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ȼ.Ƚ. Ɂɚɜɨɞɢɧɫɤɢɣ, Ɉ.ɂ. Ʉɚɦɢɧɫɤɢɣ 
 

ɋ ɩɨɦɨɳɶɸ ɤɜɚɧɬɨɜɨ-ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɩɨɞɯɨɞɚ (ɬɟɨɪɢɹ ɮɭɧɤɰɢɨɧɚɥɚ ɩɥɨɬ-
ɧɨɫɬɢ ɢ ɦɟɬɨɞ ɩɫɟɜɞɨɩɨɬɟɧɰɢɚɥɚ) ɢɫɫɥɟɞɨɜɚɧ ɩɪɨɰɟɫɫ ɬɪɟɧɢɹ ɩɨɤɨɹ ɜ 
ɧɚɧɨɩɚɪɚɯ Al-Al, W-W ɢ Al-W ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɜɧɟɲɧɟɝɨ ɞɚɜɥɟɧɢɹ. ɉɨɤɚ-
ɡɚɧɨ, ɱɬɨ ɩɪɨɰɟɫɫ ɬɪɟɧɢɹ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɩɪɨɰɟɫɫɚɦɢ ɞɟɮɨɪɦɚɰɢɢ ɢ 
ɪɚɡɪɭɲɟɧɢɹ. Кɨɷɮɮɢɰɢɟɧɬɵ ɬɪɟɧɢɹ ɞɥɹ ɫɢɫɬɟɦɵ Al-Al ɫ ɭɜɟɥɢɱɟɧɢɟɦ 
ɞɚɜɥɟɧɢɹ ɭɦɟɧɶɲɚɸɬɫɹ, ɚ ɜ ɫɥɭɱɚɹɯ W-W ɢ Al-W- ɭɜɟɥɢɱɢɜɚɸɬɫɹ. 
 
Кɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɢɡ ɩɟɪɜɵɯ ɩɪɢɧɰɢɩɨɜ; ɧɚɧɨɬɪɢɛɨɥɨɝɢɹ; 
ɬɪɟɧɢɟ ɩɨɤɨɹ; ɚɥɸɦɢɧɢɣ; ɜɨɥɶɮɪɚɦ. 

 
QUANTUM-MECHANICAL STUDВ OF THE FRICTION IN NANOCONTACTS 

 
TСО quantum-mОcСanТcal approacС (tСО dОnsТtв ПunctТonal tСОorв and tСО 
psОudopotОntТal mОtСod) Тs usОd to studв tСО ПrТctТon Тn tСО nano paТrs (a rod and 
a slab) Al-Al, W-W and Al-W. It Тs sСoаn tСat tСО procОss Тs accompanТОd bв 
dОstructТon oП tСО rod and dОПormatТon oП tСО slab. TСО ПrТctТon coОППТcТОnts 
dОcrОasО аТtС prОssurО Пor tСО Al-Al sвstОm and ТncrОasОd Тn casОs oП tСО W-W, 
Al-W paТrs. 
 
KОв аords: ПТrst-prТncТplОs modОlТng; nanotrТbologв; statТc ПrТctТon; alumТnТum; 
tungstОn. 

 
Ɋɚɡɜɢɬɢɟ ɧɨɜɵɯ ɮɢɡɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɨɧɤɢɯ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɥɨɟɜ ɩɨɡɜɨ-

ɥɢɥɨ ɩɟɪɟɣɬɢ ɤ ɢɡɭɱɟɧɢɸ ɬɪɟɧɢɹ ɧɚ ɭɪɨɜɧɟ ɷɥɟɦɟɧɬɚɪɧɵɯ ɫɨɛɵɬɢɣ ɜ ɞɢɧɚɦɢɱɟɫɤɢɯ ɧɚɧɨɤɨɧɬɚɤɬɚɯ. 
Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɟɪɟɯɨɞ ɧɚ ɚɬɨɦɚɪɧɵɣ ɭɪɨɜɟɧɶ, ɝɞɟ ɜɚɠɧɟɣɲɭɸ ɪɨɥɶ ɢɝɪɚɟɬ ɤɜɚɧɬɨɜɚɹ ɦɟɯɚɧɢɤɚ, ɢɦɟ-
ɟɬ ɨɬɥɢɱɢɟ ɨɬ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɬɪɟɧɢɹ ɜ ɦɚɤɪɨ ɦɢɪɟ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɫɥɟɞɨɜɚɬɶ ɩɪɨɰɟɫɫɵ ɬɪɟɧɢɹ ɩɨɤɨɹ, ɨɫɧɨɜɵɜɚɹɫɶ ɧɚ ɤɜɚɧɬɨɜɨ-
ɦɟɯɚɧɢɱɟɫɤɨɦ ɦɟɠɚɬɨɦɧɨɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɮɢɡɢɤɢ ɬɜɟɪɞɨɝɨ ɬɟɥɚ, ɢ ɬɟɦ ɫɚɦɵɦ ɩɨ-
ɧɹɬɶ ɟɝɨ ɩɟɪɜɨɩɪɢɱɢɧɧɵɟ ɦɟɯɚɧɢɡɦɵ. 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚ ɢɞɟɚɥɶɧɨ ɝɥɚɞɤɢɯ ɩɪɨɫɬɵɯ ɫɬɪɭɤɬɭɪɚɯ ɛɭɞɭɬ ɩɨɥɟɡ-
ɧɵ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɢɡɭɱɟɧɢɹ ɛɨɥɟɟ ɫɥɨɠɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɨɱɟɧɶ ɜɚɠɧɵɯ ɞɥɹ ɫɟɝɨɞɧɹɲɧɢɯ ɦɟɯɚɧɢɡ-
ɦɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ, ɜ ɤɨɬɨɪɵɯ ɬɪɟɧɢɟ ɩɨɤɨɹ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɩɪɨɛɥɟɦɨɣ, ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɡɜɨɥɹɸɬ ɬɚɤɠɟ ɩɪɨɞɨɥɠɢɬɶ ɢɡɭɱɟɧɢɟ ɬɪɟɧɢɹ ɫɤɨɥɶɠɟɧɢɹ.  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɨɛɴɟɤɬɨɜ ɚɥɸɦɢɧɢɹ ɢ ɜɨɥɶɮɪɚ-
ɦɚ ɫ ɰɟɥɶɸ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɬɪɟɧɢɹ ɩɨɤɨɹ. 

ȼɫɟ ɪɚɫɱɟɬɵ, ɨɩɢɫɚɧɧɵɟ ɜ ɪɚɛɨɬɟ, ɩɪɨɢɡɜɟɞɟɧɵ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɚɤɟɬɚ FHI96ЦН Д1, 
2Ж, ɤɨɬɨɪɵɣ ɩɪɢɦɟɧɹɟɬɫɹ ɩɪɢ ɢɡɭɱɟɧɢɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɪɚɡɥɢɱɧɵɯ ɧɚɧɨɫɢɫɬɟɦ. ɗɬɨɬ ɩɚɤɟɬ ɨɫɧɨ-
ɜɚɧ ɧɚ ɬɟɨɪɢɢ ɮɭɧɤɰɢɨɧɚɥɚ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ ɢ ɦɟɬɨɞɟ ɩɫɟɜɞɨɩɨɬɟɧɰɢɚɥɚ Д3Ж. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ 
ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɩɫɟɜɞɨɩɨɬɟɧɰɢɚɥɵ ɚɥɸɦɢɧɢɹ ɢ ɜɨɥɶɮɪɚɦɚ, ɩɨɫɬɪɨɟɧɧɵɟ ɫ ɩɨɦɨɳɶɸ ɩɚɤɟɬɚ FHI96PPД4Ж 
ɩɨ ɫɯɟɦɟ Ɍɪɭɥɥɟɪɚ – Ɇɚɪɬɢɧɫɚ Д5Ж. ȼɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɜɵɩɨɥɧɹɥɚɫɶ ɨɩɬɢɦɢɡɚɰɢɹ ɚɬɨɦɧɨɣ ɝɟɨɦɟɬɪɢɢ. 
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Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɩɪɨɰɟɫɫɚ ɬɪɟɧɢɹ ɜɡɹɬɵ ɫɭɩɟɪɹɱɟɣɤɢ, ɜ ɤɨɬɨɪɵɯ ɪɚɡɦɟɳɚɥɢɫɶ ɢɫɫɥɟɞɭɟɦɵɟ ɨɛɴ-
ɟɤɬɵ – ɧɚɧɨɩɥɚɫɬɢɧɚ ɢ ɧɚɧɨɫɬɟɪɠɟɧɶ; ɫɯɟɦɵ ɢɯ ɜɡɚɢɦɧɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 1. ɉɥɚ-
ɫɬɢɧɚ ɜ ɩɨɞɨɛɧɵɯ ɡɚɞɚɱɚɯ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɚɤ ɩɨɜɟɪɯɧɨɫɬɶ ɢ ɧɟ ɹɜɥɹɟɬɫɹ ɧɚɧɨɱɚɫɬɢɰɟɣ. ɋɬɟɪɠɟɧɶ ɩɨɡ-
ɜɨɥɹɟɬ ɢɡɛɟɠɚɬɶ ɧɟɞɨɫɬɚɬɤɨɜ ɦɟɬɨɞɚ ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɜɜɢɞɭ ɭɞɚɥɟɧɧɨɫɬɢ ɫɬɟɪɠɧɹ 
ɨɬ ɟɝɨ ɬɪɚɧɫɥɹɰɢɢ ɩɨ ɨɫɹɦ Б ɢ Г. Ɏɚɤɬɢɱɟɫɤɢ ɦɵ ɦɨɞɟɥɢɪɭɟɦ ɦɚɤɪɨɬɟɥɨ, ɪɚɫɫɦɚɬɪɢɜɚɹ ɟɝɨ ɧɚ ɚɬɨ-
ɦɚɪɧɨɦ ɭɪɨɜɧɟ. Ɋɟɚɥɶɧɨɟ ɱɢɫɥɨ ɚɬɨɦɨɜ, ɜɤɥɸɱɟɧɧɨɟ ɜ ɤɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ, ɪɚɜɧɨ 51 ɞɥɹ 
ɫɢɫɬɟɦɵ AХ-AХ, 44 – ɞɥɹ А-А ɢ 30+18 – ɞɥɹ AХ-А. Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɢɞɟɚɥɶɧɨ ɝɥɚɞɤɚɹ ɩɨɜɟɪɯɧɨɫɬɶ. 

Ɋɢɫ. 1. ɋɬɚɪɬɨɜɵɟ ɤɨɧɮɢɝɭɪɚɰɢɢ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɧɚɧɨɫɢɫɬɟɦ: 1) AХ-AХ, 2) А-А, 3) AХ-А. 

Ʉɨɦɩɶɸɬɟɪɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɧɚɯɨɞɢɬɫɹ ɪɚɜɧɨɜɟɫɧɨɟ ɪɚɫ-
ɫɬɨɹɧɢɟ ɫɢɫɬɟɦɵ, ɬ.ɟ. ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɢɫɫɥɟɞɭɟɦɵɦɢ ɨɛɴɟɤɬɚɦɢ, ɩɪɢ ɤɨɬɨɪɨɦ ɟɟ ɩɨɥɧɚɹ ɷɧɟɪɝɢɹ 
ɦɢɧɢɦɚɥɶɧɚ. Ⱦɚɥɟɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɦɧɨɝɨɤɪɚɬɧɚɹ ɞɟɮɨɪɦɚɰɢɹ ɫɢɫɬɟɦɵ, ɢɦɢɬɢɪɭɸɳɚɹ ɩɪɨɰɟɫɫ ɬɪɟɧɢɹ, 
ɩɪɢ ɡɚɮɢɤɫɢɪɨɜɚɧɧɵɯ ɧɚ ɫɜɨɢɯ ɩɨɡɢɰɢɹɯ ɧɢɠɧɟɦ ɫɥɨɟ ɩɥɚɫɬɢɧɵ ɢ ɞɜɭɯ ɜɟɪɯɧɢɯ ɫɥɨɹɯ ɫɬɟɪɠɧɹ. ɇɚ 
ɤɚɠɞɨɦ ɢɡ ɨɩɢɫɚɧɧɵɯ ɲɚɝɨɜ ɩɪɨɢɡɜɨɞɢɬɫɹ ɤɜɚɧɬɨɜɨ-ɦɟɯɚɧɢɱɟɫɤɢɣ ɪɚɫɱɟɬ, ɜɤɥɸɱɚɹ ɧɚɯɨɠɞɟɧɢɟ ɪɚɜ-
ɧɨɜɟɫɧɵɯ ɩɨɡɢɰɢɣ ɚɬɨɦɨɜ ɢ ɩɨɥɧɨɣ ɷɧɟɪɝɢɢ ɫɢɫɬɟɦɵ.   

ȼ ɩɪɨɰɟɫɫɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɥɧɚɹ ɷɧɟɪɝɢɹ ɫɢɫɬɟɦɵ ȿ ɢɡɦɟɧɹɟɬɫɹ, ɢ ɢɡ ɟɟ ɢɡɦɟɧɟɧɢɹ ΔE ɦɨɠ-

ɧɨ ɧɚɣɬɢ ɫɢɥɭ, ɩɪɨɬɢɜɨɞɟɣɫɬɜɭɸɳɭɸ ɞɜɢɠɟɧɢɸ ɫɬɟɪɠɧɹ, ɬ.ɟ. ɫɢɥɭ EF
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 ɝɞɟ Ф – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ.  

ɇɚ ɪɢɫ. 2 ɩɨɤɚɡɚɧɨ ɢɡɦɟɧɟɧɢɟ ɚɬɨɦɧɨɣ ɫɬɪɭɤɬɭɪɵ ɫɢɫɬɟɦɵ AХ-AХ ɜ ɩɪɨɰɟɫɫɟ ɞɜɢɠɟɧɢɹ ɚɥɸ-
ɦɢɧɢɟɜɨɝɨ ɧɚɧɨɫɬɟɪɠɧɹ ɩɨ ɚɥɸɦɢɧɢɟɜɨɣ ɧɚɧɨɩɥɚɫɬɢɧɟ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɞɚɜɥɟɧɢɹɯ. ɂɡ ɪɢɫ. 2 ɫɥɟɞɭɟɬ, 
ɱɬɨ ɧɚɧɨɫɬɟɪɠɟɧɶ ɡɚɦɟɬɧɨ ɪɚɡɪɭɲɚɟɬɫɹ ɡɚ ɫɱɟɬ ɫɢɥ ɚɞɝɟɡɢɢ: ɩɪɨɢɫɯɨɞɢɬ ɨɬɪɵɜ ɜɟɪɯɧɢɯ ɫɥɨɟɜ ɫɬɟɪɠ-
ɧɹ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɧɚɧɨɩɥɚɫɬɢɧɚ ɥɢɲɶ ɫɥɟɝɤɚ ɞɟɮɨɪɦɢɪɭɟɬɫɹ. 

ɇɚ ɪɢɫ. 3 ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ А-А ɩɪɢ P=0 ɢ ɩɪɢ ɧɚɥɢɱɢɢ ɞɚɜɥɟ-
ɧɢɹ, ɩɪɢɥɨɠɟɧɧɨɝɨ ɤ ɫɬɟɪɠɧɸ ɜ ɧɚɩɪɚɜɥɟɧɢɢ Г, ɩɪɢ P=350 Ƚɉɚ, P=433 Ƚɉɚ, P=610 Ƚɉɚ ɫɨɨɬɜɟɬ-
ɫɬɜɟɧɧɨ. ȼɢɞɧɨ, ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɞɚɜɥɟɧɢɹ ɜ ɫɢɫɬɟɦɟ А-А ɜɨɡɪɚɫɬɚɟɬ ɞɟɮɨɪɦɚɰɢɹ ɫɬɟɪɠɧɹ, ɩɥɚ-
ɫɬɢɧɚ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɞɟɮɨɪɦɢɪɭɟɬɫɹ. 

ɇɚ ɪɢɫ. 4 ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ AХ-А (ɚɥɸɦɢɧɢɣ-ɩɥɚɫɬɢɧɚ, ɜɨɥɶ-
ɮɪɚɦ-ɫɬɟɪɠɟɧɶ) ɩɪɢ P=0 ɢ ɩɪɢ ɧɚɥɢɱɢɢ ɞɚɜɥɟɧɢɹ, ɩɪɢɥɨɠɟɧɧɨɝɨ ɤ ɫɬɟɪɠɧɸ ɜ ɧɚɩɪɚɜɥɟɧɢɢ Г ɩɪɢ 
P=0,3 Ƚɉɚ, P=14.8 Ƚɉɚ ɢ P=18 Ƚɉɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ȼɢɞɧɨ, ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɞɚɜɥɟɧɢɹ ɜ ɫɢɫɬɟɦɟ 
AХ-А ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɞɟɮɨɪɦɚɰɢɹ ɫɬɟɪɠɧɹ, ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɟɝɨ ɪɚɡɪɭɲɟɧɢɟɦ, ɧɚɧɨɩɥɚɫɬɢɧɚ ɫɥɟɝɤɚ 
ɞɟɮɨɪɦɢɪɭɟɬɫɹ, ɧɨ ɧɟ ɪɚɡɪɭɲɚɟɬɫɹ.  
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Ɋɢɫ. 2. ɂɡɦɟɧɟɧɢɟ ɚɬɨɦɧɨɣ ɫɬɪɭɤɬɭɪɵ ɫɢɫɬɟɦɵ AХ-AХ ɜ ɩɪɨɰɟɫɫɟ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ  
ɩɪɨɰɟɫɫɚ ɬɪɟɧɢɹ ɩɪɢ ɪɚɡɧɨɦ ɞɚɜɥɟɧɢɢ P; ɰɢɮɪɚɦɢ ɩɨɤɚɡɚɧɵ ɜɟɥɢɱɢɧɵ ɫɦɟɳɟɧɢɹ ɜɟɪɯɧɟɝɨ ɫɥɨɹ 

ɫɬɟɪɠɧɹ ɩɨ ɨɫɢ Б ɜ ɚɬɨɦɧɵɯ ɟɞɢɧɢɰɚɯ. 

Ɋɢɫ. 3. ɂɡɦɟɧɟɧɢɟ ɚɬɨɦɧɨɣ ɫɬɪɭɤɬɭɪɵ А-А ɜ ɩɪɨɰɟɫɫɟ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɞɚɜɥɟɧɢɹɯ P. 

Ɋɢɫ. 4. ɂɡɦɟɧɟɧɢɟ ɚɬɨɦɧɨɣ ɫɬɪɭɤɬɭɪɵ AХ-А ɜ ɩɪɨɰɟɫɫɟ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ  
ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɞɚɜɥɟɧɢɹɯ P. 
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ɇɚ ɪɢɫ. 5 ɢɡɨɛɪɚɠɟɧɨ ɢɡɦɟɧɟɧɢɟ ɜɵɱɢɫɥɟɧɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɪɟɧɢɹ ɩɨɤɨɹ ɨɬ ɫɠɚɬɢɹ 
ɫɬɟɪɠɧɹ ɞɥɹ ɫɢɫɬɟɦ AХ-AL, А-А, AХ-А. 

Ɋɢɫ. 5. Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɟɧɢɹ ɜ ɫɢɫɬɟɦɟ AХ-AХ, А-А, AХ-А ɨɬ ɞɚɜɥɟɧɢɹ. 

ɉɪɨɜɟɞɟɧɧɵɟ ɪɚɫɱɟɬɵ ɩɨɡɜɨɥɹɸɬ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ: 
1. ȼ ɩɪɨɰɟɫɫɟ ɬɪɟɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɪɚɡɪɭɲɟɧɢɟ ɫɬɟɪɠɧɹ, ɩɥɚɫɬɢɧɚ ɬɨɥɶɤɨ ɞɟɮɨɪ-

ɦɢɪɭɟɬɫɹ, ɜ ɫɥɭɱɚɟ А-А ɞɟɮɨɪɦɚɰɢɹ ɩɥɚɫɬɢɧɵ- ɦɢɧɢɦɚɥɶɧɚ. 
2. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɞɚɜɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɜ ɫɢɫɬɟɦɟ AХ-AL ɭɦɟɧɶɲɚɟɬɫɹ. ȼ ɫɢɫɬɟɦɚɯ 

AХ-А, А-А ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. 

                                                             

1. BОМФsЭОНЭО, M.,KХОв, A., σОЮРОЛКЮОr, J., SМСОППХОr, M. DОЧsТЭв ПЮЧМЭТШЧКХ ЭСОШrв МКХМЮХКЭТШЧs ПШr pШХв-КЭШЦТМ 
sвsЭОЦs: ОХОМЭrШЧ sЭrЮМЭЮrО, sЭКЭТМ КЧН ОХКsЭТМ prШpОrЭТОs КЧН КЛ ТЧТЭТШ ЦШХОМЮХКr НвЧКЦТМs // CШЦp. PСвs. CШЦЦЮЧ. – 
1997. – V. 107. – P. 187-205. 

2. KrКЭгОr, P., MШrРКЧ, C.G., PОЧОЯ, E., RШsК, A.L., SМСТЧНХЦКвr, A. FHI98ЦН CШЦpЮЭОr МШНО ПШr НОЧsТЭв- ПЮЧМ-
ЭТШЧКХ ЭСОШrв МКХМЮХКЭТШЧs ПШr pШХв-КЭШЦТМ sвsЭОЦs UsОr’s ЦКЧЮКХ, 1999. – 64 p. 

3. CШСОЧ, M.L., HОТЧО, V. PsОЮНШpШЭОЧЭТКХ ЭСОШrв ШП МШСОsТШЧ КЧН sЭrЮМЭЮrО // IЧ: SШХТН SЭКЭО PСвsТМs. – σ.В.: AМК-
НОЦТМ PrОss, 1970. – V. 24. – P. 250. 

4. FЮМСs, M., SМСОППХОr, M. AЛ ТЧТЭТШ psОЮНШpШЭОЧЭТКХs ПШr ОХОМЭrШЧТМ sЭrЮМЭЮrО  МКХМЮХКЭТШЧs ШП pШХв-КЭШЦТМ sвsЭОЦs 
ЮsТЧР НОЧsТЭв ПЮЧМЭТШЧКХ ЭСОШrв // CШЦp. PСвs. CШЦЦЮЧ. – 1999. – V. 119. – P. 67-165. 

5. TrШЮХХТОr, σ., MКrЭТЧs, J.L. EППТМТОЧЭ psОЮНШpШЭОЧЭТКХs ПШr pХКЧО-аКЯО МКХМЮХКЭТШЧs // PСвs. RОЯ. B. – 1991. – 
V. 43. – P. 1993-2006. 
 
 
 
ɍȾɄ 537.226 

Ɉ.ȼ. ȿɮɢɦɨɜɚ, ȿ.ȼ. ɋɬɭɤɨɜɚ, ȿ.ɘ. Ʉɨɪɨɥɟɜɚ, Ɋ.ȼ. ɋɭɯɚɧɨɜ  
 

ɊȺɁɆȿɊɇɕɃ ɗɎɎȿɄɌ ȼ ɇȺɇɈɄɈɆɉɈɁɂɌȿ ɇȺ ɈɋɇɈȼȿ ɇɂɌɊɂɌȺ ɇȺɌɊɂə,  
ȼɇȿȾɊȿɇɇɈȽɈ ȼ ɆȺɌɊɂɐɍ 3D-SBA-15 

 
Иɫɫɥɟɞɨɜɚɧɵ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɟ ɢ ɩɪɨɜɨɞɹɳɢɟ ɫɜɨɣɫɬɜɚ ɧɢɬɪɢɬɚ ɧɚɬɪɢɹ, 
ɜɧɟɞɪɟɧɧɨɝɨ ɜ ɦɚɬɪɢɰɭ 3D-SBA-15. Иɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɪɟɠɢɦɟ 
ɧɚɝɪɟɜ – ɨɯɥɚɠɞɟɧɢɟ. ɉɨɤɚɡɚɧɨ ɭɜɟɥɢɱɟɧɢɟ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨ-
ɫɬɢ ɧɚ ɧɢɡɤɢɯ ɱɚɫɬɨɬɚɯ з ɜ 10 ɪɚɡ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɛɴɟɦɧɵɦ ɧɢɬɪɢɬɨɦ 
ɧɚɬɪɢɹ. Ɉɫɧɨɜɧɵɦ ɦɟɯɚɧɢɡɦɨɦ ɩɪɨɜɨɞɢɦɨɫɬɢ ɹɜɥɹɟɬɫɹ ɬɟɪɦɨɚɤɬɢɜɚ-
ɰɢɨɧɧɵɣ ɦɟɯɚɧɢɡɦ, ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɞɥɹ ɧɚɧɨɪɚɡɦɟɪɧɨɝɨ ɧɢɬɪɢɬɚ 
ɧɚɬɪɢɹ ɦɟɧɶɲɟ, ɱɟɦ ɞɥɹ ɨɛɴɟɦɧɨɝɨ. 

Кɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɫɟɝɧɟɬɨɷɥɟɤɬɪɢɤ, ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ, ɮɚ-
ɡɨɜɵɣ ɩɟɪɟɯɨɞ, ɪɚɡɦɟɪɧɵɟ ɷɮɮɟɤɬɵ. 


