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 R  + R = 1. 
 R -1,

 0.93 . 

He-Ne (λ = 0.63 ,  = 5 ) -108 (λ = 0.84 , P = 30
) . , 

 1-2% 
 0.93-1.06 . 

 - µa µs. − µs/µt (µt = µs + µα)

. , 
1.

. 1  R, µs/µt λ
.

 ( )    R [%] µs/µt λ )
 - 12 -- 92 0.99 (7,6-18,6)x10-2

4 -- 30 0.80 (5,4-11,2)x10-1

4: 12 1:1 47 0.93 --
4: 12 10:1 30 0.80 1.30 10-1

-19 -01 -- 46 0.91 (3,8-4,6)x10-1

-19 -01: 12 1:1 53 0.94 --
-19 -01: 12 10:1 45 0.91 --
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 (1) 

, 







α
−θ

−
α+δ

θ
×

δ
−δ

λ
α

== ∫
∞ 1)

4
rexp(d

2
AIr)0z,r(T

22

0

2

.
(1)

- α, A –
,  ( .1), I

2),  r  - , θ - . 
 = (α,λ) , 

λ
 - α.

,  -  - θ. , . 1 
 lg( (r,z=0) = 740 0 ) ≈ 2.87 

 Y - lg(λ)  X - lg(α). , α > 102-103 1/ (lg(α), lg(λ))
, 
. 

 ~ 1.03 10-1  lg(1.03x10-1) ≈ -2.92 ( . . 1).
 ( .1) 

, 
α. ,

. 
 5 . 1. ,

, 
, 

. 

:

),1(
),VV/()VV(

cma

212211cm

θ−λ+θλ=λ
+λ+λ=λ (2)

0.0 1.0 2.0 3.0 4.0 5.0-4.0

-3.5

-3.0

-2.5

-2.0

-1.5

.1  3-
 (1)

α λ
 Al

 = 2.6 , (r,z=0) = 740 0 ).
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.
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 −θ+
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−α−−

α
+

ρλ
θ
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)(V
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, .
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. .
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, . σrr =
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,  (
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- ∆R
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R kln

1
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R
ET RR ∆= ,
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( )ηΦ∆
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






∆
−

=
∂
η∂

t

R

R

T
TTexp

t
(5)

∆t -  (Φ(η) = 1/(1-η)),  ( -1)/e ≈
0.6321  TR.
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∆R ∆t - .

 TR , , 
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. 
∆t , 
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 - η « » 
. , 

, , , ∆R η
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 (η→1), 
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 NiTi3. , , 
.

, 
.

.
 (

 - ;  - ) 

 - ) 

, 
.

:
• 12, , , , 

, 
;

• 12 
λ = 1.06  10.6 , 

;
•

;
•

 ( -9  NEOPHOT-30), 
 – ( ) (  LEO 1450  CARL ZEISS,

 – (EDX) INCA
Energy 300  Oxford Instruments)  (
- 2, 3).

) )

) )
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)
)

. 2  ( ), 
. , , )  +  = 1:8; , , ) 12 +  = 1:8.

 (
 - . 2  – . 2 ).  ( . . 2

, ), 12, 12 
.  (

), 12  ( . 2 ),  ( . 2 , ), 
 ( ) .

 ( . 2  2 ),  +  = 1:8,
, 12 +  = 1:8
12 , . , 

 (  - .
2), , 

.
,  (λ = 1.06  10.6

) , 
, , 

, λ = 10.6 .
:

•
 ( ), 

;
• , 

 (  - ) 
, .

,  ( ) - 
, ,  - ,  (

) :
1. , , 

,  (2.4 – 3.7) 103 3, 

 ( .  5).
2. , 

.  ~ 1:6.
 (“ ”) 

, 
. 

.
3.

, 



15

, 
.

: .

 - ”. 

. 
, 

,

. 

, , .

, 

 - D,  - m (
 - θ)  - AV [ 3] –

.3. ,  ( ,
.), 

. . 12 ,
23.  ( ) 

, 
, ,

. 
.

. 4  (  - 4:1) 
: 1).  = 1,6 ; 2).  = 2,1 ; 3). 

= 3 .  – . : 
,  - 30,  = 150 - 300 .

. 3  - D = D
(AV θ)  - m = m(AV).
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 - , 
: 2r < d < 6r. 
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 - 
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 1209

 D = 10 ,  P = 1839 
 - 20 .  - σ ,  - σ

 - -10
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. 
-10

 (  ~ 100 .)
 5-8 %.

 ~ 10

 PERTH-O-
GRATH, Dr.-Ing. Perthen GmbH, Germany. 

,  ( . 8) 
, 

 TALYROND73, Taylor-Horson Co, UK. , 

 ( ).
. 2 

, 
. 

,

, 
.

. 7 σ = σ(ε) : -
) .

. 8 

.

 ( . 7) ,
, . 

 ( ) σ = f(ε), 
.  ( . 7,  - ) 

. 
, , . 

 - ) .  - ) 
,  - 

. 2 
.

30-50 
24-77 
8-18 
120-400 
(2,3-3,6) 103 3

 Ra 5,7-10,0 
 (5-7)×105 -1

35-46%
0,6-4,5 2

 600-1000 
0,35
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. 
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.  ‘ ’ ( . . 9 –
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, 
. 

,
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, 
.

 - 

. 

, 
 ( , , 

.).
,

. , 

 “  + ” 
. 

, , , 

.
, 

:
-  Ni + Ti, Ni + Al, Ti + Al;
-  TiO2 + ZrO2 + PbO, Al(Al2O3) + Zr(ZrO2);
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-  BaO2 + Fe2O3 + Cr2O3 + Fe, Li2CO3 + Fe2O3
+ Cr2O3 + Fe.

. 
 ( . . 12 , 19, 23, 35 ).

. 10 

. . 
.  -

, , . 10, 
.  ( . ) 

. 10 
, .

. 
4 , 
), , .

 ( ) ,  (
3, 4 . 10 ) .  Ni-Al 

,  Ni-Ti, Ti- Al, 
 (

). . ,
 Al-Ti « » , 
,  (

)  (
).

100 1000 10000

Log(A) / [J*cm  ]
0

1

2

3

4
h / [mm]

1

-2

2

3

4

5

100 1000 100

Log(A) / [J*cm
0

1

2

3
h / [mm]

-

5

6

4

3

2

1

7

(1) Ni + Al (1 : 1); (2–4) Ni + Ti (1 : 1) (2) 4
+ , (3) 4 + , (4)  + , (5)

. (1, 2, 5) – , (3, 4) - 
 Ar.

(1, 4, 6) Al + Ti (3 : 1), (2, 5) Al + Ti (1 : 1), (3)
Al + Ti (1 : 3), (7) BaFe12xCrxO19. (1–3) - 

, (4, 7) -  Ar, (5, 6) - 
 N2.

. 10 h  log A.
:

1.  (  Ni-
Al)  P, v, d , 

 Ni3Al . 
 ~ 61 
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.  2 
∆R ∆t.

2. 

 Ni-Ti, Ni-Al, Ti-Al, Ni-Ti-Al.
. 3  “Spectrum 2”

. % . %

C K 6.57 17.73
O K 15.01 30.39
Al K 11.82 14.19
Si K 1.03 1.18
Cr K 4.41 2.75
Fe K 1.04 0.60
Ni K 60.12 33.17

100.00
. 11  Ni-Al.

3.  (NiAl, Ni3Al) 
 Ni-Al , 

 ( . 11 . 3).

. 

 Ni3Al : P = 24  v = 0.6  P = 22  v = 0.12 . 

,  – 
.

4. 
. 

:  P = 17.4 ÷ 19.9 
 V = (2.8÷5.7) 10-2 . 

, .
, 

,  TiAl.
 200-400 2. 

, 
.

. 12  Ni-Ti.  : a) – ; b) –  Ar; c)
–  Ar . )  NiTi.

 NiTi  Ni-Ti 
 (P, v, d) .

4 
. 12). . , 
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 Ni-Ti
 NiTi - , 
.  ( . 12 ) 

 (
, ). 

 NiTi 
 ( ) 

 ( .  5).
ρ

3

3,5

4

4,5

0 1 2 3 4 5 6 7
v, cm/c

ρ
3

) )
 N0

20

25

30

35

40

0 2 4 6 8
v, cm/c

N
0, 

%

)

. 13  - ρ ( 3) ( ),
 - W% ( ) 

 - N% ( ) 
V ( ) 

. 
4+ =1:1,  = 16.3 .

, 
 ( . 15), ,

 ( ) ( . 13) 
 Ni-Ti 

. 4). 
,  (  14), . 

 ( HCl pH=6.0)  ( KOH
pH=7.9) , . 

KCl
-1 . , 

, , 
.

. 4 .
V

/c)
P

)
∆φ ( ) / /,

. 
∆φ ( ) / /,

H2SO4

∆φ ( ) / . /,

H2SO4

6.3 16.3 +0.265 +0.173/+0.189/+0.229 +0.172/+0.195/+0.225
2.1 16.3 +0.274 +0.2/+0.188/+0.253 +0.189/+0.185/+0.235
1.3 16.3 +0.281/+0.27( .

)
+0.194/+0.186/+0.24 +0.183/+0.183/+0.259

,  ( . 13) 
 (  40 %),  2 – 2.5 , 

 (3.3÷4.1) 103 3 . 
. 4 4 +
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 = 1:1.  4  5 ∆φ
 H2SO4, ,

. , 
 (

), 
∆φ, , , . 

, . 
. ∆φ

.

,

 Ni-Ti
. 14). 

) 

. 

 Ni  Ti 

NiTi2, NiTi (
). 

. 

 (Ni-Ti)  ( . 12 ).

)
)

. 15 55 45 -
)  -( ) 4+  = 1:1.

, 
 Ni+Ti , 

.

)

)

)

)

)

)

5055 45
2Θ

I,% N
iT

i

α
-T

i

N
i

N
iT

i 2

N
iT

i
N

iT
i

N
iT

i
N

iT
i

N
iT

iN
iT

i

α
-T

i,N
iT

i? 2

α
-T

i,N
iT

i? 2

N
i

N
i

N
iT

i 2

N
iT

i 2

N
iT

i 2

N
iT

i 2

N
iT

i 2

N
iT

i 2

N
iT

i 2
N

iT
i 2

N
iT

i 2

. 14 ,

4+  = 1:1 
 (  = 16.3 )- ( , , ) 

 ( , , ).   ,  – V
= 6.3 /c, ,  – V = 2.1 /c, ,  – V = 1.3 /c.
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55 45  300-550 2, 
 100-300 2, 

.

55 45  ( . 15 )
 – NiTi 

, 

).

. 
55 45 ( . 15 ) 

 ( . . 15 ), , ,
, 

 ( .  2) 
.  3).  ( . 5) 4

 Cr, Fe, Si.

0 2 4 6
, %

0.00

0.04

0.08

0.12

0.16

, 22

2120

18

17

16

14
13

12

. 16  – 
 NiTi .

. .14,
.

. 17 
.

 NiTi
σ = f(ε ) 

 ( . 16, 17). 
(0.04-0.06 M a)  (0.06-0.12 M a)  NiTi 

, .

. 5  EDX  LEO 1450  INCA
300 . 15  / /.

Spectrum O Al Si Ti Cr Fe Ni Total
Spectrum 1 8.47 1.51 2.35 2.96 12.64 2.67 69.40 100.0
Spectrum 2 17.68 3.89 31.16 6.84 1.03 39.40 100.0
Spectrum 3 3.40 49.06 5.35 1.49 40.70 100.0
Max. 17.68 1.51 3.89 49.06 12.64 2.67 69.40
Min. 8.47 1.51 2.35 2.96 5.35 1.03 39.40
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-100 -50 0 50 100

30

32

34

36

38

a)

-100 -50 0 50 100
16

18

20

22

24

26

b)

. 18 ρ )  –  (0 ) 
NiTi . ) –  Ni + Ti , :  - 5,  -
8,  - 9,  - 3; )  / 55 45/, :  - 16,  - 17,  - 12,

 - 8. ,  – . 
. 12.

 ( ) 
, 

ρ = ρ( , ) , 
 (  A ~ 180-240 /c 2  NiTi  A ~ 300

– 400 /c 2  NiTi)  (-50 – 0 0C), 
. 

 ( . 18), 
19  NiTi 

2.  NiTi, 
, 

, 
S ( , , ),

.

. 19 
.

. 20  - 1(Ο) 
- 2(∆) 

 - V.
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 Pb, Zr  Ti - 
, . 

. , 
 – V ( . 20) 

. 
 ( . 19), 

 ( . 21). . 6, 
, , 

.
. 6 - Spectrum 2

Element .% .%

C  9.45 25.38

O  23.25 46.88

Al  0.71 0.85

Ti  17.72 11.94

Zr  37.06 13.11

Pb  11.82 1.84

Totals 100.00 . 21 .

.  -  FR-552 
 – 2  Cu Kα , 

, 
 (PbTiO3, Pb(Ti1- Zr 3), 

. 
(PbTiO3 (  = 3,899 )  Pb(Ti0,5Zr0,5 3  = 4,03 )) 
P4mm ( 4V) .

10 100 1000 10000 100000
, ( )

-50

0

50

100

150

200

1

2

3

 (a
10 100 1000 10000 100000

, ( )

-2

0

2

4

6

1

2

3

 (b

. 22  - ε (a)  - tan δ (b) 
 - f: Av = (1) 10, (2) 15.5, (3) 28.8 3 .

 ( . 22), 

.
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, ,
 ( . 23). 

, 
, 

. 

 -  BaFe12xCrxO19  Li0.5Fe2.5-xCrxO4:
1. BaO2+Fe2O3+Cr2O3+Fe = 1:2,5:1:5
2. BaCO3+ Fe2O3+Cr2O3+Fe = 1:2,5:1:5
3. BaO2 +Fe ( ) +Cr2O3 = 1:3.3:1.8
4. Li2CO3+ Fe2O3+Cr2O3+Fe = 0,25:0,625::0,125:1

(7)

.
 EG&G PARC M4500 

 0.8 .

. 23 
 3).  –  = 14.3 , v = 21

/c.

. 24 
 3 

. 25 σ ( / )
 ( ). ) Li0.5Fe2.5-xCrxO4  4); ) BaFe12xCrxO19  2). 

.4 ( ).



27

0,
18

5

0,
19

5

0,
19

8

0,
18

0,
14

/0
,1

4/
0,

61

0,
23

/0
,3

5/
0,

62

0,
10

/0
,1

4/
0,

57

0,
26

/0
,3

4/
0,

61

, (
)

0,
25

3

0,
28

2

0,
28

0

0,
24

2

0,
29

6/
0,

29
2/

0,
27

8

0,
37

2/
0,

40
3/

0,
23

8

0,
27

0/
0,

25
2/

0,
25

48

0,
45

6/
0,

50
3/

0,
21

5

10
,8

10
, 2

10
,4

11
,4

, (
)

0,
99

1,
06

1,
09

1,
18

0,
26

/0
,2

4/
0,

23

0,
28

/0
,1

/0
,2

4

0,
18

/0
,1

/0
,1

0,
26

/0
,0

9/
0,

18

6,
5

7,
4

7,
0

7,
5

, (
)

5,
35

5,
47

5,
49

6,
38

1,
88

/1
,7

5/
0,

38

1,
22

/0
,3

/0
,4

1,
87

/0
,6

7/
0,

17

1,
02

/0
,2

6/
0,

3

59
,0

69
,5

56
,4

60
,3

, (
)

57 57 57 57 63
,6 16 63
,6 16 57 57 57 57

 (
)

15
,2

15
,2

 +
 19

,9

19
,9

 +
 14

,4

14
,4

14
,4

+ 

14
,4

+ 

15
,2

15
,2

 +
 19

,9

19
,9

 +
 

. 7
 

 (
 (7

))
.

N
/N

 2

1-
5

2-
6

3-
7

4-
8

 3

5 6 7 8

 4

9-
1

10
-2

11
-3

12
-4 . 

 4
- 7

 
 8

00
 

 1
20

0
0

, 
.



28

 ( . 24) 
. , 

 (
) ,

 BaFe2O4,  BaFe12O19,
Fe12xCrxO19  800  1200 0

30 .
 ( . 25, . 7) 

 (
, , ).

, 

 ( . . 7).

.
, ,

 –  21 , 
. 

, .
,  ( ) - -

.  ( , , ) 
. 

, . 

, 
 - ANSYS, NASTRAN, ABAQUS, STAR .

.

. 26 
.



29

. 
 (n-m) , 
 ( . 26). 

. 

 ( . 27).

2 4
2.4

2.8

3.2
68

0

0.02

0.04

2 6 104 8

7 68
, %

, 

, 
3

. 
, 

)

)

 /  – +, /
3)  /

– , / ( )  ( ) 
(%) . 

 5  ( );  10
 ( ).

 ( 20)

 (
. . 26 )

. 27  + 
 (  22  10 : 1). : 

 = 18.2 ,  V = 0.17 .
, , 

 ( .  X-Y) 
 ( .28)  ( . 6), 

.  (  28 ), :
1. , , 

 0 18 10  0,063÷0,1 , 
;

2. , ,  10 ;
3. , , 

, , 
;

4. 
,  0 18 10 -2, 

.
, 

. 
 ( ) , 

, ,

.



30

)

 - 
K

, [
m

m
 ]

 - Q/(S* P), [m /(m *min*atm)]∆
0 20 40 60

0.4

0.8

1.2

1.6

0 100 200
0

200

400

3 2

2

)
. 28.  – ) 

 – ).
, , 

. 
. 

, . 

. 
, 

 (  ~ 98 %  87 %)
.

15 16 17 18 19 20
P ( )

0.12

0.14

0.16

0.18

0.20

0.22
R (cm)

3.76

3.77

3.78

3.79

3.80

79

80

81

82

83
a (A)I (%)

1

2

3

. 29 
TiN.

. 30 
 (I% - 

TiN ; a – 
; R – ) 

.

 (  Laser Chemical Vapor Deposition) 
. 

,  15
 19  1  3  ( . 29). 

,  “ ” 
. 

 ( . 3, ). 
,  83%. , 

 TiN ( . 30).



31

, 
 ( ) .

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

h,
1.00

1.05

1.10

1.15

1.20

1.25

1.30

1.35

1.40 p, 3

1

2

0.4 0.5 0.6 0.7 0.8 0.9
h, 

0.10

0.15

0.20

0.25

0.30

0.35 p, 1

2

 = 15.7 : 1 – V = 1.9 /c; 2 - V = 2.8 .
. 31 

.
. 32 

.
. 31  32 

 ( ) . . 31
, , 

, . 
 ( .31,  1)  ( .31,  2).

. 32 , 
. 

 ( . 32,  2) , 
 ( . 32,  1).



32

. 33  –  ( )  - η
) 

 = 15.7 ): 1. V =1.9 c /c ( ); 2. V = 2.8 c /c ( ).
 = 15.7 , V

= 1. 9  2.8 . 33. , 
. 

.

.

. 

.

)

)

. 34 )  + SiO2 = 4:1
 – ).

, ) . 
 0-3, 2-2, 3-0 

 (  ( ),  SiO2
) – . 34, 

. 
 – ,

 +  /  + .
, 

.

) ) )
. 35  (

,  - ,  –  3D
).

 Ni  Ti 
 – 

 ( . 35). 



33

 Ni – Ti, NiTi + A, Ti, Ti + A. 

 - A.

 ( S – , , ) - 
,

, 
. 

, ,
, 

.
. 

. . . 

,

, 
. , 

,
:

1. 
 ( ,

),  + 
. 

,

. 

. 
.

, . 

, 
.

2. 
, 

. , 
. 

, ,
, 

, 
, .

3. 
, 

, . , 

. 



34

.
4.  - 

. 
 (  - ;

 - ) 
 (  - ) 

, 
.

: .

 “  - ”. 

. 
,

. 
, , .

5. 
, 

 - D,  - m (  - θ)  - AV. 
,  ( ,

.), 
.  ( ) 

, 
, ,

. 
.

 – 
. , 

 ( ) 
, , 

, , 
.

, 
.

. 

. 
, : 2r < d < 6r. 

. 

.
6. 

: 
 Ni - Ti, Ni - Al, Ti - Al; 

 TiO2 - ZrO2 - PbO, Al(Al2O3) - Zr(ZrO2); 



35

 -  BaO2 - Fe2O3 - Cr2O3 - Fe, Li2CO3 - Fe2O3 -
Cr2O3 - Fe. 

, 

.
7. 

. 
.

8.  ( . 
 X-Y) 

.

, 
. 

, 
 (  ~ 98 % 

 87 %) .

 (  LCVD) 
.

, ) . 

.

 Ni - Ti. 

.
:

1. ., ., .
 - . // 

 .- 1995.-  3, - . 88-93.
2. ., .  - 

. // . - 1997. - .35. -  5.
- .722-726.
3. ., ., .

. // . 1997.  6. . 92-97.
4. ., ., ., ., ., .

 - 
. // . 1998. . 28,  5 , . 433-438.

5. ., ., ., .
. // 

 - 1998. -  5. - . 61-63.
6. ., ., .

. // . - 1999.
- .35. -  2. - . 59-64.
7. ., ., .

. // 
. - 1999. - . 5 -  2 - C. 29-41.

8. .
. // . - 1999. -  7. - . 19-23.



36

9. ., . ,
. // 

. - 1999. - . 5 -  3 - C. 39-49.
10. ., ., .

. // .
. - 1999. - . 63. -  10. - . 2077-2081.

11. ., ., ., . ,
,

. // . - 2000. -  2. - . 45-48.
12. ., ., .

. // 
. – 2000. - .26. - . 6. - . 84-89.

13. ., ., ., .
. // 

. – 2001. - .27. - . 5. - . 81-86.
14. ., ., ., .

 Ni-Al. // .
– 2001. - .27. -  12. - . 28-33.
15. ., ., .

. // . - 2001. -  3. -
. 45 - 48.

16. Shishkovsky, I.V. Synthesis of functional gradient parts via RP methods. // Rapid Prototyping Journal.
- 2001. - Vol. 7. -  4. Pp. 207-211.
17. ., ., ., .  -

. // . 
. – 2002. - T.66. -  9. C. 1371-1373.

18. .
. // . – 2001. -  5. - C. 60-64.

19. ., ., ., , .
 Al-Ti. // . 

. – 2002. - T.66. -  8. - C.1156-1158.
20. ., ., ., .

. // 
. - 2001. - .3. -  1. - . 24-26.

21. ., ., ., ., ., .
, 

. I. . // . – 2002. - .93. -
 2. - . 80-84.

22. ., ., ., .
, . II.

. // . – 2002. - .93. -
 2. - . 85-88.

23. ., ., ., ., .
.

// . – 2003. -  3. - C.45-50.
24. ., ., .

. // 
. - 2003. - . 60. -  6. - C. 14-18.

25. ., ., ., ., ., .
 - . // 

. - 2003. -  5. -  1 (9). - . 55-64.
26. . . //

 “ ” . .
. .  “ ” - 2003. - C. 126-128.

27. Kuznetsov .V., Morozov Yu.G., Parkin I.P., Shishkovsky, I.V. Laser-induced combustion synthesis of
3D functional materials: computer-aided design. // J. Mater. Chem. - 2004. - Vol.14. -Pp. 3444-3448.



37

28. .
 Ti. // . – 2004. -  6. - . 66-70.

29. ., .  - 
. //

. - 2004. - T. 6. -  1. - . 81-87.
30. ., .

. . N 95110182/ 02 (017874)  16.06.96, 10. . 
 10, 1997, . 44.  2145269  10.02.2000 .

31. ., ., , ., ., .,
., . . 

99127936/04,  30.12.1999 .  2188709  10.09.2002 .
32. ., ., .

.  2000101975/02,  28.01.2000 .,
2217265  27.11.2003 .
33. ., ., , ., ., .

. 
 99127937/02,  30.12.1999 .,  2214316  20.10.2003 .

34. ., ., . .
 2000120948/20,  11.08.2000 .  2212982  27.09.2003 .

35. ., ., .
.  99102751/02,  11.02.1999 .

2218242  10.12.2003 .
36. ., ., ., .

.  N 99127935/02, 
 30.12.1999 .  2217266  27.11.2003 .

37. ., ., ., ., ., .,
.    - 

. // . -  14. . – 1996. 19 .
38. Gureev D.M., Petrov A.L., Shishkovsky I.V. Formation of intermetallic phases under laser sintering of
powdered SHS compositions. // The 6th International Conference on Industrial Lasers and Laser
Applications '98, Vladislav Y. Panchenko; Vladimir S. Golubev; Eds, Proceeding SPIE. -Jan 1999. -Vol.
3688, - Pp. 237-242.
39. Tarasova E.Y., Kryukova G.V., Petrov A.L., Shishkovsky I.V. Structure and properties of porous PZT
ceramics synthesized by selective laser sintering method. // Laser Applications in Microelectronic and
Optoelectronic Manufacturing V, Henry Helvajian; Koji Sugioka; Malcolm C. Gower; Jan J. Dubowski;
Eds. Proc. SPIE. -Jun 2000. -Vol. 3933. - Pp. 502-504.
40. Petrov A.L,, Snarev A.I,. Scherbakov V.I,, Shishkovsky I.V. Laser synthesis of functional graded filter
elements from metal-polymer powder compositions // Proc. SPIE. - Apr 2002. - Vol. 4644. - Pp. 441-445,
Seventh International Conference on Laser and Laser-Information Technologies, Vladislav Y.
Panchenko; Vladimir S. Golubev; Eds.
41. Shishkovsky I.V. Thermal field analysis under SLS of metal-polymer powder compositions. // Proc.
SPIE. - Apr 2002. - Vol. 4644. - Pp. 446-449, Seventh International Conference on Laser and Laser-
Information Technologies, Vladislav Y. Panchenko; Vladimir S. Golubev; Eds.
42. ., ., .

 - , .
// .  " ". – 2002. -  1 (29). C. 409-414.
43. ., ., ., , .  -

. //
. . – 2002. -  2 (37). - C. 45-50.

44. . . //  -
. - 1991. - . 61. -  6. - . 998-1006.

45. Zavestovskaja I.N., Igoshin V.I., Fedechev A.F., Shishkovsky I.V. Theoretical and Numerical Analysis
of Stresses in a Laser Hardening Model. // Journal of a Soviet Laser Research. - 1991. -Vol.12 -  4 (July
- August). - . 365 -382.
46. Bertyaev B.I., Igoshin V.I., Katulin V.A., Shishkovsky I.V., Zavestovskaya I.N.. Physical Principles of
Simulation and Optimization of Laser-Induced Surface Hardening of Steels. // Journal of Russian Laser
Research. - 1996. - March. - P. 164-184.



38

47. ., ., .
. //  - 1989. - .16. -  8. - .1636- 1642.

48. ., ., ., ., .

. // . - .217 – 1993. - . 3-12.
49. . . // 

. – 2004. -  6. - . 13-17.
50. . ,

. // . - 2005. - T. 31. - 5. - .
15-21.
51. ., ., .

. // 
. 2005. . 78.  6. C. 31-38.

52. ., ., .
. // 

. – 2005. -  3. - . 71-78.
53. ., ., ., .

. // . – 2005. -  5- . 5-9.
54. ., .

 ( ). // . 25 - 
. . 2005. . 148-161.


