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1. ɐɟɥ ɧɚ ɩɪɨɟɤɬɚ 
 

ɐɟɥɬɚ ɧɚ ɩɪɨɟɤɬɚ ɟ ɪɟɚɥɢɡɚɰɢɹ ɧɚ ɩɚɪɚɥɟɥɟɧ ɚɥɝɨɪɢɬɴɦ ɝɟɧɟɪɢɪɚɳ 
ɦɧɨɠɟɫɬɜɨɬɨ ɧɚ ɀɭɥɢɹ (Julia set) ɨɬ ɤɨɦɩɥɟɤɫɧɢ ɱɢɫɥɚ ɩɨɫɪɟɞɫɬɜɨɦ 
ɮɨɪɦɭɥɚɬɚ F(z)=z^2+c, ɤɴɞɟɬɨ z ɢ c ɫɚ ɤɨɦɩɥɟɤɫɧɢ ɱɢɫɥɚ ɢ c ɟ ɩɪɟɞɜɚɪɢɬɟɥɧɨ 
ɡɚɞɚɞɟɧɚ ɤɨɧɫɬɚɧɬɚ. Иɡɢɫɤɜɚɧɢɹɬɚ ɤɴɦ ɩɪɨɝɪɚɦɚɬɚ ɫɚ ɫɥɟɞɧɢɬɟ: 

 

 ɉɪɨɝɪɚɦɚɬɚ ɬɪɹɛɜɚ ɞɚ ɢɡɩɨɥɡɜɚ ɩɚɪɚɥɟɥɧɢ ɩɪɨɰɟɫɢ (ɧɢɲɤɢ) ɡɚ ɞɚ 

ɪɚɡɩɪɟɞɟɥɢ ɪɚɛɨɬɚɬɚ ɩɨ ɬɴɪɫɟɧɟɬɨ ɧɚ ɬɨɱɤɢɬɟ ɨɬ ɦɧɨɠɟɫɬɜɨɬɨ ɧɚ 
ɀɭɥɢɹ ɧɚ ɩɨɜɟɱɟ ɨɬ ɟɞɢɧ ɩɪɨɰɟɫɨɪ; 

 ɉɪɨɝɪɚɦɚɬɚ ɬɪɹɛɜɚ ɞɚ ɨɫɢɝɭɪɹɜɚ ɢ ɝɟɧɟɪɢɪɚɧɟɬɨ ɧɚ ɢɡɨɛɪɚɠɟɧɢɟ 
(ɧɚɩɪɢɦɟɪ.png),ɩɨɤɚɡɜɚɳɨ ɬɚɤɚ ɧɚɦɟɪɟɧɨɬɨ ɦɧɨɠɟɫɬɜɨ; 

 ɉɪɨɝɪɚɦɚɬɚ ɞɚ ɩɨɡɜɨɥɹɜɚ (ɪɚɡɛɢɪɚ ɨɬ) ɤɨɦɚɧɞɟɧ ɩɚɪɚɦɟɬɴɪ, ɤɨɣɬɨ 
ɡɚɞɚɜɚ ɝɨɥɟɦɢɧɚɬɚ ɧɚ ɝɟɧɟɪɢɪɚɧɨɬɨ ɢɡɨɛɪɚɠɟɧɢɟ, ɤɚɬɨ ɲɢɪɨɱɢɧɚ ɢ 
ɜɢɫɨɱɢɧɚ ɜ ɛɪɨɣ ɩɢɤɫɟɥɢ. ɉɪɢ ɧɟ ɜɴɜɟɞɟɧ ɨɬ ɩɨɬɪɟɛɢɬɟɥɹ ɤɨɦɚɧɞɟɧ 
ɩɚɪɚɦɟɬɴɪ, ɡɚ ɝɨɥɟɦɢɧɚ ɧɚ ɢɡɨɛɪɚɠɟɧɢɟɬɨ, ɩɪɨɝɪɚɦɚɬɚ ɡɚɞɚɜɚ 
ɩɚɪɚɦɟɬɪɢ ɩɨ ɩɨɞɪɚɡɛɢɪɚɧɟ; 

 Кɨɦɚɧɞɟɧ ɩɚɪɚɦɟɬɴɪ ɡɚ ɜɴɡɦɨɠɧɨɫɬ ɡɚ ɩɪɢɛɥɢɠɟɧɢɟ ɢ ɢɡɦɟɫɬɜɚɧɟ ɧɚ 
ɨɛɪɚɡɚ, ɢɥɢ ɪɚɡɝɥɟɠɞɚɧɟ ɧɚ ɤɨɧɤɪɟɬɧɚ ɱɚɫɬ ɨɬ ɦɧɨɠɟɫɬɜɨɬɨ; 

 Кɨɦɚɧɞɟɧ ɩɚɪɚɦɟɬɴɪ, ɤɨɣɬɨ ɞɚ ɡɚɞɚɜɚ ɦɚɤɫɢɦɚɥɧɢɹɬ ɛɪɨɣ ɧɢɲɤɢ, ɧɚ 
ɤɨɢɬɨ ɞɚ ɫɟ ɪɚɡɩɪɟɞɟɥɹ ɪɚɛɨɬɚɬɚ ɩɨ ɝɟɧɟɪɢɪɚɧɟɬɨ ɧɚ ɦɧɨɠɟɫɬɜɨɬɨ. ɉɪɢ 
ɧɟ ɜɴɜɟɞɟɧ ɨɬ ɩɨɬɪɟɛɢɬɟɥɹ ɦɚɤɫɢɦɚɥɟɧ ɛɪɨɣ ɧɢɲɤɢ ɞɚ ɫɟ ɜɴɜɟɠɞɚ ɟɞɧɚ 
ɧɢɲɤɚ ɩɨ ɩɨɞɪɚɡɛɢɪɚɧɟ; 

 Кɨɦɚɧɞɟɧ ɪɟɞ ɭɤɚɡɜɚɳ ɢɦɟɬɨ ɧɚ ɝɟɧɟɪɢɪɚɧɨɬɨ ɢɡɨɛɪɚɠɟɧɢɟ (-o 

picture_name.png). ɉɪɢ ɧɟ ɜɴɜɟɠɞɚɧɟ ɧɚ ɢɦɟ ɧɚ ɮɚɣɥ ɨɬ ɩɨɬɪɟɛɢɬɟɥɹ 
ɩɪɨɝɪɚɦɚɬɚ ɞɚ ɡɚɞɚɜɚ ɢɦɟ ɩɨ ɩɨɞɪɚɡɛɢɪɚɧɟ; 

 ɉɪɨɝɪɚɦɚɬɚ ɞɚ ɢɡɜɟɠɞɚ ɩɨɞɯɨɞɹɳɢ ɫɴɨɛɳɟɧɢɹ ɧɚ ɪɚɡɥɢɱɧɢɬɟ ɟɬɚɩɢ ɨɬ 
ɪɚɛɨɬɚɬɚ ɫɢ. Кɚɤɬɨ ɢ ɜɪɟɦɟɬɨ ɨɬɞɟɥɟɧɨ ɡɚ ɢɡɱɢɫɥɹɜɚɧɟɬɨ ɧɚ ɜɫɢɱɤɢ 
ɬɨɱɤɢ ɨɬ ɦɧɨɠɟɫɬɜɨɬɨ ɢ ɜɪɟɦɟɬɨ ɡɚ ɢɡɩɴɥɧɟɧɢɟɬɨ ɧɚ ɰɹɥɚɬɚ ɩɪɨɝɪɚɦɚ; 
 

2. Ɉɩɢɫɚɧɢɟ ɧɚ ɚɥɝɨɪɢɬɴɦɚ 

 
ɉɪɨɝɪɚɦɚɬɚ ɪɟɚɥɢɡɢɪɚɳɚ ɚɥɝɨɪɢɬɴɦɚ ɡɚ ɝɟɧɟɪɢɪɚɧɟ ɧɚ ɦɧɨɠɟɫɬɜɨɬɨ ɧɚ 

ɀɭɥɢɹ ɞɚɜɚ ɜɴɡɦɨɠɧɨɫɬ ɧɚ ɩɨɬɪɟɛɢɬɟɥɹ ɞɚ ɝɟɧɟɪɢɪɚ ɢɡɨɛɪɚɠɟɧɢɟ ɫ ɠɟɥɚɧɢ 
ɪɚɡɦɟɪɢ ɢ ɰɜɹɬ ɢɡɨɛɪɚɡɹɜɚɳɨ ɦɧɨɠɟɫɬɜɨɬɨ ɧɚ ɀɭɥɢɹ ɜɴɜ ɜɢɞ ɧɚ ɮɪɚɤɬɚɥ. 
Ⱥɥɝɨɪɢɬɴɦɴɬ ɟ ɧɚ Cuda – ɩɥɚɬɮɨɪɦɚ ɡɚ ɩɚɪɚɥɟɥɧɨ ɩɚɪɚɥɟɥɧɨ ɩɪɨɝɪɚɦɢɪɚɧɟ 
ɧɚ nvidia – ɩɨɞ ɚɪɯɢɬɟɤɬɭɪɚ Maxwell. 

Ⱥɥɝɨɪɢɬɴɦɴɬ, ɤɨɣɬɨ ɢɡɩɨɥɡɜɚ ɩɪɨɝɪɚɦɚɬɚ ɟ ɱɟɫɬɨ ɫɪɟɳɚɧ ɩɪɢ 
ɝɟɧɟɪɢɪɚɧɟ ɧɚ ɮɪɚɤɬɚɥɢ ɫ ɩɨɦɨɳɬɚ ɧɚ Cuda ɩɥɚɬɮɨɪɦɚɬɚ. ɉɴɪɜɨɧɚɱɚɥɧɨ ɧɚ 
ɩɪɨɝɪɚɦɚɬɚ ɫɟ ɡɚɞɚɜɚ ɛɪɨɣ ɧɢɲɤɢ ɜ ɟɞɢɧ ɛɥɨɤ (cuda thread block) ɢ ɫɥɟɞ ɬɨɜɚ 
ɢɡɱɢɫɥɹɜɚ ɛɪɨɹ ɧɟɨɛɯɨɞɢɦɢ ɛɥɨɤɨɜɟ, ɡɚ ɞɚ ɫɟ ɩɨɤɪɢɟ ɰɹɥɨɬɨ ɢɡɨɛɪɚɠɟɧɢɟ, 



ɬɚɤɚ ɱɟ ɜɫɟɤɢ ɩɢɤɫɟɥ ɞɚ ɫɟ ɢɡɱɢɫɥɹɜɚ ɨɬ ɟɞɧɚ ɧɢɲɤɚ. Ⱥɥɝɨɪɢɬɴɦɴɬ ɢɡɱɢɫɥɹɜɚ 
ɟɞɢɧ ɩɢɤɫɟɥ/ɬɨɱɤɚ ɨɬ ɢɡɨɛɪɚɠɟɧɢɟɬɨ/ɦɧɨɠɟɫɬɜɨɬɨ ɜ ɡɚɜɢɫɢɦɨɫɬ ɨɬ ɧɨɦɟɪɚ ɧɚ 
ɛɥɨɤɚ, ɜ ɤɨɣɬɨ ɫɟ ɧɚɦɢɪɚ, ɢ ɫɨɛɫɬɜɟɧɢɹ ɫɢ ɧɨɦɟɪ. ɇɚ ɛɚɡɚɬɚ ɧɚ ɩɨɡɢɰɢɹɬɚ ɫɢ 
ɢɡɱɢɫɥɹɜɚ ɤɨɦɩɥɟɤɫɧɨ ɱɢɫɥɨ p, ɡɚɜɢɫɟɳɨ ɫɴɳɨ ɢ ɨɬ ɡɚɞɚɞɟɧɨɬɨ ɩɪɢɛɥɢɠɟɧɢɟ 
ɢ ɨɬɦɟɫɬɜɚɧɟ ɧɚ ɢɡɨɛɪɚɠɟɧɢɟɬɨ. ɑɢɫɥɨɬɨ p ɛɢɜɚ ɢɬɟɪɢɪɚɧɨ ɫ ɮɨɪɦɭɥɚɬɚ 
F(p)=p^2+c ɨɩɪɟɞɟɥɟɧ ɛɪɨɣ ɩɴɬɢ, ɞɨɤɚɬɨ ɢɥɢ ɚɛɫɨɥɸɬɧɚɬɚ ɦɭ ɫɬɨɣɧɨɫɬ 
ɧɚɞɜɢɲɢ 4(ɢɡɥɟɡɟ ɨɬ ɦɧɨɠɟɫɬɜɨɬɨ) ɢɥɢ ɞɨɤɚɬɨ ɧɟ ɦɢɧɚɬ ɨɩɪɟɞɟɥɟɧ ɛɪɨɣ 
ɢɬɟɪɚɰɢɢ. Ȼɪɨɹ ɧɚ ɢɬɟɪɚɰɢɢɬɟ ɫɟ ɡɚɩɢɫɜɚ ɜ ɦɚɫɢɜ, ɧɚ ɛɚɡɚɬɚ, ɧɚ ɤɨɣɬɨ ɫɥɟɞ 
ɬɨɜɚ ɫɟ ɢɡɱɢɫɥɹɜɚɬ ɰɜɟɬɨɜɟɬɟ ɧɚ ɢɡɨɛɪɚɠɟɧɢɟɬɨ. Иɡɜɴɪɲɜɚ ɫɟ ɟɞɢɧ ɜɢɞ 
mapping ɧɚ ɦɧɨɠɟɫɬɜɨɬɨ ɱɪɟɡ ɰɟɥɢ ɱɢɫɥɚ, ɡɚ ɞɚ ɦɨɠɟ ɩɨ-ɥɟɫɧɨ ɞɚ ɫɟ ɢɡɱɢɫɥɹɬ 
ɰɜɟɬɨɜɟɬɟ ɧɚ ɢɡɨɛɪɚɠɟɧɢɟɬɨ. 

 

 

3. Ɋɟɚɥɢɡɚɰɢɹ 
 

Ɋɟɚɥɢɡɚɰɢɹɬɚ ɧɚ ɚɥɝɨɪɢɬɴɦɚ ɢ ɩɪɚɥɟɥɢɡɢɪɚɧɟɬɨ ɧɚ ɢɡɱɢɫɥɹɜɚɧɟɬɨ ɟ ɧɚ 
ɟɡɢɤɚ Cuda/C++. ȼ ɚɥɝɨɪɢɬɴɦɴɬ ɫɟ ɢɡɩɨɥɡɜɚɬ ɫɚɦɨ ɩɴɪɜɢɬɟ ɞɜɟ ɢɡɦɟɪɟɧɢɹ ɧɚ 
ɛɥɨɤɨɜɟɬɟ ɢ ɦɪɟɠɚɬɚ ɨɬ ɛɥɨɤɨɜɟ, ɬ.ɤ. ɢɡɨɛɪɚɠɟɧɢɟɬɨ ɟ ɜ 2D. 

Щɟ ɪɚɡɝɥɟɞɚɦɟ ɝɥɚɜɧɢɬɟ ɮɭɧɤɰɢɢ ɡɚ ɪɟɚɥɢɡɢɪɚɧɟɬɨ ɧɚ ɚɥɝɨɪɢɬɴɦɚ: 
 

ɉɴɪɜɨɧɚɱɚɥɧɨ ɫɥɟɞ ɤɚɬɨ ɛɴɞɟ ɡɚɞɚɞɟɧɚ ɩɪɟɞɜɚɪɢɬɟɥɧɨ ɛɪɨɣɤɚɬɚ ɧɚ 
ɧɢɲɤɢɬɟ ɜ ɛɥɨɤ, ɢɡɱɢɫɥɹɜɚɦɟ ɛɪɨɹ ɛɥɨɤɨɜɟ ɜ ɦɪɟɠɚɬɚ ɨɬ ɛɥɨɤɨɜɟ 
ɧɟɨɛɯɨɞɢɦɢ ɡɚ ɩɨɤɪɢɜɚɧɟɬɨ ɧɚ ɰɹɥɨɬɨ ɢɡɨɛɪɚɠɟɧɢɟ, ɬɚɤɚ, ɱɟ ɜɫɹɤɚ ɧɢɲɤɚ ɜ 
ɛɥɨɤ ɞɚ ɢɡɱɢɫɥɹɜɚ ɟɞɢɧ ɩɢɤɫɟɥ/ɬɨɱɤɚ ɨɬ ɦɧɨɠɟɫɬɜɨɬɨ. Ɍɨɜɚ ɫɬɚɜɚ ɱɪɟɡ 
ɮɭɧɤɰɢɹɬɚ CalcGrid, ɧɚ ɤɨɹɬɨ ɤɚɬɨ ɩɴɪɜɢ ɩɚɪɚɦɟɬɴɪ ɫɟ ɡɚɞɚɜɚ ɲɢɪɢɧɚ ɢɥɢ 
ɜɢɫɨɱɢɧɚ ɧɚ ɢɡɨɛɪɚɠɟɧɢɟɬɨ, ɚ ɤɚɬɨ ɜɬɨɪɢ ɫɴɨɬɜɟɬɧɨ ɛɪɨɣ ɧɢɲɤɢ ɩɨ ɲɢɪɢɧɚ 
ɢɥɢ ɜɢɫɨɱɢɧɚ ɧɚ ɛɥɨɤɚ ɨɬ ɧɢɲɤɢ, ɢ ɬɚɤɚ ɧɚɤɪɚɹ ɤɚɬɨ ɪɟɡɭɥɬɚɬ ɫɟ ɜɪɴɳɚ 
ɟɞɧɨɬɨ ɨɬ ɢɡɦɟɪɟɧɢɹɬɚ ɧɚ ɦɪɟɠɚɬɚ ɨɬ ɛɥɨɤɨɜɟ ɫ ɧɢɲɤɢ – ɛɪɨɣ ɛɥɨɤɨɜɟ ɩɨ 
ɲɢɪɢɧɚ ɢɥɢ ɩɨ ɜɢɫɨɱɢɧɚ. 

 

 

ɋɥɟɞ ɤɚɬɨ ɜɟɱɟ ɡɧɚɟɦ ɪɚɡɦɟɪɧɨɫɬɢɬɟ ɧɚ ɦɪɟɠɚɬɚ ɨɬ ɛɥɨɤɨɜɟ ɢ ɧɚ ɫɚɦɢɬɟ 
ɛɥɨɤɨɜɟ, ɢɡɜɢɤɜɚɦɟ ɮɭɧɤɰɢɹɬɚ CalcJulia ɞɚ ɫɟ ɢɡɩɴɥɧɢ ɩɚɪɚɥɟɥɧɨ ɡɚ ɜɫɹɤɚ ɧɢɲɤɚ ɜ 
ɫɴɨɬɜɟɬɧɢɹ ɛɪɨɣ ɛɥɨɤɨɜɟ ɢ ɧɢɲɤɢ ɜ ɬɹɯ, ɤɚɬɨ ɩɨɞɚɜɚɦɟ ɩɚɪɚɦɟɬɪɢ ɦɚɫɢɜɚ ɨɬ ɞɚɧɧɢ, 
ɤɨɣɬɨ ɬɪɹɛɜɚ ɞɚ ɛɴɞɟ ɩɨɩɴɥɧɟɧ ɫɥɟɞ ɢɡɩɴɥɧɟɧɢɟɬɨ ɧɚ ɜɫɢɱɤɢ ɧɢɲɤɢ, ɤɨɦɩɥɟɤɫɧɚɬɚ 
ɤɨɧɫɬɚɧɬɚ c, ɤɨɥɤɨ ɞɚ ɟ ɩɪɢɛɥɢɠɟɧɢɟɬɨ (1,2,3,4.5 ɢ ɬ.ɧ.), ɪɚɡɦɟɪɧɨɫɬɢɬɟ ɧɚ 
ɢɡɨɛɪɚɠɟɧɢɟɬɨ ɢ ɨɬɦɟɫɬɜɚɧɟɬɨ ɜ ɩɢɤɫɟɥɢ ɩɨ x ɢ y. 



CalcJulia ɫ ɩɨɦɨɳɬɚ ɧɚ ToComplex ɢɡɱɢɫɥɹɜɚ ɤɨɦɩɥɟɤɫɧɨɬɨ ɱɢɫɥɨ p ɧɚ ɛɚɡɚɬɚ ɧɚ: 

ɩɨɡɢɰɢɹ ɧɚ ɧɢɲɤɚɬɚ ɜ ɦɪɟɠɚɬɚ ɨɬ ɛɥɨɤɨɜɟ ɫ ɧɢɲɤɢ; ɩɪɢɛɥɢɠɟɧɢɟ; ɨɬɦɟɫɬɜɚɧɟ ɩɨ 
ɜɢɫɨɱɢɧɚ ɢ ɲɢɪɢɧɚ ɢ ɪɚɡɦɟɪɢɬɟ ɧɚ ɢɡɨɛɪɚɠɟɧɢɟɬɨ.  

 

 

 

 

 

Иɡɱɢɫɥɹɜɚɧɟɬɨ ɞɚɥɢ ɬɨɱɤɚɬɚ ɢɡɥɢɡɚ ɨɬ ɦɧɨɠɟɫɬɜɨɬɨ ɢ ɤɥɨɧɢ ɤɴɦ ɛɟɡɤɪɚɣɧɨɫɬ 
ɩɪɢ ɢɬɟɪɢɪɚɧɟ ɫ ɮɨɪɦɭɥɚɬɚ F(p)=p^2+c ɢɡɱɢɫɥɹɜɚɦɟ ɱɪɟɡ ɮɭɧɤɰɢɢɬɟ FindLimit ɢ 
JuliaFunc. 



 

 

 

 

ɇɚɤɪɚɹ ɩɨɩɴɥɧɟɧɢɹ ɦɚɫɢɜ ddata ɫɟ ɤɨɩɢɪɚ ɨɛɪɚɬɧɨ ɜ ɯɨɫɬ ɱɚɫɬɬɚ ɧɚ ɩɪɨɝɪɚɦɚɬɚ ɢ ɫ 
ɩɨɦɨɳɬɚ ɧɚ ɮɭɧɤɰɢɢɬɟ dwell_color ɢ save_image ɫɟ ɢɡɱɢɫɥɹɜɚɬ ɰɜɟɬɨɜɟɬɟ ɧɚ 
ɩɢɤɫɟɥɢɬɟ ɢ ɫɟ ɝɟɧɟɪɢɪɚ png ɢɡɨɛɪɚɠɟɧɢɟɬɨ. 

4. ɋɬɚɪɬɢɪɚɧɟ ɧɚ ɩɪɨɝɪɚɦɚɬɚ 

 
ɉɪɨɝɪɚɦɚɬɚ ɦɨɠɟ ɞɚ ɫɟ ɫɬɚɪɬɢɪɚ ɛɟɡ ɧɢɤɚɤɜɢ ɚɪɝɭɦɟɧɬɢ ɨɬ ɤɨɦɚɧɞɧɢɹ 

ɪɟɞ, ɤɚɤɬɨ ɢ ɫ ɤɨɦɚɧɞɚ –h, ɤɨɹɬɨ ɩɪɢɧɬɢɪɚ ɫɥɟɞɧɨɬɨ ɩɨɦɨɳɧɨ ɦɟɧɸ, ɤɴɞɟɬɨ 
ɦɨɠɟɦ ɞɚ ɜɢɞɢɦ ɤɚɤɜɢ ɚɪɝɭɦɟɧɬɢ ɦɨɠɟ ɞɚ ɩɨɞɚɞɟɦ ɧɚ ɩɪɨɝɪɚɦɚɬɚ ɢ ɜ ɤɚɤɜɢ 
ɝɪɚɧɢɰɢ. 



 

 

5. Ɋɟɡɭɥɬɚɬɢ 

 
Щɟ ɩɨɤɚɠɟɦ ɪɟɡɭɥɬɚɬɢ ɨɬ ɢɡɩɴɥɧɟɧɢɟɬɨ ɧɚ ɩɪɨɝɪɚɦɚɬɚ ɫɴɫ ɡɚɞɚɞɟɧɢ 
ɫɬɨɣɧɨɫɬɢ: 

 Иɡɨɛɪɚɠɟɧɢɟ – 4096x4096; 

 Ɉɬɦɟɫɬɜɚɧɟ ɜ ɩɢɤɫɟɥɢ ɩɨ ɯɨɪɢɡɨɧɬɚɥ - 0; 

 Ɉɬɦɟɫɬɜɚɧɟ ɜ ɩɢɤɫɟɥɢ ɩɨ ɜɟɪɬɢɤɚɥɚ - 0; 

 ɉɪɢɛɥɢɠɟɧɢɟ – 0.6, ɡɚ ɞɚ ɦɨɠɟ ɮɪɚɤɬɚɥɚ ɞɚ ɫɟ ɩɨɛɟɪɟ ɜ ɝɪɚɧɢɰɢɬɟ ɧɚ 
ɢɡɨɛɪɚɠɟɧɢɟɬɨ; 

 Кɨɧɫɬɚɧɬɚ c= - 0.835 - 0.2321i; 

 ɐɜɹɬ – ɡɟɥɟɧ; 
 Иɡɯɨɞɟɧ ɮɚɣɥ – julia.png 

ȼ ɬɚɛɥɢɰɚɬɚ ɞɨɥɭ ɫɚ ɪɟɡɭɥɬɚɬɢɬɟ ɨɬ ɢɡɩɴɥɧɟɧɢɹɬɚ ɧɚ ɩɪɨɝɪɚɦɚɬɚ ɫ ɪɚɡɥɢɱɟɧ 
ɛɪɨɣ ɹɞɪɚ. ȼɪɟɦɟɧɚɬɚ time1, time2 ɢ time3 ɫɚ ɢɡɦɟɪɟɧɢ ɫɴɨɬɜɟɬɧɨ ɩɪɢ 
ɪɚɡɦɟɪɧɨɫɬ ɧɚ ɛɥɨɤɨɜɟɬɟ x ɧɚ y:  

  

  

  

  

  

  



  time1 time2 time3 

threads x y x y x y 

1 1 1 1 1     

2 2 1 1 2     

4 4 1 2 2     

6 6 1 3 2     

8 8 1 4 2     

10 10 1 5 2     

12 12 1 6 2 3 4 

14 14 1 7 2     

16 16 1 8 2 4 4 

18 18 1 9 2     

20 20 1 10 2 5 4 

22 22 1 11 2     

24 24 1 12 2 6 4 

26 26 1 13 2     

28 28 1 14 2 7 4 

30 30 1 15 2     

32 32 1 16 2 8 4 

34 34 1 17 2     

36 36 1 18 2 9 4 
 

 

  

  ȼɪɟɦɟɧɚɬɚ ɫɚ ɢɡɦɟɪɜɚɧɢ ɜ ɦɢɥɢɫɟɤɭɧɞɢ, ɤɚɬɨ ɧɚɣ-ɞɨɛɪɨ ɜɪɟɦɟ ɡɚ 
ɬɟɤɭɳɢɬɟ ɩɚɪɚɦɟɬɪɢ ɟ ɢɡɦɟɪɟɧɨ ɩɪɢ ɪɚɡɦɟɪɧɨɫɬ ɧɚ ɛɥɨɤɚ 8x8 – 146,649 

ɦɢɥɢɫɟɤɭɧɞɢ. 
 

  

   

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  



threads time1 

speedup

1 

efficiency

1 time2 

speedup

2 

efficiency

2 time3 

1 3370,44 1 1 3370,44 1 1   

2 1740,55 1,936422 0,968211 1740,55 1,936422 0,968211   

4 918,566 3,669241 0,91731 908,546 3,709708 0,927427   

6 640,234 5,264388 0,877398 628,758 5,360473 0,893412   

8 498,247 6,764597 0,845575 486,005 6,93499 0,866874   

10 412,195 8,17681 0,817681 399,559 8,4354 0,84354   

12 354,581 9,505416 0,792118 341,646 9,865299 0,822108 338,213 

14 312,044 10,80117 0,771512 299,332 11,25987 0,804277   

16 280,159 12,03045 0,751903 267,413 12,60387 0,787742 262,712 

18 254,906 13,22229 0,734571 242,716 13,88635 0,771464   

20 234,587 14,36755 0,718377 222,138 15,17273 0,758637 216,902 

22 217,946 15,46456 0,702935 206,035 16,35858 0,743572   

24 203,219 16,58526 0,691053 192,658 17,49442 0,728934 186,123 

26 190,94 17,65183 0,678916 180,307 18,69279 0,718953   

28 180,9 18,63151 0,665411 170,563 19,76067 0,705738 163,848 

30 171,661 19,63428 0,654476 161,732 20,83966 0,694655   

32 163,57 20,60549 0,643922 152,742 22,06623 0,68957 147,649 

34 255,76 13,17814 0,387592 246,268 13,68607 0,402531   

36 247,19 13,63502 0,37875 238,706 14,11963 0,392212 233,118 
 

 

  

   

 



 Ƚɪɚɮɢɤɚ ɧɚ ɜɪɟɦɟɧɚɬɚ ɫɩɪɹɦɨ ɛɪɨɹ ɧɢɲɤɢ:

 
 
Ɍ1 ɟ ɜɪɟɦɟɬɨ ɡɚ ɢɡɩɴɥɧɟɧɢɟ ɧɚ ɩɪɨɝɪɚɦɚɬɚ ɨɬ 1 ɧɢɲɤɚ ɧɚ ɛɥɨɤ. Ɍp – ɜɪɟɦɟɬɨ 
ɡɚ ɢɡɩɴɥɧɟɧɢɟ ɧɚ ɩɪɨɝɪɚɦɚɬɚ ɨɬ p ɧɢɲɤɢ ɧɚ ɛɥɨɤ. 

 

 Ƚɪɚɮɢɤɚ ɧɚ ɭɫɤɨɪɟɧɢɟɬɨ ɫɩɪɹɦɨ ɛɪɨɹ ɧɢɲɤɢ: 
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ɍɫɤɨɪɟɧɢɟɬɨ ɩɪɢ ɢɡɩɨɥɡɜɚɧɟ ɧɚ ɩɨɜɟɱɟ ɨɬ ɟɞɧɚ ɧɢɲɤɚ ɫɟ ɢɡɱɢɫɥɹɜɚ ɩɨ 
ɮɨɪɦɭɥɚɬɚ: Sp = T1 / Tp. 

 

 Ƚɪɚɮɢɤɚ ɧɚ ɟɮɟɤɬɢɜɧɨɫɬɬɚ ɫɩɪɹɦɨ ɛɪɨɹ ɧɢɲɤɢ: 

 

 

ȿɮɟɤɬɢɜɧɨɫɬɬɚ ɫɟ ɢɡɱɢɫɥɹɜɚ ɩɨ ɮɨɪɦɭɥɚɬɚ: Ep = Sp / p. 

 

 

Ɍɟɫɬɨɜɟɬɟ ɫɚ ɩɪɨɜɟɞɟɧɢ ɧɚ ɤɨɧɮɢɝɭɪɚɰɢɹ: 
Ⱦɜɚ ɩɪɨɰɟɫɨɪɚ -  intel Xeon E5-2660 ɫ ɩɨ 10 ɮɢɡɢɱɟɫɤɢ ɹɞɪɚ ɢ 20 ɧɢɲɤɢ; 
Ɉɩɟɪɚɬɢɜɧɚ ɩɚɦɟɬ - DDR3 64GB; 

Ƚɪɚɮɢɱɧɚ ɤɚɪɬɚ – Nvidia Quadro M4000, Maxwell ɚɪɯɢɬɟɤɬɭɪɚ, 256-bit, 

192GB/s ɫɤɨɪɨɫɬ ɧɚ ɩɪɟɧɨɫ ɧɚ ɞɚɧɧɢ, 1662 ɝɪɚɮɢɱɧɢ ɩɪɨɰɟɫɨɪɚ, 8GB DDR5 

ɩɚɦɟɬ; 
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Иɡɩɨɥɡɜɚɧɢ ɢɡɬɨɱɧɢɰɢ ɩɪɢ ɢɡɝɨɬɜɹɧɟ ɧɚ ɩɪɨɟɤɬɚ: 

https://gist.github.com/knotman90/9b4e47dc04e7dbfefe4a 

https://github.com/chaitanyav/CUDA 

http://www.davidespataro.it/cuda-julia-set-fractals/ 

http://www.lnmiit.ac.in/Mathematics/GPULecture7.pdf 

https://github.com/Teknoman117/cuda/blob/master/julia_example/julia.cu 

http://chaitanyav.github.io/2014/07/14/julia-set-cuda/ 

https://en.wikipedia.org/wiki/Julia_set 

 


