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ɩɪɨɰɟɫɫɨɜ ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ ɜ ɨɛɥɚɫɬɢ ɨɛɪɚɡɰɚ, 
ɛɥɢɡɤɨɣ ɤ ɧɚɱɚɥɭ ɞɜɢɠɟɧɢɹ ɢɫɬɨɱɧɢɤɚ, ɢ ɫɨɫɬɚɜ, ɢ 
ɩɨɥɟ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɢ ɞɟɮɨɪɦɚɰɢɣ ɨɤɚ-
ɡɵɜɚɸɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨ ɧɟ ɨɞɧɨɪɨɞɧɵɦɢ. ɉɪɢ 
xĺ0, ɨɱɟɜɢɞɧɨ, ɧɚɩɪɹɠɟɧɢɹ ɧɭɥɟɜɵɟ. ɉɨɞɨɛɧɵɟ 
ɷɮɮɟɤɬɵ ɨɛɧɚɪɭɠɢɜɚɸɬɫɹ ɢ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɹɯ. 

Ɋɟɡɭɥɶɬɚɬɵ ɡɚɜɢɫɹɬ ɨɬ ɜɵɛɪɚɧɧɨɣ ɫɢɫɬɟɦɵ, 
ɭɫɥɨɜɢɣ ɫɢɧɬɟɡɚ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ 
ɩɨɞɞɟɪɠɤɟ ɊɎɎɂ (ɧɚɭɱɧɵɣ ɩɪɨɟɤɬɚ ʋ 1γ-03-
0117λИɚ). 
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ȼɜɟɞɟɧɢɟ 
ɋɨɜɪɟɦɟɧɧɵɟ ɧɚɭɱɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɱɚɫɬɨ 

ɬɪɟɛɭɸɬ ɩɪɢɦɟɧɟɧɢɟ ɬɨɦɨɝɪɚɮɢɢ ɞɥɹ ɢɡɭɱɟɧɢɹ 
ɜɧɭɬɪɟɧɧɟɣ ɫɬɪɭɤɬɭɪɵ ɨɛɴɟɤɬɚ, ɬɚɤ ɤɚɤ ɨɧɚ ɩɨɡɜɨ-
ɥɹɟɬ ɢɡɭɱɢɬɶ ɜɧɭɬɪɟɧɧɸɸ ɫɬɪɭɤɬɭɪɭ ɨɛɴɟɤɬɚ ɛɟɡ 
ɮɢɡɢɱɟɫɤɨɝɨ ɜɦɟɲɚɬɟɥɶɫɬɜɚ. Ɉɞɧɚɤɨ, ɩɪɢɦɟɧɟɧɢɟ 
ɬɨɦɨɝɪɚɮɢɢ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɨɛɥɭɱɟɧɢɟ ɨɛɪɚɡɰɚ, 
ɱɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɟɝɨ ɫɦɟɪɬɢ ɢɥɢ ɪɚɡɪɭɲɟɧɢɸ. 

Ɉɫɨɛɟɧɧɨ ɨɫɬɪɨ ɩɪɨɛɥɟɦɚ ɫɦɟɪɬɢ ɢɫɫɥɟɞɭɟɦɨ-
ɝɨ ɨɛɴɟɤɬɚ ɫɬɨɢɬ ɜ ɨɛɥɚɫɬɢ ɛɢɨɥɨɝɢɢ ɪɚɡɜɢɬɢɹ. ȼ 
ɪɚɛɨɬɟ Д1Ж ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɨ ɩɨɜɟɞɟɧɢɟ ɤɥɟɬɨɤ 
ɜ ɠɢɜɨɦ ɷɦɛɪɢɨɧɟ ɝɥɚɞɤɨɣ ɲɩɨɪɰɟɜɨɣ ɥɹɝɭɲɤɢ 
(Xenopus leavis) ɧɚ ɫɬɚɞɢɢ ɝɚɫɬɪɭɥɵ. Ⱥɜɬɨɪɵ ɩɨɤɚ-
ɡɚɥɢ ɦɢɝɪɚɰɢɸ ɤɥɟɬɨɤ ɬɨɥɶɤɨ ɧɚ ɫɬɚɞɢɢ ɝɚɫɬɪɭɥɵ 
ɩɨɬɨɦɭ, ɱɬɨ ɷɦɛɪɢɨɧ ɛɵɫɬɪɨ ɩɨɝɢɛɚɥ ɩɨɞ ɞɟɣɫɬɜɢ-
ɟɦ ɢɡɥɭɱɟɧɢɹ. 

Ⱦɥɹ ɫɧɢɠɟɧɢɹ ɞɨɡɵ ɨɛɥɭɱɟɧɢɹ ɫɭɳɟɫɬɜɭɟɬ ɬɪɢ 
ɩɨɞɯɨɞɚμ 

 ɫɧɢɠɟɧɢɟ ɷɧɟɪɝɢɢ ɩɭɱɤɚ; 
 ɫɧɢɠɟɧɢɟ ɜɪɟɦɟɧɢ ɨɛɥɭɱɟɧɢɹ; 
 ɫɧɢɠɟɧɢɟ ɱɢɫɥɚ ɩɪɨɟɤɰɢɣ. 
ɉɟɪɜɵɟ ɞɜɚ – ɜɟɞɭɬ ɤ ɧɟɞɨɫɬɚɬɨɱɧɨɦɭ ɤɨɥɢɱɟ-

ɫɬɜɭ ɡɚɮɢɤɫɢɪɨɜɚɧɧɵɯ ɮɨɬɨɧɨɜ, ɱɬɨ, ɜ ɫɜɨɸ ɨɱɟ-
ɪɟɞɶ, ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɲɭɦɚ ɧɚ ɩɨɥɭɱɟɧ-
ɧɵɯ ɞɚɧɧɵɯ. ɉɨɫɥɟɞɧɢɣ ɩɨɞɯɨɞ ɜɟɞɟɬ ɤ ɧɟɞɨɫɬɚɬ-
ɤɭ ɢɡɦɟɪɟɧɢɣ, ɱɬɨ ɧɚɪɭɲɚɟɬ ɬɟɨɪɟɦɭ ɇɚɣɤɜɢɫɬɚ-
ɒɟɧɧɨɧɚ.  

ȼɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɢɡɦɟɪɟɧɢɹ ɫɚɦɢ ɩɨ ɫɟɛɟ ɧɢɱɟɝɨ 
ɧɟ ɝɨɜɨɪɹɬ ɨ ɜɧɭɬɪɟɧɧɟɣ ɫɬɪɭɤɬɭɪɟ ɫɥɨɠɧɨɝɨ ɨɛɴ-
ɟɤɬɚ, ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɟɫɬɢ ɜɨɫɫɨɡɞɚɧɢɟ ɟɝɨ 
ɬɪɟɯɦɟɪɧɨɣ ɦɨɞɟɥɢ. Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɞɚɧɧɨɣ ɡɚ-
ɞɚɱɢ, ɜ ɬɨɦɨɝɪɚɮɢɢ ɫɭɳɟɫɬɜɭɸɬ ɫɩɟɰɢɚɥɶɧɵɟ ɦɟ-
ɬɨɞɵ, ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɚɧɚɥɢɬɢɱɟɫɤɢɟ 
ɢ ɢɬɟɪɚɰɢɨɧɧɵɟ. ɂɬɟɪɚɰɢɨɧɧɵɟ ɦɟɬɨɞɵ, ɜ ɫɜɨɸ 
ɨɱɟɪɟɞɶ, ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɢ ɚɥ-
ɝɟɛɪɚɢɱɟɫɤɢɟ ɦɟɬɨɞɵ. Ⱥɧɚɥɢɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɨɬ-
ɥɢɱɚɸɬɫɹ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɶɸ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɢ 
ɜɵɫɨɤɢɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɤɚɱɟɫɬɜɭ ɢ ɩɨɥɧɨɬɟ ɩɨ-

ɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ. ɂɬɟɪɚɰɢɨɧɧɵɟ ɦɟɬɨɞɵ, ɧɚɩɪɨ-
ɬɢɜ, ɢɦɟɸɬ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɭɸ ɫɤɨɪɨɫɬɶ ɪɟɤɨɧ-
ɫɬɪɭɤɰɢɢ ɢ ɦɟɧɟɟ ɬɪɟɛɨɜɚɬɟɥɶɧɵ ɤ ɤɚɱɟɫɬɜɭ ɢ 
ɩɨɥɧɨɬɟ ɞɚɧɧɵɯ, ɜɜɢɞɭ ɜɨɡɦɨɠɧɨɫɬɢ ɦɨɞɟɥɢɪɨɜɚ-
ɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢ ɜɫɬɪɚɢɜɚɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ 
ɢɧɮɨɪɦɚɰɢɢ ɜ ɦɨɞɟɥɶ.  

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɜ ɡɚɞɚɱɚɯ, ɝɞɟ ɬɪɟɛɭɟɬɫɹ ɫɧɢɡɢɬɶ 
ɞɨɡɭ ɨɛɥɭɱɟɧɢɹ ɨɛɪɚɡɰɚ, ɫɥɟɞɭɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɢɬɟɪɚɰɢɨɧɧɵɟ ɦɟɬɨɞɵ ɪɟɤɨɧɫɬɪɭɤɰɢɢ. ɉɪɢɧɢɦɚɹ 
ɜɨ ɜɧɢɦɚɧɢɟ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɤɨɥɢɱɟɫɬɜɨ ɞɚɧɧɵɯ, 
ɩɨɥɭɱɚɟɦɵɯ ɫ ɨɞɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜɵɫɨɤɨ (ɪɟ-
ɤɨɧɫɬɪɭɤɰɢɹ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ γ ɝɢɝɚɜɨɤɫɟɥɟɣ [2]), 
ɫɤɨɪɨɫɬɶ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɬɚɤɠɟ ɢɝɪɚɟɬ ɜɚɠɧɭɸ 
ɪɨɥɶ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɚɥɢɡɭɟɦɵɟ ɦɟɬɨɞɵ ɞɨɥɠ-
ɧɵ ɦɚɤɫɢɦɚɥɶɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɨɫɬɭɩɧɵɟ ɜɵɱɢɫ-
ɥɢɬɟɥɶɧɵɟ ɪɟɫɭɪɫɵ, ɬɚɤɢɟ ɤɚɤ ɰɟɧɬɪɚɥɶɧɵɟ ɩɪɨ-
ɰɟɫɫɨɪɵ (CPU) ɢ ɝɪɚɮɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɨɪɵ (GPU). 

 
ȼɵɹɜɥɟɧɢɟ ɬɪɟɛɨɜɚɧɢɣ ɤ ɩɪɨɝɪɚɦɦɧɨɦɭ 

ɨɛɟɫɩɟɱɟɧɢɸ 
ȼɫɟ ɢɬɟɪɚɰɢɨɧɧɵɟ ɦɟɬɨɞɵ ɢɫɩɨɥɶɡɭɸɬ ɦɨɞɟ-

ɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɩɪɨɟɰɢɪɨɜɚɧɢɹ ɞɥɹ ɜɵɛɪɚɧ-
ɧɨɣ ɝɟɨɦɟɬɪɢɢ ɩɭɱɤɚ, ɞɥɹ ɷɬɨɝɨ ɫɭɳɟɫɬɜɭɸɬ ɪɚɡ-
ɥɢɱɧɵɟ ɩɨɞɯɨɞɵ, ɤɨɬɨɪɵɟ ɨɬɥɢɱɚɸɬɫɹ ɩɨ ɬɨɱɧɨ-
ɫɬɢ, ɫɤɨɪɨɫɬɢ ɢ ɜɨɡɦɨɠɧɨɫɬɢ ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɹ 
ɜɵɱɢɫɥɟɧɢɣ. Ʉɪɨɦɟ ɬɨɝɨ, ɫɧɢɠɟɧɢɟ ɞɨɡɵ ɨɛɥɭɱɟ-
ɧɢɹ ɨɞɧɢɦ ɢɡ ɭɤɚɡɚɧɧɵɯ ɜɵɲɟ ɫɩɨɫɨɛɨɜ ɜɟɞɟɬ ɤ 
ɧɟɞɨɨɩɪɟɞɟɥɟɧɧɨɣ ɡɚɞɚɱɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ, ɢɦɟɸ-
ɳɟɣ ɦɧɨɠɟɫɬɜɨ ɪɟɲɟɧɢɣ-ɤɚɧɞɢɞɚɬɨɜ. Ⱦɥɹ ɜɵɛɨɪɚ 
ɧɚɢɥɭɱɲɟɝɨ ɪɟɲɟɧɢɹ ɜ ɦɨɞɟɥɶ ɜɜɨɞɹɬ ɞɨɩɨɥɧɢ-
ɬɟɥɶɧɭɸ ɢɧɮɨɪɦɚɰɢɸ (ɬ.ɟ. ɩɪɨɢɡɜɨɞɹɬ ɟɟ ɪɟɝɭɥɹ-
ɪɢɡɚɰɢɸ). 

ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɣ ɪɟɝɭɥɹɪɢɡɚɰɢɢ, ɤɚɤ ɩɪɚ-
ɜɢɥɨ, ɩɪɢɦɟɧɹɸɬ ɩɨɞɯɨɞ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɬɟɨɪɢɢ 
ɫɠɚɬɵɯ ɢɡɦɟɪɟɧɢɣ ДγЖ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɡɥɢɱ-
ɧɵɯ ɛɚɡɢɫɨɜ (ɜɟɣɜɥɟɬɵ, ɩɨɥɧɚɹ ɜɚɪɢɚɰɢɹ ɢ ɩɪ.). 
ɉɨɦɢɦɨ ɷɬɨɝɨ, ɜɨɡɦɨɠɧɨ ɩɪɢɦɟɧɹɬɶ ɞɨɩɨɥɧɢɬɟɥɶ-
ɧɵɟ ɨɝɪɚɧɢɱɟɧɢɹ. Ʉ ɩɪɢɦɟɪɭ, ɜɫɟ ɩɢɤɫɟɥɢ ɪɟɤɨɧ-
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ɫɬɪɭɢɪɭɟɦɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɞɨɥɠɧɵ ɛɵɬɶ ɩɨɥɨɠɢ-
ɬɟɥɶɧɵɦɢ (ɬ.ɤ. ɩɥɨɬɧɨɫɬɶ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɨɬɪɢɰɚ-
ɬɟɥɶɧɨɣ). ɂɥɢ ɠɟ, ɟɫɥɢ ɞɨɩɨɞɥɢɧɧɨ ɢɡɜɟɫɬɧɨ, ɱɬɨ 
ɨɛɴɟɤɬ ɫɨɞɟɪɠɢɬ ɛɨɥɶɲɢɟ ɨɞɧɨɪɨɞɧɵɟ ɨɛɥɚɫɬɢ, 
ɦɨɠɧɨ ɜɜɟɫɬɢ ɬɪɟɛɨɜɚɧɢɟ ɦɢɧɢɦɢɡɚɰɢɢ ɩɨɥɧɨɣ 
ɜɚɪɢɚɰɢɢ ɪɟɤɨɧɫɬɪɭɢɪɭɟɦɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ. 

Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɜɵɲɟɫɤɚɡɚɧɧɨɦ ɢ ɢɫɯɨɞɹ ɢɡ 
ɮɢɧɚɧɫɨɜɵɯ ɫɨɨɛɪɚɠɟɧɢɣ, ɚɜɬɨɪɚɦɢ ɫɬɚɬɶɢ ɛɵɥɢ 
ɜɵɜɟɞɟɧɵ ɫɥɟɞɭɸɳɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɩɪɨɝɪɚɦɦɧɨɦɭ 
ɨɛɟɫɩɟɱɟɧɢɸ, ɪɟɚɥɢɡɭɸɳɟɦɭ ɢɬɟɪɚɰɢɨɧɧɵɟ ɦɟɬɨ-
ɞɵ ɪɟɤɨɧɫɬɪɭɤɰɢɢμ 

 ɝɢɛɤɨɫɬɶ ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ ɦɟɬɨɞɚ; 
 ɪɚɫɲɢɪɹɟɦɨɫɬɶ; 
 ɢɫɩɨɥɶɡɨɜɚɧɢɟ GPU ɞɥɹ ɭɫɤɨɪɟɧɢɹ ɜɵ-

ɱɢɫɥɟɧɢɣν 
 ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɬɤɪɵɬɵɯ ɫɬɚɧɞɚɪɬɨɜ. 
 
Ɉɛɡɨɪ ɫɭɳɟɫɬɜɭɸɳɢɯ ɩɪɨɝɪɚɦɦɧɵɯ ɩɪɨ-

ɞɭɤɬɨɜ 
Ⱥɜɬɨɪɚɦɢ ɫɬɚɬɶ ɛɵɥ ɩɪɨɢɡɜɟɞɟɧ ɩɨɢɫɤ ɫɭɳɟ-

ɫɬɜɭɸɳɢɯ ɩɪɨɝɪɚɦɦɧɵɯ ɩɪɨɞɭɤɬɨɜ, ɪɟɚɥɢɡɭɸɳɢɯ 
ɢɬɟɪɚɰɢɨɧɧɵɟ ɦɟɬɨɞɵ ɪɟɤɨɧɫɬɪɭɤɰɢɢ. ɋɪɟɞɢ 
ɧɚɣɞɟɧɧɵɯ ɜɚɪɢɚɧɬɨɜ ɛɵɥɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɬɟ, 
ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɨɬɤɪɵɬɵɣ ɢɫɯɨɞɧɵɣ ɤɨɞ ɢ ɫɪɚɡɭ 
ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ. 

1. AIR Tools ɪɚɡɪɚɛɨɬɚɧ ɞɥɹ Matlab, ɨɧ ɪɟɚ-
ɥɢɡɭɟɬ ɛɚɡɨɜɵɟ ɚɥɝɟɛɪɚɢɱɟɫɤɢɟ ɦɟɬɨɞɵ, ɧɨ ɧɟ 
ɩɨɞɞɟɪɠɢɜɚɟɬ ɜɵɱɢɫɥɟɧɢɹ ɧɚ GPU, ɧɟ ɩɨɡɜɨɥɹɟɬ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɚɡɥɢɱɧɵɟ ɦɟɬɨɞɵ ɩɪɨɟɰɢɪɨɜɚɧɢɹ ɜ 
ɜɵɛɪɚɧɧɨɦ ɚɥɝɟɛɪɚɢɱɟɫɤɨɦ ɦɟɬɨɞɟ ɢ ɧɟ ɩɪɟɞɨ-
ɫɬɚɜɥɹɟɬ ɤɚɤɨɣ-ɥɢɛɨ ɪɟɝɭɥɹɪɢɡɚɰɢɢ.  

2. ASTRA Toolbox ɪɚɡɪɚɛɨɬɚɧ ɜ ɭɧɢɜɟɪɫɢɬɟ-
ɬɟ Ⱥɧɬɜɟɪɩɟɧɚ, ɨɧ ɪɟɚɥɢɡɭɟɬ ɛɚɡɨɜɵɟ ɢɬɟɪɚɰɢɨɧ-
ɧɵɟ ɦɟɬɨɞɵ, ɩɨɞɞɟɪɠɢɜɚɟɬ βD ɢ γD ɝɟɨɦɟɬɪɢɸ. 
Ɉɧ ɬɚɤ ɠɟ ɢɫɩɨɥɶɡɭɟɬ ɜɵɱɢɫɥɟɧɢɹ ɧɚ GPU, ɧɨ ɧɟ 
ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɝɢɛɤɨɫɬɢ ɜ ɜɵɛɨɪɟ ɦɟɬɨɞɚ ɩɪɨɟɰɢ-
ɪɨɜɚɧɢɹ ɢ ɧɟ ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɤɚɤɨɣ-ɥɢɛɨ ɪɟɝɭɥɹɪɢ-
ɡɚɰɢɢ (ɞɥɹ GPU ɜɟɪɫɢɢ). Ʉɪɨɦɟ ɬɨɝɨ, ɜɵɱɢɫɥɟɧɢɹ 
ɧɚ GPU ɨɪɝɚɧɢɡɨɜɚɧɵ ɫ ɩɨɦɨɳɶɸ ɩɪɨɩɪɢɟɬɚɪɧɨɣ 
ɛɢɛɥɢɨɬɟɤɢ CUDA, ɤɨɬɨɪɚɹ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɬɨɥɶ-
ɤɨ ɝɪɚɮɢɱɟɫɤɢɦɢ ɩɪɨɰɟɫɫɨɪɚɦɢ ɨɬ ɤɨɦɩɚɧɢɢ 
NVIDIA. 

3. OpenRecon ɪɟɚɥɢɡɨɜɚɧ ɞɥɹ Matlab, ɨɧ 
ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɛɚɡɨɜɵɟ ɢɬɟɪɚɰɢɨɧɧɵɟ ɦɟɬɨɞɵ ɪɟ-
ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɪɟɝɭɥɹɪɢɡɚɰɢɸ ɫ ɩɨɦɨɳɶɸ ɩɨɥɧɨɣ 
ɜɚɪɢɚɰɢɢ. Ɉɞɧɚɤɨ, ɞɚɧɧɵɣ ɩɪɨɞɭɤɬ ɧɟ ɢɫɩɨɥɶɡɭɟɬ 
GPU ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɜɵɱɢɫɥɟɧɢɣ.  

4. PyHST2 ɪɚɡɪɚɛɨɬɚɧ Ⱥɥɟɫɫɚɧɞɪɨ Ɇɢɪɨɧɟ, 
ɨɧ ɧɟ ɪɟɚɥɢɡɭɟɬ ɫɬɚɧɞɚɪɬɧɵɯ ɦɟɬɨɞɨɜ ɚɥɝɟɛɪɚɢɱɟ-
ɫɤɨɣ ɪɟɤɨɧɫɬɪɭɤɰɢɢ, ɜɦɟɫɬɨ ɧɢɯ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɢɬɟɪɚɰɢɨɧɧɵɣ ɦɟɬɨɞ ɨɛɪɚɬɧɨɝɨ ɩɪɨɟɰɢɪɨɜɚɧɢɹ ɫ 
ɮɢɥɶɬɪɚɰɢɟɣ. PвHSTβ ɧɟ ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɜɵɛɨɪɚ 
ɦɟɬɨɞɚ ɩɪɨɟɰɢɪɨɜɚɧɢɹ, ɧɨ ɞɨɩɭɫɤɚɟɬ ɪɟɝɭɥɹɪɢɡɚ-
ɰɢɸ, ɨɫɧɨɜɚɧɧɭɸ ɧɚ ɩɨɥɧɨɣ ɜɚɪɢɚɰɢɢ ɢ ɪɟɝɭɥɹɪɢ-
ɡɚɰɢɸ, ɨɫɧɨɜɚɧɧɭɸ ɧɚ ɩɨɜɟɪɯɧɨɫɬɹɯ ɫ ɨɝɪɚɧɢɱɟɧ-
ɧɵɦɢ ɩɟɪɟɤɪɵɬɢɹɦɢ. ȼɫɟ ɨɩɟɪɚɰɢɢ ɜɵɩɨɥɧɹɸɬɫɹ 
ɧɚ GPU ɢ CPU, ɨɞɧɚɤɨ, ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɨɩɟɪɚɰɢɣ 
ɧɚ GPU ɩɪɢɦɟɧɹɥɚɫɶ ɛɢɛɥɢɨɬɟɤɚ CUDA, ɩɨɷɬɨɦɭ 
ɨɧɢ ɪɚɛɨɬɚɸɬ ɬɨɥɶɤɨ ɧɚ ɝɪɚɮɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɪɚɯ 
ɤɨɦɩɚɧɢɢ NVIDIA. 

 
Ȼɢɛɥɢɨɬɟɤɚ UfoART 
ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɚɧɚɥɢɡɚ ɫɭɳɟɫɬɜɭɸɳɟɝɨ ɩɪɨ-

ɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ, ɚɜɬɨɪɚɦɢ ɛɵɥɨ ɩɪɢɧɹɬɨ 
ɪɟɲɟɧɢɟ ɨ ɪɚɡɪɚɛɨɬɤɟ ɢ ɪɟɚɥɢɡɚɰɢɢ ɫɨɛɫɬɜɟɧɧɨɣ 
ɛɢɛɥɢɨɬɟɤɢ, ɨɬɜɟɱɚɸɳɟɣ ɡɚɹɜɥɟɧɧɵɦ ɬɪɟɛɨɜɚɧɢ-
ɹɦ. ȼ ɤɚɱɟɫɬɜɟ ɛɚɡɵ ɛɵɥ ɜɵɛɪɚɧ ɮɪɟɣɦɜɨɪɤ UFO 
Д4Ж, ɩɪɟɞɨɫɬɚɜɥɹɸɳɢɣ ɭɞɨɛɧɵɟ ɦɟɯɚɧɢɡɦɵ ɪɚɛɨɬɵ 
ɫ ɩɚɦɹɬɶɸ ɢ ɞɢɧɚɦɢɱɟɫɤɨɣ ɡɚɝɪɭɡɤɢ ɩɪɨɝɪɚɦɦɧɵɯ 
ɦɨɞɭɥɟɣ. 

Ⱥɜɬɨɪɚɦɢ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɢ ɪɟɚɥɢɡɨɜɚɧɚ 
ɛɢɛɥɢɨɬɟɤɚ UfoART, ɚ ɬɚɤ ɠɟ ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ 
ɡɚɞɚɱɚ, ɩɨɡɜɨɥɹɸɳɚɹ ɛɟɡ ɬɪɭɞɚ ɫɤɨɦɩɨɧɨɜɚɬɶ ɢ 
ɢɧɬɟɝɪɢɪɨɜɚɬɶ ɢɬɟɪɚɰɢɨɧɧɵɣ ɦɟɬɨɞ ɪɟɤɨɧɫɬɪɭɤ-
ɰɢɢ ɜ ɩɪɨɰɟɫɫ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ. ȼ ɛɢɛɥɢɨɬɟɤɟ 
UfoART ɧɚ ɬɟɤɭɳɢɣ ɦɨɦɟɧɬ ɪɟɚɥɢɡɨɜɚɧɵ ɚɥɝɨ-
ɪɢɬɦɵ SART ɢ SIRT, ɚ ɬɚɤɠɟ ɞɢɧɚɦɢɱɟɫɤɢɟ ɦɨɞɭ-
ɥɢ ɦɟɬɨɞɚ ɩɪɨɟɰɢɪɨɜɚɧɢɹ Joseph ɢ ɪɟɝɭɥɹɪɢɡɚɬɨɪɚ 
Total Variation. 

ɋ ɩɨɦɨɳɶɸ ɛɢɛɥɢɨɬɟɤɢ UfoART ɚɜɬɨɪɚɦɢ ɛɵ-
ɥɚ ɩɪɨɢɡɜɟɞɟɧɚ ɪɟɤɨɧɫɬɪɭɤɰɢɹ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ 
ɧɚɛɨɪɚ ɞɚɧɧɵɯ – ɮɚɧɬɨɦɚ ɒɟɩɩɚ Ʌɨɝɚɧɚ (ɪɢɫ. 1), 
ɫ ɪɟɝɭɥɹɪɢɡɚɰɢɟɣ ɢ ɛɟɡ ɧɟɟ. 

 

 
Ɋɢɫ. 1. Ɏɚɧɬɨɦ ɒɟɩɩɚ-Ʌɨɝɚɧɚ 

 
ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɛɵɥɢ ɫɨɩɨɫɬɚɜɥɟɧɵ 

ɫ ɷɬɚɥɨɧɨɦ ɢ ɪɟɤɨɧɫɬɪɭɤɰɢɟɣ, ɩɨɥɭɱɟɧɧɨɣ ɦɟɬɨ-
ɞɨɦ ɨɛɪɚɬɧɨɝɨ ɩɪɨɟɰɢɪɨɜɚɧɢɹ 
ɫ ɮɢɥɶɬɪɚɰɢɟɣ (FBP) (ɪɢɫ. 2). 
 

 
Ɋɢɫ. β. Ɋɟɤɨɧɫɬɪɭɤɰɢɹ ɮɚɧɬɨɦɚ ɒɟɩɩɚ-Ʌɨɝɚɧɚ 

ɪɚɡɥɢɱɧɵɦɢ ɦɟɬɨɞɚɦɢ. ɉɨɫɬɪɨɟɧɢɟ ɩɪɨɮɢɥɹ ɱɟɪɟɡ 
ɬɪɢ ɧɢɠɧɢɯ ɨɜɚɥɚ 
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Ɂɚɤɥɸɱɟɧɢɟ 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɨ 

ɜɵɹɜɥɟɧɨ ɨɬɫɭɬɫɬɜɢɟ ɩɨɥɧɨɫɬɶɸ ɨɬɤɪɵɬɨɝɨ ɩɪɨ-
ɝɪɚɦɦɧɨɝɨ ɩɪɨɞɭɤɬɚ, ɤɨɬɨɪɵɣ ɩɪɟɞɨɫɬɚɜɥɹɥ ɛɵ 
ɧɚɛɨɪ ɪɟɲɚɬɟɥɟɣ, ɦɟɬɨɞɨɜ ɪɟɝɭɥɹɪɢɡɚɰɢɢ ɢ ɩɪɨ-
ɟɰɢɪɨɜɚɧɢɹ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɢɯ ɤɨɦɛɢɧɢɪɨɜɚɧɢɹ ɜ 
ɩɨɥɧɨɰɟɧɧɵɣ ɢɬɟɪɚɰɢɨɧɧɵɣ ɦɟɬɨɞ, ɢɫɩɨɥɶɡɭɸ-
ɳɢɣ ɜɨɡɦɨɠɧɨɫɬɢ CPU ɢ GPU ɞɥɹ ɭɫɤɨɪɟɧɢɹ ɜɵ-
ɱɢɫɥɟɧɢɣ. ɉɨɷɬɨɦɭ, ɚɜɬɨɪɚɦɢ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɢ 
ɪɟɚɥɢɡɨɜɚɧɚ ɨɬɤɪɵɬɚɹ ɛɢɛɥɢɨɬɟɤɚ UfoART, ɨɛɟɫ-
ɩɟɱɢɜɚɸɳɚɹ ɧɟɨɛɯɨɞɢɦɵɣ ɭɪɨɜɟɧɶ ɦɨɞɭɥɶɧɨɫɬɢ 
ɢɬɟɪɚɰɢɨɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɢ ɢɫɩɨɥɶɡɭɸɳɚɹ ɨɬɤɪɵ-
ɬɵɣ ɫɬɚɧɞɚɪɬ OpenCL ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɜɵɱɢɫɥɟɧɢɣ 
ɧɚ GPU. ɋ ɩɨɦɨɳɶɸ ɞɚɧɧɨɣ ɛɢɛɥɢɨɬɟɤɢ ɛɵɥɚ 
ɩɪɨɢɡɜɟɞɟɧɚ ɪɟɤɨɧɫɬɪɭɤɰɢɹ ɫɢɧɬɟɬɢɱɟɫɤɨɝɨ ɧɚɛɨ-
ɪɚ ɞɚɧɧɵɯ, ɩɨɤɚɡɚɜɲɚɹ ɭɥɭɱɲɟɧɢɟ ɤɚɱɟɫɬɜɚ ɪɟ-
ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɚɥɝɟɛɪɚɢɱɟɫɤɨɝɨ 
ɦɟɬɨɞɚ ɫ ɪɟɝɭɥɹɪɢɡɚɰɢɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ FBP. 

 

Ʌɢɬɟɪɚɬɭɪɚ 
1. Moosmann J. et al. X-ray phase-contrast in 

vivo microtomography probes new aspects of 
Xenopus gastrulation //Nature. – 2013. – Ɍ. 497. – ʋ. 
7449. – ɋ. γ74-377. 

2. Chilingaryan S. et al. A GPU-based architec-
ture for real-time data assessment at synchrotron ex-
periments //Nuclear Science, IEEE Transactions on. – 
2011. – Ɍ. 58. – ʋ. 4. – ɋ. 1447-1455. 

3. Donoho D. L. Compressed sensing 
//Information Theory, IEEE Transactions on. – 
2006. – Ɍ. 52. – ʋ. 4. – ɋ. 1βκλ-1306. 

4. Vogelgesang M. et al. UFO: A Scalable 
GPU-based Image Processing Framework for On-line 
Monitoring //High Performance Computing and 
Communication & 2012 IEEE 9th International Con-
ference on Embedded Software and Systems (HPCC-
ICESS), 2012 IEEE 14th International Conference 
on. – IEEE, 2012. – ɋ. 824-829. 

 
ȺɇȺɅɂɌɂɑȿɋɄɂȿ ɆȿɌɈȾɕ ȾɅə ɌɈɆɈȽɊȺɎɂɑȿɋɄɈɃ 

ɊȿɄɈɇɋɌɊɍɄɐɂɂ ȼ ɊȿȺɅɖɇɈɆ ȼɊȿɆȿɇɂ 
ɒɤɚɪɢɧ Ɋ.ȼ., ɒɤɚɪɢɧ Ⱥ.ȼ., ɐɚɩɤɨ ɋ.Ƚ. 
Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

6γ4050, Ɋɨɫɫɢɹ, ɝ. Ɍɨɦɫɤ, ɩɪ–ɬ Ʌɟɧɢɧɚ, γ0 
E-mail: mathii2009@gmail.com 

 
ȼɜɟɞɟɧɢɟ 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ, Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɢɧɫɬɢɬɭ-

ɬɨɦ Ʉɚɪɥɫɪɭɷ ɫɨɜɦɟɫɬɧɨ ɫ Ɍɨɦɫɤɢɦ ɩɨɥɢɬɟɯɧɢɱɟ-
ɫɤɢɦ ɭɧɢɜɟɪɫɢɬɟɬɨɦ ɢ ɪɹɞɨɦ ɞɪɭɝɢɯ ɪɨɫɫɢɣɫɤɢɯ 
ɜɭɡɨɜ, ɜɟɞɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɦɟɠɞɭɧɚɪɨɞɧɨɝɨ ɩɪɨɟɤ-
ɬɚ UFO (The Ultra-fast X-ray imaging of scientific 
processes with on-line assessment and data-driven 
process control) [1]. 

ɐɟɥɶɸ ɞɚɧɧɨɝɨ ɩɪɨɟɤɬɚ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ ɞɜɭɯ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɫɬɚɧɰɢɣμ ɩɟɪɜɚɹ ɞɨɥɠɧɚ ɛɵɬɶ 
ɫɨɡɞɚɧɚ ɢ ɜɧɟɞɪɟɧɚ ɧɚ ɫɬɚɧɰɢɢ IMAGE ɧɚ ɫɢɧɯɪɨ-
ɬɪɨɧɟ ANKA, ɤɨɬɨɪɵɣ ɩɪɢɧɚɞɥɟɠɢɬ Ɍɟɯɧɨɥɨɝɢɱɟ-
ɫɤɨɦɭ ɢɧɫɬɢɬɭɬɭ Ʉɚɪɥɫɪɭɷν ɜɬɨɪɚɹ ɫɬɚɧɰɢɹ ɞɨɥɠɧɚ 
ɛɵɬɶ ɩɨɫɬɪɨɟɧɚ ɧɚ ɫɢɧɯɪɨɬɪɨɧɟ ɋɢɛɢɪɶ-β, ɤɨɬɨ-
ɪɵɣ ɩɨɫɬɪɨɟɧ ɧɚ ɛɚɡɟ ɇɚɰɢɨɧɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚ-
ɬɟɥɶɫɤɨɝɨ ɰɟɧɬɪɚ «Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ». ɋɬɚɧ-
ɰɢɢ ɛɭɞɭɬ ɨɩɬɢɦɢɡɢɪɨɜɚɧɵ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɬɪɟɯ-
ɦɟɪɧɨɣ ɢ ɱɟɬɵɪɟɯɦɟɪɧɨɣ ɬɨɦɨɝɪɚɮɢɢ ɬɟɯɧɨɥɨɝɢ-
ɱɟɫɤɢɯ ɢ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɫ ɜɨɡɦɨɠɧɨ-
ɫɬɶɸ ɦɨɧɢɬɨɪɢɧɝɚ ɩɨɥɭɱɚɟɦɵɯ ɞɚɧɧɵɯ ɜ ɪɟɚɥɶɧɨɦ 
ɜɪɟɦɟɧɢ ɢ ɤɨɧɬɪɨɥɹ, ɤɚɤ ɫɚɦɨɝɨ ɨɛɪɚɡɰɚ, ɬɚɤ ɢ 
ɩɪɨɰɟɫɫɚ ɩɨɥɭɱɟɧɢɹ ɞɚɧɧɵɯ. 

ɗɬɨɬ ɩɪɨɟɤɬ ɹɜɥɹɟɬɫɹ ɭɧɢɤɚɥɶɧɵɦ ɩɨɬɨɦɭ, ɱɬɨ 
ɨɧ ɫɨɱɟɬɚɟɬ ɜ ɫɟɛɟ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɭɸ ɢ ɢɧɬɟɪɚɤ-
ɬɢɜɧɭɸ ɫɢɫɬɟɦɭ ɮɨɪɦɢɪɨɜɚɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛ-
ɪɚɠɟɧɢɣ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɤɨɦɛɢɧɢɪɨɜɚɬɶ ɩɪɨ-
ɰɟɫɫ ɭɩɪɚɜɥɟɧɢɹ ɨɛɪɚɡɰɨɦ ɢ ɩɚɪɚɦɟɬɪɚɦɢ ɥɭɱɚ. 
Ʉɪɨɦɟ ɷɬɨɝɨ, ɪɚɛɨɬɵ ɧɚɞ ɩɪɨɟɤɬɨɦ ɩɨɞɪɚɡɭɦɟɜɚɸɬ 
ɫɨɡɞɚɧɢɟ ɧɨɜɵɯ ɫɪɟɞɫɬɜ ɞɥɹ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ 
ɫɬɪɚɬɟɝɢɢ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ. ɉɪɢ ɷɬɨɦ ɜɦɟɫɬɨ 
ɯɪɚɧɟɧɢɹ ɞɚɧɧɵɯ ɜɨ ɜɧɭɬɪɟɧɧɟɣ ɩɚɦɹɬɢ ɤɚɦɟɪɵ ɫ 
ɩɨɫɥɟɞɭɸɳɢɦ ɩɟɪɟɦɟɳɟɧɢɟɦ ɢɯ ɧɚ ɜɧɟɲɧɟɟ ɯɪɚ-
ɧɢɥɢɳɟ, ɩɪɨɜɟɞɟɧɢɹ ɚɧɚɥɢɡɚ ɢ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ, 

ɪɟɤɨɧɫɬɪɭɤɰɢɹ ɢɡɨɛɪɚɠɟɧɢɣ ɛɭɞɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶ-
ɫɹ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɫɨɜɪɟɦɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɧɚ ɨɫɧɨɜɟ ɝɪɚɮɢɱɟɫɤɢɯ 
ɩɪɨɰɟɫɫɨɪɨɜ (GPU) ɢ ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɯ ɩɨɥɶɡɨɜɚ-
ɬɟɥɟɦ ɜɟɧɬɢɥɶɧɵɯ ɦɚɬɪɢɰɵ (FPGA). ɉɨɥɭɱɟɧɧɵɯ 
ɪɟɡɭɥɶɬɚɬ ɩɥɚɧɢɪɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɚɤ ɞɥɹ ɤɨɧ-
ɬɪɨɥɹ ɢɡɭɱɚɟɦɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ, ɬɚɤ 
ɢ ɞɥɹ ɤɚɥɢɛɪɨɜɤɢ ɩɚɪɚɦɟɬɪɨɜ ɥɭɱɚ ɢ ɩɨɥɨɠɟɧɢɹ 
ɢɡɭɱɚɟɦɨɝɨ ɨɛɪɚɡɰɚ. 

Ⱥɜɬɨɪɚɦɢ ɫɬɚɬɶɢ ɩɪɟɞɥɨɠɟɧɚ ɪɟɚɥɢɡɚɰɢɹ ɚɧɚ-
ɥɢɬɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɬɨɦɨɝɪɚɮɢɱɟ-
ɫɤɢɯ ɢɡɨɛɪɚɠɟɧɢɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɵɱɢɫɥɟɧɢɣ 
ɧɚ GPU, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɪɟɚɥɢɡɨɜɚɬɶ ɩɪɨɰɟɫɫ ɪɟ-
ɤɨɧɫɬɪɭɤɰɢɢ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ. ɉɪɢ ɷɬɨɦ, ɩɨ-
ɥɭɱɟɧɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɚɥɝɨɪɢɬɦɚ ɪɚɛɨɬɚɟɬ ɛɵɫɬɪɟɟ 
ɭɠɟ ɫɭɳɟɫɬɜɭɸɳɟɝɨ ɢ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɦɟ-
ɬɨɞɚ ɮɢɥɶɬɪɨɜɚɧɧɨɝɨ ɨɛɪɚɬɧɨɝɨ ɩɪɨɟɰɢɪɨɜɚɧɢɹ 
(ɎɈɉ). 

Ⱥɥɝɨɪɢɬɦ ɩɪɹɦɨɣ ɢɧɜɟɪɫɢɢ Ɏɭɪɶɟ 
Ⱦɚɧɧɵɣ ɦɟɬɨɞ [2, γЖ, ɤɚɤ ɢ ɜɫɟ ɚɧɚɥɢɬɢɱɟɫɤɢɟ 

ɦɟɬɨɞɵ ɨɫɧɨɜɚɧɵ ɧɚ ɬɟɨɪɟɦɟ ɨ ɰɟɧɬɪɚɥɶɧɨɦ ɫɟɱɟ-
ɧɢɢ. ɗɬɚ ɬɟɨɪɟɦɚ ɭɬɜɟɪɠɞɚɟɬ, ɱɬɨ, ɪɟɡɭɥɶɬɚɬ ɨɞ-
ɧɨɦɟɪɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɨɬ ɩɪɨɟɤɰɢɢ 
ɨɛɴɟɤɬɚ, ɜɡɹɬɨɣ ɩɨɞ ɨɩɪɟɞɟɥɟɧɧɵɦ ɭɝɥɨɦ, ɷɤɜɢɜɚ-
ɥɟɧɬɟɧ ɞɚɧɧɵɦ, ɪɚɫɩɨɥɨɠɟɧɧɵɦ ɜɞɨɥɶ ɥɢɧɢɢ, 
ɩɪɨɯɨɞɹɳɟɣ ɱɟɪɟɡ ɰɟɧɬɪ ɞɜɭɦɟɪɧɨɝɨ Ɏɭɪɶɟ ɞɨɦɟ-
ɧɚ ɩɨɞ ɬɟɦ ɠɟ ɫɚɦɵɦ ɭɝɥɨɦ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɨɩɢ-
ɫɚɧɧɨɣ ɬɟɨɪɟɦɨɣ, ɢɫɩɨɥɶɡɭɹ ɞɚɧɧɵɟ ɫɢɧɨɝɪɚɦɦɵ, 
ɜɨɡɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɪɟɤɨɧɫɬɪɭɤɰɢɸ ɩɨɩɟɪɟɱɧɨɝɨ 
ɫɟɱɟɧɢɹ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɴɟɤɬɚ, ɩɭɬɟɦ ɜɨɫɫɬɚɧɨɜ-
ɥɟɧɢɹ ɩɪɢɛɥɢɠɟɧɢɹ ɟɝɨ ɞɜɭɦɟɪɧɨɝɨ Ɏɭɪɶɟ ɞɨɦɟ-
ɧɚ. Ⱥɜɬɨɪɚɦɢ ɫɬɚɬɶɢ ɩɪɟɞɥɨɠɟɧɚ ɫɥɟɞɭɸɳɚɹ ɢɧ-
ɬɟɪɩɪɟɬɚɰɢɹ ɚɥɝɨɪɢɬɦɚ: 


