
ȵɔɝɋɒə ȮȨȸ ɓɆ ȺɃȨȸ Ȩɔɑɉȩȸȹ ? 
  1. ɺʳʩʦʢʠʡ ʨʝʡʪʠʥʛ ʥʘʧʨʘʚʣʝʥʠʷ ʀɺʊ ʚ ɺʦʣʛɻʊʋ 

  2. ʇʦʜʛʦʪʦʚʢʘ IT-ʰʥʠʢʦʚ ʚʝʜʝʪʩʷ ʚ ɺʦʣʛɻʊʋ ʙʦʣʝʝ 25 ʣʝʪ 

   3. ʆʧʳʪʥʳʝ ʧʨʝʧʦʜʘʚʘʪʝʣʠ, 80% ʠʤʝʶʪ ʥʘʫʯʥ. ʩʪʝʧʝʥʴ 

   4. ɺʫʟ ʠ ʬʘʢʫʣʴʪʝʪ ʠʤʝʶʪ ʠʥʞʝʥʝʨʥʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʚ    

       ʦʪʣʠʯʠʝ ʦʪ ɺʦʣɻʋ ʠ ʜʘʞʝ ʄɻʋ / ʉʇʙɻʋ  

   5. ʍʦʨʦʰʝʝ ʦʩʥʘʱʝʥʠʝ ʣʘʙʦʨʘʪʦʨʠʡ  

   6. ʊʝʩʥʳʝ ʩʚʷʟʠ ʩ ʧʘʨʪʥʝʨʘʤʠ:  Intel, CISCO, Zyxel, TI, Microsoft, 

HP, çʊɽʉʀʉè, çʊʦʧ ʉʠʩʪʝʤʳè, ʀʉʇ, ʀʇʄ, ʀʉɸ ʈɸʅ, ʉʇʙɻʋ, 

ʅʀʋ ʀʊʄʆ, ʅʀʋ ʅʅɻʋ ʠ ʜʨ., ʚ ʨʝʛʠʦʥʝ, ʩʦʚʤʝʩʪʥʳʝ ʧʨʦʝʢʪʳ ʠ 

ʧʨʦʛʨʘʤʤʳ (ʚ ʪ.ʯ. ʩ ʚʫʟʘʤʠ ɽʚʨʦʧʳ)  

   7. ʀʥʪʝʨʝʩʥʳʝ ʧʨʦʝʢʪʳ, ʚ ʢʦʪʦʨʳʭ ʫʯʘʩʪʚʫʶʪ ʩʪʫʜʝʥʪʳ 

   8. ɺʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʦʚʘʪʴ ʩʝʙʷ ʚ ʥʘʫʢʝ (ʘʩʧʠʨʘʥʪʫʨʘ) 

   9. ʊʨʫʜʦʫʩʪʨʦʝʥʳ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ ʚʩʝ ʚʳʧʫʩʢʥʠʢʠ 

 10. ɺʳʧʫʩʢʥʠʢʠ ʙʘʢʘʣʘʚʨʠʘʪʘ ʌʕɺʊ ʧʦʩʪʫʧʘʶʪ ʚ ʤʘʛʠʩʪʨʘʪʫʨʫ 

ʃʖɹʆɻʆ ʚʫʟʘ ʩʪʨʘʥʳ (ʚ 2013 ʛʦʜʫ ʪʘʢʠʭ ʙʳʣʦ 10 ʯʝʣʦʚʝʢ ï

ʉʇʙɻʋ ʀʊʄʆ ʠ ʄɻʋ). ʊʨʫʜʦʫʩʪʨʦʝʥʳ ʚʩʝ ʚʳʧʫʩʢʥʠʢʠ. 

 

  



1 ȨɡɗɔɐɎɏ ɖɋɏɘɎɓɉ ɓɆɕɖɆɈɑɋɓɎɥ ȮȨȸ ȺɃȨȸ 

   1) ɺ ʮʝʣʦʤ ʧʦ ʙʘʣʣʘʤ ɽɻʕ ʌʕɺʊ ɺʦʣʛɻʊʋ ʚʭʦʜʠʪ ʚ 
ʧʝʨʚʫʶ ʪʨʝʪʴ ʬʘʢʫʣʴʪʝʪʦʚ ʚʫʟʦʚ ʈʌ, ʚʝʜʫʱʠʭ 
ʧʦʜʛʦʪʦʚʢʫ ʧʦ ʵʪʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ (ʚ 2012 ʛʦʜʫ ï 87 
ʤʝʩʪʦ ʠʟ 286 ʚʫʟʦʚ, ʥʘʧʨʠʤʝʨ, ʪʝ ʞʝ ʄɸʀ, ʄɸɼʀ, 
ʄɻʊʋ ʉʪʘʥʢʠʥ,  ʊʦʤʩʢʠʡ ɻʋ, ʉʘʨʘʪʦʚʩʢʠʡ ɻʋ ʠ ɺʦʣɻʋ 
ʠʤʝʶʪ ʨʝʡʪʠʥʛ ʧʦ ʀɺʊ ʥʠʞʝ ɺʦʣʛɻʊʋ) 

    2) ʅʘʰʠ ʩʪʫʜʝʥʪʳ ʨʝʛʫʣʷʨʥʦ ʫʯʘʩʪʚʫʶʪ ʚ 

ʯʝʤʧʠʦʥʘʪʘʭ ʤʠʨʘ ʧʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ ACM ICPC ʠ 

ʨʝʛʫʣʷʨʥʦ ʚʳʭʦʜʷʪ ʚ ʧʦʣʫʬʠʥʘʣ.  

 ɺ ʩʝʟʦʥʝ 2011/12 ʥʘʰʠ ʩʪʫʜʝʥʪʳ ʚʳʰʣʠ ʚ ʬʠʥʘʣ ʠ 

ʟʘʥʷʣʠ 40 ʤʝʩʪʦ ʠʟ 112 ʬʠʥʘʣʠʩʪʦʚ (ʠ 8500 ʢʦʤʘʥʜ-

ʫʯʘʩʪʥʠʢʦʚ ʠʟ 2500 ʚʫʟʦʚ ʤʠʨʘ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ !), 

ʚ ʪʦʤ ʯʠʩʣʝ ï 7 ʤʝʩʪʦ ʠʟ 12 ʨʦʩʩʠʡʩʢʠʭ ʢʦʤʘʥʜ-

ʬʠʥʘʣʠʩʪʦʚ. 
 



2-3 ȴɕɡɘ ɖɆɇɔɘɡ Ɏ ɐɆɊɖɡ 

¸ ʂʘʬʝʜʨʘ ʉɸʇʈ ʦʙʨʘʟʦʚʘʥʘ ʚ 1985 ʛʦʜʫ ʚ 
ʩʚʷʟʠ ʩ ʥʘʯʘʣʦʤ ʧʦʛʦʪʦʚʢʠ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 
çʉɸʇʈè (ʚ ʜʘʣʴʥʝʡʰʝʤ ï ʠ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 
ɸʉʆʠʋ) 

¸ ʂʘʬʝʜʨʘ ʕɺʄ ʠ ʩʠʩʪʝʤ ʦʙʨʘʟʦʚʘʥʘ ʚ 1989 
ʛʦʜʫ ʚ ʩʚʷʟʠ ʩ ʥʘʯʘʣʦʤ ʧʦʜʛʦʪʦʚʢʠ ʧʦ 
ʩʧʝʮʠʘʣʴʥʦʩʪʠ ñɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʘʰʠʥʳ, 
ʢʦʤʧʣʝʢʩʳ, ʩʠʩʪʝʤʳ ʠ ʩʝʪʠò 

¸ 8 ʜ.ʪ.ʥ., 1 ʜ.ʬ.-ʤ. ʥ., ʧʨʦʬʝʩʩʦʨʦʚ,  
ʙʦʣʝʝ 30 ʢʘʥʜʠʜʘʪʦʚ ʥʘʫʢ, ʜʦʮʝʥʪʦʚ, 

   ʦʢʦʣʦ 10 ʜʦʢʪʦʨʘʥʪʦʚ, ʙʦʣʝʝ 60%    

   ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ï ʚʳʧʫʩʢʥʠʢʠ  
   ʬʘʢʫʣʴʪʝʪʘ, ʩʨʝʜʥʠʡ ʚʦʟʨʘʩʪ 
   ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ï ʦʢʦʣʦ 30 ʣʝʪ 

 

 



4-5 ȱɆɇɔɖɆɘɔɖɎɎ ɐɆɚɋɊɖɡ ɃȨȲ Ɏ ɗɎɗɘɋɒ 

¸ ʇʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ  
ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ                    
(HP, Intel, AMD, NVidia, Supermicro, 
Microsoft, CentôOS, Linux, Unicluster)    

¸ ʕʣʝʢʪʨʦʥʠʢʠ ʠ ʩʭʝʤʦʪʝʭʥʠʢʠ (Intel, Altera) 

¸ ʄʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʭ ʩʠʩʪʝʤ                                 
(Intel,TI, AVR, Atmel, Altera, Xilinxé) 

¸ ʉʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ  CISCO 

¸ ʉʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ  Zyxel 

 



5.1 ȱɆɇɔɖɆɘɔɖɎɥ ɣɑɋɐɘɖɔɓɎɐɎ Ɏ 
ɒɎɐɖɔɕɖɔɜɋɗɗɔɖɓɡɛ ɗɎɗɘɋɒ 

ʇʨʝʧʦʜʘʚʘʪʝʣʴʩʢʠʡ ʩʦʩʪʘʚ ʢʘʬʝʜʨʳ ʧʨʦʚʦʜʠʪ 
ʨʘʙʦʪʳ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ : 

-ʘʧʧʘʨʘʪʫʨʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ   
 ʜʠʩʢʨʝʪʥʳʭ ʣʠʥʝʡʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ (ɼʃʇ); 
- ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʚ  
  ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʨʦʙʦʪʦʪʝʭʥʠʢʝ, ʩʚʷʟʠ; 
- ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ; 
- ʩʠʩʪʝʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʨʝʥʠʷ ʠ ʪ.ʜ. 



5.2 ȱɆɇɔɖɆɘɔɖɎɥ ɗɋɘɋɈɡɛ ɘɋɛɓɔɑɔɉɎɏ Zyxel 



5.3 ȱɆɇɔɖɆɘɔɖɎɎ ɗɋɘɋɈɡɛ ɘɋɛɓɔɑɔɉɎɏ 
CISCO 

ʅʘ ʢʘʬʝʜʨʝ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ɺʦʣʛʦʛʨʘʜʩʢʘʷ ʩʝʪʝʚʘʷ  
ɸʢʘʜʝʤʠʷ CISCO, ʛʜʝ ʩʪʫʜʝʥʪʳ ʤʦʛʫ ʧʦʜʛʦʪʦʚʠʪʴʩʷ ʢ 
ʧʦʣʫʯʝʥʠʶ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʝʨʪʠʬʠʢʘʪʦʚ ʢʦʤʧʘʥʠʠ 

CISCO ï ʚʝʜʫʱʝʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʩʝʪʝʚʦʛʦ 
ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʤʠʨʝ  



5.4 ȱɆɇɔɖɆɘɔɖɎɥ ɒɓɔɉɔɕɖɔɜɋɗɗɔɖɓɡɛ 
ɗɎɗɘɋɒ Ɏ ɕɆɖɆɑɑɋɑɢɓɡɛ ɈɡɝɎɗɑɋɓɎɏ 

ʅʘ ʢʘʬʝʜʨʝ ʧʦʩʪʨʦʝʥ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ 
ʢʦʤʧʣʝʢʩ ï ʢʣʘʩʪʝʨ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʢʘʢ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ, ʪʘʢ ʠ ʚ 
ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʝʩʪʴ ʜʦʩʪʫʧ ʢ ʩʝʪʠ ʢʣʘʩʪʝʨʦʚ ʚʫʟʦʚ ʠ ʈɸʅ. 
ʂʣʘʩʪʝʨ ʧʦʩʪʨʦʝʥ ʥʘ ʛʠʙʨʠʜʥʳʭ ʫʟʣʘʭ (Multicore CPU + GPU + FPGA) 

ʠ ʠʤʝʝʪ ʧʠʢʦʚʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʦ 5 ʊʌʣʦʧʩ 



5.5 ȨɡɝɎɗɑɎɘɋɑɢɓɡɏ ɐɑɆɗɘɋɖ ɚɆɐəɑɢɘɋɘɆ 
 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʣʘʩʪʝʨʘ : 
 
1.ʂʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ : 21 
2.ʂʦʣʠʯʝʩʪʚʦ ʧʨʦʮʝʩʩʦʨʦʚ : 37 
3.ʂʦʣʠʯʝʩʪʚʦ ʷʜʝʨ : 268 
4.ʂʦʣʠʯʝʩʪʚʦ ʫʩʢʦʨʠʪʝʣʝʡ       
   NVidia TESLA  / KEPLER : 6 
5.ʂʦʣʠʯʝʩʪʚʦ GPU NVidia  
   GeForce  GTX 260 : 8 
6.ʂʦʣʠʯʝʩʪʚʦ ʫʩʢʦʨʠʪʝʣʝʡ FPGA : 4 
7.ʂʦʣʠʯʝʩʪʚʦ ʫʩʢʦʨʠʪʝʣʝʡ  
   Xeon Phi : 3 
8.ʇʠʢʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ï  
   ʦʪ 5 ʊʌʣʦʧʩ (ʜʚʦʡʥʘʷ ʪʦʯʥʦʩʪʴ) 
9.   ʉʠʩʪʝʤʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ :  Linux CentôOS, 
      Windows HPC 2008, MPI, CUDA 
9. ʉʨʝʜʩʪʚʘ ʨʘʟʨʘʙʦʪʢʠ : MS Visual Studio, CUDA SDK, Intel 

Parallel Studio 
10. ʇʨʠʢʣʘʜʥʳʝ ʧʘʢʝʪʳ : FRUND, Siesta, FlowVision, ABAQUS 
ʠ ʜʨ. é   

ɺ 2013 ʛʦʜʫ ʦʩʥʘʩʪʠʣʠ 3 ʫʩʢʦʨʠʪʝʣʷʤʠ Xeon Phi !  



5.6 ȴɗɓɆɟɋɓɎɋ ɐɆɚɋɊɖɡ ɃȨȲ 

  

1.  ɺ ʪʝʯʝʥʠʠ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʝʞʝʛʦʜʥʦ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ 
ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ  
ʚʳʜʝʣʷʝʪʩʷ  1-1,5 ʤʣʥ. ʨʫʙʣʝʡ 

 
2.  ɺ 2013 ʛʦʜʫ ʥʘ ʩʦʟʜʘʥʠʝ ʩʝʢʪʦʨʘ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʭ 
ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ  ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʨʝʥʠʷ ʣʘʙʦʨʘʪʦʨʠʠ 
ʤʝʭʘʪʨʦʥʠʢʠ ʠ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʚʳʜʝʣʝʥʦ ʙʦʣʝʝ 1 ʤʣʥ. 
ʨʫʙʣʝʡ (ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʝ ʧʣʘʪʬʦʨʤʳ, ʢʚʘʜʨʦʢʦʧʪʝʨʳ, 
ʩʠʩʪʝʤʘ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ ʥʘ ʙʘʟʝ ʇʃʀʉ, ʢʦʥʩʪʨʫʢʪʦʨʳ  
Lego Mindstorm, Raspberry Pi,  3D ʧʨʠʥʪʝʨʳ ʠ ʪ.ʜ.) 

 
3.   ɺ 2013 ʛʦʜʫ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʠʦʙʨʝʪʝʥʠʝ 
ʦʙʦʨʫʜʦʚʘʥʠʷ    ʧʦʯʪʠ ʥʘ 2 ʤʣʥ. ʨʫʙʣʝʡ  
(ʫʞʝ ʧʨʠʦʙʨʝʪʝʥʦ ʥʘ 1 ʤʣʥ.), ʚ ʪʦʤ ʯʠʩʣʝ ï  
ʧʦ ʇʨʦʛʨʘʤʤʝ ʉʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʈʘʟʚʠʪʠʷ ɺʦʣʛɻʊʋ 
(300 ʤʣʥ. ʨʫʙʣʝʡ ʚ 2012-2014 ʛʦʜʘʭ)  



6.1 ȵɆɖɘɓɋɖɡ ɕɔ ɗɔɈɒɋɗɘɓɡɒ ɕɖɔɋɐɘɆɒ 

¸ ʂʘʬʝʜʨʘ çɺʳʩʰʘʷ ʤʘʪʝʤʘʪʠʢʘè 

¸ ʂʘʬʝʜʨʘ çʌʠʟʠʢʘè 

¸ ʂʘʬʝʜʨʘ çʇʨʠʢʣʘʜʥʘʷ ʤʘʪʝʤʘʪʠʢʘè  

¸ ʂʘʬʝʜʨʘ çʊʝʦʨʝʪʠʯʝʩʢʘʷ ʤʝʭʘʥʠʢʘè 

¸ ɺʦʣɻʋ ʠ ɺʦʣʛɻʄʋ 

¸ ʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ, ʄɻʊʋ çʉʪʘʥʢʠʥè, ʉʇʙɻʋ, ʅʅɻʋ 

¸ ʆʆʆ çʊɽʉʀʉè (www.flowvision.ru) 

¸ ʆʆʆ çʊʦʧ ʉʠʩʪʝʤʳè (www.tflex.ru) 

¸ ɿɸʆ çʀʅʊɽʃ ɸ/ʆè (www.intel.ru) 

¸ ʆʆʆ çʉʠʥʛʫʣʷʨʠʩ ʃʘʙè 

¸ ʆʆʆ çɺʦʣʛʘ-ɹʣʦʙè  ʠ ʜʨ. 

 

 

 



6.2 ȲɋɖɔɕɖɎɥɘɎɥ ɕɆɖɘɓɋɖɔɈ  
ɓɆ ɐɆɚɋɊɖɋ ɃȨȲ 

2008 ï ɼʝʥʴ HPC Microsoft 

2009 ï ɼʝʥʴ HPC Intel,  

            ʪʨʝʥʠʥʛ ʢʦʤʧʘʥʠʠ Intel 

            ʧʦ multicore 

2010 ï ʉʝʤʠʥʘʨ ʊɽʉʀʉ 

2011 -  ʉʝʤʠʥʘʨʳ Intel ʧʦ MeeGo 

            ʠ ʨʦʙʦʪʦʪʝʭʥʠʢʝ 

2011 ʠ 2012 -  ʉʝʤʠʥʘʨʳ ʢʦʤʧʘʥʠʠ 

             ZyXEL 

2012, 2013  -  ʐʢʦʣʘ Intel  

             ʧʦ ʨʦʙʦʪʦʪʝʭʥʠʢʝ  

             

 



7 ȸɋɐəɟɎɋ ɕɖɔɋɐɘɡ (ɐɆɚ. ɃȨȲ Ɏ ȷ) 

 

 

 

¸ ʈʘʟʨʘʙʦʪʢʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ 3D ʷʜʨʘ ʜʣʷ ʉɸʇʈ 

ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ (ʩʦʚʤʝʩʪʥʦ ʩ ʆʆʆ çʊʦʧ ʉʠʩʪʝʤʳè 

ʠ ʄɻʊʋ çʉʪʘʥʢʠʥè) ï ʧʨʦʝʢʪ ʠʜʝʪ 2ʦʡ ʛʦʜ, ʝʩʪʴ 

ʭʦʨʦʰʠʝ ʰʘʥʩʳ ʥʘ ʧʨʦʜʦʣʞʝʥʠʝ ʚ 2014-2016 ʛʦʜʘʭ, 

ʥʘ ʧʨʦʝʢʪʝ ʨʘʙʦʪʘʶʪ 3 ʩʪʫʜʝʥʪʘ, ʧʣʘʥʠʨʫʝʪʩʷ 

ʧʨʠʚʣʝʯʝʥʠʝ ʝʱʝ 3-5 ʯʝʣʦʚʝʢ  

¸ ʆʧʪʠʤʠʟʘʮʠʷ ʢʦʜʘ ʷʜʨʘ ʩʠʩʪʝʤʳ FlowVision ʜʣʷ 

ʢʦʤʧʘʥʠʠ ʊɽʉʀʉ (ʛ. ʄʦʩʢʚʘ) ï ʚ ʪ.ʯ. 2 ʩʪʫʜʝʥʪʘ 

¸ ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ  

ʜʣʷ ʫʣʴʪʨʘʙʫʢʦʚ ʧʦ ʟʘʢʘʟʫ ʢʦʨʧʦʨʘʮʠʠ  

ʀʥʪʝʣ ï 2 ʩʪʫʜʝʥʪʘ (ʙʫʜʫʪ ʝʱʝ ʧʨʦʝʢʪʳ !) 

¸ ʇʝʨʝʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʠʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʠʟʘ                                           

ʌʈʋʅɼ (ʩʦʚʤʝʩʪʥʦ ʩ ʢʘʬʝʜʨʦʡ çɺʳʩʰʘʷ 

ʤʘʪʝʤʘʪʠʢʘè) ï ʦʢʦʣʦ 10 ʩʪʫʜʝʥʪʦʚ 

 

 

 



7 ȸɋɐəɟɎɋ ɕɖɔɋɐɘɡ 

 

 

 

 

¸ ʄʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʝ ʫ ʧʨʘʚʣʝʥʠʝ ʠ ʪʝʭʥʠʯʝʩʢʦʝ 

ʟʨʝʥʠʝ ʚ ʨʦʙʦʪʦʪʝʭʥʠʢʝ, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʰʘʛʘʶʱʠʤʠ ʤʘʰʠʥʘʤʠ (ʩʦʚʤʝʩʪʥʦ ʩ ʢʘʬʝʜʨʦʡ 

çʊʝʦʨʝʪʠʯʝʩʢʘʷ ʤʝʭʘʥʠʢʘè) ï ʩʦʟʜʘʝʪʩʷ 

ʤʝʞʢʘʬʝʜʨʘʣʴʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʨʦʙʦʪʦʪʝʭʥʠʢʠ 

ɺʦʣʛɻʊʋ (3 ʤʣʥ. ʧʦ ʇʨʦʛʨʘʤʤʝ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ 

ʨʘʟʠʪʠʷ ɺʦʣʛɻʊʋ) 

 

 



7.1 �M�q�Z�k�l�b�_���\���i�j�h�_�d�l�_���i�h���k�h�a�^�Z�g�b�x���j�h�k�k�b�c�k�d�h�]�h���]�_�h�f�_�l�j�b�q�_�k�d�h�]�h�� 

3D �y�^�j�Z��(RGK) �^�e�y���j�Z�a�j�Z�[�h�l�q�b�d�h�\���K�:�I�J�� 

     ʉʦʪʨʫʜʥʠʢʠ, ʘʩʧʠʨʘʥʪʳ ʠ ʤʘʛʠʩʪʨʘʥʪʳ ʢʘʬʝʜʨʳ 

ʫʯʘʩʪʚʫʶʪ ʚ ʩʦʟʜʘʥʠʠ ʨʦʩʩʠʡʩʢʦʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ 3D 

ʷʜʨʘ (RGK) ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʉɸʇʈ ʩʦʚʤʝʩʪʥʦ ʩ ɿɸʆ çʊʦʧ 

ʩʠʩʪʝʤʳè (ʨʘʟʨʘʙʦʪʯʠʢ ʉɸʇʈ T-Flex), ʄɻʊʋ çʉʪʘʥʢʠʥè, 

ʅɻʋ, ʋʨʌʋ, ʆʆʆ çʉʠʥʛʫʣʷʨʠʩ ʃʘʙè (ʛ. ɺʦʣʛʦʛʨʘʜ) 


