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Table 1. Temperature ranges of organic glasses transi-
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Fig. 2. The intensity of light absorbance in the Se(VI)-CAN vs 

selenium concentration 
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 (n=3, P=0,95) 
Table 2. The results of selenium determination in sam-

ples under study (n = 3, P = 0.95) 
  

 Se, /100 )  Se, /100  Sr, % 

  
(1300–2000) 

1405,5±0,4* 7,10 
1413,3±0,5** 2,80 

 ) 
(50–140) 

131,6±0,3* 5,10 
134,6±0,2** 1,90 

 ( ) 
(10–16) 

14,5±0,3* 5,70 
14,2±0,2** 2,30 

 ( )  
(6–8,5) 

7,3±0.2* 2,70 
6,8±0.4** 3,50 

 ( ) 
(2,89) 

2,62±0,01* 1,74 
2,73±0,01** 1,57 

 VITRUM 
(20 /1 ) 

18,2±0,2* 2,85 
20,1±0,2** 3,13 

: * ,  
**  
Notes: * was found by the calibration curve, **  was found by 
the method of standard additions 
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e-mail: evi@isc-ras.ru 

 (DFT) 
 ( -

 1:1 ) 2- -, 2,6- -  2,4,6- . -
 

. 

: -N , , -
,  

, -
 
 

.  
 – -

 ( ) 
 2,4,6,8- [3.3.0]- -3,7-  
. 1).  ( )  

 [1-
4]. -
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-
-

,  
 

.  
, , -

-N -
 

 ( -
) . 

          
        

 
 

. 1.  2-  ( ), 2,6-  ( )  2,4,6-  
) .  ( )  ( ) 

 [5] 
Fig. 1. Molecular structures of 2-monomethylglycoluril ( ), 2,6-dimethyglycoluril ( ), and 2,4,6-trimethylglycoluril ( ) where the atom 
positions for nitrogen and carbon are marked. The depicted projections are perpendicular (view from the left) and parallel (view from 

the right) to the bicycle plane [5] 
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 ( ) . 

 
 1 

, Tfus,  
, fusH m,  

Table 1. Temperatures of fusion, Tfus, and molar enthal-
pies of fusion, fusH m, for the glycolurils under studied 

 , 
-1 Tfus,  fusHºm, 

-1 

 142,1174 
570,92 
570 [9]  
573 [10] 

17,05 

2-  156,1443 
534,75 
533 [9]  
534 [11] 

34,07 

2,6-  170,1712 550,15 
542 [1] 24,44 

2,4,6-  184,1980 365,74 
400 [6] 20,10 

 198,2249 507,33 [5] 
499 [10] 

36,37  
[5] 

 
. 1 -
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-

.  
 2- -

-
 C=O H- . 



  2015    58  .  8 31 
 

, ,  
.  2,6-

 2,4,6-  
 

,  
fusHºm -

 Tfus  2,6-  
2,4,6- . 

 
-
 
, 

subHºm, .  
 ( -

-
 

[5, 14])  
. 

 [5]   
-

, -
 

 (DFT): 
 B3LYP -

 c -
pVTZ -

 cc-pVQZ [15]. -
-
-

 TDDFT  
B3LYP/cc-pVQZ. -

 « » DFT- ,  
-

-N -
, . 1. 

 
. 2 . 2  (  

–   
).  

 
 [16] , -N  

 « -
» ( . 1),  

 -
.  

 2- , 2,6-  2,4,6-  
. 1 . -

 2-  2,4,6- -
 C1.  2,6-
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 2 

-N-
: -

, re/Å, , e  
Table 2. Structural parameters for the molecules of me-
thyl-N-substituted chiral glycolurils: internuclear dis-

tances, re/Å, and valence angles, e/deg 
2-  

re e
 

1 5 1,566 N4 C5 C1 103,4 
C5 N4 1,451 C5 C1 N2 103,4 
C9 N2 1,444 C5 N4 C3 112,4 
C1 N2 1,440 C5 N6 C7 112,2 
C5 N6 1,441 C5 N4 C10 124,5 
C3 N4 1,392 C3 N4 C10 121,0 
C7 N6 1,385 C5 N6 C11 124,8 
C7=O 1,208 C7 N6 C11 120,7 
C5 H 1,091 N4 C3 N2 108,2 

2,6-  
1 5 1,563 N4 C5 C1 102,7 

C5 N4 1,450 C5 C1 N2 103,2 
C1 N2 1,439 C5 N4 C3 112,3 

C10 N6 1,443 C3 N2 C1 113,0 
C3 N4 1,391 C5 N6 C10 123,0 
C3 N2 1,379 O C7 N6 126,7 

C=O 1,211 C7 N6 C10 122,6 
C5 H 1,093 N4 C3 N2 107,2 

2,4,6-  
1 5 1,562 N4 C5 C1 102,8 

C5 N4 1,451 C5 C1 N2 103,2 
C11 N6 1,443 C5 N4 C3 112,0 
C12 N8 1,446 C5 N6 C7 112,7 
C5 N6 1,437 C7 N6 C11 122,6 
C3 N4 1,391 C5 N6 C11 123,0 
C7 N6 1,380 C1 N2 C9 124,5 
C7=O 1,214 C3 N2 C9 122,4 
C5 H 1,093 N4 C3 N2 107,3 
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Fig. 1. Absorption spectra of solutions with respect to EA, the 
cuvette length is 1 cm: 1 – Cu(CF3COO)2 - EA, cCu(II) = 1.0 10-3 

mol/l; 2 – Qr – EA, cQr = 1.0 10-4 mol/l 
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Fig. 2. The absorption spectra of solutions of Cu(CF3COO)2 - Qr - 

EA at a molar ratio of Cu(II):Qr equal to: 1 – 0.5:1; 2 – 1:1; 3 – 
1.4:1; 4 – 1.6:1; 5 – 2:1, with respect to the EA, cQr = 1.0 10-4 
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Fig. 3. Saturation curves of optical density for systems: a) 

Cu(CF3COO)2 - Qr - EA; b) Cu(CF3COO)2 - Qr - (1 vol.% BS) - 
EA; c) Cu(CF3COO)2 - Qr - (4 vol.% BS) – EA, cQr = 5.0 10-5 

mol/l = const., 440 nm, 1.00 cm 
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Table 1. The equations = f(cCu(II)/cQr) dependencies, the coefficients of linearity and the molar ratio of Cu(II):Qr for 

break point of saturation curves for the ( F3COO)2Cu - Qr – P system*  

 
 =f(cCu(II)/cQr),  

 
 

Cu(II):Qr -
   

(CF3COO)2Cu – Qr –   = 0,050 + 0,457 ; 0,983  = 0,90; 0,950 1,9 
(CF3COO)2Cu – Qr – (1,0 .% ) –   = 0,24 + 0,277 ; 0,998 =0,64+0,035 ; 0,950 1,7 
(CF3COO)2Cu – Qr – (4,0 .% ) –   = 0,200 + 0,390 ; 0,992  = 0,520 + 0,064 ; 0,969 0,98** 

: *  – , (1,0 . % ) – , (4,0 . % ) – , cQr = 5,0 10-5  = const,  
 Cu(II):Qr  0,4:1  4:1, 440 , 1,00 ; **  Cu(II):Qr  0,4:1  2:1 

Note: *  P - solvent from EA, (1.0 vol.% BS) – EA, (4.0 vol.% BS) – EA, cQr = 5.0 10-5 mol/l = const, the range of mole ratios of Cu(II):Qr 
is changed from 0.4:1 to 4:1, 440 nm, 1.00 cm,  
** the range of Cu(II):Qr ratios from 0.4:1 to 2:1 

 

 
. 4. -

 Cu(CF3COO)2 – Qr – , cQr = 5,0 10-5  = const,  
440 , 1,00  

Fig. 4. The saturation curve of optical density for the system 
Cu(CF3COO)2 - Qr – BS, cQr = 5.0 10-5 mol/l = const,  

440 nm, 1.00 cm 
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 Cu(II):Qr,  1,2:1, cQr = 
5,00 10-5  = const, , 440 , 1,00  

Fig. 5. The dependence A = f(t) for system (CF3COO)2Cu - Qr - 
BS at a molar ratio of Cu(II):Qr, equal to 1.2: 1, cQr = 5.00 10-5 

mol/l = const, with respect to BS, 440 nm, 1.00 cm 
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Fig. 6. Isomolar diagram for system Cu(CF3COO)2 - Qr – EA, cQr 

= c u(II) = 1.0 10-4 mol/l = const., 440 nm, 1.00 cm 
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Fig. 7. The determination of composition of the complex com-

pounds in the coordinates of Asmus equation for system of 
Cu(CF3COO)2 - Qr - EA, n is: a) 1; b) 2; c) 4; with respect to EA, 

cQr = 5.00 10-5 mol/l = const., 440 nm, 1.00 cm 
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V A
n
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11  ( F3COO)2Cu – Qr – *  

Table 2. The equations of )
m

(f
V A

n
)II(Cu

11  dependencies and coefficients of linearity for the system ( F3COO)2Cu - Qr – P*  

 n 
 

F3COO)2Cu – Qr –  F3COO)2Cu – Qr –  
– (1,0 . % )-  

F3COO)2Cu – Qr –  
– (4,0 . % ) -  

1  = -0,25 + 0,054 , 0,974  = -1,10 + 0,103 , 0,989  = -1,31 + 0,116, 0,990 
2  = -1,06 + 0,097 , 0,932  = -3,03 + 0,214 , 0,931  = - 3,64 + 0,252 , 0,970 
3  = -1,90 + 0,15 , 0,862  = - 6,0 + 0,393 , 0,861  = -7,42 + 0,486 , 0,929 
4  = -2,99 + 0,22 , 0,791  = -11,4 + 0,744 , 0,804  = -14,5 + 0,933 , 0,891 

: *  – , (1,0 . % ) – , (4,0 . % ) – , cQr = 5,0 10-5  = const, 440 , 
1,00 , n –  
Note: * P - solvent EA, (1.0 vol.% BS) – EA, (4.0 vol.% BS) - EA, cQr = 5.0 10-5 mol/l = const, 440 nm, 1.00 cm, n – simple integer 
number in the Asmus’s equation 

 



  2015    58  .  8 43 
 

,  
, ,  

 1:1  
u(II):Qr,  2:1. 
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-
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: 

n
)II(Cu
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, 

 cQr – , ,  
; cCu(II) – 

, ; n – 
,  1  2, -

 Cu(II):Qr; 440 – 
 

440 ; l – , .  
 

-
, -

 Cu(II):Qr  n, 
 1  2. -

-
-

 
n

IICu )(

1 . 

,  ,   
(CF3COO)2Cu  –  Qr – -

-
  

Cu(II):Qr,   1:1  2:1. -
 

 Cu(II):Qr -
. -

-1  
-

 Cu(II):Qr, -
 1:1. -1 -

-1 -
-

. , -
-

. 
 3 

* n
)II(Cu

Qr f
l 1

440
,  

 n= 1  2 (Sr = 0,03; n = 3) 

Table 3. Equations* of n
)II(Cu

Qr f
l 1

440
 dependencies and the values of the linearity coefficients and stability con-

stants of complex compounds for n = 1 and 2 (Sr = 0.03; n = 3) 
 

 
Cu(II):Qr 

 

(CF3COO)2Cu – Qr –  (CF3COO)2Cu – Qr – (1,0 .% ) –  (CF3COO)2Cu – Qr –  
– (4,0 .% ) –  

1:1 
(n = 1) 

 = 2,4 + 0,036 , 0,976 
 = 6,7 103  

 = 0,50 + 0,0020 , 0,989 
 = 2,5 104  

 = 0,60 + 0,0020 , 0,990 
 = 3,0 104  

2:1 
(n = 2) 

 = 5,7 + 0,0080 , 0,943 
1,2= 5,2 108  

 = 0,7 + 0,00 ,  0,931 
 

 = 0,7 + 0,00 ,   0,969 
 

: *       
Note: * indexes are not reflected in equations 
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. 1. :  –  (II);  
 –  (II)-  (II);  –  (II). 

,  
Fig.1. X-ray patterns of samples:  – chromite of copper (II);  – fer-
rite-chromite of nickel (II)-copper (II);  – ferrite of nickel (II). 

Indexes are given for lines belonging to a spinel 
 

, , 
: 

Cu(NO3)2 = CuO + 2 NO2 + 1/2 O2 (1) 
2 Cr(NO3)3 = Cr2O3 + 6 NO2 + 3/2 O2    (2) 

CuO + Cr2O3 = CuCr2O4 
-
-

.  ( . 2). 
 

 
. 2. ,  

 (II)  (III) 
Fig. 2. The microphoto of sample received by decomposition of 

nitrates of copper (II) and chrome (III) 

 2 (  = 0.3) 
. 1 ) , -

,  
.  

 
 

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

Ni(NO3)2 = NiO + 2NO2 + 1/2O2 (3) 
2Fe(NO3)3 = Fe2O3 + 6NO2 + 3/2O2    (4) 

 
, ,  

0,3NiO + 0,3Fe2O3 = 0,3NiFe2O4,   (5) 
0,7CuO + 0,7Cr2O3 = 0,7CuCr2O4, 

0,3NiFe2O4 + 0,7CuCr2O4 = Ni0,3Cu0,7Fe0,6Cr1,4O4. 
 

.  
 

 80  170  ( . 3).  
 1 

-
 Ni Cu1- Fe O4 Cr2(1- )O4 

Table 1. The lattice parameters and phase composition of 
the synthesized materials in Ni Cu1- Fe Cr2(1- )O4 system 

 , Å  
0.0  CuO Cr2O3 
0.3 8,3219  - 
1.0 8,3400 Fe2O3  

 

 
. 3. ,  

 (II),  (II),  (III)  (III) 
Fig. 3. The microphoto of sample received by decomposition of 

nitrates of copper (II), nickel (II), iron (III), chrome (III) 
 

 3 (  = 
=1.0)  ( .  1 )  ,  -

 NiFe2O4.  -
 Fe2O3.  

, , 
 (4, 5) : 

NiO + Fe2O3 = NiFe2O4. 
 ( . 4). 

-
, -

-
-
-
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. -
-02   

 2000-400 –1  
 SpectraLUM.  

 

 Ni2+  
 (NaOH   NiSO4   NiSO4  

NaOH) . 1, 2. 
 

 
. 1.  Ni2+  

 NaOH (0,20 )  NiSO4 (70 , 0,11 ) 
Fig. 1. The curve of precipitation of Ni2+ ions at the order of mixing 

of the reactants NaOH (0.20 mol/l)  NiSO4 (70 ml, 0.11 mol/l) 
 

 
. 2.  Ni2+  

 NiSO4 (0,11 )  NaOH (40 , 0,20 ) 
Fig. 2. The curve of precipitation of Ni2+ ions at the order of mixing 

of the reactants NiSO4 (0.11 mol/l)  NaOH (40 ml, 0.20 mol/l) 
 

.  1  ,   Ni2+  
 6,96 ± 0,05, -

 7,33  8,30, 

 9,50  ±  0,05  ( -
 Ni2+  

0,00005 ). 
-

, -
.  1   2  ,  -

 
.  1  .  3,  4.   ( .  2)  

 [2, 5, 8-11]. -
-

 TG/DTA- . 
  

 1 
 

Table 1. Characterization of IR spectra 
  

* , 1 ** 

1, 2, 4, 8-11 1600, 1610 ( 2 ) 

1, 2, 4, 5,  
8-11 

1590***, 1477, 
1436, 1373, 
1372, 1368, 
1363, 1344, 
1332, 1329 

3(C 3) 

1, 2, 3, 10 
1225, 1169, 
1100, 1087, 
1081, 1071 

3(SO4)antisymmetry 

3 988 1(SO4)symmetry 

1, 2, 3, 10 685, 670, 650, 
630, 616, 597 4(SO4) antisymmetry 

3 480 2(SO4)symmetry· (Ni O) 

6, 9 1169, 1156, 
1085, 1081 ) 

6 1206 ( )  
5 6 ) 

4, 5, 8, 9, 11 820, 650, 595, 
526, 519 (Ni )**** 

4, 6-9 453, 450, 440 (Ni O) 
: *  3, 4; **   -

, ; *** -
 2NiCO3·Ni(OH)2 (230 )  

 1590 -1 -
; **** , 

 
Notes: * in Fig. 3, 4; **    bending vibrations,  stretching 
vibrations; *** in the IR spectrum of 2NiCO3·Ni(OH)2 (230 

) compound the appearance of very weak band at 1590 cm-1 
is due to adsorption on his surface of water molecules; **** 
libration vibrations of water coordinated-bounded to the metal 
in the form of OH-groups 

 
 ( .  3,  4)  -

, -
 C 3 , -

 [5] -
-

, -
2, -

,  
. 
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. 3.  (  NaOH  NiSO4): 1  (I ), 2  NiSO4·4NiCO3·2Ni(OH)2·10H2O (II 

, : Ni2+ = 1,5:1), 3  NiSO4·6NiO, 620 , 4  NiCO3·2Ni(OH)2·2H2O (III ,  
: Ni2+ = 2:1), 5  2NiCO3·Ni(OH)2, 230 , 6  Ni(OH)2·3NiO, 400 C, 7  NiO, 920   

Fig. 3. IR spectra (at the order of mixing of the reactants NaOH  NiSO4): 1  (I the beginning of the precipitation),  
2  NiSO4·4NiCO3·2Ni(OH)2·10H2O (II the intensive precipitation, :Ni2+ = 1.5:1), 3  NiSO4·6NiO, 620 , 4  

NiCO3·2Ni(OH)2·2H2O (III the end of the precipitation, : Ni2+ = 2:1), 5  2NiCO3·Ni(OH)2, 230 , 6  Ni(OH)2·3NiO, 400 C,  
7  NiO, 920  

 
. 4.  (  NiSO4  NaOH): 8  (I ), 9  NiCO3·2Ni(OH)2·6H2O  (II -

, Ni2+  = 1:2), 10  NiSO4·5NiCO3·2Ni(OH)2·10H2O (III , Ni2+  = 2:1),  
11 , , NiCO3·Ni(OH)2·2H2O   

Fig. 4. IR spectra (at the order of mixing of the reactants NiSO4  NaOH): 8  (I the beginning of the pH variation),  
9  NiCO3·2Ni(OH)2·6H2O  (II the intensive variation of , Ni2+  = 1:2), 10  NiSO4·5NiCO3·2Ni(OH)2·10H2O (III the end of the 

pH variation, Ni2+  = 2:1), 11  basic nickel carbonate, reactive, NiCO3·Ni(OH)2·2H2O 
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 [5,  8]   1200   
1170-1050, 650 1  

, -
 

5 ,  6 .  TG/DTA- -
 

 750 º ,  
 SO3,  [2]. -

 1170-1050 1 -
,  

, , 
. 

 ( . 3)  
Ni(OH)2·3NiO,  
NiCO3·2Ni(OH)2·2H2O  400 ºC, 

 1206, 1156, 
1085 1, -

).  [9]  
-

.  
 NiSO4·6NiO,  

 NiSO4·4NiCO3·2Ni(OH)2·10H2O  
 620 º ,  1169  

1071 1 ,   
 [11]  

. 
. 5  TG/DTA-  

. -
. 2.  

 
 125 º . -

 
 300 º .  

 (  NiCO3·2Ni(OH)2·2H2O, 
NiCO3·2Ni(OH)2·6H2O) -

 300  950 º  (   
6  .%) -

 
mNiO·nNi(OH)2 [5],  -

 Ni(OH)2·3NiO 
. 3),  
 400 ºC  

NiCO3·2Ni(OH)2·2H2O (  
 NaOH  NiSO4).  

 2NiCO3·Ni(OH)2,  
 230 º  3 ,  

 400 º ,  400 º   
500 º  1%.  

 [2]  NiCO3  
Ni(OH)2  400  º .  -

 
 –  850 º , -

 [2].  
-

 NiSO4·5NiCO3·  

 
 

 
 

 
 

 
 

. 5.  TG/DTA- : 1  TG- , 2  DTA-
,  NiSO4·4NiCO3·2Ni(OH)2·10H2O,  

NiSO4·5NiCO3·2Ni(OH)2·10H2O,  NiCO3·2Ni(OH)2·2H2O,  
 NiCO3·2Ni(OH)2·6H2O  

Fig. 5. The curve of TG/DTA-analysis: 1  TG-curve, 2  DTA-
curve,  NiSO4·4NiCO3·2Ni(OH)2·10H2O,  

NiSO4·5NiCO3·2Ni(OH)2·10H2O,  NiCO3·2Ni(OH)2·2H2O,  
 NiCO3·2Ni(OH)2·6H2O
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 2 
 TG/DTA-  

Table 2. Results of TG/DTA-analysis 
, 

  ; 
 DTA-  ( ) 

NiSO4·4NiCO3·2Ni(OH)2·10H2O 
: Ni2+ = 1,5:1 

NaOH  NiSO4 
. 5, a) 

48% ( ), 22% 25-200 º  – ,  
; 100 º  

2% 200-300 º  –  
12% 300-350 º  – ; 330 º  
4% 350-700 º  –  
8% 700-850 º  – ; 780 º  

NiCO3·2Ni(OH)2·2H2O 
 : Ni2+ = 2:1 

NaOH  NiSO4 
. 5, ) 

35% ( ), 14% 25-200 º  – ,  
; 100 º  

1% 200-250 º  –  
15% 250-300 º  – ; 295 º  
5% 300-850 º    

2NiCO3·Ni(OH)2 230 º  
NaOH  NiSO4 

 

32% ( ), 6% 100-240 º  – ; 100 º  
25% 240-400 º  – ; 310 º  
1% 400-500 º  –  

1,5%* 500-1025 º  – , 1025 º  – -
 NiO ( 2); 1050 º  

NiCO3·2Ni(OH)2·6H2O 
Ni2+  = 1:2 
NiSO4  NaOH 

. 5, ) 

48% ( ), 30% 25-185 º  – , ; 
105 º  

2% 185-260 º  –  
10% 260-300 º  – ; 290 º  
6% 300-950 º  –  

NiSO4·5NiCO3·2Ni(OH)2·10H2O 
Ni2+  = 2:1 
NiSO4  NaOH 

. 5, ) 

48% ( ), 22% 25-225 º  – , ;  
105 º  

2% 225-290 º  –  
15% 225-350 º  – ; 340 º  
3% 350-720 º  –  
6% 720-850 º  – ; 775 º  

, 
, « .» 

NiCO3·Ni(OH)2·2H2O 

42% ( ), 23% 50-280º  – , ;  
115 º  

19% 280-500 º  – ; 310 º  

2%* 500-1030 º  – , 1030-1045 º  –  
 NiO ( 2); 1040 º  

: *  1,5 2%,  NiO,  
 

Note: * the weight loss of 1.5-2% due to the formation of a stoichiometric NiO does not take into account at the calculation of the 
approximate composition of the compounds 
 

·2Ni(OH)2·10H2O, -
 

350  720 º .  
-

 620 º  
-

. -
 NiSO4·4NiCO3·2Ni(OH)2·10H2O -

 620 º -
 

NiSO4·6NiO. -
 ( . 3). 

 2NiCO3·Ni(OH)2 230 º  
NiCO3·Ni(OH)2·2H2O ( ) -

,  TG/DTA- , -
 20  1100 º .  

1025 º  ( . 2) 2 (  
 1,5-2 %)  NiO1+2x -

 NiO, -
 [3]: NiO1+2x  NiO + xO2. -

 920 º  
 NiO1,14,  [12],  

, -
 NiO1,13. 

 

, 
TG/DTA-  

(II). -
, , ,  

 
.  



  2015    58  .  8 53 
 

; -
,  

,  
 (  

NiCO3·2Ni(OH)2·2H2O, NiCO3·2Ni(OH)2·6H2O)  
300-950 º ,  

 
mNiO·nNi(OH)2. -

 
. -

 NiO1,14,  
 1025 º -

 NiO. 
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. 1  
. 

 
 1 
-
-

 (t=21 ) 
Table 1. Effect of the electrolysis conditions and the 

composition of the electrolyte on joint electro-deposition 
of selenium and tellurium (t = 21 C) 

   
,  

 
-
, 

N 

-
,  * 

H2SeO3, 
 Se Te 

1 2,5NaOH+0,05Te+0,081Se  0,12 0,013  
2 1H2SO4 + 0,081Se 1,0 0,02  1,3 
3 2H2SO4 + 0,13Se 2,0 0,02  0,77 
4 5H2SO4 + 0,081Se 5,0 0,02  0,45 
5 5NaOH+0,23Se+0,05Te  0,055  0,34 
6 0,1H2SO4+0,23Se+0,12Te 0,1 0,02  0,25 
7 2,5NaOH+4,5Se+0,012Te  0,058 0,005  

: * H2 O3
 -

 
Note: * H2 O3

  decomposition potential of selenitic acid 
  

-
 (  H2 O3)  .  -

  H2 O3  
 0,5N.  

 (  0,5N) -
-

.  
,  

.  
, -

 (5  NaOH)  
 (3mA/ 2 ) -

, -
, -

, -
. 

-
 (  > 7 mA/ 2) -

. 
 

 SeO3  
,  

.  
,  (Se )  

 
(SeO3 ) 

SeO3  + 4H2O + 6  = Se  + 7OH  
 SeO3 -

 
,  

.  

-
 

, , -
-

.  
 1  

SeO2, -
,   m.10-n %  
 Na2TeO3 (  n = 1 4, m = 1 5). 

. 2 -
-

. , 
-
-

, , 
 

.  
 
 

[6].  1 -
, , -

 (1  NaCl + 
+1M NaOH; pH  9,5 - 10), -

, . -
-
-

, . 
 1.10-3 %. 

 
 2 
 

 ( )    
Table 2. The dependence of the stationary potential of 
selenium electrode ( ) on alkali concentration in an 

electrolyte 
 

NaOH,  2,01 1,0 0,5 0,1 0,05 0,01 

,  -0,40 -0,353 -0,331 +0,04 +0,02 +0,09 
:  ( ): 0,05 +1,0Se + 

+NaOH; = 25  
Note: composition of electrolyte (mol/l): 0.05 Te + 1,0Se + 
+NaOH; =25 C 

 
-

, -
. -

 1  ( -
)   0,7  .  -

-
.  

,  
. 

 
 

,  
, , -
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,  
 

. 2) , ,  
.  -

 
 

.  
:  = 0,02% 

Se = 10 ,   10 mA/ 2, -
  30 º  ( . 3). 

 

 
.   -

-
. 1 ; 2  30 ;  

3  1,5  
Fig. The dependence of stationary cathode potential on the current 

density at the reduction of tellurium in the electrolysis process.  
1 –  at the process begining; 2– after 30 min of electrolysis;  

3 – after 1.5 h before electrolysis 
 

 3 
 

 
Table 3. The dependence of selenium content in tellurium 
precipitations on the alkali concentration in an electrolyte 

 
NaOH,  3,0 2,0 1,0 0,5 0,1 0,01 

  
, % 1.10-4 1.10-4 5.10-4 7.10-3 0,5 5,5 

: =0,02%, Se=10 , -
  10 mA/ 2, = 30  

Note: concentration of Te = 0.02%, Se = 10 g/l, the current 
density – 10 mA/cm2, =30 C 

 

 
 ( . 4).  

-
. -

-
.  (2,5N)  

, -
.  

-
 [6]. 

-
 

. -

 12-15  
 0,17%  2·10-5 %. -

 2.10-5 % -
. , -

-
-

. 
 4 
 

 
Table 4. Change in a concentration of tellurium in an 
electrolyte depending on the duration of electrolysis 

 

-
 

-
, 

  
, % 

 
 

, % 

, 
°

 

-
 

 
-

 

-
 

 
-

 
1 1,5 0,17 8,2.10-3 3,3 4,75 8 10 
2 5 8,2.10-3 2,08.10-3 4,75 4,85 8 10 
3 3 2,08.10-3 6,7.10-4 4,85 4,9 8 10 
4 1 0,11 1,0.10-4 2,25 3,20 18 20 
5 4 1.10-4 5.10-5 3,20 3,5 18 20 
6 4 5.10-5 2.10-5 3,50 3,65 18 20 
7 5 2.10-5 2.10-5 3,65 3,80 18 20 

: : 2,5NaOH .+ 
+51  Na2SeO3+  
Note: the initial composition of the electrolyte: 2.5NaOHfree.+ 
+51 g/l Na2SeO3+ different amounts of tellurium 

 

 
 
 

 ( . 5). 
 5 

 
 

(2,5NaOH +10  SeO2)  
Table 5. The dependence of selenium content in telluri-
um cathode deposits on its concentration in an electro-

lyte (2.5NaOH +10 g/l SeO2) 
 

, % 0,01 0,05 0,2 0,5 

 
, %   0,1 1,5 

:   10 mA/ 2, = 20 ,  
  2  

Note: current density is 10 mA/cm2, =20 C, electrolysis 
time is 2 h  

 

-
-

.  
 [7] , -

. 
 

 45 °  
-

 ( . 6). 
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 6 
   

  
Table 6. The dependence of the content of selenium in 

tellurium precipitation on the temperature  
, °  20 40 60 

, %  . 5.10-2 8.10-2 
: : 2N NaOH +15 Se + 

+10-2 . m   3 mA/ 2 
Note: composition of electrolyte 2N NaOH +15 g/l Se+ 
+10-2%Te, current density is 3 mA/cm2  

 
 

, , 
 

 SeO3  . 
 
 

-
. -

  2,5N NaOH + 20% NaCl + Se + 0,2%  
,   3 mA/ 2, -

 18-25 º . -
-

 0,17%  2.10-5 %. 
-
, 

 0,06 0,15 mA/ 2, 
 60 º  

. -
, -

 (Hg, Pb, Ag), -
.  -

3, 
,  

 
 50-70 º . -

-
 5.10-5 % .  

 

-
,  

-
.  

-
-

, :   
2,5N NaOH + 20%NaCl + 0,2% , -

 3 mA/ 2,  18 25 º . -
, -

 
0,17%  2.10-5 %. 

-
. , 

 5.10-5 . 
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-
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. 
 

 –  
 ( ,  7699)  

-
 [4]. 

-
 0,1  

0,5 -
 303-323  (30, 

40,  50  º )   2-6  .   
: 
-
-
 

 ( -
 – 38%), -

 (2, 4  6 ) -
, -

,  5% 
 NaOH  pH 5.0-7.5, -

 
, 
 

 50 º . 
-

 6%- -
 

-4   50  º .  -
 

 7698 [5].  
-

 LEO1420 (Germany). -
 

EMITECH K 550X. -
 

HZG-4A  (Carl  Zeiss  Jena),  CuK ,  Ni  
, . -

-
-

 2  18 .  
 ( )  

 I /I ,  I  – -
-

; I  –  
. 

 

-
 

-
-

 (HCl  H2SO4) -
 ( . 1-3 . 1-2). 

 

 
. 1.  6% -

 
. :  0,5  
 HCl (1-3)  H2SO4 (4-6)  

, º : 1  4 – 30, 2  5 – 40, 3  6 – 50;  T = 40 ºC 
 0,1 : 7 – HCl,  

8 – H2SO4 
Fig. 1. The dependence of relative viscosity of 6% water pastes of 
acid-hydrolized potato starch on the hydrolysis time. Hydrolysis 

conditions: under the action of 0.5 N water solutions of HCl (1-3) 
and H2SO4 (4-6) at different temperatures, º : 1 and 4 – 30, 2 and 
5 – 40, 3 and 6 – 50; at T = 40 ºC under the action of 0.1 N water 

solutions of acids: 7 – HCl, 8 – H2SO4 
 

. 1 
,  6% 

, -
 0,1  

, , 
 (  
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, -
, ,  

 H3O+ -
,  ,   

-
: 

1) H2SO4 + H2O  H3O+ + HSO4
–; 

2) HSO4
- + H2O  H3O+ + SO4

2–. 
. 1 -

, -
.  

. 1, -
-

,  ,  ,   
-
 

. 
 

 1 
, -

 
Table 1. The hanges of yield, content of the moisture 

and ash for acid-hydrolyzed potato starches  

 
 

t,  , 
% 

,  
%  

, 
% 

T = 40 ºC 

0,1  HCl 

0 14,0 0,33 – 
2 13,6 0,31 99,5 
4 11,8 0,28 98,4 
6 14,7 0,27 98,0 

0,1  H2SO4 

2 12,8 0,30 99,7 
4 13,0 0,27 99,0 
6 14,3 0,25 98,7 

T = 50 ºC 

0,5  HCl 

0 14,0 0,33 – 
2 11,3 0,29 98,4 
4 12,2 0,27 97,7 
6 15,5 0,24 97,0 

0,5  H2SO4 
2 13,7 0,29 99,2 
4 13,4 0,26 98,4 
6 14,0 0,24 97,8 

 
 

 0,1 -
-

,  
 

0,5 -
. . 1 

. 1. 
, 
-

 5  
,  

-
. 

 
, -

-
. 
-

:  
 2 ) -

-
,   

-
 

;   (2-6 ) -
-

,  
, . -

-
. 

-
, -

 7,7 
 60   ( .  2 ),   

 21,7±1,2  (  < 0,05).  
,  

0,5  
50 º  2-6 ,  

. -
 

,  
, -

 ( . 2 ). -
 ( -

)  
 

,  
,  

, , 
-

. 
 

 0,5 -
. 2 

. 3. ,  
,  

 B- ,  
 2  = 17,1, 19,5, 22,1  23,7º.  

 2  = 19,5, 22,1  23,7º -
 

,  
 

,  
.  

-
 ( . 2), -

 2, 4  6 , , ,  
 44,4, 41,2  43,2%, . 
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. 2.  ( ) -

 (0,5 , 50 ) -
 – t = 2 ,  – t = 4 ,  – t = 6  

Fig. 2. The morphological structure of native (a) and potato starch 
hydrolyzed with the HCl solution (0.5 N, 50 ) during  – t = 2 

h,  – t = 4 h,  – t = 6 h 
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, , -
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, , 
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.  -
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 [15]. 
 2 
-

 (0,5 ., 50 º ) 
 

Table 2. The crystallinity degree of native and hydro-
lyzed by hydrochloric acid solution (0.5 N, 50 º ) of 

potato starches 
  , % 

 52,1 
-

 (t = 2 ) 44,4 

-
 (t = 4 ) 41,2 

-
 (t = 6 ) 43,2 

 

 
. 3.  (4) -

 (0,5 , 50 º ) -
 1 – t = 2 , 2 – t = 4 , 3 – t = 6  

Fig. 3. X-ray patterns of native (4) and potato starch hydrolyzed 
with the HCl solution (0.5 N, 50 º ) during 1 – t = 2 h, 2 – t = 4 h, 

3 – t = 6 h 

 
 
 

-



62    2015    58  .  8 

 

 38% -
 0,5  

 = 50  4-6 , -
 6%  11,8-13,2 . 

, -
-

,  
. 

, -
 

-
. 

 

1. ., ., . //  .  .  
. . 2010. . 53. . 6. . 78–82; 

Butrim S.M., Litvyak V.V., Moskva V.V. //  Izv.  Vyssh.  
Uchebn. Zaved. Khim. Khim. Tekhnol. 2010. V. 53. N 6.  
P. 78–82. (in Russian). 

2. . . .: -
. 2007. 236 .; 

Zhushman A.I. Modified starches.  M.: Pishchepromizdat. 
2007. 236 p. (in Russian). 

3. ., . //  .  .  .  
. 2014. . 57. . 4. . 90–94; 

Butrim S.M., Litvyak V.V. // Izv. Vyssh. Uchebn. Zaved. 
Khim. Khim. Tekhnol. 2014. V. 57. N 4. P. 90–94. (in 
Russian). 

4. . :  
7699-78; 
Potato starch. Specifications: State Standard GOST 7699-78. 
(in Russian). 

5. . :  
7698-93; 
Starch. Acceptance Rules and Methods of Analysis: State 
Standard GOST 7698-93 (in Russian). 

6. Buttrose M.S. // Starke. 1963. V. 15. P. 85–92. 
7. BeMiller J.N. Acid hydrolysis and other lytic reactions of 

starch, in Starch Chemistry and Technology. V. 1. Ed. R.L. 
Whistler, E.F. Paschall. New York.: Academic Press. 1965. 
495 p. 

8. Kerr R.W. // Starke. 1952. V. 4. P. 39–41. 
9. Kang K.J., Kim K., Kim S.K. // J. Appl. Glycosci. 1994. V. 41. 

. 201–204. 
10. Komiya T., Yamada T., Nara S. // Starch/Starke. 1987.  

V. 39. P. 308–311. 
11. Komiya T., Nara S. // Starch/Starke. 1986. V. 38. P. 9–13. 
12. Shi Y.-C., Seib P.A. // Carbohydr. Res. 1992. V. 227.  

P. 131–145. 
13. Osunsam A.T., Akingbala J.O., Oguntimein G.B. // 

Starch/Starke. 1989. V. 41. P. 54–57. 
14. Kim R.E., Ahn S.Y. // Agric. Chem. Biotech. 1996. V. 39. 

P. 49–53. 
15. ., ., .  

: . . : 
. 2007. 178 .; 

Lovkis Z.V., Litvyak V.V., Petyushev N.N. Technology of 
starch and starch products: Tutorial. Minsk: Asobnyiy. 2007. 
178 p. (in Russian). 

 
 

    
 
 
 
 

  



  2015    58  .  8 63 
 

 665.345.4 : 66.067.8.081.3 : 666.762.1 

. , . , . , .  

  
 

) 
-mail: razgovorov@isuct.ru 

-
 

. , , -
 1-3  

 1 .%. ,  
, -

.  

: , , , 
, ,  

 

-
 

 ( ),  
 ( ), -

 ( ), , , , -
, .  

 
-

 ( ) [1-3] , 
-

 [4] -
-

 [4-6], , -
 ( ).  

-
-

, ,  
 

. 
 

-
 ( , 

) , -
. 

 [1]  
, -

-
-
 

. 
 

-
 ( -

, , , 

  –  « », -
) -3 -

 CuK  ( . 1);  
 2  2-45°.  -

,   
 

,  – 35-40 ( . 
1, a)  –  15 ( . 1, d),  –  
5-10 .% ( . 1, ). ,  

 (10-15 .%) 
 15  .%  -

 Mg3(OH)2[Si4O10] 2O;  
 

 (65-75 .%). 
 [7],  

-
 

-
, , , -

-
-
-

.  [8, 9], 
-

.   
, -

-
-

, -
, -

. 
-

 1,78   
 0,5-3,0 % , -

 5 -
 



64    2015    58  .  8 

 

;  
 ( .),  ( .)  
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c 

 
d 

. 1.  (  « -
», ). :  – ;  b – -

; c – ; d –  
Fig. 1. The X-ray diffraction patterns of the samples of natural 

aluminosilicate materials ("MedikoMed", Moscow). Type of clay: 
a – blue; b – pink; c – green; d – black 
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 1 . 

 

 

 
. 2.  

.  –  
, b – , c – , d –  

Fig. 2. Adsorption of free fatty acids on natural aluminosilicate 
materials samples depending upon the concentration of solids in 

the linseed oil.  a – Blue clay, b – green clay, c – black clay,  
d – pink clay 
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Fig. 3. Adsorption of peroxides on natural aluminosilicate materi-
als samples depending on the concentration of solids in the lin-

seed oil. a – green clay; b – blue clay; c – black clay; d – pink clay 
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Fig. 4. Comparative effect of isolation of pigment complex com-
ponents from linseed oil at introducing  1 (a) and 3% (b) of natu-
ral aluminosilicate materials. Type of clay: 1 – blue; 2 – black;  

3 – green; 4 – pink 
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Fig. 5. pK spectrum of blue clay sample 
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Fig. 2. The influence of antimicrobial preparations type on 

the size of  inhibition area of microorganisms.  
 – Escherichiia coli): 1 – Rifampicinum solution;  

2 – Rifampicinumand silver nanoparticles solution (4);  
3 – solution with silver nanoparticles (4);  – Staphylococ-
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nanoparticles solution(4)  
 

 
-

 (  Staphylo-
coccus)  (  
E.coli) . 4 -

-
 Staphylococcus,  

 
 28-32 ,  

 E.coli -
 4 . -

 
-

. 
-
 

 
-

 

 
-

 
 

-
, 

 

Escherichiia 
coli 

1  (4) 4 
2  30 
3  +  (4) 26 
4  30 
5  (4) 36 

Staphylococcus 
saprophyticus 

6  45 
7  +  (4) 42 
8  (4) 32 

Staphylococcus 
aureus 

9  (4) 28 
10 

 
 +  + 

 (4) 
 

24 
11  (61) 20 

12 1% - -
 

 
16 

13 1% - -
 +  (63) 

 
36 

Pseudomonas 
aeruginosa 

14  1% -  20 
15 (4) 28 



70    2015    58  .  8 

 

 
, -

, ,  
,  ( . 2).  

 
 

. ,  
 
 

. -
 

. -
 

 – -
 Escherichiia coli  

 – -
 Staphylococcus aureus. 

-
 

-
.  

 

1. Singh M., Singh S., Prasad S., Gambhir I.S. // Digest J. 
Nanomat. and Biostruct. 2008. V. 3. N 3. . 115–122. 

2. Tran Q. H., Nguyen V. Q., Le A.-T. // Advances in Natural 
Sciences: Nanoscience and Nanotechnology. 2013. V. 4. P. 20. 

3. ., ., ., -
. // . . 77.  3. 2008. . 242-

269; 
 Krutyakov Yu.A., Kudrinskiy A.A., Olenin A.Yu., Lisich-

kin G.V. // Russ. Chem. Rev. V. 77. N 3. 2008. P. 233–257  
4. ., ., ., -

. //  .  .  .  .  2.  .  2001.   
. 42. . 332-338; 

Egorova E.M., Revina A.A., Rostovshchikova T.N., 
Kiseleva O.I. //  Vest.  Mosk.  Un-ta.  Ser.  2.  Khimiya.  2001.  
V. 42. P. 332-338 (in Russian). 

5. ., ., ., -
. -

. :  « ». 1987. 270 .;  
Sviridov V.V., Vorobyova T.N., Gaevskaya T.V., 
Stepanova L.I. Chemical deposition of metals from aqueous 
solutions. Minsk: Izdatelstvo «Universitetskoe». 1987. 270 p. 
(in Russian). 

6. Adnan Haider and Inn-Kyu Kang // Advances in Materials 
Science and Engineering. 2014. . 1-16. 

7. ., .  
-

. : . 
2011. 300 .; 
Vointseva I.I., Gembitskiy P.A. Polyguanidines are disin-
fectants and multifunctional additives to composite materi-
als. M.: LKM-press. 2011. 300 p. (in Russian). 

8. . // . . . . 
2009. . 52. . 8. . 3-9; 
Odintsova O.I. // Izv. Vyssh. Uchebn. Zaved. Khim. Khim. 
Tekhnol. 2009. V. 52. N 8. P. 3-9 (in Russian). 

9. Husein, M. Rodil E., Vera J. // Langmuir. 2003. V. 19. N 20. 
P. 8467-8474. 

10. ., ., ., -
., . //  .  .  .  2009.   

. 2.  1. . 48-55; 
Vishnyakova E.A., Saiykova S.V., Zharkov S.M., 
Likhatskiy M.N., Mikhlin Yu.L. // Sibir. Federal. Un-t. 
2009. V. 2. N 1. P. 48-55 (in Russian). 

11. ., ., ., -
., ., .,  

. // . .  3. 2009. C. 376-380; 
Podlegaeva L.N., Russakov D.M., Sozinov S.A., Moro-
zova T.V., Shvaiyko I.L. Zvidentsova N.S., Kolesnikov 
L.V. // Polzunovsky vestnik. N 3. 2009. P. 376-380 (in 
Russian). 

12. ., . // . .   
. . 2001. . 3.  4. . 348-354; 

Red’ko G.K., Stetsyuk O.U. // Klinicheskaya mikrobiolo-
giya I antimikrobnaya khimioterapya. 2001. V. 3. N 4.  
P. 348-354 (in Russian). 

 
 

, 
 

 
 
 
 
 

  



  2015    58  .  8 71 
 

 66.011 

. , .  

 
 

,  
) 

e-mail: mizonov46@mail.ru 

-
 

. . ,  
 

. 

: , , , , -
, ,  

 
, 
 

–  
,  

.  
, -

,  
. -

 
-

 ( ), -
-
-

.  
 

-
,  -

-
, -

-
. -

-
,  

 ( , 
), -

, 
-

.  
, -

, -
-

, -
. -

-
.  

, , 

 [1,  2].  -
,  

, –  
,  

 [3],  [4, 5] -
-

.  
-
 

. 
 

.1. , -
-
-

 tout,  
. -

 
-

.  
 m -

r  = R/m (R – )  -
 rj. -

-
-

.  ( -
, -

) -
 L -

 S . 
 

-
: 

2
j jV = r r ,    (1) 

.  ,  ,  -
. 



72    2015    58  .  8 

 

 
. 1. -

,  
Fig. 1. The scheme of the droplet and its representative spherical 

sector divided onto the cells  
 

 
 

k = (k-1) ,  – -
,   k  –  -

 ( -
). -

 m×1.  
 Q, -

 t -
 mL. -

-
. 

-
. 
, 

.  
-
-

.  
 

Qk+1 = PkQk,            (2) 
 Pk –  

-
.  

 m×m,  j-  
: 

2k
j-1k

j-1,j k k 2
jj j

P = 1-
2r r

,                  (3) 

2k
jk

j+1,j k k 2
jj j

P = 1+
2r r

,     (4) 

k k k
j,j j+1,j j-1,jP =1- P - P ,  (5) 

-
 
 

-
.  

(2) , -
-

,  pj,j
k > 0. -

-
r. 

 Qk -
 

tk=Qk./V./c./ ,             (6) 
 ./  

. 
 
 

.  
 

 m: 
Qm

k+1 := Qm
k+1 – k(tm

k+1 – tout
k R2 t,  (7) 

 := – , k –  
, tout

k – -
, ,  

. 
-

. -
 

 tme.  
, -

 tj
k+1 < tme, -

-
 mLj

k+1 < mSj0 (  
),  (tme – tj

k+1)Vjcj
k+1

j
k+1  

,  
  

mLj
k+1 := mLj

k+1 + (tme – tj
k+1)Vjcj

k+1
j
k+1/r,      (8) 

 r – , -
-

 tj
k+1 =  tme.  

,  
 

. 
-

 (3)-(5)  Pk -
, 
-

: ,  
 L, , 

 S, -
, . 

 (1)-(8)  
-



  2015    58  .  8 73 
 

. -
, -

-
 1  .  -

 
: L =  1  ;  S =  

=  0,5  ;  cL = 4 ;  cS = 2 ;  
L = S = 1000 3,  tme = 100 ºC; r = 300 . 

 
120 ºC,  – 0 ºC, 

 
 80 2, . 
 

 
 

 
 

. 2.  ( ) -
 ( )  
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Fig. 3. The average temperature of the sample vs drying time. 

Drying temperature, ° : 1 – 90, 2 – 98 
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s: 1 – 270; 2 – 1350; 3 – 2700; 4 – 4050; 5 – 5400. Drying 

temperature is 98 °C 
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Table. Interrelation of parameters at various mecha-
nisms of filtration process 
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Fig. 1. Complete pore blocking: 1 - polyethersulfone; 2 - modified 

PVC; 3 - Polysulfoamid;  4 - PVC; 5 - polysulfone; 6 – teflon 
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Fig. 2. Partial blocking: 1 - polyethersulfone; 2 - modified PVC;  
3 - polysulfoamid; 4 - PVC; 5 - polysulfone; 6 - teflon 
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Fig.3. An interim mode: 1 - polyethersulfone; 2 - modified PVC; 
3 - polysulfoamid; 4 - PVC; 5 - polysulfone; 6 - teflon 
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Fig. 4. Precipitate formation: 1 - polyethersulfone; 2 - modified 
PVC; 3 - polysulfoamid; 4 - PVC; 5 - polysulfone; 6 - teflon 
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Table 1. Composition, physical-chemical and operation-

al properties of the catalysts 

, .% 

 
-
, 

2  

-
 

-
, 
 

 
 

-
,  

-
 

-
, % 

1 Zn(OAl)2-20,0 
Al2O3-80,0 135 5,5 160 90 

2 Zn(OAl)2-25,0 
Al2O3- 75,0 110 6,1 144 92 

3 Cd(OAl)2-20,0 
Al2O3-80,0 162 7,0 180 96 

4 Cd(OAl)2-25,0 
Al2O3-75,0 153 7,1 210 98 

5 
Cd(OAl) -10.0 
Zn(OAl)-10,0 

Al2O3-80,0 
122 6,8 200 85 

6 Bi(OAl)3-20,0 
Al2O3-80,0 145 5,6 80 85 

7 

Cd(OAl)-10,0 
Zn(OAl)-10,0 
Bi(OAl)-5,0 
Al2O3-75,0 

95 7,6 96 96 

8 Bi(OAl)-30 
Al2O3-70,0 106 5,5 96 90 
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 160 °  
Table 2. Effect of molar ratio of 2 2 3  on the 

selectivity of the process at the temperature of 160 °C 

2 2 3 , 
 

, %  
, 

% 
-
 

-
 

1 21 79 97 
2 32 68 90 
3 55 45 82 
4 66 34 76 
5 75 25 70 
6 82 18 65 
7 91 9 60 
8 96 4 55 
 

 
. -

 (t = 160 °C, VC2H2 = 100 –1) 
Fig. Changing the acetylene conversion vs the time operation of 

the catalyst (t = 160 °C, VC2H2 = 100 h–1) 
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Fig. 1. The scheme of thermal decomposition of acid tars. 1 – fire 
reactor, 2 – airblower, 3 – vapor superheater, 4 – air heater, 5 – 
boiler- utilize, 6 – gas purification system, 7 – gasblower, 8 – 

device for acid obtaining, 9 - smoke exhauster, 10 – smoke tube, 
Lines: T – fuel, B – air 
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Fig. 2. The scheme of processing of acid tar by low-temperature 
decomposition. 1, 3, 4, 9 – pumps, 2 – mixer- disperser, 5 – vol-
ume, 6 – mixer, 7 – separator, 8 – condensator, 10 – heating fur-

nace, 11 – cooler 
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. 3. . 1 – -
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Fig. 3. The scheme of acid tars processing for bitumen and fuel oil producing. 1 – intake, 2 – rough filter, 3 – pumping station, 4 – vessel, 5 – 
inclined box, 6 – reactor, 7 – dosing unit, 8 – separator, 9 – pump, 10 – moisture vaporizer, 11 – fine filter, 12 – vessel for finished product, 13 – 

fire box, 14 – vessel for fuel, 15 – pump, 16 – fan 
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. .  2004-2013 . 
Table 2. Dynamics of acid tars processing at Yaroslavl Refinery by D.I. Mendeleev in 2004-2013 

  
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 

-
, .  10,2 15,3 25,1 25,2 25,0 25,0 25,0 25,0 9,4 2,8 

 
 

, .  
20,0 30,0 63,1 45,6 63,9 57,6 99,5 122 128 21,5 

 
 3 

 
Table 3. Data on the acid tars processing in Europe 
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, 3 
301 

(Addinol) 

 
 

1996-1997 35000 
 Landfill Site Leonhardt" 

(ADDINOL) 
1999-2002 
2004-2005 

117400 
20000 

 "Webau" 2002-2003 28000 
- , Mittelbach 2003 1300 

- , Neukirchen 2003-2005 78000 
- , Mittelbach 2005-2008 62000 
- , Neukirchen 2009-2011 35000 

  Monticelli Pavese  
 

1997-1998 6700 
 "Cerro al Lambro" 2002-2003 2000 

- -
 Valloy site  2003-2007 50000 

- , Rieme  2004-2009 200000 
- , Pesnica Dvor  2007-2008 31250 

, Incukalns  2010- .  
 30200 

 
-

 5 .  
)  2003-2005 .,  
 78000 3 -

,  
Pesniški Dvor  2006 ., -

 30000 3  5000 3 -
. 

-
 

,  
-

,  
 Bilfinger Berger,  

 2- , 
 UNUECO S.c.r.l. [8]. 

,   15-20   
 

 700  
,  

,  
. -

-
, , 



88    2015    58  .  8 

 

,  .   2  
,  150 . 3 -

 [9]. 
,  

-
, , -

 
-

. 
-
 

-
-

. 
-

 ( -
 1940-1960 . -

,  
-

,  
.) -

 
-

 
 
 

, -
 [10].  

: -
; -

; -
. 

 
-

 1:6, 
 

 (  1,74)   
 7:2  8,9 

[8].  
, -

,  245 . -
-

, -
-

 ( . 4).  

 4 
 

Table 4. Physical and chemical properties of the reagent 
 -

,  
, 

10-3,  
 

Wa, 103,  
 

, cos  
, 

10-3, 2 %,   
0 0 72,9 0,5 42,0 - - 

0,05 0,02 47,0 1,3 41,4 0,208 56,8 
0,10 0,04 40,5 1,5 40,9 - - 
0,15 0,06 37,5 2,0 40,1 0,407 52,8 
0,25 0,11 36,0 2,5 38,9 0,438 51,8 
0,40 0,17 34,7 2,7 38,2 0,515 52,6 
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 – q=5·10-19 2. 
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Table 5. Comparison of agent and sulfonol detergency 

 
 

, % . 

-
, 

 

 
, % 

  

2 
15 93 83 
30 95 87 
60 98 90 

3 
15 94 88 
30 98 91 
60 100 92 

5 
15 99 92 
30 100 94 
60 100 97 

 

-
-
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,  
.  ( . 6) -
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-
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 6 
-

, % 
Table 6. The extent of dehydratation of emulsions  

at various concentrations of reagent,% 
 

 7 
 

 
Table 7. The data of the surfactant corrosivity 

-
 

-
,  

 
-
 
, 

2 

 
-

 

-
-
-

,  

 
, 

2  

35,1002 3,48·10-3 5 35,0923 0,44 
34,7224 3,48·10-3 10 34,7054 0,42 
34,8917 3,48·10-3 15 34,8696 0,39 
35,0643 3,48·10-3 25 35,0304 0,34 
34,8239 3,48·10-3 50 34,7817 0,22 
35,0003 3,48·10-3 75 34,9661 0,13 
34,9521 3,48·10-3 100 34,9152 0,10 
34,8705 3,48·10-3 150 34,8256 0,085 
35,0544 3,48·10-3 200 35,0013 0,07 
34,8031 3,48·10-3 240 34,7415 0,07 

 8 
 

Table 8. Results of experiments on oil extraction 
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, -

 
 240  ( . 7). 

. 7, -
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-
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 III  
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.  
 (  – 1156 3, -

 –  19  )  -
,  30 -

 890 3,  
 40  °  ( .  8),  -

 0,73, , 
-

:  – 0,55, -
 – 0,29. 

-
 

,  
 

-
, -

. 
 

1.  
 18.02.2014 . 61 «  

 

  
  

-
-

,  

 
., 

% 
-

 
- 
 

 %  % 
-
-

 

8 16 21 84 13,2 63 
11 22 18,5 78 11.3 61 
8,4 19 19,2 81 11.5 60 

-
 

12 18 19 82 10.3 54 
13 26 23 74 12,7 55 
10 16 28 84 5,4 54 

 
 

-
,  

,  
30 60 90 120 150 180 210 240 

 
 

100 43 50 56 61 63 65 69 73 
200 48 54 59 64 69 75 78 82 
250 54 60 63 67 72 77 82 85 

 
 

100 41 47 52 56 60 63 65 66 
200 45 49 54 57 63 67 72 76 
250 50 56 61 66 70 73 77 81 
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A B S T R A C T S  

 
F.N. LATYPOVA, F.Sh. VILDANOV, R.R. CHANYSHEV, S.S. ZLOTSKY 

CHEMISTRY OF CYCLIC ACETALS AND THEIR ANALOGUES IN WORKS  
OF SCIENTIFIC SCHOOL OF D.L. RAKHMANKULOV 

The main achievements of scientific school of D. L. Rakhmankulov in the field of theoretical, experi-
mental and applied chemistry which activity is more than 40 years are presented. The detailed analysis of works 
of D.L. Rakhmankulov and his disciples in the field of synthesis of 1,3-diheterocycloalkanes is carried out. The 
most important results of the works devoted to chemistry homolytic, heterolytic, etc. reactions of cyclic acetals 
are presented. The main results of practical use of the received technological methods and receptions in science 
and the industry are given. 

Key words: organic synthesis, cyclic acetals, carbenes, interphase catalysis, radical isomerization, ion-
radicals, olefins, glycols, aldehydes 

 
E.G. SENTYURIN, I.V. MEKALINA, M.K. AIYZATULINA, V.A. BOGATOV 

ACRYLATE HIGH HEAT RESISTANT ORGANIC GLASSES.  
EXPERIENCE OF APPLICATION. PROSPECTS 

The comparative analysis of properties of fluorineacrylate organic glasses and new types of organic 
glasses with sparse-cross-linked structure is given. Virtues of organic glasses obtaining by method of oriented 
extraction were described. 

Key words:  fluorineacrylate organic glasses, operation, softening temperature, working temperature, 
impact elasticity, tensile strength, cross-linking agents 

 
A.N. CHEBOTARYOV, E.V. RABOSHVIL, I.S. EFIMOVA 

SPECTROPHOTOMETRIC DETERMINATION OF SELENIUM IN FOOD AND PHARMA-
CEUTICALS WITH APPLICATION OF 4-SULFO-2 (4 -SULFONAPHTHALINE-1 -AZO)- 

NAPHTHOL-1 
A new analytical form was proposed for the spectrophotometric determination of selenium in the form 

of Se(VI) in food and pharmaceuticals based on the redox interaction of Se(VI) with azodye 4-sulfo-2 (4 -
sulfonaftalin-1 -azo) naphthol-1 . The technique is simple in execution, expressive, reproducible and highly 
selective. The main elements responsible for macro and micro composition of analyzed samples do not interfere 
with the selenium determination. 

Key words: selenium, carmoisine, redox interaction, spectrophotometry 
 

V.K. ABROSIMOV, Yu.A. ZHABANOV, A.V. KRASNOV, E.V. IVANOV 
MOLECULAR STRUCTURE OF METHYL-N-SUBSTITUTED CHIRAL GLYCOLURILS  

ON RESULTS OF DFT QUANTUM CHEMICAL CALCULATIONS 
The structural parameters of molecules of the chiral (with the enantiomer ratio of 1:1) 2-monomethyl-, 

2,6-dimethyl-, and 2,4,6-trimethylglycolurils were computed by the high-level method of the density functional 
theory (DFT). The melting point and the molar heat of fusion process for each of the specified glycolurils were 
estimated by the method of differential scanning calorimetry. 

Key words: methyl-N-substituted glycoluril, structure-molecular parameters, melting point, fusion heat 
 

I.N. MEZHEVOIY, V.G. BADELIN, E.Yu. TYUNINA 
ENTHALPIC CHARACTERISTICS OF CYSTEINE DISSOLUTION IN AQUEOUS SOLUTIONS  

OF SODIUM DODECYL SULFATE 

Enthalpies of dissolution, solHm, of L-cysteine in aqueous sodium dodecyl sulfate solutions were 
measured at changes in its concentration up to 0.05 mol/kg of solvent with calorimetric method. Standard disso-
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lution enthalpies values ( sol
0) and enthalpic pair coefficients of interaction, hxy, between amino acids and so-

dium dodecyl sulfate in water were determined at 298.15 K. The results obtained are discussed in terms of dif-
ferent types of interactions in the solutions and influences of solutes nature on the thermochemical characteris-
tics of dissolution of amino acids (L-cysteine, L-alanine, L-serine). 

Key words: amino acids, sodium dodecylsulfate, dissolution enthalpy, solutions, calorimetry 

 
D.S. PLATONOVA, L.N. ADEEVA 

CHEMICAL COMPOSITION AND ACID-BASE PROPERTIES OF HUMIC ACIDS EXTRACTED 
FROM SAPROPEL OF OMSK REGION 

With  the  elemental,  CHNS  -  and  -ray  fluorescence  analysis  the  chemical  composition  of  
humic acids isolated from sapropel was investigated. The acid-base properties of humic acids were 
determined by potentiometric titration. The number of carboxyl and hydroxyl groups in humic acid, 
the values of the constants of dissociation of the functional groups determining the sorption properties 
of the extracted humic acids was established. 

Key words: humic acid sapropel, CHNS-analysis, -ray fluorescence analysis, potentiometric 
titration, acid-base properties 

 
V.A. ZYABLITSKAYA, V.P. SMAGIN 

INTERRACTION COPPER THREEFLUORINEACETATE AND QUERCITINE IN BUTANOL-1-
ETHYLACETATE SOLVENT 

 The interaction of copper trifluoroacetate with quercetin in systems (CF3COO)2Cu - Qr - P, where Qr - 
Quercetin, P - Ethyl Acetate (EA) (1 vol.% BS - EA), (4 vol.% BS - EA) (20 vol.% BS - EA) (50 vol.% BS - 
EA) Butanol - 1 (BS) was studied. The ratios of Cu (II) : Q, and stability constants were determined with the 
methods of saturation of optical densties, isomolar series of Asmus and Benesi-Hildebrand.  At the increase in 
butanol-1 content in mixed solvent the processes were registered which are competitive to complexation.  They 
are connected with the limited solubility and redox decomposition of complex compounds. 

Key words: complexation, copper trifluoroacetate, flavonoids, quercetin, low polar organic media 
 

N.P. SHABELSKAYA, L.A. SHILKINA, M.V. TALANOV, A.K. ULYANOV 
RESEARCH OF PROCESSES OF SPINEL FORMATION AT DECOMPOSITION OF SALTS  

IN Ni Cu1- Fe Cr2(1- )O4 (X=0.0, 0.3, 1.0) SYSTEM  
In the  work, on the basis of studying processes of a phase formation during the reaction of decomposi-

tion of nitrates of nickel (II), copper (II), chrome (III), iron (III) corresponding to a ratio of transitional metals 
in solid solution Ni Cu1- Fe Cr2(1- )O4 with the parameter of structure of x=0.0; 0,3; 1,0, it was established that 
for the structures containing cations of Ni2+ and Fe3+ completeness of course of process is higher. The obtained 
data can be used for a choice of conditions of synthesis of the Cr-containing spinels. It was assumed on stabiliz-
ing influence of cations distribution on lattice point on spinel formation process in complex solid solution. 

Key words: ferrite, chromites, complex oxide compounds synthesis 
 

Yu.V. MATVEIYCHUK, K.A. VIZGUNOV 
EFFECT OF REACTANTS MIXING ORDER ON THERMAL DECOMPOSITION OF BASIC 

NICKEL (II) SULFATE AND CARBONATE 
Effect  of  the  reactants  mixing  order  (NaOH  NiSO4 or NiSO4  NaOH) on the composition and 

thermal decomposition of the basic nickel (II) carbonate and sulfate was studied with the FT-IR spectrometry 
and TG/DTA-analysis. 

Key words: basic sulphates and carbonates of nickel (II), TG/DTA-analysis, FT-IR spectrometry 
 

A.A. MIRZOEVA, S.A. AGAEVA 
ELECTROCHEMICAL SEPARATION OF SELENIUM FROM TELLURIUM ADMIXTURES  

AT PROCESSING OF CHEMICAL PLANT SLUDGES 
The researches of electrochemical refining of technical selenium obtained at the processing sulfuric 

sludges of chemical and pulp-paper productions were presented. The method was developed for electrochemi-
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cal separation of selenium and tellurium providing the transformation of selenium into solution and its subse-
quent deposition with obtaining of elementary selenium containing not more than 5.10-5% of tellurium. 

Key words: selenium, tellurium, sulfuric sludge, electrochemical refining, electrolyte, current density, 
concentration, temperature, duration 

 
S.M. BUTRIM, V.V. LITVYAK, N.S. BUTRIM, T.D. BILDYUKEVICH, M.S. ALEKSEENKO 

OBTAINING AND STUDYING PROPERTIES OF ACID- HYDROLYZED POTATO STARCH 
Positive results on obtaining the potato starch hydrolyzed by acid were received at reaction carrying out 

in 38% of starched suspension with the use of  0.5 N solution of hydrochloric acid at temperature of 50º  with-
in 4–6 hours, thus conditional viscosity of pastes were 6% 11.8–13.2 sec. It was shown, that acid-hydrolyzed 
starch remains granular structure and degree of crystallinity is decreased. It was established, that with increase 
in acid concentration and reaction temperature the yield and ash of the modified starch is decreased. 

Key words: potato starch, hydrochloric and sulfuric acids, hydrolysis, viscosity 
 

R.S. NAGORNOV, P.B. RAZGOVOROV, E.A. SMIRNOV , M.P. RAZGOVOROVA 
COMPARATIVE ANALYSIS OF NATURAL ALUMINOSILICATES ACTION IN RELATION  

TO ATTENDANT INGREDIENTS OF LINSEED OIL 
The estimation of extraction efficiency of some attendant ingredients of linseed oil with the use of alu-

minosilicate materials of different composition was carried out. The free fatty acids, peroxy compounds and the 
pigment complex components of oil was establishes to adsorb most actively during 1–3 hours at a consumption 
of the natural material up to 1 wt.%. The results reached with the introduction of elutriated samples of blue and 
black clay to the linseed oil are explained from the standpoint of the acid-base properties of the surface of their 
particles. 

Key words: linseed oil, attendant ingredients, free fatty acids, peroxides, pigment complex compo-
nents, natural aluminosilicate materials 

 
A.D. DMITRIEVA, V.A. KUZMENKO, L.S. ODINTSOVA, O.I. ODINTSOVA 

SYNTHESIS AND USING OF SILVER NANOPARTICLES FOR PRODUCING OF TEXTILE 
MATERIALS WITH BACTERICIDAL PROPERTIES 

During the research the silver nanoparticles synthesis was carried out in aqueous medium by means of 
different reducing agents at the use of synthetic polyelectrolytes as stabilizer agents of heterogeneous system. 
Spectrophotometric method was used to identify silver nanoparticles size into colloidal solution and to study 
their stability.The antimicrobial properties of silver nanoparticles synthesized at different conditions as well as 
their composites with known antimicrobial and natural bactericides were studied. 

Key words: silver nanoparticles, stabilization, synthetic polyelectrolyte, antibacterial textile finishing 
 

R.Sh. MISBAKHOV, V.E. MIZONOV 
CELL MODEL OF PHASE TRANSFORMATION IN SPHERICAL DROPLET AT COOLING 

A non-linear cell mathematical model of evolution of temperature and phase composition distribution 
in a solidifying at cooling spherical liquid droplet was proposed. Some examples of the process numerical 
modeling are presented. The model of a droplet as a thermally thin body was shown to give the considerable 
miscalculation in calculation of the solidification time. 

Key words: spherical droplet, cooling, phase composition, cell model, state vector, heat conduction 
matrix, phase transformation 

 
A.G. LIPIN, A.A. LIPIN, A.V. SHIBASHOV 

MATHEMATICAL MODELING POLYACRYLAMIDE PREPOLYMER DRYING  
AT CONDUCTIVE HEAT SUPPLY 

The second step of polyacrylamide two steps synthesis, on which prepolymer postpolimerization is 
combined with drying of the product was considered. The mathematical model which allows predicting rational 
technological parameters of the drying process was offered. The comparison of experimental data with the re-
sults of numerical experiments was accomplished. 

Key words: acrylamide, polyacrylamide, polymerization, prepolymer, drying, combined process, 
mathematical model 
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S.V. FEDOSOV, V.N. BLINICHEV, V.A. MASLENNIKOV, Yu.P. OSADCHIY, A.V. MARKELOV 
MECHANISM OF BLOCKING POLYMERIC MEMBRANES AT SEPARATION  

OF USED ENGINE OILS 
Results of experimental study of formation process of particles deposits are presented at purification of 

used engine oils by tube membranes "Vladipor" with material of an active layer from Teflon, polysulfon, poly-
vinylchloride and modified polyvinylchloride. 

Key words: membrane separation, used engine oil, pore blocking scheme 
 

N.S. TANGYARIKOV, S.M. TURABZHANOV, A. IKROMOV, N.H. MUSULMANOV 
CATALYSTS FOR VAPOR-PHASE VINYL ACETATE SYNTHESIS 

For the synthesis of vinyl acetate from acetylene, the catalysts based on compounds of cadmium, zinc, 
bismuth and aluminum were proposed. It was shown that on the synthesis step the optimal ratio of 

2 2 3  was 5–6 mols. It was found that the time of the catalyst operation before regeneration was  
200 hours. 

Key words: vinyl acetate, vapor-phase synthesis 
 

E.M. MOVSUM-ZADE, A.A. NIKITINA, A.S. BELYAEVA 
ENVIRONMENTALLY SAFE METHOD OF ACID TAR PROCESSING - WASTE  

OF OIL PRODUCTION 
The methods of processing of the acid tar - large-scale waste of mineral oils production were described 

in details. A new method of processing the acid tar for receiving a prospective agent for the oil industry was 
proposed. The data on test of its functional properties are presented. 

Key words: acid tar, waste, recycling, mineral oils 
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