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Some approach s suitable for clasterisation of innovation development tasks are shown. 
Hysteric links of modern scientific and economic clusters are analyzed successful cluster devel-
opment are shown. 
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1. Coombs R. and Georghiou L.,  “ ”, Science, 2002, V. 296, 
.471.

2.  “ ” , 2005 . http://eu-
iriscoreboard.jrc.es/scoreboard_2005.htm

3. The timing of innovation: Research, development, and diffusion / Reinganum, Jennifer F.// 
In: R. Schmalensee & R. Willig (ed.), Handbook of Industrial Organization, Elsevier, 1989, 
Vol. 1, chapter 14, pp. 849-908. 

4. Interpretive Barriers to Successful Product Innovation in Large Firms / Deborah Dougherty 
// Organization Science, 1992, Vol. 3, No. 2, pp.179-186. 

5. In search of useful theory of innovation / Nelson, Richard R. & Winter, Sidney G., // 
Research Policy, 1993, Vol. 22, No. 2, pp. 108-108. 

6. Measuring climate for work group innovation: development and validation of the team cli-
mate inventory / Neil R. Anderson, Michael A. West // Journal of Organizational Behavior, 
1998, Vol. 19, No. 3, pp. 235-258. 

7. Integrating Operations and Marketing Perspectives of Product Innovation: The Influ-
ence of Organizational Process Factors and Capabilities on Development Performance / 
Mohan V. Tatikonda, Mitzi M. Montoya-Weiss // Management Science, 2001, Vol. 47, 
No. 1, pp. 151-172. 

8.  / 
: . . . .: - . , 2007. 64 .

9. :  / 
: . . . .: - . , 2007. 64 .

10. A Structural Approach to Assessing Innovation: Construct Development of Innovation Lo-
cus, Type, and Characteristics / Hubert Gatignon, Michael L. Tushman, Wendy Smith, 
Philip // Management Science, 2002, Vol. 48, No. 9, pp. 1103-1122. 

11. R. Haggenmüller, EUREKA Clusters and European competitiveness, EUREKA Forum, 
Prague, 2005. 

12. Location, Competition and Economic Development: Local Clusters in a Global Economy /
Michael E. Porter // Economic Development Quarterly , 2000, vol.14, No. 1, pp. 15-34. 



“ ”  1 (2) 2009 

92

.

,
, -

.
, -

 —  (European Technology Platform — ETP) [15] 
 —  (Joint Technology Initia-

tives — JTI) [16] . -
, ,

 EUREKA. -
, . -

, -
-

. -
.

- -
. ,

, ,
,  — -

.  EUREKA 
-

 (European Research Area — ERA). 

,
.

,
, -

. -
,

. , -
, -

-
-

, . ,

, -
, , -

.
 10 .  [17] 

:
,

;

;
.

II.  V 

21

,  90%, -
 < 2>  (~30 ) 1, -

D

2
 = 320·10-4 2 2/ 7.

. . , -
, ,  64 .

,
, ,

, . . -

 [10-12].
,  8 1... 3 -

 ~350 °
 15 

(250±30) Å,  R, -
,  < 2> 3, -

, -
 (<1 2 2/ 6).

-

, -
 < 2> (  1). ,

, 28,  25%, 
.

-
. -

 [4,5,13]. -
:

— 10, 7, 1, 28;  — 10, 3, 23, 8, 7. -
 13659-78 «

. - . -
».

, -
,

:
bxetgtgtg )( min0    (1), 

 tg 0 — , tg min — -
-

, b — , -
, x — 

.
 ( -

) , -
-

. -



“ ”  1 (2) 2009 

22

, -
. . .  [14] -

, , -
,

,
. , -

-
,

 [15]. 
, ,

 « »,
tg

min. -
, -

 ( , ; -
, -1), -

 ( , 2/ ; , º ;
., º ). , ,

tg min. .1 -
-

.

. 1. 
.

,
, -

 ( .2.)

II.  V 

91

,
- .

-
,

, , ,
, , -

.

« », -
.  ( ).

.

, , . -
. -

 2. 

 2
.

1 . . . .
2 .
3 , .

4 .
5 .
6 .
7 .
8 .
7 .
10 .
11 - .
12 .
13 .
14 .
15 - .

, -
, -

, .  « »
.

,  80– . , ,
European Research Coordination Agency (EUREKA). -

 EUREKA -
, ,

. -
.

EUREKA,  (Umbrella) ,
 (Cluster). , , -



“ ”  1 (2) 2009 

90

.
,

,
,  « »

.
.

 70– . -
.

, , — 

.
. . -  ( ) « .

. . »  « .
. . ».

-
.  5000 -

, - ,
- .

- ,
, -

. -
, , ,  « », -

-
.

,  90– . .
,  « . . . »

.
, ,

.  «
»  15 ,

,  — 
 «

».
, ,

 ( ,
, .)

- -
 (  c , ,

, -
), . , -

,
 — ,

. -
, , ,

, -

II.  V 

23

. 2. 
, r — 

.

. 3. -
, -

.2.2.6. .

. 3.  Zerodur (Schott AG, 
Germany)  ( 600). 

tg min r , . .
r = k · tg min = k · 1/    (2), 

k — .
 [16]  [17] 

2/1/8 rE     (3), 



“ ”  1 (2) 2009 

24

 — ,  — .
, -

, , -
,  (2), 

2/1aEA     (4), 
 — .

. 4.  23 
[18] · 1/2. -

 13659-78 « -
. - . ».

,
dCa p/      (5), 

 — , Cp — ,
d — .

. 4. · 1/2.

-

 ( , , )
,

. -
-

.
- , -

II.  V 

89

 [18]. ,
.

, -
, .
1. ,

.
,

.
2. ,

,
. -
, .

3. ,
 — ,

.

, , . -
, -

,
, -

.
.

-
 80- . -  — 
, - -

, .  1 
,

.

 1 
- .

1 « »
2 « »
3 " "
4 " "
5 « »
6 « »
7 " "
8 « »
9 « »

10 « »
11 " "
12 “ ”

-

-  — 



“ ”  1 (2) 2009 

88

,
,

. -
, -

,  ( -
) , -

.
, , ,

, , -
.

,
:

 ( , , );
 ( , , );

 ( , , );
 ( , , );

 ( , , -
, );

 ( , , , -
, - , , );

 ( , -
, );

 ( ,
, , );

 ( ,
, );

 ( -
, , );

 ( —  20 , —
 20 );

 ( , ,
);

 ( , , , ).
-

, .

.
 c  ( .  — « ») — 

, -
, -

. , -
 ( .  — « » .  — « ») — -

,

 ( ).  — «... , -
, ,

...».
, ,

,

II.  V 

25

 [19] 
, -

.

-

 [20] -
-400 .

 ( -
),

 [21], 
-400 -115 .

-
-400

- .
-400 -111,

, -20 [22]. 
, :

-400 -

, ,
;

 Si—  (  430 
940 -1)

. -

, ;
 ( -

) -400 -
, -

.
 [23,24] -

 (
-115 ) , -

-
, .

 pa  9 12 120 -115
 KB, -
 ( 28, 10). -
.  (

)
,

 ±1 .
, (%): 55-65 -

, 15-25 ,  (
KB); 36-42 - , 55-60  ( -
115 ). -

.



“ ”  1 (2) 2009 

26

 ±1 % 
.
.5 ,

, -
.

.5.
 KB ( ) 0-115  ( )

 1  3 — 10; 2  4 — 28.

, -
, 10, -

. -
 3÷4 ,

.
, ,

.
,

28,  (
), ,

 36÷38 , 10 — 18÷20 .

,  28÷30 
28  13÷15 10. , -

.
,

( -115 )  ( ).
, -

II.  V 

87

 001.89 

. ., . ., . .

, . ’
.

.

: , , , .

-
. , -

, ,
, , , , , ,

 [1, 2]. , -
, -

. -
, -
-

 [3-10].
-

 [11-14]. 
-
-

.

 — , -
.

, -
, -

, -
,  « ».

 2006 
.

 « - ».
, , -

.
____________
© , .- . ,

. . . ,
 EUREKA, , . ,

. . .
, ’ ,

. . . .



“ ”  1 (2) 2009 

86

13. . ., . ., . .
. .: , 1976. 266 .

14. . ., . . .
. .: , 1986. 480 .

15. . ., . ., . ., . ., . .,
. .  ( )  ( ) // 

,  68929. 2006.
16. . ., . ., . ., . ., . ., . .

 ( ) / ,  83874. 2008.
17. .  // .  2007, 5. .2-10.
18. . ., . ., . .

: . — .: , 1979.–182 .
19. . ., . .  ( ). .– .:

, 1991.–148 .
20. . .  // . .–1971.–40, 6.–

.645-679.
21. . ., . ., . .

 / ,
 30805. 2008.

II.  V 

27

 ( ).

-115 -
, , , , .

- .
 [25-32], -

. .
. .,

.
-

, , . -
 [28],  2 .%

Zr 2
. -

-
-

 ( -
).

 2 .% , -
 10 .% -

 1,33,6 .
 Zr 2,

 3 %-  Y2O3
(800 ° ). , -

, -
.

,
 1000 ° . -

,
.

 Zr 2  20 .% -

,
-

: , -
, , -

, -
 (500  700° ).

 ( )
,

 10 .%
.

-
 10 %- . -

-
, -

. , ,
 3 %-  Y2O3 ( -



“ ”  1 (2) 2009 

28

),
,
. -

,
, .

-
-300, -

.
-300  (  10-15 ) -

,  3%-  Y2O3,  20 .%, -
-

 (
-115  Zerodur)  35  250 

º  2  ( ). -
,  3%-

Y2O3,  [33,34] -
:

1. -
 [28]; 

2.  — 
 ( ),
-300 [21], 

- -
,

 [20].
,

- , -
. ,

, , , -
. -

.
.

 [34]. ,
 « - », -

 20 .% -
 [36]. 

-

,
, , , -

.

-300  [37]. 
-

-300  10÷20 . % -
 10/7÷1/0 -

 10 12 2  0,2 . -

, .

II.  V 

85

-
. -

 — . ,
,

.  BaY2F8 -
-

.

: , ,
, .

Properties of low-refractive-index materials based on fluorides of metals, presumably, 
complex ones, and coatings produced from them, are regarded. Problems of optimization of 
composition of film-forming materials, based on fluorides, by their alloying are discussed. An 
alloying mechanism of admixtures to the most widespread material — magnesium fluoride — is 
established. Another way of enhancing optical properties, particularly, broadening of a trans-
parency domain due to use of complex fluorides is shown. High beam durability and transpar-
ency of BaY2F8 allow regarding it as much promising material for interference optics of IR 
technological lasers. 

Keywords: complex fluorides, coatings, optical and operational properties, laser-beam 
durability.
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Direct (without glue) nanojoint with aluminium vacuum coating as a connecting layer has 
been developed. Such joint ensures high accuracy of relative position of connected details (bet-
ter then 15 seconds of arc). Perspective of such development for creation of lightweight design 
telescope mirrors has been shown. 

Keywords: precision parts, hardening of surfaces, consoliding of surfaces, without glue nanojoint 

1.  P.M. -  // 
.— 1978,  10.— .67-70.

2. . . -
-  // 

. — 2005, 1.— .57-62
3. . ., . ., . ., . . -

 // .— 1978, 8.— .70-71.
4. . ., . ., . ., . ., . . -

 // .— 1979, 
9.— .31-34.

5. . ., . ., . . -
 // .— 1985, 

4.— .1-2.



“ ”  1 (2) 2009 

34

6. . . . — 
.: , 1983.— . 195 — 247.

7. . ., . ., . ., . .
,

Li  CdSb // .— 1980, 9.— .13-15.
8. . ., . ., . .

-  // 
.— 1978,  3.—. .121.

9. . ., . ., . ., . . // 
.— . 6.— , 4.— .: , 1985. 

10. . —  7 -
. - .A. — .: , 1983.— . 5-9. 

11. . ., - .A. -
 // .—

1981.— 7, 3.— . 278-282. 
12. . ., . ., . ., - .A. -

2 3
. —  7 . -

.A. — .: , 1983.— . 43-47. 
13. . . .— .: -

-  « », 2005.— . 174. 
14. . . .// , .: -

, 1972.— .315-338.
15. Maslov V.P., Chumachkova M.M. A Physical model of the formation of a surface layer 

broken by mechanical treatment in materials for optical-electronic and sensor devices // 
Ukr. J. Phys..— 2008.— 53, No 10.— . 978-982 

16. Griffith A.A. Phil.Trans. Roy-Soc. London.— 1921, A221.— .163.
17. Inglis C.E. Trans. Inst. Naval. Arch.— 1913, 55.— .219.
18. . . .— .: , 1984.— 144 .
19. Maslov V.P. Effect of the state of the surface layers on the strength of materials for opto-

electronics and sensors devices // Semiconductor Physics, Quantum Electron-
ics&Optoelectronics.— 2008.— 11, No3.— . 286-291. 

20. . ., . ., . . -400
 // .—

1981.— 4.— . 15-16. 
21. . .— .: , 1970.— . 266—269. 
22. . . . — .: , 1977.— . 47—48.
23. . ., . . -

 // .— 1987,  5.— . 14-15. 
24. . ., . . -

 // .— 1988,  3.— . 27-28. 
25. . .

 // -
-2007.— , , 21-23.11.2007.— .14.

26. . . . -
 Zr 2 — 3 .% Y2O3 // -

-2007.— , , 21-23.11.2007.— .48.
27. . . .

-
 // -2007.— ,

, 21-23.11.2007.— .85.
28. . ., . ., . . -

,  // -
-2007.— , , 21-

23.11.2007.— .99.
29. . . .  3,4% Y2O3– Zr 2 ,

 // -
-2007.— , , 21-23.11.2007.— 

.116.

II.  V 

79

.2.
 MgF2 — LuF3  ZnS — GdS. 

 — 
 MgF2 (0,13-7,5 )  „

”·  (8-14 ),
,

.
 BaY2F8.

,

 —  (10,6 ). ,
,

 (ThF4),
 (

).
 (14-16 / 2) ,

, , , .
,

ThF4, .
, , BaF2  YF3,

.  BaF2  YF3
,  10,6 

YF3
’  — .

, ,
 (E ), , [9] :



“ ”  1 (2) 2009 

78

.1.
 MgF2 — LuF3 ( ),  ( ). 

( , , ),
.

 3 
- ,

 MgF2 — REF3

,
%

MgF2 1,38 0,04-0,06 2500 +
MgF2–ScF3 1,40 0,02–0,03 17,000 / 0 + 

MgF2  LaF3 1,42 0,05-0,06 2000 +
MgF2  CeF3 1,49 0,02 4000 +
MgF2  NdF3 1,43 0,06-0,07 15000 +
MgF2  LuF3 1,43 0,05-0,06 16000 +

,
 MgF2 — REF3 ( .3),

 MgF2. ,
 MgF2  LaF3,

.
 (  —  0,02 %), ,

 MgF2  NdF3, MgF2  LuF3  MgF2–ScF3,
,  MgF2.

 MgF2,
 ( ) ;

.

 MgF2  LuF3
 —  1 — 

3  ( .2) . = 1,9  [15]. 
 MgF2–ScF3

 [16], 
-  „Egyptsat-1” [17]. 
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. . , . . , . . , . .

,

 45 -
,

 ( ). 
,  (Hf, 

Ti, W) — (B, Si, C). 

.
,  4100  7700 . -

, , .

-
,  1950 , .

: , , , - .

-
, -

.
-

. , -

, -
.

 [1 — 2] -
-

: , ,
.

,
. . -

. -
-

, -
.
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-

, -
 ( ),

.
____________
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 2 
 MgF2

 M
F2, Å 

a=b c 
 MgF2 4,619 3,049 

  MgF2 4,619 3,049 MgF2
 MgF2 4,611 3,038 

 MgF2+ScF3 + ScOF 4,622 3,052 
  MgF2+Sc2O3 4,622 3,051 MgF2  ScF3
 MgF2 4,639 3,060 

 MgF2 + LaOF 4,619 3,049 
 MgF2 + LaOF 4,619 3,044 MgF2  LaF3
 MgF2 4,624 3,043 

 MgF2 + CeF3 4,618 3,049 MgF2  CeF3

 MgF2+ NdF3 4,619 3,049 
  MgF2+NdF3+NdOF 4,619 3,049 MgF2  NdF3
 MgF2 4,631 3,054 

 MgF2 + LuF3 + LuOF 4,618 3,049 
  MgF2 + LuOF 4,619 3,049 MgF2  LuF3
 MgF2 4,615 3,044 

,
 (MgF2),

.  ( )
 MgF2 ,

,
. , ,  MgF2  ScF3,

 MgF2  NdF3 (CeF3) ,
.  MgF2  REF3 ( .1).

, .2,
 MgO  MgF2

LaF3,  LaF3 . ,
’  LaOF [14]. 

, ,
 Ce(III). ,

.  REF3
( )

 MgO ,  LuOF  ScOF 
.

 ScF3 (  MgF2)
, , Sc2O3.

5 (ø 20 ).
 0.5-1.0 . ,

,  MgF2.
 MgF2  CeF3 ,

,
 MgF2  LuF3 ( .1).
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, ,

.

 ( )  REF3 (RE — Sc,Y, Ln,  Ln — La÷Lu), 
 MgF2.

 MgF2 — REF3 [10], 
 (  — 

). ,
, .

REF3  MgO 
; , ,

 5% . ( ). ,
:

MgO + REF3  MgF2 + REOF, (15) 
,  5% . REF3.

, , :

3REOF t  REF3  + RE2O3, (16)

 — :

xREOF + Ta t  TaOx + yRE + REx-yFx. (17)

,
. ,

:

REF3
 vac.t,  REF3-x + x/2 F2 . (18)

 95/5 % .

. , ,
 (NH4F)  [11,12]. 

 (
, ),

 MgF2,
, ,

,  MgF2 — LuF3.
, , ’

.  MgF2  NdF3 ,

,  4f  4f
 [13].  (

)
.

 MgF2 ( . .1).

,  (  — 
, ) .2.
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, -

. -
-

, , -
, .

-
-
-

 ( ).
,

.
-

 ( )  45, 

.
 Ni — Si, B , 

 W, Hf, Ti — Si, B, C. 
-

, -
, [3 — 5]. - , -

-
,

. , , -
-

, , , ,
. -

, .
-

,
. -
,

,  (W, Hf, Ni) .
-

 = 1500…1650  = 1,33 103…1,33 .

.

[1, 2]. -
-

. ,
, , , . 1. 

. 2. 
. 1 G  — ,

 — , -
.
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 1 

 (NaCl, SiCl, BCl, HfCl) — (W,Ni,C) 

=1500 =1650

/

G, /

=10
.

=10-2

.
=10

.
=10-2

.

SiCl( )+3/4C( ) 3/4SiC( )+SiCl4( )1
G = -3,618·105+146,834·

0,999 0,986 0,999 0,724 

SiCl( )+1/2Ni( ) 1/2NiCl2( )+Si( )2
G = -1,753·105+86,598·

0,887 0,36 0,621 3·10-3

SiCl( )+1/2Ni( ) 1/2NiSi( )+1/2SiCl2( )3
G = -2,687·105+76,232·

0,999 0,99 0,999 0,996 

SiCl( )+2Ni ( ) NiSi( )+NiCl( )4
G = -5,371·104+26,148·

0,762 0,762 0,684 0,684 

SiCl( )+3/4Ni( ) 1/2NiSi2( )+N Cl( )5
G = -1,118·104+17,579·

0,953 0,953 0,949 0,949 

SiCl( )+7/10W( ) 1/2WSi2
( )+1/5WCl( )6

G = -2,724·105+138,144·
0,962 3·10-8 0,465 1,6·10-12

SiCl( )+3/8Hf( ) 3/8HfSi2( )+1/4SiCl4( )7
G = -3,928·105+135,582·

1 1 1 0,995 

BCl( )+4/3W( ) 2/3W2B( )+1/3BCl3( )8
G = -3,06·105+168,428·

0,959 1,8·10-3 0,534 2·10-6

BCl( )+1/3Hf( ) 1/3HfB2( )+1/3BCl3( )9
G = -3,596·105+112,102·

1 1 1 0,999 

BCl( )+1/6C( ) 1/6B4C( )+1/3BCl3( )10
G = -2,574·105+113,112·

0,995 0,354 0,965 2,7·10-3

BCl( )+8/9Ni( ) 2/9Ni4B3( )+1/3BCl3( )11
G = -3,173·105+117,761·

1 0,989 0,999 0,887 

BCl( )+2/3Ni( ) 2/3NiB( )+1/3BCl3( )12
G = -3,149·105+116,513·

1 0,992 0,999 0,916 

BCl( )+2/3W( ) 2/3WB( )+1/3BCl3( )13
G = -2,954·105+101,568·

1 0,994 0,995 0,944 

HfCl( )+3/4C( ) 3/4HfC( )+1/4HfCl4( )14
G = -4,201·105+143,046·

1 1 1 0,998 

BCl( )+5/4W( ) WB( )+1/4WCl4( )15
G = -2,695·105+103,647·

0,999 0,844 0,995 0,026 

SiCl( )+3/8W( ) 3/8WSi2( )+1/4SiCl4( )16
G = -3,428·105+136,022·

1 0,983 0,999 0,699 
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n =
min

min

R1
R1

nn ,
(11)

n , n , n  — , , ,
( ) , Rmin —  ( n  < n ,

, ).
 ( ) ,

,
.

 He-Ne  (  = 682 )
,  MgO. 

 [8,9] 
 CO2–

10,6 .  — .

( x, y) .
:

;
, ;

,
.

, ,
, :

,
S

)(1)E(1/,E
22

2
a

(12)

E — , ; ,  –
, , S –

, :

4
yxS ,

(13)

, y —  ( ).
,

,
, ,

( ).

 MgF2 — REF3 (RE — Sc, La-Lu) 
 (MgF2)

 [2]. 
. , ,

.
 MgF2,

.
 MgO 

 ( , ) :

xMgO + Ta  xMg + TaOx (14) 
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( ) .
 „ ”

.

 ( ).

-3
.  (2 )

 10-140 .
.

 [7]. 
:

8, , , 4
–

1  2÷3 · 10–3  (10–5 . . .).

.  (nd)  0,8 — 
2,4 .

:
, , .

,
.

-55
,

 (
).

 60-100 . ,
.

, :
0  — 

-  3000 
-55; 1  — 

-
2000 -55.

 98 %  20°  5-7 .

 –196 ÷ +20°  3-5 .
.

 ( 12°)
4 5  n=1,73-1,75.  n 

 (R) ,
R .

:

II.  V 
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 2 

,
1 SiCl( )+3/4C( ) 3/4SiC( )+1/4SiCl4( ) 6500
7 SiCl( )+3/8Hf( ) 3/8HfSi2( )+1/4SiCl4( ) 5100
9 BCl( )+1/3Hf( ) 1/3HfB2( )+1/3BCl3( ) 7700

10 BCl( )+1/6C( ) 1/6D4C( )+1/3BCl3( ) 5700
13 BCl( )+2/3W( ) 2/3WB( )+1/3BCl3( ) 7400
16 SiCl( )+3/8W( ) 3/8WSi2( )+1/4SiCl4( ) 4100

. 2 -
, . .

 = f( ) -
. , -

, . . ,
, , -

, , , -
.

, -
, -

.
-

, : , , -
, . -

 8  100 .  150 
 ~ 1300  15 . .1

.
 SiC, (WxNiy)Si2  HfB2.

.1. :  — ,  — .

 2100  2250 ,
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:  1900  3- -
 3- .

 7  2100  1  2250 , -
 50 .

 45 
,

 Ti — B4C  Ti — BN. -
 45 4C  BN -

 — ,  [6] 
=10-2 =1350 . -

,  6 , -
 150 .

-
 NaCl–Ti–B4C  NaCl–Ti–BN 

1350 =133,3–1,333 .  3 
,

1350  — =133,3  1,333 . -

, <0
, >0 — .

 3 
, 45

 NaCl-Ti-B4C  NaCl-Ti-BN 

-
,/

1350
/

133 1,33 
1 NaCl( )+Ti( ) TiCl( )+Na( ) 3,9·105 4·10-3 4·10-2

2 NaCl( )+1/2Ti( ) 1/2TiCl2( )+Na( ) 1,7·105 2,1·10-2 9,6·10-2

3 TiCl( )+1/4B4C( ) BCl( )+1/4TiC( )+3/4Ti( ) -1,8·104 0,5 0,5 
4 TiCl2( )+1/4B4C( ) BCl2( )+1/4TiC( )+3/4Ti( ) -6,7·104 1 1 

5 TiCl( )+1/8B4C( )
1/2TiCl2( )+1/2TiB( )+1/8C( ) -2,878·105 1 1 

6 TiCl( )+BN( ) BCl( )+TiN( ) -4,6·104 0,84 0,84 

7 TiCl( )+1/3BN( )
1/3BCl3( )+1/3TiN( )+2/3Ti( ) -2,6·105 0,985 0,592 

8 TiCl( )+1/2BN( )
BCl2( )+1/2TiCl2( )+1/2TiB( )+1/4N2( ) -1,703·105 1 0,999 

. 3 
-

. Cl, Cl2,  (1,2), -
 — 4 , BN  (3-8) 

 — TiC,  — TiN 
— TiB.  BN, B4C -

, ,
, - .

-
 ( . 4) ,

NaCl–Ti–B4C ,  TiC 
TiB,  (3–5).  NaCl–Ti–BN -
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 ( , d-  f- ).
’ 1,

.  „ ” ,
’  ( ).

 ( ) .
 ( 2)

 ( ) ’ -
. , 2 ’

, ’ - .
2 ,

1
, , ,

 [5,6]: 
0

A)(MA WBl
0

)AM()AM(2 /
1

, (10)

 — ,
0

A)(Ml  — 
’ - , )AM( . . , 0W )AM(

— ’ - .
2 1

.
1 . ,

1
,

, , 2
,

0

A)(Ml )AM( .
, 2

,  µF  µ0,
0

F)(Ml
0

0)(Ml ,
, 2OF

rr . , ’  M-
F ’  M=0, 2

. 2
MgF2  LiF (7-8 ) — ,

.
 BaF2, PbF2, BiF3 (15-18 ), ,

.

,
,  — 

.
: ) ; )

; )
; ) ,

, .
, -

 ( )
.

,
.

,
,

.
 ( )
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 ( ) , > 0,7÷0,8  — 
( ), . ,

 (0,2 <  < 0,4 ) ( < 0,2 );
 ( < 5 ),  (5  < < 15 )

 ( >15 ) .
 ( 1)

’ ,
’ - .

,  ( )
 ( )  ( ).

, ’ .
’ - , .

,
 ( ) .

 ( .)  0,11  0,25 .
1 ,

,
 0,04-0,15 . 1 .

 105 .
. , , 1

 ( ). 1 .
: ) , ,

50% ; ) ,
; )

 T= f( ), d/dT  ( d/dT ) .
1  ( 33),

.  : 
 ( ) = 1,24 / 33. (8) 

’
 [4]: 

k 1= n4. (9) 

, ,
1. 1

 ( ) ’ - ,
( ) - .

1  0,15÷0,3 ,  — 
0,2  0,4 ,

 0,4  4 . ,
 ( )  LiF, 

 MgF2  CaF2.
,  PbF2  BiF3. 1

: ,  ( ) ,
1< 0,4 . 1> 0,8 .

1, ,
1 .

 ( , , , ).
,
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 TiB, TiN, -
 (6–8). 

-1,5  CuK - .

 4 
 NaCl–Ti–B4C  NaCl–Ti–BN 

 NaCl–Ti–BN 

/ 2  I  d(Å) d(Å) I

1 35º32 8 2,541 2,54 . TiB 
2 36º40 19 2,468 2,499 . . TiN 
3 38º35 14 2,346 2,35 . . TiB 
4 39º24 17 2,296 2,28 . TiB 
5 41º90 49 2,156 2,14 . . TiB 
6 61º60 7 1,506 1,500 . . TiN 
7 72º80 15 1,299 1,29 . . TiN 

 NaCl–Ti–B4C
1 35º36 34 2,538 2,54 . TiB 
2 36º10 39 2,488 2,495 . . TiC 
3 38º40 36 2,344 2,35 . . . TiB 
4 41º90 45 2,156 2,16 . TiB 
5 42º26 28 2,139 2,14 . . TiB 
6 72º75 14 1,300 1,303 . . TiC 
7 76º68 20 1,243 1,24 . TiB 

.
,  — 

.  45 -
, -

 42 HRC. -
 150 ,  0,12 /
 50 2.  45 -

 0,84 / , -
 0,97 / ,  0,21  0,19 , -

 2300 / 2. -
,

-
,
-

. , -
, , , -

, .

.
,

 — , -
;

,
; - -
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,
, -

,
3000 , -

. -
, -

.

 45 -
-

 ( ). -
, -

 (Hf, Ti, W) — (B, Si, C). 

.
,  4100 

7700 .
. -

-
,  2250 , .

: , , , .

Results of investigations of forming process of protective coatings on steel 45 and carbon-
carbon materials with the method of activating diffusion saturation in condition of liquid envi-
ronment affect and selfpropagated hightempereature syntheses are reported. As liquid environ-
ment a eutectic mixture of nickel with silicate and boride was used. The SHS was coming along 
with interaction of components (Hf, Ti, W) — (B, Si, C). Thermodynamic calculations of chemi-
cal reactions between components (Hf, Ti, W) — (B, Si, C) using as activator vapour of nitric 
chloride were done. For exothermic reactions calculations of adiabatic temperatures were done. 
Value for these temperatures was in the range of 4100 to 7700K. X-Ray analysis of phase com-
position of formed protective coatings was done. Also investigations of microhardness of car-
bonnitride coatings on steel and investigations of heatresistance boride silicate coatings on
carbon –carbon materials in condition of high temperatures (up to 1950C) were done. 

Keywords: coatings, diffusion, thermodynamics, SHS process 
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 1 
,

MFx
- ,

/ 3
., ., 0

.,
/

S0
.,

/ ·
T .,

n,
 = 550 

.
1- 2,

LiF  2,6 1121 1949 147 75,4 1082 1,4 0,7 17
MgF2  3,1 1563 2543 274 108 1439 1,38 0,13 8
CaF2  3,2 1692 2803 305 109 1583 1,4 0,15 12
SrF2  4,2 1673 2733 324 119 1618 1,4  
BaF2  4,9 1593 2533 271 106 1449 1,46 0,2 15
AlF3  2,9  1552* 272* 175* 1033 1,4  
ScF3  2,6 1825 1880* 371 197 1316 1,4  
YF3  5,1 1428 2503**   1505 1,5 0,2 14
LaF3  6,0 1682 2603   1513 1,59 0,25 12
CeF3  6,2 1703 2453 247 112 1466 1,63 0,3 10

PrF3
- 6,3 1673 2603    1,5  

NdF3
- 6,5 1650 2573 304 118 1466 1,61 1>0,25

SmF3 ( -
)

6,6 1578 2603    1,6  

EuF2  6,5 1689 2673 390 146 1511 1,4 1>0,4

EuF3  6,7 1549 2553    1,55
1,61 0,25 10

GdF3  7,1 1505 2553    1,6  

DyF3
- 7,5 1430 >2473 293 119 1499 1,5  

HoF3
.- 7,6 1416 2519** 297 118 1529 1,6  

ErF3  7,8 1419 2503 312 125 1540 1,5  
TmF3  ~8,0 1431 2503   1509   
YbF3  8,2 1435 2473   1494 1,5  
LuF3  8,3 1457 2473   1483 1,5  

PbF2 ( -
)

8,2 1095 1566 160 102,3 879 1,75 0,2 16

ZrF4  4,4 1183 1179* 261* 221* 809 1,6  
HfF4  7,1 1298 1247* 226* 181 843 1,56  
ThF4  6,3 1383 1953 270 138 1205 1,52  
BiF3  5,32 1000 1173   720 1,70 0,3 14

* ; ** .

:
 ( ),  — . ,

dn / d  n .
 („ ”)  —  — n

.
, , , 1 2.

- .
, , .

 ( , ,
) . , < 0,4 
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 ( ) ,
’ .

 ~ 10R,  ~ 80 / · . ,
o

.).(S ,
.

o
.).(S  MF 

MF2 , ,  MF3  MF4.  , 
, ,  ScF3  LnF3

(Ln  ( ))  ZrF4 — HfF4 — 
ThF4, o

.).(S .
 EuF2

, .
,

, , ,
.

, :  (n) 
 ( 1- 2).  n 

,
, 1- 2.  n 

 ( ) , :
v/v/vn . (6)

:
, , .

 — :
1)2n)(4(/)1n)(3( 22 , (7)

 NA — ,  — ,  — ,  –
 ( ).

, ’ , ,
 ( , ),

 n. , , , , ,
( , , )

 n. 
,  ( , )

 n.  ( .1):
 1,38 (MgF2) — 1,75 (PbF2).

. ,
 (MgF2–BaF2, ScF3–YF3–LaF3)

 n. , ’ ,
’  Me–F 

,
’ ’  — .

 (PbF2, BiF3)
 (ZrF4, HfF4, ThF4)

’ – ’
 ( ,  n) .  n= f( )

.
 n , . ,

 n ,
 — .
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 621.762.01 

. . , . . , . .

, , .
,

.  ta-C ,
 C+  25  1000 

,
 sp2  sp3 , .

 C+ .

: , , ,
. , , .

, -
,

, -
 [1]. ,

, . ,
-

,
 (ta-C) [2,3], -

. , -
-

 — . -
, ,

,  ( -
), , .

- .
-

.

, -
. ,

,
,

. -
,

____________
© , , .- . ,

 “ - ”;
, .- . ;

, , .- . ,
.
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,
, -

 ( ) [4]. -
r -

: (1) 
 (2) -

.
-

,
-

.
 ( )

-
-

 [5]. -
-

U = 3 — 11 ,
.

 [4] U , -
. -

,

, .
-

, -
-

 sp3 -
 [6]. 

-
 ( ) ,

 [7-9]. , -
, -

, . ,
, , -

, -
-

. , -
, , , ,

 ( ) ,
.

-
-

.
, -

.
 C+

E  25  1000 . -

sp2- sp3-
 (ta-C). 
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.
 ( )

 (  — )
.

n = 2/3 P0
 (h), hn ,  P0 = 2/3h. ,  h = 0,5 ,

 P0 < 1,33·10 2 .
 P0  2,66·10 3 ,

.
. ’

, ,
.

, ,
.

.
. : )

; ) .
) .

: 1) , 2) 
; 3) .

, :
Ps = Ps,  exp (– 4  M /  R Ta), (4) 

,sP - ,  — , M — 
,  — ,  — .

,
, .

: )
, ,  (  Ps>>P0); )

,  (d 10 )  Ps>P0; )
 (d 100 )  Ps P0; )

( ) .

-

,  ( .1),
. ,

 ( )
. ,

 — 
 (~  1500 ) ..

,
,  (P= 1,013·105 )

:
o

.).(S  = .).(.).( / . (5)

 ( )  ( )
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, .

: )  ( - )
) .
, ,

.
,

.

.

.
 [2]: 1. .

2.  „ ” . 3. 
. .

. , ,
 ( ),

 ( -
). .

,
- ,

, , .
 „ ”

 (ps) :
RT)/(-AexpPs . (1)

A , Hv ,
.

 [2] ,  Ps =1,33 
(  10 2 . . .) . ,

,
.  (1) 

,  Ps =1,33 ,  = .,
:

. =  / R (lnA — ln1,33)  / RlnA. (2) 

,
.

, . > ., ;
, . < ., ,

.
 (v) 

 (P0) :

00s P/)PP(Cv . (3)

,
, .

-
,

.
, ,

.
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 TRIM2000 [10]  C+  25 E  1 ,
, -

( , ) 2 ( ) ( ) / 2R t E t L E ( , ) ( ) 2 ( )H t E L E t ,
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It is considered two-dimentional model of porous sample filtration combustion of solid 
agent where all surfaces are gasproof except one butt end which serves as a mean for gaseous 
agent inputting. Two-dimentional combustion numerical analysis with an allowance for heat 
losses through lateral surface shows that the gas flow field into the sample isn’t essentially one-
dimentional because of the heat losses. Peripheral sample areas have the superior position for 
inputting gaseous agent while gas deficiency exists in the centre.

Keywords: theoretical modeling, nitride synthesis, filtration combustion

1. . ., . ., . .
 // . — 1974. — 215, 3. — . 612-615. 

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

 // . — -
: , 1975. — . 245-252. 

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

. — 1979. — 15,  4. — . 9-17. 
4. . .

 (  — ).
. … . .– . . — : , 1980. 

5. . ., . .  //
. — 1999. — 35,  2. — . 16-22. 



“ ”  1 (2) 2009 

64

. 4. .

. 5. 
.
: 1 — x=200; 2 — x=400; 3 — x=600. 

. 4 
, . 5 

,
. 3. .

, , -
. -

: , -
, . -

 [4], .

II.  V 

49

10

20

1 -  75 

3 - 150 

5 - 300 
4 - 200 

P,

0
2000 3000 T, K

23

4

4

3
2

1

1

5
5

2 - 100 

- T = 300 K
0- T = 600 K
0

-

. 3.  C+

.

T0 = 600 K -
 E > 75 , -

, -
 (  1’ — 5’). 

, -
sp2- . -

C+  [6]. 

3. , -
-
-

, .
2. ,

 [4] : 1) 
; 2) -

; 3) -
; 4) , -

, .
3. -

 ta-C,  C+ -
E  25  1000 , -

sp2- sp3-
. -

-
 C+  [2,6]. 

-
.



“ ”  1 (2) 2009 

50

, -
.  ta-C 

,  C+  25  1000 -
-

 sp2  sp3 . -
-

 C+ .

: , , -
, . , , .

In the model of non-local thermoelastic peak of stress formation in deposited films at low- 
energy ion bombardment is considered. The analytical expression for compressive stress which 
is generalization of Davis’s formula is obtained. The theoretical results are used for stress 
analysis in ta-C coatings obtained by deposition of C+ ions with energy from 25 eV up to 1000 
eV at different substrate temperatures and for explanation of influence of substrate temperature 
on relationship between sp2 and sp3 bonds in the deposited film. The results are in qualitative 
accordance with experimental data on deposition of carbon films from C+ ion beams at different 
substrate temperatures.

Keywords: diamondlike coating, ion deposition, stress, substrate temperature, thermal 
peak, thermoactivation, stress relaxation. 

1. McKenzie D.R., Muller D., Pailthorpe B.A. et al. Properties of tetrahedral amorphous car-
bon prepared by vacuum arc deposition // Diam. Relat. Mater. — 1991.– 1, No.1– P.51-59. 

2. McKenzie D.R., Muller D., Pailthorpe B.A. Compressive–stress–induced formation of thin–
film tetrahedral amorphous carbon // Phys. Rev. Lett. — 1991.– 67, No.6 — P.773-776. 

3. Tamor M.A. Applications of diamond films and related materials// Applications of Diamond 
Films and Related Materials: Third International Conference. — Gaithersburg : NIST Spe-
cial Publication 885, 1995.– P. 691-702. 

4. Davis C.A. A simple model for the formation of compressive stress in thin films by ion 
bombardment// Thin Solid Films.– 1993.–226, No 1.– P.30-34.

5. Seitz F., Koehler J.S. Theory of temperature spikes // Solid State Physics: v.2.–N.Y.: Acad. 
Press, 1956. — P.351-378. 

6. . ., . ., . ., . ., . ., -
. ., . . -

 // . — 1980.– 3. — 
. 12-16. 

7. . ., . . -
-

+ // . . . — 2003.– 2.– . 2-10. 
8. Kalinichenko A.I., Perepelkin S.S., Strel’nitskij V.E. Thermodynamic conditions of ta–C 

formation at implantation of noble–gas ions in carbon // Diam. Relat. Mater.– 2006. — 15,
 2–3. — P. 365-370. 

9. . ., . ., . . -

 // . : «
».– 2007.–  2.–C. 215–219. 

10. Ziegler J.F., Biersack J. P., Littmark U. The Stopping and Range of Ions in Solids. — New 
York: Pergamon Press, 1996. — 297 p. 

11. . ., . . .– .: , 1976. — 567 .
12. Kalinichenko A.I., Lazurik V.T., Zalyubovsky I.I. Introduction to Radiation Acoustics // The 

Physics and Technology of Particle and Photon Beams: v. 9. — : Harwood Academic Pub-
lishers, 2001. — 239 p. 

13. . ., . ., . .
12C+ 40Ar+  // -

. : « -
». — 2005,  3. — C. 182-184. 

II.  V 

63

.2. .

.3 -
, , ,

, . ,
,

, -
. , , ,

 [1,2]. 

. 3. 
.

: 1 — x=200; 2 — x=400; 3 — x=600. 
-

, -
. -

,
–

,
.



“ ”  1 (2) 2009 

62

-
.

, -
-

– ,
.

: = 0.14;  = 0.168; µ= 
0.667; kf =100; p0 = 0.3; c = 1; l = 800; h = 500;  =0.02. 

.1.
.

. 1 -
. -

-
.  ( . . 2), -

, , ,
, , -

. , , -
. – -

, , -
.

, ,
.

-
. , -

. , -

.

II.  V 

51

 621.762 

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

-

18 15, - .
,

, ,
- . ,
 46...50 %  40  50 

 50...75 
 1250...13000 .

 (6...10) · 10-12 2.

: , , , ,
.

-
, -

.
, . -

, ,
,

. -
, -

, ,
 [1-3]. -

, : -
, -

,
. -

 [4]. , , , -
, ,

- .
, , , -

 [5]. 
, -

, .
,

____________
© ,

. . , . ; ,
, . ;

,
; , ;

, .



“ ”  1 (2) 2009 

52

, -
.

,
;

 200-2500 ,  10-15 .
, ,
, . -

.

-

, -
.

,
18 15 , -

.

18 15,
- ,  ( -

) .
-

 18318-73 -2.
-2883-80,  — 

20898-75. -
, -

.
,

-
.

 200  4000

 (DTA) . -
 5 / ,  4000

 2500  — 5 / ,  2 
/ . -

.

 ( , ) -
-

. ,
,

-
, -

 50…60%, ,
.

II.  V 

61

dsg ,,  — , -
; dsg c,c,c  — ,

; Mg, Ms — ,
— , T — ; t — ; a 
— , k0 — ; E — 

; R1 —  R, 
 ; Q — ; P — ; Fk  — 
; vx, vy — 

yx 0,0 ;  — .  0 -
,  — -

.  P* , -
-

, . . 10p

. bT -
.

, -
:

1f ,      (7) 

0,0
0,1

p
p

pg  .      (8) 

,
x

x y.
 (2), (3)  (5), 
, :

,0,0,0:0
x
p

x
x iii

,,: 00 pplx       (9) 

,0,0:0
y
p

y
y

0,: 0 y
p

y
hy

i  —  ; i  — 
, 0  p0 — 

, ,
— . -

.0,,1:0 00 pp    (10) 

 (2) — (10) , -
, ,

.



“ ”  1 (2) 2009 

60

-
.

 [1] 
 ( )

-
.

, -
.
, -

. -
 (x=0) -

, -
0x ,

–

1R1( )+ 2R2( ) Product( ), (1) 
.

,
, , -

, -
, , -

.
 [5]: 

τ
η)θρ()θρ(θθ

τ
]θ)ημρ1[( μ

2

2

2

2
d c

y
vc

x
vc

yx
ccc yx    (2)  

τ
ημ

)ρ()ρ(
τ
ρ

y
v

x
v yx      (3) 

βθ1
θexp)()η(γ

τ
η pgf ,     (4)  

,,
y
pk

x
pk fyfx vv     (5) 

,
)βθ1(μ

)βθ1(ρ
0

p       (6) 

E
RT

RT
TTE

M
M

c
c

c b

s
,)(θ,

ρ
ρ1η,

μ
μ

μ,
ρ
ρ

ρ, 2
b

b

0

s

s2

g1

0s

g

s

g

,,exp,,
)(

, *
2
*

b0
*

*0b

2

0 tax
RT
E

k
t

t
t

TTE
RT

cc
QTT b

s
b

,1,,,,, d
*

*

*

*

**0
ccc

x
tV

v
x

tVv
x
Yy

x
Xx

c
a y

y
x

x
ss

.,
ρ
ρ,, *

0

d
010*

* a
Pkk

c
ccTR

M
P

P
Pp F

f
ss

d
ds

g

II.  V 

53

18 15 ,
 ( . 1). 

.

       
. 1. 18 15:

 — , ×600,  — ×400. 

18 15  28 ,  —  
2 580 / 3. -

 1. 
-

 + 250 , -200 + 125 ; -125 + 50 , -50 .

 1 
18 15.

, , % 

+ 200 5 
- 200 + 125 10 
-125 + 90 30 
- 90 + 50 40 

- 50 15 

- ,
.

 10%-
.

. 2. 
,
 50…75  50 %. -

.
-
-

, .
.

-
-



“ ”  1 (2) 2009 

54

,
 [6]. 

-
, ,

 0,013  — 200

1200, 1250  13000 .
 1  4 . ,

 12000 , -
. -

, -
, .

.2 18 15 . � —  -50 ;
 — 125 + 50 ;  — 200 + 125 ;  — 250 .

-
, .

. -
 12000  (  1%) 

 12500  13000  3 .
 12000  13000

- .  1 
,

.  2 

.

 1250 — 13000 .
 2 . 18 15  +250, -200 + 125, -125 — +50 

 100  12500 , 2 .
,  53, 40  35 , -

. , -
18 15,

 125  200 .
, ,

. 3. 

II.  V 

59

 621.002.3:669.018.9 

. . , . .

:

-
, ,

.
,

.
,

, -
.

: , , .

,
, , -

. -

 (B, Si, Al, .)
. -

. -
 [1], -

– . ,
-

, .
,

. –
,

.
 [1] -

-
. , : -

. ,
.  [2] -

. -
 [3,4] 

, . -

[3]  [1]. -
-

 [4]. -
____________

, ,
, , .



“ ”  1 (2) 2009 

58

: , , , ,
.

The process of tribotechnical materials production on the basis of PM stainless steel 18 15
produced from hydride-calcium reduced powders is investigated. Characteristics of initial pow-
ders, influence of a granulometric composition on compressibility, influence of medium, tempera-
ture and duration of sintering on macro- and a microstructure of a porous material were deter-
mined. It is shown that porosity of initial bar about 46-50 % with pore diameters from 40 up to 50 
µm can be provided used vibrocompactions or pressing of a steel powders under pressure of 
50…75 MPa and sintering in hydrogen at temperatures 1250…13000 . The permeability coeffi-
cient of a produced porous materials relative to air is in limits (6…10) · 10-12 m2.

Keywords: Stainless steel, porous carcase, porosity, sintering, permeability coefficient 
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