the significance of this work for industrial application. 
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 μ  ,  ,  
,         

        
 (700-λ00 º ) Д1-4].  

        
    -  ,     

        .   
       -  
     .   

KCl–NaCl–CsCl-Na3WO3F3-K2SiF6   .1.   ,  
         -1,15-1,25 ,   

    -2,0-2,3   -   
.         

-   1,1-1,3 B ( . 1    ). 

 

. 1.   KCХ–NaCl–CsCl-Na3WO3F3-K2SiF6.   
  (KCХ–NaCl–CsCl)  ;  (σК3WO3F3) = γ,0∙10-4

 / 3, (K2SiF6) = 8,0∙10-5 

/ 3.   Я = 0,1 / .   T = ηη0 °C.  
 – Pt, S  =0,1ηγ 2,    – -  

 

,        
   (       

 )   .      
         

       . 
       KCХ-NaCl-CsCl-Na3WO3F3 

(γ,0∙10-4
 / 3

)-K2SiF6 (8,0∙10-5 / 3)     β,η . 
       АSТ2   
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,       
       . 

         
    λ00 º .      

    KCХ–NaCl–CsCl–Na3WO3F3–K2SiF6.   
          

      μ KCХ-KF-Na2WO4-SiO2. 

        
900 º        (KCХ-KF) ,    

  – Na2WO4,   – SiO2.    
          

 .     1. 
 

 

 

 

 

 1.    АSТ2        
(KCl-KF) .-Na2WO4(1,η .%)-SiO2(β,0 .%) 

,  

  
WSi2   

, .% 

  
W,   

, .% 

  

Si,   
, .% 

2,2 3,0 95 1,85 

2,5 15 61 23,0 

2,8 25 43 32,3 

3,0 12,4 45 41,8 

 

  1 ,  М        
    (KCХ-KF) .-Na2WO4(1,η .%)-SiO2(β,0 .%). 

  АSТ2          
2,8 ,         ( ).  

 ,   ,    
      μ   

KCХ (ζη,β .%) - KF (ηζ,8 .%) - Na2WO4 (0,7η .%) - SiO2 (β .%)   
   E= β,8 B   =λ00 ° . 

 

         
     №2011/54 М  2263. 
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     μ , , , 
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     ,   
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,   . . 

        
         

 (PVD, CVD),    ( ) [2].  
 ,         

      ( ) 
  . 

        
    KCl–NaCl–HoCl3– CХ2. 

    KCХ–σКCХ    
(0,η÷β,η .%)    (0,η÷β,0 .%)    1,β / 2

  
   -  « »,    

     ( . 1.) 
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. 1. -  « »       
 

 

        
     .     

          
373-ζβγ .          

    ,  H 2, Ho 3, 

Ho 5,Ho2 17. 

 . β-γ      
   ,    

 (KCХ-NaCl) .-HoCl3- CХ2   ζμ1    1,β / 2  
1,9 / 2    λ7γ .         100 , 

   ,         .  
 

 

. β.       
  KCl-NaCl-HoCl3- CХ2    .  

 (HШCХ3) = β,0 . %,  ( CХ2) = 0,η . %. Тk = 1,β  / 2.  = λ7γ . S = β,ζγ 2
 

 

 

. γ.       
  KCl-NaCl-HoCl3- CХ2   .  (HШCХ3) = β,0 . %,  

( CХ2) = 0,η . %. Тk = 1,λ / 2.  = λ7γ . S = β,ζγ 2
. 

 

    ,    
       100    γ0  θ7%.   

          
     100   . 
 

 

1.  . .  Nd-Fe-B     . 

-   « -    
,   », , , 2003, . 510-545. 

2.  . .,  . .    
 . – μ -  . - , 1λ8λ. – β1ζ . 
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   . .         
  ,  -  ,  .  

         – 

       ,    
    .  ,  , 
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      1.  
 

 1.       

 

 

- 

 

Al:Zn 

 

, 
 

 

, 
.% 

 

 

 

 – , 
 

1:1 98,1 0,30 5,72 23-25 

3:1 76,0 0,47 5,48 27-30 

5:1 42,1 0,53 5,97 35-37 

 

   Al:Zn  ημ1,    
,         ,      

.        .  
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   , . .         
.          

 (  1).      - ,  
      . 

 

   

 1.       AХττH-ZnO 
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        ( . 1)  Нip-coating. 
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     ,   

   ,      
      Д1-γЖ.    

 ё      ,  
   (  1),      

   . 
 

 1.       
  

№    

1 1 ; η00/7η0/1000º ;    

2 7η0º ; η ; 1  β ;    

3 7η0º ; 1 ;    η00º ;   
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   (        )  

    .    
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        . 
        

         8%Y2O3 – 

92%ZrO2.    , ,  
      ё . 

 

          
,      ,   

  ζη0-η00 º . 
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 ,      1     
 ,   -   (  1) 

 .       
   ,      β   

      . 
 

 1.    

№ 

 

  
, . 

, 

º  

, 

 

, 

 

, 

 

, 
/ 2 

 

, 
. 

1 

 +  

0 175 134 47 6,4 6,9 94,6 

2 1 185 144 68 10,7 10,4 95,5 

3 2 170 121 53 6,0 7,4 93,0 

       .   
    CRτSSTτσE BS-1 ( ), 

       
.    ,    

,       .  ,  
     ζ-η ,    

.        
.   – 1  ( -1).    
   β. 

 β. -     

№ 

 

 , 

 

, 

 

, 

 

, 
/ 2 

 

, 
. 

1  +  ( -1) 144 68 10,7 10,4 95,5 

2  +  + 0,0η%  ( -1) 146 70 17,4 10,7 96,1 

3  +  + 0,1%  ( -1) 178 72 45,1 12,1 97,7 

4  +  + 0,γ%  ( -1) 172 70 40,0 13,0 97,5 

5  +  + 0,η%  ( -1) 146 64 36,1 12,9 97,0 

  ,    , 
 0,1%  .  (  γ),      

,      . 
 ,      

-       
    - . 

 

 

 . .    . – .μ  
  , β008. – θθ0 . 
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+ . 
       

            
  Ticona (GUR-β1ββ)   ζ,0     η-

15 ,   -ζ 20 ( 14 ), -   
 (C10(PO4)6(OH)2, 20-γ0   7-8  ).  

   -β   ζ0G     (   
    ζ0μ1). 
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(   0,γβ / ).   × × =7×7×10 .    
 1η  θβ .       

 Zygo New View 6200.   ,    Дγ,ζЖ,  
         
      (10 .% ζ; 0,η .%  

( )  β0 .%  ( )). 
 . 1     (I)   

   (RК)       
     . 

 

. 1.    (I)    
  (RК)        

(1)     μ « +0,η .% » (β), 
« +β0 .% » (γ); « +10 .% » (ζ)     

μ « +10 .% +0,η .% » (η), « +10 .% 
+β0 .% » (θ), « +10 .% +0,η .% » ( , 7), 

« +10 .%  +β0 .% » ( , 8). 

 

 . 1 ,    -     
      β  (  β  γ),   

10 %     γ  (  ζ).      
+10 .%      (  η, θ). 

         
    ё  β      

+10 .%  (  7)   7,η      .  
       μ  

   ,    
  ( )     (   

       ).    
       . 
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   GSTββη     . 
  ,        

    GО2Sb2Te5    . 
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       (CКЫХ-Zeiss 

AбТШЯОЫЭ ζ0 MAT),   (σT-MDT Integra (Image AnalyЬТЬ))   (JEτL JSMθ000). 
  β0 . %μ HCl, H3PO4, H2SO4       

  ,     β0 . % HNO3. 

       2 2 (γ0 . %)    
  GST.     . 

 

.  ,      

 

  
 

( ) 

 
 

 

( ) 
HNO3 (β0 . %) 30 240 

H2O2 (γ0 . %) +  HNO3 (β0 . %) 1μ1 8 240 

H2O2 (γ0 . %) + H3PO4 (β0 . %) 1μ1 8 60 

H2O2 (γ0 . %) + H2SO4 (β0 . %) 1μ1 5 30 

H2O2 (γ0 . %) + HCl (β0 . %) 1μ1 5 25 

 

     2 2 (γ0 .%)   
         
.      (  10 ),    

     γ0  70°      GST225. 

     β0       
.β. 

 

 
 

.β.       γ0%  2 2   

β0     

 

 ,  ,    GО2Sb2Te5   

  Hστ3,    μ Hστ3, H2SO4, H3PO4, HCХ   H2O2  
 1μ1.    ,        

     ,      
 GО2Sb2Te5      .   

           
   . 
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    -  ( )  
        
  .      

 Д1Ж   ё       
   .     

     .   
      ДβЖ   

 (CVD) –     ,  
       . 

       
( ). 

   ё  ,   
  μ   ,  
 ,   .   ,  

         («  »)      
(«  »)    (  10 ° / )  800 °    
1      ( . 1). 

 

 1.     

  
 

( μ ) 
 

 

 

1 0,5:1  

β 1:1  

γ 2:1  

ζ 1:1  

 

1 0,5:1  

β 1:1  

γ 2:1  

ζ 1:1  

 

 

1 0,5:1  

β 1:1  

γ 2:1  

 

 1.     
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     μ  = 0,η μ 1.     

   (  10%  0,η%),    
     .         
 , . .      . 

       ( . β)   
μ ё    ( -  ), -    
       ;      

–       . 

 

 β.      

 

 
  

 (%) 

   
( 3/ )  

  (%) 

  
 

 ( / ) C6H6 CCl4 H2O 

 82 0,833 0,818 0,252 11 0,68 

1 75 0,65 0,65 0,201 24,89 5,28 

β 70 0,62 0,71 0,21 41,03 5,18 

γ 75,5 0,79 0,37 0,138 45,76 5,53 

ζ 75 0,67 0,65 0,17 50,97 5,81 

1 86,8 0,006 0,0035 0,0016 24,85 2,85 

β 86,5 0,001 0,017 0,011 20,49 2,72 

γ 85 0,001 0,0026 0,0013 40,87 2,90 

ζ 84 0,007 0,0078 0,024 30,31 2,59 

0*
 58 0,02 0,02 0,2 9 5 

1 61 0,015 0,0145 0,0047 38,29 2,94 

β 62 0,016 0,015 0,005 35,99 2,80 

γ 65 0,018 0,018 0,009 61,54 3,28 

 

* 0 –   

        ё    
,     .     μ 

       ,    
   ,       

(     ).  ,   
    μ      

      . 
    ,    
,    ё        

    . 
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      ,   
       .   

       AЮ-AР      
 UV-VIS  HТЭКМСТ U-γ010   HТЭКМСТ F-7000  
    β00   λ00 . 

       AЮ,  AР  
  AЮ-AР    .   

         UV-VIS 

      1,η .    

    Ag,  Au    AЮ-Ag. 

         . 
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