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 ( ) –   , 
    . 

      R- ,   
   S-     . , 

       . 
        

      ( ), 
 ,    ( -SO)  

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

      [2]. 

 1.    
  

    -  
 ( ).  . 2   S-   R-   

( -SO)+Gu/ .       
    .     

        
 –     .     

     6.7%    
 92%,      . 
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 2.  R-  S-   /SO-Gu 

а а 

1. Y.A. Yarkaeva, V. N. Maistrenko, L.R. Zagitova [et al.]. Voltammetric sensor system based on 
Cu(II) and Zn(II) amino acid complexes for recognition and determination of atenolol 
enantiomers / Y. A. Yarkaeva, // Journal of Electroanalytical Chemistry. – 2021. – Vol. 903. – 
P. 115839 

2. L. R.  Zagitova, Y. A.  Yarkaeva, V. Zagitov [et al.]. Voltammetric chiral recognition of naproxen 
enantiomers by N-tosylproline functionalized chitosan and reduced graphene oxide based sensor 
/ // Journal of Electroanalytical Chemistry. – 2022. – Vol. 992. – P. 116774. 
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. . , . . , . . , . .  

  , 
, E-mail: dianaabdullina8@gmail.com 

 
       

         
.       

,      
        

   ,     -  
  [1, 2]. 

      
       

   .  
,        

       
 [3]. ,     

        
 [4-5].        

  ,       
 .        

     .       
         

    ,    . 
      -   

  N- -L-  (N-Ac-L-phe) (1)  N- -DL-
 (N-Benz-DL-phe) (2)     [ (N-

Benz-DL-phe)2](H2O)2 (M = Cu(II),Zn(II), Co(II), Ni(II), Mn(II)). ,  
        

    [6-7]     Cu(II), Zn(II), 
Mn(II), Co(II), Ni(II).     [Cu2(N-Ac-
L-phe)4](H2O)2  [Cu2(N-Benz-DL-phe)4](H2O)2     
Cu(II). ,      

   [Cu(N-Benz-DL-phe)2](H2O)2  
  [Cu2(N-Ac-L-phe)4](DMSO)2  [Cu2(N-Benz-DL-

phe)4](DMSO)2. 
    -   

 (1)  (2)      (   
2:1  1:1   -    )  

   20-40°       24-
120 .  
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      FTIR-
 (  KBr),     . 

-      450-3700 -1  
 -  FTIR-8400S (Shimadzu)   

.  – 4 –1,   20. 
     (  

B3LYP,   6-31+G(d))      
    Gaussian 09.   

        
ChemCraft 1.8. 

  
. 1   

   
[Cu(Ac-L-Phe)2(H2O)4] 

. 1  
   

[Cu(Benz-L-Phe)2(H2O)4] 

  
. 2   
   

[Cu2(N-Acetyl-L-Phe)4](H2O)2  

. 2  
   

[Cu2(N-Benzoyl-DL-Phe)4](DMSO)2  

 ,    ,   
 -     . 

    -   
        

     .    
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. 

а а 

1. He C., Lippard S. J. Aminoguanidinium hydrolysis effected by a hydroxo-bridged dicobalt (II) 
complex as a functional model for arginase and catalyzed by mononuclear cobalt (II) complexes 
//Journal of the American Chemical Society. – 1998. – . 120. – №. 1. – . 105-113. 

2. Ruttinger W., Dismukes G. C. Synthetic water-oxidation catalysts for artificial photosynthetic 
water oxidation //Chemical Reviews. – 1997. – . 97. – №. 1. – . 1-24. 

3. . , . . , . .    
      3d-  // 
 , 2016,  42, № 9, . 515–531. 

4.  . .,  . .    // 
 . 2008. . 77 №3 . 270. 

5.  . .,  . .     
. – .: , 2009. 

6. Berestova T. V., Khursan S. L., Mustafin A. G. Experimental and theoretical substantiation of 
differences of geometric isomers of copper (II) α-amino acid chelates in ATR-FTIR spectra 
//Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy. – 2020. – . 229. – . 
117950. 

7. Berestova T. V. et al. Influence of the absolute configuration of the ligand's chiral center on the 
structure of planar-square phenyl-containing bis-(N, O) copper (II) chelates //Journal of 
Molecular Structure. – 2021. – . 1236. – . 130303. 
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1. Trojanowicz, M. Enantioselective electrochemical sensors and biosensors: A mini-review/ 
Trojanowicz, M. // Electrochem. Commun. –2014. –V. 38. –P. 47-52 

2. Li, Z. The construction and application of chiral electrochemical sensors/ Li, Z., Mo. Z., Meng, 
S., Gao H., Niu X., Guo R.// Anal. Methods. –2016. –V. 8.– P. 8134-8140 
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3. Maistrenko V.N. Enantioselective voltammetric sensors on the basis of chiral materials/ 
Maistrenko V.N., Zil’berg R.A. // J. Analyt. Chem. –2020. –V. 75. –№12. –P. 1514-1526. 
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,  -S-S-  

. . , . . , . .  

  , . , wkolz@mail.ru 

  ,   
,       

 . 
, , N- -L-  (NAC)   

      
 .       

      . , , NAC 
   (-SH) ,    

  (GSH),     
   ,   

 . 
   NAC   

.     -SH  NAC   
      ,  S-H  

,   N- -L-  (NAC2).   
   . 
,  -SH     

 ( )   ,  -S-
S-  [1-2].  -S-S-      ,  

   ,       
. 
       -S-S-   
   ,      

   .   -S-S-    
    -  - .  

   NAC      [3] (  
1). 

      :  
2R-SH + (CH3)2S=O → R-S-S-R + (CH3)2S + H2O 

,          
   -S-S-  NAC2  ,  99% (  1).  

 NAC         
 (  1). ,    2:1   

      -S-S- .    
 3-  . 

  



11 

 1.      NAC2 
  

 
, °C  ,  , % 

 2:1 25 24 99 
 2:1 25 3 96 

NAC:  2:1,1 25 3 93 
 2:0,9 25 3 99 
 2,1:1 25 3 99 
 1,9:1 25 3 87 
 2:1 30 3 92 

 
         
 :  

R1-SH + R2-SH
ДМСО

R1-S-S-R2
, 

 R1-SH  R2-SH – L-cysH, NAC, GSH, L-PA 
        

(  2). 
 

 2.         S-S-  

a       L- , b   L-   
   S-S-  

 
,          

   -S-S-     (  99%),  : L-
 (L-cys2), N- -L-  (NAC2), S-S-  (L-PA2), S-

S-   (GSSG).  NAC  GSH      
   1:1:11  1:1:1   89%  98% 

 (  2).  ,  ,   
 1:1:1       

  -S-S- .  
  

  
R1-SH:R2-SH:  

 
,  

, % 
R1-SH R2-SH 
NAC L-cysH 1:1:11 72 99a 
NAC GSH 1:1:11 72 89 
NAC GSH 1:1:1 48 98 
GSH GSH 1:1:11 48 97 
L-PA L-PA 1:1:11 72 96 
NAC L-PA 1:1:11 72 94 
L-PA L-cysH 1:1:10 48 99a 
GSH L-cysH 1:1:21 24 99b 
GSH L-PA 1:1:11 48 99 
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а а 

1. Berestova, T.V., Nizametdinova, L.A., Lusina, O.V., Lobov, A.N., Mustafin, A.G. Analysis of 
the products from the Reaction of L-cysteine with Fe(III) Compounds in Acidic Medium // 
Journal of Appl. Spectrosc. – 2022. – . 89(1). - . 18–23. 

2. Berestova, T.V., Khamitova, L.A., Lusina, O.V., Kuzina, L.G., Lobov, A.N., Mustafin, A.G. 
NMR study of thiosulfate-assisted oxidation of L-cysteine // Mendeleev Commun. – 2023. – T. 
33. – C. 1-4.  

3. Papanyan, Z., Markarian, S. Detection of Oxidation of L-Cysteine by Dimethyl Sulfoxide in 
Aqueous Solutions by IR Spectroscopy // Journal of Appl. Spectrosc. – 2013. – . 80(5). - . 
775–778. 
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 -     
       

         
 .       

     ,  
    .     

    .   
        

 –   – . 
        (II)    

 (Gly)    (Glu).     
   -35     -1.  

     ,  
  . -35     

  ,   -1   . 
        

298 . ,      =11;  
Cu2+ :    1:5. 

      [MLN] 
(      )      

 :  
    nSnLLLMSLnML nNnN +++ −  

  nNnLLM −  – ,    , L –   
, L  –   , S –  . 

        
   .      

 Cu2+     ,    
       

      ,    
,   .     )(

/ BA ZZ

R Pf=  

(  R  –      ,  –  
, ZA  ZB –         ) 

      ,   
     [CuGly]+  [CuGlu]±. 

       
 -1    ,   -35, 
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     . , ,  
,    ,   

,    ,    
.   ,     

    -1    ,    
,       . 
       

   [CuGly]+  [CuGlu]±,      
  .       

   0,7 – 0,9,     . 
    ,      

        
   ,     

 . 
 ,       

        
(II).    ,  ,  

    . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
____________________________________________________________________  
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     -  
   

  

. . , . .  

   

. , cherchem@mail.ru 

     
         

       
 ,      

       .    
       

    (D- )  
  ( -  )   

   .   
        

   ,    
       

 .  
 ,        

     ) 
 ё  ( , )    [1,2],   

-      
  .  

   KBr-  (1    250  ) 
         

   .    
       , 
    ,  

,    .  
   -   

 1  (1500 ),   - -  
  -   -2201     

4000-400 -1 (     2 -1  60 ).  
   10  96%      ,  

       
   (  -2000,   

 200-800 ,  - 5 ).    
     -   

, -      
  .  

 ,   ,   
     (DRIFT)  

mailto:cherchem@mail.ru
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  ,         
KBr (5    100  KBr). 

       
     [2]   

     .  
,       1100–1000 

-1 ( ring),     ,    
   950–880 -1 ( , ).     

   = -  1710–1650 -1   
       

,        -  
[3,4].  

      
  285  (  ),    
 400  (  = - )    

  700 ,      
  .  465/ 665  5.2,  

      
   . 

,       
    [5],  

   .      
            

 ,      
      [1,5].  -

    -      
 1682 -1       

-  ,      
 ,       : 1606, 

1524 (C=C), 1316 (Ar-N), 1170 (C-O), 840 (=C-H) -1.    
   DRIFT-     

=C-H-    3150–3000 -1,     
 ,      [4]. 

       
      

 -  (PY-MS),    
   .  

а а 

1. Birch, E. Influence of the amine moiety on the thermal degradation of N-substituted 1-amino-1-
deoxyfructoses / E. Birch, J. Lelievre, E. Richards // Carbohydr. Res. 1984. Vol. 128. P. 351–
355.  

2. , . .        
(N- -D- )   / . . , . .  // 

 .    . 2022. . 12. №.2. . 291-298.  



17 

3. Huang, R. Curing mechanism of furan resin modified with different agents and their thermal 
strength / R. Huang, H. Gao, Y. Tang, Q. Liu // Research & Development. 2011. Vol. 8. P. 161–
165.  

4. Burket, C. Genesis of porosity in polyfurfuryl alcohol derived nanoporous carbon / C. Burket, R. 
Rajagopalan, A. Marencic, K. Dronvajjala, H. Foley // Carbon. 2006. Vol. 44. P. 2957–2963.  

5. , . .    D-   -
     / . .  //  . 

   . 2020. .10. №4. . 581–589.  
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 -     
      

   
 /MnO2 

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

    , . , 
aa_belozerova@mail.ru 

2        . . 
, .   

     .   
          

 , , ,      [1]. 
          

 :      
 ,    , , 

       .  
      –  ,   , 

  .        
           

  [1].  
        

        
 ,  , -    

   ( - ).  
      -  

         
  /MnO2 (MnO2/ ).  

 .   MnO2/      [2]: 
  -   -    

   (Pulverisette 7, Fritsch)  
       ~ 

10    120 .   –    2  
 / 2  KMnO4  100   –   

    100 .  
  ,   105°    

3 .    MnO2/C,    , 
: 35:65 . %. 

 .  
      ,   

   ,   ,   
 (III) (1.0 / 3)    (III),  (II),  (II),  

(VI),  (II),  (III) (100 3)  pH = 2.  

mailto:aa_belozerova@mail.ru
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   (III)    
    1000 / 3,   Sb2O3 

( . .).       160–  (  
«  )    0.1  1  HCl.  

      ,  
  –5 (  « »). 

  MnO2/ .    0.3     
    , ё  50 3.    
 20    25º      pH = 2. 

      MnO2/    
   [3]. 

       
 15   8000 · -1.  

       ,   
  SpectroBlue (SPECTRO Analytical Instruments).  

: Sb I 206.836 .      
     Sb (III) c 

 1.0 / 3.  
        

     MnO2/ .      
NaOH (2 M).  

  1     (III)   
       ,   

   (VI)   (III)     
MnO2/C   75%  79 % .    

       (III).   , 
          (III),   

   80%   (II)   (VI). 
        

  MnO2/        . 
         

 .       50 3 
    20 3 2 M NaOH   

   .  
 1      Sb (III)   MnO2/  

 
  

Sb (III),  % 
 

 , % 

  95.4 – 

Fe (III)  100 / 3 94.4 100.0 

Ni (II)  100 / 3 95.9 54.2 

Cu (II)  100 / 3 94.0 84.0 

W (VI)  100 / 3 74.8 86.8 

Co (III)  100 / 3 96.3 54.5 

Cr (III)  100 / 3 79.1 34.1 



20 

     2.  ,   
     MnO2/  

 ,    -  , ,   
 .  

 2  -   Sb  

№  
 , 

/ 3 

c  
  

MnO2/ , / 3 

1 12.8 13.9 

2 0.14 0.33 

3 12.5 13.75 

4 0.10 0.26 

а а 

[1] Nishad, P. A. Antimony, a pollutant of emerging concern: A review on industrial sources 
and remediation technologies / P. A. Nishad, A. Bhaskarapillai // Chemosphere. – 2021. – №277. – 
Id. 130252. 

[2] , . .    MnO2/C / 
. . , . . , . . , . . , . .  // 

 . – 2015. – . 44. – № 11. – . 49-54. 
[3] Belozerova, A.A. Sorption recovery of arsenic (III) and antimony (III) from solutions using 

MnO2/C nanocomposite  / A.A. Belozerova, N.V. Pechishcheva, 
S.K. Estemirova, K.Y. Shunyaev // AIP Conference Proceedings. – 2022. V. 2466. № 1.– P. 050005 

 

        (№122013100200–2) 

    « – ». 
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 (PETUNIAAXILLARIS)   

    
  

. .  

    «    
 . . . » , , 

bondarevalg@fferisman.ru 

       
  .     –  

     . 

        
  ,      

        
 .       

   ,    –   
        

 [1],         
      

  ,     
  . 

    –    
 PetuniaAxillaris      

   . .  
  . 
          

 . .     ,   
     ,    

  .        
      1 2.    

 « ». 
        - 

  (Petuniaaxillaris). 
       : 

      .   
   : Cu2+ – 5 (1), 15 (2), 30 (3) / , Pb2+ 

– 2 (1), 5 (2), 10 (3) /   Zn2+ – 115 (1), 150 (2), 200 (3) / .   
       

   .  24     
     ,      
     .   30 .  

  ,        
.     45°    24 ,    4  

mailto:bondarevalg@fferisman.ru
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    450° .     
 -   ( )    

 . 
    -    

    .    
     . 

   
       
       

  .     
 ,    

,       
    .     
  ,     ,   

  . 
       

   .   ,     
    ,      

       (  1). 

 
 1 -      (Pb, Cu, Zn). 1, 2, 3 -  

     ( / ): Cu2+ – 5 (1), 15 (2), 30 (3); Pb2+ – 2 (1), 5 (2), 
10 (3); Zn2+ - 115 (1), 150 (2), 200 (3). 

     Pb ,   
 Zn.  Pb   Petuniaaxillaris     

.         
    Petuniaaxillaris 42,58 ± 7,99 /  (   ± 

 ). Petuniaaxillaris  Zn    
    –  32,58 ± 8,23 /  68,33 ± 7,60 / .  

  ,      
   ,   ,    

     ,     
   .  

,  ,    Petuniaaxillaris 

       

0

0,05

0,1

0,15

0,2

0,25

0,3

0,35

test Pb

1

Pb

2

Pb

3

Cu

1

Cu

2

Cu

3

Zn

1

Zn

2

Zn

3
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 –  ,     
.        

        ,   
 .       

    - ,    [2].  
.        

.       
(   ), .  

а а 

1.  . .       
 R / . . . - :  , 2016. - 149 . 

2. Calabrese E.J. Hormesis and plant biology / E.J. Calabrese, R.B. Blain // Environmental 
Pollution. - 2009. - Vol. 157 (1). - P. 42-48. - 10.1016/j.envpol.2008.07.028. 
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. . , . .  

    «    
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     ,  
,   .   ё   

         
-  . ё      

         
-   [1],    ó   –  

  -   [2]. 
        

  ,      
       
   .  ,  

      ,  
   [3]. 

    –   
       (   

Nymphaeaceae candida)       
 . 

  .      
 150 .      ,  
 ,  1,0 /  As+5 (   AsO4

3-)   
          10  

    (     
~ 63 ). 

       (  24 , 
7   24 ).  ,      

 ,    3 .  
  27 .     

.          
   ,       

      
. 

    :   – 
     :   

«AxioScope 40»,   «Axio am MRc5» («Carl Zeiss», 
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25 

). -      
  .  

  . ,     
     Nymphaeaceae 

candida.      ,   
  24 .        

     .     
    ,      

  .  
        

 ,        
,      .   

7     7,4-7,8  ,     
   83%,     – 13%  4% 

 ( . 1).        
  1,0 /   290-370 / . 

 
 1 -     Nymphaeaceaecandida 

       
    (TF – translocationfactor). 

TF = Cs/Cr,  Cs –      ( / ), Cr – 
     ( / ).   TF,  

         . 
      : TF(As) 

  0,15 ± 0,02. 
        

Nymphaeaceae candida,    , 
   ,     

 -    c  . 
 ,   Nymphaeacea ecandida   

.      ,    
  ( ) ( . 2). 

 

 2 –   ( )    Nymphaeaceae candida ( ), 
1 – , 2 –  , 3-   
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    ( -    

    ).  . 4  
   Nymphaeaceaecandida,   

 ( )    ( ). ,    
        . 

 
As 1,0 /   

 3 –      Nymphaeaceaecandida 

.     ,  
      
Nymphaeaceaecandida.  ,    
    .       

        –  
        

. 
 

.        
.       

(   ), .  

а а 

1. Hertel-Aas T. Induction and repair of DNA strand breaks and oxidised bases in somatic and 
spermatogenic cells from the earthworm Eisenia fetida after exposure to ionising radiation/ 
T. Hertel-Aas, D.H. Oughton, A. Jaworska, G. Brunborg.// Mutagenesis. – 2011. – 26. - 783-793 

2. Sowmithra K. Evaluation of genotoxicity of the acute gamma radiation on earthworm Eisenia 
fetida using single cell gel electrophoresis technique (Comet assay)/ K. Sowmithra// Mutat. Res. 
– 2015. – 794. –  52-56 

3. Davis T.A. A review of the biochemistry of heavy metal biosorption by brown algae/ Davis T.A., 
Volesky B, Mucci A.// Water Res. – 2003. – 37. – 4311–4330. 
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       . 

        
 ( )[1-7].      

 ,     
( )    ( ),     

 [6].  
       

   ,   : 
  .      
  0,02    200     

  0,005    .   
      

   -   [Fe(CN)6]3–/4. 
    ,      , 

    .   
  ,     

–     1,2%  / /O ,  / /  
 1,5 %,    / .    

      ,  
   ,      

.      
   -   ( ). 

         
 .    

      20  20   Sq= 3   
, Sq = 42   / , Sq= 221   / .  

 /   /       
      –  

 [8].  
     ,  № 21-13-00169 

а а 
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 )   ( .%): 0 (1); 0,21 (2); 0,29 

 
 

 

. 2           KOH 
(0,5 / 3): )   ; ).      

 , ё     
      , 

  , ё         
.       

    ,  
  “  ”.  

а а 

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

 //    – 2016. – . 11, № 5, – . 26-41. 
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  Zn2SiO4 : Mn :   
  

. . , . . , . . , . .  

      . , 
iwanova.irina21@yandex.ru 

     
Zn2-2xMn2xSiO4, Zn1.92-2xMn2xMg0.08SiO4 Zn1.88-2xMn2xMg0.12SiO4.   , 

            
 ZnO  ZnMn2O4 ( ),     

      .  
    1350°C    
    . 

     
Zn2-2xMn2xSiO4 (0≤ ≤0.20), Zn1.92-2xMn2xMg0.08SiO4 (0≤ ≤0.20)   
Zn1.88-2xMn2xMg0.12SiO4 (0≤ ≤0.14). ,     

  =0.06, 0.04      
.       
  ( . 1).    

 ,   Mn2+   
 Zn1  Zn2 .  

 
. 1.     

   Zn2-2xMn2xSiO4 (1),  
Zn1.92-2xMn2xMg0.08SiO4 (2)  Zn1.88-2xMn2xMg0.12SiO4 (3) 
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. 2.   Zn2-2xMn2xSiO4,    
  (1  2),    

 Zn(1)  Zn(2) 

      
      Mn2+

 

( . 2). ,   Zn1.88-2xMn2xMg0.12SiO4  ≤0.08  
S1/S2  .  ,   Mn2+  

   Zn1.   S1/S2=1.25±0.05  
0.025≤ ≤0.08     Mn2+.  
S1/S2   1.25      

,       -
  Mn3+       Zn2. 
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. . , . .  

     «   
  . . . » , . , 

ivchenkovaaa@fferisman.ru 

     
,        
 .         

    . 
          
     :  

,   , ,   
 .        

 QuEChERS (Quick, Easy, Cheap, Effective, Rugged, and Safe - 
, , ё , ,   ).   

    [1].   
         

   .  
 –  ,   Syngenta Crop 

Protection. IUPAC4-[(5RS)-5-(3,5- -4- )-4,5- -
5-( ) -3- ]-N-[(4RS)-2- -3- -4- ]-
o- ,  80–100% (5S,4R)- .    

 ,     
  -   ( )   

,       ,   
      

.[2] 
  ,   -

 [3], -  [4]    QuEChERS. 
      

,   ,      
.           

.         
/ .     (   )  

   . 
 /     ,  

     .   ,    
  / ,      

   .  
        

 c    -  «Qtrap 
6500+»,   /    1   
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510000:1 (      № -
/09-03-2022/138212151   08.03.2023 ). 

 ( , )     
   1, 5  10   (LOQ, 

5LOQ, 10LOQ )      50  
   .     
    Vortex.     

  ,   QuEChERS: 4  MgSO4, 1  NaCl, 1  
 , 0,5    , 1,5- . 

,    ,   
        0,45 . 

  6        
   ,  QuEChERS     

,    150   PSA  900  
MgSO4.      . 

    - /    
:  ,   – , 

  «Fusion-RP 80 A» 50 2 , 4  100 .; 
  .     0,1 % 
   .    5 . 

  MRM  548,2→418 ( ), 548,2 
→160, 548,2→132 ( ).  

         
 ,   /   .   
   /        
  (LOQ)     781:1,  

,     – 52:1. 
     S/N   2520:1 

 160:1.   ,      
  , . .   . 

       .  
       ,  

    - /      
   . 

  ,      
,    /    .  

      .   
   ,    
     ,      

       
,    MRM . 
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1. Bruzzoniti M.C. QuEChERS sample preparationforthedeterminationofpesticides and 
otherorganicresidues in environmental matrices: a critical review / Bruzzoniti M.C., Checchini 
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Cassayre, T.Smejkal, J. Blythe, P.Hoegger, P.Renold et al.- Academic Press, 2021. - Chapter 9. 
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Food Chem. 2022 Jan 15; 367: 130734. doi: 10.1016/j.foodchem.2021.130734. Epub 2021 Jul 
30. Erratum in: Food Chem. 2022 May 1; 375: 131654. PMID: 34359003. 
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 -  

. . , . . *, . . *, . . ё  

   . , 
*  “  “ ”, . , ivkon2002@gmail.com 

 –   ,   
   ( : , 

)      
  ( :  ( ), 

 ( )).     
     ,   

  .  ,   , 
     . 

       
 25261 «      .  

  ».      . 
 ,      ,   

 ,    .  
,     .   

       
 ,   . 

     ASTM D 4274-16 
     -

   . 
     -    

   - .     
.           

 -  . 
        «  

« ».  
      ,  

  1. 
-     -    2201  

  7000 – 400 -1     ,  
      KBr  4 .    

     ASpek. 

 1    

 
  

  
 

 
OH- ., % 

 
, % 

 5003 
   

HO[-CH2-CH(CH3)O-]nH 
 

1,03 0,163 
 4003-2-16 1,41 0,100 

Voranol 3322 1,44 0,036 
 3603-2-12 1,52 0,100 
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OH- ., % 

 
, % 

 2002  1,66 0,035 
Voranol 2000L 1,70 0,076 

 1052  3,25 0,027 
Wanol c 2004 8,50 0,036 

 373 13,81 0,199 

        
  -    3100-3700 -1 ( .1) [1]. 

       ( .2) 
    (R=0,992),     

 -  (  1  3 %)     
(R=0,514),      ,   

    (0,05%   25261). 
       

   -        
    -  (R=0,989  R=0,897 ). 

 

 
 
 

. 1 -    =2000 /  (  2000 D),  
.  

 
 ,      

 -     4830 -1 (    4 ) [2,3]. 
    ,     

 ,       
.       R=0,966. 

 ,  -    
     -  (  1,0  13,8%) 

        
   (1,0-3,5%)   (3,5-15,0%)  - .  

1,0 

0,8 

0,0 

0,2 

0,4 

0,6 

                3300              3000               2500              2000              1500              1000 

I 

ν, -1 
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. 2        -  
1,0-13,8 %,   . 

        
     3100-3700 -1.  

        
          

  4         
.  
       

   : 
-        

     (  1  4 %);    
-    ,    

  ,    
     (D1/D2),     

  («  »);  
-         

  ,      
,      . 

а а 

1. , . . . , , ,  / . . 
. – - :  “ ”, 2018. 

2.  «Metrohm» [  ].     
 .  : 

https://metrohm-russia.ru/upload/iblock/15e/15e0d838bdf9015ed3e73a85283238f9.pdf. 
3.  «Metrohm» [  ]. Quality Control of Polyols. Chemical-free 

determination of Hydroxyl Namber accoding to ASTM D6342-12.  : 
https://www.metrohm.com/en/applications/application- notes/nahinfrarotspektroskopieannir/an-
nir-035.html.   
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 (VI)  (VII)  
  

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

2)        . . 
, . ,  

E-mail: annakorobitsyna@mail.ru 

 –     ,    
 .      

       .  
         . 

         
  [1]. 

      
Re(VII)  Mo(VI)   [2-4].   [5] ,   

        
 Cr(VI).      Re(VII)  Mo(VI)  
     – , 

   –    ,  
     . 

       
 ,   [6],    

   (FritschPulverisette 7 Premiumline)   
   (     80 ,   

10 ,   - 30,   800 / ,   
).    120 . 
   .    , 
     Nova 1200e (Quantachrome), 

 3.2 2/    311 2/  . 
 (VI)  (VII)      

   NH4ReO4  (NH4)6Mo7O27, ,   
   10 /        

 (   4,0  6,3)   ,  -  -  (  
 1,0  4,0).       1    

RM-1L  38 / .       «  ». 
 (VII)  (VI)     

  -      
 SpectroBlue (SpectroAnalyticalInstruments). 
     (  1),  
       ,   

.      ,   75%, 
      3,   58%   

   3  60% -      4. 
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 1     Mo(VI)  Re(VII)      . 
1 , 0.1   15  . 

  (  3) RMo, %   RRe, % 
 

(RMo - RRe), % 

 
 

  46.9 2.8 44 

  45.8 3.8 42 

 
  92.0 17.1 75 

  93.9 48.1 46 

  2     
(VII)  (VI)       

 . ,   50 . %   
    3      

      . 

 2     (VI)  Re(VII)      
    3   . 

 
 , 

%   
RMo, %   RRe, % 

 

(RMo - RRe), % 

 

, 50 % 95.0 2.6 92.4 

, 40 % 93.1 25.9 67.2 

,30 % 93.9 29.4 64.5 

, 50 % 92.9 9.2 83.7 

, 60 % 94.0 10.2 83.8 

 ,    
     (VI)  Re(VII).  ,  
         

,          . 
        (№ 122013100200-2)  

    - . 

а а 

1. Effective simultaneous separation of copper (II) and molybdenum (VI) from rhenium (VII) by 
adsorption on χ-alumina / N. Pechishcheva, A. Korobitsyna, D. Ordinartsev [et al.] // Separation 
Science and Technology. – 2022. – P. 180–191. 

2. Adsorption onto activated carbon for molybdenum recovery from leach liquors of exhausted 
hydrotreating catalysts / F. Pagnanelli, F. Ferella, I. De Michelis[et al.] // Hydrometallurgy. – 
2011. – P.67–72. 

3. Recovery of rhenium and molybdenum from aroaster fume scrubbing liquor by adsorption using 
activated carbon / S. Seo, W. S. Choi, T. J. Yang[et al.] // Hydrometallurgy. – 2012. – P.145–
150. 

4. Recovery of rhenium from sulfuric acid solutions with activated coals / I. D. Troshkina, Khaing 
Zo Naing, O. N. Ushanova [et al.] // Russian Journal of Applied Chemistry. – 2006. – P. 1419–
1422. 
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5. Adsorption of he avalent chromium on mechanically activated graphite / N. V. Pechishcheva, 
S.K. Estemirova,A.V.Kim [et al.] // Diamond and Related Materials. – 2022. – P. 109152. 

6. Joint mechanical activation of MnO2, Fe2O3 and graphite: Mutual influence on the structure / G. 
Kozhina, S. Estemirova, N. Pechishcheva [et al.] // Advanced Powder Technology. – 2017. – P. 
1202-1212. 
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    (III)   
(III)  

. . *, . . *, . . ** 
*     , 

, e-mail: kochneva.yana35@mail.ru 
**«        

»,  

        
  ( )      
 :   .     

 ,        
,     ,   

   ,    
       , , 

  [1]. 
 ,  -   

-   –  ( )  
      (III),  (III)   (III) 

      [2].  ,  
           [3]. 

        
 0,3,    200 .     200  

0,001 /   ,    0,1 /  
 ,      3   

 ,      ,  
.          

 -101        
   III. 

 
 1.    (R, %)  Er (III)  Nd (III)    

( Er = 9,88·10-4 / ; Nd = 1,0·10-3 / ;  = 5 ) 

:  
Er Nd 

pH  R, % pH  R, % 
1:1 3,27 38,95 2,95 17,86 
1:2 2,94 67,27 2,78 55,97 
1:3 2,56 92,62 2,68 90,54 

 
  1     Er3+  

Nd3+ .  ,     
           

      .   
     ,   

   . 
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 ,        
 . ,   ,  

        
  ,      6,0    

 [4].    ,   Er3+  Nd3+ 
   .    

   200  0,001 /   ,  
  1,0 /   NaOH,    1 

,     0,1 /   , 
     3 ,     

 ,  .      
     -101   

    . 
 

 2.          
 NaOH (CEr = 9,88·10-4 / ; CNd = 1,0·10-3 / ;  = 5 ) 

Nd :  
1:1 1:2 1:3 

pH  R, % pH  R, % pH  R, % 
4,48 40,96 2,75 63,70 2,70 91,40 
5,03 41,74 5,56 87,61 3,57 93,42 
5,62 –* 6,04 94,94 5,17 93,79 

  6,38 – 6,30 – 
Er :  

1:1 1:2 1:3 
pH  R, % pH  R, % pH  R, % 

3,27 38,95 2,90 49,69 2,80 81,78 
5,60 42,14 5,77 85,14 3,60 89,78 
6,02 – 5,94 95,10 4,81 92,77 

  6,30 – 6,15 – 

*   
 

   6,0    .   
          

  ,   ,  
      .  

  ,      
      pH  2,7  6,0.     

    - ,  
  . 

 
     ;  

   122012100306-4. 
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а а 

1. , . .        / 
. . , . . , . .  //   . – 2010. – . 84. 

– № 9. – . 1424–1430. 
2. , . .   La(III), Sm(III)  Tb(III)   

 / . . , . . , . .  // 
  . . – 2021. – . 11. – . 4. – . 234–243. 

3. , . .       / . . 
, . . , . .  //   :  

 IX  -  ( , 2-4  2022). – : , 
2022. – . 24–25. 

4. , . .   Y3+, Er3+, Yb3+ / . . , . . , . 
. , . .  //  -  . – 2016. 

– . 46. – №4-6. – .149–152. 
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   (II)    
     

  
 

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

 
1        . . 

, . ,  
2     , . ,  

E-mail: lopunova.97@mail.ru 

       
.  ,      

       .  
          

       
 . 
      (II)   

      , 
 1,4-     100%. 

       
      . . .  . .  
  (II)     

 ,    (II),  (II), 
 (II),  (II)   (II).    
  ё       pH1.0-

5.0,    1 / , 2 /   3 /   HCl.    
     0.0200     50.0 

3 ,       1∙10-4 
/ .          

       
 .       

  -160M .    5    
.        . 

       -
    Solaar M6. 

,       
 (II)       2.0-3.0.   

   (II)  0.20 / ,    
 88 %.  ,      (II) 

     (II),  (II),  (II),  (II)  
 (II)        1.0-4.0.  
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    1.0  3.0      > 3.0.  
     (II),  44 

%. ,       (II)    
         

.       
     

 (II)        
. 

       3.5 /  
 HCl. ,      

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

1   . . . ,  ( ) 
 , ,  

420111, ,  , . , . ё , . 29/1 
2  -   . . . , ,  

420029, ,  , . , .  , . 10/7 

radik.larionov@gmail.com 

       ,  
       ,  

   .    
       

.       
    . ,   
       

 ,   .    
        

  ,     
,    .    

       , 
      ,    

 .      
,          

 . 
        -   

       ё  
 L- -L-   L- -L-  ё   

  .  ,     
 ё    ,    

     .  -  
        

    . 
    ( -

). 
        

    ё  .    
     ,   
,  ,  ,   

 . 
    L- -L- -L-   
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.          

    . 
        

        
   ,    

2,5- ,       
 . 

        
  ( )   (« -2030») 
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-   
 Co(II) C N-(2- )-N'- 

( - )     

. . , . . , . .  

    
, ,  

natalakhtina@gmail.com 

   -   -
  N-(2- )-N'-( - )  ( ) 
        

    [1].     
       

         
. 

      Co(II)  
    -  .   

   Co(Ⅱ)        
 « - ».   (99,9 %) 

   .    
      

    Co(II)    
-   [2].   

  Co(Ⅱ)        
  5,0  .    

 5 . 
       

370  570 .     570 ,     
      

    .    
   11,3  11,6.   pH 

      
.         

Co(II)  5 . 
       
 .    Co(II)   

    – [ (II)]:[ ]=1:2.  
       
. 

     .  -
-      0,15  0,30  (II)  5   

( .1).     1315. 
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. 1.     Co(II) c   ;  

Co(II) = 1,010-2 / ; C =3,010-3 / ; λ=570 ; =11,4; = 60 ; l=1,0  
 

     
       . 1. 

   -
      

      Co(II)  
       . 

 1      (n = 3,  = 0,95) 
 (II), 

/5  
 Co(II), 

/5  
S 

 
, % 

0,2180 0,2186  0,0607 0,0141 0,28 

     -   
    Cu – 0,197% ; Ni – 0,535% ; Co – 0,022% 

.    (   ) 
     (II),   

 (II)    ( . 2).  
 2   Co(II)  -   (n = 5,  = 0,95) 

 (II), /   (II), /   , % 

4,00 3,56  0,40 11,00 

а а 

1.  . .,  . .,  . . -   N-(2-
)-N'-( - )  //   .  

« ». 2021. . 11, . 1. . 71–81.  
2.  . .,  . .,  . .   

   Cu(II) C N-(2- )-N'-( - )   
  //   .  « ». 2021. . 11, . 

2. . 103-113.  
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 «  »    
    

. . , . .   
 -   -   « -  

   . .   . . », 
. ,  

     ( )   
     , 

      . 
    

    ( -  « », « », 
« », « »,   )     

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

 ,  (   2- ),   
(   2- ),     ( , 

, , ).  
  –     

    -   
  ( )   -   

        
«  ». 

  –  2- 5, , , ,   
   .  

  –      
  (8-    « -8»),  

 – -   (  HP-FFAP 50m x 0,32 mm  0,5 
mkm, -1). 

  «  »   « -8» 
(  « », )         

        F0 = 10 
,      : 

 ( ), -18- -6 (18 6), - , '-
-      («Alfa Aesar», ): 

, (21)- - , Tween-
40 (Tween), ,  -100  10–13 .  

      
 ,     

 ,     
     .  

       
      (  
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 150–200  / ),      
150     0,5%.    

       -
. ,   18 6,   Tween     

      Sr  
 0,02 –0,03,    2–4%.  

        
        5%. 

         
 -  ( , , ,  , 

, )   .  
         

       
    [1]: 

•     (Fi
max, ), 

         
        

 ;  
•   – «  »   

Fi
max         ,  

     ;  
•      A (i/j) –  

    
j

i

F

F
jiA

max

max

)/(



=  (  i, j – 

 -  ),    
         

         [2]; 
•  «  » −  , 

        ΔFi=f(τ, ). 
         

    -   .  
        

       «  » 
  .      – 
       A (i/j)   

   ).     
, , .      A (i/j)  

         
.  

     
,    ,   

 -      .  
 -      

   «  »    
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    -     

. 
а а 

1.  . .     . : . 
. . .,  « », 2009. 252 . 

2.  . .,  . .,  . .      
       // 

  . 2012.  16, № 2. . 151. 
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. . , . .  

  «   », . , 
swetlei@mail.ru 

- , ,    
        

 . ,      
 Ca2+  Mg2+     , 

        
,     .  

       . 
        

   .  
      
  Ca2+, Mg2+, Ba2+  Sr2+   . 

      
        .  

        
     14.1:2:3.95 [1]    

.     2+   
 1 - ./ 3  5 - ./ 3.     
  .     8%-   

NaOH. 
     Ca2+   
  ё  ,   - , 

 II, ,       
  0  400 / 3.     Mg2+, 

Sr2+  Ba2+     Ca2+. ,   
        

. ,    ,   
  ,  II    - ,   

 Ca2+, Mg2+, Sr2+  Ba2+.      
,         

  .    
        

        14.1:2:3:4.264 [2]. 
        

Ca2+, Mg2+, Ba2+  Sr2+    ( .). 
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.     Ca2+, Mg2+, Ba2+  Sr2+  

   

         
       Ca2+, Mg2+, Sr2+ 

 Ba2+ 20  40 / 3     
,     .   

      [3]  
[4] ( ). 

.       
Mg2+       

  
 

, 
/ 3 

 
-

,  
r, % 

 
-

 
,  

R , % 

 
-

 , 
Δc.m, % 

 
 
 

, 
Δm, % 

Ca2+ 
 1  25 . 7 7 1,45 ± 4,9 
 25  50 . 14 4 1,00 ± 2,8 

Mg2+ 
 1  25 . 5 4 0,95 ± 2,8 
 25  50 . 5 1 0,25 ± 0,7 

Sr2+ 
 1  25 . 10 26 5,75 ±18,4 
 25  50 . 18 13 2,95 ± 9,2 

Ba2+ 
 1  25 . 2 4 0,85 ± 2,8 
 25  50 . 13 3 0,67 ± 2,1 

 ,   ,  
  ( .)     Ca2+, 

Mg2+, Sr2+, Ba2+      . 
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а а 

1.    .     
          

[  ]. – . ;   21  1997. 
2.   14,1:2:3:4.264-2011.    .  

     , ,  
      [  ]. – . ;  

 28  2011. 
3.    5725-2-2002.  (   )   

 .  2.      
    [  ]. – . 

;   23  2002. 
4.  61-2010.  , ,   

  .  . [  ]. – .  
  2012-09-01. 
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. .  

  ,  

Email llmakarova@yandex.ru 

          
 ,     ,  

       -
 . 

        
     ( , , , 

 ),  ,  , 
    -    

 «  »     
« », « ,    »     

 «    ». 
           

(  4-  ),    )  , )  , 
   (  2-  ),     

,  -   [1-11].  
      ,  

  ,    
    .     

    ,   ,     
  ,      

    «  »,     
 . 

        ,   
      - ,   

     , , . 
        

.   ,    
  ,    .  

     ,   
     ,     

   .     
       ,    

 .        
«   » [1]  « ,   

 » [2], «    » [4]   
1996 – 2018 .,          

 . 

mailto:llmakarova@yandex.ru
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     , 
      , 

      .   
   ,      ,    

    ,      .  
          [9],  
 .      

       2-  :  
    ,    

      ,      
    .     

 ,    ,    
     .      

     ( , , ).   
     , ,     

,     , 
  , , ,  

     .      
  –   ,    , 

    .    
  (      100)   , 

,   , . 
   -  . . ,  

         
 ,  , . .    

,        
 .        

   -      
   ,       

[7, 8, 10, 11]. 
         
-        : 

   ;    
 ;    ,  

      . 
  -        

«  »     
  . 

а а 

1.  . .   : .   . . -
/ , - : -  . - , 1996.-240 .: . 

2.  . . ,    . : -  
. - , 1998 .-223 . 

3.  . .,  . .   . : -  , 
2010.-31 . 
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4.  . .    . : -  , 2018.-140 . 
5.  . .  . : -  , 2015.-51 . 
6.  . .,  . .,  . .,  . .   

-  . : -  . 2007.-43 . 
7.  . .,  . .    .    

. : -  . 2004. -105 . 
8.  . .,  . .    .   

 . : -  . 2004.-150 . 
9.  . .,  . .,  . .     . 

: -  . 1998. – 99 . 
10.  . .,  . .,  . .     

   . : -  , 1993 .  I – 64 . 
11.  . .,  . .,  . .     

.  II, : -  , 1987. – 74 . 
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  F -Cr-B 

. . , . .   
  , . , mvg@udsu.ru 

        
. . [1].    ,      

 (H+),    (H3O+)      
 .         

  . 
H3O+ + 2e-→H2  + OH− (1) 

       60  
     pH  1− .   
  : 

H3O+ + e-→H3O (2) 

H3O + e-→H2  + OH−, (3) 

 ,    ,  1=0   
    40       
,       -120 . 

        
 ,  ,     [2],  

    -   
.      , 

      . 
        

  1  0,    0,12  0,04 

H3O+ + e-→ H3O (4) 

H3O→H2
+ + OH−

 (5) 

H2
+ + e-→H2 (6) 

         
 ,      ,  

    ( .1)  
       

      .   
         
,      60 . [3].  

        
          

.  ,       
      ,   
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 .     
      . 

 1            
  

 kb  H
n +  

Fe69,8Cr14,95B14,95Sn0,3 0,107 0,93 

. Fe70Cr15B15 0,070 0,99 

Fe70Cr15B15 0,132 0,79 

а а 

1.  . .        
    // . 1965. .1, №10. .1299-1303. 

2.  . .,  . .,  . .     
Fe70Cr15B15         //  

. 2007 .42. № 6. . 592-602. 
3.  . .  .   . .: , 1979. 

224 . 
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©   . . , . . , 2022  



109 

      

Fe-Si-B-Nb-Cu 

. . , . .  

  , 
. , mvg@udsu.ru 

    Fe-Si-B-Nb-Cu    
   ,  ,    

 [1],      
-   .     

 ,      
 .      
     1  0,    0,12  0,04 

H3O+ + e-→H3O  (1) 

H3O→H2
+ + OH− (2) 

H2
+ + e-→H2 (3) 

         
 ,     , 
     . 

      ,    
     . ,  ,  

    ,    0,5  
,        

,   n = 1,      
 .  

          
0,49,    0,5,  ,      
   .  

   ,    0,38,    
0,5,       1  3,    

       ,   
       [2-3]. 
    .   

           
.       

   .     
      -     

    .    
         

 . 
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а а 

1.  . .,  . .,  . .,  . .    
    Fe73.5-Nb3-Cu1-Si13.5-B9   

 . //  . 2001. . 37. №3. . 257-260. 
2.  . .,  . .,  . .     

      . //  . 1997. .33, №4. 
.389-392. 

3. Spivak L. V., Skryabina N. Ye. Effect of hydrogen on the properties of amorphous alloys 
finemettype:PEN-X effect. //International Journal of Hydrogen Energy. 1999. Vol. 24, Is. 9. P. 
795-799.  
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QSAR-   

 

. . , . . , . .   
    , . , 

nasretdinovarn@mail.ru 

,       
       
, , ,        

 .     
       . 

         
   .     

        
 ,   -     

       QSAR, 
      IC50  

  ( )    
 .     

       
      . 

 
. 1.       

   «  –  
»        

     I–VII ( . 1)  
   GUSAR 2019 (General Unrestricted 

Structure Activity Relationships) [1-2].  

mailto:nasretdinovarn@mail.ru
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«  –  »    

  ,      
 D1.   - ,    

GUSAR 2019   MNA-  QNA-      
6  QSAR,    pIC50   

     .    
     20  320   . 
  pIC50,     , 

 3.0–9.7.       
     20%   

 .    ,   
      pIC50   

,   . 1. 
 . 1  ,    QSAR-  

1– 6         
 .       

     ,      
QSAR,   R2>0.6  Q2>0.5,   -

,    -     (QNA 
 MNA),       .  

        
  . 

 1.        
 pIC50       1– 6 

  N R2
 R2

i F S.D. Q2  V 

QSPR- ,    QNA-  

4 M1 313 0.846 0.792 0.736 20.328 0.566 59 

5 4 201 0.826 0.776 0.749 29.038 0.612 24 

QSPR- ,    MNA-  

4 M2 313 0.859 0.810 0.719 20.874 0.545 61 

5 5 201 0.853 0.807 0.750 28.959 0.570 26 

QSPR- ,    QNA-  MNA-  

4 M3 313 0.869 0.822 0.756 22.688 0.532 58 

5 6 201 0.854 0.812 0.756 30.921 0.574 24 

. N –     ; R2  –  
,      ; R2  –  
,      ; Q2 –  

,          
 ; F –  ; S.D. –  , V –  . 

 
 ,  ,     

     GUSAR 2019,   
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 . 

а а 

1. Martynova Y.Z., Khairullina V.R., Biglova Y.N., Mustafin A.G. Quantitative structure-
property relationship modeling of the C60 fullerene derivatives as electron acceptors of polymer 
solar cells: Elucidating the functional groups critical for device performance // Journal of 
Molecular Graphics and Modellig. – 2019.  V.88. – P.49-61. 

2. Khairullina V., Martynova Y., Safarova I., Sharipova G., Gerchikov A., Limantseva R., 
Savchenko R. QSPR Modeling and Experimental Determination of the Antioxidant Activity of 
Some Polycyclic Compounds in the Radical-Chain Oxidation Reaction of Organic Substrates 
// Molecules. – 2022. – V.27. – 6511. 
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. . 1,2, . . 1, . . 1, . . 1, 
. . 3 

1   «      . . », 
 

2 -   «  . . . »,  
3    . . .   

   ,  

ea-melnik@mail.ru 

         
  .     

    ,      
 .        

    .     
 ,        

           ,  
    [1],      

 [2,3].        
     . 

       
      

.  ,     , 
        

,       . 
        

(log 4=13,57) [4],        
     . 

    , 
  ,    

   . 
   (I)    

   .    ,  
 Ag+   : Cu2+, Fe3+, Zn2+, Co2+, Ni2+, Cd2+, Mn2+, 

Mg2+, Ca2+, Pb2+.        0  2 
  ,   3  10 – -   

.   50,0 3       
(m =0,0100 ),    2 ,   

       -  
. 

  1       
     . 
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0 1 2 3 4 5 6 7 8 9 10
0,0

0,1

0,2

0,3

0,4

0,5

a,
 

о
ь/

pH

 Ag
+

 Cu
2+

 Ca
2+

 Mg
2+

 Co
2+

 Cd
2+

 Zn
2+

 Ni
2+

 Pb
2+

 Mn
2+

 Fe
3+

 
 1 –          
. Me

z+=10-4 / 3, m =0,0100 ,     0,071  

    ,   
    ,    
  .     
   1  5,      

     . 
        

(I)      .   2 
       ,  

    .  

0 100 200 300 400 500
0,0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1,0

1,1

C
/C

0

V, с 3

 Ag
+

 
 2 –        

. Me
z+=10-4 / 3, m =0,1000 ; 0,125  > d > 0,100 ,  d –  

 ,     2 3/  

 
   ,       

   ,        
      .   
 130      

  .     510  
 ,      

    – 0,25 / , ,  
    

 0,13 /  [5]. 
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а а 

1. Z. Wang, P. Luo, X. Zha, C. Xu, S. Kang, M. Zhou, D. Nover, Y. Wang. Overview assessment 
of risk evaluation and treatment technologies for heavy metal pollution of water and soil // 
Journal of Cleaner Production. V. 379, № 134043. 

2. N. Hadrup, H. R. Lam. Oral toxicity of silver ions, silver nanoparticles and colloidal silver – A 
review // Regulatory Toxicology and Pharmacology. V. 68, P. 1–7. 

3. S. Wu, M. Wu, G. Wang, T. H. Chen. Visual quantitation of silver contamination in fresh water 
via accumulative length of microparticles in capillary-driven microfluidic devices // Talanta. V. 
235, № 122707. 

4. Martell A. E., Smith R. M. Critical stability constants. Vol. 3 Other organic ligands. New-York: 
Ed. Plenum; 1989. P. 313–314. 

5. . . ,  . .,  . .,  . .,  . ., 
 . .        (N-

-3- ) // .  . 2022. 
. 18, № 2 (  ).  
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-   
    

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

 . . », , moksnad@mail.ru 
2    . . . ,   

 –   ,  
  ,     

  [1].       
 ,       

  ,      
  .  

       
     

 ,      
  (91-94 %).      

-      
,       

    .  
           

  N-   1- -3,5- -  ( -
).     -    . 

,     N-    
        

 [2-4].  
 

              
                                   1                                                               2 

                 .    (1)   -  (2) 
 

 .       
 -      2,5-3,0  / 3. 

  (  )   15-20%.  
   10-15    (22 ± 1)°   
 -    0,24 / 3    

-      5:1.   
         5-10   
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5000 / .   D    R (%) 
   : 

o
D = ,     100

+
=

rD

D
R , 

    –        
, / 3,  r –      

 .   
  .     

  0,5-1,0 3  ,    5-
10   5000 /      :  
+25 ,  30±1° ,     300    20 . 

       254 ,  
 –      -  

( =7,8±0,2).       
 ,       

.  
,      ≈97%    

     .  , 
         

       ,   
     - . 

        
   ,     

  ,    .  

а а 

1. , .    / . , .  – , . 
 . – 2011. – .1. – 694 .  

2. , . .       
    N-  / . . , . . , 

. . , . . .//  .   . . –2019. – . 62. 
– . 1. – .4-10. 

3. , . .       
 N-   1- -3,5-  / . . , . . 

, . . , . .  //     . 
– 2019. – . 21. – №1. – . 99–104. 

4. , . .     N-     
   / . . , . . , . . , . . 

, . .  //    . ,   
. – 2020. – .492-493. – № 1. – . 13-17. 
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-   

    

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

 . . », , moksnad@mail.ru 
2    . . . ,   

 

    ,  
     .   

         
     ,  

  .      
       

      .  -N-
        , 

 ,     [1]. 
      
   ,    
 « » .    N-  

   -     
   .       

 , , -  
- ,     , 

     . 
        

      , 
      

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

N-  ( ),  ( ), -N-
 ( ), -1- -1,2,4-  ( ),  

( ),    ,  
     [4].  

        
,   « -105»   :  

   30    5 ,  +25 ,  20 
° ,    7 ,   –   

    .  
,     ,  

   « »,  
. 
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.    « » 

   ,  , 
: « », « », « ».  

     250   .   
      10000  25000. 

      
   ,    

       
 « »,     

  ,    « ». 
       , 
 –  .        

       
 . 

       
     ,  

      
   . 

а а 

1. , . . -N-    -N-  / . . . – .: 
, 1998. – 254 . 

2. , . .  , ,       
   N-  / . . , . . , . . , . . 

 //   . –2021.– .76.– № 1. – . 51–58. 
3. , . .     -    

 -N-  / . . , . . , . . , 
. . , . .  //  .   . – 2014. – .57. – № 7. – .73-

77. 
4. , . .       

      / . . , . . , . . 
, . . , . .  //   . – 

2020. – № 4. – .26 – 32. 
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-     
  

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

 
2   « -   . . . .   

 . . », , moksnad@mail.ru 

          
         

,     
     .  

       
      «   
»,      .     
    -  ,   ,  

      
( , ) [1-3].    

       
 .  

       
-        

  . 
      , 

    .    
      0,050 

± 0,001 .      , 
     ,    

      . 
         

     
( )  ,    

 -    
   ( ; ; 

 ( )).     
,  ,     

     .  -
   20 3     

       
   15     . 

      ,  
         

 .     
  -2    λ = 400 .  
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    (R, %)    
R = (  –  )  100 / , %, 

    –       
. 

   r (    
 , R = 94-99 %)    

r = m  / m , 
 m   m  –      . 

  -      
       

   -   4×4.    
  :   ;    

   , % .;  , ; 
, .        

   .  
    ,   

         = 2, 
       67 % ., 

  60 ,  20 .  
 ,       

     ,  
      

   .  ,   
     

-      ,   
   98 %. 

а а 

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

  . – 2002. – .24 – № 3. – . 257-260.  
2. , . . -    

       / . . , 
. . , . .   . //    . – 

2007. – .7. – . 4. – . 680- 684.  
3. , . .       

  /  . . , . .  //  .  
  . – 2012. – .55. – .5. – . 104-107. 
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  , 
   

    ,  
   

. . 1, . . 2 
1     ,  

2    ,  

m.mukhamedova2017@yandex.ru 
 

    ,   
,    (  α),     

(  1).  ,    (d)    
 [1],      

        
   :  







V

i

C
I       (1) 

V
C     –       

      
 α. 

I0If 
 

 

 1 -     

    α,     
α     ,   k   

        , 
       :  =M  

  =D .  

  2       
    100   5 ,  1% .   (ρ=2,5 

/ 3),    40   200 .   0.1 - 5  
      . 
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 2 –      ,  1% . 
   40  (  )  200  (   ). 

    2,      40  
       1% .  

    200      2 
 12 % ..       

      ~1-3 % 
.    ~ 1 % .  

  ,    2,  
 10   ,  5 % .   

(Al2(SiO4)(F,OH)2)   .     
,      250–500 .    
 <100 .     1,439 2/  (  

 3,5 2/ ,    1,435 2/ ). 
     5   2 .   

  5   40      
  .   S4 Pioneer  

   (34 , 28   8 ),  
    ,    

.       
  .  

  2     (V )  
   375 ,      

 250-500 ,   (Vmin – Vmax),  
 (250 )      (500 ) 

   ,   10  
   AlKα  SiKα   ,   
     (V0)   
 (V0  7-10   V       V ).  

  2 ,   V      
        

V .     V     
   (Vmin – Vmax),    

 AlKα- ,      Vmin.  , 
    ,   

 .  
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 2 -   (V )    

,  V , % Vmin – Vmax, % V , AlKα, % V , SiKα, % 

34 5,4 2,9 – 8,3 3,3 4 

28 6,5 3,5 - 10 5,2 5.6 

8 23 12 - 35 9 16 

 
  ,      

       .   
          

  .      (  ) 
    .  

  ,    
   ,      

,   ,    .   3  
        5%  

 .    ,   
 AlKα  SiKα   .   ,   

  (V )     
     ,        

  5% (  2).  
 3 -   (V )     375  

,  / ,  V , % V , AlKα, % V , SiKα, % 

34 / 0.67 0.1 0.6 0.4 

28 / 0.46 0.1 0.4 0.3 

8 / 0.037 0.5 0.4 0.3 

 ,          
    ,   

. 
а а 

1.  . .,  . .    . – 
, 1982. 9 . 

          
 ё  № 091-22-313 «      

 ,        
» 
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. . , . .   
  , . , mnazyrov@list.ru 

        
        

  ,       
       .  

       
,  ,    

 ,   
.       

     ,  
   ,     

  .    
        
  .     

      , 
        [1, 2]. 

         
 ( ),     

CarbopackX (CpX)   (NMCP)   
 ,      
 ( )   ( ).  

     ( )  
   ( )   

     . 
    5   -  

[Fe(CN)6]3−/4−.        
  -   [Fe(CN)6]3−/4−  

   ,      
     .   NMCP 

      [Fe(CN)6]3−/4- ( . 1 
).      , 

  . 1( ),     
 (Rct)     /CpX  NMCP. 
         . 

, -   ( ) 
          

(IpD/IpL=1.37),    (ΔEp= 40 ) ( . 1 ).  
     (IpR/IpS = 1.64, ΔEp= 33 ) (  

mailto:mnazyrov@list.ru


127 

2 ).          
 5.5 %. 

 

 
. 1. ( )  5   -  [Fe(CN)6]3−/4−    (1- /CpX; 

2- ; 3- /CpX/NMCP; 4- /NMCP); ( )   (1- /CpX; 2- ; 3-
/CpX/NMCP; 4- /NMCP) 

 
. 2.    ( )   ( )  , /CpX, /CpX/NMCP. 

      ,  № 21-13-00169 
(https://rscf.ru/en/project/21-13-00169/) 

а а 

1. Y. A. Yarkaeva, V. N. Maistrenko, L. R. Zagitova [et al.] Voltammetric sensor system based on 
Cu(II) and Zn(II) amino acid complexes for recognition and determination of atenolol 
enantiomers. J. Electroanal. Chem. 2021. Vol. 903. P. 115839. DOI 
10.1016/j.jelechem.2021.115839.  

2. L. R. Zagitova, V. N. Maistrenko, Y. A. Yarkaeva [et al.] Novel chiral voltammetric sensor for 
tryptophan enantiomers based on 3-neomenthylindene as recognition element. J. Electroanal. 
Chem. 2021. Vol. 880. P. 114939. DOI 10.1016/j.jelechem.2020.114939. 
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      Ln2O3-ZrO2 

. . , . .  

 –   , , 
nikishina@mirea.ru 

    Ln2Zr2O7   
    .    

(  , ,   
,    ,   

 )     ,   
    ,    

   [1,2]. 
     Ln2Zr2O7  
     –    (Fm̅m) 

   (Fd̅m)[1, 3]. 
  ,     

  ,    
 ( ), -      

[1-2, 4-5]. 
       

    Ln2Zr2O7 (Ln = La, Sm, Gd, Dy). 
       

   Zr(OH)3÷1O0,5÷1,5·0,2÷1,2H2O   
,      
         

. 
     , 

       
  (6-9 / ) [6].     

        
    (ZrO2– 68,8 .%).    

  (  Cl--  0,05 .%),  
,        

.       ,  
      - ,  

- ,  -  - .  ,  
        

.  
      410   

   .  -
       
    : 
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Zr(OH)3÷1O0,5÷1,5·0,2÷1,7H2O

C

OH

200

2−
→ ZrO2·0,1÷0,2H2O 

C
410

→ ZrO2 

       
      
   Ln2Zr2O7 (Ln = La, Sm, Gd,Dy).   

        
 .        

 .     
 800    20 .      

 -  ( - )   
( )   .      

    Ln2Zr2O7 (Ln = La, Sm, Gd,Dy), 
        (La2Zr2O7 

(a=10,85±0,01Å), Sm2Zr2O7 (a=10,59±0,02Å)),     - 
(Gd2Zr2O7 (a=5,231±0,001Å), Dy2Zr2O7 (a=5,212±0,002Å)). 

   ,  ~99%      
      0,4-3 .   

     (La2Zr2O7-1,12 , Sm2Zr2O7-
1,10 , Gd2Zr2O7-1,18 , Dy2Zr2O7-1,12 ). 

а а 

1. Torres-Rodriguez, J. Rare-Earth Zirconate Ln2Zr2O7 (Ln: La, Nd, Gd, and Dy) Powders, 
Xerogels, and Aerogels: Preparation, Structure, and Properties / J. Torres-Rodriguez, V. 
Gutierrez-Cano, M. Menelaou, J. Kaštyl[et al.] // Inorganic Chemistry. – 2019. – V. 58. – № 21. 
– P. 14467-14477. 

2. Luo, X. Single-phase rare-earth high-entropy zirconates with superior thermal and mechanical 
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  «   », .  

georgy.poluyan@gmail.com 

       
       

.     ,     
 ,   2    .   , 
 ,        

.       
 .  

     :  , 
 , .    :   

    (22±2 ° ),     
 (60 ° ),     60 ° .  

    40    0,1   
(  ).         
40000 ./ .  DAINAHHG-15A-Set-A (DAINAHScientific, 

).     . 
       

  .     10,0  
2 .H2SO4  1,0  0,05 .KMnO4.    

 .  
    [1]:  =  𝐶𝑘∗𝑉𝑘∗𝑉𝑉𝑥∗ , 

: B –      
 (  ), / ; Ck –    

,    1  0,05 . KMnO4, / ; Vk –  
 ,    1  0,05 . KMnO4, ; 

Vo –   , ; Vx–    
,    1  0,05 . KMnO4, ; m –  
, .  

     №1   №2. 
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 №1.   ,     

 
 №2.   ,  -  

 60 oC 

      :  
–    25 oC    60 oC 

       
 ,  6      

( . 1); 
– -      

   ,       , 
         

      ;    



132 

  ,  ,    
.  

– -   3,5      
          

60oC  . 
       ,   

   .  ,  
        

12,5±3,1 /  3,2±0,8 /  .    
          

    . 
а а 

1.  . .  . .  . .  . .  . .  . . 
    //    

2170930. : 2000111126/14.  : 20.07.2001. 
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. . , . . , . . , . .  

  «    »  
. , ksanset@list.ru 

        
        

[1-3]. 
       

     -20     
    -29 ,   

   (IV)      100%-  
 . 

       
      ,   

     100 %.  
  ,      

  (  NaX),   
 .      

  ,    
.   ,    

      
 (1…6 )          

   . 
      

  3,  ,   , 
    ,      

  .     
      (0,1…10 . %)  

   .    
  ,   [3].     
       ,    

        
          

  . 
     (IV).  

        
.          

        168 . 
 ,     -29    

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

   100 %;  -29 , . %: 1 –  
 ; 2 – 0; 3 – 1; 4 – 3; 5 – 5; 6 – 7; 7 – 10 

 
   ,   

     , , ,   
 ,         10 . 

% -29 .  ,   90 %-   
  ,    

       
,    . 

 ,    ,   
,  , , ,   

,  , ,    
  . 
  168-      

   100 %-    ,     
      

 -20        
-29 . 

        1 . % 
.       

    K,  ,   
  . 

        
 . ,    ,    (IV) 

       ,  
      pH    
. 

    1  10 . %   
    K (  1). 
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 1.   ,       
 -20  ( )   ( )    

-29 ,        (IV)  
   100 % (   168 ). 

 

C -29 , 
. %  

 

 ,  
K102, / 2  

(10-3 . % SO2) 

 ,  
K102, / 2   

(2,0·10-2 . % SO2) 

 ,  
K102, / 2   

(6,7·10-2 . % SO2) 

0 8,0/12 35/36 54/54 
1 6,8/8,5 32/34 48/51 
3 5,0/5,5 31/32 42/44 
5 4,0/4,5 30/31 39/40 
7 3,5/4,5 29/30 36/39 
10 2,5/3,5 27/29 34/35 

 
   K ,     

 -29   ,       
  . ,     

         
   -   .  

,   -20      
. 

       
 ,      

   . 
а а 

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

 //    . – 2015. – № 1(13). – . 37-45. 
2. , . .         

     / . . , . .  //   
 . – 2015. – № 3(13). – . 248-252. 

3. , . .       
  / . . , . . , . . , . . 

 . . //      . 2020.– №4 – (620). – . 41-47. 

 
 
 
 
 
 
 
 
 
 ____________________________________________________________________  

©   . . , . . , . . , . . , 2022 

https://elibrary.ru/contents.asp?id=43940389
https://elibrary.ru/contents.asp?id=43940389&selid=43940395


136 

    
Zn (II)    

. . , . .  

  , 
. , pnbi@mail.ru 

        
,       

,       .   
       ,  

      .   
    .  

 ,       
     ,  

    . 
       

  –      
  ,     

  . 
 . 1        

 ,     –   
 NaOH     1 : 1. 

 

. 1    pH-    : Zn2+ (1), 

 (2), Zn2+ –  (3),  (Zn2+) = 1·10–3 / 3, ( ) = 1·10–3 / 3 

      
  Hyperquad 2008,    

  ,  - . 
     ,      

         
(II)   pH    
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   τ,      
   .  

   pH-    
 (II)      1. 

 1          Zn(II) – , 
I(Na2SO4) = 0,1, t = (20 ± 2)°C 

  
 

   
 Zn2+ : L 

lg  

[Zn2HL]+ 

[Zn2L] 
2 : 1 22,98 ± 0,11 

17,47 ± 0,58 

[ZnHL] ̶ 1 : 1 
1 : 2 
2 : 1 

16,62 ± 0,04 
16,55 ± 0,18 
16,76 ± 0,32 

[ZnL]2  ̶ 1 : 1 
1 : 2 
2 : 1 

14,42 ± 0,09 
14,52 ± 0,10 
14,37 ± 0,69 

       , 
   [1],     

 C2H4O7P2Zn2 × 5H2O.        
   30,92 %  14,65 %. 

      
-  . -    

   2. 

 

. 2   -     : 1 – Zn2L, 2 – H5L; KBr, 1:200 

       -   
 3400-3200 –1;   1650-1640 –1    

 = ;   1060-1050 –1     
  PO2;   1000-990 –1    
    PO3;   

 960-940  990-980 –1,     
 P-O(H)   ,    
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,    ;    570-550 
–1     Zn-O;    480-460 
–1     -O-P-O [2]. 

       
Zn2L  565 –1 (ν -O),       

   1182 –1 ( )     
1155 –1. 

       
        

   (II). 
      -  

      , . . .  . . 
а а 

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

 / . . , . . , . .  [  .] // . – 2020. – 
№ 2. – . 43-50. 

2. Kadirov, H.I.Ir spectral and elemental research scale inhibitor based on Zn-HEDP / H.I. Kadirov, 
O.A. Salihova // International Journal of Engineering Sciences & Research Technology. – 2017. 
– Vol. 3. – Pp. 598-603 
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Cu (II)    

. . , . .  

  , 
. , pnbi@mail.ru 

    .     
,      -  

.        , 
  , ,   .   

     , ,  
 ,       

. 
      

   (II) –   
,     ,    

    . 
      (II) , 

      , 
  800 .      (II)  

       
  , ,    

 1 : 1,       
    ( . 1). 

 
. 1       Cu2+ −  (1 : 1)    

pH: 2,00 (1); 6,00 (2); 8,00 (3); 9,00 (4); 10,00 (5); C(Cu2+) = 1∙10−2 / 3; l = 1,00 ; 
I(Na2SO4) = 0,1; t = (20 ± 2)°C 

       
     800 .    

     ~ 3,5    

0,0

0,1

0,2

0,3

0,4

400 500 600 700 800 900 1 000λ,  

1

2

3

4

5
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 ,     3,5  6  
  .     

      ,    
       

.  
     

    Hypspec 2014,   
,       -  

 ,     
   1,       

. 

 1        Cu2+ − ,   
     ,    

I(Na2SO4) = 0,1; t = (20 ± 2)°C 

 
 
 

  
 

lg  pHmax α, % 

1 : 1 
 

Cu2++ 3L2–⇄ [CuH3L]  
Cu2++ 2L3–⇄ [CuH2L]− 

Cu2++ L4–⇄ [Cu L]2-
 

Cu2++ L5–⇄ [CuL]3– 

23,70 ± 0,13 

21,51 ± 0,15 

18,27 ± 0,03 

13,31 ± 0,02 

0,60 

1,82 

2,10 

2,94-5,88 

97 

26 

2 

98 

1 : 2 Cu2++ 3L2–⇄ [CuH3L]  
Cu2++ 2L3–⇄ [CuH2L]− 

Cu2++ 2L
5–⇄[CuL2]8– 

23,23 ± 0,11 

21,69 ± 0,12 

20,40 ± 0,01 

0,28 

1,82 

2,80-6,00 

96 

45 

99 

2 : 1 Cu2++ L5–⇄ [CuL]3–
 

2Cu2++ L5–⇄ [Cu2L]– 

13,42 ± 0,03 

25,03 ± 0,04 

5,6 

 4,20 

39 

99 

   ,    [1]  
 (II),     97%. 

-     -  
( . 2, . 2):       

 Cu2L  582  –1 (ν -O),      
    1182  –1 ( )   

 1163  –1. 
       

        
   (II). 
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. 2   -     : Cu2L (1), H5L (2); KBr, 1:200 

 2      (ν, –1)  -     
 

 
 

    [2-6] 

 Cu2L  Cu2L 

-  516 – 520 – 

ν -O – 582 
620 – 640 

697 
590 

νs
C-P 624 667 620 – 640 672 

νs
P-O(H) 927 950 

929 – 933 
1011 – 1028 

940 

νPO2 – 1066 – 1050 – 1060 

νP=O 1182 1163 1170 1160 

      -  
      , . . .  . . 

а а 

1. . .     [  ]. – 
 : http://www.profhimpostavka.ltd.ua/oedf-90/index.html#s17 

2. Wu, D. On the reaction mechanism of a hydroxyethylidenediphosphonic acid-based electrolyte 
for electrochemical mechanical polishing of copper / D. Wu, R. Kang, J. Guo, Z. Liu, C. Wan, 
Z. Jin // Electrochemistry Communications. – 2019. – Vol. 103. – P. 48-54. 

3. Puri, D. M. Copper(II) Complexes of Organophoshonic Acids-A Comparative Study / D. M. 
Puri, B. Venkateswara Rao // Journal of Chemistry. – 2011. – Vol. 8. – No. – 8. – P. 271-281. 

4. Sergienko, V. S. Structural chemistry of 1-hydroxyethylidenediphosphonic acid complexes / V. 
S. Sergienko // Russian Journal of Coordination Chemistry. – 2001. – Vol. 27. – No 10. – P. 681-
710. 

5. Popov, K. Critical evaluation of stability constants of phosphonic acids (IUPAC Technical 
Report) / K. Popov, H. Rönkkömäki, L. H. J. Lajunen // Pure and Applied Chemistry. – 2001. – 
Vol. 73. – No 10. – P. 1641-1677. 

6. Barnard, W. Modelling and spectroscopic studies of 1-hydroxyethylidene-1, 1-diphosphonic acid 
and its interaction with hydroxyapatite as a model of bone / W. Barnard // Diss. University of 
Pretoria. – 2010. 
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. . , . . , . .  

  , . , slavanasabitova@gmail.com 

 ,       
        .   

        , 
   , ,     

.       
  -  -   ( , 
,   .),      

,      [1, 2]. 
 –      .  

, , , 
,  ,  

       , , 
,  , , ,    , 

,       .   
      

,   ,      [3,4]. 
        -  

     .  
:        

  -  . 
  .      

   .   (  : 
 /  /  /    )  

 ,       
 .      

   31649-2012. 
   .     

 1. ,     -   
:  

–  ,  ,      
:   ,    .   

8023-64     61–65 ° ,  
  – 45–65 °  (     ).  

  ,   ,    
  ,   ; 

–           
(   ):    ,    

.    ,   , 
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  ,      
  8023-64  18,5–22,4 / .    

       .  
   .     

   . 
 1   -       

 1 2 3 4 5 6 

  
: 

ва  / в  / а а  / 

ч  
а  / а ы  
а  а 5

 /
 1

4
 /

 –
 /

 –
 /

 1
5
 

5
 /

 –
 /

 1
4
 /

 –
 /

 1
5
 

5
 /

 7
 /

 7
 /

 –
 /

 1
5
 

5
 /

 1
4
 /

 –
 /

 1
5
 /

 –
 

5
 /

 –
 /

 1
4
 /

 1
5
 /

 –
 

5
 /

 7
 /

 7
 /

 1
5
 /

 –
 

 , ° 
60,0±0,5 44±2 50±1 56±1 40±1 49,0±0,5 

 , /  9,1±1,2 1,30±0,02 3,50±0,04 7,9±0,3 1,30±0,03 3,8±0,1 

: «–» –   . 
        15 / ,  

   55 ° .   ,     
   .   
    -    . 

а а 

1.  . .,  . .  -  . 2021. . 9–
47. 

2.  . .        //  
     «  2020». – : .  , 

2021. – . 32. 
3.  . .,  . .,  . .,  . .,  . .  

   -    
 //     . – 2012. – № 3. 

4.    . URL: 
http://cosmetic.ua/podorozhnik_v_kosmetike 

5.  31649-2012      .  
 . .: , 2019. 8 . 
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  -  

    

. . *, . . *,**, . . *, . . * 
* -   ,  

**    ,  

s.s.savinov@spbu.ru 

       
       , 

 . ,       
.     ,    

        ,  
   .      

       
   . 

       
    .    

  -   , -     
   .  ,   

       
 ,     

  . 
         

   -   ( -
)    ( )    . 

    AA-7000 (Shimadzu, )  
-  . 

   -   ,   
  Ni  Co     ,  

         
 10:1.  ,     

       10% .    
   ,   1%    

  (       
).       ,  

       1% 
 .      
    ( . 1). 
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 1.    Ni    

  , /   , /  

100  – 0.173±0.015 

100  1.20 1.361±0.023 

10  – 1.788±0.011 

   K        
        -  
 .      

  . ,       – 
         

           
  1%  ,      

 ( . 1).        
     .  

        100 
.        

        -   
 ,     

  ((0.95±0.080) /   (0.94±0.07) / ). 

 
 1.     I   K 766.5  

   C   ,    
  : 0 (□), 20 (●), 50 (◊), 80 (∆), 97 % . 

       
     № -2476.2021.1.3.   

      “   
 ”       

. 
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. .  

  , ,  

diana.salieva.01@mail.ru 

      
      

 .    
     .  

    ,   
    « ».   

,      . 
ч вы  ва:  ,  
,  ,  . 

         
  ,  ,  , 

  ,    
    –   –  

  . 
 ,        

 ,  . 
 –    ,    

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

  

 .    
    : «  », 

« », « », «  + ». 
 . 1.      

    (Е )   (Е )   
      , 

   . 
     ,  

       . 
     (1): X =  

α∗Cox −Cr+ α [2] 

2.      ,      
        

   . 
      (2): 

(X1)*V1 = C(X2)*V2[3] 
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     (1). 
 (1)     

 
 

н ∗ , /  
 

н ∗ , /  
 

 
 

   
 

 + , 
 « » 

0,46 3,21 

 
: 70  

: 10  
: 2  

: 25  

, 
  
 

2,32 8,01 

 
: 300  

: 
20  

, 
  

0,53 4,58 

 
: 300  

: 
20  

 , 
 

0,48 3,32 

 
: 70  

: 10  
: 2  

: 15  

      
   « »,     
  ,      « » 

   . 
,   ,    

    ,  
 .       , 

     ,   (III) 
. 

а а 

1. «       ?» [  ]. –  : 
https://www.sechenov.ru/pressroom/news/chto-takoe-antioksidanty-i-zachem-oni-nuzhny/ 
(  : 29.10.2022) 

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

   .    // 
  . 2020 - №3 – . 259-265. 

3. «  » [  ]. –  : 
https://studfile.net/preview/1779107/page:7/ (   31.10.2022) 

 
 ____________________________________________________________________  

©   . . , 2022  

https://www.sechenov.ru/pressroom/news/chto-takoe-antioksidanty-i-zachem-oni-nuzhny/
https://studfile.net/preview/1779107/page:7/


148 

     
      

. . , . .  

    , 

. ; salyulev@ihte.uran.ru 

 

     
         
,     .  , 

     Pd(IV)  Rh(IV), 
 -       

 ,    , ,   
 -  .   

      

 (    )    
 :    ( , 

   , ),  
( ),  ,  .  
        

  . , ,  ,  
       

         
 ,      

       
   Cl2. 

      
       

(630−980º )      (8÷10 ) ,  
 ,        
 CsCl       Cs2PdCl6. 

   RbCl   KCl ,     NaCl  LiCl  
      Na2PdCl4, Li2PdCl4, BaPdCl4 

 SrPdCl4.    (II, IV)     
      

    ( ) [1, 2] −   
    [PdCl6]2- (Oh): ν1(A1g) ~315, 

ν2(Eg) ~290, ν5(F2g) ~170 -1  [PdCl4]2- (D4h): ν1(A1g) ~305, ν2(B1g) ~270, ν4(B2g) 
~195 -1     ( . 1). 

mailto:alyulev@ihte.uran.ru
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       ,   
     P ~1     

  ,     ν1(A1g) = 
300÷315, ν2(Eg) = 275÷290, ν5(F2g) = 155÷195 -1 (   Oh – 

)   [RhCl6]3-     
M3RhCl6 c M = Cs, Rb, K, Na (III) (   t6

2g).  
    -      

      
     . 

. 1.     Rb2PdCl4 (1), Rb2PdCl4 + Rb2PdCl6 (2)  

Rb2PdCl6  (3)     RbCl,    (1 – 
850, 2 – 730º  )   (3 – 20,  100º )   
(1, 2)   Cl2 (3).   

    Pd(II)  
       (   

         
   10–12   100º )    

(IV) M2PdCl6  M = Cs, Rb, K, Na    
 Li2PdCl6  BaPdCl6.    

 PdCl6
2-       309–323 – 1(A1g), 283-295 

– 2(B1g)  169–176 -1 – 5(F2g),        
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Cs2PdCl6  Li2PdCl6   BaPdCl6.     
     Pd(IV)  . 

    (IV)  (   
 )     

   - Cs2RhCl6, ё   [3].  
     (   ) 
         
 20÷100º    Cs3Rh(III)Cl6  Cs2Rh(IV)Cl6  

.         
   Cl2 ё  ( )    (306, 284, 

178, 157 -1)  . 
      Pd  Rh,    

  (II  IV),   4  6  .  Pd(IV) 
      ( ) 6,   PdCl6. 

  Pd(II)  Rh(II)    4,     
 PdCl4  RhCl4. 

 
а а 

  1.  . .,  . .,  . . //    
/ . . . . : - , 2010. . 26. . 201–208. 

  2.  . .,  . . //    / .- . 
 . . : . 2014. . 33. . 99–1054. 

  3. Ellison I.J., Gillard R.D. // Polyhedron. 1996. V. 15. P. 339–348. 
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,    

  f-  

  N-  , 

-2,4  1,10-  

. . , . . , . . ,  . .   
     
   «    

  . . »,   , 
    295007, . , 4,  

. ,  ,   

e-mail: easarnit@mail.ru 
 

     
( )     ,   

    « -  »,   
      [1, 2].  

      
 : N-  , -

2,4 ( )  1,10- ,   « »  
      .  N-

    ё   « » 
 :      

 ё  - ,     
    [3]. 

      :  – 
     1,10-  (Phen), 

 (HAcac)    f- (III),  –  
 (  1);   –      

  [M( )3(Phen)]  N- c  
 (H2L) (  2): 

(NO3)3 + 3HA   + Phen → [ ( )3(Phen)] + 3HNO3    (1) 
 [ ( )3(Phen)]  + H2L  →  [ (L)(Acac)(Phen)] + 2HAcac   (2) 

 = Sm, Eu, Tb 

      CHN-
 «Euro EA Elemental Analisyer»,    

  -   «Perkin Elmer»; 
      

 «STA 6000». 
     [Sm(L)(Acac)(Phen)] (  1): 
, %: C – 54,32;  – 6,38; N – 5,82;  33 44N3SmO6: , %: C – 

54,36;  – 6,08; N – 5,76.  
     [Eu(L)(Acac)(Phen)] (  2): 
, %: C – 54,25;  – 6,07; N – 5,75;  33 44N3EuO6: , %: C – 

54,29;  – 6,49; N – 5,16.  

mailto:easarnit@mail.ru
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     [Tb(L)(Acac)(Phen)] (  3): 
, %: C – 53,62;  – 6,19; N – 5,76;  33 44N3TbO6: , %: C – 

53,73;  – 6,01; N – 5,70.  
  ,       

100–110  ,     :  200   
        ,   

   200    240–250      
  230      N-

 ;  ё     
   450  470  .     

   780–800  .  
    ё    

  ( . 1):  
 1. 

   ( max, c -1)    
 N-  ,   1,10-   

 

-
 

H2L 
[Sm(L)(Acac)(Phen)] 

(  1) 
[Eu(L)(Acac)(Phen)] 

(  2) 
[Tb(L)(Acac)(Phen)] 

(  3) 

(C–N) 1340 1325 1330 1305 

as( –) – 1590 1600 1605 

s( –) – 1305 1295 1310 

 – 285 305 295 

       

(C=O) 1710 1695 (Acac–) 1685 (Acac–) 1680 (Acac–) 

(C– ) 1155 1105 (Acac–) 1050 (Acac–) 1105 (Acac–) 

(C –N) 1420 1425 (Phen) 1430 (Phen) 1420 (Phen) 

  

        
   ( . 1): 

 
. 1.     [M(L)(Acac)(Phen)] (  =  Sm, Eu, Tb).  

 

      
     «Fluromax-4» 

(HORIBA Scientific) c Xe- .  

O

M

O

N

O

O

CH
3

O

CH
3

O

CH
3

N

N



153 

 . 2 ( , , )   ,   
    ё   

 . 
 

   
) [Sm(L)( )(Phen)] (1): 

 = 0,62; y = 0,38. 
) [Eu(L)( )(Phen)] (2): 

 = 0,60; y = 0,34. 
) [Tb(L)( )(Phen)] (3): 

 = 0,33; y = 0,62. 
 . 2.    ё   . 

  

    [Sm(L)(Acac)(Phen)] (1)  
    560, 600, 650  710 ;   

     ;   
  1,8%.  

    [Eu(L)(Acac)(Phen)] (2)  
    590, 612, 688  700 ;    

   -   ;  
   9,7%.  
    [Tb(L)(Acac)(Phen)] (3)  

   448, 545, 583  620 ;     
    ;    
 20,8%.  

  Sm–Eu–Tb       
   .  

а а 

1.  . .      ё  
.     / . . , . . 

, . .   [  .]. –  : , 1986. – . 205–225. 
2.  . .   ,     

 4f-        / . . , 
. . , . .  [  .]. //   . – 2011. – . 42, № 

1. – . 99–105. 
3.  . .       

    / . . , . . , 
M. . ё  //  . – 2005. – . 74, № 12. – . 1193–1215. 
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(III)  (III)   
 ( -1- )    

 ( -2- )   

. . , . . , . . , . .  

     
   «    

  . . »,   , 
    295007, . , 4,  

. ,  ,   

e-mail: easarnit@mail.ru 
 

       
    ;  
     ,    

         
[1].       NH-  CH- 
(  1  2   )   

 ,       
        

  [2].        
         

     ,   
    [3].  
      (2-

-1- )    ( -2- )  
,        

  (III)  (III).   
   CHN-   «Euro EA Elemental Analisyer»; 

     -   
«Perkin Elmer»;     

 «STA–6000» (       
,    , . ). 
       

    10%-    
   1 : 1,      

  ( . 1, 2). 

 

O

N
H

N

H

OH

N

N

CH
3

N

N

CH
3

O

N
H

NH
2 O

H

OH

_
+

H+

H
2

O

mailto:easarnit@mail.ru
https://ru.wikipedia.org/wiki/%D0%98%D0%BC%D0%B8%D0%B4%D0%B0%D0%B7%D0%BE%D0%BB
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. 1.     (2- -1- )  
 – (2- -1H- -1- )-N'-[(2- ) ] -
  (H2L1). 

 
. 2.     ( -2- )   – 

(1H- -2- )-N'-[(2- ) ]a e  (H2L2). 
 

 (2- -1- )   
     ,  92%.  

   H4L1: , %: C – 66,14;  – 5,08; N – 18,02;  
C17H16N4O2 , %: C – 66,23;  – 5,19; N – 18,18. 

 ( -2- )   – 
   ,    88%.  

   H4L2: , %: C – 65,15;  – 4,64; N – 18,95;  
C16H14N4O2 , %: C – 65,24;  – 4,79; N – 19,02. 

 (III)  (III)    
:       

      f-   
  :  = 1 : 3 (5%-    ),  

 ,     ,  
    ,    

    (  (III))  
   (  (III))   ,   

.  
 (III)  (III)   
    ,   ё   
      395  465 

    ,      
    [4]. 

    ,   
    :  = 1 : 3 ,  

      .  
  ,    

,       ( . 1).  
 1.    ( max, c -1)    

   (III)  (III)    

 ν( – ) + ν(N– ) « -I» « -II» ν(C–O .) 
H2L1 3174; 3055 1678 1612 1283 
[Eu(HL1)3]· 2  (1) 3197 ( .) 1657 1608 1295 
[Tb(HL1)3]·2 2  (2) 3150 ( .) 1680 1608 1292 

O

H

OH

_
N

N
H

O

N
H

NH
2

N

N
H

O

N
H

N C
H

OH

+
H+

H
2

O
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 ν( – ) + ν(N– ) « -I» « -II» ν(C–O .) 
H2L2 3182; 3102 1682 1609 1293 
[Eu(HL2)3]·2 2  (3) 3190 ( .) 1644 1610 1291 
[Tb(HL2)3]·4 2  (4) 3105 ( .) 1651 1608  1295 

 

 . 3      
.      

( )          
    ,     

       
 ( . 1);        

 -      .  

  

. 3.      (M = Tb, Eu). 

а а 

1.  . .     / . . . – : 
   ( ), 2005. – 845 . 

2.  .    / . , .  .;    . 
. . , . . . – : , 2004. – . 625–630. 

3.  . .        / . . , 
. . , . .  [  .]. – : , 1988. – 164 . 

4.  . .      ё  
.     / . . , . . 

, . .  [  .]. – : , 1986. – . 205–225. 
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    «   »: 
    

. . , . . , . . , . .  

     
   «    

  . . »,   , 
    295007, . , 4,  

. ,  ,   

e-mail: easarnit@mail.ru 

 
     « »     

      -
   -    

   «      
 » № 273–  (29.12.2012)  «  

     » 
№ 287–  (31.05.2022) [1, 2].      

    ,      
 ,         

.    «   »  
      ,   

     2014 . (  ,  
2021 .        ).  

  «   » –     
    -  ,  

:      
    :  ↔ , 

 ↔ ,  ↔ ,  ↔  ( , 
),   ↔ .  

     «COVID-19»  
    2020   2021   

        .   
          

  -      
« »  « »[3].     

  - : «    
   » –   (II)   

     ;    
   ;  ё    
;      (I)  

  ; «    » – 
    ;     ; 

       ; 
      .  
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      . 1. 

 
 

. 1.    «   »  . 
 

        
    :  «  

» – « », « », «   », 
« »;  «  » – « », « », 
« », «  »;  «    » – 
«   »;  «  

» – «     », «   
 », « », «  », « »;  

   ,     -
   . 

          
    2014 .  2021 .     

   ( . 2): 
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 . 2.     ,  
   «   »       

 2014   2021 .  

   «   »    
        

  -  ;    
   ,    ,    

 ,        
    .  

         2014   2021  
    ,   

    -    
   ,   

         
    . 

а а 

1.  . .    29  2012 . № 273–  «  
   ». – URL: https://base.garant.ru (   

26.08.2022). –  : . 
2.        

(        31  2022 ., № 287). URL: 
https://www.garant.ru(   26.08.2022). –  : . 

3. , . .         . 
 . / . . , . . , . . . –  : 
   , 2018. – 120 . 
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       2- -

4,6-  

. . , . . , . .  

O   «  . . . », . , 
e-mail: ilona.zaytseva@inbox.ru 

     
,    ,    

 .   ,    
    ,     

   [1].     
        

    .     
   2- -4,6- ,  

    (II). 

 2- -4,6-   
  1,    - , 

          [2]. 

 

 1.   2 

 2      , 
    ,   

   424-444 .    
 2    ,      (II) 
       
.    2a  2b   

  (II)   2,5  3,5   ( . 1). 
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 2. –    2a-c     (II). 

   ,     
2a,b    2-   -2-    

 .       
  2 ,       

    (II),      6 
.  ,  2-   -2-  

   2 ,b      
   2    (II)      
  . 

        № 22-

23-01025, https://rscf.ru/project/22-23-01025/ 

а а: 
1. Mansha, Asim. Review of recent advancements in fluorescent chemosensor for ion 

detection via coumarin derivatives / Mansha, Asim,Asad, SyedaAnam,Asim, Sadia, Bibi, 
Shamsa, Rehman, Shafiq-Ur, Shahzad, Alina // Chemical Papers. – 2022. - vol. 7. - p. 3303 
– 3349 

2. Wang, S. Promoted Ring‐Opening/Cyclization Reactions of Multi‐substituted Donor‐
Acceptor Cyclopropanes with Thiourea: Access to 2‐Amino‐4,6‐diarylnicotinonitrile 
Derivatives / Wang, S., Xie, Z., Li, M., & Wang, C. // ChemistrySelect. – 2020. – vol. - 
5(20). – p. 6011–6015 
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. .  

  «      
. . », . , 

e-mail: nadezhda_semakina@mail.ru 

    – [1-3] 
      – 

  .    
      

    2011-2012   [4-6].  
       

 [7, 8]. 
        

   «     » «  
»       . 

      «  
 »    «  »   8-11 . 

    ,     
«  », «    » ( . 1),   

-    «  ».  
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‒         – 
,         ; 

‒          
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 : 
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‒   ,    ; 
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  . 
       

. 
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№ 
/  

     

1 2 3 4 
1   

  
 

   
,  

   
  

 : , 
, , 

, , 
, , 
 

2  
 

  
 

  
.   
:  

 (3D)  – 
;  

 (2D) – , 
;   

(1D) – , , 
;  (0D) 

 – , 
,   

3 -
  

  
 -  

   
   

   (  
   

   ). 

  
.  
  

: 
-  ;  
-   
( ,  

 ) 
4     

  
   

 . 
  : 

, , .  
  (   

 ). « » 
( ,  

,    
). 

 –  2D-  
. 

  
,   

. 
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 1          
 

 -    «  »   
    (« - », « », 

« »)    ( )  ( . 2). 

 

 2            
 

     : ,  
   . 

      
,          

 ,      
       

       
 . 

а а 

1.  . .        . . 
 //  – XXI :      

    ( , 9-11  2019 .),  
  / .   . . ;   

. – , 2019. – . 154-155. 
2.  . .   «    

» //   I    
 , , 2020. – . 157-159. 
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3.  . .      //   
II     , , 2021.– . 

118-121. 
4.  . .      //    

   .  5 . . 5 : . . – :   
  , 2016 . – . 52. 

5. Semakina, N.V. Nanotechnology-oriented system of natural science education insecondary 
schools // Int. J. Nanotechnol., 2017.Vol. 14, Nos. 7/8, pp.680-689. 
DOI:10.1504/IJNT.2017.083442 

6.  . .    -  
  //   VIII   

  , , 31.03.2017.– . 174-178. 
7.  . .       // 

  IX    , 
, 05.04.2018. – . 116-118. 

8.  . .      // I  
     .  6 . . 4: . . , 2019 . – 436 

. 
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  , 

      
     

  

. . , . .   
   . . . , 

. -  

e-mail: alena.sinicyna.99@mail.ru 

          
(IV),      , 

         
     -  ,  
   ,  , , 

- ,      .    
     ,  : 

 ,     
,    ,   

. ,       
   :  , 

 ,  ,  , -
   .        

  ,   ,  
        [1]. 

       
  TiO2|Gd2O3  TiO2|Gd2O3|Eu2O3, ,   

,    ,  
 . 

       
 , - .    

   – –  ( ). 
      

      ( )  
 - .    

 ,       
«  » (  ).   Gd(NO3)3∙6H2O, 
Eu(NO3)3∙6H2O, - -  (IV) (97%, Sigma-Aldrich), AgNO3 ( , 

 ), -2 ( ,  )    
( ) (85 %, Sigma-Aldrich)    

.       
,         

   NETZSCHSTA 449F3Jupiter. 
     .  

mailto:alena.sinicyna.99@mail.ru
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      ,  1  
- -  (IV)  -2     

 30 .    ,   
   50-60˚C       

  WiseTherm  750 ̊    20, 40  60 .  
   60 .     

         
[2].        

 – 1,7% ( ).      
  - ,   IR-21 «Prestige» 

Shimadzu. 
      

        2.5 
· 10-5 / .        3 

 10   10 .      
 Philips TUV 4W/G4 T5    254  (  3.0 · 1016 
/ 2 · )  Philips TJ 4W/08 F4 T5/BLB    365  

(  4.8 · 1016 / 2 · )     
  WiseStir MSH-20   120 .   

  – 10 .     
   30         
   -   . 

     
(ShimadzuUV-2550)         
465 .     30      ё  
4 .      -8 (8000 

/ )   5       
         10 .  

      . 
       
       . 

       
     . 

      
 .  

         
     1,5- 5 .  

     Gd2O3    
         

254   365  2,3  1,3 , . 
       Eu2O3   

         
 1,2  1,5 ,        

  . 
     (V·10-3 -1) 
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№  λ я 
254  

λ я 365 
 

 , /10 
 

3 10 3 10 

1 TiO2 1,4 2,8 1,1 1,5 

2 TiO2/Ag 7,1 4,2 6,2 5,3 

3 TiO2/Gd2O3 (0,6 %) 1,0 2,5 1,5 1,8 

4 TiO2/Gd2O3 (3 %) 2,2 3,0 1,9 2,2 

5 TiO2/ Gd2O3(0,6 %)/ Ag 3,5 14 5,0 6,0 

6 TiO2/ Gd2O3(3,0 %)/ Ag 8,0 12 6,5 8,5 

7 TiO2/Gd2O3/Eu2O3 (1%) 2,1 5,1 1,0 2,0 

8 TiO2/Gd2O3/Eu2O3(2,5%) 1,5 6,3 1,0 4,5 

9 TiO2/Gd2O3(0,6%)/Eu2O3(1%)/Ag 2,3 7,6 3,4 4,9 

10 TiO2/Gd2O3(3,0%)/Eu2O3(1%)/Ag 3,6 6,4 3,5 8,3 

а а 

1. Vakhrushev A.Y., Boitsova T. B., Gorbunova V. V., Stozharov V. M. // Inorganic 
Materials. – 2017. – V. 31, N. 3. – P. 171-175. – DOI: 
10.1134/S0020168517020157. 

2.  . .,  . .,  . .,  . .,  
. .// . – 2020. – .93, №2. – .282-289. – DOI: 

10.31857/S0044461820020176 
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. .   
    «    

 . . . » , ,  
;sobolevdn@fferisman.ru 

   ,   
         

 .     
       

 ,        
    .    

        
       
 . [1] 

       
    –     

, .       
,        

    .    
     ,  

.          
   .  

       
     ,   , 

   . 
        

       ( ).  
     ,   

        
.     

    .   
       
        

  ,     
    .  

      
,    -  –  

   . 
       

 0,0005 / 3.[2]      
     ,   

   -  . 

mailto:sobolevdn@fferisman.ru
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   , ,  -
,         

     .    , 
        

    . [3] 
        

100 3    ,    
    18(Sep-PacC18)  

 1-2 3,    10 3    
  .      -

 (3:1,  ) –    1 3,    
        

   35 0  .     
 ,    .   

      
 «Agilent 7890B»,  -   «Agilent5977A» 

(   ). 
   70-   ,    

-  , ,     
  -    (  0,00005 / 3). 

     
         

        
, 2- , 5-   10-    . 
      : 

  83,39 – 107,72 % (  – 97,58 %),   
 5,44 %.[4] 

   ,    
 ,      

       
,       «4.1. 

 .  »     
        

.1.31.2021.39769.     
       

. 

а а 

1.  . .      :  / 
 . .,  . .,  . .   . . . — . : 

- , 2014. — 256 . – ISBN 978-5-4469-0227-9.– : . 
2.       1.2.3685-21 «    

     ( )     
 »– : . 



171 

3. Amrith S. Gunasekara, Tresca Truong, Kean S. Goh,Frank Spurlock and Ronald S. Tjeerdema 
Environmental fate and toxicology of fipronil // J. Pestic. Sci., 32(3), 189–199 (2007) doi: 
10.1584/jpestics.R07-02.– : . 

4. SANTE 11312/2021 Analytical Quality Control and method validation procedures for pesticide 
residues analysis in food and feed.– : . 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ____________________________________________________________________  

©   . . , 2022  



172 

    

     

   

. . , . .  

  « -   . . . .   

. . », . , oustrelnikova@mail.ru 

  –     -
 ,  ,  ,   

  . 
      

    ,     
 .  ,    , 

      ,  
   ,     

   ,   ,     
       

,   .  ,    , 
,      ,  

     , , 
  . 

         
  .       
. ,       

    ,  
       . 

        
,      .   

  ,     
 [1]. 

       
   .         

         . 
        , 
,   .        

.        
     . 

          
         

 ,      
      ,  

    . 
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   (  , , 
,  ) [2]. 

   –     
       

      
   ,   ,   

. 
      -

     
.      -

  ( )  .   
   -   , 

   . 
  : 

1)  95: 95% - , 5% - . 
2)  95: 95% - , 5% - . 
3) ,     45 20: 45% - 

, 20% - , 10% - , 15% - , 10% - 
. 

      
         

:   .    
       

    .   
      

 . 
       

        
  ,      

      
. 

       -
 ,   ,   

   .     
      :  

,  ,  ,  
.        

      .  
      

      
 . 

     -  
   20 %   

.      
        95% 
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,  –  95% . ,  
      ,  

        
.        

 95% .       
  ,    : 

      95  45 20  
2 ,  95 –  7 . 

        
 ,    [3,4]. 

 ,      
       ,  

 ,      
    .   

       
    25 - 100%.  

     
       

       .  
     , 

   –  10%,   – 10%. 
       . 

      (  )  
   30-40%.  

а а 

1.    : .    / . .   .; 
 . . . . – .: , 1992. –463 . 

2.  . . -      / . . . – 
:  , 1980. – 198 . 

3.  . .       
  / . . . – : . . . ., 

2002. – 210 . 
4.  . .        

     ,   
  : . . . . , 2000. – 153 . 
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. . , . . , . . * 

       . . 
, .  

    , . * 

streltsova.khristina@yandex.ru 

       
       

       
.         

  ,  -   
 .  

          
3-  ( -3.48), N-(2- )-3-  
( -2.80)   ( -1.12) 

. ,       
    (III),  (IV)   (II)  

    s-  d-    
     1  5.     

      
 3  5      (IV) (  

93,78 %),   (III)   (II)   . 
    ( <1)     

       : 
 (III) – 19,39 %,  (II) – 73,45 %   (IV) –  1 %. 
         

        3-
.     

       (  (II),  (III), 
 (IV),  (II),  (II),  (II),  (II),  (II), 

 (II),  (II),  (II)   (II))  10-4 / 3.  
        -160  

    -10601/7.    
-1.12  0,1000        

     2 3/ .  
         -

  iCAP 6500 Duo.    
    ( . 1).  
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    1 –        
-1.12  =3 ( )  =0 ( ).    0,1000 ,  

 0,100–0,125 , 0 = 10-4 / 3,   

  1  ,   =3    
      195 3  

,        -1.12. 
     ( )   

0,186 /    (III), 0,195 /    (II)  0,153 /   
 (IV).  =0 ( . 1 )     

   .  (II)  

) 

) 
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   195 3  ,      
  0,222 / .      

        –    (III) 
  (IV),      0,125 /   0,042 

/ , .       (III) 
   0,185 / ,     (IV) –   0,083 

/ . 
        

   =0      
  -1.12      

 .      2 ,    
    4 3/      

   (III)   (II),     
     (IV). 

 , -1.12  =3     
      . 

    =0     (II)  
 (III)   (IV)   s-  d- ,    

        
,     [1]. 

а а 

1.  . .,  . .,  . .  .   Au 
(III), Pd (II), Pt (IV)    //   
XXIII     ,    

 , , 3-7  2022 . – , 2022.  – . 94. 
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. . , . .  

      
  ,  

E-mail:nutrelun@mail.ru 

  ( ) ё   ( ) -   
  . ,     
 .         

-  ,      
   [1].     

   ,    
   ,   .  
,       

 ,      . 
      , 

        [2],  
     ,   
     .    

    . 
       

 ,      
  -      

 .    [3]    1. 
 

.1       
. 

 
  , % 

,       
 

46,0 

,      (II)  
 

34,0 

,      (III) 
 

9,4 

  8,4 
   2,2 

 
    1     .  

     1-1,5.    
 ,      ,    

  .       
    [4].    

   Fe+3   .     
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ё    ,    ,  
20%   .      

 (III)   ,      
   3-3,5.      

        
 . 

    3,0–3,5   ,    
    10%   .   
      ,   

   8–9  .   , 
  . 

           
t=300 0C   30 .   ,    

(III)  ,   5%  ,    , 
    (III)      .  

   5%-     [5].  
        

 Na4[N(CH2PO3)3Zn]∙13H2O,    
       

     60 – 80 ° ,   
      [6].  

       
           

   . ,  
       ,  

         
  1  5 ∙ -3.  

       
  -     

  .   ,    
,       , 

,   ,  , 
   ,   . .   

         
,    . 

а а 

1.  . .         
  //   .  «   ». 

2013. № 2. . 3–15. 
2.  . .    . –  : 

, 1998. - 302 . 
3.   I – IV  . – :  « ». - 2020. - 3 . 
4.    ,      

 -  . – : , 2019. - 
105 .  

http://www.udman.ru/iam/ru/node/4932
http://www.udman.ru/iam/ru/node/4932
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5.  . .   –    
  / . . , . .  //  XVII 

 -      
«   :     » ( , 26-27  2022). –

, 2022. – .1. – . 158-163. 
6.  . .,  . .,  . .,  .     ( ) 

 //   №.2528540, 2014.  
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   (N-

-3- )  
      

. . *, . . **, . . *, . . *, 
. .  *** 

*   «      . . », 
,   

** -   «  . . . » 
***    . , , ,  

fenisam31@gmail.com, ea-melnik@mail.ru, Ludmila.Neudachina@urfu.ru, 

osipova.sva@gmail.com 
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  ё       
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 ( ),   
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   « - »   3-
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 1 –    

 

    
, % 

 
, 

˚C 

 , 
/  

C H N S 
-

 
 

 

-
2.61 

14.28 3.65 7.44 8.36 NH4SCN 
150 2.61 2.97 

-
2.13 

12.22 3.10 6.13 6.83 NH4SCN 
150 2.13 2.54 

-
0.68 

12.13 3.62 4.34  2.20 CH5N3S 
150 0.68 2.52 

-
2.56 

15.73 3.43 7.99 8.24 NH4SCN 
190–150 2.56 3.27 

-
0.63 

12.77 3.68 4.76 2.03 CH5N3S 
190–150 0.63 2.66 

    ,     
,       

      -    
   .  

 [1]  ,      
        

Ag (I),  ,      
    .     

        Au (III)  
Pd (II)     . 

       -
         

    ,   
         -

 .    ,   
      ,   

       ( . . 1).  
          

-2.56 (pH 1–6)  -2.61 (pH 3–5).      
 1( )  1( ),     -2.13 (  4–7)  

  Au (III) (    0.35 
/ ),    Pd (II)  (   

  pH 1–3   0.25 / ),    
 .  -2.61   

  Au (III)   pH 6–7,   
 Pd (II).  ,      

,      Au (III)  Pd (II)  
  ,      
  .  -2.56   pH  0  4  

  Au (III)  Pd (II),      
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   ,    
0.68 / ,       pH  3  7   

    0.40 / . 

0 2 4 6 8
0,0

0,1

0,2

0,3

0,4

0,5

0,6

a,
 

о
ь/

pH

 Au (III)

 Pd (II)

 Cu (II)

 Co (II)

 Ni (II)

 Pb (II)

 Fe (III)

 Mn (II)

 Zn (II)

 Cd (II)

)

0 2 4 6 8
0,0

0,1

0,2

0,3

0,4

0,5

a,
 

о
ь/

pH

 Au (III)

 Pd (II)

 Cu (II)

 Co (II)

 Ni (II)

 Pb (II)

 Fe (III)

 Mn (II)

 Zn (II)

 Cd (II)

)

0 1 2 3 4 5 6 7 8 9
0,0
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0,2
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0,4

0,5
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о
ь/
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 Au (III)

 Pd (II)

 Cu (II)

 Co (II)
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 Pb (II)

 Fe (III)
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 Zn (II)

 Cd (II)

)

0 1 2 3 4 5 6 7 8
0,0

0,1
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0,4

0,5

0,6

0,7
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о
ь/
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 Au (III)
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 Cu (II)

 Co (II)
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 Mn (II)

 Zn (II)

 Cd (II)

)

0 1 2 3 4 5 6 7 8
0,0

0,1

0,2

0,3

0,4

0,5

a,
 

о
ь/

pH

 Au (III)

 Pd (II)

 Cu (II)

 Co (II)

 Ni (II)

 Pb (II)

 Fe (III)

 Mn (II)

 Zn (II)

 Cd (II)

)

 
 1 –         . 

-   , HCl; 0 =1·10-4 / 3; T=293 ;  
) -2.61; ) -2.13; ) -0.68; ) -2.56;  
) -0.63. 

,      -
       

. -0.68  Pd (II)   pH1–4,   Au (III) 
  pH 3–6,        

33 %.     -0.63    
    pH 1–4,      

 Pd (II) ,   Au (III)  70 %  pH 6.  
       ,  , 

       
,      .  

       
   ,       

 .  
а а 
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      [4], 

,     [5]. 
        

     H2SO4    
 :  ( );     

PdCl2 (C /Pd(II));    Pd (C /Pd);  , 
  ё   ( / )  /  

    ё    
( / /Pd). ,  ё   , 

   NH2- ,    
   Pd(II)  ,     

  .  
 ,       

    Pd(II)     
   (2H+ +2e →H2)    

       
   (Pd2+ +2e →Pd) ( .1).  
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. 1  (1)       
    Pd(II). (Pd(II)): 0 (1); 0,1  (2); 0,2  (3), 0,3  (4). 

 0,1  H2SO4.    20 /  
 

 . 2  ,   
    .     

,  /Pd      
 .      ( / /Pd)  

      ,    
       .  

 

 

.2   /Pd  (1)  / /Pd  
(2).  0,1  H2SO4.    20 /  

,       H2  
   [6]:ηH2 = a + blgi.  a   

   i0 = 1 / 2   = 298 ,     
   a = ηH2.    

( ) ,         
(-0,95 ).       (  0,07 ) 

 .      
     -0,30 – -0,16 . ,  

,    ,   ,   
   .   / /Pd   

      . 
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    a  b         
    t=20±2º . 

     

a,  b,  a, [6, 7] b,   [6] 
 -0,95 0,24 -0,88 ─ 

/Pd -0,30 0,11 -0,24 0,03 

/  -0,88 0,16   

/ /Pd -0,16 0,11   

 
 ,   ,    

     . ,  
       

           
     .     

        
  .  ,   

        
       .  

а а 
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applications/ R.K. Rao Chepuri, D.C.Trivedi// Coord. Chem. Rev. – 2004. – V. 249. –P. 613-631. 
4. , . .       

,  ё       / . . 
, . .  // . .  ─ 2008. ─ .63. ─ № 10. ─ .1014-1036. 
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      . 
      .  

  ,  
       

       
[1-9]. 
         

  (Nap) –  ,   
   .    

  Nap     
    ( ),   

    N- -  ( ) [2-4, 7, 
8],    ( )       
( ).       ,   

     Nap(ipR/ipS = 1.40),    
      

  .      
  Nap,    ip2R/ip2S> ip1R/ip1S.  

       
      

   -    -  
  [Fe(CN)6]3-/4- (5 ).     

   ,  
 / .         

,       
.       

 .    
  / / /  (A= 9.8 ± 0.5 2)   

 (Ret= 649.9 ± 0.4 ).  
      

 -   
 Nap.      2.5× 10–5  

1 × 10–3     1.07 × 10–7  1.47 × 10–7    
   3.56 × 10–7  4.89 × 10–7   R-  S-

Nap .      R-Nap.  
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       R-  S-
Nap         . 

     Nap  
/ / /    " - ".    

        
,         

2.1%,     ,    
 ,   1.2%,    
 .    Nap   

      3.4%,  
   – 3.0%.   

  " - "    
  . 

    R-  S-Nap    
 -  .    

 ,         
    Nap  . -   

  Nap     R-  S-   
,        

  R-Nap*   S-Nap* –   ∆∆fG298 
 2.5 / .    R-Nap*    , 

      
    R- . 

    
/ / /        

Nap,       
.     ,    

         
    Nap       

.  
     ,  № 21-13-00169 
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  [1-5],     
  ,  . . -  

     ( - ).    
   ,   .  

         
     - ,     

. 
   ICPE-9000 (Shimadzu, )  

   ,     . 
    1%   

  (CertiPUR IV, Merck).    
     . 

     -
    pH 4.8,    

    ,     
     ,  

    10%,    
  [5]. 

          
      .   

       
.       

:  ,  1% HNO3  10  , 
   (      

   ).       
  .    25   

 6  16  HNO3     ≈1    
   25  1% HNO3.   ( . 1),  

     ,   , 
    (     

).           
,     .    

    HNO3,   , 

mailto:st091194@student.spbu.ru


193 

         
        , 

   . 
 

 
 1.   Al, Ba, Fe, Mn      

  

        
 ,     
.       2, 5, 10, 50  100 . 

,        
   2 ,       

.  ,    10      
         

,      .   , 
  , , Ca,     2  

       (100 
/ ),       5 . 

        
  -    ,  
     HNO3(   

      )   
  5 . 

       
     № -2476.2021.1.3.   

      “   
 ”       

. 
а а 

1.   50682-94. .       
     . 

2.   50684-94. .         
   . 

3.   50686-94. .       
     . 



194 

4. - -80-2008.         
,      -   -

 . 
5.  52.18.289-90.  .      

   ( . . . . . . )  
  -  . 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
____________________________________________________________________  

©   . . , . . , 2022  



195 

     

-   

. . , . . , . .  

  «   », . , 
trub12@mail.ru 

       
  ,       

 :      , 
     , 

   .   ,   
        

   .        
      .    

    ,    
   . 

    -   
,       . 

.       : 
1)       

  ; 
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№ 
/  

 
 

    

1 109 -10  /     
2 139 -10    , , ,  

3 201 - 15 
 /    

 
 

4 121 -10     
5 125 -10     ,  
6 166  10  ( ) ,  

7 167 -10 
    

 
,  

8 168 -10   ,  
9 170 -10    , ,  
10 181 -10     
11 182 -10    ,    
12 183 -15  40    , ,  

       
  .     

  « -02».      
       

,       
 (   16.1:2.21).  

    : 
 -  (  26426)     

       (  26213).  
       

      .  
      (  27821)   

  (  26423)     
 «  -160 ». 

     : 
1    ,     

  (  7,4-8,4),  ,    .  
         

   «  ».    
    ,  ,  

    ,   
,       

  .  ё     
      , 

  Ca  Mg,      
    .    , 

  ,    , 
       .   
,       , 
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,      .  

2      .  
  ,     ,    

    -  - ,  
   .  

3      10 /100  . 
      (  +, Mg2+, +, 

Na+, NH4  . .)     ( ).  
 ,       

 . 
4        . 

       ,  
     ,   

       
 . 

5     ё  
     ,     

  .    , 
 -     .    

       
     .  

6       
  ,       ,  

   .   ,   
, ,        1000 / .  

7       
    . .   

       
,   . ,     

 -  - . 
8    .    -

    . 
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     [1,2]. 
      

-      
   -    ,  

 ,     
,          

    ,   
     , 

       
   [3].  

      
  Sc(III)  Y(III)   -

 ,   ( -C3H7NO)  
 ( -C2H6SO).  

,   (III)    
          
    ,    

 ,        
. (III)       

           
  .     

(III)  (III)      . 
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,    -     1,0  
      C3H7NO : C2H6SO : 2  = 2,5 : 7,0 : 

0,5 (  ) (III)      -
1,50  ( .Hg),   ,    

  Sc(III)      2,0∙10-4  
2,0∙10-3 / .        

 : Sc(3+) + 3e- → Sc(0),      
 ,      

       
.  

(III)       
-1,45  ( . Hg),       

   : Y(3+) + 3e–  →  Y(0)  -
   ,      

 Y(III)       2,0∙10–4  
2,0∙10–3 / .  ,     Sc(III),   

       
    .  

          
  (III)  (III)      

   1  2    ,   
      , 

   : 
 

[Sc(C3H7NO)2(C2H6SO)4]3+ ↔ [Sc(C2H6SO)2]3+ + 2C3H7NO + 2C2H6SO 
 

[Y(C3H7NO)2(C2H6SO)4]3+↔ [Y(C2H6SO)2]3+ + 2C3H7NO + 2C2H6SO. 
 

   ,     
  -   (III) 

 (III)   :  :  = 1 : 2 : 4,    
     :  = 1 : 2, 

    . 
,   (IV), (IV), (IV), (V), 

(V), (VI), (VI), (II), (II)    
       

(III)  (III)   .    
    (III)  (III)   

      C3H7NO : C2H6SO : 2  = 2,5 : 7,0 : 0,5 (  
)   1  LiClO4     

         
  .  
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 -1,1 ÷ -1,2  ( . . .)       
 ,   0,2 / .  

(IV)  ,   3  6  ,  
  -    ,  

       .   
        

         
   ,    

: 
[Ge(C3H7NO)2Cl4]0 ↔[Ge(C3H7NO)Cl]3+ + C3H7NO + 3Cl- + 4e-→ Ge + 2C3H7NO + 4Cl-. 

     
 (IV)     

       -1,2  -1,3 ,    
   (IV)       2,0∙10-5  
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[Ge(C2H6SO)2Cl4]0 ↔ [Ge(C2H6SO)Cl]3+ + 2C2H6SO+3Cl- +4e-→→Ge+3C2H6SO+4Cl–. 

     
(IV)      

       
     . 

 4  -    
 (1  H2SO4) (II)      

  -0,45  -0,50  ( . . .),    ,  
     Sn(II)      

 1,5∙10-5 ÷ 2,0∙10-4 / ,      
        1,5 . 

            
         

(     0,65  0,72).   
         

 ,      ,  
   (II)    

    : 
[Sn(C3H7NO)4SO4] ↔[Sn(C3H7NO)SO4] +3C3H7NO + 2e-→Sn + 4C3H7NO + SO4

2- 

[Sn(C2H6SO)4SO4] ↔ [Sn(C2H6SO)SO4]  + 3C2H6SO + 2e- →Sn + 4C2H6SO + SO4
2-. 

 (II)        
 2      ,  

    Pb(II)       
1,0∙10-5  6,0∙10-4 / .   (0,1  KCl, pH = 2) 

-        
0,5  5,0       Pb(II)    

      -0,44  ( . . .),   
 (II)    . 

        
         

       
[Pb(C3H7NO)2Cl2]2+       [Pb(C3H7NO)Cl]+,  

     : 
[Pb(C3H7NO)4Cl2] ↔ [Pb(C3H7NO)Cl]+ + 3C3H7NO + Cl– + 2ē ↔ Pb + 4C3H7NO + 2Cl–. 

    (  = 5 ) 
Pb(II)         

   = -0,46  ( . . .).      ,  
 (II)      

      ,   
      v = 0,2 

/ .          
        

c  ,    : 
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[Pb(C2H6SO)4Cl2] ↔ [Pb(C2H6SO)Cl]+ + 3C2H6SO + Cl- + 2e- ↔Pb+4C2H6SO +2Cl–. 
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    ,  500-2000   
,   .  

        
  .        

        0,005-0,100 / 3[4]. 
 [5] ,        

         
 

-17-8       
40-80 .         0,005 / 3. 

         
   0,05 / 3   8    -17-8   

0,02 / 3    ,       4  
      0,005 / 3. 

          
    (   0,5-2 )   

,      0,01-0,03 / 3. 
       -

17-8.       
      0,0002-0,001 / 3.   

      
        0,00001 / 3  

  . 
        

      -    
       -

915  ,         
       

 ,       , 
 ,    -  

( )    -17-8.      
      ,   

,   .  
            

       

mailto:usr01730@vuatsu.ru
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 LewatitMonoPlus TP 2I4,     
 ё ,   -17-8.  , 

         , 
   1  2. 

 
 1 –      

LewatitMonoPlus TP 2I4 

 
,  ё        . 
  LewatitMonoPlus TP 2I4    

        . 
 

 2 -      LewatitMonoPlus 
TP 2I4  -17-8 (  8,2) 
 

ё   ,     , / 3 

LewatitMonoPlus TP 2I4 -17-8 
     1,7 / 3 

1,0 0,0022 0,0058 
3,0 0,0027 0,0140 
     0,024 / 3 

1,0 0,0013 0,0029 
3,0 0,0014 0,0032 
     0,013 / 3 

1,0 0,0007 0,0008 
3,0 0,0008 0,0015 

 
,       -
  0,00001 / 3    

LewatitMonoPlus TP 2I4   ,    
-17-8    (  1)    (  2).  

    LewatitMonoPlus TP 2I4  3-5  
.         

      .  
,    .     

       
,      .    

 3. 
 
 

 
  

 

     
, / 3 

    
 « »  

.  
2,1 0,00050 

0,01500 
0,00010 
0,00010 

 «  
- » 

8,2 0,00024 
0,01300 

0,00009 
0,00070 
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 3 –        
 

ё   ,     , / 3 

LewatitMonoPlus TP 2I4 -17-8 
     0,00085 / 3 

       0,00028 / 3 
1,0 0,00013 0,00010 
2,0 0,00018 0,00013 
     0,00056 / 3 

       0,00024 / 3 
1,0 0,00009 0,00008 
2,0 0,00015 0,00012 
7,0 0,00021 0,00016 

 
  ,        

       2,0-3,5 ,     
 .  

 ,  , ё    
  , ,       

    LewatitMonoPlus TP 2I4  -17-8, 
          

 0,0001 / 3. 

а а 

1.  . .,  . .,  . .      ё 
    (    ) //  

 . - 2010. - № 8. - .9–11. 
2. UNEP Global Mercury Assessment 2013: Souces, emissions raieases, and environmental 

transport. Division of Technolology, Industry and Economics (DTIE), Chemicals Branch. Geneva 
Switzerland January, 2013. - P. 9-10. 

3.  . .,  . .,  . .,  . .      
 [ ]: //     . - 1989.- №4.- .20. 

4.        [  ]:   
№ 2123478. . 20.12.1998, . № 35.  

5.   331038.     .  . .,  . ., 
 . .,  . .  22.07.1969. .07.03.1972. 

.176.04.1972. 
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N-[ ( ) ]-  (TES) 

. . , . . , . . , . .  

   .    
. . , . , . , 19 

e-mail olga_filimonova00@mail.ru 

       
   ,     

  .      
      .  

  -     
         

  . ,   
  ;   ;  

  [1].      
 - ,      

.       
,          

, ,    .  
 -      , 

   -     
    . 

    -
     N-[ -

( ) ]-  (TES). 
      - 

        
     0.05 / 3,   
      

 .        
 : 

 

      TES   
(II), (II)  (II)    5-  
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 ,       (II)   
 (I) – 10-  .        

0.1 / 3   =298 ± 1 K. 
    ChemEqui    

  -      
,         

 (II), (II), (II), (II)   (I).   
      1  2. 

 1.        TES, 
  N-[ -( ) ]- - . 

 pKa0 pKa1 pKa2  

 . . 8.93±0.02 - [2] 

N-[ -( ) ]- 
-  

3.32±0.02 8.63±0.03 11.84±0.04 [3] 

TES 

. . 7.06±0.01 . . [4] 

. . 8.02±0.04 11.56±0.07 
 

 

. . . –  ;  ,       
 pKa 

 
 2.      TES,    

N-[ -( ) ]- -  ( - )   (II), (II), 
(II), (II)   (I). 

  Cu2+ Ni2+ Co2+ Zn2+ Ag+ 

[2] 
lg 1 3.56±0.07 2.77±0.05 2.09±0.05 . . 3.05±0.05 

lg 2 6.52±0.20 5.52±0.14 5.37±0.11 5.00±0.03 6.41±0.01 

-  
[3] 

lg 1 7.38±0.07 4.74±0.05 3.63±0.06 3.99±0.08 3.23±0.06 

lg 2 11.57±0.07 - - - - 

TES [4] 
lg 1 3.90±0.02 . . 2.07±0.02 2.08±0.02 . . 

lg 2 . . . . . . . . . . 
TES  

(  
) 

lg 1 4.52±0.19 3.41±0.14 2.88±0.12 2.70±0.26 3.32±0.16 

lg 2 8.14±0.38 - - - - 

. . . –  ;  ,       
  lg  

N-[ -( ) ]-    
     .   
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 .     TES c 
  -  ,     

  ,       
 ,  .     
       

 . 
    N-[ -

( ) ]-  ,       
(II),  (II),  (II),  (II)   (I)   

       
 .      

 ,      ,  
       .   

         
   N-[ -( ) ]- -  

,    TES   .  
           

  ,  ,    
  N-[ -( ) ]-    

    ,   , 
    . 

     TES  
  ,         

 .  ,    c 2-   
     : 

Zn2+<Cu2+>Ni2+>Co2+,    - . 
а а 

1.  . .      2–
  ( ) / . . , . .  //  

 . . . . – 2010. – . 5, № 3. – . 79–81. 
2.  . .      

 / . . , . .  //   . – 
2013. – . 58, № 5. – C. 697–701 

3.   N-[1,1- ( ) ]-  N-
[ ( ) ]- -  / . . , . . , . .  
[  .]//   . . – 2022. – № 1. – . 152–157. 

4. Nakon R, Krishnamoorthy C. R. Free-Metal Ion Depletion by “Good's”' Buffers / R. Nakon, C.R. 
Krishnamoorthy // Science, New Series. – 1983. – V. 221, № 4612. – P. 749–750. 

 
        (Russian Science 

Foundation) № 21-73-00052, https://rscf.ru/project/21-73-00052/ 

 
 
 
____________________________________________________________________  
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  5-    

 

. . , . . , . .  

    , . , 
veronika1979@yandex.ru 

        
10   1- 10,     

1Rib-A5Rib,    E. Coli ( ). 
       1.   
      

,      . 
 1        

N

N

O

O

X

O

R1

R2

R3

Pyr

HO

HO

O

HO

R

R

S

Rib =

R

 

  X R1 R2 R3 

A1 -NH- -H -CH3 -CH3 

A2 -NH -H -C2H5 -CH3 

A3 -NH -H -C3H7 -CH3 

A4 -NH -H - 4 9 -CH3 

A5 -NH -H -C5H11 -CH3 

A6 -NH -CH3 -CH3 -CH3 

A7 -NH -C2H5 -C2H5 -CH3 

A8 -NH -C3H7 -C3H7 -CH3 

A9 -NH - 4 9 - 4 9 -CH3 

A10 -NH -C5H11 -C5H11 -CH3 

A1Rib -NH- -Rib -CH3 -CH3 

A2Rib -NH -Rib -C2H5 -CH3 

A3Rib -NH -Rib -C3H7 -CH3 

A4Rib -NH -Rib - 4 9 -CH3 

A5Rib -NH -Rib -C5H11 -CH3 
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 1- 20,     1Rib-A5Rib, A11Rib-A15Rib   

.       PDB   
 1rxs (  , ) [1].      
,    Ebind      

  AutoDock 4.2  AutoDockVina [2-3].  
   22 Å,       

  –  [1].      
  .      

 2. 
     Ebind  ( . 2),  

 15  ,   1Rib- 5Rib, 
11Rib- 15Rib,        

   .     
       10, A1Rib-A5Rib.   

    .  , 
   Ebind,    -

   AutoDock 4.2  AutoDockVina,  15   
   (2.5 / )    

      5-
   .   , 

      5-    
      

 5-   5- ,  ,  
  .      

    invivo.   
          

   .  ,     
    ,   

   HIS3008 (  ), THR2094 (  ), GLN2166 
(  )   PO43011 (  ),      
ILE2220 (  ), PRO2229 (  ), PHE2162 (  ), MET2197 (  ) ( . 
2). 

    ,    
  R2   1- 5      

Ebind    LE ( . 2).     
   ,    
 LE.     R1  R2    

     .     
    . 
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 2.     

A1-A10, A1Rib-A5Rib     

  Ebind, /  Kinh, /  LE 

A1 -6.64 /-7.7* 13.49 / 2.25* 0.35 / 0.41* 

A2 -6.92 / -6.60* 8.40 / 14.43* 0.35 / 0.33* 

3 -7.21 / -6.80* 5.15 / 10.29* 0.34 / 0.32* 

4 -7.00 / -6.50* 7.34 / 17.08* 0.32 / 0.30* 

5 -7.03 / -7.50* 6.98 / 3.16* 0.31 / 0.33* 

6 -6.96 / -7.80* 7.86 / 1.90* 0.35 / 0.39* 

7 -6.78 / -7.90* 10.65 / 1.61* 0.31 / 0.36* 

8 -6.98 / -7.00* 7.59 / 7.34* 0.29 / 0.29* 

9 -7.34 / -5.50* 4.14 / 92.48* 0.28 / 0.21* 

10 -5.56 / -6.30* 83.56 / 23.95* 0.20 / 0.23* 

A1Rib -5.04 / -6.00* 201.10 / 39.75* 0.18 / 0.21* 

A2Rib -5.97 / -5.80* 41.81 / 55.72* 0.21 / 0.20* 

A3Rib -5.14 / -6.30* 169.85 / 23.95* 0.17 / 0.21* 

A4Rib -5.11 / -6.20* 178.68 / 28.35* 0.16 / 0.20* 

A5Rib -5.09 / -6.10* 184.82 / 33.57* 0.16 / 0.19* 

A11Rib -5.39 / -6.10* 111.35 / 33.57* 0.19 / 0.22* 

A12Rib -5.20 / -5.90* 153.48 / 47.06* 0.18 / 0.20* 

A13Rib -5.96 / -6.30* 42.52 / 23.95* 0.20 / 0.21* 

A14Rib -5.37 / -6.90* 115.18 / 8.69* 0.17 / 0.22* 

A15Rib -5.10 / -7,20* 181.72 / 5.24* 0.16 / 0.23* 

NativeLigand 

UrRib 

-7.34 / -9.20* 4.15 / 0.18* 0.46 / 0.57* 

5FUrRib -7.07 / -8.40 6.52 / 0.69 0.39 / 0.46* 

* –      AutoDockVina. 

а а 

1. URL: https://www.rcsb.org/. 
2. URL: http://vina.scripps.edu/. 
3.  . .,  . .,  . .,  . .,  . . 

     5- -  5-
-6-         

    //   . – 2021. – . 26. 
№ 4.– . 975-981. 

 
____________________________________________________________________  
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. .  

  «    », 
. , xei260296@mail.ru 

      
( )      , ,   

  .      
      ,  

,       
     (in situ). 

      
K3[Fe(CN)6]/K4[Fe(CN)6]        

 2010  [1].      
    ,      

 [2, 3].    ,    
        , 

    .   [4] 
         

,        
 .     

 screen-printed     (   
)   (    ),  
       

   [5–7].   [5]  
 -        

,       [Fe(CN)6]3–

/4– ,          
   .  -  

       
     [6]   [7]. 

      
      

      ,  
  [7].    

         
 1. 
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 1          
   

    

 
 

18–20  

(n = 8) 

     
     

(  )   1000   

[2] 

 

17–18  

(n = 76) 

     
     

(r = –0.334   , r = –0.351  
 , p< 0.01),    

       
 (r = 0.30, p<0.05) 

[3] 

 
 

18–34  

(n = 13) 

     
    

(  ) . 
      

,      .  
    , 

,     
 .  , 

100     100  
     

« »,      

[6] 

 

28  

(n = 1) 

     
 .   

     
   

    
: -  ≈ -  ≈  

(   5 ) <   (   8 ) < 
   (  8 ) 

[7] 

а а 

1. 1.  № 2433405 C1  ,  G01N 33/483, G01N 27/26.  
   /  

       : № 2010125573/15: 
. 23.06.2010: . 10.11.2011 / . . , . . , . . ; 

 ,   " ". 
2. Noninvasive potentiometric method of determination of skin oxidant/antioxidant activity / 

Kh. Z. Brainina, E. L. Gerasimova, M. Ya. Khodos, L. G. Galperin // IEEE Sensors Journal. – 
2012. – Vol. 12. – No 3. – P. 527-532. – DOI 10.1109/JSEN.2010.2100040. 

3.          / 
. . , . . , . .  [  .] //    

 . – 2012. – № 3(40). – . 59-61. 

https://doi.org/10.1109/JSEN.2010.2100040


215 

4. Brainina, Kh. Z. Optimized Potentiometric Assay for Non-invasive Investigation of Skin 
Antioxidant Activity / Kh. Z. Brainina, M. G. Markina, N. Yu. Stozhko // Electroanalysis. – 
2018. – Vol. 30. – No 10. – P. 2405-2412. – DOI 10.1002/elan.201800309. 

5. Brainina, Kh. Z. Silver chloride/ferricyanide-based quasi-reference electrode for potentiometric 
sensing applications / Kh. Z. Brainina, A. V. Tarasov, M. B. Vidrevich // Chemosensors. – 2020. 
– Vol. 8. – No 1. – P. 15. – DOI 10.3390/chemosensors8010015. 

6. Disposable potentiometric sensory system for skin antioxidant activity evaluation / Kh. Brainina, 
A. Tarasov, E. Khamzina [et al.] // Sensors. – 2019. – Vol. 19. – No 11. – P. 2586. – DOI 
10.3390/s19112586. 

7. Flexible potentiometric sensor system for non-invasive determination of antioxidant activity of 
human skin: Application for evaluating the effectiveness of phytocosmetic products / 
A. V. Tarasov, E. I. Khamzina, M. A. Bukharinova, N. Yu. Stozhko // Chemosensors. – 2021. – 
Vol. 9. – No 4. – DOI 10.3390/chemosensors9040076. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
____________________________________________________________________  

©   . . , 2022  

https://doi.org/10.1002/elan.201800309
https://doi.org/10.3390/chemosensors8010015
https://doi.org/10.3390/s19112586
https://doi.org/10.3390/chemosensors9040076


216 

     

. . 1, . .  2 

1   ,tzb_khitrin@vyatsu.ru 
2   , stud115445@vyatsu.ru 

      
        

   ,    
       

. 
  ,    

    ,    
       (  2  20%  

 ),         
,   .     

–     ,   
      [1]. 

    ,  
  ( ),        

    ,    ,  
,     . . [2]. 

       . 
         

   ,    . 
         

       , 
     .  
     ( ),   

      .   
        

.    ,    ( ). 
      :   

  ,     
 pH 5,5        [3]. 

         
     (   -

).  ,    -
   ,       

,     . 
        

  ,     
 (   )  -  . 

mailto:tzb_khitrin@vyatsu.ru
mailto:%20stud115445@vyatsu.ru
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     ё  
.   ,   . 

       . 
          
 ,     

           
   ,     . 

        : m1 = 5,0097   
m2 = 5,0046    №1386,       

 .        
  ,     40% 

   3      ( )  
   : m1 = 5,0017   m2 = 5,0023 . 
    ,   Ni2+  200 

     .     
. 

   10, 20, 40, 60, 80, 100  . 
 Ni2+      

( . 1, . 1). 
 1       

 
 

, 
 

 
( ) Ni2+, /  

 
1Ni2+, /  

 
2Ni2+, /  

 
1Ni2+, /  

 
2Ni2+, /  

0 

0,7588 

0,7588 0,7588 0,7588 0,7588 
10 - - 0,1110 0,1145 
20 0,1864 0,2026 0,0925 0,1041 
40 0,1852 0,1922 0,0890 0,0751 
60 0,1400 0,1899 0,0740 0,0751 
80 0,1817 0,1822 0,0693 0,0844 
100 0,1736 0,1875 0,0600 0,0427 

 ( . 1),   Ni2+      
 .       , 

  ( ).  
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. 1.       

 
      Ni2+.   

       
       . 

   ,     
,     . 

         
 -  ,    

 . 
а а 

1.      / . . , . . , . . , . 
. , . .  //   . 2011. .55. №1. . 38–44. 

2.  . .,  . .,  . .     
     //  . 2016. . 45. № 1. 

. 76–84. 
3.  . .,  . .,  . .   ё     

    // . .  ( -2019): 
  XIX  -  :  4-  , 

, 01–26  2019  /   . – :  
 , 2019. – . 163–173. 
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 1 Ni2+, /  2 Ni2+, /
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    «  
» 

. . , . .   
     
   «    

  . . »,   ,   
  295007, . , 4,  

. ,  ,   

e-mail: easarnit@mail.ru 

  «  »  
       , 

  ,  , -3  -4  
,      ,   
 .   –  

    .    
        [1]. 

       :  , 
       

,          
   .       
   . ,    

, ,    ,  
  .  

        
,    ,    ,  

 , , . ,  , 
  ,     

 .    S-   .   
        

.       O-
.     ,  
,    ,  –   

,  –   Strophanthus  Digitalis [2].  
 O-       

,  .      
 .      

,      . 
      .    

  ( )   ( ),   ,  
       ,   

      .  
  -  ,    , 

mailto:easarnit@mail.ru
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        , 
Centaurea cyanus      Rubus fruticosus [3]. 

 

 

       
,         

      «  
».        
        -   

         [4].  

O

OAc

AcO
AcO

Cl

OHOH

O

OAc

AcO
AcO

O O

OAc

OAc
OAcO

AcNH
AcNH

AcNH

+

K2CO3, PEG-1500, CH3CN

ы а а а
- а

K2CO3, PEG-1500, CH2Cl2

1

2

 

       
-1500   0,1:1  -  1,   

 –     4,5:1  -  1.   
-     2- -3,4,6- - - -2-

-α-D-  1,    -  – 4,4'-
.       

  2  5%,        
      

 - .       
4,4'- ,      

 ,        
. 

 ,  «  »    
    , 

  ,       
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 ,        
     ,  
        . 

а а 

1. , . .  –     / . . 
 //    – 2001. – . 7, №8. – . 13–19. 

2. , . .   :     
   / . . , – . 5- . :  , 1971. – .160–163. 

3.    .  2-  . . 2. .  . / . , . . . – .: 
, 1986. – 312 . 

4. , . .      α-D-

    / . . , . .  // 
     . . . . – 2011. 

– . 24 (63), № 1. – . 207–213. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

____________________________________________________________________  
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  Cr(VI)     
   

. . , . .  

  «   », . , 
p.tsyplenkova@mail.ru 

        
  .      

 ,      , 
    ,   . 

      .  
        Cr(VI)  

 .  
      , 

   -  (  / )  
   Cr(VI)   .  

     .   
       

 -        . 
    ( / )   

   Fe2+, Fe3+     
.  

     -
.      

 1. 

 1      

  

   
 :   :  

10  – 2  
/ : 5  – 2  

 = 0,1 / 3;  ≈ 6,   

/  ≈ 2 

     
(  1) 

 :  = 1,5 – 11 

 = 0,1 / 3; t  = 1 ;  
t -  = 2 ; t /  = 30  

   
 = 2,5,  = 1 / 3; 

/  = 4,0, / =1 / 3;  = 4,0, 
 = 2 / 3 

    Cr(VI)   ,  
   ,     30 . 
   Cr(VI)        30   2 

     ,    
 -  .  ,    

  ,     . 



223 

  1    Cr(VI)   
  83 %,  - 68 %,  /  - 96%.     

      ,  
      

  Cr(VI),        
 . 

 

 
. 1     Cr(VI)   : 

Cr(VI)=10-4 / 3, =1 / 3, / =1 / 3, =2 / 3 

     ,  
        
.      2.  

       
  (  ) ,    

  ,      
 . 

 2    Cr(VI)   

 
   

  
 

max, /  
KL, 

3/  
R2 

KF, 
3/  

1/n R2 

 1,03 0,31 0,9901 0,28 0,76 0,9964 
 0,13 1,63 0,9797 0,07 0,53 0,9940 

/  0,92 0,58 0,9934 0,30 0,55 0,9942 

   [1-3]   , 
      : , 

     r(VI)     
,   –  ,  

  –   . 
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а а 

1 Islam, M. A. A mechanistic approach of chromium (VI) adsorption onto manganese oxides and 
boehmite / M. A. Islam, M. J. Angove, D. W. Morton, B. K. Pramanik, M. R. Awual // Journal 
of Environmental Chemical Engineering. – 2020. – V. 8. – P. 41. 

2 , . .    (VI)  ( ) / . . 
 //     . – 2021. – . 57. – № 2. – . 

115 – 140. 
3 Nano iron oxide impregnated in chitosan bead as a highly efficient sorbent for Cr(VI) removal 

from water /  Lu, J., Xu, K., Yang, J., Hao, Y., & Cheng, F. // Carbohydrate polymers. – 2017. – 
Vol. 173. – P. 28 – 36. 
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. . , . .  

    , 
, shuba1nastya@gmail.com 

       
         

      , 
        

    .   
       

 ,        
 .       

        . 
      ij,    

         
  ,     

 [1]. 
  –      

        
 . 
 ,     ij 

          
   : 

1)    ,      5    
  60  : ij(5/60) = ∆F ,5/∆F ,60.   ,  
         

        1:1; 
2)        , 
        : ij(1/3) = ∆F (1/2) /∆F  (2/3). 

  -     : 
, ,  (  0,1 % .),   (  0,1 

% .),  (  1 % .),  (  1 % .),    
.       

  (  )  4  ( , 
 , ,  ).    

       
    -    

 . 
         

    (1/2) : -2000/ -100 –  1, 
-100/Tween –  2, / -18- -6 –  3, -18- -6/  – 

mailto:shuba1nastya@gmail.com
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 4,   -18- -6/ -100, -18- -6/ -2000, / . 
         
          
    . 

,   -    /  
  ij  -     

 ij       
.  ,      

        
     .  

    -18- -6/ -2000   
       ij,  

   (   20 %),     
  -18- -6        

.         
         -  

  . 
  ij  -     
      ,   

 ij,    .   
 ij    ,      

         
   .  

,      
 ( / -2000)   ( 18 6/ ),   - ( 18 6/ -100),  

 - ( / -100).       
    ,      

   .    
      . 

    ( 18 6/ ),    
№ 1,2,4,6  ,      
    (0,7)    ± 0,1.  

  -     .    
       , 

        
 .    

        
      ,   

: 
Aij∑ = (∆F (1/2), 1/∆F (3/4), 2): (∆F (5/6), 3/∆F (7/8), 4), 

 ∆F (1/2), 1 –      (1/2)  
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 ,    ,   
       [4]. 

 1               

 𝑂− 𝑂 − Cr3+ Zn2+ 

-  

,  -1 1,770.10-7 4,815.10-6 3,881.10-9 5,6.10-9 

0,5,   3,01 1,01 102,306 866,1 

-  

,  -1 1,733.10-7 2,457.10-6 2,725.10-9 1,4.10-8 

0,5,   3,07 1,01 145,711 346 

  

,  -1 1,677.10-7 3,566.10-6 9,847.10-10 1,1.10-9 

0,5,   3,17 1,37 403,178 4330 

   0     
     ,   

.      
 [5]        [6] –  

 ,  max – ё   ,  KL – 
 ; KF –    1/n –  

    .   , 
   ,    2. 
       

      ( )   
    .     
,  Cr3+  Zn2+( .2)     

    -  - .  
    ,    

 -  (>8 / ),    
   –  ( .1  2).    - 

 -       
,        .  
      

          
       

    . 
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 2      ,    - 
    -   

 
 

  -  

max, 

/  

KL, 
3/  

KF, 
3/  

n 
max, 

/  
k, 
2/  

, 
/  

 -   𝑂− 0,00078 71250 0,0459 2,47 0,0016 0,0372 3,67 𝑂 − 0,00035 156735 0,5976 1,42 0,0043 0,0418 3,46 

Cr3+ 0,00248 30436 1,5579 1,38 0,0525 0,0011 11,27 

Zn2+ 0,00300 23594 2,2191 1,38 0,0374 0,0125 6,32 

 -    𝑂− 0,0024 70431 0,0175 2,79 0,0016 0,0958 2,28 𝑂 − 0,0002 697627 0,2145 2,02 0,0057 0,0028 1,33 

Cr3+ 0,017 29785 288,6524 1,05 0,0470 0,0062 10,62 

Zn2+ 0,025 51445 63,8015 1,05 0,9660 0,0063 8,91 

   𝑂− 0,00095 1425 0,0199 5,68 0,0006 0,0541 3,04 𝑂 − 0,00060 3100 0,2121 4,42 0,0002 0,0890 2,37 

Cr3+ 0,00247 16884 37,7711 2,40 0,0587 0,0019 16,18 

Zn2+ 0,00801 15552 45,9761 1,29 0,2993 0,0050 10,03 
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 . -02-902-125-2005. - ., 2005. 28 . 
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4.  . .,  . .      

   .     №2595653  15.12.14. 
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