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Table 1. Composition of industrial trade marks of EPA 
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 2 5), % 26,7 52 38,1 52,7 
 (SO3), % 1,7 2,2 1,8 2,6 

 (F), % 1,9 0,5 1,6 0,4 
 ( O), % 0,15 0,09 0,07 0,08 

 (Fe2O3), % 0,25 0,7 0,41 0,62 
 

(Al2O3), % 0,5 0,73 0,44 0,64 

 (SiO2), % 0,81 0,03 0,91 0,04 
, ppm 994,1 1945 98,1 127,2 

 ( 2), ppm 310 320 21 22 
 

(Dy2 3), ppm 19 38 2 2,4 

 (Eu2 3), 
ppm 8 16 0,3 0,4 

 
(Gd2 3), ppm 29 55 1,2 1,5 

 (La2O3), 
ppm 140 280 9,5 14 

 (Nd2O3), 
ppm 220 770 9,8 14 

 
(Pr2O3), ppm 110 210 9,2 12 

 (Sm2O3), 
ppm 33 66 1 1,4 

 (Tb2 3), 
ppm 5,1 10, 1,1 1,5 

 (Y2O3), 
ppm 120 180 43 58 
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. 1. -

. 1 – -
; 2 – ; 3 – -
; 4 – ; 5 – -

; 6 – ; 7 – ; 
8- . : 1- ; 4 –  

; 8 – ; 8 –  
; 7 – ; 3 – , -

, 59% P2O5;  –  
Fig. 1. Combined treatment EPA scheme in concentrator-

defluoratore and on the filter layer of adsorbent. 1 - concentrator- 
defluoratore; 2 - adsorption column; 3 - collector of the initial 
acid; 4 - submersible pump; 5 - collector of acid; 6 - pressure 

tank; 7 - collector of product acid; 8- centrifugal pump. Flows: 1- 
initial acid; 4 - vapor to venting; 8 - waste gases to the absorption; 
T8 - condensation to dilution; T7 - heating steam; T3 - bleached 

no sulfate EPA, 59% P2O5; TO - bleached EPA 
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Table 2. Potentiometric titration data of initial and 
mechanochemically activated carbons 
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. 

 0,24 0,08 0,16 
 

15  0,29 0,18 0,1148 
30  0,42 0,26 0,16 
45  0,23 0,11 0,11 
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; 4 – ; 5- , -

; 6 - 2% H2SiF6; 7 – ; 8 – 
; 9 –  

Fig. 2. The purification scheme of EPA in concentrator- 
defluoratore on circulating carbon adsorbent-catalyst. 1 - concen-
trator- defluoratore; 2 - collector of product acid; 3 - collector of 
the initial acid; 4 - submersible pump; 5 - sump; 6 - collector; 7 - 
regenerator; 8 - hydrocyclone; Flows: 1- initial acid; 2- regenerat-

ed coal; 3-recirculation coal; 4 - steam; 5- bleached, purified 
phosphoric acid; 6 - 2% H2SiF6; 7 – to the  shop of fluorides; 8 - 

waste gases to the absorption; 9 – bleached EPA 
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Table 3. Types of active sites on the carbon carrier surface  
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 (88,2 %)  (94,5 %) -
 5  ( ,  

),  
 TiO2 

(14,81%).  SiO2 -
, -

 58,46 %. 
-

 TiO2 
(91,15 %)  SiO2 (60,59 %)  3 -

 ( , -
).  

 F  (84,67  %)   
(92,38 %).  

 4, 6, 8  
 (82,60 %; 

76,98 %; 71,74 %),  (90,77 %; 91,99 %; 92,44)  
 (59,99 %; 50,66 %; 49,70 %), -

 (5,9 %; 12,91 %; 
12,11 %). 

, -
  

3  ( ,  
). 

 4  
 

Table 4. The data on purification of semihydrate evaporated phosphoric acid  

N   

,  
 

2 5), 
% 

 
 

(SiO2), % 

 (F), 
% 

  
 

(TiO2), % 

R2O3, 
% 

 
(Nd2O3), 

% 
1  ( ) 48,0 0,09 0,19 0,33 - - 

2  (  
) 36,8 0,90 1,6 0,31 0,006  0,001 

3  ( , 
) 40,8 0,021 0,035 0,31 0,004  0,001 

4 
,  (  

 
) 

42,1 0,022 0,041 0,34 0,005  0,001 

5   ( , 
) 42,4 0,023 0,028 0,31 0,003  0,001 

6 
 (  

 
) 

38,8 0,025 0,051 0,29 0,004  0,001 

7  ( , 
) 38,2 0,025 0,057 0,31 0,006  0,001 

8 
 (  

 
) 

41,1 0,027 0,065 0,31 0,004  0,001 

 
 5 

 
Table 5. The degree of extraction of elements from EPA 
N  F, % SiO2, % TiO2, % , % 

1 29,28 4,29 19,89 - 
2 18,06 12,15 32,24 87,43 
3 84,67 60,59 91,15 92,38 
4 82,60 59,99 5,90 90,77 
5 88,20 58,46 14,81 94,50 
6 76,98 50,66 12,91 91,99 
7 73,34 49,89 5,44 87,80 
8 71,74 49,70 12,11 92,44 
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 (0,15 
),  ( ) (0,50 ), -

 (0,75 )  20 3 -
 12 . 

 1  2 -
, -

. -
 2 -
 3 :  -

 2 (0,03 ) -
 (0,045 ).  

 2 -
.  

, -
. ,  

. 
 4 

 5 , -
, -

 5-10 %-  
 0-5 º  4  

50-60  –  5.  
-

, -
. -

. 
2- -2- -3-  
 (1a).  68 %, . 110-112 º .  

, , -1: 1597 ( ); 1711 ( ); 1322; 
1150 (SO2).  1 , , .: 2,16  (3 , 
CH3-C-); 2,40  (3 , CH3 ); 4,20 . (2 , -
CH2-); 7,42-7,75 . (4 .); 12,50  (1 , COOH). 

2- -2- -3-(3- -
 (1b).  71  %,   

. 197-199 º . , , -1: 1593 ( ); 
1701 ( ); 1312; 1140 (SO2).  1 , , 

.:  2,15   (3 ,  CH3-C-); 4,18 . (2 , -CH2-); 
7,40-7,73  (4 .); 12,45  (1 , COOH). 

 2- -2- -3- -
 (2 ).  68 %, . 

78-81  º .  ,  ,  -1: 1594 ( ); 1729 
); 1321; 1144 (SO2); 1203 ( ).  

1 , , .: 1,83  (3 , CH3-C);  2,42   (3 ,  CH3-
); 4,21 . (2 , -CH2-); 7,48-7,78 . (4 .). 

 2- -2- -3-(2-
)-  (2b). 

 75  %,  .  70-75  º .  ,  ,  -1: 
1748 ( ); 1589 ( ); 1314; 1147 (SO2); 1202 

).  1 , , .: 1,87  (3 , CH3-C); 
3,70  (3 , O-CH3); 4,33 . (2 , -CH2-); 7,72-8,60  
(7 .). 

 2- -2- -3- -
 (2c).  

71  %,  .  81-84  º .  ,  ,  -1: 1735 
); 1568 ( );1331; 1172 (SO2); 1202 ( ). 

 1 , , .: 1,85  (3 , CH3-C); 3,71  
(3 , O-CH3);  4,26  .  (2 ,  -CH2-); 7,68-7,92  
(5 .). 

 2- -2- -3-(2-
)-  

(2d).  57 %, .95-96 º . , , -1: 
1594 ( ); 1756 ( ); 1325; 1150 (SO2); 1204 

); 1548 (NO2).  1 ,  ,  .:  1,93  
(3 , CH3-C); 3,75  (3 , O-CH3); 4,60 . (2 ,  
-CH2-); 7,98-8,18  (4 .). 

 3-  
 (3 ).  59 %, . 45-47 º .  

, , -1: 1727 ( ); 1597 ( ); 1320; 
1150 (SO2); 1245 ( ); 877 (CH=C-).  
1 ,  ,  .:  2,45   (3 ,  CH3-C-);  2,62   (3 ,  CH3-
Ar);  3,66  (3 ,  O-CH3); 6,90  (1 , CH=C-); 7,42-
7,45 .(4 .). 

 3-(2- )-
 (3c).  69  %,  .  

50-53  º .  ,  ,  -1: 1738 ( ); 1563 
); 1318; 1156 (SO2); 1203,( ); 820 (CH=C-). 

 1 , , .: 2,10  (3 , CH3-C-); 3,67  
(3 , O-CH3); 6,73  (1 , CH=C-); 7,90-8,90  
(7 .). 

3- -2-  
 (4a).  59 %, . 158-160 º .  

, , -1: 1700 (C=O); 1619 (C=C); 1581 
.); 1311; 1151 (SO2); 827 (CH=C-).  

 1 , , .: 2,19  (3 , CH3-C=); 7,20  (1 , 
CH=C-); 7,68-7,95  (5 .); 13,61  (1 , COOH). 

3-(4- )-2- -
 (4b).  54 %, . 180-

182  º .  ,  ,  -1: 1700 (C=O); 1653 
(C=C); 1583 ( .); 1327; 1157 (SO2); 1281 (C-O); 
825 (CH=C-).  1 ,  ,  .:  2,20   (3 ,  
CH3-C=); 7,23  (1 , CH=C-); 7,75-7,97  (4 .); 
13,70  (1 . COOH). 

3-  (4c). -
 55  %,  .  146-147  º .  ,  ,  -1: 

1711 (C=O); 1623 (C=C); 1593 ( .);1314; 1155 
(SO2); 825 (CH=C-).  1 , , .: 2,15  
(3 , CH3-C=);  2,40   (3 ,  CH3 .); 7,19  (1 , 
CH=C-); 7,48-7,81 . (4 .); 13,55  (1 , 
COOH). 

3-(4- )-2- -
 (4d).  48 %, . 124-126 º . 

,  ,  -1: 1697 (C=O); 1621 (C=C); 1573 
.); 1318; 1153 (SO2); 840 (CH=C-).  

 1 , , .: 2,19  (3 , CH3-C=); 7,20  (1 , 
CH=C-); 7,68-7,95 . (4 .); 13,61  (1 , COOH). 

3-(2- )-2- -
 (4e).  53 %, . 129-

132 º . , , -1: 1706(C=O); 1622 (C=C); 
1592 ( .); 1525; 1358 NO2-); 1326; 1146 (SO2); 
835 (CH=C-).  1 ,  ,  .:  2,20   (3 ,  
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CH3-C=); 7,43  (1 , CH=C-); 8,00-8,25  (4 .); 
13,80 (1 , COOH). 

3-(3- )-2- -
 (4f).  60 %, . 155-

157  º .  ,  ,  -1: 1694 (C=O); 1623 
(C=C); 1547 ( .); 1522; 1360 (NO2-); 1357; 1162 
(SO2); 816 (CH=C-).  1 , , .: 2,22  
(3 , CH3-C=); 7,39  (1 , CH=C-); 7,98-8,64  
(4 .); 13,70  (1 , COOH). 

3-(3- )-2- -
 (4g).  51 %, . 202-

205 º . , , -1: 1712 (C=O); 1650 (C=C); 
1573 ( .); 1330; 1159 (SO2); 861 (CH=C-). 

 1 , , .: 2,18  (3 , CH3-C=); 7,10  
(1 , CH=C-); 7,75-8,35  (4 .); 13,35  (2 , 
(COOH)2). 

3-(3,4- )-2- -
 (4h).  49  %,  .  

139-140 º . , , -1: 1715 (C=O); 1623 
(C=C); 1598 ( .); 1328; 1152 (SO2); 834 (CH=C). 

 1 , , .: 2,12  (3 , CH3-C=); 2,30  
(6 , (CH3)2 ); 7,10  (1 , CH=C-); 7,39-7,62  
(3 .); 13,22  (1 , COOH). 

2-(4- )- -
 (5a).  53 %, . 199-201 º . 

,  ,  -1: 1718 (C=O); 1624 (C=C); 1570 
.); 1318; 1131 (SO2), 887 (CH2=C).  

 1 ,  ,  .:  4,30   (2 ,  -CH2-); 5,77  (1H, 
=CH2); 6,32  (1H, =CH2); 7,70-7,85  (4 .); 

12,70  (1 , COOH). 

2-(3- )-
 (5b).  53 %, . 64-66 

.  ,  ,  -1: 891 (CH2=C); 1701 (C=O); 
1621(C=C); 1562 ( .); 1331; 1169 (SO2); 1525; 
1358 (NO2-); 886 (CH2=C).  1 , , .: 
4,41  (2 , -CH2-); 5,81  (1H, =CH2); 6,35  (1H, 

=CH2); 7,95-8,55  (4 .); 12,79  (1 , COOH). 
2-(3- )-

 (5c).  56 %, . 151-
153 º . , , -1: 1696 (C=O); 1624 (C=C); 
1599 ( .); 1314;1157 (SO2); 858 (CH2=C). 

 1 ,  ,  .:  4,30  (2 ,  -CH2-); 5,75  
(1H, =CH2); 6,35  (1H, =CH2); 7,71-8,35  
(4 .); 13,12  (2 , (COOH)2). 

 

1. Asscher M., Vofsi D. // J. Chem. Soc. 1964. V. 42. P. 4962-
4971. 

2. Orochov A., Asscher M., Vofsi D. // J. Chem. Soc. 1969. B. 
P. 255-259. 

3. Orochov A.,  Asscher M.,  Vofsi  D. // J. Chem. Soc. Perkin 
II. 1973. P. 1000-1002. 
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., ., . //  .  

2010. . 46. . 3. . 360-362; 
Pudikova A.A., Gerasimova N.P., Moskvichev Yu.A., 
Alov E.M., Danilova A.S., Kozlova O.S. // Zhurn. Org. 
Khimii. 2010. V. 46. N 3. . 360-362 (in Russian). 
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., ., . // . . 

. . 2009. . 52. . 9. . 28-30; 
Pudikova A.A., Gerasimova N.P., Moskvichev Yu.A., 
Alov E.M., Barasheva M.A., Makarova M.V. // Izv. 
Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 2009. V. 52. 
N 9. . 28-30 (in Russian). 
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 547.793 
. , . , . , . , .  

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

) 
e-mail: kofanover@ystu.ru 

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

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

-
-

 [1].  1,2,4-  
 

, -
,  - « », 

 - 
». -

,  
Perebron  Libexin [2]. 

 - -
, -

-
-

.  
 3-

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

,  
, , -

.  
 3- -

 (  1). 3-  
(1) -

 3- -
 (2), -

 3- -
 (3). -

 3- -
 (4). 

 

 

 
 1 

Scheme 1 

 95%. 
-

.  
. -

 (5) -
 

-
 [3]. 
3-(3- )-5- -1,2,4- -

 (6)  
.  

-
,  

-
 (  2). 

 

 

 
 2 

Scheme 2 
 

1 -1,2,4-  
(6)  7.0-8.0 ppm -

 3J 15-17 ,  
 [4]. 

-
 3-(3- -

)-5- -1,2,4- -
. -

 
, -  

- , -
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 1  
Bruker MSL 300.  -

-d6 ).  
-

 «Spectrum RX1»  KBr  
.  

 
NAGEMA PHMK-05.  

 3-  (2). -
, -

, -
,  3-  

(1) 15,1  (0,1 )  25  (19,72 ; 0,43 
), . -

 11,2  (0,1 ) -
 

 11,8  (0,17 ).  
 2 . -

. , -
.  93 %. 

. 92-94 ° .  ( -1): 1667 ( =N), 
1598 ( Ar), 3287 ( ),  1535  1347 ( 2).  

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

 25,5  (23 ; 0,25 
)  2 . -

 100 .  
,  

.  91%. . 113-115 ° . -
 ( -1): 1535  1347 ( 2), 2237 ( - N), 

1618 ( Ar).  
3-  (4). , 

, -
 3-

 (3) 13,5  (0,09 )  
60  (47,4 ; 1,0 ). -

 9,5  (0,09 ) -
-

 11,12  (0,16 ).  
  4-5 .  

-
, .  

95%. . 172-173 ° .  ( -1): 
1667 ( =N), 1598 ( Ar), 3399 ( NH2),  3141 ( OH), 
1535  1347 ( 2).  

 (5).  
,  

,  10  (0,067 ) 
, -

 25  (40 ; 0,34 ). 
 6 .  
. -

-
 

.  75%. 
3-(3- )-5- -1,2,4- -
 (6). , -

,  3  
(0,016 ) 3-  (4), 25  

,  4  (0,024 ) -
 (5).  
 110-115 °  6 .  -

.  
.  

.   72 %. . 153-156 ° . -
 ( -1): 1642 ( =N), 1579 ( Ar), 1623 

),  1071 ( -O-), 1535  1347 ( 2). 1  
 ( , .; J, ): 7,44 – 7,50 (m, 4 H) 

7,87 (d, J=7,50 Hz, 2 H) 7,91 (t, J=8,00 Hz, 1 H) 8,02 
(d, J=16,48 Hz, 1 H) 8,46 (t, J=8,00 Hz, 2 H) 8,75 (t, 
J=2,00 Hz, 1 H).  
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2. Kildip D. Upadnyay //  A  thesis  in  Chemistry  Saurashtra  
University Rajkot. Chapter -3 - 360005 (India). 2006. P. 160-
165. 

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

. 1968. 235 .;  
Weigand K., Hilgetag G. Methods of experiment in organic 
chemistry. Ed. N.N. Suvorov. M.: Khimiya, 1968. 235 p. (in 
Russian). 

4. Beletskii E.V., Ignatenko O.A., Kuznetsov M.A., 
Selivanov S.I. // Russian Journal of Organic Chemistry. 
2010. V. 46. N 5. P. 678 684.  
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 DFT (LC-wPBE/6-311+G(d,p))  
 H2O[512], H2O[62512], CH4·H2O[512], CH4·H2O[62512]. ,  

-
. , -

,  
, -

, ,  
 fO-H , , .  

, -
,  

, . , -
 H2O[512]   H2O[62512] .  

, -
4 ,  

 “ ”.  

: , , , , -
,  

 

-
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 «  
», -

-
, -

, -
-

, ,  
. , 

, -
 

. 
-

, -
-
-
-

.  
,  -

-
 [1-9], . 

-
,  

-
.  

 [1] -
 

 S-H  H2S- . -
,  s(S-H)  

H2O[62512]   
H2O[512].  

s -H) .  
1 -H) -

4  
2901  2905 -1,  2913  
2916 -1 [2-7]. ,  

 [2],   
, -

-
. ,  [3] ,  

1 -H)  (   
1 -1)  113K  
173K.  ,  [8] ,  

1 -H) 
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1 -H) , -
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.  [9-13] -
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,  
.  [9-13] 

1 -H) 
 

CH4·H2O[62512]  CH4·H2O[512]. 
 [9] -

4,  
.  

 [14]  ,  -
 r( )  

 
H2O[512]   H2O[62512].  

,  
.   

-
, .  

-
-

.  r( ) -
 

. 
,  

 r( ) -
4 ,  r( )  

4,  -
 

r( ) 4 -
 r( )  

4.  ,   
-

, ,  
1 -H) 4.  

, 
, -

, -
. , , 
 [5,6],  

, -
,  

 2800–3600 -1,  
 

Ih,  
.  [15] -

 Ih,   
,  

.  

, 
-

,  [16,17]  
. -

-
, -

-
, 

. -
-
-
 

,  
.  -

 [17] -
 Ih   

, -
, -

 
 

. -
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,  
.  
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,   -

 ( -
)  
.  
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 GAUSSIAN  09  [18]  -
 DFT: -

,  
 LC-wPBE [19-22]  

 6-311+G(d,p) [23]. 
 

-
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), , 

-
,  

, -
4  

2 , . , 
-

, -
 r(O…O)=2.8 Å.  

 
H2O[512]  H2O[62512] -

. -
 CH4·H2O[512]   CH4·H2O[62512]  

, , -
, -

, 4. 
-

 ChemCraft [24]. 
 H2O[512] 

4 H2O[512]. 
 sI -

 
 H2O[512]  

H2O[62512]  ,  -
 46 .  

, , -
,  -

-
-
-

. -
 
 

, -
 

. 
 H2O[512], 

H2O[62512], CH4·H2O[512], CH4·H2O[62512]  -
,  H2O[512]  

174 ,  
4 2 [512] – 189. . 1 -

,  LC -
 r(O O) = 2.8 Å. 

2 [512]  3 
: 
-  ~1000 -1  

-
, -

, -
 (  114  :  

3 20 + 3 20 – 6);  
-  1627-1703 -1 -

 
 (20 );  

 
 

 
 

. 1.  H2O[512] ( )  H2O[62512] ( ), -
 LC  r(O···O) 

Fig. 1. Infrared vibration spectra of H2O[512] (a) and H2O[62512] 
) frameworks calculated by the LC method at the optimum  

r(O ... O) value 
 

-  
 3253-3700 -1,  

-
 (3253-3470), -

 ( ),  
 (~3700 -1), -

, -
 (10 ). ,  

-
. 
 

XY4  Td :  = 1+  + 2F2.  
4,  

-
. ,  

-
4, , -

 E  F2 -
,   4  

 9 
,  6 ,  

 
4 ,  

. -
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4 -
, -

4 
. 

 H2O[512] -
 CH4·H2O [512] . 

-
 r( ),   2.3   3.5  Å,  -

. -
,  

,  
 « » -

 
 

 ( . 1).  
2  

, -
 r( ) -

. 
,   -

,  -
 

.  
r( )  

-
.   

2 , 
-

,   r( ) -
 

2 ,  
-

 r( ). , -
-

2 , 
 –  -

.  
. 1,  

4, -
. 

 H2O[62512] 
 CH4·H2O[62512]. 

. 1 , -
 LC -

.  H2O[62512]  216  
,  CH4·H2O[62512] – 225.  

 H2O[512], -
 H2O[62512]  r(O O) 

 3 : 
-  (  ~1000 -1) -

, -
 138 : 3 ·24 + 3 ·24 – 6; 

 1 
   H2O[512]  CH4·H2O [512]  
 ( -1) 

Table 1. Change in the boundary values of the frequencies of different vibrations for H2O [512] hydrate and 
CH4·H2O [512] clathrate with their resizing (cm-1) 

r(O O) 
Å 

H2O[512] max 
. 

* 
 

 
) 

 
 

 
. ** 

 
Å 

2.5 
 1304 1614-1746 1680 2931-3477 

3923-3930 
2746-3257 
3675-3682 1.51 

 1312 1615-1754 1685 2929-3474 
3922-3929 

2744-3255 
3674-3681 1.51 

2.8 
 1040 1627-1703 1665 3472-3703 

3943-3948 
3253-3470 
3695-3699 1.82 

 1050 1626-1703 1665 3471-3702 
3943-3948 

3252-3470 
3695-3699 1.82 

3.3 
 738 1606-1657 1632 3755-3873 

3963-3968 
3518-3629 
3713-3718 2.33 

 743 1605-1657 1632 3755-3873 
3963-3968 

3518-3629 
3713-3718 2.33 

2  
)  2 = 1587 1= 3904 

3 =4010 
3658 
3757  

2  
, [25])  2 = 1595  1= 3657 

3 =3756  

:* , .  
2 2  

**  0.937, -
1 3  LC 

Note:* Frequencies of deformation vibrations are not to scale, as experimental and calculated values of the 2 frequency of the H2O 
molecule are close 
** For the stretching vibration frequencies the scale factor 0.937 was applied, found as the ratio of the experimental 1 and 3 fre-
quency of water molecules to the calculated values of these frequencies by the LC method 
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-  1599-1720 -1 -
 (24 ); 

-  
 3286-3696 -1,  

-
,  (3286-

3484),  
(~3900 -1), -

,  
 (12 ). 

4 -
, -

.  9 -
 6 , 

 
4 .  

. 2 -
 H2O[62512]  

. 

 2 
 ( -1)    H2O[62512]  CH4·H2O[62512]  

 (  LC) 
Table 2. Change in the boundary values of the frequencies of different vibrations (cm-1) for H2O[62512] hydrate and 

CH4·H2O[62512] clathrate with their resizing (the LC method) 

r(O O), Å [62512] 
max  

. 
. 

  
) 

 
 
) 

*( ) 
r( ), Å . 

2.50 
 1236 1584-1755 1670 3019-3507 

3910-3917 
2828-3286 
3664-3670 1.52 

 1234 1584-1747 1666 3017-3506 
3910-3917 

2827-3285 
3664-3670 1.52 

2.80 
 988 1599-1720 1660 3507-3718 

3939-3945 
3286-3484 
3691-3696 1.83 

 989 1598-1718 1658 3507-3717 
3939-3945 

3286-3484 
3691-3696 1.83 

 
2.94 

 897 1596-1703 1650 3619-3781 
3949-3954 

3391-3543 
3700-3705 1.97 

 897 1596-1703 1650 3619-3780 
3949-3954 

3391-3542 
3700-3705 1.97 

: *  0.937 ( . .1) 
Note: * For the stretching vibration frequencies the scale factor of 0.937 was applied (see Table 1) 
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,  CH4·H2O[512]  CH4·H2O[62512] 

, ,  
, -

4. -
 [14],  

-
,  ,  ,  -

. -

 
 

-
 

.  
-
 

, ,  
-

,  
, -

 . 
-
-

 ( . 2-4). . 2 -
4  

-
 H2O[512].  

4 -
, , : 
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 (F2) 4; 
- -

; 



22   2014    57  .  12 
 
 
 

- -
, , -

, -
; 

- , -
4  

 
.  

 
 E  F2  

4 (Td)  
,  H2O[512] 

 H2O[62512].  ,   
4 ( , 4a, 

4b 4c) .  
.  3  -

4,  
-

 (r(O…O) = 2.80 Å) -
4,  LC, 

. 
-

4 ,  

 3 
4 -

 
4 

Table 3. The vibration frequencies of CH4 molecule in 
small and large clathrates of the optimal size and in the 

free CH4 molecule 

:* -
 0.945, -

 - 0.98 
Note:* For stretching vibrations frequencies the scale factor 
of 0.945 was applied; for deformation vibrations - 0.980 

  

      
                                                               

        
                                                               

. 2. 1(A1) ( ), 3(F2) ( ) 2(E) ( ) 4(F2) ( ) 
4  H2O[512] 

Fig. 2. Changing the frequencies of stretching vibrations 1 (A1), 3 (F2) and the frequencies of deformation vibrations 2 (E) and 4 (F2) 
of the CH4 molecule in a clathrate at changing the hydration shell of H2O [512] 

, -1 CH4·H2O[512] CH4·H2O[62512] CH4 
 . . . . . . . 

4(F2) 
1331 1304 1336 1309  

1339 
 

1312 1306 
 1338 1312 1338 1311 

1342 1315 1339 1312 

2(E) 1558 1527 1560 1528 1560 1529  
1534 1561 1530 1561 1530 

1(A1) 
1 . 

3084 
2914 

2913.6 - 
2916 

3074 
2904 

2901.2 -
2905 

3074 2905 2917 

3(F2) 
3218 3041 3206 3030 

3207 3031 3018.7 3218 3041 3207 3031 
3219 3042 3207 3031 
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. 3.  ( )  ( )  
CH4·H2O[512]. . 
3 ( ) 1(A1) – 1, 2(A1) 

– 2 3(B2) – 3  
Fig. 3 Calculated IR ( ) and Raman ( ) spectra of the CH4· H2O 

[512] clathrate. The vertical dashed lines in Fig. 3 ( ) indicates the 
position of 1 (A1) - 1, 2 (A1) -2 and 3 (B2) -3 vibration frequen-

cies of free water molecules 

 r(O···O)  
2.5  3.0 Å -

,   12  -1,  
 2 -1. 

 
4 , -

-
1(A1)  2(E)  

, -
3(F2)  4(F2)  

,  
. 

. 3 -
 CH4·H2O[512], -

 
 

. . 3, -
 
 

. , -
4  

-
1500 -1  

2900-3050 -1. ,  
 2900-3050 -1  

1(A1)  3(F2)  
-

,  ( . 4). 

           
                         

           
                    

. 4.  H2O[512] ( ), H2O[62512] ( ), CH4·H2O[512] ( ), CH4·H2O[62512] ( )  
2750-3750 -1. . 4 (  CH4·H2O[512])  

1(A1) 3(F2)  
Fig. 4. The calculated Raman spectra of the H2O[512], H2O[62512], CH4·H2O[512], CH4·H2O[62512] clusters in the spectral region of 

2750-3750 cm-1. The vertical dashed lines in Fig. 4 (for CH4·H2O [512]) indicates the position of stretching vibration frequencies 1 (A1) 
and 3 (F2) of the free methane molecule 
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Table 1. Relative energies, cm–1, of low-lying electronic 

states of LnX3 
LnX3 2A2'' 2E' 2E'' 2A1' 2A2' 
CeF3 0 244 314 2189 2317 
CeCl3 0 169 454 1521 1584 
CeBr3 0 151 463 1381 1455 
CeI3 0 140 478 1250 1315 
YbF3 2232 1968 1627 0 202 
YbCl3 1495 1333 998 0 45 
YbBr3 1354 1212 883 0 15 
YbI3 1222 1099 778 4 0 

 3A2' 3E'' 3E' 3A1'' 3A2'' 3E' 3E'' 
PrF3 0 24 229 935 1029 2010 2079 
PrCl3 0 47 249 678 703 1278 1526 
PrBr3 0 51 249 633 636 1147 1417 
PrI3 0 53 240 575 566 1009 1303 

 
 (SO) -
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 Hel+HSO -

-S ,  
MRCI.  
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 Ln3+ ( –1): Ce3+ 2192 (  2253); Pr3+ 2100, 

4311 (2152, 4389); Yb3+ 10897 (10214). 
 ( . 2, ) 
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. -

-
: 180-300 –1  

CeX3,  80 –1  PrX3, 660-1300 c –1  YbX3. 
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 LnX3  
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Table 2. Relative energies, cm–1, of low-lying spin-

coupled electronic states of LnX3 
LnX3 E5/2 E3/2 E1/2 E5/2 E3/2 E1/2 E1/2 
CeF3 0 184 1439 2091 2247 2976 4239 
CeCl3 0 277 1196 2081 2265 2720 3583 
CeBr3 0 284 1120 2084 2263 2694 3437 
CeI3 0 293 1034 2088 2266 2674 3310 
YbF3 12748 12381 11030 2040 1786 1298 0 
YbCl3 12143 11834 10925 1416 1224 833 0 
YbBr3 12035 11741 10915 1296 1119 747 0 
YbI3 11928 11649 10907 1177 1014 661 0 
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 PrX3 
Fig. Relative energies of low-lying spin-coupled electronic states 

of PrX3 

-
-

. -
 

 ( ) -
 (  

, , -
.) -

 LnX3 c . 
-
 

 13-03-01051).  
. 

 

1. Tsuchiya T., Taketsugu T., Nakano H., Hirao K. // J. Mol. 
Struct. (Theochem). 1999. V. 461–462. P. 203-222. 

2. Kovács A., Konings R.J.M. //  J.  Phys.  Chem.  Ref.  Data.  
2004. V. 33. N 1. P. 377-404. 

3. MOLPRO, version 2010.1, a package of ab initio prog- 
rams  //  Werner  H.J.,  Knowles  P.J.,  Lindh  R.  et  al.,  http://  
www.molpro.net. 

4. Cao X., Dolg M. // J. Chem. Phys. 2001. V. 115. N 16.  
P. 7348-7355. 

5. Peterson K.A., Figgen D., Goll E., Stoll H., Dolg M. //  
J. Chem. Phys. 2003. V. 119. N 21. P. 11113-11123. 

6. Dunning T.H. // J. Chem. Phys. 1989. V. 90. N 2. P. 1007-
1023. 

7. Kendall R.A., Dunning T.H., Harrison R.J. //  J.  Chem.  
Phys. 1992. V. 96. N 9. P. 6796-6806. 

8. Woon D.E., Dunning T.H. // J. Chem. Phys. 1993. V. 98.  
N 2. P. 1358-1371. 

9. Kramida, A., Ralchenko, Yu., Reader, J., NIST ASD 
Team. NIST Atomic Spectra Database (ver. 5.2),  http://phy-
sics.nist.gov/asd. National Institute of Standards and 
Technology, Gaithersburg, MD. 

 
 

,  
 

 
 
 
 



28   2014    57  .  12 
 
 
 

 541.572.128 

. , . , . , . , .  

-4-   
 

) 
e-mail: kuvshinova@isuct.ru 

(4-  (I) : 
(3- -5-  (II) (4- -5- -

 (III).   
I-III , -

 (9:1).  I-III -
. 

: , , , , , 
 3d  

-
 – -

.  
 

.  
-

, -
 « », 

 
. 

-
 c -

,  
, -

 [1-12].  
 

 ( 2 )  
,  

(4-  (I) -
: (3- -5- -

 (II) (4- -5- -
 (III) -

, -
 (9:1). 

HN

N

N

N
N

NH

N
N

R3

R2

R2

R3

R3

R2

R2

R3

R4

R1 R4

R1

R1

R4R1

R4

 
I: (4- , R1 = 

R3=  R4 =  H;  R2 = t-Bu; II: (3- -5- -
-) , R4 = R2 = H; R1 = NO2; R3 = t-

Bu; III: (4- -5- , 
R1 = R4 = H; R2 = t-Bu; R3 = NO2 

 

(4-  (I)  
(3- -5-  (II) 

-
, -

 [13, 14 ].  
-(4- -5- )-

-
 4- -5- , -

 [15].  
 0.200  (0.87 )  

4- -5-  0.056  (0.25 
)  

,  
180-190 º  

.   
gPc(4-t-Bu)4(5-NO2)4  

 
 10 %- , 

 
.  

 Al2O3 (  –  
). , 

 80 º .  
: 56  (27%). , %:  62.17; 

H 5.54; N 17.63; O 14.66. C48H46O8N12. , 
%:  62.87; H 4.84; N 18.3; O 13.96. 

 
 Al2O3 

,  
. 

 « » -
-

 [16].  « .» -
-

.  -
 

 [17].  0.03%.  



  2014    57  .  12 29 
 
 
 

 « .»,  
.»,  « .»  

: 2 
 

370-390 , 2 2 – -
 3 . 

 
 I  –  III  ,   

-
 (9:1) -

 SHIMADZU 
UV-1800 -

 288-338 . -
 0.1 . 

-
 

 I – III . 1, 2  
. 3.  H2Pc  (I  –  III)  c   

. 
 

(4- -5-  
 

 4- -5- -
 (  1).  

 
, -

, -
. 
 

t-BuO2N

t-Bu Bu-t

Bu-t

180-1850CNO2NC

NC

O2N

NO2

NO2

t-Bu

MgAc2 x 4H2O
N NN

NNN

N NMg

N NN

NNN

N N
H
H

t-Bu

NO2

NO2

O2N

Bu-t

Bu-t

O2N t-Bu
HCl

-MgCl2

 
 

Scheme 
 

 
 ( max=681 ) -

 ( max=664, 700 ) 
 III. 

-
 1800-734 -1, -

. ,  

,  
  2966  2924 -

1  1534  1363 -1,   
 

 1007 -1,  
 3290-3310 -1 , -

 NH- -
. 

 I-
III , ,  

 
(9:1).  

 (9:1) -
.  

,  I-III -
,  288 -

. 
-

 I-III -
, ,  

 (9:1) -
. -

. 1.  
-
-

 ( . 2).  
,  

 
 I-III,  

-
.  

 Cu ,  +2,  Mn – 
+3 [18]. 

-
 I-III -

. -
-

 0
2 )/ 2 ) –  [ 0

2  2 )  –  -
, 

,  – ],   
, -

. -
 100-  

, -
 (k )  (1): 

H2  + MX2  MP  +2HX          (1) 
 (2): 

k   = 1/  ln [ ]/[  ]         (2) 
, ,  –  

,   
. 

 
, -

 (3): 
k =  - /RT            (3) 



30   2014    57  .  12 
 
 
 

 
. 1.  II 

(1),  (2)  (3)  
 (9:1) 

Fig. 1. Absorption spectra of phthalocyanine II (1), its cobalt (2) 
and manganese (3) complexes in a mixed solvent of pyridine and 

acetic acid (9:1) 
 

 
. 2.  Co c(I) -

 (9:1) 
Fig. 2. Change in absorption spectrum at the formation of CoPc 

(I) in a mixed solvent of pyridine and acetic acid (9:1) 
 

 ( ) 
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lnA = lnk1+n + /RT  (4) 
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(II) 2  
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,  
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. 3.  lg k  lgcMAc2  

CoPc(II) (1)  Mn (II) (2) -
 (9:1)  308  

Fig. 3. The dependence of lg kobs = f (lg CMAc2) at the for-
mation of CoPc (II) (1) and Mn  (II) (2) in a mixed solvent of 

pyridine and acetic acid (9:1) at 308 K 
 

 1 
-

 I – III  
-

 (9:1). Ac2 = 5·10-3  
Table 1. Observed rate constants of phthalocyanines I - 
III coordination with acetates of cobalt and manganese 

in a mixed solvent of pyridine and acetic acid (9:1). 
MAc2 = 5 10-3 mol/l 

2  
-

 
,  

,  k ·103, -1 , 
 

CoAc2 

I 701 
298 0.72±0.04 

62±2 308 1.48±0.09 
318 3.25±0.13 

II 697 
288 1.44±0.08 

50±1 298 2.81±0.19 
308 5.5±0.3 

III 701 
308 0.17±0,04 

54±1 318 3.54±0,13 
328 5.2±0.2 



  2014    57  .  12 31 
 
 
 

MnAc2 

I 666 
308 0.55±0.03 

75±1 318 1.4±0.074 
328 3.35±0.17 

II 665 
288 0.66±0,03 

51±2 298 1.21±0.05 
308 2.42±0.01 

III 670 
298 0.45±0.02 

64±2 308 1.17±0.06 
318 2.31±0.13 

 
 2 
 

 I – III -
 

 (9:1) 
Table 2. Kinetic parameters of the coordination of phtha-
locyanines I – III with acetates of cobalt and manganese 

in a mixed solvent of pyridine and acetic acid (9:1) 

H
2P
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k2
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k2

308·, 
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/
 

, -1 

I 0.296± 
0,018 62±2 9.8·109 0.114± 

0,006 75±2 5.8·1011 

II 1.12± 
0,05 50±2 3.4·108 0.48± 

0,02 51±3 2.2·108 

III 0.34± 
0.02 53±2 3.3·108 0.222± 

0.014 64±2 1.6·1010 

 
 

-
:  Mn+2 < Co+2 < Cu+2.   
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. 1.     SmTe– Sm5Ge3 
Fig. 1. State diagram of SmTe– Sm5Ge3 section 
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SmTe  Sm5Ge3. 
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 1600 .  SmTe–Sm5Ge3 
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  SmTe– Sm5Ge3 
Table. Composition, results of BDTA, DTA and measu-
rement of misrohardness of alloys of SmTe– Sm5Ge3 section 

 , %  
  
,  

, 
2 

SmTe Sm5Ge3 SmTe Sm5Ge3 
1 100 –  170  
2 90 10 1650, 1950 170 345 
3 80 20 1650, 1900 170 345 
4 70 30 1650, 1800 170 345 
5 60 40 1650, 1700 170 275 
6 52 48 1600  
7 50 50 1600, 1610 275 345 
8 40 60 1600, 1650 275 345 
9 30 70 1600, 1710 . 345 

10 20 80 1600, 1780 . 345 
11 10 90 1600, 1800 . 345 
12 – 100  – – 

 
 

SmTe  Sm5Ge3  
.  

 
, -

. -
 SmTe-Sm5Ge3 ,  

: 170  345 -
 SmTe  Sm5Ge3 . 

 

 
. 2.  SmTe– Sm5Ge3.  

1 – SmTe, 2 –  80 % SmTe, 3 –  50 % SmTe, 4 –  20 
% SmTe, 5 – Sm5Ge3 

Fig. 2. Bardiagram of alloys of SmTe– Sm5Ge3. 1 – SmTe, 2 –  80 
mol% of SmTe, 3 –  50 mol% of SmTe, 4 –  20 mol% of SmTe,   

5 – Sm5Ge3 



34   2014    57  .  12 
 
 
 

 
, -

-
. -
,  

 ( . 2). 
,  SmTe-Sm5Ge3 -

 
Ge-Te-Sm, ,  

 52  % SmTe  
1600 . 

-
 

-
-

. 
 

1. ., . -
. .: , 1975. 258 .; 

Yarembash E.I., Eliseev A.A. Chalcogenides of rare earth 
elements. M.: Nauka. 1975. 258 p. (in Russian). 

2. . -
.  /  .  .  .  .:  -

. 1997. . 800-801; 

Handbook. State diagram of double metal systems. Ed. N.P. 
Laykishev. M.: Mashinostroenie. 1997. P. 800-801 (in 
Russian). 

3. ., ., . / . 
. . . 1983.  3. . 84.; 

Yeremenko V.N., Meleshevich K.A., Buyanov Yu.I. / 
Dokl. AN USSR. Ser. A. 1983. N 3. P. 84 (in Russian). 

4. . // . . . 2010.  4.  
. 144-146; 

Mukhtarova Z.M. //  Azerb.  Khim.  Zhurn.  2010.  N  4.   
P. 144-146 (in Russian). 

5. ., ., . // 
. . . 2012.  2. .184-186; 

Mukhtarova Z.M., Azhdarova D.S., Bakhtiyarly I.B. // 
Vestnik  Azerb. Tekhnich. Universiteta. 2012. N 2. P.184-
186 (in Russian). 

6. ., ., ., 
. // .  " -

  ". 
. 2013. . 2. . 24-28; 

Mukhtarova Z.M., Azhdarova D.S., Bakhtiyarly 
I.B.,Kuli-zade E.S. // Proceedings of  X Int. Kurnakov’s 
meeting on physical-chemical analysis. Samara. 2013. V. 2. 
P. 24-28 (in Russian). 

7. ., . //  -
. 1980.  7 (211). . 53-61; 

Eremenko V.N., Obushchenko I.M. // Poroshkovaya 
metallurgiya. 1980. N 7 (211). P. 53-61 (in Russian). 

 
 
 
 
 

 

 547.7 (655.644.245) 

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

 
 (VI) 

(* . . ,  
**  « »,  

*** ) 
e-mail: zarina1955@rambler.ru 

 
 « -

 +  (VI)». 

: , , ,  , 
 (VI),  

 [1-3]  ,  -
 
 

-
 

. -
 

-

-
 « -

 +  (VI)».  
 

-
 

180 °  360 ° -



  2014    57  .  12 35 
 
 
 

, , - -
 [4] -

-
,  [5], -

.  
,  

 (VI),  
 30 -

.  
 

-
 

 [6].  
 S ( . %) 

:  

P
NV3.2

1000P
10032NVS , 

 V –  0,05 3 (0,05 ) -
, -

, 3; N – -
;  – , ; 32 –  

.  
 

-
 MoO3  H2MoO4  

 
-

,  
 [1-3]. -

 
H2MoO4+MoO3 -

 
 (R2S), -

-
 (R2SO).  MoO3 

 R2SO  
,  H2MoO4, 

,  R2SO  ( -
). -

 
 

, -
.  

 
-
 

 «H2O2 + 
H2MoO4 + MoO3».  

2 4 2 2
(1)

2 5 2   (1.1) 
3 2 2

(2)
2 5   (1.2) 

(1)
2 5+R2

(1)
2 5

···R2S  (2.1) 
(2)

2 5+R2
(2)

2 5
···R2S  (2.2) 

(1)
2 5

···R2
(1)

2 4+(1)R2  (3.1) 
(2)

2 5
···R2

(2)
2 4+(2)R2  (3.2) 

 
.  

 
H2MoO4 + MoO3. [R2S]0 = 1,5 . %. [H2O2]0 = 5,9 . %. 

T=600C.  H2MoO4, %: 1 – 100, 2 – 60, 3 – 50, 4 – 40, 5 – 0 
Fig. Kinetic curves of sulfoxide accumulation at the sulphides 
oxidation with H2MoO4 + MoO3 catalytic system. [R2S]0 = 1.5 
mass. %. [H2O2]0 = 5.9 mass %. T=600C. H2MoO4 fraction, %:  

1 – 100, 2 – 60, 3 – 50, 4 – 40, 5 – 0 
 

 
,   –  -

-
 (1.1)  (1.2). 

 
: 

5252

52
(2)

52
(1)

52

MoOH1MoOH
MoOHMoOHMoOH      (1) 

 – -
,  H2MoO4. 

 
 

V = V1 + V2          (2) 
 

,  
 V1  V2. 

 [1]  ,   
 
 

(3.1)   
SRMoOHkV 252

(1)
3.11             (3) 

-
 

0SRMoOHk

SRMoOHkSRMoOHk
dt

SRMoOHd

252
(1)

3.1

252
(1)

2.1252
(1)

2.1

252
(1)

 

2.13.1

252
(1)

2.1
252

(1)

kk
SRMoOHkSRMoOH       (4) 

 (4)  (3)  
: 



36   2014    57  .  12 
 
 
 

(1)2 3.1 2.1
1 2 5 2

3.1 2.1
(1)

. 2

d R S k kV H MoO R S
dt k k

k R S ,

  (5) 

       52
(1)

2.13.1

2.13.1
.

(1) MoOH
kk
kk

k  (6) 

-
 (5) 

dtk
SR
SRd- .

(1)

2

2  

 [R2S]0  
[R2S]t  0  t  

. 

tk
SR
SR

ln .
(1)

t2

02               (7) 

 
, -

,  
[R2S]0=[(1)R2SO]  

[R2S]0=[(1)R2SO] , -
-

[R2S]t=[(1)R2SO] - 
-[(1)R2SO]t  [R2S]t=([(1)R2SO] -[(1)R2SO]t)/ ,   
 –  

.  
 

 (7)  
: 

tk
SORSOR

SOR
ln .

(1)

t2
(1)

2
(1)

2
(1)

     (8) 

 
tkSORlnSORSORln .

(1)
2

(1)
t2

(1)
2

(1)  (9) 
-

, ,  
 

SRMoOHk1V 252
(2)

3.22  (10) 
-

  
(2)

2 5 2

(2) (2)
2.2 2 5 2 2.2 2 5 2

(2)
3.2 2 5 2

d H MoO R S
dt

k H MoO R S k H MoO R S

k H MoO R S 0

 

2.23.2

252
(2)

2.2
252

(2)

kk
SRMoOHkSRMoOH     (11) 

 (10)  

SRMoOH
kk

kk-1V 252
(2)

2.23.2

2.23.2
2

     (12) 

 (5)  (12) , -
.  (5)  

-

 [(1)H2MoO5], -
 (1.1)  (2.1) [1].  

-
 (12)  -

,  (2)H2MoO5  
 (1.2). 

 (2)H2MoO5  

2231.2
52

(2)

OHMoOk
dt
MoOHd  (13) 

 (VI) -
, -

.  
 [MoO3]=const.  

,  
 [H2O2]=const. -

 (13) -
. 
  

dtOHMoOkMoOHd 2231.252
(2)  

  
tOHMoOkMoOH 2231.252

(2)   (14) 
 [(2)H2MoO5]  (12) 

 (14)  
3.2 2.2 1.22

3.2 2.2

2 3 2 2

k k kd R S
dt k k

R S MoO H O t

           (15) 

 
3.2 2.2 1.2

2 2
3.2 2.2

(2)
3 2 2 .

k k k
d R S R S

k k
MoO H O t dt 1- k t dt

   (16) 

 

2232
2.23.2

1.22.23.2
.

(2) OHMoOSR
kk

kkk
k   (17) 

 [R2S]0  [R2S]t  0  
 t,  t  1/k .,  

2
.

(2)
2 tk

2
1SR- ,       (18) 

 
(2)

2 2 2 2t 0

(2) (2) (2)
2 2 2t 0

R S R S R S R SO

R SO R SO R SO ,
t

 

. 0SOR 02
(2) ,  

             2
.

(2)
t2

(2) tk
2
-1SOR  (19) 

, -
 

 MoO3 ) -
 0,993 ÷ 0,995 -

 (19), -
 

 (2)k  ). 



  2014    57  .  12 37 
 
 
 

  
-
 

MoO3 + H2MoO4.  [R2S]0 = 1,5 . %, [H2O2] = 5,9 
.%, T = 60°  

Table. Effective rate constants of accumulation rate and 
sulfoxide yields at application of MoO3 + H2MoO4.  

[R2S]0 = 1.5 mass %, [H2O2] = 5.9 mass %, T = 60°  
 

MoO3/H2MoO4, % 
(2)k 107, -2 (1)k 103, -1 R2SO]  / 

[R2S]0, % 
100/0 2,1 ± 0,3 1,00 ± 0,25 43 
60/40 2,2 ± 0,3 1,00 ± 0,25 45 
50/50 2,3 ± 0,3 1,01 ± 0,25 47 
40/60 2,6 ± 0,4 1,01 ± 0,27 53 
0/100  0,86 ± 0,18 92 
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Table 1. Kind and conditions of intensive plastic deforma-
tion of magnesium samples and their microroughness 
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Table 2. Parameters of cathode process for magnesium 
samples after intensive plastic deformation and amount 

of extracted hydrogen  
 ik, 2 (  = -1,3 ) ,  , 3 

Mg 0,32 1,18 3,08 
_25  1,00 1,04 2,13 
_170  1,00 1,09 8,11 
_200  0,08 1,18 0,33 
F1 5,62 1,14 15,49 
L1 1,71 1,07 2,52 
L10 3,25 1,02 3,85 

L100 6,87 0,92 4,92 
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Fig. 2. Equivalent electric schemes of reactions of cathode evolu-
tion and adsorption of hydrogen 
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Table 3. Some values of elements of equivalent electric 
scheme with the highest kinetic parameters 

 R1, 
2 

, 
2 

R2, 
2 

, 
2 

_170  3,0 10-5 0,59 2,19 10-2 6,38 
F1 3,44 10-5 0,80 2,08 10-2 52,20 

L100 3,91 10-5 0,39 2,55 10-2 0,62 
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Table 1. Characteristics of chemical and electrochemical 

expanded graphites 
 ( -

) d , 3 , % dr, 3 

_2 (900 ° ) [4] 2.0 - - 
_600 (600 ° ) 9.9 85 45 
_800 (800 ° ) 2.8 73 17 

_1000 (1000 ° ) 1.2 59 10 
 

 
-

, -
 1000 ° , -

 ( . 1).  
-

 ( .  2 ),  ,  
 
 

D  (1360 -1)  
 ( . 2 ), -

 
, -

, -
 [7].  -

, -
 

, -
.  

 
-
 

-

, .  
-

,  
. 

 

 
 

 
 

. 2.  –  
 ( ) -

 ( ),  – -
 

Fig. 2. a – Raman spectra of chemical (solid line) and electro-
chemical (dotted line) expanded graphite,  – XRD pattern of 

electrochemical expanded graphite 
 

 
[8], ,  

, ,  
.  (dc)  

, , 
-

,  
.  

-
,  

. -
 (dr) -
, -
,  

, .  
-
-

 [8]. -
 dr -

.  



  2014    57  .  12 59 
 
 
 

. 2 -
, -

 
 60 3  

. 
 0,85 

/( ) -
 

 [2,3]. 
 

 2 
 

Table 2. Heat conducting properties of compacted ex-
panded graphite 

   60 3 
, 2  ,  /( ) , 2  ,  /( ) 

_2 [4] - - 53,9 2,75 
_600 22,1 0,85 21,4 1,09 
_800 41,3 0,60 42,7 2,18 

_1000 50,5 0,43 49,8 2,54 
 

-
_600  

_1000, , -
 

-
. ,  

, -
-
 

. ,  
-

, -
.  

,  
 

 [9].  
 –  

 
 

. 
-
-
 

-
-

.  1000 °  
 

, .  
, -

 
-

 (  0,4 /( )) -
 

, , 
-

. 
 

 90% -
 I -

.  
 600-1000 °  

 1,2 3. 
, -

-
-

. , -
 

-
. , 

-
-

. 
 -

 
),  1.3 

-
 14.579.21.0028  «05»  

2014 ).   
9  2010 . N 218 “  

 
, -

-
”. -

 02.G36.31.0006. 
 

1. Inagaki M., Kang F., Toyoda M., Konno H. Advanced 
Materials Science and Engineering of Carbon. Elseiver 
Science. 2014. 440 p. 

2. Bonnissel M., Luo L., Tondeur D. // Carbon. 2001. V. 39. 
P. 2151–2161. 

3. Wang L.W., Metcalf S.J., Critoph R.E., Thorpe R., 
Tamainot-Telto Z. // Carbon. 2011. V. 49. P. 4812-4819. 

4. ., ., ., -
., . // . . 2013. . 49. . 4. 

. 352-358; 
Filimonov S.V., Sorokina N.E., Yashchenko N.V., Malakho 
A.P., Avdeev V.V. // Inorg. Mat. 2013. V. 49. N. 4. P. 340–346. 

5. ., ., . // . 
. 2007. . 43. . 8. . 924-928; 

Sorokina N.E., Shornikova O.N., Avdeev V.V. // Inorg. 
Mat. 2007. V. 23. N. 8. P. 822-826. 

6. Metrot A., Tihli M. // Synth. Met. 1985. V. 12. P. 517–523. 
7. Wang Y., Alsmeyer D.C., McCreery R.L. // Chem. Mater. 

1990. V. 2. P. 557-563. 
8. Celzard A., Schneider S., Mareche J.F. // Carbon. 2002.  

V. 40. P. 2185-2191. 
9. Alofi A., Srivastava G.P. //  Phys.  Rev.  B.  2013.  V.  87.   

P. 115421. 
  

 



60   2014    57  .  12 
 
 
 

 544.654.076.324.4+541.572.128 

. , . , . , .  

 

) 
-mail: golubch@isuct.ru 

,  
, , -

,  
 10  50 , -

 1,5 – 2,5 , ,  
.  

: ,  

-
 

 [1]. -
 
 

 [2],  
. 

 
, 

, : -
,  

, , -
, -

, . [1,3]. 
, -

 
.  

, -
 ( ), -

 [4],  
 

. -
-

-4-
, -

-
. 
-4-  ( 2 S4)  

 (MPcS4)  
 [5]  

 3  .   
-

 ( PcS2) 
 « -

. . . »,  
. -

-
 (  9.305-84) : NiSO4·7H2O – 

200 , H3BO3 –  30 ,  NaCl – 10 .  -

 20 º   
1 2.  (l) -

 3  12 -
. 

 
-

 Solver 47Pro  NT-MDT. 
-
 

 R , -
 170622. -

-2. -
. 

 
 

 (Ra)  
 ( ) -

 (l)  
Table. The dependence of reflectance and roughness 
(Ra) of nickel deposits on its thickness and electrolyte 

composition 
-

,  
l, 

 
Ra, 

 
, 

% 
-

,  
l, 

 
Ra, 

 
, 

% 

 
 

3 280 39  
 + 

NiPcS4,  
50  

3 90 45 
6 330 28 6 110 38 
9 350 16 9 120 29 
12 380 5 12 120 18 

 
 + 

2 S4 
10  

3 98 56  
 + 

PcS4,  
10  

3 100 40 
6 100 56 6 120 30 
9 110 57 9 120 16 
12 120 57 12 130 6 

 
 + 

2 S4  
50  

3 80 62  
 + 

PcS2,  
50  

3 100 41 
6 100 64 6 110 31 
9 110 67 9 120 18 
12 110 68 12 120 8 

 
,  

 
 (10-50 )  

 1,5-2,5 -
,  



  2014    57  .  12 61 
 
 
 

.  
. 1 -

 6 , -
-

,   10  2PcS4.  
. 2 -

, 
-

. , ,  
, , 
,  

, 2PcS4. 
 

 
 

 
 

. 1. ,  
 ( )  

 10   2PcS4 ( ),  6  
Fig. 1. The surface relief of nickel coatings obtained from stand-
ard nickel-plating electrolyte ( ) and electrolyte with the addition 

of 10 mg/l of 2PcS4 ( ). The cover thickness is 6 µm 
 

-
 

,  
-

.  
2PcS4 -

,  
. -

2PcS4  10  50  
 6-10  %.  -

 
.  

, 2PcS4, -
, ,  

.  
, ,  

, 
 NiPcS4 . 

 

 
 

 
 

. 2. -
 ,  

 ( )  10 
  2PcS4 ),  6  

Fig. 2. The distribution on sizes the crystallites on the nickel coat-
ing surface obtained from standard electrolyte of nickel-plating 

) and from electrolyte with the addition of 10 mg/l of 2PcS4 
). The cover thickness is 6 µm 

 
, ,  

-
-

. 
-

,  14-23-00204 
) -

 ( ). 
 

1. . -
. .: . 1979. 352 .; 



62   2014    57  .  12 
 
 
 

Kudryavtsev N.T.Electrolytic covers with metals. M.: 
Khimiya. 1979. 352 . (in Russian). 

2. ., ., .,  
. // . . . . 2005. . 48. 
. 6. .15 – 17; 

Balmasov A.V., Shekhanov R. F., Dontsov M. G., Sonin 
A.V. //  Izv.  Vyssh.  Uchebn.  Zaved.  Khim.  Khim.  Tekhnol.  
2005. 48. N 6. P. 15 – 17 (in Russian). 

3. ., .  
. . .: . 

1990. 288 .; 
Grilikhes S.Ya., Tikhonov K.I. Electrolytic and chemical 
plating. Theory and practice. L.: Khimiya. 1990. 288 p. (in 
Russian). 

4. ., . .  
. . 1. / . . . . . 

1997. . 212 – 222; 
Borisenkova S.A., Girenko E.G. Advances in porphyrin 
chemistry. V. 1. Ed. Golubchikov. Sankt-Peterburg: NII 
Khimii SPbGU. 1997. 212 – 221 (in Russian). 

5. ., ., . -
-

. .: . 2012. 480 .; 
Shaposhnikov G.P., Kulinich V.P., Maiyzlish V.E. Modi-
fied phthalocyanines and its structure analogues.  M.:  
Krasand. 2012. 480 p. (in Russian). 

 
 
 
 
 

 

 544.654.2 

. , . , . , .  

  
 

) 
e-mail: solodov2010@gmail.com, solodow.m@yandex.ru, es.soboleva@mail.ru, koshelsg@ystu.ru 

 
.  

. -
, , -

. 

: , , ,  
,  

-
, -

. -
 1995   " -

" -
 100 °C [1].  

, -
, -

.   
, , 

-
 [2]. 

 
 

, 
-

. -
 

 [3-5].  
,  

 (1:2 -
), -

 [3]. -
 LiCl -

 [4]. -
 [5] -

 
. 

 
 

 2ChCl:1CrCl3, -
 

. 
-
-
 

IPC-Pro.  
.  

 0.1 2. -
-



  2014    57  .  12 63 
 
 
 

. -
 102/1. 

-
-3  9450-76 -

 100 .  
 

. 5.9  9.302-88.  
-

 PHI 660. -
:  

 
 2ChCl:1CrCl3,  

,  
 90-120 ° -

.  
. 1 -

 
 2ChCl:1CrCl3  

2 .  ,  -
 

.  
 

2ChCl:1CrCl3  10% -
-

 5 . -
,  

, , -
,  

 
,  -

.  
 

 
. 1. -

 2ChCl:1CrCl3 2  
: 1 - 10 %; 2 - 5%; 3 - 0% 

Fig. 1. Temperature dependences of the conductivity of the ionic 
liquid of 2ChCl:1CrCl3 composition with H2O in an amount of:  

1 - 10%; 2 - 5%; 3 - 0% 
 

 
 

 2ChCl:1CrCl3,  

. . 2 -
,  50 °  

 H2O  
  

1   IR- -
. ,  

 
, -

-
. -

-
, ,  

. ,  
,  

 10% -
 

5 . -
 
 

,  [6]. 
, , -

 
.  

-
 [CrCl4·6H2O]-. -

 
, -

.  -
-

.  
 

 ±1 . 
 

 
. 2. ,  

 2ChCl:1CrCl3  50 -
 H2O: 1 - 0 %; 2 - 3%; 3 - 5%; 4 - 10% 

Fig. 2. The cathode polarization curves obtained on platinum from 
the ionic liquid of 2ChCl: 1CrCl3 at 50 C with different mass 

content of H2O: 1 - 0%; 2 - 3%; 3 - 5%; 4 - 10% 



64   2014    57  .  12 
 
 
 

-
-

3 -
 

2ChCl:1CrCl3 (10  % .  2 ).  
 

, -
 4  HCl.  

 50 °C -
 5-7 2. -

 25%. -
.  

 9.302-88. -
 

 600  800 HV.  
-
-

.  -
, -

. %: Cr – 78-80; C – 8-12; O – 10-12; Cl -1. 
-

. . 3 
 

[7]. 
 

 
. 3.  

Fig. 3. Choline decomposition reactions on cathode 
 

,  
, 
-
-

, , -
,  -

. 
,  

 
 

.  
-
-

.  
 
 

-
. 
 

1. Castner E. W., Wishart J. F. // J. Chem.Phys. 2010. V. 132. 
N 12. P. 120901. 

2. Endres F., MacFarlane D.R., Abbott A.P. Electrodepo-
sition from Ionic Liquids. Wiley-VCH. 2008.  

3. Abbott A.P., Capper G., Davies D.L. // Chem. Eur. J. 2004. 
V. 10. P. 3769. 

4. Abbott A.P., Capper G., Davies D.L., Rasheed R.K., 
Archer J., John C. // Trans. Inst. Met. Finish. 2004. V. 82. 
P. 14. 

5. Abbott A.P., Ryder K.S., Konig U. // Trans. Inst. Met. Fin-
ish. 2008. V. 86. P. 196. 

6. ., ., . / . . 
. . 2012. T. 55. . 9. . 30-34; 

Solodov M.S., Solodov A.S., Karpov S.I. // Izv. Vyssh. 
Uchebn. Zaved. Khim. Khim. Tekhnol. 2012. V. 55. N 9.  
P. 30-34 (in Russian). 

7. Kroon M.C.,  Buijs W.,  Peters C.J.  Witkamp G. // Green 
Chem. 2006. 8. 241–245. 

 
 

  
 
 



  2014    57  .  12 65 
 
 
 

 544.654.2 

. , . , . , .  

,  
  

) 
e-mail: solodov2010@gmail.com, solodow.m@yandex.ru, es.soboleva@mail.ru, koshelsg@ystu.ru 

 
,  

.  
. -

. 

: , , ,  

 
-

, -
,  

 [1].  
,  

, .  
, , -

, . 
 

,  
, -

 
 [2]. -

 
,  

,  
-

 [3].  
-
 

-
, -

.  
-

.  
.  

-
 

. 
 
 

3 
 1 2  

 2ChCl:1CrCl3 
(10 % . 2 ). -

, 
 4  

HCl. -

 40  60 °C  4  
14 2.  10 . 

,  
,  

,  
 

 [4].  
 

0,1  KNO3  2  2 . 
 
 

. 
-

, -
. -

 
 

 IPC-Pro 
 3 %  NaCl.  

.  
.  

 

  
 

Table. The results of polarization studies 
 ,  i , 2 

3 -500 0,3 
, 40  -447 0,25 
, 50  -375 0,12 
, 60  -468 0,2 

, 50 ,  -407 0,05 
 

-
, -

, -
 

. ,  
-

,  50 ° ,  



66   2014    57  .  12 
 
 
 

-
. ,  

 40 ° , , -
,  50  60 ° , -

 
, -

 
. 

. 1  
 

-
. ,  

 
,  

, -
 2 -

. 
 

 
. 1. ,  3%  NaCl 

 1 -
,  2ChCl:1CrCl3 (10 % . 

H2O) : 1 - 3; 2 - =60 ° ;  
3 - =40 ° ; 4 - =50 ° ; 5 - =50 °    
Fig. 1. Polarization curves obtained in the 3% NaCl solution at the 
scan rate of 1 mV / s for the chromium-coated steel obtained from 
2ChCl: 1CrCl3 (10% wt. H2O) under various conditions: 1 - the 

St3 steel; 2 - T = 60 °C; 3 - T = 40 °C; 4 - T = 50 °C; 5 - T = 50 °C 
and additional processing 

 
. 2  

 
3  3 %  NaCl -

 10 . 
,  

 
, -

. , -
 

,  
, -

,  -
 

. ,  
 
 

. 
 

 
. 2. ,  3%  

NaCl  10 : 1 - 3;  
2 - ; 3 - -

 
Fig. 2. Anodic dissolution curves obtained in the 3% NaCl solu-
tion at a scan rate of 10 mV/s: 1 - St3 steel; 2 - chromium-plated; 

3 - chromium-plated after additional processing 
 

,  
-

.  
, 
-

.  50-60 °  
 5-8 2 -

. , -
=50 °  i=6 2 , -

 
. , -

-
 

. 
 

, , -
, 
-

 (i =1,8 
2). -

-
, , -

-
-

. 
 

1. ., ., ., -
. // . . . . 2006. 

T. 49. . 2. . 81- 84; 



  2014    57  .  12 67 
 
 
 

Mzhachikh E.I., Sukhareva L.V., Yakovlev V.S., 
Vigdorovich V.I. // Izv. Vyssh. Uchebn. Zaved. Khim. 
Khim. Tekhnol. 2006. V. 49. N 2. P.81-84 (in Russian). 

2. ., . . .: -
. 1978. 104 .; 

Cherkez M.B., Bogorad A.Ya. Chromium-plating. L.: 
Mashinostroenie. 1978. 104 p. (in Russian).  

3. : -
.  .  1.  /  .  .  .  .:  -
. 1985. 240 .; 

Electroplating in mechanical engineering Handbook. V. 1. 
Ed. M.A. Shluger. M.: Mashinostroenie. 1985. 240 p. (in 
Russian). 

4. Abbott A.P., Capper G., Davies D.L., Rasheed R.K., 
Archer J. // Trans. Inst. Met. Finish. 2004. V. 82. P. 14. 

 
 

 
 
 
 
 
 

 

 541.67 

. *, . ** 

  
  

 

(*  ( ), 
** ) 

-mail:msychov@yahoo.com 

 
 

- , -
. -

 
. 

: , , , -
,  

-
 

(printed electronics) [1]. , -
, 

, , -
, -

 [2]. -
 
 

.  
-
-

,  
,  

-
 [3],  

.  [3-7] -
, -

 
-

,  
-

. -
-
 

-
, -

, . -
,  [8,9]  

-
, -

-
 (  

), -
.  

 
-

.  
-
 



68   2014    57  .  12 
 
 
 

 7738-65) (  
   

 6-02-101-90(1) ( ,  
. -

 –  BaTiO3  
 09-3963-75)  

-1 (  20419-83),  89 
% BaTiO3  (  

) CaZnO3, Nd2O3, Nb2O5, ZnO  MnCO3, 
, -

 
.  

-
 ( , -

,  
-

   
- . -

-
-
-
 

(pKa)  -5  14  [10]. 
-

 2. 
-
-

 6433.4-71  
 ( -

 ) -
 ~50 -

 8-4 (  1 ). 
 

 0 c  10% -
-40   25% -

. -
-

 200 .  
-40 -

 0,  
 

 ( . 1). -
.  

. 2 -
-

. -
-1 -

 qpKa ( -
) 3,   

 (Zr, Nb, Ca), -
-1  ,   

 
 [11]. -

-1 -  

 
. 1.  

-40  
-1, BaTiO3 . 1– BaTiO3 -40; 2– -1-

-40; 3– BaTiO3- ; 4 – -1- ; 5 –  - -40 
Fig. 1. Dependences of limiting shear stress of suspensions based 
on solutions of SKN-40 and acrylic-amide resin on the filling with 
BC-1, BaTiO3 and BTSN. 1– BaTiO3-SKN-40; 2– -1-SKN-40; 

3– BaTiO3- ; 4 – -1-AR; 5 – BTSN-SKN-40 
 

 
. 2. -

. 1– BaTiO3; 2 – -1; 3 –  
Fig. 2. Distribution of acid-base sites on the surface of ceramics. 

1– BaTiO3; 2– -1; 3 –BTSN 
 

,  
  -

 (  2,5).  -
-1  

 (  7,3) 
 Zr  

 Nb . ,  
 (  10,5,  12)   

-
. -
, -

 0  2,4  -
 2,0  1,3 -1 -

.  .  2  ,  -



  2014    57  .  12 69 
 
 
 

3  
, -

 ( )   -4,4, -
 ( )  2,5. -

, , ,  
.  

 
,  

 
. 

, -
, -

 ( . 3).  
 

 
. 3. -

 
. 1–BaTiO3; 2 – BaTiO3  
; 3 – BaTiO3 -40 

Fig. 3. The distribution of acid-base sites on the surface of barium 
titanate before and after treatment with acetone and the solution of  

rubber in acetone. 1– BaTiO3; 2 –BaTiO3 after treatment with 
acetone; 3 – BaTiO3-SKN-40 

 
 

-40)  
 (BaTiO3,  -1 ) -

 –  
, 

 2…5 
.  

 -0,3…1,3  5…7,3 , 
. , 

-
 

-
 C-H [12].  

 
. -

 , -
-

 (  
). -

  -4,4 

-
  2,0…3,5. ,  

 
 

  -4,4 -
 C-H. , -

-
 
 

. 
 – 

-
-26 (  

 26%), -
  2,0…3,5  1,6 

, -40 
 54%) – 

 2,7 , .  69% 
.  

,   
, , 

,  
.  

 
-
-

.  
-40 -

-
.  

 , -
 

-40 ( . 4).  
 

 
. 4. -

. 1– -1- -40; 2– BaTiO3 -40; 3– -
1- ; 4– BaTiO3- ; 5–  - -40; 6 –  

Fig. 4. The dependence of the dielectric constant of the compo-
sites on the composition. 1– -1-SKN-40; 2– BaTiO3-SKN-40; 
3– -1-AR; 4 – BaTiO3-AR; 5 – BTSN-SKN-40; 6 – BTSN-AR 

 



70   2014    57  .  12 
 
 
 

,   
3 < 

-1  <  .   
 -

4,4  2,0…3,5 (  ), -
 ( . 2).  

-
, -

. 4 -
,  
 [13]: 

kkk
2211 ,          (1) 

 1, 2 – -
, -

, 1, 2 – ; k – , -
,  

.  
. 

4 , -
, . -

,  
. -

-
 (0,95~0,99).  

 k ,   
-
. 

. 5,  k  
 

-
, -

.  ,   
-40 -

-
 

. -
-40 -

 
,  

-
, -
 ( . 1). 

 
-40  

.  
,  

-
 k , -

 
-

, .  
,  , -

-
-

. -
-

 – -
 

[3],  (1) -
: 

a + b*  = 1 1
a + b*  + 2 2

a + b* ,         (2) 
 a  b – -

. 5.  
-

, .  
, -

, -
 

-40 , 
. -

 
.  

 

 
. 5.  k  

. 1- k ; 2- k  
Fig. 5. The dependence of the k parameter in the Lihteneker’s 

formula on the surface properties of fillers. 1 – k SKN; 2 – k AR 
 

-
-
 

.  
,  

 -1 -
-

, 55%, -
 50% -

. -
 
 
 

k, .  
 
 
 

. 

1 

2 

 



  2014    57  .  12 71 
 
 
 

,  
,  

-
,  

,  
 

.  
 

-
-1  

,   
 

 C -40 . -
,  

 – -
. 

 
-
-

 ( -
) .  

 
-

, -
 
 

.  
 

1. Cho S., Lee J., Hyun J., Paik K. // Materials Science and 
Engineering: B. 2004. V. 110. N 3. . 233-322. 

2. , , ., -
., . //  .  2013.  .  86.   4.  .  630-

634; 
Cheremisina O.A., Sychyov M.M., Sirotinkin N.V., 
Sviridova T.L., Popov V.V. //  Rus.  J.  App.  Chem.  2013.  
V. 86. N 4. P. 587-601. 

3. Sychyov M., Syrkov A., Nakanishi Y., Hara K., 
Kominami H., Mimura H. // Smart nanocomposites. 2013. 
V. 4. N 2. . 51-57. 

4. ., ., . // 
. . 2007. . 49. 

 3. . 139-144; 
Starostina I.A., Burdanova E.V., Kustovskiy V.Ya. // 
Vysokomolecularnye soedineniya. Ser. C. 2007. V. 49. N 3. 

. 139-144 (in Russian). 
5. ., .,  P.M. // -

. 2007.  5.  
. 32-34; 

Starostina I.A., Stoyanov O.V., Garipov R.M. // Lakokra-
sochnye materialy i ikh primenenie. 2007. N 5. . 32-34 (in 
Russian) 

6. ., ., . // . 
1991. . 64.  10. . 2107-2110; 
Stepin C.N., Bogatov F.R., Svetlakov N.V. // Zhurn. Prikl. 
Khimii. 1991. V. 64. N 10. P. 2107-2110 (in Russian) 

7. . // . . 2008. . 82.  10.  
. 630-634; 

Ryazanov M.A. // Zhurn. Fizich. Khimii. Ser. A. 2008.  
V. 82. N 10. P. 630-634 (in Russian) 

8. ., ., . //  .  
. 2006. . 80.  4. . 1200-1204; 

Alekseev S.A., Korsakov V.G., Sychyov M.M. // Zhurn. 
Fizich. Khimii. Ser. A. 2006. V. 80. N 4. P. 1200-1204 (in 
Russian). 

9. Myakin S.V., Korsakov V.G., Panova T.I., E.A. Sosnov, 
Fomchenkova, Yu.C., Sychov M.M., Shilova O.A. // Glass 
Physics and Chemistry. 2011. V. 37. N 6. P. 624-628. 

10. ., ., ., -
., ., . // . 2002.  

. 76.  9.  1625-1628; 
Cheremisina O.A., Sychyov M.M., Myakin S.V., 
Korsakov V.G., Popov V.V., Artsutanov N.Yu. // Russ. J. 
Phys. Chem. 2002. V. 76. N 9. P. 1472-1476. 

11. Sychyov M.M., Zakharova N.V., Myakin S.V. // Ceramics 
International. 2013. V. 39. N 6. P. 6821-6826. 

12. ., ., . //  
. . . 2012.  15. . 172; 

Baranova N.V., Pashina L.A., Kostochko A.V. // Vestnik 
Kazan.Tekhnolog.Univers. 2012. N 15. P. 172. (in Russian) 

13. Chao F, Guozheng L, Kong W, Zhang Z, Wang J. // 2008.  
V. 60. N 1. P. 129-136.  

 
 

 
 

 



72   2014    57  .  12 
 
 
 

 665.109 : 54.549 
. , . , .  

  
 

) 
-mail: razgovorov@isuct.ru 

 
. 

, , -
, , -3, .  

: , , , ,  

 

 
-
 

 [1], ,  ( ) -
 [2,3],  

,  
 [4].  

-
 

: -
 
 

 [5]. -
, -

, -
 – 

 [6,7],  
-

. -
-

 ( )  
 

,  
-

, -
 – 

,   (SiO2),  
.  

 

-
 « »  

 « » ( ), -
,  

-2.0  CuK . 
-

 « » . 1. 
 (  3-

8°,  2  2.94°, 3.42°  7.12° – 

)  
-

 « » – 
. , -

 
 « » . 2. 

 
», , 

 « »  
 (  26.6°  20.86°)  

:  2  
= 12.34° . 2  – -

. 1. , -
 ( )   

 « » (  2  
31°)   « »   

 
(2 =8.86). -

-
, , , 

3
+. ,  

-
 ( ) -

-
. 

 

 
. 1.  

 « » 
Fig. 1. X-ray pattern of natural blue clay of OOO 
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Table 1. Changing the acid number of linseed oil at 
treatment with blue clay of OOO NPF "MedikoMed" at 

room temperature 
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: 1 – 0,50 %, 2 – 1,00 %, 3 – 3,00 % 

Fig. 3. Curves of free fatty acids extraction from linseed oil on a 
blue clay of NPF "MedikoMed" at room temperature: 1 – 0,50 %, 

2 – 1,00 %, 3 – 3,00 % 
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Table 2. Changing the peroxide number of linseed oil 

(5.1 mmol ½ O2/kg) during processing with blue clay of 
NPF «MedikoMed» at room temperature 
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room temperature: 1 – 0,50 %, 2 – 1,00 %, 3 – 3,00 % 
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Table 1. Data of 13C -NMR spectroscopy of N,N-diallyl-

aminoethane acid in D2O  
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Fig. 1. 13C-NMR  of N,N - diallylaminoethane acid 
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 : , 
.  

],  
0.5  
NaCl 

 
],  

0.5  
NaCl 

 1:0 0.45* 
1.29**  0.45* 

1.29** 
 

70:30 
0.9:0.1 0.25  0.88 
0.7:0.3 0.14  0.79 

 0.5:0.5 0.10  0.77 
 0.3:0.7 0.08  0.43 
 0.1:0.9 0.07  0.321 
 0:1 0.07  0.25 

: *  t = 25 ° ; ** -
 t = 25 °  

Note: *in dichloroethane at t = 25 ° ; **in chloroform at t = 
25 °  

 
-

 ( . 2) ,  
1 ( )  2 ( -

)  
. -

 r1r2  
 

.  
 

]= 1·10 -2 ,   t  = 65 °  
 (q<5%) 

 r1 r2 r1r2 r1 /r2 
 1.3±0.0087 0.423±0.001 0.55 3.07 

. 3 , , -
,  

-
: 

CH2

CH2

CH2

CH2

N

O
C=O

CH3

CH2

H
C=O

O

__ ___ __ _

+

_

_

m
CH2

n

_CH CH CH2
__

z
,

 
 0.1  m  0.9; 0.1  n  0.9; z = 100 312 

 

 
. 3.  

. [ ]= 1·10 -2 ,   t = 65 °  
Fig. 3. The dependence of the copolymer composition on the 
composition of the initial monomer mixture of VA: DAAU . 

[PSA] = 1·10 -2 mol / l, t = 65 °C 
 

-
 [34],  

,  
. . 4 -

-
 ( 2)  

. . 4 
 

,   
 

. ,  
,   

.  
, -

-
. -

, -
-



80   2014    57  .  12 
 
 
 

 ([ ] = 0.5·10-3 – 1.0·10-2 
)  0.5, 

-
. 

 

 
. 4. -

 [M2] -
 [ ]= 1·10-2 

,   t = 65 ° , [M1+M2]= 2  
Fig. 4. The dependence of the initial rate of the copolymerization 
of BA-DAAU  [M2] on the composition of the starting mixture 
of monomers in an aqueous medium in the presence of [PSA] = 

1·10-2 mol / l  at t = 65 °C, [M1 + M2] = 2 mol/l s 
 

 (  
-

 [M1+M2]=1.5 3.5 ) -
 1.2, -

. 
 13 ,  

-
-
-

,  
, -

-
 [35,36], -

 > <  40.0 .;  + CH3  
51.6 .; + CH2(2,5)  63.6 .  

 
,  

,  ,  -
, , . -

 t=80° , -
 0.5   

. 
, -

 N,N- -
-
-

,   
. 

 N,N-  
 

-
-

. 
 

1. ., .  
. .: . 1975. . 224.  

Kabanov V.A, Topchiev D.A. Polymerization of ionizing mono-
mers. M.: Nauka. 1975. P. 224 (in Russian). 

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

: , -
. . . 1997. . 240; 

Topchiev D.A., Malkanduev Yu.A. Cationic polyelectrolytes of 
poly-N, N-dialkyl-N, N-diallylammonium halides: Features of the 
formation, properties and applications. Nalchik. KBSU. 1997.  
P. 240 (in Russian).  

3. Solomon D.H. // J. Macromol. Sci. Chem. A. 1975. V. 9. N 1.  
P. 97-113. 

4. ., ., . // 
. . 1964. . 6.  5. . 926-928; 

Ostroverkhov V.G., Brunovskaya L.A., Kornienko A.A. // 
Vysokomolek. soedineniya. 1964. V. 6. N 5. P. 926-928 (in 
Russian). 

5. ., ., .,  
. .// . . 1963. . 5.  6. . 854-860; 

Matsoyan S.G., Pogosyan G. ., Dzhagamyan A.O., 
Mushegyan A.A. // Vysokomolek. soedineniya. 1963. V. 5. N 6. 
.P. 854-860 (in Russian). 

6. ., ., . // . . 
. . C . . . 1964. . 17.  1. . 62-68; 

Matsoyan S.G., Pogosyan G. ., Zhamkochyan G.A. // Izv. AN 
Arm.  SSR.  Ser.  Khim.Nauk.  1964.  V.  17.  N  1.  P.  62-68  (in  
Russian). 

7. ., ., . // -
. . . 1970. . 12.  9. . 2042-2045; 

Sherbina F.F., Fedorov I.P., Gorlov Yu.I. .// Vysokomolek. 
Soedineniya. A, 1970. V. 12. N 9. P. 2042-2045 (in Russian). 

8. Zubov V.P., Vijaga Kumar M., Masterova M.N., Kabanov 
V.A. // J. Macromol. Sci. Chem. A. 1979. V. 13. N 1. P. 111-131. 

9. Murzabekova T.G., Begieva M.B., Malkanduev Yu.A., 
Topchiev D.A. New ways in synthesis of Macromoleculare cation-
ic Polyelectrolytes based on N,N-Diallylamines.// 2nd IUPAC 
Sponsered International Symposium Santa-Margherita Ligure 26-
31 May. 1996. Prep. Book. . 148. 

10. Malkanduev Yu.A., Begieva M.B., Butaeva R.J., Murzabekova 
T.G.,Topchiev D.A. New ways in synthesis of Macromolecu-
lareationicPolyelectrolytes based on N,N-Diallylamines. // 36th 
IUPAC International Symposyum on Macromoleculs. Seol, 4-9 
August. 1996. 

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

. . . . . 2003. . 258; 
Malkanduev Yu.A., Begieva M.B., Murzabekova T.G., 
Topchiev D.A. .// Abstracts of Mendeleev Congress on General 
and Applied Chemistry.  Kazan. 2003. P. 258 (in Russian). 

12. ., ., .,  
., ., . // . -

. . 2005. . 47.  6. . 916-933; 



  2014    57  .  12 81 
 
 
 

Timofeeva L.M., Kleshcheva N.A., Vasilieva Yu.A., Gromova 
G.L., Timofeeva G.I., Filatova N.A. // Vysokomolek. 
soedineniya. A. 2005. V. 47. N 6. P. 916-933 (in Russian). 

13. Butler G.B., Bunch R.L. // J. Amer. Chem. Soc. 1949. V. 71.  
P. 3020-3122. 

14. Butler G.B. // J. Amer. Chem. Soc. 1967. V. 8. P. 35-38. 
15. Butler G.B., Raymond M.A. // J. Polym. Sci. A. 1965. V. 3. N 10. 

P. 3413-3420. 
16. Butler G.B., Kimura S. // J. Macromol. Sci. Chem. A. 1971. V. 5. 

N 1. P. 181-209. 
17. Butler G.B. // Jn: Encyclopedia of Polymer Science and Technol-

ogy. Eds.Mark H.F., Caylord N.G., Bicales N.M. New-York: Jnt. 
Sci. 1966. V. 4. P. 568-598. 

18. McCormick C.L., Butler G.B. //  J.  Macromol.  Sci.  Revs.  
Macromol. Chem. C. 1972. V. 8. N 2. P. 201-233. 

19. Solomon D.H. // J. Macromol. Sci. Chem. A. 1975. V. 9. N 1.  
P. 97-113. 

20. Butler G.B., Crawshaw A., Miller W.L. // J. Org. Chem. 1960. 
V. 25. N 2. P. 309-310. 

21. Brace N.O. // J. Polymer. Sci. A-1. 197. V. 8. N 8. P. 2091-2102. 
22. Julia M. // Chem. Eng. News. 1966. V. 44. P. 100-102. 
23. Devlin . . 3057833 (1962). . 1964. 8. . 286. 
24. Clampitt B.H., German D.E., Gaily J.R. . 3057833 (1962). 

. 27,515(1958). 
25. ., . -

. . 1978. . 392; 
Rabinovich V.A., Khavin Z.Ya. Short chemical handbook. M: 
1978. P. 392 (in Russian). 

26. . 248045. 2012; 
BegievaM.B. RF Patent 248045. 2012 (in Russian). 

27. .  2439086. 2012; 
BegievaM.B. RF Patent 2439086.2012 (in Russian). 

28. .  2466148.2012; 

BegievaM.B. RF Patent 2466148.2012 (in Russian). 
29. . .  .  .  .  .  1983. 

189 . 
Nazhmetdinova G.T. Diss., PhD. Chem.Science. M. TIPS. 
Academy of Sciences of the USSR.1983. P. 189 (in 
Russian). 

30.  3497478. 1970; 
US Patent 3497478. 1970 (in Russian). 

31. Smidt H., Smidt-Naake G., Berger W. Eintlus des Losungmittels 
auf die Bruttokinetik radikalischer Copolymerisationen. // 
Kurzvortr. Sowie Postervortr./ Chem.Ges.DDR.Karl-Marx-Univ. 
Leipzig.Akad. Wiss.DDR. Zentralinstorgan.Chem.[Btrlin].s.a. 
P. 179  

32. ., ., . //  
. 2001.  10. . 32-39; 

Sivtsov E.V., Lavrov N.A., Nikolaev A.F. // Plasticheskie massy. 
2001. N 10. P. 32-39 (in Russian). 

33. . .  
. . . 1964. 320 .; 

Gladyshev G.P. Polymerization of vinyl monomers. Academy of 
Sciences of the Kazakh SSR. Alma-Ata. 1964. 320 p. (in 
Russian). 

34. ., ., ., ., 
., . //  .  .  .  

2008. . 50.  6. . 1092-1097; 
Vorobieva A.I., Sagitova D.R., Aleev I.R., Volodin V.P., 
Prochukhan Yu.A., Monakov Yu.B. // Vysokomolek. 
soedineniya. B. 2008. V. 50. N 6. P. 1092-1097 (in Russian). 

35. Lancaster L.E., Bassei L., Panzer H.P. // J. Polym. Sci. 1976. V. 
14. P. 549-554. 

36. Ottenbrite R.M. Shillady.  Ring size of Cyclopolymerized N,N-
Dialkyldiallylammonium Galides. Ed. E. J. Goethais. Oxford. 
1980. P. 143-153. 

 
 

 
 
 
 
 
 

 621.928 
. , . , . , .  

 

,  
) 

e-mail: mizonov46@mail.ru 

 
. -

-
. -

, .  

: , , ,  

-
-

, ,  
. -

,  
,   

. -
-
 

, -
 

.  



82   2014    57  .  12 
 
 
 

, -
, -

 (  
) . -

-
-
, 
-

. , -
-

,   
, , -

 [1]  
, -

 
 [2], -

,  
, – -

 [3,4].  ,  -
-

,  
-
 

-
.  -

,  
,  

.  -
,  

. 
. 

. , -
,  

 h .   
 

, -
 

. , 
,  

, -
.  

, -
. 

.  1 -
,  m  

 x=h/m. -
,  

-
.  

 tk=(k-1) t,  t – 
,  k – -

 ( ).  
-

, ,  
. -

. 1 . -
 

. , 
 

,  
, , , 

.  
 ( ) 

 d -
 v,  ( . 1 ).  

-
 d=D t/ x2  

v=V t/ x,  D – ,  
V – . 

 

         
                                                             

    
 

. 1.  ( ),  ( ) 
 ( ) 

Fig. 1. Computational scheme of the process ( ), its cell model 
), and parts of fraction transiting from a cell ( ) 

 

 
-

 Fk  m×1. 
 (  

)  
 

Fk+1=G* Fk,          (1) 
 G –  (  

),   
 [2] 



  2014    57  .  12 83 
 
 
 

k
1
k k
1 2

k
2

k
m-1

k
m-1

1-d-v d
d+v 1-2d-v

d+v=
... ...

1-2d-v d
0 0 d+v 1-d

k

0 ... 0 0
... ... 0 0

0 .. ... 0 0
... ... ... ...

0 0 ... ...
0 0

G , (2) 

,  
, -

,  
. 

,  
, , -

 
 v0, -

 
 ( ). 

,  
 

-
,  

vj
k=v0(1 – Fj+1

k).                          (3) 
,  

). 
,  

 
-

, .  
 

.  
 

 Fk  G  
 vf -

,  
qk+1=Fm

k+1vf,          (4) 
 

Fm
k+1:= Fm

k+1(1 – vf),  (5) 
 := – . 

 (k+1) 
 

k+1
k+1 k+1

0
Q = q ,                          (6) 

 
, -

, -
 

k+1
k+1

0

Q=
Fm

,                       (7) 

 F0 – -
,  

. 
 (1)-(7)  

. -

-
. .2  

 
 

(v=const)  d=0,2; v0=0,2; 
vf=0,02; F0=0,8. 

 

 
 

 
 

. 2.  
 ( )  ( )  

Fig. 2. Evolution of fine fraction content distribution on the layer 
height on the linear (a) and non-linear ( ) model 

 
, ,  

 
, -

,  
,  

. -
,  

(3).  
, , -

.  
 

, , 
-

. -
.3 , -

, ,  
. 2, . -

, -
.  

 80%  2 . 
-

, -
. . 3 , 



84   2014    57  .  12 
 
 
 

 
 

 
 

. 3.  (1)  
 (2)  

Fig. 3. Comparison of extraction kinetics on the linear (1) and 
non-linear (2) model 

 

 k50 – -
-

. , 
 

,  
 

. -
 [3] , -

,  -
. 

,  
-
 

,  
.  

 

1. . // . . . . 
2009. . 52. . 3. . 109-114; 
Bobkov S.P. //  Izv.  Vyssh.  Uchebn.  Zaved.  Khim.  Khim.  
Tekhnol. 2009. V. 52. N 3. P. 109-114 (in Russian). 

2. Berthiaux H.,  Mizonov V.,  Zhukov V. // Powder Techno-
logy. 2005. V. 157. P. 128-137. 

3. ., ., . // -
. 2008.  5. C. 33-35; 

Ogurtsov V.A., Fedosov S.V., Mizonov V.E. // Stroitel'nye 
materialy. 2008. N 5. P. 33-35 (in Russian). 

4. ., ., ., -
. // . . . . 2012. 

. 55. . 9. . 94-96; 
Barantseva E.A., Krupin S.V., Mizonov V.E., Shelato-
nova K.A. //  Izv.  Vyssh.  Uchebn.  Zaved.  Khim.  Khim.  
Tekhnol. 2012. V. 55. N 9. P. 94-96 (in Russian). 

 
 

 



  2014    57  .  12 85 
 
 
 

 66.011:678.74.4.33 
. , . , .  

  
 

) 
e-mail: piaxt@isuct.ru 

-
, -

.  
-

. 
: , , , ,  

-
 

, -
 

. -
, -

-
-

. 
,  

-
, -

, -
 [1-3]. 

 
 

: 
0k RJbIa i ,   (1) 

 a,  b  –  ,  ki – 
, -1. 

 
:  

0
1

k0 RR ,    (2) 
 k  – -

, /( ). 
 

, -
,  

 Wi,  
 ki,  I, J  

 fi, -
, -

: 
ba

iii JIkfW .  (3) 
  

0
n

k0
1 RnR ,                 (4) 

 k  – , /( ).  
 ( -

) 
mn

k0
m

0
n PRR tr ,   (5) 

 
mn

k0
m

0
n PPRR td ,                (6) 

 ktr,  ktd – -
-

, /( ). 
-

,  [1],  
, 

. ktr=0. 
 

, , ,  
. -

 
 

.  [1] -
,  

 
 k =(0,79 - 7,8)·10-5 . 

-
-
 

.  
 4,12·10-4  25 °  

2,63·10-3  40 °  [1]. 
-

: -
 [1], -

. 
, -

 
 

0
n

k0
n PR .                 (7) 

-
, , -

-
 ( ) : 

;JIkbdJ/d
;JIkadI/d

ba
i

ba
i  

        ;)k(k/d 0Mp  



86   2014    57  .  12 
 
 
 

;kk/dd

);(k)2(k
kW/dd

;kk

kkW/dd
;kW/dd

0M
2
0td0

20M10p

20tdi2

1M0M

0p10tdi1

2
0tdi0

         (8) 

;kk/dd

kk/dd

2M20td2

1M10td1 ;  

,  
 

: 
0(0)= 1(0)= 2(0)= 0(0)= 1(0)= 2(0)=0, 

(0)= 0, I(0)=I0, J(0)=J0,                   (9) 
k,  k – -

 k- -
, ; C –  

, ; I, J – -
: -

, , .  
-

, -
 nM  WM  
, -

 k  [4]. 
 
 

(kt/kp>100) [4],  (8) . 

;)k( M 0p

ba
i

ba
i

k/
;JIkbdJ/d

;JIkadI/d
 

0M
2
0td0 kk/dd C ; 

;C
;C

2M20td2

1M10td1

kk/dd

kk/dd  (10) 

0,5
tdi0 )/k(W ; 

)CM0td0pi1 k)/(kCk(W ; 
)k)]/(k2C(k[W M0td10pi2 C . 

 
-
-
, 
-

. 
 
 

 [1,2,5]: 
T))11700/(Rexp(100,8k 7

p ;        (11) 
)T)11700/(Rexp(106,8k 110

td ;     (12) 
T))42000/(Rexp(101,039k 8

i ;    (13) 
.T))00/(R234exp(0,117kM            (14) 

 [5], -
 

, ,  
-
 

kp/ktd
0,5, -

. 
, -
, -

,  
: 

20
tdtd X122,211//kk ,                   (15) 

m0
ii Xc1/1f/f ,                       (16) 

t2,04m ,                                  (17) 
,e107,418t23202t395,0121767c t140,53 (18) 

0/C1X ,                                 (19) 
 t – , ° ,  – -

, . 
 

 
 

 
 

. -
:  - : 1 – 25 ° ;  

2 – 35 ° ;  - : 1 – 20 ° ; 2 – 30 ° ; 3 – 
40 ° ; : 4,4 10-3 ;  

: 3,2 10-3  
Fig. The concentration of acrylamide vs polymerization time: a - 
process temperature: 1 – 25 ° ; 2 – 35 ° ;  - process tempera-
ture: 1 – 20 ° ; 2 – 30 ° ; 3 – 40 ° ; the concentration of potas-
sium persulfate is 4.4 10-3 mole/l; the concentration of sodium 

thiosulfate is 3.2 10-3 mole/l 
 

 
, -

-
-



  2014    57  .  12 87 
 
 
 

.  
(20÷40) ° .  ( ) 

 ( ) -
 4,4·10-3  3,2·10-3 . -

 
,  – . 

-
,  

 6  %, -
 

. 
 
 
 

: 
)/()(P 0011n .              (20) 

 

 
   

 
Table. The values of polyacrylamide number-average 

molecular weight  

 
  

 
6

n 10  

-
 

, %
 

t, °  I·103, 
 

J·103, 
   

1 20 4,4 3,2 1,35 1,26 6,7 
2 25 4,4 3,2 1,72 1,605 6,7 
3 30 4,4 3,2 1,77 1,87 5,3 
4 35 4,4 3,2 1,43 1,58 9,5 
5 40 4,4 3,2 1,25 1,188 5 
6 30 1,1 3,2 1,82 1,99 8,5 
7 30 2,2 3,2 1,805 1,95 7,4 
8 30 3,3 3,2 1,79 1,89 5,3 
9 30 4,4 4,8 0,93 0,813 12,6 

10 30 4,4 6,4 0,73 0,71 2,7 
 

-
-
 

 25 ° .  
 [1]: 

0,664106,8 ,                      (21) 

 [ ] – , 3 , – 
. 

 
-

,  
. 
-
-

 12,6 %. 
, -

-
-

, -
. 

-
 ( 14-08-31273 ). 

 

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

. . . . .: . 1992. 
192 .; 
Abramova L.I., Baiyburdov T.A., Grigoryan E.P., 
Zilberman E.N., Kurenkov V.F., Myagchenkov V.A. 
Polyacrylamide. Ed. V.F. Kurenkov. .: Khimiya. 1992. 192 p. 
(in Russian). 

2. . . . -
. .: . 1973. 312 .; 

Vinyl monomers polymerization. Ed. D. Hem. .: Khimiya, 
1973. 312 p. (in Russian). 

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

. 2012. . 55. . 12. . 114-117; 
Rumyantseva Yu.V., Kuznetsov R.E., Mudrov A.N., 
Ageeva T.A., Koifman O.I. // Izv. Vyssh. Uchebn. Zaved. 
Khim. Khim. Tekhnol. 2012. V. 55. N 12. P. 114-117 (in 
Russian). 

4. ., . -
. .: , 1988. 685 .; 

Baiyzenberger J. ., Sebastian D.H. Engineering problems of 
polymer synthesis. .: Khimiya. 1988. 685 p. (in Russian). 

5. ., ., . // 
. . . . 1978. . 20.  10. . 2331-

2337; 
Zilberman E.N., Abramova L.I., Nekrasova T.A. // 
Vysokomol. Soedin. Ser. . 1978. V. 20. N 10. P. 2331-2337 
(in Russian). 

 
 



88   2014    57  .  12 
 
 
 

 66.023:519.86 

.  

 «   
 + 1 2»   

. . ) 
e-mail:lucheyko_igor@ukr.net 

-
, -

. ,  
-

. -
 ( =0) . -

-
-

 | |max <<1.  

: , , -
, ,  

 

-
 
 

.  
-

. -
 

, -
, -

 
[1-4].  

-
, -

:  
)  ( , CSTR [1]).  

,  
. 
-

, .  
. -

,  
. 

 ( ) 
-
-

 [5-9]. 
 [7-12],  

-
,  -

 [7-9]  
 [10]. , 

-

 –   
-

 [2]. 
 – -

 
 “ 1 2 ”, 

-
; -

. 
 

, -
 – -

-
 [9] ( )  

1
1 1 1 2

2
2 1 2

1 0 0

( )
( / )

( )
( )

0, 1, , ,i i i i

d c V c v c v V w w
d

d c V c v V w w
d

c v V w w c c
 

(1)

 
 1 1 01 ,  i=Ci/C01  – -

1  Ai  
; 0/ , 0/  –  

; 
0V/VV – ; in

iii ckw  – c -
-

 Ai  (ni, 1n
010ii i)C(kk 0 – 

 
);  – -

-
 A2; 0/  –  .  -



  2014    57  .  12 89 
 
 
 

: i=1; 2 – , 0 – -
, * –  ( . 

).  
 “ -

” [7] ( ) -
, -

 ni, k0i, 
–  

 0=V0 0 [11]  
1 2 2

2 2 1

1
01 0 02 0 0 1 0 2 0

0 1 0 0 0 1 2

1
0 0 01 02 0 0

/ , / / ,

/ / ,

n n n

n n n
k

k c k x x a c a x

x a A y x c a A

k k x c    

(2)

 
 x0=1-c01 1-c0 y0c0 –  A1; 

ãi ai/ni=ni
-1

iw0 0i 0 – -
 ni=1 -

 “ ” -
 ( ) [7,10,11]; Ãi=1+ãi – 

 “  +i  
”; Ã=1+ã1+ã2 – -

; 0k f( 0) –  
( ok(ni=1)=y0*). 

 
 1 )(),(c),(ki  

1V)(  [9] 

1 2
1 2 1

1 2 0 0

( )
( ) ( ) ( ) ( )

0, 1 ,

d c c
v c c v c

d
c c c x  

   (3) 

 11 c~c , /c~c 22  – .  
1 =const,  )( , 

 “ ” [9,7] – -
 –  

 
1 2 0 1 0 2 1( ) ( ) 1 ( ) ( ) 0 1 ,c c c x c  (4) 
 1)c~/c~(1)c/c( i0ii0ii  – -

 ci . 
 

( )(fki
) -

 (1)  
1 2

1 2

11
1 1 1 2 2

2
2 1 1 2 2 1

1 0 2 0

1 ( ) ( )

( ) ( ) 1 .

0, ,

n n

n n

dc
k c k c

d
dc c k c k c c v
d

c c c x
 

(8)

 
-

. -
 “  +i- ”  

, -
-

 [5]: dki/d =-k (i)ki
di,  {di,k (i)} f( ) – 

 
. -

 di=1 [k (i)]=c-1. 
, ,  

-
 

 2- -4-  –  
 2,2'- -

 – -
 1- -

 1-  [6]. 
 

 0iii k/k  
10ii k/k [8, 9]  

1/(1 )

( ) 0

( )

1 (1 ) ( ) 1 ,

exp( ) 1 ,

id

i i i i

i i i

d k f d

k d
     (6) 

 
0

1
00

i

)i(
)i(

d
ikkk  –  -

. 
 (6),   di<1  

 ( i=0) -
 1

1 )i(ii k)d( ,  d i  1 – 
 (  i >> 

>> i)i(k/1 <<1). -

: 1)  2 < 1 , -
 2 -

; 2)  21 , ,  
, -

 “ ”  
. 

 ((1- i)<<1)  
 (6) -

 )(fk )i( 0 , 
-

 [7,9] 
)i()i(k)i(i kk1 <<1, 

 110 iii)i(k )k/k(  – -
 ik  . 

,  )i(k =k0i
di-1k (i) 0 – 

 (7),  
 )i(i)i( kd/w   

 i  
.  

: k0i –
; di,  k (i) –  ;  0 – . 

 (7)  di=0 (6). 
 )i(k ,  

 (7),  – 



90   2014    57  .  12 
 
 
 

 – -
 

 
(8)

 
 max  (  

 max ~101…104  [5])   
 | =( 0)-

1|max <<1  )(  ( ). 
.  

 – -
 –  

 (7),  (5)  
 [7, 8] 

       (9) 
 ( ))n(ww iiiii 10 ,  

 (5)   (4)  
 “ ”  

, ,  
1 1 2

1 1 2 2 1 1 1 2
2

1

(1 ) (1 ) (1 )
1

0, 0,

d a a
a a a

d a
(10) 

 (10) 000 11 /kk pap , -1 – 
, , -

 [11]; iiioiiii a~nc/wnaa 00  – 
; )(a ii1  – -

 ( ) . 
,  (10)  

 (5) – )  22=4 -
 

{ni}=0;1, , -
: | k(i) 1=>| i 1. 

 “ ”  (7)  

1 1
1 2 1 1 2

2

1

( )
1

0, 0,

d a
A g g g g

d a

   
(11) 

 A=1+n1ã1+n2ã2 – -
 y0=ã1/(1+ã2); ii)i(iii aakg~ng  

.  (8)) – -
.  (11)  

{ni}=0;1, di=0.  )gg(A 21   
1  (  
gi>0) . 

. -
(11),  (13) -

-
 

1
1 1 0 2

1

( )

0, 0,

d
A g y g

d

                  
(12)

 

 

      
(13)

 
 (2)  

ã1=y0(1+ 0w)/ 0w, ã2=1/ 0w  (4)  2= 
=- 1/y0,  

0
2 1 2

0

1 ,w A
x

w

k A e
A       

(14)
 

 x=(x/x0)-1, =( 0)-1 (x=1-c1, =x/x0* –  -
 

); 1112 )k/k(  – -
-
; 

11 002010 ww )w/w(  – -
 

 –  A2;  -
0w 0w ,  0w 1 – -

). 
 (14)   (8)  -
 >>1=>A >>1=> 

    
(15)

 
 

1-   

0 0 11 1 ,x w ic k n    (16) 

 0w 0k/y0 y0*/y0,  
x(x0 [( 0k+1)x0-1] 1k . , -

0  
x0=k01/(k01+k02 0

-1) [11]  
-

,  x<0<=x0<(1+ 0k)-1 
 { 0k, 1k }=const. 

,  “ ” [8] 
x 0 ) -

 “ 1 2+ 
”: 11

2*01x

A
0

*x k)nyn)(1(lim
w0

. 

.  (14)–(16) ,  
-

 ( 01eA A ) 

2 02 1 01

2 02 1 01 1

2 02 1 01

0

0 1 ,

0

w

w

w

k w k w

k w k w c v

k w k w
(17)

 
 011 wk , 022 wk  – -

-
 A2 (  (7) 

= 1212 w/wk/k (w), .  
). 



  2014    57  .  12 91 
 
 
 

 
 (  – 

, (4):  
, . ,  

 –  “ -
”.  – -

, -
, –  

[7-9], .  
 (8)  

.  – “ ”, -
, =1  

. 
,  (17)  

 [9] -
 
 

.  
 ( 0w) -

=0 -
 

, -
-

.  
 (ã2 0,  0w ) 

,  
  

11
1 1 22

1

1 0 ,Ak
A e

A      
(18) 

 A1=1+a1=1+n1y0 –  “  + -
1 2”. 

 
(16) | |  =  f( )  1- -

 
[7, 9]  

 

  
(19) 

,  
| = x|max =const  x0=const  

max =  max 0 -
 

0w>1<=> >0 -
-

,  0w<1<=> <0 –  
. -

 ( -
) ,  “ -

” -
:  0w=1<=> =0. , -

,  “ ” -
.  

 

 

 

 210 310

0.1
4

max10110

10

2

3 4

max| | ,%

1
1

 
.  

max >>1  «  +   + 

»  
-
 

 ( 1k =10-5) -
 x0=75%  -

0w: 1 – 0w=10, 2 – 3  >0); 3 – 0w=1/10, 
4 – 1/3 ( <0) 

Fig. Nomogram for determination of a rational operation time 

max >>1 of a system “perfect-mixing flow reactor + reaction 

 + solid catalyst” on maximum-admissible magni-

tude of a relative deviation  of a product 
yield from nominal value owing to deactivation of the industrial 

catalyst ( 1k =10-5)  at the fixed degree of transformation  
x0=75%  of a reagent and various values of relation 0w: 1 – 

0w=10, 2 – 3  >0); 3 – 0w=1/10, 4 – 1/3 ( <0) 
 

 
-

 “  +  1 2 -
: -

x  ( -
)  

 
max (| |<<1)>>1 . 

-
 = 12 k/k  

 
0w= 0201 w/w  ,  

, 0w=> <0, 0w=> >0. 
0w=> =0  

 
. 

 
 1<< max << 

<< 11 k/ -
 | |max <<1  1-  

. 



92   2014    57  .  12 
 
 
 

 

1. . // . . . 2007. 
. 41.  1. . 16-34;  

Slinko M.G. // Teoret. Osnovy Khim. Tekh. 2007. V. 41. N 1. 
P. 16-34 (in Russian). 

2. ., ., . //  
. . . 2009.  8. . 3-17; 

Evdokimov D.V., Kochubeiy A.A., Polyakov N.V. // 
Visnyk DNU. Ser. Modeliuvannia. 2009. N 8. P. 3-17 (in 
Russian). 

3. . -
. :  « ». 2005. 

224 .; 
Samoiylov N.A. Modeling in engineering chemistry and cal-
culation of reactors. Ufa: OOO “Monografiya”. 2005. 224 p. (in 
Russian). 

4. . . -
: . . . : . 

2002. 320 .; 
Samarskiy A.A., Mikhaiylov A.P. Mathematical modeling: 
Ideas. Methods. Examples. M.: FIZMATLIT. 2002. 320 p. 
(in Russian).  

5. .  
. .: . 1989. 384 .;  

Zhorov Yu.M. Kinetics of industrial organic reactions. M.: 
Khimiia. 1989. 384 p. (in Russian). 

6. .  
 – , -

. . . … . 
: .  “ ”. 1993. 16 .;  

Lucheiyko I.D. Development of reactors for catalytic pro-
cesses in system liquid – solid accompanying with gas evolu-
tion. Extended abstract of the dissertation for candidate of 
technical sciences. Lvov. Gosud. universitet “Lvovskaia 
politekhnika”. 1993. 16 p. (in Russian). 

7. . //  .   “ ”.  2012.   6.   
. 145-151;  

Lucheyko I.D. //  Nauk.  visti  NTUU  “KPI”.  2012.  N  6.   
P. 145-151 (in Russian). 

8. . //  .  .  .  .  .  .  
. 2008.  14. . 58-65; 

Lucheyko I.D. //  Nauk.  zap.  TNPU  im.  V.  Hnatiuka.  Ser.  
Khimiia. 2008. N 14. P. 58-65 (in Russian). 

9. . //  .  .  .  .  .  .  
. 2012.  19. . 62-69;  

Lucheyko I.D. //  Nauk.  zap.  TNPU  im.  V.  Hnatiuka.  Ser.  
Khimiia. 2012. N 19. P. 62-69 (in Russian). 

10. Lucheyko I.D. // XIX Mendeleev Congress on General and 
Applied chemistry. V. 1: abstracts. Volgograd. 2011. P. 532. 

11. . // . . XIX  
. . . 1. . 2011. . 544; 

Lucheyko I.D. // XIX Mendeleev Congress on General and 
Applied Chemistry. V. 1: abstracts. Volgograd. 2011. P. 544. 

12. . . . III . .  
. . . 2013. . 155-158; 

Lucheyko I.D. // Absracts of presentations of III Int. Conf. 
on Chemistry and Chemical Technology. Yerevan. 2013.  
P. 155-158. 

 
 

 
 
 
 
 
 



  2014    57  .  12 93 
 
 
 

 66.011 
. , .  

 
 

,  
) 

-mail: balunovai@ystu.ru 

 
. -

 
. ,  

-
,  
. .  

, . 

: , , -
, , ,  

-
 

-
 (  [1]).  

 
-

, , -
-

,  
 [2]. -

-
. , -

-
 – « » [3]. -

-
, 

.  
-

,  -
 

. -
, -

-
. 

-
-
-
. 
 

,  
-
 

).  [4]  
. 

-
. 
 

-
 

.  
,  ( -

)  ( . 1).  
-

,  
. 

 

 
. 1.  

Fig. 1. Fluxes scheme at the interaction of non-equilibrium phases 
 

-
 – y0i 

 x0i ( mi ,1 ); m – ; -
 

– g0  l0. -
 yi, xi, g  l, . 

 
 

 ( . 1). 
-

  
iiii xlyglxgy 0000     ( mi ,1 )       (1) 



94   2014    57  .  12 
 
 
 

 

1
1

m

i
iy ,          (2) 

1
1

m

i
ix .          (3) 

 [1],  
 

,  
 

axalyag
m

i
ixi

m

i
iyi

11

,         (4) 

 ayi  axi – -
,  
 ( ) i  

; ‹a› –  ( -
) . 

 (4)  
.  

 
 

-
 [2,5]. , -

 ayi  axi  
 ( ). 

 
. 

,  (1)–(4) m+3 
 2m+2 : yi, xi ( mi ,1 ), g  

l.  m 2 -
.  

. 
 [4] -

,  
 

m

i
ii

m

i
ii xxlyygH

11

lnln . 

, 
 i  

.  
,  

, . . 
 

 ( ) .  
 

-
 [6] 

1 1

1 1

ln

ln ,

m m
y

i i i i
i i

m m
x

i i i i
i i

H g y y g y H

l x x l x H  (5)

 

 Hi
y  Hi

x – , -
 i . 

-
 (5)  -

. -
 

, -
, -

,  
 ( ) , -

.  
, , -

 ( ),  
 i -

.  
-

,  (5). -
 ( )  

), -
, -

, -
, .  

-
, -

, -
-

.  
-

 –  pik
y  pik

x,  
 

m

k

y
ik

y
ik

y
i ppH

1

ln , 

m

k

x
ik

x
ik

x
i ppH

1

ln  

( mi ,1 ), 
 pik

y – , -
, -

,  i  
 k; pii

y – ,  
, . -

-
 i; pik

x, pii
x –  

. 
-

:  
y0i, x0i ( mi ,1 ), g0  l0,  -

,  
, ayi, axi ( mi ,1 ), ‹a›, pik

y, pik
x ( mki ,1, ) -

 yi, xi ( mi ,1 ), g  l, 
 (5) 

 (1)-(4). 
 

.  
 (1)–(4)  

i ( mi ,1 ), y, x,  



  2014    57  .  12 95 
 
 
 

m

i
ixi

m

i
iyi

m

i
ix

m

i
iy

m

i
iii

xalyagx

ylxgyHF

111

11 . 

-
 yi, xi, g, l , 

-
 (5) 

0ln1 yiyi
y

ii
i

gaggHyg
y
F  (6) 

( mi ,1 ), 

0ln1 xixi
x
ii

i

lallHxl
x
F   (7) 

( mi ,1 ), 

1 1 1

1

ln

0,

m m m
y

i i i i i i
i i i

m

yi i
i

F y y y H y
g

a y

      
(8)

 

1 1 1

1

ln

0.

m m m
x

i i i i i i
i i i

m

xi i
i

F x x x H x
l

a x

    

(9)

 

 2m+2 -
 (1)-(4)  

3m+5  
3m+5 : yi, xi,, i ( mi ,1 ), g, l, y, x, . 

-
-

. 
 (6)  (7)  g 0  l 0 

1exp y
iyiyii Hagy , (10) 

1exp x
ixixii Halx . (11) 

 y  
(8),  yi  (10)  -

,  yi=1.  y=g. -
 xi  (9) ,  x=l. 

 (10)  (11)  
y

iyiii Hay exp ,    (12) 
x
ixiii Hax exp .    (13) 

 i -
 (1)  (12)  (13) 

x
ixi

y
iyiii HalHagz expexpexp . 
 exp( i)  (12)  (13), 

 

x
i

y
ixiyi

ii
i HHaalg

xlyg
y

exp
0000 ,     (14) 

x
i

y
ixiyi

ii
i HHaagl

xlyg
x

exp
0000 .      (15) 

,  (2)  

1
exp1

0000
m

i
x
i

y
ixiyi

iii

HHaalg
xlyg .  (16) 

  
,  (4).  

. , -
,  

‹a›, , -
 .  

 
 ayi  axi. 

 
 ayi  axi,  

. 
,  (4)  

 

ayaag
m

i
ixiyi

1

.   (17) 

 
.  (17)  

 (4). 
 

y
iyi Hexp , x

ixi Hexp  (18) 
,  (12)  (13),  

xiyi
xii

yii aa
x
y

exp , ( mi ,1 ). 

, -
 ayi  axi  

-
.  ,   

.  
 ayi  axi -

 .  
 ayi  axi , -

 =1, . 

xiyi
xii

yii aa
x
y

exp*

*

, ( mi ,1 ), 

 yi
*, xi

* –  i -
. 
 yi yi  xi xi -

 [7].  
 

,  
. , 

 
,  yi  xi, -

-
. ,  

,  
 ( ), 

-
 [8]. ,  



96   2014    57  .  12 
 
 
 

 
, -

-
. 

, -
 

,  
xiyii aaKln , 

 Ki –  i -
, -

. 
 Ki 

-
, -

-
,  (  

)  [2]. 
, -

 
,  

.  
-
 

, -
-

 yi/ xi. -
,   

 
. 

 (14)-
(16), -

, -
-

  

ii

ii
i Klg

xlygy 1
0000      ( m,i 1 ),         (19) 

ii

ii
i Kgl

xlygx 0000      ( m,i 1 ),        (20) 

1
1

1
0000

m

i ii

ii

Klg
xlyg ,                (21) 

 yixii . 
,  yi= xi=1 ( mi ,1 ), 

 
-

 [4]. 
  

, ,  -
.  -

 (19)-(21) -
 ( ) .  

, -
 (19)-(21) -

 
, . 

,  -
. 
-

.  (18)  -
 i -

 m  
m

k
ikiki pp

1

lnexp      ( mi ,1 ). (22) 

 (22)   
 «y»   «x», -

, 
, -

 
.  

 
-

,  
 xi. 

,  
 pi1=pi2=…=pik=…=pim  

 lnm,   1/m i 1  ( mi ,1 ).  
-

:  
 [7]. 

 [8,9] -
-
-

, -
 

 
p12=qx2, p21=qx1           (23) 

 q -
 

, , -
 , -

, ,  
. 

 =1, 
q=0. , -

 
, =0, q=1. 

-
 

 (23),  
,  

. -
  q -

,  [8, 
9]. -

, -
-
-



  2014    57  .  12 97 
 
 
 

.  
-

 qik ( mki ,1, )  
 

. 
-

,  
 

m

k ikki

kik

ikki

kik
ik )q(xx

xq
)q(xx

xqp
1 11

      (24) 

( m,k,i 1 ). 
 (24) ,  

qik=i=1. 
 (24)  pik 
. ,  

-
-
. 

, -
-

. 
,  

 
,  

(24).  -
? -

,  (24)  
,  pik -
. . , 

 (24), ,  
 pik -

,  
-

. -
, -

, -
 

. , -
 

 pik -
, -

. , 
 (24)  

, 
,  

. 
 

.  (19)-(21). -
 

, -
,  

. 
: 

1.  1xiyi  

( m,i 1 ). 
2.  (21), -

 g  
 (19)  (20). 

3.  
,  

(24), (22) . 
4. . 2-3 , 

-
-

.   
. 

,  
-
-

,  -
, -

 [8]. ,  
 yi xi=1,  -

. 
 (19)–(21) -

  
,  

 ‹a›, -
,  (17). 

 , -
, , . -

 ,  0, 
 

yi
0,  xi

0,  g0,  l0  
 ‹a› -

 ( )  

0
1

00
1

00
m

i
ii

m

i
ii KlnygKlnyg .         (25) 

,  
 

,  -
-

,  -
. , -

-
 ( . 1). 

 ( ) -
. 
-

 y0i,  x0i,  g0,  l0  
 

 yi
0,  xi

0,  g0,  l0 -
 (  [8]).  

 
. 

 ( )  
.  



98   2014    57  .  12 
 
 
 

 
yi

0, xi
0, g0, l0  yi

*, xi
*, 

g*,  l*.  ,   
,  

(19)-(21). 
 

-
-

.  
-

, -
, -

 g0=g0, l0=l0 .,  ,   
 0=1. 

 0  
, , -

. 
 -

, -
 (19)-(21) -

,  
-

.  -
 

)  
,  (5) -

, -
 .  

, -
,  

 
, , 

.  
. -

-
  

-
.  

-
,  

 [2]. 
.  

-
-

-
, -

 ( ) -
.  

g0=0.6;  l0=0.4. 
 1 

 
Table 1. Data for calculation 

i y0i x0i i Ki 
1 0.31140 0.01598 0.4 1.69308 
2 0.48086 0.13384 0.6 1.26981 
3 0.20542 0.45623 0.8 0.84654 
4 0.00232 0.39395 1.0 0.42327 

 
.  1,  i –  i , 

 ( -
) . 

 
 

. -
, . 

, 11 =  1 1 =  1.0;  12 =  1 2 = 0.667; …  
21 = 1 2 = 0.667  .  ,   

 
 

ij =

0.1800.0667.0400.0
800.00.1750.0500.0
600.0750.00.1667.0
400.0500.0667.00.1

. 

 || ij||,  -
 [9] -

 ||qij||,  
 

ijq =

0.10819.01859.03258.0
0819.00.11055.02500.0
1858.01055.00.11481.0
3268.02500.01481.00.1

. 

 
. 

 
 2 
 

 
Table 2. Phase parameters for the beginning and ending 

of phase transformations process 
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-

 (19)-(21)  =1. -
-

 0.00001 -
 11 . -

. 2. 
 

 0 -
 (25).  -

 g0  yi
0 , 

 

 
i 

 
  

g0=0.62291, l0=0.37709, 
0=6.75542 g*=0.40, l*=0.60, *=1.0 

yi
0 xi

0 yi xi yi
* xi

* yi xi 
1 0.31140 0.01598 0.55246 0.30730 0.24650 0.16903 0.42752 0.36825 
2 0.48086 0.13384 0.70064 0.50142 0.38419 0.32722 0.59693 0.55193 
3 0.20542 0.45623 0.52788 0.73231 0.27780 0.31479 0.53243 0.55504 
4 0.00232 0.39395 0.33688 0.66009 0.09151 0.18896 0.37263 0.42633 
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Fig. 2. Changes in system parameters at its evolution towards the 

thermodynamical equilibrium:  – averaged characteristic;  – 
vapor phase quantity;  – component concentrations in a vapor 

phase;  – component concentrations in a liquid phase 
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Fig. 1. The form of indenters under study:  scanning electron mi-
croscope images (top) and atomic force microscope images (bot-

tom) 
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. 2.  (H)  (DLC) -

 (D)   :  – 20°,  – 35°,  – 65° 
Fig. 2. The dependence of hardness (H) of  DLC films of different thickness on silicon substrate on the indentation depth (D) at meas-

urement with indenters having different apical angle:  – 20°,  – 35°,  – 65° 
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Table 1. The structure of complexones under study and 
stability constants of Ni(II) complexonates (I=0.1 
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Fig. 1. The dependence of Ni(II) sorption level by goethite on the 
acidity of medium: 1 - Ni(II), 2 – Ni(II) in the presence of EDTA 
(1:1), 3 – Ni(II) in the presence of EDTMP(1:1). Ni(II)=10-4 mol/ dm3, 
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Fig. 2. Strutures of Ni(II) complexes in a solution and on goethite 
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A B S T R A C T S  

 
N.N. SMIRNOV, A.P. ILYIN, D.N. SMIRNOVA, S.P. KOCHETKOV, A.V. POPOVA 

PURIFICATION OF EXTRACTION PHOSPHORIC ACID AND SIMULTANEOUS EXTRACTION 
OF RARE EARTH ELEMENTS ON CARBON ADSORBENTS 

The analysis of methods for producing purified phosphoric acid indicates that the main problem is the 
decomposition and removal of soluble complex compounds of fluorine with metals. The required product quali-
ty is achieved by using universal methods of complex purification of extraction phosphoric acid by applying 
carbon adsorbents. The efficiency of the proposed method of production of purified phosphoric acid was shown 
to achieve by combination of venting stapes of fluoride compounds, adsorption purification and simultaneous 
extraction of rare earth elements. 

Key words: extraction phosphoric acid, purification, fluorine compounds, carbon adsorbents, 
defluorination, rare earth elements extraction  

 
M.A. YUROVSKAYA, N.P. GERASIMOVA, E.M. ALOV, A.S. DANILOVA, E.I. FILIMONOVA, 

 L.M. SOBOLEVA 
CHLOROSULFONYLATION OF METHACRYLIC ACID AND METHYL METHACRYLATE  

The addition reaction of aromatic sulfonyl chlorides to methacrylic acid and methyl methacrylate was 
investigated. It was shown that the reaction leads to adducts without their simultaneous dehydrochlorination. 
Convenient conditions for dehydrochlorination of sulfonyl chloride and methacrylic acid adducts without iso-
lating them in a pure form were chosen. Herewith, vinyl or allylic sulfones are selectively formed. 

Key words: chlorosulfonylation, adducts, methacrylic acid, methyl methacrylate, vinilic and allylic 
sulfones 

 
M.V. KARUNNAYA, E.R. KOFANOV, V.V. SOSNINA, G.G. KRASOVSKAYA, A.S. DANILOVA 

SYNTHESIS OF 3-(3-NITROPHENYL)-5-STYRYLE-1,2,4-OXADIAZOLE 
The reaction of 3-(3-nitrophenyl)-5-styryle-1,2,4-oxadiazole obtaining from 3-nitrobenzeneamido-

oxime and chloranhydride of cinnamic acid was considered. 
Key words: 3-nitrobenzeneamidooxime, cinnamic acid chloranhydride, 3-(3-nitrophenyl)-5-styryle-

1,2,4-oxadiazole 
 

 N.I. GIRICHEVA, A.A. ISHCHENKO, V.I. YUSUPOV, V.N. BAGRATASHVILI, G.V. GIRICHEV 
VIBRATIONAL SPECTRA OF METHANE HYDRATES 

Calculations of the vibrational spectra of H2O[512], H2O[62512], CH4·H2O[512], CH4·H2O[62512] clusters 
were implemented by the DFT (LC-wPBE/6-311+G(d,p)) method. It was shown that the model of small and 
large frames can be successfully used to interpret the experimental vibrational spectra of methane hydrates. It 
was found that the frequency shift of the O-H stretching vibrations in related  water molecules to longer wave-
lengths, as compared with the vibrations of the free molecule, due to the formation of intermolecular hydrogen 

 bonds requiring to a lengthening of the intramolecular O-H bonds, reduction of the fO-H force constants 
and respectively, the frequency of stretching vibrations, and the frequency shift of the deformation vibrations in 
the short wavelength region, due to the increase in the deformation force constants, which is due to the interac-
tion between neighboring water molecules, stabilizing the structure of the water framework. It was noted that 
with decreasing size skeletons H2O [512]  and H2O [62512] marked trends are enhancing. In contrast to the fre-
quency of stretching vibrations of skeleton molecules, stretching vibration frequencies of the guest CH4 mole-
cule are increase with the decreasing size of the frame, which can be explained by the repulsive part of the host-
guest interaction.  

Key words: methane hydrates, vibrational spectra, structure, clathrates, quantum-chemical calcula-
tions, vibration frequencies 
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V.G. SOLOMONIK, A.N. SMIRNOV, O.A.VASILIEV, E.V. STAROSTIN, I.S. NAVARKIN 
NONEMPIRICAL STUDY ON THE ELECTRONIC STRUCTURE OF CERIUM, PRASEODYMIUM, 

AND YTTERBIUM TRIHALIDE MOLECULES 
The molecules LnX3 (Ln = Ce, Pr, Yb; X = F, Cl, Br, I) are studied at the multireference configuration 

interaction MRCISD+Q level of theory with an accounting for relativistic effects. The species are shown to 
possess a manifold of low-lying electronic states. A significant spin-orbital coupling effect on the molecular 
properties is emphasized. 

Key words: lanthanide trihalide molecules, low electronic states, multireference configuration interac-
tion, spin-orbital interaction 

 
E.M. KUVSHINOVA, A.V. RODIONOV, V.E. MAIZLISH, S.A. SYRBU, . GOLUBCHIKOV 

SYNTHESIS AND COORDINATION PROPERTIES OF TETRA-4-TERT – BUTYLPHTHALO-
CYANINE AND ITS NITRO DERIVATIVES 

Tetra (4-tert-butyl) phthalocyanine (I) and nitro-tetra (3-nitro-5-tert-butyl) phthalocyanine (II) and tetra 
(4 - tert-butyl-5-nitro) phthalocyanine (III) were synthesized. The kinetics of complexation reactions of 
phthalocyanines I-III with acetates of copper, cobalt and manganese in a mixed solvent of pyridine and acetic 
acid (9:1) was studied. The influence of the structure of phthalocyanines I-III on the kinetic parameters of the 
formation of metal complexes was established. 

Key words: synthesis, phthalocyanines, complexation, kinetics, metal-complexes, 3d metals acetates 
 

Z.M. MUKHTAROVA 
PHYSICAL-CHEMICAL ANALYSIS OF SmTe-Sm5Ge3 SYSTEM 

The state diagram of Ge-Te-Sm system was studied using DTA, X-ray and microstructure methods, 
and measurements of micro hardness. The SmTe-Sm5Ge5 system was established to be an eutectic type. Eutec-
tics coordinates are found to be 52 mol% of SmTe at 1600 K.  

Key words: phase diagram, eutectic, thermogram, quasi-binary sections, non-quasi-binary sections, 
microhardness 

 
I.M. BORISOV, Z.Sh.GAZIZOVA, G.R. SHAYAKHMETOVA, I.S. FAIYZRAKHMANOV 

KINETICS OF PEROXYDE OXIDATION OF OIL SULPHIDES IN PRESENCE OF MOLYBDENUM 
ACID AND MOLYBDENUM OXIDE (VI)  

The kinetics of reaction of peroxide oxidation of oil sulphides up to sulfoxides was studied in the 
presence of catalytic system of molybdenum acid- molybdenum oxide (VI). The scheme of occurring reac-
tions was proposed.   

Key words: oil sulfides, oxidation, hydrogen peroxide, molybdenum acid, molybdenum oxide (VI), 
kinetics 

 
M.D. PLOTNIKOVA, N.A. MEDVEDEVA, A.B. SHEIN 

INVESTIGATION OF ELECTRICAL AND KINETIC PROPERTIES OF INHIBITORS “FLEK”  
IN NEUTRAL MEDIA 

Results of investigation of electrical and kinetic properties of inhibitors “FLEK” are presented. The in-
fluence of particles size as well as of their charge on the inhibitive effect on mild steel in a neutral media con-
taining hydrogen sulfide was estimated. -potential of steel surface in solutions under study was determined. 

Key words: corrosion, inhibitor, micelle, -potential 
 

A.A. ZALUTSKIY 
DETERMINATION OF DIFFUSION COEFFICIENTS OF MOSSBAUER IRON ATOMS IN WATER 

FILMS ADSORBED ON SURFACE OF NANOCLAY 
Parameters of diffusion movement and data on geography of iron exchange complexes on aluminum 

silicate surface of clay are presented. The data were obtained using original method based on Mossbauer spec-
troscopy. Analyzed phycival reasons of temperature behavior of dynamic Mossbauer parameters allow deter-
mining the character of atoms movement using the different models of diffusioin movement. For iron atoms 
adsorbed to inter box space of mineral the uneven progressive diffusion is typical. It allows determining the 
size of fluctuation cavity(r  0.16 nm) which is require for atoms diffusion. The anisotropic character of diffu-
sion was established for inter layers and surface iron atoms due to structural anisotropy of clay substrate and 
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structure of iron complexes itself. The surface dissusion of iron dimers takes place in limited area (L  0.25 
nm) and has rotational character.  

Key words: Mossbauer spectroscopy, diffusion, nanoclays 
 

O.M. SHABANOV, R.T. KACHAEV, L.A. KAZIEVA, S.I. SULEIYMANOV 
HIGH-VOLTAGE PHENOMENA IN MELTED AND SOLID ELECTROLYTES.  

3. ACTIVATION OF SUPERIONIC CONDUCTORS AND THEIR MELTS 
Experimental data on the dependence of the electrical conductivity of halide super ionic conducting 

electrolytes and of their melts on the electric field are presented, as well as the phenomenon of their activation 
by the action of microsecond pulses. An abnormally long relaxation of some electrolytes in non-equilibrium 
state with increased electrical conductivity was discovered. 

Key words: super ionics and their melts, Veen’s effect, activation, long relaxation 
 

A.L. GABOV, A.A. KHRENOVA, N.A. MEDVEDEVA, N.E. SKRYABINA, D. FRUSHART,  
E.F. KUZNETSOVA 

INFLUENCE OF METHODS AND CONDITIONS OF INTENSIVE PLASTIC DEFORMATION  
ON ELECTROCHEMICAL HYDROGENATION OF MAGNESIUM 

The influence of different methods of plastic deformation (forging, isochannel angle pressing, rolling) 
on sorption of electrolytic hydrogen with magnesium was studied. The equivalent electric scheme of impedance 
was chosen for materials under study. The limiting step of hydrogen evolution reaction was shown to be the 
step of electrochemical desorption. The formation of non-equilibrium material structure promotes to the in-
crease in its sorption capacity. Magnesium forging results in the structure inclined to high reversible parameters 
of sorption/desorption of hydrogen. 

Key words: magnesium, intensive plastic deformation, hydrogen electrochemical sorption, hydrogen 
energetics   

 
S.V. FILIMONOV, O.N. SHORNIKOVA, A.P. MALAKHO, V.V. AVDEEV 

INFLUENCE OF PRODUCTION METHOD ON HEAT CONDUCTING PROPERTIES  
OF COMPACTED EXPANDED GRAPHITE 

The graphite nitrate of the first step was obtained by anodic oxidation of natural graphite in the 90% so-
lution of nitric acid. Structural, heat-conducting properties of compacted expanded graphite were studied. It 
was shown that both the plenty of structural defects and low critical density allow to obtain material with re-
duced thermal conductivity up to 0.4 W/(mK). 

Key words: graphite anodic oxidation, compacted expanded graphite, critical density, heat conductivi-
ty, high temperature heat insulation 

 
O.A. GOLUBCHIKOV, A.V. LARIONOV, V.E. MAIYZLISH, A.V. BALMASOV 

PHTHALOCYANINE MODIFIERS OF NICKEL-PLATING ELECTROLYTE 
Phthalocyanine tetrasulfoacid, its cobalt and nickel complexes as well as phthalocyanine disulfoacid in-

serted in standard sulfuric acid electrolyte for nickel-plating at content of 10 – 50 mg/l is decreased the rough-
ness of electrodeposited coating. Ligand possess of brightener effect at that. 

Key words: electrochemical nickel-plating, water soluble sulfophthalocyanines  
 

A.S. SOLODOV, M.S. SOLODOV, E.S. SOBOLEVA, S.G. KOSHEL  
INVESTIGATION OF INFLUENCE OF WATER PRESENT ON CHROMIUM PLATING PROCESS 

FROM IONIC LIQUID 
The influence of water content was studied on the electrical conductivity of ionic liquid based on cho-

line chloride and chromium chloride hexahydrate. The influence of water on the nature of the polarization de-
pendency of chromium plating process was established. The properties of the chromium coatings obtained from 
the ionic liquid containing trivalent chromium were studied. 

Key words: chromium- lating, polarization studies, conductivity, ionic liquid, viscosity 
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A.S. SOLODOV, M.S. SOLODOV, E.S. SOBOLEVA, S.G. KOSHEL  
STUDY OF ANTICORROSIVE PROPERTIES OF CHROMIUM COATNGS DEPOSITED  

FROM IONIC LIQUID 
The polarization study was carried out for anticorrosion properties of chromium coatings deposited 

from ionic liquid based on choline chloride and chromium chloride hexahydrate. The effect of electrodeposition 
conditions on the corrosion currents of steel with chrome plating was determined. The effect of the additional 
processing the chromium coatings on their anti-corrosive properties was established. 

Key words: chromium- lating, corrosion protection, corrosion current, ionic liquid 
 

M.M. SYCHYOV, O.A. CHEREMISINA 
INTERCONNECTION OF ACID-BASE PROPERTIES OF FILLER SURFACE  
AND DIELECTRIC CONSTANT OF POLYMER COMPOSITES BASED ON IT 

We have studied the relationship of acid-basic properties of the surface of ceramic materials with the 
processes of structure formation in their polymer composites with polar and non-polar polymer binders, as well 
as the electrical properties of the obtained dielectric films. Modified Lichtenecker equation was proposed to 
approximate concentration dependences of films dielectric constant. 

Key words: surface properties, rheological properties, ferroelectric materials, dielectric constant, 
composit 

 
P.B. RAZGOVOROV, R.S. NAGORNOV, M.P. RAZGOVOROVA 

UTILIZATION OF BLUE CLAY FOR SEPARATION OF IMPURITIES FROM LINSEED OIL 
The possibility of using blue clay of different composition to separate the impurity bioactive ingredi-

ents from linseed oil under standard conditions was shown. Natural sorbent composition, particularly the 
presence of kaolin, effects positively on the extraction of aliphatic acids, in particular, -3 from the oil-
containing media. 

Key words: blue clay, linseed oil, acid number, peroxide number, color number 
 

M.B. BEGIEVA 
POLYMERS AND COPOLYMERS ON BASIS OF N,N-DIALLYLAMINOETHANE ACID 

The conditions of synthesis of new monomer - N, N-diallylaminoethane acid were discussed. By radi-
cal polymerization reaction a new polymer poly-N, N-diallylaminoethane acid was obtained. By the reaction of 
radical co-polymerization of N, N-diallylaminoethane acid and vinylacetate in the water environment and the 
water- organic environment (a mix of methanol- water in a ratio of 70:30 mol. %) polymers of statistical nature 
were obtained. It was established that vinylacetate  possesses higher reactionary ability in comparison with N, 
N-diallilaminoethane acid. Kinetic regularities of reactions were investigated and the copolymer structure was 
established. 

Key words: radical polymerization, polymer, monomer, monomer- N,N-diallylaminoethane acid, poly- 
N,N- diallylaminoethane acid, copolymer, copolymerization, kinetics 

 
A.P. ALESHINA, I.A. BALAGUROV, V.E. MIZONOV, V.A. OGURTZOV 

 NON-LINEAR CELL MODEL OF VIBRATION SCREENING KINETICS 
A non-linear cell mathematical model of the kinetics of fine fraction extraction into the sub-grid prod-

uct of a vibration screen was proposed. The model takes into account the dependence of the rate of fine fraction 
migration to the screen surface on its content in a material layer of material located lower. Results of numerical 
experiments showed that it is important to take into account this non-linearity. 

Key words: vibration screen, segregation, Markov chain, extraction degree 
 

A.A. LIPIN, A.V. SHIBASHOV, A.G. LIPIN 
MODELLING ACRYLAMIDE POLYMERIZATION IN CONCENTRATED WATER SOLUTIONS 

The mathematical model of acrylamide polymerization in concentrated water solutions taking into ac-
count the change in an initiation efficiency and chain termination rate with the growth in viscosity of the 
polymerization system is presented. The model predicts the degree of monomer conversion and molecular 
weight of synthesized polyacrylamide. 

Key words: mathematical model, polymerization, solution, acrylamide, polyacrylamide 
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I.D. LUCHEYKO 
MATHEMATICAL MODELING SYSTEM “MIXING FLOW REACTOR + REACTION A1 2”  

AT CONDITIONS OF CATALYST DEACTIVATION  
The problem of the description of a non-stationary operating mode of a perfect-mixing flow reactor 

caused by deactivation of the solid catalyst with a simple reversible reaction is analytically solved. It was estab-
lished that the relative deviation  of the product yield from nominal value is defined by an algebraic differ-
ence between a simplex of rates of the catalyst deactivation and a simplex of nominal reaction rates. The exist-
ence of effect of self-regulation ( ) of stationary mode was proved. In the case of first order reaction the 
nomogram for determination of rational exploitation time of the industrial catalyst on maximum-admissible 
value  is given. 

Key words: perfect-mixing flow reactor, simple reversible reaction, solid catalyst deactivation, catalyst 
lifetime, mathematical modeling 

 
A.I. BALUNOV, V.P. MAIYKOV 

EXTENDED PRINCIPLE OF MAXIMAL ENTROPHY FOR DESCRIPTION OF PROCESS  
OF PHASE TRANSFORMATIONS IN ATHERMAL SYSTEM 

The paper presents the extended principle of maximum entropy that uses entropy of a complex experi-
ment as the plausibility criterion. The extended version was used to describe the non-equilibrium processes of 
the phase transitions during the evolution of the athermal system toward the thermodynamic equilibrium. It is 
shown, that taking into account the athermal mixture properties in general formulation and solving of the prob-
lem leads to relations in which there are the activity coefficients in typical for thermodynamics form. The rela-
tions for ideal systems can be reproduced as a special case of the method. An example of calculation that illus-
trates the technique of the consideration of the athermal mixture properties is shown. 

Key words: athermal system, phase transformations, maximal entrophy principal, complex experiment 
entrophy, conditional probability, entrophy activity coefficient 

 
A.A. VOLINA, K.S. KRAVCHUK, A.A. RUSAKOV, A.S. USEINOV 

USING EXTREMELY SHARP PYRAMID INDENTERS FOR STUDY OF MECHANICAL  
PROPERTIES AND SURFACE TOPOGRAPHY  

Three pyramidal indenters with different apex angles were tested for suitability of their use to obtain 
the surface topography by scanning probe microscopy and measurement of hardness by indentation. Sharp in-
denters enable obtaining images of the surface topography comparable with atomic force microscopy and allow 
measuring the mechanical properties of thin coatings more correctly with less influence of the substrate. 

Key words: indentation, indenter, diamond-like coating, scaning probe microscopy, durometer 
 

A.S. ANTONOVA, T.N. KROPACHEVA, V.I. KORNEV 
COMPLEXONS AS REAGENTS FOR REMEDIATION OF NICKEL-CONTAMINATED SEDIMENTS 

The use of various complexones for extraction of nickel from contaminated sediments containing Fe 
(III)  hydroxides  was shown. The influence of some complexones on Ni (II) cations sorption by goethite ( -
FeOOH)  in  a  wide  pH  range  was  studied.  For  the  reducing  Ni  (II)  mobility  (immobilization))  the  use  of  
EDTMP and NTMP is  efficient  (pH = 3-5).  Conversely,  for  Ni(II)  remobilization the best  chelating agent  is  
EDTA (  = 2-10). Goethite demetallization under the action of complexones was studied. The desorbing ef-
fect of complexones on Ni(II) is reduced in the order: EDTA >> NTA > IDA > NTMP  EDTMP > Glycine. 

Key words: sediments remediation, heavy metals, sorption, goethite, complexones 
 

Kh.A. PAVLOVA, A.A. ZUEV, M.E. SOLOVIEV 
QUANTUM CHEMICAL MODELING INITIATION REACTIONS OF CHLOROPRENE  

RUBBER OXIDATION 
The quantum-chemical method DFT B3LYP/6-31G** was used for calculation of enthalpies of hydro-

gen and chlorine abstraction from chain units of polychloroprene in various configurations, as well as reactions 
of oxygen addition and the formation of hydroperoxides. A significant role in a thermal oxidation of chloro-
prene rubber was shown to play the mechanism associated with elimination of chlorine from chloroprene units 
in 1,2 configuration. 

Key words: chloroprene rubber, quantum-chemical calculations, thermal oxidation 
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S.G., ALEKSEEV A.V. PISHCHALNIKOV, N.M. BARBIN 
DEPENDENCE OF FLASH TEMPERATURE ON STORAGE CONDITIONS  

OF WATER–ETHANOL SOLUTIONS  
The influence of storage temperature conditions was studied on the flash temperature of water–ethanol 

solutions.The flash temperature of the ethanol-water system was shown to be sensitive to this action. This effect 
is caused by the presence of hydrated clusters of ethanol in a vapor phase. 

Key words: ethanol, solution, flash point, fire hazard 
 

V.G. SOLOMONIK, A.N. SMIRNOV, I.S. NAVARKIN 
MOLECULAR STRUCTURE, VIBRATIONAL SPECTRA, AND ATOMIZATION ENTHALPY  

OF ZINC, CADMIUM, AND MERCURY DIFLUORIDES 
The geometries, vibrational frequencies, and atomization enthalpies of MF2 molecules  (M =  Zn,  Cd,  

Hg) have been calculated at the complete basis set coupled cluster CCSD(T) level of theory. The results are in 
excellent agreement with the available experimental data. 

Key words: molecular properties, zinc difluoride, cadmium difluoride, mercury difluoride, coupled 
cluster CCSD(T) method, complete basis set limit, second-order spin-orbital coupling effect 
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