
ɇȺɋɌȺȼɇɈ-ɇȺɍɑɇɈɆ ȼȿȶɍ ɎɂɁɂɑɄɈȽ 

ɎȺɄɍɅɌȿɌȺ ɍɇɂȼȿɊɁɂɌȿɌȺ ɍ ȻȿɈȽɊȺȾɍ 

 

      ɉɨɲɬɨ ɫɦɨ ɧɚ I ɫɟɞɧɢɰɢ ɇɚɫɬɚɜɧɨ-ɧɚɭɱɧɨɝ ȼɟʄɚ Ɏɢɡɢɱɤɨɝ ɮɚɤɭɥɬɟɬɚ ɍɧɢɜɟɪɡɢɬɟɬɚ ɭ 

Ȼɟɨɝɪɚɞɭ, ɨɞɪɠɚɧɨʁ 26. 10. 2016. ɝɨɞɢɧɟ, ɨɞɪɟђɟɧɢ ɡɚ ɱɥɚɧɨɜɟ Ʉɨɦɢɫɢʁɟ ɡɚ ɩɪɢɩɪɟɦɭ 

ɢɡɜɟɲɬɚʁɚ ɨ ɞɨɤɬɨɪɫɤɨɦ ɪɚɞɭ “ɅȺɋȿɊɋɄȺ ɆɈȾɂɎɂɄȺɐɂȳȺ ȺɅɍɆɂɇɂȳɍɆ-

ɌɂɌȺɇɋɄɂɏ ɂ ɇɂɄɅ-ɌɂɌȺɇɋɄɂɏ ɌȺɇɄɂɏ ɋɅɈȳȿȼȺ“ ɢɡ ɧɚɭɱɧɟ ɨɛɥɚɫɬɢ ɎɂɁɂɄȺ 

ɢ ɭɠɟ ɧɚɭɱɧɟ ɨɛɥɚɫɬɢ ɎɈɌɈɇɂɄȺ ɂ ɅȺɋȿɊɂ ɤɨʁɭ ʁɟ ɤɚɧɞɢɞɚɬ ȻɊȺɇɂɋɅȺȼ ɋȺɅȺɌɂȶ 

ɩɪɟɞɚɨ Ɏɢɡɢɱɤɨɦ ɮɚɤɭɥɬɟɬɭ ɭ Ȼɟɨɝɪɚɞɭ ɞɚɧɚ 20. 10. 2016. ɝɨɞɢɧɟ, ɇɚɫɬɚɜɧɨ-ɧɚɭɱɧɨɦ ȼɟʄɭ 

ɩɨɞɧɨɫɢɦɨ ɫɥɟɞɟʄɢ: 

ɊȿɎȿɊȺɌ 

1 Ɉɫɧɨɜɧɢ ɩɨɞɚɰɢ ɨ ɤɚɧɞɢɞɚɬɭ 

1.1 Ȼɢɨɝɪɚɮɫɤɢ ɩɨɞɚɰɢ 

      Ȼɪɚɧɢɫɥɚɜ ɋɚɥɚɬɢʄ, ɪɨђɟɧ ʁɟ ɭ ɋɚɪɚʁɟɜɭ  03.02.1981. ɝɨɞɢɧɟ. ɍ Ȼɢɥɟʄɢ, Ɋɟɩɭɛɥɢɤɚ 

ɋɪɩɫɤɚ (Ȼɢɏ), ʁɟ ɡɚɜɪɲɢɨ ɨɫɧɨɜɧɭ ɲɤɨɥɭ ɢ ɝɢɦɧɚɡɢʁɭ. 2008. ɝɨɞɢɧɟ ɞɢɩɥɨɦɢɪɚo je 

(ɨɫɧɨɜɧɟ ɚɤɚɞɟɦɫɤɟ ɫɬɭɞɢʁɟ) ɧɚ Ɏɢɡɢɱɤɨɦ ɮɚɤɭɥɬɟɬɭ, ɍɧɢɜɟɪɡɢɬɟɬɚ ɭ Ȼɟɨɝɪɚɞɭ, ɫɦɟɪ 

ɉɪɢɦɟʃɟɧɚ ɮɢɡɢɤɚ ɢ ɢɧɮɨɪɦɚɬɢɤɚ. Oɞ 2010. ɝɨɞɢɧɟ ʁɟ ɡɚɩɨɫɥɟɧ, ɤɚɨ ɢɫɬɪɚɠɢɜɚɱ 

ɩɪɢɩɪɚɜɧɢɤ, ɭ  ɂɧɫɬɢɬɭɬɭ ɡɚ ɮɢɡɢɤɭ ɫɚ ɚɧɝɚɠɨɜɚʃɟɦ ɧɚ ɧɚɭɱɧɨɦ  ɩɪɨʁɟɤɬɭ  Ɉɂ 171017 

Ɇɢɧɢɫɬɚɪɫɬɜɚ ɩɪɨɫɜɟɬe, ɧɚɭɤe ɢ ɬɟɯɧɨɥɨɲɤoɝ ɪɚɡɜɨʁa ɩɨɞ ɧɚɡɢɜɨɦ „ɏɨɥɨɝɪɚɮɫɤɟ ɦɟɬɨɞɟ 

ɝɟɧɟɪɢɫɚʃɚ ɫɩɟɰɢɮɢɱɧɢɯ ɬɚɥɚɫɧɢɯ ɮɪɨɧɬɨɜɚ ɡɚ ɟɮɢɤɚɫɧɭ ɤɨɧɬɪɨɥɭ ɤɜɚɧɬɧɢɯ ɤɨɯɟɪɟɧɬɧɢɯ 

ɟɮɟɤɚɬɚ ɭ ɢɧɬɟɪɚɤɰɢʁɢ ɚɬɨɦɚ ɢ ɥɚɫɟɪɚ. Ⱦɨɤɬɨɪɫɤɟ ɚɤɚɞɟɦɫɤɟ ɫɬɭɞɢʁɟ ɧɚ Ɏɢɡɢɱɤɨɦ 

ɮɚɤɭɥɬɟɬɭ, ɍɧɢɜɟɪɡɢɬɟɬɚ ɭ Ȼɟɨɝɪɚɞɭ, ɫɦɟɪ Ʉɜɚɧɬɧɚ ɨɩɬɢɤɚ ɢ ɥɚɫɟɪɢ, ɭɩɢɫɚɨ ʁɟ 2011. 

ɝɨɞɢɧɟ. Ɉɞɥɭɤɨɦ ɇɚɭɱɧɨɝ ɜɟʄɚ ɂɧɫɬɢɬɭɬɚ ɡɚ ɮɢɡɢɤɭ, ɨɞ 2013. ɝɨɞɢɧɟ, ɫɬɟɤɚɨ ʁɟ 

ɢɫɬɪɚɠɢɜɚɱɤɨ ɡɜɚʃɟ ɢɫɬɪɚɠɢɜɚɱ-ɫɚɪɚɞɧɢɤ. 

1.2 ɇɚɭɱɧɚ ɚɤɬɢɜɧɨɫɬ 

      Ⱦɨɫɚɞɚɲʃɚ ɧɚɭɱɧɚ ɚɤɬɢɜɧɨɫɬ Ȼɪɚɧɢɫɥɚɜɚ ɋɚɥɚɬɢʄɚ ɨɞɜɢʁɚɥɚ ɫɟ ɭ ɨɛɥɚɫɬɢ ɮɨɬɨɧɢɤɟ ɢ 

ɥɚɫɟɪɚ. Ʉɚɧɞɢɞɚɬ ʁɟ ɛɢɨ ɚɧɝɚɠɨɜɚɧ ɧɚ ɩɪɨɭɱɚɜɚʃɭ ɢɧɬɟɪɚɤɰɢʁɟ ɧɚɧɨɫɟɤɭɧɞɧɨɝ ɢ 

ɩɢɤɨɫɟɤɭɧɞɧɨɝ ɥɚɫɟɪɫɤɨɝ ɡɪɚɱɟʃɚ ɫɚ ɫɩɟɰɢɮɢɱɧɢɦ ɦɚɬɟɪɢʁɚɥɢɦɚ ɤɚɨ ɲɬɨ ɫɭ ɦɟɬɚɥɧɢ 



ɬɚɧɤɢ ɫɥɨʁɟɜɢ ɤɨʁɢ ɫɭ ɞɟɩɨɧɨɜɚɧɢ ɧɚ ɫɭɩɫɬɪɚɬ ɫɢɥɢɰɢʁɭɦɚ, ɫɚ ɩɨɫɟɛɧɢɦ ɨɫɜɪɬɨɦ ɧɚ Ⱥl/Ti ɢ 

Ni/Ti ɫɥɨʁɟɜɟ. Ʉɚɧɞɢɞɚɬ ɫɟ ɛɚɜɢɨ ɢ ɥɚɫɟɪɫɤɢ ɢɧɞɭɤɨɜɚɧɨɦ ɩɥɚɡɦɟɧɨɦ ɫɩɟɤɬɪɨɫɤɨɩɢʁɨɦ 

(LIBS), ɩɪɨɭɱɚɜɚʃɟɦ ɥɚɫɟɪɫɤɢ ɢɧɞɭɤɨɜɚɧɢɯ ɩɟɪɢɨɞɢɱɧɢɯ ɫɬɪɭɤɬɭɪɚ ɢ ɦɨɝɭʄɧɨɫɬɢɦɚ 

ɩɪɢɦɟɧɟ ɭ ɯɨɥɨɝɪɚɮɢʁɢ, ɪɚɡɜɨʁɟɦ ɱɜɪɫɬɨɬɟɥɧɢɯ ɥɚɫɟɪɚ ɢ ʃɢɯɨɜɨɦ ɩɪɢɦɟɧɨɦ ɭ ɫɢɫɬɟɦɢɦɚ 

ɡɚ ɦɟɪɟʃɟ ɞɚʂɢɧɟ, ɤɚɨ ɢ ɩɪɢɦɟɧɨɦ ɦɟɬɨɞɟ ɤɨɧɚɱɧɢɯ ɟɥɟɦɟɧɚɬɚ ɧɚ ɩɪɨɪɚɱɭɧ ɮɨɬɨɧɫɤɢɯ 

ɫɬɪɭɤɬɭɪɚ ɢ ɬɟɪɦɚɥɧɢɯ ɟɮɟɤɚɬɚ ɤɨʁɟ ɢɡɚɡɢɜɚ ɥɚɫɟɪɫɤɨ ɡɪɚɱɟʃɟ. Ʉɚɧɞɢɞɚɬ ʁɟ ɫɜɨʁɚ 

ɢɫɬɪɚɠɢɜɚʃɚ ɭɪɚɞɢɨ ɭ ɐɟɧɬɪɭ ɡɚ ɮɨɬɨɧɢɤɭ ɂɧɫɬɢɬɭɬɚ ɡɚ ɮɢɡɢɤɭ ɭ ɨɤɜɢɪɭ ɩɪɨʁɟɤɬɚ „ 

ɏɨɥɨɝɪɚɮɫɤɟ ɦɟɬɨɞɟ ɝɟɧɟɪɢɫɚʃɚ ɫɩɟɰɢɮɢɱɧɢɯ ɬɚɥɚɫɧɢɯ ɮɪɨɧɬɨɜɚ ɡɚ ɟɮɢɤɚɫɧɭ ɤɨɧɬɪɨɥɭ 

ɤɜɚɧɬɧɢɯ ɤɨɯɟɪɟɧɬɧɢɯ ɟɮɟɤɚɬɚ ɭ ɢɧɬɟɪɚɤɰɢʁɢ ɚɬɨɦɚ ɢ ɥɚɫɟɪɚ “ (Ɉɂ 171017) ɱɢʁɢ ʁɟ 

ɪɭɤɨɜɨɞɢɥɚɰ ɞɪ Ⱦɟʁɚɧ ɉɚɧɬɟɥɢʄ. Ʉɚɧɞɢɞɚɬ ʁɟ ɞɨ ɫɚɞɚ ɨɛʁɚɜɢɨ ɨɫɚɦ ɪɚɞɨɜɚ ɭ ɜɨɞɟʄɢɦ 

ɦɟђɭɧɚɪɨɞɧɢɦ ɱɚɫɨɩɢɫɢɦɚ, ɨɞ ɬɨɝɚ 1 ɤɚɬɟɝɨɪɢʁɟ Ɇ21 a, 6 ɤɚɬɟɝɨɪɢʁɟ Ɇ22 ɢ 1 ɤɚɬɟɝɨɪɢʁɟ 

Ɇ23.  ɇɚɜɟɞɟɧɢ ɪɚɞɨɜɢ ɰɢɬɢɪɚɧɢ ɫɭ 7 ɩɭɬɚ. Ʉɚɧɞɢɞɚɬ ɢɦɚ ɢ 1 ɪɚɞ ɭ ɡɛɨɪɧɢɰɢɦɚ 

ɦɟђɭɧɚɪɨɞɧɢɯ ɤɨɧɮɟɪɟɧɰɢʁɚ (M33) ɢ 4 ɪɚɞɚ ɭ ɡɛɨɪɧɢɰɢɦɚ ɞɨɦɚʄɢɯ ɤɨɧɮɟɪɟɧɰɢʁɚ (M63). 

 2 Ɉɩɢɫ ɩɪɟɞɚɬɨɝ ɪɚɞɚ 

2.1 Ɉɫɧɨɜɧɢ ɩɨɞɚɰɢ 

      Ⱦɢɫɟɪɬɚɰɢʁɚ ʁɟ ɧɚɩɢɫɚɧɚ ɧɚ ɫɪɩɫɤɨɦ ʁɟɡɢɤɭ, ʄɢɪɢɥɢɰɨɦ ɧɚ 132 ɫɬɪɚɧɟ, ɧɟ ɪɚɱɭɧɚʁɭʄɢ 

ɧɚɫɥɨɜɧɭ ɫɬɪɚɧɭ ɧɚ ɫɪɩɫɤɨɦ ɢ ɟɧɝɥɟɫɤɨɦ ʁɟɡɢɤɭ, ɫɬɪɚɧɭ ɨ ɦɟɧɬɨɪɭ ɢ ɤɨɦɢɫɢʁɢ, ɡɚɯɜɚɥɧɢɰɟ, 

ɪɟɡɢɦɟ ɧɚ ɫɪɩɫɤɨɦ ɢ ɟɧɝɥɟɫɤɨɦ ʁɟɡɢɤɭ ɢ ɫɚɞɪɠɚʁ. Ɍɟɡɚ ɫɟ ɫɚɫɬɨʁɢ ɨɞ 6 ɩɨɝɥɚɜʂɚ, 

ɥɢɬɟɪɚɬɭɪɟ (144 ɪɟɮɟɪɟɧɰɟ), 1 ɩɪɢɥɨɝɚ ɢ ɛɢɨɝɪɚɮɢʁɟ ɚɭɬɨɪɚ. ɍ ɬɟɡɢ ɫɟ ɧɚɥɚɡɢ 46 ɫɥɢɤɚ ɢ 9 

ɬɚɛɟɥɚ (ɬɪɢ ɭ 4. ɩɨɝɥɚɜʂɭ, ɞɜɟ ɭ 5. ɩɨɝɥɚɜʂɭ ɢ 4 ɭ ɩɪɢɥɨɝɭ ). 

      Ɋɭɤɨɜɨɞɢɥɚɰ ɞɨɤɬɨɪɫɤɟ ɞɢɫɟɪɬɚɰɢʁɟ ʁɟ ɞɪ Ⱦɟʁɚɧ ɉɚɧɬɟɥɢʄ, ɧɚɭɱɧɢ ɫɚɜɟɬɧɢɤ ɂɧɫɬɢɬɭɬɚ 

ɡɚ ɮɢɡɢɤɭ, ɍɧɢɜɟɪɡɢɬɟɬɚ ɭ Ȼɟɨɝɪɚɞɭ. Ⱦɪ Ⱦɟʁɚɧ ɉɚɧɬɟɥɢʄ ʁɟ ɭ ɞɨɫɚɞɚɲʃɨʁ ɧɚɭɱɧɨʁ ɤɚɪɢʁɟɪɢ 

ɨɛʁɚɜɢɨ 63 ɧɚɭɱɧɚ ɪɚɞɚ, ɭɝɥɚɜɧɨɦ ɢɡ ɭɠɟ ɧɚɭɱɧɟ ɨɛɥɚɫɬɢ Ɏɨɬɨɧɢɤɚ ɢ ɥɚɫɟɪɢ. Ⱦɨ ɫɚɞɚ ʁɟ 

ɛɢɨ ɦɟɧɬɨɪ ɧɚ ɞɜɟ ɞɨɤɬɨɪɫɤɟ ɞɢɫɟɪɬɚɰɢʁɟ, ɞɜɚ ɦɚɝɢɫɬɚɪɫɤɚ ɪɚɞɚ ɢ ɜɟʄɟɝ ɛɪɨʁɚ ɞɢɩɥɨɦɫɤɢɯ 

ɪɚɞɨɜɚ, ɱɢɦɟ ɢɫɩɭʃɚɜɚ ɫɜɟ ɧɟɨɩɯɨɞɧɟ ɭɫɥɨɜɟ ɡɚ ɦɟɧɬɨɪɚ ȵɟɝɨɜɢ ɧɚʁɡɧɚɱɚʁɧɢʁɢ ɪɚɞɨɜɢ ɭ 

ɱɚɫɨɩɢɫɢɦɚ ɫɚ SCI ɥɢɫɬɟ ɭ ɩɪɨɬɟɤɥɢɯ ɩɟɬ ɝɨɞɢɧɚ ɫɭ : 

[1] S.M. Petrović, D. Peruško, B. Salatić, I. Bogdanović-Radović, P. Panjan, B. Gaković, D. 

Pantelić, M. Trtica, B. Jelenković, Laser induced damage/ablation morphology on the 8(Al/Ti)/Si 



system in different ambient conditions, Optics & Laser Technology 54, (2013), 22–29, ISSN  

0030-3992 IF 1.647 

[2] Mihailo D. Rabasović, Dejan V. Pantelić, Branislav M. Jelenković, Srećko B. Ćurčić, Maja 

S. Rabasović, Maja D. Vrbica, Vladimir M. Lazović, Božidar P. M. Ćurčić, Aleksandar J. 

Krmpot, Nonlinear microscopy of chitin and chitinous structures: a case study of two cave-

dwelling insects, J. Biomed. Opt. 20, (2015) 016010, ISSN 1083-3668, IF 2.859 

[3] B. Salatić, S. Petrović, D. Peruško, M. Čekada, P. Panjan, D. Pantelić, B. Jelenković, Single- 

and dual-wavelength laser pulses induced modification in 10×(Al/Ti)/Si multilayer system, 

Applied Surface Science 360 Part B, (2016), 559–565, ISSN 0169-4332, IF 2.711 

[4] Aleksandar J Krmpot, George J Tserevelakis, Branka D Murić, George Filippidis and Dejan 

V Pantelić, 3D imaging and characterization of microlenses and microlens arrays using nonlinear 

microscopy, J. Phys. D: Appl. Phys. 46, (2013) 195101:1-9, ISSN 0022-3727, IF 2.721 

[5] Dejan V. Pantelić, Dušan Ž. Grujić, Darko M. Vasiljević, Single-beam, dual-view digital 

holographic interferometry for biomechanical strain measurements of biological objects, J. 

Biomed. Opt. 19, (2014) 127005, ISSN 1083-3668, IF 2.859 

2.2 ɉɪɟɞɦɟɬ ɢ ɰɢʂ ɩɪɨɭɱɚɜɚʃɚ 

      Ⱦɨɤɬɨɪɫɤɚ ɞɢɫɟɪɬɚɰɢʁɚ ɤɚɧɞɢɞɚɬɚ ɩɪɢɩɚɞɚ ɭɠɨʁ ɧɚɭɱɧɨʁ ɨɛɥɚɫɬɢ Ɏɨɬɨɧɢɤɚ ɢ ɥɚɫɟɪɢ. 

ɉɪɟɞɦɟɬ ɟɤɫɩɟɪɢɦɟɧɬɚɥɧɨɝ ɢ ɬɟɨɪɢʁɫɤɨɝ ɪɚɞɚ ʁɟ ɢɫɬɪɚɠɢɜɚʃɟ ɩɪɨɰɟɫɚ ɤɨʁɢ ɞɨɜɨɞɟ ɞɨ 

ɦɨɞɢɮɢɤɚɰɢʁɟ Al/Ti ɢ Ni/Ti ɬɚɧɤɢɯ ɫɥɨʁɟɜɚ ɧɚɧɨɫɟɤɭɧɞɧɢɦ ɢ ɩɢɤɨɫɟɤɭɧɞɧɢɦ ɥɚɫɟɪɫɤɢɦ 

ɡɪɚɱɟʃɟɦ ɭ ɜɚɡɞɭɯɭ , ɜɨɞɢ ɢ ɟɬɚɧɨɥɭ. ɍ ɨɜɨʁ ɬɟɡɢ ʁɟ ɢɡɜɪɲɟɧɚ ɢɞɟɧɬɢɮɢɤɚɰɢʁɚ ɞɨɦɢɧɚɬɧɢɯ 

ɩɪɨɰɟɫɚ ɡɚ ɮɨɪɦɢɪɚʃɟ ɪɚɡɥɢɱɢɬɢɯ ɦɨɪɮɨɥɨɲɤɢɯ ɫɬɪɭɤɬɭɪɚ, ɡɚ ɫɢɧɬɟɡɭ ɨɞɝɨɜɚɪɚʁɭʄɢɯ 

ɢɧɬɟɪɦɟɬɚɥɧɢɯ ʁɟɞɢʃɟʃɚ ɢ ɨɤɫɢɞɧɢɯ ɮɚɡɚ ɤɨɞ Al/Ti ɢ Ni/Ti ɜɢɲɟɫɥɨʁɧɢɯ ɫɢɫɬɟɦɚ. 

ɉɪɟɞɥɨɠɟɧ ʁɟ ɢ ɧɭɦɟɪɢɱɤɢ ɦɨɞɟɥ ɫɚ ɰɢʂɟɦ ɞɚ ɫɟ ɞɟɬɚʂɧɨ ɩɪɨɭɱɟ ɨɩɢɫɚɧɢ ɟɮɟɤɬɢ ɡɚ 

ɤɨɧɤɪɟɬɧɢ ɫɥɭɱɚʁ ɦɨɞɢɮɢɤɚɰɢʁɟ ɜɢɲɟɫɥɨʁɧɢɯ ɫɢɫɬɟɦɚ ɧɚɧɨɫɟɤɭɧɞɧɢɦ ɢ ɩɢɤɨɫɟɤɭɧɞɧɢɦ 

ɥɚɫɟɪɫɤɢɦ ɡɪɚɱɟʃɟɦ.   

      Ɂɚ ɞɟɩɨɧɨɜɚʃɟ Al/Ti ɢ Ni/Ti ɬɚɧɤɢɯ ɫɥɨʁɟɜɚ ɤɨɪɢɲʄɟɧ ʁɟ ɭɪɟђɚʁ  ɤɨʁɢ ɪɚɞɢ ɧɚ ɩɪɢɧɰɢɩɭ 

ɪɚɫɩɪɚɲɢɜɚʃɚ ɚɬɨɦɚ ɦɟɬɟ ɛɨɦɛɚɪɞɨɜɚʃɟɦ ɟɧɟɪɝɟɬɫɤɢɦ ɱɟɫɬɢɰɢɦɚ ɢ ɞɟɩɨɧɨɜɚʃɟɦ 

ɪɚɫɩɪɚɲɟɧɨɝ ɦɚɬɟɪɢʁɚɥɚ ɧɚ ɨɞɝɨɜɚɪɚʁɭʄɭ ɩɨɞɥɨɝɭ. Ɉɡɪɚɱɢɜɚʃɟ ɭɡɨɪɚɤɚ ɭɪɚђɟɧɨ ʁɟ ɥɚɫɟɪɨɦ 



ɧɚ ɛɚɡɢ ɟɪɛɢʁɭɦɨɦ ɞɨɩɢɪɚɧɨɝ ɫɬɚɤɥɚ (Er:glass) ɱɢʁɚ ʁɟ ɬɚɥɚɫɧɚ ɞɭɠɢɧɚ 1540 nm ɢ  Nd:YAG 

ɥɚɫɟɪɨɦ (532 nm, 1064 nm ɢ 1064/532 nm). Er:glass ɥɚɫɟɪ ʁɟ ɪɚɡɜɢʁɟɧ ɭ ɂɧɫɬɢɬɭɬɭ ɡɚ ɮɢɡɢɤɭ 

ɡɚ ɩɨɬɪɟɛɟ ɟɤɫɩɟɪɢɦɟɧɬɚ Ɂɚ ɚɧɚɥɢɡɭ ɦɨɪɮɨɥɨɲɤɢɯ ɩɪɨɦɟɧɚ ɧɚ ɩɨɜɪɲɢɧɚɦɚ, ɤɨʁɟ ɫɭ 

ɧɚɫɬɚɥɟ ɭɫɥɟɞ ɞɟʁɫɬɜɚ ɥɚɫɟɪɫɤɨɝ ɡɪɚɱɟʃɚ ɫɚ Al/Ti ɢ Ni/Ti ɜɢɲɟɫɥɨʁɧɢɦ ɫɢɫɬɟɦɢɦɚ, 

ɤɨɪɢɲʄɟɧɚ ʁɟ ɨɩɬɢɱɤɚ ɦɢɤɪɨɫɤɨɩɢʁɚ ɢ ɫɤɚɧɢɪɚʁɭʄɚ ɟɥɟɤɬɪɨɧɫɤɚ ɦɢɤɪɨɫɤɨɩɢʁɚ. Ⱥɧɚɥɢɡɚ 

ɯɟɦɢʁɫɤɨɝ ɫɚɫɬɚɜɚ ɭɡɨɪɚɤɚ ɩɨɫɥɟ ɨɡɪɚɱɢɜɚʃɚ, ɭɪɚђɟɧɚ ʁɟ ɟɧɟɪɝɢʁɫɤɢ ɪɚɡɥɭɱɢɜɨɦ 

(ɞɢɫɩɟɪɡɢɜɧɨɦ) ɫɩɟɤɬɪɨɫɤɨɩɢʁɨɦ (EDS), ɫɩɟɤɬɪɨɦɟɬɪɢʁɨɦ Ɋɚɞɟɮɨɪɞ-ɨɜɢɦ ɩɨɜɪɚɬɧɢɦ 

ɪɚɫɟʁɚʃɟɦ (RBS), ɟɦɢɫɢʁɨɦ ɪɟɧɞɝɟɧɫɤɢɯ ɡɪɚɤɚ ɤɨʁɢ ɫɭ ɢɧɞɭɤɨɜɚɧɢ ɱɟɫɬɢɰɚɦɚ (PIXE) ɢ 

ɞɢɮɪɚɤɰɢʁɨɦ x-ɡɪɚɤɚ (XRD). ɉɪɨɮɢɥɨɦɟɬɚɪ ʁɟ ɤɨɪɢɲʄɟɧ ɡɚ ɨɞɪɟђɢɜɚʃɟ ɞɭɛɢɧɟ ɢ 

ɡɚɩɪɟɦɢɧɟ ɦɨɞɢɮɢɤɨɜɚɧɨɝ ɩɨɞɪɭɱʁɚ ɧɚ ɭɡɨɪɤɭ. 

      Ɉɫɧɨɜɧɢ ɰɢʂ ɢɫɬɪɚɠɢɜɚʃɚ ɛɢɥɨ ʁɟ ɨɞɪɟђɢɜɚʃɟ, ɨɛʁɚɲʃɚɜɚʃɟ ɢ ɨɩɬɢɦɢɡɚɰɢʁɚ 

ɩɚɪɚɦɟɬɚɪɚ ɢɧɬɟɪɚɤɰɢʁɟ ɥɚɫɟɪɫɤɨɝ ɡɪɚɱɟʃɚ ɫɚ ɜɢɲɟɫɥɨʁɧɢɦ ɦɟɬɚɦɚ ɪɚɞɢ ɞɨɛɢʁɚʃɚ 

ɫɩɟɰɢɮɢɱɧɢɯ ɮɨɬɨɧɫɤɢɯ, ɯɟɦɢʁɫɤɢɯ ɢ ɦɟɯɚɧɢɱɤɢɯ ɫɬɪɭɤɬɭɪɚ ɨɞ ɩɪɚɤɬɢɱɧɨɝ ɡɧɚɱɚʁɚ. 

      ȳɟɞɚɧ ɨɞ ɩɨɫɟɛɧɢɯ ɰɢʂɟɜɚ ɟɤɫɩɟɪɢɦɟɧɬɚɥɧɨɝ ɪɚɞɚ ʁɟ ɞɨɛɢʁɚʃɟ ɫɩɟɰɢɮɢɱɧɢɯ 

ɩɨɜɪɲɢɧɫɤɢɯ ɫɬɪɭɤɬɭɪɚ ɤɚɨ ɲɬɨ ɫɭ: ɩɚɪɚɥɟɥɧɟ ɩɟɪɢɨɞɢɱɧɟ, ɡɪɧɚɫɬɟ, ɦɨɡɚɢɱɧɟ ɢ ɞɪɭɝɟ 

ɫɬɪɭɤɬɭɪɟ. ɇɚɧɨɫɬɪɭɤɬɭɪɟ ɤɨʁɟ ɧɚɫɬɚʁɭ ɞɟɥɨɜɚʃɟɦ ɥɚɫɟɪɫɤɨɝ ɡɪɚɱɟʃɚ, ɦɨɝɭ ɡɧɚɱɚʁɧɨ 

ɦɟʃɚɬɢ ɨɩɬɢɱɤɟ ɤɚɪɚɤɬɟɪɢɫɬɢɤɟ ɦɚɬɟɪɢʁɚɥɚ. Ⱥɩɫɨɪɩɰɢʁɚ ɦɨɠɟ ɛɢɬɢ ɩɨɜɟʄɚɧɚ ɭ ɱɢɬɚɜɨɦ 

ɫɩɟɤɬɪɭ, ɨɞ ɭɥɬɪɚʂɭɛɢɱɚɫɬɨɝ ɞɨ ɢɧɮɪɚɰɪɜɟɧɨɝ, ɢɥɢ ɭ ɨɞɪɟђɟɧɨɦ ɞɟɥɭ ɫɩɟɤɬɪɚ. Ɇɚɬɟɪɢʁɚɥɢ 

ɦɨɞɢɮɢɤɨɜɚɧɢ ɧɚ ɨɜɚʁ ɧɚɱɢɧ ɢɦɚʁɭ ɩɨɬɟɧɰɢʁɚɥɧɭ ɩɪɢɦɟɧɭ ɤɚɨ ɮɨɬɨ-ɞɟɬɟɤɬɨɪɢ. 

ɂɫɬɨɜɪɟɦɟɧɨ, ɩɚɪɚɥɟɥɧɟ ɩɟɪɢɨɞɢɱɧɟ ɩɨɜɪɲɢɧɫɤɟ ɫɬɪɭɤɬɭɪɟ ɩɨɧɚɲɚʁɭ ɫɟ ɫɥɢɱɧɨ 

ɞɢɮɪɚɤɰɢɨɧɢɦ ɪɟɲɟɬɤɚɦɚ, ɨɞɧɨɫɧɨ ɢɦɚʁɭ ɞɨɛɪɭ ɞɢɮɪɚɤɰɢɨɧɭ ɟɮɢɤɚɫɧɨɫɬ. Ʉɚɤɨ ʁɟ ɦɨɝɭʄɟ 

ɨɜɟ ɫɬɪɭɤɬɭɪɟ ɭɬɢɫɤɢɜɚɬɢ ɭ ɪɚɡɥɢɱɢɬɟ ɱɜɪɫɬɟ ɦɚɬɟɪɢʁɚɥɟ (ɦɟɬɚɥɟ ɢ ɫɥ.), ɬɨ ɨɬɜɚɪɚ 

ɦɨɝɭʄɧɨɫɬ ɩɪɢɦɟɧɟ ɨɜɢɯ ɫɬɪɭɤɬɭɪɚ ɭ ɢɡɪɚɞɢ ɲɬɚɦɩɚɧɢɯ (embossed) ɯɨɥɨɝɪɚɦɚ. 

ɂɫɬɪɚɠɢɜɚʃɚ ɤɨʁɚ ɫɭ ɫɩɪɨɜɟɞɟɧɚ ɧɚ (Al/Ti)/Si ɢ (Ni/Ti)/Si ɜɢɲɟɫɥɨʁɧɢɦ ɫɢɫɬɟɦɢɦɚ 

ɭɫɦɟɪɟɧɚ ɫɭ ɧɚ ɨɩɬɢɦɢɡɚɰɢʁɭ ɩɚɪɚɦɟɬɚɪɚ ɤɨʁɢ ɞɨɜɨɞɟ ɞɨ ɮɨɪɦɢɪɚʃɚ ɩɨɜɪɲɢɧɫɤɢɯ 

ɫɬɪɭɤɬɭɪɚ. 

      Ⱦɪɭɝɢ ɜɚɠɚɧ ɰɢʂ ʁɟ ɨɞɪɟђɢɜɚʃɟ ɭɫɥɨɜɚ ɩɪɢ ɤɨʁɢɦɚ ɞɨɥɚɡɢ ɞɨ ɮɨɪɦɢɪɚʃɚ 

ɢɧɬɟɪɦɟɬɚɥɧɢɯ ʁɟɞɢʃɟʃɚ ɯɟɦɢʁɫɤɨɦ ɪɟɚɤɰɢʁɨɦ ɭ ɱɜɪɫɬɨɦ ɫɬɚʃɭ, ɤɚɨ ɢ ɩɪɨɭɱɚɜɚʃɟ 

ɩɨɜɪɲɢɧɫɤɟ ɨɤɫɢɞɚɰɢʁɟ ɦɚɬɟɪɢʁɚɥɚ ɬɨɤɨɦ ɤɨʁɟ ɞɨɥɚɡɢ ɞɨ ɫɬɜɚɪɚʃɚ ɫɩɟɰɢɮɢɱɧɟ 

ɤɨɦɛɢɧɚɰɢʁɟ ɨɤɫɢɞɚ. ɋɬɜɚɪɚʃɟ ɥɟɝɭɪɚ ɢ ɢɧɬɟɪɦɟɬɚɥɧɢɯ ʁɟɞɢʃɟʃɚ ɨɞɜɢʁɚ ɫɟ ɧɚ ɜɢɫɨɤɢɦ 



ɬɟɦɩɟɪɚɬɭɪɚɦɚ. Ʉɚɨ ɢɡɜɨɪ ɬɨɩɥɨɬɟ ɤɨɪɢɲʄɟɧɨ ʁɟ ɥɚɫɟɪɫɤɨ ɡɪɚɱɟʃɟ. ɉɪɟɞɧɨɫɬɢ ɫɭ ɭ ɬɨɦɟ ɞɚ 

ʁɟ ɩɪɨɰɟɫ ɥɨɤɚɥɢɡɨɜɚɧ ɭ ɦɚɥɨʁ ɨɛɥɚɫɬɢ ɢ ɞɚ ɞɨɥɚɡɢ ɞɨ ɫɬɜɚɪɚʃɚ ʁɟɞɢʃɟʃɚ ɯɟɦɢʁɫɤɨɦ 

ɪɟɚɤɰɢʁɨɦ ɭ ɱɜɪɫɬɨɦ ɫɬɚʃɭ. Ʉɨɧɬɪɨɥɢɫɚɧɢɦ ɥɨɤɚɥɢɡɨɜɚɧɢɦ ɨɡɪɚɱɢɜɚʃɟɦ ɜɢɲɟɫɥɨʁɧɢɯ 

ɫɢɫɬɟɦɚ ɫɬɢɦɭɥɢɲɟ ɫɟ ɧɚɫɬɚʁɚʃɟ ɦɟɬɚɥ-ɢɧɬɟɪɦɟɬɚɥɢɤ ɩɟɪɢɨɞɢɱɧɢɯ ɫɬɪɭɤɬɭɪɚ, ɲɬɨ ɡɚ 

ɩɨɫɥɟɞɢɰɭ ɢɦɚ ɫɬɜɚɪɚʃɟ  ɤɨɦɩɥɟɤɫɧɢɯ ɦɚɬɟɪɢʁɚɥɚ ɤɨʁɢ ɩɨɫɟɞɭʁɭ ɥɨɤɚɥɧɨ ɪɚɡɥɢɱɢɬɟ 

ɦɟɯɚɧɢɱɤɟ ɨɫɨɛɢɧɟ. Ɉɜɚɤɜɢ ɦɟɬɚɥ-ɢɧɬɟɪɦɟɬɚɥɢɤ ɤɨɦɩɨɡɢɬɧɢ ɦɚɬɟɪɢʁɚɥɢ ɩɪɢɜɥɚɱɟ ɜɟɥɢɤɭ 

ɩɚɠʃɭ ɢɫɬɪɚɠɢɜɚɱɚ ɡɛɨɝ ɫɜɨʁɢɯ ɭɧɚɩɪɟђɟɧɢɯ ɦɟɯɚɧɢɱɤɢɯ ɨɫɨɛɢɧɚ ɤɚɨ ɲɬɨ ɫɭ ɨɬɩɨɪɧɨɫɬ 

ɧɚ ɥɨɦ ɢ ɯɚɛɚʃɟ. Ⱦɨɩɪɢɧɨɫ ɤɚɧɞɢɞɚɬɚ ɨɝɥɟɞɚ ɫɟ ɭ ɢɫɬɪɚɠɢɜɚʃɭ ɭɫɥɨɜɚ ɩɪɢ ɤɨʁɢɦɚ ɞɨɥɚɡɢ 

ɞɨ ɫɬɜɚɪɚʃɚ ɢɧɬɟɪɦɟɬɚɥɧɢɯ ʁɟɞɢʃɟʃɚ, ɞɟɥɨɜʂɚʃɟɦ ɥɚɫɟɪɫɤɨɝ ɡɪɚɱɟʃɚ, ɤɨɞ ɚɥɭɦɢɧɢʁɭɦ-

ɬɢɬɚɧɫɤɢɯ ɢ ɧɢɤɥ-ɬɢɬɚɧɫɤɢɯ ɫɢɫɬɟɦɚ. 

      Ɍɨɤɨɦ ɟɤɫɩɟɪɢɦɟɧɬɚɥɧɨɝ ɪɚɞɚ ɜɪɲɟɧɨ ʁɟ ɢ ɢɫɩɢɬɢɜɚʃɟ ɭɬɢɰɚʁɚ ɢɫɬɨɜɪɟɦɟɧɨɝ ɞɟɥɨɜɚʃɚ 

ɞɜɟ ɬɚɥɚɫɧɟ ɞɭɠɢɧɟ ɧɚ ɚɛɥɚɰɢʁɭ ɢ ɦɨɞɢɮɢɤɚɰɢʁɭ ɦɚɬɟɪɢʁɚɥɚ. ɇɚɢɦɟ, ɟɮɢɤɚɫɧɨɫɬ ɥɚɫɟɪɫɤɟ 

ɚɛɥɚɰɢʁɟ ɨɞɪɟђɟɧɢɯ ɦɚɬɟɪɢʁɚɥɚ, ɩɪɟ ɫɜɟɝɚ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɤɚɨ ɲɬɨ ʁɟ ɫɢɥɢɰɢʁɭɦ, ɦɨɠɟ ɫɟ 

ɩɨɜɟʄɚɬɢ ɢɫɬɨɜɪɟɦɟɧɢɦ ɞɟɥɨɜɚʃɟɦ ɡɪɚɱɟʃɚ ɧɚ ɞɜɟ ɬɚɥɚɫɧɟ ɞɭɠɢɧɟ (1064/532 nm). 

Ʌɚɫɟɪɫɤɢ ɫɢɫɬɟɦɢ ɤɨʁɢ ɟɦɢɬɭʁɭ ɡɪɚɱɟʃɟ ɧɚ ɞɜɟ ɬɚɥɚɫɧɟ ɞɭɠɢɧɟ ɦɨɝɭ ɩɨɛɨʂɲɚɬɢ ɨɞɧɨɫ 

ɢɡɦɟђɭ ɩɪɟɱɧɢɤɚ ɢ ɞɭɛɢɧɟ ɤɪɚɬɟɪɚ. Ɂɚ ɩɪɟɰɢɡɧɭ ɨɛɪɚɞɭ ɦɚɬɟɪɢʁɚɥɚ ɩɨɠɟʂɧɨ ʁɟ ɢɦɚɬɢ 

ɦɚʃɢ ɩɪɟɱɧɢɤ ɚ ɜɟʄɭ ɞɭɛɢɧɭ ɤɪɚɬɟɪɚ. ɂɫɬɨɜɪɟɦɟɧɨ, ɢɜɢɰɟ ɤɪɚɬɟɪɚ ɤɨʁɢ ɧɚɫɬɚʁɟ ɧɚ ɨɜɚʁ 

ɧɚɱɢɧ ɫɭ ɜɟɨɦɚ ɝɥɚɬɤɟ. Ɋɚɡɥɨɝ ɡɚ ɩɨɜɟʄɚɧɭ ɚɛɥɚɰɢʁɭ ɥɟɠɢ ɭ ɫɢɧɟɪɝɢʁɫɤɨɦ ɟɮɟɤɬɭ ɞɜɚ 

ɩɪɨɰɟɫɚ, ɥɢɧɟɚɪɧɟ ɟɤɫɰɢɬɚɰɢʁɟ ɧɚ 532 nm ɢ ɫɭɞɚɪɧɟ ɟɤɫɰɢɬɚɰɢʁɟ ɧɚ 1064 nm. Ɏɨɬɨɧɢ ɧɚ 

532 nm ɫɭ ɨɞɝɨɜɨɪɧɢ ɡɚ ɫɬɜɚɪɚʃɟ ɢɧɢɰɢʁɚɥɧɢɯ ɫɥɨɛɨɞɧɢɯ ɟɥɟɤɬɪɨɧɚ ɭ ɩɪɨɜɨɞɧɨʁ ɡɨɧɢ 

ɫɢɥɢɰɢʁɭɦɚ, ɤɨʁɢ ɫɭ ɩɨɬɨɦ ɭɛɪɡɚɧɢ ɟɥɟɤɬɪɢɱɧɢɦ ɩɨʂɟɦ ɥɚɫɟɪɚ, ɬɚɤɨ ɞɚ ɫɬɜɚɪɚʁɭ ɞɨɞɚɬɧɟ 

ɟɥɟɤɬɪɨɧɟ ɩɪɨɰɟɫɨɦ ɫɭɞɚɪɧɟ ɟɤɫɰɢɬɚɰɢʁɟ. Ɂɛɨɝ ɬɨɝɚ, ɱɚɤ ɢ ɦɚɥɢ ɢɧɬɟɡɢɬɟɬ ɞɪɭɝɨɝ 

ɯɚɪɦɨɧɢɤɚ (5-10%), ɦɨɠɟ ɜɢɲɟɫɬɪɭɤɨ ɩɨʁɚɱɚɬɢ ɚɛɥɚɰɢʁɭ. Ɉɜɢ ɪɟɡɭɥɬɚɬɢ ɦɨɝɭ ɛɢɬɢ 

ɩɪɢɦeʃɢɜɢ ɭ ɦɢɤɪɨɦɚɲɢɧɫɬɜɭ (micromachinig). 

      Ⱦɟɨ ɢɫɬɪɚɠɢɜɚʃɚ ɛɢɨ ʁɟ ɭɫɦɟɪɟɧ ɧɚ ɪɚɡɜɨʁ ɧɭɦɟɪɢɱɤɨɝ ɦɨɞɟɥɚ ɤɨʁɢ ɫɢɦɭɥɢɪɚ 

ɢɧɬɟɪɚɤɰɢʁɭ ɧɚɧɨɫɟɤɭɧɞɧɨɝ ɢ ɩɢɤɨɫɟɤɭɧɞɧɨɝ ɥɚɫɟɪɫɤɨɝ ɢɦɩɭɥɫɚ ɫɚ ɜɢɲɟɫɥɨʁɧɢɦ 

ɫɢɫɬɟɦɢɦɚ. ɂɫɬɪɚɠɢɜɚʃɟ ʁɟ ɫɬɢɦɭɥɢɫɚɧɨ ɦɚɥɢɦ ɛɪɨʁɟɦ ɨɛʁɚɜʂɟɧɢɯ ɪɚɞɨɜɚ ɭ ɜɟɡɢ ɫɚ 

ɧɭɦɟɪɢɱɤɨɦ ɚɧɚɥɢɡɨɦ ɢɧɬɟɪɚɤɰɢʁɟ ɥɚɫɟɪɫɤɨɝ ɫɧɨɩɚ ɫɚ ɜɢɲɟɫɥɨʁɧɢɦ ɦɚɬɟɪɢʁɚɥɢɦɚ. ɋɜɢ 

ɨɜɢ ɦɨɞɟɥɢ ɨɝɪɚɧɢɱɟɧɢ ɫɭ ɧɚ ɧɢɠɟ ɢɧɬɟɡɢɬɟɬɟ ɥɚɫɟɪɫɤɨɝ ɡɪɚɱɟʃɚ ɩɪɢ ɤɨʁɢɦɚ ɧɟ ɞɨɥɚɡɢ ɞɨ 

ɚɛɥɚɰɢʁɟ ɦɚɬɟɪɢʁɚɥɚ.  Ɍɟɨɪɢʁɫɤɢ ɦɨɞɟɥɢ ɡɧɚɱɚʁɧɢ ɫɭ ɫɚ ɫɬɚɧɨɜɢɲɬɚ ɩɪɟɞɜɢђɚʃɚ ɨɫɧɨɜɧɢɯ 



ɮɢɡɢɱɤɢɯ ɩɪɨɰɟɫɚ ɤɨʁɢ ɫɟ ʁɚɜʂɚʁɭ ɬɨɤɨɦ ɢɧɬɟɪɚɤɰɢʁɟ. Ɉɧɢ ɧɚɦ ɨɦɨɝɭʄɚɜɚʁɭ ɞɚ ɩɪɟɞɜɢɞɢɦɨ 

ɩɪɚɝ ɨɲɬɟʄɟʃɚ ɦɚɬɟɪɢʁɚɥɚ, ɞɭɛɢɧɭ ɬɨɩʂɟʃɚ ɦɚɬɟɪɢʁɚɥɚ, ɬɟɦɩɟɪɚɬɭɪɫɤɟ ɩɪɨɮɢɥɟ, ɞɭɛɢɧɭ 

ɚɛɥɚɰɢʁɟ ɢ ɫɥ. ɍ ɧɭɦɟɪɢɱɤɨɦ ɩɪɨɪɚɱɭɧɭ ɭɡɢɦɚʁɭ ɫɟ ɭ ɨɛɡɢɪ ɮɚɡɧɢ ɩɪɟɥɚɡɢ (ɬɨɩʂɟʃɟ ɢ 

ɢɫɩɚɪɚɜɚʃɟ), ɢ ɜɪɲɢ ɫɟ ɢɫɬɨɜɪɟɦɟɧɨ ɢɡɪɚɱɭɧɚɜɚʃɟ ɬɟɦɩɟɪɚɬɭɪɫɤɢɯ ɩɪɨɮɢɥɚ ɢ ɞɭɛɢɧɟ 

ɚɛɥɚɰɢʁɟ.  

2.3 ɉɭɛɥɢɤɚɰɢʁɟ 

      ɂɡ ɫɚɞɪɠɚʁɚ ɨɜɟ ɞɢɫɟɪɬɚɰɢʁɟ ɩɪɨɢɫɬɟɤɥɨ ʁɟ ɲɟɫɬ ɪɚɞɨɜɚ ɤɨʁɢ ɫɭ ɩɪɟɬɟɠɧɨ ɭɪɚђɟɧɢ ɨɞ 

ɫɬɪɚɧɟ ɤɚɧɞɢɞɚɬɚ ɢ ɭ ɫɚɪɚɞʃɢ ɫɚ ɤɨɥɟɝɚɦɚ ɢɡ ɂɧɫɬɢɬɭɬɚ ɡɚ ɮɢɡɢɤɭ ɢ ɂɧɫɬɢɬɭɬɚ ɡɚ 

ɧɭɤɥɟɚɪɧɟ ɧɚɭɤɟ „ȼɢɧɱɚ”: 

[1] B. Salatić, S. Petrović, D. Peruško, M. Čekada, P. Panjan, D. Pantelić, B. Jelenković “Single- 

and dual-wavelength laser pulses induced modification in 10×(Al/Ti)/Si multilayer system”, 

Applied Surface Science, 360 (2016) 559–565. ( M21 a, ɂɎ=3.150, (2015)) 

[2] S.M. Petrovic, D. Perusko, B. Salatic, I. Bogdanovic-Radovic, P. Panjan, B. Gakovic, D. 

Pantelic, M. Trtica, B. Jelenkovic, “ Laser induced damage/ablation morphology on the 

8(Al/Ti)/Si system in different ambient conditions”, Optics & Laser Technology, 54 (2013) 22–

29. ( M22, ɂɎ=1.649, (2013), 3 ɰɢɬɚɬɚ) 

[3] Suzana Petrović ,Branislav Salatić, Davor Peruško, Ivančica Bogdanović-Radović, Miha 

Čekada, Biljana Gaković, Dejan Pantelić, Milan Trtica and Branislav Jelenković, “Laser-

induced structural and composition modification of multilayered Ni/Ti thin film in air and 

liquids”, Laser Physics, 23 (2013) 026004 (10pp). ( M23, ɂɎ=1.025, (2013)) 

[4] B. Salatić, S. Petrović, D. Peruško, M. Čekada, B. M. Jelenković, D. V. Pantelić, “Laser 

irradiation of 10(Ni/Ti)/Si multilayers at different wavelengths”,  Optical and Quantum 

Electronics, (2016) 48: 314. ( M22, ɂɎ=1.290, (2015), 1 ɰɢɬɚɬ) 

[5] D. Peruško, J. Kovač, S. Petrović, M. Obradović, M. Mitrić, V. Pavlović, B. Salatić, G. 

Jakša,  M. Milosavljević, “Selective Al-Ti reactivity in laser-processed Al/Ti multilayers”, 

Materials and Manufacturing Processes, (2017),  Aceppted, ( M22, ɂɎ=1.419, (2015)) 
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[6] S. Petrović, B. Salatić, D. Peruško, M. Panjan, M. Čekada, B. Gaković, B. Jelenković and M . 

Trtica, “Surface modification of Ti-based nanocomposite multilayer structures by using laser 

beam irradiation”, Physica  Scripta, T149 (2012). ( M22, ɂɎ=1.032, (2012)) 

2.4 ɉɪɟɝɥɟɞ ɧɚɭɱɧɢɯ ɪɟɡɭɥɬɚɬɚ ɢɡɥɨɠɟɧɢɯ ɭ ɬɟɡɢ 

      ɍ ɫɥɟɞɟʄɢɦ ɩɨɝɥɚɜʂɢɦɚ ʁɟ ɨɩɢɫɚɧɚ ɫɭɲɬɢɧɚ ɨɜɢɯ ɢɫɬɪɚɠɢɜɚʃɚ: 

1. Ɏɨɪɦɢɪɚʃɟ ɩɨɜɪɲɢɧɫɤɢɯ ɫɬɪɭɤɬɭɪɚ ɧɚ Al/Ti/Si ɢ Ni/Ti/Si ɜɢɲɟɫɥɨʁɧɢɦ ɫɢɫɬɟɦɢɦɚ 

ɞɟɥɨɜɚʃɟɦ ɥɚɫɟɪɫɤɨɝ ɡɪɚɱɟʃɚ. 

2. ɏɟɦɢʁɫɤɟ ɩɪɨɦɟɧɟ ɢ ɮɨɪɦɢɪɚʃɟ ɢɧɬɟɪɦɟɬɚɥɧɢɯ ɞɟɥɨɜɚʃɟɦ ɥɚɫɟɪɫɤɨɝ ɡɪɚɱɟʃɚ ɧɚ 

Al/Ti/Si ɢ Ni/Ti/Si ɜɢɲɟɫɥɨʁɧɟ ɫɢɫɬɟɦɟ. 

3. ɂɫɩɢɬɢɜɚʃɟ ɭɬɢɰɚʁɚ ɢɫɬɨɜɪɟɦɟɧɨɝ ɞɟɥɨɜɚʃɚ ɥɚɫɟɪɫɤɨɝ ɡɪɚɱɟʃɚ ɧɚ ɞɜɟ ɬɚɥɚɫɧɟ 

ɞɭɠɢɧɟ (1064/532 nm) ɢɫɬɨɜɪɟɦɟɧɨ ɧɚ ɚɛɥɚɰɢʁɭ ɜɢɲɟɫɥɨʁɧɢɯ ɫɢɫɬɟɦɚ. 

4. ɇɭɦɟɪɢɱɤɨ ɢɡɪɚɱɭɧɚɜɚʃɟ ɬɟɦɩɟɪɚɬɭɪɫɤɢɯ ɩɪɨɮɢɥɚ ɢ ɞɭɛɢɧɟ ɚɛɥɚɰɢʁɟ.    

2.4.1 Ɏɨɪɦɢɪɚʃɟ ɩɨɜɪɲɢɧɫɤɢɯ ɫɬɪɭɤɬɭɪɚ ɧɚ Al/Ti/Si ɢ Ni/Ti/Si ɜɢɲɟɫɥɨʁɧɢɦ 

ɫɢɫɬɟɦɢɦɚ ɞɟɥɨɜɚʃɟɦ ɥɚɫɟɪɫɤɨɝ ɡɪɚɱɟʃɚ 

      Ɍɨɤɨɦ ɟɤɫɩɟɪɢɦɟɧɬɚɥɧɨɝ ɪɚɞɚ, ɤɨʁɢ ʁɟ ɨɩɢɫɚɧ ɭ ɨɜɨʁ ɞɨɤɬɨɪɫɤɨʁ ɞɢɫɟɪɬɚɰɢʁɢ, ɭɡɨɪɚɤ ʁɟ 

ɬɪɟɬɢɪɚɧ ɪɚɡɥɢɱɢɬɢɦ ɢɧɬɟɡɢɬɟɬɢɦɚ ɥɚɫɟɪɫɤɨɝ ɡɪɚɱɟʃɚ, ɪɚɡɥɢɱɢɬɢɦ ɛɪɨʁɟɦ ɢɦɩɭɥɫɚ ɢ ɭ 

ɬɪɢ ɫɪɟɞɢɧɟ (ɜɚɡɞɭɯ, ɜɨɞɚ ɢ ɟɬɚɧɨɥ). ɂɫɩɢɬɢɜɚɧ ʁɟ ɭɬɢɰɚʁ ɧɚɜɟɞɟɧɢɯ ɩɚɪɚɦɟɬɚɪɚ ɧɚ 

ɧɚɫɬɚʁɚʃɟ ɫɩɟɰɢɮɢɱɧɢɯ ɦɨɪɮɨɥɨɲɤɢɯ ɫɬɪɭɤɬɭɪɚ (ɩɟɪɢɨɞɢɱɧɟ ɩɨɜɪɲɢɧɫɤɟ ɫɬɪɭɤɬɭɪɟ, 

ɧɚɧɨ- ɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɟ). Ⱦɟɥɨɜɚʃɟɦ ɥɚɫɟɪɫɤɨɝ ɡɪɚɱɟʃɚ ɧɚ Al/Ti/Si ɢ Ni/Ti/Si ɜɢɲɟɫɥɨʁɧɟ 

ɫɢɫɬɟɦɟ ɞɨɥɚɡɢ ɞɨ ɮɨɪɦɢɪɚʃɚ ɩɟɪɢɨɞɢɱɧɢɯ ɩɨɜɪɲɢɧɫɤɢɯ ɫɬɪɭɤɬɭɪɚ. ȿɤɫɩɟɪɢɦɟɧɬɚɥɧɨɦ ɢ 

ɬɟɨɪɢʁɫɤɨɦ ɚɧɚɥɢɡɨɦ ɭɬɜɪђɟɧɨ ʁɟ ɞɚ ɩɟɪɢɨɞɢɱɧɟ ɩɨɜɪɲɢɧɫɤɟ ɫɬɪɭɤɬɭɪɟ ɤɨʁɟ ɧɚɫɬɚʁɭ ɧɚ 

Al/Ti/Si ɢ Ni/Ti/Si ɭɡɨɪɰɢɦɚ ɭ ɫɜɟ ɬɪɢ ɫɪɟɞɢɧɟ (ɜɚɡɞɭɯ, ɜɨɞɚ ɢ ɟɬɚɧɨɥ) ɩɪɟɞɫɬɚɜʂɚʁɭ 

ɡɚɦɪɡɧɭɬɟ ɤɚɩɢɥɚɪɧɟ ɬɚɥɚɫɟ. Ʉɨɧɫɬɚɧɬɚ ɪɟɲɟɬɤɟ ɩɟɪɢɨɞɢɱɧɟ ɩɨɜɪɲɢɧɫɤɟ ɫɬɪɭɤɬɭɪɟ ʁɟ 

ɡɚɜɢɫɧɚ ɨɞ ɢɧɬɟɡɢɬɟɬɚ ɥɚɫɟɪɫɤɨɝ ɡɪɚɱɟʃɚ ɢ ɨɫɨɛɢɧɚ ɦɚɬɟɪɢʁɚɥɚ. ɂɧɬɟɡɢɬɟɬ ɥɚɫɟɪɫɤɨɝ 

ɡɪɚɱɟʃɚ ɭɬɢɱɟ ɧɚ ɞɭɛɢɧɭ ɬɨɩʂɟʃɚ ɦɚɬɟɪɢʁɚɥɚ ɢ ɜɪɟɦɟ ɬɪɚʁɚʃɚ ɤɚɩɢɥɚɪɧɨɝ ɬɚɥɚɫɚ. ȼɪɟɦɟ 

ɤɨʁɟ ɭɡɨɪɚɤ ɩɪɨɜɨɞɢ ɭ ɬɟɱɧɨʁ ɮɚɡɢ ʁɟ ɭ ɜɟɥɢɤɨʁ ɦɟɪɢ ɡɚɜɢɫɧɨ ɢ ɨɞ ɬɟɦɩɟɪɚɬɭɪɟ ɬɨɩʂɟʃɚ 

ɦɚɬɟɪɢʁɚɥɚ. ɍɬɢɰɚʁ ɬɟɱɧɨɫɬɢ ɧɚ ɧɚɫɬɚʁɚʃɟ ɩɟɪɢɨɞɢɱɧɢɯ ɩɨɜɪɲɢɧɫɤɢɯ ɫɬɪɭɤɬɭɪɚ ɨɝɥɟɞɚ ɫɟ 

ɭ ɚɩɫɨɪɩɰɢʁɢ ɥɚɫɟɪɫɤɨɝ ɡɪɚɱɟʃɚ ɭ ɜɨɞɟɧɨʁ ɫɪɟɞɢɧɢ, ɟɮɢɤɚɫɧɢʁɟɦ ɯɥɚђɟʃɭ ɭɡɨɪɤɚ ɭ ɨɞɧɨɫɭ 



ɧɚ ɜɚɡɞɭɯ ɢ ɲɢɪɟʃɭ ɩɚɪɟ ɭ ɜɨɞɟɧɨʁ ɫɪɟɞɢɧɢ. Ʉɚɨ ɞɢɪɟɤɬɧɚ ɩɨɫɥɟɞɢɰɚ ɨɜɢɯ ɮɟɧɨɦɟɧɚ, 

ɩɟɪɢɨɞɢɱɧɟ ɩɨɜɪɲɢɧɫɤɟ ɫɬɪɭɤɬɭɪɟ ɧɚɫɬɚʁɭ ɧɚ ɩɟɪɢɮɟɪɢʁɢ ɨɡɪɚɱɟɧɟ ɡɨɧɟ ɢ ɢɦɚʁɭ ɦɚʃɭ 

ɤɨɧɫɬɚɧɬɭ ɪɟɲɟɬɤɟ ɭ ɩɨɪɟђɟʃɭ ɫɚ ɜɚɡɞɭɯɨɦ. Ɋɚɫɬɨɦ ɢɧɬɟɡɢɬɟɬɚ ɥɚɫɟɪɫɤɨɝ ɡɪɚɱɟʃɚ ɢɥɢ 

ɩɨɜɟʄɚɜɚʃɟɦ ɛɪɨʁɚ ɢɦɩɭɥɫɚ, ɤɚɞɚ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɩɨɜɪɲɢɧɢ ɭɡɨɪɤɚ ɩɪɟђɟ ɬɚɱɤɭ ɤʂɭɱɚʃɚ, 

ɩɟɪɢɨɞɢɱɧɟ ɫɬɪɭɤɬɭɪɟ ɧɟɫɬɚʁɭ ɭɫɥɟɞ ɚɛɥɚɰɢʁɟ ɦɚɬɟɪɢʁɚɥɚ.  

      Ɋɟɡɭɥɬɚɬɢ ɨɜɢɯ ɢɫɬɪɚɠɢɜɚʃɚ ɫɭ ɞɟɬɚʂɧɢʁɟ ɨɩɢɫɚɧɢ ɭ ɩɭɛɥɢɤɚɰɢʁɚɦɚ [Ⱥ4], [Ⱥ5] ɢ [Ⱥ8] 

ɤɨʁɟ ɫɭ ɧɚɜɟɞɟɧɟ ɭ ɩɨɝɥɚɜʂɭ 3. 

2.4.2 ɏɟɦɢʁɫɤɟ ɩɪɨɦɟɧɟ ɢ ɮɨɪɦɢɪɚʃɟ ɢɧɬɟɪɦɟɬɚɥɧɢɯ ɞɟɥɨɜɚʃɟɦ ɥɚɫɟɪɫɤɨɝ 

ɡɪɚɱɟʃɚ ɧɚ Al/Ti/Si ɢ Ni/Ti/Si ɜɢɲɟɫɥɨʁɧɟ ɫɢɫɬɟɦɟ. 

      Ɋɟɡɭɥɬɚɬɢ ɯɟɦɢʁɫɤɟ ɚɧɚɥɢɡɟ ɩɨɤɚɡɭʁɭ ɞɚ ɞɟɥɨɜɚʃɟ ɥɚɫɟɪɫɤɨɝ ɡɪɚɱɟʃɚ ɭɬɢɱɟ ɧɚ 

ɩɪɨɫɬɨɪɧɭ ɪɚɫɩɨɞɟɥɭ ɟɥɟɦɟɧɚɬɚ (Al(Ni), Ti ɢ Si) ɢ ɦɟђɭɫɨɛɧɨ ɦɟɲɚʃɟ ɫɥɨʁɟɜɚ. 

Ⱥɩɫɨɪɛɨɜɚɧɚ ɟɧɟɪɝɢʁɚ ɥɚɫɟɪɫɤɨɝ ɡɪɚɱɟʃɚ ɩɨɤɪɟʄɟ ɬɨɩɥɨɬɧɭ ɞɢɮɭɡɢʁɭ ɚɬɨɦɚ. ɉɪɨɫɬɨɪɧɚ 

ɪɚɫɩɨɞɟɥɚ Si ɟɥɟɦɟɧɬɚ ɭ ɩɨɬɩɭɧɨɫɬɢ ɫɟ ɩɨɤɥɚɩɚ ɫɚ ɩɟɪɢɨɞɢɱɧɨɦ ɫɬɪɭɤɬɭɪɨɦ ɤɨʁɚ ɧɚɫɬɚʁɟ 

ɧɚ ɩɨɜɪɲɢɧɢ ɭɡɨɪɤɚ. Ⱥɥɭɦɢɧɢʁɭɦ, ɧɢɤɥ ɢ ɬɢɬɚɧ ɨɫɬɚʁɭ ɯɨɦɨɝɟɧɨ ɪɚɫɩɨɪɟђɟɧɢ ɩɨ 

ɩɨɜɪɲɢɧɢ ɭɡɨɪɤɚ, ɲɬɨ ɡɧɚɱɢ ɞɚ ɧɟ ɞɨɥɚɡɢ ɞɨ ɡɧɚɱɚʁɧɢɯ ɩɪɨɦɟɧɚ ɭ ɞɟɛʂɢɧɢ ɬɚɧɤɨɝ ɫɥɨʁɚ 

ɂɫɬɨɜɪɟɦɟɧɨ, ɞɟɥɨɜɚʃɟ ɥɚɫɟɪɫɤɨɝ ɡɪɚɱɟʃɚ ɧɚ Al/Ti/Si ɢ Ni/Ti/Si ɭɡɨɪɤɟ ɭ ɜɚɡɞɭɯɭ, ɜɨɞɢ ɢ 

ɟɬɚɧɨɥɭ, ɩɪɚʄɟɧɨ ʁɟ ɦɟђɭɫɨɛɧɢɦ ɦɟɲɚʃɟɦ Al(Ni) ɢ Ti ɫɥɨʁɟɜɚ, ɤɚɨ ɢ ʃɢɯɨɜɢɦ ɦɟɲɚʃɟ ɫɚ 

Si ɩɨɞɥɨɝɨɦ ɲɬɨ ɫɬɜɚɪɚ ɭɫɥɨɜɟ ɡɚ ɧɚɫɬɚʁɚʃɟ ɢɧɬɟɪɦɟɬɚɥɧɢɯ ʁɟɞɢʃɟʃɚ. XRD ɚɧɚɥɢɡɚ, ɩɨɫɥɟ 

ɞɟɥɨɜɚʃɚ ɜɟʄɟɝ ɛɪɨʁɚ ɥɚɫɟɪɫɤɢɯ ɢɦɩɭɥɫɚ ɧɚ Al/Ti/Si ɭɡɨɪɤɟ ɭ ɜɚɡɞɭɯɭ, ɩɨɬɜɪɞɢɥɚ ʁɟ ɞɚ 

ɞɨɥɚɡɢ ɞɨ ɮɨɪɦɢɪɚʃɚ ɢɧɬɟɪɦɟɬɚɥɧɢɯ ʁɟɞɢʃɟʃɚ (AlTi3 ɢ/ɢɥɢ AlTi) ɢ ɧɚɫɬɚʁɚʃɚ ɨɤɫɢɞɧɟ 

ɮɚɡɟ (Ti2O3). ɉɪɨɰɟɫ ɧɚɫɬɚʁɚʃɚ ɢɧɬɟɪɦɟɬɚɥɧɢɯ ʁɟɞɢʃɟʃɚ ɫɜɟ ɜɢɲɟ ɞɨɥɚɡɢ ɞɨ ɢɡɪɚɠɚʁɚ ɫɚ 

ɩɨɜɟʄɚɜɚʃɟɦ ɛɪɨʁɚ ɥɚɫɟɪɫɤɢɯ ɢɦɩɭɥɫɚ ɢ ɩɨɜɟɡɚɧ ʁɟ ɫɚ ɬɨɩʂɟʃɟɦ ɢ ɦɟɲɚʃɟɦ ɫɥɨʁɟɜɚ ɭ 

ɞɭɛɢɧɢ ɦɚɬɟɪɢʁɚɥɚ. 

     ɏɟɦɢʁɫɤɟ ɩɪɨɦɟɧɟ ɢ ɮɨɪɦɢɪɚʃɟ ɢɧɬɟɪɦɟɬɚɥɧɢɯ ɞɟɥɨɜɚʃɟɦ ɥɚɫɟɪɫɤɨɝ ɡɪɚɱɟʃɚ ɧɚ 

Al/Ti/Si ɢ Ni/Ti/Si ɜɢɲɟɫɥɨʁɧɟ ɫɢɫɬɟɦɟ ɩɪɟɞɫɬɚɜʂɟɧɟ ɫɭ ɭ ɩɭɛɥɢɤɚɰɢʁɚɦɚ [Ⱥ4], [Ⱥ5] ɢ [Ⱥ7] 

(ɩɨɝɥɚɜʂɟ 3.) 

  



2.4.3 ɂɫɩɢɬɢɜɚʃɟ ɭɬɢɰɚʁɚ ɢɫɬɨɜɪɟɦɟɧɨɝ ɞɟɥɨɜɚʃɚ ɥɚɫɟɪɫɤɨɝ ɡɪɚɱɟʃɚ ɧɚ ɞɜɟ 

ɬɚɥɚɫɧɟ ɞɭɠɢɧɟ (1064/532 nm) ɧɚ ɚɛɥɚɰɢʁɭ ɜɢɲɟɫɥɨʁɧɨɝ ɫɢɫɬɟɦɚ 

      Ⱦɟɥɨɜɚʃɟɦ ɥɚɫɟɪɫɤɨɝ ɡɪɚɱɟʃɚ ɧɚ ɞɜɟ ɬɚɥɚɫɧɟ ɞɭɠɢɧɟ ɢɫɬɨɜɪɟɦɟɧɨ (1064/532 nm) 

ɞɨɥɚɡɢ ɞɨ ɮɨɪɦɢɪɚʃɚ ɞɭɛʂɢɯ ɢ ɲɢɪɢɯ ɤɪɚɬɟɪɚ ɧɚ Al/Ti/Si ɢ Ni/Ti/Si ɭɡɨɪɰɢɦɚ. 

ȿɮɢɤɚɫɧɨɫɬ ɥɚɫɟɪɫɤɟ ɚɛɥɚɰɢʁɟ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɤɚɨ ɲɬɨ ʁɟ ɫɢɥɢɰɢʁɭɦ, ɦɨɠɟ ɫɟ ɩɨɜɟʄɚɬɢ 

ɢɫɬɨɜɪɟɦɟɧɢɦ ɞɟɥɨɜɚʃɟɦ ɡɪɚɱɟʃɚ ɧɚ ɞɜɟ ɬɚɥɚɫɧɟ ɞɭɠɢɧɟ. ɇɚ ɬɚɥɚɫɧɨʁ ɞɭɠɢɧɢ ɨɞ 1064 

nm, ɫɬɜɚɪɚʃɟ ɫɥɨɛɨɞɧɢɯ ɟɥɟɤɬɪɨɧɚ ɭ ɫɢɥɢɰɢʁɭɦɭ (ɫɭɩɫɬɪɚɬɭ) ʁɟ ɭɝɥɚɜɧɨɦ ɭɡɪɨɤɨɜɚɧɨ ɫɚ 

ɞɜɚ ɩɪɨɰɟɫɚ ɚ ɬɨ ɫɭ ɥɢɧɟɚɪɧɚ ɟɤɫɰɢɬɚɰɢʁɚ ɢ ɫɭɞɚɪɧɚ ɟɤɫɰɢɬɚɰɢʁɚ. ȿɧɟɪɝɢʁɚ ɮɨɬɨɧɚ ɧɚ 1064 

nm (1.17 eV) ʁɟ ɦɚɥɨ ɢɡɧɚɞ ɟɧɟɪɝɟɬɫɤɨɝ ɩɪɨɰɟɩɚ ɢɡɦɟђɭ ɩɪɨɜɨɞɧɟ ɢ ɜɚɥɟɧɬɧɟ ɡɨɧɟ 

ɫɢɥɢɰɢʁɭɦɚ (1.12 eV), ɲɬɨ ɡɧɚɱɢ ɞɚ ʁɟ ɥɢɧɟɚɪɧɚ ɟɤɫɰɢɬɚɰɢʁɚ ɫɥɚɛɚ ɡɛɨɝ ɧɢɫɤɟ ɜɪɟɞɧɨɫɬɢ 

ɚɩɫɨɪɩɰɢɨɧɨɝ ɤɨɟɮɢɰɢʁɟɧɬɚ  . ɋɚ ɞɪɭɝɟ ɫɬɪɚɧɟ, ɟɧɟɪɝɢʁɚ ɮɨɬɨɧɚ ɧɚ 532 nm ʁɟ ɡɧɚɱɚʁɧɨ 

ɢɡɧɚɞ  ɟɧɟɪɝɟɬɫɤɨɝ ɩɪɨɰɟɩɚ ɫɢɥɢɰɢʁɭɦɚ ɢ ɚɩɫɨɪɩɰɢɨɧɢ ɤɨɟɮɢɰɢʁɟɧɬ ʁɟ ɡɚ ɞɜɚ ɪɟɞɚ 

ɜɟɥɢɱɢɧɟ ɜɟʄɢ ɭ ɩɨɪɟђɟʃɭ ɫɚ 1064 nm. Ʉɚɞɚ ɫɭ ɟɥɟɤɬɪɨɧɢ ɟɤɫɰɢɬɨɜɚɧɢ ɭ ɩɪɨɜɨɞɧɭ ɡɨɧɭ 

ɫɢɥɢɰɢʁɭɦɚ, ɭɛɪɡɚɜɚʁɭ ɫɟ ɞɟɥɨɜɚʃɟɦ ɥɚɫɟɪɫɤɨɝ ɩɨʂɚ ɢ ɦɨɝɭ ɞɚ ɩɪɨɢɡɜɟɞɭ ɞɨɞɚɬɧɟ 

ɫɥɨɛɨɞɧɟ ɟɥɟɤɬɪɨɧɟ ɩɪɨɰɟɫɨɦ ɫɭɞɚɪɧɟ ɟɤɫɰɢɬɚɰɢʁɟ. ɂɧɬɟɪɚɤɰɢʁɚ ɧɚ ɞɜɟ ɬɚɥɚɫɧɟ ɞɭɠɢɧɟ 

ɢɫɬɨɜɪɟɦɟɧɨ, ɭɤɚɡɭʁɟ ɧɚ ɦɟђɭɫɨɛɧɭ ɩɨɜɟɡɚɧɨɫɬ ɪɚɡɥɢɱɢɬɢɯ ɟɤɫɰɢɬɚɰɢɨɧɢɯ ɦɟɯɚɧɢɡɚɦɚ, 

ɝɞɟ ɥɢɧɟɚɪɧɚ ɟɤɫɰɢɬɚɰɢʁɚ ɧɚ 532 nm ɦɨɠɟ ɡɚɩɨɱɟɬɢ ɫɭɞɚɪɧɭ ɟɤɫɰɢɬɚɰɢʁɭ ɨɛɟɡɛɟʄɢɜɚʃɟɦ 

ɢɧɢɰɢʁɚɥɧɢɯ ɫɥɨɛɨɞɧɢɯ ɟɥɟɤɬɪɨɧɚ ɤɨʁɢ ɫɭ ɧɟɨɩɯɨɞɧɢ ɡɚ ɫɬɜɚɪɚʃɟ ɟɥɟɤɬɪɨɧɫɤɟ ɥɚɜɢɧɟ. 

     Ⱦɟɥɨɜɚʃɟ ɥɚɫɟɪɫɤɨɝ ɡɪɚɱɟʃɚ ɧɚ ɞɜɟ ɬɚɥɚɫɧɟ ɞɭɠɢɧɟ ɢɫɬɨɜɪɟɦɟɧɨ (1064/532 nm) ɧɚ 

Al/Ti/Si ɢ Ni/Ti/Si ɭɡɨɪɤɟ ɢ ɞɨɦɢɧɚɬɧɢ ɩɪɨɰɟɫɢ ɤɨʁɢ ɫɟ ʁɚɜʂɚʁɭ ɬɨɤɨɦ ɢɧɬɟɪɚɤɰɢʁɟ ɨɩɢɫɚɧɢ 

ɫɭ ɭ ɩɭɛɥɢɤɚɰɢʁɚɦɚ [Ⱥ1] ɢ [Ⱥ6] (ɩɨɝɥɚɜʂɟ 3.) 

 2.4.4 ɇɭɦɟɪɢɱɤɨ ɢɡɪɚɱɭɧɚɜɚʃɟ ɬɟɦɩɟɪɚɬɭɪɫɤɢɯ ɩɪɨɮɢɥɚ ɢ ɞɭɛɢɧɟ ɚɛɥɚɰɢʁɟ 

      Ɇɨɝɭʄɟ ɦɨɪɮɨɥɨɲɤɟ ɢ ɯɟɦɢʁɫɤɟ ɩɪɨɦɟɧɟ ɤɨʁɟ ɫɭ ɢɧɞɭɤɨɜɚɧɟ ɧɚɧɨɫɟɤɭɧɞɧɢɦ ɢ 

ɩɢɤɨɫɟɤɭɧɞɧɢɦ ɥɚɫɟɪɤɢɦ ɡɪɚɱɟʃɟɦ ɧɚ ɜɢɲɟɫɥɨʁɧɢɦ ɫɢɫɬɟɦɢɦɚ  Al/Ti/Si ɢ Ni/Ti/Si 

ɪɚɡɦɚɬɪɚɧɟ ɫɭ ɧɭɦɟɪɢɱɤɢ. Ɇɨɞɟɥ ʁɟ ɤɨɦɩɥɟɤɫɚɧ ɢ ɭɤʂɭɱɭʁɟ ɧɟɤɨɥɢɤɨ ɦɟђɭɫɨɛɧɨ 

ɩɨɜɟɡɚɧɢɯ ɩɪɨɰɟɫɚ ɤɚɨ ɲɬɨ ɫɭ: ɡɚɝɪɟɜɚʃɟ ɦɚɬɟɪɢʁɚɥɚ, ɮɚɡɧɢ ɩɪɟɥɚɡɢ (ɬɨɩʂɟʃɟ ɢ 

ɢɫɩɚɪɚɜɚʃɟ) ɢ ɢɧɬɟɪɚɤɰɢʁɚ ɥɚɫɟɪɫɤɨɝ ɡɪɚɱɟʃɚ ɫɚ ɩɚɪɨɦ ɤɨʁɚ ɫɟ ɮɨɪɦɢɪɚ ɢɡɧɚɞ ɩɨɜɪɲɢɧɟ 

ɦɟɬɟ. ɍ ɦɨɞɟɥɭ ɫɟ ɭɡɢɦɚʁɭ ɭ ɨɛɡɢɪ ɨɫɨɛɢɧɟ ɦɚɬɟɪɢʁɚɥɚ ɤɨʁɟ ɫɭ ɡɚɜɢɫɧɟ ɨɞ ɬɟɦɩɟɪɚɬɭɪɟ, 



ɩɨɫɟɛɧɨ ɧɚ ɬɟɦɩɟɪɚɬɭɪɚɦɚ ɛɥɢɫɤɢɦ cT . Ƚɥɚɜɧɢ ɮɢɡɢɱɤɢ ɩɪɨɰɟɫ ɤɨʁɢɦ ɫɟ ɨɩɢɫɭʁɟ ɚɛɥɚɰɢʁɚ 

ɦɚɬɟɪɢʁɚɥɚ ɭ ɦɨɞɟɥɭ ʁɟ ɧɨɪɦɚɥɧɨ ɢɫɩɚɪɚɜɚʃɟ. ɇɭɦɟɪɢɱɤɢ ɪɟɡɭɥɬɚɬɢ ɫɟ ɞɨɛɪɨ ɩɨɤɥɚɩɚʁɭ ɫɚ 

ɟɤɫɩɟɪɢɦɟɧɬɚɥɧɢɦ ɭ ɨɩɫɟɝɭ ɥɚɫɟɪɫɤɢɯ ɢɧɬɟɡɢɬɟɬɚ ɤɨʁɢ ɫɭ ɤɨɪɢɲʄɟɧɢ ɭ ɟɤɫɩɟɪɢɦɟɧɬɭ. 

      ɇɭɦɟɪɢɱɤɢ ɦɨɞɟɥ ɡɚ ɜɢɲɟɫɥɨʁɧɟ ɫɢɫɬɟɦɟ ɢ ɩɨɪɟђɟʃɟ ɟɤɫɩɟɪɢɦɟɧɬɚɥɧɢɯ ɢ ɧɭɦɟɪɢɱɤɢɯ 

ɪɟɡɭɥɬɚɬɚ ʁɟ ɞɟɬɚʂɧɢʁɟ ɨɩɢɫɚɧɨ ɭ ɩɭɛɥɢɤɚɰɢʁɚɦɚ [Ⱥ1] ɢ [Ⱥ6] (ɩɨɝɥɚɜʂɟ 3.) 
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Ɂ Ⱥ Ʉ ȴ ɍ ɑ Ⱥ Ʉ  
 
      ɇɚ ɨɫɧɨɜɭ ɢɡɥɨɠɟɧɨɝ ɤɨɦɢɫɢʁɚ ɡɚɤʂɭɱɭʁɟ ɞɚ ʁɟ ɤɚɧɞɢɞɚɬ ȻɊȺɇɂɋɅȺȼ ɋȺɅȺɌɂȶ ɭ 

ɞɨɤɬɨɪɫɤɨʁ ɞɢɫɟɪɬɚɰɢʁɢ ɩɨɞ ɧɚɡɢɜɨɦ “ɅȺɋȿɊɋɄȺ ɆɈȾɂɎɂɄȺɐɂȳȺ ȺɅɍɆɂɇɂȳɍɆ-

ɌɂɌȺɇɋɄɂɏ ɂ ɇɂɄɅ-ɌɂɌȺɇɋɄɂɏ ɌȺɇɄɂɏ ɋɅɈȳȿȼȺ“ ɩɪɟɞɫɬɚɜɢɨ ɨɪɢɝɢɧɚɥɧɟ 

ɧɚɭɱɧɟ ɪɟɡɭɥɬɚɬɟ ɫɚ ɡɧɚɱɚʁɧɢɦ ɧɚɭɱɧɢɦ ɞɨɩɪɢɧɨɫɨɦ ɭ ɭɠɨʁ ɧɚɭɱɧɨʁ ɨɛɥɚɫɬɢ ɎɈɌɈɇɂɄȺ 

ɂ ɅȺɋȿɊɂ,  ɢ ɞɚ ɫɭ ɡɚɞɨɜɨʂɟɧɢ ɫɜɢ ɩɪɨɩɢɫɚɧɢ ɭɫɥɨɜɢ ɡɚ ɨɞɨɛɪɚɜɚʃɟ ɨɞɛɪɚɧɟ ɬɟɡɟ. 

Ⱦɟɥɨɜɢ ɬɟɡɟ ɤɚɧɞɢɞɚɬɚ ɫɭ ɩɭɛɥɢɤɨɜɚɧɢ ɭ ɲɟɫɬ ɪɚɞɨɜɚ ɭ ɦɟђɭɧɚɪɨɞɧɢɦ ɱɚɫɨɩɢɫɢɦɚ, ɢ 

ɫɬɨɝɚ, ɩɪɟɞɥɚɠɟɦɨ ɇɚɭɱɧɨ- ɧɚɫɬɚɜɧɨɦ ɜɟʄɭ Ɏɢɡɢɱɤɨɝ ɮɚɤɭɥɬɟɬɚ ɞɚ ɨɞɨɛɪɢ ʃɟɧɭ ɨɞɛɪɚɧɭ.  
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