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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. 
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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: 
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1. ɐɢɤɥɢɱɟɫɤɢɣ ɫɞɜɢɝ ɢ ɞɨɩɨɥɧɟɧɢɟ ɧɭɥɹ-
ɦɢ. ȼ ɤɚɠɞɭɸ ɩɪɨɟɤɰɢɸ ɧɚ ɫɢɧɨɝɪɚɦɦɟ, ɞɨɛɚɜɥɹ-
ɟɬɫɹ ɫɬɨɥɶɤɨ ɧɭɥɟɣ, ɱɬɨɛɵ ɨɛɳɚɹ ɞɥɢɧɚ ɩɪɨɟɤɰɢɣ 
ɛɵɥɚ ɤɪɚɬɧɚ ɞɜɭɦ. 

2. ɉɪɢɦɟɧɟɧɢɟ ɨɞɧɨɦɟɪɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚ-
ɧɢɹ Ɏɭɪɶɟ. Ʉ ɤɚɠɞɨɣ ɩɪɨɟɤɰɢɢ ɭɠɟ ɢɡɦɟɧɟɧɧɨɣ 
ɫɢɧɨɝɪɚɦɦɵ, ɩɪɢɦɟɧɹɟɬɫɹ ɨɞɧɨɦɟɪɧɨɟ ɩɪɟɨɛɪɚɡɨ-
ɜɚɧɢɟ Ɏɭɪɶɟ. 

3. ɂɧɬɟɪɩɨɥɹɰɢɹ ɜ ɞɜɭɦɟɪɧɵɣ Ɏɭɪɶɟ ɞɨ-
ɦɟɧ. Ⱦɥɹ ɤɚɠɞɨɣ ɬɨɱɤɢ ɧɚ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɦɨɦ 
ɞɜɭɦɟɪɧɨɦ Ɏɭɪɶɟ ɞɨɦɟɧɟ, ɢɳɟɬɫɹ ɬɨɱɤɚ ɧɚ ɫɢɧɨ-
ɝɪɚɦɦɟ ɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɟɟ ɢɧɬɟɪɩɨɥɹɰɢɹ ɫ ɩɨɦɨ-
ɳɶɸ (ɢɧɬɟɪɩɨɥɹɰɢɢ ɩɨ ɛɥɢɠɚɣɲɟɦɭ ɫɨɫɟɞɭ, ɛɢ-
ɥɢɧɟɣɧɨɣ ɢɧɬɟɪɩɨɥɹɰɢɢ, ɫɩɥɚɣɧɨɜɨɣ ɢɧɬɟɪɩɨɥɹ-
ɰɢɢ, sinc-ɢɧɬɟɪɩɨɥɹɰɢɢ ɢɥɢ ɥɸɛɨɣ ɞɪɭɝɨɣ). ɋɬɨɢɬ 
ɨɬɦɟɬɢɬɶ, ɱɬɨ ɤɚɱɟɫɬɜɨ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɩɨɥɧɨɫɬɶɸ 
ɡɚɜɢɫɢɬ ɨɬ ɬɨɱɧɨɫɬɢ ɢ ɤɚɱɟɫɬɜɚ ɢɧɬɟɪɩɨɥɹɰɢɢ. 

4. ɉɪɢɦɟɧɟɧɢɟ ɨɛɪɚɬɧɨɝɨ ɞɜɭɦɟɪɧɨɝɨ 
Ɏɭɪɶɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ. Ʉ ɩɨɥɭɱɟɧɧɨɦɭ ɩɪɢɛɥɢ-
ɠɟɧɢɸ ɞɜɭɦɟɪɧɨɝɨ Ɏɭɪɶɟ ɞɨɦɟɧɚ ɪɟɤɨɧɫɬɪɭɢɪɭɟ-
ɦɨɝɨ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɴɟɤɬɚ 
ɩɪɢɦɟɧɹɟɬɫɹ ɨɛɪɚɬɧɨɟ ɞɜɭɦɟɪɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ 
Ɏɭɪɶɟ. 

5. ɉɨɥɭɱɟɧɢɟ ɢɧɬɟɪɟɫɭɟɦɨɣ ɨɛɥɚɫɬɢ ɧɚ ɪɟ-
ɤɨɧɫɬɪɭɤɰɢɢ. ɉɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɪɟɤɨɧɫɬɪɭɤɰɢɹ ɩɨ-
ɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɛɵɥɚ ɩɨɥɭɱɟɧɚ, ɧɟɨɛɯɨɞɢɦɨ 
ɜɵɪɟɡɚɬɶ ROI (Region of interest), ɩɨɫɤɨɥɶɤɭ, ɢɫ-
ɫɥɟɞɨɜɚɧɢɸ ɱɚɫɬɨ ɩɨɞɥɟɠɢɬ ɥɢɲɶ ɨɩɪɟɞɟɥɟɧɧɚɹ 
ɨɛɥɚɫɬɶ ɧɚ ɩɨɥɭɱɟɧɧɨɣ ɪɟɤɨɧɫɬɪɭɤɰɢɢ. 

 
ɋɪɚɜɧɟɧɢɟ ɤɚɱɟɫɬɜɚ ɪɟɤɨɧɫɬɪɭɤɰɢɢ 

 
Ɋɢɫ. 1. ɗɬɚɥɨɧɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɮɚɧɬɨɦɚ ɒɟɩɩɚ-

Ʌɨɝɚɧɚ 
 

Ⱥɜɬɨɪɚɦɢ ɫɬɚɬɶɢ ɛɵɥɨ ɩɪɨɜɟɞɟɧ ɫɪɚɜɧɢɬɟɥɶ-
ɧɵɣ ɚɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬɵ ɪɟɚɥɢɡɨɜɚɧɧɨɝɨ 
ɚɥɝɨɪɢɬɦɚ ɢ ɞɪɭɝɢɯ ɦɟɬɨɞɨɜ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɪɟ-
ɤɨɧɫɬɪɭɤɰɢɢ. ȼ ɤɚɱɟɫɬɜɟ ɷɬɚɥɨɧɚ ɛɵɥ ɜɵɛɪɚɧ ɢɫ-
ɤɭɫɫɬɜɟɧɧɵɣ ɧɚɛɨɪ ɞɚɧɧɵɯ – ɮɚɧɬɨɦ ɒɟɩɩɚ-
Ʌɨɝɚɧɚ Д4Ж, ɩɨɫɤɨɥɶɤɭ, ɢɦɟɹ ɷɬɚɥɨɧ, ɦɨɠɧɨ ɨɩɪɟ-
ɞɟɥɢɬɶ ɤɚɱɟɫɬɜɨ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɤɚɠɞɨɝɨ ɦɟɬɨɞɚ. 
Ɉɞɧɚɤɨ, ɩɪɨɜɟɞɟɧɧɨɟ ɬɟɫɬɢɪɨɜɚɧɢɟ ɧɟ ɦɨɠɟɬ ɡɚ-
ɦɟɧɢɬɶ ɬɟɫɬɢɪɨɜɚɧɢɹ ɧɚ ɪɟɚɥɶɧɵɯ ɞɚɧɧɵɯ. Ɋɟɚɥɶ-
ɧɵɟ ɞɚɧɧɵɟ ɜɨ ɦɧɨɝɨ ɪɚɡ ɛɨɥɟɟ ɫɥɨɠɧɵ, ɜ ɧɢɯ 
ɩɪɢɫɭɬɫɬɜɭɸɬ ɧɟɬɨɱɧɨɫɬɢ ɢ ɲɭɦ, ɤɨɬɨɪɵɟ ɡɚɦɟɬɧɨ 
ɜɥɢɹɸɬ ɧɚ ɤɨɧɟɱɧɵɣ ɪɟɡɭɥɶɬɚɬ ɪɟɤɨɧɫɬɪɭɤɰɢɢ. 
Ⱦɥɹ ɛɨɥɟɟ ɬɨɱɧɨɣ ɨɰɟɧɤɢ, ɢɫɩɨɥɶɡɭɸɬ ɜɵɫɨɤɨɬɨɱ-
ɧɵɟ ɮɚɧɬɨɦɵ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɢɦɢɬɢɪɨɜɚɬɶ ɩɨɩɟ-

ɪɟɱɧɵɣ ɫɪɟɡ ɝɨɥɨɜɵ, ɬɨɪɫɚ ɱɟɥɨɜɟɤɚ ɢ ɩɪɢ ɷɬɨɦ 
ɛɵɬɶ ɩɨɥɧɨɫɬɶɸ ɦɚɬɟɦɚɬɢɱɟɫɤɢ ɨɩɢɫɚɧɧɵɦɢ. 

 
 
ɇɚ ɪɢɫɭɧɤɟ β, ɩɪɢɜɟɞɟɧɵ ɩɪɨɮɢɥɢ, ɩɨɫɬɪɨɟɧ-

ɧɵɟ ɜɞɨɥɶ ɧɢɠɧɟɣ ɩɭɧɤɬɢɪɧɨɣ ɥɢɧɢɢ ɨɬɦɟɱɟɧɧɨɣ 
ɧɚ ɪɢɫɭɧɤɟ 1, ɪɟɡɭɥɶɬɚɬɨɜ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɤɚɠɞɵɦ 
ɚɥɝɨɪɢɬɦɨɦ. 

 

 
Ɋɢɫ. β. ɉɪɨɮɢɥɢ ɪɟɡɭɥɶɬɚɬɨɜ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɪɚɡ-

ɥɢɱɧɵɯ ɚɥɝɨɪɢɬɦɨɜ 
 

Ⱦɥɹ ɛɨɥɟɟ ɧɚɝɥɹɞɧɨɝɨ ɪɟɡɭɥɶɬɚɬɚ, ɛɵɥɨ ɩɨɞ-
ɫɱɢɬɚɧɨ ɡɧɚɱɟɧɢɟ PSNR Д5Ж ɜɧɭɬɪɢ ɤɜɚɞɪɚɬɧɨɣ 
ɨɛɥɚɫɬɢ, ɨɛɨɡɧɚɱɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 1. 

 

 
Ɋɢɫ. γ. Ɂɧɚɱɟɧɢɹ PSσR ɜɧɭɬɪɢ ɤɜɚɞɪɚɬɧɨɣ ɨɛɥɚɫɬɢ 

ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɚɥɝɨɪɢɬɦɨɜ 
 

ȼ ɡɚɜɟɪɲɟɧɢɢ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɬɟɫɬɢɪɨɜɚɧɢɟ 
ɫɤɨɪɨɫɬɢ ɜɵɩɨɥɧɟɧɢɹ ɧɚ ɬɪɟɯ ɝɪɚɮɢɱɟɫɤɢɯ ɚɞɚɩ-
ɬɟɪɚɯμ 

 AεD RКНОШЧ™ HD 7λ00ν 
 NVIDIA GeForce GTX 680; 
 NVIDIA GeForce GTX 580. 

 

 
Ɋɢɫ. 4. Ɍɟɫɬɢɪɨɜɚɧɢɟ ɫɤɨɪɨɫɬɢ ɜɵɩɨɥɧɟɧɢɹ ɚɥɝɨ-

ɪɢɬɦɚ ɉɂɎ ɩɪɨɬɢɜ ɎɈɉ 
 
ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɬɟɫɬɢɪɨɜɚɧɢɹ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɦ 

ɧɚ ɪɢɫɭɧɤɟ 4, ɩɪɟɞɥɨɠɟɧɧɚɹ ɚɜɬɨɪɚɦɢ ɪɟɚɥɢɡɚɰɢɹ 
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ɚɥɝɨɪɢɬɦɚ – ɉɂɎ ɪɚɛɨɬɚɟɬ ɜ κ…1β ɪɚɡ ɛɵɫɬɪɟɟ 
ɪɚɧɟɟ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɚɥɝɨɪɢɬɦɚ ɎɈɉ. 

 
Ɂɚɤɥɸɱɟɧɢɟ 
ɉɨ ɪɟɡɭɥɶɬɚɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɛɵɥɨ ɜɵɹɜɥɟɧɨ, 

ɱɬɨ ɚɥɝɨɪɢɬɦ ɩɪɹɦɨɣ ɢɧɜɟɪɫɢɢ Ɏɭɪɶɟ ɞɚɟɬ 
ɧɚɢɥɭɱɲɟɟ ɤɚɱɟɫɬɜɨ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɫɪɟɞɢ ɪɚɫ-
ɫɦɚɬɪɢɜɚɟɦɵɯ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ. ɉɨɷɬɨɦɭ, 
ɨɧ ɛɵɥ ɜɵɛɪɚɧ ɢ ɪɟɚɥɢɡɨɜɚɧ ɞɥɹ ɢɫɩɨɥɧɟɧɢɹ ɧɚ 
ɝɪɚɮɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɪɚɯ. Ɋɟɡɭɥɶɬɚɬɵ ɬɟɫɬɢɪɨɜɚ-
ɧɢɹ ɫɤɨɪɨɫɬɢ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɩɨɤɚɡɚɥɢ, ɱɬɨ, ɨɧ 
ɜ κ…1β ɪɚɡ ɛɵɫɬɪɟɟ ɫɜɨɟɝɨ ɛɥɢɠɚɣɲɟɝɨ ɫɨɩɟɪɧɢ-
ɤɚ – ɚɥɝɨɪɢɬɦɚ ɮɢɥɶɬɪɨɜɚɧɧɨɝɨ ɨɛɪɚɬɧɨɝɨ ɩɪɨ-
ɟɰɢɪɨɜɚɧɢɹ, ɤɨɬɨɪɵɣ ɞɨɥɠɟɧ ɛɵɬɶ ɡɚɦɟɧɟɧ. ȼ ɯɨ-
ɞɟ ɞɚɥɶɧɟɣɲɟɣ ɪɚɛɨɬɵ ɦɟɬɨɞ ɩɪɹɦɨɣ ɢɧɜɟɪɫɢɢ 
Ɏɭɪɶɟ ɞɨɥɠɟɧ ɛɵɬɶ ɜɧɟɞɪɟɧ ɜ ɪɚɛɨɱɢɣ ɩɪɨɰɟɫɫ 
ɫɢɫɬɟɦɵ UFO ɢ ɩɪɨɝɪɚɦɦɵ PyHST. 
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Nowadays, a number of methods for predicting the 

geological section have been created. There are soft-
ware systems for processing and interpretation of 
seismic data, which widely use dynamic parameters 
of waves bound with the amplitude and the energy of 
reflections. The phase characteristics of reflections are 
used to a lesser extent [1]. 

Thus, there is an increased relevance for searching 
new ways to analyze seismic records in order to ex-
tend the number of informative parameters. Among 
such parameters there is the mutual phase spectrum 
(MPS) of reflected waves. 

The law of signal phase spectrum change contains 
information allowing the most reliable detection of 
signals against intense noise and assessment of their 
kinematic parameters. The MPS of reflections carries 
information about acoustic properties, heterogeneity 
of absorption and dispersion of geological environ-
ments [2]. 

The purpose of this work is the description of al-
gorithm for predicting properties of geological section 
basing on the MPS of reflected waves. To achieve this 
goal the following objectives should be accomplished: 

1. In order to isolate the information properties of 
MPS of reflected seismic waves a model of layered 
absorbing media should be considered. 

2. The algorithm for predicting geological section 
properties basing on the MPS of reflected waves 
should be described. 

δОЭ’Ь МШЧЬТНОЫ ЭСО ЦШНОХ ШП ХКвОЫОН КЛЬШЫЛТЧР 
formations. The construction of such a model with 
horizontal interfacial boundaries represents the whole 
thing in the form of a linear system, which introduces 
some changes in the oscillation [3]. The example of a 
simple model of a plane-parallel layered absorbing 
formation (Fig. 1a) shows the essence of the approach 
(fig. 1b). 

 
a b 

Fig. 1. The model of plane-parallel layered absorbing 
formation: )(0 tS  – the initial seismic signal, 

)(1 tS , )(2 tS  – signals reflected from top and bottom of 

the observed formation II, )(12 fk  and )(23 fk  
– the 

reflection coefficients from top and bottom of layer II, 

)(12 fr  and )(21 fr  – the refraction coefficients on the 

top of layer II, )( fH  – frequency characteristic of the 

absorbing layer 
 

The spectra of the waves reflected from the top and 
bottom of the layer II: 


