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     Cu(PDTC)2

2- ( . . 1 2)  
  Cu(II)/PDTC = 1:2.    PDTC
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vitro  in vivo.
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Krutikov A.A., Aksenin N.S., Gizatullin A.V., Zakharov A.V. // Inorg. Chim. Acta. 
2018. V. 477. P. 135-147. 

    
  

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

 B3LYP     (r)
 L-  : I –   

     ( ) –
  N¨¨H  ¨¨H, II –   ¨¨H, III –   ( . 1).  

 «     » [1]  

(II) – cHex(OEt)PDTC; cCu(II) = 
1.026 10-4 M, ccHex(OEt)PDTC = 0.0–
5.13 10-4 M, pH 5.5–9.5, = 37 °C, 0.15 
M NaCl.

/ (II)   
(II) – Bu(OEt)PDTC; cCu(II) = 

1.026 10-4 M, cBu(OEt)PDTC = 0.0–
6.026 10-4 M, pH 9.5–10.5, = 37 °C, 
0.15 M NaCl. 
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   (  q(R),  V(R)  
 (R))  , H, CH2  NH2 ( ).

. 1.       
 N¨¨H  ¨¨H (I), ¨¨H (II)     (III).

      I,
      (Etotal).  

 III  Etotal   2 / ,   II –  7 /   
  I.

.  q(R),   (R)   V(R) *  

*   COOH  CH2       
.

   N¨¨H    (I)   
   (r)    2COOH    

NH2,      q(NH2), V(NH2),
E(NH2)    q(2 )   I-III ( ). 

   I,      1C   
 1CH2,   (r)   1CH2  

  q(1CH2), E(1CH2)   V(1CH2).
 E(2 )  V(2C ) III  

   .

1COOH 1CH2 2CH2 CH 2COOH NH2

q(R), . .
I -0.162 0.145 0.078 0.370 -0.116 -0.316
II -0.160 0.116 0.109 0.378 -0.148 -0.296
III -0.151 0.103 0.111 0.414 -0.185 -0.296

E(R), /
I 80 40 0 0 90 0
II 90 10 10 10 40 60
III 90 10 20 40 0 50

V(R), Å³
I 46.92 21.88 22.34 13.78 45.41 25.55
II 46.94 22.24 21.95 13.86 45.93 26.72
III 46.89 22.51 22.11 13.38 46.67 26.69
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Gilyazetdinov E.M., Bukharov M.S. // Journal of Physics: Conference Series. 2012. 
V. 394. 012031 (P. 1-6). 
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     (II)/ (II) –
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    0.15  NaCl  37.0 º .  
      -

   DFT   ORCA [2]   
B3LYP/TZVPP        C-PCM ( . 

  . 1).
      , 

      
(II)  (II).      [3] 

      (II)  (II)  
.

. 1.    [Zn(Phen)(Ile)(H2O)2]+.

 :
1. Krutikov A.A., Shtyrlin V.G., Spiridonov A.O., Serov N.Yu., Il’yin A.N., 
Gilyazetdinov E.M., Bukharov M.S. // Journal of Physics: Conference Series. 2012. 
V. 394. 012031 (P. 1-6). 
2. Neese F. // Wiley Interdiscip. Rev.: Comput. Mol. Sci. 2012. V. 2. N 1. P. 73-78. 
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  ,   2F7/2  2F5/2     
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   , ,  , 
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   -    f f , 

       
      (" ") [1]. 

    ,    
  Eu Yb    /1,10-

 3:1 [1].     d- , 
,   ,       

     .   
  ,  "  d-f -   

       
  " [2].

           
      

       
[Ln(MeDPQ)2Cl3] (Ln = Eu, Tb, Yb; MeDPQ = 2- -[3,2-f:2 ,3 -h]-

).        
Fdd2   ,     

.    [Yb(MeDPQ)2Cl3]   . 
1.        

 .

. 1.    [Yb(MeDPQ)2Cl3].
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1. Kim J.H., Lepnev L.S., Utochnikova V.V. // Phys. Chem. Chem. Phys. 2021. V. 
23. N. 12. P. 7213–7219.
2. Zakrzewski J.J., Chorazy S., Nakabayashi K., Ohkoshi S.-I., Sieklucka B. // 
Chemistry – A European Journal. 2019. V. 25. N 51. P. 11820–11825.

      
 

 . .,  . .,  . .
  , .

     L-  {  –  (1),
 (2),  (3),  (4),  (5),  

(6),  (7),  (8),  (9)   (10)}  
 «     » (QTAIM) [1].  

   1-10  : H2N-C(COOH)H-CH2-R, 
 R = SH, OH, C6H5, C6H4-OH, CH2-COOH, CH2-C(O)-NH2, C2H5S, CH3-OH,

COOH  C(O)-NH2 .
  q(R(’)) ( )    

   R,    NH2   
 ,        

.     OH  2,  q( ) = 
-0.545 . .,        CH2,

  q(R’)   ,     
 R.      NH2  COOH 

  CH  CH2.

.  q(R)  (1),  (2),  (3), 
 (4),   (5),  (6),  (7), 
 (8),   (9)   (10)  . .

COOH CH NH2 CH2 CH2 / CH3 q(R) R

q(R’),  . .
1 -0.177 0.436 -0.290 0.051 -0.019 SH 
2 -0.160 0.438 -0.297 0.564 -0.545 OH
3 -0.179 0.421 -0.300 0.084 -0.026 C6H5
4 -0.182 0.420 -0.301 0.084 -0.021 C6H4OH 

5 -0.185 0.418 -0.296 0.111  -0.048 CH2COO
H

6 -0.188 0.414 -0.298 0.112 0.040** -0.079 C(O)NH2
7 -0.185 0.420 -0.297 0.091 -0.029 C2H5S
8 -0.135 0.365 -0.299 0.535* 0.081*** -0.547 OH
9 -0.160 0.447 -0.291 0.147 -0.144 COOH 
10 -0.171 0.458 -0.297 0.080 -0.071 C(O)NH2

*   (  8)  q(R’)  ,   
  2  ; **   2; ***   

3.
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  2, H2N-C(COOH)H, SH, C6H4-OH, C6H5, OH, 
CH2-COOH, CH2-C(O)NH2, C2H5-S, CH3-OH  C(O)-NH2, OOH,

  ( )    
q(R(’)): 

q(CH2) > q(SH) > q(C6H4OH) > q(C6H5) > q(C2H5S) > q(CH2CONH2) > 
q(CH2COOH) > 

 > q(CONH2) > q(H2N-C(COOH)H) > q( OOH)  > q(CH3OH)> q(OH), 
       

 (R(’))  1-10  :

(CH2) < (SH) < (C6H4OH) < (C6H5) < (C2H5S) < (CH2CONH2) < 
(CH2COOH) <  

< (CONH2) < (H2N-C(COOH)H) < ( OOH)  < (CH3OH) < (OH). 

      CH2  
CH        (R’)  

,      CH    (R).  

 :
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. .
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     , 
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 STALABS [1, 2]      
 STALABS- ,    , 

       
  - , - , -   -  
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 )   0.15  NaCl   = 37.0 .  (II)  Phen  
0.001 ,  c    – 0.1 . 

 :
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V. 394. 012031 (P. 1-6). 
2. Shtyrlin V.G., Gilyazetdinov E.M., Serov N.Yu., Pyreu D.F., Bukharov M.S., 
Krutikov A.A., Aksenin N.S., Gizatullin A.I., Zakharov A.V. // Inorg. Chim. Acta. 
2018. V. 477. P. 135-147. 
3.   2125874 C1 RU  10.02.1999. . 04.07.1994,  94025068/14. 

 6 A 61 K 31/195, 9/08 / . . , . . , . . 
  . // . . – 1999.  4. . 474.

-     
 E. Coli  NH2PhSO2NHPhX 

 . .1,  . .2
1     . . .

, . 
2   , . 

   (RSO2NH2)   
  ,   

 ( )  (CA).    
   CO2   HCO3

-,   
         :  

2 + 2   2 3  + + 3
-.
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,      . 

    ,   
     -

 ,  ,   
,      

( )     [1]. 
  NH2PhNHSO2PhX (ADF 2014.04 [2], DFT M06/6-

311++G**, H2O, SMD, )      
.    -   

     - . ,  
-  ( E )   

  {  (2)},     –
      {  (3)}. 

E = (3.689±0.103) – (2.456±0.288)* ( -Y), 
R = -0.967, SD = 0.247, N = 7, P = 0.0004     (2) 

      
,        ,   

 .

-18.40 -18.38 -18.36 -18.34

4.2
4.4
4.6
4.8
5.0
5.2
5.4
5.6
5.8
6.0
6.2

lo
g(

1/
C

)

Vesp(N), a.u.

. 1.    NH2PhSO2NHPhX   
    .

log(1/C) = (533.587±65.943) + (28.779±3.590)*Vesp(N), 
R = 0.827, SD = 0.293, N = 32, P < 0.0001       (3) 

 ,    Vesp(N)     
,     E. Coli.

 :
1.  . .,  . . //   . .
2019.  3. . 527–531.
2. Baerends E.J., et al. ADF2014. SCM. Theoretical Chemistry. Vrije Universiteit. 
Amsterdam. The Netherlands. 2014. http://www.scm.com. . . 12.01.2022.
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,     
 (II)   

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

  . . . 
  , . 

     d-  
  .       

        II, III  
IV,       –  

 , , - , 
-    II  -  

 IB.  
       

  –    .  , 
   ,     

        ,  
         

   .
     -    

  STALABS [1]    
    Mn(II) – 1,10-  (Phen), Mn(II) –
  (SalH), Mn(II) – 5-     

  Mn(II) – 1,10-  –    Mn(II) –
1,10-  – 5-     0.15  NaCl  
25.0 ° .     

      . 
    -  

[Mn2(phen)2(OH)2(H2O)4]2+,     .
C  -     ORCA [2]  
 CAM-B3LYP/TZVPP      C-PCM  

       ,  
   .

      
([Mn(phen)2(Sal)(H2O)]Sal)2   .     

   :   , 
  ,      

-   ( . . 1).
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. 1.     ([Mn(phen)2(Sal)(H2O)]Sal)2.

 :
1. Krutikov A.A., Shtyrlin V.G., Spiridonov A.O., Serov N.Yu., Il’yin A.N., 
Gilyazetdinov E.M., Bukharov M.S. // J. Phys.: Conf. Series. 2012. V. 394. 012031 
(P. 1-6). 
2. Neese F. // Wiley Interdiscip. Rev.: Comput. Mol. Sci. 2012. V. 2. P. 73-78. 

   
 . .,  . .,  . .

  , . 

       
{(CH3)2SO2}   {(C2H5)2SO2}  B3LYP.  

  –   (q(R))   
   «     

» .  [1].    –
 (CH3SO2H)   (C2H5SO2H) –

  [2].    
 ( (R)) (CH3)2SO2, (C2H5)2SO2, CH3SO2H, C2H5SO2H  

  q(R). 

S

H3C CH3

O O

S

H2C H

O O

H3C S

H2C
H2C

O O

H3C CH3S

H3C H

O O
    )        )       )         )

. 1. : )  (CH3SO2H), )
{(CH3)2SO2}, )  (C2H5SO2H), )  {(C2H5)2SO2}. 

q(R)   SO2, CH3, C2H5   H, S   
 . ,      (CH3)2SO2,

(C2H5)2SO2, CH3SO2H, C2H5SO2H        
(CH3  C2H5)        

.   CH3  C2H5     
 q( )  0.015 . .,       
 ( (r))     (C2H5)2SO2  C2H5SO2H.   

  (  )   
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q(SO2)  0.100 . .  CH3SO2H (    q(SO2)  (CH3)2SO2)   0.128 
. .  C2H5SO2H (    (C2H5)2SO2).

.  (q(R))  (q( ))  (CH3)2SO2, (C2H5)2SO2,
CH3SO2H  C2H5SO2H* 

CH3 C2H5 S(O)2 H S 1O 2O
q(R),  . . q( ),  . .

CH3SO2H 0.058 0.011 -0.069 2.672 -1.330 -1.330
(CH3)2SO2 0.045 -0.089 2.602 -1.331 -1.331
C2H5SO2H 0.096 -0.028 -0.069 2.639 -1.345 -1.345
(C2H5)2SO2 0.078 -0.156 2.536 -1.346 -1.346

*   q(R)  0.001 . .

 q(R)    CH3, C2H5  H  
q(SO2)  (CH3)2SO2, (C2H5)2SO2, CH3SO2H, C2H5SO2H : 

q(H) < q(SO2) < q(CH3) < q(C2H5),
    (R):

(C2H5) < (CH3) < (SO2) < (H). 
 ,     SO2 ( ) 

  (r)  .  
  S   (r)  CH3  C2H5   ,  

   q(H). 

 :
1.  .   .  . – .: . 2001. 528 .
2.  . .,  . .,  . . //   

 . 2014. . 17.  23. . 28–31.

,  ,  
     

 (II)  
 . .,  . .,  . .,  . .,  

. .,  . .,  . .
  . . . 

  , . 

   (II)    
    ,    

       . 
 ,       
      ,   

  ,      .
  (II) –  ( , -L- , 

, -L- ) – L/D-   25°   
 1.0  KNO3   -   

 ,     
     STALABS [1] 

  ,     
     .   
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 (II) – L/DL-      [2].  
   ,      

     , 
       

  EasySpin [3]. 
        

ORCA [4]  DFT   B3LYP/TZVPP      
  C-PCM,       

D3,    -   .  
  -     

       
  ,    -  

      ,   d- -  
-       .
        
       

         
   .   

     ,
       

   -  (II).   
  [5]      

( )       
  .

 :
1. Krutikov A.A., Shtyrlin V.G., Spiridonov A.O., Serov N.Yu., Il’yin A.N., 
Gilyazetdinov E.M., Bukharov M.S. // J. Phys.: Conf. Series. 2012. V. 394. 012031 
(P. 1-6). 
2. Shtyrlin V.G., Zyavkina Yu.I., Gilyazetdinov E.M., Bukharov M.S., Krutikov 
A.A., Garipov R.R., Mukhtarov A.S., Zakharov A.V. // Dalton Trans. 2012. V. 41. N 
4. P. 1216-1228. 
3. Stoll S., Schweiger A. // J. Magn. Reson. 2006. V. 178. P. 42-55. 
4. Neese F. // Wiley Interdiscip. Rev.: Comput. Mol. Sci. 2012. V. 2. P. 73-78. 
5. Serov N.Yu., Shtyrlin V.G., Bukharov M.S., Ermolaev A.V., Gilyazetdinov E.M., 
Rodionov A.A. // Polyhedron. 2021. V. 197. 115041 (P. 1-9). 

     ,  18-33-20072.

-    HOMO-
LUMO  -  -   [CO(S-

VAL)2(H2O)2]
 . .,  . .,  . .
  , . 

      
 –   ,  

 ,  ,  .    
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  .

      HOMO-
LUMO -  -  (II)  S- – [Co(S-
Val)2(H2O)2] (1  1b , . . 1).

   Co(II)  S-  
      

M06         
,   sp-   {6-311+G(d)}  

   ,   . 
      [Co(S-

Val)2(H2O)2]      
      [1, 2].  

            
               HOMO                                                    LUMO

. 1. HOMO-LUMO  -   [Co(S-Val)2(H2O)2] (1b). 

      
. ,  -  1b    
      3dz2   .

  HOMO  LUMO   
  -    , 

  . ,     
,    [Co(Val)2(H2O)2] c -  ( E1 = 5.387 eV, 

E1b = 5.332 eV)   ,    
,  ,   

     - ,   -  
 ( E1  = 4.972 eV, E1b = 4.938 eV)   , 
   ,    

  - ,  
  - .

:
1. Berestova T.V., Khursan S.L., Mustafin A.G. // J. Spectrochim. Acta A. 2020. V. 
229. 117950. 
2. Berestova T.V., Gizatov R.R., Galimov M.N., Mustafin A.G. // J. Mol. Struct. 
2021. V. 1236. 130303. 
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 HOMO-LUMO 
(II)

 . .,  . .,  . .
  , . 

   Co(II)    
       ( ), 

   d-      
   .

        HOMO-
LUMO -  -   [Co(S-Phe)2(H2O)2] (1a  1b

).
   Co(II)  S-  

     .    
  M06      

   ,   sp-
  {6-311+G(d)}     

,   .    
   [Co(S-Phe)2(H2O)2]   

      
   [1, 2].  

            
                    HOMO                                                   LUMO

. 1. HOMO-LUMO  -   [Co(S-Phe)2(H2O)2] (1 ). 

        
. ,  -     
   Co(II)   3dz2,      

(NH2  H2O).    ,     ,  
  ,    ,  

,     
 -  ( E1 = 4.94 eV). -  1b   

    ( E1b = 5.38 eV),    
  .

:
1. Berestova T.V., Khursan S.L., Mustafin A.G. // J. Spectrochim. Acta A. 2020. V. 
229. 117950. 
2. Berestova T.V., Gizatov R.R., Galimov M.N., Mustafin A.G. // J. Mol. Struct. 
2021. V. 1236. 130303. 
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  HOMO-LUMO   
  (II)

 . .,  . .,  . .
  , . 

      
 ,  ,   

,  .     
       

  –  .
      HOMO-

LUMO -  -   [Cu(S-Val)(R-Val)] (  1
 1b). 

   CuII  R,S-  
  :   M06  

       
,   sp-   {6-311+G(d)}  

   ,   . 
      [CuL2]

      
     [1, 2].  

            

HOMO                                                   LUMO
. 1. HOMO-LUMO  -   [Cu(S-Val)(R-Val)] (1b).

      
. ,  -  (1b)    
     3dz

2   .
  HOMO  LUMO   

-    ,   .  
,   ,   -[Cu(S-Val)(R-Val)] ( E1a =

5.944 eV)   , 
      , 
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   -[Cu(S-Val)(R-Val)] ( E2a = 5.961 
eV).

:
1. Berestova T.V., Khursan S.L., Mustafin A.G. // J. Spectrochim. Acta A. 2020. V. 
229. 117950. 
2. Berestova T.V., Gizatov R.R., Galimov M.N., Mustafin A.G. // J. Mol. Struct. 
2021. V. 1236. 130303. 

   
 HOMO  LUMO -  -  -

 (II)  
 . .,  . .,  . .

  , . 

,   (II)    
  -  -   -  

,    Cu(II)     
 [1, 2].       
    HOMO-LUMO  

    .
    HOMO-LUMO  -  -
  [Cu(S-Val)2] (1  1b ) {  M06  
    6-311+G(d)}. 

-       
     Gaussian 09.  

    Chemcraft 1.8.   -
    (II)    

   , -
   (AE).    

 . 1.

1a

-HOMO -LUMO 

-HOMO -LUMO 
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1b

-HOMO -LUMO 

-HOMO -LUMO 

. 1. HOMO-LUMO  -  -   [Cu(S-Val)2] (1  1b
).

:
1. Berestova T.V., Khursan S.L., Mustafin A.G. // J. Spectrochim. Acta A. 2020. V. 
229. 117950. 
2. Berestova T.V., Gizatov R.R., Galimov M.N., Mustafin A.G. // J. Mol. Struct. 
2021. V. 1236. 130303. 

   2-
     

   
 . .,  . .,  . .
  , . 

        
,         

   .   
    [1, 2]   

     ,  
          

 .
     2-   

          
  .  ,    

     ,    .  
      18.0 /

(     ),    27.1 /
(   -   ),     

   (TS)   .
     

,     ,  
  Cax[Al2xSiyOz]•nH2O    , 

      .  
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      TS  
  Na+

x(H2O)y)[AlaSibOc] [3],      
 -      TS 

(      B3LYP/6-
31G(d,p)).   TS–    
Accelrys Materials Studio 8     Universal.

    .
.  TS (      )  /

(     )
PAR GIS EPI LAU LEV CHA 

 4.21 4.97 5.47 6.04 7.10 7.37
 -78.260 -73.586 -62.004 -96.454 -73.808 -54.001

 - - - -65.639 -51.235 -43.773

   ,      
   ,     .   

       .  
    LAU,    

     ,   
      -  .

 :
1. Kupova O.Yu., Vakulin I.V., Talipova G.R., Talipov R.F. // Modern Scientific 
Rresearch and their Practical Application. 2013. V. J11312. P. 4-7. 
2. Meresz O., Leung K.P., Denes A.S. // Tetrahedron Letters. 1972. P. 2797-2800. 
3.  . . //  XI  -  

 , ,  «    
  – 11» ( . , 11-25  2021 .) / . . 

. . . – :  , 2021. . 182-183.

   
  -  -  

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

2    , . 

 1,2,4-    
,  , , 

    [1]. 
-     

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

   CCSD(T)/6-31+G*//B3LYP/6-
311++G**.

    .
–   -  -     

      -
 IC-1a,b:

162



–  ,    
 IC-2a,b   IC-3a,b :

 –     
 -  IC-4a,b. –  
 -      1,2,4-

.

1. Neelgundmath M., Kotresh O. // E-J. Chem. 2012. V. 9. N 4. P. 2407-2414.  
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-     
     

 . .
   .  

. . , . 

-        
        . 

       
    ,    
      

     ,   
-       

     
     .

 , -      
        

        –  
,  –    .  

       ,   
     ,  , 

     .  
      ,  

      .
       

     GAUSSIAN [1]. 
   10    

.       , 
  10 ,    

  ,     
      PM3  

PM6.
        

   , ,  
,     . 

  ,      3  
,    2,  ,   , 

 .  ,     
,   ,      2 

    ,      3   
     .   

     ,    
    3         

 2      -   
 . , ,    —  
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3       1  
 [2].

  -    
        

  ,   .

 :
1.  . .  :      

 Gaussian  GaussView. – .: -  - , 2011. 224 .
2.  . .,  . .,  . .  . . 1. – .: -  

.  , 2021. 567 .

     
   

  
(II)    

 . .,  . .,  . .
  , .  

 ,   3d- , , 
  , , ,  ,   

   .     
     ,  

    
 .     M(II) –

 –        
 ,      

         
      
.         

 , -     
   ,    

    .
      

 (II)  L-  (His), L-  (Orn)  
   (GG)      

       
  ,     

     
   .

     . 
   -    (Ni(NO3)2 +

HL HCl + HGG, L = His, Orn)  NaOH  25º     0.5 
(KNO3)   M:L:GG = 1:1:1, 1:1:2  1:2:1.  

  -   
   METR.     

    Ni:His:GG = 1:1:1    
    Ni(His)(GG) c    
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Ni(HisH)(GG)+  Ni(His)(GGH-1)-.      
      Ni(His)(GG)2

-,
Ni(HisH)(GG)2, Ni(His)(GG)2H-1

2-  Ni(His)(GGH-2)2-,   Ni(His)2(GG)-  
Ni(His)(HisH)(GG).        

   Ni(Orn)(GG), Ni(OrnH)(GG)+, Ni(Orn)(GGH-1)-,   
Ni(OrnH2)(GG)2+.   Ni:Orn:GG = 1:2:1    

       Ni(Orn)2(GG)-,
Ni(Orn)(OrnH)GG,  Ni(OrnH)2(GG)+  Ni(Orn)2(GGH-1)2-.

       
       

   .    
        

    .  
     HEAT.   
      

    RRSU.

     
 

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

2    , . 

 QTAIM [1]      
     ( ) N¨¨   -

(  1 [2])  - (  2)    
  -N=N- ( . 1).   

  N¨¨    1   ¨¨ .  
  (3;-1)    ¨¨ .  ¨¨  

    ,     . 
  N¨¨O  1  2 –    O  C=O 

   N .

    1     2
. 1. -    – 1, -  – 2.

     ( )  
 ¨¨ , N¨¨O     0.012 . . 0.013 . . 

( ).  b(r)      ,  
        ¨¨ , N¨¨O   

  .    
  b(r)     
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          –
q( ).   ,   N¨¨O,  

      O  N ( ),   ¨¨     
.      2   (  0.055 . .),  

   N¨¨O   0.06 Å    1.  
 q(N)  2       

 . 

.       (3; -1) 
 ¨¨   N¨¨O   1  2:   – q( ) ( . .),  

   – b(r) ( . .),   – 1, 2, 3,  – b(r) 
( . .),  –      (Re) (Å)

N¨¨O N O
b(r) 1 2 3 Re, Å b(r) q( ) q( )

1 0.013 -0.010 -0.006 0.069 0.728 2.78 0.054 -0.386 -1.168
2 0.013 -0.009 -0.005 0.066 0.756 2.84 0.052 -0.441 -1.168

¨¨ C H
1 0.012 -0.007 -0.003 0.052 1.900 2.98 0.043 0.302 0.027

 :
1. Bader R.F.W. Atoms in Molecules: A Quantum Theory. – Oxford: Oxford 
University Press, 1994. 438 p. 
2.  . .,  . .,  .  // . . . 2020. . 
61.  12. . 1951-1957.

      

 . .,  . .
  , .

   { (r)}   
 (I),  (II),   (III)   (IV) {  

6 5-R ( . 1)}   B3LYP   
 Gaussian03.     

{  q(R)   V(R)}     
,    «     »  

  . q(R)  V(R)   
    [1, 2].

. 1.     ,

R = NH2, CH3, COOH, OH;      
 .

  NH2, COOH, OH, CH3, CH2  CH 
    NH2,

COOH  OH,   (r)      q(R)  
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  ( ).     
 CH3,     (r)  ,  

  q(CH3)    6 5.

.  (q(R))   (V(R))    C6H5-R,
 R = NH2, CH3, COOH, OH
R R 1C 2 3 4 5 6 6 5

 q(R),  . .
NH2 -0.350 0.388 -0.018 0.003 -0.009 0.003 -0.018 0.350
CH3 0.042 0.002 -0.017 -0.003 -0.003 -0.003 -0.017 -0.042

COOH -0.158 -0.005 0.050 0.017 0.014 0.020 0.062 0.158
OH -0.555 0.513 0.035 0.012 0.001 0.012 -0.017 0.555

V(R), Å3

NH2 27.1 9.1 20.0 19.7 20.2 19.7 20.0 108.6
CH3 32.6 10.4 19.8 19.9 20.0 19.9 19.8 109.7

COOH 46.7 10.8 18.7 19.7 19.6 19.7 18.7 107.3
OH 21.6 8.9 19.6 19.7 20.0 19.7 19.9 107.9

      
    ( (R))   
. q(R)      

  (R)   :
(CH3) < ( 6 5) < (COOH) < (NH2) < (OH) 

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

 . . //  . : . 2019.  4 (38). . 14–25.  
2.  . .,  . .,  . .,  . . //  

. : . 2020.  2 (40). . 53–61. 

 ,   
      
 (IV)  

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

  . . . 
  , . 

      . ,  
   ,  ,  

,   , - ,    
. ,  VIVO2+    -

     ,     
 ,       . 

      , , 
    [1],      
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    ,     
 COVID-19 [2]. 

    -   -
      

(IV)   ( , )  25º   
 1  KNO3,       . 

      
   STALABS [3]. ,   

 LH2  LH    ,    
     -    

,         
   .

      -
 ,   ,   
    .   (  

  . 1),       
   ORCA [4]  DFT   B3LYP/def2-

TZVPP        C-PCM.  

. 1.   cis-[VO(Gly)2(H2O)] ( )  
cis-[VO(Pro)2(H2O)] ( ). 

 :
1. Carpio E.D., Hernadez L., Ciagherotti C., Coa V.V., Jimenez L., Lubes V., 
Lubes G. // Coord. Chem. Rev. 2018. V. 372. P. 117-140. 
2. Semiz S. // J. Trace Elem. Med. Biol. 2022. V. 69. 126887 ( . 1-8). 
3. Krutikov A.A., Shtyrlin V.G., Spiridonov A.O., Serov N.Yu., Il’yin A.N., 
Gilyazetdinov E.M., Bukharov M.S. // Journal of Physics: Conference Series. 2012. 
V. 394. 012031 (P. 1-6). 
4. Neese F. // Wiley Interdiscip. Rev.: Comput. Mol. Sci. 2012.V. 2. P. 73-78. 

   
   

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

. . . , . 
2     , . 

3     , . 
     

 .      
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,         
  , , .  

   ,   
   [1].

      
.        

      . 
          ,

           
 -   [2].     

     ,      
   .   
       .  

          
   .    

     [3].
      

   .     
   ,   , 

     .  
  -  .     

  [1, 4].     
  .     

 ,       
      . 

      
         

.     ,   
        

      . 
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     ,  

    .

 :
1. Kussainov A.S., Karimova A.T., Kussainov S.G., Pya N.Y. IMMEDIATE 
CHALLENGES FACED BY THE QUANTUM COMPUTING IN TIME SERIES 
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RESEARCH OF THE POSSIBILITY OF USING GENTOO LINUX IN 
MATHEMATICAL MODELING TASKS 

Tyatyukov R.L., Baryshev I.O., Eremkin D.V., Panteev S.A., Kutkin D.S.,  
Vikhareva Yu.V., Kirpichenko E.V. 

Sarov Physics and Technology Institute of the National Research Nuclear 
University MEPhI 

Gentoo Linux is an operating system based on Linux. It can be automatically 
optimized for any hardware. It has great opportunities for configuration, 
customization and optimization for almost any need. 

Gentoo Linux is a source-based operating system, which means that programs 
are delivered to user in the form of a source code and will be compiled on the user's 
computer. This allows you to use special configuration of the compiler in particular 
to user hardware, which can increase the speed of programs. In some cases, this 
speed improvement can be over 60% up in comparison to other binary-based Linux 
distributions. However, the compilation process can take a lot of time, depending on 
the specifications of the computer and the complexity of the program being 
compiled.

Gentoo can also apply custom patch to programs, which can be useful for 
optimization, customization and security. 

Gentoo Linux is much safer than Windows because it is an Open Source project. 
It also uses free solutions at all levels of the operating system, such as OpenRC 
instead of the potentially dangerous systemd. 

Considering all advantages, it is reasonable not only  use Gentoo Linux in math 
modeling projects but also understand some drawbacks such as the lack of 
professional software, the difficulty in learning and less active support from 
developers. 
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ORGANIZATION OF REMOTE WORK OF EMPLOYEES WITH THE 
HELP OF PRIVATE VPN NETWORK 

Tyatyukov R.L., Baryshev I.O., Eremkin D.V., Panteev S.A., Kutkin D.S.,  
Vikhareva Yu.V., Kirpichenko E.V. 

Sarov Physics and Technology Institute of the National Research Nuclear University 
MEPhI

At the time of quarantine and in the absence of the possibility of presenting 
employees at the offices, the problem of organizing work arises. A simple and 
effective solution is needed so that any employee can understand it. One way out is 
VPN network organization on the company's servers or on a rented virtual server 
with a private IP address. 

VPN is a general term for technologies that allow one or more network 
connections to be provided over another network, such as the Internet. 

To solve this problem, the Bourne-Again Shell (BASH) script has been 
developed and it is executed on the host machine. It automatically downloads and 
installs the necessary components for VPN network based on WireGuard. You can 
also install optionally a small webserver for easier setup using the UI. It remains only 
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to get the necessary software on client machines and transfer the keys and necessary 
data for connection. 

However, it is worth remembering the security of the host machine. Server must 
be accessed via SSH and configured in order to deny connections to administrator 
account and switch off password authorization.  

Such solution will allow employees to access files located on the work server. It 
is also possible to implement secure access to remote control of employees' 
computers and use them for calculations, as well as to apply secure open source 
software for videoconferencing and to employ a corporate messenger, etc. 

Also, such solution can be used not only for organizing remote work, but also for 
reliable and secure integration of geographically remote elements of one organization 
into a single network. 
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THE USE OF NFT TECHNOLOGY FOR DIGITAL SIGNATURE 
Tyatyukov R.L., Baryshev I.O., Eremkin D.V., Panteev S.A., Kutkin D.S., 

  Vikhareva Yu.V., Kirpichenko E.V. 
Sarov Physics and Technology Institute of the National Research Nuclear University 

MEPhI

NFTs (Non Fungible Tokens) - are non-fungible tokens as ERC-721 (the 
Ethereum smart contract standard) and are unique digital assets which ownership is 
registered and certified on the blockchain, just as Bitcoin ownership is authenticated. 
Cryptocurrency is a fungible token (digital assets created in such a way that each 
individual token is equivalent to the next) and the NFT is designed to be unique and 
be associated with a peculiar asset. The main benefit is that each NFT contains 
information that distinguishes it from any other NFT and is checked easily. It makes 
pointless to create and distribute false assets, because each element can be traced 
back to the original issuer through the transaction records on the blockchain. 

As mentioned above, it may open a new era in e-signature that can be converted 
into NFT which belongs to the owner of the document, making the signature more 
reliable and secure than cryptographic one. 

In general terms, this technology can be implemented as follows: when a 
document is signed, the NFT is used in a transaction listed in the blockchain registry, 
with a unique fingerprint and timestamp, which are integrated into the document's 
passport as verifiable elements. In other words, if someone tries to forge a digital 
document by adding, for example, a signature image, the passport will not show the 
signature records (NFT transactions) in the blockchain and the document will be 
identified as a fake one. 
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USING THE ALFA SYSTEM TO INCREASE STAFF PRODUCTIVITY AND 
PAYROLL 

Khalturina N.D., Vikhareva Yu.V., Kirpichenko E.V. 
Sarov Physics and Technology Institute of the National Research Nuclear University 

MEPhI 
One of the main resources of the enterprise today is employees. The 

management and development of the institution will largely determine the state of 
the organization as a whole. Therefore, the management when working with 
personnel requires an effective policy unique to each enterprise. One of the important 
meanings is that they need an accurate program to increase employee productivity 
and payroll. 

The Alfa-HRMS subsystem of the Alfa system, developed by Inform contact, 
which is included in the list of the largest consulting companies in Russia according 
to the Expert RA rating agency, is designed to automate personnel accounting and 
payroll at the enterprise. Flexible and easily configurable interface makes this system 
a universal calculation and management tool for enterprises of all sizes with all forms 
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of ownership. The Alfa-HRMS subsystem automates the work of accountants, 
calculators and employees of the personnel service of the enterprise for personnel 
management, payroll and related taxes as much as possible. 

The Alfa-HRMS subsystem consists of two modules: Alfa-HRM and Alfa 
Salary, the main differences of which are related to the organization of approaches to 
working with information in the system. The first one is designed for the operational 
solution of personnel management tasks and involves working with information on 
the date specified by the user. The second one is primarily for automating payroll 
processes. Working with information is based on the use of the concept of "billing 
periods". At the same time, the functionality of the module includes not only a block 
of tasks related to payroll automation, but also the capabilities of the Alfa HRM 
module which ensure the accountant the access to all personnel information on 
personnel necessary for calculating/verifying payroll within the framework of 
working with one module of the system - the Alfa-Salary module. 

Alfa system is implemented in such enterprises as: Siberian Chemical Plant, 
Grinn Corporation, UTair Airline, Mayak Software, etc. 

List of literature: 
1. BaseGroup Labs data analysis technologies [Electronic resource] URL: 
https://basegroup.ru/community/articles/hrm 
2. Official Alfa system website [Electronic resource] URL: 
https://alfasystem.ru/product/alfa-hrms/ 
3. Official website of Tadviser [Electronic resource] URL: http://surl.li/bkobs 
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1.   Open CV // 
https://docs.opencv.org/4.x/dc/d2c/tutorial_real_time_pose.html  
2.   Ursina Engine // 
https://www.ursinaengine.org/cheat_sheet.html 

MANIPULATION OF VIRTUAL OBJECTS USING COMPUTER VISION 
TECHNOLOGY 

Baryshev I.O., Eremkin D.V., Kutkin D.S., Tyatyukov R.L., 
Vikhareva Yu.V., Kirpichenko E.V. 

Sarov Physics and Technology Institute of the National Research Nuclear 
University MEPhI 

Nowadays, as artificial intelligence technology is getting widespread, many 
states and large companies are beginning to introduce this technology into their 
products. Existing learning algorithms allow you to create high-precision systems 
that are used in education, business, transport, military and many other areas. 
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Figure 1. Example of the program operation 

AI(artificial intelligence) 
allows you to process quickly 
a huge amount of data that 
previously could only be 
handled manually. 

Our team has decided to 
study this topic in detail and 
implement a project that uses 
AI to process images from the 
camera and detects human 
hands on them. The hands are 
placed into a virtual space, 
inside which a Rubik's cube 
has already been placed. You 
can control the movement of 
the “virtual hands” with your 

hands and rotate the sides of the cube. The project is implemented in Python using 
the Ursina graphics library and the interaction with the camera is put into practice 
using the OpenCV library. 

List of literature: 
1. Open CV documentation // 
https://docs.opencv.org/4.x/dc/d2c/tutorial_real_time_pose.html  
2. Ursina Engine documentation // https://www.ursinaengine.org/cheat_sheet.html 
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