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ɍȾɄ 004.274 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɝɪɚɮɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɫ ɜɟɪɬɢɤɚɥɶɧɨɣ ɚɪɯɢɬɟɤɬɭɪɨɣ ɞɥɹ 
ɩɨɢɫɤɚ ɩɟɪɟɫɟɱɟɧɢɹ ɥɭɱɚ ɫ ɝɪɭɩɩɨɣ ɩɨɥɢɝɨɧɚɥɶɧɵɯ ɨɛɴɟɤɬɨɜ  
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 Ɇɚɥɶɱɟɜɚ Ɋ.ȼ., Ɂɚɜɚɞɫɤɚɹ Ɍ.ȼ., Ʉɭɞɨɹɪ ȼ.ɂ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɝɪɚɮɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɫ 
ɜɟɪɬɢɤɚɥɶɧɨɣ ɚɪɯɢɬɟɤɬɭɪɨɣ ɞɥɹ ɩɨɢɫɤɚ ɩɟɪɟɫɟɱɟɧɢɹ ɥɭɱɚ ɫ ɝɪɭɩɩɨɣ ɩɨɥɢɝɨɧɚɥɶɧɵɯ 
ɨɛɴɟɤɬɨɜ. ȼɵɩɨɥɧɟɧ ɚɧɚɥɢɡ ɚɪɯɢɬɟɤɬɭɪɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ ɝɪɚɮɢɱɟɫɤɢɯ ɫɢɫɬɟɦ. ɉɪɟɞɥɨɠɟɧɚ 
ɦɨɞɢɮɢɤɚɰɢɹ ɚɥɝɨɪɢɬɦɚ ɩɨɢɫɤɚ ɩɟɪɟɫɟɱɟɧɢɹ ɥɭɱɚ ɫ ɝɪɚɮɢɱɟɫɤɨɣ ɫɰɟɧɨɣ. ȼɵɩɨɥɧɟɧɨ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɫ ɜɟɪɬɢɤɚɥɶɧɨɣ ɚɪɯɢɬɟɤɬɭɪɨɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ UML. 
ɉɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ ɩɨɢɫɤɚ ɩɟɪɟɫɟɱɟɧɢɹ ɥɭɱɚ ɫ ɩɨɥɢɝɨɧɚɥɶɧɵɦɢ 
ɨɛɴɟɤɬɚɦɢ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɬɪɚɫɫɢɪɨɜɤɚ ɥɭɱɟɣ, ɚɪɯɢɬɟɤɬɭɪɚ, ɩɚɪɚɥɥɟɥɶɧɵɣ ɩɨɢɫɤ, ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ,  
UML, ɢɫɫɥɟɞɨɜɚɧɢɟ. 

ȼɜɟɞɟɧɢɟ 

Ɉɫɧɨɜɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɦɟɬɨɞɚ 
ɬɪɚɫɫɢɪɨɜɤɢ ɥɭɱɟɣ ɹɜɥɹɟɬɫɹ ɟɝɨ ɬɪɭɞɨɟɦɤɨɫɬɶ. Ⱦɨ 
ɧɟɞɚɜɧɟɝɨ ɜɪɟɦɟɧɢ ɫɭɳɟɫɬɜɨɜɚɥɢ ɬɨɥɶɤɨ ɫɢɫɬɟɦɵ 
ɫ ɩɪɨɝɪɚɦɦɧɨɣ ɪɟɚɥɢɡɚɰɢɟɣ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ. 
Ɉɞɧɚɤɨ ɜ ɩɨɫɥɟɞɧɟɟ 10-ɥɟɬɢɟ ɭɫɢɥɢɥɨɫɶ ɜɧɢɦɚɧɢɟ 
ɢ ɤ ɚɩɩɚɪɚɬɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɬɪɚɫɫɢɪɨɜɤɢ, ɜ ɬɨɦ 
ɱɢɫɥɟ ɢ ɧɚ FPGA [1, 2]. ȼ ɩɨɥɧɨɣ ɦɟɪɟ  
ɨɫɨɛɟɧɧɨɫɬɹɦ ɬɪɚɫɫɢɪɨɜɤɢ ɥɭɱɟɣ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 
ɦɚɫɫɢɜɧɨ ɩɚɪɚɥɥɟɥɶɧɵɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ 
ɫɩɨɫɨɛɧɨɫɬɢ ɝɪɚɮɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɪɨɜ NVIDIA, 
ɩɨɡɜɨɥɹɹ ɫɭɳɟɫɬɜɟɧɧɨ ɭɜɟɥɢɱɢɬɶ ɫɤɨɪɨɫɬɶ 
ɜɢɡɭɚɥɢɡɚɰɢɢ ɜ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɩɪɢɦɟɧɟɧɢɹɯ. 
NVIDIA ɩɨɞɞɟɪɠɢɜɚɟɬ ɤɨɦɩɚɧɢɢ ɜ ɪɚɫɲɢɪɟɧɢɢ 
ɩɪɢɦɟɧɟɧɢɹ GPU-ɜɵɱɢɫɥɟɧɢɣ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟ ɢ 
ɩɪɢɧɢɦɚɟɬ ɜɨ ɜɧɢɦɚɧɢɟ ɢɯ ɩɨɬɪɟɛɧɨɫɬɢ ɩɪɢ 
ɪɚɡɪɚɛɨɬɤɟ ɫɜɨɢɯ ɛɭɞɭɳɢɯ ɚɪɯɢɬɟɤɬɭɪ GPU, 
ɹɡɵɤɨɜ ɢ ɢɧɫɬɪɭɦɟɧɬɨɜ [3, 4].  

ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ  
Ɇɟɬɨɞ ɨɛɪɚɬɧɨɣ ɬɪɚɫɫɢɪɨɜɤɢ ɥɭɱɟɣ 

ɩɪɟɞɩɨɥɚɝɚɟɬ ɜɵɩɨɥɧɟɧɢɟ ɩɨɢɫɤɚ ɩɟɪɟɫɟɱɟɧɢɹ 
ɥɭɱɚ, ɩɪɨɜɟɞɟɧɧɨɝɨ ɢɡ ɝɥɚɡɚ ɧɚɛɥɸɞɚɬɟɥɹ ɱɟɪɟɡ 
ɤɚɠɞɵɣ ɷɥɟɦɟɧɬ ɨɤɧɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɩɢɤɫɟɥɸ 
ɷɤɪɚɧɚ, ɫ ɨɛɴɟɤɬɚɦɢ ɫɰɟɧɵ. ɉɨɷɬɨɦɭ ɬɪɚɞɢɰɢɨɧɧɨ 
ɚɪɯɢɬɟɤɬɭɪɚ ɫɢɫɬɟɦɵ, ɨɫɧɨɜɚɧɧɨɣ ɧɚ ɷɬɨɦ ɦɟɬɨɞɟ, 
ɪɟɚɥɢɡɭɟɬ ɩɪɢɧɰɢɩ ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɹ «ɨɬ 
ɜɵɯɨɞɧɵɯ ɞɚɧɧɵɯ» ɢ ɩɨ ɤɥɚɫɫɢɮɢɤɚɰɢɢ [5] 
ɨɬɧɨɫɢɬɫɹ, ɜ ɢɞɟɚɥɟ, ɤ ɬɢɩɭ «ɩɪɨɰɟɫɫɨɪ ɧɚ 
ɩɢɤɫɟɥɶ», ɚ ɮɚɤɬɢɱɟɫɤɢ - ɤ «ɩɪɨɰɟɫɫɨɪ ɧɚ 
ɮɪɚɝɦɟɧɬ ɢɡɨɛɪɚɠɟɧɢɹ» [6, 7], ɯɨɪɨɲɨ 
ɪɟɚɥɢɡɭɟɦɵɣ ɧɚ ɤɥɚɫɬɟɪɚɯ  [8]. 

ɐɟɥɶ ɜɵɩɨɥɧɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ – 

ɪɚɡɪɚɛɨɬɤɚ ɫɢɫɬɟɦɵ ɫ ɪɟɚɥɢɡɚɰɢɟɣ ɩɚɪɚɥɥɟɥɶɧɨɝɨ 
ɩɨɢɫɤɚ ɩɟɪɟɫɟɱɟɧɢɹ ɬɪɚɫɫɢɪɭɟɦɨɝɨ ɥɭɱɚ ɫ 

ɧɟɫɤɨɥɶɤɢɦɢ ɩɨɥɢɝɨɧɚɥɶɧɵɦɢ ɨɛɴɟɤɬɚɦɢ, ɚ ɬɚɤɠɟ 
ɭɫɬɚɧɨɜɥɟɧɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɜɪɟɦɟɧɢ ɜɵɩɨɥɧɟɧɢɹ 
ɞɚɧɧɨɝɨ ɷɬɚɩɚ ɚɥɝɨɪɢɬɦɚ ɨɬ ɱɢɫɥɚ ɩɚɪɚɥɥɟɥɶɧɵɯ 
ɩɪɨɰɟɫɫɨɜ ɢ ɫɥɨɠɧɨɫɬɢ ɨɛɴɟɤɬɨɜ. ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ  
ɩɪɢɦɟɧɟɧɨ ɦɧɨɝɨɭɪɨɜɧɟɜɨɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ UML [9].  

Ɋɟɚɥɢɡɚɰɢɹ ɛɥɨɤɚ ɩɨɢɫɤɚ ɩɟɪɟɫɟɱɟɧɢɹ 
ɥɭɱɚ ɫ ɩɨɥɢɝɨɧɚɥɶɧɵɦ ɨɛɴɟɤɬɨɦ 

ɇɚ ɜɯɨɞ ɛɥɨɤɚ ɋR ɩɨɞɚɸɬɫɹ ɩɚɪɚɦɟɬɪɵ 
ɥɭɱɚ, ɡɚɞɚɧɧɵɟ ɜ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɨɛɴɟɤɬɚ: 
Xv_o, Yv_o, Zv_o - ɤɨɨɪɞɢɧɚɬɚ ɧɚɱɚɥɚ ɥɭɱɚ; Vx_o, 
Vy_o, Vz_o – ɜɟɤɬɨɪ ɧɚɩɪɚɜɥɟɧɢɹ  ɥɭɱɚ. Ɉɛɴɟɤɬ 
ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧ ɩɥɨɫɤɢɦɢ ɜɵɩɭɤɥɵɦɢ ɝɪɚɧɹɦɢ, 
ɤɚɠɞɚɹ ɢɡ ɤɨɬɨɪɵɯ ɨɩɢɫɵɜɚɟɬɫɹ ɦɚɫɫɢɜɨɦ 
ɤɨɨɪɞɢɧɚɬ ɜɟɪɲɢɧ {x[n], y[n], z[n]} ɢ ɧɨɪɦɚɥɶɧɵɦ 
ɜɟɤɬɨɪɨɦ N={nx, ny, nz}. Ⱦɥɹ ɚɧɚɥɢɡɚ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɨɥɶɤɨ 1-ɹ ɩɨ ɫɩɢɫɤɭ ɜɟɪɲɢɧɚ 
ɤɚɠɞɨɣ ɝɪɚɧɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɥɨɤ ɮɨɪɦɢɪɭɟɬ 
ɩɪɢɡɧɚɤ ɧɚɥɢɱɢɹ ɩɟɪɟɫɟɱɟɧɢɹ (cross), ɢ, ɟɫɥɢ 
ɩɟɪɟɫɟɱɟɧɢɟ ɟɫɬɶ, ɬɨ ɧɨɦɟɪ ɝɪɚɧɢ, ɜ ɤɨɬɨɪɭɸ 
ɜɯɨɞɢɬ ɥɭɱ (gin) ɢ ɡɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ  t0 (ɪɢɫ.1). 

 
Ɋɢɫɭɧɨɤ 1 – ɉɪɟɞɫɬɚɜɥɟɧɢɟ ɛɥɨɤɚ CR 

ɉɚɪɚɦɟɬɪ t0 ɨɩɪɟɞɟɥɹɟɬ ɩɟɪɟɫɟɱɟɧɢɟ ɥɭɱɚ ɫ 
ɦɧɨɝɨɝɪɚɧɧɢɤɨɦ ɢ ɪɚɜɟɧ ɨɬɧɨɲɟɧɢɸ  ɱɢɫɥɢɬɟɥɹ 
(dev) ɤ ɡɧɚɦɟɧɚɬɟɥɸ (div), ɜɡɹɬɨɦɭ ɫ ɨɛɪɚɬɧɵɦ 
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ɡɧɚɤɨɦ. ɑɢɫɥɢɬɟɥɶ ɟɫɬɶ ɩɨɞɫɬɚɧɨɜɤɚ ɬɨɱɤɢ ɧɚɱɚɥɚ 
ɥɭɱɚ ɜ ɭɪɚɜɧɟɧɢɟ ɩɥɨɫɤɨɫɬɢ ɝɪɚɧɢ (1).  

dev = nx · o

vx   + ny · o

vy   + nz · o

vz  + d. (1) 

ɉɪɢ ɷɬɨɦ ɫɜɨɛɨɞɧɵɣ ɱɥɟɧ ɭɪɚɜɧɟɧɢɹ 
ɩɥɨɫɤɨɫɬɢ, d, ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹ (2) 
ɩɨɞɫɬɚɧɨɜɤɨɣ ɤɨɨɪɞɢɧɚɬ ɥɸɛɨɣ ɜɟɪɲɢɧɵ ɝɪɚɧɢ ɜ 
ɭɪɚɜɧɟɧɢɟ. 

d = - ( nx · x[0] + ny · y[0] +  nz · z[0]). (2) 

Ɂɧɚɦɟɧɚɬɟɥɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɤɚɥɹɪɧɨɟ 
ɩɪɨɢɡɜɟɞɟɧɢɟ ɜɟɤɬɨɪɚ ɥɭɱɚ ɧɚ ɧɨɪɦɚɥɶɧɵɣ ɜɟɤɬɨɪ 
ɝɪɚɧɢ (ɜɵɪɚɠɟɧɢɟ 3).   

div = S = 
o

xv  · nx +
o

yv  · ny  + 
o

zv  · nz . (3) 

ȼɫɟ ɬɪɢ ɜɵɪɚɠɟɧɢɹ ɦɨɠɧɨ ɪɚɫɫɱɢɬɵɜɚɬɶ 
ɩɚɪɚɥɥɟɥɶɧɨ, ɟɫɥɢ ɜɵɪɚɠɟɧɢɟ (1) ɡɚɦɟɧɢɬɶ ɧɚ 
ɜɵɪɚɠɟɧɢɹ (4, 5).  

dev0  = nx · o

vx   + ny · o

vy   + nz · o

vz ; (4) 

dev = dev0  + d.   (5) 

UML-ɞɢɚɝɪɚɦɦɚ ɛɥɨɤɚ CR ɩɨɢɫɤɚ 
ɩɚɪɚɦɟɬɪɚ ɩɟɪɟɫɟɱɟɧɢɹ ɥɭɱɚ ɫ ɩɨɥɢɝɨɧɚɥɶɧɵɦ 
ɨɛɴɟɤɬɨɦ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ.2. 

 

Ɋɢɫɭɧɨɤ 2 - UML-ɞɢɚɝɪɚɦɦɚ ɛɥɨɤɚ CR ɩɨɢɫɤɚ ɩɚɪɚɦɟɬɪɚ ɩɟɪɟɫɟɱɟɧɢɹ ɥɭɱɚ ɫ ɩɨɥɢɝɨɧɚɥɶɧɵɦ ɨɛɴɟɤɬɨɦ  
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Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɪɟɚɥɢɡɚɰɢɹ ɤɚɠɞɨɝɨ 
ɜɵɪɚɠɟɧɢɹ ɬɪɟɛɭɟɬ ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɜɵɩɨɥɧɟɧɢɹ 
ɬɪɟɯ ɭɦɧɨɠɟɧɢɣ (ɭɫɬɪɨɣɫɬɜɨ Ɇ1) ɢ ɡɚɬɟɦ ɞɜɭɯ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɫɥɨɠɟɧɢɣ (ɭɫɬɪɨɣɫɬɜɨ Ⱥ1) [10]. 
ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɛɥɨɤ ɧɚɡɜɚɧ P0BL, ɟɝɨ 
ɞɢɚɝɪɚɦɦɚ ɧɚ ɩɪɢɦɟɪɟ ɜɵɱɢɫɥɟɧɢɹ ɫɤɚɥɹɪɧɨɝɨ 
ɩɪɨɢɡɜɟɞɟɧɢɹ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 3.  

Ɋɢɫɭɧɨɤ 3 - UML-ɞɢɚɝɪɚɦɦɚ ɛɥɨɤɚ ɜɵɱɢɫɥɟɧɢɹ 
ɫɤɚɥɹɪɧɨɝɨ ɩɪɨɢɡɜɟɞɟɧɢɹ (P0BL) 

Ⱥɧɚɥɢɡ ɧɚɥɢɱɢɹ ɩɟɪɟɫɟɱɟɧɢɹ ɥɭɱɚ ɫ 
ɨɛɴɟɤɬɨɦ ɫɜɨɞɢɬɫɹ ɤ ɚɧɚɥɢɡɭ tin<tout, ɬ.ɟ. 
ɪɚɫɫɬɨɹɧɢɟ ɞɨ ɬɨɱɤɢ ɜɯɨɞɚ ɦɟɧɶɲɟ, ɱɟɦ ɞɨ ɬɨɱɤɢ 
ɜɵɯɨɞɚ. ɉɪɢ ɷɬɨɦ tin ɜɵɛɢɪɚɟɬɫɹ ɦɟɠɞɭ 
ɩɚɪɚɦɟɬɪɚɦɢ t ɜɢɞɢɦɵɯ ɩɥɨɫɤɨɫɬɟɣ (div<0), ɚ tout 
- ɦɟɠɞɭ ɩɚɪɚɦɟɬɪɚɦɢ ɧɟɜɢɞɢɦɵɯ.  

Ɋɟɚɥɢɡɚɰɢɹ ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɩɨɢɫɤɚ 
ɩɟɪɟɫɟɱɟɧɢɹ ɥɭɱɚ ɫ ɝɪɭɩɩɨɣ ɨɛɴɟɤɬɨɜ   

Ɍ.ɤ. ɪɚɫɱɟɬ ɜɵɪɚɠɟɧɢɣ 1-5 ɜɵɩɨɥɧɹɟɬɫɹ ɜ 
ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɤɚɠɞɨɝɨ ɨɛɴɟɤɬɚ, ɬɨ ɤɪɨɦɟ 
ɛɥɨɤɚ CR ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ 
ɪɚɫɱɟɬ ɦɚɬɪɢɰɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɢɡ ɝɥɨɛɚɥɶɧɨɣ 
ɫɢɫɬɟɦɵ ɢ ɭɦɧɨɠɢɬɶ ɧɚ ɷɬɭ ɦɚɬɪɢɰɭ ɩɚɪɚɦɟɬɪɵ 
ɥɭɱɚ. Ɋɚɫɱɟɬ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɦɚɬɪɢɰɵ 
ɜɵɩɨɥɧɹɟɬɫɹ ɛɥɨɤɨɦ MTR2 (ɪɢɫ. 4) ɩɨ ɭɝɥɨɜɵɦ 
ɤɨɨɪɞɢɧɚɬɚɦ {  ,, } ɜɟɤɬɨɪɚ Poki ɩɨɥɨɠɟɧɢɹ  
ɤɚɠɞɨɝɨ ɨɛɴɟɤɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɝɥɨɛɚɥɶɧɨɣ 
ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ. ȼɯɨɞɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ  
ɩɚɪɚɥɥɟɥɶɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ 
ɹɜɥɹɸɬɫɹ ɫɢɧɭɫɵ ɢ ɤɨɫɢɧɭɫɵ ɭɝɥɨɜ, ɩɨɥɭɱɚɟɦɵɟ 
ɢɡ ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɩɨɫɬɨɹɧɧɨɣ ɩɚɦɹɬɢ ɬɚɛɥɢɰ: 

;cos;sin   ɫɪsp  

;cos;sin  ɫɪst                 (6) 

                    .cos;sin   ɫgsg     

 

Ɋɢɫɭɧɨɤ 4 – UML-ɞɢɚɝɪɚɦɦɚ ɛɥɨɤɚ MTR2 ɪɚɫɱɟɬɚ ɦɚɬɪɢɰ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɢɡ ɝɥɨɛɚɥɶɧɨɣ ɫɢɫɬɟɦɵ 
ɤɨɨɪɞɢɧɚɬ ɜ ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧɚɬ ɨɛɴɟɤɬɚ  

Ⱦɚɥɟɟ ɛɥɨɤɨɦ ɋɋ ɜɵɩɨɥɧɹɟɬɫɹ ɭɦɧɨɠɟɧɢɟ 
ɤɨɨɪɞɢɧɚɬ ɧɚɱɚɥɚ ɥɭɱɚ, ɚ ɛɥɨɤɨɦ ɋɋV1 – 

ɭɦɧɨɠɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɜɟɤɬɨɪɚ ɧɚɩɪɚɜɥɟɧɢɹ ɥɭɱɚ 
ɧɚ ɦɚɬɪɢɰɭ D[3][3]. Ȼɥɨɤɢ ɋɋ ɢ ɋɋV1 ɜɤɥɸɱɚɸɬ ɜ 
ɫɟɛɹ ɩɨ 3 ɩɚɪɚɥɥɟɥɶɧɵɯ ɛɥɨɤɚ, ɚɧɚɥɨɝɢɱɧɵɯ P0BL 
[10]. Ɉɛɨɡɧɚɱɢɦ ɬɚɤɨɣ ɨɛɴɟɞɢɧɟɧɧɵɣ ɛɥɨɤ ɌɈ.  

UML-ɞɢɚɝɪɚɦɦɚ ɛɥɨɤɚ CROSS ɩɪɢɜɟɞɟɧɚ 
ɧɚ ɪɢɫ. 5. ȼ ɧɟɣ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɥɟɞɭɸɳɢɟ 
ɨɛɨɡɧɚɱɟɧɢɹ:  

hit – ɱɢɫɥɨ ɩɟɪɟɫɟɱɟɧɢɣ ɥɭɱɚ ɫ ɨɛɴɟɤɬɚɦɢ, 
gin – ɧɨɦɟɪ ɝɪɚɧɢ ɜ ɬɨɱɤɟ ɜɯɨɞɚ ɥɭɱɚ, 

iob – ɢɧɞɟɤɫ ɨɛɴɟɤɬɚ  
Kgr – ɤɨɥɢɱɟɫɬɜɨ ɝɪɭɩɩ ɨɛɴɟɤɬɨɜ, 

ɜɵɱɢɫɥɹɟɬɫɹ ɚɜɬɨɦɚɬɨɦ ɞɟɥɟɧɢɹ D1 ɩɨ 
ɜɵɪɚɠɟɧɢɸ (7): 

Kgr = Ʉɨɛ / kpr,  (7) 

igr – ɧɨɦɟɪ ɝɪɭɩɩɵ ɨɛɴɟɤɬɨɜ, 
ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɩɚɪɚɥɥɟɥɶɧɨ, 

kpr – ɤɨɥɢɱɟɫɬɜɨ ɩɚɪɚɥɥɟɥɶɧɨ 
ɚɧɚɥɢɡɢɪɭɟɦɵɯ ɨɛɴɟɤɬɨɜ, 

ipr – ɧɨɦɟɪ ɨɛɴɟɤɬɚ ɜ ɝɪɭɩɩɟ.  
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Ɋɢɫɭɧɨɤ 5 – UML-ɞɢɚɝɪɚɦɦɚ ɛɥɨɤɚ CROSS ɩɨɢɫɤɚ ɩɟɪɟɫɟɱɟɧɢɹ ɥɭɱɚ ɫ ɨɛɴɟɤɬɚɦɢ ɤɚɞɪɚ

ȿɫɥɢ ɥɭɱ ɩɟɪɟɫɟɤɚɟɬ ɛɨɥɟɟ ɨɞɧɨɝɨ ɨɛɴɟɤɬɚ, 
ɬɨ ɜ ɤɚɱɟɫɬɜɟ ɬɨɱɤɢ ɜɯɨɞɚ ɥɭɱɚ ɜɵɛɢɪɚɟɬɫɹ 
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ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɢɡ t0 ɨɛɴɟɤɬɨɜ ɝɪɭɩɩɵ. ȼ 
ɩɨɢɫɤɟ ɦɢɧɢɦɭɦɚ ɭɱɚɫɬɜɭɟɬ ɡɧɚɱɟɧɢɟ, ɩɨɥɭɱɟɧɧɨɟ 
ɞɥɹ ɩɪɟɞɵɞɭɳɢɯ ɝɪɭɩɩ ɨɛɴɟɤɬɨɜ.   

ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɢɫɬɟɦɵ  
Ⱥɧɚɥɢɡ UML-ɞɢɚɝɪɚɦɦɵ ɛɥɨɤɚ CROSS 

ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɫɢɫɬɟɦɚ ɩɨɢɫɤɚ ɩɟɪɟɫɟɱɟɧɢɹ ɥɭɱɚ 
ɫ ɝɪɭɩɩɨɣ ɩɨɥɢɝɨɧɚɥɶɧɵɯ ɨɛɴɟɤɬɨɜ ɢɦɟɟɬ 
ɜɟɪɬɢɤɚɥɶɧɭɸ ɚɪɯɢɬɟɤɬɭɪɭ [5], ɜ ɧɟɣ ɩɪɨɢɫɯɨɞɢɬ 
ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɟ «ɨɬ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ».   

Ⱦɥɹ ɩɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɚ ɛɚɡɟ UML-

ɞɢɚɝɪɚɦɦ ɪɚɡɪɚɛɨɬɚɧɵ ɦɨɞɟɥɢ ɭɫɬɪɨɣɫɬɜ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɹɡɵɤɚ Verilog [9, 11]. ȼ ɤɚɱɟɫɬɜɟ 
ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ ɢɫɩɨɥɶɡɨɜɚɧɵ ɛɚɡɵ ɞɚɧɧɵɯ  ɩɨ 5 

ɦɢɥɥɢɨɧɨɜ ɩɨɥɢɝɨɧɚɥɶɧɵɯ ɨɛɴɟɤɬɨɜ.  
ȼ ɢɫɫɥɟɞɨɜɚɧɢɹɯ,  ɪɟɡɭɥɶɬɚɬɵ ɤɨɬɨɪɵɯ 

ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 6, ɜɚɪɶɢɪɭɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ 
ɨɛɴɟɤɬɨɜ ɜ ɝɪɭɩɩɟ (ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɱɢɫɥɨ 
ɩɚɪɚɥɥɟɥɶɧɵɯ ɛɥɨɤɨɜ Ɍ0 kpr, ɡɚɞɚɧɧɨɟ ɩɨ ɨɫɢ 
ɚɛɫɰɢɫɫ). ɉɨ ɨɫɢ ɨɪɞɢɧɚɬ ɩɪɢɜɟɞɟɧɨ ɩɨɥɭɱɟɧɧɨɟ 
ɜɪɟɦɟɧɹ ɬɪɚɫɫɢɪɨɜɤɢ ɫɰɟɧɵ, Ɍ, ɦɚɲɢɧɧɵɯ ɰɢɤɥɨɜ.  

 

Ɋɢɫɭɧɨɤ 6 – Ɂɚɜɢɫɢɦɨɫɬɶ ɜɪɟɦɟɧɢ ɬɪɚɫɫɢɪɨɜɤɢ ɫɰɟɧɵ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɩɚɪɚɥɥɟɥɶɧɵɯ ɛɥɨɤɨɜ Ɍ0  

ȼ ɢɫɫɥɟɞɨɜɚɧɢɹɯ,  ɪɟɡɭɥɶɬɚɬɵ ɤɨɬɨɪɵɯ 
ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 7, ɜɪɟɦɹ ɬɪɚɫɫɢɪɨɜɤɢ, Ɍ, ɡɚɞɚɧɨ 
ɜ ɦɢɥɥɢɨɧɚɯ ɦɚɲɢɧɧɵɯ ɰɢɤɥɨɜ. ɉɪɢ ɷɬɨɦ ɤɪɨɦɟ 
ɤɨɥɢɱɟɫɬɜɚ ɨɛɴɟɤɬɨɜ ɜ ɝɪɭɩɩɟ ɜɚɪɶɢɪɭɟɬɫɹ 

ɫɥɨɠɧɨɫɬɶ ɩɨɥɢɝɨɧɚɥɶɧɵɯ ɨɛɴɟɤɬɨɜ. ɑɢɫɥɨ 
ɝɪɚɧɟɣ ɩɪɢɧɹɬɨ ɪɚɜɧɵɦ 4, 8, 12, 24 ɢ 36 – ɢɦ 

ɫɨɨɬɜɟɬɫɬɜɭɸ ɤɪɢɜɵɟ, ɨɛɨɡɧɚɱɟɧɧɵɟ ɋ4 –  ɋ36..     

 

Ɋɢɫɭɧɨɤ 7 – Ɂɚɜɢɫɢɦɨɫɬɶ ɜɪɟɦɟɧɢ ɬɪɚɫɫɢɪɨɜɤɢ ɫɰɟɧɵ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɩɚɪɚɥɥɟɥɶɧɵɯ ɛɥɨɤɨɜ Ɍ0 ɢ 
ɫɥɨɠɧɨɫɬɢ ɨɛɴɟɤɬɨɜ 
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Ɂɚɤɥɸɱɟɧɢɟ 

Ⱥɧɚɥɢɡ ɡɚɜɢɫɢɦɨɫɬɟɣ, ɩɪɢɜɟɞɟɧɧɵɯ ɧɚ 
ɪɢɫ. 6 ɢ ɪɢɫ. 7, ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ 
ɤɨɥɢɱɟɫɬɜɚ ɩɚɪɚɥɥɟɥɶɧɵɯ ɛɥɨɤɨɜ Ɍ0 ɜ 2 ɪɚɡɚ  
ɭɦɟɧɶɲɚɟɬ ɜɪɟɦɹ ɬɪɚɫɫɢɪɨɜɤɢ ɦɟɧɟɟ, ɱɟɦ ɜ 2 
ɪɚɡɚ.  ɉɪɢɱɟɦ, ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ 
ɨɛɴɟɤɬɨɜ ɜ ɝɪɭɩɩɟ ɜɵɢɝɪɵɲ ɜ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɫɬɚɧɨɜɢɬɫɹ ɜɫɟ ɦɟɧɟɟ 
ɡɚɦɟɬɟɧ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ 
ɡɚɬɪɚɬɚɦɢ ɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɨɛɴɟɤɬɨɜ ɩɨ 
ɩɪɨɰɟɫɫɚɦ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɤɨɧɜɟɣɟɪɚ. Ȼɨɥɟɟ 512 
ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ ɩɪɢɦɟɧɹɬɶ ɧɟ ɢɦɟɟɬ 
ɫɦɵɫɥɚ, ɱɬɨ ɜɩɨɥɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɡɦɟɪɚɦ 
ɦɚɬɪɢɰ ɬɟɯɧɨɥɨɝɢɢ CUDA. 
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