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ɿʘ ʦʩʥʦʚʫ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣ ʚʳʙʨʘʥ ʫʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ çʆʨʛʘʥʠʟʘʮʠʷ 

ʕɺʄ ʠ ʩʠʩʪʝʤ: 2-ʝ ʠʟʜʘʥʠʝ, 2011 ʛ.è ʘʚʪʦʨʦʚ: ʉ, ɸ. ʆʨʣʦʚ, ɹ. ʗ. ʎʠʣʴʢʝʨ.  

ʀʟ ʦʨʠʛʠʥʘʣʘ ʫʯʝʙʥʠʢʘ ʙʳʣʠ ʠʟʲʷʪʳ ʠʟʣʠʰʥʠʝ, ʥʘ ʤʦʡ ʚʟʛʣʷʜ, ʧʦʜʨʦʙʥʦʩʪʠ 

ʩ ʫʢʘʟʘʥʠʝʤ ʥʘ ʥʠʭ ʩʩʳʣʦʢ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʥʦʤʝʨʦʚ ʩʪʨʘʥʠʮ ʦʨʠʛʠʥʘʣʘ.  ɺʤʝʩʪʝ 

c ʪʝʤ ʙʳʣʠ ʚʥʝʩʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʝ ʩʚʝʜʝʥʠʷ ʧʦ ʪʝʤʘʪʠʢʘʤ 

ʦʪʜʝʣʴʥʳʭ ʨʘʟʜʝʣʦʚ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʳ ʩʧʠʩʢʠ ʢʦʥʪʨʦʣʴʥʳʭ ʚʦʧʨʦʩʦʚ. ʕʪʦ 

ʧʦʟʚʦʣʠʣʦ ʧʨʠʤʝʨʥʦ ʥʘ 30% ʩʦʢʨʘʪʠʪʴ ʦʙʲʸʤ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʋʯʝʙʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʩʪʫʜʝʥʪʘʤ ʉʘʨʌʊʀ ʅʀʗʋ ʄʀʌʀ ʚ 

ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ.  

 

ɺ.ɸ. ʇʘʚʣʦʚ 
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ɻʣʘʚʘ 1 
 
ʉʪʘʥʦʚʣʝʥʠʝ ʠ ʵʚʦʣʶʮʠʷ 
ʮʠʬʨʦʚʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 
ʪʝʭʥʠʢʠ 

 

ʀʟʫʯʝʥʠʝ ʣʶʙʦʛʦ ʚʦʧʨʦʩʘ ʧʨʠʥʷʪʦ ʥʘʯʠʥʘʪʴ ʩ ʜʦʛʦʚʦʨʝʥʥʦʩʪʝʡ ʦ ʪʝʨʤʠʥʦʣʦʛʠʠ. ɺ 
ʥʘʰʝʤ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʝʥʠʶ ʧʦʜʣʝʞʘʪ ʧʦʥʷʪʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʘʰʠʥʘ (ɺʄ) ʠ 
ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ (ɺʉ). ʉʨʘʟʫ ʞʝ ʦʛʦʚʦʨʠʤ, ʯʪʦ ʧʨʝʜʤʝʪʦʤ ʨʘʩʩʤʦʪʨʝʥʠʷ 
ʙʫʜʫʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʮʠʬʨʦʚʳʝ ʤʘʰʠʥʳ ʠ ʩʠʩʪʝʤʳ, ʪʦ ʝʩʪʴ ʫʩʪʨʦʡʩʪʚʘ, ʦʧʝʨʠ-
ʨʫʶʱʠʝ ʜʠʩʢʨʝʪʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʤʦʞʥʦ ʥʘʡʪʠ ʤʥʦʞʝʩʪʚʦ ʩʘʤʳʭ 
ʨʘʟʣʠʯʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ ʪʝʨʤʠʥʦʚ çʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʘʰʠʥʘè ʠ çʚʳʯʠʩʣʠʪʝʣʴʥʘʷ 
ʩʠʩʪʝʤʘè. ʇʨʠʯʠʥʘ ʪʘʢʦʡ ʪʝʨʤʠʥʦʣʦʛʠʯʝʩʢʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʢʨʦʝʪʩʷ ʚ 
ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʜʘʪʴ ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʚʩʝʭ ʯʝʪʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ, ʜʦʩʪʦʡʥʦʝ ʨʦʣʠ 
ʩʪʘʥʜʘʨʪʘ. ʃʶʙʘʷ ʠʟ ʠʟʚʝʩʪʥʳʭ ʬʦʨʤʫʣʠʨʦʚʦʢ ʥʝʩʝʪ ʚ ʩʝʙʝ ʩʪʨʝʤʣʝʥʠʝ ʘʚʪʦʨʦʚ 
ʦʪʨʘʟʠʪʴ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʝ, ʧʦ ʠʭ ʤʥʝʥʠʶ, ʤʦʤʝʥʪʳ, ʚ ʩʠʣʫ ʯʝʛʦ ʥʝ ʤʦʞʝʪ 
ʙʳʪʴ ʚʩʝʦʙʲʝʤʣʶʱʝʡ. ʅʝ ʦʪʜʘʚʘʷ ʧʨʝʜʧʦʯʪʝʥʠʷ ʥʠ ʦʜʥʦʡ ʠʟ ʠʟʚʝʩʪʥʳʭ 
ʬʦʨʤʫʣʠʨʦʚʦʢ ʪʝʨʤʠʥʦʚ çʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʘʰʠʥʘè ʠ çʚʳʯʠʩʣʠʪʝʣʴʥʘʷ 
ʩʠʩʪʝʤʘè, ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʦʧʨʝʜʝʣʝʥʠʷʤʠ ʠʟ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʪʘʥʜʘʨʪʘ ISO/IEC 
2382/1-93 ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʩʪʘʥʜʘʨʪʘ ɻʆʉʊ 15971-90, ʫʩʣʦʚʠʚʰʠʩʴ ʫʪʦʯʥʷʪʴ ʠʭ 
ʩʤʳʩʣʦʚʦʝ ʥʘʧʦʣʥʝʥʠʝ ʧʦ ʤʝʨʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 
ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʘʰʠʥʘ (ɺʄ) ð ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, 

ʩʦʟʜʘʶʱʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ (ʜʘʥʥʳʭ) ʠ 
ʧʦʣʫʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ ʚ ʥʝʦʙʭʦʜʠʤʦʡ ʬʦʨʤʝ. ʇʦʜ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ 
ʧʦʥʠʤʘʶʪ ʚʩʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ 
ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʩʦʩʪʘʚ ɺʄ ʚʭʦʜʠʪ ʠ ʩʠʩʪʝʤʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ 
ʦʙʝʩʧʝʯʝʥʠʝ. 

ɺʄ, ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʢʦʪʦʨʦʡ ʚʳʧʦʣʥʝʥʳ ʥʘ ʵʣʝʢʪʨʦʥʥʳʭ 
ʢʦʤʧʦʥʝʥʪʘʭ, ʥʘʟʳʚʘʶʪ ʵʣʝʢʪʨʦʥʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʦʡ (ʕɺʄ). 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ (ɺʉ) ʩʪʘʥʜʘʨʪ ISO/IEC 2382/1-93 
ʦʧʨʝʜʝʣʷʝʪ ʢʘʢ ʦʜʥʫ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ, ʧʝʨʠʬʝʨʠʡʥʦʝ 
ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪ ʦʙʨʘʙʦʪʢʫ 
ʜʘʥʥʳʭ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʨʤʘʣʴʥʦ ʦʪʣʠʯʠʝ ɺʉ ʦʪ ɺʄ ʚʳʨʘʞʘʝʪʩʷ ʚ ʢʦʣʠʯʝʩʪʚʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ. ʄʥʦʞʝʩʪʚʝʥʥʦʩʪʴ ʵʪʠʭ ʩʨʝʜʩʪʚ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ 
ʚ ɺʉ ʧʘʨʘʣʣʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʦʚʨʝʤʝʥʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ 
ʤʘʰʠʥʳ ʩ ʦʜʥʠʤ ʧʨʦʮʝʩʩʦʨʦʤ ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ 
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ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʛʨʘʥʴ ʤʝʞʜʫ ɺʄ 
ʠ ɺʉ ʯʘʩʪʦ ʙʳʚʘʝʪ ʚʝʩʴʤʘ ʨʘʩʧʣʳʚʯʘʪʦʡ, ʯʪʦ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʪʘʤ, ʛʜʝ ʵʪʦ 
ʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʨʘʩʩʤʘʪʨʠʚʘʪʴ ɺʄ ʢʘʢ ʦʜʥʫ ʠʟ ʨʝʘʣʠʟʘʮʠʠ ɺʉ. ʀ ʥʘʧʨʦʪʠʚ, 
ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʯʘʩʪʦ ʩʪʨʦʷʪʩʷ ʠʟ ʪʨʘʜʠʮʠʦʥʥʳʭ ɺʄ ʠ ʠʭ ʯʘʩʪʝʡ, 
ʧʦʵʪʦʤʫ ʤʥʦʛʠʝ ʠʟ ʧʦʣʦʞʝʥʠʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ɺʄ, ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʠ 
ʥʘ ɺʉ. 
ʀ, ʥʘʢʦʥʝʮ, ʟʘʢʣʶʯʠʪʝʣʴʥʦʝ ʟʘʤʝʯʘʥʠʝ. ʉʧʝʮʠʬʠʢʘ ʛʣʘʚʳ ʚʳʥʫʞʜʘʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʥʝʡ ʤʥʦʛʠʝ ʧʦʥʷʪʠʷ, ʧʦʣʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ ʩʪʘʥʝʪ ʷʩʥʳʤ 
ʣʠʰʴ ʧʦʩʣʝ ʠʟʫʯʝʥʠʷ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʦʚ ʢʥʠʛʠ. ʊʘʤ, ʛʜʝ ʵʪʦ ʚʦʟʤʦʞʥʦ, 
ʧʦʷʩʥʝʥʠʷ ʙʫʜʫʪ ʜʘʚʘʪʴʩʷ ʧʦ ʭʦʜʫ ʠʟʣʦʞʝʥʠʷ (ʧʨʘʚʜʘ, ʚ ʫʧʨʦʱʝʥʥʦʤ ʚʠʜʝ). ɺ 
ʣʶʙʦʤ ʩʣʫʯʘʝ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʥʦʡ ʢʘʨʪʠʥʳ ʢ ʤʘʪʝʨʠʘʣʫ ʜʘʥʥʦʡ ʛʣʘʚʳ ʠʤʝʝʪ 
ʩʤʳʩʣ ʝʱʝ ʨʘʟ ʚʝʨʥʫʪʴʩʷ ʧʦʩʣʝ ʦʟʥʘʢʦʤʣʝʥʠʷ ʩʦ ʚʩʝʤ ʫʯʝʙʥʠʢʦʤ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʥʷʪʠʡ çʦʨʛʘʥʠʟʘʮʠʷè ʠ çʘʨʭʠʪʝʢʪʫʨʘè 

ɼʣʷ ʢʦʥʢʨʝʪʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ, ʢʘʢ ʠ ʜʣʷ ʣʶʙʦʡ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʳ, 
ʭʘʨʘʢʪʝʨʥʘ ʦʧʨʝʜʝʣʝʥʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ. 
ʊʝʨʤʠʥ çʦʨʛʘʥʠʟʘʮʠʷè ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʣʘʪʠʥʩʢʦʛʦ organize (ʩʦʦʙʱʘʶ ʩʪʨʦʡʥʳʡ 

ʚʠʜ, ʫʩʪʨʘʠʚʘʶ) ʠ ʠʤʝʝʪ ʜʚʘ ʟʥʘʯʝʥʠʷ: 

1) ʚʥʫʪʨʝʥʥʷʷ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ, ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʘʩʪʝʡ 
ʮʝʣʦʛʦ; 

2) ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʠʣʠ ʜʝʡʩʪʚʠʡ, ʚʝʜʫʱʠʭ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʠ 
ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʯʘʩʪʷʤʠ ʮʝʣʦʛʦ. 

ɺ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʜʚʘ ʚʠʜʘ ʦʨʛʘʥʠʟʘʮʠʠ ɺʄ ʠ ʩʠʩʪʝʤ, 
ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʚʫʤʷ ʚʟʛʣʷʜʘʤʠ ʥʘ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʠ ʧʦʩʪʨʦʝʥʠʝ: 
ʚʟʛʣʷʜʦʤ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʚʟʛʣʷʜʦʤ ʨʘʟʨʘʙʦʪʯʠʢʘ. 

ɼʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚʘʞʝʥ ʥʘʙʦʨ ʬʫʥʢʮʠʡ ʠ ʫʩʣʫʛ ɺʄ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 
ʵʬʬʝʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʝʛʦ ʟʘʜʘʯ. ɽʛʦ ʥʝ ʠʥʪʝʨʝʩʫʶʪ ʚʦʧʨʦʩʳ ʪʝʭʥʠʯʝʩʢʦʡ 
ʨʝʘʣʠʟʘʮʠʠ ʵʪʠʭ ʬʫʥʢʮʠʡ ʠ ʧʨʠʥʷʪʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ. ʇʦʵʪʦʤʫ ʧʨʠ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ɺʄ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʦʟʜʘʝʪʩʷ ʝʝ ʘʙʩʪʨʘʢʪʥʘʷ ʤʦʜʝʣʴ, 
ʦʧʠʩʳʚʘʶʱʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʤʘʰʠʥʳ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʝ ʝʶ 
ʫʩʣʫʛʠ, ʪʦ ʝʩʪʴ ʝʝ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʦʨʛʘʥʠʟʘʮʠʶ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ɺʄ ð ʘʙʩʪʨʘʢʪʥʘʷ ʤʦʜʝʣʴ ʩʦʚʦʢʫʧʥʦʩʪʠ 
ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʫʩʣʫʛ, ʧʨʠʟʚʘʥʥʳʭ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʧʦʪʨʝʙʥʦʩʪʠ 
ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʕʪʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʫʩʣʫʛʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʩʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 
ʜʝʡʩʪʚʠʡ ʧʦʣʴʟʦʚʘʪʝʣʷ: ʢʦʜʠʨʦʚʘʥʠʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʚʚʦʜ 
ʜʘʥʥʳʭ ʠ ʧʨʦʛʨʘʤʤ, ʫʧʨʘʚʣʝʥʠʝ ʭʦʜʦʤ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʚʳʚʦʜ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʭ 
ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʝ. 
ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʘʟʨʘʙʦʪʯʠʢ ʜʦʣʞʝʥ ʩʦʟʜʘʪʴ ʪʝʭʥʠʯʝʩʢʫʶ ʨʝʘʣʠʟʘʮʠʶ 

ʬʫʥʢʮʠʡ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʘʙʩʪʨʘʢʪʥʦʡ ʤʦʜʝʣʴʶ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ, ʥʘ 
ʦʩʥʦʚʝ ʨʝʘʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ: ʵʣʝʤʝʥʪʦʚ, ʫʟʣʦʚ, ʙʣʦʢʦʚ ʠ ʫʩʪʨʦʡʩʪʚ. 
ʉʪʨʫʢʪʫʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ɺʄ ð ʵʪʦ ʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʩʦʩʪʘʚ, ʧʦʨʷʜʦʢ ʠ ʧʨʠʥʮʠʧʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʩʥʦʚʥʳʭ 
ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʯʘʩʪʝʡ ʤʘʰʠʥʳ.  
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ɻʨʘʬʠʯʝʩʢʠʤ ʦʪʦʙʨʘʞʝʥʠʝʤ ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʘʷ 
ʩʭʝʤʘ1. ɺ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ ʧʨʠʤʝʥʷʝʪʩʷ ʙʦʣʝʝ ʢʨʘʪʢʠʡ ʪʝʨʤʠʥ, 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʝ ð ʩʪʨʫʢʪʫʨʘ2. 
ʀʪʘʢ, ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʘʙʩʪʨʘʢʪʥʳʡ çʧʦʨʪʨʝʪè 

ɺʄ ð ʚ ʥʝʤ ʬʠʢʩʠʨʫʶʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʤʘʰʠʥʳ, ʥʦ ʵʪʠ 
ʚʦʟʤʦʞʥʦʩʪʠ ʥʝ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʤʘʪʝʨʠʘʣʴʥʦ (ʬʠʟʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ). 
ʉʪʨʫʢʪʫʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʪʝʨʠʘʣʠʟʘʮʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 
ʦʨʛʘʥʠʟʘʮʠʠ ɺʄ. 
ʊʝʨʤʠʥ çʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷè ʩʬʦʨʤʫʣʠʨʦʚʘʥ ʨʦʩʩʠʡʩʢʠʤʠ 

ʫʯʝʥʳʤʠ. ɺ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʥ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʩʷ ʚ ʪʝʨʤʠʥ 
çʘʨʭʠʪʝʢʪʫʨʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳè. 
ɺʧʝʨʚʳʝ ʪʝʨʤʠʥ çʘʨʭʠʪʝʢʪʫʨʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳè (computer 

architecture) ʙʳʣ ʫʧʦʪʨʝʙʣʝʥ ʬʠʨʤʦʡ IBM ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʘʰʠʥ ʩʝʤʝʡʩʪʚʘ IBM 
360 ʜʣʷ ʦʧʠʩʘʥʠʷ ʪʝʭ ʩʨʝʜʩʪʚ, ʢʦʪʦʨʳʤʠ ʤʦʞʝʪ ʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʦʛʨʘʤʤʠʩʪ, 
ʩʦʩʪʘʚʣʷʷ ʧʨʦʛʨʘʤʤʫ ʥʘ ʫʨʦʚʥʝ ʤʘʰʠʥʥʳʭ ʢʦʤʘʥʜ. ʇʦʜʦʙʥʫʶ ʪʨʘʢʪʦʚʢʫ ʥʘʟʳʚʘʶʪ 
çʫʟʢʦʡè, ʪʘʢ ʢʘʢ ʦʭʚʘʪʳʚʘʝʪ ʦʥʘ ʣʠʰʴ ʯʘʩʪʴ ʚʦʧʨʦʩʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ 
ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ: ʧʝʨʝʯʝʥʴ ʠ ʬʦʨʤʘʪ ʢʦʤʘʥʜ, ʬʦʨʤʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 
ʜʘʥʥʳʭ, ʤʝʭʘʥʠʟʤʳ ʚʚʦʜʘ/ ʚʳʚʦʜʘ, ʩʧʦʩʦʙʳ ʘʜʨʝʩʘʮʠʠ ʧʘʤʷʪʠ ʠ ʪ. ʧ. 
ɺ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʩʪʘʥʜʘʨʪʝ 15971-90 ʧʦʜ ʘʨʭʠʪʝʢʪʫʨʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʤʘʰʠʥʳ ʧʦʥʠʤʘʝʪʩʷ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ɺʄ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʧʨʦʚʝʜʝʥʠʝ 
ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʚʢʣʶʯʘʶʱʘʷ ʤʝʪʦʜʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ 
ʜʘʥʥʳʝ ʠ ʧʨʠʥʮʠʧʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 
ʦʙʝʩʧʝʯʝʥʠʷ. 
ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʪʘʥʜʘʨʪ ISO/IEC 2382/1-93 ʜʘʝʪ ʪʘʢʦʝ ʞʝ ʦʧʨʝʜʝʣʝʥʠʝ, 

ʠʩʧʦʣʴʟʫʷ ʩʣʝʜʫʶʱʫʶ ʬʦʨʤʫʣʠʨʦʚʢʫ: ʵʪʦ ʣʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠ 
ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɺʄ, ʚʢʣʶʯʘʷ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʝʝ 
ʘʧʧʘʨʘʪʥʳʤʠ ʠ ʧʨʦʛʨʘʤʤʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. 

ɺ ʥʘʰʝʤ ʫʯʝʙʥʠʢʝ ʙʫʜʝʤ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʩʪʘʥʜʘʨʪʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ 
ʪʝʨʤʠʥʘ çʘʨʭʠʪʝʢʪʫʨʘè. 

ʋʨʦʚʥʠ ʜʝʪʘʣʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 
ʤʘʰʠʥʳ 

ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʘʰʠʥʘ ʢʘʢ ʟʘʢʦʥʯʝʥʥʳʡ ʦʙʲʝʢʪ ʷʚʣʷʝʪ ʩʦʙʦʡ ʧʣʦʜ ʫʩʠʣʠʡ 
ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʯʝʣʦʚʝʯʝʩʢʠʭ ʟʥʘʥʠʡ. ʂʘʞʜʳʡ 
ʩʧʝʮʠʘʣʠʩʪ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʤʘʰʠʥʫ ʩ ʧʦʟʠʮʠʡ ʩʪʦʷʱʝʡ ʧʝʨʝʜ 
ʥʠʤ ʟʘʜʘʯʠ, ʘʙʩʪʨʘʛʠʨʫʷʩʴ ʦʪ ʥʝʩʫʱʝʩʪʚʝʥʥʳʭ, ʧʦ ʝʛʦ ʤʥʝʥʠʶ, ʜʝʪʘʣʝʡ. ɺ 
ʪʘʙʣ. 1.1 ʧʝʨʝʯʠʩʣʝʥʳ ʩʧʝʮʠʘʣʠʩʪʳ, ʧʨʠʥʠʤʘʶʱʠʝ ʫʯʘʩʪʠʝ ʚ ʩʦʟʜʘʥʠʠ ɺʄ, ʠ 
ʢʨʫʛ ʚʦʧʨʦʩʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʠʭ ʢʦʤʧʝʪʝʥʮʠʶ. 
ʂʨʫʛ ʚʦʧʨʦʩʦʚ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʜʘʥʥʦʤ ʢʫʨʩʝ, ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʦʪʥʦʩʠʪʩʷ ʢ 

ʢʦʤʧʝʪʝʥʮʠʠ ʩʠʩʪʝʤʥʦʛʦ ʘʨʭʠʪʝʢʪʦʨʘ ʠ ʦʭʚʘʪʳʚʘʝʪ ʨʘʟʣʠʯʥʳʝ ʩʪʝʧʝʥʠ 
ʜʝʪʘʣʠʟʘʮʠʠ ɺʄ ʠ ɺʉ. ɺ ʧʨʠʥʮʠʧʝ ʪʘʢʠʭ ʫʨʦʚʥʝʡ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ, 
ʦʜʥʘʢʦ ʩʣʦʞʠʚʰʘʷʩʷ ʧʨʘʢʪʠʢʘ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ ʯʠʩʣʦ ʯʝʪʳʨʴʤʷ ʫʨʦʚʥʷʤʠ (ʈʠʩ. 
1.1). 

 
1 ʉʪʨʫʢʪʫʨʥʳʝ ʩʭʝʤʳ ʧʨʠʤʝʥʷʶʪ ʪʘʢʞʝ ʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ.  

2 ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʪʘʥʜʘʨʪ ISO/IEC 2382/1-93 ʦʧʨʝʜʝʣʷʝʪ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʟʘʜʘʝʪ 
ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʳ. 
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ʊʘʙʣʠʮʘ 1.1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʬʫʥʢʮʠʡ ʤʝʞʜʫ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 
ʤʘʰʠʥʳ 

ʉʧʝʮʠʘʣʠʩʪ ʂʨʫʛ ʚʦʧʨʦʩʦʚ 

ʇʨʦʠʟʚʦʜʠʪʝʣʴ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 
ʤʘʪʝʨʠʘʣʦʚ 

ʄʘʪʝʨʠʘʣ ʜʣʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ 
(ʣʝʛʠʨʦʚʘʥʥʳʡ ʢʨʝʤʥʠʡ, ʜʠʦʢʩʠʜ ʢʨʝʤʥʠʷ ʠ ʪ. 
ʧ.) 

ʈʘʟʨʘʙʦʪʯʠʢ ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ ʕʣʝʢʪʨʦʥʥʳʝ ʩʭʝʤʳ ʫʟʣʦʚ ɺʄ (ʨʘʟʨʘʙʦʪʢʘ ʠ 
ʘʥʘʣʠʟ) 

ʈʘʟʨʘʙʦʪʯʠʢ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ ʉʚʝʨʭʙʦʣʴʰʠʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʤʠʢʨʦʩʭʝʤʳ 
(ʩʭʝʤʳ ʵʣʝʢʪʨʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʠʭ 
ʨʘʟʤʝʱʝʥʠʝ ʥʘ ʢʨʠʩʪʘʣʣʝ) 

ʉʠʩʪʝʤʥʳʡ ʘʨʭʠʪʝʢʪʦʨ ɸʨʭʠʪʝʢʪʫʨʘ ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 
ʤʘʰʠʥʳ (ʫʩʪʨʦʡʩʪʚʘ ʠ ʫʟʣʳ, ʩʠʩʪʝʤʘ ʢʦʤʘʥʜ 
ʠ ʪ.ʧ.) 

ʉʠʩʪʝʤʥʳʡ ʧʨʦʛʨʘʤʤʠʩʪ ʆʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʢʦʤʧʠʣʷʪʦʨʳ 

ʊʝʦʨʝʪʠʢ ɸʣʛʦʨʠʪʤʳ, ʘʙʩʪʨʘʢʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ 

 

ʈʠʩ. 1.1. ʋʨʦʚʥʠ ʜʝʪʘʣʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ: ʘ ï ʫʨʦʚʝʥʴ çʯʝʨʥʦʛʦ 
ʷʱʠʢʘè; ʙ - ʫʨʦʚʝʥʴ ʦʙʱʝʡ ʘʨʭʠʪʝʢʪʫʨʳ; ʚ - ʫʨʦʚʝʥʴ ʘʨʭʠʪʝʢʪʫʨʳ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʦʨʘ;  ʛ - ʫʨʦʚʝʥʴ ʘʨʭʠʪʝʢʪʫʨʳ ʫʩʪʨʦʡʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ. 

ʅʘ ʧʝʨʚʦʤ ʫʨʦʚʥʝ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʘʰʠʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʫʩʪʨʦʡʩʪʚʦ, 
ʩʧʦʩʦʙʥʦʝ ʭʨʘʥʠʪʴ ʠ ʦʙʨʘʙʘʪʳʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ, ʘ ʪʘʢʞʝ ʦʙʤʝʥʠʚʘʪʴʩʷ ʩ ʚʥʝʰʥʠʤ 
ʤʠʨʦʤ (ʩʤ. ʨʠʩ..1.1, ʘ). ɺʄ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ çʯʝʨʥʳʤ ʷʱʠʢʦʤè, ʢʦʪʦʨʳʡ ʤʦʞʝʪ 
ʙʳʪʴ ʧʦʜʢʣʶʯʝʥ ʢ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʝʪʠ ʠ ʢ ʢʦʪʦʨʦʤʫ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʛʫʪ 
ʧʦʜʩʦʝʜʠʥʷʪʴʩʷ ʫʩʪʨʦʡʩʪʚʘ. 
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ʋʨʦʚʝʥʴ ʦʙʱʝʡ ʘʨʭʠʪʝʢʪʫʨʳ (ʩʤ. ʨʠʩ. 1.1,ʙ) ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ɺʄ ʚ ʚʠʜʝ 
ʯʝʪʳʨʝʭ ʩʦʩʪʘʚʣʷʶʱʠʭ: ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ (ʎʇ), ʦʩʥʦʚʥʦʡ ʧʘʤʷʪʠ (ʆʇ), 
ʚʚʦʜʘ/ʚʳʚʦʜʘ (ʋɺɺ) ʠ ʩʠʩʪʝʤʳ ʰʠʥ. 
ʅʘ ʪʨʝʪʴʝʤ ʫʨʦʚʥʝ ʜʝʪʘʣʠʟʠʨʫʝʪʩʷ ʢʘʞʜʦʝ ʠʟ ʫʩʪʨʦʡʩʪʚ ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ. ɼʣʷ 

ʧʨʠʤʝʨʘ ʚʟʷʪ ʮʝʥʪʨʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ (ʩʤ. ʨʠʩ 1.1 ʚ). ɺ ʧʨʦʩʪʝʡʰʝʤ ʚʘʨʠʘʥʪʝ ʚ ʥʝʤ 
ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ: 

Å ʘʨʠʬʤʝʪʠʢʦ-ʣʦʛʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ (ɸʃʋ), ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʦʙʨʘʙʦʪʢʫ 
ʮʝʣʳʭ ʯʠʩʝʣ; 

Å ʙʣʦʢ ʦʙʨʘʙʦʪʢʠ ʯʠʩʝʣ ʚ ʬʦʨʤʘʪʝ ʩ ʧʣʘʚʘʶʱʝʡ ʟʘʧʷʪʦʡ (ɹʇɿ); 
Å ʨʝʛʠʩʪʨʳ ʧʨʦʮʝʩʩʦʨʘ, ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʜʣʷ ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ ʭʨʘʥʝʥʠʷ ʢʦʤʘʥʜ, 
ʜʘʥʥʳʭ ʠ ʘʜʨʝʩʦʚ; 

Å ʫʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ (ʋʋ), ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʩʦʚʤʝʩʪʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 
ʫʩʪʨʦʡʩʪʚ ɺʄ; 

Å ʚʥʫʪʨʝʥʥʠʝ ʰʠʥʳ.  

ʅʘ ʯʝʪʚʝʨʪʦʤ ʫʨʦʚʥʝ ʜʝʪʘʣʠʟʠʨʫʶʪʩʷ ʵʣʝʤʝʥʪʳ ʪʨʝʪʴʝʛʦ ʫʨʦʚʥʷ. ʊʘʢ, ʥʘ ʨʠʩ. 
1.1 ʛ ʨʘʩʢʨʳʪʘ ʩʪʨʫʢʪʫʨʘ ʫʩʪʨʦʡʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ. ʋʋ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ 
ʯʝʪʳʨʝʭ ʩʦʩʪʘʚʣʷʶʱʠʭ: 

Å ʣʦʛʠʢʠ ʧʨʦʛʨʘʤʤʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ð ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ, 
ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʧʦʣʥʝʥʠʝ ʢʦʤʘʥʜ ʧʨʦʛʨʘʤʤʳ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, 
ʧʨʝʜʧʠʩʳʚʘʝʤʦʡ ʧʨʦʛʨʘʤʤʦʡ; 

Å ʨʝʛʠʩʪʨʦʚ ʠ ʜʝʰʠʬʨʘʪʦʨʦʚ ʫʩʪʨʦʡʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ; 
Å ʫʧʨʘʚʣʷʶʱʝʡ ʧʘʤʷʪʠ; 
Å ʣʦʛʠʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʝʥʠʷ, ʛʝʥʝʨʠʨʫʶʱʝʡ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ 
ʫʧʨʘʚʣʷʶʱʠʝ ʩʠʛʥʘʣʳ. 

ʕʚʦʣʶʮʠʷ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚʳʯʠʩʣʝʥʠʡ 

ʇʦʧʳʪʢʠ ʦʙʣʝʛʯʠʪʴ, ʘ ʚ ʠʜʝʘʣʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʚʳʯʠʩʣʝʥʠʡ ʠʤʝʶʪ ʜʘʚʥʶʶ 
ʠʩʪʦʨʠʶ, ʥʘʩʯʠʪʳʚʘʶʱʫʶ ʙʦʣʝʝ 5000 ʣʝʪ. ʉ ʨʘʟʚʠʪʠʝʤ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ ʩʨʝʜʩʪʚʘ 
ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚʳʯʠʩʣʝʥʠʡ ʥʝʧʨʝʨʳʚʥʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʣʠʩʴ. ʉʦʚʨʝʤʝʥʥʦʝ 
ʩʦʩʪʦʷʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ (ɺʊ) ʷʚʣʷʝʪ ʩʦʙʦʡ ʨʝʟʫʣʴʪʘʪ ʤʥʦʛʦʣʝʪʥʝʡ 
ʵʚʦʣʶʮʠʠ. 
ɺ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʨʘʢʪʦʚʢʝ ʵʚʦʣʶʮʠʶ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʩʤʝʥʫ ʧʦʢʦʣʝʥʠʡ ɺʊ. ʇʦʷʚʣʝʥʠʝ ʪʝʨʤʠʥʘ çʧʦʢʦʣʝʥʠʝè 

ʦʪʥʦʩʠʪʩʷ ʢ 1964 ʛʦʜʫ, ʢʦʛʜʘ ʬʠʨʤʘ IBM ʚʳʧʫʩʪʠʣʘ ʩʝʨʠʶ ʢʦʤʧʴʶʪʝʨʦʚ IBM 360, 

ʥʘʟʚʘʚ ʵʪʫ ʩʝʨʠʶ çʢʦʤʧʴʶʪʝʨʘʤʠ ʪʨʝʪʴʝʛʦ ʧʦʢʦʣʝʥʠʷè. ɺ ʩʪʘʥʜʘʨʪʝ ɻʆʉʊ 15971-

90 ʜʘʥʦ ʩʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʨʤʠʥʘ: 

çʇʦʢʦʣʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ ð ʵʪʦ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʘʷ ʛʨʫʧʧʘ ɺʄ, 

ʦʙʲʝʜʠʥʷʶʱʘʷ ɺʄ ʧʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʨʝʘʣʠʟʘʮʠʠ ʝʝ ʫʩʪʨʦʡʩʪʚ, ʘ ʪʘʢʞʝ 

ʧʦ ʫʨʦʚʥʶ ʨʘʟʚʠʪʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ ʚ ʨʘʟʚʠʪʠʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʨʝʜʩʪʚ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠè. 
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ʆʜʥʦʡ ʠʟ ʠʜʝʡ ʨʘʟʚʠʪʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʢʦʥʮʝʧʮʠʶ 
ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ ʩ ʭʨʘʥʠʤʦʡ ʚ ʧʘʤʷʪʠ ʧʨʦʛʨʘʤʤʦʡ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʫʶ 
ɼʞʦʥʦʤ ʬʦʥ ʅʝʡʤʘʥʦʤ. ɺʟʷʚ ʝʝ ʟʘ ʪʦʯʢʫ ʦʪʩʯʝʪʘ, ʠʩʪʦʨʠʶ ʨʘʟʚʠʪʠʷ ɺʊ ʤʦʞʥʦ 
ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʪʨʝʭ ʵʪʘʧʦʚ: 

Å ʜʦʥʝʡʤʘʥʦʚʩʢʦʛʦ ʧʝʨʠʦʜʘ; 
Å ʵʨʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ ʠ ʩʠʩʪʝʤ ʩ ʬʦʥ-ʥʝʡʤʘʥʦʚʩʢʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ; 
Å ʧʦʩʪʥʝʡʤʘʥʦʚʩʢʦʡ ʵʧʦʭʠ ð ʵʧʦʭʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ 
ʚʳʯʠʩʣʝʥʠʡ, ʛʜʝ ʥʘʨʷʜʫ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʧʦʜʭʦʜʦʤ ʚʩʝ ʙʦʣʴʰʫʶ ʨʦʣʴ 
ʥʘʯʠʥʘʶʪ ʠʛʨʘʪʴ ʦʪʣʠʯʥʳʝ ʦʪ ʬʦʥ-ʥʝʡʤʘʥʦʚʩʢʠʭ ʧʨʠʥʮʠʧʳ ʦʨʛʘʥʠʟʘʮʠʠ 
ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɿʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʦʜʥʘʢʦ, ʧʦʣʫʯʠʣʘ ʧʨʠʚʷʟʢʘ ʧʦʢʦʣʝʥʠʡ ʢ 
ʩʤʝʥʝ ʪʝʭʥʦʣʦʛʠʡ. ʇʨʠʥʷʪʦ ʛʦʚʦʨʠʪʴ ʦ çʤʝʭʘʥʠʯʝʩʢʦʡè ʵʨʝ (ʥʫʣʝʚʦʝ ʧʦʢʦʣʝʥʠʝ) ʠ 
ʧʦʩʣʝʜʦʚʘʚʰʠʭ ʟʘ ʥʝʡ ʧʷʪʠ ʧʦʢʦʣʝʥʠʷʭ ɺʉ. ʇʝʨʚʳʝ ʯʝʪʳʨʝ ʧʦʢʦʣʝʥʠʷ 
ʪʨʘʜʠʮʠʦʥʥʦ ʩʚʷʟʳʚʘʶʪ ʩ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ: 
ʵʣʝʢʪʨʦʥʥʳʝ ʣʘʤʧʳ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʧʨʠʙʦʨʳ, ʠʥʪʝʛʨʘʣʴʥʳʝ ʩʭʝʤʳ ʤʘʣʦʡ 
ʩʪʝʧʝʥʠ ʠʥʪʝʛʨʘʮʠʠ (ʀʄʉ), ʙʦʣʴʰʠʝ (ɹʀʉ), ʩʚʝʨʭʙʦʣʴʰʠʝ (ʉɹʀʉ) ʠ 
ʫʣʴʪʨʘʙʦʣʴʰʠʝ (ʋɹʀʉ) ʠʥʪʝʛʨʘʣʴʥʳʝ ʤʠʢʨʦʩʭʝʤʳ. ʇʷʪʦʝ ʧʦʢʦʣʝʥʠʝ ʚ 
ʦʙʱʝʧʨʠʥʷʪʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʘʩʩʦʮʠʠʨʫʶʪ ʥʝ ʩʪʦʣʴʢʦ ʩ ʥʦʚʦʡ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʦʡ, 
ʩʢʦʣʴʢʦ ʩ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ɺʉ. ʈʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ɺʉ ʧʷʪʦʛʦ 
ʧʦʢʦʣʝʥʠʷ ʚʝʣʠʩʴ ʚ ʨʘʤʢʘʭ ʯʝʪʳʨʝʭ ʜʦʩʪʘʪʦʯʥʦ ʥʝʟʘʚʠʩʠʤʳʭ ʧʨʦʛʨʘʤʤ, 
ʦʩʫʱʝʩʪʚʣʷʚʰʠʭʩʷ ʫʯʝʥʳʤʠ ʉʐɸ, ʗʧʦʥʠʠ, ʩʪʨʘʥ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʳ ʠ ʩʪʨʘʥ 
ʉʦʚʝʪʘ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʚʟʘʠʤʦʧʦʤʦʱʠ. 
ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʥʠ ʦʜʥʘ ʠʟ ʧʨʦʛʨʘʤʤ ʥʝ ʧʨʠʚʝʣʘ ʢ ʦʞʠʜʘʝʤʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, 

ʨʘʟʛʦʚʦʨʳ ʦ ɺʉ ʧʷʪʦʛʦ ʧʦʢʦʣʝʥʠʷ ʧʦʥʝʤʥʦʛʫ ʫʪʠʭʘʶʪ. ʊʨʘʢʪʦʚʢʘ ʧʷʪʦʛʦ ʧʦʢʦʣʝʥʠʷ 
ʷʚʥʦ ʚʳʧʘʜʘʝʪ ʠʟ çʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦè ʧʨʠʥʮʠʧʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʠʯʠʩʣʝʥʠʝ 
ʚʩʝʭ ɺʉ ʥʘ ʙʘʟʝ ʩʚʝʨʭʙʦʣʴʰʠʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ (ʉɹʀʉ) ʢ ʯʝʪʚʝʨʪʦʤʫ ʧʦʢʦʣʝʥʠʶ 
ʥʝ ʦʪʨʘʞʘʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ɺʉ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʟʘ 
ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ. ʏʪʦʙʳ ʚ ʢʘʢʦʡ-ʪʦ ʤʝʨʝ ʧʨʦʩʣʝʜʠʪʴ ʨʦʣʴ ʪʘʢʠʭ ʠʟʤʝʥʝʥʠʡ, 
ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʥʦʡ ʪʨʘʢʪʦʚʢʦʡ, ʧʨʝʜʣʘʛʘʝʤʦʡ ʚ [1]. ɺ ʨʘʙʦʪʝ 
ʚʳʜʝʣʷʝʪʩʷ ʰʝʩʪʴ ʧʦʢʦʣʝʥʠʡ ɺʉ. ʂʨʘʪʢʦ ʦʭʘʨʘʢʪʝʨʠʟʫʝʤ ʢʘʞʜʦʝ ʠʟ ʥʠʭ, ʚʳʜʝʣʷʷ 
ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʩʦʙʳʪʠʷ. 

ʅʫʣʝʚʦʝ ʧʦʢʦʣʝʥʠʝ (1492-1945) 

ɼʣʷ ʧʦʣʥʦʪʳ ʢʘʨʪʠʥʳ ʫʧʦʤʷʥʝʤ ʜʚʘ ʩʦʙʳʪʠʷ, ʧʨʦʠʟʦʰʝʜʰʠʝ ʜʦ ʥʘʰʝʡ ʵʨʳ: ʧʝʨʚʳʝ 
ʩʯʝʪʳ - ʘʙʘʢ, ʠʟʦʙʨʝʪʝʥʥʳʝ ʚ ʜʨʝʚʥʝʤ ɺʘʚʠʣʦʥʝ ʟʘ 3000 ʣʝʪ ʜʦ ʥ. ʵ., ʠ ʠʭ ʙʦʣʝʝ 
çʩʦʚʨʝʤʝʥʥʳʡè ʚʘʨʠʘʥʪ ʩ ʢʦʩʪʦʯʢʘʤʠ ʥʘ ʧʨʦʚʦʣʦʢʝ, ʧʦʷʚʠʚʰʠʡʩʷ ʚ ʂʠʪʘʝ 
ʧʨʠʤʝʨʥʦ ʟʘ 500 ʣʝʪ ʪʘʢʞʝ ʜʦ ʥ. ʵ. 
çʄʝʭʘʥʠʯʝʩʢʘʷè ʵʨʘ (ʥʫʣʝʚʦʝ ʧʦʢʦʣʝʥʠʝ) ʚ ʵʚʦʣʶʮʠʠ ɺʊ ʩʚʷʟʘʥʘ ʩ 

ʤʝʭʘʥʠʯʝʩʢʠʤʠ, ʘ ʧʦʟʞʝ - ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. 
ʆʩʥʦʚʥʳʤ ɻʣʝʤʝʥʪʦʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʙʳʣʦ ʟʫʙʯʘʪʦʝ ʢʦʣʝʩʦ. ʅʘʯʠʥʘʷ ʩ XX 
ʚʝʢʘ ʨʦʣʴ ʙʘʟʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʧʝʨʝʭʦʜʠʪ ʢ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʤʫ ʨʝʣʝ. ʅʝ ʫʤʘʣʷʷ 
ʟʥʘʯʝʥʠʷ ʤʥʦʛʠʭ ʠʜʝʡ çʤʝʭʘʥʠʯʝʩʢʦʡè ʵʨʳ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʠ ʦʜʥʦ ʠʟ 
ʩʦʟʜʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʝʣʴʟʷ ʩ ʧʦʣʥʳʤ ʦʩʥʦʚʘʥʠʝʤ ʥʘʟʚʘʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʦʡ 
ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʝʝ ʧʦʥʠʤʘʥʠʠ. ʏʪʦʙʳ ʧʦʜʯʝʨʢʥʫʪʴ ʵʪʦ, ʚʤʝʩʪʦ ʪʝʨʤʠʥʘ 
çʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʘʰʠʥʘè ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʠʝ ʩʣʦʚʘ, ʢʘʢ çʚʳʯʠʩʣʠʪʝʣʴè, 
çʢʘʣʴʢʫʣʷʪʦʨè ʠ ʪ. ʧ. 
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ʍʨʦʥʦʣʦʛʠʷ ʦʩʥʦʚʥʳʭ ʩʦʙʳʪʠʡ çʤʝʭʘʥʠʯʝʩʢʦʡè ʵʨʳ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 
1492 ʛʦʜ. ɺ ʦʜʥʦʤ ʠʟ ʩʚʦʠʭ ʜʥʝʚʥʠʢʦʚ ʃʝʦʥʘʨʜʦ ʜʘ ɺʠʥʯʠ ʧʨʠʚʦʜʠʪ ʨʠʩʫʥʦʢ 

ʪʨʠʥʘʜʮʘʪʠʨʘʟʨʷʜʥʦʛʦ ʜʝʩʷʪʠʯʥʦʛʦ ʩʫʤʤʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʟʫʙʯʘʪʳʭ 
ʢʦʣʝʩ. 
1673 ʛʦʜ. ɻʦʪʬʨʠʜ ɺʠʣʴʛʝʣʴʤ ʃʝʡʙʥʠʮ (Gottfried Wilhelm Leibniz, 1646-1716) 

ʩʦʟʜʘʝʪ çʧʦʰʘʛʦʚʳʡ ʚʳʯʠʩʣʠʪʝʣʴè - ʜʝʩʷʪʠʯʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʚʩʝʭ 
ʯʝʪʳʨʝʭ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʥʘʜ 12-ʨʘʟʨʷʜʥʳʤʠ ʜʝʩʷʪʠʯʥʳʤʠ ʯʠʩʣʘʤʠ. 
ʈʝʟʫʣʴʪʘʪ ʫʤʥʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʣʩʷ 16 ʮʠʬʨʘʤʠ. ʇʦʤʠʤʦ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʚ 
ʫʩʪʨʦʡʩʪʚʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʥʦʚʳʡ ʵʣʝʤʝʥʪ - ʩʪʫʧʝʥʯʘʪʳʡ ʚʘʣʠʢ. 

1836 ʛʦʜ. ɹʵʙʙʠʜʞ ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʧʨʦʝʢʪ çʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʘʰʠʥʳè. ʇʨʦʝʢʪ 
ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʪʨʠ ʩʯʠʪʳʚʘʪʝʣʷ ʩ ʧʝʨʬʦʢʘʨʪ ʜʣʷ ʚʚʦʜʘ ʧʨʦʛʨʘʤʤ ʠ ʜʘʥʥʳʭ, 
ʧʘʤʷʪʴ (ʧʦ ɹʵʙʙʠʜʞʫ - çʩʢʣʘʜè) ʥʘ ʧʷʪʴʜʝʩʷʪ 40-ʨʘʟʨʷʜʥʳʭ ʯʠʩʝʣ, ʜʚʘ ʘʢʢʫʤʫʣʷʪʦʨʘ 
ʜʣʷ ʭʨʘʥʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɺ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʤʘʰʠʥʳ 
ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʢʦʥʮʝʧʮʠʷ ʫʩʣʦʚʥʦʛʦ ʧʝʨʝʭʦʜʘ. ɺ ʧʨʦʝʢʪ ʟʘʣʦʞʝʥ ʪʘʢʞʝ ʠ ʧʨʦʦʙʨʘʟ 
ʤʠʢʨʦʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ - ʩʦʜʝʨʞʘʥʠʝ ʠʥʩʪʨʫʢʮʠʡ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʟʘʜʘʚʘʪʴ ʧʫʪʝʤ 
ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʰʪʳʨʝʡ ʚ ʮʠʣʠʥʜʨʝ ʩ ʦʪʚʝʨʩʪʠʷʤʠ. ʇʦ ʦʮʝʥʢʘʤ 
ʩʫʤʤʠʨʦʚʘʥʠʝ ʜʦʣʞʥʦ ʙʳʣʦ ʟʘʥʠʤʘʪʴ 3 ʩ, ʘ ʫʤʥʦʞʝʥʠʝ ʠ ʜʝʣʝʥʠʝ - 2-4 ʤʠʥ. 

1871 ʛʦʜ. ɹʵʙʙʠʜʞ ʩʦʟʜʘʝʪ ʧʨʦʪʦʪʠʧ ʦʜʥʦʛʦ ʠʟ ʫʩʪʨʦʡʩʪʚ ʩʚʦʝʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ 
ʤʘʰʠʥʳ ð çʤʝʣʴʥʠʮʫè (ʪʘʢ ʦʥ ʦʢʨʝʩʪʠʣ ʪʦ, ʯʪʦ ʩʝʡʯʘʩ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ 
ʮʝʥʪʨʘʣʴʥʳʤ ʧʨʦʮʝʩʩʦʨʦʤ), ʘ ʪʘʢʞʝ ʧʨʠʥʪʝʨ. 

1937 ʛʦʜ. ɼʞʦʨʞ ʉʪʠʙʠʪʮ (George Stibitz, 1904-1995) ʠʟ Bell Telephone 
Laboratories ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʝʨʚʳʡ ʦʜʥʦʙʠʪʦʚʳʡ ʜʚʦʠʯʥʳʡ ʚʳʯʠʩʣʠʪʝʣʴ ʥʘ ʙʘʟʝ 
ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʨʝʣʝ. 

1937 ʛʦʜ. ɸʣʘʥ ʊʴʶʨʠʥʛ (Alan M. Turing, 1912-1954) ʠʟ ʂʝʤʙʨʠʜʞʩʢʦʛʦ 
ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʫʙʣʠʢʫʝʪ ʩʪʘʪʴʶ, ʚ ʢʦʪʦʨʦʡ ʠʟʣʘʛʘʝʪ ʢʦʥʮʝʧʮʠʶ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 
ʫʧʨʦɦʝʥʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʣʫʯʠʚʰʝʡ ʥʘʟʚʘʥʠʝ 
ʤʘʰʠʥʳ ʊʴʶʨʠʥʛʘ. 

1938 ʛʦʜ. ʂʣʦʜ ʐʝʥʥʦʥ (Claude E. Shannon, 1916-2001) ʧʫʙʣʠʢʫʝʪ ʩʪʘʪʴʶ ʦ 
ʨʝʘʣʠʟʘʮʠʠ ʩʠʤʚʦʣʠʯʝʩʢʦʡ ʣʦʛʠʢʠ ʥʘ ʙʘʟʝ ʨʝʣʝ. 
1938 ʛʦʜ. ʅʝʤʝʮʢʠʡ ʠʥʞʝʥʝʨ ʂʦʥʨʘʜ ʎʫʟʝ (Konrad Zuse, 1910-1995) ʩʪʨʦʠʪ 

ʤʝʭʘʥʠʯʝʩʢʠʡ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʚʳʯʠʩʣʠʪʝʣʴ Z1 ʩ ʧʘʤʷʪʴʶ ʥʘ 1000 ʙʠʪ. ɺ 
ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ Z1 ʚʩʝ ʯʘʱʝ ʥʘʟʳʚʘʶʪ ʧʝʨʚʳʤ ʚ ʤʠʨʝ ʢʦʤʧʴʶʪʝʨʦʤ. 

1943 ʛʦʜ. ɻʨʫʧʧʘ ʫʯʝʥʳʭ ɻʘʨʚʘʨʜʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚʦ ʛʣʘʚʝ ʩ ɻʦʚʘʨʜʦʤ 
ɸʡʢʝʥʦʤ (Howard Aiken, 1900=1973) ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʚʳʯʠʩʣʠʪʝʣʴ ASCC Mark I 
(Automatic Sequence-Controlled Calculator Mark I) - ʧʝʨʚʳʡ ʧʨʦʛʨʘʤʤʥʦ 
ʫʧʨʘʚʣʷʝʤʳʡ ʚʳʯʠʩʣʠʪʝʣʴ, ʧʦʣʫʯʠʚʰʠʡ ʰʠʨʦʢʫʶ ʠʟʚʝʩʪʥʦʩʪʴ. ɼʣʠʥʘ ʫʩʪʨʦʡʩʪʚʘ 
ʩʦʩʪʘʚʠʣʘ 18 ʤ, ʘ ʚʝʩʠʣʦ ʦʥʦ 5 ʪ. ʄʘʰʠʥʘ ʩʦʩʪʦʷʣʘ ʠʟ ʤʥʦʞʝʩʪʚʘ ʚʳʯʠʩʣʠʪʝʣʝʡ, 
ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʩʚʦʠ ʯʘʩʪʠ ʦʙʱʝʡ ʟʘʜʘʯʠ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʝʜʠʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 
ʫʧʨʘʚʣʝʥʠʷ. ʂʦʤʘʥʜʳ ʩʯʠʪʳʚʘʣʠʩʴ ʩ ʙʫʤʘʞʥʦʡ ʧʝʨʬʦʣʝʥʪʳ ʠ ʚʳʧʦʣʥʷʣʠʩʴ ʚ 
ʧʦʨʷʜʢʝ ʩʯʠʪʳʚʘʥʠʷ. ɼʘʥʥʳʝ ʩʯʠʪʳʚʘʣʠʩʴ ʩ ʧʝʨʬʦʢʘʨʪ. ɺʳʯʠʩʣʠʪʝʣʴ ʦʙʨʘʙʘʪʳʚʘʣ 
23-ʨʘʟʨʷʜʥʳʝ ʯʠʩʣʘ, ʧʨʠ ʵʪʦʤ ʩʣʦʞʝʥʠʝ ʟʘʥʠʤʘʣʦ 0,3 ʩ, ʫʤʥʦʞʝʥʠʝ - 4 ʩ, ʘ 
ʜʝʣʝʥʠʝ- 10 ʩ. 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʭʨʦʥʦʣʦʛʠʠ ʥʫʣʝʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʤʦʞʥʦ ʥʘʡʪʠ ʚ [1] 
(ʩʪʨ. 26 ï 28). 

ʇʝʨʚʦʝ ʧʦʢʦʣʝʥʠʝ (1937-1953) 

ʅʘ ʨʦʣʴ ʧʝʨʚʦʡ ʚ ʠʩʪʦʨʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ ʚ ʨʘʟʥʳʝ ʧʝʨʠʦʜʳ 
ʧʨʝʪʝʥʜʦʚʘʣʦ ʥʝʩʢʦʣʴʢʦ ʨʘʟʨʘʙʦʪʦʢ. ʆʙʱʠʤ ʫ ʥʠʭ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʭʝʤ ʥʘ  
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ʙʘʟʝ ʵʣʝʢʪʨʦʥʥʦ-ʚʘʢʫʫʤʥʳʭ ʣʘʤʧ  ʚʤʝʩʪʦ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʨʝʣʝ.  
ʇʝʨʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʦʡ ʯʘʱʝ ʚʩʝʛʦ ʥʘʟʳʚʘʶʪ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʢʘʣʴʢʫʣʷʪʦʨ ABC (Atanasoff-Berry Computer). ʈʘʟʨʘʙʦʪʘʥ ʦʥ 
ʙʳʣ ʚ ʧʝʨʠʦʜ ʩ 1939 ʧʦ 1942 ʛʦʜ ʧʨʦʬʝʩʩʦʨʦʤ ɼʞʦʥʦʤ ɸʪʘʥʘʩʦʚʳʤ (John V. 
Atanasoff, 1903-1995) ʩʦʚʤʝʩʪʥʦ ʩ ʘʩʧʠʨʘʥʪʦʤ ʂʣʠʬʬʦʨʜʦʤ ɹʝʨʨʠ (Clifford Berry, 
1918-1963) ʠ ʧʨʝʜʥʘʟʥʘʯʘʣʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ (ʜʦ 29 
ʫʨʘʚʥʝʥʠʡ ʩ 29 ʧʝʨʝʤʝʥʥʳʤʠ). ABC ʦʙʣʘʜʘʣ ʧʘʤʷʪʴʶ ʥʘ 50 ʩʣʦʚ ʜʣʠʥʦʡ 50 ʙʠʪ, ʘ 
ʟʘʧʦʤʠʥʘʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʣʫʞʠʣʠ ʢʦʥʜʝʥʩʘʪʦʨʳ ʩ ʮʝʧʷʤʠ ʨʝʛʝʥʝʨʘʮʠʠ. ɺ 
ʢʘʯʝʩʪʚʝ ʚʪʦʨʠʯʥʦʡ ʧʘʤʷʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʝʨʬʦʢʘʨʪʳ, ʛʜʝ ʦʪʚʝʨʩʪʠʷ ʥʝ 
ʧʝʨʬʦʨʠʨʦʚʘʣʠʩʴ, ʘ ʧʨʦʞʠʛʘʣʠʩʴ.  
ɺʪʦʨʳʤ ʧʨʝʪʝʥʜʝʥʪʦʤ ʥʘ ʧʝʨʚʝʥʩʪʚʦ ʩʯʠʪʘʝʪʩʷ ʚʳʯʠʩʣʠʪʝʣʴ Colossus, 

ʧʦʩʪʨʦʝʥʥʳʡ ʚ 1943 ʛʦʜʫ ʚ ɸʥʛʣʠʠ ʚ ʤʝʩʪʝʯʢʝ Bletchley Park ʙʣʠʟ ʂʝʤʙʨʠʜʞʘ.  
ʀʟʦʙʨʝʪʘʪʝʣʝʤ ʤʘʰʠʥʳ ʙʳʣ ʧʨʦʬʝʩʩʦʨ ʄʘʢʩ ʅʴʶʤʝʥ (Max Newman, 1887-1984), ʘ 
ʠʟʛʦʪʦʚʠʣ ʝʛʦ ʊʦʤʤʠ ʌʣʘʫʵʨʩ (Tommy Flowers, 1905-1998). ɺ ʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤʘʭ 
ʤʘʰʠʥʳ ʠ ʚ ʩʠʩʪʝʤʝ ʦʧʪʠʯʝʩʢʦʛʦ ʩʯʠʪʳʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 2400 
ʵʣʝʢʪʨʦʥʥʳʭ ʣʘʤʧ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʪʠʨʘʪʨʦʥʦʚ. ʀʥʬʦʨʤʘʮʠʷ ʩʯʠʪʳʚʘʣʘʩʴ ʩ ʧʷʪʠ 
ʚʨʘʱʘʶʱʠʭʩʷ ʜʣʠʥʥʳʭ ʙʫʤʘʞʥʳʭ ʢʦʣʝʮ ʩʦ ʩʢʦʨʦʩʪʴʶ 5000 ʩʠʤʚʦʣʦʚ/ʩ. 
ʅʘʢʦʥʝʮ, ʪʨʝʪʠʡ ʢʘʥʜʠʜʘʪ ʥʘ ʨʦʣʴ ʧʝʨʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ɺʄ - ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʡ 

ʵʣʝʢʪʨʦʥʥʳʡ ʢʘʣʴʢʫʣʷʪʦʨ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ENIAC (Electronic Numerical 
Integrator and Computer ʵʣʝʢʪʨʦʥʥʳʡ ʮʠʬʨʦʚʦʡ ʠʥʪʝʛʨʘʪʦʨ ʠ ʚʳʯʠʩʣʠʪʝʣʴ). ʀʜʝʷ 
ʢʘʣʴʢʫʣʷʪʦʨʘ, ʚʳʜʚʠʥʫʪʘʷ ʚ 1942 ʛʦʜʫ ɼʞʦʥʦʤ ʄʦʯʣʠ (John J. Mauchly, 1907-1980) 
ʠʟ ʫʥʠʚʝʨʩʠʪʝʪʘ ʇʝʥʩʠʣʴʚʘʥʠʠ, ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʠʤ ʩʦʚʤʝʩʪʥʦ ʩ ʇʨʝʩʧʝʨʦʤ 
ʕʢʢʝʨʪʦʤ (J. Presper Eckert, 1919-1995) ʚ 1946 ʛʦʜʫ. ʉ ʩʘʤʦʛʦ ʥʘʯʘʣʘ ENIAC 
ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʧʨʦʛʨʘʤʤʝ ʨʘʟʨʘʙʦʪʢʠ ʚʦʜʦʨʦʜʥʦʡ ʙʦʤʙʳ. ʄʘʰʠʥʘ 
ʵʢʩʧʣʫʘʪʠʨʦʚʘʣʘʩʴ ʜʦ 1955 ʛʦʜʘ ʠ ʧʨʠʤʝʥʷʣʘʩʴ ʜʣʷ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʩʣʫʯʘʡʥʳʭ 
ʯʠʩʝʣ, ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʦʛʦʜʳ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʪʨʫʙ. ENIAC ʚʝʩʠʣ 
30 ʪʦʥʥ, ʩʦʜʝʨʞʘʣ 18 000 ʨʘʜʠʦʣʘʤʧ, ʠʤʝʣ ʨʘʟʤʝʨʳ 2,5 ʭ 30 ʤ ʠ ʦʙʝʩʧʝʯʠʚʘʣ 
ʚʳʧʦʣʥʝʥʠʝ 5000 ʩʣʦʞʝʥʠʡ ʠ 360 ʫʤʥʦʞʝʥʠʡ ʚ ʩʝʢʫʥʜʫ.  
ʇʨʠ ʚʩʝʡ ʚʘʞʥʦʩʪʠ ʢʘʞʜʦʡ ʠʟ ʪʨʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʦʩʥʦʚʥʦʝ ʩʦʙʳʪʠʝ, 

ʧʨʦʠʟʦʰʝʜʰʝʝ ʚ ʵʪʦʪ ʧʝʨʠʦʜ, ʩʚʷʟʘʥʦ ʩ ʠʤʝʥʝʤ ɼʞʦʥʘ ʬʦʥ ʅʝʡʤʘʥʘ. ɸʤʝʨʠʢʘʥʩʢʠʡ 
ʤʘʪʝʤʘʪʠʢ ɼʞʦʥ ʬʦʥ ʅʝʡʤʘʥ (John von Neumann, 1903-1957) ʧʨʠʥʷʣ ʫʯʘʩʪʠʝ ʚ 
ʧʨʦʝʢʪʝ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʩʫʣʴʪʘʥʪʘ. ɽʱʝ ʜʦ ʟʘʚʝʨʰʝʥʠʷ ENIAC ʕʢʢʝʨʪ, ʄʦʯʣʠ ʠ ʬʦʥ 
ʅʝʡʤʘʥ ʧʨʠʩʪʫʧʠʣʠ ʢ ʥʦʚʦʤʫ ʧʨʦʝʢʪʫ - EDVAC, ʛʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʪʦʨʦʛʦ 
ʩʪʘʣʘ ʠʜʝʷ ʭʨʘʥʠʤʦʡ ʚ ʧʘʤʷʪʠ ʧʨʦʛʨʘʤʤʳ. 
ʅʝʩʤʦʪʨʷ ʥʘ ʩʚʦʶ ʧʨʠʤʠʪʠʚʥʦʩʪʴ, ʤʘʰʠʥʳ ʧʝʨʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʦʢʘʟʘʣʠʩʴ ʚʝʩʴʤʘ 

ʧʦʣʝʟʥʳʤʠ ʜʣʷ ʠʥʞʝʥʝʨʥʳʭ ʮʝʣʝʡ ʠ ʚ ʧʨʠʢʣʘʜʥʳʭ ʥʘʫʢʘʭ.  
ɺ 1947 ʛʦʜʫ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʉ. ɸ. ʃʝʙʝʜʝʚʘ ʥʘʯʘʪʳ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ 

ʤʘʣʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʩʯʝʪʥʦʡ ʤʘʰʠʥʳ (ʄʕʉʄ). ʕʪʘ ɺʄ ʙʳʣʘ ʟʘʧʫʱʝʥʘ ʚ 
ʵʢʩʧʣʫʘʪʘʮʠʶ ʚ 1951 ʛʦʜʫ ʠ ʩʪʘʣʘ ʧʝʨʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ɺʄ ʚ ʉʉʉʈ ʠ 
ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ɽʚʨʦʧʝ. 
ʊʘʢʞʝ  ʚ 1952 ʛʦʜʫ ʚ ʦʧʳʪʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʙʳʣʘ ʟʘʧʫʱʝʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ 

ʤʘʰʠʥʘ ʄ1 (ʀ. ʉ. ɹʨʫʢ, ʅ. ʗ. ʄʘʪʶʭʠʥ, ɸ. ɹ. ɿʘʣʢʠʥʜ). ʄ-1-ʩʦʜʝʨʞʘʣʘ 730 
ʵʣʝʢʪʨʦʥʥʳʭ ʣʘʤʧ, ʦʧʝʨʘʪʠʚʥʫʶ ʧʘʤʷʪʴ ʝʤʢʦʩʪʴʶ 256 25-ʨʘʟʨʷʜʥʳʭ ʩʣʦʚ, 
ʨʫʣʦʥʥʳʡ ʪʝʣʝʪʘʡʧ ʠ ʦʙʣʘʜʘʣʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 15-20 ʦʧʝʨʘʮʠʡ/ʩ. ɺʧʝʨʚʳʝ 
ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʜʚʫʭʘʜʨʝʩʥʘʷ ʩʠʩʪʝʤʘ ʢʦʤʘʥʜ. ʏʫʪʴ ʧʦʟʞʝ ʛʨʫʧʧʦʡ ʚʳʧʫʩʢʥʠʢʦʚ 
ʄʕʀ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʀ. ʉ. ɹʨʫʢʘ ʩʦʟʜʘʥʘ ʤʘʰʠʥʘ ʄ-2 ʩ ʝʤʢʦʩʪʴʶ ʦʧʝʨʘʪʠʚʥʦʡ 
ʧʘʤʷʪʠ 512 34-ʨʘʟʨʷʜʥʳʭ ʩʣʦʚ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ 2000 ʦʧʝʨʘʮʠʡ/ʩ.  
ɺ ʘʧʨʝʣʝ 1953 ʛʦʜʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʧʦʩʪʫʧʠʣʘ ʩʘʤʘʷ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʘʷ ʚ 

ɽʚʨʦʧʝ ɺʄ ɹʕʉʄ (ʉ. ɸ. ʃʝʙʝʜʝʚ). ɽʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʩʦʩʪʘʚʠʣʦ 8000 - 10 000 
ʦʧʝʨʘʮʠʡ/ʩ.  
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ʇʨʠʤʝʨʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʚʳʧʫʱʝʥʘ ʣʘʤʧʦʚʘʷ ɺʄ çʉʪʨʝʣʘè (ʖ. ɸ. ɹʘʟʠʣʝʚʩʢʠʡ, ɹ. 
ʀ. ʈʘʤʝʝʝʚ) ʩ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ 2000 ʦʧʝʨʘʮʠʡ/ʩ. 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʭʨʦʥʦʣʦʛʠʠ ʧʝʨʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʤʦʞʥʦ ʥʘʡʪʠ ʚ [1] 
(ʩʪʨ. 28 ï 30). 

ɺʪʦʨʦʝ ʧʦʢʦʣʝʥʠʝ (1954-1962) 

ɺʪʦʨʦʝ ʧʦʢʦʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʷʜʦʤ ʜʦʩʪʠʞʝʥʠʡ ʚ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʝ, 
ʩʪʨʫʢʪʫʨʝ ʠ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ. ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʦʚʦʜʦʤ ʜʣʷ 
ʚʳʜʝʣʝʥʠʷ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ɺʄ ʩʪʘʣʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ, ʠ, ʛʣʘʚʥʳʤ 
ʦʙʨʘʟʦʤ, ʧʝʨʝʭʦʜ ʦʪ ʵʣʝʢʪʨʦʥʥʳʭ ʣʘʤʧ ʢ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤ ʜʠʦʜʘʤ ʠ 
ʪʨʘʥʟʠʩʪʦʨʘʤ ʩʦ ʚʨʝʤʝʥʝʤ ʧʝʨʝʢʣʶʯʝʥʠʷ ʧʦʨʷʜʢʘ 0,3 ʤʩ. 
ʇʝʨʚʦʡ ɺʄ, ʚʳʧʦʣʥʝʥʥʦʡ ʧʦʣʥʦʩʪʴʶ ʥʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʜʠʦʜʘʭ ʠ 

ʪʨʘʥʟʠʩʪʦʨʘʭ, ʩʪʘʣʘ TRADIC (TRAnisitor Digital Computer), ʧʦʩʪʨʦʝʥʥʘʷ ʚ Bell Labs 
ʧʦ ʟʘʢʘʟʫ ʚʦʝʥʥʦ-ʚʦʟʜʫʰʥʳʭ ʩʠʣ ʉʐɸ ʢʘʢ ʧʨʦʪʦʪʠʧ ʙʦʨʪʦʚʦʡ ɺʄ. ʄʘʰʠʥʘ 
ʩʦʩʪʦʷʣʘ ʠʟ 700 ʪʨʘʥʟʠʩʪʦʨʦʚ ʠ 10 000 ʛʝʨʤʘʥʠʝʚʳʭ ʜʠʦʜʦʚ. ɿʘ ʜʚʘ ʛʦʜʘ 
ʵʢʩʧʣʫʘʪʘʮʠʠ TRADIC ʦʪʢʘʟʘʣʠ ʪʦʣʴʢʦ 17 ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ 
ʛʦʚʦʨʠʪ ʦ ʧʨʦʨʳʚʝ ʚ ʦʙʣʘʩʪʠ ʥʘʜʝʞʥʦʩʪʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʰʠʥʘʤʠ ʥʘ ʵʣʝʢʪʨʦʥʥʳʭ 
ʣʘʤʧʘʭ.  
ʉʦ ʚʪʦʨʳʤ ʧʦʢʦʣʝʥʠʝʤ ɺʄ ʘʩʩʦʮʠʠʨʫʶʪ ʝʱʝ ʦʜʥʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ð ʧʝʨʝʭʦʜ ʦʪ ʫʩʪʨʦʡʩʪʚ ʧʘʤʷʪʠ ʥʘ ʙʘʟʝ 
ʨʪʫʪʥʳʭ ʣʠʥʠʡ ʟʘʜʝʨʞʢʠ ʢ ʫʩʪʨʦʡʩʪʚʘʤ ʥʘ ʤʘʛʥʠʪʥʳʭ ʩʝʨʜʝʯʥʠʢʘʭ.  
ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ ʜʦʧʦʣʥʷʶʪ ʚʘʞʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ɺʄ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʵʪʦ ʢʘʩʘʝʪʩʷ ʧʦʷʚʣʝʥʠʷ ʚ ʩʦʩʪʘʚʝ ʧʨʦʮʝʩʩʦʨʘ ɺʄ ʠʥʜʝʢʩʥʳʭ 
ʨʝʛʠʩʪʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʫʧʨʦʩʪʠʪʴ ʜʦʩʪʫʧ ʢ ʵʣʝʤʝʥʪʘʤ ʤʘʩʩʠʚʦʚ. ɺʪʦʨʳʤ 
ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʚ ʩʪʨʫʢʪʫʨʝ ɺʄ ʩʪʘʣʦ ʜʦʙʘʚʣʝʥʠʝ ʘʧʧʘʨʘʪʥʦʛʦ ʙʣʦʢʘ 
ʦʙʨʘʙʦʪʢʠ ʯʠʩʝʣ ʚ ʬʦʨʤʘʪʝ ʩ ʧʣʘʚʘʶʱʝʡ ʟʘʧʷʪʦʡ. ʊʨʝʪʴʝ ʟʥʘʯʠʤʦʝ ʥʦʚʦʚʚʝʜʝʥʠʝ ʚ 
ʘʨʭʠʪʝʢʪʫʨʝ ɺʄ ð ʧʦʷʚʣʝʥʠʝ ʚ ʩʦʩʪʘʚʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ ʧʨʦʮʝʩʩʦʨʦʚ 
ʚʚʦʜʘ/ʚʳʚʦʜʘ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʩʚʦʙʦʜʠʪʴ ʮʝʥʪʨʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ ʦʪ ʨʫʪʠʥʥʳʭ 
ʦʧʝʨʘʮʠʡ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʚʚʦʜʦʤ/ʚʳʚʦʜʦʤ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 
ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʪʨʘʢʪʘ çʧʘʤʷʪʴ ï ʫʩʪʨʦʡʩʪʚʘ ʚʚʦʜʘ/ʚʳʚʦʜʘ (ʋɺɺ). 
ʂʦ ʚʪʦʨʦʤʫ ʧʦʢʦʣʝʥʠʶ ʦʪʥʦʩʷʪʩʷ ʠ ʜʚʝ ʧʝʨʚʳʝ ʩʫʧʝʨʕɺʄ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʜʣʷ 

ʫʩʢʦʨʝʥʠʷ ʯʠʩʣʝʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʚ ʥʘʫʯʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ. ʊʝʨʤʠʥ çʩʫʧʝʨʕɺʄè 
ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʠʤʝʥʷʣʩʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ɺʄ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʳʡ ʥʘ 
ʦʜʠʥ ʠʣʠ ʙʦʣʝʝ ʧʦʨʷʜʢʦʚ ʧʨʝʚʦʩʭʦʜʠʣʘ ʪʘʢʦʚʫʶ ʜʣʷ ʧʨʦʯʠʭ  ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 
ʤʘʰʠʥ ʪʦʛʦ ʞʝ ʧʦʢʦʣʝʥʠʷ. ɺʦ ʚʪʦʨʦʤ ʧʦʢʦʣʝʥʠʠ ʵʪʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʦʪʚʝʯʘʣʠ ʜʚʝ 
ɺʄ (ʧʨʘʚʠʣʴʥʝʝ ʩʢʘʟʘʪʴ ʩʠʩʪʝʤʳ): LAR C (Livermore Atomic Research Computer) ʠ 
IBM 7030. ʇʦʤʠʤʦ ʧʨʦʯʝʛʦ, ʚ ʵʪʠʭ ɺʄ ʥʘʰʣʠ ʚʦʧʣʦʱʝʥʠʝ ʝʱʝ ʜʚʝ ʥʦʚʠʥʢʠ 
ʩʦʚʤʝʱʝʥʠʝ ʦʧʝʨʘʮʠʡ ʧʨʦʮʝʩʩʦʨʘ ʩ ʦʙʨʘʱʝʥʠʝʤ ʢ ʧʘʤʷʪʠ ʠ ʧʨʦʩʪʝʡʰʠʝ ʬʦʨʤʘʪʳ 
ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 
ʐʝʩʪʠʜʝʩʷʪʳʝ ʛʦʜʳ XX ʚʝʢʘ ʩʪʘʣʠ ʧʝʨʠʦʜʦʤ ʙʫʨʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʚ ʉʉʉʈ. ɿʘ ʵʪʦʪ ʧʝʨʠʦʜ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʟʘʧʫʱʝʥʳ ʚ 
ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʘʰʠʥʳ çʋʨʘʣ-1è, çʋʨʘʣ-4è, çʋʨʘʣ-11è, 
çʋʨʘʣ-14è, ɹʕʉʄ-2, ʄ - 4 0, ʄʠʥʩʢ -1, ʄʠʥʩʢ -2, ʄʠʥʩʢ -22, ʄʠʥʩʢ -32.  ɺ 1960 ʛʦʜʫ 
ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɺ.ʄ. ʠ ɹ. ʅ. ʄʘʣʠʥʦʚʩʢʦʛʦ ʨʘʟʨʘʙʦʪʘʥʘ ʧʝʨʚʘʷ 
ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʘʷ ʫʧʨʘʚʣʷʶʱʘʷ ʤʘʰʠʥʘ çɼʥʝʧʨè. 

ʅʘʢʦʥʝʮ, ʥʝʣʴʟʷ ʥʝ ʦʪʤʝʪʠʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʩʦʙʳʪʠʷ ʚ ʩʬʝʨʝ ʧʨʦʛʨʘʤʤʥʦʛʦ 
ʦʙʝʩʧʝʯʝʥʠʷ, ʘ ʠʤʝʥʥʦ ʩʦʟʜʘʥʠʝ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ: 
ʌʦʨʪʨʘʥʘ (1956), ɸʣʛʦʣʘ (1958) ʠ ʂʦʙʦʣʘ (1959). 
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ʊʨʝʪʴʝ ʧʦʢʦʣʝʥʠʝ ʦʟʥʘʤʝʥʦʚʘʣʦʩʴ ʨʝʟʢʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʱʥʦʩʪʠ ɺʄ, ʩʪʘʚʰʠʤ 
ʩʣʝʜʩʪʚʠʝʤ ʙʦʣʴʰʠʭ ʫʩʧʝʭʦʚ ʚ ʦʙʣʘʩʪʠ ʘʨʭʠʪʝʢʪʫʨʳ, ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 
ʦʙʝʩʧʝʯʝʥʠʷ. ʆʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʜʦʩʪʠʞʝʥʠʷ ʩʚʷʟʘʥʥʳ ʩ ʧʝʨʝʭʦʜʦʤ ʦʪ 
ʜʠʩʢʨʝʪʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʢ ʠʥʪʝʛʨʘʣʴʥʳʤ ʤʠʢʨʦʩʭʝʤʘʤ ʠ 
ʥʘʯʘʣʦʤ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʟʘʧʦʤʠʥʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʥʘʯʠʥʘʶʱʠʭ 
ʚʳʪʝʩʥʷʪʴ ɿʋ ʥʘ ʤʘʛʥʠʪʥʳʭ ʩʝʨʜʝʯʥʠʢʘʭ. ʉʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʟʦʰʣʠ ʠ ʚ 
ʘʨʭʠʪʝʢʪʫʨʝ ɺʄ. ʕʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʤʠʢʨʦʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʢʘʢ ʵʬʬʝʢʪʠʚʥʘʷ 
ʪʝʭʥʠʢʘ ʧʦʩʪʨʦʝʥʠʷ ʫʩʪʨʦʡʩʪʚ ʫʧʨʘʚʣʝʥʠʷ ʩʣʦʞʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ, ʘ ʪʘʢʞʝ 
ʥʘʩʪʫʧʣʝʥʠʝ ʵʨʳ ʢʦʥʚʝʡʝʨʠʟʘʮʠʠ ʠ ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ. ɺ ʦʙʣʘʩʪʠ 
ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʚʝʭʘʤʠ ʩʪʘʣʠ ʧʝʨʚʳʝ ʦʧʝʨʘʮʠʦʥʥʳʝ 
ʩʠʩʪʝʤʳ ʠ ʨʝʘʣʠʟʘʮʠʷ ʨʝʞʠʤʘ ʨʘʟʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ. 
ɺ ʧʝʨʚʳʭ ɺʄ ʪʨʝʪʴʝʛʦ ʧʦʢʦʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʠʥʪʝʛʨʘʣʴʥʳʝ ʩʭʝʤʳ ʩ ʤʘʣʦʡ 

ʩʪʝʧʝʥʴʶ ʠʥʪʝʛʨʘʮʠʠ (small-scale integrated circuits, SSI), ʛʜʝ ʥʘ ʦʜʥʦʤ ʢʨʠʩʪʘʣʣʝ 
ʨʘʟʤʝʱʘʝʪʩʷ ʧʦʨʷʜʢʘ 10 ʪʨʘʥʟʠʩʪʦʨʦʚ. ɹʣʠʞʝ ʢ ʢʦʥʮʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʝʨʠʦʜʘ 
ʥʘ ʩʤʝʥʫ SSI ʩʪʘʣʠ ʧʨʠʭʦʜʠʪʴ ʠʥʪʝʛʨʘʣʴʥʳʝ ʩʭʝʤʳ ʩʨʝʜʥʝʡ ʩʪʝʧʝʥʠ ʠʥʪʝʛʨʘʮʠʠ 
(medium-scale integrated circuits, MSI), ʚ ʢʦʪʦʨʳʭ ʯʠʩʣʦ ʪʨʘʥʟʠʩʪʦʨʦʚ ʥʘ ʢʨʠʩʪʘʣʣʝ 
ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ ʧʦʨʷʜʦʢ. ʂ ʵʪʦʤʫ ʞʝ ʚʨʝʤʝʥʠ ʦʪʥʦʩʠʪʩʷ ʧʦʚʩʝʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ  
ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʝʯʘʪʥʳʭ ʧʣʘʪ. ɺʩʝ ʰʠʨʝ ʚʦʩʪʨʝʙʫʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʘʨʘʣʣʝʣʴʥʦʡ 
ʦʙʨʘʙʦʪʢʠ; ʨʝʘʣʠʟʫʝʤʳʝ ʟʘ ʩʯʝʪ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ, 
ʩʦʚʤʝʱʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ ʠ ʦʧʝʨʘʮʠʡ ʚʚʦʜʘ/ʚʳʚʦʜʘ, 
ʢʦʥʚʝʡʝʨʠʟʘʮʠʠ ʧʦʪʦʢʦʚ ʢʦʤʘʥʜ ʠ ʜʘʥʥʳʭ. 
ɺ 1964 ʛʦʜʫ ʉʝʡʤʫʨ ʂʨʝʡ (Seymour Cray, 1925-1996) ʧʦʩʪʨʦʠʣ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ 

ʩʠʩʪʝʤʫ CDC 6600, ʚ ʘʨʭʠʪʝʢʪʫʨʫ ʢʦʪʦʨʦʡ ʚʧʝʨʚʳʝ ʟʘʣʦʞʝʥ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ 
ʧʘʨʘʣʣʝʣʠʟʤ. ɹʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ 10 ʥʝʟʘʚʠʩʠʤʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ, 
ʩʧʦʩʦʙʥʳʭ ʨʘʙʦʪʘʪʴ ʧʘʨʘʣʣʝʣʴʥʦ, ʠ 32 ʥʝʟʘʚʠʩʠʤʳʭ ʤʦʜʫʣʝʡ ʧʘʤʷʪʠ ʫʜʘʣʦʩʴ 
ʜʦʩʪʠʯʴ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʚ 1 MFLOPS (ʤʠʣʣʠʦʥ ʦʧʝʨʘʮʠʡ ʩ ʧʣʘʚʘʶʱʝʡ ʟʘʧʷʪʦʡ ʚ 
ʩʝʢʫʥʜʫ). ʇʷʪʴʶ ʛʦʜʘʤʠ ʧʦʟʞʝ ʂʨʝʡ ʩʦʟʜʘʣ CDC 7600 ʩ ʢʦʥʚʝʡʝʨʠʟʠʨʦʚʘʥʥʳʤʠ 
ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʙʣʦʢʘʤʠ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ 10 MFLOPS. CDC 7600 ʥʘʟʳʚʘʶʪ 
ʧʝʨʚʦʡ ʢʦʥʚʝʡʝʨʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ (ʢʦʥʚʝʡʝʨʥʳʤ ʧʨʦʮʝʩʩʦʨʦʤ). 
ʈʝʚʦʣʶʮʠʦʥʥʦʡ ʚʝʭʦʡ ʚ ʠʩʪʦʨʠʠ ɺʊ ʩʪʘʣʦ ʩʦʟʜʘʥʠʝ ʩʝʤʝʡʩʪʚʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 
ʤʘʰʠʥ IBM 360, ʘʨʭʠʪʝʢʪʫʨʘ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʥʘ ʜʦʣʛʠʝ ʛʦʜʳ 
ʩʣʫʞʠʣʠ ʵʪʘʣʦʥʦʤ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʙʦʣʴʰʠʭ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ɺʄ (mainframes).  
ɺ ʤʘʰʠʥʘʭ ʵʪʦʛʦ ʩʝʤʝʡʩʪʚʘ ʥʘʰʣʠ ʚʦʧʣʦʱʝʥʠʝ ʤʥʦʛʠʝ ʥʦʚʳʝ ʜʣʷ ʪʦʛʦ 

ʧʝʨʠʦʜʘ ʠʜʝʠ, ʚ ʯʘʩʪʥʦʩʪʠ: ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʚʳʙʦʨʢʘ ʢʦʤʘʥʜ, ʦʪʜʝʣʴʥʳʝ ʙʣʦʢʠ 
ʜʣʷ ʦʧʝʨʘʮʠʡ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʠ ʧʣʘʚʘʶʱʝʡ ʟʘʧʷʪʦʡ, ʢʦʥʚʝʡʝʨʠʟʘʮʠʷ ʢʦʤʘʥʜ, 
ʢʵ-hʧʘʤʷʪʴ. ʊʨʝʪʴʝ ʧʦʢʦʣʝʥʠʝ ɺʊ ʦʟʥʘʤʝʥʦʚʘʣʦʩʴ ʪʘʢʞʝ ʧʦʷʚʣʝʥʠʝʤ ʧʝʨʚʳʭ 
ʢʦʥʚʝʡʝʨʥʦ-ʚʝʢʪʦʨʥʳʭ ɺʉ: TI-ASC (Texas Instruments Advanced Scientific 
Computer) ʠ STAR-100 ʬʠʨʤʳ CBC. 
ʉʨʝʜʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʚ ʉʉʉʈ, ʧʨʝʞʜʝ 

ʚʩʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ çʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʫʶ ʵʣʝʢʪʨʦʥʥʦ-ʩʯʝʪʥʫʶ ʤʘʰʠʥʫè - 
ɹʕʉʄ-6 (ʉ. ɸ. ʃʝʙʝʜʝʚ) ʩ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 1 ʤʣʥ ʦʧʝʨʘʮʠʡ/ʩ. ʇʨʦʜʦʣʞʝʥʠʝʤ 
ʣʠʥʠʠ ʄ-20 ʩʪʘʣʠ ʄ-220 ʠ ʄ-222 ʩ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʜʦ 200 000 ʦʧʝʨʘʮʠʡ/ʩ. 
ʆʨʠʛʠʥʘʣʴʥʘʷ ɺʄ ʜʣʷ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ ʄʠʨ-1 ʙʳʣʘ ʩʦʟʜʘʥʘ ʧʦʜ 
ʨʫʢʦʚʦʜʩʪʚʦʤ ɺ. ʄ. ɻʣʫʰʢʦʚʘ. ɺ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʦʛʦ ʷʟʳʢʘ ʵʪʦʡ ɺʄ ʠʩʧʦʣʴʟʦʚʘʥ 
ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ çɸʥʘʣʠʪʠʢè, ʚʦ ʤʥʦʛʦʤ ʥʘʧʦʤʠʥʘʶʱʠʡ 
ʷʟʳʢ ɸʣʛʦʣ.  
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ɺ ʩʬʝʨʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʩʦʟʜʘʥʠʝ ʚ 1970 ʂʝʥʦʤ 
ʊʦʤʧʩʦʥʦʤ (Kenneth Thompson) ʠʟ Bell Labs ʷʟʳʢʘ ɺ, ʧʨʷʤʦʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ 
ʧʦʧʫʣʷʨʥʦʛʦ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʉ, ʠ ʧʦʷʚʣʝʥʠʝ ʨʘʥʥʝʡ ʚʝʨʩʠʠ 
ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ UNIX.   

ʏʝʪʚʝʨʪʦʝ ʧʦʢʦʣʝʥʠʝ (1972-1984)  

ʆʪʩʯʝʪ ʯʝʪʚʝʨʪʦʛʦ ʧʦʢʦʣʝʥʠʷ ʦʙʳʯʥʦ ʚʝʜʫʪ ʩ ʧʝʨʝʭʦʜʘ ʥʘ ʠʥʪʝʛʨʘʣʴʥʳʝ ʤʠʢʨʦ 
ʩʭʝʤʳ ʙʦʣʴʰʦʡ (large-scale integration, LSI) ʠ ʩʚʝʨʭʙʦʣʴʰʦʡ (very large-scale 
integration, VLSI) ʩʪʝʧʝʥʠ ʠʥʪʝʛʨʘʮʠʠ. ʂ ʧʝʨʚʳʤ ʦʪʥʦʩʷʪ ʩʭʝʤʳ, ʩʦʜʝʨʞʘʱʠʝ 1000 
ʪʨʘʥʟʠʩʪʦʨʦʚ ʥʘ ʢʨʠʩʪʘʣʣʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʯʠʩʣʦ ʪʨʘʥʟʠʩʪʦʨʦʚ ʥʘ ʦʜʥʦʤ 
ʢʨʠʩʪʘʣʣʝ VLSI ʠʤʝʝʪ ʧʦʨʷʜʦʢ 100 000. ʇʨʠ ʪʘʢʠʭ ʫʨʦʚʥʷʭ ʠʥʪʝʛʨʘʮʠʠ ʩʪʘʣʦ 
ʚʦʟʤʦʞʥʳʤ ʫʤʝʩʪʠʪʴ ʚ ʦʜʥʫ ʤʠʢʨʦʩʭʝʤʫ ʥʝ ʪʦʣʴʢʦ ʮʝʥʪʨʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ, ʥʦ ʠ 
ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʤʘʰʠʥʫ (ʎʇ, ʦʩʥʦʚʥʫʶ ʧʘʤʷʪʴ ʠ ʩʠʩʪʝʤʫ ʚʚʦʜʘ/ʚʳʚʦʜʘ).  
ʂʦʥʝʮ 70-ʭ ʠ ʥʘʯʘʣʦ 80-ʭ ʛʦʜʦʚ ð ʵʪʦ ʚʨʝʤʷ ʩʪʘʥʦʚʣʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʧʦʙʝʜʥʦʛʦ ʰʝʩʪʚʠʷ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʚ ʠ ʤʠʢʨʦ ʕɺʄ, ʯʪʦ, ʦʜʥʘʢʦ, ʥʝ ʩʥʠʞʘʝʪ 
ʚʘʞʥʦʩʪʠ ʠʟʤʝʥʝʥʠʡ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʜʨʫʛʠʭ ʪʠʧʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 
ʤʘʰʠʥ ʠ ʩʠʩʪʝʤ.  
ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʩʦʙʳʪʠʡ ʚ ʦʙʣʘʩʪʠ ʘʨʭʠʪʝʢʪʫʨʳ ɺʄ ʩʪʘʣʘ ʠʜʝʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ ʩ ʩʦʢʨʘʱʝʥʥʳʤ ʥʘʙʦʨʦʤ ʢʦʤʘʥʜ (RISC, Reduced 
Instruction Set Computer), ʚʳʜʚʠʥʫʪʘʷ ʚ 1975 ʛʦʜʫ ʠ ʚʧʝʨʚʳʝ ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʚ 1980 
ʛʦʜʫ. ɺ ʫʧʨʦʱʝʥʥʦʤ ʠʟʣʦʞʝʥʠʠ ʩʫʪʴ ʢʦʥʮʝʧʮʠʷ RISC ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʚʝʜʝʥʠʠ 
ʥʘʙʦʨʘ ʢʦʤʘʥʜ ɺʄ ʢ ʥʘʠʙʦʣʝʝ ʫʧʦʪʨʝʙʠʪʝʣʴʥʳʤ ʧʨʦʩʪʝʡʰʠʤ ʢʦʤʘʥʜʘʤ. ʕʪʦ 
ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʩʭʝʤʦʪʝʭʥʠʢʫ ʧʨʦʮʝʩʩʦʨʘ ʠ ʜʦʙʠʪʴʩʷ ʨʝʟʢʦʛʦ ʩʦʢʨʘʱʝʥʠʷ 
ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ ʢʘʞʜʦʡ ʠʟ çʧʨʦʩʪʳʭè ʢʦʤʘʥʜ. ɹʦʣʝʝ ʩʣʦʞʥʳʝ ʢʦʤʘʥʜʳ 
ʨʝʘʣʠʟʫʶʪʩʷ ʢʘʢ ʧʦʜʧʨʦʛʨʘʤʤʳ, ʩʦʩʪʘʚʣʝʥʥʳʝ ʠʟ ʙʳʩʪʨʳʭ çʧʨʦʩʪʳʭè ʢʦʤʘʥʜ.  
ɺ ɺʄ ʠ ɺʉ ʯʝʪʚʝʨʪʦʛʦ ʧʦʢʦʣʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʫʭʦʜʷʪ ʩʦ ʩʮʝʥʳ ɿʋ ʥʘ 

ʤʘʛʥʠʪʥʳʭ ʩʝʨʜʝʯʥʠʢʘʭ ʠ ʦʩʥʦʚʥʘʷ ʧʘʤʷʪʴ ʩʪʨʦʠʪʩʷ ʠʟ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 
ʟʘʧʦʤʠʥʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ (ɿʋ). ɼʦ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ɿʋ 
ʦʛʨʘʥʠʯʠʚʘʣʦʩʴ ʣʠʰʴ ʨʝʛʠʩʪʨʘʤʠ ʠ ʢʵʰ-ʧʘʤʷʪʴʶ.  
ɺ ʩʬʝʨʝ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʜʦʤʠʥʠʨʫʶʪ ʚʝʢʪʦʨʥʳʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʙʦʣʝʝ ʠʟʚʝʩʪʥʳʝ ʢʘʢ ʩʫʧʝʨʕɺʄ. ʈʘʟʨʘʙʘʪʳʚʘʶʪʩʷ 
ʥʦʚʳʝ ʧʘʨʘʣʣʝʣʴʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ, ʦʜʥʘʢʦ ʧʦʜʦʙʥʳʝ ʨʘʙʦʪʳ ʧʦʢʘ ʝʱʝ ʥʦʩʷʪ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ʅʘ ʟʘʤʝʥʫ ʙʦʣʴʰʠʤ ɺʄ, ʨʘʙʦʪʘʶʱʠʤ ʚ ʨʝʞʠʤʝ 
ʨʘʟʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ, ʧʨʠʭʦʜʷʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʤʠʢʨʦʕɺʄ ʠ ʨʘʙʦʯʠʝ ʩʪʘʥʮʠʠ 
(ʵʪʠʤ ʪʝʨʤʠʥʦʤ ʦʙʦʟʥʘʯʘʶʪ ʩʝʪʝʚʦʡ ʢʦʤʧʴʶʪʝʨ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʨʝʩʫʨʩʳ ʩʝʨʚʝʨʘ).  
ɺ ʦʙʣʘʩʪʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʜʝʣʠʤ ʧʦʷʚʣʝʥʠʝ ʷʟʳʢʦʚ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ, ʪʘʢʠʭ ʢʘʢ FP (functional programming - 
ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ) ʠ ʇʨʦʣʦʛ (Prolog, programming in logic). ʕʪʠ 
ʷʟʳʢʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʜʝʢʣʘʨʘʪʠʚʥʳʡ ʩʪʠʣʴ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ 
ʇʘʩʢʘʣʷ, ʉ, ʌʦʨʪʨʘʥʘ ʠ ʪ. ʜ. ð ʷʟʳʢʦʚ ʠʤʧʝʨʘʪʠʚʥʦʛʦ ʩʪʠʣʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 
ʇʨʠ ʜʝʢʣʘʨʘʪʠʚʥʦʤ ʩʪʠʣʝ ʧʨʦʛʨʘʤʤʠʩʪ ʜʘʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʪʦʛʦ, ʯʪʦ 
ʜʦʣʞʥʦ ʙʳʪʴ ʚʳʯʠʩʣʝʥʦ, ʘ ʜʝʪʘʣʠ ʪʦʛʦ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʵʪʦ ʜʦʣʞʥʦ ʙʳʪʴ ʩʜʝʣʘʥʦ, 
ʚʦʟʣʘʛʘʶʪʩʷ ʥʘ ʢʦʤʧʠʣʷʪʦʨ ʠ ʦʧʝʨʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ. ʊʘʢʠʝ ʷʟʳʢʠ ʧʦʢʘ 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ, ʥʦ ʚʳʛʣʷʜʷʪ ʤʥʦʛʦʦʙʝʱʘʶʱʠʤʠ ʜʣʷ ɺʉ ʩ 
ʤʘʩʩʦʚʳʤ ʧʘʨʘʣʣʝʣʠʟʤʦʤ, ʩʦʩʪʦʷʱʠʤʠ ʙʦʣʝʝ ʯʝʤ 1000 ʧʨʦʮʝʩʩʦʨʦʚ. ɺ 
ʢʦʤʧʠʣʷʪʦʨʘʭ ʜʣʷ ɺʉ ʯʝʪʚʝʨʪʦʛʦ ʧʦʢʦʣʝʥʠʷ ʥʘʯʠʥʘʶʪ ʧʨʠʤʝʥʷʪʴʩʷ ʩʣʦʞʥʳʝ 
ʤʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʜʘ.  
ɼʚʘ ʩʦʙʳʪʠʷ ʚ ʦʙʣʘʩʪʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʚʷʟʘʥʳ ʩ ʂʝʥʦʤ 

ʊʦʤʧʩʦʥʦʤ (Kenneth Thompson) ʠ ɼʝʥʥʠʩʦʤ ʈʠʪʯʠ (Dennis Ritchie) ʠʟ Bell Labs.  
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ʕʪʦ ʩʦʟʜʘʥʠʝ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʉ ʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠ ʥʘʧʠʩʘʥʠʠ 
ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ UNIX ʜʣʷ ʤʘʰʠʥʳ DEC PDP-11. ʊʘʢʘʷ ʬʦʨʤʘ ʥʘʧʠʩʘʥʠʷ 
ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʠʣʘ ʙʳʩʪʨʦ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ UNIX ʥʘ ʤʥʦʛʠʝ ɺʄ.  

ʇʷʪʦʝ ʧʦʢʦʣʝʥʠʝ (1986-1990) 

ɻʣʘʚʥʳʤ ʧʦʚʦʜʦʤ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ 80-ʭ 
ʛʦʜʦʚ ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʧʦʢʦʣʝʥʠʝ ʩʪʘʣʦ ʩʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ɺʉ ʩ ʩʦʪʥʷʤʠ 
ʧʨʦʮʝʩʩʦʨʦʚ, ʩʪʘʚʰʝʝ ʧʦʙʫʜʠʪʝʣʴʥʳʤ ʤʦʪʠʚʦʤ ʜʣʷ ʧʨʦʛʨʝʩʩʘ ʚ ʦʙʣʘʩʪʠ 
ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. ʈʘʥʝʝ ʧʘʨʘʣʣʝʣʠʟʤ ʚʳʯʠʩʣʝʥʠʡ ʚʳʨʘʞʘʣʩʷ ʣʠʰʴ ʚ 
ʚʠʜʝ ʢʦʥʚʝʡʝʨʠʟʘʮʠʠ, ʚʝʢʪʦʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʙʦʪʳ ʤʝʞʜʫ 
ʥʝʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʧʨʦʮʝʩʩʦʨʦʚ. ɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʧʷʪʦʛʦ ʧʦʢʦʣʝʥʠʷ 
ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʘʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʜʘʯ ʧʦ ʤʥʦʞʝʩʪʚʫ ʧʨʦʮʝʩʩʦʨʦʚ, ʧʨʠ 
ʢʦʪʦʨʦʤ ʢʘʞʜʳʡ ʠʟ ʧʨʦʮʝʩʩʦʨʦʚ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʟʘʜʘʯʫ ʦʪʜʝʣʴʥʦʛʦ 
ʧʦʣʴʟʦʚʘʪʝʣʷ.  
ɺ ʨʘʤʢʘʭ ʧʷʪʦʛʦ ʧʦʢʦʣʝʥʠʷ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ 

ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʜʚʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʘ: ʘʨʭʠʪʝʢʪʫʨʘ ʩ 
ʩʦʚʤʝʩʪʥʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʘʤʷʪʴʶ ʠ ʘʨʭʠʪʝʢʪʫʨʘ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʧʘʤʷʪʴʶ. 
ʍʘʨʘʢʪʝʨʥʳʤ ʧʨʠʤʝʨʦʤ ʧʝʨʚʦʛʦ ʧʦʜʭʦʜʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʠʩʪʝʤʘ Sequent 

Balance 8000, ʚ ʢʦʪʦʨʦʡ ʠʤʝʝʪʩʷ ʙʦʣʴʰʘʷ ʦʩʥʦʚʥʘʷ ʧʘʤʷʪʴ, ʨʘʟʜʝʣʷʝʤʘʷ 20 
ʧʨʦʮʝʩʩʦʨʘʤʠ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʢʘʞʜʳʡ ʧʨʦʮʝʩʩʦʨ ʦʩʥʘʱʝʥ ʩʦʙʩʪʚʝʥʥʦʡ ʢʵʰ-
ʧʘʤʷʪʴʶ. ʂʘʞʜʳʡ ʠʟ ʧʨʦʮʝʩʩʦʨʦʚ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʟʘʜʘʯʫ ʩʚʦʝʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ, 
ʥʦ ʧʨʠ ʵʪʦʤ ʚ ʩʦʩʪʘʚʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠʤʝʝʪʩʷ ʙʠʙʣʠʦʪʝʢʘ 
ʧʦʜʧʨʦʛʨʘʤʤ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʨʦʛʨʘʤʤʠʩʪʫ ʧʨʠʚʣʝʢʘʪʴ ʜʣʷ ʨʝʰʝʥʠʷ ʩʚʦʝʡ ʟʘʜʘʯʠ 
ʙʦʣʝʝ ʦʜʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ. ʉʠʩʪʝʤʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʧʘʨʘʣʣʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠ ʪʝʭʥʠʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ.  
ɺʪʦʨʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤ ʧʷʪʦʛʦ ʧʦʢʦʣʝʥʠʷ ð ʩʠʩʪʝʤʳ ʩ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʧʘʤʷʪʴʶ, ʛʜʝ ʢʘʞʜʳʡ ʧʨʦʮʝʩʩʦʨ ʦʙʣʘʜʘʝʪ ʩʚʦʠʤ ʤʦʜʫʣʝʤ 
ʧʘʤʷʪʠ, ʘ ʩʚʷʟʴ ʤʝʞʜʫ ʧʨʦʮʝʩʩʦʨʘʤʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʝʪʴʶ ʚʟʘʠʤʦʩʚʷʟʝʡ. 
ʇʨʠʤʝʨʦʤ ʪʘʢʦʡ ɺʉ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʠʩʪʝʤʘ iPSC-1 ʬʠʨʤʳ Intel, ʙʦʣʝʝ ʠʟʚʝʩʪʥʘʷ 
ʢʘʢ çʛʠʧʝʨʢʫʙè. ʄʘʢʩʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʩʠʩʪʝʤʳ ʚʢʣʶʯʘʣ 128 ʧʨʦʮʝʩʩʦʨʦʚ. 
ʇʨʠʤʝʥʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʧʘʤʷʪʠ ʧʦʟʚʦʣʠʣʦ ʫʩʪʨʘʥʠʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʚ 
ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʪʨʘʢʪʘ çʧʨʦʮʝʩʩʦʨ-ʧʘʤʷʪʴè, ʥʦ ʧʦʪʝʥʮʠʘʣʴʥʳʤ çʫʟʢʠʤ 
ʤʝʩʪʦʤè ʟʜʝʩʴ ʩʪʘʥʦʚʠʪʩʷ ʩʝʪʴ ʚʟʘʠʤʦʩʚʷʟʝʡ.  
ʅʘʢʦʥʝʮ, ʪʨʝʪʴʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʧʷʪʦʛʦ 

ʧʦʢʦʣʝʥʠʷ ð ʵʪʦ ɺʉ, ʚ ʢʦʪʦʨʳʭ ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳʭ ʧʨʦʮʝʩʩʦʨʦʚ 
ʨʘʙʦʪʘʶʪ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʝʜʠʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 
ʧʨʦʠʟʚʦʜʷʪ ʦʜʥʫ ʠ ʪʫ ʞʝ ʦʧʝʨʘʮʠʶ, ʥʦ ʢʘʞʜʳʡ ʥʘʜ ʩʚʦʠʤʠ ʜʘʥʥʳʤʠ. ʂ ʵʪʦʤʫ 
ʢʣʘʩʩʫ ʤʦʞʥʦ ʦʪʥʝʩʪʠ Connection Machine ʬʠʨʤʳ Thinking Machines Inc. ʠ MP-1 
ʬʠʨʤʳ MasPar Inc. 
ɺ ʥʘʫʯʥʳʭ ʚʳʯʠʩʣʝʥʠʷʭ ʧʦ-ʧʨʝʞʥʝʤʫ ʚʝʜʫʱʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʚʝʢʪʦʨʥʳʝ 

ʩʫʧʝʨʕɺʄ. ʄʥʦʛʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʧʨʝʜʣʘʛʘʶʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʚʘʨʠʘʥʪʳ ʩ 
ʥʝʩʢʦʣʴʢʠʤʠ ʚʝʢʪʦʨʥʳʤʠ ʧʨʦʮʝʩʩʦʨʘʤʠ, ʥʦ ʯʠʩʣʦ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ ʦʙʳʯʥʦ 
ʥʝʚʝʣʠʢʦ (ʦʪ 2 ʜʦ 8).  

RISC-ʘʨʭʠʪʝʢʪʫʨʘ ʚʳʭʦʜʠʪ ʠʟ ʩʪʘʜʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʩʪʘʥʦʚʠʪʩʷ ʙʘʟʦʚʦʡ 
ʘʨʭʠʪʝʢʪʫʨʦʡ ʜʣʷ ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʡ (workstations).  
ɿʥʘʢʦʚʦʡ ʧʨʠʤʝʪʦʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʝʨʠʦʜʘ ʩʪʘʣʦ ʩʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ 

ʪʝʭʥʦʣʦʛʠʡ ʛʣʦʙʘʣʴʥʳʭ ʠ ʣʦʢʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡ. ʕʪʦ ʩʪʠʤʫʣʠʨʦʚʘʣʦ 
ʠʟʤʝʥʝʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʠ ʨʘʙʦʪʳ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɺ ʧʨʦʪʠʚʦʚʝʩ 
ʤʦʱʥʳʤ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ɺʉ, ʨʘʙʦʪʘʶʱʠʤ ʚ ʨʝʞʠʤʝ ʨʘʟʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ, 
ʧʦʣʴʟʦʚʘʪʝʣʠ ʚʩʝ ʙʦʣʝʝ ʦʪʜʘʶʪ ʧʨʝʜʧʦʯʪʝʥʠʝ ʧʦʜʢʣʶʯʝʥʥʳʤ ʢ ʩʝʪʠ  
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ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʨʘʙʦʯʠʤ ʩʪʘʥʮʠʷʤ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʜʣʷ ʨʝʰʝʥʠʷ 
ʥʝʙʦʣʴʰʠʭ ʟʘʜʘʯ ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʫʶ ʤʘʰʠʥʫ, ʘ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ 
ʙʦʣʴʰʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʦʙʨʘʪʠʪʴʩʷ ʢ ʨʝʩʫʨʩʘʤ ʧʦʜʩʦʝʜʠʥʝʥʥʳʭ ʢ ʪʦʡ 
ʞʝ ʩʝʪʠ ʤʦʱʥʳʭ ʬʘʡʣ-ʩʝʨʚʝʨʦʚ ʠʣʠ ʩʫʧʝʨʕɺʄ.   

ʐʝʩʪʦʝ ʧʦʢʦʣʝʥʠʝ (1990-)  

ʅʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʵʚʦʣʶʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʩʤʝʥʘ ʧʦʢʦʣʝʥʠʡ 
ʘʩʩʦʮʠʠʨʦʚʘʣʘʩʴ ʩ ʨʝʚʦʣʶʮʠʦʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʨʳʚʘʤʠ. ʂʘʞʜʦʝ ʠʟ 
ʧʝʨʚʳʭ ʯʝʪʳʨʝʭ ʧʦʢʦʣʝʥʠʡ ʠʤʝʣʦ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʝ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʠ 
ʚʧʦʣʥʝ ʦʧʨʝʜʝʣʝʥʥʳʝ ʭʨʦʥʦʣʦʛʠʯʝʩʢʠʝ ʨʘʤʢʠ. ʇʦʩʣʝʜʫʶʱʝʝ ʜʝʣʝʥʠʝ ʥʘ 
ʧʦʢʦʣʝʥʠʷ ʫʞʝ ʥʝ ʩʪʦʣʴ ʦʯʝʚʠʜʥʦ ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʥʷʪʥʦ ʣʠʰʴ ʧʨʠ 
ʨʝʪʨʦʩʧʝʢʪʠʚʥʦʤ ʚʟʛʣʷʜʝ ʥʘ ʨʘʟʚʠʪʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ. ʇʷʪʦʝ ʠ ʰʝʩʪʦʝ 
ʧʦʢʦʣʝʥʠʷ ʚ ʵʚʦʣʶʮʠʠ ɺʊ ð ʵʪʦ ʦʪʨʘʞʝʥʠʝ ʥʦʚʦʛʦ ʢʘʯʝʩʪʚʘ, ʚʦʟʥʠʢʰʝʛʦ ʚ 
ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʯʘʩʪʥʳʭ ʜʦʩʪʠʞʝʥʠʡ, ʛʣʘʚʥʳʤ 
ʦʙʨʘʟʦʤ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʠ, ʚ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝʡ ʤʝʨʝ, ʚ 
ʩʬʝʨʝ ʪʝʭʥʦʣʦʛʠʡ.  
ʇʦʚʦʜʦʤ ʜʣʷ ʥʘʯʘʣʘ ʦʪʩʯʝʪʘ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʩʪʘʣʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʩʧʝʭʠ ʚ 

ʦʙʣʘʩʪʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʩʚʷʟʘʥʥʳʝ ʩ ʰʠʨʦʢʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ 
ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʩ ʤʘʩʩʦʚʳʤ ʧʘʨʘʣʣʝʣʠʟʤʦʤ.  
ʆʩʦʙʝʥʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʦʙʦʟʥʘʯʘʝʤʳʭ ʘʙʙʨʝʚʠʘʪʫʨʦʡ ʄʈʈ 

(massively parallel processing), ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ. ɿʜʝʩʴ 
ʞʝ ʫʧʨʦʱʝʥʥʦ ʦʧʨʝʜʝʣʠʤ ʠʭ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ (ʜʦ 
ʥʝʩʢʦʣʴʢʠʭ ʪʳʩʷʯ) ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ, ʥʦ ʜʦʩʪʘʪʦʯʥʦ ʘʚʪʦʥʦʤʥʳʭ 
ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ. ʇʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʫʞʝ 
ʫʩʧʝʰʥʦ ʢʦʥʢʫʨʠʨʫʶʪ ʩ ʩʫʧʝʨʕɺʄ, ʢʦʪʦʨʳʝ, ʢʘʢ ʨʘʥʝʝ ʦʪʤʝʯʘʣʦʩʴ, ʧʦ ʩʚʦʝʡ ʩʫʪʠ 
ʷʚʣʷʶʪʩʷ ʚʝʢʪʦʨʥʳʤʠ ɺʉ. ʇʦʷʚʣʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʩ ʤʘʩʩʦʚʳʤ 
ʧʘʨʘʣʣʝʣʠʟʤʦʤ ʜʘʣʦ ʦʩʥʦʚʘʥʠʝ ʛʦʚʦʨʠʪʴ ʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʠʟʤʝʨʷʝʤʦʡ ʚ 
TFLOPS (1 TFLOPS ʩʦʦʪʚʝʪʩʪʚʫʝʪ 1012

 

ʦʧʝʨʘʮʠʷʤ ʩ ʧʣʘʚʘʶʱʝʡ ʟʘʧʷʪʦʡ ʚ 
ʩʝʢʫʥʜʫ).  
ɺʪʦʨʘʷ ʭʘʨʘʢʪʝʨʥʘʷ ʯʝʨʪʘ ʰʝʩʪʦʛʦ ʧʦʢʦʣʝʥʠʷ ð ʨʝʟʢʦ ʚʦʟʨʦʩʰʠʡ ʫʨʦʚʝʥʴ 

ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʡ. ɺ ʧʨʦʮʝʩʩʦʨʘʭ ʥʦʚʳʭ ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʡ ʫʩʧʝʰʥʦ ʩʦʚʤʝʱʘʶʪʩʷ 
RISC-ʘʨʭʠʪʝʢʪʫʨʘ, ʢʦʥʚʝʡʝʨʠʟʘʮʠʷ ʠ ʧʘʨʘʣʣʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ. ʅʝʢʦʪʦʨʳʝ 
ʨʘʙʦʯʠʝ ʩʪʘʥʮʠʠ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʩʫʧʝʨʕɺʄ ʯʝʪʚʝʨʪʦʛʦ 
ʧʦʢʦʣʝʥʠʷ. ɺʧʝʯʘʪʣʷʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʡ ʧʦʨʦʜʠʣʠ ʠʥʪʝʨʝʩ ʢ 
ʛʝʪʝʨʦʛʝʥʥʳʤ (ʥʝʦʜʥʦʨʦʜʥʳʤ) ʚʳʯʠʩʣʝʥʠʷʤ, ʢʦʛʜʘ ʧʨʦʛʨʘʤʤʘ, ʟʘʧʫʱʝʥʥʘʷ ʥʘ 
ʦʜʥʦʡ ʨʘʙʦʯʝʡ ʩʪʘʥʮʠʠ, ʤʦʞʝʪ ʥʘʡʪʠ ʚ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʥʝ ʟʘʥʷʪʳʝ ʚ ʜʘʥʥʳʡ 
ʤʦʤʝʥʪ ʜʨʫʛʠʝ ʩʪʘʥʮʠʠ, ʧʦʩʣʝ ʯʝʛʦ ʚʳʯʠʩʣʝʥʠʷ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʶʪʩʷ ʠ ʥʘ ʵʪʠ 
ʧʨʦʩʪʘʠʚʘʶʱʠʝ ʩʪʘʥʮʠʠ.  
ʅʘʢʦʥʝʮ, ʪʨʝʪʴʝʡ ʧʨʠʤʝʪʦʡ ʰʝʩʪʦʛʦ ʧʦʢʦʣʝʥʠʷ ʚ ʵʚʦʣʶʮʠʠ ɺʊ ʩʪʘʣ 

ʚʟʨʳʚʥʦʡ ʨʦʩʪ ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʝʡ. ʕʪʦʪ ʤʦʤʝʥʪ, ʦʜʥʘʢʦ, ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ ʜʘʥʥʦʡ 
ʢʥʠʛʠ, ʧʦʵʪʦʤʫ ʜʘʣʝʝ ʢʦʤʤʝʥʪʠʨʦʚʘʪʴʩʷ ʥʝ ʙʫʜʝʪ.  
ɿʘʚʝʨʰʘʷ ʦʙʩʫʞʜʝʥʠʝ ʵʚʦʣʶʮʠʠ ɺʊ, ʦʪʤʝʪʠʤ, ʯʪʦ ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʰʝʩʪʦʛʦ 

ʧʦʢʦʣʝʥʠʷ ʭʨʦʥʦʣʦʛʠʯʝʩʢʠ ʧʦʢʘ ʥʝ ʦʧʨʝʜʝʣʝʥʘ ʠ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ 
ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʤʦʞʝʪ ʚʥʝʩʪʠ ʚ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʥʦʚʳʝ ʢʦʨʨʝʢʪʠʚʳ. 
ʅʝ ʠʩʢʣʶʯʝʥʦ ʪʘʢʞʝ, ʯʪʦ ʧʦʩʣʝʜʫʶʱʠʝ ʩʦʙʳʪʠʷ ʜʘʜʫʪ ʧʦʚʦʜ ʛʦʚʦʨʠʪʴ ʠ ʦʙ 
ʦʯʝʨʝʜʥʦʤ ʧʦʢʦʣʝʥʠʠ.  
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ʂʦʥʮʝʧʮʠʷ ʤʘʰʠʥʳ ʩ ʭʨʘʥʠʤʦʡ ʚ ʧʘʤʷʪʠ ʧʨʦʛʨʘʤʤʦʡ  

ʀʩʭʦʜʷ ʠʟ ʮʝʣʝʡ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ, ʚʚʝʜʝʤ ʥʦʚʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʨʤʠʥʘ 
çʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʘʰʠʥʘè ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʩʣʫʞʘʱʠʭ ʜʣʷ 
ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʠʩʢʨʝʪʥʳʭ ʜʘʥʥʳʭ ʧʦ ʟʘʜʘʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ.  
ɸʣʛʦʨʠʪʤ - ʦʜʥʦ ʠʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʦʥʷʪʠʡ ʤʘʪʝʤʘʪʠʢʠ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ  

ʪʝʭʥʠʢʠ. ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʩʪʘʥʜʘʨʪʦʚ (ISO) ʬʦʨʤʫʣʠʨʫʝʪ ʧʦʥʷʪʠʝ 
ʘʣʛʦʨʠʪʤ ʢʘʢ çʢʦʥʝʯʥʳʡ ʥʘʙʦʨ ʧʨʝʜʧʠʩʘʥʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ 
ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʥʝʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʧʝʨʘʮʠʡè (ISO 2382/1-84). ʇʦʤʠʤʦ ʵʪʦʡ 
ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʡ ʬʦʨʤʫʣʠʨʦʚʢʠ ʩʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ ʦʧʨʝʜʝʣʝʥʠʷ. 
ʇʨʠʚʝʜʝʤ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʠʟ ʥʠʭ. ʀʪʘʢ, ʘʣʛʦʨʠʪʤ ð ʵʪʦ:  

Å ʩʧʦʩʦʙ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʟʘʜʘʚʘʝʤʳʡ ʩ ʧʦʤʦʱʴʶ ʢʦʥʝʯʥʦʡ 
ʩʠʩʪʝʤʳ ʧʨʘʚʠʣ; 

Å ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʘʚʠʣ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʵʬʬʝʢʪʠʚʥʫʶ ʧʨʦʮʝʜʫʨʫ ʨʝʰʝʥʠʷ 
ʣʶʙʦʡ ʟʘʜʘʯʠ ʠʟ ʥʝʢʦʪʦʨʦʛʦ ʟʘʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʟʘʜʘʯ;  

Å ʪʦʯʥʦ ʦʧʨʝʜʝʣʝʥʥʦʝ ʧʨʘʚʠʣʦ ʜʝʡʩʪʚʠʡ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʟʘʜʘʥʦ ʫʢʘʟʘʥʠʝ, ʢʘʢ ʠ ʚ 
ʢʘʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʵʪʦ ʧʨʘʚʠʣʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʢ ʠʩʭʦʜʥʳʤ 
ʜʘʥʥʳʤ ʟʘʜʘʯʠ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʝʝ ʨʝʰʝʥʠʝ.  

Å ʊʦʯʥʦʝ ʧʨʝʜʧʠʩʘʥʠʝ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʠ ʧʦʨʷʜʦʢ ʜʝʡʩʪʚʠʡ, 
ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʥʘʜ ʠʩʭʦʜʥʳʤʠ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʜʘʥʥʳʤʠ 
ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʥʝʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʧʨʠ ʨʝʰʝʥʠʠ ʚʩʝʭ ʟʘʜʘʯ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 
ʪʠʧʘ. 

ʆʩʥʦʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʘʣʛʦʨʠʪʤʘ ʷʚʣʷʶʪʩʷ: ʜʠʩʢʨʝʪʥʦʩʪʴ, ʦʧʨʝʜʝʣʝʥʥʦʩʪʴ, 
ʤʘʩʩʦʚʦʩʪʴ ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ.  
ɼʠʩʢʨʝʪʥʦʩʪʴ ʚʳʨʘʞʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʘʣʛʦʨʠʪʤ ʦʧʠʩʳʚʘʝʪ ʜʝʡʩʪʚʠʷ ʥʘʜ 

ʜʠʩʢʨʝʪʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ (ʥʘʧʨʠʤʝʨ, ʯʠʩʣʦʚʦʡ ʠʣʠ ʩʠʤʚʦʣʴʥʦʡ), ʧʨʠʯʝʤ ʩʘʤʠ ʵʪʠ 
ʜʝʡʩʪʚʠʷ ʪʘʢʞʝ ʜʠʩʢʨʝʪʥʳ.  
ʉʚʦʡʩʪʚʦ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʘʣʛʦʨʠʪʤʝ ʫʢʘʟʘʥʦ ʚʩʝ, ʯʪʦ ʜʦʣʞʥʦ 

ʙʳʪʴ ʩʜʝʣʘʥʦ, ʧʨʠʯʝʤ ʥʠ ʦʜʥʦ ʠʟ ʜʝʡʩʪʚʠʡ ʥʝ ʜʦʣʞʥʦ ʪʨʘʢʪʦʚʘʪʴʩʷ ʜʚʦʷʢʦ.  
ʄʘʩʩʦʚʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʝʛʦ ʧʨʠʤʝʥʠʤʦʩʪʴ ʢ ʤʥʦʞʝʩʪʚʫ 

ʟʥʘʯʝʥʠʡ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʘ ʥʝ ʪʦʣʴʢʦ ʢ ʢʘʢʠʤ-ʪʦ ʫʥʠʢʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ.  
ʅʘʢʦʥʝʮ, ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʩʦʩʪʦʠʪ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ 

ʨʝʟʫʣʴʪʘʪʘ ʟʘ ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʰʘʛʦʚ.  
ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʘʣʛʦʨʠʪʤʦʚ ʧʨʝʜʦʧʨʝʜʝʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ 

ʨʝʘʣʠʟʘʮʠʠ ʥʘ ɺʄ, ʧʨʠ ʵʪʦʤ ʧʨʦʮʝʩʩ, ʧʦʨʦʞʜʘʝʤʳʡ ʘʣʛʦʨʠʪʤʦʤ, ʥʘʟʳʚʘʶʪ 
ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ.  
ɺ ʦʩʥʦʚʝ ʘʨʭʠʪʝʢʪʫʨʳ ʩʦʚʨʝʤʝʥʥʳʭ ɺʄ ʣʝʞʠʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʘʣʛʦʨʠʪʤʘ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. ʉʦʛʣʘʩʥʦ 
ʩʪʘʥʜʘʨʪʫ ISO 2382/1-84, ʧʨʦʛʨʘʤʤʘ ʜʣʷ ɺʄ ð ʵʪʦ çʫʧʦʨʷʜʦʯʝʥʥʘʷ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʦʤʘʥʜ, ʧʦʜʣʝʞʘʱʘʷ ʦʙʨʘʙʦʪʢʝè.  
ɺʄ, ʛʜʝ ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʨʘʟʦʤ ʟʘʢʦʜʠʨʦʚʘʥʥʳʝ ʢʦʤʘʥʜʳ ʧʨʦʛʨʘʤʤʳ 

ʭʨʘʥʷʪʩʷ ʚ ʧʘʤʷʪʠ, ʠʟʚʝʩʪʥʘ ʧʦʜ ʥʘʟʚʘʥʠʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ ʩ ʭʨʘʥʠʤʦʡ 
ʚ ʧʘʤʷʪʠ ʧʨʦʛʨʘʤʤʦʡ. ʀʜʝʷ ʧʨʠʥʘʜʣʝʞʠʪ ʩʦʟʜʘʪʝʣʷʤ ʚʳʯʠʩʣʠʪʝʣʷ ENIAC 
ʕʢʢʝʨʪʫ, ʄʦʯʣʠ ʠ ʬʦʥ ʅʝʡʤʘʥʫ. ɽʱʝ ʜʦ ʟʘʚʝʨʰʝʥʠʷ ʨʘʙʦʪ ʥʘʜ ENIAC ʦʥʠ 
ʧʨʠʩʪʫʧʠʣʠ ʢ ʥʦʚʦʤʫ ʧʨʦʝʢʪʫ ï EDVAC, ʛʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʪʦʨʦʛʦ ʩʪʘʣʘ 
ʢʦʥʮʝʧʮʠʷ ʭʨʘʥʠʤʦʡ ʚ ʧʘʤʷʪʠ ʧʨʦʛʨʘʤʤʳ, ʥʘ ʜʦʣʛʠʝ ʛʦʜʳ ʦʧʨʝʜʝʣʠʚʰʘʷ ʙʘʟʦʚʳʝ 
ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʧʦʩʣʝʜʫʶʱʠʭ ʧʦʢʦʣʝʥʠʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ. 
ʆʪʥʦʩʠʪʝʣʴʥʦ ʘʚʪʦʨʩʪʚʘ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʚʝʨʩʠʡ, ʥʦ ʧʦʩʢʦʣʴʢʫ ʚ  
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ʟʘʢʦʥʯʝʥʥʦʤ ʚʠʜʝ ʠʜʝʷ ʚʧʝʨʚʳʝ ʙʳʣʘ ʠʟʣʦʞʝʥʘ ʚ 1945 ʛʦʜʫ ʚ ʩʪʘʪʴʝ ʬʦʥ 
ʅʝʡʤʘʥʘ, ʠʤʝʥʥʦ ʝʛʦ ʬʘʤʠʣʠʷ ʬʠʛʫʨʠʨʫʝʪ ʚ ʦʙʦʟʥʘʯʝʥʠʠ ʘʨʭʠʪʝʢʪʫʨʳ ʧʦʜʦʙʥʳʭ 
ʤʘʰʠʥ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦʜʘʚʣʷʶʱʫʶ ʯʘʩʪʴ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʘʨʢʘ ɺʄ ʠ ɺʉ.   
ʉʫʥɦʦʩʪʴ ʬʦʥ-ʥʝʡʤʘʥʦʚʩʢʦʡ ʢʦʥʮʝʧʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ ʤʦʞʥʦ 

ʩʚʝʩʪʠ ʢ ʯʝʪʳʨʝʤ ʧʨʠʥʮʠʧʘʤ:  

Å ʜʚʦʠʯʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ;  
Å ʧʨʦʛʨʘʤʤʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ;  
Å ʦʜʥʦʨʦʜʥʦʩʪʠ ʧʘʤʷʪʠ;  
Å ʘʜʨʝʩʫʝʤʦʩʪʠ ʧʘʤʷʪʠ.  

ʇʨʠʥʮʠʧ ʜʚʦʠʯʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ  

ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʧʨʠʥʮʠʧʫ, ʚʩʷ ʠʥʬʦʨʤʘʮʠʷ, ʢʘʢ ʜʘʥʥʳʝ, ʪʘʢ ʠ ʢʦʤʘʥʜʳ, 
ʢʦʜʠʨʫʶʪʩʷ ʜʚʦʠʯʥʳʤʠ ʮʠʬʨʘʤʠ 0 ʠ 1. ʂʘʞʜʳʡ ʪʠʧ ʠʥʬʦʨʤʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 
ʜʚʦʠʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʠ ʠʤʝʝʪ ʩʚʦʡ ʬʦʨʤʘʪ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 
ʙʠʪʦʚ ʚ ʬʦʨʤʘʪʝ, ʠʤʝʶʱʘʷ ʦʧʨʝʜʝʣʝʥʥʳʡ ʩʤʳʩʣ, ʥʘʟʳʚʘʝʪʩʷ ʧʦʣʝʤ. ɺ ʯʠʩʣʦʚʦʡ 
ʠʥʬʦʨʤʘʮʠʠ ʦʙʳʯʥʦ ʚʳʜʝʣʷʶʪ ʧʦʣʝ ʟʥʘʢʘ ʠ ʧʦʣʝ ʟʥʘʯʘʱʠʭ ʨʘʟʨʷʜʦʚ. ɺ ʬʦʨʤʘʪʝ 
ʢʦʤʘʥʜʳ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʧʦʣʷ (ʨʠʩ. 1.2): ʧʦʣʝ ʢʦʜʘ ʦʧʝʨʘʮʠʠ (ʂʆʧ) ʠ ʧʦʣʝ 
ʘʜʨʝʩʦʚ (ʘʜʨʝʩʥʫʶ ʯʘʩʪʴ ð ɸʏ).  

ʂʦʜ ʦʧʝʨʘʮʠʠ (ʂʆʧ ) ɸʜʨʝʩʥʘʷ ʯʘʩʪʴ (ɸʏ) 

ʈʠʩ.1.2. ʉʪʨʫʢʪʫʨʘ ʢʦʤʘʥʜʳ  

ʂʦʜ ʦʧʝʨʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʢʘʟʘʥʠʝ, ʢʘʢʘʷ ʦʧʝʨʘʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ 
ʚʳʧʦʣʥʝʥʘ, ʠ ʟʘʜʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ r-ʨʘʟʨʷʜʥʦʡ ʜʚʦʠʯʥʦʡ ʢʦʤʙʠʥʘʮʠʠ.  
ɺʠʜ ʘʜʨʝʩʥʦʡ ʯʘʩʪʠ ʠ ʯʠʩʣʦ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʝ ʘʜʨʝʩʦʚ ʟʘʚʠʩʷʪ ʦʪ  ʪʠʧʘ 

ʢʦʤʘʥʜʳ: ʚ ʢʦʤʘʥʜʘʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ɸʏ ʩʦʜʝʨʞʠʪ ʘʜʨʝʩʘ ʦʙʲʝʢʪʦʚ 
ʦʙʨʘʙʦʪʢʠ (ʦʧʝʨʘʥʜʦʚ) ʠ ʨʝʟʫʣʴʪʘʪʘ; ʚ ʢʦʤʘʥʜʘʭ ʠʟʤʝʥʝʥʠʷ ʧʦʨʷʜʢʘ ʚʳʯʠʩʣʝʥʠʡ 
ð ʘʜʨʝʩ ʩʣʝʜʫʶʱʝʡ ʢʦʤʘʥʜʳ ʧʨʦʛʨʘʤʤʳ; ʚ ʢʦʤʘʥʜʘʭ ʚʚʦʜʘ/ʚʳʚʦʜʘ - ʥʦʤʝʨ 
ʫʩʪʨʦʡʩʪʚʘ ʚʚʦʜʘ/ʚʳʚʦʜʘ. ɸʜʨʝʩʥʘʷ ʯʘʩʪʴ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʜʚʦʠʯʥʦʡ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ, ʜʣʠʥʫ ʢʦʪʦʨʦʡ ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ʨ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
ʢʦʤʘʥʜʘ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʝ ʠʤʝʝʪ ʚʠʜ (r + ʨ )-ʨʘʟʨʷʜʥʦʡ ʜʚʦʠʯʥʦʡ 
ʢʦʤʙʠʥʘʮʠʠ.  

ʇʨʠʥʮʠʧ ʧʨʦʛʨʘʤʤʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ  

ɺʩʝ ʚʳʯʠʩʣʝʥʠʷ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ʘʣʛʦʨʠʪʤʦʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ, ʜʦʣʞʥʳ ʙʳʪʴ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 
ʫʧʨʘʚʣʷʶʱʠʭ ʩʣʦʚ - ʢʦʤʘʥʜ. ʂʘʞʜʘʷ ʢʦʤʘʥʜʘ ʧʨʝʜʧʠʩʳʚʘʝʪ ʥʝʢʦʪʦʨʫʶ ʦʧʝʨʘʮʠʶ 
ʠʟ ʥʘʙʦʨʘ ʦʧʝʨʘʮʠʡ, ʨʝʘʣʠʟʫʝʤʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʦʡ. ʂʦʤʘʥʜʳ 
ʧʨʦʛʨʘʤʤʳ ʭʨʘʥʷʪʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʷʯʝʡʢʘʭ ʧʘʤʷʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 
ʤʘʰʠʥʳ ʠ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʝʩʪʝʩʪʚʝʥʥʦʤ ʧʦʨʷʜʢʝ, ʪʦ ʝʩʪʴ ʚ ʧʦʨʷʜʢʝ ʠʭ 
ʧʦʣʦʞʝʥʠʷ ʚ ʧʨʦʛʨʘʤʤʝ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʢʦʤʘʥʜ, 
ʵʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʥʝʥʘ. ʈʝʰʝʥʠʝ ʦʙ ʠʟʤʝʥʝʥʠʠ ʧʦʨʷʜʢʘ 
ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜ ʧʨʦʛʨʘʤʤʳ ʧʨʠʥʠʤʘʝʪʩʷ ʣʠʙʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ 
ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʚʳʯʠʩʣʝʥʠʡ, ʣʠʙʦ, ʙʝʟʫʩʣʦʚʥʦ.  

ʇʨʠʥʮʠʧ ʦʜʥʦʨʦʜʥʦʩʪʠ ʧʘʤʷʪʠ  

ʂʦʤʘʥʜʳ ʠ ʜʘʥʥʳʝ ʭʨʘʥʷʪʩʷ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʘʤʷʪʠ ʠ ʚʥʝʰʥʝ ʚ ʧʘʤʷʪʠ 
ʥʝʨʘʟʣʠʯʠʤʳ. ʈʘʩʧʦʟʥʘʪʴ ʠʭ ʤʦʞʥʦ ʪʦʣʴʢʦ ʧʦ ʩʧʦʩʦʙʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʕʪʦ  
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ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʥʘʜ ʢʦʤʘʥʜʘʤʠ ʪʝ ʞʝ ʦʧʝʨʘʮʠʠ, ʯʪʦ ʠ ʥʘʜ ʯʠʩʣʘʤʠ, ʠ, 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʪʢʨʳʚʘʝʪ ʨʷʜ ʚʦʟʤʦʞʥʦʩʪʝʡ. ʊʘʢ, ʮʠʢʣʠʯʝʩʢʠ ʠʟʤʝʥʷʷ ʘʜʨʝʩʥʫʶ 
ʯʘʩʪʴ ʢʦʤʘʥʜʳ, ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʦʙʨʘʱʝʥʠʝ ʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʘʤ 
ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ. ʊʘʢʦʡ ʧʨʠʝʤ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʤʦʜʠʬʠʢʘʮʠʠ ʢʦʤʘʥʜ ʠ ʩ ʧʦʟʠʮʠʡ 
ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʥʝ ʧʨʠʚʝʪʩʪʚʫʝʪʩʷ. ɹʦʣʝʝ ʧʦʣʝʟʥʳʤ ʷʚʣʷʝʪʩʷ  
ʜʨʫʛʦʝ ʩʣʝʜʩʪʚʠʝ ʧʨʠʥʮʠʧʘ ʦʜʥʦʨʦʜʥʦʩʪʠ, ʢʦʛʜʘ ʢʦʤʘʥʜʳ ʦʜʥʦʡ ʧʨʦʛʨʘʤʤʳ ʤʦʛʫʪ 
ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʠʩʧʦʣʥʝʥʠʷ ʜʨʫʛʦʡ ʧʨʦʛʨʘʤʤʳ. ʕʪʘ ʚʦʟʤʦʞʥʦʩʪʴ 
ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʪʨʘʥʩʣʷʮʠʠ ð ʧʝʨʝʚʦʜʘ ʪʝʢʩʪʘ ʧʨʦʛʨʘʤʤʳ ʩ ʷʟʳʢʘ ʚʳʩʦʢʦʛʦ 
ʫʨʦʚʥʷ ʥʘ ʷʟʳʢ ʢʦʥʢʨʝʪʥʦʡ ɺʄ. 
ʂʦʥʮʝʧʮʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ, ʠʟʣʦʞʝʥʥʘʷ ʚ ʩʪʘʪʴʝ ʬʦʥ ʅʝʡʤʘʥʘ, 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʝʜʠʥʫʶ ʧʘʤʷʪʴ ʜʣʷ ʭʨʘʥʝʥʠʷ ʢʦʤʘʥʜ ʠ ʜʘʥʥʳʭ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʙʳʣ 
ʧʨʠʥʷʪ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥʘʭ, ʩʦʟʜʘʚʘʚʰʠʭʩʷ ʚ ʇʨʠʥʩʪʦʥʩʢʦʤ 
ʫʥʠʚʝʨʩʠʪʝʪʝ, ʠʟ-ʟʘ ʯʝʛʦ ʠ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʧʨʠʥʩʪʦʥʩʢʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. 
ʇʨʘʢʪʠʯʝʩʢʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ɻʘʨʚʘʨʜʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʧʨʝʜʣʦʞʠʣʠ ʠʥʫʶ 
ʤʦʜʝʣʴ, ʚ ʢʦʪʦʨʦʡ ɺʄ ʠʤʝʣʘ ʦʪʜʝʣʴʥʫʶ ʧʘʤʷʪʴ ʢʦʤʘʥʜ ʠ ʦʪʜʝʣʴʥʫʶ ʧʘʤʷʪʴ 
ʜʘʥʥʳʭ. ʕʪʦʪ ʚʠʜ ʘʨʭʠʪʝʢʪʫʨʳ ʥʘʟʳʚʘʶʪ ʛʘʨʚʘʨʜʩʢʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ. ɼʦʣʛʠʝ ʛʦʜʳ 
ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʙʳʣʘ ʠ ʦʩʪʘʝʪʩʷ ʧʨʠʥʩʪʦʥʩʢʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʭʦʪʷ ʦʥʘ ʧʦʨʦʞʜʘʝʪ 
ʧʨʦʙʣʝʤʳ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʪʨʘʢʪʘ çʧʨʦʮʝʩʩʦʨ-ʧʘʤʷʪʴè. ɺ ʧʦʩʣʝʜʥʝʝ 
ʚʨʝʤʷ ʚ ʩʚʷʟʠ ʩ ʰʠʨʦʢʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʵʰ-ʧʘʤʷʪʠ ʨʘʟʨʘʙʦʪʯʠʢʠ ɺʄ ʚʩʝ ʯʘʱʝ 
ʦʙʨʘʱʘʶʪʩʷ ʢ ʛʘʨʚʘʨʜʩʢʦʡ ʘʨʭʠʪʝʢʪʫʨʝ.  

ʇʨʠʥʮʠʧ ʘʜʨʝʩʫʝʤʦʩʪʠ ʧʘʤʷʪʠ  

ʉʪʨʫʢʪʫʨʥʦ ʦʩʥʦʚʥʘʷ ʧʘʤʷʪʴ ʩʦʩʪʦʠʪ ʠʟ ʧʨʦʥʫʤʝʨʦʚʘʥʥʳʭ ʷʯʝʝʢ, ʧʨʠʯʝʤ 
ʧʨʦʮʝʩʩʦʨʫ ʚ ʧʨʦʠʟʚʦʣʴʥʳʡ ʤʦʤʝʥʪ ʜʦʩʪʫʧʥʘ ʣʶʙʘʷ ʷʯʝʡʢʘ. ɼʚʦʠʯʥʳʝ ʢʦʜʳ 
ʢʦʤʘʥʜ ʠ ʜʘʥʥʳʭ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʝʜʠʥʠʮʳ ʠʥʬʦʨʤʘʮʠʠ, ʥʘʟʳʚʘʝʤʳʝ ʩʣʦʚʘʤʠ, ʠ 
ʭʨʘʥʷʪʩʷ ʚ ʷʯʝʡʢʘʭ ʧʘʤʷʪʠ, ʘ ʜʣʷ ʜʦʩʪʫʧʘ ʢ ʥʠʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʦʤʝʨʘ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʷʯʝʝʢ ð ʘʜʨʝʩʘ. 

ʌʦʥ-ʥʝʡʤʘʥʦʚʩʢʘʷ ʘʨʭʠʪʝʢʪʫʨʘ 
ɺ ʩʪʘʪʴʝ ʬʦʥ ʅʝʡʤʘʥʘ ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ɺʄ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ 
ʜʦʣʞʥʳ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʨʠʥʮʠʧʳ. ɹʦʣʴʰʠʥʩʪʚʦ 
ʩʦʚʨʝʤʝʥʥʳʭ ɺʄ ʧʦ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʦʪʚʝʯʘʶʪ ʧʨʠʥʮʠʧʫ ʧʨʦʛʨʘʤʤʥʦʛʦ 
ʫʧʨʘʚʣʝʥʠʷ. ʊʠʧʠʯʥʘʷ ʬʦʥ-ʥʝʡʤʘʥʦʚʩʢʘʷ ɺʄ (ʨʠʩ. 1.3) ʩʦʜʝʨʞʠʪ: ʧʘʤʷʪʴ, 
ʫʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ, ʘʨʠʬʤʝʪʠʢʦ-ʣʦʛʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ ʠ ʫʩʪʨʦʡʩʪʚʦ 
ʚʚʦʜʘ/ʚʳʚʦʜʘ1. 
ɺ ʣʶʙʦʡ ɺʄ ʠʤʝʶʪʩʷ ʩʨʝʜʩʪʚʘ ʜʣʷ ʚʚʦʜʘ ʧʨʦʛʨʘʤʤ ʠ ʜʘʥʥʳʭ ʢ ʥʠʤ. 

ʀʥʬʦʨʤʘʮʠʷ ʧʦʩʪʫʧʘʝʪ ʠʟ ʧʦʜʩʦʝʜʠʥʝʥʥʳʭ ʢ ɺʄ ʧʝʨʠʬʝʨʠʡʥʳʭ ʫʩʪʨʦʡʩʪʚ (ʇʋ) 
ʚʚʦʜʘ. ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʚʳʚʦʜʷʪʩʷ ʥʘ ʧʝʨʠʬʝʨʠʡʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʚʳʚʦʜʘ. 
ʉʚʷʟʴ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ɺʄ ʠ ʇʋ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʨʪʳ ʚʚʦʜʘ ʠ ʧʦʨʪʳ ʚʳʚʦʜʘ. 
ʊʝʨʤʠʥʦʤ ʧʦʨʪ ʦʙʦʟʥʘʯʘʶʪ ʘʧʧʘʨʘʪʫʨʫ ʩʦʧʨʷʞʝʥʠʷ ʧʝʨʠʬʝʨʠʡʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩ 
ɺʄ ʠ ʫʧʨʘʚʣʝʥʠʷ ʠʤ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʧʦʨʪʦʚ ʚʚʦʜʘ ʠ ʚʳʚʦʜʘ ʥʘʟʳʚʘʶʪ 
ʫʩʪʨʦʡʩʪʚʦʤ ʚʚʦʜʘ/ʚʳʚʦʜʘ (ʋɺɺ) ʠʣʠ ʤʦʜʫʣʝʤ ʚʚʦʜʘ/ʚʳʚʦʜʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 
ʤʘʰʠʥʳ (ʄɺɺ). 
ʇʘʤʷʪʴ ʢʦʤʧʴʶʪʝʨʘ ʠʤʝʝʪ ʩʣʦʞʥʫʶ ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ ʩʪʨʫʢʪʫʨʫ, ʨʝʘʣʠʟʦʚʘʥʥʫʶ 

ʚ ʚʠʜʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʟʘʧʦʤʠʥʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ (ɿʋ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴ-
ʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʜʣʷ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ. 
ɺʚʝʜʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʩʥʘʯʘʣʘ ʟʘʧʦʤʠʥʘʝʪʩʷ ʚ ʦʩʥʦʚʥʦʡ ʧʘʤʷʪʠ, ʘ ʟʘʪʝʤ  

1 ʇʦʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ ʢʵʰ-ʧʘʤʷʪʴ ʠ ʚʪʦʨʠʯʥʘʷ ʧʘʤʷʪʴ ʚ ʩʦʩʪʘʚ ʪʠʧʠʯʥʦʡ ʬʦʥ-

ʥʝʡʤʘʥʦʚʩʢʦʡ ɺʄ ʥʝ ʚʭʦʜʷʪ (ʷʚʣʷʶʪʩʷ ʝʝ ʨʘʩʰʠʨʝʥʠʝʤ). 
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ʧʝʨʝʥʦʩʠʪʩʷ ʚʦ ʚʪʦʨʠʯʥʫʶ ʧʘʤʷʪʴ, ʜʣʷ ʜʣʠʪʝʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ. ʏʪʦʙʳ ʧʨʦʛʨʘʤʤʘ 
ʤʦʛʣʘ ʚʳʧʦʣʥʷʪʴʩʷ, ʢʦʤʘʥʜʳ ʠ ʜʘʥʥʳʝ ʜʦʣʞʥʳ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚ ʦʩʥʦʚʥʦʡ ʧʘʤʷʪʠ 
(ʆʇ), ʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʢʘʞʜʦʝ ʜʚʦʠʯʥʦʝ ʩʣʦʚʦ ʭʨʘʥʠʪʩʷ ʚ 
ʦʪʜʝʣʴʥʦʡ ʷʯʝʡʢʝ, ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʦʡ ʘʜʨʝʩʦʤ, ʧʨʠʯʝʤ ʩʦʩʝʜʥʠʝ ʷʯʝʡʢʠ ʧʘʤʷʪʠ 
ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʧʦ ʧʦʨʷʜʢʫ ʘʜʨʝʩʘ. 
ɼʦʩʪʫʧ ʢ ʣʶʙʳʤ ʷʯʝʡʢʘʤ ʦʩʥʦʚʥʦʡ ʧʘʤʷʪʠ ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʚ ʧʨʦʠʟʚʦʣʴ-

ʥʦʤ ʧʦʨʷʜʢʝ. ʊʘʢʦʡ ʚʠʜ ʧʘʤʷʪʠ ʠʟʚʝʩʪʝʥ ʢʘʢ ʧʘʤʷʪʴ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʜʦʩʪʫʧʦʤ. 
ʆʇ ʩʦʚʨʝʤʝʥʥʳʭ ɺʄ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʠʪ ʠʟ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʦʧʝʨʘʪʠʚʥʳʭ 
ʟʘʧʦʤʠʥʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ (ʆɿʋ), ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʢʘʢ ʩʯʠʪʳʚʘʥʠʝ, ʪʘʢ ʠ ʟʘʧʠʩʴ 
ʠʥʬʦʨʤʘʮʠʠ. ɼʣʷ ʪʘʢʠʭ ɿʋ ʭʘʨʘʢʪʝʨʥʘ ʵʥʝʨʛʦʟʘʚʠʩʠʤʦʩʪʴ ð ʭʨʘʥʠʤʘʷ ʠʥʬʦʨ-
ʤʘʮʠʷ ʪʝʨʷʝʪʩʷ ʧʨʠ ʦʪʢʣʶʯʝʥʠʠ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ. ɽʩʣʠ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʯʘʩʪʴ 
ʦʩʥʦʚʥʦʡ ʧʘʤʷʪʠ ʙʳʣʘ ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʦʡ, ʚ ʩʦʩʪʘʚ ʆʇ ʚʢʣʶʯʘʶʪ ʧʦʩʪʦʷʥʥʳʝ 
ʟʘʧʦʤʠʥʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ (ʇɿʋ), ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʨʦʠʟʚʦʣʴʥʳʡ ʜʦʩʪʫʧ. 
ʍʨʘʥʷʱʘʷʩʷ ʚ ʇɿʋ ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʪʦʣʴʢʦ ʩʯʠʪʳʚʘʪʴʩʷ. 

 

ʈʠʩ. 1.3. ʉʪʨʫʢʪʫʨʘ ʬʦʥ-ʥʝʡʤʘʥʦʚʩʢʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ 

ʈʘʟʤʝʨ ʷʯʝʡʢʠ ʦʩʥʦʚʥʦʡ ʧʘʤʷʪʠ ʦʙʳʯʥʦ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ 8 ʜʚʦʠʯʥʳʤ 
ʨʘʟʨʷʜʘʤ ð ʙʘʡʪʫ. ɼʣʷ ʭʨʘʥʝʥʠʷ ʙʦʣʴʰʠʭ ʯʠʩʝʣ ʠʩʧʦʣʴʟʫʶʪʩʷ 2, 4 ʠʣʠ 8 ʙʘʡʪʦʚ, 
ʨʘʟʤʝʱʘʝʤʳʭ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʷʯʝʝʢ ʩʦ ʩʤʝʞʥʳʤʠ ʘʜʨʝʩʘʤʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 
ʟʘ ʘʜʨʝʩ ʯʠʩʣʘ ʯʘʩʪʦ ʧʨʠʥʠʤʘʝʪʩʷ ʘʜʨʝʩ ʝʛʦ ʤʣʘʜʰʝʛʦ ʙʘʡʪʘ. ʊʘʢ, ʧʨʠ ʭʨʘʥʝʥʠʠ 
32-ʨʘʟʨʷʜʥʦʛʦ ʯʠʩʣʘ ʚ ʷʯʝʡʢʘʭ ʩ ʘʜʨʝʩʘʤʠ 200, 201, 202 ʠ 203 ʘʜʨʝʩʦʤ ʯʠʩʣʘ 
ʙʫʜʝʪ 200. ʊʘʢʦʡ ʧʨʠʝʤ ʥʘʟʳʚʘʶʪ ʘʜʨʝʩʘʮʠʝʡ ʧʦ ʤʣʘʜʰʝʤʫ ʙʘʡʪʫ ʠʣʠ ʤʝʪʦʜʦʤ 
ñʦʩʪʨʦʢʦʥʝʯʥʠʢʦʚò (little endian addressing). ɺʦʟʤʦʞʝʥ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʧʦʜʭʦʜ 
ð ʧʦ ʤʝʥʴʰʝʤʫ ʠʟ ʘʜʨʝʩʦʚ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʩʪʘʨʰʠʡ ʙʘʡʪ. ʕʪʦʪ ʩʧʦʩʦʙ ʠʟʚʝʩʪʝʥ 
ʢʘʢ ʘʜʨʝʩʘʮʠʷ 
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ʧʦ ʩʪʘʨʰʝʤʫ ʙʘʡʪʫ ʠʣʠ ʤʝʪʦʜ çʪʫʧʦʢʦʥʝʯʥʠʢʦʚè (big endian addressing)1. 
ɸʜʨʝʩʘʮʠʷ ʧʦ ʤʣʘʜʰʝʤʫ ʙʘʡʪʫ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʚ ʬʠʨʤʳ Intel, ʘ 
ʧʦ ʩʪʘʨʰʝʤʫ ʙʘʡʪʫ ð ʜʣʷ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʚ ʬʠʨʤʳ Motorola ʠ ʙʦʣʴʰʠʭ ɺʄ 
ʬʠʨʤʳ IBM. ɺ ʧʨʠʥʮʠʧʝ, ʚʳʙʦʨ ʧʦʨʷʜʢʘ ʟʘʧʠʩʠ ʙʘʡʪʦʚ ʩʫʱʝʩʪʚʝʥʝʥ ʣʠʰʴ ʧʨʠ 
ʧʝʨʝʩʳʣʢʝ ʜʘʥʥʳʭ ʤʝʞʜʫ ɺʄ ʩ ʨʘʟʣʠʯʥʳʤʠ ʬʦʨʤʘʤʠ ʠʭ ʘʜʨʝʩʘʮʠʠ ʠʣʠ ʧʨʠ 
ʤʘʥʠʧʫʣʷʮʠʷʭ ʩ ʦʪʜʝʣʴʥʳʤʠ ʙʘʡʪʘʤʠ ʯʠʩʣʘ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ɺʄ ʧʨʝʜʫʩʤʦʪʨʝʥʳ 
ʩʧʝʮʠʘʣʴʥʳʝ ʢʦʤʘʥʜʳ ʜʣʷ ʧʝʨʝʭʦʜʘ ʦʪ ʦʜʥʦʛʦ ʩʧʦʩʦʙʘ ʢ ʜʨʫʛʦʤʫ. 
ɼʣʷ ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʙʦʣʴʰʠʭ ʧʨʦʛʨʘʤʤ ʠ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ ʚ ɺʄ 

ʦʙʳʯʥʦ ʠʤʝʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʧʘʤʷʪʴ, ʠʟʚʝʩʪʥʘʷ ʢʘʢ ʚʪʦʨʠʯʥʘʷ. ɺʪʦʨʠʯʥʘʷ 
ʧʘʤʷʪʴ ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʘ ʠ ʯʘʱʝ ʚʩʝʛʦ ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ ʙʘʟʝ ʤʘʛʥʠʪʥʳʭ ʜʠʩʢʦʚ. 
ʀʥʬʦʨʤʘʮʠʷ ʚ ʥʝʡ ʭʨʘʥʠʪʩʷ ʚ ʚʠʜʝ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤʥʦ ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ 
ʦʙʲʝʢʪʦʚ ð ʬʘʡʣʦʚ (ʩʦʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪʫ ISO, ʬʘʡʣ ð ʵʪʦ ʠʤʝʥʫʝʤʳʡ ʥʘʙʦʨ 
ʟʘʧʠʩʝʡ, ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʢʘʢ ʝʜʠʥʳʡ ʙʣʦʢ). 
ʅʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ɺʄ ʩʪʘʣʘ ʢʵ-hʧʘʤʷʪʴ ð ʧʘʤʷʪʴ 

ʥʝʙʦʣʴʰʦʡ ʝʤʢʦʩʪʠ, ʥʦ ʚʳʩʦʢʦʛʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ. ɺ ʥʝʝ ʠʟ ʦʩʥʦʚʥʦʡ ʧʘʤʷʪʠ 
ʢʦʧʠʨʫʶʪʩʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʢʦʤʘʥʜʳ ʠ ʜʘʥʥʳʝ. ʇʨʠ ʦʙʨʘʱʝʥʠʠ ʩʦ 
ʩʪʦʨʦʥʳ ʧʨʦʮʝʩʩʦʨʘ ʠʥʬʦʨʤʘʮʠʷ ʙʝʨʝʪʩʷ ʥʝ ʠʟ ʦʩʥʦʚʥʦʡ ʧʘʤʷʪʠ, ʘ ʠʟ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʧʠʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʙʦʣʝʝ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʝʡ ʢʵʰ-ʧʘʤʷʪʠ. 
ʅʘʢʦʥʝʮ, ʯʝʪʚʝʨʪʳʡ ʚʠʜ ʧʘʤʷʪʠ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʩʭʝʤʝ, ð ʵʪʦ ʨʝʛʠʩʪʨʳ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ. ʂʘʞʜʳʡ ʨʝʛʠʩʪʨ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʜʥʫ ʷʯʝʡʢʫ 
ʧʘʤʷʪʠ2, ʦʙʨʘʱʝʥʠʝ ʢ ʢʦʪʦʨʦʡ ʟʘʥʠʤʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ ʜʘʞʝ ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʝʡ ʢʵʰ-ʧʘʤʷʪʴʶ. ʏʠʩʣʦ ʨʝʛʠʩʪʨʦʚ ʚ ɺʄ 
ʦʙʳʯʥʦ ʥʝʚʝʣʠʢʦ, ʠ ʦʥʠ ʦʙʨʘʟʫʶʪ ʥʝʙʦʣʴʰʫʶ ʧʘʤʷʪʴ, ʠʥʦʛʜʘ ʥʘʟʳʚʘʝʤʫʶ 
ʩʚʝʨʭʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʴʶ ʠʣʠ ʨʝʛʠʩʪʨʦʚʳʤ ʬʘʡʣʦʤ. ɺ ʨʝʛʠʩʪʨʳ ʦʙʳʯʥʦ 
ʧʦʤʝʱʘʶʪ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʢʦʥʩʪʘʥʪʳ ʠʣʠ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 
ʚʳʯʠʩʣʝʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʯʠʩʣʦ ʦʙʨʘʱʝʥʠʡ ʢ ʙʦʣʝʝ ʤʝʜʣʝʥʥʳʤ 
ʚʠʜʘʤ ʧʘʤʷʪʠ. 
ʆʪʤʝʪʠʤ, ʯʪʦ ʦʙʷʟʘʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʬʦʥ-ʥʝʡʤʘʥʦʚʩʢʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ ʣʠʰʴ ʦʩʥʦʚʥʫʶ ʧʘʤʷʪʴ. ɺʢʣʶʯʝʥʠʝ ʚ ʩʦʩʪʘʚ ɺʄ ʦʩʪʘʣʴʥʳʭ ʚʠʜʦʚ ʟʘʧʦʤʠ-
ʥʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ (ɿʋ) ʦʙʫʩʣʦʚʣʝʥʦ ʚ ʦʩʥʦʚʥʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʙʣʝʤʘʤʠ, 
ʧʨʝʧʷʪʩʪʚʫʶʱʠʤʠ ʩʦʟʜʘʥʠʶ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʭ, ʜʝʰʝʚʳʭ ʠ ʵʥʝʨʛʦ-
ʥʝʟʘʚʠʩʠʤʳʭ ɿʋ ʙʦʣʴʰʦʡ ʝʤʢʦʩʪʠ. 
ʋʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ (ʋʋ) ð ʚʘʞʥʝʡʰʘʷ ʯʘʩʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ, 

ʦʨʛʘʥʠʟʫʶʱʘʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʛʨʘʤʤ (ʧʫʪʝʤ ʨʝʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʡ 
ʫʧʨʘʚʣʝʥʠʷ) ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ɺʄ ʢʘʢ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ. ɼʣʷ 
ʧʦʷʩʥʝʥʠʷ ʬʫʥʢʮʠʡ ʋʋ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʤʘʰʠʥʫ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʦʚʦ-
ʢʫʧʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʩʳʣʢʘ ʠʥʬʦʨʤʘʮʠʠ, ʚ ʭʦʜʝ 
ʢʦʪʦʨʦʡ ʵʪʘ ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤ ʚʠʜʘʤ ʦʙʨʘʙʦʪʢʠ. 
ʇʝʨʝʩʳʣʢʘ ʠʥʬʦʨʤʘʮʠʠ ʤʝʞʜʫ ʣʶʙʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ɺʄ ʠʥʠʮʠʠʨʫʝʪʩʷ ʩʚʦʠʤ 

ʩʠʛʥʘʣʦʤ ʫʧʨʘʚʣʝʥʠʷ (ʉʋ), ʪʦ ʝʩʪʴ ʫʧʨʘʚʣʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ 
ʩʚʦʜʠʪʩʷ ʢ ʚʳʜʘʯʝ ʥʫʞʥʦʛʦ ʥʘʙʦʨʘ ʉʋ ʚ ʥʫʞʥʦʡ ʚʨʝʤʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 
ʎʝʧʠ ʉʋ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 1.3 ʧʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ. ʆʩʥʦʚʥʦʡ ʬʫʥʢʮʠʝʡ ʋʋ 
ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʠʟʚʣʝʯʝʥʠʝ  

1 ʊʝʨʤʠʥʳ çʦʩʪʨʦʢʦʥʝʯʥʠʢʠè ʠ çʪʫʧʦʢʦʥʝʯʥʠʢʠè ʟʘʠʤʩʪʚʦʚʘʥʳ ʠʟ ʢʥʠʛʠ 
çʇʫʪʝʰʝʩʪʚʠʷ ɻʫʣʣʠʚʝʨʘè ɼʞ. ʉʚʠʬʪʘ, ʛʜʝ ʫʧʦʤʠʥʘʝʪʩʷ ʨʝʣʠʛʠʦʟʥʘʷ ʚʦʡʥʘ 
ʤʝʞʜʫ ʜʚʫʤʷ ʛʨʫʧʧʘʤʠ, ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʦʜʥʦʡ ʠʟ ʢʦʪʦʨʳʭ ʨʘʟʙʠʚʘʣʠ ʷʡʮʦ ʩ 
ʦʩʪʨʦʛʦ (little) ʢʦʥʮʘ, ʘ ʠʭ ʘʥʪʘʛʦʥʠʩʪʳ ð ʩ ʪʫʧʦʛʦ (big). 

2 ɺ ʦʪʣʠʯʠʝ ʦʪ ʷʯʝʡʢʠ ʦʩʥʦʚʥʦʡ ʧʘʤʷʪʠ ʨʘʟʨʷʜʥʦʩʪʴ ʨʝʛʠʩʪʨʘ ʦʙʳʯʥʦ ʙʦʣʴʰʝ 
ʦʜʥʦʛʦ ʙʘʡʪʘ ʠ ʩʦʚʧʘʜʘʝʪ ʩ ʨʘʟʨʷʜʥʦʩʪʴʶ ɺʄ. 
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ʢʦʤʘʥʜ ʠʟ ʧʘʤʷʪʠ ʚ ʧʦʨʷʜʢʝ, ʦʧʨʝʜʝʣʷʝʤʦʤ ʧʨʦʛʨʘʤʤʦʡ, ʠ ʧʦʩʣʝʜʫʶʱʝʝ 
ʠʩʧʦʣʥʝʥʠʝ ʵʪʠʭ ʢʦʤʘʥʜ. ʂʨʦʤʝ ʪʦʛʦ, ʋʋ ʬʦʨʤʠʨʫʝʪ ʉʋ ʜʣʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ 
ʢʦʦʨʜʠʥʘʮʠʠ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʫʩʪʨʦʡʩʪʚ ɺʄ. 
ɽʱʝ ʦʜʥʦʡ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ɺʄ ʷʚʣʷʝʪʩʷ ʘʨʠʬʤʝʪʠʢʦ-ʣʦʛʠʯʝʩʢʦʝ 

ʫʩʪʨʦʡʩʪʚʦ (ɸʃʋ). ɸʃʋ ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʨʠʬʤʝʪʠʯʝʩʢʫʶ ʠ ʣʦʛʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ 
ʜʚʫʭ ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ (ʦʧʝʨʘʥʜʦʚ), ʚ ʠʪʦʛʝ ʢʦʪʦʨʦʡ ʬʦʨʤʠʨʫʝʪʩʷ ʚʳʭʦʜʥʘʷ 
ʧʝʨʝʤʝʥʥʘʷ (ʨʝʟʫʣʴʪʘʪ). ʌʫʥʢʮʠʠ ɸʃʋ ʦʙʳʯʥʦ ʩʚʦʜʷʪʩʷ ʢ ʧʨʦʩʪʳʤ 
ʘʨʠʬʤʝʪʠʯʝʩʢʠʤ ʠ ʣʦʛʠʯʝʩʢʠʤ ʦʧʝʨʘʮʠʷʤ, ʘ ʪʘʢʞʝ ʦʧʝʨʘʮʠʷʤ ʩʜʚʠʛʘ. ʇʦʤʠʤʦ 
ʨʝʟʫʣʴʪʘʪʘ ʦʧʝʨʘʮʠʠ, ɸʃʋ ʬʦʨʤʠʨʫʝʪ ʨʷʜ ʧʨʠʟʥʘʢʦʚ ʨʝʟʫʣʴʪʘʪʘ (ʬʣʘʛʦʚ), 
ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʠ ʩʦʙʳʪʠʷ, ʧʨʦʠʟʦʰʝʜʰʠʝ ʚ ʭʦʜʝ ʝʛʦ 
ʧʦʣʫʯʝʥʠʷ (ʨʘʚʝʥʩʪʚʦ ʥʫʣʶ, ʟʥʘʢ, ʯʝʪʥʦʩʪʴ, ʧʝʨʝʥʦʩ, ʧʝʨʝʧʦʣʥʝʥʠʝ ʠ ʪ. ʜ.). ʌʣʘʛʠ 
ʤʦʛʫʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴʩʷ ʚ ʋʋ ʩ ʮʝʣʴʶ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ ʜʘʣʴʥʝʡʰʝʤ ʧʦʨʷʜʢʝ 
ʩʣʝʜʦʚʘʥʠʷ ʢʦʤʘʥʜ ʧʨʦʛʨʘʤʤʳ. 
ʋʋ ʠ ɸʃʋ ʪʝʩʥʦ ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʠ ʠʭ ʦʙʳʯʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʘʢ ʝʜʠʥʦʝ ʫʩʪʨʦʡ-

ʩʪʚʦ, ʠʟʚʝʩʪʥʦʝ ʢʘʢ ʮʝʥʪʨʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ (ʎʇ) ʠʣʠ ʧʨʦʩʪʦ ʧʨʦʮʝʩʩʦʨ. ʇʦʤʠʤʦ 
ʋʋ ʠ ɸʃʋ ʚ ʧʨʦʮʝʩʩʦʨ ʚʭʦʜʠʪ ʪʘʢʞʝ ʥʘʙʦʨ ʨʝʛʠʩʪʨʦʚ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ (ʈʆʅ), 
ʩʣʫʞʘʱʠʭ ʜʣʷ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʝʝ ʦʙʨʘʙʦʪʢʠ. ɺ 
ɻʆʉʊ 15971-90 ʥʘʟʥʘʯʝʥʠʝ ʧʨʦʮʝʩʩʦʨʘ ʦʧʨʝʜʝʣʝʥʦ ʢʘʢ çʠʥʪʝʨʧʨʝʪʘʮʠʷ 
ʧʨʦʛʨʘʤʤè. 

ʊʠʧʳ ʩʪʨʫʢʪʫʨ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ ʠ ʩʠʩʪʝʤ  

ɼʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʘʨʭʠʪʝʢʪʫʨʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ ʠ ʩʠʩʪʝʤ 
ʠʟʥʘʯʘʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʩʧʦʩʦʙʘ ʩʦʝʜʠʥʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ. ʇʨʠ ʩʘʤʦʤ ʦʙʱʝʤ 
ʧʦʜʭʦʜʝ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʪʠʧʘʭ ʩʪʨʫʢʪʫʨ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 
ʤʘʰʠʥ ʠ ʜʚʫʭ ʪʠʧʘʭ ʩʪʨʫʢʪʫʨ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ.  

ʉʪʨʫʢʪʫʨʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʜʚʘ 
ʩʧʦʩʦʙʘ ʧʦʩʪʨʦʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ: ʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤʠ ʩʚʷʟʷʤʠ ʠ 
ʥʘ ʦʩʥʦʚʝ ʦʙʱʝʡ  ʰʠʥʳ.  
ʊʠʧʠʯʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʧʝʨʚʦʛʦ ʩʧʦʩʦʙʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʢʣʘʩʩʠʯʝʩʢʘʷ ʬʦʥ-

ʥʝʡʤʘʥʦʚʩʢʘʷ ɺʄ (ʩʤ. ʨʠʩ. 1.3). ɺ ʥʝʡ ʤʝʞʜʫ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ 
(ʧʨʦʮʝʩʩʦʨ, ʧʘʤʷʪʴ, ʫʩʪʨʦʡʩʪʚʦ ʚʚʦʜʘ/ʚʳʚʦʜʘ) ʠʤʝʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʝ ʩʚʷʟʠ. 
ʆʩʦʙʝʥʥʦʩʪʠ ʩʚʷʟʝʡ (ʯʠʩʣʦ ʣʠʥʠʡ ʚ ʰʠʥʘʭ, ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʪ. ʧ.) 
ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʠʜʦʤ ʠʥʬʦʨʤʘʮʠʠ, ʭʘʨʘʢʪʝʨʦʤ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʦʙʤʝʥʘ 
ɼʦʩʪʦʠʥʩʪʚʦʤ ʘʨʭʠʪʝʢʪʫʨʳ ʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤʠ ʩʚʷʟʷʤʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 
ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʚʷʟʢʠ çʫʟʢʠʭ ʤʝʩʪè ʧʫʪʝʤ ʫʣʫʯʰʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʚʷʟʝʡ, ʯʪʦ ʵʢʦʥʦʤʠʯʝʩʢʠ ʤʦʞʝʪ ʙʳʪʴ ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʳʤ 
ʨʝʰʝʥʠʝʤ. ʋ ʬʦʥ-ʥʝʡʤʘʥʦʚʩʢʠʭ ɺʄ ʪʘʢʠʤ çʫʟʢʠʤ ʤʝʩʪʦʤè ʷʚʣʷʝʪʩʷ ʢʘʥʘʣ 
ʧʝʨʝʩʳʣʢʠ ʜʘʥʥʳʭ ʤʝʞʜʫ ʎʇ ʠ ʧʘʤʷʪʴʶ, ʠ çʨʘʟʚʷʟʘʪʴè ʝʛʦ ʜʦʩʪʘʪʦʯʥʦ ʥʝʧʨʦʩʪʦ. 
ʂʨʦʤʝ ʪʦʛʦ, ɺʄ ʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤʠ ʩʚʷʟʷʤʠ ʧʣʦʭʦ ʧʦʜʜʘʶʪʩʷ ʨʝʢʦʥʬʠʛʫʨʘʮʠʠ. 
ɺ ʚʘʨʠʘʥʪʝ ʩ ʦʙʱʝʡ ʰʠʥʦʡ ʚʩʝ ʫʩʪʨʦʡʩʪʚʘ ʤʘʰʠʥʳ ʧʦʜʢʣʶʯʝʥʳ ʢ 

ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʰʠʥʝ, ʩʣʫʞʘʱʝʡ ʝʜʠʥʩʪʚʝʥʥʳʤ ʪʨʘʢʪʦʤ ʜʣʷ ʧʦʪʦʢʦʚ ʢʦʤʘʥʜ, 
ʜʘʥʥʳʭ ʠ ʫʧʨʘʚʣʝʥʠʷ (ʨʠʩ. 1.4). ʅʘʣʠʯʠʝ ʦʙʱʝʡ ʰʠʥʳ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ 
ʨʝʘʣʠʟʘʮʠʶ ɺʄ, ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʤʝʥʷʪʴ ʩʦʩʪʘʚ ʠ ʢʦʥʬʠʛʫʨʘʮʠʶ ʤʘʰʠʥʳ. 
ɹʣʘʛʦʜʘʨʷ ʵʪʠʤ ʩʚʦʡʩʪʚʘʤ ʰʠʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʦʣʫʯʠʣʘ ʰʠʨʦʢʦʝ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʤʠʥʠ ʠ ʤʠʢʨʦʕɺʄ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʠʤʝʥʥʦ ʩ ʰʠʥʦʡ ʩʚʷʟʘʥ ʠ 
ʦʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ ʘʨʭʠʪʝʢʪʫʨʳ: ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʧʝʨʝʜʘʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʧʦ  
  



33 

 

ʰʠʥʝ ʤʦʞʝʪ ʪʦʣʴʢʦ ʦʜʥʦ ʫʩʪʨʦʡʩʪʚʦ. ʆʩʥʦʚʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʰʠʥʫ ʩʦʟʜʘʶʪ ʦʙʤʝʥʳ 
ʤʝʞʜʫ ʧʨʦʮʝʩʩʦʨʦʤ ʠ ʧʘʤʷʪʴʶ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʚʣʝʯʝʥʠʝʤ ʠʟ ʧʘʤʷʪʠ ʢʦʤʘʥʜ ʠ 
ʜʘʥʥʳʭ ʠ ʟʘʧʠʩʴʶ ʚ ʧʘʤʷʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩʣʝʥʠʡ. ʅʘ ʦʧʝʨʘʮʠʠ ʚʚʦʜʘ/ʚʳʚʦʜʘ 
ʦʩʪʘʝʪʩʷ ʣʠʰʴ ʯʘʩʪʴ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʰʠʥʳ. ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 
ʜʘʞʝ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦʡ ʰʠʥʝ ʜʣʷ 90% ʧʨʠʣʦʞʝʥʠʡ ʵʪʠʭ ʦʩʪʘʪʦʯʥʳʭ 
ʨʝʩʫʨʩʦʚ ʦʙʳʯʥʦ ʥʝ ʭʚʘʪʘʝʪ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʝ ʚʚʦʜʘ ʠʣʠ ʚʳʚʦʜʘ ʙʦʣʴʰʠʭ 
ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ.  

 

ʈʠʩ. 1.4. ʉʪʨʫʢʪʫʨʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ ʥʘ ʙʘʟʝ ʦʙʱʝʡ ʰʠʥʳ 

ɺ ʮʝʣʦʤ ʩʣʝʜʫʝʪ ʧʨʠʟʥʘʪʴ, ʯʪʦ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʬʦʥ-ʥʝʡʤʘʥʦʚʩʢʦʡ ʢʦʥʮʝʧʮʠʠ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜ ʧʨʦʛʨʘʤʤʳ ʰʠʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʚ ʯʠʩʪʦʤ 
ʝʝ ʚʠʜʝ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦʡ. ɹʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ 
ʘʨʭʠʪʝʢʪʫʨʘ ʩ ʠʝʨʘʨʭʠʝʡ ʰʠʥ, ʛʜʝ ʧʦʤʠʤʦ ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʰʠʥʳ ʠʤʝʝʪʩʷ ʝʱʝ 
ʥʝʩʢʦʣʴʢʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʰʠʥ. ʆʥʠ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʫʶ 
ʩʚʷʟʴ ʤʝʞʜʫ ʫʩʪʨʦʡʩʪʚʘʤʠ ʩ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʤ ʦʙʤʝʥʦʤ, ʥʘʧʨʠʤʝʨ 
ʧʨʦʮʝʩʩʦʨʦʤ ʠ ʢʵʰʧʘʤʷʪʴʶ. ɼʨʫʛʦʡ ʚʘʨʠʘʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʰʠʥ 
ð ʦʙʲʝʜʠʥʝʥʠʝ ʦʜʥʦʪʠʧʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚʚʦʜʘ/ʚʳʚʦʜʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʭʦʜʦʤ ʩ 
ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʰʠʥʳ ʥʘ ʤʘʛʠʩʪʨʘʣʴʥʫʶ. ɺʩʝ ʵʪʠ ʤʝʨʳ ʧʦʟʚʦʣʷʶʪ ʩʥʠʟʠʪʴ 
ʥʘʛʨʫʟʢʫ ʥʘ ʦʙʱʫʶ ʰʠʥʫ ʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʨʘʩʭʦʜʦʚʘʪʴ ʝʝ ʧʨʦʧʫʩʢʥʫʶ 
ʩʧʦʩʦʙʥʦʩʪʴ.  

ʉʪʨʫʢʪʫʨʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ  

ʇʦʥʷʪʠʝ çʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘè ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʤʥʦʞʝʩʪʚʘ 
ʧʨʦʮʝʩʩʦʨʦʚ ʠʣʠ ʟʘʢʦʥʯʝʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ, ʧʨʠ ʦʙʲʝʜʠʥʝʥʠʠ ʢʦʪʦʨʳʭ 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʠʥ ʠʟ ʜʚʫʭ ʧʦʜʭʦʜʦʚ. 
ɺ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʩ ʦʙʱʝʡ ʧʘʤʷʪʴʶ (ʨʠʩ. 1.5) ʠʤʝʝʪʩʷ ʦʙʱʘʷ 

ʦʩʥʦʚʥʘʷ ʧʘʤʷʪʴ, ʩʦʚʤʝʩʪʥʦ ʠʩʧʦʣʴʟʫʝʤʘʷ ʚʩʝʤʠ ʧʨʦʮʝʩʩʦʨʘʤʠ ʩʠʩʪʝʤʳ. ʉʚʷʟʴ 
ʧʨʦʮʝʩʩʦʨʦʚ ʩ ʧʘʤʷʪʴʶ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʝʪʠ, ʯʘʱʝ 
ʚʩʝʛʦ ʚʳʨʦʞʜʘʶʱʝʡʩʷ ʚ ʦʙʱʫʶ ʰʠʥʫ.  
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ʈʠʩ. 1.5. ʉʪʨʫʢʪʫʨʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩ ʦʙʱʝʡ ʧʘʤʷʪʴʶ 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ ʚʘʨʠʘʥʪ ʦʨʛʘʥʠʟʘʮʠʠ ð ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʩʠʩʪʝʤʘ, ʛʜʝ ʦʙʱʘʷ 
ʧʘʤʷʪʴ ʚʦʦʙʱʝ ʦʪʩʫʪʩʪʚʫʝʪ, ʘ ʢʘʞʜʳʡ ʧʨʦʮʝʩʩʦʨ ʦʙʣʘʜʘʝʪ ʩʦʙʩʪʚʝʥʥʦʡ 
ʣʦʢʘʣʴʥʦʡ ʧʘʤʷʪʴʶ (ʨʠʩ. 1.6). ʏʘʩʪʦ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʦʙʲʝʜʠʥʷʶʪ ʦʪʜʝʣʴʥʳʝ ɺʄ. 
ʆʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 
ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʝʪʠ ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʤʝʥʘ ʩʦʦʙʱʝʥʠʷʤʠ 

 

ʈʠʩ. 1.6. ʉʪʨʫʢʪʫʨʘ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʇʦʜʦʙʥʦʝ ʧʦʩʪʨʦʝʥʠʝ ɺʉ ʩʥʠʤʘʝʪ ʦʛʨʘʥʠʯʝʥʠʷ, ʩʚʦʡʩʪʚʝʥʥʳʝ ʜʣʷ ʦʙʱʝʡ 
ʰʠʥʳ, ʥʦ ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʟʜʝʨʞʢʘʤ ʥʘ ʧʝʨʝʩʳʣʢʫ ʩʦʦʙʱʝʥʠʡ ʤʝʞʜʫ 
ʧʨʦʮʝʩʩʦʨʘʤʠ ʠʣʠ ʤʘʰʠʥʘʤʠ. 

ʆʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʢʨʝʪʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ ʠʤʝʝʪ ʩʤʳʩʣ, ʝʩʣʠ ʝʝ ʧʦʢʘ-
ʟʘʪʝʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʢʘʟʘʪʝʣʷʤ, ʦʧʨʝʜʝʣʷʝʤʳʤ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʨʝʘʣʠʟʘʮʠʠ 
ʟʘʜʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ɺʄ ʦʙʳʯʥʦ 
ʨʘʩʩʤʘʪʨʠʚʘʶʪ: ʝʤʢʦʩʪʴ ʧʘʤʷʪʠ, ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, 
ʩʪʦʠʤʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ. 
ʆʩʪʘʥʦʚʠʤʩʷ ʪʦʣʴʢʦ ʥʘ ʧʦʢʘʟʘʪʝʣʷʭ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, 

ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʦʩʥʦʚʥʦʡ ʠʥʪʝʨʝʩ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ɹʳʩʪʨʦʜʝʡʩʪʚʠʝ 

ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʚʘ ʚʠʜʘ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ: ʥʦʤʠʥʘʣʴʥʦʝ ʠ 
ʩʨʝʜʥʝʝ. 
ʅʦʤʠʥʘʣʴʥʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ɺʄ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʩʪʘʥʜʘʨʪʥʦʡ ʦʧʝʨʘʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʥʦʡ ʦʙʳʯʥʦ ʚʳʙʠʨʘʶʪ 

ʢʦʨʦʪʢʫʶ ʦʧʝʨʘʮʠʶ ʩʣʦʞʝʥʠʷ. ɽʩʣʠ ʦʙʦʟʥʘʯʠʪʴ ʯʝʨʝʟ †˞  ̆  ʚʨʝʤʷ ʩʣʦʞʝʥʠʷ, ʪʦ  
ʥʦʤʠʥʘʣʴʥʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʦʧʨʝʜʝʣʠʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ: 
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ʉʨʝʜʥʝʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʢʦʨʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ ʧʨʠ 
ʚʳʧʦʣʥʝʥʠʠ ʵʪʘʣʦʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠʣʠ ʥʝʢʦʪʦʨʦʛʦ ʢʣʘʩʩʘ ʘʣʛʦʨʠʪʤʦʚ. ɺʝʣʠʯʠʥʘ 
ʩʨʝʜʥʝʛʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ɺʄ, ʪʘʢ ʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ 
ʘʣʛʦʨʠʪʤʘ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

 

ʛʜʝ ʊɻ ð ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʵʪʘʣʦʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ; N ð ʢʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ, 
ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʵʪʘʣʦʥʥʦʤ ʘʣʛʦʨʠʪʤʝ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ɺʄ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʵʪʘʣʦʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, 
ʚʳʧʦʣʥʷʝʤʳʭ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ: 

ʇ = 1/ʊʵ  [ ʟʘʜʘʯ/ʩ] 
ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ, ʯʝʤ 

ʩʨʝʜʥʝʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, ʧʦʩʢʦʣʴʢʫ ʚ ʷʚʥʦʤ ʚʠʜʝ ʟʘʚʠʩʠʪ ʦʪ ʧʦʨʷʜʢʘ 
ʧʨʦʭʦʞʜʝʥʠʷ ʟʘʜʘʯ ʯʝʨʝʟ ɺʄ. 

ʂʨʠʪʝʨʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ 

ɺʳʯʠʩʣʠʪʝʣʴʥʫʶ ʤʘʰʠʥʫ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʤʥʦʞʝʩʪʚʦʤ ʧʦʢʘʟʘʪʝʣʝʡ, ʭʘʨʘʢʪʝʨʠ-
ʟʫʶʱʠʭ ʦʪʜʝʣʴʥʳʝ ʝʝ ʩʚʦʡʩʪʚʘ. ɺʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʚʚʝʜʝʥʠʷ ʤʝʨʳ ʜʣʷ ʦʮʝʥʢʠ ʩʪʝ-
ʧʝʥʠ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ ɺʄ ʢ ʚʳʧʦʣʥʝʥʠʶ ʚʦʟʣʦʞʝʥʥʳʭ ʥʘ ʥʝʝ ʬʫʥʢʮʠʡ ð ʤʝʨʳ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 
ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪ ʩʪʝʧʝʥʴ ʩʦʦʪʚʝʪʩʪʚʠʷ ɺʄ ʩʚʦʝʤʫ ʥʘʟʥʘʯʝʥʠʶ. 

ʆʥʘ ʠʟʤʝʨʷʝʪʩʷ ʣʠʙʦ ʢʦʣʠʯʝʩʪʚʦʤ ʟʘʪʨʘʪ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 
ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ, ʣʠʙʦ ʨʝʟʫʣʴʪʘʪʦʤ, ʧʦʣʫʯʝʥʥʳʤ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 
ʟʘʪʨʘʪʘʭ. ʇʨʦʠʟʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʝʩʢʦʣʴʢʠʭ ɺʄ, 
ʧʨʠʥʷʪʴ ʨʝʰʝʥʠʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʢʨʝʪʥʦʡ ʤʘʰʠʥʳ ʧʦʟʚʦʣʷʝʪ ʢʨʠʪʝʨʠʡ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 
ʂʨʠʪʝʨʠʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ð ʵʪʦ ʧʨʘʚʠʣʦ, ʩʣʫʞʘʱʝʝ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʡ 

ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʚʘʨʠʘʥʪʦʚ ɺʄ. ʂʨʠʪʝʨʠʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʞʥʦ ʥʘʟʚʘʪʴ 
ʧʨʘʚʠʣʦʤ ʧʨʝʜʧʦʯʪʝʥʠʷ ʩʨʘʚʥʠʚʘʝʤʳʭ ʚʘʨʠʘʥʪʦʚ. 
ʉʪʨʦʷʪʩʷ ʢʨʠʪʝʨʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʯʘʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ (ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ). ʉʧʦʩʦʙ ʩʚʷʟʠ ʤʝʞʜʫ ʯʘʩʪʥʳʤʠ 
ʧʦʢʘʟʘʪʝʣʷʤʠ ʦʧʨʝʜʝʣʷʝʪ ʚʠʜ ʢʨʠʪʝʨʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʦʮʝʥʢʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʠ ʢʨʠʪʝʨʠʷʤ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʞʥʦ ʥʘʡʪʠ ʚ [1] (ʩʪʨ. 45 ï 50). 

ʇʝʨʩʧʝʢʪʠʚʳ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ ɺʄ ʠ ɺʉ 

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ ʠ ʩʠʩʪʝʤ ʥʘʯʘʣʦʩʴ ʩ ʤʦ-
ʤʝʥʪʘ ʧʦʷʚʣʝʥʠʷ ʧʝʨʚʳʭ ɺʄ ʠ ʥʝ ʧʨʝʢʨʘʱʘʝʪʩʷ ʧʦ ʩʝʡ ʜʝʥʴ. ʂʘʞʜʦʝ ʠʟʤʝʥʝʥʠʝ ʚ 
ʘʨʭʠʪʝʢʪʫʨʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʘʙʩʦʣʶʪʥʦʝ ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠʣʠ, ʧʦ 
ʢʨʘʡʥʝʡ ʤʝʨʝ, ʥʘ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʣʘʩʩʘ. 
ʕʚʦʣʶʮʠʶ ʘʨʭʠʪʝʢʪʫʨ ʦʧʨʝʜʝʣʷʶʪ ʩʘʤʳʝ ʨʘʟʣʠʯʥʳʝ ʬʘʢʪʦʨʳ, ʛʣʘʚʥʳʝ ʠʟ  
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ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 1.7. ʅʝ ʫʤʘʣʷʷ ʨʦʣʠ ʥʠ ʦʜʥʦʛʦ ʠʟ ʥʠʭ, ʩʣʝʜʫʝʪ ʧʨʠʟʥʘʪʴ, 
ʯʪʦ ʥʘʠʙʦʣʝʝ ʦʯʝʚʠʜʥʳʝ ʫʩʧʝʭʠ ʚ ʦʙʣʘʩʪʠ ʩʨʝʜʩʪʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʚʩʝ 
ʞʝ ʩʚʷʟʘʥʳ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʜʦʩʪʠʞʝʥʠʷʤʠ.  

 

ʈʠʩ. 1.7. ʌʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʨʘʟʚʠʪʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ 

ʉ ʢʘʞʜʳʤ ʥʦʚʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʫʩʧʝʭʦʤ ʤʥʦʛʠʝ ʠʟ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʠʜʝʡ 
ʧʝʨʝʭʦʜʷʪ ʥʘ ʫʨʦʚʝʥʴ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʵʪʦʪ 
ʙʫʜʝʪ ʧʨʦʜʦʣʞʘʪʴʩʷ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ, ʦʜʥʘʢʦ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ: çʅʘʩʢʦʣʴʢʦ 
ʙʳʩʪʨʦ?è ʂʦʩʚʝʥʥʳʡ ʦʪʚʝʪ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʪʝʥʜʝʥʮʠʠ 
ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ. 

ʊʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʙʦʣʴʰʠʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ  

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʫʨʦʚʥʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ 
ʫʩʪʨʦʡʩʪʚ ɺʄ ʠ ɺʉ ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ ʙʘʟʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʚʠʜʝ 
ʩʚʝʨʭʙʦʣʴʰʠʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ (ʉɹʀʉ). ʂʘʞʜʦʝ ʥʦʚʦʚʚʝʜʝʥʠʝ ʚ ʦʙʣʘʩʪʠ 
ʘʨʭʠʪʝʢʪʫʨʳ ɺʄ ʠ ɺʉ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʚʷʟʘʥʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʫʩʣʦʞʥʝʥʠʷ ʩʭʝʤʳ 
ʧʨʦʮʝʩʩʦʨʘ ʠʣʠ ʝʛʦ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠ ʪʨʝʙʫʝʪ ʨʘʟʤʝʱʝʥʠʷ ʥʘ ʢʨʠʩʪʘʣʣʝ ʉɹʀʉ ʚʩʝ 
ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʣʦʛʠʯʝʩʢʠʭ ʠʣʠ ʟʘʧʦʤʠʥʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. ɿʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ 
ʨʝʰʝʥʘ ʜʚʫʤʷ ʧʫʪʷʤʠ: ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʢʨʠʩʪʘʣʣʘ ʠ ʫʤʝʥʴʰʝʥʠʝʤ 
ʧʣʦʱʘʜʠ, ʟʘʥʠʤʘʝʤʦʡ ʥʘ ʢʨʠʩʪʘʣʣʝ ʵʣʝʤʝʥʪʘʨʥʳʤ ʪʨʘʥʟʠʩʪʦʨʦʤ, ʩ 
ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʧʦʚʳʰʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʫʧʘʢʦʚʢʠ ʪʘʢʠʭ ʪʨʘʥʟʠʩʪʦʨʦʚ ʥʘ 
ʢʨʠʩʪʘʣʣʝ.  
ʇʦʢʘ ʦʩʥʦʚʥʳʝ ʫʩʧʝʭʠ ʚ ʧʣʘʥʝ ʫʚʝʣʠʯʝʥʠʷ ʝʤʢʦʩʪʠ ʉɹʀʉ ʩʚʷʟʘʥʳ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ ʠ ʧʣʦʪʥʦʩʪʠ ʠʭ ʨʘʟʤʝʱʝʥʠʷ 
ʥʘ ʢʨʠʩʪʘʣʣʝ. ɿʜʝʩʴ ʪʝʥʜʝʥʮʠʠ ʵʚʦʣʶʮʠʠ ʉɹʀʉ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʶʪʩʷ 
ʵʤʧʠʨʠʯʝʩʢʠʤ ʟʘʢʦʥʦʤ ʄʫʨʘ. ɺ 1965 ʛʦʜʫ ʄʫʨ ʟʘʤʝʪʠʣ, ʯʪʦ ʯʠʩʣʦ ʪʨʘʥʟʠʩʪʦʨʦʚ, 
ʢʦʪʦʨʦʝ ʫʜʘʝʪʩʷ ʨʘʟʤʝʩʪʠʪʴ ʥʘ ʢʨʠʩʪʘʣʣʝ ʤʠʢʨʦʩʭʝʤʳ, ʫʜʚʘʠʚʘʝʪʩʷ ʢʘʞʜʳʝ 12 
ʤʝʩʷʮʝʚ. ʆʥ ʧʨʝʜʩʢʘʟʘʣ, ʯʪʦ ʵʪʘ ʪʝʥʜʝʥʮʠʷ ʩʦʭʨʘʥʠʪʩʷ ʚ 70-ʝ ʛʦʜʳ, ʘ ʥʘʯʠʥʘʷ ʩ 
80-ʭ ʪʝʤʧ ʨʦʩʪʘ ʥʘʯʥʝʪ ʩʧʘʜʘʪʴ. ɺ 1995 ʛʦʜʫ ʄʫʨ ʫʪʦʯʥʠʣ ʩʚʦʝ ʧʨʝʜʩʢʘʟʘʥʠʝ, 
ʩʜʝʣʘʚ ʧʨʦʛʥʦʟ, ʯʪʦ ʫʜʚʦʝʥʠʝ ʯʠʩʣʘ ʪʨʘʥʟʠʩʪʦʨʦʚ ʜʘʣʝʝ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ 
ʢʘʞʜʳʝ 24 ʤʝʩʷʮʘ.   
ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʚʝʨʭʙʦʣʴʰʠʭ ʠʥʪʝʛʨʘʣʴʥʳʭ 

ʤʠʢʨʦʩʭʝʤ ʧʦʟʚʦʣʷʶʪ ʨʘʟʤʝʩʪʠʪʴ ʥʘ ʦʜʥʦʤ ʢʨʠʩʪʘʣʣʝ ʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ ʚʩʝʭ 
ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʦʮʝʩʩʦʨʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʮʝʩʩʦʨʳ ʚʩʝʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ  
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ʤʘʰʠʥ ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʚʠʜʝ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʉɹʀʉ. ɹʦʣʝʝ ʪʦʛʦ, ʚʦ ʤʥʦʛʠʭ 
ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʳʭ ɺʉ ʠʩʧʦʣʴʟʫʶʪʩʷ ʉɹʀʉ, ʛʜʝ ʥʘ ʦʜʥʦʤ ʢʨʠʩʪʘʣʣʝ 
ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʧʨʦʮʝʩʩʦʨʦʚ.  
ʂʘʞʜʳʡ ʫʩʧʝʭ ʩʦʟʜʘʪʝʣʝʡ ʧʨʦʮʝʩʩʦʨʥʳʭ ʉɹʀʉ ʥʝʤʝʜʣʝʥʥʦ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ɺʄ ʠ ɺʉ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʨʥʳʭ 
ʉɹʀʉ ʚʝʜʝʪʩʷ ʧʦ ʨʘʟʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. ʆʩʥʦʚʥʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ 
ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʤʝʱʝʥʦ ʥʘ 
ʢʨʠʩʪʘʣʣʝ, ʠ ʧʦʚʳʰʝʥʠʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʵʪʠʭ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʋʚʝʣʠʯʝʥʠʝ 
ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʚʝʜʝʪ ʢ ʥʘʨʘʱʠʚʘʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʦʨʦʚ ʜʘʞʝ ʙʝʟ 
ʠʟʤʝʥʝʥʠʷ ʠʭ ʘʨʭʠʪʝʢʪʫʨʳ, ʘ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʧʦʚʳʰʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʫʧʘʢʦʚʢʠ 
ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʘʥʝʝ 
ʥʝʜʦʩʪʫʧʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʨʝʰʝʥʠʡ.  
ʇʦ ʤʝʨʝ ʧʦʚʳʰʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʨʘʩʪʫʪ ʠ 

çʘʧʧʝʪʠʪʳè ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʤʢʦʩʪʠ ʦʩʥʦʚʥʦʡ ʧʘʤʷʪʠ. 
ʕʪʫ ʩʠʪʫʘʮʠʶ ʦʪʨʘʞʘʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʟʘʢʦʥ ʇʘʨʢʠʥʩʦʥʘ: çʇʨʦʛʨʘʤʤʥʦʝ 
ʦʙʝʩʧʝʯʝʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʨʘʟʤʝʨʘʭ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʟʘʧʦʣʥʠʪ ʚʩʶ 
ʜʦʩʪʫʧʥʫʶ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʘʤʷʪʴè. ɺ ʮʠʬʨʘʭ ʪʝʥʜʝʥʮʠʷ ʚʦʟʨʘʩʪʘʥʠʷ 
ʪʨʝʙʦʚʘʥʠʡ ʢ ʝʤʢʦʩʪʠ ʧʘʤʷʪʠ ʚʳʛʣʷʜʠʪ ʪʘʢ: ʫʚʝʣʠʯʝʥʠʝ ʚ ʧʦʣʪʦʨʘ ʨʘʟʘ ʢʘʞʜʳʝ 
ʜʚʘ ʛʦʜʘ. ʆʩʥʦʚʥʘʷ ʧʘʤʷʪʴ ʩʦʚʨʝʤʝʥʥʳʭ ɺʄ ʠ ɺʉ ʬʦʨʤʠʨʫʝʪʩʷ ʠʟ ʉɹʀʉ 
ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʟʘʧʦʤʠʥʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʜʠʥʘʤʠʯʝʩʢʠʭ 
ʆɿʋ. ɽʩʪʝʩʪʚʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʘʢʠʤ ʉɹʀʉ: ʚʳʩʦʢʠʝ ʧʣʦʪʥʦʩʪʴ ʫʧʘʢʦʚʢʠ 
ʟʘʧʦʤʠʥʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ. 
ɼʣʷ ʉɹʀʉ ʧʘʤʷʪʠ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʟʘʢʦʥʘ ʄʫʨʘ ʠ 

ʧʨʝʜʩʢʘʟʘʥʥʦʝ ʠʤ ʫʤʝʥʴʰʝʥʠʝ ʪʝʤʧʦʚ ʧʦʚʳʰʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʫʧʘʢʦʚʢʠ.  
ʉ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ ʉɹʀʉ ʧʘʤʷʪʠ ʜʝʣʦ ʦʙʩʪʦʠʪ ʭʫʞʝ. ɺʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ 

ʧʨʦʮʝʩʩʦʨʦʚ ʫʞʝ ʜʘʚʥʦ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʦʪʠʚʦʨʝʯʠʠ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 
ʤʝʜʣʠʪʝʣʴʥʦʩʪʴʶ ʟʘʧʦʤʠʥʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʦʩʥʦʚʥʦʡ ʧʘʤʷʪʠ. ʇʨʦʙʣʝʤʘ 
ʧʦʩʪʦʷʥʥʦ ʫʩʫʛʫʙʣʷʝʪʩʷ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝʤ ʪʝʤʧʦʚ ʨʦʩʪʘ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʳ 
ʧʨʦʮʝʩʩʦʨʦʚ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʧʘʤʷʪʠ, ʠ ʦʩʦʙʳʭ ʧʝʨʩʧʝʢʪʠʚ ʚ ʵʪʦʤ ʧʣʘʥʝ ʧʦʢʘ ʥʝ 
ʚʠʜʥʦ. ʆʙʱʘʷ ʪʝʥʜʝʥʮʠʷ: ʥʘ ʜʚʫʢʨʘʪʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʮʠʢʣʘ 
ʜʠʥʘʤʠʯʝʩʢʦʛʦ ɿʋ ʫʭʦʜʠʪ ʧʨʠʤʝʨʥʦ 15 ʣʝʪ. 

ɺ ʧʣʘʥʝ ʩʥʠʞʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʉɹʀʉ ʧʘʤʷʪʠ ʧʝʨʩʧʝʢʪʠʚʳ ʚʝʩʴʤʘ 
ʦʙʥʘʜʝʞʠʚʘʶʱʠʝ. ɺ ʪʝʯʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩʪʦʠʤʦʩʪʴ ʚ 
ʧʝʨʝʩʯʝʪʝ ʥʘ ʦʜʠʥ ʙʠʪ ʩʥʠʞʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ 25-40% ʚ ʛʦʜ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 
ʘʨʭʠʪʝʢʪʫʨʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ ʠ ʩʠʩʪʝʤ 

ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʘʨʭʠʪʝʢʪʫʨʳ ɺʄ ʠ ɺʉ ʤʦʞʥʦ 
ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʵʚʦʣʶʮʠʦʥʥʳʝ ʠ ʨʝʚʦʣʶʮʠʦʥʥʳʝ. ʂ ʧʝʨʚʦʡ 
ʛʨʫʧʧʝ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʮʝʣʴʶ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ 
ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʨʝʘʣʠʟʘʮʠʠ ʫʞʝ ʜʦʩʪʘʪʦʯʥʦ ʠʟʚʝʩʪʥʳʭ ʠʜʝʡ. 
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ʀʟʳʩʢʘʥʠʷ, ʫʩʣʦʚʥʦ ʥʘʟʚʘʥʥʳʝ ʨʝʚʦʣʶʮʠʦʥʥʳʤʠ, ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʦʟʜʘʥʠʝ 
ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʭ ʘʨʭʠʪʝʢʪʫʨ, ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʥʳʭ ʦʪ ʫʞʝ ʩʪʘʚʰʝʡ 
ʪʨʘʜʠʮʠʦʥʥʦʡ ʬʦʥ-ʥʝʡʤʘʥʦʚʩʢʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. 
ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʪʥʦʩʠʤʳʭ ʢ ʵʚʦʣʶʮʠʦʥʥʳʤ, ʩʚʷʟʘʥʦ ʩ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʘʨʭʠʪʝʢʪʫʨʳ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʚ (ʄʇ). ɺ ʧʨʠʥʮʠʧʝ, 
ʢʘʨʜʠʥʘʣʴʥʦ ʥʦʚʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʦʜʭʦʜʦʚ ʚ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘʭ ʩʨʘʚʥʠʪʝʣʴʥʦ 
ʤʘʣʦ. ʆʩʥʦʚʥʳʝ ʠʜʝʠ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʄʇ, ʙʳʣʠ ʚʳʜʚʠʥʫʪʳ 
ʤʥʦʛʦ ʣʝʪ ʪʦʤʫ ʥʘʟʘʜ, ʥʦ ʠʟ-ʟʘ ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ ʪʝʭʥʦʣʦʛʠʠ ʠ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ 
ʨʝʘʣʠʟʘʮʠʠ ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ ʪʦʣʴʢʦ ʚ ʙʦʣʴʰʠʭ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ɺʄ 
(ʤʵʡʥʬʨʝʡʤʘʭ) ʠ ʩʫʧʝʨʕɺʄ. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʠʟ ʠʟʤʝʥʝʥʠʡ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʄʇ 
ʩʚʷʟʘʥʳ ʩ ʧʦʚʳʰʝʥʠʝʤ ʫʨʦʚʥʷ ʧʘʨʘʣʣʝʣʠʟʤʘ ʥʘ ʫʨʦʚʥʝ ʢʦʤʘʥʜ (ʚʦʟʤʦʞʥʦʩʪʠ 
ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʢʦʤʘʥʜ). ɿʜʝʩʴ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 
ʩʣʝʜʫʝʪ ʫʧʦʤʷʥʫʪʴ ʢʦʥʚʝʡʝʨʠʟʘʮʠʶ, ʩʫʧʝʨʩʢʘʣʷʨʥʫʶ ʦʙʨʘʙʦʪʢʫ ʠ ʘʨʭʠʪʝʢʪʫʨʫ ʩ 
ʢʦʤʘʥʜʥʳʤʠ ʩʣʦʚʘʤʠ ʩʚʝʨʭʙʦʣʴʰʦʡ ʜʣʠʥʳ (VLIW). ʇʦʩʣʝ ʫʩʧʝʰʥʦʛʦ ʧʝʨʝʥʦʩʘ ʥʘ 
ʄʇ ʛʣʦʙʘʣʴʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʦʜʭʦʜʦʚ çʙʦʣʴʰʠʭè ʩʠʩʪʝʤ ʦʩʥʦʚʥʳʝ ʫʩʠʣʠʷ 
ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʪʝʧʝʨʴ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʯʘʩʪʥʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ. 
ʇʨʠʤʝʨʘʤʠ ʪʘʢʠʭ ʵʚʦʣʶʮʠʦʥʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʤʦʛʫʪ ʩʣʫʞʠʪʴ: 
ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʝʨʝʭʦʜʦʚ ʚ ʢʦʥʚʝʡʝʨʝ ʢʦʤʘʥʜ, 
ʧʦʚʳʰʝʥʠʝ ʯʘʩʪʦʪʳ ʫʩʧʝʰʥʳʭ ʦʙʨʘʱʝʥʠʡ ʢ ʢʵʰ-ʧʘʤʷʪʠ ʟʘ ʩʯʝʪ ʫʩʣʦʞʥʝʥʥʳʭ 
ʩʧʦʩʦʙʦʚ ʙʫʬʝʨʠʟʘʮʠʠ ʠ ʪ. ʧ. 
ʅʘʙʣʶʜʘʝʤʳʝ ʥʘʤʠ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʰʠʨʦʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʧʦʢʘ ʦʙʫʩʣʦʚʣʝʥʳ ʠʤʝʥʥʦ çʵʚʦʣʶʮʠʦʥʥʳʤʠè ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ. 
ʆʜʥʘʢʦ ʫʞʝ ʩʝʡʯʘʩ ʦʯʝʚʠʜʥʦ, ʯʪʦ, ʦʩʪʘʚʘʷʩʴ ʚ ʨʘʤʢʘʭ ʪʨʘʜʠʮʠʦʥʥʳʭ ʘʨʭʠʪʝʢʪʫʨ, 
ʤʳ ʜʦʚʦʣʴʥʦ ʩʢʦʨʦ ʥʘʪʦʣʢʥʝʤʩʷ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ. ʆʜʠʥ ʠʟ ʧʫʪʝʡ 
ʧʨʝʦʜʦʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ ʣʝʞʠʪ ʚ ʦʙʣʘʩʪʠ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ 
ʧʦʜʭʦʜʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʦʜʠʤʳʝ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʦ ʥʘʰʝʡ 
ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʪʥʝʩʝʥʳ ʢ çʨʝʚʦʣʶʮʠʦʥʥʳʤè. ʉʧʨʘʚʝʜʣʠʚʦʩʪʴ ʪʘʢʦʛʦ 
ʫʪʚʝʨʞʜʝʥʠʷ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʝʨʚʳʤʠ ʦʙʨʘʟʮʘʤʠ ɺʉ ʩ ʥʝʪʨʘʜʠʮʠʦʥʥʦʡ 
ʘʨʭʠʪʝʢʪʫʨʦʡ. . 
ʆʮʝʥʠʚʘʷ ʧʝʨʩʧʝʢʪʠʚʳ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʠ ʨʝʚʦʣʶʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʥʘ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ 
ʥʘʠʙʦʣʴʰʝʛʦ ʧʨʦʛʨʝʩʩʘ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʥʘ ʧʫʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʜʝʡ 
ʧʘʨʘʣʣʝʣʠʟʤʘ ʥʘ ʚʩʝʭ ʝʛʦ ʫʨʦʚʥʷʭ ʠ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʠʝʨʘʨʭʠʠ 
ʟʘʧʦʤʠʥʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ. 

ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

1. ʇʦ ʢʘʢʠʤ ʧʨʠʟʥʘʢʘʤ ʤʦʞʥʦ ʨʘʟʛʨʘʥʠʯʠʪʴ ʧʦʥʷʪʠʷ çʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʘʰʠʥʘè 

ʠ çʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘè? 

2. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʠ ʩʪʨʫʢʪʫʨʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʝʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ? ʂʘʢ ʦʥʠ ʚʣʠʷʶʪ ʜʨʫʛ ʥʘ ʜʨʫʛʘ? 

3. ʂʘʢʠʤ ʦʙʨʘʟʦʤ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʧʦʥʷʪʠʝ çʩʪʨʫʢʪʫʨʘè ʧʨʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʠ 

ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ɺʄ? 

4. ɺ ʯʝʤ ʩʦʩʪʦʠʪ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ çʫʟʢʦʡè ʠ çʰʠʨʦʢʦʡè ʪʨʘʢʪʦʚʢʦʡ ʧʦʥʷʪʠʷ 

çʘʨʭʠʪʝʢʪʫʨʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳè? 

5. ʂʘʢʦʡ ʫʨʦʚʝʥʴ ʜʝʪʘʣʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ, 

ʤʦʞʥʦ ʣʠ ʜʘʥʥʫʶ ɺʄ ʧʨʠʯʠʩʣʠʪʴ ʢ ʬʦʥ-ʥʝʡʤʘʥʦʚʩʢʠʤ? 

6. ʇʦ ʢʘʢʠʤ ʧʨʠʟʥʘʢʘʤ ʚʳʜʝʣʷʶʪ ʧʦʢʦʣʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ? 
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7. ʇʦʷʩʥʠʪʝ ʦʧʨʝʜʝʣʷʶʱʠʝ ʠʜʝʠ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʵʪʘʧʦʚ ʵʚʦʣʶʮʠʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ. 

8. ʂʘʢʦʡ ʠʟ ʧʨʠʥʮʠʧʦʚ ʬʦʥ-ʥʝʡʤʘʥʦʚʩʢʦʡ ʢʦʥʮʝʧʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦʛʦ? 

9. ʆʮʝʥʠʪʝ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʘʨʭʠʪʝʢʪʫʨ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ ʩ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤʠ ʩʚʷʟʷʤʠ ʠ ʦʙʱʝʡ ʰʠʥʦʡ. 

10. ʏʪʦ ʧʦʥʠʤʘʝʪʩʷ ʧʦʜ ʥʦʤʠʥʘʣʴʥʳʤ ʠ ʩʨʝʜʥʠʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ ɺʄ? 

11. ʂʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ? 

12. ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʦʩʥʦʚʥʳʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʭʝʤʦʪʝʭʥʠʢʠ. 

13. ʂʘʢʠʝ ʚʳʚʦʜʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ, ʠʩʭʦʜʷ ʠʟ ʟʘʢʦʥʘ ʄʫʨʘ? 

14. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʘʟʚʠʪʠʠ 

ʘʨʭʠʪʝʢʪʫʨʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ ʠ ʩʠʩʪʝʤ. 
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ɻʣʘʚʘ 2  
 
ɸʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ ʢʦʤʘʥʜ  

 

ʉʠʩʪʝʤʦʡ ʢʦʤʘʥʜ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ ʥʘʟʳʚʘʶʪ ʧʦʣʥʳʡ ʧʝʨʝʯʝʥʴ ʢʦʤʘʥʜ, 
ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʘ ʚʳʧʦʣʥʷʪʴ ʜʘʥʥʘʷ ɺʄ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʜ ʘʨʭʠʪʝʢʪʫʨʦʡ 
ʩʠʩʪʝʤʳ ʢʦʤʘʥʜ (ɸʉʂ) ʧʨʠʥʷʪʦ ʦʧʨʝʜʝʣʷʪʴ ʪʝ ʩʨʝʜʩʪʚʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 
ʤʘʰʠʥʳ, ʢʦʪʦʨʳʝ ʚʠʜʥʳ ʠ ʜʦʩʪʫʧʥʳ ʧʨʦʛʨʘʤʤʠʩʪʫ. ɸʉʂ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 
ʣʠʥʠʶ ʩʦʛʣʘʩʦʚʘʥʠʷ ʥʫʞʜ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩ 
ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʩʦʟʜʘʪʝʣʝʡ ʘʧʧʘʨʘʪʫʨʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ (ʨʠʩ. 2.1). 

 

ʈʠʩ. 2.1. ɸʨʭʠʪʝʢʪʫʨʘ ʩʠʩʪʝʤʳ ʢʦʤʘʥʜ ʢʘʢ ʠʥʪʝʨʬʝʡʩ ʤʝʞʜʫ ʧʨʦʛʨʘʤʤʥʳʤ ʠ ʘʧʧʘʨʘʪʥʳʤ 
ʦʙʝʩʧʝʯʝʥʠʝʤ 

ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʮʝʣʴ ʪʝʭ ʠ ʜʨʫʛʠʭ ð ʨʝʘʣʠʟʘʮʠʷ ʚʳʯʠʩʣʝʥʠʡ ʥʘʠʙʦʣʝʝ 
ʵʬʬʝʢʪʠʚʥʳʤ ʦʙʨʘʟʦʤ, ʪʦ ʝʩʪʴ ʟʘ ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ, ʠ ʟʜʝʩʴ ʚʘʞʥʝʡʰʫʶ ʨʦʣʴ 
ʠʛʨʘʝʪ ʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʘʨʭʠʪʝʢʪʫʨʳ ʩʠʩʪʝʤʳ ʢʦʤʘʥʜ.  
ɺ ʫʧʨʦʱʝʥʥʦʡ ʪʨʘʢʪʦʚʢʝ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤʳ (Tʚʳʯ) ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʯʝʨʝʟ ʯʠʩʣʦ ʢʦʤʘʥʜ ʚ ʧʨʦʛʨʘʤʤʝ  (Nʢʦʤ) ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʪʦʚ 
ʧʨʦʮʝʩʩʦʨʘ, ʧʨʠʭʦʜʷʱʠʭʩʷ ʥʘ ʦʜʥʫ ʢʦʤʘʥʜʫ (CPI), ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʪʘʢʪʦʚʦʛʦ 
ʧʝʨʠʦʜʘ Űʧʨ: 

Ὕ̜̘̃  ὔ̋ ̏̍ ὅὖὍ†̐  ̑

ʂʘʞʜʘʷ ʠʟ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʳʨʘʞʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʦʜʥʠʭ ʘʩʧʝʢʪʦʚ ʘʨʭʠʪʝʢʪʫʨʳ 
ʩʠʩʪʝʤʳ ʢʦʤʘʥʜ ʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʣʠʷʝʪ ʥʘ ʜʨʫʛʠʝ (ʨʠʩ. 2.2), ʯʪʦ 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʯʨʝʟʚʳʯʘʡʥʦ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʧʦʜʭʦʜʘ 
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ʢ ʚʳʙʦʨʫ ɸʉʂ. 

 

ʈʠʩ. 2.2. ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʩʠʩʪʝʤʦʡ ʢʦʤʘʥʜ ʠ ʬʘʢʪʦʨʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ  

ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʨʭʠʪʝʢʪʫʨʳ ʩʠʩʪʝʤʳ ʢʦʤʘʥʜ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ 
ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʦʪʚʝʪʦʚ ʥʘ ʩʣʝʜʫʶʱʠʝ ʚʦʧʨʦʩʳ:  

1. ʂʘʢʦʛʦ ʚʠʜʘ ʜʘʥʥʳʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʝ ʠ ʚ ʢʘʢʦʡ 
ʬʦʨʤʝ?  

2. ɻʜʝ ʵʪʠ ʜʘʥʥʳʝ ʤʦʛʫʪ ʭʨʘʥʠʪʴʩʷ ʧʦʤʠʤʦ ʦʩʥʦʚʥʦʡ ʧʘʤʷʪʠ?  
3. ʂʘʢʠʤ ʦʙʨʘʟʦʤ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ?  
4. ʂʘʢʠʝ ʦʧʝʨʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʥʘʜ ʜʘʥʥʳʤʠ?  
5. ʉʢʦʣʴʢʦ ʦʧʝʨʘʥʜʦʚ ʤʦʞʝʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ ʢʦʤʘʥʜʝ?  
6. ʂʘʢ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʘʜʨʝʩ ʦʯʝʨʝʜʥʦʡ ʢʦʤʘʥʜʳ?  
7. ʂʘʢʠʤ ʦʙʨʘʟʦʤ ʙʫʜʫʪ ʟʘʢʦʜʠʨʦʚʘʥʳ ʢʦʤʘʥʜʳ?  

ʇʨʝʜʤʝʪʦʤ ʜʘʥʥʦʡ ʛʣʘʚʳ ʷʚʣʷʝʪʩʷ ʦʙʟʦʨ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 
ʘʨʭʠʪʝʢʪʫʨ ʩʠʩʪʝʤʳ ʢʦʤʘʥʜ, ʢʘʢ ʚ ʦʧʠʩʘʪʝʣʴʥʦʤ ʧʣʘʥʝ, ʪʘʢ ʠ ʩ ʧʦʟʠʮʠʡ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʘʨʭʠʪʝʢʪʫʨ ʩʠʩʪʝʤʳ ʢʦʤʘʥʜ  

ɺ ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʢʘʢ ʚ ʟʝʨʢʘʣʝ ʦʪʨʘʞʘʶʪʩʷ 
ʠʟʤʝʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʠʚʰʠʝ ʚʦ ʚʟʛʣʷʜʘʭ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʪʦʡ 
ʠʣʠ ʠʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʩʠʩʪʝʤʳ ʢʦʤʘʥʜ. ʉʣʦʞʠʚʰʫʶʩʷ ʥʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ 
ʩʠʪʫʘʮʠʶ ʚ ʦʙʣʘʩʪʠ ɸʉʂ ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʠʩ. 2.3. 
ʉʨʝʜʠ ʤʦʪʠʚʦʚ, ʯʘʱʝ ʚʩʝʛʦ ʧʨʝʜʦʧʨʝʜʝʣʷʶʱʠʭ ʧʝʨʝʭʦʜ ʢ ʥʦʚʦʤʫ ʪʠʧʫ ɸʉʂ, 

ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʜʚʫʭ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʭ. ʇʝʨʚʳʡ - ʵʪʦ ʩʦʩʪʘʚ ʦʧʝʨʘʮʠʡ, 
ʚʳʧʦʣʥʷʝʤʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʦʡ, ʠ ʠʭ ʩʣʦʞʥʦʩʪʴ. ɺʪʦʨʦʡ - ʤʝʩʪʦ ʭʨʘʥʝʥʠʷ 
ʦʧʝʨʘʥʜʦʚ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʠ ʜʣʠʥʫ ʘʜʨʝʩʦʚ, ʫʢʘʟʳʚʘʝʤʳʭ ʚ ʘʜʨʝʩʥʦʡ 
ʯʘʩʪʠ ʢʦʤʘʥʜ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʀʤʝʥʥʦ ʵʪʠ ʤʦʤʝʥʪʳ ʚʟʷʪʳ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʝʚ 
ʠʟʣʘʛʘʝʤʳʭ ʥʠʞʝ ʚʘʨʠʘʥʪʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʘʨʭʠʪʝʢʪʫʨ ʩʠʩʪʝʤʳ ʢʦʤʘʥʜ.  

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ʩʦʩʪʘʚʫ ʠ ʩʣʦʞʥʦʩʪʠ ʢʦʤʘʥʜ  

ʉʦʚʨʝʤʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʷʟʳʢʠ ʚʳʩʦʢʦʛʦ 
ʫʨʦʚʥʷ (ʗɺʋ), ʛʣʘʚʥʘʷ ʮʝʣʴ ʢʦʪʦʨʳʭ ð ʦʙʣʝʛʯʠʪʴ ʧʨʦʮʝʩʩ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 
ʇʝʨʝʭʦʜ ʢ ʗɺʋ, ʦʜʥʘʢʦ, ʧʦʨʦʜʠʣ ʩʝʨʴʝʟʥʫʶ ʧʨʦʙʣʝʤʫ: ʩʣʦʞʥʳʝ ʦʧʝʨʘʪʦʨʳ, 
ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʗɺʋ, ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʨʦʩʪʳʭ ʤʘʰʠʥʥʳʭ ʦʧʝʨʘʮʠʡ, 
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ʈʠʩ. 2.3. ʍʨʦʥʦʣʦʛʠʷ ʨʘʟʚʠʪʠʷ ʘʨʭʠʪʝʢʪʫʨ ʩʠʩʪʝʤʳ ʢʦʤʘʥʜ 

ʨʝʘʣʠʟʫʝʤʳʭ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ. ʇʨʦʙʣʝʤʘ ʧʦʣʫʯʠʣʘ 
ʥʘʟʚʘʥʠʝ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʨʘʟʨʳʚʘ, ʘ ʝʝ ʩʣʝʜʩʪʚʠʝʤ ʩʪʘʥʦʚʠʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ 
ʵʬʬʝʢʪʠʚʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʛʨʘʤʤ ʥʘ ɺʄ.  ʇʳʪʘʷʩʴ ʧʨʝʦʜʦʣʝʪʴ ʩʝʤʘʥʪʠʯʝʩʢʠʡ 
ʨʘʟʨʳʚ, ʨʘʟʨʘʙʦʪʯʠʢʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʙʠʨʘʶʪ ʦʜʠʥ 
ʠʟ ʪʨʝʭ ʧʦʜʭʦʜʦʚ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʜʠʥ ʠʟ ʪʨʝʭ ʪʠʧʦʚ ɸʉʂ:  

Å ʘʨʭʠʪʝʢʪʫʨʫ ʩ ʧʦʣʥʳʤ ʥʘʙʦʨʦʤ ʢʦʤʘʥʜ: CISC (Complex Instruction Set 
Computer);  

Å ʘʨʭʠʪʝʢʪʫʨʫ ʩ ʩʦʢʨʘʱʝʥʥʳʤ ʥʘʙʦʨʦʤ ʢʦʤʘʥʜ: RISC (Reduced Instruction Set  
Computer);  

Å ʘʨʭʠʪʝʢʪʫʨʫ ʩ ʢʦʤʘʥʜʥʳʤʠ ʩʣʦʚʘʤʠ ʩʚʝʨʭʙʦʣʴʰʦʡ ʜʣʠʥʳ: VLIW (Very Long 
Instruction Word).  

ɺ CISC-ʘʨʭʠʪʝʢʪʫʨʝ ʧʨʦʙʣʝʤʘ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʨʘʟʨʳʚʘ ʨʝʰʘʝʪʩʷ ʟʘ ʩʯʝʪ 
ʨʘʩʰʠʨʝʥʠʷ ʩʠʩʪʝʤʳ ʢʦʤʘʥʜ, ʜʦʧʦʣʥʝʥʠʷ ʝʝ ʩʣʦʞʥʳʤʠ ʢʦʤʘʥʜʘʤʠ, 
ʩʝʤʘʥʪʠʯʝʩʢʠ ʘʥʘʣʦʛʠʯʥʳʤʠ ʦʧʝʨʘʪʦʨʘʤ ʗɺʋ. ɼʣʷ CISC-ʘʨʭʠʪʝʢʪʫʨʳ ʪʠʧʠʯʥʳ:  

¶ ʥʘʣʠʯʠʝ ʚ ʧʨʦʮʝʩʩʦʨʝ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʨʝʛʠʩʪʨʦʚ ʦʙʱʝʛʦ 
ʥʘʟʥʘʯʝʥʠʷ;  

¶ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʘʰʠʥʥʳʭ ʢʦʤʘʥʜ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʘʧʧʘʨʘʪʥʦ 
ʨʝʘʣʠʟʫʶʪ ʩʣʦʞʥʳʝ ʦʧʝʨʘʪʦʨʳ ʗɺʋ;  

¶ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʧʦʩʦʙʦʚ ʘʜʨʝʩʘʮʠʠ ʦʧʝʨʘʥʜʦʚ;  

¶ ʤʥʦʞʝʩʪʚʦ ʬʦʨʤʘʪʦʚ ʢʦʤʘʥʜ ʨʘʟʣʠʯʥʦʡ ʨʘʟʨʷʜʥʦʩʪʠ;  

¶ ʥʘʣʠʯʠʝ ʢʦʤʘʥʜ, ʛʜʝ ʦʙʨʘʙʦʪʢʘ ʩʦʚʤʝʱʘʝʪʩʷ c ʦʙʨʘʱʝʥʠʝʤ ʢ ʧʘʤʷʪʠ.  

ʂ ʪʠʧʫ CISC ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ɺʄ, ʚʳʧʫʩʢʘʚʰʠʝʩʷ ʜʦ ʩʝʨʝʜʠʥʳ 
1980-ʭ ʛʦʜʦʚ, ʠ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʧʨʦʠʟʚʦʜʷʱʠʭʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ.  
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ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʩʧʦʩʦʙ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʨʘʟʨʳʚʘ ʚʝʜʝʪ ʢ 
ʫʩʣʦʞʥʝʥʠʶ ʘʧʧʘʨʘʪʫʨʳ ɺʄ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʫʩʪʨʦʡʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ, ʯʪʦ, ʚ 
ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ɺʄ ʚ ʮʝʣʦʤ. ʊʘʢ, 
ʝʤʢʦʩʪʴ ʤʠʢʨʦʧʨʦʛʨʘʤʤʥʦʡ ʧʘʤʷʪʠ ʧʨʠ ʧʦʜʜʝʨʞʘʥʠʠ ʩʣʦʞʥʳʭ ʢʦʤʘʥʜ ʤʦʞʝʪ 
ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʥʘ 60%.   
ʉʣʝʜʩʪʚʠʝʤ ʵʪʦʛʦ ʥʝʜʦʩʪʘʪʢʘ ʩʪʘʣʦ ʧʦʷʚʣʝʥʠʝ RISC-ʘʨʭʠʪʝʢʪʫʨʳ. ʊʝʨʤʠʥ 

RISC ʚʧʝʨʚʳʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ɼ. ʇʘʪʪʝʨʩʦʥʦʤ ʠ ɼ. ɼʠʪʮʝʣʝʤ ʚ 1980 ʛʦʜʫ. ɽʸ 
ʠʜʝʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʛʨʘʥʠʯʝʥʠʠ ʩʧʠʩʢʘ ʢʦʤʘʥʜ ɺʄ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 
ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʧʨʦʩʪʝʡʰʠʤʠ ʢʦʤʘʥʜʘʤʠ, ʦʧʝʨʠʨʫʶʱʠʤʠ ʜʘʥʥʳʤʠ, 
ʨʘʟʤʝʱʝʥʥʳʤʠ ʪʦʣʴʢʦ ʚ ʨʝʛʠʩʪʨʘʭ ʧʨʦʮʝʩʩʦʨʦʚ. ʆʙʨʘʱʝʥʠʝ ʢ ʧʘʤʷʪʠ 
ʜʦʧʫʩʢʘʝʪʩʷ ʣʠʰʴ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʢʦʤʘʥʜ ʯʪʝʥʠʷ ʠ ʟʘʧʠʩʠ. ʂʘʢ 
ʩʣʝʜʩʪʚʠʝ, ʨʝʘʣʠʟʘʮʠʷ ʩʣʦʞʥʳʭ ʢʦʤʘʥʜ ʟʘ ʩʯʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʟ ʧʨʦʩʪʳʭ, 
ʥʦ ʙʳʩʪʨʳʭ RISC-ʢʦʤʘʥʜ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʦʡ, ʯʝʤ ʘʧʧʘʨʘʪʥʳʡ 
ʚʘʨʠʘʥʪ ʩʣʦʞʥʳʭ ʢʦʤʘʥʜ ʚ CISC-ʘʨʭʠʪʝʢʪʫʨʝ.   
ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʠʭ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘʭ ʬʠʨʤʳ Intel ʠ AMD ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʜʝʠ, ʩʚʦʡʩʪʚʝʥʥʳʝ RISC-ʘʨʭʠʪʝʢʪʫʨʝ, ʪʘʢ ʯʪʦ ʤʥʦʛʠʝ ʨʘʟʣʠʯʠʷ 
ʤʝʞʜʫ CISC ʠ RISC ʧʦʩʪʝʧʝʥʥʦ ʩʪʠʨʘʶʪʩʷ.  
ʇʦʤʠʤʦ CISC- ʠ RISC-ʘʨʭʠʪʝʢʪʫʨ ʚ ʦʙʱʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʙʳʣ ʫʧʦʤʷʥʫʪ ʝʱʝ 

ʦʜʠʥ ʪʠʧ ɸʉʂ - ʘʨʭʠʪʝʢʪʫʨʘ ʩ ʢʦʤʘʥʜʥʳʤʠ ʩʣʦʚʘʤʠ ʩʚʝʨʭʙʦʣʴʰʦʡ ʜʣʠʥʳ (VLIW). 
ʂʦʥʮʝʧʮʠʷ VLIW ʙʘʟʠʨʫʝʪʩʷ ʥʘ RISC-ʘʨʭʠʪʝʢʪʫʨʝ, ʛʜʝ ʥʝʩʢʦʣʴʢʦ ʧʨʦʩʪʳʭ RISC-
ʢʦʤʘʥʜ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʦʜʥʫ ʩʚʝʨʭʜʣʠʥʥʫʶ ʢʦʤʘʥʜʫ ʠ ʚʳʧʦʣʥʷʶʪʩʷ 
ʧʘʨʘʣʣʝʣʴʥʦ.  

ʊʘʙʣʠʮʘ 2.1. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ CISC-, RISC- ʠ VLIW-ʘʨʭʠʪʝʢʪʫʨ 

 

ʊʘʙʣʠʮʘ 2.1 ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʘʨʭʠʪʝʢʪʫʨʘʭ 
ʪʠʧʘ CISC, RISC ʠ VLIW.  

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ʤʝʩʪʫ ʭʨʘʥʝʥʠʷ ʦʧʝʨʘʥʜʦʚ  
ʂʦʣʠʯʝʩʪʚʦ ʢʦʤʘʥʜ ʠ ʠʭ ʩʣʦʞʥʦʩʪʴ, ʙʝʟʫʩʣʦʚʥʦ, ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʠʤʠ 
ʬʘʢʪʦʨʘʤʠ, ʦʜʥʘʢʦ ʥʝ ʤʝʥʴʰʫʶ ʨʦʣʴ ʧʨʠ ʚʳʙʦʨʝ ɸʉʂ ʠʛʨʘʝʪ ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩ ʦ 
ʪʦʤ, ʛʜʝ ʤʦʛʫʪ ʭʨʘʥʠʪʴʩʷ ʦʧʝʨʘʥʜʳ ʠ ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʢ ʥʠʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʦʩʪʫʧ. 
ʉ ʵʪʠʭ ʧʦʟʠʮʠʡ ʨʘʟʣʠʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʘʨʭʠʪʝʢʪʫʨ ʩʠʩʪʝʤʳ ʢʦʤʘʥʜ:  

Å ʩʪʝʢʦʚʫʶ;  
Å ʘʢʢʫʤʫʣʷʪʦʨʥʫʶ; 
Å ʨʝʛʠʩʪʨʦʚʫʶ; 
Å ʩ ʚʳʜʝʣʝʥʥʳʤ ʜʦʩʪʫʧʦʤ ʢ ʧʘʤʷʪʠ.   

ɺʳʙʦʨ ʪʦʡ ʠʣʠ ʠʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʚʣʠʷʝʪ ʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʤʦʤʝʥʪʳ: ʩʢʦʣʴʢʦ 
ʘʜʨʝʩʦʚ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʘʜʨʝʩʥʘʷ ʯʘʩʪʴ ʢʦʤʘʥʜ, ʢʘʢʦʚʘ ʙʫʜʝʪ ʜʣʠʥʘ ʵʪʠʭ 
ʘʜʨʝʩʦʚ, ʥʘʩʢʦʣʴʢʦ ʧʨʦʩʪʦ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʜʦʩʪʫʧ ʢ ʦʧʝʨʘʥʜʘʤ ʠ ʢʘʢʦʡ, ʚ 
ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʙʫʜʝʪ ʦʙʱʘʷ ʜʣʠʥʘ ʢʦʤʘʥʜ.  
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ʉʪʝʢʦʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ  

ʉʪʝʢʦʤ ʥʘʟʳʚʘʝʪʩʷ ʧʘʤʷʪʴ, ʧʦ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʦʪʣʠʯʥʘʷ ʦʪ 
ʦʩʥʦʚʥʦʡ ʧʘʤʷʪʠ ɺʄ. ʉʪʝʢ ʦʙʨʘʟʫʝʪ ʤʥʦʞʝʩʪʚʦ ʣʦʛʠʯʝʩʢʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʷʯʝʝʢ 
(ʨʠʩ. 2.4), ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʧʦ ʧʨʠʥʮʠʧʫ çʧʦʩʣʝʜʥʠʤ ʚʦʰʝʣ, ʧʝʨʚʳʤ ʚʳʰʝʣè 
(LIFO, Last In First Out). 

 
ʈʠʩ.2.4. ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʩʪʝʢʦʚʦʡ ʧʘʤʷʪʠ 

ɺʝʨʭʥʶʶ ʷʯʝʡʢʫ ʥʘʟʳʚʘʶʪ ʚʝʨʰʠʥʦʡ ʩʪʝʢʘ. ɼʣʷ ʨʘʙʦʪʳ ʩʦ ʩʪʝʢʦʤ 
ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʜʚʝ ʦʧʝʨʘʮʠʠ: push (ʧʨʦʪʘʣʢʠʚʘʥʠʝ ʜʘʥʥʳʭ ʚ ʩʪʝʢ) ʠ ʨʦʨ 
(ʚʳʪʘʣʢʠʚʘʥʠʝ ʜʘʥʥʳʭ ʠʟ ʩʪʝʢʘ). ɿʘʧʠʩʴ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʚ ʚʝʨʭʥʶʶ ʷʯʝʡʢʫ ʩʪʝʢʘ, 
ʧʨʠ ʵʪʦʤ ʚʩʷ ʭʨʘʥʷʱʘʷʩʷ ʚ ʩʪʝʢʝ ʠʥʬʦʨʤʘʮʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʪʘʣʢʠʚʘʝʪʩʷ ʥʘ 
ʦʜʥʫ ʧʦʟʠʮʠʶ ʚʥʠʟ. ʏʪʝʥʠʝ ʜʦʧʫʩʪʠʤʦ ʪʘʢʞʝ ʪʦʣʴʢʦ ʠʟ ʚʝʨʰʠʥʳ ʩʪʝʢʘ. 
ʀʟʚʣʝʯʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʫʜʘʣʷʝʪʩʷ ʠʟ ʩʪʝʢʘ, ʘ ʦʩʪʘʚʰʝʝʩʷ ʝʛʦ ʩʦʜʝʨʞʠʤʦʝ 
ʧʨʦʜʚʠʛʘʝʪʩʷ ʚʚʝʨʭ. ɺ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥʘʭ, ʛʜʝ ʨʝʘʣʠʟʦʚʘʥʘ ɸʉʂ ʥʘ ʙʘʟʝ 
ʩʪʝʢʘ (ʠʭ ʦʙʳʯʥʦ ʥʘʟʳʚʘʶʪ ʩʪʝʢʦʚʳʤʠ), ʦʧʝʨʘʥʜʳ ʧʝʨʝʜ ʦʙʨʘʙʦʪʢʦʡ ʧʦʤʝʱʘʶʪʩʷ 
ʚ ʜʚʝ ʚʝʨʭʥʠʭ ʷʯʝʡʢʠ ʩʪʝʢʦʚʦʡ ʧʘʤʷʪʠ. ʈʝʟʫʣʴʪʘʪ ʦʧʝʨʘʮʠʠ ʟʘʥʦʩʠʪʩʷ ʚ ʩʪʝʢ. 
ʇʨʠʤʝʨ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʥʮʠʧʘ ʜʝʡʩʪʚʠʷ ʩʪʝʢʦʚʦʡ ʤʘʰʠʥʳ ʤʦʞʥʦ ʥʘʡʪʠ ʚ [1] (ʩʪʨ. 

60 - 63) 

ʆʩʥʦʚʥʳʝ ʫʟʣʳ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʨʘʢʪʳ ʦʜʥʦʛʦ ʠʟ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ɺʄ 
ʥʘ ʦʩʥʦʚʝ ʩʪʝʢʦʚʦʡ ɸʉʂ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 2.5.  

 

ʈʠʩ. 2.5. ɸʨʭʠʪʝʢʪʫʨʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ ʥʘ ʙʘʟʝ ʩʪʝʢʘ  

ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ɸʉʂ ʥʘ ʙʘʟʝ ʩʪʝʢʘ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʢʨʘʱʝʥʠʷ 
ʯʘʩʪʠ ʢʦʤʘʥʜ, ʧʦʩʢʦʣʴʢʫ ʚʩʝ ʦʧʝʨʘʮʠʠ ʧʨʦʠʟʚʦʜʷʪʩʷ ʯʝʨʝʟ ʚʝʨʰʠʥʫ ʩʪʝʢʘ, ʪʦ ʝʩʪʴ  
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ʘʜʨʝʩʘ ʦʧʝʨʘʥʜʦʚ ʠ ʨʝʟʫʣʴʪʘʪ ʚ ʢʦʤʘʥʜʘʭ ʘʨʠʬʤʝʪʠʯʝʩʢʦʡ ʠ ʣʦʛʠʯʝʩʢʦʡ 
ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʫʢʘʟʳʚʘʪʴ ʥʝ ʥʫʞʥʦ. ʂʦʜ ʧʨʦʛʨʘʤʤʳ ʧʦʣʫʯʘʝʪʩʷ 
ʢʦʤʧʘʢʪʥʳʤ. ɼʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ ʨʝʘʣʠʟʫʝʪʩʷ ʜʝʢʦʜʠʨʦʚʘʥʠʝ ʢʦʤʘʥʜ. 
ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʪʝʢʦʚʘʷ ɸʉʂ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʧʘʤʷʪʠ, ʠʟ-ʟʘ ʯʝʛʦ ʢʦʤʧʠʣʷʪʦʨʫ ʪʨʫʜʥʦ ʩʦʟʜʘʪʴ 
ʵʬʬʝʢʪʠʚʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ, ʭʦʪʷ ʩʦʟʜʘʥʠʝ ʩʘʤʠʭ ʢʦʤʧʠʣʷʪʦʨʦʚ ʫʧʨʦʱʘʝʪʩʷ. 
ʂʨʦʤʝ ʪʦʛʦ, ʩʪʘʥʦʚʠʪʩʷ çʫʟʢʠʤ ʤʝʩʪʦʤè ɺʄ ʚ ʧʣʘʥʝ ʧʦʚʳʰʝʥʠʷ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 
ɺ ʩʠʣʫ ʫʧʦʤʷʥʫʪʳʭ ʧʨʠʯʠʥ, ʜʘʥʥʳʡ ʚʠʜ ɸʉʂ ʜʦʣʛʦʝ ʚʨʝʤʷ ʩʯʠʪʘʣʩʷ 

ʥʝʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠ ʚʩʪʨʝʯʘʣʩʷ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥʘʭ 
1960-ʭ ʛʦʜʦʚ.  
ʇʦʩʣʝʜʥʠʝ ʩʦʙʳʪʠʷ ʚ ʦʙʣʘʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʚʦʟʨʦʞʜʝʥʠʠ ʠʥʪʝʨʝʩʘ ʢ ʩʪʝʢʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ɺʄ. ʉʚʷʟʘʥʦ ʵʪʦ ʩ ʧʦʧʫʣʷʨʥʦʩʪʴʶ 
ʷʟʳʢʘ Java ʠ ʨʘʩʰʠʨʝʥʠʝʤ ʩʬʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʷʟʳʢʘ Forth, ʩʝʤʘʥʪʠʢʝ ʢʦʪʦʨʳʭ 
ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʘ ʠʤʝʥʥʦ ʩʪʝʢʦʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ. ʉʨʝʜʠ ʩʦʚʨʝʤʝʥʥʳʭ ɺʄ ʩʦ 
ʩʪʝʢʦʚʦʡ ɸʉʂ ʦʩʦʙʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʩʪʝʢʦʚʫʶ ʤʘʰʠʥʫ IGNITE ʢʦʤʧʘʥʠʠ Patriot 
Scientist, ʢʦʪʦʨʫʶ ʝʝ ʘʚʪʦʨʳ ʩʯʠʪʘʶʪ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʥʦʚʦʛʦ ʚʠʜʘ ɸʉʂ ð 
ʘʨʭʠʪʝʢʪʫʨʦʡ ʩ ʙʝʟʦʧʝʨʘʥʜʥʳʤ ʥʘʙʦʨʦʤ ʢʦʤʘʥʜ. ɼʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʪʘʢʠʭ ɺʄ ʦʥʠ 
ʧʨʝʜʣʘʛʘʶʪ ʘʙʙʨʝʚʠʘʪʫʨʫ ROSC (Removed Operand Set Computer). ROSC-
ʘʨʭʠʪʝʢʪʫʨʘ ʟʘʣʦʞʝʥʘ ʠ ʚ ʥʝʢʦʪʦʨʳʝ ʨʦʩʩʠʡʩʢʠʝ ʧʨʦʝʢʪʳ, ʥʘʧʨʠʤʝʨ ʨʘʟʨʘʙʦʪʢʠ 
ʀʊʌ çʊʝʭʥʦʬʦʨʪè. ʉʪʨʦʛʦ ʛʦʚʦʨʷ, ʧʦ ʩʚʦʝʡ ʩʫʪʠ ROSC ʤʘʣʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 
ʪʨʘʜʠʮʠʦʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʥʘ ʙʘʟʝ ʩʪʝʢʘ, ʠ ʚʳʜʝʣʝʥʠʝ ʝʝ ʚ ʦʪʜʝʣʴʥʳʡ ʚʠʜ 
ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝ ʚʧʦʣʥʝ ʦʙʦʩʥʦʚʘʥʥʳʤ.  

ɹʦʣʝʝ ʧʦʜʨʦʙʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʝʢʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʤʦʞʥʦ ʥʘʡʪʠ ʚ [1] (ʩʪʨ. 59 
ï 63). 

ɸʢʢʫʤʫʣʷʪʦʨʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ  

ɸʨʭʠʪʝʢʪʫʨʘ ʥʘ ʙʘʟʝ ʘʢʢʫʤʫʣʷʪʦʨʘ ʠʩʪʦʨʠʯʝʩʢʠ ʚʦʟʥʠʢʣʘ ʦʜʥʦʡ ʠʟ ʧʝʨʚʳʭ. ɺ ʥʝʡ 
ʜʣʷ ʭʨʘʥʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʦʧʝʨʘʥʜʦʚ ʘʨʠʬʤʝʪʠʯʝʩʢʦʡ ʠʣʠ ʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ ʚ 
ʧʨʦʮʝʩʩʦʨʝ ʠʤʝʝʪʩʷ ʚʳʜʝʣʝʥʥʳʡ ʨʝʛʠʩʪʨ ð ʘʢʢʫʤʫʣʷʪʦʨ. ɺ ʵʪʦʪ ʞʝ ʨʝʛʠʩʪʨ 
ʟʘʥʦʩʠʪʩʷ ʠ ʨʝʟʫʣʴʪʘʪ ʦʧʝʨʘʮʠʠ.  
ʊʠʧʠʯʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ɺʄ ʥʘ ʙʘʟʝ ʘʢʢʫʤʫʣʷʪʦʨʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.6.  

 
ʈʠʩ. 2.6. ɸʨʭʠʪʝʢʪʫʨʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ ʥʘ ʙʘʟʝ ʘʢʢʫʤʫʣʷʪʦʨʘ  
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ɼʣʷ ʟʘʛʨʫʟʢʠ ʚ ʘʢʢʫʤʫʣʷʪʦʨ ʩʦʜʝʨʞʠʤʦʛʦ ʷʯʝʡʢʠ ʭ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʢʦʤʘʥʜʘ 
ʟʘʛʨʫʟʢʠ load x. ʇʦ ʵʪʦʡ ʢʦʤʘʥʜʝ ʠʥʬʦʨʤʘʮʠʷ ʩʯʠʪʳʚʘʝʪʩʷ ʠʟ ʷʯʝʡʢʠ ʧʘʤʷʪʠ ʭ, 
ʚʳʭʦʜ ʧʘʤʷʪʠ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʚʭʦʜʘʤ ʘʢʢʫʤʫʣʷʪʦʨʘ ʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘʥʝʩʝʥʠʝ 
ʩʯʠʪʘʥʥʳʭ ʜʘʥʥʳʭ ʚ ʘʢʢʫʤʫʣʷʪʦʨ.  
ɿʘʧʠʩʴ ʩʦʜʝʨʞʠʤʦʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ ʚ ʷʯʝʡʢʫ ʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʤʘʥʜʦʡ 

ʩʦʭʨʘʥʝʥʠʷ store ʭ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʢʦʪʦʨʦʡ ʚʳʭʦʜʳ ʘʢʢʫʤʫʣʷʪʦʨʘ ʧʦʜʢʣʶʯʘʶʪʩʷ 
ʢ ʰʠʥʝ, ʧʦʩʣʝ ʯʝʛʦ ʠʥʬʦʨʤʘʮʠʷ ʩ ʰʠʥʳ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʧʘʤʷʪʴ.  
ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ ʚ ɸʃʋ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʯʠʪʳʚʘʥʠʝ ʦʜʥʦʛʦ ʠʟ 

ʦʧʝʨʘʥʜʦʚ ʠʟ ʧʘʤʷʪʠ ʚ ʨʝʛʠʩʪʨ ʜʘʥʥʳʭ. ɺʪʦʨʦʡ ʦʧʝʨʘʥʜ ʥʘʭʦʜʠʪʩʷ ʚ 
ʘʢʢʫʤʫʣʷʪʦʨʝ. ɺʳʭʦʜʳ ʨʝʛʠʩʪʨʘ ʜʘʥʥʳʭ ʠ ʘʢʢʫʤʫʣʷʪʦʨʘ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʚʭʦʜʘʤ ɸʃʋ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʧʨʝʜʧʠʩʘʥʥʦʡ ʦʧʝʨʘʮʠʠ ʨʝʟʫʣʴʪʘʪ 
ʩ ʚʳʭʦʜʘ ɸʃʋ ʟʘʥʦʩʠʪʩʷ ʚ ʘʢʢʫʤʫʣʷʪʦʨ.  
ɼʦʩʪʦʠʥʩʪʚʘʤʠ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ɸʉʂ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʢʦʨʦʪʢʠʝ ʢʦʤʘʥʜʳ ʠ 

ʧʨʦʩʪʦʪʫ ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʢʦʤʘʥʜ. ʆʜʥʘʢʦ ʥʘʣʠʯʠʝ ʚʩʝʛʦ ʦʜʥʦʛʦ ʨʝʛʠʩʪʨʘ 
ʧʦʨʦʞʜʘʝʪ ʤʥʦʛʦʢʨʘʪʥʳʝ ʦʙʨʘʱʝʥʠʷ ʢ ʦʩʥʦʚʥʦʡ ʧʘʤʷʪʠ. 
ɸʉʂ ʥʘ ʙʘʟʝ ʘʢʢʫʤʫʣʷʪʦʨʘ ʙʳʣʘ ʧʦʧʫʣʷʨʥʘ ʚ ʨʘʥʥʠʭ ɺʄ, ʪʘʢʠʭ, ʥʘʧʨʠʤʝʨ, ʢʘʢ 

IBM 7090, DEC PDP-8.  

ʈʝʛʠʩʪʨʦʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ  

ɺ ʤʘʰʠʥʘʭ ʜʘʥʥʦʛʦ ʪʠʧʘ ʧʨʦʮʝʩʩʦʨ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʘʩʩʠʚ ʨʝʛʠʩʪʨʦʚ 
(ʨʝʛʠʩʪʨʦʚʳʡ ʬʘʡʣ), ʠʟʚʝʩʪʥʳʭ ʢʘʢ ʨʝʛʠʩʪʨʳ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ (ʈʆʅ). ʕʪʠ 
ʨʝʛʠʩʪʨʳ, ʚ ʢʘʢʦʤ-ʪʦ ʩʤʳʩʣʝ, ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʷʚʥʦ ʫʧʨʘʚʣʷʝʤʳʡ ʢʵʰ 
ʜʣʷ ʭʨʘʥʝʥʠʷ ʥʝʜʘʚʥʦ ʠʩʧʦʣʴʟʦʚʘʚʰʠʭʩʷ ʜʘʥʥʳʭ.  
ʈʘʟʤʝʨ ʨʝʛʠʩʪʨʦʚ ʦʙʳʯʥʦ ʬʠʢʩʠʨʦʚʘʥ ʠ ʩʦʚʧʘʜʘʝʪ ʩ ʨʘʟʤʝʨʦʤ ʤʘʰʠʥʥʦʛʦ 

ʩʣʦʚʘ. ʂ ʣʶʙʦʤʫ ʨʝʛʠʩʪʨʫ ʤʦʞʥʦ ʦʙʨʘʪʠʪʴʩʷ, ʫʢʘʟʘʚ ʝʛʦ ʥʦʤʝʨ. ʂʦʣʠʯʝʩʪʚʦ ʈʆʅ ʚ 
ʘʨʭʠʪʝʢʪʫʨʘʭ ʪʠʧʘ CISC ʦʙʳʯʥʦ ʥʝʚʝʣʠʢʦ (ʦʪ 8 ʜʦ 32), ʠ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 
ʥʦʤʝʨʘ ʢʦʥʢʨʝʪʥʦʛʦ ʨʝʛʠʩʪʨʘ ʥʝʦʙʭʦʜʠʤʦ ʥʝ ʙʦʣʝʝ ʧʷʪʠ ʨʘʟʨʷʜʦʚ, ʙʣʘʛʦʜʘʨʷ 
ʯʝʤʫ ʚ ʘʜʨʝʩʥʦʡ ʯʘʩʪʠ ʢʦʤʘʥʜ ʦʙʨʘʙʦʪʢʠ ʜʦʧʫʩʪʠʤʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʢʘʟʘʪʴ 
ʥʦʤʝʨʘ ʜʚʫʭ, ʘ ʟʘʯʘʩʪʫʶ ʠ ʪʨʝʭ ʨʝʛʠʩʪʨʦʚ (ʜʚʫʭ ʨʝʛʠʩʪʨʦʚ ʦʧʝʨʘʥʜʦʚ ʠ ʨʝʛʠʩʪʨʘ 
ʨʝʟʫʣʴʪʘʪʘ). RISC-ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ 
ʙʦʣɹh ʝʛʦ ʯʠʩʣʘ ʈʆʅ (ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ), ʦʜʥʘʢʦ ʪʠʧʠʯʥʘʷ ʜʣʷ ʪʘʢʠʭ ɺʄ ʜʣʠʥʘ 
ʢʦʤʘʥʜʳ (ʦʙʳʯʥʦ 32 ʨʘʟʨʷʜʘ) ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʚ ʢʦʤʘʥʜʝ ʜʦ ʪʨʝʭ ʨʝʛʠʩʪʨʦʚ.  
ʈʝʛʠʩʪʨʦʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʜʦʧʫʩʢʘʝʪ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʧʝʨʘʥʜʦʚ ʚ ʦʜʥʦʡ ʠʟ ʜʚʫʭ 

ʟʘʧʦʤʠʥʘʶʱʠʭ ʩʨʝʜ: ʦʩʥʦʚʥʦʡ ʧʘʤʷʪʠ ʠʣʠ ʨʝʛʠʩʪʨʘʭ. ʉ ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʦʛʦ 
ʨʘʟʤʝʱʝʥʠʷ ʦʧʝʨʘʥʜʦʚ ʚ ʨʘʤʢʘʭ ʨʝʛʠʩʪʨʦʚʳʭ ɸʉʂ ʚʳʜʝʣʷʶʪ ʪʨʠ ʧʦʜʚʠʜʘ ʢʦʤʘʥʜ 
ʦʙʨʘʙʦʪʢʠ:  

Å ʨʝʛʠʩʪʨ-ʨʝʛʠʩʪʨ;  
Å ʨʝʛʠʩʪʨ-ʧʘʤʷʪʴ;  
Å ʧʘʤʷʪʴ-ʧʘʤʷʪʴ.  
ɺ ʚʘʨʠʘʥʪʝ çʨʝʛʠʩʪʨ-ʨʝʛʠʩʪʨè ʦʧʝʨʘʥʜʳ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʪʦʣʴʢʦ ʚ ʨʝʛʠʩʪʨʘʭ. 

ɺ ʥʠʭ ʞʝ ʟʘʩʳʣʘʝʪʩʷ ʠ ʨʝʟʫʣʴʪʘʪ. ʇʦʜʪʠʧ çʨʝʛʠʩʪʨ-ʧʘʤʷʪʴè ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ 
ʦʜʠʥ ʠʟ ʦʧʝʨʘʥʜʦʚ ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʨʝʛʠʩʪʨʝ, ʘ ʚʪʦʨʦʡ ʚ ʦʩʥʦʚʥʦʡ ʧʘʤʷʪʠ. 
ʈʝʟʫʣʴʪʘʪ ʦʙʳʯʥʦ ʟʘʤʝʱʘʝʪ ʦʜʠʥ ʠʟ ʦʧʝʨʘʥʜʦʚ. ɺ ʢʦʤʘʥʜʘʭ ʪʠʧʘ çʧʘʤʷʪʴ-
ʧʘʤʷʪʴè ʦʙʘ ʦʧʝʨʘʥʜʘ ʭʨʘʥʷʪʩʷ ʚ ʦʩʥʦʚʥʦʡ ʧʘʤʷʪʠ. ʈʝʟʫʣʴʪʘʪ ʟʘʥʦʩʠʪʩʷ ʚ 
ʧʘʤʷʪʴ. ʂʘʞʜʦʤʫ ʠʟ ʚʘʨʠʘʥʪʦʚ ʩʚʦʡʩʪʚʝʥʥʳ ʩʚʦʠ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. 
ʌʦʨʤʘʪ çʨʝʛʠʩʪʨ-ʨʝʛʠʩʪʨè ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥʘʭ 

ʪʠʧʘ RISC. ʂʦʤʘʥʜʳ ʪʠʧʘ çʨʝʛʠʩʪʨ-ʧʘʤʷʪʴè ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ CISC-ʤʘʰʠʥ. 
ʅʘʢʦʥʝʮ, ʚʘʨʠʘʥʪ çʧʘʤʷʪ-ɹʧʘʤʷʪʴè ʩʯʠʪʘʝʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʳʤ, ʭʦʪʷ ʠ ʦʩʪʘʝʪʩʷ ʚ 
ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʭ ʤʦʜʝʣʷʭ ʤʘʰʠʥ ʢʣʘʩʩʘ CISC.  
  



47 

 

ɺʦʟʤʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʨʘʢʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ ʩ 
ʨʝʛʠʩʪʨʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ ʩʠʩʪʝʤʳ ʢʦʤʘʥʜ ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʠʩ. 2.7.  
ʆʧʝʨʘʮʠʠ ʟʘʛʨʫʟʢʠ ʨʝʛʠʩʪʨʦʚ ʠʟ ʧʘʤʷʪʠ ʠ ʩʦʭʨʘʥʝʥʠʷ ʩʦʜʝʨʞʠʤʦʛʦ ʨʝʛʠʩʪʨʦʚ ʚ 

ʧʘʤʷʪʠ ʠʜʝʥʪʠʯʥʳ ʪʘʢʠʤ ʞʝ ʦʧʝʨʘʮʠʷʤ ʩ ʘʢʢʫʤʫʣʷʪʦʨʦʤ. ʆʪʣʠʯʠʝ ʩʦʩʪʦʠʪ ʚ ʵʪʘʧʝ 
ʚʳʙʦʨʘ ʥʫʞʥʦʛʦ ʨʝʛʠʩʪʨʘ, ʦʙʝʩʧʝʯʠʚʘʝʤʦʛʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʩʝʣʝʢʪʦʨʘʤʠ.  

 
ʈʠʩ. 2.7. ɸʨʭʠʪʝʢʪʫʨʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ ʥʘ ʙʘʟʝ ʨʝʛʠʩʪʨʦʚ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ 

ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʨʝʛʠʩʪʨʦʚʳʭ ɸʉʂ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ: ʢʦʤʧʘʢʪʥʦʩʪʴ ʧʦʣʫʯʘʝʤʦʛʦ 
ʢʦʜʘ, ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ ʟʘ ʩʯʝʪ ʟʘʤʝʥʳ ʦʙʨʘʱʝʥʠʡ ʢ ʦʩʥʦʚʥʦʡ 
ʧʘʤʷʪʠ ʥʘ ʦʙʨʘʱʝʥʠʷ ʢ ʙʳʩʪʨʳʤ ʨʝʛʠʩʪʨʘʤ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʘʥʥʘʷ 
ʘʨʭʠʪʝʢʪʫʨʘ ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʜʣʠʥʥʳʭ ʢʦʤʘʥʜ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ 
ʘʨʭʠʪʝʢʪʫʨʦʡ. 

ɺ ʥʘʰʠ ʜʥʠ ʵʪʦʪ ʚʠʜ ʘʨʭʠʪʝʢʪʫʨʳ ʩʠʩʪʝʤʳ ʢʦʤʘʥʜ ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʣʘʜʘʶʱʠʤ, 
ʚ ʯʘʩʪʥʦʩʪʠ ʪʘʢʫʶ ɸʉʂ ʠʤʝʶʪ ʩʦʚʨʝʤʝʥʥʳʝ ʧʝʨʩʦʥʘʣʴʥʳʝ ʢʦʤʧʴʶʪʝʨʳ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʩ ʚʳʜʝʣʝʥʥʳʤ ʜʦʩʪʫʧʦʤ ʢ ʧʘʤʷʪʠ  

ɺ ʘʨʭʠʪʝʢʪʫʨʝ ʩ ʚʳʜʝʣʝʥʥʳʤ ʜʦʩʪʫʧʦʤ ʢ ʧʘʤʷʪʠ ʦʙʨʘʱʝʥʠʝ ʢ ʦʩʥʦʚʥʦʡ ʧʘʤʷʪʠ 
ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʩʧʝʮʠʘʣʴʥʳʭ ʢʦʤʘʥʜ: load ʠ store. ɺ ʘʥʛʣʠʡʩʢʦʡ 
ʪʨʘʥʩʢʨʠʧʮʠʠ ʜʘʥʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʥʘʟʳʚʘʶʪ Load/Store architecture. ʂʦʤʘʥʜʘ load 
(ʟʘʛʨʫʟʢʘ) ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʯʠʪʳʚʘʥʠʝ ʟʥʘʯʝʥʠʷ ʠʟ ʦʩʥʦʚʥʦʡ ʧʘʤʷʪʠ ʠ ʟʘʥʝʩʝʥʠʝ ʝʛʦ 
ʚ ʨʝʛʠʩʪʨ ʧʨʦʮʝʩʩʦʨʘ (ʚ ʢʦʤʘʥʜʝ ʦʙʳʯʥʦ ʫʢʘʟʳʚʘʝʪʩʷ ʘʜʨʝʩ ʷʯʝʡʢʠ ʧʘʤʷʪʠ ʠ 
ʥʦʤʝʨ ʨʝʛʠʩʪʨʘ). ʇʝʨʝʩʳʣʢʘ ʠʥʬʦʨʤʘʮʠʠ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 
ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʦʤʘʥʜʦʡ store (ʩʦʭʨʘʥʝʥʠʝ). ʆʧʝʨʘʥʜʳ ʚʦ ʚʩʝʭ ʢʦʤʘʥʜʘʭ 
ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʪʦʣʴʢʦ ʚ ʨʝʛʠʩʪʨʘʭ ʧʨʦʮʝʩʩʦʨʘ (ʯʘʱʝ 
ʚʩʝʛʦ ʚ ʨʝʛʠʩʪʨʘʭ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ). ʈʝʟʫʣʴʪʘʪ ʦʧʝʨʘʮʠʠ ʪʘʢʞʝ ʟʘʥʦʩʠʪʩʷ ʚ 
ʨʝʛʠʩʪʨ. ɺ ʘʨʭʠʪʝʢʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ ʢʦʤʘʥʜʳ ʦʙʨʘʙʦʪʢʠ, ʜʦʧʫʩʢʘʶʱʠʝ ʧʨʷʤʦʝ 
ʦʙʨʘʱʝʥʠʝ ʢ ʦʩʥʦʚʥʦʡ ʧʘʤʷʪʠ. ɼʦʧʫʩʢʘʝʪʩʷ ʥʘʣʠʯʠʝ ʚ ɸʉʂ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʯʠʩʣʘ 
ʢʦʤʘʥʜ, ʛʜʝ ʦʧʝʨʘʥʜ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʢʦʜʘ ʢʦʤʘʥʜʳ.  
ɸʉʂ ʩ ʚʳʜʝʣʝʥʥʳʤ ʜʦʩʪʫʧʦʤ ʢ ʧʘʤʷʪʠ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʚʩʝʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʤʘʰʠʥ ʩ RISC-ʘʨʭʠʪʝʢʪʫʨʦʡ. ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ɸʉʂ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʧʨʦʩʪʦʪʫ 
ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʠ ʠʩʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜʳ.  

ɼʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʘʨʭʠʪʝʢʪʫʨʘʭ ʢʦʤʘʥʜ ʤʦʞʥʦ 
ʥʘʡʪʠ  ʚ [1] (ʩʪʨ. 57 ï 67). 

  


