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     (POR-SI)      
OBTAINING POR-SI NANOCONTAINERS FOR DRUG DELIEVERY SYSTEMS 
 . ,  . .,  . .,  . .,  . .,  . . 

Abramova E.N., Khort A.M, Yakovenko A.G., Kornilova D.S., Slipchenko E.A., Prokhorov D.I. 
,   .    , 

overmind11@rambler.ru 

:        [1-4]   
        (     , 
 ,   )        

      .    por-Si 
           

,    . 
 
Abstract: on the basis of a proposed mechanism of porous silicon formation obtaining conditions of por-Si 

with required parameters (radial and axial pore dimensions, porosity, pore surface density) were chosen. Further 
ultrasonic processing por-Si layers resulted in getting nanoparticles with the sizes necessary for creating 
containers for drug delivery systems, including psych neurological medicine. 

 
     .    

 :        
 : , , ,    . .  

      por-Si    
           [1]. 

      Si  , ,   
   . 

           [2-4]  
    por-Si c     

  ( ) :    20 , 
  > 20       50%.     

  -      (0,01-10) · .  
        5-50 / 2  

 ,    ~30 . 
         35  

(   80 )   4      . 
    -    

 ,      
  (PIDS),      Jeol 2007. 

 ,        
 por-Si    30-40 .  
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. 1.          <111>   
 10 . 

    por-Si      
.  

            
 por-Si   .  

 : 
 . .,  . .,  . . : , , ,  

  . ., , 2011. 648 . 
 . .,  . .,  . .,  . .      
     //  . 2015, 

.51, 8, .815-822 
  . .,  . .,  . .,   . .,  . .    

 -  (HF2)-         
 //   . 2016. .470. 2. . 172-175. 

  . .,  . .,  . .,  . .,  . .       n-
Si    .//   . 2017. .473. 4. . 431-434. 

FEATURES OF SWITCHING EFFECT IN TLGASE2 CRYSTALS SUBJECTED TO - IRRADIATION 
Aliyeva N.A., Salmanov F.T., Orujova A.A., Mammadova G.E. 

Institute of Radiation Problems of ANAS, B. Vahabzadeh str. 9, Az 1143 

In recent years, layered thallium chalcogenides as TlGaS2, TlInS2 and TlGaSe2 from AIIIBIIIC2VI family have 
been widely studied [1]. TlGaS2 semiconductor compound has a high anosotropic property and draws researchers’ 
attention for its structural features and application. TlGaS2 crystallizes in monoclinic system and the lattice 
parameters are a=10.772 Å, b=10.771 Å, c= 15.636 Å and = 100.6 [Panic 2,6]. Recently, the electrical conductivity 
of TlGaSe2 layered crystal has been discussed in a wide range [9-10]. Optical, photoluminescence spectra and 
photoelectric properties of TlGaSe2 have been studied by many authors. So far, the main physical properties of 
this compound have not been studied thoroughly enough. Despite extensive studies on these compounds, there is 
little information about the switching effect in literature. In this work it has been reviewed the switching effect in 
Volt-Ampere Characteristics of -irradiated TlGaSe2 single crystal. 

In the presented work switching and memory effect have been studied in the layered p-type TlGaSe2 single 
crystal. Within the study it has been observed the influence of temperature and -irradiation on the occurrence of 
the switching effect.   

VAC of the -irradiated TlGaSe2 crystal at the temperature range of 100-300K has been depicted in figure 
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1-(a and b). 

 
Figure 1. Volt-Ampere characteristics of TlGaSe2 crystal at different temperatures (a-0Mrad, b-25 Mrad 1-

205K, 2- 250K, 3-300K) 

As it is seen from figures, the general view of VAC has a S – shaped form and is strongly dependent on 
temperature. J(U) characteristics is close to linear dependence at small values of the area. With increasing of the 
given voltage, the J(U) characteristics starts to become non-linear. With significant increase of voltage, there is 
observed a switching effect in the crystal. In order to avoid the collapse of the crystal, the given voltage is limited 
with the appropriate resistor. When the voltage decreases ON position is maintained and the material again returns 
to its initial position for a few seconds. This effect is called memory effect. If the current is reduced to zero, the 
memory state is kept. The switching effect in TlGaSe2 crystal occurs at room temperature at 130 V/cm value of 
electric field, but after 25 Mrad irradiation at 42,7 V/cm. 

As it is shown in Figure 2, the switching effect in the crystal occurs in both directions and VAC of TlGaSe2 
is symmetrical to the dependence of the shown area on its direction. 

Figure 2. Dependence of VAC of TlGaSe2 on the direction of the shown area at room temperature 

As it is seen from the dependence of critical values of voltage (Ucr) and current (Jcr) on temperature within 
the switching effect, with temperature increasing the Ucr voltage decreases, but Jcr current increases. It indicates 
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that, the electrothermal mechanism [23] works in switching effect.    
 In the -irradiated TlGaSe2 single crystal there is observed switching and memory effect. Switching effect 

in TlGaSe2 crystal occurs at room temperature in the value of 130 V/cm of electric field and after 25 Mrad 
irradiation in 42,7 V/cm. It has been determined that the switching effect is sensitive to temperature and -
radiation.   

            
DEVELOPMENT OF METHODS OF PHASE ANALYSIS OF IMPURITY ELEMENTS OF ALLOYS BASED ON IRON AND NICKEL 

 . .,  . .,  . . 
Andreeva N.A., Anuchkin S.N., Paunov A.K. 

,         
 . . .    ,  

e-mail: andreeva150388@mail.ru 

           
    - : Al - Al2O3; Zr - ZrO2     

  .          1·10-3  n% Al 
  1·10-4  n% Zr        

.    (Sr)   0,2. 
 
Using AES-ICP were developed the new methods of separate quantitative determination of the contents  of 

different forms of impurity elements: Al - Al2O3; Zr - ZrO2 in alloys on the basis of iron and nickel  This allowed 
the determination of the elements in a wide range of concentrations from 1·10-3 to n% Al and from 1·10-4 to n% 
Zr without prior separation of the matrix with good metrological characteristics. The relative standard deviation 
(Sr) is less then 0,2 

 
  -          

     -     
            

         
   : ,   ,   -    

 Al2O3       ,   ,  
,     ZrO2. 
    -    -  

 (   ).      ULTIMA 2  «HORIBA Jobin Yvon» 
( - ).          

 : Al – 309,278 , Zr - 339,198 .     (   )  
  .    10 /        

,   2 ppb .    ,    
  Zr,   2·10-4%.      Al   

           100 ppm .  
    500 ppm      

   .         
  ,       [1]. 

        .   ,  
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         .  
            

  ( ) [2],      .  
            

.      .   . .     
     .        

    : Al  Al2O3; Zr  ZrO2. ,    
   Al,      :10% HCl  10 % HNO3.  

   Zr,   ,   :  HCl + HNO3  
(3:1).  

   :  (Al2O3)   (ZrO2)      
 .  Al2O3  ZrO2      

MARS 5 (CEM Corporation, USA)    (P, T)   .   
            . 
   .    : HCl + HNO3  (1:3); HCl + 

HNO3  (3:1); HCl + HNO3  (1:3) + H2 2   HCl + HNO3  (3:1) +H2 2    40   
   2100 .     : HF+ HNO3 + HCl  (4:3:1)   40 

   2100 . 
           

 :  Al2O3  ZrO2         
.        .  

        
 ,      ,   ,  

   .       
         :  

            
         

 .   
     .     

    0,3%,   0,03%. -      
         

           -  
  -   -  .    

          Al  Zr. 
       ,   

n·10-3 %  ,   n·10-4 %  .    (Sr)   
0,2. 

          Fe-Sn-
Al2O3         Ni-Sn-ZrO2    

,      ,       
     ,        

   . 
 : 

–     .    . .  . 
. 2 .: , 1990, .92. 
. . .      - .    10-  
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    ZRO2   ,  
   . 

PHYSICOCHEMISTRY OF INTERACTION OF EXOGENOUS NANOPHASE ZRO2 WITH NICKEL MELTS, CONTAINING SULFUR 
AND TIN IMPURITIES. 

 . . 
Anuchkin S.N. 

         . 
. .  , , , e-mail: AnuchkinSN@yandex.ru 

       ZrO2  
  ,   –   .   
           S2, SO2, H2S, Sn, SnO   

     . ,    ZrO2   
    12  18 . %     Ni-S,     

 14  22 . %     Ni-Sn. 
 
The processes of interaction of exogenous nanoparticles of refractory compounds ZrO2 with model nickel 

melts, containing surfactant - sulfur and tin, were studied. Thermodynamic calculations considered possible 
options for removing sulfur and tin from the melt in the form of S2, SO2, H2S, Sn, SnO and showed a low probability 
of removal under melting conditions. It was found that the introduction of ZrO2 nanoparticles led to a decrease in 
the sulfur content from 12 to 18 rel. % in the Ni-S alloy, and a decrease in the content of tin from 14 to 22 rel. % 
in Ni-Sn alloys. 

 
      ,    

    .       
     ( )     

    ,        . 
    ,     
   Fe  Ni       

.     ,   [1].      
 -        

,           -
.      ZrO2   -   Ni  

Fe   .  
         

          (Al2O3, 
MgAl2O4, TiCN  .)    (S, Sn, Cu  .)        ( . . [1-2]). 

      :    
        -   

       .   ,   
   ,    -  +( -

).             
          -( , , ), . . 

      .  
           

    ZrO2   (S  Sn)    Ni-S  Ni-Sn  
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      .  
     ZrO2   [1],   Gº  1873  

 337 700 / .      ZrO2   
,       :  90º  135º (1500 º ) [1], ,   

   , ,   ,   
 .            

 [1]              
,          ,   

     ( . ).  
 ZrO2    [1],     19,14 

2/ .    d .( )  55 .         
  ,      ZrO2  Ni.  

  Ni(97,5 .%) + ZrO2(2,5 .%)     Fritsch Pulverisette 6 
  Ar   1 .   Ni-Sn       

     (98%Al2O3)  46 .  pHe+10%H2=0,1   
       Sn  -000  20   

     .  
             

( ),    .      [2].  
             

(Ni+  ZrO2)      180  1200 .    . 
    1623-1658 º .      0,1 .%.  

  15   6  ,       [ ]= ( ) 
    = (([ ] -[ ] )/[ ] ), . %.     Ni-S 

( . .1)  , , - ,   ZrO2    180-720 .  
   [S]   S    12-18 .%, ,   

 ,       ZrO2    
  Ni+(ZrO2-S). - ,       
      ([S]=0,0744-4,35·10-5 +4,86·10-8 2)  

   360 .,       
/     ZrO2-S.      

([S]=0,0746-0,153·(%ZrO2)+0,615·(%ZrO2)2)         
   . 

   Ni-Sn ( . .2) , , - ,   ZrO2  
  180-1200 .    [Sn]   Sn   

14-22 .%, ,    ,     
   ZrO2     Ni-Sn    Ni+(ZrO2-Sn). -

,           
  ([Sn]=0,0811-3,42·10-5 +1,86·10-8 2   Ni-Sn(0,0840 .%)  

[Sn]=0,0451-1,87·10-5 +1,06·10-8 2  Ni-Sn(0,0460 .%))     720-860 ., 
      /     ZrO2-Sn. 
     Ni-S,    ([Sn]=0,0827-

0,214·(%ZrO2)+0,763·(%ZrO2)2)      .  
   Ni-S  Ni-Sn  ,     

ZrO2     -         . 
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. 1.       ( )    ( )   Ni-
S(0,0763 .%): 1 –    ; 2 – Ni-S-ZrO2(55 ). 

 

. 2.       ( , )    ( )   
Ni-Sn(0,0840 .%) ( , )  Ni-Sn(0,0460 .%) ( ): 1 –    ; 2 – Ni-Sn-ZrO2(55 ). 

        ,  
      .      

  [3]  , . .      
,    . ,   

,  : 

dx
dC

C
RTr

,                                                              (1) 

 r -  , ; - , / 2;  -  , % .,  -  
 , · / 2. ,       -    

  -        .  
,    va  6,39·10-4; 3,28·10-4  9,21·10-5 /    Ni-

S(0,0763%)-ZrO2; Ni-Sn(0,0840%)-ZrO2;  Ni-Sn(0,0460%)-ZrO2, .   
 ,   v  = 2,80·10-9 / .   , , , - , 

      va  v ,       
   . - ,       [Sn] 

         Ni+(ZrO2-Sn)   
    ,          

   - , - , - . 
 ,           

   ,         
        ,  

-  . 
     (  16-38-60129 _ _ ). 

 : 
 . .,  . .,  . . // . 2016. 6. . 44-51. 
. . .  . .  . .  . . //     . – 2009. – 6. 

– . 78-85. 
 . .     . .: , 1984. 152 . 
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     HIS6-OPH    
  

CREATION OF HIS6-OPH BASED ENZYME NANOMEDICINES FOR INCREASING OF ANTIBIOTICS ACTION EFFICIENCY 
 . .,  . .,  . .,  . .,  . .,  . . 

Aslanli A.G., Maslova O.V., Senko .V., Stepanov N.A., Lyagin I.V., fremenko .N*. 
Russia, Lomonosov Moscow State University  

*E-mail: elena_efremenko@list.ru 

  -     -  «  » 
 N-  ( ),      

. ,      ,    
  ,    , . .   .  
       (His6-OPH). 

,   His6-OPH         
 . ,  ,   His6-OPH   

     .  
,      His6-OPH   

   ,         
 His6-OPH,         

 ,     -  .   
,    His6-OPH  -      

His6-OPH.       . 
       His6-OPH ,    

   ,     , ,   
.  ,  ,     
   ,      . 

            
  . 

 
In many Gram-negative bacteria N-acyl-L-homoserine lactones (AHLs) function as “quorum sensing” 

signaling molecules, inducing the development of resistance towards the effects of antibiotics. Therefore, one of 
the ways to solve this problem can be combining antibiotics with enzymes that have lactonase activity, i.e. 
hydrolyze the molecules of AHLs. 

One of such enzyme is the hexahistidine containing organophosphorous hydrolase His6-OPH. It is known 
that the enzyme His6-OPH has a high catalytic activity in hydrolysis of a number of organophosphorus compounds. 
It has also been shown that the enzyme His6-OPH exhibits lactonase activity against a number of molecules of 
AHLs. 

Early, the catalytic characteristics of the His6-OPH enzyme in the presence of various antibiotics were 
investigated and it was shown that the latter do not exhibit a significant inhibitory effect on the His6-OPH and 
their inhibitory concentrations do not exceed the minimum inhibitory concentrations of antibiotics used for cells 
of Gram-negative bacteria.. It has also been found that combining the enzyme His6-OPH and -lactam antibiotics 
results in the stabilization of His6-OPH. These results were confirmed by molecular docking. 

To expand the spectrum of antibiotics used in combination with His6-OPH, the same method of computer 
modeling as for ampicillin, gentamicin, kanamycin and rifampicin was used. It has been shown, that the antibiotics 
imipenem, meropenem and cephalosporin slightly overlap the active center of the enzyme, allowing it to show 
high hydrolytic activity. Therefore, they can be further considered as partners of this enzyme in the preparation of 
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combined antibiotic drugs. 
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 N-  ( ),      

. ,      ,    
  ,    , . .   .  
       (His6-OPH). 
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   ,         
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 ,     -  .   
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In many Gram-negative bacteria N-acyl-L-homoserine lactones (AHLs) function as “quorum sensing” 

signaling molecules, inducing the development of resistance towards the effects of antibiotics. Therefore, one of 
the ways to solve this problem can be combining antibiotics with enzymes that have lactonase activity, i.e. 
hydrolyze the molecules of AHLs. 

One of such enzyme is the hexahistidine containing organophosphorous hydrolase His6-OPH. It is known 
that the enzyme His6-OPH has a high catalytic activity in hydrolysis of a number of organophosphorus compounds. 
It has also been shown that the enzyme His6-OPH exhibits lactonase activity against a number of molecules of 
AHLs. 

Early, the catalytic characteristics of the His6-OPH enzyme in the presence of various antibiotics were 
investigated and it was shown that the latter do not exhibit a significant inhibitory effect on the His6-OPH and 
their inhibitory concentrations do not exceed the minimum inhibitory concentrations of antibiotics used for cells 
of Gram-negative bacteria.. It has also been found that combining the enzyme His6-OPH and -lactam antibiotics 
results in the stabilization of His6-OPH. These results were confirmed by molecular docking. 

To expand the spectrum of antibiotics used in combination with His6-OPH, the same method of computer 
modeling as for ampicillin, gentamicin, kanamycin and rifampicin was used. It has been shown, that the antibiotics 
imipenem, meropenem and cephalosporin slightly overlap the active center of the enzyme, allowing it to show 
high hydrolytic activity. Therefore, they can be further considered as partners of this enzyme in the preparation of 
combined antibiotic drugs. 

This work was supported by the Russian Science Foundation [Grant No.16-14-00061].  
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   CU S:    , 
      

NANOSTRUCTURED COPPER SULFIDE CU S: SYNTHESIS BY CHEMICAL BATH DEPOSITION, PHASE CONPOSITION AND 
CRYSTAL STRUCTURE 

 . .,1  . .,2  . .2 

Akhmetshina L.Sh.,1 Vorokh A.S.,2 Kozhevnikova N.S.2 

1 - ,        . .  
2 - ,          

    , 620990 ,  
kozhevnikova@ihim.uran.ru 

   Cu S       
 :   Na2S,   Na2S2O3    

 N2H4CS.          (  
)    .      

(99 .%)    CuS  Cu2S   .    
           
           (Na2S2O3, N2H4CS, 

Na2S2O3). 
 
Syntheses of nanocrystalline CuxS in aqueous solutions were carried out using the variety of sulfidizing 

agents, such as sodium sulfide Na2S, sodium thiosulfate Na2S2O3, and thiourea N2H4CS. To determine the phase 
composition and size of the coherent scattering (particle size) regions, the X-ray diffraction method was used. The 
conditions for the formation of the most pure (99 mass%) samples of nanocrystalline CuS and Cu2S in aqueous 
solutions were established. Based on the experimental data on the equilibrium concentration of copper cations, 
the depth of the chemical reaction of solid phase formation in aqueous solutions for each of the three used 
sulfidizers (Na2S2O3, N2H4CS, Na2S2O3) was determined. 

 
         

    .       CuxS 
   p- ,        

   ,  ,  ,    CuxS 
         , 

   ,  ,   . [1].     
     CuxS     -

    [2]         
   [3].  

   Cu2S        
  «  » [4, 5],       

   « »    (Ag  Cu)    (Ag2S  Cu2S)  
Pt. « »    ,  Cu,    -  

 Cu2S        (    ).   
 ,       100      

     .      -  
       . ,  

     ,          
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  ,        
 .   ,        

     CuxS. 
  (I) Cu2S  (II) CuS       

    .       
: )    ,    Cu(NH3)n

2+  Cu( )2-   
  ( ) N2H4CS; )    ,   Cu2+  

  Na2S2O3; )   ,    Cu(En)n
2+  Cu(NH3)n

2+  
  Na2S.    (Na2S2O3, N2H4CS, Na2S2O3)     

 Cu(L)n
m+     CuxS   : 

) Cu(NH3)n
2+ / Cu( )2-) + N2H4CS + OH-  Cu S  + nNH3/ A4-,  

) u2+ + Na2S2O3 + H+  Cu S , 
) Cu(En)n

2+ / Cu(NH3)n
2+ + Na2S  Cu S  + nEn/nNH3. 

      CuxS     
           

   -   -   PerkinElmer ( ). 
 ,        (  ) 

  CuxS        
STADI-P (STOE, )   CuK  ( =1.5406 Å),    2   0.03°   

    (  5  25 ).        
       ,   - , 

   .       
      Multi-peak Fit 2    IgorPro 6.1.   
       . 

  ,        
(II) CuS (99 .%)     En, NH3        
Na2S  N2H4CS   .     (  ) CuS 

  7  17 .    (I) Cu2S    ,  
    (II)      Na2S.   Cu2S 

 11 . 
          

             
  (Na2S2O3, N2H4CS, Na2S2O3).   u2+

    
     0.575  0.998. (   –    i-  
,   ,      .)    

      CuS  Cu2S    
. 
       (  16-03-00566)     

( 15-6-3-20).  
 : 

M. Pal, N.R. Mathews, E. Sanchez-Mora, U. Pal, F. Paraguay-Delgado, X. Mathew // J. Nanopart. Res. 17 (2015) 
301. 
V. I. Klimov, P. H. Bolivar, H. Kurz, V. A. Karavankill // Superlattices and Microstructure 20 (1996) 395. 
Y. Lou, A. C. S. Samia, J. Cowen, K. Banger, X. Chen, H. Lee, C. Burda // Phys. Chem. Chem. Phys. 5 (2003) 1091. 
K. Terabe, T. Hasegawa, T. Nakayama, M. Aono // Nature 433 (2005) 47. 
T. Tamura, T. Hasegawa, K. Terabe, T. Nakayama, T. Sakamoto, H. Sunamura, H. Kawaura, S. Hosaka, M. Aono // 
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J. of Physics: Conference Series 61 (2007) 1157. 

         
HIGH-TEMPERATURE SYNTHESIS OF METAL-ORGANIC FRAMEWORKS BASED ON IRON  

 . .,  . .,  . .,  . . 
Batrakova M. K., Shkolin A. V., Fomkin A. A., Tsivadze A. Yu. 

,       . . .  , e-mail: 
batrakovamk@mail.ru 

     ,     
  N'N- ,    

 Fe-BTC, Fe-BDC  Fe-BDC(NH2).        77 , 
  -          

 .         0,77  0,79 .  
        ~15 / , 

     ,     . 
 
The organometallic framework structures Fe-BTC, Fe-BDC, and Fe-BDC (NH2) have been synthesized using 

a saltothermal method using an iron salt, organic aromatic acids, and an organic solvent of N'N-
dimethylformamide. Based on the experimental isotherms of nitrogen adsorption at 77K, their structural and 
energy characteristics by the BET method and the theory of bulk filling of Dubinin micropores are calculated. The 
average effective diameter of micropore samples is from 0,77 to 0,79 nm. All the samples obtained have a high 
standard characteristic adsorption energy of ~ 15 kJ/mol, which can contribute to the manifestation of high 
selectivity, especially when adsorbing polar substances. 

  
          –  

  (MOF- ),     [1]. MOF-   
     (  ,    
),       . 

 MOF    ( , Zn (II), Cu (II), Co (II)  Cd (II)),  
    -       ,   Fe 

(III), Al (III), Ln (III),  Ti (IV) [2].       
. 

  ,    [3]   ,   
 MOF : Fe-BTC, Fe-BDC  Fe-BDC(NH2).   3BTC - 1,3,5-

  ( ), H2BDC - 1,4-   ( ), 
H2BDC(NH2) - 2- -1,4-   ( ),  ,   

    .                   N'N-
.           

.           . 
          . 

    130-150 °     .     
    ,               

N'N- .         ,    
    130-150 °    . 



23 
 

-        
    77 ,        . 

   ,    MOF  -
  ( . 1). 

 1. -    . 

 Fe-BTC Fe-BDC Fe-BDC(NH2) 
   S ,  2/  1006,70 1427,00 881,40 
   W0, 3/  0,45 0,55 0,34 

      
 0,  

0,77 0,78 0,79 

     
 0, /  

12,87 15,82 9,69 

    , 
/  

5,11 5,10 5,00 

    
 0, /  

15,49 15,47 15,16 

    -     
 ,       Fe-BDC.   

  Fe-BDC(NH2),  -  ,   -NH2    MOF   
 ,      ,     .   

   ,    Fe-BDC(NH2)    
.  Fe-BDC,          

   Fe-BTC.   Fe-BDC    ,    Fe-
BTC .    MOF        

 (Fe3+)    (BDC2-  BTC3-). Fe-BDC    2:3,  Fe-BTC  
 1:1,            

   ,            
 .              

   . 
          0,77  0,79 . 

       ,    
    ,     . 

 : 
1. M. Eddaoudi, J. Kim, N.L. Rosi, D. Vodak, J. Wachter, M.O’Keefi, O.M. Yaghi, Science 295 (2002) 469-473. 
2.  Howarth  J. , Liu Y., Li P. , Li Z., Wang T. C. , Hupp J. T. , Farha O. K. , Chemical, thermal and mechanical 
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FORMATION OF COMPOSITE STRUCTURE OF AMORPHOUS ALLOY AFTER TREATMENT OF DIFFERENT TYPES 
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Bakhteeva N.D., Todorova E. V. 

,     , nbach@imet.ac.ru 

The dependence of structure and microhardness of aluminium amorphous alloy were investigated and 
determined on samples after deformation, heat treatment and irradiation with fast carbon ions. 
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INVESTIGATION MORPHOLOGY AND STRUCTURE CHARACTERISTICS OF POROUS SILICON NANOCONTUNEERS FOR 
LOCAL DRUG DELIVERY APLICATION 
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-    ~ 1.8- 2           
 2.3-2.5     . 

 
In the paper, porous silicon samples was obtained by electrochemical etching at various technological 

parameters. Structural diagnostics and investigation optical properties of the obtained samples were realized by 
X-ray diffraction, electron microscopy and UV spectroscopy. In the paper, the sizes of obtained nanocrystals at 
layers and powders of porous silicon which depending on technological parameters and post-processing methods 
were determined. Dimensions were 8, 16, 24, 30-45 nm respectively. From the absorption spectra, were determined 
possible direct band-band transitions in the energy fields ~ 1.8-2 eV for heavier fractions of meso and macroporous 
silicon nanopowders and 2.3-2.5 eV for lighter fractions. 
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THE INFLUENCE OF THE STRUCTURAL INHOMOGENEITIES ON THE HEAT CAPACITY OF GRAPHENE 
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Graphene and materials on its basis are investigated in modern materials science very actively. 

Experimental investigations have shown that graphene surface contains a lot of defects which form the ordered 
structures of different configurations. In this article, the program has been created that allows short-range order 
parameters are calculated for a given type of defect structure of graphene. A theoretical study of the electronic 
heat capacity of metallized epitaxial graphene with impurities and short-range structural regions was also carried 
out. 
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    CU(CH3COOH) 2.·H2O    
   

STUDY OF POLYACRYLONITRILE AND COPPER ACETATE (CU(CH3COOH) 2 .H2O) IN DIMETHYLFORMAMIDE USING 
ULTRAVIOLENT-VISIBLE SPECTROSCOPY 

 . .,  . . 
Benjamin A.E., Kozlov V.V. 

Russia, National University of Science and technology-MISiS, benjamin.ezeike@gmail.com 
Russia, TIPS RAS kozlov@ips.ac.ru 

Polyacrylonitrile (PAN) in Dimethylformamide (DMF) is a popular solution for producing large variety of 
polymer products. This research paper precisely described the behaviors of PAN and Copper acetate (Cu (CH3COO) 
2  H2O) in DMF, all in controlled synthesis processes by using the Ultraviolent Visible spectroscopy. In this 
research paper PAN solution was mixed with Copper acetate (Cu (CH3COO) 2  H2O) solution and the resulting 
solution was analyzed with Ultraviolent-visible spectroscopy. The results of the analysis were evaluated and 
discussed in the research. It was observed that the solution can be used to fabricate Gas sensors for detecting and 
monitoring gases such as ammonia and Nitrogen oxides, also this sensor can be used to monitor the by-product 
of most mechanical engines. 
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INVESTIGATION OF THE MOLECULAR COMPOSITION OF NANOSCALE FILMS OF PHTHALOCYANINE OF MANGANESE AND 

TIN  
1 . ., 2 . . 

Berezov A.V., Turiev A.M. 
1 - ,   , , BerArtVlad@mail.RU 

2 - , -    . . . ,  

 -  -     
  (MnPc, SnOPc).       (H2O, 

CO, CO2)            
  .  

Nano-films of organic materials (MnPc, SnOPc) were investigated by the methods of  laser-desorption mass 
spectrometry. Thresholds for the appearance of desorption of gas molecules (H2O, CO, CO2) and components of the 
substrate material from the surface of the films under laser radiation of different wavelengths were defined.  
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TOPOLOGICAL DEFECTS OF TYPE «5-7», «4-8» IN CLUSTER C20  
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Abstract. The calculation, using semiempirical method AM1, IR absorption spectra of nanostructured carbon 

C20 fullerene without topological defects and in the presence of topological defects. The analysis of the calculated 
IR absorption spectra of fullerene C20 without topological defects and topological defects is carried out. 
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 TiO2   . 

 
This work presents the method to obtain the well-oriented photoactive mesocrystals based on TiO2 and 

PEG. 
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NEW EFFECTIVE ORGANIC LUMINOPHORES 
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In this work we report investigation of the new nanostructured organosilicon luminophores (NOLs), where 

two different chromophores are connected to each other via silicon atoms, which brake the conjugation between 
them and fix them specifically in the space at the distance closer than 1-2 nm necessary for efficient Förster energy 
transfer. Combination of different chromophores in NOLs allows tuning their emission wavelengths in a wide 
spectral region, which open possibilities for their wide application as spectral shifters – convertors of the emission 
with the energy of high frequency photons (140–400 nm) into emission in the visible spectral range (400–700 
nm). 
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SYNTHESIS AND PERSPECTIVES OF APPLICATION OF POROUS ALUMOSILICATES IN MEDICINE 
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This paper presents an overview of the prospects for the use of zeolites in medicine. The aim of the work is 

synthesis and design of zeolites with the following set of characteristics: nanosize (100-200 nm), hierarchical pore 
system (presence of both micropores and mesopores), high sorption ability, which allows to sorb, store and 
transport LV in concentration is necessary to achieve therapeutic effect, non-toxicity in relation to the tissues of 
the body. 
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         FECRWMOCONIBC  
SYNTHESIS AND PROPERTIES OF COATINGS BASED ON METALLIC GLASSES OF THE SYSTEM FECRWMOCONIBC  

 . .,  . . 
Burkov A.A., Zaytsev A.V. 

        
      , burkovalex@mail.ru 
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Abstract 
The work is devoted to deposition of amorphous coatings of the composition FeNiCrWMoCoCB on steel 35 

by electrospark treatment in a medium of granules from pure metals and alloys and to study their properties. The 
corrosion resistance of coatings at temperatures of 600, 700 and 800°C was studied. The wear resistance of 
FeNiCrWMoCoCB coatings in the dry sliding wear regime at 10 and 25 N loads was 2.2 and 1.7 times higher, 
respectively, than in steel 35. Samples with coatings was showed a high activity to decompose the methylene blue 
solution, both in the presence Hydrogen peroxide and without it. 
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Cr3C2+50%Fe 16,68 

33 8 8 8 8 8 11 16 

WC+8%Co 29,66 
Mo 13,63 
Fe 11,48 
Co 5,99 
Ni 9,32 
B4C+80%Fe 13,24 
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    16  ,   Mb c H2O2  .     
4,5     Mb    .  FeNiCrWMoCoCB  

     (Fe0) [1].    Fe0   
     Fe0-2e- = Fe2+,     

.   H2O2     Fe0: 
Fe0 + H2O2 = Fe2+ + 2OH- 
Fe2+ + H2O2 = Fe3+ + HO* + OH-. 

 HO*          
,     Mb   H2O2  ,   .  

 
       Fe33Ni8Cr8W8Mo8Co8C16B11,   

    ,      80   
  .       (1,7–2,2 )  

      600-700 . FeNiCrWMoCoCB   
    16  4,5    H2O2  , . 
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2017 . 319- ). 
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Liu P., Zhang J.L., Zha M.Q., et al. // ACS Applied Materials & Interfaces. 2014. V. 6. P. 5500. 
Burkov A.A., Pyacin S.A, Ermakov M. A., Syuy A.V. In Situ Synthesis and Characterization of Fe-Based Metallic 
Glass Coatings by Electrospark Deposition Technique // Journal of Materials Engineering and Performance. 
2017. Vol. 26. P. 901–908 

      
MICROFERTILIZER NANOPLANT AND ECOTOXICOLOGICAL EVALUATION 

 . .,  . .,  . . 
Vasilyeva M.M., Popel A.A., Jurkevitsch H.S. 

 ,    « -   », 
vasilyevamm11@gmail.com, bublik170891@mail.ru, yrkevich.elena@gmail.com 

        ;  
   (  -  Tetrahymena pyriformis,     

L. Stagnalis,   )   « »  « - , Mn, Cu, Fe, 
Zn, Cr», «  – , n, u, F », « -Cu, Fe», « -Se», « - ,  

       
        . 

 
The analysis of literary and informational sources on the given problem is carried out; the first 

ecotoxicological evaluation (on the test object Tetrahymena pyriformis, in the micronuclear test on L. Stagnalis, a 
test for phytotoxicity) was performed on the new microfertilizer "Nanoplant" of the brands "Nanoplant-Co, Mn, Cu, 
Fe, Zn, Cr", "Nanoplant-Co", "Nanoplant-Cu, Fe", "Nanoplant-Se", "Nanoplant-Mo", which is a concentrated mixture 
of stabilized polysaccharide-modified colloid solutions of nanoparticles of bioethics In the form of compounds of 
different trace elements. 
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OBTAINING AND SOME PROPERTIES OF OXYGANATES COMPOUNDS OF RARE EARTH ELEMENTS HYDROSOLS 

 . .,  . .,  . .,  . . 
Vasin A.H., Belova I.A., Makulova V.S., Derkacheva I.V. 

,  . . . , e-mail: espsawtooth@gmail.com 

         
  (Y, Sm, Gd, Er, Eu).     ,   

     ,   .  
        . 

In this paper hydrosols of oxygenates compounds of some rare earth elements (Y, Sm, Gd, Er, Eu) was 
synthesized. Numerous properties were determined such as concentration of disperse phase, size of particles, and 
area of aggregative stability. Obtained systems are perspective in different fields of science and technology. 
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Osarieme Uyi Osazuwa, Herma Dina Setiabudi, Sureena Abdullah, Chin Kui Cheng. Syngas production from 
methane dry reforming over SmCoO3 perovskite catalyst: Kinetics and mechanistic studies // International 
Journal of Hydrogen Energy. 2017. V.42. I.15. P. 9707-9721. 
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HIGHLY EFFECTIVE ACTIVATED CARBON FROM WOOD FOR SUPERCAPACITORS: SYNTHESIS AND RESEARCH. 
 . .,  . .,  . .,  . . 

Vervikishko D.E., Kiseleva E.A., Shkolnikov E.I., Kochanova S.A. 
    , ,  

vitkina-darya@yandex.ru 

         
  –     . ,     

             
.            

      ,  
       –    . 

            
 .  

 
For supercapacitors with aqueous and organic electrolytes a promising carbon material is proposed - 

activated carbon from wood waste. It is shown how the carbon synthesis modes affect its porous structure and 
electrochemical characteristics of supercapacitors on their basis. Control of the changes in the porous material, 
depending on the synthesis mode was carried out with the help of highly informative limited evaporation 
technique, allowing to obtain comprehensive information about the porous structure of micro - and mesopores 
materials. The negative role of excess volume of macropores in the electrode on the capacity and power 
consumption of supercapacitor is demonstrated experimentally. 
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based activated carbons for supercapacitors with organic electrolyte // Holzforschung 2015, 69(6): 777-784 
Dobele G., Vervikishko D., Volperts A., Bogdanovich N., Shkolnikov E. Characterization of the pore structure of 
nanoporous activated carbons produced from wood waste. // Holzforschung. 2013, 67(5): 587-594 

        
       

FORMATION OF LUMINESCENT BIREFRINGENT MICROREGIONS IN ZINC-PHOSPHATE GLASSES UNDER FEMTOSECOND 
LASER PULSES 

 . .,  . .,  . .,  . .,  . .,  . . 
Vetchinnikov M.P., Lipatiev A.S., Shakhgildyan G.Yu., Popova V.V., Lotarev S.V., Sigaev V.N. 

,   . . , vetchinnickov.maxim@yandex.ru 

         
        

    Ag2O-ZnO-P2O5. ,     
        

,    . 
 
The paper presents the results of a study of influence of pulse repetition rate of femtosecond laser 

irradiation on formation of luminescent and birefringent microregions in Ag2O-ZnO-P2O5 glass system. It is shown 
that a change of pulse repetition rate is a sufficiently effective way to control the optical properties of microregions 
that form in the volume of these glasses. 
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Canioni L., et al., Three-dimensional optical data storage using third-harmonic generation in silver zinc 
phosphate glass // Optics Letters. 2008. 33. P. 360-362. 
Kelly K.L., et al., The Optical Properties of Metal Nanoparticles: The Influence of Size, Shape, and Dielectric 
Environment. The Journal of Physical Chemistry B, 2002. 107(3):p. 668-677. 
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Eaton S.M., et al., Heat accumulation effects in femtosecond laser-written waveguides with variable repetition 
rate // Optics Express. 2005. Vol.13. - 12. - P.4708-4716. 
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THE INFLUENCE OF TEMPERATURE ON THE IRON NANOPARTICLES’ OPTIC PROPERTIES 

 . .1,  . .2,  . .1,  . .2 
Galkina E.V., Zvekov A.A., Kalenskii A.V., Nikitin A.P. 

1 -   , kriger@kemsu.ru 
2 -      , zvekovaa@gmail.com  

         
  500  3390             

 .       . ,   
          

     3390 ,  500   . 
 
The calculations of absorption and scattering efficiency of electro-magnetic radiation by iron nanoparticles 

at wavelengths 500 and 3390 nm are carried out in terms of Mie theory with radius and temperature variation. 
The optical constants are taken from literature sources. It is shown that the temperature rise causes absorption 
efficiency increasing and scattering efficiency decreasing at the wavelength 3390 nm, while there is an opposite 
trend at the wavelength 500 nm.  
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    BITEX (X=BR, CL, I)     
INVESTIGATION OF THE RASHBA EFFECT IN BITEX (X=BR, CL, I) FOR SPINTRONICS APPLICATION 

 . .,  . . 
Hvazdouski D. C., Baranava M. S. 

 ,      , 
gvozdovsky@bsuir.by, baranova@bsuir.by 

 -  ,     
    -   (SOI, spin orbital interaction)   

    : BiTeCl, BiTeBr, BiTeI.  
       . 

 
In present work have been study band structures of systems with Rashba-type splitting of energy bands 

(BiTeCl, BiTeBr, BiTeCl) via quantum-mechanical simulation. Studied systems have been analyzed as materials of 
spin transistor. 

 
In the last decade, spintronics has become a priority direction for micro- and nanoelectronics element base 

development. Appropriate choice of materials and structures based on these materials has been one of the main 
scientific issues faced by the researchers. 

Consequently, particular interest has arisen in relation to materials, which exhibit the Rashba effect [1]. 
This effect appears in systems with inversion symmetry breaking. It may give rise to electron state splitting even 
without influence of external magnetic field.  

Furthermore, a typical spin transistor still has not been implemented experimentally. The spin-transistor 
construction, proposed by Datta and Das, is very similar to the conventional field-effect transistor, where the spin-
orbit interaction in channel is tuned by gate voltage, which is the Rashba effect [2-4]. 

Until now, spin-transistor samples that have been manufactured in laboratory conditions and are based on 
the Rashba effect have a number of disadvantages, which are primarily associated with low efficiency of used 
materials. 

It is known that the inversion symmetry condition, that is one of the possible reasons for the emergence of 
the Rashba effect, is observed in materials with wurtzite, zins-blende and 2D structures, and in structures, that are 
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grown along crystallographic directions, that ensure the quantum well formation [5-10]. 
Theoretical description of the Rashba effect have been done, using results of ab initio simulation of 

structural, electronic and magnetic properties via VASP (Vienna Ab initio Simulation Packag). We selected the 
compounds BiTeCl, BiTeBr, BiTeI  which are stable in the 2D phase, semiconductors and have a wurtzite structure.  

The software package VASP (Vienna Ab initio Simulation Package) was chosen as the research tool. VASP is 
a computer program for the simulation of the atomic scale materials, e.g. electronic structure calculations and 
quantum-mechanical molecular dynamics, using projector-augmented-wave method and a plane wave basis set 
[11]. The basic methodology is density functional theory (DFT). Simulation was carried out by using GGA exchange-
correlation functional. Cut-off energy has been set 500 eV. The loop K-G-M was selected for the band calculation. 
Convergence criterion was considered achieved when the difference between two steps was less than 10-6. SCF 
calculation was performed taking into account the SOI. 

Fig. 1 present the band structures of BiTeCl, BiTeBr, BiTeI single layers. We can see the Rashba splitting in 
the band structure near , M and K points which are time reversal invariant moment of the hexagonal lattice. 

Fig. 1 – Band structures of BiTeCl, BiTeBr, BiTeI with SOC 

When the SOI is switched on the energy bands are spin splitted and the same time the valence band 
maximum is shifted away from the hight symmetry  point. Studied structures have ideal Rashba electron gas, i.e. 
there are no other energy states close to the Fermi level except Rashba states. Also this have wide width of band 
gap (0,8 - 1,0 eV). Thereby, BiTeCl, BiTeBr, BiTeI can be considered as materials with potential further investigation 
in spintronics. 

This work was supported by the grants 2.53 of Belarusian National Scientific Research Program “Physical 
Materials Science,Novel Materials and Technologies” and 3.02 Belarusian National Scientific Research Program 
“Convergence 2020”. 
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    PD-M/  (M: GA, ZN, AG) 
          

THE INFLUENCE OF THE HYDROGEN TREATMENT TIME OF PD-M/SIBUNIT (M: GA, ZN, AG) CATALYSTS ON THEIR 
PROPERTIES IN LIQUID-PHASE SELECTIVE HYDROGENATION OF ACETYLENE 

 . 1.,  . 2.,  . 1.,  . 3.,  . 4.,  
 . 1.,  . . 

Glyzdova D.V. 1, Trenikhin M.V2., Leont’eva N.N1., Smirnova N.S3., Khramov E.V4., Shlyapin D.A.1, Tsyrul’nikov P.G. 
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        Pd/   Pd-
M/  (M: Ga, Zn, Ag)        . 

,      1  5       
  , , ,    

       (Pd2Ga, PdZn  Pd0,46Ag0,54). 
 
The influence of the duration of reductive treatment in a hydrogen stream on the properties of Pd/Sibunit 

and Pd-M/Sibunit (M: Ga, Zn, Ag) catalysts in the liquid-phase hydrogenation of acetylene to ethylene was 
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investigated. It has been established that increasing of reduction time from 1 to 5 h leads to enhanced activity and 
selectivity of the modified catalysts, which is presumably associated with the formation of an additional amount 
of active and selective bimetallic phases (Pd2Ga, PdZn and Pd0.46Ag0.54). 
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SYNTHESIS AND STRUCTURE OF MAGNESIUM ALUMINUM SPINEL NANOPOWDERS DOPED WITH EUROPIUM 
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THE SYNTHESIS OF THE FERRO-MOLIBDENIC CATALYST FOR PRODUCTION OF FORMALDEHYDE  
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In this scientific work using the X-ray diffraction, X-ray diffraction, synchronous thermal analysis method, 

as well as Mössbauer spectroscopy and scanning electron microscopy, processes of mechanochemical and 
hydrothermal synthesis of an oxide iron-molybdenum catalyst for the oxidation of methanol to formaldehyde are 
studied. The influence of mechanical activation on the formation of the molybdate phase of iron is revealed. 
Optimum conditions for its synthesis are determined. Studies of catalytic activity have shown that the properties 
of the catalysts obtained are not inferior to known industrial analogues. 
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REDUCTION OF METAL NITRATES IN THE LIQUID PHASE UNDER HYDROTHERMAL CONDITIONS 
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The process of hydrothermal decomposition of nitrates (Co, Co-Cu, Co-Ni and Co-Cu-Al) in the presence of 
polyols (ethylene glycol and glycerol), formaldehyde, formic acid in the temperature range 200-3500  was studied. 
It is established that at the stage of hydrothermal treatment it is possible to form oxide systems and / or with of 
metallic copper, and metallic Co-Ni particles depending on the synthesis conditions of highly dispersed Cu-Co-Al 
and Cu-Co. The reaction products are characterized by physicochemical methods: XRF, SEM, spectroscopy in the IR 
and UV regions. 
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INVESTIGATION OF THE STRUCTURE AND TECHNOLOGICAL PROPERTIES OF THERMALLY STRENGTHENED ALUMINUM-
BASED ALLOYS DOPED WITH CALCIUM AND SCANDIUM 

 . .,  . .,  . .,  . . 
Doroshenko V.V., Belov N.A., Naumova E.A., Bazlova T.A. 
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. 
 
Abstract: We investigated the groups of alloys based on the Al-Ca system with additives Sc, Zn, Mg, Fe, Si, 

Ni, Mn and Zr. With the assistance of modern computer software products and equipment, structure and phase 
composition were studied. It was found that Ca-containing eutectics are more dispersed in their structure than 
silumines. It is shown that applying of scandium as a reinforcing additive after heat treatment makes it possible 
to achieve significant hardening. Investigation of technological properties (hot brittleness, fluidity, deformability) 
allowed proving the principal use of Ca-containing aluminum alloys to produce complex moldings both in casting 
and in deformation. 
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MAGNETIC CYBER-ENZYMES 
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Magnetically controlled enzymatic nanocomposites one of the most promising agents for the needs of 

biotechnology, industry and medicine. Such materials combine high catalytic activity and selectivity inherent in 
enzymes, with the possibility of magnetic manipulation, which allows magnetic separation of enzymes for reuse, 
or targeted treatment of localized diseases. We have developed a new class of bioactive magnetic nanocomposites 
obtained by entrapment of enzymes in mesoporous xerogel magnetite matrixes. Immobilization of the enzyme not 
only increases the thermostability of biomolecules, but also allows the activation of their catalytic activity by 
means of a high-frequency magnetic field. The possibility of localization in a chosen location and controlled 
activation opens up wide prospects for the creation of new classes of therapeutic agents and controlled biosystems. 
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APPLICATION OF LASER NANOTEXTURING TO IMPART DESIRED FUNCTIONAL PROPERTIES TO THE MATERIAL SURFACE 
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Functional properties of materials are essentially determined by structure and composition of surface layers. 

Thus, for fabricating coatings with extreme wetting (superhydrophobic or superhydrophilic) surfaces are modified 
to impart multimodal roughness. In this study we have shown, that surface texturing by ultrashort laser pulses can 
be used not only for producing required roughness, but with appropriate laser regime also for simultaneous 
imparting extreme anticorrosive and hardness characteristics, durability to high and ultra-low temperatures, cyclic 
thermal shocks. 
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FORMATION OF MICRO- AND NANOPOROUS STRUCTURE ON TITANIUM BY LASER SURFACE TREATMENT 
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A microporous structure on the surface of a titanium alloy VT1-0 with an adjustable thickness of porous 

layer and pore sizes was obtained by laser deposition of TiC powders and by followed selective etching. It is shown 
that when using relatively large particles of carbide powder - 80-100 m and increasing the speed of moving the 
laser beam to 20 mm/s on the inner surface of the pores an ordered nanoporous substructure is formed. 
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METAL NANOWIRES, OBTAINED BY MATRIX SYNTHESIS, AS NEW NANOMATERIAL 
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Abstract. Nanowires (NW) of iron group metal alloys (Fe-Ni, Fe-Co) were obtained using matrix synthesis 
technique based on polymer track matrixes. The galvanic process was investigated and it was found that it consists 
of different stages. Deposition of metal inside the pores has non-linear character due to diffusion limitation. The 
specific features of the next part (formation and growing of the “caps’) was also studied. Electron microscopy (with 
elemental analysis) and magnetic hysteresis were applied to investigate the dependence of structure and magnetic 
properties of the NW on electrodeposition conditions. It was found that the composition of two-component NWs 
differs from the composition of electrolyte and different at different parts of NW. It was shown that Fe-Co samples 
have “hard magnetic” properties, while Fe-Ni samples have “soft magnetic” parameters. The dependence of these 
parameters on the synthesis was demonstrated. It was also found that soft-magnetic Fe-Ni NWs became “harder” 
with lowering of NW`s diameters. 
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LOW-TEMPERATURE SYNTHESIS OF NANOSTRUCTURED NONSTOICHIOMETRIC TIN OXIDE SN3O4  
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In this study, a new low-temperature approach to the synthesis of non-stoichiometric Sn3O4 nanostructures 

has been evaluated. Tin oxide nanostructures were synthesized by hydrothermal treatment of oxalic acid with 
nanocrystalline SnO2 powder, which was obtained via the sol-gel technology. The products were characterized by 
Raman and IR spectroscopy, SEM, HRTEM, and XRD analysis. It was shown that a single-phase Sn3O4 in the form 
of the well-separated hexagonal nanoplates was obtained in the presence of 30–75 wt.% organic additive. The 
effect of concentration of oxalic acid and heat treatment on the basic characteristics of the synthesized 
nanostructures and their phase transformations are discussed.  

 
          

      ,   
 . ,      –

  ,     ,  
      .  ,    

   ,       
   ,    ,  

 ,   ,    , 
   .  

   – SnO  SnO2     (2+)  (4+)  
        .  

     ,   Sn2O3, Sn3O4, Sn5O6,  
  ,     ,    ,    

   ,       . 
     ,  ,     

    .    ,   
      , ,   

(  ,    )    SnO2,   
. 

         
         

     ,       
.    ,        

,      t-SnO2,   , 
   -  .    

       SnCl4   
        

 400 0 .  ,           
      ,    

         
   «      ».  

       
   Sn3O4       t-SnO2, 

  ,    -  ,  
     ,      
. 



84 
 

    ,      
          

,    .       30 .%  
,        – SnO2/Sn3O4   

   .          
    -  ,      

      100 ,     
   .    SnO2  

    75 .%    SnO    
    4 – 6 . 

      : ( ) –  30; ( ) 
–  30  75; ( ) –  75 .%

    Sn3O4       
 30 – 75 .%  .          

    20-30        200 . 
   ,      

.     (100), (110)  (020)   
 Sn3O4. ,       Sn3O4  

   500 0 .      >500 0 ,  
  Sn3O4      –  SnO2  .  

      . 

     
GLASS FIBER FOR DETECTION OF IONIZING RADIATION 
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      CdWO4. 
 
The fiber based on yttrium-aluminoborate glass was fabricated and its cathodoluminescence upon 

excitation by electrons with energy of about 150 keV has been reported for the first time. The integrated 
cathodoluminescence intensity of the fiber is comparable with the CdWO4 single crystal scintillator. 
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THE STUDY OF NANOEMULSIONS OF PURE PARAFFINS AND THEIR MIXTURES BY MEANS OF DYNAMIC AND STATIC 
LASER SCATTERING 

 . .,  . . 
Ivanova D.D., Kienskaya K.I. 
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  Al-Zn-Cu       
THE MECHANOCHEMICAL SYNTHESIS OF Al-Zn-Cu CATALYSTS FOR PRODUCING AMMONIA AND METHANOL  

 . .,  . .,  . .,  . .,  . . 
Ilin A.A., Rumyantsev R.N., Lapshin M.A., Lysanova A.A., Volkova A.V. 
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In this scientific work using the X-ray diffraction, X-ray diffraction, synchronous thermal analysis and 

scanning electron microscopy method, the process of mechanochemical synthesis of an oxide Al-Zn-Cu catalyst 
for the processes of carbon monoxide vapor conversion and methanol synthesis is studied. It has been established 
that the introduction of promoter additives - alkali metal and lanthanide oxides - into the catalyst composition 
makes it possible to reduce the yield of by-products in the reaction of low-temperature CO conversion 2-3 times. 
It was shown that the obtained catalyst exhibits high activity during the methanol synthesis process. 
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MISCIBILITY AND RHEOLOGY OF BLENDS OF HYPERBRANCHED ORGANOSILICON NANOPARTICLES AND LINEAR 
POLYMERS 

 . .,  . .,  . . 
Ilyin S. O., Polyakova M. Yu., Makarova V. V. 

,    . . .   
  , s.o.ilyin@gmail.com 
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.          

. 
 
For the preparation of nanocomposite materials, the use of hyperbranched functionalized organosilicon 

macromolecular particles as a filler was considered. The solubility of nanoparticles with methyl and decyl end 
groups in linear polymers (polyisobutylene and polydimethylsiloxane) was studied by laser interferometry. The 
rheology of dilute and concentrated dispersions in different regions of the phase diagrams and at different 
temperatures has been studied in detail. Based on the phase diagrams of the compositions, an interpretation of 
their rheological properties was carried out. 
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          -
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 : 
Serenko O.A., Muzafarov A.M. // Polymer Science Ser. C. 2016. V. 58. P. 93–101. 
Karpukhina E. A., Ilyin S. O., Makarova V. V., Meshkov I. B., Kulichikhin V. G. // Polymer Science, Ser. A. 2014. V. 
56. I. 6. P. 798–811. 
Ilyin S.O., Polyakova M.Yu., Makarova V.V., Meshkov I.B., Kulichikhin V.G. // Polymer Science, Series A. 2016. V. 
58. I. 6. P. 985–993. 

        
NANOSTRUCTURAL ORGANIZATION OF HIGHLY ORDERED SMECTICS AND THEIR RHEOLOGICAL PROPERTIES 

 . .,  . . 
Ilyin S. O., Konstantinov I. I. 

,    . . .   
  , s.o.ilyin@gmail.com 

        , 
        A, C, F, G, H  I.   

        , 
   . ,       

  ,      . 
 
The nanostructural organization of liquid crystals with a high level of order, obtained based on biphenyl 

derivatives and forming smectics A, C, F, G, H, and I, is considered. A systematic study of the rheological properties 
of mesophases of different organization was carried out using rotational rheometry, and their behavior was 
compared. It is shown how the viscosity, structural shear stress and viscoelasticity increase with increasing levels 
of the order of liquid crystals. 
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Demus D., Diele S., Grande S., Sackmann H. / Polymorphism in thermotropic liquid crystals // Adv. Liq. Cryst. 
1983. V. 6. P. 1. 
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alkoxybenzoic acids // Liquid Crystals. 2016. V. 43. I. 3. P. 369. 

          
 

ORGANIC FUEL AFFECTING ON PROPERTIES OF BISMUTH FERRITES 
PREPARED VIA SELFCOMBUSTION SYNTHESIS 
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In present study samples of neat and doped bismuth ferrites were investigated. Samples were prepared via 

selfcombustion synthesis. Properties such as cell parameters remnant magnetization and coercive force were 
compared within same composition of final materials. Changing composition of organic fuel was evaluated to have 
no affects on physical properties of obtained samples. 
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REDUCTION OF SILVER BY POLYETHYLENE OXIDE MATRIX FOR PREPARATION OF NANOPARTICLE MASTERBATCHES 
 . .,  . .,  . .,  . .,  

 . .,  . . 
Karkovskaya A. E., Ilyin S. O., Kostyuk A.V., Borodulina T. A., Kostina J. V., Antonov S. V. 

,    . . .   
  , karkovskayaae@gmail.com 
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To obtain masterbatches of silver nanoparticles, it was proposed to use a polyethylene oxide dispersion 

medium. The introduction of silver nitrate was carried out in polymer solutions obtained in various solvents (water, 
ethanol, dimethyl sulfoxide and their mixtures). After mixing and removing the solvent, nanocomposites were 
obtained whose particle sizes depended on the medium used. Further heating of the compositions was promoting 
a more complete course of the reduction reaction, which led to the synthesis of larger particles. The compositions 
were studied by IR spectroscopy, rotational rheometry, DSC, and TEM. 
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SYNTHESIS OF POLYFUNCTIONAL NANOSIZED SORBENT BASED ON MAGNETITE WITH MESOPOROUS SHELL AND ITS 
ANALYTICAL APPLICATION 
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The present work is devoted to the synthesis and investigation of a new material with a mesoporous shell 
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obtained by modifying magnetite with polymeric silanes and surfactants (Fe3O4 @ TEOS @ CTAB @ TEOS + 
MPTEOS). The presence of two sorption centers provides the interaction of this sorbent with both organic and 
inorganic components, which allows it to be considered a polyfunctional material. The conditions of microwave 
synthesis and modification of a new magnetic sorption material are studied; its composition and particle size are 
characterized. A complex of studies of its application as a solid phase extractant for the development of methods 
for the determination of microcomponents of various nature, often present in trace amounts, has been carried out. 
The perspectivity of using the obtained material in the analysis of water is shown. 
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    Cu2+, Hg2+  Zn2+)        
         

        . 
      40-50 ,   – 2-3      
  . 

 : 
 . .,  . .,  . .,  . .,  . .,  . . 

 ,      
     // . . . 2014. . 69.  4. . 

378. 
PRYAZHINIKOV D.V., KUBRAKOVA I.V., KISELEVA M.S., MARTYNOV L.YU., KOSHCHEEVA I.YA. PREPARATION 
AND STRUCTURAL CHARACTERIZATION OF NANOSIZED MAGNETIC SOLID-PHASE EXTRACTANTS // 
MEND.COMM. 2014. V. 24.  2. . 130-132. 

 . .,  . .,  . . -  
    - -   4-   
   //   . 2015. . 19.  3. . 220-229. 

 . .,  . .,  . .      
  // . 2015.  2 (21). . 100-105. 

PRYAZHINIKOV D.V., EFANOVA O.O., KISELEVA M.S., KUBRAKOVA I.V. MICROWAVE SYNTHESIS OF CORE-
SHELL NANOSIZED MATERIALS ON THE BASIS OF MAGNETITE FUNCTIONALIZED WITH GOLD AND 
DOXORUBICINE // NANOTECHNOLOGIES IN RUSSIA. 2017. V. 12.  3–4. . 199–207. 
KUBRAKOVA I.V., KISELEVA M.S. MICROWAVE SYNTHESIS OF NANOSIZED MODEL SUBSTANCES AND 
SORPTION MATERIALS. APPLICATION TO GEOCHEMICAL RESEARCH // GEOCHEMISTRY INT., 2016. V. 54.  
13. . 1261-1269. 

 . .,  . .,  . .     
       

// . .  (  , 2017.  12). 

         
PEROVSKITE SOLAR CELLS UNDER LOW-LIGHT INTENSITY CONDITIONS 
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This paper presents the results of research and development of perovskite solar cells (PSC) for operating 
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under high and low light solar irradiation ranging from 5 to 1000 W/m2 illumination intensities.  It was shown that 
by optimizing the parameters of nanostructured titanium-dioxide-based photoelectrodes it is possible to enhance 
the power conversion efficiency of a PSC cells under low lighting conditions.  
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VARIABILITY OF THE ELASTIC PROPERTIES OF HEXAGONAL CRYSTALS 
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We analyzed the variability of the elastic properties (Young’s modulus, Poisson’s ratio and shear modulus) 

of hexagonal crystals. Expressions for the extreme values of the elastic characteristics are obtained. Also the 
conditions are obtained under which the maximum and minimum are observed. Classifications scheme of extreme 
values for Young’s modulus and shear modulus are proposed. Numerical analysis of the extrema for 143 hexagonal 
crystals was given on the basis of experimental data from the Landolt-Börnstein handbook. The greatest difference 
between the maximum and minimum values of Young’s modulus was found for a layered crystal - graphite. 
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INVESTIGATION OF BIO-SENSOR STRUCTURES BASED ON POROUS SEMICONDUCTORS OF A3B5 GROUP BY USING 
IMPEDANCE SPECTROSCOPY 

 . .1,  . .2 
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:           
   A3B5  (GaP:Te).      

   .       . 
         GaP:Te.       

 .  
 
Annotation: The paper describes a methodology for studying the resistive properties of porous 

semiconductors matrix based on porous semiconductor A3B5 group (GaP: Te). The investigated structures are used 
as a solid substrate in biosensors. These studies were performed using impedance spectroscopy, Their morphology 
was studied using SEM images 
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Transparent conductive oxides constitute a special class of semiconductors, which, as a rule, have a wide 

band gap and are direct-band semiconductors. Today, thin film materials on the based on indium-tin oxide have 
the best combination of characteristics in terms of electrical conductivity and optical transmission. The present 
study is devoted to the study of the physicochemical characteristics of thin films of conductive oxides produced 
by the hydrolysis method. 
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PHOTOCHEMICAL PROPERTIES OF CUCURBITURIL COMPLEXES WITH SULFONATOALKYL-SUBSTITUTED STYRYL DYES IN 
SOLUTIONS 
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Complexes of cucurbituril and styryl dyes differing in the length of N-substituent and the steric volume of 

substituent in benzene ring are studied. We determine these factors’ impact on ability of the dye to undergo 
[2+2]-photocycloaddition reaction. It was found that all compounds are capable of effective dimerization inside 
cucurbit[8]uril cavity; N-substituent’s length doesn’t have a significant influence on [2+2]-photocycloaddition 
proceeding, unlike steric volume of aromatic fragment. 
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In operational working conditions components, such as the leading edge of the supersonic aircraft or 

working and nozzle shovels of gas-turbine engines, are subjected to influence of high temperatures therefore need 
preservation of geometrical integrity and reliability during their operation. Diborid of zirconium is the advanced 
material in family of ultrahigh-temperature ceramics (UVTK) because of high temperature of melting (3245 °C), 
high heat conductivity (57. 9 W / (m • K)), low coefficient of thermal expansion (5, 910-6 of °C - 1), [1], the high 
hardness (22 GPA) and wear resistances [2]. All are higher the listed properties does this material attractive to 
drawing as protective (heat-resistant) coverings in an aerospace industry. Two-component coverings of ZrB2 are 
known. A perspective method of drawing such coverings is magnetron dispersion. However, unlike volume 
material, the covering of ZrB2 begins to be oxidized already at temperatures over 700 o  [3] that is their main 
shortcoming. This problem can be avoided addition in two-component coverings of Si or application of additional 
layers, such as SiC, ZrSi2, Si3N4, MoSi2, etc. therefore dense protective SiO2 oxide is formed. 

The method of magnetron dispersion was applied to sedimentation of coverings. The sprayed composite 
targets of ZrSiB (element structure 64, 7%Zr-20%Si-15,3B with a diameter of 120 mm and 6 mm thick) and ZrB 
(80,5%Zr-19,5%B) have been made by the self-extending high-temperature synthesis. SiBC target (diameter of 
120 mm and 10 mm thick) was made on technology of hot pressing on the DSP-515 SA installation ("Dr. Fritsch", 
Germany). Sedimentation was carried out in the environment of argon on a substrate from aluminum oxide. The 
structure, chemical and phase composition of coverings have been studied by means of the scanning electronic 
microscopy, the X-ray phase analysis, the power dispersive analysis, and also optical issue spectroscopy of the 
smoldering category. Hardness, the module of elasticity and elastic restoration of coverings have been determined 
by a method of a nanoindentation. For an assessment of resistance to high-temperature oxidation of a covering 
were annealed at 1200 o  within 1 hour, besides thermocycling of coverings at 1000 o  was made (20, 50 and 100 
cycles 5 minutes). The single-layer covering was also annealed at 1400 o  (10 minutes). 

The received results show that the main structural component of all three types of coverings is the 
hexagonal phase ZrB2. In ZrB2 covering the size of crystallites of this phase makes 8,46 nanometers. As a result 
of an alloying silicon the size of crystallites of the phase h-ZrB2 in a covering of ZrSiB decreases to 2,3 nanometers, 
and introduction of layers with the high content of silicon has led to amorphicity of structure. The maximum 
hardness of 37,4 GPA recorded for ZrB2 covering was higher, than from literary data [2, 4]. As for heat resistance, 
the covering of ZrB2 is oxidized already at 800 o  while both coverings with Si are characterized good resistance 
to high-temperature oxidation higher than 1200 o . Protective properties of coverings are caused by formation on 
a surface in the course of oxidation of a layer of SiO2, with ZrO2 nanoparticles dispersed in him. The carried-out 
optimization of structure has allowed to receive coverings which resisted oxidation up to the temperature of 1500 
°C. Thus, coverings of the ZrSiB and ZrSiB/SiBC system are perspective materials for protection of details and knots 
of planes and spacecrafts. 
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SYNTHESIS OF BISMUTH SELENIDE WATER-SOLUBLE NANOCOMPOSITES ON THE BASE OF GALACTOSE-CONTAINING 
POLYSACCHARIDES 
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Novel water-soluble aggregate-resistant nanocomposites of bismuth selenide (III) were prepared by a ion-

exchange interaction of Bi3+ with pre-synthesized from block elemental selenium ions Se2- and with use of the 
arabinogalactan, galactomannan, and -carrageenan stabilizing potential. It is found that the nanocomposites 
obtained have a two-phase amorphous-crystalline structure and consist of Bi2Se3 nanoparticles with a hexagonal 
crystal lattice and a predominantly spherical shape, the size of which varies in the 2-36 nm range. 
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Abstract. Investigation of structure and morphology of aerosol nanoparticles obtained in a multigap spark 

discharge generator (SDG) in an argon atmosphere are performed with the erosion of electrodes from silicon, 
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germanium, tantalum and copper. It is established that the mean size of the primary particles obtained are less 
than 20 nm, the particles form submicron aggregates of the dendritic structure. The phase composition of particles 
under identical conditions of synthesis is different: crystalline particles of Si and Ge are obtained in the amorphous 
matrix of the corresponding oxides, spherical core-shell Ge nanoparticles were found out, tantalum and copper 
oxides are obtained during erosion of metal electrodes.  
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FOURIER IR-SPECTRA STUDY OF  THE EFFECT OF -RADIATION ON SINGLE CRYSTALS OF GAS 
Madatov R.S., Huseynov N.I., Asadov F.G. 
Institute of Radiation Problems, ANAS 

Email: farqanasadov@mail.ru 

Layered single crystals GaS are promising materials for detectors of various radiations, as well as for 
photovoltaic devices. The most important, interesting and main area of their application is manufacture of X-ray 
and gamma radiation detectors, working at room temperature, based on them [1,5]. 

Combination of high sensitivity in a wide range with high resistance of gallium sulfide to radiation can be 
used for creating photoelectric detectors, operating at increased radiation conditions, and high sensitivity to flow 
of electron and gamma rays will allow using them as a radiation detector at room temperature. Also, application 
of IR-spectroscopy enables to determine directly the position and shape of intrinsic absorption edge of GaS and 
its shift under the influence of different types of irradiation.  

In this paper it is studied the influence of gamma irradiation and annealing on optic properties of gallium 
sulfide in IR spectrum range [1,2]. 

The studied p-GaS materials were grown by Bridgman technique. When growing GaS it was used excess of 
sulfur (0,5%) in order to reveal the possibility of filling vacancies with sulfur atoms. Resistivity of the samples 
obtained along and perpendicular axis “C” at room temperature was 3 109 and 2 1010ohm cm, respectively. Band 
gap width determined by the length of wave decay of photocurrent, was 2,52eV which coincided with literary data 
[3,4]. Irradiation of the samples by -quanta was carried out on unit 60. While being irradiated the crystals were 
cooled in liquid nitrogen stream and their temperature did not exceed 290K. The samples were annealed at 
temperatures 400K—493K for 60-90 minutes in a muffle furnace in quartz ampoules pre-annealed vacuumed to a 
residual pressure 10-2-10-3 Pa. The annealing temperature was controlled with an accuracy of ± 1 K. The samples 
were held at the given temperature for 60-90 minutes. Fourier-IR absorption spectra of original, annealed and -
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irradiated GaS samples were recorded on Varian 640 FT-IR spectrometer at room temperature in the wavenumber 
of 4000-400 cm-1. 

The changes of Fourier IR-spectra of single crystals GaS, -irradiation-induced were studied in the work. 
For this purpose, it was obtained the spectra of absorption and passage of gallium sulfide samples irradiated with 
dose of 30-140 krad. As an example, Fig.1 shows the passage spectra of single crystals GaS irradiated with dose 
of 30 (fig.1a), 100 (fig.1b) and 140 krad (fig.1c). Main changes are observed in the area of lattice oscillations GaS, 
S-Ga-S.   

Fig. 1a. 

Fig. 1b. 
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Fig. 1c. 

Comparative analysis shows that the changes in IR-spectra occur within the irradiation of   the samples with 
dose of  140krad. As, in the area of phonon oscillations it is observed rechangeof  intensity of passage bands with 
the maximums 669, 635, 602, 480 and 425 cm-1. The observed effect seems to be associated with changes in 
structure of the samples irradiated with dose of 140 krad. Below this dose the single crystals GaS are radiation 
resistant.  
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,        ( >230  )    .       

   ( )     1,83 . 
    GaS      

 ,   = 230 ,        .>230    . 
 <200        0,049 ,   >230   1,85 .  

     GaS<Yb> 0,1 %.  D =20   50       
            0,037   0,016  .  

>200÷230    .      , 
,           

       
 .        ( )   

 ,         
.        -         

GaS<Yb> 0,1 %.  
         

GaS   GaS<Yb>.0,1  %       - .           
      . ,      GaS   GaS<Yb> 

0,1 %           =490   
=500  .          

   .         GaS<Yb> .0,1%    -   D =20   
                    

 =740      5     D =50 .   
,            .  

  GaS<Yb> 0,1 %    -        =740 . 
      ,  ,     

  Yb.  ,      GaS    
       . 

         -       
=110      (D  =20 ,   D  =50   )       

   .            
( =380÷800 )    ,      .            
750nm       .       , 

 -    D =20       >700nm      
 GaS<Yb> 0,1 .%       . 
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1 -       , 

Az-1143 , . 
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      ,   
          

 1-2 . C        
             

  2 .          
,     ( )    ( )  

 Si 1 .         ,   
 ,         . ,  

           
     [3-5].  ,     

  A3B6     ~ 1017 -3,   
     ,      .  

    ,      A3B6   
             

 .  
         ,   

    GaS     . 
  GaS    .    

           
   2·109 O ·   1·108 O · , .     

 0.65x0.5x0,028 .    GaS         
  ESU-2.     70 ,   0,15 A/ 2    

    1·1015 o  / 2.      
     ( )   ( ) 

    .        
  GaS   MDR-23.  

    .      
   200-400 °    30-90 .      

( )      . 
 . 1      (1 1015 m-2)  

 GaS  ,     ,     
( )   ,     473    30  90 .  
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. 1.         (1 -  
, 2 -        70 keV     1 1015 sm-2, 3 –   

   473    30 , 4 -       473   
 90  

 . 1 ,     (1 1015 sm-2) (  2)   
           

 (  1). ,    ,   
 ( max = 505 nm)  1.66 ,      670-750   5.3 .   ,  

 ,  ( )        
  ,    [ 6-7].      

  t=30   ,  max = 505 nm    
     ,      670-750  .   

  t = 90      .   
          

           [8-10]    
   ( ).   ,       600-

800      Ga.  ,  ,   
         

 ,        .  
           

  -   E F-KETPL-2-2015-1(25)-56/03/1 
 : 

. . , . . , . . , . . , . . , . . .   
   A3B5      , 

(2011),    
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MORPHOLOGY AND FERROMAGNETISM OF NANOSTRUCTURED TIN DIOXIDE  OBTAINED BY THE HYDROTHERMAL 
METHOD IN THE PRESENCE OF  COBALT IONS 

 . .1,  . .1, 2  
Malygin I.V., Zima T.M. 

1 -  ,    ; 

2 -  ,         ; e-mail: 
zima@solid.nsc.ru   

       ,  
 SnO2  ,       

Co2+.        , , , ,    
. ,        10 .%     

Co2+           
       .   Co2+  
  SnO2     . 

 
The nanostructured material with different morphology and phase composition indexed to tetragonal SnO2 

modification of rutile was synthesized by the hydrothermal method in the presence of 2+ions. The synthesized 
products were studied using XRD, SEM, TEM, EPR, element and magnetic analysis. It was shown that the controlled 
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addition of up to 10 wt.% cobalt as Co2 + ions leads to a significant change in the morphological parameters of the 
synthesized structures and to high room-temperature ferromagnetism. The effect of Co2+ ions on the formation of 
nanostructured SnO2, as well as the causes of room-temperature ferromagnetism, is discussed. 

 
      SnO2 c    

    .  ,  ,     
  ,     ,   -

     .     
          

  . 
  SnO2 c        

.   ,        
 ,           

 ,     .     
,        350 – 830 0     

       .    
      10-2 – 10-1 3/ .  

        SnO2  
   10 .%       

,      .    
   -  ,   ( )  

 ( )  ,    ( ), 
   ( ),    .  

    ,       
         ~3 .%    Co2+,   
-     2 ,       

        100 .  
      ~8 .%     

             
 .       8 .% ,    

     –      
 ,         10 

.  

          
:  –  3 .%;  –  6 .%;  –  8 .%. 
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,    ,     ,  
    .      

    ( )       
 .       

 SnO2,     6 .%  (  ~ 3.5 3/ ,  
 ,   ,   ).    

,       .  
    - ,   .  
  ,    ,      
      10 .%,   ,  

 SnO2 (JCPDS, 41-1445)  .  , 
  ,   ,   

   .       
 SnO2 (110)  (101) ,        

       (2 )  .    
   <700 0 ,      SnO2 (JCPDS, 41-1445),  

     ,     
   – Co2SnO4.    ,  

  Co2SnO4  .      
    ,      

.   

  -       
PB1-XMNXSE 

 . .,  . .,  . . 
     

rexsane@yandex.ru 

 ,    AIVBVI     , 
     ,       

  ,      
    .        

        , 
    [1,2].                           ,    

,     ( )     3-5 . ,   
           

     [3,4].   ,    
AIVBVI ,            Pb1-xMnxSe.         

       ,     
         ,   - 
   3 5  [5,6].       

         .  
        Pb1-xMnxSe,  
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       .  -  
 ( ),          
         

,    ,     . 
  Pb1-xMnxSe         

       71- 3 (     10-4 
).       Pb1-xMnxSe     

      .    
  3 ,      0,6 .     

                             24 .  ,  
 . 

    -      Pb1-xMnxSe, 
                                                    

   -     60Co   290 K.  
  -   1,25 . 

 ,   300    -    10   
      ( )      . , 

         1,2       ( ) 
,        ,         
   ,           
       . 

   125 K  ,  -   10      
   4        .  ,  

   20  ,          
 ,     10 . 

       (lgI ~ 
T

)  ,   -

 ,     125-300 K    (5÷40 )  
           . 

  ,  ,    - 
   Pb1-xMnxSe   300      
   , . .           

-  .         -   
  , ,     -    

 ,       . 
 : 

.  , . .  . . , . . , . .  T   
Pb0.96Mn0.04Se,  . 2017, 2, 58-61.  

 . .,  . .,  . . -     
. , , 2010, 349 . 

I.R., Nuriyev .R.,Gadzhieva N.N., Ramazanov M.A., Sadighov R.M. amishova R.M. A microscopic study of  the 
effect of -radiation on  Pb1-xMnx Se  epitaxial films, Surface Engineering and Applied Electrochemistry, 2013, 
Vol. 49, No. 1, pp. 45–50.  

 . .,  . .,  . . C       
Pb1-xMnxSe.  . 2007,  2, . 132-135. 
C   . .           .   
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     METO–SIO2–TIO2(TIF4)-H2O,  MET=MG, NI  
HYDROTHERMAL SYNTHESIS OF NANOPARTICLES IN THE SYSTEM METO-SIO2-TIO2 (TIF4) -H2O, WHERE MET = MG, NI 

 . .,  . .,  . . 
Maslennikova T.P., Gatina E.N., Kuz’mina E.N. 

   . . . , , - ,   

e-mail: maslennikova.tp@iscras.ru 

 
  –         

   :  ,   , 
   ,        

  .          
   MetO–SiO2–TiO2(TiF4)–H2O, (  Met=Mg,Ni).     ,  

      .      
   . 
 
The object of research - layered hydrosilicate with chrysotile structure is known to man long ago due to its 

specific features: complexity of structure, variations in chemical composition, insolubility and chemical passivity, 
ability to transition to unstable states and high melting point. The paper presents data on the synthesis of 
nanoparticles under hydrothermal conditions in the system MetO-SiO2-TiO2 (TiF4) -H2O, (where Met = Mg, Ni). The 
phase and chemical composition were studied, and the structure and dimensions of the obtained samples were 
determined. Optimal conditions for the synthesis of particles of predominantly tubular morphology are established. 

 
     , , , .  

           , 
  ,   .     

           
  . 

        MgO(NiO)-SiO2-
TiO2(TiF4)-H2O(NaOH/NaF)   ,        

 – TiO2, TiF4, MgTiO3, (Mg,Ti)2SiO4, (Ni,Ti)2SiO4.     ,    
    TiO2         

,   ,      [1].  
     MgO-SiO2-TiO2(TiF4)-H2O, MgTiO3-SiO2-TiO2-H2O  

Mg1.9Ti0.1SiO4-SiO2-TiO2-H2O, NiO-SiO2- TiO2(TiF4)-H2O    (T=300-450°C, P=50-70 , 
=24 ,   1-3 . % NaOH  NaF,    ). 

             
   110 °C.       , , -

   . 
   ,     MgO-SiO2-TiO2-H2O    

    .   300 °      ( ), 
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    TiO2.     350 °    
  MgTiO3.     400 °      
  MgTi2O5,         . 

    ,       
   .      400 °     NaOH 

 2 . %        ,      
 . 

  MgTiO3-SiO2-TiO2-H2O          
   (Mg,Ti)3Si2O5(OH)4.    MgTiO3     
       –  

(Na,Mg)2Si4O10(OH)2 nH2O.         
. 

  Mg1.9Ti0.1SiO4-SiO2-TiO2-H2O    Mg-   
,       MgTiO3, MgTi2O5, Mg2SiO4.   

           
    . 

      NiO-SiO2-TiO2-H2O (NaOH/NaF)   
.       ,    

.      Ni-  Ni3Si4O10(OH)2 nH2O. 
           

  . ,    , ,  MgO-
SiO2-TiF4-H2O,            

   –     ,    
 . 

    MgO-SiO2-TiO2-H2O(NaF)   .    
  ,     .    .  

,          , 
    .      10  50 , 

 TiO2 –    20 ,    50  100 .     
  (   ),     Mg- :  – 600-800 , 
  – 50-70 . 

 ,         (Ti-
Mg,Ni)3Si2O5(OH)4. ,       

       350 ° ,  50-70   
      .   

  NaOH     2-3 . %   
   -    ,  . 

 
        16-33-60201 _ _ . 

 : 
Hermann, J., O’Neill, H.S.C., Berry, A.J. Titanium solubility in olivine in the system TiO2 –MgO–SiO 2 no 
evidence for an ultra-deep origin of Ti-bearing olivine // Contrib Mineral Petrol. 2005. 148. P. 746–760. 
T.P. Maslennikova, E.N. Korytkova, E.N. Gatina, L.N. Pivovarova Effect of Temperature on the Synthesis of 
Nanoparticles with Different Morphology in the System MgO-SiO2-TiO2-H2O under Hydrothermal Conditions 
// Glass Physics and Chemistry. 2016. V. 42, N 6, P. 627-630. 
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SYNTHESIS AND INVESTIGATION OF THE CATALYTIC ACTIVITY  
POTASSIUM TITANATE NANOTUBE 

 . .1,  . .1,  . .1,  . .1,  . . 2,  . .2 
Maslennikova T.P. 1, Sinel̀ shchikova O.Yu.1, Gatina E.N.1, Besprozvannykh N.V.1, 

Polyakova U.V. 2, Vlasov E.A.2 
1 - ,    . . .   

2 - , -    ,  

e-mail: sinelshikova@mail.ru, maslennikova.tp@iscras.ru 

        -  
,    (Ni, Mg, Al, Fe, Cr)      

 . ,            
  150-480 ° ,  ,   (0,2 /( × )  250 oC)  
,  .         

  280 ° ,     ,  Al,  0,2 
/( × )  350 ° . 
 
The results of the investigation of the catalytic activity of potassium-titanate nanotubes doped with various 

components (Ni, Mg, Al, Fe, Cr) in the reactions of hydrogen and carbon monoxide oxidation are presented in the 
article. It was shown that hydrogen oxidation on synthesized nanotubes occurs in the average temperature range 
of 150-480 °C, while the best characteristics (0.2 mmol/(g×s) at 250 °C) had nanotubes doped with aluminum. 
Oxidation of carbon monoxide on the obtained materials occurs at temperatures above 280 °C, while the 
productivity of the best sample containing Al, was 0.2 mmol/(g×s) at 350 °C. 

 
       M2TinO2n+1 (3  n  8) (M = H, Na, K, Cs) 

    ,      
      .     
    ,      200-300 2/ .   

   2  10 ,    ,     
  -      .  

      TiO2    
          
,           .  

          
            

[1].   
       -  

,            
 .  

          
    NH4OH      (TiOCl2), 

     – Fe(NO3)3×9H2O, Cr(NO3)3×9H2O, Al(NO3)3×9H2O, NiCl2×6H2O, MgSO4×7H2O.   
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 TiOCl2, TiCl4     ,     
    1:5  .    ,   

           5 %. 
   pH~9.5,         

 .        100 oC  
 .      10     
 170 oC   24 .,       . 
  -       1   10  , 

     ,       80 
%  .       

     ,      100 oC. 
           

(  -3, CuK - ).        
        JEOL-

2100F    200  (   0.025 Å) (  ).     
      ( ,   

Quantochrome, Nova-1200e).        ( 0=2 . %)  2  
( 0= 3 . % )    ;  ,   

 ,  0,8 - 1   1 - 1,5 3;    V=3,3 3/ . 
     -500. 

. 1    (a)    ( )  ,  
   : 0.95 TiO2 : 0.05 MeO(Me2O3),   Me = Al (1); Ni (2); Mg (3); Cr 

(4); Fe (5) 

   ( 2)      (   ( 2)/ )  
 : 
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                              m= V C0 x 10-3/(100 22.4m),                           (1) 
 

 x –   ( . ); 
22.4 –  , 3/ ; 
m –  , . 

         
 ,     .   

  (EDX),      ,    
     -  .   

        10 – 11 .    301 
2/ ,      – 8  (294 2/ )  5 – 6  (220 2/ ) .   

          :  
 500 ,    50   Cr (266 2/ ),   20-25  (286 2/ )  Fe. 

    ,  ( . 1),     
        : 

150-480 ° ,      ,  250  500 ° .      
  ,  .    95%    

   350 ° ,    ~0,45 /( × ),    
  ,  .  

 ,         
     [2],         

     [3, 4] 
 

      (   16-33-60201 _ _ ) 
 : 

Bavykin, D. V. Elongated titanate nanostructures and their applications / D. V. Bavykin,  F. C. Walsh // Eur. J. 
Inorg. Chem. – 2009. – Issue 8 – P. 977–997. 

, . .           
  / . . , . . , . . , . .  //  
    « -      , 

     »;    
 « -    », . .  . – 2014. – . 

141-142. 
Watanabe, M. Catalytic property of the hollandite-type 1-D ion-conductors: Selective reduction of NOx / M. 
Watanabe, T. Mori, S. Yamauchi, H. Yamamura // Solid States Ionics. – 1995. – V. 79. – P. 376–381. 

, . . -      -  / . . 
, . . , . . , . . , . . , . .  //    

.   . – 2012. – .38. – 6. – . 894-898. 
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  TIO2 / F:SNO2    ,     
   

SYNTHESIS OF TIO2 / F:SNO2 THIN FILM FROM TITANIUM ALKOXIDE WITH PHOTOCHEMICAL ACTIVITY UNDER VISIBLE 
LIGHT   

 . .1,  . .1,  . .1,   . .2,   . .2,  . .3 

Maslov D.A., Tsodikov M.V., Bukhtenko O.V., Grinberg V.A., Emets V.V., Grishin M.V.  
1-  ,    . . .  , MASLOV@IPS.AC.RU 

2 - ,       . .   

3 - ,    . . .  . 

       (TiO2)   -
       -    (F:SnO2). ,  

  TiO2           
  ,    ,   ,   

.            464 , 
,        .  

 
The method of obtaining nanoscale TiO2 thin film on F-doped SnO2 substrate from solution of n-butoxide 

titanium has been developed. We found that TiO2 film prepared from solution of non-hydrolysis alkoxide showed 
the light absorption shifted to the visible region in comparison with the sample prepared via traditional method 
with water addition. The model test of this sample at 464 nm proved that it had photoelectrochemical activity in 
oxidation of methanol solution. 

 
             TiO2 

(  100 ),      F:SnO2.  
     (500 ° )      F:SnO2  

  . ,        . 
    . ,     –   

(Ti(OBun)4-x(acac)x)     –    1    .  
( 2)       1,      .    

         500 º .  
        .   

             d 50 
.   2       100 .     ( .1 ) TiO2  

     .      –    9,47 Å 
 9,64 Å,   1  2, .   2     

,      -  .  
 

 

 

 

 

.1.  –    1  2.      -  
F:SnO2.  –      1  2   
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  UV- vis.  ( . 1 ),  1       , 
    390 .     2  ,    

.         2     
TiO2,        2 -      

  ,         1. 
     ,  2     

    .     2,     
     464        

      ,     ,    
,     .      2 . 

    ,       40 
· -2    10 ·  – 2.  

 

 

 

 

 

 

 

.2. ( ) –      2     
(150 W,     – 10 · -2)   464     0,1   
(1)  0,1   + 200  (4,9 ) 3  (2). ( ) –    .  

  0,01 · -1.  

 , ,    TiO2,   F:SnO2,    , 
           

   ,          400 .  

         
   

CARBON NANOPOROUS ADSORPTION MATERIALS OF HIGH DENSITY FOR STORAGE AND TRANSPORTATION OF 
NATURAL GAS 

 . .,  . .,  . . 
Men’shchikov I. E., Fomkin A. A., Shkolin A.A. 

,       . . .   (  ), E-mail: 
i.menshchikov@gmail.com  

         
  ,       

 .      ,  , 
 ,           . 
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     233  333     30 .   

          
     30%,        ,   

  3  7 . 
 
A technology of production of adsorption materials of increased density on the basis of carbon nanoporous 

adsorbents with high adsorption activity to natural gas methane has been developed. The effect of initial state of 
adsorbent, its granulometric composition, compaction regimes, type and concentration of the binder on the final 
parameters of porous structure was analyzed. Adsorption static and kinetic characteristics of adsorption materials 
under methane adsorption at range of temperatures 233-333 K and pressures up to 30 MPa were studied. The 
developed optimized densifying technology makes it possible to increase specific volume capacity of adsorption 
storage system by more than 30%, in comparison with the system based on the initial adsorbent, in the pressure 
range from 3 to 7 MPa. 

 
       ( )    

    [1].         
  (    ),     ,  :  

    ,    [2].   , 
           

 –   . 
     ,     

     ,    , 
        (  , 

 , ).         , 
   ,      

 [3].         
     .      

        ,   , 
   ,       .  

        
    , VA –        
      – 3( )/ 3. ,       

 ,     VA,       
       .  ,    , 

         
         [4]. 
      ( )   
       ,     

     MOF-      : 
  (   ),  ,    ,  

.         
   ,     ,    
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. 1.      -1    C-1 ( ) 
           273 
. -1-   ; -1-  ; 3 –  ( ) [3]. 

        , 
    , . 1 ,   750 / 3,  

   .        200 3( )/ 3 
  7    273 ,           , . 1 . 

 ,       .  
 : 

Burchell T, Rogers M. Low Pressure Storage of Natural Gas for Vehicular Applications. SAE Technical Paper 
Series 2000: 2000-01-2205. DOI: 10.4271/2000-01-2205. 
Alcaniz-Monge J, Lozano-Castello D, Cazorla-Amoros D, Linares-Solano A. Fundamentals of methane 
adsorption in microporous carbons. Journal of Microporous and Mesoporous Materials 2009; 124(1-3):110-
116. DOI: 10.1016/j.micromeso.2009.04.041. 
Men’shchikov IE, Fomkin AA, Tsivadze AYu, Shkolin AV, Strizhenov EM, Khozina EV. Adsorption accumulation 
of natural gas based on microporous carbon adsorbents of different origin. Adsorption 2017; 23(2): 327–339. 
DOI: 10.1007/s10450-016-9854-1. 
Balathanigaimani MS, Shim W-G, Lee J-W, Moon H. Adsorption of methane on novel corn grain-based carbon 
monoliths. Microporous and Mesoporous Materials 2009; 119(1-3): 47-52. DOI: 
10.1016/j.micromeso.2008.09.034. 
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     Mn-Al-C,  TI  FE 

MAGNETIC HYSTERESIS PROPERTIES OF HARD MAGNETIC ALLOYS OF             Mn-Al-C ALLOYED BY TI AND FE  
 . .,  . .,  . .,  . .,  . .,                         . . 

Milyaev I.M., Alymov M.I., Yusupov V.S., Zelenskiy V.A., Milyaev A.I.,  
Ankudinov A.B. 

     . . .    , 119334, 
,  -  49, , imilyaev@mail.ru

      Mn1,11Al0,89  
             
.          Mn-Al-C, 
       5 . %.  72Mn-27Al-1C + (1-5)Ti(Fe)   
           . ,  

     (Ti, Fe)  2 . %.  
  Mn-Al-C-Ti(Fe)      

( )  12 / 3 (1,5 ). 
 
Hard magnetic alloys on the basis of intermetallic compound of Mn1,11Al0,89 represent practical interest 

owing to high values of coercive force and low cost of initial mix materials. In this regard research of the cast hard 
magnetic alloys of Mn-Al-C system alloyed by the titan and iron in quantity up to 5 masses % is conducted. Alloys 
72Mn-27Al-1C + (1-5) Ti(Fe) are malted in the induction furnace in the atmosphere of technically pure argon with 
pouring in cortical forms. It is shown that the optimum maintenance of the additional alloying component (Ti, Fe) 
is 2 masses. %. On fourfold alloys of Mn-Al-C-Ti (Fe) values of the maximum power product (BH)max 12 kJ/m3 are 
received (1,5 × ). 

 
   Mn-Al    60-70    

             
        (    -  

      120 / ) [1].     
    ( )  SmCo5, Sm2Co17   Nd2Fe14B, 

     Fe-Cr-Co       
.       MnAl    , ,  

  [2-4].  
 MnAl       : 

  Br ~ 0,26 ,    ~ 75 /     
 ( )  ~ 4 / 3.       ,  

          [5]. 
     ,    ( )  
  10-11 / 3 [6].    Mn-Al-C      

       ,     ,  
  .  ,     
,    ,       . 

       Mn-Al    
     ( ,   ),    

   MnAlC   . 
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  ,         
   , , - ,      

   Mn-Al-C , - ,      
        .     

  MnAlC    , ,   ,  
   1-2%          

 ,  ,       
      .  

   ( . %): 70Mn-29Al-1C, 71Mn-28Al-1C, 72Mn-27Al-1C   
: 72Mn-27Al-1C + (1-5)Ti, 72Mn-27Al-1C + (1-5)Fe.     

              
  13-15 ,    ,    .   

      8000 .    , 
        .    

   .       
 :  0,  0,      , 

 .10,  100.  ,       
       .     Mn-Al-C    
  100 .     1  5 .    .     

        15-20      
 .     (   Br,  

   ,    ( ) )    
Permagraph L.         : 

  11000     ,     50-600      
 6000    .  

  1        
  Mn-Al-C. 

                                                                                                                           1 

                       Mn-Al-C 

 Br    /  ( )  / 3 
70Mn-29Al-1C 0,32 95 7,6 
71Mn-28Al-1C 0,30 103 8,1 
72Mn-27Al-1C 0,33 112 10,0 

  2      ( )  
  (  . %) 72Mn-27Al-1C,  Ti  Fe

                                                                                                                             2  

( )   72Mn-27Al-1C,  Ti  Fe 

% Ti ( )   / 3 % Fe ( )   / 3 
0 9 0 8,8 
1 10,5 1 11,0 
2 12,0 2 12,0 
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3 10,8 3 11,2 
4 8 4 10,5 
5 6 5 8,6 

  72Mn-27Al-1C-2Ti(Fe)      110  120 / ,   
  0,32  0,36 .  

.          
   Mn-Al-C          
        
    . 

 : 

 . .,  . .,  . .,  . .      Mn-
Al //  . 2016,  1. . 91-95. 
Coey J.M.D. New permanent magnets; manganese compounds //Journal of Physics: Condensed Matter. 2014. 
26, 084211. P. 1-6. 

 . .,  . .,  . .       
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       Fe-Cr-Co    
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For the purpose of research of new hard magnetic alloys of Fe-Cr-Co system with the average content of 
cobalt of 15 mass. % conducted research of a hard magnetic alloy of Fe-27Cr-15Co-2Mo-0,8Si-1Ti-0,65V. An alloy 
was melted in the open twenty-kilogram induction furnace with pouring on preparations in cortical forms. The 
regression equations of magnetic hysteresis properties are received: residual induction of Br, coercive force of HcB 
and the maximum power product (BH)max. in anisotropic and isotropic states. It is shown that average Br values, 
HcB and (BH)max. in an isotropic state make 0,78 T, 40 kA/m and 11,35 kJ/m3 respectively, whereas in an 
anisotropic condition of Br> 1 T, HcB > 50 kA/m and (BH)max. > 24 kJ/m3. A fluidity limit in the tempered state - 
590 MPas, a fluidity limit in a high-coercive state - 1180 MPas, strength in the tempered state - 1250 MPas, 
strength in a high-coercive state - 1325 MPas.  
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SYNTHESIS OF FUNCTIONAL POLYMERIC NANOCOMPOSITE MATERIALS USING LASER AND SUPERCRITICAL 
TECHNOLOGIES  
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The results demonstrating the possibility of a one-stage creation of perspective nanocomposite materials 

based on polymeric porous materials filled with nanoparticles are presented. The material was obtained by a laser 
ablation process in a supercritical carbon dioxide medium, with simultaneous diffuse implantation of the formed 
nanoparticles into the pores of the matrix in the same reactor. The change in the parameters of the laser ablation 
process and the parameters of supercritical carbon dioxide in a high-pressure reactor made it possible to control 
the sizes of the nanoparticles obtained. Nanocomposite materials based on noble metal nanoparticles and 
luminescent film nanocomposite materials on ruby nanoparticles are formed. 
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PD-, RU-, CO-        
PD-, RU-, CO-CONTAINING DETONATION NANODIAMONDS FOR ETHANOL STEAM REFORMING 
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Due to the development of modern technologies in hydrogen energetic, search of the most simple and 

effective methods for hydrogen production from renewable sources is attracted significant attention. Bio-ethanol 
from biomass can be used  as a such raw materials for hydrogen production. In this work mono- and bimetallic 
systems with use of Pd, Ru,  supported on detonation nanodiamonds (DND) were investigated in ethanol steam 
reforming. The hydrogen yield was higher for bimetallic systems Pd-Ru/DND and Co-Ru/DND  than for 
monometallic Pd/DND and Co/DND. 
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COMPOSITE FIBERS BASED ON CELLULOSE AND VINYLTRIEETHOXYSILANE: PREPARATION, PROPERTIES AND THERMAL 
TREATMENT 
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Abstract. Composite fibers based on cellulose and additives of vinyltriethoxysilane (VTEOS) were obtained 

for the first time. The choice of the additive is explained by the chemical structure of the VTEOS, namely the Si-C 
bond content, the low C/O ratio and possibility of preparation of silica carbides at thermolysis. Composite fibers 
were prepared from solid phase pre-solutions of cellulose with VTEOS in N-methylmorpholine-N-oxide (MMO). An 
investigation of the rheological behavior of the filled cellulose solutions with VTEOS showed a slight effect of the 
additive on the viscosity of the mixed solutions. Introduction of 5% of VTEOS to cellulose does not lead to 
significant structural changes and, as a result, to mechanical properties of the fibers. The thermal behavior of 
composite fibers has the definite specificity. 
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POROUS MAGNETICALLY CONTROLLED CARRIER FOR TARGETED DRUG DELIVERY 
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The presented work is devoted to the solution of the problem of treatment of oncological diseases by 

targeted delivery of medicinal preparations. As a means for targeted drug delivery into cells, a composite based 
on porous aluminosilicate matrices (synthetic Beta zeolite) and magnetite nanoparticles is proposed. A 
reproducible methodology for the synthesis of these composites has been developed. A number of samples with 
different contents of Fe3O4 nanoparticles were obtained and the optimal composition of the composite material 
was selected. The particle size of the samples obtained is in the range from 100 to 200 nm. In addition, the 
obtained samples have magnetic properties, which makes it possible to talk about the possibility of obtaining on 
their basis magnetically controlled drug delivery systems. 
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BOUND STATES AND INTERACTION OF THE TWO-DIMENSIONAL MAGNETOEXCITONS 
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The interaction of the two-dimensional magnetoexcitons in the presence of the strong magnetic and 

electric fields taking into account the influence of the excited Landau levels and the Rashba spin-orbit coupling 
was investigated. 

  
The interactions and the bound states of the two-dimensional (2D) magnetoexcitons with different wave 

vectors k  were considered. First of all the case of two magnetoexcitons with wave vectors k  was 
investigated. Their gyration points coincide, their Landau quantization orbits overlap and such magnetoexcitons 
with electrons and holes situated on the lowest Landau levels look as neutral compound particles. The Coulomb 
interaction between them vanishes. Only the influence of the excited Landau levels (ELLs) and of the Rashba spin-
orbit coupling (RSOC) can change the situation.  

The interaction between the two-dimensional magnetoexcitons with in-plane wave vector k  taking 
into account the influence of the excited Landau levels (ELLs) and of the external perpendicular electric field 
parallel with the strong magnetic field were investigated. The influence of the ELLs gives rise to the overall 
attraction between the spinless electrons and holes lying on the lowest Landau levels (LLLs), which in the Fock 

approximation leads to the repulsion between the magnetoexcitons with k  The interaction constant g 
decreases inverse proportional with the increasing magnetic field strength B (g~1/B). In the presence of the 
perpendicular electric field the Landau quantization of the electrons and of the holes takes place under the 
influence of the Rashba spin-orbit coupling (RSOC), Zeeman splitting (ZS) and nonparabolicity of the heavy-hole 
dispersion law. The electrons and holes are withdrawn from the LLLs and are moving with new cyclotron orbits 

changing their Coulomb interactions as well as the affinities of the 2D magnetoexcitons with k  to interact 
between them. The changes of the Coulomb interactions imprinted by the electrons and by the holes moving in 
the new spinor states are characterized by the imprint coefficients, which in the absence of the electric field turn 
to be unity. The differences between the imprint coefficients of the electrons and of the holes forming the 
magnetoexcitons determine their affinities to the interactions. The interactions between six types of 2D 
magnetoexcitons Fn with n=1, 2…6 created by the combinations of two lowest electron states with three lowest 
heavy-hole states was studied. In these conditions 21 two-magnetoexciton pairs (Fn, Fm) can be formed. There are 
6 pairs (Fi , Fi) of homogeneous magnetoexcitons with the same electron and hole states. The interaction between 
them is attractive, except one type of magnetoexciton with zero affinity. There are also 6 pairs of heterogeneous 
magnetoexcitons in which the electron and hole states are different. Two-magnetoexciton states created by four 
electron and hole states can be formed in two possible ways interchanging the electron and hole states. The 
superpositions of the two-magnetoexciton states with and without interchanging give rise to symmetric and 
antisymmetric states. There are also 9 semihomogeneous magnetoexciton pairs with either different electron 
states and with coincident hole states or vice versa. The semihomogeneous and heterogeneous magnetoexcitons 
forming the symmetric states attract each other, if their affinities have the same signs and undergo repulsion if 
their affinities have different signs. The interactions of the heterogeneous magnetoexcitons forming the 
antisymmetric states are of the opposite signs in comparison with the symmetric states. The interaction 

coefficients decrease with the increasing of the magnetic field strength B as g B  

The magnetoexcitons with wave vectors k  look as 2D electric dipoles with their arms perpendicular 

to their in-plane wave vectors k  The Coulomb interaction of such magnetoexcitons does not vanish and the 
creation of the Coulomb states of the molecule-type must be investigated. The wave function of the 
bimagnetoexciton was chosen introducing the magnetoexcitons creation operators with opposite wave vectors as 
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well as the wave function of their relative motion.  

The energy of the two bound magnetoexcitons with summary wave vector k  was calculated using two 
trial wave functions of relative motion. In both cases the energy of the bound states are very close to the energy 

of two free magnetoexcitons with k  

-    « »      
  

NANO- AND MICRO-SIZE STRUCTURAL VOLUME'S «FRAGMENTATION» IS THE BASIS OF CONSTRUCT OF NEW 
FUNCTIONAL MATERIALS 

 . .,  . .,  . .,  . .,  . .,  . . 
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The methodology of designing materials by 2D and 3D structuring of the volume at the micro- and 

nanoscale is substantiated. It is demonstrated that in materials obtained as a result of nonstationary chemical 
processes of low-temperature synthesis and polyanishing, maximum possibilities are realized for ensuring their 
resistance to mechanical, thermal and radiation influence. Technological development of obtaining radiation-
detecting fiber-optic and film materials wich are realizing the principles of three-dimensional (3D) and planar (2D) 
structural organization through provision of an amorphous-nanocrystalline and a multilayered structure was 
carried out. 
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SIMULATION OF THE INFLUENCE OF THE COMPOSITION ON THE STRUCTURE OF BIMETALLIC NANOCLUSTERS AND 
ULTRATHIN FILMS BASED ON SILVER 
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The structure of an ultrathin silver film, as well as a three-layer film Ag M Ag  M Cu Au  
has been studied within the framework of the tight binding potential. The optimum ratio of atomic radii was 
obtained, as well as the external conditions necessary for the complete transition of the entire surface of the HCP 
film to a new phase. 
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NEW TYPE OF SILICA NANOCONTAINERS: TEMPLATE SOL-GEL SYNTHESIS, STRUCTURE AND PROPERTIES 
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Mesostructured silica nanocontainers were synthesized using vesicles of bactericidal hydrolysable gemini 

surfactant decamethoxin as a template. Spectrophotometric method for quantitative determination of 
decamethoxin in its aqueous solutions has been developed and optimized. The amount of the surfactant 
capsulated in silica nanocontainers was defined with the use of the procedure described. The kinetics of the 
decamethoxin molecules release from the synthesized silica nanocontainers into the aqueous dispersion medium 
under the quasi-static and quasi-dynamic conditions has been investigated. 
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 Nowadays lithium zinc titanate (Li2ZnTi3O8) is considered as a very promising anode material for lithium-

ion batteries. The main disadvantages of Li2ZnTi3O8 are low electronic conductivity and lithium ion diffusion 
coefficient. In order to improve its electrochemical performance several approaches have been proposed: reduction 
of particle size or conductive additives incorporation and deposition of carbon coating. This will shorten diffusion 
pathways providing fast movement of lithium ions and conductivity improvement. The main purpose of this work 
is the synthesis of Li2ZnTi3O8-based materials with carbon coating using polyvinylidene fluoride (PVDF)and their 
electrochemical performance study.  
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A magnetometric study was performed near the magnetostructural transition of manganese arsenide on the 

alloys of ZnAs2-MnAs system composites. It is shown that these alloys are soft ferromagnets in which a number of 
differences in their behavior from manganese arsenide are observed, which is apparently explained by the 
presence of interphase interfaces between the semiconductor and the ferromagnet. 
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SCATTERING INDICATRIX INVESTIGATION OF POROUS SILICON LAYERS FOR BIOMEDICAL APPLICATIONS 
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The work considers the information about scattering indicatrix investigation of porous silicon, obtained 

under different technology conditions. The methods of electrochemical anodic etching and photoelectrochemical 
etching were used to prepare the material. The results can be applied to estimate level of light scattering in 
determinate direction, what is useful in terms of antireflection coatings, solar cells and other devices development 
process. 
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Self-propagating high-temperature synthesis of rare earths oxides nanopowders 
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Thermodynamic analysis of the self-propagating high-temperature synthesis (SHS) of high-disperse yttrium, 

scandium and lutetium oxides powders was carried out, the influence of the fuel species and composition of the 
initial mixture on the SHS parameters was studied. Based on the data of differential scanning calorimetry the 
initiation conditions and the main kinetic characteristics of the synthesis reactions were established. The SHS 
approach for fabrication of yttrium, scandium and lutetium oxides nanopowders, corresponding to the 
requirements for optical ceramics sintering, has been developed. 
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MODIFICATION OF HOLLOW FIBER THIN FILM COMPOSITE MEMBRANES USING FULLERENOL 
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Fullerenol C60(OH)24 was incorporated into the polyamide (PA) selective layer to develop novel thin film 

nanocomposite (TFN) hollow fiber membranes for low molecular weight cut-off ultrafiltration. TFN membranes 
were fabricated via interfacial polycondensation technique by alternately pumping fullerenol dispersion in 
triethylenetetramine aqueous solution and isophthaloyl chloride solution in hexane through polysulfone hollow 
fiber membranes. Modification using fullerenol was shown to improve antifouling properties of membranes and 
increase lysozyme solution flux. 

 
Thin film composite membrane (TFC) typically consists of an active polymer layer, which is dense, 

amorphous and very thin (<0.2 m) formed on the porous support. Most TFC is the polyamide (PA) composite 
membrane with skin barrier layer which is created by the interfacial polymerization (IP) between two reactive 
monomers on the top of a porous support membrane. Nowadays, the main challenge in designing TFC membranes 
is increasing membrane fouling resistance without sacrificing membrane transport properties. Modification of TFC 
by using nanoparticles is a novel approach in design of low-fouling membranes yielding in fabrication of thin film 
nanocomposite membranes (TFN). The advantages of this modification technique include the possibility to 
incorporate nanoparticles directly into the thin skin layer without altering the existing procedure of TFC membrane 
production by IP technique and the opportunity of varying type of nanofiller in terms of nature, dimensions, 
porosity, charge and tailored functionalities A variety of nanoparticles were reported to employ for TFC membrane 
modification: Ag, Al2O3, clay nanosheets, halloysite nanotubes, graphene oxide, ordered mesoporous carbon, SiO2, 
TiO2, carbon nanotubes, ZnO, polyhedral oligomeric silsesquioxane (POSS), zeolite, metal-organic frameworks, 
polymer particles with the encapsulated antimicrobial compounds, nanocomposites GO-Ag.  

In this study for the first time fullerenol C60(OH)24 was incorporated into the thin PA layer and hollow fiber 
TFN membranes for ultrafiltration with low-molecular weight cut-off were fabricated by IP technique. Fullerenol 
was dispersed in triethylenetetramine (TETA) aqueous solution by ultrasonication and fullerenol dispersions were 
found to be stable and have bimodal particle size distribution with the average size of agglomerates of 21 nm. 
Formation of thin PA layer on the surface of the skin layer of hollow fiber membrane was confirmed by FTIR, SEM 
and TEM. Successful fullerenol incorporation into the PA layer was proved by Raman spectroscopy and TEM. 
Introduction of fullerenol to the PA skin layer was revealed to yield in the decrease of pure water flux and slight 
increase of rejection of lysozyme and polyvinylpyrrolidone (Mn=10 000 g mole-1). Contact angle of the skin layer 
was found to decrease sharply from 34  to 21  when the concentration of fullerenol increases up to 1.5% in the 
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TETA aqueous solution due to the presence of highly hydrophilic hydroxyl groups of fullerenol. The thickness of 
the PA layer was shown to increase from 33-34 nm to 53-55 nm when fullerenol concentration in the TETA solution 
reaches 1.0-1.5% which is the reason for the reduced pure water flux of composite membranes. TEM investigations 
proved that fullerenol was embedded not only into the skin layer but also to the porous matrix of hollow fiber 
membranes (Fig. 1). Fullerenol agglomerates were found to have irregular globular or ellipsoid shape with the 
length of the longer axis of 8-44 nm (Fig.1). AFM studies revealed that fullerenol incorporation into to the PA skin 
layer yields in the significant increase of the surface roughness parameters of membranes. The lowest average 
roughness parameter among the TFN PA/fullerenol membranes were found to have TFN PA/fullerenol membrane 
with 0.5% of additive in the TETA aqueous solution. Antifouling properties of fullerenol embedded TFN membranes 
were evaluated during lysozyme filtration experiments and fouling parameters in terms of flux recovery ratio (FRR, 
%), reversible flux decline ratio (DRr, %), irreversible flux decline ratio (DRir, %) and total flux decline ration (DT, 
%). TFN membranes with fullerenol addition were found to have superior antifouling performance compared to 
the initial membrane. Lysozyme solution flux and FRR increased upon fullerenol introduction and passed through 
the maximum at the concentration of fullerenol of 0.5%. DRr and DT were revealed to decrease when fullerenol 
was added and passed through the minimum value at fullerenol concentration 0.3-0.75%. DRir increases sharply 
when low concentration of fullerenol is embedded to the PA skin layer and then gradually decreases with the 
minimum at 0.5% of fullerenol in the aqueous phase. These fouling parameters trends were shown to be in a good 
agreement with the combination of hydrophilicity and roughness trends. 

Figure 1. TEM image of thin film nanocomposite membrane polyamide/fullerenol. 
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(in combination with hydrohumates), "Nanoplant-Fe-Active" (in combination with hydrohumates), "Nanoplant-Ag," 
which is a concentrated mixture of stabilized polysaccharide-modified colloid solutions of nanoparticles of 
bioethics In the form of compounds of different trace elements. 
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INVESTIGATION PROPERTIES OF FUNCTIONALIZED POROUS SILICON BY THE METHOD OF THERMAL DISSORPTION FOR 
BIOMEDICINE APPLICATIONS  
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In the paper, porous silicon samples was obtained by electrochemical etching at various 
technological parameters. The impregnation method was used to functionalize the layers of porous 
silicon by aminoglucosides group of antibiotics (amikacin, kanamycin). Investigations of the 
specific surface area and changes volumes pores’ obtained samples were realized by methods of 
thermal nitrogen desorption and capillary condensation. 
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Considers the technological principles of improving performance end mills made from high speed steel 

R6M5K5 by hardening the cutting end mills ion nitriding and complex hardening ion nitriding plus composite 
wear-resistant coating based on nitrides. For optimization of the nitriding process produced the test for resistance 
of the party of cutters. The selected optimal mode of hardening, providing the greatest vitality end mills for 
machining titanium alloy VT20. The proposed compositions of wear-resistant coatings and experimental data on 
the influence of coating composition on the durability of end mills. The effect of cutting parameters on the 
durability of the hardened tool. Set out a theoretical analysis of test results health a hardened cutting tool. 
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BAND STRUCTURE AND OPTICAL PROPERTIES OF B12P2 CRYSTALS 
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Theoretical and experimental study of the band structure and optical properties of B12P2 crystals was 
performed. It was defined, that B12P2 is indirect-gap semiconductor with the gap width of 3.4 eV. The result is in 
agreement with the available experimental data. Electron energy loss spectrum (EELS) of the crystal in low-energy 
range was studied experimentally. The calculated loss function is in good agreement with the experimentally 
obtained spectrum. The calculation results are indicate optical isotropy of B12P2. 
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THERMOMETRY USING NANOCRYSTALS DOPED WITH RARE-EARTH IONS FOR CONTROLLED HYPERTHERMIA OF 
BIOLOGICAL OBJECTS 

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

Romanishkin I.D., Burmistrov I.A., Pominova D.V., Kaldvee K., Sildos I., Vanetsev A.S., Orlovskaya E.O., Orlovskii Yu.V., Loschenov 
V.B., Ryabova A.V. 

,     . .  , igor.romanishkin@gmail.com 
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   ,    -  . 

            
 ,   .      
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. 

 
A method for contactless measurement of the temperature of crystalline nanoparticles doped with rare-

earth neodymium ions on the basis of their spectral-luminescent properties has been developed. This technique 
is necessary to control the uniformity of heating during local laser hyperthermia of bioobjects, using thermal 
agents. Crystalline nanocomposite particles doped with, in addition to neodymium ions, dysprosium ions, or 
plasmon nanoparticles, can be used as thermal agents. 
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THE CREATION OF A HIGHLY POROUS MATERIAL BY AN ULTRADISPERSED POWDERS MOLDING OF COBALT AND NICKEL 
 . .,  . . 

Rubtsov N.M., Shustov V.S. 
 ,       ,  

e-mail: _Nemo_73@mail.ru 

          
   .          

        .   
  68%     .      

.        

. 
 
Porous materials based on nickel and cobalt powders were obtained by powder metallurgy methods. The 

influence of the ratio of powders and pressures on the characteristics of a porous structure is investigated. The 
volume of pores was more than 68% of the total volume of the material obtained. The pore sizes in the obtained 
materials are determined. A porous microstructure was studied using an electronic scanning microscope. 
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  17-03-00867. 

   (AL-(22-24 .%SI)). ,    
 

MODIFICATION OF HYPERETECTIC SILUMIN (AL-(22-24 WT.%SI). STRUCTURE AND PHASE COMPOSITION 
 . .1,2,  . .1,2,  . .1,  . .1,  . .1 

Rygina M.E.1,2, Ivanov Yu.F.1,2, Petrikova E.A.1, Teresov A.D.1, Shugurov V.V.1 

1 - ,      

2 - ,      

L-7755me@mail.ru 

.        -
-  .      «  (ZrTiCu) / (Al-(22-24) 

. % Si) »,       .   
        .  

         ,    
 . 

Annotation. In this study, a modification by the ion-electron-plasma method of the hypereutectic silumin is 
described. In the course of the investigation a "film-substrate" system ZrTiCu / (Al- (22-24 wt% Si)) is formed, then 
this system is subsecondly irradiated by an electron beam. Increasing of hardness and wear resistance were 
revealed in comparison with the initial one. The developed method can be used to increase the service life of 
engine pistons, bearings and other friction pairs. 
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   TIO2     
FORMATION OF NANOCRYSTALLINE TIO2 FILMS USING LASER ANNEALING 

 . .,  . , 
Sayenko A.V., Malyukov S.P. 

,   «   »,  , 
  , e-mail: sayenkoav@gmail.com 

  TiO2       n-  
    .  TiO2    FTO-

           
 1064 .            TiO2. 

,       TiO2   17-64    
  30-70 .     TiO2  

       . 
 
Nanocrystalline TiO2 films are widely used as a transparent layer of n-type conductivity in perovskite solar 

cells. TiO2 films were formed on the FTO glass substrates surface by spin-coating followed by laser annealing with 
wavelength radiation of 1064 nm. The influence of the laser annealing power on the grain size in the TiO2 film 
was studied. It was found that the grain diameter in the TiO2 films obtained is about 17-64 nm with laser annealing 
power of 30-70 W. Optimization of the nanocrystalline TiO2 film morphology can contribute to increase the 
perovskite solar cells efficiency. 
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 ( ) (Sigma-Aldrich)     3000 / .   30 . 
  TiO2    ( -80-01 )  120 °    5 .   

    .       LIMO 100-
532/1064,        1064  (Nd:YAG , 110 ), 

 ,     .  TiO2  
     30-70     60-90 .,   

    400-550 ° .        
       TiO2    250-300 ° . 

   TiO2    90-110 . 
 . 1  -     TiO2    
   (30-70 ).  

        

. 1. -     TiO2: ) 30 , ) 70 . 

   ,        
     TiO2.    30      17 , 

 50  – 23 ,   70  – 64 .   70       
      .   

 . 2     TiO2  FTO-  ,  
   3000 / .     50 .   

   85 %          
  350 .         TiO2. 

 ,     TiO2      
  . 



190 
 

. 2.    TiO2  FTO-   

 ,        TiO2  
          

 . ,       TiO2    17-
64      30-70 .      
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)      (250-300 ° )    TiO2    
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           16-38-
00204 _ . 

      
FORMATION OF PEROVSKITE FILM BY PULSED LASER ANNEALING 

 . .,  . .,  . ,  
Sayenko A.V., Malyukov S.P., Bondarchuk D.A. 

,   «   »,  , 
  , e-mail: avsaenko@sfedu.ru 

        
CH3NH3PbI3     Nd:YAG-     1064 .  

          
,        . 
  ,       

         . , 
            

   110  490 . 
 
Experimental studies laser annealing of a precursor perovskite film CH3NH3PbI3 using pulsed Nd:YAG laser 

radiation with a wavelength of 1064 nm were carried out. Laser annealing was used to obtain a dense-grained 
crystalline perovskite film with a homogeneous morphology that can improve the characteristics of perovskite 
solar cells. Studies have shown that the use of nanosecond pulses of laser radiation can lead to the formation of a 
crystalline perovskite film with a homogeneous morphology. It is obtained that the size of the crystalline grains of 
the perovskite film varies from the energy density of the laser radiation in the range from 110 to 490 nm. 
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OPTIMIZATION OF THE PARAMETERS OF GOLD NANORODS SEEDLESS SYNTHESIS  

. . 1, 2
 . . 1

, . . 2
, . . 1

 

N.A. Salavatov1, 2
, O.V. Dement’eva1

, A.I. Michailichenko2
, V.M. Rudoy1

 

1 -      . . .    

119071 ,  , 31, gop--nick@yandex.ru 

2 -  -   . . .   

125047 ,  , 9 

        
 ( ).   ,   -   

     . ,     
           

  .      SiO2-   
    - .  

A systematic analysis of the main features of the gold nanorods (GNRs) seedless synthesis is performed. The 
key factors influencing the structure, morphology and optical characteristics as well as the yield of GNRs are 
determined. It is shown that the position of longitudinal localized surface plasmon resonance is linear function of 
the GNR aspect ratio. The possibility of the SiO2 shell formation on GNR surface is demonstrated using novel 
precursor, -mercaptopropyltrimethoxysilane.  
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   .    
     275      . 

 

 

. 1. -  ,    AgNO3,  0.07  ( ), 
0.13  (  )  0.18  ( ).      : 

 – 0.1 , HAuCl4 – 0.4 ,  – 5.1 , NaBH4 – 0.018 . 

 

 

. 2.  ,     AgNO3.   
   :  – 0.1 , HAuCl4 – 0.4 ,  – 5.1 , NaBH4 – 0.018 . 

         
       ( . 3)      

   [5]. 
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. 3.          
(AR). 

 

       SiO2-
        -

.   
        (  

   1.8 ).  
 : 

Active Plasmonics and Tuneable Plasmonic Metamaterials / Ed. by Zayats A.V., Maier S., Hoboken, Wiley and 
Science Wise Publ., 2013. 
S.E. Lohse, C.J. Murphy // Chem. Mater., 2013, vol. 25, p. 1250. 
D.K. Smith, B.A. Korgel // Langmuir, 2008, vol. 24, p. 644. 
L. Zhang, K. Xia, Z. Lu, G. Li, J. Chen, Y. Deng, S. Li, F. Zhou, N. He // Chem. Mater., 2014, vol. 26, p. 1794. 
C. F. Bohren, D. R. Huffman. Absorption and Scattering of Light by Small Particles, John Wiley & Sons, New 
York, USA, 1983. 

OPTICAL ABSORPTION AND URBACH ENERGY OF (TLGASE2)1-X(TLINS2)X SOLID SOLUTION  
Salmanov F.T., Mikayilova A.J., Aliyeva N.A., Orujova A.A., Yusifov M.Y. 

Institute of Radiation Problems of ANAS, B. Vahabzadeh str. 9, Az 1143, Baku 

TlInS2 crystal which belongs to the family of AIIIBIIIC2
IV compound crystallizes in monoclinic system and 

TlInSe2 from the same group crystallizes in tetragonal system and lattice periods for TlInSe2 are as a=b= 8,075Å, 
c=6,847 Å and for TlInS2 a=b=10,94 Å, c= 15,18Å, =100.21,  z=16,  space group C6

2h-C2/c [ 1, 2].    
In the work [3] it has been shown that, the structure of energy band, electric and vibration spectrum in 

AIIIBIIIC2
IV compounds have strong anisotropy. Optical and photoelectric properties of TlGaSe2 and TlInS2 have been 
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studied in [4].     
The main aim of the research is to study the optical properties of solid solutions of TlInS2(1-x)Se2x system in 

fundamental absorption range within isomorphic, as well as cation-anion replacement.    
Measurement of emission spectrum has been carried out by means of “specord 210 plus” spectrophotometer 

at 400-1100 nm spectral range and by E C polarization. The measurements have been conducted at room 
temperature. Measurement accuracy of the spectrometer has been within ±3 nm. According to it, Eg is calculated 
up to ±0,0004 eV with better accuracy.      

   Using the reference [5], the absorption rate can be written as follows   
   

T
TRRR

d
                  (1) 

Here R is reflection (0,2605 (22)), A-optical density, -optical absorption rate, and d is the thickness of the 
sample. The optical absorption rate has been determined by using the value of R at room temperature. Reflection 
measurements have been carried out in the samples obtained from natural layers by breaking into pieces and 
thickness of the samples satisfies d 1. In order to eliminate a number of reflection and interference, we insert 
the light falling on the crystal into the crystal at a small angle. The thickness of the samples used in the experiment 
has been taken as about d  300 m.          

As mentioned above, the fundamental absorption rate in most semiconductors obeys the following equation 
n

gEB                                        (2) 

here  is absorption rate, -angular frequency, n-constant and n index can get the values of 
1/2, 3/2, 2 and 3, the nature of the dependence depends on absorption spectrum of electronic transition. In high 
energy spectrum range n=1/2 indicates the direct allowed transition, n=3/2 – forbidden direct transition, at low 
energy spectrum range n=2 shows the sidewise allowed transition and n=3  - forbidden sidewise transition [6]      

 Absorption spectrum of solid solutions of (TlInSe2)1-x(TlInS2)x (x=0 1,0) system has been studied at room 
temperature. According to experimental results, at 300K temperature the absorption rate is 10 cm-1 and 120 cm-1 
in solids of (TlInSe2)1-x(TlInS2)x (x= 0; 0,05; 0,1; 0,15; 0,2; 0,25) system and 5 cm-1 and 80 cm-1 in solids of (TlInSe2)1-

x(TlInS2)x (x= 0,3; 0,4; 0,5; 0,6; 0,7; 0,8; 0,9; 1,0).        
For the studied (TlInSe2)1-x(TlInS2)x solid solution samples it has been determined direct and sidewise optical 

absorption energy transition of band gap. These transitions are obtained from extrapolation of low fragmentary 
part of direct line to the values of 2=0 and 1/2=0 using dependences ( 1/2- ) and ( 2- ), respectively.  

 The values of direct and sidewise energy transitions have been determined for the samples of (TlGaSe2)1-

x(TlInS2)x (x=0; 0,1; 0,2; 0,3; 0,4; 0,6; 0,7; 0,8; 0,9; 1,0) and their change depending on concentration.  
 As it is seen from the dependence of absorption rate on photon energy, the linear absorption varies 

significantly in mixtures comparing with TlGaSe2 and TlInS2 in the studied solids. 
 It has been determined the dependence of  direct and sidewise band gap width on concentration from 

reflection and transmission spectra  in 400-1100 nm spectral region at room temperature in solid solutions of  
(TlGaSe2)1-x(TlInS2)x system. It has been established that, with increasing concentration in solid solutions of 
(TlGaSe2)1-x(TlInS2)x system the band gap width also increases.   
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DYE SORPTION ONTO ELECTROSPUN PLA-GELATIN FILMS 
 . .1,  . .2,  . .1,2,  . .2,  . .1 

Sokolova A., Pavlova L., Bagrov D., Klinov D., Shaitan K. 
1 – ,  . . . ,  ,  ; 

2 – ,     ,    

sokolova.anastasia.2012@post.bio.msu.ru 

        (  ,  ,  , 
    )         , 

  .        
   ,         .  

        ,   
,       . 

A PLA-gelatin adsorbent was prepared by electrospinning for removal of different dyes from aqueous and 
alcohol solutions. Kinetics and solubility of films were studied for adsorption and desorption of Congo Red, 
Thioflavin T, Rodamine B, Pyronyn Y and Bromocresol Green. The films were found to be more efficient in removal 
of dyes than non-porous films and electrospun PLA films. The results indicate that electrospun PLA-gelatin films 
could be used as adsorbents for water purification. 
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         80:20.    
     (Hitachi TM 3000, ).   
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    (    10 )   NanoDrop 2000 
(ThermoFisher Scientific, ).         

  ,  ,     ,     
  10%-   .  

   ,        ,    
   (9,0±2,7   9,6±4,1  ),     . 

     ,      
      3-5      ,  

           .  
    , ,    L-  , 

,  ,  D-     (Karst et al, 2007). 
        .   

    (2926,8 / ),  –    (284,46 
/ ).  , ,           

   – 1311,5 /  -      
,   -   (110 / )   -22 (1110 / ) (Selvam et al, 

2008).          , 
  ,       . 

     (  16-04-01108)   , 
         2020 . 

 : 
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THERMAL MODIFICATION OF NANOPOROUS ANODIC OXIDE FILMS ON POWDER TIAL 
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 -     Ti-Al. 

The present paper is focused on (i) structural analysis of TiAl powder anodized in fluoride containing 
electrolytes before and after air and air-free annealing at 1093 K; (ii) influence of annealing on band gap structure 
modification and photocatalityc activity of anodic oxide films (AOF) on TiAl powder.  
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   -TiO2, -  -Al2O3.   -TiO2   
,      « »   Ti2O3  TiO [2]. 

  Ti2O3  TiO          
  ,          

/ .  ,          
.  
 ,     =1093    30 ,      

 ,      ,  
 -TiO2, -  -Al2O3   « »   TiO  Ti2O3.  

    ,       ,    
     ( . 1 ),     

[8]. 
     (Eg)      ( . 1)  



201 
 

   Eg   ,    TiAl ( ~495 , 
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STRUCTURAL FEATURES AND RELAXATION CHARACTERISTICS OF RARE-EARTH ELEMENTS ENDOFULLERENOLS WATER 
SOLUTIONS 
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    . ,     

         
    6,5     Gd3+.  ,   
-     .     

   ~ 103 .      
   ,       

  -  . 
 
A complex study of the relaxation efficiency and structural features of endometallofullerenes and their 

derivatives solutions was carried out. It has been established that gadolinium endofullerenols in the presence of 
empty fullerenols have significant contrasting properties allowing to increase the relaxation rate up to 6.5 times 
in comparison with ionic solutions of Gd3+. It has been found that the fullerenol-water systems possess a three-
level structural organization. The total degree of integration within three-level structure achieves ~ 103 molecules. 
The hierarchy of structural levels imparts to molecular ensembles some fractal features analyzed as dependent on 
the concentration of carbon component and the pH-factor of medium.   
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PRODUCT OF NANOSTRUCTURED OXIDE SYSTEMS BASED ON ALUMINUM MODIFIED BY CAO AND MGO 
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         .   
         

 . 
 
Abstract: A highly dispersed alumina system is obtained by electrolysis with a soluble anode. The possibility 
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of their modification of CaO and MgO during electrolysis is shown. It was found that varying the conditions of 
electrolysis makes it possible to control the particle size and the phase composition of precipitation. Using the 
methods X-ray phase analysis and electron microscopy, the properties of synthesized oxide systems have been 
studied. 
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CARBON NANOCOMPOSITE MATERIALS WITH BIOCOMPATIBLE POLYMERS 
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-N-      .  

      ,    - -
. ,        

-N-      2 ,     .   
      ~ 30 ,    

. 
A study of structural features of endometallofullerenes complexes with poly-N-vinylpyrrolidone solutions 

has been carried out using molecular hydrodynamics methods. The intrinsic viscosity of aqueous solutions of PVP 
and complex, their Huggins and Mark-Kuhn-Houwink constants were determined. The intrinsic viscosity of 
endometallofullerenes with poly-N-vinylpyrrolidone complexes solutions was found to decrease more than twice 
compared to the pure polymer. In aqueous systems of endofullerenoles complexes aggregates of ~ 30 nm exist, 
which are stable when the content is varied. 
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Possibilities of using femtosecond laser radiation for nanostructures and nanostructured coatings formation 

are presented. On the basis of laser method of liquid-phase separation of graphite planes have obtained various 
types of graphene structures. Laser processing of materials in the multiple filamentation mode of femtosecond 
laser radiation demonstrated the nanostructuring of the samples with the change of their phase composition. 
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 SM-CO-FE-CU-ZR 

THE INFLUENCE OF COOLING RATE ON MAGNETIC PROPERTIES OF SM-CO-FE-CU-ZR ALLOYS DURING HEAT 
TREATMENTS  

 . .,  . .,  . .,  . . 
Khudina E.V., Menushenkov V.P., Zhelezny M.V., Kamynin A.V. 

Russia, National University of Science and Technology «MISiS», hudina@bk.ru 

     ,      
(« »)   Sm-Co-Cu-Fe-Zr,    ,    

 .   Sm(Co0.63Fe0.24Cu0.07Zr0.02)7.8,    ,  
    400-800° ,  10      . 

,  ,     " ",     
 10 ° / ,     ,    c 

 . 
The heat treatment modes leading to the degradation of hysteresis properties in Sm-Co-Fe-Cu-Zr alloys 

were investigated in this work. Also, we searched for the heat treatment appropriate for the reconditioning of 
magnetic properties. The samples Sm(Co0.63Fe0.24Cu0.07Zr0.02)7.8 were produced by the standard process. Then the 
samples were heated to the temperatures in the range of 400-800 ° , isothermally aged for 10 minutes and cooled 
with different speeds. It was found that heating to the temperature of "spoiling", 10 minutes aging and cooling 
with cooling rate 10°C/min results in the reconditioning of magnetic properties to the values reached during longer 
cooling process. 
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    AL-MG-O     
SYNTHESIS OF ULTRAFINE MATERIALS OF THE SYSTEM AL-MG-O IN THE ELECTRODISCHARGE PLASMA 
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    .       

           
   .      

      .  , 
         .   

 
Aluminium oxide as a wide band gap insulator with a high mechanical strength is widely used in various 

fields of technology. One of the promising methods for obtaining ultrafine aluminum oxide with the addition of 
magnesium oxide is a plasma-dynamic method, which is based on the use of the high-speed electrodischarge 
plasma jet. The synthesized product was analyzed using x-ray diffractometry and transmission electron microscopy. 
It was confirmed that the resulting product consists of aluminum oxide and spinel phase. 
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OPTICAL PROPERTIES AND SPIN STRUCTURE OF OCTAETHYLPORPHYRIN COBALT 

 . .,  . . 
Chub D.S., Farberovich O.V. 
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       .    
  T        40 ,  

    . 
The results of a study of optical properties, spin structure and spin dynamics of in the Co-octaethylporphyrin 

molecule are presented. Theoretical optical spectra of extinction coefficient, absorption coefficient, and refraction 
index are obtained. It is shown that the spin switching in the case of the high spin state of the Co-
octaethylporphyrin molecule is shown to be characterized by a long lifetime in the applied magnetic field. The 
system in the low spin state quickly reverts to its ground state. It is found that the temperature dependence of 
magnetic susceptibility is found to shows a feature at near 40 K related to spin transition between two spin states. 
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STUDY OF INTERACTION OF AQUEOUS MEDIA WITH NANOCOMPOSITE SUPERHYDROPHOBIC COATINGS ON VARIOUS 
MATERIALS AT NEGATIVE TEMPERATURES 

 . .*,  . .,  . .,  . .,  . .  
Elizaveta V. Chulkova*, Kirill A. Emelyanenko, Alexey A. Bezdomnikov, Alexandre M. Emelyanenko and Ludmila B. Boinovich 
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   .    ,   
  3303    2    +25÷-17° . ,  

            
          

  . 
We have investigated the parameters defining the anti-icing efficiency of the superhydrophobic coatings at 

negative temperatures, in particular, the wettability parameters and the work of adhesion of supercooled water 
droplets to the materials studied. The coatings were fabricated on a surface of siloxane rubber P3303 and 
aluminum alloy AMg2 in the temperature interval from +25 to -17 ° . Our results show that the preservation of 
high contact angles and low values of work of adhesion at negative temperatures is mainly determined by the 
mechanical durability of the surface texture and by the chemical stability of the superhydrophobic coating. 
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THE EFFECT OF HYDROGEN PEROXIDE ON THE CYSTALLINE AND COLLOIDAL STABILITY OF NANO-DIMENSIONAL 
TITANIUM DIOXIDE. 

 . .,    . .,  . . 
Shabanov NS, Asvarov A.Sh., Rabadanov K.Sh. 

,        , 
shabanov.nabi@yandex.ru  

           
    .  ,         

      ,        
  (t ~120 )       - . 
 
This work is devoted to the study of the effect of hydrogen peroxide on the structural properties of titanium 

dioxide and its colloidal solutions. It is shown that when processing nanopowders of titanium dioxide with 
hydrogen peroxide, stable peroxotitanium complexes are formed in the system, which, as a result of annealing at 
low temperatures (t ~ 120 ° C), forms its own crystalline structure in the phase-anatase. 
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   260  80 2/   ,     
   .       
, ,     .     

      30%,   
   5  ,      2 . 

      100       
 15 .        14 , 
   2, 6, 10, 14  (Fig. 1). 

          24 / ,   
      14    3,6  85%  

 ,            
    .   

 
Figure 1.        30%,  

 ( 2 2:TiO2, ml/g):a-0; b-4; c-8; d-12; e-16; f-20; g-24. 

           10 
    3 ,   120     ,  

   (Fig. 2). 
   2    ,      

        .  

.1.         30%, 
   ( 2 2:TiO2, ml/g):  a-0; b-4; c-8; d-12; e-16; f-20; g-24. 
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  La0.7Ba0.3MnO3 (LBMO)     ,  
   LBMO   .     

40-100           700-800C    
  0.3-1    (110) NdGaO3, (001)SrTiO3 (001)LaAlO3  (001)LSAT 

(((LaAlO3)0.3+(Sr2AlTaO6)0.7) ,       
             , 

          
 . 

A complex study of the dc and magnetic characteristics of epitaxial manganite films La0.7Ba0.3MnO3 (LBMO) 
was carried out under conditions of the crystal structure tension caused by a mismatch between the parameters of 
the LBMO crystal and the substrate. The epitaxial thin films with the thickness 40-100 nm were growth by laser 
ablation at T=700-800C in pure oxygen pressure 0.3-1 mB.(110) NdGaO3, (001)SrTiO3 (001)LaAlO3  
(001)LSAT((LaAlO3)0.3+(Sr2AlTaO6)0.7)  substrate are used. It is shown that the temperature dependence of the film 
resistance in the low-temperature region does not depend on the film strength and is in good agreement with the 
calculation that takes into account the interaction of carriers with magnetic excitations in the presence of strongly 
correlated electron states.  

     Re1-xAxMnO3 (Re –   
 La  Nd),  A-    Sr, Ca, Ba)     

   ,     ( .,  [1]). 
           

.    [1, 2],       
   ,    ,    . 

        ,  
      TM    .  

     
 LBMO   40-150     (001)LaAlO3 (LAO), 

(001)SrTiO3 (STO), (110)NdGaO3 (NGO), (001) ((LaAlO3)0.3+(Sr2AlTaO6)0.7)  (LSAT),    
    (off axis)    600-800     0,2-0.5 . 

     La2O3, BaCO3  MnCO3   .  
2.   

     LBMO      a   
   as   2 /    .  

.1  2 /     LBMO/LAO. a   LBMO    as . 
   ,        , 

   .     ,   /  
     LBMO .   

,        
    :      

.           
   . 

        =(a -aLBMO)/aLBMO   
  =(a -aLBMO)/aLBMO    1.     

  Veff=a 2a .  
.  
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.1. 2 /  .    
LBMO,    LAO  

 

 

 

        LBMO (Veff)     
 .    :   (TC)   -  
 ,    :  : b=2 +      

*=( - ) 2/3 [3].         TC    
 ,      TC. 

 1.     

Subst. as, nm a ,  nm ,  % , % TMI,,K 

NGO 0.386 0.391 -0.20 -0.84 259 

LAO 0.379 0.393 0.69 -2.79 278 

STO 0.391 0.393 0.78 1.12 287 

LSAT 0.387 0.396 1.65 -0.64 256 

as –     , a  -    
LBMO    , -   , Veff –  

  ,  -   LBMO    ,  -  
 LSMO   . TMI – ,      

, 100 –     T=100K.  

3.     
 

  TM =283 K    LBMO,    STO.   
        -0,13%  TM        

   LBMO. ,  TM    
    LBMO -    Ba [4,5].  
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. 2.   
  LBMO  150 

nm,     (001)STO, 
(110)NGO, (001)LSAT, (001)LAO. 

 

  0=2,3 10-3  cm    LBMO/STO,    
 STO,        .  

      ,      [4].   
LBMO/LAO  0     ,    

 .       ,    
 (100-250K) (T)  LBMO/STO c      
,        ,   -  

 -  .   1=9 10-9  cm K-2  2 = 4 10-13  cm K-4.5   0 =2,3 
10-3  cm. 
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INFLUENCE OF MAGNETIC SPUTTERING CONDITIONS ON THE PHASE-STRUCTURAL STATE OF FEZRNO FILMS  
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-    FeZrNO. ,      

     ,     N,  
 (  -Fe(Zr,N)),   . ,    

         ZrO2 /  Fe4N. 
The influence of the magnetron sputtering and annealing regimes on the chemical composition and the 

phase-structure state of FeZrNO films is investigated. It is shown that the films are characterized by high chemical 
homogeneity with insignificant content of impurities. The films have either nanocrystalline (bcc Fe (Zr, N)) or 
amorphous structure, depending on the N content. It was found that annealing leads to crystallization of the 
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amorphous phase and the formation of additional phases of fcc ZrO2 and/or Fe4N. 
      Fe  

        
    .       

   (Bs),    (Hc),     
,    .       

  ,       -Fe,  
     Bs,  , ,  

  MeX( , ,   IVb   ). 
   FeZrN         

DC    FeZr   .    Fe  
,        Zr.     ,  

    Ar+N2     N2/Ar (  5  25%, . 1). 
       (p=2÷3*10-6 . . .)   300, 500  600°  
         . 

  ,   ,        
  20 .        (  ,   

)       -    
  . 

    ( . 1),     Fe,Zr,N,O.  
 ,    -  ,     

  ,       0,4  1,2 .   
 N2     (  5  25 .%)  N2    (  14  32 .%). 

  ,          
,     Zr  N  -Fe,   ,  Fe. 

  I  II,   5  13% N2        -
Fe(Zr,N),    7  4     2,898  2,913Å, ,    III  IV, 

  17  25% N2    ( . 1, . 1).    
,     ,   ,     

             
 ,    . 

   I  II        
,        2,898  2,874 Å (  I)   2,913  

2,866 Å (  II),          6,9  11,8  (  I)   4,0 
 7,8  (  II, . 1).    600°    Fe4N  ZrO2     

  10 .%.            
       . 

  III,     300° ,      
-Fe(Zr,N)    (<10 .%)  Fe4N.    ,  

    I,II,      Zr  N (    2,886  2,873 Å),    
(  2,8  8,1 )      ZrO2. 

 IV,       ,  
    300° .    500°       (4.8 )  
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NEW SUPRAMOLECULAR NANOPORISTIC MATERIALS BASED ON CARBON NANOTUBE ARRAYS COORDINATED BY CYCLIC 
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A method for self-organizing carbon nanotubes into an array is proposed with the help of coordinator 

molecules and the development of secondary porosity in the resulting supramolecular structures. The method of 
molecular dynamics shows the process of formation of supramolecular structures and the effective radius of 
nanopores in the formed supramolecular structures is estimated. Adsorption of methane and hydrogen on model 
systems is calculated. It is shown that the secondary porosity, formed due to the coordination of nanotubes in 
arrays by means of coordinator molecules – cyclic hydrocarbons, allows accumulating energetically important 
gases at the level of the best industrial adsorbents.  

 
          
      [1].     

   ,      ( ,  
   ).    ,     

 «  »          [2-
3]. 

         
        –  

 .     (N,V,E)     
.  ,   ,   10 ,    

  .       200  400 
   -       .   

   -    2×10-9 .  
     10-15 .  

     ,    « »  
    ,    .  

            
   -   .   1    

         
            

.  

 1 –       
         

 
 

D  
(X0),  

W0, 
3/  

0, 
/  

Va(CH4), 
/  

G(CH4),   
/  

Va(H2), 
/  

G(H2),   
/  
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FORMATION MECHANICAL PROPERTIES OF ELEMENTS METAL CONSTRUCTIONS, CONNECTED BY ALUINOTHERMIT 
HEATING 
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Abashkin EE,  Tkacheva AV, Zhilin SG, Komarov ON 
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High mechanical strength of all-in-one metal constructions is ensured by the local supply of heat to the 

contact zone of the elements, the edges of which are melted and mixed with adding material. After removing the 
heat source, that obtained from electricity, the metal crystallizes to form a welded seam. The heat abstraction from 
the butt zone influences the structure and properties of the crystallizing metal, as well as the geometry of the all 
construction. Using a wire with aluminothermic filler allows to obtain an all-in-one connection with a significant 
reduction in energy and material, as well as to reduce deformation deviations from the base surface of the 
elements. 
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   72TeO2-24WO3-4La2O3    1.4-1.7   1.8-2.1  

      1.63 . ,       
 1.55±0.1 .      ,   – .  

     .      
5.9·10-19 2/ ,    . 

 
We use a broadband spectral interferometry technique to measure group velocity dispersion in the ranges 

of 1.4-1.7 m and 1.8-2.1 m and also estimate nonlinearity of the microstructure fiber of 72TeO2-24WO3-4La2O3 
glass at 1.63 m. The measured zero-dispersion wavelength is 1.55±0.1 m. For shorter wavelengths dispersion is 
normal but for longer ones it is anomalous. We obtained very good agreement with numerically simulated results. 
The estimated value of a nonlinear refractive index is 5.9·10-19 m2/W, which agrees well with literature data. 

Specially designed optical fibers based on low-loss tellurite glasses are particular interesting for using in 
photonic devices [1]. Tellurium dioxide based glasses possess the merits of sufficient chemical stability, wide 
transparency range up to 5 m, and large linear (n ~ 2) and nonlinear (~20 times higher than for silica) refractive 
indices [1]. The group velocity dispersion and fiber nonlinearity are very important characteristics for development 
of nonlinear laser sources of ultrashort widely tunable pulses [1-3] and spectral supercontinuum [4]. Even though, 
zero dispersion wavelength (ZDW) for tellurite glass is typically beyond 2 m, microstructured fiber geometry for 
dispersion management and shifting of ZDW to the range shorter than 1.5 m can be used [5]. This enables 
operation in the anomalous dispersion range which is required, for example, for development systems based on 
soliton self-frequency shift with conventional Er: fiber and Tm: fiber pump sources at 1.55 m and 2 m, 
respectively. Here we use a broadband spectral interferometry technique to measure dispersion and also estimate 
nonlinearity of the previously produced microstructured six-hole fiber from the high-purity 72TeO2-24WO3-4La2O3 
glass [2,3]. 

The experimental scheme is shown in Fig. 1(a). It consists of an all-fiber light sources based on a highly 
nonlinear dispersion shifted fiber and GeO2 core fiber [6], which provide sufficiently broad and stable over time 
spectra in the range of 1.4-1.7 m and 1.8-2.2 m, respectively. Attenuated femtosecond light was transported 
through a long piece of a normal dispersion fiber to ensure low peak power and avoid nonlinear effects in the fiber 
under measurement. A piece of tellurite fiber having effective core diameter 3.2 m with the length of 63 cm was 
inserted in one arm of the free-space Michelson interferometer and then group delay was compensated by a free-
space motorized delay line inserted in the other arm. Spectral interference was recorded by a spectrometer based 
on an InGaAs line image sensor in the range of 1.4-1.7 m and scanning monochromator with PbS detector in the 
range of 1.8-2.1 m. Linear polarization of incident light was set by Glan prism. We recorded multiple spectra at 
the output of the interferometer for different time delays in order to resolve interference fringes in the whole 
spectral range. Specially developed numerical algorithm based on Fourier filtering and combining the data 
obtained for different time delays was used to extract group delay in the fiber as a function of wavelength. The 
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first derivative of measured group delay with respect to angular frequency normalized to fiber length provides the 
second-order dispersion coefficient plotted in Fig. 1(b) by solid lines. The measured ZDW is 1.55±0.1 m. For 
shorter wavelengths dispersion is normal but for longer ones it is anomalous. To calculate dispersion and 
fundamental mode field distribution of a tellurite fiber, we numerically solved the eigenvalue equation obtained 
from Maxwell's equations. The microstructured fiber was approximated by axially symmetric wire waveguides 
located in air. The good agreement between the experimentally measured and numerically calculated in this way 
results is shown in Fig. 1(b).  

Fig. 1. (a) Experimental setup for dispersion and nonlinearity measurements: 1 - collimator, 2 - Glan prism, 
3 - beam splitter, 4 - lens, 5 - microstructured fiber, 6 - lens, 7,8 - mirrors, 9 - diaphragm, 10 - mirror, 11 - 

adjustable delay line. (b) Measured and calculated dispersion. (c) Measured and simulated pectra of 110-fs pulses 
at the input of 63-cm fiber; (d) spectra (solid lines) and frequency derivatives of phases (dashed lines) at the 

output. 

The calculated effective mode area changes from 4.1 m2 for a signal at 1 m up to 4.4 m2 for a signal at 
2.2 m. The estimated nonlinear coefficient is 900 (W km)-1 and 400 (W km)-1 for these wavelengths, assuming that 
nonlinear refractive index is 5.9·10-19 m2/W. The same setup was used to estimate nonlinearity. As a pulse source 
we used high-quality 110 fs linearly polarized Raman shifted solitons at 1.63 m produced in a 20-m long piece 
of SMF-28e fiber. These solitons were easily characterized by spectral (see Fig. 1(c)) and autocorrelation 
measurements and provide a good reference for nonlinear interferometry. Before entering the interferometer the 
pulse energy was attenuated in order to excite soliton with N~1 in the tellurite fiber. Spectral amplitude and phase 
of the pulse at the output of the microstructured fiber was obtained after processing the interferometric data. To 
measure the pulse energy propagating in the core of the fiber we imaged the output end of the fiber onto a power 
meter and performed knife-edge scan of the image. The energy was about of 3.5 pJ. This allowed us to discard 
background and residual light propagating outside of the core. We took into account Fresnel reflection losses at 
the tellurite fiber end and imaging lenses and assumed the fiber loss to be negligible at the wavelength of interest. 
Then, we numerically simulated propagation of a 110 fs sech-shaped 3.5-pJ input pulse (shown in Fig. 1(d)) in the 
fiber using generalized nonlinear Schrödinger equation [3] and varied nonlinearity in order to obtain the best 
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match of simulated and measured spectra and spectral phases at the output depicted in Fig. 1(d). Indeed, we found 
a nonlinear fiber coefficient 540 (W km)-1 at 1.63 m, which agrees well with nonlinear refractive index n2 = 5.9·10-

19 m2/W [5]. 
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For scientific analyses ofmetal forming processesthe mathematical theory of plasticity is widely used. 

Physics of metal forming processes is described by the system of equations. In mathematical calculation models 
the analytical procedure of thermomechanical coefficients is most frequently used. The article focuses onefficiency 
check of this analytical method for determining values of voltage to calculate the strength-power parameters of 
hot plastic deformation process for FCC materials of different chemical composition as an example. Experimental 
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and calculated values of deformation resistance were received, the errors were identified, hot plastic deformation 
regimes suitable for this analytical method were chosen. 
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        TLGA1-XSB1-XS2 
TRANSPORT PHENOMENA AND DIELECTRIC PROPERTIES OF LOW-DIMENSIONAL SOLID SOLUTIONS TLGA1-XSB1-XS2 
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Electrical conductivity and dielectric coefficients of TlGa1-xSbxS2 single crystals have been measured by 

resonance method. The parameters of localized states in studied solid solutions have been evaluated.  
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THE METHOD OF DETERMINING EFFECTIVE OPTICAL CONSTANTS USING MULTIANGLE REFLECTIVE IR SPECTROSCOPY 
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Abstract: In this paper considers the possibility of using Fresnel formulas for determining effective optical 

constants using multiangle IR spectroscopy. A method is proposed for determining the complex refractive index, 
which depends on the angle of incidence of radiation by minimizing the residual functional. The case of a linear 
dependence of the refractive index and the extinction coefficient on the angle of incidence is considered. 
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SYNTHESIS,  STRUCTURE AND SOME MAGNETIC PROPERTIES OF SM-HO-FE ALLOYS: EFFECTS OF HO SUBSTITUTIONS 
AND INTERSTITIAL HYDROGEN, NITROGEN IN R2FE17 COMPOUNDS 
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Abstract. Materials based on R2Fe17Nx have been drawing considerable attention owing to the possible 
applications as permanent magnets due to their high anisotropy field and large saturation magnetization. In this 
work, morphology, structure, chemical composition of prepared of pseudobinary (Sm1-xHox)2Fe17 conpounds, 
their hydrides, nitrides and Sm-Ho-Fe-N powders (after ball milling for different time at room temperature) were 
performed with a wide variety of methods and techniques including XRD, a roentgen fluorescent analysis on 
spectrometer Rigaku Primus II and X-ray spectrography microanalysis with a SEM LEO EVO-50 XVP, while magnetic 
measurements at temperature 300 K were investigated by means of VSM-250 and PPMS EverCool-II 
magnetometer in a maximum magnetising field of 2 and 9T, respectively. 

The so-called R2Fe17 (R = rare earth) compounds and their substitutional derivatives are of interest because 
of their ferromagnetic properies. However they have relatively low values of Curie temperature and exhibit an 
easy-plane anisotropy at room temperature. The Sm-Fe intermetallic compounds and their nitrides have been paid 
attention as one of the most powerful candidate as a permanent magnet materials due to their high anisotropy 
field and large saturation magnetization. In order to overcome the drawbacks and to improve the fundamental 
magnetic parameters they can be modified by introducing interstitial atoms such as hydrogen, carbon, nitrogen or 
substituting other elements in the Sm2Fe17 compounds (or both). Substitutional impuriries change hard-magnet 
properties by reason of modifications in bonding and volume. It has been well known that the increase of Curie 
temperature associated with the extending of Fe-Fe distances, and high Curie temperature guarantee to magnets 
better thermal stability. It was earlier established that the interactions between iron atoms in R2Fe17 situated at 
distances d  2,45 Å are negative, consequently Fe-Fe distances are required to enhance (> 2,45 Å). In other words, 
the Fe-Fe distances in R2Fe17 compounds play an important role in determining the Curie temperature. Besides 
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in order to achieve high coercitivities it is necessary to receive larger values of the uniaxial magnetocrystalline 
anisotropy. Although for the Sm-Fe-H system has been not observed change of type anisotropy unlike N, C, it is 
worth noting the effect substitutional-interstitial modification on the electronic structure, exchange interactions, 
magnetic phase transitions occuring in the Sm2Fe17 compound. 

The aim of this paper was to synthesize the pseudobinary (Sm1-xHox)2Fe17 alloys  with x = 0,2; 0,4; 0,8, 
hydrides, nitrides based on them and to investigate the effects of the replacement of Ho for Sm on the crystal 
structure and magnetic properties of Sm2Fe17, Sm2Fe17Hy, Sm2Fe17Nz by means of a wide variety of methods 
and devices. 

The samples having nominal compositions (Sm1-xHox)2Fe17  with x = 0,2; 0,4; 0,8 were prepared by 
induction melting method of the constituent elements under purified argon atmosphere. Purity of initial materials 
was Fe – 99.999%, Sm – 99.98%, Ho – 99.99%. An excess of 7% Sm and 1,5% Ho was added to compensate for 
the evaporation loss during melting. The ingot alloys were sealed in a quartz tubes and annealed in the vacuum 
resistance furnace at 1323 K for 10-30 days, followed by a fast cooling to room temperature. As is known an 
annealing treatment at high temperature for a long time leads to a very homogeneous materials. The chemical 
composition of the initial sample was examined by a roentgen fluorescent analysis on spectrometer Rigaku 
PRIMUS II. The morphologies of the alloys were examined via scanning electron microscopy (SEM; Karl Zeiss LEO 
EVO-50 XVP) with energy-dispersive X-ray spectroscopy (EDS). SEM analysis is showed that in addition to the main 
phase, the test alloys contain -Fe.  

Room temperature X-ray powder diffraction analysis of the initial samples, the hydrogenated and 
nitrogenated products of the parent materials were carried out on the DRON-4-07 diffractometer with  -
radiation at 40 kV and 30 mA. X-ray powder diffraction apparature was used as a Bragg-Brentano type goniometer 
equipped with a backscaterring graphite monochromator. Scans of 2  between 20° and 120° with steps 0.05° and 
counting times of 5 s per point were derived. The refinement of diffraction patterns and determination of the phase 
structure, lattice parameters, and volume of the unit cells of the samples were performed using the Rietveld 
method by program RIETEN for multiphase materials. X-ray diffraction measurements on powder samples has been 
confirmed the results of SEM-analysis that the polycrystalline test alloys Sm2-xHoxFe17 are a mixture of the two 
phases, in addition to the dominant (>90 wt %) phase present a small quantity of -Fe. Moreover the X-ray 
diffraction spectra showed that the alloys with low Ho concentration (Sm2-xHoxFe17 with x = 0,4; 0,8) have the 
Th2Zn17-type rhombohedral structure (space group R m)  while Sm0,4Ho1,6Fe17 crystallize in a hexagonal 
structure  of Th2Ni17-type (space group P63/mmc). As follows from the refinement results the substitution of Sm 
by heavy rare earth elements Ho produces a decrease of the unit cell volume with raising Ho concentration resulted 
in a change in the structure type. 

Hydrogenation was carried out by heat treating in H2 gas at pressures up to 30 atm, a temperature 
220÷20°C for one day. Alloy samples having a mass of approximately 10 g were placed in the stainless steel 
container, which was evacuated for about 60 min at room temperature, and then allowed to react with hydrogen 
gas (99.999% purity) under pressure with heating. Before the process of the nitrogenation was performed single 
hydriding/dehydriding cycle to ensure that the alloys were fully activated, then the autoclave was evacuated by 
heating and slowly cooled to room temperature. After this procedure the pulverized powder of the annealed ingots 
were nitrogenated by heating at 450÷10°C for several days under N2-gas pressures up to 40 atm. The value of y 
in Sm2-xHoxFe17Hy was determined to be between 4 and 4,8; the maximum nitrogen content was determined to 
be 2,5H/f.u. All hydrides and nitrides retained the same Th2Zn17- and Th2Zn17-type structure as their parent 
compounds. The X-ray reflections of Sm2-xHoxFe17Hy and in particular Sm2-xHoxFe17Nz are shifted to lower 
angles as a result of the lattice expansion compared with starting samples.  

Next, the powders of nitrides were ball-milled in a high energy planetary ball mill Fritsch pulverisette 6, 
set at speed 300 rev/min, under an argon atmosphere in order to form the finer particle. Samples were milled for 
15, 30, 45 min, respectively. The crystal structure and morphology of the as-milled Sm-Ho-Fe-N powders were 
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characterized by XRD and SEM.  
Magnetic properties at temperature 300 K of all original materials, Sm2-xHoxFe17Hy- and Sm2-

xHoxFe17Nz-based pseudoquadruples compounds, Sm-Ho-Fe-N powders prepared by ball milling were measured 
by a vibration sample magnetometer of two types: VSM-250 and PPMS EverCool-II magnetometer in a maximum 
magnetising field of 2 and 9T, respectively. It was established that as the content of Ho increases, the saturation 
magnetization of  (Sm1-xHox)2Fe17 compounds decreases, this tendence take place as well as among their 
corresponding hydrides and nitrides. In general it was determined that the Sm-Ho-Fe-N powders milled for 
different time have better intrinsic magnetic properties than parent samples, their hydrides and nitrides before RT 
milling. 

In view of the presented results, we have given some additional information in regard to the  structural and 
magnetic properties of Sm-Fe-based alloys modified by partially substituting Sm with Ho and their interstitially 
hydrided and nitrided compounds. 
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Abstract. We had developed the design of the stand for determining the mechanical properties of materials. 

The SiO2/Si3N4/SiO2/Si3N4 membranes of circular shape of various diameters had been studied. The magnitude 
of the biaxial module was obtained analytically from the mathematical model and was calculated on the basis of 
experimental data. There was a good correlation between the results obtained. The type of deformation was 
established when center of membrane deviates from excess pressure. The value of critical excess pressure of the 
structure was determined for different diameters. It had established that circular membranes of different diameters 
withstand the same value of external force. 

 
Introduction. A key role in the micro electronic and mechanical systems (MEMS) is played by a membrane 

that consists of one or several layers. Each layer has its own mechanical properties. The performance of MEMS 
strongly depends on the mechanical properties of materials used. Accurate values of mechanical properties (elastic 
properties, internal stress, strength, fatigue) are necessary for obtaining the optimum performances. lastic 
properties are necessary in prediction of the amount of deflection from an applied force and material strength sets 
device operational limits[1]. For example, during the operation of the X-ray source, a vacuum is created and 
therefore the membrane must withstand the pressure drop[2]. Also, in view of reliability and life time requirements, 
mechanical characterization of MEMS materials becomes increasingly important. Small size of MEMS devices often 
leads to their usage in harsh environments, and good knowledge of mechanical properties may lead to elimination 
of some of the mechanical failure modes through proper material selection, design, fabrication and packaging 
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processes [1]. 
Construction of stand. The values of mechanical properties were determined on the developed stand (Fig.1). 

 

Fig.1 The design of the stand for determination of mechanical properties 

The pressure from the compressor was fed to the reducer, which has a maximum pressure limit of 5 (atm). 
A receiver was installed to reduce pressure drop between reducer and crystal. Several manometers were used in 
circuit. Manometer was installed between receiver and platform with a crystal. A measurement step of 0.05 (atm) 
and a measurement limit of up to 2.5 (atm). The second manometer showed pressure from compressor. It was 
found that the focal length between the surface and the objective should not exceed 5 mm to obtain accurate 
data. The platform with a crystal consists of a metal cover, a crystal glued to the textolite, and a rubber washer. 
Made a hole in the metal cover and textolite for working with an optical profilometer. 

Experiment. We had used a silicon plate with a diameter of 150 (mm) with a thickness of 460( m). A 
membrane had formed on a Si crystal of square shape with a side of 6 (mm). The membrane consists of four 
dielectric layers of silicon oxide and nitride with a total thickness of 1.26( m). The topology of set of membranes 
was a circle with a diameter of 1.0 (mm), 1.4 (mm) and 1.8 (mm), located in the center of the crystal. Figure 2 shows 
the measurement results for a 1.0 (mm) diameter structure. 

 

Fig.2 Dependence of deflection of a membrane 1.0 mm in diameter from excess pressure 

It can be seen from the graph that elastic (reversible) deformations are present in the membrane. The critical 
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excess pressure P* is 1.6 (atm) for a diameter of 1.0 (mm). 
The bulge method of dependence of deflection w from external force (pressure) makes it possible to 

determine the mechanical properties (biaxial module E/(1- ) and critical excess pressure) of the membrane by the 
formula 1 [1,3]: 

a
wtE

a
wtP o  (1) 

where P is the excess pressure, w is the deflection of the center of the membrane; o, a, t, E and  are 
residual stress, radius, thickness, Young's modulus and Poisson's ratio of the circular membrane. 

The bulge method is based on the principle: membrane surface is flat without excess pressure. Applying an 
external action (in our case, an excessive air pressure by means of a compressor) perpendicular to the plane of the 
surface of test crystal, it is possible to measure the dependence of deflection of membrane on external force.  

The value of residual stresses 0 had determined by the method developed earlier by the authors [4] by 
means of a profilometer and amounted to 200 (MPa). The magnitude of the biaxial module E/(1- ) had calculated 
by the formula (1): Ø 1.0 (mm) 132(GPa); Ø 1.4 (mm) 156 (GPa); Ø 1.8 (mm) 143 (GPa). The value correlates with 
the experimental result for a membrane consisting of one pair SiO2/Si3N4 190 (GPa) [5]. Also, the value of critical 
excess pressure had determined: Ø 1.0 (mm) 1.6(atm); Ø 1.4 (mm) 0.8 (atm); Ø 1.8 (mm) 0.5 (atm). The results 
confirm that the size effect and technological parameters of the process affect the elasticity characteristics of 
materials[1]. 

It is known from [6] that Young's modulus of oxide silicon E(SiO2) is 70 (GPa), Poisson's ratio of oxide silicon 
(SiO2) is 0.2, Young's modulus of nitride silicon E(Si3N4) is 270 (GPa), Poisson's ratio of nitride silicon (Si3N4) is 

0.27. Further, we had calculated by formula (2) the value of the Young's modulus of the membrane Em from 
mathematical model presented in [7]:  

NSi

NSiNSi
m HHsio

HEHsioEsioE  (2) 

where HSiO2 is thickness of SiO2, HSi3N4 is thickness of Si3N4.  
Similarly, the Poisson's ratio had calculated. In our case, Hsio2 is 1.0 (um), HSi3N4 is 0.26 (um), Em is 111 (GPa), 

um is 0.21. Hence, analytical value of biaxial module Em/(1- m) of membrane SiO2/Si3N4/SiO2/Si3N4  is 142 (GPa). The 
experimental and analytical value correlates well.  

As is known, the magnitude of the force F is equal to the product of the pressure on the area (formula 3): 
aPF (3) 

As a result of the experiment it had established that circular membranes of different diameters can 
withstand the same value of external force. The value of external force is 125 (mN). 

Summary. We had presented design of the stand by bulge method. Stand allows to control the change in 
the deflection of the membrane from excess pressure in steps of 0.05 (atm). Experimental value of biaxial module 
E/(1- ) of membrane SiO2/Si3N4/SiO2/Si3N4 is 144±12 (GPa). It has been established that as the area of the 
membrane decreases from 2.54 (mm2) to 0.785 (mm2), critical excess pressure P* increases from 0.5 to 1.6 (atm). 
The reversible deformation of deflection of the membrane from the excess pressure had shown. The limiting force 
of the external action on the membrane was independent of the surface area and was 125(mN).  
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Annotation. In this paper was to study the effect of alloying Cr and V steel on the phase composition and 

microstructure. Investigation of the phase composition and microstructure of steel before and after doping were 
done with the help of transmission electron microscopy (TEM). It is found that the alloying of the steel resulted in 
a change of the crystal lattice  
parameters -phase and decrease the dislocation density scalar. 
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RESEARCHES OF TWO-COMPONENT COATINGS BY METHOD OF THE DIFFERENTIAL SCANNING CALORIMETRY 
 . .,  . . 

Denisova A.G., Ovechkina T.A. 
,   «   », aliona.denisova.tlt@gmail.com 

        -  
.           

,          . 
 
This work presents the results of the study and obtaining an electrolytic copper-zinc coating. Research in 

oxygen atmosphere on differential scanning calorimeter has shown that morphology of the coating and the 
concentration of zinc in it are changed. 

 
         

    ,  ,     
     [1].   ,       

,     , , , , ,   .   
            

    [2].         
 .       :  

     [3],     [4]. ,  
     .     

 [5-8]        ,   
  [8].  

       ( - ) 
,    .      ,  

        ,  
       [2, 9]. ,     

    .      
    -        



258 
 

  ,          
.  
         

.  :  (II)  - 10 / ,  (II) ,    
 1   – 100 / ,   2 – 200 /    .   

    -  ElinsP-150J    
  400    30   ,     [10, 11].  

          
   (  Carl Zeiss Sigma).   ( ) 
     (Carl Zeiss Sigma).     
    (Thermo Scientific Surfer).  
     (5,9±0,2)     
  ( ) HITACHI EXTAR X-DSC 7000    :  

      25  600°        
 10° /      50 / . 

-         
  ( . 1 )   -  ,   

      350   500 ,     , 
    .       

  50 2 -1 [10].       -  
   (   )    -   

  ( . 1 ).      ,   
       ,   

.         17 .% , 79 .% , 4 .% 
,               

    2  (58 .% , 15 .% ).     
      . 

. 1 -  : ,  -  ; ,  -     
  ( , ).   1 - , , ;   2 - , ,  



259 
 

  1 ,         
 ,    .     . 

       ,     
( . 1 , ).     50 °   220-230 °        -

 ,   .      
       .      

.   .    1 ,    2.   
,    200° ,      .  

     .   ,      
    4 .%  11 .%   1  2 .    

     1 – 11 .%,  2 – 16 .%,    
   ,   .  

 ,     ,   
   -      (  200 ° )  

     (  )  .   
        ,  ,  

  .  -      
. 

 

           16-02-
00517  

 : 

 
    ,   

  
 3  

  . .,  . .,  . .,  . . 
. 2015. . 51. . . 1317. 

  . .,  . .,  . .,  . . 
. 2017. . . 20-24. 

  . .,  . .,  . ., 
 . .,  . . . 2017. . 7. . . 120-124. 

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

:       .  2-  . 
  . .  . 2017. . 284-286. 

 

  . .,  . .,  . ., 



260 
 

 . . . 2017. . 14. . 
. 9-15. 

 / Y. Okamoto [et 
al] // Chem. Lett. – 1984. - 

 

  -3- ,    
AZOSPIRILLUM BRASILENSE SP7  CD,  - -  

MONITORING OF THE ACCUMULATION OF POLY-3-HYDROXYBUTYRATE SYNTHESIZED BY AZOSPIRILLUM BRASILENSE 
STRAINS SP7 AND CD USING FTIR SPECTROSCOPY 

. . , . . , . .  
Yu.A. Dyatlova, A.V. Tugarova, A.A. Kamnev 

,        , e-mail: 
jdyatlowa2013@yandex.ru 

  ( ) -     -3-  
( ;  ,        , 

      )   
Azospirillum brasilense Sp7  Cd    , . .     

    ,         
. 

 
The accumulation of poly-3-hydroxybutyrate (PHB, synthesized in microbial cells under certain stress 

conditions, which is an environmentally safe substitute for traditional plastics) by the bacterium Azospirillum 
brasilense (strains Sp7 and Cd) under trophic stress (i.e., at relatively low concentrations of the bound nitrogen 
source in the medium) were studied and the optimal conditions for its most intensive synthesis have been 
determined using FTIR spectroscopy. 
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 -   (   )    , :  C–H-
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      1720–1750 –1;   –
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,     )  . 
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          .     
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      –   ).  

          –   
       ,    2  3 . 
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0,5 /     ,   , . .       
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Kamnev A.A., Tugarova A.V., Tarantilis P.A., Gardiner P.H.E., Polissiou M.G. Comparing poly-3-hydroxybutyrate 
accumulation in Azospirillum brasilense strains Sp7 and Sp245: The effects of copper(II) // Appl. Soil Ecol. – 
2012. – V. 61. – P. 213–216. 
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PHASE TRANSFORMATIONS IN PROTON-IRRADIATED TIN-IRON LAYERED SYSTEM  

 . .1,  . .2,  . .1  
Zhubaev A.K.1, Kantarbay Ye.A.2, Salikhova Zh.A.1  

1 - ,     . . , mosslab.kz@mail.ru  
2 - ,    , mosslab.kz@mail.ru 

       Sn(4 )-
Fe(10 ),   .      

 .          - . 
 
The investigations of proton irradiated layered system Sn(4 m)-Fe(10 m) are performed. The formed 

phases were established and identified. The concentration of Tin atoms in alfa-Iron based solid solution was 
determined.  

 
        ,  
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 , ,     [1].   
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 5 .        -Fe. 

        
  [4]. 

     ( . .1). 



265 
 

. 1 –  :  

 –    -Fe;  –   
Sn(4 m)-Fe(10 m)   ;  – 

   

    
 57Fe    -Fe ( .1 ). 

    
 (Hn 330 ) ,   

 ,    
- ,   

    
   .  

   
DISTRI-M [4]   

  .  
     

    FeSn  
Fe3Sn2 [5,6].    
 .1. 

 1 –    (full)  

Parameter Phase 1 Phase 2 
Phase 3 
1 2 3 All  

I, % 14.4±0.6 8.2±0.5 2.1±0.5 3.9±0.6 71.4±0.8 77.4±1.1 

, mm/s 0.52±0.06 0.00±0.11 0.08±0.03 0.06±0.03 0.03±0.04 0.04±0.04 

, mm/s –0.10±0.05 0.26±0.09 –0.02±0.03 –0.01±0.03 0.00±0.04 0.00±0.04 

Hn, kOe 110.8±0.5 191.3±1.0 281.4±1.7 302.0±0.9 328.3±0.1 325.7±.04 

, ,   3    ( .2),   3   
    .  ,       
    ,      

 ,       .    
     ,  - ,    

,    .    
  .1 .  

         ( .2).  
       ,   330     

( .2),          8  , 7 
   1  , 6    2  , . 

 2 –     (central area)  
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Parameter Phase 1 Phase 2 
Phase 3 
1 2 3 All  

I, % 18.8±0.4 6.8±0.3 2.4±0.5 6.3±0.6 65.8±0.7 74.4±1.1 

, mm/s 0.44±0.03 0.08±0.14 0.07±0.03 0.06±0.03 0.04±0.03 0.04±0.03 

, mm/s –0.14±0.03 0.32±0.14 –0.01±0.03 –0.00±0.03 0.00±0.03 0.00±0.03 

Hn, kOe 104.7±0.4 191.4±0,9 275.6±1.5 302.2±0.6 327.9±0.1 324.1±.04 

 .3         
 m      .      

         1%  1,52%. 

. 2 –    
      -Fe(Sn) – 

 3 

 

. 3 –    
     

          
,             - .  
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METHOD OF SELECTION OF GAS-LIQUID CHROMATOGRAPHS FOR EVALUATION OF THE PROPERTIES OF ORGANIC 
SOLVENTS OF SPECIAL PURITY. 

 . 
Zabolotnaya E. 

,    , zabolotnaya.e@inbox 

      -  
         

  . 
Systematic studies of the choice of a rational configuration of the instrumental-analytical complex for the 

analysis of chemical reagents by gas-liquid chromatography of organic solvents of special purity were carried out. 
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METHOD OF CONSTRUCTION OF THE UNITED STRENGTH CRITERIA FOR STRUCTURAL MATERIALS WITH THE 
SPECIFICITY OF DEFORMATION 

ELEMENTS OF STRUCTURES 
 . . 

Zenkov E.V. 
,   , jovanny1@yandex.ru 

  -      
,        –      

        ,   
      ,         

.         
 ,           ,  

 .       ,   
    .  

 
We propose an improved calculation and experimental technique for evaluating the strength of the 

structural element, combining the elements of these two methods - on the basis of the so-called combined 
strength criteria and analysis of the results of laboratory tests of special specimens having the same type of stress-
strain state (SSS) in the focus of their destruction As in the focus of possible destruction of the structural element 
in question. The implementation of the methodology is based on the selection of appropriate experimental 
laboratory samples, the type of SSS in the working area of which coincides with the type of construction SSS, the 
strength of which is estimated. An algorithm for determining the strength parameters entering into the equation 
of the limiting state of the material of the structure is given. 
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         .1  ZnSb             .2  MgZnSb   

         : 50%Zn  50%Sb.                            : 45%Zn, 50%Sb, 5%Mg. 

   , ,      
 .  ,    ,     

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

 : 
 . ,  . .,  . .,       Zn-Sb  Cd-

Sb   //   , 1997,  39.  9. .1509-1512. 
 . .,  . .,  . .,  . ., -  . .,  . ., 

   ZnSb  //    , 
2014,  48.  4. .448-453. 
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 // Journal of Siberian Federal University. Engineering & Technologies 6 (2013 6) 

657-664. 
Synthesis, Structures and Properties of Thermoelectric Materials in the Zn-Sb-In System by Yang Wu// A 
Dissertation approved April 2011 by the Graduate Supervisory Committee:Ulrich Haussermann,Chair Dong 
Seo, William Petuskey, Nathan Newman. 
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RECOVERY EFFICIENCY OF AXIAL PISTON PUMPS BY THE METHOD OF OPPOSING DEFORMATION 
 . .,  . . 

Kapustin V.V., Pilyushina G.A. 
, . ,     

 Russian Federation, Bryansk, Bryansk State Technical University, vovakapustin1990@mail.ru 

        . 
        , 

            
        . 

The methods of restoration of sliding bearings in a bronze bushing. The estimated effect can be achieved 
by methods of plastic deformation boxer, which is implemented due to the impact of the rollers are equal in 
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magnitude and opposite in direction to the efforts of the deformation at two diametrically opposed areas of the 
part. 
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NUMERICAL AND ANALYTICAL METHODS FOR SIMULATION OF GROWTH AND INTERACTION OF CRACKS 

 . .,  . . 
Kasparova E.A., Shushpannikov P.S. 

,     . . .   (  ) 
korserpentis@mail.ru 

         
       -  .     

       ,   
 .          

      . 
 
A finite element plane model and numerical iterative method for modeling the quasi-static growth of a 

crack and an array of cracks in linear elastic bodies are developed. For some practically important problems the 
trajectories of interacting cracks were obtained using both numerical and analytical approaches. The obtained 
numerical results are in good agreement with experimental results known from the literature and with analytical 
results obtained in this paper. 
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LASER INTERFEROMETRY FOAM CONCRETE 

 . . ,  . . ,  . .  
Kondrashchenko V.I. , Kesarijskij A.G. , Kazakov A.A.  

 ,       
 «    ( )» 

,  «   , .  
kondrashchenko@mail.ru 

         
. 

 
By the methods of laser interferometry is studied the behavior of foam concrete under  

the action of compressive loads. 
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CONCENTRATION DEPENDENCE OF SURFACE TENSION OF SODIUM ALLOYS BASED ON TIN 
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   ( ) 19   Sn-Na      

 0,06  5,00 .% Na        = 573 . ,   
        .      
,      ,      

1,5 .% Na  . 
 
The concentration dependence of the surface tension (ST) of 19 alloys of the Sn-Na system in the range of 

compositions with a content of 0,06 to 5,00 at.% Na was studied by the large droplet method using high-purity 
components and a corresponding ST isotherm for T = 573 K was constructed. It has been established that small 
additions of sodium to tin significantly reduce the ST of the studied melts. Calculations of sodium adsorption in 
alloys have shown that there is a maximum on the adsorption curve corresponding to alloys with a content of 
about 1,5 at.% Na in tin. 
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DEVELOPMENT OF THE DYNAMIC LIGHT SCATTERING METHOD FOR THE ANALYSIS OF THE PARAMETERS OF 
NANOOBJECTS OF VARIOUS NATURE AND FORMS 

 . .,  . .,  . .,  . .,  . .,  . . 
Levin A.D., Nagaev A.I., Sadagov A.Yu., Shmytkova E.A., Stolnikov G.A., Katz N.D.,  

, ,  « », e-mail: levin-ad@vniiofi.ru, anton.sadagov@gmail.com 

 
          

         . 
 
Annotation 
Development of the dynamic light scattering method allows to improve non-spherical nanoparticles sizing 

and measure number concentration of nanoparticles in suspension. 
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USING THE METHOD OF PAIR FUNCTION OF RADIAL DISTRIBUTION OF ATOMS FOR REFINEMENT OF THE PHASE 
COMPOSITION OF NANOCOMPOSITE AND AMORPHOUS COATINGS 

 . .1,2,  . .2,  . .1,  . .2 

Levin I.S. 1,2, Khrushchov M.M. 2, Avdyukhina V.M. 1, Schergunov V.A. 2  
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 . 

 
For many composite materials, in particular coatings, there is a problem of determination of their phase 

composition. X-ray phase analysis may not always give an unambiguous result because of diffraction peaks on x-
ray pattern can be significantly broadened and overlap. In this case, it can be effective to calculate from x-ray 
diffraction data of pair radial distribution function of atoms. The position of its local maxima correspond to the 
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characteristic interatomic distances in the material, and character of damping of its oscillations corresponds to the 
radius of the interatomic correlations. 
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Materials Based on Bismuth and Antimony Halcogenide Solid Solutions Obtained by Melt GRANULATION in Liquid 
 . .,1  . .,1  . .,1  . .,1  . .,1  . .2 

Malchev A.G., Ivanova L.D., Petrova L.I., Granatkina Yu.V., Nikhezina I.Yu., Nikulin D.S. 
1 - , ,         

 . . .    , 
 wilkanaris@gmail.com 

2 - , , ,  «   » 

      Sb2Te3 Bi2Te3 (p-  )  
Bi2Te3 Bi2Se3 (n-  )       ,  

   ,      . ,  , 
  ,    ,      

 . 
 
The influence on conditions of receipt of Sb2Te3 Bi2Te3 (p-type conductivity) and Bi2Te3 Bi2Se3 (n-type 

conductivity) solid solutions compacted by hot pressure and extrusion from granules prepared by melt hardening 
in liquid on their mechanical and thermoelectrical properties was investigated. It was determined the samples of 
the extruded granules crushed in a planetary mill have the higher strength and thermoelectric efficiency. 
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Bi2Te2.4Se0.6 n-   (  7-11) 

 

,         , 
  ,   .   

       ,    
. 

            
   ( ),        

  HNO3:H2O = 1:1      ( .1).   
      ~ 100 ,      –   1-10 .  

 

. 1.          -  -
 ,        ,     

 ( . . 1):     3, 9;    3;   7;   6;   1;   10;   4;   4; , , , , ,   
; ,     

        150°C, 250°C  350°C ( . 2).   
      ,     ,    

 ,     (  = 2 %,  ~ 1 %).  



294 
 

 

. 2.        1, 3  4 p-  
 ( )   8, 9  10 n-   ( ).      

. 1.    –   [3] 

   [3],    350°C     
 Bi0.5Sb1.5Te3 -  ,   ,   

,   ,     (    . 2 ).  
          ,  

       ,     
    -,   -   ( . 2 , )    

.  ,          
   250–300° .  

             
     p-   ~ 40 ,    -   ~ 50 

,   3 5     ,     .  
  ( ),  ( )   ( )    

 .       : 
,   –  ,  (  –  ,  –  

 ).       ZT . 

     2. 

 2 –    300   -   (  1-4)  
Bi2Te2.4Se0.6 n-  ,   (  5-7),   

  ,       ( .)   
   

 

 



295 
 

   ZT           
     Bi0.5Sb1.5Te3  ,     

     . 
     ,   16-08-00033. 

 : 
 . .,  . .,  . .,  . .,  . .    
       //  . 2016. . 52. 

 3. . 289 296. 
 . .,  . .,  . .,  . ,  . .,  . .,  . . 

 . 2016. .52.  8. . 815 821. 
 . .,  . .,  . .,  . .,   . .,  . .,  . . 

    (Bi,Sb)2Te3,     
   //   . 2016. . 42.  2. . 96 103. 

        57FE  119SN  
  GD1-XCAXFE0.997SN0.003O3-W (X=0; 0.2) 

MÖSSBAUER SPECTROSCOPIC CHARACTERIZATION OF THE ELECTRONIC STATE AND LOCAL SURROUNDING OF 57FE AND 
119SN IN GADOLINIUM ORTHOFERRITES GD1-XCAXFE0.997SN0.003O3-W (X=0; 0.2) 

 . . 
Mezhuev E.M. 

, ,     . . ,    
, mezhuevdzeko@gmail.com 

     57Fe  119Sn   
            

 Gd1-xCaxFe0.997Sn0.003O3-w (x = 0; 0.200),   -  . 
    (TN = 608 K). ,    

Gd0.800Ca0.200Fe0.997Sn0.003O2.98,    ,     
  Fe3+  Fe4+(5+). ,     H2       +3; 
        . 

 
The electronic state and the local environment of the matrix iron ions and the impurity tin ions in the 

orthoferrites Gd1-xCaxFe0.997Sn0.003O3-w (x = 0; 0.2), synthesized by the citrate sol-gel method, were characterized by 
Mossbauer spectroscopy on 57Fe and 119Sn nuclei. The antiferromagnetic ordering temperature were determined 
as TN = 608 K. It is established, that in the sample Gd0.800Ca0.200Fe0.997Sn0.003O2.98, obtained by annealing in air, the 
deficit of the positive charge is compensated by oxidation of Fe3+ ions to Fe4+(5+). It is shown, that after annealing 
in H2 all iron ions are in the oxidation state +3; so the charge compensation is because of the formation of oxygen 
vacancies.  
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 Gd1-xCaxFe0.997Sn0.003O3-w (x = 0, 0.200; 
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INVESTIGATION OF THE FORMULATION OF COMMODITY OILS FOR GAS TURBINE ENGINES TO THE EDUCATION OF HIGH-
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In all internal combustion engines, regardless of their class and type, different types of carbon deposits are 

formed during operation that disrupt the combustion process, increase the wear of friction parts and can disable 
entire engine assemblies.  In the presented work, the propensity of commercial oils for gas turbine engines to the 
formation of high-temperature deposits on a laboratory installation "inclined plate" according to the methods of 
GosNIIGA was studied. The applied method allows to predict the oil behavior during operation of gas turbine 
engines up to 350° . 
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SIMULATION OF POLYGONAL DISLOCATION IMAGES ON X-RAY SECTION TOPOGRAMS 
 . . 
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In this work results of investigation of X-ray diffraction contrast for polygonal dislocations are presented. 

The contrast simulation is based on numerical solution of Takagi-Taupin equations. The three-dimension analytic 
solution for a dislocation half-loop in an elastically isotropic half-space is used to describe crystal lattice distortion. 
Different cases of slip plane orientation and Burgers vector of dislocation as well as various values of dynamical 
parameters are considered. 
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EXPLOSION OF MICRO PARTICLES OF MOLTEN METAL 
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The paper compares the cooling of large and small particles of molten metal. Reducing the particle size 

results in a relatively large surface area. Small particles cool faster than larger ones. A solid shell is formed on the 
surface of the particles, which begins to compress the molten metal. A hard shell can quickly cover the entire 
microparticle and begin to shrink. From high pressure, an explosion of a microparticle occurs with the destruction 
of a solid shell. In large particles of molten metal, this phenomenon is not observed, because a solid shell can not 
quickly cover the entire particle. 
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   Tm3+  .  
 
The absorption bands of rare-earth ions and hydroxyl groups were studied in the samples of high-purity 

tellurite glasses doped with oxides of Er, Tm, Dy. The glasses were obtained by melting a mixture of oxides in gold 
or platinum crucibles inside a quartz glass reactor in an atmosphere of purified oxygen. The low level of hydroxyl 
groups absorption allowed to reliably study the luminescence characteristics of the REI in the near and mid-IR 
ranges. The concentration dependences of the luminescence bands intensities of electron transitions and the 
lifetimes of the excited levels of the Er3+, Dy3+, and Tm3+ ions were studied. Experimental generation was obtained 
at the wavelength of 2.3 m in an optical element of Tm3+-doped tellurite glass. 

 
Tellurium dioxide based glasses containing oxides of tungsten, zinc, molybdenum, bismuth, alkali metals 

and rare earth elements are promising material as an active medium for the bulk, planar and fiber coherent light 
sources in the near and middle IR ranges. They are characterized by a high transparency in the near and mid-IR, 
highly nonlinear optical properties, a sufficient stability against crystallization and excellent rare earth oxides 
solubility. The area of possible applications in the IR region is much wider than for silicate glasses and extends up 
to 5-6 m for bulk and planar devices and up to 3.5-4.5 m for step-index optical fibers. The main obstacle for 
their extensive applications is the difficulty to obtain the glasses with low concentration of 3d-transition metals 
and particularly OH-groups, as well as insufficiency of the luminescent properties data of such high-purity glasses. 
At the same time possibility of producing of optical fibers with low loss up to 3-3.5 m [1], the efficient 
luminescence of REE ions [2] and high nonlinear optical properties [3] were already demonstrated. 

Tellurite glasses were prepared by melting a mixture of oxides in crucibles of gold or platinum inside sealed 
a silica chamber in a purified oxygen atmosphere. The oxides, made by original techniques [4,5], as well as 
commercially produced oxides were used for glass synthesis. The zinc-tellurite with the addition of modifying 
components of lanthanum and sodium oxides stable against crystallization were developed as host compositions. 

After several hours of melting, the melt was poured into a quartz glass mould, and then the samples were 
annealed at a glass transition temperature. The high-purity glasses were characterized by 2-3 ppm wt content of 
3d-transition metals and extremely low OH-group absorption up to several thousandths of cm-1 at the stretching 
vibrations peak at about 3 m [6]. Series of samples with different concentrations of rare earths and hydroxyl 
groups have been also prepared for the comparative analysis of target properties. 

The visible and IR spectra were registered, absorption coefficient spectra were calculated from transmission 
spectra by the Beer–Lambert–Bouguer equation: the volume absorption coefficient  = ln (1/T) / L, where T is the 
transmittance; L - sample length. The luminescent properties of rare earth ions in the near and middle IR ranges, 
including decay times under various excitation wavelength were investigated as well. 

Rare earth doped glasses are transparent in the 0.4-5.2 m wavelength region (Fig. 1). The absorption bands 
of rare-earth ions with maxima at about 1.5 ; 1.7, 2.8 and 3 ; 1.7 m are observed in transmittance spectra of the 
tellurite glasses samples doped singly with different content of Er2O3 ; Tm2O3 or Dy2O3, accordingly. The absence 
of characteristic absorption bands of other rare-earth ions confirms the low content of impurities. Thanks to the 
use of the original procedure of melt dehydration, the absorption bands of hydroxyl groups at around 1.5, 2.3 and 
3.3 m are not manifestly observed at the thin samples spectra. From measurements of large-sized samples 
hydroxyl groups absorption is as low as n×0.001 cm-1 in all samples at the maximum of the main band near 3.3 

m. 
Low OH-absorption level allowed to investigate correctly the emission properties of the rare-earth dopants 

inside the spectral regions of hydroxyl groups absorption bands. The pumping wavelengths were determined from 
the absorption spectra in the visible and near-IR spectral regions. 
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Fig. 1   Transmittance spectra of the tellurite glasses samples of 2-2.3 mm thick doped singly with 
different content of Er2O3, Tm2O3 or Dy2O3 (hydroxyl groups absorption as low as n×0.001 cm-1 in all samples) 

While excited at 0.975 m, broad luminescence bands with maxima at ~1.5 and ~2.8 m corresponding to 
electronic transitions 4I13/2-4I15/2 and 4I11/2-4I13/2 of Er3+ were recorded (Fig. 2). The luminescence intensities increase 
with the concentration of erbium oxide in both cases, the concentration dependences for both bands contain no 
extremes and are close to linear. Luminescence intensities and decay times increase with OH content decreasing. 
The luminescence decay times for ~1.5 and ~2.8 m bands are at the level of 8-10 and 0.2-0.25 ms, respectively, 
for the best samples. The results of the study showed that tellurite glasses doped with erbium ions are of 
considerable interest for laser generation at ~2.8 m. 

Luminescence band of Dy3+ with maximum at 2.9 m corresponding to electronic transition  6H13 2-6H15 2 
was found for the tellurite glass sample doped singly with Dy2O3 under 0.8 m excitation (Fig. 2). The luminescence 
decay time is equal to ~13 s. 

Three emission bands of Tm3+ with maxima at 1.46, 1.8 and 2.3 m corresponding to electronic transitions 
3H4-3F4, 3F4-3H6 and 3H4-3H5, respectively, were recorded under 0.8 m excitation of the tellurite glass samples 
doped singly with Tm2O3 (Fig. 2). The lifetimes of the 3H4, 3H5, 3F4 levels have been determined experimentally. The 
luminescence intensities and decay times slightly depend on the erbium oxide and hydroxyl groups contents for 
all investigated bands within the area of low concentrations. For the first time lasing around 2.3 m was obtained 
in an optical element of tellurite glass excited with a pulsed ruby laser. 
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Fig. 2   Luminescence spectra of the tellurite glasses samples of 2-2.3 mm thick doped singly with 
different content of Er2O3, Dy2O3,Tm2O3 under excitation of 0.98 ; 0.8 ; 0.8 m, accordingly. 

It was shown that the "hydroxyl-free" tellurite glass can be a suitable host for bulk and fiber lasers emitting 
at ~ 2.3 and ~2.8 m using 3H4-3H5 and 4I11/2-4I13/2 transitions of Tm3+ and Er3+, respectively. 
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In the presented work predigen rapid method for determining nalona the left branch of the fatigue curve 

by applying interpolation functions to obtain experimental dependencies of the frequency of the loading cycles. 
These dependences allow one to determine the value of the angle of inclination of fatigue curve at any frequency 
cyclic loading within those experimental data are available. Thus there is no need to conduct the experiment, if 
the frequency of loading it is not, but the required value of indicators of fatigue resistance at the required frequency 
of loading included in the range of values for which experimental data are. 
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Thermodynamic modeling and possibility of industrial sufficiently deep decarburization of the metal in the 

final stage of melting steel in an electric arc furnace-staleplavil for the carbon content in the metal before the 
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release of lower than 0.05% pa mass parallel to reduce oxidation by stirring the melt with an inert gas. 
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EVOLUTION OF ELASTIC AND MICROPLASTIC PROPERTIES OF TITANIUM AND ITS ALLOYS AFTER INTENSIVE PLASTIC 
DEFORMATION. 
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For titanium and alloys based on it, factors that affect their elastic and microplastic properties are 

considered after intense plastic deformation (IPD). The influence of the dislocation contribution, the formation of 
nanopores, the formation of high internal stresses, as well as the state of the initial structure (before IPD) are taken 
into account. 
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Abstract: During this work a complex of inclusion of umifenovir with hydroxypropyl- -cyclodextrin was 

received and researched due to spectral and thermoanalytical methods. For lack of characteristic endothermic 
peaks on the thermogram of our test sample by the method of differential scanning calorimetry formation of 
complex of inclusion was confirmed. The composition of obtained complex was identified by characteristic signals 
of original components using 1 -NMR-spectroscopy.  
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 FE-NI-CO-CU 

PHASE EQUILIBRIA INVESTIGATION OF THE FE-NI-CO-CU SYSTEM AT THE HIGH TEMPERATURE RANGE 
 . .,  . .,  . .,  . . 

Novozhilova O., Sinyova S., Ilatovskaya M., Starykh R. 
, -     ,  

olya-novozhilova@inbox.ru 

         
      Fe-Ni-Co-Cu   

 ,     ,   
   .      

  .       
     Fe-Ni-Co-Cu,       

  .        
 .  

This work is devoted to the study of high-temperature phase equilibria and construction of liquidus and 
solidus surface projection of the quaternary Fe-Ni-Co-Cu system with the use of experimental methods, in 
particular, differential thermal analysis (DTA), scanning electron microscopy and electron probe microanalysis 
(SEM-EPMA). The special attention is focused on study of miscibility gap in solid state. Obtained results are liquidus 
and solidus surface projections of quaternary Fe-Ni-Co-Cu system, shown as the set of sections with constant 
composition of iron. The boundaries of solid state miscibility gap are defined. 
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ANALYSIS OF FLAT ROD CONSTRUCTIONS WITH THE ACCOUNT OF GEOMETRIC NONLINEARITY 

 . . 
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     . 
 
The aim of the work is to obtain nonlinear components of the stiffness matrix for a flat rod. The results 

presented in this paper were obtained for the first time. Algorithms for obtaining non-linear components of the 
stiffness matrix of a flat rod during bending are developed, a program is developed and implemented in the 
computational complex “PRINS”. As part of “PRINS”, the program was tested using the example of calculating a 
cantilever beam, for which a theoretical solution is known. The results of the testing confirmed the reliability of 
the conclusions drawn. 
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THERMOGRAPHIC STUDY OF HIGH-PURITY TELLURITE GLASSES 

. . 1,2, . . 1, . . 1,2, . . 1,2, . . 1 
A.D. Plekhovich1,2, K.V. Balueva1, S.E. Motorin1,2, V.V. Dorofeev1,2, A.M. Kut’in1 
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     -    (86 - x)TeO2–xZnO–
4La2O3–10Na2O,  x = 10, 12, 12.5, 17  20 % ( .).    

        . 
     .   

   .         
 -  ,      

 .       
       .   

73.5TeO2-12.5ZnO-4La2O3-10Na2O      298.15 ÷ 570    
          . 
 
The caloric and volumetric properties of zinc-tellurite glasses of (86-x)TeO2-xZnO-4La2O3-10Na2O 

composition, where x = 10, 12, 12.5, 17 and 20% (mol.) are investigated. The heat capacity and characteristics of 
phase and physical transformations were determined by Differential Scanning Calorimetry (DSC) method. The 
coefficient of thermal expansion was measured by the dilatometric analysis. The temperature dependence of the 
density and thermal expansion coefficient was calculated. Data processing and calculation of thermodynamic 
functions were performed using the model-statistical approach, which allows to extrapolate the obtained data to 
the low-temperature region. Application of the parametric similarity gives also the possibility to predict the 
properties for the unexplored compositions within this series of glasses. The thermal conductivity of glass 
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73.5TeO2–12.5ZnO–4La2O3–10Na2O was measured in the temperature range of 298.15 ÷ 570 K and the character 
of its temperature dependence was established taking into account the data on heat capacity and density. 

 
Tellurite glasses are inorganic glasses with unique physicochemical and optical properties, such as high 

refractive index (nd> 2), wide transmission window (0.35-5.0 m) from ultraviolet to mid-IR and significant optical 
non-linearity.  They also possess sufficient crystallization and chemical stability, high solubility of rare-earth 
elements. 

The aim of study of thermophysical and thermodynamic properties in this work is predicting the optimal 
synthesis conditions and assessing the chemical stability of the investigated glass, which is the medium for doping 
with ions of rare-earth elements. The heat capacity of the glasses within the series in vitreous, supercooled liquid 
and liquid states and the glass transition characteristics of the system were studied by the ratio method and in the 
thermo-modulated mode (TM-DSC) (Fig. 1, 2) at a heating rate of 2.5, 5 and 10 K / min by the differential scanning 
calorimeter Netzsch DSC 404 F1 Pegasus. 

For the most stable to crystallization glass composition 73.5TeO2-12.5ZnO-4La2O3-10Na2O the coefficient 
of thermal expansion (  = 18.2 10-6 deg-1) was measured inside a horizontal quartz dilatometer. The hydrostatic 
weighing method and the bottle method have applied to measure the density ( 20°C = 5.20 g/cm3, 74°C = 5.18 
g/cm3). 

The obtained data on the heat capacity for glasses and their melts were processed by a model-statistical 
technique with a description of the glassy state and a complete set of standard thermodynamic functions was 
calculated. The model parameters found by the nonlinear regression method allowed to extrapolate the heat 
capacity to the low-temperature region, as well as to calculate the temperature dependences of the density and 
CTE. 

For 73.5TeO2-12.5ZnO-4La2O3-10Na2O glass the temperature dependence of the thermal conductivity was 
determined in the temperature range of 298.15 ÷ 505 K. The thermal conductivity was measured using the KIT-
VM (CB "Teplofon") device at room temperature and by means of previously developed DSC technique in the range 
of 430 ÷ 505 K. The results of the thermal conductivity measurements were processed using the fundamental 
relationships which determine its correlations with the density, heat capacity and phonon diffusion coefficient. 

Fig. 1 Temperature modulation and its parameters for the example of glass 
(TeO2)0,735(ZnO)0,125(La2O3)0,04(Na2O)0,1 
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Fig. 2 The total heat capacity and its reversible and non-reversible components based on the results of 

instrumentation of the TMDSK signal on the example of glass (TeO2)0,735(ZnO)0,125(La2O3)0,04(Na2O)0,1 

Thus, the heat capacity of the zinc-tellurite glasses series in vitreous, supercooled liquid and liquid states 
and the glass transition characteristics were obtained. Standard thermodynamic functions were calculated. The 
temperature dependences of the volumetric properties of 73.5TeO2-12.5ZnO-4La2O3-10Na2O glass were studied. 
The behavior of the temperature dependence of the thermal conductivity was established on the basis of its 
relationship with the heat capacity, density, and phonon diffusion coefficient, that makes it possible to extrapolate 
the dependence to unexplored temperature regions. 
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INFLUENCE THE CHEMICAL COMPOSITION OF THE INITIAL COMPONENTS OF EXOTHERMAL MIXTURES AND THEIR 
RELATIONS ON THE PROPERTIES OF THE RECEIVED THERMIT ALLOYS 
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    0,74%. 

 
In the production of alloys by the alumothermy method in laboratory conditions, mainly chemically pure 

components are used: iron oxides and aluminum. In production conditions are used waste with a high impurity 
level: powder scale and chips of aluminum alloys. The main impurities in such materials: manganese, silicon, 
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chromium, nickel, copper. In the process of thermal remelting, the impurities pass into the iron-carbon melt. The 
saturation of the resulting alloys with impurities depends on the ratio of scale and aluminum alloy. At a certain 
content of the reducing agent in thermite mixtures, it is possible to produce iron-carbon alloys with a total impurity 
content of not more than 0.74%. 
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 0,2-1,5    : Al = 98,627%; Mn = 0,019%; Si = 0,855%; Cr = 0,016%; Ni = 0,004%; 

Cu = 0,018%; Fe = 0,462 %      0,2-1,5    : C = 
0,150%; Mn = 1,188%; Si = 2,960%; S = 0,030%; P = 0,030%; Fe = 71,500%; Al = 0,697%; Ni = 0,188%; Cr =0,173%; 
Cu = 0,444%; O2 = 22,639%. 
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     MENO3-AL2O3 (ME=LI, K, RB) 
RAMAN SPECTRA OF COMPOSITES  MENO3-AL2O3 (ME=LI, K, RB) 
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   ( ),  -    
 MeNO3-Al2O3 (Me=Li, K, Rb)      Al2O3   

,      Al2O3. ,   
            

 ,        –  .  
 
The structural-dynamic properties of MeNO3-Al2O3 (Me = Li, K, Rb) composites with nanosized aluminum 

oxide Al2O3 powder at various temperatures, phase states and concentrations of Al2O3 nanopowder have been 
investigated using by Raman scattering. It is shown that a high-temperature metastable phase stabilizes at the 
surface of the nanoparticle at room temperature for potassium nitrate, and of lithium and rubidium nitrates - 
amorphous phase 
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ELECTRON-MICROSCOPIC, OPTICAL AND IR-SPECTROSCOPIC STUDIES OF TRANSITIONAL FORMS OF CARBON 
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Annotation 
Glassy carbon (GC) is the most important structural material, widely used in the chemical industry, in aircraft 

and machine building, in the smelting of ultrapure alloys, in the creation of composite materials with a given high 
strength, elasticity, electrical conductivity, chemical inertness properties. The physico-chemical and structural 
properties of  products from GC can be widely varied by treatment to temperatures of 3500 K [1-4]. Thermal 
treatment leads to structural changes that alter the ratio of carbon in states with sp-, sp2-, sp3-hybridizations, 
impurity content, porosity of the material. The study of the structure, structural transformations in GC, especially 
in the surface layer, is an actual fundamental and applied problem of physical material science. 

The aim of the work was the experimental study of structural features and transformations in the natural 
surface of GC samples heat-treated in an inert atmosphere in the temperature range 1500-3500 K, by scanning 
electron microscopy (SEM) and FTIR spectroscopy (FTIR). 

Research results 
In the work, the FTIR methods of diffuse scattering and SEM are adapted for the study of highly absorbing 

objects, which include GC samples. SEM studies of the GC samples with a variable structure performed on the JEOL 
JSM-6490LV with an increase up to 15000 revealed extended layered structural fragments that differ from the 
structure inside the pores. The study of samples by FTIR methods on the FTIR -Infinity SHIMADZU with the 
attachment to diffuse reflection made it possible to show the presence of carbon atoms in the GC samples in states 
with sp-, sp2-, sp3-hybridization, hydroxyl, carbonyl groups and hydrogen atoms in aromatic and aliphatic 
structures. The dynamics of the change in the content of these structures with increasing heat treatment 
temperature is investigated. 

Key words: glassy carbon, FTIR spectrophotometry, diffusion scattering, optical microscopy, electron 
microscopy, surface structure. 
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) ]  

NEW HIGH-EFFICIENT LIGHT-EMITTING MATERIALS FOR OLED BASED ON 2-[(1-(NAPHTHALEN-2-
OL)STYRYL]QUINOLINES. 

 . . 
Svetlichnyy D.A. 
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8-        
     (OLEDs).  2- -8-  

  2- -1-      2- -1-(2- -8-
) ,     .                              

2- -1-(2- -8- )    -   
.      -   

 ,         
 2- -8-  (  = 0.10-0.32). 

 
8-Hydroxyquinoline and its derivatives are components of efficient electroluminescent materials for organic 

light-emitting diodes (OLEDs). Condensation of 2-methyl-8-methoxyquinoline with 2-hydroxy-1-naphthaldehyde 
in acetic acid anhydride has yielded 1-(2-(8-methoxyquinolin-2-yl)vinyl)naphthalen-2-ol  along with its methyl 
derivative. Tosylation and dansylation  of 1-(2-(8-methoxyquinolin-2-yl)vinyl)naphthalen-2-ol  has led to the 
corresponding   p-toluenesulfonyloxy and dansylsulfonyloxy  derivatives. All the obtained compounds have 
revealed blue-green luminescence; however, only tosyl derivative of 2-styryl-8-hydroxyquinoline possessed the 
high quantum yield (  = 0.10–0.32). 

 
     ,    

      (OLEDs – organic light 
emitting diodes)   ,          8-
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     ESIPT      (excited-state intramolecular proton transfer)-  
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THE BIFURCATION POINT IN THE DESIGN OF THE WALKING MECHANISM OF P.L.TCHEBYSHEV 
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Walking method of movement can be implemented using four-bar linkage P.L.Chebyshev. This mechanism 

is almost fully implements the trajectory of the foot of the person. However, a straight line segment is not strict, 
and the transition from the top of the arc trajectory to the lower support section requires a separate study. This is 
because at the point of transition from the arc to the straight line segment and Vice versa is overlay of projections 
of the levers to each other and fundamentally changed the mathematical model of the motion mechanism. In the 
transition point there is a rapid change in the law of motion of the levers, that is, bifurcation. 
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PHOTOMETRIC ANALYSIS OF STRUCTURAL IMAGES FOR ESTIMATION OF FRACTURE TOUGHNESS OF THE ALUMINIUM 
ALLOY 7075 AFTER CRYOMECANICAL TECHNOLOGY

 . . 
Soloveva Y.B. 

 .    eva@imet.ac.ru; Jylsol1403@yandex.ru 

         ( ) 
    95 (7075)   .   

,             , 
   . 

The fracture toughness after cryomechanical treatment of a high-strength aluminum alloy B95 (7075) is 
studied with using photometric analysis of structural images (PHASI) and standard method of the fracture 
mechanic. The conditions when FASI method and fracture mechanic method gives coincident I  is obtained. 
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THE RESEARCH METHODS OF ROAD SURFACE DEFECTS IN THE VIDEO STREAM OF MOBILE DEVICE CAMERAS 
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In the paper, a comparative analysis of existing methods of studying road surface defects in the video flow 

of mobile device cameras is carried out. It is shown that the performance of existing methods essentially depends 
on the quality of the initial images and the results of the segmentation stage. The considered approaches use 
universal algorithms for processing video sequences, which require a large amount of computing resources and 
time. It is proposed to use a new approach based on reference points. Such approach allows to provide reliability 
and stability of detection of defects on video stream frames, thus ensuring high performance. 
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AUTOMATIZATION FOR THERMOELECTRIC COOLER PARAMETERS CALCULATION  
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Annotation. Program development for thermoelectric calculations on experiential data is briefly described. 

All calculations are carried out on continuous functions built via least squares method applied to input data. 
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FUNCTIONAL PROPERTIES OF HIGH-STRENGTH NI50.2TI37.3HF12.5 ALLOYS AFTER THERMOMECHANICAL TREATMENT 
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. 
 
The stress-induced martensite aging effect of high-strength Ni50.2Ti37.3Hf12.5 alloys is studied. It is shown, 

that stress-induced martensite aging leads to reduction in the temperature intervals of the forward and reverse 
martensitic transformation, increase in the yield stress of the austenite 1.7 times and the emergence of high-
temperature superelasticity with reversible strain to 1.1% at  
403 – 513 K in comparison with alloys without thermomechanical treatment. 

 
.       « » ,  
  –    ( )   ( ) –    

  ( ).       ,   
     B2-B19'    ~ 10 %   ,  

,   . .  TiNi  Hf   
  ,    ,   

    [1].     NiTiHf    
        .     

       [2, 3].   
      TiNiHf   

 ,     ,   
      [4],     

,         
    . 

       –   
   –        Ni50.2Ti37.3Hf12.5. 

   .   Ni50.2Ti37.3Hf12.5 ( . %)    
: 1 –   T = 773 , 3  (  ); 2 –   T = 773 , 3     

   T = 400 , 1       = 400  ( ).    
     , ,  ,     

      [5]    
-  .  /        

 -1    Instron 5969.      (Ms, Mf)  
 (As, Af) B2-B19            

DSC 404 F1 Pegasus   Ms = 345 K, Mf = 393 K  As = 342 K, Af = 392 K   ± 2 . 
.            H-   
  ,    [3,6].    

  ~ 30    1  2, .     
 ,           , 

   Ni51.0Ti36.5Hf12.5 [3]. ,     
     ,     25 . 

          (2,4 ± 0,2) %  (2,2 ± 0,2) %, .  
 /             

  ( . 1 )  ,  ,   ,      
 1     0,5 %.  
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      ,    
  40 .        
  T=170° .          
  1%. 

 
The functional properties (shape memory effect and superelasticity) of Ni50.3Ti32.2Hf17.5 (at. %) polycrystals 

were studied in both initial state and after the thermomechanical treatment. The studied material possesses high-
temperature (>100°C) shape memory effect in initial state, but the superelasticity is not observed. It was found, 
that the polycrystals after the aging in martensite phase under the constant applied stresses, results in the 
superelasticity emergence, with temperature interval of 40K. The first « - » response without any irreversible 
strain is observed at T=170°C. After the treatment the two-way shape memory effect with the value of 1% is 
realized. 
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In the modern world in different industries, a common trend is the widespread use of machine learning 

methods for solving problems of forecasting. However, when using these methods of data analysis there are many 
problems associated with the quality of the used data and methods. In this work address the issue of the quality 
of the source data, as many machine learning algorithms is sensitive to single outliers. This raises the problem of 
pre-test data on the outliers and clean them before using machine learning algorithms. 
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,      .    : «Bio-inspired 
method» – ,  .   –    –    

         
   (  3). 

 
The problems considered in the report are not only scientific field, but also pedagogical, since they allow 

to explain on simple examples the peculiarity of design of elastic elements for strength at a given stiffness. With 
the development of composite technologies returns interest in profiled, equal-strength beams (case 1), composite 
technologies make it necessary to apply to Nature for the creation of rational structures: branching (case 2), fiber 
placement in the knot zone, strengthening of bamboo. "Bio-inspired method" is a well-known method for design 
the different structures. The analysis of same problems led to unexpected limitations on the principal possibility 
of designing equally stressed beams in the accepted linear formulation (case 3). 
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LUMINESCENT PROPERTIES OF POLYCRYSTALLINE SIC COVERS OBTAINED BY THE METHOD OF GAS-PHASE SYNTHESIS 
 . .,  . .,  . . 

Tereshchenko A.N., Ershov A.E., Shikunov S.L. 
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tan@issp.ac.ru 
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The results of comprehensive study on the morphology and luminescent properties of polycrystalline SiC 

covers obtained under the reaction of a melt (or vapors) of silicon with carbon on a substrate are presented. The 
variation of SiC growth parameters (vapors pressure, the ratio of reagents concentration, temperature, etc.) permits 
to obtain various polycrystalline SiC structures different both in the sizes of crystallites, their polytype and 
luminescent properties by a controlled method. On the basis of the obtained experimental data the crystallization 
conditions of the SiC structures demonstrating abnormally high quantum radiation yield, the nature of the emitting 
centers and the mechanisms of their formation are discussed.  
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TO THE ISSUE OF THE EFFECT OF OXYGEN ON THE SURFACE TENSION OF MERCURY 

 . .,  . .,  . .,  . . 
Uzdenova A.N., Khibiev A.Kh., Alberdieva D.H., Alchagirov B.B. 

,   -    . . . , alchg@kbsu.ru 
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   . 
 
The effect of oxygen on the surface tension of high-purity mercury at room temperatures has been studied. 

It is shown that under vacuum conditions the surface tension of mercury is  
475 ± 4 mN/m and remains fairly stable for the entire measurement period of about 20 hours. After the 

oxygen is introduced into the measuring cell and the surface of the mercury surface in oxygen begins to be 
exposed, the surface tension of mercury rapidly decreases to 360 mN/m and then remains practically constant at 
about 330 mN/m. The paper gives possible explanations for the obtained results, as well as their discussion and 
comparison with the literature data. 
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NUMERICAL INVESTIGATION OF THE INFLUENCE OF RHEOLOGICAL PARAMETERS ON THE CHARACTER OF VIBRATIONS 
OF VISCOUS-ELASTIC PIPELINES WITH LIQUIDITY 

NONLINEAR OSCILLATIONS OF VISCOELASTIC PIPELINES 
 . .,  . . 

Khudayarov B.A., Kucharov O.R. 
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Abstract. In work is solved the problem of vibrations of a straight pipeline sections on the basis of the 

theory of beams. Developed the mathematical model of the dynamics of viscoelastic direct pipeline is developed 
when the flow through it to the pulsating fluid. Using the method of Bubnov – Galerkin mathematical model of 
the problem is reduced to solution of system of ordinary integro-differential equations where the independent 
variable is time. The solution of integro-differential equations are determined using a numerical method, based 
on the exception features in the-relaxation of the integral operator. According to the numerical method is 
relatively unknown, the resulting system of algebraic equations. To solve the system of algebraic equations we 
use the method of Gauss. Developed computational algorithm for solving problems of dynamics of a viscoelastic 
pipeline with flowing fluid. It is demonstrated that the viscoelastic properties of pipeline material leads to a 
decrease in the amplitude and oscillation frequency by 20-40%. The increase in the frequency of pulsation of the 
fluid and the coefficient of excitation leads to an oscillatory motion with rapidly growing amplitudes, which can 
lead to destruction of the structure. 

 
 : , , -  ,  

, ,  ,  . 
Key words: modeling, viscoelasticity, integro-differential equation, numerical method, pipeline, surge liquid, 

the oscillating process. 
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THERMOCHEMISTRY OF GASEOUS MOLECULES AND IONS  

OF SOME LANTHANIDE TRIIODIDES 
 . .,  . .,  . .,  . . 

Tsybert A.O., Kudin L.S., Motalov V.B., Dunaev A.M. 
, ,   -  , 

 artur.del@mail.ru (lkudin@yandex.ru)  

  -       
  .         

  .        (LnI3)nI– (n = 0-3).  
         ,  

-         . 
 
Molecular and ionic sublimation of the gadolinium triiodide was studied by high temperature mass 

spectrometry. Along with monomers, the dimers and trimers were found in saturated vapor over LnI3. In the thermal 
ion emission mode the (LnI3)nI– (n = 0-3) ions were registered. The partial pressures of each vapor species were 
determined, as well as the sublimation enthalpies, enthalpies of ion-molecular reactions and formation enthalpies 
of the molecules and ions.  

 
Introduction  
Thermodynamic properties of gaseous species existing in saturated vapor over lanthanide triiodides are of 

a great interest for various technological applications. In particular, they are crucial for growing pure and doped 
LnI3 crystals, which are extensively used in optical and scintillation devices, for simulation of high-temperature 
processes in energy saving light sources (metal-halide lamps), in synthesis of novel organolanthanides, catalysis 
and so on. 

Purpose 
Study of vaporization of lanthanide triiodides LnI3 (Ln = La, Ce, Pr, Gd, Tm) and PrI3-TmI3, LaI3–CeI3–PrI3–

GdI3 systems and determination of formation enthalpies of gaseous molecules and ions.  
Experimental  
Knudsen effusion mass spectrometry (KEMS) in the variant of electron ionization - thermionic emission is 

the most productive investigation method of thermochemistry of high temperature systems.  
A magnetic sector-type mass spectrometer MI1201, modified for high temperature studies, was used. A 

unique ion source allowed work in two regimes: (i) the ionization by electrons, IE (for analysis of neutral species) 
and (ii) the thermionic emission, TE (for analysis of charged vapor components). In latter case the ions are formed 
at the working temperatures inside the effusion cell and extracted from it by a weak electric field 
(about 105 V/m). The polarity of the high voltage applied to the cell could be changed with respect to the potential 
of the ground. Thus the ions of both positive and negative charge could be analyzed. The samples of lanthanide 
halides were evaporated from the molybdenum or graphite effusion cells (the vaporization-to-effusion area ratio 
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was about 400). 
Results 
In the IE mass spectra the LnIn

+ with n = 0-3, Ln2In
+, with n = 3-5 and Ln3I8

+ ions, as well as the doubly 
charged LaIn

++ with n = 0-2 ions, were registered in the saturated vapor over all lanthanide triiodides in the 
temperature range about of 800–1000 K and the energy of ionizing electrons of 40 eV. These ions are the 
ionization products of monomer, dimer and trimer molecules. The mass spectra were found to be time-independent 
thereby indicating the thermal stability of the iodides in the temperature range studied. The partial vapor pressures 
of the monomer, dimer, and trimer molecules were calculated by the standard procedure and the sublimation 
enthalpies  

nLnI3,cr = (LnI3,g)n          (I) 
in form of monomer, dimer, and trimer molecules were determined using the second and third law of 

thermodynamics. 
In the TE mass spectra the I(LnI3)n

 negative ions with n = 1 4 were observed in the temperature range 
about of 800–1000 K.  The equilibrium constants of the ion-molecular reactions:  

PrI4
– + LnI3 = LnI4

– + PrI3        (II),           Ln2I7  = LnI4  + LnI3 cr              (III) 
were measured and the reaction enthalpies (II) – (III) were calculated by the second  and third law of 

thermodynamics. The formation enthalpies of gaseous (LnI3)n molecules and negative I(LnI3)n
– ions with n = 1-3 

were obtained on the basis of the reaction enthalpies (I) – (III) by the Hess law.  
Conclusion 
The monomer, dimer, and trimer molecules, as well as the negative I(LnI3)n

 ions (n = 0–3), have been 
observed in the saturated vapor over the lanthanide triiodides in the temperature range about of 800–1000 K. 
The sublimation enthalpies of the monomer and oligomer molecules, as well as the enthalpies of ion-molecular 
reactions, were calculated by the second and third law of thermodynamics and the formation enthalpies of gaseous 
molecules and ions have been obtained.  
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DEVELOPMENT OF BALLISTIC PROTECTION ON THE BASIS OF THE DISPERSE STRENGTHENED COMPOSITE MATERIAL AL-
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Summary: In work the possibility of application of disperse strengthened is considered swore on the basis 

of aluminum of the internal oxidation received by method for ballistic protection. Results of experiments are given 
in the laboratory stand. 
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APPLICATION OF X-RAY DIFFRACTION METHODS IN THE STUDY OF METALLIC SAMPLES 
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Chuykov F.V. 

,  " ", fedor.chuikov@melytec.ru 
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     ,       
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 .  

The report highlights the use of the latest X-ray diffractometers manufactured by BRUKER AXS for 
investigation of metal products and samples. The following tests are considered: texturing of aluminum sheet after 
deformation; demonstration of possibilities of Rietveld method in analyzing the structure of crystalline materials 
during phase analysis of LiFePO4 sample; comparison of residual stresses in seams obtained by friction welding 
and electron beam welding. Determination of residual stresses in a camshaft of internal combustion engine. 
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DETERMINATION OF THE QUANTITATIVE VALUE OF YOUNG’S MODULUS BY THE METHOD OF NANOINDENTATION FOR 
“NON-STANDART” SAMPLES 
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The possibility of the applicability of using the method of nanoindentation to determine the exact values 

of Young's modulus of biological samples, and of various materials for which, for one reason or another, other 
methods of determining mechanical properties can not be used, was described. 
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STUDY OF STRENGTH KINETICS OF SAND CONCRETE SYSTEMS OF ACCELERATED HARDENING 
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 . 
 
Nowadays the additive technology is one of the most popular subject of research in construction industry. 

For create a sufficient strength concrete on early terms, the hardening accelerators are widely use. This study 
describe the calorimetric analysis of hydration of concrete with  different concentrations of accelerator as a method 
for definition the optimal concentration.   
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COMPREHENSIVE APPROACH TO THE DETERMINATION OF PHYSICAL PROPERTIES OF THIN FILMS 

 . . 
Shayapov V.R. 

,         . 
. .       

e-mail: shayapov@niic.nsc.ru 

        .    
  ,    .   

   , ,     , 
, ,    ,  

 .      ,  , 
 ,  , ,  ,  , 

  ,  .  
 
A comprehensive approach to the determination of physical properties of thin films is considered. It is based 

on the involvement of several methods used as complementary. The complex of methods includes ellipsometry, 
spectrophotometry, scanning electron and probe microscopy, nanoindentation, nanoscratching, surface acoustic 
waves spectroscopy, measurement of the substrate bend. Using this approach, thickness, surface roughness, 
refractive index, extinction coefficient, density, Young's modulus, Poisson's ratio, coefficient of thermal expansion, 
mechanical stress can be determined. 
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MODELING OF ELECTROCHEMICAL CORROSION OF STEEL REINFORCEMENT IN CONCRETE. EVALUATION OF THE 
EFFECTIVENESS OF SECONDARY PROTECTION GIDROFOBIZATORAMI DEEP PENETRATION. 

 . .,  . . 
Shevtsov D.S., Zarcin I.D. 

,   «   », email: shevtshik@mail.ru 
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Batch bimetal sensor can serve for modeling electrochemical corrosion of steel reinforcement in concrete 

in the lab and in the system of continuous monitoring of concrete structures in the field. Periodic exposure to 
moisture in concrete structures causes periodic changes of the parameters determining the value of the corrosion 
rate: the electrical resistivity of concrete, the polarization resistance of the cathodic and anodic processes. The 
conditions of the process with the cathodic and resistive control. Shown the efficacy of repellents based on 
isobutyltrimethoxysilane as a method of secondary protection against corrosion of reinforcement in concrete, 
including at high initial speed. 
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. – 2010. – 20 . 
Elsener B., Böhni H. Potential mapping and corrosion of steel in concrete // Corrosion rates of steel in concrete. 
– 1990. – pp. 143-156.  
Osterminski K. Zur voll-probabilistischenModellirung der Korrosion von Stahl in Beton // Technischen 
Üniversität München, Ingenieurfakultät Bau Geo Umwelt. – 2013. – 215 s. 
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METHOD OF INVESTIGATION OF THERMODESTRUCTION KINETICS OF LIQUID AND SOLID FUELS ON THE MANOMETRICAL 
INSTALLATION 

 . . 2,  . . 2,   . . 1,  . . 1,  
 . . 2,  . . 2,  . . 3 

Yanovskiy L.S. 2, Varlamova N.I. 2, Kazakov A. I. 2, Dubikhin V. V. 1,  Molokanov A.A. 2, Popov I.M. 2, Stashkiv M.S.3 
1 - ,     , E-MAIL: AKAZAKOV@ICP.AC.RU  

2 - ,     . . . , ,  
E-MAIL: VARLAMOVA@CIAM.RU 

***    

          
  .   ,      

  .       .  
 
A technique for studying the kinetics of thermal destruction of solid and liquid fuels and lubricants on the 

manometric facility is described. The list of indicators that can be determined on the manometric facility is given. The 
estimation of results accuracy of the manometric facility is performed.  
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FOAM GLASS-CRYSTALLINE MATERIALS OF CONSTRUCTION PURPOSE 
BASED ON ASH-SLAG WASTES FROM THERMAL ELECTRIC POWER PLANTS 

 . .1 . ., 2 . ., 2 . . 
Dmitriev1 V.V., Klimenko2 N.N., Delitsyn2 L.M. 

1 - , . ,   «  . . . » 
2 - , . ,  «  », klimenko.muctr@gmail.com 

          
  .     : -   

   ( . ,  ), -    ( . 
,  ),    -22 ( . ,  ), 

     ( )     ( . ,  
).         

,     .      
 . 

 
 In work conditions of synthesis of foam glass-crystalline materials based on of ash-and-slag wastes of 

TEPP are considered. Attestation of the selected technogenic raw materials was carried out: fly ash from the 
electric filter of Kashirskaya State district power station (Kashira, Moscow region), fly ash from Reftinskaya State 
district power station (Reftinskiy, Sverdlovsk region), ashes from ash-and-slag Combined heat and power plant -
22 (Dzerzhinsky, Moscow region), Ash-and-slag from ash-slag from Starobeshevskaya Thermal electric power plant 
(Donbass) and slag of Cherepetskaya State district power station (Suvorov, Tula region). The possibility of synthesis 
based on of ash-and-slag wastes of foam glass-crystalline materials that are not inferior in properties to foam 
glass is established. The influence of the heat treatment temperature on the foaming process is studied. 
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         , 
,    ( . 1),         

 ,  ,   . 

 1.      . 

                   
. 
 

SiO2 Al2O3 Fe2O3 CaO MgO TiO2 K2O Na2O SO3 

 
 ( ) 62 30 5 2 2 - 0,7 0,7 0,1 

 
 ( ) 46–55 

22–
39 

5–17 2–5 
0,2-
2,4 

- 0,2–0,1 0,1–0,7  

-22 
 ( ) 52 64 

24–
29 

6–10 2–6 1–2 
0,6-
1 

1–2,3 - 0,2–0,8 

 
 ( ) 45–58 

20–
32 

7–18 2–6 
0,4-
2,5 

- 1,5–4 0,5–1,5 0,4–1,5 

 
 ( ) 55-56 

22–
27 

10–
13 

2–4 1–1,9 0,8 0,7–2,7 - 0,2–0,3 

,      ,  , -22   
  0 – 140  (95%),    30 – 50 ,    
         2 – 5 ,   0 

– 140   5 %. 
        .  

  SiO2   - ,   : Na2Al 0,5Fe 9,5O15 (Sodium 
Aluminum Iron Oxide   40-0024 (11.9 5.94 2.98))    , Ca2SiO4 (Calcium Silicate 

  31-0302 (3.32, 3.41, 3.00))   -22  Ca0,54Fe 1,46SiO4 (Calcium Iron Silicate   21-
0147 (2.89 2.53 1.80))      .    

         . 
     ,    

       ,   
 ,   ,      

 .       . 
         

    :    ( , 
),     ,      

  850  1300° ,  .      
             

/ : 100/0, 90/10, 70/30, 50/50, 30/70, 0/100.      
     (2 %).    850  1300°   
      /  ( . 1).    

     ,      
   / ,  30/70.    ,    
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     (0/100)     1300°  ( =14,5), 
     ,     

  . 

. 1.       . 

     (  /  
30/70):   , ,      

 ( . 2).           , 
       ,   

    (15 %)    (1,5 )   
        .    

   ,      ,     
 .          

0,6 1,1 ,         (0,5–1,9 ). 

 2.       . 

   

                   
      

2,17 2,58 3,78 5,02 3,78

, % 68±1 72±1 79±1 83±1 79±1

, % 15±0,5 24±0,5 23±0,5 32±0,5 16±0,5

, 1,5±0,1 1,1±0,1 0,7±0,1 0,6±0,1 0,9±0,1

, / 3 203±5 140±5 103±5 91±5 125±5

         
 .        

/  30/70     (Sodium Calcium Aluminum Silicate 
0,23NaAlSi2O8 0,77CaAl2Si2O8 (3,2000 4,0300 3,7500),  PCPDFWIN 09-0467). 

 ,      (  /   30/70) 
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COMPARISON OF THE FORM OF ELECTRIC CURRENT PULSES FROM PIEZOKERAMICS IN THE PROCESS OF DESTRUCTION 
IN POLARIZING AND DEPOLARIZING FIELDS UNDER CONSTANT MECHANICAL LOAD. 

 . .,  . .,  . .. 
Kartunova E.I. , Zhoga L.V. , Bakulin P.A. . 

 , , , jenfet@mail.ru, levjog@mail.ru 

 
     ( )     

     ,      , 
      [1].  ,     

 -      [2].   
  ( )     ,     
    [3].         

     . 
 
Annotation 
When an electric field pulse (EM) of constant intensity is applied to a sample of piezoelectric ceramics, a 

current appears in the circuit, which consists of the capacitor charging current, the polarization current, and the 
through conductivity current [1]. In addition, mechanical stresses arise in it due to the inverse piezoelectric effect 
and heterogeneous structure [2]. Loading by a stepwise mechanical load (MN) leads to the appearance of a current 
pulse, the cause of which is the presence of a piezoelectric effect and the motion of domain walls [3]. In this paper 
we studied the current pulses at a constant load when the piezoelectric effect can not be considered. 

 
1.    .  
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             [4]. 

2.    . 
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120     ( ) 1 = 26,36  (  1  4) 2 = 27,9  
(  2  3,5) ( 1),   120    26,36    3 = 52,72 .  I0 
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THE HIGH-TEMPERATURE NITRIDATION OF HAFNIUM FOIL WITH THE APPLICATION BY APPROACH OXIDATIVE 
CONSTRUCTION 

. ., . ., . ., . ., . ., . . 
Kovalev I.A., Shevtsov S.V., Ogarkov A.I., Konovalov A.A., Chernyavskii A.S., Solntsev K.A. 

    . .  , . , . 
vankovalskij@mail.ru 

 –         
   .       

 HfNx  .      
      . 

 
Abstract – The compact samples of hafnium nitride ceramics by approach oxidative construction were 

producted. The kinetics of the high-temperature hafnium nitridation process, with HfNx formation, comprises two 
stages. With increasing nitridation temperature and time, the lattice parameter of the nitride decreases. 
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. 1 –    
     

  2 400 ° . 

 - ,  - . 

. 2 –    
    2 400 ° . 

 1   1          
 2 400 ° .     (  21 .)   1   

 m = m [1 – exp(– kt)] (  2),        
 (3). 

      HfNx,  –   . 
   ,        

  (  1),        
 .   2      

     ,     
      . 

 1 –     (a)  HfNx   . 

T  
,  

 ,
. 

,   

1 800 60 0.45245±0.00005   1 

2 000 
30 0.45242±0.00005  ~ 1 
60 0.45242±0.00005  ~ 1 

2 400 
30 0.45190±0.00005  < 1 
60 0.45187±0.00005  < 1 

     ( . 3) ,     
   (      ) HfNx (   

). 
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. 3 –    . 

 – 1 800 C, 60 .;  – 2 400 C, 60 .; 
 – 2 000 C, 30 .;  – 2 000 C, 60 . 

        (  14-13-00925) 
(          

. . .    ). 
 : 

 . . ,     . .: . 1986. 928 c. 
 . . -     . .: . 1965. 491 . 

   RU 2337058.     ,   , 
  ,    / . . , . . , . .  (  
   . . .  ). – 2008. 

      (Y3- NDX)SCAL4O12 
SYNTHESIS AND SINTERING OF LASER COMPOSITION (Y3- NDX)SCAL4O12 NANOPOWDERS 

 . .,  . .,  . . 
Kolomiets T.Yu., Telnova G.B., Solntsev K.A. 

,     . . .   kolomiets.timofey@gmail.com 

      -    
 (Y3- Ndx)ScAl4O12  x=0,06       

   Y:Nd:Sc:Al=2,94:0,06:1:4.    -
    1100       :Nd, 

      1700        99,7%.  
 
In the present work nanopowders of yttrium-aluminum garnet with laser composition (Y3- Ndx)ScAl4O12 at x 

= 0.06 were synthesized by the method of the quantitative co-precipitation of carbonate compounds with the 
corresponding cationic ratio of Y:Nd:Sc:Al=2,94:0,06:1:4. The precursor salts obtained by this method passed into 
slightly agglomerated nanopowders of YSAG:Nd at the 1100°C which were easily sintered in vacuum at 1700°C to 
a clear state and a relative density of 99.7%. 

 
     -   Y3Al5O12 ( )  
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   -  .   Sc2O3    
     -  ,     

     - -  ,  
  ( :Nd) [1].       , 

     ,       , 
           
   .  

          
      :Nd+3,    

Y2O3/Nd2O3–Sc2O3-Al2O3 c     (Y3- Ndx)ScAl4O12   x = 0,06 (2 .% Nd),  
 (1,2-1,8    NH4HCO3)  -      

       (Y:Nd:Sc:Al=2,94:0,06:1:4)  
    (6-9)    .      1100  

  ,      
:Nd,       1.  

.1        1100  



 

400 
 

         
 :Nd.      1700     

       Y2,94 Nd0,06ScAl4O12 
     3  ( .2).     

   1,2210 ,    4,4877 / 3.

.2 -      :Nd+3 

 

           
 -   (  « »,  10656 2/2016. 

 : 
Tao Feng, Jianlin Shi, Jiyang Chen, and Danyu Liang. Fluorescence emission enhancement of transparent 
Nd:YSAG ceramics by Sc2O3 doping. J. Opt. Soc. Am. B. 2005. V.22, 10, p.2134-2137. 

    
ESTIMATION OF OXINITRID CERAMICS PERSPECTIVENESS 

 . .,  . .  .  
Larionov M.D., Prosvirnin D.V., Kolmakov A.G. 
 , ,  larionov1996@mail.ru 

             
     .        

          .  
In this paper, a review of literature sources for describing the methods of production and use of ceramics 

based on aluminum oxynitride was conducted. Based on the sources and data studied, a conclusion was made 
about the advisability of using such ceramics and its prospects. 
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   [6,7],      .  1972   
   ,    Si3N4–Al2O3–AlN [8,9].   

             
Al2O3–AlN.  1978      James W. Mccauley   [10], 
        Al2O3–AlN,  

   ,        
  ALON. ,   (1979)      

     [11]. 
     .   -   , 

   :  ,     
   N2-CO[12]   .  ,      

    ,    .   
         .   –  

      .    
     1600 – 1900  [13].       .  

   ,      
 ,          ,  
, ,  .        

         ,    
     .     

           ,    
   .         

     . 
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V.12. 2(24). P.33-36. 
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polymer impact-resistant materials and protective constructions based on them Russian Metallurgy (Metally), 
2015. 10. p.800-804. 
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CE:YAG :  -      
CE:YAG CERAMICS: INFLUENCE OF SYNTHESIS CONDITIONS ON LUMINESCENCE AND OPTICAL PROPERTIES 

 . ,  . ,  . .*,  . .*,  . .*,  . . 
Lukyashin K.E., Shitov V.A., Ishchenko A.V. *, Shevelev V.S.*, Shulgin B.V.*, Basyrova E.R. 

, ,     
* , ,   . 

kostya@iep.uran.ru 

     -    
  0,1 .% :YAG  1 .% :YAG      10-15 

.     600       58  82 %. 
Results of influence of synthesis conditions on luminescence and optical properties transparent ceramics 

0,1 at.% :YAG and 1 t.% :YAG from nanopowders with a diameter about 10-15 nm are presented. The optical 
transmittance of samples at the wavelength of 600 nm is equal from 58 to 82%. 

  ,     , 
   .  ,    

         .   
       [1]. 
 ,    ,    

 ,    ,    , 
      .   

          
           

[2,3]. 
          

        
  Y3Al5O12,    3+ ( 3+:YAG)    

0,1  1 .% ,    .  ,      
           

   . 
  3+:YAG    Al2O3, Y2O3, 1 .% Ce3+:Y2O3 

  10-15   ,      
[4].           >99.99%.  
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         1200  900 °   
 3-     Al2O3  Y2O3, 1 .% Ce3+:Y2O3 .   3+:YAG  

     Al2O3, Y2O3, 1 .% Ce3+:Y2O3   
 .        

           48 .   
: :    1:4:8.        
  0,5 .% TEOC  ( ).      

         600 °    
3-      . 

         
  200    -     14    

40-50 %    YAG (4,55 / 3).      
     800 °    3-  .     

       5 10-5    1700-
1780 °    20 .        -   

  .          
 1300 °    5-  . 

        .  
         :   

  (1 –  )    (2 –  ).      
      200     (  2406 – 1 .% 

, 2421 – 0,1 .% ),    (  2405- 1 .% , 2420 – 0,1 % )   
   600 °    3-      .   

    1700 °    20 .       
(  1851 – 1 .% , 1854 – 0,1 .% )       YAG   

   20 %      1200 °    3-    
 .          .  

     1780 °    20 .    
    6     0,1  1 .% 

 Ø10 2 . 
     3+:YAG    

  Shimadzu UV-2450 (200-900 ).   ( ) 
      -23,    -

1,0 (W- , 20 , 14 )   Hamamatsu R928  -106. 
         . 1  2 
.            

228, 260, 304, 338  457 ,   4f 5d    Ce3+.     600 
     58  82 %. 
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. 1.     
 3+:YAG 

. 2.    
 3+:YAG 

    ,       500–
900 ,    ,      

 Ce3+   YAG ( . 1  2).     ,     
.  ,            
     .       

  200 , - ,         
 YAG      .     

      ,  ,   
,     Ce3+.    ,    

      . 
      200-800  ( . 3).   ,    

         525–538 ,  
 5d 2F5/2, 2F7/2    Ce3+.       

   525  538 .   240-460      
  ( )   YAG.       

  Ce3+   .       
  Gd3+  Tb3+ ( . 3),           

 Ce3+.            
YAG.    ,     .   ,   , 

,        ,    ( . )   
  Ce3+   YAG     . 
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. 3.      3+:YAG 

 : 
C. Greskovich, S. Duclos, Annu. Rev. Mater. Sci., 27 (1), 69–88, (1997). 
S.N. Bagayev, V.V. Osipov, V.I. Solomonov, V.A. Shitov, R.N. Maksimov, K.E. Lukyashin, S.M. Vatnik, I.A. Vedin, 
Opt. Mater, 34, 1482–1487, (2012). 
V.V. Osipov, V.A.Shitov, V.I.Solomonov, K.E.Lukyashin, A.V.Spirina, R.N.Maksimov, Ceramics International, 41, 
13277–13280, (2015). 
V.V. Osipov, Yu.A. Kotov, M.G. Ivanov, et al., Laser Phys., 16, 116–125, (2006). 

        ,  
   - . 

CONSTRUCTION CERAMICS FROM SILICON NITRIDE WITH CALCIUM ALUMINATES ADDITIVES RECEIVED BY THE 
SINTERING METHOD IN THE SHS-REACTOR. 

 . .1,  . .1,  . .1,  . .1,  . . 1,  . .2,  . .2, 
 . .3,  . .3 

Lysenkov A.S., Kargin Yu.F.,Titov D.D., Petrakova N.V., Ivicheva S.N., Zakharov A.I., Popova N.A, Zakorzhevskii V.V., Borovinskaya I.P. 
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The paper considers preparation of a strong and dense ceramics based on silicon nitride by sintering in a 
SHS reactor. As a sintering agent, an additive was used in the Al2O3-CaO system. The content of the additive varied 
from 5 to 15 wt. %. It is established that an increase in the amount of silicon introduced into the initial charge 
increases the strength characteristics of the material due to the formation of secondary silicon nitride during 
sintering. 
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       CA1–XBIXMNO3–  

THERMOELECTRIC PROPERTIES AND OXYGEN NONSTOICHIOMETRY 
OF THE MANGANITES CA1– BI MNO3–  

 . .,  .O.,  . .,  . . 
Merkulov O.V., Kalinkin M.O., Leonidov I.A., Patrakeev M.V. 
,      ,   

Merkulov@ihim.uran.ru 

.   Ca1–xBixMnO3–      
  .      -

 .   ,     
     

750–950°           10–5  1 .  
  ,        

 . 
 
Annotation. Perovskite-like oxides Ca1–xBixMnO3–  are materials providing high thermoelectric 

performance. Synthesis of the samples was carried out via a one-pot auto-combustion method. The oxygen content, 
conductivity and thermopower were measured at 750 950 C in the oxygen partial pressure range 10–5 – 1 atm. 
An impact of bismuth concentration, temperature, and partial pressure of oxygen on thermoelectric properties of 
oxides is discussed. 
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    .      pO2 

 x = 0.05    ( . 1),     
      ,      

  4+.          Mn3+   
 .     x = 0.10 – 0.20   

   ,       
(Mn, Fe, Co),         . 

          50–950 ° . 
        

 PF = ·S2. ,      x = 0.15    
PF  2.9·10–4 W m–1 K–1   800 ° .   PF     

 [1],          .   

 

. 1.    Ca0.95Bi0.05O3–       
 

         
   17–08–01395. 

 : 
G. Xu, R. Funahashi, I. Matsubara, M. Shikano, Y. Zhou, J. Mater. Res., 17 (2002) 1092–1095. 
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  –        
INCREASING MAGNETIC AND STRENGTH CHARACTERISTICS OF IRON POWDER BY VOLUME NITRATION METHOD  

 . .,  . .,  . .  
Minkova I.O., Menushenkov V.P., Zheleznyi M.V.  

,     « », 117049 , 
 , 4, minkovaio@mail.ru  

          
      ,      

 .          
,          : BN, AlN  Si3N4. 

           1550 .  
          

.  
 
In the last decade, intensive studies of permanent magnet materials based on nitrides of intermetallic 

compounds have been carried out, the nitration process being carried out from the gas phase. In the present work, 
it has been proposed to nitration of iron by high-temperature heating of compacts which were pressed from 
mixtures of iron powder with a powder of one of the nitrides: BN, AlN or Si3N4. Nitration takes place when press-
compacts are heated in a nitrogen atmosphere to temperatures above 1550 °C. The process of volume nitration 
leads to an increase of the hysteresis characteristics and hardness of the synthesized samples.  
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INFLUENCE OF HIGH CONCENTRATION OF BORON ON CONSOLIDATION AND MECHANICAL PROPERTIES OF SILICON 
CARBIDE 

 . .,  . .,  . .,  . .,  . . 
Modin S.Y, Popova N.A, Lemeshev D.O, Lebedeva J.E., Chaynikova A.S. 

  « »  ,  . . . , sergei-modin@yandex.ru 

          
  . ,      

         .   
       .       

 10 . % ,   3,12 / 3,  31,9    
 5,7 1/2,         

  . 
 
Consolidation of industrial silicon carbide powder was carried out using the method of spark plasma 

sintering. It is shown that preliminary mechanical activation is a promising method for introducing high 
concentrations of boron into silicon carbide lattice. The influence of the amount of boron additive on sintering and 
material properties was studied. A ceramic based on silicon carbide with 10 wt. % boron having a density of 3.12 
g/cm3, a hardness of 31.9 GPa and a coefficient of crack resistance 5.7 MPa m1/2 was consolidated, promising for 
use as structural in nuclear reactors and gas turbines. 
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 1.  ,       
   

 /   , / 3  (Hv),  1 , 1/2 
1 SiC + 3 . % B 2,67 15,5 ± 1,1 6,9 ± 0,5 
2 SiC + 6 . % B 2,87 19,6 ± 0,6 6,4 ± 0,4 
3 SiC + 8 . % B 3,12 30,3 ± 0,6 5,9 ± 0,4 
4 SiC + 10 . % B 3,12 31,9 ± 0,5 5,7 ± 0,3 
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   TIB2-NIAL   
OBTAINING OF NANOSIZED TIB2-NIAL POWDERS VIA VIBRATORY BALL MILLING 

 . .,  . . 
Nesmelov D.D., Ordan’yan S.S. 

, -     (  ), 
dnesmelov@yandex.ru 

         
 80 . % TiB2- 20 . % NiAl  ,      
.    60   ,     

  32,7 . %.      TiB2-NiAl 
      . 

 
This work aims at experimental studying of the effect of the ball-milling duration on particles size, 

morphology and fine structure parameters of 80 vol. % TiB2 - 20 vol. % NiAl powder mixture in comparison with 
individual NiAl and TiB2 powders. During 60 hours ball-milling, the mixture with 32,7 vol. %. of nanoscale fraction 
was obtained. The study demonstrated highly defective structure of NiAl particles, which promises good prospects 
for application of co-milled mixtures TiB2-NiAl in powder metallurgy. 
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  ,    (mechanical alloying),   
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51,8 ).       ,  

-           8   



 

417 
 

 -2.    (M),   (F)    (B)  M:F:B = 
1:1:10. 

        Shimadzu 
XRD7000 (CuK -   Ni- ,  0.1 °).      
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          .  
       . 
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    NiAl   30-90     d50  
       ( . 1, ).     
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NiAl ( . 1, )        = 30 .   

   45        d < 100 .  
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 NiAl (  = 60 )  1,8 . % WC.  « » WC   
   TiB2 (Hv = 34 ),      NiAl 
           

.           . 



 

419 
 

. 2 –        60   TiB2-NiAl 
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         .   
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      FEO-SIO2-FE2O3 
CRYSTALLIZATION PATHS DECODING IN THE CERAMIC SYSTEM FEO-SIO2-FE2O3 

 . .1,2,  . .2,  . .2,3,  . .2 

Parfenova M.D.1,2, Lamueva M.V.2, Lutsyk V.I.2,3, Zelenaya A.E.2 

1 – ,       
2 – ,      (vluts@ipms.bscnet.ru) 

3 – ,    

.   - -   FeO-SiO2-Fe2O3.     
 ,        ,   

    .       (  ) 
    .       

           
  (      ).  
        .  

       .    
 
Abstract. Assembling of the T-x-y diagram FeO-SiO2-Fe2O3 is fulfilled. By means of the mass balances, the 

concentration fields, formed by the surfaces projecting, have been investigated, as well as their one-dimensional 
and zero-dimensional boundaries. For each field the crystallization path and the resulting set of the microstructure 
elements have been shown. In the 2D fields with invariant quasiperitectic transformation of phases, there are 3 
domains with the different results of primary and eutectic crystals competition (a mixture of crystals with different 
dispersion and only the crystals with the same size). Similarly, an extra split has been made for the fields, where a 
type of three-phase reaction is changing. Structuring of the concentration simplexes allows to dechifer the genome 
of the heterogeneous materials. 

 
Along with the experimental and thermodynamic investigation methods for the phase diagrams (PD) of 

ceramic systems, one of the most effective method to analyze them is to develop the 3D computer models, based 
on the description of phase regions boundaries. 

The phase regions boundaries are reproduced and 3D models of PD are constructed on the base of the 
scheme of mono- and invariant equilibria, which is compiled from data about the structure of binary systems and 
the proceeding invariant reactions. The elaborated models permit to calculate the isothermal sections and 
isopleths and to obtain the data about the crystallization stages for any part of PD.  

System FeO-SiO2-Fe2O3 is used in the study of ceramics and petrological objects, as well as in the description 
of pyrometallurgical processes. It describes the processes of sintering of iron-containing ores and slags, which are 
used in the production of steels.  

The complexity of its investigation lies in the fact that exists only the fragmentary description of liquidus 
surfaces and immiscibility regions of two melts [1-2]. In addition, only the schematic description is given for the 
binary system SiO2-Fe2O3, and the system FeO-Fe2O3 is presented as a part of the system Fe-O, taking into account 
two compounds: magnetite FeO Fe2O3=R1 and wüstite Fe O=R2 (congruently and incongruently melting, 
respectively). The accepting of wüstite composition corresponding to the formula FeO will not be correct at the 
considering of ternary system. The binary system FeO-SiO2 contains a congruently melting compound fayalite 
2FeO SiO2=R3.  

It is developed the assumed prototype of the system FeO-SiO2-Fe2O3 (A-B-C) based on the available 
experimental data for the liquidus surfaces and binary systems, and taking into account the schematic phase 
diagram (PD) of V.A. Zharikov [3]. It is assumed that there are four eutectic invariant reactions in the system:  
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LE1 A+R1+R2, LE2 R1+R2+R3, LE3 B+R1+R3, LE4 B+C+R3. 
The PD model includes 2 surfaces of immiscibility; 8 liquidus surfaces - corresponding to three initial 

components, two allotropies of SiO2 (cristobalite and tridymite) and 3 compounds (R1-R3); 22 ruled surfaces on the 
boundary of phase regions with melt and 12 ones on the boundary of solid-phase regions. Space model of FeO-
SiO2-Fe2O3 PD helps to calculate the crystallization path with the original set of microconstituents for any 
concentration field [4-9].  

Computer model of PD gives the possibility to analyze the crystallization stages for any composition and to 
find the concentration fields both with individual set of microstructure elements and the fields at which the 
crystallization scheme and microconstituents of phases assemblage coincide with those in the adjoining fields. It 
is used as an important tool to investigate multicomponent system, to correct its constitutional diagram, to design 
the miscrostructures of heterogeneous material, to decipher the genotype of heterogeneous material [10]. One 
more reason for the microstructures variety is the competition of crystals with different dispersity, when a field of 
invariant reaction is divided into the fragments with the tiny eutectical crystals, with more large primary crystals 
and with the both type of these crystals [11]. 

Computer models of PD can produce the information about processes taking place in the investigated 
ceramic systems as well as can create a theoretical basis for experimental work. A detailed analysis of the structure 
of PD for systems FeO-SiO2-Fe2O3, CaO-FeO-SiO2, CaO-Fe2O3-SiO2 and CaO-FeO-Fe2O3 can be used for the 
prediction of geometrical structure and the development of computer model of PD for the quaternary system CaO-
FeO-SiO2-Fe2O3, which is applied in pyrometallurgy. 

The comprehensive investigation of the PD of ceramic systems involves the analysis of crystallization 
processes in any part of the diagram. Forecast of microstructural constituents for the concentration fields of 
different dimension (obtained by the projecting of all elements of PD into the Gibbs triangle) helps to plan and to 
reduce the volume of experimental study 

This work was been performed under the program of fundamental research SB RAS (project 0336-2016-
0006) and was partially supported by the RFBR projects 15-43-04304, 16-48-030851, 17-08-00875. 
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REINFORCED CERAMIC MATERIALS WITH HIGHER MECHANICAL PROPERTIES 

 . . 1,  . . 2,  . . 2 
Perevislov S.N., Lysenkov A.S., Frolova M.G. 
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:         SiC  Si3N4,  
 ,     .    
 -    SiCf    SiCw  Si3N4w 
 -    -     

  . 
 : , ,  ,  ,  . 

Abstract Dense materials based on SiC and Si3N4 are received by the methods of reaction sintering, liquid-
phase sintering and hot pressing. Influence of structure reinforcing of reaction sintered materials by SiCf fibers and 
structure reinforcing of liquid-phase sintered and hot-pressed silicon carbide and nitride based materials by 
whiskers of SiCw and Si3N4w on mechanical properties of ceramics is shown.

. 
 

          . 
     :    ,  

  ,     .    
     .      

  :  ,   .  ,  ,  
 ,   ,  ,    . 

     :   , 
  (     ),   ,  

   (2-   3-    ). 
,   , :  f  SiCf,     

 ,  d = 20–30    SiCf  f,   
    ,  d = 130–140 .    
   SiCw  Si3N4w. 

       SiC  Si3N4,   , 
    ,       

  . 
-    (SiSiC)      

  «SiC-C».  SiSiC-      (   0,5 %) 
,     5–15 . %  ,    . 

  SiSiC        
 SiC (  1). 

-   (LPSSiC)     (d0,5  1 )  
  (10–20 . %)   1850-1950 .    

    (  1). 



 

423 
 

   (HPSiC)    (HPSN) (  1)   
    -SiC  -Si3N4     (  5 . %) 

  .          
    . 

       3 : 1)  
 (SiCf  Cf) SiSiC- ; 2)     SiC  Si3N4  

  ( ) SiCw  Si3N4w; 3)    SiC  Si3N4    
   . 

 1 – -      

 
±0,02, 

/ 3 

20±10, 
 

1200±10, 
 

20±20, 
 

1 ±0,2, 
1/2 

HV±0,2, 
 

. - ,  
. 
. 

. 
. 

SiSiC 3,05 400 150 1200 3,5 22 1300 1200 
LPSSiC 3,20 500 400 2000 5,5 21 1600 1450 
HPSiC 3,15 750 500 2200 6,5 26 1700 1500 
HPSN 3,20 900 500 2800 7,5 20 1600 1400 

1)    SiCf    «SiC-C» ,   
 .           SiCf 

   ( . 1, ).   SiCf      
    ,  1   (  12 % . SiCf).   

 SiCf  1   (  2). 
2)        ,   ,   

25 % . SiCw  Si3N4w.        ,  
   .    >8 .%     

   (  2).     
     1, , . 

3)      :    (SSN); 
-    (RSSN);      
 -SiC + -SiC (SiC/SiC).  

   SSN    ( . 2, ),    
   .  SSN      

  LPSSiC-  (  3). 
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. 1 – -  SiSiC+12% . SiCf ( ); HPSiC+12% . SiCw ( ); HPSN+16% . Si3N4w ( ) 

 2 – -     

 
 

SiCf 
 

 
±0,02, 

/ 3 

20±10, 
 

20±20, 
 

1 ±0,2, 
1/2 

HV±0,2, 
 

SiSiC 
4 % - 3,00 400 1200 4,0 20,0 
8% - 2,92 320 900 5,0 - 
12 % - 2,85 280 750 5,5 - 

HPSiC 
- 4 % SiCw 3,12 850 2200 7,0 24,0 
- 8 % SiCw 3,10 950 2300 8,0 22,0 
- 12 % SiCw 3,07 900 2200 7,5 20,5 

HPSN 
- 4 % Si3N4w 3,20 1000 2800 8,5 19,0 
- 8 % Si3N4w 3,15 1100 2800 9,0 18,0 
- 16 % Si3N4w 3,05 970 2550 8,2 - 

 3 – -       

 
±0,02, 

/ 3 

20±10, 
 

1200±10, 
 

20±20, 
 

1 ±0,2, 
1/2 

HV±0,2, 
 

. - ,  
. 
. 

. 
. 

SSN 3,18 650 400 1700 6,0 18 1450 1350 
RSSN 2,85 300 250 1300 4,5 16 1600 1500 
SiC/SiC 3,05 650 400 1800 6,5 19 1500 1400 

-  ( )   (RSSN) (  3)   
,    «Si3N4-Si»,   N2.     , 
          Si3N4 (  

 ) ( . 2, ).   RBSN    ,  
          . 
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   -SiC 

  -SiC 
    

  ( 4 
) (  4)  

   
     

   
( . 3).  -SiC  

     . 

 4 – -       SiC 

    ±0,02, / 3 20±20,  1 ±0,2, 1/2 
5 .% -SiC + 85 

.% -SiC + 10 

.% YAG 

1  3,23 505 4,5 
4  3,15 420 5,4 
8  3,10 380 6,0 

. 3 –   5 .% -SiC + 85 .% -SiC + 10 .% YAG,   
  – ) 1 ; ) 4 ; ) 8  

 
       ,    

  ,       ,  
            

   . 
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AL2O3-SICW-GRAPHENE COMPOSITE OBTAINED BY SPARK PLASMA SINTERING: MICROSTRUCTURE AND MECHANICAL 
PROPERTIES 

 . .,  . .,  . 
Peretyagin P.Yu., Peretyagin N.Yu., Smirnov A. 

,    « », p.peretyagin@stankin.ru 

         
        .  

,    .      
(0,5 .%)        ,  

  904 ± 56 ,   10,6 ± 0,3 · 1/2   (22 
± 0,8 ). 

This work is described the production process of electroconductive Al2O3-SiCw-Graphene ceramics by SPS. 
Microstructure, mechanical and electrical properties were investigated. The composite with only a small amount 
of graphene (0.5 vol.%) showed the highest flexural strength (904 ± 56 MPa), fracture toughness 
(10.6 ± 0.3 MPa·m1/2) and hardness (22 ± 0.8 GPa). 

1.  
 Al2O3-SiCw    ,      

    . ,      
  .       

,         . 
Al2O3-SiCw      ,    

    .       .  
    Al2O3-SiCw       

,           
    [1]. 

      .   
     .       

        .  
   ,   ,    

 . ,       
       [2]. 

       ,   
.   Al2O3-SiCw      

     ,    TiC [3], 
   .        

,        .     
   .        ,   

      ,  .  
           

  – .         
  c . 

         
    -  . 
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2.      
     Al2O3-SiCw Ceramtuff (HA9S)  

Advanced Composite Materials ( ).   (GO)    . 
  ,       Al2O3   

Al2O3-SiCw-GO c   GO: 0,2, 0,5, 1,0  5,0 .% .   
           . 

         KCE FCT-H HP 
D-25 SD (FCT, ).    1780 º ,   100 º / , 

  80 ,      3 . 
      .  

   MIRA3 (TESCAN,  ).   f ( ),  Hv 
( ), , KIC ( · 1/2),   ,  ( · ). 

3.    
      ,     

        .  
  1  2    .     

,           
 .           

   .     Al2O3-SiCw ,    
      ,      

      .       
       : 2,4 ± 0,38 ; 1,6 ± 0,33 ; 1,4 ± 

0,28 ; 1,2 ± 0,24 ;  0,7 ± 0,05       0; 0,2; 0,5; 1,0  5,0 .% 
  .  ,        

   .        
     ,     , ,   

,    . 

. 1 -      : ( ) - Al2O3-SiCw; ( ) - Al2O3-
SiCw-0.2 .% G; ( ) - Al2O3-SiCw-0.5 .% G; ( ) - Al2O3-SiCw-1.0 .% G  ( ) - Al2O3-SiCw-5.0 .% G 
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. 2 -   Al2O3-SiCw - 0,5 .%    ( )   ( ) 
.      

  1        .  
   ,       

  ,    904 ± 56    
 10,6 ± 0,3 · 1/2  0,5 .%  .     

       ,      
     .    

    .   ,    
 2,2 ·      5 .%.      

    0,5 .% . 

 1.        

4.  
Al2O3-SiCw        .   

    Al2O3-SiCw   ,   
  . ,  0,5 .% ,       

(904 ± 56 ),  (10,6 ± 0,3 · 1/2)   (22 ± 0,8 ).     
  , -   Al2O3-SiCw-0,5 .% G   

  100 · . 
 : 

I. Alvarez et al. Microstructural design of Al2O3-SiC nanocomposites by Spark Plasma Sintering. Ceramics 
International, 2016, Volume 42, Issue 15, Pages 17248 – 17253. 
L.A. Diaz et al. Electro Conductive Alumina Nanocomposites From Different Alumina-Carbides Mixture. MATEC 
Web of Conferences 65, 02003 (2016). 
C.F. Gutierrez-Gonzalez et al. Effect of TiC addition on the mechanical behavior of Al2O3-SiC whiskers 
composites obtained by SPS. Journal of the European Ceramic Society. Volume 36, Issue 8, Pages 2149 – 2152. 
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 (Y, SC, LU)     

SYNTHESIS AND LUMINESCENT PROPERTIES OF POWDERS OF MIXED RARE EARTH (Y, SC, LU) OXIDES DOPED WITH 
YTTERBIUM IONS 

. . 1, . . 1, . . 1, . . 1, . . 2 
D.A. Permin1, A.V. Novikova1, E.M. Gavrishchuk1, S.V. Kurashkin1, A.P.Savikin2 

1 - ,     ,   
2 - ,    . . . ,   

permin@ihps.nnov.ru 

      
  ,      Yb0.1(RE1xRE21-x)1.9O3,  RE1  RE2 

= Sc, Y, Lu, x = 0, 0.25, 0.5, 0.75, 1.       
        .  
    Yb3+       
      . 

 
An approach of self-propagating high-temperature synthesis of ytterbium-doped mixed yttrium, scandium, 

and lutetium oxides Yb0.1(RE1xRE21-x)1.9O3 (RE1 and RE2 = Sc, Y, Lu, x = 0, 0.25, 0.5, 0.75) powders was developed. 
The formation of rare earth oxides solid solutions in the whole range of compositions was confirmed by X-ray 
diffractometry. The broadening of the Yb3 + ions emission  was observed for the disordered mixed oxide 
media in comparison with the individual rare earth oxides. 

 
        

     (   ) [1].   
           

 . ,   Sc2O3-Y2O3-Lu2O3      
,        (      

 , , )         
   . 

  [2]   Yb:YScO3  Yb:LuScO3     
      ,    

  .         
     ,      

    .       
     . 

            
  ,         

  ,     
,        

         (NH2CH2COOH).   
     ( - )   (     

 –  ,   .)  .      
         
  .          1:1  
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 ,    ,     500°   
  .         , 

      .      
Yb0.1(RE1xRE21-x)1.9O3,  RE1  RE2 = Sc, Y, Lu, x = 0, 0.25, 0.5, 0.75, 1.     

 5%,      25% 
           

  .         . 
            

 ,       . 
         
 ,       ,   .    

         
         .    

          .  
         

    975 .      Yb3+  
  ,       1031, 1033  

1041 .           
  .          

         16   Yb:Sc2O3  25   
Yb:(Y0.75Sc0.25)2O3.  

           16-33-
60153 _ _  

 : 
. . .    //  , . 31  2. 2001. . 95 – 119. 

K. Beil et al. Yb-doped mixed sesquioxides for ultrashort pulse generation in the thin disk laser setup// Appl. 
Phys. B, 2013, Vol. 113, Iss. 1, P. 13–18. 

     ,   
   

PROPERTIES AND MICROSTRUCTURE OF HIGH TEMPERATURE CERAMICS FABRICATED BY REACTIVE MELT 
INFILTRATION 

 . .,  . .,  . .,  . . 
Prokofiev V.A., Sorokin O.Yu., Vaganova M.L., Lebedeva Yu. A. 

,  , os1981@list.ru 

          HfB2-
SiC-B4C,       Si-Hf(8,5 .%)   

  SiC-B4C- . ,      
    ,    SiC  ,   

HfB2       ,      
     . 

 
Microstructure and properties of HfB2- SiC-B4C ceramics obtained via reactive melt infiltration of SiC-B4C-  
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porous preform using Si-Hf(8,5 .%) alloy were studied. It was shown that the ceramics can be defined as a 
functionally graded material (FGM) in which SiC content increases, whereas HfB2 content decreases from the outer 
surface to the center. Therefore, HfB2-SiC-B4C ceramics has a rather low density and exhibits high oxidation 
resistance. 

 
           
,         , ,   

 ,     . 
   ,        

      SiC  HfB2.   
    ,  ,   

 ,    . 
            

 HfB2-SiC,    ,   .  
        

     1800  ,  ,     
. 

      (     – 
 )         

 .          
  , ,  T>1414oC.     

         
    ,       

     (1300-1400)     
. 

  Si        
     (   ,     

),        ,    
   (     Si). 

     Si     
           

          
   - Y, Hf, Ti, Zr, Cr  .  

           
 SiC, B4C   . 

       HfB2-SiC-B4C  
  :   ,  ,  

(  ),   ( ),  ,  
 ,   .  

            
            -400 (Retsch).    

5    SiC-B4C-        20%   
    5  15 ,         

 ,    . 
     Si-Hf(8,5 .%)    
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  >1400oC.  
    ,     

       G     
  (20-2000)     «HSC Chemistry 5.0». ,   

    HfB2  SiC     HfSi2 c B4C  , . .   
   G     .  

 (SiC  HfC)    Si  HfSi2 c C  , ,  
G     .  

      SiC-B4C-    Si-Hf(8,5 .%) 
,    ,       

            ,  
        100 ,      

     . ,      
      .   ,    , 

           
     HfB2, SiC, HfC , ,  

    . 
         ,     

     1   HfB2  SiC,        – 
SiC  B4C ( . 1). 

. 1 –      HfB2- SiC-B4C 

 ,       ,    
    HfB2- SiC-B4C      ,   

 SiC  ,   HfB2       
.          
           

  HfB2- SiC. 
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DEVELOPMENT OF MATHEMATICAL AND SOFTWARE FOR THE ESTIMATION OF TECHNOLOGY READINESS LEVEL FOR 
PROCESSING OF CERAMIC MATERIALS 

 . . 
Pronichkin S.V. 

,    «   »   , 
pronichkin@mail.ru 

        .  
          

    .     
         , 

     ,      
,          . 

 
The paper explores the existing approaches to the processing of ceramic materials. Describes the developed 

mathematical and software for solving the problem of choosing the best technology for the processing of ceramic 
materials. The application of the proposed mathematical and software based on the metric spaces of multisets 
allows more structured and analysis of a set of technologies that are described by many verbal signs and present 
in several versions more adequately than in the case of applying existing approaches. 

 
         

  ,  :  ; ;  ; 
;    . .  ,   , 
   ,       

. 
        

,        [1, 2, 3]:   - . 
          
 ,   ,    ,     
  . 

 -        
     ,   , 

     . 
       [4, 5, 6]   

.       ,      
    , , ,   

 .         
  .      ,    . 

,        . 
          , 

          
        ,  

   ,       .  
          , 



 

434 
 

    ,      .  , 
           

,           ,    
 .  ,         

  [7, 8],           
  ,       .     

        .   
        . 

         
 [9, 10, 11].        

   ,     ,    
   .        

ZrXxxxrAi AiAi ,  ZXrAi  -   , 

    Xx j    Ai ,   i -  . 

        ,  
        ,       
.        ,  

             
.   ,   . 

          
     .      

    :     ;  
    ;    ;  

   . 
         

    ,      , 
     ,     

     . 
           16-36-

00080 _ . 
 : 

Singh B., Goel R. Engineering Rock Mass Classification. – NY: Wiley, 2011, P. 365. 
Ulusay R. The ISRM suggested methods for rock characterization, testing and monitoring. - NY: Springer, 2015, 
P. 280. 
Zhu H., Li X., Zhuang X. Recent advances of digitization in rock mechanics and rock engineering. Journal of 
Rock Mechanics and Geotechnical Engineering, Vol. 3, - 2011, P. 220-233. 
Mikaeil R., Ozcelik Y., Yousefi R., Ataei M., Hosseini S. Ranking the sawability of ornamental stone using Fuzzy 
Delphi and multi-criteria decision-making techniques. International Journal of Rock Mechanics & Mining 
Sciences. Vol. 58, - 2013, P. 118–126. 
Mikaeil R., Ataei M., Hoseinie S. Predicting the production rate of diamond wire saws in carbonate rocks cutting. 
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Souza A., Pinheiro B., Holanda J. Processing of floor tiles bearing ornamental rock-cutting waste. Journal of 
Materials Processing Technology, Vol. 210, - 2015, P. 1898-1904. 
Altunok T., Cakmak T. A technology readiness levels (TRLs) calculator software for systems engineering and 
technology management tool. Advances in Engineering Software, Vol. 41, - 2010, P. 769–778. 
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P. 312-320. 
Girish K. Multiset topologies induced by multiset relations. Information Sciences, Vol. 188, - 2012. P. 298–
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     AlN-Al2O3 c     1959 
 [1].          [2,3], 

     .  1978      James W. 
Mccauley   [4],         Al2O3–
AlN.       ,     

  ,  –    ,      
  .       :  

    ,    ,  
    .  

      2    .   
     Al2O3  AlN   40:60,   

  [5,6].        50-60 . 
     , ,    

      23% AlN – 77% Al2O3.     
      .     

-    50 .      -    
30   120 ,   1700-1800 .       .  

  ,       «  » 
-     …  . . .       
12 ,   1700-1900    500 / 2.     

   .     ,    
           .    

      . 
        ,  10-

15    65 .  ,     ,    
   ,        

, . .          (10-12 ).  
 ,   ,    ,   

  1-3 .   ,    .   
    . ,        , 

  1700 ,     .   
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        . 
    1900        . 

,    ,     ,    
      .  ,   

       -   ,     
   . 

     ,     I  
  - 9304±46 / ,     II    - 10127±506 / ,   

  , :   I - 0,6±0,03 / ,  II - 0,18±0,01 / .    ,   
  I      ( , , ).  
      .   950-1300 V,  

 120-140   KI   4-4,5 / 2.       
   . 

    ,    
, . .        .    
,          ,  

 ..        ,   
   .    ,   

   ,   ,   
 ,  ,         

  . 
    16-08-00815 . 

 : 
Yamaguchi G., Yanagida H. Study on the reductive spinel—a new spinel formula AlN–Al2O3 instead of the 
previous one Al3O4 //Bulletin of the Chemical Society of Japan. – 1959. – . 32. – . 11. – . 1264-1265. 
Long G., Foster L. M. Crystal phases in the system Al2O3–AlN //Journal of the American Ceramic Society. – 
1961. – . 44. – . 6. – . 255-258. 
Adams I., AuCoin T. R., Wolff G. A. Luminescence in the System Al2 O 3 AIN //Journal of The Electrochemical 
Society. – 1962. – . 109. – . 11. – . 1050-1054. 
Jack K. H., Wilson W. I. Ceramics based on the Si-Al-ON and related systems //Nature. – 1972. – . 238. – . 
80. – . 28-29. 

   2311225.  B 01 J 19/00.       
. .,  . .,  . . 27.11.2007. 

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

  //  , 2015. 4. .49-60. 

       
NEW MATERIALS BASED ON CALCIUM MOLYBDATE 

 . .,  . .,  . . 
Pyankova D.V., Mikhailovskaya Z.A., Kuznetsova Yu.A. 

, . ,  . . . , dianapyankova@gmail.com 

.      Ca1 1.5 BixMoO4±  (x=0–0.4) 
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    .      Bi2O3 

(99.9%), MoO3 (99.5%)  CaCO3 (99.5%).      , 
      ,  
    .   Ca1 1.5 BixMoO4±   x=0.3 

    ( . . I41/a (88)). 
 
Annotation. A series of bismuth-doped calcium molybdates Ca1 1.5 BixMoO 4±  (x=0–0.4) were synthesized 

by solid-state reaction with Bi2O3 (99.9%), MoO3 (99.5%) and CaCO3 (99.5%) and investigated using X-ray powder 
diffraction, diffuse reflection method and impedance spectroscopy. The solid solutions exist up to x=0.3 have 
tetragonal unit cells (Sp.gr. I41/a).  

 
          
   .       ,   

 ,    .     
              

  ,   -  . 
  Ca1-1.5xBixMoO4 (x 0.4)     , 

    700°C.        
          .  

     550° ,    MoO3.   
      . 
   Ca1-1.5xBixMoO4    . ,  

           
   ( . . I41/a (88)).        
-       . 

      ( )  
 ( ) JEOL JSM 6390LA (Jeol; ).     ,   

Ca0.7Bi0.2MoO4          
.  
      .  
       .   

 623–1073 .       
.        . 

        . 
   Ca0.55Bi0.3MoO4    ,      

    367  (     ), 550  651  
(      ,    ).  

       - ,  
         .    

     3.02 .  ,      
  :     .      
   2.45 . 

       -7979.2016.3 
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ALL-SOLID-STATE BATTERY BASED ON VANADATE-TUNGSTATE SYSTEM 

 . .,  . .,  . .,  . .,  . . 
Raskovalov A.A., Il’ina E.A., Pershina S.V., Saetova N.S., Shekhtman G.Sh. 

 ,     , other@e1.ru 

           
   .        

   ,    ,   .  
            

 .          
            –   

.         . 
 
Low safety of chemical power sources is a result of application of aggressive or flammable liquids in their 

construction. A conception of an all-solid-state battery has been proposed to solve this problem. Such power 
sources consist of solid electrolyte, cathode and anode. Unfortunately, there is a problem of a good electrical 
contact between components of the electrochemical system. In this work we suggest to use glassy materials based 
on vanadia as a cathode and glassy materials based on tungsten oxide as an anode of all-solid-state batteries. 
Glassy electrodes are able to fill pores of the solid electrolyte during a heat treatment. 

 
            

 .     , ,      
    ,      

 –  ,  -   –      
.       ,     

.              
   ,          -

NaAlO2.  ,         
   .   ,     

 ,  ,    -    
-  .          

Samsung Galaxy Note 7   . 
          
   (all-solid-state battery).   ( ,   )  

  –  .          
    . - ,         

  ,           
.     –       . 

       10-2 / ,    
    10-4 / .      

     . 
 [1]            
          .  

         .  
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.          Li7La3Zr2O12, 
          [2]. 

 /           
: 

( ) V2O5–B2O3 + Li+ + e-  LiV2O5-B2O3, 
( ) Li–Ga-Ag  Li+ + e-

 + Ga-Ag. 
 ,       .  

       ,     
        -  .   

,    Li–Ga   ,  ,    
       Li–Ga.    

              . 
      -  .    

         ,      
    -   . 

   WO3-P2O5     .   
          

    Rigaku D-MAX-2200V ( )   . 
    Cu K - ,    2  = 10–70°.   

        ( )  
 NETSCH 204 F1 Phoenix ( ).       

 ,    10 °C/ .  -  
        25 – 300 °C   

 E7-25 ( , ).       
       .  /   

       : 
( ) LiWO3–P2O5  Li+ + e-

 + WO3–P2O5. 
         2    

     / 2     300 ° ,     
  -  .  ,    

     100%. 
         

    «  ». 
   

Il’ina E.A., Saetova N.S., Raskovalov A.A. All-solid-state battery Li–Ga–Ag | Li7La3Zr2O12 + Li2O–Y2O3–SiO2 | 
Li2O–V2O5–B2O3 // Russian J. Appl. Chem. 2016. V. 89(9). P. 1434-1439. 
Murugan R., Thangadurai V., Weppner W. Fast lithium ion conduction in garnet-type Li7La3Zr2O12 // Angew. 
Chem. Int. Ed. 2007. V. 46. P. 7778–7781. 
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LIGHTWEIGHT CERAMIC COMPOSITE MATERIALS, OBTAINED BY  
THE TITANIUM METHOD 

 . . 1,  . . 1,  . . 2 

 ,   
1 - , - , -     (  

) 
2 - , ,         

 . . .     
f1n_xek@bk.ru, perevislov@mail.ru 

.         
    SiC, TiC  TiB2.      ,   

     .     1,5–2,0  
    ,     

.  
 :   ,  , 

, SiC, TiC, TiB2,  . 
Annotation. In the work by the hot pressing method, composite reinforced ceramic materials based on SiC, 

TiC and TiB2 are obtained. As a metallic binder, titanium was used, which was introduced into the material during 
the mixing of the components. The density of the obtained materials is 1.5-2.0 times lower than the density of 
sintered kermometallic materials, at commensurate levels of mechanical properties. 

Key words: Ceramic composite materials, ceramometallic materials, titanation, SiC, TiC, TiB2, boron fibers. 
 

          .  
         .    

       ( )   
 . 

        ,  
      ,        

    .  
          

.    ,      : 
          1200 º ,  

,   ,  ,  . 
        SiC (  «  40»)    d0,5 

= 29,0 , TiC    d0,5 = 42,3   TiB2    d0,5 =  
23,8 .   (  « -1»)  d0,5 = 64,7       

  d0,5 = 1,4 .     80 . % SiC(TiC, TiB2) + 10 . % Ti  
         10 .       

  – 10 . % Bf (  140 ,  0,5–2,0 ).  SiC(TiC, TiB2)+Ti+Bf 
      5 .  ,  . 
         1600  

  30   .      1,    1. 
   ,     ( . 1).   
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         Bf,    
  .    (1600 )    

          (  1).  
          , 

       (  1).     
   .   80 . % SiC + 10 . % Ti + 10 . % Bf (  = 630±10 )  

30 %  -    80 . % SiC + 20 . % YAG (  = 450–470 ). 

 1 –      

   
 

  
±0,02, / 3 

 
±0,1, % 

  
  

±10,  

 
 

1 ±0,2, · 1/2 

  
 

HV±0,1,  
80 . % SiC+10 . % Ti 
+ 10 . % Bf 

2,88 11,3 630 6,8 9,5 

80 . % TiB2+10 . % 
Ti +10 . % Bf 

3,87 9,8 595 6,0 10,4 

80 . % TiC+10 . % Ti 
+10 . % Bf 

4,16 10,4 780 8,2 9,8 

     
,   
 . ,  

  ,    
 ,  .  ,  

 ,    ,  
 (     

)    1  = 
8,2±0,2 · 1/2 (    80 . % 
TiC+10 . % Ti +10 . % Bf).   

       
   .     

     
     

(  1)      
 (     ). 

     : 1)    1 ( . 1) 
       (  2); 2)     2, 
 ,    ,       Bf   

  SiC   ; 3)    3    Ti 
(  2),           . 

 2 –    80 . % SiC + 10 . % Ti + 10 . % Bf 

  
    , % . 

Si K C K O K i K  K 
1 69,12 28,94 1,94 0 0 
2 0,20 0 2,74 78,43 18,63 
3 0 0 0,85 0,81 98,34 

. 1 –    80 .% 
SiC + 10 .% Ti + 10 .% Bf 
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THE FACTORS INFLUENCING TRANSPARENCY OF CERAMICS 

 . .,  . .,  . . 
Sevostjanov M., Oparina I., Leonov A. 

,   . . . , ibo@imet.ac.ru 

     ,   , 
  :   ( ), ,  , 

  ,  .  
 
Researches of optical ceramics have established the factors influencing transparency which treat: crystal 

multiphase (heterogeneity), porosity, nature of structure, relative positioning of crystals, their size. 
 

   –         
  .        

 .  
       ,   

 : Y2O3, YGdO3, Sc2O3, Lu2O3. 
      l2O3  

      [1],   [2]   
      [3]. 

        .  
     800 0  [4].   1000 0 ,   100 % 

.      6   900 0      
 .  

          
     c     [5]. 

-           
.   -      ,     

  [6].  
      -      

,     .    ,  
  , ,  -     , , 

 ( ).        , , 
.       ,  ,    

   ,    .  



 

443 
 

.1.            

 -       10-20   .    
  ,      ,   

.    ,       . ,  
        ,   –   

    ,    .       
          ( .1). 

  [7]      .   
   , ,  .     

    .      
.       ,  

    .      
           [8]. 

     ALON   Al2O3  AlN   
    48  [9].   [10]      

          ALON.    
     12  24     3,36  1,38 .   
     ,  -  24    

 ,     .  
             

20       15  1,4 ,     -  0,55  [4]. 
         . 

         10 - 100 .  
       [11].   [12]   

  -ALON     .  
           

 .  [13]   ,     (111) [112]  
         VSN-    

    .  
         . 

       [5].    
    :      

. 
     ,   

.  
           

 .       .    



 

444 
 

   ,      .  
     –     

   .   -    
.         

 Y3Al5O12    1  90 %  Er3+. -     1200 ,  
1600     -  [14]. 

            
 ,       [15].   , 

 ,   ,   .  
      ,  16-08-00815. 

 : 
 . .,  . .,  . .,  . .,  . .,  . .,  . ., 

A  . .,  . .,  . .,  . .,  . .,  . .  
      // , 2014. 2,3 (75-76). .18-21  

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

  // . .   ( ), 2014. . 37. .89-92  
 . .,  . .,  . .,  . .,  . .,  . .,  . ., 
 . .,  . .       
   //  , 2009. 3. .33-37 

Chung B., Park J., Sim S. Synthesis of yttrium aluminum garnet powder by a citrate gel method // Journal of 
Ceramic Processing Research. 2003. V. 4. P. 145–150  

 . .,  . .,  . .,  . .,  . .     Y2O3  
  . //  , 2014, .50, 9, C.1028-

1036 
Li J., Ikegami T., Lee J., Mori T., Yajima Y. Co-precipitation synthesis and sintering of yttrium aluminum garnet 
(YAG) powders: the effect of precipitant // Journal of the European Ceramic Society. 2000.V. 20. P. 2395–2405  
Ikesue A., Aung Y.L., Yoda T., Nakayama S., Kamimura T. Fabrication and laser performance of polycrystal and 
single crystal Nd:YAG by advanced ceramic processing // Optical Materials. 2007. V. 29. P. 1289–1294  
Huang H., Gong H., Tang D., Tan O.K. Synthesis and characterization of yttrium aluminum garnet by high-energy 
ball milling // Optical Materials. 2009.V. 31. P. 716–719  
Kim Y.W., Oh Y.W., Yoon S.Y., Stevens R., Park H.C.. Thermal diffusivity of reaction-sintered AlON/Al2O3 
particulate composites // Ceramics International.  2008. (34) P.1849–1855 

Qiang Liu, Nan Jiang, Jiang Li, Kun Sun, Yubai Pan, Jingkun Guo. Highly transparent AlON ceramics sintered 
from powder synthesized by carbothermal reduction nitridation // Ceramics International. 2016, (42), P. 8290–
8295  

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

   // . 14, 2008, C. 3-8   
 . .,  . .,  . .,  . . -    

   -ALON   - .     // 
    . 2016, 3, C. 23-30  

 . .,  .  .,  .  .,  . .      
  // . 2007. T. 415.  3. C. 322–324 

Zhou J, Zhang WX, Wang LA, Shen YQ, Li J, Liu WB, et al. Fabrication, microstructure and optical properties of 



 

445 
 

polycrystalline Er3+:Y3Al5O12 ceramics // Ceramics International 2011. 37(1) P.119-125  
Peelan J.G.J. Influence of MgO on the Evolution of the Microstructure of Al2O3 // Materials Science Research 
1975. V. 10. P. 443–453  

      ,  
   LI, NA, K, NB. 

INVESTIGATION OF CERAMIC MATERIALS BASED ON ZIRCONIA, PARTS OF MULTICOMPONENT OXIDE ADDITIVES LI, NA, 
K, NB. 

 . . 
Smirnov S.V. 

,         
 . . .  , serega_smirnov92@mail.ru 

         
      (ZrO2)       

 .           
  ,       , ,  , 

 .     ZrO2     1500-
1750 ,         .    

  ,   ,   , 
,  ,   ZrO2 .      

    ,     ,  
     1000  1200 .     

        .  
The project is aimed at solving the fundamental problem of creating new structural ceramic materials based 

on zirconium dioxide (ZrO2) with low sintering temperature and high mechanical properties. Products made of such 
materials can find application in the responsible nodes of engineering and aviation, as well as in medicine as 
implants, for example, hip joints, dental crowns. A significant disadvantage of ceramics from ZrO2 is a high sintering 
temperature of 1500-1750 , which leads to crystal growth and a decrease in the strength of materials. The effect 
of complex additives forming low-temperature melts on the sintering temperature, microstructure, phase 
composition, mechanical properties of ZrO2 ceramics was studied. As additives, original compositions based on 
silicates, niobates and zirconates of alkali metals forming low-temperature melts with a temperature of 1000 to 
1200  are used. This makes it possible to substantially lower the sintering temperature and to obtain strong 
materials with a nanocrystalline structure. 
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     400 ° ,       
 .  800-900 °      ,  

  –      2  - 50,3  50,7 .   
        .   

      300-400 °  (   –  140 2/ ).  
   ( )   ,  5 .Y2O3.  
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   0 ( ), 175  215 / .       
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        ,    
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 ,    .      

 ,      ( ).   
   ,      1400 ° . 

           
 ,   .     ,    

   ( )  .     
 :  1 –  ,  2 –  . 

ZrO2 + M2CO3 => M2ZrO3 + CO2                                                            (  1) 
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,  – Li, Na, K. 
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COMPOSITIONS ON THE BASIS OF STABILIZED ZIRCONIUM DIOXIDE FOR THREE-DIMENSIONAL PRINTING 

 . .,  . .,  . .,  . .,  . .,  . .,  . . 
Sokolov P.S., Grishechkina E.V., Karpyuk P.V., Volkov P.A., Nemeryuk A.M.,Slyusar I.V., Dosovitskiy A.E. 

, ,  «  » – , sokolov_ps@irea.org.ru 
, ,  , dossov@com2com.ru  

The present work considers the first results on rheological behavior of compositions consisting of 
nanocrystalline stabilized zirconium dioxide powders (19 - 22 vol. %) and a liquid UV-photosensitive organic 
monomer. Compositions showed a viscosity of 0.9 Pa×s at 65 s-1 shear rate and at room temperature. Printability 
of these compositions was subsequently investigated by using an SLA machine Ember (Autodesk). 3D objects were 
later sintered in a separate furnace into dense translucent ZrO2 ceramics. 
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 Zr0,92Y0,08O1,96            
,            

 .         
    .       

  ,  – ,    . 
          (BET), 

       ,   
 ,   .         

   ( .  1).  

 1.      . 

  S . ( 2/ ) d50 ( ) D  ( )  ( / 3) 
ZrO2-I 40,6 1,02 15 1,07 
ZrO2-II 20,0 0,89 25 1,19 
ZrO2-III 12,0 0,78 35 1,31 
ZrO2-IV 6,0 — 125 1,60 

S .    BET; d50   ; D   ;   
   25279-93. 
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     BN-SI3N4 

PROPERTIES OF SINTERED MATERIALS IN THE BN-SI3N4 SYSTEM 
 . . 1,  . . 1, . .  . . 2 

Tarabanov R.V. 1, Perevislov S.N. 1, Slabov V.S. 2 
1 - , - , -     (  

) 
2 - , - , -     

 ,    
tarabanovrv@gmail.com 

.        Si3N4-BN,   
   20 . % YAG.    BN,   

 -      BN.     
   ,       

,        –  = 161,4 a.   
      ( 97 %)     H2SO4 HCl HNO3. 

   48 % HF  . 
 :   ,   , -  

,  . 
Annotation. Liquid-phase sintering was used to obtain materials based on Si3N4-BN, were used as the sintering 

additive 20 vol.% YAG. As the BN content increases, the density of the material decreases because of the low diffusion 
activity of the BN particles. The boron nitride of the turbostratic structure has an increased degree of amorphicity, so 
that it is possible to consolidate the materials most fully, which makes it possible to achieve the highest bending 
strength - st = 161,4 MPa. The chemical resistance of the resulting materials to acids is high (more than 97%) and 
increases in the series H2SO4 HCl HNO3. Resistance to 48% HF is lower. 

Key words: hexagonal boron nitride, turbostratic structure boron nitride, physical and mechanical 
properties, corrosion resistance. 
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     BN-Si3N4    
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. 1 –     t-BN 

 

     

. 2 –     h-BN 

       ,    
 (  = 1,91 / 3)     (  = 39,3 . %).  30 . % t-BN 

        15,5 . % (  1).  
      .    

 BN  20 . %        .   
h-BN  20 . %  3      9,5 %,     :  = 
2,43 / 3;  = 25,2 . %.        

,   (  = 2,78 / 3)    20 .% t-BN+60 .% Si3N4+20 
.% YAG (  1). 

 

 1 – -      Si3N4-BN-YAG 

 , . 
% -

,  
 

±0,1, %

 
±0,02, 
/ 3 

 
±0,2, 

. % 

 
 

±2,  

 
±2, 

 h-BN t-BN Si3N4 YAG 

20 - 60 20 
2 

9,5 2,43 25,2 37,4 52,6 
30 - 50 20 3,4 1,91 39,3 25,4 29,3 
- 20 60 20 

3 
9,7 2,78 14,5 39,5 84,2 

- 30 50 20 7,4 2,66 15,5 94,0 161,4 
 

           
.     E   ,    (   BN) 

  : E  = 25,4 a   = 29,3 a (  1).     
     Si3N4-BN    ,   2   
       BN-MeO. 

   BN  Si3N4,     , 
           
  .         
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. 
          

,             
,    .       , 

  .       . 
            

     HNO3 HCl H2SO4.       
     94 % HF   48 % HF   
. 

        Si3N4, BN  
  Si3N4-BN         

   20 .% t-BN + 60 .% Si3N4 + 20 .% YAG. 
        

   Si3N4-BN,   ,   ,    
. 

        
   17-03-00863. 

 -        
   

NOVEL HALOGEN-SUBSTITUTED PEROVSKITES AS PERSPECTIVE ELECTROLYTIC MATERIALS FOR MEDIUM-
TEMPERATURE FUEL CELLS 

 . . 
Tarasova N.A. 

, . ,        
. . . Natalia.Tarasova@urfu.ru 

        - 
   . -    -

     ,     
 . ,        

    .       T - pO2 - 
pH2O. 

 
In the present work the novel type of protonic electrolytes - halogen-doped oxygen-deficient solid oxides 

have been investigated. The fluorine and chlorine-substituted barium-calcium niobates were synthesized by solid 
state method and was proved by powder X-ray diffraction. The studied phase was found to be able to incorporate 
water from the gas phase. The conductivity was measured at T, pO2 and pH2O variation. 
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ENERGY EFFICIENT FOAM GLASS-CRYSTALLINE MATERIALS BASED ON NATURAL SILICA RAW MATERIALS 
1 . ., 2 . ., 2 . . 

Tkachenko1 A.V., Klimenko2 N.N., Delitsyn2 L.M. 
1 - , . ,   «  . . . » 

2 - , . ,  «  », klimenko.muctr@gmail.com 

          
  .      

:          
 .        

 ,     .   
 Na2O      . 

 The conditions of synthesis of foam glass-crystalline materials based on natural silica raw materials are 
considered. Attestation of the selected natural silica-containing raw materials was carried out: the diatomite of 
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the Inzenskiy field of the Ulyanovskaya region and the trembling of the Maltsevskiy field of the Moscow region. 
The possibility of synthesizing foam glass-crystalline materials based on natural raw materials that are not inferior 
in properties to foam glass is established. The effect of Na2O content and heat treatment temperature on the 
foaming process was studied. 
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75/25 

/ 
  

100 % 
 

    : ,  
     ( . 2). ,   25 %  

     . 

 2.       . 

 
/  

 
, / 3 , % 

- , 
% 

 
 , 
 

100/0 320±5 87±1 3,5±0,5  
    

90/10  230±5 91±1 3±0,5 1,8±0,1 
75/25  220±5 91±1 5±0,5 0,9±0,1 

    
90/10 202±5 92±1 4,5±0,5 1,2±0,1 
75/25 170±5 93±1 6±0,5 0,8±0,1 
50/50 830±5 67±1 33±0,5  
0/100 190±5 92±1 8±0,5 0,3±0,1 

 ,          
 .       :  – 

75-90%,  ( ) – 10-25%,  –  7,6%, SiC – 1 %.  :   850°    
5 / ,  30 ,  . 

            
    . . . . 

      . 
RESEARCH THE SINTERING PROCESSES DETERMINING FACTORS OF LOW-TEMPERATURE CERAMICS. 

 . .,  . .,  . . 
Tovpinets A.O., Leitsin V.N., Dmitrieva M.A. 

, ,    . . , tovpinets_a@mail.ru, 
leitsin@mail.ru, admitrieva@kantiana.ru 
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    .       
     . 

 
The work is devoted to study the influence of the initial mixture components characteristics on the structure 

formation of low-temperature ceramics in the process of sintering. The results showed that the refinement of the 
initial compacts structure obtained after the thermal destruction of the polymer binder allows to estimate the 
concentrations of formed pores and the refractory residue in the sintered ceramic. Taking into account the structure 
of the refractory thermodestruction product allows to specify the forecast the prediction of thermal stresses in the 
matrix of the sintered ceramics. The presented results can serve as a basis for optimization of low-temperature 
composite materials sintering processes. 
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AIP Conference Proceedings 1783, 020132 (2016). 
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SUBSTITUTED HEXAGONAL M-TYPE FERRITES AS PERSPECTIVE MULTIFFEROIC MATERIALS 

 . . *1,2,  . . 1,2,  . . 2,  . . 2,  .  3,  . . 1,2 
Trukhanov A.V. 1,2, Trukhanov S.V. 1,2, Panina L.V. 2, Kostishyn V.G. 2, Turchenko V.A. 3, Trukhanova E.L. 1,2 
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    110 /     14     .  
           

 .         
    Al-    - . 

 
Precise studies of the crystalline and magnetic structure of substituted M-type barium hexaferrites BaFe12-

xAlxO19 (0.1  x  1.2) by neutron diffraction have been performed. The electric polarization and magnetization as 
well as the magnetoelectric effect of the compositions in question are studied in electrical compositions up to 110 
kV/m and magnetic fields up to 14T fields at room temperature. The presence of spontaneous polarization and a 
strong interrelation between the dielectric and magnetic subsystems at room temperature is revealed. Precision 
structural studies have made it possible to establish the cause and mechanism of the onset of spontaneous 
polarization in Al-substituted barium hexaferrites of the M type. 

 
         ( - ) BaFe12O19 
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Fe3+  5     (1*Fe1 , 2*Fe2 , 1*Fe3 , 
2*Fe4 , 6*Fe5 )   0       20 B     [8]. 
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      [4, 9, 10],    
  . 

    BaFe12-xAlxO19    
    Fe2O3, Al2O3,   BaCO3 (   ),    

 .        
          300   760  
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     ( , ).    
         (Liquid 

Helium Free High Field Measurement System by Cryogenic Ltd, London, UK)   300     
14 .          

     .      ‘Source 
Meter Keithley 2400’.       E  B. 

     : 
Kme = MS(0) - MS(E)/MS(0)*100 % 

 MS(0) –       , MS(E) -  
     60 / . 

       BaFe12-xAlxO19 
(0.1  x  1.2)       98 %     ~ 1 . 

        P63/mmc ( 194). 
          

    .        
   .    x = 0.1  a   5.889 Å (300 )  

5.912 Å (730 ).     23.194 Å (300 )  23.343 Å (730 ).  V   696.61 Å 
(300 )  706.73 Å (730 ).        

 .     x = 0.9  a   5.881 Å (300 )  5.904 Å (730 ). 
    23.169 Å (300 )  23.306 Å (730 ).  V   693.96 Å (300 )  

703.43 Å (730 ).         
       ,    

         .  
       a = 5.35*10-5 K-1 (x = 0.1  0.9)  c = 3.47*10-4 K-

1 (x = 0.1)  c = 3.19*10-4 K-1 (x = 0.9)   300-730 K.     
         

   Fe5 – 12k.  -   
         

 .          
 .    2 = (1.61-1.92)     

Rwp = (10.92-13.56), Rexp = (4.56-8.63), RMag = (17.31-19.52)       
 .       Tc    
 .            = [0, 0, 0],   

      .     
       Fei – Oj (1  i, j  5).   

          
    ,         
 .      .     

  x = 0.9    4fIV,  - 2b   - 12k 
    . ,     4fIV   

 Fe3 – O2  Fe3 – O4     (  ),    
- 2b   - 12k      .   

 , ,  .     12k   
     Fe5 – O1, Fe5 – O2  Fe5 – O4,       

Fe5 – O5 .     x = 0.1      
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  .       2b – Fe2 – O1  Fe2 – O3. 
             

.            
.           

  -  BaFe12-xAlxO19 (0.1  x  1.2) - , 
    Fe5 - 12k.        

  ,        
 d-   Al3+    .   

 ,          
 ,  110 / .         x = 0.9 

 5.8 / 2.   110 /       x = 0.1  5.1 / 2.  
   x  0.1  1.2     

  10 %.     ,    
     2 .    x = 0.9  
  22.7 / ,       

4.4 B/ . .      60 /     
  5 %  23.9 /  (4.8 B/ . .).        

   Fe3+       .    
x = 0.1       52.6 / ,    

   10.4 B/ . .     60 /   
     4 %  54.7 /  (11.1 B/ . .).   

        .  
     .    

          . 
, ,   ,       

   ,        ,  
,   . 

      (  17 -002)    
         « »   

 -   (  4-2017-041  3-2017-028) 

    Y0.5CA0.5BACO4-XFEXO7 

CRYSTAL STRUCTURE OF Y0.5CA0.5BACO4-XFEXO7 MATERIALS 
 . .,  . . 

Turkin D.I., Bazuev G.V. 
 ,   , turkin@ihim.uran.ru 

    ABaM4O7 (A=Y, Ca, Ln; M=Co, Fe)    
      II – .   
           

   .     solution-combustion, 
      .   

       .   
kagome  trigonal    Co2+  Co3+/Fe3+, .  
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        triangular – 
. 

 
ABaM4O7 (A=Y, Ca, Ln; M=Co, Fe) complex oxides, which display type-II magnetoelectric effect, have 

attracted an intense interest due to potential applications in various applications of microelectronics. This study 
aims investigate correlations between charge states of transition metal ions and crystal structure of ABaM4O7 – 
oxides. Studied compounds were synthesized by a solution-combustion routine. Crystal structure was investigated 
by Rietveld method. Decreasing of charge states of cobalt ions leads to increase symmetry of the structure. 
Crystallographic kagome and triangular layers are occupied predominantly by Co2+ and Co3+/Fe3+, respectively. 
Dopant ions (Fe3+) occupy triangular layer positions predominantly. 

 
           

 CaBaM4O7         (M=Co) [1],  
       ,    c TN=270 K (M=Fe) 

[2].      -    ,   
   .       

    swedenborgite -    CaBaM4O7   ½ 
    . 

  –  Y0.5Ca0.5BaCo4-xFexO7 (x=0, 0.25, 0.5, 0.75, 1.0).   
  solution-combustion     .    
       (  FullProf2016)   

  ,     (  STADI-P, .STOE). 
          

.    Y0.5Ca0.5BaCo4-xFexO7 ( .1)    
 ABaM4O7    kagome  triangular –  , 

  MO4 (M=Co, Fe).  A (A=Y. Ca)  Ba2+    (VI)  
 (XII) , . 
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(1)     (2) 

(3) kagome layer   (4) trigonal layer 

. 1. (1) –   Y0.5Ca0.5BaM4O7 –  kagome  trigonal –   
 (001);        

(     ); (2) –     ab [001]; (3) – kagome-  
 MO4,       (  

   ); (4) – triangular   MO4. 

  ,    -  t-  (M1O4, 1.86-1.90 Å) ,  
  k-  (M2O4, 1.91-1.95 Å) ( .2).      

   t-  (M1O4),    k-  (M2O4)  . 
   -      (Co2+, Fe3+),  ,  

    [3].      
t-  (M1)   (Co3+, Fe3+)  k-  (M2) –  (Co2+).   

 M1-O       Co3+   M1   Fe3+ 
 .    M2   Co2+     

 0<x<1,  . .  M1O4     . 
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. 2.   M-O  (M=Co, Fe)       
Y0.5Ca0.5BaCo4-xFexO7. 

 

 : 
 Caignaert V., Pralong V., Maignan A., Raevau B., Solid State Communications 149, 453 
(2009). 
Hollmann N., Hu Z., Wu H., Valldor M., Qureshi N., Willers T., Chin Y.-Y., Cezar J.C., 
Tanaka A., Brookes N.B., Tjeng L.H., Phys. Rev. B 83, 180405 (2011). 
Shannon R.D., Acta Cryst. A32, 751 (1976). 

NEW NANOSTRUCTURED CERAMICS FROM BADDELEYITE RECEIVING AND MECHANICAL PROPERTIES 
Tyurin A.I., Zhigachev A.O., Umrikhin A.V., Rodaev V.V., Korenkov V.V., Dmitrievskyi A.A., Pirozhkova T.S. 

Russia, Research Institute for “Nanotechnology and Nanomaterials”, G.R. Derzhavin Tambov State University, 
Internationalnaya Str., 33, Tambov, tyurin@tsu.tmb.ru  

Abstract. Novel nanostructured zirconia ceramics were prepared from zirconia mineral – baddeleyite; CaO 
was used as a stabilizer. Synthesis conditions corresponding to high values of mechanical properties (hardness, 
Young's modulus, fracture toughness and coefficient of friction in ceramic-ceramic pair) were found. The obtained 
mechanical properties are comparable to that of chemically prepared ZrO2 ceramics stabilized with yttria. 

Introduction. Ceramics are among the most promising materials for both fundamental science and industrial 
applications due to their unique mechanical and functional properties, resistance to influence of corrosive, high-
temperature and radioactive environments [1, 2].  A notable place among them is held by zirconia (ZrO2) ceramics, 
which are tailorable for refractory, engineering and functional applications.  ZrO2 ceramics are usually produced by 
a complex chemical route, used to introduce alloying oxides, such as Y2O3, CeO2 and other. Doping is used to 
preserve zirconia in the metastable tetragonal (t) phase, responsible for high bending strength and fracture 
toughness . However, the use of stabilized zirconia ceramics is limited due to the high cost of raw materials 
(chemically precipitated ZrO2, Y2O3 and CeO2); it is, hence, an important problem to find more cost-efficient ways 
to produce high-quality zirconia ceramics  

Natural zirconia mineral (baddeleyite) may be used as a substitute for chemically prepared zirconia along 
with CaO used instead of Y2O3 as a stabilizer. However, methods for preparation of structural zirconia ceramics 
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with high strength and plasticity from baddeleyite are not yet developed. Its development can be crucial for the 
replacement of expensive chemically prepared zirconia ceramics. Thus, in the present work, novel baddeleyite-
based structural zirconia ceramics, stabilized with calcia, are studied; relations between preparation conditions, 
structure and mechanical properties are investigated. 

Materials and methods. Chemical synthesis methods typically used for preparation of zirconia ceramics are 
not applicable to baddeleyite because of its chemical inertness. In the present study introduction of stabilizer into 
zirconia matrix and nanostructurization for further sintering was carried out by means of mechanical alloying 
technique in a planetary mill at 65g centrifugal acceleration. Milling was carried out with 1.5 mm zirconia balls in 
water-based suspension. 

Slurries after mechanical treatment were dried for water removal. Dried powders were compacted via dry 
uniaxial pressing method in 2–3 mm thick pellets with diameter of 10 mm. Sintering was carried out using two-
stage sintering technique described in [3]: pellets were heated to 1300 °C, held at this tempereature for 5 minutes, 
then cooled down to 1200 °C, soaked at 1200 °C for 4 h and cooled down to room temperature. Heating and 
cooling rates were controlled and were 5 °C/min. The sintering regime allowed us to preserve nanosized ceramic 
grains (~ 120-130 nm) and to achieve at the same time relative densities of 0.99. 

Phase composition of the sintered ceramics was studied by X-ray diffraction technique using D2 Phaser 
diffractometer (Bruker AXS, Germany). The key mechanical properties of the prepared ceramics were measured: 
hardness – H, Young’s modulus – E, fracture toughness – KC and local friction coefficient – k. They were 
determined experientally using micro- and nanoindentation techniques [4] with Triboindenter Ti-950 (Hysitron, 
USA) and Duramin A300 (Struers, Denmark). Berkovich and Vikkers indentors were used. 

Results and discussion. Typical X-ray diffraction patterns of sintered ceramics with different calcia contents 
are presented in Fig. 1. It can be seen that increase in CaO concentration leads to change in phase composition: at 
low calcia concentration m-ZrO2 is a dominant phase, then at intermediate CaO content ceramics predominantly 
consist of t-ZrO2, at CaO fraction above 10 % peaks of c-ZrO2 (cubic phase) are observed. 
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Fig. 1. X-ray diffraction patterns  of 
sintered zirconia ceramics with different 

calcia contents (CaO - 2,2 %, 4,4 %, 6,5 %, 
8,4 %, 10,5 %,  

Fig. 2. Typical load-indentation depth P-h 
diagrams of sintered zirconia ceramics with different 

calcia contents. 1 - 2,2 % ; 2 – 4,4 % ; 3 –  
zirconium ceramics stabilized with yttrium derived from 

chemically precipitated zirconia. 

 

Fig. 3. The hardness H (1–5) and Young’s 
modulus E (6-10) values plotted as a function of the 
indentation depth for baddeleyite-based structural 

ceramic.  
: 2,2 % - (1), (5); 4,4 % - (2), (6); 6,5 % - (3), (7); 10,5 % 

- (4), (8); yttria-stabilized commercial zirconia ceramics based on 
artificially synthesized ZrO2 - (5), (10). 

Fig. 4. The hardness H (1) and fracture 
toughness C (2) of ZrO2 ceramics for different 

CaO concentrations. 

The physico-mechanical properties (hardness – H, Young's modulus – E and fracture toughness – KC) were 
determined by nanoindentation methods [4, 5] on the basis of characteristic P-h diagrams. 

Typical P-h diagrams, where P is load, and h is indentation depth, for a number of ceramics are given in Fig. 
2; values of different mechanical properties as a function of indentation depth is presented in Fig. 3. Typical values 
of H and E for commercial yttria-stabilized zirconia ceramics prepared from chemically precipitated zirconia are 
given for comparison in Fig. 3. 

It follows from Fig. 3 that H and E of the prepared ceramics depend on calcia content. Thus, the highest 
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values of H and E are observed for 6.5 % CaO ceramics. It should be noted that hardness of the prepared ceramics 
grows with increase in indentation load and depth up to h of 80-120 nm, and then it slowly decreases to a constant 
value at approximately 1000 nm. Increase in hardness at low loads is known as size-effect in indentation and is 
frequently observed in ceramics, ceramic coatings and other materials [4-8]. During the last few decades a number 
of theories, describing this size-effect were proposed; they range from theory of gradiental plasticity and 
dislocations generation to change in microplasticity mechanisms on the indentat formation stage, phase 
transformation and microcracking. 

Study of KC and k in ceramic-ceramic friction pair has shown that for prepared ceramics values of KC are 
within 4 to 13.3 MPa m1/2 (Fig. 4.), k values are below 0.15. The highest KC=13.3MPa m1/2 corresponds to 10.8 GPa 
hardness and is observed in 6.5 % CaO ceramics, which is higher than analogous values for commercial yttria-
stabilized ceramics prepared from chemically precipitated zirconia.  

Summary. Dense nanostructured zirconia ceramics prepared from cheap natural zirconia – baddeleyite, 
stabilized with CaO, are reported in the present work. Mechanical properties of these ceramics are studied, optimal 
synthesis conditions (CaO content, milling regime, sintering regime) corresponding to the highest values of 
hardnes (H=10.8 GPa), Young’s modulus (E=200 GPa), fracture toughness (KC=13.3MPa m1/2) and coefficient of 
friction in ceramic-ceramic pair (k<0.15) are found. The mechanical properties of the new ceramics exceed the 
similar properties of expensive commercial ceramics with stabilized yttrium. This makes new cheaper ceramics 
more suitable for various practical applications. 
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CERAMICS BASED ON ZIRCONIUM DIOXIDE STABILIZED WITH RARE EARTH ELEMENTS 
 . .*1,  . .1,  . .2,  . .2,  . .1,  . .1,  . .1  
Frolova M.G.*1, Kargin Ju.F.1, Lukin E.S.2, Popova N.A.2, Lysenkov A.S.1, Titov D.D.1, Ivicheva S.N.1 

1 -          
. . .   ( . ,  ) 

e-mail: frolovamarianna@bk.ru 
2 -         

     «  -
  

 . . » 

           
,    –        
.      -    .  

       Zr1-xRxO2-  (R=In 23 .%).    
 – 5,38 / 3;   – 0 %,    –  203 .  

By the method of inverse heterophase co-deposition was obtained the solid solutions based on Zirconia, doped 
by rare – earth elements such as indium oxide and praseodymium oxide with different composition. The resulting 
samples were examined for physico-chemical properties. The highest properties were achieved in samples of the 
composition Zr1-xRxO2-  (R=23 In mol.%). This composition has a density of 5.38 g/cm3; open porosity is 0 %, the 
bending strength is 203 MPa. 

 
      ,    

   . , ,   , , ,   
    [1]. 

          
,    ,   - , , 

  ,   ,         
 . 

            
  [2],  ,       

. 
  ,         

,      ,     
    -   [3]. 

           
,    ,  ,    ,  
  -  . 

    ,       , 
  : 

-      ,   
; 

-  -         
  ; 

-          
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  .  
           

,  ,   ,     
 ,    –  .  

        105 º .    
  ,    103 º .      

      1,2     (25%)  
 .          

  pH = 6,0  .      .   
  ,   ,    7 % .,  

    .         
 .   30 .    80 º . 

         5%  
   ( ,  10779–99),     15%   . 

- ,      ,     
01.      40 6 6      

    100 .        
 1550º ,      3 .  

    -  ( . 1).   
,       Zr1-xRxO2-  (R=In 23 .%).   

  – 5,38 / 3;   – 0 %,    –  203 . 

 1.     ZrO2,   

 

 

            
 ,    –     . 
        Zr1-xRxO2-  (R=In 23 .%).   

  – 5,38 / 3;   – 0 %,    – 203 . 

 

 

 

 

, . % 

 

 

, 

/ 3 

 

, 

% 

 

 

 
 

, 

/ 3 

 
, 

% 

 

, % 

 

Pr 
10 2,82 5,21 20 0 155±5

15 3,08 5,33 21 0 176±5

In 

20 2,92 5,15 21 0 192±5

23 3,01 5,38 22 0 203±5

25 3,23 5,67 25 0 230±5
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. . , . . , . . , . . , . .  /     

      //     
.     —      . . 
, , 2010. 

            / . . ,  . .  
,  . .  ,  . .  ,  . .  ,  . .  ,  . . , . . , . . 
//    . – 2007. -  2. - . 75-88.

       
SR2,8BA0,2AL0,5NI1,5O7–  

FEATURES OF SINTHESIS AND OXIGEN NON-STOICHIOMETRY IN MULTICOMPONENT OXIDE SR2,8BA0,2AL0,5NI1,5O7–  
 . . 1,  . . 2,  . . 2,  . . 2 

Kharlamova I. M. 1, Makhnach L. V. 2, Usenka A. E. 2, Pankov V. V. 2 

1 - ,  -    . .   ; 
 e-mail: gri-inga@yandex.ru 

2 - ,    

      Sr2,8Ba0,2Al0,5Ni1,5O7– .  
          -3  

 CuK - .      
 .         

 . 
 
A multicomponent oxide Sr2,8Ba0,2Al0,5Ni1,5O7–  was obtained by solid-phase synthesis. Phase homogeneity 

of the oxide compound was examined by XRD technique (DRON-3, CuK -radiation). Oxygen non-stoichiometry of 
the sample was determined by iodometric titration. The change in the oxygen index of the sample upon heating 
was studied by coulometric titration. 

 
   Sr3Me2O7 (Me – 3d-, 4d- )    2 /RS (P – 

 , RS –   ),    -  Srn+1MenO3n+1 (n=2), 
  -        .  

  , ,     .     
         . 

       Sr3Al0,75Ni1,25O7–  [1].  
     Sr3Al Ni2– O7–  (0,5    0,75).   
      .     

      Sr3Al0,5Ni1,5O7– .      
    .  . 1     Sr3Al0,5Ni1,5O7–

,       .   ,   
 ,      350 ° ,    

   (  )  ~ 750 °    3–5     
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     .     
1100–1150 °           

.        1300–1320 °    30    2 
  .   . 1 ,    Sr3Al0,5Ni1,5O7  

   2 /RS     NiO  SrO. 
,          .  

       . 
        .   

  Sr2,8Ba0,2Al0,5Ni1,5O7– ,  . 1    .   , 
    NiO  SrO    2  ~ 50,8°; 43,7°; 35,2°; 40,8°   

   .      2 /RS –  
.     Sr2,8Ba0,2Al0,5Ni1,5O7–  –   

  2 /RS –   1270–1280 °    18–20 .  , 
    ~ 1/3     ~ 50 °      

. 
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.1.   Sr3Al0,5Ni1,5O7 ( )  Sr2,8Ba0,2Al0,5Ni1,5O7–  ( ) (Cu K ) 

          
.      ,    
  OXYLYT ( ),       , 

     .   1    
 ( )   Sr2,8Ba0,2Al0,5Ni1,5O ,     . 
    . 
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 1.      Sr2,8Ba0,2Al0,5Ni1,5O  

    
 (�) 

  
 

  
   

1 0,76 Sr2,8Ba0,2Al0,5Ni1,5O6,24 +3,32 

2 0,78 Sr2,8Ba0,2Al0,5Ni1,5O6,22 +3,29 

3 0,79 Sr2,8Ba0,2Al0,5Ni1,5O6,21 +3,28 

4 0,76 Sr2,8Ba0,2Al0,5Ni1,5O6,24 +3,32 

5 0,78 Sr2,8Ba0,2Al0,5Ni1,5O6,22 +3,29 

6 0,79 Sr2,8Ba0,2Al0,5Ni1,5O6,21 +3,28 

7 0,90 Sr2,8Ba0,2Al0,5Ni1,5O6,10 +3,13 

8 0,90 Sr2,8Ba0,2Al0,5Ni1,5O6,10 +3,13 

:       3  

      ,    
 ,       Sr1,4La0,6NiO4–  [2]  Sr1,7Ce0,3NiO4–  

[3]    K2NiF4 (P/RS). ,   7, 8      
 (  ~ 1,5   ). 

    OXYLYT      900 °    . 
 ,     ~ 450 °   Sr2,8Ba0,2Al0,5Ni1,5O7–    

,    ~ 900 °       ~ 5,65,   
    . ,    ~ 1,35  
     2 /RS    .  

      900 °      
 . 

 : 
, . .       Sr3Ni2–xAlxO7–  (0,5    0,8) / 

. . , . .  //  -2016: - - » ( -
2016) :  V . .- . ., , 22–25  2016 .  , .-

.     .; .  : . .  ( .) [  .]. – , 2016. – . 
366–369. 
Makhnach, L. V. High-temperature oxygen non-stoichiometry, conductivity and structure in strontium-rich 
nickelates La2 xSrxNiO4  (x = 1 and 1.4) / L. V. Makhnach, V. V. Pankov, P. Strobel // Mat. Chem. and Phys. – 
2008. – Vol. 111. – P. 125–130. 
Makhnach, L. V. Synthesis and physicochemical properties of La–Ce–Ni–O and Sr–Ce–Ni–O oxides / L. V. 
Makhnach, S. P. Tolochko, V. V. Vashuk, O. V. Strukova, O. P. Ol'shevskaya, Yu. G. Zonov // Inorg. Mat. – 2002. 
– Vol. 38, iss. 12. – P.1258–1263. 
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SYNTHESIS OF TWO - AND THREE-LAYER COMPOSITE HETEROSTRUCTURES BASED ON ZIRCONIUM NITRIDE. THE 
CONDITIONS OF FORMATION HOMOGENEOUS NITRIDE STRUCTURE OF THE PREDETERMINED FORM 

 . . ,  . . ,  . . ,  . . ,  . .  
Shevtsov S. V., Ogarkov A. I., Kovalev I. A., Chernyavskii A. S., Solntsev K. A. 

,     . . .  , shevtsov_sv@mail.ru 

     ,   . 
    .  -     

     1500  2400 ° . 
 
Zirconium nitride ceramics characterized by a heterophase structure is obtained. The composition of the 

phases of synthesized ceramics is established. Structural-phase changes in the process of high-temperature 
nitridation of zirconium foil at 1500 and 2400 °C are described. 

 
         500-2800 °  

(       ).    
           

(T .(Zr) = 1880 ° ),           
   . 

     ,   .  
 1  -   (1500 ° , 4 .),   ,   

     ,    . 
   (1),        

.     ,        
    (3)     (15  2.5 ).   

( . )     .      
      ZrN.         

 (ZrN1-x),           . 

 

. 1 – -      (1500 ° , 4 .) 

1 –  ; 2 – ZrN1-x, 3 –      
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        1500 °   20 . . 
       ,     

      ( ,   . .).    60 . 
    . ,      , 

   . 
  2400 °           

     :         
 16 .,     ,      3-15 

;     60 .          (~ 500 
).          ,   

     . 

 –       . 

 , °   , . 
a, Å 

 

1500 

4 4,583 – 

6 4,581 – 

11 4,581 – 

16 4,583 – 

21 4,577 4,605 

60 4,577 4,594 

2400 

4 4,577 – 

6 4,574 4,601 

11 4,571 4,588 

16 4,570 4,586 

21 4,569 4,585 

60 4,578 4,584 

 

 ,      -    
,      ,       

 . 
        (  14-13-00925) 

(          . 
. .    ). 
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-       
REACTION BONDED MATERIALS BASED ON BORON CARBIDE 

 . .,  . . 
Shcherbak P.V., Perevislov S.N. 

, -      
(  ) 

e-mail: legion1709@gmail.com 

.          
« 4 + »  « 4 + +Si»      «Si + ».     

          B12(C,Si,B)3, , , 
   ,  ,       B4C. 

 :  ,  , ,   . 
Summary. By infiltration of porous « 4 + » and « 4 + +Si» green bodies with molten silicon dense 

materials were obtained. Infiltration was conducted through pores of expendable «Si + » green bodies. This 
method allows to reduce dissolution of boron carbide grains hence prevent B12(C,Si,B)3 phase from forming thus 
improve mechanical properties of the B4C based ceramic. 

Keywords: boron carbide, reaction sintering, silicon, secondary silicon carbide 
 

       ,     ,  
           . 

,               
.  ,  ,    . 
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PROPERTIES OF POLYAMIDE-6 AFTER ITS PREPARATION AND CONVERSION IN POLYMER FUNCTIONAL MATERIALS 
 . . 

Barannikov M.V. 
 ,   -  , 

newmichael2014@gmail.com 

   -6       ,  
   ( )   .  2  

     :     -
. ,          

   . 
 
When preparing PA-6 granulate for conversion, its properties such as the content of low molecular weight 

compounds (LMC) and relative viscosity are normalized. There are 2 alternative ways of preparing the granulate 
for conversion: LMC extraction and combined drying-demonomerization. It is shown that during the conversion 
the granulate acquires the same properties regardless of the preparation method. 

 
 ,     -6 ( -6)    

 ,     ( ):  ( )  
 ( )   ,     .      

  -6       ,   
         ,    

. 
    -6    -   

      -6,        
  .   -    

  -6. 
   -6        

 . 1 

 1 

1,2 -     -6   « », 
   ; 

3,4 -     -6   « »  
  -   

5,6 -           
 -   -6 



 

482 
 

          =270° , =15 
.    -6       . 2. 

 2 

    ,        -
6   ,        ,   

     . 

        
THE OXIDATION OF UNDECABORATE AS A NEW METHOD OF PRODUCING OF MULTIFUNCTIONAL MATERIALS 

 . .  . .,  . .  . .,  . . 
Belov P. , Storozhenko . ., Voloshina N.S., Dugin S.N., Gurkova E.L. 

,        ppbeloff@mail.ru, 
bigpastor@mail.ru, labor7@mail.ru, carboran@mail.ru, ellaada@mail.ru 

          
    –  (14),    

   . 
 
The new highly efficient method of oxidation of sodium undecaborate with the aim of obtaining 

multifunctional frame hydride of boron –decaborane (14) was proposed, which is the main raw material for all 
carboranes. 
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      -   .  
,               
  NaB11H14[6,8]   (14)   . 

 
2NaB11H14 + 4R C(O) R  +H2SO4+6H2O 2B10H14+2H3BO3+4R CH(OH) R +Na2SO4     

  R  = H, CH3, C2H5, C6H5 
       R  = H, CH3, C2H5, C6H5, CH2COCH3 
   ,       

     .        
    « » [9].  
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STABILITY OF THE SUPERHYDROPHOBIC STATE OF COATINGS ON THE BASIS OF GLYCIDYL METHACRYLATE 
COPOLYMERS TO PHYSICOCHEMICAL IMPACTS 

 . .,  . .,  . .,  . .,  . . 
Bryuzgin E.V., Klimov V.V., Le M.D., Navrotskiy A.V., Novakov I.A. 
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 .  
 
This work is dedicated to study of stability of superhydrophobic properties of polymeric coatings on the 

surface of metallic and polymeric substrates. The random or block-copolymers of glycidyl methacrylate and alkyl-
, fluoroalkyl methacrylates are used as hydrophobic agents. Stability of the superhydrophobic state of polymer 
coatings on the surface of aluminum or cotton fabric is studied during long-term contact with droplets of water 
and aqueous acidic, alkaline and salt solutions under saturated vapor conditions. Superhydrophobic coatings are 
stable to long-term impacts of organic solvents and detergents. The approach to the estimation of coatings 
stability to the abrasion impact is proposed.  
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. 1.          : ) 
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COMPOSITE MATERIALS OF BASED ON THE LOW-MOLECULAR POLYETHYLENE 

 . .,  . .,  . . 
Bulauka Yu., Piatrouskaya Yu., ShirabordinaV. 

 ,   , ulia-1917@yandex.by 

   ,      
         

  (     ,     
      ).  

 
The properties of low molecular weight polyethylene have been studied. The modern alternative directions 

of its industrial use in obtaining oil compositions for various purposes have been experimentally 
determined   (depressor additive in furnace fuel, additives for modifying the basic properties of road bitumen and 
a component of conservation lubricants). 
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ELECTROMAGNETIC SHIELDING GLASSES 

 . . 
Dyadenko M.V. 

 ,    , dyadenko-mihail@mail.ru 

      , 
   . 

    ,     
  - ,     Na2O–B2O3–SiO2.  

  Na2O/B2O3  SiO2/B2O3        
      600–1100 ,    

  . 
         
  -      . 

 
Results of researches of electrophysical characteristics of the borosilicate glasses used as electromagnetic 

shielding glasses are presented. 
Data on the glass development which are characterized by the maximum indicator of weakening of 

electromagnetic waves of the microwave range synthesized on the basis of the Na2O–B2O3–SiO2 system are 
stated. Influence of the relations of Na2O/B2O3 and SiO2/B2O3 on stability of a vitreous condition of synthesized 
glasses at their gradient heat treatment in the range of temperatures of 600–1100°C, the size of their temperature 
coefficient of linear expansion is researched. 

The area of the compositions with the maximum values of the indicator of weakening of electromagnetic 
radiation of the microwave range, and the tangent of angle of dielectric losses is defined. 
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      1,84 .     Na2O, 
  SiO2,      3,51  7,65.  , -

,     ,     
  .  

          
    .  

   B2O3       0,1718  2,2890, 
     1,84  2,50    tg ,   2,50  2,96  –  

 .  
           

.         : 
  ,     .    B2O3,   

Na2O,       1,346 10–7  1,159 10–7.  
       ,    
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        , 

  ,     .     :  
   ,     .      III  IV 

 .      ,  17,5 . 
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      .   
       B2O3,  15 . %.  
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        .  
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 . 

 ,           
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      ,  2548 / 3, 
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ELASTOMER THERMAL PROTECTIVE MATERIALS CONTAINING MICROSPHERES MODIFIED BY ELEMENT ORGANIC 
MODIFICATOR 

 . .,  . .,  . .,  . .,  . .  
Kablov VF, Novopoltseva OM, Keybal NA, Kochetkov VG, Pudovkin V.V. 

,    ( )   «   
 », 404121, , . , 42 , www.volpi.ru, e-mail: geminy-i@mail.ru 

Russia, Volzhsky Polytechnic Institute (branch) of the Volgograd State Technical University, 404121, Volzhsky, ul. 
Engels, 42a, www.volpi.ru, e-mail: geminy-i@mail.ru 

.       ,  
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     . ,  
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  ,   .  ,   

            
. 

 : , , , ,  , , 
,   

 
Annotation. The effect of the introduction of aluminosilicate microspheres treated with an element organic 

modifier on the value of the Payne effect, the physico-mechanical, thermophysical and fire- thermalproof 
characteristics of elastomer thermal protective materials was considered. It is shown that the use of pre-modified 
microspheres makes it possible to increase the degree of interaction of the rubber-filler and to increase the content 
of the modifier that regulates the structure of the formed coke at high-temperature impact into the interphase 
boundary. In addition, the modifier used increases the cohesive strength of the coatings under investigation and 
is able to enhance the adhesion of the coating to the substrate. 

Keywords: elastomers, coatings, fillers, modifier, Payne effect, microspheres, adhesion, cohesive strength 
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METHODS FOR THE PREPARATION OF WATER-SOLUBLE PHTHALOCYANINE-POLYMER COMPOSITIONS BASED ON 
CARBOXYMETHYLCELLULOSE AND POLYVINYLPYRROLIDONE 

 . .,  . .,  . . 
Makarevskaya T.Yu., Pechnikova N.L., Ageeva T.A. 

,   -  ,   
, e-mail: tageeva@isuct.ru 
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      ,   , 
  ,        

 . 
 
Water-soluble composites containing tetrachloro-substituted copper phthalocyanine based on 

carboxymethylcellulose and polyvinylpyrrolidone have been obtained. Several methods of preparing water-soluble 
phthalocyanine-polymer composites have been proposed. These are methods of mechanochemical activation and 
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interaction of a macroheterocyclic compound with polymers directly in an aqueous solution. It is found that 
carboxymethylcellulose is the most suitable polymer for the preparation of water-soluble compositions with 
metallphthalocyanine. The method of macrocycle interaction with polymers in an aqueous solution for the 
preparation of water-soluble polymer systems containing a phthalocyanine metal complex with 
carboxymethylcellulose and polyvinylpyrrolidone is more efficient than mechanochemical activation method.   
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ELECTRODEPOSITED POLYMER COATINGS MODIFIED WATER-INSOLUBLE METALLOPORPHYRINS 
 . .,  . .,  . .,  . .,  . . 

Morokhina A.K., Bespalova G.N., Larin A.N., Ageeva T.A., Koifman O.I. 
,   -  ,  

  , kraska@isuct.ru 

        
  -0125    .    

     .     
   .     

 -  ,    .   -
     . 

 
Modification of water-thinnable compositions for electrodeposition on the base of lacquer KCh-0125 

insoluble in water metalloporphyrins are investigated. Technology the introduction of modifying additives in the 
composition of the aqueous compositions is developed. Optimization of process parameters of electrodeposition 
on steel surface carried out. Comparative results of determining the amount of gel-fractions of coatings cured at 
different temperatures are presented. Evaluation of physical and mechanical and corrosion properties of 
electrodeposited coatings carried out. 
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   BPDA-P3  ABPDA-P3 

INVESTIGATION OF THERMAL AND DYNAMIC PROPERTIES OF TWO THERMOSTABLE POLYIMIDES BPDA-P3 AND ABPDA-
P3. FULL-ATOMIC MOLECULAR DYNAMICS SIMULATIONS 
 . .1,  . .2,  . .1,  . .1,3,  . .1,2 

Nazarychev V.M.1, Dobrovskiy A.U.2, Larin S.V.1, Kenny J.M.1,3, Lyulin S.V.1,2 
1 - ,       

2 - , -    
3 - ,   

nazarychev@imc.macro.ru 

         
  aBPDA-P3  BPDA-P3.       

     . ,    
          

   aBPDA-P3.  
 
The full-atomic molecular dynamics simulations have been carried out to investigate thermophysical and 

local dynamics of thermostable polyimides (PI) BPDA-P3 and aBPDA-P3. It was shown, that molecular dynamics 
can qualitative predict difference between glass transition temperatures of studied polyimides. The difference 
between thermophysical properties of PI BPDA-P3 and aBPDA-P3 is caused by slowing down of local orientation 
mobility in dianhydride fragment of PI aBPDA-P3.   
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SYNTHESIS AND OPTICAL PROPERTIES OF PERFLUORO-1,3-DIOXOLES AND PERFLUOROPROPYLVINYL ETHER 
COPOLYMERS 

. . 1,  . . 2, . . 1, . . 1,   . . 2 

Yu.E.Pogodina1, S.I.Molchanova2, E.V.Polunin1, I.V.Zavarzin1, V.I.Sokolov2 
, 1 -  . . .  ,  

2 -  «   »  yulia_jwr@rambler.ru 

    -      
-2,2- -1,3-        7  11 

      . 
 
The conditions for synthesis of amorphous homo- and copolymers of perfluoro(propyl vinyl ether) and 

perfluoro-2,2-dialkyl-1,3-dioxoles by thermal radical polymerization at pressure of 7000-11000 atm are described 
and the optical properties of polymers are studied. 
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503 
 

8 50 50 100 5 1000 38 46 0.059
9 25 75 150 5 1000 51 60.5 0.064
10 10 90 100 8 1000 61 66 0.037
11 5 95 150 7 1100 66 76 0.046
12 0 100 150 7 1100 73 100 0.031
13 TeflonAF 1600 0.117

   
 n = (nTE + nTM)/2  

/     632.8   
  x 

 . 

          , 2  3,  
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                 2                                        3 
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L. Eldada, L.W. Shacklette. Advances in polymer integrated optics. IEEE Journal of selected topics in quantum 
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BIODEGRADABLE MATERIALS USING RECYCLED POLYMERS 

. . 1,3, . . 2,3, . . 1,2  
M.V. Podzorova1,3, Yu.V. Tertyshnaya2,3, A.A. Popov1,2 

1 - ,     . .  
2 - ,     . .   

3 - ,      
mariapdz@mail.ru 

        ,  , 
             

     . ,     
–          . ,  

  ,  .  

The work is devoted to study the effects of different environmental factors such as water, oxygen and, light 
composition based on polylactide and polyethylene of low density with the addition of oxidized polyethylene, as 
an analog of recycled materials. Established that in the composition polylactide – polyethylene at the first stage 
the significant impact of moisture and UV light. It is found that polylactic acid is oxidized slower than polyethylene.  
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BIO-FLAME RETARDANTS BASED ON THE CHEMICALLY-MODIFIED RENEWABLE RAW RESOURCES 

 . . 1,2,  . . 1,2,  . . 1,  . . 2,  . . 1 

Sakharov P.A., Khvatov A.V., Lomakin S.M., Minikh A. A., Varfolomeev S. D. 
1 - ,         

 . .     
2 - ,     "  " 

  -      
  .        

   ,        
    . 

 
New ecologically friendly intumescent flame retardants based on renewable raw materials are developed. 

Obtained results allow to solve the problem of the synthesis of new flame retardants, as well as to provide the 
rational environmental management and utilization of the of food industry waste products. 
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INFLUENCE THE SEALING AND FRACTION DYNAMICS OF POLYMER MODEL COMPOSITIONS ON THE STRENGTH 
PROPERTIES OF PRESSINGS 
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The method of obtaining accurate castings of a complex spatial configuration is lost wax casting. The 
drawbacks of this method include the need to correct the shrinkage defects of polymer models obtained by pouring 
the model mass into a press mold. When compressing powders of the polymer model mass, shrinkage defects are 
absent, the accuracy of the models is increased. In some cases, it is difficult to predict the final dimensions of the 
pressing because of the elastic response of the compacted material. By regulating the fraction, the compaction 
rate and the holding time of the polymeric material under load, the required strength and dimensional 
characteristics of the models are achieved. 
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SOL-GEL TECHNOLOGY FOR FLAME-RETARDANT  PROPERTIES CELLULOSE TEXTILE MATERIALS 

 . .  . 
Taussarova B.R.  Takey Ye. 

.     
E-mail: birtausarova@mail.ru 

       ,       
      .    

  ,         . 
 
In the article expounded research on application of sodium silicate, phosphorus-containing fire retarders 

for flame-retardant  properties cellulose textile materials. Influence of concentrations of initial components is 
investigational, temperature and time of heat treatment on flame-retardant  properties. 
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The article considers the method of obtaining silver nanoparticles in aqueous solutions. There is studied the 
influence of reaction conditions, as well as concentration of reducing agent and silver, pH medium, found optimal 
synthesis conditions. There are defined parameters  for processing of packaging materials by aqueous solutions of 
silver  nanoparticles which imparting anti-microbial properties 
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STRUCTURAL FEATURES OF COMPOSITES OF POLYLACTIDE AND MANGANESE(III)TETRAPHENYLPORPHYRIN 
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First obtained a material based on L-polylactide and complex of manganese (III) tetraphenylporphyrins. 

These composites are developed as a promising material for medical purposes. Electronic spectra obtained by UV 
spectroscopy, indicate the presence of micro-inclusions of tetraphenylporphyrin in the polylactide matrix. The 
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method of optical microscopy determined that the above inclusions have a size of 15 – 20 m. By differential 
scanning calorimetry it is shown that the melting temperature of polylactide changes slightly by increasing the 
content of porphyrin in the composites. Meanwhile the glass transition temperature of polylactide increases  up 
to 2 . 
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PREPARATION AND PROPERTIES OF POLYLACTIDE - CALCIUM PHOSPHATES NANOCOMPOSITES 

 . .,  . .,  . .,  . .,  . . 
Trofimchuk E.S., Ivanova O.A., Moskvina M.A., Zezin S.B., Nikonorova N.I. 

,   . . , elena_trofimchuk@mail.ru 

     ,   
    ( , )   .  

  –    ,    ,  
     .     

             
pH .        15  40 .%;  
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An approach for obtaining nanocomposite materials characterized by high mutual dispersity of calcium 

phosphates (brushite, hydroxyapatite) and biodegradable polylactide is suggested. This method is based on the 
use of polymer matrix nanopores, formed by the crazing mechanism, as nanoreactors for inorganic phase synthesis. 
The features of the precipitation and crystallization of calcium phosphates in aqueous solutions and porous 
polylactide at various pH are studied. The content of calcium phosphates in the composite is varied from 15 to 40 
wt.%. The crystallite diameter is about 30 nm. The osteoconductive properties of the polylactide-hydroxyapatite 
composite with respect to osteoblasts are found. 
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EFFECT OF THE POLYMERIZATION INITIATOR ON THE PORE SIZES AND SORPTION PROPERTIES OF HIGHLY POROUS 
POLY(STYRENE-CO-DIVINYLBENZENE) 

 . .,  . .,  . .,  . .,  . . 
Shcherbakov V.A., Khasanova L.Kh., Shirokikh S.A., Rakitin A.I., Koroleva M.Y. 

, ,  -   . . .  
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     .      
   .     0,10 /( 2 )  

0,18 /( 2 ),       29,2 /   14,7 /    
   3,5 ± 0,4   22,7 ± 0,9       

   .  
The dependence of the sorption rate of the transmission oil in the highly poly(styrene-co-divinylbenzene) 

and the dependence of the limiting sorption capacity on the mean pore diameter were studied. The pore sizes in 
the highly porous polymer depended on the polymerization initiator. The sorption rate increased from 0.10 
kg/(m2 s) to 0.18 kg/(m2 s), and the limiting sorption capacity decreased from 29.2 kg/kg to 14.7 kg/kg with 
increasing pore sizes from 3.5 ± 0.4 m to 22.7 ± 0.9 m if used water-soluble and oil-soluble initiators of radical 
polymerization, respectively. 
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APPLICATION OF HEAT-WATER-INSULATING TWO-COMPONENT ELASTOMERIC COMPOSITIONS WITH HIGH PRESSURE 
DOMESTIC EQUIPMENT. 

 . .,  . ,  . . 
Yakovlev P.P., Arzhakov M.S, Lopatkin A.I. 

,    . . . ,  
 «  –  », pashayakovlev93@gmail.com 

           
 .          

 .          
 ,      
  . 

         « » 
    .    

    . 
In the present work problems of corrosion and deterioration of infrastructure objects in the process of 

exploitation are highlighted. Methods of traditional protection and modern approaches using elastomeric systems 
are shown. The article describes the newest approach of corrosion protection of pipes using polyurea, a 
comparative characteristic of polyurea and alternative polymer coatings is presented. 

The article describes the newest domestic high-pressure equipment "Interskol" for the deposition of two-
component polymer compositions. The technical characteristics of the plants and future developments of the 
company are presented. 
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DEVELOPMENT OF COMPOSITIONS OF TWO-COMPONENT NITROGEN-CONTAINING COMPOSITIONS WITH SPECIFIED 

FUNCTIONAL PROPERTIES FOR THEIR USE AS HEAT INSULATORS AND ANTICORROSION PROTECTION. 
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         .  
The research is devoted to the development and application of polyurethane foams, polyurea and hybrid 

compositions sprayed by means of high pressure equipment for their use as heat insulators or waterproofing 
materials and anticorrosion protection. In this paper, the relationship "composition-structure-properties" within 
the line of compositions of each type is studied. The physical and mechanical properties of the new compositions 
and their effect on the performance characteristics of the resulting material are studied. 
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FORMATION OF BIODEGRADATED COATING FOR "STENT" TYPE DEVICE ON THE BASIS OF BIOCOMPATIBLE  POLYMERS 
POLYLAKTIDE AND POLY-D, L-LAKTIDE-CO-GLICOLIDE 

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

Yakubov A.D, Kolmakova A.A., Fedyuk I.M., Sudarchikova M.A., Seregin A.V., Izvin A.V., Afonin A.Yu.,, Kaplan M.A. 
,     . . .    , 

yaaleksey777@gmail.com 

.         
  .        
    ,      

(   ).      .   
 ,    . 

 
Abstract. Layered composite materials of medical appointment are obtained on the basis of nanostructured 

nitinol. The formation process of films with the required mechanical properties at different molecular weights, 
concentrations and proportions of biodegradable polymers (glycolide to lactide) was studied. The structure of the 
materials was studied by SEM. The static mechanical properties were studied, the permanence of the SME of the 
substrate is shown. 

 
. 

          ,   



 

534 
 

    ,     : , 
, , -  [1].       , 

  , , ,  ,     
 ,    . .        

             
.            , , 
,    [2-12].       

       [9-15]. 
    ,     

     .       , 
     ,      ,   

     ,      
  .     

             
   ,    .    

       - ,   ,    
 ,      [16-17].  

           
         (   

)  . 
   . 

  -         
      ,     

( ,  )       
   (   ) -  .  

  280       55,91 . % Ni – 44,03 .% 
Ti.

     .   
 2            

  450    15   .  
          

   ( )  .       
    -D,L- - - .    

,            ( )  
   .  

      . 
 

 
   /        

  ,        , 
    .      ,  

        .  
     14-29-10208 « _ ». 

  



 

535 
 

 : 
 . .,  . .,  . .,  . .   

   . // , 2013. -  4 (72). - . 42-45. 
Zabolotnyi V.T., Belousov O.K., Palii N.A., Goncharenko B.A., Armaderova E.A., Sevost'yanov M.A. Materials 
science aspects of the production, treatment, and properties of titanium nickelide for application in 
endovascular surgery // Russian metallurgy (Metally). 2011. . 2011.  5. . 437-448. 

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

   «   — » // , 2014. 
-  3. - . 34 – 37 

 . .,  . .,  . .,  . .,  . .,  . .,  . ., 
 . .,  . .     NiTi  

 //    . 2016.  2. . 26–30 
 . .,  . .,  . .,  . .,  . .,  . .  

           NiTi 
.      //  , 2014. - 9. - . 19–
33. 

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

NiTi.       //  . 
2014.  7. . 37–49. 

 . .,  . .,  .A.,  . .,  . .,  . .,  . ., 
 . .,  . .      

 (Ni – 55,91% ( .), Ti – 44,03% ( .))   .       
 // , 2014. - 8. - .40–46. 
 . .,  . .,  .A.,  . .,  . .,  . .,  . ., 
 . .,  . .      

 (Ni – 55,91% ( .), Ti – 44,03% ( .))   .   // , 
2014. - 9. - .30-37. 

 . .,  . .,  . .,  .A.,  . .,  . .,  
. .          

  //  , 2015,  51,  4, . 453-457 
Nasakina E.O., Baikin A.S., Sevost’yanov M.A., Kolmakov A.G., Zabolotnyi V.T., Solntsev K.A. Properties of 
nanostructured titanium nickelide and composite based on it // Theoretical Foundations of Chemical 
Engineering, 2014. - V.48. .4. - P.477–486. 

 . .,  . .,  . .,  . .,  . .,  . .  
    //  .  

, 2015. –  3,  81. – . 23 – 26 
 . .,  . .,  . .,  . .,  . .,  . .,  

. .,  . .,  .C.,  . .,  . .     
      ,   

  //   , 2015,  461,  1, . 49–52 
 . .,  . .,  . .,  . .,  . .,  . .  

      -     
 //    . 2006.  12. . 38-42. 



 

536 
 

 . .,  . .,  . .,  . .,  . .,  . .  
p   p p   p    p  p -

p    p  p     CO69FE4CR4SI12B11 // 
   . 2010.  3. . 28-35.  

 . .,  . .,  . .,  . .,  .A.,  . .,  
. .   -       // 

, 2015,  1, . 47-51 
. . , . . , . . , . . , . . , . . , . . 

, . . , . . , . . , . . , . .  . .   
        //   

, 2015,  465,  2, . 194-197 
 . .,  . .,  . .,  . .,  . .,  . .,  . ., 

 . .         
         

 //   . 2016.  12-2. . 286-291. 

 

  



 

537 
 

 

 5 
   



 

538 
 

         2, 
        

COMPARISON OF MECHANICAL AND FRICTION PROPERTIES OF COMPOSITE MATERIALS BASED ON AMG2 CONTAINING 
NANO-DIMENSIONAL PARTICLES OF CRYSTALLINE GRAPHITE AND ALUMINUM OXIDE 

 . .,  . .,  . . 
Aborkin A.V., Babin D.M., Sobol̀ kov A.V. 

,          
, aborkin@vlsu.ru 

         
    2,  1 . %      -

Al2O3.    , ,      
         

 . 
 
Using the method of mechanical synthesis in a planetary ball mill, composite powders based on AMg2 

containing 1 wt. % Of nano-sized particles of crystalline graphite and -Al2O3. A comparative analysis of the 
density, microhardness, compressive strength and friction coefficient of bulk composite materials obtained by 
sintering under the pressure of synthesized powders is carried out. 
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    6+0.3%C60+AL2O3  6+0.3%C60+ALN 

INFLUENCE OF TEMPERATURE ON THE EFFICIENCY OF GAS DYNAMIC SPRAYING AND STRUCTURAL PHASE 
COMPOSITION OF HETEROGENEOUS COATINGS OF AMG6 + 0.3% C60 + AL2O3 AND AMG6 + 0.3% C60 + ALN 

 . 1.,  . . 1,  . 2.,  . . 3 
Aborkin A.V., Sobol̀ kov A.V., Arkhipov V.E., Evdokimov I.A. 

1 - ,         
 , aborkin@vlsu.ru 

2 - ,    
3 - ,        

        
6+0.3%C60+Al2O3  6+0.3%C60+AlN   .    

             . 
      . 

 
The heterogeneous coatings were obtained by cold gas-dynamic spraying of mechanically synthesized 

powders of AMg6 + 0.3% C60 + Al2O3 and AMg6 + 0.3% C60 + AlN systems. The effect of the temperature and the 
content of ceramic particles in the powder on the efficiency of coating deposition on steel substrates was studied. 
The results of X-ray diffraction analysis of the heterogeneous coatings obtained are presented. 
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INVESTIGATION OF THE INFLUENCE OF NANOCRYSTALLINE MGO ON THERMAL PROPERTIES OF THE SYSTEM NANO3-
NACLO4 

 . . *,  . .,  . .,  . . 
Amirov A.M. *, Gafurov M.M., Suleymanov S.I., Rabadanov K.Sh. 

, ,      ,   
  

*e-mal: aamirov@mail.ru 

 
    ( )    

    NaNO3–NaClO4,    
. ,    NaNO3–NaClO4–MgO       

    NaNO3–NaClO4. 
         . 

 
ABSTRACT 
Structural and thermodynamic properties of the NaNO3–NaClO4 eutectic system and its composites with 

nanosized magnesium oxide were studied by differential scanning calorimetry (DSC). It is shown that in the 
NaNO3-NaClO4-MgO composites, the enthalpy of the phase transition of the NaNO3-NaClO4 eutectic decreases 
with an increase in the proportion of magnesium oxide. 

The work was performed on the equipment of the Analytical Center for Collective Use of the Dagestan 
Scientific Center of the Russian Academy of Sciences. 

 
 ,      ,      
      –    ,   

   . [1-4]. 
           

          . 
   «   –  »     

     .      
  ,     ,   

.       – , 
  . 

         
,             

  .   ,    
      .      

      ,     (  – 
)     ,       

 . 
 ,      ,   
      ,  ,  ,   

     [4-6]. 



 

543 
 

            
    NaNO3–NaClO4.    NaNO3–NaClO4–MgO   

 MgO     200 2/ . 
          STA 449 F3 Jupiter 

(«NETZSCH»)    10 /       .    
         «NETZSCH». 

      .      
          .   «NaNO3–

NaClO4», « – »       . 
  NaNO3–NaClO4       ,  

    ,    226,7 ° ,     60 % 
 .           

0,5 –0,5 .  
 . 1        NaNO3–NaClO4   

NaNO3–NaClO4–MgO.        .  
    ,    , . . 
  NaNO3–NaClO4–MgO. 

. 1.    « – » (2-  ). 

1 – NaNO3–NaClO4, 2 – 0,5(NaNO3–NaClO4)–0,5MgO, 3 – 0,3(NaNO3–NaClO4)–0,7MgO. 

,   ( )      
 NaNO3–NaClO4.         

        .   1    
 NaNO3–NaClO4 (          

  NaNO3–NaClO4, . .    ). 
   ,  ,    [4-9] ,   

           
   . ,    

            
 . 



 

544 
 

 1.      NaNO3–NaClO4   NaNO3–
NaClO4–MgO (2-  ). 

  ,    NaNO3–NaClO4–MgO    
    NaNO3–NaClO4      

.     .       
  NaNO3–NaClO4  ,     . 

         
  . 

 : 
 . .,  . .    . : . . 1988. 192 . 

 . .,  . .,  . .,  . . 
– – . 2010.  1. . 29. 

 . .,  . .    //  . 2000. . 69. 
 2. . 192. 

 . .,  . .       //  . 2001. . 
70  4. . 307. 

 . .,  . .      LiClO4–
MgO // 2009. . 45.  6. . 755. 

 . .,  . .,  . .,  . .,  . .,  . . -
   LiNO3 + Al2O3 //  . . 2015. . 57.  10. . 2011. 

 . .,  . .,  . .,  . .,  . .,  . .  
     (1- )RbNO3 + xAl2O3 // . . . 2015. . 56. 

 3. . 481. 
 . .,  . .,  . .   KNO3–Al2O3   

  //  . . 2016. . 58.  9. . 1864. 
Uvarov, N.F., Hairetdinov, E.F., Skobelev, I.V. Composite solid electrolytes MeNO3–Al2O3 (Me = Li, Na, K) // Solid 
State Ionics. 1996. V. 86–88. P. 577. 

  



 

545 
 

     
MAGNESIUM ALUMINATE FIBERS BASED ON ORGANOMAGNESIUMOXANEALUMOXANES 

. .  . . 1,  . . 1,  . . 1,  . . 1,  
 . . 1,2,  . . 1,2,  . . 1,3 

Apukhtina T.L. 1, Shcherbakova G.I. 1, Zhigalov D.V. 1, Krivtsova N.S. 1,  
Varfolomeev M.S. 1,2, Korolev A.P. 1,2, Ashmarin A.A. 1,3 

1 - ,    «  -      
 » ( ) 

2 - ,     

(   ) 

3 - ,         
 . . .     

E-mail: tatiana.apukhtina@yandex.ru 

      (MgAl2O4)   
,    .     

       ,     
       . 

 
High-temperature ceramic fibers of spinel composition (MgAl2O4) based on 

organomagnesiumoxanealumoxanes, first synthesized in GNIIChTEOS, have been obtained. These fibers have high 
thermal and chemical stability within a wide range of temperatures, low specific gravity and are intended for 
reinforcement of chemically resistant high-temperature spinel composites. 
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 Spinel Fibers from Carboxylate Precursor // J. Eur. Ceram. Soc. – 1999. – V. 19. – . 
1949-1959. 
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SELF-PROPAGATING HIGH TEMPERATURE SYNTHESIS OF COMPOSITE MATERIALS UNDER COMBINED LOADING BY 
PRESSURE AND SHEAR 

 . , 
Bazhin P. 

,          
    , olimp@ism.ac.ru  

    -     
    .    

 (  ,   ,    .)     
 . ,         

     . 
 
It is proposed to produce composite powder materials by Self-propagating High-temperature Synthesis 

(SHS) under combined loading by pressure and shear. The influence of different technological parameters (pressure 
of a piston, rotation speed of a rotor, a delay before the rotor rotation) on the powder yield and quality has been 
investigated. The SHS under pressure with shearing allows one to realize synthesizing and milling of a powder in 
one technological cycle. 
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COMPOSITE MATERIALS WITH IONIC CONDUCTIVITY OF SULFUR 
 . ., . .  . .,  . .,  . .,  . . 
Blinova T.A., Pentin M.A., Kalinina L.A., Kosheleva E.V., Ushakova J.N. 

       
610000, , . , 36,   

*e-mail: lab230@rambler.ru 

          
      BaSm2S4  CaY2S4  

 .        . 
    , , , .    
 –  833 .       5 .% ZrS2 

  2-2.5        
 Y2ZrS5  BaZrS3      –  .  

  . 
 
The possibility of obtaining composite materials with ionic conductivity of sulfur by heterogeneous doping 

of ionic salts sulfidated BaSm2S4 and CaY2S4 semiconducting ZrS2 (disulfide Zirconia) was investigated. Modes of 
synthesis of homogeneous and heterogeneous sulfide materials are developed. Heterogeneous mixtures are 
certificated by methods of XPA, EMSA, TGA, DTA. The stability temperature region - 833  are defined. The electrical 
conductivity of heterogeneous mixtures (composite materials) with the introduction of more than 5 mol.% ZrS2 
increases by 2-2.5 orders of magnitude presumably due to the localization of the resulting highly conductive 
compounds Y2ZrS5 and BaZrS3 at interfaces of ionic salt - disulphide zirconium. Assumptions need confirmation. 
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, . .        Me2+{WO4} (Ca, Sr, Ba)  Me{WO4}3+ 
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. – 2013. – T. 49. –  7. – C. 999–1012. 
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MORPHOLOGY AND DISPERSION OF FECO ALLOY NANOPARTICLES DISPERSED IN A MATRIX OF IR PYROLIZED 
POLYVINYL ALCOHOL 

 . .1,2,  . .1,  . .2,  . .2,  . .2 
Vasilev A.A.1,2, Dzidziguri E.L.1, Muratov D.G.2, Zhilyaeva N.A.2, Karpacheva G.P.2 

1 - ,     « », raver.vasiljev@mail.ru 
2 - ,    . . .    

           
 -  ,     FeCo, 

   .      
,      . 

     .     
        . 

 
Metal-carbon nanocomposites consisting of FeCo alloy nanoparticles dispersed in a carbon matrix were 

synthesized by the thermal decomposition method of a precursor based polyvinyl alcohol and metals salts. The 
synthesized powders were investigated by X-ray diffraction, X-ray fluorescent spectrometry and transmission 
electron microscopy. Surface characteristics of materials were measured by BET-method. The morphology and 
dispersity of metal nanoparticles were studied depending on the metals ratio in the composite. 
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         .  
      ,  ,    

    -     - ,  
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      –      
    [4]. 

       ,   
  FeCo     . 
-     -      

    ( )        700 °C. 
           

     - .     
    (77 – 79 ), Fe(NO3)3 9H2O  Co(NO3)2 6H2O.      

5 % .,    – 20 % .  ,   Fe : Co 
 9 : 1, 3 : 1, 1 : 1, 1 : 3  1 : 9. 

       
 ( )   LEO 912 AB. 

          
  « -401»  Cr-K      - .  
    ( )         

 -  [5]. 
         

RAM-30    . 
  -      

 -    77       ASAP-2020 
«Micromeritics». 

  [6] ,   -     -   
   FeCo   ,    ,  

   400 °C.          
.   600 °C        FeCo.    

    700 °C        , 
      .   1   , 

  700 °C    . 

. 1.  ,   700 °C: 1) Fe : Co = 9 : 1; 2) Fe : Co = 3 : 1; 3) 
Fe : Co = 1 : 1; 4) Fe : Co = 1 : 3; 5) Fe : Co = 1 : 9 

    ,      
 ,         (  1).  
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 1.    

 Fe : Co 
 , % . 

Fe Co 
9 : 1 90 10 
3 : 1 75 25 
1 : 1 49 51 
1 : 3 24 76 
1 : 9 7 93 

 - ,    2,     – 
   ,     , 

  .          
   ,      Fe : Co = 1 : 9   

         .  
-     ,    2. 

. 2. -     700 °C: ) Fe : Co = 1 : 1, ) 
Fe : Co = 1 : 9 

 2.         
 

 
Fe : Co 

 
 

  
, 2/  

 
, 

 

 
 , 

 

 
 , 

9 : 1 -FeCo 195 0,2867 27 23 
3 : 1 -FeCo 187 0,2865 25 21 
1 : 1 -FeCo 21 0,2852 24 24 

1 : 3 
-FeCo 

58 
0,2838 

17 
24 

- FeCo 0,3559 48 
1 : 9 - FeCo 17 0,3551 48 - 

  2 ,       FeCo     
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   .   ,     
,     ,        

9 : 1, 3 : 1  1 : 1    .  
       «   

,    » 
 : 

 . .,  . .,  . . //   . 2014.  2. . 32 – 38. 
 . .,  . .,  . . //    .  . 2013. 

. 77.  2. . 164 – 167. 
Afghahi S., Shokuhfar A. // Journal of Magnetism and Magnetic Materials. 2014. V. 370. P. 37 – 44. 

 . .,  . .,  . .    . – .: , 2000. 672 
c. 

 . .,  . . // . 1993. . 38.  3. . 174. 
 . .,  . .,  . . // VII  .  , 

, .   -     
. , 2015. . 39 – 43. 

          
NANOCOMPOSITE MATERIAL BASED ON HYDROSILICATE NANOTUBES WITH MAGNETIC PROPERTIES 

 . .,  . .,  . .  
Gatina E.N., P’yankovskaya O.V., Maslennikova T.P. 

   . . . , , - ,   
e-mail: gatina.en@iscras.ru 

       «   
Met3Si2O5(OH)4 (  Met=Mg, Ni) / ».      

.          
  ,       .    

,  Fe3O4   (Met3Si2O5(OH)4)/Fe3O4. 
 
The magnetite nanoparticles and nanocomposite “Nanotube of hydrosilicate Met3Si2O5(OH)4 (where 

Met=Mg, Ni)—magnetite nanoparticleswere obtained by coprecipitation. The composition of the synthesized 
samples has been established by X-ray diffraction. Using transmission electron microscopy, the presence of 
magnetite nanoparticles has been detected both inside the NTs and at the external surface of the tubes walls. The 
specific surface of the NTs, nanoparticles, and composit is determined. 

 
           
    [1].  ,       ,  

      ,  , 
,     ,      

   [2]. 
          

,   Fe3O4–  , Fe3O4– , Fe3O4–SiO2, Fe3O4–MnO2, Fe3O4– , 
Fe3O4– , Fe3O4–   . . [3] 



 

555 
 

          Met3Si2O5(OH)4,  
Met=Mg, Ni, Co, Fe [4].          

    (  ,  ,  
 ) [5]. 
          

    Mg(Ni)3Si2O5(OH)4   . 
   «   –  » 
  .  Fe3O4      

  – FeCl3·6H2O  FeCl2·4H2O.     2.0  FeCl2·4H2O  1.0 M 
FeCl3·6H2O            1.0    
NaOH.     ~ 1   .     

 ,      ,     pH 
= 7 8       110 ° .      

   ,   ,   [4],      
  . 

       -  : 
,  ,   . 

   ,       -  
  .      ,   . 

     ,   Fe3O4   
   ,       . 

           . 
   /Fe3O4     ,  

,           
  ,      . 

 

. 1.   :  

1 –  Fe3O4 (JCPDS 19-629), 2 –  Mg- - /Fe3O4- , 3 –  
Mg3Si2O5(OH)4 (JCPDS 43-662).         –  (Fe3O4);   –  Mg3Si2O5(OH)4.  

    Mg- - /Fe3O4- ,   
   Fe3O4; 

 
          17 

(  . . . )     (   -2302.2015.1). 
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 : 
Wei Y., Han B., Hu X., Lin Y., Wang X., Deng X. Synthesis of Fe3O4 nanoparticles and their magnetic properties 
// Procedia Engineering. 2012. V. 27. P. 632 – 637. 
Issa B., Obaidat I. M., Albiss B. A., Haik Y. Magnetic nanoparticles: surface effects and properties related to 
biomedicine applications // Int. J. Mol. Sci. 2013. V. 14. P. 21266 – 21305. 
Teixeira A.P.C., Purceno A.D., de Paula C.C.A., da Silva J.C.C., Ardisson J.D., Lago R.M. Efficient and versatile 
fibrous adsorbent based on magnetic amphiphilic composites of chrysotile/carbon nanostructures for the 
removal of ethynilestradiol // Journal of Hazardous Materials. 2013. V. 248– 249. P. 295– 302. 

 . .,  . .       (Mg, Fe, 
Co, Ni)3Si2O5(OH)4 //    . 2010. . 36.  1. . 69-78. 

 . .,  . .,  . .,  . .,  . .,  . .,  
. . -      ,  
    // . 2010. . 80.  6. . 966-972. 

           
 

COPPER- ALUMINA NANOCOMPOSITE TO REPLACE SILVER IN ELECTRICAL CONTACTS 
 . .,  . .,  . .,  . . 

Gershman I.S., Gershman Y.I., Kuznetsova E.V., Peretyagin P.Yu. 
,    « », p.peretyagin@stankin.ru 

        
   .  ,     

 .        
,   .         

 ,        .   
           

        . 
 
This work describes the possibility of replacing silver in electrical contacts by nanocomposite material based 

on copper. Thermal, mechanical and physical properties of the nanocomposite were investigated. Changes of 
contact resistance during the formation of oxides on the surfaces of copper, silver, and the nanocomposite was 
studied, as well as losses of volume when exposing these materials to an electric arc. The results of studies showed 
the principal possibility to use the new copper-alumina nanocomposite in electrical contacts to replace traditional 
silver based materials. 

 
 

           
  .           

. ,         , , 
,      [1,2].   ,     

  ,      Cu-
1 .% Al2O3 [3].            

    . 
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  Cu-1 .% Al2O3.     : 1)  
 Cu-Al; 2)    ; 3)  ; 4)    ; 

5)      ; 6)     
   7)      .  

,            
Cu-Al,  -     Cu-Al2O3. 

          
,    .     20 °      

 800 °    900 ° .         
      .      

    11000. 
            

      .     
            

 200 °      1 , 3 , 5 , 7   10 .    
       (  )   100 . 

    . 
       50 ,  1250 .   

          Cu–Al2O3  
   .  
   ,     Ag–CdO   

Cu–Al2O3         1500 ,  1300 .  
  

 ,         800 ° , 
     1.       

     2. 

 1.     /    800 ° . 

 2.         

  2 ,            , 
   Ag–CdO.    ,   Cu–

Al2O3         .    
    .     

      Ag–CdO. 
    –      
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       .  ,  
   Cu–Al2O3     
   .    ,  

            900 ° .   
       Cu–Al2O3  
 . 

           
  .        

   3. 

 3.      50 ,  1250 . 

   ,         2  ,   
,        2  ,   . 

     2,5  ,     .  , 
        Cu – Al2O3  

      . 

 4.     

   Cu – Al2O3         
 Ag – CdO.  

 ,           
          

     . 
         .  

      ,     
    .       

 300   ,        
.            

   500 .  Cu – Al2O3        
  (800 – 860 ).        200 . 

          
 . 
      Cu – Al2O3  ,  

    ,    .    ,    
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 . 

 
    Cu – Al2O3       

 .      .      
         . 
          

       14.577.21.0199  27  2015 .,  
 RFMEFI57715X0199. 

 : 
Braimov M., Konchits V.V., Myshkin Electrical contacts: Fundamentals, Applications and Technology // CRC 
Press, New York. 2016 

 . .,  . .,  . .,  . .      
         

//  -    . 2016. 5. . 271 – 277. 
 . .,  . .,  . .       

      //     
. 2016.  1 (23). . 5-9.   

       V2O3@C 
HYDROTHERMAL METHOD OF OBTAINING AND RESEARCH OF PROPERTIES OF NANOCOMPOSITE V2O3@C 

 . .1,2,  . .1 

Gorodetsky R.S., Zakharova G.S. 
1 ,       

2 ,    .    . .  
rgorodetsky@mail.ru 

         V2O3@C. 
    .    V2O3@C  
 : , - ,  , . 

In this paper, a new hydrothermal method for obtaining nanocomposite V2O3 @ C was proposed. The 
obtained sample was identified by the XRF method. The properties of nanocomposite V2O3@C were studied by 
the following methods: SEM, Raman spectroscopy, thermogravimetric analysis, BET. 

           .   
     ,       
,    -    . .     

        . 
         V2O3@C. 

         
  .        

  V3+. 
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 V2O3@C     (ICSD #96-901-4899)   
 :  = 4.9504 Å, c = 14.0248 Å.     , 

 V2O3@C     400 - 800    30 - 40 .   
      – .    1100 – 

1700 -1        : 1359 -1 (D–
)  1592 -1 (G– ).     V2O3@C   

 ,   - .      
 300–400 °    ,    

 .         (  -
)          CO2 

(m/z = 12  44).        (<150 ° )     1.78 .%, 
   (m/z = 18),    .   

  400 °     (III)   (V).       
     2.86 .%,    (m/z = 

32)   .    680 °     
     V2O5.       

16.37 .%,      .     
  V2O3@C    ,  25.8 2/   5 , . 

     -   (   16-53-53069). 

        
MODEL OF COMPOSITE MATERIAL WITH LIGHT CUBIC POWER CELLS 

 . .,  . . 
Dratskaya A.I, Yakimova E.I. 

,        
,  , 

dratskayaa@yandex.ru,  Liz652330@yandex.ru 

    
      
     

 .   
       

    . 
    .  

     
     
     , 

    .  ,  
     

,      
.         . 

 
The experimental method of obtaining a light and strong power cell of a given shape for a promising 

.  V2O3@C. 
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composite material is studied. This method is based on analogy with soap films and is related to the theory of 
minimal surfaces. Only cubic power cells are studied. To find the rational form of the power cell, it is necessary to 
make a wire cubic frame and look at the soap surface, which will be stretched on it. Experience has shown that 
there may be a finite number of combinations of soap films, the main of which are three options. Based on these 
options, a simplified model of the composite material is made. 

 
        .   

  ,      ,   
    .        

,        .    
            .  

      ,      . 
- ,      .      

    ,      
 ,    . - ,     

 .         .  
       ,      

      [1-3]. 
       .      
  ,    .       

  ,         .  
              

        ,       
  .           
   ,        ,   
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      ,       

,         
.    ,         

  ,     .     
,   ,           

 .     ,    .   
     ,      
 ,    ,    ,    

     .       .1. 
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CONTROL OF CHARACTERISTICS OF BIOMORPHIC CARBON AND SILICON CARBIDE MATERIALS BY PREPRESSING OF 
WOOD 

 . .,  . .,  . . 
Ershov A.E., Shikunov S.L., Kurlov V.N. 

,        (  ), ershov@issp.ac.ru. 

. 
            
     SiC-Si-C    .   

    . ,      
   SiC-Si-C         , 

            
     ,    . 

 
Abtract 
The effect of preliminary pressing of different wood species on the structure and properties of biomorphic 

carbon preforms and SiC-Si-C composites on their base has been studied. The mechanical and electrical properties 
of the obtained materials are investigated. It is shown that this treatment allows to significantly increase the 
strength of biomorphic SiC-Si-C composites due to the increase in the content of silicon carbide in them, and also 
allows to control the electrical resistance of the material within a wide range by changing the ratio of carbon, 
silicon and silicon carbide in it. 

 
          

         ( ,   .)  
     -, -     (  , 

,    ).    ,     
          
,    .  

      ,   
      ,   
  ( . 1 ).       

 (LSI, PVD, CVD,  .),         ,  
     ,    .   

           
      .        

,     0,12 / 3    1,3 / 3  ,   
        (~0,4 – 0,7 / 3),  -  

         .  ,  
   ,       ,  

    .        
          

        .  
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 SiC-Si-  ,   

     
(Liquid silicon infiltration (LSI)).     

      , 
        

  ,   
     .   

     
 SiC-Si     

 ,   
 ,     (30-

50 %)    .  
    

      
 SiC-Si-C .     
    , . .   

     
    , 

    ( ,    
)    

  ,    
   –   

   .  
            

   SiC-Si-C      .  ,  
          ,   

        ( . 1 )      
     2     .  ,  ,   

   « »       
       ,   . 

          
.         ( . 2)     
     44,4  76,9 . %,     

    (  240  360 )    (  1,85  2,04 ). 

. 1 –     
 ( )   ( ) 

.
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        . 

           
     1,5-2 .      

(  10-30 %     ),        
    ,      . 

           
  ,       SiC-Si-C 
   .     ,     

    , ,    
     ,    

           . 
       3. 

 

 
. 3 –    

 
       

         
. ,     ,   ,  

,       .     
      ,   

   . 

. 2 –  SiC-Si-C     ( )   ( ) 
 .
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 6 5  

EFFECT OF ELECTROMECHANICAL TREATMENT ON THE STRUCTURE AND WEAR RESISTANCE OF PLASMA SPRAYED 
R6M5 COATING 

 . .,  . .,  . .,  . . 
,  , ivannikov-a@mail.ru  

         
    -       6 5.  

            
       .   
        

 .         10.0±1.5%  2.0±0.5%, 
   3.1±0.5   8.0±0.5 ,      (1.96±0.15)•10-6 

mm3/m  (2.81±0.27)•10-7 mm3/m. 
The principal aim of this study was to evaluate the effect of electromechanical treatment (EMT) on the 

structure and properties of the air plasma sprayed coatings from high speed steel R6M5. The coating was plasma 
sprayed on a substrate of low carbon steel and then finished using the EMT with different values of current density 
and processing speed. The results of the microstructural studies of the treated by the EMT plasma sprayed coating 
showed fundamental changes with the formation of nanostructured crystalline phases. As a consequence of the 
coating thus formed, the number of pores in the coating structure reduced from 10.0±1.5% to 2.0±0.5%, the surface 
microhardness at 200 gf increased from 3.1±0.5 GPa to 8.0±0.5 GPa, the wear rate decreased from (1.96±0.15)•10-

6 mm3/m to (2.81±0.27)•10-7 mm3/m. The wear rate of the counterface decreased from (3.38±0.55)•10-5 mm3/m to 
(1.69±0.45)•10-6mm3/m. 

 
        ( )  

     [1-4].       
  6 5.   

           -
 6 5 . 

      .   80 20  
         .   

      6 5.  
      -3    

   -25.        
   ,          

 [5]. 
        80 20- 6 5- 80 20. 

  12         .   
        21.    

     :   (400, 700, 1000 / 2)    
(1,57, 2,38 3,39 / ). 

           
  .     (   -  )    

     80 20. 
 200  -  6 5  3.1±0.5 .  200  



 

568 
 

     5.3±0.5   8.0±0.5 ,    
  400 – 1000 / 2.      , 

          
   . 

 -  6 5      
(1.96±0.15)•10-6 mm3/m  (2.81±0.27)•10-7 mm3/m, .      
 -   6 5      (3.38±0.55)•10-5 mm3/m  

(1.69±0.45)•10-6 mm3/m, .  
   ,   ,     
      .  

           
    20 . 
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PROPERTIES OF POLYMER COMPOSITES SWELLING IN HEAT FLOWS AND/OR OPEN FIRE 
 . .,  . .,  . .,  . . 

Istomina T.S., Tiunova T.G., Yakushev R.M., Oschepkova . . 
, «        » -   

        
     («   »), Email: IstominaS@yandex.ru 

          
( )    -  ,   . 

    . ,     
  ,   ,      , - 

 .  
 
The experimental data on the properties of novel intumescent (swelling) materials based on rubber-epoxide 

matrix and carbon fillers have been presented. The temperatures of swelling beginning have been found. The 
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introduction of the fillers has been shown to result in the increase of the coke residue yield, better swelling of the 
materials, the rise in heat capacity, heat- and temperature conductivity of the composites. 
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0,28 1,23 1100 2,06 

   
  

0,25 1,10 1100 2,04 

    0,35 1,13 1100 2,80 

,     -    ,    
        -  

.      ,  
 . 

      « »,  12279 /2017 ( . 
 0033359), ,  ). 

 : 
Qing Zhang, Yinghong Chen. Synergistic effects of ammonium polyphosphate/melamine intumescent system 
with macromolecular char former in flame-retarding polyoxymethylene// Journal of Polymer Research. – 2011. 
-  18. – P. 293–303. 

 . .,  . .,  . .        
 // . – 2009. – .18,  7. – . 51-58. 

 . .,  . .,  . .,  . .   -   
    //   . 2016.  2. . 46-49. 

  LI2ZRO3 –  LI2O–B2O3–SIO2  
COMPOSITE ELECTROLYTES LI2ZRO3 – GLASS LI2O–B2O3–SIO2 

 . .,  . .,  . .,  . . 
Kalashnova A.V., Saetova N.S., Plaksin S. V., Pankratov A.A. 

    , ,  
*e-mail: Kalashnova@ihte.uran.ru  

      65Li2O·27B2O3·8SiO2 (LBS)  
   Li2ZrO3.       

Li2ZrO3 – x .%  LBS (x = 1 – 8).      
  ( ).         

  ( ).   Li2ZrO3 – x .%  LBS    
      200 –    600 °C.   

 
The influence of lithium borosilicate glass 65Li2O·27B2O3·8SiO2 (LBS) on the density and electrical 

conductivity of the Li2ZrO3 has been investigated. Then, series of composites Li2ZrO3 – x wt% LBS (x = 1 – 8) were 
prepared. Obtained samples were characterized by X-ray diffraction; scanning electron microscopy with local 
microanalyses. The conductivity of the composites was studied by complex impedance spectroscopy in the 
temperature range of 200 – 600 °C.  

 
  Li2ZrO3      [1],   

-            
 [2, 3],           
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    . 
  Li2ZrO3 c    .     

         
,  ,     [5-9]. ,  [10] ,    

  65Li2O·27B2O3·8SiO2       
LLZ   .            

   . 
          

.   Li2CO3 (« . .»)  ZrO2 (« . . .»)    
,          

   .         
          2  

    940 °    .   
     1   600 °     .   

          .  
     1200 °C   1,5 .   .  

           
 .  ,    . 

            
  FRITSCH     10 .     

    ,          
      950 .  . 1    

.  ,   1 – 6 .%  LBS   .     
   8 .%    ,    Li2B4O7. 

 

 

Li2ZrO3 PDF 75-2157



 

572 
 

 

.1   Li2ZrO3 – x .% LBS (x =1-8): #Li2B4O7 (PDF73-1397). 

        
  70 % (  = 1)  89 % (  = 8).  . 2     
 .   ,    1 .%  LBS,   

   Li2ZrO3.      (6 .%)   
,   ,          . 

  250 °C       = 6 (2.4 10-5 / ). 

          
 .   250 °C,        = 

6,    .  , - ,    
  Li2B4O7.  ,  6 .%  (LBS)    

 Li2ZrO3:  1.5 10-6  2.4 10-5 /   250 °C. 

 

 

.2    Li2ZrO3 – x .%  65Li2O·27B2O3·8SiO2    = 0 (1.1), 1 
(1.2), 6 (1.3)  8 (1.4). 

  

1.1 1.2 

1.3 1.4 
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SENSIBILISATION OF PETN EXPLOSION, INITIATED BY NANOSECOND LASER PULSES, WITH METAL NANOPARTICLES  
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. 
 
The influence of metal nanoparticles on pentaerythritol tetranitrate (PETN) explosive decomposition, 

initiated by nanosecond laser pulses, is studied. The dependencies of reaction energetic threshold on the 12 metal 
nanoparticles’ radii at pulse duration 14 ns are calculated. For nanoparticles’ radii less than 15 nm the critical 
energy density approaches to a value, which does not depend on the metal. The analytical expressions describing 
the dependence of critical energy density on radius and specific heat of metal nanoparticles are derived and tested. 
The results are necessary for the explosive compound for optic detonator cup optimization.  
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THE ADHESION STRENGTH OF BIOACTIVE COATINGS 

 . .,  . .,  . .,  . .,  . .,  . .,  . . 
,  , ivannikov-a@mail.ru  

            
  .          
      90   . 

The paper presents data on the approaches to the formation of porous bioactive coatings in the existing 
world practice. The paper describes the developed in IMET RAS approach to the formation of coatings with 
adhesion strength of 90 MPa and above. 
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CORROSION RESISTANCE OF THE HYDRIDE OF NEODYMIUM AND DYSPROSIUM AS STARTING MATERIALS OBTAIN THE 
METAL-POWDER COMPOSITES TO PRODUCE ALLOYS 
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This paper describes of the investigated corrosion resistance of hydrides of rare earth elements dysprosium 
and neodymium. The evaluation of corrosion resistance in solutions of hydrochloric acid and sodium hydroxide. It 
is established that the hydrides of dysprosium and neodymium are subjected to hydrolysis both in acidic and in 
alkaline media. The hydride of neodymium is more corrosion resistant relative to the hydride of dysprosium, which 
is most clearly manifested in prolonged exposure to aggressive environment. A significant contribution to the 
process of dissolution of powders makes the formation of insoluble/low-soluble corrosion products. 
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FORMATION OF THE STRUCTURE OF UNBURNING HIGH-SILICA MATERIALS BASED ON THE LIQUID GLASS BINDING 
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 The conditions for the formation of a dense structure of unburning high-silica materials based on a liquid-

glass binder are considered in this paper. A mechanism is proposed for curing liquid-glass compositions based on 
quartz sand and blast-furnace slag. The modifying role of fluorine-containing additives in the synthesis of high-
silica materials with increased density and water resistance has been experimentally confirmed. 
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LOCALIZED NONLINEAR DEFORMATION WAVES IN METAMATERIAL 
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By analytical and qualitative research, and by numerical modeling of the system, it is shown that in a 

metamaterial, with dynamic impact on it, can form a spatially localized nonlinear strain waves (solitons). The 
dependences connecting parameters of localized waves: amplitude, velocity and width with inertial and elastic 
characteristics of the metamaterial are identified. 
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SUPERPROTONIC COMPOCITE MATERIALS BASED ON COMPLEX ACID SALTS OF CESIUM 
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The technique of obtaining composite materials with a principally new type of additive - 
polyaluminophosphate ("AlPO4") has been worked out. Proton-conducting composite materials xCsH2PO4 (1-
x)AlPO4; xCs4(HSO4)3(H2PO4) (1-x)AlPO4; xCs6(HSO4)3(H2PO4)4 (1-x)AlPO4 over a wide range of compositions were 
obtained for the first time. Using a wide range of instrumental methods of analysis, a comprehensive comparative 
study of their physicochemical and transport properties was carried out. 
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EFFECT OF READILY HYDROLYZED WOOD SUBSTANCES ON THE PROPERTIES OF CEMENT STONE 

 . . ,  . . ,  . .  
Kondrashchenko V.I. , Krivoborodov Y.R. , Kendyuk A.V.  

,        
"    ( )",    

    «  -   
 . . » 

 kondrashchenko@mail.ru, ykriv@rambler.ru, patriot1812@yandex.ru  

           , 
     .      
   ,       

. 
  
Wood aggregate along with their valuable properties has negative qualities that make it difficult to obtain 

a material of high durability. One of the main negative qualities is the release of readily hydrolyzable substances, 
which adversely affect the strength of the cement stone. 
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ASSESSMENT OF THE DEGREE OF ROUGHNESS OF DISPERSED PARTICLES 
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The proposed criterion for evaluating the degree of roughness of dispersed particles. Conducting numerical 

experiments are rational values of the order of the proposed criterion. 
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EVALUATION OF THE FORM OF PARTICLES OF CEMENT ACTIVATED IN A VORTEX MILL 

 . .,  . .,  . . 
Kondrashchenko V.I., Titov S.P., Tararushkin E.V. 
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The article studies the influence of Portland cement treatment in a vortex-type mill on the shape of its 

particles. It is shown that processing of this kind leads not only to the grinding of cement, but also to the production 
of grains of more rounded (round) shape, which, in turn, as tests have shown, leads to an increase in the strength 
of cement-sand stone prepared on the activated in a vortex mill Cement.  
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PRODUCTION OF TIB-TI COMPOSITE RODS BY SHS-EXTRUSION AND INVESTIGATION OF THEIR PHYSICO-MECHANICAL 
PROPERTIES 

 . .,  . .,  . . 
Konstantinov A. S., Bazhin P. M., Stolin A. M. 
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Abstract: Long compact cylindrical rods, which consist of titanium monoboride-based TiB-30 wt % Ti 

ceramic composite material, are synthesized during combustion of the initial components (titanium, boron) 
followed by high-temperature deformation. Technological and structural parameters of the SHS-extrusion have 
been optimized to obtained defect-free rods with a diameter of 3-5 mm and a length of 360 mm. Features of the 
microstructure of the rods have been investigated along and perpendicular to the direction of deformation. 



 

595 
 

Conducted material science and physico-mechanical test of the rods. 
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MECHANICAL PROPERTIES OF ELASTOMER COMPOSITES, REINFORCED BY PARTICLES OF MINERAL FILLERS OF 
NATURAL ORIGIN 
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In the present time, nanoparticles of carbon black and silica are the main reinforcing components of 

elastomer composites. The increase in prices of these fillers is noted and also, each of it doesn't provides the 
optimum balance of mechanical properties of elastomer composites. In the given work, the technology of obtaining 
of nanodispersed mineral fillers is described and a new nanostructured elastomer composites, reinforced by 
particles of mineral fillers are created. These technologies are more ecological friendly and energy efficient, than 
conventional technologies, and provides the optimum balance of mechanical properties of elastomer composites. 
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PREPARATION OF METAMATERIALS BASED ON THE TEXTURED VANADIUM DIOXIDE FILMS WITH METAL-INSULATOR 
TRANSITION 
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     . 
 
The goal of this work is obtaining of long biaxially-textured films of vanadium dioxide with certain surface 

topography. According to it the following tasks were set: synthesis of precursors based on the metal -diketonates, 
optimization of chemical vapor deposition of epitaxial oxide film heterostructures (YSZ, Y2O3) on Hastelloy 
substrates with buffer layers (MgO, CeO2), obtaining VO2 epitaxial films on them, formation of images by 
photolithography and studying of the obtained materials properties.  
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INVESTIGATION OF SIC-TIN COMPOSITE CERAMIC MATERIAL WITH HIGH MECHANICAL CHARACTERISTICS 
 . .1,  . . 1,  . . 1,  . . 1,  . . 1,  . .1,  

. .2 

Leonov A.V.1, Tsareva A.M.1, Afonin A.Y.1, Lysenkov A.S.1, Sevostyanov M.A.1, Ivannikov A.Y.1, Perevislov S.N.2 

1 , ,         
 . . .    ,  

2 , - ,      
 « -     (  )» 

( ( ))  
madflame@list.ru 

       SiC-TiN  ,    
    .      
  ,     .     

   . 
 
In this paper, SiC-TiN composite ceramic material was obtained by a new method combining hot pressing 

and reaction sintering. The starting components are powders of silicon carbide and titanium, which is nitrided 
during the production. Mechanical tests of the obtained material of various compositions were carried out. 
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ELECTRICAL PROPERTIES OF SAMARIUM TUNGSTATE, SOLID SOLUTIONS AND COMPOSITES BASED ON ITS. 

 . .,  . .,  . .,  . .,  . . 
Lopatin D.A., Otcheskikh D.D., Vostrotina E.L., Pestereva N.N., Guseva A.F. 

       «  
      . . », , , . , 

19,  
e-mail: 313984@rambler.ru  

         Sm2-xCaxW3O12-0.5x (x=0, 0.02, 0.06)  
 Sm2(WO4)3 – xWO3 (x – 0…90 .%).      «  

».         . ,  
    (Ca2+ ,  WO3)       

      Sm2(WO4)3. 
 
The solid solutions of the composition Sm2-xCaxW3O12-0.5x (x=0, 0.02, 0.06) and Sm2(WO4)3 – xWO3 (x – 0…90 

mol.%) composite materials were investigated in this study. The pure samarium tungstate has the «defect 
scheelite» structure. The electrotransport in these systems was  studied in detail by using a set of methods. It was 
found, that increasing of the dopant content (Ca2 +, WO3) increases the electronic contribution in solid solutions 
and composites based on Sm2(WO4)3. The   

 
   Me3+

2(WO4)3 (Me – Sm, La, Gd, Eu)   «  » 
   .       1.  

 Sm2(WO4)3, La2(WO4)3 Gd2(WO4)3, Eu2(WO4)3,      
   . 

       ,    
   , , ,      
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    .     -    
 (1): 

x x x
x Sm O xCaCO WO Sm Ca W O xCO    (1) 

           (2): 

Sm O O

CaO
Ca O V

Sm O      (2) 
      Sm2(WO4)3 – xWO3 (x – 0…90 .%). 

    ,       
  . 

 Sm2(WO4)3  Sm1,98Ca0,02W3O11,99   ( . . 1 ),  
 Sm1,94Ca0,06W3O11,97       Sm2(WO4)3. 

      ,       -
    .    ,    
 3 . %       2 .   1 . % 
    . 
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. 1.     Sm2-xCaxW3O12-0.5x   ( )  
    ( ). 

  ( . . 2)         
    25 – 1050 ,    

. 2.    Sm2(WO4)3 ( )  Sm1,94Ca0,06W3O11,97 ( ). 

      . 3. 
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WO3 ( )      . 
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,       ,     
       .   WO3  70% 

.%        ,   
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METHANOL STEAM REFORMING ON CARBON BASED CATALYSTS IN CONVENTIONAL AND MEMBRANE REACTORS 
 . .,  . .,  . .,  . . 

Lytkina A.A., Orekhova N.V., Ermilova M.M.. Yaroslavtsev A.B. 
,    . . . ,  lytkina@ips.ac.ru 

       ( )   (CR)  
 (MR)    Ni-Cu  Ru-Rh    : 

  (DND),  Vulcan, ,  Ketjenblack, .   
  , ,   - . ,    

      .  Ru-Rh/DND   
.        CR  MR  Pd-  
.  MR        CR. ,   
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    COx. 
 
The process of methanol steam reforming ( SR) in conventional (CR) and membrane (MR) reactors on Ni-

Cu and Ru-Rh catalysts based on carbons (detonation nanodiamond (DND), Vulcan, PAN, Ketjenblack, SIBUNIT) was 
investigated. The catalysts were characterized by XRD, TEM, BET and FTIR methods. It is shown that the catalytic 
activity depends on the type of metals and the nature of the support. The catalyst Ru-Rh/DND has shown the 
maximum activity. A comparative study of the MSR process in CR and MR with Pd-containing membranes was 
carried out. The use of the MR allowed to increase the hydrogen yield in comparison with CR. Hydrogen, in the 
permeate zone did not contain COx impurities. 
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.1.    Ru-Rh/DND 
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– P2O5 – O – MGO 

COMPOSITE SILICATE MATERIALS OBTAINED BY SOL GEL BY METHOD, BASED ON THE SYSTEM SIO2 – P2O5 – O – MGO 
 . .,  . .,  . . 

Lyutova E. S.,Izosimova E.A.,  Borilo L. P. 
,      

katyaivanova@sibmail.com 

     -  .  , 
    .      

.   ,   .      
  . 

 
Composite materials were obtained using the sol-gel method. The processes occurring during the formation 

of oxide systems are studied. The processes taking place in film-forming solutions are studied. The phase 
composition and the structure of the obtained materials were studied. The influence of magnesium oxide on the 
properties of the obtained materials was established. 
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. 1 -  ,   800   2000: 

 –  1,  –  2. 

   20 . %        
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, ,    .       
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 ,      ,  ,  
,            , 

    1,78 2/ .       
   600  -SiO2, , ,  - CaSiO3.  800   

Ca10(PO4)5.52(HPO4)0.15(SiO4)0.33(OH)1.66 O0.19 - , Mg2P2O7.     
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   NB-AL,    
MICROSTRUCTURE OF EXPLOSIVELY WELDED NB-AL LAYERED COMPOSITES 

 .  1, 2,  . . 1,  . . 1 

Maliutina Iu.N. 1, 2, Alikina M.S. 1, Fomina D.E. 1 
1 - ,     

2 - ,   . . .  
e-mail: romashova@corp.nstu.ru 

.          
     .     

    ,      
        

.          
 ,     .   /   

       .  
 
Abstract. In the research by explosion welding, multilayered compositions made of foils of pure niobium 

and aluminum were formed. The conducted microstructural studies with the use of scanning electron microscopy 
have shown that the boundaries of welded seams have a mainly wave structure with the partial local melting of 
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coupling materials. Structures with dendritic morphology as well as structures of amorphous type were found by 
electron microscopy in the mixing zones. At the niobium and aluminum boundary, the mixing zones present micro 
volumes with a nonuniform chemical composition.  
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. 1.     Nb/Al ( )      ( ) 

       (  2). 
         20  60 . %. 

 1.          

  Nb, . % Al, . % 
1 59,96 40,04 
2 18,20 81,80 
3 20,94 79,06 
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FRACTOGRAPHIC STUDY OF DISPERSION-STRENGTHENED COMPOSITE MATERIAL BASED ON ALUMINUM 
1  . ., 2  . ., 2  . . 

Mylnikov V.V., Romanov A.D., Chernyshov E.A. 
1 - ,   -  , mrmylnikov@mail.ru 

2 - ,     . . . , taep@nntu.nnov.ru  

        
       -   

          Al2O3. 
 
The results of studies of fractured surfaces under static tension of the material produced by the new 

technology of obtaining of cast dispersion-strengthened composite materials based on aluminum with the ten 
percentage of the reinforcing phase Al2O3. 
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INFLUENCE OF THE SPUTTERING DISTANCE AND THE FALLING ANGLE ON THE FORMATION OF FUNCTIONAL SURFACE 
LAYERS 

 . .,  . .,  . .,  . .,  . .,  . .,  . . 
Nasakina .O., Serogin A.V., Sprygin G.S., Khimyuk Y .Y ., Demin K.Yu., Sevost'yanov M.A., Kolmakov A.G. 

,         
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  , Ti, Ag      NiTi, SiO2  .    

    , , -    .  
            

« - ».  
 
Abstract. Nano- and microdimensional , Ti, Ag surface layers were created by method of magnetron 

sputtering in vacuum on flat and wire NiTi, SiO2 and steel substrates. Structure and composition of samples were 
defined by SEM, AIS, AES and x-ray diffractometry. The change in the thickness and structure of the surface layers 
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depending on the geometric parameters of the target-substrate system is shown. 
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DIELECTRIC SPECTROSCOPY OF P(VDF-TRFE)/GO COMPOSITES 

 . .,  . . 
Nekludov K.N., Silibin M.V. 

,    « », neklyudovk@gmail.com 
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  : 5, 10, 15, 20  25%.      
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        ( - ). ,    
       .  

 
The samples of polyvinylidene fluoride/trifluoroethylene with different amount of grapheme oxide dopant 

5, 10, 15, 20 and 25% were fabricated. Moreover the para-ferroelectric phase transition was studied using the 
dielectric spectroscopy technique. On the basis of these results the influence of grapheme oxide dopant on 
structure and properties of polyvinylidene fluoride/trifluoroethylene was discussed. It was established that the 
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addition grapheme oxide favors the existence of polar phase in P(VDF-TrFE). 
 

 ,         
     ,   , 

,      (  ,   
 [1] .          

    .        
   ( ),       

 ,  ,     . .  , 
       ( , ),     

  . 
       .       

    .        ( ,  
,  II), (  I),  (  III)   (  IV).      

,    - .      - - - ’ 
( ’)    . ,   -    

 .    –    -  (TTTT),    
    .       

-   - . :    ,     
 ( ,    ),    ( ), 

  .  
    ( )    , 

     ,         
 .      ,   

      ,   ( - )  
  [2, 3].        

          . 
     (GO)    -     

,  ,       
      .      

   ,       
.    ,    ,     

      .  ,   
         .  
,        ,   GO/ZnxFe12xFe2O4, 

GO/      . 
           

   ( - ). , ,   
    ,    . 
     . ,     

     H2SO4  KMnO4     
   .       

    , ,      . 
   ,   . 

      ( - )   



 

617 
 

 30%.          
       (     

).     4     100    ( ) 
    80/20.     2    100 ° .  

     .        
 ,     30   50 ° .    

           1    
   3   50 ° .   ( - )-    

        ( - ). , 
  ,     :  ( - ) (  

 PG00), 5% (PG05), 10% (PG10), 15% (PG15), 20% (PG20)  25% (PG25)   ~ 70 .  
    ( - )     , 

       20  — 2     
1  / .        

 LCR-  E4980A    260 — 400 K.    
    70    Al   78,5 2.   

         5%  10%, 
. 

   1     . 
 ,        

 ,  ,    1-  . 
  PG00      

  .    ,   
   .  ,   

     ,       ,  
         

.   ,        
     , . .   ,  -

.         
  .       ,   
     .       

  ,   PG00.  



 

618 
 

 
. 1 –       

     PG00 ( ),      
  ( , )      PG15,     

    ( ).      ( ). 

  1390 ,    4( )    20 ,    PG20 
  (  50  ).   ,      

,   PG20,  . 
   ,      

       , ,   , 
   ,    . , 

            
.  ,          

 . 
       (   16-19-10112). 

   
S. Horiuchi, Y. Tokura // Organic ferroelectrics. – Nat. Mater. – 2008. – 7. – p. 357-366.  
J. Belovickis, V. Samulionis, J. Banys, M. Silibin, A. Solnyshkin, Y. Shilyaeva, K. Nekludov, S. Gavrilov, V. RubanikJr., 
V. Rubanik, V. Shvartsman, Ultrasonic spectroscopy of copolymer based p(vdf-trfe) composites with fillers on 
lead zirconate titanate basis // Polym. Test. – 2016. – 53. – p. 211-216. 
T.R. Dargaville, M.C. Celina, J.M. Elliott, P.M. Chaplya, G.D. Jones, D.M. Mowery, R.A. Assink, R.L. Clough, J.W. 
Martin// Characterization and Performance and Optimization of Pvdf as a Piezoelectric Film for Advanced 
Space Mirro Concepts // Tech. rep. – SANDIA report. – 2005. 



 

619 
 

     
POLYADDITION LOW-MODULS SILICONE COMPOSITIONS MATERIALS 

 . .,  . .,  . .,  E. .,  . . 
Petrosyan G.O., Semenkova N.Y., Egorkina G.V., Sokoliuk E.V., Epifanov E.G. 

      «     
 -       » (  

  « ») 

l25@eos.su 

.        
( )    .         

   (-SiVin)    (-SiH),     
 .      SiH/SiVin,  1,5. 

,          
          6-1000 

.  
 
Abstract. The ways for producing of the polyaddition silicone composite materials (gels) with the task 

elasticity modulus whe outlined. The dependence of gel elasticity modulus on the relationship of functional groups 
polymer (-SiVin) and cross linking agent (-SiH), ratio optimum relationship of reactive groups SiH/SiVin was found 
to be equal to 1.5 

It is shown that the use of a oligoorganosiloxanes fluid with terminal trymethylsiloxy groups with lower 
viscosity of 6-1000 t is required to control the elasticity modulus of the gel. 
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 (-SiH),     , ,      
100    ,    ,     

.      1. 
   ,   ,      

100     SiH/SiVin    .  
          SiH/SiVin=1,5. 

 
 

. 1.         SiH/SiVin   
    100    . 

    SiH/SiVin=1,5,     
    (6 , 100  , 1000  , 2000  )      

    .      2. 
 

 
 

. 2.       ,     
 SiH/SiVin=1,5. 

,         ,  
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   -     TININB 
       

INVESTIGATION OF STRUCTURE AND FUNCTIONAL-MECHANICAL PROPERTIES OF TININB SURFACE LAYERS OBTAINED 
BY HIGH-SPEED GAS PLUMMING SURFACE IN THE INERT ENVIRONMENT 

 . .,  . . 
Rusinov P.O., Blednova Zh.M. 

  «    » , ,  , 
ruspiter5@mail.ru 

.         
     TiNiNb     

      .   
  .          

       -  . 
  ,       

     .    
 -      . 

Annotation. The article describes a complex method of surface modification of steel materials with the 
shape memory effect of TiNiNb using high-speed gas-flame spraying of a mechanically activated powder in a 
protective medium. Technological parameters of surface modification have been determined. Based on the analysis 
of the phase composition and the average grain size, correlation relationships of the properties of the coatings 
with their structural-phase state are determined. X-ray studies have shown that the formation of surface layers 
using the developed technology provides a shape memory effect. The influence of the structural state of a surface-
modified layer on the microhardness and wear resistance is considered. 

       -   
    TiNiNb      

 . 
       

         Ni-45%at.Ti-10%at.Nb  
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12 18 10 .       Ni-45%at.Ti-10%at.Nb  
   – 2 ( -2 ).      
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     ( ),    ,    
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-      TiNiNb,    , 
,     .        
   ( . 1, ).        ,   

           15-30 ,  3-
15 .    ,       

 (  )  60 ÷ 97  ( . 1 , ). 
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a)  ) ) )  

. 1.   Ni –  12 18 10 : ) – ×1000;  TiNiNb , 
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×200 000;    – ) 
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        ,  
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      Statistica v10.0   SPSS ( .2). 

)   )       

. 2.    I     (  TiNiNb  
 HVOF   ) –a);   T       P – 

);    0,5 /  -1; 1 /  -2; 1,5 /  -3; 2 /  -4 
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           ( .2 ,  1-4).  
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97 ). 
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      , 
2 19'.  . 3      TiNiNb,   

.        
   TiNiNb: Mf = -86,4° , Ms = -47,2° , As = -23,3° , Af = 24,1° . 
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   +    – );   

      :  600°  – ), 800°   - ) 

      TiNiNb  0,9-0,93% ( . 3 , ),  
   600-800° . 
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    Nb   ,  Ti2Ni   ,   
     (TiO).       
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PREPARATION OF SIC-COMPOSITE REINFORCED BY MULTI-WALLED CARBON NANOTUBES WITH A SINTERING ADDITIVE 
BASED ON AN ORGANOMAGNESIUMOXANEYTTRIUMOXANEALUMOXANE 

 . . 1,2,  . . 1,  . . 1,  . . 2  
Riumina A.A. 1,2, Krivtsova N.S. 1, Shcherbakova G.I. 1, Faikov P.P. 2 

1 - ,    «  -      
 » ( ) 

2 - ,  -    . .   

(  . . . ) 

E-mail: annarumina@icloud.com 

 SiC-        
      

  .      
  . 

 
The SiC-composites reinforced with multi-walled carbon nanotubes with a sintering additive based 

organomagnesiumoxaneyttriumoxanealumoxane  were prepared. The obtained composite materials have a high 
fracture toughness and flexural strength. 
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INVESTIGATION OF THE EFFECT OF STRENGTHENING OF ELASTOMERIC COMPOSITES WITH OXIDIZED NANO-SIZED 
SCHUNGITE 

 . .,  . .,  . . 
Semenov P.E., Kornev Yu.V., Guskov D.V. 

,        (  ) 
pavelsemenov401@gmail.com 

 
         

   ( ) .       
    . 

           
   .  – ,     (60 %)  
   (30 %)    ,     

 .  
           

      ,      
 . 

 
ABSTRACT 
The greatest contribution to the formation of operational and mechanical properties of elastomeric 

composites is made by active (strengthening) fillers. At present, obtaining new types of reinforcing fillers is of 
great importance. 

Interest in order to obtain reinforcing fillers for elastomeric composites is the natural composite material 
shungite. Shungite - a rock composed of silicate particles (60%) and amorphous shungite carbon (30%) with an 
admixture of inorganic substances, has low cost and ecological safety. 

The aim of this work is to study the effect of the oxidation of the shungite surface by hydrogen peroxide on 
the complex of mechanical properties of elastomeric composites, where shungite is used as the main filler. 
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 : 
1. Yu. V. Kornev, O.V. Boiko, D.V. Guskov, N.A Semenov. Experimental investigation of the reinforcing effect of 
organosilane-modified nanodispersed mineral shungite in elastomeric composites// Composites: Mechanics, 
Computations, Applications. An International Journal, 2016. -3 (7): - . 189-200 
2. Vilmin F., Bottero I., Travert A., Malicki N., Gaboriaud F., Trivella A. and Thibault-Starzyk F. Reactivity of Bis[3-
(triethoxysilyl)propyl]Tetrasulfide (TESPT) Silane Coupling Agent over Hydrated Silica: Operando IR 
Spectroscopy and Chemometrics Study// The Journal of Physical Chemistry C, 2014, 118 (8), pp. 4056 4071. 
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         NA2TI3O7/C  
-    

SYNTHESIS AND ELECTROCHEMICAL PROPERTIES OF NA2TI3O7/C ANODE MATERIALS FOR SODIUM-ION BATTERIES 
1  . ., 2C  . . 

1Sinenko G.D., 2Stenina I.A. 
1 -  ,    . . .  

2 -  ,      . . .   

grigorisin@gmail.com 

      Na2Ti3O7    
  -  ,       .   

   ,  , , 
  - .    . ,  

  Na2Ti3O7/    in situ,        
     .     

   ,    . 
 
Na2Ti3O7/C composites have been synthesized using solid-state and sol-gel methods as well as by 

mechanical mixing with carbon black. Prepared materials have been characterized by X-ray powder diffraction 
analysis, electron microscopy, termogravimetry, Raman spectroscopy and impedance spectroscopy. Their 
electrochemical testing has been performed. It is shown that Na2Ti3O7/C composites formation in situ and by 
mechanical mixing with a carbon material results in the electrochemical capacity increase. The composites 
obtained by the Pechini method show the highest electrochemical capacity. 
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.   Na2Ti3O7/        
   10%  (  ).       

     -  ,         
    Na2Ti6O13.   /     
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  -     ,    , 

      sp2- .   
 Na2Ti3O7/ ,        ,  

 3.10-4  6.10-4 / ,     - .  
    25    Na2Ti3O7,   
  -  ,    2,3.10-13  2,1.10-13 /  .  

       90±1 / . 
  Na2Ti3O7/    in situ,       

         .   
        in situ,    

         
  . ,    18 /       

 ,    ,  113 · /   92% ,  
        (50 · /   86%).  

       
   

DEVELOPING HIGH-EFFECTIVE POLYURETHANE-EPOXY COMPOSITIONS FOR ADHESIVE INSTALLATION OF METALLS AND 
CERAMICS 

 . .,  . .,  . . 
Slobodinyuk A.I., Strelnikov V.N., Senichev V.Yu. 

,          
 , lewaizpermi@rambler.ru 

     ,  
   ,      .  

        . 
  ,     

Results of investigations of some polyurethane-epoxide compositions considered as construction adhesives 
were presented. Borders of an area of optimal ratios between base components and functional additives were 
estimated. Practical results confirmed perspectives of the chosen development direction. 
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         40 ,     
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   10%,       3/    10 .  
   

    
      

,     ,   
     

     (  
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Tg
s 

 
1 8,5 420 6,1 -72 
2 14,0 220 8,2 -71 
3 16,5 167 10,4 -71 

       
SYNTHESIS OF POLYUREA THICKENERS FOR PERSPECTIVE GREASES 

 . .,  . .,  . .,  . . 
Slobodinyuk A.I., Strelnikov V.N., Senichev V.Yu., Valtsifer V.A. 

,          
 , lewaizpermi@rambler.ru 

          
  .       

-      .     
  . 

Results of investigations in the field of synthesis of polyurea with various chemical structure were presented 
.The relationship between rheological properties of “polyurea-carbohydrogen liquid” systems and chain structure 
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of polyureas was determined. The effect of liquid media parameters on the synthesis was investigated. 
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THE OBTAINING AND PROPERTIES OF COMPOSITE ION-TRANSPORT MEMBRANE, COATED ON POROUS CERAMIC 
SUPPORT 
 . .,  . . 

Soloveva A.A., Kulbakin I.V. 
,         

 . . .     (  ) 
annettesoloofficial@gmail.com, ivkulbakin@mail.ru 

     ,   
     Co3O4 – 36 .% Bi2O3     

 Co2SiO4.         ,   
,          

.       Co3O4 – 36 .% Bi2O3  
 Co2SiO4,         . 

    ,    
 ,    .     

    -   , 
      . 

 
The asymmetric oxygen-permeable membrane, consisting of a thin-film dense composite based on Co3O4 – 

36 wt.% Bi2O3, and of a porous ceramic substrate of Co2SiO4, was synthesized and characterized. The ways of 
obtaining porous ceramics based on cobalt silicate are worked out, while its microstructure, gas permeability and 
mechanical properties have been studied depending on the value of the open porosity. Slip-casting with post-
pressing was used to cover the Co3O4 – 36 wt.% Bi2O3 - based film on the surface of porous support of Co2SiO4, so 
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the optimal conditions for making the coating and for its followed sintering were selected. The transport properties 
of the asymmetric membrane have been studied, the kinetic features of oxygen transport have been established, 
and the characteristic thickness of the membrane has been estimated. The methods to prevent the high-
temperature creep of ion transport membranes based on solid and molten oxides, which are promising for 
obtaining of pure oxygen from air, are proposed and discussed. 
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Zhu X., Yang W. Mixed conducting ceramic membranes: fundamentals, materials and applications. Berlin: 
Springer, 2017. 367 p. 
Belousov V.V. // Acc. Chem. Res. 2017. V. 50. P. 273-280. 
Belousov V.V. //  -

 . . C. 934-950. 
Belousov V.V., Kulbakin I.V., Fedorov S.V., Klimashin A.A. // ACS Appl. Mater. Interfaces 2016. V. 8. P. 22324-
22329. 
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COMPFRFTIVE ANALYSIS OF EPOXY COMPOSITES FILLED WITH INITIAL AND WATER-HARDENED INORGANIC BINDERS 
(GYPSUM, CEMENT, CHALK). 

 .,  .,  . 
Starokadomsky D., Sigareova N., Moskovskaya N. 

   . . ,  (  ), stard3@i.ua 

            
    .       
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        50 %-   .  

       ,  . ,  
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,         (    
  )        

        -  
   (   )     

.           
  –  (   ). 

 
The work was carried out to reveal differences in the structure and performance of epoxides with the 
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cheapest and most accessible fillers. The results confirmed the assumptions underlying the work. Namely, a 
different effect of the initial and pre-cured gypsum and cement powders on the strength and durability of a 50% 
by weight polymer filled with them was established. Such hardened powders generally give higher strength values 
than the original ones. Also, the structure of polymers is different in case of filling with initial and cured gypsum 
and cement. 
It was found that the introduction of water-cured and dispersed gypsum and cement (in contrast to the treated 
similarly to chalk) gives composites stronger to compression 
Changes in the strength and durability of composites are explained by the appearance of fractal-dendritic 
structures of water-hardening fillers (which are detected microscopically) after their preliminary wetting. This is 
confirmed by almost unchanged properties for all composites with water-inert filler of comparison - chalk (initial 
and water-processed). 
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       MOSI2-WSI2-SI3N4 
SINTERING ACTIVATION ENERGY MOSI2-WSI2-SI3N4 CERAMIC 

 . . 1,  . . 1,  . . 1,  . .,  . . 2 
Titov D.D. 1, Lysenkov A.S. 1, Kargin Yu.F. 1, Frolova M.G., Gorshkov V.A. 2 

1      . . .  ,  
2 ,       , 

mitytitov@gmail.com 

         
  70 .% MoSi2  30 .% WSi2 (  (Mo,W)Si2),      

,    - Si3N4  1  15 .%      
.    Netzsch    1800°    Ar    5, 

10, 12  15 ° / .       (  ) 
       (Mo,W)Si2+xSi3N4.  

         Si3N4. 
 
The activation energy of sintering process was calculated based on dilatometric studies of shrinkage 

processes (Mo,W)Si2 + Si3N4 composite ceramic. (Mo,W)Si2 powders was obtained by solid-phase solutions of 70 
wt% MoSi2 and 30 wt% WSi2 by SHS in the ISANAN RAS. The concentration rate Si3N4 was from 1 to 15 wt.%. The 
sintering was carried out to 1800°C in an Ar atmosphere with a heating rate of 5, 10, 12 and 15°C/min on the 
Netzsch dilatometer (German). Based on the differential kinetic analysis method (Friedman's method), the sintering 
process activation energy of (Mo,W)Si2+xSi3N4 is calculated. The two-stage sintering process and the dependence 
of the activation energy on the Si3N4 content was shown. 
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 . 

. 1.     Mo0,7W0,3Si2 + 1  15 .% Si3N4   5, 10, 
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      1150°   1697°  ( ,  1  15 .% Si3N4),   
   6,75%  20,21% ( ,  1  15 .% Si3N4).    
   ln -(dL/dt)/(%/ )    ( . 2).    
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,          ,   

  15 .% Si3N4        ,   
 . 

         . ,    
            2,5 .% 
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 3)      . 
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.  2         . 
Two glass compositions based on the BaO-Al2O3-B2O3-SiO2 system were synthesized with the aim of 

developing vitreous sealing materials for solid oxide fuel cells (SOFCs). The investigated glass compositions were 
analyzed using DSC and XRD methods also the values of TEC were determined. It is established that glass 2 is the 
most suitable for medium temperature SOFCs. 
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1    600 °C 
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  807 °C, 
  

. 
     

2   629 °C 
 Tg;  792 °C 

    
  948 °C, 

, , 
 « » 

. 
. 1      

           
870 °C        .    

   .  . 2      
,  . 3        .  

    ,     ,    
  . 2,           
  – BaAl2Si2O8, Ba4B2O7  BaSi2O5.  

      .    2  
,      ,        

1    . 

. 2 1 –  1; 2 –  2 . 3 1 -  1, /  870° , 3 ;  
2 -  2, /  870° , 24  

 – BaAl2Si2O8,  – Ba4B2O7,  – BaSi2O5 

  



 

641 
 

   ,   
  ,       

WEAR-RESISTANT METAL-MATRIX COMPOSITE MATERIALS REINFORCED  
WITH SUPERELASTIC SUPERHARD CARBON PARTICLES  

DERIVED FROM FULLERENES UNDER PRESSURE 
 . .1,  . .1,  . .1,  . .1, . 2 

Ushakova I.N.1, Chernogorova O.P.1, Drozdova E.I.1, Lukin E.I.1, Boillot V. 2 

1 - ,     . . .  ,  
ushakovairaida@yandex.ru 

2 - ,     . . .   

         
 ( ),          

.         .  
          

  .  
 
A new method is used to create super wear-resistant metal-matrix composite materials (CM) reinforced by 

the particles produced from fullerenes under pressure. The reinforcing particles are characterized by a unique 
combination of high hardness and superelasticity. Such combination of properties is optimal for the realization of 
high wear resistance and low friction coefficient of the material. 
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 3/  
NANOCOMPOSITE M O3/C 

 . .1,2,  . .1 

Fattakhova Z.A., Zakharova G.S. 
 1 - ,       

2 - ,        . .  
 fattahova.zilara@yandex.ru 

          ( O3/C), 
        . 

          
 ( ),     -  ( - - ), 

   ( ),        
    ( ). 

 
The paper presents the results of synthesis of a composite based on molybdenum trioxide (MoO3/C) as-

obtained by thermal decomposition of a new molybdenum precursor in an inert atmosphere. The structure and 
morphology of the composites obtained were investigated using X-ray phase analysis (XRD), thermogravimetric 
analysis combined with mass spectroscopy (TG-MS-DSC), scanning electron microscopy (SEM), the specific surface 
area of the samples was determined by low-temperature nitrogen adsorption (BET ). 
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3.692(9) Å, V = 202.286Å3.          
         ( . 1 ).     
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3.    -      -     
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     -   (   16-53-53069). 

  -   BI1,6ER0,4O3-AG-IN   
FABRICATION OF DENSE REACTIONARY-HARDENING CERMET BI1.6ER0.4O3-AG-IN BY HOT PRESSING 

 . .1,  . .2,  . .1 

Fedorov S.V.1, Kovaleva V.S.2, Lysenkov A.S.1 

1 - ,         
 . . .     (  ), fedserv@rambler.ru 

2 -        
«      . .  (  

 )» (  . . . ) 

   Bi1,6Er0,4O3-20, 30  40 . %   (Ag-15 .% In) 
    30   600 °C   ,   

   . ,     
      .  

 
Gas-tight cermets Bi1.6Er0.4O3-20, 30 and 40 wt. % (Ag-15 wt. % In) were obtained by hot pressing using 30 

MPa pressure at 600 °C. Their microstructure, gas-tightness and electrical conductivity at room temperature were 
studied. It is shown that the gas-tightness and electrical conductivity of cermets increase with increasing content 
of the metallic phase. 
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. 1.   Bi1,6Er0,4O3 - 34 . % Ag - 6 . % In:  ( )   
    600 ºC ( ), 700 ºC ( )  800 ºC ( )   24 . 

   . . .  . .      
.           17-08-01079- . 
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Frade J.R., Naumovich E.N. J. Membr. Sci. 380 (2011) 68-80. 
Wang H., Tablet C., Feldhoff A., Caro J. Adv. Mater. 17 (2005) 1785-1788. 
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RESEARCH ON ELECTRICALLY CONDUCTIVE CONCRETE 

 . .,  . .,  . .,  . .,  . . 
Fediuk R.S., Stoyushko N.Yu., Gladkova N.A., Garmashov I.S., Batarshin V.O. 
,   , roman44@yandex.ru 

    ,      
 ,    .     
 . 

The paper presents the results of the development of electrically conductive concrete, which can be used 
in building structures, as well as in the electric power industry, are presented. Comparison with available analogous 
materials is made. 

 
Author's development of the Far Eastern Federal University (Vladivostok) is at the junction of construction 

and electric power. In particular, this concrete can be attributed to the field of creation of composite materials on 
the basis of natural and technogenic raw materials. As a result, an electrically conductive concrete having electrical 
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conductivity and resistivity sufficient to use the material as an electrically conductive structural and heating 
structural material, as well as the manufacture of grounding device elements and antistatic floors has been 
obtained. 

The resistive composite material is described in science and technology (patent RU. 2231845 H01C7/00), 
it consist of: quick-setting cement (34-56%), a large-particle fraction of chamotte with a particle size of 0.15-2.5 
mm (1-35% ), quartz sand, fraction 0.2-2.5 mm (1-34%), colloidal graphite (3-15%), finely divided chamotte fraction 
with particle size from 0.05 to 0.09 mm (0.1- 15%); electro corundum, fraction 0.1-0.5 mm (0.1-20%); mineral fiber 
length from 3 to 10 mm (0-5%). The percentages in parentheses represent the proportion of each component in 
the composite. The shortcomings of this material include the complex formulation and high price of most 
components. 

Foreign electrically conductive concretes include 1-20% Portland cement, 18-85% ash and water (Patent 
US 6461424 B1). The disadvantage of this material is a low compressive strength of 8.3 MPa. 

Electrically conductive concrete is accepted for the prototype, according to the data of patent RU 2291130 
C04B28/04; C04B111/94, containing of cement, sand, water and powdered graphite, with the following ratio, by 
weight: 

Powdered graphite - 15-35 
Cement - 20-30 
Sand - 25-45 
Water - the rest. 
Disadvantages of this electrically conductive concrete are low strength characteristics, complexity of 

regulation of structure formation and homogenization of multicomponent systems, the presence of a limited form 
of final products. This narrows the range of applications of products and systems based on them. 

The proposed author's design solves the problem of increasing the raw material base for the production of 
electrically conductive concretes with a wide range of consumer properties, due to the optimal regulation of the 
structure formation and homogenization of multicomponent systems. In addition, the cost of the final product is 
reduced through the use of man-made waste in the concrete. 

The technical result is achieved both due to the use of carbonaceous substances in the concrete mix, and 
by co-grinding the components. This contributes to the regulation of the structure formation and homogenization 
of a multicomponent system, and also reduces the energy and resource intensity of production. 

The object of the invention is achieved in that the composition for manufacturing concrete comprising 
Portland cement, sand, water and a carbonaceous component, characterized in that it utilizes fly ash and a 
hyperplasticizer in the following ratio of components, % by weight: Portland cement 10-14; Sand 14-19; Fly ash 
13-18; Carbon-containing component 11.8-15.8; Hyperplasticizer 0,2; Water 42. As a sand, thermositic sand is 
used, and as a carbon-containing component - carbonaceous slime of aluminum production. All dry components 
are subjected to mechanochemical activation in a vario-planetary mill to a specific surface of 550 m2/kg. 

Fly ash using allows achieving a reduction in the consumption of Portland cement by replacing it with an 
activated filler of man-made origin. Hyperplasticizer using improves the rheological characteristics of the concrete 
mix. Thermositic sand and carbonaceous sludge of aluminum production make it possible to reduce the cost of 
production of concrete by using cheap waste products. The mechanical activation of all dry components makes it 
possible to enhance the reactivity of the activated substance without changing its composition or structure. The 
experimentally revealed mass ratio (composition optimization) is aimed at achieving a technical result. 

Electrically conductive concrete was prepared as follows., It excess moisture from carbonaceous sludge 
during the heat treatment was removed to 0.5%. The remaining dry components were added (Table 1) and co-
milled in a vario-planetary mill to a specific surface area of 550 m2/kg, which increases its reactivity and application 
efficiency by mechanochemical activation. The resulting dry mixture was closed with water at a 0.42 water ratio. 
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Thus, the proposed composition has the following advantages in comparison with the known ones (Table 
2): 

- the strength characteristics are increased by more than 2 times with simultaneous increase in electrical 
conductivity up to 2 times in comparison with the prototype; 

- the economic effect is achieved by reducing the consumption of Portland cement by replacing it with an 
activated filler of technogenic origin and using thermositic sand and carbonaceous sludge of aluminum production 
in the recipe. 

Features of resistive materials cause the use of their modifications to create heating elements and 
structures of bulk and film types used in electrical systems for heating in the field of public and industrial 
construction, housing and communal services, agriculture, energy, etc. The use of carbon-containing components 
will ensure the stability of electrical properties. 

This composite is the material of the future, in our opinion. 
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DEVELOPMENT OF TECHNOLOGY OF RECEIVING THE DISPERSE STRENGTHENED COMPOSITION MATERIAL ON THE BASIS 
OF ALUMINUM. 

 . .1,  . . 1,  . 1.,  . . 2 
Chernyshov E. A. 1, Romanov A. D. 1, Romanova E.A. 1,  Mylnikov V. V. 2 

,     . . . ,  
    

nil_st@nntu.ru  

:     -   
   ,        

.       . ,  
      -  
 . 

 
Abstract: The new technology of creation of the disperse strengthened composition material on the basis 

of the aluminum received by an aluminum fusion purge oxygen by the containing gas is offered. Evaluation 
calculation of cost of receiving composition material is given. It is expected that the developed technology will 
allow to reduce the cost of receiving the disperse strengthened composition material. 
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 1   1    30 % Al2O3  

 1   Al2O3  2   
0,7  Al (100 / )  0,3  Al2O3 (1000  / ) 0,86  Al (100  / )  0,15  O2 (100  / 3  

140  / ) 
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   340  5000  / ,       60  150 / 3. 
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MICROSTRUCTURE OF EUTECTIC OXIDE CERAMIC MATERIAL WITH BORIDES PARTICLES 
 . .,  . .,  . . 

Chizhikov A.P., Bazhin P.M., Stolin A.M. 
,          

    , chij@ism.ac.ru 

          Al2O3-ZrO2, 
    WB. ,   ,    

 200 ,    .       Al2O3-
ZrO2,    ,       .   

    ,   ZrO2   130 – 160 . 
 
The microstructure of a ceramic powder material based on Al2O3-ZrO2 hardened with particles of tungsten 

boride WB was studied. It is shown that powder particles, whose size does not exceed 200 m, have a complex 
composite structure. Namely, they contain the eutectic Al2O3-ZrO2, the region of origin of the eutectic formation, 
the grain of zirconium oxide and the grain of tungsten boride. In this case, the eutectic has a rather thin structure, 
the thickness of the ZrO2 plates is about 130-160 nm. 
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Experimental samples of aluminal matrix composites reinforced Al2O3 nanofibers were obtained. In order 

to increase the wettability under liquid phase combination conditions, it is proposed to use copper powder as a 
carrier of nanofiber. When studying the structure and properties of the samples, a modifying effect on the 
introduction of reinforcement, demonstrated by grinding the grain, was revealed. 
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    LI4TI5O12   
COMPOSITE MATERIALS BASED ON LI4TI5O12 AND POLYANILINE 

 . .,  . . 
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     : 8:1, 4:1, 2:1, 1:1, 1:2, 1:4.   
   ,   , 
, - ,  .    

.        
    . ,       
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     Li4Ti5O12 (45 / )   .  
         

    . 
      (   16-29-05241- ). 

 
Lithium-ion batteries are widely used in portable devices and telecommunications: cell phones, laptops, 

video cameras, etc. Graphite, widely used as an anode material, unfortunately, has a number of disadvantages such 
as poor rate capability, poor cycling stability, and the possibility of a shortcircuit inside the battery resulting in an 
explosion at high cycling rates. Last years, lithium titanate (Li4Ti5O12) is considered as a promising anode material 
for lithium-ion batteries, first of all, due to the negligible volume change during cycling. When Li4Ti5O12 is used, 
the probability of lithium dendrites formation is minimal, which allows to increase the charge/discharge rate, 
durability and safety of the battery. On the other hand, electron and ion conductivity of Li4Ti5O12 are relatively low 
preventing its wide application. To improve the electrochemical properties of electrode materials a number of 
approaches are used, including surface coating with a high-conductive material. The aim of this work was the 
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synthesis and investigation of composite materials based on lithium titanate and polyaniline (PANI). 
Li4Ti5O12/PANI composite materials as well as materials with pre-coated carbon Li4Ti5O12/C/PANI have been 

synthesized via the in situ polymerization method with different initial mole ratios of lithium titanate and aniline: 
8:1, 4:1, 2:1, 1:1, 1:2, 1:4. The obtained composite materials have been characterized by X-ray powder diffraction, 
transmission electron microscopy (TEM), thermogravimetry, IR spectroscopy, and impedance spectroscopy. Their 
electrochemical studies were performed. According to the TEM data, polyaniline is uniformly distributed on the 
surface of titanate lithium. It is shown that polyaniline modification leads to a significant increase in the electronic 
conductivity of materials from ~ 10-11 Ohm-1 cm-1 for pristine Li4Ti5O12 to 10-4 Ohm-1cm-1 for Li4Ti5O12/C/PANI. 
Optimal concentrations of the initial reagents for preparation of materials with high conductivity were determined. 
The increase in electron conductivity at the grain boundaries leads to the improvement of charge-discharge 
properties of the obtained anode materials. The highest electrochemical capacity at high charge/discharge rates 
was obtained for Li4Ti5O12/C/ ANI sample with the initial Li4Ti5O12:aniline ratio of 8:1. At current density of ~5C, 
discharge capacity of Li4Ti5O12/C/ ANI is of 91 mAh/g far exceeding the electrochemical capacity of the pristine 
Li4Ti5O12 (45 mAh/g) at the same conditions. Increase in the polyaniline content leads to decrease of the 
electrochemical capacity of the composite materials even at low current densities. 
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FEATURES OF TRIBOLOGICAL RESEARCHES OF THE NANOCOMPOSITE MATERIALS 
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  .        
     Origin 8.0.     

 .       . 
 
Abstract  
The article presents the results of tribological tests of nanocomposite materials under different friction 

conditions. The analysis of experimental data using the Origin 8.0 software complex was used for the interpret the 
obtained data. The adequacy of the obtained values was checked by repeated reproduction. The spread of data 
lies in the interval of statistical error. 
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      FE-AL,    
  

FORMATION OF THE STRUCTURE AND PROPERTIES OF THE FE-AL SYSTEM COATINGS, OBTAINED WITH HIGH ENERGY 
EFFECTS 

 . .,  . .,  . . 
Shmorgun V. G., Slautin O. V., Kulevich V. P. 

,    , email: mv@vstu.ru 

          , 
      1+ 3   -  

 .         
 . 

 
A technological scheme for obtaining coatings from iron aluminides on the surface of steel is proposed. It 

includes a double heat treatment of the bimetal AD1 + St3 welded by the explosion in the modes of solid- and 
liquid-phase interaction. The phase composition and properties of the resulting coatings after high-temperature 
heating have been studied. 
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ON THE POSSIBILITY OF PROCESSING NI-AL / MOS2-C COMPOSITE POWDERS BY THE METHOD OF SELF-PROPAGATING 
HIGH-TEMPERATURE SYNTHESIS  
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Structure and phase composition of powders based on nickel and iron aluminides with solid lubricants 
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produced using exothermal effect of metals interaction have been investigated. No chemical interaction of metals 
with the investigated solid lubricant components was observed during the synthesis of nickel aluminide based 
powders. Disulfide inclusions were located both in periphery and in the volume of composite NiAl/MoS2. 
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DETERMINATION OF PARAMETERS OF THE LIGHT SQUARE AND CUBIC POWER CELL IN COMPOSITE MATERIAL 
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,  , Liz652330@yandex.ru, Lebedev_v_2010@mail.ru 
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.        . 
 
Two types of reinforcing bars in a composite material have been studied. From the position of minimizing 

the mass of the overlap, square and cubic cells are studied. Mathematically, the problem has been reduced to 
finding the shortest line for joining four vertices of a square or eight vertices of a cube. If the shape of the 
connecting line is known, its characteristics can be determined. However, the optimal shape of the line is not 
known. AI Dratskaya proposed to determine the shape of the connecting line on the basis of an analogy with soap 
films stretched on a wire cube skeleton, that is, on the basis of the theory of minimal surfaces. The theoretical 
results coincided very well with the experimental data. 
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EFFECT OF SYNTHETIC CALCIUM SILICATES ON STRENGTH CHARACTERISTICS OF FINE-GRAINED CONCRETE 
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)  ,          
 220 °C,    . ,     

       .  
    28       

     4 % .     .  
 
The effect of additives based on acicular calcium hydrosilicates (xonotlite and tobermorite) and wollastonite 

obtained from boron production waste under autoclave synthesis at temperature 220 °C on the strength properties 
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of fine-grained concrete was studied. It was shown that the addition of calcium hydrosilicates and wollastonite 
increases the strength characteristics of concrete. After heat and moisture treatment and after 28 days of hardening 
under normal conditions, the maximal increasing of strength was observed in case of introducing of 4 mass. % 
calcium hydrosilicates and  wollastonite.  
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EMPLOYMENT OF SECOND RUNNINGS OF POLYETHYLENETERPHTHALATE FOR PRODUCING OF CONSTRUCTIONAL 

FOAMS 
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Research in the field of the use of degradation products of polyethylene terephthalate (PET) as a modifier 

of structural foams for special purposes based on novolac phenol-formaldehyde oligomers (NFFO). Synthesis of 
resin based on NFFO with addition of PET in the form of a modifier makes it possible to obtain foams with high 
mechanical strength. Perspective is due to the availability and cheapness of the raw material base, simple enough 
technology to produce, high percentage of PET waste recycling. In the present work, synthesis, characteristics and 
some properties of foams based on the NFFO are presented. 
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INFLUENCE OF LOW-ALLOYING REFRACTORY METALS ADDITIONS ON THE MICROSTRUCTURE AND MECHANICAL 
PROPERTIES OF CR-NI ALLOY AT VARIOUS TEMPERATURES 

 . .,  . .,  . .,  . .,  . .,  . . 
Varlamova S.B., Trushnikova A.S., Butrim V.N., Razumovskii I.M., Kashirtsev V.N., Perminova Y.S. 

 « », 4, . , . ,  , , sbvarlamova@gmail.com 

      65  (Cr-33Ni-2W-0,3Ti-0,3V, 
. %) (  I)   -          

      (  0,5% .) Nb, Ta, Hf, Zr (  II). 
         

 65   20, 900  1080° .     I  II    
      ,    ,   

  . 
      .    

  ( )       . 
 
Based on the first principle calculations the low alloying additions (up to 0,5 mas. %) of refractory metals 

(Nb, Ta, Hf, Zr) were used to increase mechanical properties of two-phased -  Cr-Ni alloy (Cr-33Ni-2W-0,3Ti-0,3V 
mas. %). 

The present report demonstrates the effect of low alloying additions on mechanical properties of Cr-Ni alloy 
at following temperatures: 20, 900 and 1080° . The microstructure of both base and experimental alloy I and alloy 
II, respectively, after tensile tests at different temperatures of rapture zone, zone of equilateral deformation and 
undeformed zone is presented. 

The effect of low alloying additions on the microstructure is performed. Changes of structure components 
morphology depending on the temperature and deformation degree are detected. 
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THE TECHNOLOGY OF MANUFACTURING BLANKS DISNEY INTERNAL COMBUSTION ENGINE USING ADAPTIVE CONTROL 
SYSTEM OF TECHNOLOGICAL PROCESS 
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Abstract  
The results of studies aimed at the formation of single-phase grain structure of workpieces of the pistons 

in the process of their production by casting with crystallization under pressure. Slugging is carried out on a 
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hydraulic press PLP-300 with locking force in the cylinder of 300 tons; the amount of pressure applied to the metal 
equal to 500 MPa. As starting material for the manufacture of the workpiece of the piston is used high-strength 
aluminum alloy V95. Control of the press is carried out using adaptive control system with reference model.  

The object of study is the process of obtaining castings without defects, gas-shrinkage origin, without the 
bulk and dendritic segregation, with uniform dense structure in the blanks Ø90 57 mm. 
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THE ROLE OF STOICHIOMETRIC COMPOSITION IN THE FORMATION OF PROPERTIES OF COCRFEMNNI HIGH-ENTROPY 
ALLOYS 

 . . 
Korchuganov A.V. 
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In recent years much attention has been paid to the study of high-entropy alloys (HEAs) which have 

excellent physical and mechanical properties. First of all, these properties are caused by the multicomponent 
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nature of HEAs and the concentration of chemical elements in them. This work is devoted to the study of the effect 
of the stoichiometric composition on the structure, phase stability as well as physical and mechanical properties 
of CoCrFeMnNi HEA. Thermodynamically equilibrium configurations of CoCrFeMnNi alloys and their properties at 
the given concentrations of chemical elements, temperature and pressure are calculated on the basis of computer 
simulation by molecular dynamics and Monte Carlo methods. 
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DEPENDENCE OF PHYSICO-MECHANICAL PROPERTIES OF ALUMINUM ALLOYS ON SEVERE PLASTIC DEFORMATION IN 
TWO TREATMENT SCHEMES 
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,   , volodia74ms@yandex.ru 

       ,  
  ,         

 1560   .    -  
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   . 

 
In this work bulk and flat specimens of Al-Mg-based alloy 1560 with ultrafine-grained structure were 

obtained after processing by severe plastic deformation. Severe plastic deformation was realized in the scheme of 
equal channel angular pressing for bulk specimens and groove pressing for flat specimens. Both treatment 
methods showed general trends of the effect of severe plastic deformation on increasing of microhardness, tensile 
yield strength, ultimate tensile strength and reducing of ultimate tensile strain. 
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THE DEVELOPMENT OF COMBINATORIAL MATERIALS UNDER OPERATIONAL REQUIREMENTS AND THE CHOICE OF 
TECHNOLOGICAL MODES OF FORMATION CONTACT SWITCHGEAR 
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Kurganov D. S., Nikolyukin Y. V., Kurganova, Yu. A 
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     . 

Abstract: The object of research relates to electrical engineering, in particular to the formation of 
discontinuous contacts. The technical task is to provide the required performance characteristics under the 
condition of reducing the transient resistance and increasing the switching resource. This task is solved due to the 
special combinatorics of the selected materials and the selection of modes of technological methods that ensure 
the production of products of a given geometry. Achievement of the technical result is confirmed by examples of 
making electrical contacts tested according to all regulated test procedures. According to the results of the 
research, it is established that the experienced electrical contacts meet the operational requirements and have a 
number of improved characteristics in comparison with existing analogues. 
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 CRACKS GROWTH SIMULATION IN MATERIALS CONTAINING ROUND INCLUSIONS 

 . . 
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 - XFEM,           
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The traditional numerical method for solving the crack growth problem in a material is the finite element 

method (FEM). However, this method becomes ineffective in modeling the cracks growth  taking into account the 
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microstructure of the material. The purpose of this paper is to implement an alternative method - XFEM, which 
allows more efficient modeling of multiple crack growth considering the presence of round pores and inclusions 
in the material. 
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NANOCOMPOSITE DIAMOND-LIKE COATINGS DOPED WITH CHROMIUM: STRUCTURE AND FUNCTIONAL PROPERTIES 
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Samples of diamond-like carbon coatings alloyed with chromium, obtained using magnetron sputtering in 

various active gas environments, were investigated. Phase composition and substructure of coatings were explored 
using X-ray diffraction method. Micromechanical and tribological characteristics of coatings were established, 
correlation between them and structure of coatings was analyzed.  
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STRUCTURE AND TRIBOLOGICAL PROPERTIES OF CHROME-NANODIAMOND COATINGS DEPENDING ON THE CONDITIONS 
OF MAGNETRON SPUTTERING 
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The work is devoted to analysis of features of structural-phase state and functional properties of chrome-

nanodiamond coatings obtained by the technology of magnetron sputtering. Phase composition and substructure 
of coatings were explored using X-ray diffraction method. Micromechanical and tribological characteristics of 
coatings were established, correlation between them and structure of coatings was analyzed. 
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THE INFLUENCE OF ALKALINE MODIFICATION ON ADSORPTION CHARACTERISTICS OF ALUMINUM OXIDE 

 . . 1,  . . 2,.  .  3 

Livanova A.V. 1, Mescharyakov E.P. 2, Kurzina I.A. 3 

,      1truelivanova@mail.ru, 
2meevgeni@mail.ru, 3kurzina@mail.tsu.ru 

       ,    
,          . , 

      2,3 . %     , 
   61 %     . 

  
In the present work the influence of the concentration of an alkaline ion used as a modifier on the 

adsorption characteristics of aluminum oxide for water vapor has been studied. It was found that the content of 
an alkaline ion in an amount of 2.3 mass. % positively affects the adsorption capacity, increasing it by 61% 
compared to the original sample. 
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We investigate the effect of chemical composition on ordering of solid and liquid multicomponent systems. 

For this purpose hybrid Monte-Carlo and molecular dynamics are employed. We propose thermodynamically-based  
criterion of multicomponent systems stability. It yields accurate results for crystals and reasonable estimations for 
liquids. The proposed criterion is compared with the one based on semi-empirical mixing rules. It is demonstrated 
that the proposed criterion allows to predict ordering of multicomponent systems much more precisely. 
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High-entropy alloys (HEA) are a new promising class of metallic materials. Some of them demonstrate 

excellent mechanical properties and stability under radiation. Yet HEA remain poorly investigated. In particular, 
the atomic simulation of HEA is complicated due to a complex chemical composition. The only reliable technique 
to describe such systems is quantum mechanical calculations. This imposes significant temporal and spatial 
limitations on the HEA’s atomic simulation. To overcome them a new method of interpolating the results of 
quantum mechanical calculations for the description of multicomponent systems is proposed. 
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THE EFFECT OF THE JOINT ACTION OF  DEFORMATION AND ELECTRIC CURRENT ON THE STRUCTURE AND PROPERTIES 
OF ALLOYS BASED ON TITANIUM  
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The aim of this paper is to determine the effect of a combination of deformation and current on the 

structure, phase transformations in the process of rolling and tension in alloys based on titanium (TiNi, VT1-0). 
The deformation ability, mechanical properties, shape memory effect were studied depending on the current and 
annealing. To achieve the highest possible functional and mechanical properties of the alloys the deformation 
with the current up to a true strain higher than 1 is necessary. It was revealed that rolling with the current, due to 
the increased deformation ability of hard materials, contributes to obtaining nanostructured state with a grain size 
of 70-90 nm. The deformation behavior of alloys was studied by tension with multipulse and DC. 
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OPERATING RESOURCE PROLONGATION FOR DIAPHRAGMS OF SHAPER-VULCANIZERS UNDER CONDITIONS OF CYCLIC 
STRAIN AT INCREASED TEMPERATURES  

 . . 1,  . . 1,2,  . . 2,  . . 1,2 

Mikhaylov I.A. 1 , Sukhareva K.V. 1,2, Andriasyan Yu.O. 2, Popov A.A. 1,2. 
1Russia, Plekhanov Russian University of Economics (PRUE)  

2 Russia, Emanuel Institute of Biochemical Physics of the Russian Academy of Sciences (IBCP RAS), Moscow,  
aspirantras@mail.ru 

Abstract. Rubber mixtures for the production of shaper-vulcanizers diaphragms based on ethylene-
propylene-diene rubber (EPDM) with ethylidene norbornene co-monomer and chlorinated EPDM (ChEPDM) are 
investigated. Curing, plastoelastic, physical-mechanical and dynamic properties of rubber compounds and rubbers 
were studied. Comparative characteristics of serially produced rubbers and modified rubbers are presented. In 
present work was shown that the use of ChEPDM allows increasing the working period of the product under 
conditions of cyclic deformations at tire vulcanization temperatures because the rubber based on ChEPDM has 
high strength properties, resistance to heat aging, reduced creep and low tar value. 
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Keywords: rubber, rubber technology, mechanochemistry, composite materials, material modification 
Introduction 
Shaper-vulcanizers are the most common type of equipment for the vulcanization of pneumatic tires. The 

most frequently failing part of the molds is the rubber diaphragm, since it undergoes repeated cyclic loads at 
temperatures of the order of 150-160 °C. Therefore, the purpose of this work is to increase the life of the diaphragm 
of the formulator by modifying the polymeric component (rubber) of the elastomeric composition for 
manufacturing the diaphragm. One of the most common methods for modifying rubbers is a halide modification. 
As a result of the halide modification of high-molecular compounds having technologically smooth large-scale 
industrial production, it is possible to produce polymer materials and composites with a wide range of new specific 
properties. In particular, chlorinated rubbers are used to create protective coatings resistant to seawater and 
sunlight, and also as a starting material for multicomponent protective coatings [1]. 

This work is devoted to the use of chlorinated ethylene-propylene-diene-monomer rubber (EPDM) with 
ethylidene norbornene (ENB) co-monomer, obtained by the mechanochemical halide modification technology [2] 
in the rubber formulation for diaphragms of shaper-vulcanizers.  

Technology of mechanochemical halide modification based on effect initiation of polymer radical cleavage 
[3, 4] and participation of produced radicals in the bimolecular reaction with radical scavengers [5-8]; it allows us 
to halogenate polymers without halogen gases in solution and in the solid phase. 

RESULTS AND DISCUSSION 
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In this work as starting materials for rubber compound EPDM with ethylidene norbornene. EPDM was 
subjected to a mechanochemical halide modification by combining it in a two-rotor mixer of a closed type with 
chlorine-containing saturated hydrocarbon composition  C30H38Cl24  that represents powder product containing 70%  
fixed chlorine. The technology of obtaining halogenated rubbers is described in [9-13]. 

The practice states that the main reasons of break-down of diaphragm press are the low capacity to  elastic 
recovery of rubbers based on isobutylene isoprene rubbers (IIR-1675), leading to “treading out” of diaphragm, and 
high extent of “tar value” of  diaphragm work surface. To eliminate these disadvantages we studied opportunity 
of substitution of rubber EPDM in formulas of serial rubbers (resin curing) for diaphragm for new chlorine-
containing ethylene-propylene-diene rubbers ChEPDM. 

Rubbers IIR-1675 and EPDM in ratio (85:15) compose formula of serial rubbers for diaphragm production, 
in experimental rubber EPDM was substituted for similar amount of ChEPDM. It is well-known, that chlorine-
containing compounds have the ability to activate resin curing of isobutylene  isoprene rubber, which is the main 
elastomer component of diaphragm rubbers [14]. 

At the first stage, we studied curing characteristics of rubber mixes for diaphragms of shaper-vulcanizers 
with a vibration rheometer «Monsanto». The data obtained are presented in the table 1. 

TABLE 1. Curing characteristics of rubber compounds for diaphragms of shaper-vulcanizers. 

Index IIR-1675/EPDM 
(85:15) 

IIR-1675/ChEPDM 
(85:15)  

Resistance to scorch at 130° , 
min 
start-end 

 
24- >45 

 
15-38 

Curing characteristics* at =180°  (60 min) 
st, N  1,1 1,3 

s, min 1,5 1,2 
10, min 2,2 1,5 
50, min 7,2 3,5 
90, min 31,5 16,5 

Rv, min -1 3,3 6,6 
, N  2,5 2,4 

*Note. st – initial torque, H – torque at the optimum curing time, Ts - initial curing time, T10 – 
time to reach 10% of maximum torque, T50 – time to reach 50% of maximum torque, T90 – 
optimum cure time, Rv – curing rate. 

 
Study of vulcanized characteristics of the rubber mixtures on Monsanto rheometer showed, that 

experimental mixtures IIR-1675/ChEPDM (85:15) excel serial mixtures almost in two times in the initial curing 
time and have higher vulcanization rate in basic period (Rv) and reaches a cure optimum (T90) for 16,5 min., in 
contrast to a mixture based on IIR-1675 / EPDM (85:15) 31,5 min. These properties are very important with 
technological point of view. 

Than we studied plasto-elastic, physical-mechanical and some specific characteristics of serial and 
experiment rubber mixtures and rubbers. Experimental data are showed in Table 2. 
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TABLE 2. Properties of serial and experimental rubber mixtures and rubbers for production of shaper-
vulcanization. 

Index Serial rubber 
Experimental 

rubber 
Plasticity 0,41 0,42 
Mooney viscosity (140°C) 37 36 
Conventional modulus at 300%, MPa 5,0 6,0 
Conventional tensile strength, MPa 10,2 12,6 
Conventional breaking elongation, % 620 600 
Conventional permanent tension elongation, % 34 20 
Tear resistance, kN/m 60 63 
Coefficient of strength heat ageing (1800C, 24h) 0,6 0,6 
Coefficient of strength temperature resistance  
under 1000C 

0,7 0,62 

TM-2 hardness 74 78 
Dynamic repeated tension durability ( dyn=50%; 

stat=37,5%), th. cycle 
42 >50 

Creep (1600C, 24h, 0,3MPa),mm 119 53 

Rebound elasticity*, % 13/18 18/32 

Rebound elasticity*, after ageing, % 16/28 18/30 
Tar value, % 1,2 0,6 
*In numerator under 20°C, in denominator under 100°C 

We can see from the Table 2, that plasticity and Mooney viscosity of experimental and serial rubber mixtures 
have close values. The values of conventional modulus at 300%, conventional tensile strength, tear resistance, 
hardness, rebound elasticity and dynamic durability of experimental rubbers are higher than serial ones. 

It should be noted, that experimental rubber has lower by half conventional permanent tension elongation 
in comparison with serial rubber, although the values of  conventional tensile elongation are the similar; “tar 
value” and creep under 1600C are lower (in two times and more, than in two times respectively). 

CONCLUSION 
Thus, we learned a new rubber mixtures for the production of shaper-vulcanizers diaphragms based on 

ethylene-propylene-diene rubber (EPDM) and chlorinated EPDM (ChEPDM) obtained by the method of mechanical-
chemical halide modification. Some structural characteristics of rubbers, vulcanized and physicomechanical 
properties of rubber compounds and rubbers based on them were studied. The conducted studies showed that the 
use 15 parts by weight a new chlorine-containing ethylene-propylene-diene rubber with a chlorine content of 2% 
(wt.) (ChEPDM) in the recipes for producing of diaphragm rubbers allows to optimize a number of specific 
characteristics (creep, dynamic endurance, tar value), which can lead to a significant increase in the service life of 
shaper-vulcanizers diaphragms. The use of the new rubber ChEPDM also makes it possible to slightly increase the 
conventional tensile strength, rebound elasticity and relative residual elongation after rupture, while maintaining 
the remaining properties of rubber compounds and vulcanizates at the required level. 

It should be noted, that developed new technology of obtaining of chlorine-containing rubbers permits to 
manufacture competitive chlorine-containing polyolefin rubbers. Also ChEPDM is rubber which does not have 
analogues on synthetic rubbers market, can be used as polymeric antioxidant. In addition, as a result of the work 
carried out, it was found that the use of ChEPDM prevents the resin migrating to the surface of rubber items, which 
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makes it possible to maintain the smoothness of the surface of the shaper-vulcanizers diaphragms and hence 
allows to achieve a better surface of the sealing layer of the pneumatic tire. 
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MECHANISM OF CHANGING THE POLYETHETRAFLUOROETHYLENE SURFACE PROPERTIES IN GAMMA-IRRADIATION 
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A comparative study of the effect of gamma irradiation on the wetting contact angle, the magnitude of the 

electric polarization, and the dielectric increment  of sintered and unsintered PTFE suspension polymerization 
was carried out. A correlation was found in the behavior of the parameter  characterizing the volume properties 
and the parameters of the surface properties. A physicochemical model is proposed for controlling the surface 
energy of PTFE and the work of adhesion of a polar liquid. A quantitative analysis of the dose dependences of 
intermolecular interactions was used in the framework of the Lifshitz theory for PTFE-water and PTFE-tetradecane 
systems. The model is based on the formation of a double electrostatic layer due to the formation of free charged 
particles (electrons and holes). 
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STRUCTURAL-MORPHOLOGICAL CHANGES AS A RESULT OF IRRADIATION 
OF CERAMICS BASED ON NITRIDES OF TITANIUM, ZIRCONIUM AND HAFNIUM BY HIGH-ENERGY IONS OF XENON 
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The effect of irradiation of titanium and hafnium nitrides is manifested in the formation of nano- and 

micropores in the near-surface layer of the samples. Nanosporosity is characteristic for the near-surface layer of 
unirradiated and irradiated zirconium nitride samples. The presence of pores in unirradiated ZrNx samples 
apparently gives the possibility of structural relaxation without the formation of an additional number of pores 
upon irradiation. The pore size, characteristic for irradiated ZrNx, is greater than for the unirradiated sample. By 
method of high-resolution TEM in irradiated ZrNx samples revealed local disruptions of the non-dislocation crystal 
structure, the nature of which is related to the action of high-energy xenon ions. 
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DEPENDENCE OF THE CYCLIC DURABILITY OF SPRING-RESONIAL STEELS FROM THE SIZE OF GRAIN  
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Most of the destruction of machinery and equipment in the process of exploitation is fatigue. The article 

proposes a method for predicting the cyclic durability of spring-spring steel: an estimate of the expected cyclic 
durability of 50  and 60 2  steels in the range of 105-106 for grain size, which allows to significantly reduce 
the time of its evaluation by eliminating long fatigue tests. In addition, it also allows you to select the optimal 
mode from competing technological treatments for the cyclic durability parameter also without long laborious 
fatigue tests. 
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RESOURCE-SAVING PREPARATION OF QUALITY VARIOUS ROLLING WITH HEATING FREQUENCY CURRENTS 
 . .,  . .,  . . 

Pachurin V.G., Filippov A.A., Pachurin G.V. 
,       . . . , e-mail: 

pachuringv@mail.ru 

           
      ,  

          .  
          . 

 
The paper offers a resource-saving and, in comparison with the current production, a more environmentally 

friendly technology for the production of high-quality hot-rolled steel, which excludes costly annealing operations 
in bell furnaces and mechanical turning of surface defects. In this case, the calibrated rolling has a high capacity 
for cold plastic deformation. 
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OBTAINING CASTING BLOCKS FROM IRON-CARBON ALLOYS, BASED ON THERMIT CHARGE 

 . .,  . .,  . .,  . .,  . .  
Popov AV, Komarov ON, Zhilin SG, Abashkin EE, Predein VV 

 ,      , mail@imim.ru 

       .   
            

.   -  ,    ,  
 .     -   , 

 .  –        
.           
,          

. 
 
Metallurgical scale and aluminium are components of thermit mixture. In production, that mixture is used 

primary for welding joints of rails or heating feeder head of castings. As a result of redox reaction, that runs in 
thermit mixture, an iron-carbon alloy forms. The advantage of melt's obtaining is low cost of components, that are 
waste products. The disadvantage is complexity of control chemical composition and properties of received 
castings. The authors offers complex problem's solution of regulation properties of castings from alloy, obtained 
by a combined process of aluminothermy and treatment in thermoregulated refractory aggregates. 
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STRUCTURAL AND MECHANICAL STATE OF ALUMINUM-MAGNESIUM ALLOYS UNDER CONDITIONS OF HIGH-SPEED STRAIN 
 . .,  . .,  . . 

Sozinov D.S., Zaharova E.V., Barahtin B.K. 
,  «  » -   « », mail@crism.ru 

-       ,  
          . 

  ,       
      . 

          
 .    1565       , 

   1561.         
,       . 

 
Aluminum-magnesium alloys have a good fracture toughness that is of scientific and practical interest when 

using in the constructions of explosive reactive armor. Dynamic tests have shown that the dynamic loading 
resistance coefficient varies between two alloys under high loading rates. 

The aim of the research was to identify any causes for the differences in the resistance of the alloys to the 
dynamic loading. In the targets of alloy 1565, the metal grains are grouped into layers of lower thickness than in 
alloy 1561. A positive correlation with the thickness of the layers of the grain structure of the metal was found, as 
the probable mean free path of dislocation groups. 
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. 1.      1561  1565   
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 . 
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   .       
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POSSIBLE REASONS OF CREEP STRENGTH BREAKDOWN IN HIGH-CR MARTENSITIC STEELS 
 . .,  . . 

Fedoseeva A., Dudova N. 
,     , 

fedoseeva@bsu.edu.ru 

9%Cr         , 
   ,       

(T=600-620°C, P=25-30 ).       -   
       , ,       
    9%Cr  .       

          
       ,    
,  9%Cr  . 

 
9%Cr martensitic steels are perspective materials for elements of boilers, tubes and pipes for fossil power 

plants which are able to work at ultra-supercritical parameters of steam (T=600-620°C, P=25-30 MPa). Well-known 
creep strength breakdown occurs that leads to decreasing long-term creep strength, however, the exact reasons 
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of this breakdown are not yet clear for the 9%Cr martensitic steels. Detailed analysis of crept samples by TEM and 
SEM techniques allows establishing the relationship between creep strength breakdown and the structural 
changes in the 9%Cr martensitic steels during creep.  
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        AL-ZN-MG-NI-FE 
 -   

CHARACTERIZATION OF STRUCTURE AND MECHANICAL PROPERTIES OF THE ALUMINUM ALLOY BASED ON AL-ZN-MG-
NI-FE SYSTEM AFTER RADIAL-SHEAR ROLLING 

 . .1,  . .1,  . .1,2,  . .1 

Shurkin P.K.1, Belov N.A.1, Akopyan T.K.1,2,  . .1 

1 - ,  « »  
2 - ,   
pa.shurkin@yandex.ru 

      -     
 8.16          
 Al-Zn-Mg-Ni-Fe     0,5 .%.  

 
This work investigates the influence of radial-shear rolling with a reduction ratio 8.16 on the formation of 

structure and mechanical properties of high strength aluminum alloy based on 
Al-Zn-Mg-Ni-Fe system with an iron content of more than 0.5 wt. %. 
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MICROSTRUCTURE ANALYSIS OF COMPOSITE AL-SI + FLUX BRAZE AFTER DIFFERENT REGIMES OF HEAT TREATMENT 
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Shutov I., Kamaeva L., Krivilyov M. 
, ,     , shutiny@gmail.com 
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At present, various composite construction materials are widely used in modern engineering. In particular, 
automotive industry uses materials based on aluminum and its alloys. Modern composites have a number of 
properties and characteristics that allows increasing of lifetime of various constructions. In this work, study of the 
composite material Al-Si + flux, used to create complex shape parts, for example, thermal automotive radiators 
have been carried out. The behavior of the flux in the composite solder under different regimes of thermal 
treatment was studied by the differential scanning calorimetry method. etallographic analysis was carried out 
using optical metallographic and scanning electron microscopy. 
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1 Sekulic D.P., Galenko P.K., Krivilyov M.D. et al. Dendritic growth in Al-Si alloys during brazing. Part 1: 
Experimental evidence and kinetics // International journal of heat and mass transfer. - 2005. - N.12. - C. 2372-
2384. 
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      -LIV2O5 

CONDUCTIVITY OF THE NANOSTRUCTURED CATHODIC MATERIAL -LIV2O5 
 . .,  . .,  . . 

Shchelkanova M. S. , Shekhtman G. Sh., Plaksin S. V. 
    , ,  

*e-mail: shchelkanova.mariya@mail.ru  

   ,       -  
 -LiV2O5     .     -LiV2O5,  

  .     -     
.        

 LixV2O5. 
 
Lithium-vanadium bronze -LiV2O5 was synthesized by soft chemistry and using ceramic technology. Its 

morphology and conductivity were investigated. The field of -phase of LiV2O5 when using above mentioned 
methods was determined. The relation between electronic and ionic component of conductivity for -LiV2O5 was 
defined. 
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PHASE FORMATION AND PROPERTIES OF TITANIUM-SUBSTITUTED CALCIUM PHOSPHATE POWDER MATERIALS 

 . .,  . .,  . .,  . .,  . .,  . . 
Antonova O.S., Smirnov V.V., Smirnov S.V., Goldberg M.A., Konovalov A.A., Barinov S.M. 

,      . . .    , 
119334 ,  ., 49,  e-mail: osantonova@yandex.ru 

    -     
(   )    Ti 0-20 . %.   Ti  

     - .   
          , 

  10-20 . %  - .     
  -      .  Ti-  

         . 
 
Titanium-substituted powders of calcium phosphates (tricalcium phosphate and hydroxyapatite) with 

concentrations of Ti 0-20 mol. % were obtained by chemical precipitation method. The Ti-substituted tricalcium 
phosphate main phase formed is -tricalcium phosphate. At small amounts of the cation introduced into 
hydroxyapatite, a single-phase material with apatite structure is formed, reaching 10-20 mol. % -tricalcium 
phosphate is formed. A decrease in the volume of the unit cell for cation-substituted tricalcium phosphates with 
an increase in the degree of substitution is revealed. In Ti-substituted hydroxyapatites, the volume of the unit cell 
increases with increasing degree of substitution. 
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       ( -1)  : 
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2 0,1 Ca2,997Ti0,0015(PO4)2 Ca9,99Ti0,005(PO4)6( )2 

3 0,5 Ca2.985Ti0.0075(PO4)2 Ca9,95Ti0,025(PO4)6( )2 

4 1 Ca2.97Ti0.015(PO4)2 Ca9,9Ti0,05(PO4)6( )2 

5 5 Ca2.85Ti0.075(PO4)2 Ca9,5Ti0,25(PO4)6( )2 

6 10 Ca2.7Ti0.15(PO4)2 Ca9Ti0,5(PO4)6( )2 

7 20 Ca2.4Ti0.3(PO4)2 Ca8Ti(PO4)6( )2 
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Dorozhkin S.V. Biphasic, triphasic and multiphasic calcium orthophosphates. // Acta BioTiater. 2012. V.8. N.3. 
P.963-977. 
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R MECHANICAL PROPERTIES OF WIRE FROM NITI WITH BIODEGRADATED POLYMERIC COATING OF MEDICAL VALUE 
 . .,  . .,  . .,  . .,  . .,  . .,  . . 
Baikin A.S., Sevostyanov M. A., Nasakina E.O., Sergienko K.V., Kaplan M.A., Konushkin S.V., Kolmakov A.G. 

,         
 . . .    , e-mail: baikinas@mail.ru 

The influence of polymer biodegradable polylactide coating on the mechanical properties of NiTi wire. The 
use of a polylactide coating obtained by the method of the invention makes it possible to further improve the 
quality of medical products from titanium nickelide without losing the advantage of its unique properties. 
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INFLUENCE OF CATIONIC SUBSTITUTIONS ON FORMATION OF CALCIUM PHOSPHATE PHASES 

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

O.V. Baranov, A.Yu. Fedotov, I.V. Smirnov, Yu.V. Zobkov, A.A. Egorov, .Yu. Teterina, S.M. Barinov, V.S. Komlev, A.A. Fomina 
         . 

. .    , 
, , 119334,   49, e-mail: einlied.1@gmail.com 
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         –  
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 . 

The phase composition and microstructure of ceramics based on calcium phosphates with the introduction 
of bivalent ions at the stage of porous ceramic production by the replica method was studied. The composition of 
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the obtained samples was tested by X - ray phase analysis and atomic - emission spectrometry with inductively 
coupled plasma. The microstructure was studied by scanning electron microscopy. 
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BIODEGRADABLE SCAFFOLDS FORMED BY LASER 3D-PRINTING TECHNOLOGIES
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The three-dimensional scaffolds on the basis of p  compositions with a different spatial 

resolution were formed using the laser additive The parameters of supercritical carbon dioxide 
treatment were chosen for scaffolds, formed by laser stereolithography. It allowed to change the mechanical, 
energy properties of the surface, improve the biocompatibility of scaffolds. The scaffolds, formed by two-photon 
polymerization, were used in the reconstructive surgery of open traumatic brain injury.  
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    .  5-20 .%     
:  Al - Ca9Al(PO4)7     -TCP,   Fe (III) - Ca9Fe(PO4)7     -TCP.  

    -    ,     
       Al  Fe (III). 

 
Al- and Fe(III) substituted beta-tricalcium phosphate ( -TCP) nanopowders containing 0-20 mol.% Al and 

Fe(III) were obtained via precipitation method. The effect of Al and Fe(III) content on the phase composition, lattice 
parameters, crystallite size and morphology of powders was established. Over the substitution range 0 – 1 mol.% 
of both ions the synthesis products consist of single whitlokite-like phase. For 5 – 20 mol.% two separate 
whitlokite-like phases were indentified: for Al - Ca9Al(PO4)7 and -TCP solid solution, for Fe(III) - Ca9Fe(PO4)7 and 

-TCP solid solution. For both ions, the general trend is a reduction of cell parameters, as well as decrease of 
crystalline and particle size with an increase of Al and Fe(III) content.  
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Abstract. Biocomposites with an organomineral composition modeling the composition of native tooth 
tissues, enamel and dentine, were first obtained. Their structural and optical characteristics were investigated. 
Using a complex of structural-spectroscopic methods, it was found that during the synthesis of biocomposites, the 
organic component does not affect the structure of the inorganic component. Carbonate-substituted 
hydroxyapatite, which is the basis of the biocomposite, has a luminescence spectrum similar to that of the tooth 
enamel apatite. It is determined that both organic and inorganic components contribute to the dentine 
luminescence band. 
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THE VARIATION OF THE MECHANICAL CHARACTERISTICS OF THE COLLAGEN MATERIAL BY LASER STEREOLITHOGRAPHY 
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Experiment results of the mechanical properties on collagen materials modification by laser are given. It’s 

shown that the laser reinforcement of the collagen films increases their mechanical strength. Films were coated 
with photosensitive composition based on tetrafunctional polylactide. The obtained materials with modified 
mechanical properties are promising for directed differentiation of the cells cultured on its surface. 
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PHASE TRANSITIONS AND STRUCTURAL FORMATION IN POLYCAPROLACTONE BLOCK CO-POLYMERS IN THE PROCESS 
OF THERMO-EXTRUSION THREE-DIMENSIONAL PRINTING  
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Currently, the way to adapt the methods of threedimensional (3D) printing to create tissue engineering 

constructs (TEC) designed to repair damaged tissue is in focus of intensive research.. In present work, analysis of 
thermal field distribution and thermal analysis were used to study phase and structural transformations in the 
block copolymer of polycaprolactone in the process of creating TEC scaffolds using fused deposition modeling. It 
was shown, that the degree of crystallinity of the model polymer changes as a result of the processing, while its 
spherulitic supramolecular structure stays almost unchanged. 
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MAGNETICALLY CONTROLLED NANOSYSTEMS FOR DRUG DELIVERY BASED ON MODIFIED MAGNETITE NANOPARTICLES 
(FE3O4)  
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 ,            

  in vitro. 
 
Results on the synthesis of magnetically controlled nanoscale carriers for drug delivery were presented in 

the report and the research data of the magnetic and sorption properties and dimensions of the carriers obtained 
in vitro also shows. 
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TEMPERATURE DEPENDENCE OF INELASTIC STRAIN RECOVERY IN TINI-BASED ALLOYS WITH COARSE-GRAINED 
STRUCTURE 
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The paper presents research results of a study of the influence due to the test temperature under torsion 

on the value of the superelasticity and shape memory effects, the summary inelastic strain and plastic deformation 
in coarse-grained binary alloys based on nickel-titanium enriched with nickel atoms. 
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ENZYMATIC DEGRADATION OF POLY(3-HYDROXYBUTYRATE) AND ITS COPOLYMERS BY PANCREATIC LIPASE 
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Abstract. In the current work, the degradation of PHB and PHB4MV films was studied in vitro by pancreatic 

lipase.  The changes in film properties were traced by several analytical methods: the change of weight, molecular 
weight, and Young’s modulus (by nanoindentation) were measured.  During the six months of polymer films 
degradation the weight of samples decreased slightly, while a great increase in Young's modulus due to the 
relatively fast degradation of the amorphous areas was observed, as well as molecular weight of polymers 
decreased significantly. The greatest decrease is observed in the PHBV 9% 815 kDa - more than 50% of the original 
Mw. 
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CHITOSAN BASED THIN FILMS FOR BIOMEDICAL APPLICATIONS 
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Thin films were formed from natural polysaccharide chitosan. Influence of deacetylation degree and 

molecular weight on single-layer chitosan films structure, as well as their biological compatibility, was studied. 
Chitosan and -carrageenan based multilayer films were formed by layer-by-layer assembly method. An effective 
modification of the titanium substrate with chitosan and carrageenan films has been shown to improve of 
fibroblast-like and osteoblast-like cells adhesion. 
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PERSONALIZED MINERAL-POLYMER MATRIXE FOR TISSUE ENGINEERING 
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The aim of the work was to study the nature of the interaction between the mineral (calcium phosphates) 

and the polymer (sodium alginate) constituents of the composite matrix (CM). To form CM, the method of three-
dimensional editions is used with their subsequent curing. The printing was carried out on an experimental 3D 
printer developed and manufactured at the Russian Academy of Sciences' Crystallography and Photonics. 
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THE STUDY OF NOVEL TWO – STEP APPROACH OF ANTIMICROBIAL SURFACE MODIFICATION OF 

POLYDIMETHYLSILOXANE UTILIZED FOR MEDICAL PURPOSES 
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The current study reveals facile two – step approach of polydimethylsiloxane (PDMS) antimicrobial surface 
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modification by submicron zinc oxide particles comprising preliminary partial chemical depolymerization of a 
polymer with further ZnO deposition via modified chemical vapor deposition method (CVD) resulting in PDMS 
surface repolymerization. The results of ATR IR spectroscopy revealed practically no alterations of chemical 
constitution of PDMS which was treated in accordance with the aforementioned method of surface modification. 
Surface examination via SEM, XRD analysis and RAMAN spectroscopy uncovered that the morphology of modified 
PDMS surface is presented by uniformly deposited submicron particles having an average size from ~ 500 to ~ 
1800 nm. The results of SEM dispersion analysis of modified PDMS surface showed that the influence of deposition 
parameters of the proposed modified CVD method correlate with the general tendencies of a coating process using 
traditional CVD approach.  
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SCIENTIFIC RESEARCH OF CORROSION RESISTANCE OF A BIOCOMPATIBLE NANOSTRUCTURED ALLOY WITH SHAPE 
MEMORY EFFECT UNDER STATIC CONDITIONS. 

 . .,  . .,  . .,  . .,  . .,  . .,  
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Leonova Yu.O., Kovaleva Ye.D., Konushkin S.V., Sevost'yanov M.A., Simakov S.V., Kolmakov A.G 
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Abstract. Nanostructural nitinol was investigated before and after immersion for the long period of time in 

the solutions simulating physiological liquids. Structure and composition were defined by SEM, PEM, Auger 
spectroscopy. Concentration of metals in solution defined by the AES with ICP. The basis of a material - B2 phase 
in the form of fibers with a diameter of 30-70 nm. Polishing promotes formation of a thin uniform titanium oxide 
surface layer, which is thickening after immersion in solutions, increasing corrosion resistance of material. 
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PHASE TRANSFORMATIONS OF REACTION-SOLID BIO-CERAMICS IN THE PROCESS OF THE THREE-DIMENSIONAL 
PRINTING OF OSTOREEGENERATIVE STRUCTURES 
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The actual challenge of regenerative medicine is the creation of tissue engineering constructs. One of the 

promising materials for creating osteoregenerative structures is bioceramics based on calcium phosphate. Phase 
and structural transformations in the tricalcium phosphate (TCP) – orthophosphates solution (OPS) system in the 
process of three-dimensional printing were investigated in present work. The structure and phase composition of 
the samples depending on printing conditions were studied via X-ray phase analysis, scanning electron microscopy, 
energy dispersive X-ray diffraction. In addition, a sequence of transformation of calcium phosphate phases during 
the process of three-dimensional printing was established. 
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PRODUCTION OF TI-NB-TA ALLOY WIRE FOR MEDICAL PRODUCTS "STENT" 
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Annotation. The technology of obtaining wire from Ti-Nb-Ta system alloys has been worked out. The 

technology includes obtaining ingots by electric arc remelting in an inert gas environment, homogenizing and 
post-deformation annealing, rolling, rotational forging and drawing. 
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THIN-FILM MATERIALS BASED ON POLYSACCHARIDES FOR CELLULAR ENGINEERING 
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Polysaccharide based multilayer films have been obtained using layer-by-layer technique and the 

relationship between theirs physico-chemical characteristics and adhesion of mesenchymal stem cells on them 
has been determined. It has been shown that the mesenchymal stem cells adhere effectively to defect-free 
ultrathin multilayer viscoelastic chitosan-containing films and formed on their surface a monolayer culture of 
fibroblast-like cells with high viability. It has been found that viscoelastic properties of multilayered films are the 
key factor affecting on the adhesion of mesenchymal stem cells on them. 
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BIOCOMPATIBILITY RESEARCH OF NANO-HYDROXYAPATITE BASED PASTE FOR LESS INVASIVE SURGERY OF BONE 
TISSUE 

 . 1,3,  . .1,2,  . .1,4,  . .1,  . .1,3,  . .1,3,4,  
. .5,  . .1,3,4 

Minaychev V.V.1,3, Menshikh K.A.1,2, Senotov A. S.1,4, Kirsanova P. O.1, Zvyagina A. I.1,3, Fadeeva I.S.1,3,4, Teleshev A. T.5, Akatov V.S.1,3,4 
1 -       , . ;  

2 -   «    . . . », . ;  
3 -     -  , . ; 

4 -   « », . ;  
5 -   . . .  , .  
vminaychev@gmail.com, kamenshikh@gmail.com 

         –  , 
     ( )     

  .      
     -     ( ).    

          in vitro  in vivo. 
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One of the most topical problems in the current reconstructive surgery is the creation of a material able to 

initiate neoosteogenesis and bone regeneration (augmentation) in terms of less invasive surgical intervention. The 
most popular materials are pastes and hydrogels based on calcium phosphate compounds and hydroxyapatite 
(HAp). The results of a study of the biocompatibility of pastes based on nanosized HAp in vitro and in vivo 
conditions are presented in the article. The obtained results bring into question the possibility of using pure 
nanopaste as an osteoconductive material but the question of its saturation with osteoconductors, osteoinductors 
and inductors of neovascularization as well as the detection of the optimal dose of HAp in the composition of 
osteoplastic materials remains open. 
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INFLUENCE OF ION-PLASMA TREATMENT ON STRUCTURAL AND ANTIBACTERIAL SURFACE PROPERTIES OF 
POLYURETHANE 

. . 1, . . 2, . . 3, . . 3 
I.A. Morozov1, A.S. Mamaev2, V.P. Korobov3, L.M. Lemkina3 

1 - , . ,      , ilya.morozov@gmail.com 
2 - , . ,     

3 - , . ,        

    ,   
   N2

+   .      
   ,      .  

 ,    ,   (  3-   5 ) 
       .     

   ,      . 
 
The surface microstructure of elastic polyurethane treated by plasma immersion N2

+ ion implantation at 
different regimes has been investigated. A folded surface structure is observed in all cases. The study of 
staphylococcus colonies grown on these materials has demonstrated significant reduction (from 3 to 5 times) in 
the vitality of bacteria on treated surfaces. This is primarily related to the changes in the structure of the surface 
as well as to the increase of surface energy. 
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  10x10         
Staphylococcus epidermidis  48   37° .  ,      

     .       , 
    .  

     -   Dimension Icon   
  (PeakForce QNM).       

   2 .         
/      -   : 1) ; 2)  
; 3)       ; 4)  ,    -

-  ( ). 
 

  
    ( . )    75    

  ~70    (        ). 
       . 

         . 1. 
       ( . 1)      . 

 

 

. 1. -  : (a) –  ; (b) – 2 1015 / 2; (c) – 
2 1016 / 2; (d) – 2 1017 / 2. 

           
(    . 1, b-d),    (   . 1b ).    

   ( . 1c),     .  ,  
  « »  20…60 ,    « » (   . 1d 

)  300…600 . 
    w, ( . ,       

)      31% (2 1015 / 2)  51% (2 1017 / 2).  
,   P   A     : P ~ ADp/2. 

  Dp ( . )    , . .   
  . 
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  2     -     
 ,   2 1017 / 2. 

 

 

. 2.  (a)   (b)      2 1017 / 2. 

 ,          . 
 ,  , all     liv,   . 

             
- . 

.     . 

 w, % Dp all, % liv 
. 75 0 - 62 ± 3.7 1.45 ± 0.15 

2 1015 / 2 70 31 1.47 27± 3 0.86 ± 0.07 
2 1016 / 2 70 40 1.57 15± 1.5 0.81 ± 0.02 
2 1017 / 2 70 51 1.62 13 ± 2.5 0.30 ± 0.03 
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BIODESTRUCTION STUDY OF COMPOSITE MATERIALS BASED ON NANOSTRUCTURAL TITANIUM NICKELID OF MEDICAL 
APPOINTMENT  

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

Nasakina .O., Baikin A.S., Sergiyenko K.V., Kaplan M.A., Konushkin S.V., Kargin Yu.F., Demin K.Yu., Sevost'yanov M.A., Kolmakov 
A.G. 

,         
 . . .    , nacakina@mail.ru 

.     TiNi       
     Ti      1,68  9,18      

 .          .   
     , .      , 

   ,         (  . .  
 )     3,56-6,31  2  . 

 
Abstract. Corrosion resistance of nanostructural TiNi and composite materials based on it with  and Ti 

surface layers in solutions with  from 1,68 to 9,18 for the long period of time in static conditions is investigated. 
Concentration of metals in solution defined by the AIS with IP. Structure and composition of samples were defined 
by SEM, AES. There was no corrosion in alkaline environment, artificial plasma and saliva, as well as dissolution of 
composites and samples after grinding (including subsequent annealing) in solutions with acidity of 3.56-6.31 for 
2 years of study. 
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    ,       
 . 

. 4.  
   

   21 
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 . .,  . .,  . .,  . .   
   . // , 2013. -  4 (72). - . 42-45. 

 . .,  . .,  . .,  . .  .    
. – : –  , 2006. – 296 . 

Zabolotnyi V.T., Belousov O.K., Palii N.A., Goncharenko B.A., Armaderova E.A., Sevost'yanov M.A.Materials 
science aspects of the production, treatment, and properties of titanium nickelide for application in 
endovascular surgery // Russian metallurgy (Metally). 2011. . 2011.  5. . 437-448. 
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Nasakina E.O., Baikin A.S., Sevost’yanov M.A., Kolmakov A.G., Zabolotnyi V.T., Solntsev K.A. Properties of 
nanostructured titanium nickelide and composite based on it // Theoretical Foundations of Chemical 
Engineering, 2014. - V.48. .4. - P.477–486. 

. . , . . , . . , . . , . . , . . , . . 
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Regime and High-temperature Deformation (SHS Extrusion) // Theor. Found. Chem. En+. 2014. V. 48. . 6. P. 
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Bazhin P.M., Stolin A.M., Alymov M.I. Preparation of Nanostructured Composite Ceramic Materials and Products 
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Nanotechnologies in Russia. 2014. V. 9,  11–12. P. 583–600. 
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281. 
Kononova S.V., Romashkova K.A., Kruchinina E.V., Gusarov V.V., Potokin I.L., Korytkova E.N., Maslennikova T.P. 
Polymer-inorganic nanocomposites based on aromatic polyamidoimides effective in the processes of liquids 
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FORMATION OF COMPOSITE MATERIALS OF MEDICAL APPOINTMENT ON THE BASIS OF SHAPE MEMORY ALLOY AND 
BIODEGRADATED POLYMERS 

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

Nasakina E.O., Konushkin S.V., Yakubov A.D., Kolmakova A.A., Kaplan M.A., Baikin A.S., Fedyuk I.M., Sudarchikova M.A., 
 Baskakova M.I., Sergiyenko K.V., Sevost'yanov M.A., Kolmakov A.G. 

         . 
. .    ,  

nacakina@mail.ru 

.        TiNbTaZr  
          

       .     
     ,   .   

,     .     
   . 

 
Abstract. The processes of formation of a nickel-free shape memory alloy TiNbTaZr and polymer polylactide 

or polyglycylidactide films for the subsequent creation of a layered composite with a biodegradable layer on their 
basis are studied. The chemical and phase composition of the samples was determined using an X-ray 
diffractometer, SEM, and EAS. Microhardness, static and fatigue mechanical properties were tested. The presence 
of superelasticity and high static mechanical characteristics is noted. 
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PHYSICOCHEMICAL AND OSTEOPLASTIC CHARACTERISTICS OF 3D PRINTED BONE GRAFTS BASED ON SYNTHETIC 
CALCIUM PHOSPHATES AND NATURAL POLYMERS 

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

Nezhurina E.K., Sergeeva N.S., Komlev V.S., Sviridova I.K., Karalkin P.A., Kirsanova V.A., Akhmedova S.A., Shanskiy Ya.D., Fedotov 
Yu.A., Barinov S.M. 

,    . . ,  -   
  . . ,      . .  , 

eliznezhurina@gmail.com 

          
     .    -

  ( ,  ,     
),  (     MG-63   )  

 3D-             
( ,   ),     .     

   (     ),     
,   . 

A creation of personalized implants for regeneration of bone tissue seems to be a very promising biomedical 
technological approach. We have studied the physicochemical characteristics (porosity, chemical composition 
microarchitecture of the surface, and mechanical elasticity), cytocompatibility (using cell lines MG-63 and human 
fibroblasts) and biocompatibility of  three-dimensional constructs based on sodium alginate and gelatin in 
combination with calcium phosphate (CHA, TCP and OCP) obtained by 3D inkjet printing. In the rat model of femur 
fracture osteogenesis proceeded more actively in defects, substituted by 3-component implants – prototype 
scaffolds made from alginate, gelatin and OCP. 

 
.     ,    , 
     ,     

.  :  ,      -  
     ,   ,   

 ,   ,  ,   –  
 , -  ,     ,  (  

)   .   -    
         

           
     . 

        
       ,    , 

      ( )  
 ( ).         

       ( ),  -     
.          , 

  -     ( )    ( ),   
       ,  ,   



 

792 
 

 ,      . 
         

 ,  ,  3D ,     
-  ,     («   

»),      -      
    .  ,      

          , 
          3D . 
  .    .    

         50/01.   « » 
     2 %     (CAS 9005-38-3, 

Acros), 10%     30 . %  :  
 ( ),  ( )   ( ).     

  .         1   
  (-50°C),         

 (10 %   , 1 , 35-37°C).  « »   
   (37°C)   . 
       2-3  «  

»,  -   (  3/7)   1     
 . 

-        ,   
 :    (    ( ) Tescan Vega II SBU, 

),    (    ( ),   
Ultima IV, )    (   , ,  

  ElectroPuls E3000  Instron, ).  
  in vitro  ,  in vivo –   

 .  in vitro       
  MG-63.     -  (15 ), 
  96-           

( )       7,0-7,2.       
 MG-63.     1-14 ,       

   ( )       - .   
          1    

60%.  ,           
, . .   (    )   . 

  2-   3-        
    . -   BDF1   1 

             
 .  2, 4, 8  12       ,  

 ,    ,     10 %  , 
     .    

- . 
        

  .     0,25%   
( )  0,25%   ( ).       



 

793 
 

         « »   
:  6-8 ,  1,5-2,0 ,  1,5-2,0 ,    ,   

  .         
  .         

   / ,  / ,  / /    
/ / .            

 . 
 3, 6, 9  12       
:      2     (N=10)      

  .   ,   ,   10%  
   (7 ),      (0,3 ; 37° ; 25-30 ).  
            

    .    ,   
           . 

      -     
. 

  .     ,   3  
         

  ;    - 54,5-63,9 %.      
   .  3D-       

   1,8-3,7     12,3-12,6 %.   , 
           ,  

          
 . 

  3D-    in vitro    
         2-  .   

  in vivo       
   . ,        

      ,   
 ,      .      

8-12        .   
  ,     8-12   ,  

         . 
          

  2-   3-    ,   3D 
.         

 ,      –      –   . 
       . ,   

       ,    
      .    
  ,  3-    –     
,   .      : )   

       ; )     
       ; )      ; ) 

  (  )   – . 



 

794 
 

 ,        
,     ,    +   

/ + .        
  3D-     3D-   

 . 

         
  

POLISHED TITANIUM PLATE BEFORE APPLICATION BIOCOMPATIBLE OF COATINGS BASED ON TITANIUM OXYNITRIDE 
 . .,  . . 

Pavlyuk U.V., Leonova L.A. 
, , «     » E–mail: 

ulya05011994@gmail.com 

.  ,     , 
      .   
        .    

           .  
       ,  

  .        
  .  

 
Annotation. Oxinitride coatings obtained by reactive magnetron sputtering are most promising for 

cardiovascular stents due to hemocompatibility.  Because of the roughness titanium substrate, it is necessary to 
use polished etchants. In the course of the work, polishing etchants based on mineral acids with the addition of 
ammonium fluoride were chosen. Using metallographic microanalysis and gravimetric analysis it was found that 
etchants reduce roughness. Received etchants will provide clutch of the plate to the oxynitride coating of titanium. 
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COMPOSITE OF CALCIUM PHOSPHATE BONE CEMENTS BASED ON BRUSHITE AND APATITE 

 . .1,  . .1,  . .1,  . .2,  . .2,  . .2,  . .1, 
 . .1 

Pereloma I.S.1, Egorov A.A.1, Fedotov A.Yu.1, Sergeeva N. S.2, Sviridova I. K.2, 
Kirsanova V. A.2, Komlev V.S.1, Barinov S.M.1 

1 -          
. . .    ,  

, , 119334,   49 
2 -        

      (  « »  
) 

 
          

( ),      : -     
           

   .   ,    
.     ,    ,  

      .    in vitro 
           -    

         (MG63). ,  
        ,     

  ( ),    ,     20-60 %. 
 
The processes of setting and hardening composite calcium phosphate cements (CPC) based on two types of 

interactions were investigated: acid-base reactions with the formation of a neutral compound of apatite cements, 
or the hydrolysis reaction of metastable orthophosphate in water environment based on brushite. The processes 
of phase formation, microstructure and mechanical properties were explored. The kinetics of degradation in 
simulated body fluid depending on the microstructure and the phase composition of the materials was revealed. 
The biological tests in vitro studies were conducted to assess the acute cytotoxicity of materials and their matrix 
properties using the MTT test on the human fibroblast line model and the human osteosarcoma cell line (MG63). 
It was shown that after sowing and short period of cultivation of cells actively proliferating, with the result that 
the pool of viable cells, at all observation periods, exceeded the control values by 20-60 %. 

 
         ,  
      ,        

   [1,2],    .     



 

796 
 

  -  ,    
          [3, 4]. 

           
    ,    ,   

 – .  
 -      -  .   

        .   
    : NaCl, CaC 3  Na2CO3.   

       0, 50,  100 %     
   1  5 . %.  

,      5 . % CaC 3      6 
   25 %.     5 . % CaC 3  ,  

   (SBF)    :  
( )     .    

    ,     . ,  
       28   18-20 . %,   

50/50 24 . %       5-6 . %,    
    ( . 1). 

. 1.       SBF. 

      SBF   28  ,   
         28 .   

     ,   .  
       :  28     

  5-7  ( . 2).  



 

797 
 

. 2.       28    SBF. 

        , ,   
           

 (MG63).   ,    ,    
 20-60 %.  , -       

  ,         ,   
    . 

      15-29-04795    
   I.30 . 
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BIOSAFETY OF CITRATE-STABILIZED GADOLINIUM-DOPED CERIUM OXIDE NANOPARTICLES IN VITRO. 
 . .1,   . .1,  . . 1,  . .2 

Popov A.L.1, Savintseva I.V. 1, Popova N.R.1, Ivanov V.K.2 

1 - ,       
2 -  ,      . . .  

antonpopovleonid@gmail.com 

 
            

    , , ,  
 . .         

  -   ,     
      .     

         ( 2). 
    («  »),     

(Ce3+  Ce4+)     ,   -   
,         in vitro  in viv .  

      -    , 
 ,       NCTC 

L929 in vitro.  
 
Nanomaterials based on metal oxides are increasingly used in clinical practice as contrast agents, 

radiosensitizers, radioprotectors, scintillators, etc. The unique biological activity of nanocrystalline materials is due 
to their ultra-small size and the surface properties. One of the most promising inorganic materials for biomedical 
purposes is nanocrystalline cerium oxide (CeO2). The presence of defects in crystal lattice ("oxygen vacancies"), 
two stable oxidation states (Ce 3+ and Ce 4+) and low energy of their formation, cause unique redox activity of this 
compound, including its antioxidant effect in vitro and in vivo. 

 In the framework of this study, the effect of citrate-stabilized gadolinium-doped cerium oxide nanoparticles 
on the morphological characteristics and functional activity of NCTC L929 mouse fibroblasts in vitro was studied. 
 

       -  
 2   in vitro  in vivo  ,   2    

      (Popov at al, 2016).  -
  2         

         (Das S., 2009). ,    
       (  - )  
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      ,    (Shcherbakov A.B. et al,  2014). 
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INVESTIGATION OF HUMAN MESENCHIMAL STEM CELLS PROLIFERATIVE ACTIVITY ON SCAFFOLDS, MODIFIED BY 
CERIUM OXIDE NANOPARTICLES. 

 . .1,  . .1,  . . 1,  . .1,  . .2,  . . 1,  . .2 

Popov A.L.1, Ermakov A.M. 1, Popova N.R.1, Savintseva I.V., Shekunova T.O. 1, Selezneva I.I.1, Ivanov V.K.2 
1 - ,       

2 - ,      . . .  
antonpopovleonid@gmail.com 

 
      -   
           

   ,           
    .          

     ( )  ,   
 ,   .      , 

    ( 2),      in 
vitro       .  

 
The wide spread of cellular technologies in the treatment of socially significant diseases is limited not only 

by the lack of reliable knowledge of long-term effects after the introduction of cellular material into the body, but 
also by the high cost of this type of therapy due to the high costs of obtaining a cellular product. In this regard, 
the search for new inexpensive stimulators of proliferation of human mesenchymal stem cells (MSC) in culture, 
ensuring the preservation of their stem, is an urgent task. In the framework of our study, the influence of cerium 
oxide (CeO2) nanoparticles modified scaffolds, on the proliferative activity of human MSC in vitro has been studied 
and the molecular mechanisms of their biological action have been studied. 
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BIOCOMPATIBILITY RESEARCH OF TI-20NB-10TA-5ZR ALLOY 
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2 - , ,     
 

.    ,    
        Ti-20Nb-10Ta-

5Zr.   ,    . 
 
Abstract. The combination of repeated processing by pressure, step drawing and controlled multistage heat 

treatment has received Ti-20Nb-10Ta-5Zr alloy samples. The obtained data demonstrate that samples have 
biocompatibility. 
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        280    TINB20TA10ZR5 
STUDY OF THE INFLUENCE OF ANNEALING ON THE MECHANICAL PROPERTIES OF THE 280KMM WIRE FROM THE 

TiNb20Ta10Zr5 ALLOY 
 . .,  . .,  . .,  . .,  . .,  . .,  . ., 
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       280    TiNb20Ta10Zr5.  
       .     

 1, 2  ,     3,4      5  .  
 .         

 800 °     . 
Samples were obtained in the form of a 280- m wire made of TiNb20Ta10Zr5 alloy. Heat treatment at 

various temperatures in a vacuum medium was carried out. Cooling of samples from series 1, 2 in water, cooling 
of samples from a series of 3,4 in air and samples of a series 5 in a vacuum was carried out. Mechanical tests were 
carried out. The best complex of mechanical properties are samples annealed at a temperature of 800 ° C and 
cooled in a vacuum. 

        ,    
,    ,      

    .        
  ( , , ,  ,   -

   .),   .[1-4]. 
            
  Ti-Nb-Ta-Zr. 
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     28        3382 

      1 / .      
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.1.      . 
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 . .  
 

(MPa) 

 
 

(MPa) 

 
(mm) 

 

1 0,617 452 588 0,277 Ti-20Nb-10Ta-5Zr (600 ° , 15 ,   
) 

2 0,055 699 775 0,2775 Ti-20Nb-10Ta-5Zr (800 ° , 15 ,   
)  

3 0,74 450 619 0,279 Ti-20Nb-10Ta-5Zr (600 ° , 15 ,   
) 

4 0,09 618 704 0,28 Ti-20Nb-10Ta-5Zr (800 ° , 15 ,  
  )  

5 1,06 682 901 0,277 Ti-20Nb-10Ta-5Zr (800 ° , 15 ,   
) 

: 
1.     800 °      .  
2.       800 ° ,       

   ,       . 
3.          800 °  

   . 
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ADDITIVE FORMATION OF PERSONALIZED BONE IMPLANTS BASED ON OCTACALCIUM PHOSPHATE  
 . . 1,  . . 1,  . . 1,  . . 2,  . . 2,  . . 2,  . . 1. 
Smirnov I.V. 1, Fedotov A.Yu. 1, Zobkov Yu.V. 1, Marianats A.O. 2, Popov V.K. 2, Mironov A.V. 2, Komlev V.S. 1 
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. . .    , 

, , 119334,   49, e-mail: baldyriz@gmail.com. 
2 -  -   «   » , ,  

 
        3D-

    ,       
-  .       

    3D-    .  
A method of additive production of three-dimensional bioceramic scaffolds, used in replacement of bone 

defects in reconstructive and plastic operations, by 3D printing based on octacalcium phosphate has been 
developed. The microstructure formation process and properties of personalized implants by inkjet 3D printing 
followed by subsequent processing has been studied. 
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,   3D    .       
 . 3D          
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  « »,       .   
         /  [1]. 
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                 CH3COONa + H2O 
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   CH3COONa + H2O 

CaHPO4·2H2O                          Ca8(HPO4)2(PO4)4 ·5H2O                         (2)  
       (  Ca/P = 1.5)  

   (  Ca/P = 1)      
( ).      ,     

    .  : 1,5    , 0.08  
         5,5.  

    (  Ca/P = 1)   (  Ca/P = 1.33)   
  PO4

2-         . , 
 ,      ,  1,5   

 .  pH       9-9,3,   
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    3D   in vitro ,  
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 in vivo   15     2-2,5  [1].     
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V.S. Komlev, V.K. Popov, A.V. Mironov, A.Yu. Fedotov, A.Yu. Teterina, I.V. Smirnov, I.Y. Bozo, V.A. Rybko, R.V. Deev  
3D printing of octacalcium phosphate bone substitutes// Front. Bioeng. Biotechnol.,2015, V3:81. 
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  IN VITRO       
PREPARATION AND IN VITRO BIOACTIVITY OF HYDROXYAPATITE AND WOLLASTONITE MIXTURES 

 . . 
Solonenko A.P. 

,    , annsolonenko@gmail.com 

,   ,       
,            

.  , - - ,     
. ,            

      . 
 
Powder materials containing hydroxyapatite and wollastonite in various proportions were synthesized by 

precipitation in an aqueous solution with subsequent precipitant heating. The formation of two-component 
mixtures was confirmed by XRD, FTIR and SEM. An increase of calcium silicate amount in materials causes an 
increase in their solubility and ability to initiate secondary apatite precipitation. 

 
       ,  

      ,      
    .     ,  

 ( , , ,   .)      ( ),   
        .  

        .   
    -     in vivo   
    ,   ( , 10( 4)6( )2)  

 ( , -CaSiO3). 
           
         (  =12)  

 (1)  (2): 
10 ( )2 + 6 3 4  10( 4)6( )2 + 18 2  (1)

( )2 + Na2SiO3 SiO3 + 2 Na (2)

      (1)  (2)   , 
 0 ÷ 100 .% .         22 ÷ 24 , 
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     1000 ° .  
       (  «XRD-7000», 

Shimadzu), - -  ( - -  « -801», Simex),  (   
«JCM-5700», JEOL),   (      «SALD-
2300», Shimadzu),  (  «Gemini VII», Micromeritics Instrument Corporation).  

      -  ( =7.40)  
     40 ÷ 70 .   250    50   
   1  84   22 .      ,  

 ,   ,   .     
   , ,     -
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   - -  ,        . 

           32.2°, 34.0°  35.4° 
 2  ,     30°  2 ,    ,   .  
-        (565, 603, 630, 962, 1040, 1090 

 1650 -1)    (1625  1645 -1)   10( 4)6( )2,   -  
(565, 645, 680, 902, 935, 962, 1018  1080 -1),    -CaSiO3.    
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FORMATION AND INVESTIGATION OF THE FUNCTIONAL BIOCOMPARTIBLE COMPOSITE MATERIAL BASED ON 
NITOSTRUCTURAL TITANIUM NICKELIDE WITH TITANIUM SURFACE LAYER  

 . .,  . .,  . .,  . ,  . .,  . .,  . .,  . . 
Sudarchikova M.A., Seregin A.V., Fedyuk I.M., Yakubov A.D, Izvin A.V., Kolmakova A.A., Afonin A.Yu.,, Kaplan M.A. 

,         
 . . .    , bloodymaria@list.ru 

.         
           

   .      , ,  
   - .    , 

   . 
 
Abstract. On the basis of nanostructured titanium nickelide layered composite materials of medical 

appointment with titanium surface layer were obtained using the magnetron sputtering method in a vacuum. The 
structure of the materials was studied with the help of TEM, SEM, X-ray diffractometry and electron Auger 
spectroscopy. The static mechanical properties were studied, the permanence of the SME of the substrate is shown. 
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HYDROGELS BASED ON POLYSACCHARIDE-CALCIUM PHOSPHATE WITH ANTIBACTERIAL / ANTITUMOR ACTIVITY FOR 
3D PRINTING 
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The purpose of this study was to develop hydrogels for 3D printing of sodium alginate /gelatin /octacalcium 

phosphate-based constructs with antibacterial and antitumor activity intended for bone defects replacement in 
patients with malignant diseases. In this work we evaluated the drug release kinetic and physico-chemical 
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characteristics of constructs, as well as specific activity, biocompatibility and osteoplastic properties in in vitro and 
in vivo tests. The experimental results proved the principal possibility of creating the biocompatible bone 
substitutes with antibacterial /antitumor activity and osteoconductive-retaining properties by means of 3D 
printing method. 
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A NEW TYPE OF NANOCOMPOSITE MATERIALS FOR TREATMENT AND PREVENTION OF DISTROPHIC PROCESSES IN THE 
HUMAN RETINA 
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Age-related macular degeneration (AMD) is the third cause of vision loss after cataract and glaucoma in the 
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world. The methods of physiotherapeutic treatment used for prevention and treatment are based on the use of 
special equipment in the hospital and do not fully restore the functional activity of the macula. This makes it 
urgent to develop new non-invasive outpatient methods. Our preliminary analysis showed that 
photobiomodulating light-converting materials are simultaneously able to protect the eye structures from harmful 
light in the UV, violet, blue bands and at the same time to increase the proportion of biostimulating 
(photobiomodulating) light in the orange-red and / or near-infrared ranges. 
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RESEARCH OF CONDITIONS OF FORMATION POROSITY CEMENTS IN THE SYSTEM OF CALCIUM PHOSPHATE – CALCIUM 
SULFATE. 

 . .,  . .,  . .,  . .,  . . 
Khayrutdinova D.R., Smirnov V.V., Smirnov S.V., Antonova O.S., Barinov S.M. 
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 ,             
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   . 

 
Calcium phosphates, and calcium sulphate are used extensively in medicine as a material for regeneration 

of damaged bone tissue. Calcium sulphate has a high rate of bioresorption, but it using is complicated because of 
impossibility of application in the area of large bone defects. The introduction of calcium phosphate as a second 
component allows to control the kinetics of bioresorption. Just to increase osteoconductive properties promising 
is obtaining highly porous materials in the system. 
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MODIFICATIONS OF NATURAL POLYMER CHITOSAN FOR USE IN BIOMEDICINE 
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e-mail: shagdarova.bal@gmail.com 

       ,  
   .   -       

     . 
The work is devoted to obtaining alkylated and acylated derivatives of chitosan soluble at neutral pH. Their 

physicochemical and various biological properties were studied depending on the charge and degree of 
substitution.  
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New method of thermolabile drug encapsulation is an appealing goal for pharmaceutical industry. We 

developed a novel method of polylactide microsphere fabrication via laser structuring methods (two-photon 
polymerization, microreplication) and studied microsphere mechanical properties. We showed that microspheres 
possess no cytotoxicity. This method will be used to encapsulate insulin that is crucial to develop the first 
prolonged peroral insulin dosage form in our country. 
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Abstract 
In this work, the paper examines the properties of the products of glycolysis of recycled PET. The theme is 

very relevant, as it is possible to obtain industrially significant products on the basis of monomers, oligomers, 
which result from degradation of PET. This method is very energy intensive and provides a wide range of 
intermediates for further processing. Given the methodology of glycolysis in the presence of a catalyst and its 
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implementation in the laboratory. 
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Abstract 
In this work, the paper the properties of a wood-polymer composite based on secondary PET are studied in 

detail. The topic is very relevant, as the development of new composite materials based on PET waste stimulates 
an increase in the volume of their recycling, contributes to energy saving and the rational use of valuable 
hydrocarbon raw materials. 

Samples of wood-polymer composites (DPC) with different content in PET have been developed and 
obtained. Studies were made of the density, swelling, water absorption, ultimate strength at bending of the 
obtained DPC samples. 
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LEAD-FREE GLASS WITH HIGH REFRACTIVE INDEX FOR OPTICAL INSTRUMENTATION 
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The glasses of the lanthanum-aluminoborosilicate system have been synthesized and studied in a wide 

range of compositions with a fixed La2O3 content of 27 mol. %. The glass formation region was determined within 
the limits of: SiO2 (15 - 55 mol. %), Al2O3 (3-25 mol. %), B2O3 (7-40 mol. %). Formulations with the best technological 
properties, minimal crystallization ability and high refractive index values are established. 
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CELLULOSE AS A MATERIAL FOR THE FABRICATION OF COMPOSITE NANOFILTRATION MEMBRANES 
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Cellulose was applied as a basic material for fabrication of composite nanofiltration membranes. Cellulose 

was dissolved in ionic liquids and in mixtures of ionic liquids with cosolvent (DMSO). The effect of the cosolvent 
addition to the ionic liquid on the dissolution time of the cellulose and on the viscosity of the molding solution 
was studied. The barrier properties of the obtained cellulose composite nanofiltration membranes are 
characterized from the point of view of the permeability of the polar aprotic solvent (DMF) and the rejection of the 
dissolved anionic dyes. 
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RED MUD - TECHNOGENIC RAW MATERIAL FOR THE PRODUCTION OF CATALYSIS-FORMING MASSES 
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The possibility of using technogenic raw materials - red mud for the production of effective catalyst-forming 

masses for sulfur recovery is considered. The optimal technological regime of sulfur recovery during processing of 
sulfur-containing inorganic compounds (H2S + COS) is established. The prospects of recycling of red mud with 
simultaneous utilization of sulfur-containing waste gases are shown. 
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Abstract 
The article deals with investigation of impact of sodium and potassium sulphates and carbonates in the 

iron grain growth size during solid-phase carbothermic reduction of red mud. It is shown that the use of the 
sulphates significantly increases the iron grain size compared to the size of the iron grains obtained by the red 
mud reduction without additives. With the addition of the carbonates the iron grain size also inessentially rises. 
The results can be used to develop new ways of the recycling of iron-containing wastes. 
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Red mud is the waste from the production of alumina from bauxites by the Bayer process. More than 3 

billion tons of red mud has been accumulated in the world. This waste can contain up to 50% iron. A large number 
of methods for its recycling have been proposed but only a few of them are used in industry.  

One of the promising methods for red mud processing is carbothermic solid-phase reduction with 
subsequent drawing of iron by the magnetic separation. But in this method too small grains of the magnetic phase 
are formed that leads to inefficient separation the magnetic fraction from the non-magnetic by grinding. 

According to a number of publications [1-3], alkali metal compounds can promote the iron grains growth 
during carbothermic solid-phase reduction of red mud. In this paper, the effect of sodium and potassium 
compounds on the process of reduced iron growth is estimated. The material of the study is dealkalized red mud 
of the Ural Aluminum Plant. Its chemical composition is 25.8% Fe, 6.2% Al, 17% Ca, 4.1% Si, 2.1% Ti, 0.6% Mg, 
0.2% Na, 0.4% P and 0.1% S. The Mossbauer spectroscopy method detected that the majority of iron in red mud is 
represented as hematite Fe2O3 and lepidocrocite -FeOOH. X-ray phase analysis shows that in addition to Fe2O3 
and -FeOOH, red mud also contains the following phases: Al3.5Ca3H9.785O12, CaCO3, Ca(OH)2, CaTiO3, SiO2. 

Red mud carbothermic reduction was carried out in a muffle furnace in the temperature range 1000-1200°C 
with holding on air for 2 hours. A mixture of 10 g red mud and 1 g of an alkali metal compound were loaded into 
the porcelain crucible. Pure reagents Na2CO3, K2CO3, Na2SO4, K2SO4 were used as the alkali metal additives. Excess 
of foundry graphite as reductant was added in the crucible for full filling without stirring graphite and the mixture 
of red mud and additive. Then the crucible was covered with an asbestos sheet and turned upside down so that 
the mixture of red mud with additive was located above the reducing agent. 

The microstructure of the reduced iron was investigated by the optical microscope after proper preparation 
of the metallographic sample. The size of iron grains was calculated using Image-Pro Plus software using the 
sample photographs in reflected light. As a result, the distribution of grain sizes was determined by fractions in 
each sample. 

It has been found that when additives of sodium and potassium sulphates are used, the size of the majority 
of iron grains increase significantly as compared to the size of iron grains when red mud reduces without the 
additives. The size of iron grains also insignificantly increases with the addition of alkali metal carbonates. The 
best results have been obtained in the experiment at a temperature of 1150°C with the addition of 10% Na2SO4 
where more than 74% of iron grains have a size of more than 0.04 mm. 

Thus, the phenomenon of accelerated iron grains growth during the carbothermic reduction of red mud can 
be used to develop its recycling technologies. The increase in the size of iron grains can help to increase the 
efficiency of their separation in the grinding process, improve the characteristics of further magnetic separation 
and generally increase degree of the iron recovery during recycling of red mud by carbothermic reduction method. 
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The method of obtaining a sheet sorbent from polymer waste from the recycling of consumer packaging 

from PET was proposed in this paper. The oil capacity, flotation, ability to regeneration are determined. 
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COPPER OXIDES FILMS PREPARATION VIA ELECTROCHEMICAL ANODIC OXIDATION FOLLOWED BY THERMAL 
REDUCTION 

 . .,  . .,  . . 
Zimbovskiy D.S., Gavrilov A.I., Churagulov B.R. 

,    . . . , ZimbovskiyDS@gmail.com 

           
       (N2)   , 

    Cu2O   ,     Cu2O/CuO. 
      500 ,     

          . 
The films of coral like Cu2O on amorphous layer of Cu2O/CuO have been obtained via anodic oxidation 

method followed by thermal reduction of obtaining materials under inert atmosphere (N2). The optimal annealing 
temperature of oxidized samples is 500oC, under this temperature coral like structures with the highest density 
per unit surface area can be obtained. 
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INVESTIGATION OF POSSIBILITY OF MARKETABLE PRODUCTS MAKING BY RED MUD REDUCTION SMELTING 
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Abstract 
The possibility of making marketable products from red mud of the aluminum industry is considered. It is 

shown that recycling of red mud is possible by reduction smelting to produce pig iron and calcium aluminate 
cements. The chemical composition of the obtaining pig iron samples is studied. The influence of smelting 
temperature, amount additives, cooling rate on the phase composition and the strength properties of slags 
obtained by smelting reduction of red mud of the Ural Aluminum Plant were studied. The results of the study can 
be used for the development of pyrometallurgical technologies for the recycling of complex iron-alumina ores and 
industrial waste. 
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  [4]    ,   
   ,          , 
     . 

          
 Al2O3/SiO2  7,          8%.   

  Al2O3/SiO2  2,       
         .   
      . 

          .   
   .     ,  

  ,          -
   .   

          
 .     :  36.9% Fe2O3, 11.8% Al2O3, 8.7% 

SiO2, 23.8% CaO, 0.3% Na2O, 3.54% TiO2, 1% MgO, 0.4% P, 0.1% S.      
   : Al3,5Ca3H9,785 O12, CaCO3, Ca(OH)2, CaTiO3, SiO2, Fe2O3, -FeOOH. 
    ,       

2   805-95    ,     -60   969-91.    
 
The Bayer process production of alumina generates a large amount of the waste called red mud. In the 

world it has been accumulated more than 4 billion tons. Red mud can content more 50% iron oxides and more 
15% aluminum oxides, so it can become a complex raw material for the production of pig iron and special 
aluminate cements by reduction smelting. A large number of technologies for the red mud recycling are available, 
but because of low profitability they are still unusable by industry [1-3]. 

According to the literature [4], the reduction smelting of materials containing both iron and aluminum oxide 
is possible in the blast furnace process to produce cast iron and high-alumina slag, which is used for the production 
of special aluminate cements. 

However, to apply this method it is necessary to use high-grade bauxites with Al2O3/SiO2 ratio of more than 
7 wherein the content of silicon oxides is less 8%. Red mud is the Al2O3/SiO2 ratio less than 2, therefore the 
available technologies for smelting high-quality bauxites in blast furnaces are inapplicable for the red mud 
recycling. The best way for the red mud recycling is electric reduction smelting. 

The reduction smelting experiments were carried out in the Tamman furnace with the addition of fluxes. 
Graphite powder was used as the reducing agent. The chemical composition of the resulting the pig iron samples 
was investigated, as well as the effect of temperature, flux additives and cooling rate on the phase composition 
and strength properties of the obtained slag. 

The material of the study is dealkalized red mud of the Ural Aluminum Plant. Its chemical composition is 
36.9% Fe2O3, 11.8% Al2O3, 8.7% SiO2, 23.8% CaO, 0.3% Na2O, 3.54% TiO2, 1% MgO, 0.4% P, 0.1% S. X-ray phase 
analysis shows that red mud contains phases: Al3,5Ca3H9,785 O12, CaCO3, Ca(OH)2, CaTiO3, SiO2, Fe2O3, -FeOOH. 

In the experiments pig iron and calcium aluminate cement were produced. The obtained materials conform 
to Russian industry standards. 

REFERENCES 
Liu W. Review on treatment and utilization of bauxite residues in China / W. Liu, J. Yang, B. Xiao // International 
Journal of Mineral Processing. – 2009, V. 93, Iss. 3-4. – P. 220-231. 
Sutar H. Progress of Red Mud Utilization: An Overview / H. Sutar, S.C. Mishra, S.K. Sahoo, et al. // American 
Chemical Science Journal. – 2014, V. 4, Iss. 3. – P. 255-279 



 

841 
 

Liu Y. Hidden values in bauxite residue (red mud): Recovery of metals / Y. Liu, R. Naidu // Waste Management. 
– 2014, V. 34, Iss. 12. – P. 2662-2673.  

 . .  . – .: , 1961. – 175  

   AOPS    MGFE2O4 
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   MgFe2O4.          

       ,    
       .   
 -       AOPs.  

 
Annotation. In this paper we proposed a new adsorption method of obtaining AOPs catalysts based on 

MgFe2O4. The influence of nature and concentration of the introduced metal ions on the activity of the catalysts in 
the oxidation of the Methylene Blue dye and the stability of the developed catalysts in the process of their repeated 
use were investigated. New efficient Fenton-like catalysts promising for application in AOPs were developed. 

 
In recent years Advanced Oxidation Processes (AOPs) using Fenton-like systems have been widely used for 

the treatment of industrial wastewaters. These processes operate at near ambient temperature and pressure 
involving the generation of hydroxyl radicals (E0 = 2.73 V) in sufficient quantity to allow oxidizing the organic 
pollutants to full mineralization. One of the types of such systems is ferrites of metals. MgFe2O4 was chosen as the 
precursor for obtaining new types of AOPs catalysts. High catalytic activity in AOPs, non-toxicity and magnetic 
properties of MgFe2O4 make its a promising materials for preparation of Fenton-like catalysts for degradation of 
different toxic organic compounds. 

The purpose of our study was to modify MgFe2O4 by adsorption method with transition metal ions Men+ 
(Cu2+, Mn2+, Ni2+, Co2+) to increase its catalytic activity. 

Me-substituted MgFe2O4 catalysts were synthesized in two steps: i. Preparation of nanosized magnesium 
ferrite with spinel structure (nano-MgFe2O4) by glycine-nitrate methods; ii. Obtaining of Me-substituted samples 
by the adsorption of Mn2+, Cu2+, Ni2+and Co2+ ions onto nano-MgFe2O4. 

One-component aqueous solutions of metal nitrates Cu(NO3)2, Mn(NO3)2, Ni(NO3)2 and Co(NO3)2 with 
different initial concentration of Men+ ions (10-4 and 10-2 M) at pH 3.5 and at the ratio V (volume of the solution): 
m (mass of the sorbent) equal to 250 cm3 g-1 were used for adsorption doping of initial MgFe2O4. Effect of 
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adsorption of Men+ ions on catalytic properties of substituted samples was evaluated in the reaction of Methylene 
Blue (MB) oxidation under static conditions after 30 minutes at ratio of V (volume of MB solution) / m (catalyst 
mass) of 2000 cm3 g-1, an initial MB concentration of 10.0 mg L-1 and a pH of 8.0, 20.0 mmol L-1 H2O2. During the 
reaction optical absorption spectra (Fig. 1) were recorded at the characteristic wavelength of the MB (665 nm) by 
spectrophotometer SP-8001 Metertech Inc. 

Fig. 1. Optical absorption spectra of Methylene Blue in 30 min oxidation using Me-substituted MgFe2O4 
catalysts  

The data of Fig. 1 show that while concentration of metal ions increased the catalytic activity of Me-
substituted MgFe2O4 are decreased. The samples obtained by adsorption of Mn2+ and Cu2+ ions onto MgFe2O4 
demonstrated the highest catalytic activity in the reaction of MB oxidation. It was shown that prepared samples 
had the same activity during at least 3 catalytic cycles.  
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     ,      
   (N-  – ). 

 
Comparative analysis of some processes in the field of extraction treatment of diesel fraction from 

polyaromatic compounds and sulfur is given.. According to the available data, extractants forming hetero-
azeotropes with saturated hydrocarbons of raw materials (dimethylformamide, dimethylacetamide), extractive 
systems including a polar extractant and a non-polar solvent that are boundedly soluble in each other (2-
methoxyethanol (methyl cellosolve), acetonitrile) are used to increase the efficiency of extraction treatment of the 
diesel fraction.) and extraction systems comprising a polar extractant and a non-polar solvent that form an 
azeotropic mixture with a minimum boiling temperature (N-methylpyrrolidone-undecane). 
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THE APPLICATION OF REVERSE OSMOSIS IN THE RINSING WATER RECYCLING TECHNOLOGY OF ELECTROREFINING AND 
ELECTROPLATING PROCESSES. 

 . .,  . .,  . . 
Kuznetsova O. G., Levin A. M., Sevostyanov M. A. 

 ,  , levinn@imet.ac.ru 
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     .     
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     ,    

        . 
 
It is considered the application of reverse osmosis process to concentrate copper, nickel and cobalt rinsing 

water of electrorefining and electrodeposition facilities. It is shown the possibility of multiple non-ferrous metals 
enrichment of solutions with simultaneous circulating water regeneration, which reduce the total water 
consumption of the facility. It is shown the schematic flowchart of rinsing water recovery, including reverse osmosis 
concentration and non-ferrous metals extraction in the form of commercial products. 
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METHOD OF WATER PURIFICATION FROM ORGANIC COMPOUNDS UNDER PULSE ULTRAVIOLET RADIATION OF THE 
CONTINIUOUS SPECTRUM AND OXIDANTS 
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H2O2    (II). 
 
The decomposition of Sodium Dodecyl Sulfate in water under ultraviolet radiation from xenon flashlamp 

and oxidants has been studied. It was found that the process is most efficient in the presence of H2O2 and iron (II) 
salt. 
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USING BIOMASS OF BACTERIA OF THE GENUS AZOSPIRILLUM FOR OBTAINING SELENIUM(0) NANOPARTICLES 
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The use of living organisms or extracts from them for obtaining various nanostructured materials is a branch 
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of “green chemistry” which has been actively developing in the recent years. Many microorganisms are capable of 
reducing selenium oxoanions to elementary Se in its amorphous modification with the formation of nanoparticles 
(SeNPs), which are often covered with various biomolecules that determine their stability and surface properties 
(e.g., zeta potential). In this work, SeNPs were obtained by using biomass of bacteria of the genus Azospirillum. 
The isolated SeNPs were characterised by transmission electron microscopy, vibrational spectroscopy and dynamic 
light scattering. 
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New technological approaches aimed at solving the problem of complex processing of red muds – alkaline 

wastes of alumina production with obtaining of useful products are proposed. A promising carbonation technology 
for the extraction of scandium with a high added value is described. The conditions for the desalting and synthesis 
of magnetite during the hydrothermal treatment of muds in the presence of Ca(OH)2 and FeSO4 are established. 
The obtained material is subjected to magnetic enrichment with the isolation of the magnetite fraction. It is shown 
that the combination of the developed methods makes it possible to completely separate the multi-component 
wastes of alumina production and to preserve non-renewable natural mineral resources. 
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THE MODIFICATION OF THE TUBULAR MATRIX MG3SI2O5(OH)4 AQUEOUS SOLUTIONS OF PB(NO3)2 AT A VARIATION OF 
TEMPERATURE AND PRESSURE 
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     Mg3Si2O5(OH)4      
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   0.01   0.05      .   
   ,   Pb(NO3)2,    

 . ,        
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    ,       
     . 

 
Produced synthesis hydrosilicate nanotubes of the Mg3Si2O5(OH)4 with the structure of chrysotile under 
hydrothermal conditions, control of the degree of their purity. Implemented filling of nanotubes with an aqueous 
solution of lead nitrate with concentration of 0.01 M and 0.05 M at different temperatures and pressures. 
Investigated original and modified samples of nanotubes, filled with a solution of Pb(NO3)2 using x-ray diffraction 
analysis. Found that these particles are in the nanometer size range. This fact indirectly indicates that the 
nanoparticles are located either on the surface of the silicate hydrate in the space miribilla nanotubes, and may 
be located inside the channel and in the interlayer spaces of nanoswitch. 
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INVESTIGATION OF INDUCTION PERIOD OF THE REACTION OF GLYOXAL OXIDATION INTO GLYOXYLIC ACID AND SOME 
PARAMETERS WHICH INFLUENCE ON IT 
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Glyoxal is a convenient starting component for the preparation of glyoxylic acid by nitric acid oxidation in 

an aqueous solution. Reaction of oxidation is characterized by a long induction period, the magnitude of which 
depends on the composition of the oxidizable mixture, the temperature of the oxidation process and the exposure 
time of the glyoxal/HCl mixture. The values of the induction periods of the reaction were accurately determined 
by using of Arduino-based unit and, as a result, mechanism of accumulation of the oxidizable form of glyoxal was 
suggested based on them. 
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THE EFFECT OF THE TOTAL CONCENTRATION OF SUBSTRATES ON THE DEVELOPMENT OF NON-ADDITIVITY EFFECTS IN 

THE SYSTEM OF CATALYTIC OXIDATION OF SULFIDE ANION AND 2-AMINO-3-MERCAPTOPROPANOIC ACID BY 
MOLECULAR OXYGEN 
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  [Na2S]/[CySH]=70/30; 80/20  90/10.    ( )  
   0,2 ,         

[Na2S]/[CySH]=80/20.          
           (   ),    
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The oxidation of mixtures of sodium sulfide and 2-amino-3-mercaptopropanoic acid at their different total 

concentrations equal to 0.075; 0.15 and 0.2 M at pH = 12.5, the substrate ratio was taken to be [Na2S]/[CySH] = 
70/30; 80/20 and 90/10. Positive effects of non-additivity are observed at a total concentration of 0.2 M, with 
their largest values at the ratio of substrates equal to [Na2S]/[CySH] = 80/20. Isochrones differ depending on the 
total concentration of substrates only in the first minutes of the experiment and tend to zero values of  (as to 
the attractor), or from the region of positive or negative values of , depending on the total concentration of 
substrates. 
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Polysaccharide nanocrystals - highly crystalline nanoparticles obtained by hydrolysis of amorphous regions 

- are promising materials for application in a range of areas: from food industry to development of smart composite 
materials. Polysaccharide nanocrystals were isolated from flax cellulose and crab shells chitin and studied using 
atomic-force microscopy, dynamic laser light scattering and UV-spectrophotometry. The effectiveness of their 
application as fillers for composite films and three-dimensional materials based on guar or hydroxypropyl guar to 
regulate their structure, sorption and mechanical properties as well as their ability to stabilize the oil/water 
interface were evaluated. 
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LIQUID –PHASE CONVERSION OF PYRIDINE IN ELECTRICAL DISCHARGES 
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The process of action on liquid pyridine of the electron avalanche, which occurs when the graphite 

electrodes are closed, leads to the formation of both lighter degradation products in the development of the 
electrocontact discharge and the heavier synthesis products at the stage of its relaxation. An extreme dependence 
of the change in the concentration of one of the products - hydrocyanic acid on the time of action of discharges of 
a filamentary type was revealed in a series of consecutive pulses with a voltage limitation (40 V) and current (1 A) 
at a constant current source at a reactor temperature of 20 - 30 °C. 

 
Pyridine is a stable representative of heterocyclic nitrogen compounds contained in oil. The study of the 

conversion of pyridine under the action of electric low-voltage discharges will allow to realize in the future an 
alternative energy-saving hydrotreatment process for improving the quality of petrochemical products. 

The paper [1] describes the methodology, the electrical scheme of the installation and the measuring 
equipment for studying the transformation of organic substances under the action of electric discharges. A DC 
source with a voltage of 40 V and a capacity of 2200 F was used to generate the discharges. In this case, the 
source was set to limit the current of 1 A. Loading of pyridine into the reactor was carried out in an inert helium 
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environment in order to exclude the effect of oxygenation of air on the fragmentation process. When the pressure 
in the system increased to 1.2 kgf / cm2, the gas was released into a trap for subsequent analysis. The temperature 
of the mixture during the experiment did not exceed 30 °C. 

The results of analysis of the liquid and gas phases, corresponding to the material balance of the process, 
are presented in Table 1. In addition to the components listed, traces of acrylonitrile and butadiene are recorded. 
The process was carried out until the formation of the resin.  

Table 1. Composition of the products of the conversion of pyridine by the results of GC - MS and GC - TCD 
analysis. 

 

In Fig. 1 shows the oscillograms obtained by processing primary data of a series of voltage and current 
pulses. The rms power of the imps calculated from these results as the product of the current and voltage integrals 
divided by the square of the time of the impulse action is in the range 402-308 W. The amount of energy spent on 
converting 0.455 g of pyridine at a total time (39.63 s) of the electric discharge effect on the substance was 3.8 
W  h. The process is characterized by a sequence of filamentary microdischarges with a duration of 3 - 26 ms. 

 

Fig. 1. Oscillograms of a series of discharges (a) of voltages, (b) currents. 

The sampling of the liquid phase was carried out over the entire time interval of the realized process. The 
observed change in the concentration of hydrocyanic acid in the liquid phase is shown in Fig. 2. 
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Fig. 2. The content of hydrocyanic acid (% mol.) in the liquid phase from the time of the action of the 
electric discharge. 

An increase in the concentration of this, one of the main liquid-phase products in the initial time interval 
to 23.56 s, is replaced by a decrease in the concentration of HCN. The decrease in concentration is due to the fact 
that the process of decomposition of prussic acid prevails over the process of synthesis under the influence of 
continuing electrical discharges. At the next stage of the work it is planned to study the process in the flow reactor 
and study the characteristics of the resin. 

The work was prepared within the framework of the implementation of the Development programs of the 
University of Support. 
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The uniaxial stretching of the high-density polyethylene film at the presence of subcritical and supercritical 

carbon dioxide (SC-CO2) fluid at 35oC was studied. SC-CO2 behaved as an adsorption-active medium, and the 
development of the porous structure occurred by the crazing mechanism. Atomic force microscopy (AFM), small 
angle X-ray scattering (SAXS) and ethanol permeability test demonstrated that the porous structure consisted of 
open and interpenetrated nanopores with diameter of 3-9 nm and nanofibrils with diameter about 10 nm. The 
obtained nanoporous materials were characterized by the sufficiently good vapor permeability. 
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Based on the derivatives of natural polysaccharides and non-ionic surfactants, new oilfield reagents have 

been developed that are highly effective "green" scaling inhibitors. The effectiveness of salt inhibition by 
polysaccharides was studied. The mechanism of action of the reagents on the scaling process 
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New formation type of gas diffusion layer obtained from synthesized activated coal  is introduced in this 

research. For gas diffusion layer of solid-polymer fuel cell a promising material is proposed – activated coal, made 
from waste of birch wood spices. Adjusting chemical activation parameters we can control total porosity, pore size 
and nature of functional groups on the surface. It is shown how the carbon synthesis modes affect its porous 
structure and specific characteristics of gas diffusion layers of solid-polymer fuel cells.  
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