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ɬɢɱɟɫɤɢɯ ɫɰɟɧɚɪɢɹ SRES (A1B, Aβ, B1, Bβ) ɢ ɱɟ-
ɬɵɪɟ ɫɰɟɧɚɪɢɹ RCP (RCPκ.5, RCP6.0, RCP4.5, 
RCP3-PD) [3, 4Ж. ɉɪɨɜɟɞɹ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɞɥɹ ɤɚɠ-
ɞɨɝɨ ɫɰɟɧɚɪɢɹ, ɩɨɥɶɡɨɜɚɬɟɥɶ ɩɨɥɭɱɢɬ ɝɥɨɛɚɥɶɧɵɟ 
ɩɨɥɹ, ɬ. ɟ. ɩɨɥɹ, ɨɯɜɚɬɵɜɚɸɳɢɟ ɜɫɸ ɩɥɚɧɟɬɭ. 

 
Ɉɩɬɢɦɢɡɚɰɢɹ ɦɨɞɟɥɢ «PХКЧОЭ SТЦЮХКЭШЫ» 
Ʉɨɧɤɪɟɬɧɵɦ ɪɟɡɭɥɶɬɚɬɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɹɜ-

ɥɹɸɬɫɹ ɞɜɭɦɟɪɧɵɟ ɢ ɬɪɟɯɦɟɪɧɵɟ ɩɨɥɹ ɝɟɨɞɚɧɧɵɯ, 
ɫɨɞɟɪɠɚɳɢɯ ɫɪɟɞɧɟɫɭɬɨɱɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɩɚɪɚɦɟɬ-
ɪɨɜ ɡɚ ɜɟɫɶ ɩɟɪɢɨɞ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɚ ɬɚɤɠɟ ɢɧ-
ɮɨɪɦɚɰɢɸ ɨ ɪɚɡɦɟɪɧɨɫɬɢ ɩɨɥɹ, ɜɟɪɬɢɤɚɥɶɧɵɟ ɢ 
ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɤɨɨɪɞɢɧɚɬɵ, ɤɨɬɨɪɵɟ ɡɚɩɢɫɵɜɚ-
ɸɬɫɹ ɜ ɮɚɣɥ ɱɟɪɟɡ ɡɚɞɚɧɧɵɟ ɩɨɥɶɡɨɜɚɬɟɥɟɦ ɜɪɟ-
ɦɟɧɧɵɟ ɢɧɬɟɪɜɚɥɵ. ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɦɨɞɟɥɢɪɨ-
ɜɚɧɢɹ ɞɥɹ ɩɪɢɜɟɞɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɤ ɭɧɢɮɢɰɢɪɨ-
ɜɚɧɧɨɦɭ ɮɨɪɦɚɬɭ, ɢɫɩɨɥɶɡɭɟɦɨɦɭ ɜ ɪɚɦɤɚɯ ɩɥɚɬ-
ɮɨɪɦɵ, ɩɨɥɭɱɟɧɧɵɟ ɮɚɣɥɵ-ɪɟɡɭɥɶɬɚɬɵ ɛɵɥɢ ɩɟ-
ɪɟɮɨɪɦɚɬɢɪɨɜɚɧɵ. ȼ ɤɚɱɟɫɬɜɟ ɭɧɢɮɢɰɢɪɨɜɚɧɧɨɝɨ 
ɮɨɪɦɚɬɚ ɞɚɧɧɵɯ ɛɵɥ ɜɵɛɪɚɧ ɮɨɪɦɚɬ NetCDF, ɹɜ-
ɥɹɸɳɢɣɫɹ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɫɬɚɧɞɚɪɬɨɦ ɯɪɚɧɟɧɢɹ 
ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɯ ɢ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɞɚɧɧɵɯ, ɚ 
ɬɚɤɠɟ ɞɚɧɧɵɯ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. Ⱦɥɹ ɷɬɨɝɨ ɛɵɥɢ 
ɜɧɟɫɟɧɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɢɡɦɟɧɟɧɢɹ ɜ ɩɪɨɝɪɚɦɦ-
ɧɵɣ ɤɨɞ ɦɨɞɟɥɢ. Ɉɪɢɝɢɧɚɥɶɧɚɹ ɮɭɧɤɰɢɹ ɡɚɩɢɫɢ 
ɞɚɧɧɵɯ ɜ ɦɨɞɟɥɢ ɛɵɥɚ ɫɨɯɪɚɧɟɧɚ ɫ ɰɟɥɶɸ ɫɨɯɪɚ-
ɧɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɥɭɱɟɧɧɵɯ 
ɞɚɧɧɵɯ ɜ ɤɚɱɟɫɬɜɟ ɜɯɨɞɧɵɯ ɞɥɹ «Planet Simulator». 

 

 
Ɋɢɫ. β. ɉɪɢɦɟɪ ɢɡɨɛɪɚɠɟɧɢɹ ɩɨɥɹ, ɩɨɥɭɱɟɧɧɨɝɨ 
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Ⱦɚɥɟɟ ɮɚɣɥɵ ɛɵɥɢ ɫɨɯɪɚɧɟɧɵ ɜ ɚɪɯɢɜɟ, ɤɨɬɨ-
ɪɵɣ ɡɚɬɟɦ ɛɵɥ ɩɨɞɤɥɸɱɟɧ ɤ ɜɟɛ-Ƚɂɋ ɫɢɫɬɟɦɟ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɶɡɨɜɚɬɟɥɸ ɛɵɥɚ ɩɪɟɞɨɫɬɚɜɥɟɧɚ 
ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɩɨɥɧɟɧɢɹ ɚɧɚɥɢɡɚ ɜɨɡɦɨɠɧɵɯ ɜ 
ɛɭɞɭɳɟɦ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɢɡɦɟɧɟɧɢɣ, ɢɫɩɨɥɶɡɭɹ 
ɢɧɬɟɝɪɢɪɨɜɚɧɧɵɟ ɜ ɩɥɚɬɮɨɪɦɭ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ 
ɦɨɞɭɥɢ, ɛɟɡ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɡɚɩɭɫɤɚ ɦɨɞɟ-
ɥɢ (ɪɢɫ. 2). 

Ƚɥɨɛɚɥɶɧɚɹ ɤɪɭɩɧɨɦɚɫɲɬɚɛɧɚɹ ɦɨɞɟɥɶ ɤɥɢɦɚ-
ɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɩɪɨɦɟɠɭɬɨɱɧɨɣ ɫɥɨɠɧɨɫɬɢ 
«PХКЧОЭ SТЦЮХКЭШЫ», ɬɪɟɛɭɟɬ ɨɩɪɟɞɟɥɟɧɧɵɯ ɡɚɬɪɚɬ 
ɜɪɟɦɟɧɢ ɢ ɫɢɥ ɧɚ ɟɟ ɭɫɬɚɧɨɜɤɭ ɢ ɧɚɫɬɪɨɣɤɭ. Ɉɫɭ-
ɳɟɫɬɜɢɜ ɢɧɬɟɝɪɚɰɢɸ ɦɨɞɟɥɢ ɜ ɜɟɛ-ɩɪɢɥɨɠɟɧɢɟ, 
ɦɵ ɩɪɟɞɨɫɬɚɜɢɥɢ ɩɨɥɶɡɨɜɚɬɟɥɸ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫ-
ɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɫɜɨɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɨɞɟɥɶ «PХКЧОЭ 
SТЦЮХКЭШЫ» ɛɟɡ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ 
ɭɫɬɚɧɨɜɤɢ ɢ ɧɚɫɬɪɨɣɤɢ. ɋɨɡɞɚɧɧɵɣ ɚɪɯɢɜ ɤɥɢɦɚ-
ɬɢɱɟɫɤɢɯ ɩɪɨɟɤɰɢɣ ɩɨɡɜɨɥɢɬ ɩɨɥɶɡɨɜɚɬɟɥɸ ɩɪɨɜɨ-
ɞɢɬɶ ɚɧɚɥɢɡ ɜɨɡɦɨɠɧɵɯ ɛɭɞɭɳɢɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ 
ɢɡɦɟɧɟɧɢɣ ɛɵɫɬɪɟɟ, ɱɟɦ ɟɫɥɢ ɛɵ ɟɦɭ ɩɪɢɲɥɨɫɶ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɩɪɨɜɨɞɢɬɶ ɦɨɞɟ-
ɥɢɪɨɜɚɧɢɹ ɫɨɝɥɚɫɧɨ ɤɥɢɦɚɬɢɱɟɫɤɢɦ ɫɰɟɧɚɪɢɹɦ. 
ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɧɧɨɝɨ ɮɨɪɦɚɬɚ 
NetCDF ɩɨɡɜɨɥɢɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɨɥɭɱɟɧɧɵɟ ɞɚɧ-
ɧɵɟ ɧɟ ɬɨɥɶɤɨ ɜ ɦɨɞɟɥɢ «Planet Simulator», ɧɨ ɢ ɜ 
ɞɪɭɝɢɯ ɩɪɨɝɪɚɦɦɧɵɯ ɩɪɨɞɭɤɬɚɯ. 
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ȼ ɫɜɹɡɢ ɫ ɧɟɩɪɟɪɵɜɧɨ ɭɜɟɥɢɱɢɜɚɸɳɢɦɫɹ ɱɢɫ-

ɥɨɦ ɩɪɢɥɨɠɟɧɢɣ, ɤɨɬɨɪɵɟ ɩɪɟɞɴɹɜɥɹɸɬ ɩɨɜɵɲɟɧ-
ɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɩɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ 
ɞɚɧɧɵɯ, ɧɚɦɟɱɚɟɬɫɹ ɬɟɧɞɟɧɰɢɹ ɩɨɜɵɲɟɧɢɹ ɫɩɪɨɫɚ 
ɧɚ γβ-ɪɚɡɪɹɞɧɵɟ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɵ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɚɪɯɢɬɟɤɬɭɪɚ ARε ɡɚɧɢɦɚɟɬ 
ɥɢɞɢɪɭɸɳɢɟ ɩɨɡɢɰɢɢ ɢ ɨɯɜɚɬɵɜɚɟɬ 75% ɪɵɧɤɚ γβ-
ɪɚɡɪɹɞɧɵɟ ɜɫɬɪɚɢɜɚɟɦɵɯ RISC-ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɨɜ. 
Ɋɚɫɩɪɨɫɬɪɚɧɟɧɧɨɫɬɶ ɞɚɧɧɨɝɨ ɹɞɪɚ ɨɛɴɹɫɧɹɟɬɫɹ ɟɝɨ 
ɫɬɚɧɞɚɪɬɧɨɫɬɶɸ, ɱɬɨ ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 
ɪɚɡɪɚɛɨɬɱɢɤɭ ɛɨɥɟɟ ɝɢɛɤɨ ɢɫɩɨɥɶɡɨɜɚɬɶ, ɤɚɤ ɫɜɨɢ, 
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ɬɚɤ ɢ ɫɬɨɪɨɧɧɢɟ ɩɪɨɝɪɚɦɦɧɵɟ ɧɚɪɚɛɨɬɤɢ, ɤɚɤ ɩɪɢ 
ɩɟɪɟɯɨɞɟ ɧɚ ɧɨɜɨɟ ɩɪɨɰɟɫɫɨɪɧɨɟ ARε-ɹɞɪɨ, ɬɚɤ ɢ 
ɩɪɢ ɦɢɝɪɚɰɢɹɯ ɦɟɠɞɭ ɪɚɡɧɵɦɢ ɬɢɩɚɦɢ ARε-
ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ. 

ɉɪɨɰɟɫɫɨɪɧɵɟ ɹɞɪɚ CШЫЭОб ε – ɪɟɡɭɥɶɬɚɬ ɩɪɨ-
ɝɪɟɫɫɢɜɧɨɝɨ ɪɚɡɜɢɬɢɹ ɤɥɚɫɫɢɱɟɫɤɨɣ ɚɪɯɢɬɟɤɬɭɪɵ 
ARε. CШЫЭОб ε ɫɬɚɧɨɜɢɬɫɹ ɜɫɟ ɛɨɥɟɟ ɩɨɩɭɥɹɪɧɨɣ. 
ɂ ɫɟɝɨɞɧɹ ɩɪɨɰɟɫɫɨɪɧɵɟ ɹɞɪɚ CШЫЭОб ε – ɷɬɨ ɫɟ-
ɦɟɣɫɬɜɨ ɫɨ ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɧɧɨɣ ɚɪɯɢɬɟɤɬɭɪɨɣ, 
ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɟ ɞɥɹ ɪɟɲɟɧɢɹ ɲɢɪɨɤɨɝɨ ɤɪɭɝɚ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɡɚɞɚɱ. 

Cortex-M4 – ɩɨɫɥɟɞɧɹɹ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ 
ɪɚɡɪɚɛɨɬɤɚ ɜ ɩɨɞɫɟɦɟɣɫɬɜɟ CШЫЭОб ε. ɗɬɨ ɜɫɬɪɚɢ-
ɜɚɟɦɨɟ ɩɪɨɰɟɫɫɨɪɧɨɟ ɹɞɪɨ. əɞɪɨ ɪɚɡɪɚɛɨɬɚɧɨ ɞɥɹ 
ɫɢɫɬɟɦ, ɬɪɟɛɭɸɳɢɯ ɩɪɨɫɬɨɟ ɜ ɩɪɢɦɟɧɟɧɢɢ ɭɫɬɪɨɣ-
ɫɬɜɨ, ɫɨɱɟɬɚɸɳɟɟ ɮɭɧɤɰɢɢ ɭɩɪɚɜɥɟɧɢɹ ɢ ɰɢɮɪɨ-
ɜɨɣ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɚ. CШЫЭОб-ε4 ɨɬɥɢɱɚɟɬɫɹ 
ɩɨɞɞɟɪɠɤɨɣ ɨɞɧɨɬɚɤɬɧɨɣ ɨɩɟɪɚɰɢɢ ɭɦɧɨɠɟɧɢɹ ɫ 
ɡɚɩɨɦɢɧɚɧɢɟɦ ɡɚ ɨɞɢɧ ɬɚɤɬ ɢ ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɨɣ 
ɚɪɢɮɦɟɬɢɤɢ. 

ɉɟɪɟɱɢɫɥɢɦ ɨɫɧɨɜɧɵɟ ɞɨɫɬɨɢɧɫɬɜɚ ɦɢɤɪɨ-
ɤɨɧɬɪɨɥɥɟɪɨɜ ARε Cortex-M4 [1]: 
ɩɨɥɧɨɫɬɶɸ γβ-ɛɢɬɧɚɹ ɚɪɯɢɬɟɤɬɭɪɚμ ɜɫɟ ɪɟɝɢɫɬɪɵ 
32-ɛɢɬɧɵɟ, ɚɪɢɮɦɟɬɢɱɟɫɤɢɟ ɨɩɟɪɚɰɢɢ ɪɚɛɨɬɚɸɬ ɫ 
32-ɛɢɬɧɵɦɢ ɞɚɧɧɵɦɢν ɨɩɟɪɚɰɢɹ ɭɦɧɨɠɟɧɢɹ γβ-
ɪɚɡɪɹɞɧɵɯ ɱɢɫɟɥ ɜɵɩɨɥɧɹɟɬɫɹ ɡɚ 1 ɬɚɤɬ, ɞɟɥɟɧɢɟ ɡɚ 
2-1β ɬɚɤɬɨɜ. Ɂɚ ɫɱɟɬ ɜɵɫɨɤɨɣ ɪɚɡɪɹɞɧɨɫɬɢ ɷɬɢ ɦɢɤ-
ɪɨɩɪɨɰɟɫɫɨɪɵ ɨɬɥɢɱɚɸɬɫɹ ɜɵɫɨɤɢɦ ɛɵɫɬɪɨɞɟɣ-
ɫɬɜɢɟɦ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ κ-ɦɢ ɢ 16-ɛɢɬɧɵɦɢ ɦɢɤɪɨ-
ɤɨɧɬɪɨɥɥɟɪɚɦɢν 
ɯɚɪɚɤɬɟɪɧɨɟ ɞɥɹ ɚɪɯɢɬɟɤɬɭɪɵ RISC ɛɨɥɶɲɨɟ ɤɨ-
ɥɢɱɟɫɬɜɨ (ɨɬ 16) ɪɟɝɢɫɬɪɨɜ ɨɛɳɟɝɨ ɧɚɡɧɚɱɟɧɢɹν 
ɩɨɞɞɟɪɠɤɚ ɪɟɠɢɦɨɜ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹν 
ɧɚɥɢɱɢɟ β4-ɛɢɬɧɨɝɨ ɫɢɫɬɟɦɧɨɝɨ ɬɚɣɦɟɪɚ (SвЬTТМФ) 
ɩɨɡɜɨɥɹɸɳɟɝɨ ɡɚɞɚɜɚɬɶ ɢɧɬɟɪɜɚɥɵ ɫɪɚɛɚɬɵɜɚɧɢɹ ɜ 
ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ. ɗɬɨ ɧɟɨɫɩɨɪɢɦɨɟ ɞɨɫɬɨɢɧɫɬɜɨ 
ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ ɤɨɧɟɱɧɵɯ ɚɜɬɨɦɚɬɨɜ ɢ ɩɥɚɧɢɪɨɜ-
ɳɢɤɚ RTτSν 
ɩɨɥɧɨɰɟɧɧɚɹ ɩɨɞɞɟɪɠɤɚ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɝɨ 
ɚɩɩɚɪɚɬɧɨɝɨ ɢɧɬɟɪɮɟɣɫɚ ɧɚ ɛɚɡɟ ɫɬɚɧɞɚɪɬɚ IEEE 
1149.1 (Standard Test Access Port and Boundary-
SМКЧ AЫМСТЭОМЭЮЫО). ɂɧɬɟɪɮɟɣɫ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ 
ɩɨɞɤɥɸɱɟɧɢɹ ɫɥɨɠɧɵɯ ɰɢɮɪɨɜɵɯ ɦɢɤɪɨɫɯɟɦ ɢɥɢ 
ɭɫɬɪɨɣɫɬɜ ɭɪɨɜɧɹ ɩɟɱɚɬɧɨɣ ɩɥɚɬɵ ɤ ɫɬɚɧɞɚɪɬɧɨɣ 
ɚɩɩɚɪɚɬɭɪɟ ɬɟɫɬɢɪɨɜɚɧɢɹ ɢ ɨɬɥɚɞɤɢν 
ɜɫɬɪɨɟɧɧɵɣ ɤɨɧɬɪɨɥɥɟɪ ɩɪɟɪɵɜɚɧɢɣ (σОЬЭОН 
VОМЭШЫОН IЧЭОЫЫЮЩЭ CШЧЭЫШХХОЫ (σVIC)) ɩɨɞɞɟɪɠɢɜɚɟɬ 
ɞɨ β40 ɩɪɟɪɵɜɚɧɢɣ ɢ ɞɨ β56 ɩɪɢɨɪɢɬɟɬɨɜ, ɩɪɢ 
ɷɬɨɦ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɭɸ ɪɟɚɤɰɢɸ ɧɚ 
ɩɪɟɪɵɜɚɧɢɹν 
ɩɨɥɧɨɰɟɧɧɚɹ ɩɨɞɞɟɪɠɤɚ ɢ ɪɟɚɥɢɡɚɰɢɹ ɩɪɹɦɨɝɨ 
ɞɨɫɬɭɩɚ ɤ ɩɚɦɹɬɢ (DТЫОМЭ εОЦШЫв AММОЬЬ) ɪɟɚɥɢɡɨ-
ɜɚɧɚ ɧɚ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɦ ɤɨɧɬɪɨɥɥɟɪɟ DεA, 
ɩɨɡɜɨɥɹɸɳɟɦ ɩɟɪɢɮɟɪɢɣɧɵɦ ɭɫɬɪɨɣɫɬɜɚɦ ɫɨ ɫɥɟ-
ɞɭɸɳɢɦɢ ɢɧɬɟɪɮɟɣɫɚɦɢμUART, SPI, IβC ɨɬɩɪɚɜ-
ɥɹɬɶ/ɡɚɩɢɫɵɜɚɬɶ ɞɚɧɧɵɟ ɜ ɨɩɟɪɚɬɢɜɧɭɸ ɩɚɦɹɬɶ 
ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɛɟɡ ɟɝɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɭɱɚ-
ɫɬɢɹ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɲɚɟɬ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ 
ɭɫɬɪɨɣɫɬɜɚν 

 ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɣ ɧɚɛɨɪ ɢɧɫɬɪɭɤɰɢɣ 
Thumb-2 Д1Ж ɩɨɡɜɨɥɹɟɬ ɫɨɡɞɚɜɚɬɶ ɜɟɫɶɦɚ ɤɨɦɩɚɤɬ-
ɧɵɣ ɢɫɩɨɥɧɹɟɦɵɣ ɤɨɞν 
ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɧɚɛɨɪ ɢɧɫɬɪɭɤɰɢɣ ɨɪɢɟɧɬɢɪɨɜɚɧ 
ɧɚ ɪɚɛɨɬɭ ɫ ɩɨɩɭɥɹɪɧɵɦ ɤɨɦɩɢɥɹɬɨɪɨɦ ɹɡɵɤɚ ɜɵ-
ɫɨɤɨɝɨ ɭɪɨɜɧɹ ɋν 
ɩɪɨɞɜɢɧɭɬɵɟ ɫɪɟɞɫɬɜɚ ɪɚɡɪɚɛɨɬɤɢ ɢ ɨɬɥɚɞɤɢ ɩɪɨ-
ɝɪɚɦɦɧɨɝɨ ɤɨɞɚ. 

Ɋɚɫɫɦɨɬɪɟɧɧɵɟ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɵ CШЫЭОб ε4 
ɧɚɯɨɞɹɬ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɭɫɬɪɨɣɫɬɜɚɯ ɰɢɮ-
ɪɨɜɨɣ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ (ɐɈɋ). CШЫЭОб ε4 ɢɦɟ-
ɸɬ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɞɨ γ75 DεТЩЬ/ɆȽɰ, ɧɢɡ-
ɤɨɟ ɩɨɬɪɟɛɥɟɧɢɟ ɷɧɟɪɝɢɢ ɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɚɥɢɱɢɟ 
ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɩɟɪɢɮɟɪɢɣɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɜɵɩɨɥ-
ɧɟɧɧɵɯ ɧɚ ɤɪɢɫɬɚɥɥɟ, ɱɬɨ ɞɟɥɚɟɬ ɞɚɧɧɵɣ ɬɢɩ ɦɢɤ-
ɪɨɤɨɧɬɪɨɥɥɟɪɨɜ ɩɨɞɯɨɞɹɳɢɦ ɫɪɟɞɫɬɜɨɦ ɞɥɹ ɪɟɚ-
ɥɢɡɚɰɢɢ ɰɢɮɪɨɜɨɣ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ ɜ ɧɟɞɨɪɨ-
ɝɢɯ ɭɫɬɪɨɣɫɬɜɚɯ. 

Ɋɚɫɱɟɬɚ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɫɨɫɬɚɜɚ ɫɢɝɧɚɥɚ ɹɜɥɹɟɬ-
ɫɹ ɨɞɧɨɣ ɢɡ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɡɚɞɚɱ 
ɐɈɋ. Ɂɚɞɚɱɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɜɵɱɢɫɥɟɧɢɢ ɞɢɫɤɪɟɬ-
ɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ (ȾɉɎ). ɋɪɟɞɢ ɫɭɳɟ-
ɫɬɜɭɸɳɢɯ ɚɥɝɨɪɢɬɦɨɜ ɪɚɫɱɟɬɚ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɫɨ-
ɫɬɚɜɚ ɫɢɝɧɚɥɨɜ ɧɚɢɛɨɥɟɟ ɢɡɜɟɫɬɟɧ ɢ ɥɟɝɤɨ ɪɟɚɥɢ-
ɡɭɟɦ ɚɥɝɨɪɢɬɦ Ʉɭɥɢ-Ɍɸɤɢ ДβЖ. ɗɬɨ ɜɟɫɶɦɚ ɷɮɮɟɤ-
ɬɢɜɧɵɣ ɚɥɝɨɪɢɬɦ ɜɵɱɢɫɥɟɧɢɹ ȾɉɎ, ɩɨɥɭɱɢɜɲɢɣ 
ɧɚɡɜɚɧɢɟ ɛɵɫɬɪɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ (ȻɉɎ) 
ДγЖ. Ɉɫɧɨɜɧɨɣ ɷɮɮɟɤɬ ɨɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɬɨɝɨ ɫɩɨ-
ɫɨɛɚ ɜɵɱɢɫɥɟɧɢɹ ɛɭɞɟɬ ɩɪɨɹɜɥɹɬɶɫɹ ɩɪɢ ɡɧɚɱɢ-
ɬɟɥɶɧɨɦ ɪɚɡɦɟɪɟ ɜɵɛɨɪɤɢ ɞɢɫɤɪɟɬɢɡɢɪɨɜɚɧɧɨɝɨ 
ɫɢɝɧɚɥɚ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ 
ɨɫɧɨɜɧɨɟ ɜɪɟɦɹ ɜɵɩɨɥɧɟɧɢɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
Ɏɭɪɶɟ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɜɪɟɦɟɧɟɦ ɜɵɱɢɫɥɟɧɢɹ 
ɞɜɭɯɬɨɱɟɱɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, ɤɨɬɨɪɨɟ ɩɪɢɧɹɬɨ 
ɧɚɡɵɜɚɬɶ «ɛɚɛɨɱɤɨɣ» Д4Ж. ɗɬɚ ɛɚɡɨɜɚɹ ɨɩɟɪɚɰɢɹ 
ɡɚɩɢɫɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦμ 

y1 = x1 + x2āа, 
y2 = x1 - x2āа, 

ɝɞɟ б1, x2 – ɢɫɯɨɞɧɵɟ ɬɨɱɤɢ, в1, y2 – ɪɟɡɭɥɶɬɚɬ, а – 
ɤɨɦɩɥɟɤɫɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɜɵɛɪɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɜɵɱɢɫɥɟ-
ɧɢɹ ȻɉɎ ɛɵɥɚ ɫɨɡɞɚɧɚ ɩɪɨɝɪɚɦɦɚ ɪɚɫɱɟɬɚ ɫɩɟɤ-
ɬɪɚɥɶɧɨɝɨ ɫɨɫɬɚɜɚ ɫɢɝɧɚɥɚ ɧɚ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɟ 
CШЫЭОб ε4 STεγβF407VGT6. Ɋɚɡɪɚɛɨɬɤɚ ɩɪɨ-
ɝɪɚɦɦɵ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɢɫɯɨɞɹ ɢɡ ɭɫɥɨɜɢɣ. 

Ȼɥɚɝɨɞɚɪɹ ɬɨɦɭ, ɱɬɨ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɵ CШЫЭОб 
ε4 ɩɨɥɧɨɫɬɶɸ ɩɨɞɞɟɪɠɢɜɚɟɬ ɛɢɛɥɢɨɬɟɤɭ ɰɢɮɪɨ-
ɜɨɣ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɚ CεSIS, ɜ ɤɨɬɨɪɨɣ ɢɦɟɟɬɫɹ 
ɚɥɝɨɪɢɬɦ Ʉɭɥɢ-Ɍɸɤɢ, ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɭ-
ɟɬɫɹ ɷɬɚ ɛɢɛɥɢɨɬɟɤɚ. ɇɢɠɟ ɩɪɢɜɟɞɟɧ ɥɢɫɬɢɧɝ ɩɪɨ-
ɝɪɚɦɦɧɨɝɨ ɤɨɞɚ ɮɭɧɤɰɢɢ ɪɟɚɥɢɡɭɸɳɟɣ ɞɜɭɯɬɨ-
ɱɟɱɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ «ɛɚɛɨɱɤɚ», ɧɚɩɢɫɚɧɧɵɣ ɧɚ 
ɹɡɵɤɟ ɋ ɞɥɹ ɩɪɨɰɟɫɫɨɪɨɜ ɫ ɚɪɯɢɬɟɤɬɭɪɨɣ ARε 
Cortex M4. 
 
void arm_radix2_butterfly_f32( 
float32_t * pSrc, 
uint32_t fftLen, 
float32_t * pCoef, 
uint16_t twidCoefModifier) 

http://en.wikipedia.org/wiki/ARM_architecture#Thumb-2


XI Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ ɫɬɭɞɟɧɬɨɜ, ɚɫɩɢɪɚɧɬɨɜ ɢ ɦɨɥɨɞɵɯ ɭɱɺɧɵɯ 
«Ɇɨɥɨɞɺɠɶ ɢ ɫɨɜɪɟɦɟɧɧɵɟ ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ» 
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{ 
   uint32_t i, j, k, l; 
   uint32_t n1, n2, ia; 
   float32_t xt, yt, cosVal, sinVal; 
   float32_t p0, p1, p2, p3; 
   float32_t a0, a1; 
   n2 = fftLen; 
   for (k = fftLen; k > 1; k = k >> 1) 
   { 
      n1 = n2; 
      n2 = n2 >> 1; 
      ia = 0; 
      j = 0; 
      do 
      { 
         cosVal = pCoef[ia * 2]; 
         sinVal = pCoef[(ia * 2) + 1]; 
         ia += twidCoefModifier; 
         i = j; 
         do 
         { 
            l = i + n2; 
            a0 = pSrc[2 * i] + pSrc[2 * l]; 
            xt = pSrc[2 * i] - pSrc[2 * l]; 
            yt = pSrc[2 * i + 1] - pSrc[2 * l + 1]; 
            a1 = pSrc[2 * l + 1] + pSrc[2 * i + 1]; 
            p0 = xt * cosVal; 
            p1 = yt * sinVal; 
            p2 = yt * cosVal; 
            p3 = xt * sinVal;            
            pSrc[2 * i] = a0;    
            pSrc[2 * i + 1] = a1;             
            pSrc[2 * l]     = p0 + p1; 
            pSrc[2 * l + 1] = p2 - p3;            
            i += n1; 
         } while(i < fftLen); 
         j++; 
      } while(j < n2); 
      twidCoefModifier <<= 1u; 
   } 
} 

Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɩɪɨɲɟɥ ɬɟɫɬɢɪɨɜɚɧɢɟ 
ɧɚ ɪɚɡɦɟɪɚɯ ɜɵɛɨɪɨɤ 10β4, β04κ ɢ 40λ6. 
ARM Cortex ε4 ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ ɜɵɱɢɫɥɟ-
ɧɢɟ ȻɉɎ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɫ ɡɚɞɟɪɠ-

ɤɨɣ ɧɟɨɛɯɨɞɢɦɨɣ ɞɥɹ ɧɚɤɨɩɥɟɧɢɹ ɚɧɚɥɢɡɢɪɭɟɦɵɯ 
ɞɚɧɧɵɯ. 

Ɋɟɚɥɢɡɨɜɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ȻɉɎ ɦɨɠɟɬ ɛɵɬɶ ɢɫ-
ɩɨɥɶɡɨɜɚɧ ɜ ɤɚɱɟɫɬɜɟ ɛɚɡɨɜɨɝɨ ɩɪɢ ɪɚɫɱɟɬɟ ɱɚɫɬɨɬ-
ɧɨ-ɜɪɟɦɟɧɧɵɯ ɤɨɪɪɟɥɹɰɢɨɧɧɵɯ ɮɭɧɤɰɢɣ [5-7]. 
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ε4 ɜ ɭɫɬɪɨɣɫɬɜɚɯ ɰɢɮɪɨɜɨɣ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ 
ɩɨɡɜɨɥɹɟɬ ɢɡɛɟɠɚɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɩɟɰɢɚɥɢɡɢɪɨ-
ɜɚɧɧɵɯ ɢ ɢɦɟɸɳɢɯ ɛɨɥɶɲɭɸ ɫɬɨɢɦɨɫɬɶ 
ɭɫɬɪɨɣɫɬɜ. 

ɇɚ ɨɫɧɨɜɟ ɪɚɫɫɦɨɬɪɟɧɧɨɝɨ ɦɢɤɪɨɩɪɨɰɟɫɫɚ 
ARM Cortex ε4 ɩɥɚɧɢɪɭɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɛɚɡɨɜɨɝɨ 
ɭɫɬɪɨɣɫɬɜɚ ɨɛɪɚɛɨɬɤɢ ɰɢɮɪɨɜɵɯ ɫɢɝɧɚɥɨɜ. ɋɨ-
ɡɞɚɧɧɵɟ ɚɥɝɨɪɢɬɦɵ ɬɚɤɠɟ ɛɭɞɭɬ ɢɫɩɨɥɶɡɨɜɚɧɵ 
ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɩɨɪɬɚɬɢɜɧɨɝɨ ɩɪɢɛɨɪɚ ɨɛɧɚɪɭɠɟ-
ɧɢɹ ɭɬɟɱɟɤ ɜ ɬɪɭɛɨɩɪɨɜɨɞɚɯ. 
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