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        , 
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Zn2+      ,  Mg2+.  
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 , 64Zn  68Zn.   25Mg 
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[1].        -
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     ,  ,  
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 (  10-3 .%)  . 
 
*      . .   ( - ) 
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 . .1 

1.  ,  
2.  « »,  
 

     
,       . 

         
    .     

       
    ,  

  ,     
 .       

       
       

  (d50 = 1-2 ).    
      

.  
       

   (  24 )    
.    ,      

     . 
        

   ( ),  
        

,    . 
       
    .      

         
  ,      

        
.       

     ,   
,    .     
     

.        UV-Vis-
NIR  Cary-5000 (Agilent Technologies).   

    -     
   . 

        
   19-08-00655. 
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 . .1,2,  . .1,  . .1,  . .2 

1.   ,  
2.  . . . ,  

 
         

         
      

    -  
  ,     

        . 
      

 -    . 
       

      -
-  .     

,       
     T0=700-1000    

 P0=1-15 .    
        

(    ),     
. ,    50%     

        ,  
       -

 . 
    

 CH4-H2-         (% .) 
     NUI Galway, 
       . 

       
   ,    

    ,    , 
   900 ,    

   .    
,       

.    . 
 

        
   19-31-90022. 
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    Na+ 
 

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

1.   , .   
2.   . . .   .  
 

   Na+       
  Krokinobacter eikastus     

.  Na+-   (NaR)   
    ,       

      
-  -  ,   

      . 
   NaR     

      .    NaR   
    (broadband CARS, 

BCARS).    NaR    : 
1)  ; 2)    ; 3) 

 DDM,   .  
   ,      

       « »   
   -  .  

 
. 1. BCARS  (       

MEM)  NaR  DDM. 
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     ,  
       

.      1530, ~1175, ~1200, ~1275 1/  ( .1). 
,         
    -     pump 
     .   , 

  pump-probe  ,    
      

    18-03-01243 . 
 
 
 

    , 
        

 
 

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

 ,  
 

       
 ( ).    

       , 
   ,     

  -     
    /   .  

 -     
  .   

        
  .      

    .      
HTC116    .  

     .  
      

.    -    
   . 

      «  
  »  .     
       18-13-00463 

«       
      ». 
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,      ,    10 . 

 ,     ,  
    4        200 

,      .  
      19-58-51016 _ . 
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 ,    

   
 
 . . 

 ,  
 

   -   ( ),   
   ( )      

 ( ),    ,   
  ,      

         
 ( ). 

  ,     
  ( ),       

 ,   " " .  -
,  n  ,  
 " - ",    (n+1) 

  ,   
    .  

     
 ( ,  , ) 
   ( ) –   

,    
.   –      

 , . .        
  ( ),     

  ,     .  
      

  ( ).      
  ,      –    
  .     .   –  

     . 
         

        
 . ,       

 1/1 = 30%,     n = 10   
     10 1/10 =  97%,     
  – 3%  70%   . 

   -     CdS  
     .  

     - 19-119070790003-7. 
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 . .1,  . .1,2,  . .1,  . .1,  . .3 

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

 
      

    ,    
    : 1) ,   
  ; 2)     [1]; 3) 

  .  
,        

,         
.    (~ 20 . %)  

    ( . 1,  3). 
           

      -
  ,      

     ( . 1,  1). 

 
. 1.          (1); 

 (2)      (3).  
 0.8 / . ,  = 1 . 

 

         
     .  

     : 0089-2019-0005,  
. . - 19-119101690058-9  0089-2019-0017,  . . -

19-119100800130-0 
 

 
1. S.A. Baskakov, R.A. Manzhos, A.S . Lobacha, Y.V. Bas kakova, A.V. Kulikov, 
V.M.Martynenko, A.G. Krivenko, Y.M.Shulga. Properties of a granulated nitrogen-
doped graphene oxide aerogel. Journal of Non-Crystalline Solids, 2018, V.498, P. 
236-243 
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 . .1,  . .1,  . .1,  . .2 

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

 
      

        
 .      

  ,     
  ;    

 ,     
   ;    

      .  
    ,    

 .     –   ( ) P–N  
         

   ,  
   . ,  

       
 ,         

 .  ,     
   ,  -  

,    
        

   .  
      

      
     ,  

 -     N-  O-  ,  
      

 .   ,      
    ,  P,N-  P,O- . 

   P,S-   
    Pd-    

  . 

 
        

   19-13-00197. 
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 NHC-     [4] : 
      in situ  

 
 . .1,  . .1,  . .1,  . .1,  

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

 
    N-   

       - . 
    ,    NHC  

  ,       
.  

 N-      
,      
      .   
        

   ,  / 
 ,     

    .  
        

 [4]   /   
    ,     

 -    .  
 

 
 

       19-13-00095. 
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  . 

 
 . .,  . .,  . .,  . . 

 ,  
 

         
      . 

       
    [1,2,3].    [2] ,  

,   2000   ,   
    ( )  H2 

        
 ,      

 .  
 ( )      4-6 

         
   HAuCl4     

    . 
,       

         O2, 
CO  N2O,            

    .   
  ,      

,  O2       
 ,      OH-   
. ,         
       H2 – O 2 – 2. 
  ,  H2    N2O    
    . ,    

,    H2  2  
  ,      
      N2O    

,    O2.    H2     
  ,   .  

   2        
2   2      .  

       
  (   18-03-00060) 

1. Maela Manzoli, Anna Chi orino, Floriana Vindigni, Flora Boccu zzi, Catalysis 
Today 181 (2012) 62– 67 
2. A. . , . . , . . , . . , . . , 

 , .8, 1-2 2013, . 39-45 
3. I.P. Silverwood, S.M. Rogers, S.K. Callear, S.F. Parker and C.R. A. Catlow, 
Chem. Commun., 2016, 52, 533 
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 . .2,  . .1,2 
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2. ,  
 

 

     
   [4]     

.  ( )     
   ,   

    
,        

 ,    . 
         

       
  .    

  ,     
  NHC  ,    

.  

S
OO

O

t-Bu

t-Bu

t-Bu

t-Bu

O
S SS

C
n H

2n+1
C

n H
2n+1

N NBr

NN RR

Br

[M]

S
OO

O

t-Bu

t-Bu

t-Bu

t-Bu

O
S SS

C
n H

2n+1
C

n H
2n+1

BrBr

S
OO

O

t-Bu

t-Bu

t-Bu

t-Bu

O
S SS

C
n H

2n+1
C

n H
2n+1

R
N

R
N

N N
M

Br

Br

N

N
R

n=4,14

N

N

N

N

N

N
Mes

N

N
t-Bu

N

N
n-Bu

N

N
i-Pr

N

N

i-Pr

i-Pr

O
O3-4N N

N N SO3 N

N
O

OH

 
 

 1.  NHC-     
[4]  . 
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  in vivo  in vitro 
 

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

 
  –      

 ,   ,  , 
   . . .   

.         
  ( )    ( ) 

    .     
  ,      

 .        
 . ,        

 ,    
 ,     [1]. 

      ,  
        

[2].          
     .    

      
  [3 3 ].    

     ,    
     .  

 ,       3   0  , 
   -   .  

 

[1]  . .,  . .,  . .,  . .,  
. .,  . .,  . . , 2014,  79, . 3, . 310 – 

317 
[2]  . .,  . .,  . .,  . .  

 , 2019,  485,  4, . 511–514 
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 . .1,  . . 1,  . .1,  . .2,  

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

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

 
    ,   

( ),   ,  ( ),     
 ,     

        . 
         

 ,  , - ,    
       . 

          
 ,      
    -  - ,  

,   .    
       

 ( )   ( ),  
   -     

  .   (  )  -  
,        (  

)  . ,   - , 
   .    

  -  ,     
    ( ) .    
     ,   

 .  
       

   ,   
,    . .     

      ,   
,  -  (  50%)     

       
  [1]   

 ( ) -   ,     
   ( ),      

,   .     
  .   ,  ,  
  . 
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     - ,  

    .  
    : 

-   ( .,      
,       

 ); 
-      (       

  ); 
 -        

, (       
); 

-          
 (     ,  

        
)  . 

   ,     
       

   H3PW12O40, H3PMo12O40, H4SiW12O40, H4SiMo12O40, 
H5PMo10V2O40, H4PMo11VO40, H4PW11VO40     / Aichi/1/68 
( 3N2)  A/California/ 07/09 ( 1N1)pdm09/   (   

,    )       ,    
     .  

      
       

         
        
     , 

S.aureus  E.coli. 
       

  (   18-54-00004 _ )   
   (   18 -110). 

1.  . .,  . .,  . .,  . .,  . ., 
 . .,  . .,  . .,  . .  

 2019,  14,  9-10, . 77–84, 
DOI:10.1134/S1995078019050082 
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      PrDy-FeCoB 
 

 . .,  . . 
    ,  

 
        

 ,     
     .    

        4f  
3d  (PrDy-FeCo ) [1-3].   3d-4f  - 

        (20 – 
100 Oe)     (150 – 300 ),  

 (10 – 100 m),   ,  
     ,   

   .    -Fe  
  PrDy-FeCo-B     

   ,     
   -    

.   ,   , 
,   ,   

,       . 
    .  

  ,    
      ( .1).  

   F =  m B = 2000 ,   
      ~ 1 . 

 
 

. 1.   
 -Fe/PrDyFeCoB  
 ,  

   2 ml 
H2SO4  2 ml HNO3,   60 ° . 

 
 
 

 ,    
   200   r ~ 5 .    

       ~ 0,8 106 /    
      . 

    « » 20-32-70025. 
[1] . .   ., , 62 (4), 562 (2020).  
[2] R.B. Morgunov  ., J , 497, 166004 (2020).  
[3] . .   ., , 61, 2090 (2019).  
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 -       
  . 

 
 . .1,  . .2, Myllymaki V.3, Vehanen A.3,  . .1 

1  «  « », - ,  
2   , ,  
3 CarbodeonLtd. Oy, ,  

 
      

( )        .  
 ,          

   .    , 
,  ( ) – C(CH 2ONO2)4,   

   C-N. ,      
 -10,1 %, . .   « » ,  ,   

    – 72370 /  * .    
       

, ,        (<0,5 
% .). 

 

 
.           

 . 
 

1.         
          

  23  28 % . 
2.        

 (<0,5 % ) . 
 

         
   18–29–19112. 
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  . 

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

 . .1,  . .5,  . .1,  . .5,  . .5, 
 . .1 

1  «  « », - ,  
2   , ,  
3CarbodeonLtd. Oy, ,  
4  "  " ", . , . ,  
5   . . .  , - ,  

 
  –         

.       
,   , , :  (1,3,5- -2,4,6-
), ,   (2,4,6- ),  ( -

(2,4,6- )- , ),  ( - (1,2,5-
), ), Z-  ( -2,3,5,6-

-1,3 , 4,6a- ),  (1,3,5- ). 
       , 

   ,     .   
       - ,   

   . 
.  ,  ,   . 

.   
  

  
.  

. 

  
.  

. 

  
.  

. . 

 
 

  6,0 4,2 6,5 4,2÷6,5 
  5,9 5,5 5,5 5,5÷5,9 

  5.2 6,1 4,4 4,4÷6,1 
  1,5 1,5 1,5 1,5 

Z-   4,9 5,6 4,0 4,0÷5,6 
 

         
     ,  , 

, , , 
, Z-   . 

         
   18–29–19112 
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 . .,  . . 

    ,  
 

       
(POX)     CO  H2   

  - . . .,    
 , , ,   

  .       
CH4 + xO2 + (1-2x)H2O CO + (3-2x)H2 

  /  x* = 0.426    
 .      , 

        , 
   .    , 

  .      
    ( )     

, . .,      ( ) 
.   ( )      

    –      
,  .      

 :    « »  
,   .   
 –    ,    

    .       
         . 

POX          
        x ~0.48. 

       
          

 .       
        

     90%   <0.55.   
 POX       

.    ,    
 ,     

 ‘      
     .  

     ,  .  
- 19-119022690098-3 (  0089-2019-0018).   

 ,  19-03-00405A,  .  AAAA-A19-
119011890155-5.  
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 . .1,  . .1,  . .2,  . .2,  . .2, 

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

 
    ,   

 ,       
.      ,    in 

vitro       
[1]. ,   ,     

      
 .      

       ,  
    .     
       

         
 .  ,   

       in 
vitro[2].        

 ,       
          .  

       
       

      ,  , 
,   - .     

          
    ,   

.      
      ,  

        
   .  

 
[1] Ferriss J. S., Rice L. W. The role of in vitro directed chem otherapy in epithelial 
ovarian cancer //Reviews in Obstetrics and Gynecology. – 2010. – . 3. – . 2. – . 
49. 
[2] Marquet P. et al. Digital holographic m icroscopy: a noninvasive contrastimaging 
technique allowing quantitative visualization of living cells withsubwavelength axial 
accuracy //Optics letters. – 2005. – . 30. – . 5. – . 468-470 
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 . .1,2,  . .1,2 

1.     ,  
2.   ,  

 
  (KNA) –    

  .   ,  ,  
 KNA ( 3KNA)      

      KNA  .  
     -    

,        . 
          

         
     –  

 .      
  . 

   3KNA   –   
(TrpH):     3KNA  TrpH    

  -  .    
     .     

      KNA  
TrpH.          

,   3KNA    
          

       . 
,  pH       

 –    .  , KNA-
        

,      pH.     
       KNA  TrpH,   

     .    TrpH 
   Trp    Trp +   

   KNA  Trp ,    
 ( deg)   .     deg    

  .       
 :       

 - .      
    . 

       
 (  18-73-10014). 
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  CO   Pd-X (X=Cu, Ag, Au) 
 

 
 . .1,  . .1,  . .2 

1.  ,  
2. ,  ,  

 
        

       -  
 .      Pd/Al2O3-   

 24%   70%,     
.  PdCu/Al2O3      

  41%   91%,     
 . 

    CO   (111)  Pd  
   Pd-X, X=Cu, Ag, Au. ,  

   -   .  , 
         

         
   -   . 

 CO     
     

 (DFT).      Quantum Espresso 
6.4.1.       VCA (virtual crystal  
approximation). 

    :     
 ,     CO  

,          
 d- . 

        
 CO (  13-20 /    )   

Pd  X = Cu, Ag, Au    X  60%.  
         d-    

 ,   0.6-1.2 . 
 , ,    

      
PdCu/Al2O3       ,   

 Pd  40%. 
    ,   : 

    Pd,    
  (30-40% -  ),     

  ,   . 
       . 
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    –     
 

 . .,  . . 
 . . .  ,  

 
           

          
      :   , 

    ,   -  . 
     –     

    ,    
     ,      

            
.       

         
.  

       
   –  –       

( )   –       
,  140       . 

        
    .    

     – ,    
        

  ,    .  
         

       .  
         

     .    
    .  

       
   –  –     

         . 
       

  -      
          

 .       
  .  

     (   18-03-00030 ).  
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    1,1- -2,2-
         

 
 . .,  . .,  . .,  . . 

 , .  
 

  1,1- -2,2-  (1), 2-
( )-1,3-  (2), 2-( )-1,3-

 (3)  2-( )-1,3-  (4) 
         

 NETZSCH STA 409C Luxx   ,    
30–350 ,     1  15 /     2.3–2.4 . 

   2  3   . 1  2.  
    1  4 . 

 

 
.1.   2  

  
( / ): 1 – 2.0, 2 – 5.0, 
3 – 10.0, 4 – 15.0 

. 2.     3   
 ( / ): 1 – 2.0, 2 – 5.0, 3 – 10.0, 

4 – 15.0 

      
    1, 2, 3  4, , 

, 220.3 ± 12.0 /  (r = 0.9971), 290.6  11.3 /  (r = 
0.9934), 264.0  12.5 / (r = 0.9978)  301.9  17.6 / (r = 0.9911). 

   : k1 = 10 15.79± 

0.43· -1, k2 = 10 22.2 ±1.2 -1, k3 = 10 22.8 ±0.4 -1  k4 = 10 29.8 ±2.3 -1.   
  ,   3  4   
 ,     1,1-  2,2-

, , , 89   79 ,    
 ,   1  2,    

  [1].  
     ,  

  0089-2019-0013. 
 
[1] Krisyuk B.E., Zakharov V. V., Chukanov N.V.Cent. Eur. J. Energ. Mater. 

2020, 17(1): 20-30; DOI 10.22211/cejem/118513. 
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 . .1,2,  . .1,2,  . .2,  . .1,2,  . .1 
1.  ,  
2.   ,  

 
    -  –    

,         
      .  

    ,  
 ,    

(  , )    [1]. -
        

       
  1400-1600 ,        

  900-1200 ,        
  ,    .  

 ,       
   –   - .   

        
 .     

   .  -   
      

  ,       . 
       

     -   
,       -

        , 
     ,      

    –    .  
 

       
(      05.607.21.0311,  
RFMEFI60719X0311). 
 

. 
 
1. A.V. Nikitin, A.V. Ozersky, V.I. Savchenko, I.V. Sedov, V.M. Shmelev, V.S. 
Arutyunov. Matrix conversion of natural gas to syngas: the main parameters of the 
process and possible applications // Chemical Engineering Journal Volume 377, 1 
December 2019, 120883. DOI: 10.1016/j.cej.2019.01.162 
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 .      
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 1.      

6 ,    50      
. 

         
    (   -1056.2019.2). 
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 - -      
    

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

1.  . . . , .  
2.  , .  

 
  CO       

    .    
          

   , ,   
,     [1]. 

      -  
    CO   (  1% CO, 1% 

O2, 98% He)     (1% CO, 1% O 2, 98% H2)   
.         

     ZSM-5   
  (Si/Al = 40, 27.5  15).   

   ,   (Co+Ce)/Al   1. 
           

.       Si/Al = 27.5,  
     Co:Ce   3:1 [2].  

     Co  Ce    
  Co:Ce,    50% 

 CO (T50)     Si/Al: 
Si/Al Co, .% Ce, .% Co:Ce T50, °C (  He) T50, °C (  H2) 

40 2 1.6 3 : 1 157 160 
27.5 1.7 2 2 : 1 135 165 
27.5 2.5 2 3 : 1  98 140 
15 2 2 2.4 : 1 80 145 

     ,     
.     ,     

          
 Co:Ce     

Co(III),  ,      -
   CO. 

 
1. Shilina M.I., Rostovshchikova T.N., Nikolaev S.A., Udalova O.V. Materials 
Chemistry and Physics. 2019, V. 223. p. 287-298. 
2. Shilina M.I., Udalova O.V., Krotova  I.N., Ivanin I. A., Boichenko A.N . 
ChemCatChem. 2020, V. 12. p. 2556–2568. 
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  Mg xCo3-xO4 (  = 0-1)   Cs  K  
      

 N2O 
 

 .A.,  E. .,  .A. 
  ,  

 
  (N2O)    310     , 

 2.        , 
       

    
   ,    [1]. 

     N2O    
 (250-300 )     Co3O4 , 
   Mg, Ni, Zn, Cu, Fe     

  [2].   -    
 o-Mg-     Cs    

         
.  MgxCo3-xO4 (  = 0-1)   

     Cs  K (1-4%).  
   450°    2 .  

    , , , - 2. 
     N2O   

 0.25-0.50     430°     0.5   
 1500 ppm  N2O  He. ,      

 ,    Cs.   
250        1%Cs/Mg0.1Co2.9O4. 

 
 

 
 
 
 
 
 
 
 

 
 
 
 

         
 (  - 17-117041710090-3) 

[1]  . .,  . //      . 2020. 
.28. 2. .210-219 

[2] Konsolakis M. // ACS Cataysis. 2015. V. 5 (11). P. 1-87. 

0 1 2 3 4

0
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40
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0.8 %K / Mg0.5Co2.5O4

  K / Cs,
2/

 N
2O

, %

1 %Cs / Mg0.5Co2.5O4

0,00

7,50x10-4

7,0x10-3

1,4x10-2

4,0x10-2

5,0x10-2

6,0x10-2

0.90.50.3 0.70.1X = 0

1% Cs/MgxCo3-xO4

MgxCo3-xO4

  (R), /( 2* )
0.15% N

2
O + He

9000  -1, 2500C

 
. 1.   ( ) –     Cs/K   

  N2O; ( ) –     
 N2O  250 . 

A  
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 .  1,2, Morales D. M.3,  . .1,2, Masa J 3, Schuhmann W. 3  
1.    ,  
2.   ,  
3. Ruhr-Universität Bochum, Bochum, Germany 

 
        -

   ( )      
       

,     ,   
  . ,   

  ( )    ( ) 
       

 .       
         

      .  
    –  Pt-   (  )  

       (  ).   
         

    .  
        

     Fe/Co/Ni 
       

   ( ),   
      .    Fe, Co 

 Ni       Co (II), Fe (III) 
 Ni (II)      .   

        
 ,   . 

,    Fe:Co:Ni    
         

,      ,    , 
    .        

   . ,    
      

       
. , FeCo/     Fe:Co,   

1,          
      ,   

   400  -   15  -2  6  
KOH.          -

 . 
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    . 

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

1.  , . ,   
2.  , . ,   

 
      , 

, , ,   
,   ( - - )   ( -

) [1].    2018 .    ~ 30 
, .    90 %      

   [2].     
       

   ,   , , 
, , ,      

    [3]. 
     -  

,      
  . 

         
        

 SiC     41%.    
       

   .     .   
      ,  

    SiO2     . 
        

 .   ,    
 70  120         4  6 , 

       
    .   

      
         

.  
:       

      20-08-00559\20  
 

1. [  ]. URL:http://www.cpchem.com/bl/aromatics/en-
us/Pages/StyreneMonomer.aspx 
2. Chen, S. S. (2005). Styrene. Van Nostrand' s Encyclopedia of Chem istry, 
https://doi.org/10.1002/0471740039.vec2401 
3. Miller, R. R., Newhook, R., & Poole, A. (1994). Styrene  production, use, and 
human exposure. Critical Reviews in Toxicology, 24(sup1), S1-S10, 
https://doi.org/10.3109/10408449409020137 
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  -   

 
 . .,  . .,  . .,  . . 

 ,  
 

   -  ,  
    -   

( ). ,      –  , -  
     ,     

 . 
  ,      ,     

    ,   
       

.      -   
-      . 

       
-        

    ®115,  
  (  ( ),  

(PC),  (DMC)     ). 
  30 °C     

   -Na+,  EC (1.2×10-4 
/ )   

 EC/PC/DMC 
0,45/0,45/0,10 (1×10-4 / ) 
( .1).    

   
   

   -
 . 

  
   

,    
   

  .  
 
 

     (   17-79-30054)  
    ,    

- 19-119061890019-5. 

3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6 4.8 5.0

-18

-16

-14

-12

-10

-8

 = 0,434 ± 0,001 

 = 0,543 ± 0,018 

  
 PC
 DMC
 EC/PC/DMC 0.45/0.45/0.1
 EC/PC/DMC 0.33/0.33/0.33
 EC

ln
, [

/
]

1/T, 1000/K

t, oC60 40 20 0 -20 -40 -60

 
. 1.    
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-   +, Li+, NH4+-  
 ,    

 
 . .,  . .,  . .,  . . 

 ,  
 

 ,    , 
       

  –     
 ,  , , , 

   .  
       

      , 
    (-CF2SO3

-  . .),   
   ,   

    . ,   , 
  ,     

.  
       

 ,        
 DuPont,     ®. 

       
      

      - + (  + = +, Li+, 
NH4

+)   -    . ,   
     - + (M = H +, Li+, NH4

+) 
    2–8 / .    H+, Li+, 

NH4
+-       

+( )2, Li+( )4  NH4
+( )6,    

 .   -NH4
+   

       
    ( ). ,   

    n  6,      
.    n = 12–14  

       
. 

 
     (   17-79-30054)  

    ,    
- 19-119061890019-5. 
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 . .,  . .,  . .,  . .,  . . 
     , .  

 
         

.        .  
            

    .      
         

       
   . 

      
 46 .      

       
(5-10 )   .     

     (5-10 ),    – 
  (3-5 ),     . 

 :    ,  
,    ,      .  

 ,      
           

50%        3.60  
2.75 / 3,   ,      12± 1%  1± 1%. 

  50%       
    3.60  2.55 / 3.  , 
    ,  50%    

        12 ± 1% 
 36± 2%.         8 

± 1.5%   ,    : C = 74.5-75.5%, H = 
6.8-8.4%, O = 10.7-13.3%, N = 0.8-1.2%, S = 2.9-4.6%.  

         
   . 

      
   12 10 78 
   50%   1 11 88 
   50%  36 11.5 52.5 

 
      

       . 
      

 0089-2019-0018   - 19-119022690098-3. 
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   , .  
 

       
  ,   . 

       
 ,      

    2D  3D . 
   ,    

 ,     .   
         

        
:  , ,  ,  

  .        
.        

 ,        
. 

  ,       
       . 

        
      

      . 
       

   Au     .   
       

  Au-     «Doctor Blade»  
  (250    2 ).  Au 
    -(2- )  

 / -      . 
       
    .   

       
.        ,  

    11±2   12±3    
      

:  (13±1 ),  (7±2 )   (15 ). 
       

 (   20-03-0017). 
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  Fe/Fe3O4    
 CoFeB/Ta/CoFeB  

 
 . .,  . . 
 ,  

 
    GMR-  « - -

»      
       

   [1-2].     
   CoFeB/Ta/CoFeB/MgO/GaAs [3],  

     Fe/Fe3O4 c  
      . 

   CoFeB/Ta/CoFeB,   
      Fe/Fe3O4,  

  -  (AFM)  -   (MFM) 
( .1). 

 
.1.    Fe/Fe3O4   

CoFeB/Ta/CoFeB ,    FM (a)  MFM (b). 
 

     , 
      Fe/Fe3O4 . 

   ,  , 
    125 .    

       
Fe/Fe3O4.      MFM 

   AFM   ,   
     OOMMF.  

       
 SQUID- .      

    .  
1. O. Koplak, et. al., Superlattices and Microstructures 121 (2018) 23-32.  
2. R.B.Morgunov, et. al., Applied Surface Science 527, 146836 (2020).  
3. O. Koplak, et. al., JMMM, 433 (2017) 91-97. 
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   ,   
 

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

1. ,  
2.   ,  

 
         

         
   -  . 

        
         

       2-
   (  100 ).    

       
 ,    

     ,   
         

 . 
        

        Al2O3, ZrO2, 
Y2O3  Gd2O3.       

 -      Al2O3, 
ZrO2, Y2O3  Gd2O3        

 3d-  4f- .    
           
 .       
 He  Ar,       

.  ,        
       3d-  4f- 
,      .  

           
. 
  CrOx/Al2O3,   ,  

       
 .     

Eu3+:Y2O3  Eu3+:Gd2O3     . 
         

  19-32-60027. 
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  ,  
    ,  

     
 

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

 . . .  –     
 ,  

 
       

  .     , 
  .  ,   

       
      .  

         
 -     

     
 ( )  -  

      . 
       

   / . ,   
        
.  

      
  –    ,  

      . 
        

   in vitro.     
 ,     
     HeLa. ,  

      
  .     
  ,   , 

 ,      
  (A-549, Hu Tu 80),     

.    ,  
       

    . 
 

       
,  19-73-30012.  
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   . 

 
 . .1,  . .2 

1.      . . .   
,   

2.       
« »,  

 
       

      ,      
 ,         
.       

,      
   ,     (  1   300 ). 

      
   [1].  ,     

    ,    
.       

,    (    , 
 = 415-420 ).      

 ,   ,     
 . 

   ,    -   
       ,   

       , , 
     .  

       , 
        ,    

     . (pH= 7.3.T = 24oC.) 
  : 

1.         
   ,       

.     ,  
2.         

   ,      
  .  

. ., ,       
        ,    

  . 
 

1. A.M.Chernysh, E.K.Kozlo va, V.V.Moroz, V.A.Sergunova. Nonlinear local 
deformations of red blood cell m embranes. General Reanimatology, 2018,14(1),29-
39. 
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 . .1 
1.      

. . .  ,  
2.  -  ,  

 
         

   .    , 
      .   

       
,      .   
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   ( , ,   . .)  

     .  
        

       , 
    / . 

         
       

 .      
      , 

    / .   
        

,       
   .    

       
      , 

        , 
,    . . 

   (<10 )    
  ,    

    ,  
   ,     

       
    . 

        
   18-29-19112. 
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   YPO4   CaNb2O6 
 

 . .,  . .,  . .,  . .,  . . 
     «  », 

 
 

      ( ) 
       «   

»,     ( )   
 ( )    .  

        
(  )   d-  f-   

,       , 
   .    

  ,  YPO4  .,  
     « »   

( )   ,    . 
 -       

    .    
   YPO4   CaNb2O6   

         –  
 –  ,        

 ,        
,       

   [1, 2];   Y+3
22   –

,    ,    0-  
      

   ;      
    ;   O2-

104 
       

.  
       

    ,    
     ,    

 . 
       Y-O  P-O,  

    ,    
 . C     

  U, Th  .     
         

      
         

[3].        Nb   
  . ,    X3+ 

  ,  X4+ (X=Th, U,  ~ 5 )  . 
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      ,  
 20-13-00225.       

     . 
 
1. Titov A.V., Mosyagin N.S. // Int. J. QuantumChem. 1999.V. 71. N. 5. P. 359–401. 
2. Mosyagin N.S., Zaitsevskii A.V., Skripnikov L.V., Titov A.V. // Int. J. 
QuantumChem. 2016. V. 116. N. 4. P. 301-315. 
3. A.V. Titov, Yu.V. Lomachuk, L.V. Skripnikov// Phys. Rev. A, 90, 052522 (2014) 

 
 
 

      
     

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

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

 
 

         
  [Eu(SQ)3Ln],  SQ   3,6-  

( - ) -1,2- , L  -  (THF),  (Py)  
 (Dipy)  n -   .  

-       
  (L = THF  Py)      [Eu 

(SQ)3 (THF)2].  ,       
   ,      

    .     
    ,    

      , 
        

 L,        . 
      ,  

       .   
 THF    [Eu (SQ)3(THF)2]  

 -  ,      
  ,    ,   

     .   ,  [Eu 
(SQ)3Dipy]    , 

,    [Eu (SQ)3Dipy]      
.       

[Eu (SQ)3Dipy] • C6D6,       
.  ,     
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-     
    

 
 

 . .,  . .,  . . 
   , . 

 
            

 .       ,  
  ,     
     ,  ,    

.     .  
       

   . 
     ZSM-5(Fe) 

 MOF(Fe)   1,3,5-   ( ).  
     , , -

,      77 ,  
       

  .  
       
   (  1). 

 
 1.      

    ZSM-5(Fe), MOF(Fe) 
,        

      
  . 
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, ,  -   

 -    N-,O-,S-  
      -  

 
 . . 

 «25     », 
 

 
   ,    

     : , 
     ,      

 ,       
  (  ),  -  

: , - , ,  1   13 , , -
   [1],      -

  -  /C     
        

   (   )  
 (S*iTjD*nQmElExSt) («  »)   

     -   ( .1) 
[1]. 
 

. 1. ( )   
   

    
   

 S*iTjD*nQmElExSt  
(“  ”). ( ) . 

  ( ) 

     : 
)*(* 02,1

*

1,0 jfi eDIThTTShS ,(1) 

1. . . , .  ., 124,  5, 662 – 668, (2018).  
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 . .1,2,  . .1,  . .1,3,  . .1,  

 . .1,  . .1,  . . 1,  . .1,  . .1,3 
1.    “  ”, 

 
2.   . . .  ,  
3.     . . .  

,  
 

        
 ,      

,        
  ,    

  .  ,  ,  
 . ,      

  .     
      ,   

     .  
    - -  ( , )  

 MnSb,      
.      
    ,   

   ,     
  .      

  MnSb,     
  .     ,  

 ,  100-300 ,    
,       

MnSb  .       
   ,   MnSb,   , 

,    ,     
 .      

 .      
    ,     

   MnSb. ,   
     ,    

  (   )   
    -MnSb. 

     (   18-33-20240). 
     « »  « » 

 «  ». 
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- -  - PbTe 

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

 . .1,3,  . .1,  . .1,3,  . .1,3 
1.    “  ”, 

 
2.   . . .  ,  
3.     . . .  

,  
 

,        
   .  ,    

  ,    ,  
   .     

         
.  , -      

   .  
         

   - -  ( ) - PbTe.  
       

 .       
   PbTe   .  

    ,     
   .  ,   

     ,   
    .  

        
,      .  

,       
  .    
     PbTe .  

      ,   ,   
   PbTe.     

,    .   
  -PbTe     

,    ,   .  
,      ,  

 .     
,     

  . 
     (   18-33-20240   18-

03-00582).      « »  
« »  «  ». 
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 . .1,2,  . .1,3,  . .1,2,  . .1,2,  
 . .1,2. 

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

 
      

   ( ),    
 1- 4, 2,  .     

  -    .  
   2+    
      

[1].      500 – 
750 0 ,  /    . 

   2 4, , 2  4[2]. 
        , 

      
     .    

        
 -  ,     

  . 
        

(   19-73-00291)    
. 

1.  2688932 ( ) 
2.  . .,  . .,  . .,  . .,  

. .,  . . //  . 2017, .86. 1. .47 – 74. 
 
 
 

       
      2  Ar 

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

1.   ,  
2. ,  
3. KAUST,  

 
    ,   

    ,    
,   .    

      , 
,     (HCOOH).    , 

       .  
     HCOOH   
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      .  
          

  HCOOH. 
    HCOOH/O2/Ar 

   -  -  
    .     

   =1 ,    368 .  
     Pt/ Pt 10% Rh. 

    HCOOH/O2/N2   
   373K  423      
 .       0.5-

1.5,  O2/N2=3/7.      
 PREMIX    CHEMKIN PRO.   

     : Glarborg et al  
[1], Konnov et al [2]    Aramco 2.0 [3].  

  ,      
       . 

    CH2O,    [1] 
    5  ,   ,   

   [3]    .    
 ,  [2]    3   

.  [1]      
,           
 .   [3]    
      .  

[1] P. Marshall, P. Glarborg, Proc. Combust. Inst. 35 (2015) 153–160  
[2] M. Christensen, A.A. Konnov, Combust. Flame 170 (2016) 12–29 
[3] S. Mani Sarathy et al, Energy Fuels 34(6) (2020) 7564-7572 
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       /  

     -
 ( -)  [3]. 

        
 ,      

       
 : -      

   .   -
      . 

        
  . 

     , 
   ( )    

 ,     
. 

     17-13-01522. 
[1] D. Prasannan, M Ravikanth, Coord. Chem. Rev. 407 (2020) 213172 
[2] P.A. Stuzhin, I.A. Skvortsov et al., Dyes Pigments 162 (2019) 888-897 
[3] P.A. Yunin, V.V. Travkin et al., Appl. Surf. Sci. 512 (2020) 145645 
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    .   
       

 ,        
 . 

        
   19-08-00553  
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 . .,  . . 

    ,  
 

      
  ( )   . : 

          
  ,       

    .  
           

  -  ,       
  .     

         
.  (cold gas)    90%   

  .     
  ( 1500 ).   

      . 
   , ,     

    -   ,    
  ,      ,  

    .   , 
    .  
/     ,   

         .  
      , 
    ,    

,       ,  
  .   2-3 / .   

  .     
  -9    2019 . 

       
.   ~35%,  ~35% TS. 

       1500 . 
     (% .).  

CO2 (17.0); Ar (0.7); N2 (62.5); CO (8.8); C2H4 (0.7); CH4 (1.8); H2 (8.5) 
 ,        . 

     .  /   
  (  !)  18.4 / 3 TEQ   

 100 / 3.      28.6 /  
(      50 / ). 

     ,  
 .  - 19-119022690098-3 (  0089-2019-0018).  
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   HeLa in vitro   
    PpIX,  5-ALA 

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

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

 
        

 HeLa       
  IX (PpIX)     

   . PpIX     
 5-   (5-ALA,  ). 

 PpIX      
      . 

  PpIX       
  ,  5-ALA   100 / ,  

 3 .  
      

    405 .      
   .  , 

        
  -    ,   

        
.      

        2  
     10 .    

        
 ,     ,  ,  , 

  .     50    
      , 

     .   ,   
  75 / 2     

   .    
       ,    

      .  
   50 / 2    

 .       
   ,   

. 
       

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

 . .1,  . .1,3,  . .1,3 
1.      . . .  –  

  ,  
2.    ,  
3.  ( )  ,  

 
       – 

       .  
  ,    ,   

 .     
,      ( ,   

.)   – , ,   .  
          

 .        
        
   ,      

     .  
        

       M-Hela  
  ,  N-

   . 
       

       
.       

      
 ,       
 . 

 
 1.       

. 

       
  (   19-03-00429) 
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    MnxCr3-xO4    
  

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

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

 
        
       . 

   -        
    ,     

     ,    
  .  ,   

     ( ),   
  ,      

       
.  

         
 Mn-Cr     (Ni  Ru).  

    ,   
   2 .%     
.     500  900°C.  
  ,       , 

  Mn-Cr      10-65 
.%.       

 H2- .  Ru     
       40-80°C,  
        

.       
     CO.   

        
  C18O2.  ,    Mn   

        
 H2   .  

    ,    
 ,        

 MnCr2O4. 
 

       16-13-00112. 
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 . . 1,  . . 1,  . . 2,  . . 1,  . . 1, 
 . . 2,  . . 1 

1.   , .  
2.   , .  
 

 –      3D 
,       

   .     3D-  , 
   ,    

 –  .    3D-  
   .  

         
      

 .  ,      
    ,  ,  
   .    

  .  
   ,      

 2- ,    ,    
 ,   .    

,      .  
,      4    

 0.2 ,   ,     
 ,     .    

      
      600 / .  

   100 /     
     -    

   .    
    . ,  
       

     . 
         

  18-29-11064. 
 
 
 

 -  ,  Yb3+: 
   

 
 . .,  . . 

 «   – »,  
 

          
 Yb(III)       



 71

 SOCl2–MClx, SO2Cl2–MClx  CCl4–MClx (M: Ga, Sb, Ti   Si).  
       

,  Yb3+,        
,  Nd3+.     

     
  . 

      
Yb(III)  -   Yb3+   

 .      
      Yb3+,  
-      .  

       -
  SOCl2–GaCl3–Yb3+, SOCl2–SbCl5–Yb3+, SO2Cl2–GaCl3–Yb3+ 

 CCl4–GaCl3–Yb3+    [Yb3+] > 0.1 /   
   Yb3+  > 0.5. 

     g( )  
  SOCl2–GaCl3–Yb3+, SO2Cl2–GaCl3–Yb3+, CCl4–GaCl3–Yb3+  

POCl3–ZrCl4–Yb3+       
     Yb3+    

.          
(~  970  1040 )       

   .  
       

   (    19-43-400004). 
 
 
 

      
 

 . .,  . .,  . . 
     , .  

 
        

    ( , ) [1, 2]. 
         

  .      
         

-92. 
,        -

92    -  ,     
      ,   

    .   
   -92   ~345 ,  

       . 
 , - ,   

 ,    .     
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,        
   -92   ,   . 

,        -92  
 ,    (    

 280-290 )  . ,    
         

  ( ),      
  .     

      ,  , 
     ,     
 ( ), , - ,    .   

 ,         
  .  
        19-73-00017 

1. Tukhbatullin A.A. et al.  // Ultrasonic. Sonochem. 2019, V.50, P.251. 
2. Tukhbatullin A.A. et al.  // J. Mol. Liq. 2019, V. 289, P.110973. 

 
 

 
     

.     
  

 
 . .,  . . 

 ,    ,  
 

        -  
      ( ).   

        
,      

  ,  , , 
   . 

      
     ,   

  ,    - – : 
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    I  II   , 
     ,   ,   

 (  ),    -   
(  ).  

   . 
      

    .   
     ,  

       
      .   

       
      . 
       
,   ,  

 .  ,   
      

 . 
     (   18-13-00415). 

 
 
 

       
 

 . .,  . . 
 . . .  –    ,  

 
    [1],   
   ,    

        
.     (  ,   

)    -  
  ( )      
,         

. 
,       

 ,        ,   
     ,  . .  ,  

   . 
       

,  ,     
  . 

    -  
   .     
        

  . 
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 ,  ,    

        . 
       18-29-19110 . 

1.  . .,  . .     
. .: -    , 2019. – 212 . 

 
 
 

     
  

 

 . . 
  , .  

 

         
            

         
 .     

 ,     
,  ,      

       .   
     [1].  

   ( )     
   ,     

 ,        
         . 
        

  ,      
       

    -  .  
       

  ,   
 . 

     -    
     .   

       
  .    

      
 -    

      .   
      . 

 : 
1.  . .,  . .,  . .,  . .  

       
   . //   

 . – 2017. – 10 (30). – .144–149. 
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     f-   
  

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

1. , -  
2.  «  »  ,  

 
,  f-  (   ),    

      
,     . .    

  .  ,  
       

,     ,   
,      .  

       
 -  , -      

   ,   f-    
. 

        
      ( ) [1, 2],  

       
(  « »),       

       . 
   ,  -

        
 (YbF2, YbF3, YbCl2, YbCl3),      

4f- .       
    ,     
  .    
       ( )   

. ,         
   ,   ,  

     . 
       (   

20-13-00225).    . .,  . .,  
. .,  . .   . 

 
1. D.A. Maltsev, Y.V. Lomachuk, V.M. Shakhova, N.S. Mosyagin, L.V. Skripnikov, 
and A.V. Titov, (2019), arXiv:1907.06947. 
2. Y.V. Lomachuk, D.A. Maltsev, N.S. Mosyagin, L.V. Skripnikov, R.V. Bogdanov, 
and A.V. Titov, (2019), arXiv:1911.00365. 
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« »      
 -  

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

  « »,  
 

 -  –     
 –    20      « » 

  .        
,       

   «   – 
 –  »  

 .  
,      

   -     
      ,  
       

      .  ,  
,         

   .      
     ,  , 

         (  
 )        

    Pd(0) (  
),      

  (ArPdX).   
      

     ,   
    (    )  

.      
   ArPdX    -  

    ,    
    ,     

 .     
      

      
 ,   ArPdX.      

  -       
,       . . 

 ,     
  -   ( )  . 
       19-13-00051 
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 . .,  . . 

   . . .   ,  
 

        
,  ,     

, . .,     (  ),  
       

 ( . .,  ,  ).    
        

        
( )  /   , 

   ,  
    (   ),   

 (        
 ).1 

        
     

  ,2     
 3     =N,4  

  ,      
      

.1 

    (B2PLYP/6-
311+G**//B3LYP/6-31+G*)    K  
(KOBut)/DMSO,      
KOH·5DMSO (KOBut·5DMSO)      

 .4 

 

1. Trofimov B.A., Schmidt E.Yu. Acc. Chem. Res. 2018, 51, 1117. 
2. (a) Trofimov B.A., S chmidt E.Yu., Zorina N.V., Ivanova E.V., Ushakov I. A., 
Mikhaleva A.I. Adv. Synth. Catal. 2012, 354, 1813; (b) Trofim ov B.A., Schmidt 
E.Yu., Zorina N. V., Ivanova E.V., Ushakov I.A. J. Org. Chem. 2012, 77, 6880. 
3. Schmidt E.Yu., Cherimichkina N.A., Bidusenko I.A., Protzuk N.I., Trofim ov 
B.A. Eur. J. Org. Chem. 2014, 4663. 
4. (a) Bidusenko I.A., Schmidt E.Yu., Ushakov I.A., Trofim ov B.A., Eur. J. Org. 
Chem. 2018, 4845; (b) Schm idt E.Yu., Bidusenko I.A., Protsuk N.I., Dem yanov 
Y.V., Ushakov I.A., Trofimov B.A., Eur. J. Org. Chem. 2019, 5875; (c) Schm idt 
E.Yu., Bidusenko I.A., Protsuk N.I., Dem yanov Y.V., Ushakov I.A., Vashchenko 
A.V., Trofimov B.A. J. Org. Chem. 2020, 85, 3417. 
5. Vitkovskaya N.M., Orel V.B., Kobychev V.B., Schm idt E.Yu., Trofimov B.A. 
Int. J. Quantum Chem. 2018; e25689. 
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 . .,  . .,  . .,  . .,  . ., 
 . . 

 ,  
 

         
      

, . .  , ,  
         
       .  

       
-         
  [4]    12-

       
( . 1).  

 
. 1.     ( )  

[4]  ( ). 
 ,        ,  

 ,     
 ,  ,  , 
  ,     

      (  +70  -70 ° 
).          

 ,        
  .  

 
         

  19-08-00566. 
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-     MoVSbNbCeOx/SiO2 
        

 
 . .,  . . 

   . . .   ,  
 

        
     ( ).    

 400 500        
     .    

MoTeVNbOx        
MoVSbNbOx.    MoVNbTeOx 

    Te      
  .     

  ,        
 .  

Sb-  MoVNbSbOx    
  MoVNbTeOx     

    .   
       MoVNbSbOx 

    .  
     MoVNbSbCeOx  

     . 
      

         
350  600 ° . 

,      
    MoVTeNbOx . 

    MoVNbSbCeOx   74% 
(   91%,    81.5%),   

       Sb-  
.         

  1     Sb-     
    -  .  
         

 .  
      

  M1(Mo1V0.24Sb0.09Nb0.11Ce0.01Ox)  M2 (Mo1V0.29Sb0.31Ox) 
,    SiO2.   ,  

      
,       M1 

 M2 . 
        

  (   - 17-117041710090-3) 
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  2 0      
     

 
 . .1,  . .2 

1.    . . . ,  
2. ,  

 
     ,   

     ,    2P0 
 [1s(2s2p) 3P]  [1s(2s2p) 1P]      

   ( ).   
       ,   

    He- [1].    
   (  ),   

  r̂(br)YLebrN=r lm
+l

n
/brl

nlnlm
222   

  3.1 b 3.9.     
(5s4p3d2f/22s22p)    [1].    

   (  . .) r/RV=rV 0s 01   0V =4 ( 187 0R ) 
( )  215r=Rr;W 0  ( 8.0ln8.9 ) ( ) [2].  

   Eres     -  
     ( , )   

  d/dE=f     ( , ). 
,         , 

   ( , )   ,  
  .      

      ,  
      [3].   
      ( , ),   

( , ). ,  b=3.5      
    

(-Eres/ *105,  . .): 5.312082/14.33 ( ), 5.312070/11.70 ( , ), 
5.312001/14.08 ( , ).   : 5.256039/43.36 
( ), 5.256063/34.58 ( , ), 5.255900/22.91 ( , ). 

 : 5.31307(3)/9.6(4) [4], 5.2585(1)/– [5]. 
: 5.31183/13.5, 5.25624/34.5 [3]. 

 
1.  . .,  . .,  . .,  . . // 

. . 2017. .36. .3. 
2. Jolicard G., Leforestier C., Austin E.J. // J. Chem. Phys. 1988. V.88. P.1026.  3. 
Cardona J.C. et al. // Phys. Rev. A. 2010. V.82. P. 022501    . 
4. Mannervik S., Cederquist H. // Phys. Scr. 1985. V. 31. P. 79. 
5. Cantù A.M., Parkinson W.H., Tondello G., Tozzi G.P. // J. Opt. Soc. Am. 1977. V. 
67. P. 1030. 
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-       
 

 . .1,  . .1,  . .2 

1. ,  
2.    . . . ,  

 
       

( ),      
.        

  .     
   ,   1

2   a1
g 

 b1 +
g.  ,      

         
  X a   .   

        [1, 
2].     ,      

 ,   X a  X b    
.   —        

,        
     . 

        
      -

     .   
      S0 Sn   

  S0 Tn    TD-DFT  CIS. 
       DFT 

(  B3LYP  PBE), PM6  RHF.     6-
31G  6-311G        
GAMESS US [3 ].    RHF  DFT   

    .   S0 Sn, 
  TD-DFT,     

    [4],  , 
  CIS.        
 ~2000 -1,   S2–S6     

100–1700 -1.   PBE   6-311G**   
    S0 Sn  S0 Tn     

B3LYP [4,5]. 
 
1. Robertson C.A. et al.//J.Photochem. and Photobiol.B: Biology. 2009.V.96.P.1. 
2. Kobzev G.I. et al. // Rus. Chem. Bulletin, International Ed. 2013.V.62.P.1442. 
3. Schmidt M.W. et al. // J. Comp. Chem. 1993. V. 14. P.1347. 
4. Wójcik J. et al. // JCP. 2015. V.142. P. 034302    . 
5. Petke J. D. et al. //J. of Mol. Spectr. 1978. V.73. P. 311. 
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  GFP   . 
 

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

       
     .     

    (green fluorescent protein, GFP),   
  .   ,   GFP 

          
.        -  

GFP    (    )   
    100 .     -

   ,     
  .       

 .      
        

 GFP, ,      
     GFP -   
  (      1 )  

.        
BCARS . 

 
. 1. GFP BCARS  (    ) 

 

 .1        
    GFP      .  
     ~1540 1/  (imidazolinone,  

 C=C). ,       
    1600-1700 1/ ;     

        
~1630  ~1650 1/        GFP. 

    18-03-01243 . 
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   -    
 . 
 

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

1.   , .  
2.  ,  ., .  
 

        , 
   (label-free)   : 

-     ,    
      -   
  / .  

        
( ,    .)        

 ,      
       .  

 ,    , 
      

( , )   ( ) 
 ( , ).      

   ,  -  
   ,   

,       . 
   (       

 )  ,     
        , 

    ,   .  
 

 
. 1. BCARS  (    ) -

      . 
 

        
 (Glu),  (Glu+Alc)   (Glu+Alc+Ac)  
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-  ,      . 
      ,   

   ,    Glu   
,         

 BCARS ,    
 (~104  )     ( .1). 

,         
  (   )   fingerprint   

   ,      
 Amide II (~1550)  Amide III (  1250-1350 1/ ).     

          
   (  -    1100 1/ , C=O 
    ~1740 1/ ,    ~1260 

 ~1300 1/ ).      ,    
  -    

     . 
    18-03-01243 . 

 
 
 

      
 

 
 . .,  . . 

, .  
 

 ( )      
 . ,    

,         
– -2-( -2- -1- )  ( 4).     

    4    
 5, 10, 15  20°  -1. ,    

    :    80-200°  (I) 
  ,    ,   

200-300°  (II)   -      
  ,    300-600°  (III)   

  .     
      

     Coats-Redfern.  
     (  1)  

      ln{ ln(1  )/T2}  1/T: 
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 1.     4. 
  , g min-1 Ea (kJ mol-1) A, min-1 R2 

5 22.20 35.82 0.9959 
10 29.08 61.59 0.9939 
15 25.35 114.50 0.9948 I 
20 22.23 129.98 0.9959 
5 21.75 3.71 0.9983 
10 29.17 37.12 0.9956 
15 30.22 66.53 0.9912 II 
20 28.63 68.54 0.9954 
5 28.92 6.40 0.9913 
10 30.85 15.53 0.9914 
15 31.22 23.12 0.9931 III 
20 30.30 28.57 0.9913 

 
   1 ,      

  . ,   
  I  II III   .   

     -     
.    ,   a    
, . .      I  II III. 

 
 
 

 ,    -
   

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

 
         

   .    
    ,    

, ,        
  ,     

  .      
  ,    

 -   . 
  , -    His-15 [1], 

        
,   .  ,   
,         

.  ,    1, ,    
 ,   I     

      II . -
,          
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     II.  
      

      . 
 1.      , 

  TiO2-SiO2 
 

  
, 

 
 

 

 
 

 
 106 ± 0.5×106 c-1 Lx ±30 Ly ±30 Lz ±60 

  
±6% 

I 4,4 61,9 33,6 45 30 
1 II <1 24 24 24 70 

I 3,6 61,9 33,6 45 33 
4 II <1 24 24 24 67 

I 1,5 61,9 33,6 45 32 
16,5 II <1 24 24 24 68 

I <1 61,9 33,6 45 38 
42 II <1 24 24 24 62 

I <1 61,9 33,6 45 33 
48 II <1 22 22 22 67 

 
       18-29-12129   

1. R. I. Artyukh, G. S. Kachalova, B. A. Samaryanov, and V. P. Timofeev, Mol. 
Biol. 29, 87 (1995). 
 
 
 

-      
  

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

1. ,  
2.  ,  
3.  , .  

 
  -     

  .     
      

       
  .    

      . 
   1- - -  1- - , 

       . 
  1- -    

   . 
    Gamess US   B3LYP/6-

31G*.      .  
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     . 

  1- -  (     
 ): 

1) AdH  Ad+ + H- ( H = 267.9 / ), 
2) Ad+ + C3H6  Ad–CH2–C+H–CH3 ( H = –8.2 / ), 
3) Ad–CH2–C+H–CH3 + AdH Ad–CH2- CH2–CH3 Ad+  
( H = –13.9 / ), 
4) Ad–(CH2)2–CH3 Ad+  Ad–CH2–CH2–CH3 + Ad+  
( H = 2.8 / ). 

  1- -  (     
    ): 

1) AdH  Ad+ + H- ( H = 267.9 / ), 
2) Ad+ + C3H6  Ad–CH2–C+H–CH3 ( H = –8.2 / ), 
3) Ad–CH2–C+H–CH3+ AlCl4

-  Ad–CH2–C+H–CH3 AlCl4
-  

( H = –88.2 / ) , 
4) Ad–CH2–C+H–CH3 AlCl4

-  Ad–C+H–CH2–CH3 AlCl4
-  

(E  = 15.4 / , H = 14.9 / ), 
5)  Ad–C+H–CH2–CH3  AlCl4

-  Ad–CH=CH–CH3 + AlCl3  HCl 
( H = 10.6 / ). 
 

 
 

     
     
 

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

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

 
       

         
   [1].       

      
   .     

       
        

  [2],        
.           

      
         

      
,         
,     
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 .        
         

   ,     
    .     

     
      

  ,   ,   
        

 .  ,   ,  
      

     
  .       

      .  
  

[1] Fekrazad R. Photobiom odulation and antiviral photodynam ic therapy as a 
possible novel approach in COVID-19 m anagement. // Photobiom odulation, 
Photomedicine, and Laser Surgery – 2020. - .38. - 5. 
[2] Belik V. P. et al. Phosphorescence Kinetics of Singlet Oxygen in HeLa Cells 
Suspension //Technical Physics Letters. – 2019. – . 45. – . 9. – . 936-939. 

 
 
 

       
  ,     

 
 

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

 
         

   ,     
 .   ,   

         
        

 .          
      ,   

      
.  

     , 
   ,   ,   

       
    ,    [1]. 

       , 
         SiO2, 



 90

  (HNT)   (CB).    
 ,        

     (   ).    
       

,         
    ,    

 .  ,     (l, m, n) 
  ,  ,   l.  

      [2],    
     ,   

     ,  
  . 
       17-72-20201. 

 

  
[1] Hughes D. S., Kelly J. L. Second-order elastic deform ation of solids //Physical 
review. – 1953. – . 92. – . 5. – . 1145. 
[2] Semenov A. A., Beltukov Y. M. Nonlinear elastic m oduli of composite materials 
with nonlinear spherical inclusions dispersed in a nonlinear matrix //International 
Journal of Solids and Structures. – 2020. – .191. – . 333-340. 

 
 
 

 -  [4]  —  
    

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

1.   «  ( )  », 
 

2.  . . .   ,  
 

[4]     ,   
      ,  

  .     
[4]       

 .  , 1,3-     -
  ,    

.  
        

      
  .     

      
 [4] ,      

    ,   
  . 
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    .  

[4]      
     , 

      . 
       [4]   

         
,       [4]    

.       
      

.  
 

 

 1.      
   . 

 

       19-13-00095. 
 
 
 

       
      

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

1.  ,  
2.  . . . ,  

 
  -   -  
         

    :  
  ,   

  .        
 : -     ,  

,     .  
       

,     .  
  ,   , ,  
 ,     ,    

   .       
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      , 
      ,   

  .  
         

   (  ),     -  
      Pn3-m,  

     . 
     1  28    

    450  120     25°C,   
700  160     100°C.   ,  

  ,   .    
        140 2/ .  

    0  100°C   
     ,  

        140 
2/   1 2/ . 

    :     
  .     

 25°C   10-7  10-2 /       
    . 

      19-08-00566 . 
          
     . 

 
 
 

       
 -  -  

 
 . .,  . . 
 ,  

 
        

    -    
  ,      

  S > 1.      -
,    OX  OY     

.   -   . 
     ,   -
         
 .       

“ - ”,     
. 
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. 

 
 . .,  . .,  . . 

 ,  
 

,  -       
    ( )   

 
ISSaH 21 , 

 

    )()()3/8( AgAunn rrgga , )( Au r   )( Ag r  –  
         Ar . 

       
        

 . -      
     

   -  
.  

 ,         
   25Mg     

 -    
     E. coli. 

 
 
 

      
  Pechini    core-shell 

 
 

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

 
        

       -
      [1].   

       
 :    

CH4,  N2O,   CH4  C3H8.  
      

    La2O3  A12O3   >1400°  
   .  ,    

  S . <10 2/ .      
,   -   ,    

    1300°      
. 
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      ,  
      ,   

      .  
       
 -       , 

     S . ~ 40-80 2/ .  
        

      -Al2O3, 
        

Pechini    core-shell  (  
 [2]). 

   -     
   LaAlO3  LaAl11O18     
  1300°C.      
      

 LaAlO3  D~10 . ,    LaAl11O18  
PrAl11O18       1200-1300°C  

      
     -Al2O3   

      
  .   

 Pechini      
 S . ~ 100 2/    . 

 

        
   19-03-00660  
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-      
 Fe2, Fe2O2  Fe2O4   H2, O2  N2    

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

1.  ,  
2. Florida A&M University, Tallahassee, Florida 32307, United States. 

 
      ( )  

   Fe2, Fe2O2  Fe2O4   H2, O2  N2  
 ,       . 

       Fe2, Fe2O2  Fe2O4  
       .  

    -     
   Fe2, Fe2O2  Fe2O4     

   .     
   H2, O2  N2   .  
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       - Fe2H2, 
Fe2O2, Fe2N2, Fe2O2H2, Fe2O2O2, Fe2O2N2, Fe2O4H2, Fe2O4O2  Fe2O4N2   

      .  
     DFT (  BPW91/6-311+G*)  

 GAUSSIAN-09. ,  Q (Fe2H2  Fe2 +H2) ‹ Q 
(Fe2O2H2  Fe2O2+ H2) ‹ Q (Fe2O4H2  Fe2O4 + H2) , Q (Fe2O2  Fe2 + O2) › 

Q (Fe2O2O2   Fe2O2+ O2 ) › Q (Fe2O4O2  Fe2O4 + O2).    N2  Q 
(Fe2N2   Fe2 + N2) ‹ Q (Fe2O2N2  Fe2O2 +N2) › Q (Fe2O4N2  Fe2O4 +N2). 

      .   - 18-
118030290068-6. 
 
 
 

  waxy, amilosa extender  sugary    
-     (Zea mays L.) 

 
 . .1,  . .2,  . .3 

1.  ,   
2.  ,   
3. , -  

 
 -     , 

    ,    
.      4  
,   wx-, ae-, su-   . ,  

 su        
      wx  ae .  

    
     . 

,        wx 
        

,       
 .    ae  su    

 ,   wx .  
  (  (Taml)   (H aml)) -

   ae  wx    
 ,   su     

     -  
       ae  wx 
  .    (Lcrl) 

         
    .  ,  

       
   ,      

       
        . 
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 -  :   
      

   
 

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

1  , .   
2   . ,  

 
 –  3- [f]  (SBQ)   
  –    (> 0.1)    

 ( ),    - .  
      ,   

      ( ). 
        –  

,     ,  
,    .     

  . 
  D44N   SBQ    

     4    
.      

     
[2+2]-  ( ), 

   . 
   

D44N      SBQ , 
         

 ,       , 
   .  

  D2    , SBQ1  SBQ2,   
  ,       -

 SBQ2.    
 ,    

. ,     
,   ,  

     
.  ,  

 ,    D2 
    SBQ1  SBQ2, 

       . ,   
     , 

,   SBQ2.  
     - 19-119070790003-7. 

N
O

N

D2

SBQ1

SBQ2

O CH2
N

N
O

O

O
OCH2 4

4

D44N
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    3D   

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

1.  . . . , -  
2.  , -  
3. ( ), -  

 
3D       .  

 10   3D     
      ,  

     . ,   
        

 .     
  ( )      

 -      . 
         

   ( ),   
     SLA 

 3D .       
        

 2 . %.      
   10    .   1 

      
          

  2 . % ,     3D . 

 
 1.    ( )   ( ) 

     . 
 

    1  2 . %      
     67%,     

    . 
     20-58-00056. 
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  2D      
      

 
 . 1.,  . 2.,  . .3  

1.  « », -  
2. -     
(  ), -  
3.  . . . , -  

 
    ,    

,      
.      

  :    
         
 .      ,  

 ,     
       

     
    2D  [ ,  1    

].  ,       ,  
        2D 

       . 
       2D  

      . 
       ,     

    ( , ),   
  ( ).   

   ,  
 2D  .     

      ,  
  436 2/     (SC)  621 2/   

  (GC).    
  (    – ) 

  SC.       
  (976 )     (97% ) + 3% SC.  

       
 ,     

  /SC    
        
    976 . 

 
[1] . . , . . , . . , . . , . . , . . 

 //  2020, 90, (10), 1718 
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     1   

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

1.  « », .  
2.   , .  

 
      , , 

1,4-        –  
  ( ).      

   ,     
    1  . 

 1  c c c      
Bruker Avance II 400 (400  – 1 ).      

   -d6 (  = 2,74 . .).   
      

      ( , . ). 
      

      . 
      

(     )    1. 
 

    
 , /  1/n r A m, /  K r 

G, 
/

 0,49 0,49 0,99 0,97 1,08 0,93 -0,20 
 0,71 0,17 0,96 1,06 2,03 0,90 -1,75 

1,4-  0,17 0,39 0,97 0,29 1,49 0,98 -0,99 
 1.        

   
 

        
,    ,      

  A   .    , 
      . 

    (Am, / ),   
 ,  56,35 / , 43,51 /   25,55 /   , 

  1,4-  . 
 

        
 19-33-50154. 
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 . .1,  . .1,2,  . .1,  . .1 

1.  , .  
2.  , .  

 
     , 
       .  

      ,  
      15, 10, 6  3 Å.  

        
 327°C     . 

       
.       ( ) 

    . 

 
. 1.   

  
 ,  

   15 (1); 10 (2); 
6 (3); 3 (4)  0 Å (5),  0.06 (1); 0.04 
(2); 0.025 (3); 0.01 (4); 0 . % (5) 

. 2.   
-    

 -  
 , : 

0.06 (1); 0.025 (3); 0.01 (4)  0 . % 
(5)  .  
327°C 

,        
   .    

      , , 
 ,     ,  

  80% Pd   20% Ag. 
 

     : 0089-2019-0005, 
   - 19-119101690058-9  0089-2019-0017 



 102

  1,4-     
 Pd-   

 
 . .,  . . 

  . . , .  
 

P,S-       
  ,    . 

   P,S-     
      , 

  ;  P,S-    
.  

   1,4-   
   P,S-   , 

         
1,3,2-  .  

 
     - , 

          
    .      

    1 , 13 , 31  (  . .  
 -  1H-1H COSY, 1H-1H NOESY, 1H-13C HSQC  

1H-13C HMBC)   . 
   Pd-    

   (E)-1,3-    
  ,    Pd-   
 -2-   -2- -

3- . 

 
 

        
   19-13-00197. 
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   -  
     PbS 

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

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

 
   ( )     

    ,  ,  
,  ,   ,  
    . .     
        

.        
 ,    -   

     .   
        ( ). 

       
,   .       

  . 
      

       PbS  
   — 3,0  4,4 ,    

   «dip-coating».    
   7–10 ,   2–3    
   .   ,  

   ,     
S2–        Na2S  .  

     .   -
 ,     ,  

   . 
 -      

           
,        . 

   ,  
      PbS,  

   - .    
     G/D 

 .      . 
        18-29-

20062,     - 19-119070790003-7,   
     (   074-

02-2018-286). 
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 . .1,  . .2,  . .1,  . .3,  . .1,3 

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

 
       

  (1÷4 )   ,  
   ,   .   

    (PVD)     
/Mo.       MgCl2  MgBr2, 

     .    
      t=30     

T=200÷450 C,        
    .  

     [1]  
     .  . 1 

 3d-        
   . 

 CdTe   
 1:6.   ,   

   
    

  40 .% 
MgCl2  60 .% MgBr2  T=400 
C.    

   CdTe 
T=430-450 C [2].  

  -
  

 ,  
   

      
     

 ~5 . 
   

  «   36 »    
 0089-2019-0003. 

 
1. Damodar Das V., Damodare L. // Mate rials Chemistry and Physics. – 1998. – 
N. 56. P. 116–124. 
2. A. Luque, S. Hegedus, «Handbook of Photovoltaic Science and Engineering». 
A John Wiley and Sons Publication. 2011. 1128 p 

. 1.  
   

  MgBr2  . 
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  Cu2- NiSnSe4 (0 d 0.2) 

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

 . .1,3 

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

 
         

       
  Cu2- ZnSnS4-ySey. ,   ,   
   ,     
       13%.  

,  -      Zn2+  Cu+ 
     CuZn  ZnCu, 

     .   
         

      .    
         Cu2-

NiSnSe4-ySy [1]. 
 Cu2- NiSnSe4 (CNTSe) (0 0.2)   

    Cu, Ni, Sn  Se [2].   
     (“Bruker Senterra 

micro-Raman system”,  532 ).   ,   
 =0  0.1 ,    =0.2   ,  

 CNTSe    .  
       

  -     
  36  (t =5 )    [3]. 

     
-21(  = 337 , t =8 , I=1015 / 2  .).   

,         
    ,     
   .     I 

     ,    
       . 
       Cu2- NiSnSe4  

      CZTS [3]. 
     «  

 36 »     0089-2019-0003. 
 

1. S. Rondiya, N. Wadnerkar, Y. Jadhav, S. Jadkar, S. Haram, M. Kabir, // Chem. 
Mater., 2017, V.29, P. 3133–3142 
2.  . .,  . .,  . .,  . . //    

, 2020 (  ) 
3. . . , . . , . .   . //    

, 2017, . 51, . 1. . 22-25  
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     -  
    Co(II)  Mn(II) 

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

 . .,  . . 
 . . .    , .  

 
      –  

, ,   . . –     
  . -   (Li-ion batte ries, 

LIB)      ,  , 
,     .   

     LIB  
  ( ),       

,  ,     
    ,  , 

    .  LIB   
/     .   
 Li+        -

 . 
    (M-1,1'- - (H-

)),  M = Co(II), Mn(II) ( .1),   
   LIB   .  

 1.    . 
         

   Li+   .  , 
      Li+   

.       Li+  
,       

« »  –   .      
  Co(II)/Mn(II).     

    2 ,    Li+ 
    . 

       (   
18-73-10139). 
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 . .1,2,  . .1,  . .1,  . .1, 

 . .3,  . .1,3, 
1. , .  
2.     , .   
3.  « » .  

 
     ,  

 ,     
(  ).       

     [1].  
       

      ,   
 (  ,  )   

 (  , ,   .).  
 , [2],  ,    
    ( )  

  , ,    s 
         
     H>Ha.  

         
      H >Ha,      

 H  Ha.       
    5     

    ( ),  10 , 
   ,     

  ,     
 .     

 , ,       
     H  Ha.    

      
.      

         
.     

,   ,     
,     

  . 
 

[1] S. Gudoshnikov, et al., Phys. Status Solidi A 211  5 (2014) 980- 985. 
[2] S. Gudoshnikov, et al.,.J. Magn. Magn.Mater. 387 (2015) 53-57. 
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 . .1,  . .2,  . .1,  . .1, 

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

3. ,  
 

       
  ( )   N,N-  :  (9 : 1 

 )        . 
         , 

    .  
      :  

   378 3 -1. ,   
         

   (900 ° ),     
 .     

   ( ). 
,          

 (1 , 40 , 70 )    
 ( . 1 – ),      
 .      
 ,   . 1. – ,   

  .    ,   
    .    

  (1 , 22 , 315 )   
    ( . 1 – )     
,    30 – 80 ,   –  140  

200 . 
 

 
. 1. –  -   , 

       

1  1  

) ) 
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     . 

 
 . .,  . .,  . .,  . . 

 «  . . », . 
 

 ( )       
 .     

      
     , 

      
       

   . 
       

      
  32      

. ,      
        
  6    104-105 .    

         
   HAuCl4.      

        
-     . 

      .  
     
    Centaur U HR (  

« », 
   «SolarLS», 

 ),  
,  DPSS 

 Cobolt Samba 
( 532 )  50 

   
  

 
  
 6  ( =5·10-5) 

   
   

  
.   

   
   

 
. 

. 1.    
   6   

    (  
)    6    

  (  ).
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 . 

        
  . .  (5-100) 

 
 
 

      Tc H-  
  KDP 

 
 . .,  . .,  . . 

 ,  
 

       
   Tc    

 KDP. ,   90%  Tc      
 (   )       

. 
       19-03-00443. 

 
 
 

 « – »     
. 

 
 . .1,  . .1,  . .2, Myllymaki V.3, Vehanen A.3, 

 . .4,  . .5,  . .1,  . .1 

1  «  « », - ,  
2   , ,  
3 CarbodeonLtd. Oy, ,  
4  ( ), - ,  
5  "  " ", . , . ,  
 

       -
  ( )  «  – »   

  ( ),     
 -      ( ), 
   )    

  . 
1)         

    120–230     
. ,     , 
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     .   

2)     ,   
 ,        

         
  . 

         
   18–29–19112. 

 
 
 

       
    

 
 . .,  . . 

  , .  
 

      , 
     

   ,   
    . 

      
  Escherichiacoli  Bacillussubtilis.   

   -    (0.70 – 
0.98)       -  

         
 0.01.     S0 S1  

      YAG:Nd.  
   Sn   Tm   

    .     
  ,   0-0    
,     S0 S1    
  ,       

S1 Sn  T1 Tm .      
     ,   

    -    
-   .  
       

       
  ,    -    - 

        . 
     

       
  ,       

  .      
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     ,       
       .  

        
        

     10-3.    
        

      .  
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 ,  
 

1.   DQS2 
 .1    DQS2, 
 ,   |1>  

|2>,    
  1, 2    

  ,     
,  , DQS2   

.     
    

 ,    L, 
    – 21, 

     
  DQS2.   R – 

  ,    
DQS2     
–     E0  

 L. 
  DQS2,  

    .1,  

:    
21

21
2
1

coLR

coLRH ,        (1) 

 LL
L

ti
e

ti
etcoL cos2 ,  

0EdR –   , ei
ede12 –    

  DQS2    e,     
,   d. 

 
. 1.   DQS2  

– |1>  |2>,  
   

– 21,   
  – 1 ,  2 ,  

  – R, 
,   

  DQS2  
  

,  
 – L. 
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    DQS2: ,,

2
1 Hi

dt
d , 

 
'HH ,   

2

1

0
0     

 .      : 
,

2
1 DC

dt
d                    (2), 
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211

icoLi
coLii

C
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R ,      (3) 

212
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icoLi
coLii

D
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R .       (4) 
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1
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e
At
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02 .            (7) 
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At
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,

22
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exA

R
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        (9) 
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,
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,
2

2222
rirrir aaa
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,     |2>    

 |1>,  : 
te

sqisqr
tSStP R

22

2

2 ,      (10) 

te
sqisqr

tRtSStCCtP 22

22

1 ,     (11)              

     ,cos
2
1 sqitsqrtchtSS     ,cos

2
1 sqitsqrtchtCC    

sqisqrtshsqitsqrsqitsqrtshtR
22

sin
2

sin
2

 

 (10)  (11)      
     (5).  

  (10), (11)   , 
    (5),     .  

      P1  P2   
    .2.  ,     

,    ,   ,  
  (10)  (11). ,    

  ,     . 

 
. 2 

 

 
1.  . .,  . .  . – .: , 2003. –  
512 . 
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 . .1,  . .1,  . .2,  . .1 
1.   
2.   
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        ( ), 
      

.       
( )    ,   

 -     . 
          

  .       
.      

       . 
    ,     

     . 
        

     .  
        

       
.        

,       
  .      

  (  )     
     . 

    .  
   ,     

         
      

   . 
      «  

  »  .     
       18-13-00463 
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      ».  
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 . .,  . ,  . .,  . . 

 . . .  ,  
 

          
       

   .       
     ,      

,         
  ,     

  –    – .    
    ,     

       
  –    – ,    

,     .  
       

     –  –    
   ( )   –    

   ,  140   
    .    

       
  .      

   – ,      
        

,    .  
         

   .    
          . 

       .  
       

   –  –     
         . 

        
   -     

          
  .  
     (   18-03-00030 ).  
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,      

   
 

 . .,  . . 
 . . .  ,  

 
       0.5 0.5 

      ( )   
   ( )    

( ).       
 .      

     ,  
 .  ,   ,   
       .  

  +       
  ,    

         
   .    

        ,  
          .  

    ,    
         

 ,     .  
   ,   

           
(z = 6).  

,      
          . 

      
     .  

      :   
.        

    ,     
  .  

      (   19-03-
00443 ). 
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AlN-Y2O3-Al2O3     

 
 

 . .,  . .,  . . 
, .  

 
         

    .     
     30 .   – 

3,0 .    3,0 .     
    ,  ,  

.       5,0% . 
        18  

24% .        1553 
 2132° .      1553  1750°  

  ,  ,   
    1-3 .      

    .   22  
24% .       1966  2132° . 

        
.        

 .       ,  
    . 

    ,   
        

  AlYO3, Al2Y4O9.      
     . ,    

   1553  1960° ,     
  .     

( )      =4,9786(2)Å  1553°   =4,9797(4)Å  
1960°          AlN. 

     =4,9798Å    
   1850-1900° .     

   AlN 0,3-0,4% .       
(Al+AlN)        

        
  ( )   .   

       AlN-
Y2O3-Al2O3     .  

        
   20-03-00053. 
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 P*,S-      
Pd-    

 
 . .,  . . 

    . . , .  
 

     
      

   (    ).  
        

       ,  
   -       

    .[1]   
   S-     

,  P,S-    
 ,  -   

  -  S-  ,  S-   
    .[2] 

        
P*,S-  – L,   *-  

    .  (5S)-3- -1,3-
-2- -[3.3.0]      

  (R)- . 
 

 
 L   86%   Pd-   

rac-(E)-1,3-   (  S1),    
73%  75%        

( )  (  S2  S3 ).  Pd-
   -   

  76%  (  S4, S5  S6).      
  [Pd( - )Cl]2. 
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235

240

245

250

255

260

265

270

III IV HMX I X XII V II

.1.       
    Ief(3)   «I, II, 

III   +  (18 .%) + »  «IV, V, X, XII,   
 +  (   18 .%)»   Tc <3800 K. 
     ,   XII — ,  

,   XII —  
 

         II.  
    V,    

       
 . 

         
 (   - 19-119101690058-9). 

 
 
 

     CdS    
 

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

1.  ,   
2.  “  ”,  

 
      CdS 

 d  0.2, 1, 1      d  0.5  >1   
       

.       
      .    

CdS (d  0.2 )  ,    
  .   CdS ( d  1 ) 
     2   27.83   47.69 ,  

,     CdS    2.5  [1] , 
   (d > 1 ) -     2   26.2 , 43.6  51.3 , 

   - ,    
 CdS   [2].  
    (d  0.5 )   

   2   19.4       2   13.5 , 27.1 , 
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 (  ),     (d > 1 )  
     2   19.8 ,    

         
   . 
    CdS    

      . 
 

1. Herron N., Wang Y. and Eckert H. Synthesis charact erization of surface-capped, 
size-quantized CdS-clusters. Chemical control of cluster size // J. Am.Chem. Soc. 
1990. V. 112. P. 1322–1326. 
2.  . .,  . .,  . .   

,      . //  
. 2015. . 84.  3. C. 225-250. 

 

     (   18-03-00582)   
    ( 01201253312). 

 
 
 

  ,     
 CdS     

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

 . .1 
1.  ,   
2.  “  ”,  
 

    ,  
 ( - )   (     

)  CdS       
  CdS (   0 100 . %).    

        
     d  0.2 . 

       
        

   0 11 .%.   , -
,   ,   

 .       
       

    :   
 - ,   -  .  
   (Rq  Rmax),   

       ,   
   CdS   
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  ~ C0.  

  ,     
       

(       ),   
 -        , 
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   .   
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 . .,1  . .1,  . .1,  . .1, 

 . .1,  . .2 
1.     -  

      , ,   
2. Department of Chemistry, Lake Superior State University, Sault Sainte 
Marie, MI 49783 USA  
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[2] Martirosyan G., Azizyan A.,  Kurtikyan T..,  Ford P. C.   Chem. Commun., 2004, 
1488. 
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a)                                                                                   ) 

.1.  -     : a) - Fe/CAm, 
) - FeBi/CAm   = 50  1 -  200 ,  2 -  300 , 3 -  400 . 
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 . .1,  . .1,  . .1,  . .1,2,  

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

 
      100  ./   

,       .  
        

      ,  
  .     

       
  (  38 %),     

. 
        
     . 

    /  :   
,  ,  . 

   ,   550°  (   54185-
2010),    (    ). 

 
, % SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O P2O5 Ash 

 
 

17.8 14.5 6.4 14.6 8.5 0.1 21.1 9.4 1.9 

 
 

89.39 0.22 0.4 1.3 0.57 0.35 5.04 0.87 20.6 

 
 

36.6 0.8 0.6 10.2 2.5 2.3 35.6 1.1 5.2 

 
       

 .     
    (1430° ),    (860° ),   
  (1170° ). 

 ,     
       .   
          

   . 
 

        
  19-08-00244    0089-2019-

0018 (  .  - 19-119022690098-3). 
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1.  , ,  
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       . 
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        CZTS, 
  MPS 
 

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

        
 Cu2ZnSnS4 (CZTS),       

,      (molecular 
precursor solution (MPS)) [1]. ,     

        , 
  ,    12%,   

   32% [2]. ,      
       . 

  ,      
,       Cu-Zn-Sn-S. 

          
  CZTS,   MPS. ,  

          
   . 

    CZTS  MPS  ,  
  [3].       ,    

  ,    ( ). 
     (   )  

    1500 /    60 .  
      550 °     

: 1, 2, 3, 5  10 .         
    d = 2-3 ,   

   . 
        

 .  ,    CZTS 
        

. 
     0089-2019-0003. 

 
 

1. V.V. Rakitin, P.E. Varushkin, Hao Xin, G.F. Novikov, EPJ Photovolta ics 10, 
6 (2019). 

2. V.V. Rakitin, G.F. Novikov, Russ. Chem. Rev.2, 99 (2017). 
3. Xin Hao, John K. Katahara, Ian L. Braly, and Hugh W. Hillhouse // Phys. 

Chem. 23859-23866. (2015). 
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   -  
 HF ( =2, 3). ,     

      
. ,   HF ( =3)    
       

, . .     CF2Cl2  
     .   

,     HF ( =3)   HF ( =2)  
    ,       

    .  ,    CF2Cl2, 
    HF ( =2,3)   ,   

   .  ,  CF2Cl2  
  (     ~ 10 %  
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        , 
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      . 
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 [7]    

 
 . .1,  . .1,  . .2 

1.     . .  
2.       

 
   ( )  -   

7 Co(Cp)2
0/+ ( -  - Co(Cp)2 (Coc)) .  

  Co(Cp)2
0/+ (-1.155  ( . . .)),  , -  

    .   ,  
       ,  

   7,    
.       

        
     .  

       
.  7 Co(Cp)2

 0/+   ,  
  Co(Cp)2

 0/+     
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     7 Co( )2

+)  
 ,      ( -  

   )    
   ,   

   . 
 
 

 
      

-Fe/(PrDy)(FeCo)B 
 

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

 
     ,   
 .,       ( )  

  ( ) [1, 2] .      
,        

  .   ,   
       

,   .   -   
      

   .    
  ,     

 ,      
.        

  (PrDy)(FeCo)  ,   
   ( ).  

      
     ( .1). 

            
. 1.  -     

: - 60 , - 105 , 110    140 .  ( ) 
  . 
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  (PrDy)(FeCo)       

,      . 
   (20-120 )     

     100 -350  ( . 1 - ). 
      

    ( .1 ). 
 

 : 
1. Morgunov R, Koplak O, Materials Letters 273, 127954 (2020). 
2. Morgunov RB, Koplak OV, et al.,  JMMM 497, 166004 (2020). 
 
 
 

     MOF(Cu)  
 1,3,5-    

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

 . . 
   , . 

 
     -    

     ,    
     ,   

,    ,   
         

  . 
       

  -  .  
–        

         
  ,      

  MOF-  (  1). 
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 1.   MOF(Cu)    

:  –  ,  –  , 
 –  ,  –  . 

 MOF(Cu),       
  H2O/C2H5OH (10:1),     

 (319 2/ ),    c 
    . 

 
 
 

      Pd-
  . 

 
 . .,  . . 

  . . , .  
 

P,P-      
        .  

    Pd-   , 
   ,  Rh-  

  ,     [3+2]-
.      

,         
    .  

     
     .  
    
   ,  

     1,3,2-  
.        

31P, 1H  13  ,    . 
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    Pd-    

   (E)-1,3-    
  95%  78%   (ee) .  

 
 
 

-      
    

 
 . .,  . .,  . . 

 «  -     . 
. . », .  

 
     , 

      : 
, - , , ,   , 

 , .     
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   : -
, - - , - -

, - -   
  4-   , 

  4-     ,    
      -  Br3 , 

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

 (S)      –  
     BrO ,      
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      , 
-  -      

 .     
     (   102 ). 

   –    
  ( 10-5, / ),  

        10  (  ) ,   
 . 

 
 
 

-     
 -  

 
 . .,  . . 

  «   »,  
 

-      
     , , 

,    , 
    .   

  -     DFT  
    B3LYP    : 

6-311G(d,p), 6-311+G(d,p), 6-311++G(d,p), cc-pVDZ, cc-pV Z. 
     -

   
     

1.3 Å  2.45 Å   0.1 Å,   
    
   0.05 Å.   

  -
  

   
 (TS).  -  

(HO-) .      +      (S) .     +     (BrO-) .

(HO-) .      +      (S) .     +     (BrO-) .

 POH- PS PBrO-  

k2,BrO-
..k2,OH-

.k2,BrO-
.k2,OH-
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  -O •••O •••O -.  TS    
      3   – 

 ,    , 
    .  

      B3LYP   
   TS     . 

GS (r, ) TS (r, ; , –1) B3LYP/  r-O –O - r-O •••O - r-O •••O - r-O •••O - -O •••O •••O  
H#, 
/

6-311G(d,p) 1.450 2.633 2.277 2.277 -377 179.8 
6-311+G(d,p) 1.450 2.632 2.296 2.282 -363 177.7 
6-311++G(d,p) 1.450 2.632 2.296 2.282 -363 177.7 
cc-pVDZ 1.449 2.628 2.258 2.258 -396 184.8 
cc-pVTZ 1.448 2.625 2.282 2.282 -384 186.0 

 
 
 

  -      
     . 

 
 . .1,  . .1,  . .1,  . 1,  . .1, 

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

 
     -    

       
       

   -     
( ).   -   

   -    
 600-650 .  -    
 - -    .   
       

  315 .   ,   -  4000 .   .  , 
      , 

, ,    -  
 . [1,2].     

       
       
        

  -  .  
,       
  .    SiC  

      ,   
       1100  1450 °C  



 171

     – MgSiO3,    SiC 
       . 

        
,      

        
 ( )  - . ,   

   ,  -
     - , 

  600      -
 (~60%).  
:        

   20-08-00559\20  
 

1.   . , . , . . .: 1979   
2. Amghizar, Vandewalle L. A., Van G eem K. M., & Marin G. B. (2017). New 
trends in olefin production.  Engineering, 3(2), 171-178, 
http://dx.doi.org/10.1016/J.ENG.2017.02.006 
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   ,    
     . 
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 (   )   . 
 «25    »      

         
        

     .   
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      .  
         
   ,    

         
        
,      .   

         
     .  

       
       , 
     ,    

    . 
        

      - , 
 ( )   .    
 300   98% .    
     .    

     -  
 ( ).  

     , :  
-         

     .  
-       

          
         

 . 
 
 
 

-      
 Pd(II), Ni(II)  . 

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

 ,  
 

        
  -(2- -3,5- - -N-

)-Pd(II)  -(2- -3,5- - -N-
)-Ni (II)      

 .       DFT  
 TPSSh/6-311+G*   GAUSSIAN-09. ,  

       
        

 .  ,   
         
  .       . 
  - 18-118030290068-6. 



 173

 P,S-    Pd-  
  

 
 . .1,  . .2 

1.   . . ,  
2.   . . ,  

 
 2-( ) -1-  (2)    

(1)      P,S-   (3).  

 
        

(E)-1,3-   (  86% ),  
(E)-1,3-   (  73% ee),   

 (E)-1,3-   
(  75% ee). 

O

O

HN

N

P(O)(OEt)2

73% ee

75% ee

CO2MeMeO2C

86% ee

 
 

      Pd-   
  - ,     76%  [1]. 

 
 

 
1. Gavrilov K.N.,  Chuchelkin I.V., Zheglov S.V., Firsin I.D., Zimarev V.S., 
Gavrilov V.K., Maximychev A.V., Perepukhov A.M., Goulioukina N.S. Mendeleev 
Commun., 2020, 30, 31–33. 

 

       19-13-00197. 
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     : 
    Cn (n 100) 

 
 . .1,  . .2,  . .1 

1.  . . .  –    ,  
2.   « »,  

 
    , 

    ( ),  
      .      

       ;    
  . ,    C100 1(D5d)  

450(D5)        [1],  
  [2], ;  1771(D2) 

 108       
C108Cl12 [3,4].         -

.      
     , 

      .  
       

    [5]   
         

100  108      - . 
,    -  C100 (   

)        
 - .     

,    .  1771 (D2)  C108 
   ,   

       
  ,   .  

        
    ,     

  [1-4]. 
     18-29-19110 . 

 
1. Fritz M. A., Kemnitz E., Troyanov S.I. Chem. Commun., 2014, 50, 14577-14580. 
2. Beavers C.M. et al. J. Am. Chem. Soc. 2011, 133, 15338-15341. 
3. Cai W. et al. J. Am. Chem. Soc. 2015, 137, 10292-10296. 
4. Wang S., Yang S., Kemnitz E., Troyanov S.I. Inorg. Chem. 2016, 55, 5741-5743. 
5.  . .,  . .     

. .: -    , 2019. – 212 . 
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 . .,  . .,  . . 
  . . ,  

 
      – 

  .      
       ( )  

     .    
     ,   

        
 ( )   . 

        
     ,  

      (~10 ) 
        . 

   –    
    ,   
  .  

      ,  
      ( ).  

       
,        

   LiClO4     
. ,   ,     

vs. E,     (PZC)  . 
 ,   vs. E    PZC,    , 

   ,   
           
      s,p- .   

,         
 ,    

 .    
     

:          
.         

     .  
     ,   18-03-00616 .  
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    -     
 

 
 . .,  . .,  . .,  . . 

  , .  
 

  -     
,        

      .    
      

 ( ).    
   -  ( - )  

     .  ,  
      - .  

-         . 
        

        
    - ,    

      -    . 
       

 (  )      
[1] (  1 – 4): 

C6H6 + Cl2  C6H5Cl + HCl                                                                      (1) 
C6H5Cl + Cl2  -C6H4Cl2 + HCl                                                             (2) 
C6H5Cl + Cl2  o- C6H4Cl2 + HCl                                                             (3) 
C6H5Cl + Cl2  - C6H4Cl2 + HCl                                                            (4) 
C6H4Cl2 + Cl2  C6H3Cl3 + HCl                                                                  (5) 

     (  1).   
   20 %,     
     -, -  - ,   

 (  2 – 5).      
      .   

        .  
   -  - ,   

    . 
       

   ( - )     
 . 

 
 : 

1.  . .,  . .,  . .   
 (  1). //   . – 2009. 

–  3. – . 9 – 16. 
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   3,4-   
 -1,3 

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

  , .  
 

       
,   -, -, , 

    , .   
   .     

   3–4 . ./ .   
    –   

. ,   ,     
.      

   290–300 °     85–95 %, 
 3,4- -1  1,4- -2 (30–40):(60–70). 

     ,  
     3,4- -1 

   . 
  3,4- -1    
 -1,3   .     

   .  ,  
     

  4. 
  3,4- -1     

 : 
-     [1]; 
-          [2]; 
-           

 [3].  
         

100 %. -       ,    
   (3,4- -1  1,4- -

2),    20 %       
  77 %. 

 ,        
  ,    

        20%.  
     3,4- -

1        
  .        90 

%,    3,4- -1. 



 178

 : 
1.  . .,  . .,  . .,  . .  

    –   
 //  . – 1996. - 6. – . 45–48. 

2.  . .,  . .     
  .   

  //  . – 2002. –  
3. – . 9–26. 
3.  . .,  . .,  . .  .    

  1,3- -2  -1,3 //   
. – 1988. – .29.  – 1. – . 70–75. 

 
 
 

     Pd- , 
   ,  

    4   
 

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

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

 
       c 

    ( )  
      [1].   

   ,    
Pd    ZSM-5 (     
Si/Al = 40, 27.5  15)  BEA (Si/Al = 19),    

.    4      
 50-500 C,   1% , 1% 2, 98 %   0,4% 4, 

24% 2, .      
  ( )  10  50%  : 

 ZSM-5  BEA 
Si/Al 15 27.5 40 19 

    10   50  10  50    10  50  10 50    
 110 170 180 193 188 198 200 215 

4 260 320 265 325 280 350 290 360 
       

     . ,    0.01% 
 Pd   ZSM-5    15  
  T10  50      
   CO   190-200     350-

380 .  Pd/ZSM-5      
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.    Pd/BEA    
,    ZSM-5,       

 Si/Al.    Pd      
 2 ,        

   ,    
.         

   Pd,   ,    
. 
      . 

[1] Golubina E.V., Rostovshchikova T. N., Lokteva E. S., et al. Pure and Appl. 
Chem. 90 (2018) 168 

 
 
 

      
    

 
 . .,  . . 

 ,  
 

     (   12-
  ( )   )     

  ,   ,   
  .    NH4

+, Cs+, Ag+ 
 .      -     

 ,     (  2 ) 
       
       (Li+, Na+  .). 

,    ( , ,   .)  
   .  

         
   (     ,   

       
).    ,        
    ,      
  (      

). 
       
       ,  

         
     200  400 °C ( . 1).  

        -
    (NH4)2HPW12O40. 
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. 1.   . 

 
     ,   
 - 19-119061890019-5. 
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 ,       

,          
  .       

  ,     
         [1]. 

   (  )   
     .    

        
,   ,  ,    

    .  
         

         
 ,      

   .    
  ,      
   -   .  

 ,      0,3 ÷ 0,9   
 0,1 ÷ 3,5     2,55 . 

       -
  [2].     

    ,   
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   19–02–00454. 
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. 2014. . 18.  1. . 39. 
 
 
 

  Al2O3   IIa   
       ( -1)   

( )  
 

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

 
1.     . . ,  
2.     . .  ,  
 

       Al2O3  
 IIa        -1,    

 –   .     
 MO-Al2O3 (M = Mg, Ca, Sr, Ba).     

  , ,   -NH3.    
    (275 , 2 , 25  C2H5OH ( ), 2 

 .). 
 Al2O3  MgO    

    ( .1.).  Al2O3  MgO/Al2O3,    
 ,      . 

     .   -
NH3 Al2O3  MgO/Al2O3   ,   

.      -1    
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 ,        
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. 1.   MO-Al2O3 (M = Mg, Ca, Sr, Ba)   

  -1  . 
 

  Al2O3  Ca , SrO    
   ,    
      . 

 
     (   20-33-90011). 
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