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   ˗̨̨̑̒̐̆  
 
 
 
 
 
 

ʉʦשrס ʞʳʣʜʘʨʜʘ ᴅʣʝʤʜʽʢ ʘץʧʘʨʘʪʪʳץ-ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ʨʝʩʫʨʩʪʘʨ ʤʝʥ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש ʭʘʣʳץ ʧʝʥ ʝʣʜʝʨʜʽש ᴅʣʝʫʤʝʪʪʽʢ ʞᴅʥʝ ʵʢʦʥʦʤʠʢʘʣʳץ 

ʜʘʤʫʳʥʘ ᴅʩʝʨʽ ʘʡʪʘʨʣʳץʪʘʡ ʢhװ ʝʡʜʽ. ᴄʣʝʤ ʞʘשʘ ץʦסʘʤ ʪʠʧʽʥʝ  ʢᴇh ʫ 

ʢʝʟʝ̔ש ʥʝ ï ʘץʧʘʨʘʪʪʳץ ʢʝʟʝשʛʝ ᴇʪʪʽ. ɸץʧʘʨʘʪʪʳץ (ʧʦʩʪʠʥʜʫʩʪʨʠʷʣʜʳ) ץʦסʘʤ 

ï ʙײʣ ᴇʟ ʢʝʟʝʛʽʥʜʝ ʘʛʨʘʨʣʳץ ʞװʡʝʥʽ ʰʝʪʪʝʪʢʝʥ ʘrס ʤʜʘrס  ʠʥʜʫʩʪʨʠʷʣʜʳ 
ʞװʡʝʥʽ ʘʣʤʘʩʪʳʨʘʪʳʥ, ʘʜʘʤʜʘʨ ᴇʤʽʨʽʥ ʞʘשʘ ᴅʣʝʫʤʝʪʪʽʢ-ʪʝʭʥʦʣʦʛʠʷʣʳץ 

 .ʡʳʤʜʘʩ-ʪʳʨʫײ

ʇʦʩʪʠʥʜʫʩʪʨʠʷʣʜʳ ץʦסʘʤʥrש ʢᴇʨʽʥʫʽ ʞʳʣʜʘʥ ʞʳʣסʘ ʘʥʳrס ʨʘץ ʙʦʣʳʧ 
ʢʝʣʝʜʽ: 

Á ʘʜʘʤʜʘʨ rץ ʟʤʝʪʽʥʽש ʤᴅʣʽʤʝʪʪʝʨʜʽ ᴇשʜʝʫʛʝ, ʘץʧʘʨʘʪץʘ ʞᴅʥʝ  ʢᴅʩʽʧʦʨʳʥ 

ʤʝʥ ʤʝʢʝʤʝʣʝʨʜʽ, ʪʽʧʪʽ ʤʝʤʣʝʢʝʪʪʝʨʜʽ ʜʝ ʵʣʝʢʪʨʦʥʜʳ ʙʘʩץʘʨʫסʘ 

ʙʘʡʣʘʥʳʩʪʳ ʙʘrס ʪʪʘʨʳ ʝʩʝʣʝʥʫʜʝ; 

Á ʘʜʘʤʟʘʪ ץʦסʘʤʳʥʳש ʙʘʨʣʳץ ʩʘʣʘʣʘʨʳʥʜʘ ʘץʧʘʨʘʪ ʞᴅʥʝ ʦʥʳץ שʦʣʜʘʥʳʣʫ 

ʞʳʣʜʘʤʜʳrס  ʥʝʛʽʟʛʽ ʨᴇʣʜʽ ʘʪץʘʨʘʜʳ; 

Á ʘʜʘʤʜʘʨʜʳש ᴇʤʽʨʽ ʘʨʘץʘʰrץʪrץʪʘʥ ʘץʧʘʨʘʪʪʳץ ץʘʪʳʥʘʩ ʞʘʩʘʫסʘ ʦʜʘʥ 
ʘʨʳ ʜʘʤʳʧ ʢʝʣʝʜʽ; 

Á ץʘʰrץʪʘrס  ʘץʧʘʨʘʪʪʳץ rץ ʟʤʝʪʪʝʨʜʽש ʞʘשʘ ʪװʨʣʝʨʽ ʪʘʨʘʣʫʜʘ: 

ʛʫʤʘʥʠʪʘʨʣʳ (ʙʽʣʽʤ ʙʝʨʫ, ʜʝʥʩʘʫʣʳץ ʩʘץʪʘʫ, ᴅʣʝʫʤʝʪʪʽʢ rץ ʟʤʝʪʪʝʨ); 

ʢᴅʩʽʙʠ (ᴇʥʜʽʨʽʩ ʧʝʥ ץʘʨʞʳʣʘʥʜʳʨʫʜʳ ʙʘסʜʘʨʣʘʤʘʣʘʫ, ʪʘʣʜʘʫ ʞᴅʥʝ 

ʞʦʩʧʘʨʣʘʫ); 

Á ʵʢʦʥʦʤʠʢʘʥʳ ץʘʡʪʘ ײʡʳʤʜʘʩʪʳʨʫ ʞᴅʥʝ ᴇʪʝ װʣʢʝʥ ʢᴇʣʝʤʜʽ ʠʥʬʦʨʤʘ- 
ʮʠʷʣʘʨ ץʘʪʳʩʪʳʨʳʣʘʪʳʥ ʞʘשʘ ʞʦסʘʨʳ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʘʨʥʘʡʳ ᴇʥʜʽʨʽʩ- 

ʪʝʨʛʝ ʢᴇh ʫ ʞװʨʫʜʝ. 

ʕʢʦʥʦʤʠʢʘ ʝש ʘʣʜʳʤʝʥ ʪʘʙʠסʠ ʨʝʩʫʨʩʪʘʨ ʤʝʥ ʤʘʪʝʨʠʘʣʜʳץ ᴇʥʜʽʨʽʩʪʝ 

סʘ, rסʪʳ ʠʝ ʙʦʣʫץץrײץ ץʘ ʪʦʣʳץʧʘʨʘʪץʘʥʘ ʝʤʝʩ, ʘס ʣʳʤʠ-ʪʝʭʥʠʢʘʣʳץ 

ʙʽʣʽʤʜʝʨʜʽ ץʦʣʜʘʥʫ ʞᴅʥʝ ʘץʧʘʨʘʪʪʳץ rץ ʟʤʝʪʪʝʨʜʽ ײʩʳʥʫסʘ ʜʘ ʥʝʛʽʟʜʝʣʝʜʽ. 

ᴄʣʝʤʜʽʢ ʪʝʥʜʝʥʮʠʷʣʘʨ ʘץʧʘʨʘʪʪʳש ʜᴅʩʪװʨʣʽ ʰʠʢʽʟʘʪʪʳש ʞᴅʥʝ ʵʥʝʨʛʝʪʠ- 

ʢʘʣʳץ ʨʝʩʫʨʩʪʘʨʜʳש ʙʘסʘʣrץ ץʘʪʘʨʳʥʘ ʢʽʨʛʝʥʽʥʝ ʢʫᴅ. ɾʳʣʜʘʥ ʞʳʣסʘ 

ʘץʧʘʨʘʪʪʳץ rץ ʟʤʝʪʪʝʨ ʤʝʥ ʙʘסʜʘʨʣʘʤʘʣʳץ ʞʘʩʘץʪʘʤʘʣʘʨ ʥʘʨʳrס ʥrש ʢᴇʣʝʤʽ 

ᴇʩʫʜʝ. 

 ,ᴅʣʝʫʤʝʪʪʽʢ שʙʝʣʩʝʥʜʽ ʙᴇʣʽʛʽʥʽ שʪrץʨʝʩʫʨʩʪʘʨ ʭʘʣʳ ץʧʘʨʘʪʪʳץʘ ץʣʪʪʳױ

ʩʘʷʩʠ ʞᴅʥʝ ʵʢʦʥʦʤʠʢʘʣʳץ ʟʠʷʪʢʝʨʣʽʢ rץ ʟʤʝʪʽʥʽש ʤʘrש ʟʜʳ ᴇʥʽʤʽ ʞᴅʥʝ 

ʢᴇʧʪʝʛʝʥ ʤʝʤʣʝʢʝʪʪʝʨʜʽש ʤʘץʩʘʪʪʘʨʳʥʘ ץʦʣ ʞʝʪʢʽʟʫʜʽץ שʫʘʪʪʳ ץʘʨʫʳ ʙʦʣʜʳ. 
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ɹײʣ ᴇʤʽʨʣʽʢ ʤʘrש ʟʜʳ ʨʝʩʫʨʩʪʘʨʜʳ ʩʘʫʘʪʪʳ װʣʝʩʪʽʨʫ, ײʣʪʪʳץ ʞᴅʥʝ ʭʘʣʳץʘ- 
ʨʘʣʳץ ʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʫ hװ ʽʥ ʦʣʘʨʜʳ rץ ʩץʘʤʝʨʟʽʤʜʽ ʞᴅʥʝ ײʟʘץʤʝʨʟʽʤʜʽ 

ʞʦʩʧʘʨʤʝʥ ʙʘrץ ʣʘʫ ʞᴅʥʝ ʙʘʩץʘʨʫ ʈʝʩʝʡ hװ ʽʥ ʜʝ ᴇʪʝ ʤʘrש ʟʜʳ ʤᴅʩʝʣʝ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. 

ʕʣʝʢʪʨʦʥʜʳ ʝʩʝʧʪʝʫʽʰ ʤʘʰʠʥʘʣʘʨʜʘ ʜʘ ʩʘץʪʘʣʘʪʳʥ ʘץʧʘʨʘʪ ʙײʨʳʥʥʘʥ 
 ʙʽʣʽʤʽʥʝ שʘʣʘʨʜʳץʠʛʽʣʽʢʢʝ ʘʡʥʘʣʜʳ, ʩʦʣ ʩʝʙʝʧʪʽ ᴅʣʝʤʜʝ ʙʘʩ ץʣʪʪʳײ

װʦʣʞʝʪʽʤʜʽʣʽʢ hץ ʽʥ װʟʜʽʢʩʽʟ ʢװʨʝʩ ï ʘץʧʘʨʘʪʪʳץ ʩʦrס ʩ ʙʦʣʳʧ ʞʘʪʳʨ. ɹʘʩץʘ 

ʝʣʜʝʨʜʽש ʤʝʤʣʝʢʝʪʪʽʢ ײץʨʳʣʳʤʳʥʳש, rץ ʣʤʳʩʪʳץ ʪʦʧʪʘʨʜʳש, ʞʝʢʝ 

ʭʘʢʝʨʣʝʨʜʽש ʘץʧʘʨʘʪʪʳץ ץʘʨʫʳʥʳש ʈʝʩʝʡʜʽש ʪʝʭʥʠʢʘʣʳץ ץʘʨʫʳ ʤʝʥ 

ʢᴇʧײʣʪʪʳ ʭʘʣrץ ʥʘ ʘʡrץ ʥ ʞᴅʥʝ ʞʘʩʳʨʳʣסʘʥ ʤʘץʩʘʪʪʳ ᴅʨʝʢʝʪʪʝʨʽ ʞʘʣסʘʥ 

ʘץʧʘʨʘʪ ʙʝʨʫ, ײʨʣʘʫ, ʞʝʢʝ ʬʘʡʣʜʘʨʜʳ, ʤᴅʣʽʤʝʪʪʝʨ ʙʘʟʘʩʳʥ ʞʦʶ ʥʝʤʝʩʝ ʞʝʢʝ 

ʘץʧʘʨʘʪʪʘʨʜʳ ʭʘʣʳץץʘ ʪʘʨʘʪʫ ʙʦʡʳʥʰʘ ʽʰʢʽ ʞᴅʥʝ ʩʳʨʪrץ  ʘʫʽʧʪʝʨʜʽץ 
ʪʫʜʳʨʘʜʳ. ʈʝʩʝʡʜʝʛʽ ʰʝʢʪʝʫʣʽ ץʦʣʞʝʪʽʤʜʽʣʽʢʪʽ ʘץʧʘʨʘʪʪʳש ʢʝʧʽʣʜʽʢʪʽ 

 ʘʨʥʘʡʳ ץʘʥʘ ʝʤʝʩ, ʩʦʥʜʘʡ-ʘס ʥʘʤʘʣʘʨʤʝʥשʘʥʳʩʳ ʪʝʢ ʤʝʤʣʝʢʝʪʪʽʢ ʟʘסʦʨץ

ʘʧʧʘʨʘʪʪʳ-ʙʘסʜʘʨʣʘʤʘʣʳײץ ץʨʘʣʜʘʨʤʝʥ, ʩʦʥʳש ʽʰʽʥʜʝ ʤᴅʣʽʤʝʪʪʝʨʜʽ ᴅʨʪװʨʣʽ 

 .ʘʤʪʘʤʘʩʳʟ ʝʪʽʣʝʜʽץ ʧʠʷʣʘʥʜʳʨʫʤʝʥײץ ʙʘʣʘʨʤʝʥשʪʘ ץʧʠʷʣʳײץ

ʄᴅʣʽʤʝʪʪʝʨʜʽ (ʘʰʳץ ʞᴅʥʝ ʰʝʢʪʝʫʣʽ ץʦʣʞʝʪʽʤʜʽʣʽʢʪʽ) ʞʘʩʘʫסʘ, ʩʘץʪʘʫסʘ, 
ᴇשʜʝʫʛʝ ʞᴅʥʝ ʪײʪʳʥʫʰʳʣʘʨסʘ ʘץʧʘʨʘʪʪʳ ײʩʳʥʫ ʤʝʥ ʞʝʪʢʽʟʫʜʽש ʵʬʬʝʢʪʠʚʪʽ 

ᴅʜʽʩʪʝʨʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʟʘʤʘʥʘʫʠ ʘץʧʘʨʘʪʪʳץ- 

ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ (ɸʂʊ) ץʦסʘʤʜrץ rץ ʟʤʝʪʪʽש ʙʘʨʣʳץ 

ʩʘʣʘʣʘʨʳʥʳש ʵʬʬʝʢʪʠʚʪʽʣʽʛʽʥ ʢᴇʪʝʨʫʜʽש ʤʘrש ʟʜʳ ײץʨʘʣʳ ʞᴅʥʝ ʈʝʩʝʡʜʽש 

ʪʘʙʳʩʪʳ ʵʢʦʥʦʤʠʢʘʣʳץ ʞᴅʥʝ ץʘʫʽʧʩʽʟ ʜʘʤʫʳʥʳש ʬʘʢʪʦʨʣʘʨʳʥʳש ʙʽʨʽ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. 

ɸʂʊ-ʥrש ʝʥʛʽʟʽʣʫ ʞᴅʥʝ ʞʘʧʧʘʡ ʪʘʨʘʣʫʳʥʳש ʝʩʝʙʽʥʝʥ, ʘʟʘʤʘʪʪʘʨʜʳש 

ʘץʧʘʨʘʪץʘ ʘʰrץ ץʦʣʞʝʪʽʤʜʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ, ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ 

ʙʦʡʳʥʰʘ ʤʘʤʘʥʜʘʨʜʳ ʜʘʡʳʥʜʘʫ ʤʝʥ ʪײʪʳʥʫʰʳʣʘʨʜʳ ʢᴇʙʝʡʪʫ ʝʩʝʙʽʥʝʥ 

ʈʝʩʝʡʜʝ ʵʢʦʥʦʤʠʢʘʣʳץ, ʤʝʤʣʝʢʝʪʪʽʢ ʞᴅʥʝ ʤʫʥʠʮʠʧʘʣʜʳ ʙʘʩץʘʨʫ ʥᴅʪʠʞʝ- 

ʣʽʣʽʛʽʥ ʢᴇʪʝʨʫ çʕʣʝʢʪʨʦʥʜʳ ʈʝʩʝʡè ʌʝʜʝʨʘʣʜʳ ʤʘץʩʘʪʪʳ ʙʘסʜʘʨʣʘʤʘʩʳʥʜʘ 

ʢᴇʨʽʥʽʩ ʪʘʧʪʳ. 
ɹʝʨʽʣʛʝʥ ײʣʪʪʳץ ʙʘסʜʘʨʣʘʤʘ ʢʝʣʝʩʽ ʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʫʜʽ ץʘʨʘʩʪʳʨʘʜʳ: 

Á ʈʌ ʂʦʥʩʪʠʪʫʮʠʷʩʳʥʜʘ ʢʝʧʽʣʜʝʥʜʽʨʽʣʛʝʥ ʘʟʘʤʘʪʪʘʨʜʳש ʞʝʢʝ ʤᴅʣʽʤʝʪ- 

ʪʝʨʽʥʽש ʞʘʩʳʨʳʣʫʳʥ, ʝʣʜʽש ʘץʧʘʨʘʪʪʳץ ץʘʫʽʧʩʽʟʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ 

ʩײʨʘץʪʘʨʳʥ ʨʝʪʪʝʡʪʽʥ ɸʂʊ-ʥrש ʵʬʬʝʢʪʠʚʪʽ ʥʦʨʤʘʪʠʚʪʽ-ײץrץץʪrץ ʙʘʟʘ- 

ʩʳʥrש ʞʘʩʘʣʫʳ; 

Á ʟʘʤʘʥʘʫʠ ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ץʦʣʜʘʥʫ ʥʝʛʽʟʽʥʜʝ ᴇʢʽʤʝʪ ʦʨʛʘʥ- 
ʜʘʨʳ ʞᴅʥʝ ʰʘʨʫʘʰʳʣʳץ ʩʫʙʲʝʢʪʽʣʝʨʽ ʤʝʥ ʘʟʘʤʘʪʪʘʨʜʳש ʵʣʝʢʪʨʦʥʜʳ 

 ;ʘʤʪʘʤʘʩʳʟ ʝʪʫץ ʵʬʬʝʢʪʠʚʪʽʣʽʛʽʥ שʘʪʳʥʘʩʳʥʳץ-ʘʨʳʤץ

Á ʵʢʦʥʦʤʠʢʘʜʘ ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ץʦʣʜʘʥʫʜʳש ʢᴇʣʝʤʜʽʣʽʛʽʥ 

ʞᴅʥʝ ʵʬʬʝʢʪʠʚʪʽʣʽʛʽʥ ʢᴇʙʝʡʪʫ ʰʘʨʪʪʘʨʳʥ ʞʘʩʘʫ; 

Á ɸʂʊ ʙʘʟʘʩʳʥʜʘ ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽʥ ʤʦʜʝʨʥʠʟʘʮʠʷʣʘʫ  ʝʩʝʙʽʥʝʥ 

ʢʘʜʨʣʘʨʜʳ ʜʘʡʳʥʜʘʫ ʞᴅʥʝ ʘʣʜʳʥ-ʘʣʘ ʜʘʡʳʥʜʘʫ ʜʝשʛʝʡʽʥ ᴇʩʽʨʫ; 
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Á ʢᴅʩʽʧʦʨʳʥʜʘʨʜʳײ ,שʡʳʤʜʘʨ ʤʝʥ ʘʟʘʤʘʪʪʘʨʜʳש ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ 
ʞʝʣʽʣʝʨʛʝ, ʦʨʪʘץ ץʦʣʞʝʪʽʤʜʽʣʽʢʪʽ ʢʽʪʘʧʭʘʥʘʣʘʨ ʤʝʥ ʤᴅʣʽʤʝʪʪʝʨ ʙʘʟʘʣʘ- 

ʨʳʥʘ, rס ʣʳʤʠ-ʪʝʭʥʠʢʘʣʳץ ʘץʧʘʨʘʪ ʘʨʭʠʚʪʝʨʽʥʝ ʘʨʥʘʣסʘʥ ʢᴇʧʰʽʣʽʢ ץʦʣ- 

ʞʝʪʽʤʜʽʣʽʢ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘʩʳʥʳש ʜʘʤʫʳ. 

ɸʂʊ ʩʘʣʘʩʳʥʜʘrס  ʢᴅʩʽʙʠ ʙʽʣʽʤ ʙʝʨʫʜʽ ʜʘʤʳʪʫ ʙʘסʜʘʨʣʘʤʘʥʳש ʪʝʢ 
ʤʘץʩʘʪʳ ʙʦʣʳʧ ץʘʥʘ ʪʘʙʳʣʤʘʡ, ʩʦʥʜʘʡ-ʘץ ʦʥrש ʙʘʨʣʳץ ʢʦʤʧʦʥʝʥʪʪʝʨʽʥʽש 

ʜʘʤʫ ʰʘʨʪʳ ʙʦʣʘ ʦʪʳʨʳʧ, ʦʥʳש ʙʘʩʳʤʜʳʣʳץʪʘʨʳʥʳײץ שʨʘʤʳʥʘ ʢʽʨʝʜʽ. 

ɾʘשʘ ʩʘʥʜʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש ᴅʩʝʨʽ ץʦסʘʤ rץ ʟʤʝʪʽ ʤʝʥ ʞʝʢʝ ʘʜʘʤʜʘʨ- 

ʜrש ʙʘʨʣʳץ ʙʘrס ʪʪʘʨʳʥʘ ᴅʩʝʨ ʝʪʝʜʽ. ʆʩʳ ʪʝʭʥʦʣʦʛʠʷʣʘʨʤʝʥ ײץʨʘʩʪʳʨʳʣסʘʥ 

ʵʣʝʢʪʨʦʥʜʳ ʝʩʝʧʪʝʫʽʰ ʤʘʰʠʥʘʣʘʨ ᴇʟʽʥʽש ʜʘʤʫʳʥʳײ שʟʘץ ʪʘʨʠʭʠ ʞᴅʥʝ 

ʵʚʦʣʶʮʠʦʥʜʳ ʞʦʣʳʥ ᴇʪʪʽ. ʆʣʘʨ ʘץʧʘʨʘʪʪʳ ײʞʳʤʜrץ ʞᴅʥʝ ʜʝʨʙʝʩ ᴇשʜʝʫʜʽש 

ʪʝʟ, ʩʝʥʽʤʜʽ ʞᴅʥʝ ʵʬʬʝʢʪʠʚʪʽ ʵʣʝʢʪʨʦʥʜʳ ʝʩʝʧʪʝʫʽʰ ײץʨʳʣrס ʣʘʨʳʥʘ 
ʘʡʥʘʣʜʳ. ɼʝʨʙʝʩ ʢʦʤʧʴʶʪʝʨ ʞʝʢʝ ʘʜʘʤʜʘʨ ʤʝʥ ʦʬʠʩ, ʤʝʢʝʤʝ ʞᴅʥʝ ʤʝʥʰʽʢ 

ʪװʨʽ ᴅʨʪװʨʣʽ ײʡʳʤʜʘʨʜʳש rץ ʟʤʝʪʢʝʨʣʝʨʽʥʽש ʝש ʢʝש ʪʘʨʘסʘʥ ײץʨʘʣʳʥʘ 

ʘʡʥʘʣʜʳ. 

çʕʣʝʢʪʨʦʥʜʳ ʝʩʝʧʪʝʫʽʰ ʤʘʰʠʥʘè, çʩʘʥʜʳץ ʝʩʝʧʪʝʫʽʰ ʤʘʰʠʥʘè, 

çʢʦʤʧʴʶ-ʪʝʨè ʪʝʨʤʠʥʜʝʨʽ ʭʘʣʳץʘʨʘʣʳץ ʙʦʣʜʳ ʞᴅʥʝ ʦʣʘʨ ʦʨʳʩ ʪʽʣʽʥʜʝ 
 .ʘʥסʘʙʳʣʜʘʥץ

ɼʝʨʙʝʩ ʕɽʄ (ɼʕɽʄ) ʩʠʷץʪʳ ʢװʨʜʝʣʽ ײץʨʘʣʜʳ ʜײʨʳʩ ʪʘשʜʘʫ hװ ʽʥ ʞᴅʥʝ 

ʵʬʬʝʢʪʠʚʪʽ ʵʢʩʧʣʫʘʪʘʮʠʷʣʘʫ hװ ʽʥ ץʦʣʜʘʥʫʰʳ ʙʘסʜʘʨʣʘʤʘʣʳײץ ץʨʘʣʜʘʨʜʳ 

סʨʳʣrײץ ʰʝʪʢʝʨʽ שʨʘʣʜʘʨʳʥʳײץ ʘʥʘ ʝʤʝʩ, ʕɽʄס ʦʣʜʘʥʫ ʙʦʡʳʥʰʘץ ʩʳʥʳש 

ʽʰʢʽ, ʩʳʨʪrץ  ʘʨʭʠʪʝʢʪʫʨʘʩʳ, ʦʣʘʨʜʳש ʘʧʧʘʨʘʪʪʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʫʳ ʞᴅʥʝ 

ʦʥrש ʞײʤʳʩ ʽʩʪʝʫʽʥʽש ʬʠʟʠʢʘʣʳװ ץʨʜʽʩʪʝʨʽ ʙʦʡʳʥʰʘ ץʘʞʝʪʪʽ ʞᴅʥʝ 

ʞʝʪʢʽʣʽʢʪʽ ʙʽʣʽʤʛʝ ʠʝ ʙʦʣʫ ʢʝʨʝʢ. 

ʇʨʦʮʝʩʩʦʨʣʘʨ ʤʝʥ ʞʘʜʳ ʢᴇʣʝʤʜʝʨʽʥʽש ᴇʥʽʤʜʽʣʽʛʽʥʽש, ʩʝʥʽʤʜʽʣʽʢʪʽש ᴇʩʫʽʥ 

ʞᴅʥʝ ʘʧʧʘʨʘʪʪʳ ײץʨʘʣʜʘʨʳʥʳש ʵʥʝʨʛʠʷ ʪײʪʳʥʫʳʥ ʪᴇʤʝʥʜʝʪʫʜʽ װʥʝʤʽ 

 -ʨʘʫʰʳ ʙᴇʣʽʢʪʝʨʽʥ ʤʠʢʨʦʤʠʥʠʘʪʶʨʠʟʘʮʠʷײץ שʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ɼʕɽʄ-ʥ̔ץ

ʣʘʫʤʝʥ ʝʩʝʧʪʝʫʽʰ ʞװʡʝʣʝʨʜʽ ʤʦʜʝʨʥʠʟʘʮʠʷʣʘʫ ʙʦʡʳʥʰʘ סʘʥʘ ʝʤʝʩ, ʩʦʥʜʘʡ- 

ʘץ ʙʘʩץʘ ʜʘ ʜʘʤʫʰʳ ʩʘʣʘʣʘʨסʘ: ʨʘʜʠʦʙʘʡʣʘʥʳʩ, ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʜʳ 
ʪʝʭʥʠʢʘ, ʙʘʩץʘʨʫ ʞװʡʝʣʝʨʽ ʞᴅʥʝ ʪ.ʙ. ʘʨʥʘʣʳʧ ʘʧʧʘʨʘʪʫʨʘ ײʨʧʘץʪʘʨʳʥʳש 

ᴅʨʪװʨʣʽ ʞʘשʘ ʪװʨʣʝʨʽʥ ʞʘʩʘʫ ʙʦʡʳʥʰʘ ʤʘrש ʟʜʳ ʤᴅʩʝʣʝʣʝʨ װʟʜʽʢʩʽʟ 

ʰʝʰʽʣʝʜʽ. 

ʕɽʄ-ʥ̔ש ʵʣʝʤʝʥʪʪʽʢ ʙʘʟʘʩʳʥ ʜʘʤʳʪʳʧ, ʤᴅʣʽʤʝʪʪʝʨʜʽש ʢʝʟ-ʢʝʣʛʝʥ 

ʪװʨʣʝʨʽʥ ʤʘʰʠʥʘʣʳץ ᴇשʜʝʫʛʝ ʥʝʛʽʟʜʝʣʛʝʥ ʘʣʛʦʨʠʪʤʜʝʨʜʽ, ʵʢʩʧʝʨʪʪʽ 

ʞװʡʝʣʝʨʜʽ ʞʘʩʘʧ, ʞᴅʥʝ ʢʦʤʧʴʶʪʝʨʣʝʨʜʽש ʠʥʪʝʣʣʝʢʪʫʘʣʜʳʣʳrס ʥ ʢᴇʪʝʨʝ 

ʦʪʳʨʳʧ, ᴅʣʝʤʜʽʢ ץʦסʘʤʜʘʩʪʳץ ᴇʟʽʥʽש ʙʘʨʣʳץ rץ ʟʤʝʪʪʝʨʽʥ ʨʝʚʦʣʶʮʠʦʥʜʳ 

ʪװʨʣʝʥʜʽʨʫʛʝ ʘʨʥʘʣסʘʥ ʰʘʨʪʪʘʨʜʳ ʞʘʩʘʡʜʳ. 

ʕʣʝʢʪʨʦʥʜʳ ʝʩʝʧʪʝʫʽʰ ʤʘʰʠʥʘʣʘʨʜʳש ʘʧʧʘʨʘʪʪʳײץ ץʨʘʣʜʘʨʳʥ 

ʞʝʪʽʣʜʽʨʫ ʪʝʭʥʠʢʘסʘ ʽʨʛʝʣʝʩ ʩʘʣʘʣʘʨסʘ ʘʨʥʘʣסʘʥ ʵʣʝʤʝʥʪʪʽʢ ʙʘʟʘʥʳ 

ʞʘʩʘʫʜʳש ʞᴅʥʝ çץʘʪʘʣè (ʙʘסʜʘʨʣʘʤʘʣʘʥʙʘʡʪʳʥ) ʣʦʛʠʢʘʥʳ ʞʝʢʝ ײץʨʳʣrס ʣʘʨ 
ʤʝʥ ʪʦʣʳץ ʢʦʤʧʣʝʢʩʪʝʨʜʽש ʙʘסʜʘʨʣʘʤʘʣʳץ ʧʨʠʥʮʠʧʪʝʨʽʥʝ ʘʣʤʘʩʪʳʨʫʜʳש 
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ʞʘשʘ ʪᴅʩʽʣʜʝʨʜʽץ שʘʣʳʧʪʘʩʫʳʥʘ ʪʽʢʝʣʝʡ ᴅʩʝʨ ʝʪʢʝʥ ʞᴅʥʝ ᴅʩʝʨ ʝʪʽʧ ʞʘʪʳʨ. 
ʕɽʄ ײץʨʳʣʫʳʥʳש ʘʧʧʘʨʘʪʪʳ ʥʝʛʽʟʜʝʨʽʥ ʟʝʨʪʪʝʫ ʢʝʟ-ʢʝʣʛʝʥ ʢʦʤʧʴʶ- 

ʪʝʨʜʝʛʽ ʩʘʥʘʣʳ ץʦʣʜʘʥʫסʘ סʘʥʘ ʝʤʝʩ, ʩʦʥʜʘʡ-ʘץ ʘץʧʘʨʘʪʪʳץʢʦʤʤʫʥʠʢʘ- 
ʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʞᴅʥʝ ʙʘʩץʘ ʪʝʭʥʠʢʘ ʩʘʣʘʣʘʨʳʥ ʤʝשʛʝʨʫ hװ ʽʥ ʜʝ 

ʞʝʪʢʽʣʽʢʪʽ ʙʽʣʽʤʥʽש ʞʘשʘ ʜʝשʛʝʡʽʥ ʙʝʨʝʜʽ. 
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   1 ̓ ́̑́̔  

˒˞˒˜˟˒ˠ˴˥ ˟˒ˢ˚˕˗ˍ˚˨ 
˪ˏ˛˘˫ˣ˕ˬ˞˨ 

 
 
 
 

 

    1.1.  ˛˘ˑˍ˚ˠ ˍ˖˙ˍ˟ˍ˝ ˨
 

ɽʩʝʧʪʝʫʽʰ ʪʝʭʥʠʢʘ ײץʨʘʣʜʘʨʳʥʳש ʵʚʦʣʶʮʠʷʩʳ ʵʣʝʢʪʨʦʥʜʳ ʝʩʝʧʪʝʫʽʰ 

ʤʘʰʠʥʘʩʳʥʳץ שʦʣʜʘʥʫ ʘʡʤʘrס ʥrװ שʟʜʽʢʩʽʟ ʢʝשʝʶʽʥʝ ʩʝʙʝʧʢʝʨ ʙʦʣʘʜʳ. 

ɿʘʤʘʥʘʫʠ ץʦסʘʤʜʘ ʤʠʣʣʠʦʥʜʘסʘʥ ʘʥʘʣʦʛʪʳ (װʟʜʽʢʩʽʟ ᴅʨʝʢʝʪʪʽ), ʩʘʥʜʳץ 

(ʜʠʩʢʨʝʪʪʽ ᴅʨʝʢʝʪʪʽ) ʞᴅʥʝ ʛʠʙʨʠʜʪʽ (ʘʥʘʣʦʛʪʳ-ʩʘʥʜʳץ) ʵʣʝʢʪʨʦʥʜʳ 

ʝʩʝʧʪʝʫʽʰ ʤʘʰʠʥʘʣʘʨ (ʕɽʄ) ʞײʤʳʩ ʽʩʪʝʡʜʽ. 

ɸʥʘʣʦʛʪʳ ʵʣʝʢʪʨʦʥʜʳ ʝʩʝʧʪʝʫʽʰ ʤʘʰʠʥʘʣʘʨ ʪʦץ, ʢʝʨʥʝʫ, ʬʘʟʘ, 
ʵʣʝʢʪʨʦʤʘʛʥʠʪʪʽʢ ᴇʨʽʩ ʢʝʨʥʝʫʣʽʛʽ, ʤʝʭʘʥʠʟʤʥʽש ʙײʨʳʣʫ ʙײʨʳʰʳ ʞᴅʥʝ ʪ.ʙ. 

  ʘʡʥʳʤʘʣʳ ʤᴅʥʜʝʨʽʤʝʥ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. ʆʣʘʨ שʟʜʽʢʩʽʟ ʰʘʤʘʣʘʨʳʥʳװ

 ʘʨʳ ʜᴅʣʜʽʛʽʥסʞʦ שʝʩʝʧʪʝʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʙʽʨʘץ ʘʞʝʪʪʽ ʪʝʟ ᴅʨʝʢʝʪʪʽʢʪʽץ
ʞᴅʥʝ ʘʟ ʫʥʠʚʝʨʩʘʣʜʳʣʳץʪʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʧʝʡʜʽ. 

ʉʘʥʜʳϨ ʵʣʝʢʪʨʦʥʜʳ ʝʩʝʧʪʝʫʽʰ ʤʘʰʠʥʘʣʘʨ ʝʢʽʣʽʢ ʢʦʜʧʝʥ ʙʝʨʽʣʛʝʥ 

ʘץʧʘʨʘʪʪʳ ᴇשʜʝʫʛʝ ʘʨʥʘʣסʘʥ. 

ɻʠʙʨʠʜʪʽ ʵʣʝʢʪʨʦʥʜʳ ʝʩʝʧʪʝʫʽʰ ʤʘʰʠʥʘʣʘʨ ʘʥʘʣʦʛʪʳ ʞᴅʥʝ ʜʠʩʢʨʝʪʪʽ 
ʘץʧʘʨʘʪʪʘʨʜʳ ᴇʥʜʽʨʫʛʝ ץʘʙʽʣʝʪʪʽ ʞᴅʥʝ ʞʦסʘʨʳ ʪʝʟᴅʨʝʢʝʪʪʽʢ ʧʝʥ ʞʦסʘʨʳ 

ʝʩʝʧʪʝʫ ʜᴅʣʜʽʛʽʥʝ ʠʝ. 

ɸʥʘʣʦʛʪʳ ʞᴅʥʝ ʛʠʙʨʠʜʪʽ ʕɽʄ-ʜʝʨ ʰʝʢʪʝʫʣʽ ץʦʣʜʘʥʳʩץʘ ʠʝ ʞᴅʥʝ 

ʥʝʛʽʟʽʥʝʥ ᴅʨʪװʨʣʽ ʤʦʜʝʣʜʝʫ ʩʪʝʥʜʪʝʨʽʥʽײץ שʨʘʤʳʥʜʘ ʞᴅʥʝ ʪʝʭʥʠʢʘʥʳש 

ʢװʨʜʝʣʽ װʣʛʽʣʝʨʽʥ ʩʳʥʘʫ ʢʝʟʽʥʜʝ rס ʣʳʤʠ-ʟʝʨʪʪʝʫ ʤʝʢʝʤʝʣʝʨʽʥʜʝ 

 .ʦʣʜʘʥʳʣʘʜʳץ

ʕɽʄ ᴇʟʽʥʽש ᴅʤʙʝʙʘʧʪʳʣʳrס  hװ ʥ̔ rס ʣʳʤ ʤʝʥ ʪʝʭʥʠʢʘʥʳש ʙʘʨʣʳץ 

ʩʘʣʘʣʘʨʳʥʜʘ ʢʝש ʪʘʨʘסʘʥ. ʈʝʩʝʡʜʝʛʽ ʕɽʄ ʪʝשʜʝʩʪʽʨʽʣʛʝʥ ʧʘʨʢʽʥʽש ʞʘʩʘʣʫʳ 

ʢװʨʜʝʣʽ ײʣʪʪʳץ ʤᴅʩʝʣʝ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʦʥʳש ʰʝʰʽʤʽʥʝ rס ʣʳʤ ʤʝʥ 

ʪʝʭʥʠʢʘ ʩʘʣʘʣʘʨʳʥʜʘrס  ʞʝʪʽʩʪʽʢʪʝʨ ᴇʩʽʤʽ, ʟʠʷʪʢʝʨʣʽʢ ʤʝʥʰʽʢʪʽש 
ʞʠʥʘץʪʘʣʫʳ סʘʥʘ ʝʤʝʩ ʵʢʦʥʦʤʠʢʘʣrץ ʪᴅʫʝʣʩʽʟʜʽʢ ʧʝʥ ʤʝʤʣʝʢʝʪ ץʘʫʽʧʩʽʟʜʽʛʽ 

ʜʝ ʪᴅʫʝʣʜʽ. 
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ʈʝʩʝʡʜʽש ʟʘʤʘʥʘʫʠ ʤʘʰʠʥʘʣʳץ ʦʨʪʘʣʳrס  ʘʡʪʘʨʣʳץʪʘʡ ᴅʨʪװʨʣʽ ʪʘʢʪʠʢʘ- 
ʪʝʭʥʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨסʘ (ʪʝʟᴅʨʝʢʝʪʪʽʢ ï ʩʝʢʫʥʜʳʥʘ ʞװʟʜʝʛʝʥ ʤʠʣʣʠʦʥ 

ʦʧʝʨʘʮʠʷʣʘʨʜʘʥ ʦʥʜʘסʘʥ ʪʨʠʣʣʠʦʥסʘ ʜʝʡʽʥ) ʞᴅʥʝ ʛʘʙʘʨʠʪʪʳ ʢᴇʣʝʤʜʝʨʛʝ 

(ʢʫʙʪʳץ ʤʠʣʣʠʤʝʪʨʣʝʨʜʝʥ ʢʫʙʪʳץ ʤʝʪʨʣʝʨʛʝ ʜʝʡʽʥ) ʠʝ, ʙײʣ ʤᴅʩʝʣʝʣʝʨʜʽש 

ʢʝש ʢᴇʣʝʤʽʥ ʰʝʰʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʕɽʄ ʞʝʨʣʽʢ, ʪʝ̔ש ʟ, ᴅʫʝ ʞᴅʥʝ 

 שʢʝʟ-ʢʝʣʛʝʥ ʦʙʲʝʢʪʽʣʝʨʽʥʜʝ ʦʨʥʘʣʘʩʪʳʨʳʣʘʜʳ, ɾʝʨʜʽ שʥʝʛʽʟʜʝʫʜʽ ץʘʨʳʰʪʳס

ᴅʨʪװʨʣʽ ʢʣʠʤʘʪʪʳץ ʟʦʥʘʣʘʨʳʥʜʘ ʞᴅʥʝ ᴅʫʝ ʢʝ̔ש ʩʪʽʛʽʥʜʝ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. 

ʕɽʄ ʪװʨʣʝʨʽ ʠʥʜʠʚʠʜʫʘʣʜʳ ʞᴅʥʝ ײʞʳʤʜrץ ץʦʣʜʘʥʳʣʫʳ, ʩʦʥʜʘʡ-ʘץ 
ʪʝʭʥʠʢʘʥʳש ᴅʨʪװʨʣʽʩʽʥʝ ʦʨʥʘʪʳʣʘʪʳʥ ï ʪײʨʤʳʩʪʳץ ץʦʣʜʘʥʳʣʫʜʘʥ ʙʘʩʪʘʧ, 

ᴅʩʢʝʨ ʤʝʥ ץʘʨʫʜʳ ʙʘʩץʘʨʫסʘ ʜʝʡʽʥ ʙʦʣʫʳ ʤװʤʢʽʥ. 

ʕɽʄ ʪʠʧʪʝʨʽʥʽש ʢᴇʧʪװʨʣʽʣʽʛʽ ʥʝʛʽʟʛʽ ʤᴅʩʝʣʝʥʽ ï ʘץʧʘʨʘʪʪʳץ-ʢʦʤʤʫʥʠʢʘ- 

ʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ץʦʣʜʘʫ, ʜʘʤʳʪʫ ʞᴅʥʝ ʪʘʨʘʪʫ ʤᴅʩʝʣʝʣʝʨʽʥ ʰʝʰʫ 

hװ ʽʥ ץʘʞʝʪ. ɹʘסʜʘʨʣʘʤʘʣʳץ ᴇʥʽʤʜʝʨʜʽש (ʦʧʝʨʘʮʠʦʥʜʳ ʞװʡʝʣʝʨ, ץʦʣʜʘʥʙʘʣʳ 

ʙʘסʜʘʨʣʘʤʘʣʘʨ, ʜʨʘʡʚʝʨʣʝʨ) ʞʘʣסʘʩʪʳʨʫʰʳʣʳrס ʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ hװ ʽʥ, 

ʘʣrס  ʤʦʜʝʣʜʝʨ ʤʝʥ ʢʝʡʽʥʛʽʣʝʨʜʽ (ʢʝʡʽʥʽʨʝʢ ʰʳסʘʨʳʣסʘʥ) װʡʣʝʩʪʽʨʫʤʝʥ 
ᴅʨʪװʨʣʽ ʕɽʄ ʙʫʳʥʜʘʨʳ ʰʳסʘʨʳʣʘʜʳ. 

ɸץʧʘʨʘʪʪʳץ ʞװʡʝʣʝʨ ʤʝʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש ʜʘʤʫʳʥ ʢʝʣʝʩʽ ʙʝʣʛʽʣʝʨ 
ʞʠʳʥʪʳrס ʤʝʥ ʩʠʧʘʪʪʘʫסʘ ʙʦʣʘʜʳ: 

Á ʰʝʰʽʣʽʧ ʞʘʪץʘʥ ʤᴅʩʝʣʝʣʝʨʜʽש ʢװʨʜʝʣʽʣʽʛʽʥʽש ʪײʨʘץʪʳ ʞᴅʥʝ ʩʝʢʽʨʤʝʣʽ 

ᴇʩʫʽʤʝʥ; 

Á ץʦʣʜʘʥʳʣʘʪʳʥ ʕɽʄ ʞװʡʝʣʝʨʽʥʽש, ʞʝʣʽʣʝʨʽ ʤʝʥ ʩʘʥʳʥʳש ʘʡʪʘʨʣʳץʪʘʡ 

ᴇʣʰʝʤʜʽʢ ᴇʩʫʽʤʝʥ; 

Á ɾװʡʝʣʝʨʜʽש ʤʘץʩʘʪʪʳ ʙʘrס ʪʪʳʣʳrס ʤʝʥ ʞᴅʥʝ ᴇʟʛʝʨʛʽʰʪʽʛʽʤʝʥ; 
Á ʞװʡʝʣʝʨʜʽש ʨʝʘʣʜʳ ʦʙʲʝʢʪʽʣʝʨʛʝ ʥʝʤʝʩʝ ʘʜʘʤʜʘʨסʘ ʤʘʢʩʠʤʘʣʜʳ ʞʘrץ ʥ- 

ʜʘʫʳʤʝʥ; 

Á ᴅʤʙʝʙʘʧ ʦʨʪʘץʞװʡʝʣʽ ᴇʥʽʤʜʝʨʜʽש, ʞʝʣʽʣʽʢ ʞᴅʥʝ ʦʧʝʨʘʮʠʦʥʜʳ ʧʣʘʪʬʦʨ- 
ʤʘʣʘʨʜʳץ שʦʣʜʘʥʳʣʫʳʤʝʥ; 

Á ץʫʘʪʪʳ װʣʝʩʪʽʨʽʣʛʝʥ ʝʩʝʧʪʝʫʽʰ ʞᴅʥʝ ʘץʧʘʨʘʪʪʳץ ʨʝʩʫʨʩʪʘʨʜʳ ײʞʳʤʜrץ 

 ;ʦʣʜʘʥʫʤʝʥץ

Á ʕɽʄ-ʜʽ ʢᴇʧ-ʢᴇʧʪʝʥ ʞᴅʥʝ ʜʝʨʙʝʩ ץʦʣʜʘʥʫʤʝʥ. 

ɿʘʤʘʥʘʫʠ ɸʂʊ ᴇʟʽʥʽץ שʦʣʜʘʥʙʘʣʳ ץʦʣʜʘʥʳʩʳʥ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ 
ʙʘʩץʘʨʫ ʞװʡʝʣʝʨʽʥʜʝ, rס ʣʳʤʠ ʟʝʨʪʪʝʫʣʝʨʜʝ, ʞʦʙʘʣʘʫʜʘ, ʙʽʣʽʤ ʙʝʨʫʜʝ, 

ʢʨʠʤʠʥʘʣʠʩʪʠʢʘʜʘ, ʩʦʥʜʘʡ-ʘץ ʛʝʦʘץʧʘʨʘʪʪʳץ, ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ, ʩʘʨʘʧ- 

ʪʘʤʘʣʳץ ʞװʡʝʣʝʨʜʝ ʞᴅʥʝ ʪ.ʙ. ʪʘʙʘʜʳ. 

ɸץʧʘʨʘʪʪʳ ʪʝʢʩʪʪʽʢ ʞᴅʥʝ ʛʨʘʬʠʢʘʣʳץ ᴇשʜʝʫʜʝ, ʪʝʢʩʪʪʝʨʜʽ ʙʽʨ ʪʽʣʜʝʥ 
ʝʢʽʥʰʽʩʽʥʝ ʘʫʜʘʨʫ ʢʝʟʽʥʜʝ; ʘʥʠʤʘʮʠʷ ʤʝʥ ʜʘʫʳʩʳ ʙʘʨ ʧʨʝʟʝʥʪʘʮʠʷʣʘʨʜʳ 

ʞʘʩʘʫʜʘ; ʵʢʦʥʦʤʠʢʘʣʳץ ʝʩʝʧʪʝʫʣʝʨʜʽ, ץʘʨʞʳ ʦʧʝʨʘʮʠʷʣʘʨʳʥ ʞװʨʛʽʟʫʜʝ 

ʕɽʄ װʣʝʩʽ װʥʝʤʽ ᴇʩʽʧ ʦʪʳʨʘʜʳ. 

ɽʩʝʧʪʝʫʽʰ ʞװʡʝʣʝʨʜʽש ʢᴇʧʪװʨʣʽʣʽʛʽ ʦʣʘʨʜʳש ʤᴅʣʽʤʝʪʪʝʨ ʙʘʟʘʩʳʥ ʠʥʪʝʛ- 

ʨʘʮʠʷʣʘʫʜʳ ʞᴅʥʝ ʢʦʤʧʴʶʪʝʨʣʽ ʞʝʣʽʣʝʨ ʙʦʡʳʥʰʘ ʘץʧʘʨʘʪʪʘʨʜʳש 

ʪʘʩʳʤʘʣʜʘʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ʦʨʪʘ ʥʝʛʽʟʽʥʜʝ ʙʽʨʳש- 



9  

שʢʝ̔ ץʧʘʨʘʪʪʳץʘʡ ʘס ʩʪʽʢʪʽ ʞʘʩʘʫ ץʘʞʝʪ ʝʪʝʜʽ. ɹײʥʜʘʡ ʠʥʪʝʛʨʘʮʠʷʥʳש 
ʙʽʨʽʢʪʽʨʫʰʽ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʥʝʛʽʟʽ ʘʣʤʘʩʫ װʨʜʽʩʽʥ ץʘסʘʟʩʳʟ ײץʞʘʪʪʘʨʤʝʥ 

ʘʚʪʦʤʘʪʪʘʥʜʳʨʘʪʳʥ ʵʣʝʢʪʨʦʥʜʳ ײץʞʘʪʪʘʨ ʘʡʥʘʣʳʤʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʕʣʝʢʪʨʦʥʜʳ ײץʞʘʪ ʘʡʥʘʣʳʤʳ ʙʘʨ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʙʘʩץʘʨʫ 
ʞװʡʝʣʝʨʽ ʕɽʄ ץʦʣʜʘʥʳʩʳ ʧʨʝʟʠʜʝʥʪ ʧʝʥ װʢʽʤʝʪ ʞʘסʜʘʡʣʳץ ʦʨʪʘʣʳץʪʘ- 

ʨʳʥʘʥ ʙʘʩʪʘʧ ʢʽʰʽʛʽʨʽʤ ʢʦʤʤʝʨʮʠʷʣʳץ ʬʠʨʤʘסʘ ʜʝʡʽʥ ʤʝʤʣʝʢʝʪʪʽʢ, 

ᴅʢʽʤʰʽʣʽʢ ʞᴅʥʝ ʞʝʢʝʰʝ rץ ʟʤʝʪʪʝʨʜʽש ʙʘʨʣʳץ ʩʘʣʘʣʘʨʳʥʘ ʢʽʨʝʜʽ. 

ʕʣʝʢʪʨʦʥʜʳ ײץʞʘʪ ʘʡʥʘʣʳʤʳ ʢʝʟ-ʢʝʣʛʝʥ ʙʘʩץʘʨʫ rץ ʟʤʝʪʽʥʽש ʵʬʬʝʢʪʠʚ- 

ʪʽʣʽʛʽʥ ʢᴇʪʝʨʫʜʽש ʥʝʛʽʟʽʥʝ ʘʡʥʘʣʜʳ. ʕʣʝʢʪʨʦʥʜʳ ײץʞʘʪ ʘʡʥʘʣʳʤʳ ʞװʡʝʣʝʨʽ 

 ʘʥʜʘ ʵʣʝʢʪʨʦʥʜʳסʘʨʘץ ʘסʙʘשʦʣʪʘץ ʘʥסʦʡʳʣץ ʦʣʤʝʥץ ʘץʞʘʪײץ ʘʟסʘץ

 ץʪrץץrײץ שʦʣʜʘʥʫʜʳץ ʙʘʥʳשʦʣʪʘץ ץʘ ʵʣʝʢʪʨʦʥʜʳ ʩʘʥʜʳסʞʘʪʪʘʨײץ

ʰʘʨʪʪʘʨʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ 10.01.2000 ʙʘʩʪʘʧ ˉ 1-ʌɿ çʕʣʝʢʪʨʦʥʜʳ 
ʩʘʥʜʳץ ץʦʣʪʘשʙʘè ʌʝʜʝʨʘʣʜʳ ʟʘשʥʘʤʘʩʳʥʘ ʩᴅʡʢʝʩ ʞʘʩʘʧ ʰʳסʘʨʳʣʳʧ 

rץ ʟʤʝʪ ʞʘʩʘʡʜʳ. 

ʕʣʝʢʪʨʦʥʜʳ ʩʘʥʜʳץ ץʦʣʪʘשʙʘ ʵʣʝʢʪʨʦʥʜʳ ײץʞʘʪʪʳ ʦʥʳש ʞʘʣסʘʥ ʪװʨʽʥ 
ʞʘʩʘʫʜʘʥ ץʦʨסʘʡʜʳ, ʞᴅʥʝ ʢʫᴅʣʘʥʜʳʨʘʪʳʥ ʦʨʪʘʣʳץʪʘʨʜʘ ʙʝʨʽʣʝʪʽʥ ʘʨʥʘʡʳ 

ʘʚʪʦʨʣʳץʪʳ ʨʘʩʪʘʫʰʳ ʩʝʨʪʠʬʠʢʘʪʪʘʨʜʳ ץʦʣʜʘʥʫʤʝʥ ʘץʧʘʨʘʪʪʳש 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪװʨʣʝʥʜʽʨʫʽ ʥᴅʪʠʞʝʩʽʥʜʝ ʞʘʩʘʣʘʜʳ. 

ʂʫϸʣʘʥʜʳʨʘʪʳʥ ʦʨʪʘʣʳϨʪʘʨ ʜʘʤrסʘʥ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ʠʥʬʨʘײץ- 

ʨʳʣʳʤʜʳ ʞᴅʥʝ ʕɽʄ-ʜʝ ʤᴅʣʽʤʝʪʪʝʨʜʽ ײץʧʠʷʣʘʫ ײץʨʘʣʜʘʨʳʤʝʥ ץʦʨסʘʣסʘʥ 

ʝʩʝʧʪʝʫʽʰ ʢʦʤʧʣʝʢʩʪʝʨ ʪװʨʽʥʜʝ ʙʦʣʘʜʳ. 

סʘʟʽʨʛʽ ʢʝʟʜʝ ʜʝʨʙʝʩ ʕɽʄ ʙʘʟʘʩʳʥʜʘrפ  ʞʘʪײץ ʘʥ ʵʣʝʢʪʨʦʥʜʳסʘʣסʦʨץ 
ʘʡʥʘʣʳʤʳ ʤʠʥʠʩʪʨʣʽʢʪʝʨ ʤʝʥ ʚʝʜʦʤʩʪʚʦʣʘʨʜʳ, ʢᴅʩʽʧʦʨʳʥʜʘʨʜʳ (ʤʘʪʝʨʠʘʣ- 

ʜrץ ʞᴅʥʝ ץʘʨʞʳ ʨʝʩʫʨʩʪʘʨʳ, ʪʝʭʥʦʣʦʛʠʷʣʳװ ץʨʜʽʩʪʝʨ), ʙʽʣʽʤ ʙʝʨʫʜʽ 

(ʙʽʨʳסשʘʡ ʤʝʤʣʝʢʝʪʪʽʢ ʝʤʪʠʭʘʥ) ʞᴅʥʝ ʪ.ʙ. ʘʚʪʦʤʘʪʪʳ ʙʘʩץʘʨʫ ʢʦʥʪʫʨʳʥʘ 

ʝʥʛʽʟʽʣʛʝʥ. 

ɹʽʨʳסשʘʡʣʘʥסʘʥ ʘʧʧʘʨʘʪʪʳ-ʙʘסʜʘʨʣʘʤʘʣʳץ ץʘʞʝʪʪʽ ʞᴅʥʝ ʞʝʪʢʽʣʽʢʪʽ 

 ʵʬʬʝʢʪʠʚʪʽ שʦʣʜʘʥʫʰʳʣʘʨʜʳץ ʘʥ ʢᴅʩʽʙʠ ʝʤʝʩסʨʘʤʳʤʝʥ ʞᴅʥʝ ʜʘʤʳײץ

ʞײʤʳʩʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʠʥʪʝʨʘʢʪʠʚʪʽ ʛʨʘʬʠʢʘʣʳץ ʠʥʪʝʨʬʝʡʩʳʤʝʥ 
ʠʥʜʠʚʠʜʫʘʣʜʳ ץʦʣʜʘʥʫ ʢʦʤʧʴʶʪʝʨʣʝʨʽ ɼʕɽʄ-סʘ ʞʘʪʘʜʳ. ɼʕɽʄ-ʥrש 

ʘʨʭʠʪʝʢʪʫʨʘʩʳ ʤʝʥ ʙʘסʜʘʨʣʘʤʘʣʳץ ʞʘʩʘץʪʘʤʘʩʳʥ ʞʝʪʽʣʜʽʨʫʽʥʝ ץʘʨʘʡ 

 ʤʳʩ ʩʪʘʥʮʠʷʣʘʨʳʥ ʘʣʤʘʩʪʳʨʘ ʦʪʳʨʳʧ ʢᴅʩʽʙʠײʦʣʜʘʥʳʣʘʪʳʥ ʞץ ץʞʳʤʜrײ

rץ ʟʤʝʪʪʝ ʞʠʽʨʝʢ ץʦʣʜʘʥʳʣʫʜʘ. 

ɾʦסʘʨʳ ʩʝʥʽʤʜʽ ʕɽʄ ץʘʫʽʧʪʽʣʽʛʽ ʞʦסʘʨʳ ʦʙʲʝʢʪʽʣʝʨʜʽ: ʘʪʦʤ 
ʩʪʘʥʮʠʷʣʘʨʳʥ, סʘʨʳʰʪʳץ ʘʧʧʘʨʘʪʪʘʨʜʳ (ʩʧʫʪʥʠʢʪʝʨ, ʦʨʙʠʪʘʣʴʜʽ ʞᴅʥʝ 

ʧʣʘʥʝʪʘʘʨʘʣʳץ ʩʪʘʥʮʠʷʣʘʨ) ʞᴅʥʝ ʪ.ʙ. ʙʘʩץʘʨʫסʘ ץʘʪʳʩʪʳʨʳʣסʘʥ. ʕɽʄ 

ʜᴅʩʪװʨʣʽ ʪװʨʜʝ ʤʘʰʠʥʘʣʳץ ʫʘrץ ʪʪrװ שʣʢʝʥ ʰʳrס ʥʳʤʝʥ ᴇʪʝ ʢװʨʜʝʣʽ 

ʝʩʝʧʪʝʫʣʝʨʜʽ ʞװʨʛʽʟʫʜʽ ץʘʞʝʪ ʝʪʝʪʽʥ rס ʣʳʤ ʤʝʥ ʪʝʭʥʠʢʘʥʳש ʙʘʨʣʳץ 

ʩʘʣʘʣʘʨʜʘrס  rס ʣʳʤʠ-ʪʝʭʥʠʢʘʣʳץ ʟʝʨʪʪʝʫʣʝʨʜʽ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ hװ ʽʥ 

 .ʦʣʜʘʥʳʣʘʜʳץ
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סʵʣʝʢʪʨʦʥʜʳ ʢʽʪʘʧʭʘʥʘʣʘʨ, r :שʨʝʩʫʨʩʪʘʨʜʳ ץʧʘʨʘʪʪʳץʘ ץʣʪʪʳױ ʣʳʤʠ- 
ʪʝʭʥʠʢʘʣʳץ ʞᴅʥʝ ײץrץץʪrץ ʘץʧʘʨʘʪʪʘʨ ʞװʡʝʩʽʥʽש, ᴅʨʪװʨʣʽ ʘʨʭʠʚʪʳ 

ʬʦʥʜʪʘʨ, ʤʝʤʣʝʢʝʪʪʽʢ ʞᴅʥʝ ʤʫʥʠʮʠʧʘʣʜʳ ʤhװ ʝʣʝʨʜʽש ʤᴅʣʽʤʝʪʪʝʨ 

ʙʘʟʘʩʳʥʳץ שʘʣʳʧʪʘʩʫʳ ʤʝʥ ʦʥʳ ʵʬʬʝʢʪʠʚʪʽ ץʦʣʜʘʥʫʳʥʜʘ ʕɽʄ ʨᴇʣ ̔ᴇʩʫʜʝ. 

ɽʨʝʞʝ ʙʦʡʳʥʰʘ, ʢʣʘʩʩʠʢʘʣʳץ ʘʨʭʠʪʝʢʪʫʨʘʤʝʥ ʕɽʄ-ʜʽ ʞʝʪʢʽʣʽʢʩʽʟ 
ᴇʥʽʤʜʽʣʽʢ, ʵʣʝʤʝʥʪʪʽʢ ʙʘʟʘʩʳʥʳש ʬʠʟʠʢʘʣʳץ ʤװʤʢʽʥʜʽʢʪʝʨʤʝʥ ʰʝʢʪʝʣʛʝʥʽ 

hװ ʽʥ ʦʥʳ ʢװʨʜʝʣʽ ʝʩʝʧʪʝʫʣʝʨʜʝ ᴅʨʜʘʡʳʤ ץʦʣʜʘʥʫסʘ ʙʦʣʤʘʡʜʳ. 

ʉʦʣ ʩʝʙʝʧʪʽ rס ʣʳʤʠ ʟʝʨʪʪʝʫʣʝʨ ʢʝʟʽʥʜʝ ʘץʧʘʨʘʪʪʳ ʙʽʨʥʝʰʝ ʕɽʄ-ʜʝ ʙʽʨ 

ʤʝʟʝʪʪʝ ᴇשʜʝʫʜʽ ʥʝʤʝʩʝ ᴅʤʙʝʙʘʧ ʢᴇʧʧʨʦʮʝʩʩʦʨʣʳ ʝʩʝʧʪʝʫʽʰ ʞװʡʝʣʝʨʽʥ 

 ʘʥ ʪʨʠʣʣʠʦʥ ʦʧʝʨʘʮʠʷʣʘʨסʘ ᴇʥʽʤʜʽʣʽʛʽ ʩʝʢʫʥʜʳʥʘ ʦʥʜʘסʦʣʜʘʥʘʜʳ. ʆʣʘʨץ

ʙʦʣʘʪʳʥ ᴇʪʝ ʪʝʟ ᴅʨʝʢʝʪ ʝʪʝʪʽʥ ʕɽʄ ʤʦʜʝʣʜʝʨʽ (ʩʫʧʝʨʕɽʄ) ʞʘʪʘʜʳ. ɽʨʝʞʝ 

ʙʦʡʳʥʰʘ, ʙײʣ ʫʘrץ ʪ ʙʦʡʳʥʰʘ ʘʢʪʫʘʣʜʳ ʥᴅʪʠʞʝʣʝʨʜʽ ï ʘʫʘ ʨʘʡʳʥ ʙʦʣʞʘʫ, 
ʤײʥʘʡʜʳ ʛʝʦʬʠʟʠʢʘʣʳץ ʙʘʨʣʘʫ, ʘʪʦʤʜʳ ʞᴅʥʝ ʤʦʣʝʢʫʣʷʨʣʳ ʬʠʟʠʢʘʜʘrס  

 ʘסʨʜʽʩʪʝʨʜʽ ʤʦʜʝʣʜʝʫ, ʢʨʠʧʪʦʛʨʘʬʠʷ ʞᴅʥʝ ʪ.ʙ. ʢʝʟʽʥʜʝʛʽ ʥᴅʪʠʞʝʣʝʨʜʽ ʘʣʫװ

ʘʨʥʘʣסʘʥ ʝʣʝʫʣʽ ʝʩʝʧʪʝʫ ʨʝʩʫʨʩʪʘʨʳʥ ʪʘʣʘʧ ʝʪʝʪʽʥ ʪʝʦʨʠʷʣʳץ ʞᴅʥʝ 

ʧʨʘʢʪʠʢʘʣʳץ ʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʫʛʝ ʘʨʥʘʣʳʧ ʞʦʙʘʣʘʥסʘʥ ʙʽʨʣʽʢ ᴇʥʜʽʨʽʩʪʽש 

 .ʣʛʽʩʽװ

ʄʳʩʘʣʳ, ʊʦʤʩʢ ʤʝʤʣʝʢʝʪʪʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽʥʽש ʨʝʩʝʡʣʽʢ ʝץ שʫʘʪʪʳ 
ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʣʝʨʽʥʽש ʙʽʨʽ çʉʂʀʌ Cyberiaè 12 ʪʨʣʥ ʦʧʝʨ./ʩ ʰʳשʜrץ 

ᴇʥʽʤʜʽʣʽʢʢʝ ʠʝ. ʄײʥʜʘʡ ʪʝʟᴅʨʝʢʝʪʪʽʢ ʨʝʘʣʜʳ ʫʘrץ ʪ ʤʘʩʰʪʘʙʳʥʜʘ ʘʪʤʦʩʬʝʨʘ 

ʤʝʥ ʛʠʜʨʦʩʬʝʨʘʥʳש, ᴇʟʝʥʥʽש ʪʘʩʫʳʥʳש ʵʢʦʣʦʛʠʷʣʳץ ʤʦʥʠʪʦʨʠʥʛʽʥ 

ʞװʨʛʽʟʫʛʝ, ʩʦʥʜʘʡ-ʘץ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷ ʩʘʣʘʩʳʥʜʘ ʟʝʨʪʪʝʫ ʞװʨʛʽʟʫʛʝ ʞᴅʥʝ ʪ.ʙ. 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʄʘʤʘʥʜʘʨʜʳש ʙʦʣʞʘʫʳ ʙʦʡʳʥʰʘ ʘʣʜʘrס  ʦʥʞʳʣʜʳץʪʘ 

ᴅʣʝʤʜʝ ʕɽʄ-ʥ̔1015 ש ʦʧʝʨ./ʩ ʪʝש ᴇʥʽʤʜʽʣʽʛʽʥʝ ץʦʣ ʞʝʪʢʽʟʽʣʝʜʽ. 

ʊʝʭʥʦʣʦʛʠʷʣʳװ ץʨʜʽʩʪʝʨʜʽ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʞʦʙʘʣʘʫ ʤʝʥ ʙʘʩץʘʨʫ 

ʞװʡʝʣʝʨʽʥʜʝ hװᴇʣʰʝʤʜʽ ʤʦʜʝʣʜʝʫʛʝ, ʙʘסʜʘʨʣʘʤʘʣʳץ ʞʘʩʘץʪʘʤʘʥʳ, 

ʛʨʘʬʠʢʘʣʳץ ʞᴅʥʝ ʪʝʢʩʪʪʽʢ ʢʦʥʩʪʨʫʢʪʦʨʣʳ ײץʞʘʪʪʘʨʜʳ ʞʘʩʘʫסʘ; ײץʨ -r 

ʣʳʤʜʳץ, ʬʫʥʢʮʠʦʥʘʣʜʳ, ʵʣʝʢʪʨʣʽʢ ʩײʣʙʘʣʘʨʜʳ ʩʠʥʪʝʟʜʝʫʛʝ; ʙʘʩʧʘʣʳ 

ʧʣʘʪʘʣʘʨʜʳ ʘʞʳʨʘʪʫסʘ, ʙʽʣʜʝʢʪʝʨʜʽ ʞᴅʥʝ ʪʦʣʳץ ᴇʥʜʽʨʽʩʪʽʢ ʞʝʣʽʣʝʨʜʽ 
ʙʘʩץʘʨʫסʘ ʘʨʥʘʣסʘʥ ʕɽʄ ʢʝץ שʦʣʜʘʥʳʣʘʜʳ. פʦʣʜʘʥʫʰʳʣʘʨʜʳש ʘʚʪʦʤʘʪ- 

ʪʘʥʜʳʨʳʣסʘʥ ʞײʤʳʩ ʦʨʳʥʜʘʨʳʥ ײʡʳʤʜʘʩʪʳʨʫ hװ ʽʥ ʝʨʪʝʨʝʢʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ 

ʞװʡʝʣʝʨ ʜʝʨʙʝʩ ʕɽʄ-ʜʳ ʢʝ̔ש ʥʝʥ ץʦʣʜʘʥʘʜʳ. 

ɸʫʤʘץʪrץ-ʞʘʡʳʣסʘʥ ʕɽʄ-ʜʝʨ ʘʨʘʩʳʥʜʘ װʣʝʩʪʽʨʽʣʛʝʥ ʘץʧʘʨʘʪʪʳ ʞʦסʘʨʳ 

ʞʳʣʜʘʤʜʳץʪʳ ʘʣʤʘʩʫ ץʘʞʝʪʪʽʣʽʛʽʥʽש ᴇʩʫʽ ײʞʳʤʜrץ ץʦʣʜʘʥʳʩʪʳש ʣʦʢʘʣʜʳ 

(ʢʦʨʧʦʨʘʪʠʚʪʽ), ʦʨʪʘ (ʘʡʤʘץʪrץ), ʛʣʦʙʘʣʜʳ (ʝʣ ʽʰʽʥʜʝ) ʞᴅʥʝ ʭʘʣʳץʘʨʘʣʳץ 

ץʘʨrץ שʞʝʣʽʣʝʨʽʥʽ (ʘʣʘʤʪʦʨנ) ʥʜʳ ʝʥʛʽʟʽʣʫʽʥʝ ʘʣʳʧ ʢʝʣʜʽ. 

ɹʽʟʜʽש ʢʝʟʽʤʽʟʜʝ נʘʣʘʤʪʦʨ ð ʙײʣ ʘʜʘʤʠ rץ ʟʤʝʪʪʝʨʜʽש  ʙʘʨʣʳץ 

ʩʘʣʘʣʘʨʳʥʘ ʝʥʛʝʥ ʪʦʣʳץ ʠʥʜʫʩʪʨʠʷ. נʘʣʘʤʪʦʨסʘ ʞʝʣʽʣʽʢ ʞᴅʥʝ ʨʘʜʠʦ- 

ʢʘʥʘʣʜʘʨ (̫ײ ʣʳ סʘʣʘʤʪʦʨ) ʘʨrץ ʣʳ ʤʠʣʣʠʦʥʜʘסʘʥ ʞʝʢʝ ץʦʣʜʘʥʫʰʳʣʘʨ 

 .ʘʥסʦʩʳʣץ
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ץr שʘʣʘʤʪʦʨ ʛʣʦʙʘʣʜʳ ʢʦʤʧʴʶʪʝʨʣʽʢ ʞʝʣʽʩʽʥʽנ ʨ-ʩʳʨʣʘʨʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 
ʞʝʣʽʜʝ ʞײʤʳʩ ʽʩʪʝʡʪʽʥ ʕɽʄ-ʥ̔ש ʜᴅʣ ʩʘʥʳʥ ʘʥʳץʪʘʫ ï ʽʩ ʞװʟʽʥʜʝ 

ʰʝʰʽʣʤʝʡʪʽʥ ʤᴅʩʝʣʝ (ᴅʨʪװʨʣʽ ʘʥʘʣʠʪʠʢʪʘʨʜʳש ʞʘʥʘʤʘ ʤᴅʣʽʤʝʪʪʝʨʽ ʙʦʡʳʥʰʘ 

ʦʣʘʨʜʳש ʩʘʥʳ ʤʠʣʣʠʘʨʜץʘ ʞʝʪʝʜʽ). 

ɹװʢʽʣ ᴅʣʝʤʜʝʛʽ ʢʦʤʧʘʥʠʷʣʘʨʜʳש ᴇʪʝ ʢᴇʧ ʤᴇʣʰʝʨʽ נʘʣʘʤʪʦʨʜʘ װʣʢʝʥ 
ʢʦʤʤʝʨʮʠʷʣʳץ ʧʦʪʝʥʮʠʘʣ ʞᴅʥʝ ᴇʟʽʥʽש ʙʠʟʥʝʩʽʥ ʩʘʧʘʣʳ ʞʘשʘ ʜʝשʛʝʡʛʝ ï 

ʵʣʝʢʪʨʦʥʜʳ ʩʘʫʜʘ ʤʝʥ ʵʣʝʢʪʨʦʥʜʳ ʘhץ ʘ ʜʝשʛʝʡʽʥʝ ʢᴇʪʝʨʫ ʤװʤʢʽʥʜʽʛʽʥ 

ʢᴇʨʫʜʝ. ᴄʨʪװʨʣʽ ʜʝשʛʝʡʜʝʛʽ ʙʠʣʽʢ ʦʨʛʘʥʜʘʨʳ ʭʘʣʳץʪʳ ʙʘʩץʘʨʫ ʞᴅʥʝ ʘץʧʘʨʘʪ 

ʙʝʨʫ ʤᴅʩʝʣʝʣʝʨʽʥ ʰʝʰʫ hװ ʽʥ נʘʣʘʤʪʦʨסʘ װʣʢʝʥ ʥʘʟʘʨ ʩʘʣʳʧ ʦʪʳʨ. נʘʣʘʤʪʦʨ 

ʦʥrש ʜʘʤʫ ʜʠʥʘʤʠʢʘʩʳʥ, ʞʝʣʽʥʽ ץʦʣʜʘʥʫʰʳʣʘʨ ײץʨʘʤʳʥ, ʵʣʝʢʪʨʦʥʜʳ 

rץ ʟʤʝʪʪʝʨ ʨʳʥʦʛʳʥ ʞᴅʥʝ ʢᴇʧʪʝʛʝʥ ʙʘʩץʘ ʧʘʨʘʤʝʪʨʣʝʨ ʤʝʥ װʨʜʽʩʪʝʨʽʥ 

ʟʝʨʪʪʝʡʪʽʥ ʢᴇʧʪʝʛʝʥ ʤʝʢʝʤʝʣʝʨʜʽש ʪײʨʘץʪʳ ʟʝʨʪʪʝʫ ʦʙʲʝʢʪʽʩʽ ʙʦʣʳʧ 
ʪʘʙʳʣʘʜʳ. 

ɾʝʣʽʣʝʨʜʽש ʥʝʛʽʟʽʥ ʘʙʦʥʝʥʪʪʝʨ ʘʨʘʩʳʥʜʘrס  ʘץʧʘʨʘʪʪʳ װʣʝʩʪʽʨʫʜʽ 

ץʨʘʡʜʳ, ʘʣ ʘrײץ ʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʘʨʥʘʡʳ (ʝʨʝʢʰʝʣʝʥʛʝʥ) ʕɽʄ-ʜʝʨץ ʨrס  

ʪʝʨʤʠʥʘʣʜʘʨ ʨʝʪʽʥʜʝ ɼʕɽʄ (װʩʪʝʣʜʽʢ, ץʦʟסʘʣʤʘʣʳ ʞᴅʥʝ ʪʘʩʳʤʘʣʜʘʥʘʪʳʥ) 

ײ̫ ʦʣʜʘʥʳʣʘʜʳ. ʉʦʣ ʩʝʙʝʧʪʽ ʢᴇʧʪʝʛʝʥ ʟʘʤʘʥʘʫʠ ʩʪʘʮʠʦʥʘʨʣʳ ʞᴅʥʝץ ʣʳ 

ɼʕɽʄ-ʜʝʨ ʤᴅʣʽʤʝʪʪʝʨ, ʙʘסʜʘʨʣʘʤʘʣʘʨ, ʩᴇʡʣʝʫ ʘץʧʘʨʘʪʪʘʨʳ ʤʝʥ 

ʙʝʡʥʝʢᴇʨʽʥʽʩʪʝʨʤʝʥ ʘʣʤʘʩʫסʘ ʘʨʥʘʣסʘʥ ʙʘʡʣʘʥʳʩ ʞʝʣʽʣʝʨʽʥʝ ʩʳʤʜʳ ʞᴅʥʝ 

ʩʳʤʩʳʟ ץʦʩʳʣʫʳʥʳש ʦʨʥʘʪʳʣסʘʥ ʞᴅʥʝ ʰʝʪʢʝʨʽ ײץʨʘʣʜʘʨʳʥʘ ʠʝ. 

ʆʨʥʘʪʳʣסʘʥ (ʙʽʨʧʣʘʪʘʣʳ, ʙʽʨʢʨʠʩʪʘʣʣʜʳ) ʕɽʄ ʪײʨʤʳʩ ʪʝʭʥʠʢʘʩʳʥʜʘ 
(ʪʝʣʝʬʦʥʜʘʨʜʘ, ʪʝʣʝʜʠʜʘʨʣʘʨʜʘ), ʨʦʙʦʪʦʪʝʭʥʠʢʘʜʘ, ʨʘʜʠʦᴇʣʰʝʫʰʽ 

סʨʳʣrײץ ʣʘʨʜʳ, ʙʘʡʣʘʥʳʩ ײץʨʘʣʜʘʨʳ ʤʝʥ ʘץʧʘʨʘʪʪʳש ᴅʨ ʪװʨʽʥ ײץʧʠʷʣʘʫʜʘ 

ʞᴅʥʝ ʪ.ʙ. ʢʝ̔ש ʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ. 

çʕʣʝʢʪʨʦʥʜʳ ʈʝʩʝʡè ʌʝʜʝʨʘʣʜʳ ʙʘסʜʘʨʣʘʤʘʩʳʥ ʞװʟʝʛʝ ʘʩʳʨʫ ʙʦʡʳʥʰʘ 

ʰʘʨʘʣʘʨʜʳ ʞװʟʝʛʝ ʘʩʳʨʫ ʪʝʭʥʦʧʘʨʢʪʝʨʜʽש ʞʘʩʘʣʫʳ, ʘץʧʘʨʪʪʳץ 
ʠʥʬʨʘײץʨʳʣʳʤʥʳש ʜʘʤʫʳ, ʙʘסʜʘʨʣʘʤʘʣʳץ ʞʘʩʘץʪʘʤʘʥʳש ʦʪʘʥʜʳץ 

ᴇʥʽʤʜʝʨʽʥ ץʦʣʜʘʫ, ʵʢʦʥʦʤʠʢʘʥʳש ʙʶʜʞʝʪʪʽ ʩʝʢʪʦʨʣʘʨʳʥ ʘץʧʘʨʪʪʘʥʜʳʨʫ 

ʞᴅʥʝ ʪ.ʙ. ʝʩʝʙʽʥʝʥ ʈʝʩʝʡʜʝ ʘץʧʘʨʘʪʪʳץ-ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ 

ʩʝʢʪʦʨʳʥ ʘʡʪʘʨʣʳץʪʘʡ ʢʝשʝʡʪʝʜʽ. 

ɹʘסʜʘʨʣʘʤʘʥʳש ʦʨʳʥʜʘʣʫʳʤʝʥ ʵʣʝʢʪʨʦʥʜʳ ʘץʧʘʨʘʪʪʘʨסʘ ʭʘʣʳץʪrש 

 שʙʽʨʢʝʣʢʽ ʝʤʝʩʪʽʛʽ ʞᴅʥʝ ʝʣʜʽ ץʰʝʢʘʨʘʣʳ שʦʣʞʝʪʽʤʜʽʣʽʢ ʰʘʨʪʪʘʨʳʥʳץ

ʙʽʨʳסשʘʡ ʘץʧʘʨʘʪʪʳץ ʢʝ̔ש ʩʪʽʢʢʝ ʢᴇh ʫʽ ʙʘʡץʘʣʳʧ ʞʘʪʳʨ. 

ʉʦשrס ʞʳʣʜʘʨ ᴅʨʪװʨʣʽ ʤʝʤʣʝʢʝʪʪʝʨʜʽװ שʢʽʤʝʪʪʝʨʽʥʽש ɸʂʊ-ʥʳ ʢʝשʤʘʩ- 
ʰʪʘʙʪʳ ץʦʣʜʘʥʫ ʥʝʛʽʟʽʥʜʝ ʘʟʘʤʘʪʪʘʨ ʤʝʥ ʤʝʢʝʤʝʣʝʨʜʽש ʩײʨʘʥʳʩʪʘʨʳʥʘ ʦʜʘʥ 

ʜʘ ʦʧʝʨʘʪʠʚʪʽ ʞᴅʥʝ ʵʬʬʝʢʪʠʚʪʽ ʞʘʫʘʧ ʙʝʨʫʛʝ ʩʘʣʳʥסʘʥ ʞʦסʘʨʳ ʥʘʟʘʨʳʤʝʥ 

ʩʠʧʘʪʪʘʣʘʜʳ ï ʵʣʝʢʪʨʦʥʜʳ װʢʽʤʝʪʪʝʨʜʽש ʧʘʡʜʘ ʙʦʣʫ װʨʜʽʩʪʝʨʽ ʞװʨʽʧ ʞʘʪʳʨ. 

ʄʝʤʣʝʢʝʪʪʽʢ ʘʰʳץ ʘץʧʘʨʘʪʪʳץ ʨʝʩʫʨʩʪʘʨʜʳ נʘʣʘʤʪʦʨסʘ ʞװʢʪʝʡ ʦʪʳʨʳʧ 

ʞᴅʥʝ ʭʘʣʳץץʘ ʵʣʝʢʪʨʦʥʜʳ ᴇʟ-ᴇʟʽʥʝ rץ ʟʤʝʪ ʝʪʫʜʽ ײʩʳʥʘ ʦʪʳʨʳʧ, ʙʠʣʽʢ 

ʦʨʛʘʥʜʘʨʳ ᴇʟʜʝʨʽʥʽײץ שʨʳʣʳʤʜʳץ ʙᴇʣʽʤʰʝʣʝʨʽʥʽש ʵʬʬʝʢʪʠʚʪʽʣʽʛʽʥ ᴇʩʽʨʝʜʽ, 

 ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ ʞᴅʥʝ ʘʟʘʤʘʪʪʘʨץ ʪʘʟʘ ʙʦʣʫʳʥ שʘʥ ʰʝʰʽʤʜʝʨʜʽסʘʙʳʣʜʘʥץ
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ʤʝʥ ʤʝʢʝʤʝʣʝʨʛʝ ʩʘʧʘʣʳʨʘץ rץ ʟʤʝʪ ʢᴇʨʩʝʪʝʜʽ. 

çʕʣʝʢʪʨʦʥʜʳ װʢʽʤʝʪʢʝè ʢᴇh ʫ װʨʜʽʩʽ ʢʝʣʝʩʽʜʝʡ ʙʦʣʞʘʥʘʜʳ: ʢᴇʨʩʝʪʽʣʝʪʽʥ 
rץ ʟʤʝʪ, ʤʝʤʣʝʢʝʪʪʽʢ ʤʝʢʝʤʝʣʝʨʜʽש ʞײʤʳʩ ʨʝʞʠʤʽ, ʭʘʙʘʨʣʘʥʜʳʨʫʣʘʨ; ʙʠʣʽʢ 

ʦʨʛʘʥʜʘʨʳʥʘ ʘʟʘʤʘʪʪʘʨ ʤʝʥ ײʡʳʤʜʘʨʜʳש ᴅʨʪװʨʣʽ ʘץʧʘʨʘʪʪʘʨʜʳ ᴇʟʜʽʛʽʥʝʥ 

ʞʽʙʝʨʫ; ʨʝʘʣʜʳ ʫʘrץ ʪ ʨʝʞʠʤʽʥʜʝ ʘץʧʘʨʘʪʪʳ ᴇשʜʝʫ; ʰʝʰʽʤ ץʘʙʳʣʜʘʫ ʞᴅʥʝ 

ʪ.ʙ. ʪʫʨʘʣʳ ʭʘʣʳץץʘ ʘץʧʘʨʘʪʪʘʨʜʳ ʨʝʘʣʜʳ ʫʘrץ ʪ ʨʝʞʠʤʽʥʜʝ ײʩʳʥʫ. 

ʈʝʩʝʡʜʝ ʘʣʜʘrס  ʫʘrץ ʪʪʘʨʜʘ çʵʣʝʢʪʨʦʥʜʳ ʙʠʣʽʢè ʧʣʘʪʬʦʨʤʘʩʳʥ ʞʘʩʘʫ 

hװ ʽʥ çתʢʽʤʝʪ ʧʦʨʪʘʣʳè ʘʨʥʘʡʳ ʘץʧʘʨʘʪʪʳץ ʞװʡʝʩʽʥ ʞװʟʝʛʝ ʘʩʳʨʫ 

 .ʘʥסʘʨʘʩʪʳʨʳʣץ

 ʡʳʤʜʘʨʤʝʥײ ʢʽʤʝʪ ʧʦʨʪʘʣʳʥ ʞʘʩʘʫ ʘʷʩʳʥʜʘ ʘʟʘʤʘʪʪʘʨʤʝʥ ʞᴅʥʝת
ᴅʩʝʨʣʝʩʫ ʢʝʟʽʥʜʝ ʦʨʳʥʜʘʫʰʳ ʙʠʣʽʢʪʽש ʬʝʜʝʨʘʣʜʳ ʦʨʛʘʥʜʘʨʳʥʳש rץ ʟʤʝʪ- 

ʪʝʨʽʥʽש ʘʰrץʪrrס  .ʘʤʪʘʤʘʩʳʟ ʝʪʽʣʝʜʽץ 
ɹʘסʘʩʳʥʳש ʪᴇʤʝʥʜʽʛʽ, ʘʟ ʵʥʝʨʛʠʷ ʪײʪʳʥʫ, ʤʦʜʝʣʜʝʨ ᴅʨʪװʨʣʽʣʽʛʽ ʞᴅʥʝ  

ʞʘשʘ ʤʦʜʝʣʜʝʨʜʽ ʰʳסʘʨʫ ʜʠʥʘʤʠʢʘʩʳ, ץʦʣʜʘʥʙʘʣʳ ʩʠʧʘʪʪʘrס  ʙʘסʜʘʨ- 

ʣʘʤʘʣʳץ ʜʘʡʳʥ ʞᴅʥʝ ץʦʣʞʝʪʽʤʜʽ ᴇʥʽʤʜʝʨʜʽש ʙʘʨ ʙʦʣʫʳ, ʤʫʣʴʪʠʤʝʜʠʷʣʳץ 

ʤװʤʢʽʥʜʽʢʪʝʨ ɼʕɽʄ-ʜʽ ʦʜʘʥ ʘʨʳ ʪʘʣʘʧ ʝʪʽʣʝʪʽʥ ʞᴅʥʝ rץ ʟrץʪʳʨʘʪʳʥ 

ʠʥʜʠʚʠʜʫʘʣʜʳ ᴇʥʜʽʨʽʩʪʽʢ ײץʨʘʣ ʤʝʥ ʭʘʣʳץʪrש ʢʝש ʦʨʪʘʩʳ hװ ʽʥ ʦʡʳʥ-ʩʘʫʳץ 

 .ʨʘʣʳ ʝʪʪʽײץ

 

 

ˎˍ˨˘ˍ ɣ˞ ˝ˍ˟ˍ˝ ˨  
 

1. ˪̜̌̆̋̓̑̏̎̅ ̨̙̆̒̆̐̓̆̔ ̙̜̜̍́̉̎́̌́̑̎ ̙ ̨̓̉̐̎ 
̜́̓́̈ȟ ̜̏̌́̑̅ ̜̜̑́̊̒̒ ̎́ ̒̉̐́̓̓́̍́ ̂ ̨̨̆̑̈ Ȣ 

2. ˪˒-̇̎  ̨̎ ̨̨̆̄̈̄ ̜̏̌̅́̎̌̔ ̜̒́̌́̌́̑̎ ́ ̜̓́̈Ȣ 
3. ˪˒-̇̎  ̨ ́̊ ̨̓̉̐ ̋̆ ̜̏̌̅́̎̒ ̜̓́̐̓ ̇̎̆ ̎̆ ̨̙̎ȩ 
4. ˞̔̐̆̑˪˒˙ ́̊ ̇̆̑̅̆ ̜̜̏̌̅́̎̌́̅ȩ 
5. ˛̜̑̎́̓̌́̎ ˪˒˙ ́̊ ̇̆̑̅̆ ̜̜̏̌̅́̎̌́̅ȩ 
6. ˟̗̠̜̆̌̆̋̏̍̍̔̎̉̋́̉̌ ̓ ̖̠̜̆̎̏̌̏̄̉̌́̑̅ ̅ ̜́̍̔̎́ 
̎̆ ̜́̌̐ ̋ ̨̆̌̅ȩ 

7. ˎ̨̨̈̅ ̋ ̨̨̆̈̍̈̅̆ ̜́̌́̍̓̏̑̅ ́̎̅́̊ ̍̎ ̨̂ ́̑ȩ 
8. Ⱥ̨̋̍̆̓ ̜̐̏̑̓́̌Ȼ ̜́̐́̑́̓̓ ̇ ̨̊̆̒ ́̎̅́̊ 
̨̍̒̆̌̆̌̆̑̅ ̙̙̆̔̄̆ ́ ̑̎́̌́̎ȩ 
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    1.2.  ˛˘ˑˍ˚ˠ ˍ˖˙ˍ˟ˍ˝ ˨
 

ɽʩʝʧʪʝʫʽʰ ʪʝʭʥʠʢʘ ײץʨʘʣʜʘʨʳʥʳש ʜʘʤʫ ʪʘʨʠʭʳ ʰʘʨʪʪʳץ ʪʦʧʪʘʨסʘ 

ʙʽʨʢʝʣʢʽ ʕɽʄ-ʜʳ ʭʨʦʥʦʣʦʛʠʷʣʳץ ʨʝʪʧʝʥ ʙᴇʣʽʧ ʘʣʳʧ ʞװʡʝʣʝʫʛʝ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʪʽʥ ʩʠʧʘʪʪʘʤʘʣʳץ ʙʝʣʛʽʣʝʨ ᴅʨץʘʡʩʳʩʳʥʘ ʪᴅʥ ʫʘrץ ʪʪrץ ʵʪʘʧʪʘʨʜʘʥ 

ʪײʨʘʜʳ. ʄײʥʜʘʡ ᴅʨ ʪʦʧ ʝʩʝʧʪʝʫʽʰ ʤʘʰʠʥʘʣʘʨʜʳש ʥʘץʪʳ ʙʽʨ ʙʫʳʥʜʘʨʳʥʘ 

ʞʘʪʘʜʳ. 

ɸʣסʘ rhץ ʜʘ ʕɽʄ ʙʫʳʥʜʘʨʳ ᴇʟʘʨʘ ץʦʣʜʘʥʳʣʘʪʳʥ ʵʣʝʤʝʥʪʪʽʢ ʙʘʟʘ ʤʝʥ 

ʢʽʣʪʪʽʢ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʰʝʰʽʤʜʝʨ ʙʦʡʳʥʰʘ ʘʞʳʨʘʪʳʣסʘʥ, ʩʦʣ ʩʝʙʝʧʪʽ 

ʙʫʳʥʜʘʨʜʳש ʘʫʳʩʫʳʥ ʙʽʨʽʥʰʽ ʢʝʟʝʢʪʝ ʘʣסʘ rhץ  ʕɽʄ ʩʘʧʘʣʳ ʞʘשʘ 

ʵʣʝʤʝʥʪʪʽʢ ʙʘʟʘʜʘ ʞװʟʝʛʝ ʘʩʳʨʳʣʫ ʫʘrץ ʪʳ ʙʦʡʳʥʰʘ ʙʝʢʽʪʝʪʽʥ ʙʦʣʘʤʳʟ. 
ɹʫʳʥʜʘʨסʘ ʙʝʨʽʣʛʝʥ ʪʘʨʘʫ ʥʘץʪʳ ʙʦʣʳʧ ʝʩʝʧʪʝʣʤʝʡʜʽ, ʜʝʛʝʥʤʝʥ ʵʣʝʤʝʥʪʪʽʢ 

ʙʘʟʘ ʩʘʣʘʩʳʥʜʘrס  ʧʨʦʛʨʝʩʩ ʕɽʄ ʜʘʤʫʳʥʜʘ ᴅʨʜʘʡʳʤ ʘʥʳץʪʘʫʰʳ ʙʦʣסʘʥ. 

 :ʦʩʳʤʰʘ ʬʘʢʪʦʨʣʘʨʜʳץ ʘʟʽʨʛʽ ʢʝʟʜʝ ʕɽʄ ʙʫʳʥʜʘʨʳʥ ʦʨʥʘʪʫ ʢʝʟʽʥʜʝפ
ʙʘסʜʘʨʣʘʤʘʣʘʫ ʪʽʣʜʝʨʽʥ, ץʦʣʜʘʥʫʰʳʤʝʥ ʙʘʡʣʘʥʳʩ ײץʨʘʣʜʘʨʳʥ, ʤʘʰʠʥʘʣʳץ 

ʨʝʩʫʨʩʪʘʨʳʥ (ʦʧʝʨʘʪʠʚʪʽ ʝʩʪʝ ʩʘץʪʘʫ ײץʨʳʣrס ʩʳʥʳש ʩʳʡʳʤʜʳʣʳrס , 

ʪʝʟᴅʨʝʢʝʪʪʽʢ) ʝʩʢʝʨʝʜʽ. ʊʽʧʪʽ ʙʫʳʥʜʘʨʜʳ ʘʥʳץʪʘʫ ʪʘʣʘʧʪʘʨʳʥʳש ʙײʥʜʘʡ 

ʥʘץʪʳʣʘʫʳ ʜʘ ʤʘʰʠʥʘʣʘʨ ʙʫʳʥʜʘʨʳʥʳש ʘʨʘʩʳʥʜʘrס  ʢᴇʤʝʩʢʽ ʫʘrץ ʪʪrץ 

ʰʝʢʪʝʨʜʽ ʞʦʶסʘ ץʘʙʽʣʝʪʩʽʟ, ʩʝʙʝʙʽ ʙʽʨ ʢʝʟʝשʜʝ ʕɽʄ-ʥrש ᴇʪʝ ᴅʨʪװʨʣʽ 

ʜʝשʛʝʡʣʝʨʽ ʞʦʙʘʣʘʥʳʧ ʥʝʤʝʩʝ ʰʳסʘʨʳʣʳʧ ʞʘʪʪʳ. 

ɸʜʘʤʜʘʨʜʳש ʝʩʝʧʪʝʫ װʨʜʽʩʪʝʨʽʥ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ ʦʡʣʘʨʳ, ᴇʥʝʨʪʘʙʳʩʪʘʨʳ 

ʤʝʥ ʳʥʪʘʣʘʨʳ ײʟʘץ ʪʘʨʠʭץʘ ʠʝ. ɽʞʝʣʛʽ ʢʝʟʜʝʨʜʝʥ ʘʜʘʤʜʘʨ ץʦʣ ʞᴅʥʝ 

ʤʝʭʘʥʠʢʘʣʳײץ ץʨʘʣʜʘʨ ʥʝʛʽʟʽʥʜʝ װʣʢʝʥ ʩʘʥʜʘʨʤʝʥ ʘʨʠʬʤʝʪʠʢʘʣʳץ 

ʦʧʝʨʘʮʠʷʣʘʨʜʳ ʦʨʳʥʜʘʫ װʨʜʽʩʽʥ ʞʝ̔ש ʣʜʝʪʫ ʤʝʥ ʦשʘʡʣʘʪʫסʘ ʪʳʨʳʩץʘʥ. 

ɹʝʩʽʥʰʽ ʞװʟʞʳʣʜʳץʪʘ ʝש ʦשʘʡ (ʤװʤʢʽʥ, ʙʽʨʽʥʰʽ) ʞᴅʥʝ ʢʝץ שʦʣʜʘʥʳʩʪʘrס  
ʝʩʝʧʪʝʫʽʰ ײץʨʘʣ ï ʘʙʘʢ ʧʘʡʜʘ ʙʦʣʜʳ. 

ɸʙʘʢ ʩʳʟʳץʪʘʨ ʞװʨʛʽʟʝʪʽʥ ʥʝʤʝʩʝ ʘʩʪʘʫʣʘʨʜʳ ʦʷʪʳʥ ʪʘץʪʘ ʪװʨʽʥʜʝ 

ʙʦʣסʘʥ; ʝʩʝʧʪʝʫ ʦʥʳש ʙʦʡʳʤʝʥ ʝʩʝʧʪʝʫ ʤʘʨʢʘʣʘʨʳʥ (ʩװʡʝʢʪʝʨʜʽ, ʪʘʩʪʘʨʜʳ 

ʞᴅʥʝ ʪ.ʙ.) ʞʳʣʞʳʪʫ ʞʦʣʳʤʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣסʘʥ. ɸʙʘʢʪʳ ʞʘʩʘʧ 

ʰ rסʘʨʫʰrʣʘʨʜʳש ʥʝʛʽʟʛʽ rץ ʟʤʝʪʽ ï ʩʘʥʜʘʨʜʳ ʢᴇʨʩʝʪʫʜʽש ʧʦʟʠʮʠʦʥʜʳ 

ʞװʡʝʩʽʥ ʞʘʩʘʫ. ײפʨʳʣrס  ɽʞʝʣʛʽ ɻʨʝʮʠʷʜʘ, ʈʠʤʜʝ, ʩʦʜʘʥ ʩʦש ʐ rrס ʩ 

ɽʫʨʦʧʘʜʘ ʘʨʠʬʤʝʪʠʢʘʣʳץ ʝʩʝʧʪʝʫʣʝʨ hװ ʽʥ ץʦʣʜʘʥʳʣסʘʥ. פʠʳʨ ʐʳrס ʩ 

ʝʣʜʝʨʽʥʜʝ rץ ʪʘʡ ʘʥʘʣʦʛʳ ï ʩʫʘʥ-ʧʘʥ ʞᴅʥʝ ʰʳʙʳץץʘ ʪʽʟʙʝʢʪʝʣʛʝʥ ʰʘʨʣʘʨʳ 

ʙʘʨ ʞʘʧʦʥ ʩʦʨʦʙʘʥʳ, ʘʣ ʈʝʩʝʡʜʝ ï ʝʩʝʧʰʦʪʪʘʨ ʪʘʨʘסʘʥ. 

ɽʩʝʧʰʦʪʪʘʨ ʰʘʤʘʤʝʥ XVII סס. ʧʘʡʜʘ ʙʦʣסʘʥ ʞᴅʥʝ ʘʙʘʢʪʳש ᴅʨʪװʨʣʽ 

ʤʦʜʠʬʠʢʘʮʠʷʣʘʨʳʥʘʥ ʘʡʳʨʤʘʰʳʣʳrס  ʙʝʩʪʽʢ ʝʤʝʩ ʦʥʜʳץ ʩʘʥʘʫ ʞװʡʝʩʽʥ 

 .ʘʥסʦʣʜʘʥץ
XVס. ʩʦrש ʥʜʘ ʃʝʦʥʘʨʜʦ ʜʘ ɺʠʥʯʠ ʤʝʭʘʥʠʢʘʣʳ13 ץ-ʨʘʟʨʷʜʪʳ ʩʫʤ- 

ʤʘʣʘʫʰʳ ײץʨʳʣrס ʥrש ʵʩʢʠʟʳʥ ʞʘʩʘʧ ʰʳסʘʨʜʳ, ʦʥʳש ʞײʤʳʩ ץʘʙʽʣʝʪʪʽʣʽʛʽ 

ʙʽʟʜʽש ʢʝʟʝשʜʝ ץʦʣʜʘʥʳʩʪʘrס  ʤʘʢʝʪʪʽ ʜʘʡʳʥʜʘʫʤʝʥ ʜᴅʣʝʣʜʝʥʛʝʥ. 
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ɸʣסʘ rhץ  ʤʝʭʘʥʠʢʘʣʳץ ʝʩʝʧʪʝʫ ʤʘʰʠʥʘʩʳ 1623 ʞʳʣʳ ɺ.ʐʠʢʢʘʨʜʧʝʥ 
ʩʠʧʘʪʪʘʣסʘʥ. ʆʣ ʞʘʣrס ʟ ʥײʩץʘʜʘ ʞװʟʝʛʝ ʘʩʳʨʳʣסʘʥ ʞᴅʥʝ 6-ʨʘʟʨʷʜʪʳ 

ʩʘʥʜʘʨʤʝʥ ʪᴇʨʪ ʘʨʠʬʤʝʪʠʢʘʣʳץ ʦʧʝʨʘʮʠʷʣʘʨʜʳ ʦʨʳʥʜʘʫסʘ ʘʨʥʘʣסʘʥ. 

XVII סʣʦʛʘʨʠʬʤʜʽʢ ʩʳʟr .ס  ʰ ï ʙʽʨʥʝʰʝ ʦʧʝʨʘʮʠʷʣʘʨʜʳ: ʩʘʥʜʘʨʜʳ 
ʢᴇʙʝʡʪʫ ʤʝʥ ʙᴇʣʫʜʽ, ʜᴅʨʝʞʝʩʽʥ ʰʳסʘʨʫʜʳ, ʣʦʛʘʨʠʬʤʜʝʨʜʽ, ʪʨʠʛʦʥʦʤʝʪ- 

ʨʠʷʣʳץ ʬʫʥʢʮʠʷʣʘʨʜʳ ʝʩʝʧʪʝʫʜʽ ʦʨʳʥʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ץʦʣʤʝʥ 

ʝʩʝʧʪʝʫʽʰ ײץʨʘʣ ʞʘʩʘʣʳʧ ʰʳסʘʨʳʣסʘʥ. ʃʦʛʘʨʠʬʤʜʽʢ ʩʳʟrס ʰʪrש ʞײʤʳʩ 

ʽʩʪʝʫ ʧʨʠʥʮʠʧʽ ʩʘʥʜʘʨʜʳ ʢᴇʙʝʡʪʫ ʤʝʥ ʙᴇʣʫ ʦʣʘʨʜʳש ʣʦʛʘʨʠʬʤʜʝʨʽʥʽש 

ʩᴅʡʢʝʩʽʥʰʝ ʘʟʘʡʪʳʣʫʳ ʤʝʥ ץʦʩʳʣʫʳʥʘ ʘʣʤʘʩʪʳʨʫסʘ ʥʝʛʽʟʜʝʣʛʝʥ. 

1642 ʞʳʣʳ ɹʣʝʟ ʇʘʩʢʘʣʴ ʩʫʤʤʘʣʘʫʰʳ ʤʘʰʠʥʘʥʳ ʞʘʩʘʧ ʰʳסʘʨʜʳ, ʘʣ 

ʦʩʳʥʜʘʡ 50 ʤʘʰʠʥʘʣʘʨʜʘʥ ʪײʨʘʪʳʥ ʪʦʧʪʘʤʘ ʦʡ ʝשʙʝʛʽʥ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ 

ʤװʤʢʽʥʜʽʛʽʥ ʢᴇʨʩʝʪʪʽ. ʇʘʩʢʘʣʴ ʤʘʰʠʥʘʩʳ ʝʩʝʧʪʝʫ ʪʝʭʥʠʢʘʣʘʨʳʥʳש ʤʝʭʘʥʠ- 
ʢʘʣʳץ ʜʘʤʫ ʵʪʘʧʪʘʨʳʥʳש ʙʘʩʪʘʤʘʩʳ ʜʝʧ ʝʩʝʧʪʝʫ ץʘʙʳʣʜʘʥסʘʥ. 

ʅʝʤʽʩ ʤʘʪʝʤʘʪʠʛʳ ɻʦʪʬʨʠʜ ɺʠʣʴʛʝʣʴʤ ʃʝʡʙʥʠʮ 1673 ʞ. ץʦʩʫ, ʘʟʘʡʪʫ, 

ʢᴇʙʝʡʪʫ, ʙᴇʣʫʜʽ סʘʥʘ ʝʤʝʩ ʩʦʥʜʘʡ-ʘץ ʢʚʘʜʨʘʪ ʪװʙʽʨʜʝʥ ʰʳסʘʨʫʜʳ ʜʘ 

ʦʨʳʥʜʘʡʪʳʥ ʪᴇʨʪ ᴅʨʝʢʝʪʪʽ ʤʘʰʠʥʘ ײץʨʘʩʪʳʨʜʳ. ʆʥʜʘ ɻ.ɺ.ʃʝʡʙʥʠʮ ʘʣסʘ rhץ  

ʨʝʪ װʡʨʝʥʰʽʢʪʽ ʦʥʜʳץ ʩʘʥʘʫ ʞװʡʝʩʽʥ ʝʤʝʩ ʝʢʽʣʽʢ (0 ʤʝʥ 1) ʩʘʥʘʫ ʞװʡʝʩʽʥ 

 .ʦʣʜʘʥʜʳץ

XVIII  ʣײʘʥ; ʢʝʡʙʽʨ ʞʝʪʽʣʜʽʨʫʣʝʨʤʝʥ ʙסʘʨʳʣסʘʨʠʬʤʦʤʝʪʨ ʞʘʩʘʧ ʰʳ .ס 

ʤʘʠhʥʘʣʘʨ XX ס. ʦʨʪʘʩʳʥʘ ʜʝʡʽʥ ץʦʣʜʘʥסʘʥ. 

ʌʨʘʥʮʫʟ ʪʦrץ ʤʘʰʳʩʳ ʞᴅʥʝ ʤʝʭʘʥʠʛʳ ɾʦʟʝʬ ɾʘʢʢʘʨ 1802 ʞ. 
ᴇʥʜʽʨʽʣʝʪʽʥ ʤʘʪʘʥʳװ שʩʪʽʥʝʥ ᴅʨʪװʨʣʽ ᴇʨʥʝʢʪʝʨʜʽ ʘʥʳץʪʘʡʪʳʥ ʩʘrש ʣʘʫʣʘʨʳ 

ᴅʨʪװʨʣʽ ʦʨʥʘʣʘʩץʘʥ ʪʝʩʽʢʪʽ ʢʘʨʪʦʯʢʘʣʘʨʜʳ ץʦʣʜʘʥʳʧ ʪʦrץ ʤʘ ʙʽʣʜʝʛʽʥʽש 

ʘʣסʘ rhץ  ʥײʩץʘʩʳʥ ʞʘʩʘʧ ʰʳסʘʨʜʳ. ɹʽʣʜʝʢʪʽ ʦסʘʥ ʧʝʨʬʦʢʘʨʪʪʘʥ ʙʝʨʽʣʛʝʥ 

ʘץʧʘʨʘʪʧʝʥ ʙʘʩץʘʨʫ ʜʝʛʝʥ ɾ. ɾʘʢʢʘʨʜʳש ʠʜʝʷʩʳʥ ʝʩʝʧʪʝʫʽʰ ײץʨʳʣrס ʣʘʨʜʳ 

ʙʘסʜʘʨʣʘʤʘʣʘʫ ʪʘʨʠʭʳʥʜʘrס  ʘʣסʘ rhץ  ʢʝʟʝשʜʝʨʽʥʽש ʙʽʨʽ ʜʝʧ ʝʩʝʧʪʝʫʛʝ 
ʙʦʣʘʜʳ. 

ɸrס ʣʰʳʥ ʤʘʪʝʤʘʪʠʛʳ ʏʘʨʣʴʟ ɹʵʙʙʠʜʞ 1820ð1822 ʞʞ. ʝʢʽʥʰʽ ʨʝʪʪʽ 

ʢᴇʧʤhװ ʝʣʝʨʜ̔ש ʤᴅʥʜʝʨʽʥʽש ʢʝʩʪʝʣʝʨʽʥ ʝʩʝʧʪʝʡ ʘʣʘʪʳʥ ʤʘʰʠʥʘ ײץʨʘʩʪʳʨʜʳ, 
ʘʣ 1833 ʞ. ʫʥʠʚʝʨʩʘʣʜʳ ʩʘʥʜʳץ ʝʩʝʧʪʝʫʽʰ ʤʘʰʠʥʘʥʳ ï ʕɽʄ ʧʨʦʪʦʪʠʧʽʥʽש 

ʞʦʙʘʩʳʥ ʞʘʩʘʧ ʰʳסʘʨʜʳ. ʆʣ ᴇʟʽʥʝ ʞʘʜʳʥ, ʩʘʥʜʘʨʜʘʥ ʪײʨʘʪʳʥ ̫ײ ʰrץʪʘʨʜʳ, 

ʞᴅʥʝ ʤʘʰʠʥʘסʘ ʧʝʨʬʦʢʘʨʪʪʘʥ ʥײʩץʘʫʣʳץʪʘʨʜʳ ץʦʩʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ 

ʞᴅʥʝ ʪʝʪʽʢʪʝʨ ʤʝʥ ʪʝʛʝʨʰʽʢʪʝʨʜʝʥ ʪײʨʘʪʳʥ ʘʨʠʬʤʝʪʠʢʘʣʳײץ ץʨʳʣrס ʥʳ 

 .ᴅʢʝʩʽ ʜʝʧ ʘʪʘʡʜʳ שʦʩʪʳ. ʉʦʣ ʩʝʙʝʧʪʽ ʏ. ɹʵʙʙʠʜʞʜʽ ʞʠʽ ʢʦʤʧʴʶʪʝʨʜʽץ

1854 ʞ. ʘrס ʣʰʳʥ ʤʘʪʝʤʘʪʠʛʳ ɼʞʦʨʜʞ ɹʫʣʴ çʃʦʛʠʢʘ ʤʝʥ ʳץʪʠʤʘʣ- 
ʜʳʣrץʪʘʨ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʪʝʦʨʠʷʣʘʨʳ ʥʝʛʽʟʜʝʣʝʪʽʥ ʦʡʣʘʫ ʟʘשʜʳʣrץʪʘʨʳʥ 

ʟʝʨʪʪʝʫè ʘʪʪʳ ʪʝʢ ʝʢʽ ʤװʤʢʽʥ ʙʦʣʘʪʳʥ ʞʘסʜʘʡʣʘʨʜʳ: çɸץʠץʘʪè ʥʝʤʝʩʝ 

çɾʘʣסʘʥè (1 ʥʝʤʝʩʝ 0) ʞʘסʜʘʡʣʘʨʳʥ ץʦʣʜʘʥʘʪʳʥ ʣʦʛʠʢʘʥʳש ʦʧʝʨʘʮʠʷʣʘʨʳ 

ʤʝʥ ʟʘשʜʳʣrץʪʘʨʳ ʞװʡʝʩʽʥ ʩʠʧʘʪʪʘסʘʥ ʝשʙʝʛʽʥ ʞʘʨʳץץʘ ʰʳסʘʨʜʳ. 
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ɹײʣ ʥᴅʪʠʞʝʩʽʥʜʝ ʅɽʄɽʉɽ, ɾᴄʅɽ, ɽʄɽʉ ʙʘʟʘʣʳץ ʦʧʝʨʘʮʠʷʣʘʨʳʥ ץʦʣʜʘʥʘ 
ʦʪʳʨʳʧ ʝʢʽʣʽʢ ʩʘʥʜʘʨʤʝʥ ᴅʨʝʢʝʪʪʝʨ ʞʘʩʘʡʪʳʥ ʕɽʄ ʣʦʛʠʢʘʣʳץ ʩײʣʙʘʩʳʥ 

ʞʘʩʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. 

1876 ʞ. ʨʝʩʝʡʣʽʢ ʦrץ ʤʳʩʪʳ ʇ.ʃ.ʏʝʙʳʰʝʚ ʤʝʭʘʥʠʢʘʣʳץ ʘʨʠʬʤʦʤʝʪʨʜʽ 
 ʙʽʨʽ שᴇʟʽʥʜʽʢ ʝʩʝʧʪʝʫʽʰ ʤʘʰʠʥʘʣʘʨʜʳ שʣ ʩʦʣ ʢʝʟʜʝʨʜʝʛʽ ʝײʨʘʩʪʳʨʜʳ. ɹײץ

ʙʦʣʜʳ. ɸʢʘʜʝʤʠʢ ɸ. ʅ. ʂʨʳʣʦʚ 1912 ʞ. ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʪʝשʜʝʫʣʝʨʜʽ 

ʰʝʰʫʛʝ ʘʨʥʘʣסʘʥ ʤʝʭʘʥʠʢʘʣʳץ ʠʥʪʝʛʨʘʪʦʨ ײץʨʘʩʪʳʨʜʳ. 

1888 ʞ. ʘʤʝʨʠʢʘʣʳץ ʠʥʞʝʥʝʨ ɻʝʨʤʘʥ ʍʦʣʣʝʨʠʪ (IBM ʽʟʘʰʘʨ-ʬʠʨʤʘ- 

ʩʳʥrש ʥʝʛʽʟʽʥ ץʘʣʘʫʰʳ) ʧʝʨʬʦʢʘʨʪʪʘʨʜʘrס  ʢʝʣʪʽʨʽʣʛʝʥ ʩʘrש ʣʘʫʣʘʨʤʝʥ 

ʩʪʘʪʠʢʘʣʳץ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʪʘʥʳʧ ʩײʨʳʧʪʘʡ ʘʣʘʪʳʥ ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʘʣʳץ 

ʤʘʰʠʥʘʥʳ ײץʨʘʩʪʳʨʜʳ. ʊʘʙʫʣʷʨ ʜʝʧ ʘʪʘʣסʘʥ ʙײʣ ʤʘʰʠʥʘ ʨʝʣʝ, ʩʘʥʘrס ʰ 

ʞᴅʥʝ ʩײʨʳʧʪʘʫʰʳ ʞᴅh ʽʢʪʝʥ ʪײʨʜʳ. ɹײʣ ʤʘʰʠʥʘʥʳש ᴇʟʛʝʰʝʣʽʛʽ ʦʥʜʘrס  
ʧʝʨʬʦʢʘʨʪץʘ ʝʥʛʽʟʽʣʛʝʥ ʘץʧʘʨʘʪ ʵʣʝʢʪʨʣʽʢ ᴅʜʽʩʧʝʥ ʦrץ ʣʘʪʳʥ ʙʦʣʫʳʥʜʘ. 

1938 ʞ. ʂʦʥʨʘʜ ʎʫʟʝ (ɻʝʨʤʘʥʠʷ) װʡʜʝʛʽ ʰʘʨʪʪʘʨʜʘ ʙʘסʜʘʨʣʘʤʘʣʳץ 

ʙʘʩץʘʨʫʤʝʥ, ʝʩʝʧʪʝʨʜʽ ʝʥʛʽʟʫʛʝ ʘʨʥʘʣסʘʥ ʧʝʨʥʝʪʘץʪʘʤʝʥ, 64 ʩʘʥʜʳץ ʞʘʜʳ 

ʤʝʥ ʝʩʝʧʪʝʫʣʝʨ ʥᴅʪʠʞʝʩʽ ʢᴇʨʽʥʝʪʽʥ ʣʘʤʧʦʯʢʘʩʳ ʙʘʨ ʧʘʥʝʣʽʤʝʥ Z1 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʘʣʳץ ʤʘʰʠʥʘʩʳʥ ʞʠʥʘʜʳ. ʆʣ 22-ʨʘʟʨʷʜʪʳ ʝʢʽʣʽʢ ʩʘʥʜʘʨʜʳ 

ʞʳʣʞʳʤʘʣʳ װʪʽʨʤʝʥ ᴇשʜʝʡ ʘʣʜʳ. ʂʝʣʝʩʽ Z2 ʤʦʜʝʣʽʥʜʝ ʧʝʨʬʦʣʝʥʪʘסʘ 

ʘץʧʘʨʘʪʪʳש ʰ rסʘʨʳʣʫʳ ץʦʣʜʘʥʳʣʜʳ. 

1941 ʞ. ʂ. ʎʫʟʝ ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʘʣʳץ ʨʝʣʝʛʝ ʥʝʛʽʟʜʝʣʛʝʥ ʞᴅʥʝ ʝʢʽʣʽʢ 
ʩʘʥʘʫ ʞװʡʝʩʽʥʜʝ ʞײʤʳʩ ʽʩʪʝʡʪʽʥ hװ ʽʥʰʽ ï Z3 ʤʦʜʝʣʽʥ ʞʘʩʘʧ ʰʳסʘʨʜʳ, Z3 

ʤʘʰʠʥʘʩʳ ʩʘʥʘʫ ײץʨʘʣʳʥʳ600 ש ʨʝʣʝʩʽʥʝʥ ʞᴅʥʝ ʞʘʜʳ ײץʨʳʣrס ʩʳʥʳ2000 ש 

ʨʝʣʝʩʽʥʝʥ ʪײʨʜʳ. ʆʣ ʤʝʭʘʥʠʢʘʣʳץ ʪʽʟʙʝʢʪʝʡ, ץʘʜʘʤ ʩʘʡʳʥ, ʙʘסʜʘʨʣʘʤʘʥʳ 

ʦץʠʪʳʥ ʞᴅʥʝ ʩʝʢʫʥʜʳʥʘ 15...20 ʝʩʝʧʪʝʫ ʦʧʝʨʘʮʠʷʣʘʨʳʥ ᴇʥʜʽʨʝʪʽʥ. 

ʕʣʝʢʪʨʦʥʜʳ ײץʨʳʣrס ʣʘʨʜʳ ץʦʣʜʘʥʫʤʝʥ ʝʩʝʧʪʝʫ ʤʘʰʠʥʘʣʘʨʳʥ ʞʘʩʘʫ 

ʠʜʝʷʣʘʨʳ ʙʽʨ-ʙʽʨʽʥʝ ʪᴅʫʝʣʩʽʟ ʪװʨʜʝ ᴅʨʪװʨʣʽ ʝʣʜʝʨʜʝ 1930 ʞʳʣʜʳש ʩʦrש ʥʜʘ 
ʞᴅʥʝ 1940 ʞʳʣʜʳש ʙʘʩʳʥʜʘ ʪʫʳʥʜʘסʘʥ. 

1937 ʞ. ɼʞʦʥ ɸʪʘʥʘʩʦʚ (ɸפʐ) ᴅʣʝʤʜʝ ʘʣסʘ rhץ  ʨʝʪ 300 ʵʣʝʢʪʨʦʥʜʳ 

ʣʘʤʧʘʣʘʨʜʳ ץʦʣʜʘʥʳʧ ʘʨʥʘʡʳ ʝʩʝʧʪʝʫ ʤʘʰʠʥʘʩʳʥ ʞʘʩʘʧ ʙʘʩʪʘʜʳ. 
1943 ʞ. ɸʣʘʥ ʊʴʶʨʠʥʛʪʽץ שʘʪʳʩʫʳʤʝʥ ױʣʳʙʨʠʪʘʥʠʷʜʘ 2000 ʵʣʝʢʪʨʦʥʜʳ 

ʣʘʤʧʘʣʘʨʜʳץ שʦʣʜʘʥʳʣʫʳʤʝʥ çʂʦʣʦʩʩè ʝʩʝʧʪʝʫ ʤʘʰʠʥʘʩʳ ʞʘʩʘʧ 

ʰ rסʘʨʳʣʜʳ. ɸ. ʊʴʶʨʠʥʛ ʞײʤʳʩʳ ײץʧʠʷ ʙʦʣʘʪʳʥ ð ʘʣסʘ rhץ  ʨʝʪ ʤʘʰʠʥʘ 

ɻʝʨʤʘʥʠʷ ʬʘʰʠʩʪʢʘʩʳʤʝʥ ʜʝʢʦʜʪʘʫסʘ ʞʦסʘʨʳ ʪײʨʘץʪʳʣrץץʘ ʠʝ çʕʥʠʛʤʘè 

ʘʚʪʦʤʘʪʪʳ ʘʧʧʘʨʘʪʫʨʘʩʳʥʜʘ ײץʧʠʷʣʘʥסʘʥ ᴅʩʢʝʨʠ ʢʦʤʘʥʜʘ ʙʝʨʫ 

ʨʘʜʠʦʛʨʘʤʤʘʣʘʨʳʥʳש ʤʘrס ʥʘʣʘʨʳʥ ʘʰʫסʘ ʘʨʥʘʣʳʧ ʩᴅʪʪʽ ץʦʣʜʘʥʳʣʜʳ. 

ʏ. ɹʵʙʙʠʜʞʜʽש ʘʥʘʣʠʪʠʢʘʣʳץ ʤʘʰʠʥʘʩʳʥ ʩʠʧʘʪʪʘʫ ʥʝʛʽʟʽʥʜʝ 1944 ʞ. 

ɸפʐ-ʪʘ ץʘסʘʟ ʧʝʨʬʦʣʝʥʪʘ ʢᴇʤʝʛʽʤʝʥ ʙʘסʜʘʨʣʘʤʘʣʘʥסʘʥ ʵʣʝʢʪʨʦʤʝʭʘʥʠ- 

ʢʘʣʳץ ʨʝʣʝʜʝʛʽ çʄʘʨʢ-1è ʤʘʰʠʥʘʩʳ ײץʨʘʩʪʳʨʳʣʜʳ. 
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ʄʘʰʠʥʘ 15,3 ʤ ײʟʳʥʜʳץץʘ, 2,4 ʤ ʙʠʽʢʪʽʢʢʝ, 35 ʪ-סʘ ʞʫʳץ ʤʘʩʩʘסʘ, 800 
ʢʤ-ʜʝʥ ʞʦסʘʨʳ ʩʳʤʜʘʨ ײʟʳʥʜʳrס ʥʘ, 3 ʤʣʥ-ʥʘʥ ʢᴇʧ ʙʘʡʣʘʥʳʩʪʘʨ ʩʘʥʳʥʘ ʠʝ 

ʙʦʣʜʳ. ʆʣ 23 ʨʘʟʨʷʜץʘ ʜʝʡʽʥʛʽ ײʟʳʥʜʳץʪʘrס  ʦʥʜʳץ ʩʘʥʜʘʨʤʝʥ ʞײʤʳʩ 

ʞʘʩʘʡʜʳ; ʩʘʥʜʘʨʜʳש ʢᴇʙʝʡʪʫ ʫʘrץ ʪʳ 4 ʩ. çʄʘʨʢ-1è ʤʘʰʠʥʘʩʳ ɸפʐ 

ᴅʩʢʝʨʠ-ʪʝ̔ש ʟ ʢhװ ʪʝʨʽʤʝʥ ץʦʨסʘʥʳʩ ʩʠʧʘʪʳʥʜʘrס  ᴅʨʪװʨʣʽ ʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʫ 

hװ ʽʥ ץʦʣʜʘʥʳʣסʘʥ. 

1944 ʞ. ʙʘʩʪʘʧ ʝʩʝʧʪʝʫʽʰ ʪʝʭʥʠʢʘʥʳ ʞʘʩʘʫ ʙʦʡʳʥʰʘ ʞײʤʳʩʪʘʨʜʘ 
ʘʤʝʨʠʢʘʥʜʳץ ʤʘʪʝʤʘʪʠʢ ɼʞʦʥ ʬʦʥ ʅʝʡʤʘʥ ץʘʪʳʩץʘʥ. 1946 ʞ. ʦʣ 

ɻ.ɻʦʣʜʩʪʘʡʥ ʞᴅʥʝ ɸ. ɹʝʨʢʩʧʝʥ ʙʽʨʛʝ ʝʩʝʧʪʝʫʽʰ ʪʝʭʥʠʢʘʥʳש ʜʘʤʫʳ hװ ʽʥ 

ʤʘrש ʟʜʳ çʵʣʝʢʪʨʦʥʜʳ ʝʩʝʧʪʝʫʽʰ ײץʨʳʣrס ʩʳʥʳש ʣʦʛʠʢʘʣʳײץ ץʨʳʣʳʤʳʥ 
ʘʣʜʳʥ-ʘʣʘ ץʘʨʘʩʪʳʨʫè ʤʘץʘʣʘʩʳʥ ʞʘʨʠʷʣʘʜʳ. ʆʥʜʘ ץʘʟʽʨ ʙʘʨʣʳץ ʕɽʄ-ʜʘ 

 ʦʣʜʘʥʫ ʞᴅʥʝץ ʡʝʣʝʨʽʥװʦʣʜʘʥʳʣʘʪʳʥ ʥʝʛʽʟʛʽ ʝʢʽ ʦʡ: ʝʢʽʣʽʢ ʩʘʥʘʫ ʞץ

ʩʘץʪʘʣʘʪʳʥ ʙʘסʜʘʨʣʘʤʘ ʧʨʠʥʮʠʧʽ ʪʫʨʘʣʳ ʘʡʪʳʣסʘʥ. 

1940-ʰʽ ʞʞ. ʥᴇʣʜʽʢ ʙʫʳʥʜʳ ʤʘʰʠʥʘʣʘʨ ʜʝʧ ʘʪʘʣʘʪʳʥ ʤʝʭʘʥʠʢʘʣʳץ ʞᴅʥʝ 
ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʘʣʳץ ʝʩʝʧʪʝʫʽʰ ʤʘʰʠʥʘʣʘʨʜʳש ʢʝʟʝ̔ש  ʘʷץʪʘʣʜʳ ʜʝʧ 

ʝʩʝʧʪʝʫʛʝ ʙʦʣʘʜʳ. 

ʕɽʄ ʙʽʨʽʥʰʽ ʙʫʳʥʜʘʨʳ. ɸץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʩʘʣʘʩʳʥʜʘrס  
ʥʝʛʽʟʛʽ ʙʝʪʙײʨʳʩ ʣʦʛʠʢʘʣʳץ, ʝʩʪʝ ʩʘץʪʘʫʰʳ ʞᴅʥʝ ʙʘʩץʘ ײץʨʳʣrס ʣʘʨ 

ʵʣʝʢʪʨʦʥʜʳ ʘʩʧʘʧʪʘʨʜʘ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʪʳʥ ʘʣסʘ rhץ  ʘʥʘʣʦʛʪʳ ʞᴅʥʝ ʩʘʥʜʳץ 

ʕɽʄ ʧʘʡʜʘ ʙʦʣʳʩʳʤʝʥ ɽʢʽʥʰʽ ʜװʥʠʝʞװʟʽʣʽʢ ʩʦrס ʩʪʘʥ ʢʝʡʽʥ ʙʘʩʪʘʣʜʳ. ʆʩʳ 

ʫʘrץ ʪʪʘʥ ʙʘʩʪʘʧ ʕɽʄ-ʥ̔ש ʬʫʥʢʮʠʦʥʘʣʜʳ ʤװʤʢʽʥʜʽʢʪʝʨʽʥʝ, ᴇʥʽʤʜʽʣʽʛʽʥʝ, 

ʞʘʜʳʥʘ, ʩʝʥʽʤʜʽʣʽʛʽʥʝ, ʛʘʙʘʨʠʪʪʳ ᴇʣʰʝʤʜʝʨʽʥʝ, ʤʘʩʩʘʩʳʥʘ ʞᴅʥʝ ʪײʪʳʥʘʪʳʥ 

 -ʜʘʤʫʳ שʫʘʪʳʥʘ ʥʝʛʽʟʛʽ ᴅʩʝʨ ʝʪʢʝʥ ʵʣʝʢʪʨʦʥʠʢʘ ʤʝʥ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʘʥʳץ

ʤʝʥ ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩץʘʥ ʵʣʝʢʪʨʦʥʜʳ ʝʩʝʧʪʝʫʽʰ ʤʘʰʠʥʘʣʘʨʳʥʳש ʙʫʳʥ- 

ʜʘʨʳʥ ʩʘʥʘʫ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. 

ɹʽʨʽʥʰʽ ʙʫʳʥʜʳ ʝʩʝʧʪʝʫ ʤʘʰʠʥʘʣʘʨʳʥʜʘ ʥʝʛʽʟʛʽ ʵʣʝʤʝʥʪʪʝʨ ʵʣʝʢʪʨʦ- 

ʚʘʢʫʫʤʜʳ ײץʨʳʣrס ʣʘʨ: ʵʣʝʢʪʨʦʥʜʳ ʣʘʤʧʘʣʘʨ ʤʝʥ ʵʣʝʢʪʨʦʥʜʳ-ʩᴅʫʣʝʣʽ 

ʪװʪʢʽʢʰʝʣʝʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

1946 ʞ. ɸפʐ-ʪʘ çʕʥʠʘʢè (ENIAC) ʘʣסʘ rhץ  ʵʣʝʢʪʨʦʥʜʳ ʝʩʝʧʪʝʫ ʤʘʰʠ- 
ʥʘʩʳ ײץʨʘʩʪʳʨʳʣסʘʥ. ʄʘʰʠʥʘʜʘ 18 ʤʳש ʵʣʝʢʪʨʦʥʜʳ ʣʘʤʧʘʣʘʨ ץʦʣʜʘ- 

ʥʳʣסʘʥ; ʦʥʳש ʤʘʩʩʘʩʳ 30 ʪʦʥʥʘʥʳ, ʪײʪʳʥʘʪʳʥ ץʫʘʪʳ 160 ʢɺʪ ײץʨʘʜʳ; ʦʣ 
170 ʤ2 ʘʫʜʘʥʜʳ ʘʣʜʳ. ENIAC ʝʢʽʣʽʢ ʩʘʥʘʫ ʞװʡʝʩʽʥʜʝ ʞײʤʳʩ ʽʩʪʝʡʪʽʥ, 

ʩʝʢʫʥʜʳʥʘ 5 ʤʳסשʘ ʞʫʳץ ץʦʩʫ ʦʧʝʨʘʮʠʷʣʘʨʳʥ ʞᴅʥʝ 300 ʢᴇʙʝʡʪʫ ʦʧʝʨʘʮʠʷ- 

ʣʘʨʳʥ ʦʨʳʥʜʘʡʪʳʥ, ʦʥʳש ʞʘʜʳ ʙʘʨ ʙʦʣסʘʥʳ 20 ʩᴇʟʜʽ ײץʨʘʜʳ. 

ʉʘץʪʘʡʪʳʥ ʙʘסʜʘʨʣʘʤʘʣʳ ʘʣסʘ rhץ  ʕɽʄ 1949 ʞ. ʂʝʤʙʨʠʜʞʜʝ ʧʨʦʬʝʩʩʦʨ 

ʄ. ʋʠʣʢʩ ʙʘʩʰʳʣʳrס ʤʝʥ ʞʠʥʘʣסʘʥ ʕɼʉɸʂ ʘrס ʣʰʳʥ ʤʘʰʠʥʘʩʳ ʙʦʣʜʳ. 

ɽʩʝʧʪʝʫʽʰ ʤʘʰʠʥʘʣʘʨʳʥʳש ʘʣסʘ rhץ  ʥײʩץʘʣʘʨʳʥ ʞʝʪʽʣʜʽʨʫ 1951 ʞ. 

ʢʦʤʤʝʨʮʠʷʣʳץ ץʦʣʜʘʥʳʩץʘ ʘʨʥʘʣסʘʥ UNIVAC (ɸפʐ) ʕɽʄ-ʳʥ ʞʘʩʘʫסʘ 

ʘʣʳʧ ʢʝʣʜʽ. ɹײʣ ʕɽʄ ʩʘʥʜʳץʧʝʥ ץʘʪʘʨ ʪʘשʙʘʣʳץ ʘץʧʘʨʘʪʪʳ ʜʘ ᴇשʜʝʡ 

ʘʣʘʪʳʥ. UNIVAC ʤʘʰʠʥʘʩʳ ʘʣסʘ rhץ  ʪʦʧʪʘʤʘʣʳץ ʰ rסʘʨʳʣʘʪʳʥ ʕɽʄ 

ʙʦʣʜʳ, ʦʥʳש ᴅʨʪװʨʣʽ ʤʦʜʝʣʜʝʨʽ ʝʨʢʽʥ ʩʘʪʫסʘ ʘʨʥʘʣסʘʥ. 
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1952 ʞ. ɼʞʦʥ ʬʦʥ ʅʝʡʤʘʥ ʠʽʣʛʽʰ ʤʘʛʥʠʪʪʽ ʪʘʩʳrס ʰ ï ʣʝʥʪʘʜʘ ʞʘʟʳʣסʘʥ 
ʙʘסʜʘʨʣʘʤʘʣʘʨʜʳ ץʦʣʜʘʥʘʪʳʥ MANIACI ʘʣסʘ rhץ  ʢʦʤʧʴʶʪʝʨʽʥ ʞʘʩʘʧ 

ʰ rסʘʨʜʳ. 

ʆʪʘʥʜʳץ ʕɽʄ-ʜʝʨʜʽש ʜʘʤʫʳʥʘ ʨʝʩʝʡʣʽʢ ʦrץ ʤʳʩʪʳ, ʘʢʘʜʝʤʠʢ ʉʝʨʛʝʡ 
ɸʣʝʢʩʝʝʚʠʯ ʃʝʙʝʜʝʚ װʣʢʝʥ װʣʝʩ ץʦʩʪʳ. ʆʥʳש ʙʘʩʰʳʣʳrס ʤʝʥ ʈʝʩʝʡʜʝʛʽ 

ʘʣסʘ rhץ  ʕɽʄ ʞʘʩʘʫ ʙʦʡʳʥʰʘ ʟʝʨʪʭʘʥʘ ײץʨʳʣʜʳ, ʩʦʜʘʥ ʩʦש (1951 ʞ.) 

ʘʣסʘ rhץ  ʢʝשʝʩʪʽʢ ʕɽʄ ï ʢʽʰʢʝʥʪʘʡ (16-ʨʘʟʨʷʜʪʳ) ʵʣʝʢʪʨʦʥʜʳ ʝʩʝʧʪʝʫʽʰ 

ʤʘʰʠʥʘ (ʂʕɽʄ) ʞʘʩʘʣʜʳ, ʦʣ ʪʝʟᴅʨʝʢʝʪʪʽʛʽ 3 000 ʦʧʝʨ./ʩ-ץʘ  ʞʫʳץ  ʙʦʣʘʪʳʥ 

6 000 ʵʣʝʢʪʨʦʥʜʳ ʣʘʤʧʘʣʘʨʜʘʥ ʞʠʥʘʣסʘʥ. 1952 ʞ. ʉ.ɸ.ʃʝʙʝʜʝʚ 

ʙʘʩʰʳʣʳrס ʤʝʥ װʣʢʝʥ ʵʣʝʢʪʨʦʥʜʳ ʝʩʝʧʪʝʫʽʰ ʤʘʰʠʥʘʣʘʨ (תʕɽʄ) 

ʩʝʤʝʡʩʪʚʦʩʳʥʳװ שʣʢʝʥ ʤʦʜʝʣʽ ï ɹʕʉʄ-1 ײץʨʘʩʪʳʨʳʣסʘʥ, ʦʣ ʩʦʣ ʢʝʟʝשʜʝʨʜʝ 

ɽʫʨʦʧʘʜʘrס  ʝש ʪʝʟ ᴅʨʝʢʝʪ ʝʪʝʪʽʥ (8 000...10 000 ʦʧʝʨ./ʩ) ʤʘʰʠʥʘ ʙʦʣסʘʥ. 
ɹʕʉʄ-1 ʞᴅʥʝ ʦʥʳש ʘʨʪʳʥʘʥ ʝʨʛʝʥ ɹʕʉʄ-2 ʤʝʥ ʄ-20 (20 ʤʳש ʦʧʝʨ./ʩ) 

ʪʦʧʪʘʤʘʣʳץ ʦʪʘʥʜʳץ ʵʣʝʢʪʨʦʥʜʳ ʣʘʤʧʘʣʘʨʜʳ ץʦʣʜʘʥסʘʥ. 

1954 ʞ. ɹʘʰʠʨ ʀʩʢʘʥʜʘʨʦʚʠʯ ʈʘʤʝʝʚ ʙʘʩʰʳʣʳrס ʤʝʥ çʋʨʘʣè ʕɽʄ-ʥrש 
ʢʦʤʘʥʜʘʣʘʨʳʥʳש ʘʨʭʠʪʝʢʪʫʨʘʩʳ ʤʝʥ ʞװʡʝʩʽ ʞʘʩʘʣʳʧ ʰʳסʘʨʳʣסʘʥ. 1957 ʞ. 

ᴇʥʽʤʜʽʣʽʛʽ ʞʦסʘʨʳ ʙʦʣʤʘסʘʥʳʥʘ (100 ʦʧʝʨ./ʩ) ʞᴅʥʝ ʤʘʛʥʠʪʪʽ ʙʘʨʘʙʘʥʜʘrס  

ʦʧʝʨʘʪʠʚʪʽ ʞʘʜʳʥʘ (1024 ʩᴇʟ) ץʘʨʘʤʘʩʪʘʥ ʠʥʞʝʥʝʨʣʽ ʝʩʝʧʪʝʫʣʝʨ hװ ʽʥ 

ʵʬʬʝʢʪʠʚʪʽ ʙʦʣסʘʥ ʞᴅʥʝ װʣʢʝʥ ʩײʨʘʥʳʩץʘ ʠʝ ʙʦʣסʘʥ çʋʨʘʣ-1è ʣʘʤʧʘʣʳץ 

ʕɽʄ-ʳ ʰrסʘʨʳʣʜʳ. ʆʣ ʪʦʣʳץ çʋʨʘʣè ʩʝʤʝʡʩʪʚʦʩʳʥʳש ʘʣסʘ rhץ  ʤʦʜʝʣʽ 

ʙʦʣʜʳ, rץ ʤʙʘʪ ʝʤʝʩ ʤʘʰʠʥʘʣʘʨ ʨʘʟʨʷʜʳʥʘ ʞʘʪrץ ʟʳʣסʘʥ ʞᴅʥʝ ײʟʘץ ʫʘrץ ʪ 

ʙʦʡʳ ʚʝʜʦʤʩʪʚʘʣʳץ ʝʩʝʧʪʝʫʽʰ ʦʨʪʘʣʳץʪʘʨʳʥʜʘ ץʦʣʜʘʥʳʣסʘʥ. 

ʄʘʰʠʥʘʣʘʨʜʳש ʙʽʨʽʥʰʽ ʙʫʳʥʜʘʨʳʥʜʘ ʩʘץʪʘʣʘʪʳʥ ʙʘסʜʘʨʣʘʤʘ ᴅʜʽʩʽ 
ʞװʟʝʛʝ ʘʩʳʨʳʣסʘʥ; ʝʥʛʽʟʫ-ʰ rסʘʨʫ hװ ʽʥ ʘʣʜʳʤʝʥ ץʘסʘʟ ʧʝʨʬʦʢʘʨʪʪʘʨ ʤʝʥ 

ʧʝʨʬʦʣʝʥʪʘʣʘʨ, ʤʘʛʥʠʪʪʽ ʣʝʥʪʘ, ʩʦʜʘʥ ʩʦש ʤʘʛʥʠʪʪʽ ʙʘʨʘʙʘʥʜʘʨ ʤʝʥ ʙʘʩʳʧ 

ʰ rסʘʨʘʪʳʥ ײץʨʳʣrס ʣʘʨ ץʦʣʜʘʥʳʣʘʜʳ. ʅʝʛʽʟʛʽ ʙʘסʜʘʨʣʘʤʘʣʘʫ ʪʽʣʽ ï 

ʤʘʰʠʥʘʣʳץ ʢʦʜ. ʕʣʝʢʪʨʦʥʜʳ ʣʘʤʧʘʣʘʨʜʳ ץʦʣʜʘʥʫ ʢᴇʧʪʝʛʝʥ ʤᴅʩʝʣʝʣʝʨʜʽ 

ʪʫʜʳʨʜʳ ï ʪᴇʤʝʥʛʽ ʩʝʥʽʤʜʽʣʽʢ hװ ʽʥ ʙʽʨʥʝʰʝ ʤʠʥʫʪ ʞײʤʳʩʪʘʥ ʩʦש ʙʽʨ ʣʘʤʧʘ 

ʽʩʪʝʥ ʰʳץץʘʥ, ʕɽʄ-ʜʘ ʦʣʘʨ ʦʥʜʘסʘʥ ʤʳש ʙʦʣסʘʥʜrץʪʘʥ ʘץʘʫʜʳ ʪʘʫʳʧ 
ʞᴇʥʜʝʫ hװ ʽʥ װʟʜʽʢʩʽʟ rץ ʟʤʝʪ ʝʪʫ ʪʘʣʘʧ ʝʪʽʣʜʽ. 

ʕɽʄ ʝʢʽʥʰʽ ʙʫʳʥʳ. ɹײʣ ʙʫʳʥᴇʟʽʥʽש ʙʘʩʪʘʫʳʥ 1956 ʞ. ɸפʐ 

ʄʘʩʘʯʫʩʝʪʩʪʽʢ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʫʥʠʚʝʨʩʠʪʝʪʽʥʜʝ ʰʘʣʘᴇʪʢʽʟʛʽʰʪʽ ʵʣʝʤʝʥʪ- 

ʪʝʨʜʽש ï ʪʨʘʥʟʠʩʪʦʨʣʘʨʜʳש ʥʝʛʽʟʽʥʜʝʛʽ ʘʣסʘ rhץ  ʢʦʤʧʴʶʪʝʨʣʝʨʜʽ ʞʘʩʘʫʜʘʥ 

ʘʣʘʜʳ. ʊʨʘʥʟʠʩʪʦʨ ʥʝʛʽʟʽʥʜʝʛʽ ʪʦʧʪʘʤʘʣʳץ ʕɽʄ 1958 ʞ. ʙʘʩʪʘʧ ʰʳסʘʨʳ- 

ʣʘʜʳ. ʆʩʳ ʫʘrץ ʪץʘ ʜʝʡʽʥ ʞʦסʘʨʳ ʞʳʣʜʘʤʜʳץʪ  rʧʨʠʥʪʝʨ, ʤʘʛʥʠʪʪʽ ʣʝʥʪʘ 

ʤʝʥ ʤʘʛʥʠʪʪʽ ʜʠʩʢʪʝʨʜʝʛʽ ʘץʧʘʨʘʪ ʪʘʩʫʰʳʣʘʨ ʞʦʙʘʣʘʥסʘʥ. ᴄʩʢʝʨʠ ʤʘץʩʘʪ- 

ʪʘrס  ʙʦʨʪʪʳץ ʕɽʄ ʞʘʩʘʫ ʤװʤʢʽʥʜʽʛʽ ʧʘʡʜʘ ʙʦʣʜʳ. 

1958 ʞ. ControlData ʘʤʝʨʠʢʘʣʳץ ʢʦʤʧʴʶʪʝʨ ʢʦʤʧʘʥʠʷʩʳʤʝʥ ʜװʥʠʝʞװʟʽ 

ʙʦʡʳʥʰʘ rס ʣʳʤʠ ʟʝʨʪʪʝʫʣʝʨʛʝ ʘʨʥʘʣסʘʥ ʘʣסʘ rhץ  CDC1604 ʪʨʘʥʟʠʩʪʦʨʣʳ 

ʢʦʤʧʴʶʪʝʨʽ ʞʘʩʘʣʜʳ, ʘʣ ʝʢʽ ʞʳʣʜʘʥ ʩʦש ʦʣ ʪʦʧʪʘʤʘʣʳץ ᴇʥʜʽʨʽʩʪʝ 
ʤʝשʛʝʨʽʣʜʽ. 
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1960 ʞ. ʈʝʩʝʡʜʝ ʰʘʣʘᴇʪʢʽʟʛʽʰʪʽ ʤʘʰʠʥʘʣʘʨ ʩʝʤʝʡʩʪʚʦʩʳʥʳש: çʋʨʘʣ- 
11è, çʋʨʘʣ-14è ʠ çʋʨʘʣ-16è ʞʘשʘ ʙʫʳʥʜʘʨʳʥ ʞʘʩʘʫסʘ ʢᴇh ʪʽ. ʄʘʰʠʥʘ- 

ʣʘʨʜʳש ʞʘשʘ ʩʝʤʝʡʩʪʚʦʣʘʨʳ (çʄʠʥʩʢè, ʄʀʈ, ɹʕʉʄ ʞᴅʥʝ ʪ.ʙ.) ʧʘʡʜʘ 

ʙʦʣʜʳ, ʦʣʘʨʜʳש ʢᴇʙʽ ʪʦʧʪʘʤʘʤʝʥ ʰʳסʘʨʳʣʘʪʳʥ ʙʦʣʜʳ. 

ɽʢʽʥʰʽ ʕɽʄ ʘʨʘʩʳʥʘʥ ɹʕʉʄ-6 (1957) ʝʨʝʢʰʝʣʝʥʝʜʽ. ʆʣ ʢʝʟʜʝʨʜʝ ʙײʣ 1 
ʤʣʥ ʦʧʝʨ./ʩ-ץʘ ʞʫʳץ ʪʝʟ ᴅʨʝʢʝʪʪʽʢʢʝ ʠʝ ᴅʣʝʤʜʝʛʽ ʝש ᴇʥʽʤʜʽʣʽʢʪʽ ʝʩʝʧʪʝʫʽʰ 

ʤʘʰʠʥʘʣʘʨʜʳש ʙʽʨʽ ʙʦʣʜʳ. 

ʂᴇʧʪʝʛʝʥ ʢʝשʝʩʪʽʢ ʕɽʄ-ʜʘ ʘʨʭʠʪʝʢʪʫʨʘ ʤʝʥ ʪʝʭʥʠʢʘʣʳץ ʰʝʰʽʤʜʝʨ 

ʩʦʥʰʘʣʳץʪʳ ʧʨʦʛʨʝʩʩʠʚʪʽ ʙʦʣסʘʥʳʥʘʥ ʦʣʘʨ ʙʽʟʜʽש ʫʘrץ ʪץʘ ʜʝʡʽʥ ʞʝʪʪʽ. 

ʄʳʩʘʣʳ, ʄʀʈ-2 ʤʘʰʠʥʘʩʳʥʜʘ ʪʝʣʝʚʠʟʠʦʥʜʳ ʜʠʩʧʣʝʡ ʵʢʨʘʥʥʳש ᴇʟʽʥʜʝ 

ʤᴅʣʽʤʝʪʪʝʨʜʽ ᴇʟʛʝʨʪʫʛʝ ʞᴅʥʝ ʪװʟʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʞʘʨʳץʪrץ ץʘʫʳʨ- 

ʩʳʥʤʝʥ ʙʽʨʛʝ ץʦʣʜʘʥʳʣסʘʥ. 
1961 ʞ. DEC (DigitalEquipmentCorporation) ʬʠʨʤʘʩʳ PDP (Programmed- 

DataProcessor ð ʙʘסʜʘʨʣʘʤʘʣʘʥʘʪʳʥ ʩʘʥʜʳץ ʧʨʦʮʝʩʩʦʨ) ʩʝʤʝʡʩʪʚʦʩʳʥʘʥ 

ʘʣסʘ rhץ  ʤʠʥʠ-ʕɽʄ ʞʦʙʘʣʘʜʳ. 

ɽʢʽʥʰʽ ʙʫʳʥʥʳש ʕɽʄ ʣʦʛʠʢʘʣʳץ ʩײʣʙʘʣʘʨʳ ʜʠʩʢʨʝʪʪʽ ʰʘʣʘ ᴇʪʢʽʟʛʽʰʪʽ 
ʘʩʧʘʧʪʘʨʜʘ (ʜʠʦʜʪʘʨ, ʪʨʘʥʟʠʩʪʦʨʣʘʨ) ʞᴅʥʝ ʤʘʛʥʠʪʪʽ ʵʣʝʤʝʥʪʪʝʨʜʝ (ʬʝʨʨʠʪʪʽ 

ʙʽʣʽʢʪʝʨʜʝ) ײץʨʘʩʪʳʨʳʣסʘʥ. 

ʘסʥʝʛʽʟ ʨʝʪʽʥʜʝ ʘʣ ץʨʳʣʳʤʜʳ-ʪʝʭʥʦʣʦʛʠʷʣʳײפ rhץ  ʨʝʪ ʙʘʩʧʘ ʤʦʥʪʘʞʳʤʝʥ 

ʧʣʘʪʘʣʘʨ ʢʝ̔ש ʥʝʥ ץʦʣʜʘʥʳʣʘ ʙʘʩʪʘʜʳ. ʕʣʝʢʪʨʦʥʜʳ ʩײʣʙʘʣʘʨ ʞײʤʳʩʳʥʳש 

ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʢʪʝʨʽ ʞװʟʜʝʛʝʥ ʢʠʣʦʛʝʨʮʢʝ ʜʝʡʽʥ ᴇʩʪʽ. ɹʘסʜʘʨʣʘʤʘʣʘʨʜʳ ʞʘʩʘʫ 

ʢʝʟʽʥʜʝ ʘʩʩʘʤʙʣʝʨʜʝʥ ʙʘʩץʘ çɸʣʛʦʣè ʞᴅʥʝ çʌʦʨʪʨʘʥè ʩʠʷץʪʳ ʞʦסʘʨrס  

ʜʝשʛʝʡʣʽ ʙʘסʜʘʨʣʘʤʘʣʘʫ ʪʽʣʜʝʨʽ ץʦʣʜʘʥʳʣʘ ʙʘʩʪʘʜʳ. ɹײʣ ʢʝʟʝשʜʝ 

ʙʘסʜʘʨʣʘʤʘʣʘʫʰʳ ʤʘʤʘʥʜʳrס ʥrץ שʘʞʝʪʪʽʣʽʛʽ ʪʫʳʥʜʘʜʳ. 

ʕɽʄ hװ ʽʥʰʽ ʙʫʳʥʳ. hת ʽʥʰʽ ʙʫʳʥʜʳ ʕɽʄ-ʜ ̔ ʞʦʙʘʣʘʫ 1962 ʞ. 

ʠʥʪʝʛʨʘʮʠʷʥʳש ʰʘrס ʥ ʩʦʜʘʥ ʩʦש ʦʨʪʘ ʜʝשʛʝʡʽʤʝʥ ʢʨʝʤʥʠʡʣʽ ʠʥʪʝʛʨʘʣʜʳ 

ʩײʣʙʘʣʘʨʳʥ ʰʳסʘʨʫʜʘʥ ʙʘʩʪʘʣסʘʥ. ʇʨʠʥʮʠʧʠʘʣʜʳ ʞʘשʘ ʵʣʝʤʝʥʪʪʽʢ ʙʘʟʘʥʳ 

ʞʘʩʘʫʜʘ ʞʘשʘ ʙʘrס ʪ ï ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʘ ʧʘʡʜʘ ʙʦʣʜʳ; ʠʥʪʝʛʨʘʣʜʳ 

ʤʠʢʨʦʩײʣʙʘʣʘʨ ᴇʥʜʽʨʽʩʽʥʝ ʤʘʤʘʥʜʘʥʜʳʨʳʣסʘʥ Intel (IntegratedElectronics- 

TechnologiesIncorporated) ʢʦʨʧʦʨʘʮʠʷʩʳʥʳש ʥʝʛʽʟʽ ץʘʣʘʥʜʳ. 

1964 ʞ. IBM (InternationalBusinessMachines) ʢʦʤʧʘʥʠʷʩʳ ᴇʥʽʤʜʽʣʽʛʽ ᴅʨʪװʨ- 

ʣʽ, ʙʽʨʘץ ʦʨʪʘץ ʘʨʭʠʪʝʢʪʫʨʘʤʝʥ ʞᴅʥʝ ʪʦʣʳץ ʙʘסʜʘʨʣʘʤʘʣʳץ ʩᴅʡʢʝʩʪʽʢʧʝʥ IBM- 

360 ʕɽʄ ʪʦʧʪʘʤʘʣʳץ ʩʝʤʝʡʩʪʚʦʩʳʥ ʰʳסʘʨʜʳ, ʦʣʘʨ ʩʦʥʰʘʣʳץʪʳ ʩײʨʘʥʳʩץʘ 

ʠʝ ʙʦʣסʘʥʳʥʘʥ ʢʦʤʧʴʶʪʝʨʣʝʨʜʽש ʢʝʣʝʩʽ ʙʫʳʥʜʘʨʳʥʳש ʘʧʧʘʨʘʪʪʳ-ʙʘסʜʘʨ- 

ʣʘʤʘʣʳװ ץʡʣʝʩʫ ʧʨʠʥʮʠʧʪʝʨʽʥ ʫʥʠʬʠʢʘʮʠʷʣʘʫ, ʩʪʘʥʜʘʨʪʠʟʘʮʠʷʣʘʫ ʞᴅʥʝ 

ʞװʟʝʛʝ ʘʩʳʨʫ hװ ʽʥ ʥʝʛʽʟʛʝ ʘʡʥʘʣʜʳ. 

1965 ʞ. DEC ʬʠʨʤʘʩʳʥʳש ð ʦʨʪʘ ʞᴅʥʝ ʰʘrס ʥ ʢʦʤʧʘʥʠʷʣʘʨ hװ ʽʥ ʙʘסʘʩʳ 

ʞʘrס ʥʘʥ ץʦʣʞʝʪʽʤʜʽ PDP-8 ʘʣסʘ rhץ  ʪʦʧʪʘʤʘʣʳץ ʤʠʥʠ-ʕɽʄ ʰʳסʘʨʳʣʳʤʳ 

ʙʘʩʪʘʣʜʳ. 
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1960-ʰʳ ʞʞ. ʝʢʽʥʰʽ ʞʘʨʪʳʩʳʥʘʥ ʙʘʩʪʘʧ ʂʉʈʆ ʕʢʦʥʦʤʠʢʘʣʳץ ᴇʟʘʨʘ 

ʢᴇʤʝʢ ʢʝשʝʩʽ (ɻɼʈ, ɺʝʥʛʨʠʷ, ɹʦʣʛʘʨʠʷ, ʇʦʣʴʰʘ, ʏʝʭʦʩʣʦʚʘʢʠʷ) ʝʣʜʝʨʽʤʝʥ 

ʙʽʨʛʝ IBM ʤʘʰʠʥʘʣʘʨʳʥʘ ץײʩʘʩ ɹʽʨʣʽʢ ʞװʡʝʜʝʛʽ (ɹɾ) ʞᴅʥʝ ʰʘrס ʥ ʕɽʄ 

ʞװʡʝʩʽʥʜʝʛʽ (ʐɾ) ʫʥʠʚʝʨʩʘʣʜʳ ʕɽʄ ץʘʪʘʨʳʥ ʞʘʩʘʧ ʰʳסʘʨʘ ʙʘʩʪʘʜʳ. 1972 

ʞ. ɽʉ-1010 ʩʝʤʝʡʩʪʚʦʩʳʥʳש ʢʽʰʽ ʤʦʜʝʣʽʥʽש ᴇʥʜʽʨʽʩʽ ʙʘʩʪʘʣʜʳ, ʘʣ ʙʽʨ ʞʳʣ 

ᴇʪʢʝʥ ʩʦש ʙʘʩץʘ ʜʘ ʤʦʜʝʣʜʝʨʽʥʽש. ʆʣʘʨʜʳש ʪʝʟ ᴅʨʝʢʝʪʪʽʛʽ 10 ʤʳשʥʘʥ (ɽʉ- 

1010) 2 ʤʣʥ-סʘ ʜʝʡʽʥʛʽ (ɽʉ-1060) ʦʧʝʨ./ʩ ײץʨʘʜʳ. 

ʀʥʪʝʛʨʘʣʜʳ ʛʠʙʨʠʜʪʽ ʩײʣʙʘʣʘʨʜʘrס  ʘʣסʘ rhץ  ʪʦʧʪʘʤʘʣʳץ ʦʪʘʥʜʳץ ʕɽʄ 

1970 ʞ. ʧʘʡʜʘ ʙʦʣסʘʥ çʅʘʠʨʠ-3è ʤʘʰʠʥʘʩʳ ʙʦʣʜʳ. ɹײʣ ʕɽʄ ʘʨʪʳhץ -r 

ʣrץʪʘʨʳ: ʪײʨʘץʪʳ ʝʩʪʝ ʩʘץʪʘʫ ײץʨʳʣrס ʩʳʥʳש ʙʘʨ ʙʦʣʫʳ ʞᴅʥʝ ʘץʧʘʨʘʪʪʳ 

ᴇשʜʝʫʜʽ ʙʘʩץʘʨʫʜʳש ʤʠʢʨʦʙʘסʜʘʨʣʘʤʘʣʳץ ʧʨʠʥʮʠʧʽ. çʅʘʠʨʠ-3è ʕɽʄ-ʳ 

ʘʛʨʝʛʘʪʪʳ-ʙʣʦʢʪʳץ (ʤʦʜʫʣʴʜʽ) ʧʨʠʥʮʠʧ ʙʦʡʳʥʰʘ ʞʘʩʘʣסʘʥ. 

1972 ʞ. ɸפʐ-ʪʘ ʝʩʝʧʪʝʫ ʞʳʣʜʘʤʜʳrס  ʙʦʡʳʥʰʘ ʨʝʢʦʨʜ (200 ʤʣʥ 

ʦʧʝʨ./ʩ) ʦʨʥʘʪץʘʥ ʀʃʃʀɸʂ-4 ʫʥʠʢʘʣʜʳ ʤʘʰʠʥʘʩʳ ײץʨʘʩʪʳʨʳʣסʘʥ. ʄײʥʜʘʡ 

ʪʝʟᴅʨʝʢʝʪʪʽʢ ʕɽʄ ʢʣʘʩʩʠʢʘʣʳץ ʘʨʭʠʪʝʢʪʫʨʘʩʳʥʘʥ ʙʘʩ ʪʘʨʪʫ ï 64 

ʧʨʦʮʝʩʩʦʨʜʘʥ ײץʨʘʣסʘʥ ʤʘʪʨʠʮʘʥʳ ץʦʣʜʘʥʳʧ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʧʘʨʘʣʣʝʣʴʜʽ 

ᴇשʜʝʫʛʝ ʢᴇh ʫ ʝʩʝʙʽʥʝʥ ץʦʣ ʞʝʪʢʽʟʽʣʛʝʥ. 

hת ʽʥʰʽ ʙʫʳʥʥʳש ʜʘʤʫ ʢʝʟʝ̔ש ʥʜʝ ᴅʣʝʤ ʙʦʡʳʥʰʘ װʣʢʝʥ ʢᴇʣʝʤʜʝ  

ʢᴇʧʰʽʣʽʢ ʢʦʤʤʝʨʮʠʷʣʳץ ץʦʣʜʘʥʳʩץʘ ʘʨʥʘʣסʘʥ ʫʥʠʚʝʨʩʘʣʜʳ ʕɽʄ ʰʳסʘʨʘ 

ʙʘʩʪʘʜʳ. ʆסʘʥ ʞʘשʘ ʙʘסʜʘʨʣʘʤʘʣʘʫ ʪʽʣʜʝʨʽʥʽש (çɹʝʡʩʠʢè, çʇʘʩʢʘʣʴè), 

ʨʝʘʣʜʳ ʫʘrץ ʪ ʦʧʝʨʘʮʠʦʥʜʳ ʞװʡʝʣʝʨʽʥʽש ʧʘʡʜʘ ʙʦʣʫʳ, ץʦʣʜʘʥʫʰʳʥʳש 

ʢʦʤʧʴʶʪʝʨʤʝʥ ʜʠʘʣʦʛʳʥ (ʛʨʘʬʠʢʘʣʳץ ʠʥʪʝʨʬʝʡʩʪʳ, çʪʳʰץʘʥè ʤʘʥʠʧʫ- 

ʣʷʪʦʨʳʥ ץʦʣʜʘʥʫ) ʞᴅʥʝ ץʦʣʜʘʥʙʘʣʳ ʙʘסʜʘʨʣʘʤʘʣʘʨʜʳ (ʪʝʢʩʪʪʽʢ ʧʨʦʮʝʩʩʦʨ) 
ʞʝʪʽʣʜʽʨʫ ʩʝʙʝʧʢʝʨ ʙʦʣʜʳ. 

ʕɽʄ ʪᴇʨʪʽʥʰʽ ʙʫʳʥʳ. ʊᴇʨʪʽʥʰʽ ʙʫʳʥʜʳ ʕɽʄ ʧʘʡʜʘ ʙʦʣʫʳ 

ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʘʥʳץ שʘʨrץ ʥʜʳ ʜʘʤʫʳʤʝʥ ʞᴅʥʝ ʩʘʧʘʣʳ ʞʘשʘ 

ʬʫʥʢʮʠʦʥʘʣʜʳ ײץʨʳʣrס ʣʘʨʜʳ ï װʣʢʝʥ (תʀʉ) ʞᴅʥʝ ʘʩʘ װʣʢʝʥ (ɸתʀʉ) 

ʠʥʪʝʛʨʘʣʜʳ ʩײʣʙʘʣʘʨ ʥʝʛʽʟʽʥʜʝʛʽ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʣʘʨʜʳ ʞʘʩʘʫʤʝʥ ʙʘʡʣʘ- 

ʥʳʩʪʳ. 

ʐʝ1 4004 ʘʣסʘ rhץ  4-ʨʘʟʨʷʜʪʳ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʳ 1971 ʞ. ʩʦrש ʥʜʘ 1ʄʝ1 

ʢʦʨʧʦʨʘʮʠʷʩʳʤʝʥ ʞʘʩʘʣסʘʥ. 1972 ʞ. 8-ʨʘʟʨʷʜʪʳ 8008 ʤʠʢʨʦʩײʣʙʘʩʳ 

סʣʙʘʜʘrײʘʥ. ʠʥʪʝʛʨʘʣʜʳ ʤʠʢʨʦʩסʩʳʥʳʣײ  ʵʣʝʤʝʥʪʪʝʨ ʩʘʥʳ ᴅʨ ʙʽʨ ʞʘʨʳʤ 

ʞʳʣ ʩʘʡʳʥ ʝʢʽ ʝʩʝ ʢᴇʙʝʡʽʧ ʦʪʳʨʫ ʢʝʨʝʢ ʜʝʧ ʙʦʣʞʘʥסʘʥ ʙʝʣʛʽʣʽ ʄʫʨ ʟʘrש ʥ 

ʜᴅʣʝʣʜʝʡ ʦʪʳʨʳʧ, 1974 ʞ. 8080 ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʳ, ʩʦʜʘʥ ʩʦ80286 ,8086 ש, 
80386, 80486 ʞᴅʥʝ ɸתʀʉ-ʜʘ Pentium ʩʝʤʝʡʩʪʚʦʩʳʥʳש ʟʘʤʘʥʘʫʠ 

ʧʨʦʮʝʩʩʦʨʳ ʞʘʩʘʣסʘʥ. 

ʌʫʥʢʮʠʦʥʘʣʜʳ ʘʨʥʘʣʳʤʜʳʣʳrס ʥʘ ʞᴅʥʝ ᴇʥʽʤʜʽʣʽʛʽʥʝ ʩװʡʝʥʩʝʢ ʙʽʨʥʝʰʝ 

ʞʳʣסʘ ʪײʨʘץʪʘʣסʘʥ, ץʘʟʽʨʛʽ ʢʝʟʜʝ ʝʩʢʽʨʽʧ ʙʘʨʘ ʞʘʪץʘʥ (ʤʳʩʘʣʳ, çʤʠʥʠ- 

ʕɽʄè ʪʝʨʤʠʥʳ ʞʦסʘʣʜʳ) ʕɽʄ ʢʣʘʩʩʠʬʠʢʘʮʠʷʩʳ (ʩʫʧʝʨʕɽʄ, װʣʢʝʥ ʕɽʄ, 

ʤʠʥʠ-ʕɽʄ ʞᴅʥʝ ʤʠʢʨʦʕɽʄ) ʧʘʡʜʘ ʙʦʣʜʳ. 
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ɹʽʟʜʽש ᴇʥʝʨʢᴅʩʽʧ 1980 ʞ. ʙʘʩʪʘʧ IBM-װʡʣʝʩʢʝʥ ʠʥʪʝʛʨʘʣʜʳ ʩײʣʙʘ- 
ʣʘʨʳʥʜʘ ʉʄ ʩʝʤʝʡʩʪʚʦʩʳʥʳש ɽʉ ʪʦʧʪʘʤʘʩʳʥʳש ʤʠʥʠ-ʕɽʄ; çʕʣʝʢʪʨʦʥʠʢʘ 

60è ʤʠʢʨʦʕɽʄ, ʜʠʘʣʦʛʪʳץ ʝʩʝʧʪʝʫ ʢʦʤʧʣʝʢʩʪʝʨʽʥ (ɼɽʂ), ɹʂ ʪʦʧʪʘʤʘ- 

ʩʳʥrש ʪײʨʤʳʩʪʳץ ʢʦʤʧʴʶʪʝʨʣʝʨʽʥ ʰʳסʘʨסʘʥ. 

ʆʨʪʘ ʦrץ ʪʫ ʤʝʢʝʤʝʣʝʨʽʥʜʝ ʄʄʋ ʷʜʨʦʣʳץ ʬʠʟʠʢʘ ʠʥʩʪʠʪʫʥʳש rץ ʟʤʝʪ- 
ʢʝʨʣʝʨʽʤʝʥ ʠʥʬʦʨʤʘʪʠʢʘ ʩʘʙʘrס ʥ ʞװʨʛʽʟʫ hװ ʽʥ ʙʽʨʥʝʰʝ ʫʘrץʪ ʙʦʡʳ 

ʤʝʢʪʝʧʪʝʨ ץʘʤʪʳʣסʘʥ çʂʦʨʚʝʪè ʤʠʢʨʦʕɽʄ (Basic ʪʽʣʽʥʽש ʠʥʪʝʨʧʨʝʪʘʪʦʨʳ 

ʦʨʥʘʪʳʣסʘʥ) ʞʘʩʘʣסʘʥ. 

ʄʠʢʨʦʕɽʄ ʈʝʩʝʡʜʝ ʤʳשʜʘסʘʥ ʨʘʜʠʦץʦʣʜʘʥʫʰʳʣʘʨʜʳש ʩʦʥʰʘʣʳץʪʳ 

  ʡ ʢʦʤʧʴʶʪʝʨʣʝʨʽʥ ʞʘʩʘʫʜʘװ ʦʣʳʤʝʥץ ʣʢʝʥ ʥʘʟʘʨʳʥ ʘʫʜʘʨʜʳ, ʪʽʧʪʽ ᴇʟװ

ʥʘrס ʟ ʙʫʤ ʙʦʣʜʳ. ɸʣסʘ rhץ ʣʘʨʜʳש ʙʽʨ̔ çʈʘʜʠʦ-86ʈʂè ʙʦʣʜʳ, ʩʦʜʘʥ ʢʝʡʽʥ 

ʙʘʟʘʩʳʥʜʘ ʙʘסʜʘʨʣʘʤʘʣʳץ ʞʘʩʘץʪʘʤʘʥʳש ʝש ʢʝש ʬʦʥʜʳ ʙʘʨ ʙʽʨץʘʪʘʨ 
 .ʘʥ çʉʧʝʢʪʨʫʤèסʡʣʝʩʽʤʜʽ ʨʘʜʠʦʤʦʜʝʣʜʝʨ ʙʦʣװ

ɼʠʩʧʣʝʡ ʨʝʪʽʥʜʝ ʪʝʣʝʜʠʜʘʨ ץʦʣʜʘʥʳʣסʘʥ, ʙʘסʜʘʨʣʘʤʘʣʘʨ ʢʘʪʫʰʢʘʣʳ 

ʞᴅʥʝ ʢʘʩʝʪʘʣʳ ʪײʨʤʳʩʪʳץ ʤʘʛʥʠʪʦʬʦʥʜʘʨʜʘʥ ʞװʢʪʝʣʛʝʥ. 

1980-ʰʽ ʞʞ. ʂʝשʝʩ תʢʽʤʝʪʽʥʜʝ ʘʰʳץ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʠʥʮʠʧʽ ʙʦʡʳʥʰʘ 
 ʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥװʘ ʤסʘʞʝʪʪʽ ʢʦʥʬʠʛʫʨʘʮʠʷʣʳ ʢᴇʧʧʣʘʪʘʣʳ ʤʠʢʨʦʕɽʄ ʞʘʩʘʫץ

çʕʣʝʢʪʨʦʥʠʢʘ ʉ5-21è ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʣʳ ʧʣʘʪʘʣʘʨʳʥʳש ʪײʪʘʩ ץʘʪʘʨʳ ʧʘʡʜʘ 
ʙʦʣʜʳ. ʇʣʘʪʘʣʘʨ ʞʠʳʥʪʳrס  ᴇʟʽʥʝ ʢʦʤʘʥʜʘʣʘʨʜʳש ʫʥʠʢʘʣʜʳ ʞװʡʝʩʽʤʝʥ 

ʞᴅʥʝ ʢᴇʧʤʘʰʠʥʘʣʳ ʞװʡʝʣʝʨʜʽ ײʡʳʤʜʘʩʪʳʨʫ ʤװʤʢʽʥʜʽʛʽʤʝʥ ʙʽʨʧʣʘʪʘʣʳ 

ʕɽʄ-ʜʽ; ʦʧʘʨʘʪʠʚʪʽ ʝʩʪʝ ʩʘץʪʘʫ ײץʨʳʣrס ʩʳ, ʪײʨʘץʪʳ ʝʩʪʝ ʩʘץʪʘʫ ײץʨʳʣrס ʩʳ 

ʧʣʘʪʘʣʘʨʳʥ, ʫʣʴʪʨʘʬʠʦʣʝʪʪʽ ᴇh ʽʨʫʽ ʙʘʨ ץʘʡʪʘʙʘסʜʘʨʣʘʤʘʣʘʥʘʪʳʥ ʝʩʪʝ 

ʩʘץʪʘʫʰʳ ײץʨʳʣrס ʥʳ, ʧʘʨʘʣʣʝʣʴʜʳ ʞᴅʥʝ ʪʽʟʙʝʢʪʽ ʝʥʛʽʟʫ-ʰ rסʘʨʫ 

ʢʘʥʘʣʜʘʨʳʥ ץʦʩʪʳ. 1990-ʰʳ ʞʞ. ʙʘʩʳʥʜʘ ʘʨʥʘʡʳ ʪʝʭʥʠʢʘʜʘ ץʦʣʜʘʥʳʩ 

ʪʘʧץʘʥ çʕʣʝʢʪʨʦʥʠʢʘ ʉ5-31è ʙʽʨʢʨʠʩʪʘʣʣʜʳ ʕɽʄ-ʳ ʞʦʙʘʣʘʥסʘʥ. 

ᴆʢʽʥʽʰʢʝ ʦʨʘʡ, ʙײʣ ʫʘrץ ʪʪʘʨʜʘ ʦʪʘʥʜʳץ ʵʣʝʤʝʥʪʪʽʢ ʙʘʟʘʥʳ ʞʘʩʘʧ 

ʰ rסʘʨʫ ʪʦץʪʘʧ ץʘʣʜʳ, ʘʣ ʕɽʄ-ʥrש ʢᴇʧʰʽʣʽʢ ᴇʥʜʽʨʽʩʽ ʘʡʪʘʨʣʳץʪʘʡ 

ʤᴇʣʰʝʨʜʝ ʩʘʪʳʤʜʳץ ʰʝʪʝʣʜʽʢ ᴇʥʜʽʨʽʩʪʝʛʽ ײץʨʘʤʜʘʩ ʵʣʝʤʝʥʪʪʝʨ ʥʝʛʽʟʽʥʜʝʛʽ 

ʰʝʪʝʣʜʽʢ ʝʩʝʧʪʝʫ ʪʝʭʥʠʢʘʩʳʥ ʪʠʨʘʞʜʘʫסʘ ץʘʡʪʘ ʙʘסʜʘʨʣʘʥʜʳ. ɹʝʣʛʽʣʽ ʙʽʨ 
ʤᴇʣʰʝʨʜʝ ʦסʘʥ ʦʪʘʥʜʳץ ʙʘסʜʘʨʣʘʤʘʣʳץ ʞʘʩʘץʪʘʤʘʜʘrס  ʫʥʠʬʠʢʘʮʠʷʥʳש 

ʞʦץ ʙʦʣʫʳ ʥʝʛʽʟ ʙʦʣʜʳ. 

1970-ʰʽ ʞʞ. ʦʨʪʘʩʳʥʘ ʪʘʤʘʥ ʤʘʰʠʥʘʣʘʨʜʳש ʪᴇʨʪʽʥʰʽ ʙʫʳʥʳʥʳש 

ʜʘʤʫʳʥʳש ʝʢʽ ʪʝʥʜʝʥʮʠʷʩʳ ʘʡrץ ʥʜʘʣʜʳ: ʩʫʧʝʨʕɽʄ ʞᴅʥʝ ʜʝʨʙʝʩ ʢʦʤ- 

ʧʴʶʪʝʨ. 

1976 ʞ. CrayResearch ʢʦʤʧʘʥʠʷʩʳ 100 ʤʣʥ ʦʧʝʨ./ʩ ᴇʥʜʽʨʝʪʽʥçʂʨʝʡ-1è 
ʩʫʧʝʨʕɽʄ-ʳʥ ʞʘʩʘʜʳ.1985 ʞ. çʂʨʝʡ-2è ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʽ 1,2 ʤʣʨʜ ʦʧʝʨ./ʩ 

ʪʝʟᴅʨʝʢʝʪʪʽʢʢʝ ʠʝ ʙʦʣסʘʥ, ʘʣ 1997 ʞ. Intel ʢʦʨʧʦʨʘʮʠʷʩʳʥʳש Janus 

ʩʫʧʝʨʕɽʄ-ʳ 1 ʪʨʣʥ ʦʧʝʨ./ʩ ʰʝʢʘʨʘʩʳʥ ʞʘʩʘʜʳ. 
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ɹʝʨʽʣʛʝʥ ʤʘʰʠʥʘʣʘʨ ʢʣʘʩʳʥʘ ʘʣסʘ rhץ  ʨʝʪ ʧʣʘʪʘʣʘʨʜʳ ʩʫʤʝʥ ʩʘʣrץ ʥ- 
ʜʘʪʫ ʞʳʣʫʜʳ ʙײʨʫ hװ ʽʥ ץʦʣʜʘʥʳʣʫ ʢʝʨʝʢ ʙʦʣסʘʥ ʢʝשʝʩʪʽʢ çʕʣʴʙʨʫʩ-1è 

(ᴇʥʽʤʜʽʣʽʛʽ ï 10 ʤʣʥ ʦʧʝʨ./ʩ-ץʘ ʜʝʡʽʥ) ʞᴅʥʝ çʕʣʴʙʨʫʩ-2è (ᴇʥʽʤʜʽʣʽʛʽ ï 125 

ʤʣʥ ʦʧʝʨ./ʩ-ץʘ ʜʝʡʽʥ) ʢᴇʧʧʨʦʮʝʩʩʦʨʣʳ ʝʩʝʧʪʝʫ ʢʦʤʧʣʝʢʩʪʝʨʽ ʞʘʪʘʜʳ. 

ɼʝʨʙʝʩ ʢʦʤʧʴʶʪʝʨʜʽש ʧʘʡʜʘ ʙʦʣʫʳ ʤʠʢʨʦʕɽʄ-ʥ̔ש ʧʘʡʜʘ ʙʦʣʳʧ 
ʞʝʪʽʣʜʽʨʽʣʫʽʤʝʥ ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩʪʳ, ʩʦʣ hװ ʽʥ ʙײʣ ʪʝʨʤʠʥʜʝʨʜʽ ʢʝʡʜʝ 

ʩʠʥʦʥʠʤʜʘʨ ʨʝʪʽʥʜʝ ץʦʣʜʘʥסʘʥ. פʘʟʽʨʛʽ ʢʝʟʜʝ ʘʣסʘ rhץ  ʪʦʣʳץʬʫʥʢʮʠʦʥʘʣʜʳ 

ʜʝʨʙʝʩ ʢʦʤʧʴʶʪʝʨʜʽץ שʘʰʘʥ ʞʘʩʘʣסʘʥʳʥ ʘʥʳץʪʘʫ ץʠʳʥ. ʂʝʡʙʽʨʝʫʣʝʨ 

ʘʣסʘ rhץ  ʜʝʨʙʝʩ ʕɽʄ 1973 ʞ. ʌʨʘʥʮʠʷʜʘ ʞʘʩʘʣʳʧ ʰʳסʘʨʳʣסʘʥ ʜʝʧ 

ʝʩʝʧʪʝʡʜʽ (ʦʥʳש ʘʚʪʦʨʳ ï ʊʨʫʦʥʛ ʊʨʦʥʛ ʊʠ). 

1973 ʞ. Xerox ʢʦʤʧʘʥʠʷʩʳ Alto ʜʝʨʙʝʩ ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʽʥ ײʩʳʥסʘʥ, ʦʥʜʘ 
ʘʣסʘ rhץ  ʨʝʪ ʵʢʨʘʥסʘ ʛʨʘʬʠʢʘʣʳץ ʪʝʨʝʟʝʣʝʨ ʪװʨʽʥʜʝ ʙʘסʜʘʨʣʘʤʘʣʘʨ ʤʝʥ 

ʬʘʡʣʜʘʨʜʳ ʰʳסʘʨʫ ʧʨʠʥʮʠʧʽ ʢᴇʨʩʝʪʽʣʛʝʥ. ʂʝʣʝʩʽ ʞʳʣʳ ʘʪʘrס  ʰrסʘ 

 ʘסʘʥ Altair-8800 ʢʦʤʧʴʶʪʝʨʽ ʩʘʪʳʣʳʤסʬʠʨʤʘ ʞʘʩʘ ץʘʥ ʘʤʝʨʠʢʘʣʳסʦʡʤʘץ

ʰ rץʪʳ, ʦʥʳש ʤװʤʢʽʥʜʽʢʪʝʨʽ ᴇʪʝ ʰʝʢʪʝʫʣʽ ʙʦʣסʘʥʳʤʝʥ (ʦʧʝʨʪʠʚʪʽ ʞʘʜʳ ï 
256 ʙʘʡʪ, ʧʝʨʥʝʪʘץʪʘ ʞᴅʥʝ ʵʢʨʘʥ ʙʦʣʤʘסʘʥ) ʦʣ ʙʽʨʜʝʥ ʪʘʥʳʤʘʣ ʙʦʣʳʧ ʢʝʪʪʽ. 

ʂʦʤʧʴʶʪʝʨʜʽש ʙײʣ ʪʘʥʳʤʘʣʜʳʣʳrס ʥʘ ɹʠʣʣ ɻʝʡʪʩʪʽש (Microsoft 

ʬʠʨʤʘʩʳʥʳש ʥʝʛʽʟʽʥ ץʘʣʘʫʰʳʣʘʨʜʳש ʙʽʨʽ) ʢᴅʩʽʙʠ ʝʤʝʩ ץʦʣʜʘʥʫʰʳʣʘʨסʘ 

ᴇʟʜʽʛʽʥʰʝ ʙʘסʜʘʨʣʘʤʘʣʘʨʜʳ ʦשʘʡ ʞʘʟʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʛʝʥ çɹʵʡʩʠʢè ʪʽʣʽʥʽש 

ʠʥʪʝʨʧʨʝʪʘʪʦʨʳʥ ʞʘʩʘʫʳ ʥʝʛʽʟ ʙʦʣסʘʥ. 

ɼʝʨʙʝʩ ʢʦʤʧʴʶʪʝʨʣʝʨʜʽש ʢᴇʧʰʽʣʽʢ ᴇʥʜʽʨʽʩʽ ʤʝʥ ʽʩ-ʪᴅʞʽʨʠʙʝʛʝ ʝʥʛʽʟʽʣʫʽ 

ʉʪʠʚ ɼʞʦʙʩʪʳש ð 1977 ʞ. Apple ʜʝʨʙʝʩ ʢʦʤʧʴʶʪʝʨʣʝʨʽʥ ʰʳסʘʨסʘʥApple 

Computer ʘʤʝʨʠʢʘʣʳץ ʬʠʨʤʘʩʳʥʳש ʙʘʩʰʳʩʳ ʤʝʥ ʥʝʛʽʟʽʥ ץʘʣʘʫʰʳʩʳʥʳש 

ʘʪʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. 

1981 ʞ. IBM ʬʠʨʤʘʩʳ Intel ʬʠʨʤʘʩʳʥʳ16 ש-ʨʘʟʨʷʜʪʳ 8088 ʤʠʢʨʦ- 

ʧʨʦʮʝʩʩʦʨʳʥʜʘ ʞʘʩʘʣסʘʥ ʘʰʳץ ʘʨʭʠʪʝʢʪʫʨʘʣʳ IBMPC (Personal Computer 

ð ʜʝʨʙʝʩ ʢʦʤʧʴʶʪʝʨ) ʘʣסʘ rhץ  ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʽʥ ʰʳסʘʨʜʳ. 

ʂʦʤʧʴʶʪʝʨ ʤʦʥʦʭʨʦʤʜʳ ʪʝʢʩʪʪʽʢ ʜʠʩʧʣʝʡʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʛʝʥ, 160 

ʂʙʘʡʪ 5-ʜʶʡʤʜʳץ ʠʽʣʛʽʰ ʤʘʛʥʠʪʪʽ ʜʠʩʢʝʪʘʣʘʨסʘ ʘʨʥʘʣסʘʥ ʝʢʽ ʜʠʩʢʞʝʪʝʢʢʝ, 
64 ʂʙʘʡʪ ʦʧʝʨʘʪʠʚʪʽʢ ʞʘʜʳʥʘ ʞᴅʥʝ Microsoft ʬʠʨʤʘʩʳʥʘʥ ʪʘʧʩʳʨʳʩʧʝʥ 

ʘʣʳʥסʘʥ MSDOS ʜʠʩʢʪʽʢ ʦʧʝʨʘʮʠʦʥʜʳ ʞװʡʝʩʽʥʽש ʘʣסʘrhץ  ʥײʩץʘʩʳʥʘ ʠʝ 

ʙʦʣסʘʥ. 

1982 ʞ. ʂʉʈʆ çɸʛʘʪè ɼʕɽʄ-ʳʥ ʰʳסʘʨʫʜʳ ʙʘʩʪʘʜʳ. 

1984 ʞ. Apple ʢʦʤʧʘʥʠʷʩʳ Motorola68000 ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʳ ʥʝʛʽʟʽʥʜʝʛʽ, 
 ʨʘʣʜʘʨʳʤʝʥ ïײץ ʘʥסʦʨʥʘʪʳʣ שʦʣʜʘʥʫʰʳʤʝʥ ʵʢʨʘʥʜʳ ᴅʨʝʢʝʪʪʝʩʫʜʽץ

ʢʽʰʽʛʽʨʽʤ ʩʫʨʝʪʪʝʨ ï ʙʝʣʛʽʣʝʨ (ʧʠʢʪʦʛʨʘʤʤʘ) ʪװʨʽʥʜʝʛʽ ʙʘʩץʘʨʫ ʢʦʤʘʥ- 

ʜʘʣʘʨʳʥ ʝʥʛʽʟʫʛʝ (ʙʝʣʛʽʣʝʨʜʽ çʪʳʰץʘʥè ʤʘʥʠʧʫʣʷʪʦʨʳʥʳש ʢᴇʤʝʛʽʤʝʥ 

ʪʘשʜʘʡ ʦʪʳʨʳʧ) ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʛʨʘʬʠʢʘʣʳץ ʠʥʪʝʨʘʢʪʠʚʪʽ ʠʥʪʝʨʬʝʡʩʧʝʥ 

çʄʘʢʠʥʪʦʰè (Macintosh) ʢʦʤʧʴʶʪʝʨʽʥ ײʩʳʥʜʳ. 

ʆʩʳ ʞʘשʘʨʪʫʣʘʨʤʝʥ ʞᴅʥʝ 3,5-ʜʶʡʤʜʳץ ʜʠʩʢʝʪʘʣʘʨʜʘrס  ʞʠʥʘrס ʰʪʘʨʤʝʥ 

ʜʝʨʙʝʩ ʢʦʤʧʴʶʪʝʨ ʢᴅʩʽʙʠ ʝʤʝʩ ץʦʣʜʘʥʫʰʳʣʘʨסʘ ץʦʣʞʝʪʽʤʜʽʨʝʢ ʙʦʣʜʳ. 
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1.1 -̒̔̑̆̓Ȣ ˑ˪˒˙-̎  ̜̈ ́̍́̎́̔̉ ̓ ̨̑̌̆̑ȡ 
́ ɂ ̒̓̆̌ ̨̨̒̓̌̋Ƞ ̂ ɂ ̎ ̏̔̓̂̔̋̓́̑Ƞ ̃ ɂ ̜́̌̓́̌ 

 

 

ɸʰrץ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʠʥʮʠʧʽ ɼʕɽʄ-סʘ ᴅʩʝʨ ʝʪʢʝʥʽ ʩʦʥʰʘʣʳץ, ʪʽʧʪʽ ʐʄ 

ʈʉ ʢʦʤʧʴʶʪʝʨʣʝʨʽʥʝ ʘʨʥʘʣסʘʥ ᴅʨʪװʨʣʽ ײץʨʘʫʰʳ ʞᴅʥʝ ץʦʩʳʤʰʘ 
סʨʳʣrײץ ʣʘʨʜʳש ᴇʥʜʽʨʽʩʽʥʜʝ סʘʥʘ ʝʤʝʩ, ʦʣʘʨʤʝʥ װʡʣʝʩʽʤʜʽ ᴅʨʪװʨʣʽ ʝʩʝʧʪʝʫ 

ʤʘʰʠʥʘʣʘʨʳʥ ʰʳסʘʨʘʪʳʥ ʬʠʨʤʘʣʘʨʜʳש ʩʘʥʳʥʜʘ ʜʘ ʝʢʧʽʥʜʽ ᴇʩʫ ʙʘʡץʘʣʜʳ. 

ʆʩʳ ʢʝʟʜʝʥ ʙʘʩʪʘʧ ʜʝʨʙʝʩ ʢʦʤʧʴʶʪʝʨʣʝʨʜʽש ᴇʥʝʨʢᴅʩʽʧʪʽʢ ᴇʥʜʽʨʽʩʽʥʽש ᴇʩʫʽ 

ʙʘʩץʘ ʜʘ ᴇʥʜʽʨʫʰʽʣʝʨʜʽ ï ʞʦʙʘʣʘʫ ʥʝʛʽʟʽʥʝ ʘʰʳץ ʘʨʭʠʪʝʢʪʫʨʘ ʤʝʥ IBMPC 

ʩʪʘʥʜʘʨʪʪʘʨʳʥ ʘʣסʘʥ^mpaq, Zenith, ɸSʊ, ɸʨʧʪʦ^ ᴇʥʜʽʨʫʰʽʣʝʨʽʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʝ ʙʘʩʪʘʜʳ. 

ʄײʥʜʘʡ ɼʕɽʄ ץʦʣʜʘʥʫʰʳʣʘʨʳ ᴇʟʜʝʨʽʥʽש ʢʦʤʧʴʶʪʝʨʣʝʨʽʥʽש ᴇʤʽʨʣʽʢ 

ʮʠʢʣʳʥ ײʟʘʨʪʫסʘ ï ᴅʨʪװʨʣʽ ᴇʥʜʽʨʫʰʽʣʝʨʜʽש ʟʘʤʘʥʘʫʠ ײץʨʳʣrס ʣʘʨʳʤʝʥ 

 ʡʣʝʩʽʤʜʽʣʽʛʽʥ ʦʡʣʘʤʘʡ ᴇʟ ʙʝʪʽʥʰʝװ שᴇʥʽʤʜʝʨʜʽ ץʜʘʨʣʘʤʘʣʳסʘʤʪʳʧ, ʙʘץ

ʦʣʘʨʜʳש ʘʧʧʘʨʘʪʪʳץ ʙᴇʣʽʤʽʥ ʞʝʪʽʣʜʽʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʘʣʜʳ. 

 ,ʨʣʝʨʽ ᴇʥʜʽʨʽʣʝʜʽװʪʳ ʢᴇʧ ʪץʩʦʥʰʘʣʳ שʜʝ ʢʦʤʧʴʶʪʝʨʣʝʨʜʽשʘʟʽʨʛʽ ʢʝʟʝפ
ʪʽʧʪʽ ʪᴇʨʪʽʥʰʽ ʙʫʳʥ ʤʘʰʠʥʘʣʘʨʳʥʳש ʙʘʨʣʳץ ʥʦʤʝʥʢʣʘʪʫʨʘʩʳʥ ץʘʜʘסʘʣʘʫ ʽʩ 

ʞװʟʽʥʜʝ ʤװʤʢʽʥ ʝʤʝʩ, ʦʣʘʨʜʳש ʜʘʤʫʳʥ ʙʦʣʞʘʫ ʪʽʧʪʽ ץʠʳʥ (1.1-ʩʫʨʝʪ). 

ʕɽʄ-ʥrש ʪᴇʨʪʽʥʰʽ ʙʫʳʥʳʥʳש ʜʘʤʫʳʥʘ DOS-ʪʳ ʘʣʤʘʩʪʳʨסʘʥ Windows 
ʦʧʝʨʘʮʠʦʥʜʳ ʞװʡʝʩʽʥ װʟʜʽʢʩʽʟ ʞʝʪʽʣʜʽʨʫ ʘʥʘײסʨʣʳʤ ʜʝשʛʝʡʜʝ ᴅʩʝʨ ʝʪʪʽ. 

ʕɽʄ ʙʝʩʽʥʰʽ ʙʫʳʥʳ. ɹʝʩʽʥʰʽ ʙʫʳʥʜʳ ʕɽʄ-סʘ ʘץʧʘʨʘʪʪʳ ᴇשʜʝʫʜʝʥ 

ʪʘʙʠסʠ ʪʽʣʜʝʨʜʽ ץʦʣʜʘʥʫʤʝʥ ʢᴅʩʽʙʠ ʙʽʣʽʤʜʝʨʜʽ ʥʳʩʘʥʜʘʥʜʳʨʳʣסʘʥ ᴇשʜʝʫʛʝ 

ᴇʪʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪʧʝʥ ʦrץ ʪʳʣʘʪʳʥ ʞװʡʝʣʝʨ 

ʞʘʪʘʜʳ. פʦʣʤʝʥ ʝʥʛʽʟʫ, ʩᴇʡʣʝʫ ʞᴅʥʝ ʢʝʩʢʽʥʜʽ ʪʘʥʫ ʤᴅʩʝʣʝʣʝʨʽʥ ʰʝʰʫ hװ ʽʥ 

1990-ʰʳ ʞʳʣʜʘʨʜʘʥ ʙʘʩʪʘʧ ʙʠʦʣʦʛʠʷʣʳץ ʥʝʡʨʦʥ ʤʦʜʝʣʽʥ ʞᴅʥʝ ʦʥʳש 

ʥʝʛʽʟʽʥʜʝʛʽ ʞʘʩʘʥʜʳ ʥʝʡʨʦʥʜʳ ʞʝʣʽʥʽ ץʦʣʜʘʥʘ ʙʘʩʪʘʜʳ. 

ʅʝʡʨʦʥ, ʰʳʥ ʤᴅʥʽʩʽʥʜʝ, ʢʽʨʽʩ ʩʠʛʥʘʣʜʘʨʜʳש ʩʫʤʤʘʩʳʥ ʥʝʡʨʦʥʥʳש ᴇʟʽʥʽש 
ʞʘסʜʘʡʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʬʫʥʢʮʠʷ ʤᴅʥʽʥʝ ʪװʨʣʝʥʜʽʨʝʪʽʥ ʦʣʘʨʜʳץ שʘʨʘʧʘʡʳʤ 

ʩʫʤʤʘʪʦʨʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 
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ᴄʨ ʥʝʡʨʦʥ ʙʽʨʥʝʰʝ ʢʽʨʽʩʪʝʨ ʤʝʥ ʙʽʨ ʰʳrס ʩץʘ ʠʝ ʙʦʣʫʳ ʤװʤʢʽʥ. ʅʝʡʨʦʥʜʳ 
ʞʝʣʽ ʙʽʨ ʥʝʡʨʦʥʜʘʨʜʳש ʰ rrס ʩʳʥʳש ʙʘʩץʘʣʘʨʳʥʳש ʢʽʨʽʩʪʝʨʽʤʝʥ ץʦʩʳ- 

ʣʫʳʥʘʥ ʧʘʡʜʘ ʙʦʣʘʜʳ. ʅʝʡʨʦʥʜʳ ʞʝʣʽ ʩʘʥʜʳץ ʢװʨʜʝʣʽ ʩײʣʙʘסʘ ʵʢʚʠʚʘʣʝʥʪʪʽ, 

ʜʝʤʝʢ ʦʣ ʥʝʡʨʦʢʦʤʧʴʶʪʝʨʜʽש ʥʝʛʽʟʽ ʙʦʣʘ ʘʣʘʜʳ. ɹʝʣʛʽʣʽ ʙʽʨ ʤᴅʩʝʣʝʥʽ ʰʝʰʫ 

hװ ʽʥ ʞʝʣʽʥʽ ʙʘסʜʘʨʣʘʤʘʣʘʫ ʩᴅʡʢʝʩʽʥʰʝ ʥʝʡʨʦʥʜʘʨ ʘʨʘʩʳʥʜʘrס  ʙʘʡʣʘʥʳʩʪʳ 

ᴇʟʛʝʨʪʝ ʦʪʳʨʳʧ ʞʝʣʽ ײץʨʳʣʳʤʳʥ ᴇʟʛʝʨʪʝʪʽʥ ʦʥʳש ʦrץ ʪʳʣʫʳʥʘ ʥʝʛʽʟʜʝʣʝʜʽ. 

ʄײʥʜʘʡ ʕɽʄ-ʜʳ ʞʘʩʘʫ ʤװʤʢʽʥʜʽʛʽ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʜʘrס  ʞʝʪʽʩʪʽʢʪʝʨʜʽ 
 ʘשʧʨʠʥʮʠʧʪʝʨ ʥʝʛʽʟʽʥʜʝ ʩʘʧʘʣʳ ʞʘ ץʘ ʬʠʟʠʢʘʣʳץʤʢʽʥ ʙʘʩװʦʣʜʘʥʫʤʝʥ, ʤץ

ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ ʞʘʩʘʫʤʝʥ ʪʳrסʟ ʙʘʡʣʘʥʳʩʪʳ. ʇʘʨʘʣʣʝʣʴʜʽ ʞײʤʳʩ ʽʩʪʝʡʪʽʥ 

 ʙʽʨʥʝʰʝ) שʣʢʝʥ ʩʘʥʳʥʳװ שʘʨʘʧʘʡʳʤ ʵʣʝʤʝʥʪʪʝʨ ï ʥʝʡʨʦʥʜʘʨʜʳץ
ʦʥʜrץʪʘʨʜʘʥ 108-ʥʝ ʜʝʡʽʥ) װʣʝʩʪʽʨʽʣʛʝʥ ʞʝʣʽʩʽʤʝʥ ײʡʳʤʜʘʩץʘʥ ʥʝʡʨʦʥʜʳ 

 ʤʳʩʳʥײʞ שʨʳʣʳʤʜʘʨʜʳײץ ץʨʜʝʣʽ ʙʠʦʣʦʛʠʷʣʳװʨʳʣʳʤʜʳ ʢʦʤʧʴʶʪʝʨʣʝʨ ʢײץ

ᴇʥʜʽʨʝ ʘʣʘʜʳ. 

ɸתʀʉ ᴇʥʜ̔ʨʽʩ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʞʝʪʽʣʜʽʨʫ ʜᴅʩʪװʨʣʽ ʪװʨʜʝ ʞʘʣסʘʩʫʜʘ. 

ʄʳʩʘʣʳ, Intel ʢʦʨʧʦʨʘʮʠʷʩʳ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʣʘʨʜʳ ʞʠʥʘʫ hװ ʽʥ ʞʝʢʝ-ʞʝʢʝ 

ʜʘʡʳʥʜʘʣסʘʥ ʢʦʨʧʫʩʪʘʨʜʳ ץʦʣʜʘʥʙʘʡ, ʦʣʘʨʜʳ ʤʠʢʨʦʩײʣʙʘ ʢʨʠʩʪʘʣʳʥʳש 

ʘʡʥʘʣʘʩʳʥʘ çᴇʩʽʨʫʜʽè ײʩʳʥʘʜʳ. ɸʣʜʳʥ-ʘʣʘ ʙʘסʘʣʘʫ ʙʦʡʳʥʰʘ ʙײʣ 

ʤʠʣʣʠʘʨʜʪʘʥ ʘʩʪʘʤ ʪʨʘʥʟʠʩʪʦʨʣʘʨʜʘʥ ʪײʨʘʪʳʥ ʞᴅʥʝ 20 ɻɻʮ-ʢʝ ʜʝʡʽʥʛʽ 

ʪʘʢʪʽʣʽ ʞʠʽʣʽʢʪʝʨʜʝ ʞײʤʳʩ ʽʩʪʝʡʪʽʥ ʢᴇʧʷʜʨʦʣʳ ʧʨʦʮʝʩʩʦʨʣʘʨʜʳ ʞʘʩʘʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʉʫʧʝʨʢʦʤʧʴʶʪʝʨʣʝʨ ץʘʟʽʨʛʽ ʢʝʟʜʝ ʧʘʨʘʣʣʝʣʴʜʽ ʝʩʝʧʪʝʫʣʝʨʜʽ ʢʝ̔ש ʥʝʥ 
 ʩʪʝʣװ ʘʥʜʘסʘʥʳʤʳʟʜʘʡ, ʦʨʪʘ ʝʩʝʧʧʝʥ ʘʣסʘץʦʣʜʘʥʘʜʳ. ɿʝʨʪʪʝʫʣʝʨʜʝʥ ʙʘʡץ

 שʫʘʪʳ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʣʝʨ ᴇʥʜʽʨʽʩʽʥʽץ ʝʩʝʧʪʝʫʽʰ שʩʪʽʣʽʢ ɼʕɽʄ-ʥrװ

ʜʝשʛʝʡʽʥʝʥ 13 ʞʳʣסʘ ץʘʣʳʧ ʢʝʣʝʜʽ, ʩʝʙʝʙʽ ʟʘʤʘʥʘʫʠ ʜʝʨʙʝʩ ʢʦʤʧʴʶ- 
ʪʝʨʣʝʨʜʽש ᴇʥʽʤʜʽʣʽʛʽ ʙʦʡʳʥʰʘ ʩʦʣ ʢʝʟʜʝʛʽ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʣʝʨʛʝ ʽʩ ʞװʟʽʥʜʝ 

ʪʦʣʳrס ʤʝʥ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. ʂᴇʧʷʜʨʦʣʳ ʧʨʦʮʝʩʩʦʨʣʳ ʘʨʭʠʪʝʢʪʫʨʘʣʘʨʜʳ 

ʝʥʛʽʟʛʝʣʽ ʧʘʨʘʣʣʝʣʴʜʽ ʙʘסʜʘʨʣʘʤʘʣʘʫ ɼʕɽʄ-ʜʘ ʜʘ ʪʘʨʘʣʘ ʙʘʩʪʘʜʳ. 

ʂᴇʧʷʜʨʦʣʳ ʧʨʦʮʝʩʩʦʨʣʘʨʜʳש ʙʘʟʘʩʳʥʜʘ ײץʨʘʩʪʳʨʳʣסʘʥ ʞװʡʝʣʝʨʜʽש ʩʘʥʳ 

hײrסʣ ᴇʩʫʜʝ, ʩʦʣ ʩʝʙʝʧʪʽ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʣʝʨʜʽש ʜʘʤʫʳ ʢʝʣʝʩʽ ʙʫʳʥʥʳש 

ʜʝʨʙʝʩ ʢʦʤʧʴʶʪʝʨʣʝʨʽʥʽש ʘʨʭʠʪʝʢʪʫʨʘʩʳʥʳץ שʘʣʳʧʪʘʩʫ ʧʨʝʩʧʝʢʪʠʚʘʣʘʨʳʥʘ 

ᴅʩʝʨ ʝʪʝ ʙʘʩʪʘʡʜʳ. 

ɹʝʩʽʥʰʽ ʙʫʳʥʜʳ ʕɽʄ-ʜʳ ʞʘʩʘʧ ʰʳסʘʨʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳ ʢᴇʧʪʝʛʝʥ 
ʝʣʜʝʨʜʝ ץʘʙʳʣʜʘʥסʘʥ, ʞᴅʥʝ, ʤװʤʢʽʥ, ʘʣʜʘrס  ʫʘrץ ʪʪʘʨʜʘ ʦʣʘʨʜʳש ʞװʟʝʛʝ ʘʩʫ 

ʥᴅʪʠʞʝʣʝʨʽʥ ʙʽʣʝʤʽʟ. 
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ˎˍ˨˘ˍ ɣ˞ ˝ˍ˟ˍ˝ ˨  
 

1. ˒̨̙̒̆̐̓̆̔ ̖̜̓̆̎̉̋́̎ ̨̨̎̆̄̈̄ ̅́̍̔ ̞̜̓́̐̓́̑̎́ ̒̉- 
̐́̓̓́̍́ ̂ ̨̨̆̑̈ Ȣ 

2. ˟̜́̎̍́̌ ̖̜̍̆́̎̉̋́̌ ̆̒̆̐̓̆̔ ̙̜̍́̉̎́̌́̑̎ ̇̎̆ 
̏̌́̑-̜̅ ̇́̒́̐ ̙̜̙̜̜́̑̔̌́̑̅ ́ ̜̓́̈Ȣ 

3. ˒̨̙̒̆̐̓̆̔ ̙̜̍́̉̎́̌́̑̅ ̞̖̜̌̆̋̓̑̏̍̆́̎̉̋́̌ ̋̆̈̆- 
̨ ̎̒ ̜̉̐́̓̓́̈Ȣ 

4. ˪̖̜̌̆̋̓̑̏̍̆́̎̉̋́̌ ̆̒̆̐̓̆̔ ̙̜̍́̉̎́̌́̑̎́̎ ̞̌̆̋- 
̜̓̑̏̎̅ ̨̙̆̒̆̐̓̆̔ ̖̓̆̎̉̋́ ̜̜̂̔̎̅́̑̎́ ̓̔ ̎̆̍̆̎ 
̜̜̂́̊̌́̎̒̓ȩ 

5. ˪˒-̇̎  ̜̇̆̋̆ ̜̜̜̂̔̎̅́̑̎ ̜̜̂̏̌̔̎ ̜̂̏̌̇́̌̅ 
̜̔́ ̓̓  ̜̋ ̆̈̆̅̆ ̨̑̎ ̋ ̨̨̨̆̌̓̑̈Ȣ 

6. ˪˒˙ ̜̜̂̔̎̅́̑ ̜́̔̒́̎ ̋̆̈̅̆ ́̎̅́̊ ́̋̓̏̑̌́̑̕ 
̨̨̆̒̋̆̑̌̆̅ȩ ˎ̌ ̜́̋̓̏̑̌́̑̅̕ ̜́̊̒̎ ̙̜́̌́ ̅̆̐ 
̒́̎́̔ ́̂ ̜̏̌́̅ȩ 

7. ˪˒-̇̎  ̨̨̨̜̙̂̑̎ȟ ̨̨̙̆̋̎ ̇̎̆ ̨̨̙̙̎ ̜̜̜̂̔̎̅́̑̎ 
̖̜̓̆̎̉̋́̌ ̒ ̜̉̐́̓̓́̍́̌́̑̎ ̒ ̜̜̜̜́̌̒̓̑̈Ȣ 

8. ˟̨̨̙̑̓̎ ̜̜̂̔̎̅ ̨̝̟̋̏̍̐̓̆̑̌̆̑̅ ̐́̊̅́ ̜̂̏̌̔̎́ 
́̎̅́̊ ̒̆̂̆̐̓̆̑ ̨̎̆̄̈ ̂ ̜̏̌̅ȩ 

9. ˚̨̆̌̋̓̆̎ ˑ˪˒˙ ̨̨̨̎̅̑̒ ̨̋̆̈̎̅̆ )"-0# ̖̜́̑̉̓̆̋̓̔̑́̒ 
̍̆̎ ̜̒̓́̎̅́̑̓̓́̑ ̨̎̆̄̈̄̆ ́ ̜̌̎́̎ ȩ 

10. ˟̨̨̙̑̓̎ ̜̜̂̔̎̎ ̒ ̜̉̐́̓̓́̍́̌ ̂ ̨̨̆̌̄̌̆̑̎ ́ ̜̓́̈Ȣ 
11. ˛̜̓́̎̅ ˪ ˒-̇̅  ̜̅ ́̍̔ ̖̜̓́̑̉̎ ̙ ̜̜̏̌̈Ȣ 
12. ́̎̅́̊ ˪˒˙-̜̅ ˪˒˙-̎  ̨̨̜̙̂̆̒̎ ̜̜̂̔̎̎́ ̇́̓-̜ 
̈̔́ ̂ ̜̏̌́̅ȩ 

 

 
    1.3.  ˎˍ˔ˍ˘ ˨̆ ˛ː˕˗ˍ˘˨ ˪ ˘˒˙˒˚˟˟˒˝ 

 

ʕɽʄ ʩʘʥʜʳץ ʩײʣʙʘʣʘʨʳʥʜʘ ʙʘʨʣʳץ ʩʠʛʥʘʣʜʘʨ 1 ʞᴅʥʝ 0 ʣʦʛʠʢʘʣʳץ 

ʤᴅʥʜʝʨʽʥʝ ʩᴅʡʢʝʩ ץʦʡʳʣʘʪʳʥ ʢʝʨʥʝʫʜʽש (ʪʦץʪrש) ʞʦסʘʨrס  ʞᴅʥʝ ʪᴇʤʝʥʛʽ 

ʜʝשʛʝʡʣʝʨʽ ʪװʨʽʥʜʝ ʙʦʣʘʜʳ. ʂʽʨʽʩ ʥʝʤʝʩʝ ʰʳrס ʩ ʩʠʛʥʘʣʜʘʨ ʞʘסʜʘʡʳʥʘ 

ʙʘʡʣʘʥʳʩʪʳ ʙʽʨʣʽʢ ʝʢʽʣʽʢ ʩʠʛʥʘʣ ʞʦסʘʨrס  ʜʝשʛʝʡʤʝʥ, ʘʣ ʥᴇʣʜʽʢ ʤᴅʥ 
ʪᴇʤʝʥʛʽʤʝʥ ʙʝʡʥʝʣʝʥʝʪʽʥ ʦש ʣʦʛʠʢʘ ʞᴅʥʝ ʙʽʨʣʽʢ ʝʢʽʣʽʢ ʩʠʛʥʘʣ ʪᴇʤʝʥʛʽ 

ʜʝשʛʝʡʤʝʥ, ʘʣ ʥᴇʣʜʽʢ ʤᴅʥ ʞʦסʘʨrס ʤʝʥ ʙʝʡʥʝʣʝʥʝʪʽʥ ʪʝʨʽʩ ʣʦʛʠʢʘ 

ʘʞʳʨʘʪʳʣʘʜʳ. 
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1.2 -̒̔̑̆̓Ȣ ˪˒˙-̅́ ̨̨̆̋̌̋ ̜̒̉̄̎́̌̅́̑̅ ̂ ̨̨̆̑̌̔ȡ 
́ ɂ ̉ ̝̜̍̐̔̌̒̓ ̒̉̄̎́̌̅́̑Ƞ ̂ ɂ ̐ ̗̜̏̓̆̎̉́̌̅ ̒̉̄̎́̌̅́̑Ƞ 5̐̏̑ ɂ ̞ ̌̆- 
̨̍̆̎̓̓ ̜̜̜́̔̒̓̑̐ ̜̏̒̔̅ ̙ ̨̆̋̓̋ ̍̎ ̨

 

 

ʉʠʛʥʘʣʜʳש ʞʦסʘʨrס  ʞᴅʥʝ ʪᴇʤʝʥʛʽ ʜʝשʛʝʡʽ ʵʣʝʤʝʥʪʪʽʢ ʙʘʟʘסʘ ʪᴅʫʝʣʜʽ 

ʢʝʡʙʽʨ ʰʝʢʪʽʢ ʤᴅʥʜʝʨʛʝ ʙʘʡʣʘʥʳʩʪʳ ʘʥʳץʪʘʣʘʜʳ. ʄʳʩʘʣʳ, ʝʛʝʨ ʩʠʛʥʘʣ 

ʰʝʢʪʽʢ ʤᴅʥʥʝʥ ʞʦסʘʨʳ ʙʦʣʩʘ, ʦʥʜʘ ʦʣ 1-ʛʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ; ʝʛʝʨ ʩʠʛʥʘʣ  

ʰʝʢʪʽʢ ʤᴅʥʥʝʥ ʘʟ ʙʦʣʩʘ , ʦʥʜʘ ʦʣ 0 ʨʝʪʽʥʜʝ ץʘʙʳʣʜʘʥʘʜʳ. 

ʕɽʄ ʩײʣʙʘʣʘʨʳʥʜʘ ʩʠʛʥʘʣʜʘʨʜʳש ʬʠʟʠʢʘʣʳץ ʰʝʢʪʽʢ ʙʝʨʽʣʫʽʥʽש ʝʢʽ ᴅʜʽʩʽ 

 .ʦʣʜʘʥʳʣʘʜʳ: ʠʤʧʫʣʴʩʪʳ ʞᴅʥʝ ʧʦʪʝʥʮʠʘʣʜʳ (1.2-ʩʫʨʝʪ)ץ

ɹʽʨ ʠʤʧʫʣʴʩʪʳ ʩʠʛʥʘʣʜʳײ שʟʘץʪrrס  ʕɽʄ-ʥrש ʙʽʨ ʞײʤʳʩ ʪʘʢʪʽʩʽʥʝʥ 

ʘʩʧʘʡʜʳ, ʷסʥʠ ʢʽʨʽʩ ʩʠʛʥʘʣʜʳש ʣʦʛʠʢʘʣʳץ ʵʣʝʤʝʥʪʢʝ ᴅʩʝʨ ʝʪʫ ʫʘrץ ʪʳʥʘʥ 

ʘʩʧʘʡʜʳ. ʇʦʪʝʥʮʠʘʣʜʳ ʩʠʛʥʘʣʜʳײ שʟʘץʪrrס  ʝʢʽʜʝʥ ʢᴇʧ ʪʘʢʪʽʥʽ ʘʣʘ ʘʣʘʜʳ 
(ʤʳʩʘʣʳ, ײץʨʳʣrס ʥrש ʞᴇʥʜʝʣʫ ʩʠʛʥʘʣʳ). 

ʕɽʄ ʣʦʛʠʢʘʣʳץ ʩײʣʙʘʣʘʨʳʥʳש ʪʘʣʜʘʥʫʳ ʤʝʥ ʩʠʥʪʝʟʽ ʙʫʣʴʜʽʢ 

ʘʣʛʝʙʨʘʥʳש ʤʘʪʝʤʘʪʠʢʘʣʳץ ʘʧʧʘʨʘʪʳʥ ï ʢʽʨʽʩ ʞᴅʥʝ ʰʳrס ʩ ʘʡʥʳʤʘʣʳʣʘʨʳ 

0 ʞᴅʥ 1 ʤᴅʥʜʝʨʽʥʽש ʙʽʨʝʫʽʥ סʘʥʘ ץʘʙʳʣʜʘʡ ʘʣʘʪʳʥ ʙʫʣʴʜʽʢ ʬʫʥʢʮʠʷʣʘʨʜʳ 

 .ʟʝʛʝ ʘʩʳʨʳʣʘʜʳװʦʣʜʘʥʫʤʝʥ ʞץ

ɸʡʥrʤʘʣʳʣʘʨʜʘ hװ  ʥʝʛʽʟʛʽ ʪװʨʣʝʥʜʽʨʫʣʝʨ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ: 
ʣʦʛʠʢʘʣʳץ ץʦʩʫ, ʣʦʛʠʢʘʣʳץ ʢᴇʙʝʡʪʫ ʞᴅʥʝ ʣʦʛʠʢʘʣʳץ ʪʝʨʽʩʪʝʫ, ʦʣʘʨ 

 ,ʘ: ʜʠʟʲʶʥʢʮʠʷ (ʅɽʄɽʉɽ)סʬʫʥʢʮʠʷʣʘʨ ץʣʦʛʠʢʘʣʳ ץʘʨʘʧʘʡʳʤ ʙʘʟʘʣʳץ

ʢʦʥʲʶʥʢʮʠʷ (ɾᴄʅɽ) ʞᴅʥʝ ʠʥʚʝʨʩʠʷ (ɽʄɽʉ) ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. 
 

 

1.3 -̒̔̑̆̓Ȣ ˎ̜́̈́̌ ̌ ̜̏̄̉̋́̌ ̞ ̨̌̆̍̆̎̓̓̆̑̅ ̂ ̨̨̆̌̄̌̆̎̔ 
ɉ̜̌̏̄̉̋́̌ ̒ ̜̌̂́̌́̑Ɋȡ 
́ ɂ ̊ ˒˙˒˞˒Ƞ ̂ ɂ ˓ ˚˒Ƞ ̃ ɂ ˒ ˙˒˞ 
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1.1 -̋̆̒̓̆Ȣ ˒˙˒˞ 
̨̨̞̌̆̍̆̎̓̎ ́ ̉́  ̓̋ ̨̆̒̓̆̒ 

1.2 -̋̆̒̓̆Ȣ ˚˒˙˒˞˒ ̨̨̞̌̆̍̆̎̓̎ 
́̉́  ̓̋ ̨̆̒̓̆̒ 

 

  

 

ʕʣʝʢʪʨʣʽʢ ʩײʣʙʘʣʘʨʜʘ ʙײʣ ʵʣʝʤʝʥʪʪʝʨ 1.3-ʩʫʨʝʪʢʝ ʩᴅʡʢʝʩ ʙʝʣʛʽʣʝʥʝʜʽ. 

 ʟʝʛʝ ʘʩʳʨʫװʣʙʘʣʘʨʜʳ ʞײʩ ץʨʜʝʣʽ ʢʝʟ-ʢʝʣʛʝʥ ʣʦʛʠʢʘʣʳװʘʣʘʫʳʥʰʘ ʢפ

hװ ʽʥ ʣʦʛʠʢʘʣʳץ ʵʣʝʤʝʥʪʪʝʨʜʽש ʬʫʥʢʮʠʦʥʘʣʜʳ ʪʦʣʳץ ʞװʡʝʩʽ ץʘʞʝʪ. 

ʅɽʄɽʉɽ, ɾᴄʅɽ, ɽʄɽʉ hװ  ʪʠʧʪʽ ʵʣʝʤʝʥʪʪʝʨ ʞʠʳʥʪʳrס  ʬʫʥʢʮʠʦʥʘʣʜʳ 

ʪʦʣʳץ ʝʤʝʩ ʙʦʣʳʧ ʝʩʝʧʪʝʣʝʪʽʥʽ ʜᴅʣʝʣʜʝʥʛʝʥ, ʩʦʣ ʩʝʙʝʧʪʽ ʢʝʟ-ʢʝʣʛʝʥ ʩʘʥʜʳץ 

סʨʳʣrײץ ʥʳ ʦʩʳ ʣʦʛʠʢʘʣʳץ ʦʧʝʨʘʮʠʷʣʘʨʜʳש ʢʦʤʙʠʥʘʮʠʷʩʳ ʪװʨʽʥʜʝ 

ʝʣʝʩʪʝʪʫʛʝ ʙʦʣʘʜʳ. 

ɹʫʣʴʜʽʢ ʬʫʥʢʮʠʷʣʘʨʜʳ ʘʥʘʣʠʪʠʢʘʣʳץ ʪװʨʜʝ ʣʦʛʠʢʘ ʘʣʛʝʙʨʘʩʳʥʳש 
ᴇʨʥʝʢʪʝʨʽ ʪװʨʽʥʜʝ ʥʝʤʝʩʝ ʦʣʘʨʜʳש ʤᴅʥʜʝʨʽʥʽש ʢʝʩʪʝʩʽʥʽש ʢᴇʤʝʛʽʤʝʥ ʙʝʨʫʛʝ 

ʙʦʣʘʜʳ. 

ʃʦʛʠʢʘʣʳץ ʵʣʝʤʝʥʪʪʝʨʜʽש ʰ rrס ʩ ʤᴅʥʜʝʨʽʥ ʩʠʧʘʪʪʘʫ hװ ʽʥ ʢʽʨʽʩ ʘʡʥʳʤʘ- 
ʣʳʣʘʨʳʥʳש ʙʘʨʣʳװ ץʡʣʝʩʫʣʝʨʽ (ʞʠʳʥʜʘʨʳ) ʢʝʟʽʥʜʝ ʘץʠץʘʪ ʢʝʩʪʝʩʽ 

 ʘʪ ʢʝʩʪʝʩʽ ʢʽʨʽʩʪʝʨץʠץʘ שʵʣʝʤʝʥʪʪʽ ץʦʣʜʘʥʳʣʘʜʳ. ʂʝʟ-ʢʝʣʛʝʥ ʣʦʛʠʢʘʣʳץ

ʩʘʥʳʥʘ ʪʝש ʧ ץʘʪʘʨʣʘʨʜʘʥ, ʰʳrס ʩ ʤᴅʥʽʥʽש ʙʽʨ ץʘʪʘʨʳʥʘʥ ʞᴅʥʝ 2ʧ (ʢʽʨʽʩ 

ʘʡʥʳʤʘʣʳʣʘʨ ʞʠʳʥʳ) ʞʦʣʜʘʨʜʘʥ ʪײʨʘʜʳ. 
ɸʣסʘ rhץ  ʨʝʪ ʙʫʣʴʜʽʢ ʬʫʥʢʮʠʷʣʘʨ ʪʝʦʨʠʩʳʥ ʨʝʣʝʡʣʽ-ʢʦʥʪʘʢʪʽʣʽ 

ʩײʣʙʘʣʘʨʳʥ ʩʠʥʪʝʟʜʝʫ ʢʝʟʽʥʜʝ ץʦʣʜʘʥסʘʥ, ʦסʘʥ ʤʳʩʘʣ ʨʝʪʽʥʜʝ ʅɽʄɽʉɽ, 

ɾᴄʅɽ, ɽʄɽʉ ʙʘʟʘʣʳץ ʦʧʝʨʘʮʠʷʣʘʨʳʥʳש ʩײʣʙʘʣʳץ ʞװʟʝʛʝ ʘʩʳʨʳʣʫʳʥ 

 .ץʘʨʘʩʪʳʨʘʡʳץ
 

 

1.4 -̒̔̑̆̓Ȣ ˒˙˒˞ ̨̑̆̌̆̌ ̜̒̌̂́̒ ̇̎̆ ̜̏̎ ̇ ̜̜̜̍̒̎ 
̜̅̉́̄̑́̍̍́̒ȡ 
X ɂ ̒ ̌̂́ ̨̨̨̋̑̒Ƞ Z ɂ ̒ ̌̂́ ̙̜̜̜̒Ƞ ˝ρ ɂ ̑ ̆̌̆Ƞ ̋ρ ɂ ̑ ̨̆̌̆̎ ̓ ̊ -̜ 
̓́̌́̎ ̨̨̋̏̎̓́̋̓̒ 

ʂʽʨʽʩ ʐ rrס ʩ 

0 1 

1 0 

 

ʂʽʨʽʩ1 ʂʽʨʽʩ2 ʐ rrס ʩ 

0 0 0 

0 1 1 

1 0 1 

1 1 1 
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1.5 -̒̔̑̆̓Ȣ ˚˒˙˒˞˒ ̨̑̆̌̆̌ ̜̜̒̌̂́̒̎ ̍ ̜̜̒́̌ ɉ́Ɋ ̇̎̆ 
̏̎  ̜̇ ̜̜̜̍̒̎ ̅ ̜̉́̄̑́̍̍́̒ ɉ̂Ɋȡ 
X, Y ɂ ̒ ̌̂́ ̨̨̨̋̑̒̓̆̑Ƞ Z ɂ ̒ ̌̂́ ̙̜̜̜̒Ƞ ˝ρȟ ˝ς ɂ ̑ ̆̌̆Ƞ ̋ρȟ ̋ς ɂ 
̑̆̌̆ ̨̨̋̏̎̓́̋̓̌̆̑ 

 

ʃʦʛʠʢʘʣʳϨ ʪʝʨʽʩʪʝʫ (ʠʥʚʝʨʩʠʷ) ʣʦʛʠʢʘ ʘʣʛʝʙʨʘʩʳʥʜʘ ʘʨʛʫʤʝʥʪ 
ʪʘשʙʘʩʳʥʳװ שʩʪʽʥʜʝʛʽ ʩʳʟʳץʧʝʥ ʙʝʣʛʽʣʝʥʝʜʽ. ɸʣʛʝʙʨʘʣʳץ ʬʦʨʤʘʜʘ ʩײʣʙʘ Z= 

ὢ ᴇʨʥʝʛʤ̔ʝʥ ʩʠʧʘʪʪʘʣʘʜr . 
1 ʠʥʚʝʨʩʠʷʩʳ 0-ʜʽ ʙʝʨʝʜʽ, 0 ʠʥʚʝʨʩʠʷʩʳ 1-ʜʽ ʙʝʨʝʜʽ, ʘʣ ץʦʩ ʠʥʚʝʨʩʠʷʣʘʫ 

ʘʡʥʳʤʘʣʳʥʳש ʤᴅʥʽʥ ᴇʟʛʝʨʪʧʝʡʜʽ (1.1-ʢʝʩʪʝ). 

ɽʄɽʉ ʬʫʥʢʮʠʷʩʳʥ ʞװʟʝʛʝ ʘʩʳʨʫ hװ ʽʥ ʪײʡrץʪʘʣסʘʥ ʢʦʥʪʘʢʪʽʣʽ ʨʝʣʝʥʽ 

 .ʘ ʙʦʣʘʜʳ (1.4-ʩʫʨʝʪ)סʦʣʜʘʥʫץ

ʈʝʣʝ ʞײʤʳʩ ʽʩʪʝʧ ʙʘʩʪʘסʘʥʜʘ ʢ 1 ʢʦʥʪʘʢʪʽʩʽ ʢʽʨʝʪʽʥ ʪʽʟʙʝʢ ʘʞʳʨʘʪʳʣʘʜʳ, 
ʘʣ U ʢʝʨʥʝʫʽ Z h rrס ʩʳʥʜʘ ʠʥʚʝʨʪʪʝʣʝʜʽ. 

ʃʦʛʠʢʘʣʳϨ Ϩʦʩʫ (ʜʠʟʲʶʥʢʮʠʷ) ʘʣʛʝʙʨʘʣʳץ ʬʦʨʤʘʜʘ çVè ʪʘשʙʘʩʳʤʝʥ 

(ʣʘʪ. vel ʩᴇʟʽʥʽש ʙʽʨʽʥʰʽ ᴅʨʽʙʽʥʝʥ ï çʥʝʤʝʩʝè) ʙʝʣʛʽʣʝʥʝʜʽ. ʐʳrס ʩʪʘ 

ʣʦʛʠʢʘʣʳץ ʩʫʤʤʘ 1-ʛʝ ʪʝש ʙʦʣʘʜʳ, ʝʛʝʨ ʙʽʨ ʥʝʤʝʩʝ ʙʽʨʥʝʰʝ ʢʽʨʽʩ 

סʦʩʳʣrץ ʰʪʘʨ 1 ʙʦʣʩʘ (1.2-ʢʝʩʪʝ). 

ʅɽʄɽʉɽ ʬʫʥʢʮʠʷʩʳʥʳש ʞװʟʝʛʝ ʘʩʳʨʳʣʫ ʤʳʩʘʣʳ ʨʝʪʽʥʜʝ 1.5-ʩʫʨʝʪʪʝ 

ʪײʡrץʪʘʣסʘʥ ʢʦʥʪʘʢʪʽʣʝʨʜʽש ʧʘʨʘʣʣʝʣʴʜʽ ʞʘʣסʘʥʫʳʤʝʥ ʨʝʣʝʡʣʽ ʩײʣʙʘ 

ʢʝʣʪʽʨʽʣʛʝʥ. 
ʊʽʧʪʽ ʙʦʣʤʘסʘʥʜʘ ʙʽʨ ʨʝʣʝ (ʈ1 ʥʝʤʝʩʝ ʈ2) ʽʩʢʝ ץʦʩʳʣסʘʥ ʢʝʟʜʝ ʢ1 ʞᴅʥʝ ʢ2 

ʢʦʥʪʘʢʪʽʣʝʨʽ ʢʽʨʝʪʽʥ Z ʪʽʟʙʝʛʽ ʪײʡrץʪʘʣʘʜʳ. ʋʘrץ ʪʪrץ ʜʠʘʛʨʘʤʤʘʜʘ ʨʝʣʝʥʽש 

X ʞᴅʥʝ Y ʩʠʛʥʘʣʜʘʨʳʥ ץʦʩʳʥʜʳʣʘʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝ ʦʪʳʨʳʧ ץʦʩʳʣסʘʥ 

ʢʝʟʜʝʛʽ Z ʪʽʟʙʝʛʽʥʽש ʞʘסʜʘʡʳ ʢᴇʨʩʝʪʽʣʛʝʥ. 

1.3 -̋̆̒̓̆Ȣ ˓˚˒ ̨̨̞̌̆̍̆̎̓̎ ́ ̉́  ̓̋ ̨̆̒̓̆̒ 
 

ʂʽʨʽʩ 1 ʂʽʨʽʩ 2 ʂʽʨʽʩ 3 

0 0 0 

0 1 0 

1 0 0 

1 1 1 
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1.6-̒̔̑̆̓Ȣ ˓˚˒ ̨̑̆̌̆̊̌ ̜̜̒̌̂́̒̎ ̎ ̜̒́̒ ɉ́Ɋ ̇̎̆ ̜̏̎ ̇ ̍ -̜ 
̜̒̎  ̜̅ ̜̉́̄̑́̍̍́̒ ɉ̂Ɋ 

 
 

ɹʝʨʽʣʛʝʥ ʩײʣʙʘʥʳ ʘʣʛʝʙʨʘʣʳץ ʬʦʨʤʘʜʘ ʢʝʣʝʩʽ ᴇʨʥʝʢʧʝʥ ʩʠʧʘʪʪʘʫסʘ 

ʙʦʣʘʜʳ 

Z=XvY.  

ʃʦʛʠʢʘʣʳϨ ʢϺʙʝʡʪʫ (ʢʦʥʲʶʥʢʮʠʷ) ʘʥʘʣʠʪʠʢʘʣʳץ ʪװʨʜʝ ç&è ʪʘשʙʘʩʳʤʝʥ 

ʙʝʣʛʽʣʝʥʝʜʽ. ɾᴄʅɽ ʵʣʝʤʝʥʪʽ ð ʙײʣ ʦʥʳש ʙʘʨʣʳץ ʢʽʨʽʩʽʥʜʝʛʽ ʤᴅʥʜʝʨ 

ʙʽʨʣʽʢʪʝʨ ʙʦʣסʘʥ ʢʝʟʜʝ סʘʥʘ ʰʳrס ʩʳ 1-ʛʝ ʪʝש ʙʦʣʘʪʳʥ ʩᴅʡʢʝʩ ʢʝʣʫ ʩײʣʙʘʩʳ 

(1.3-ʢʝʩʪʝ). ʂʝʡʜʝ ʢʦʥʲʶʥʢʮʠʷʥʳש ʝʢʽʢʽʨʽʩʪʽ ʩײʣʙʘʩʳʥ ʩʠʛʥʘʣʜʳ ʙʽʨ ʢʽʨʽʩʪʝ 

ʣʦʛʠʢʘʣʳץ ʙʽʨʣʽʢ ʙʘʨ ʢʝʟʜʝ סʘʥʘ ᴇʪʢʽʟʝʪʽʥ ʰײʨʘ (ʢʣʘʧʘʥ) ʜʝʧ ʘʪʘʡʜʳ. 

ɾᴄʅɽ ʬʫʥʢʮʠʷʩʳʥ, ʤʳʩʘʣʳ, ʙʽʨʥʝʰʝ ʨʝʣʝʣʝʨʜʽש ʪʽʟʙʝʢʪʝʡ ʞʘʣסʘʥסʘʥ 

ʪײʡrץʪʘʣסʘʥ ʢʦʥʪʘʢʪʽʣʝʨʽ ʞװʟʝʛʝ ʘʩʳʨʘʜʳ (1.6-ʩʫʨʝʪ). 

ʢ1 ʞᴅʥʝ ʢ2 ʢʦʥʪʘʢʪʽʣʝʨʽʥʽש ʪʽʟʙʝʛʽ ʞʘʣrס ʟ ʞʘסʜʘʡʜʘ ʪײʡrץʪʘʣסʘʥ ʙʦʣʘʜʳ 

ï ʈ1 ʞᴅʥʝ ʈ2 ʨʝʣʝʣʝʨʽ ץʦʩʳʣʫ ʫʘrץ ʪʳ ʙʦʡʳʥʰʘ ʩᴅʡʢʝʩ ʢʝʣʛʝʥʜʝ. Z ʪʽʟʙʝ- 
ʛʽʥʜʝ X ʞᴅʥʝ Y ʩʠʛʥʘʣʜʘʨʳ ʩᴅʡʢʝʩ ʢʝʣʛʝʥ ʢʝʟʜʝ סʘʥʘ ʩʠʛʥʘʣ ʧʘʡʜʘ ʙʦʣʘʜʳ. 

ʉײʣʙʘ ʘʣʛʝʙʨʘʣʳץ ʬʦʨʤʘʜʘ ʢʝʣʝʩʽ ᴇʨʥʝʢʧʝʥ ʩʠʧʘʪʪʘʣʘʜʳ 

Z= X&Y. 

ɹʘʟʘʣʳץ ʣʦʛʠʢʘʣʳץ ʵʣʝʤʝʥʪʪʝʨʜʽװ שʡʣʝʩʫʽ ʢװʨʜʝʣʽ ʢʦʤʙʠʥʘʮʠʷʣʳץ (ʢʝʨʽ 
ʙʘʡʣʘʥʳʩʩʳʟ) ʩײʣʙʘʣʘʨʜʳ ʞʘʩʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ: ʅɽʄɽʉɽ ð ɽʄɽʉ 

(ʜʠʟʲʶʥʢʮʠʷʥʳ ʪʝʨʽʩʪʝʫ) (1.4-ʢʝʩʪʝ), ɾᴄʅɽ ð ɽʄɽʉ (ʢʦʥʲʶʥʢʮʠʷʥʳ 

ʪʝʨʽʩʪʝʫ) (1.5-ʢʝʩʪʝ), ʜʝʰʠʬʨʘʪʦʨʣʘʨ (1.6-ʢʝʩʪʝ) ʞᴅʥʝ ʢʽʨʽʩ ʧʝʥ ʰʳrס ʩʪrש 

ᴅʨʪװʨʣʽ ʩʘʥʳʤʝʥ ʙʘʩץʘ ʜʘ ʩײʣʙʘʣʘʨʳ. 

1.4 -̋̆̒̓̆Ȣ ̊ ˒˙˒˞˒-˒˙˒˞ 
̜̜̒̌̂́̒̎ ́ ̉́̓ 
̨̋̆̒̓̆̒ 

1.5 -̋̆̒̓̆Ȣ ˓ ˚ -˒˒˙˒˞ 
̜̜̒̌̂́̒̎ ́ ̉́̓ 
̨̋̆̒̓̆̒ 

   

ʂʽʨʽʩ 1 ʂʽʨʽʩ 2 ʂʽʨʽʩ 3 

0 0 1 

0 1 0 

1 0 0 

1 1 0 

 

ʂʽʨʽʩ 1 ʂʽʨʽʩ 2 ʂʽʨʽʩ 3 

0 0 1 

0 1 1 

1 0 1 

1 1 0 
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1.6 -̋̆̒̓̆Ȣ ˒̨̨̨̨̋̋̑̒̓ ̙̜̅̆̉̑́̓̏̑̅̕ ́ ̉́  ̓̋ ̨̆̒̓̆̒ 
 

ʂʽʨʽʩ 1 ʂʽʨʽʩ 2 ʐ rrס ʩ 1 ʐ rrס ʩ 2 ʐ rrס ʩ 3 ʐ rrס ʩ 4 

0 0 1 0 0 0 

0 1 0 1 0 0 

1 0 0 0 1 0 

1 1 0 0 0 1 

ɼʝʰʠʬʨʘʪʦʨ ʢʽʨʽʩ ʢᴇʧʨʘʟʨʷʜʪʳ ʢʦʜʪʳ ʦסʘʥ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʙʽʨʨʘʟʨʷʜʪʳ 

ʰ rrס ʩ ʩʠʛʥʘʣסʘ ʪװʨʣʝʥʜʽʨʝʪʽʥ ʣʦʛʠʢʘʣʳץ ʩײʣʙʘ ʪװʨʽʥʜʝ ʙʦʣʘʜʳ. ʄʳʩʘʣʳ, 

ʝʛʝʨ N ʢʽʨʽʩʽ ʙʘʨ ʜʝʰʠʬʨʘʪʦʨסʘ N-ʨʘʟʨʷʜʪʳ ʢʦʜ ʙʝʨʩʝ, ʦʥʜʘ ʰʳrס ʩʳʥʜʘ 2N 

ʢʦʤʙʠʥʘʮʠʷʣʳ ʙʽʨʨʘʟʨʷʜʪʳ ʩʠʛʥʘʣʜʘʨʜʳ ʘʣʘʤʳʟ. 

ʕɽʄ-ʜʘ ʜʝʰʠʬʨʘʪʦʨ ʤʝʢʝʥ-ʞʘʡ ʢʦʜʳʥ ʝʩʪʝ ʩʘץʪʘʫ ײץʨʳʣrס ʩʳʥʜʘrס  

ʩᴅʡʢʝʩ ̫ײ ʰrץʪʳ ʪʘשʜʘʫ ʩʠʛʥʘʣʳʥʘ ʪװʨʣʝʥʜʽʨʫ hװ ʽʥ ץʦʣʜʘʥʳʣʘʜʳ. 

ʐ rrס ʩ ʩʠʛʥʘʣ ʪʝʢ ʢʽʨʽʩʪʝʛʽ ʘʡʥʳʤʘʣʳʣʘʨ ʞʠʳʥʪʳrס ʥʘ סʘʥʘ ʝʤʝʩ ʦʥʳש 
ʽʰʢʽ ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʞʘסʜʘʡʳʥʘ ʜʘ ʪᴅʫʝʣʜʽ ʞʘʜʳ ʙʘʨ ʩϰʣʙʘʣʘʨ (ʢʝʨʽ 

ʙʘʡʣʘʥʳʩʳ ʙʘʨ ʩϰʣʙʘʣʘʨ) ʢװʨʜʝʣʽʨʝʢ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʕɽʄ-ʜʘ ʝʢʽ ʪײʨʘץʪʳ ʞʘסʜʘʡʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʧ, ʘץʧʘʨʘʪʪʘʨʜʳ (ʙʽʨ  

ʝʢʽʣʽʢ ʩʘʥʜʳ) (1.7-ʩʫʨʝʪ) ײʟʘץ ʫʘrץ ʪ ʩʘץʪʘʡ ʘʣʘʪʳʥ, ʷסʥʠ ʰʳrס ʩʪʘ 

ʧʦʪʝʥʮʠʘʣʜʳ ʩʠʛʥʘʣʜʳ ץʘʣʳʧʪʘʩʪʳʨʘ ʘʣʘʪʳʥ ʪʨʠʛʛʝʨ ʜʝʛʝʥ ʘʪʘʫסʘ ʠʝ ʢʝʨʽ 

ʙʘʡʣʘʥʳʩʳ ʙʘʨ ʣʦʛʠʢʘʣʳץ ʩײʣʙʘʣʘʨ ʢʝ̔ש ʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ. 

ɼʠʘʛʨʘʤʤʘʜʘʥ ʢᴇʨʽʧ ʪײʨסʘʥʳʤʳʟʜʘʡ ʪʨʠʛʛʝʨʜʽש ʙʽʨ ʪײʨʘץʪʳ ʞʘסʜʘʡʜʘʥ 

ʙʘʩץʘʩʳʥʘ ᴇʪʫʽ ʫʘrץ ʪʪʘ װʣʝʩʪʽʨʽʣʛʝʥ R ʥʝʤʝʩ S ʠʤʧʫʣʴʩʪʳ ʩʠʛʥʘʣʜʘʨʳʥʳש 
ᴅʩʝʨʽʥʝʥ ʙʦʣʘʜʳ (1.7-ʢʝʩʪʝ). 

ʂʽʨʽʩʽ ʙʦʡʳʥʰʘ ʙʠʪ ʞʘʟʳʣסʘʥ ʩʦש S ʪʨʠʛʛʝʨ ץʦʨʝʢ ʙʘʨ ʢʝʟʜʝ ʦʩʳ 

ʘץʧʘʨʘʪʪʳ ʩʘץʪʘʧ, R ʩʠʛʥʘʣʳ ʧʘʡʜʘ ʙʦʣסʘʥסʘ ʜʝʡʽʥ ʩʪʘʪʠʢʘʣʳץ ʞʘסʜʘʡʜʘ 

ʙʦʣʘʜʳ. ʆʩʳʣʘʡʰʘ, ʢʽʨʽʩ ʩʠʛʥʘʣʜʘʨʜʳ ʰʝʰʢʝʥ ʩʦש ʪʨʠʛʛʝʨ ʞʘʟʳʣסʘʥ 

ʘץʧʘʨʘʪ ʙʠʪʽʥ ʩʘץʪʘʫ ʨʝʞʠʤʽʥʝ (ʰʳrס ʩʳʥʜʘ ʧʦʪʝʥʮʠʘʣʜʳ ʩʠʛʥʘʣ ʧʘʡʜʘ 

ʙʦʣʘʜʳ) ʢᴇh ʝʜʽ. ʄײʥʜʘʡ ʪʨʠʛʛʝʨ ʘʩʠʥʭʨʦʥʜʳ ʜʝʧ ʘʪʘʣʘʜʳ, ʩʝʙʝʙʽ ʦʥʳש 

ʰ rrס ʩʪʘʨʳ ᴇʟ ʞʘסʜʘʡʣʘʨʳʥ ʢʽʨʽʩ ʩʠʛʥʘʣ ʧʘʡʜʘ ʙʦʣסʘʥ ʩᴅʪʪʝ ᴇʟʛʝʨʪʝʜʽ. 

RS-ʪʨʠʛʛʝʨ ʕɽʄ-ʥrש ᴅʨʪװʨʣʽ ʙʘʩץʘʨʫ ʙʣʦʢʪʘʨʳʥʜʘ ʞʠʽ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. 

ʆʥrש ʥʝʛʽʟʽʥʜʝ ʢװʨʜʝʣʽʨʝʢ ʞײʤʳʩ ʣʦʛʠʢʘʩʳʥʘ ʠʝ ʪʨʠʛʛʝʨʣʝʨ ץʘʪʘʨʳ 

ʘʣʳʥסʘʥ: ʩʠʥʭʨʦʥʜʳ (ʪʘʢʪʽʣʝʥʝʪʽʥ) RS-ʪʨʠʛʛʝʨʣʝʨ, ʝʩʝʧʪʽʢ ʢʽʨʽʩʢʝ ʠʝ 

ʪʨʠʛʛʝʨʣʝʨ (ʊ-ʪʨʠʛʛʝʨʣʝʨ), ʙʽʨ ʪʘʢʪʽʛʝ ʩʠʛʥʘʣʜʳ ʢʽʜʽʨʪʝʪʽʥ ʪʨʠʛʛʝʨʣʝʨ (D- 

ʪʨʠʛʛʝʨʣʝʨ) ʞᴅʥʝ ʪ.ʙ. (1.8-ʩʫʨʝʪʪʝ). 

ɸץʧʘʨʘʪʪʳ ʩʘץʪʘʫ ʤʝʥ ʪװʨʣʝʥʜʽʨʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ hװ ʽʥ ʙʽʨʥʝʰʝ 

ʙʽʨʪʠʧʪʽ ʪʨʠʛʛʝʨʣʝʨʜʝʥ ʪײʨʘʪʳʥ ʣʦʛʠʢʘʣʳץ ʩײʣʙʘʣʘʨ ץʦʣʜʘʥʳʣʘʜʳ. 

ʊʨʠʛʛʝʨʣʝʨ ʧ-ʨʘʟʨʷʜʪʳ ʨʝʛʠʩʪʨʣʽ ʩײʣʙʘʣʘʨʜʳ (ʞʳʣʞʫ ʨʝʛʠʩʪʨʣʝʨʽ, 

ʩʘʥʘrס ʰʪʘʨ, ʩʫʤʤʘʪʦʨʣʘʨ ʞᴅʥʝ ʪ.ʙ.) ʞᴅʥʝ ʩʪʘʪʠʢʘʣʳץ ʞʘʜʳ ̫ײ ʰrץʪʘʨʳʥ 
שʨʘʩʪʳʨʫʜʘ ʢʝ̔ײץ ʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ. 
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1.7 -̒̔̑̆̓Ȣ ˍ̖̜̒̉̎̑̏̎̅ 23-̨̓̑̉̄̄̆̑̅ ̒ ̜̌̂́̒ ɉ́Ɋ ̇̎̆ ̏̎- 
̜  ̇ ̜̜̜̍̒̎ ̔ ̜́ ̓̓  ̜̅ ̜̉́̄̑́̍̍́̒ ɉ̂Ɋȡ 
Z ɂ ̓ ̔̑́ ̙̜̜̒Ƞ Z ɂ ̉ ̨̎̃̆̑̒̓ ̙̜̜  ̒

 

1.7 -̋̆̒̓̆Ȣ RS-̓̑̉̄̄̆̑ ̨̨̓̔̌̆̑̎ ̋ ̨̆̒̓̆̒ 
 

R ʢʽʨʽʩʽ S ʢʽʨʽʩʽ Z ʞʘסʜʘʡʳ ʈʝʞʽʤ 

0 0 0 ʉʘץʪʘʫ 

0 1 1 ɾʘʟʫ 

0 0 1 ʉʘץʪʘʫ 

1 0 0 ɾʘʟʫ 

ʈʝʛʠʩʪʨʛʝ ʘץʧʘʨʘʪ ʧʘʨʘʣʣʝʣʴʜʽ (ʙʽʨʜʝʥ ʙʘʨʣʳץ ʨʘʟʨʷʜʪʘʨʤʝʥ) ʥʝʤʝʩʝ 
ʪʽʟʙʝʢʪʝʡ ʝʥʛʽʟʽʣʽʧ ʦrץ ʣʘ ʘʣʳʥʘʜʳ. ʈʝʛʠʩʪʨʣʝʨ ʘץʧʘʨʘʪ ʙʣʦʛʳʥʜʘrס  

ʨʘʟʨʷʜʪʘʨ ʩʘʥʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʩʘʥסʘ ʠʝ ʙʦʣʘʪʳʥ ʪʨʠʛʛʝʨʣʝʨʜʽש ʞᴅʥʝ 

ʤᴅʣʽʤʝʪʪʝʨʜʽ ʪװʨʣʝʥʜʽʨʫʜʽ ʦʨʳʥʜʘʫ ʢʝʟʽʥʜʝ ʦʣʘʨʜʳש ʞײʤʳʩʳʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʝʪʽʥ ץʦʩʘʣrץ  ʩײʣʙʘʣʘʨʜʳץ שʦʩʳʥʜʳʩʳ ʪװʨʽʥʜʝ ʙʦʣʘʜʳ. ɹײʣ 

ʪװʨʣʝʥʜʽʨʫʣʝʨ, ʥʝʛʽʟʽʥʝʥ, ʝʢʽʣʽʢ ʢʦʜʪʳש ʙʝʣʛʽʣʽ ʙʽʨ ʨʘʟʨʷʜʪʘʨ ʩʘʥʳʥʘ ʦסשʘ 

ʥʝʤʝʩʝ ʩʦʣסʘ ʞʳʣʞʫʳʥʘ, ʪʽʟʙʝʢʪʝʡ ʢʦʜʪʳ ʧʘʨʘʣʣʝʣʴʜʽʛʝ ʞᴅʥʝ ʢʝʨʽʩʽʥʰʝ 

ʪװʨʣʝʥʜʽʨʫʛʝ ʥʝʛʽʟʜʝʣʝʜʽ. 

1.9-ʩʫʨʝʪʪʝ ʩʠʥʭʨʦʥʜʳ RS-ʪʨʠʛʛʝʨʜʝʛʽ ʧ-ʨʘʟʨʷʜʪʳ ʨʝʛʠʩʪʨʜʽש ʩײʣʙʘʩʳ 
ʢʝʣʪʽʨʽʣʛʝʥ. 

ʂʦʜʪʳ ʦʨʥʘʪʧʘʩ ʙײʨʳʥ ʘʣʜʳʥ-ʘʣʘ ʨʝʛʠʩʪʨʛʝ ʙʘʨʣʳץ R ʨʘʟʨʷʜʪʘʨʜʳש 
ʢʽʨʽʩʪʝʨʽʥʝ ʪʨʠʛʛʝʨʣʝʨʜʽ ʥᴇʣʛʝ ʢʝʣʪʽʨʫ hװ ʽʥ çʊʘʩʪʘʫè ʩʠʛʥʘʣʳ ʙʝʨʽʣʝʜʽ. 

ʭ1,..., x,̔...,ʭʧ ʢʽʨʽʩʪʝʨʽ ʙʦʡʳʥʰʘ ʘץʧʘʨʘʪ ʨʝʛʠʩʪʨʜʽש ʩᴅʡʢʝʩ ʨʘʟʨʷʜʪʘʨʳʥʜʘ ʪʝʢ 

çɾʘʟʫè ʩʠʥʭʨʦʥʜʘʫʰʳ ʠʤʧʫʣʴʩʪʽש ᴅʩʝʨʽ ʢʝʟʽʥʜʝ ʧʘʨʘʣʣʝʣʴʜʽ ʩʘץʪʘʣʳʧ 

ʦʪʳʨʘʜʳ ʞᴅʥʝ ʪʨʠʛʛʝʨʣʝʨʜʽ ʘʫʳʩʳʪʳʨʳʧ ץʦʩץʘʥʜʘ z1,..., z̔,..., zʧ ʰ rrס ʩ- 

ʪʘʨʳʥʘ ʙʝʨʽʣʝʜʽ. 

ʕɽʄ-ʜʘ ʠʤʧʫʣʴʩʪʝʨʜʽ ʩʘʥʘʫ hװ ʽʥ, ʞʳʣʞʳʪʫ, ʘʜʨʝʩʪʝʨʜʽ ץʘʣʳʧʪʘʩʪʳʨʫ 

hװ ʽʥ ᴅʨʪװʨʣʽ ʩʫʤʤʘʣʘʡʪʳʥ, ʘʟʘʡʪʘʪʳʥ, ʨʝʚʝʨʩʠʚʪʽ ʞᴅʥʝ ʮʠʢʣʜʳץ ʩʘʥʘ- 
rס ʰʪʘʨ ץʦʣʜʘʥʳʣʘʜʳ. 
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1.8 -̒̔̑̆̓Ȣ 23-̨̓̑̉̄̄̆̑̌̆̑̅ ɉ́Ɋ ̇̎̆˟-̨̓̑̉̄̄̆̑̅ ɉ̂Ɋ ̙́̑̓- 
̓  ̜̂ ̨̆̌̄ ̨̌̆̎̔ȡ 
R (Resetɂ ̓́̒̓́̔Ɋ ɂ ̨̓̑̉̄̄̆̑̅ ̨̎̌̅̋ ̇́̅́̊́ ̏̑̎́̓̔ ̨̨̨̋̑̒Ƞ S (Setɂ 
̏̑̎́̓̔Ɋ ɂ ̨̓̑̉̄̄̆̑̅ ̨̨̂̑̌̋ ̇́̅́̊́ ̏̑̎́̓̔ ̨̨̨̋̑̒Ƞ ˟ (Toggleɂ 
̑̆̌́̋̒́̓̏̑Ɋ ɂ ̨̓̑̉̄̄̆̑̅ ̜̙̒́̎́  ̨̨̨̋̑̒Ƞ ˞ (Clockɂ ̒́́ ̓Ɋ ɂ 
̖̙̜̒̉̎̑̏̎̅́̔ ̝̉̍̐̔̌̒̓̆̑ ɉ̨̓́̋̓̌̆̑Ɋ ̨̨̨̋̑̒ 

 

 

1.9 -̒̔̑̆̓Ȣ ˞̖̜̉̎̑̏̎̅ 23-̨̓̑̉̄̄̆̑̌̆̑̅̆̄ ̐-̠̜̑́̈̑̅̓ ̑̆̄̉̒- 
̨̓̑̅ ̒ ̜̌̂́̒ 

 
 

ʉʫʤʤʘʣʘʫʰʳ ʩʘʥʘrס ʰ ʦʥʳש ʢʽʨʽʩʽʥʝ ʢʝʣʽʧ ʪװʩʢʝʥ ʩʠʛʥʘʣʜʘʨʜʳ ʩʘʥʘʫʜʳ 

ʞᴅʥʝ ʥᴅʪʠʞʝʥʽ ʢᴇʧʨʘʟʨʷʜʪʳ ʝʢʽʣʽʢ ʩʘʥ ʪװʨʽʥʜʝ ʪʽʨʢʝʫʜʽ ʞװʟʝʛʝ ʘʩʳʨʘʜʳ. ʪ- 

ʪʨʠʛʛʝʨʣʝʨʜʝʥ ʪײʨʘʪʳʥ ʩʘʥʘrס ʰ ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩץʘʥ N ʠʤʧʫʣʴʩʪʝʨʛʝ ʜʝʡʽʥ 

ʩʘʥʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ 

N= 2ʪ ð 1. 

ʉʘʥʘrס ʰʪʘʨʜʘ ʊ ʩʘʥʘrס ʰ ʢʽʨʽʩʢʝ ʩʠʛʥʘʣ ʙʝʨʛʝʥ ʢʝʟʜʝ ᴇʟ ʞʘסʜʘʡʳʥ 

 -ʦʣʜʘʥʳʣʘʜʳ. 1.10-ʩʫʨʝʪʪʝ ʊץ ʘʨʩʳ ʤᴅʥʛʝ ᴇʟʛʝʨʪʝʪʽʥ ʊ-ʪʨʠʛʛʝʨʣʘʨץ-ʘʨʘʤʘץ

ʪʨʠʛʛʝʨʣʝʨʜʝ ײץʨʘʩʪʳʨʳʣסʘʥ ʩʫʤʤʘʣʘʫʰʳ ʪ-ʨʘʟʨʷʜʪʳ ʩʘʥʘrס ʰʪrש hװ  

ʨʘʟʨʷʜʳ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ʀʤʧʫʣʴʩʪʝʨʜʽ ʩʘʥʘʫ ʙʘʩʪʘʣʤʘʩ ʙײʨʳʥ ʙʘʨʣʳץ ʪʨʠʛʛʝʨʣʝʨ çʊʘʩʪʘʫè 
ʩʠʛʥʘʣʳʤʝʥ ʥᴇʣʛʝ ʢʝʣʪʽʨʽʣʝʜʽ (z ʰʳrס ʩʪʘʨʳ 0-ʛʝ ʦʨʥʘʪʳʣʘʜʳ). 
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1.10 -̒̔̑̆̓Ȣ ˞̙̜̔̍̍́̌́̔ Í-̠̜̑́̈̑̅̓ ̒ ̜̙́̎́ 
 
 

ʂʽʨʽʩʢʝ (ɺʭ) ʠʤʧʫʣʴʩ ʢʝʣʽʧ ʪװʩʫʽʤʝʥ ʘʣסʘ rhץ  ʪʨʠʛʛʝʨ 1 ʞʘסʜʘʡʳʥʘ 

ʘʫʳʩʘʜʳ, ʝʢʽʥʰʽ ʠʤʧʫʣʴʩ ʦʥʳ 0 ʞʘסʜʘʡʳʥʘ ʘʫʳʩʪʳʨʘʜʳ, ʙʽʨʘץ, ʩʦʥʳʤʝʥ 

סʥʜʘʡ ʩʘʥʘrײʘʪʘʨ ʢʝʣʝʩʽ ʪʨʠʛʛʝʨ 1-ʛʝ ʦʨʥʘʪʳʣʘʜʳ ʞᴅʥʝ ʪ.ʩ.ʩ. ʄץ ʰʪʘʨ ʕɽʄ- 

ʜʘ ʪʘʡʤʝʨʣʝʨ ʨʝʪʽʥʜʝ ʞᴅʥʝ ʘrס ʤʜʘrס  ʫʘrץ ʪ ʧʝʥ ʜʘʪʘʥʳ ʩʘʥʘʫ hװ ʽʥ 

 .ʦʣʜʘʥʳʣʘʜʳץ

ʊʨʠʛʛʝʨʣʝʨ ʕɽʄ-ʜʘ ʞʠʥʘץʪʘʫʰʳ ʞᴅʥʝ ʢʦʤʙʠʥʘʮʠʷʣʳ ʪʠʧʪʽ 

ʩʫʤʤʘʪʦʨʣʘʨʜʳ ʞװʟʝʛʝ ʘʩʳʨʫ hװ ʽʥ ץʦʣʜʘʥʳʣʘʜʳ. 

ʉʫʤʤʘʪʦʨ ʝʢʽ ʝʢʽʣʽʢ ʢᴇʧʨʘʟʨʷʜʪʳ ʩʘʥʜʘʨ ʢʦʜʪʘʨʳʥ ʘʨʠʬʤʝʪʠʢʘʣʳץ 
סʨʳʣrײץ ץʘʥ ʣʦʛʠʢʘʣʳסʘ ʘʨʥʘʣסʦʩʫʜʳ ʦʨʳʥʜʘʫץ  ʪװʨʽʥʜʝ ʙʦʣʘʜʳ. ʕɽʄ-ʜʘ 

ʩʫʤʤʘʪʦʨ ʘʨʠʬʤʝʪʠʢʘʣʳץ (ʘʟʘʡʪʫ, ʢᴇʙʝʡʪʫ, ʙᴇʣʫ) ʞᴅʥʝ ʣʦʛʠʢʘʣʳץ 
(ʜʠʟʲʶʥʢʮʠʷ ʞᴅʥʝ ʢʦʥʲʶʥʢʮʠʷ) ʦʧʝʨʘʮʠʷʣʘʨʜʳ ʦʨʳʥʜʘʫ hװ ʽʥ 

סʢʽʨʽʩʽ ʤʝʥ ʰʳr שʦʣʜʘʥʳʣʘʜʳ. ᴄʜʝʪʪʝ ʩʫʤʤʘʪʦʨʜʳץ ʩʳʥʜʘ ʩʘʥʜʘʨ ʢʦʜʪʘʨʳʥ 

ʞᴅʥʝ ʥᴅʪʠʞʝʣʝʨʜʽ ʩʘץʪʘʫ ʞᴅʥʝ ʪװʨʣʝʥʜʽʨʫ hװ ʽʥ ʨʝʛʠʩʪʨʣʘʨ ʙʦʣʘʜʳ. 

ʈʝʛʠʩʪʨʣʘʨ ʦץʞʘʪʘʨ ʪʠʧʪʽ ʩʪʘʪʠʢʘʣʳץ ʞʘʜʳʥ ʞʘʩʘʫʰʳ ʞװʡʝʣʽ ʙʽʨʽʢʢʝʥ 
 ʘʥ ʢᴇʧʨʘʟʨʷʜʪʳסʘʥסʞʘʪʘʨ ʞʘʜʳ ʪʽʟʙʝʢʪʝʡ ʞʘʣץʘ ʙʽʨʽʛʝ ʘʣʘʜʳ. ʆסʨʳʣʳʤײץ

ʨʝʛʠʩʪʨʣʘʨʤʝʥ ʞʘʩʘʣʘʜʳ (1.11-ʩʫʨʝʪ) ʞᴅʥʝ ʕɽʄ-ʜʘ ʢʦʤʘʥʜʘʣʘʨʜʳש, ʽʰʢʽ 

ʙʘסʜʘʨʣʘʤʘʣʘʨʜʳש ʞᴅʥʝ ʪ.ʙ. ʦʨʳʥʜʘʣʫ ʪʽʟʙʝʢʪʽʣʽʛʽʥ ʞʘʩʘʫ hװ ʽʥ 

 .ʦʣʜʘʥʳʣʘʜʳץ

1.11 , ʘ-ʩʫʨʝʪʪʝ ʢʝʣʪʽʨʽʣʛʝʥ ʨʝʛʠʩʪʨʣʽ ײץʨʳʣʳʤ ʩʠʛʥʘʣʜʘʨʜʳש ʢʽʜʽʨʽʩ 

ʩʳʟrrס ʥrש ʘʥʘʣʦʛʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʩʝʙʝʙʽ ʘץʧʘʨʘʪ ʨʝʛʠʩʪʨʣʘʨ ʙʦʡʳʤʝʥ 

ʢʝʣʫ ʨʝʪʽʤʝʥ ʪʽʟʙʝʢʪʝʡ ʞʳʣʞʠʜʳ. ʄײʥʜʘʡ ʞʘʜʳʜʘrס  ʩʘʥʘʫ ʨʝʪʪʽʣʽʛʽ FIFO 

(first- inð first-outð çʙʽʨʽʥʰʽ ʢʽʨʜʽ ð ʙʽʨʽʥʰʽ ʰʳץʪʳè) ʧʨʠʥʮʠʧʽ ʙʦʡʳʥʰʘ 

ʙʝʨʽʣʝʜʽ. 

1.11 ʙ-ʩʫʨʝʪʪʝ ʢʝʣʪʽʨʽʣʛʝʥ ʨʝʛʠʩʪʨʣʘʨʜʘʥ ײץʨʘʣסʘʥ ʞʘʜʳ FILO (first-inð 
last-outð çʙʽʨʽʥʰʽ ʢʽʨʜʽ ð ʩʦשrס ʰrץʪʳè) ʘʣʛʦʨʠʪʤʽ ʙʦʡʳʥʰʘ ʞײʤʳʩ 

ʽʩʪʝʡʪʽʥ ʩʪʝʢʪʽʢ ʞʘʜʳ ʜʝʧ ʘʪʘʣʘʜʳ. ʈʝʛʠʩʪʨ 1 ʩʪʝʢ ʰʳrש  ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, 

ʞᴅʥʝ ʦʣ ʘʨrץ ʣʳ ʦץʫ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ʂʝʟʝʢʪʽ ʙʣʦʢʪʳ ʞʘʟʫ ʢʝʟʽʥʜʝ 

ʩʪʝʢʪʽש ʙʘʨʣʳײץ ץʨʘʤʳ N ʨʝʛʠʩʪʨʳ ʞʘrס ʥʘ ʞʳʣʞʠʜʳ. ɽʛʝʨ ʰʳrש ʥʘʥ 

ʩʘʥʘʣסʘʥ ʘץʧʘʨʘʪ ʙʣʦʛʳ ʘʣʳʥʳʧ ʪʘʩʪʘʣʳʥʩʘ, ʩʪʝʢ ʢʝʨʽ ʙʘrס ʪʪʘ ʨʝʛʠʩʪʨ 1 

ʞʘrס ʥʘ ʞʳʣʞʠʜʳ. 
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1.11 -̒̔̑̆̓Ȣ ˛̇́̓́̑ ̨̓̉̐̓ ̨̑̆̄̉̒̓̑̌ ̜̜̑̌̍ȡ 
́ ɂ &)&/ ̨̓̉̐̓Ƞ ̂ ɂ &),/ ̨̓̉̐̓Ƞ ˔̐Ȣ ɂ ̇ ́̈̔ ̨̨̨̋̑̒Ƞ ˞̘Ȣ ɂ ́ ̐́̑́̓ ̜̂̌̏̄̎ 
̆̒̆̐̓̆̔ ̙̜̜̒ ̜

 
 

ɾᴄʅɽ, ʅɽʄɽʉɽ, ɽʄɽʉ hװ  ʙʘʟʘʣʳץ ʵʣʝʤʝʥʪʪʝʨʽʥʜʝ ײץʨʘʩʪʳʨʳʣסʘʥ 

ʣʦʛʠʢʘʣʳײץ ץʨʳʣʳʤʜʘʨʜʳש ʢᴇʧʪװʨʣʽʣʽʛʽ ʩʠʥʪʝʟʜʝʫʛʝ ʞᴅʥʝ ʵʣʝʢʪʨʦʥʠʢʘʥʳש 

ʜʘʤʫʳʥʘ ץʘʨʘʡ ʢװʨʜʝʣʽ ʧʨʦʮʝʩʩʦʨʣʘʨʜʳ, ʦʧʝʨʘʪʠʚʪʽ ʞᴅʥʝ ʪײʨʘץʪʳ ʞʘʜʳʥ, 

ʘץʧʘʨʘʪʪʘʨʜʳ ʝʥʛʽʟʫ-ʰ rסʘʨʫ ʤʠʢʨʦʩײʣʙʘʣʘʨʳʥ ʞᴅʥʝ ʕɽʄ-ʥrש ʙʘʩץʘ ʜʘ 

ʩʘʥʜʳץ ʪװʡʽʥʜʝʨʽʥ ʞװʟʝʛʝ ʘʩʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. 

 
 

ˎˍ˨˘ˍ ɣ˞ ˝ˍ˟ˍ˝ ˨  
 

1. ˎ̜́̈́̌ ̌ ̜̏̄̉̋́̌ ̕ ̗̠̜̔̎̋̉̌́̑̅ ́ ̜̓́̈Ȣ 
2. ˘̜̏̄̉̋́̌ ̞ ̨̌̆̍̆̎̓̓ ́ ̉́̓ ̨̋̆̒̓̆̒ ̨̎̆̎ ̂ ̨̨̨̌̅̑̆̅ȩ 
3. ˓ ˚ -˒˒˙˒˞ ̙̋ ̨̨̨̑̒̓ ̗̠̜̔̎̋̉̒̕ ̨̙̎ ́̉́̓ ̋̆̒̓̆- 
̨̒̎ ̜̜̑̈Ȣ 

4. ˓ ˚ -˒˚˒˙˒˞˒ ̨̝̂̔̌̅̋ ̗̠̜̜̔̎̋̉̌́̑̎̕ ́ ̌̄̆̂̑́- 
̌  ̜ ̨̑̎̆̋̓̆̑̎ ̇ ̜̜́̈̈Ȣ 

5. ́̎̅́̊ ˪˒˙ ̜̜̑̌ ̜̌́̑̎̅́ ̨̋̆̑ ̜̜̂́̊̌́̎̒̓ ̌̏̄̉- 
̋́̌ ̜̒ ̌̂́̌́̑ ̜̜̏̌̅́̎̌́̅ȩ 

6. ˟̜̑̉̄̄̆̑̌́̑̅ ̓ ̨̑̌̆̑̎ ̇̎̆ ̜̏̌́̑̅ ̜̏̌̅́̎̌̔ 
́̊̍́̓́ ̜̑̎ ́ ̜̓́̈Ȣ 



34 
 

 

    1.4.  ˪˒˙ ˪˘˒˙˒˚˟˟˴˗ ˎˍ˔ˍ˞˨ 
 

ʕɽʄ ʘʨʭʠʪʝʢʪʫʨʘʩʳʥʳש ʧʘʡʜʘ ʙʦʣʫʳ ʤʝʥ ʘʣʜʘrס  ʞʝʪʽʣʜʽʨʽʣʫʽ ʚʘʢʫ- 

ʫʤʜʘrס סʘʙʘʪʪʘʨʳʥʜʘrץ ʙʝʪʪʽʢ שʘʪʪʳ ʜʝʥʝʣʝʨʜʝʛʽ, ʦʣʘʨʜʳץ , , ʩײʡrץʪrץ, ʛʘʟ 

ʞᴅʥʝ ʧʣʘʟʤʘʜʘrס  ʠʦʥʜʳ ʞᴅʥʝ ʵʣʝʢʪʨʦʥʜʳ װʨʜʽʩʪʝʨʜʽ ʟʝʨʪʪʝʡʪʽʥ 

ʵʣʝʢʪʨʦʥʠʢʘʥʳש ʜʘʤʫʳʤʝʥ ʪʳrס ʟ ʙʘʡʣʘʥʳʩʪʳ. ʕʣʝʢʪʨʦʥʠʢʘ ʚʘʢʫʫʤʜʳ, 

ʠʦʥʜʳ, ʰʘʣʘᴇʪʢʽʟʛʽʰʪʽ, ʦʧʪʠʢʘʣrץ ʞᴅʥʝ ʢʚʘʥʪʪʳץ ʵʣʝʢʪʨʦʥʜʳ ײץʨʳʣrס- 

ʣʘʨʜʳש ʵʣʝʤʝʥʪʪʽʢ ʙʘʟʘʩʳʥʳש ᴇʥʜʽʨʽʩʽʥʝ ʘʨʥʘʣסʘʥ ʪʝʦʨʠʷʣʳץ ʞᴅʥʝ ʧʨʘʢʪʠ- 

ʢʘʣʳץ ʥʝʛʽʟʜʽ ʞʘʩʘʜʳ. 

ʕʣʝʢʪʨʦʤʝʭʘʥʠʢʘʣʳץ ʝʩʝʧʪʝʫ ʤʘʰʠʥʘʣʘʨʳʥʘʥ ʵʣʝʢʪʨʦʥʜʳʣʘʨסʘ (ʙʽʨʽʥʰʽ 

ʙʫʳʥʜʳ ʕɽʄ) ʩʘʧʘʣʳ ᴇʪʫ ʵʣʝʢʪʨʦʥʜʳ ʣʘʤʧʘʣʘʨʜʳ ץʦʣʜʘʥʫʜʳש ʘʨץʘʩʳʥʜʘ 
ʤװʤʢʽʥ ʙʦʣʜʳ (1.12-ʩʫʨʝʪ). 

ʕʣʝʢʪʨʦʥʜʳ ʣʘʤʧʘ ð ʙײʣ ᴅʨʝʢʝʪʽ ʵʣʝʢʪʨʦʜʪʘʨ ʢᴇʤʝʛʽʤʝʥ ʧʘʡʜʘ ʙʦʣʘʪʳʥ 

ʵʣʝʢʪʨ ᴇʨʽʩʽʤʝʥ ʵʣʝʢʪʨʦʥʜʘʨ ʘrס ʥʳʥ (ʰʦץʪʘʥʫ ʞʽʙʽʤʝʥ rץ ʟʜʳʨʳʣסʘʥ 

ʢʘʪʦʜʪʘʥ ʘʣʳʥʘʪʳʥ) ᴇʟʛʝʨʪʫʛʝ ʥʝʛʽʟʜʝʣʛʝʥ ʵʣʝʢʪʨʦʚʘʢʫʫʤʜʳ ײץʨʳʣrס . 

ɸʣסʘ rhץ  ʵʣʝʢʪʨʦʜʪʳ ʣʘʤʧʘʥʳ (ʚʘʢʫʫʤʜʳ ʜʠʦʜ) ʘrס ʣʰʳʥ ʬʠʟʠʛʳ ɼʞʦʥ 

ʌʣʝʤʠʥʛ 1904 ʞ. ײץʨʘʩʪʳʨʜʳ, ʢᴇʧ ײʟʘʤʘʡ ʪʨʠʦʜ ʞʘʩʘʣʜʳ, ʩʦʜʘʥ ʩʦש 

ʙʝʩʵʣʝʢʪʨʦʜʪʳ ʣʘʤʧʘ ï ʧʝʥʪʦʜ ʞᴅʥʝ ʪ.ʙ. ʞʘʩʘʣʜʳ. ʕʣʝʢʪʨʦʥʜʳ ʣʘʤʧʘʣʘʨ ʪʝʢ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʜʳ ײץʨʳʣrס ʣʘʨʜʳ סʘʥʘ ʝʤʝʩ ᴅʨʪװʨʣʽ ʜʠʩʢʨʝʪʪʽ ײץʨʳʣ- 

rס ʣʘʨʜʳ ʜʘ ʞʘʩʘʫסʘ ʩʝʙʝʧʰʽ ʙʦʣʜʳ. ʄʳʩʘʣʳ, ʦʨʳʩ ʦrץ ʤʳʩʪʳʩʳ ʄʠʭʘʠʣ 

ɸʣʝʢʩʘʥʜʨʦʚʠʯ ɹʦʥʯ-ɹʨʫʝʚʠʯ (1918 ʞ.) ʦʡʣʘʧ ʪʘʧץʘʥ ʪʨʠʛʛʝʨ ʝʢʽ ʪʨʠʦʜʪʘʥ 

 ʥʠ 1 ʙʠʪסʙʽʨʝʫʽʥʜʝ ʙʦʣʘ ʘʣʘʪʳʥ, ʷ שʜʘʡʜʳסʪʳ ʞʘץʨʘײʘʥ ʞᴅʥʝ ʝʢʽ ʪסʨʘʣײץ

ʘץʧʘʨʘʪʪʳ ʩʘץʪʘʡ ʘʣʘʪʳʥ ʙʦʣסʘʥ. 

ɼʝʛʝʥʤʝʥ ʰʘʣʘᴇʪʢʽʟʛʽʰʪʽ ʵʣʝʢʪʨʦʥʠʢʘʜʘrס  ʞʝʪʽʩʪʽʢʪʝʨʜʽ (ʪʨʘʥʟʠʩʪʦʨʜʳ 

ʞʘʩʘʫ) ʣʘʤʧʘ ʥʝʛʽʟʽʥʜʝʛʽ ʕɽʄ ʞʘʩʘʫʜʳש ʢʝʣʝʰʝʛʽ ʞʦץʪrrס  ʰʘʨʪʪʘʜʳ. 
 

 

 

1.12 -̒̔̑̆̓Ȣ ˪̜̌̆̋̓̑̏̎̅ ̜̌́̍̐́̎ ɉ̜̓̑̉̏̅̓Ɋ ̜̄̑́̉̋́̌̕ 
̨̨̂̆̌̄̌̆̎̔ȡ 
1 ɂ ̓ ̏̑Ƞ 2 ɂ ́ ̎̏̅Ƞ 3 ɂ ̙ ̏̓́̎̔ ̨̨̇̂Ƞ 4 ɂ ̋ ́̓̏̅ 
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ʊʨʘʥʟʠʩʪʦʨ (ʰʘʣʘϺʪʢʽʟʛʽʰʪʽ ʪʨʠʦʜ) ð ʵʣʝʢʪʨ ʪʝʨʙʝʣʽʩʪʝʨʽʥ ᴇʥʜʽʨʫʛʝ 
ʞᴅʥʝ ʪװʨʣʝʥʜʽʨʫʛʝ ʘʨʥʘʣסʘʥ ʰʘʣʘᴇʪʢʽʟʛʽʰʪʽ ʤʦʥʦʢʨʠʩʪʘʣʣ ʥʝʛʽʟʽʥʜʝʛʽ ץʘʪʪʳ 

ʜʝʥʝʣʽ ʵʣʝʢʪʨʦʥʜʳ ײץʨʳʣrס . ʆʥʳ 1948 ʞ. ʋ. ʐʦʢʣʠ, ʋ. ɹʨʘʪʪʝʡʥ ʞᴅʥʝ ɼʞ. 

ɹʘʨʜʠʥ (1956 ʞ. ʅʦʙʝʣʴ ʩʳʡʣʳrס ) ʞʘʩʘʧ ʰʳסʘʨʜʳ. ʊʨʘʥʟʠʩʪʦʨʣʘʨʜʳ 

ʞʘʩʘʫסʘ ʘʨʥʘʣסʘʥ ʰʘʣʘᴇʪʢʽʟʛʽʰʪʽ ʤʘʪʝʨʠʘʣʜʘʨ ʨʝʪʽʥʜʝ ʛʝʨʤʘʥʠʡʜʽ 

 ʘʟʽʨʛʽ ʢʝʟʜʝ ï ʢᴇʙʽʥʝʩʝ ʢʨʝʤʥʠʡ (ʢʝʡʜʝ ʛʘʣʠʡ ʘʨʩʝʥʠʜʳ)ץ ʘʥ, ʘʣסʦʣʜʘʥץ

 .ʦʣʜʘʥʳʣʘʜʳץ

ʊʨʘʥʟʠʩʪʦʨʣʘʨ ʝʢʽ ʥʝʛʽʟʛʽ ʢʣʘʩʩץʘ ʙᴇʣʽʥʝʜʽ: ʫʥʠʧʦʣʷʨʣʳ ʞᴅʥʝ ʙʠʧʦ- 
ʣʷʨʣʳ. 

ʋʥʠʧʦʣʷʨʣʳ (Ϻʨʽʩʪʽʢ) ʪʨʘʥʟʠʩʪʦʨʣʘʨʜʘ ʢʨʠʩʪʘʣʣ ʙʦʡʳʤʝʥ ʪʦʢ ᴇʪʫʽ ʙʽʨ 
 ʘ (ʧ) ʥʝʤʝʩʝ çʢʝʤʪʽʢʪʝʨʛʝèסʘ ï ʵʣʝʢʪʨʦʥʜʘʨסʙʘʣʳ ʟʘʨʷʜ ʪʘʩʫʰʳʣʘʨשʘʥʘ ʪʘס

(ʨ) ʥʝʛʽʟʜʝʣʛʝʥ. 
ʌʠʟʠʢʘʣʳײץ ץʨʳʣʳʤʳ ʞᴅʥʝ ʞײʤʳʩ ʽʩʪʝʫ ʤʝʭʘʥʠʟʤʽ ʙʦʡʳʥʰʘ ᴇʨʽʩʪʽʢ 

ʪʨʘʥʟʠʩʪʦʨʣʘʨ ʰʘʨʪʪʳ ʪװʨʜʝ ʙʘʩץʘʨʳʣʘʪʳʥ ʟʘʪʚʦʨʣʳ ᴇʨʽʩʪʽʢ ʪʨʘʥʟʠʩʪʦʨʣʘʨ 

ʞᴅʥʝ ʦhץ ʘʫʣʘʥסʘʥ ʟʘʪʚʦʨʜʘʥ ʙʘʩץʘʨʫסʘ ʠʝ ᴇʨʽʩʪʽʢ ʪʨʘʥʟʠʩʪʦʨʣʘʨ ï ʄɼʐ 

(ʤʝʪʘʣʣ-ʜʠʵʣʝʢʪʨʠʢ-ʰʘʣʘᴇʪʢʽʟʛʽʰ) ʪʨʘʥʟʠʩʪʦʨʣʘʨʳ ʙʦʣʳʧ ʙᴇʣʽʥʝʜʽ. 

ɼʠʵʣʝʢʪʨʠʢ ʨʝʪʽʥʜʝ ʢʝ̔ש ʥʝʥ ʢʨʝʤʥʠʡ ʪʦʪʳrס ʥ ץʦʣʜʘʥʘʜʳ (ʦʩʳʜʘʥ ʄʊʐ- 
ʪʨʘʥʟʠʩʪʦʨ ʘʪʘʫʳ ʰʳץץʘʥ). 

ʄʊʐ-ʪʨʘʥʟʠʩʪʦʨʣʘʨ ʝʢʽ ᴇʪʢʽʟʛʽʰʪʽʢ ʪװʨʽʤʝʥ ʘʞʳʨʘʪʳʣʘʜʳ: p-ʪʠʧʪʽ ʞᴅʥʝ 

ʧ-ʪʠʧʪʽ. ʨ-ʪʠʧʪʽ ʢʘʥʘʣʤʝʥ ᴇʨʽʩʪʽʢ ʪʨʘʥʟʠʩʪʦʨ ʠʩʪʦʢץʘ ץʘʪʳʩʪʳ ʟʘʪʚʦʨʜʘrס  

ʢʝʨʥʝʫ ʪʝʨʽʩ ʙʦʣסʘʥ ʢʝʟʜʝ ʘʰʳʣʘʜʳ, ʧ-ʪʠʧʪʽ ʢʘʥʘʣʤʝʥ ï ʦש ʢʝʨʥʝʫ ʢʝʟʽʥʜʝ. 

ᴆʨʽʩʪʽʢ ʪʨʘʥʟʠʩʪʦʨʣʘʨʜʳש ʛʨʘʬʠʢʘʣʳץ ʙʝʣʛʽʣʝʥʫʽ 1.13-ʩʫʨʝʪʪʝ ʢʝʣ- 

ʪʽʨʽʣʛʝʥ. 

ᴆʨʽʩʪʽʢ ʪʨʘʥʟʠʩʪʦʨ ᴇʟʝʢʪʽ ʵʣʝʤʝʥʪ (ʘʫʳʩʪʳʨʳʧ ץʦʩʫʜʳש ʰʝʢʪʽʢ ʢʝʨ- 

ʥʝʫʽʥʝ ʠʝ) ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʙײʣ ʩʘʥʜʳץ ʩײʣʙʘʣʘʨʜʳ ײץʨʘʩʪʳʨʫ hװ ʽʥ ᴇʪʝ 

ʤʘrש ʟʜʳ. ʄʊʐ-ʪʨʘʥʟʠʩʪʦʨʣʘʨʳ ʢʨʠʩʪʘʣ ʙʝʪʽʥʽש ᴇʪʝ ʘʟ ʘʫʜʘʥʳʥ ʘʣʘʜʳ, ʘʣ 

ʜʘʡʳʥʜʘʫʜʳש ʩʘʣʳʩʪʳʨʤʘʣʳ ץʘʨʘʧʘʡʳʤʜʳʣʳrס  ʞᴅʥʝ ײץʨʘʩʪʳʨʫʜʳש 

ʩײʣʙʘʣʳץ ʘʨʪʳhץ ʳʣrץʪʘʨʳ ʦʣʘʨʜrװ שʣʢʝʥ ʠʥʪʝʛʨʘʣʜʳ ʩײʣʙʘʣʘʨʜʘ ʞᴅʥʝ 

ʘʩʘ װʣʢʝʥ ʠʥʪʝʛʨʘʣʜʳ ʩײʣʙʘʣʘʨʜʘ ʘʡʨʳhץ ʘ ץʦʣʜʘʥʳʣʫʳʥ ʘʥrץʪʘʜʳ. 
ɹʠʧʦʣʷʨʣʳ ʪʨʘʥʟʠʩʪʦʨʣʘʨʜʘ (ʥʝʤʝʩʝ ʞʘʡ ð ʪʨʘʥʟʠʩʪʦʨʣʘʨʜʘ) ʢʨʠʩʪʘʣʣ 

ʘʨrץ ʣʳ ʪʦץʪrש ᴇʪʫʽ ʝʢʽ ʪʘשʙʘʣʳ ʜʘ ʟʘʨʷʜ ʪʘʩʫʰʳʣʘʨʜʳץ שʦʟסʘʣʳʩʳʥʘ 

ʥʝʛʽʟʜʝʣʛʝʥ. ʄײʥʜʘʡ ʪʨʘʥʟʠʩʪʦʨ ᴅʨʪװʨʣʽ ᴇʪʢʽʟʛʽʰʪʽʢʪʽ: ʢʝʤʪʽʢʪʽ (ʨ) ʞᴅʥʝ 

ʵʣʝʢʪʨʦʥʜʳ (ʧ) hװ  ʘʡʤʘץ ʧʘʡʜʘ ʙʦʣסʘʥ ʤʦʥʦʢʨʠʩʪʘʣʜʳ ʰʘʣʘᴇʪʢʽʟʛʽʰʪʽ 

ʧʣʘʩʪʠʥʘ ʪװʨʽʥʜʝ ʙʦʣʘʜʳ. ʆʣʘʨʜʳש ʢʝʟʝʢʪʝʩʫ ʨʝʪʽʥʝ ץʘʨʘʡ ʪʨʘʥʟʠʩʪʦʨʣʘʨ ʨ- 

ʧ-ʨ ʪʠʧʪʽ ʞᴅʥʝ ʧ-ʨ-ʧ ʪʠʧʪʽ ʙʦʣʘ ʘʣʘʜʳ (1.14-ʩʫʨʝʪ). ʆʨʪʘשrס ʘʡʤʘץ ʙʘʟʘ ʜʝʧ, 

 .ʘʥ ʝʢʝʫʽ ï ʵʤʠʪʪʝʨ ʞᴅʥʝ ʢʦʣʣʝʢʪʨ ʜʝʧ ʘʪʘʣʘʜʳסʘʣץ

ɹʠʧʦʣʷʨʣʳ ʪʨʘʥʟʠʩʪʦʨʣʘʨ ʢʽʨʽʩ ʙʘʟʘ ʪʦrס ʤʝʥ,ʘʣ ᴇʨʽʩʪʽʢ ï ʟʘʪʚʦʨסʘ 

ʙʝʨʽʣʝʪʽʥ ʢʽʨʽʩ ʢʝʨʥʝʫʤʝʥ ʙʘʩץʘʨʳʣʘʜʳ. 

ɽʢʽʥʰʽ ʙʫʳʥʜʘ ʕɽʄ-ʜʘ ʪʨʘʥʟʠʩʪʦʨʣʘʨʤʝʥ ʙʽʨʛʝ ʛʠʩʪʝʨʝʟʠʩ ï 
ʪʽʢʙײʨʳʰʪʳ ʬʦʨʤʘסʘ ʞʘrץ ʥ ʩʳʟʳץʪʳ ʝʤʝʩ ʤʘʛʥʠʪʪʝʣʫ ץʠʩrrס ʤʝʥ ʽʣʤʝʛʽ 

ʙʘʨ ʬʝʨʠʪʪʽʢ ʩʘץʠʥʘʣʳ ʙʽʣʽʢʪʝʨ ʢʝ̔ש ʥʝʥ ץʦʣʜʘʥʳʣסʘʥ. 
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1.13 -̒̔̑̆̓Ȣ ̨̨̑̒̓̋ ̜̓̑́̎̈̉̒̓̏̑̌́̑̅ ̄ ̜̑́̉̋́̌̕ ̂ ̨̆̌̄- 
̨̌̆̎̔ȡ 
́ ɂ n ̇ ̎̆ ̑ ̋́ ̜̎́̌̅́̑̎́ ̉̆ ̙̜̂́̒́̑̔ ̜̈́̓̃̏̑̌ ̨̨̑̒̓̋ ̓̑́̎̈̉̒̓̏̑Ƞ 
̂ ɂ n ̇̎̆ ̑ ̜̋́̎́̌̅́̑̎́ ̉̆ ̙̏́̔̌́̎́̎ ̜̈́̓̃̏̑̌ ̨̨̑̒̓̋ 
̓̑́̎̈̉̒̓̏̑Ƞ ˔ ɂ ̈ ́̓̃̏̑Ƞ ˞ ɂ ̒ ̓̏̋Ƞ ˕ ɂ ̉ ̒̓̏̋Ƞ ˜ ɂ ̓ ̒̆̍ 

 

 

ʌʝʨʨʠʪʪʝʨ ð ʤʝʪʘʣʣ ʝʤʝʩ ץʘʪʪʳ ʤʘʛʥʠʪʪʳ ʤʘʪʝʨʠʘʣʜʘʨ (ʬʝʨʨʦ- 

ʤʘʛʥʝʪʠʢʪʝʨ) ð ʪʝʤʽʨ ʦʢʩʠʜʳʤʝʥ ʢʝʡʙʽʨ ʤʝʪʘʣʜʘʨ ʦʢʩʠʜʪʝʨʽʥʽש ʭʠʤʠʷʣʳץ 

 ʙʽʨʝʫʽʥ שʜʘʡʳʥʳסʠʥʘʣʳ ʙʽʣʽʢʪʝʨ ʝʢʽ ʤʘʛʥʠʪʪʝʣʫ ʞʘץʦʩʳʣʫʳ. ʌʝʨʨʠʪʪʽ ʩʘץ

ʪײʨʘץʪʳ ʩʘץʪʘʡʜʳ, ʦʣʘʨʜʳ ʥᴇʣʜʽʢ ʞᴅʥʝ ʙʽʨʣʽʢ ʘץʧʘʨʘʪʪʘʨʤʝʥ ʪʝשʜʝʩʪʽʨʫʛʝ 

ʙʦʣʘʜʳ. 

ʌʝʨʨʠʪʪʽ ʙʽʣʽʢʪʝʨ ʕɽʄ-ʜʝ ʝʨʽʢʪʽ ʘʜʨʝʩ ʙʦʡʳʥʰʘ ʰʘrץ ʨʪʫʳ ʙʘʨ 

ʦʧʝʨʘʪʠʚʪʽ ʞʘʜʳ ʨʝʪʽʥʜʝ ʞᴅʥʝ ʬʝʨʨʠʪ-ʜʠʦʜʪʳ ʞᴅʥʝ ʬʝʨʨʠʪʪʨʘʥʟʠʩʪʦʨʣʳ 

ײ̫ ʰrץʪʘʨʜʘʥ ʞʘʩʘʣסʘʥ ʣʦʛʠʢʘʣʳץ ʵʣʝʤʝʥʪʪʝʨ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣסʘʥ. 

ʌʝʨʨʠʪ-ʜʠʦʜʪʳ ̫ײ ʰrץʪʘʨ ʕɽʄ-ʜʘ 1950-ʰʽ ʞʞ. ץʦʣʜʘʥʳʣסʘʥ, ʘʣ 1960-ʰʽ 

ʞʞ. ʦʣʘʨ ʦʜʘʥ ʜʘ ʞʝʪʽʣʜʽʨʽʣʛʝʥ, ᴇʟ ʢʝʟʝʛʽʥʜʝ ʠʥʪʝʛʨʘʣʜʳ ʵʣʝʢʪʨʦʥʠʢʘʤʝʥ 

ʘʣʤʘʩʪʳʨʳʣסʘʥ ʬʝʨʨʠʪ-ʪʨʘʥʟʠʩʪʦʨʣʳ ̫ײ ʰrץʪʘʨʤʝʥ ʘʣʤʘʩʪʳʨʳʣrס ʥ. 

ɾʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰʪʽ ʪʝʭʥʦʣʦʛʠʷʥʳש ʜʘʤʫʳ ʙʽʨ ʰʘʣʘᴇʪʢʽʟʛʽʰ 

ʢʨʠʩʪʘʣʳʥʜʘ ʦʥʜʘסʘʥ ʤʳשʜrץ ʪʨʘʥʟʠʩʪʦʨʣʘʨʜʘʥ ʪײʨʘʪʳʥ ʵʣʝʢʪʨʦʥʜʳ 

סʨʳʣrײץ ʣʘʨʜʳ ʞʘʩʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. çʀʥʪʝʛʨʘʣʜʳ ʩײʣʙʘè (ʀʉ) ʜʝʛʝʥ 

ʘʪʘʫʜʳ ʘʣסʘʥ ʤײʥʜʘʡ ײץʨʳʣrס ʣʘʨ hװ ʽʥʰʽ ʙʫʳʥʜʳ ʕɽʄ ʘʧʧʘʨʘʪʪʳץ 

ʙʘʟʘʩʳʥʳש ʥʝʛʽʟʽ ʙʦʣʜʳ. 

ɸʣסʘ rhץ  ʤʦʥʦʣʠʪʪʳ ʠʥʪʝʛʨʘʣʜʳ ʰʘʣʘ ᴇʪʢʽʟʛʽʰʪʽ ʤʠʢʨʦʩײʣʙʘʥʳ 1958 ʞ. 

ɼʞ. ʉ. ʂʠʣʙʠ (2000 ʞ. ʅʦʙʝʣʴ ʩʳʡʣʳrס ʥrש ʣʘʫʨʝʘʪʳ) ʞʘʩʘʧ ʰʳסʘʨסʘʥ. 

 

 
 

 

1.14-̒̔̑̆̓Ȣ ˎ̠̜̉̐̏̌̑̌ 
̜̓̑́̎̈̉̒̓̏̑̌́̑̅ 
̜̄̑́̉̋́̌̕ ̂ ̨̨̆̌̄̌̆̎̔ȡ 
́ ɂ p ɂ n ɂ p-̨̓̉̐̓ ̓̑́̎- 
̈̉̒̓̏̑Ƞ ̂ ɂ n ɂp ɂ n - ̨̓̉̐̓ 
̓̑́̎̈̉̒̓̏̑Ƞ ˪ ɂ ̞ ̍̉̓̓̆̑Ƞ ˗ 
ɂ ̋ ̏̌̌̆̋̓̏̑Ƞ ˎ ɂ ̂ ́̈́ 
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ʀʉ ץʦʣʜʘʥʳʩʳʥʘ ʢᴇh ʫ çʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʘè ʘʪʘʫʳʥ ʘʣסʘʥ ʘʟʛʘʙʘʨʠʪʪʳ 
ʞᴅʥʝ ʩʝʥʽʤʜʽ ʨʘʜʠʦʵʣʝʢʪʨʦʥʜʳ ʘʧʧʘʨʘʪʫʨʘʥʳ ײץʨʘʩʪʳʨʫ ʤʝʥ ᴇʥʜʽʨʫʜʽש 

ʞʘשʘ ʙʘrס ʪʳʥ ʘʥrץʪʘʜʳ. 

ʄʠʢʨʦʵʣʝʢʪʨʦʥʠʢʘ ð ʙײʣ ʰʘrס ʥ ʠʥʪʝʛʨʘʣʜʳ ʦʨʳʥʜʘʫʜʘrס  ʬʫʥʢ- 
ʮʠʦʥʘʣʜʳ ʵʣʝʢʪʨʦʥʜʳ ʪװʡʽʥʜʝʨ, ʙʣʦʢʪʘʨ ʤʝʥ ײץʨʳʣrס ʣʘʨʜʳ ʞʘʩʘʫʤʝʥ 

ʘʡʥʘʣʳʩʘʪʳʥ ʵʣʝʢʪʨʦʥʠʢʘ ʘʡʤʘrס . ʐʘʣʘᴇʪʢʽʟʛʽʰʪʝʨ ʬʠʟʠʢʘʩʳ ʘʡʤʘrס ʥrש 

ʞʝʪʽʩʪʽʢʪʝʨʽʥ ʧʘʡʜʘʣʘʥʳʧ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʘ ʤʠʢʨʦʰʘrס ʥ ʪʨʘʥʟʠʩʪʦʨ- 

ʣʘʨʜʳװ שʣʢʝʥ ʩʘʥʳʥ ʙʽʨ ʪʝʭʥʦʣʦʛʠʷʣʳװ ץʨʜʽʩʢʝ ʢʦʥʩʪʨʫʢʪʠʚʪʽ ʙʽʨʽʛʫʽʥ 

 .ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽץ

ʄײʥʜʘʡ װʨʜʽʩ çʧʣʘʥʘʨʣʳè ʜʝʛʝʥ ʘʪʘʫ ʘʣסʘʥ. ʆʣ ʩᴅʡʢʝʩ ʰʘʨʪʪʘʨʜʘ 

ʪʝʭʥʦʣʦʛʠʷʣʳװ ץʨʜʽʩʪʝʨʜʽש ʙʝʣʛʽʣʽ ʙʽʨ ʢʝʟʝʛʽʤʝʥ ʙʽʨ ʫʘrץ ʪʪʘ ʜʘʡʳʥʜʘʣʘʪʳʥ 

ʬʫʥʢʮʠʦʥʘʣʜʳ ʙʽʨʪʠʧʪʽ ʪװʡʽʥʜʝʨʜʽװ שʣʢʝʥ ʩʘʥʳʥ ʦʨʥʘʣʘʩʪʳʨʫ hװ ʽʥ 
ʰʘʣʘᴇʪʢʽʟʛʽʰʪʽ ʤʘʪʝʨʠʘʣʜʘʥ (ʤʦʥʦʢʨʠʩʪʘʣʣʜʳ ʢʨʝʤʥʠʡʜʝʥ) ʪײʨʘʪʳʥ 

ʧʣʘʩʪʠʥʘ ʪװʨʽʥʜʝʛʽ ʙʘʩʪʘʧrץ  ʜʘʡʳʥʜʘʤʘ ץʦʣʜʘʥʳʩʳʥ ʙʦʣʞʘʡʜʳ (1.15- 

ʩʫʨʝʪ). 

 ʨʝʛʣʘʤʝʥʪʪʝʣʛʝʥ ʦʨʳʥʜʘʣʫʳʥʘ שʨʜʽʩʪʝʨʜʽװ ץʨʜʽʩ ʢʝʣʝʩʽ ʪʝʭʥʦʣʦʛʠʷʣʳת
ʥʝʛʽʟʜʝʣʝʜʽ: ʢʨʝʤʥʠʡ ʧʣʘʩʪʠʥʘʣʘʨʳʥ ʜʘʡʳʥʜʘʫ, ʵʧʠʪʘʢʩʠʷ, ʜʠʵʣʝʢʪʨʣʽʢ 

 ,ʘʣʳʧʪʘʩʪʳʨʫ, ʣʠʪʦʛʨʘʬʠʷ, ʫʣʘʫץ ʘʙʘʪʪʘʨʜʳ ʞʘʩʘʫ, p-n ᴇʪʢʝʣʜʝʨʽʥץ

ʤʝʪʘʣʜʘʫ, ʙʘrץ ʣʘʫ, ʤʠʢʨʦʩײʣʙʘ ʜʝʥʝʩʽʥ ʞʠʥʘʫ ʞᴅʥʝ ʦʥʳש ʛʝʨʤʝʪʠʟʘʮʠʷʩʳ. 

ʊʝʭʥʦʣʦʛʠʷʣʳװ ץʨʜʽʩ ʤʦʥʦʢʨʠʩʪʘʣʜʳ ʢʨʝʤʥʠʡʜʽש ʤʝʪʘʣʣʫʨʛʠʷʣʳץ 

 ʟʝʛʝװʜʝʣʫʽ ʞשᴇ ץʤʝʭʘʥʠʢʘʣʳ שʦʥr שʡʤʘʩʳʥ ʘʣʫʜʘʥ ʙʘʩʪʘʣʘʜʳ. ʉʦʜʘʥ ʩʦײץ

ʘʩʳʨʳʣʘʜʳ: ʧʣʘʩʪʠʥʘʣʘʨʜʳ ʘʣʤʘʟ ʘʨʘʣʘʨʤʝʥ ʢʝʩʫ, ʦʣʘʨʜʳ ʪʝʛʽʩʪʝʫ ʞᴅʥʝ 

ʞʳʣʪʳʨʣʘʪʫ. ʋʣʘסʘʥ ʩʦש ʙʘʣrץ ʪrץ ʰ, ʘʟʦʪʪʳ ʞᴅʥʝ ʩʽʨʢʝ rץ rhץ ʣʜʘʨʳʥʳש 

סʜrrשʘʣrץ ,ʦʩʧʘʣʘʨʳʥʜʘ ʢʝʟʝʢʪʽ ʰʘʶʤʝʥ ʜʠʘʤʝʪʨʽ 15...40 ʩʤץ  0,50...0,65 

ʤʤ ʙʦʣʘʪʳʥ ʢʨʝʤʥʠʡʣʽ ʞʳʣʪʳʨʘʪʳʣסʘʥ ʧʣʘʩʪʠʥʘʣʘʨ ʘʣʳʥʘʜʳ. 
 

 

 

1.15 -̒̔̑̆̓Ȣ ˕˞-̜̎ ̜̜̅́̊̎̅́̔̅ ̐ ̜̌́̎́̑̌ ̨̨̑̅̒ȡ 
1 ɂ ̋ ̑̆̍̎̉̊ ̜̐̌́̒̓̉̎́̒Ƞ 2 ɂ ̂ ̨̑̅̆̊ ̗̜̔̎̋̉̏̎́̌̅̕ ̨̓̊̎̅̆̑ ̨̍́̒̒̉̃Ƞ 
3 ɂ ̞ ˞ ̜̍̏̎̏̋̑̉̒̓́̌Ƞ 4 ɂ ̋ ̜̏̑̐̔̒̓́ ̜̉̎̓̆̄̑́̌̅ ̍̉̋̑̏̒̌̂́ 
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ʕʧʠʪʘʢʩʠʷ װʨʜʽʩʽ ʧʣʘʩʪʠʥʘʥʳש ʞʳʣʪʳʨʘסʘʥ ʞʘrס ʥʜʘ ץʘʞʝʪʪʽ ʵʣʝʢʪʨʦ- 
ʬʠʟʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʛʝ ʠʝ (ᴇʪʢʽʟʛʽʰʪʽʢ ʪװʨʽʤʝʥ, ʤʝʥʰʽʢʪʽ ʢʝʜʝʨʛʽʤʝʥ ʞᴅʥʝ 

ʪ.ʙ.) ץʘʙʘʪʪʳ ᴇʩʽʨʫʛʝ ʥʝʛʽʟʜʝʣʝʜʽ. 

ʇʣʘʩʪʠʥʘʜʘ ʜʠʵʣʝʢʪʨʣʽʢ ץʘʙʘʪʪʘʨʜʳ ʞʘʩʘʫ ʞᴅʥʝ ᴇʪʢʽʟʝʪʽʥ ʙᴇʣʽʢʪʝʨʜʽ 
 ʘʫסʦʨץ ʘʥ ʦʨʪʘ ᴅʩʝʨʽʥʝʥסʦʨʰʘץ ʘʣʳʧʪʘʩʪʳʨʫ ʤʝʪʘʣʣ ʤʝʥ ʢʨʠʩʪʘʣʣ ʙʝʪʽʥץ

סʘʨʘʩʳʥʜʘr שʨʘʣʳʥʳײץ  ʵʣʝʢʪʨʣʽʢ ʦhץ ʘʫʣʘrס ʰ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ ʜʠʵʣʝʢʪʨ- 

ʣʽʢ ץʘʙʳʨʰʘץʪʘʨʜʳ ʪײʥʜʳʨʫʤʝʥ ʞװʟʝʛʝ ʘʩʘʜʳ. 

ʨ-ʧ ᴇʪʢʝʣʽʥ ʞʘʩʘʫ hװ ʽʥ ʙʘʟʘʣʳץ ʞᴅʥʝ ʵʤʠʪʪʝʨʣʽʢ ʘʡʤʘץʪʘʨʜʳש ʞᴅʥʝ 

ʙʠʧʦʣʷʨʣʳ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʘ ʨʝʟʠʩʪʦʨʣʘʨʜʳץ שʘʣʳʧʪʘʩʫʳʥ, ʄʊʐ- 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʘ ʠʩʪʦʢ ʧʝʥ ʩʪʦʢ ʘʡʤʘץʪʘʨʳʥʳש ʧʘʡʜʘ ʙʦʣʫʳʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʝʪʽʥ ץʦʩʧʘʣʘʨʜʳש ʭʠʤʠʷʣʳץ ʜʠʬʬʫʟʠʷʩʳ ץʦʣʜʘʥʳʣʘʜʳ. 

ʆʧʪʠʢʘʣʳץ ʣʠʪʦʛʨʘʬʠʷ װʨʜʽʩʽʥʜʝ ʧʣʘʩʪʠʥʘסʘ ʬʦʪʦʰʘʙʣʦʥʜʘʨ ʢᴇʤʝʛʽʤʝʥ 
ʙʽʨ-ʙʽʨʽʥʝ ʢʝʟʝʢʧʝʥ ץʦʡʳʣʳʧ ʀʉ ʬʫʥʢʮʠʦʥʘʣʜʳ ʩײʣʙʘʩʳʥ ץʘʣʳʧʪʘʩ- 

ʪʳʨʘʪʳʥ ʩʫʨʝʪʪʝʨʜʽש ʬʨʘʛʤʝʥʪʪʝʨʽʥ ץʘʙʘʪ-ץʘʙʘʪʧʝʥ ʞʘסʘʜʳ. ʌʦʪʦʰʘʙʣʦʥ 

ʤᴇʣʜʽʨ ʝʤʝʩ ʞᴅʥʝ ʞʘʨʪʳʣʘʡ ʤᴇʣʜʽʨ ʘʫʤʘץʪʘʨʤʝʥ ץʘʣʳʧʪʘʩץʘʥ ʩʫʨʝʪʽ ʙʘʨ 
ʰʳʥʳ ʧʣʘʩʪʠʥʘ ʪװʨʽʥʜʝ ʙʦʣʘʜʳ. ʇʣʘʩʪʠʥʘסʘ ʩײʣʙʘʥʳ ʘʫʳʩʪʳʨʫ hװ ʽʥ 

ʩʝʟʛʽʰʪʽʛʽ ʞʦסʘʨʳ ʣʘʢ ï ʬʦʪʦʨʝʟʠʩʪ ץʦʣʜʘʥʳʣʘʜʳ. ʌʦʪʦʨʝʟʠʩʪ ץʘʙʳʨʰʘrס  

ʧʣʘʩʪʠʥʘסʘ ʞʘrס ʣʘʜʳ ʞᴅʥʝ ʬʦʪʦʰʘʙʣʦʥ ʘʨrץ ʣʳ ʫʣʴʪʨʘʢװʣʛʽʥ ʞʘʨʳץʧʝʥ 

ʩᴅʫʣʝʣʝʥʜʽʨʽʣʝʜʽ. ʉᴅʫʣʝʣʝʥʜʽʨʫʜʝʥ ʩʦץ שʘʙʳʨʰʘץ ʭʠʤʠʷʣʳץ ʥʝʤʝʩʝ 

ʧʣʘʟʤʘʣʳץ ʫʣʘʫסʘ ï ʬʦʪʦʰʘʙʣʦʥ ʩʫʨʝʪʽʥ ʘʡrץ ʥʜʘʫ hװ ʽʥ ʬʦʪʦʨʝʟʠʩʪʪʳש 

ʙװʨʢʝʤʝʣʝʥʙʝʛʝʥ ʘʫʤʘץʪʘʨʳʥ ʩʝʣʝʢʪʠʚʪʽ ʞʦʶסʘ ʰʘʣʜʳסʘʜʳ. 

 ʘʪʘʨʳʥץ ʨʣʽ ʩʫʨʝʪʪʝʨװʀʉ ʞʘʩʘʫ ʢʝʟʽʥʜʝ ʧʣʘʩʪʠʥʘʜʘ ᴅʨʪתʀʉ ʞᴅʥʝ ɸת
ʢᴇʧץʘʙʘʪʪʳ ʵʣʝʢʪʨʣʽʢ ʩײʣʙʘסʘ ʙʽʨʽʢʪʽʨʫ hװ ʽʥ, ʘʣ ʦʣ hװ ʽʥ ʦʥʜʘסʘʥ ʞʦסʘʨʳ 

ʜᴅʣʜʽʢʪʽ ʬʦʪʦʰʘʙʣʦʥʜʘʨ ʞʠʳʥʪʳrס  ʨʜʽʩʪʽװ ץʦʣʜʘʥʳʣʘʜʳ, ʣʠʪʦʛʨʘʬʠʷʣʳץ 

ʙʽʨʥʝʰʝ ʨʝʪ ʞװʨʛʽʟʫ ץʘʞʝʪ ʝʪʽʣʝʜʽ. 

ʕʣʝʢʪʨʣʽʢ ʩײʣʙʘʣʘʨʜʳש ʙʘʨʣʳץ ʤʘʩʩʠʚʳʥ ץʘʣʳʧʪʘʩʪʳʨʫ ʘʷץʪʘʣסʘʥ ʩʦש 

ʧʣʘʩʪʠʥʘ ʞʝʢʝ ʤʦʥʦʢʨʠʩʪʘʣʜʳ ʀʉ-סʘ ʢʝʩʽʣʝʜʽ, ʦʣʘʨ ʢʽʨʽʩ ʙʘrץ ʣʘʫʜʘ ʙʨʘʢ- 

ʪʘסʘʥ ʩʦש ʤʦʥʪʘʞסʘ ʪװʩʝʜʽ. 

ʂʨʠʩʪʘʣʜʳ ʤʦʥʪʘʞʜʘʫʜʳש ʥʝʛʽʟʛʽ ᴅʜʽʩʪʝʨʽʥʽש ʙʽʨʽ ʦʥʳש ʢʦʨʧʫʩʧʝʥ ץʘʪʪʳ 
ʜᴅʥʝʢʝʨʤʝʥ ץʦʩʳʣʫʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʂʨʠʩʪʘʣʜʳ ʢʦʥʪʘʢʪʽʣʽ ʘʫʜʘʥ- 

ʜʘʨʳʥʳש ʢʦʨʧʫʩ ʰʳrס ʩʪʘʨʳʤʝʥ ץʦʩʳʣʫʳ ʘʣʶʤʠʥʠʣʽ ʥʝʤʝʩʝ ʘʣʪʳʥ ʩʳʤʤʝʥ 
ʙʘʣrץ ʪʳʧ ʙʽʨʽʢʪʽʨʫ ʢᴇʤʝʛʽʤʝʥ ʞװʟʝʛʝ ʘʩʘʜʳ. 

ʀʉ-ʥrש ʛʝʨʤʝʪʠʟʘʮʠʷʩʳ hװ ʽʥ ᴅʜʝʪʪʝ ʵʧʦʢʩʠʜʪʳ ʰʘʡʳʨ ʤʝʥ ʢʨʝʤʥʠʡ- 

ʦʨʛʘʥʠʢʘʣʳץ ץʦʩʳʣʳʩʪʘʨ ץʦʣʜʘʥʳʣʘʜʳ. ʂʦʨʧʫʩʪʳ ʛʝʨʤʝʪʠʟʘʮʠʷʣʘʫʜʳש 

ʥʝʛʽʟʛʽ ʤʘץʩʘʪʳ ʤʠʢʨʦʩײʣʙʘʥʳ ʩʳʨʪrץ  ʤʝʭʘʥʠʢʘʣʳץ ʞᴅʥʝ ʢʣʠʤʘʪʪʳץ 

ᴅʩʝʨʣʝʨʜʝʥ ץʦʨסʘʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʀʉ-ʥrש ʠʥʪʝʛʨʘʮʠʷ ʜᴅʨʝʞʝʩʽ ʙʽʨ ʢʨʠʩʪʘʣʜʘrס  שʘʨʘʧʘʡʳʤ ʵʣʝʤʝʥʪʪʝʨʜʽץ 

(ʠʥʚʝʨʪʦʨʣʘʨ) ʩʘʥʳʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ. ʀʉ ʠʥʪʝʛʨʘʮʠʷ ʜᴅʨʝʞʝʩʽ ʙʦʡʳʥʰʘ 

ʢʝʣʝʩʽʜʝʡ ʙʦʣʘ ʘʣʘʜʳ: 

Á ʪᴇʤʝʥʛʽ ʜᴅʨʝʞʝʣʽ ʠʥʪʝʛʨʘʮʠʷʣʘʨ ð ʀʊɼ (ʙʽʨ ʢʦʨʧʫʩʪʘ ʙʽʨʥʝʰʝ 

ʠʥʚʝʨʪʦʨʣʘʨ ʥʝʤʝʩʝ ʙʽʨ-ʝʢʽ ʪʨʠʛʛʝʨʣʝʨ); 
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Á ʦʨʪʘ ʜᴅʨʝʞʝʣʽ ʠʥʪʝʛʨʘʮʠʷʣʘʨ ð ʀʆɼ (ʙʽʨ ʢʦʨʧʫʩʪʘ ʢװʨʜʝʣʽ ʣʦʛʠʢʘʣʳץ 
ʩײʣʙʘ ï ʩʫʤʤʘʪʦʨ ʥʝʤʝʩʝ ʩʘʥʘrס ʰʪrש ʦʥʜrץ ʨʘʟʨʷʜʳ); 

Á ʞʦסʘʨrס ʜᴅʨʝʞʝʣʽ ʠʥʪʝʛʨʘʮʠʷʣʘʨ ð ʀɾɼ (ʙʽʨ ʢʦʨʧʫʩʪʘ 2-, 4- ʥʝʤʝʩʝ 8- 

ʨʘʟʨʷʜʪʳ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨ); 
Á ʘʩʘ ʞʦסʘʨrס  ʜᴅʨʝʞʝʣʽ ʠʥʪʝʛʨʘʮʠʷʣʘʨ ð ʢʵʰ-ʞʘʜʳ ʙʘʨ 32-ʨʘʟʨʷʜʪʳ 

ʧʨʦʮʝʩʩʦʨסʘ ʠʝ ʀɸɾɼ. 

ʀʥʚʝʨʪʦʨʜʳש ʛʝʦʤʝʪʨʠʷʣʳץ (ʪʦʧʦʣʦʛʠʷʣʳץ) ᴇʣʰʝʤʽ ᴇʥʜʽʨʫ ʪʝʭʥʦ- 

ʣʦʛʠʷʣʘʨʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʞᴅʥʝ ʥʘʥʦʤʝʪʨʤʝʥ ᴇʣʰʝʥʝʪʽʥ ʞʦʙʘʣʳץ ʥʦʨʤʘ- 

ʣʘʨʤʝʥ (ʞʦʙʘʣʳץ ʥʦʨʤʘʣʘʨ ץʘʥʰʘʣʳץʪʳ ʘʟ ʙʦʣʩʘ, ʤʠʢʨʦʩײʣʙʘʥʳש 

ʠʥʪʝʛʨʘʮʠʷ ʜʝשʛʝʡʽ ʩʦʥʰʘʣʳץʪʳ ʢᴇʧ ʙʦʣʘʜʳ) ʘʥʳץʪʘʣʘʜʳ. פʘʟʽʨʛʽ ʢʝʟʜʝ 

ʞʦʙʘʣʳץ ʥʦʨʤʘʣʘʨ 45 ʥʤ-ʜʝʥ ʘʩʧʘʡʜʳ. 

ʄʊʐ-ʪʨʘʥʟʠʩʪʦʨʣʘʨʳʥʜʘrס  ʠʥʚʝʨʪʦʨ ʩײʣʙʘʣʘʨʳ ʢʝש ʪʘʨʘʣסʘʥ (1.16- 
ʩʫʨʝʪ). 

ʄʊʐ-ʪʨʘʥʟʠʩʪʦʨʣʘʨʜʘrס  ʤʠʢʨʦʩײʣʙʘʣʘʨ. ʄʊʐ-ʪʨʘʥʟʠʩʪʦʨʣʘʨʜʘrס  

ʣʦʛʠʢʘʣʳץ ʩײʣʙʘʣʘʨ ʬʫʥʢʮʠʦʥʘʣʜʳ ʵʣʝʤʝʥʪʪʝʨ ץʘʧʪʘʤʘʩʳʥʳש ʞʦסʘʨʳ 
ʪrrס ʟʜrrס ʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʦʣ ʙʠʧʦʣʷʨʣʳ ʪʨʘʥʟʠʩʪʦʨ ʥʝʛʽʟʽʥʜʝʛʽ ʀʉ-סʘ 

 .ʘʨʳסʘʥʜʘ ʙʽʨ ʨʝʪʢʝ ʞʦסʘʨʘץ

ʂʄʊʐ-ײץʨʳʣʳʤʜʘʨʜʘrס  ʤʠʢʨʦʩײʣʙʘʣʘʨ. ʃʦʛʠʢʘʣʳץ ʄʊʐ-ʩײʣʙʘ- 
ʣʘʨʜʘrס  ʪײʪʳʥʳʣʘʪʳʥ ץʫʘʪʪʳ ʽʩ ʞװʟʽʥʜʝ ʪᴇʤʝʥʜʝʪʫ hװ ʽʥ ʞᴅʥʝ ʦʣʘʨʜʳש 

ʪʝʟᴅʨʝʢʝʪʪʽʛʽʥ ʢᴇʪʝʨʫ hװ ʽʥ ᴅʨʪװʨʣʽ ʪʠʧʪʽ ᴇʪʢʽʟʛʽʰʪʽʢʢʝ ʠʝ ʪʨʘʥʟʠʩʪʦʨʣʘʨ 

ʥʝʛʽʟʽʥʜʝʛʽ ʂʄʊʐ (ʢʦʤʧʣʝʤʝʥʪʘʨʣʳ ʄʊʐ-ʩײʣʙʘʣʘʨ) ʢʝ̔ש ʥʝʥ ץʦʣʜʘ- 

ʥʳʣʘʜʳ. ʕʥʝʨʛʠʷʥʳ ʘʟ ʪײʪʳʥʫʳ ʂʄʊʐ-ײץʨʳʣʳʤʜʘʨʜʳ CMOS (Comple- 

mentaryMetal-OxideSemiconductor ð ʂʄʊʐ ʪʝʭʥʦʣʦʛʠʷʩʳ) ᴇʪʝ ʘʟ 

ʪײʪʳʥʫʜʳש ʘʨץʘʩʳʥʜʘ ʩʝʥʽʤʜʽ ʞᴅʥʝ ײʟʘץ ʫʘrץ ʪ (ʙʽʨʥʝʰʝ ʞʳʣ) ʛʘʣʴʚʘ- 
 

 

 

1.16 -̒̔̑̆̓Ȣ ˕̎̃̆̑̓̏̑̌́̑ ̜̒̌̂́̌́̑ȡ 
́ ɂ ̑ -̜̋́̎́̌̅ ˙˟˥-̓̑́̎̈̉̒̓̏̑̌́̑̅́Ƞ ̂ ɂ ̠ ˙˟-˥ ̜̜̑̌̍̅́Ƞ 
˟ρ ɂ ̑ -̜̋́̎́̌̅ ̓̑́̎̈̉̒̓̏̑Ƞ ˟ς ɂ ̐ -̜̋́̎́̌̅ ̓̑́̎̈̉̒̓̏̑ 
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ʥʠʢʘʣʳץ ʵʣʝʤʝʥʪʪʝʨʜʝʥ ʘʚʪʦʥʦʤʜʳ ץʦʨʝʢ ʙʘʨ ʢʝʟʜʝ ʘץʧʘʨʘʪʪʳ ʩʘץʪʘʡʪʳʥ 
ʩʪʘʪʠʢʘʣʳץ ʝʩʪʝ ʩʘץʪʘʫ ײץʨʳʣrס ʩʳʥ ײץʨʘʩʪʳʨʫ hװ ʽʥ ץʦʣʜʘʥʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ. 

ʀʉ ʘʣʜʘrס  ʜʘʤʫʳ ʠʥʪʝʛʨʘʮʠʷ ʜʝשʛʝʡʽʥʽש ʞᴅʥʝ ʪʨʘʥʟʠʩʪʦʨʣʘʨʜʳ ץʘʧʪʘʫ 
ʪrrס ʟʜrrס ʥrש ʽʩ-ʞװʟʽʥʜʝ ʢᴇʪʝʨʽʣʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ. ɹײʣ ʣʦʛʠʢʘʣʳץ 

ʵʣʝʤʝʥʪʪʝʨʜʽש ʛʝʦʤʝʪʨʠʷʣʳץ ᴇʣʰʝʤʜʝʨʽʥ̔ש ʘʟʘʶʳʥʘ (ʞʦʙʘʣʘʫ ʥʦʨʤʘʣʘʨʳ 

ʪᴇʤʝʥʜʝʡʜʽ), ʩʭʝʤʦʪʝʭʥʠʢʘʥʳש ʞʝʪʽʣʜʽʨʽʣʫʽʤʝʥ, ʤʠʢʨʦʩײʣʙʘʣʘʨʜʳש ʢʨʠʩ- 

ʪʘʣʣ ʘʫʜʘʥʳʥʳש ᴇʩʫʽʥʝ ʞᴅʥʝ ʞʘשʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ (ʤʳʩʘʣʳ ʥʘʥʦ- 

ʪʝʭʥʦʣʦʛʠʷ) ᴇʥʜʽʨʽʩʪʽʢ ʤʝשʛʝʨʽʣʫʽʤʝʥ ʞᴅʥʝ ʤʠʢʨʦʤʠʥʠʘʪʶʨʠʟʘʮʠʷʣʘʨ 

ʘʫʤʘrס ʥʜʘrס  ʬʠʟʠʢʘʣʳץ ʵʬʬʝʢʪʽʣʝʨʛʝ ʙʘʡʣʘʥʳʩʪʳ. 

 
 

ˎˍ˨˘ˍ ɣ˞ ˝ˍ˟ˍ˝ ˨  
 

1. ˡ̨̆̑̑̉̓̓̆̑̅ ́̎̅́̊ ̜̉̈̉̋́̌̕ ̨́̒̉̆̓̓̆̑ ̆̒̓̆ 
̒́̓ ̙̜́̔ ̜̑ ̜̌ ̌́̑̅́ ̜̜̏̌̅́̎̌́̅ȩ 

2. ˎ̠̉̐̏̌̑ ̇̎̆ ̨̑ ̨̒̓̋ ̜̓̑́̎̈̉̒̓̏̑̌́̑̅ ́ ̜̙̜̊̑̍́- 
̜̜̌  ́̎̅́̊ȩ 

3. ˚̨̆̌̋̓̆̎ ˕˞-̅́ ˙˟˥-̓̑́̎̈̉̒̓̏̑̌́̑ ̨̋̆̎̆̎ ̏̌̅́- 
̜̜̎̌́̅ȩ 

4. ˙̜̉̋̑̏̒̌̂́̌́̑̅ ̜̐̌́̎́̑̌ ̜̅́̊̎̅́̔ ̨̨̨̑̅̒̎ ̍ ̨̎ 
̎̆̅̆ȩ 

5. ˕˞ ̗̠̉̎̓̆̄̑́̉ ̨̅̑̆̇̆̒ ̜̙̂̏̊̎́ ́̌́̊ ̂ ̨̨̌̎̆̅ȩ 
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  2 ̓ ́̑́̔  

˪˒˙ ˍ˝ˢ˕˟˒˗˟ˠ˝ˍ˞˨ 
 
 
 
 

 

    2.1.  ˪˒˙ ˗˘ˍ˞˞˕˗ˍ˘˨ ̱ ˝ˢ˕˟˒˗˟ˠ˝ˍ˞˨ 
 

ɸʙʩʪʨʘʢʪʽʣʽ ʝʩʝʧʪʝʫ ʤʘʰʠʥʘʣʘʨʳ ʜʝʧ ʘʪʘʣʘʪʳʥ ʕɽʄ-ʥrש ʘʣסʘ rhץ  

ʞʝ̔ש ʣʜʝʪʽʣʛʝʥ ʤʦʜʝʣʜʝʨʽʥ ʙʽʨ-ʙʽʨʽʥʝ ʪᴅʫʝʣʩʽʟ 1936 ʞ. ʤʘʪʝʤʘʪʠʢʪʝʨ ʕʤʠʣʴ 
ʇʦʩʪ (ɸפʐ) ʞᴅʥʝ ɸʣʘʥ ʊʴʶʨʠʥʛ (ױʣʳʙʨʠʪʘʨʠʷ) ʞʘʩʘʜʳ. 

çʇʦʩʪ ʤʘʰʠʥʘʩʳè ʞᴅʥʝ çʊʴʶʨʠʥʛ ʤʘʰʠʥʘʩʳè ʤװʤʢʽʥʜʽʢʪʝʨʽ ʙʦʡʳʥʰʘ 

 שʩʘʩ ʙʦʣʜʳ, ʞᴅʥʝ ʦʣʘʨʜʳ ʞʘʩʘʫ ʢʝʟʽʥʜʝ ʨʝʘʣʜʳ ʝʩʝʧʪʝʫ ʤʘʰʠʥʘʣʘʨʳʥʳץײ

ʥʝʛʽʟʛʽ ʘʪʨʠʙʫʪʪʘʨʳ: ʞʘʜʳ, ʢʦʤʘʥʜʘ, ʙʘסʜʘʨʣʘʤʘ ץʦʣʜʘʥʳʣסʘʥ. 

ʊʴʶʨʠʥʛ ʵʢʚʠʚʘʣʝʥʪʪʽ ʘʣʛʦʨʠʪʤ ï ʘʣʜʳʥ-ʘʣʘ ʘʥʳץʪʘʣסʘʥ ᴅʜʽʩʧʝʥ 
ʙʘʩʪʘʣʘʪʳʥ ʞᴅʥʝ ʥᴅʪʠʞʝʛʝ ץʘʜʘʤʜʘʨʜʳש ʩʦשrס ʩʘʥʳʥʜʘ ʞʝʪʢʽʟʝʪʽʥ 

 ץʘʨʳʤ ʤʘʪʝʤʘʪʠʢʘʣʳסʡײ ʨʜʽʩʪʽ ʙʝʨʝʪʽʥ ʘʣʜʳʥ-ʘʣʘ ʙʝʨʽʣʛʝʥ ʜᴅʣװ ץʘʜʘʤʜʳץ

ʘʙʩʪʨʘʢʪʽʣʽ ʪװʩʽʥʽʛʽʥ ʝʥʛʽʟʛʝʥ. ʊʴʶʨʠʥʛʪʽש ʦʡʳʥʰʘ ᴅʨʙʽʨ ʘʣʛʦʨʠʪʤʜʽʢ 

ʰʝʰʽʣʝʪʽʥ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʝʩʝʧ hװ ʽʥ ʩᴅʡʢʝʩ ץʘʞʝʪʪʽ ʞᴅʥʝ ʞʝʪʢʽʣʽʢʪʽ 

ʢʦʤʘʥʜʘʣʘʨ ʞʠʳʥʳʤʝʥ ʝʩʝʧʪʝʫ ʤʘʰʠʥʘʩʳʥ ײץʨʘʩʪʳʨʫסʘ ʙʦʣʘʜʳ. 

çʊʴʶʨʠʥʛ ʤʘʰʠʥʘʩʳè ʨץײʩʘʪ ʝʪʽʣʛʝʥ ʞײʤʳʩ ʘʣʬʘʚʠʪʽʥʜʝʛʽ ʩʠʤʚʦʣʜʘʨ 
ʞʘʟʳʣסʘʥ ץʘסʘʟ ʣʝʥʪʘʜʘʥ, ʙʘʩʪʠʝʢʪʽ ʦrץ ʧ ʞʘʟʘʪʳʥ ʣʝʥʪʘʩʦʟrס ʰ 

ʤʝʭʘʥʠʟʤʥʝʥ ʞᴅʥʝ ʦʧʝʨʘʮʠʦʥʜʳ (ʙʘʩץʘʨʫʰʳ) ײץʨʳʣrס ʜʘʥ ʪײʨʜʳ. 

 ץʘ ʙʘʡʣʘʥʳʩʪʳ ʦʣ ʙʝʣʛʽʣʽ-ʙʽʨ ʤʘʪʝʤʘʪʠʢʘʣʳסʦʣʜʘʥʳʣʘʪʳʥ ʣʝʥʪʘʣʘʨפ

ʥʝʤʝʩʝ ʣʦʛʠʢʘʣʳץ ʝʩʝʧʪʝʨʜʽ ʰʝʰʝ ʘʣʘʪʳʥ. ʉᴅʡʢʝʩʽʥʰʝ, ʦʣ ʕɽʄ-ʥrש ʥʝʛʽʟʛʽ 

 ʘʨʘʧʘʡʳʤץ ʘʥסʜʘʨʣʘʤʘʣʘʥסʘʩʠʝʪʪʝʨʽʥʝ ʠʝ ʙʦʣʜʳ: ʣʝʥʪʘʜʘ (ʞʘʜʳʜʘ) ʙʘץ
ʦʧʝʨʘʮʠʷʣʘʨʜʳש (ʢʦʤʘʥʜʘʣʘʨʜʳש) ʰʝʢʪʝʣʛʝʥ ʞʠʳʥʪʳrס ʥ ץʘʜʘʤʜʳץ (ʙʽʨ 

ʪʘʢʪʽʜʝ) ʦʨʳʥʜʘʫ. 

ɽʩʝʧʪʝʫʽʰ ʪʝʭʥʠʢʘʥʳ ʞʝʪʽʣʜʽʨʫʜʽש ʞᴅʥʝ ʙʽʨʽʥʰʽ ʙʫʳʥʜʳ ʕɽʄ ʧʘʡʜʘ 

ʙʦʣʫʳʥʜʘrס  ʢʝʣʝʩʽ ʤʘrש ʟʜʳ ץʘʜʘʤʜʳ ʘʤʝʨʠʢʘʣʳץ ʤʘʪʝʤʘʪʠʢ ɼʞʦʥ ʬʦʥ 

ʅʝʡʤʘʥ ʞʘʩʘʜʳ. 1946 ʞ. çEDVAC ʤʘʰʠʥʘʩʳ ʪʫʨʘʣʳ ʘʣʜʳʥ-ʘʣʘ ʙʘʷʥʜʘʤʘè 

ʝʩʝʧ ʙʝʨʫʽʥʜʝ ʬʦʥ ʅʝʡʤʘʥ ʞᴅʥʝ ץʘʩʳʥʜʘrס  ʠʥʞʝʥʝʨʣʝʥ ʢʦʤʧʴʶʪʝʨ 

 ʞʳʨʳʤʜʘʜʳ, ʦʣײʪʳ ʪץʪʘʡ ʥʘץʪʘʣʘʧʪʘʨʜʳ ʘʡʪʘʨʣʳ ץʨʳʣʳʤʳʥʘ ʙʘʟʘʣʳײץ

çʬʦʥ ʅʝʡʤʘʥ ʧʨʠʥʮʠʧʪʝʨʽè ʨʝʪʽʥʜʝ ʙʝʣʛʽʣʽ. 
ʌʦʥ ʅʝʡʤʘʥʥʳϬ ʥʝʛʽʟʛʽ ʧʨʠʥʮʠʧʪʝʨʽʥʽϬ ʙʽʨʽ ð ʝʩʝʧʪʝʫ ʤʘʰʠʥʘʣʘʨʳ 

ʝʢʽʣʽʢ ʩʘʥʘʫ ʞװʡʝʩʽʥʜʝ ʞײʤʳʩ ʽʩʪʝʫ ʢʝʨʝʢ, ʷסʥʠ ʙʘסʜʘʨʣʘʤʘ ʤʝʥ ʩʘʥʜʘʨ 

ʝʢʽʣʽʢ ʢʦʜʧʝʥ ʞʘʟʳʣʫʳ ʢʝʨʝʢ. 
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ɸʣסʘ rhץ  ʨʝʪ ʝʩʝʧʪʝʫ ʤʘʪʝʤʘʪʠʢʘʩʳʥʜʘ ʙʠʥʘʨʣʳ (ʝʢʽʣʽʢ) ʝʩʝʧʪʝʫ 
ʞװʡʝʩʽʥ ץʦʣʜʘʥʫʜʳ XVII ס. ʥʝʤʽʩ ʤʘʪʝʤʘʪʠʛʳ  ɻʦʪʬʨʠʜ ʃʝʡʙʥʠʮ ײʩʳʥסʘʥ, 

ʦʣ ʵʣʝʢʪʨʦʥʜrץ-ʝʩʝʧʪʝʫʽʰ ʤʘʰʠʥʘʣʘʨʜʳש ʞʘʩʘʣʫ ʪʘʨʠʭʳʥʜʘ ʤʘrש ʟʜʳ ʨᴇʣ 

ʘʪץʘʨʜʳ. 

ɼʞʦʨʜʞ ɹʫʣʴ, ʣʦʛʠʢʘ ʘʣʛʝʙʨʘʩʳʥ (ʙʫʣʴ ʘʣʛʝʙʨʘʩʳ) ʞʘʩʘʧ ʘʣסʘ rhץ  
ʙʦʣʳʧ ʘʣʛʝʙʨʘʣʳץ ʞᴅʥʝ ʣʦʛʠʢʘʣʳץ ᴅʨʝʢʝʪʪʝʨʽʥʽש ʘʨʘʩʳʥʜʘrס  ʪʳץʩʘʩʪʳץײ 

ʞװʨʛʽʟʜʽ, ʩʝʙʝʙʽ ʦʣʘʨ ʪʝʢ çʘץʠץʘʪè ʥʝʤʝʩʝ çʞʘʣסʘʥè, ʷסʥʠ 1 ʥʝʤʝʩʝ 0 ʞʘʫʘʧ 

ʥײʩץʘʩʳʥ סʘʥʘ ץʦʣʜʘʥʘʜʳ. ʕɽʄ-ʜʘ 1 ʥʝʤʝʩʝ 0-ʜ̔ש ʬʠʟʠʢʘʣʳץ ʙʝʡʥʝʣʝʥʫʽ ï 

ʙײʣ ʩʘʥʥʳש ʰʝʢʪʽʢ ʙʝʨʽʣʫʽ (ʤʳʩʘʣʳ, ʢʝʨʥʝʫ ʙʘʨ ï ʢʝʨʥʝʫ ʞʦץ, ʠʤʧʫʣʴʩ ʙʘʨ 

ï ʠʤʧʫʣʴʩ ʞʦץ). 

ɹʫʣʴ ʘʣʛʝʙʨʘʩʳ ʙʝʣʛʽʣʽ ʙʽʨ װʡʣʝʩʫʣʝʨʜʝ ʝʢʽʣʽʢ ʩʘʥʘʫ ʞװʡʝʩʽʥʜʝ ץʦʩʫ, 
ʘʟʘʡʪʫ, ʢᴇʙʝʡʪʫ, ʙᴇʣʫʜʽ, ʩʠʤʚʦʣʜʘʨ ʤʝʥ ʩʘʥʜʘʨʜʳ ʩʘʣʳʩʪʳʨʫʜʳ ʞᴅʥʝ ʪ.ʙ. 

ʦʨʳʥʜʘʡʪʳʥ ᴅʨʪװʨʣʽ ʕɽʄ ʩײʣʙʘʣʘʨʳʥ ʞʘʩʘʫסʘ ʞᴅʥʝ ʞװʟʝʛʝ ʘʩʳʨʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʥʝʛʽʟʛʽ ʙʠʥʘʨʣʳ ʬʫʥʢʮʠʷʣʘʨʜʳ (ʪʝʨʽʩʪʝʫ, ʜʠʟʲʶʥʢʮʠʷ 

ʞᴅʥʝ ʢʦʥʲʶʥʢʮʠʷ) ץʦʣʜʘʥʜʳ. 
ɽʢʽʣʽʢ ʙʝʣʛʽ ʥʝʤʝʩʝ ʨʘʟʨʷʜʪʳ ʙʝʣʛʽʣʝʫ hװ ʽʥ çʙʠʪè ʪʝʨʤʠʥʳ ץʦʣʜʘʥʳʣסʘʥ 

(rץ ʩץ. ʘϤr ʣ. binarydigitð ʝʢʽʣʽʢ ʙʝʣʛʽ). 

ʌʦʥ ʅʝʡʤʘʥʥʳϬ ʙʘʩϨʘ ʥʝʛʽʟʛʽ ʧʨʠʥʮʠʧʽ ð ʙײʣ ʩʘץʪʘʣʘʪʳʥ ʙʘסʜʘʨʣʘʤʘ 
ʧʨʠʥʮʠʧʽ. ɹʘסʜʘʨʣʘʤʘ ʩʘʥʜʘʨʤʝʥ ʞᴅʥʝ ʘʨʘʣʳץ ʥᴅʪʠʞʝʣʝʨʤʝʥ ʙʽʨʛʝ ʝʩʪʝ 

ʩʘץʪʘʫ ײץʨʳʣrס ʩʳʥʜʘ ʦʨʥʘʪʳʣʫʳ ʢʝʨʝʢ. ɽʩʝʧʪʝʫ ʞʳʣʜʘʤʜʳrס ʥ ᴇʩʽʨʫ hװ ʽʥ 

ʞʘʜʳʥʳ ʠʝʨʘʨʭʠʷʣʳײ ץʡʳʤʜʘʩʪʳʨʫ ײʩʳʥʳʣסʘʥ: ʪʝʟ ʦʧʝʨʘʪʠʚʪʽ ʝʩʪʝ ʩʘץʪʘʫ 

סʨʳʣrײץ ʩʳ (ʆɽʉפ) ʞᴅʥʝ ʙʘʷʫ ײʟʘץ ʫʘrץ ʪʪrץ ʩʳʨʪrץ  ʝʩʪʝ ʩʘץʪʘʫ 

סʨʳʣrײץ ʩʳ (ʉɽʉפ). 

ʌʦʥ ʅʝʡʤʘʥʥʳϬ ʢʝʣʝʩʽ ʧʨʠʥʮʠʧʪʝʨʽ: 
Á ʤʘʰʠʥʘʥʳש ʘʨʠʬʤʝʪʠʢʘʣʳײץ ץʨʳʣrס ʩʳ ץʦʩʫ ʦʧʝʨʘʮʠʷʣʘʨʳʥ ʦʨʳʥ- 

ʜʘʡʪʳʥ ʩײʣʙʘʣʘʨ ʥʝʛʽʟʽʥʜʝ ײץʨʘʩʪʳʨʳʣʘʜʳ; ᴇʟʛʝ ʘʨʠʬʤʝʪʠʢʘʣʳץ ʞᴅʥʝ 

ʙʘʩץʘ ʜʘ ʦʧʝʨʘʮʠʷʣʘʨʜʳ ʦʨʳʥʜʘʫ ʤʘץʩʘʪʳʥʜʘ ʘʨʥʘʡʳ ײץʨʳʣrס ʣʘʨ ʞʘʩʘʫ 

ʞᴇʥʩʽʟ; 

Á ʤʘʰʠʥʘʣʘʨʜʘ ʙʽʨʥʝʰʝ ʙʘסʜʘʨʣʘʤʘʣʘʨʜʳ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ ʞᴅʥʝ 
ʙʘʩץʘʨʫʜʳ ʝʩʝʧʪʝʫ ʥᴅʪʠʞʝʣʝʨʽʥʝ ʩᴅʡʢʝʩ ʙʽʨ ʙʘסʜʘʨʣʘʤʘʜʘʥ ʙʘʩץʘʩʳʥʘ 

ʞʽʙʝʨʫʜʽ ʞװʟʝʛʝ ʘʩʳʨʫסʘ ʙʦʣʘʜʳ; 

Á ʤʘʰʠʥʘʜʘ ʩʘʥʜʘʨʜʳ ᴇשʜʝʫʜʽש ʧʘʨʘʣʣʝʣʴʜʽ ʧʨʠʥʮʠʧʽ ץʦʣʜʘʥʳʣʘʜʳ ï 

ʩʘʥʜʘʨסʘ ʦʧʝʨʘʮʠʷʣʘʨ ʙʽʨ ʫʘrץ ʪʪʘ ʙʘʨʣʳץ ʨʘʟʨʷʜʪʘʨ ʙʦʡʳʥʰʘ ʞװʟʝʛʝ 

ʘʩʳʨʳʣʘʜʳ. 

ʌʦʥ ʅʝʡʤʘʥ ʤʘʰʠʥʘʩʳʥʳש ʥʝʛʽʟʛʽ ʬʥʫʢʮʠʦʥʘʣʜʳ ʪװʡʽʥʜʝʨʽ ʟʘʤʘʥʘʫʠ 
ʕɽʄ-ʜʘ ʦʨʪʘʣʳץ ᴇשʜʝʫʰʽ ײץʨʳʣrס  ï ʧʨʦʮʝʩʩʦʨסʘ ʙʽʨʽʢʢʝʥ ʘʨʠʬʤʝʪʠʢʘ- 

ʣʦʛʠʢʘʣʳײץ ץʨʳʣrס ʣʘʨ (ɸʃפ) ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʌʦʥ ʅʝʡʤʘʥʥʳש ʕɽʄ-ʥrש ʢʣʘʩʩʠʢʘʣʳײץ ץʨʳʣʳʤʳ 2.1-ʩʫʨʝʪʪʝ ʢᴇʨʩʝ- 

ʪʽʣʛʝʥ. 

ʂʦʤʘʥʜʘʣʘʨ ʤʝʥ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʞʽʙʝʨʫʛʝ ʘʨʥʘʣסʘʥ ʙʽʨ ʰʠʥʘʤʝʥ ʞᴅʥʝ ʙʘʩ- 

ץʞᴅʥʝ ʩʳʨʪr פʉɽʉ ,פʆɽʉ ,פɹ ,פʘʥ ɸʃץʘʨʫ ʩʠʛʥʘʣʜʘʨʳʤʝʥ ʙʘʡʣʘʥʳʩץ  
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ʝʥʛʽʟʫ-ʰ rסʘʨʫ ײץʨʳʣrס ʣʘʨʳʥʘʥ ʪײʨʘʪʳʥ ʙʝʨʽʣʛʝʥ ʩײʣʙʘ ʬʦʥ-ʥʝʡʤʦʥʜʳץ 
ʘʨʭʠʪʝʢʪʫʨʘ ʘʪʘʫʳʥ ʘʣסʘʥ, ʷסʥʠ ײץʨʘʤʳʥʜʘ ʙʽʨ ʦʨʪʘץ ʞʘʜʳ ʙʘʨ 

(ʤᴅʣʽʤʝʪʪʝʨʛʝ ʜʝ ʢʦʤʘʥʜʘʣʘʨסʘ ʜʘ) ʤᴅʣʽʤʝʪʪʝʨ ʤʝʥ ʢʦʤʘʥʜʘʣʘʨסʘ ʘʨʥʘʣסʘʥ 

ʦʨʪʘץ (ʙʽʨʣʽʢ) ʤʘʛʠʩʪʨʘʣʴʜʽ ʘʨʭʠʪʝʢʪʫʨʘ. 

ʄײʥʜʘʡ ʘʨʭʠʪʝʢʪʫʨʘ ʙʦʡʳʥʰʘ ײץʨʘʩʪʳʨʳʣסʘʥ ʕɽʄ ʰʝʢʪʝʫʣʽ 
ʢʦʤʘʥʜʘʣʘʨ ʞʠʳʥʳʤʝʥ ʞʘʣrס ʟ ʙʘʩץʘʨʫ ײץʨʳʣrס ʩʳʥ ʙʘʩץʘʨʫʤʝʥ ʞײʤʳʩ 

ʽʩʪʝʡʜʽ ʞᴅʥʝ ʆɽʉפ-ʜʘ ʞʘʟʳʣסʘʥ ʙʘסʜʘʨʣʘʤʘסʘ ʩᴅʡʢʝʩ ʞײʤʳʩ ʽʩʪʝʡʜʽ. 

ʆʧʝʨʘʪʠʚʪʽ ʞʘʜʳ ʦʨʘʥʜʘʣʘʪʳʥ ʙʘסʜʘʨʣʘʤʘ ʢʦʤʘʥʜʘʣʘʨʳ ʤʝʥ ʘץʧʘʨʘʪʪʳץ 

ʩᴇʟʜʝʨ (ʦʧʝʨʘʥʜʘʣʘʨ) ʫʘrץ ʪʰʘ ʩʘץʪʘʣʘʪʳʥ ᴇʟʜʝʨʽʥʽש ʫʥʠʢʘʣʜʳ ʤʝʢʝʥ- 

ʞʘʡʣʘʨʳ ʙʘʨ ̫ײ ʰrץʪʘʨ ʞʠʳʥʳʥʘʥ ʪײʨʘʜʳ. 

ɹʘʩץʘʨʫʰʳ ײץʨʳʣrס  ʙʘסʜʘʨʣʘʤʘ ʢʦʤʘʥʜʘʣʘʨʳʥ ʦʨʳʥʜʘʡ ʦʪʳʨʳʧ 
ʤʘʰʠʥʘʥʳש ʙʘʨʣʳײץ ץʨʘʫʰʳ ʙᴇʣʽʢʪʝʨʽʥʽװ שʡʣʝʩʽʤʜʽ ʞײʤʳʩʳʥ ʘʚʪʦʤʘʪʪʳ 

ʪװʨʜʝ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ɹפ ʦʧʝʨʘʪʠʚʪʽ ʞʘʜʳʤʝʥ ʞᴅʥʝ ʢʦʤʧʴʶʪʝʨʜʽש 

ʩʳʨʪrץ סʨʳʣrײץ  ʣʘʨʳʤʝʥ ʘץʧʘʨʘʪ ʘʣʤʘʩʘ ʘʣʘʜʳ, ʩʦʥʜʘʡ-ʘץ ʙʘסʜʘʨʣʘʤʘʥʳש 

ʦʨʳʥʜʘʣʫʳʥ ʩʳʨʪrץ סʨʳʣrײץ  ʣʘʨʤʝʥ ʝʥʛʽʟʫ-ʰ rסʘʨʫ ʦʧʝʨʘʮʠʷʣʘʨʳ 
ʘ̫ץʪʘʣסʘʥʰʘ ʪʦץʪʘʪʘ ʘʣʘʜʳ. 

ʆɽʉפ-ʥʘ ʙʘסʜʘʨʣʘʤʘʣʘʨ ʤʝʥ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʝʥʛʽʟʫ ײץʨʳʣrס ʩʳʤʝʥ ʥʝʤʝʩʝ 
ʉɽʉפ-ʥʘʥ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʦʧʝʨʘʪʦʨ ʝʥʛʽʟʝʜʽ. ʉɽʉײ פʟʘץ ʫʘrץ ʪ ʙʦʡʳ װʣʢʝʥ 

ʘץʧʘʨʘʪ ʢᴇʣʝʤʜʝʨʽʥ ʩʘץʪʘʫסʘ ʘʨʥʘʣסʘʥ ץʦʩʘʣrץ  ʝʩʪʝ ʩʘץʪʘʫ ײץʨʳʣrס ʩʳ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ᴄʨ ʫʘrץ ʪ ʤʦʤʝʥʪʽʥʜʝ (ʞײʤʳʩ ʪʘʢʪʽʩʽʥʜʝ) ʕɽʄ ʤʝʢʝʥ-ʞʘʡʳ ʘʨʥʘʡʳ ɹפ 

ʨʝʛʠʩʪʨʽʥʜʝ ï ʢʦʤʘʥʜʘʣʘʨ ʩʘʥʘrס ʰr ʥʜʘ ʦʨʥʘʣʘʩץʘʥ ʙʘסʜʘʨʣʘʤʘʥʳש ʙʽʨ 

ʢʦʤʘʥʜʘʩʳʥ ʦʨʳʥʜʘʡʜʳ. ɹʘסʜʘʨʣʘʤʘ ʢʦʤʘʥʜʘʣʘʨ ʩʘʥʘrס ʰʳʥrײץ שʨʘʤʳʥʳש 

ʩʳʟrץʪʳ ᴇʩʽʨʽʣʫʽʥʝ ʩᴅʡʢʝʩ ʢʦʤʘʥʜʘʜʘʥ ʩʦש ʢʦʤʘʥʜʘ ʙʦʣʳʧ ʪʽʟʙʝʢʪʝʡ 

ʦʨʳʥʜʘʣʘʜʳ, ʥʝʤʝʩʝ ʙײʣ ʪʽʟʙʝʢʪʽʣʽʢ ʝʩʝʧʪʝʫ ʧʨʦʮʝʩʽʥʽש ʘʨʘʣʳץ ʥᴅʪʠ- 

ʞʝʣʝʨʽʥʝ ʩᴅʡʢʝʩ ᴇʟʛʝʨʪʽʣʝ ʘʣʘʜʳ. 
 

 

 

2.1 -̒̔̑̆̓Ȣ ˡ̏̎ ˚̆̊̍́̎ ˪˒˙-̎  ̜̋ ̜̌́̒̒̉̋́̌ ̜̜̜̑̌̍ȡ 
ɂ ̂ ́̒́̑̔ ̒ ̜̉̄̎́̌̅́̑Ƞ ɂ ̋ ̏̍́̎̅́̌́̑ ̍̆̎ ̨̍̌̍̆̓̓̆̑ ́ ̜̎  ̜
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ɹײʣ ʪʘʨʤʘץʪʘʣʫ ʤʝʥ ʮʠʢʣʜʝʨʛʝ ʠʝ ʢװʨʜʝʣʽ ʙʘסʜʘʨʣʘʤʘʣʘʨʜʳ ץʦʣʜʘʥʫסʘ 
ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʆɽʉפ-ʜʘʥ ʰʘrץ ʨʳʣʘʪʳʥ ʢʦʤʘʥʜʘʣʘʨ ʙʘʩץʘʨʫ ײץʨʳʣrס ʩʳʤʝʥ ʢʝʨʽ 
ʰʠʬʨʣʘʥʘʜʳ. 

ɸʡʪʘʨʣʳץʪʘʡ ʙʘסʜʘʨʣʘʤʘʥʳש ᴅʨ ʢʦʤʘʥʜʘʩʳ ʙʽʨʤᴅʥʜʽ ʥײʩץʘʫʣʳץʪʘʨ 
ʪʽʟʽʤʽʥʝʥ (ʤʠʢʨʦʙʘסʜʘʨʣʘʤʘʣʘʨʜʘʥ) ʪײʨʘʜʳ ï ץʘʡ ̫ײ ʰrץʪʘʥ ᴇשʜʝʫʛʝ 

ʘʨʥʘʣסʘʥ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʘʣʫ ʢʝʨʝʢ ʝʢʝʥʜʽʛʽʥ, ɸʃפ-ʜʘ ʦʣʘʨʤʝʥ ץʘʥʜʘʡ 

ʘʨʠʬʤʝʪʠʢʘʣʳץ ʥʝʤʝʩʝ ʣʦʛʠʢʘʣʳץ ʦʧʝʨʘʮʠʷʣʘʨ ʦʨʳʥʜʘʫ ʢʝʨʝʢ ʝʢʝʥʜʽʛʽʥ, 

ʞʘʜʳʥʳץ שʘʡ ʘʡʤʘrס ʥʘ ʥᴅʪʠʞʝʥʽ ʞʽʙʝʨʫ ʢʝʨʝʢ ʝʢʝʥʽʥ, ʢʝʣʝʩʽ ʢʦʤʘʥʜʘʥʳ 

ʪʘשʜʘʫ hװ ʽʥ ʢʦʤʘʥʜʘ ʩʘʥʘrס ʰʪʘʨʳʥʳײץ שʨʘʤʳʥ ץʘʣʘʡ ᴇʟʛʝʨʪʫʛʝ ʙʦʣʘʪʳʥʳ 

ʞᴅʥʝ ʪ.ʙ. 

ɸʃפ ʤᴅʣʽʤʝʪʪʝʨʛʝ ʘʨʠʬʤʝʪʠʢʘʣʳץ ʞᴅʥʝ ʣʦʛʠʢʘʣʳץ ʦʧʝʨʘʮʠʷʣʘʨʜʳ 
ʦʨʳʥʜʘʡʜʳ ʞᴅʥʝ ᴅʨʙʽʨ ʪʘʢʪ ʢʝʟʝʢʪʽ ʦʧʝʨʮʠʷʥʳ ʦʨʳʥʜʘʫסʘ ץʘʡʪʘ 

ʙʘrס ʪʪʘʡʜʳ. ɸʃײץ פʨʘʤʳʥʘ ʩʫʤʤʘʪʦʨʣʘʨ, ʩʘʥʘrס ʰʪʘʨ, ʦʨʪʘץ ʤʘץʩʘʪʪʳ 

ʨʝʛʠʩʪʨʣʘʨ, ʣʦʛʠʢʘʣʳץ ʪװʨʣʝʥʜʽʨʛʽʰʪʝʨ ʞᴅʥʝ ʙʘʩץʘʣʘʨʳ ʢʽʨʝʜʽ. ɾʝʢʝ 
ʦʧʝʨʘʮʠʷʣʘʨʜʳ ʦʨʳʥʜʘʫ ʥᴅʪʠʞʝʣʝʨʽ ɸʃפ-ʥrש ʨʝʛʠʩʪʨʣʝʨʽʥʽש ʙʽʨʝʫʽʥʜʝ 

ʢʝʟʝʢʪʽ ץʦʣʜʘʥʳʣʫʳʥʘ ʜʝʡʽʥ ʩʘץʪʘʣʘʜʳ, ʥʝʤʝʩʝ ʦʧʝʨʘʪʠʚʪʽ ʞʘʜʳʜʘ 

ʞʘʟʳʣʘʜʳ. 

ɹʘסʜʘʨʣʘʤʘ ʦʨʳʥʜʘʣסʘʥʥʘʥ ʢʝʡʽʥʛʽ ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ ʉɽʉפ-ʜʘ 

ʩʘץʪʘʣʘʜʳ, ʞᴅʥʝ ʘʜʘʤ ץʘʙʳʣʜʘʫʳʥʘ ʳסשʘʡʣʳ ʪװʨʜʝ ʕɽʄ ʰʳrס ʩ 

סʨʳʣrײץ ʩʳʥʘ ʙʝʨʽʣʝʜʽ. 

ʊʝʭʥʦʣʦʛʠʷʣʘʨʜʳש ʜʘʤʫʳʤʝʥ ʬʦʥ ʅʝʡʤʘʥ ʘʨʭʠʪʝʢʪʫʨʘʩʳ ʘʟʜʘʧ ᴇʟʛʝʨʽʧ 
ʪʦʣʳץʪʨrʳʣʳʧ ʦʪʳʨʜʳ, ʜʝʛʝʥʤʝʥ ʝʢʽʣʽʢ ʩʘʥʘʫ ʞᴅʥʝ ʞʘʜʳʜʘ ʩʘץʪʘʣסʘʥ 

ʙʘסʜʘʨʣʘʤʘʣʘʨ ʢᴇʤʝʛʽʤʝʥ ʢʦʤʧʴʶʪʝʨ ʞײʤʳʩʳʥ ʙʘʩץʘʨʫʜʳש ʢʣʘʩʩʠʢʘʣʳץ 

ʧʨʠʥʮʠʧʪʝʨʽ ʬʫʥʜʘʤʝʥʪʘʣʜʳ ʙʦʣʳʧ ץʘʣʜʳ. 

ʌʦʥ-ʥʝʡʤʘʥʜʳץ ʘʨʭʠʪʝʢʪʫʨʘʥʳש ʘʣʴʪʝʨʥʘʪʠʚʘʩʳ ʛʘʨʚʘʨʜʪʳץ ʘʨʭʠʪʝʢ- 

ʪʫʨʘ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʥʳש ʤʦʜʝʣʽ ʢʝʡʽʥʽʨʝʢ ʙᴇʣʝʢ װʨʜʽʩʪʝʨʜʽש ʧʘʨʘʣ- 

ʣʝʣʴʜʽ ʦʨʳʥʜʘʣʫʳ ʝʩʝʙʽʥʝʥ ʕɽʄ ʪʝʟᴅʨʝʢʝʪʪʽʛʽʥ ʢᴇʪʝʨʫ ʤʘץʩʘʪʳʥʜʘ ɻʘʨʚʘʨʜ 

ʫʥʠʚʝʨʩʠʪʝʪʽʥʽש ʦrץ ʤʳʩʪʳʣʘʨʳʤʝʥ ײʩʳʥʳʣסʘʥ. 
ɻʘʨʚʘʨʜ (ʝʢʽʰʠʥʘʣʳ) ʘʨʭʠʪʝʢʪʫʨʘʩʳ ʤᴅʣʽʤʝʪʪʝʨ ʤʝʥ ʢʦʤʘʥʜʘʣʘʨ hװ ʽʥ 

ʙᴇʣʝʢ ʰʠʥʘʣʘʨʜʳ ʞᴅʥʝ ʞʘʜʳ ʘʫʤʘץʪʘʨʳʥ ץʦʣʜʘʥʫ ʠʜʝʷʩʳ ʤʝʥ ʥʝʛʽʟʽ 

װʜʘʫ (ʢʦʤʘʥʜʘʣʘʨ ʰʠʥʘʩʳ) hשʪʳ ʪʘץʘʫʣʳץʩײʘʥ. ʆʣ ʙʽʨ ʰʠʥʘʥʳ ʥסʘʣʘʥץ ʽʥ 

ʙᴇʣʝʢʪʝʧ, ʘʣ ʝʢʽʥʰʽʩʽʥ ʦʧʝʨʘʥʜʘʣʘʨʜʳ ʪʘשʜʘʫ (ʤᴅʣʽʤʝʪʪʝʨ ʰʠʥʘʩʳ) hװ ʽʥ 

ʙᴇʣʝʢʪʝʧ ʬʦʥ ʅʝʡʤʘʥ ʘʨʭʠʪʝʢʪʫʨʘʩʳʥ ʞʝʪʽʣʜʽʨʛʝʥ. 

ʂʦʤʘʥʜʘʣʘʨ ʤʝʥ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʙʽʨ ʤʝʟʝʪʪʝ ʞʽʙʝʨʫ ʽʩ ʞװʟʽʥʜʝ ʕɽʄ 
ʪʝʟᴅʨʝʢʝʪʪʽʛʽʥ ʢᴇʪʝʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʩʝʙʝʙʽ ʧʨʦʮʝʩʩʦʨʜʳש ʞʘʜʳ 

ʪʠʧʪʝʨʽʥʽש ᴅʨץʘʡʩʳʤʝʥ ʘʣʤʘʩʫʳ ʙʽʨ ʤʝʟʝʪʪʝ ʙʘʨʣʳץ ʰʠʥʘ ʙʦʡʳʥʰʘ ʞװʟʝʛʝ 

ʘʩʘʜʳ (2.2-ʩʫʨʝʪ). 

ʆʨʪʘץ ʰʠʥʘʣʳ ʘʨʭʠʪʝʢʪʫʨʘ (ʬʦʥ-ʥʝʡʤʘʥʜʳץ) ʞʝ̔ש ʣʽʨʝʢ, ʩʝʙʝʙʽ ʦʣ 

ʧʨʦʮʝʩʩʦʨʜʘʥ ʙʽʨ ʤʝʟʝʪʪʝ ʝʢʽ ʤʘʛʠʩʪʨʘʣʴסʘ rץ ʟʤʝʪ ʝʪʫʜʽ, ʙʽʨʜʝʥ ʝʢʽ ʰʠʥʘ 

ʙʦʡʳʥʰʘ ʘʣʤʘʩʫʜʳ ʙʘrץ ʣʘʫʜʳ ʪʘʣʘʧ ʝʪʧʝʡʜʽ. 
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2.2 -̒̔̑̆̓Ȣ ˪˒˙-̎  ̜̆ ̨̙̜̋̉̎́̌ ́ ̖̜̑̉̓̆̋̓̔̑́̒ 
 

 

ʄᴅʣʽʤʝʪʪʝʨ ʤʝʥ ʢʦʤʘʥʜʘʣʘʨʜʳש ʦʨʪʘץ ʞʘʜʳʥʳש ʙʦʣʫʳ ʦʥʳ ʤᴅʣʽʤʝʪʪʝʨ 

ʤʝʥ ʢʦʤʘʥʜʘʣʘʨ ʢʦʜʪʘʨʳʥʳש ʘʨʘʩʳʥʜʘ ʦʧʪʠʤʘʣʜʳ װʣʝʩʪʽʨʫʛʝ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ. 

ʄᴅʣʽʤʝʪʪʝʨ ʤʝʥ ʢʦʤʘʥʜʘʣʘʨʜʳש ʙᴇʣʝʢ ʰʠʥʘʣʘʨʳʥʘ ʠʝ ʢʣʘʩʩʠʢʘʣʳץʘʨ- 
ʭʠʪʝʢʪʫʨʘסʘ ץʘʨʘסʘʥʜʘ ʢװʨʜʝʣʽʨʝʢ, ʩʝʙʝʙʽ ʧʨʦʮʝʩʩʦʨ ᴅʨʪװʨʣʽ ʘץʧʘʨʘʪʪʘʨ 

ʘrס ʥʳʥʘ ʠʝ ʝʢʽ ʰʠʥʘʣʘʨ ʙʦʡʳʥʰʘ ʙʽʨ ʤʝʟʝʪʪʝ ʞײʤʳʩ ʽʩʪʝʫʽ ʢʝʨʝʢ. 

ɹʘסʜʘʨʣʘʤʘ ʪʝʢ ʢʦʤʘʥʜʘʣʘʨ ʞʘʜʳʥʜʘ ʦʨʥʘʣʘʩʪʳʨʳʣʘ ʘʣʘʜʳ, ʘʣ ʤᴅʣʽʤʝʪʪʝʨ ï 

ʪʝʢ ʤᴅʣʽʤʝʪʪʝʨ ʞʘʜʳʥʜʘ, ʙײʣ ʞʘʜʳʥʳש ʠʢʝʤʜʽ װʣʝʩʪʽʨʽʣʫʽʥʝ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ. ʄᴅʣʽʤʝʪʪʝʨ ʞʘʜʳ ʤʝʥ ʢʦʤʘʥʜʘʣʘʨ ʞʘʜʳ ʙײʣ ʞʘסʜʘʡʜʘ װʣʢʝʥ ʝʤʝʩ 

ʢᴇʣʝʤʛʝ ʠʝ, ʩʦʣ ʩʝʙʝʧʪʽ ʙʝʨʽʣʛʝʥ ʘʨʭʠʪʝʢʪʫʨʘ ʰʝʢʪʝʣʛʝʥ ʪʘʢʪʽʣʽ ʞʠʽʣʽʢʪʝ 

ʤʘʢʩʠʤʘʣʜʳ ʽʰʢʽ ʪʝʟᴅʨʝʢʝʪʪʽʢʢʝ ץʦʣ ʞʝʪʢʽʟʫ ʢʝʨʝʢ ʙʦʣסʘʥʜʘ ʤʠʢʨʦʩײʣʙʘʣʘʨ 

ʧʨʦʮʝʩʩʦʨʣʘʨʳʥʳש ʞװʟʝʛʝ ʘʩʳʨʳʣʫʳ ʢʝʟʽʥʜʝ ץʦʣʜʘʥʳʣʘʜʳ. 

ɯʰʢʽ ʝʢʽʰʠʥʘʣʳ ײʡʳʤʜʘʩʪʳʨʫסʘ ʠʝ ʟʘʤʘʥʘʫʠ ʧʨʦʮʝʩʩʦʨʣʘʨ ʢʦʥʚʝʡʝʨʣʽ 
ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʞᴅʥʝ ʞʳʣʜʘʤ ʢʵʰ-ʞʘʜʳʥ ץʦʣʜʘʥʫ ʝʩʝʙʽʥʝʥ ʢʦʤʘʥʜʘʣʘʨʜʳ 

ʦʨʳʥʜʘʫ ʤʝʥ ʆɽʉפ-ʥʘʥ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʘʣʤʘʩʫʜʳ װʡʣʝʩʪʽʨʫʛʝ ץʘʙʽʣʝʪʪʽ. 

ʆʩʳʣʘʡʰʘ, ʟʘʤʘʥʘʫʠ ʕɽʄ ʬʦʥ-ʥʝʡʤʘʥʜʳץ ʘʨʭʠʪʝʢʪʫʨʘʜʘ ʙʘʟʘʣʘʥʘʜʳ, 
ʘʣ ʣʦʢʘʣʜʳ ʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʫ hװ ʽʥ ʛʘʨʚʘʨʜ ʘʨʭʠʪʝʢʪʫʨʘʩʳʥ ʧʘʡʜʘʣʘʥʘʜʳ. 

 

 

 

ˎˍ˨˘ˍ ɣ˞ ˝ˍ˟ˍ˝ ˨  
 

1. ˔́̍́̎́̔̉ ˪˒˙ ̜̜̜̜̑́̒̓̑̌̔̎ ̎ ̨̨̆̄̈ ̂̏̌́̎ ̏̎̕ 
˚̆̊̍́̎ ̨̗̐̑̉̎̉̐̓̆̑̎ ́ ̜̓́̈Ȣ 

2. ˡ̏-̜̎̎̆̊̍́̎̅ ́ ̖̑̉̓̆̋̓̔̑́ ́̎̅́̊ ̜̜̑̌ ̌́̑- 
̅́̎ ̓ ̜̑́̅ȩ 
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3. ˡ̏̎ ˚̆̊̍́̎ ̙̜̜̍́̉̎́̒̎ ̕ ̗̜̔̎̋̉̏̎́̌̅ ̨̓̊̎- 
̨̨̅̆̑̎ ́ ̜̑̎́̌̔̎ ̒ ̜̉̐́̓̓́̈Ȣ 

4. ˚̨̆̌̋̓̆̎ ̏̎̕ ˚̆̊̍́̎ ̖̜́̑̉̓̆̋̓̔̑́̒ ̜̋̌́̒̒̉̋́̌ 
̅̆̐ ́ ̜̓́̌́̅ȩ 

5. ː̜́̑̃́̑̅̓ ́ ̖̜̑̉̓̆̋̓̔̑́̎ ́ ̜̙̜̑̓ ̜̜̌  ̎ ̆̅̆ȩ 
 

 
    2.2.  ˔ˍ˙ˍ˚ˍˠ˕ ˪˒˙ ˍ˝ˢ˕˟˒˗˟ˠ˝ˍ˞˨ 

 

ɿʘʤʘʥʘʫʠ ʕɽʄ ʘʨʭʠʪʝʢʪʫʨʘʩʳ ð ʙײʣ ʦʥʳש ʤᴅʩʝʣʝʣʝʨʽʥ ʰʝʰʫ hװ ʽʥ 
ʞᴅʥʝ ʤᴅʣʽʤʝʪʪʝʨʜʽ ᴇשʜʝʫ װʨʜʽʩʪʝʨʽʥ ײʡʳʤʜʘʩʪʳʨʫ ʧʨʠʥʮʠʧʪʝʨʽʥ ʞװʟʝʛʝ 

ʘʩʳʨʫ hװ ʽʥ ץʦʣʜʘʥʫʰʳסʘ ץʦʣʞʝʪʽʤʜʽ ʘʧʧʘʨʘʪʪʳ-ʙʘסʜʘʨʣʘʤʘʣʳײץ ץʨʘʣʜʘʨ- 

ʜrש ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩץʘʥ ʬʫʥʢʮʠʦʥʘʣʜʳ ʞװʡʝʩʽ. 

ɸʧʧʘʨʘʪʪʳ ʞʘʩʘץʪʘʤʘ ᴇʟʽʥʝ ʕɽʄ ʞײʤʳʩ ʽʩʪʝʫʽʥʽש ʞײʤʳʩ ʢʦʥʬʠʛʫʨʘ- 

ʮʠʷʩʳʥ ץʘʤʪʘʪʘʤʩʳʟ ʝʪʝʪʽʥ ʥʝʛʽʟʛʽ ײץʨʳʣʳʤʜʳץ ʢʦʤʧʦʥʝʪʪʝʨʜʽ ץʦʩʘʜʳ: 

ʧʨʦʮʝʩʩʦʨ, ʞװʡʝʣʽʢ ʧʣʘʪʘ, ʝʩʪʝ ʩʘץʪʘʫʰʳ ײץʨʳʣrס ʣʘʨ, ʤʦʥʠʪʦʨ, ʧʝʨʥʝʪʘץʪʘ 

ʞᴅʥʝ ʢʦʤʧʴʶʪʝʨʛʝ ʝʥʛʽʟʫ ʤʝʥ ץʦʣʜʘʥʫʰʳסʘ ʰʳסʘʨʫ ʳסשʘʡʣʳʣʳrס  hװ ʽʥ 

ʘץʧʘʨʘʪʪʳ ʜʘʡʳʥʜʘʫ ʤʝʥ ʪװʨʣʝʥʜʽʨʫʜʽ ʦʨʳʥʜʘʡʪʳʥ ʰʝʪʢʝʨʽ ײץʨʳʣrס ʣʘʨ. 

ʂʝʡʜʝ çʰʝʪʢʝʨʽ ײץʨʳʣrס è ʪʝʨʤʠʥʽ ʩʳʨʪrץ סʨʳʣrײץ  ʣʘʨʤʝʥ ʪʝשʜʝʩʪʽʨʽʣʝʜʽ. 

ɹʘʨʣʳץ ʟʘʤʘʥʘʫʠ ʕɽʄ ײץʨʘʩʪʳʨʫʜʳש ʙʘʟʘʣʳץ ʧʨʠʥʮʠʧʪʝʨʽ ʙʘסʜʘʨʣʘ- 
ʤʘʣrץ ʙʘʩץʘʨʫ ʙʦʣʳʧ ץʘʣʘʜʳ. 

ʅʝʛʽʟʛʽ ʙʘסʜʘʨʣʘʤʘ ʦʧʝʨʘʮʠʦʥʜʳ ʞϮʡʝ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ï ʙײʣ ʙʘʨʣʳץ 

ʕɽʄ ʨʝʩʫʨʩʪʘʨʳʥ ʙʘʩץʘʨʘʪʳʥ, ץʦʣʜʘʥʙʘʣʳ ʙʘסʜʘʨʣʘʤʘʣʘʨʜʳ ʞװʟʝʛʝ 

ʘʩʳʨʘʪʳʥ ʞᴅʥʝ ʢʦʤʧʴʶʪʝʨʜʽש ʞײʤʳʩ ʽʩʪʝʫʽ ʢʝʟʽʥʜʝ ʩʝʨʚʠʩʪʽʢ ʬʫʥʢʮʠʷ- 
ʣʘʨʜʳ ʦʨʳʥʜʘʡʪʳʥ ʙʘסʜʘʨʣʘʤʘ. ʉʝʨʚʠʩʪʽʢ ʙʘסʜʘʨʣʘʤʘʣʘʨ ᴅʜʝʪʪʝ ᴅʨʪװʨʣʽ 

ץʦʩʘʣrץ  ʬʫʥʢʮʠʷʣʘʨʜʳ ʦʨʳʥʜʘʡʜʳ: ץʦʣʜʘʥʳʣʘʪʳʥ ʘץʧʘʨʘʪʪʳש ʨʝʟʝʨʚʪʽ 

ʢᴇh ʽʨʤʝʣʝʨʽʥ ʞʘʩʘʡʜʳ, ʢʦʤʧʴʶʪʝʨ ײץʨʳʣrס ʩʳʥʳש ʞײʤʳʩ ץʘʙʽʣʝʪʪʽʣʽʛʽʥ 

ʪʝʢʩʝʨʝʜʽ. 

ɿʘʤʘʥʘʫʠ ʕɽʄ-ʜʘ ʙʘסʜʘʨʣʘʤʘʣʳץ ʙʘʩץʘʨʫ ʧʨʠʥʮʠʧʽ ᴅʨʪװʨʣʽ ᴅʜʽʩʪʝʨʤʝʥ 

ʞװʟʝʛʝ ʘʩʳʨʳʣʫʳ ʤװʤʢʽʥ. 

ɽʩʝʧʪʝʫ װʨʜʩ̔ʽʥ ײʡʳʤʜʘʩʪʳʨʫ ᴅʜʽʩʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʕɽʄ ʧʨʘʣʣʝʣʴʜʽ ʞᴅʥʝ 

ʪʽʟʙʝʢʪʝʡ ᴅʨʝʢʝʪʪʽ ʙʦʣʳʧ ʙᴇʣʽʥʝʜʽ. 

ʇʘʨʘʣʣʝʣʴʜʽ ᴅʨʝʢʝʪʪʽ ʕɽʄ. ʇʘʨʘʣʝʣʴʜʽ ᴅʨʝʢʝʪʪʽ (ʢʝʡʜʝ ʦʣʘʨʜʳ ʝʩʝʧʪʝʫ 
ʞװʡʝʣʝʨʽʥʝ ʞʘʪrץ ʟʘʜʳ) ʕɽʄ ʙʽʨ ʥʝʤʝʩʝ ʢᴇʧ ʤᴅʣʽʤʝʪʪʝʨ ʘrס ʥʳʥ ᴇשʜʝʫ 

hװ ʽʥ ʙʽʨʥʝʰʝ ʢʦʤʘʥʜʘʣʘʨ ʘrס ʥʳʥ ʙʽʨ ʤʝʟʝʪʪʝ ץʦʣʜʘʥʘ ʘʣʘʪʳʥ ʝʢʽ ʥʝ ʦʜʘʥ 

ʢᴇʧ ʧʨʦʮʝʩʩʦʨʣʘʨʜʘʥ ʪײʨʘʜʳ. 

ʇʘʨʘʣʣʝʣʴ ᴅʨʝʢʝʪʪʽ ʕɽʄ ʤʘʪʨʠʮʘʣʳץ (ʙʽʨ ʢʦʤʘʥʜʘʣʘʨ ʘrס ʥʳʤʝʥ 
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2.3 -̒̔̑̆̓Ȣ ˙̗̜́̓̑̉́̌ ɉ́Ɋ ̇̎̆ ̨̋̏̎̃̆̊̆̑̌ ɉ̂Ɋ ̜̜̜̑̌̍̅ 
˪˒˙ ̖̜̜́̑̉̓̆̋̓̔̑́̒̎ ̇ ̨̆ ̨̌̅̆̓̌̄̆̎ ̒ ̜̌̂́̌́̑ȡ 
ɂ ̜̂̊̑̓  ̜̜̜́̎Ƞ ɂ ̨̍̌̍̆̓ ̓̆̑ ̜̜́̎Ƞ ɂ ́ ̜̐́̑́̓̓ 
̅̆̔ ̨̎̓̉̇̆̒Ƞ ˜̑ ɂ ̐ ̗̑̏̆̒̒̏̑ 

 
 

ʞᴅʥʝ ʢᴇʧ ʤᴅʣʽʤʝʪʪʝʨ ʘrס ʥʳʤʝʥ) ʞᴅʥʝ ʢʦʥʚʝʡʝʨʣʽ (ʢᴇʧ ʢʦʤʘʥʜʘʣʘʨ ʘrס ʥ-r 

ʤʝʥ ʞᴅʥʝ ʙʽʨ ʤᴅʣʽʤʝʪʪʝʨ ʘrס ʥʳʤʝʥ) ʙʦʣʳʧ ʙᴇʣʽʥʝʜʽ (2.3-ʩʫʨʝʪ). 

ʄʘʪʨʠʮʘʣʳϨ ʕɽʄ ᴅʨʪװʨʣʽ ʤᴅʣʽʤʝʪʪʝʨ ʘrס ʥʜʘʨʳʥʘ ʙʽʨʜʝʡ ʢʦʤʘʥʜʘ- 
ʣʘʨʜʳ ʦʨʳʥʜʘʡʪʳʥ, ʙʽʨʥʝʰʝ ץʘʨʘʧʘʡʳʤ ʙʽʨʜʝʡ ʧʨʦʮʝʩʩʦʨʣʘʨʜʘʥ ʪײʨʘʜʳ. 

ʂװʨʜʝʣʽ ײץʨʳʣʳʤʜʘʨʜʘ ʤʘʪʨʠʮʘʜʘrס  ᴅʨʙʽʨ ʧʨʦʮʝʩʩʦʨ ᴇʟʽʥʽש ʚʝʨʪʠʢʘʣʴ, 

ʛʦʨʠʟʦʥʪʘʣʴ ʞᴅʥʝ ʜʠʘʛʦʥʘʣʴ ʙʦʡʳʥʰʘ ʽʨʛʝʣʝʩ çʢᴇʨʰʽʣʝʨʽʤʝʥè ʘץʧʘʨʘʪʪʳץ 

ʙʘʡʣʘʥʳʩץʘ ʠʝ. 

ᴆשʜʝʫʛʝ ʢʝʣʽʧ ʪװʩʝʪʽʥ ʤᴅʣʽʤʝʪʪʝʨ ʢᴇʣʝʤʽ ʞʠʽ ʤʘʪʨʠʮʘ ᴇʣʰʝʤʜʽʣʽʛʽʥʝ 

ʩᴅʡʢʝʩ ʢʝʣʝʜʽ, ʩʦʣ ʩʝʙʝʧʪʽ ᴅʨ ʧʨʦʮʝʩʩʦʨ ᴇʟʽʥʽש ʞʘʜʳʥʜʘ ʦʩʳ ʤᴅʣʽʤʝʪʪʝʨʜʽש 

ʙʽʨ ʙᴇʣʽʛʽʥʝ ʠʝ, ʤʳʩʘʣʳ ᴇשʜʝʣʝʪʽʥ ʘץʧʘʨʘʪʪʳ1 ש ʙʘʡʪʳ. פʘʪʪʳ ʙʘʡʣʘʥʳʩץʘʥ 

ʤʘʪʨʠʮʘʣʘʨʜʘ ʢʝʟ-ʢʝʣʛʝʥ ʧʨʦʮʝʩʩʦʨ ᴇʟ ʞʘʜʳʥʜʘ ʩʘץʪʘʣʘʪʳʥ ʘץʧʘʨʘʪʪʳ 

ᴇשʜʝʡʜʽ, ʩʦʥʜʘʡ-ʘץ ʚʝʨʪʠʢʘʣʴ, ʛʦʨʠʟʦʥʪʘʣʴ ʞᴅʥʝ ʜʠʘʛʦʥʘʣʴ ʙʦʡʳʥʰʘ 
ʘץʧʘʨʘʪʪʳץ ʙʘʡʣʘʥʳʩʪʘʨʜʘʥ ʽʨʛʝʣʝʩ ʧʨʦʮʝʩʩʦʨʣʘʨʜʘʥ ʢʝʣʽʧ ʪװʩʝʪʽʥ 

ʤᴅʣʽʤʝʪʪʝʨʜʽ. 

ʂʦʥʚʝʡʝʨʣʽ ʕɽʄ ʙʽʨ ʧʨʦʮʝʩʩʦʨ ʰʳrס ʩʳʥʜʘrס  ʘץʧʘʨʘʪʳ ʙʘʩץʘʩʳʥʳש 
ʢʽʨʽʩʽ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ ʢʦʥʚʝʡʝʨʛʝ ʪʽʟʙʝʢʪʝʡ ʞʘʣסʘʥסʘʥ ʙʽʨʪʠʧʪʽ 

ʧʨʦʮʝʩʩʦʨʣʘʨʜʘʥ ʪײʨʘʜʳ. 

ɹײʣ ײץʨʳʣʳʤʜʘrס  ᴅʨ ʧʨʦʮʝʩʩʦʨ ʢʦʥʚʝʡʝʨ ʘʨrץ ʣʳ ᴇʪʝʪʽʥ ʤᴅʣʽʤʝʪʪʝʨʜʽש 

ʪʽʟʙʝʢʪʽʣʽʛʽʥʝ ʙʽʨ ʢʦʤʘʥʜʘʥʳ ʢᴇʧ ʨʝʪ ʦʨʳʥʜʘʡʜʳ. ɽʛʝʨ ᴅʨʪװʨʣʽ N ʙʣʦʢʪʘʨʜʳ 

ᴇשʜʝʫ hװ ʽʥ ʢʦʤʘʥʜʘʣʘʨʜʳש ʙʽʨ ʪʽʟʙʝʢʪʽʣʽʛʽ ʩʘץʪʘʣʩʘ, ʦʥʜʘ ʢʦʤʘʥʜʘʣʘʨ 

ʪʽʟʙʝʛʽʥʝ ʪʝײ שʟʳʥʜʳץʪʳ, ʷסʥʠ N ʧʨʦʮʝʩʩʦʨʣʘʨʜʘʥ ʪײʨʘʪʳʥ ʢʦʥʚʝʡʝʨʣʽ ʞװʡʝ 

 .ʤʢʽʥװʨʘʩʪʳʨʳʣʫʳ ʤײץ



48 
 

ɽʩʝʧʪʝʫʰʽ ʧʨʦʮʝʩʩʪʽש ʧʘʨʘʣʝʣʣʴʜʽ ײʡʳʤʜʘʩʪʳʨʫʰʳ ʘʨʭʠʪʝʢʪʫʨʘʩʳ ᴇʪʝ 
ʞʦסʘʨʳ ᴇʥʽʤʜʽʣʽʢ ʧʝʥ ʩʝʥʽʤʜʽʣʽʢʪʽ ץʘʤʪʘʤʘʩʳʟʜʘʥʜʳʨʘʜʳ, ʦʥʳ ײץʨʫʜʘrס  

סʜʘʨʣʘʤʘʣʘʫʜʘrסʪʘʨʤʝʥ ʙʘץʠʳʥʜʳץ װʪʘʨ hץʠʳʥʜʳץ  ʽʥ ᴅʜʝʪʪʝ 

ʤʘʤʘʥʜʘʥʜʳʨʳʣסʘʥ ʞʝʢʝʰʝʣʝʥʛʝʥ ᴇʥʜʽʨʽʩʪʽʢ ʕɽʄ ץʦʣʜʘʥʳʣʘʜʳ. 

ʂʦʤʧʴʶʪʝʨʣʝʨʜʽש ʘʣסʘ rhץ  ʙʫʳʥʳʥʳʥ ײץʨʫʜʘrס  ʅʝʡʤʘʥʤʝʥ ʩʫʨʝʪ- 
ʪʝʣʛʝʥ, ʫʥʠʚʝʨʩʘʣʜʳ ʕɽʄ ʪʽʟʙʝʢʪʽ ʽʩ-ᴅʨʝʢʝʪʽ ʤʝʥ ʞʘʣʧʳ ץʦʣʜʘʥʳʩʳʥʳש 

ʥʝʛʽʟʽ ʘʨʭʠʪʝʢʪʫʨʘ ʙʦʣʳʧ ʪʘʙʳʣʜʳ. 

ʊʽʟʙʝʢʪʽ ᴅʨʝʢʝʪʪʽ ʕɽʄ. ʆʣʘʨ ʝʨʝʞʝ ʙʦʡʳʥʰʘ ʤʝʢʝʥ-ʞʘʡʣʘʨʤʝʥ ʩᴅʡʢʝʩ 

ʪʽʟʙʝʢʪʽ ʆɽʉפ-ʜʘrס  ʢʦʤʘʥʜʘʣʘʨʜʳ ʪʘשʜʘʡʪʳʥ ʙʽʨ ʦʨʪʘʣʳץʪʳ ʧʨʦʮʝʩʩʦʨʜʘʥ 

(ʆʇ) ʪײʨʘʜʳ, ʦʣʘʨʜʳש ᴅʨץʘʡʩʳʩʳʥ ʢʦʜʩʳʟʜʘʥʜʳʨʘʜʳ, ᴇʟ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʝ 

ʘץʧʘʨʘʪʪʘʨʜʳ ʩʘʥʘʧ, ʦʣʘʨʜʳװ שʩʪʽʥʝʥ ʤʠʢʨʦʦʧʝʨʘʮʠʷʣʘʨ ʦʨʳʥʜʘʡʜʳ 

(ʢʦʤʘʥʜʘʜʘrס  ʞʘʟʳʣʫʳʥʘ ʩᴅʡʢʝʩ) ʞᴅʥʝ ʢᴇʨʩʝʪʽʣʛʝʥ ʞʘʜʳ ̫ײ ʰrץʪʘʨʳʥʜʘ 
ʥᴅʪʠʞʝʣʝʨʜʽ ʝʩʪʝ ʩʘץʪʘʡʜʳ. 

ᴄʨ ʪװʨʣʽ ʫʘrץ ʪʪʘ ץʦʣʞʝʪʽʤʜʽʣʽʢ ʞװʨʛʽʟʽʣʝʪʽʥ ʙᴇʣʝʢ ʬʫʥʢʮʠʦʥʘʣʜʳ 

ʪװʡʽʥʜʝʨ ʤʝʥ ʕɽʄ ײץʨʳʣrס ʩʳʥʳש ʆʇ-ʤʝʥ ʙʘʡʣʘʥʳʩʳ ʦʨʪʘץ ʰʠʥʘʤʝʥ (ʦʥʳ 

ʪʘrס  ʜʘ ʞװʡʝʣʽ ʤʘʛʠʩʪʨʘʣʴ ʜʝʧ ʘʪʘʡʜʳ) ʞװʨʛʽʟʽʣʝʜʽ. ɾװʡʝʣʽ ʤʘʛʠʩʪʨʘʣʴ ʙʽʨ 

ʰʠʥʘʜʘrס  ʙʘʡʣʘʥʳʩ ʞʝʣʽʣʝʨʽʥ ʪʦʧʪʘʩʫʳʥ: ʢʦʤʘʥʜʘʣʘʨ ʤʝʥ ʘץʧʘʨʘʪʪʘʨʜʳ 

ʘʣʤʘʩʫ, ʩʠʛʥʘʣʜʘʨʜʳ ʙʘrץ ʣʘʫ ʤʝʥ ʙʘʩץʘʨʫ, ʘץʧʘʨʘʪʪʘʨʜʳ ʪʘʨʘʪʫʜʳ 

ʢᴇʨʩʝʪʝʜʽ. 

ɸϨʧʘʨʘʪʪʘʨ ʰʠʥʘʩʳ - ʙײʣ ʙʘʡʣʘʥʳʩ ʞʝʣʽʣʝʨʽ ʞʳʣʜʘʤʜʳץ ʧʝʥ ʕɽʄ-ʥ̔ש 
ʙʘʨʣʳײץ ץʨʳʣrס ʣʘʨʳ ʘʨʘʩʳʥʜʘrס  ʞʳʣʜʘʤʜʳץʧʝʥ ʘץʧʘʨʘʪʪʳ ʘʣʤʘʩʫʜʳש 

ʪʠʽʤʜʽʣʽʛʽʥ ʘʥʳץʪʘʡʪʳʥ ʥʝʛʽʟʛʽ ʰʠʥʘ. ᴄʜʝʪʪʝ ʘץʧʘʨʘʪʪʘʨʜʳש ʰʠʥʘʩʳ 32 

ʥʝʤʝʩʝ 64 ʨʘʟʨʷʜץʘ ʪʝש. ɸץʧʘʨʘʪʪʘʨʜʳש ʰʠʥʘʩʳʥʳש ʨʘʟʨʷʜʳ ʤʘʛʠʩʪʨʘʣʴ- 

ʜrש ʨʘʟʨʷʜʪʳʣʳrס ʥ ʜʘ ʘʥʳץʪʘʡʜʳ. ʄʳʩʘʣʳ, ʪʝʭʥʠʢʘʣʳץ ʩʫʨʝʪʪʝʣʫʜʝ 64- 

ʨʘʟʨʷʜʪʳ ʞװʡʝʣʽ ʤʘʛʠʩʪʨʘʣʴ ʢᴇʨʩʝʪʽʣʩʝ, ʦʣ 64-ʨʘʟʨʷʜʪʳ ʘץʧʘʨʘʪ ʞʘʜʳʩʳ 

ʙʘʨ ʝʢʝʥʽʥ ʙʽʣʜʽʨʝʜʽ. 

ʂʦʤʘʥʜʘ ʤʝʥ ʘץʧʘʨʘʪʪʘʨʜʳ ʝʢʽ ʙʘrס ʪʪʘ ʞʽʙʝʨʫʜʽ ʢᴇʟʜʝʡʪʽʥ ʘץʧʘʨʘʪʪʘʨ 

ʰʠʥʘʩʳ ᴅʨʜʘʡʳʤ ʝʢʽ ʙʘrס ʪʪʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʩʦʥʜʳץʪʘʥ ʦʥʳש ᴅʨ ʞʝʣʽʜʝʥ 

ʰ rץץʘʥʳ hװ  ʪװʨʣʽ ʢװʡʜʝ ʙʦʣʫʳ ʤװʤʢʽʥ: ʣʦʛʠʢʘʣʳץ ʥᴇʣʜ̔ש ʜʝשʛʝʡʽ, 
ʣʦʛʠʢʘʣrץ ʙʽʨʣʽʢ ʞᴅʥʝ ʞʝʣʽʥʽץ שʠʳʣʫʳ (װʣʢʝʥ ʢʝʜʝʨʛʽʜʝʥ). 

 ʘʞʝʪ ʢʝʟʜʝ ʤʝʢʝʥ-ʞʘʡ ʰʠʥʘʩʳץ ʧʘʨʘʪʧʝʥ ʘʣʤʘʩʫץʘʟʽʨʛʽ ʩᴅʪʪʝ ʘפ

סʨʳʣrײץ ʥrש ʤʝʢʝʥ-ʞʘʡʳʥ (ʥʦʤʝʨʽʥ) ʘʥʳץʪʘʫ ʤʝʥ ʞʝʪʢʽʟʫ hװ ʽʥ rץ ʟʤʝʪ 

ʝʪʝʜʽ. ʄʝʢʝʥ-ʞʘʡ ʰʠʥʘʩʳ ʤʘʢʩʠʤʘʣʜʳ ʤװʤʢʽʥ ʢᴇʣʝʤ ʤʝʥ ץʦʣʞʝʪʽʤʜʽ 

ʦʧʝʨʘʪʠʚʪʽ ʝʩʪʝ ʩʘץʪʘʫ, ʙʘסʜʘʨʣʘʤʘʣʘʨ ʤʝʥ ʘץʧʘʨʘʪʪʘʨʜʳש ʢᴇʣʝʤʽʥ 

ʝʩʢʝʨʪʝʜʽ. ʄʝʢʝʥ-ʞʘʡ ʰʠʥʘʩʳʤʝʥ ץʘʤʪʘʤʘʩʳʟʜʘʥʜʳʨʳʣʘʪʳʥ ʰʠʥʘʥʳש 

ʨʘʟʨʷʜʳ ᴅʜʝʪʪʝ ʪᴇʨʪʢʝ ʪʝש, ʘʣ ʤʝʢʝʥ-ʞʘʡʣʘʨʜʳש ʩʘʥʳ 2N, ʙײʣ ʞʝʨʜʝʛʽ N- 

ʦʣʘʨʜʳש ʨʘʟʨʷʜʳʥʳש ʩʘʥʳ. 

ʄʝʢʝʥ-ʞʘʡ ʰʠʥʘʩʳ ʙʽʨ ʙʘrס ʪʪʳ (ʤʘʛʠʩʪʨʘʣʴʜʽ ʪʝʢ ʧʨʦʮʝʩʩʦʨ ʙʘʩץʘʨסʘʥ 

ʢʝʟʜʝ) ʥʝʤʝʩʝ ʝʢʽ ʙʘrס ʪʪʳ (ʧʨʦʮʝʩʩʦʨ ʙʽʨ ʫʘrץ ʪʪʘ ʤʘʛʠʩʪʨʘʣʴʜʽ ʙʘʩץʘʨʫ ʤʝʥ 

ʙʘʩץʘ ʙʝʣʩʝʥʜʽ ײץʨʳʣrססʘ ʙʘʩץʘʨʫʜʳ ʪʘʨʘʪʘ ʘʣסʘʥ ʢʝʟʜʝ). 
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ɸץʧʘʨʘʪʪʘʨ ʤʝʥ ʤʝʢʝʥ-ʞʘʡʣʘʨ ʰʠʥʘʩʳʥʜʘ ʘץʧʘʨʪʪʳש ʢʦʜʳʥ ײʩʳʥʘʪʳʥ 
ʦש ʣʦʛʠʢʘ ʥʝʤʝʩʝ ʪʝʨʽʩ ʣʦʛʠʢʘ ץʦʣʜʘʥʳʣʫʳ ʤװʤʢʽʥ. ʆש ʣʦʛʠʢʘ ʢʝʟʽʥʜʝ 

ʩʠʛʥʘʣʜʳש ʢʝʨʥʝʫʽʥʽש ʞʦסʘʨrס  ʜʝשʛʝʡʽ ʣʦʛʠʢʘʣʳץ ʙʽʨʣʽʢʢʝ ʪʝש, ʪᴇʤʝʥʛʽ 

ʜʝשʛʝʡ ï ʣʦʛʠʢʘʣʳץ ʥᴇʣʛʝ, ʪʝʨʽʩ ʣʦʛʠʢʘʜʘ ï ʢʝʨʽʩʽʥʰʝ. 

ɸץʧʘʨʘʪʪʘʨ ʤʝʥ ʤʝʢʝʥ-ʞʘʡʣʘʨʜʳ ʞʽʙʝʨʫ hװ ʽʥ ʙʽʨ ʞʝʣʽʣʝʨ ᴅʨ ʪװʨʣʽ 
ʫʘrץ ʪʪʘ ץʦʣʜʘʥʳʣסʘʥ ʢʝʟʜʝ ʤʘʛʠʩʪʨʘʣʴʜʘrס  ʙʘʡʣʘʥʳʩ ʞʝʣʽʣʝʨʽʥ ʪᴇʤʝʥʜʝʪʫ 

hװ ʽʥ ʘץʧʘʨʘʪʪʘʨ ʤʝʥ ʤʝʢʝʥ-ʞʘʡʣʘʨʜʳש ʰʠʥʘʩʳʥ ʤʫʣʴʪʠʧʣʝʢʩʪʝʫ 

װʜʝʪʫ hשʦʣʜʘʥʳʣʘʜʳ. ᴆʥʜʽʨʽʩʪʽ ʙᴅʩʝץ ʽʥ ʢʝʡʙʽʨ ʤʫʣʴʪʠʧʣʢʩʪʝʣʛʝʥ 

ʤʘʛʠʩʪʨʘʣʴʜʘʨʜʘrס  ʙʽʨ ʤʝʢʝʥ-ʞʘʡʜʘʥ ʢʝʡʽʥ ʙʽʨʥʝʰʝ ʘץʧʘʨʘʪ ʢʦʜʪʘʨʳ 

(ʘץʧʘʨʪʪʘʨʜʳש ʢᴇʙʽʩʽ) ʞʽʙʝʨʽʣʫʽ ʤװʤʢʽʥ. 

ɹʘʩϨʘʨʫ ʰʠʥʘʩʳ ץʦʩʘʣrץ  ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ; ʦʣ ʧʨʦʮʝʩʩʦʨʜʳש ʞײʤʳʩʳʥ 
ʩʠʥʭʨʦʥʜʘʫʳʥʘ (ʪʘʢʪʽʣʝʫʽʥʝ) ʞᴅʥʝ ʙʘʩץʘ ʙʝʣʩʝʥʜʽ ײץʨʳʣrס ʣʘʨʜʳש ʞʘʜʳʤʝʥ 

ʞᴅʥʝ ײץʨʳʣrס ʥʳ ʝʥʛʽʟʫ-ʰ rסʘʨʫ ᴅʨʝʢʝʪʪʝʩʪʽʛʽʥʝ ʘʨʥʘʣסʘʥ. ʆʣ ʘץʧʘʨʘʪʪʳ 

ʘʣʤʘʩʫ ʜʠʘʛʨʘʤʤʘʩʳʤʝʥ ᴅʨץʘʡʩʳʩʳ ʩᴅʡʢʝʩʽʥʰʝ ᴇʟ ʘʥʳץʪʘʣסʘʥ rץ ʟʤʝʪʽʥ 

ʘʪץʘʨʘʪʳʥ ʙᴇʣʝʢ ʙʘʩץʘʨʳʣʘʪʳʥ ʩʠʛʥʘʣʜʘʨʜʘʥ ʪײʨʘʜʳ. ʆʥʳש ʩʠʛʥʘʣʜʘʨʳ 
ʘrס ʤʜʘrס  ʘץʧʘʨʘʪʪʳש ʪװʨʽʥ (ʞʘʟʫ/ʩʘʥʘʫ) ʘʥʳץʪʘʡʜʳ; ʘץʧʘʨʘʪʪʘʨʤʝʥ ʤʝʢʝʥ- 

ʞʘʡʣʘʨʜʳש ʞʘʜʳʥʳש ʘʥrץʪʘʣסʘʥ ʢʦʜʪʘʨʳʥʳש ʦʨʥʘʪʫʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ 

ʫʘrץ ʪʪrש ʤʦʤʝʥʪʪʝʨʽʥ ʙʝʣʛʽʣʝʡʜʽ; ʆɽʉפ-ʤʝʥ ʪʽʢʝʣʝʡ ץʦʣʞʝʪʽʤʜʽʣʽʢʪʽ ʞᴅʥʝ 

ʪ.ʙ. ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

ɼʕɽʄ-ʜʝ ʞװʡʝʣʽ ʤʘʛʠʩʪʨʘʣʴ ʙʦʡʳʥʰʘ ʘʣʤʘʩʫʜʳש hװ  ʥʝʛʽʟʛʽ ʨʝʞʠʤʜʝʨʽ 

 :ʦʣʜʘʥʳʣʘʜʳץ

Á ʘץʧʘʨʘʪʧʝʥ ʙʘסʜʘʨʣʘʤʘʣʳ ʘʣʤʘʩʫ; 

Á װʟʽʣʽʩʪʝʨ ʙʦʡʳʥʰʘ ʘʣʤʘʩʫ; 

Á ʞʘʜrסʘ ʪʽʢʝʣʝʡ ץʦʣʞʝʪʽʤʜʽʣʽʢ (ɾʊפ). 
ɸϨʧʘʨʘʪʧʝʥ ʙʘϤʜʘʨʣʘʤʘʣʳ ʘʣʤʘʩʫ ʥʝʛʽʟʛʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ 

ʨʝʞʠʤʜʝ ʘʣʤʘʩʫ ʦʧʝʨʘʮʠʷʩʳ ʘʪץʘʨʳʣʫ ʙʘסʜʘʨʣʘʤʘʩʳ ʙʦʡʳʥʰʘ ץʘʪʘʣ 
ʪᴅʨʪʽʧʪʝ ʪʝʢ ʧʨʦʮʝʩʩʦʨʤʝʥ ʙʘʩʪʘʤʘʰʳʣʳץ ʝʪʝʜʽ. 

ϭʟʽʣʽʩʪʝʨ ʙʦʡʳʥʰʘ ʘʣʤʘʩʫ ʘץʧʘʨʘʪʪʘʨʜʳ ʝʥʛʽʟʫ ʤʝʥ ᴇh ʽʨʫ ʢʝʟʽʥʜʝʛʽ 

 ʜʘʨʣʘʤʘʜʘʥסʘʟʽʨʛʽ ʙʘץ ʤʳʩʳʥײʞ שʘʞʝʪʪʽʣʽʛʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʧʨʦʮʝʩʩʦʨʜʳץ
ʩʳʨʪrץ  ʞʘסʜʘʡʣʘʨʜʳ ᴇשʜʝʫʛʝ ʘʫʳʩʪʳʨʫ ʢʝʟʽʥʜʝ ץʦʣʜʘʥʳʣʘʜʳ. 

ɾʘʜϤrʘ ʪʽʢʝʣʝʡ Ϩʦʣʞʝʪʽʤʜʽʣʽʢ ï ʙײʣ ʧʨʦʮʝʩʩʦʨʜʳץ שʘʪʳʩʫʳʥʩʳʟ 

ʙʝʣʩʝʥʜʽ ײץʨʳʣrס ʥrש rrץ ʣʘʩʳʥʘʥ ʪʫʳʥʜʘʡʪʳʥ ʆɽʉפ-ʤʝʥ ʘʣʤʘʩʫʜʳש 

ʨʝʞʠʤʽ. 

ɹʽʨʪʝʢʪʽ ʞᴅʥʝ ʜʘʨʘ ײץʨʳʣrס ʣrץ ʙʽʨʽʢʪʽʨʫ ʞװʡʝʩʽ ʢʦʤʧʴʶʪʝʨʜʽש ʘʨʭʠʪʝʢ- 
ʪʫʨʘʩʳʥ ʞʝ̔ש ʣʜʝʪʪʽ, ʦʥʳ ʬʫʥʢʮʠʦʥʘʣʜʳ ʙᴇʣʽʢʪʝʨʽʥʽש ᴇʩʫʽʥʝ ʫʥʠʚʝʨʩʘʣʜʳ 

ʞᴅʥʝ ʘʰʳץ rץ ʣʜʳ (2.4 ʩʫʨʝʪ). 

ɾʳʣʜʘʤ ᴅʨʝʢʝʪ ʝʪʝʪʽʥ ʆɽʉפ-ʤʝʥ ʪײʨʘץʪʳ ʝʩʪʝ ʩʘץʪʘʡʪʳʥ ײץʨʳʣrס ʜʘʥ 

ʪײʨʘʪʳʥ ʕɽʄ-ʥ̔ש ʥʝʛʽʟʽʥ ʦʨʪʘʣʳץ ʧʨʦʮʝʩʩʦʨ ʞᴅʥʝ ʞװʡʝʣʽ ʞʘʜʳ ײץʨʘʡʜʳ. 
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2.4 -̒̔̑̆̓Ȣ ˛̑̓́ ̙ ̜̉̎́̌ ˪ ˒˙ ̜̜̜̑̌̍̅ ̒ ̜̌̂́̒ȡ 
ɂ ̨̍̌̍̆̓̓̆̑ ̙̜̉̎́̒Ƞ ɂ ̍̆̋̆̎-̇́ ̙̜̊̉̎́̒Ƞ ɂ ̂ ́̒- 

́̑̔ ̇̎̆ ̜̂́̌́̔ ̙ ̜̉̎́̒Ƞ 
˛˒  ˞ɂ ̨̏̐̆̑́̓̉̃̓ ̆̒̓̆ ̙̜̒́̓́̔ ̜̑ ̜̌ Ƞ ˟˒˞ ɂ ̓̑́̓ ̜ ̆̒̓̆ 
̒́̓ ̙̜́̔ ̜̜̑̌ Ƞ ˓˟ ɂ ˛˒ -˞̎́ ̨̓̋̆̌̆̊ ̨̨̨̏̌̇̆̓̍̅̌̋ 
̜̜̑̌ ̜̒Ƞ ˗ ɂ ̆ ̨̎̄̈̔-̙̜́̑̔ ̍̆̎ ̜̙̜̇̉̎́̓́̔̓́̑̅ ̋ ̨̏̎̓̑̏̌̌̆̑ 

 
 

ɾʳʣʜʘʤ ᴅʨʝʢʝʪ ʝʪʝʪʽʥ ʆɽʉפ-ʤʝʥ ʪײʨʘץʪʳ ʝʩʪʝ ʩʘץʪʘʡʪʳʥ ײץʨʳʣrס ʜʘʥ 

ʪײʨʘʪʳʥ ʕɽʄ-ʥ̔ש ʥʝʛʽʟʽʥ ʦʨʪʘʣʳץ ʧʨʦʮʝʩʩʦʨ ʞᴅʥʝ ʞװʡʝʣʽ ʞʘʜʳ ײץʨʘʡʜʳ. 

ɿʘʤʘʥʘʫʠ ʧʨʦʮʝʩʩʦʨʣʘʨסʘ ï ɸʃפ ʤʝʥ ɹפ ʝʩʝʧʪʝʫʽʰ ʤʘʰʠʥʘʣʘʨʜʳש 
ʙʽʨʽʥʰʽ ʙʫʳʥʳʥ ᴇʟʽʥʝ ʙʽʨʽʢʪʽʨʝʪʽʥ ʤʠʢʨʦʙʘסʜʘʨʣʘʤʘʣʳ ʙʘʩץʘʨʫ ɸתʀʉ-ʜʳ 

ʞʘʪrץ ʟʘʤʳʟ. 

ʇʨʦʮʝʩʩʦʨʣʘʨʜʳש ʥʝʛʽʟʛʽ ʤʽʥʜʝʪʪʝʨʽ: 

Á ʆɽʉפ-ʜʘʥ ʢʦʤʘʥʜʘʣʘʨʜʳ ʩײʨʳʧʪʘʫ; 
Á ʢʦʤʘʥʜʘʣʘʨʜʳ ץʘʡʪʘ ʢʦʜʪʘʫ; 

Á ʢʦʤʘʥʜʘʣʘʨʜʘ ʢʦʜʪʘʣסʘʥ ʦʧʝʨʘʮʠʷʣʘʨʜʳ ʦʨʳʥʜʘʫ; 

Á ʆɽʉפ-ʤʝʥ ᴇʟ ʨʝʛʠʩʪʨʣʘʨʳ ʘʨʘʩʳʥʜʘ ʘץʧʘʨʘʪʪʘʨʜʳ ʘʣʤʘʩʫʜʳ ʙʘʩץʘʨʫ; 

Á װʟʽʣʽʩʪʝʨʜʽ ᴇשʜʝʫ. 
ʇʨʦʮʝʩʩʦʨʣʘʨʜʳש ʥʝʛʽʟʛʽ ʩʠʧʘʪʪʘʤʘʣʘʨʳ: 

Á ʨʘʟʨʷʜʪʳʣʳϨ ð ʧʨʦʮʝʩʩʦʨʤʝʥ ʙʽʨ ʫʘrץ ʪʪʘ ᴇשʜʝʣʽʧ ʥʝʤʝʩʝ ʞʽʙʝʨʽʣʝʪʽʥ 
ʝʢʽ ʨʘʟʨʷʜʪʳʣʘʨʜʳש ʩʘʥʳ; 

Á ʪʝʟϸʨʝʢʝʪʪʽʣʽʢ ð ʧʨʦʮʝʩʦʨ ʙʽʨ ʩʝʢʫʥʜʪʘ ʦʨʳʥʜʘʡʪʳʥ ץʘʨʘʧʘʡʳʤ ʽʩ- 
ᴅʨʝʢʝʪʪʝʨʜʽש ʩʘʥʳ (ʦʧʝʨʘʮʠʷʣʘʨʜʳש). 

ʂʦʤʧʴʶʪʝʨʜʽש ʘʧʧʘʨʘʪʪʳ ʙᴇʣʽʛʽʥʽש ʞײʤʳʩʳʥ װʡʣʝʩʪʽʨʝʪʽʥ ʩʠʥʭʨʦʥʠ- 

ʟʘʮʠʷʣʘʪʳʥ ʞᴅʥʝ ʙʘʩץʘʨʘʪʳʥ ʩʠʛʥʘʣʜʘʨʜʳש ʨʝʪʽʥ ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʢʪʽ 

 -ʡʽʥʜʝʨ ʙʦʣʘʜʳ. ʊʘʢʪ ʢʝʡʙʽʨ ʢʦʤʘʥװʘʣʳʧʪʘʩʪʳʨʘʪʳʥ ᴅʨ ʕɽʄ-ʜʘ ʘʨʥʘʡʳ ʪץ

ʜʘʣʘʨʜʳ ʦʨʳʥʜʘʡʪʳʥ ʮʠʢʣʜʳש ʙʽʨ ʙᴇʣʽʛʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʂʝʟ-ʢʝʣʛʝʥ 

ʧʨʦʮʝʩʩʦʨʜrש ʦʧʝʨʘʮʠʷʩʳʥʳש ʦʨʳʥʜʘʣʫ ʫʘrץ ʪʳ ʞʝʢʝʣʝʛʝʥ ʪʘʢʪʳ ʩʘʥʳʤʝʥ 

ʙʘʡʣʘʥʳʩʪʳ, ʩʦʥʜʳץʪʘʥ ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʢʪʝʥ ʕɽʄ-ʥ̔ש ʞʳʣʜʘʤ ᴅʨʝʢʝʪʪʽʣʽʛʽ 

ʪᴅʫʝʣʜʽ ʙʦʣʘʜʳ (ʢᴇʙʽʨʝʢ ʞʠʽʣʽʢ ï ʢᴇʙʽʨʝʢ ʞʳʣʜʘʤ ᴅʨʝʢʝʪʪʽʣʽʢ). 

ʆʧʝʨʘʪʠʚʪʽ ʝʩʪʝ ʩʘץʪʘʫ ײץʨʳʣrס ʩʳ ʢʦʤʧʴʶʪʝʨ ʞʘʜʳʥʳש ʞʘʣrס ʟ ʞᴅʥʝ 

ʥʝʛʽʟʛʽ ʝʩʪʝ ʩʘץʪʘʫ ײץʨʳʣrס ʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʦʣ ʉʊ-ʧʝʥ ʙʘסʜʘʨʣʘʤʘ- 

ʣʘʨʜʳ ʦʨʳʥʜʘʫ ʧʨʦʮʝʩʩʽʥʽש ʙʽʨʛʝ ʦʨʳʥʜʘʣʫʳʥ ʽʩʢʝ ʘʩʳʨʘʜʳ. 
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ʆɽʉפ ᴇʟʽʥʽש ʽʰʽʥʜʝʛʽʩʽʥ ʫʘrץ ʪʰʘ ʩʘץʪʘʫ ʤʝʥ ʦʧʝʨʘʪʠʚʪʽ ᴇʟʛʝʨʪʫʛʝ ʘʨʥʘʣ- 
 .ʘʥס

ʊɽʉפ ʞʘʟʫ ʤʝʥ ʢʦʥʬʠʛʫʨʘʮʠʷʣʘʨʜʳ װʥʝʤʽ ʩʘץʪʘʫסʘ, ᴅʨ-ʪװʨʣʽ ʠʢʝʤ- 
ʜʝʫʣʝʨʛʝ, ʪʝʩʪʪʽ ʙʘסʜʘʨʣʘʤʘʣʘʨסʘ ʞᴅʥʝ ʕɽʄ-ʥ̔ש ʙʘʩʪʘʧrץ  ʞװʢʪʝʫ ʙʘסʜʘʨ- 

ʣʘʤʘʩʳʥʘ ʘʨʥʘʣסʘʥ. 

ɼʠʩʧʣʝʡʜʽ, ʧʝʨʥʝʪʘץʪʘʥʳ, ʩʳʨʪrץ  ʝʩʪʝ ʩʘץʪʘʫ ײץʨʳʣrס ʣʘʨʳʥ ʞᴅʥʝ 
ʰʝʪʢʝʨʽ ʠʥʪʝʛʨʘʣʜʳץ ʩײʣʙʘ ײץʨʳʣrס ʣʘʨʳʥ ʙʽʨʽʢʪʽʨʫ ʪʠʽʩʪʽ ʙʘסʜʘʨʣʘ- 

ʤʘʣʘʥסʘʥ ʢʦʥʪʨʦʣʣʝʨʣʘʨ (ʘʜʘʧʪʝʨʣʝʨ) ʘʨrץ ʣʳ ʞװʟʝʛʝ ʘʩʘʜʳ. ʂʦʥʪʨʦʣ- 

ʣʝʨʣʝʨ ʘʣʤʘʩʫ ʧʨʦʪʦʢʦʣʜʘʨʳʥʳש ʢʝʣʽʩʽʣʫʽʥʝ ʞᴅʥʝ ʞײʤʳʩ ʞʳʣʜʘʤʜʳrס ʥrש 

ʢʘʥʘʣʜʘʨ ʙʦʡʳʥʰʘ ʝʥʛʽʟʫ-ʰ rסʘʨʫʳʥ, ʙʽʨʽʢʪʽʨʛʽʰ ײץʨʳʣrס ʣʘʨʳʥʳש ʞײʤ -r 

ʩʳʥ ʞװʟʝʛʝ ʘʩʳʨʘʜʳ. 

ɾʊײץ פʨʳʣrס ʩʳ ʆɽʉפ-ʤʝʥ ʢʦʥʪʨʦʣʣʝʨʣʝʨʜʽש ʧʨʦʮʝʩʩʦʨʜʳ ʞװʢʪʝʫʩʽʟ 

ʘץʧʘʨʘʪʪʘʨʜʳ ʘʣʤʘʩʳʧ ʪʽʢʝʣʝʡ ʘץʧʘʨʘʪʪʘʨʤʝʥ ʘʣʤʘʩʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

ɹײʥʜʘʡ ʞʘסʜʘʡʜʘ ʕɽʄ-ʜʝ ʙʘʩץʘʨʫʜʳ ʦʨʪʘʣʳץʩʳʟʜʘʥʜʳʨʫ ʞװʨʝʜʽ, ʙʘʩʪʳ 

ʙʘʩץʘʨʫʜʳ ʉʊ ʞװʟʝʛʝ ʘʩʳʨʘʜʳ, ʦʣ ᴇʟʜʝʨʽʥʽש ʣʦʢʘʣʴʜʳ ʪʘʧʩʳʨʤʘʩʳʥ 
ʦʨʳʥʜʘʫ ʧʨʦʮʝʩʩʽʥ ʘʚʪʦʥʦʤʜʳ ʪװʨʜʝ ᴇʟʽʥʜʽʢ ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥ ʙʘʩץʘʨʫʳʥ 

ʞװʨʛʽʟʽʧ ʢʦʥʪʨʦʣʣʝʨʣʘʨʜʳש ʞײʤʳʩ ʥᴅʪʠʞʝʩʽʥ ʙʘrץ ʣʘʧ ʙʘʩʪʘʤʘʰʳʣʳץ 

ʝʪʝʜʽ. 

ʕɽʄ-ʛʝ ʞᴅʥʝ ʦʥʳש ʞʘʜʳʥʘ ʪᴅʥ ʽʩ ʞװʟʽʥʜʝ ʙʽʟ ײץʨʘʩʪʳʨʫ ʤʝʥ ʙʘʩץʘʨʫ- 

ʜrש ʠʝʨʘʨʭʠʷʣʳץ ʧʨʠʥʮʠʧʽʥ ץʦʣʜʘʥʘʤʳʟ. ʐʳʥʳʤʝʥʜʝ, ʦʨʳʥʜʘʫʳ ʽʩ- 

ʞװʟʽʥʜʝ ʤװʤʢʽʥ ʝʤʝʩ ʙʽʨ ʜʝשʛʝʡʣʽ ʞʘʜʳ ײץʨʳʣʫʳ ʙʽʨʽʥ-ʙʨ̔ʽ ʞʦץץʘ ʰʳסʘ- 

ʨʘʪʳʥ ʤʽʥʜʝʪʪʝʨʜʽ ʦʨʳʥʜʘʫʜʳ ʨץײʩʘʪ ʝʪʧʝʡʜʽ, ʷסʥʠ װʣʢʝʥ ʘץʧʘʨʘʪʪʳ 

ʩʳʡʳʤʜʳʣʳץʧʝʥ ʞʦסʘʨrס  ʞʳʣʜʘʤ ᴅʨʝʢʝʪʪʽ ʪʠʽʤʜʽ ʤʘʩʩʦʛʘʙʘʨʠʪʪʽ ʧʘʨʘ- 

ʤʝʪʨʣʝʨʽʤʝʥ. ʉʦʥʜʳץʪʘʥ ʟʘʤʘʥʘʫʳ ʕɽʄ-ʥ̔ש ʞʘʜʳʣʘʨʳ ʢᴇʧ ʜʝשʛʝʡʣʽ 

ʞװʡʝʜʝ ײץʨʳʣʘʜʳ: ʞʦסʘʨʳ ʦʧʝʨʘʪʠʚʪʽ ʞʘʜʳ, ʢʵʰ-ʞʘʜr, ʦʧʝʨʘʪʠʚʪʽ ʞᴅʥʝ 

ʪײʨʘץʪʳ (ʢᴇʧ ʫʘrץ ʪʪʳ) ʞʘʜʳ. 

ɾʦϤʘʨʳ ʦʧʝʨʘʪʠʚʪʽ ʝʩʪʝ ʩʘϨʪʘʫ ϨϰʨʳʣϤr ʩʳ ɸʃפ ʤʝʥ ɹפ ʧʨʦʮʝʩ- 

ʩʦʨʣʘʨʳʥʳש ʞײʤʳʩʳʥʜʘ ץʦʣʜʘʥʳʣʘʪʳʥ, ʘץʧʘʨʘʪʪʘʨʤʝʥ ʤʠʢʨʦʢʦʤʘʥʜʘʣʘʨ 

ʩʘץʪʘʣʘʪʳʥ ʉʊ-ʪʝʛʽ ʘʩʘ ʞʦסʘʨʳ ʫʘrץ ʪʪʘrס  (ʥʘʥʦʩʝʢʫʥʜ ʙʽʨʣʽʢʪʝʨʽ) ץʦʣʞʝ- 
ʪʽʤʜʽʣʽʢʪʽ ʙʽʨʥʝʰʝ ʨʝʛʠʩʪʨʣʝʨʤʝʥ ײʩʳʥʳʣʘʜʳ. 

ʂʝʣʝʩʽ ʜʝשʛʝʡʜʽ ʢʵʰ-ʞʘʜʳ ײץʨʘʡʜʳ ï ʦʣ ʆɽʉפ-ʜʘrס  ʘץʧʘʨʪʪʘʨʤʝʥ 

ʢʦʤʘʥʜʘʣʘʨʜʳ ʪʘשʜʘʫʜʳ ʪʝʟʜʝʪʫʛʝ ʙʘrס ʪʪʘʣסʘʥ ʙʫʬʝʨʣʽʢ ʝʩʪʝ ʩʘץʪʘʫ 

סʨʳʣrײץ ʩʳ. ʂʵʰ-ʞʘʜʳ ʦʨʳʥʜʘʣʳʧ ʞʘʪץʘʥ ʙʘסʜʘʨʣʘʤʘʥʳש ʧʨʦʮʝʩʩʦʨʳʥʘ 

 ʤʳʩײʢʪʝʣʫʽʥʝ ʞװʞ ץʦʟr שʧʘʨʘʪʪʘʨʜʳץʘʞʝʪ ʙʦʣʘʪʳʥ ʢʦʤʘʥʜʘʣʘʨʤʝʥ ʘץ

ʞʘʩʘʡʜʳ. 

ᴆʟ ʢʝʟʝʛʽʥʜʝ ʢʝʰ-ʞʘʜʳ ʙʽʨʥʝʰʝ ʜʝשʛʝʡʛʝ ʠʝ: ʝש ʪʝʟ ᴅʨʝʢʝʪʪʽʣʽʢ ʞʘʜʳʩʳ 

ʧʨʦʮʝʩʩʦʨסʘ ʉʊ ʧʝʥ ʆɽʉפ ʨʝʛʠʩʪʨʣʘʨʳʥʳש ʘʨʘʩʳʥʘ ʙʫʬʝʨ ʝʩʝʙʽʥʜʝ 

ʦʨʥʘʣʘʩʪʳʨʳʣʘʜʳ, ʦʣ ʧʨʦʮʝʩʩʦʨ ʩʠʷץʪʳ ʙʽʨ ʞʳʣʜʘʤʜʳץʪʘ rץ ʟʤʝʪ ʢᴇʨʩʝʪʝ 

ʘʣʘʜʳ (װʥʜʝʫ ʫʘrץ ʪʳ ʦʥʜrץ ʥʘʥʦʩʝʢʫʥʜʪʳ ײץʨʘʡʜʳ), ʘʣ ʘʟʳʨʘץ ʪʝʟ 

ᴅʨʝʢʝʪʪʽʣʽʢ ʩʳʨʪrץ  ʞʠʥʘʣrס ʰʪʘʨʜʘ ʦʨʥʘʣʘʩʘʜʳ. 
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ʆɽʉϧ ð ʥʝʛʽʟʛʽ (ʙʘʩʪʳ) ʞᴅʥʝ ʘʟʳʨʘץ ʪʝʟᴅʨʝʢʝʪʪʽʣʽʢ ʞʘʜʳʩʳ (ʪʘשʜʘʫ 
ʫʘrץ ʪʳ ï 100 ʥʩ ʢᴇʧ ʝʤʝʩ) ʢʦʤʧʴʶʪʝʨʜʽש ᴇʥʽʤʜʽʣʽʛʽʥʝ װʣʢʝʥ ᴅʩʝʨ ʝʪʝʜʽ. ʆʣ 

ʞװʢʪʝʫʛʝ, ʘrס ʤʜʘrס ʥʳ ʩʘץʪʘʫסʘ ʞᴅʥʝ ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝʥʽש ʬʨʘʛʤʝʥʪʪʝʨʽʥ 

ʦʨʳʥʜʘʫסʘ, ʧʘʡʜʘʣʘʥʫʰʳʣʳץ ʙʘסʜʘʨʣʘʤʘʣʘʨסʘ, ʦʣʘʨʜʳש ᴇʟʛʝʨʪʫʣʝʨʽʥʝ ʞᴅʥʝ 

ʞײʤʳʩ ʥᴅʪʠʞʝʣʝʨʽʥʝ ʞᴅʥʝ ʪ.ʙ. ʘʨʥʘʣסʘʥ. 

ɾʘʜʳ ʠʝʨʘʨʭʠʷʩʳʥʳש ʢʝʣʝʩʽ ʜʝשʛʝʡʽʥʜʝ װʣʢʝʥ ʘʫrץ ʤʜʳ ʙʘסʜʘʨʣʘʤʘʣʘʨ 
ʤʝʥ ʘץʧʘʨʘʪʪʘʨʜʳ ײʟʘץ ʫʘrץ ʪץʘ ʩʘץʪʘʡʪʳʥ ʩʨrʪϨr  ʝʩʪʝ ʩʘϨʪʘʫ 

ϨϰʨʳʣϤr ʣʘʨʳ (ʠʢʝʤʜʽ ʞᴅʥʝ ץʘʪʪʳ ʤʘʛʥʠʪʪʽ ʜʠʩʢʪʘʨʜʘrס , ʦʧʪʠʢʘʣʳץ ʞᴅʥʝ 

ʪ.ʙ ʜʠʩʢʪʘʨʜʘrס ) ʝש ʪᴇʤʝʥʛʽ ʞʳʣʜʘʤ ᴅʨʝʢʝʪʪʽʣʽʢʧʝʥ װʣʢʝʥ ʩʳʡʳʤʜʳʣʳץ 

ʞʘʪʘʜʳ. 

ʀʝʨʘʨʭʠʷʣʳץ ʞʘʜʳ ʧʘʨʘʣʝʣʣʴʜʽ ʪװʨʜʝ ᴅʨ ʪװʨʣʽ ʙʣʦʢʪʘʨ ʤʝʥ 

ʘץʧʘʨʘʪʪʘʨʜʳ ᴇשʜʝʡʪʽʥ ᴇʟʛʝʰʝ ʢʦʥʚʝʡʝʨ ײץʨʘʡʜʳ. 

ʆɽʉפ ʩʳʡʳʤʜʳʣʳrס ʥ ʘʩʳʨʘʪʳʥ ʕɽʄ-ʥ̔ש ʚʠʨʪʫʘʣʜʳ ʞʘʜʳʩʳʤʝʥ 

 -ʢʝʣʽʩʪʽ שʛʝʡʜʽשʜʝ ץʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʙʘʨʣʳװʤʳʩ ʽʩʪʝʫʛʝ ʤײʘ ʞסʦʣʜʘʥʫʰʳץ

ʨʽʣʛʝʥ ʞײʤʳʩʳ ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʝʜʽ. 
ɺʠʨʪʫʘʣʜʳ ʞʘʜʳ ʕɽʄ ɽפ-ʥrש ʙʘʨʣʳײ̫ ץ ʰrץʪʘʨʳʥʳש ʞʠʳʥʪʳrס  

ʘʣʤʘʩʧʘʡʪʳʥ ʥʫʤʝʨʘʮʠʷʣʘʨʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʞᴅʥʝ ʢᴇʧʜʝשʛʝʡʣʽ ʬʠʟʠʢʘʣʳץ 

ʞʘʜʳʜʘʥ ʙʽʨ ʜʝשʛʝʡʣʽʛʝ ʘʫʳʩʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

ɸʃפ ʩʳʟʙʘʣʘʨʳʥʜʘ ʽʩʢʝ ʘʩʳʨʳʣʘʪʳʥ ʙʘʩץʘʨʫ ʩʠʛʥʘʣʜʘʨʳ 

(ʤʠʢʨʦʢʦʤʘʥʜʘʣʘʨʜʳש) ʨʝʪʽʥʝ ʞᴅʥʝ ʘʧʧʘʨʘʪʪʳ ʪװʨʜʝ ʉʊ-ʪʝʛʽ ʢʝʟ ʢʝʣʛʝʥ 

ʦʧʝʨʘʮʠʷ ʙʝʣʛʽʣʽ ʙʽʨ ʤʠʢʨʦʙʘסʜʘʨʣʘʤʘ ʘʨrץ ʣʳ ʦʨʳʥʜʘʣʘʜʳ.ʂʝʟ ʢʝʣʛʝʥ ʞʝʢʝ 

ʜʘʨʘ ʤʠʢʨʦʢʦʤʘʥʜʘ ï ʙײʣ ʘʣʛʝʙʨʠʷʣʳץ ᴇʨʥʝʢ ʩʠʷץʪʳ ץʘʨʘʧʘʡʳʤ 

ʘץʧʘʨʘʪʪʘʨʜʳ ʪװʨʣʝʥʜʽʨʫ, ʨʘʟʨʷʜʪʘʨʜʳש ʘʥrץʪʘʣסʘʥ ʩʘʥʳʥʘ ʦʨʳʥ ʘʫʳʩʫʳʥ, 

ʨʝʛʠʩʪʨʜʘʥ ʨʝʛʠʩʪʨʛʝ ʘץʧʘʨʘʪʪʘʨʜʳץ שʘʡʪʘ ʞʘʟʳʣʫʳ ʞᴅʥʝ ʪ.ʙ. 

ʆʨʪʘʣʳץ ʧʨʦʮʝʩʩʦʨʣʘʨ ʢʦʤʘʥʜʘ ʞװʡʝʩʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʙᴇʣʽʥʝʜʽ: 

Á CISC-ʧʨʦʮʝʩʩʦʨʣʘʨʳ (ComplexInstructionSetChip ð ʪʦʣʳץ ʢʦʤʘʥʜʘ 
ʞʠʳʥʪʳrס ʤʝʥ ʤʠʢʨʦʩײʣʙʘʩʳ); 

Á RISC-ʧʨʦʮʝʩʩʦʨʣʘʨʳ (ReducedInstructionSetChip ð ʞʝ̔ש ʣʜʝʪʽʣʛʝʥ 

ʢʦʤʘʥʜʘʣʘʨ ʩʠʩʪʝʤʘʩʳʥʳש ʤʠʢʨʦʩײʣʙʘʩʳ). 
CISC-ʧʨʦʮʝʩʩʦʨʣʘʨʳ ʙʽʨʥʝʰʝ ʪʘʢʪʪʘ ʦʨʳʥʜʘʣʘʪʳʥ 200-ʜʝʥ ʘʩʪʘʤ ʢᴇʣʽʢʪʽ 

ʥײʩץʘʫʣʳץץʘ, ʦʨʪʘץ ʙʝʨʽʣʛʝʥ ʘʟʜʘסʘʥ ʩʘʥʜʳ ʨʝʛʠʩʪʨʣʝʨʛʝ, ʤʝʢʝʥ-ʞʘʡ 

ᴅʜʽʩʪʝʨʽʥʽש ʘʫrץ ʤʜʳ ʩʘʥʳʥʘ ʞᴅʥʝ ᴅʨ ʪװʨʣʽ ʨʘʟʨʷʜʪʳ ʢʦʤʘʥʜʘʣʘʨ ʬʦʨʤʘ- 

ʪʳʥʘ ʠʝ. 

CISC-ʧʨʦʮʝʩʩʦʨʣʘʨʳʥʳש ʙʘסʜʘʨʣʘʤʘʣʘʫʳʥʳץ שʘʨʘʧʘʡʳʤʜʳʣʳrס  hװ ʽʥ 
ʦʣʘʨ ʥʝʛʽʟʽʥʝʥ ʫʥʠʚʝʨʩʘʣʜʳ ʕɽʄ-ʜʝʨʜʝ ץʦʣʜʘʥʳʣʘʜʳ, ʝש ʢᴇʙʽ ɼʕɽʄ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. 

RISC-ʧʨʦʮʝʩʩʦʨʣʘʨʳʥʜʘ ʪʠʷʥʘץʪʘʣסʘʥ ʬʦʨʤʘʪʪʳ ʞᴅʥʝ ʪײʨʘץʪʳ ײʟʳʥ- 

ʜrץʪʘrס  ʢʦʤʘʥʜʘʣʘʨ ץʦʣʜʘʥʳʣʘʜʳ. ʂᴇʧʪʝʛʝʥ ʢʦʤʘʥʜʘʣʘʨʜʳש ʦʨʳʥʜʘʫʳʥ 

ʙʽʨ ʤʘʰʠʥʘʣʳ ʪʘʢʪ ʽʩʢʝ ʘʩʳʨʘʜʳ. 
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ɾʦסʘʨʳ ʦʧʝʨʘʪʠʚʪʽ ʞʘʜʳ ᴇʟʽʥʝ ʨʝʛʠʩʪʨʣʘʨʜrש ʢᴇʧ ʩʘʥʳʥ ץʦʩʘʜʳ (32- 
ʜʝʥ ʘʩʪʘʤ), ʦʣ ʆɽʉס-פʘ ʙʘrס ʪʪʘʣסʘʥ ʞʦʣʜʘʫʣʘʨʜʳש ʩʘʥʳʥ ʝʣʝʫʣʽ ʪװʨʜʝ 

ʘʟʘʡʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. RISC-ʧʨʦʮʝʩʩʦʨʣʘʨʳ ʞײʤʳʩ ʩʪʘʥʮʠʷʣʘʨʳ ʤʝʥ 

ʩʝʨʚʝʨʣʝʨʜʝ װʣʢʝʥ ʢᴇʣʝʤʜʝ ץʦʣʜʘʥʳʣʘʜʳ. 

ɿʘʤʘʥʘʫʠ ʕɽʄ-ʜʝʨʜʝ ᴇʥʽʤʜʽʣʽʢʪʽ ʢᴇʙʝʡʪʫ hװ ʽʥ CISC-RISC ʧʨʦʮʝʩ- 
ʩʦʨʣʘʨʳʥ ץʦʣʜʘʥʘʜʳ. 

ʕɽʄ-ʜʝ ʦʨʪʘʣʳץ ʧʨʦʮʝʩʩʦʨʜʘʥ ʙʘʩץʘ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʦʧʝʨʘʮʠʷʣʘʨʜʳ 

ʦʨʳʥʜʘʫסʘ ʘʨʥʘʣסʘʥ ʩʦʧʨʦʮʝʩʩʦʨʣʘʨ, ʘʣ ʚʠʜʝʦʩʠʛʥʘʣʜʘʨʜʳ ᴇשʜʝʫʜʽ 

 .ʦʣʜʘʥʳʣʘʜʳץ ʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʛʨʘʬʠʢʘʣʳϨ ʧʨʦʮʝʩʩʦʨʣʘʨץ

ʉʊ-ʪʽ ʘʡʳʨʙʘʩʪʘʫ hװ ʽʥ ʝʨʪʝ ʰʳסʘʨʳʣסʘʥ ɼʕɽʄ-ʛʝ ʤʦʨʘʣʴʜʽ ʝʩʢʽʨʫʜʝʥ 

װʘʫ hסʦʨץ ʽʥ Over Drive ץʦʩʳʤʰʘ ʧʨʦʮʝʩʩʦʨʣʘʨʳ ץʦʣʜʘʥʳʣסʘʥ. ʆʣʘʨ ʝʩʢʽ 

ʢʦʤʧʴʶʪʝʨʣʝʨʜʽש ʧʘʨʘʤʝʪʨʣʝʨʽʥʽש ʞʦסʘʨʣʘʥʫʳʥʘ ץʦʣʜʘʥʳʣʳʧ ץʦʣʜʘʥʫ- 
ʰʳʣʘʨ ᴇʟʜʝʨʽ ʦʨʥʘʪʘ ʘʣʘʜʳ. 

ץʘʟʽʨʛʽ ʫʘrפ ʪʪʘ ʙײʥʜʘʡ ʘʫʳʩʪʳʨʫ ʪᴅʩʽʣʽ ʪʠʽʤʩʽʟ ʙʦʣסʘʥʥʘʥ ʢʝʡʽʥ 

ʢʦʤʧʴʶʪʝʨʣʝʨʜʽש ʤʦʜʝʨʥʠʟʘʮʠʷʣʘʨʳ ʤײʥʜʘʡ ʞʦʣʤʝʥ ʞװʨʛʽʟʽʣʤʝʡʜʽ, ʕɽʄ- 

ʜʝ ʧʨʦʮʝʩʩʦʨʣʘʨʜʳ ʘʫʳʩʪʳʨסʘʥʥʘʥ ʢʝʡʽʥ ʢᴇʧ ʫʘrץ ʪʪʘ ʙײʨʳʥrס  ʰrסʘʨʫ- 

ʣʘʨʜʳש ʙʘʷʫ ʢʦʤʧʦʥʝʪʪʝʨʽ ץʘʣʳʧ ץʘʣʘʪʳʥ ʙʦʣסʘʥ. 

ɹʠʪʪʽ (ʙʽʨ ʨʘʟʨʷʜʪʳ) ʘץʧʘʨʘʪʪʘʨʤʝʥ ʦʧʝʨʘʮʠʷʣʘʨסʘ ʙʘסʜʘʨʣʘʥסʘʥ 
ʩʠʩʪʝʤʘʣʳץ ʢʦʤʘʥʜʘʤʝʥ ʢʦʤʧʴʶʪʝʨʜʽש ʞʝʢʝ ʜʘʨʘ ײץʨʳʣrס ʣʘʨʳʥʜʘ (ʤʳʩʘʣ- 

 ʘ ʤʦʜʝʤ ʞᴅʥʝ ʜʘʫʳʩ ʧʣʘʪʘʣʘʨʳʥʜʘ) ʩʠʛʥʘʣʜʘʨʜʳ ϺϬʜʝʫʛʝ ʘʨʥʘʣϤʘʥ ʩʘʥʜʳϨס

ʧʨʦʮʝʩʩʦʨʣʘʨ (ʉᴆɸʉʇ) ץʦʣʜʘʥʳʣʫʳ ʤװʤʢʽʥ. 

ʂʝʣʝʩʽ ʥʝʛʽʟʛʽ ʪʦʧʪʘʨʜʘʥ ʪײʨʘʪʳʥ ʟʘʤʘʥʘʫʠ ʕɽʄ-ʥ̔ש ʢʝʟ-ʢʝʣʛʝʥ 

ʙʘסʜʘʨʣʘʤʘʩʳ ʢʦʤʘʥʜʘʣʘʨ ʩʠʩʪʝʤʘʩʳʥʘʥ ײץʨʘʣʘʜʳ: 

Á 

Á ɸʨʠʬʤʝʪʠʢʘʣʳץ ʢʦʤʘʥʜʘʣʘʨ ʞᴅʥʝ ʩʘʣʳʩʪʳʨʫ ʢʦʤʘʥʜʘʣʘʨʳ; 

Á ʃʦʛʠʢʘʣʳץ ʢʦʤʘʥʜʘʣʘʨ; 

Á ɾʳʣʞʳʪʫ ʢʦʤʘʥʜʘʣʘʨʳ; 

Á ɽʥʛʽʟʫ-ʰ rסʘʨʫ ʢʦʤʘʥʜʘʣʘʨʳ ʞᴅʥʝ ʪ.ʙ. 

ᴄʨ ʢʦʤʘʥʜʘʜʘ ʦʧʝʨʘʮʠʷ ʢʦʜʳʥʳש ʞᴅʥʝ ʦʧʝʨʘʥʜʪʪʘʨ ʤʝʢʝʥ-ʞʘʡʳʥʳש 
ʞʦʣʳ ʙʦʣʘʜʳ. 

ʄʘʪʝʤʘʪʠʢʘʣʳץ ʝʩʝʧ ʦʨʳʥʜʘʫ ʙʘʨʳʩʳʥʜʘ ʪʘשʙʘʣʳ ʨʘʟʨʷʜʪʘʨʜʳ, ʩʘʥʜʘʨ- 
ʜrש ʤʘrש ʟʜʳ ʨʘʟʨʷʜʪʘʨʳʥʳש ʞʦʣʳʥ ʞᴅʥʝ ʢʽʰʽ-װʣʢʝʥ ʨʘʷʨʷʜʪʘʨʜʳ ʢᴇʨ- 

ʩʝʪʝʜʽ. 

ʆɽʉפ-ʜʘʥ ʰʘrץ ʨʳʣסʘʥ ʢʦʤʘʥʜʘʣʘʨ ʦʨʪʘʣʳץ ʧʨʦʮʝʩʩʦʨʜʘ ʰʠʬʨʣʘʨʳ 

ʘʰʳʣʘʜʳ. ᴄʨ ʢʦʤʘʥʜʘ ʙʝʣʛʽʣʽ ʦʨʳʥʜʘʣʘʪʳʥ ʦʧʝʨʘʮʠʷסʘ ʥײʩץʘʫ, ʦʧʝʨʘʥʜ- 

ʪʘʨʜʳש ʦʨʥʘʣʘʩʫ ʞʝʨʽʥ ץʘʤʪʠʜʳ ʞᴅʥʝ ʙʘʩץʘʨʳʣʘʪʳʥ ײץʨʳʣrס ʥrש ʪײʨʘץʪʳ 

ʞʘʜʳʩʳʥʳש ʉʊ ײץʨʳʣrס ʩʳʥʳש ʘʫʤʘrס ʥʜʘ ᴇʟʽʥʽש ʪʠʷʥʘץʪʘʣסʘʥ ʤʝʢʝʥ- 

ʞʘʡʳʥʘ ʠʝ. פʘʨʘʧʘʡʳʤ ʥײʩץʘʫʣʳץʪʘʨ ʞʠʳʥʪʳסʘʥʘʥ ʪײʨʘʪʳʥ ʢʦʤʘʥʜʘʣʘʨ 

ʰʘrץ ʨʪʳʣʫʳ ʪʠʽʩʪʽ ʤʠʢʨʦʙʘסʜʘʨʣʘʤʘʥʳש ʞʽʙʝʨʽʣʫʽʥ ʙʘʩʪʘʤʘʰʳʣʳץ ʝʪʝʜʽ. 
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ɹʘסʜʘʨʣʘʤʘʣʘʨסʘ, ʢʦʤʘʥʜʘʣʘʨסʘ ʞᴅʥʝ ʦʧʝʨʘʥʜʘʣʘʨסʘ ץʦʣʞʝʪʽʤʜʽʣʽʢ hװ ʽʥ 
ʦʣʘʨʜʳש ʤʝʢʝʥ-ʞʘʡʣʘʨʳ ץʦʣʜʘʥʳʣʘʜʳ. ʄʝʢʝʥ-ʞʘʡʣʘʨ ʝʩʝʙʽʥʜʝ ʕɽʄ 

ʞʘʜʳʩʳʥʳײ̫ ש ʰrץʪʘʨ ʥʦʤʝʨʣʝʨʽ ץʦʣʜʘʥʳʣʘʜʳ. 

ʂʦʤʘʥʜʘʣʘʨʜʘrס  ʦʧʝʨʘʥʜʘʣʘʨʜʳץ שʦʣʜʘʥʳʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʝʢʽ-, ʙʽʨ-, 
hװ ʤʝʢʝʥ-ʞʘʡʣʳ   ʞᴅʥʝ   ʤʝʢʝʥ-ʞʘʡʩʳʟ    ʢʦʤʘʥʜʘʣʘʨ    ʘʥrץʪʘʣʘʜʳ.    ɹ ʽʨ 

ʤ ʝ ʢ ʝ ʥ - ʞʘ ʡʣ rʢ ʦ ʤ ʘ ʥʜ ʘ ʣʘ ʨ ʜ ʘ ᴇשʜʝʣʽʧ ʞʘʪץʘʥ ʦʧʝʨʘʥʜʪʘʨʜʳש ʝʢʽʩʽ- 

ʥ̔ש ʙʽʨʽ ץʘʡ ʞʝʨʜʝ ʦʨʥʘʣʘʩץʘʥʳ ʙʝʣʛʽʣʝʥʝʜʽ. ɽʢʽʥʰʽ ʦʧʝʨʘʥʜ ʘʨʘʣʳץ ʥᴅʪʠʞʝ 

ʨʝʪʽʥʜʝ ɸʃפ-ʥrש ʨʝʛʠʩʪʨʣʘʨʳʥʜʘ ʝʢʽʥʰʽ ʦʧʝʨʘʥʜʘ ʪװʨʽʥʜʝ (ʘʣʜʳʥ-ʘʣʘ 

ʦʨʥʘʣʘʩ-ʪʳʨʳʣסʘʥ) ʩʘץʪʘʣʫʳ ʤװʤʢʽʥ. 

ɽ ʢ ̔  ʤ ʝ ʢ ʝ ʥ ʞ ʘ ʡ ʣ r  ʢ ʦ ʤ ʘ ʥ ʜ ʘ ʣ ʘ ʨ ʞʘʜrסʘ ʩʳʷʪʳʥ (ʥʝʤʝʩʝ ʨʝʛʠʩʪʨ- 

ʣʘʨ ʤʝʥ ʝʩʪʝ ʩʘץʪʘʫ ײץʨʳʣrס ʩʳʥʜʘ) ʝʢʽ ʦʧʝʨʘʥʜʘʣʘʨ ʞᴇʥʽʥʜʝ ʥײʩץʘʫʣʳץץʘ 

ʠʝ. ʂʦʤʘʥʜʘʥʳ ʦʨʳʥʜʘסʘʥʥʘʥ ʢʝʡʽʥ ʦʩʳ ʤʝʢʝʥ-ʞʘʡʣʘʨʜʳש ʙʽʨʝʫʽʥʝ 
ʙײʨʳʥrס ʘʥ ʦʧʝʨʘʥʜʘ ᴇhסʦʣʜʘʥʳʣץ  ʽʨʽʣʽʧ ʥᴅʪʠʞʝ ʞʽʙʝʨʽʣʝʜʽ. 

hת  ʤ ʝ ʢ ʝ ʥ - ʞ ʘ ʡ ʣ  r ʢ ʦ ʤ ʘ ʥ ʜ ʘ ʣ ʘ ʨ ʜ ʘ ᴅʜʝʪʪʝ ᴅʫʝʣʛʽ ʦʧʝʨʘʥʜʘʣʘʨʜʳש 

ʦʨʥʘʣʘʩץʘʥ ʝʢʽ ʤʝʢʝʥ-ʞʘʡʳ ʢᴇʨʩʝʪʽʣʝʜʽ, ʘʣ hװ ʽʥʰʽʩʽ ï ʥᴅʪʠʞʝʥʽ ʦʨʥʘʣʘʩ- 

ʪʳʨʫסʘ ʢʝʨʝʢ ʞʝʨ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ. 

ʄʝ ʢ ʝ ʥ - ʞ ʘ ʡ ʩ r  ʟ ʢ ʦ ʤ ʘ ʥ ʜ ʘ ʣ ʘ ʨ ʜ ʘ ʦʧʝʨʘʮʠʷסʘ ʜʝʡʽʥ ʞᴅʥʝ ʦʧʝʨʘʮʠʷ- 
ʜʘʥ ʢʝʡʽʥ ɸʃפ-ʥrש ʨʝʛʠʩʪʨʣʘʨʳʥʳש ʙʽʨʝʫʽʥʜʝ ʦʨʥʘʣʘʩץʘʥ ᴅʜʝʪʪʝ ʙʽʨ 

ʦʧʝʨʘʥʜ ᴇשʜʝʣʝʜʽ. ʄʝʢʝʥ-ʞʘʡʩʳʟ ʢʦʤʘʥʜʘʣʘʨ rץ ʟʤʝʪʪʽʢ ʦʧʝʨʘʮʠʷʣʘʨʜʳ 

ʦʨʳʥʜʘʫסʘ ʜʘ ץʦʣʜʘʥʳʣʘʜʳ (ʤʳʩʘʣסʘ ʵʢʨʘʥʜʳ ʪʘʟʘʣʘʫ, ʧʝʨʥʝʪʘץʪʘʥʳ 

ʙסײʘʪʪʘʫ, ʙסײʘʪʪʘʫʜʳ ʰʝʰʫ ʞᴅʥʝ ʪ.ʙ.). 

ɸץʧʘʨʘʪʪʘʨʜʳש ʙʘʨʣʳץ ʪװʨʽ (ʢʦʤʘʥʜʘʣʳ, ʩʘʥʜʳץ, ʛʨʘʬʠʢʘʣʳץ, ʪʘשʙʘʣʳ, 

ʤᴅʪʽʥʜʽʢ, ʜʳʙʳʩʪʳ) ʙʽʨ ʢʦʜʠʨʦʚʢʘʣʳ ʝʢʽ ʮʠʬʨʤʝʥ ᴇʟʽʥʜʽʢ ʬʦʨʤʘʪץʘ ʠʝ. 

ʌʦʨʤʘʪʪʘʨ ʙʘʡʪʪʘʨʜʳש ʪʦʣʳץ ʙʽʨ ʩʘʥʳʥʘʥ ʪײʨʘʜʳ, ʩʦʥʜʳץʪʘʥ ʕɽʄ-ʥ̔ש 

ʞʘʜʳ ʦʨʛʥʠʟʘʮʠʷʩʳ ʙʽʨ ʙʘʡʪץʘ ʪʝש. ɽʥʛʽʟʽʣʛʝʥ ʘץʧʘʨʘʪ ʪʦʣʳrס ʤʝʥ ʥʝʤʝʩʝ 

ʙᴇʣʰʝʢʪʝʧ ʆɽʉפ-ʜʘ ʘʣʜʳʤʝʥ ʩʘץʪʘʣʘʜʳ, ʩʦʩʳʥ ʘץʧʘʨʘʪʪʘʨʜʳ ײʟʘץ ʫʘrץ ʪץʘ 

ʩʘץʪʘʫסʘ ʘʨʥʘʣסʘʥ ʩʳʨʪrץ  ʝʩʪʝ ʩʘץʪʘʫ ײץʨʳʣrס ʩʳʥʘ ʘʫʳʩʪʳʨʳʣʘʜʳ. 

ʕɽʄ-ʥ̔ש ᴅʨ ʪװʨʣʽ ײץʨʳʣrס ʣʘʨʳʤʝʥ ʘʣʤʘʩʫʳ hװ ʽʥ  ʢʦʥʪʨʦʣʣʝʨʣʝʨ 

ʢʝʟʝʢʪʽ ʞᴅʥʝ ץʦʩʘʣrץ  ʘץʧʘʨʘʪʪʳ ʞʽʙʝʨʫ (ץʘʙrʣʜʘʫ) ʢʦʜʳʤʝʥ ʝʥʛʽʟʫ-ʰ rסʘʨʫ 
ʘʨʥʘʡʳ ʢʘʥʘʣʜʘʨʳʥʘ ʠʝ. 

ɸץʧʘʨʘʪʪʘʨ ʢʝʟʝʢʧʝʥ ʨʘʟʨʷʜʪʘʥ ʢʝʡʽʥ ʨʘʟʨʷʜ ʨʝʪʽʤʝʥ ʞʽʙʝʨʽʣʛʝʥʜʝ 

ʢʝʟʝʢʪʽ ʢʦʜʪʳ ʢʘʥʘʣʜʘʨʜʘ ʤʠʥʠʤʘʣʜʳ ʘʧʧʘʨʘʪʪʳ ʰʳrס ʥʜʘʨʤʝʥ ʜʘʨʘ 

ʩʳʟrץʪʘʨ ץʦʣʜʘʥʳʣʘʜʳ. 

ϧʦʩʘʣϨr  ʢʦʜʪʳ ʢʘʥʘʣʜʘʨʜʘ ʙʽʨ ʙʣʦʢʪʳ ʘץʧʘʨʘʪʪʘʨʜʳש (ʝʨʝʞʝ ʙʦʡʳʥʰʘ 
ʙʘʡʪʪʳש) ʙʽʨ ʤʝʟʛʽʣʜʝ ʙʘʨʣʳץ ʨʘʟʨʷʜʪʘʨʜʳש ʞʽʙʝʨʽʣʫʽʥ ץʦʣʜʘʥʘʜʳ. ᴄʨʠʥʝ, 

ʤײʥʜʘʡ ʘʣʤʘʩʫ ʢʝʟʽʥʜʝ ʞʽʙʝʨʽʣʫ ʞʳʣʜʘʤʜʳrס ʤʝʥ ʘʧʧʘʨʘʪʪʳ ʰʳrס ʥ 

ʨʘʟʨʷʜʪʘʨ ʩʘʥʳʥʘ ʧʨʦʧʦʨʮʠʦʥʘʣʜʳ ʪװʨʜʝ ᴇʩʝʜʽ. 

ʂʘʥʘʣʜʘʨ ʤʫʣʴʪʠʧʣʝʢʩʪʽ ʙʦʣʘ ʘʣʘʜʳ, ʷסʥʠ ʫʘrץ ʪ ʙʦʡʳʥʰʘ ʙᴇʣʽʥʛʝʥ 

ʢʝʟʜʝ װʣʢʝʥ ʘʫrץ ʤʜʳ ʙʘʷʫ ʞײʤʳʩ ʞʘʩʘʡʪʳʥ ʝʥʛʽʟʫ-ʰ rסʘʨʫ ײץʨʳʣrס ʣʘʨʳʥʘ 

rץ ʟʤʝʪ ʝʪʫʛʝ ʠʢʝʤʜʽ ʞᴅʥʝ ʩʝʣʝʢʪʨʣʽ (ʘʡʳʨʳϨh ʳʣʘʥϤʘʥ), ̫סʥʠ ʤʦʥʦʧʦʣʴʜʽ 

ʨʝʞʠʤʜʝ ʞʳʣʜʘʤ ײץʨʳʣrס ʣʘʨסʘ rץ ʟʤʝʪ ʝʪʝʜʽ. 
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ɸץʧʘʨʘʪʪʳ, ʘʧʧʘʨʘʪʪʳ ʞᴅʥʝ ʙʘסʜʘʨʣʘʤʘʣʳ װʡʣʝʩʽʤʜʽʣʽʢʪʽ ʫʥʠʚʝʨʩʘʣʜʳ 
ʕɽʄ-ʥ̔ש ʢᴇʙʽʩʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ hװ ʽʥ ʦʣʘʨʜʳ ᴇשʜʝʫ ʫʘrץ ʪʳʥʘ ʪᴅʫʝʣʜʽ ʢʽʰʽ 

ʞᴅʥʝ װʣʢʝʥ ʜʝʧ ʙᴇʣʝʪʽʥ ʪײrץʤʜʘʩ rץ ʣʳʧ ʰʳסʘʨʘʜʳ. ʊײrץʤʜʘʩʪʳץʪʘ 

ʙʘסʜʘʨʣʘʤʘʣʳװ ץʡʣʝʩʽʤʜʽʣʽʢ çʪᴇʤʝʥʥʝʥ ʞʦסʘʨrסʘè ץʘסʠʜʘʩʳʤʝʥ ʦʨʥʘʣʘʩʪʳ- 

ʨʳʣʘʜʳ, ʩʦʥʜʳץʪʘʥ װʣʢʝʥ (ʙײʨʳʥrס ) ʤʦʜʝʣʴʜʝʨʜʝ ץʦʣʜʘʥʳʣסʘʥ ʙʘסʜʘʨʣʘ- 

ʤʘʣʘʨ ʕɽʄ-ʥ̔ש ʙײʨʳʥrס  ʰrסʘʨʳʣʫʳʥʳש ʪᴇʤʝʥʛʽʩʽʥʜʝ ʦʨʳʥʜʘʣʳʥʘ ʘʣʘʜʳ. 

ʕɽʄ ʘʫrץ ʤʜʳ ʢʦʥʩʪʨʫʢʪʠʚʪʽ ʞᴅʥʝ ʘʧʧʘʨʘʪʪʳ ʘʡʳʨʤʘʰʳʣʳץʪʘʨʜʘ 
 ʧʘʨʘʪʪʳ ʙʽʨʜʝʡ ʢᴇʨʩʝʪʩʝ ʞᴅʥʝ ʙʽʨ ʙʝʨʽʣʛʝʥץʤʢʽʥ, ʝʛʝʨ ʘװʡʣʝʩʽʤʜʽ ʙʦʣʫʳ ʤװ

ʙʘסʜʘʨʣʘʤʘʣʘʨʤʝʥ ʞײʤʳʩ ʽʩʪʝʡ ʘʣʩʘ, ʷסʥʠ ʙʽʨ ʪʠʧʪʽ ʢʦʤʘʥʜʘʣʘʨ ʞװʡʝʩʽʥʝ ʠʝ 

ʙʦʣʩʘ. ɹײʥʜʘʡ ʢʦʤʧʴʶʪʝʨʣʝʨ ʞײʤʳʩʳʥ ʙʽʨʜʝʡ ʥʝʤʝʩʝ ʬʫʥʢʮʠʦʥʘʣʜʳ 
 .ʘʨʫʳ ʢʝʨʝʢץʩʠʩʪʝʤʘʣʘʨ ʙʘʩ ץʡʣʝʩʽʤʜʽ ʦʧʝʨʘʮʠʷʣʳװ

ʕɽʄ-ʥ̔װ שʡʣʝʩʧʝʛʝʥ ʢʝʟʽʥʜʝ ʙʽʨ ʩʘʥʘʡʪʳʥ ʤʘʰʠʥʘʥʳש ʞײʤʳʩʳʥ ʞᴅʥʝ 

(ʥʝʤʝʩʝ) ʙʘʩץʘʥrש ʘʧʧʘʨʘʪʪʳ ʪᴅʩʽʣʽʥ ץʦʣʜʘʥʘʜʳ. 

ʄʳʩʘʣסʘ, ʢʦʤʘʥʜʘʣʘʨʜʳש ʙ̔ ʨ ʞװʡʝʩʽʥʜʝ ʞʘʟʳʣסʘʥ ʙʘסʜʘʨʣʘʤʘ ʕɽʄ-ʜʝ 

ʙʘסʜʘʨʣʘʤʘʥʳ ᴇשʜʝʫʩʽʟ ʙʘʩץʘ ʢʦʤʘʥʜʘʣʳ ʞװʡʝʜʝ ʦʨʳʥʜʘʣʫʳ ʤװʤʢʽʥ, ʙʽʨʘץ 
ʘʨʥʘʡʳ ʦʩʳ ʢʦʤʘʥʜʘ ʞװʡʝʩʽʥ ʨʝʪʪʝʫʰʽ ʙʘסʜʘʨʣʘʤʘʤʝʥ ʦʨʳʥʜʘʣʘʜʳ. 

ɯʩ ʞװʟʽʥʜʝ ʙʘʨʣʳץ ʟʘʤʘʥʘʫʠ ʜʝʨʙʝʩ ʕɽʄ-ʜʝʨ ʞᴅʥʝ ʦʣʘʨʜʳװ שʣʢʝʥ 
ʤʦʜʝʣʴʜʝʨʽ ᴇʟ ʪײrץʤʜʘʨʳʥrש ʰʝשʙʝʨʽʥʜʝ ʘʧʧʘʨʘʪʪʳ, ʙʘסʜʘʨʣʘʤʘʣʳ ʞᴅʥʝ 

ʘץʧʘʨʘʪʪʳ װʡʣʝʩʽʤʜʽʣʽʢʢʝ ʠʝ. 

 

 

ˎˍ˨˘ˍ ɣ˞ ˝ˍ˟ˍ˝ ˨  

1. ˔́̍́̎́̔̉ ˪˒˙-̎  ̨́ ̖̜̑̉̓̆̋̓̔̑́̒ ̅̆̄̆̎ ̎ ̆ȩ 
2. ˪˒-̇̎  ̨́ ̜̐̐́̑́̓̓ ̜̇́̒́̓́̍́̒̎́ ̎̆ ̋ ̨̨̑̆̅ȩ 
3. ˔́̍́̎́̔̉ ˪˒˙-̎  ̨ ̜̑̌̔ ̜̜́̉̅́̒̎ ̎ ̨̨̨̆̄̈̄̒̎ 
̜́̓́̈Ȣ 

4. ˛̗̠̜̐̆̑́̉̌ ̇ ̊̆ ̅̆̄̆̎ ̎ ̆ȩ 
5. ˪˒-̇̅̆ ̎̆ ̨̙̎ ̖̠̜̉̆̑́̑̉̌ ̇ ̜́̅ ̜̜̏̌̅́̎̌́̅ȩ 
6. ˪˒-̇̅̆ ̏̑̓́ ̇ ̜́̅ ̎̆ ̨̙̎ ̜̜̏̌̅́̎̌́̅ȩ 
7. #)3#̍̆̎ 2)3# ̗̜̜̐̑̏̆̒̒̏̑̌́̑̎ ̎ ̨̨̆̄̈̄ ̜́̑̊̑̍́- 
̙̜̜̜̌  ̎ ̆̅̆ȩ 

8. ˚̨̨̆̄̈̄ ̋̏̍́̎̅́̌́̑ ̜̓̏̐̓́̑ ̍̆̎ ̨̏̐̆̑́̓̉̃̓ ̜̇́̅- 
̎  ̜̍ ̆̋̆̎-̇́̊ ̨̖̍̆́̎̉̈̍̅̆̑̎ ́ ̜̓́̈Ȣ 

9. ˛˒ -˞̍̆̎ ́̌̍́̒̔ ̨̋̆̈̎̅̆ ˓˟  ̜̜̑̌ ̜̒̎ ̎̆ ̨̙̎ 
̜̏̌̅́̎́̅ȩ 

10. ˪˒˙ ̜̓̍ ̜̅́̒̓́̑̎ ́̎̅́̊ ̍́̒́̓̐̆̎ ̙ ̜̜́̑́̅ȩ 
11. ˗̨̏̎̃̆̊̆̑̌ ̇̎̆ ̗̜̍́̓̑̉́̌ ˪ ˒-̇̎  ̨ ́̎̅́̊ ̜́̊̑- 
̙̜̜̍́̌̓́ ̜̑ ̂ ́̑ȩ 

12. ˪˒-̇̎  ̨ ̨̨̨̨̊̌̆̒̍̅̌̄ ̎̆ ̨̙̎ ́̇̆̓ȩ 
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    2.3.  ˪˒˙ ̋ ˍ˞˟˨˝ˠˑ˨ ̊ ˒ː˴˔ː˴ ˗˒˔˒ˑ˒˝˴ 
 ˙˒  ̊̃ ˝˕˚ˣ˕˜˟˒˝˴  

 

ʕɽʄ-ʥ̔ץ שʦʣʜʘʥʳʣʫʳʤʝʥ ʘʜʘʤʜʘʨʜʳש ʞײʤʳʩ ᴇʨʽʩʽʥʽש ʪײʨʘץʪʳ ײʣסʘʶʳ 

ʦʣʘʨʜʳש ʙʘסʜʘʨʣʘʤʘʣʳ ʞᴅʥʝ ʘʧʧʘʨʘʪʪʳ ײץʨʘʣʜʘʨʳʥʳװ שʟʜʽʢʩʽʟ ᴇʨʢʝʥʜʝʫʽ 

ʤʝʥ ʞʝʪʽʣʫʽʥ ʪʘʣʘʧ ʝʪʝʜʽ. ᴄʨ ʢʝʟʝש ʞᴅʥʝ ʕɽʄ-ʥ̔ש ʙᴇʣʝʢ װʣʛʽʣʝʨʽ ᴇʟʽʥʜʽʢ 

ᴇʤʽʨ ʩװʨʫ ʫʘrץ ʪʳʥʘ ʠʝ ï ʙʳʣʘʡ ʘʡʪץʘʥʜʘ ᴇʤʽʨʣʽʢ ʮʠʢʣʛʝ ʠʝ. 

ʕɽʄ-ʥ̔ש ᴇʤʽʨʣʽʢ ʮʠʢʣʽ ʙʘʩץʘ ʜʘ ʢʝʟ-ʢʝʣʛʝʥ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ײץʨʘʣ ʩʠʷץʪʳ 
ʢʝʟʝשʜʝʨ ץʘʪʘʨʳʥʘʥ ᴇʪʝʜʽ: 

Á rס ʣʳʤʠ ʙʘʨʣʘʫ ï ʽʨʛʝʣʽ, ץʦʣʜʘʥʙʘʣʳ rס ʣʳʤʠ ʟʝʨʪʪʝʫʣʝʨʜʽ ʞװʨʛʽʟʫ ʞᴅʥʝ 

ʞʦʙʘʣʳ ʞײʤʳʩ ʙʘʩʳʥʳש ʧʘʡʜʘʣʳʣʳrס ʥ ʙʘסʘʣʘʫ hװ ʽʥ ʪʝʭʥʠʢʘ- 

ʵʢʦʥʦʤʠʢʘʣʳץ ʜᴅʣʝʣʜʝʤʝʣʝʨʜʽ ᴇשʜʝʫ; 

Á ʪʝʭʥʠʢʘʣrײץ ץʞʘʪʪʘʨʜʳ ʞʦʙʘʣʘʫ ʤʝʥ ʞʘשʘ ʪʝʭʥʠʢʘʣʳײץ ץʨʘʣʜʘʨʜʳש 

ʞʘשʘ ʪᴅʞʽʨʠʙʝʣʽ װʣʛʽʩʽʥ ײץʨʘʫ ʞᴇʥʽʥʜʝ ʪᴅʞʽʨʠʙʝʣʽ-ʢʦʥʩʪʨʫʢʪʦʨʣʳץ 

ʞײʤʳʩʪʘʨʜʳ ʞװʨʛʽʟʫ (ʊʂɾ); 

Á ʕɽʄ-ʥ̔ש ʪᴅʞʽʨʠʙʝʣʽ ʧʘʨʪʠʷʩʳʥ ʰʳסʘʨʫ ʤʝʥ ᴇʥʜʽʨʽʩʪʽ ʜʘʡʳʥʜʘʫ; 
Á ɾʘשʘ ײץʨʳʣrס ʣʘʨʜʳש ʩʝʨʠʷʣʳץ (ʞʘʧʧʘʡ) ʰ rסʘʨʳʣʫʳ; 

Á ʤʦʜʝʨʥʠʟʘʮʠʷ (ʙʳʣʘʡ ʘʡʪץʘʥʜʘ ʕɽʄ-ʥ̔ש ʘʧʛʨʝʡʜʽ); 
Á ʙʝʨʽʣʛʝʥ ײץʨʳʣrס  ʪװʨʽʥ ᴇʥʜʽʨʫʜʽ ʪʦץʪʘʪʫ ʤʝʥ ʦʥʳש ʫʪʠʣʠʟʘʮʠʷʩʳ. 

ɽש ʞʘʫʘʧʢʝʨʰʽʣʽʛʽ ʢᴇʧ ʢʝʟʝש ï ʆʂʈ-ʜʽ ʞװʨʛʽʟʫ. ʆʜʘʥ ʥʝʛʽʟʽʥʝʥ ᴇʤʽʨʣʽʢ 
ʮʠʢʣʜʽש ʫʘrץ ʪʳ ʞᴅʥʝ ʕɽʄ-ʥ̔ש ʘʧʧʘʨʘʪʪʳ ʙᴇʣʽʛʽʥʽש ʤʦʨʘʣʴʜʽ ץʘʨʪʘʶʳʥʳש 

ʤʝʨʟʽʤʽ ʙʘʡʣʘʥʳʩʪʳ. 

ʆʂʈ ʞװʨʛʽʟʫ hװ ʽʥ ʥʝʛʽʟʽʥ ץʘʣʘʫʰʳ ײץʞʘʪ ʪʝʭʥʠʢʘʣʳץ ʪʘʧʩʳʨʤʘ (ʊʊ) 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʦʣ: ʥʝʛʽʟʛʽ ʙʝʣʛʽʣʝʫ; ʪʝʭʥʠʢʘʣʳץ, ʪʝʭʥʠʢʘ-ʵʢʦʥʦʤʠʢʘʣʳץ, 

ᴇʥʜʽʨʽʩʪʽʢ ʞᴅʥʝ ᴇשʜʝʣʽʧ ʞʘʪץʘʥ ʕɽʄ-ʛʝ ʘʨʥʘʡʳ ʰʘʨʪʪʘʨʜʳ ʦʨʥʘʪʘʜʳ. ʊʊ 

ᴇשʜʝʫ ʢʝʟʝ̔ש ʥʽש ʤʝʨʟʽʤʽʥ ʘʥʳץʪʘʡʜʳ; ʦʣʘʨʜʳץ שʘʨʞʳʣʘʥʜʳʨʳʣʫʳʥ; 

ʪʝʭʥʠʢʘʣʳײץ ץʞʘʪʪʘʨʜʳײץ שʨʘʤʳʥ; ʩʳʥʘʫʜʳש ʨʝʪʽʥ ʞᴅʥʝ ʪᴅʞʽʨʠʙʝʣʽ 

סʨʳʣrײץ ʘסʘʙʳʣʜʘʫʳʥ, ᴇʥʜʽʨʽʩʪʽʢ ʵʢʩʧʣʫʘʪʘʮʠʷץ שʣʛʽʣʝʨʜʽװ ʥʳ ʝʥʛʽʟʫ ʞᴅʥʝ 

ʪ.ʙ. 

ʊʝʭʥʠʢʘʣʳץ ʪʘʧʩʳʨʤʘʜʘ ʤʽʥʜʝʪʪʽ ʪװʨʜʝ ʬʫʥʢʮʠʦʥʘʣʜʳ ʩʠʧʘʪʪʘʤʘʣʘʨסʘ 
(ʪʝʟ ᴅʨʝʢʝʪʪʽʣʽʢ, ʨʘʟʨʷʜʪʳʣʳץ, ʢʦʤʘʥʜʘʣʘʨ ʞװʡʝʩʽ, ʦʧʝʨʘʪʠʚʪʽ ʞʘʜʳʥʳש 

ʢᴇʣʝʤʽ ʞᴅʥʝ ʪ.ʙ.), ʵʣʝʢʪʨʤʘʛʥʠʪʪʽ װʡʣʝʩʽʤʜʽʣʽʢʢʝ, ʵʣʝʢʪʨ ץʫʘʪ ʙʝʨʫʛʝ, 

ʵʣʝʢʪʨʣʽʢ ץʘʪʪʳʣʳץץʘ, ʠʟʦʣʷʮʠʷסʘ ץʘʨʘʤʘ-ץʘʡʰʳʣʳץץʘ, ץʘʫʽʧʩʽʟʜʽʢʢʝ, 

ʵʢʩʧʣʫʘʪʘʮʠʷ ʳסשʘʡʣʳʣʳrס ʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ, ʩʳʨʪrץ  ᴅʩʝʨ ʝʪʝʪʽʥ 

ʬʘʢʪʦʨʣʘʨסʘ ʪײʨʘץʪʳʣrץץʘ, ʢʦʥʩʪʨʫʢʮʠʷסʘ, ײץʨʘʤʜʘʩ ʵʣʝʤʝʥʪʪʝʨʜʽ 

 ʘ, ʧʘʪʝʥʪʪʽסʪʘʫץʘ, ʪʨʘʥʩʧʦʨʪʪʘʫ ʤʝʥ ʩʘסʘʧʪʘʤʘʣʘʫץ ʙʘʣʘʫ ʤʝʥשʘ, ʪʘסʦʣʜʘʥʫץ

ʪʘʟʘʣʳץץʘ ʰʘʨʪʪʘʨ ʢᴇʨʩʝʪʽʣʝʜʽ. 
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ʆʂʈ ʧʨʦʮʝʩʩʽʥʜʝ ʢʦʥʩʪʨʫʢʪʨʣʽ, ʵʢʩʧʣʫʘʪʘʮʠʷʣʳ ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ 
 -ʨʘʣʘʜʳ, ʪʘʧʩʳʨʳʩ ʙʝʨʫʰʽʛʝ ʪʝʭʥʦʣʦײץ ʪʘʤʘʩʳץʞʠʥʘ ץʪʦʣʳ שʞʘʪʪʘʨʜʳײץ

ʛʠʷʣʳץ ʞʘʪʪʳסʫʣʘʨʜʳ ʘʫʘ-ʨʘʡʳʣʳץ ʞᴅʥʝ ʤʝʭʘʥʠʢʘʣʳץ ʰʘʨʪʪʘʨסʘ ʩᴅʡʢʝʩ 

ᴇʪʢʝʥ ʞᴅʥʝ ʦʩʳ ײץʞʘʪʪʘʨסʘ ʩʘʡ ʞʘʩʘʣסʘʥ ʕɽʄ-ʥ̔ש ʪᴅʞʽʨʠʙʝʣʽ װʣʛʽʣʝʨʽ 

 .ʩʳʥʳʣʘʜʳײ

ʕɽʄ-ʜʽ ץʘʙʳʣʜʘʫ ʪʝʢʩʝʨʫ ʤʝʥ ײץʞʘʪʪʘʨʜʳש ʢʦʥʩʪʨʫʢʪʦʨʣʳ, ʵʢʩʧʣʫʘʪʘ- 
ʮʠʷʣʳ ʙʘסʘʣʘʫʳʥʘ ʩᴅʡʢʝʩ ʞᴅʥʝ ʊʊ ʪᴅʞʽʨʠʙʝʣʽ װʣʛʽʣʝʨʽʥʽש ʰʘʨʪʪʘʨʳʥʘ ʩʘʡ 

ʞװʨʛʽʟʽʣʝʜʽ. 

ʆʂʈ ץʘʙʳʣʜʘʡ ʩʳʥʘץʪʘʨʳʤʝʥ ʽʩ-ʞװʟʽʥʜʝ ʙʽʪʝʜʽ, ʘʣ ʢʦʥʩʪʨʫʢʪʦʨʣʳ ʞᴅʥʝ 

ʪʝʭʥʦʣʦʛʠʷʣʳײץ ץʞʘʪʪʘʨʜʳש ʞʠʳʥʪʳץʪʘʨʳ ʪʘʧʩʳʨʳʩ ʙʝʨʫʰʽʥʽש ʰʝʰʽʤʽ 

ʙʦʡʳʥʰʘ ᴇʥʜʽʨʫ ʟʘʫʳʪʳʥʘ ʰʳסʘʨʳʣʫ hװ ʽʥ ʞʽʙʝʨʽʣʝʜʽ. 

ʐ rסʘʨʳʣʘʪʳʥ ʕɽʄ-ʥ̔ש ʩʘʥʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʘʞʳʨʘʪʳʣʘʪʳʥ ᴇʥʜʽʨʽʩʪʽש 

hװ  ʘ, ʬʫʥʢʮʠʦʥʘʣʜʳסʞᴅʥʝ ʞʘʧʧʘʡ. ʄʳʩʘʣ ץʣʛʽʩʽ ʙʘʨ: ʞʝʢʝ-ʜʘʨʘ, ʩʝʨʠʷʣʳװ 

ʞᴅʥʝ ʢʦʥʩʪʨʫʢʪʠʚʪʽ ץʠʳʥ ʕɽʄ-ʜʝʨ, ʩʫʧʝʨ ʕɽʄ-ʜʝʨ ʞʝʢʝ-ʜʘʨʘ ᴇʥʜʽʨʽʩʪʝ 

ʰ rסʘʨʳʣʫʳ ʤװʤʢʽʥ; ʞʝʢʝ ʕɽʄ-ʜʝʨ ʞᴅʥʝ ʧʝʨʠʬʝʨʠʣʣʝʥʛʝʥ ײץʨʘʣʜʘʨ ʩʝʨʠʷ- 
ʣrץ ʥʝʤʝʩʝ ʞʘʧʧʘʡ ᴇʥʜʽʨʽʩʪʽʢʪʝ ʰʳסʘʨʳʣʘʜʳ. 

ʕɽʄ-ʜʽ ʞʦʙʘʣʘʫ ʬʫʥʢʮʠʦʥʘʣʜʳ, ʩʳʟʙʘʣʳ ʪʝʭʥʠʢʘʣʳײץ ,ץʨʳʣʳʤʜʳץ 
ʞᴅʥʝ ʢʦʥʩʪʨʫʢʪʦʨʣʳ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽש ʙʘʨʣʳץ ʞװʡʝʩʽʥ ʘʣʫʜʘ ʢᴇʟʜʝʣʝʜʽ, 

ʦʥrש ᴇʥʜʽʨʽʩʪʝ ʞᴅʥʝ ʊʊ-ʜʘ ʬʫʥʢʮʠʦʥʘʣʜʘʥסʘʥ ʪʘʧʩʳʨʤʘʣʘʨʤʝʥ ʤʽʥʝʟʜʝ- 

ʤʝʣʝʨ ʞᴅʥʝ ʧʘʨʘʤʝʪʨʣʝʨʤʝʥ ʪʠʨʘʞʜʘʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

ʕɽʄ-ʥ̔ש ʩʳʟʙʘʣʳ ʪʝʭʥʠʢʘʣʳץ ʞʦʙʘʣʘʥʫʳ װʣʢʝʥ ʩʳʡʳʤʜʳʣʳץʧʝʥ ʤʽ- 

ʥʝʟʜʝʣʝʜʽ, ʩʦʥʜʳץʪʘʥ ʙʝʨʽʣʛʝʥ ʧʨʦʮʝʩʩʪʽש ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣʫʳʥʳש ʤʘʰʠʥ- 

ʜʽ ʪᴅʩʽʣʽ ץʦʣʜʘʥʳʣʘʜʳ. 

ʄʘrש ʟʜʳʣʳrס  ʘʟ ʝʤʝʩ ʪʘʧʩʳʨʤʘ ץʘʞʝʪʪʽ ʪʳrס ʟʜrץʪʘrס  ʤʦʥʪʘʞʜʘrס  

ʙʘʩʧʘʣʳ ʪʘץʪʘʥʳ ʜʘʡʳʥʜʘʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹʘʩʧʘʣʳ ʪʘץʪʘʥʳ ʘʞʳʨʘʪʫ ï 

ʕɽʄ-ʜʝ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʞʦʙʘʣʘʫʜʳ ץʘʞʝʪ ʝʪʝʪʽʥ ʞᴅʥʝ ᴇʟʘʨʘ װʡʣʝʩʽʤʜʽ 

ʞᴅʥʝ ץʘʨʘʤʘ-ץʘʡʰʳ ʪʘʧʩʳʨʤʘʣʘʨʜʳ ʦʨʳʥʜʘʫʜʳ ʰʝʰʫʜʝʛʽ ץʘʞʝʪʪʽʣʽʢʧʝʥ 

ʙʘʡʣʘʥʳʩʪʳ ᴇʪʝ ץʠʳʥ ʧʨʦʮʝʩʩ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ: ʙʽʨ ʞʘrס ʥʘʥ ʪʘץʪʘʜʘrס  

סʪrr שʘʧʪʘʤʘ ʢʦʤʧʦʥʝʥʪʪʝʨʽʥʽץ ʟʜrrס ʥ ʢᴇʙʝʡʪʫʛʝ, ʪᴇʩʝʤʜʝʛʽ ץʘʙʘʪʪʘʨ 
ʩʘʥʳʥ ʘʟʘʡʪʫסʘ; ʙʘʩץʘ ʞʘrס ʥʘʥ ï ʵʣʝʤʝʥʪʪʽ ʙʘʟʘʥʳש ʞʝʨʛʽʣʽʢʪʽ ʳʩʳʥʫʳʥ 

ʞʦʶ ʤʝʥ ʵʣʝʢʪʨʣʽ ʩʳʟʙʘʥʳש ʢʝʜʝʨʛʽʛʝ ʪᴇʟʽʤʜʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ. 

ɾʦʙʘʣʘʫ ʢʝʟʽʥʜʝ ʕɽʄ-ʥ̔ש ʩʳʨʪrץ  ʢʣʠʤʘʪʠʢʘʣʳץ ʞᴅʥʝ ʤʝʭʘʥʠʢʘʣʳץ 

ʬʘʢʪʦʨʣʘʨסʘ ʵʢʩʧʣʫʘʪʘʮʠʷʣʳץ ʪײʨʘץʪʳʣrrס ʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʪʘʧʩʳʨʤʘʩʳ 

ʰʝʰʽʣʫʽ ʢʝʨʝʢ, ᴇʡʪʢʝʥʽ ʙײʜʘʥ ʘʡʪʘʨʣʳץʪʘʡ ʜᴅʨʝʞʝʜʝ ʦʥʳש ʜᴅʡʝʢʪʽʣʽʛʽ 

ʪᴅʫʝʣʜʽ. 

ʕɽʄ-ʥ̔ש ʦʨʪʘץ ץʦʣʜʘʥʳʩʪʘrס  ʵʢʩʧʣʫʘʪʘʮʠʷסʘ ץʘʣʳʧʪʳ ʢʣʠʤʘʪʠʢʘʣʳץ 

ʞʘסʜʘʡʳ ʙʦʣʳʧ: ץʦʨʰʘסʘʥ ʦʨʪʘʥʳש ʪʝʤʧʝʨʘʪʫʨʘʩʳ ï 5...35Áʉ; ʘʫʘʥʳש 

ʳʣסʘʣʜʳʣʳrס  ץʨʜʝ - (60 Ñ 15) % ʰʘʤʘʩʳʥʜʘ; ʘʪʤʦʩʬʝʨʘʣʳװʘʪʳʩʪʳ ʪץ 

rץ ʩʳʤ - 630.800 ʤʤ ʨʪ. ʩʪ. 
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ʕɽʄ-ʛʝ ʘʟʜʘʫ ʪʝʤʧʝʨʘʪʫʨʘʥʳש ᴅʨʝʢʝʪ ʝʪʫʽ ʪʝʢ ʞײʤʳʩʩʳʟ ʞʘסʜʘʡʜʘ סʘʥʘ 
ʨץײʩʘʪ ʝʪʽʣʝʜʽ (ʞʳʣʫ ʞװʨʛʽʟʽʣʤʝʡʪʽʥ ʞʝʨʣʝʨʜʝ ʩʘץʪʘʫ ʤʝʥ ʪʨʘʥʩʧʦʨʪʪʘʫ 

ʢʝʟʽʥʜʝ). 

ɾʦסʘʨʳʣʘʥסʘʥ ʞײʤʳʩʪʳץ ʪʝʤʧʝʨʘʪʫʨʘ ʞʠʥʘץʪʘʣסʘʥ ʵʣʝʤʝʥʪʪʝʨʜʽש 
ʙʝʨʽʢʪʽʛʽʥ ʞᴅʥʝ ʪʦʣʳץ ʕɽʄ-ʜʽ ʪᴇʤʝʥʜʝʪʝʜʽ. ʊʝʤʧʝʨʘʪʫʨʘʥʳש ʮʠʢʣʜʽʢ ʘʫʳʪ- 

ץʟʘr שʢʝʨʥʝʫʛʝ ʞᴅʥʝ ʢʦʥʩʪʨʫʢʠʷʥʳ ץʫʣʘʨʳ ʤʝʭʘʥʠʢʘʣʳץ ʤʜʘʥʫʳʥʘ ʘʣʳʧ 

ʢʝʣʫʽ ʤװʤʢʽʥ. 

ʕʣʝʤʝʥʪʪʽʢ ʙʘʟʘ ʪʝʭʥʠʢʘʣʳײץ ץʞʘʪʪʘʨʜʘ ץʘʨʘʩʪʳʨʳʣʤʘסʘʥ ʪᴅʨʪʽʧ ʧʝʥ 

ʞʘסʜʘʡʜʘ ʵʢʩʧʣʫʘʪʘʮʠʷʣʘʥʙʘʫ ʢʝʨʝʢ, ʩʦʥʜʳץʪʘʥ ʪʘץʪʘʣʘʨʜʘ ʦʥʳ ʙʝʢʽʪʫ  

hװ ʽʥ ʽʣʫʣʽ ʵʣʝʤʝʥʪʪʝʨ ץʦʣʜʘʥʳʣʘʜʳ, ʩʳʨʪrץ  ʪײʨʘץʩʳʟʜʘʥʜʳʨrס ʰ ᴅʩʝʨʜʝʥ 

 ʨʫ (ʨʘʜʠʘʪʦʨʣʘʨ, ʚʝʥʪʠʣʷʪʦʨʣʘʨ) ʞᴅʥʝײʘʥʫ (ʣʘʢʧʝʥ ʞʘʙʫ), ʞʳʣʫʜʳ ʙסʦʨץ

ʪ.ʙ. 
ʅʝʛʽʟʽʥʝʥ ʕɽʄ-ʜʽ ʜʘʡʳʥʜʘʫʜʳש ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʩʪʝʨʽ ʙʘʩʧʘʣʳ 

ʪʘץʪʘʣʘʨ, ʩʘʣʤʘץ ʪװʩʽʨʽʣʝʪʽʥ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨ, ʙʝʢʽʪʫ ײץʨʳʣrס ʣʘʨʳ ʞᴅʥʝ 

ץʡʳʤʜʘʨ; ʞʠʥʘʫ; ʤʦʥʪʘʞ; ʙʘrײʘʡʪʳʥ-ʩᴅʥʜʽʢ ʙסʦʨץ ʣʘʫ; ʪʘʧʩʳʨʤʘʣʘʨʜʳ 

ʞװʨʛʽʟʫ ʤʝʥ ʨʝʪʪʝʫʛʝ ʙʘrס ʪʪʘʣסʘʥ. 

ɹʘʩʧʘʣʳ ʪʘץʪʘʣʘʨ ʙʽʨ ʞʘץʪʳ (ᴇʪʢʽʟʛʽʰʪʝʨ ʪʝʢ ʙʽʨ ʞʘrס ʥʜʘ ʦʨʥʘʣʘʩʘʜʳ), 
ʝʢʽ ʞʘץʪʳ (ᴇʪʢʽʟʛʽʰʪʝʨʜʽ ʘʞʳʨʘʪʫ ʝʢʽ ʞʘʟʳץʪrץʪʘ ʜʘ ʞװʨʛʽʟʽʣʝʜʽ) ʞᴅʥʝ 

ʢᴇʧץʘʙʘʪʪʳ ʙʦʣʳʧ ʙᴇʣʽʥʝʜʽ. ɹʘʩʧʘʣʳ ʪʘץʪʘʥʳש ʥʝʛʽʟʽ ʙʦʣʳʧ ʜʠʵʣʝʢʪʨʠʢʪʘʥ, 

ʪʦץ ᴇʪʢʽʟʛʽʰ ץʘʙʘʪʧʝʥ (ʤʳʩʪʳ ʬʦʣʴʛʘ) ᴅʡʥʝʢ ʤʘʪʘʥʳש ʞʘʧʳʨʘץʪʘʨʳʥʘʥ 

ʞʘʩʘʣסʘʥ ץʘʪʪʳ ʪᴇʩʝʥʽʰ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʂᴇʧץʘʙʘʪʪʳ ʙʘʩʧʘʣʳ ʪʘץʪʘʣʘʨ 

ʵʧʦʢʩʠʜʪʽ ʰʘʡʳʨʤʝʥ ʳʣסʘʣʜʘʥסʘʥ ʘʨʘʩʳʥʜʘ ᴅʡʥʝʢʤʘʪʘʜʘʥ ʞʘʩʘʣסʘʥ 

ʦhץ ʘʫʣʘrס ʰ ʪᴇʩʝʫ ʦʨʥʘʣʘʩʪʳʨʳʣסʘʥ ʝʢʽ ʞʘץʪʳ ʪʘץʪʘʣʘʨ ץʘʙʘʪʪʘʨʳʥʳש 

ʥrrס ʟʜʘʣʫʳʥʘʥ ʞʘʩʘʣʘʜʳ. 

ɼʕɽʄ-ʜʝ ʤʝʪʘʣʜʘʥסʘʥ ʪʫʨʘ (ᴇʪʧʝʣʽ) ʩʘrש ʣʘʫʣʘʨʤʝʥ (ץʘʙʘʪʪʘʨ ʘʨʘʩʳʥ 

ʙʽʨʽʢʪʽʨʫʰʽ) ʝʢʽ ʞʘץʪʳ ʞᴅʥʝ ʢᴇʧ ʞʘץʪʳ ʙʘʩʧʘʣʳ ʪʘץʪʘʣʘʨʜʳ ץʦʣʜʘʥʫʜʳ 

ʪʘʙʘʜʳ (2.5-ʩʫʨʝʪ). 

ʊʘץʪʘ ʞʘʩʘʣʫ ʙʘʨʳʩʳʥʜʘ ʙʽʨʥʝʰʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʦʧʝʨʘʮʠʷʣʘʨʜʘʥ ᴇʪʝʜʽ: 

ʜʘʡʳʥʜʘʤʘʥʳ ʢʝʩʫ (ʰʘʫʳʧ ʘʣʫ), ʩʘrש ʣʘʫʣʘʨʜʳ ʙײʨrס ʣʘʫ, ʩʘrש ʣʘʫʣʘʨʜʳש 
ʭʠʤʠʢʦʛʘʣʴʚʘʥʠʢʘʣʳץ ʤʝʪʘʣʣʠʟʘʮʠʷʩʳ, ᴇʪʢʽʟʛʽʰʪʝʨʜʽש ʩʫʨʝʪʽʥ ʞᴅʥʝ ʙʘʡʣʘ- 

ʥʳʩʪʳ ʘʣʘשʜʘʨʜʳ ʙʝʡʥʝʣʝʫ, ʘʨʪʳץ ʤʳʩ ʞʘʙʫʣʘʨʳʥ ʢʝʪʽʨʫ hװ ʽʥ ʙʝʪʪʝʨʜʽ 

ᴇשʜʝʫ ʞᴅʥʝ ʪ.ʙ. ʄʦʥʪʘʞ ʙʝʥ ʞᴇʥʜʝʫʜʽש rסשʘʡʣʳʣʳrס  hװ ʽʥ ʪʘץʪʘסʘ 

ʢʦʤʧʦʥʝʥʪʪʝʨʜʽש ʦʨʥʘʣʘʩʫ ʦʨʥʳʥʳש ʤʘʨʢʠʨʦʚʢʘʩʳ ʩʘʣʳʥʘʜʳ, ʦʣʘʨʜʳ 

ʧʨʠʥʮʠʧʪʽʢ ʵʣʝʢʪʨʣʽ ʩʳʟʙʘʩʳʥʘ ʩᴅʡʢʝʩ ʙʝʣʛʽʣʝʫ. ʉʦʩʳʥ ʪʘץʪʘʥʳ ʣʘʢ ʩʳʨʤʝʥ 

ᴅʨʣʝʥʛʝʥ ʤʳץʪʳ ʤʘʪʝʨʠʘʣʜʘʥ ʞʘʩʘʣסʘʥ ʞʘʩʳʣ ץʦʨסʘʡʪʳʥ ʙʝʪʧʝʨʜʝʤʝʥ 

ʞʘʙʘʜʳ, ᴇʪʢʽʟʛʽʰʪʝʨʜʽ ʳʩʳʥʫ ʤʝʥ ʘʙʘʡʩʳʟʜʘ ʜᴅʥʝʢʝʨʜʽש ʪʠʶʽʥʝʥ ʥʝʤʝʩʝ 

ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʜᴅʥʝʢʝʨʣʝʫ ʢʝʟʽʥʜʝʛʽ ʬʣʶʩʪʳ ץʦʨסʘʫ ʤʘץʩʘʪʳʥʜʘ 

 ʳʜʳʨʘʫʳʥʘ שʜᴅʥʝʢʝʨʽʥʽ שʦʣʜʘʥʘʜʳ. ʊʝʢ ʵʣʝʢʪʨʦʥʜʳ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽץ

ʤʦʥʪʘʞʜʳ ʙʘʡʣʘʥʳʩ ʘʣʘשʜʘʨʳ ʘʰʳץ ץʘʣʘʜʳ. 
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2.5 -̒̔̑̆̓Ȣ ˗̨̆̒̌̄̆̎ ̨̋̆̈̅̆̄ ̜̋̐́̂́̓̓ ̜̂́̒̐́̌ ̓ ́̓ ́ȡ 
1 ɂ ̙ ̜́̂́̓̓ ̓̒̆̍Ƞ 2 ɂ ̜̂́̊̌́̎̒ ̜́̌́̅́̑ ̍̆̎ ̨̨̨̙̓̋̈̄̓ ̨̒̔̑̆̓Ƞ 3 ɂ 
̜̜̍̆̓́̌̅́̎̅̑̌́̎ ̓̈̔  ̜̒́̌́̔Ƞ 4 ɂ ̔́̓ ̨̋̈̎ ̜́̇̑́̓̔Ƞ 5 ɂ ̓́̓ ́ 
̜́̂́̓̓́̑ ̜́̑́̒̎̅́ ̨̓̐̆̌ ̜̜̍̆̓́̌̅́̎̅̑̌́̎ ̜̒́̌́̔ 

 

 

ʕɽʄ-ʥ̔ש ʵʣʝʤʝʥʪʪʽ ʙʘʟʘʩʳʥʳש ʩʪʘʥʜʘʨʪʠʟʘʮʠʷʩʳ ʝʨʝʢʰʝ ʤʘrש ʟסʘ ʠʝ: 

ʘʪʘʣʳʥʜʳ ײץʥ, ʰʝʰʽʤʜʝʨ ʤʝʥ ʠʥʪʝʛʨʘʮʠʷʥʳש ᴅʨ ʪװʨʣʽ ʜᴅʨʝʞʝʩʽʥʜʝʛʽ ʀʉ 

ʢʦʨʧʫʩʪʘʨʳʥʳש, ʪʘʢʪʪʽ ʞʠʽʣʽʢ, ץʫʘʪ ʢᴇʟʽ, ʞײʤʳʩʰr ʪʝʤʧʝʨʘʪʫʨʘסʘ ʞᴅʥʝ ʪ.ʙ. 

ʉʪʘʥʜʘʨʪʠʟʘʮʠʷ ʙʝʣʛʽʣʝʥʛʝʥ ʥʦʨʤʘʪʠʚʪʽ-ʪʝʭʥʠʢʘʣʳײץ ץʞʘʪʪʘʨʤʝʥ ʩᴅʡʢʝʩ- 

ʪʝʥʜʽʨʽʣʛʝʥ ʥʦʨʤʘʣʘʨ ʞʠʳʥʪʳrס ʥ, ʝʨʝʞʝʣʝʨʜʽ ʞᴅʥʝ ײץʨʳʣrססʘ ץʦʡʳʣסʘʥ 

ʪʘʣʘʧʪʘʨʜʳ ʦʨʥʘʪʘʜʳ ʞᴅʥʝ ʜʝ ʕɽʄ-ʥ̔ש ᴅʨ ʪװʨʣʽ ʪװʨʣʝʨʽʤʝʥ ʤʦʜʝʣʴʜʝʨʽʥʽש 

ʙʘסʜʘʨʣʘʤʘʣʳ, ʘץʧʘʨʘʪʪʳ, ʪʝʭʥʠʢʘʣʳץ ʞᴅʥʝ ʵʢʩʧʣʫʘʪʘʮʠʷʣʳ װʡʣʝʩʽʤ- 

ʜʽʣʽʢʪʝʨʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 
ʉʪʘʥʜʘʨʪʠʟʘʮʠʷ ʕɽʄ-ʥ̔ש ᴅʨ ʪװʨʣʽ ᴇʥʜʽʨʫʰʽʣʝʨʽʥʽײץ שʨʳʣrס ʥʳ ʢʦʥʩʪ- 

ʨʫʢʪʠʚʪʽ ʦʨʳʥʜʘʣʫʳʥʳש ʙʽʨʣʽʛʽʥ ץʘʤʪʘʤʘʩʟ ʝʪʝʜʽ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʞʘʣסʘrס ʰ 

ʙʘʡʣʘʥʳʩʪʳʨʫʰʳʣʘʨʜʳש, ʵʣʝʢʪʨʦʥʜʳ ʤʦʜʫʣʴʜʘʨʜʳש, ʦʨʥʘʣʘʩʪʳʨʳʣʘʪʳʥ 

סʨʳʣrײץ ʣʘʨʜʳש ʞᴅʥʝ ᴅʨ ʪװʨʣʽ ʧʝʨʠʬʝʨʠʣʣʝʥʛʝʥ ײץʨʳʣrס ʣʘʨʜʳװ שʡʣʝʩʽʤ- 

ʜʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

 

ˎˍ˨˘ˍ ɣ˞ ˝ˍ˟ˍ˝ ˨  
 

1. ˪˒-̇̎  ̨ ̨̨̍̑̌̋ ̨̗̉̋̌ ́̎̅́̊ ̨̋̆̈̆̅̆̑̅ ̜́̍̓̉̅ȩ 
2. ˪˒-̨̇̅ ̜̇̏̂́̌́̔̅ ̎ ̨̨̆̄̈̄ ̨̋̆̈̆̅̆̑̎ ́ ̜̓́̈Ȣ 
3. ̜̜̜̑́̒̓̑̌̐ ̇́̓́̎ ˪˒˙-̄̆ ̨̨̍̎̅̆̓̓ ̙̜́̑̓̓́̑̅ 
̜́̓́̈Ȣ 

4. ˎ̜́̒̐́̌ ̓́̓́ ̎̆ ̨̙̎ ́̇̆̓ȩ 
5. ˎ̜́̒̐́̌ ̜̓́̓́̌́̑̅ ̜̜̅́̊̎̅́̔̅ ̓ ̖̠̜̆̎̏̌̏̄̉̌ 
̨̗̐̑̏̆̒̒̎ ̜́̊̓̐ ̂ ̨̨̆̑̈ Ȣ 

6. ˪˒-̇̎  ̨̂ ̜́̒̐́̌ ̜̓́̓́̎ ̜̏̌̅́̎́̓̎ ̜̜̑̌ ̜̒̎ 
̜́̓́̈Ȣ 
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  3 ̓ ́̑́̔  

ˑ˒˝ˎ˒˞ ˗˛˙˜˩˫˟˒˝˘˒˝ 
 
 

 
    3.1.  ˝ˍ˞˟˨˝ˠˑ˨ ̇ ˍː˕˞˟˝ˍ˘˩ˑ˴-˙˛ˑˠ˘˩ˑ˴ 
 ˜̋ ˕˚ˣ˕˜˴  

 

σȢρȢρȢ ˑ˪˒˙ ̙̜̉̎́̌ ̜̜̜̜̊̍̅́̒̓̑̌̔ 

ɼʕɽʄ-ʥ̔ץ שʘʨrץ ʥʜʳ ʞᴅʥʝ װʟʜʽʢʩʽʟ ʜʘʤʫʳ ץʦʤʘץʪʳ ʜᴅʨʝʞʝʜʝ ʙʘʨʣʳץ 

ᴅʣʝʤʜʝ ʪʘʨʘʣʫ ʘʨʪʳhץ ʳʣrrס ʤʝʥ ʪʘʙʳʣסʘʥ IBM ʬʠʨʤʘʩʳʤʝʥ ײʩʳʥʳʣסʘʥ 

ʘʰrץ ʘʨʭʠʪʝʢʪʫʨʘʥʳ ץʦʣʜʘʥʫʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. 

ʕɽʄ-ʜʽ ʙʘʩץʘʨʫ ʤʝʥ ʦʨʪʘʣʳץʩʳʟʜʘʥʜʳʨʳʣסʘʥ ײץʨʳʣʳʤʥʳש ʪʘʨʠʭʠ 

ʜʘʤʫʳ ʞʘʣʧʳ ʞײʨʪ ʪʘʥʳסʘʥ, ʢʝʡʽʥ ʟʘʤʘʥʘʫʠ ʢʦʤʧʴʶʪʝʨʣʝʨʜʽ ײץʨʘʩʪʳʨʫ 

ʩʪʘʥʜʘʨʪʪʳ ʠʜʝʦʣʦʛʠʷʩʳʥʘ ʘʣʳʧ ʢʝʣʜʽ: ײץʨʘʩʪʳʨʫʜʳש ʘʧʧʘʨʘʪʪʳ ʤʦʜʫʣʴ- 

ʜʳʣrrס , ʤʘʛʠʩʪʨʘʣʴʜʳʣʳץ (ʰʠʥʘʣʳץ ʙʘʡʣʘʥʳʩʪʘʨʜʳ ץʦʣʜʘʥʫ), ʤʘʩʰʪʘʙ- 

ʪʘʫ (ʝʩʝʧʪʝʫʽʰ ʨʝʩʫʨʩʪʘʨʜʳ ᴇʩʽʨʫ ʤװʤʢʽʥʜʽʛʽ) ʞᴅʥʝ ʙʘʩץʘʨʫ ʠʝʨʘʨʭʠʷʩʳ. 
ɹײʣ ʠʜʝʦʣʦʛʠʷ ʙʽʨ ʪװʨʜʝʛʽ ײץʨʳʣrס ʣʘʨʜʳש ʘʫrץ ʤʜʳ ᴇʥʜʽʨʽʩʽʥʜʝʛʽ ʰʘʨʪʪʘʨ 

ʘʨʘʩʳʥʜʘrס  ʢʝʣʽʩʧʝʫʰʽʣʽʢʪʝʨʜʽ ʰʝʰʝʜʽ ʞᴅʥʝ ɼʕɽʄ-ʛʝ װʡʣʝʩʽʤʜʽ ʢᴇʧ ʪװʨʣʽ 

ʤʦʜʝʣʴʜʝʨʜʽ ʞᴅʥʝ ʘʧʧʘʨʘʪʪʳ-ʙʘסʜʘʨʣʘʤʘʣʳ ײץʨʳʣrס ʣʘʨʤʝʥ ʞʘʩʘʣʳʥʘʜʳ. 

ϧϰʨʘʩʪʳʨʫʜʳϬ ʘʧʧʘʨʘʪʪʳ ʤʦʜʫʣʴʜʳʣʳϤr  ʙʘʩץʘʨʫ ʤʝʥ ʙʘʡʣʘʥʳʩʪʳש 

ʩᴅʡʢʝʩʪʽʣʽʢ ʩʳʟʳץʪʘʨʳʤʝʥ ʞʘʣסʘʥסʘʥ ʕɽʄ-ʥ̔ײץ שʨʳʣʳʤʳ ʘʚʪʦʥʦʤʜʳ, 

ʬʫʥʢʮʠʦʥʘʣʜʳ ʞᴅʥʝ ʢʦʥʩʪʨʫʢʪʠʚʪʽ װʡʣʝʩʽʤʜʽ ײץʨʳʣrס ʣʘʨʜʳש (ʧʨʦʮʝʩʩʦʨ, 

ʞʘʜʳ ʤʦʜʫʣʴʽ, ʩʠʩʪʝʤʘʣʳ ʪʘץʪʘʣʘʨ, ʤʘʛʥʠʪʪʽ ʞᴅʥʝ ʦʧʪʠʢʘʣʳץ ʜʠʩʢʪʘʨʜʘrס  

ʞʠʥʘrס ʰʪʘʨ, ץʫʘʪ ʢᴇʟʽʥʽש ʙʣʦʢʪʘʨʳ ʞᴅʥʝ ʪ.ʙ.) ʙᴇʣʽʥʫʽʥ ʙʦʣʞʘʤʜʘʡʜʳ. 

ɼʕɽʄ-ʥ̔ש ʤʦʜʫʣʴʜʳ ʢʦʥʩʪʨʫʢʮʠʷʩʳ ʦʥʳ ʘʰʳץ ʩʘʥʘʣʤʘʣʳ ʞװʡʝ ʞʘʩʘʧ, 

ץʘ ʙʝʡʽʤ rסᴇʨʽʩʪʝʫʽʥʝ ʞᴅʥʝ ʘʜʘʧʪʘʮʠʷ שʨʳʣʳʤʥʳײץ ʣʘʜʳ. ɼʕɽʄ-ʛʝ ᴅʨ ʪװʨʣʽ 

ᴇʥʜʽʨʫʰʽʣʝʨʜʽײץ שʨʳʣrס ʣʘʨʳʥ ץʦʩʫסʘ ʙʦʣʘʜʳ, ʦʥʳש ʪʝʭʥʠʢʘʣʳץ ʞᴅʥʝ 
ʵʢʦʥʦʤʠʢʘʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ ʞʘץʩʘʨʪʳʧ ʢʦʤʧʴʶʪʝʨʜʽ ץʦʣʜʘʥʫʰʳʣʘʨʜʳש 

ʘʫʳʩʘʪʳʥ ʰʘʨʪʘʨʳʥʘ ʞᴅʥʝ ʞʘשʘ ʘʧʧʘʨʘʪʪʳ ʞᴅʥʝ ʙʘסʜʘʨʣʘʤʘʣʳ 

סʨʳʣrײץ ʣʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫʳʥʘ ʩᴅʡʢʝʩ ʙʝʡʽʤʜʝʡʜʽ. 

ʊʝʭʥʠʢʘʣʳץ ʞᴅʥʝ ʙʘסʜʘʨʣʘʤʘʣʳ ײץʨʳʣrס ʣʘʨʜʳװ שʡʣʝʩʽʤʜʽʣʽʛʽ hװ ʽʥ 
ɼʕɽʄ-ʥ̔ש ʪʦʣʳץ ʤʦʜʫʣʴʜʽ ײץʨʳʣʳʤʳ ײץʨʳʣrס ʥrש ʩʪʘʥʜʘʨʪʠʟʘʮʠʷʩʳ ʤʝʥ 

ʫʥʠʬʠʢʘʮʠʷʩʳʥ ץʘʞʝ ʝʪʝʜʽ, ʪװʡʽʥʜʝʩʫ ײץʨʳʣrס ʣʘʨʳʥʳש ï ʠʥʪʝʨʬʝʡʩʪʝʨʜʽש 

(ʬʠʟʠʢʘʣʳץ ʙʘʡʣʘʥʳʩʪʘʨ) ʞᴅʥʝ ʘץʧʘʨʘʪʪʘʨʤʝʥ ʘʣʤʘʩʫ ʧʨʦʪʦʢʦʣʜʘʨʳʥʳש, 

ʢʦʥʩʪʨʫʢʪʠʚʪʽ ʰʝʰʽʤʜʝʨ, ʪʠʧʪʽ ʘʣʤʘʩʫ ʵʣʝʤʝʥʪʪʝʨʽʥ ץʦʣʜʘʥʫ, ʵʣʝʤʝʥʪʪʽ 

ʙʘʟʘʥʳש ʫʥʠʬʠʢʘʮʠʷʩʳ ʞᴅʥʝ ʥʦʨʤʘʪʠʚʪʽ-ʪʝʭʥʠʢʘʣʳײץ ץʞʘʪʪʘʨ. 
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ɹײʥrש ʙʘʨʣʳrס  ɼʕɽʄ-ʥ̔ש ʪʝʭʥʠʢʘʣʳץ ʞᴅʥʝ ʵʢʩʧʣʫʘʪʘʮʠʷʣʳץ ʤʽʥʝʟʜʝʤʝ- 
ʣʝʨʽʥ ʞʘץʩʘʨʪʫסʘ, ᴇʥʜʽʨʽʩʪʽʢ ʪʝʭʥʦʣʦʛʠʷʥʳש ᴇʩʫʽʥʝ ʞᴅʥʝ ʦʣʘʨʜʳש ʙʘסʘʩʳ- 

ʥrש ʪᴇʤʝʥʜʝʫʽʥʝ ᴅʩʝʨ ʝʪʝʜʽ. 

ʂᴇʧʪʝʛʝʥ ʬʫʥʢʮʠʦʥʘʣʜʘʥסʘʥ ʘʚʪʦʥʦʤʜʳ ʞװʡʝ ʙᴇʣʽʢʪʝʨʽʥʝʥ (ʤʦʜʫʣʴʜʘʨ) 
ʪײʨʘʪʳʥ ʝʩʝʧʪʝʫʽʰ ʞװʡʝʜʝ ʦʣʘʨʜʳש ʘץʧʘʨʘʪʪʳץ ʞᴅʥʝ ײʡʳʤʜʘʩʪʳʨʫʰʳʣʳץ 

 .ʘʞʝʪץ ʤʝʭʘʥʠʟʤʳ שʡʣʝʩʽʤʜʽʣʽʛʽʥʽװ

ɽש ʘʣʜʳʤʝʥ ʙײʣ ʤʦʜʫʣʴʜʝʨ ʘץʧʘʨʪʪʘʨʤʝʥ ʪʝʟ ʞᴅʥʝ ʪʠʽʤʜʽ ʪװʨʜʝ ʘʣʤʘʩʫʳ 

ʢʝʨʝʢ. ɼʕɽʄ-ʥ̔ש ᴅʨ ײץʨʳʣrס ʩʳ ʘץʧʘʨʘʪʪʘʨʤʝʥ ʘʣʤʘʩʫʜʳש ʞʘʣʧʳסʘ ʙʽʨʜʝʡ 

ʥʝʤʝʩʝ ᴅʨ ʪװʨʣʽ ʝʨʝʞʝʣʝʨʜʽ (ʧʨʦʪʦʢʦʣʜʘʨʜʳ) ץʦʣʜʘʥʳʧ ʞʘʣʧʳ ʥʝʤʝʩʝ 

ʪᴅʫʝʣʩʽʟ ʙʘʡʣʘʥʳʩ ʞʝʣʽʣʝʨʽʤʝʥ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽ ʢʝʨʝʢ. 

ɼʕɽʄ-ʥ̔ש ʥʝʛʽʟʛʽ ײץʨʳʣrס ʣʘʨʳʥʳש ʘʨʘʩʳʥʜʘ ʝש ʘʫrץ ʤʜʳ ʫʥʠʚʝʨʩʘʣ- 
ʜʳʣrץץʘ ʞʝʪʫ hװ ʽʥ ʞᴅʥʝ ʘץʧʘʨʘʪʪʘʨʤʝʥ ʘʣʤʘʩʫʜʳ ʞʝ̔ש ʣʜʝʪʫ hװ ʽʥ ʙʘʡʣʘ- 

ʥʳʩʪʘʨʜʳש ʰʠʥʘʣʳײץ ץʨʳʣʳʤʳ ץʦʣʜʘʥʳʣʘʜʳ. 

סʨʳʣrײפ ʣʘʨ ʘʨʘʩʳʥʜʘrס  ʙʘʨʣʳץ ʩʠʛʥʘʣʜʘʨ ʫʘrץ ʪ ʘʨʘʣʳrס ʥʘ ʙᴇʣʽʥʽʧ 

(ʤʫʣʴʪʠʧʣʝʢʩʪʝʣʛʝʥ ʞʽʙʝʨʫ) ʙʘʡʣʘʥʳʩʪʳש ʙʽʨ ʞʝʣʽʩʽʥʝʥ ʞʽʙʝʨʽʣʝ ʘʣʳʥסʘʥ 
ʢʝʟʜʝ ʤʘʛʠʩʪʨʘʣʴʜʳʣʳϨ ɼʕɽʄ-ʥ̔ש ʰʠʥʘʣʳײץ ץʨʳʣʳʤʳʥ ʪײʪʘʩʪʳrס ʥ 

ʘʥrץʪʘʡʜʳ. ɾʘʣʧʳסʘ ʙʽʨʜʝʡ ʙʘʡʣʘʥʳʩ ʞʝʣʽʣʝʨʽ ʘʨrץ ʣʳ ʩʠʛʥʘʣʜʘʨʤʝʥ 

ʘʣʤʘʩʫ ʝʢʽ ʙʘrס ʪʪʘ (ʝʢʽ ʙʘrס ʪʪʳ ʞʽʙʝʨʫ) ʞװʨʛʽʟʽʣʝ ʘʣʘʜʳ, ʦʣ ʙʘʡʣʘʥʳʩʪʘʨ 

ʩʘʥʳʥ ʝʜᴅʫʽʨ ʪװʨʜʝ ʘʟʘʡʪʘʜʳ. 

ʐʠʥʘʣʳײץ ץʨʳʣʳʤʥʳש ʙײʣ ײץʥʜʳʣʳrס  ʞʘʣʧʳסʘ ʙʽʨʜʝʡ ʰʠʥʘסʘ ץʦʩʳʣ- 

סʨʳʣrײץ ʘʥס ʣʘʨסʘ ʙʽʨ ʘʣʤʘʩʫ ʧʨʦʪʦʢʦʣʳ ʘʨrץ ʣʳ ʘץʧʘʨʘʪʪʳ ץʘʙʳʣʜʘʫ ʤʝʥ 

ʞʽʙʝʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɾʘʣʧʳסʘ ʙʽʨʜʝʡ ʰʠʥʘʥʳש ʘʣʤʘʩʫʳʥʘ ʞʘʫʘʧ 

ʙʝʨʝʪʽʥ ʙײʣ ײץʨʳʣrס ʣʘʨʜʘrס  ʪװʡʽʥʜʝʨ ʙʽʨʢʝʣʢʽ ʞᴅʥʝ ʫʥʠʬʠʮʠʷʣʘʥסʘʥ  

ʙʦʣʫʳ ʢʝʨʝʢ. 

ʂᴇʧ ʨʘʟʨʷʜʪʳ ʰʠʥʘ ʞʠʳʥʪʳrס ʥʘʥ ʪײʨʘʪʳʥ ʞʘʣʧʳסʘ ʙʽʨʜʝʡ ʘץʧʘʨʘʪʪʳ 

ʞװʡʝʣʽ ʤʘʛʠʩʪʨʘʣʴʜʽש ʙʦʣʫʳ, ʦʣʘʨסʘ ʠʝʨʘʨʭʠʷʥʳש ᴅʨ ʢʝʟʝ̔ש ʥʜʝ װʣʢʝʡʪʢʽʰ 
ʞʘʣסʘrס ʰʪʘʨ ʤʝʥ ʢʦʥʪʨʦʣʣʝʨʣʘʨ ʘʨrץ ʣʳ ᴅʨ ʪװʨʣʽ ʤʦʜʫʣʴʜʘʨʜʳש ʞʘʣסʘʥʫʳ 

ʤװʤʢʽʥ, ʦʣ ᴇʥʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ײץʨʳʣrס ʥʳ ᴇʩʽʨʫʛʝ, 

ɼʕɽʄ-ʥ̔ײץ שʨʳʣʳʤʳʥ ʞʝʢʝ-ʜʘʨʘ ʝʩʢʽʣʝʥʛʝʥ ײץʨʳʣrס ʣʘʨʜʳ ʟʘʤʘʥʘʫʠ 

ʪʝʭʥʠʢʘʣʳײץ ץʨʳʣסʘʣʘʨסʘ ʘʫʳʩʪʳʨʫ ʘʨrץ ʣʳ ʞʘץʩʘʨʪʫ ʞᴅʥʝ ʪ.ʙ. 

ɾʝʢʝ-ʜʘʨʘ (ʘʡʳʨʳhץ ʘʣʘʥסʘʥ) ʘʟʜʘסʘʥ ʨʘʟʨʷʜʪʳ ʙʘʡʣʘʥʳʩ ʞʝʣʽʣʝʨʽ 

ʥʝʛʽʟʽʥʝʥ ɼʕɽʄ-ʥ̔ש ʝʥʛʽʟʫ-ʰ rסʘʨʫ ʰʝʪʢʝʨʽ ײץʨʳʣrס ʣʘʨʳʤʝʥ ᴇʟʘʨʘ ᴅʨʝʢʝʪ- 

ʪʽʣʽʛʽʥʝ ץʦʣʜʘʥʳʣʘʜʳ. 

ʂʦʤʧʴʶʪʝʨ ʰʠʥʘʩʳ ï ʦʣ ᴅʨ ʪװʨʣʽ ʨʘʟʨʷʜʪʳ ʞᴅʥʝ ᴇʥʜʽʨʽʩʪʽʣʽʢʪʽ ʞʝʣʽʥʽש 
hװ  ʪװʨʽʥʝʥ ʪײʨʘʪʳʥ ʞʠʳʥʪʳץ: ʤʝʢʝʥ-ʞʘʡʣʘʨ, ʙʘʩץʘʨʫ ʞᴅʥʝ ʘץʧʘʨʘʪʪʘʨ. 

ʂʝʟ-ʢʝʣʛʝʥ ʞʘץʪʘʫʜʳש ʥʝʛʽʟʛʽ ʩʠʧʘʪʪʘʤʘʩʳ ʙʦʣʳʧ ʦʥʳש ʨʘʟʨʷʜʪʳʣʳrס  

ʤʝʥ ʘʣʤʘʩʫ ʞʠʽʣʽʛʽʥ ʘʥʳץʪʘʡʪʳʥ ᴇʪʢʽʟʫ ʞʦʣʘrס  (ʘץʧʘʨʘʪʪʳ ʞʽʙʝʨʫ 

ʞʳʣʜʘʤʜʳrס ) ʪʘʙʳʣʘʜʳ. 
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ɸץʧʘʨʘʪʪʘʨʤʝʥ ʘʣʤʘʩʫʜʳ ʙʘʩץʘʨʫ ʤʝʥ ʰʠʥʘʣʘʨʜʘrס  ʰʠʝʣʝʥʽʩʪʽʢ 
ʞʘסʜʘʡʣʘʨʜʳש ʘʣʜʳʥ ʘʣʫסʘ ʘʨʙʠʪʨʘʞ ʤʝʭʘʥʠʟʤʽ ץʦʣʜʘʥʳʣʘʜʳ, ʦסʘʥ 

ʙʘʡʣʘʥʳʩʪʳ ʞʘץʪʘʫסʘ ץʦʩʳʣסʘʥ ײץʨʳʣrס  busmasters (ʙʘʩʪʳ ʥʝʤʝʩʝ 

ʞװʨʛʽʟʫʰʽ) ʞᴅʥʝ busslaves (ʙʘrס ʥrשrץ ʥʝʤʝʩʝ ʞʝʪʝʢʰʽ) ʜʝʧ ʙᴇʣʽʥʝʜʽ. 

ɾװʨʛʽʟʫʰʽ ײץʨʳʣrס ʣʘʨ ʰʠʥʘʥʳש ʞײʤʳʩʳʥ ʙʘʩץʘʨʫסʘ ץʘʙʽʣʝʪʪʽ, ʷסʥʠ 

ʘץʧʘʨʘʪʧʝʥ ʘʣʤʘʩʫʜʳ ʙʘʩʪʘʤʘʰʳʣʳץ ʝʪʫʛʝ ʤװʤʢʽʥʜʽʛʽʥ ʪʝʢʩʝʨʝʜʽ. ɾʝʪʝʢʰʽ 

סʨʳʣrײץ ʣʘʨ ʙʘʩʪʳ ײץʨʳʣrס ʣʘʨʜʳש ʨץײʩʘʪʳ ʙʦʡʳʥʰʘ סʘʥʘ ʘץʧʘʨʘʪʪʘʨʜʳ 

ʞʽʙʝʨʝ ʘʣʘʜʳ. 

ʇʨʦʮʝʩʩʦʨʣʳ ʥʝʤʝʩʝ ʣʦʢʘʣʴʜʽ ʰʠʥʘʤʝʥ FSB (FrontSideBus ï ʞʠʽʣʽʢʪʽ 

ʩʳʨʪrץ  ʰʠʥʘ) ʰʠʥʘʩʳ ʜʝʧ ʘʪʘʣʳʧ ʢʝʪʢʝʥ ʧʨʦʮʝʩʩʦʨ ʰʠʥʘʩʳʥ ʪʝשʝʩʪʽʨʝʜʽ. 

ʆʣ ʧʨʦʮʝʩʩʦʨʣʘʨʜʳש ʘʨʘʩʳʤʝʥ ʞʝʢʝ-ʜʘʨʘ ʢʦʤʧʴʶʪʝʨʜʽש ʙʘʩץʘ ײץʨʳʣ- 

rס ʣʘʨʳʥ ʙʘʩץʘʨʘʪʳʥ ʞʘʣrס ʟ ʙʘʡʣʘʥʳʩ ʢʘʥʘʣʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʇʨʦʮʝʩ- 
ʩʦʨʜʳש ʰʠʥʘʩʳʥʳש ʨʘʟʨʷʜʪʳʣʳrס  ʩʳʨʪrץ  ʢʵʰ-ʞʘʜʳ ʤʝʥ ʦʧʝʨʘʪʠʚʪʽ 

ʞʘʜʳʥʳש ʨʘʟʨʷʜʪʳʣʳrסʥ ʘʥʳץʪʘʡʜʳ. ɼʕɽʄ-ʥ̔ש ʧʨʦʮʝʩʩʦʨʣʳץ ʰʠʥʘʩʳ 

װʘʥʳ hסʪʘʥ ʪᴅʫʝʣʜʽ ʙʦʣץʦʣʜʘʥʙʘʣʳ ʧʨʦʮʝʩʩʦʨʣʘʨʜʘʥ, ʨʘʟʨʷʜʪʳʣʳץ ʽʥ ʝʨʝʞʝ 

ʙʦʡʳʥʰʘ ʫʥʠʬʠʮʠʷʣʘʥʙʘʡʜʳ, ʆɽʉפ-ʤʝʥ ʘʣʤʘʩʫ ײʡʳʤʳ ʞᴅʥʝ ʞײʤʳʩ ʽʩʪʝʫ 

ʫʘrץ ʪʳʥʳש ʞʠʽʣʽʣʽʛʽ װʟʜʽʢʩʽʟ ʘʫʳʩʳʧ ʦʪʳʨʘʜʳ. 

ɾϮʡʝʣʽ ʰʠʥʘ ʧʨʦʮʝʩʩʦʨʣʘʨ ʘʨʘʩʳʥʜʘ ʞᴅʥʝ ʩʳʨʪrץ סʨʳʣrײץ  ʣʘʨ 
ʘʨʘʩʳʥʜʘ ʘץʧʘʨʘʪʪʘʨʜʳ ʞʽʙʝʨʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʧ ʝש ʪʘʣʘʧ ʝʪʽʣʛʝʥ ʞᴅʥʝ 

ɼʕɽʄ-ʥ̔ש ʰʝʢʪʝʣʛʝʥ ʨʝʩʫʨʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɾʝʢʝ-ʜʘʨʘ ʢʦʤʧʴʶʪʝʨʣʝʨ- 

ʜ̔ש ᴇʨʢʝʥʜʝʫʽ ʢʝʟʽʥʜʝ ʞװʡʝʣʽ ʰʠʥʘʥʳש ʙʽʨʥʝʰʝ ʩʪʘʥʜʘʨʪʪʳ ײʡʳʤʜʘʨʳ ץʦʣ- 

ʜʘʥʳʣסʘʥ. 

ISA ʰʠʥʘʩʳ (IndustryStandartArchitecture ð ᴇʥʜʽʨʽʩʪʽʢ ʩʪʘʥʜʘʨʪʪʳ 

ʘʨʭʠʪʝʢʪʫʨʘ) ʢʝש ʢᴇʣʝʤʜʝ ʞʝʢʝ-ʜʘʨʘ ʢʦʤʧʴʶʪʝʨʣʝʨʜʝ ץʦʣʜʘʥʳʣʜʳ,  IBMPC 

/XT  ʞᴅʥʝ  IBMPC/AT.  ʆʣ װʣʢʝʥ ʝʤʝʩ  ʘʣʤʘʩʫ ʞʳʣʜʘʤʜʳrס ʤʝʥ (8 ʤʙʘʡʪ/ʩ) 

16-ʨʘʟʨʷʜʪʳ ʰʠʥʘ ʘץʧʘʨʘʪʳʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ. 
ʆʥrש ʢʝʣʝʩʽ ʤʦʜʠʬʠʢʘʮʠʷʩʳ ð EISA ʰʠʥʘʩʳ (ExtendedIndustry- 

StandartArchitecture ð ʞʝʪʽʣʜʽʨʽʣʛʝʥ ᴇʥʜʽʨʽʩʪʽʢ ʩʪʘʥʜʘʨʪʪʳ ʘʨʭʠʪʝʢʪʫʨʘʩʳ) 

ð i80386 ʞᴅʥʝ i486 ʧʨʦʮʝʩʩʦʨʣʘʨʳʤʝʥ ʢʦʤʧʴʶʪʝʨʣʝʨʜʝ ץʦʣʜʘʥʳʣסʘʥ. ʆʣ 
ISA-ʥrײ שʣסʘʡʪʳʣʫʳ ʙʦʣʳʧ ɼʕɽʄ-ʥ̔ש ʙײʨʳʥrס  ʤʦʜʫʣʴʜʘʨʳʤʝʥ ʘʧʧʘʨʘʪ- 

ʪʳ װʡʣʝʩʽʤʜʽʣʽʢʪʽ ʩʘץʪʘʜʳ. EISA ʰʠʥʘʩʳ ʘʨrץ ʣʳ ʞʽʙʝʨʫʣʝʨʜʽש ʤʘʢʩʠʤʘʣʜʳ 
ʞʳʣʜʘʤʜʳrס  33 ʄʙʘʡʪ/ʩ ײץʨʘʡʜʳ. 

MCA ʩʪʘʥʜʘʨʪʪʳ ʞװʡʝʣʽ ʰʠʥʘ (MicroChannelArchitecture ð ʤʠʢʨʦ- 

ʢʘʥʘʣʜʳ ʘʨʭʠʪʝʢʪʫʨʘ) IBMPS/2 ץʦʣʜʘʥʳʧ ʞᴅʥʝ ISA ʤʝʥ EISA װʡʣʝʩʽʤʜʽ 

ʙʦʣʤʘʜʳ. ʐʠʥʘ 8/16/32-ʨʘʟʨʷʜʪʳ ʘץʧʘʨʘʪʪʘʨʜʳ ʞʽʙʝʨʫʜʽש ʘʩʠʥʭʨʦʥʜʳrס ʥ 

ʩװʡʝʤʝʣʜʝʧ ʞᴅʥʝ 4ɻʙʘʡʪ ʞʘʜʳסʘ ʜʝʡʽʥ ʞʽʙʝʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. MCA 

ʰʠʥʘʩʳʥʳש ᴇʪʢʽʟʙʝʣʽ ץʘʙʽʣʝʪʪʽʣʽʛʽ 20...160 ʄʙʘʡʪ/ʩ ײץʨʘʜʳ. 

PCI ʩʪʘʥʜʘʨʪʪʳ ʘʣʜʳשrץ סʘʪʘʨʣʳ ʞʝʪʽʣʛʝʥ 32-ʨʘʟʨʷʜʪʳ ʩʠʥʭʨʦʥʜʳ 

ʰʠʥʘ (Peripheral Component Interconnect ð ʰʝʪʢʝʨʽ ʢʦʤʧʦʥʝʪʪʝʨʜʽש 
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 -ʘʟʽʨʛʽ ʢʝʟʜʝ ʜʝ 64-ʨʘʟʨʷʜʪʳ ʤʦʜʠʬʠץ ,ʘʥסʨʳʣײץ ʡʣʝʩʽʤʜʽʣʽʛʽ), 1992 ʞʳʣʳװ
ʢʘʮʠʷ ʪװʨʽʥʜʝ ץʦʣʜʘʥʳʣʘʜʳ. PCI ʞʘץʪʘʫʳ ʩʠʛʥʘʣʜʘʨʜʳ ʧʨʦʮʝʩʩʦʨʣʳץ ʞᴅʥʝ 

ʘʨʥʘʡʳ ʜʝʧ ʙᴇʣʽʧ ʞᴅʥʝ ʆɽʉפ-ʜʘrס  ʦʣʞʝʪʽʤʜʽʣʽʢ ʙʦʡʳʥʰʘ ʰʠʝʣʝʥʽʩʪʝʨʜʽץ 

ʰʝʰʫʜʽ ʦʨʳʥʜʘʡʪʳʥ (3.1 ʩʫʨʝʪ) ʘʨʥʘʡʳ ʞʘʜʳ ʢʦʥʪʨʦʣʣʝʨʽʥ ï ʩʦʣʪװʩʪʽʢ 

ʢᴇʧʽʨ (Northbridge) ץʦʣʜʘʥʫʜʳ ʢᴇʟʜʝʛʝʥʥʝʥ ʢʝʡʽʥ ʧʨʦʮʝʩʩʦʨʜʳש ʪװʨʽʥʝ 

ʙʘʡʣʘʥʳʩʪʳ ʝʤʝʩ. 

ɸץʧʘʨʘʪʪʘʨ ʙʣʦʛʳ ʩʘʥʘʣסʘʥʜʘ ʞᴅʥʝ װʟʜʽʢʩʽʟ ʨʝʪʧʝʥ ʞʘʟʳʣסʘʥ ʜʘ, ʙʘʡʪʪʘʥ 
ʢʝʡʽʥ ʙʘʡʪ, ʘʚʪʦʤʘʪʪʳ ʤʝʢʝʥ-ʞʘʡʣʘʨʜʳש ʘʨʪʳʣʳʩʳʤʝʥ ʰʠʥʘʜʘ ʩʳʟrץʪrץ 

סʦʣʜʘʥʳʣʘʜʳ. PCI-ʜʘrץ ʧʘʨʘʪʪʘʨʜʳ ʞʽʙʝʨʫץʘʣʪʘ ʪᴅʩʽʣʽʤʝʥ ʘץ  ʰʠʥʘʥʳש 

ᴇʣʰʝʤʽʥ ʢʽʰʽʨʝʡʪʫ hװ ʽʥ ʤʫʣʴʪʠʧʣʝʢʩʪʝʫ (ᴅʨ ʪװʨʣʽ ʫʘrץ ʪʪʘ ʙʽʨ ʞʝʣʽ 
ʙʦʡʳʥʰʘ ʤʝʢʝʥ-ʞʘʡʣʘʨ ʤʝʥ ʘץʧʘʨʘʪʪʘʨʜʳ ʞʽʙʝʨʫ) ץʦʣʜʘʥʳʣʘʜʳ. PCI 

ʩʪʘʥʜʘʨʪʳ ʙʘʡʣʘʥʳʩʪʘʨ ײʡʳʤʜʘʨʳʥʘ çʢᴇʧʽʨè ץʦʣʜʘʥʫסʘ ʨץײʩʘʪ ʙʝʨʝʜʽ, 

ʤʳʩʘʣסʘ ISA ʰʠʥʘʩʳʤʝʥ. ɾʘשʘ ʩʧʝʮʠʬʠʢʘʮʠʷʣʳץ ʩʪʘʥʜʘʨʪʪʘ PCI ײץʨʳʣ- 

rס ʩʳʥʳש çʳʩʪʳץè ʘʣʤʘʩʪʳʨʫʳʥ ץʦʣʜʘʫ ץʘʨʘʩʪʳʨʳʣסʘʥ. ɹײʥʜʘʡ ʤװʤʢʽʥ- 

ʜʽʢʪʽ ʝʥʛʽʟʫ ʢʦʤʧʴʶʪʝʨʜʽ ᴇh ʽʨʫʩʽʟ ʰʠʥʘ ʩʣʦʪʳʥʜʘ ʪʘץʪʘʣʘʨʜʳ ʘʫʳʩʪʳʨʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 
 

 

 

3.1 -̒̔̑̆̓Ȣ ˑ˪˒˙ ̜̜̜̑̌̍̅ ̒ ̜̌̂́̒ 
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PCI ʰʠʥʘʩʳʥʘ ʢᴇh ʢʝʥ ʫʘrץ ʪʪʘ PCI ʞᴅʥʝ ISA ʰʠʥʘʣʘʨʳʤʝʥ ʢʦʤʧʴʶ- 
ʪʝʨʣʝʨʽ ץʦʣʜʘʥʳʩʪʘ ʙʦʣסʘʥ (3.1 ʩʫʨʝʪʪʽ ץʘʨʘʫ). ʆʩʳ ʰʠʥʘʣʘʨ ʘʨʘʩʳʥʜʘ ʘץʧʘ- 

ʨʘʪʪʳץ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʽʣʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʙʘʷʫʣʘʪʳʣסʘʥ ʢʦʤʧʦʥʝʥʝʪ- 

ʪʝʨʤʝʥ ʰʝʪʢʝʨʽ ײץʨʳʣrס ʣʘʨʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʢʝʥ ɼʕɽʄ-ʜʝʛʽ 

PC/ISAð ʙʘʪʳʩ ʢᴇʧʽʨʽ (Southbridge) ʢʦʥʪʨʦʣʣʝʨ ץʦʣʜʘʥʳʣסʘʥ. 

ISA ʞʘץʪʘʫʳʥ ʢᴇʧ ʫʘrץ ʪ ץʦʣʜʘʥʫʜʳש ʙʘʩʪʳ ʩʝʙʝʙʽ ʦʩʳ ʩʪʘʥʜʘʨʪʪʳ 
ʰ rסʘʨʳʣסʘʥ ʤʦʜʫʣʴ ʩʘʥʳʥʳש ʢᴇʧ ʙʦʣʫʳʥʜʘ ʙʦʣʜʳ. 

ʂʝʡʽʥʽʨʝʢ ISA ʰʠʥʘʩʳʥʳש ʦʨʥʳʥʘ ʙʘʪʳʩ ʢᴇʧʽʨʜʝ ץʘʨʘʧʘʡʳʤʳʨʘץ LPC 

(LowPinCountInterface ð ʘʟ ʙʘʡʣʘʥʳʩʪʳ ʠʥʪʝʨʬʝʡʩ) ץʦʣʜʘʥʳʣʜʳ. ɹײʣ ʰʠʥʘ 

סʨʳʣrײץ ʣʘʨʜʳ ץʦʩʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʙʘʨ ʞʦrס  ʩʝʛʽʟ ʥʝʛʽʟʛʽ 

ʘץʧʘʨʘʪʪʘʨʜʳ ʞʽʙʝʨʫ ʞʝʣʽʩʽʥʝʥ ʞᴅʥʝ ʘʣʪʳ ץʦʩʳʤʰʘ ʞʝʣʽʜʝʥ ʪײʨʜʳ. LPC 

ʰʠʥʘʩʳ װʩʪʝʣʜʽ ʞᴅʥʝ ʜʝ ʤʦʙʠʣʴʜʽ ʞװʡʝʣʝʨʛʝ ʞʘʨʘʤʜʳ. ʆʣ ץʦʣʜʘʥʙʘʣʳ 

שʘʤʪʘʩʘʤʳʟ ʝʪʽʧ ʙʝʣʛʽʣʝʥʛʝʥ ʢʝ̔ץ ʪʳץʫʘʪʪʳʣʳץ ʩʪʽʢʪʽ 16 ʄʙʘʡʪʪʘʥ (ISA 

ʰʠʥʘʩʳ) 4 ɻʙʘʡʪץʘ ʜʝʡʽʥ. 

LPC ʰʠʥʘʩʳʥ ץʦʣʜʘʥסʘʥ ʢʝʟʜʝ Intel ʢʦʨʧʦʨʘʮʠʷʩʳ ʢᴇʧʽʨʣʝʨʜʽ 
ʘ ʢᴇhסʦʣʜʘʥʫץ (ʘʡʪʘʣʘʫʳʰʪʘʨʜʳץ) ʦʣʜʘʥʫʜʘʥ ʭʘʙʪʘʨʜʳץ ʪʽ. PCI ʰʠʥʘ- 

ʩʳʥrש ʞʘשʘ ײץʨʳʣʳʤʳʥʜʘ ʙʘʩץʘʨʫ LPC ʰʠʥʘʩʳ ʘʨrץ ʣʳ ʠʽʣʛʽʰ ʜʠʩʢʪʽ ʢʦʥ- 

ʪʨʦʣʣʝʨ ץʦʩʳʣʘʪʳʥ, LPT, COM, ʧʝʨʥʝʪʘץʪʘʣʘʨ ʞᴅʥʝ ʪʳʰץʘʥʜʘʨ ʙʘʪʳʩ 

ʭʘʙץʘ ʙʝʨʽʣʝʜʽ. 

ʉʦʣʪϮʩʪʽʢ ʢϺʧʽʨ MCH ʭʘʙʳʥ ײʩʳʥʘʜʳ (MemoryControllerHub ð ʝʩʪʝ 

ʩʘץʪʘʫ ʢʦʥʪʨʦʣʣʝʨʽʥʽש ʭʘʙʳ) ð ʚʠʜʝʦ (AGP) ʤʝʥ ʧʨʦʮʝʩʩʦʨ ʰʠʥʘʩʳʥʳש 

ʣʦʢʘʣʴʜʽ ʢʦʥʪʨʦʣʣʝʨʽ, ʦʧʝʨʘʪʠʚʪʽ ʞʘʜʳ ʞᴅʥʝ ʙʘʪʳʩ ʭʘʙʧʝʥ ʙʘʡʣʘʥʳʩ. 

ʍʘʙʪʘʨ ʘʨʘʩʳʥʜʘrס  ʠʥʪʝʨʬʝʡʩ ʪʝʟ ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩʪʳ ʢᴇʨʩʝʪʝʜʽ çʥװʢʪʝ ï 

ʥװʢʪʝè ʞᴅʥʝ ץʘʥʜʘʡ ʜʘ ʙʽʨ ײץʨʳʣrס ʣʘʨʜʳץ שʦʩʳʣʫʳʥʘ ʘʨʥʘʣʤʘסʘʥ. 

ɹʘʪʳʩ ʢϺʧʽʨ ICH-ʥrש ʭʘʙʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ (I/OControllerHubð ʝʥʛʽʟʫ- 

ʰ rסʘʨʫ ʢʦʥʪʨʦʣʣʝʨʽʥʽש ʭʘʙʳ) ð ʝʥʛʽʟʫ-ʰ rסʘʨʫ ʢʦʥʪʨʦʣʣʝʨʽ (ץʘʪʪʳ 
ʜʠʩʢʪʝʨ, USB, ʘʫʜʠʦ ʞᴅʥʝ PCI ʤʝʥ LPC ʞʘץʪʘʫʣʘʨʳ) ʞᴅʥʝ ʞװʡʝʣʽ ʰʠʥʘʥʳש 

ʬʫʥʢʮʠʷʣʘʨʳʥ ʦʨʳʥʜʘʡʜʳ. 

ɹײʥʜʘʡ ʘʨʭʠʪʝʢʪʫʨʘʜʘ PCI ʰʠʥʘʩʳ ʞװʡʝʣʽ ʰʠʥʘ ʙʦʣʳʧ ʪʘʙʳʣʤʘʡʜʳ, ʪʝʢ 

ɼʕɽʄ-ʛʝ ץʦʩʳʤʰʘ ʤʦʜʫʣʴʜʘʨסʘ (ʢʘʨʪʘʣʘʨסʘ) ץʦʩʳʣʫ hװ ʽʥ ʩʣʦʪʪʘʨʜʳ 

ʦʨʥʘʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ װʣʢʝʡʪʫ ʰʠʥʘʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɾʘץʪʘʫʣʘʨ 
סʨʳʣrײץ ʡʳʤʳ ʙʽʨ ʢʘʨʪʘʜʘ ʩʝʛʽʟ ʬʫʥʢʮʠʦʥʘʣʜʳ ʙʽʪʢʝʥײ ʣʘʨʜʳ ץʠʳʩʪʳʨʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

PCI ʰʠʥʘʩʳ PlugandPlay ʪʝʭʥʦʣʦʛʠʷʩʳʥ ץʦʣʜʘʡʜʳ (çץʦʩ ʪʘ ʞײʤʳʩ 

ʞʘʩʘè). 

ʂʝʟ-ʢʝʣʛʝʥ ץʦʩʳʣʘʪʳʥ ʤʦʜʫʣʴ ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝʛʝ ʞʘשʘ ײץʨʳʣrס ʤʝʥ 

ɼʕɽʄ-ʜʽ ʘʚʪʦʤʘʪʪʳ ʢʦʥʬʠʛʫʨʘʮʠʷʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʞᴅʥʝ ʘʧʧʘʨʘʪʪʳ 

ʰʠʝʣʝʥʽʩʪʝʨʜʽ ʰʝʰʫʛʝ ץʦʩʳʣʫ ʢʝʟʽʥʜʝ ᴇʟʽʥʽש ʤᴅʣʽʤʝʪʪʝʨʽʥ ʞʝʪʢʽʟʝʜʽ. 
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PCI ʰʠʥʘʩʳ ʪʝʟ ʙʦʣʳʧ ʩʘʥʘʣʩʘ ʜʘ ʛʨʘʬʠʢʘʣʳץ ʘץʧʘʨʘʪʪʘʨʜʳ ʪʠʽʤʜʽ 
ʞ̔ ʙʝʨʫʛʝ ץʘʙʽʣʝʪʩʽʟ. ʉʦʥʜʳץʪʘʥ ʦʥʳ ʞʽʙʝʨʫ hװ ʽʥ ʝʩʪʝ ʩʘץʪʘʫ ʢʦʥʪʨʦʣʣʝʨʽ 

ʘʨrץ ʣʳ ʆɽʉס-פʘ ʪʽʢʝʣʝʡ ץʦʣʞʝʪʽʤʜʽʣʽʛʽ ʙʘʨ 32-ʨʘʟʨʷʜʪʳ ʙᴇʣʝʢ AGP 

(AcceleratecdGraphicsPort ð ʪʝʟʜʝʪʽʣʛʝʥ ʛʨʘʬʠʢʘʣʳץ ʧʦʨʪ) ʣʦʢʘʣʴʜʽ 

ʰʠʥʘʩʳʥ ץʦʣʜʘʥʘʜʳ. 

AGP ʪʝʟʜʝʪʽʣʛʝʥ ʛʨʘʬʠʢʪʽ ʧʦʨʪʳ hװ  ᴇʣ ʝhʤʜʽ ʛʨʘʬʠʢʪʽ3) שD-ʘʢʩʝʣʝʨʘ- 
ʪʦʨʣʘʨʳ) ʞײʤʳʩʳʥʳש ʪʝʟʜʝʪʽʣʛʝʥ ʥᴅʪʠʞʝʣʽʣʽʛʽʥʝ ץʘʞʝʪ, ʤʦʥʠʪʦʨʜʘ ʩʘʧʘʣʳ 

ʩʫʨʝʪ ʘʣʫ hװ ʽʥ װʣʢʝʥ ʢᴇʣʝʤʜʽ ʚʠʜʝʦ ʞʘʜʳ ץʘʞʝʪ. AGP ʞʘץʪʘʫʳ ʛʨʘʬʠʢʘʣʳץ 

ʘץʧʘʨʘʪʪʘʨʜʳש ʞʽʙʝʨʽʣʫ ʞʳʣʜʘʤʜʳrס ʥ 1 ɻʙʘʡʪ/ʩ ʘʩʘ ץʘʤʪʘʤʘʩʳʟ ʝʪʝ ʘʣʘʜʳ. 

ץʘʟʽʨʛʽ ʫʘrפ ʪʪʘ ʧʘʨʘʣʝʣʣʴʜʽ ʰʠʥʘʜʘʥ ʨʝʪʪʽʢʢʝ ʢᴇh ʫ ʩᴇʟʙʝʥ ʘʡʪʳʣסʘʥ װʨʜʽʩʽ 

ʙʘʡץʘʣʫʜʘ, ʷסʥʠ ɼʕɽʄ-ʥ̔ש ʘʨʭʠʪʝʢʪʫʨʘʩʳʥʜʘ ʞʝʣʽʣʽʢ ʰʝʰʽʤʜʝʨʜʽ ץʦʣʜʘʥʫ. 

PCI ʰʠʥʘʩʳʥʳש ʦʨʥʳʥʘ ʞʘשʘ ʩʪʘʥʜʘʨʪʪʳ ʢʝʟʝʢʪʽ װʣʢʝʥ ʞʳʣʜʘʤʜʳץʪʳ 

PCIExpress ʰʠʥʘʩʳ ʢʝʣʜʽ. PCIExpress ʰʠʥʘʩʳ ʪʦʣʳrס ʤʝʥ ɼʕɽʄ-ʥ̔ש 

ʽʰʽʥʜʝʛʽ װʩʪʝʣʜʽʢ ʞᴅʥʝ ʘʫʳʩʪʳʨʤʘʣʳ PCI ʩʪʘʥʜʘʨʪʪʘʨʳʥ ʘʣʤʘʩ- 

ʪʳʨʘʜʳ. 
PCI-סʘ ץʘʨʘסʘʥʜʘ ʞʘשʘ ʰʠʥʘ ᴅʨץʘʡʩʳʩʳ ʝʢʽ ʩʠʛʥʘʣʜʳ ʞʦʣʘץʧʝʥ çʥװʢʪʝ- 

ʥװʢʪʝè ʙʘʡʣʘʥʳʩʫ ʪʠʧʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʪᴅʫʝʣʩʽʟ (ʘʡʳʨʳhץ ʘʣʘʥסʘʥ) 

ʢʝʟʝʢʪʽ (ʙʽʨ ʨʘʟʨʷʜʪʳ) ʪʦʧʪʘʨʜʳש ʤᴅʣʽʤʝʪʪʝʨʜʽ ʞʽʙʝʨʫʜʽש ʜʫʧʣʝʢʩʪʽ 

ʢʘʥʘʣʜʘʨʳʥʘʥ ʪײʨʘʜʳ. ʉʪʘʥʜʘʨʪʪʳ ʙʦʣʳʧ PCIExpress ʰʠʥʘʩʳʥʳ8 ,4 ,2 ,1 ש, 

16 ʞᴅʥʝ 32 ʢʘʥʘʣʜʘʨʳʥ ץʦʣʜʘʥʳʫʳʤʝʥ ץʘʣʳʧʪʘʩʪʳʨʳʣʫʳ ץʘʨʘʣʘʜʳ, ʦʣ 

ʤᴅʣʽʤʝʪʪʝʨʤʝʥ ʘʣʤʘʩʫ ʞʳʣʜʘʤʜʳrס ʥ 0,5... 16 ɻʙʘʡʪ/ʩ-ץʘ ʜʝʡʽʥ ʢᴇʙʝʡʪʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

PCIExpress ʰʠʥʘʩʳʥ ץʦʣʜʘʥʫ ʘץʧʘʨʘʪʪʘʨʤʝʥ ʘʣʤʘʩʫʜʳ ʦʥ ʝʩʝʛʝ  
ʢᴇʙʝʡʪʽʧ ץʘʥʘ ץʦʡʤʘʡ ʢᴇʧʽʨʣʝʨʜʽש ʤʠʢʨʦʩײʣʙʘʣʘʨʳʥʜʘ ʢʦʥʪʘʢʪʽʣʝʨ ʩʘʥʳʥ 

ʝʣʝʫʣʽ ʪװʨʜʝ rץ ʩץʘʨʪʫסʘ, ɼʕɽʄ-ʥ̔ש ʞװʡʝʣʽ ʪʘץʪʘʩʳʥʳש ʘʞʳʨʘʪʫʳʥ 

ʦשʘʡʣʘʪʳʧ AGP ʰʠʥʘʩʳʥ ʪʠʽʤʜʽ ʪװʨʜʝ ʘʫʳʩʪʳʨʘʜʳ. 

ɼʕɽʄ-ʥ̔ש ʘʧʧʘʨʘʪʪʳ ʙᴇʣʽʢʪʝʨʽʥʽש ʘʨʘʩʳʥʜʘrס  ʘץʧʘʨʘʪʪʳ ᴇʟʘʨʘ 

ᴅʨʝʢʝʪʪʽʣʽʢʪʽש ʥʝʛʽʟʽʥ (3.1-ʩʫʨʝʪʪʽ ץʘʨʘrש ʟ) ᴅʨ ʪװʨʣʽ ʜᴅʨʝʞʝʜʝʛʽ ץʠʩʳʥ- 

ʜʘʩʪʳץʪʳ ʧʘʨʘʣʝʣʣʴʜʽ ʰʠʥʘʣʘʨ ʞװʡʝʩʽ ײץʨʘʡʜʳ: ʧʨʦʮʝʩʩʦʨʣʘʨ (FSB ʰʠʥʘ- 
ʩʳ), ʞװʡʝʣʽ ʰʠʥʘ (PCI ʩʪʘʜʨʘʪʳʥʜʘrס  ʰʠʥʘʣʘʨ) ʞᴅʥʝ ISA (LPC) ʰʠʥʘʣʘʨʳ, 

rץ ʟʤʝʪ ʝʪʫ ʞʠʥʘץʪʘʫʳʰʪʘʨʳ ʞᴅʥʝ ʝʥʛʽʟʫ-ʰ rסʘʨʫ ײץʨʳʣrס ʣʘʨʳ. 

ɼʕɽʄ ʷʜʨʦʩʳ FSB ʧʨʦʮʝʩʩʦʨʣʳץ ʰʠʥʘʩʳʤʝʥ ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩʪʳ 

ʧʨʦʮʝʩʩʦʨ ʤʝʥ ʙʫʬʝʨʣʳץ ʞʘʜʳʥʳ ʞʘʩʘʡʜʳ. ʇʨʦʮʝʩʩʦʨ ʙʘʩץʘ ײץʨʳʣrס ʣʘʨ 

 ʤʳʩײʤʝʥ ʞ-פʘʪʳʥʘʩʳʥʜʘ ʢʵʰ-ʞʘʜʳʤʝʥ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʽʧ ʆɽʉץ-ʘʨʳʤץ

ʙʘʨʳʩʳʥʜʘ װʟʜʽʢ (ʘʙʩʦʣʶʪʪʽ) ʙʘʩʳʤʜʳʣʳץץʘ ʠʝ. 

ɹʘʨʣʳץ ʟʘʤʘʥʘʫʠ ʧʨʦʮʝʩʩʦʨʣʘʨʜʘ ʦʨʥʘʪʳʣסʘʥ ʙʽʨʽʥʰʽ (ʢʝʡ ʞʘסʜʘʡʣʘʨʜʘ 

ʝʢʽʥʰʽ) ʜᴅʨʝʞʝʣʽ ʢʵʰ-ʞʘʜʳ ʙʦʣʘʜʳ, ʩʦʥʜʳץʪʘʥ 3.1-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ 

ʢʵʰ-ʞʘʜʳʩʳʥ hװ ʽʥʰʽ ʜʝשʛʝʡʣʽ ʢʵʰ-ʞʘʜrסʘ ʞʘʪrץ ʟʫסʘ ʙʦʣʘʜʳ. 
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ɹʝʨʽʣʛʝʥ ʙʫʬʝʨʣʽ ʞʘʜʳ ʧʨʦʮʝʩʩʦʨʤʝʥ ʆɽʉפ-ʥrש ʘʨʘʩʳʥʜʘrס  ʤᴅʣ̔ ʤʝʪʪʝʨʜʽ 
ʘʣʤʘʩʫʜʳ ʪʝʟʜʝʪʫʛʝ ʘʨʥʘʣסʘʥ. ɹʘʩʪʘʧrץ ʜʘ ʘʡʪʳʣʳʧ ʢʝʪʢʝʥʜʝʡ ʦʧʝʨʘʪʠʚʪʽ 

ʞʘʜʳʥʳש ʜʠʥʘʤʠʢʘʣʳץ ʪװʨʽʥʝ ץʘʨʘסʘʥʜʘ ᴅʣʜʝץʘʡʜʘ ʞʳʣʜʘʤʳʨʘץ ʢʵʰ-ʞʘʜʳ 

ʩʪʘʪʠʩʪʠʢʘʣʳץ ɿʋ ʥʝʛʽʟʽʥʜʝ ײץʨʘʣʘʜʳ. 

ʆɽʉפ ʤʦʜʫʣʴʜʽ ץʘסʠʜʘʜʘ ʞʘʩʘʣʳʥʳʧ ʝʩʪʝ ʩʘץʪʘʫ ʢᴇʣʝʤʽʥ 4 ɻʙʘʡʪ-ץʘ 
ʜʝʡʽʥ ʢᴇʙʝʡʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʂʦʤʧʴʶʪʝʨʜʝʛʽ ʘץʧʘʨʘʪʪʘʨʤʝʥ ʙʘʨʣʳץ ʘʣʤʘʩʫ ʙʽʨ ʥʝʛʽʟʛʝ ʙʽʨʽʢʪʽʨʽʣʝʜʽ 

ʞʘʜʳ ʢʦʥʪʨʦʣʣʝʨʽʤʝʥ ï ʢʦʤʤʫʥʠʢʘʮʠʷʣʘʥסʘʥ ʤʠʢʨʦʩײʣʙʘʤʝʥ (ʩʦʣʪװʩʪʽʢ 

ʢᴇʧʽʨʤʝʥ). ɼʕɽʄ-ʥ̔ש ʤײʥʜʘʡ ʦʨʪʘʣʳץ ʙᴇʣʽʢʪʝʨʽʥʽײץ שʨʳʣʫʳ ʢʦʤʧʴʶʪʝʨʜʽש 

ʬʫʥʢʮʠʦʥʘʣʜʳ ʢʦʤʧʦʥʝʥʪʪʝʨʽʥ ʦʧʪʠʤʘʣʜʳ ʪװʨʜʝ ʙʽʨʽʢʪʽʨʫʛʝ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʽʧ, ʦʣʘʨʜʳש ʪᴅʫʝʣʩʽʟ ʤʦʜʝʨʥʠʟʘʮʠʷʩʳʥ ʤװʤʢʽʥʜʽʛʽʥʰʝ ʩʘץʪʘʡʜʳ. 

ʄʳʩʘʣסʘ, ʩʦʣʪװʩʪʽʢ ʢᴇʧʽʨʜʽש ʙʽʨ ʪװʨʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ ᴅʨ ʪװʨʣʽ ᴇʥʜʽʨʽʩʪʝʛʽ 
ʧʨʦʮʝʩʩʦʨʣʘʨʜʳ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ; ʢᴇʧʽʨʜʽ ʘʣʤʘʩʪʳʨʘ ʦʪʳʨʳʧ 

ʧʨʦʮʝʩʩʦʨʤʝʥ ʦʧʝʨʘʪʠʚʪʽ ʞʘʜʳʥʳש ʤװʣʜʝʤ ᴅʨ ʪװʨʣʽ ʪװʨʣʝʨʽʥ ץʦʣʜʘʥʫסʘ 

ʙʦʣʘʜʳ 

ʇʨʦʮʝʩʩʦʨ ʙʽʨʥʝʰʝ ʩʣʦʪʪʘʨ ʘʨʘʩʳʥʜʘ ʙʽʨ ʫʘrץ ʪʪʘ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʞʽʙʝʨʫ 
ʤװʤʢʽʥʜʽʛʽʥ ץʘʤʪʘʩʘʤʳʟ ʝʪʝ ʦʪʳʨʳʧ PCI ʰʠʥʘʩʳʥʘ ץʦʩʳʣʘ ʘʣʘʜʳ. PCI 

ʩʣʦʪʪʘʨʳ ɼʕɽʄ-ʥ̔ש ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʫʥʠʬʠʮʠʷʣʘʥסʘʥ ʬʫʥʢʮʠʦʥʘʣʜʳ 

  ,ʪʘ, ʞʝʣʽʣʽ ʢʘʨʪʘץʦʩʳʤʰʘ ʤʦʜʫʣʴʜʝʨʜʽ ï ʜʳʙʳʩʪʳ ʞᴅʥʝ ʤʦʜʝʤʜʽ ʪʘץ

ʰʝʪʢʝʨʽ ײץʨʳʣrס ʣʘʨʜʳש ᴅʨ ʪװʨʣʽ ʢʦʥʪʨʦʣʣʝʨʣʝʨʽʥ ʞᴅʥʝ ʪ.ʙ. ʧʘʡʜʘʣʘʥ- 

 .ʣʢʝʡʪʝʜʽװ ʘʩʳʥʜʘץʘʨ שʘʥʥrס

ISA ʥʝʤʝʩʝ LPC ʰʠʥʘʣʘʨʳ ʥʝʛʽʟʽʥʝʥ ʞʠʥʘץʪʘʫʳʰ ʢʦʥʪʨʦʣʣʝʨʣʝʨʜʽ, 
ʧʝʨʥʝʪʘץʪʘʥʳ ʞᴅʥʝ ʝʥʛʽʟʫ-ʰ rסʘʨʫ ʧʦʨʪʪʘʨʳʥ ʙʽʨʽʢʪʽʨʫ hװ ʽʥ ʧʘʡʜʘʣʘ- 

ʥʳʣʘʜʳ. 

AGP ʰʠʥʘʣʘʨʳ ʪʝʢ ʙʽʨ ײץʨʳʣrס ʥʳ ï ʚʠʜʝʦʘʜʘʧʪʝʨʜʽ ï ʩʦʣʪװʩʪʽʢ 

ʢᴇʧʽʨʜʝʛʽ AGP ʢʦʥʪʨʦʣʣʝʨʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳʨʘʜʳ. ʆʩʳʣʘʡ ʰʠʥʘ ʆɽʉס-פʘ 

ʛʨʘʬʠʢʘʣʳץ ʤᴅʣʽʤʝʪʪʝʨ hװ ʽʥ ʚʠʜʝʦʘʜʘʧʪʝʨʛʝ ᴇʟʽʥʽש ʙᴇʣʝʢ ʢʘʥʘʣʳ ʘʨrץ ʣʳ 

ץʤʢʽʥʜʽʛʽʥʝ ʠʝ, ʩʦʣ ʘʨrװʘʨʘʫ ʤץ ʣ r ʟʘʤʘʥʘʫʠ 3D ʪʝʟʜʝʪʢʽʰʪʝʨʽʥʝ ʪʝʢ 

ʦʨʥʘʪʳʣסʘʥ ʞʘʜʳʥʳ ʝʤʝʩ, ɼʕɽʄ-ʥ̔ש ʞװʡʝʣʽ ʞʘʜʳʩʳʥ ץʦʣʜʘʥʫסʘ ʤװʤʢʽʥʜʽʢ 
ʙʝʨʝʜʽ. 

ɼʕɽʄ-ʥ̔ש ʙʘʨʣʳײץ ץʨʳʣrס ʩʳ ᴅʨ ʪװʨʣʽ ʞʠʽʣʽʢʪʝ ʞײʤʳʩ ʞʘʩʘʡʜʳ, 

ʩʦʥʜʳץʪʘʥ ʢʝʨʝʢʪʽ ʩʠʥʭʨʦʥʠʟʘʮʠʷʣʘʥסʘʥ ʪʘʢʪʽʣʽ ʞʠʽʣʽʢʪʽש ʢʝʩʪʝʩʽʥ ʜʘʡʳʥ- 

ʜʘʫסʘ ʪʘʢʪʽʣʝʨ ʛʝʥʝʨʘʪʦʨʳʥ ץʦʣʜʘʥʘʜʳ. 

ɼʕɽʄ ᴅʨ ץʘʡʩʳʩʳ ʧʨʦʮʝʩʩʦʨʤʝʥ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʙʝʣʩʝʥʜʽ ײץʨʳʣ- 
rס ʣʘʨʤʝʥ ʧʘʨʘʣʝʣʣʴʜʽ ʪװʨʜʝ ᴇʟʽʥʽש ʢʦʥʪʨʦʣʴʣʝʨʽʤʝʥ ʙʘʩץʘʨʳʣʘʪʳʥ ᴇʟʽʥʝ 

ʪᴅʥ ʬʫʥʢʮʠʷʣʘʨʳʥ ʘʚʪʦʥʦʤʜʳ ʥʝʛʽʟʜʝ ʦʨʳʥʜʘʡ ʘʣʘʪʳʥ ᴅʨ ʪװʨʣʽ ײץʨʳʣrס ʣʘʨ 

ʞʠʳʥʪʳrס ʥʘʥ ʪײʨʘʜʳ. ɹײʣ ʞײʤʳʩʪʳ ʙʘrץʣʘʧ, ײʡʳʤʜʘʩʪʳʨʳʧ ʞᴅʥʝ 

 ʙʝʣʩʝʥʜʽ ץʙʘʨʣʳ שʘʨʘʩʪʳʨʘʪʳʥ ʧʨʦʮʝʩʩʦʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɼʕɽʄ-ʥ̔ץ

ʢʦʤʧʦʥʝʥʪʪʝʨʽʥʽש ʦʧʝʨʘʪʠʚʪʽ rץ ʟʤʝʪ ʝʪʫʽʥʝ ʧʨʦʮʝʩʩʦʨʛʝ ʦʣʘʨʜʳש ʬʫʥʢʮʠʦ- 

ʥʘʣʜʳ ʧʨʦʮʝʩʩʽʥʽש ʞʘסʜʘʡʳʥ ʙʽʣʽʧ ʦʪʳʨʫʳ ץʘʞʝʪ, ʷסʥʠ ʙײʣ ʞʘסʜʘʡʜʳ 

ʤʝʟʛʽʣʜʽ ʪʝʢʩʝʨʫ ץʘʞʝʪ. 
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ʇʨʦʮʝʩʩʦʨʜʳ ʙײʥʜʘʡ ʩʘʫʘʣʥʘʤʘʣʘʨʤʝʥ ʪʠʝʤʝʫ hװ ʽʥ ʰʪʘʪʪʳץ ʥʝʤʝʩʝ 
ʢʨʠʪʠʢʘʣʳץ ʞʘסʜʘʡʜʳ ʢװʪʫ ʢʝʟʽʥʜʝ װʟʫ ʞװʡʝʩʽ ץʦʣʜʘʥʳʣʘʜʳ. תʟʫ ʞװʡʝʩʽ 

ʧʨʦʮʝʩʩʦʨʛʝ ץʘʟʽʨʛʽ ʞײʤʳʩʪʳ ʦʨʳʥʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʪʝʢ ץʘʞʝʪʪʽʣʽʢ 

ʪʫסʘʥ ʢʝʟʜʝ ʧʘʡʜʘ ʙʦʣסʘʥ ʞʘסʜʘʡסʘ ᴅʨʝʢʝʪ ʝʪʫ ץʘʞʝʪ ʙʦʣסʘʥ ʢʝʟʜʝ ɼʕɽʄ- 

ʥ̔ש ʢʦʤʧʦʥʝʥʪʪʝʨʽʥʽש ʞʘסʜʘʡʳʥ ʪʝʢʩʝʨʫ ʘʣʘשʜʘʪʘʜʳ. תʟʫʣʝʨʜʽץ שʘʡʥʘʨ ʢᴇʟʽ 

(ʩʘʫʘʣʜʘʨʤʝʥ) ʙʦʣʳʧ ʘʧʧʘʨʘʪʫʨʘʜʘrס  ʞʘrש ʣʫʣʘʨ ʤʝʥ ʪװʟʝʪʧʝʫʰʽʣʽʢʪʝʨ 

ʙʦʣʫʳ ʤװʤʢʽʥ; ʪʘʡʤʝʨʣʝʨ ʩʠʛʥʘʣʳ, ʤʦʜʫʣʴʜʝʨ, ʘץʧʘʨʘʪʪʘʨʜʳ ʝʥʛʽʟʫ-ʰ rסʘʨʫ 

ʦʧʝʨʘʮʠʷʣʘʨʳʥ ʦʨʳʥʜʘʫ ʙʘʨʳʩʳʥʜʘ ʢʦʥʪʨʦʣʝʨʣʝʨʤʝʥ ʧʝʨʠʬʝʨʠʣʣʝʥʛʝʥ 
סʜʘʨʣʘʤʘʥʳ ʦʨʳʥʜʘʫ ʙʘʨʳʩʳʥʜʘrסʨʘʣʜʘʨ; ʙʘײץ  ʝʨʝʢʰʝ ʰʘʨʪʪʘʨʜʳ ש ʧʘʡʜʘ 

ʙʦʣʫʳ ʞᴅʥʝ ʪ.ʙ. 

ɼʕɽʄ 256 ᴅʨ ʪװʨʣʽ ʥᴇʤʽʨʣʝʥʛʝʥ װʟʫʣʝʨʜʽ ᴇשʜʝʡ ʘʣʘʜʳ, ʩʦʥʜʳץʪʘʥ 

ʢʦʤʧʴʶʪʝʨʜʝ ʨץײʩʘʪ ʝʪʫ ʤʝʥ ʝʪʧʝʫ ʤװʤʢʽʥʜʽʛʽʤʝʥ ʘʥʳץʪʘʣסʘʥ ʪװʨʣʽ 

ץʘ rסʨʘʪʫʣʘʨײʩʝʪʽʥ ʩװʟʫʣʝʨʛʝ ʪʳʡʳʤ ʩʘʣʘʪʳʥ, ʢʝʣʽʧ ʪװ ʟʤʝʪ ʝʪʫʜʝʛʽ 

ʙʘʩʳʤʜʳʣʳץ ʨʝʪʽ ʦʨʥʘʪʳʣʘʜʳ. ᴄʨ װʟʫʛʝ ᴇʟʽʥʜʽʢ װʟʫ ʚʝʢʪʦʨʳ ʙʝʨʽʣʝʜʽ 

(ʘʜʨʝʩ), ʦʥʜʘ ʧʨʦʮʝʩʩʦʨʜʳש ʞײʤʳʩʳʥʘ ʞᴅʥʝ rץ ʟʤʝʪ ʝʪʫ ʙʘʩʳʤʜʳʣʳrס ʥʘ 
ʥʘץʪʳ ײʡסʘʨʳʤ ʩʘץʪʘʣʘʜʳ. ʉʦʥʜʳץʪʘʥ ᴅʨ װʟʫʛʝ ʢʝʣʛʝʥ ᴅʨ ʩײʨʘʥʳʩ ʪʠʽʩʪʽ 

ʙʘסʜʘʨʣʘʤʘʥʳש ʨʝʪʽʤʝʥ װʟʫʜʽ ʦʥʳש ʢʝʟʝʢʩʽʟ ʪװʩʫʽ ᴇשʜʝʣʝʜʽ. 

ץʞᴅʥʝ ʩʳʨʪr (ʜʘʨʣʘʤʘʣʳסʘʧʧʘʨʘʪʪʳ ʞᴅʥʝ ʙʘ) ʟʫʣʝʨ ʽʰʢʽת  
(ʧʝʨʠʬʝʨʠʣʣʝʥʛʝʥ ײץʨʳʣrס ʣʘʨʜʘʥ) ʙʦʣʳʧ ʙᴇʣʽʥʝʜʽ. ɹʘסʜʘʨʣʘʤʘʣʳ װʟʫʛʝ 

ʩײʨʘʥʳʩ ʰʘrץ ʨʳʣʘʪʳʥ װʟʫʜʽש ʥᴇʤʝʨʽʥʽש ʢᴇʨʩʝʪʽʣʫʽʤʝʥ ʘʨʥʘʡʳ ʢʦʤʘʥʜʘʤʝʥ 

ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ɸʧʧʘʨʘʪʪʳ װʟʫʛʝ ʩײʨʘʥʳʩ ʘʨʥʘʡʳ ʵʣʝʢʪʨʣʽʢ ʩʠʛʥʘʣ 

ʘʨrץ ʣʳ ʞʘʩʘʣʘʜʳ. 

 -ʜʘʨסʘʥ ʙʘץʨʽʧ ʞʘʪװʩʢʝʥ ʢʝʟʜʝ ʧʨʦʮʝʩʩʦʨ ʞװʨʘʥʳʩ ʢʝʣʽʧ ʪײʟʫʛʝ ʩת

ʣʘʤʘʥʳ ᴇשʜʝʫʜʽ ʪʦץʪʘʪʳʧ ʪʦץʪʘʪʳʣסʘʥ ʧʨʦʮʝʩʩʪʽש ʩʦשrס ʢװʡʽʥ ʩʘץʪʘʧ, 

ʧʘʡʜʳ ʙʦʣסʘʥ ʞʘסʜʘʡʜʳ ᴇשʜʝʡʪʽʥ ʙʘסʜʘʨʣʘʤʘסʘ ʢᴇh ʝʜʽ. פʘʣʜʳʨʳʣסʘʥ 

ʙʘסʜʘʨʣʘʤʘʥʳש ʞʘסʜʘʡʳ ʧʨʦʮʝʩʩʦʨʜʳש ʩᴅʡʢʝʩ ʨʝʛʠʩʪʨʣʘʨʳʥʜʘ ʢʝʨʝʢʪʽ 

ʞᴅʥʝ ʞʝʪʢʽʣʽʢʪʽ ʘץʧʘʨʘʪʪʘʨ ʞʠʳʥʪʳrס  ʙʦʣʳʧ ʙʘסʜʘʨʣʘʤʘʥʳש ʪʦץʪʘʪʳʣסʘʥ 

ʫʘrץ ʪʳʥʘʥ ʙʘʩʪʘʧ ʞװʨʛʽʟʽʣʝʜʽ. 

 ʜʘʨʣʘʤʘʣʘʨʳ ʞʘʪʘʜʳסʪʦʧʪʘʨʳʥʘ BIOS ʙʘ ץʙʘʩʳʤʜʳʣʳ שʟʫʣʝʨʜʽת
(BasicInput-OutputSystem ð ʝʥʛʽʟʫ-ʰ rסʘʨʫ ʙʘʟʘʣʳץ ʞװʡʝʩʽ). ɽʥʛʽʟʫ-ʰ rסʘʨʫ 

ʙʘʟʘʣʳץ ʞװʡʝʩʽ ץʫʘʪ ʢᴇʟʽ ץʦʩʳʣסʘʥʥʘʥ ʢʝʡʽʥ ʢʦʤʧʴʶʪʝʨʜʽש ʙʘʩʪʘʧrץ  
 -ʜʘʨʣʘʤʘʩʳ. BIOS ɼʕɽʄסʥʝʛʽʟʛʽ ᴅʫʝʣʛʽ ʙʘ שʘʥ ɼʕɽʄ-ʥ̔סʦʩʳʣʫʳʥʘ ʘʨʥʘʣץ

ʥ̔ש ʘʧʧʘʨʘʪʪʳ ײץʨʳʣrס ʣʘʨʳʤʝʥ ʪװʟʝʪʫʣʝʨ ʪʝʢʩʝʨʽʩʽʥ ʞװʨʛʽʟʝʪʽʥ ʢʦʥʬʠʛʫ- 

ʨʘʮʠʷʣʘʨʳʥʳש ʥʝʛʽʟʛʽ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʩʘץʪʘʧ, ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝʥʽש ʞװʢ- 

ʪʝʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʧ, ʞװʡʝʣʽ װʟʫʣʝʨʛʝ rץ ʟʤʝʪ ʝʪʝʜʽ. 

BIOS ʪװʟʝʪʫʣʝʨʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ hװ ʽʥ ץʘʡʪʘ ʙʘסʜʘʨʣʘʤʘʣʘʪʳʥ ʪײʨʘץʪʳ 

ʝʩʪʝ ʩʘץʪʘʫ ײץʨʳʣrס ʣʘʨʳʥʘ (פɹʊɽʉפ) ᴇʥʜʽʨʽʩʪʽʢ ʟʘʫʳʪʧʝʥ ʢʽʨʛʽʟʽʣʽʧ 4 

ʄʙʠʪ-ץʘ ʜʝʡʽʥʛʽ ʢᴇʣʝʤʜʽ ץʘʤʪʠ ʘʣʘʜʳ. 
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BIOS ʙʘסʜʘʨʣʘʤʘʩʳʥʳש rץ ʟʤʝʪ ʝʪʫʽ hװ ʽʥ ץʦʣʜʘʥʫʰʳʤʝʥ ʩײʨʘʣʘʪʳʥ 
 ʘʪʪʳ ʞᴅʥʝץ ,ʧʠʷ ʩᴇʟʽײץ ʦʣʜʘʥʫʰʳץ ʘסʦʩʳʤʰʘ ʙʘʧʪʘʫʣʘʨʳ ʙʘʨ (ʤʳʩʘʣץ

ʠʽʣʛʽʰ ʜʠʩʢʪʝʨʜʽש ʧʘʨʘʤʝʪʨʣʝʨʽ) ʰʳʥʘʡʳ ʫʘrץ ʪʪrש ʩʘסʘʪʪʘʨ ʩʳʟʙʘʩʳʥʘ 

 ʘ ʪᴅʫʝʣʜʽ CMOS ʞʘʜʳʩʳ ʦʨʥʘʣʘʩʪʳʨʳʣʘʜʳ. CMOS ʞʘʜʳʩʳ ʞᴅʥʝץʫʘʪץ

ʰʳʥʘʡʳ ʫʘrץ ʪʪrש ʩʘסʘʪʳ ʘʚʪʦʥʦʤʜʳ ץʘʡʥʘʨ ʢᴇʟʜʝʥ ץʦʨʝʢʪʝʥʝʜʽ, 

ʩʦʥʜʳץʪʘʥ ɼʕɽʄ-ʥ̔ש ᴇh ʽʨʽʣʛʝʥ ץʫʘʪ ʢᴇʟʽʥʜʝ ʜʝ ʞײʤʳʩ ʽʩʪʝʫ ץʘʙʽʣʝʪʪʽʣʽʛʽʥ 

ʩʘץʪʘʧ ץʘʣʘʜʳ. 

ɼʕɽʄ-ʛʝ ʰʝʪʢʝʨʽ ײץʨʳʣrס ʣʘʨʜʳש (ʩʳʨʪrץ  ʤʦʜʝʤʜʝʨ, ʧʨʠʥʪʝʨʣʝʨ ʞᴅʥʝ 
ʙʘʩץʘ ʜʘ ʩʘʥʜʳץ ʘʧʧʘʨʘʪʪʘʨ) ץʦʩʳʣʫʳ ʢʦʥʪʨʦʣʣʝʨʣʘʨʤʝʥ rץ ʟʤʝʪ ʝʪʽʣʝʪʽʥ 

ʝʥʛʽʟʫ-ʰ rסʫ ʧʦʨʪʪʘʨʳ ʜʝʧ ʘʪʘʣʘʪʳʥ ʩʳʨʪrץ  ʞʘʣסʘrס ʰʪʘʨ ʘʨrץ ʣʳ ʞװʟʝʛʝ 
ʘʩʘʜʳ. 

ʆʣʘʨסʘ ʝש ʙʽʨʽʥʰʽ ʞʝʢʝ-ʜʘʨʘ ʢʦʤʧʴʶʪʝʨʣʝʨʜʝ ʧʝʨʥʝʪʘץʪʘ ʤʝʥ ʙʘʩʧʘʥʳ 

 ʘʥ COM1, COM2 ʢʝʟʝʢʪʽ ʧʦʨʪʪʘʨʳ (communication ðסʦʣʜʘʥʳʣץ ʘסʦʩʫץ

ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ), LTP ʧʘʨʘʣʝʣʣʴʜʽ ʧʦʨʪʳ (LinePrinterð ʞʦʣʤʘ-ʞʦʣ 

ʙʘʩʧʘʣʳ ײץʨʳʣrס ) ʞʘʪʘʜʳ. 
ɿʘʤʘʥʘʫʠ ɼʕɽʄ-ʜʝʨʜʝ ʦʣʘʨסʘ ʙʘʣʘʤʘ ʙʦʣʳʧ ʝʩʢʽʨʛʝʥ ʧʘʨʘʣʝʣʣʴʜʽ ʞᴅʥʝ 

ʢʝʟʝʢʪʽ ʧʦʨʪʪʘʨʜʳ ʢʝʟʝʢʪʝʧ ʳrס ʩʪʳʨʘʪʳʥ ʞᴅʥʝ ʧʝʨʥʝʪʘץʪʘ ʤʝʥ ʪʽʥʪʫʽʨʜʽ 

ץʘʥ ʘʡʳʨʳhסʘ ʘʨʥʘʣסʦʩʫץ ʘʣʘʥסʘʥ ʪʦʨʘʧʪʘʨʜʘʥ USB ʠʥʪʝʨʬʝʡʩʽ ʪʘʙʳʣʘʜʳ 

(UniversalSerialBus ð ʫʥʠʚʝʨʩʘʣʜʳ ʢʝʟʝʢʪʽ ʰʠʥʘ). 

 

 

σȢρȢςȢ˟̜̜̜̏̌̓̑ ̙ ̨̉̎̓̆̑̆̊̒̕ 

 
ɼʠʩʢʪʽʢ ʪʦʣʳץʪʳʨrס ʰʪʘʨʜʳ ץʦʩʫ hװ ʽʥ ץʘʟʽʨʛʽ ʫʘrץ ʪʪʘ IDE (Integrated- 

DriveElectronicsð ʪʦʣʳץʪʳʨrס ʰʪrש ʙʽʨʽʢʪʽʨʽʣʛʝʥ ʵʣʝʢʪʨʦʥʠʢʘʩʳ) ʞᴅʥʝ 

SCSI (SmallComputerSystemInterfaceð ʰʘrס ʥ ʢʦʤʧʴʶʪʝʨ ʞװʡʝʩʽʥʽש 

ʠʥʪʝʨʬʝʡʩʽ) ײץʨʘʣʜʘʨʳʥʳש ʞʠʳʥʳ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. 

IDE ʠʥʪʝʨʬʝʡʩʽʥʝ ʘʣסʘʰ ʨʝʪ, ʞʘʜʳʥʳ ʙʘʩץʘʨʫʜʳש ʥʝʛʽʟʛʽ ʬʫʥʢʮʠʷʣʘʨʳʥ 

ʦʨʳʥʜʘʡʪʳʥ, ʵʣʝʢʪʨʦʥʜʳ ʞװʡʝʜʝʛʽ ʜʠʩʢʦʚʦʜ ʠʥʪʝʛʨʘʮʠʷʩʳ ʝʩʝʙʽʥʝʥ 

ʪʦʣʳץʪʳʨrס ʰ ʢʦʥʪʨʦʣʣʝʨʽʤʝʥ ʘʫʳʩʪʳʨʳʣסʘʥ ʩʪʘʥʜʘʨʪʪʳ ʰʠʥʘ ʝʥʛʽʟʽʣʜʽ. 

IDE ʠʥʪʝʨʬʝʡʩʽʥʽש ʙʘʩץʘ ʘʪʘʫʳ ʨʝʪʽʥʜʝ ɸʊɸ (ATAttachment ð ɸʊ-ץʘ 
ʙʽʨʽʢʪʽʨʽʣʛʝʥ) ʪʝʨʤʠʥʽ ʢʝ̔ש ʨʝʢ ץʦʣʜʘʥʳʣʘʜʳ (ʝש ʜײʨʳʩ ʪʝʨʤʠʥ ʙʦʣʫʳ 

ʤװʤʢʽʥ), ʙײʣ ʪʝʨʤʠʥ, ᴇʟʽ ʝש ʙʽʨʽʥʰʽ ʝʥʛʽʟʽʣʛʝʥ IBMɸʊ ʜʝʨʙʝʩ ʵʣʝʢʪʨʦʥʜʳ- 

ʢᴇʙʝʡʪʢʽʰ ʤʘʰʠʥʘʩʳʥrש (ɼʕʂʄ) ʤʦʜʝʣʽ ʙʦʡʳʥʰʘ ʘʪʘʣסʘʥ. 

16-ʨʘʟʨʷʜʪʳ ɸʊɸ ʠʥʪʝʨʬʝʡʩʽʥʽש ʙʽʨ-ʙʽʨʽʤʝʥ ʪᴇʤʝʥʥʝʥ ʞʦסʘʨʳ ץʘʨʘʡ 
 ʧʘʨʘʤʝʪʨʽ ʞᴅʥʝ ʦʨʳʥʜʘʣʫ ץʨʣʝʨʽ ʙʘʨ, ʦʣʘʨ ʞʳʣʜʘʤʜʳװʦʩʳʣʘʪʳʥ ʙʽʨʥʝʰʝ ʪץ

ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʤʳʥʘʜʘʡ ʪװʨʣʝʨʛʝ ʙᴇʣʽʥʝʜʽ: ATA-1, ATA-2, 

ATAPI, FastATA, FastATA-2, EIDE, ATA-3, UltraATA. 
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IDE ʠʥʪʝʨʬʝʡʩʽʥʽש ʘʣסʘ rhץ  ʩʪʘʥʜʘʨʪʪʳ ᴅʟʽʨʣʝʤʝʩʽ ɸʊɸ-1 ʥײʩץʘʩʳ 
ʙʦʣʜʳ, ʦʥʳש ʢᴇʣʝʤʽ 500 ʄʙʘʡʪ ʰʘʤʘʩʳʥʜʘ ʙʦʣʳʧ, ʪʝʢ ʝʢʽ ץʘʪʪʳ ʤʘʛʥʠʪʪʽ 

ʪʦʣʳץʪʳʨrס ʰʪʘʥ ʪײʨʜʳ. ɹײʣ ײץʨʳʣrס ʣʘʨ master (ʙʘʩץʘʨʫʰʳ ʥʝʤʝʩ 

ʞʝʪʝʢʰʽ) ʩʳʟʙʘʩʳ ʙʦʡʳʥʰʘ ץʦʩʳʣʜʳ. ɾʝʪʝʢʰʽ ʥʝʤʝʩʝ ʞʝʪʝʢʪʝʣʫʰʽ 

ʢʦʥʬʠʛʫʨʘʮʠʷ ʜʠʩʢʦʚʦʜץʘ ʞʘʣסʘʩʪʳʨʫʰʳ ײץʨʳʣrס ʤʝʥ ʙʝʨʽʣʜʽ. 

ATA-1 ʠʥʪʝʨʬʝʡʩʽ ʤᴅʣʽʤʝʪʪʝʨ ʘʣʤʘʩʫʳʥʳש ʙʽʨʥʝʰʝ ᴅʜʽʩʪʝʨʽʥʽש 
ʦʨʳʥʜʘʣʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʪʽ. 

ɹʽʨʽʥʰʽ ᴅʜʽʩʽ ï ʤᴅʣʽʤʝʪʪʝʨʜʽש ʘʣʤʘʩʫʳ ʨʝʛʠʩʪʨ ʧʨʦʮʝʩʩʦʨʳ ʘʨrץ ʣʳ 

ʦʨʳʥʜʘʣʘʪʳʥ PIO (ProgrammedInput/Output ð ʙʘסʜʘʨʣʘʤʘʣʳץ ʝʥʛʽʟʫ- 

ʰ rסʘʨʫ) ᴅʜʽʩʽ ʙʦʣʜʳ, ʦʣ ʝʥʛʽʟʫ-ʰ rסʘʨʫ ʦʧʝʨʘʮʠʷʩʳʤʝʥ ʞװʢʪʝʣʫ ᴅʨʝʢʝʪʽʥ 

ʘʡʪʘʨʣʳץʪʘʡ ײʣסʘʡʪʪʳ. 

ɽʢʽʥʰʽ ᴅʜʽʩ DMɸ (DirectMemoryAccess ð ʞʘʜrסʘ ʪʽʢʝʣʝʡ ץʦʩʳʣʫ) 

ʞʘʜʳʩʳʥʘ ʪʫʨʘ ץʦʩʳʣʫ ʨʝʞʠʤʽʥ ʧʘʡʜʘʣʘʥʜʳ, ʙײʣ ʜʠʩʢʪʽʢ ʪʦʣʳץʪʳʨrס ʰʪʘʨ 

ʘʨrץ ʣʳ ʤᴅʣʽʤʝʪʪʝʨ ʘʣʤʘʩʫ, ʧʨʦʮʝʩʩʦʨʜʳ ʧʘʡʜʘʣʘʥʙʘʡ-ʘץ, ʦʧʝʨʘʪʠʚʪʽ ʝʩʪʝ 

ʩʘץʪʘʫ ײץʨʳʣrס ʩʳ (ʆɽפ) ʘʨrץ ʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ. ʐʠʥʘ ʙʦʡʳʥʰʘ 
ʤᴅʣʽʤʝʪʪʝʨ ʞʽʙʝʨʫ ʞʳʣʜʘʤʜʳrס  8,3 ʄʙʘʡʪ/ʩ ʰʘʤʘʩʳʥʜʘ ʙʦʣʜʳ. 

ʌʠʟʠʢʘʣʳץ ʠʥʪʝʨʬʝʡʩ ʙʽʨ ʥʝʤʝʩʝ ʝʢʽ ץʘʪʪʳ ʜʠʩʢʪʝʨʜʽץ שʦʩʳʣʫʳ hװ ʽʥ, 
ʞʘʣסʘʩʪʳʨrס ʰʪʘʨʜʳ ʙʽʨ-ʙʽʨʽʤʝʥ ץʦʩʘʪʳʥ 40-ʞʝʣʽʣʽ ʞʘʣʧʘץ ʢʘʙʝʣʴ 

ʢᴇʤʝʛʽʤʝʥ ʰʳסʘʨʳʣסʘʥ. ɹᴇʛʝʪʪʽש ᴅʩʝʨʽʥʝʥ ʢʘʙʝʣʴʜʽש ʞʘʣʧʳ ײʟʳʥʜʳrס   45 

ʩʤ ʘʩʧʘʜʳ, ʘʣ ʞʘʣסʘʩʪʳʨrס ʰʪʘʨ ʘʨʘʩʳ ʢʝʤ ʜʝʛʝʥʜʝ 15 ʩʤ ʘʨʘץʘʰrץʪrץʪʳ 

 .ʨʜʳײʩʪʘʧ ʪײ

ɸʊɸ-2 ʩʪʘʥʜʘʨʪʳ ʥʝײסʨʣʳʤ ʞʳʣʜʘʤ ʧʨʦʪʦʢʦʣʜʘʨʜʳ ʦʨʥʘʣʘʩʪʳʨʜʳ, 

סʨʳʣrײץ ʥrש ʩʠʧʘʪʪʘʤʘʩʳ ʪʫʨʘʣʳ ʘץʧʘʨʘʪ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ, װʣʢʝʥ 

ʩʳʡʳʤʜʳʣʳץʪʳ ʜʠʩʢʧʝʥ ʞײʤʳʩ ʽʩʪʝʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʤᴅʣʽʤʝʪʪʝʨ 

ʪʦʧʪʘʤʘʩʳʤʝʥ ʘʣʤʘʩʫʜʳש ʞʘשʘ ʨʝʞʠʤʽʥ ʘʥʳץʪʘʧ ʙʝʨʜʽ. 

FastATA, ʰʳʥ ʤᴅʥʽʥʜʝ ɸʊɸ-2 ʩʪʘʥʜʘʨʪʳʥʘʥ ʝʰץʘʥʜʘʡ ʘʡʳʨʤʘʰʳʣʳrס  

ʞʦץ ʠʥʪʝʨʬʝʡʩʪʽש ʘʪʘʫʳ. 

ATA-1 ʞᴅʥʝ ATA-2 ʠʥʪʝʨʬʝʡʩʪʝʨʽ ʤʦʨʘʣʴʜʽ ʪװʨʜʝ ʝʩʢʽʨʛʝʥ ʞᴅʥʝ 

ᴅʣʜʝץʘʰʘʥ ץʦʣʜʘʥʳʩʪʘʥ ʰʳrס ʧ ץʘʣסʘʥ. 
ATAPI (ATAPacketInterface ð ATA ʧʘʢʝʪʪʽ ʠʥʪʝʨʬʝʡʩʽ) ð ATA-2 

ʠʥʪʝʨʬʝʡʩʽʥʝ ץײʩʘʩ ʩʪʘʥʜʘʨʪ, ʙʽʨʘץ ʦʧʪʠʢʘʣʳץ ʞᴅʥʝ ʤʘʛʥʠʪʪʽ ʦʧʪʠʢʘʣʳץ 

ʜʠʩʢʦʚʦʜʪʘʨʳ ʙʘʨ. ATAPI ʧʨʦʪʦʢʦʣʳ ʦʩʳ ʪʦʣʳץʪʳʨrס ʰʪʳ BIOS ʢᴇʤʝʛʽʤʝʥ 

ʙʘʩץʘʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. 

EIDE (Enhanced IDE ð ʞʘץʩʘʨʪʳʣסʘʥ IDE) ɸʊɸ-2, ATAPI 
ʠʥʪʝʨʬʝʡʩʪʝʨʽʥʽש ʙʘʨʣʳץ ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ץʘʤʪʠʪʳʥ ʞᴅʥʝ ʘץʧʘʨʘʪ ʘʣʤʘʩʫ 

ʦʧʝʨʘʮʠʷʩʳʥ ץʘʪʘʨ ʘʪץʘʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ, ʩʦʥʜʘʡ-ʘץ ʦʥrש ʙװʪʽʥʜʽʛʽʥ 

ʙʘrץ ʣʘʧ ʦʪʳʨʘʪʳʥ ʠʥʪʝʨʬʝʡʩʪʽ ʘʥʳץʪʘʜʳ. EIDE ʢʦʥʪʨʦʣʣʝʨʳʥʳש ʝʢʽ 

ʢʘʥʘʣʳ ʙʘʨ: Primary (ʙʽʨʽʥʰʽ) ʞᴅʥʝ Secondary (ʝʢʽʥʰʽ), ʙײʥrש ᴅʨץʘʡʩʳʩʳʥʘ 

ʞʝʪʝʢʰʽ/ʞʝʪʝʢʪʝʣʫʰʽ ʩʳʟʙʘʩʳ ʙʦʡʳʥʰʘ ʝʢʝʫʛʝ ʜʝʡʽʥʛʽ ʪʦʣʳץʪʳʨrס ʰ 

 .ʤʢʽʥװʦʩʳʣʫʳ ʤץ
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ʄᴅʣʤ̔ʝʪʪʝʨʜʽ ʞʽʙʝʨʫʜʽש ʤʘʢʩʠʤʘʣʜʳ ʞʳʣʜʘʤʜʳrס  ð ʰʘʤʘʤʝʥ 20 
ʄʙʘʡʪ/ʩ. ɹײʜʘʥ ᴅʨʽ EIDE ʠʥʪʝʨʬʝʡʩʽʥʜʝ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʞʽʙʝʨʫʜʽש ᴇʥʽʤʜʽʣʽʛʽʥ 

ʞᴅʥʝ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʞʽʙʝʨʫʜʽש ʩʝʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʙʘrס ʪʪʘʣסʘʥ ᴇʟʛʝʨʽʩʪʝʨ 

ʦʨʳʥ ʘʣʜʳ, ʩᴇʡʪʽʧ ATA-3 (ʥʝʤʝʩʝ FastATA-3) ʜʝʧ ʘʪʘʣʜʳ. 

ATA-3 ð SMART (Self-Monitoring Analysis and Reporting Technology ð 
ᴇʟ ʙʝʪʽʤʝʥ ʪʝʩʪʪʝʥ ᴇʪʫ ʞᴅʥʝ ʩʘʨʘʧʪʘʫ ʪʝʭʥʦʣʦʛʠʷʩʳ) ʪʝʭʥʦʣʦʛʠʷʩʳʥ 

ʧʘʡʜʘʣʘʥʘʪʳʥ, ʨʝʩʤʠ ʝʤʝʩ ʩʪʘʥʜʘʨʪ, ʙײʥrש ʢᴇʤʝʛʽʤʝʥ ʤᴅʣʽʤʝʪʪʝʨʜʽש 

ʙװʪʽʥʜʽʛʽ, ץʘʪʪʳ ʜʠʩʢʪʝʨʜʽש ʙʝʪʢʽ ץʘʙʘʪʳʥʳש ʞʘסʜʘʡʳʥ, ץʠʳʥ ʞʝʨʣʝʨʜʝʥ 

ʘץʧʘʨʘʪʪʘʨʜʳץ שʘʣʳʧʪʳ ʞʝʨʛʝ ʪʘʩʳʤʘʣʜʘʥʫʳʥ ʞᴅʥʝ ᴇʟʛʝ ʜʝ 

ʦʧʝʨʘʮʠʷʣʘʨʜʳש ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʪʝʢʩʝʨʽʣʫʽʥ ʞװʟʝʛʝ ʘʩʳʨʘʜʳ. ʄײʥʳʤʝʥ 

 ʜʘʡʳʥʜʘ, SMART ʤᴅʣʽʤʝʪʪʝʨʜʽסʪʫʳʥʜʘʫʳ ʞʘ שʘʪʝʣʽʢʪʝʨʜʽץ ʘʪʘʨ, ᴇʨʝʩʢʝʣץ

ʫʘrץ ʪʳʣʳ ץʦʨסʘʫ hװ ʽʥ ץʦʩʳʤʰʘ ʰʘʨʘʣʘʨ ץʘʙʳʣʜʘʫ ץʘʞʝʪʪʽʛʽ ʪʫʨʘʣʳ 
ʭʘʙʘʨʣʘʤʘ ʙʝʨʝʜʽ. 

IDE ʞװʡʝʩʽʥ ʜʘʤʳʪʫʜʳש ʢʝʣʝʩʽ ץʘʜʘʤʳ Ultra ATA ʠʥʪʝʨʬʝʡʩʽ ʙʦʣʜʳ, 

ʙײʣ ץʘʪʪʳ ʜʠʩʢʪʝʨʜʽש ʤʠʥʫʪʳʥʘ 7200 ʘʡʥʘʣʳʤʥʘʥ ʢᴇʙʽʨʝʢ ʘʡʥʘʣʫ ʞʠʽʣʽʛʽ 

ʙʘʨ ʪʦʣʳץʪʳʨrס ʰʪʘʨʜʳש ʞʘשʘ װʣʛʽʣʝʨʽʥ ʞʘʩʘʡ ʦʪʳʨʳʧ, ʤᴅʣʽʤʝʪʪʝʨ ʘʣʤʘʩʫ 

ʞʳʣʜʘʤʜʳrס ʥ ʘʨʪʪʳʨʫ hװ ʽʥ ײץʨʘʩʪʳʨʳʣסʘʥ. ʀʥʪʝʨʬʝʡʩʪʝ UltraDMA 

(ʙʘʩץʘʰʘ ʘʪʘʫʳ: UDMA, UltraDMA/33 ʞᴅʥʝ UDMA/33) ʤᴅʣʽʤʝʪʪʝʨ ʘʣʤʘʩʫ 

ʧʨʦʪʦʢʦʣʳ ʧʘʡʜʘʣʘʥʳʣʜʳ. UltraATA-ʜʘ ʤᴅʣʽʤʝʪʪʝʨ ʞʽʙʝʨʫ ʞʳʣʜʘʤʜʳrס  

33,3 ʄʙʘʡʪ/ʩ ײץʨʘʜʳ. ʀʥʪʝʨʬʝʡʩʪʝ ʤᴅʣʽʤʝʪʪʝʨʜʽש ʪװʛʝʣʜʽʛʽʥ ʪʝʢʩʝʨʫ hװ ʽʥ, 

ʙʽʨʝʥ-ʩʘʨʘʥ ץʘʪʝʣʽʢʪʝʨʜʽ ʪװʟʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ CRC 

(CyclicalRedundancyCode ð ʮʠʢʣʜʳץ ʘʨʪʳץ ʢʦʜʪʘʨʜʳ ʙʘrץ ʣʘʫ) ʙʘrץ ʣʘʫ 

ʢʦʜʳ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. 

UltraDMA-ʥrש ʙײʜʘʥ ᴅʨʽ ʜʘʤʫ ʢᴇʟʽ ʨʝʪʽʥʜʝ 66, 100 ʞᴅʥʝ 133 ʄɹʘʡʪ/ʩ-סʘ 
ʩᴅʡʢʝʩ, ᴇʥʽʤʜʽʣʽʛʽ ʝש ʞʦסʘʨʳ ʜʝשʛʝʡʜʝʛʽ UltraDMA/66/100/133 

ʩʧʝʮʠʬʠʢʘʮʠʷʩʳ ʝʥʛʽʟʽʣʜʽ. ʂʝʜʝʨʛʽʣʝʨʛʝ ʪᴇʟʽʤʜʽʣʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ hװ ʽʥ 

ʘʨʥʘʡʳ, ʥʝײסʨʣʳʤ ʩʘʧʘʣʳ 80-ʞʝʣʽʣʽ ʣʝʥʪʘʣʳץ ʢʘʙʝʣʴ ץʦʣʜʘʥʳʣʘʜʳ, ʦʥʳש 

ᴅʨʙʽʨ ʩʠʛʥʘʣʜʳ ʞʝʣʽʩʽ ʽʨʛʝʣʝʩ ʥᴇʣʜʽʢ ʩʳʤʥʘʥ ʵʢʨʘʥ ʘʨrץ ʣʳ ʙᴇʣʽʥʛʝʥ, 

ʩʦʥʜʳץʪʘʥ ʞʘʣסʘrס ʰ 40-ʢʦʥʪʘʢʪʳʣʳ ʙʦʣʳʧ ץʘʣסʘʥ. 

ʆʩʳʜʘʥ ʘʟ ʫʘrץ ʪ ʙײʨʳʥ ʤᴅʣʽʤʝʪʪʝʨ ʪʦʣʳץʪʳʨrס ʰʳʥ ץʦʩʫ hװ ʽʥ SATA 
(SerialATAð ʙʽʨʽʟʜʽ ATA) ʠʥʪʝʨʬʝʡʩʽ ץʦʣʜʘʥʳʣʘ ʙʘʩʪʘʜʳ. ʀʥʪʝʨʬʝʡʩ 

ʤᴅʣʽʤʝʪʪʝʨʜʽ ʜʫʧʣʝʢʩʪʽ ʪװʨʜʝ ʞʽʙʝʨʝʪʽʥ ʙʽʨʽʟʜʽ ʢʘʥʘʣ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ 

(ʤᴅʣʽʤʝʪʪʝʨ ʙʽʨ ʫʘrץ ʪʪʘ ʝʢʽ ʙʘrס ʪץʘ ʞʽʙʝʨʽʣʝʜʽ). ᴄʨʙʽʨ ʢʘʥʘʣסʘ ʪʝʢ ʙʽʨ 

סʨʳʣrײץ סʜrrשʘʣrץ ʦʣʜʘʥʫ ʢʘʙʝʣʴץ ʘ ʙʦʣʘʜʳ. SATA ʠʥʪʝʨʬʝʡʩʽʥסʦʩʫץ  ʥ 

(ʵʢʨʘʥסʘ ץʦʩʳʣסʘʥ ʙײʨʘʤʘʣʳ ʝʢʽ ʩʳʤ ʧʘʡʜʘʣʘʥʳʣʘʜʳ), ʞʘʣסʘʩʪʳʨrס ʰʪʘʨ 

ʛʘʙʘʨʠʪʽʥ (ʞʝʪʽ ʢʦʥʪʘʢʪ) ʘʟʘʡʪʫסʘ ʞᴅʥʝ ʘץʧʘʨʪʪʳ 300 ʄʙʘʡʪ/ʩ ʜʝʡʽʥʛʽ 

ʞʳʣʜʘʤʜʳץʧʝʥ ʞʽʙʝʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. ɹײʣ ʩʪʘʥʜʘʨʪ, ᴇʪʢʽʟʛʽʰ ץʘʙʽʣʝʪʪʽ 

600 ʄʙʘʡʪ/ʩ ʜʝʡʽʥ ʘʨʪʪʳʨʳʧ, çʞʝʜʝʣè ʘʫʳʩʪʳʨʫ ʨʝʞʠʤʽʥ ײʩʪʘʧ ʪײʨʫ, ʷסʥʠ 
ɼʕʂʄ ץʫʘʪ ʢᴇʟʽʥ ץʦʩʧʘʡ-ʘץ ʪʦʣʳץʪʳʨrס ʰʪʘʨʜʳ ץʦʩʫ ʥʝʤʝʩʝ ᴇh ʽʨʫ. 
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SATA ʩʪʘʥʜʘʨʪʳʥ ʝʥʛʽʟʛʝʥʥʝʥ ʢʝʡʽʥ, ATA ʠʥʪʝʨʚʝʡʩʽ PATA (Parallel- 
ATAð ʧʘʨʘʣʣʝʣʴʜʽ ATA) ʜʝʧ ʘʪʘʣʘ ʙʘʩʪʘʜʳ. 

SCSI ᴇʟʛʝ ᴇʥʝʨʢᴅʩʽʧʪʽ ʩʪʘʥʜʘʨʪʳ ʢᴇʧ ʢᴇʣʝʤʜʝʛʽ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʞʽʙʝʨʝʪʽʥ 
(ʽʰʽʥʝ ʦʨʥʘʣʘʩʪʳʨʳʣʘʪʳʥ ʞᴅʥʝ ʘʫʳʩʪʳʨʳʣʘʪʳʥ ץʘʪʪʳ ʜʠʩʢʪʝʨ, ʦʧʪʠʢʘʣʳץ 

ʞᴅʥʝ ʤʘʛʥʠʪʪʽ ʦʧʪʠʢʘʣʳץ ʜʠʩʢʪʝʨ ʪʦʣʳץʪʳʨrס ʰʪʘʨ, ʩʪʨʠʤʝʨ, ʩʢʘʥʝʨ ʪ.ʙ.), 

ʞʦסʘʨʳ ʞʳʣʜʘʤʜʳץʪʳ ײץʨʳʣrס ʥrש ʞײʤʳʩʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʘʨʥʘʣסʘʥ. 

ɹײʣ ײץʨʳʣrס  ʢʝשʝʡʪʫ ʪʘץʪʘʩʳ ʪװʨʽʥʜʝ ʞʘʩʘʣסʘʥ ʥʝʤʝʩʝ ɼʕʂʄ ʞװʡʝʣʽʢ 

ʪʘץʪʘʩʳʥʜʘ ʦʨʥʘʣʘʩʪʳʨʳʣסʘʥ ʘʨʥʘʡʳ SCSI- ʢʦʥʪʨʦʣʣʝʨʽʤʝʥ ʙʘʩץʘʨʳʣʘʜʳ. 

SCSI- ʢʦʥʪʨʦʣʣʝʨ ᴇʟʽʥʽש BIOS ʤʠʢʨʦʩʳʟʙʘʩʳ ʙʘʨ ʞᴅʥʝ ײץʨʳʣrס ʤʝʥ ʤᴅʣ-̔ 

ʤʝʪ ʘʣʤʘʩʫ ʦʧʝʨʘʮʠʷʩʳʥ ʧʨʦʮʝʩʩʦʨʜʳש ʢᴇʤʝʛʽʥʩʽʟ ʦʨʳʥʜʘʡ ʙʝʨʝʪʽʥ ʙʝʣʩʝʥ- 
ʜʽ ʘʜʘʧʪʝʨ. 

SCSI ʠʥʪʝʨʬʝʡʩʽ ʞײʧʪʳʣʳץʪʳ ʙʘrץ ʣʘʡʪʳʥ, 8 ʥʝʤʝʩʝ 16 ʙʠʪ ʤᴅʣʽʤʝʪʪʝʨ 

ʰʠʥʘʩʳ ʙʘʨ ʧʘʨʘʣʣʝʣʴʜʽ ʙʦʣʳʧ ʢʝʣʝʜʽ. ʆʥʳש ʞʘʣʧʳ ʰʠʥʘ ʙʦʡʳʥʰʘ ʙʽʨ 

ʢʦʥʪʨʦʣʣʝʨסʘ 7 ʥʝʤʝʩʝ 15 ײץʨʳʣrססʘ ʜʝʡʽʥ ץʦʩʳʣʫ ʤװʤʢʽʥʜʽʛʽ ʙʘʨ. ᴄʨʙʽʨ 

SCSI ײץʨʳʣrס ʩʳʥʳ7...0 ש (ʥʝʤʝʩʝ 0..15) ʜʠʘʧʘʟʦʥʜʘrס  ᴇʟʽʥʽש ʘʜʨʝʩʽ ʙʦʣʘʜʳ. 
SCSI ʩʪʘʥʜʘʨʪʳ ʤᴅʣʽʤʝʪʪʝʨʜʽש ᴅʨʙʽʨ ʣʠʥʠʷʩʳ hװ ʽʥ ʜʳʙʳʩʪʘʨʜʳ ʞʽʙʝʨʫʜʽש 

ʝʢʽ ᴅʜʽʩʽʥ ʘʥʳץʪʘʡʜʳ: ʘʩʩʠʤʝʪʨʠʷʣʳץ (ʩʠʛʥʘʣ ʤᴅʣʽʤʝʪʪʝʨ ʣʠʥʠʷʩʳʥʳש 

ʙʘʨʣʳץ ʞʝʨʽʤʝʥ ʞʽʙʝʨʽʣʝʪʽʥ ʙʽʨ ʥᴇʣʜʽʢ ʩʳʤʳ ʙʦʣʘʜʳ) ʞᴅʥʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ (ʤᴅʣʽʤʝʪʪʝʨ ʣʠʥʠʷʩʳʥʳש ᴅʨץʘʡʩʳʩʳ hװ ʽʥ ʝʢʽ ʩʳʤ 

ʙᴇʣʽʥʛʝʥ, ʘʣ ʩʠʛʥʘʣ ʙײʣ ʣʠʥʠʷʜʘ ʦʣʘʨʜʳש ʰ rסʫʳʥʘ ʧʦʪʝʥʮʠʘʣʜʘʨʜʳ ʰʝʛʝ- 

ʨʫʤʝʥ ʦʨʳʥ ʘʣʘʜʳ). SCSI ʠʥʪʝʨʬʝʡʩʽʥʜʝ ʙʽʨ-ʙʽʨʽʤʝʥ ʙʽʨʢʝʣʢʽ ʙʘʫʤʝʥ ʞʘʣסʘ- 

ʩʘʪʳʥ, ʽʰʢʽ ʞᴅʥʝ ʧʝʨʠʬʝʨʠʷʣʳײץ ץʨʳʣrס ʥʳ ץʦʩʫסʘ ʘʨʥʘʣסʘʥ 25 ʥʝʤʝʩʝ 50 

ʙʘʡʣʘʥʳʩʪʳʨrס ʰ ʢʦʥʪʘʢʪʳʣʝʨʽ ʙʘʨ, ʞʘʣʧʘץ ʢʘʙʝʣʴ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. 
SCSI ʠʥʪʝʨʬʝʡʩʽʥʽש ʙʽʨʥʝʰʝ ʪװʨʣʝʨʽ ʙʘʨ, ʦʣʘʨ ᴇʪʢʽʟʛʽʰ ץʘʙʽʣʝʪʽʤʝʥ, ץʦʩ- 

rץ ʰ ײץʨʳʣrס ʣʘʨʳʤʝʥ ʞᴅʥʝ ʢʘʙʝʣʴ ײʟʳʥʜʳrס ʤʝʥ ʝʨʝʢʰʝʣʝʥʝʜʽ. ɾײʤʳʩ- 

ʪʘrס  ʞᴅʥʝ װʡʜʝʛʽ ɼʕʂʄ-ʜʝ ʢᴇʙʽʥʝʩʝ FastSCSI ʥʝʤʝʩʝ UltraSCSI ʠʥʪʝʨʬʝʡʩʽ 
ʧʘʡʜʘʣʘʥʳʣʘʜʳ. 

FastSCSI ʠʥʪʝʨʬʝʡʩʽ hװ ʽʥ ʢʘʙʝʣʴʜʽש ʞʠʳʥʪʳײ ץʟʳʥʜʳrס  ʤᴅʣʽʤʝʪʪʝʨʜʽ 

ʞʽʙʝʨʫʜʽ10 ש ʄʙʘʡʪ/ʩ ʞʳʣʜʘʤʜʳrס ʥʜʘ 3 ʤ. ʘʩʧʘʫʳ ʪʠʽʩ. UltraSCSI ʩʧʝʮʠ- 
ʬʠʢʘʩʳʥʜʘ ʢʘʙʝʣʴʜʽש ʞʘʣʧʳ ײʟʳʥʜʳrס  ʘץʧʘʨʘʪʪʳ ʞʽʙʝʨʫʜʽש ʤʘʢʩʠʤʘʣʜʳ 

40 ʄʙʘʡʪ/ʩ ʢʝʟʽʥʜʝ 12ʤ.-ʛʝ ʞʝʪʫʽ ʤװʤʢʽʥ. 

ץʘʟʽʨʛʽ ʫʘrפ ʪʪʘ ʘץʧʘʨʘʪʪʳ ʘʣʤʘʩʫ ʞʳʣʜʘʤʜʳrס ʥ ʞᴅʥʝ ץʦʩʳʣʘʪʳʥ 

סʨʳʣrײץ  ʩʘʥʳʥ ʘʨʪʪʳʨʫ hװ ʽʥ SCSI ʧʘʨʘʣʣʝʣʴʜʽ ʠʥʪʝʨʬʝʡʩʽ SCSI 

ʢʦʤʘʥʜʘʩʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ, ʙʽʨʽʟʜʽ SAS (SerialAttachedSCSIðSCSI-ʢʝ 

סʨʳʣrײץ ʘʥ ʙʽʨʽʟʜʽ) ʠʥʪʝʨʬʝʡʩʽʤʝʥ ʘʫʳʩʪʳʨʳʣʘʜʳ. ᴄʨʙʽʨסʦʩʳʣץ  

ʠʥʪʝʨʬʝʡʩʢʝ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʞʽʙʝʨʫ ʞʳʣʜʘʤʜʳrס ʥ ʩʝʢʫʥʜʳʥʘ ʙʽʨʥʝʰʝ 

ʛʠʛʘʙʠʪʪʝ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ, ʘʨʥʘʡʳ ʢʘʥʘʣ ʘʨrץ ʣʳ ץʦʩʳʣʘʜʳ. SAS ʠʥʪʝʨ- 

ʬʝʡʩʽ SATA ʠʥʪʝʨʬʝʡʩʽʤʝʥ ʙʽʨʛʝ ʪʽʨʢʝʩʢʝʥ. 
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σȢρȢσȢ ˒̨̎̄̈̔-̙̜́̑̔ ̜̜̐̏̑̓̓́̑̎ 
̜̎̏̍̆̎̋̌́̓̔̑́̒ 

ʊװʨʣʽ ײץʨʳʣrס ʣʘʨʜʳש (ʽʰʢʽ ʤʦʜʝʤʜʝʨ, ʛʨʘʬʠʢʘʣʳץ ʧʣʘʥʰʝʪ, ʩʢʘʥʝʨ, 

ʤʘʥʠʧʫʣʷʪʦʨ, ʧʨʠʥʪʝʨ) ɼʕʂʄ-סʘ ץʦʩʳʣʫʳ ʩʪʘʥʜʘʨʪʪʳ ʠʥʪʝʨʬʝʡʩʪʽ 

ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, ʘʨʥʘʡʳ ʝʥʛʽʟʫ-ʰ rסʘʨʫ ʧʦʨʪʪʘʨʳ ʘʨrץ ʣʳ ʞװʟʝʛʝ 
ʘʩʳʨʳʣʘʜʳ (3.2 ʩʫʨʝʪ). 

ʇʝʨʠʬʝʨʠʷʣʳ ײץʨʳʣrס ʣʘʨʤʝʥ ʬʠʟʠʢʘʣʳץ ᴇʟʘʨʘ ץʘʪʳʥʘʩʳ ᴇʪʢʽʟʛʽʰ 

ʢʘʙʝʣʴʜʝʨ ʢᴇʤʝʛʽʤʝʥ, ʙʝʣʛʽʣʽ ʜʝשʛʝʡʜʝʛʽ ʞʘʣסʘʩʪʳʨrס ʰʪʘʨ (ʨʦʟʝʪʢʘ ʞᴅʥʝ 

ʚʠʣʢʘ) ʞᴅʥʝ ʵʣʝʢʪʨʣʽʢ ʩʠʛʥʘʣʜʘʨʜʳײ שʟʘץʪrrס  ʥʝʤʝʩʝ ʦʧʪʠʢʘʣʳץ ʞᴅʥʝ 

ʨʘʜʠʦʜʠʘʧʘʟʦʥʜʘʨʳ ʥʝʛʽʟʽʥʜʝ ʩʳʤʩʳʟ ʤᴅʣʽʤʝʪʪʝʨ ʘʣʤʘʩʫ  ʢʘʙʝʣʴʜʝʨʽ 

ʘʨrץ ʣʳ ʞװʨʝʜʽ. 

ʅʝײסʨʣʳʤ ʢʝש ʪʘʨʘסʘʥ ʝʥʛʽʟʫ-ʰ rסʘʨʫ ʧʦʨʪʪʘʨʳ ʩʪʘʥʜʘʨʪʪʳ ʙʽʨʽʟʜʽ ʞᴅʥʝ 

ʧʘʨʘʣʣʝʣʴʜʽ ʠʥʪʝʨʬʝʡʩʪʝ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. ɹʽʨʽʟʜʽ ʠʥʪʝʨʬʝʡʩ ʨʝʪʽʥʜʝ RS-232 

(RecommendedStandard ð ײʩʳʥʳʣʘʪʳʥ ʩʪʘʥʜʘʨʪ), ʘʣ ʧʘʨʘʣʣʝʣʴʜʽ ʨʝʪʽʥʜʝ 

Centronics ץʦʣʜʘʥʳʣʘʜʳ. 

ɸʩʠʥʭʨʦʥʜʳ ʠʥʪʝʨʬʝʡʩ RS-232 ð ɼʕʂʄ-ʜʽ ʉʆʄ-ʧʦʨʪ ʘʨrץ ʣʳ 
ʧʝʨʠʬʝʨʠʷʣʳ ײץʨʳʣrס ʤʝʥ ʙʘʡʣʘʥʳʩʪʳʨʘʪʳʥ ʙʽʨʽʟʜʽ ʝʢʽʙʘrס ʪʪʳ ᴅʜʽʩʪʽש ʝש 

 ,ʦʩʳʣʳʩʳʥ ʞʽʙʝʨʝʜʽץ ʢʪʝèװʢʪʝ-ʥװʘʨʘʧʘʡʳʤ ʠʥʪʝʨʬʝʡʩʽ. ʉʆʄ-ʧʦʨʪ ʪʝʢ çʥץ

סʨʳʣrײץ ʘʥʘס ʘʥ ʪʝʢ ʙʽʨסʥʠ ʦס̫  ,ʘ ʙʦʣʘʜʳ. ʄᴅʣʽʤʝʪʪʝʨʜʽ ʘʣʤʘʩʫסʦʩʫץ 

ʞʠʽʣʽʛʽ ʢʚʘʨʮʪʳ ʛʝʥʝʨʘʪʦʨ ʙʘrץ ʣʘʫʳʰʳʤʝʥ ʪײʨʘץʪʘʣסʘʥ, 50, 75, 110, 150 , 

300, 600, 1200, 2 400, 4 800, 9 600 ʞᴅʥʝ 19 200 ʙʠʪ/ʩ ʜʠʩʢʨʝʪʪʽ ʞʳʣʜʘʤ- 
ʜrrס ʥrש ʙʽʨʝʫʽʤʝʥ ʦʨʳʥʜʘʣʘʜʳ. 

ɸץʧʘʨʘʪ, ʙʘʩʪʘʣʫ ʞᴅʥʝ ʪʦץʪʘʪʫ ʩʠʛʥʘʣʜʘʨʳʥʘʥ ʞᴅʥʝ 7-ʙʠʪʪʽ ʘץʧʘʨʘʪʪʳץ 

ʩʠʤʚʦʣʜʘʥ ʪײʨʘʪʳʥ ʙʽʨʽʟʜʽ ʙʣʦʢ ʘʨrץ ʣʳ ʞʽʙʝʨʽʣʝʜʽ ʞᴅʥʝ ץʘʙʳʣʜʘʥʘʜʳ. 
 

 

3.2 ̒̔̑Ȣ ˟̨̉̐̓̋ ̜̜̑̌ ̜̌́̑̅ ˑ ˪˒˙-̄̆ ̏̒ ̜̌̔ ̒ ̜̜̈̂́̒ 
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3.3 ̒̔̑Ȣ23-ςσς ̒̓́̎̅́̑̓ ̇ ̜̜̙̜́̌́̒̓̑ȡ 
́ - DB-ωȠ ̂ ɀ DB-25 

 
 

ʄᴅʣʽʤʝʪʪʝʨ ʘʫʳʩʳʤʳʥ ʩʠʥʭʨʦʥʠʟʘʮʠʷʣʘʫ hװ ʽʥ ʙʘʩʪʘʫʰʳ ʙʠʪ ʧʘʡʜʘ- 

ʣʘʥʳʣʘʜʳ. ʂʝʜʝʨʛʽʣʝʨʜʝʥ ץʦʨסʘʫ hװ ʽʥ ʤᴅʣʽʤʝʪʪʝʨʛʝ ʙʘrץ ʣʘʫ ʨʘʟʨʷʜʳʥʳ1 ש 

ʙʠʪʽ ץʦʩʳʣʘʜʳ. ʂʘʙʝʣʴ ײʟʳʥʜʳrס  (15 ʤ.ײʟʳʥ ʝʤʝʩ) ʞʽʙʝʨʫ ʞʳʣʜʘʤʜʳrס ʤʝʥ 

 .ʘʩʪʳʨʫʰʳ ʢʘʙʝʣʴʜʝʨ ʩʠʧʘʪʪʘʤʘʩʳʥʘ ʜʘ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʘʜʳסʘʪʘʨ, ʞʘʣץ
RS-232 ʩʪʘʥʜʘʨʪʳʤʝʥ ץʘʨʘʩʪʳʨʳʣסʘʥ 25 ʩʠʛʥʘʣʜʳ ɼʕɽʄ-ʜʘ ʪʝʢ ʪʦrס ʟʳ 

ʧʘʡʜʘʣʘʥʳʣʘʜʳ, ʩʦʥʜʳץʪʘʥ ʦʩʳ ʠʥʪʝʨʬʝʡʩʪʝ DB-Shell ʪʠʧʽʥʜʝʛʽ: 25- 

ʢʦʥʪʘʢʪʳʣʳ DB-25 ʞᴅʥʝ 9-ʢʦʥʪʘʢʪʳʣʳ DB-9 ʞʘʣסʘʩʪʳʨrס ʰʪʘʨ ʧʘʡʜʘʣʘ- 

ʥʳʣʘʜʳ (3.3 ʩʫʨ.). 

RS-232 ʩʪʘʥʜʘʨʪʳʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ RS-422A, RS-423A ʩʪʘʥʜʘʨʪʪʘʨʳ 

ʞʘשʘʣʘʫ, ɼʕɽʄ-ʥ̔ש ʢᴇʧ ʘʨʘץʘʰrץʪrץʪʳ ʞʦסʘʨʳ ʞʳʣʜʘʤʜʳץʪʘrס  

ʞײʤʳʩʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʩʪʘʥʜʘʨʪʪʘʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

RS-422A ʩʪʘʥʜʘʨʪʳ 10 ʤ.ʜʝʡʽʥʛʽ ץʘʰrץʪrץץʘ 100 ʢʙʠʪ/ʩ ʰʘʤʘʩʳʥʜʘrס  
ʤʘʢʩʠʤʘʣʜʳ ʞʳʣʜʘʤʜʳץʪʳ, ʩʠʤʤʝʪʨʠʷʣʳץ ʝʤʝʩ ʩʘʥʜʳ ʠʥʪʝʨʬʝʡʩ ʙʦʣʳʧ 

ʝʩʝʧʪʝʣʝʜʽ. ʆʣ RS-232 ʩʠʷץʪʳ, ᴅʨʙʽʨ ʩʠʛʥʘʣʜʳ ʣʠʥʠʷ hװ ʽʥ ʙʽʨ ʩʳʤ 

ʧʘʡʜʘʣʘʥʳʣʘʜʳ, ʝʢʽʥʰʽ (ʥᴇʣʜʽʢ) ʩʳʤ ʞʘʣʧʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

RS-423A ʩʪʘʥʜʘʨʪʳ ʩʠʤʤʝʪʨʠʷʣʳץ ʩʘʥʜʳ ʠʥʪʝʨʬʝʡʩʪʽש ʵʣʝʢʪʨʣʽʢ 

ʩʠʧʘʪʪʘʤʘʩʳʥ ʘʥʳץʪʘʡʜʳ. ʆʣ 10 ʄʙʠʪ/ʩ ʞʳʣʜʘʤʜʳץʪʘrס  ʞײʤʳʩʪʳ 

סʘʨʘʩʪʳʨʘʜʳ. RS- 232 ʩʪʘʥʜʘʨʪʳʥʘʥ ʘʡʳʨʤʘʰʳʣʳrץ , ʙײʣ hװ ʽʥ ᴅʨʙʽʨ 
ʩʠʛʥʘʣסʘ ʝʢʽ ʬʠʟʠʢʘʣʳץ ʩʳʤ (ʪʫʨʘ ʞᴅʥʝ ʢʝʨʽ) ʪʘʣʘʧ ʝʪʽʣʝʜʽ. ʉʠʤʤʝʪʨʠʷʣʳץ 

ʩʳʤʜʘʨʜʳש ʨʝʘʣʠʟʘʮʠʷʩʳʥʳש ʞʘץʩʳ ʰʳrס ʩ ʩʠʧʘʪʪʘʤʘʩʳ ʙʘʨ, ʙײʣ 100 

ʢʙʠʪ/ʩ ʞʳʣʜʘʤʜʳץʪʘrס  ʪײʨʘץʪʳ ʞײʤʳʩʪʳ ʞᴅʥʝ ײʟʳʥʜʳrס  1000 ʤ.ʜʝʡʽʥʛʽ 

ʢʘʙʝʣʴʜʽ ʧʘʡʜʘʣʘʥʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

LPT ʧʘʨʘʣʣʝʴʜʽ ʧʦʨʪʳ ɼʕɽʄ-ʜʘ ʢᴇʙʽʥʝʩʝ ʧʨʠʥʪʝʨʜʽ ץʦʩʫ hװ ʽʥ ʧʘʡʜʘ- 
ʣʘʥʳʣʘʜʳ, ʩʦʥʜʳץʪʘʥ ʦʥʳ ʧʨʠʥʪʝʨ ʧʦʨʪʳ ʜʝʧ ʘʪʘʡʜʳ. ɼʕɽʄ ʧʦʨʪʳ 

ʢʘʙʝʣʴʤʝʥ 25-ʢʦʥʪʘʢʪʳʣʳ DB-25 ʞʘʣסʘʩʪʳʨrס ʰʳʤʝʥ, ʘʣ ʧʨʠʥʪʝʨ ʞʘrס ʥʘʥ 

Centronics 36-ʢʦʥʪʘʢʪʳʣʳ ʞʘʣסʘʩʪʳʨrס ʰʳ ʞʘʣסʘʥʘʜʳ. 

ʇʨʠʥʪʝʨʛʝ ʘʨʥʘʣסʘʥ ʢʘʙʝʣʴʜʽש ʤʘʢʩʠʤʘʣʴʜʳ ײʟʳʥʜʳrס  3 ʤ.ʘʩʧʘʡʜʳ. 

ʇʦʨʪ 150 ʂʙʘʡʪ/ʩ ʜʝʡʽʥʛʽ ʞʳʣʜʘʤʜʳץʪʘ ʘץʧʘʨʘʪʪʳ ʪʝʢ ʙʽʨ ʙʘrס ʪץʘ ʞʽʙʝʨʫʛʝ 

ʘʨʥʘʣסʘʥ. 

ɯʰʢʽ ʤʦʜʝʤʤʝʥ ʞײʤʳʩ ʽʩʪʝʫ hװ ʽʥ ʝʢʽ ʞʘץʪʳ ʞʽʙʝʨʫ ʪʘʣʘʧ ʝʪʽʣʝʜʽ, ʙײʣ 
EPP (EnhancedParallelPort ð ʞʘץʩʘʨʪʳʣסʘʥ ʧʘʨʘʣʣʝʣʴʜʽ ʧʦʨʪ) ʞᴅʥʝ ɽʉʈ 

(ExtendedCapabilitiesPort ð ʢʝשʝʡʪʽʣʛʝʥ ʬʫʥʢʮʠʷʣʘʨʳ ʙʘʨ ʧʦʨʪ) ʠʥʪʝʨ- 

ʬʝʡʩʪʝʨʽ ʘʨrץ ʣʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʫʽ ʤװʤʢʽʥ. 
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ɽʢʽ ʙʘrס ʪʪʳ ɽʈʈ-ʧʦʨʪ 2 ʄʙʘʡʪ/ʩ ʞʳʣʜʘʤʜʳrס ʤʝʥ ʝʢʽ ʙʘrס ʪʪʘ ʙʘʡʪʪʳש 
ʧʘʨʘʣʣʝʣʴʜʽ ʙʝʨʽʣʫʽʥ ʞᴅʥʝ ʧʨʦʮʝʩʩʦʨʛʝ ʪʦץʪʘʤʘʡ, ʆɽפ ʘʨrץ ʣʳ ʘʣʤʘʩʫʳʥ 

 ʧʦʨʪʳ ʪʽʟʙʝʢʢʝ ץʘʪʘʨ, ɽʈʈ ʩʧʝʮʠʬʠʢʘʣʳץ ʥʳʤʝʥײʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ʄץ

(ʮʝʧʦʯʢʘ) 64 ʧʝʨʠʬʝʨʠʷʣʳ ײץʨʳʣrססʘ ʜʝʡʽʥ ץʦʩʳʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɽʉʈ ʠʥʪʝʨʬʝʡʩʽ ɽʈʈ ʧʦʨʪʳʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ 5 ʄʙʘʡʪ/ʩ ʤᴅʣʽʤʝʪʪʝʨʜʽ 
ʞʽʙʝʨʫʜʽװ שʣʢʝʥ ʞʳʣʜʘʤʜʳrס ʥʘ ʠʝ, ᴇʡʪʢʝʥʽ ʦʥʳש ʤᴅʣʽʤʝʪʪʝʨʜʽ ʩʳrס ʤʜʘʧ 

ʢᴇʣʝʤʽʥ ʘʟʘʡʪʘʪʳʥ ʢʽʨʽʢʪʽʨʽʣʛʝʥ ײץʨʳʣrס ʩʳ ʙʘʨ ʞᴅʥʝ 128 ʧʝʨʠʬʝʨʠʷʣʳץ 

סʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʄᴅʣʽʤʝʪʪʝʨʜʽ ʩʳrװʘ ʤסʦʩʳʣʫץ ʘ ʜʝʡʽʥססʨʳʣrײץ ʤʜʘʫ 

ʙʘʨʳʩʳʥʜʘ ʙʽʨʜʝʡ ʩʠʤʚʦʣʜʘʨʜʳש ʨʝʪʪʽʣʽʛʽ ʥʝʙᴅʨʽ ʝʢʽ ʙʘʡʪʧʝʥ ʙʝʨʽʣʝʜʽ: ʙʽʨ 

ʙʘʡʪ ץʘʡʪʘʣʘʥʘʪʳʥ ʩʠʤʚʦʣʜʘʨʜʳ, ʝʢʽʥʰʽʩʽ ץʘʡʪʘʣʘʫ ʩʘʥʜʘʨʳʥ ʘʥʳץʪʘʡʜʳ. 

ʂʣʘʚʠʘʪʫʨʘ ʤʝʥ ʪʽʥʪʫʽʨʜʽ ץʦʩʫ hװ ʽʥ PS/2 ʠʥʪʝʨʬʝʡʩʪʽ ʙʽʨʽʟʜʽ ʞʝʢʝ ʧʦʨʪ 
 ʨʣʽװʨʽʥʜʝʛʽ ʙʽʨʜʝʡ 6-ʢʦʥʪʘʢʪʳʣʳ ᴅʨʪװʦʣʜʘʥʳʣʘʜʳ. ʇʦʨʪʪʘ miniDIN ʪץ

ʪװʩʧʝʥ ʤʘʨʢʝʨʣʝʥʛʝʥ: ʪʽʥʪʫʽʨ hװ ʽʥ ʢᴇʛʽʣʜʽʨ, ʘʣ ʢʣʘʚʠʘʪʫʨʘ hװ ʽʥ ץʘʨʘ ʪװʩʪʽ 

ʞʘʣסʘrס ʰ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. 

ɼʕɽʄ-ʛʝ ʜʞʦʡʩʪʠʢ ʞᴅʥʝ ʤʫʟʳʢʘʣʳץ ʘʩʧʘʧʪʘʨʜʳ ץʦʩʫ hװ ʽʥ ɼɺ  
ʪװʨʽʥʜʝʛʽ 15-ʢʦʥʪʘʢʪʳʣʳ ʞʘʣסʘrס ʰʳ ʙʘʨ Game/MIDIAdapterʩ ʦʡʳʥ ʧʦʨʪʳ 

ʧʘʡʜʘʣʘʥʳʣʘʜʳ. ʉʪʘʥʜʘʨʪʪʳ GAME-ʧʦʨʪ ʝʢʽ ʢʥʦʧʢʘʩʳ ʙʘʨ ʜʞʦʡʩʪʠʢʧʝʥ 

ʞײʤʳʩ ʽʩʪʝʡʜʽ, ᴅʨ ʢʦʥʦʧʢʘʥʳ5 שɺ ץʫʘʪ ʰʳסʘʨʫ ʞᴅʥʝ ʢʦʦʨʜʠʥʘʪʪʳ ײץʨʳʣrס  

hװ ʽʥ ʘʥʘʣʦʛʪʳץ-ʩʘʥʜʳץ ץʘʨʘʧʘʡʳʤ ᴇשʜʝʛʽʰʽ (ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ) ʙʦʣʘʜʳ. 

ץʘʟʽʨʛʽ ʫʘrפ ʪʪʘ USB ʞʘʣסʘrס ʰʳ ʝʩʢʽʨʛʝʥ ʧʘʨʘʣʣʝʣʴʜʽ ʞᴅʥʝ ʙʽʨʽʟʜʽ 

ʧʦʨʪʪʘʨʜʳש ʦʨʥʳʥ ʙʽʨʪʽʥʜʝʧ ʘʣʤʘʩʪʳʨʳʧ ʢʝʣʝ ʞʘʪץʘʥ, ʩʦשrװ סʣʛʽʜʝʛʽ 

ɼʕɽʄ-ʥ̔ש ʥʝʛʽʟʛʽ ʘʪʨʠʙʫʪʳʥʘ ʘʡʥʘʣʜʳ. 

USB ʠʥʪʝʨʬʝʡʩʽ ʤᴅʣʽʤʝʪʪʝʨʜʽש ʘʩʠʥʭʨʦʥʜʳ ʞᴅʥʝ ʩʠʥʭʨʦʥʜʳ ʨʝʞʠʤʜʝ 
ʨʝʪʪʽʣʽʢʧʝʥ ʙʝʨʽʣʫʽʥ ʞᴅʥʝ ʧʝʨʠʬʝʨʠʷʣʳײץ ץʨʳʣrס ʤʝʥ ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʪʳ 

 ʧʘʨʘʪ ʘʣʤʘʩʫ ʞʳʣʜʘʤץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. USB1.1 ʩʪʘʥʜʘʨʪʳ ʙʦʡʳʥʰʘ ʘץ

סʨʳʣrײץ ʣʘʨʤʝʥ 12 ʄʙʠʪ/ʩ ʞʳʣʜʘʤʜʳrס ʥʜʘ, ʘʣ ʙʘʷʫ ײץʨʳʣrס ʣʘʨʤʝʥ 1,5 

ʄʙʠʪ/ʩ ʞʳʣʜʘʤʜʳrס ʥʜʘ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ; USB2.0 ʩʪʘʥʜʘʨʪʳ 60ʄʙʘʡʪ/ʩ 

ʜʝʡʽʥʛʽ (3.4 ʩʫʨʝʪ), USB3.0 ʩʪʘʥʜʘʨʪʳ 4,8 ɻʙʠʪ/ʩ ʜʝʡʽʥʛʽ ʞʳʣʜʘʤʜʳץʪʳ 

 .ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽץ
USB ʠʥʪʝʨʬʝʡʩʽ ʞʘשʘ ʢʦʥʬʠʛʫʨʘʮʠʷʥʳש ʙʘʧʪʘʫʣʘʨʳʥʳש ʘʚʪʦʤʘʪʪʳ 

ʪװʨʜʝ ʦʨʳʥʜʘʣʫʳʥ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʞײʤʳʩ ʢʦʤʧʴʶʪʝʨʽʥʝ ʦʥʳ ץʘʡʪʘ 

ʞװʢʪʝʤʝʡ-ʘץ, ʢʝʟ-ʢʝʣʛʝʥ ײץʨʳʣrס ʥʳ ץʦʩʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝ ʦʪʳʨʳʧ, 127 

ץʘ ʜʝʡʽʥ ʤʫʣʴʪʠʧʣʝʢʩʪʽ rססʨʳʣrײץ ʟʤʝʪ ʝʪʫʛʝ ʝʩʝʧʪʝʣʛʝʥ. ɸץʧʘʨʘʪʪʳץ 

ʩʠʛʥʘʣʜʘʨ ʞᴅʥʝ 5ɺ ץʫʘʪ ʢʝʨʥʝʫʽ (0,5...1,0 ʪʦʛʳ) ʪᴇʨʪ ʩʳʤʜʳ ʢʘʙʝʣʴʤʝʥ 

ʙʝʨʽʣʝʜʽ. ɾʽʙʝʨʫ ʞᴅʥʝ ʘץʧʘʨʘʪʪʳ ץʘʙʳʣʜʘʫ ʣʠʥʠʷʩʳ ʨʝʪʽʥʜʝ ʵʢʨʘʥʜʘʣסʘʥ 

ʘʡʥʘʣʤʘʣʳ ץʦʩ ʩʳʤ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. ɹʽʨ סʘʥʘ USB ʞʘʣסʘrס ʰʳʥrץ שʫʘʪ 

ʙʝʨʫ ʩʳʤʳʥrש ʢhװ  ̔
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σȢτ ̒̔̑Ȣ 53" ̜̙̜̇́̌́̎  ̜
̙̜́̑̓̓ ̜̄̑́̉̋́̌̕ ̂ ̨̨̆̌̄̒ȡ 
́ ɂ ρȢρ ̜̒̓́̎̅́̑̓Ƞ ̂ ɂ ςȢπ ̜̒̓́̎̅́̑̓ 

 

 

 

ʢᴇʧʪʝʛʝʥ ײץʨʳʣrס ʣʘʨʜʳ: ʢʣʘʚʠʘʪʫʨʘ, ʩʳʤʩʳʟ ʙʘʡʣʘʥʳʩ ʘʜʘʧʪʝʨʣʝʨʽʥ, 

ʪʶʥʝʨʣʝʨ, ʛʨʘʬʠʢʘʣʳץ ʧʣʘʥʰʝʪʪʝʨʜʽ ʪ.ʙ. ץʦʩʫסʘ ʞʝʪʢʽʣʽʢʪʽ. 

USB ʰʠʥʘʩʳʥʳש ᴇʪʢʽʟʛʽʰʪʽʢ ץʘʙʽʣʝʪʽʥ ʙᴇʣʫ ʞװʡʝʣʽʢ ʙʣʦʢʪʘ 
ʦʨʥʘʪʳʣʘʪʳʥ ʙʘʩʪʳ ʭʘʙʧʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʝʜʽ. ײפʨʳʣrס  ʩʘʥʜʘʨʳʥ ײʣסʘʡʪʫ 

hװ ʽʥ ʰʠʥʘʥʳ ײץʨʘʩʪʳʨʫʜʳש ʘסʘʰ ʪᴅʨʽʟʜʽ ʞʝʣʽʣʽʢ ʪʦʧʦʣʦʛʠʷʩʳ 
 ʦʩʳʣʘʜʳ. ᴄʨʙʽʨץ ʜʘʡʜʘ ʽʰʢʽ ʭʘʙ ʙʽʨ-ʙʽʨʽʤʝʥ ʙʽʨʪʽʥʜʝʧסʣ ʞʘײʘʙʳʣʜʘʥʘʜʳ, ʙץ

ʢʝʣʝʩʽ ץʦʩʳʣʘʪʳʥ ʭʘʙ USB ʢʽʨʫ ʰʠʥʘʩʳʥ ʪᴇʤʝʥ ʪװʩʝʪʽʥ ʧʦʨʪץʘ 

ʘʫʳʩʪʳʨʘʜʳ. ɾײʤʳʩ ʽʩʪʝʡʪʽʥ ײץʨʳʣrס  ʤʝʥ ʭʘʙ ʘʨʘʩʳʥʜʘrס  ʢʘʙʝʣʴ ײʟʳʥ- 

ʜrrס  ʰʘʤʘʤʝʥ 5 ʤ. פʘʰrץʪrץʪʳ ʘʨʪʪʳʨʫ hװ ʽʥ ʘʨʘʣʳץ ʭʘʙ ץʘʙʳʣʜʘʥʘʜʳ. 

USB ʠʥʪʝʨʬʝʡʩʽʤʝʥ ʤʦʜʝʤ, ʢʣʘʚʠʘʪʫʨʘ, ʪʽʥʪʫʽʨ, ʜʞʦʡʩʪʠʢ, ʪʘʩʧʘʣʳ 

ʞᴅʥʝ ʜʠʩʢʪʽʢ ʪʦʣʳץʪʳʨrס ʰʪʘʨ, ʩʢʘʥʝʨ ʞᴅʥʝ ʧʨʠʥʪʝʨ, ʬʣʵʰ-ʞʘʜʳ, ץʘʣʪʘ 

ʢʦʤʧʴʶʪʝʨʣʝʨʽ ʞᴅʥʝ ᴇʟʛʝ ʜʝ ʘʨʥʘʡʳ ʞʘʣסʘrס ʰʪʘʨʤʝʥ ʞʘʙʜʳץʪʘʣʘʪʳʥ ᴇʟʛʝ 

ʜʝ ײץʨʳʣrס ʣʘʨ ʰʳסʘʨʳʣʘʜʳ (3.5 ʩʫʨ.). 

ʉʪʘʥʜʘʨʪʧʝʥ USB ʞʘʣסʘrס ʰʪʘʨʳʥʳש ʪᴇʨʪ ʪװʨʽ ץʘʨʘʩʪʳʨʳʣסʘʥ: ɸ, ɺ, 

mini-ɸ ʞᴅʥʝ mini-S. 3.5 ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ, ʞʘʣסʘrס ʰʪʘʨʜʳש ʪװʨʣʝʨʽ 

ʙʽʨ-ʙʽʨʽʥʝʥ ʩʳʨʪ ʙʝʡʥʝʩʽ ʙʦʡʳʥʰʘ ʝʨʝʢʰʝʣʝʥʝʜʽ (ʦʨʳʥ ʘʣʫʳ ʤװʤʢʽʥ ץʘʪʝ 

װʦʩʳʣʳʩʪʘʨʜʳ ʞʦʶ hץ ʽʥ). 
ʂʽʰʽ-ʞʘʣסʘrס ʰʪʘʨ ʪʝʢ ʰʘrס ʥ ײץʨʳʣrס ʣʘʨʜʘ, ʤʳʩʘʣʳ ʩʘʥʜʳץ ʬʦʪʦ- 

ʢʘʤʝʨʘʣʘʨʜʘ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. ɽʨʝʞʝ ʙʦʡʳʥʰʘ, ɸ ʞᴅʥʝ ɺ ʪװʨʽʥʜʝʛʽ ʞʘʣסʘ- 

rס ʰʪʘʨʜʳש ʚʠʣʢʘʣʘʨʳ ʢʘʙʝʣʴʜʝʨʜʝ ץʦʣʜʘʥʳʣʘʜʳ; ɸ ʪװʨʽʥʜʝʛʽ ʨʦʟʝʪʢʘ 

ɼʕɽʄ ʞװʡʝʣʽʢ ʙʣʦʢʪʘʨʳʥʜʘ, ʥʦʫʪʙʫʢ ʢʦʨʧʫʩʪʘʨʳʥʜʘ ʞᴅʥʝ ʩʳʨʪrץ  

ʭʘʙʪʘʨʜʘ, ʘʣ ɺ ʪʠʧʽʥʜʝʛʽʩʽ ʛʘʙʘʨʠʪʪʽ ʧʝʨʠʬʝʨʠʷʣʳ ײץʨʳʣrס ʣʘʨʜʘ ʦʨʥʘʪʳ- 

ʣʘʜʳ. 
 

 

 

3.5 ̒̔̑Ȣ 53"-̐̏̑̓ ̇̎̆ ̝̋́̂̆̌ ̨̙̎ ̜̙̇́̌́̓́̑ ̓ ̨̑ȡ 
ʘð ɸ ʪʠʧʽʥʽש ʞʘʣʧʘץ ʚʠʣʢʘʩʳ ʞᴅʥʝ ʨʦʟʝʪʢʘʩʳ; ʙ ðɺ ʪʠʧʽʥʜʝʛʽ ʢʚʘʜʨʘʪʪʳ ʚʠʣʢʘ 
ʞᴅʥʝ ʨʦʟʝʪʢʘ; 1 ð ʢʦʥʪʘʢʪʳʣʝʨ 
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ʂʝʡʙʽʨ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʜʘ USB ʢʘʙʝʣʴ ʧʝʨʠʬʝʨʠʷʣʳײץ ץʨʳʣrססʘ 
ʦʨʥʘʪʳʣʫʳ ʤװʤʢʽʥ. ɹʘʨʣʳץ USB-ʞʘʣסʘrס ʰʪʘʨ ץʫʘʪ ʙʝʨʫ ʰʠʥʘʩʳ çʞʝʜʝʣè 

װʘʤʪʘʤʘʩʳʟ ʝʪʫ hץ ʦʩʳʣʫʜʳץ ʽʥ ʙʽʨʽʥʰʽ ʢʦʥʪʘʢʪʳסʘ ʞʦʙʘʣʘʥʘʜʳ. 

IEEE-1394 ʩʪʘʥʜʘʨʪʳʥʳϬ ʙʽʨʽʟʜʽ ʰʠʥʘʩʳ, ʥʝʤʝʩʝ FireWire (ʦʪʪʳ ʩʳʤ), 
ʤᴅʣʽʤʝʪʪʝʨ ʘʣʤʘʩʫʳʥʳש ʞʦסʘʨʳ ʞʳʣʜʘʤʜʳrס ʥ (100, 200, 400 ʄʙʠʪ/ʩ) 

ʪʘʣʘʧ ʝʪʝʪʽʥ ײץʨʳʣrס ʥʳ ץʦʩʫ hװ ʽʥ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. 

FireWire ʠʥʪʝʨʬʝʡʩʽ ʩʠʥʭʨʦʥʜʳ ʞᴅʥʝ ʘʩʠʥʭʨʦʥʜʳ ʤᴅʣʽʤʝʪʪʝʨʜʽ 

ʞʽʙʝʨʫʛʝ, ʙʽʨ ʧʦʨʪץʘ 63 ײץʨʳʣrססʘ ʜʝʡʽʥ ץʦʩʳʣʫסʘ, 63 ʪʦʨʘʧʪʘʥ ʪײʨʘʪʳʥ 

ʞʝʣʽʣʽʢ ײץʨʳʣʳʤʜʳ ײʡʳʤʜʘʩʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. FireWire ʞʝʣʽʩʽʥʽש 

ʞװʡʝʜʝ ʢᴇʧʽʨʤʝʥ (1 023 ʜʝʡʽʥ) ᴇʟʘʨʘ ʙʽʨʽʛʫʽ ʢʝʟʽʥʜʝ 64 449 ʘʚʪʦʥʦʤʜʳ 

ʧʝʨʠʬʝʨʠʷʣʳײץ ץʨʳʣrס ʣʘʨסʘ ʜʝʡʽʥ rץ ʟʤʝʪ ʝʪʫʽ ʤװʤʢʽʥ. ɹʘʡʣʘʥʳʩ hװ ʽʥ 6 

ʩʳʤʜʳ ʵʢʨʘʥʜʘʣסʘʥ ʢʘʙʝʣʴ ʧʘʡʜʘʣʘʥʳʣʘʜʳ: ʦʥʳש ʝʢʽ ʩʳʤʳ ʘʨrץ ʣʳ 8.40 ɺ 
(1,5 ɸ ʜʝʡʽʥʛʽ ʪʦʢ) ʧʝʨʠʬʝʨʠʷʣʳײץ ץʨʳʣrס ʥrץ שʫʘʪ ʢʝʨʥʝʫʽ ʙʝʨʽʣʫʽ ʤװʤʢʽʥ, 

װʤᴅʣʽʤʝʪʪʝʨʜʽ ʞʽʙʝʨʫ h (ʨʘʤʘʣʳײʘʥ ʙסʝʢʽ ʵʢʨʘʥʜʘʣ) ʘʥ ʪᴇʨʪʝʫʽסʘʣץ ʽʥ 

ʧʘʡʜʘʣʘʥʳʣʘʜʳ. ײפʨʳʣrס ʜʘ ʞʘʣסʘrס ʰʪrש ʝʢʽ ʪװʨʽ ץʦʣʜʘʥʳʣʫʳ ʤװʤʢʽʥ: 6 

ʞᴅʥʝ 4 ʢʦʥʪʘʢʪʳʣʳ (ץʫʘʪ ʢᴇʟʽʥʽש ʩʳʤʳʤʝʥ ʩᴅʡʢʝʩ ʞᴅʥʝ ʩʳʤʩʳʟ). FireWire 

ʠʥʪʝʨʬʝʡʩʪʝʛʽ ᴅʨʙʽʨ ײץʨʳʣrס  ᴇʟʛʝ ײץʨʳʣrס ʣʘʨʜʳ ץʦʩʫ hװ ʽʥ hװ -ʘʣʪʳ 

ʞʘʣסʘrס ʰʪʘʥ ʪײʨʫʳ ʤװʤʢʽʥ. ɹʘʡʣʘʥʳʩ ʩʠʛʤʝʥʪʽʥʽײ שʟʳʥʜʳrס  4,5 ʤ.ʞʝʪʫʽ 

ʤװʤʢʽʥ. 

ʀʥʪʝʨʬʝʡʩ FireWire ײץʨʳʣrס ʥrש ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʘʥʳץʪʘʫ rץ ʟʤʝʪʽʥ, 
çʞʝʜʝʣè ץʦʩʳʣʫ ʞᴅʥʝ ʪװʨʣʽ ʞʳʣʜʘʤʜʳץʪʘ ײץʨʳʣrס ʣʘʨʜʳש ᴇʟʘʨʘ ᴅʨʝʢʝʪʽʥ 

 ʣ ʠʥʪʝʨʬʝʡʩ ʘʫʳʩʪʳʨʤʘʣʳײʤʳʩ ʪᴅʨʪʽʙʽʥ ʨʝʪʪʝʡʜʽ. ɹײʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʞץ

ʪʦʣʳץʪʳʨrס ʰʪʘʨʜʳ, ʞʝʣʽʣʽʢ ʢʘʨʪʘʣʘʨ ʞᴅʥʝ ᴇʟʛʝ ʜʝ ʞʦסʘʨʳ ʞʳʣʜʘʤ- 

ʜrץʪʘrס  ʞʘʙʜʳץʪʘʨʜʳ ץʦʩʫ hװ ʽʥ ץʦʣʜʘʥʳʣʘʜʳ. 

ʅʦʫʪʙʫʢʪʝʨʜʽש ʧʘʡʜʘ ʙʦʣʫʳʤʝʥ ʞʘʥ-ʞʘץʪʳ װʥʝʤʜʽ ʞᴅʥʝ ʳhץ ʘʤ 

PCMCI(PersonalComputerMemoryCardInternationalAssociation ð ɼʝʨʙʝʩ 
ʢʦʤʧʴʶʪʝʨ hװ ʽʥ ʞʘʜʳ ʢʘʨʪʘʩʳ ʙʦʡʳʥʰʘ ʭʘʣʳץʘʨʘʣʳץ ʘʩʩʦʮʠʘʮʠʷ) 

ʩʪʘʥʜʘʨʪʳʥʳש ʠʥʪʝʨʬʝʡʩʽ ײץʨʳʣʜʳ. ɹײʣ PCCard ʘʪʘʫʳʥʘ ʠʝ ʙʦʣסʘʥ. 

ɹײʣ ʩʪʘʥʜʘʨʪʪʘ ʞʘʜʳ ʤʦʜʫʣʽ, ʤʦʜʝʤʜʝʨ, SCSI-ʘʜʘʧʪʝʨ, ʞʝʣʽʣʽʢ ʢʘʨʪʘʣʘʨ, 

ʜʳʙʳʩʪʳץ ʢʘʨʪʘʣʘʨ, ץʘʪʪʳ ʜʠʩʢʪʝʛʽ ʰʘrס ʥ ʪʦʣʳץʪʳʨrס ʰʪʘʨ ʞᴅʥʝ ʪ.ʙ. 

ʰ rסʘʨʘʜʳ. PCCard ײץʨʳʣrס ʩʳ ʤʳʥʘʜʘʡ ʘʨʥʘʡʳ ʢʦʨʧʫʩʪʘʣסʘʥ ʪʘץʪʘʣʘʨʜʘ 
(ʢʘʨʪʘʣʘʨʜʘ) ʦʨʥʘʣʘʩʪʳʨʳʣʘʜʳ: TypeI, TypeII ʞᴅʥʝ TypeIII, ץʘʣrשʜrrס  

ʙʦʡʳʥʰʘ ʘʡʳʨʤʘʰʳʣʳrס  ʙʘʨ ʣʠʥʠʷʣʳץ ᴇʣʰʝʤʜʝʨ. 

ʂʘʨʪʘʥʳש ʘʣʜʳשrס ʙᴇʣʽʛʽ 68-ʢʦʥʪʘʢʪʳʣʳ ʞʘʣסʘrס ʰʪʳ ʥʦʫʪʙʫʢʪʝʨʤʝʥ 

סʘrסʘʨʩʳ ʙʝʪʽʥʜʝʛʽ ʞʘʣץ שʦʩʳʣʘʜʳ. ʂʘʨʪʘʥʳץ ʰʪʘʨ ʞʝʨʛʽʣʽʢʪʽ ʞʝʣʽʣʝʨʜʽ, 

ʪʝʣʝʬʦʥ ʣʠʥʠʷʣʘʨʳʥ ʪ.ʙ. ץʦʩʫסʘ ʘʨʥʘʣסʘʥ. 
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PCMCIA ʩʪʘʥʜʘʨʪʳʥʜʘ ʘʣʜʳʤʝʥ CardBus ʰʠʥʘʩʳ ץʦʣʜʘʥʳʩץʘ ʝʥʛʽʟʽʣʜʽ, 
ʙײʣ 33 ʄɻʮ ʞʠʽʣʽʛʽʥʜʝ ʞײʤʳʩ ʽʩʪʝʡʪʽʥ PCI 32-ʨʘʟʨʷʜʪʳ ʰʠʥʘʩʳʤʝʥ 

ʣʦʛʠʢʘʣʳץ ʞᴅʥʝ ʵʣʝʢʪʨʣʽʢ ʪײʨrס ʜʘʥ ʙʽʨ-ʙʽʨʽʤʝʥ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. פʘʟʽʨʛʽ 

ʫʘrץ ʪʪʘ ExpressCard ʬʦʨʤʬʘʢʪʦʨʳʥʳש ʞʘשʘ ʢʘʨʪʘʩʳ PCIExpress ʙʽʨ 

ʢʘʥʘʣʜʳ ʰʠʥʘʩʳʥʜʘ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. 

ʓסשʘʡʣʳ ʰʘrס ʥ ʢʦʤʧʴʶʪʝʨʣʝʨʜʽ װʩʪʝʣ װʩʪʽʥʝ ʦʨʥʘʪʳʣʘʪʳʥ ɼʕɽʄ-ʤʝʥ 
ʙʘʡʣʘʥʳʩʪʳʨʫ hװ ʽʥ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʦסʘʥ ʪװʨʣʽ ʧʝʨʠʬʝʨʠʷʣʳײץ ץʨʳʣ- 

rס ʣʘʨʜʳ ץʦʩʫ hװ ʽʥ IrDA (InfraredDataAssociation ð ʠʥʬʨʘrץ ʟʳʣ ʩʘʥʜʳץ 

 -ʦʩʳʣʫ) ʩʳʤʩʳʟ ʪʝʭʥʦʣʦʛʠʷʩʳ ʞᴅʥʝ Bluetooth*(ʢᴇʛʽʣʜʽʨ ʪʽʩ) ʨʘʜʠʦץ

ʙʘʡʣʘʥʳʩʳ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. 

IrDA ʘʜʘʧʪʝʨʽ 850...900 ʥʤ ʜʠʘʧʘʟʦʥʜʘ ʞײʤʳʩ ʽʩʪʝʡʪʽʥ ʢhװ ʽ ʘʟ ʪʘʨʘʪrץ ʰ 

ʠʥʬʨʘrץ ʟʳʣ ʞʘʨʳץʜʠʦʜʳʤʝʥ ʞʘʙʜʳץʪʘʣʘʜʳ. ʄᴅʣʽʤʝʪʪʝʨʜʽ ʞʽʙʝʨʫ 

ʬʦʪʦʜʠʦʜ ץʘʙʳʣʜʘʥʘʪʳʥ ʦʧʪʠʢʘʣʳץ ʩʠʛʥʘʣʜʘʨʜʳש ʙʽʨʪʽʥʜʝʧ ʩᴅʫʣʝʣʝʥʫʽ 

ʘʨrץ ʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ʄᴅʣʽʤʝʪʪʝʨ 10 ʙʠʪʪʽ ʙʣʦʢʧʝʥ ʙʝʨʽʣʝʜʽ, ʙײʣ 10 

ʙʣʦʢ ʙʘʩʪʘʧrץ  ʙʠʪ, 8 ʘץʧʘʨʘʪ ʙʠʪʽ ʞᴅʥʝ ʪʦץʪʘʪʫ ʙʠʪʽʥʝʥ ʪײʨʘʜʳ. ʆʩʳʥʜʘʡ 
ʙʘʡʣʘʥʳʩ ʢʝʟʽʥʜʝ ʢᴇʧ ʵʥʝʨʛʠʷ ʞײʤʩʘʣʤʘʡʜʳ, ʟʠʷʥʜʳ ʞʦסʘʨʳ ʞʠʽʣʽʢʪʽ 

ʩᴅʫʣʝʣʝʥʫ ʧʨʦʮʝʩʽ ʙʦʣʤʘʡʜʳ, ʙʽʨʘץ ʪʫʨʘ ʢᴇʨʽʥʫ ʰʝʛʽʥʜʝ סʘʥʘ ʞײʤʳʩ ʽʩʪʝʡʜʽ 

ʞᴅʥʝ çʥװʢʪʝ-ʥװʢʪʝè ʨʝʞʠʤʽʥʜʝ ʦʨʥʘʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. פʘʟʽʨʛʽ ʫʘrץ ʪʪʘ 

IrDA ײץʨʳʣrס ʩʳ 115,2 ʢʙʠʪ/ʩ-ʜʘʥ 4 ʄʙʠʪ/ʩ-סʘ ʜʝʡʽʥʛʽ ʪʘʨʘʪʫ 

ʞʳʣʜʘʤʜʳrס ʥʘ ʠʝ, ʘʣʘʡʜʘ ʙʘʡʣʘʥʳʩ ʢʘʥʘʣʳ ʙʽʨʥʝʰʝ ʤʝʪʨ ʞᴅʥʝ 30Á ʜʝʡʽʥʛʽ 

ʪʫʨʘ ʢᴇʨʽʥʫ ʙײʨr ʰʳ ץʘʰrץʪrrס ʤʝʥ ʰʝʢʪʝʣʝʜʽ. ʀʥʬʨʘrץ ʟʳʣ ʙʘʡʣʘʥʳʩ 

ʥʝʛʽʟʽʥʝʥ ʀʥʪʝʨʥʝʪ ʞʝʣʽʩʽʥʜʝ ʞײʤʳʩ ʢʝʟʽʥʜʝ ʥʦʫʪʙʫʢʪʳ  ʤʦʙʠʣʴʜʽ 

ʪʝʣʝʬʦʥסʘ ץʦʩʫ hװ ʽʥ ʧʘʡʜʘʣʘʥʳʣʜʳ. 

Bluetooth ʧʘʢʝʪʪʽ ʨʘʜʠʦʢʦʤʤʫʥʠʢʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʩʳ 802.15 ʭʘʣʳץʘ- 

ʨʘʣʳץ ʩʪʘʥʜʘʨʪʳ ʙʦʡʳʥʰʘ ײץʨʳʣסʘʥ ʞᴅʥʝ ʜʝʨʙʝʩ ʢʦʤʧʴʶʪʝʨ, ʧʝʨʠʬʝʨʠʷʣʳ 

ʞʘʙʜʳץʪʘʨ, ʤʦʙʠʣʴʜʽ ʪʝʣʝʬʦʥ ʞᴅʥʝ ᴇʟʛʝ ʜʝ ʪװʨʣʽ ʵʣʝʢʪʨʦʥʜʳ ײץʨʳʣ- 
rס ʣʘʨʤʝʥ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʩʳʤʩʳʟ ʪװʨʜʝ ʞʽʙʝʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. Bluetooth- 

ʜ̔ש ʪʫʨʘ ʢᴇʨʽʥʫ ʥʝʤʝʩʝ çʥװʢʪʝ-ʥװʢʪʝè ץʦʩʳʣʳʩʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ IrDA 

ʠʥʪʝʨʬʝʡʩʽʥʝʥ ʘʡʳʨʤʘʰʳʣʳrס  ï ʢᴇʧ ʥװʢʪʝʣʽ ʨʘʜʠʦʢʘʥʘʣ ʩʝʢʽʣʜʽ rץ ʟʤʝʪ 

ʘʪץʘʨʘʜʳ. 

Bluetooth ʨʘʜʠʦʧʨʦʪʦʢʦʣʳ 10...100 ʤ.ʙʘʡʣʘʥʳʩ ץʘʰrץʪrץʪʳ 2,4 ɻɻʮ 

ʞʠʽʣʽʢʪʽ ʜʠʘʧʘʟʦʥʜʘ ʘץʧʘʨʘʪ ʘʣʤʘʩʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ ʞᴅʥʝ ʧʘʡʜʘʣʘ- 

ʥʫʰʳʥʳש ʦʥrש ʞײʤʳʩ ʦʨʥʳ ʤʝʥ ʙᴇʣʤʝʩʽ ʰʝʛʽʥʜʝ ʞʝʢʝ ʞʝʨʛʽʣʽʢʪʽ PAN 

(PersonalAccessNetwork ð ʜʝʨʙʝʩ ץʦʣʞʝʪʽʤʜʽʣʽʢ ʞʝʣʽʩʽ) ʞʝʣʽʩʽʥ ײץʨʫʳ 

ʤװʤʢʽʥ. ɾʝʣʽ ʢᴇʧʪʝʛʝʥ ʪʦʨʘʧʪʘʨʤʝʥ ײץʨʳʣʳʧ, ʞײʤʳʩʪʳ ʙʽʨ ʢʘʥʘʣʜʘ ʩʝʛʽʟ 

סʨʳʣrײץ ʤʢʽʥ. Bluetoothװʘ ʜʝʡʽʥ ʞʽʙʝʨʫʽ ʤססʨʳʣrײץ ʩʳ 2 ʄʙʘʡʪ/ʩ-ʜʘʥ 

ʢᴇʙʽʨʝʢ ʤᴅʣʽʤʝʪʪʝʨ ʘʣʤʘʩʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʦʣʘʨʜʳץ שʘʙʳʣʜʘrס ʰʪʘʨʳ 

ʤʝʥ ʪʘʨʘʪrץ ʰʪʘʨʳʥʳש ᴇʟʘʨʘ ʙʘrס ʪʪʘʣʫʳʥ ʪʘʣʘʧ ʝʪʧʝʡʜʽ, ʧʘʡʜʘʣʘʥʫʰʳסʘ 
ʥʝײסʨʣʳʤ ץʦʣʘʡʣʳ 

ɕ Ⱥ˗̋ ̨̓̒Ȼ ̅̆̄̆̎ ̌́́̐ ́̓ ̨̂̆̑̌̄̆̎ ˑ̠́̎̉ ̜̋̏̑̏̌ ː̝́̑̏̌̅ )) ɉˢ .) ̨̑̍̆̓̎̆ 
̜̜̂́̊̌́̎̒̓ ́̓́̌́̎Ȣ 



78 
 

ʞײʤʳʩ ʞʘסʜʘʡʳʥ ʪʫʜʳʨʳʧ, ʢʘʙʝʣʴʜʽ ץʦʩʳʣʫʜʘʥ ʞᴅʥʝ ʢʝ̔ש ʩʪʽʢʪʽש ʰʝʢʪʝ- 
ʣʫʽʥʝʥ ʙʦʩʘʪʘʜʳ. ʈʘʜʠʦʘʣʤʘʩʫʜʳ ץʦʨסʘʫ ʤʘץʩʘʪʳʥʜʘ ʤᴅʣʽʤʝʪʪʝʨ Bluetooth 

סʨʳʣrײץ ʣʘʨʳ ʘʨʘʩʳʥʜʘ ײץʧʠʷʣʘʥʘʜʳ. 

ץʘʟʽʨʛʽ ʫʘrפ ʪʪʘ Bluetooth ײץʨʳʣrס ʣʘʨʳ ʞᴅʥʝ ʘʜʘʧʪʝʨʣʝʨʽʤʝʥ ʙʘʨʣʳץ 
 -ʩʪʽʥʝ ʦʨʥʘװ ʩʪʝʣװ ʘʣʪʘ ʢʦʤʧʴʶʪʝʨʣʝʨʽ, ʢᴇʙʽʥʝʩʝ ʥʦʫʪʙʫʢʪʝʨ, ʢʝʡʙʽʨץ

ʪʳʣʘʪʳʥ ɼʕɽʄ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʧʝʨʠʬʝʨʠʷʣʳץ ʞʘʙʜʳץʪʘʨʜʳש (ʧʨʠʥʪʝʨʣʝʨ, 

ʩʘʥʜʳץ ʬʦʪʦʢʘʤʝʨʘ ʪ.ʙ.) ʤʘrש ʟʜʳ ʙᴇʣʽʢʪʝʨʽ ʞʘʩʘץʪʘʣסʘʥ. 

ʀʥʪʝʨʬʝʡʩʪʝʨʜʽש ʪװʨʣʽ ʪʘʨʠʭʠ ʞʦʣʤʝʥ ʧʘʡʜʘ ʙʦʣʫʳ ɼʕɽʄ ʤʝʥ ʪװʨʣʽ 

ᴇʥʜʽʨʫʰʽʣʝʨʜʽש ʧʝʨʠʬʝʨʠʷʣʳץ ʞʘʙʜʳץʪʘʨʳʥʳש ʩᴅʡʢʝʩʪʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ 

hװ ʽʥ ʘʨʥʘʡʳ ᴇʪʢʽʟʫ ײץʨʳʣrס ʣʘʨʳʥ ʞʘʩʘʧ ʰʳסʘʨʫʜʳץ שʘʞʝʪʪʽʣʽʛʽʥ 

ʪʫʜʳʨʜʳ. 

ץʘʟʽʨʛʽ ʫʘrפ ʪʪʘ ᴇʪʢʽʟʛʽʰʪʝʨʜʽש ʤʳʥʘʜʘʡ ʪװʨʣʝʨʽ ʙʘʨ: USB-LPT, USB- 
COM, USB-SCSI, PS/2-USB ʞᴅʥʝ ʪ.ʙ. 

ʇʝʨʠʬʝʨʠʷʤʝʥ װʡʣʝʩʽʤʜʽʣʽʛʽ ʥʝײסʨʣʳʤ ʤʘrש ʟʜʳ ʙʦʣʳʧ ʢʝʣʝʪʽʥ 

ʥʦʫʪʙʫʢʪʝʨ hװ ʽʥ PCʉaʛd-ץʘ ץʦʩʳʣʘʪʳʥ ʩʳʤʜʳ ʞᴅʥʝ ʩʳʤʩʳʟ ʘʜʘʧʪʝʨʣʝʨ 
ʙʦʣʘʜʳ. 

 
 

ˎˍ˨˘ˍ ɣ˞ ˝ˍ˟ˍ˝ ˨  
 

1. ˑ˪˒˙ ̑̔̅ ̜̍ ̨̝́̄̉̒̓̑́̌̅-̨̝̍̏̅̔̌̅ ̜́̉̅́̒ ̎̆̄̆ ̎̆- 
̨̄̈̅̆̌̄̆̎ȩ 

2. ˑ̆̑̂̆̒ ̨̝̟̋̏̍̐̓̆̑̅ ́ ̜̐̐́̑́̓̓ ̜̜̑́̌̅́̑̎ ̑-́ 
̜̍̎ ̇̎̆  ̜̏̌́̑̅ ̓ ́́ ̜̜̊̎̅́̍́̒̎ ́ ̜̓́̈Ȣ 

3. ˑ˪˒˙-̎  ̜́ ̜̐̐́̑́̓̓ ̨̨̂̌̋̓̆̑ ̜̜́̑́̒̎̅́ ̜́̐́̑́̓̓ 
̈́̑́ ̑̆̋̆̓ ̨̨̎̆̄̈ ̎̆̅̆̎ ̓ ̜̑́̅ȩ 

4. ˞̏̌̓̒̓ ̨̋ ̇̎̆ ̏̓̒ ̨̓̋ ̨̨̋̐̑̅ ̎̆ ̜́̍̓́̍́̒̈ ̆ ̨̓̆̅ȩ 
5. ˓ ̨̊̆̌̋ ̙̉̎́ ̨̨̉̎̓̆̑̆̊̒̎̕ ̎ ̨̨̆̄̈̄ ̜̒̓́̎̅́̑̓̓́̑̎ ́̓́- 

̜̈Ȣ 
6. ̨̨́̈̑̄ ̜̈́̍́̎ ˑ˪˒˙ 0ÌÕÇ ÁÎÄ 0ÌÁÙ ̖̠̜̓̆̎̏̌̏̄̉̒̎ ̎̆ 

̨̙̎ ̜̐́̊̅́̌́̎́̅ȩ 
7. ˟̏̓ ́̓̔ ̨̇̊̆̒ ̎̆ ̨̙̎ ̐ ̜̜́̊̅́̌́̎̌́̅ȩ 
8. ́̎̅́̊ ̜̜̜̙̜̓̏̌̓̑̓́̑̅ ̂ ̨̨̌̆̒̈ȩ 
9. ˪˒˙ˍ-̅́ ̜̜̜̙̜̓̏̌̓̑̓́̑̅ ̏̒̔ ̨̙̎ ́̎ ̅́̊ ̉̎̓̆̑- 

̆̊̒̓̆̑̕ ̜̜̐́̊̅́̌́̎̌́̅ȩ 
10. Ⱥ˓̆̅̆̌Ȼ ̜̏̒̌̔ ̨̨̑̆̇̉̍̎ ̒ ̜̉̐́̓̓́̍́̒ ̇̎̆ ̜̏̎ ̐́̊- 

̅́̌́̎̔ ̨̙̎ ́̎ ̅́̊ ̉̎̓̆̑̆̊̒̕ ̑̒́̓ ̆ ̨̨̓̌̆̅ȩ 
11. ́̎̅́̊ ̜̜̑̌  ̠̜̐̆̑̉̆̑̉̌̕ ̂ ̜̏̌̐ ̒ ̜́̎́̌́̅ȩ 
12. ˚̜̆̑̌̍ ̋̆ ̓ ́̑́̌́̎ ̨̆̎̄̈̔-̙̜́̑̔ ̜̐̏̑̓̓́̑̎ ́ ̜̓́̈Ȣ 
13. ˗̌́̃̉́̓̔̑́ ̇̎̆ ̨̨̨̓̎̓̔̑̅ ̏̒̔ ̨̙̎ ́̎ ̅́̊ ̐̏̑̓̓́̑ ̐́̊- 

̜̜̅́̌́̎̌́̅ȩ 
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14. ˜̨̝́̑́̌̌̆̌̅ ̨̉̎̓̆̑̆̊̒̓̆̑̅̕ ̨̨̨̂̑̈̅ ̉̎̓̆̑̆̊̒̋̆̕ ̜́̔̒- 
̜̓̑̔ ̨̨̑̅̒ ̎̆ ̨̙̎ ̒ ́̓ ́̌́̎ȩ 

15. ˞̜̜̍̒̈ ̜̂́̊̌́̎̒ ̨̓̑̌̆̑̎ ̜́̓́̈Ȣ ˛̜̌́̑̅ ̨̨̙̓̋̈̄ ́̑- 
̜̜̌ ̨̒̋̆ ̜́̒́̓̎ ̜̂́̊̌́̎̒̓́̎ ́̎̅́̊ ̜̙̜̜̜́̑̓̌  
̂́̑ȩ 

 

 
    3.2.  ˑ˪˒˙-̜̎ ̊ ˒ː˴˔ː˴ ˡˠ˚˗ˣ˕˛˚ˍ˘ˑ˨ 
 ˪˘˒˙˒˚˟˟˒˝˴  

 

σȢςȢρȢ˜̗̑̏̆̒̒̏̑̌́̑ 

ɼʕɽʄ ʥʝʛʽʟʽʥ ʦʨʪʘʣʳץ ᴇשʜʝʫʰʽ ײץʨʳʣrס  ï ʧʨʦʮʝʩʩʦʨ (ʤʠʢʨʦʧʨʦʮʝʩʩʦʨ) 

סʨrײʪ ץʞᴅʥʝ ʣʦʛʠʢʘʣʳ ץʘʨʠʬʤʝʪʠʢʘʣʳ שʨʘʡʜʳ, ʦʣ ʤᴅʣʽʤʝʪʪʝʨʜʽײץ ʜʘʥ 

ᴇשʜʝʣʫʽ, ʆɽפ, ʽʰʢʽ ʪʦʣʳץʪʳʨrס ʰʪʘʨ, ʧʝʨʠʬʝʨʠʷʣʳײץ ץʨʳʣrס ʣʘʨʤʝʥ 

ʞײʤʳʩ ʽʩʪʝʫʜʽ ײʡʳʤʜʘʩʪʳʨʫ, ʝʩʝʧʪʝʫ ʧʨʦʮʝʩʽʥʽש ʙʘʨʳʩʳʥ ʙʘʩץʘʨʫ 

rץ ʟʤʝʪʪʝʨʽʥ ʘʪץʘʨʘʜʳ. פʘʟʽʨʛʽ ʫʘrץ ʪʪʘ ʙʽʨ-ʙʽʨʽʥʝʥ rץ ʟʤʝʪ ʘʪץʘʨʫ 

ʤװʤʢʽʥʜʽʢʪʝʨʽ, ײץʨʳʣʳʤʳ ʞᴅʥʝ ʢʦʥʩʪʨʫʢʪʠʚʪʽ ʦʨʳʥʜʘʫʰʳʣʳrס  ʙʦʡʳʥʰʘ 

ʝʨʝʢʰʝʣʝʥʝʪʽʥ ʧʨʦʮʝʩʩʦʨʣʘʨʜʳש ʢᴇʧʪʝʛʝʥ ʪװʨʣʝʨʽ ʙʘʨ. 

ʇʨʦʮʝʩʩʦʨ ʩʠʧʘʪʪʘʤʘʩʳ ᴇʥʜʽʨʽʩ ʪʝʭʥʦʣʦʛʠʷʩʳ, ʘʨʭʠʪʝʢʪʫʨʘʩʳ, ʪʘʢʪʽʣʽʢ 

ʞʠʽʣʽʛʽ, ʨʝʛʠʩʪʨ ʩʘʥʳ ʤʝʥ ʨʘʟʨʷʜʳ, ʢʦʤʘʥʜʘ ʞװʡʝʩʽ, ʰʠʥʘ ᴇʣʰʝʤʽ, ʢʵʰ- 
ʞʘʜʳʤʝʥ ʦʨʥʘʪʳʣסʘʥ ʢᴇʣʝʤ, ץʫʘʪ ʢhװ ʽ, ץʘʣʳʧʪʳ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʞᴅʥʝ 

ʢʦʨʧʫʩʳʥʳש ʪװʨʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ ʧʘʨʘʤʝʪʨʣʝʨ ʞʠʳʥʪʳrס ʥ ʘʥʳץʪʘʡʜʳ. 

ɼʕɽʄ ʦʨʪʘʣʳץ ʧʨʦʮʝʩʩʦʨʳʥʜʘ ʪʦʣʳץ ʢʦʤʘʥʜʘʣʳ ʧʨʦʮʝʩʩʦʨ, ʷסʥʠ ʞʝʢʝ 

ʦʧʝʨʘʮʠʷʣʘʨʜʳ ʘʧʧʘʨʘʪʪʳ ʪװʨʜʝ ʞװʟʝʛʝ ʘʩʳʨʘʪʳʥ CISC-ʧʨʦʮʝʩʩʦʨʳ 

ʧʘʡʜʘʣʘʥʳʣʘʜʳ. 

ʇʨʦʮʝʩʩʦʨʣʘʨ ʘʨʘʩʳʥʜʘ ʢʝש ʪʘʨʘʣסʘʥ ʘʡʳʨʤʘʰʳʣʳץ ï ʘʜʨʝʩʪʝʨ ʤʝʥ 
ʤᴅʣ̔ ʤʝʪʪʝʨ ʨʘʟʨʷʜʳʥʳש ʩʘʥʳʥʜʘ: 8-, 16-, 32- ʞᴅʥʝ 64-ʙʠʪʪʽ. ɼʝʨʙʝʩ 

ʢʦʤʧʴʶʪʝʨʣʝʨʜʝ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʣʘʨʜʳ (ʄʇ) ʧʘʡʜʘʣʘʥʫ ʽʩ ʞװʟʽʥʜʝ, IBMPC 

ɼʕɽʄ-ʥ̔ש ʪװʨʣʽ ʤʦʜʠʬʠʢʘʮʠʷʣʘʨʳʥʜʘ ʧʘʡʜʘʣʘʥסʘʥ, 16- ʨʘʟʨʷʜʪʳ 

 .ʣʛʽʣʝʨʜʝʥ ʙʘʩʪʘʣʜʳװ

ʊʘʨʠʭʠ ʪײʨrס ʜʘʥ ʘʣסʘʥʜʘ, ʥʝײסʨʣʳʤ ʢʝש ʪʘʨʘʣסʘʥ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨ Intel 

ʢʦʨʧʦʨʘʮʠʷʩʳʥʳש ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʳ ʙʦʣʜʳ, ʙײʣ ʘʣסʘʰʳʥʜʘ ʤᴅʣʽʤʝʪʪʝʨ 

ʢʦʤʘʥʜʘʩʳ ʤʝʥ ʬʦʨʤʘʪʳ ʞװʡʝʩʽ ʙʦʡʳʥʰʘ ץʦʩʳʣʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝ 

ʦʪʳʨʳʧ, ʞʦʙʘʣʘʥʜʳ. 
Intel 8086 ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʳ IBM ץʦʩʳʣrס ʰ ʤʘʰʠʥʘʩʳ hװ ʽʥ ʙʘʟʘʣʳץ 

ʘʥʘʣʦʛ ʙʦʣʜʳ, ʩʦʥʜʳץʪʘʥ ʧʨʦʮʝʩʩʦʨʣʘʨʜʳש ʢʝʣʝʩʽ ʰʳסʘʨʳʣסʘʥ ʙʘʨʣʳץ 

ʪװʨʣʝʨʽ, ʥʝʛʽʟʽʥʝʥ ʦʥʳש ʪʝʢ ʘʨʭʠʪʝʢʪʫʨʘʩʳ ʤʝʥ ʢʦʤʘʥʜʘʣʳץ ʞװʡʝʩʽ 

ʜʘʤʳʪʳʣʘ ʦʪʳʨʳʧ, ʧʨʦʮʝʩʩʦʨ ײץʨʳʣʳʤʳʥʳש ʠʜʝʦʣʦʛʠʷʩʳʥʘ ʥʝʛʽʟʜʝʣʜʽ. 
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Intel ʬʠʨʤʘʩʳʥʳש ʢʝʣʝʩʽ ʄʇ ʤʦʜʠʬʠʢʘʮʠʷʣʘʨʳ ʞʝʨʛʽʣʽʢʪʽ ʤʘʛʠʩʪʨʘʣ 
ʨʘʟʨʷʜʪʳʣʳrס ʥʘ, ʢʦʤʘʥʜʘ ʪʘשʜʘʫ ʞᴅʥʝ ʤʘʰʠʥʘʣʳץ ʮʠʢʣʜʳש ʪװʨʣʽ ʩʘʥʜʘʨʳ 

hװ ʽʥ ʦʧʝʨʘʪʠʚʪʽ ʞʘʜʳʥʳש ʦʧʝʨʘʥʜʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʝʨʝʢʰʝʣʝʥʜʽ. ʂʦʤʘʥʜʘ 

ʞװʡʝʩʽ ʢʝשʝʡʪʽʣʽʧ, ʤʫʣʴʪʠʝʩʝʧʪʝʛʽʰ ʽʩʢʝ ץʦʩʳʣʜʳ. ʂᴇʧ ʫʘrץ ʪʪʘʥ ʙʝʨʽ 

 .ʘʨʳʣʜʳסʘʥ Pentium ʪʠʽʤʜʽ ʧʨʦʮʝʩʩʦʨʣʘʨ ʞʘʩʘʧ ʰʳץʦʣʜʘʥʳʣʳʧ ʢʝʣʝ ʞʘʪץ

ʇʨʦʮʝʩʩʦʨʣʘʨʜʳש ʙײʣ ʪʦʙʳ ʙʘʩץʘ ᴇʥʜʽʨʫʰʽʣʝʨʜʽש ʞʘשʘ ʧʨʦʮʝʩʩʦʨ װʣʛʽʩʽʥ 

ʦʡʣʘʧ ʰʳסʘʨʫ hװ ʽʥ ʧʨʦʪʦʪʠʧ ʞᴅʥʝ ʢʝץ שʦʣʜʘʥʳʩʪʘrס  ʩʪʘʮʠʦʥʘʨʣʳץʪʘʥ 

 ʘʣʤʘʣʳ ʞᴅʥʝ ʤʦʙʠʣʴʜʽ ʜʝʨʙʝʩ ʢʦʤʧʴʶʪʝʨʣʝʨסʦʟץ ,ʙʘʩʪʘʧ (ʩʪʽʣʽʢװ ʩʪʝʣװ)
hװ ʽʥ ʙʘʟʘʣʳץ ʧʨʦʮʝʩʩʦʨ ʙʦʣʘ ʙʽʣʜʽ. 

ɹʽʨʽʥʰʽ Pentium (ʤᴅʣʽʤʝʪʪʝʨ ʰʠʥʘʩʳʥʳ64 ש-ʙʠʪʪʽ 32-ʨʘʟʨʷʜʪʳ 

ʧʨʦʮʝʩʩʦʨ) 0,8 ʤʢʤ ʪʝʭʥʦʣʦʛʠʷʩʳ ʙʦʡʳʰʘ ʜʘʡʳʥʜʘʣʳʧ, 3 ʤʣʥ. 

ʰʘʤʘʩʳʥʜʘrס  ʪʨʘʥʟʠʩʪʦʨʜʘʥ ʪײʨʜʳ ʞᴅʥʝ 5ɺ ץʫʘʪ ʢᴇʟʽ ʙʦʣʜʳ. 
Pentium ʧʨʦʮʝʩʩʦʨʣʘʨʳʥʳש ʢʝʣʝʩʽ ʪʦʙʳ ʞᴅʥʝ ᴇʟʛʝ ʪװʨʣʝʨʽ ʪʝʭʥʦ- 

ʣʦʛʠʷʣʳץ ʥʦʨʤʘʩʳ ʙʽʨʪʽʥʜʝʧ ʘʟʘʡʪʘ ʦʪʳʨʳʧ ʰʳסʘʨʣrʜʳ: 0,60, 0,35, 0,25, 

0,18 ʤʢʤ ʞᴅʥʝ ʪ.ʙ. (ʢʨʠʩʪʘʣʣʜʘrס  ʦʥʜʘסʘʥ ʞᴅʥʝ ʞװʟʜʝʛʝʥ ʤʠʣʣʠʦʥ 

ʪʨʘʥʟʠʩʪʦʨʣʘʨʳʤʝʥ). ɹײʣ ʪײʪʳʥʘʪʳʥ ʢhװ ʪʽ ʙʽʨʪʽʥʜʝʧ ʪᴇʤʝʥʜʝʪʫʛʝ, 

ʦʨʥʘʪʳʣסʘʥ ʢʵʰʞʘʜʳ ʢᴇʣʝʤʽʥ, ʪʘʢʪ ʞʠʽʣʽʛʽʥ ײʣסʘʡʪʫסʘ ʞᴅʥʝ ʢᴇʧ ʷʜʨʦʣʳ 

ʘ ʢᴇhסʨʳʣʳʤײץ ʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. 

ɼʝʨʙʝʩ ʕɽʄ-ʜʝ ʪʝʢ Intel ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʣʘʨʳ ʪʘʙʳʣʳʧ ץʘʥʘ ץʦʡסʘʥ 

ʞʦץ, ʩʦʥʳʤʝʥ ʙʽʨʛʝ ʽʨʽ ᴇʥʜʽʨʽʩʪʽ ʬʠʨʤʘʣʘʨ (ʤʳʩʘʣʳ AMD, VIA) ʦʣʘʨʜʳש 

ʘʥʘʣʦʛʳʥ ʜʘ ʞʘʩʘʧ ʰʳסʘʨʜʳ. ʆʩʳ ᴇʥʜʽʨʫʰʽʣʝʨʜʽש ʙʘʨʣʳץ ʧʨʦʮʝʩʩʦʨʣʘʨʳ, 

ʪʽʧʪʽ Intel ʧʨʦʮʝʩʩʦʨʳʤʝʥ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥʽ ʜʝ, ᴇʟʽʥʽש ʪʝʭʥʦʣʦʛʠʷʩʳ, 

ʘʨʭʠʪʝʢʪʫʨʘʩʳ, ʘʧʧʘʨʪʪʳץ ʽʩʢʝ ʘʩʫʳ, ʞײʤʳʩʪʳץ ʞʠʽʣʽʛʽ, ץʫʘʪ ʢhװ ʽ, ʢʦʨʧʫʩ 

ʪװʨʽ ʪ.ʙ. ʙʦʡʳʥʰʘ ʝʨʝʢʰʝʣʝʥʝʜʽ. 

ʇʨʦʮʝʩʩʦʨʣʘʨʜʳש ʞʘשʘ ʪװʨʣʝʨʽʥʜʝ ʢʦʤʘʥʜʘ ʞװʡʝʩʽ ʞʝʪʽʣʜʽʨʽʣʝ ʦʪʳʨʳʧ, 

ʦʣʘʨʜʳש ᴇʥʽʤʜʽʣʽʛʽ װʟʜʽʢʩʽʟ ʘʨʪʫʜʘ, ʙʘʩץʘʨʫ ʢʦʤʘʥʜʘʩʳ ʙʦʡʳʥʰʘ 
ᴇʪʢʽʟʛʽʰʪʝʨʜʽ ʙʦʣʞʘʫ, ʙʽʨʝʫʜʝʥ ʢᴇʧ ʦʧʝʨʘʮʠʷʣʘʨʜʳ ʙʽʨ ʪʘʢʪʪʝ ʦʨʳʥʜʘʣʫʜʳ 

 ץʤʳʩ ʽʩʪʝʡʪʽʥ ʩʫʧʝʨʩʢʘʣʷʨʣʳײʘʪʘʨ ʞץ ʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʢʦʥʚʝʡʝʨʣʝʨʤʝʥץ

ʘʨʭʠʪʝʢʪʫʨʘ ʪ.ʙ. ʝʥʛʽʟʽʣʫʜʝ. ɹʽʨʘץ, ɼʕɽʄ hװ ʽʥ ץʘʟʽʨʛʽ ʞᴅʥʝ ʢʝʣʝʰʝʢʪʝ 

ʞʘʩʘʣʘʪʳʥ ʧʨʦʮʝʩʩʦʨʣʘʨʜʳש ʥʝʛʽʟʽ ʨʝʪʽʥʜʝ Intel80386 (ʦʨʪʘʣʳץ) 32- 

ʨʘʟʨʷʜʪʳ ʘʣסʘ rhץ  ʧʨʦʮʝʩʩʦʨʳ ʤʝʥ Intel80387 ʩʦʧʨʦʮʝʩʩʦʨʳ 

(ʤʘʪʝʤʘʪʠʢʘʣʳץ) ʥʝʤʝʩʝ ʭ86-ʧʨʦʮʝʩʩʦʨʳʥʳש ʢʦʤʘʥʜʘʣʳץ ʞװʡʝʩʽ ץʘʣʘʥʜʳ. 

 ʞʠʳʥʳ Pentium ʧʨʦʮʝʩʩʦʨʣʘʨ ץʙʘʟʘʣʳ שʘʟʽʨʛʽ ʄʇ ʢʦʤʘʥʜʘʩʳʥʳפ
ʪʦʙʳʥʳש ʜʘʤʫʳʤʝʥ ץʘʣʳʧʪʘʩʪʳ. Intel ʧʨʦʮʝʩʩʦʨʳʥʳש ʢʦʤʘʥʜʘʣʳץ 

ʞװʡʝʩʽʥʽש ʜʘʤʫʳ, ʤᴅʣʽʤʝʪʪʝʨʛʝ ץʘʪʳʩʪʳ ʢʝʡʙʽʨ ʩʧʝʮʠʬʠʢʘʣʳץ ʦʧʝʨʘʮʠʷ- 

ʣʘʨʜʳ ʦʨʳʥʜʘʫ ʢʝʟʽʥʜʝ ʄʇ-ʜ̔ש ʪʝʟ ᴅʨʝʢʝʪ ʝʪʫ ץʘʙʽʣʝʪʽʥ ʘʨʪʪʳʨʫסʘ ʞᴅʥʝ 

ʙײʨʳʥ ʰʘrס ʥ ʙʘסʜʘʨʣʘʤʘ ʪʘʣʘʧ ʝʪʽʣʛʝʥ ᴇשʜʝʫ ʞײʤʳʩʪʘʨʳʥ ʦʨʳʥʜʘʫסʘ 

ʘʨʥʘʣʜʳ. 

 -ʝʡʪʫ (SingleInstructionMultipleשʦʩʳʤʰʘ ʢʦʤʘʥʜʘ ʨʝʪʽʥʜʝ SIMD-ʢʝפ
Datað ʢᴇʧʪʝʛʝʥ ʤᴅʣʽʤʝʪʪʝʨ hװ ʽʥ ʙʽʨ ʠʥʩʪʨʫʢʮʠʷ) ʧʘʡʜʘʣʘʥʳʣʜʳ. 
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ɹײʣ ʦʧʝʨʘʥʜ ʪʦʧʪʘʨʳ ʙʽʨ ʫʘrץ ʪʪʘ ʙʽʨ סʘʥʘ ʢʦʤʘʥʜʘʤʝʥ ᴇשʜʝʣʫ ʢʝʟʽʥʜʝ 
ʤᴅʣʽʤʝʪʪʝʨ ʞʠʳʥʪʳrס ʥʜʘ ʧʘʨʘʣʝʣʴ ʝʩʝʧʪʝʣʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ. ᴆʥʽʤʜʽʣʽʛʽʥʽש ʘʨʪʳhץ ʳʣrrס  ʤᴅʣʽʤʝʪʪʝʨʜʽש ʪװʨʣʽ ʘrס ʥʳʥʘ ץʘʪʳʩʪʳ 

ᴅʨʝʢʝʪʪʝʨʜʽץ שʘʡʪʘʣʘʥʘʪʳʥ ʙʽʨʽʟʜʽʣʽʛʽʥ ʙʽʨʥʝʰʝ ʨʝʪ ʞװʨʛʽʟʫ ץʘʞʝʪʪʽʣʽʛʽ 

ʢʝʟʽʥʜʝ ץʦʣ ʞʝʪʢʽʟʽʣʜʽ. 

SIMD-ʢʝשʝʶ ʨʝʘʣʠʟʘʮʠʷʩʳ ʧʨʦʮʝʩʩʦʨסʘ ʢʦʤʘʥʜʘʥʳץ שʦʩʳʤʰʘ ʞʠʳʥʳʥ 
ʝʥʛʽʟʫʤʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ: 

1. MMX (MultiMediaeXtension ð ʤʫʣʴʪʠʤʝʜʠʷʣʳץ ʢʝשʝʶ) ʜʳʙʳʩ- 

ʪʘʨʜʳ, ʚʠʜʝʦʩʠʛʥʘʣʜʘʨʜʳ ʞᴅʥʝ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ʘץʧʘʨʘʪʪʘʨʜʳ 

ᴇשʜʝʫʛʝ ʘʨʥʘʣסʘʥ ץʦʩʳʤʰʘ ʢʦʤʘʥʜʘʥʳ ʝʥʛʽʟʫʤʝʥ. 

2. MMXExtended, 3DNow!, 3DNow! Extended ð hװ  ᴇʣʰʝʤʜʽ 

ʛʨʘʬʠʢʘʣʘʨ, ʤʫʣʴʪʠʤʝʜʠʘ ʞᴅʥʝ ᴇʟʛʝ ʜʝ ײץʙʳʣʤʘʣʳ װʪʽʨʽ ʙʘʨ ץʘʨrץ ʥʜʳ 

ʝʩʝʧʪʝʛʽʰ ʩʘʥʜʘʨʜʳ ᴇשʜʝʫʜʽ ʞʳʣʜʘʤʪʘʪʳʥ, AMD ʬʠʨʤʘʩʳʥʳש ʧʨʦ- 

ʮʝʩʩʦʨʳʥʜʘ ʧʘʡʜʘʣʘʥʳʣʘʪʳʥ ʄʄʍ ʢʦʤʘʥʜʘʣʳץ ʞʠʳʥʳʥʳש ʢʝשʝʶʽ. 

3. SSE (StreamingSIMDExtensions ð ʘrס ʥ ʪʠʧʪʽSIMD-ʢʝשʝʶ)AMD 
ʧʨʦʮʝʩʩʦʨʣʘʨʳ ʥײʩץʘʤʘʩʳʥʳש ʞʠʳʥʳʥʘ ץײʩʘʩ ʢʦʤʘʥʜʘ ʪʦʙʳʤʝʥ. 

SSE ʞʘשʘ ʥײʩץʘʫʣʳץʪʘʨʳ (ײץʙʳʣʤʘʣʳ װʪʽʨʤʝʥ ʝʩʝʧʪʝʫ hװʽʥ 76 
ʥײʩץʘʫʣʳץ ʞᴅʥʝ 68 ʙװʪʽʥ ʩʘʥʜʳץ) hװ  ᴇʣʰʝʤʜʽ ʛʨʘʬʠʢʘʤʝʥ, MPEG2 

ʬʦʨʤʘʪʳʥʜʘrס  ʘʫʜʠʦ- ʞᴅʥʝ ʚʠʜʝʦ ʤᴅʣʽʤʝʪʪʝʨʤʝʥ, ʜʘʫʳʩʪʳ ʘʥʳץʪʘʧ ʪʘʥʫ 

 ʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. SSEװʤʳʩ ʽʩʪʝʫʛʝ ʤײʨʣʳʤ ʪʠʽʤʜʽ ʞײסʦʩʳʤʰʘʣʘʨʳʤʝʥ ʥʝץ

ʪʝʭʥʦʣʦʛʠʷʩʳ ʧʨʦʮʝʩʩʦʨ ʘʨʭʠʪʝʢʪʫʨʘʩʳʥʘ ʩʝʛʽʟ ץʦʩʳʤʰʘ 128-ʙʠʪʪʽ 

ʨʝʛʠʩʪʨʜʽ ʝʥʛʽʟʜʽ ʞᴅʥʝ ʄʄʍ ʢʝʤʰʽʣʽʢʪʝʨʽʥ (ʄʄʍ ʢʦʤʘʥʜʘʩʳʥ ʦʨʳʥʜʘʫ 

ʢʝʟʽʥʜʝ ײץʙʳʣʤʘʣʳ װʪʽʨʤʝʥ ʙʽʨ ʫʘrץ ʪʪʘ ʝʩʝʧʪʝʫ ʤװʤʢʽʥ ʙʦʣʤʘסʘʥ, ᴇʡʪʢʝʥʽ 

ʨʝʛʠʩʪʨʣʝʨ ʄʄʍ ʢʦʤʘʥʜʘʩʳ ʘʨrץ ʣʳ ᴅʨʝʢʝʪ ʝʪʽʧ, ʟʘʪʪʳץ ʩʘʥʜʘʨʤʝʥ ʞײʤʳʩ 

ʽʩʪʝʫ ץʦʣ ʞʝʪʽʤʩʽʟ ʙʦʣסʘʥ) ʞʦʶסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. 

64-ʙʠʪʪʽ ʪײʪʘʩ ʩʘʥʜʘʨʤʝʥ ʞײʤʳʩ ʽʩʪʝʫ hװ ʽʥ ʞᴅʥʝ ʨʝʛʠʩʪʨʣʝʨ ʤʝʥ  

ʞʘʜrסʘ ʙʘrס ʪʪʘʣʘʪʳʥ ʤʘʢʩʠʤʘʣʜʳ ʢᴇʣʝʤʥʽש ʨʘʟʨʷʜʪʳʣʳrס ʥ, ʩʘʥʳʥ 

ʘʨʪʪʳʨʫ ʢʦʤʘʥʜʘʣʘʨʳʥʳש ʧʘʡʜʘ ʙʦʣʫʳ ɼʕɽʄ-סʘ 64-ʨʘʟʨʷʜʪʳ ʧʨʦʮʝʩ- 

ʩʦʨʣʘʨʜʳ ʝʥʛʽʟʫʛʝ ʘʣʳʧ ʢʝʣʜʽ. 
ɹʘʨʣʳץ ʪʘʥʳʤʘʣ ʙʘסʜʘʨʣʘʤʘʣʳץ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ᴅʨʝʢʝʪʪʝʨʽ (ʤʳʩʘʣʳ, 

Windows ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝʩʽ, ʦʬʠʩʪʽʢ ʧʘʢʝʪ) ʭ86 ʧʨʦʮʝʩʩʦʨʣʘʨʳ hװ ʽʥ 

ʰ rסʘʨʳʣʜʳ, ʩʦʥʜʳץʪʘʥ ʙʽʨ ʞʘrס ʥʘʥ, ʄʇ ʘʨʭʠʪʝʢʪʫʨʘʩʳ ʙʦʡʳʥʰʘ 

ʢʦʤʘʥʜʘʥʳש ʙʝʣʛʽʣʽ ʞʠʳʥʳʤʝʥ װʡʣʝʩʽʤʜʽʣʽʛʽʥ ʪװʩʽʥʫʛʝ ʙʦʣʘʜʳ, ʝʢʽʥʰʽ 

ʞʘrס ʥʘʥ ʘʧʧʘʨʘʪʪʳ ʘʨʭʠʪʝʢʪʫʨʘ ʙʽʨ-ʙʽʨʽʤʝʥ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʧʨʦʮʝʩʩʦʨʣʘʨ 

ʪʦʙʳʥʳש ʩʠʧʘʪʪʘʤʘʩʳ ʩʝʢʽʣʜʽ, ʙײʣ ʽʰʢʽ ʢʦʥʩʪʨʫʢʮʠʷ ʥʝʤʝʩʝ ʦʣʘʨʜʳש 

 .ʡʳʤʜʘʩʪʳʨʳʣʫʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳײ ץʨʳʣʳʤʜʳײץ

çʗʜʨʦ ʘʨʭʠʪʝʢʪʫʨʘʩʳè ʪʝʨʤʠʥʽ ץʘʟʽʨʛʽ ʄʇ-ʥrש ʞʘʣʧʳ ץʘʙʳʣʜʘʥסʘʥ 

ʢʦʤʘʥʜʘʣʘʨ ʞװʡʝʩʽ ʞᴅʥʝ ʪװʨʣʽ ᴇʥʜʽʨʫʰʽʣʝʨ ʰʳסʘʨסʘʥ ʧʨʦʮʝʩʩʦʨʣʘʨʜʳש 

ʙʝʣʛʽʣʽ ʪʦʙʳʥʘ ʪᴅʥ ʘʧʧʘʨʘʪʪʳ ʰʝʰʽʤʜʝʨ ʞʠʳʥʪʳrס ʥrש ʩᴅʡʢʝʩʪʽʛʽ ʨʝʪʽʥʜʝ 

 .ʥʳʣʘʜʳסrײ
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çʇʨʦʮʝʩʩʦʨʣʳ ʷʜʨʦè (ʥʝʤʝʩʝ ʞʘʡ סʘʥʘ çʷʜʨʦè) ʪװʩʽʥʽʛʽʥ, ʩᴅʡʢʝʩ 
ʧʨʦʮʝʩʩʦʨʣʘʨʜʳש ʪײʪʘʩ ʩʝʨʠʷʩʳ hװ ʽʥ ʩʪʘʥʜʘʨʪ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ ʞᴅʥʝ 

סʘʥ ʩʠʧʘʪʪʘrסʰʘʨʪʪʘʣ שʘʪʘץ  ʙʝʣʛʽʣʽ ʞʠʳʥʳ (ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʢ, ʙʽʨʽʥʰʽ ʞᴅʥʝ 

ʝʢʽʥʰʽ ʜʝשʛʝʡʣʽ ʢʵʰ ʢᴇʣʝʤʽ, ʨʝʛʠʩʪʨ ʩʘʥʳ, ɸʃʋ ʪ.ʙ.) ʙʘʨ, ʉɹʀʉ 

ʢʨʠʩʪʘʣʳʥʜʘrס  ʘʨʭʠʪʝʢʪʫʨʘʥʳש ʥʘץʪʳ ʘʧʧʘʨʘʪʪʳ ʪװʨʜʝ ʽʩʢʝ ʘʩʫʳ ʜʝʧ 

ʪװʩʽʥʝʤʽʟ. 

ʉᴇʡʪʽʧ, ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʦʮʝʩʩʦʨʜʳײץ שʨʳʣʫʳʥʳש ʞʘʣʧʳ ץʘסʠʜʘʪʪʘʨʳʥ 
ʙʝʡʥʝʣʝʩʝ, ʷʜʨʦ ʦʥrש ʥʘץʪʳ ʘʧʧʘʨʘʪʪʳ ʽʩʢʝ ʘʩʫʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʄʳʩʘʣʳ, Net Burst (ʞʝʣʽʣʽʢ ʰʠʥʘ) ʤʠʢʨʦʘʨʭʠʪʝʢʪʫʨʘʩʳʥʳש ʙʽʨʝʫʽʥʝ 

ʦʨʥʘʣʘʩʪʳʨʳʣסʘʥ ʪװʨʣʽ ʷʜʨʦʣʘʨ Intel ʢʦʤʧʘʥʠʷʩʳʥʳש ʢᴇʧʪʝʛʝʥ 
ʧʨʦʮʝʩʩʦʨʣʘʨʳʥʜʘ (Pentium4, CeleronʞᴅʥʝXeon) ʧʘʡʜʘʣʘʥʳʣʘʜʳ ʞᴅʥʝ ʪװʨʣʽ 

ʧʘʨʘʤʝʪʨʣʝʨʽ, ʦʥrש ʽʰʽʥʜʝ ʪʝʟ ᴅʨʝʢʝʪ ʝʪʝʪʽʥ ʪװʨʣʽ ʧʘʨʘʤʝʪʨʣʝʨʽ ʙʦʣʘʜʳ. 

סʘ ʙʘrסʄʇ ᴇʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ שʨʘʩʪʳʨʫʰʳʣʘʨʜʳײפ ʪʪʘʣסʘʥ װʟʜʽʢʩʽʟ 
ʝשʙʝʢʪʝʨʽ ʙʘʨʣʳץ ʧʨʦʮʝʩʩʦʨʣʘʨʜʘ ʢᴇʧ ʜʝשʛʝʡʣʽ ʢʵʰ ʞװʡʝʩʽʥʝ ʘʣʳʧ ʢʝʣʜʽ. 

ɹײʨʳʥ ʢᴇʧ ʜʝשʛʝʡʣʽ ʢʵʰ-ʞʘʜʳ ʦʧʝʨʘʪʠʚʪʽ ʝʩʪʝ ʩʘץʪʘʫ ײץʨʳʣrס ʩʳʥʘ (ʆɽפ) 

ʘʣʤʘʩʫ ʞʳʣʜʘʤʜʳrס ʥ ײʣסʘʡʪʫ rץ ʟʤʝʪʽʥ ʘʪץʘʨʘʪʳʥ ʧʨʦʮʝʩʩʦʨ ʷʜʨʦʩʳʥʳש 

çײץʨʘʤʘ ʙʫʬʝʨʽè ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʉʦʥʜʳץʪʘʥ, ץʘʞʝʪʪʽ ʘץʧʘʨʘʪʪʳ ʽʟʜʝʫʜʽש 
ʙʽʨʽʟʜʽ ʘʣʛʦʨʠʪʤʽ ʧʘʡʜʘʣʘʥʳʣʘʜʳ: ʘʣʜʳʤʝʥ ʘץʧʘʨʘʪ ʙʽʨʽʥʰʽ ʜʝשʛʝʡʣʽ (ʂ1) 

ʢʵʰʪʝ ʽʟʜʝʣʝʜʽ; ʝʛʝʨ ʘץʧʘʨʘʪ ʦʣ ʞʝʨʜʝ ʞʦץ ʙʦʣʩʘ, ʝʢʽʥʰʽ ʜʝשʛʝʡʣʽ ʢʵʰʪʝʥ 

(ʂ2); ʩʦʩʳʥ hװ ʽʥʰʽ ʜʝשʛʝʡʣʽ ʢʵʰʪʝʥ ʽʟʜʝʣʝʜʽ (ʝʨʝʞʝ ʙʦʡʳʥʰʘ ץʘʟʽʨʛʽ ʄʇ 

ʩʠʨʝʢ ʢʝʟʜʝʩʝʜʽ). ɽʛʝʨ, ʙʽʨ ʜʝ ʙʽʨ ʢʵʰʪʝʥ ʪʘʙʳʣʤʘʩʘ, ʦʥʳש ʙײʜʘʥ ᴅʨʽ 

ʦʨʳʥʜʘʣʫʳ hװ ʽʥ ʆɽפ-ʢʝ ʞװʛʽʥʝʜʽ. ʄײʥʜʘʡ ײץʨʘʤʘ ʙʫʬʝʨʣʝʨʜʽש ʰʝʢʪʝʫʣʽ 

ʢᴇʣʝʤʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʢʦʤʘʥʜʘʣʘʨ ʤʝʥ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʧʘʡʜʘʣʘʥʫ ʫʘrץ ʪ ᴇʪʝ 

ʢʝʣʝ ʢʵʰʪʝʥ ʞʦסʘʣʳʧ ʢʝʪʝʜʽ ʞᴅʥʝ ץʘʞʝʪ ʙʦʣʩʘ ʞʘשʘʩʳʤʝʥ ʘʫʳʩʪʳʨʳʣʘʜʳ. 

ɹʘʨʣʳץ ץʘʟʽʨʛʽ ʄʇ-ʜʘ ʢʵʰ-ʞʘʜʳʣʘʨʜʳש ʙʘʨʣʳץ ʜʝשʛʝʡʣʝʨʽ ʽʩ ʞװʟʽʥʜʝ, 

ʧʨʦʮʝʩʩʦʨ ʷʜʨʦʩʳʥʜʘrס ʜʘʡ ʞʠʽʣʽʢʪʝ ʞײʤʳʩ ʽʩʪʝʡʜʽ, ʩʦʥʜʳץʪʘʥ, ʘץʧʘʨʘʪ 

ʘʣʤʘʩʫʜʳש ʽh ʢʽ ʞʳʣʜʘʤʜʳrס  FSB ʰʠʥʘʩʳ ʙʦʡʳʥʰʘ ʥʝʛʽʟʛʽ ʞʘʜʳʤʝʥ ʦʥʳש 

ʞײʤʳʩʳʥʳש ʞʳʣʜʘʤʜʳrס ʥ ʘʨʪʪʳʨʫʳ ʤװʤʢʽʥ. 

 ʥʝʛʽʟʽʥ ʩʘʣʫʰʳ ʙʦʣʳʧ ʩʘʥʘʣʘʪʳʥ שʨʘʩʪʳʨʫʜʳײץ ʘʟʽʨʛʽ ʧʨʦʮʝʩʩʦʨʣʘʨʜʳפ
ʛʘʨʚʘʨʜʪʳץ ʘʨʭʠʪʝʢʪʫʨʘסʘ ʩᴅʡʢʝʩ, ʙʽʨʽʥʰʽ ʜʝשʛʝʡʣʽ ʢʵʰ ʜᴅʩʪװʨʣʽ ʪװʨʜʝ, 

ʪᴅʫʝʣʩʽʟ ʰʠʥʘʤʝʥ ʝʢʽ ʙʽʨʜʝʡ ʘʧʧʘʨʘʪʪʳ ʙᴇʣʽʢʢʝ ʙᴇʣʽʥʝʜʽ: ʥײʩץʘʫʣʳץ ʢʵʰ 
(ʅʂ1) ʞᴅʥʝ ʤᴅʣʽʤʝʪʪʝʨ ʢʵʰʽ (ʄʂ1). 

ʅʂ1-ʛʝ ʢʦʤʘʥʜʘʣʘʨ, ʙײʜʘʥ ᴅʨʽ ץʘʡʪʘ ʢʦʜʪʘʫ hװ ʽʥ סʘʥʘ ʪװʩʝʜʽ, ʘʣ ʄʂ1-ʛʝ 

ʧʨʦʮʝʩʩʦʨʜʳש ʽʰʢʽ ʨʝʛʠʩʪʨʽʥʝ ʘʨʥʘʣסʘʥ ʤᴅʣʽʤʝʪʪʝʨ סʘʥʘ ʪװʩʝʜʽ (3.6 ʩʫʨ.). 

ʂ2 ʝʢʽʥʰʽ ʜʝשʛʝʡʣʽ ʢʵʰ ʞʘʜʳ, ʢᴇʣʝʤ̔ ʞʘrס ʥʘʥ ʂ1-ʛʝ ץʘʨʘסʘʥʜʘ ᴅʨʜʘʡʳʤ 

 ʘ ʞʝʪʪʽ, ʘʣ ʂ1ץʘʟʽʨʛʽ ʧʨʦʮʝʩʩʦʨʣʘʨʜʘ ʂ2 ʢᴇʣʝʤʽ 2 ʄʙʘʡʪץ :ʣʢʝʥ ʙʦʣʘʜʳװ

ʢᴇʣʝʤ 128 ʂʙʘʡʪʪʘʥ ʘʩʧʘʡʜʳ. 
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3.6 ̒̔̑Ȣ ˜̗̜̑̏̆̒̒̏̑̅ ̋ ̨̑̅̆̌ ̆̍̆̒ ̜̜̜̑̌̍̅ ̒ ̜̜̈̂́̒ȡ 
Fnɂ ̐ ̗̑̏̆̒̒̏̑ ̨̨̨̇̉̌̄Ƞ &ɂ̠ ̠ ̅̑̏ ̨̨̨̇̉̌̄Ƞ Ø&ɂ ̇ ̨̨̨̉̌̋̓ ̨̙̋̂̆̊̓̋Ƞ 5nɂ 
̗̜̐̑̏̆̒̒̏̑̅ ̔́̓ ̨̋̈Ƞ 5 ̠ɂ ̠ ̜̅̑̏̎ ̔́̓ ̨̋̈ 

 

 

ʂʵ-hʞʘʜʳ ʜʝשʛʝʡʽ ʙʦʡʳʥʰʘ ʘץʧʘʨʘʪʪʘʨʜʳ ʪʘʨʘʪʫ ʝʢʽ  ᴅʜʽʩʧʝʥ 

ʦʨʳʥʜʘʣʫʳ ʤװʤʢʽʥ: ʂ2 ʅʂ1 ʞᴅʥʝ ʄʂ2 ʤᴅʣʽʤʝʪʪʝʨʽʥʽש ʙʘʨʣʳץ ʢᴇʣʝʤʽʥ ᴇʟʽ 

 שʧʘʨʘʪʪʘʨʜʳ ʦʥʳץʛʝʡʽʥʜʝ ʘשʦʩʘʨʣʘʥʫ ᴅʜʽʩʽ ʞᴅʥʝ ʢʵʰ ʜʝץ ,ʘʥ ʢʝʟʜʝסʘʤʪrץ

 ʞʘʣʧʳ שʜʘʡʜʘ ʷʜʨʦ ʙʫʬʝʨʽʥʽסʘʡʪʘʣʘʥʫʳʥʩʳʟ ʜᴅʣ ʙᴇʣʫ ᴅʜʽʩʽ. ɹʽʨʽʥʰʽ ʞʘץ

ᴇʣʰʝʤʽ ʂ2 ʢᴇʣʝʤʽʤʝʥ ʪʝש ʙʦʣʘʜʳ; ʝʢʽʥʰʽ ʞʘסʜʘʡʜʘ ʦʣ ʝʢʽ ʜʝשʛʝʡʣʽ ʢʵʰʪʽש 

ʞʠʳʥʪʳץ ʢᴇʣʝʤʽʤʝʥ ʪʝשʝʩʝʜʽ. ɸʣסʘ rhץ  Pentium ʧʨʦʮʝʩʩʦʨʣʘʨʳʥʜʘ ʝʢʽʥʰʽ 

ʜʝשʛʝʡʣʽ ʢʵʰ-ʞʘʜʳ ʞװʡʝʣʽʢ ʪʘץʪʘʜʘ ʦʨʥʘʣʘʩʪʳʨʳʣʳʧ, ʩʦʥʳש ʞʠʽʣʛʽʥʜʝ 

ʞײʤʳʩ ʽʩʪʝʜʽ, ʘʣ ʩʦʩʳʥ ʢʨʠʩʪʘʣʣסʘ ʙʽʨʽʢʪʽʨʽʣʜʽ (ʠʥʪʝʛʨʘʣʜʘʥʜʳ). 

ʇʨʦʮʝʩʩʦʨʜʘ ʝʢʽ ʪᴅʫʝʣʩʽʟ ʰʠʥʘ ʧʘʡʜʘʣʘʥʳʣʘʜʳ: ʝʢʽʥʰʽ ʜʝשʛʝʡʣʽ ʢʵʰʪʽש 
ʽʰʢʽ ʰʠʥʘʩʳ ʞᴅʥʝ FSB (ʧʨʦʮʝʩʩʦʨʜʘʥ ʆɽפ-ʥʘ) ʰʠʥʘʩʳ, ʙײʣʘʨ ʷʜʨʦʥʳש 

ʤᴅʣʽʤʝʪʪʝʨʛʝ ʙʽʨ ʫʘrץ ʪʪʘ ץʦʣ ʞʝʪʽʤʜʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʧ, ʧʨʦʮʝʩʩʦʨʜʘ 
ʘץʧʘʨʘʪ ʘʣʤʘʩʫʜʳ ʙʽʨʥʝʰʝ ʝʩʝʛʝ ʘʨʪʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʂʵ-hʞʘʜʳ ʞײʤʳʩʳʥʳש ʞʳʣʜʘʤʜʳrס  ʪʝʢ ʞʠʽʣʽʢʢʝ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ 

 .ʝʥʽʥʝ ʜʝ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʘʜʳ שʘʪʘʨ ʰʠʥʘʥʳץ
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ʂ1 ʞᴅʥʝ ʂ2 ʘʨʘʩʳʥʜʘrס  ʙʘʡʣʘʥʳʩʪʳש ʘʧʧʘʨʘʪʪʳ ʞװʟʝʛʝ ʘʩʫʳ ʢᴇʙʽʥʝʩʝ 
ʧʨʦʮʝʩʩʦʨʣʘʨ ʘʨrץ ʣʳ ʥʝʤʝʩʝ ʘץʧʘʨʘʪʪʳ ʙʽʨ ʫʘrץ ʪʪʘ ʞʽʙʝʨʽʧ ʞᴅʥʝ  

סʘʙʳʣʜʘʧ ʘʣʘ ʘʣʘʪʳʥ ʝʢʽ ʙʘrץ ʪʪʳ 64-ʨʘʟʨʷʜʪʳ ʰʠʥʘ, ʥʝ ʙʦʣʤʘʩʘ ʝʥʽ 256 

ʙʠʪʢʝ ʜʝʡʽʥʛʽ, ʩʠʤʧʣʝʢʩʪʽ ʨʝʞʠʤʜʝ ʞײʤʳʩ ʽʩʪʝʡʪʽʥ ʙʽʨ ʙʘrס ʪʪʳ ʰʠʥʘ 

ʘʨrץ ʣʳ ʦʨʳʥʜʘʣʘʜʳ. 

ʕʣʝʤʝʥʪʘʨʣʳץ ʤʠʢʨʦʢʦʤʘʥʜʘ (ʤʠʢʨʦʥײʩץʘʫʣʳץ ʥʝʤʝʩʝ ʤʠʢʨʦʦʧʝʨʘʮʠʷ) 
ʷʜʨʦʩʳʥʳש ʽʰʢʽ ʞװʡʝʩʽʥʜʝ ʢʦʤʘʥʜʘʣʘʨʜʳש ᴇʟʛʝʨʫʽ hװ ʽʥ ץʘʡʪʘ ʢʦʜʪʘʡʪʳʥ 

ʙʣʦʢ ï ʜʝʢʦʜʝʨ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. ʄײʥʳʤʝʥ ץʘʪʘʨ, ʙʽʨ ʤʘʰʠʥʘʣʳץ ʢʦʤʘʥʜʘ 

ʙʽʨʥʝʰʝ ʤʠʢʨʦʢʦʤʘʥʜʘʜʘʥ ʙʽʨʽʟʜʽʣʽʢʢʝ ᴇʟʛʝʨʫʽ ʤװʤʢʽʥ. ɼʝʢʦʜʝʨ ץʘʟʽʨʛʽ 

ʧʨʦʮʝʩʩʦʨʣʘʨʜʳש ʙᴇʣʽʛʽ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ. ʆʜʘʥ ʪʝʟ ᴅʨʝʢʝʪ ʝʪʫ 

ʤʠʢʨʦʥײʩץʘʫʣʳץ ʘrס ʥʳʥʳש ʘʪץʘʨʫʰʳ ʬʫʥʢʮʠʦʥʘʣʜʳ ʙʣʦʛʳʥʘ 

ʘץʧʘʨʘʪʪʘʨʜʳש ʫʘrץ ʪʳʣʳ ʞᴅʥʝ װʟʜʽʢʩʽʟ ʪװʩʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ. 

ʇʨʦʮʝʩʩʦʨʜʳץ שʘʣʘʡ ײץʨʘʩʪʳʨʳʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ, ʅʂ1 ʙʘʩʪʘʧrץ  

 ʥʠסʨʜʝ, ʷװʘʥ ʪסʘʣʧʳʥʜʘ, ʽʰʽʥʘʨʘ ᴇʟʛʝʨʪʽʣʛʝʥ ʥʝʤʝʩʝ ʜʝʢʦʜʪʘʣץ

ʤʠʢʨʦʢʦʤʘʥʜʘ ʞʠʳʥʪʳrס ʥ ʧʘʡʜʘʣʘʥʫ hװ ʽʥ ʜʘʡʳʥʜʘʣסʘʥ ʪװʨʜʝ ʩʘץʪʘʣʫʳ 
ʤװʤʢʽʥ. ʂʵʰ-ʞʘʜʳʜʘ ץʘʞʝʪʪʽ ʥײʩץʘʫʣʳץ (ʙʘʩʪʘʧrץ  ʥʝʤʝʩʝ ᴇʟʛʝʨʪʽʣʛʝʥ) 

ʙʦʣʤʘסʘʥ ʞʘסʜʘʡʜʘ, ʦʣʘʨ ʂ2-ʜʝʥ ʦrץ ʧ ʘʣʳʥʘʜʳ, ʙײʣ ץʘʞʝʪ ʙʦʣסʘʥ 

ʞʘסʜʘʡʜʘ, ʦʣʘʨʜʳ ʅʂ1 ʢʵʰʽʥʝ ʦʨʥʘʣʘʩʪʳʨʫ ʘʣʜʳʥʜʘ, ʘʣʜʳʥʘ-ʘʣʘ 

ʜʝʢʦʜʪʘʣʫסʘ hײ ʳʨʘʪʘ ʦʪʳʨʳʧ ʦʨʳʥʜʘʣʘʜʳ. ʉᴇʡʪʽʧ, ʝʛʝʨ ʢʦʤʘʥʜʘ 

 ʨʩʘ, ʧʨʦʮʝʩʩʦʨ ʜʝʢʦʜʝʨʽʥʝ ʦʥʳײʘʡʪʘʣʘʥʳʧ ʦʨʳʥʜʘʣʳʧ ʞᴅʥʝ ʦʣ ʅʂ1-ʜʝ ʪץ

ʤʠʢʨʦʢʦʤʘʥʜʘʥʳש ʙʽʨʽʟʜʽʣʽʛʽʥʝ ץʘʡʪʘ ᴇʟʛʝʨʫ ץʘʞʝʪ ʝʤʝʩ, ᴇʡʪʢʝʥʽ ʦʣ ʢʵʰʪʝ 

ʜʝʢʦʜʪʘʣסʘʥ ʢװʡʜʝ ʙʦʣʘʜʳ. 

סʘ ʪʝʢ ʘrסʘʟʽʨʛʽ ʧʨʦʮʝʩʩʦʨʣʘʨ ʦʨʳʥʜʘʫפ ʤʜʘrס  ʙʘסʜʘʨʣʘʤʘסʘ ʩᴅʡʢʝʩ, ʜᴅʣ 
ʦʩʳ ʰʘץʪʘ ʦʨʳʥʜʘʫ ץʘʞʝʪ ʝʪʽʣʝʪʽʥ ʢʦʤʘʥʜʘʥʳ סʘʥʘ ʝʤʝʩ, ʦʜʘʥ ʢʝʡʽʥ ʢʝʣʝʪʽʥ 

ʢʦʤʘʥʜʘʥʳ ʜʘ ʞװʨʛʽʟʫʛʝ ץʘʙʽʣʝʪʪʽ. ʉʦʥʜʳץʪʘʥ, ʧʨʦʮʝʩʩʦʨʣʘʨʜʳש ʢᴇʧʰʽ- 

ʣʽʛʽʥʜʝ ʥײʩץʘʫʣʳץ ʅʂ1-ʜʝʥ ʦrץ ʣʘʜʳ ʞᴅʥʝ 2 ʜʝʢʦʜʝʨʛʝ (ʦʣ ʙʘʨ ʙʦʣסʘʥ 

ʞʘסʜʘʡʜʘ) ʞᴅʥʝ ᴇʪʢʽʟʛʽʰ ʙʦʣʞʘrס hץʘ (ʪʘʨʤʘץʪʘʣסʘʥ ʙʘסʜʘʨʣʘʤʘסʘ) 

ʞʽʙʝʨʽʣʝʜʽ. ᴆʪʢʽʟʰʪʝʨʜʽ ʙʦʣʞʘrס ʰ ʙʣʦʛʳ ʘʣʜʳʥ-ʘʣʘ, ᴇʪʢʽʟʛʽʰ ʞװʨʛʽʟʽʣʝʪʽʥ 

ʢʦʤʘʥʜʘ ʘʜʨʝʩʽʥ ʙʦʣʞʘʡʜʳ. 
ɼʝʢʦʜʝʨ ʤʠʢʨʦʦʧʝʨʘʮʠʷʜʘ ʙʘʩʪʘʧrץ  (ʢʝʡʜʝ ʜʝʢʦʜʪʘʣסʘʥ) ʥײʩץʘʫʣʳץʪʳ 

ᴇʟʛʝʨʪʝʜʽ, ʘʣ ᴇʪʢʽʟʛʽʰʪʝʨʜʽ ʙʦʣʞʘrס ʰ, ᴇשʜʝʣʝʪʽʥ ʙʣʦʢʪʘ ᴇʪʢʽʟʛʽʰ ʢʦʤʘʥʜʘ 

ʙʘʨ-ʞʦrס ʥ, ʝʛʝʨ ʙʘʨ ʙʦʣʩʘ, ʙײʣ ᴇʪʢʽʟʛʽʰ ʘʷץʪʘʣʘʜʳ ʤʘ ʞᴅʥʝ ʦʥʳץ שʘʥʜʘʡ 

ʘʜʨʝʩʢʝ ʙʘrס ʪʪʘʣסʘʥʳʥ ʘʥʳץʪʘʡʜʳ. 

ʊʘʨʤʘץʪʘʣסʘʥ ʙʦʣʞʘʫ ʰʘʨʪʪʳ ᴇʪʢʽʟʛʽʰʪʽש ʙײʨʳʥ ʦʨʳʥʜʘʣסʘʥ ʢʦʤʘʥ- 
ʜʘʩʳʥʳץ שʘʪʘʨʣʘʨʳʥʳש ʘʥʘʣʠʟʽ ʥᴅʪʠʞʝʩʽʥʜʝ ʦʨʳʥʜʘʣʘʜʳ. ɽʛʝʨ ʝʩʝʧʪʝʫ 

ʧʨʦʮʝʩʽʥʜʝ ץʘʪʘʨʳʥʘʥ ʙʽʨʥʝʰʝ ʨʝʪ, ʙʝʣʛʽʣʝʥʛʝʥ ʘʜʨʝʩʢʝ ᴇʪʢʽʟʫ ʥᴅʪʠʞʝ 

ʨʝʪʽʥʜʝ ʰʳץʩʘ, ʦʥʜʘ ʢʝʣʝʩʽ ᴇʪʢʽʟʫ ʩʦʣ ʞʝʨʛʝ ʞʽʙʝʨʽʣʝʜʽ. ɽʛʝʨ ᴇʪʢʽʟʫ ʤװʤʢʽʥ 

ʨʝʪʽʥʜʝ ʙʦʣʞʘʣʩʘ, ʦʥʜʘ ʅʂ1 ʢʵʰʪʝ ʙʦʣʞʘʥסʘʥ ʘʜʨʝʩʪʝʛʽ ʥײʩץʘʫʣʳץ ʙʣʦʛʳ 

ץʦʩʳʤʰʘ ʦrץ ʣʘʜʳ. 
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ᴆʪʢʽʟʛʽʰ ץʘʪʝ ʙʦʣʞʘʥסʘʥ ʞʘסʜʘʡʜʘ, ʙײʜʘʥ ʢʝʡʽʥʛʽ ʦʧʝʨʘʮʠʷʣʘʨʜʘ ʘʨʪʳץ 
ʞᴅʥʝ ʪʘʣʘʧ ʝʪʽʣʤʝʛʝʥ ʧʨʦʮʝʩʪʝʨ ʦʨʳʥʜʘʣʘʜʳ. 

ʄᴅʣʽʤʝʪʪʝʨʛʝ ץʦʣʞʝʪʽʤʜʽʣʽʢ ʫʘrץ ʪʳʥ rץ ʩץʘʨʪʫ ʞᴅʥʝ ʙʘסʜʘʨʣʘʤʘʣʘʨʜʳ 
ʦʨʳʥʜʘʫ ʞʳʣʜʘʤʜʳrס ʥ ʘʨʪʪʳʨʫ hװ ʽʥ ʧʨʦʮʝʩʩʦʨʜʘ ʤᴅʣʽʤʝʪʪʝʨʜʽ ץʘʡʪʘ 

ʪʘשʜʘʫ ʙʣʦʛʳ ʦʨʥʘʣʘʩʪʳʨʳʣʘʜʳ, ʦʣ ʢʵʰʢʝ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʦʟʳץ ʪװʨʜʝ ʞװʢʪʝʫ 

ʝʩʝʙʽʥʝʥ ʆɽפ-ʥʘ ʞװʛʽʥʫ ʢʝʟʽʥʜʝ, ʢʽʜʽʨʽʩʪʝʨʜʽש ʦʨʥʳʥ ʪʦʣʪʳʨʘʜʳ. 

ɽʩʢʝʨʪʽʣʝʪʽʥ ᴅʨʝʢʝʪʽ ʙʘʨ, ʤᴅʣʽʤʝʪʪʝʨʜʽ ʪʘשʜʘʫ ʘʣʛʦʨʠʪʤʽ ʞװʡʝʣʽʢ ʞʘʜʳʜʘʥ 

ʘץʧʘʨʘʪʪʘʨ ʦrץ ʣʘʪʳʥ ʪײʨʘץʪʳ ʘʜʨʝʩʪʝʨʜʽ װʥʝʤʽ ץʘʜʘסʘʣʘʡʜʳ ʞᴅʥʝ 

ʦʩʳʣʘʨʜʳש ʥʝʛʽʟʽʥʜʝ, ʙʘסʜʘʨʣʘʤʘʥʳש ʢʝʣʝʩʽ ץʠʳʣʳʧ ʘʣʳʥʫ ʞײʤʳʩʳ hװ ʽʥ 

ʤᴅʣʽʤʝʪʪʝʨ ץʘʥʜʘʡ ʘʜʨʝʩʪʝʥ ʦrץ ʣʫʳ ʪʠʽʩ ʝʢʝʥʽʥ ʙʦʣʞʘʡʜʳ. ʄʳʩʘʣʳ, 
ʙʦʣʞʘʫ ʥʝʛʽʟʽʥʜʝ ʤᴅʣʽʤʝʪʪʝʨ ʦʧʝʨʘʪʠʚʪʽ ʝʩʪʝ ʩʘץʪʘʫ ײץʨʳʣrס ʩʳʥʘʥ ʝʢʽʥʰʽ 

ʜʝשʛʝʡʣʽ ʢʵʰʢʝ ʘrס ʤʜʘrס  ʙʘסʜʘʨʣʘʤʘʜʘ ʽʩʢʝ ʘʩʫʜʘʥ ʙײʨʳʥ ʦrץ ʣʫʳ ʤװʤʢʽʥ. 

ʇʨʦʮʝʩʩʦʨʣʘʨʜʘ ʤᴅʣʽʤʝʪʪʝʨʜʽ ץʘʡʪʘ ʪʘשʜʘʫ ʘʜʨʝʩʪʝʨʜʽש ʢᴇʙʝʶʽʤʝʥ 
 .ʤʢʽʥװʤʳʩ ʽʩʪʝʫʽ ʤײʢʝʤʫʽ ʨʝʪʽʥʜʝ ʜʝ ʞ שʘʪʘʨ, ʦʣʘʨʜʳץ

 ʘʞʝʪץ ,ʢʪʝʣʽʧװʘʪʝ ʙʦʣʞʘʫ ʢʝʟʽʥʜʝ ʢʵʰʪʝ ʪʘʣʘʧ ʝʪʽʣʤʝʛʝʥ ʤᴅʣʽʤʝʪʪʝʨ ʞפ
ʤᴅʣʽʤʝʪʪʝʨ ʳrס ʩʳʧ ʰʳrס ʧ ץʘʣʫʳ ʤװʤʢʽʥ. ɸʣʘʡʜʘ, ʤײʥʜʘʡ ʞʘסʜʘʡʣʘʨ ʩʠʨʝʢ 

ʦʨʳʥ ʘʣʘʜʳ ʞᴅʥʝ ʤᴅʣʽʤʝʪʪʝʨʜʽ ץʘʡʪʘ ʪʘשʜʘʫ ʙʣʦʛʳ ʞײʤʳʩʳʥʳש 

ʪʠʽʤʜʽʣʽʛʽʥʝ ץʘʪʪʳ ᴅʩʝʨ ʝʪʧʝʡʜʽ. 

ɹʘסʜʘʨʣʘʤʘʜʘ װʥʝʤʽ ʧʘʨʘʣʣʝʣʴʜʽ ʦʨʳʥʜʘʣʫʳ ʤװʤʢʽʥ ʢʦʤʘʥʜʘʣʘʨʜʳש 

ʙʽʨʽʟʜʽʣʽʛʽ ʙʦʣʘʜʳ (ʝʛʝʨ ʦʣʘʨ ʙʘʩʪʘʧrץ  ʤᴅʣʽʤʝʪʪʝʨ ʙʦʡʳʥʰʘ ʞᴅʥʝ ʥᴅʪʠʞʝʥʽ 

ʦʨʥʘʣʘʩʪʳʨʫ ʦʨʥʳ ʙʦʡʳʥʰʘ ʙʽʨ-ʙʽʨʽʥʝ ʪᴅʫʝʣʩʽʟ ʙʦʣʩʘ). ʄײʥʳʤʝʥ ץʘʪʘʨ, 

ʢʝʡʙʽʨ ʢʦʤʘʥʜʘʣʘʨʜʳש ʝʩʝʧʪʝʫ ʘʣʛʦʨʠʪʤʽʥ ʙײʟʙʘʡ ʦʣʘʨʜʳ ץʦʣʜʘʥʫ 

ʪᴅʨʪʽʙʽʥʽש ʘʫʳʩʫʳ ʝʩʝʙʽʥʝʥ ʢʝʟʝʢʪʝʥ ʪʳʩ ʦʨʳʥʜʘʣʫʳʥʘ ʞʦʣ ʙʝʨʽʣʝʜʽ, ʙײʣ 

ʙʘסʜʘʨʣʘʤʘʣʘʨʜʳש ʦʨʳʥʜʘʣʫ ʞʳʣʜʘʤʜʳrס ʥ ʘʨʪʪʳʨʘʜʳ. 

ɹʽʨʥʝʰʝ ʢʦʤʘʥʜʘʣʘʨʜʳש ʙʽʨ ʫʘrץ ʪʪʘ ʦʨʳʥʜʘʣʫʳ hװ ʽʥ ʩʦשrװ סʣʛʽʜʝʛʽ 

ʧʨʦʮʝʩʩʦʨʣʘʨסʘ ʽʰʢʽ ʢʦʥʚʝʡʝʨʣʝʨ ʦʨʥʘʪʳʣסʘʥ. 

ɹʽʨʥʝʰʝ ʢʦʤʘʥʜʘʣʘʨʜʳש ʙʽʨ ʫʘrץ ʪʪʘ ʦʨʳʥʜʘʣʫ ʪʝʭʥʦʣʦʛʠʷʩʳ 

ʩʫʧʝʨʩʢʘʣʷʨʣʳϨ ʜʝʧ ʘʪʘʣʘʜʳ. 

ʗʜʨʦʜʘ ʢʦʤʘʥʜʘʣʘʨʜʳש ʧʘʨʘʣʣʝʣʴ ʞᴅʥʝ ʢʝʟʝʢʪʝʥ ʪʳʩ ʞװʟʝʛʝ 
ʘʩʳʨʳʣʫʳʥ, ʦʨʳʥʜʘʣʘʪʳʥ ʫʘrץ ʪʳ ʙʦʡʳʥʰʘ ʨʝʪʪʝʣʛʝʥ, ʘʨʥʘʡʳ ʢʝʟʝʢʪʝ 

ʤʠʢʨʦʢʦʤʘʥʜʘʣʘʨ ʩʘץʪʘʣʘʪʳʥ ʙʫʬʝʨ ʨʝʪʽʥʜʝʛʽ ʤʠʢʨʦʢʦʤʘʥʜʘ ʢʦʥʚʝʡʝʨʽʥʽש 
ʙʣʦʛʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ʂʦʥʚʝʡʝʨʜʝ ʩʦʥʳʤʝʥ ץʘʪʘʨ, ʙᴇʣʽʥʛʝʥ ʨʝʩʫʨʩʪʘʨ 

(ʪʘסʘʡʳʥʜʘʣסʘʥ ʨʝʩʫʨʩʪʘʨ ʞᴅʥʝ ʢʦʤʘʥʜʘʣʘʨʜʳ ʧʘʨʘʣʣʝʣʴʜʽ ʞᴅʥʝ ʢʝʟʝʢʪʝʥ 

ʪʳʩ ʦʨʳʥʜʘʡʪʳʥ ʬʫʥʢʮʠʦʥʘʣʜʳײץ ץʨʳʣrס ʣʘʨ) ʪʫʨʘʣʳ ʙʘʨʣʳץ ץʘʞʝʪʪʽ 

 .ʪʘʣʘʜʳץʦʩʳʤʰʘ ʤᴅʣʽʤʝʪʪʝʨ ʜʝ ʩʘץ

ʂʦʥʚʝʡʝʨ ײʟʳʥʜʳrס  ʙʽʨ ʫʘrץ ʪʪʘ ʦʨʳʥʜʘʣʘʪʳʥ ʤʠʢʨʦʥײʩץʘʫʣʳץʪʘʨ 

ʩʘʥʳʥ ʞᴅʥʝ ʞʝʢʝ ʢʦʤʘʥʜʘʣʘʨʜʳש ʽʩʢʝ ʘʩʳʨʳʣʫ ʫʘrץ ʪʳʥ ʘʥʳץʪʘʡʜʳ. 
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ʆʣʘʨʜʳש ʦʨʳʥʜʘʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʢʝʟʝʢ ʜʝʢʦʜʝʨʜʝʥ ʪװʩʝʪʽʥ ʢʝʣʝʩʽ 
ʤʠʢʨʦʢʦʤʘʥʜʘʣʘʨ hװ ʽʥ ʦʨʳʥ ʙʦʩʘʪʘ ʦʪʳʨʳʧ, ʘʣסʘ ʞʳʣʞʠʜʳ. ʅʘץʪʳ 

ʤʠʢʨʦʢʦʤʘʥʜʘ ʤᴅʣʽʤʝʪʪʝʨʜʽש ʜʘʡʳʥ ʙʦʣסʘʥʳʥ ʥʝʤʝʩʝ ʨʝʛʠʩʪʨʣʝʨ ʤʝʥ 

ʬʫʥʢʮʠʦʥʘʣʜʳײץ ץʨʳʣrס ʣʘʨʜʳש ʙʦʩʘʫʳʥ ʢװʪʝ ʦʪʳʨʳʧ, ʢʝʟʝʢʪʝ ʪײʨʘʜʳ. 

ʇʨʦʮʝʩʩʦʨʜʘ ʙʽʨʥʝʰʝ ʢʦʤʘʥʜʘʣʘʨʜʳש ʧʘʨʘʣʣʝʣʴʜʽ ʦʨʳʥʜʘʣʫʳʥ 
װʘʤʪʘʤʘʩʳʟ ʝʪʫ hץ ʽʥ ʪװʨʣ̔ ʩʘʥʜʳ (ʝʢʽʜʝʥ ʢᴇʧ ʝʤʝʩ) ʙʽʨ ʪʠʧʪʽ ʬʫʥʢʮʠʦʥʘʣʜʳ 

(ʦʨʳʥʜʘʫʰʳ) ײץʨʳʣrס ʣʘʨ, ʷסʥʠ ʘʨʠʬʤʝʪʠʢʦʣʦʛʠʷʣʳײץ ץʨʳʣrס ʣʘʨ ʞᴅʥʝ 

 ʩʪʘʥʜʘʨʪ ʙʦʡʳʥʰʘ ï ץʪʽʨʽ ʙʘʨ ʝʩʝʧʪʝʛʽʰ ʙʣʦʢʪʘʨ (ʘʤʝʨʠʢʘʣʳװ ʙʳʣʤʘʣʳײץ

 .ʢʪʝʤʝʥ) ʧʘʡʜʘʣʘʥʳʣʘʜʳװʙʳʣʤʘʣʳ ʥײץ

64-ʨʘʟʨʷʜʪʳ ɸʃפ (ʘʤʝʨʠʢʘʣʳץ-ʣʦʛʠʢʘʣʳײץ ץʨʳʣrס ) ʘʨʠʬʤʝʪʢʠʘʣʳץ 

ᴅʨʝʢʝʪʪʝʨ (ץʦʩʫ, ʝʩʝʧʪʝʫ, ʢᴇʙʝʡʪʫ, ʙᴇʣʫ) ʤʝʥ ʣʦʛʠʢʘʣʳץ ʦʧʝʨʘʮʠʷʣʘʨʜʳ 

(ʅɽʄɽʉɽ, ɾᴄʅɽ, ɽʄɽʉ ʞᴅʥʝ ʦʣʘʨʜʳש ʢʦʤʙʠʥʘʮʠʷʩʳ) ʦʨʳʥʜʘʡʜʳ.  
ɽʨʝʞʝ ʙʦʡʳʥʰʘ, ɸʃפ ʷʜʨʦʥʳש ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʛʽʥ ʝʢʽ ʝʩʝʛʝ ʘʨʪʪʳʨʘʪʳʥ 

ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʢʪʝ ʞײʤʳʩ ʽʩʪʝʡʜʽ. 

ɽʩʝʧʪʝʫʜ̔128 ש ʨʘʟʨʷʜʪʳ ʙʣʦʛʳ ײץʙʳʣʤʘʣʳ װʪʽʨʣʽ ʩʘʥʜʘʨʤʝʥ ʞײʤʳʩ 
ʽʩʪʝʡʜʽ ʞᴅʥʝ SIMD (MMX, 3DNow! ʞᴅʥʝ SSE) ʢʦʤʘʥʜʘʩʳʥʳץ שʦʩʳʤʰʘ 

ʞʠʳʥʳʥ ʦʨʳʥʜʘʡʜʳ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ᴅʨʙʽʨ ʧʨʦʮʝʩʩʦʨʜʘ ʤᴅʣʽʤʝʪʪʝʨʜʽש ʞװʢʪʝʣʫ ʞᴅʥʝ ʪװʩʽʨʽʣʫ 
ʘʜʨʝʩʪʝʨʽʥ ʝʩʝʧʪʝʡʪʽʥ ײץʨʳʣrס  ʧʘʡʜʘʣʘʥʳʣʘʜʳ, ʦʣ ʤᴅʣ̔ ʤʝʪʪʝʨ ʢʵʰʽʥʝ ʞᴅʥʝ 

ʦʧʝʨʘʪʠʚʪʽ ʞʘʜʳסʘ ץʦʣʞʝʪʽʤʜʽʣʽʢʪʽ ʞװʟʝʛʝ ʘʩʳʨʘʜʳ. ɽʩʝʧʪʝʫ ʧʨʦʮʝʩʽʥʜʝ 

ʙװʪʽʥ ʩʘʥʜʳ ʘʨʠʬʤʝʪʠʢʘ hװ ʽʥ ʞᴅʥʝ ײץʙʳʣʤʘʣʳ װʪʽʨʣʽ ʘʨʠʬʤʝʪʠʢʘ hװ ʽʥ 

ʽʰʢʽ ʬʠʟʠʢʘʣʳץ ʨʝʛʠʩʪʨʣʝʨʜʽש ʞʘʣʧʳ (ʞʘʣʧʳ ʞᴅʥʝ ʘʨʥʘʡʳ ʤʘץʩʘʪʪʘrס  

ʨʝʛʠʩʪʨʣʝʨ) ʞᴅʥʝ ʙᴇʣʝʢ ʞʠʳʥʪʳrס ʧʘʡʜʘʣʘʥʳʣʘʜʳ. 

ʈʝʛʠʩʪʨʣʝʨ ʥʘץʪʳ ʪװʨʜʝ, ʷʜʨʦ ʨʘʟʨʷʜʪʳʣʳrס ʥ ʘʥʳץʪʘʡʜʳ ʞᴅʥʝ 

ʬʫʥʢʮʠʦʥʘʣʜʳ ײץʨʳʣrס  ʞײʤʳʩʳʥʜʘ ᴇʪʝ ʤʘrש ʟʜʳ ʨᴇʣ ʘʪץʘʨʘʜʳ, ʩʝʙʝʙʽ 

ʦʣʘʨ ʤᴅʣʽʤʝʪʪʝʨʜʽ ᴇשʜʝʫʤʝʥ ʙʽʨʛʝ ʞװʨʝʪʽʥ ʧʨʦʮʝʩʩʪʝʨʜʽש ʙʘʨʣʳrס ʥʘ ᴅʩʝʨ 

ʝʪʝʜʽ. ʈʝʛʠʩʪʨʜʝ ʤʠʢʨʦʦʧʝʨʘʮʠʷʣʘʨʜʳש ʦʨʳʥʜʘʣʫʳʥʳש ʘʨʘʣrץ ʥᴅʪʠʞʝʩʽ 

ʩʘץʪʘʣʘʜʳ, ʩʦʣʘʨ ʘʨrץ ʣʳ ʦʨʳʥʜʘʣʫסʘ ʪװʩʢʝʥ ʙʘʨʣʳץ ʤᴅʣʽʤʝʪʪʝʨ ʤʝʥ 

ʤʠʢʨʦʢʦʤʘʥʜʘʣʘʨ ᴇʪʝʜʽ, ץʦʣʞʝʪʽʤʜʽʣʽʢ ʘʜʨʝʩʪʝʨʽʥʽש ɼʕɽʄ-ʥrש ʽʰʢʽ ʞᴅʥʝ 
ʞװʡʝʣʽʢ ʞʘʜʳʥʘ ʞʽʙʝʨʽʣʫʽʥ ʪ.ʙ. ʞװʟʝʛʝ ʘʩʳʨʘʜʳ. ʄʠʢʨʦʢʦʤʘʥʜʘʣʘʨ 

rץ ʟʤʝʪʽʥʽש ʥʝʛʽʟʛʽ װʣʝʩʽ ʜʝ ʨʝʛʠʩʪʨ ʞײʤʳʩʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. 

ɯʰʢʽ ʠʥʪʝʨʬʝʡʩʪʽ ײʡʳʤʜʘʩʪʳʨʫʜʳש ʜᴅʩʪװʨʣʽ ʪᴅʩʽʣʽ ʦʧʝʨʘʪʠʚʪʽ ʞʘʜʳ 

ʢʦʥʪʨʦʣʣʝʨʳʤʝʥ ʙʘʡʣʘʥʳʩʳʥʘ ʘʨʥʘʣסʘʥ Intel ʢʦʤʧʘʥʠʷʩʳʥʳש 

ʧʨʦʮʝʩʩʦʨʣʘʨʳʥʜʘ ʧʘʡʜʘʣʘʥʳʣʘʪʳʥ FSB (64 ʨʘʟʨʷʜʪʳ ʤᴅʣʽʤʝʪʪʝʨ ʰʠʥʘʩʳ 

ʞᴅʥʝ 36 ʨʘʟʨʷʜʪʳ ʘʜʨʝʩʪʽ ʰʠʥʘ) ʞʝʨʛʽʣʽʢʪʽ ʰʠʥʘʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɸʜʨʝʩ 

ʰʠʥʘʩʳʥʳש ʨʘʟʨʷʜʪʳʣʳrס  ʧʨʦʮʝʩʩʦʨסʘ 64ɻʙʘʡʪץʘ ʜʝʡʽʥʛʽ ʢᴇʣʝʤʜʝʛʽ 

ʞʘʜʳʤʝʥ ʞײʤʳʩ ʽʩʪʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ץʘʟʽʨʛʽ ʫʘrפ ʪʪʘ FSB ʰʠʥʘʩʳ ʪʘʢʪ ʙʦʡʳʥʰʘ ʤᴅʣʽʤʝʪʪʝʨʜʽש ʪᴇʨʪ ʙʣʦʛʳʥ 

ʞʽʙʝʨʫʛʝ ץʘʙʽʣʝʪʪʽ, ʷסʥʠ 4 ʭ 64 = 32 ʙʘʡʪ ʙʦʣʘʪʳʥ QPB (Quad-PumpedBusð 

ʪᴇʨʪ ʝʩʝʣʝʥʛʝʥ ʞʠʽʣʽʢʪʝʛʽ ʰʠʥʘ) ʰʠʥʘʩʳʥʘ ʪʘʩʳʤʘʣʜʘʥʜʳ. 
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ʄᴅʣʽʤʝʪʪʝʨ ʰʠʥʘʩʳʥʳש ʞʠʽʣʽʛʽ ʧʨʦʮʝʩʩʦʨʜʳש ʽʰʢʽ ᴇʥʽʤʜʽʣʽʛʽʥ 
ʘʥrץʪʘʡʜʳ. פʘʟʽʨʛʽ ʧʨʦʮʝʩʩʦʨʣʘʨʜʳש ʙʘʨʣʳrס  ʜʝʨʣʽʢ ʞװʡʝʣʽʢ ʪʘץʪʘʥʳש 

ʪʘʢʪ ʞʠʽʣʽʛʽʥ ʘʡʪʘʨʣʳץʪʘʡ ʘʨʪʪʳʨʘʪʳʥ ʽʰʢʽ ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʢʪʝ ʞײʤʳʩ 

ʽʩʪʝʡʜʽ. ʆʥrײץ שʨʳʣʫʳ hװ ʽʥ ʧʨʦʮʝʩʩʦʨʜʘ xF ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʢʪʽש ʦʨʥʘʪʳʣסʘʥ 

ʢᴇʙʝʡʪʢʽʰʽ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. 

ɾװʡʝʣʽʢ ʪʘץʪʘʜʘʥ ץʘʣʳʧʪʘʩʪʳʨrס hץʘ (ϣ̫) ʙʝʨʽʣʝʪʽʥ ʷʜʨʦ ʞʠʽʣʽʛʽ FSB 
(Fʧ) ʧʨʦʮʝʩʩʦʨʳʥʳש ʰʠʥʘʩʳ ʞʠʽʣʽʛʽʥʽש ᴇʥʜʽʨʽʣʫʽʤʝʥ ʙʝʨʽʣʝʜʽʦסʘʥ (ʭF)ʽʰʢʽ 

ʢᴇʙʝʡʪʫ ʢʦʵʬʬʠʮʠʝʥʪʽ. ɾʠʽʣʽʢʪʽ ʢᴇʙʝʡʪʫʜʽש ʝʩʝʣʝʥʫʽ 3,5x, 4x, 4,5x, 5x  

(ʞᴅʥʝ ʦʜʘʥ ʜʘ ʢᴇʧ) ײץʨʘʫʳ ʤװʤʢʽʥ. ʄʳʩʘʣʳ, ʩʦשrס ʰrסʘʨʳʣסʘʥ Pentium 

ʧʨʦʮʝʩʩʦʨʣʘʨʳʥʳש ʞʠʽʣʽʛʽ ʞװʡʝʣʽʢ ʪʘץʪʘʥʳש ʞʠʣʽʛʽʥ 10 ʝʩʝʛʝ ʘʨʪʪʳʨʘʜʳ. 

ɼʕɽʄ-ʥ̔ץ שʘʟʽʨʛʽ ʧʨʦʮʝʩʩʦʨʣʘʨʳʥʜʘ FSB ʰʠʥʘʩʳʥʳש ʞʠʽʣʽʛʽ 800ʄɻʮ-סʘ 

ʞʝʪʝʜʽ. 

ɾװʡʝʣ̔ʢ ʪʘץʪʘʥʳש ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʛʽ ʞᴅʥʝ ʢᴇʙʝʡʪʢʽʰ ʞʘʣסʘʩʪʳʨrס ʰ 

סʨʳʣrײץ ʤʝʥ ʥʝʤʝʩʝ BIOS ʧʘʨʘʤʝʪʨʣʝʨʜʽ ʦʨʥʘʪʫ ʙʘסʜʘʨʣʘʤʘʩʳʥʜʘ ʦʨʥʘʪʫסʘ 

ʙʦʣʘʜʳ. ɸʣʘʡʜʘ, ץʘʟʽʨʛʽ Intel ʧʨʦʮʝʩʩʦʨʣʘʨʳʥʳש ʢᴇʧʰʽʣʽʛʽʥʜʝ ʞʠʽʣʽʢʪʽ 
ʢᴇʙʝʡʪʫʜʽש ʘʨʥʘʡʳ ʪײʨʘץʪʘʣסʘʥ ʢʦʵʬʬʠʮʠʝʥʪʽ ʙʦʣʘʜʳ, ʩʦʥʜʳץʪʘʥ ϣ̫ 

ʤʦʜʠʬʠʢʘʮʠʷʣʳץ ʞʠʽʣʽʛʽ FSB ʰʠʥʘʩʳ ʞʠʽʣʽʛʽʥʽש ᴇʟʛʝʨʫʽʤʝʥ סʘʥʘ ʤװʤʢʽʥ. 

ɹʘʨʣʳץ ʧʨʦʮʝʩʩʦʨʣʘʨʜʘ ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʢʪʽ ʘʨʪʪʳʨʘʪʳʥ ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʟʘʧʘʩ ʙʦʣʘʜʳ, ʦʣʘʨ ᴇʟʽʥʽש ʞײʤʳʩ ץʘʙʽʣʝʪʪʽʣʽʛʽʥ ʩʘץʪʘʡʜʳ. תʣʢʝʥ  

ʥʦʤʠʥʘʣʜʳ ʧʨʦʮʝʩʩʦʨʜʳש ʞײʤʳʩ ʞʠʽʣʽʛʽʥ ʦʨʥʘʪʫ ʪʘʨʘʪʫ (overclocking) ʜʝʧ 

ʘʪʘʣʘʜʳ. ɾʦסʘʨʳ ʞʠʽʣʽʢʪʽ ʦʨʥʘʪץʘʥʥʘʥ ʢʝʡʽʥ ʧʨʦʮʝʩʩʦʨʜʳש ʪʝʟ ᴅʨʝʢʝʪ ʝʪʫʽ 

ʘʨʪʘʜʳ, ʙʽʨʘץ, ʤײʥʳʤʝʥ ץʘʪʘʨ ʧʨʦʮʝʩʩʦʨ ʨʘʟʛʦʥʳ ʢʝʟʽʥʜʝ ʦʥʳש ʞײʤʳʩʳʥʳש 

ʪײʨʘץʪʳʣrrס  ʪᴇʤʝʥʜʝʡʜʽ. ʂᴇʧ ʞʘסʜʘʡʜʘ, ʞʦסʘʨʳ ʞʠʽʣʽʢʪʝʛʽ ʧʨʦʮʝʩʩʦʨʣʘʨ 

ʪʦץʪʘʫʩʳʟ ʞײʤʳʩ ʽʩʪʝʫʽ ʤװʤʢʽʥ, ᴇʡʪʢʝʥʽ ʦʣʘʨ ʪʝʟ ᴅʨʝʢʝʪ ʝʪʝʪʽʥ ʞʦסʘʨʳ 

ʞʠʽʣʽʢʪʝ ʞʦʙʘʣʘʥʘʜʳ, ʘʣ ᴇʥʜʽʨʽʩʪʽʢ ʩʝʙʝʧʢʝ ʙʘʡʣʘʥʳʩʪʳ (ʤʳʩʘʣʳ, ʞʳʣʜʳץ 

ʤʠʢʨʦʩʳʟʙʘʥʳש ʰ rסʫ ʢʦʵʬʬʠʮʠʝʥʪʽʥ ʘʨʪʪʳʨʫ hװ ʽʥ) ʦʣʘʨʜʳש ʤʘʨʢʘʩʳʥʜʘ 
ʥʝײסʨʣʳʤ ʪᴇʤʝʥʽʨʝʢ ʪʘʢʪʽʣʽʢ ʞײʤʳʩ ʞʠʽʣʽʛʽ ʢᴇʨʩʝʪʽʣʝʜʽ. 

ɸʄɼ ʢʦʤʧʘʥʠʷʩʳʥʳש ʧʨʦʮʝʩʩʦʨʣʘʨʳʥʜʘ ʞʘʜʳ ʙʘrץ ʣʘʫʳʰʳ (ʩʦʣʪװʩʪʽʢ 

ʢᴇʧʽʨ) ʷʜʨʦסʘ ʙʽʨʽʢʪʽʨʽʣʽʧ ʞᴅʥʝ ʙʽʨʥʝʰʝ ʽʰʢʽ ʰʠʥʘʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ: 

ʰʠʥʘʣʘʨʜʳש ʙʽʨ ʪʦʙʳ (ʝʢʝʫʛʝ ʜʝʡʽʥ) ʆɽפ-ʤʝʥ ʘʣʤʘʩʫ hװ ʽʥ, ʘʣ ʙʘʩץʘ 

ʪʦʧʪʘʨʳ ɼʕɽʄ-ʥrש ʙʘʩץʘ ײץʨʳʣrס ʣʘʨʳʤʝʥ ʙʘʡʣʘʥʳʩʫ hװ ʽʥ ʘʨʥʘʣסʘʥ. FSB 

ʧʨʦʮʝʩʩʦʨ ʰʠʥʘʩʳʥʳש ʦʨʥʳʥʘ HyperTransport ʞʦסʘʨʳ ʞʳʣʜʘʤʜʳץʪʘrס  

ʰʠʥʘʩʳ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. ʄײʥʜʘʡ ʩʳʟʙʘʥʳש ʘʨʪʳhץ ʳʣrrס  ʧʨʦʮʝʩʩʦʨʜʳש 

ʦʧʝʨʘʪʠʚʪʽ ʞʘʜʳʤʝʥ ʞײʤʳʩ ʽʩʪʝʫ ʢʝʟʽʥʜʝ ʪʦץʪʘʧ ץʘʣʫ ʞʘסʜʘʡʳʥ ʘʟʘʡʪʘʜʳ. 

ʐʠʥʘ ʩʠʥʭʨʦʥʜʳ ʝʢʽ ʙʘrס ʪʪʳ ʙʽʨʽʟʜʽ ʧʘʢʝʪʪʽ ʙʘʡʣʘʥʳʩʪʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, 

çʥװʢʪʝ-ʥװʢʪʝè ʩʳʟʙʘʩʳ ʙʦʡʳʥʰʘ ʰʳסʘʨʫ ʩʘʥʜʘʨʳ ʘʟ ʙʦʣʘʜʳ. ᴄʨʙʽʨ ʧʘʢʝʪ 

32 ʨʘʟʨʷʜʪʳ ʙʣʦʢʪʘʥ ʪײʨʘʜʳ. ʇʨʦʮʝʩʩʦʨʣʘʨʜʳש ʢᴇʧʰʽʣʽʛʽʥʜʝ ʢʵʰ-ʞʘʜʳʥʳ 

ʪʝʩʪʽʣʝʡʪʽʥ ʨʝʞʠʤʽ ʦʨʥʘʪʳʣסʘʥ, ʤʠʢʨʦʙʘסʜʘʨʣʘʤʘʣʘʨʜʘ ץʘʪʝʣʽʢʪʝʨʜʽ 
ʙʘrץ ʣʘʫ 64 ʙʠʪʪʽ ʝʩʝʧʪʝʫ ʞᴅʥʝ ʵʥʝʨʛʠʷʥʳ װʥʝʤʜʝʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש 

ʩʘʧʘʣʳ ʞײʤʳʩʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 
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ץʘʟʽʨʛʽ ʫʘrפ ʪʪʘ ʤʠʢʨʦʩʳʟʙʘ ʰʳסʘʨʘʪʳʥ ʦʟʳץ ᴇʥʜʽʨʫʰʽʣʝʨ 65 ʥʤ 
ʞʦʙʘʣʘʫ ʥʦʨʤʘʩʳʤʝʥ ʉɹʀʉ ʰʳסʘʨʘʜʳ ʞᴅʥʝ ʙʦʣʘʰʘץʪʘ ʪײʪʳʥʫ ʢhװ ʽʥ 

ʘʟʘʡʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ 32 ʥʤ ʞᴅʥʝ ʦʜʘʥ ʜʘ ʘʟ ʥʦʨʤʘסʘ ʢᴇh ʫʽ ʞᴅʥʝ 

ᴇʥʽʤʜʽʣʽʛʽ ʥʝײסʨʣʳʤ ʞʦסʘʨʳ ʧʨʦʮʝʩʩʦʨʣʘʨ ʦʡʣʘʧ ʪʘʙʫʳ ᴅʙʜʝʥ ʤװʤʢʽʥ. 

ɹʽʨʥʝʰʝ ʞʳʣ ʙײʨʳʥ ʤʘʤʥʜʘʨסʘ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʜʳץ שʦʣʜʘʥʳʩʪʘrס  
ʘʨʭʠʪʝʢʪʫʨʘʩʳʥ ʩʘץʪʘʫ ʦʣʘʨʜʳש ʜʘʤʫʳʥ ʪᴇʤʝʥʜʝʪʝʪʽʥʽ ʘʥʳץ ʙʦʣסʘʥ, 

ᴇʡʪʢʝʥʽ ʉɹʀʉ ץʘʣʳʧʪʳ ʞʳʣʫ ʨʝʞʠʤʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʢʪʽ 

ʙײʜʘʥ ᴅʨʽ ᴇʩʽʨʫ ʽʩ ʞװʟʽʥʜʝ ʤװʤʢʽʥ ʝʤʝʩ. 

ץʘʟʽʨʛʽ ʫʘrפ ʪʪʘ ʄʇ ᴇʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʤᴅʩʝʣʝʩʽ ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʢʪʽץ שʦʣ 

ʞʝʪʢʽʟʽʣʛʝʥ ʜʝשʛʝʡʽʥ ʩʘץʪʘʫ ʥʝʤʝʩʝ ʘʟʘʡʪʘʪʳʥ ʞᴅʥʝ ʪײʨʘץʪʳ ʵʥʝʨʛʠʷ 

ʪײʪʳʥʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʢᴇʧ ʷʜʨʦʣʳ ײץʨʳʣʳʤסʘ ᴇʪʫ ʘʨrץ ʣʳ ʰʝʰʽʣʽʧ 

ʞʘʪʳʨ. ʇʨʦʮʝʩʩʦʨ ʷʜʨʦʩʳʥʳש ʝʢʽ ʝʩʝʣʽʢ ײʣסʘʶʳʥʳש ʢᴇʧʪʝʛʝʥ ʙʘסʘʩʳ 
ʙʦʡʳʥʰʘ ᴇʥʽʤʜʽʣʽʢʪʽ40% ש-ʜʘʥ ʢᴇʧ ᴇʩʫʽʥʝ ʘʣʳʧ ʢʝʣʫʽ ʤװʤʢʽʥ, ʘʣ ʪᴇʨʪ 

ʷʜʨʦʣʳ ʧʨʦʮʝʩʩʦʨʜʳש ʝש ʞʘץʩʳ ʜʝʛʝʥ ʝʢʽ ʷʜʨʦʣʳ ʧʨʦʮʝʩʩʦʨסʘ ץʘʨʘסʘʥʜʘ, 

ᴇʥʽʤʜʽʣʽʛʽ 1,5 ʝʩʝ ʞʦסʘʨʳ. 

ʇʨʦʮʝʩʩʦʨʜʘ ʷʜʨʦ ʩʘʥʜʘʨʳʥʳש ᴇʩʫ װʨʜʽʩʽ ʘʨʪʳʧ ʢʝʣʝʜʽ, ᴇʥʜʽʨʽʩʪʝ 48- 
ʷʜʨʦʣʳ ʧʨʦʮʝʩʩʦʨ ʞʘʩʘʣʜʳ. ʆʣʘʨ ץʫʘʪʪʳ ʩʝʨʚʝʨʣʝʨʜʝ ʧʘʡʜʘʣʘʥʳʣʘʜʳ, 

ʙʽʨʘץ ʞʘrץ ʥ ʘʨʘʜʘ ɼʕɽʄ-ʜʝ ʞײʤʳʩ ʽʩʪʝʫ ʪʝʢ ʝʢʽ ʷʜʨʦʣʳ ʤʠʢʨʦ- 

ʧʨʦʮʝʩʩʦʨʤʝʥ ʰʝʢʪʝʣʤʝʡ, ʢᴇʧ ʷʜʨʦʣʳ ʧʨʦʮʝʩʩʦʨʣʘʨʤʝʥ ʜʝ ʞʘʙʜʳץʪʘʣʫʳ 

ʤװʤʢʽʥ. 

ץʘʟʽʨʛʽ ʫʘrפ ʪʪʘ ʷʜʨʦ ʩʘʥʜʘʨʳʥʳש ᴇʩʫʽ ʪװʨʣʽ ʙʘrס ʪʪʘrס  ʝʩʝʧʪʝʛʽʰ 

סʨʳʣrײץ ʣʘʨʜʳץ שʫʘʪʪʳʣʳrס ʥ ʘʨʪʪʳʨʘʪʳʥ ʝש ʪʠʽʤʜʽ ʪᴅʩʽʣ ʜʝʧ ʩʘʥʘʫסʘ 

ʙʦʣʘʜʳ. ʂᴇʧ ʷʜʨʦʣʳ ʧʨʦʮʝʩʩʦʨʣʘʨʜʳש ᴇʥʽʤʜʽʣʽʛʽ ʙʘסʜʘʨʣʘʤʘʣʳץ ץʘʤʪʘ- 

ʤʘʩʳʟ ʝʪʫ ʞײʤʳʩʳʥʳש ʪʠʽʤʜʽʣʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ (ʝʛʝʨ ʦʣ ʜᴅʩʪװʨʣʽ ʙʽʨ 

ʷʜʨʦʣʳ ʘʧʧʘʨʘʪʪʳײץ ץʨʘʣ hװ ʽʥ ײץʨʘʩʪʳʨʳʣסʘʥ ʙʦʣʩʘ). 

ʂᴇʧ ̫ʜʨʦʣʳ ʧʨʦʮʝʩʩʦʨʣʘʨʜʳ ײץʨʫ ʢʝʟʽʥʜʝ ʢʝʣʝʩʽ ᴅʨʝʢʝʪʪʝʨ ץʘʙʳʣ- 
ʜʘʥʘʜʳ: 

ƴ ʙʽʨ ʢʦʨʧʫʩץʘ ʙʽʨʽʢʪʽʨʽʣʛʝʥ (ʢᴇʧ ʯʠʧʪʽ ʧʨʦʮʝʩʩʦʨ) ʪװʨʣʽ ʢʨʠʩʪʘʣʜʘ 

ʦʨʥʘʣʘʩץʘʥ ʪᴅʫʝʣʩʽʟ ʙʽʨʜʝʡ ʧʨʦʮʝʩʩʦʨ ʷʜʨʦʣʘʨʳ ʧʘʡʜʘʣʘʥʳʣʘʜʳ; 

ƴ ʙʽʨʥʝʰʝ ʪᴅʫʝʣʩʽʟ ʙʽʨʜʝʡ ʷʜʨʦʣʘʨ ʙʽʨ ʢʨʠʩʪʘʣסʘ ʦʨʥʘʣʘʩʪʳʨʳʣʘʜʳ; 
ƴ ʗʜʨʦ ʢʨʠʩʪʘʣסʘ ʙʽʨʽʢʪʽʨʽʣʽʧ, ʞʘʣʧʳ ʦʨʥʘʣʘʩʪʳʨʳʣסʘʥ ʨʝʩʫʨʩʪʘʨ 

(ʤʳʩʘʣʳ, FSB ʰʠʥʘʩʳ, ʝʢʽʥʰʽ ʜʝשʛʝʡʣʽ ʢʵʰ ʞᴅʥʝ ʞװʡʝʣʽʢ ʞʘʜʳʥʳש 

ʙʘrץ ʣʘʫʰʳʩʳ) ץʦʣʜʘʥʳʣʘʜʳ. 

Intel ʢʦʤʧʘʥʠʷʩʳʥʳש ʝʢʽ ʷʜʨʦʣʳ ʧʨʦʮʝʩʩʦʨʣʘʨʳʥʳש ʘʣסʘ rhץ  ʣʛʽʩʽװ 

ʢʨʠʩʪʘʣʜʘ ʙʽʨʽʢʪʽʨʽʣʛʝʥ, ʪᴇʤʝʥʛʽ ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʢʪʝʛʽ ץʘʨʘʧʘʡʳʤ ʢᴅʜʽʤʛʽ ʙʽʨ 
ʷʜʨʦʣʳ, ʙʘʡʣʘʥʳʩʧʘסʘʥ Pentium 4 ʧʨʦʮʝʩʩʦʨʳ ʙʦʣʜʳ. 
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ɽʢʽʥʰʽ ʜʝשʛʝʡʣʽ ʢʵʰ-ʞʘʜʳʥʳש ʢʝʣʝʩʽ ʤʦʜʠʬʠʢʘʮʠʷʩʳ ᴇʥʽʤʜʽʣʽʢʪʽ 
ʘʨʪʪʳʨʫסʘ ʩʝʙʝʧ ʙʦʣʘʪʳʥ, ʝʢʽ ʷʜʨʦ hװ ʽʥ ʞʘʣʧʳסʘ ʘʡʥʘʣʜʳ. פʘʟʽʨʛʽ ʝʢʽ 

ʷʜʨʦʣʳ ʧʨʦʮʝʩʩʦʨʣʘʨʜʘ ʞʳʣʫ ʙᴇʣʽʥʫ ʤᴅʩʝʣʝʩʽ ʞʦץ ʜʝʩʝ ʜʝ ʙʦʣʘʜʳ, ᴇʡʪʢʝʥʽ 

ʦʣʘʨ ʙʽʨ ʷʜʨʦʣʳ ʩʠʷץʪʳ ץʫʘʪʪʳ ʧʘʡʜʘʣʘʥʘʜʳ (ʘʟʜʘʧ ʪᴇʤʝʥ ʷʜʨʦ ʞʠʽʣʽʛʽʤʝʥ). 

ʂʝʡʜʝ ᴇʥʜʽʨʫʰʽʣʝʨ ʞʳʣʜʳץ ʤʠʢʨʦʩʳʟʙʘʥʳש ʰ rסʫ ʜʝשʛʝʡʽʥ ʘʨʪʪʳʨʫ 

ʤʘץʩʘʪʳʥʜʘ ʝʢʽ ʷʜʨʦʣʳ ʧʨʦʮʝʩʩʦʨ ʜʘʡʳʥʜʘʡ ʦʪʳʨʳʧ, ʦʣʘʨʜʳ ʙʽʨ ʷʜʨʦʣʳ 

ʩʠ̫ץʪʳ ʝʪʽʧ ʦʨʥʘʣʘʩʪʳʨʘʜʳ. ʇʨʦʮʝʩʩʦʨʣʘʨʜʳ ᴇʥʜʽʨʫ ʢʝʟʽʥʜʝʛʽ ʘץʘʫʣʘʨʜʳ 

ʘʟʘʡʪʫ hװ ʽʥ ʦʣʘʨʜʘ ʙʽʨ ʷʜʨʦ ץʘʣʜʳʨʜʳ (ʷʜʨʦʥʳש ʙʽʨʝʫʽ ʜײʨʳʩ ʞײʤʳʩ 

ʽʩʪʝʤʝʛʝʥʜʝ ᴇh ʽʧ ץʘʣʘʜʳ). 

ʊײʪʳʥʘʪʳʥ ץʫʘʪʪʳ ʪᴇʤʝʥʜʝʪʫ ʞᴅʥʝ ʞʳʣʫ ʨʝʞʠʤʽʥ ʞʘץʩʘʨʪʫ hװ ʽʥ ץʘʟʽʨʛʽ 

ʙʘʨʣʳץ ʧʨʦʮʝʩʩʦʨʣʘʨʜʘ ʝʢʽ ʞʘץʪʳ ץʫʘʪʪʘʫ ʞװʡʝʩʽ ʝʥʛʽʟʽʣʛʝʥ. 

װʫʘʪ ʢhפ ʽʥ ʝʢʽ ʝʩʝʣʝʥʛʝʥ ʧʨʦʮʝʩʩʦʨʣʘʨ FSB ʰʠʥʘʩʳʥʳש ʙʫʬʝʨʽʥ 
װʫʘʪʪʘʫ hץ ʽʥ ʞᴅʥʝ ʞʦסʘʨʳʨʘץ ʞʠʽʣʽʢʪʝ ʞײʤʳʩ ʽʩʪʝʡʪʽʥ ʷʜʨʦʥʳ ץʫʘʪʪʘʫ 

hװ ʽʥ 3,3 ɺ ʧʘʡʜʘʣʘʥʘʜʳ ʞᴅʥʝ ץʫʘʪʪʳש ʢhװ ʪʽ ʙᴇʣʽʛʽʥ ʪײʪʳʥʘʜʳ. ʗʜʨʦ ʞᴅʥʝ 

ʙʫʬʝʨ ʘʨʘʩʳʥʘ ʜʝשʛʝʡʜʽ ץʘʡʪʘ ᴇʟʛʝʨʪʫ ʩʳʟʙʘʩʳ ץʦʩʳʣסʘʥ. ʊװʨʣʽ ʪʠʧʪʝʛʽ 
ʧʨʦʮʝʩʩʦʨʣʘʨʜʘ ʷʜʨʦʥʳ ץʫʘʪʪʘʫ ʢhװ ʽ 1,4 ɺ-ʜʝʥ 2,0ɺ-ʛʝ ʜʝʡʽʥ ᴇʟʛʝʨʫʽ 

ʤװʤʢʽʥ, ʩʦʥʜʳץʪʘʥ ʞװʡʝʣʽʢ ʪʘץʪʘʜʘ ᴅʨʜʘʡʳʤ, ʪʘʣʘʧ ʝʪʽʣʝʪʽʥ ץʫʘʪʪʳ ץʦʣʤʝʥ 

ʦʨʥʘʪʫ ץʘʨʘʩʪʳʨʳʣסʘʥ. 

ʉʪʘʮʠʦʥʘʨʣʳץ ɼʕɽʄ hװ ʽʥ ʧʨʦʮʝʩʩʦʨʣʘʨʜʳש ʪײʪʳʥʘʪʳʥ ץʫʘʪʳ 70ɺʪ 

ʢᴇʙʽʨʝʢ ʙʦʣʫʳ ʤװʤʢʽʥ (ʷʜʨʦʥrש ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ); ʤײʥʳʤʝʥ 

 ʤʘʢʩʠʤʘʣʜʳ ʪʝʤʧʝʨʘʪʫʨʘʩʳ 90Áʉ-ʜʘʥ ʘʩʧʘʫʳ שʢʦʨʧʫʩʳʥʳ שʘʪʘʨ ʦʣʘʨʜʳץ

ʪʠʽʩ. ʂʨʠʩʪʘʣʜʳש ʞײʤʳʩ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʞײʤʳʩʪʳש ʪײʨʘץʪʳʣrrס ʥ ʞᴅʥʝ 

ʤʠʢʨʦʩʳʟʙʘʥʳש ʩʝʥʽʤʜʽʣʽʛʽʥ ʘʥʳץʪʘʡʜʳ, ʩʦʥʜʳץʪʘʥ ʧʨʦʮʝʩʩʦʨʣʘʨʜʳ 

ʩʘʣrץ ʥʜʘʪʫ hװ ʽʥ ʨʘʜʠʘʪʦʨʣʘʨ ʤʝʥ ʝʨʽʢʩʽʟ ʞʝʣʜʝʪʫ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. 

ʉʦשrװ סʣʛʽʜʝʛʽ ʧʨʦʮʝʩʩʦʨʣʘʨʜʳש ʳʩʳʧ ʢʝʪʫʜʝʥ ʩʘץʪʘʡʪʳʥ ʦʨʥʘʪʳʣסʘʥ 

ץʘʪʳ rץ ʘʥʳʩʳ ʙʘʨ. ʇʨʦʮʝʩʩʦʨʣʘʨʜʳסʦʨץ ʟʳʧ ʢʝʪʫʜʝʥ ʩʘץʪʘʫ hװ ʽʥ ʦʥʳש 
ʢʨʠʩʪʘʣʜʘʨʳʥʘ ʜʘʪʯʠʢ-ʪʝʨʤʦʜʠʦʜ ʦʨʥʘʣʘʩʪʳʨʳʣʘʜʳ, ʦʣ ʷʜʨʦ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳʥ װʥʝʤʽ ץʘʜʘסʘʣʘʧ ʦʪʳʨʘʜʳ. ɽʛʝʨ ʪʝʤʧʝʨʘʪʫʨʘ ץʘʣʳʧʪʳ 

ʥʦʨʤʘʜʘʥ ʘʩʳʧ ʢʝʪʢʝʥ ʞʘסʜʘʡʜʘ, ʦʣʘʨ ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʢʪʽ ʪᴇʤʝʥʜʝʪʽʧ, ʦʣʘʨʜʳ 

ʪʦʣʳץ ʪʦץʪʘʪʳʧ ʪʘʩʪʘʫʳ ʤװʤʢʽʥ. 

ʂʝʡʙʽʨ ᴇʥʜʽʨʫʰʽʣʝʨ ʙʦʢʩʪʘʣסʘʥ ʧʨʦʮʝʩʩʦʨʣʘʨ ʜʝʧ ʘʪʘʣʘʪʳʥ ʧʦʮʝʩʩʦʨʣʘʨ 

ʰ rסʘʨʘʜʳ, ʙײʣʘʨסʘ ʜʘʡʳʥʜʘʫʰʳʣʘʨ ʧʨʦʮʝʩʩʦʨʜrש ʘʫʘ ʘʨrץ ʣʳ ʩʘʣrץ ʥʜʘʪʫ 

hװ ʽʥ ʞʝʣʜʝʪʢʽʰʽ ʙʘʨ ʘʣʤʘʣʳ-ʩʘʣʤʘʣʳ ʨʘʜʠʘʪʦʨ ʦʨʥʘʪʳʣʘʜʳ. 

ʉʪʘʮʠʦʥʘʨʣʳץ ɼʕɽʄ hװ ʽʥ ʧʨʦʮʝʩʩʦʨʣʘʨ ʜᴅʩʪװʨʣʽ ʪװʨʜʝ, ʢʦʨʧʫʩʪʘʨʳ 
ʢʝʣʝʩʽ ʪʠʧʪʝ ʰʳסʘʨʳʣʘʜʳ: 
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ƴ PPGA (PlasticPGA ð ʧʣʘʩʪʤʘʩʩʪʳ) ð ץʘʪʘʨ ʞᴅʥʝ ʙʘסʘʥ ʙʦʡʳʥʰʘ 
ʙʽʨʥʝʰʝ ʧʘʨʘʣʣʝʣʴʜʽ ץʘʪʘʨʜʘ, ʢʦʨʧʫʩʪʳש ʪᴇʤʝʥʛʽ ʙᴇʣʽʛʽʥʜʝ 

ʦʨʥʘʣʘʩʪʳʨʳʣסʘʥ, ץʘʜʘʫʳʰʪʳ ʪʽʢ ᴇʪʢʽʟʛʽʰ ʤʘʪʨʠʮʘʩʳ ʙʘʨ ʪʝʨʤʦʪײʨʘץʪʳ 

ʞʝʣʽʤ ʢʦʨʧʫʩ (PGA ʢʝʨʘʤʠʢʘʣʳץ ʢʦʨʧʫʩ ʥײʩץʘʩʳ, (PinGridArrayð 

ᴇʪʢʽʟʛʽʰʪʽש ʰʘʨʙʘץʪʳ ײץʨʳʣʳʤʳ) (3.7, ʘ ʩʫʨʝʪ); 

ƴ SPGA (ScatteredPGAð ʙʘʡʣʘʥʳʩʧʘסʘʥ ᴇʪʢʽʟʛʽʰʪʝʨʽ ʙʘʨ PGA 
ʤʦʜʠʬʠʢʘʮʠʷʩʳ) ð ʘʟ ʘʫʤʘץʪʘ ʙʽʨʥʝʰʝ ʢʦʥʪʘʢʪʳʣʝʨʜʽ ʩʳʡʜʳʨʫ hװ ʽʥ 

ʰʘʭʤʘʪ ʪᴅʨʽʟʜʽ ʝʪʽʧ ʦʨʥʘʣʘʩʪʳʨʳʣסʘʥ, ץʘʜʘʫʳʰʪʳ ᴇʪʢʽʟʛʽʰʪʝʨʽ ʙʘʨ PGA 

ʥײʩץʘʩʳ (3.7, ʙ ʩʫʨʝʪ). ʂʦʨʧʫʩʪʳש ʤʝʪʘʣʣ ץʘץʧʘץʪʘʨʳ ʞᴅʥʝ ʝʢʽ ᴇʣʰʝʤʜʽ 

ʢʦʦʨʜʠʥʘʪʪʳ ʪʦʨ ʙʦʡʳʥʰʘ ʥᴇʤʽʨʣʝʥʝʪʽʥ, ʪᴇʤʝʥʛʽ ʙᴇʣʽʛʽʥʜʝ ʦʨʥʘʣʘʩץʘʥ 

ʧʨʝʩʪʝʣʛʝʥ ᴇʪʢʽʟʛʽʰʪʝʨʽ ʙʘʨ ʞʝʣʽʤʥʝʥ ʞʘʩʘʣסʘʥ ʞʠʝʢʪʝʨʽ ʙʦʣʘʜʳ. 

ʄʇ ײץʨʳʣrס ʩʳ hװ ʽʥ Socket ʪʠʧʽʥʽש Socket478, Socket754 ʞᴅʥʝ 
Socket939 (ʩʘʥ ʢʦʨʧʫʩʪʘrס  ᴇʪʢʽʟʛʽʰ ʤᴇʣʰʝʨʽʤʝʥ ʢᴇʨʩʝʪʽʣʝʜʽ) ̫ײ ʣʳ 

ʞʘʣסʘrס ʰʪʘʨʳ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. ʇʨʦʮʝʩʩʦʨʜʳש ʢᴇʧ ʩʘʥʜʳ ʢʦʥʪʘʢʪʳʣʝʨʽ 

ʧʨʦʮʝʩʩʦʨʜʳ ʞװʡʝʣʽʢ ʪʘץʪʘʥʳש ʢᴅʜʽʤʛʽ ̫ײ ʰrrס ʥʘ ʦʨʥʘʪʫ ʢʝʟʽʥʜʝ ʙʽʨʘʟ 
 שʪʘʥ ʧʨʦʮʝʩʩʦʨʜʳץʪʘʣʘʧ ʝʪʝʜʽ, ʩʦʥʜʳ (ʘʥ ʢʠʣʦʛʨʘʤʤסʦʥʜʘ) ʫʘʪʪʳץ

ʤʝʭʘʥʠʢʘʣʳץ ʪײʨrס ʜʘʥ ʟʘrץ ʤʜʘʣʫʳʥʘʥ ץʦʨסʘʫ hװ ʽʥ ZIF 

(ZeroInsertionForceð ץʦʥʜʳʨʤʘʥʳש ʥᴇʣʜʽʢ ʢhװ ʽ) ̫ײ ʰrrס  ʧʘʡʜʘʣʘʥʳʣʘ 

ʙʘʩʪʘʜʳ. 

ɼᴅʩʪװʨʣʽ ץʘʜʘʫʳʰʪʳ ᴇʪʢʽʟʛʽʰʪʽש ʦʨʥʳʥ ʞʘשʘ ʞʘʣסʘrס ʰ ï SocketT 

(LGA775) ʘʣʤʘʩʪʳʨʜʳ: ʧʨʦʮʝʩʩʦʨʜʘ ʜᴇשʛʝʣʝʢʪʝʥʛʝʥ ʞʘʣʧʘץ ʢʦʥʪʘʢʪʳʣʝʨ, 

ʘʣ ̫ײ ʰrץʪʘ ʞװʡʝʣʽʢ ʪʘץʪʘʜʘ ʦʨʥʘʪʳʣʘʪʳʥ ʢʝʨʽ ץʘʜʘʫʳʰʪʘʨ (ʘʷץʪʘʨ) 

ʦʨʥʘʣʘʩʪʳʨʳʣʘʜʳ. ʄײʥʜʘʡ ץʦʩʳʣʫ ʧʨʦʮʝʩʩʦʨʜʳש ʦʨʥʘʪʳʣʫʳʥ ʞʝ̔ש ʣʜʝʪʝʜʽ 

ʞᴅʥʝ ʦʥʳש ʩʘʣrץ ʥʜʘʫʳʥ ʞʘץʩʘʨʪʘʜʳ. ʇʨʦʮʝʩʩʦʨ ᴇʪʢʽʟʛʽʰʪʝʨʽʥ 

װʣʢʝʥ ʢhװ ʦʩʳʣʳʩʪʳץ ʣײʘʫ, ʙסʨʜʝ ʞʘʣװʘʜʘʫʳʰʪʘʨʤʝʥ ʩʝʥʽʤʜʽ ʪץ ʧʝʥ ײʩʪʘʧ 

ʪײʨʘʪʳʥ rץ ʩrץ ʰ ʤʝʭʘʥʠʟʤ ʢᴇʤʝʛʽʤʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ (3.8 ʩʫʨʝʪ). 
ʇʨʦʮʝʩʩʦʨ ʢʦʨʧʫʩʪʘʨʳʥʳש ʘʨʥʘʡʳ ʦʡʳrס  (ʢʽʣʪ) ʙʦʣʘʜʳ, ʦʣ ̫ײ ʰrץץʘ 

סʘrסʘ ʞʦʣ ʙʝʨʤʝʡʜʽ. ɾʘʣסʘʪʝ ʦʨʥʘʣʘʩʪʳʨʫץ ʰʪʘʨʜʳש ʢʝʣʪʽʨʽʣʛʝʥ ʙʘʨʣʳץ 

ʪװʨʣʝʨʽ ʦʨʥʘʪʳʣסʘʥ ʧʦʮʝʩʩʦʨ ʪʠʧʪʝʨʽʥ ʘʥʳץʪʘʫסʘ, ʘʣ ᴇשʜʝʛʽʰʪʝʨʤʝʥ 
 

 

 

 

3.7 ̒̔̑Ȣ ˜̗̑̏̆̒̒̏̑ ̜̜̋̏̑̐̔̒̎ 
̨̨̙̓̋̈̄̓̆̑ ̜̇́̎́̎ ̜́̌́̎̅́ 
̨̓̑ȡ 
́ ɂ 00'!Ƞ ̂ ɂ SPGA; 1 ɂ ̋ ̨̌̓Ƞ ς ɂ 
̜̙̜́̅́̔̓ ̇̎̆ ̇́̌̐́ ̅ ̄̆̌̆̋ 
̨̋̏̎̓́̋̓̌̆̑  
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3.8 ̒̔̑Ȣ ˜̗̑̏̆̒̒̏̑ ̨̨̨̨̙̂̆̋̓̋̎ ̨̨̨̇̉̌̄̍̆̎ :)& ̠̙̜̜ ̎  ̜̇́-̌ 
̜̙̜́ ɉ́Ɋ ̇̎̆ ̜̙̜́̅́̔̓ ̨̨̋̏̎̓́̋̓̌ ̨̨̂̌̋̓ ̜̌́̊̓̌́̎  
̨̑́̄̍̆̎̓̕ ɉ̂Ɋ 

 
 

ʞװʡʝʣʽʢ ʪʘץʪʘʜʘ ʦʨʥʘʪʳʣʘʪʳʥ ץʫʘʪʪʳ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɾװʡʝʣʽʢ 

ʪʘץʪʘʣʘʨʜʳש ʢᴇʧʰʣ̔ʽʛʽʥʜʝ ʙײʣ ʤᴅʥʜʽ ץʦʣʤʝʥ ᴇʟʛʝʨʪʫ ʤװʤʢʽʥ ʝʤʝʩ, ʙʽʨʘץ 

ʢʝʡʙʽʨ ᴇʥʜʽʨʫʰʽʣʝʨ ץʫʘʪʪʳ ʚʦʣʴʪʪʳש ʥʘץʪʳʣrrס ʥʘʥ ʦʥʜʘסʘʥ ʜʝשʛʝʡʛʝ ʜʝʡʽʥ 

 .ʤʢʽʥʜʽʛʽʥ ʞʘʩʘʜʳװʦʣʤʝʥ ᴇʟʛʝʨʪʫ ʤץ

 .ʘʩʪʳʨʳʣʘʜʳסʘʟʽʨʛʽ ʧʨʦʮʝʩʩʦʨʣʘʨʜʘ ᴇʪʢʽʟʛʽʰʪʝʨ ʢʝʣʝʩʽ ʪᴅʩʽʣʤʝʥ ʞʘʡפ

ᴄʜʝʪʪʝ 36 ʢʦʥʪʘʢʪʳ ʘʜʨʝʩʪʽ ʰʠʥʘʤʝʥ, 64 ï ʤᴅʣʽʤʝʪʪʝʨ ʰʠʥʘʩʳʤʝʥ, ʘʣ, 

ʰʘʤʘʤʝʥ 124 ʢʦʥʪʘʢʪ ï rץ ʟʤʝʪʪʽʢ ʩʠʛʥʘʣʜʘʨʤʝʥ ʙᴇʣʽʥʝʜʽ, ʙʽʨʥʝʰʝ 
ʦʥʜrץʪʘʨʳ ʨʝʟʝʨʚʪʝ ץʘʣʘʜʳ, ʘʣ ץʘʣסʘʥʜʘʨʳ (ʞʘʨʪʳʩʳ 0ɺ ʰʘʤʘʩʳʥʜʘ ᴅʨʝʢʝʪ 

ʝʪʝʪʽʥ, 200 ʢʦʥʪʘʢʪʳʛʝ ʞʫʳrס ) ʷʜʨʦʥʳ ʞʦסʘʨʳ ʪʦʢʧʝʥ ʧʘʡʜʘʣʘʥסʘʥ ץʫʘʪʪʘʥ 

ʪʫʳʥʜʘסʘʥ ʢhװ ʪʽ ʘʧʘʨʫסʘ ʘʨʥʘʣסʘʥ. ʄײʥʳʤʝʥ ץʘʪʘʨ, ʢʦʥʪʘʢʪʳʣʝʨʜʽש ʙᴇʣʽʛʽ 

ʞװʡʝʣʽʢ ʙʣʦʢʪʘ ʦʨʥʘʪʳʣסʘʥ ʧʨʦʮʝʩʩʦʨ hװ ʽʥ ץʫʘʪ ʢhװ ʽʥʽש ʜᴅʣ ʤᴅʥʽʥ 

ʘʥrץʪʘʡʜʳ. 
ʄʦʙʠʣʴʜʽ ʜʝʨʙʝʩ ʢʦʤʧʴʶʪʝʨʣʝʨ hװ ʽʥ, ʙʘʩʧʘ ʪʘץʪʘʜʘrס  ʜᴅʥʝʢʝʨʣʝʨʜʽש 

ʳʜʳʨʘʫʳʥʘ ʘʨʥʘʣסʘʥ ᴇʪʢʽʟʛʽʰʽ ʙʘʨ, ʰʘrס ʥ ʢʦʨʧʫʩʪʘrס  ʧʨʦʮʝʩʩʦʨʣʘʨ 

ʰ rסʘʨʳʣʘʜʳ. 

ɸʣסʘ rhץ  ʤʦʙʠʣʴʜʽ ʧʨʦʮʝʩʩʦʨʜʳש ʝש ʘʣסʘ rhץ  ʪװʨʽ ʙʦʣʳʧ, Pentium4 

ʥײʩץʘʩʳʥʳװ שʩʪʝʣʛʝ ʘʨʥʘʣסʘʥ ʪװʨʽ IntelMobilePentium4 ʩʘʥʘʣʘʜʳ, ʙײʥrש 

ʵʥʝʨʛʠʷ ʪײʪʳʥʫʜʳ ʜʠʥʘʤʠʢʘʣʳץ ʙʘʩץʘʨʫ ʨʝʞʠʤʽ ʙʘʨ. SMM 

(SystemManagementMode ð ʞװʡʝʣʝʨʜʽ ʙʘʩץʘʨʫ ʨʝʞʠʤʽ) ץʫʘʪ ʙʘʩץʘʨʫ 

ʞװʡʝʩʽ ʧʨʦʮʝʩʩʦʨʤʝʥ ʧʦʨʪʘʪʠʚʪʽ ʢʦʤʧʴʶʪʝʨʣʝʨ ʘʢʢʫʤʫʣʷʪʦʨʳʥʳש 

ʩʳʡʳʤʜʳʣʳrס ʥ װʥʝʤʜʽ ʧʘʡʜʘʣʘʥʫסʘ ʞᴅʥʝ ʦʣʘʨʜʳש ʘʚʪʦʥʦʤʜʳ 

ʞײʤʳʩʪʘʨʳʥʳש ʤʝʨʟʽʤʽʥ ײʟʘʨʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. SMM ʞװʡʝʩʽ 

ʧʨʦʮʝʩʩʦʨסʘ ʙʽʨʽʢʪʽʨʽʣʛʝʥ ʞᴅʥʝ ʦʥʳש ʞײʤʳʩʳʥʳש ʢᴇʧʪʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ 

 .ʤʢʽʥװʘʨʫ ʤץʪʳʥʫʜʳ ʙʘʩײʫʘʪʪʳ ʪץ
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ʅᴅʪʠʞʝʩʽʥʜʝ ʥʦʫʪʙʫʢʪʘʨʜʘ ʵʥʝʨʛʠʷ ʪײʪʳʥʫ ʪᴇʤʝʥʜʝʧ, ץʫʘʪ ʢᴇʟʽʥʽש 
ᴅʨʝʢʝʪ ʝʪʫ ʤʝʨʟʽʤʽ ײʣסʘʷʜʳ, ʄʇ ʢʨʠʩʪʘʣʳʥʜʘ ʵʥʝʨʛʠʷ ʙᴇʣʽʥʫ rץ ʩץʘʨʘʜʳ 

ʞᴅʥʝ ʦʥʳש ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʪᴇʤʝʥʜʝʡʜʽ, ʦʩʳʥʳש ʘʨץʘʩʳʥʜʘ ʧʨʦʮʝʩʩʦʨʜʳש 

rץ ʟʤʝʪ ʝʪʫ ʤʝʨʟʽʤʽ ʜʝ ײʟʘʨʘʜʳ. 

װʘʣʪʘ ʢʦʤʧʴʶʪʝʨʣʝʨʽ hץ ʘʟ̔ʨʛʽ ʥʦʫʪʙʫʢʪʘʨ ʞᴅʥʝפ ʽʥ ᴇʥʜʽʨʫʰʽʣʝʨ ʪᴇʤʝʥ 
(LowVoltage) ʞᴅʥʝ ᴇʪʝ ʪᴇʤʝʥ (UltraLowVoltage) ץʫʘʪʪʘrס  -ʥʝʤʜʽ ʧʨʦʮʝʩװ 

ʩʦʨʣʘʨ ʤʦʜʝʣʽʥ ʰʳסʘʨʘʜʳ. 

ʈʉ/ʭ86 ʧʣʘʪʬʦʨʤʘʩʳʥʘʥ ʙʘʩץʘ, ʥʝײסʨʣʳʤ ʢʝ̔ש ʨʝʢ ʪʘʨʘʣסʘʥ, ʄʘʩ 

(Macintosh ʢʦʤʧʴʶʪʝʨʣʝʨ ʣʠʥʝʡʢʘʩʳ) ʘʧʧʘʨʘʪʪʳ ʧʣʘʪʬʦʨʤʘʩʳ ʙʘʨ. ɹײʣ 

ʧʣʘʪʬʦʨʤʘʥʳש ʧʨʦʮʝʩʩʦʨʣʘʨʤʝʥ ʥʝʛʽʟʛʽ ʘʡʳʨʤʘʰʳʣʳrס  ʦʣʘʨ ʢʦʤʘʥʜʘʥʳש 

ʪװʨʣʽ ʞװʡʝʣʝʨʽʥʜʝ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. 

Macintosh ʢʦʤʧʴʶʪʝʨʣʝʨʽʥʽש ʘʣסʘ rhץ  ʣʛʽʣʝʨʽ Motorola680ʭ0װ 
ʧʨʦʮʝʩʩʦʨʳʥ ʧʘʡʜʘʣʘʥʜʳ, ʘʣ ʩʦשrס ʫʘrץ ʪʪʘʨʜʘ RISC-ײץʨʳʣʳʤʳ ʝʨʝʞʝʩʽʥʝ 

ʩᴅʡʢʝʩ ײץʨʘʩʪʳʨʳʣסʘʥ, 64 ʨʘʟʨʷʜʪʳ PowerPC ʧʨʦʮʝʩʩʦʨʳ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. 

 
 

σȢςȢςȢ˓̨̊̆̌̋ ̌̏̄̉̋́ ̜̜̍̉̋̑̏̒̈̂́̒ 

ʉʘʧʘʣʳ ʞʘשʘ ʧʨʦʮʝʩʩʦʨʜʳש ʧʘʡʜʘ ʙʦʣʫʳʥʘʥ, ʦסʘʥ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ 

ʤʠʢʨʦʩʳʟʙʘ (ʞװʡʝʣʽʢ ʣʦʛʠʢʘʥʳש ʤʠʢʨʦʩʳʟʙʘʩʳ) ʜʘ ʞʘʩʘʧ ʰʳסʘʨʫ ץʘʪʘʨ 

ʞװʨʝʜʽ. 
ʇʨʦʮʝʩʩʦʨʜʳש ʞᴅʥʝ ʞװʡʝʣʽʢ ʰʠʥʘʥʳש ʞײʤʳʩʳʥ, ʦʧʝʨʘʪʠʚʪʽ ʞʘʜʳ ʤʝʥ 

ᴇʟʛʝ ʜʝ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽש ᴇʟʘʨʘ ᴅʨʝʢʝʪʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʞװʡʝʣʽʢ 

ʣʦʛʠʢʘʥʳש ʤʠʢʨʦʩʳʟʙʘʩʳ ʜʝʨʙʝʩ ʢʦʤʧʴʶʪʝʨʣʝʨʜʽש ʩʠʧʘʪʪʘʤʘʩʳʥ סʘʥʘ 

ʘʥrץʪʘʧ ץʦʡʤʘʡ, ʦʣʘʨʜʳש ʤʦʜʝʣʴʜʽʢ ʪʠʧʪʽʢ ץʘʪʘʨʣʘʨʳʥ ʜʘ ʘʥʳץʪʘʡʜʳ. 

ʄʘʛʠʩʪʨʘʣʴʜʽ-ʤʦʜʫʣʴʜʽ ײץʨʳʣʳʤʜʳ ɼʕɽʄ ᴇʥʜʽʨʫ ʠʜʝʦʣʦʛʠʷʩʳ ʞװʡʝʣʽʢ 
ʤʠʢʨʦʩʳʟʙʘʥʳש ʢᴇʧʪʝʛʝʥ ʞʠʳʥʳʥʳש ʙʽʨ-ʙʽʨʽʤʝʥ װʡʣʝʩʽʤʜʽʣʽʢ ᴇʪʢʽʟʛʽʰʪʝʨ, 

ʵʣʝʢʪʨʣʽʢ ʞᴅʥʝ ʤʝʭʘʥʠʢʘʣʳץ ʧʘʨʘʤʝʪʨʣʝʨ (ʞʘʣסʘrס ʰʪʘʨ, ʢʦʨʧʫʩʪʘʨ ʪ.ʙ.) 

ʘʨrץ ʣʳ ʞװʟʝʛʝ ʘʩʳʫʳʥʘ ʘʣʳʧ ʢʝʣʜʽ. פʘʟʽʨʛʽ ʞʠʳʥʜʘʨʜʘrס  ʤʠʢʨʦʩʳʟʙʘ ʩʘʥʳ 

ᴇʪʝ ʰʝʢʪʝʫʣʽ (hװ ʪʝʥ ʢᴇʧ ʝʤʝʩ), ᴇʡʪʢʝʥʽ ʦʣʘʨסʘ ʢʦʤʧʴʶʪʝʨʜʽש ʙʘʨʣʳץ 

ʢʦʤʧʦʥʝʥʪʪʝʨʽ: װʟʫ ʢʦʥʪʨʦʣʣʝʨʳ, ʞʘʜʳסʘ ʪʫʨʘ ץʦʣ ʞʝʪʽʤʜʽʣʽʢ, ʞʘʜʳʥʳ 

ʙʘʩץʘʨʫ, ʙʽʨʽʥʰʽ IBMPC hװ ʽʥ ʞʝʢʝ ʤʠʢʨʦʩʳʟʙʘʜʘ ʰʳסʘʨʳʣסʘʥ ʞװʡʝʣʽʢ 

ʰʠʥʘ ʤʝʥ ʝʥʛʽʟʫ-ʰ rסʘʨʫ ʢʦʤʧʦʥʝʥʪʪʝʨʽ ʙʽʨʽʢʪʽʨʽʣʛʝʥ. 

ɾװʡʝʣʽʢ ʣʦʛʠʢʘʥʳש ʤʠʢʨʦʩʳʟʙʘ ʞʠʳʥʳʥ ʯʠʧʩʝʪ(chipsetð ʤʠʢʨʦʩʳʟʙʘ 
ʞʠʳʥʳ) ʜʝʧ ʘʪʘʫ ץʘʣʳʧʪʘʩץʘʥ. ɾʠʳʥ ʤʠʢʨʦʩʳʟʙʘʩʳ ï ʙײʣ ʠʥʪʝʛʨʘʮʠʷ 

ʜᴅʨʝʞʝʩʽ ʙʦʡʳʥʰʘ ʧʨʦʮʝʩʩʦʨסʘ ʞʘrץ ʥ ʉɹʀʉ, ʩʦʥʜʳץʪʘʥ ʞʳʣʫʜʳ ʙײʨʳʧ 

ʞʽʙʝʨʫ ʙʦʡʳʥʰʘ ʘʨʥʘʡʳ ʰʘʨʘʣʘʨ ʪʘʣʘʧ ʝʪʝʜʽ. ɾʠʳʥ ʞװʡʝʣʽʢ ʪʘץʪʘʥʳש 

ʬʫʥʢʮʠʦʥʘʣʜʳ ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʘʥʳץʪʘʡʜʳ: ץʦʩʳʣʘʪʳʥ ʧʨʦʮʝʩʩʦʨʣʘʨ 

ʪʠʧʪʝʨʽ, ʢʵʰ-ʞʘʜʳ ײץʨʳʣʳʤʳ ʞᴅʥʝ ʢᴇʣʝʤʽ, ʆɽפ ʤʦʜʫʣʽʥʽש ʢᴇʣʝʤʽ ʞᴅʥʝ 

ʪװʨʣʝʨʽ, ʵʥʝʨʛʠʷ װʥʝʤʜʝʫ ʞᴅʥʝ ʪ.ʙ. 
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ʊװʨʣʽ ᴇʥʜʽʨʫʰʽʣʝʨʜʽש ʞʠʳʥʳʥʜʘ ɼʕɽʄ-ʥ̔ש ʪײʪʘʩ ʪʦʧʪʘʨʳʥ ʞʠʥʘץʪʘʫ hװ ʽʥ 
 .ʤʢʽʥװʘʨʳʣʫ ʤסʙʽʨʥʝʰʝ ʤʦʜʠʬʠʢʘʮʠʷʩʳ ʰʳ שʪʘʥʳץʡʝʣʽʢ ʪʘװʘʞʝʪʪʽ ʞץ

ɾװʡʝʣʽʢ ʤʠʢʨʦʩʳʟʙʘʣʘʨʜʳ ᴇʥʜʽʨʫʰʽʣʝʨ ʘʨʘʩʳʥʜʘrס  ʝש ʤ rץʪʳʩʳ Intel 
ʢʦʤʧʘʥʠʷʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʦʣʘʨʜʳץ שʘʟʽʨʛʽ ʞʠʳʥʳ ᴅʜʝʪʪʝ ʝʢʽ ʙʘʟʘʣʳץ 

ʉɹʀʉ-ʪʝʥ ʪײʨʘʜʳ: ʩʦʣʪװʩʪʽʢ ʞᴅʥʝ ʦשʪװʩʪʽʢ ʢᴇʧʽʨ. 

ʉʦʣʪϮʩʪʽʢ ʢϺʧʽʨ ʦʧʝʨʘʪʠʚʪʽ ʞʘʜʳ ʰʠʥʘʩʳ, AGP ʰʠʥʘʩʳ, PCI 
ʰʠʥʘʩʳʤʝʥ ʙʘʩץʘʨʳʣʫʜʳ ʞᴅʥʝ ʞװʡʝʣʽʢ ʰʠʥʘʥʳש ʧʨʦʮʝʩʩʦʨʜʳש ʞʝʨʛʽʣʽʢʪʽ 

ʰʠʥʘʩʳʤʝʥ ᴇʟʘʨʘ ᴅʨʝʢʝʪʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ, ʪᴇʨʪ ʧʦʨʪʪʳ ʞʦסʘʨʳ 

ʞʳʣʜʘʤʜʳץʪʘrס  ʢʦʤʤʫʪʘʪʦʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ (3.9 ʩʫʨʝʪ). 

ʂʦʤʤʫʪʘʪʦʨ ʩʦʣʪװʩʪʽʢ ʢᴇʧʽʨ ײץʨʘʤʳʥ ʙʽʨʪײʪʘʩ ʝʪʽʧ ʙʽʨʽʢʪʽʨʽʧ, ɼʕɽʄ-ʜʘ 

ʧʘʡʜʘʣʘʥʳʣʘʪʳʥ ʘץʧʘʨʘʪʪʘʨʜʳש ʙʘʨʣʳץ ʘrס ʥʳʥ ʪʘʨʘʪʘʜʳ. ʆʣ FSB-ʧʨʦʮʝʩ- 

ʩʦʨ ʰʠʥʘʩʳʥʳ4 ,ש ɻʙʘʡʪץʘ ʜʝʡʽʥʛʽ ʘʜʨʝʩʘʮʠʷʣʳ ʦʧʝʨʘʪʠʚʪʽ ʞʘʜʳ 

ʰʠʥʘʩʳʥʳש ʞᴅʥʝ ץʘʪʝʣʝʨʜʽ ʪװʟʝʪʫ ʬʫʥʢʮʠʷʩʳʥʳש ʞײʤʳʩʳʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʝʜʽ. ʅʝʛʽʟʽʥʝʥ, ʙʘʨʣʳץ ʩʦʣʪװʩʪʽʢ ʢᴇʧʽʨʣʝʨ ʆɽפ-ʤʝʥ ʘʩʠʥʭʨʦʥʜʳ ʞײʤʳʩ 

ʨʝʞʠʤʽʥ ʞʘץʩʘʨʪʘʜʳ. ʇʨʦʮʝʩʩʦʨ-ʩʦʣʪװʩʪʽʢ ʢᴇʧʽʨ ʞᴅʥʝ ʞʘʜʳ ʙʘrץ ʣʘʫʰʳʩʳ 
ï ʆɽפ ʫʯʘʩʢʝʩʽʥʜʝʛʽ ʢʦʤʤʫʪʘʮʠʷʣʘʥסʘʥ ʤʘʛʠʩʪʨʘʣʴʜʽש ᴇʪʢʽʟʛʽʰʪʽʢ 

 .ʤʢʽʥװʘʙʽʣʝʪʪʽʣʽʛʽ 6,4 ɻʙʘʡʪ/ʩ-ʜʘʥ ʘʩʳʧ ʢʝʪʫʽ ʤץ

ʂᴇʧʽʨ ʩʳʟʙʘʩʳʥʘ APIC (AdvancedProgrammableInterruptControllerð 
ʙʘסʜʘʨʣʘʤʘʣʳץ ʘʨʪʳhץ ʳʣrrס ʤʝʥ װʟʫʜʽ ʙʘrץ ʣʘʫʰʳ) ʢʽʨʝʜʽ, ʦʣ 

ʢʦʤʧʴʶʪʝʨʜʝ ʪʫʳʥʜʘʡʪʳʥ ʘʧʧʘʨʘʪʪʳ ʞᴅʥʝ ʙʘסʜʘʨʣʘʤʘʣʳץ (ʧʨʦʮʝʩʩʦʨʣʳץ) 

 .ʘʥסʜʝʫʛʝ ʘʨʥʘʣשʘ ʞᴅʥʝ ᴇסʟʽʣʫ ʧʨʦʮʝʩʩʪʝʨʜʽ ʞʠʥʘʫװ
 

 

 

3.9 ̒̔̑Ȣ ˞̨̏̌̓̒̓̋ ̨̨̋̐̑̅ ̜̜̜̑̌̍̅ ̒ ̜̜̈̂́̒ 
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ʉʦʣʪװʩʪʽʢ ʢᴇʧʽʨʣʝʨʜʽש ʢʝʡʙʽʨ ʪװʨʣʝʨʽ ʝʢʽ ʧʨʦʮʝʩʩʦʨʣʳ ʢʦʥʬʠʛʫʨʘ- 
ʮʠʷʥʳש ʞײʤʳʩʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʽ ʤװʤʢʽʥ. APIC ʝʢʽ ʷʜʨʦʣʳ ʧʨʦʮʝʩ- 

ʩʦʨʣʘʨʜʘ ʦʥʳש ᴅʨʙʽʨ ʷʜʨʦʩʳʥʳש ʙʘסʜʘʨʣʘʤʘʣʳװ ץʟʽʣʫʽ ʩʠʥʭʨʦʥʠʟʘ- 

ʮʠʷʣʘʥʘʜʳ. 

DMA (ʇɼʇ) ʙʘrץ ʣʘʫʰʳʩʳ ʘץʧʘʨʘʪʪʘʨʜʳ ʞװʡʝʣʽʢ ʰʠʥʘ ʙʦʡʳʥʰʘ, 
ʦשʪװʩʪʽʢ ʢᴇʧʽʨʜʝʥ, ʧʨʦʮʝʩʩʦʨ ʞײʤʳʩʳʥ װʟʙʝʡ ʆɽפ-ʥʘ ʪʝʟ ʞʽʙʝʨʫʜʽ 

ʦʨʳʥʜʘʫסʘ ץʘʪʳʩʪʳ ᴇשʜʝʫ ʞײʤʳʩʪʘʨʳʤʝʥ ʘʡʥʘʣʳʩʘʜʳ. DMA ʙʘrץ ʣʘʫʰʳʩʳ 

ʆɽפ ʤʝʥ ʝʥʛʽʟʫ-ʰ rסʘʨʫ ʙʘrץ ʣʘʫʰʳʩʳ ʘʨʘʩʳʥʜʘ ʘץʧʘʨʘʪʪʳ ʘʚʪʦʥʦʤʜʳ 

ʘʣʤʘʩʫ ʦʨʳʥʜʘʫסʘ ʧʨʦʮʝʩʩʦʨ ʘʨrץ ʣʳ ʙʘסʜʘʨʣʘʥʘʜʳ ʞᴅʥʝ ʙײʣ ʧʨʦʮʝʩʢʝ 

 .ʘʪʳʩʧʘʡʜʳץ

ʂʦʥʪʨʦʣʣʝʨ AGP ʙʘrץ ʣʘʫʰʳʩʳ ɼʕɽʄ-ʥrש ʞװʡʝʣʽʢ ʞʘʜʳʩʳʥʘ ʛʨʘʬʠ- 
ʢʘʣʳץ ʘʜʘʧʪʝʨʜʽץ שʦʣʞʝʪʽʤʜʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ ʞᴅʥʝ ץʘʟʽʨʛʽ 3D-ʞʳʣ- 

ʜʘʤʜʘʪrץ ʰʳʥʘ ʪʝʢ ʚʠʜʝʦʢʘʨʪʘʥʳש ʚʠʜʝʦʞʘʜʳʩʳʥ סʘʥʘ ʝʤʝʩ, ʦʧʝʨʘʪʠʚʪʽ 

ʝʩʪʝ ʩʘץʪʘʫ ײץʨʳʣrס ʩʳʥʳש ʙᴇʣʽʢʪʝʨʽʥ ʜʝ ʧʘʡʜʘʣʘʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʉʦשrס ʞʳʣʜʘʨʳ AGP 4 ʨʝʞʠʤʽʥ ײʩʪʘʧ ʪײʨʘʪʳʥ ʞᴅʥʝ 64 ʄʙʘʡʪץʘ ʜʝʡʽʥʛʽ 
ʚʠʜʝʦʞʘʜʳʩʳ ʞᴅʥʝ 128 ʨʘʟʨʷʜʪʳ ʚʠʜʝʦʙʘrץ ʣʘrס ʰʳ ʙʘʨ ʩʦʣʪװʩʪʽʢ ʢᴇʧʽʨʛʝ 

ʦʨʥʘʪʳʣסʘʥ ʯʠʧʩʝʪʪʝʨ ʰʳסʘʨʳʣʘ ʙʘʩʪʘʜʳ. 

ʂʝʡʙʽʨ ʩʦʣʪװʩʪʽʢ ʢᴇʧʽʨʣʝʨ ʘʨʘʩʳʥʜʘ, ʧʘʡʜʘʣʘʥʳʣʘʪʳʥ ʧʨʦʮʝʩʩʦʨʣʘʨ 
ʥʦʤʝʥʢʣʘʪʫʨʘʩʳʥʘʥ ʙʘʩץʘ, ץʘʥʜʘʡ ʜʘ ʙʽʨ ʝʣʝʫʣʽ ʬʫʥʢʮʠʦʥʘʣʜʳ ʘʡʳʨ- 

ʤʘʰʳʣʳץʪʳ ʪʘʙʫ ץʠʳʥ. 

ʆϬʪϮʩʪʽʢ ʢϺʧʽʨ ʠʥʪʝʨʬʝʡʩʪʝʨʤʝʥ USB ʞᴅʥʝ ʪʦʣʳץʪʳʨrס ʰʪʘʨʜʳ 

ʙʘʩץʘʨʫʜʳ ʞװʟʝʛʝ ʘʩʳʨʘʜʳ, ᴇʟʽʥʽײץ שʨʘʤʳʥʜʘ ACPI, ISA-PCI ʰʠʥʘ 

ʘʜʘʧʪʝʨʽ, ʞײʤʩʘץ ʜʠʩʢʪʝʨʜʽש ʙʘrץ ʣʘʫʳʰʳ, ʢʣʘʚʠʘʪʫʨʘ ʞᴅʥʝ ʪʽʥʪʫʽʨʽ 

ʙʦʣʘʜʳ. ɹײʣ ʬʫʥʢʮʠʷʣʘʨ ᴅʨʜʘʡʳʤ ʪװʨʣʽ ᴇʥʜʽʨʫʰʽʣʝʨ ʰʳסʘʨסʘʥ ʦשʪװʩʪʽʢ 

ʢᴇʧʽʨʣʝʨʜʽש ʤʠʢʨʦʩʳʟʙʘʩʳ hװ ʽʥ ʙʘʟʘʣʳץ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʄײʥʳʤʝʥ ץʘʪʘʨ, 

ʢᴇʧʽʨ ײץʨʘʤʳʥʘ ʤᴅʣʽʤʝʪʪʝʨʜʽ ץʦʩʘʨʣʘʫ ʬʫʥʢʮʠʷʩʳ ʙʘʨ, ץʘʪʪʳ ʜʠʩʢʪʽש ʝʢʽ 

ʙʘrץ ʣʘʫʳʰʳ ʜʘ ʢʽʨʫʽ ʤװʤʢʽʥ. ʂʝʡʙʽʨ ᴇʥʜʽʨʫʰʽʣʝʨ ʦשʪװʩʪʽʢ ʢᴇʧʽʨʛʝ Ethernet 

ʞʝʣʽʣʽʢ ʘʜʘʧʪʝʨʽʥ, ʢᴇʧ ʧʦʨʪʪʳ USB ʙʘrץ ʣʘʫʰʳ, ʤʦʜʝʤ ʞᴅʥʝ ʪʽʧʪʽ, ʞʦסʘʨʳ 

ʩʘʧʘʣʳ ʜʳʙʳʩ ʪװʨʣʝʥʜʽʨʫʰʽʩʽʥ ʜʝ ץʦʩʘʜʳ. 
ɼʕɽʄ-ʜʘ ʭʘʙʪʳץ ʜʝʧ ʘʪʘʣʘʪʳʥ ʞʘשʘ ײץʨʳʣʳʤסʘ ʢᴇh ʫ ʢʝʡʜʝ 

ʤʠʢʨʦʩʳʟʙʘ ʞʠʳʥʳʥ ʙʽʨ-ʙʽʨʽʥʝ ʙʘʡʣʘʥʳʩʧʘʡ ʞײʤʳʩ ʽʩʪʝʡʪʽʥ hװ  ʬʫʥʢ- 

ʮʠʦʥʘʣʜʳ ʢʦʤʧʦʥʝʥʪʪʝʥ ײץʨʘʩʪʳʨʫʜʳץ שʘʞʝʪʪʽʣʽʛʽʥ ʪʫʜʳʨʘʜʳ. ʄײʥʜʘʡ 

ʞʘסʜʘʡʜʘ ʦשʪװʩʪʽʢ ʢᴇʧʽʨʛʝ ʞװʡʝʣʽʢ ʣʦʛʠʢʘסʘ ʞʘʪʘʪʳʥ, Super I/O ʝʥʛʽʟʫ- 

ʰ rסʘʨʫ ʤʠʢʨʦʩʳʟʙʘʩʳ ץʦʩʳʣʘʜʳ. ʍʘʙʪʳץ ʘʨʭʠʪʝʢʪʫʨʘ PCI ʰʠʥʘʩʳʥʳש 

ʞײʤʳʩʳʥ ʞʝ̔ש ʣʜʝʪʽʧ, ʪʽʧʪʽ ʦʥʳש ᴇʪʢʽʟʛʽʰʪʽʢ ץʘʙʽʣʝʪʽʥ ʝʢʽ ʝʩʝʛʝ ʘʨʪʪʳʨʘʜʳ. 

ʂʝʡʜʝ ᴇʥʜʽʨʫʰʽʣʝʨ ʙʽʨʽʟʜʽ ʞᴅʥʝ ʧʘʨʘʣʣʝʣʴʜʽ ʧʦʨʪʪʘʨʜʘʥ ʙʘʩ ʪʘʨʪץʘʥ 

ʞʘסʜʘʡʜʘ ץʘʪʪʳ ʜʠʩʢʪʽש ʙʘrץ ʣʘʫʰʳ ʩʦʣʪװʩʪʽʢ ʢᴇʧʽʨʛʝ ʘʫʳʩʪʳʨʳʣʘʜʳ, 

ʩᴇʡʪʽʧ ʦשʪװʩʪʽʢ ʢᴇʧʽʨʩʽʟ ʞװʡʝʣʽʢ ʪʘץʪʘʥʳש ʤᴅʩʝʣʝʩʽ ʦʩʳ ᴅʜʽʩʧʝʥ ʰʝʰʽʣʝʜʽ. 

ץʘʟʽʨʛʽ ʫʘrפ ʪʪʘ ʩʦʣʪװʩʪʽʢ ʢᴇʧʽʨ ʬʫʥʢʮʠʷʣʘʨʳʥʳש ʧʨʦʮʝʩʩʦʨ ʢʨʠʩʪʘʣʳʥʘ 
ʙʽʨʽʛʫ װʨʜʽʩʽ ʦʨʳʥ ʘʣʳʧ ʪײʨסʘʥʜʘ, ɼʕɽʄ ʢʦʥʩʪʨʫʢʮʠʷʩʳ ץʘʡʜʘ ʪʘʩʳʤʘʣ- 

ʜʘʥʘʪʳʥʳʥ ʝʣʝʩʪʝʪʫʜʽש ᴇʟʽ ʤװʤʢʽʥ ʝʤʝʩ. 
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ɼʕɽʄ-ʜʘ ʘץʧʘʨʘʪʪʘʨʜʳ ʩʘץʪʘʫ hװ ʽʥ ʪװʨʣʽ ʪʘסʘʡʳʥʜʘʤʘʣʘʨʳ, ʩʳʡʳʤ- 

ʜʳʣrrס , ʪʝʟ ᴅʨʝʢʝʪ ʝʪʫʽ ʞᴅʥʝ ʩʘץʪʘʣʘʪʳʥ ʘץʧʘʨʘʪʪrש ʙʽʨʣʽʛʽʥʝ ʘʧʧʘʨʘʪʪʳ 

ʞײʤʩʘʣʫʳ ʙʘʨ ʦʧʝʨʘʪʠʚʪʽ ʞᴅʥʝ ײʟʘץ ʫʘrץ ʪʪʳ ʞʘʜʳ ײץʨʳʣrס ʣʘʨʳ 

ʧʘʡʜʘʣʘʥʳʣʘʜʳ. ɹײʨʳʥ ʙʝʣʛʽʣʝʥʛʝʥʜʝʡ, ʢʦʤʧʴʶʪʝʨʜʽ ײץʨʫʜrש ʤʘʛʠʩʪʨʘʣʴʜʽ 

ʤʦʜʫʣʴʜʽ ץʘסʠʜʘʩʳ ʠʝʨʘʨʭʠʷ ʜʝשʛʝʡʽ ʙʦʡʳʥʰʘ ʙʘʨʣʳץ ʝʩʪʝ ʩʘץʪʘʫ 

סʨʳʣrײץ ʣʘʨʳʥ, ʦʣʘʨʜʳש ʦʨʥʘʣʘʩʫ ʦʨʥʳ ʤʝʥ ʦʨʳʥʜʘʡʪʳʥ ʤʽʥʜʝʪʪʝʨʽʥʝ 

ʙʘʡʣʘʥʳʩʪʳ ʙᴇʣʫ hװ ʽʥ ʦʡʣʘʩʪʳʨʳʣסʘʥ, ʩʝʙʝʙʽ ʜʝשʛʝʡʽ ץʘʥʰʘʣʳץʪʳ ʞʦסʘʨʳ 

ʙʦʣʩʘ, ʞʘʜʪʳש ʢᴇʣʝʤʽ ʩʦʥʰʘʣʳץʪʳ ʘʟ ʞᴅʥʝ ʪʝʟ ᴅʨʝʢʝʪ ʝʪʫ ʜʝשʛʝʡʽ ʞʦסʘʨʳ 

ʙʦʣʘʜʳ (ʧʨʦʮʝʩʩʦʨ ʨʝʛʠʩʪʨʽ, ʢʵʰ, ʆɽפ, ʤʘʛʥʠʪʪʽ ʪʦʣʳץʪʳʨrס ʰʪʘʨ). 
ɽʨʝʞʝ ʙʦʡʳʥʰʘ, ɼʕɽʄ-ʥrש ʝʩʪʝ ʩʘץʪʘʫ ײץʨʳʣrס ʣʘʨʳ ʧʨʦʮʝʩʩʦʨʜʳש 

ʞʘʣʧʳ ʘʜʨʝʩʪʽʢ ʢʝ̔ש ʩʪʽʛʽʥʜʝ ʙʦʣʘʜʳ, ʦʣʘʨ ʪװʨʣʽ ʠʝʨʘʨʭʠʷ  ʜʝשʛʝʡʽʥʝ 

סʨʳʣrײץ ʪʘʫץʘʪʳʩʪʳ ʙʦʣʳʧ ʢʝʣʝʪʽʥ ʝʩʪʝ ʩʘץ ʣʘʨʳ ʘʨʘʩʳʥʜʘ ʘץʧʘʨʘʪʪʳש 

ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʘʫʳʩʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʙʽʨʳסשʘʡ ʞʘʜʳʥʳ 

 .ʨʘʩʪʳʨʘʜʳ, ʦʣ ʚʠʨʪʫʘʣʜʳ ʞʘʜ ʜʝʧ ʘʪʘʣʘʜʳײץ

ɺʠʨʪʫʘʣʜʳ ʞʘʜʪʳ ʧʘʡʜʘʣʘʥʫ ʙʘסʜʘʨʣʘʤʘʣʘʨ ײץʨʫ ʧʨʦʮʝʩʽʥ, ʝʩʪʝ ʩʘץʪʘʫ 

סʨʳʣrײץ ʣʘʨʳʥʳש ʙʽʨ-ʙʽʨʽʤʝʥ ʞᴅʥʝ ʪװʨʣʽ ʞʠʥʘץʪʘrס ʰʪʘʨʜʘ (ʥʘʢʦʧʠʪʝʣʴ) 

ʦʨʥʘʣʘʩʪʳʨʳʣסʘʥ ʤᴅʣʽʤʝʪʪʝʨʤʝʥ ᴇʟʘʨʘ ᴅʨʝʢʝʪʽʥ ʘʡʪʘʨʣʳץʪʘʡ ʞʝ̔ש ʣʜʝʪʝʜʽ. 

ɼʕɽʄ-ʜʘ ʝʩʪʝ ʩʘץʪʘʫ ײץʨʳʣrס ʣʘʨʳʥʳש ʪװʨʣʽ ʬʫʥʢʮʠʷʣʘʨʳʥ ʘʪץʘʨʘʪʳʥ 
ʙʽʨ-ʙʽʨʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʪʝʭʥʠʢʘʣʳײץ ץʨʘʣʜʘʨʜʳש ʪʦʣʳץ ʞʠʳʥʳ 

ʧʘʡʜʘʣʘʥʳʣʘʜʳ. ʆʣʘʨʜʳש ʞʘʜʪʘʨʳ ɼʕɽʄ-ʜʘ ʦʨʥʘʪʫ ʞᴅʥʝ ץʦʩʫ ʦʨʥʳ 

ʙʦʡʳʥʰʘ ʞʘʡסʘʩʪʳʨʳʣʘʪʳʥ ʽʰʢʽ, ʩʳʨʪrץ  ʞᴅʥʝ ʧʝʨʠʬʝʨʠʷʣʳץ ʙʦʣʳʧ 

ʙᴇʣʽʥʝʜʽ (3.10 ʩʫʨʝʪ). 

ɯʰʢʽ ʞʘʜ. ɯʰʢʽ ʞʘʜץʘ ʆɽפ, ʢʵʰ, CMOS, ʈʊɽפ, ʊɽפ ʞʘʪʘʜʳ. ɯʰʢʽ ʞʘʜ 
ʙʽʨʳסשʘʡ ץʘסʠʜʘ ʙʦʡʳʥʰʘ ײץʨʳʣʘʜʳ. 

 

 

3.10 ̒ ̔̑̆̓Ȣ ˑ˪˒˙-̎  ̜̆ ̒̓̆ ̒́̓́̔ ̜̑ ̜̌ ̜̜̌́̑̎ ̓ ̨̑̌̆̑ȡ 
SSD (solid-statedrive) ɂ̜̇́̑̓̌́̊ ̨̨̨̙̓̋̈̄̓ ɍ̜́̓̓ ̨̅̆̎̆̌Ɏ ̞̠̎̆̑̄̉ ́̇̆̓ 
̨̆̓̐̆̊̓̎ ́̊̓́ ̜̜̇́̈̌́̓̎ ̜̇̉̎́̓́  ̙
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3.11 ̒̔̑̆̓Ȣ ˙̗̜́̓̑̉́̌ ̆ ̒̓̆ ̒ ́̓ ́̔ ̜̑ ̜̌ ̜̒̎ ̜ ̜̜̑̌̍- 
̅  ̜̒ ̜̜̈̂́̒ 

 

 

ɽʩʪʝ ʩʘץʪʘʫ ײץʨʳʣrס ʩʳʥʳש (ɽפ) ʙʘʟʘʣʳץ ʙᴇʣʽʛʽ (ʨʝʛʠʩʪʨʣʽʢ ײץʨʳʣʳʤʳ 

ʙʘʨ ʢʵʰ-ʞʘʜʳʥʳ ץʦʩʧʘסʘʥʜʘ) ʞʘʜʪʳש ʙʘʨʣʳײ̫ ץ ʰrץʪʘʨʳ ʝʢʽ ᴇʣʰʝʤʜʽ 

ʤʘʩʩʠʚʢʝ ʙʽʨʽʢʪʽʨʽʣʛʝʥ ʤʘʪʨʠʮʘ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ (3.11 ʩʫʨʝʪ). 

ɾʘʜʪʳש ʤʘʪʨʠʮʘʣʳײץ ץʨʣrʳʤʳ ʘʜʨʝʩ ʜʝʰʠʬʨʘʪʦʨʳʤʝʥ ʝʢʽ ʙᴇʣʽʢʢʝ 
(ʢʦʦʨʜʠʥʘʪץʘ): ץʘʪʘʨ ʞᴅʥʝ ʙʘסʘʥסʘ ʙᴇʣʽʥʛʝʥ ʢʝʟʜʝ, ɽפ-ʥʘʥ ץʘʞʝʪʪʽ ̫ײ ʰrץʪʳ 

ʪʘשʜʘʫʜʳש ʢʦʦʨʜʠʥʘʪʪʳ ץʘסʠʜʘʩʳʤʝʥ ʞʦʩʧʘʨʣʘʥʘʜʳ. ʂʦʦʨʜʠʥʘʪ 

 ʧʘʨʘʪʳ ʙʘʨ (ʤʳʩʘʣʳ, ʙʘʡʪ ʥʝʤʝʩʝ ʤʘʰʠʥʘץʠʳʣʳʩʳʥʜʘ, ʪʘʣʘʧ ʝʪʽʣʛʝʥ ʘץ

ʩᴇʟʽ) ʞʘʜ ʵʣʝʤʝʥʪʽ ʙʦʣʘʜʳ. ɸʜʨʝʩʪʽʢ ʰʠʥʘʜʘrס  ʣʠʥʠʷʣʘʨʜʳש ʩʘʥʳ 

סʤʘʢʩʠʤʘʣʜʳ ʩʳʡʳʤʜʳʣʳr שʪʘʡʜʳ. ɾʘʜʪʳץʦʣʞʝʪʽʤʜʽ ʞʘʜ ʢᴇʣʝʤʽʥ ʘʥʳץ  2
n
 

ʪʝש ʙʦʣʘʜʳ, n ï ʘʜʨʝʩ ʰʠʥʘʩʳʥʜʘrס  ʣʠʥʠʷʣʘʨ ʩʘʥʳ. 

ᴄʨʙʽʨ ʘʜʨʝʩʢʝ ʘץʧʘʨʘʪ ʙʠʪʽʥʽש ʩʘʥʳ ɽפ-ʜʘ ʧʘʡʜʘʣʘʥʳʣʘʪʳʥ ʝʥʛʽʟʫ- 

ʰ rסʘʨʫ ʣʠʥʠʷʩʳʥʳש ʙʽʨʜʝʡ ʩʘʥʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. ɾʘʣʧʳ ʞʘסʜʘʡʜʘ, 

ʞʘʜʪʳש ʤʠʢʨʦʩʳʟʙʘʩʳʥʜʘrס  ʤᴅʣʽʤʝʪʪʝʨ ʰʠʥʘʩʳʥʳש ʝʥʽ ᴅʨ ʪװʨʣʽ ʙʦʣʳʧ 
ʢʝʣʫʽ ʤװʤʢʽʥ, ᴅʜʝʪʪʝ ʭ8/ʭ16/ʭ32. 

ɹʘʩץʘʨʫ ʰʠʥʘʩʳʤʝʥ ʘץʧʘʨʘʪʪʳ ʦץʫ/ʞʘʟʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʩʠʛʥʘʣ 

ʞᴅʥʝ ʪʘʢʪʽʣʽʢ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʩʠʛʥʘʣʜʘʨʳ ʙʝʨʽʣʝʜʽ. 

ʆʧʝʨʘʪʠʚʪʽ ʝʩʪʝ ʩʘϨʪʘʫ ϨϰʨʳʣϤr ʩʳ (ʆɽϧ), ʥʝʤʝʩʝ RAM (Random 

Access Memory ð ʝʨʢʽʥ ץʦʣ ʞʝʪʽʤʜʽ ʞʘʜ) ɼʕɽʄ-ʥrש ʞװʡʝʣʽʢ ʞʘʜʳ (ʥʝʛʽʟʛʽ 

ʥʝʤʝʩʝ ʙʘʩʪʳ) ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆɽפ ʧʨʦʮʝʩʩʦʨʜʳש ʘrס ʤʜʘrס  

ʙʘסʜʘʨʣʘʤʘʣʘʨʜʳ ʦʨʳʥʜʘʫʳʥʘ ץʘʞʝʪʪʽ ʢʦʤʘʥʜʘʣʘʨ ʤʝʥ ʤᴅʣʽʤʝʪʪʝʨʜʽ 

ʫʘrץ ʪʰʘ ʩʘץʪʘʫ hװ ʽʥ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. 


