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1.1.

. 

:  

.
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 (Ts/Tm) 

 (Ebi)  ,  ,  Ts – 
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  . 

. , 

, .

 (TiN, ZrN, CrN)  

,  Si, B, Al, Ni .
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d 10  TiN 
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Ti-B-N ,

 (40-50 ), 
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1.2.

.  (PCVD), 

, 

(PVD) .   PVD 

PCVD, ,  ( )  PCVD 

. , 

 (MSPLD) 

.  ABSTM , 

, . 

, , 

 (CVD), -

. 

, , 

  .

. 

  .



8

II . . 

ZrN; Zr,Si  N; Ti, Si  N 

ZrN;  Zr,Si   N;  Ti,  Si   N   Nano  Indentor  II  (MTS

Systems, USA) . 1  2  ZrN 

, 

  . 

 10 

 110-130 , 

,  0,1 

.

, 

    5% .

 1

ZrN  (P=0,3 ; )200UCM

, , 

1 ZrN 389 28,6

2 ZrN 390 29,0

3 ZrN 400 29,5

4 ZrN 378 27,3

5 ZrN 413 28,9

, 

, 

  .   

 – 32  (  2)

 2

ZrN  (P=0,3 ; )200UCM

, , 

1 ZrN 435 34,4

2 ZrN 371 29,9

3 ZrN 401 31,8
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4 ZrN 389 32,3

5 ZrN 402 32,1

.  ZrN

 25 , 

 – 70 . 

  .

, 

1,3 . 

. , . 

  [] 

. , 

.

, 

. 

, 

.  , 

. 

. 

,  0,6 

10-15 . 

 20-30 

 (2 ),  40  5 , 100 

, 

.  {200} 

,   {111}.

. ,  ZrN 

. , 
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 ( )

  

).

 3,2  ,   =  0,3  

)200UCM  Zr, Si  N 

 (Zr  60 .%, Si - 8 .%, N - 32

.%).

 Zr,  Si   N   ZrN  

 «  – » 

.

1- . Zr, Si  N  ZrN 

 «  – »

 Zr, Si  N  ZrN 

, 

 «  (  – »   

.

  8  .%  Si    Zr,  Si   N  

=43 , =474 ,    ZrN =32,1 , =402 .

  

. 

 Zr,  Si   N  ZrN  Si3N4

, ZrN {200} -Si3N4

.  6 .% Si 

 2-



11

2- .  = 0,3 )200UCM  Zr, Si

 N 

 (  – 

18 10  3,2

   38 , 

=35 , =286±18 .

 ZrN    0,07 

, 8 .% Si  (Zr-Si)N  0,09 

 (Ti-Si)N  0,12 .  Zr 

Ti 

.

  

. 

.

Zr,  Ti,  Si   N 

.  Zr,  Ti,  Si   N 
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 Nano Indentor MTS Systems USA 

),   20 

.  ±0,04 .

   100 

,  1/10 .  15

,  4 . 

 6 ,

, 

  . 

.   

, 

. 

. 

 (Zr – 78 .%? Ti - 10 .%? Si - 12 .%)

 32,4 , 

 333 .

3- .  = 0,3 )200UCM

.

Zr,  Ti,  Si   N 

 (Zr – 65 .%? Ti - 25

.%? Si - 10 .%).   = 0,3 )200UCM   

=33,5  ( ) . 

 396 .
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, , 

1 471,947 42,154

2 326,102 24,860

3 387,179 33,596

396,076 33,470

 200 

.  

 4- , 1,2

, 

 = 0,3 )200UCM   

, , 

1 563,396 38,437

2 560,733 39,837

562,064 39,137
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4- .  = 0,3 )200UCM   

 « » 

 - 

             – 

 40,8 , 

 562 . , 

 (111) . 

, 
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 ( )   

,  36  (5-

),  433  (5 )

, , 

1 401,526 33,432

2 482,398 41,654

3 416,929 33,069

433,617 35,022

(Zr  –  65  .%?  Ti  -  25  .%?  Si  -  10  .%)  

,  10 

.

 (

)
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5- .  = 0,3 )100UCM   

 « » 

 – 

             – 

 = 0,8 )150UCM   

, , 

1 392,561 32,465

2 388,202 32,709

3 384,894 31,919

4 407,069 34,323

5 408,438 35,631

6 421,771 36,962

7 384,554 32,009

8 363,063 29,859

9 395,526 33,305

10 379,434 31,058

392,551 33,058
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 = 0,1 )150UCM   

, , 

1 426,269 36,886

2 429,236 36,275

3 435,090 37,527

4 496,303 44,927

5 391,211 33,303

6 441,905 38,048

7 398,027 33,689

8 395,481 33,211

9 436,405 38,186

10 449,132 38,414

429,806 37,047
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6- .  = 0,8 )150UCM   

   « » 

 –   

             – 

7- .  = 0,1 )150UCM   

   « » 

 –   

             – 

 0,1

, 

. 
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.

.  Zr,

Ti, Si  N  

 Zr, Ti, Si  N  

UCM 150

UCM 100

=0,3

UCM 200
=0,3

UCM 100
=0,3

UCM 200
=0,3

=

0,1

=

0,8

, 32,4 33,4 39,1 40,8 37,1 33,1

, 333 396 482 562 429 392

. 

 ( ) 
3 2) .

 ( =205 )  ,  « »

    

. 

.

,

  , 

,  48,6 

,  456  (8- ).
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8- . 
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1) Zr, Si   N ;      2) Zr,Ti  N        3) Zr,

Ti, Si  N .

, , 
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1.  Zr, Ti, Si  N 

      

.

2. 18 10  Zr, Ti, Si  N 

=21,08

, =44,51 

. 

=22,9 , =65,2

,  1, 4 

.

3.

  . Zr, Ti, Si

 N 

 32,4 – 40,8 .

4. Zr,  Ti,  Si   N   570   770  
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