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.
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. 

, .
, 

, .

 80- , 

2 4).  (LiB3O5), 
, 

,
.

. 
,  (Li2B4O7:Dy

[Ho,Tb]; MgB4O7:Dy [Ho,Tb]).
 M2O – MgO –

B2O3,  M = Li÷Cs, Tl, 
 ( ) -

.

:

 M2O  –  MgO  –  B2O3 (M  =  Li÷  Cs,  Tl),  ,  
.

:
 M2O  –

MgO – B2O3 (M = Li, Na, K, Rb, Cs, Tl) ;
, 

;
;

.
-
-
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, : «

-
 (VI), W (VI)  B» 2007-2009 . (  012007 04261),

 Mo (VI), W (VI)  B» 2010-2012
. (  012010 52498) 

 « -
, -

» 2009-2011 .
-

 ( 06-08-00726 , 08-08-00958 , 11-03-
00681 ).

:
, 

, :
-

 M2O – MgO – B2O3 (M = Li, Na, K, Rb, Cs, Tl);

Na24Mg3B10O30, MMgBO3 (M = K, Rb), M2Mg2B12O21 (M = Cs, Tl);
 MMgBO3 (M

= K, Rb) - -  MMgBO3  M24Mg3B10O30 (M =
Li, Na);

, 
 M2O – MgO – B2O3 (M = Li, Na,

K, Rb, Cs, Tl) ;
 Li24Mg3B10O30  Na24Mg3B10O30

 LiMgBO3, Li24Mg3B10O30,
Na24Mg3B10O30, NaMgBO3, KMgBO3, RbMgBO3, Cs2Mg2B12O21,
Tl2Mg2B12O21 :  M24Mg3B10O30
 MMgBO3 (M = Li, Na) -580

,  M24Mg3B10O30 (M = Li, Na)  MMgBO3 (M = Li, Na, K,
Rb) ;

 (MgB4O7:Dy,Li)  (CaB4O7:Dy,M [M = Li, Na, Tl]);
 Al2O3

Rb2O  CsLiB4O10:Rb,Al.
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:
 ( -

, ) 
-

, , -
;

, 
, 

.

.

, 
Al2O3  Rb2O 

.

:

 M2O – MgO – B2O3 (M = Li÷Cs, Tl) 
: MMgBO3 (M  =  Li,  Na,  K,  Rb),

M24Mg3B10O30 (M = Li, Na), Li2MgB2O5, M2Mg2B12O21 (M = Cs, Tl).
 KMgBO3 (a = 6.8302(4) Å, . . P213) 

RbMgBO3 (a = 6.94926(5) Å, . . P213), 

.
 MMgBO3  M24Mg3B10O30 (M

= Li, Na) - .
 M24Mg3B10O30 (M  =

Li, Na), MMgBO3 (M  =  Li,  Na,  K,  Rb),  M2Mg2B12O21 (M  =  Cs,  Tl),
.

 (MgB4O7:Dy, MgB4O7:Dy,Li)
 (CaB4O7:Dy,M  [M  =  Li,  Na,  Tl])  -

.
 Al2O3  Rb2O

.
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:

, . 

.

. -
, 

 ( , 2007, 2008, 2009);
, -

 75- .- .  .  
, 2007); IV, V  VI 

 « » ( , 2007,
2009, 2011);  «Chemistry & Food Safty»

, 2008); -
 ( , 2008, 2009); 

 «
» ( , 2011).

 13 ,  3 
, .

: -
, , , ,

, . 
114 ,  70  20 , 

 121 .

, 
, , 

.

 1 .

:
 M2O – B2O3 (  = Li÷Cs, Tl),  AO – B2O3 (A = Mg,

Ca, Sr, Ba); -

. , -
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. 
-

. 
, 

: , -
. , 

.

 2
.

. 
, 

 10/11 
 L3/11/P320  Nabertherm -

, -
 ±20 C  ±5 C, . 

, .
 ( ) -

 D8 Advance  Bruker AXS (CuK ,
) -

 Vantec-1.
 «

».
-

 ( )
  -

 ( . ). 
 PANalytical X’Pert PRO 

 PIXcel, , Co .
 Scimitar FTS 2000

)  RFS100/S ( ) -
. .  ( . ).

STA 449C Netzsch  QMS 403C.
 ( ) 

 ( .  ).  
. 
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-580).

 3  M2O – MgO –
B2O3 (M = Li÷Cs, Tl) 

.

 Li2O – MgO – B2O3
, 

, 
 550-600°  650-700°  ( . 1  1 ).

Li2O

MgO B2O3
Mg2B2O5 MgB4O7

LiBO2

A

Li2B4O7

LiB3O5
C

Li2B8O13

Li3BO3

Li4B2O5

Li6B4O9

)
Li2O

MgO B2O3Mg3B2O6 Mg2B2O5 MgB4O7

LiBO2

A

Li2B4O7

LiB3O5

B
Li6B4O9

Li3BO3

)

L
in 

(C
ps

)
0

1 0 0

2 0 0

3 0 0

4 0 0

5 0 0

2-The ta - Sc ale
1 0 2 0 3 0 4 0

)

L
in 

(C
ps

)

0

1 0 0

2 0 0

3 0 0

4 0 0

5 0 0

6 0 0

7 0 0

8 0 0

9 0 0

1 0 0 0

1 1 0 0

1 2 0 0

1 3 0 0

1 4 0 0

1 5 0 0

1 6 0 0

1 7 0 0

1 8 0 0

1 9 0 0

2 0 0 0

2 1 0 0

2-The ta - Sc ale
1 0 2 0 3 0 4 0

)

L
in 

(C
ps

)

0

1 0 0

2 0 0

3 0 0

4 0 0

5 0 0

2-The ta - Sc ale
1 0 2 0 3 0 4 0

)
. 1.

Li2O – MgO – B2O3  550-600°  ( )  650-700°  ( ).
A –  LiMgBO3 (1:2:1),

B –  Li24Mg3B10O30 (12:3:5),
C –  Li2MgB2O5 (1:1:1).

. 2.
 Li2O – MgO – B2O3:

 – LiMgBO3 (1:2:1);
 – Li24Mg3B10O30 (12:3:5);

 – Li2MgB2O5 (1:1:1).

 Li2O  –  MgO  –  B2O3  550-600° -
 ( . 1 ). 

 550-600°  15 , -
 14 , 

: A – LiMgBO3 ( . 2 )  C – Li2MgB2O5 ( . 2 ).
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 650-700°  Li4B2O5,

Li2B8O13  Li2MgB2O5 .  LiMgBO3
 B –

Li24Mg3B10O30 ( .  2 ).   Li24Mg3B10O30
,  (12:3:5) ( . 1 ), 

 14 , 
13 , : A – LiMgBO3

. 2 )  B – Li24Mg3B10O30 ( . 2 ).

 Na2O – MgO – B2O3

Na2O  –  MgO  –  B2O3 ( . 3).  NaMgBO3
. 4 )  Na24Mg3B10O30 ( . 4 ).

 Na2O  –  MgO  –  B2O3  550-
650°  12

.  Na2O  –  B2O3
NaBO2, Na2B4O7, Na2B6O10, Na2B8O13; 

 (Na6B4O9, Na4B6O11, Na4B10O17,
Na2B18O28), 
(Na6B2O6, Na4B2O5, NaB5O8), -

.

Na2O

MgO B2O3
Mg2B2O5 MgB4O7

Na BO2

A

Na2B4O7

Na B3O5

B

Na2B8O13

Mg3B2O6

L
in

 (C
ps

)

0

10

20

30

40

50

60

70

80

90

100

110

120

130

140

2-Th eta - Scal e
10 20 30 40

)

L
in 

(C
ps

)

0

1 0 0

2 0 0

3 0 0

4 0 0

5 0 0

6 0 0

7 0 0

8 0 0

9 0 0

1 0 0 0

1 1 0 0

1 2 0 0

1 3 0 0

1 4 0 0

1 5 0 0

1 6 0 0

1 7 0 0

1 8 0 0

1 9 0 0

2 0 0 0

2 1 0 0

2-The ta - Sc ale
1 0 2 0 3 0 4 0

)
. 3.

Na2O – MgO – B2O3  550-650° .
A –  NaMgBO3 (1:2:1),

B –  Na24Mg3B10O30 (12:3:5).

. 4.
 Na2O – MgO – B2O3:

 – NaMgBO3 (1:2:1);
 – Na24Mg3B10O30 (12:3:5).
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 K2O – MgO – B2O3

2O –
MgO – B2O3  (650-700°C) ( . 5).

2O  –  MgO  –  B2O3  650-700°C 
 K2O  –  B2O3  KBO2,

K2B4O7, KB5O8. 
 650°C (KB3O5)  700°  (K4B10O17).

 550ºC MgBO3 ( . 6). 
2O – MgO – B2O3 , 

.
K2O

MgO B2O3
Mg2B2O5 MgB4O7

KBO2

A
K2B4O7

K2B10O16

Mg3B2O6

Li
n 

(C
ps

)

0

100

200

300

400

2 -Th eta  -  Scal e
11 20 30 40

. 5.
K2O – MgO – B2O3  650-700° .

A –  KMgBO3  (1:2:1).

. 6.
KMgBO3 (1:2:1).

 Rb2O – MgO – B2O3

 Rb2O  –
MgO – B2O3  550-600°C  650-700°C ( . 7  7 , ).

Rb2O

MgO B2O3
Mg2B2O5 MgB4O 7

RbBO2

A
Rb2B4O 7

RbB3O5

Mg3B2O 6

)

Rb2O

MgO B2O3
Mg2B2O5 MgB4O 7

RbBO2

A
Rb2B4O 7

RbB3O5

Mg3B2O 6

)
. 7.  Rb2O–MgO–B2O3

 550-600°  ( )  650-700°  ( ). A–  RbMgBO3 (1:2:1).
 500-700ºC  Rb2O – MgO – B2O3

 Rb2O  –  B2O3  RbBO2,
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Rb2B4O7, RbB3O5. , -

 MgB4O7– Rb3B7O12, MgB4O7 – Rb5B19O31  MgB4O7 –
RbB5O8 ,  Rb3B7O12, Rb5B19O31
RbB5O8 .

 550°C  RbMgBO3 ( . 8).

Rb2O – MgO – B2O3  550-600° -
 9 -

,  9
 ( . 7 ).  650-700°C -

 ( .
). . 8.

 RbMgBO3 (1:2:1).

 Cs2O – MgO – B2O3
 600-650°C  Cs2O  –  MgO  –  B2O3 -

 Cs2O  –  B2O3
CsBO2, CsB3O5, CsB5O8 ( .  9);   (Cs2B4O7,
Cs3B7O12, Cs3B13O21) 

.  Cs2O –
MgO – B2O3  9 ,

 9  600-650°C.
 Cs2Mg2B12O21 ( . 10).

Cs2O

MgO B2O3
Mg2B2O5 MgB4O7

CsBO2

A

CsB3O5

CsB5O8

Mg3B2O6

L
in

 (
C

p
s)

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

2-Theta  -  Sc ale

10 20 30 40

. 9.
Cs2O – MgO – B2O3  600-650° .

A –  Cs2Mg2B12O21 (1:2:6).

. 10.
 Cs2Mg2B12O21 (1:2:6).

 Tl2O – MgO – B2O3

 Tl2O – MgO – B2O3  550-600°C) ( . 11).
 Tl2O  –  MgO  –  B2O3

 Tl2O  –  B2O3  TlBO2, TlB3O5, TlB5O8;

L
in 

(C
ps

)

0

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

2 -Th eta  -  Sca le
10 20 30 40
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 Tl2B4O7  Tl2B8O13 . 

 Tl2Mg2B12O21 ( . 12). 
 Tl2O  –  MgO  –  B2O3

, 
.

Tl2O

MgO B2O3
Mg2B2O5 MgB4O7

TlBO2

A

TlB3O5

TlB5O8

Mg3B2O6

L
in

 (C
p

s)

0

100

200

300

400

2-Theta - Sca le

10 20 30 40

. 11.
Tl2O – MgO – B2O3  550-600° .

A –  Tl2Mg2B12O21 (1:2:6).

. 12.
 T l2Mg2B12O21 (1:2:6).

 MMgBO3 (M = K, Rb)
 [1, 2]

 MMgBO3 (M
= K, Rb). -

, -
. . P213. -

 RDDM = 3.4 %, RF = 1.2 % ( . 1).
 1

,  (Å2) 
 (Å)  MMgBO3 (M = K, Rb).

  x y z U   x y z U
  K 0.865(2) 0.865(2) 0.865(2) 0.015(3)   Rb 0.8585(1)0.8585(1) 0.8585(1)0.011(2)
  Mg 0.1438(8) 0.1438(8)0.1438(8) 0.011(7)   Mg 0.1406(7)0.1406(7) 0.1406(7)0.005(1)
  B 0.588(3) 0.588(3) 0.588(3) 0.02(1)   B 0.603(1) 0.603(1) 0.603(1) 0.022(5)
  O 0.7462(7) 0.454(4) 0.581(3) 0.019(7)   O 0.751(1) 0.4686(8) 0.597(1) 0.011(2)
    
  K—B 3.277(0) Mg—Ov 2.113(9)   Rb—B 3.08(2) Mg—Ov 2.121(9)
  K—O 3.507(4) Mg—Ovi 2.145(4)   Rb—O 3.349(6) Mg—Ovi 2.171(9)
  K—Oii 2.749(1) B—O 1.416(9)   Rb—Oii 2.912(6) B—O 1.389(6)
  K—Oiii 2.738(8)   Rb—Oiii 2.839(7)

:

KMgBO3: a = 6.8302(4) Å, V = 318.65(3) Å3, Z = 4, . . P213;
RbMgBO3: a = 6.94926(5) Å, V = 335.59(5) Å3, Z = 4, . . P213.
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 MMgBO3 (M = K, Rb) 

-  [3] 
, 

BO3  MgO6, 
,  M (M = K, Rb),

 ( . 13). -
,  M, 

 [111],  « » ( . 13d).

Mg

Rb

B O

) b)

c) d)
. 13.  MMgBO3 (M = K, Rb): a) ;

b) ; c)  [100]; d)  [111].

 MMgBO3 (M = K, Rb)
 KMgBO3  RbMgBO3

 921,8°  865,5° ,  ( . 14).
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. 14.
 KMgBO3 (1)  RbMgBO3 (2).

-  MMgBO3  M24Mg3B10O30 (M = Li, Na)
 MMgBO3  M24Mg3B10O30 (M

= Li, Na) 
. - - 

. 15 . 16.

) )
. 15. :  – LiMgBO3;  – Li24Mg3B10O30.

) )
. 16. : A – LiMgBO3; B – Li24Mg3B10O30.
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 MMgBO3 (M  =  Li,  Na)  . C12/c1  [4],  

C2h.  -
 C1, 

, 
, - ,  [5].

, 
 [BO3]3- [6].  

 MMgBO3  M24Mg3B10O30
(M = Li, Na) .

 M24Mg3B10O30 (M = Li, Na),
MMgBO3 (M = Li, Na, K, Rb)  M2Mg2B12O21 (M = Cs, Tl)

 « »
. 17  18).  « » 

 30  (  20 ) 

, 
.

-
 Li24Mg3B6O10, Na24Mg3B6O10  NaMgBO3

-580 ( . 19  20).
-

 ( . 21  22).

. 17.
Li24Mg3B10O30

 (1) 
»  (2).

. 18.  RbMgBO3

 (1)
 « »  (2).

. 19.
) Na24Mg3B10O30

(1) -580 (2).



16

 ( . 23 ). 

 ( . 23 ).

. 23.
MgB4O7:Dy (a)  MgB4O7:Dy, Li ( ).

 Mg  Ca  MgB4O7 -
 ( . 2) 

, 
.  [6] -

 CaB4O7:Dy , -
 230-240°  480 

580 
.

. 20.  ( -
) NaMgBO3 (1)

-580 (2).

. 21.
RbMgBO3 ( ).

. 22.
Tl2Mg2B12O21

).
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 2

 Mg1-xCaxB4O7.
Mg1-xCaxB4O7 x = 0,1 x = 0,5 x = 1

I , % 132,3±1,3 148,7±8,7 166,3±7,1

 CaB4O7:Dy -
, 

MgB4O7:Dy  CaB4O7:Dy -
-

, 
.  CaB4O7:Dy ,

, 
, 

 ( . 24).

. 24. aB4O7:Dy,Li (a), CaB4O7:Dy,Na ( ), CaB4O7:Dy,Tl ( )

 CsLiB6O10
 CsLiB6O10

 Al2O3  0,1  15 %, 
 450°C  120 

. 
 Al2O3  10 % ( . 25).

Cs(1-x)RbxLiB6O10 .  x  0,1
,  x > 0,1 

,  CLBO ( . 26).
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Li

n 
(C

ps
)

0

5 0

2 - T h e t a  -  S c a l e
1 0 2 0 3 0 4 0 5 0 6 0

. 25.  CsLiB6O10 + Al2O3 5 %  (450°C 120 ).
 CsLiB6O10.

Li
n 

(C
ps

)

0

5 0

1 0 0

2 - T h e t a  -  S c a l e
1 0 2 0 3 0 4 0 5 0 6 0

. 26.  Cs0,9Rb0,1LiB6O10 ( )
 Cs0,75Rb0,25LiB6O10 ( ).

 Al2O3  Rb2CO3
 Cs(1-x)RbxLiB6O10·yAl2O3,   0 < x < 0,5  0 < y < 0,3 , -

x = 0,07 y = 0,3, 
 500°C  80  ( . 27).

Li
n 

(C
ps

)

0

5 0

1 0 0

2 - T h e t a  -  S c a l e
1 0 2 0 3 0 4 0 5 0 6 0

2 0 3 0

. 27.  CLBO 7 % Rb2O  7 % Al2O3 ( )
 CLBO 10 % Rb2O  7 %  Al2O3 ( )  (500°C 80 ).

 CLBO 
 CLBO .  2 
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 2%, 

 –  9%.  10 
250-300 C 
CLBO ,  – .

 CsLiB6O10, l2O3  Rb2O,

 ( . )  TSSG, 
 CsLiMoO4  NaF. 

CLBO:Al ( . 28) , 
, 

. 
CsLiB6O10:Rb,Al ( . 29).

. 28.
CsLiB6O10:Al.

. 29.
CsLiB6O10:Rb,Al.

 M2O  –  B2O3 (M  =  Li,  Na,  K,  Rb,  Cs,  Tl)  
MO – B2O3 (M = Mg, Ca, Sr, Ba) 

. 
, 

, 
,  B2O3, 

. , 
-

.

 3.
-

:
,

 Li, Na  K ( . 3);
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.
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 1:2:1  M2O – AO –
B2O3 (M = Li, Na, K, Rb; A = Mg, Ca, Sr, Ba),  M2O – MgO
–  B2O3 (M = Cs, Tl)  1:2:1 -

 ( . 3  4);
 1:2:1  Li  Na . C 1 2/c 1, 

 M+ , 
;

 1:2:1  M2O – MgO –
B2O3 (M = K, Rb) 

 MI

MII ;
 1:2:1 

 BO3 , 
, . ;

;
,  M+ <<

M2+, ;
,  M+ <

M2+ <<  B2O3, 
;

 (
 1:2:1) . .  ( . 4);

;

 4
 MABO3 (M = Li, Na, K, Rb; A = Mg, Ca, Sr, Ba).

. . O ICSD . MI AII BIII

67226-ICSD LiMgBO3 C 1 2/c 1 5(4) 5(3) 3
249567-ICSD NaMgBO3 C 1 2/c 1 8(6) 9(6) 3

KMgBO3 P 213 6(5) 6(4) 3
RbMgBO3 P 213 6(5) 6(4) 3

99386-ICSD LiCaBO3 P b c a 5(3) 7(4) 3
260185-ICSD NaCaBO3 P m m n Z 6  8 7(4) 3
92842-ICSD LiSrBO3 P 1 21/n 1 5(3) 7(4) 3
172420-ICSD NaSrBO3 P 1 21/c 1 6(4) 9(6) 3
92843-ICSD LiBaBO3 P 1 21/n 1 5(3) 8(5) 3
73218-ICSD LiBaBO3 P 1 21/c 1 5(3) 9(5) 3
250086-ICSD NaBaBO3 C 1 2/m 1 6(4) 9(6) 3
80110-ICSD NaBaBO3 C 1 2/m 1 6(4) 9(6) 3
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, 
 (  Rb  Tl 

RbMgBO3  Tl2Mg2B12O21 ).
 ( . P213)  MxAy(B2O3)z

. 
MMgBO3 (M = K, Rb)  « » 

 ( . 3  4).  Mg 
, , 

 MABO3 ( . P213).

:
1)  M2O –
MgO – B2O3  M = Li÷Cs, Tl) 

2)  3 : M24Mg3B10O30 (M  =
Li, Na), MMgBO3 (M = K, Rb)  M2Mg2B12O21 (M = Cs, Tl)
3)  Li2Mg2B2O3  MMgBO3 (M = Li, Na).

 ( )
 MMgBO3 (M  =  K,  Rb)  

 KMgBO3 (a = 6.8302(4) Å, .
. P213)  RbMgBO3 (a = 6.94926(5) Å, . . P213).

 M24Mg3B10O30  MMgBO3 (M = Li,
Na) -

.
 M24Mg3B10O30 (M  =  Li,  Na),  MMgBO3 (M  =

Li, Na, K, Rb), M2Mg2B12O21 (M = Cs, Tl) 
- 

.
-

,  
 MgB4O7:Dy,

MgB4O7:Dy,Li, CaB4O7:Dy,M  (M  =  Li,  Na,  Tl),  -

, 
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