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ÕÈÌÈß È ÒÅÕÍÎËÎÃÈß
ÍÅÎÐÃÀÍÈ×ÅÑÊÈÕ ÌÀÒÅÐÈÀËÎÂ È ÂÅÙÅÑÒÂ 

 541.13:621.357 
. . , ;

. . , ; . . ,

Vanadic catalysts are used for the production of a sulfuric acid. In due course they deactivate and are 
to be subjected to treatment. Extraction of valuable components from the fulfilled vanadic catalysts is ac-
tual and necessary both from the point of view of economy, and ecology. Electrochemical properties  
of the systems on the base of vanadium connections in acid solutions, contain of the reducers are studied 
in this work. The influence of electrolyte composition, electrode potential quantity on processes of the 
form and stability valent condition of vanadium are investigated. The thermodynamic constants of balance 
of reactions dispropotioning for equilibrium systems on the basis of vanadium are calculated.  
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N2H4·2HCl, H2C2O4. -
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.
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,

 (V), 

.
-

. ,
 (Na2SO3, N2H4·2HCl, 

H2C2O4), -
.

 0,75–1,10 

. -

-
, -

.

. 1. 
,

 ( )  ( ) .
, / : 1 – H2SO4 5,0;  

2 – H2SO4 5,0; V2O5 0,2; 3 – H2SO4 5,0; Na2SO3 0,2;
4 – H2SO4 5,0; H2C2O4 0,2;

5 – H2SO4 5,0; N2H4·2HCl 0,2 
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-
 ( . 1), 
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 (V),  

.
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 0,5–0,9 .

( . 1), -
-

.

,  0,2 /
 (V),  ( -

, , ) -
, -

.
 V2O5

-
.

 (V) 
.

-
,  V2O5,  SO3

2

-
,

 (III): 
VO4

3– + 6H+ + 2e–  VO+ + 3H2O, E° = 1,26 B (1)
SO3

2– + H2O – 2e–  SO4
2– + 2H+, E° = 0,972 B (2) 

,
,
 ( . 2), -

 1,25–1,35 
, -

 SO3
2 , -

 (1), (2).
-

 V2O5 -
, -

 (IV) 
:

V2O5 + 6H+ + 2e–  2VO2+ + 3H2O, E° = 0,96 B (3) 
VO2

+ + 2H+ + e–  VO2+ + H2O, E° = 0,999 B (4) 
V(OH)4

+ + 2H+ + e–  VO2+ + 3H2O, E° = 1,0 B (5) 
H2VO4

– + 4H+ + e–  VO2+ + 3H2O, E° = 1,31 B (6) 
H2C2O4 – 2e–  2CO2 + 2H+, E° = 0,49 B (7) 
V2O5 + 3H2C2O4  2VO(C2O4) + 2CO2 + 3H2O (8) 

-
-  VO(C2O4)·2H2O

VO(C2O4)·4H2O [2].  

. 2. 
,

 ( )  ( ) .
, / : 1 – H2SO4 5,0;  

2 – H2SO4 5,0; V2O5 0,2; 3 – H2SO4 5,0; V2O5 0,2; 
Na2SO3 0,2; 4 – H2SO4 5,0; V2O5 0,2; H2C2O4 0,2;

5 – H2SO4 5,0; V2O5 0,2; N2H4·2HCl 0,2

-
-

 1,2 1,3 ,
2C2O4 2 -

 (IV)  (V). -

.
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+,  N2.
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-
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+ + 4H+ + 3e–  V2+ + 2H2O, E° = 0,36 B  (9) 
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 V2+  V3+,
 NO3

– .
-

-

-
 ( ) -

 ( ) -
 ( . 1).  

 1 

-

3V2+  V0 + 2V3+ 1,73 · 10–16 5,70 · 1015

5V2+ + 4H2O
 3V0 + 2VO2

+ + 8H+
2,45 · 10–76 4,08 · 1078

5V3+ + 6H2O
 2V0 + 3VO2

+ + 12H+
1,12 · 10–51 8,9 · 1050

3V3+ + 2H2O
 2V2+ + VO2

+ + 4H+
4,76 · 10–32 2,1 · 1031

2VO2+  V3+ + VO2
+ 9,59 · 10–2 10,42 

2VO2+ + 2H2O
 VO+ + HVO3 + 3H+

2,76 · 10–13 3,6 · 1012

2VO2+ + 3H2O
 VO+ + VO4

3– + 6H+
9,62 · 10–24 1,04 · 1023

,
, -

-
,
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3 .
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,

, , -
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.
-

b , -
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,

-
, -

.

-

-

.

,
 ( )

( )
(  = 1,1–2,8) 
Al3+, Na+, K+, Fe2+, -

 ( . 2). 
-
-

 (IV, V).  
-

,
-

 (IV) [3].  

 2

-

Al3+ 0,015 0,004 0,0026 
Na+ 0,17 0,01 0,0158 
K+ 0,4 0,037 0,03 

SO4
2– 0,28 0,047 0,045 

VO2
+ 0,172 0,0019 0,024 

Fe2+ 0,02 – – 

. 3.
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 (3, 4) ,

 (1, 3)
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,
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 (V).  

 ( 3)
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(–0,3) ,
,
-

.
, -

-
-

, . 4.

. 4.  (1, 2)
 (3, 4) ,
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- -
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 –0,08 

 –0,6 -
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-
 (V) 

 (3)–(5), (9), :
V(OH)4

+ + 4H+ + 5e–  V + 4H2O, E° = –0,25 B  (10) 
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 666.295.4  
. . , . ; . . , ; . . ,

he waste vanadium catalysts of sulfuric production can be produced as glass-forming system  
R2O – RO – V2O5 – Al2O3 – SiO2  (R2O = Na2O + K2O; RO = FeO + ZnO + CuO + CaO). Composi-
tions of masses have been developed and synthesis of glaze frits in the borosilicate system. Decorative 
glaze coverings pale-yellow, brown and different tints of grey tones of bright and half-matt texture have 
been produced. Synthesized glazes have been developed by methods of electron microscopy and X-ray 
structure analysis. Fundamental opportunity of using waste vanadium catalysts at synthesis of fitted 
colored glazes, intend for decoration of stove tile, majolica and products of studio pottery.  

. ,
, -

, -
-

-  [1]. 

-
.

. -
-

,
.
-

,

.
-
-

d- f-
[2, 3]. 

,
-

.
 ( -

 +2,  4  6); -
 (  +2  +3, 

 4  6);  (  0  +6, 
  4  6);  (

 +2  +3,  4  6); 
 (  +2…+5, -

 4  6) .

-
 [4, 5].  ( -

)  +2 
 +5, 

[6]: V2O5 – ; VO2 – - ; V2O3 –  
; VO – .

,
 – .

 « »,  « -
» . -

 SO2  SO3
 ( )

.  « »
 100 .

 20% -
.

 ( ) -
. -

. -

-
.

 12.1.005 
.

. -
, -

, -
.

, % (
. %): SiO2 – 40,43; SO3 – 

25,47; K2O – 10,95; V2O5 – 7,49; Na2O – 2,71; 
FeO – 0,74; ZnO – 0,68; Al2O3 – 0,64; CuO – 0,41; 
CaO – 0,17;  – .

 (40,43%). -

 V2O5  7,49%. 

-  (13,86%).  
, -

-
 R2O – RO – V2O5 – Al2O3 – SiO2 (  R2O =  

= Na2O + K2O; RO = FeO + ZnO + CuO + CaO), 

 (V) 

-
- .

-
 (

 – 40–55%). -

(  6% Al2O3). -
 20%. 

-
. -

,
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-
,
-

, . -
 Na2O  4%. -

 CaO  Mg
 5% .

-

(1420 20) ,
 2 .

, ,
. -

-
,

.

-
 5–7% 

 « - » -
 «Speedy-1» ( ) -

, -
 0063  0,1–

0,3%. 
-

.
-

.
-
-

: -
 2 ; -

 – 1 ;
 80–100 /  700 ;

 – . -
: 950, 1000  1050 .

-

 600–
1050  1 . -

,  700–800
( )

-
,

. -

720–820 ,
880–1050 . , -

,
 ( -

, , ) -
 ( ).

-
 1000- -

. . . .

-
. -

, -
 60%. 

 40  60%,  
 –  35%. 

, -

, -
-

.  – , -
.  – 

5–6. ,

,
, .

-
-

, . .
.

 D 8 ADVANGE 
 «Bruker» ( ).  – CuK .

-
 Join 

Comitie on Powder Diffraction Standarts (2003) 
 DIFFRAC PLUS 

 «Bruker».  

-
-

 JSM-5610 LV 
c  EDX JED-2201 
JEOL. 

:
, -

.
,

-
-

, -
 ( . ).

-
, . .

, -
, -

-
, .

,
 CaMg Si2O6

 Ca(Mg, Fe) Si2O6 .

Mg2 Si2O6  V 0,03.

-
, -

-

.
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.

-
 Mg2+  R3+  Ca2+  R+,
SiO3

2–  Si4+  Al3+

 R3+.  [7] 
-

 CaV2SiO6, CaVAlSiO6.
, -

 950–1050
 10% (CaO + MgO) 

-
, -

 ( -

). -
 ( , ).  -

,
.

 CaO + MgO -
 ( )

-
 ( , , ). -

-
.

. -

. -
,

950  1050 , , -
- ,

.
-
-

,
. -

, -
-

.

-
 R2O – RO – V2O5 – Al2O3 – SiO2

. -
-
-

.
-

,
.

1. , . .
 / 

. . . – : , 1999. – 396 .
2. , . .  / 

. . , . . . – : .
., 1987. – 132 .
3. , . .

 / . . . – .: . ., 1998. – 
743 .

4. -

 / . .  [ .] // -
,

, :  / 
. – ., 1986. – . 36–44. 

5. , . . -
 / . . -

, . .  // . – 
1981. –   12. – . 18–20. 

6. , ,
 / . . . . – :

, 1987. – 501 .
7. , . .  / 

. . , . . , . . . – 
: , 1974. – 224 .
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 666.65:549.632 
. . , ; . . ,

,
 MgO – Al2O3 – SiO2,

 MnO, FeO, CuO, Cu2O  ZnO, 
The experimental ceramic compositions have been obtained on the basis of the system MgO –

Al2O3 – SiO2 in the result of equimolecular replacement of MgO on modifying oxides (MnO, FeO, 
Cu2O, CuO  ZnO) up to full removing of MgO from a system. Influence of addition of these oxides on 
thermal coefficient of linear expansion of cordierite ceramic materials has been investigated. It is estab-
lished, that degree of bond covalence of modifying oxides and an electronic structure of ions of modify-
ing elements influence the character of thermal expansion of the material. The most effective positive 
influence of MnO, FeO, ZnO and Cu2O on thermal properties of the material has been established. 

. -
, - -

-
. -

- -
,

-

, -
.

 MgO – Al2O3 – SiO2 -
-
-

( ) ,
, -

-
. -

-
 (1400–1500° )

-
,

-
.

, -
-

 ( -
)

. -
-

-
, -
. ,

-
- -

.

 MgO – Al2O3 – SiO2
 (MnO, FeO, 

CuO, Cu2O  ZnO) -

, -
-

 [1–3].

-
.

-

-
-

,
.

. ,
: 1) -
 MgO 

MgO – Al2O3 – SiO2  FeO, MnO, CuO 
 ZnO  MgO 

 (
 F, M, Z  C ); 2) -

 MgO 
 Cu2O (  C(I)); 3) -

 MgO 

CuO  ZnO (  CZ). 
-

 (  I) 
-

, . %: MgO – 13,78; 
Al2O3 – 34,86; SiO2 – 51,36. 

. 1. 

 ( -
) : -

, -2,
 « - ».

:  ZnO (  « »), 
 (II) FeO (  « »),

 (II) CuO (  « »),  (I) 
Cu2O (  « »),  (II) 
MnCO3 (  « »).
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 1 

, . % 
MgO Al2O3 SiO2 ZnO FeO MnO CuO Cu2O

I I 13,78 34,86 51,36 – – – – – 
Z-1 9,98 33,68 49,62 6,72 – – – – 
Z-2 6,44 32,57 47,99 13,00 – – – – 
Z-3 3,12 31,54 46,46 18,88 – – – – 
Z-4

Z

– 30,57 45,03 24,40 – – – – 
F-1 10,06 33,95 50,01 – 5,98 – – – 
F-2 6,54 33,08 48,73 – 11,65 – – – 
F-3 3,19 32,25 47,52 – 17,04 – – – 
F-4

F

– 31,47 46,36 – 22,17 – – – 
M-1 10,07 33,97 50,05 – – 5,91 – – 
M-2 6,55 33,12 48,81 – – 11,52 – – 
M-3 3,19 32,32 47,62 – – 16,87 – – 
M-4 

M

– 31,55 46,49 – – 21,96 – – 
C-1 10,00 33,73 49,69 – – – 6,58 – 
C-2 6,46 32,67 48,13 – – – 12,74 – 
C-3 3,14 31,67 46,66 – – – 18,53 – 
C-4 

C

– 30,74 45,28 – – – 23,98 – 
CZ CZ – 30,65 45,16 12,23 – – 11,96 – 
C(I) C(I) 11,30 33,22 48,95 – – – – 6,53 

-
 5%, 

-
.

-
.

-
-

 15  0063 
1–2%. - ,

.
 (100±5)° .

 1–2% 
 1, 

-
 1,0 . -

-
.

-
,

 7–10%. 

(50±0,5)×(5±0,5) -
 20 .

,
 (100±5)°C, 

 SNOL 7,2/1300 

900–1250°
,

 1 
 200–250° / .

-

-2  
 20–400° . -

 50°  24409-80. 
, -

,
.

-
. -

 4–5° / .
 – 1–2%. 

, –1,

2 1
,

( )
nk

t t l

n – , .; k – -
, ; (t2 – t1) – -

, ° ; l – 
, ;  – 

, –1.
-

, -
 (0,72–

9,21) · 10–6 –1 ,
.

-
-

 ZnO, FeO, MnO  Cu2O. -
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-
 MgO  ZnO, 

FeO, MnO ( . 1). 

. 1.  Z, F  M 

.
 – 400°

-
 I,  1100–1200° ,

,

. , -
 1200°

MgSiO3
. -

-
 – (1,4–2,0) · 10–6 K–1,

 [4]. 
,

 ZnO, FeO  MnO, -

-
.

-
,

, -
 [4].  

 MnO, FeO  ZnO  MgO 
-

,
.  Zn2+, Cu+, Mn2+  Fe2+

-
 18- -

-
 Mg2+,

 8- -
 ( . 2). -

O2–  «
» ( . 2), -

 [5].  

 2 
 Mg2+  ( 2+, +)

,
I

Mg2+ …2s22p63s0 0,074 0,83  
Mn2+ …3s23p63d54s0 0,091 0,85  
Fe2+ …3s23p63d64s0 0,080 0,89  
Cu+ …3s23p63d104s0 0,098 1,03 
Zn2+ …3s23p63d104s0 0,083 1,01  

Cu–O
Mg–O, , ,

 CuO 
.

, . 2  3, 
 C  CZ -

 I.

. 2. 
.

 – 100°

, -
-

 [4]. 
, -

-
-

 (II).

 « » CuAl2O4 [4] 
 Mg2Al4Si5O18,

        0           5          10         15        20         25
, . %

 Z   F  M

8

7

6

5

4

3

2

, 1
0–6

,
–1

9

8

7

6

5

    900        920        940       960        980       1000
,

, 1
0–6

,
–1

-1
-2
-3
-4
Z

 I
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 CuAl2O4 -

-
.

 CuAl2O4 -

, -
 CuAl2O4,

.

. 3. 
.

 – 400°

 I 
 MnO, FeO 

 Cu2O
-

, -
-

, -

 [4]. -
-
-

 Mg2Al4Si5O18  Mg2+  Mn2+

Fe2+, ,
,

,
. , ,

-
a b

 [6]. 
-

 –  
(0,72–1,65)  10–6 –1.

-
,

 Z, F, M  C(I), -

 ( . 4  5).  

. 4. 
 MgO 

.
 – 100°  ( )  400°  ( )

. 5. 
 MgO 

.
 – 100°  ( )  400°  ( )

, 1
0–6

,
–1

             1050     1150       1250 
,

, 1
0–6

,
–1

1050          1150           1250 
,

-1 
-2 
-3 
-4 
Z

 I 

8,5 

8,0 

7,5 

7,0 

6,5 

6,0 

, 1
0–6

,
–1

     900                               950                        1000
,

, 1
0–6

,
–1

1050          1150           1250 
,

, 1
0–6

,
–1

             1050     1150       1250 
,
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 ( -
 C  CZ) 

 ( . 2  3). 
 (

) -
 CuO – 

Al2O3 – SiO2, CuO(MgO) – Al2O3 –SiO2  ZnO – 
CuO – Al2O3 – SiO2.

- -
, -

 [4]. 

 ( . 6) 
.

-
-

.

. 6. 
.  – 1200°

 M ,
 F. 

-
,

. -
 (Mn2+  Fe2+)

 (Zn2+). 
, -
, ,

-
-

. -

.
. -

-
 (MnO, FeO, CuO, 

Cu2O  ZnO) -
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 666.11.01:666.123.2/3(476) 
. . , ; . . , . . ; . . , ;

. . , . ; . . , . .

These are the test results of the formation peculiarities of semifritted wear-resistant zirconium ce-
ramic flooring tile with high degree of opacification. On the basis of the study of structure- and phase 
formation frit, which is a component of glaze batch and a raw composition with its use in the course of 
heat treatment, it was proved that the directed process of formation glass ceramic coverings with the set 
complex of physico-mechanical and decorative and aesthetic characteristics is directly connected with 
the qualitive and quantitie structure of crystal and vitreous phases under formation. Besicles the con-
tents of the glass phase depends on the kind and quantity of the frit in raw composition.   
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- -
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, -
 [1]. 
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-

, -
. , -

, , ., -
,

.

,

.
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, ,
-

. -
-

.
 [2], 

 (ZrO2)
(ZrSiO4) -

-

. -
-

, -
-
-

. -
,
-

. -

- -
-

, -
,

-  [3, 4]. 

 SiO2 – ZrO2 – RO + (R2O, Al2O3, B2O3),
 RO – CaO, MgO; R2O – Na2O, K2O

,

.
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-
, -

, , , .
, -

 R = O / (Si + 
+ 0,25Al), 
2,9–3,1 [5], , -

, , -
, -

- -
- .

. 1 -
,  SiO2 -

 50–60%; ZrO2 – 7,5–22,5 
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) [6]. 
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 541.49:546.723:546.712:546.47 
. . , ; . . , ;

. . ,

AX Fe3+ – Mn2+ – 3NO   – H2O  Fe3+ – Zn2+ – 3NO   – H2O
The hydrolysis processes in the systems Fe3+ – Mn2+ – 3NO  – H2O and Fe3+ – Zn2+ – 3NO – H2O

have been investigated by potentiometric titration and dialysis methods. The distribution of different 
Fe (III), Mn (II) and Zn (II) forms has been calculated upon experimental data. It has been established 
that Mn (II) and Zn (II)  not forms heteronuclear hydroxocomplexes.

. , -
 Fe3+

 [1, 2],  Fe3+ – 
Al3+ – 3NO – H2O  Fe3+ – Cr3+ – 3NO – H2O –  

 [3]. 
-

 (III) – -
 (II) [4, 5]  (III) –  (II) [6]. -

Fe3+  Mn2+  Zn2+ -
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-
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.
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-150

- .
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: -
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 / 
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K  1  NaNO3.

 /  « -
». 

25
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 25  7 

.
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,
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, , -
.

 Fe3+ – Mn2+

( . 1)  Fe3+ – Zn2+ ( . 2) 
. -

 OH / Me = 1,5 -
 (III). -

.
 OH / Me = 2,5 

. ,
 (II) 

 Fe3+ – Mn2+ –
3NO – H2  (II) 

Fe3+ – Zn2+ – 3NO  – H2 . ,
- ,
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. 1. 
 Fe3+ – Mn2+ – 3NO – H2 :

1 – ; 2 – 

. 2. 
 Fe3+ – Zn2+ – 3NO  – H2O:

1 – ; 2 – 

-
. 1  2. -
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,

d

d – ; -

.

 1 
 (III)  
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. 3. 
 (III)  Fe3+ – Mn2+ – 3NO – H2 :
1 – 3

2 6Fe(H O) ; 2 – 2
2 5FeOH(H O) ;

3 – ; 4 – 2
2 6Mn(H O)

. 4. 
 Fe3+ – Zn2+ – 3NO  – H2 :

1 –  3
2 6Fe(H O) ; 2 – 2

2 5FeOH(H O) ;
3 –  Fe3+;

4 – 2
2 6Zn(H O)
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3. , . . -
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 666.266.6 
. . , ; . . ,

The bioactive and resorbable properties of new implanting materials on the basis of glass and 
glassceramic of system Na2O – CaO – Al2O3 – B2O3 – P2O5 – SiO2 with the contents, mol. %: Na2O
(0,0–24,5), CaO (24,5–34,0), Al2O3 (0,0–24,5), B2O3 (0–7), P2O5 (6), SiO2 (45) researches results are 
presented in the article. Bioactive properties were estimated by studying ions of calcium and phos-
phorus separation from the synthesized glasses, and also by the determination of crystal glassceramic 
phases. The chemical stability and structure of bioglasses were investigated for the determination of 
their resorbable properties. The estimation of safety of the developed materials was realized by 
measuring of aluminium and borum migration, and also by researching of mediums . Researches 
results allowed to establish dependence of implanting materials on the basis of glass resorption de-
gree and bioactivity on their structure. 
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-
 ( )

-
.

 1 
, . % 

SiO2 CaO P2O5 Na2O Al2O3 B2O3

 1 45 24,5 6 24,5 – –
 2 45 24,5 6 19,5 5,0 –
 3 45 24,5 6 14,5 10,0 –
 4 45 24,5 6 9,5 15,0 –
 5 45 24,5 6 – 24,5 –
 6 45 24,5 6 7,0 14,5 3 
 7 45 24,5 6 7,0 12,5 5 
 8 45 24,5 6 7,0 10,5 7 
 9 45 29,0 6 20,0 – – 

 10 45 34,0 6 15,0 – – 

-
, -

, ,
. -

-
,

 70% 
 (Ca10(PO4)6( )2)  30% 
 [6]. 
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0
0,2
0,4
0,6
0,8

1
1,2

, %
 1
 2
 3
 4
 5
 6
 7
 8
 9
 10

. 2. 

 2 
2+

2+

, /CaO -
, . % 1 7  21 60 

 1 24,5 24,05 52,10 84,16 114,22
 2 24,5 18,04 38,08 66,13 81,16 
 3 24,5 16,03 34,07 50,10 58,12 
 4 24,5 16,03 34,07 48,10 56,11 
 5 24,5 8,02 20,04 32,06 38,08 
 6 24,5 10,12 22,14 37,17 54,21 
 7 24,5 8,02 16,03 25,05 32,06 
 8 24,5 8,02 16,03 24,05 31,06 
 9 29,0 22,04 46,29 78,36 113,43

 10 34,0 20,04 43,49 63,53 91,58 

 3 
3
4O

3
4O

, /2 5 -
, . % 1  7  21 60 

 1 6 0,064 0,153 0,240 0,283 
 2 6 0,060 0,102 0,113 0,139 
 3 6 0,017 0,070 0,081 0,094 
 4 6 0,009 0,022 0,037 0,043 
 5 6 0,020 0,044 0,057 0,067 
 6 6 0,008 0,033 0,040 0,059 
 7 6 0,020 0,066 0,084 0,107 
 8 6 0,018 0,029 0,036 0,046 
 9 6 0,100 0,192 0,284 0,412 
 10 6 0,068 0,158 0,235 0,339 
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 4 

 1 8,46 
 2 7,45 
 3 6,88 
 4 7,02 
 5 6,95 
 6 7,01 
 7 7,00 
 8 7,00 
 9 7,95 

 10 7,62 

2+ 3
4O -

, -
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 21 

 37º ,
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, -

 ( . 4). 

. 4. -
 1 
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,

.
, ,
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 – ,
-
-

 1, 7, 21  60 -
 37º ,

 1 : 10. 
. 5 

 6. . 5  6 ,
 Al3+  B3+ -

 0,016 /
1,7 / , -

,
 (4 /  0,5 / ).

-
-

.

 5 
 Al3+

 Al3+

, /l2 3

,
. % 1  7  21 60 

 2 5,0 0,032 0,051 0,062 0,073 
 3 10,0 0,012 0,038 0,059 0,073 
 4 15,0 0,028 0,052 0,064 0,075 
 5 24,5 0,025 0,039 0,046 0,054 
 6 14,5 0,024 0,042 0,055 0,065 
 7 12,5 0,026 0,042 0,052 0,064 
 8 10,5 0,024 0,041 0,052 0,065 

 6 
 B3+

 B3+

, /2 3

,
. % 21  60 

 6 14,5 1,219 1,743 
 7 12,5  1,123 
 8 10,5  1,112 
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 666.266:61 
. . , ; . . , . . ;

. . , ; . . ,

,

22 state standards on medical glass similarly international standards ISO are developed. Standards 
establish requirements to the medical equipment, laboratory glasswares, capacities and auxiliary de-
vices and also test methods. In standards requirements to appearance, the sizes, capacity, indicators of 
chemical stability, thermal and durabilitys to characteristics are regulated. Introduction in action of the 
developed standards will allow the domestic enterprises to let out the competitive production meeting 
modern requirements, will give the chance to eliminate the technical barriers interfering a free ex-
change by the goods between the countries. 
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 666.223.9 
. . , ; . . ,

The given work is devoted to an establishment of laws of change crystallization ability, optical, 
physical and chemical properties of optical glasses at introduction in their composition of modifiers at a 
various ratio and concentration.

For decrease in a degree of crystallization of industrial composition of glass it is necessary to use
WO3 in amount of 1–3%, CaO – 1–3%, Y2O3 – 1–3% at contents La2O3 of 9–11%. Application Y2O3 in 
structure of optical glasses of system BaO – La2O3 – B2O3 – SiO2 – TiO2 – ZrO2 – Nb2O5 in amount of 
3% gives to them full stability to crystallization at their six-hour heat treatment. 
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 666.973.6/666.972.16 
. . , ; . . , . .

-
This work describes the development and use of the additives which are associated into the cell 

concrete mix and lead to increasing of the strength properties of the finished products. The additive  
of sulphoaluminate modifier was used in the capacity of the additive regulating the synthesis of hy-
drosilicates of calcium and the fluidifier -3, which plasticizes the mix, was used in the capacity of the 
surface-active substance (SAS). The additive of sulphoaluminate modifier increases the hardness  
of concrete samples in comparison with control samples on the average approximately in 1,8 times for 
cell concrete with the average density 400–500 kg/m3. The presence of the fluidifier in the cell concrete 
mixes provides the maximum contact between the reacting substances (calcium oxide, silicon dioxide 
and water), the hydrophilization of the mix. Thus, the fluidifier allows to receive high diluting effect at 
the tempering of the cell concrete mix. 
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 – - ;  –  2CaO·3SiO2·2H2O;
 –  2 ·SiO2·H2O;
 –  5CaO·6SiO2·5H2O;
 –  6CaO·6SiO2·H2O;
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.
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 666.973.6 
. . , . . ; . . , ; . . ,

The influence of the technological factors on the main characteristic of foam concrete on the basis 
of caustic dolomite and magnesium chloride solution with using different foams was the urpose of the 
work. The influence of different technological factors on the process of the reception of foam concrete 
on the basis of caustic dolomite and magnesium chloride solution, the type and contents of foam, the 
velocity of the rotation of the mixer and duration mixering of foam concrete masses, the rotation of 
magnesium chloride solution and caustic dolomite was studed. The optimum for producing of foam 
concrete is the application of syntetic foam -2000 with contents 0,3–0,5% foam in solution; the ve-
locity of the rotation of the mixer 800–900 turns/minutes, the duration mixering of foam concrete 
masses is 1,0–1,5 minutes; the rotation of magnesium chloride solution and caustic dolomite is 0,4–0,5. 
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 541.183:543.422:546.98 
. . ,

-

A series of copper-palladium catalysts was prepared by impregnation of TiO2 support with aque-
ous solutions of copper and palladium salts. The prepared catalysts contain 0,5  3,0 mas.% of palla-
dium and copper respectively. The influence of preparation method and preliminary treatment on the 
palladium and copper active center formation on copper-palladium titanoxide catalysts of CO oxidation 
was studied by IR spectroscopy of adsorbed CO. Due to metal-support interaction the supported Pd and 
Cu raised reduction capacity resulting in their adsorptive properties. It was shown that supported palla-
dium and copper formed surface alloys.
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. . , . .  ( )

The kinetics and the equilibrium of Cs-137 and Sr-85 sorption process at natural material tripoli 
are studied. It is shown that sorption educing of Cs-137 and Sr-85 on tripoli from water solutions re-
alized in two stages differing in the speeds of sorption. The influence of sorption parameters (period 
of sorption, , content of salt and chemical composition of solutions) on the radionuclide extraction 
efficiency by tripoli from solutions at static conditions is determined. The coefficient of distribution 
and the capacity of tripoli are determined. The availability of tripoli developing for purification of low-
level radioactive effluent (content of salt no more than 4 g/l and content of organic substance no more 
than 0,2 g/l) is presented. 
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The influence of heterovalent substitution of barium and lead as well as isovalent substitution of 
barium by calcium in the BaPbO3 structure on its electrical resistivity and thermo-EMF values had been 
studied. It was shown, that donor substitution of barium or acceptor one of lead resulted in decreasing 
of thermo-EMF values of BaPbO3 – based ceramics and consequently in increasing of its power factor 
and thermoelectric efficiency. The obtained results can be used for development of thermoelectric ox-
ides with improved properties.
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   Al – SiO2 – C 
In this article researches of influence of a kind and dispersion silica contained a component, and also 

additives bentonite, kaolin and technical alumina on process of self-propagating high-temperature syn-
thesis of ceramic refractory materials in system Al – SiO2 – C are resulted. As a findings of investigation 
possibility of a speed control of combustion, by structure and properties of products of self-propagating 
high-temperature synthesis in system Al – SiO2 – C by change of the sizes of particles silica contained  
a reagent and inclusion of additives bentonite, kaolin and technical alumina has been shown. 
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The sorption of metal cations (Na+, Cs+, Sr2+, Ba2+, Zn2+, Cd2+, Hg2+, Cu2+, Ag+, Pd2+) and cationic 
surfactants (cetylpyridinium chloride and octadecylammonium chloride) has been investigated. The 
materials on the base of cellulose, lignin, peat and moss were the sorbents. 

It was shown that the sorption of these cations submits to Freundlich sorption isotherm. The equa-
tion which interrelates the extract degree of cations with parameters Freundlich sorption was obtained. 
The supposition about role of the nature sorbing materials in metals accumulation was considered. 
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This work conserns investigation sewage composition and offers improved purification methods. 
The researchers studied the emission points of gaseous substances into the atmosphere and made up 
their inventory. The studies resulted in working out several variants of absorption cleaning of discharge 
with subsequent biological purifying of reused water. The authors offer a technological scheme of wa-
ter recycling at an inferprise based on sewage purifying in bioreactor. The calculations of the absorber 
and the refrigirator of steam mixture, that proved the possibility of using vent pipe as absorber and re-
frigirator shell. 
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 (10, 10) 
Classical molecular dynamic modeling based on the REBO potential was used for the investigation 

of the processes of the migration of carbon dimers in the wall of (10, 10) carbon nanotube in the range 
of temperatures of 1500–3250 K. The modeling showed that it was very hard for dimer to incorporate 
into the structure of carbon nanotube at the given temperatures and dimer connected with nanotube was 
able only to migrate along surface of the nanotube. The migration had the character of quick transitions 
among four types of relatively long-dwelling metastable states. The rate constants of these processes 
were approximated with the Arrhenius equation and the parameters of the equation were calculated by 
means of least-squares method. 
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 541.124+546.431 
. . , ; . . , ; . . , . .

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

 Sr1-xNdxFe12-xZnxO19,
(Sr0,85Ca0,15)1-xNdxFe12-xZnxO19  6–300 

 14 
Crystal structure of Sr1-xNdxFe12-xZnxO19, (Sr0,85Ca0,15)1-xNdxFe12-xZnxO19 (x  0,5) ferrites is investi-

gated. Hysteresis curve is obtained in the temperature ranger 6–300 K at the magnetic fields to 14 T and 
defined dependence saturation magnetization, coercive force, residual magnetization from temperature 
and composition. 

.  SrFe12O19
-

,

 [1].  20 .

 BaFe12O19, SrFe12O19 -

.

, -
,

,
, -

, -
,

 BaO(SrO), Fe2O3 -
, -
, -

 (BH)max.  [2] 

 SrFe12O19,
 Sr2+  La3+ -

-
 Fe3+ -

 Zn2+. ,
, -

 Sr0,7La0,3Fe11,7Zn0,3O19

(BH)max = 41 / 3, ,
,  SrFe12O19.

 Sr1-xLaxFe12-xZnxO19 -
 (BH)max x = 0,3 

,
SrFe12O19, -

-  Zn2+

-
.

 [3 – 5], 
-

,
-

 Sr1-xLnx
3+ 2+
12 19Fe Fe O ,x x

Sr1-xLnxFe12-xCoxO19 (Ln – Pr, Nd). -
-

, -
, ,

Sr1-xNdxFe12-xZnxO19, (Sr0,85Ca0,15)1-xNdxFe12-xZnxO19
 14 

6–300 .
.

 Sr1-xNdxFe12-xZnxO19,
(Sr0,85Ca0,15)1-xNdxFe12-xZnxO19 (x = 0; 0,1; 0,2; 0,3; 
0,4; 0,5) 

, ,
, . -

. . . -
, -

,
«Puluerizette 6»  Fritsch, 

.  ( -
c )

 50–75 
19  5–7 ,

 373 
 1473 

 8 .
, ,

 1473  8 .

 Bruker D8 
(  CuK ) .

-
-

 5,0–
5,4  1,0–1,2 

-
-

 « - -
»

6–300  14 -

(Cryogenic Ltd, London, 41S). 
.

 ( . 1, 2) -
,  Sr1-xNdxFe12-xZnxO19,

(Sr0,85Ca0,15)1-xNdxFe12-xZnxO19 -
x  0,3. 
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. 1. 
 Sr1-xNdxFe12-xZnxO19:

x = 0 (1); 0,1 (2); 0,2 (3); 0,3 (4); 0,4 (5); 0,5 (6);
 – -Fe2O3;  – ZnFe2O4

-
 Sr1-xNdxFe12-xZnxO19,

(Sr0,85Ca0,15)1-xNdxFe12-xZnxO19
x  0,4, , -

-
, -

-Fe2O3  ZnFe2O4.
 Sr1-xNdxFe12-xZnxO19

-Fe2O3 -
x = 0,3 ( . 1, 4), -

-Fe2O3 -
x = 0,5 

( . 2, 6).

. 2. 
 (Sr0,85Ca0,15)1-xNdxFe12-xZnxO19:

x = 0 (1);  0,1 (2); 0,2 (3);  0,3 (4);  0,4 (5);  0,5 (6);
 – -Fe2O3;  – ZnFe2O4

-
a

Sr1-xNdxFe12-xZnxO19, (Sr0,85Ca0,15)1-xNdxFe12-xZnxO19,
 (220), -

x  0,3 

 ( . 3) a = 5,8870 – 
– 0,00836x, a = 5,8828 – 0,008345x -

, x
. x  0,5 
a -

, , -
. -

c,
 (205), -

x  0,2 (Sr1-xNdxFe12-xZnxO19), 0,3 
((Sr0,85Ca0,15)1-xNdxFe12-xZnxO19), -

 ( . 4) c = 23,027 – 
– 0,1270x, c = 23,105 – 0,1270x, -

x .

. 3. 
a x

 (Sr0,85Ca0,15)1-xNdxFe12-xZnxO19 (1),
 Sr1-xNdxFe12-xZnxO19 (2)

. 4. 
c x

 (Sr0,85Ca0,15)1-xNdxFe12-xZnxO19 (1),
 Sr1-xNdxFe12-xZnxO19 (2)
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x  0,5 -
c ,

. -
,

a ,
, a c -

 Sr1-xNdxFe12-xZnxO19.
SrFe12O19 a, c,

-
V, -

 5,8870 Å, 23,027 Å, 
691,128 Å3, 5,101 / 3 . -

 (a = 5,8844(6) Å, c = 23,05(3) Å, 
V = 691,20 Å3, = 5,102 / 3) [6]. 

. 5 -
 SrFe12O19

 6  8 
(80 ). ,

 3 
(30 ), -

-
.

. 5. 
SrFe12O19  6 

 8  (80 )

-
-

 Sr1-xNdxFe12-xZnxO19
(Sr0,85Ca0,15)1-xNdxFe12-xZnxO19 -

 6–300  50 ,

s, r
Hc  (1): 

,5585
s

s
Mn (1)

ns – , -

; M – -
; 5585 – , -

 ( B) .

-
-

nr, .
ns, nr, Hc, -

nr / ns  6  300 
 Sr1-xNdxFe12-xZnxO19,

(Sr0,85Ca0,15)1-xNdxFe12-xZnxO19 . 1, 2. 

 [1] ns -
 BaFe12O19, SrFe12O19

 0  20 B

B A, -
 8  4  Fe3+, -

 5 B (ns = (8 – 4)5 = 20 B).
B  Fe3+

 12k, 2a
Fe3+  ( -

 2b). A  Fe3+ -
-
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 4f1  4f2 .

 Zn2+

-
. , -

,  Zn2+ -

, -
 Fe3+

SrFe12O19  Zn2+ -
ns .

 1 
ns, nr, Hc

 6, 300 Tc  Sr1-xNdxFe12-xZnxO19

 = 6  = 300 x ns, B Hc,  nr, B ns, B Hc,  nr, B nr / ns
c,

0 19,67 2010 7,97 13,37 3070 6,29 0,470 710 
0,1 19,68 2080 8,23 13,60 3154 6,40 0,470 705 
0,2 19,65 2012 9,59 13,94 3114 7,18 0,515 700 
0,3 19,16 1096 9,49 13,27 3042 7,23 0,545 690 
0,4 16,35 1901 7,48 11,41 1901 5,51 0,483 680 
0,5 14,73 1821 6,33 9,91 1812 4,40 0,444 – 

H,

, · 3/

-90

-55

-20

15

50

85

-1,2 0,3 1,8
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 2 
ns, nr, Hc

 6, 300  (Sr0,85 0,15)1-xNdxFe12-xZnxO19

 = 6  = 300 x ns, B Hc,  nr, B ns, B Hc,  nr, B nr / ns

0 19,41 2601 10,35 12,39 3937 6,25 0,504 
0,1 19,72 2560 9,75 13,42 3964 6,34 0,472 
0,2 19,41 2377 9,37 11,87 3789 6,07 0,511 
0,3 19,18 2734 9,33 12,08 3560 6,10 0,505 
0,4 16,31 2340 7,98 10,33 3940 5,12 0,496 
0,5 13,00 3380 6,29 8,47 4289 4,15 0,492 

, . 1, -
 6 -

 Sr1-xNdxFe12-xZnxO19
 0 x  0,2 -
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x  0  0,2 
 Sr1-xNdxFe12-xZnxO19 -

 4,26%, 
x  0,3 -

ns  4,8%. 
Hc

Sr1-xNdxFe12-xZnxO19  0 x  0,2 -
x = 0; 0,1; 0,2  3070, 3154, 

3114 . . 2 -

ns  308 
 (Sr0,85Ca0,15)1-xNdxFe12-xZnxO19

, Hc ,
 Sr1-xNdxFe12-xZnxO19.

. , -
ns, -

nr -
 Sr1-xNdxFe12-xZnxO19

x  0,2  4,2 
12,14% , Hc

, , -
 Sr1-xNdxFe12-xZnxO19

(x = 0,1–0,2) -
 (BH)max ,

SrFe12O19.

1.
-  / . .  [ .]; 

. . . . . – .: ,
1994. – 416 .

2. Hight Energy Ferrite Magnets / H. Taguchi  
[et al.] // 7th International Conference on Ferrites, 
Bordeaux, 3–6 september 1996 / Bordeaux Conven-
tion Center France. – Bordeaux, 1996. – P. 3–4. 

3. Structural and magnetic properties of hydro-
thermally synthesised Sr1-xNdxFe12O19 hexagonal 
ferrites / H. Mocuta [et al.] // J. of Alloys and Com-
pounds. – 2004. – Vol. 364, iss. 1–2. – P. 48–52. 

4. Influence of the presence of Co on the rare 
earth solubility in M-type hexaferrite powders / 
L. Lechevallier [et al.] // J. of Magnetism and Mag-
netic Materials. – 2007. – Vol. 316, iss. 2. – 
P. e109–e111. 

5. On the solubility of rare earths in M-type 
SrFe12O19 hexaferrite compounds / L. Lechevllier 
[et al.] // J. of Phys: Condens. Matter. – 2008. – 
Vol. 20. – P. 175203–175212. 

6. ICDD JCPDS  84-1531. 



85

 667.662.1/51 
. . , . . ; . . , . ;

. . , . . ; . . , .
,
 « »

Composition and properties initial, modified, slimes heat treatment as secondary raw material for 
reception of technical materials, in particular, flux additive, pigments, pigments-fillers are investigated. 
It is shown, that the deposits obtained at sewage treatment by means of ferroferrihydrosol (FFG) repre-
sent a mix oxide oxyhydroxide iron with the zinc, nickel, chrome, phosphorus adsorbed compounds. It 
is positioned, that modifying of slimes by a phosphoric acid result ins to fall off of the contents of the 
water-soluble salts, including, chromates in products of slimes heat treatment and to change of their 
dispersible composition: the number and the size of agglomerates decreases.  
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.
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.  [4], 

- -
,

, -
,

, . . -
, , , ,

 5,0–15,0% 
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Scientific Equipment PTY LTD. 

-
 [6]. -
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 «Jeol JSM–5610LV». 
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,

-
 –  2008–2009 .

,
 100° ,  78,5–85,2%, . . -

2 -
. 2 , -

 100  850° -
 3,5%. 

.
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-

, -

, , , .
,

, , -
-
-

 MeFe2O4,  MeCr2O4 , ,
 Me3(OH)3PO4.  [7] 

-
, ,

 Fe(Me)OH O , -
, .
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: -
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0,8 .
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 1 

2

, . % 

-
1

100° ,
. % 

-

 850° ,
. % 

-

,
. % 

Fe2O3 P2O5 Cr2O3 NiO CuO ZnO FeO 
 – 

Fe2O3 : P2O5 : 
: Cr2O3 : NiO : 

: ZnO : FeO

1 84,7 86,9 0,46 54,1 2,89 3,07 0,33 0,070 16,94 1,80 
1 : 0,06 :  

: 0,06 : 0,012 : 
: 0,62 : 0,07 

2 85,2 87,5 0,57 53,7 2,80 3,22 0,32 0,075 16,40 2,16 
1 : 0,06 :  

: 0,06 : 0,012 : 
: 0,59 : 0,09 

3 82,6 85,8 0,38 44,5 4,33 5,15 0,29 0,110 18,75 2,07 
1 : 0,11 : 

: 0,12 : 0,013 : 
: 0,82 : 0,10 

4 81,5 85,2 0,31 44,5 6,10 5,06 0,33 0,110 19,76 2,59 
1 : 0,14 :  

: 0,11 : 0,013 : 
: 0,81 : 0,12 

5 83,8 87,1 0,35 47,4 3,53 5,31 0,36 0,094 18,68 2,47 
1 : 0,09 :  

: 0,12 : 0,018 : 
: 0,83 : 0,12 

6 78,5 82,3 0,43 47,8 3,43 5,90 0,28 0,079 16,27 2,10 
1 : 0,08 :  

: 0,13 : 0,012 : 
: 0,66 : 0,10 

7 81,7 84,9 0,36 45,0 3,03 5,27 0,33 0,080 16,04 2,05 
1 : 0,07 :  

: 0,12 : 0,014 : 
: 0,70 : 0,10 

1 .
2  100° .

-
 ( . 1), 

. , -
-

,  9,0 . %,  
. -

,
.

-
, -

. -
-

 100° , -
,

. -
, , -

0,5  10,0 . ,

.

           
                                                                                                                                     

. -
 – ;  – 
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 2 

2 5 : Cr2 3

, . % 

- -
, ° 2 5 : Cr2O3

2 5 : Cr2O3

- - - -

2 400 
600 
800 

0,93 : 1,0 2,0 
0,75 
0,26 
0,03 

0,11 
0,02 

6,69 
4,25 
1,09 

5,01 
1,19 
0,03 

4 400 
600 
800 

1,29 : 1,0 2,5 
0,84 
0,13 
0,07 

0,17 
0,01 

4,17 
2,22 
1,81 

3,01 
1,57 
0,01 

5 400 
600 
800 

0,71 : 1,0 2,5 
1,43 
0,43 
0,07 

0,33 3,68 
2,19 
0,32 

2,07 
1,57 
0,04 
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-
, 2 5 -

 2  1  Cr2O3, -

.  400°
 CrO3 .

 800–900°

, -
-

 0,03–
0,07 . % CrO3

.
-
-
-

 ( . 2). 
,

- , -

 Cr2O3, -
 Cr (III)  Cr (VI),  

. .

2 5 : Cr2O3.
2 5 : Cr2O3, -
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.
-

 0,04 . %. 
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 661.185 
. . , ; . . , ; . . ,

The state of the world detergent industry and detergent manufacturing in Belarus is outlined. It is 
noticed, that now in Belarus is available over ten detergent manufacturers among whom the in the 
lead place occupies Open Society «Barhim». The literature data regarding production of tableted, 
granulated, scaly, pastelike and gelatinous detergents are analysed. Classification of detergents is re-
sulted, composition and way of obtaining of technical and a household purpose detergents are char-
acterised. The role of fillers, their type in manufacture of phosphatic, low-phosphatic and non-
phosphatic detergents is shown. Necessity of scientific bases development of filler producing for de-
tergents in the Republic of Belarus is shown. Perspective directions of detergent manufacture at the 
present stage are noted.
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 3. – . 153–156. 
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,  / . ,
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 5 (51). – . 47–50. 
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 REACH  
The results of researches of JSC «Gomel Chemical Plant» products composition, exported to the 

European Union countries, are presented. The qualitative and quantitative composition of chemical sub-
stances, entering in the complement of products of enterprise such as technical fluoride of aluminium, 
artificial technical cryolite, waterless sulphite of sodium, NPK-complex fertilizers of brands 10:19:25, 
16:16:16, 7:16:31 (B), ammoniated superphosphate, ammophos, and also bulk blending fertilizers, con-
taining ammonia nitrate as the nitrogen component, is defined. Chemical, phase, quantitative and min-
eralogical composition of products are set and specified, physical, structural-mechanical and physical-
chemical properties of products are studied with the use of methods of X-ray analysis, IR spectroscopy, 
thermal, electronic-microscopic, grain-size, mass spectroscopic analyses and also calculations of bal-
ances on separate cathions and anions taking into account their charges. 

. -
,  « -

», -

-
 – , . ,

, -

(  – -
, , -

 – 
),

 ( , -
, ).

, -
-

 ( ),
 ( ) -

 « - »  1 
1  2008 . -

 –  REACH (Regis-
tration, Evaluation, Authorization and Restriction 
of Chemicals). -

 REACH 
-
-

,
 ( . . ), 

-
, -

 (
).

 « -
» ( )

, -
-

 REACH. ,
,

-

. . ,
. . , . . .

. -

:

( -
) –  10561-80; 

 ( -
-

) –  19181-78; 
 –  

 400069905.031-2006; 
 ( -

) –  
 400069905.023-2004; 

 ( -
) – Y 400069905.030; 

- -
 10:19:25, 

7:16:31 ( ) –  
 400069905.022-2003; 

- - -
 16:16:16 (

) – 
 400069905.022-2003. 

-

- . -

 «D8 Advance» 
 «Bruker» ( ). - -

-
 NEXUS 

NICOLET ( ). - -
 300–4000 –1. -

-
 JCPDS International 

Centre for Diffraction Data, -
-

 [1, 2]. -
-
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-

, -
.

-

 CAMSIZER ( -
). -

-
 – 

 JEOL JSM-5610LV 
( ) -

-
 JED 22-01. 

-

METTLER TOLEDO STARe (  TG-50 
DSC-30)  STARe

( ).

 «
,

, , , , , -
, , , , , ,

, ,
- -

» ( .  1137-99). -

GBC Avanta GM  « -3- 1» -
, -

 – -
.

-
. , -

-

, -
 – ,

, -
 ( , ).

-

-
, -

-
.

-

( ) .
 10561-80 -

 AlF3·nNaF. 

,
 NaF  AlF3. -

 1,5–1,7 -
, .

, -
. 1. 

 1 
 ( )

, . % 
F 52,50 0,55 

SiO2 1,28 0,08 
Al 18,97 0,24 
Na 20,46 0,36

H2O 0,630
P2O5 0,190 
Fe2O3 0,057 

-
, , -

-
 ( ) , ,

-
 ( . 2), , -

-
-

, ,
.

 1,5 -
.

 (
SiO2  1,28%), -

 – -
. ,

3650 –1 -
-  ( . 1). , -

-
 [3]. 

-
 ( . 1), -

 0,1–0,2%, 

- -
, - -

.
-
-

-
, .

-
 8:30, 8:33 -

,
( . 3). -

-
, -
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,
- .

-
,

-
-
-

,

.

 3%, -

,
 ( . 2). 

, -
 (

), -
,  (NH4)2SO4 -

. -
,

- ,
 (NH4)2Ca(SO4)2·H2O. -

, .

 2 
-

,
,

1%
( )

, % 

,
,

1%
( )

, % 

N 3AlF6 – 14
Na5Al3F14 – 65
Al(OH, F)3 – - 16

Al2(SiF6)3 – - 3,4

AlF3·1,5NaF – - 87

H2O – 0,6
AlPO4 – <1 AlPO4 – <1
FePO4 – <1 FePO4 – <1
SiO2 –   1,5 SiO2 –   <1 
Al2(SO4)3 –   <1 Al2(SO4)3 –   <1 
Fe2(SO4)3 –   <1 Fe2(SO4)3 –   <1 

. 1. -  « »

 « »
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Superphosphate ammoniated: Chibine 8:30

00-035-0816 (*) - Fluorite, syn - CaF2 - Y: 5.00 % - d x by: 1. - WL: 1.5406 - Cubic - a 5.46305 - b 5.46305 - c 5.46305 - alpha 90.000 - beta 90.000 - gamma 90.000 - Face-centered - Fm-3m (225) - 4 -
00-045-0848 (I) - Calcium Sulfate Hydrate - beta-CaSO4·0.5H2O - Y: 20.00 % - d x by: 1. - WL: 1.5406 - Hexagonal - a 13.96000 - b 13.96000 - c 12.75000 - alpha 90.000 - beta 90.000 - gamma 120.0
00-033-0311 (*) - Gypsum, syn - CaSO4·2H2O - Y: 25.00 % - d x by: 1. - WL: 1.5406 - Monoclinic - a 6.28450 - b 15.20790 - c 5.67760 - alpha 90.000 - beta 114.090 - gamma 90.000 - Base-centered -
00-011-0475 (N) - Koktaite - (NH4)2Ca(SO4)2·H2O - Y: 35.00 % - d x by: 1. - WL: 1.5406 - Monoclinic - a 10.17000 - b 7.15000 - c 6.34000 - alpha 90.000 - beta 102.750 - gamma 90.000 - Primitive - 
00-037-1479 (*) - Biphosphammite, syn - NH4H2PO4 - Y: 90.00 % - d x by: 1. - WL: 1.5406 - Tetragonal - a 7.50210 - b 7.50210 - c 7.55410 - alpha 90.000 - beta 90.000 - gamma 90.000 - Body-center
5 - File: 5.raw - Type: 2Th/Th locked - Start: 5.000 ° - End: 80.000 ° - Step: 0.050 ° - Step time: 2. s - Temp.: 25 °C (Room) - Time Started: 9 s - 2-Theta: 5.000 ° - Theta: 2.500 ° - Chi: 0.00 ° - Phi: 0.00 °

Li
n 

(C
ou

nt
s)

0

1000

2000

3000

4000

5000

6000

2-Theta - Scale
5 10 20 30 40 50 60 70 8

. 2.  8:30

 3 
-

 8:30 

,

( 1%) , % 

NH4H2PO4 – - 45,1 

CaSO4·2H2O – 7,4 
CaSO4·0,5H2O – 17,0 

(NH4)2Ca(SO4)2·H2O – 24,2 

CaF2 – 3,5 

CaF2 – 3,5 

AlPO4 – 1,0 

FePO4 – 1,8 
(NH4)2SO4 –  – 

CaHPO4 – –

, -
-

 – ,

. ,
,

. -
, -

 NPKS ,
-

 [4, 5]. 
 NPKS  10:19:25 

. 4 (
-

). -
, ,

-
.
,

- ,
 – (K, NH4)2SO4. -

 [4]. 
-
-

-
:

(NH4)2SO4 + KCl
 Kx(NH4)2– SO4 + NH4Cl;

CaSO4·2H2O + (NH4)2SO4

 (NH4)2Ca(SO4)2·H2O + 2 .
, -

, -

-
. -
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,  7. -

2
4 .

 4 
-

 10:19:25 

,

( 1%) , %

NH4H2PO4 – - 16,9 (42)

KCl –  33,7 
(NH4)2HPO4– 13,7 (12)
K0,5(NH4)1,5SO4 –  26,1 
NH4Cl –  4,9 
CaSO4·0,5 2  – 0,5 (2)

CaHPO4 –  0,4 
CaF2 –  0,8 
AlPO4 –  1,0 
FePO4 –  1,1 
(NH4)2SO4 – (38)

-
 16:16:16 : NH4H2PO4 – -

 (25,1%); [K0,5(NH4)0,5]2SO4 – -
 (35,3%); KCl – 

(9,0%); (NH2)2 –  (8,8%); NH4Cl – 
 (8,0%); CO(NH2)2·NH4Cl – -

 (9,2%).
-

, -
,

-
. , -

,

, -
,

-
, -

. ,
-

, -
.

-
-

-
, -

.
 10:19:25 

( . 3) , -
. -

 10:19:25 ( . 4) -
-

,
 – , ,  –  

.

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

 10:19:25 1 2, -

-
 JED 22-01, 

1 .
2

. -
-

, -
, -

.
 16:16:16 -

. , -
 16:16:16 

-
, -

.

. 3. 
 10:19:25 

- -
,
,

- -
. -

-

.
150–160°  2–3%. 

12
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16:16:16 
 120° ,

.

. 4. 
 10:19:25 

.
-

.
,

,
 – -

, -
, .

, -

-
,

, -
, -

, -
.

,
- -

-
,

, -
, -

-
-

.

1. -
 / . . -

 [ .]. : . ., 
1996.  372 .

2. , .
-

 / . ; . . . . -
, . . . – .: , 1966. – 290 .
3. , . .

 / 
. . , . . , . . . – .:

, 1982. – 248 .
4. , . . -

 NPKS  / . . -
 [ .] // . . III, 

. - . – 2007. – . V. – 
. 3–8. 

5. , . .
-

- -
: . … - . : 05.17.01 / 

. . . – , 2008. – 398 .

1
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-

The results of acid decomposition researches of alternative kinds of the phosphatic raw materials 
are presented. The obtained data has allowed to establish physical and chemical features of acid de-
composition of  Karatau and the Syrian phosphorites, caused by distinction in mineralogical structure 
and properties of formed crystals of phosphogypsum.  

The optimum technological conditions of acid decomposition process of the specified kinds of the 
phosphatic raw materials, providing achievement of the maximum degree of decomposition is proved at 
a minimum quantity of the liquid phase entered into process that allows to lower considerably power 
expenses at the subsequent stages of granulation and drying in obtaining phosphorus complex NP and 
NPK fertilizers.
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, -
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, -
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, .
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, -
 « -

» ( ) -

.
,

. -
,

-

.
-
,
-

 (
) -

.
-

. -

 105% .
 H2SO4 , -

 30  65% . -
 (80 0,5) .
,

,

. 1. 
,

p = f(C(H2SO4))  80
 30–65%. 

-

 50–55%. 
, -

, -
.

 2,0–2,5 ,
-
-

, -
. , -
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 80 :
 50–55%, -

 2,0–
2,5 . -

 97%. 
-
-

 (
)

 90% -
-

, .
,

. -
,

. 2. 
, -

p = f(C(H2SO4))  80
-

 30–65%. -

 35  55%, 
 45%-

.
-

 ( ) -
-

,
 90  110% -

 5%. 
-
-

-
.

-
-

,

p = f(C(H2SO4)).
,

, -

-
 55%. 

. 1. 
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C-35 & C-45 & C-55

C-55 - File: C-55.raw - Type: 2Th/Th locked - Start: 5.000 ° - End: 80.000 ° - Step: 0.050 ° - Step time: 2. s - Temp.: 25 °C (Room) - Time Started: 10 s - 2-Theta: 5.000 ° - Theta: 2.500 ° - Chi: 0.00 ° - P
C-45 - File: C-45.raw - Type: 2Th/Th locked - Start: 5.000 ° - End: 80.000 ° - Step: 0.050 ° - Step time: 2. s - Temp.: 25 °C (Room) - Time Started: 9 s - 2-Theta: 5.000 ° - Theta: 2.500 ° - Chi: 0.00 ° - Phi
C-35 - File: C-35.raw - Type: 2Th/Th locked - Start: 5.000 ° - End: 80.000 ° - Step: 0.050 ° - Step time: 2. s - Temp.: 25 °C (Room) - Time Started: 10 s - 2-Theta: 5.000 ° - Theta: 2.500 ° - Chi: 0.00 ° - P
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. 3. ,  35, 45  55% 

(87,3%) -
 55% 

 2 .
-

, -
- -

,
. -

- -

-
, -

 35  55 . %. 
-

, -
 JCPDS International Centre 

for Diffraction Data,  ( . 3), 

, - . -
, -

-
 (80 )

-
-

. , -
 35% 

-
 (CaSO4·2H2O),

 45% – 
 (CaSO4·0,5H2O), -

 55% – 
 (CaSO4). 

-

-
-

( ). , , -
-

65–85 ,  [1], -
-

 100 .
-

( . 4) -
-35,  

-45, -55
 CaSO4·2H2O, CaSO4·0,5H2O, CaSO4 [2, 3]. 

-
 3600–3200  1700–1600 –1, -

 OH-
 H2O.

- ,
-55 -

 CaSO4·0,5H2O (
3600–3560 –1). ,  1456, 
1430  865 –1 -

- ,
.

C-35 & C-45 & C-55 
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-45, -
-
-

 45%. 
 SiO2 ( - ), -

,
-

800–780 –1.
- -

, -
-
,
,

- -
, -

- . ,
,
,

, -

.
-

 35%. 
,

-
,

,
100  ( . 5). -

-
. -

-
,

.
-
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, , -
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5 . -

 45% 
. 5, -

-
. -

, -

-
,

-
, -

. -

-
.

55% 
, 10 . -

-

 ( . 5), -

.

. 4. - ,  35, 45  55%
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. 5. ,
 (  2000). , . %:  

– 35;  – 45;  – 55 

. -
- -

-
-

,

.

-
, -

-
,

-
 NP  NPK .

1. , . . -
 / . . . – .: 

, 1981. – 222 .
2.

 / . . -
 [ .]. : . ., 

1996.  372 .
3. , . -

 / 
. , . . . . ,
. . . .: , 1966. – 290 .
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 622.363.2+622.368 
. . , .

; . . , . . ;
. . , . ; . . , . . ;

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

 (  « »)

The extraction techniques of alkaline-earth metal bonds from reverse leach (potash fertilizer manufac-
ture of CJS «Belaruskali») are considered. Conditions which are necessary for separate extraction of cal-
cium and magnesium compounds have been established. Calcium compounds are precipitated in the cal-
cium hydrophosphate form, and magnesium compounds – in the magnesium hydroxide form. These prod-
ucts are characterized by high cleanliness. Calcium hydrophosphate is harmful impurity free and it can be 
used as the fodder additive. Magnesium hydroxide can be used for magnesium oxide production. The pilot 
plant for separate extraction of calcium and magnesium compounds from reverse leach was developed. 

. -
-

 « -
»

( ), -
,

:
. -

,
, -

, , -
-

. -

. ,
-

, -
, -

-
,  [1]. 

-
-

,
, ,

 [2]. -

, -
.

.
-

 [3, 4, 5]: 
1) ;
2) - ;
3) - - ;
4) - ;
5) .

,

. ,
, -

 (  1 . %) 
 [3].  
- -

,

 [3]. 
- - -

.
,

,
.

, -
 ( -

) .
- -

,
-
-

 [4]. 
-

-
.

.

-
 (  4–

5 / 3), -
,  [4, 5]. 

- -
, -

-
.

,

,
,

-
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. -

-
 « » -

. -
-
-

, , . -
-

 ( . %): KCl – 10,31, NaCl – 
16,98, MgCl2 – 2,55, CaCl2 – 2,17, CaSO4 – 0,05, 
H2O – . -

4,72 . %. 
1,33 /  3

 0,23  0,20 / 3,
pH  6,97. 

-
 5 / 3.

 0,1 3 -
,

 pH -
 pH-  «Hanna pH 211». -

. 1, 
,

,
.

, -
,

, -
.

, -
-

,  0,26  0,24 / 3,

, -

-
.

-
, -

-

, -
. , -

,
- -

 AAS-5, 
, ,

 (69,90 . %),  KCl 
(9,00 . %), NaCl (21,00 . %) 

. -
, -

Mg(OH)2 (51,90 . %), Ca(OH)2 (43,20 . %)
 KCl  NaCl. 

-

.
, -

, .
, -

. , -
, -

 AAS-5, 
 4  5 / 3,  0,02% 

.

. 1. 
 5  NaOH 

, -
-

. ,
-

, -
, ,

,
.

-
. -

:
.

-
, -

. 2. -
:

 50–60°
 (3),  (1)

 NaH2PO4.

10 20 30 VNaOH, c 3

11

10

9

8

7

12
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. 2. 
:

1, 2 –  (63 3); 3, 4 –  (250 3);
5 –  (  AKASET); 6 – ; 7, 9, 10, 12 – ;

8, 11 –  (0,5 3); 13 – 

 (3) -
4,

 (5),
S .

 (7)
 (13) -

 (
). -

.
2+

 (8),
g2+  (9)  (4),

 (2)
.  (4)

g( )2, -
 (6) . 

 (10) -
 (13).

. -
 (13) .

.
.

-
:

.
,

, -
-

,  – 
. -

-
-

.

1. , . .
:  2 . / . , . ; .

. . , . . . – .: , 1971. –

. 1. – 560 .
2. -

 / . .  [ .]. – : . -
, 2005. – 881 .

3. , . .
 ( , ,
, ):  2 . / . . . –

4- . – .: , 1974. – . 1. – 792 .
4. , . .

: .  / . . -
. – 6- . – .: , 1989. – 352 .
5. , . . :
.  / . . . – 

.: , 1988. – 304 .

4

NaH2PO4 NaOH

(50–60° )

CaHPO4 Mg(OH)2

1 2

3

5 6
7

8

9

10
13

11

12

13
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 66.097.38 
. . , .

; . . , . . ;
. . , . ; . . , . . ;

. . , . .  ( )

-
Based on the results of investigation of aluminum-vanadium catalyst interactions with orthophos-

phoric acid, the possibility of complex processing of this catalyst and utilization of obtained products 
has been demonstrated. The composite consisted of used aluminum-vanadium catalyst ABK-10 
(Al2O3  81,1% and V2O5  11,9% by weight) and ortho-phosphoric acid was thermally treated under 
special regimes. This gave a solid polyphosphate sorbent with general chemical formula 
H2AlP3O10·2H2O. The sorptive capacity of the product measured in relation to ammonia absorption was 
to 198 mg of NH3 per 1 g of sorbent.The polyphosphate sorbent can be used for purification of indus-
trial emissions, containing ecologically dangerous components having basic properties such as ammo-
nia, amines etc. As a result of growth solution evaporation, the vanadil phosphate VOPO4·2H2O has 
been obtained that showed high catalytic activity in the reactions of the alcohols dehydration. 

. , -
, ,

-
-

, , -
-

, ,
. -

-
.

-

-
,

, -
. -

-

, -

.
-
-

 10–20  (  = 0,1 / 3). 
-

 1000 
, -

, , -
-

.
. -

- -10, -

-
.

-
-

,  (V) 

 [1] 

. -
, , -

- -
, - -

 80,5–81,9% Al2O3,
11,7–12,1%  V2O5,

 10–11%  (IV),  6,6–8,6% -
, -

.
, -

, -
.
-

-
,

. , -
-

 (
) -

-
-

.
 [2, 3], -

 «  – 
 – »  90°

:
AlH3(PO4)2·2H2O, Al(PO3)3, AlH3(PO4)2·H2O,
AlH3(PO4)3·3H2O, AlH(PO4)3, Al(HPO4)2·H2O,
Al(H2PO4)3·1,5H2O, H2AlP3O10·2H2O, Al(H2PO4)3,
Al4(P2O7)3 , -

-
.

,  Al2O3,
 « ,  – 
 – »

-, -
-, -  [4, 5].

 (III) -
,
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, -
. , , -

, -
 [6]. 

-
-

,
, -

-
, ,

-
.

-10
.

-

, , -
, -

,
, -

.
,  [7, 8], 

,
-

 – 
 – , , -

.
,

.
-

, -
-

.
. 1 -

- ,
-
.

. 1 ,
« -10 – -

 – » -
 230–240°

2 3 : 2 5 = (1 : 3)–(1 : 6), 2 3 = Al2O3 + V2O5,
-

 (H2AlP3O10·2H2O), 
- -

 0,12–
0,31 . % . -

,
. 2, - , -

.

 1 

,

-10 

, . % 
-

2 3 : 2 5
Al V P H2O

-
-

( . % 
3 10)

1 : 3 
1 : 4 
1 : 5 
1 : 6 

8,31
8,39
8,95
8,30

0,31
0,15
0,12
0,12

29,41 
29,34 
29,20 
29,28 

16,96 
16,84 
16,45 
17,02 

98,1 
98,8 
98,4 
98,9 

,
, -

-
.

 2 
 (d, Å)  

 (I, %) 

,
 H2AlP3O10·2H2O

H2AlP3O10·2H2O

d, Å I, % d, Å I, % 
7,78 
5,77 
4,83 
4,40 
3,99 
3,91 
3,52 
3,50 
3,43 
3,39 
3,27 
3,08 
3,05 
3,01 
2,89 
2,78 
2,61 

100 
0,9 
8,5 
5,1 
0,9 
2,9 
0,8 
0,9 
1,6 
0,6 
4,1 
5,0 
7,3 
1,7 
0,8 
5,3 
6,4 

7,89 
5,79 
4,90 
4,51 
4,45 
4,35 
3,98 
3,48 
3,43 
3,31 
3,11 
3,07 
3,06 
3,03 
2,92 
2,81 
2,69 

100 
 4 
17
10
14
10
11
10
11
22
10
18
12
13
8

23
2

, -
-

,
. -

-
. -

, -
,

,
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. -
-
-

.  – 
(VO)2P2O7, VOHPO4·0,5H2O, VOPO4·2H2O – 

, -
, - -

-1  [9]. -
-

.
,

(VOPO4·2H2O) ,
-

- -
, .

-
,

.

-
 ( )

 150°
 HNO3.

.

,
 50 .  89–90%.  

 (VOPO4·2H2O)
- -

, , , -
.

-
-

.
-

-10 -
 ( d = 1,72 / 3)

2 3 : 2 5 = (1 : 3)–
(1 : 6), 2 3 = Al2O3 + V2O5. -

-
.  210–220°

-
 220–

240° , -
 1,5–2,0 . -

, -
, -

,

pH = 7. 
,

-
 94% . -

-
 150°

 HNO3 -
-

 (VOPO4·2H2O)  89–90%. 

-
.

, ,
-

-10,

,
(  82%) 

.
-
-

,
 0,3% , -

P(NH3) = 350 . ., P(H2O) = 10 . .)
.

. 3. -
, ,

,

198  NH3/ .

 3 

, ,
 NH3/

1/5
1/4
1/2
1
2
6

24
48

26
37
43
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67

133 
199 
198 

-

. -
-
-

 ( )
 Al2O3 : SiO2 = 1 : 3. 

 30–
60 . %. - -

-
-
-

: -
,

.

-
. , -

. 4, , -
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 – 
 – ,

. , -
, -

 4–5 ,
30 . % ,
24  118,19  NH3/ ,

 60 . % 
 152,87  NH3/ .

 4 

 (  – 4–5 )

,
,

 NH3/
30 . %  +

+ 70 . % 
1/6
1/2
1

2 + 1/3
4

24
30

68,87 
76,12 
78,17 
85,19 

108,40 
118,19 
119,12 

45 . %  +
+ 55 . % 

1/6
1/2
1

2 + 1/3
4

24
30

74,51 
82,35 
92,67 

100,04 
116,83 
127,44 
126,84 

60 . %  +
+ 40 . % 

1/6
1/2
1

2 + 1/3
4

24
30

90,51 
104,21 
110,17 
120,04 
138,44 
152,16 
152,87 
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-
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 658.54+662.676 
. . , . . ; . . , . . ;

. . , . .

The Methods of the calculation of the consumption of the natural gas under his transport on system 
main pipe line is offered. The Analysis of the consumption of the natural gas object systems main pipe 
line is executed. The Structure of the consumption of the natural gas is offered. It Is Designed analytical 
dependencies and is determined set dates required for calculation of the consumption of the volumes of 
the natural gas. The Numerical values of these expressions are determined on the grounds of experienced 
data. The Methods are included in organization standard «Beltransgaz» for carry out calculation rates of 
the consumption of the natural gas under its transport on system main pipe line. 
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. 2. 

-
, -

-
 ( . 2). 

1

1 1 ,
1

k
k

i m
kN zRT q

k
           (1) 

c,mq q                             (2) 

,e i rN N N N                    (3) 

,iNN                            (4) 

        

(5),

iN Nq
H H

N
H

1 ,q
N H

       (6) 

0

, d ,V N       (7) 

Ni – 
 ( ), ,

N  –  – -
, ;
N  – ,

;
Nr – 

, ;
N  – , -

, ;

z –
;

R – , /( );
1 –

, ;
k – ;
 – -

;
 – ;
 – ;
 – ;

qm – 
, / 3;

q – 
, , 3/ ;
 – -

, / 3;
q –

, ;
H  – 

, / 3;
 – 

, 3/ ;
V  – , 3.

, -
k ,

:
-6,3  

40,7543 9,9450510 ,k T            (8) 

-16  
5 2

a = 2,763 0,01458 + 2,9830210 ,k T T  (9) 

-16 -16 « » -
k

a 1,02 0,0025 268,15 ,k T        (10) 

 ( ),  
, , R,

.
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T  – 
, .

-
-

,  «
»,  

. -
Q – -

, 3/ .
*6 *5 *4

1 2 3
*3 *2 *

4 5 6 0,

A Q A Q A Q

A Q A Q A Q A (11)

0, 1… 6 – 
;

*
cp 1 10,101325/ /

/ 293,16 / 24 / 3600 ,

Q Q z T p p

K

Q  – , 3/ ;
1 1 – 

, ;
– , ;

= 1 - 4000, -12500,

= -6,3; -16C,

K
nK
n

n n  – 
, / . -

. 1. 
 16 « »

, . . 0,87.  
-

, 3,

,                 (12)

 – 
, 3;

– , .;
 – , .

0
0 24q N  ( 3),           (13) 

0  – 
, 3/ ; . 2. 

-
q

0 0 2( ) ,q A BN C N   (14) 
0N –

, .
0 / ,iN N N                 (15) 

N – , .
, , , -

 (14), . 2. 
,iN , -

1

1 1 ,    (16)
1

k
k m

i
kN zRT q

k

mq –
, / .

c,                 (17)mq q

q  – 
, -

, 3/ ;
 – , -

, :
2A' B' C' .  (18) 

', B' C' -
. 2. 

 1 

-6,3 -16  16 « » -4000 -12500 

A0 28,69318 10,0639 2,95294 –505,4966 
A1 4,090  10–2 – – –2,97  10–3

A2 –0,761607 –1,9416  10–3 9,0491  10–3 0,134464 
A3 5,79522 5,5306  10–2 1,4111  10–1 –2,52518 
A4 –23,122 –0,621093 –0,88523 25,14273 
A5 51,06204 3,39952 2,72991 –140,005 
A6 –59,09872 –9,00912 

= 0,87 

–4,0064 413,5052 
,

 0,281 0,345 0,345 – – 
 0,985 0,985 0,985 0,98 0,98 
 – – – 0,99 0,99 
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 2 

10 -28/75-1 10 2

,N 736 1104 
A –0,107734 0,5255 
B 0,873192 0,15484 
C –0,219572 –0,032617 

0 ,H 3/ 330 377 
A' –1,36884 4,5484 
B' 6,42404 –6,12529 
C' –4,30493 2,66482 

0,76 0,78 0,80 0,82 0,84 0,86 0,88 0,90 0,92
0,90

0,95

1,00

1,05

1,10

1,15

q  = - 1,36884 + 6,42404  - 4,30493 2

Ni,

q,

q
q

0,88 0,90 0,92 0,94 0,96 0,98 1,00 1,02 1,04 1,06
8600

8800

9000

9200

9400

9600

9800

10000

10200

=
H

0 *q
f(N

i)*
N

i*2
4

y =21748,54587-26701,35259 x+14693,08742 x2

Ni,

. 3. 

 10 

. 4. -

 10 

:

,n                      (19) 
0

0 24,qN                  (20) 
2

0 0 ,q A BN CN                     (21) 

0 / ,iN N N                          (22) 
1

1 1 ,
1

k
k

i m
kN zRT q

k
       (23) 

c.mq q                            (24) 

. 3  4 ,

- -
. -

.
.

 « » ( .02.02-2008)

.
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q

 =
 

q
f(N

i)N
i2

4
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 = 21748,54587 – 26701,35259  + 
+ 14693,08742 2

q  = –1,36884 + 6,42404  – 
– 4,30493 2

q
––– q
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 536.42+537.31+546.73+54-165 
. . , . . ; . . , ; . . , ;

. . ,

-
In this paper crystal structure, electrical conduction and thermo-EMF were investigated for the  

LaCo1–xGaxO3 system. X-Ray phase analysis of the samples showed that for 0 x  0,7 all solid solu-
tions had rhombohedrally distorted and for 0,7 < x  1,0 rhombically distorted perovskite structure. It is 
found that at x  0,5 all samples had semiconductor – metal phase transition accompanied by essential 
electrical conduction increase. Energy activation of electrical conduction was evaluated for all samples 
for different temperature intervals. Data on coefficient of thermo-EMF showed that its temperature and 
composition dependences had a complicated (nonmonotonous) character.

.
-

 LaCoO3
,

,
, -

, -

, -
-

,
 – 

 [1–6]. 
-

 LnCoO3,
,

3d6- 3+

3+ -
/ -

. ,

 – , -
 [7–8]. 

, -
-

.
-

- -
.

 – -
 LaCoO3 -

3+  3d-
 Ga3+ -

 3d- -
, -

-
-  LaCo1–xGaxO3.

. - -
 LaCo1–xGaxO3 (  = 0,0–1,0) 

, -
 (Co3O4), . -

 « . .». -
, -

,
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-

 50–75 -
 25  5–7 
 1523  4 . -

, -
,  30 -
 5 5 2, -

 1523  4 .
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 (  2 –0,03 -
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2  20  80 .
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Centre for Diffraction Data Joint Committee on 
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 RTP. 
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-
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 300–1050 -

, -
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.
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 3–5 · –1
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 5 5 27 3.

. -
-

- ,
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, -
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(0,7  1,0) -
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. 1. 
,

LaCoO3 – LaGaO3 -

 LaCo1–xGaxO3
-
-

 0,7. 

. 1. 
 ( )  ( )

-  LaCo1–xGaxO3

 ( . 2) , -
 ( )  LaCo1–xGaxO3

, :
 LaCoO3  950  200 · –1,

3+

 Ga3+  0  0,9 -

 1,75 · 10–3 · –1. -
-

3+  Ga3+

( )  ( -
 Ga3+

 (Co3+· ) -
 Ga3+).  ( )

LaCoO3,
 550–950 -

 – , -
,

 > 0,5 .

. 2.  ln –1

LaCo1–xGaxO3 :
1 – 0; 2 – 0,15; 3 – 0,2; 4 – 0,3; 5 – 0,5; 6 – 0,7;  

7 – 0,8; 8 – 0,9; 9 – 0,95 

 LaCo1–xGaxO3
 0,5  ln –1

 ( . 2). 
 ( ) -

-
 300–1050 ,  ( -

) – ,

,

.  Co3+

 Ga3+ (0 <  0,5) 
-

0,5 0,6 0,7 0,8 0,9 1,0
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0,5495

0,5500
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.
 (  > 0,5) ( . 2) 

 ln  – –1

-
, -

 – 
-

.
-

 ln –1 -
-

- -
, , -

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

. 1, ,
 0  0,3 -

1 -
 0,09 .

 0,3  0,8 
1  0,57 .

-
2 -

, , -
.

 1 

, ,
 (

1
,

2
,

3
)

,

1 2 3

LaCoO3 0,10 0,47 0,06 
LaCo0,9Ga0,1O3 0,16 0,50 0,14 
LaCo0,85Ga0,15O3 0,16 0,48 0,09 
LaCo0,8Ga0,2O3 0,16 0,49 0,06 
LaCo0,7Ga0,3O3 0,19 0,54 0,16 
LaCo0,5Ga0,5O3 0,36 0,56 0,20 
LaCo0,3Ga0,7O3 0,51 0,67 – 
LaCo0,2Ga0,8O3 0,54 0,65 – 
LaCo0,1Ga0,9O3 0,89 – – 
LaCo0,05Ga0,95O3 0,92 – – 

,
 300–1050 

- -
, -

dln  / dT–1 -
-

 LaCo1–xGaxO3 ( . 3). . 3 ,
 LaCo1–xGaxO3
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. TEA, 

-
,

 c -
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-
-

,  « »
 « ».

. 3.  ( ),
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 2 
 ( )

-  LaCo1–xGaxO3
 400, 1000, TEA,

,
( ) 400 TEA,

 1000 
TEA,

,

0 0,28 0,50 0,05 480 
0,15 0,24 0,55 0,06 560 
0,2 0,24 0,64 0,07 595 
0,3 0,24 0,66 0,17 620 
0,5 0,36 0,72 0,27 660 
0,7 0,52 0,73 0,59 810 
0,8 0,50 0,70 0,61 860 

-
-

 300–1050 . 4. 
-  (S) -
 0  0,5 

,

, ,
,

. ,
 LaCoO3  305 -

S = –0,166 · –1. -
 350 S -

 –0,207 · –1. -
S ,

 435 , -
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- -
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 LaCo0,8Ti0,2O2,86, LaCo0,8Ni0,2O2,95
(  = 28,2  9,5 /( 2· ), -

 [12] -
,

.

. 5. 
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 663.833+620.197.1 
. . , .- . ; . . , . . ;

. . , . .  ( )
-

The selection of metallic surface inhibitors corrosion in salt solutions, particular carbon steel, in 
standard solution of sodium chloride 5% concentration and in suspended fertilizers has been carried 
out. he influence of the most effective corrosion inhibitors on the suspended liquid complex fertilizers  
stability, structural-rheological properties has been studied. It is shown that the use of corrosion inhibi-
tors in the suspended liquid complex fertilizers preparation have a positive effect on their physico- 
chemical properties: stability and fluidity rises, and the exfoliation rate of suspended fertilizers de-
creases with their storage and transport.

.  [1, 2], 
-

 ( )
 (

), -
, ,

-
- , , -

, -
,  ( . 1). 

.

, -
. -

-
, , ,
, -

 4% .
-
-

-
.

-
-

. -

,

 [3]. -
-

-2
«  – » -

 3  1312 –1. -

(D)  [3, 4] -
 ( r)

 ( ).
. 2 -

-
-

 10:6:11 , ,
, . ,

 1  5 -
 8,6  20% . -

 0,2, 0,5  1% -
 2 . ,

 4% 
8,6% .

, -
 2%.  

 5 -

. ,
 0,2% 

14,9%,  3%-  – 
8%  20% .

 1 
. 3

 5%-
, / 2·-

,
% 8 15 8–15 22 15–22 

-
-

,
/

Na3PO4 0,05 9,3 4,76 3,07 1,14 2,46 1,16 2,51 0,11 6 
Na3PO4 0,25 10,4 2,64 1,93 1,11 1,76 1,40 1,77 0,08 5 
Na3PO4 1,0 11,9 1,08 0,92 0,73 0,95 1,02 0,94 0,043 5 
Zn(NO3)2 1,0 5,9 0,3 0,15 0,27 0,24 0,42 0,22 0,01 3 
Na2SiO3 1,0 10,5 0,71 0,60 0,51 0,46 0,21 0,50 0,02 4 
(NH4)2MoO4 1,0 5,7 3,01 1,96 1,05 2,47 3,46 2,39 0,12 6 

 2,5 6,3 1,15 1,12 1,01 0,96 0,92 1,03 0,045 5 
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 2

 10:6:11  ( ), ,
,  (4% )

, . % 
, . % 1  2  5 

max,
·

min,
·

k2,

– 8,6 16,7 20,0 5,27 4,00 0,52 105 

0,2 4,3 10,6 14,9 5,52 4,22 0,43 70 
0,5 3,8 7,5 13,2 5,01 4,52 0,43 80 
1,0 4,0 7,0 12,0 5,28 4,40 0,39 122 
3,0 2,0 6,0 8,0 4,72 4,58 0,46 140 

0,2 4,3 9,6 17,0 5,22 3,90 0,35 95 
0,5 4,2 9,4 17,0 5,36 3,50 0,33 82 
1,0 3,8 7,7 15,4 5,49 4,10 0,23 67 
3,0 4,8 10,6 19,2 6,62 3,70 0,18 68 

0,2 6,0 8,3 10,0 4,62 3,20 0,29 72 
0,5 7,4 12,7 16,7 4,97 3,57 0,20 92 
1,0 8,0 14,1 17,0 5,01 3,20 0,30 93 
3,0 3,8 7,4 13,4 5,47 3,10 0,32 91 

0,2 6,1 8,5 15,3 4,76 4,10 0,36 72 
0,5 7,7 11,6 15,6 4,74 3,20 0,30 92 
1,0 7,7 9,4 11,8 4,70 – – – 
3,0 3,8 7,4 15,4 4,68 3,20 0,29 72 
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.
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.
 2  4% 

1  11,4  9,4%,  – 
5,4%.  6 

 17,2, 11,4  6,8% ( . 4). 

 3 

 9,6:5,6:11,3  
 ( ),

 (3% )
, . % -

,
. %  1  2  5 

max,
·

min,
·

k2,

– – 6,5 13,4 19,6 4,59 62,70 1,18 208 
 5,00 5,4 9,8 16,7 5,06 21,25 1,38 162 

 0,13 8,5 17,1 25,0 5,11 15,42 0,88 110 
 + 

+
0,13 
0,50 7,3 14,8 22,0 5,38 14,60 0,32 58 
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 4 

 10:10,7:8,8 , , ,
, . % 

, . % 1  2  3  6 
max,

·
min,

·
k2,

– 5,4 6,8 6,8 6,8 7,80 0,25 68 
1 15,7 20,0 20,0 20,0 5,27 0,20 48 
2 11,4 14,3 17,1 17,2 4,30 0,17 44 
3 11,1 13,9 13,9 13,9 5,98 0,29 51 
4 9,4 11,4 11,4 11,4 7,25 0,60 65 

      
                                                                                                                                      

. 1.  (Dr) ( )  ( )
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.
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 541.18:661.85
. . , .- . ; . . , . . ;

. . , . . ; . . , . ;
. . , .  ( )

-

-

The new compositions of the emulsions of different nonpolar substances on the basis of the domes-
tic raw material: the distillation residues of processing rape oil, fatty tar, extract of the phenol cleaning 
of oils, etc. as the reducers of the viscosity of different suspensions are developed. It is established that 
the mixtures of the emulsions of nonpolar substances with lignosulfonates are the most effective reduc-
ers of the viscosity of mineral dispersal systems, during their application technical and economic index 
in the production of different materials: potassium fertilizers, cement and lime due to the expenditures 
reduction for their drying, are improved.
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 1 

-
40%- -

, %
k1, 0 · 10–1, · k2, m · 10–3, ·  1 / m, –1· –1

0,0 9,5 11,70 37,5 102,0 9,8 
0,4 5,0 4,17 12,0 100,0 10,0 
0,8 3,0 5,94 11,2 74,0 13,5 
1,6 0,0 – 5,5 99,0 10,1 
3,2 0,0 – 9,3 92,0 10,9 
4,8 0,0 – 9,0 86,0 11,6 

-
-

- -
- ,

-
- -

-
. -

( )
( ), .

. 1 

-
-  40%- -
- , -

.
 1%, – 30%. 

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

k2,  5,5 ,
,  1,6% 

.

 0,8% .
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, , -
, , -
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-
.

. 2 
-

 40%-
- . -

,
- -

. -
-

 1 / m -
m -

 0,095–0,390% .

, , -
,

. -

 0,39% -
, -

.

 2 
,

,
40%- -

, % 
0,0 0,095 0,19 0,39 0,78 1,17 

m · 10–3, ·  102,0 36,0 35,0 19,8 50,7 141,0 
k2,  37,5 24,5 21,5 17,5 23,5 57,0 

1 / m, –1· –1 9,8 27,8 28,0 50,5 19,6 7,1 
k2 / m, –1 368,0 680,0 614,0 884,0 464,0 404,0 
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 3 
 40%- -

, %  

m · 10–3, · k2, 1 / m, –1· –1
k2 / m, –1

0,0 0,0 37,5 102,0 9,8 367,6 
0,95 2,0 10,0 15,0 66,7 666,7 

0,199 2,0 9,0 8,6 116,3 1046,5 
0,78 2,0 10,5 12,0 83,3 875,0 
0,78 0,0 23,5 50,0 19,6 463,5 
0,78 0,5 10,5 15,2 65,8 690,8 
0,78 1,0 11,5 13,5 74,1 854,8 
0,78 2,0 10,5 12,0 83,3 875,0 
0,78 4,0 9,5 7,5 133,3 1418,0 
0,78 8,0 9,5 13,0 76,5 730,8 

-

- -
.

-
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ÕÈÌÈ×ÅÑÊÀß ÒÅÕÍÈÊÀ, ÒÅÏËÎÒÅÕÍÈÊÀ  
È ÝÍÅÐÃÎÑÁÅÐÅÆÅÍÈÅ 

 66.048.375 
. . , ; . . ,

Some ways for expression of efficiency of liquid mixing on a stage of contact of vapor and liquid 
phases using the sectional, diffusion, and complex models as well as the mass-exchange mode corre-
sponding to the Murphree model at the analysis of liquid phase efficiencies have been considered. The de-
pendences of the intensity of liquid mixing on a number of sections of ideal liquid mixing in the sectional 
model and on a Peclet number in the diffusion model have been derived for the countercurrent and cross-
current movement of vapor and liquid phases. In order to simplify the analytical expressions, it has been 
proposed to evaluate the intensity of liquid mixing by a reciprocal of the number of sections of ideal mix-
ing for the crosscurrent movement of phases. The satisfactory description provided by the obtained formu-
las has been graphically confirmed for the dependences on the efficiency, the number of sections of ideal 
mixing, the phase equilibrium coefficient, and the ratio of molar flows of liquid and vapor phases.  

.
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 66.048.375 
. . , ; . . ,  ( )

The crosscurrent efficiencies for different variants of mass-exchange using conditions of relation-
ship between the ideal and real plates from the known Murphree and Hausen models as well as from the 
complex model have been compared. The ranges of variation of the parameters where the efficiencies 
of the mass-exchange variants are close to those in the complex model have been determined. The effi-
ciencies have been analyzed at various ratios of vapor molar flow to liquid molar flow and various val-
ues of the phase equilibrium coefficient. It is recommended to use the Murphree-type conditions of re-
lationship between the real and ideal plates, if the coefficient is close to unity, the Hausen-type 
conditions of relationship between the real and ideal plates, if it is far from unity (m >> 1), and the gen-
eralizing complex model at any value of the coefficient. 
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. 2. 
k2 k L / V = 4 ( ), L / V = 1 ( ), 

L / V = 0,5 ( ) m

. 3. 
k3 k L / V = 4 ( ), L / V = 1 ( ), 

L / V = 0,5 ( ) m
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 (10) 
. -

 ( . 2, ) -
,

m.
L / V > 1 Ek2 < Ek, L / V < 1 Ek2 > Ek.

-

m = 1 .
-

,
. 3, -

-
.

. 1, 3 -
,

 [6] -

 [7]. 

, , -

.
.

,
-

, -
m,

,
-

 – m, -
.

-

L / V = 1 m.
L / V -

.

-
-
-

,

-
.

.  – ;
L, V – -

; m – -
; x, y – -

. :
n – ; k – -

; 1–3 – -
.
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 661.98+66.071.7 
. . , ; . . , . .

-

One of the most burning problems within the environment preservation is the protection of urban-
industrial surrounding from atmospheric emission of harmful substances including the nitric oxide on 
the factories of fixed nitrogen. In this article the analysis of negative factors of used cleaning the efflu-
ent gases in the production of nitric acid by catalytic reduction of NOx is given, and the results of ex-
perimental-industrial investigations by the absorptive method of cleaning selective absorber with con-
temporary contact devices are cited.
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 1 

, 1 2 3 4 5 6 7 8 9 
d 0,09 0,09 0,09 0,09 0,091 0,09 0,091 0,140 0,115 
H 0,30 0,30 0,30 0,60 0,603 0,45 0,301 0,301 0,301 
h 0,10 0,05 0,08 0,10 0,075 0,10 0,075 0,077 0,076 
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m
. -

m
w:

 = 1 + 1w;                         (5) 
m = 1 + 1w.                        (6) 

1, 2, 1 2 -
. 2. 

 2 

, / 1 1 2 2

0,7–1,2 2,75 3,28 0,67 –0,22 
1,2–2,2 9,03 –1,99 0,12 0,24 
2,2–2,8 1,14 1,57 1,60 –0,38 
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 66.021.3.081 
. . , ; . . ,

-
Relative ablation of a liquid is studied and is established, that at a step of contact it has small size 

that testifies to the big throughput of the investigated device in comparison with existing the rotor dis-
persion-film apparatus, and also with traditional columned devices. Analytical dependence for its calcu-
lation is offered. The conducted semi industrial tests of the rotor dispersion-film apparatus at the enter-
prise have shown high efficiency in the course of wet clearing of gas of the weighed firm particles. The 
rotor dispersion-film apparatus is expedient for applying in absorption processes for the purpose of 
clearing of gases of harmful impurity or extraction of valuable components at the limited number of con-
tact steps. Small dimensions of the device allow using it in local systems of gas purification. Use of this 
device for wet clearing of gas of the firm weighed particles is possible. 
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. 4. 
d  = 26 

n = 1000 –1:
1 – q = 3,3 3/( 2· ); 2 – 6,4; 3 – 8 
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 621.565.942/944 
. . ,

-
The research of expediency of application of plates of mesh-line type with whirls is carried in this 

work. Such plates in comparison with plates without whirls have more factor of a heat transfer. How-
ever thus hydraulic resistance of channels considerably increase that limits area of effective application 
of plates with whirls. Besides the expediency of application of a plate is influenced with its overall di-
mension. Materials consumption effect the plate without whirls with small depth of the channel (1,8 mm) 
are the best. However operation heat exchangers with such plates in conditions of Byelorussia can lead 
fast clog up channels. 
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 621.565.942/944 
. . ,

The experimental estimation of influence of losses of pressure in a collector on the general losses 
lamellar heat exchanger depending on number of plates is lead. Losses of pressure in a collector lamel-
lar heat exchangerare essential (at 150 channels reach 70% from the general losses in heat exchanger 
the device). At speeds of a stream in the interlamellar channel from 0,08 up to 1 m/s (Reynolds's num-
ber from 300 up to 3200) the factor of hydraulic resistance from Reynolds's number is not observed ob-
vious dependence. The expression confirmed by experiment for definition of losses of pressure in la-
mellar heat exchanger is received.
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 629.039.58 
. . , - . ; . . , - . ;
. . ,. . .  (

 – )

The modern approaches and methods of safety analysis of nuclear power plant have been discussed 
and the levels of probabilistic safety assessment have been indicated. The multiple meaning of risk con-
ception for each levels of analysis has been interpreted and probabilistic method approach to risk estima-
tion has been described. The necessity to perform the probabilistic safety analysis for new project of.
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 66.048 
. . , ; . . , . ; . . ,

The analysis of methods of graphic determination of number of the theoretical stages is conducted 
in the columns of clear distillation. It is shown that Horvath and Schubert’s method is inapplicable 
without revision for the calculations of columns of clear distillation of azeotropes. Here the receptions 
at the use of which the indicated method can be applied for determination of number of theoretical 
stages in the columns of clear distillation of azeotropes are described. The examples of calculations are 
executed on the improved method. 

. ,
, -

-
.

-
-

.

-
.

-
,

, -
. -

-
. -

-

-
- -

 [1]. -

-
.

.
.

, -
-  [1]. 

( ). x–y-
-
-
-

.
.

-
,

, :

x y – -
 ( ) -

, / ;
xW, xF xD – -

, , / ;
R – .

( xW  0 
xD  1, / )

-
- .

x–y- -
-

,
x = 0 x = 1, / .

.  [2] 
-

x–y- -
 2–3 .

.
-
-

x–y- .

, -
-

.  ( )

. -
-
-

. ,
- -

.
 [3] 

.
 – -

 – x–y-
. -

 lgx – lgy,
 – lg(1 – x) – lg(1 – y). -

-

180 . , -
- ,



157

, -
-

.
,

-
, -

-

.
-

:
1)

xD xa ( . x–y-
 – «  – » – 

. 1), xa – -
, / ;

2)
-

xW xa ( . x–y- -
 «  – » . 2). 

x, /

y,
/

. 1. 
-

«  – » (xa = 0,502 / )
xW = 0,005, xF = 0,250 xD = 0,495 /

-

. ,
. 1, 

x y -
:

;xx
x

                                (1) 

.yy
x

                                (2) 

x, /

y,
/

. 2. 
-

 «  – »
(xa = 0,4395 / ) xW = 0,445, 

xF = 0,700 xD = 0,995 /

, . 2, 
x y

;
1
x xx

x
                            (3) 

.
1
y xy

x
                            (4) 

-
-

.

* = f(x), * – 
, / . -

xW, xF xD -
 [1–2] R

-
.

x – y -
, ,

-
-
-

 (1)  (2)  (3)  (4).  

-
 ( )

.

. 1 

,
1 1

DxRy x
R R

                      (5) 

Dx  – .



158

x

y

. 3. 

( . 1) 

x

y

. 4. 

 ( . 2) 

. 2 
:

1 ,
1 1 W

R f fy x x
R R

               (6) 

f – -
; Wx  – 

.
-
-

,  (5)  (6), 
-

 lg(1 – x ) – lg(1 – y )  lgx  – lgy .

,  [3], . .

.

. 3  4. -
-

- -
,  3%, .

-
-

.
-

,
-
-

.

. :
–

;
– -

-
, xD xa (

) xW xa (
)

-

;
–

- -
.

1. , . .
.

 / . . . –  
.; .: , 1965. – 308 .

2. , .
: . . / . ; .

. . . – .: , 1980. – 520 .
3. Horvath, J. P. Distillation Stages Graphi-

cally / J. P. Horvath, R. F. Schubert / Chem. Eng. –  
1958. –  10. – P. 129–132.



159

 620.92 
. . , - . ; . . , . . ;

. . , .

The technology of reception of biogas from waste of agricultural manufacture is considered. The 
capital equipment of biogas complexes is described and the basic parameters of job of biogas installa-
tions are given. Is shown, that use of biogas complexes for recycling cattle-breeding drains allows to 
receive not only electrical and thermal energy, but also high-quality fertilizers.
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 66.084 
. . , ; . . , ; . . ,

In article reception problems of disperse powders, in particular nanomaterials are considered. The 
most perspective methods and the equipment for their reception are revealed. The basic designs of ver-
tical centrifugal mills and influences occurring in them on a processed material are described. The de-
sign procedure of movement of grinding bodies on a rotor for the further definition of its geometrical 
sizes is presented, basic of which diameter and rotor height is. According to the made model the trajec-
tory of movement of a grinding body on the flat bottom is deduced, and also the height of its lifting de-
pending on size of angular speed and the geometrical sizes of a rotor is defined. 
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 621.1.016+536.24 
. . , ; . . ,

In this paper influence of thermal contact resistance of bimetallic ribbed pipes on efficiency of devices 
of air cooling is investigated. It is received, that availability of contact resistance reduces a thermal stream 
of the device. For the considered working environments ethylene glycol, water, oil in case of admissible 
levels of contact resistance up to 0,0025 m2·º /W the thermal stream can reduce up to 5% that needs com-
pensation at the expense of additional expenditure of energy for pumping of air approximately on 20%. At 
essential increase of TCR up to 0,005 m2·º /W the thermal stream of the device can decrease to two times, 
and expenses of energy for its maintenance at a constant level increase up to 60%.
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 620.9:657.471:944.1+697 
. . , ; . . , - .

-

Research of work of the thermal pump in system of a forced-air and exhaust ventilation for de-
crease in consumption of warmth by a heater in a cold season is conducted. Influence of characteristics 
of air on power efficiency of the thermal pump is shown. Results of parameters of the thermal pump, its 
applications confirming possibility in ventilation system are received. The package of the applied pro-
grams intended for interfaced calculation of loop variables with heat exchangers of a contour of thermal 
pumps, added with calculation of irreversible losses in  a contour, including is offered at a non-
stationary operating mode. 
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The mathematical model was composed and calculation of moving of solid particles under influ-
ence of swirling gas flow in cylindrical element was realized. Hydrodynamics of gas flow was investi-
gated and forces influencing on solid particle, both in the basic flow and during the contact with cylin-
drical surface, were considered. Obtained data can be used for research of processes of division of two-
phasic flows in vertical device.
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 621.928 
. . , . ; . . , ;

. . , ; . . ,
-

In article materials on research of influence of an dynamic step of division into efficiency of the 
gravitational qualifier are presented. The reason of decrease in quality of received products in gravita-
tional devices is analysed at low borders of division. The new design of the two-level gravitational qua-
lifier with an dynamic element is offered. Experimental researches are spent and data on a sharpness 
and efficiency of classification are obtained. Skilled data have shown, that the dynamic step of classifi-
cation allows to lower considerably division border in the gravitational device to 100 microns and less 
without decrease in efficiency of division that gives the chance to use it for reception strongly crushed 
powders, to aggregate in crushing installations with mills of thin crushing  
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