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ʆץʫʣrץ 

 
çɾʝʣʽʣʽʢ ʞϸʥʝ ʞϮʡʝʣʽʢ ϸʢʽʤʰʽʣʝʥʜʽʨʫè, 

çɹʘϤʜʘʨʣʘʤʘʣʘʫʜʘϤr  ʘϨʧʘʨʘʪʪʳϨ ʞϮʡʝʣʝʨè, 

çɸʚʪʦʤʘʪʪʘʥʜʳʨʳʣϤʘʥ ʞϮʡʝʣʝʨʜʽϬ ʘϨʧʘʨʘʪʪʳϨ Ϩʘʫʽʧʩʽʟʜʽʛʽʥ Ϩʘʤʪʘʤʘʩʳʟ 

ʝʪʫè, çʂʦʤʧʴʶʪʝʨʣʽʢ ʞʝʣʽʣʝʨè, 

çʂʦʤʧʴʶʪʝʨʣʽʢ ʞʝʣʽʣʝʨʜʝʛʽ ʙʘϤʜʘʨʣʘʤʘʣʘʫè, 

çɸϨʧʘʨʘʪʪʳϨ ʞϮʡʝʣʝʨè ʤʘʤʘʥʜʳϨʪʘʨʳ ʙʦʡʳʥʰʘ ʦʨʪʘ ʢϸʩʽʧʪʽʢ ʙʽʣʽʤ ʙʝʨʫ 

ʙʘϤʜʘʨʣʘʤʘʣʘʨʳʥ ʞϮʟʝʛʝ ʘʩʳʨʘʪʳʥ 

çɹʽʣʽʤ ʙʝʨʫʜʽ ʜʘʤʳʪʫʜʳϬ ʌʝʜʝʨʘʣʜʳ ʠʥʩʪʠʪʫʪʳè 
ʌʝʜʝʨʘʣʜʳ ʤʝʤʣʝʢʝʪʪʽʢ ʘʚʪʦʥʦʤʜʳϨ ʤʝʢʝʤʝʩʽʤʝʥ ʦϨʫʣϨr ʨʝʪʽʥʜʝ ʦϨr ʪʫ 

ʧʨʦʮʝʩʽʥʜʝ ʧʘʡʜʘʣʘʥʫ Ϯh ʽʥ ϰʩʳʥʳʣϤʘʥ 
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ɻ79 

 
ɹײʣ ʢʽʪʘʧ פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳש ɹʽʣʽʤ ʞᴅʥʝ rס ʣʳʤ ʤʠʥʠʩʪʨʣʽʛʽ ʞᴅʥʝ çʂᴅʩʽʧץʦʨè 
ʭʦʣʜʠʥʛʽè ʂɽɸפ ʘʨʘʩʳʥʜʘ ʞʘʩʘʣסʘʥ ʰʘʨʪץʘ ʩᴅʡʢʝʩ ççʊʞʂɹ ʞװʡʝʩʽ hװ ʽʥ ʰʝʪʝʣ ᴅʜʝʙʠʝʪʽʥ 
ʩʘʪʳʧ ʘʣʫʜʳ ʞᴅʥʝ ʘʫʜʘʨʫʜʳ ײʡʳʤʜʘʩʪʳʨʫ ʞᴇʥʽʥʜʝʛʽ rץ ʟʤʝʪʪʝʨè ʤʝʤʣʝʢʝʪʪʽʢ ʪʘʧʩʳʨʤʘʩʳʥ 

ʦʨʳʥʜʘʫ ʘʷʩʳʥʜʘ ץʘʟʘץ ʪʽʣʽʥʝ ʘʫʜʘʨʳʣʜʳ. 
ɸʪʘʣסʘʥ ʢʽʪʘʧʪʳש ʦʨʳʩ ʪʽʣʽʥʜʝʛʽ ʥײʩץʘʩʳ ʈʝʩʝʡ ʌʝʜʝʨʘʮʠʷʩʳʥʳש ʙʽʣʽʤ ʙʝʨʫ װʜʝʨʽʩʽʥʝ ץʦʡʳʣʘʪʳʥ 

ʪʘʣʘʧʪʘʨʜʳש ʝʩʢʝʨʽʣʫʽʤʝʥ ʞʘʩʘʣʜʳ. 
 ʡʝʩʽʥʜʝʛʽ ʙʽʣʽʤ ʙʝʨʫװʞᴅʥʝ ʢᴅʩʽʧʪʽʢ ʙʽʣʽʤ ʙʝʨʫ ʞ ץʪʝʭʥʠʢʘʣʳ שʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳץʘʟʘפ
 ,ʥʜʳ ʙᴇʣʽʤʜʽ (ʪʝʭʥʦʣʦʛʠʷײʜʝʨʽʩʽʥʜʝ ʤʘʟʤװ ʫץʜʘʡʜʳ ʝʩʢʝʨʫʽ ʞᴅʥʝ ʦסʦʩʳ ʞʘ שʡʳʤʜʘʨʳʥʳײ

ʤʘʪʝʨʠʘʣʜʘʨ ʞᴅʥʝ ץʘʞʝʪʪʽ ʘץʧʘʨʘʪ) ץʦʣʜʘʥʫʳ ץʘʞʝʪ. 
ɸʫʜʘʨʤʘʥʳ çDelta Consulting Groupè ɾʐʉ ʞװʟʝʛʝ ʘʩʳʨʜʳ, ʟʘשʜʳ ʤʝʢʝʥʞʘʡʳ: ɸʩʪʘʥʘ ץ., ʀʤʘʥʦʚ 

ʢᴇh ., 19, 

çɸʣʤʘ-ɸʪʘè ɹʆ, 809ʉ , ʪʝʣʝʬʦʥʳ: 8 (7172) 78 79 29, ʵʣ. ʧʦʰʪʘʩʳ: info@dcg.kz 

ʇʽʢ ʽ ʨ  ʙ ʝ ʨʫ ʰʽ : 

ʈʌ ʭʘʣʳץʘʨʘʣʳץ ʰʘʨʫʘʰʳʣʳץ ɸʢʘʜʝʤʠʷʩʳ ʞʘʥʳʥʜʘrס  ʄᴅʩʢʝʫ ʘʚʪʦʤʦʙʠʣʴ 

ʞʘʩʘʫ ʢʦʣʣʝʜʞʽʥʽש ʢʦʤʧʴʶʪʝʨʣʽʢ ʦrץ ʪʫ ʆʨʪʘʣʳrס  ʟʝʨʪʭʘʥʘʩʳʥʳש ʤʝשʛʝʨʫʰʽʩʽ 

ɸ. ɸ. ʉʦʣʦʤʘʰʢʠʥ; 

ɹʽʣʽʤ ʙʝʨʫ ɼʝʧʘʨʪʘʤʝʥʪʽ ʢᴅʩʽʧʪʽʢ ʙʽʣʽʤ ʙʝʨʫ ʙʦʡʳʥʰʘ ʦץʫ-ᴅʜʽʩʪʝʤʝʣʽʢ ʦʨʪʘʣʳץʪrש 

ʢʽʪʘʧʭʘʥʘʣʳץ ʞᴅʥʝ ʵʣʝʢʪʨʦʥʜʳץ ʙʽʣʽʤ ʙʝʨʫ ʨʝʩʫʨʩʪʘʨʳ ʙᴇʣʽʤʽʥʽש ʞʝʪʝʢʰʽʩʽ, ʄᴅʩʢʝʫ ץ. ʃ. ʅ. 

ʐʫʪʠʣʠʥʘ 

ɻʨʝʙʝʥʶʢ ɽ. ʀ. 

ɻ79  ɸץʧʘʨʘʪʪʘʥʜʳʨʫʜʳש ʪʝʭʥʠʢʘʣʳײץ ץʨʘʣʜʘʨʳ: ʦʨʪʘ ʢᴅʩʽʧʪʽʢ ʙʽʣʽʤ 
ʙʝʨʫ ʤʝʢʝʤʝʣʝʨʽʥʽש ʩʪʫʜʝʥʪʪʝʨʽʥʝ ʘʨʥʘʣסʘʥ ʦץʫʣrץ / ɽ. ʀ. 

ɻʨʝʙʝʥʶʢ, ʅ. ɸ. ɻʨʝʙʝʥʶʢ. ð ʄ.: çɸʢʘʜʝʤʠʷè ɹʘʩʧʘ ʦʨʪʘʣʳrס , 

2017. ð 352 ʙ. 

   ISBN 978-601-333-194-2 (ʢʘʟ) 
                     ISBN 978-5-4468-5755-5 (ʨʫʩ) 

ʆץʫʣrץ ʌʝʜʝʨʘʣʜʳ ʤʝʤʣʝʢʝʪʪʽʢ ʙʽʣʽʤ ʙʝʨʫ ʩʪʘʥʜʘʨʪʳʥʳש çʀʥʬʦʨʤʘʪʠʢʘ ʞᴅʥʝ 

ʝʩʝʧʪʝʫʽʰ ʪʝʭʥʠʢʘè ʽʨʽʣʝʥʜʽʨʽʣʛʝʥ ʪʦʧʪʳש ʤʘʤʘʥʜʳץʪʘʨʳ ʙʦʡʳʥʰʘ, ʩʦʥʳʤʝʥ ץʘʪʘʨ 

ʊʆʇ-50 ʪʽʟʽʤʽʥʝʥ ʤʘʤʘʥʜʳץʪʘʨ ʙʦʡʳʥʰʘ ʦʨʪʘ ʢᴅʩʽʧʪʽʢ ʙʽʣʽʤ ʙʝʨʫ ʪʘʣʘʧʪʘʨʳʥʘ 

ʩᴅʡʢʝʩ ʞʘʩʘʣסʘʥ. ʆץʫ ʙʘʩʳʣʳʤʳ çɸץʧʘʨʘʪʪʘʥʜʳʨʫʜʳש ʪʝʭʥʠʢʘʣʳײץ ץʨʘʣʜʘʨʳè 

ʞʘʣʧʳ ʢᴅʩʽʧʪʽʢ ʧᴅʥʽʥ ʤʝשʛʝʨʫʛʝ ʙʘrס ʪʪʘʣסʘʥ. 

ɸץʧʘʨʘʪʪʘʥʜʳʨʫʜʳש ʟʘʤʘʥʘʫʠ ײץʨʘʣʜʘʨʜʳש ʬʠʟʠʢʘʣʳץ ʥʝʛʽʟʜʝʨʽ, ʘʧʧʘʨʘʪʪʳץ 

 ʦʣʜʘʥʫץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʞᴅʥʝ ץʨʘʣʜʘʨʳ, ʢʦʥʩʪʨʫʢʪʠʚʪʽʢ ʝʨʝʢʰʝʣʽʢʪʝʨʽ, ʪʝʭʥʠʢʘʣʳײץ

ʝʨʝʢʰʝʣʽʢʪʝʨʽ ץʘʨʘʩʪʳʨʳʣסʘʥ: ʢʦʤʧʴʶʪʝʨʣʝʨ, ʘץʧʘʨʘʪʪʳ ʜʘʡʳʥʜʘʫ, ʝʥʛʽʟʫ ʤʝʥ 

ʙʝʡʥʝʣʝʫ ײץʨʳʣrס ʣʘʨʳ, ʘʫʜʠʦ- ʞᴅʥʝ ʚʠʜʝʦ ʘץʧʘʨʘʪʪʘʨʜʳ ᴇʥʜʝʫ ʤʝʥ ʞʘʥʜʘʥʜʳʨʫ 

ʞװʡʝʣʝʨʽ, ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʷʣʳײץ ץʨʘʣʜʘʨ, ץʘʪʪʳ ʪʘʩʳʤʘʣʜʘrס ʰʪʘʨʜʘrס  ʘץʧʘʨʘʪʧʝʥ 

ʞײʤʳʩ ʞʘʩʘʫסʘ ʘʨʥʘʣסʘʥ ײץʨʳʣrס ʣʘʨ. ɸץʧʘʨʘʪʪʘʥʜʳʨʫʜʳש ʪʝʭʥʠʢʘʣʳײץ ץʨʘʣʜʘʨʳʥ 

 .ʘʥסʘ ʥʘʟʘʨ ʘʫʜʘʨʳʣסʡʳʤʜʘʩʪʳʨʫײ ʤʳʩ ʦʨʳʥʜʘʨʳʥײʘ ʝʥʛʽʟʫ ʢʝʟʽʥʜʝʛʽ ʞץʦʣʜʘʥʳʩץ

ʇʨʦʮʝʩʩʦʨʣʘʨʜʳ ᴇʥʜʽʨʫ ʪʝʭʥʦʣʦʛʠʷʩʳ, ʢᴇʧʷʜʨʦʣʳ ʧʨʦʮʝʩʩʦʨʣʘʨʜʳש ʥʝʛʽʟʛʽ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳ, ʟʘʤʘʥʘʫʠ ʞᴅʥʝ ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʘץʧʘʨʘʪ ʪʘʩʳʤʘʣʜʘʫʳʰʪʘʨ, ʩʘʥʜʳץ 

ʜʳʙʳʩʪʳץ ʞװʡʝʣʝʨ, 3ɹ-ʜʳʙʳʩ ʪʝʭʥʦʣʦʛʠʷʩʳ, ʚʝʙ-ʢʘʤʝʨʘʣʘʨ, hװ ᴇʣʰʝʤʜʽ ʧʨʠʥʪʝʨʣʝʨ 

ʤʝʥ ʩʢʘʥʝʨʣʝʨ, ʵʣʝʢʪʨʦʥʜʳץ ʧʣʘʥʰʝʪʪʝʨ, ʘץʧʘʨʘʪʪʳ ʝʥʛʽʟʫʜʽש ʩʝʥʩʦʨʣʳץ 

סʨʳʣrײץ ʣʘʨʳ, Bluetooth ʞᴅʥʝ Wi-Fi ʩʳʤʩʳʟ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ, ʩʤʘʨʪʬʦʥʜʘʨ ʤʝʥ 

ʢʦʤʤʫʥʠʢʘʪʦʨʣʘʨ ʪʫʨʘʣʳ ʘץʧʘʨʘʪ ʢʝʣʪʽʨʽʣʛʝʥ. 

ʆʨʪʘ ʢᴅʩʽʧʪʽʢ ʙʽʣʽʤ ʙʝʨʫ ʤʝʢʝʤʝʣʝʨʽʥʽש ʩʪʫʜʝʥʪʪʝʨʽʥʝ ʘʨʥʘʣסʘʥ. 
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ץʨʤʝʪʪʽ ʦrײפ   ʨʤʘʥ!  

 
 
 
 

ʉʽʟ ץʦʣrrש ʟʜʘ çɸʢʘʜʝʤʠʷè ʙʘʩʧʘ ʦʨʪʘʣʳrס ʤʝʥ ʌʝʜʝʨʘʣʜʳ 
ʤʝʤʣʝʢʝʪʪʽʢ ʙʽʣʽʤ ʙʝʨʫ ʩʪʘʥʜʘʨʪʳʥʘ (ʌʄɹʉ) ʩᴅʡʢʝʩ ʦʨʪʘ ʢᴅʩʽʧʪʽʢ 

ʙʽʣʽʤ ʙʝʨʫʜʽש ʝשʙʝʢ ʥʘʨʳrס ʥʜʘ ʞʦסʘʨʳ ʩײʨʘʥʳʩץʘ ʠʝ 50-ʜʝʥ ʞʦסʘʨʳ 

ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʞᴅʥʝ ʞʘשʘ ʤʘʤʘʥʜrץʪʘʨ ʤʝʥ ʢᴅʩʽʧʪʝʨ ʙʦʡʳʥʰʘ 
ʤʘʤʘʥʜʘʨʜʳ ʜʘʷʨʣʘʫʜʳש ʢʝʰʝʥʜʽ ʞʦʙʘʩʳʥ ʞװʟʝʛʝ ʘʩʳʨʫ ʘʷʩʳʥʜʘ 

ʜʘʡʳʥʜʘʣסʘʥ ʦץʫʣrץʪʳ ײʩʪʘʧ ʦʪʳʨʩʳʟ. 

ɾʦʙʘ ʪʘʧʩʳʨʤʘʩʳʥʳש ʙʽʨʽ ʢᴅʩʽʧʪʽʢ ʩʪʘʥʜʘʨʪʪʘʨʜʳ, ʟʘʤʘʥʘʫʠ 
ᴅʜʽʩʪʝʤʝʣʝʨ ʤʝʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʢᴅʩʽʧʪʽʢ ʙʽʣʽʤ 

ʙʝʨʫ ʤʘʟʤײʥʥr ʞʘשʘʨʪʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʌʄɹʉ ʜʘʡʳʥʜʘʫ 

ʙʘʨʳʩʳʥʜʘ çɾʘʩ ʤʘʤʘʥʜʘʨè (WorldSkills ʞᴅʥʝ WorldSkills Russia) 

ʯʝʤʧʠʦʥʘʪʳʥ ץʦʩʘ ʘʣסʘʥʜʘrס  ʢᴅʩʽʙʠ ʰʝʙʝʨʣʽʢʪʽש ʭʘʣʳץʘʨʘʣʳץ 
ʙʘʡץʘʫʣʘʨʳʥʳש ʪʘʣʘʧʪʘʨʳ ʝʩʢʝʨʽʣʜʽ. 

çɸʢʘʜʝʤʠʷè ʙʘʩʧʘ ʦʨʪʘʣʳrס  ʈʝʩʝʡ ʌʝʜʝʨʘʮʠʷʩʳʥʜʘ ʂɹʉ hװ ʽʥ 

ʦץʫ ʤʘʪʝʨʠʘʣʜʘʨʳʥ ʰʳסʘʨʫ ʙʦʡʳʥʰʘ ʢᴇh ʙʘʩʰʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɾʠʳʨʤʘ ʞʳʣʜʘʥ ʘʩʘ ʙʽʟʜʽש ʙʘʩʳʣʳʤʜʘʨ ʩʪʫʜʝʥʪʪʝʨʛʝ ʞײʤʳʩ 
ʤʘʤʘʥʜʳץʪʘʨʳ ʤʝʥ ʢᴅʩʽʧʪʝʨ ʙʦʡʳʥʰʘ ʙʽʣʽʤʜʝʨʜʽ, ʜʘסʜʳʣʘʨʜʳ ʞᴅʥʝ 

ʰʝʙʝʨʣʽʢʪʽ ʠʛʝʨʫʛʝ ʢᴇʤʝʢʪʝʩʝʜʽ. ɿʘʤʘʥʤʝʥ ץʘʪʘʨ ʞװʨʫʛʝ ʪʳʨʳʩʘ 

ʦʪʳʨʳʧ, ʙʘʩʧʘ ʪʝʢ ʙʘʩʧʘʩᴇʟ ʙʘʩʳʣʳʤʳʥ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ 
ʵʣʝʢʪʨʦʥʜʳץ ʦץʫʣrץʪʘʨʜʳ, ʵʣʝʢʪʨʦʥʜʳץ ʦץʫ-ᴅʜʽʩʪʝʤʝʣʽʢ 

ʢʝʰʝʥʜʝʨʜʽ ʞᴅʥʝ ʚʠʨʪʫʘʣʜʳ ʧʨʘʢʪʠʢʫʤʜʘʨʜʳ ʜʘ ײʩʳʥʘʜʳ. 

ʆrץ ʪʫʜʘrס  ʩʦשrס ᴅʜʽʩʪʝʤʝʣʝʨ ʤʝʥ װʨʜʽʩʪʝʨʜʽ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, 

ʘץʧʘʨʘʪʪʳ ʠʥʪʝʨʘʢʪʠʚʪʽ ʪװʨʜʝ ײʩʳʥʫ ð ʨʝʩʝʡ ʥʘʨʳrס ʥʜʘrס 
çɸʢʘʜʝʤʠʷè ʙʘʩʧʘ ʦʨʪʘʣʳrס ʥʘ ʙʘʩʳʤʜʳץ ʙʝʨʝʪʽʥ ʚʠʟʠʪʪʽʢ 

ʢʘʨʪʦʯʢʘʩʳ. 

ɹʝʨʽʣʛʝʥ ʦץʫʣrץ ʩʪʫʜʝʥʪʪʝʨʛʝ ʧʘʡʜʘʣʳ ʙʦʣʘʪʳʥʳʥʘ, 
ʦrץ ʪʫʰʳʣʘʨʜʳש ʪʘʧʩʳʨʤʘʩʳʥ ʞʝ̔ש ʣʜʝʪʝʪʽʥʽʥʝ, ʩʦʥʜʘʡ-ʘץ ʪʘשʜʘʧ 

ʘʣסʘʥ ʩʘʣʘʜʘ ᴇʩʫ ʤʝʥ ʜʘʤʫʜʳ ץʘʣʘʡʪʳʥ ʤʘʤʘʥʜʘʨסʘ ʢᴅʩʽʙʠ 

ʰ rשʜʘʨסʘ ʞʝʪʫʣʝʨʽʥʝ ʢᴇʤʝʢʪʝʩʝʪʽʥʽʥʝ װʤʽʪʪʝʥʝʤʽʟ. 



  ɸʣrס  ʩᴇʟ  

 
 
 
 

ɸʜʘʤʟʘʪ ʘץʧʘʨʘʪʪʘʥʜʳʨʫ ʜʝʧ ʘʪʘʣʘʪʳʥ ʞʘʣʧʳ ʪʘʨʠʭʠ ʧʨʦʮʝʩʢʝ 
 ʨʳʥײʜʘʥ ʙײʨʜʝʣʝʥʫʽ, ʙװʢ שʘʪʳʥʘʩʪʘʨʜʳץ ʦʩʳʣʜʳ. ᴆʥʜʽʨʽʩʪʽʢץ

ʙʝʣʛʽʣʽ ʪᴅʩʽʣʜʝʨʤʝʥ ʰʝʰʫ ʤװʤʢʽʥ ʙʦʣʤʘʡʪʳʥ ʞʘᴃʘʥʜrץ 

ʤᴅʩʝʣʝʣʝʨʜʽש ʪʫʳʥʜʘʫʳ ʘʜʘʤʟʘʪʪʳ ᴇʟʽʥʽש ʪʽʨʰʽʣʽʢ ʝʪʫ ʦʨʪʘʩʳʥʜʘrס  
ʪʘʙʠסʠ ʨʝʩʫʨʩʪʘʨʜʳש ʰʝʢʪʝʣʫʽʥ ʝשʩʝʨʫ ʪᴅʩʽʣʽʥ ʪʘʙʫ ץʘʞʝʪʪʽʣʽʛʽʥ 

ʪʫʳʥʜʘʪʪʳ. 

ʇʘʡʜʘ ʙʦʣסʘʥ ʞʘסʜʘʡʣʘʨʜʘ ʘץʧʘʨʘʪ ᴅʣʝʤʜʽʢ ץʦסʘʤʜʘʩʪʳץʪrש 
rס ʣʳʤʠ-ʪʝʭʥʠʢʘʣʳץ ʞᴅʥʝ ᴅʣʝʫʤʝʪʪʽʢ-ʵʢʦʥʦʤʠʢʘʣʳץ ʜʘʤʫʳʥʳש 

ʙʘʩʪʳ ʨʝʩʫʨʩʳ ʙʦʣʳʧ ץʘʣʳʧʪʘʩʫʜʘ ʞᴅʥʝ rס ʣʳʤʥʳש, ʪʝʭʥʠʢʘʥrש 

ʞᴅʥʝ ʰʘʨʫʘʰʳʣʳץʪrש ᴅʨ ʪװʨʣʽ ʩʘʣʘʣʘʨʳʥʳש ʞʝʜʝʣ ʜʘʤʫʳʥʘ 

ʤʘrש ʟʜʳ ʪװʨʜʝ ᴅʩʝʨ ʝʪʝʜʽ, ʙʽʣʽʤ ʙʝʨʫ, ʘʜʘʤʜʘʨʜʳש ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʳ 
ʧʨʦʮʝʩʪʝʨʽʥʜʝ, ᴇʟʛʝ ʜʝ ᴅʣʝʫʤʝʪʪʽʢ ʩʘʣʘʣʘʨʜʘ ʤʘrש ʟʜʳ ʨʦʣʴ 

ʦʡʥʘʡʜʳ. 

ɸϨʧʘʨʘʪʪʘʥʜʳʨʫ ð ʙʽʨ-ʙʽʨʽʤʝʥ ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʪʳ ʧʨʦʮʝʩʪʝʨ 

ʞװʡʝʩʽ: 
ƴ ʘϨʧʘʨʘʪʪʳϨ, ʩʘץʪʘʫסʘ, ᴇשʜʝʫʛʝ ʞᴅʥʝ ʵʣʝʢʪʨʦʥʜʳײץ ץʨʘʣʜʘʨʤʝʥ 
ʪʘʩʳʤʘʣʜʘʫסʘ ץʦʣ ʞʝʪʽʤʜʽ ʬʦʨʤʘʜʘ ᴅʣʝʫʤʝʪʪʽʢ ʤʘrש ʟʜʳ 
ʘץʧʘʨʘʪʪʳ ײʩʳʥʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ; 

ƴ ʪʘʥʳʤʜʳϨ, ץʦסʘʤסʘ ᴇʟʽʥ ʜʘʤʳʪʫʳʥ ʙʘʨʣʳץ ʜʝשʛʝʡʣʝʨʜʝ ï ʞʝʢʝ 
ʽʩʢʝʨʣʽʢʪʝʥ ʙʘʩʪʘʧ ʞʘʣʧʳ ʘʜʘʤʟʘʪʪʳץ ʠʥʩʪʠʪʫʪʪʘʨʜʳש rץ ʟʤʝʪ 
ʝʪʽʧ ʪײʨʫʳʥʘ ʜʝʡʽʥʛʽ ʨʝʪʪʝʫʜʽ ʤװʤʢʽʥ ʝʪʝʪʽʥ ᴅʣʝʤʥʽש ʪײʪʘʩ 
ʘץʧʘʨʘʪʪʳץ ʤʦʜʝʣʽʥ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ʞᴅʥʝ ʩʘץʪʘʫסʘ ʙʘrס ʪʪʘʣסʘʥ; 

ƴ ʤʘʪʝʨʠʘʣʜʳϨ, ʵʣʝʢʪʨʦʥʜʳץ ʘץʧʘʨʘʪʪʳ ʩʘץʪʘʫ, ᴇשʜʝʫ ʤʝʥ 
ʪʘʩʳʤʘʣʜʘʫ ʞʘᴃʘʥʜrץ ʠʥʬʨʘײץʨʳʣʳʤʳʥ ץʘʣʳʧʪʘʩʪʳʨʫʰʳ. 
ɿʘʤʘʥʘʫʠ ץʦסʘʤʥrש ʘץʧʘʨʘʪʪʘʥʜʳʨʳʣʫʳ ᴇʟʽʥʝ ʙʝʡʽʤʜʝʡʜʽ: 

ƴ ʘץʧʘʨʘʪʪʳץ ʩʘʣʘʜʘ ʞײʤʳʩʙʘʩʪʳ rץ ʟʤʝʪʢʝʨʣʝʨ ʩʘʥʳʥʳש ʘʨʪʫʳ, 
ʩʦʥʳʤʝʥ ץʘʪʘʨ ʞʘשʘ ʘץʧʘʨʘʪʪʳ ץʘʡʪʘ ᴇשʜʝʫʤʝʥ ʙʘʡʣʘʥʳʩʪʳ 
ʢᴅʩʽʧʪʝʨʜʽש ʧʘʡʜʘ ʙʦʣʫʳ; 

ƴ ʢᴇʧʪʝʛʝʥ ʝשʙʝʢ ʪװʨʣʝʨʽʥʽש ʠʥʪʝʣʣʝʢʪʫʘʣʠʟʘʮʠʷʩʳ ʤʝʥ 
ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʥʝʛʽʟʽʥʜʝ ʞʘʣʧʳ ʙʽʣʽʤ ʙʝʨʫ ʞᴅʥʝ 
ʤʘʤʘʥʜʘʨʜʳ ʢᴅʩʽʧʪʽʢ ʜʘʷʨʣʘʫ ʪʘʣʘʧʪʘʨʳʥʳש ʘʨʪʫʳ; 
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ƴ ʘץʧʘʨʘʪʪʘʥʜʳʨʫʜʳש ʪʝʭʥʠʢʘʣʳײץ ץʨʘʣʜʘʨʳʥʳש ᴇʥʜʽʨʽʩʽ hװ ʽʥ ʞʘשʘ 

rס ʣʳʤʜʳ ץʘʞʝʪʩʽʥʝʪʽʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ײץʨʫ; 
ƴ ʙʘʩץʘ ʜʘ ᴅʣʝʫʤʝʪʪʽʢ ʩʘʣʜʘʨ. 
rנ ʣʳʤʜʘ, ʪʝʭʥʠʢʘʜʘ ʞᴅʥʝ ʟʘʤʘʥʘʫʠ ץʦסʘʤʥrש ᴇʤʽʨʽʥʜʝ 

ʘϨʧʘʨʘʪʪϨr ʧʨʦʮʝʩʪʝʨ (ʘץʧʘʨʘʪʪʳ ʞʠʥʘʫ, ʘʣʤʘʩʫ, ץʦʨʣʘʥʜʳʨʫ, 

ʩʘץʪʘʫ, ᴇשʜʝʫ ʤʝʥ ײʩʳʥʫ) ʤʘrש ʟʜʳ ʨʦʣʴ ʦʡʥʘʡʜʳ. ʆʣʘʨ 

ʘץʧʘʨʘʪʪʘʥʜʳʨʫʜʳש ʪʝʭʥʠʢʘʣʳײץ ץʨʘʣʜʘʨʳ ʥʝʛʽʟʽʥʜʝ ʞװʟʝʛʝ 

ʘʩʳʨʳʣʘʜʳ. 

ʇ.1 ʩʫʨʝʪʽʥʜʝ ᴅʣʝʤʜʝʛʽ ʘʣʜʘrס  ʝʢʽ ʞʳʣסʘ ʘץʧʘʨʘʪʪʳץ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨסʘ ʰrrס ʥʜʘʨ ʙʦʣʞʘʤʳ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ɸʜʘʤʟʘʪʪʳש ʘץʧʘʨʘʪʪʘʥʜʳʨʫ ײץʨʘʣʜʘʨʳ ʨʝʪʽʥʜʝ ʞʘʙʜʳץʪʳ ײץʨʫסʘ 

ʰ rrס ʥʜʘʨʳ ʙʘסʜʘʨʣʘʤʘʣʳץ ʞʘʙʜʳץץʘ ʞᴅʥʝ ɸפ-rץ ʟʤʝʪʪʝʨʽʥʝ 

ʞײʤʩʘʣʘʪʳʥ ʪʠʽʩʪʽ ʰʳrס ʥʜʘʨʜʘʥ ʤʘrש ʟʜʳ ʢᴇʣʝʤʜʝ ʙʘʩʳʤ ʢʝʣʝʜʽ ʞᴅʥʝ 

ʪײʨʘץʪʳ ᴇʩʫʜʝ
1
. 

ɸץʧʘʨʘʪʪʘʥʜʳʨʫʜʳש ʟʘʤʘʥʘʫʠ ʪʝʭʥʠʢʘʣʳײץ ץʨʘʣʜʘʨʜrש ʜʠʘʧʘʟʦʥʳ 

ᴇʪʝ ʢʝװ :שʥʝʤʽ ʜʘʤʫ װʩʪʽʥʜʝ ʙʦʣʘʪʳʥ ʧʝʨʠʬʝʨʠʷʣʳײץ ץʨʘʣʜʘʨʳ ʙʘʨ 

ʢʦʤʧʴʶʪʝʨʜʝʥ ʙʘʩʪʘʧ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʷʣʳײץ ץʨʘʣʜʘʨסʘ, ײץʞʘʪʪʘʨʜʳ 

ʢᴇh ʽʨʤʝʣʝʡʪʽʥ ʞᴅʥʝ ʞʦʷʪʳʥ ײץʨʳʣrס ʣʘʨסʘ ʜʝʡʽʥ. ʆʩʳ ײץʨʳʣrס ʣʘʨʜʳש 

rץ ʟʤʝʪ ʝʪʫʽ ʥʝʛʽʟʽʥʝ ʩʘʣʳʥסʘʥ ʬʠʟʠʢʘʣʳץ ʧʨʠʥʮʠʧʪʝʨʜʽש ʘʣʫʘʥ 

ʪװʨʣʽʣʽʛʽ ʢʝʤ ʝʤʝʩ. ɸץʧʘʨʘʪʪʳ ᴇשʜʝʫ ʤʝʥ ʙʘʩץʘʨʫʜʳש 

ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʞװʡʝʣʝʨʽ, ʝʩʝʧʪʝʫʽʰ ʪʝʭʥʠʢʘ ʤʝʥ 

ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʞװʡʝʣʝʨʜʽש ʙʘסʜʘʨʣʘʤʘʣʳץ ʞʘʙʜʳrס  

ʩʘʣʘʩʳʥʜʘrס  ʤʘʤʘʥʜʘʨʳ ץʘʡ ʩʘʣʘʜʘ ʞײʤʳʩ ʽʩʪʝʤʝʩʝ ʜʝ ʦʣʘʨ ʪʝʢ 

ʧʘʡʜʘʣʘʥʫʰʳʣʘʨ ʨʝʪʽʥʜʝ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ʙʽʨʛʝ ʘץʧʘʨʘʪʪʘʥʜʳʨʫʜʳש 

ʪʝʭʥʠʢʘʣʳײץ ץʨʘʣʜʘʨʳʥʳש ʞײʤʳʩ ʞʘʩʘʫ ʧʨʠʥʮʠʧʽʤʝʥ, 

ʢʦʥʩʪʨʫʢʮʠʷʩʳʤʝʥ, ᴇʥʜʽʨʽʩ ʪʝʭʥʦʣʦʛʠʷʩʳʤʝʥ, ץʦʣʜʘʥʫ ʝʨʝʞʝʣʝʨʽʤʝʥ 

ʞᴅʥʝ ʪʘשʜʘʫ ʥʝʛʽʟʜʝʨʽʤʝʥ ʪʘʥʳʩ ʙʦʣʫʳ ʪʠʽʩ. 

 

ʉʫʨ. ʇ.1. ɸץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨסʘ ʞײʤʩʘʣʘʪʳʥ ʰʳrס ʥʜʘʨʜʳש ʙʦʣʞʘʤʳ 
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ɸץʧʘʨʘʪʪʘʥʜʳʨʫʜʳש ʪʝʭʥʠʢʘʣʳײץ ץʨʘʣʜʘʨʳʥʳש ʩʠʧʘʪʪʳ 

ʘʨʪʳhץ ʳʣrrס  ʪײʨʘץʪʳ ʜʘʤʫ, ʞʝʪʽʣʜʽʨʽʣʫ, ʝʨʪʝʨʝʢʪʝ ʙʦʣʳʧ ʢᴇʨʤʝʛʝʥ 

ʤװʤʢʽʥʰʽʣʽʢʪʝʨʜʽ ʞװʟʝʛʝ ʘʩʳʨʫʰʳ ʞʘשʘ ײץʨʳʣrס ʣʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫʳ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʊʝʭʥʠʢʘʥʳש ʢʝʡʙʽʨ ʥײʩץʘʣʘʨʳ ʥʘʨʳץץʘ ʪװʩʽʧ 

סʞʘr ץʣʛʝʨʤʝʩʪʝʥ ʩʘʧʘʣʳװ ʥʘʥ ʝʩʢʽʨʝʜʽ. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʙʝʨʽʣʛʝʥ 

ʦץʫʣrץʪʳ ʞʘʟʫ ʙʘʨʳʩʳʥʜʘ ʘʚʪʦʨʣʘʨ ʞʝʢʝ ʤʦʜʝʣʴʜʝʨʜʽש ʪʝʭʥʠʢʘʣʳץ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʤʝʥ ʢʦʥʩʪʨʫʢʪʠʚʪʽ ʰʝʰʽʤʜʝʨʽʥ ʪʦʣʳץ ץʘʨʘʩʪʳʨʤʘʡ, ᴇʟ 

ʘʣʜʳʥʘ ᴅʨ ʪװʨʣʽ ʘץʧʘʨʘʪʪʘʥʜʳʨʫʜʳש ʪʝʭʥʠʢʘʣʳײץ ץʨʘʣʜʘʨʳʥʳש ʞײʤʳʩ 

ʽʩʪʝʫ ʧʨʠʥʮʠʧʽ ʤʝʥ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʪʫʨʘʣʳ ʞʘʣʧʳ ʪװʩʽʥʽʢ ʙʝʨʫʜʽ 

ʪʘʧʩʳʨʤʘ ʝʪʽʧ ץʦʡʜʳ. 

1 ʙᴇʣʽʤʜʝ ʘץʧʘʨʘʪʪʘʥʜʳʨʫʜʳש ʪʝʭʥʠʢʘʣʳײץ ץʨʘʣʜʘʨʳʥʳש ʞʘʣʧʳ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʢʦʤʧʴʶʪʝʨʤʝʥ ʘץʧʘʨʘʪ ʘʣʤʘʩʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ 

סʨʳʣrײץ  ʨʝʪʽʥʜʝ ʙʘʷʥʜʘʣסʘʥ. 2 ʙᴇʣʽʤ ʟʘʤʘʥʘʫʠ ʜʝʨʙʝʩ 

ʢʦʤʧʴʶʪʝʨʣʝʨʜʽש ʪʘʨʠʭʳʥ, ʞʽʢʪʝʣʫʽ ʤʝʥ ʪʝʭʥʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ 

rץ ʩץʘʰʘ ʙʘʷʥʜʘʫסʘ ʘʨʥʘʣסʘʥ. 3 ð 7 ʙᴇʣʽʤʜʝʨ ʝʥʛʽʟʫ-ʰ rסʘʨʫ, ʩʘץʪʘʫ 

ʤʝʥ ʤᴅʪʽʥʜʽʢ, ʩʘʥʜʳץ, ʘʫʜʠʦ- ʞᴅʥʝ ʙʝʡʥʝʘץʧʘʨʘʪʪʘʨʜʳ ᴅʨ ʪװʨʣʽ 

ʪʘʩʳʤʘʣʜʘrס ʰʪʘʨʜʘ ᴇשʜʝʫ ײץʨʳʣrס ʣʘʨʳʥʘ ʘʨʥʘʣסʘʥ. 8 ʙᴇʣʽʤʜʝ 

ʘץʧʘʨʘʪʪʳ ץʘʰrץʪrץʪʘʥ ʙʝʨʫʜʽש ʟʘʤʘʥʘʫʠ ʞװʡʝʣʝʨʽ ץʘʨʘʩʪʳʨʳʣסʘʥ. 9 

ʙᴇʣʽʤ ʘץʧʘʨʘʪʪʳ ץʘʪrץ ʣ ʪʘʩʳʤʘʣʜʘrס ʰʪʘʨʜʘ ʢᴇh ʽʨʝʪʽʥ ײץʨʘʣʜʘʨסʘ 

ʘʨʥʘʣסʘʥ, 10 ʙᴇʣʽʤʜʝ ʘץʧʘʨʘʪʪʘʥʜʳʨʜʳש ʪʝʭʥʠʢʘʣʳײץ ץʨʘʣʜʘʨʳʥ 

 ʪʘʨʳץʨʘײʡʳʤʜʘʩʪʳʨʫ ʩײ ʤʳʩ ʦʨʳʥʜʘʨʳʥײʦʣʜʘʥʫ ʢʝʟʽʥʜʝ ʞץ

 .ʘʥסʘʨʘʩʪʳʨʳʣץ

ɸʚʪʦʨʣʘʨ ʀ. ʅ. ɻʨʝʙʝʥʶʢʢʝ, ʅ. ʅ. ɻʨʝʙʝʥʶʢ ʧʝʥ ɸ. ʅ. ɻʨʝʙʝʥʶʢʢʝ 

ʞʘʥ-ʞʘץʪʳ ʢᴇʤʝʢ ʞʘʩʘסʘʥʳ ʞᴅʥʝ ʦץʫʣrץʪʳ ʜʘʡʳʥʜʘסʘʥ ʢʝʟʜʝ ץʦʣʜʘʫ 

ʢᴇʨʩʝʪʢʝʥʽ hװ ʽʥ ʨʠʟʘʰʳʣʳrס ʥ ʙʽʣʜʽʨʝʜʽ. 
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  1 ɹᴆʃɯʄ  

ɸפʇɸʈɸʊʊɸʅɼʓʈʋɼʓר 
ʊɽʍʅʀʂɸʃʓױפ פʈɸʃɼɸʈʓʅʓר 
ɾɸʃʇʓ ʉʀʇɸʊʊɸʄɸʉʓ ʄɽʅ 
ɾɯʂʊɽʃʋɯ 

 

 

    1.1.  ɸפʇɸʈɸʊʊɸʅɼʓʈʋɼʓר ʊɽʍʅʀʂɸʃʓפ 
 - ʈɸʃɼɸʈʓױפ
ɸפʇɸʈɸʊʊʓפ ʊɽʍʅʆʃʆɻʀʗʃɸʈɼʓר 
ɸʇʇɸʈɸʊʊʓפ ɹɸɿʀʉɯ 

 
 

 

ᴆʟʽʥʽש ʜʘʤʫ ʧʨʦʮʝʩʽʥʜʝ ʘʜʘʤʟʘʪ ץʦסʘʤʳ ʤʘʪʝʨʠʷ ײץʧʠʷʣʘʨʳʥʘ 
ᴇʪʫ ʢʝʟʝשʜʝʨʽʥʝʥ ᴇʪʪʽ, ᴅʨ ʪװʨʣʽ ʵʥʝʨʛʠʷ ʪװʨʣʝʨʽʥ ʙʘʩץʘʨʫʜʳ װʡʨʝʥʜʽ, 

ʘץʧʘʨʘʪʪʘʥʜʳʨʫ ʜᴅʫʽʨʽʥʝ ʝʥʜʽ. ɸץʧʘʨʘʪʪʳ ʞʠʥʘʫ ʞᴅʥʝ ץʦʨʣʘʥʜʳʨʫ 

ʧʨʦʮʝʩʪʝʨʽ ʙʘʩʳʤ ʙʦʣסʘʥ ʢʝʟʜʝ XIX ס. ʦʨʪʘʩʳʥʘ ʜʝʡʽʥ 
ʘץʧʘʨʘʪʪʘʥʜʳʨʫ ײץʨʘʣʜʘʨʳ ץʘʫʳʨʩʳʥ, ʩʠʷʩʘʫʳʪ ʧʝʥ ץʘסʘʟ ʙʦʣʳʧ 

ʪʘʙʳʣʜʳ. פʘʨʘʧʘʡʳʤ ʘץʧʘʨʘʪʪʘʥʜʳʨʫ ʪʝʭʥʠʢʘʣʘʨʳʥʳש ʦʨʥʳʥʘ XIX 

שʩʦr .ס ʥʜʘ ʤʝʭʘʥʠʢʘʣʳײץ ץʨʘʣʜʘʨ ʢʝʣʜʽ: ʙʘʩʫ ʤʘʰʠʥʘʩʳ, ʪʝʣʝʬʦʥ, 
ʪʝʣʝʛʨʘʬ, ʦʣ ʘץʧʘʨʘʪʪʳ ᴇשʜʝʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש ʪװʙʝʛʝʡʣʽ 

ᴇʟʛʝʨʽʩʪʝʨʽ hװ ʽʥ ʥʝʛʽʟ ʙʦʣʳʧ ʪʘʙʳʣʜʳ. ʊʝʢ ʢᴇʧ ʞʳʣʜʘʨ ᴇʪʢʝʥ ʩʦש 

ʘץʧʘʨʘʪʪʳ ʝʩʪʝ ʩʘץʪʘʫ ʤʝʥ ʙʝʨʫʜʽש ʘץʧʘʨʘʪʪʳץ ʧʨʦʮʝʩʪʝʨʽ ʦʥʳ 

ᴇשʜʝʫ ʧʨʦʮʝʩʽʤʝʥ ʪʦʣʳץʪʳʨʳʣʜʳ. ʆʣ ʍʍ ס. ʝʢʽʥʰʽ ʞʘʨʪʳʩʳʥʜʘ 
ʘϨʧʘʨʘʪʪʳϨ ʪʝʭʥʦʣʦʛʠʷʣʘʨϤʘ (ɸʊ) ʙʘʩʪʘʤʘ ʩʘʣסʘʥ ʵʣʝʢʪʨʦʥʜʳץ 

ʝʩʝʧʪʝʫʽʰ ʤʘʰʠʥʘʣʘʨʳ (ʕɽʄ) ʩʠʷץʪʳ ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʠʢʘʥʳש 

ʧʘʡʜʘ ʙʦʣʫʳʤʝʥ ʤװʤʢʽʥ ʙʦʣʜʳ. 
ɸץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʤʳʥʘʜʘʡ ʪʝʭʥʠʢʘʣʳץ ʞʝʪʽʩʪʽʢʪʝʨʛʝ 

ʥʝʛʽʟʜʝʣʝʜʽ: 
ƴ ʤʘʰʠʥʘʤʝʥ ʦrץ ʣʘʪʳʥ ʪʘʩʳʤʘʣʜʘrס ʰʪʘʨʜʘ ʘץʧʘʨʘʪ ʞʠʥʘʫʜʳש 
ʞʘשʘ ײץʨʘʣʜʘʨʳ (ʤʘʛʥʠʪʪʽʢ ʣʝʥʪʘʣʘʨ, ʢʠʥʦʬʠʣʴʤʜʝʨ, ʤʘʛʥʠʪʪʽʢ 
ʞᴅʥʝ ʣʘʟʝʨʣʽʢ ʜʠʩʢʪʝʨ ʞᴅʥʝ ʪ.ʙ.); 

ƴ ʘץʧʘʨʘʪʪʳ ץʘʰrץʪrץʪʘʥ ʙʝʨʫ ʞװʡʝʣʝʨʽ (ʞʝʨʛʽʣʽʢʪʽ ʝʩʝʧʪʝʫʽʰ 
ʞʝʣʽʣʝʨ, ʜʝʨʝʢʪʝʨʜʽ ʙʝʨʫ ʞʝʣʽʣʝʨʽ, ʪʝʣʝʬʦʥ ʞʝʣʽʩʽ, ʨʘʜʠʦ 
ʙʘʡʣʘʥʳʩ, ʩʧʫʪʥʠʢʪʽʢ ʙʘʡʣʘʥʳʩ ʞᴅʥʝ ʪ.ʙ.); 

ƴ ʙʝʣʛʽʣʝʥʛʝʥ ʘʣʛʦʨʠʪʤʜʝʨ ʙʦʡʳʥʰʘ ʢʦʤʧʴʶʪʝʨ ʢᴇʤʝʛʽʤʝʥ 
ʘץʧʘʨʘʪʪʳ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʪװʨʜʝ ᴇשʜʝʫ. 
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ɸץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʘʧʧʘʨʘʪʪʳײץ ץʨʘʣʜʘʨʜʳש, 
ʙʘסʜʘʨʣʘʤʘʣʳײץ ץʨʘʣʜʘʨ ʤʝʥ ʦʩʳ ײץʨʘʣʜʘʨʜʳ, ʢʦʤʧʴʶʪʝʨʣʽʢ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ײץʨʫʰʳ ʰʳסʘʨʤʘʰʳʣʳץ ʦʡʣʘʨʜʳש 

 .ʨʳʣʘʪʳʥʳ ʩᴇʟʩʽʟײץ ʡʣʝʩʽʤʜʽʣʽʛʽʥʜʝװ
ʄʘʤʘʥʜʘʨ  ʢʦʤʧʴʶʪʝʨʣʽʢ  ʪʝʭʥʠʢʘʥʳש   ʘʧʧʘʨʘʪʪrץ   

ץʘʪrץ ʘʥ ʪʘʫʘʨʣʘʨ ʥʝʤʝʩʝסʨʘʣʜʘʨʳʥ Hardware (ʪʝʤʽʨʜʝʥ ʞʘʩʘʣײץ ʣ 

ʩʳʤ), ʘʣ ʙʘסʜʘʨʣʘʤʘʣʳץ ʞʘʙʜʳץʪʳ - Software (ʞײʤʩʘץ ʩʳʤ) ʜʝʧ 

ʘʪʘʡʜʳ. çפʘʪrץ ʣ ʞᴅʥʝ ʞײʤʩʘץè ʜʝʧ ʘʫʜʘʨʳʣʘʪʳʥ Hardware & 
Software װʡʣʝʩʽʤʽ ï ʢᴅʩʽʧʪʽʢ ʪʝʨʤʠʥ. ʈʝʩʝʡʜʝ ʙʘסʜʘʨʣʘʤʘʣʘʨ ʢᴅʩʽʧʪʽʢ 

ʩʣʝʥʛʪʝ çʩʦʬʪʚʝʨè, ʘʣ ʢʦʤʧʴʶʪʝʨ ʤʝʥ ʧʝʨʠʬʝʨʠʷ ï çʪʝʤʽʨè ʜʝʧ 

ʘʪʘʣʘʜʳ. ɸץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʘrס  ʙʘסʜʘʨʣʘʤʘʣʳץ ʞᴅʥʝ 
ʘʧʧʘʨʘʪʪʳײץ ץʨʘʣʜʘʨʜʳש ʙʘʩʳʤʜʳʣʳrס  ʪʘʣrסץʘ ʩʘʣʳʥʙʘʡʜʳ, 

ʩʝʙʝʙʽ ʙʘסʜʘʨʣʘʤʘʣʳץ ʞʘʙʜʳץʩʳʟ ʢʝʟ ʢʝʣʛʝʥ ʝש ʞʝʪʽʣʛʝʥ ʢʦʤʧʴʶʪʝʨ 

ʵʣʝʢʪʨʦʥʜʳץ ʪʘץʪʘʣʘʨ ʞʠʥʘrס ʥ ʙʝʡʥʝʣʝʡʜʽ. 
ɸϨʧʘʨʘʪʪʘʥʜʳʨʫʜʳϬ ʪʝʭʥʠʢʘʣʳϨ Ϩϰʨʘʣʜʘʨʳ ʢʦʤʧʴʶʪʝʨʣʽʢ 

ʪʝʭʥʠʢʘ ʞᴅʥʝ ʦʥʳש ʧʝʨʠʬʝʨʠʷʣʳײץ ץʨʳʣrס ʣʘʨʳʥʳש ʞʠʳʥʪʳrס ʥ ï 

ʘץʧʘʨʘʪʪʳ, ʞʠʥʘʫ, ʩʘץʪʘʫ ʞᴅʥʝ ץʘʡʪʘ ᴇשʜʝʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ 

Hardware ʞᴅʥʝ ʘץʧʘʨʘʪʪʳ ץʘʰrץʪrץʪʘʥ ʪʘʩʳʤʘʣʜʘʫʜʳ ʞװʟʝʛʝ 
ʘʩʳʨʘʪʳʥ ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ʪʝʭʥʠʢʘʥʳ (ʪʝʣʝʬʦʥ, ʪʝʣʝʛʨʘʬ, ʨʘʜʠʦ, 

ʪʝʣʝʜʠʜʘʨ, ʩʧʫʪʥʠʢʪʽʢ ʙʘʡʣʘʥʳʩ, ʕɽʄ ʞʝʣʽʣʝʨʽ) ʙʽʣʜʽʨʝʜʽ. 

ʵʣʝʢʪʨʦʥʜʳץ-ʝʩʝʧʪʝʫʽʰ ʤʘʰʠʥʘʣʘʨʳʥ ʍʍ ס. ʦʨʪʘʩʳʥʜʘ ʧʘʡʜʘ 
ʙʦʣʫʳ ʘʜʘʤʟʘʪ ʪʘʨʠʭʳʥʜʘrס  ʝש ʢᴇʨʥʝʢʪʽ ʞʝʪʽʩʪʽʢʪʝʨʽʥʽש ʙʽʨʽ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. 

ʂʦʤʧʴʶʪʝʨʣʽʢ ʪʝʭʥʠʢʘʥʳש ʞᴅʥʝ ʘץʧʘʨʘʪʪʘʥʜʳʨʫʜʳש ʙʘʩץʘ ʜʘ 

ʪʝʭʥʠʢʘʣʳײץ ץʨʘʣʜʘʨʳʥʳװ שʟʜʽʢʩʽʟ ʜʘʤʫʳ rץ ʩץʘ ʫʘrץ ʪʪʘ rס ʣʳʤʠ- 
ʪʝʭʥʠʢʘʣʳץ ʧʨʦʛʨʝʩʩʪʽ ʘʥʳץʪʘʡʪʳʥ ʬʘʢʪʦʨʣʘʨʜʳש ʙʽʨʽʥʝ ʘʡʥʘʣʜʳ. 

סʘʟʽʨʛʽ ʟʘʤʘʥʜʘrפ  ,ʵʥʝʨʛʝʪʠʢʘ ץʘʨʳʰʪʳ ʟʝʨʪʪʝʫ, ʘʪʦʤʜʳס 

ʵʢʦʣʦʛʠʷ ʩʘʣʘʩʳʥʜʘrס  ʢᴇʧʪʝʛʝʥ ʽʨʽ rס ʣʳʤʠ-ʪʝʭʥʠʢʘʣʳץ ʞʦʙʘʣʘʨ 
ʘץʧʘʨʘʪʪʘʥʜʳʨʫʜʳש ʪʝʭʥʠʢʘʣʳײץ ץʨʘʣʜʘʨʳʥ ʧʘʡʜʘʣʘʥʙʘʩʪʘʥ ʽʩʢʝ 

ʘʩʳʨʳʣʤʘʫʰʳ ʝʜʽ. ʉʦשrס ʦʥ ʞʳʣ ʙʦʡʳ ʘץʧʘʨʘʪʪʘʥʜʳʨʫʜʳש 

ʟʘʤʘʥʘʫʠ ʪʝʭʥʠʢʘʣʳײץ ץʨʘʣʜʘʨʳʥʘ ʥʝʛʽʟʜʝʣʝʪʽʥ ʘץʧʘʨʘʪʪʳץ 
ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʘʜʘʤʟʘʪ ʽʩʢʝʨʣʽʛʽʥʽש ᴅʨ ʪװʨʣʽ ʩʘʣʘʣʘʨʳʥʘ ʪʝʨʝ̔ש ʨʝʢ 

ʝʥʫ װʩʪʽʥʜʝ. 

ɹʘסʜʘʨʣʘʤʘʣʳץ ʞʘʙʜʳץʪrש, ʘץʧʘʨʘʪʪʘʥʜʳʨʫʜʳש ʪʝʭʥʠʢʘʣʳץ 

סʥʝʛʽʟʽʥʜʝ ᴇʥʜʽʨʽʣʝʪʽʥ, r שʞᴅʥʝ ʦʩʳʥʳ שʨʘʣʜʘʨʳʥʳײץ ʣʳʤʜʳ ʘʩʘ 
סʪrr שʞʝʪʽʣʜʽʨʽʣʫʽʥʽ שʘʞʝʪ ʝʪʝʪʽʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳץ ʟ ᴇʟʘʨʘ 

ʙʘʡʣʘʥʳʩʳʥʳש ʙʘʨ ʙʦʣʫʳ ʰװʙᴅʩʽʟ. ɾʘשʘ ʙʘסʜʘʨʣʘʤʘʣʳץ ʞʘʙʜʳץʪʳ 

ʞʘʩʘʧ ʰʳסʘʨʫ ʤʽʥʩʽʟ ʪʝʭʥʠʢʘʣʳײץ ץʨʘʣʜʘʨʜʳ ײץʨʫʜʳ ʪʘʣʘʧ ʝʪʝʜʽ,  
ʦʣ ᴇʟ ʘʣʜʳʥʘ ʘץʧʘʨʘʪʪʘʥʜʳʨʫʜʳש ʪʝʭʥʠʢʘʣʳײץ ץʨʘʣʜʘʨʳʥ ᴇʥʜʽʨʫʛʝ 

ʘʨʥʘʣסʘʥ ʞʘשʘ ᴇʥʽʤʜʽʣʽʛʽ ʞʦסʘʨʳ ʞᴅʥʝ װʥʝʤʜʽ ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʧʨʦʮʝʩʪʝʨʜʽ ʞʘʩʘʫʜʳ ʳʥʪʘʣʘʥʜʳʨʘʜʳ. 
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1.2. ɸפʇɸʈɸʊ ʉɸʅʓ. ɸפʇɸʈɸʊ ʉɸʅʓʅʓר ᴆʃʐɽʄ 
ɹɯʈʃɯʂʊɽʈɯ 

 
 

 

ʊʝʭʥʠʢʘʣʳײץ ץʨʘʣʜʘʨʜʳש ʢᴇʤʝʛʽʤʝʥ ʘץʧʘʨʘʪʪʳ ᴇשʜʝʛʝʥ ʢʝʟʜʝ 
ʠʥʬʦʨʤʘʪʠʢʘʜʘ çʘץʧʘʨʘʪè ʪװʩʽʥʽʛʽʥʝ ץʘʪʳʩʪʳ ʙʝʣʛʽʩʽʟʜʽʢʪʽ ʘʟʘʡʪʫ 

ʰʘʨʘʩʳ ʨʝʪʽʥʜʝ ʢʝש ʪʘʨʘʣסʘʥ ʪײʨrס ʥʳ ץʦʣʜʘʥʫ ץʦʣʘʡʣʳ. 

ʂʝʟ ʢʝʣʛʝʥ ᴇʣʰʝʤʜʽ ʩʘʥʜʳץ ʘʥrץʪʘʫ hװ ʽʥ ᴇʣʰʝʤ ʙʽʨʣʽʛʽʥ ʪʘשʜʘʧ 
ʘʣʫ ʢʝʨʝʢ. ױʟʳʥʜʳץʪrש ᴇʣʰʝʤ ʙʽʨʣʽʛʽ ʤʝʪʨ, ʤʘʩʩʘʥʳʢʽ - ʢʠʣʦʛʨʘʤʤ 

ʝʢʝʥʽ ʙʝʣʛʽʣʽ. ɸץʧʘʨʘʪ ʩʘʥʳʥʳש ʙʠʪ ʙʽʨʣʽʛʽ hװ ʽʥ ʙʝʣʛʽʩʽʟʜʽʢʪʽש ʝʢʽ 

ʝʩʝ ʘʟʘʡסʘʥ ʢʝʟʜʝ ʦʨʳʥ ʘʣʘʪʳʥ ʩʘʥʳ ץʘʙʳʣʜʘʥסʘʥ. 
ʂʦʤʧʴʶʪʝʨʜʝ ʘץʧʘʨʘʪ ʝʢʽʣʽʢ ʢʦʜʧʝʥ, ʷסʥʠ ʘʣʬʘʚʠʪʽ ʝʢʽ ʩʘʥʥʘʥ 

ʪײʨʘʪʳʥ (0 ʞᴅʥʝ 1) ʤʘʰʠʥʘʣʳץ ʪʽʣʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ. ɹײʣ ʩʘʥʜʘʨ 

ʥʝʛʽʟʽʥʜʝ ʪʝש rץʪʠʤʘʣʜʳץ ʢװʡʜʽ ʙʽʣʜʽʨʝʜʽ. ʝʢʽʣʽʢ ʨʘʟʨʷʜʪʳש ʙʽʨʽʥ 

ʞʘʟסʘʥ ʢʝʟʜʝ ʝʢʽ ʤװʤʢʽʥ ʢװʡʜ̔ש (ʝʢʽ ʩʘʥʥʳש ʙʽʨʝʫʽ) ʙʽʨʝʫʽʥ ʪʘשʜʘʫ 
ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ, ʷסʥʠ ʙʝʣʛʽʩʽʟʜʽʢ ʝʢʽ ʝʩʝʛʝ ʘʟʘʷʜʳ. ʆʩʳʜʘʥ ʙʽʨ 

ʝʢʽʣʽʢ ʨʘʟʨʷʜ ʙʽʨ ʙʠʪ ʘץʧʘʨʘʪ ʩʘʥʳʥ ʪʘʩʳʤʘʣʜʘʡʪʳʥʳ ʢʝʣʽʧ ʰʳסʘʜʳ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ ʙʠʪʪʝʨʤʝʥ ʙʝʨʽʣʛʝʥ ʘץʧʘʨʘʪ ʩʘʥʳ ʝʢʽʣʽʢ ʨʘʟʨʷʜʪʘʨ 
ʩʘʥʳʥʘ ʪʝש. 

ɹʘʩץʘ ʞʘrס ʥʘʥ I ʝʢʽʣʽʢ ʨʘʟʨʷʜʪʘʨ ʢᴇʤʝʛʽʤʝʥ ʞʘʟʫסʘ ʙʦʣʘʪʳʥ ᴅʨ 

ʪװʨʣʽ ʩʘʥʜʘʨ N ʩʘʥʳ: 

N = 2
1
. 

ʍʘʣrץʘʨʘʣʳץ ʙʽʨʣʽʢʪʝʨ ʞװʡʝʩʽʥʜʝ (ʉʀ) ʝʩʝʣʝʥʛʝʥ ʙʽʨʣʽʢʪʽש 
ʢᴇʙʝʡʪʢʽʰʽʫ ʨʝʪʽʥʜʝ ʢʦʵʬʬʠʮʠʝʥʪ 10

n
 ,ʦʣʜʘʥʳʣʘʜʳ, ʤʳʩʘʣʳ n = 3ץ 

6, 9 ʙʦʣסʘʥʜʘ ʙײʣ ʙʽʨʣʽʢʪʝʨʜʽש ʘʪʘʫʣʘʨʳʥʜʘ ʪʠʽʩʽʥʰʝ ʦʥʜʳץ 

 שʦʣʜʘʥʳʣʘʜʳ: ʢʠʣʦ, ʤʝʛʘ, ʛʠʛʘ. ʀʥʬʦʨʤʘʪʠʢʘʜʘ ʢʝץ ʦʩʳʤʰʘʣʘʨץ

 ᴇʣʰʝʤ ʙʽʨʣʽʛʽ ʙʘʡʪ ʙʦʣʳʧ שʧʘʨʘʪ ʤᴇʣʰʝʨʽʥʽץʦʣʜʘʥʳʣʘʪʳʥ ʘץ

ʪʘʙʳʣʘʜʳ, ʩʦʥʳʤʝʥ ץʦʩʘ 1 ʙʘʡʪ = 8 ʙʠʪ. 

ɸץʧʘʨʘʪ ʩʘʥʳʥʳש ᴇʣʰʝʤ ʙʽʨʣʽʛʽʥʽש ʪʫʳʥʜʳʩʳ ʤʳʥʘʜʘʡ: 

1 ʢʙʘʡʪ = 2
10

 ʙʘʡʪ = 1 024 ʙʘʡʪ; 

1 ʄʙʘʡʪ = 2
10

 ʢʙʘʡʪ = 1 024 ʢʙʘʡʪ; 

1 ɻʠʛʘʙʘʡʪ (ɻʙʘʡʪ) = 1 024 ʄʙʘʡʪ = 2
30

 ʙʘʡʪ = 1 073 741 824 ʙʘʡʪ. 

ʉʦשrס ʫʘrץ ʪʪʘ ᴇשʜʝʣʝʪʽʥ ʘץʧʘʨʘʪ ʢᴇʣʝʤʽʥʽש ʘʨʪʫʳʥʘ 
ʙʘʡʣʘʥʳʩʪʳ ʙʽʨʣʽʢʪʽש ʤʳʥʘʜʘʡ ʪʫʳʥʜʳʣʘʨʳ ץʦʣʜʘʥʳʩץʘ ʢʽʨʫʜʝ: 

 

 

 

 

9 



1 ʊʝʨʘʙʘʡʪ (ʊʙʘʡʪ) = 1024 ɻʙʘʡʪ = 240
 ʙʘʡʪ = 1 099 511 627 776 ʙʘʡʪ; 

1 ʇʝʪʘʙʘʡʪ (ʇʙʘʡʪ) = 1024 ʊʙʘʡʪ = 2
50

 ʙʘʡʪ = 
= 1 125 899 906 842 624 ʙʘʡʪ. 

ɽʢʽʣʽʢ (ʢʦʤʧʴʶʪʝʨʣʽʢ) ʘץʧʘʨʘʪʪʳש ᴇʣʰʝʫ ʞװʡʝʩʽʥʜʝ ʤʝʪʨʣʽʢ 
ʞװʡʝʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ çʢʠʣʦè, çʤʝʛʘè ץʦʩʳʤʰʘʣʘʨʳ ʙʘʨ ʙʽʨʣʽʢʪʝʨ 
ʥʝʛʽʟʛʽ ʙʽʨʣʽʢʪʽ 10

3
 = 1 000, 10

6
 = 1 000 000 ʢᴇʙʝʡʪʢʝʥʥʝʥ ʝʤʝʩ, 2

10
 = 

1024, 2
20

 = 1 048 576 ʞᴅʥʝ ʪ.ʙ. ʢᴇʙʝʡʪʢʝʥʥʝʥ ʘʣʳʥʘʪʳʥʳʥ ʥʘʟʘʨ 
ʘʫʜʘʨʫ ʢʝʨʝʢ. 

 

 

1.3. ʕɽʄ ɽʅɻɯɿʋ תʐɯʅ ɸפʇɸʈɸʊʊʓ ʂᴆʈʉɽʊʋ 
ʊᴄʉɯʃɼɽʈɯ 

ɸץʧʘʨʘʪʪʘʥʜʳʨʫʜʳש ʟʘʤʘʥʘʫʠ ʪʝʭʥʠʢʘʣʳײץ ץʨʘʣʜʘʨʳ 
ʢʦʤʧʴʶʪʝʨ ʢᴇʤʝʛʽʤʝʥ ʩʘʥʜʳץ, ʤᴅʪʽʥʜʽʢ, ʛʨʘʬʠʢʘʣʳץ, ʜʳʙʳʩʪʳץ 

ʞᴅʥʝ ʘץʧʘʨʘʪʪʳ ᴇשʜʝʫ ʞᴅʥʝ ʩʘץʪʘʫ ʬʫʥʢʮʠʷʣʘʨʳʥ ʦʨʳʥʜʘʡʜʳ. 

ʌʠʟʠʢʘʣʳץ ʤᴅʥʽ ʙʦʡʳʥʰʘ ᴅʨ ʪװʨʣʽ ʘץʧʘʨʘʪʧʝʥ ʞײʤʳʩ ʞʘʩʘʫ hװ ʽʥ 
ʙʽʨʝʛʝʡ ʬʦʨʤʘסʘ ʢʝʣʪʽʨʫ ץʘʞʝʪ. ɸץʧʘʨʘʪʪʳש ʙʘʨʣʳץ ʦʩʳ ʪװʨʣʝʨʽ 

ʵʣʝʢʪʨ ʠʤʧʫʣʴʩʪʝʨʽʥʽש ʪʽʟʙʝʢʪʽʣʽʛʽʤʝʥ ʢʦʜʪʘʣʘʜʳ: ʠʤʧʫʣʴʩ ʙʘʨ ð 1, 

ʠʤʧʫʣʴʩ ʞʦץ ð 0, ʷסʥʠ ʥᴇʣʜʝʨ ʤʝʥ ʙʽʨʣʽʢʪʝʨ ʢʝʟʝʛʽʤʝʥ. ɸץʧʘʨʘʪʪʳ 
ʤײʥʜʘʡ ʢʦʜʪʘʫ ʢʦʤʧʴʶʪʝʨʜʝ ʝʢʽʣʽʢ ʢʦʜʪʘʫ ʜʝʧ ʘʪʘʣʘʜʳ, ʘʣ ʥᴇʣʜʝʨ 

ʤʝʥ ʙʽʨʣʽʢʪʝʨʜʽש ʣʦʛʠʢʘʣʳץ ʪʽʟʙʝʢʪʽʣʽʢʪʝʨʽ ï ʤʘʰʠʥʘʣʳץ ʪʽʣ ʜʝʧ 

ʘʪʘʣʘʜʳ. 

ʉʘʥʜʳϨ ʘϨʧʘʨʘʪʪʳ ʝʢʽʣʽʢ ʢʦʜʪʘʫ ʢʦʤʧʴʶʪʝʨʜʝ ʩʘʥʜʘʨ 0 ʞᴅʥʝ 
1 ʥʝʤʝʩʝ ʙʠʪʪʝʨ ʪʽʟʙʝʢʪʽʣʽʛʽʤʝʥ ʢᴇʨʩʝʪʽʣʝʪʽʥʜʽʛʽ ʪײʞʳʨʳʤʜʘʣʘʜʳ. 

1980-ʰʳ ʞʞ. ʙʘʩʳʥʜʘ ʢʦʤʧʴʶʪʝʨʣʝʨʜʽש ʧʨʦʮʝʩʩʦʨʣʘʨʳ 8-ʨʘʟʨʷʜʪʳ 

ʙʦʣʘʪʳʥ, ʧʨʦʮʝʩʩʦʨʜʳש ʙʽʨ ʪʘʢʪʽʩʽʥʜʝ ʢʦʤʧʴʶʪʝʨ 8 ʙʠʪ ᴇשʜʝʡ 
ʘʣʘʪʳʥ, ʷסʥʠ ʝװ שʣʢʝʥ ᴇשʜʝʣʝʪʽʥ ʪײʪʘʩ ʦʥʜʳץ ʩʘʥ ʝʢʽʣʽʢ ʞװʡʝʜʝ 

11111111 ʘʩʳʧ ʢʝʪʝ ʘʣʤʘʡʪʳʥ. ʇʨʦʮʝʩʩʦʨʣʘʨʜʳ ʘʣʜʘrס  ʫʘrץ ʪʪʘ 

ʨʘʟʨʷʜʪʳʣʳrס ʥ 64-ʨʘʟʨʷʜץʘ ʜʝʡʽʥ ʘʨʪʪʳʨסʘʥʜʘ ʙʽʨ ʪʘʢʪ ʽʰʽʥʜʝ 
ᴇשʜʝʣʝʪʽʥ ʝװ שʣʢʝʥ ʩʘʥʳʥʳש ʢᴇʣʝʤʽ ʜʝ ײʣסʘʡʜʳ. 

ʄϸʪʽʥʜʽʢ ʘϨʧʘʨʘʪʪʳϬ ʝʢʽʣʽʢ ʢʦʜʪʘʫʳ ᴅʨʙʽʨ ʩʠʤʚʦʣʜʳ ʢʦʜʪʘʫ 

hװ ʽʥ 1 ʙʘʡʪ (8 ʝʢʽʣʽʢ ʨʘʟʨʷʜ) ץʦʣʜʘʥʳʣʘʜʳ, ᴅʜʝʪʪʝ ʤᴅʪʽʥʜʽʢ 

ʘץʧʘʨʘʪʪʳ ʢᴇʨʩʝʪʫʛʝ ʞʝʪʢʽʣʽʢʪʽ ʙʦʣʘʪʳʥ: ʦʨʳʩ ʞᴅʥʝ ʣʘʪʳʥ 
ʘʣʬʘʚʠʪʽʥʽש ʙʘʩ ʞᴅʥʝ ʢʽʰʽ ᴅʨʽʧʪʝʨʽʥ, ʩʘʥʜʘʨʜʳ, ʙʝʣʛʽʣʝʨʜʽ, 

ʛʨʘʬʠʢʘʣʳץ ʩʠʤʚʦʣʜʘʨʜʳ ᴅʨ ʪװʨʣʽ N = 2
8
 = 256 ʩʠʤʚʦʣʜʘʨʜʳ 

ʢʦʜʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʉʠʤʚʦʣסʘ ʥʘץʪʳ ʝʢʽʣʽʢ ʢʦʜʪʳ ʤʝʥʰʽʢʪʝʫ 

ʢʦʜʪʳץ ʢʝʩʪʝʜʝ ʙʝʣʛʽʣʝʥʽʧ ץʘʙʳʣʜʘʥסʘʥ ʢʝʣʽʩʽʤʤʝʥ ʞװʨʛʽʟʽʣʛʝʥ. 
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ᴄʨ ʪװʨʣʽ ʢʦʜʪʘʤʘʣʘʨʜʘ ʙʽʨʜʝʡ ʝʢʽʣʽʢ ʢʦʜץʘ ᴅʨ ʪװʨʣʽ ʩʠʤʚʦʣʜʘʨ 

ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. ᴄʨʙʽʨ ʢʦʜʪʘʤʘ ᴇʟʽʥʽש ʞʝʢʝ ʢʦʜʪʳץ ʢʝʩʪʝʩʽʤʝʥ ʙʝʨʽʣʝʜʽ. 

ʇʘʡʜʘʣʘʥʫʰʳʥʳש ʪʘʧʩʳʨʤʘʩʳʥʘ ʤᴅʪʽʥʜʽʢ ײץʞʘʪʪʘʨʜʳ ץʘʡʪʘ ʢʦʜʪʘʫ 

ʤᴅʩʝʣʝʩʽʥ ʰʝʰʫ ʢʽʨʤʝʡʜʽ. Windows ץʦʩʳʤʰʘʣʘʨʳʥʜʘ ʞײʤʳʩ ʽʩʪʝʛʝʥ 

ʢʝʟʜʝ MS-DOS ץʦʩʳʤʰʘʣʘʨʳʥʜʘ ײץʨʳʣסʘʥ ײץʞʘʪʪʘʨʜʳ ʘʚʪʦʤʘʪʪʳץ 

 ,ʘʥ. Internet-ʪʝ Internet Explorerסʘʨʘʩʪʳʨʳʣץ ʤʢʽʥʜʽʛʽװʘʡʪʘ ʢʦʜʪʘʫ ʤץ

Opera ʥʝʤʝʩʝ Google ʙʨʘʫʟʝʨʣʝʨʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ ʞײʤʳʩ ʞʘʩʘʫ 

ʢʝʟʽʥʜʝ Web-ʧʘʨʘץʪʘʨʜʳש ʘʚʪʦʤʘʪʪʳץ ץʘʡʪʘ ʢʦʜʪʘʣʫʳ ʞװʨʛʽʟʽʣʝʜʽ. 

ʄᴅʪʽʥʜʽʢ ʘץʧʘʨʘʪʪʳ ʝʢʽʣʽʢ ʢʦʜʪʘʫ ʢʝʟʽʥʜʝ ᴅʨʙʽʨ ʩʠʤʚʦʣסʘ ʩʝʛʽʟ ʥᴇʣ 

ʤʝʥ ʙʽʨʣʽʢʪʝʨʜʝʥ ʪײʨʘʪʳʥ ᴇʟʽʥʽש ʙʽʨʝʛʝʡ ʞװʡʝʣʽʣʽʛʽ, 00000000-ʜʝʥ 

11111111 ʜʝʡʽʥ (0-ʜʝʥ 255 ʜʝʡʽʥ ʦʥʜʳץ ʢʦʜ) ᴇʟʽʥʽש ʙʽʨʝʛʝʡ ʝʢʽʣʽʢ ʢʦʜʳ 

ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. 

ɸʣסʘ rhץ  33 ʢʦʜ (0-ʜʝʥ 32 ʜʝʡʽʥ) ʩʠʤʚʦʣʜʘʨסʘ ʩᴅʡʢʝʩ ʢʝʣʤʝʡʜʽ, 

ʦʧʝʨʘʮʠʷʣʘʨסʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ (ʞʦʣʜʳ ʘʫʜʘʨʫ, ʙʦʩ ʦʨʳʥ ʝʥʛʽʟʫ ʞᴅʥʝ ʪ.ʙ.). 

33-ʪʝʥ 127 ʜʝʡʽʥ ʢʦʜʪʘʨ ʠʥʪʝʨʥʘʮʠʦʥʘʣʜʳץ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ʞᴅʥʝ 

ʣʘʪʳʥ ʘʣʬʘʚʠʪʽʥʽש ʩʠʤʚʦʣʜʘʨʳʥʘ, ʩʘʥʜʘʨסʘ, ʘʨʠʬʤʝʪʠʢʘʣʳץ 

ʘʤʘʣʜʘʨʜʳש ʙʝʣʛʽʣʝʨʽʥʝ ʞᴅʥʝ ʪʳʥʳʩ ʙʝʣʛʽʣʝʨʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. 128-ʜʝʥ 

255 ʜʝʡʽʥ ʢʦʜʪʘʨ ײʣʪʪʳץ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʷסʥʠ ײʣʪʪʳץ ʢʦʜʪʘʤʘʣʘʨʜʘ 

ʙʽʨʜʝʡ ʢʦʜץʘ ᴅʨ ʪװʨʣʽ ʩʠʤʚʦʣʜʘʨ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. 

ץʘʟʽʨʛʽ ʫʘrפ ʪʪʘ ʦʨʳʩ ᴅʨʽʧʪʝʨʽʥʝ ʘʨʥʘʣסʘʥ ʙʝʩ ᴅʨ ʪװʨʣʽ ʢʦʜʪʳץ 

ʢʝʩʪʝʣʝʨ ʙʘʨ, ʩʦʥʜʳץʪʘʥ ʙʽʨ ʢʦʜʪʘʤʘʜʘ ײץʨʳʣסʘʥ ʤᴅʪʽʥʜʝʨ ʙʘʩץʘʩʳʥʜʘ 

 .ʩʘʩ ʙʝʡʥʝʣʝʥʙʝʡʪʽʥ ʙʦʣʘʜʳץײ

ʂʦʤʧʴʶʪʝʨʜʝ ʦʨʳʩ ᴅʨʽʧʪʝʨʽʥ ʢʦʜʪʘʫʜʳש ʘʣסʘ rhץ  ʩʪʘʥʜʘʨʪʪʘʨʳʥʳש 

ʙʽʨʽ UNIX ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝʩʽ ʙʘʨ ʢʦʤʧʴʶʪʝʨʣʝʨʛʝ ʘʨʥʘʣסʘʥ ʂʆʀ-8 (8 

ʙʠʪʪʽʢ ʘץʧʘʨʘʪ ʘʣʤʘʩʫ ʢʦʜʳ) ʢʦʜʳ ʙʦʣʜʳ. 

ɽש ʢʝש ʪʘʥʳʤʘʣʳ ʉʈ1251 (ʉʈ ð Code Page ð ʢʦʜʪʳץ ʧʘʨʘץ) 

ʙʝʣʛʽʣʝʥʝʪʽʥ, Microsoft Windows ʩʪʘʥʜʘʨʪʪʳ ʢʠʨʠʣʣʠʮʘ ʢʦʜʪʘʤʘʩʳ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʦʥʳ ʦʨʳʩ ʪʽʣʽʤʝʥ ʞײʤʳʩ ʞʘʩʘʡʪʳʥ ʙʘʨʣʳץ Windows- 

 .ʡʝʤʝʣʜʝʡʜʽװʦʩʳʤʰʘʣʘʨ ʩץ

MS-DOS ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝʩʽ ʦʨʪʘʩʳʥʜʘ çʘʣʴʪʝʨʥʘʪʠʚʪʽè ʢʦʜʪʘʤʘ 

 ʪʝʨʤʠʥʦʣʦʛʠʷʩʳʥʜʘ ï ʢʦʜʪʘʤʘ שʦʣʜʘʥʳʣʘʜʳ, Microsoft ʬʠʨʤʘʩʳʥʳץ

ʉʈ866. 

Macintosh ʢʦʤʧʴʶʪʝʨʣʝʨʽ hװ ʽʥ Apple ʬʠʨʤʘʩʳ ʦʨʳʩ ʪʽʣʽʥʽש ʞʝʢʝ 

ʢʦʜʪʘʤʘʩʳʥ ʞʘʩʘʧ ʰʳסʘʨʜʳ (ʄʘʩ). 

ʉʪʘʥʜʘʨʪʪʘʫ ʙʦʡʳʥʰʘ ʭʘʣʳץʘʨʘʣʳײ ץʡʳʤ (International Standards 

Organization ð ISO) ʩʪʘʥʜʘʨʪ ʨʝʪʽʥʜʝ ʦʨʳʩ ʪʽʣʽ hװ ʽʥ ISO 8859-5 ʜʝʧ 

ʘʪʘʣʘʪʳʥ ʢʦʜʪʘʤʘʥʳ ʙʝʢʽʪʪʽ. 

Unicode ʭʘʣʳץʘʨʘʣʳץ ʩʪʘʥʜʘʨʪʳ ᴅʨʙʽʨ ʩʠʤʚʦʣסʘ ʙ̔ʨ ʝʤʝʩ, ʝʢʽ ʙʘʡʪ 

ʙᴇʣʝʜʽ, ʞᴅʥʝ ʩʦʥʜʳץʪʘʥ ʜʘ ʦʥʳש ʢᴇʤʝʛʽʤʝʥ 256 ʝʤʝʩ, N = 2
16

 = 65536 ᴅʨ 

ʪװʨʣʽ ʩʠʤʚʦʣʜʘʨʜʳ ʢʦʜʪʘʫסʘ ʙʦʣʘʜʳ. ʆʩʳ ʢʦʜʪʘʤʘʥʳ Microsoft 

Windows ʧʣʘʪʬʦʨʤʘʩʳ ʩװʡʝʤʝʣʜʝʡʜʽ. 
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ɻʨʘʬʠʢʘʣʳϨ ʘϨʧʘʨʘʪʪʳ ʝʢʽʣʽʢ ʢʦʜʪʘʫ ʞʝʪʢʽʣʽʢʪʽ ʢװʨʜʝʣʽ 
ʧʨʦʮʝʩʪʽ ʙʽʣʜʽʨʝʜʽ, ʩʝʙʝʙʽ ʤײʥʜʘʡ ʘץʧʘʨʘʪ ʙʽʨʰʘʤʘ ʘʣʫʘʥ ʪװʨʣʽ: 

 ʘʨʘʧʘʡʳʤ ʩʳʟʙʘʣʘʨʜʘʥ ʚʠʜʝʦʬʠʣʴʤʜʝʨʛʝ ʜʝʡʽʥ. ɼʝʛʝʥʤʝʥ ʢʝʟץ

ʢʝʣʛʝʥ ʛʨʘʬʠʢʘʣʳץ ʘץʧʘʨʘʪ ʤʦʥʠʪʦʨ ʙʝʪʽʥʜʝ ʥװʢʪʝʣʝʪʽʥ 
(ʧʠʢʩʝʣʴʜʝʨʜʝʥ) ʢʝʩʢʽʥ ʪװʨʽʥʜʝ ʙʝʡʥʝʣʝʥʝʜʽ. פʘʨʘʧʘʡʳʤ ʘץ-ץʘʨʘ 

ʙʝʡʥʝ ʞʘסʜʘʡʳʥʜʘ (ʩײʨ ʪװʩ ʛʨʘʜʘʮʠʷʩʳʟ) ʵʢʨʘʥʥʳש ᴅʨʙʽʨ ʥװʢʪʝʩʽ ʪʝʢ 

ʝʢʽ ʢװʡʜʝ ʙʦʣʘ ʘʣʘʜʳ ï çץʘʨʘè ʥʝʤʝʩʝ çʘץè, ʷסʥʠ ʦʥʳש ʢװʡʽʥ ʩʘץʪʘʫ 

hװ ʽʥ ʙʽʨ ʙʠʪ ץʘʞʝʪ. 
ʊװʩʪʽ ʙʝʡʥʝʣʝʨ ʥװʢʪʝʛʝ ʙʠʪʪʝʨʜʽש ʩʘʥʳʤʝʥ: 4, 8, 16 ʥʝʤʝʩʝ 24 ᴅʨ 

ʪװʨʣʽ ʪװʩ ʪʝʨʝשʜʽʛʽʥʝ ʠʝ ʙʦʣʘ ʘʣʘʜʳ. ᴄʨʙʽʨ ʪװʩʪʽ ʥװʢʪʝʥʽש ʤװʤʢʽʥ 

ʢװʡʽ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʫסʘ ʙʦʣʘʜʳ ʞᴅʥʝ ʩʦʥʜʘ N = 2I ʬʦʨʤʫʣʘ 
ʙʦʡʳʥʰʘ ʤʦʥʠʪʦʨ ʙʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʝʪʽʥ ʪװʩʪʝʨ ʩʘʥʳ ʝʩʝʧʪʝʣʫʽ 

ʤװʤʢʽʥ. 

ɹʝʡʥʝʥʽש ᴇʣʰʝʤʽ ʢᴇʣʜʝʥʝש ʞᴅʥʝ ʪʽʢ ʙʦʡʳʥʰʘ ʥװʢʪʝʣʝʨ ʩʘʥʳʤʝʥ 
ʘʥrץʪʘʣʘʜʳ. ɿʘʤʘʥʘʫʠ ʜʝʨʙʝʩ ʢʦʤʧʴʶʪʝʨʣʝʨʜʝ (ɼʂ) ʙʝʡʥʝʥʽש ʢʝʣʝʩʽ 

ᴇʣʰʝʤʜʝʨʽ ʥʝʤʝʩʝ ʵʢʨʘʥʥʳש ʘʞʳʨʘʪʳʤʜʳʣʳץ ʤװʤʢʽʥʰʽʣʽʢʪʝʨʽ 

 ʦʣʜʘʥʳʣʘʜʳ: 640 ʭ 480, 800 ʭ 600, 1 024 ʭ 768 ʠ 1 280 ʭ 1 024, 1ץ

600 ʭ 1 200, 1 920 ʭ 1 080,3 840 ʭ 2 160,7 680 ʭ 4 320. 
ɹʝʡʥʝʥʽ ʵʢʨʘʥϤʘ ʰϤrʘʨʫʜʳϬ ʛʨʘʬʠʢʘʣʳϨ ʨʝʞʠʤʽ ʵʢʨʘʥ ʤʝʥ ʪװʩ 

סʪrrץʘʥrץ ʥrש ʘʞʳʨʘʪʳʤʜʳʣʳץ ץʘʙʽʣʝʪʽʤʝʥ ʘʥrץʪʘʣʘʜʳ. 

ɺʠʜʝʦʞʘʜʪʘ ʩʘץʪʘʣʘʪʳʥ ʙʝʡʥʝʥʽש ʙʘʨʣʳץ ʥװʢʪʝʣʝʨʽ ʪʫʨʘʣʳ ʪʦʣʳץ 
ʘץʧʘʨʘʪ ʙʝʡʥʝʥʽϬ ʙʠʪʪʽʢ ʢʘʨʪʘʩʳ ʜʝʧ ʘʪʘʣʘʜʳ. 

ʄʦʥʠʪʦʨ ʵʢʨʘʥʳʥʜʘ ʢʝʟ ʢʝʣʛʝʥ ʪʠʧʪʝʛʽ ʛʨʘʬʠʢʘʣʳץ ʙʝʡʥʝʥʽ 

װʘʣʳʧʪʘʩʪʳʨʫ hץ ʽʥ ʢʦʤʧʴʶʪʝʨʜʽש ʚʠʜʝʦʞʘʜʳʩʳʥʜʘ ʦʥʳש ᴅʨʙʽʨ 

ʥװʢʪʝʩʽ, ʦʥʳש ʪװʩʽʥʽץ שʘʥrץʪrrס  ʪʫʨʘʣʳ ʘץʧʘʨʘʪ ʩʘץʪʘʣʫʳ ʪʠʽʩ. ʆʣ 
hװ ʽʥ ץʘʞʝʪʪʽ ʚʠʜʝʦʞʘʜʳ ʢᴇʣʝʤʽ ʤʳʥʘʜʘʡ ʪװʨʜʝ ʝʩʝʧʪʝʣʝʜʽ: 

ɺʠʜʝʦʞʘʜʳ ʢᴇʣʝʤʽ = ʅװʢʪʝʣʝʨ ʩʘʥʳ ʭ ʊװʩ ץʘʥrץʪʳʣrrס . 

ʄʳʩʘʣʳ, 800 ʭ 600 ʥװʢʪʝʣʝʨʜʽש ʛʨʘʬʠʢʘʣʳץ ʨʝʞʠʤʽ ʤʝʥ 16 ʙʠʪ 

ʪװʩ ץʘʥrץʪrrס  hװ ʽʥ ץʘʞʝʪʪʽ ʚʠʜʝʦʞʘʜʳ ʢᴇʣʝʤʽ  800  ʭ  600  ʭ  16  

ʙʠʪ = 7 680 000 ʙʠʪ = 960 000 ʙʘʡʪ = 937,5 ʂʙʘʡʪ ʪʝש ʙʦʣʘʜʳ. 
ɼʳʙʳʩʪʳϨ ʘϨʧʘʨʘʪʪʳ ʝʢʽʣʽʢ ʢʦʜʪʘʫ ʰʳʥʜrrס ʥʜʘ װʟʜʽʢʩʽʟ 

ʜʳʙʳʩʪʳץ ʩʠʛʥʘʣʜʳ ʜʠʩʢʨʝʜʠʪʘʮʠʷʜʘʥ ʢʝʡʽʥ ʝʢʽʣʽʢ ʢʦʜʪʘʫʜʳ 

ʙʽʣʜʽʨʝʜʽ, ʷסʥʠ ʵʣʝʢʪʨ ʠʤʧʫʣʴʩʪʘʨʳʥʳש ï ʢᴇh ʽʨʤʝʣʝʨʽʥʽש 
ʞװʡʝʣʽʣʽʛʽʥʝ ʘʡʥʘʣʜʳʨʫ. ɼʳʙʳʩʪʳץ ʩʠʛʥʘʣʜʳ ʩʘʥʜʳץ ʪװʨʛʝ 

ʪװʨʣʝʥʜʽʨʫʜʽש ʙʘʨʣʳץ ʢʝʟʝשʜʝʨʽ 5 ʙᴇʣʽʤʜʝ ʪʦʣʳrס ʨʘץ 

 ʜᴅʣʜʽʛʽ שʘʥ. ɽʢʽʣʽʢ ʢʦʜʪʘʫ ʧʨʦʮʝʜʫʨʘʩʳʥʳסʘʨʘʩʪʳʨʳʣץ

ʢʦʤʧʴʶʪʝʨʜʽש ʜʳʙʳʩʪʳץ ʞװʡʝʩʽ (ʜʳʙʳʩʪʳץ ʢʘʨʪʘ) ʞᴅʥʝ 1ʩ 
ʦʨʳʥʜʘʣסʘʥ ʜʠʩʢʨʝʪʪʽʢ ʢᴇh ʽʨʤʝʣʝʨ ʩʘʥʳʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝ ʘʣʘʪʳʥ 

ʜʠʩʢʨʝʪʪʽʢ ʤᴅʥʜʝʨ ʩʘʥʳʤʝʥ ʘʥʳץʪʘʣʘʜʳ. 
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1.4. ɸפʇɸʈɸʊʊɸʅɼʓʈʋɼʓר ʊɽʍʅʀʂɸʃʓפ 
 ʈɸʃɼɸʈʓʅ ɾɯʂʊɽʋױפ

ɸץʧʘʨʘʪʪʘʥʜʳʨʫʜʳש ʟʘʤʘʥʘʫʠ ʪʝʭʥʠʢʘʣʳײץ ץʨʘʣʜʘʨʳʥ ײץʨʘʤʳʥʜʘ 

ʢʦʤʧʴʶʪʝʨ ʞᴅʥʝ ʦʥʳש ʥʝʛʽʟʛʽ ײץʨʳʣrס ʣʘʨʳʥ ץʦʩʘ ʘʣסʘʥʜʘ, ʩʦʥʜʘʡ-ʘץ 

סʨʳʣrײץ ץʦʩʳʤʰʘ ʥʝʤʝʩʝ ʧʝʨʠʬʝʨʠʷʣʳץ ʣʘʨʳʥ ץʦʩʘ ʘʣסʘʥʜʘ ʙʦʣʘʪʳʥ 

ʞʘʣʧʳ ʞʘסʜʘʡʜʘ ʘץʧʘʨʘʪʪʳץ-ʝʩʝʧʪʝʫʽʰ ʢʝʰʝʥʽ ʪװʨʽʥʜʝ ʝʣʝʩʪʝʪʫʛʝ 

ʙʦʣʘʜʳ. ɸץʧʘʨʘʪʪʘʥʜʳʨʫʜʳש ʪʝʭʥʠʢʘʣʳײץ ץʨʘʣʜʘʨʳ 1.1. ʩʫʨʝʪʪʝ 

ʢᴇʨʩʝʪʽʣʛʝʥ. 

ɼʝʨʙʝʩ ʢʦʤʧʴʶʪʝʨʜʽש ʥʝʛʽʟʛʽ ײץʨʳʣrס ʣʘʨʳ ץʘʪʘʨʳʥʘ ʦʥʳש ʞװʡʝʣʽʢ 

ʙʣʦʛʳʥʜʘ ʦʨʥʘʣʘʩʘʪʳʥ ʘʥʘʣʳץ ʪʘץʪʘʥʳ, ʧʨʦʮʝʩʩʦʨ, ʚʠʜʝʦʘʜʘʧʪʝʨ 

(ʚʠʜʝʦʞʘʜʳ), ʜʳʙʳʩʪʳץ ʢʘʨʪʘʥʳ, ʚʠʜʝʦʩʠʛʥʘʣʜʘʨʜʳ ᴇשʜʝʫ 

סʨʳʣrײץ ʣʘʨʳ, ʞʝʜʝʣ ʞʘʜʳ, ץʘʪrץ ʣ ʤʘʛʥʠʪ ʜʠʩʢʪʝʨʜʝʛʽ 

ʞʠʥʘץʪʘʫʳʰʪʘʨ, ʦʧʪʠʢʘʣʳץ, ʤʘʛʥʠʪ ʦʧʪʠʢʘʣʳץ ʞᴅʥʝ ᴇʟʛʝ 

ʞʠʥʘץʪʘʫʳʰʪʘʨ, ʩʦʥʜʘʡ-ʘץ CD-ROM, DVD-ROM ʞʠʥʘץʪʘʫʳʰʪʘʨ, 

ץʡʝʩʽ ʞʘʪrװʦʨʝʢʪʝʥʫ ʙʣʦʛʳ ʤʝʥ ʩʫʳʪʫ ʞץ ʟʳʣʘʜʳ. ɾװʡʝʣʽʢ ʙʣʦʢʪʘ 

ʞʝʪʝʢʪʝʨ ʤʝʥ ᴅʨ ʪװʨʣʽ ʘץʧʘʨʘʪʪʘʨʜʳ ʞʠʥʘץʪʘʫʳʰʪʘʨ hװ ʽʥ 

ʜʠʩʢʞʝʪʝʢʪʝʨ ʦʨʥʘʣʘʩʘʜʳ. 

ᴄʨ ʪװʨʣʽ ʪʘʧʩʳʨʤʘʣʘʨʜʳ ʰʝʰʫ ʢʝʟʽʥʜʝʛʽ ʧʝʨʠʬʝʨʠʷʣʳץ 

סʨʳʣrײץ ʣʘʨʤʝʥ ʦʨʳʥʜʘʣʘʪʳʥ ʬʫʥʢʮʠʷʣʘʨʜʳש ʘʣʫʘʥ ʪװʨʣʽʣʽʛʽʥ ʙʽʨʥʝʰʝ 

ʪʦʧץʘ ʙᴇʣʽʧ ץʘʨʘʩʪʳʨʫסʘ ʙʦʣʘʜʳ (1.1 ʩʫʨʝʪʪʽ ץʘʨʘrש ʟ). 

ɸϨʧʘʨʘʪʪʳ ʙʝʡʥʝʣʝʫ (ʰʳϤʘʨʫ) ϨϰʨʳʣϤr ʣʘʨʳ ʚʠʜʝʦ ʘץʧʘʨʘʪʪʳ 

ᴇשʜʝʫ ʞᴅʥʝ ʚʠʟʫʘʣʜʳץ ץʘʙʳʣʜʘʫʜʳ ײʩʳʥʫ hװ ʽʥ ץʦʣʜʘʥʳʣʘʜʳ. ʆʣ ʝש 

ʘʣʜʳʤʝʥ ʟʘʤʘʥʘʫʠ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש ʢʝש ʩʧʝʢʪʨʽ ʥʝʛʽʟʽʥʜʝʛʽ 

ʤʦʥʠʪʦʨʣʘʨ, ʩʦʥʳש ʽʰʽʥʜʝ 3D-ʤʦʥʠʪʦʨʣʘʨ. 

ʂᴇʣʝʤʜʽ ʙʝʡʥʝʣʝʨʜʽ ץʘʣʳʧʪʘʩʪʳʨʫ ʚʠʨʪʫʘʣʜʳ ʰʳʥʘʡʳʣʳץʪrש 

ʰʣʝʤʜʝʨʽ, 3D-ʢᴇʟʽʣʜʽʨʽʢʪʽש ʞᴅʥʝ ᴅʨ ʪװʨʣʽ rץ ʟʤʝʪ ʞʘʩʘʫ ʧʨʠʥʮʠʧʽʥʜʝʛʽ 

3D-ʤʦʥʠʪʦʨʣʘʨ ʢᴇʤʝʛʽʤʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. תʣʢʝʥ ʘʫʜʠʪʦʨʠʷ hװ ʽʥ 

ʵʢʨʘʥ ʙʝʪʽʥʜʝ ʘץʧʘʨʘʪʪʳ ʢᴇʨʩʝʪʫʛʝ ʙʘʡʣʘʥʳʩʪʳ ʪʘʧʩʳʨʤʘʣʘʨʜʳ ʰʝʰʫ 

hװ ʽʥ ᴅʨ ʪװʨʣʽ ʧʨʦʝʢʪʦʨʣʘʨʜʳ ץʦʣʜʘʥʘʜʳ. ʊʝʣʝʚʠʟʠʷʣʳץ ʪʶʥʝʨ, 

ʙʝʡʥʝʤʘʛʥʠʪʦʬʦʥ, ʙʝʡʥʝʢʘʤʝʨʘ ʩʠʷץʪʳ ײץʨʳʣrס ʣʘʨʜʳש ʩʠʛʥʘʣʜʘʨʳʥ 

ʢʦʤʧʴʶʪʝʨʣʽʢ ᴇשʜʝʫ hװ ʽʥ, ʷסʥʠ ʘʥʘʣʦʛʪʳץ ʬʦʨʤʘʜʘʥ ʩʘʥʜʳץ ʬʦʨʤʘסʘ 

ʪװʨʣʝʥʜʽʨʫ hװ ʽʥ ʤʳʩʘʣʳ ʚʠʜʝʦʙʣʘʩʪʝʨ ʩʠʷץʪʳ ʙʝʡʥʝʩʠʛʥʘʣʜʳ ᴇשʜʝʫʜʽש 

ʘʨʥʘʡʳ ײץʨʘʣʜʘʨʳʥ ץʦʣʜʘʥʘʜʳ. 

ʂʦʤʧʴʶʪʝʨʜʽϬ ʜʳʙʳʩʪʳϨ ʞᴅʥʝ ʘʢʫʩʪʠʢʘʣʳϨ ʞϮʡʝʣʝʨʽ ʘʫʜʠʦ 

ʘץʧʘʨʘʪʪʳ ᴇשʜʝʫʜʽ ʞᴅʥʝ ʞʘשrסʨʪʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

ɸϨʧʘʨʘʪʪʳ ʝʥʛʽʟʫ Ϩϰʨʘʣʜʘʨʳ ʜʝʨʝʢʪʝʨʜʽ ʝʥʛʽʟʫ ʞᴅʥʝ ʙʘʩץʘʨʫ 

סʨʳʣrײץ ʣʘʨʳʥʳש ʞʠʳʥʪʳrס . ɹײʣ ʬʫʥʢʮʠʷʣʘʨʜʳ ʧʝʨʥʝʪʘץʪʘ, ʪʽʥʪʫʽʨ, 

ʜʞʦʡʩʪʠʢ ʦʨʳʥʜʘʡʜʳ. ɼʂ-ʛʝ ʘץʧʘʨʘʪʪʳ ʝʥʛʽʟʫ hװ ʽʥ ʩᴅʫʣʝʣʽ ץʘʣʘʤ, 

ʩʢʘʥʝʨ, ʩʘʥʜʳץ ʢʘʤʝʨʘ, ʜʠʛʠʪʘʡʟʝʨ, ʵʣʝʢʪʨʦʥʜʳץ ʧʣʘʥʰʝʪ 

 .ʦʣʜʘʥʳʣʘʜʳץ
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1.1 -ʩʫʨʝʪ. ɸץʧʘʨʘʪʪʘʥʜʳʨʫʜʳש ʪʝʭʥʠʢʘʣʳײץ ץʨʘʣʜʘʨʳʥ ʞʽʢʪʝʫ 



ɹʘʩʧʘ ϨϰʨʳʣϤr ʣʘʨʳ (ʧʨʠʥʪʝʨʣʝʨ) ʘץʧʘʨʘʪʪʳ, ץʘʪʪʳ, ʤᴅʪʽʥʜʽʢ 

ʬʦʨʤʘʜʘrס  ʞᴅʥʝ ʢᴇʣʝʤʜʽ ʪװʨʜʝ ץʘסʘʟ ʪʘʩʳʤʘʣʜʘrס ʰʪʘʨסʘ ʰʳסʘʨʫ hװ ʽʥ 

rץ ʟʤʝʪ ʝʪʝʜʽ. ᴄʨʝʢʝʪ ʝʪʫ ʧʨʠʥʮʠʧʽ ʙʦʡʳʥʰʘ ʧʨʠʥʪʝʨʣʝʨ ʙʽʨʰʘʤʘ ʘʣʫʘʥ 

ʪװʨʣʽ: ʝʢʧʽʥʜʽ, ʙװʨʽʢʢʽʰ, ʣʘʟʝʨʣʽʢ, ʞʘʨʳץʜʠʦʜʪʳ, ʪʝʨʤʠʷʣʳץ ʞᴅʥʝ ʙʘʩץʘ 

ʜʘ ʢᴇʧ ᴇʣʰʝʤʜʽ ʙʘʩʧʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʽʩʢʝ ʘʩʳʨʘʪʳʥ ץʘʪʘʨʣʘʨʳ. 

ʉʳʟʙʘʣʘʨ ʪװʨʽʥʜʝ ʛʨʘʬʠʢʪʽʢ ʘץʧʘʨʘʪʪʳ ʰʳסʘʨʫ hװ ʽʥ ʧʣʦʪʪʝʨʣʝʨ 

ץr שʞʘʟʘʪʳʥ ʙʣʦʢʪʘʨʳʥʳ שʦʣʜʘʥʳʣʘʜʳ. ʇʣʦʪʪʝʨʣʝʨʜʽץ ʟʤʝʪ ʽʩʪʝʫʽ 

ʧʨʠʥʪʝʨʣʝʨʜʽש rץ ʟʤʝʪʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ, ʘʣ ʢʦʥʩʪʨʫʢʮʠʷʩʳ ʙʦʡʳʥʰʘ ʦʣʘʨ 

ʧʣʘʥʰʝʪʪʽʢ ʞᴅʥʝ ʦʨʘʤʘ ʜʝʧ ʞʽʢʪʝʣʝʜʽ. 

ʊʝʣʝʢʦʤʤʫʥʠʢʘʮʠʷ     Ϩϰʨʘʣʜʘʨʳ ʘץʧʘʨʘʪʪʳ ץʘʰrץʪrץʪʘʥ 

ʪʘʩʳʤʘʣʜʘʫסʘ ʘʨʥʘʣסʘʥ. ʆʣʘʨסʘ ʧʝʡʜʞʝʨʣʝʨ, ʨʘʜʠʦʪʝʣʝʬʦʥʜʘʨ, 

ʜʳʙʳʩʪʳץ ʞᴅʥʝ ʤᴅʪʽʥʜʽʢ ʘץʧʘʨʘʪʪʳ ʙʝʨʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ 

ʩʧʫʪʥʠʢʪʽʢ ʙʘʡʣʘʥʳʩץʘ ʘʨʥʘʣסʘʥ ʜʝʨʙʝʩ ʪʝʨʤʠʥʘʣʜʘʨ ʞʘʪʘʜʳ. ɹʝʡʥʝ 

ʤʝʥ ʤᴅʪʽʥʜʽ ץʘʰrץʪrץʪʘʥ ʙʝʨʫ ʧʨʦʮʝʩʽʥ ʞװʟʝʛʝ ʘʩʳʨʘʪʳʥ ʬʘʢʩʠʤʠʣʴʜʽ 

ʘʧʧʘʨʘʪʪʘʨ ʪʝʨʤʦʛʨʘʬʠʢʘʣʳץ, ʵʣʝʢʪʨʦʛʨʘʬʠʢʘʣʳץ, ʙװʨʽʢʢʽʰ, ʣʘʟʝʨʣʽʢ, 

ʬʦʪʦʛʨʘʬʠʷʣʳץ, ʵʣʝʢʪʨʦʭʠʤʠʷʣʳץ ʞᴅʥʝ ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʘʣʳץ ʜʝʧ 

ʞʽʢʪʝʣʝʜʽ. ʄʦʜʝʤʜʝʨ ʥʝʛʽʟʽʥʝʥ ʪʝʣʝʬʦʥ ʞʝʣʽʩʽ ʘʨrץ ʣʳ ʢʦʤʧʴʶʪʝʨʣʝʨ 

ʘʨʘʩʳʥʜʘ ʘץʧʘʨʘʪ ʘʣʤʘʩʫ hװ ʽʥ ץʦʣʜʘʥʳʣʘʜʳ ʞᴅʥʝ ʘʚʪʦʥʦʤʠʷʣʳ ᴅʨʝʢʝʪ 

ʝʪʝʪʽʥ ʩʳʨʪrץ , ʩʦʥʳʤʝʥ ץʘʪʘʨ ʽʰʢʽ ʢʽʨʽʩʪʽʨʽʣʝʪʽʥ ʘʧʧʘʨʘʪʫʨʘʣʘʨʤʝʥ 

ʦʨʳʥʜʘʣʘʜʳ. 

ϧʘʪʪʳ ʪʘʩʳʤʘʣʜʘϤr ʰʪʘʨʜʘϤr  ʘϨʧʘʨʘʪʧʝʥ ʞϰʤʳʩ ʽʩʪʝʫ ʢʝϬ 

ʪʘʨʘʣϤʘʥ Ϩϰʨʘʣʜʘʨʳ ʢᴇh ʽʨʤʝ ʪʝʭʥʠʢʘʩʳʥʳש ʢᴇʧʪʝʛʝʥ ײץʨʘʣʜʘʨʳ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ: ʵʣʝʢʪʨʦʛʨʘʬʠʢʘʣrץ, ʪʝʨʤʦʛʨʘʬʠʢʘʣʳץ, 

ʜʠʘʟʦʛʨʘʬʠʢʘʣʳץ, ʬʦʪʦʛʨʘʬʠʷʣʳץ, ʵʣʝʢʪʨʦʥʜʳץ-ʛʨʘʬʠʢʘʣʳפ .ץʘʪrץ ʣ 

ʪʘʩʳʤʘʣʜʘrס ʰʪʘʨʜʘ ײץʧʠʷ ʘץʧʘʨʘʪʪʳ ʞʦʶ hװ ʽʥ ʘʨʥʘʡʳ ײץʨʳʣrס ʣʘʨ ð 

ʰʨʝʜʝʨʣʝʨ ץʦʣʜʘʥʳʣʘʜʳ. 

 

 
 

ɹɸפʓʃɸʋ ʉױʈɸפʊɸʈʓ 

1. ɸץʧʘʨʘʪʪʘʥʜʳʨʫʜʳש ʪʝʭʥʠʢʘʣʳײץ ץʨʘʣʜʘʨʳ ײץʨʘʤʳʥʘ ʥʝ ʢʽʨʝʜʽ? 

2. ɸץʧʘʨʘʪ ʢᴇʣʝʤʽʥʽש ᴇʣʰʝʤ ʙʽʨʣʽʛʽ ʨʝʪʽʥʜʝ ʥʝʥʽ ץʘʙʳʣʜʘʫ 

ʪʘסʘʡʳʥʜʘʣסʘʥ? 

3. ʄᴅʪʽʥ ʩʠʤʚʦʣʜʘʨʳ ץʘʣʘʡ ʢʦʜʪʘʣʘʜʳ? 

4. ɼᴅʩʪװʨʣʽ 8-ʙʠʪʪʽʢ ʢʦʜʪʘʫ ʤʝʥ Unicode ʞʘשʘ ʢʦʜʪʘʫ ʘʨʘʩʳʥʜʘ 

 ?ʙʘʨ ץʘʥʜʘʡ ʘʡʳʨʤʘʰʳʣʳץ

5. ɼʳʙʳʩʪʳ ʝʢʽʣʽʢ ʢʦʜʪʘʫ ʩʘʧʘʩʳʥ ץʘʥʜʘʡ ʧʘʨʘʤʝʪʨʣʝʨ ʘʥrץʪʘʡʜʳ? 

6. ɻʨʘʬʠʢʪʽʢ ʘץʧʘʨʘʪʪʳש ʝʢʽʣʽʢ ʢʦʜʪʘʣʫʳ ץʘʣʘʡ ʞװʨʛʽʟʽʣʝʜʽ? 
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  ɹᴆʃɯʄ 2  

ɿɸʄɸʅɸʋʀ ʂʆʄʇʔʖʊɽʈʃɽʈɼɯר 

ʊɽʍʅʀʂɸʃʓפ ʉʀʇɸʊʊɸʄɸʃɸʈʓ 
 
 
 
 

 

    2.1. ɽʉɽʇʊɽʋɯʐ ʊɽʍʅʀʂɸ ʊɸʈʀʍʓʅʓר ʄɸרʓɿɼʓ 
ɼᴄʋɯʈʃɽʈɯ 

XX ס. ʦʨʪʘʩʳʥʜʘ ʵʣʝʢʪʨʦʥʜʳץ-ʝʩʝʧʪʝʫʽʰ ʤʘʰʠʥʘʣʘʨʳʥ (ʕɽʄ) ʞʘʩʘʫʜʳ 

ʘʜʘʤʟʘʪ ʪʘʨʠʭʳʥʜʘrס ʝװ שʟʜʽʢ ʞʝʪʽʩʪʽʢʪʝʨʽʥʽץ שʘʪʘʨʳʥʘ ʞʘʪrץ ʟʘʜʳ. 

ɽʩʝʧʪʝʫʽʰ ʪʝʭʥʠʢʘ ʘʜʘʤʥʳש ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʢʝשʝʡʪʪʽ 

ʞᴅʥʝ rס ʣʳʤʠ-ʪʝʭʥʠʢʘʣʳץ ʧʨʦʛʨʝʩʪʽש ʰʝʰʫʰʽ ʬʘʢʪʦʨʣʘʨʳʥʳש ʙʽʨʽʥʝ 

ʘʡʥʘʣʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ ʦʥʳש ʜʘʤʫʳ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʩʘʣʘʣʘʨʜʘ ʪʝʭʥʠʢʘ 

ʤʝʥ ʪʝʭʥʦʣʦʛʠʷʥʳש ʜʘʤʫʳʤʝʥ װʟʜʽʢʩʽʟ ʙʘʡʣʘʥʳʩʪʳ. 

ɸʨʠʬʤʝʪʠʢʘʣʳץ ʦʧʝʨʘʮʠʷʣʘʨסʘ ʤʝʭʘʥʠʢʘʣʳץ ʞᴅʥʝ ʞʘʨʪʳʣʘʡ 

ʘʚʪʦʤʘʪʪʳײץ ץʨʘʣʜʘʨʜʳ ʧʘʡʜʘʣʘʥʫʜʳש ʙʽʨ ʤʳשʞʳʣʜʳץ ʪʘʨʠʭʳ ʙʘʨ ʜʝʧ 

ʝʩʝʧʪʝʣʝʜʽ. ɸʣסʘ rhץ  ʝʩʝʧʪʝʫʽʰ ײץʨʳʣrס ʣʘʨ ɽʞʝʣʛʽ ɻʨʝʮʠʷʜʘ 

ʞʘʩʘʣסʘʥ. 1642 ʞ. ʬʨʘʥʮʫʟ ʤʘʪʝʤʘʪʠʛʽ ɹʣʝʟ ʇʘʩʢʘʣʴ (1623 ð 1662) 

ʪᴇʨʪ ʘʨʠʬʤʝʪʠʢʘʣʳץ ʘʤʘʣʜʳ ʦʨʳʥʜʘʡʪʳʥ ʤʝʭʘʥʠʢʘʣʳץ ʘʨʠʬʤʦʤʝʪʨ 

ʞʘʩʘʧ ʰʳסʘʨʜʳ. ʅʝʤʽʩ ʬʠʣʦʩʦʬʳ ʞᴅʥʝ ʤʘʪʝʤʘʪʠʛʽ ɻʦʪʬʨʠʜ ɺʠʣʴʛʝʣʴʤ 

ʬʦʥ ʃʝʡʙʥʠʮ (1646 ð 1716) ʢᴇʙʝʡʪʫ ʤʝʥ ʙᴇʣʫʜʽ ʞװʟʝʛʝ ʘʩʳʨʘʪʳʥ 

ʤʝʭʘʥʠʢʘʣʳץ ʝʩʝʧʪʝʫ ʤʘʰʠʥʘʩʳʥ ʦʡʣʘʧ ʪʘʧʪʳ. ɸrס ʣʰʳʥʜʳץ ʏʘʨʣʴʟ 

ɹʵʙʙʠʜʞ (1792 ð 1871) ʠʢʝʤʜʽ ʙʘסʜʘʨʣʘʤʘʣʘʫ ʩʭʝʤʘʩʳ ʞᴅʥʝ ʝʩʪʝ 

ʩʘץʪʘʫ ײץʨʳʣrס ʩʳ ʙʘʨ ʝʩʝʧʪʝʫʽʰ ʤʘʰʠʥʘʩʳʥʳש ʢʦʥʮʝʧʮʠʷʩʳʥ ʞʘʩʘʧ 

ʰ rסʘʨʜʳ. ɹʘסʜʘʨʣʘʤʘʣʘʨ ʧʝʨʬʦʢʘʨʪʘʣʘʨ ï ʘץʧʘʨʘʪ ʪʝʩʽʢʪʝʨ 

 ץʨʽʥʜʝ ʢᴇʨʩʝʪʽʣʝʪʽʥ ʞᴅʥʝ ʜʝʨʝʢʪʝʨ ʞᴅʥʝ ʘʨʘʣʳװʠʩʳʥʜʘʩʪʳʨʫʳ ʪץ

ʥᴅʪʠʞʝʣʝʨ ʪװʨ̔ ʥʜʝ çץʦʡʤʘʜʘè (ʞʘʜʳʜʘ) ʩʘץʪʘʣʘʪʳʥ ץʘʪʪʳ ʤʘʪʝʨʠʘʣʜʘʥ 

ʞʘʩʘʣסʘʥ ʢʘʨʪʦʯʢʘʣʘʨ ʢᴇʤʝʛʽʤʝʥ ʝʥʛʽʟʽʣʽʧ ʦʪʳʨʜʳ. ʄʘʰʠʥʘ ʙʫʤʝʥ 

ʞײʤʳʩ ʞʘʩʘʜʳ, ʝʩʝʧʪʝʫ ʧʨʦʮʝʩʽ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ, ʘʣ ʢʝʩʪʝ 

ʪװʨʽʥʜʝʛʽ ʝʩʝʧʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʘʩʳʧ h rסʘʨʳʣʘʪʳʥ. 

1878 ʞ. ʦʨʳʩ ʤʘʪʝʤʘʪʠʛʽ ʞᴅʥʝ ʤʝʭʘʥʠʢ ʇʘʬʥʫʪʠʡ ʃʴʚʦʚʠʯ ʏʝʙʳʰʝʚ 

(1821 ð 1894) ʦʥʜʳץʪʘʨʜʳ װʟʜʽʢʩʽʟ ʙʝʨʝʪʽʥ ʞʠʥʘץʪʘʫʰʳ ʘʧʧʘʨʘʪ 

ʞʘʩʘʜʳ, ʘʣ 1881 ʞ. ð ʢᴇʙʝʡʪʫ ʤʝʥ ʙᴇʣʫ hװ ʽʥ ʦסʘʥ ץʦʩʳʤʰʘ ʧʨʠʩʪʘʚʢʘ 

ʞʘʩʘʜʳ. 
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ʅʝʤʽʩ ʵʤʠʛʨʘʥʪʳ ɻʝʨʤʘʥ ʍʦʣʣʝʨʠʪ (1860 ð 1929) ʜʝʨʝʢʪʝʨʜʽ 
ʝʥʛʽʟʫ hװ ʽʥ ʧʝʨʬʦʢʘʨʪʘʣʘʨʜʳ ץʦʣʜʘʥʘʪʳʥ ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʘʣʳץ 
çʭʘʣʳץ ʩʘʥʘrס ʥʘ ʘʨʥʘʣסʘʥ ʤʘʰʠʥʘʥʳè ʧʘʪʝʥʪʪʝʜʽ. 

ʄʘʰʠʥʘʧʝʨʬʦʢʘʨʪʘʜʘrס  ʪʝʩʽʢʪʝʨ ʘʨrץ ʣʳ ʵʣʝʢʪʨ ʪʽʟʙʝʛʽʥʽש 

ʪײʡrץʪʘʣʫʳ ʢʝʟʽʥʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʵʣʝʢʪʨ ʠʤʧʫʣʴʩʪʝʨʽʤʝʥ 

ʙʘʩץʘʨʳʣʜʳ. 
ɽʩʝʧʪʝʫʽʰ ײץʨʳʣrס ʣʘʨʜʳש ʙʘʨʳʥʰʘ ʝʢʧʽʥʜʽ ʞᴅʥʝ ʢʝʟʝʢʪʝʩ 

ʜʘʤʫʳ ʤʝʥ ʝʥʜʽʨʽʣʫʽ ʨʝʪʽʥʜʝ ʍʍ ס. ʙʽʨʽʥʰʽ ʞʘʨʪʳʩʳ ʝʩʪʝ ץʘʣʜʳ. 

ᴄʤʙʝʙʘʧ ʝʩʝʧʪʝʫʽʰ ʤʘʰʠʥʘʩʳʥ ײץʨʫ ʤװʤʢʽʥʜʽʛʽʥ ʘrס ʣʰʳʥ 
ʤʘʪʝʤʘʪʠʛʽ ɸʣʘʥ ʄʘʪʠʩʦʥ ʊʴʶʨʠʥʛ (1912 ð 1954) ץʘʣʘʜʳ. 

1938 ʞ. ʥʝʤʽʩ ʠʥʞʝʥʝʨʽ ʂʦʥʨʘʜ ɿʫʩʝ ʤʝʭʘʥʠʢʘʣʳץ 

ʙʘסʜʘʨʣʘʤʘʣʘʥʘʪʳʥ Z-1 ʩʘʥʜʳץ ʤʘʰʠʥʘʥʳש ʤʘʢʝʪʽʥ ʜʘʡʳʥʜʘʜʳ, 
ʦʥrײץ שʨʘʤʳʥʜʘ ʧʝʨʬʦʢʘʨʪʘʣʘʨʜʘʥ ʞʘʜʳ ʙʣʦʛʳʥʘ ʜʝʨʝʢʪʝʨ 

ʝʥʛʽʟʝʪʽʥ ʧʝʨʥʝʪʘץʪʘ ʙʦʣʜʳ. ɹײʣ ʤʘʰʠʥʘʥʳ ײץʨסʘʥ ʢʝʟʜʝ ʜװʥʠʝ 

ʞװʟʽʥʜʝ ʘʣסʘʰ ʨʝʪ ʘʚʪʦʨʤʝʥ ײʩʳʥʳʣסʘʥ ʝʩʝʧʪʝʫʜʽש ʝʢʽʣʽʢ ʞװʡʝʩʽ 

ʞᴅʥʝ çʤʘʰʠʥʘʣʳץ ʩᴇʟè ʪʝʨʤʠʥʽ ץʦʣʜʘʥʳʣʜʳ. 
1943 ʞ. ʘʤʝʨʠʢʘʥʜʳץ ɻʦʚʘʨʜ ʕʡʢʝʥ ʦʩʳ ʫʘrץ ʪץʘ ʜʝʡʽʥ ײץʨʳʣסʘʥ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʘʣʳץ ʨʝʣʝ ʥʝʛʽʟʽʥʜʝ IBM ʬʠʨʤʘʩʳʥʳש 

ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʳש ʙʽʨʽʥʜʝ çʄʘʨʢ-1è ʜʝʧ ʘʪʘʣסʘʥ ʝʩʝʧʪʝʫʽʰ 
ʤʘʰʠʥʘʩʳʥ ײץʨʳʣʳʤʜʘʜʳ ʞᴅʥʝ ʞʘʩʘʧ ʰʳסʘʨʜʳ. 

ɸʣסʘ rhץ  ʝʩʝʧʪʝʫʽʰ ʤʘʰʠʥʘʣʘʨʳʥ ʞʘʩʘʫ ʢʝʟʽʥʜʝ ʵʣʝʢʪʨʦʥʜʳ 

ʣʘʤʧʘʣʘʨʜʳ ץʦʣʜʘʥʫ ʦʩʳ ʩʘʣʘʜʘ ʧʨʦʛʨʝʩʢʝ ʪװʨʪʢʽ ʙʦʣʜʳ. 1946 ʞ. 

ɸפʐ-ʪʘ ɼʞʦʥ ʄʦʯʣʠ ʞᴅʥʝ ʇʨʝʩʧʝʨ ʕʢʝʨʪʪʽש ʞʝʪʝʢʰʽʣʽʛʽʤʝʥ ʙʽʨ 
ʪʦʧ ʤʘʤʘʥʜʘʨʤʝʥ ENIAC (Electronic Numerical Integrator and 

Computer ð ʵʣʝʢʪʨʦʥʜʳץ ʩʘʥʜʳץ ʠʥʪʝʛʨʘʪʦʨ ʞᴅʥʝ ʝʩʝʧʪʝʫʽʰ) ʜʝʧ 

ʘʪʘʣסʘʥ ʙʘʣʣʠʩʪʠʢʘʣʳץ ʝʩʝʧʪʝʫʣʝʨʛʝ ʘʨʥʘʣסʘʥ ʵʣʝʢʪʨʦʥʜʳץ ʣʘʤʧʘ 
ʥʝʛʽʟʽʥʜʝ ʙʽʨʽʥʰʽ ʝʩʝʧʪʝʫʽʰ ʤʘʰʠʥʘ ʧʘʡʜʘ ʙʦʣʜʳ. ᴆʟʛʝ ʝʩʝʧʪʝʫʣʝʨʜʽ 

ʦʨʳʥʜʘʫ hװ ʽʥ ʤʘʰʠʥʘʥʳ ץʘʡʪʘ ײץʨʫ ʢʝʨʝʢ ʙʦʣʜʳ. 

1949 ʞ. ᴅʡʛʽʣʽ ʤʘʪʝʤʘʪʠʢ ɼʞʦʥ ʬʦʥ ʅʝʡʤʘʥʥʳש (1903 ð 1957) 
ʝʩʝʧʪʝʫʽʰ ʤʘʰʠʥʘʥʳש ʣʦʛʠʢʘʣʳץ ʩʭʝʤʘʩʳʥ ײץʨʫ ʧʨʠʥʮʠʧʪʝʨʽ 

ʞװʟʝʛʝ ʘʩץʘʥ ʢʦʤʧʴʶʪʝʨ ײץʨʳʣʜʳ. ʆʣ ʤʘʰʠʥʘ ʪʦʣʳץʪʘʡ ʤʘʰʠʥʘʥʳ 

 ʪʘʫץʨʤʘʩʪʘʥ ᴇʟʛʝʨʪʫʛʝ ʙʦʣʘʪʳʥ ʠʢʝʤʜʽ ʝʩʪʝ ʩʘײץ ʘʡʪʘץ

ʙʘסʜʘʨʣʘʤʘʩʳʥ ץʦʣʜʘʥʫ ʤװʤʢʽʥʜʽʛʽʥʝ ʠʝ ʙʦʣʜʳ. 
ʂʦʤʧʴʶʪʝʨʣʝʨʜʝʛʽ ʵʣʝʢʪʨʦʥʜʳץ ʣʘʤʧʘʣʘʨʜʳש ʦʨʥʳʥ 

ʘʣʤʘʩʪʳʨסʘʥ 1948 ʞ. ʪ ʨ ʘʥ ʟʠ ʩʪ ʦ ʨ ʣ ʘʨ ʜ ʳ ʦʡʣʘʧ ʪʘʙʫ, ʦʣʘʨʜʳ 

ʞʘʧʧʘʡ ᴇʥʜʽʨʽʩ ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש ʜʘʤʫʳ 1950-ʰʽ ʞʳʣʜʘʨʜʘ 
ʢʦʤʧʴʶʪʝʨʣʝʨʜʽש ᴇʣʰʝʤʜʝʨʽʥʽש ʢʽʰʽʨʝʶʽʥʝ, ʝʣʝʫʣʽ ʞʝʪʽʣʜʽʨʽʣʫʽʥʝ, 

ʙʘסʘʩʳʥʳש ʜʘ ʘʨʟʘʥʜʘʫʳʥʘ ʤװʤʢʽʥʜʽʢ ʪʫrס ʟʜʳ. 
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1952 ʞ. ʬʠʨʤʘ IBM ʬʠʨʤʘʩʳ ʘʣסʘ rhץ  ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʵʣʝʢʪʨʦʥʜʳץ 

IBM 701 ʢʦʤʧʴʶʪʝʨ ʰʳסʘʨʜʳ ʦʣ 4 ʤʳש ʵʣʝʢʪʨʦʥʜʳץ ʣʘʤʧʘʜʘʥ ʞᴅʥʝ 12 

ʤ rש ʛʝʨʤʘʥʠʡʣʽʢ ʜʠʦʜʪʘʨʜʘʥ ʪײʨʘʪʳʥ ʧʘʨʘʣʣʝʣʴ ᴅʨʝʢʝʪʪʝʛʽ ʩʠʥʭʨʦʥʜʳ 

ʕɽʄ ʪװʨʽʥʜʝ ʢᴇʨʩʝʪʽʣʜʽ. ɸʣ 1956 ʞ. IBM ʤʘʛʥʠʪ ʜʠʩʢʪʝʨʜʝ ʘץʧʘʨʘʪʪʳ 

ʞʠʥʘץʪʘʫʳʰʳ ʙʘʨ ʘʣסʘ rhץ  ʢʦʤʧʴʶʪʝʨʜʽ ײʩʳʥʜʳ. 

ʂʦʤʧʴʶʪʝʨʣʝʨʜʽ ʤʠʥʠʘʪʶʨʠʟʘʮʠʷʣʘʫ ʤʝʥ ʞʝʪʽʣʜʽʨʫ ʞʦʣʳʥʜʘrס  

ʢʝʣʝʩʽ ץʘʜʘʤ ʠʥʪʝ ʛʨʘ ʣʜʳ ʩ ʭʝʤ ʘ ʣʘʨ ʜ  rʦʡʣʘʧ ʪʘʙʫʤʝʥ ʙʘʡʣʘʥʳʩʪʳ 

ʙʦʣʜʳ. 1959 ʞ. ʈʦʙʝʨʪ ʅʦʡʩ, ʩʦrש ʥʜʘ Intel ʬʠʨʤʘʩʳʥʳש ʥʝʛʽʟʽʥ 

 ᴇʟʽʥ ʞᴅʥʝ ʠʥʪʝʛʨʘʣʴʜʳ שʘʣʘʫʰʳ ʙʽʨ ʧʣʘʩʪʠʥʘʜʘ ʪʨʘʥʟʠʩʪʦʨʣʘʨʜʳץ

ʩʭʝʤʘ ʥʝʤʝʩʝ ʯʠʧ ʜʝʧ ʘʪʘʣʘʪʳʥ ʦʣʘʨʜʳש ʘʨʘʣʘʨʳʥʜʘrס  ʙʘʨʣʳץ 

 .ʩʳʥʜʳײ ʨʫʜʳײץ ʦʩʳʣʳʩʪʘʨʳʥץ

ʀʥʪʝʛʨʘʣʴʜʳ ʩʭʝʤʘʣʘʨʜʘrס  ʘʣסʘ rhץ  ʢʦʤʧʴʶʪʝʨʜʽ Burroughs 

ʬʠʨʤʘʩʳ 1968 ʞ. ʰʳסʘʨʜʳ. 1970 ʞ. Intel ʬʠʨʤʘʩʳʥʳש 

ʢʦʥʩʪʨʫʢʪʦʨʣʘʨʳ ᴇʟ ʬʫʥʢʮʠʷʣʘʨʳ ʙʦʡʳʥʰʘ װʣʢʝʥ ʕɽʄ-ʥrש ʦʨʪʘʣʳץ 

ʧʨʦʮʝʩʩʦʨʳʥʘ ץײʩʘʩ ʙʽʨ ʫʘrץ ʪʪʘ ʪʝʢ 4 ʙʠʪ ʘץʧʘʨʘʪ ᴇשʜʝʡ ʘʣʘʪʳʥ 

ʙʽʨʽʥʰʽ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨ. ʅʘ ʙʘʟʝ Intel-8080 ʙʘʟʘʩʳʥʜʘ 1975 ʞ. 

ʦʧʝʨʘʪʠʚʪʽʢ ʞʘʜʳʩʳ 256 ʙʘʡʪ, ʧʝʨʥʝʪʘץʪʘʤʝʥ ʞᴅʥʝ ʤʦʥʠʪʦʨʤʝʥ 

ʞʘʩʘץʪʘʣʤʘסʘʥ ʘʣסʘ rhץ  ʢʦʤʤʝʨʮʠʷʣʳץ ʪʘʨʘʪʳʣʘʪʳʥ çɸʣʴʪʘʠʨ 8800è 

ʢʦʤʧʴʶʪʝʨʽ ʞʘʩʘʣʜʳ. 

çɸʣʴʪʘʠʨè ʢʦʤʧʴʶʪʝʨʽ ʇʦʣ ɸʣʣʝʥ ʞᴅʥʝ ɹʠʣʣ ɻʝʡʪʩ (Microsoft 

ʬʠʨʤʘʩʳʥʳש ʙʦʣʘʰʘץ ʥʝʛʽʟʽʥ ץʘʣʘʫʰʳʣʘʨ) ʧʘʡʜʘʣʘʥʫʰʳʣʘʨסʘ 

ʢʦʤʧʴʶʪʝʨʤʝʥ ʞʝʪʢʽʣʽʢʪʽ ʪװʨʜʝ ץʘʨʘʧʡʳʤ ץʘʪʳʥʘʩʪʘ ʙʦʣʫסʘ ʤװʤʢʽʥʜʽʢ 

ʞʘʩʘסʘʥ ʦסʘʥ Basic ʪʽʣʽʥʽש ʪװʩʽʥʽʢʪʝʤʝʩʽʥ ʞʘʩʘʧ ʰʳסʘʨʫʳʥʳש 

ʘʨץʘʩʳʥʜʘ ʘʪʘץʪʳʣrץץʘ ץʦʣ ʞʝʪʢʽʟʜʽ. ʂʦʤʧʴʶʪʝʨʣʝʨ ʝʥʜʽ 

ʧʝʨʥʝʪʘץʪʘʩʳʤʝʥ ʞᴅʥʝ ʤʦʥʠʪʦʨʳʤʝʥ ʪʦʣʳץ ʞʘʩʘץʪʘʫʜʘ ʩʘʪʳʣʘ 

ʙʘʩʪʘʜʳ, ʦʣʘʨסʘ ʩײʨʘʥʳʩ ʞʳʣ ʩʘʡʳʥ ʘʨʪʳʧ ʦʪʳʨʜʳ. 

1981 ʞ. IBM ʬʠʨʤʘʩʳ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨ ʙʘʟʘʩʳʥʜʘrס  8088 ʘʣסʘ rhץ  

IBM PC ʜʝʨʙʝʩ ʢʦʤʧʴʶʪʝʨʽʥ ʰʳסʘʨʜʳ. 1983 ʞ. Apple ʢʦʨʧʦʨʘʮʠʷʩʳ 

Lisa ʢʦʤʧʴʶʪʝʨʽʥ ï çʪʽʥʪʫʽʨè ʤʘʥʠʧʫʣʷʪʦʨʳʤʝʥ ʙʘʩץʘʨʳʣʘʪʳʥ 

ʘʣסʘ rhץ  ʢʝשʩʝʣʽʢ ʢʦʤʧʴʶʪʝʨ ʞʘʩʘʜʳ. ɾװʡʝʣʽʢ ʙʣʦʢ ʜʠʩʧʣʝʡ ʞᴅʥʝ 

ʧʝʨʥʝʪʘץʪʘʤʝʥ ʪײʪʘʩ ʙʣʦʢץʘ ʙʽʨʽʢʪʽʨʽʣʛʝʥ Laptop (ʥʦʫʪʙʫʢ) ʪʠʧʽʥʜʝʛʽ 

ʘʣסʘ rhץ  ʢʦʤʧʴʶʪʝʨ 1984 ʞʳʣʳ ʞʘʩʘʣʜʳ. 1986 ʞ. IBM Intel 

ʧʨʦʮʝʩʩʦʨʳ ʙʘʟʘʩʳʥʜʘrס  ʘʣסʘ rhץ  çʪʨʘʥʩʬʦʨʤʘʮʠʷʣʘʥʘʪʳʥè ʥʦʫʪʙʫʢ 

ʤʦʜʝʣʽʥ ײʩʳʥʜʳ. 

ɾʘʧʧʘʡ ʪײʪʳʥʫסʘ ʘʨʥʘʣסʘʥ ʘʣסʘ rhץ  ʝʢʽ ʷʜʨʦʣʳ ʧʨʦʮʝʩʩʦʨ 2001 

ʞʳʣʳ IBM ʢʦʤʧʘʥʠʷʩʳʤʝʥ ʰʳסʘʨʳʣסʘʥ ʙʽʨ ʢʨʠʩʪʘʣʜʘ ʝʢʽ PowerPC 

ʷʜʨʦʣʘʨʳ ʙʘʨ POWER4 ʙʦʣʜʳ. 

ʉʝʥʩʦʨʣʳץ ʵʢʨʘʥʳ ʙʘʨ ʥʦʫʪʙʫʢʪʳש ᴇʟʛʝ ʪװʨʽ ʨʝʪʽʥʜʝ ʧʣʘʥʰʝʪʪʽʢ 

ʜʝʨʙʝʩ ʢʦʤʧʴʶʪʝʨ ʥʘʨʳץʪʘ 2002 ʞ. ʧʘʡʜʘ ʙʦʣʜʳ. 

2011 ʞ. װʡ ʢʦʤʧʴʶʪʝʨʣʝʨʽ hװ ʽʥ 8-ʷʜʨʦʣʳ ʞᴅʥʝ ʩʝʨʚʝʨʣʽʢ ʞװʡʝʣʝʨ 

hװ ʽʥ 16-ʷʜʨʦʣʳ ʧʨʦʮʝʩʩʦʨʣʘʨ ᴇʥʜʽʨʽʩʽ ʠʛʝʨʽʣʜʽ. 
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ɼʝʨʙʝʩ ʢʦʤʧʴʶʪʝʨʣʝʨ ʥʘʨʳrס ʥʜʘ IBM PC װʡʣʝʩʝʪʽʥ ʢʦʤʧʴʶʪʝʨʣʝʨ 

ʙʘʩʳʤ, ʫʘrץ ʪ ᴇʪʝ ʢʝʣʝ IBM ʬʠʨʤʘ ʘʪʘʫʳ ʪװʩʽʧ ץʘʣʳʧ, ʦʣʘʨʜʳ ʞʘʡ סʘʥ 

çʜʝʨʙʝʩ ʢʦʤʧʴʶʪʝʨè ɼʂ ʜʝʧ ʘʪʘʡ ʙʘʩʪʘʜʳ. 
ʐM PC ʢʦʤʧʴʶʪʝʨʣʝʨʽʥʽש ʘʪʘץʪrrס  ʦʣ ʖM ʬʠʨʤʘʩʳ ʞʘʩʘʧ 

ʰ rסʘʨʫ ʙʘʨʳʩʳʥʜʘ ʘʰϨr ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʠʥʮʠʧʽʥ ʞʝʪʝʢʰʽʣʽʢʢʝ 

ʘʣסʘʥʜrrס ʥʜʘ, ʷסʥʠ ʙʘʩʪʘʧrץ ʜʘ ʢʦʤʧʴʶʪʝʨʜʽ ʙʽʨʪײʪʘʩ ʘʞʳʨʘʤʘʡʪʳʥ 

סʨʳʣrײץ  rץ ʣʳʧ ʞʘʩʘʤʘʜʳ, ʦʥʳײץ שʨʘʩʪʳʨʫʳʥ ʪᴅʫʝʣʩʽʟ ʜʘʡʳʥʜʘʣסʘʥ 

ʙᴇʣʽʢʪʝʨʜʝʥ ʞʘʩʘʫסʘ ʤװʤʢʽʥʰʽʣʽʢ ʙʝʨʜʽ, ʦסʘʥ ץʦʩʘ ײץʨʳʣrס ʣʘʨʜʳש ʖM 

PC-ʤʝʥ ʞʘʥʘʩʫ ᴅʜʽʩʪʝʨʽ ʙʘʨʣʳrס ʥʘ ץʦʣʞʝʪʽʤʜʽ ʙʦʣʜʳ. 

ʕɽʄ ʘʨʭʠʪʝʢʪʫʨʘʩʳ ʘʧʧʘʨʘʪʪʳץ-ʙʘסʜʘʨʣʘʤʘʣʳײץ ץʨʘʣʜʘʨʜʳ 

ʞᴅʥʝʪʠʽʩʪʽ ʪʘʧʩʳʨʤʘʣʘʨ ʢʣʘʩʳʥ ʦʨʳʥʜʘʫ ʢʝʟʽʥʜʝ ʕɽʄ ʬʫʥʢʮʠʦʥʘʣʜʳץ 

ʤװʤʢʽʥʰʽʣʽʢʪʝʨʽʥ ʘʥʳץʪʘʡʪʳʥ ʦʣʘʨʜʳש ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ 

סʞʠʳʥʪʳr שʧʨʠʥʮʠʧʪʝʨʽʥʽ ץʦʨʪʘ שʡʳʤʜʘʩʪʳʨʫʜʳײ  ʜʝʧ ʪװʩʽʥʜʽʨʽʣʝʜʽ. 

ʕɽʄ ʘʨʭʠʪʝʢʪʫʨʘʩʳ ʙʘסʘʩʳ, ץʦʣʜʘʥʳʩ ʘʷʩʳ, ʬʫʥʢʮʠʦʥʘʣʜʳץ 

ʤװʤʢʽʥʜʽʢʪʝʨʽ, ץʦʣʜʘʥʫ ʳסשʘʡʣrrס  ʩʠʷץʪʳ ʬʘʢʪʦʨʣʘʨʜʳ ʝʩʢʝʨʝʪʽʥ 

ʘʧʧʘʨʘʪʪʳץ ʞᴅʥʝ ʙʘסʜʘʨʣʘʤʘʣʳײץ ץʨʘʣʜʘʨ ʢʝʰʝʥʽʥ ʪײʨrס ʟʫʤʝʥ 

ʙʘʡʣʘʥʳʩʪʳ ʢᴇʧ ʤᴅʩʝʣʝʣʝʨ ץʘʪʘʨʳʥ ץʘʤʪʠʜʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ 

ʘʨʭʠʪʝʢʪʫʨʘʥʳש ʙʘʩʪʳ ʢʦʤʧʦʥʝʥʪʪʝʨʽʥʽש ʙʽʨʽ ʘʧʧʘʨʘʪʪʳײץ ץʨʘʣʜʘʨ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɸʨʭʠʪʝʢʪʫʨʘ ʝʩʝʧʪʝʫ ײץʨʘʣʳʥʳײץ שʨʘʤʜʘʩ 

ʙᴇʣʽʢʪʝʨʽʥʽש ʙʘʨʣʳץ ʙʘʡʣʘʥʳʩʪʘʨʳʥ ʨʝʛʣʘʤʝʥʪʪʝʤʝʡʜʽ, ʪʝʢ ʪʠʽʤʜʽ 

שʘʞʝʪʪʽ, ʤʘrץ ʘʥסʘ ʘʨʥʘʣסʦʣʜʘʥʫץ ʟʜʳʩʳʥ ʨʝʛʣʘʤʝʥʪʪʝʡʜʽ. 

ɽʩʝʧʪʝʫ ײץʨʘʣʳʥʳש ʘʨʭʠʪʝʢʪʫʨʘʩʳʥ ʦʥʳײץ שʨʳʣʳʤʳʥʘʥ ʘʞʳʨʘʪʫ 

ʤʘrש ʟʜʳ. 

ɽʩʝʧʪʝʫ ײץʨʘʣʳʥʳש Ϩϰʨʳʣʳʤʳ ʜʝʪʘʣʠʟʘʮʠʷʥʳײץ) שʨʳʣrס ʣʘʨ, 

ʙʣʦʢʪʘʨ, ʪʦʨʘʧʪʘʨ ʞᴅʥʝ ʪ.ʙ.) ʢʝʡʙʽʨ ʜʝשʛʝʡʽʥʜʝ ʦʥʳש ʥʘץʪʳ ײץʨʘʤʳʥ 

ʘʥrץʪʘʡʜʳ ʞᴅʥʝ ʞװʡʝ ʽʰʽʥʜʝ ʙʘʡʣʘʥʳʩʪʘʨʜʳ ʩʠʧʘʪʪʘʡʜʳ. 

ɸʰrץ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʠʥʮʠʧʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʖʄ ʈʉ ʢʦʤʧʴʶʪʝʨʽʥʽש 

ʥʝʛʽʟʛʽ ʵʣʝʢʪʨʦʥʜʳץ ʪʘץʪʘʩʳʥʜʘ ð ʞϮʡʝʣʽʢ, ʥʝʤʝʩʝ ʘʥʘʣʳϨ, ð 

ʘץʧʘʨʘʪʪʳ (ʝʩʝʧʪʝʫʣʝʨ) ᴇשʜʝʫʜʽ ʞװʟʝʛʝ ʘʩʳʨʘʪʳʥ ʙʣʦʢʪʘʨ סʘʥʘ 

ʦʨʥʘʣʘʩʪʳʨʳʣסʘʥ. ʂʦʤʧʴʶʪʝʨʜʽץ שʘʣסʘʥ (ʧʝʨʠʬʝʨʠʷʣʳץ) 

סʨʳʣrײץ ʣʘʨʳʥ ï ʤʦʥʠʪʦʨʜʳ, ʜʠʩʢʪʝʨʜʽ, ʧʨʠʥʪʝʨʜʽ ʙʘʩץʘʨʘʪʳʥ 

ʩʭʝʤʘʣʘʨ ʞװʡʝʣʽʢ ʪʘץʪʘʜʘ ï ʩʣʦʪʪʘʨʜʘ ʙʦʣʘʪʳʥ ʩʪʘʥʜʘʨʪʪʳ 

ʞʘʣסʘʩʳʪʨrס ʰʪʘʨסʘ ץʦʡʳʣʘʪʳʥ ʞʝʢʝ ʪʘץʪʘʣʘʨʜʘ (ʢʦʥʪʨʦʣʣʝʨʣʘʨʜʘ) 

ʞװʟʝʛʝ ʘʩʳʨʳʣסʘʥ. ɹײʣ ʵʣʝʢʪʨʦʥʜʳץ ʩʭʝʤʘʣʘʨסʘ ʙʽʨʳסשʘʡ ץʦʨʝʢ 

ʙʣʦʛʳʥʘʥ ʵʣʝʢʪʨ ʢᴇʟʽ ʪʘʨʪʳʣʘʜʳ, ʘʣ ץʦʣʘʡʣʳ ʞᴅʥʝ ʳסשʘʡʣʳ ʙʦʣʫ hװ ʽʥ 

ʦʩʳʥʳש ʙʘʨʣʳrס  ʦʨʪʘץ ʢʦʨʧʫʩץʘ ï ʞϮʡʝʣʽʢ ʙʣʦʢϨʘ ʦʨʥʘʪʳʣʘʜʳ. 
ɾװʡʝʥʽש ʘʰrץʪrrס  ʖʄ ʈʉ װʡʣʝʩʢʝʥ ʢʦʤʧʴʶʪʝʨʣʝʨ hװ ʽʥ ʩʳʨʪrץ  

סʨʳʣrײץ ʣʘʨʜʳש ʢʦʥʪʨʦʣʣʝʨʣʝʨʤʝʥ, ʢʦʥʪʨʦʣʣʝʨʣʝʨʜʽש ʞװʡʝʣʽʢ 

ʪʘץʪʘʤʝʥ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥʽש ʘʨʪʳhץ ʳʣrץʪʘʨʳ ץʦʣʞʝʪʽʤʜʽʣʽʛʽʤʝʥ 

ʪײʞʳʨʳʤʜʘʣʘʜʳ. 
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    2.2.  ʕɽʄ ױפʈʓʃנʓʉʓ ɾᴄʅɽ ɾױʄʓʉ ɾɸʉɸʋ 
ʇʈʀʅʎʀʇɯ 

 

 

ʊʝʭʥʠʢʘ ʤʝʥ ʪʝʭʥʦʣʦʛʠʷʥʳש ʜʘʤʫʳʥʳש ᴅʨ ʢʝʟʝשʜʝʨʽʥʜʝ ʢʦʤʧʴʶʪʝʨʣʝʨ 

hװ ʽʥ ᴅʨ ʪװʨʣʽ ʘʪʘʫʣʘʨ ץʘʙʳʣʜʘʥסʘʥ: ʘʨʠʬʤʝʪʠʢʘʣʳץ-ʣʦʛʠʢʘʣʳײץ ץʨʳʣrס  

(ɸʃפ), ʙʘסʜʘʨʣʘʤʘʣʘʥʘʪʳʥ ʵʣʝʢʪʨʦʥʜʳץ-ʝʩʝʧʪʝʫ ײץʨʳʣrס ʩʳ (ɹʕɽפ 

ʥʝʤʝʩʝ ʕɽʄ), ʝʩʝʧʪʝʫʽʰ ʤʘʰʠʥʘ, ʢʦʤʧʴʶʪʝʨ. 

ᴄʡʛʽʣʽ ʤʘʪʝʤʘʪʠʢ ɼʞʦʥ ʬʦʥ ʅʝʡʤʘʥʤʝʥ ץʘʣʘʥסʘʥ ʝʩʝʧʪʝʫʽʰ 
ʤʘʰʠʥʘʥʳש ʣʦʛʠʢʘʣʳץ ʩʭʝʤʘʩʳʥ ʪײʨrס ʟʫʜʳש ʥʝʛʽʟʛʽ ʧʨʠʥʮʠʧʪʝʨʽ. 

ɼʞʦʥ ʬʦʥ ʅʝʡʤʘʥʥʳש (ʬʦʥ-ʥʝʡʤʘʥʜʳץ ʘʨʭʠʪʝʢʪʫʨʘ) ʧʨʠʥʮʠʧʽ 

ʙʦʡʳʥʰʘ ײץʨʳʣסʘʥ ʙʽʨʽʥʰʽ ʞᴅʥʝ ʝʢʽʥʰʽ ʙʫʳʥʜʘrס  ʝʩʝʧʪʝʫʽʰ ʤʘʰʠʥʘʣʘʨʜʘ 

ʞװʟʝʛʝ ʘʩʳʨʳʣסʘʥ ʕɽʄ ʢʣʘʩʩʠʢʘʣʳϨ ʘʨʭʠʪʝʢʪʫʨʘʩʳ 2.1-ʩʫʨʝʪʪʝ 

ʢᴇʨʩʝʪʽʣʛʝʥ ʞᴅʥʝ ʤʳʥʘʜʘʡ ʥʝʛʽʟʛʽ ʙʣʦʢʪʘʨʳ ʙʘʨ: 

ƴ ʘʨʠʬʤʝʪʠʢʘʣʳϨ-ʣʦʛʠʢʘʣʳϨ ϨϰʨʳʣϤr  (ɸʃפ), ʘʨʠʬʤʝʪʠʢʘʣʳץ ʞᴅʥʝ 

ʣʦʛʠʢʘʣʳץ ʦʧʝʨʘʮʠʷʣʘʨʜʳ ʦʨʳʥʜʘʡʪʳʥ; 

ƴ ʙʘʩϨʘʨʫ ϨϰʨʳʣϤr ʩʳ (ɹפ), ʙʘסʜʘʨʣʘʤʘʣʘʨʜʳש ʦʨʳʥʜʘʣʫ ʧʨʦʮʝʩʽʥ 

 ;ʡʳʤʜʘʩʪʳʨʘʜʳײ

ƴ ʩʳʨʪϨr  ʞʘʜʪʘʫ ϨϰʨʳʣϤr ʩʳ (ʉɾפ) ʥʝʤʝʩʝ ʙʘסʜʘʨʣʘʤʘʣʘʨ ʤʝʥ 

ʜʝʨʝʢʪʝʨʜʽ ʩʘץʪʘʫסʘ ʘʨʥʘʣסʘʥ ʞʘʜʳ; 

ƴ ʞʝʜʝʣ ʞʘʜʪʘʫ ײץʨʳʣrס ʩ r(ɾɾϧ); 
ƴ ʘץʧʘʨʘʪʪʳ ʝʥʛʽʟʫ ʞᴅʥʝ ʰʳסʘʨʫ ײץʨʳʣrס ʣʘʨʳ (ɽʐϧ). 

ʉʳʨʪrץ  ʞʘʜʳ ʝʥʛʽʟʫ ʞᴅʥʝ ʰʳסʘʨʫ ײץʨʳʣrס ʣʘʨʳʥʘʥ ʦסʘʥ ʜʝʨʝʢʪʝʨ 

ʢʦʤʧʴʶʪʝʨʛʝ ʳסשʘʡʣʳ, ʙʽʨʘץ ʘʜʘʤסʘ ʪʽʢʝʣʝʡ ץʦʣʞʝʪʽʤʩʽʟ ʪװʨʜʝ 

ʝʥʛʽʟʽʣʝʪʽʥʽʤʝʥ ʝʨʝʢʰʝʣʝʥʝʜʽ. ʄʳʩʘʣʳ, ʤʘʛʥʠʪ ʜʠʩʢʪʝʨʜʝʛʽ ʪʘʩʳʤʘʣʜʘrס ʰ 

ʩʳʨʪrץ  ʞʘʜʳסʘ ʞʘʪʘʜʳ; ʝʥʛʽʟʫ ײץʨʳʣrס ʩʳ ʙʦʣʳʧ ʧʝʨʥʝʪʘץʪʘ ʪʘʙʳʣʘʜʳ, ʘʣ 

ʤʦʥʠʪʦʨ ʤʝʥ ʧʨʠʥʪʝʨ ð ʰ rסʘʨʫ ײץʨʳʣrס ʣʘʨʳ. 

 

 

2.1 -ʩʫʨʝʪ. ʬʦʥ ʅʝʡʤʘʥʥʳש ʧʨʠʥʮʠʧʪʝʨʽʥ ʞװʟʝʛʝ ʘʩʳʨʫʰʳ ʕɽʄ ʘʨʭʠʪʝʢʪʫʨʘʩʳ: 

ïïïïƷ ʘץʧʘʨʘʪ ʘrס ʥʜʘʨʳʥʳש ʙʘrס ʪʳ; - - - - - Ʒʧʨʦʮʝʩʩʦʨʜʘʥ ʕɽʄ ʪʦʨʘʧʪʘʨʳʥʘ 

ʙʘʩץʘʨʫʰʳ ʩʠʛʥʘʣʜʘʨʜʳש ʙʘrס ʪ r
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ɽʛʝʨ ʤʦʥʠʪʦʨʜʳ ʘץʧʘʨʘʪʪʳ ʙʝʡʥʝʣʝʫ ײץʨʳʣrס ʣʘʨʳʥʘ ʞʘʪrץ ʟʩʘ, 
ʦʥʜʘ ʧʨʠʥʪʝʨ ï ʪʠʧʪʽʢ ʙʘʩʧʘ ײץʨʳʣrס ʩʳ. 

ʂʦʤʧʴʶʪʝʨʜʽש ʥʝʛʽʟʛʽ ײץʨʳʣrס ʣʘʨʳʥʳש ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽ 

ʤʳʥʘʜʘʡ ʪᴅʨʪʽʧʧʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ʂʦʤʧʴʶʪʝʨʜʽש ʞʘʜʳʩʳʥʘ 

ץʘʥʜʘʡ ʜʘ ʙʽʨ ʩʳʨʪrץ סʨʳʣrײץ  ʥrש ʢᴇʤʝʛʽʤʝʥ ʙʘסʜʘʨʣʘʤʘ ʝʥʜʽʨʽʣʝʜʽ. 
ʂʦʤʧʴʶʪʝʨʜʽש ʞʘʜʳʩʳ ʥʦʤʝʨʣʝʥʛʝʥ ̫ײ ʰrץʪʘʨ ʩʘʥʳʥʘʥ ʪײʨʘʜʳ. 

ᴄʨʙʽʨ ̫ײ ʰrץʪʘ ᴇשʜʝʣʝʪʽʥ ʜʝʨʝʢʪʝʨ ʥʝʤʝʩʝ ʙʘסʜʘʨʣʘʤʘʣʘʨʜʳש 

ʥײʩץʘʫʣʳץʪʘʨʳ ʙʦʣʘ ʘʣʘʜʳ. ɹʘסʜʘʨʣʘʤʘʥʳש ʢʝʣʝʩʽ ʢʦʤʘʥʜʘʩʳ 

ʘʣʳʥʳʧ ʰʳסʘʪʳʥ ʪʽʟʙʝʢʪʽ ʞʘʜʳ ̫ײ ʰrrס ʥrש ʥʦʤʝʨʽ (ʘʜʨʝʩʽ) ʘʨʥʘʡʳ 
סʨʳʣrײץ ʤʝʥ ï ɹפ-ʜʘ ʢʦʤʘʥʜʘʣʘʨ ʝʩʝʧʪʝʫʽʰʽʤʝʥ ʢᴇʨʩʝʪʽʣʝʜʽ. 

ɹʘʩץʘʨʫ ײץʨʳʣrס ʩʳ ʙʘסʜʘʨʣʘʤʘʥʳש ʘʣסʘ rhץ  ʥײʩץʘʫʣʳrס  

(ʢʦʤʘʥʜʘ) ʙʦʣʘʪʳʥ ʞʘʜʳ ̫ײ ʰrrס ʥrש ʽʰʽʥʜʝʛʽʩʽʥ ʦץʠʜʳ ʞᴅʥʝ ʦʥʳש 
ʦʨʳʥʜʘʣʫʳʥ ײʡʳʤʜʘʩʪʳʨʘʜʳ. ɹʽʨ ʢʦʤʘʥʜʘʥʳש ʦʨʳʥʜʘʣʫʳʥʘʥ ʢʝʡʽʥ 

ʙʘʩץʘʨʫ ײץʨʳʣrס ʩʳ ʞʘשʘ סʘʥʘ ʦʨʳʥʜʘʣסʘʥ ʢʦʤʘʥʜʘ ʙʦʣʘʪʳʥ 

ײ̫ ʰrץʪrש ʘʨʪʳʥʜʘ ʙʦʣʘʪʳʥ ʞʘʜʳ ̫ײ ʰrrס ʥʘʥ ʢʦʤʘʥʜʘʥʳ ʦʨʳʥʜʘʡ 

ʙʘʩʪʘʡʜʳ. 
ɹʘʩץʘʨʫ ײץʨʳʣrס ʩʳ ʙʘסʜʘʨʣʘʤʘ ʥײʩץʘʫʣʳץʪʘʨʳʥ ʘʚʪʦʤʘʪʪʳ 

ʪװʨʜʝ ʦʨʳʥʜʘʡʜʳ ʞᴅʥʝ ʞʝʜʝʣ ʞʘʜʪʘʫ ײץʨʳʣrס ʩʳʤʝʥ ʞᴅʥʝ 

ʢʦʤʧʴʶʪʝʨʜʽש ʩʳʨʪrץ סʨʳʣrײץ  ʣʘʨʳʤʝʥ ʘץʧʘʨʘʪ ʘʣʤʘʩʘ ʘʣʘʜʳ. 
ʉʳʨʪrץ סʨʳʣrײץ  ʣʘʨ ʢʦʤʧʴʶʪʝʨʜʽש ʙʘʩץʘ ʙᴇʣʽʢʪʝʨʽʤʝʥ 

ʩʘʣʳʩʪʳʨסʘʥʜʘ ʙʘʷʫ ʞײʤʳʩ ʞʘʩʘʡʪʳʥʜʳץʪʘʥ ʙʘʩץʘʨʫ ײץʨʳʣrס ʩʳ 

ʙʘסʜʘʨʣʘʤʘʥʳש ʦʨʳʥʜʘʣʫʳʥ ʝʥʛʽʟʫ-ʰ rסʘʨʫ ʦʧʝʨʘʮʠʷʩʳʥʳש 
ʘ̫ץʪʘʣʫʳʥʘ ʜʝʡʽʥ ʪʦץʪʘʪʘ ʪײʨʘ ʘʣʘʜʳ. ʆʨʳʥʜʘʣסʘʥ ʙʘסʜʘʨʣʘʤʘʥʳש 

ʙʘʨʣʳץ ʥᴅʪʠʞʝʣʝʨʽ ʢʦʤʧʴʶʪʝʨʜʽש ʩʳʨʪrץ סʨʳʣrײץ  ʣʘʨʳʥʘ 

ʰ rסʘʨʳʣʫʳ ʪʠʽʩ, ʩʦʜʘʥ ʩʦש ʢʦʤʧʴʶʪʝʨ ʩʳʨʪrץ סʨʳʣrײץ  ʣʘʨʜʳש 

ʪʫʛʝ ʢᴇhװʘʥʜʘʡ ʜʘ ʙʽʨ ʩʠʛʥʘʣʜʘʨʳʥ ʢץ ʝʜʽ.. 
ɿʘʤʘʥʘʫʠ ʢʦʤʧʴʶʪʝʨʜʽײץ שʨʳʣrס ʣʘʨʳʥʳש ʩʭʝʤʘʣʘʨʳ ʘʣʜʳʥʜʘ 

ʢʝʣʪʽʨʽʣʛʝʥʥʝʥ ʙʽʨʰʘʤʘ ᴇʟʛʝʰʝ. ʄʳʩʘʣʳ, ʘʨʠʬʤʝʪʠʢʘʣʳץ- 

ʣʦʛʠʢʘʣʳײץ ץʨʳʣrס  ʤʝʥ ʙʘʩץʘʨʫ ײץʨʳʣrס ʩʳ ʙʽʨ ײץʨʳʣrססʘ 
ʙʽʨʽʢʪʽʨʽʣʛʝʥ ð ʦʨʪʘʣʳϨ ʧʨʦʮʝʩʩʦʨ ð CPU (Central Processing 

Unit). 

hת ʽʥʰʽ ʙʫʳʥ ʕɽʄ ʧʘʡʜʘ ʙʦʣʫʳ ʪʨʘʥʟʠʩʪʦʨʣʘʨʜʘʥ ʠʥʪʝʛʨʘʣʴʜʳ 
ʤʠʢʨʦʩʭʝʤʘʣʘʨסʘ ᴇʪʫʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʜʳ. ʆʣʘʨʜʳש ʪʝʢ ʙʘʟʘʣʳץ 

ʬʫʥʢʮʠʦʥʘʣʜʳ ʪװʡʽʥʜʝʨʽ ᴇʣʰʝʤʜʝʨʽ סʘʥʘ ᴇʟʛʝʨʽʧ ץʘʣסʘʥ ʞʦץ, 

ʩʦʥʳʤʝʥ ץʘʪʘʨ ʧʨʦʮʝʩʩʦʨʜʳש ʪʝʟ ʞײʤʳʩ ʽʩʪʝʫʽʥ ʘʨʪʪʳʨʫסʘ 

ʤװʤʢʽʥʰʽʣʽʢ ʧʘʡʜʘ ʙʦʣʜʳ. ʉʦʥʳʤʝʥ ʙʽʨʛʝ ʕɽʄ ʽʰʽʥʜʝ ʘץʧʘʨʘʪ 
ʘʣʤʘʩʫ ʞʦסʘʨʳ ʞʳʣʜʘʤʜʳrס  ʤʝʥ ʝʥʛʽʟʫ-ʰ rסʘʨʫ ײץʨʳʣrס ʣʘʨʳʥʳש 

ʙʘʷʫ ʞײʤʳʩ ʽʩʪʝʫ ʘʨʘʩʳʥʜʘ ץʘʨʘʤʘ-ץʘʡʰʳʣʳץ ʪʫʳʥʜʘʜʳ. ɹײʣ 

ʤᴅʩʝʣʝʥʽש ʰʝʰʽʤʽ ʦʨʪʘʣʳץ ʧʨʦʮʝʩʩʦʨʜʳ ʘʣʤʘʩʫ ʬʫʥʢʮʠʷʩʳʥʘʥ 
ʞᴅʥʝ ʦʥʳ ʩʳʨʪrץ סʨʳʣrײץ  ʣʘʨʜʳש ʞײʤʳʩʳʥ ʙʘʩץʘʨʫʜʳש ʘʨʥʘʡʳ 

ʵʣʝʢʪʨʦʥʜʳץ ʩʭʝʤʘʣʘʨʳʥʘ ʙʝʨʫʜʝʥ ʪʘʙʳʣʜʳ. 
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ʄײʥʜʘʡ ʩʭʝʤʘʣʘʨʜʳש ʙʽʨʥʝʰʝ ʘʪʘʫʣʘʨʳ ʙʦʣʜʳ: ʘʣʤʘʩʫ ʢʘʥʘʣʜʘʨʳ, 

ʝʥʛʽʟʫ-ʰ rסʘʨʫ ʧʨʦʮʝʩʩʦʨʣʘʨʳ, ʧʝʨʠʬʝʨʠʷʣʳץ ʧʨʦʮʝʩʩʦʨʣʘʨ, ʙʽʨʘץ 

ʩʦשrס ʢʝʟʜʝʨʽ çʩʳʨʪrץ סʨʳʣrײץ   ʢʦʥʪʨʦʣʣʝʨʽè ʥʝʤʝʩʝ çʢʦʥʪʨʦʣʣʝʨè 

ʪʝʨʤʠʥʽ ʞʠʽ ץʦʣʜʘʥʳʣʘʜʳ. 

ʂʦʥʪʨʦʣʣʝʨʜʽ ʘʨʥʘʡʳ ʢʽʨʽʢʪʽʨʽʣʛʝʥ ʘʣʤʘʩʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳ 

ʙʦʡʳʥʰʘ ץʘʥʜʘʡ ʙʽʨ ʩʳʨʪrץ סʨʳʣrײץ  ʥrש ʞײʤʳʩʳʥ ʙʘʩץʘʨʘʪʳʥ 

ʤʘʤʘʥʜʘʥʜʳʨʳʣסʘʥ ʧʨʦʮʝʩʩʦʨ ʜʝʧ ʢᴇʨʩʝʪʫʛʝ ʙʦʣʘʜʳ. ʄʳʩʘʣʳ 

ʜʠʩʢʞʝʪʝʢʪʽש ʢʦʥʪʨʦʣʣʝʨʽ (ʠʽʣʛʽʰ ʤʘʛʥʠʪ ʜʠʩʢʪʝʨʜʝʛʽ ʪʘʩʳʤʘʣʜʘrס ʰ) 

סʦʥʜʳʨrץ ʥrש ʘʡrץ ʥʜʘʣʫʳʥ, ʘץʧʘʨʘʪʪʳ ʦץʫ ʥʝʤʝʩʝ ʞʘʟʫʜʳ 

 ʦʨʳʥʜʘʣʫ ʥᴅʪʠʞʝʣʝʨʽ שʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ᴄʨʙʽʨ ʦʧʝʨʘʮʠʷʥʳץ

ʢʦʥʪʨʦʣʣʝʨ ʞʘʜʳʩʳʥʳש ʽʰʢʽ ʨʝʛʠʩʪʨʣʝʨʽʥʝ ʪʦʣʪʳʨʳʣʘʜʳ ʞᴅʥʝ ʘʣʜʘrס  

ʫʘrץ ʪʪʘ CPU ï ʦʨʪʘʣʳץ ʧʨʦʮʝʩʩʦʨʤʝʥ ʦrץ ʣʫʳ ʤװʤʢʽʥ. ᴆʟ ʢʝʟʝʛʽʥʜʝ 

CPU ʢʦʥʪʨʦʣʣʝʨʛʝ ʦʨʳʥʜʘʫסʘ ʪʘʧʩʳʨʤʘ ʙʝʨʝʜʽ. ʊʽʟʙʝʢʪʽ ʘץʧʘʨʘʪ 

ʘʣʤʘʩʫ ʢʦʥʪʨʦʣʣʝʨ ʞʝʪʝʢʰʽʣʽʛʽʤʝʥ, CPU ץʘʪʳʩʫʳʥʩʳʟ ʞװʨʛʽʟʽʣʫʽ 

ʤװʤʢʽʥ. ʉʳʨʪrץ סʨʳʣrײץ  ʣʘʨʜʳש ʦʩʳʥʜʘʡ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ 

ʢʦʥʪʨʦʣʣʝʨʣʝʨʽʥʽש ʙʦʣʫʳ hװ ʽʥʰʽ ʞᴅʥʝ ʪᴇʨʪʽʥʰʽ ʙʫʳʥʜʘrס  ʕɽʄ-ʥ̔ש 

ʘʡʨhrץ ʘ ʙʝʣʛʽʩʽ ʙʦʣʜʳ. ʀʥʪʝʣʣʝʢʪʫʘʣʜʳ ʢʦʥʪʨʦʣʣʝʨʣʝʨʽ (ʂ) ʙʘʨ 

ʕɽʄ-ʥ̔ש ʰʠʥʘʣʳץ ʘʨʭʠʪʝʢʪʫʨʘʩʳ 2.2-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. ʕɽʄ-ʥrש 

ʞʝʢʝ ʬʫʥʢʮʠʦʥʘʣʜʳ ʪװʡʽʥʜʝʨʽ ʘʨʘʩʳʥʜʘ ʙʘʡʣʘʥʳʩ hװ ʽʥ ʦʨʪʘץ 

ʤʘʛʠʩʪʨʘʣʴ ץʦʣʜʘʥʳʣʘʜʳ ð ʰʠʥʘ, ʦʣ hװ  ʙᴇʣʽʢʪʝʥ ʪײʨʘʜʳ: ʦʣ 

ʙʦʡʳʥʰʘ ʘץʧʘʨʘʪ ʙʝʨʽʣʝʪʽʥ ʜʝʨʝʢʪʝʨ ʰʠʥʘʩʳ; ʘʜʨʝʩ ʰʠʥʘʩʳ, ʦסʘʥ 

ʜʝʨʝʢʪʝʨ ʙʝʨʽʣʝʜʽ ʞᴅʥʝ ʙʘʩץʘʨʫ ʰʠʥʘʣʘʨʳ, ʘץʧʘʨʘʪ ʘʣʤʘʩʫ ʧʨʦʮʝʩʽʥ 

ʨʝʪʪʝʡʜʽ. 

ʂʦʤʧʴʶʪʝʨʣʝʨʜʽש ʢʝʡʙʽʨ ʤʦʜʝʣʴʜʝʨʽʥʜʝ ʜʝʨʝʢʪʝʨ ʞᴅʥʝ ʘʜʨʝʩ 

ʰʠʥʘʣʘʨʳ ʙʽʨʽʢʪʽʨʽʣʛʝʥ: ʰʠʥʘסʘ ʘʣʜʳʤʝʥ ʘʜʨʝʩ ʙʝʨʽʣʝʜʽ, ʩʦʜʘʥ ʩʦש 

ʜʝʨʝʢʪʝʨ. ʉʠʛʥʘʣʜʘʨ ʰʠʥʘ ʙʦʡʳʥʰʘ ᴅʨʙʽʨ ʥʘץʪʳ ʩᴅʪʪʝ ʰʠʥʘ ץʘʥʜʘʡ 

ʤʘץʩʘʪʪʘ ץʦʣʜʘʥʳʣʘʪʳʥʳʥ ʘʥʳץʪʘʡʜʳ. 
 

 

2.2 ʩʫʨʝʪ. ʕɽʄ ʰʠʥʘʣʳץ ʘʨʭʠʪʝʢʪʫʨʘʩʳ 
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ʕɽʄ ʘʨʭʠʪʝʢʪʫʨʘʩʳʥʳש ʦʩʳʥʜʘʡ ʘʰʳץʪrrס  ʧʘʡʜʘʣʘʥʫʰʳסʘ 
ʩʳʨʪrץ סʨʳʣrײץ  ʣʘʨʜʳײץ שʨʘʤʳʥ ʪʘשʜʘʫסʘ, ʷסʥʠ ʢʦʤʧʴʶʪʝʨʜʽ 

ʢʦʥʬʠʛʫʨʘʮʠʷʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɿʘʤʘʥʘʫʠ ʢʦʤʧʴʶʪʝʨʜʽש ʥʝʛʽʟʛʽ ʞᴅʥʝ ʧʝʨʠʬʝʨʠʷʣʳץ 

סʨʳʣrײץ ʣʘʨʳʥʳש ʬʫʥʢʮʠʷʣʘʨʳʥ ץʘʨʘʩʪʳʨʘʤʳʟ (2.3-ʩʫʨʝʪ). 
ʇʨʦʮʝʩʩʦʨ, ʥʝʤʝʩʝ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨ, ʕɽʄ ʥʝʛʽʟʛʽ ײץʨʳʣrס ʩʳ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ʘץʧʘʨʘʪʪʳ ᴇשʜʝʫʜʽ ʬʫʥʢʮʠʦʥʘʣʜʳ ʘʷץʪʘʫ 

סʨʳʣrײץ ʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʣ ʞʘʜʪʘʫ ײץʨʳʣrס ʩʳʥʜʘ ʩʘץʪʘʣʘʪʳʥ 
ʙʘסʜʘʨʣʘʤʘ ʞᴅʥʝ ʕɽʄ ʞʘʣʧʳ ʙʘʩץʘʨʫ ʙʘסʜʘʨʣʘʤʘʩʳ ʙʦʡʳʥʰʘ 

ʝʩʝʧʪʝʫʣʝʨʜʽ ʦʨʳʥʜʘʫסʘ ʘʨʥʘʣסʘʥ. ʕɽʄ ʪʝʟ ᴅʨʝʢʝʪʪʽʛʽ ʢᴇʧ ʤᴇʣʰʝʨʜʝ 

ʧʨʦʮʝʩʩʦʨ ʞײʤʳʩʳʥʳש ʞʳʣʜʘʤʜʳrס ʤʝʥ ʘʥʳץʪʘʣʘʜʳ. 

ʕɽʄ ʞʘʜʳʩʳʥʜʘ ʝʥʛʽʟʫ-ʰ rסʘʨʫ ײץʨʳʣrס ʩʳ ʘʨrץ ʣʳ ʢʝʣʽʧ 
ʪװʩʝʪʽʥ ᴇשʜʝʣʝʪʽʥ ʜʝʨʝʢʪʝʨ ʤʝʥ ʦʨʳʥʜʘʣʘʪʳʥ ʙʘסʜʘʨʣʘʤʘʣʘʨ 

ʙʦʣʘʜʳ. ɾʘʜʳ ʠʝʨʘʨʭʠʷʣʳץ ʧʨʠʥʮʠʧ ʙʦʡʳʥʰʘ ײץʨʳʣסʘʥ ᴅʨ ʪװʨʣʽ 

ʪʠʧʪʽ ʞʘʜʪʘʫ ײץʨʳʣrס ʣʘʨʳʥʘʥ ʪײʨʘʪʳʥ ʢװʨʜʝʣʽ ײץʨʳʣʳʤ. 
ʌʫʥʢʮʠʦʥʘʣʜʳ ʦʣ ʝʢʽ ʙᴇʣʽʢʢʝ ð ʽh ʢʽ ʞᴅʥʝ ʩʳʨʪrץ  ʜʝʧ ʙᴇʣʽʥʝʜʽ. 

ɯʰʢʽ ʞʘʜʳ ð ʧʨʦʮʝʩʩʦʨʤʝʥ ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩץʘʥ ʞᴅʥʝ 

ʝʩʝʧʪʝʫʣʝʨʛʝ ʪʽʢʝʣʝʡ ץʘʪʳʩʘʪʳʥ ʦʨʳʥʜʘʣʘʪʳʥ ʙʘסʜʘʨʣʘʤʘʣʘʨʜʳ 
ʞᴅʥʝ ʜʝʨʝʢʪʝʨʜʽ ʩʘץʪʘʫסʘ ʘʨʥʘʣסʘʥ ʞʘʜʪʘʫ ײץʨʳʣrס ʩʳ. ʕɽʄ ʽʰʢʽ 

ʞʘʜʳʩʳʥʘ ʞװʛʽʥʫ ʞʦסʘʨʳ ʪʝʟ ᴅʨʝʢʝʪʪʽʢʧʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ, 

ʘʣʘʡʜʘ ʦʣ ʤʘʰʠʥʘʥʳש ʘʜʨʝʩʪʝʫ ʞװʡʝʩʽʤʝʥ ʘʥʳץʪʘʣʘʪʳʥ ʰʝʢʪʝʫʣʽ 

ʢᴇʣʝʤʛʝ ʠʝ ʙʦʣʘʜʳ. ɯʰʢʽ ʞʘʜʳ ᴇʟ ʢʝʟʝʛʽʥʜʝ ʪײʨʘץʪʳ (ʊɾפ) ʞᴅʥʝ 
ʞʝʜʝʣ (ɾɾפ) ʞʘʜʳסʘ ʙᴇʣʽʥʝʜʽ. 

ʊϰʨʘϨʪʳ ʞʘʜʳ ʘץʧʘʨʘʪʪʳ ʩʘץʪʘʫ ʤʝʥ ʙʝʨʫʜʽ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʝʜʽ. ʊײʨʘץʪʳ ʞʘʜʳʥʳש ʽʰʽʥʜʝʛʽʩʽ ʕɽʄ-ʜʽ ʞʘʩʘסʘʥ ʢʝʟʜʝ 
ʪʦʣʪʳʨʳʣʘʜʳ ʞᴅʥʝ ץʦʣʜʘʥʫʜʳץ שʘʣʳʧʪʳ ʞʘסʜʘʡʣʘʨʳʥʜʘ 

ᴇʟʛʝʨʪʽʣʤʝʡʜʽ. ʊײʨʘץʪʳ ʞʘʜʳʜʘ ʞʠʽ ץʦʣʜʘʥʳʣʘʪʳʥ (ᴅʤʙʝʙʘʧ) 

ʙʘסʜʘʨʣʘʤʘʣʘʨ ʤʝʥ ʜʝʨʝʢʪʝʨ ʩʘץʪʘʣʘʜʳ: ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝʥʽש 
ʢʝʡʙʽʨ ʙʘסʜʘʨʣʘʤʘʣʘʨʳ, ʕɽʄ ʞʘʙʜʳrס ʥ ʪʝʩʪʽʣʝʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳ 

ʞᴅʥʝ ʪ.ʙ. פʦʨʝʢʪʝʥ ʘʞʳʨʘʪʳʣסʘʥʜʘ ʪײʨʘץʪʳ ʞʘʜʳʥʳש ʽʰʽʥʜʝʛʽʩʽ 

ʩʘץʪʘʣʘʜʳ. ɾʘʜʳʥʳש ʤײʥʜʘʡ ʪװʨʽ ROM (Read Only Memory ð ʪʝʢ 

ʦϨʫϤʘ ʘʨʥʘʣϤʘʥ ʞʘʜʳ), ʥʝʤʝʩʝ ʊɾפ (ʪϰʨʘϨʪʳ ʞʘʜʪʘʫ ϨϰʨʳʣϤr) 
ʜʝʧ ʘʪʘʣʘʜʳ. ROM-ʜʘ ʩʘץʪʘʣʘʪʳʥ ʙʘסʜʘʨʣʘʤʘʣʘʨʜʳש ʢᴇʧ ʙᴇʣʽʛʽ 

ʝʥʛʽʟʫ-ʰ rסʘʨʫסʘ rץ ʟʤʝʪ ʢᴇʨʩʝʪʫʤʝʥ ʙʘʡʣʘʥʳʩʪʳ, ʩʦʥʜrץʪʘʥ ʙײʣ 

ʞʘʜʳʥʳ ROM BIOS (Basic Input-Output System  ð  ʝʥʛʽʟʫ- 
ʰ rסʘʨʫʜʳש ʙʘʟʘʣʳϨ ʞϮʡʝʩʽ) ʜʝʧ ʘʪʘʡʜʳ. 

ɾʝʜʝʣ ʞʘʜʳ, ʢᴇʣʝʤʽ ʙʦʡʳʥʰʘ ʽʰʢʽ ʞʘʜʳʥʳש ʢᴇʧ ʙᴇʣʽʛʽʥ 

װʪʘʫ ʞᴅʥʝ ʙʝʨʫ hץʘʙʳʣʜʘʫ, ʩʘץ ʧʘʨʘʪʪʳץʨʘʡʜʳ, ʘײץ ʽʥ rץ ʟʤʝʪ ʝʪʝʜʽ. 

 .ʘʣʘʜʳסʘʥʜʘ ʞʝʜʝʣ ʞʘʜʳ ʽʰʽʥʜʝʛʽʩʽ ʞʦסʦʨʝʢʪʝʥ ʘʞʳʨʘʪʳʣפ
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2.3 -ʩʫʨʝʪ. ʕɽʄ ʞʘʣʧʳ ײץʨʳʣʳʤʳ ʞᴅʥʝ ʧʝʨʠʬʝʨʠʷʣʳײץ ץʨʳʣrס ʣʘʨʤʝʥ ʙʘʡʣʘʥʳʩʪʘʨʳ 



ɹײʣ ʞʘʜʳ çʞʝʜʝʣè ʜʝʧ ʘʪʘʣʘʜʳ, ʩʝʙʝʙʽ ᴇʪʝ ʪʝʟ ʞײʤʳʩ ʞʘʩʘʡʜʳ, 

ʩʦʥʜʳץʪʘʥ ʞʘʜʳʜʘʥ ʜʝʨʝʢʪʝʨʜʽ ʦrסץʘʥ ʢʝʟʜʝ ʥʝʤʝʩʝ ʦסʘʥ ʞʘʟסʘʥ ʢʝʟʜʝ 

ʧʨʦʮʝʩʩʦʨ ʢװʪʽʧ ʪײʨʤʘʡʜʳ. ɾʝʜʝʣ ʞʘʜʳ RAM ʜʝʧ ʙʝʣʛʽʣʝʥʝʜʽ (Random 

Access Memory ð ʝʨʢʽʥ Ϩʘʪʳʥʘʫʳ ʙʘʨ ʞʘʜʳ). ʂʦʤʧʴʶʪʝʨʜʝ 

ʦʨʥʘʪʳʣסʘʥ ʞʝʜʝʣ ʞʘʜʳ ʢᴇʣʝʤʽ ʦʥʜʘ ץʘʥʜʘʡ ʙʘסʜʘʨʣʘʤʘʣʳץ ʞʘʙʜʳץʧʝʥ 

ʞײʤʳʩ ʽʩʪʝʫ ʢʝʨʝʢʪʽʛʽʥ ʘʥʳץʪʘʡʜʳ. ɾʝʪʢʽʣʽʢʩʽʟ ʞʝʜʝʣ ʞʘʜʳ ʢᴇʣʝʤʽʥʜʝ 

ʢᴇʧʪʝʛʝʥ ʙʘסʜʘʨʣʘʤʘʣʘʨ ʥʝʤʝʩʝ ʞײʤʳʩ ʽʩʪʝʤʝʡʜʽ, ʥʝʤʝʩʝ ᴇʪʝ ʙʘʷʫ 

ʞײʤʳʩ ʽʩʪʝʡʪʽʥ ʙʦʣʘʜʳ. 

ʂʵ-hʞʘʜʳ ð ʪʝʟ ᴅʨʝʢʝʪʪʽ ʢʦʤʧʴʶʪʝʨʣʝʨʜʝ ʞʝʜʝʣ ʞʘʜʳסʘ 

 ʘʤʪʘʤʘʩʳʟ ʝʪʫʰʽ ʘʩʘ ʪʝʟ ᴅʨʝʢʝʪʪʽ ʞʘʜʳ. ʆʣץ ʞʝʜʝʣʜʝʫʽʥ שʦʣʞʝʪʢʽʟʫʜʽץ

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨ ʤʝʥ ʞʝʜʝʣ ʞʘʜʳ çʘʨʘʣʳrס ʥʜʘè ʦʨʥʘʣʘʩʘʜʳ ʞᴅʥʝ 

ʞʝʜʝʣ ʞʘʜʳʥʳש ʞʠʽ ץʦʣʜʘʥʳʣʘʪʳʥ ʫʯʘʩʢʝʣʝʨʽʥʽש ʢᴇh ʽʨʤʝʩʽʥ 

ʩʘץʪʘʡʜʳ. ʄʠʢʨʦʧʨʦʮʝʩʩʦʨʜʳש ʞʘʜrסʘ ʞװʛʽʥʫʽ ʢʝʟʽʥʜʝ ʢʵʰ-ʞʘʜʳʜʘ 

ʜʝʨʝʢʪʝʨʜʽ ʽʟʜʝʫ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ʂʵʰ-ʞʘʜrסʘ ץʦʣ ʞʝʪʢʽʟʫ 

ʫʘrץ ʪʳʥʳש ʞʝʜʝʣ ʞʘʜʳסʘ ץʘʨʘסʘʥʜʘ ʙʽʨʥʝʰʝ ʝʩʝ ʘʟ ʙʦʣסʘʥʜrץʪʘʥ ʘʣ 

ʢᴇʧ ʞʘסʜʘʡʜʘ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨסʘ ץʘʞʝʪʪʽ ʜʝʨʝʢʪʝʨ ʢʵʰ-ʞʘʜʳʜʘ ʙʦʣʘʜʳ, 

ʞʘʜrסʘ ץʦʣ ʞʝʪʢʽʟʫ ʦʨʪʘ ʫʘrץ ʪ rʘʟʘʷʜʳ. 

CMOS-RAM ð ʢʦʤʧʴʶʪʝʨ ʢʦʥʬʠʛʫʨʘʮʠʷʣʘʨʳʥʳש ʧʘʨʘʤʝʪʨʣʝʨʽʥ 

ʩʘץʪʘʫסʘ ʘʨʥʘʣסʘʥ ʞʘʜʳ ʫʯʘʩʢʝʩʽ, ʦʩʳʣʘʡ ʘʪʘʣʫʳ ʦʩʳ ʞʘʜʳ ᴅʜʝʪʪʝ 

ʪᴇʤʝʥ ʵʥʝʨʛʠʷ ʪײʪʳʥʘʪʳʥ CMOS ʪʝʭʥʦʣʦʛʠʷʩʳ ʙʦʡʳʥʰʘ 

ʦʨʳʥʜʘʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ. CMOS-RAM ʽʰʽʥʜʝʛʽʩʽ ʢʦʤʧʴʶʪʝʨʜʽ ʵʣʝʢʪʨ 

ʢᴇʟʽʥʝʥ ʘʞʳʨʘʪʫ ʢʝʟʽʥʜʝ ᴇʟʛʝʨʤʝʡʜʽ. ɹײʣ ʞʘʜʳ ʧʝʨʠʬʝʨʠʷʥʳש 

ʢʦʥʪʨʦʣʣʝʨʽʥʜʝ ʦʨʥʘʣʘʩʘʜʳ, ʦʥʳש ʵʣʝʢʪʨ ץʦʨʝʢʪʝʥʫʽʥʝ ʘʨʥʘʡʳ 

ʘʢʢʫʤʫʣʷʪʦʨʣʘʨ ץʦʣʜʘʥʳʣʘʜʳ. ʂʦʤʧʴʶʪʝʨ ʢʦʥʬʠʛʫʨʘʮʠʷʣʘʨʳʥʳש 

ʧʘʨʘʤʝʪʨʣʝʨʽʥ ᴇʟʛʝʨʪʫ hװ ʽʥ BIOS-ʪʘ Setup ʢʦʤʧʴʶʪʝʨ 

ʢʦʥʬʠʛʫʨʘʮʠʷʩʳʥʳש ʙʘʧʪʘʫʣʘʨ ʙʘסʜʘʨʣʘʤʘʩʳ ʙʦʣʘʜʳ. 

ʐʄ ʈʉ-ʙʽʨʛʝ ʪʽʨʢʝʩʝʪʽʥ ʢʦʤʧʴʶʪʝʨʣʝʨʜʝʛʽ ɺʠʜʝʦʞʘʜʳ ð ʤʦʥʠʪʦʨ 

ʵʢʨʘʥʳʥʘ ʰʳסʘʨʳʣʘʪʳʥ ʙʝʡʥʝʥʽ ʩʘץʪʘʫ hװ ʽʥ ץʦʣʜʘʥʳʣʘʪʳʥ ʞʘʜʳ. ɹײʣ 

ʞʘʜʳ ᴅʜʝʪʪʝ ʚʠʜʝʦʢʦʥʪʨʦʣʣʝʨ ð ʤʦʥʠʪʦʨ ʵʢʨʘʥʳʥʘ ʙʝʡʥʝʥʽש 

ʰ rסʘʨʳʣʫʳʥ ʙʘʩץʘʨʘʪʳʥ ʵʣʝʢʪʨʦʥʜʳץ ʩʭʝʤʘ ײץʨʘʤʳʥʘ ʢʽʨʝʜʽ. 

ʉʳʨʪϨr  ʞʘʜʳ (ʩʳʨʪrץ  ʞʘʜʪʘʫ ײץʨʳʣrס ʩʳ ð ʉɾפ) ʢᴇʧ 

ʤᴇʣʰʝʨʜʝʛʽ ʘץʧʘʨʘʪʪʳ ʦʨʥʘʣʘʩʪʳʨʫ ʞᴅʥʝ ʦʥʳʤʝʥ ʞʝʜʝʣ ʞʘʜʳʤʝʥ 

ʘʣʤʘʩʫ hװ ʽʥ ʘʨʥʘʣסʘʥ. ʉʳʨʪrץ  ʞʘʜʳʥʳ ײץʨʫ hװ ʽʥ ץʦʟסʘʣʤʘʣʳ ʙʦʣʳʧ 

ʪʘʙʳʣʘʪʳʥ ʘץʧʘʨʘʪʪʳש ʵʥʝʨʛʠʷסʘ ʪᴅʫʝʣʜʽ ʝʤʝʩ ʪʘʩʳʤʘʣʜʘrס ʰʪʘʨʳʥ 

(ʜʠʩʢʪʝʨ ʤʝʥ ʣʝʥʪʘʣʘʨ) ץʦʣʜʘʥʘʜʳ. ɹײʣ ʞʘʜʳʥʳש ʩʳʡʳʤʜʳʣʳrס  

ʰʝʢʪʝʫʩʽʟ ʙʦʣʘʜʳ, ʘʣ ʦסʘʥ ʞװʛʽʥʫ hװ ʽʥ ʽʰʽʥʜʝʛʽʩʽʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ 

ʢᴇʧ ʫʘrץ ʪ ץʘʞʝʪ. rפ ʟʤʝʪ ʝʪʫ ʧʨʠʥʮʠʧʪʝʨʽ ʙʦʡʳʥʰʘ ʉɾפ ʪʽʢʝʣʝʡ ץʦʣ 

ʞʝʪʢʽʟʫ ײץʨʳʣrס ʣʘʨʳʥʘ (ʤʘʛʥʠʪ ʞᴅʥʝ ʦʧʪʠʢʘʣʳץ ʜʠʩʢʪʝʨʜʝʛʽ 

ʪʘʩʳʤʘʣʜʘrס ʰʪʘʨ) ʞᴅʥʝ ʪʽʟʙʝʢʪʽ ץʦʣ ʞʝʪʢʽʟʫ ײץʨʳʣrס ʣʘʨʳʥʘ (ʤʘʛʥʠʪ 

ʪʘʩʧʘʣʘʨʜʘrס  ʪʘʩʳʤʘʣʜʘrס ʰʪʘʨ) ʞʽʢʪʝʣʝʜʽ. 
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ʊ ʽʢ ʝ ʣ ʝ ʡ ץ ʦʣ ʞ ʝ ʪ ʢ ʽ ʟ ʫ ײ ץʨʳʣ ס ʳʣ ʘ ʨʳ ʞʦסʘʨʳ ʪʝʟ ᴅʨʝʢʝʪʪʽʣʽʢʢʝ 

ʠʝ ʙʦʣʘʜʳ, ʩʦʥʜʳץʪʘʥ ʦʣʘʨ ʢʦʤʧʴʶʪʝʨʜʽש ʞײʤʳʩ ʞʘʩʘʫ ʧʨʦʮʝʩʽʥʜʝ 

ʪײʨʘץʪʳ ץʦʣʜʘʥʳʣʘʪʳʥ ʥʝʛʽʟʛʽ ʩʳʨʪrץ  ʞʘʜʪʘʫ ײץʨʳʣrס ʣʘʨʳ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ʊʽʟʙʝʢʪʽ ץʦʣ ʞʝʪʢʽʟʫ ײץʨʳʣrס ʣʘʨʳ ʥʝʛʽʟʽʥʝʥ ʘץʧʘʨʘʪʪʳ ײʟʘץ 

ʩʘץʪʘʫ hװ ʽʥ ץʦʣʜʘʥʳʣʘʜʳ. 

ɽʥʛʽʟʫ-ʰ Ϥrʘʨʫ ϨϰʨʳʣϤr ʣʘʨʳ (ɽʐפ) ʧʘʡʜʘʣʘʥʫʰʳ ʤʝʥ ʕɽʄ 

ʙʘʡʣʘʥʳʩʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ hװ ʽʥ ʘʨʥʘʣסʘʥ ʞᴅʥʝ ʧʝʨʠʬʝʨʠʷʣʳץ, 

ʥʝʤʝʩʝ ʩʳʨʪrץ סʨʳʣrײץ  ʣʘʨסʘ ʞʘʪʘʜʳ. 

ʄʦʥʠʪʦʨ ʞװʡʝʣʽʢ ʙʣʦʢʪʘʥ ʩʫʨʝʪʪʽ ץʘʙʳʣʜʘʡʜʳ. ʆʥʳש ʵʢʨʘʥʳ 

ʞײʤʳʩ ʘʣʘrש  ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʇʝʨʥʝʪʘϨʪʘ ʢᴇʤʝʛʽʤʝʥ ʢʦʤʧʴʶʪʝʨʛʝ ʢʝʟ ʢʝʣʛʝʥ ʤᴅʪʽʥ, ʩʠʤʚʦʣʜʘʨ, 

ʝʥʛʽʟʽʣʝʜʽ, ʢʦʤʘʥʜʘʣʘʨ ʙʝʨʽʣʽʧ, ʢʦʤʧʴʶʪʝʨ ʞײʤʳʩʳʥ ʙʘʩץʘʨʫ ʞװʟʝʛʝ 

ʘʩʳʨʳʣʘʜʳ. 

ʊʽʥʪʫʽʨ ð ʤʦʥʠʪʦʨ ʵʢʨʘʥʳʥʜʘ ʤʝשʟʝʨʜʽ ʙʘʩץʘʨʫ ײץʨʘʣʳ. 

ʂʦʥʪʨʦʣʣʝʨʣʝʨ, ʥʝʤʝʩʝ ʘʜʘʧʪʝʨʣʝʨ, ʩʳʨʪrץ סʨʳʣrײץ  ʣʘʨʜʳ 
ʙʘʩץʘʨʫסʘ ʘʨʥʘʣסʘʥ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʉɾפ. 

ᴆʟʜʽʛʽʥʝʥ ʢʦʤʧʴʶʪʝʨ ᴇʟʽʥʽץ שʦʣʜʘʥʳʩʳʥʜʘrס  ʝʰʙʽʨ ʩʘʣʘʥʳש 

ʙʽʣʽʤʜʝʨʽʥʝ ʠʝ ʙʦʣʤʘʡʜʳ, ʙʘʨʣʳץ ʦʩʳ ʙʽʣʽʤʜʝʨ ʢʦʤʧʴʶʪʝʨʣʝʨʜʝ 

ʦʨʳʥʜʘʣʘʪʳʥ ʙʘסʜʘʨʣʘʤʘʣʘʨʜʘ ʰʦrס ʨʣʘʥʜʳʨʳʣסʘʥ. 

ʂʦʤʧʴʶʪʝʨʜʝ ʞײʤʳʩ ʞʘʩʘʡʪʳʥ ʙʘסʜʘʨʣʘʤʘʣʘʨʜʳ ʤʳʥʘʜʘʡ 

ʩʘʥʘʪʪʘʨסʘ ʞʽʢʪʝʫʛʝ ʙʦʣʘʜʳ. 

ɾϮʡʝʣʽʢ ʙʘϤʜʘʨʣʘʤʘʣʘʨ ʢʦʤʧʴʶʪʝʨʜʽץ שʘʣʳʧʪʳ ʞײʤʳʩʳʥ, ʦʥʳש 

rץ ʟʤʝʪ ʢᴇʨʩʝʪʽʣʫʽʥ ʞᴅʥʝ ʙʘʧʪʘʫʣʘʨʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʬʫʥʢʮʠʷʩʳʥ 

ʘʪץʘʨʘʜʳ. ɾװʡʝʣʽʢ ʙʘסʜʘʨʣʘʤʘʣʘʨ ʘʨʘʩʳʥʜʘ ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝʣʝʨ 

(ʆɾ) ʝʨʝʢʰʝ ʦʨʳʥ ʘʣʘʜʳ, ʦʣʘʨ ʢʦʤʧʴʶʪʝʨʜʽ ʙʘʩץʘʨʫ, ʙʘסʜʘʨʣʘʤʘʣʘʨʜʳ 

ʽʩʢʝ ץʦʩʫ, ʜʝʨʝʢʪʝʨʜʽ ץʦʨסʘʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ, ʧʘʡʜʘʣʘʥʫʰʳ ʤʝʥ 

ʙʘסʜʘʨʣʘʤʘʣʘʨʜʳש ʩײʨʘʥʳʩʪʘʨʳ ʙʦʡʳʥʰʘ ᴅʨ ʪװʨʣʽ ʩʝʨʚʠʩʪʽʢ 

ʬʫʥʢʮʠʷʣʘʨʜʳ ʦʨʳʥʜʘʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ᴄʨʙʽʨ ʆɾ ʘʟ ʜʝʛʝʥʜʝ hװ  

ʤʽʥʜʝʪʪʽ   ʙᴇʣʽʢʪʝʨʜʝʥ   ʪײʨʘʜʳ.   ʗʜ ʨ ʦ ,   ʥ ʝʤʝʩʝ ʢ ʦ ʤʘʥ ʜ ʘ ʣʳ ץ 

ʪ װʩ ʽʥʽʢ ʪ ʝ ʤ ʝ ʙ ʝ ʨʫ  h  ̔, ʙʘסʜʘʨʣʘʤʘʣʳץ ʪʽʣʜʝʥ ʤʘʰʠʥʘʣʳץ ʢʦʜʪʘʨ 

ʪʽʣʽʥʝ çʘʫʜʘʨʤʘʥʳè ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

ɼ ʨʘ ʡʚʝ ʨ ʣ ʝʨ ʆɾ-ʥ̔ש ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʢʝשʝʡʪʝʜʽ, ʩʦʣ ʥʝʤʝʩʝ ᴇʟʛʝ 

ʩʳʨʪrץ סʨʳʣrײץ  ʤʝʥ ʞײʤʳʩ ʞʘʩʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ᴄʨ ʪװʨʣʽ ʆɾ 

hװ ʽʥ ʜʨʘʡʚʝʨʣʝʨ ʞʠʽ ʞʘשʘ ײץʨʳʣrס ʣʘʨʤʝʥ ʥʝʤʝʩʝ ʢʦʥʪʨʦʣʣʝʨʣʝʨʤʝʥ 

ʙʽʨʛʝ ʞʝʪʢʽʟʽʣʝʜʽ. ʀ ʥ ʪ ʝ ʨ ʬʝ ʡ ʩ ð ʧʘʡʜʘʣʘʥʫʰʳʤʝʥ ʪʽʣʜʝʩʝʪʽʥ 

rסשʘʡʣʳ ʛʨʘʬʠʢʪʽʢ ץʘʙrץ. 

ʋʪʠʣʠʪʘʣʘʨ ð ʢʦʤʧʴʶʪʝʨ ʞײʤʳʩʳʥ ʞʘץʩʘʨʪʫסʘ ʙʘrס ʪʪʘʣסʘʥ 

ʧʘʡʜʘʣʳ ʙʘסʜʘʨʣʘʤʘʣʘʨ ʞʠʳʥʪʳrס . 

ʊʝʩʪʪʝʨ ð ʙʘסʜʘʨʣʘʤʘʣʳץ ʞʘʙʜʳץʪʳ, ʢʝʡʜʝ ʫʪʠʣʠʪʘʣʘʨסʘ 

ʞʘʪrץ ʟʳʣʘʪʳʥ ʘʧʧʘʨʘʪʪʳץ ʨʝʩʫʨʩʪʘʨʜʳ ʪʝʩʪʽʣʝʫʛʝ ʘʨʥʘʣסʘʥ 

ʙʘסʜʘʨʣʘʤʘʣʘʨ. 
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ϧʦʣʜʘʥʙʘʣʳ ʙʘϤʜʘʨʣʘʤʘʣʘʨ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨסʘ ץʘʞʝʪʪʽ 

ʞײʤʳʩʪʘʨʜʳש ʦʨʳʥʜʘʣʫʳʥ ʪʽʢʝʣʝʡ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

 ʩʝʣ ʽ ʢ שʘʥʳ ʢ ʝסʪʘʨʘʣ   שʜʘʨʣʘʤʘʣʘʨ   ʽʰʽʥʝʥ   ʢʝסʦʣʜʘʥʙʘʣʳ  ʙʘפ

ʙ ʘסʜ ʘʨ ʣ ʘ ʤʘʣ ʘʨ ʪʘʙʳʣʘʜʳ, ʦʣʘʨʜʳש ʢᴇʤʝʛʽʤʝʥ ʤᴅʪʽʥʜʝʨ, 

ʵʣʝʢʪʨʦʥʜʳץ ʢʝʩʪʝʣʝʨ ʪװʨʽʥʜʝʛʽ ײץʞʘʪʪʘʨ ײץʨʳʣʘʜʳ ʞᴅʥʝ 

ʨʝʜʘʢʮʠʷʣʘʥʘʜʳ. ʆʩʳ ʪʦʧץʘ ʤʘʰʠʥʘʣʳץ ʘʫʜʘʨʤʘ, ʤᴅʪʽʥʜʽ ʪʘʥʫ, 

ʩʢʘʥʝʨʜʝʥ ʛʨʘʬʠʢʘʣʘʫ ʞװʡʝʣʝʨʽ; ץʘʨʞʳʣʳץ ʞᴅʥʝ ʙʫʭʛʘʣʪʝʨʣʽʢ 

ʙʘסʜʘʨʣʘʤʘʣʘʨ Internet-ʧʝʥ ʞײʤʳʩ ʞʘʩʘʫסʘ ʘʨʥʘʣסʘʥ ʙʘסʜʘʨʣʘʤʘʣʘʨ 

ʢʽʨʝʜʽ. 

ʄ ʫʣ ʴ ʪʠ ʤ ʝ ʜ ʠ ʷ ʣ ʳ ץ ץ ʦ ʣ ʜ ʘʥ ʙ ʘʣ ʳ ʙ ʘסʜ ʘʨ ʣ ʘʤʘʣ ʘ ʨ סʘ 

ʙʝʡʥʝʣʝʨʜʽ ײץʨʫ ʞᴅʥʝ ᴇשʜʝʫʛʝ ʘʨʥʘʣסʘʥ, ʜʳʙʳʩʧʝʥ ʞײʤʳʩ ʞʘʩʘʫ 

ʙʘסʜʘʨʣʘʤʘʣʘʨ, ʩʦʥʜʘʡ-ʘץ ʢװʡʪʘʙʘץ ʦʡʥʘʪrץ ʰʪʘʨ (ʧʣʝʝʨʣʝʨ) ʤʝʥ ץʘʨʘʫ 

ʙʘסʜʘʨʣʘʤʘʣʘʨʳ (ʚʴʶʚʝʨʣʝʨ) ʞʘʪʘʜʳ. 

ʂ ᴅ ʩʽ ʙ ʠ ץ ʦ ʣ ʜ ʘ ʥ ʙ ʘʣ r ʙ ʘסʜ ʘʨ ʣ ʘ ʤʘʣ ʘʨ ʪʦʙʳʥʘ 

ʢʦʤʧʴʶʪʝʨʛʝ ʘʨʥʘʣסʘʥ ʞʘשʘ ʙʘסʜʘʨʣʘʤʘʣʘʨʜʳ ײץʨʫʜʳ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʝʪʽʥ ʙʘסʜʘʨʣʘʤʘʣʘʫʜʳש ʠʥʩʪʨʫʤʝʥʪʘʣʜʳ ʞװʡʝʣʝʨʽ; 

ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʞʦʙʘʣʘʫ ʞװʡʝʣʝʨʽ (ɸɾɾ); hװ  ᴇʣʰʝʤʜʽ ʛʨʘʬʠʢʘ 

ʤʝʥ ʘʥʠʤʘʮʠʷ ʨʝʜʘʢʪʦʨʣʘʨʳ, ʩʦʥʜʘʡ-ʘץ ʘʨʥʘʡʳ ʠʥʞʝʥʝʨʣʽʢ ʞᴅʥʝ 

rס ʣʳʤʠ ʙʘסʜʘʨʣʘʤʘʣʘʨ ʞʘʪʘʜʳ. 

 

2.3. ʕɽʄ ɾɯʂʊɽʃʋɯ 
 

 

 

ʕɽʄ ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʪʘʣrץ ʣʘʫ hװ ʽʥ ʦʣʘʨʜʳ ʙʝʣʛʽʣʽ ʩʠʧʘʪʪʘʨʳ 

ʙʦʡʳʥʰʘ ʪʦʧʪʘʨסʘ ʞʽʢʪʝʫ, ʷסʥʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷʣʘʫ ץʘʞʝʪ. 

ʄʽʥʜʝʪʽ ʙʦʡʳʥʰʘ ʕɽʄ ᴅʤʙʝʙʘʧ, ʧʨʦʙʣʝʤʘʣʳץ-ʙʘסʜʘʨʣʘʥסʘʥ ʞᴅʥʝ 

ʤʘʤʘʥʜʘʥʜʳʨʳʣסʘʥ ʜʝʧ ʞʽʢʪʝʣʝʜʽ. 

Ϸʤʙʝʙʘʧ ʕɽʄ ᴅʨ ʪװʨʣʽ ʪʘʧʩʳʨʤʘʣʘʨʜʳ ʰʝʰʫʛʝ ʘʨʥʘʣסʘʥ: 

ʵʢʦʥʦʤʠʢʘʣʳץ, ʤʘʪʝʤʘʪʠʢʘʣʳץ, ʪʝʭʥʠʢʘʣʳץ, ʘץʧʘʨʘʪʪʳץ ʞᴅʥʝ 

ʘʣʛʦʨʠʪʤʜʝʨ ʢװʨʜʝʣʽʣʽʛʽʤʝʥ ʞᴅʥʝ ᴇשʜʝʣʝʪʽʥ ʜʝʨʝʢʪʝʨʜʽװ שʣʢʝʥ 

ʢᴇʣʝʤʽʤʝʥ ʝʨʝʢʰʝʣʝʥʝʪʽʥ ᴇʟʛʝʣʝʨʽ. ʆʣʘʨ ײʞʳʤʜʘʩʳʧ ʧʘʡʜʘʣʘʥʫʜʳש 

ʝʩʝʧʪʝʫ ʦʨʪʘʣʳץʪʘʨʳ ʤʝʥ ʤʳץʪʳ ʝʩʝʧʪʝʫʽʰ ʢʝʰʝʥʜʝʨʜʝ ʢʝש 

 .ʦʣʜʘʥʳʣʘʜʳץ

ʄϸʩʝʣʝʣʽʢ-ʙʘϤʜʘʨʣʘʥϤʘʥ ʕɽʄ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʦʙʲʝʢʪʽʣʝʨʜʽ 

ʙʘʩץʘʨʫʤʝʥ; ʩʘʣʳʩʪʳʨʤʘʣʳ ʢᴇʧ ʝʤʝʩ ʜʝʨʝʢʪʝʨ ʢᴇʣʝʤʽʥ ʪʽʨʢʝʫ, ʞʠʥʘʫ 

ʞᴅʥʝ ᴇשʜʝʫʤʝʥ; ʩʘʣʳʩʪʳʨʤʘʣʳ ʦשʘʡ ʘʣʛʦʨʠʪʤʜʝʨ ʙʦʡʳʥʰʘ 

ʝʩʝʧʪʝʫʣʝʨʜʽ ʦʨʳʥʜʘʫʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʩʘʥʘʫʣʳ ʪʘʧʩʳʨʤʘʣʘʨʜʳ ʰʝʰʫ 

hװ ʽʥ rץ ʟʤʝʪ ʝʪʝʜʽ. ʆʣʘʨ ᴅʤʙʝʙʘʧ ʕɽʄ-ʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʰʝʢʪʝʫʣʽ 

ʘʧʧʘʨʘʪʪʳץ ʞᴅʥʝ ʙʘסʜʘʨʣʘʤʘʣʳץ ʨʝʩʫʨʩʪʘʨסʘ ʠʝ ʙʦʣʘʜʳ. ʇʨʦʙʣʝʤʘʣʳץ- 

ʙʘסʜʘʨʣʘʥסʘʥ ʕɽʄ-סʘ ᴅʨ ʪװʨʣʽ ʙʘʩץʘʨʫʰʳ ʝʩʝʧʪʝʫʽʰ ʢʝʰʝʥʜʝʨʽʥ 

ʞʘʪrץ ʟʫסʘ ʙʦʣʘʜʳ. 
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ʄʘʤʘʥʜʘʥʜʳʨʳʣϤʘʥ ʕɽʄ ʙʽʨʘʟ ʪʘʧʩʳʨʤʘʣʘʨ ץʘʪʘʨʳʥ ʰʝʰʫ hװ ʽʥ 

ʥʝʤʝʩʝ   ʥʘץʪʳ   ʘʥrץʪʘʣסʘʥ   ʬʫʥʢʮʠʷʣʘʨ   ʪʦʙʳʥ   ʞװʟʝʛʝ   ʘʩʳʨʫ   

hװ ʽʥ ץʦʣʜʘʥʳʣʘʜʳ. ʄײʥʜʘʡ ʕɽʄ ʪʘʨ ʙʘסʜʘʨʳ ʦʣʘʨʜʳײץ שʨʳʣʳʤʳʥ 

ʘʨʥʘʡʳ ʙʘrס ʪץʘ ʩʘʣʘ ʘʣʘʜʳ, ʦʣʘʨʜʳש ʢװʨʜʝʣʽʛʽʥ ʞᴅʥʝ ʞʦסʘʨʳ 

ᴇʥʽʤʜʽʣʽʢʪʽ ʞᴅʥʝ ʦʣʘʨʜʳש ʞײʤʳʩʳʥʳש ʩʝʥʽʤʜʽʣʽʛʽʥ ʩʘץʪʘʫ ʢʝʟʽʥʜʝ 

ʙʘסʘʤʳʥ ʙʽʨʰʘʤʘ ʪᴇʤʝʥ ʪװʩʽʨʝ ʘʣʘʜʳ. ʄʘʤʘʥʜʘʥʜʳʨʳʣסʘʥ ʕɽʄ-ʛʝ 

ʤʳʩʘʣʳ, ʘʨʥʘʡʳ ʙʘסʜʘʨʣʘʥסʘʥ ʙʘסʜʘʨʣʘʤʘʥʘʪʳʥ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʣʘʨʜʳ; ʞʝʢʝ ʢװʨʜʝʣʽ ʝʤʝʩ ʪʝʭʥʠʢʘʣʳײץ ץʨʳʣrס ʣʘʨʜʳ, 

ʘʛʨʝʛʘʪʪʘʨ ʤʝʥ ʧʨʦʮʝʩʪʝʨʜʽ ʙʘʩץʘʨʫʜʳש ʣʦʛʠʢʘʣʳץ ʬʫʥʢʮʠʷʣʘʨʜʳ 

ʦʨʳʥʜʘʡʪʳʥ ʘʜʘʧʪʝʨʣʝʨ ʤʝʥ ʢʦʥʪʨʦʣʣʝʨʣʝʨʜʽ ʞʘʪrץ ʟʫסʘ ʙʦʣʘʜʳ. 

ɻʘʙʘʨʠʪʪʽʢ Ϻʣʰʝʤʜʝʨʽ ʤʝʥ Ϻʥʽʤʜʽʣʽʛʽ ʙʦʡʳʥʰʘ ʕɽʄ ʤʳʥʘʜʘʡ ʪװʨʜʝ 

ʞʽʢʪʝʣʝʜʽ: 

ƴ ʘʩʘ ᴇʥʜʽʨʛʽʰ ʞᴅʥʝ ʞװʡʝʣʝʨ (ʩʫʧʝʨ-ʕɽʄ); 

ƴ װʣʢʝʥ ʕɽʄ (ʞʘʣʧʳ ʙʘrס ʪʪʘrס  ᴅʤʙʝʙʘʧ ʕɽʄ); 

ƴ ʢʽʰʽ, ʥʝʤʝʩʝ ʤʠʥʠ-ʕɽʄ; 

ƴ ʤʠʢʨʦʕɽʄ. 

ʉʫʧʝʨʕɽʄ ð ʦʣ ʪʠʽʩʪʽ ʪʘʨʠʭʠ ʢʝʟʝשʜʝ ʙʦʣסʘʥ ᴇʪʝ ʤʳץʪʳ ʝʩʝʧʪʝʫʽʰ 

ʞװʡʝʣʝʨ. 

ʉʫʧʝʨ ʕɽʄ-ʛʝ ʪʝʟ ᴅʨʝʢʝʪʪʽʣʽʛʽ ʩʝʢʫʥʜʳʥʘ 10 ʤʣʨʜ. ʦʧʝʨʘʮʠʷʣʘʨʜʳ 

 .ʫʘʪʪʳ ʢᴇʧ ʧʨʦʮʝʩʩʦʨʣʳ ʝʩʝʧʪʝʫʽʰ ʤʘʰʠʥʘʣʘʨ ʞʘʪʘʜʳץ ʨʘʡʪʳʥײץ

ʉʫʧʝʨʢʦʤʧʴʶʪʝʨʣʝʨ ʢװʨʜʝʣʽ ʞᴅʥʝ װʣʢʝʥ rס ʣʳʤʠ ʪʘʧʩʳʨʤʘʣʘʨʜʳ 

(ʤʝʪʝʦʨʦʣʦʛʠʷ, ʛʠʜʨʦʜʠʥʘʤʠʢʘ ʞᴅʥʝ ʪ.ʙ.) ʰʝʰʫ hװ ʽʥ, ʙʘʩץʘʨʫʜʘ, 

ʙʘʨʣʘʫʜʘ, ʘץʧʘʨʘʪʪʳ ʦʨʪʘʣʳץʪʘʥʜʳʨʳʣסʘʥ ʩʘץʪʘʫ ʦʨʳʥʜʘʨʳ ʞᴅʥʝ ʪ.ʙ. 

ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʘʜʳ. 

ץʘʟʽʨʛʽ    ʫʘrפ ʪʪʘ    ᴅʣʝʤʜʝ    ᴇʥʽʤʜʽʣʽʛʽ    ʙʽʨʥʝʰʝ    ʤʳשʜʘסʘʥ  

ʬʣʦʧʩ (MF1OPS ð mega-floating point operations per second) ð 

ʢʦʤʧʴʶʪʝʨ ʪʝʦʨʠʷ ʞװʟʽʥʜʝ ʙʽʨ ʩʝʢʫʥʜʪʘ ʦʨʳʥʜʘʡ ʘʣʘʪʳʥ ץʘʣrץ ʤʘ 

ʥװʢʪʝʩʽ ʙʘʨ ʤʠʣʣʠʦʥʜʘסʘʥ ʦʧʝʨʘʮʠʷʣʘʨ ʙʦʣʘʪʳʥ ʙʽʨʥʝʰʝ ʤʳשʜʘסʘʥ 

ʩʫʧʝʨ ʕɽʄ ʩʘʥʘʣʘʜʳ. 

ʉʫʧʝʨʢʦʤʧʴʶʪʝʨʣʝʨʛʝ ʞʠʽ ʩʝʨʚʝʨʣʝʨʜʽ ʜʝ ʞʘʪrץ ʟʘʜʳ. 

ʉʝʨ ʚ ʝʨ ð ᴇʟʽʥʝ ץʦʩʳʣסʘʥ ʢʦʤʧʴʶʪʝʨʣʝʨʛʝ rץ ʟʤʝʪ ʢᴇʨʩʝʪʫʜʽ 

ʞᴅʥʝ ʙʘʩץʘ ʞʝʣʽʣʝʨʛʝ ʰʳסʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʝʩʝʧʪʝʫʽʰ 

ʞʝʣʽʣʝʨʜʝʛʽ ʤʳץʪ  rʢʦʤʧʴʶʪʝʨ. 

ɸʨʥʘʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʩʝʨʚʝʨʣʝʨʜʽש ʢʝʣʝʩʽ ʪʠʧʪʝʨʽ ʘʥʳץʪʘʣʘʜʳ. 
ϧʦʩʳʤʰʘʣʘʨ ʩʝʨʚʝʨʽ ʝʩʝʧʪʝʫʽʰ ʞʝʣʽʥʽש ʙʘʨʣʳץ ʩʪʘʥʮʠʷʣʘʨʳʥʳש 

ʩײʨʘʥʳʩʪʘʨʳʥ ᴇשʜʝʡʜʽ ʞᴅʥʝ ʦʣʘʨסʘ ʦʨʪʘץ ʞװʡʝʣʽʢ ʨʝʩʫʨʩʪʘʨסʘ 

(ʜʝʨʝʢʪʝʨ ץʦʨʳʥʘ, ʙʘסʜʘʨʣʘʤʘʣʘʨ ʢʽʪʘʧʭʘʥʘʣʘʨʳʥʘ, ʧʨʠʥʪʝʨʣʝʨʛʝ, 

ʬʘʢʩʪʘʨסʘ ʞᴅʥʝ ʪ.ʙ.) ʨץײʩʘʪ ʙʝʨʝʜʽ. 

ʌʘʡʣ-ʩʝʨʚʝʨ ʜʝʨʝʢʪʝʨ ץʦʨʳʤʝʥ ʞײʤʳʩ ʽʩʪʝʫ hװ ʽʥ ʞᴅʥʝ ʘץʧʘʨʘʪʳ 

ʙʘʨ ʬʘʡʣʜʘʨʜʳ ץʦʣʜʘʥʫ hװ ʽʥ ץʦʣʜʘʥʳʣʘʜʳ. 

. 
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ɸʨʭʠʚʘʮʠʷʣʳϨ ʩʝʨʚʝʨ ʘץʧʘʨʘʪʪʳ ʢᴇʧ ʩʝʨʚʠʩʪʽ ʞʝʣʽʣʝʨʜʝ ʨʝʟʝʨʚʪʽʢ 

ʢᴇh ʽʨʤʝʣʝʫ hװ ʽʥ rץ ʟʤʝʪ ʝʪʝʜʽ. ʆʣ ʘʫʳʩʪʳʨʳʣʘʪʳʥ ʢʘʨʪʨʠʜʞʜʝʨʽ ʙʘʨ 

ʤʘʛʥʠʪ ʣʝʥʪʘʜʘrס  ʪʘʩʳʤʘʣʜʘrס ʰʪʘʨʜʳ (ʩʪʨʠʤʤʝʨ) ץʦʣʜʘʥʘʜʳ. 

ʌʘʢʩ-ʩʝʨʚʝʨ ʙʽʨʥʝʰʝ ʬʘʢʩʤʦʜʝʤʜʽʢ ʪʘץʪʘʣʘʨʤʝʥ, ʘץʧʘʨʘʪʪʳ ʙʝʨʫ 

ʢʝʟʽʥʜʝ ʨץײʩʘʪʩʳʟ ץʦʣ ʞʝʪʢʽʟʫʜʝʥ ʘʨʥʘʡʳ ץʦʨסʘʥʳʩʧʝʥ ʪʠʽʤʜʽ ʢᴇʧ 

ʘʜʨʝʩʪʽʢ ʙʘʡʣʘʥʳʩʪʳ ײʡʳʤʜʘʩʪʳʨʫ hװ ʽʥ ʘʨʥʘʣסʘʥ. 

ʇʦʰʪʘʣʳϨ ʩʝʨʚʝʨ ʬʘʢʩ-ʩʝʨʚʝʨ ʩʠʷץʪʳ ʬʫʥʢʮʠʷʣʘʨʜʳ ʘʪץʘʨʘʜʳ, 

ʘʣʘʡʜʘ ʵʣʝʢʪʨʦʥʜʳץ ʧʦʰʪʘʥʳ ײʡʳʤʜʘʩʪʳʨʫ hװ ʽʥ, ʩʦʥʳʤʝʥ ʙʽʨʛʝ 

ʵʣʝʢʪʨʦʥʜʳץ ʧʦʰʪʘʣʳץ ʞᴅh ʽʢʪʝʨʤʝʥ ʞײʤʳʩ ʞʘʩʘʫ hװ ʽʥ rץ ʟʤʝʪ 

ʞʘʩʘʡʜʳ. 

ɹʘʩʧʘ ʩʝʨʚʝʨʽ ʞװʡʝʣʽʢ ʧʨʠʥʪʝʨʣʝʨʜʽ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫסʘ ʘʨʥʘʣסʘʥ. 

ʊʝʣʝʢʦʥʬʝʨʝʥʮʠʷʣʘʨ ʩʝʨʚʝʨʽ ð ʧʘʡʜʘʣʘʥʫʰʳʣʘʨʜʳ 

ʪʝʣʝʢʦʥʬʝʨʝʥʮʠʷʣʘʨʤʝʥ ʞᴅʥʝ ʞʘשʘʣrץʪʘʨʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ 

ʙʘסʜʘʨʣʘʤʘʩʳ ʙʦʣʘʪʳʥ ʢʦʤʧʴʶʪʝʨ. 

ɽʛʝʨ ʢʦʤʧʴʶʪʝʨʛʝ ʪʠʽʩʪʽ ʞʝʣʽʣʽʢ ʙʘסʜʘʨʣʘʤʘʣʳץ ʞʘʙʜʳץʪʳ 

ʦʨʥʘʪʘʪʳʥ ʙʦʣʩʘ, ʦʥʜʘ ʢʦʤʧʴʶʪʝʨ ʩʝʨʚʝʨ ʨʝʪʽʥʜʝ ʙʦʣʘ ʘʣʘʜʳ ʞᴅʥʝ ʙʽʨ 

ʫʘrץ ʪʪʘ ʙʽʨʥʝʰʝ ʬʫʥʢʮʠʷʣʘʨʜʳ ʦʨʳʥʜʘʡ ʘʣʘʜʳ, ʤʳʩʘʣʳ, ʧʦʰʪʘʣʳץ 

ʩʝʨʚʝʨ, ʞʘשʘʣrץʪʘʨ ʩʝʨʚʝʨʽ, ץʦʩʳʤʰʘʣʘʨ ʩʝʨʚʝʨʽ ʞᴅʥʝ ʪ.ʙ. ʙʦʣʘ ʘʣʘʜʳ. 

ϭʣʢʝʥ ʕɽʄ ð ʞʘʣʧʳ ץʦʣʜʘʥʳʩʪʘrס  ᴅʤʙʝʙʘʧ ʕɽʄ, ʰʝʪ ʝʣʜʝ ʞʠʽ 

ʤʵʡʥʬʨʝʡʤ ʜʝʧ ʘʪʘʣʘʜʳ (Mainframe), ʪʘʨʠʭʠ ʘʣסʘ rhץ  ʧʘʡʜʘ ʙʦʣסʘʥ. 

ʄʵʡʥʬʨʝʡʤʜʝʨ ʦʩʳ ʢװʥʛʝ ʜʝʡʽʥ װʟʜʽʢʩʽʟ ʪᴅʫʣʽʢʪʽʢ ץʦʣʜʘʥʫ ʨʝʞʠʤʽʥ 

סʦʣʜʘʥʳʩʪʘrץ ʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʞʘʣʧʳץ  ʝש ʤ rץʪʳ ʝʩʝʧʪʝʫʽʰ ʞװʡʝʣʝʨʽ 

ʙʦʣʳʧ ץʘʣʘʜʳ (ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʣʝʨʜʽ ʝʩʝʧʪʝʤʝʛʝʥʜʝ). ʄʵʡʥʬʨʝʡʤʜʝʨʜʽ 

ʥʝʛʽʟʛʽ ʪʘʩʳʤʘʣʜʘʫʰʳʣʘʨ ʙʝʣʛʽʣʽ ʢʦʤʧʴʶʪʝʨʣʽʢ ʢʦʤʧʘʥʠʷʣʘʨ IBM, 

Amdahl, Siemens ʞᴅʥʝ ʪʘrס  ʙʘʩץʘʣʘʨ, ʙʽʨʘץ ʙʘʩʪʳ ʨʦʣʴʜʽ ɯɺʄ-ʛʝ 

ʪʠʝʩʽʣʽ. 

ʄʵʡʥʬʨʝʡʤʜʝʨʜʽ ʪʠʽʤʜʽ ץʦʣʜʘʥʫʜʳש ʥʝʛʽʟʛʽ ʙʘrס ʪʪʘʨʳ ð ʦʣ 

rס ʣʳʤʠ-ʪʝʭʥʠʢʘʣʳץ ʪʘʧʩʳʨʤʘʣʘʨʜʳ ʰʝʰʫ, װʣʢʝʥ ʜʝʨʝʢʪʝʨ ץʦʨʳʤʝʥ 

ʞײʤʳʩ ʞʘʩʘʫ, ʝʩʝʧʪʝʫʽʰ ʞʝʣʽʣʝʨʤʝʥ ʞᴅʥʝ ʦʣʘʨʜʳש ʨʝʩʫʨʩʪʘʨʳʤʝʥ 

ʙʘʩץʘʨʫ. ʄʵʡʥʬʨʝʡʤʜʝʨʜʽ ץʦʣʜʘʥʫʜʘ ʝש ᴇʟʝʢʪʽʩʽ ʝʩʝʧʪʝʫʽʰ ʞʝʣʽʣʝʨʜʽש 

 .ʦʣʜʘʥʫץ ʣʢʝʥ ʩʝʨʚʝʨʣʝʨʽ ʨʝʪʽʥʜʝװ

ʄʠʥʠ-ʕɽʄ ʩʘʥʳ ʞʘrס ʥʘʥ ʝש ʢᴇʧ ʞᴅʥʝ ʪʝʟ ʜʘʤʠʪʳʥ ʕɽʄ ʢʣʘʩʳ, ʦʣ 

ʢʽʰʢʝʥʪʘʡ ᴇʣʰʝʤʜʽ ʛʘʙʘʨʠʪʪʝʨʤʝʥ, ʪᴇʤʝʥ ʙʘסʘʩʳʤʝʥ (װʣʢʝʥ ʞᴅʥʝ ʩʫʧʝʨ 

ʕɽʄ ʩʘʣʳʩʪʳʨסʘʥʜʘ) ʞᴅʥʝ ᴅʤʙʝʙʘʧ ʤװʤʢʽʥʰʽʣʽʢʪʝʨʽʤʝʥ ʝʨʝʢʰʝʣʝʥʝʜʽ. 

ʆʣʘʨ 1960-ʰʳ ʞʳʣʜʘʨʳ ʧʘʡʜʘ ʙʦʣʜʳ ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʪʝʨʜʽ 

ʙʘʩץʘʨʫ, ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʞʦʙʘʣʘʫʜʳ ʞᴅʥʝ ʠʢʝʤʜʽ ᴇʥʜʽʨʽʩʪʽʢ 

ʞװʡʝʣʝʨʜʽ ײץʨʫ, ʢᴇʧ ʧʘʡʜʘʣʘʥʳʣʫʰʳʣʳץ ʝʩʝʧʪʝʫ ʞװʡʝʣʝʨʽʥʜʝ, 

ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʞʦʙʘʣʘʫ ʞװʡʝʣʝʨʽʥʜʝ ʝʩʝʧʪʝʫʣʝʨ ʞװʨʛʽʟʫ, 

ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ ʞװʡʝʣʝʨʽʥʜʝ ʢװʨʜʝʣʽ ʝʤʝʩ ʦʙʲʝʢʪʽʣʝʨʜʽ װʣʛʽʣʝʫ 

hװ ʽʥ ʢʝץ שʦʣʜʘʥʳʣʜʳ. 
 

 

29 



ʄʠʢʨʦʕɽʄ ᴇʟʽʥʽש ʧʘʡʜʘ ʙʦʣʫʳʤʝʥ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʜʳש ʧʘʡʜʘ 

ʙʦʣסʘʥʳʥʘ ʤʽʥʜʝʪʪʽ, ʦʣ ʕɽʄ ʦʨʪʘʣʳץ ʙᴇʣʽʛʽʥ ʢʦʥʩʪʨʫʢʪʠʚʪʽ ʪװʨʜʝ 

ᴇʟʛʝʨʪʽʧ ץʦʡסʘʥ ʞʦץ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʦʥrש ʧʝʨʠʬʝʨʠʷʣʳץ ʙᴇʣʽʛʽ hװ ʽʥ 

ʢʽʰʽ ʛʘʙʘʨʠʪʪʽʢ ײץʨʳʣrס ʣʘʨʜʳ ʞʘʩʘʧ ʰʳסʘʨʫ ץʘʞʝʪʪʽʣʽʛʽʥʝ ʘʣʳʧ ʢʝʣʜʽ. 

ʄʠʢʨʦ ʕɽʄ-ʥ rש ʟʘʤʘʥʘʫʠ װʣʛʽʣʝʨʽ ʙʽʨʥʝʰʝ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨסʘ ʠʝ. 

ʄʠʢʨʦʕɽʄ ʢʽʰʢʝʥʪʘʡ ᴇʣʰʝʤʜʝʨʽʥʝ, ʞʦסʘʨʳ ᴇʥʽʤʜʽʣʽʛʽʥʝ, ʞʦסʘʨʳ 

ʤ rץʪʳʣrrס ʥʘ ʞᴅʥʝ ʪᴇʤʝʥ ʙʘסʘʤʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʵʢʦʥʦʤʠʢʘ, ᴇʥʝʨʢᴅʩʽʧ 

ʧʝʥ ץʦʨסʘʥʳʩ ʢʝʰʝʥʽ ʩʘʣʘʣʘʨʳʥʜʘ ʢʝץ שʦʣʜʘʥʳʩץʘ ʠʝ ʙʦʣʘʜʳ. 

ʄʠʢʨʦʕɽʄ ᴇʟʛʝ ʪװʨʽ ð ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ. ʆʣ ʙʘʩץʘʨʫ ʞװʡʝʩʽʥʝ 

ʥʝʤʝʩʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʞʝʣʽʛʝ ʢʽʨʽʢʪʽʨʽʣʝʪʽʥ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨסʘ 

ʥʝʛʽʟʜʝʣʛʝʥ ʤʘʤʘʥʜʘʥʜʳʨʳʣסʘʥ ײץʨʳʣrס . 

ɼʝʨʙʝʩ ʕɽʄ (ɼʂ) ʧʘʡʜʘʣʘʥʫʰʳסʘ ʞʝʢʝ rץ ʟʤʝʪ ʢᴇʨʩʝʪʫʛʝ ʘʨʥʘʣסʘʥ 

ʞᴅʥʝ ʝʩʝʧʪʝʫʽʰ ʪʝʭʥʠʢʘ ʩʘʣʘʩʳʥʜʘ ʤʘʤʘʥ ʝʤʝʩ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨʜʳש ᴅʨ 

ʪװʨʣʽ ʪʘʧʩʳʨʤʘʣʘʨʳʥ ʰʝʰʫʛʝ ʙʘסʜʘʨʣʘʥסʘʥ, ʢᴅʩʽʙʠ ʽʩʢʝʨʣʽʢʪʽש 

(ʠʥʞʝʥʝʨʣʽʢ, ᴅʢʽʤʰʽʣʽʢ, ᴇʥʜʽʨʽʩʪʽʢ, ᴅʜʝʙʠ, ץʘʨʞʳʣʳץ) ᴅʨ ʪװʨʣʽ ʪװʨʽʥ 

װʦʣʜʘʫ hץ ʽʥ, ʩʦʥʜʘʡ-ʘץ ʪײʨʤʳʩʪʘ, ʤʳʩʘʣʳ, ʦץʫ ʤʝʥ ʙʦʩ ʫʘrץ ʪץʘ 

ʘʨʥʘʣסʘʥ. ɼʝʨʙʝʩ ʢʦʤʧʴʶʪʝʨʣʝʨʜʽש ʥʝʛʽʟʽʥʜʝ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣϤʘʥ 
ʞϰʤʳʩ ʦʨʳʥʜʘʨʳ (ɸɾʆ) ᴅʨ ʪװʨʣʽ ʤʘʤʘʥʜʳץ ᴇʢʽʣʜʝʨʽ: ʢʦʥʩʪʨʫʢʪʦʨʣʘʨ, 

ʜʠʟʘʡʥʝʨʣʝʨ, ʪʝʭʥʦʣʦʛʪʘʨ, ʤʝʥʝʜʞʝʨʣʝʨ hװ ʽʥ ײץʨʳʣʘʜʳ. 

ʂʦʥʩʪʨʫʢʪʠʚʪʽʢ ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʙʦʡʳʥʰʘ ɼʂ ʤʳʥʘʜʘʡ ʞʽʢʪʝʣʝʜʽ. 
ϭʩʪʝʣʜʽʢ ɼʂ (Desktop) ʢʦʤʧʴʶʪʝʨʣʝʨ ð װʩʪʝʣ װʩʪʽʥʜʝ ʪײʨʘץʪʳ 

ʦʨʥrץʪʳʨʫסʘ ʘʨʥʘʣסʘʥ. ʂʦʥʬʠʛʫʨʘʮʠʷʥʳ ʞʝ̔ש ʣ ᴇʟʛʝʨʪʫʛʝ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ. 

ϭʩʪʝʣʜʽʢ ʤʠʥʠ-ʢʦʤʧʴʶʪʝʨʣʝʨ (LCD PC, slim-desk) ð ʥʦʫʪʙʫʢʪʝʨʜʽש 

ʙᴅʩʝʢʝʣʝʩʪʝʨʽ. ʆʣʘʨʜʳש ʢʦʨʧʫʩʳ Desktop-ʧʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʰʘʤʘʤʝʥ 

ʪᴇʨʪ ʝʩʝ ʢʽʰʽ; ʥʦʫʪʙʫʢʪʝʨʛʝ ץʘʨʘסʘʥʜʘ ʬʫʥʢʮʠʦʥʘʣʜʳץ ʤװʤʢʽʥʰʽʣʽʢʪʝʨʽ 

ʢᴇʙʽʨʝʢ, ʙʽʨʘץ ʞʘשʘʨʪʫʜʘ ʰʝʢʪʝʫʣʝʨ ʙʘʨ. 

ʇʦʨʪʘʪʠʚʪʽ ʢʦʤʧʴʶʪʝʨʣʝʨ (ʥʦʫʪʙʫʢʪʝʨ) ð ʧʘʡʜʘʣʘʥʫʰʳ hװ ʽʥ 

 ,ʡʝʣʽʢ ʙʣʦʛʳװʞ שʨʘʣʜʘʨʳʥʘ ʠʝ. ʇʦʨʪʘʪʠʚʪʽ ɼʂ-ʥ̔ײץ ʦʣʘʡʣʳ, ʙʘʡʣʘʥʳʩץ

ʤʦʥʠʪʦʨ ʤʝʥ ʧʝʨʥʝʪʘץʪʘ ʙʽʨ ʢʦʨʧʫʩʪʘ ʦʨʥʘʣʘʩʘʜʳ. ᴄʜʝʪʪʝ CD/DVD 

ʞײʤʳʩʳʥ ʞᴅʥʝ ʝʩʝʧʪʝʫʽʰ ʞʝʣʽʣʝʨʛʝ ץʦʩʳʣʫʳʥ ץʦʩʘ ʘʣסʘʥʜʘ ʩʦʣ 

ʤװʤʢʽʥʰʽʣʽʢʪʝʨʛʝ ʩʪʘʮʠʦʥʘʨʣʳ (װʩʪʝʣʜʽʢ) ɼʂ ʜʝ ʠʝ ʙʦʣʘʜʳ. ɾʠʥʘrץ , 

ʩײʡ rץ ʢʨʠʩʪʘʣʜʳ ʜʠʩʧʣʝʡʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ (ʉʂɼ). 

ʇʣʘʥʰʝʪʪʽʢ ʢʦʤʧʴʶʪʝʨʣʝʨ (Tablet PC) ð çʙʦʣʘʰʘץ ʢʦʤʧʴʶʪʝʨʽè: 

ʧʨʦʮʝʩʩʦʨ ʞᴅʥʝ ʙʘʨʣʳץ ʥʝʛʽʟʛʽ ʢʦʤʧʦʥʝʥʪʪʝʨ ʉʂɼ ʘʨʪʳʥʜʘ 

ʦʨʥʘʣʘʩʘʜʳ, ʘʣ ʵʢʨʘʥ ʙʘʩץʘʥסʘ ʩʝʟʽʤʪʘʣ ʙʦʣʘʜʳ (ʙʝʣʛʽʣʝʨʛʝ ʩʘʫʩʘץʧʝʥ 

ʙʘʩʫ ʢʝʨʝʢ, ʘʣ ʘץʧʘʨʘʪ ʝʥʛʽʟʫʜʽ ʘʨʥʘʡʳ ʵʣʝʢʪʨʦʥʜʳץ ץʘʫʳʨʩʳʥʤʝʥ 

ʝʥʛʽʟʫ ץʘʞʝʪ). 
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ɹʘʡʣʘʥʳʩ ײץʨʘʣʜʘʨʳʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ. 
ʉʫʙʥʦʫʪʙʫʢʪʝʨ ð ᴇʪʝ ʢʽʰʢʝʥʪʘʡ ʉʂɼ 8 ʜʶʡʤʥʝʥ çʥʦʫʪʙʫʢ 

ʩʳʥʜʳè ʤᴇʣʰʝʨʛʝ ʜʝʡʽʥ ɼʂ. CD/DVD ʜʠʩʢʞʝʪʝʢʪʝʨʽ ʙʦʣʤʘʡʜʳ, ʙʽʨʘץ 

ʤʦʜʝʤ ʤʝʥ ʞʝʣʽʣʽʢ ʢʘʨʪʘʩʳ ʙʦʣʫʳ ʤװʤʢʽʥ. ʉʘʣʤʘrס  ʥʦʫʪʙʫʢʪʝʥ 1,5 ð 2 

ʝʩʝ ʘʟ, ʜʝʛʝʥʤʝʥ ᴇʥʽʤʜʽʣʽʛʽ ᴇʪʝ ʞʦסʘʨʳ. 

ϧʘʣʪʘ ʢʦʤʧʴʶʪʝʨʣʝʨʽ (PalmTop ʥʝʤʝʩʝ PDA ð Personal Digital 

Assistant) ð ʵʣʝʢʪʨʦʥʜʳץ ʢʽʪʘʧʪʘʨʜʳ ʦץʫ hװ ʽʥ ʦʨʛʘʥʘʡʟʝʨ ʞᴅʥʝ ʞʘʟʙʘ 

ʢʽʪʘʧʰʘʩʳ ʨʝʪʽʥʜʝ, ʤʫʣʴʪʠʤʝʜʠʘ ʦʨʪʘʣʳrס  ʞᴅʥʝ ʪ.ʙ. ʨʝʪʽʥʜʝ 

 ʤʢʽʥʜʽʢװʘʣʘʤʤʝʥ ʝʥʛʽʟʫʛʝ ʤץ ʧʘʨʘʪʪʳ ʘʨʥʘʡʳץʦʣʜʘʥʳʣʘʜʳ. ɸץ

ʞʘʩʘʡʜʳ, ʙʽʨʘץ ʧʝʨʥʝʪʘץʪʘʥʳ ץʦʩʫסʘ ʙʦʣʘʜʳ. ʉʪʘʮʠʦʥʘʨʣʳ 

ʢʦʤʧʴʶʪʝʨʣʝʨʛʝ ץʦʩʳʣʫ ײץʨʘʣʜʘʨʳʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ. PDA ʪʠʧʪʽ 

ʢʦʤʧʴʶʪʝʨʣʝʨʜʝ ʤװʤʢʽʥʜʽʢʪʝʨ ʤᴇʣʰʝʨʽ ᴅʜʝʪʪʝ rץ ʩץʘʨʪʳʣסʘʥ, ʦʣʘʨʜʳש 

ʢʝʡʙʽʨʝʫʽ ʤᴅʪʽʥʜʽ ʞʘʟʫסʘ, ʢװʨʜʝʣʽ ʝʤʝʩ ʝʩʝʧʪʝʫʣʝʨʜʽ ʞʘʩʘʫסʘ ʞᴅʥʝ ʢʝʩʪʝ 

ʞװʨʛʽʟʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɸʧʧʘʨʘʪʪʳץ ʩᴅʡʢʝʩʪʽʛʽ ʙʦʡʳʥʰʘ, ʷסʥʠ ʵʣʝʢʪʨʦʥʜʳײץ ץʨʳʣrס ʣʘʨ 

ʞʠʥʘrס ʥrװ שʡʣʝʩʽʤʜʽʣʽʛʽ ʙʦʡʳʥʰʘ ɼʂ װʡʣʝʩʽʤʜʽ IBM PC ʞᴅʥʝ ɸʨʨ!ʝ 

Macintosh ʜʝʧ ʙᴇʣʽʥʝʜʽ. 

ɼʂ ʘʧʧʘʨʘʪʪʳײץ ץʨʘʣʜʘʨʳʥʳש ʜʘʤʫ ʞᴅʥʝ ʞʝʪʽʣʜʽʨʫ ʧʨʦʮʝʩʪʝʨʽʥ 

ʨʝʪʪʝʫ, Microsoft, Intel, Compaq ʢʦʨʧʦʨʘʮʠʷʣʘʨʳʥʳש ʦʧʝʨʘʮʠʷʣʳץ 

ʞװʡʝʣʝʨʽʤʝʥ װʡʣʝʩʽʤʜʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʤʘץʩʘʪʳʥʜʘ 1997 ʞ. ʙʘʩʪʘʧ 

ʈʉ97, ʈʉ98, ʈʉ99, ʈʉ2001 ʩʧʝʮʠʬʠʢʘʮʠʷʣʘʨʳʥ ʞʘʩʘʧ ʰʳסʘʨʜʳ. ʆʩʳ 

ʩʧʝʮʠʬʠʢʘʮʠʷʣʘʨ ʘʨʭʠʪʝʢʪʫʨʘʥʳ, ײץʨʳʣrס ʣʘʨ ʞʠʥʘrס ʥ ʞᴅʥʝ ʦʣʘʨסʘ 

ʪʘʣʘʧʪʘʨʜʳ, BIOS ʬʫʥʢʮʠʷʣʘʨʳʥ, ɼʂ ʢʦʥʩʪʨʫʢʮʠʷʩʳ ʤʝʥ ʢʦʨʧʫʩ ʪʠʧʽʥ 

ʩʠʧʘʪʪʘʡʜʳ, ʞᴅʥʝ ʰʳʥʜʳrס ʥʘ ʢʝʣʛʝʥʜʝ ʘʧʧʘʨʘʪʪʳײץ ץʨʘʣʜʘʨʜʳ 

ᴇʥʜʽʨʫʰʽʣʝʨ hװ ʽʥ ʥײʩץʘʫʣʳץ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʉʧʝʮʠʬʠʢʘʮʠʷʣʘʨסʘ ʩᴅʡʢʝʩ ʢʦʤʧʴʶʪʝʨʣʝʨ ʥʘʨʳrס ʥʜʘ ʈʉ ʞװʡʝʣʝʨʽ 

ʤʳʥʘʜʘʡ ʞʽʢʪʝʣʝʜʽ. 

C ons u m e r PC ð ʩʘʫʳץʪʘʨ ʤʝʥ ʦʡʳʥʜʘʨסʘ ʘʨʥʘʣסʘʥ װʡ 

 ʩʝʩʽʥʜʝשʡ ʢʝװ ʢʽʰʽ ʥʝʤʝʩʝ ץʘʥ ɼʂ, ʩʦʥʜʘʡ-ʘסʦʣʜʘʥʳʩʳʥʘ ʘʨʥʘʣץ

 .ʦʣʜʘʥʳʣʘʪʳʥ ɼʂ ð Small Office/Home Office (SOHO)ץ

O f f i c e P C ð Consumer PC ïʜʝʥ ʪᴇʤʝʥ ʙʘסʘʩʳʤʝʥ ʞᴅʥʝ 

ʣʦʢʘʣʴʜʳץ ʞʝʣʽʜʝ ʞײʤʳʩ ʽʩʪʝʫʛʝ ʤװʤʢʽʥʰʽʣʽʛʽʤʝʥ ʝʨʝʢʰʝʣʝʥʝʪʽʥ 

ʢʦʨʧʦʨʘʪʠʚʪʽʢ ץʦʣʜʘʥʫסʘ ʘʨʥʘʣסʘʥ ɼʂ. 

W or ks t a ti on ð ʨʝʩʫʨʩ ʩʳʡʳʤʜʳ ץʦʩʳʤʰʘʣʘʨʤʝʥ ʞײʤʳʩ hװ ʽʥ 

 ʣʛʽʣʝʫװ ,ʤʳʩ ʩʪʘʥʮʠʷʩʳ: ʘʚʪʦʤʘʪʪʳ ʞʦʙʘʣʘʫײʦʣʜʘʥʳʣʘʪʳʥ ʞץ

ʞװʡʝʣʝʨʽʤʝʥ, ʙʘʥʢʪʽʢ ʙʘסʜʘʨʣʘʤʘʣʘʨʤʝʥ, ʢװʨʜʝʣʽ ʙʘʩʧʘ ʞװʡʝʣʝʨʽʤʝʥ. 

Mobil e P C ð ʤʦʙʠʣʴʜʽʢ ɼʂ. 

E nte r ta inm e nt PC ð 2D/3D-ʛʨʘʬʠʢʘ ʞᴅʥʝ ʜʳʙʳʩʪʳץ ʩװʡʝʤʝʣʜʝʫʽ 

ʙʘʨ ʦʡʳʥʜʘʨסʘ; Internet-ʪʝ ʞײʤʳʩ ʞʘʩʘʫסʘ; ʜʝʨʙʝʩ ʙʘʡʣʘʥʳʩʧʝʥ 

(ʵʣʝʢʪʨʦʥʜʳץ ʧʦʰʪʘ, ʚʠʜʝʦʪʝʣʝʬʦʥʜʳץ ʙʘʡʣʘʥʳʩ) ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ; 

סʣʢʝʥ ʘʞʳʨʘʪʳʣʳʤʜʳrװ  ʙʘʨ ʠʥʪʝʨʘʢʪʠʚʪʽ ʪʝʣʝʚʠʜʝʥʠʝʛʝ ʙʘסʜʘʨʣʘʥסʘʥ 

ʤʫʣʴʪʠʤʝʜʠʷʣʳץ ɼʂ. 
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ʉʦʥʳʤʝʥ ץʘʪʘʨ ʤʫʣʴʪʠʤʝʜʠʷʣʳץ ɼʂ װʡ ʢʠʥʦʪʝʘʪʨʳʥʳש ʜʳʙʳʩʪʳץ 

ʞװʡʝʩʽʥʜʝ; ʦʡʳʥʜʘʨ ʤʝʥ DVD-ʬʠʣʴʤʜʝʨ ʢᴇʨʫʛʝ ץʦʣʜʘʥʳʣʫʳ ʤװʤʢʽʥ; 

ʚʠʜʝʦʤʘʛʥʠʪʦʬʦʥʥʳש ʙʝʡʥʝʣʝʨʽʥ ʩʘʥסʘ ʘʫʜʘʨʫ hװ ʽʥ ʚʠʜʝʦʩʠʛʥʘʣ ʢᴇʟʽ 

ʨʝʪʽʥʜʝ; ɼʂ-ʜʝ ʚʠʜʝʦʩʶʞʝʪʪʽ ʪʽʟʙʝʢʪʽ ʞʘשrסʨʪʫ ʞᴅʥʝ ʨʝʜʘʢʮʠʷʣʘʫ hװ ʽʥ 

 .ʤʢ̔ʥװʦʣʜʘʥʳʣʫʳ ʤץ

ɼʂ ʩʘʥʘʪʪʘʨʳ ʽʰʽʥʝʥ ᴅʨʙʽʨʽ ʪʠʽʩʪʽ ʩʧʝʮʠʬʠʢʘʮʠʷʜʘ ʦʨʥʘʪʳʣסʘʥ 

ʜʝʨʙʝʩ ʢʦʤʧʴʶʪʝʨʜʽש ʙʘʟʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨ ʞʠʥʘrס ʥʘ ʩᴅʡʢʝʩ ʙʦʣʫʳ 

ʢʝʨʝʢ. 
 

 

 

2.4. ɾתʁɽʃɯʂ ʊɸפʊɸʃɸʈ 

 

ɾϮʡʝʣʽʢ ʪʘϨʪʘ (Motherboard) ð ᴅʨʙʽʨ  ɼʂ-ʜ̔ש  ʥʝʛʽʟʛʽ  

ʢʦʤʧʦʥʝʥʪʽ. ɹʘʩʪʳ (Mainboard), ʥʝʤʝʩʝ ʞϮʡʝʣʽʢ ʪʘץʪʘ ʜʝʧ ʘʪʘʣʘʜʳ. ʆʣ 

ʽʰʢʽ ʙʘʡʣʘʥʳʩʪʘʨʜʳ ʙʘʩץʘʨʘʪʳʥ ʞᴅʥʝ ʩʳʨʪrץ סʨʳʣrײץ  ʣʘʨʤʝʥ ᴇʟʘʨʘ 

ᴅʨʝʢʝʪʪʝʩʝʪʽʥ ʪᴅʫʝʣʩʽʟ ʵʣʝʤʝʥʪ. ɾװʡʝʣʽʢ ʪʘץʪʘ ʢʦʤʧʴʶʪʝʨʜʽש ʪʦʣʳץʪʘʡ 

ᴇʥʽʤʜʽʣʽʛʽʥʝ ᴅʩʝʨ ʝʪʫʰʽ ɼʂ ʽʰʽʥʜʝʛʽ ʥʝʛʽʟʛʽ ʵʣʝʤʝʥʪ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʂʦʥʩʪʨʫʢʪʠʚʪʽ ʪװʨʜʝ ʞװʡʝʣʽʢ ʪʘץʪʘ ɼʂ ʽʰʽʥʜʝ ʙʘʨʣʳץ ʥʝʛʽʟʛʽ 

ʵʣʝʤʝʥʪʪʝʨʽ, ץʦʩʫ ʞʝʣʽʣʝʨʽ ʤʝʥ ʩʳʨʪrץ סʨʳʣrײץ  ʣʘʨʜʳ ץʦʩʫסʘ ʘʨʥʘʣסʘʥ 

ʞʘʣסʘrס ʰʪʘʨʳ ʦʨʥʘʣʘʩץʘʥ ʙʘʩʪʳ ʪʘץʪʘʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʆʨʥʘʪʳʣסʘʥ ʞװʡʝʣʽʢ ʪʘץʪʘʥʳש ʪʠʧʽ ʞװʡʝʥʽש ʞʘʣʧʳ ᴇʥʽʤʜʽʣʽʛʽʥ, 

ʩʦʥʜʘʡ-ʘץ ɼʂ ʞʘשʘʨʪʫ ʤװʤʢʽʥʜʽʢʪʝʨʽ ʤʝʥ ץʦʩʳʤʰʘ ײץʨʳʣrס ʣʘʨʜʳ 

 .ʪʘʡʜʳץʦʩʫʳʥ ʘʥʳץ

ɾװʡʝʣʽʢ ʪʘץʪʘʣʘʨʜʳ ᴇʥʜʽʨʫʰʽ ʬʠʨʤʘʣʘʨ ʘʨʘʩʳʥʜʘ ʝש 

ʪʘʥʳʤʘʣʳʣʘʨʳ American Megatrends Inc. (AMI), Asus, Acorp, Abit, 

GigaByte, Intel, Chaintech, Epox, A-Open, Microstar, Soltek ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. 

2.4 ʩʫʨʝʪʪʝ ʪʠʧʪʽʢ ʞװʡʝʣʽʢ ʪʘץʪʘ ײץʨʳʣʳʤʳ ʢᴇʨʩʝʪʽʣʛʝʥ: 
ƴ ʘʨʥʘʡʳ ʞʘʣסʘrס ʰʪʘ ʦʨʥʘʣʘʩʪʳʨʳʣʘʪʳʥ ʞʝʣʜʝʪʢʽʰʽ ʙʘʨ ʨʘʜʠʘʪʦʨ 

ʦʨʥʘʣʘʩʘʪʳʥ ʧʨʦʮʝʩʩʦʨ; 

ƴ ʉʈ^ ʦʨʪʘʣʳץ ʧʨʦʮʝʩʩʦʨʳʥʳש ʢʘʨʪʨʠʜʞʽ ʪʘץʪʘʩʳʥʘ ʦʨʥʘʪʳʣʘʪʳʥ 

ʝʢʽʥʰʽ ʜʝשʛʝʡʜʝʛʽ (ʩʳʨʪrץ ) ʢʵʰ-ʞʘʜʳ ʤʠʢʨʦʩʭʝʤʘʣʘʨʳ; 
ƴ ʦʧʝʨʘʪʠʚʪʽ ʞʘʜʳ ʤʦʜʫʣʴʜʝʨʽʥ ʦʨʥʘʪʫסʘ ʘʨʥʘʣסʘʥ ʩʣʦʪʪʘʨ; 
ƴ ʢʝשʝʡʪʫ ʢʘʨʪʘʣʘʨʳʥ ʦʨʥʘʪʫסʘ ʘʨʥʘʣסʘʥ ʞʘʣסʘrס ʰʪʘʨ (ʩʣʦʪʪʘʨ). PC 

2001 ʩʧʝʮʠʬʠʢʘʮʠʷʩʳʥʘ ʩᴅʡʢʝʩ ʞװʡʝʣʽʢ ʪʘץʪʘʣʘʨ AGP ʩʣʦʪʳʤʝʥ 

ʞʘʙʜʳץʪʘʣסʘʥ. ʉʣʦʪʪʘʨʜʳש ʙʦʣʫʳ ʞᴅʥʝ ʦʣʘʨסʘ ʢʝʟ ʢʝʣʛʝʥ ʢʝשʝʡʪʫ 

ʢʘʨʪʘʣʘʨʳʥ (ʚʠʜʝʦʘʜʘʧʪʝʨ, ʜʳʙʳʩʪʳץ ʢʘʨʪʘ, ʤʦʜʝʤ, ɸʉʊ ʢʘʨʪʘʣʘʨ 

ʞᴅʥʝ ʪ.ʙ.) ʦʨʥʘʣʘʩʪʳʨʫ ʤװʤʢʽʥʜʽʛʽ ɼʂ ʘʰʳץ ʘʨʭʠʪʝʢʪʫʨʘʩʳʥ 

ʘʥrץʪʘʡʜʳ; 
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2.4 -ʩʫʨʝʪ. ʊʠʧʪʽʢ ʘʥʘʣʳץ ʪʘץʪʘ ײץʨʳʣʳʤʳ 
 

ƴ ץʘʡʪʘ ʙʘסʜʘʨʣʘʤʘʣʘʥʘʪʳʥ ʞʘʜʳ ʤʠʢʨʦʩʭʝʤʘʩʳ (EEPROM), ʦʥʜʘ 

ʙʘסʜʘʨʣʘʤʘʣʘʨ, POST, ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝʥʽ ʞװʢʪʝʫ ʙʘסʜʘʨʣʘʤʘʩʳ, 

סʨʳʣrײץ ʣʘʨ ʜʨʘʡʚʝʨʣʝʨʽ, ʙʘʩʪʘʧrץ  ʦʨʥʘʪʳʣʳʤʜʘʨ (CMOS Setup) 

ʩʘץʪʘʣʘʜʳ. ʄʠʢʨʦʩʭʝʤʘ BIOS ʨʝʪʽʥʜʝ ʙʝʣʛʽʣʝʥʛʝʥ (ʩʫʨ. 2.4); 

ƴ ɼʂ ʙʘʨʣʳץ ʢʦʤʧʦʥʝʥʪʪʝʨʽ ʘʨʘʩʳʥʜʘ ʜʝʨʝʢʪʝʨ ʘʣʤʘʩʫʜʳ ʙʘʩץʘʨʫ hװ ʽʥ 

ʞʦסʘʨʳ ʠʥʪʝʛʨʘʮʠʷ ʜᴅʨʝʞʝʩʽʥʽש ʤʠʢʨʦʩʭʝʤʘʣʘʨ ʞʠʥʘrס (Chipset); 

ƴ ʅDD, FDD, CD-ROM ʪʘʩʳʤʘʣʜʘrס ʰʪʘʨʳʥ ץʦʩʫסʘ ʘʨʥʘʣסʘʥ 

ʞʘʣסʘrס ʰʪʘʨ, ʧʝʨʠʬʝʨʠʷʣʳײץ ץʨʳʣrס ʣʘʨʜʳ (ʪʽʥʪʫʽʨ, ʤʦʜʝʤ ʞᴅʥʝ ʪ.ʙ.) 

 ʘʥ ʪʽʟʙʝʢʪʽ ʧʦʨʪʪʘʨ, ʧʨʠʥʪʝʨʜʽ, ʢʝʡʙʽʨ ʪʠʧʪʽ ʩʢʘʥʝʨʣʝʨʜʽסʘ ʘʨʥʘʣסʦʩʫץ

 ;ʘʥ ʧʘʨʘʣʣʝʣʴ ʧʦʨʪʪʘʨסʘ ʘʨʥʘʣסʦʩʫץ

ƴ ʉʄʆS ʞʘʜʳʩʳʥʳש ʤʠʢʨʦʩʭʝʤʘʩʳʥ ץʦʨʝʢʪʝʥʜʽʨʫʛʝ ʘʨʥʘʣסʘʥ 

ʘʢʢʫʤʫʣʷʪʦʨʣʳץ ʙʘʪʘʨʝʷ, ʦʥʜʘ ʘrס ʤʜʘrס  BIOS (ʉʄOS Setup) ʞᴅʥʝ 

ʵʣʝʢʪʨʦʥʜʳץ ʪʘʡʤʝʨʜʽש (ʞװʡʝʣʽʢ ʩʘסʘʪʪʳש) ʙʘʧʪʘʫʣʘʨ ʩʘץʪʘʣʘʜʳ. 

ɾװʡʝʣʽʢ ʪʘץʪʘʥʳש ʙʘʨʣʳץ ʢʦʤʧʦʥʝʥʪʪʝʨʽ ʘץʧʘʨʘʪ ʘʣʤʘʩʫ ʞװʨʝʪʽʥ ʙʽʨ- 

ʙʽʨʽʤʝʥ ᴇʪʢʽʟʛʽʰʪʝʨ ʞװʡʝʩʽʤʝʥ ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʪʳ. 
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ɾʝʣʽʣʝʨʜʽש ʦʩr ʞʠʳʥʪʳrס ʥ ʘץʧʘʨʘʪʪʳץ ʰʠʥʘ, ʥʝʤʝʩʝ ʞʘʡ ʰʠʥʘ (Bus) 

ʜʝʧ ʘʪʘʡʜʳ. 

ɼʂ ᴅʨ ʪװʨʣʽ ʰʠʥʘʣʘʨסʘ ץʦʩʳʣסʘʥ ʢʦʤʧʦʥʝʥʪʪʝʨʽ ʤʝʥ ײץʨʳʣrס ʣʘʨʳ 

ʘʨʘʩʳʥʜʘrס  ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽ Chipset ʤʠʢʨʦʩʭʝʤʘʣʘʨʳʥʳש ʙʽʨʽʥʜʝ ʽʩʢʝ 

ʘʩʳʨʳʣסʘʥ ʢᴇʧʽʨʣʝʨ ʢᴇʤʝʛʽʤʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ʄʳʩʘʣʳ, ISA ʞᴅʥʝ PCI 

ʰʠʥʘʥʳ ץʦʩʫסʘ ʘʨʥʘʣסʘʥ ʢᴇʧʽʨ 82371ɸɺ ʤʠʢʨʦʩʭʝʤʘʩʳʥʜʘ ʞװʟʝʛʝ 

ʘʩʳʨʳʣסʘʥ (2.4 ʩʫʨʝʪʪʽ ץʘʨʘrש ʟ). 

ɾװʡʝʣʽʢ ʪʘץʪʘʥʳש ᴇʣʰʝʤʜʝʨʽ, ʪʘץʪʘʥʳ ʢʦʨʧʫʩ ʪװʙʽʤʝʥ ץʦʩʘʪʳʥ ʦʥʳש 

ʽʰʽʥʜʝʛʽ ʩʘrש ʣʘʫʣʘʨ ʩʪʘʥʜʘʨʪʪʘʣסʘʥ. ɾװʡʝʣʽʢ ʪʘץʪʘʣʘʨʜʳש ʥʝʛʽʟʛʽ ʪʠʧʪʽʢ 

ᴇʣʰʝʤʜʝʨʽ 2.1 ʢʝʩʪʝʜʝ ʙʝʨʽʣʛʝʥ. 

 

ʂʝʩʪʝ 2.1. ᴄʨ ʪװʨʣʽ ʩʪʘʥʜʘʨʪʪʳ ʘʥʘʣʳץ ʪʘץʪʘʣʘʨʜʳש ʥʝʛʽʟʛʽ ʪʠʧʪʽʢ 

ᴇʣʰʝʤʜʝʨʽ 

ɹʝʣʛʽʣʝʥʫʽ ᴆʣʰʝʤʽ, ʩʤ ɽʩʢʝʨʪʧʝ 
   

Baby-AT 33,0 x 22,5 ɽʩʢʽʨʛʝʥ 

Half Size 24,4 x 21,8 386 ʞᴅʥʝ 486 CPU ʙʘʨ ɼʂ ʘʨʥʘʣסʘʥ ʤʠʥʠ-ʪʘץʪʘ; 

Slimline ʢʦʨʧʫʩʳ hװ ʽʥ ʞʘʨʘʤʜʳ 

LPX 33,0 x 22,9 ʂʽʰʽʨʝʡʪʽʣʛʝʥ ʙʠʽʢʪʽʢʪʝʛʽ ʢʦʨʧʫʩʪʘʨסʘ ʞᴅʥʝ 

Slimline ʘʨʥʘʣסʘʥ 

Mini -T.PX 26,4 x 20,1 ʂʽʰʽʨʝʡʪʽʣʛʝʥ ʙʠʽʢʪʽʢʪʝʛʽ ʢʦʨʧʫʩʪʘʨסʘ ʞᴅʥʝ 

Slimline ʘʨʥʘʣסʘʥ 

ATX 30,5 x 24,4 ɸʊʍ ʢʦʨʧʫʩʪʘʨʳʥʘ ʘʨʥʘʣסʘʥ 

Mini -ATX 28,4 x 20,8 ʂʽʰʽʨʝʡʪʽʣʛʝʥ ʙʠʽʢʪʽʢʪʝʛʽ ɸʊʍ ʢʦʨʧʫʩʪʘʨʳʥʘ 
ʘʨʥʘʣסʘʥ 

MicroATX 24,4 x 24,4 ʂʽʰʽʨʝʡʪʽʣʛʝʥ ʙʠʽʢʪʽʢʪʝʛʽ ɸʊʍ ʢʦʨʧʫʩʪʘʨʳʥʘ 
ʘʨʥʘʣסʘʥ 

Flex-ATX 22,9 x 19,1 ʐʘrס ʥ ʢʦʨʧʫʩʪʘʨ 

NLX 34,5 x 22,9 ʂʽʰʽʨʝʡʪʽʣʛʝʥ ʙʠʽʢʪʽʢʪʝʛʽ ʢʦʨʧʫʩʪʘʨסʘ ʞᴅʥʝ 

Slimline ʘʨʥʘʣסʘʥ 

Mini -NLX 25,4 x 20,3 ʂʽʰʽʨʝʡʪʽʣʛʝʥ ʙʠʽʢʪʽʢʪʝʛʽ ʢʦʨʧʫʩʪʘʨסʘ ʞᴅʥʝ 

Slimline ʘʨʥʘʣסʘʥ 

WTX 35,5 x 42,545 ɾʦסʘʨʳ ᴇʥʽʤʜʽ ʞײʤʳʩ ʩʪʘʥʮʠʷʣʘʨʳ ʞᴅʥʝ ʦʨʪʘ 

ʜʝשʛʝʡ ʩʝʨʚʝʨʣʝʨʽ 

BTX 35,2 x 26,7 תʩʪʝʣʜʽʢ ɼʂ ʢʦʨʧʫʩʪʘʨʳʥʘ ʘʨʥʘʣסʘʥ 

MicroBTX 26,7 x 26,4 ð 

PicoBTX 26,7 x 20,3 ð 
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ɾװʡʝʣʽʢ ʪʘץʪʘʥʳ ʪʘשʜʘסʘʥ ʢʝʟʜʝ ʦʥʳש ᴇʣ ʝhʤʜʝʨʽʥ ɼʂ ʢʦʨʧʫʩʳʥʳש 

ʪʠʧʽʤʝʥ ʢʝʣʽʩʽʧ ʘʣʫ ʢʝʨʝʢ, ʘʣ ʦʥʳ ʦʨʥʘʪʫ ʢʝʟʽʥʜʝ rץ ʩץʘ ʪײʡrץʪʘʣʫ 

ʙʦʣʤʘʩ hװ ʽʥ ʢʦʨʧʫʩʪʳש ʪװʙʽʤʝʥ ʞᴅʥʝ ʞʘץʪrץ ʤʝʪʘʣʣ ʧʘʥʝʣʴʤʝʥ 

ʞʘʥʘʩʫʜʳ ʙʦʣʜʳʨʤʘʫ ʢʝʨʝʢ. 

ɾ װʡʝ ʣ ̔ʢ ʞ װʡʝ ʥʽ ש ʬ ʦʨʤ ʬ ʘ ʢ ʪ ʦʨ r ð ʦʥʜʘrס  ʥʝʛʽʟʛʽ 

ʤʠʢʨʦʩʭʝʤʘʣʘʨʜʳש, ʩʣʦʪʪʘʨʜrש ʦʨʥʘʣʘʩʫʳʥʳש ʦʨʪʘץ ʩʪʨʘʪʝʛʠʷʩʳ, 

ʦʥrש ʬʦʨʤʘʩʳ ʤʝʥ ᴇʣʰʝʤʽ. 

1995 ʞ. Intel ʢʦʨʧʦʨʘʮʠʷʩʳ ʞװʡʝʣʽʢ ʪʘץʪʘ ʤʝʥ ɼʂ ʢʦʨʧʫʩʳ hװ ʽʥ 

ɸʊʍ ʩʧʝʮʠʬʠʢʘʮʠʷʩʳʥ ײʩʳʥʜʳ. 

2.5 ʩʫʨʝʪʪʝ ATX 2.1 ʩʧʝʮʠʬʠʢʘʮʠʷʩʳʥʘ ʩᴅʡʢʝʩ ɼʂ ʥʝʛʽʟʛʽ 

ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʦʨʥʘʣʘʩʫʳ ʢᴇʨʩʝʪʽʣʛʝʥ. ʆʩʳ ɸʊʍ ʩʧʝʮʠʬʠʢʘʮʠʷʩʳ 

ʥײʩץʘʩʳʥʳש ʝʨʝʢʰʝʣʽʛʽ ʙʦʣʳʧ ץʦʨʝʢʪʝʥʫ ʙʣʦʛʳ ʞװʡʝʣʽʢ ʪʘץʪʘ ʘʨʪʳʥʘ 

ʰ rסʘʨʳʣʫʳ ʪʘʙʳʣʘʜʳ, ʦʣ ʧʨʦʮʝʩʩʦʨʜʳש ʩʫʳʪʫ ʞװʡʝʩʽʥʽװ שʣʢʝʥ 

ᴇʣʰʝʤʽʥʝ ʙʘʡʣʘʥʳʩʪʳ. 

ɸʊʍ ʞװʡʝʣʽʢ ʪʘץʪʘʩʳʥʳש ʙʘʨʣʳץ ʘʨʪʳhץ ʳʣrץʪʘʨʳ ʦʣ ʪʠʽʩʪʽ 

ʢʦʨʧʫʩץʘ ʦʨʥʘʣʘʩʪʳʨʳʣסʘʥʜʘ ʢᴇʨʽʥʝʜʽ. 
 

 

 
2.5 -ʩʫʨʝʪ. ʅʝʛʽʟʛʽ ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʞװʡʝʣʽʢ ʪʘץʪʘʜʘ ʞᴅʥʝ ɸʊʍ ʬʦʨʤʬʘʢʪʦʨʳʥʳש ɼʂ 

ʢʦʨʧʫʩʳʥʜʘ ʦʨʥʘʣʘʩʫʳ 
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ɸʊʍ ʞװʡʝʣʽʢ ʪʘץʪʘʣʘʨʳʥʳש ʤʳʥʘʜʘʡ ʤʦʜʠʬʠʢʘʮʠʷʣʘʨʳ ʞʘʩʘʧ 

ʰ rסʘʨʳʣסʘʥ: Mini- ATX, Micro ɸʊʍ, Flex ATX.  
1997 ʞʳʣʳ Intel ʢʦʨʧʦʨʘʮʠʷʩʳʤʝʥ ʞʘשʘ NLX ʩʪʘʥʜʘʨʪʳ ײʩʳʥʳʣʜʳ, 

ʦʣ ɸʊʍ ʩʪʘʥʜʘʨʪʳʥʳש ʩʦʜʘʥ ʢʝʡʽʥʛʽ ʜʘʤʫʳ ʙʦʣʜʳ. NLX ʩʪʘʥʜʘʨʪʳʥʘ 

ʩᴅʡʢʝʩ ɼʂ-ʜʝ ʨʠʟʝʨ-ʢʘʨʪʘ ʦʨʥʘʪʳʣʘʜʳ, ʦʥʳש ʩʪʘʥʜʘʨʪ ʩʣʦʪʪʘʨʳ PCI 
ʞᴅʥʝ ISA ʙʦʣʘʜʳ, ʦʣʘʨסʘ ʙʘʨʣʳץ ץʘʞʝʪʪʽ ʢʝשʝʡʪʫ ʢʘʨʪʘʣʘʨʳ 

ʦʨʥʘʪʳʣʘʜʳ.  ʈʠʟʝʨ-ʢʘʨʪʘʥʳש  ʥʝʛʽʟʛʽ  ʘʡʳʨʤʘʰʳʣʳrס   ʦʣ  ʘʥʘʣʳץ 

ʪʘץʪʘ NLX Riser Connector ʜʝʧ ʘʪʘʣʘʪʳʥ ʘʨʥʘʡʳ ʩʣʦʪץʘ 
ʦʨʥʘʪʳʣʘʪʳʥʜʳrס ʥʜʘ. ɹײʣ ʞʘʣסʘrס ʰʪʘ ʪʝʢ ʘץʧʘʨʘʪʪʳץ ʰʠʥʘ סʘʥʘ  

ʝʤʝʩ, ʩʦʥʳʤʝʥ ʙʽʨʛʝ ץʦʨʝʢ ʰʠʥʘʩʳ ʙʦʣʘʜʳ. ʉʦʥʳʤʝʥ ʦʨʥʘʪʳʣʳʧ 

ʙʦʣסʘʥ ʩʦש ʞװʡʝʣʽʢ ʪʘץʪʘ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ץʦʨʝʢ ʰʠʥʘʩʳʥʘ ץʦʩʳʣסʘʥ 
ʙʦʣʘʜʳ. ʈʠʟʝʨ-ʢʘʨʪʘʜʘ ʝʨʪʝʨʝʢʪʝ ʞװʡʝʣʽʢ ʪʘץʪʘʜʘ ʦʨʥʘʣʘʩץʘʥ ᴅʨ ʪװʨʣʽ 

ʞʘʣסʘrס ʰʪʘʨ ʦʨʥʘʣʘʩʘʜʳ ð IDE, FDD, USB, ץʦʨʝʢʪʝʥʫ ʙʣʦʛʳʥʳש 

ʞᴅʥʝ ʪ.ʙ. 
 

 
 

2.6 -ʩʫʨʝʪ. ʕʣʝʤʝʥʪʪʝʨʜʽש ɺʊʍ ʩʧʝʮʠʬʠʢʘʮʠʷʩʳʥʘ ʩᴅʡʢʝʩ ʞװʡʝʣʽʢ ʪʘץʪʘʜʘ 

ʦʨʥʘʣʘʩʫʳ 
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1998 ʞ. Intel ʢʦʤʧʘʥʠʷʩʳʤʝʥ ʞʦסʘʨʳ ᴇʥʽʤʜʽʣʽʢʪʽ ʞײʤʳʩ 
ʩʪʘʥʮʠʷʣʘʨʳ ʤʝʥ ʩʝʨʚʝʨʣʝʨʽ hװ ʽʥ WTX ʬʦʨʤʬʘʢʪʦʨʳ 
ʢʦʤʧʴʶʪʝʨʽʥʽש ʩʪʘʥʜʘʨʪʳ ʞʘʩʘʧ ʰʳסʘʨʳʣʜʳ. 
2004 ʞ. Intel ʢʦʨʧʦʨʘʮʠʷʩʳ ʞʘשʘ ʞʦסʘʨʳ ᴇʥʽʤʜʽʣʽʢʪʽ 

ʧʨʦʮʝʩʩʦʨʣʘʨ hװ ʽʥ ɸʊʍ ʩʪʘʥʜʘʨʪʳʥʳש ʜʘʤʫʳ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ 
BTX ʩʧʝʮʠʬʠʢʘʮʠʷʩʳʥ ʞʘʨʠʷʣʘʜʳ. ʉʧʝʮʠʬʠʢʘʮʠʷʥʳ ʞʘʩʘסʘʥʜʘ 
ʩʫʳʪʫ ʞװʡʝʩʽʥ ʞʝʪʽʣʜʽʨʫ, ʞװʡʝʣʽʢ ʪʘץʪʘʥʳש ʤʝʭʘʥʠʢʘʣʳץ 
ʪᴇʟʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ, ʞװʡʝʣʽʢ ʪʘץʪʘסʘ ʝʥʛʽʟʫ-ʰ rסʘʨʫ 
ʠʥʪʝʨʬʝʡʩʪʝʨʽʥ ץʦʩʫ ʪᴅʩʽʣʜʝʨʽʥ ʩʪʘʥʜʘʨʪʪʘʫ ʪʘʧʩʳʨʤʘʣʘʨʳ 
 .ʦʡʳʣʜʳץ

2.6 ʩʫʨʝʪʪʝ ʞװʡʝʣʽʢ ʪʘץʪʘʜʘ ɺʊʍ ʩʧʝʮʠʬʠʢʘʮʠʷʩʳʥʘ ʩᴅʡʢʝʩ 
ʵʣʝʤʝʥʪʪʝʨʜʽש ʦʨʥʘʣʘʩʫʳ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

2.5. ɼʂ ʐʀʅɸʃɸʈʓʅʓױפ רʈʓʃʓʄʓ ʄɽʅ 
ʉʊɸʅɼɸʈʊʊɸʈʓ 

ʐʠʥʘ (Bus) ʜʝʧ ʞʝʣʽʣʝʨ ʞʠʳʥʪʳrס  (ʘʥʘʣʳץ ʪʘץʪʘʜʘrס  
ᴇʪʢʽʟʛʽʰʪʝʨ) ʘʪʘʣʘʜʳ, ʦʣʘʨ ʘʨrץ ʣʳ ɼʂ ʢʦʤʧʦʥʝʥʪʪʝʨʽ ʤʝʥ 
סʨʳʣrײץ ʣʘʨʳ ʘץʧʘʨʘʪ ʘʣʤʘʩʘʜʳ. ʐʠʥʘ ʝʢʽ ʥʝʤʝʩʝ ʦʜʘʥ ʢᴇʧ 
סʨʳʣrײץ ʣʘʨ ʘʨʘʩʳʥʜʘ ʘץʧʘʨʘʪ ʘʣʤʘʩʫ hװ ʽʥ ʘʨʥʘʣסʘʥ. ʊʝʢ ʝʢʽ 
 ʥʳ ʙʘʡʣʘʥʳʩʪʳʨʘʪʳʥ ʰʠʥʘ ʧʦʨʪ ʜʝʧ ʘʪʘʣʘʜʳ. 2.7 ʩʫʨʝʪʪʝסʨʳʣrײץ
ʰʠʥʘ ײץʨʳʣʳʤʳ ʢᴇʨʩʝʪʽʣʛʝʥ. 
ʐʠʥʘʜʘ ʩʳʨʪrץ סʨʳʣrײץ  ʣʘʨʜʳ ץʦʩʫסʘ ʘʨʥʘʣסʘʥ ʦʨʳʥʜʘʨ ï 

ʩʣʦʪʪʘʨ ʙʦʣʘʜʳ, ʦʣʘʨ ʥᴅʪʠʞʝʩʽʥʜʝ ʰʠʥʘʥʳש ʙᴇʣʽʛʽʥʝ ʘʡʥʘʣʘʜʳ ʞᴅʥʝ 
ʦסʘʥ ץʦʩʳʣסʘʥ ʙʘʩץʘ ʜʘ ײץʨʳʣrס ʣʘʨʤʝʥ ʘץʧʘʨʘʪ ʘʣʤʘʩʘʜʳ. 
ɼʂ ʰʠʥʘʣʘʨ ϺʟʽʥʽϬ ʬʫʥʢʮʠʦʥʘʣʜʳϨ ʘʨʥʘʣʫʳ ʙʦʡʳʥʰʘ 

ʝʨʝʢʰʝʣʝʥʝʜʽ: 
ƴ ʞװ ʡ ʝ ʣ ʽ ʢ ʰʠʥ ʘ (ʥʝʤʝʩʝ CPU ʰʠʥʘ) ʘץʧʘʨʘʪʪʳ CPU-סʘ ʞᴅʥʝ 
ʢʝʨʽ ʪʘʩʳʤʘʣʜʘʫ hװ ʽʥ Cipset ʤʠʢʨʦʩʭʝʤʘʣʘʨʳʤʝʥ ץʦʣʜʘʥʳʣʘʜʳ; 

ƴ ʢʵ h - ʞ ʘ ʜ ʳ ʰʠ ʥʘ ʩ ʳ CPU ʤʝʥ ʢʵʰ-ʞʘʜʳ ʘʨʘʩʳʥʜʘ ʘץʧʘʨʘʪ 
ʘʣʤʘʩʫסʘ ʘʨʥʘʣסʘʥ; 

ƴ ʞ ʘʜ r  ʰʠ ʥʘ ʩ r  RAM ʞᴅʥʝ CPU ʞʝʜʝʣ ʞʘʜʳ ʘʨʘʩʳʥʜʘ 
ʘץʧʘʨʘʪ ʘʣʤʘʩʫ hװ ʽʥ ʧʘʡʜʘʣʘʥʳʣʘʜʳ; 

ƴ ʘץ ʧ ʘʨ ʘʪ ʪ r  ʝʥ ʛ ̔  ʟʫ - h  r ʘ ʨ ʫ ʰʠʥ ʘʣ ʘ ʨ rס  ʩʪʘʥʜʘʨʪʪʳ 
ʞᴅʥʝ ʞʝʨʛʽʣʽʢʪʽ ʜʝʧ ʙᴇʣʽʥʝʜʽ. 

ɽʥʛʽʟʫ-ʰ Ϥrʘʨʫ ʞʝʨʛʽʣʽʢʪʽ ʰʠʥʘʩʳ ð ʦʣ CPU ʙʘʩץʘʨʫʳʤʝʥ 
ʪʝʟᴅʨʝʢʝʪʪʽ ʧʝʨʠʬʝʨʠʷʣʳײץ ץʨr ʣrס ʣʘʨ (ʚʠʜʝʦʘʜʘʧʪʝʨʣʝʨ, ʞʝʣʽʣʽʢ 

ʢʘʨʪʘʣʘʨ, ʩʢʘʥʝʨ ʢʘʨʪʘʣʘʨʳ ʞᴅʥʝ ʪ.ʙ.) ʤʝʥ ʞװʡʝʣʽʢ ʰʠʥʘ ʘʨʘʩʳʥʜʘ 

ʘץʧʘʨʘʪ ʘʣʤʘʩʫ hװ ʽʥ ץʦʣʜʘʥʳʣʘʪʳʥ ʞʳʣʜʘʤʜʳץʪʳ ʰʠʥʘ. פʘʟʽʨʛʽ 
ʫʘrץ ʪʪʘ ʞʝʨʛʽʣʽʢʪʽ ʰʠʥʘ ʨʝʪʽʥʜʝ ʈʉɯ ʰʠʥʘʩʳ ץʦʣʜʘʥʳʣʘʜʳ. 
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ɺʠʜʝʦʜʝʨʝʢʪʝʨʜʽ ʝʥʛʽʟʫ-ʰ rסʘʨʫʳʥ ʞʝʜʝʣʜʝʪʫ ʞᴅʥʝ hװᴇʣʰʝʤʜʽ 

ʢʝʩʢʽʥʜʝʨʜʽ ᴇשʜʝʫ ʢʝʟʽʥʜʝ ɼʂ ᴇʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ hװ ʽʥ Intel 

ʢʦʤʧʘʥʠʷʩʳ AGP (Accelerated Graphics Port) hʠʥʘ ʞʘʩʘʧ h rסʘʨʜʳ. 
ɽʥʛʽʟʫ-ʰ Ϥrʘʨʫ ʩʪʘʥʜʘʨʪʪʳ ʰʠʥʘʩʳ ʘʣʜʳʥʜʘ ʘʪʘʣסʘʥ ʰʠʥʘʣʘʨסʘ 

ʙʽʨʰʘʤʘ ʙʘʷʫ ײץʨʳʣrס ʣʘʨʜʳ (ʤʳʩʘʣʳ, ʪʽʥʪʫʽʨ, ʧʝʨʥʝʪʘץʪʘ, ʤʦʜʝʤ, ʝʩʢʽ 

ʜʳʙʳʩʪʳץ ʢʘʨʪʘʣʘʨ) ץʦʩʫ hװ ʽʥ ץʦʣʜʘʥʳʣʘʜʳ. ʆʩʳ ʫʘrץ ʪץʘ ʜʝʡʽʥ ʦʩʳ 
ʰʠʥʘ ʨʝʪʽʥʜʝ ISA ʩʪʘʥʜʘʨʪʪʘrס  ʰʠʥʘ ץʦʣʜʘʥʳʣʜʳ. פʘʟʽʨʛʽ ʫʘrץ ʪʪʘ ï 

USB ʰʠʥʘ ץʦʣʜʘʥʳʣʘʜʳ. 

ʐʠʥʘʥʳש ᴇʟʜʽʢ ʘʨʭʠʪʝʢʪʫʨʘʩʳ ʙʦʣʘʜʳ, ʦʣ ʦʥʳש ʞʝʢʝ ץʘʩʠʝʪʪʝʨʽʥ ï 

ʝhʢʪʝʫʩʽʟ ײץʨʳʣrס ʣʘʨ ʩʘʥʳʥ ʧʘʨʘʣʣʝʣʴ ʞʘʣסʘʫʜʳ ʞᴅʥʝ ʦʣʘʨʜʳש 

ʘʨʘʩʳʥʜʘ ᴇʟʘʨʘ ʘץʧʘʨʘʪ ʘʣʤʘʩʫʜʳ ʞװʟʝʛʝ ʘʩʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʞʘʩʘʡʜʳ. 

ʂʝʟ ʢʝʣʛʝʥ ʰʠʥʘ ʘʨʭʠʪʝʢʪʫʨʘʩʳʥʳש ʤʳʥʘʜʘʡ ʢʦʤʧʦʥʝʥʪʪʝʨʽ ʙʦʣʘʜʳ: 

ƴ ʜʝʨʝʢʪʝʨ ʘʣʤʘʩʫ ʞʝʣʽʣʝʨʽ (ʜʝʨʝʢʪʝʨ h ʠʥʘʩʳ); 

ƴ ʜʝʨʝʢʪʝʨʜʽ ʘʜʨʝʩʘʮʠʷʣʘʫ hװ ʽʥ ʞʝʣʽʣʝʨ (ʘʜʨʝʩ h ʠʥʘʩʳ); 

ƴ ʜʝʨʝʢʪʝʨʜʽ ʙʘʩץʘʨʫ ʞʝʣʽʣʝʨʽ (ʙʘʩץʘʨʫ h ʠʥʘʩʳ); 

ƴ ʰʠʥʘ ʢʦʥʪʨʦʣʣʝʨʽ. 
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ʐʠʥʘ ʢʦʥʪʨʦʣʣʝʨʽ ʜʝʨʝʢʪʝʨʤʝʥ ʞᴅʥʝ rץ ʟʤʝʪʪʽʢ ʩʠʛʥʘʣʜʘʨʤʝʥ 

ʘʣʤʘʩʫ ʧʨʦʮʝʩʽʥ ʙʘʩץʘʨʫʜʳ ʽʩʢʝ ʘʩʳʨʘʜʳ ʞᴅʥʝ ᴅʜʝʪʪʝ ʞʝʢʝ ʤʠʢʨʦʩʭʝʤʘ 

ʪװʨʽʥʜʝ ʥʝʤʝʩʝ װʡʣʝʩʽʤʜʽ ʤʠʢʨʦʩʭʝʤʘʣʘʨ ʞʠʥʘrס  - Chipset ʪװʨʽʥʜʝ 

ʦʨʳʥʜʘʣʘʜʳ. 

ɼʝʨʝʢʪʝʨ ʰʠʥʘʩʳ CPU, ʩʣʦʪʪʘʨסʘ ʦʨʥʘʪʳʣסʘʥ ʢʝשʝʡʪʫ ʢʘʨʪʘʣʘʨʳ, 

RAM ʞʘʜʳʩʳ ʘʨʘʩʳʥʜʘ ʜʝʨʝʢʪʝʨʤʝʥ ʘʣʤʘʩʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

ʐʠʥʘʥʳש ʨʘʟʨʷʜʪʳʣʳrס  ʞʦסʘʨʳ ʙʦʣסʘʥ ʩʘʡʳʥ, ʙʽʨ ʪʘʢʪ ʽʰʽʥʜʝ ʢᴇʙʽʨʝʢ 

ʜʝʨʝʢʪʝʨ ʙʝʨʽʣʝ ʘʣʘʜʳ ʞᴅʥʝ ɼʂ ᴇʥʽʤʜʽʣʽʛʽ ʩʦײסʨʣʳʤ ʞʦסʘʨʳ ʙʦʣʘʜʳ. 

80286 ʧʨʦʮʝʩʩʦʨʳ ʙʘʨ ʢʦʤʧʴʶʪʝʨʣʝʨʜʝ 16-ʨʘʟʨʷʜʪʳץ ʜʝʨʝʢʪʝʨ ʰʠʥʘʩʳ 

ʙʦʣʩʘ, CPU 80386 ʞᴅʥʝ 80486 ð 32-ʨʘʟʨʷʜʪʳ ʙʦʣʩʘ, ʦʥʜʘ CPU Pentium 

ʩʝʤʴʷʣʳץ ʢʦʤʧʴʶʪʝʨʣʝʨʜʝ ð 64-ʨʘʟʨʷʜʪʳ ʜʝʨʝʢʪʝʨ ʰʠʥʘʩʳ ʙʦʣʘʜʳ. 

ɸʜʨʝʩ ʰʠʥʘʩʳ CPU ʜʝʨʝʢʪʝʨʤʝʥ ʘʣʤʘʩʫʜʳ ʞװʨʛʽʟʝʪʽʥ ɼʂ ץʘʥʜʘʡ ʙʽʨ 

סʨʳʣrײץ ʩʳʥʘ ʘʜʨʝʩʪʽ ʢᴇʨʩʝʪʫ hװ ʽʥ rץ ʟʤʝʪ ʝʪʝʜʽ. ɼʂ ᴅʨʙʽʨ ʢʦʤʧʦʥʝʥʪʽ, 

ᴅʨʙʽʨ ʝʥʛʽʟʫ-ʰ rסʘʨʫ ʨʝʛʠʩʪʨʽ ʞᴅʥʝ RAM ̫ײ ʰrrס ʥrש ᴇʟʽʥʽש ʘʜʨʝʩʽ 

ʙʦʣʘʜʳ ʞᴅʥʝ ɼʂ ʦʨʪʘץ ʘʜʨʝʩʪʽʢ ʢʝ̔ש ʩʪʽʛʽʥʝ ʢʽʨʝʜʽ. ɸʜʨʝʩ ʰʠʥʘʩʳ 

ʙʦʡʳʥʰʘ ʜʝʨʝʢʪʝʨʜʽ ʞʽʙʝʨʫʰʽʥʽש ʞᴅʥʝ (ʥʝʤʝʩʝ) ʘʣʫʰʳʥʳש 

ʩᴅʡʢʝʩʪʝʥʜʽʨʫ ʢʦʜʳ (ʘʜʨʝʩ) ʙʝʨʽʣʝʜʽ. 

ɼʝʨʝʢʪʝʨʤʝʥ ʘʣʤʘʩʫʜʳ ʞʝʜʝʣʜʝʪʫ hװ ʽʥ ʜʝʨʝʢʪʝʨʜʽ ʘʨʘʣʳץ ʩʘץʪʘʫ 

סʨʳʣrײץ ʩʳ ï ʞʝʜʝʣ ʞʘʜʳ ï RAM ץʦʣʜʘʥʳʣʘʜʳ. ʐʝʰʫʰʽ ʨʦʣʴʜʽ ʦʥʜʘ 

ʫʘrץ ʪʰʘ ʩʘץʪʘʣʘʪʳʥ ʜʝʨʝʢʪʝʨ ʢᴇʣʝʤʽ ʦʡʥʘʡʜʳ. 

ʂᴇʣʝʤ ʘʜʨʝʩʪʽʢ ʰʠʥʘʥʳש ʨʘʟʨʷʜʪʳʣʳrס ʥʘ (ʞʝʣʽʣʝʨ ʩʘʥʳʥʘ) 

ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʘʜʳ ʞᴅʥʝ ʩʦʥʳʤʝʥ ʘʜʨʝʩʪʽʢ ʰʠʥʘʜʘ ʧʨʦʮʝʩʩʦʨʤʝʥ 

ᴇʥʜʽʨʽʣʝʪʽʥ ʝש ʢᴇʧ ʤװʤʢʽʥ ʩʘʥ ʘʜʨʝʩʪʝʨʽʥʝ, ʷסʥʠ ʘʜʨʝʩ ʙʝʨʽʣʝʪʽʥ RAM 

ײ̫ ʰrץʪʘʨʳʥʳש ʩʘʥʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʘʜʳ.  RAM  ̫ײ ʰrץʪʘʨʳʥʳש 

ʩʘʥʳ 2
ʧ
 ʘʩʧʘʫʳ ʢʝʨʝʢ, ʤײʥʜʘ ʧ ð ʘʜʨʝʩʪʽʢ ʰʠʥʘʥʳש ʨʘʟʨʷʜʪʳʣʳrס . ʂʝʨʽ 

ʞʘסʜʘʡʜʘ ̫ײ ʰrץʪʘʨʜʳש ʙᴇʣʽʛʽ ʧʘʡʜʘʣʘʥʳʣʤʘʡʪʳʥ ʙʦʣʘʜʳ, ʩʝʙʝʙʽ 

ʧʨʦʮʝʩʩʦʨ ʦʣʘʨסʘ ʘʜʨʝʩʪʝʣʝ ʘʣʤʘʡʜʳ. 

ɽʩʝʧʪʝʫ ʝʢʽʣʽʢ ʞװʡʝʩʽʥʜʝ ʝש ʢᴇʧ ʘʜʨʝʩʪʝʣʝʪʽʥ ʞʘʜʳ ʢᴇʣʝʤʽ 2
ʧ
 ʪʝש, 

ʤײʥʜʘ ʧ ð ʘʜʨʝʩ ʰʠʥʘʩʳʥʳש ʞʝʣʽ ʩʘʥʳ. 

ɽʛʝʨ 8088 ʧʨʦʮʝʩʩʦʨʳ, ʤʳʩʘʣʳ, 20 ʘʜʨʝʩʪʽʢ ʞʝʣʽʩʽ ʙʦʣסʘʥʜʘ ʞᴅʥʝ 

ʩʦʥʳʤʝʥ 1 ʄʙʘʡʪ (2
20

 = = 1 048 576 ʙʘʡʪ = 1 024 ʢʙʘʡʪ) ʢᴇʣʝʤ ʞʘʜʳʥʳ 

ʘʜʨʝʩʪʝʩʝ, ʦʥʜʘ 80286 ʧʨʦʮʝʩʩʦʨʳ ʙʘʨ ɼʂ ʘʜʨʝʩʪʽʢ ʰʠʥʘ ʨʘʟʨʷʜʪʳʣʳrס 

24 ʙʠʪʢʝ ʜʝʡʽʥ, 80486, Pentium, Pentium MMX ʞᴅʥʝ Pentium IV 

ʧʨʦʮʝʩʩʦʨʣʘʨʳʥʜʘ 32-ʨʘʟʨʷʜʪʳ ʘʜʨʝʩ ʰʠʥʘʩʳ ʘʨʪץʘʥ ʙʦʣʘʜʳ, ʦʥʳש 

ʢᴇʤʝʛʽʤʝʥ 4 ɻʙʘʡʪ ʞʘʜʳʥʳ ʘʜʨʝʩʪʝʫʛʝ ʙʦʣʘʜʳ. ɸʄɼ ʞᴅʥʝ Intel 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʣʘʨʳ (ɽʄ64ʊ ʪʝʭʥʦʣʦʛʠʷʩʳʤʝʥ) ʞʘʜʳʥʳ64 ש-ʨʘʟʨʷʜʪʳ 

ʘʜʨʝʩʪʝʣʫʽʥ ʩװʡʝʤʝʣʜʝʡʜʽ. 

ɹʘʩϨʘʨʫ ʰʠʥʘʣʘʨʳ ʙʽʨץʘʪʘʨ rץ ʟʤʝʪʪʽʢ ʩʠʛʥʘʣʜʘʨʳʥ ʙʝʨʝʜʽ: 

ʞʘʟʙʘʣʘʨʜʳ ʦrץ ʧ ʘʣʫ, ʜʝʨʝʢʪʝʨʜʽ ץʘʙʳʣʜʘʫ-ʪʘʧʩʳʨʫסʘ ʜʘʡʳʥʜʳץ, 

ʜʝʨʝʢʪʝʨʜʽ ץʘʙʳʣʜʘʫʜʳ ʨʘʩʪʘʫ, ʘʧʧʘʨʘʪʪʳװ ץʟʫ, ʙʘʩץʘʨʫ ʞᴅʥʝ ʙʘʩץʘʩʳ, 

ʜʝʨʝʢʪʝʨʜʽ ʪʘʧʩʳʨʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ hװ ʽʥ. 
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2.5.1. ʐʠʥʘʥʳש ʥʝʛʽʟʛʽ ʩʠʧʘʪʪʘʤʘʣʘʨʳ 
 

ʐʠʥʘʥʳϬ ʨʘʟʨʷʜʪʳʣʳϤr  ʦסʘʥ ʢʽʨʝʪʽʥ ʧʘʨʘʣʣʝʣʴ ᴇʪʢʽʟʛʽʰʪʝʨʜʽש 

ʩʘʥʳʤʝʥ ʘʥrץʪʘʣʘʜʳ. IBM PC hװ ʽʥ ʘʣסʘ rhץ  ISA ʰʠʥʘʩʳ 8-ʨʘʟʨʷʜʪʳ 

ʙʦʣʜʳ, ʷסʥʠ ʦʣ ʙʦʡʳʥʰʘ ʙʽʨ ʫʘrץ ʪʪʘ 8 ʙʠʪ ʙʝʨʝ ʘʣʫ ʤװʤʢʽʥ ʙʦʣʜʳ. ɼʂ 

ʞװʡʝʣʽʢ ʰʠʥʘʣʘʨ, ʤʳʩʘʣʳ, Pentium IV ð 64-ʨʘʟʨʷʜʪʳ. 

ʐʠʥʘʥʳϬ Ϻʪʢʽʟʛʽʰʪʽʢ Ϩʘʙʽʣʝʪʽ ʰʠʥʘ ʙʦʡʳʥʰʘ 1 ʩ ʽʰʽʥʜʝ 

ʙʝʨʽʣʝʪʽʥ ʘץʧʘʨʘʪʪʳש ʙʘʡʪʪʘʨ ʩʘʥʳʤʝʥ ʘʥʳץʪʘʣʘʜʳ. ʐʠʥʘʥʳש 

ᴇʪʢʽʟʛʽʰʪʽʢ ץʘʙʽʣʝʪʽʥ ʘʥʳץʪʘʫ hװ ʽʥ ʰʠʥʘʥʳש ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʛʽʥ ʦʥʳש 

ʨʘʟʨʷʜʪʳʣʳrס ʥʘ ʢᴇʙʝʡʪʫ ʢʝʨʝʢ. ʄʳʩʘʣʳ, 16-ʨʘʟʨʷʜʪʳ ISA ʰʠʥʘʩʳ hװ ʽʥ 

ᴇʪʢʽʟʛʽʰʪʽʢ ץʘʙʽʣʝʪʽ ʤʳʥʘʜʘʡ ʘʥrץʪʘʣʘʜʳ: 

(16 ʙʠʪ Å 8,33 ʄɻʮ) : 8 = 16,66 ʄʙʘʡʪ/ʩ. 

ᴆʪʢʽʟʛʽʰʪʽʢ ץʘʙ̔ʣʝʪʽʥ ʝʩʝʧʪʝʫ ʢʝʟʽʥʜʝ, ʤʳʩʘʣʳ, AGP ʰʠʥʘʩʳʥʳש, 

ʦʥrש ʞײʤʳʩ ʨʝʞʠʤʽʥ ʝʩʢʝʨʫ ʢʝʨʝʢ: ʚʠʜʝʦʧʨʦʮʝʩʩʦʨʜʳש ʪʘʢʪʽʣʽʢ 

ʞʠʽʣʽʛʽʥʽש ʝʢʽ ʝʩʝ ʘʨʪʫʳʥʳש ʞᴅʥʝ ʜʝʨʝʢʪʝʨʜʽ ʙʝʨʫ ʭʘʪʪʘʤʘʩʳʥʳש 

ᴇʟʛʝʨʫʽʥʽש ʘʨץʘʩʳʥʜʘ ʰʠʥʘʥʳש ᴇʪʢʽʟʛʽʰʪʽʢ ץʘʙʽʣʝʪʽʥʽש ʝʢʽ ʝʩʝ ʘʨʪʫʳʥʘ 

(2ʭ ʨʝʞʠʤʽ) ʥʝʤʝʩʝ 4 ʝʩʝ (4 x ʨʝʞʠʤʽ) ץʦʣ ʞʝʪʢʽʟʽʣʜʽ, ʦʣ ʪʠʽʩʪʽ ʨʝʪʽ ʩʘʥʳ 

(133 ʞᴅʥʝ 266 ʄɻʮ ʜʝʡʽʥ ʩᴅʡʢʝʩʽʥʰʝ) ʰʠʥʘʥʳש ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʛʽʥʽש 

ʘʨʪʫʳʥʘ ʩʘʡʤʘ ʩʘʡ. QPI ʞװʡʝʣʽʢ ʰʠʥʘʩʳʥʳש ᴇʪʢʽʟʛʽʰʪʽʢ ץʘʙʽʣʝʪʽ ᴅʨʙʽʨ 

ʞʘrס ʥʘ 12,8 ɻɹ/ʩ ʞʝʪʝʜʽ. 

ʉʳʨʪrץ סʨʳʣrײץ  ʣʘʨ ʰʠʥʘʣʘʨסʘ ɼʂ-ʜ̔ץ שʘʡʩʳ ʙʽʨ ʧʝʨʠʬʝʨʠʷʣʳץ 

סʨʳʣrײץ ʩʳʥʳש ɼʂ ʤʝʥ ʦʨʪʘʣʳץ ʧʨʦʮʝʩʩʦʨ ʘʨʘʩʳʥʜʘrס  ʘץʧʘʨʘʪ 

ʘʣʤʘʩʫʜʳ ײʡʳʤʜʘʩʪʳʨʫʜʳ ʘʥʳץʪʘʡʪʳʥ ᴅʨ ʪװʨʣʽ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʳש 

ʞʠʳʥʪʳrס ʥ ʙʽʣʜʽʨʝʪʽʥ ʠʥʪʝʨʬʝʡʩ (Interface ð ʪװʡʽʥʜʝʩʫ) ʢᴇʤʝʛʽʤʝʥ 

 .ʦʩʳʣʘʜʳץ

ʆʩʳʥʜʘʡ ʩʠʧʘʪʪʘʤʘʣʘʨ ץʘʪʘʨʳʥʘ ʵʣʝʢʪʨ ʞᴅʥʝ ʫʘrץ ʪʰʘ ʧʘʨʘʤʝʪʨʣʝʨ, 

ʙʘʩץʘʨʫʰʳ ʩʠʛʥʘʣʜʘʨ ʞʠʥʘrס , ʜʝʨʝʢʪʝʨʤʝʥ ʘʣʤʘʩʫ ʭʘʪʪʘʤʘʩʳ ʤʝʥ 

 ʢʦʥʩʪʨʫʢʪʠʚʪʽ ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʞʘʪʘʜʳ. ɼʂ ʢʦʤʧʦʥʝʥʪʪʝʨʽ שʦʩʳʣʫʜʳץ

ʘʨʘʩʳʥʜʘ ʜʝʨʝʢʪʝʨʤʝʥ ʘʣʤʘʩʫ ʦʩʳ ʢʦʤʧʦʥʝʥʪʪʝʨ װʡʣʝʩʽʤʜʽ ʙʦʣסʘʥ 

ʞʘסʜʘʡʜʘ ʤװʤʢʽʥ ʙʦʣʘʜʳ. 

2.5.2. ɼʂ ʰʠʥʘʣʘʨʳʥʳש ʩʪʘʥʜʘʨʪʪʘʨʳ 

IBM-װʡʣʝʩʽʤʜʽʢ ʧʨʠʥʮʠʧʽ ɼʂ-ʜ̔ש ʞʝʢʝ ʢʦʤʧʦʥʝʥʪʪʝʨʽʥʽש ʠʥʪʝʨʬʝʡʩʽʥ 

ʩʪʘʥʜʘʨʪʪʘʫʜʳ ʞʦʙʘʣʘʧ ʪװʩʽʥʝʜʽ, ʦʣ ᴇʟ ʢʝʟʝʛʽʥʜʝ ʪײʪʘʩ ʞװʡʝʥʽש ʠʢʝʤʜʽʣʽʛʽʥ, 

 ʨʣʽװʢʦʥʬʠʛʫʨʘʮʠʷʩʳʥ ᴇʟʛʝʨʪʫ ʞᴅʥʝ ᴅʨ ʪ שʡʝʥʽװʘʞʝʪʪʽʣʽʛ ʙʦʡʳʥʰʘ ʞץ ʥʠס̫

ʧʝʨʠʬʝʨʠʷʣʳײץ ץʨʳʣrס ʣʘʨʜʳ ʞʘʣסʘʫ ʤװʤʢʽʥʜʽʛʽʥ ʘʥʳץʪʘʡʜʳ. 

ʀʥʪʝʨʬʝʡʩʪʝʨʜʽװ שʡʣʝʩʧʝʫʽ ʞʘסʜʘʡʳʥʜʘ ʢʦʥʪʨʦʣʣʝʨʣʝʨ ץʦʣʜʘʥʳʣʘʜʳ. ʆʜʘʥ 

ʙʘʩץʘ, ʞװʡʝʥʽש ʠʢʝʤʜʽʣʽʛʽ ʤʝʥ ʙʽʨʝʛʝʡʣʝʥʜʽʨʫʽ ʪʽʟʙʝʢʪʽ ʞᴅʥʝ ʧʘʨʘʣʣʝʣʴ 

ʜʝʨʝʢʪʝʨʜʽ ʙʝʨʫ ʠʥʪʝʨʬʝʡʩʪʝʨʽ ʩʠʷץʪʳ ʘʨʘʣʳץ ʩʪʘʥʜʘʨʪʪʳ ʠʥʪʝʨʬʝʡʩʪʝʨʜʽ 

ʝʥʛʽʟʫ ʝʩʝʙʽʥʝʥ ץʦʣ ʞʝʪʢʽʟʽʣʝʜʽ. 
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ʙʠʪ ʄɻʮ 

ɹײʣ ʠʪʝʨʬʝʡʩʪʝʨ ʤʘrש ʟʜʳ ʧʝʨʠʬʝʨʠʷʣʳץ ʝʥʛʽʟʫ-ʰ rסʘʨʫ 

סʨʳʣrײץ ʣʘʨʳʥʳש ʞײʤʳʩʳ hװ ʽʥ ץʘʞʝʪ. 

ɾϮʡʝʣʽʢ ʰʠʥʘ ʞװʡʝʛʝ ʢʽʨʝʪʽʥ CPU, ʞʘʜʳ ʞᴅʥʝ ʙʘʩץʘ ʜʘ 

סʨʳʣrײץ ʣʘʨ ʘʨʘʩʳʥʜʘ ʘץʧʘʨʘʪ ʘʣʤʘʩʫסʘ ʘʨʥʘʣסʘʥ. ɾװʡʝʣʽʢ ʰʠʥʘʣʘʨסʘ 

ʞʘʪʘʜʳ: 

ƴ GTL, ʨʘʟʨʷʜʪʳʣʳrס  64 ʙʠʪ, ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʛʽ 66, 100 ʞᴅʥʝ 133 ʄɻʮ; 

ƴ EV6, ʦʥʳש ʩʧʝʮʠʬʠʢʘʮʠʷʩʳ ʦʥʳש ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʛʽʥ 377 ʄɻʮ ʜʝʡʽʥ 

ʘʨʪʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 
ɽʥʛʽʟʫ-ʰ Ϥrʘʨʫ ʰʠʥʘʣʘʨʳ ɼʂ-ʜ̔ש ʧʝʨʠʬʝʨʠʷʣʳײץ ץʨʳʣrס ʣʘʨʳʥʳש 

ʜʘʤʫʳʤʝʥ ʩᴅʡʢʝʩ ʞʝʪʽʣʜʽʨʽʣʝʜʽ. 2.2 ʢʝʩʪʝʜʝ ʢʝʡʙʽʨ ʝʥʛʽʟʫ-ʰ rסʘʨʫ 
ʰʠʥʘʣʘʨʳʥʳש ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʢʝʣʪʽʨʽʣʛʝʥ. 

ISA ʰʠʥʘʩʳ ʢᴇʧʪʝʛʝʥ ʞʳʣʜʘʨ ʙʦʡʳ ɼʂ ʩʪʘʥʜʘʨʪʳ ʙʦʣʳʧ ʩʘʥʘʣʜʳ. 

ɸʣʘʡʜʘ ʪᴅʞʽʨʠʙʝ ʞװʟʽʥʜʝ ʦʣ ʪʝʢ 2001 ʞʳʣʳ ʥʘʨʳץʪʘʥ ʰʳסʘʨʳʣʳʧ 

ʪʘʩʪʘʣʜʳ. 
ʅʘʨrץʪʘ ʧʘʡʜʘ ʙʦʣסʘʥ VESA ʰʠʥʘʩʳʥʳש ᴇʪʢʽʟʛʽʰʪʽʢ ץʘʙʽʣʝʪʽʥʝ 

ʞʦʣ ʙʝʨʝʪʽʥ EISA ʰʠʥʘʩʳ ʙʘסʘʤʳ ʤʝʥ ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽʥʽש ʞʦסʘʨʳ 
ʙʦʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʢʝש ʪʘʨʘʣʤʘʜʳ. 

VESA ʥʝʤʝʩʝ VLB ʰʠʥʘʩʳ, CPU-ʜrש ʞʳʣʜʘʤ ʧʝʨʠʬʝʨʠʷʣʳץ 

סʨʳʣrײץ ʣʘʨʤʝʥ ʙʘʡʣʘʥʳʩʫʳ hװ ʽʥ ʘʨʥʘʣסʘʥ. פʘʟʽʨʛʽ ʫʘrץ ʪʪʘ ʦʥʳ 

ᴇʥʽʤʜʽʣʽʛʽ ʞʦסʘʨʳʣʘʫ ʈʉɯ ʰʠʥʘʩʳ ʳrס ʩʪʳʨʜʳ. 
PCI ʰʠʥʘʩʳ Pentium ʧʨʦʮʝʩʩʦʨʳʥʘ ʘʨʥʘʧ Intel ʬʠʨʤʘʩʳ ʞʘʩʘʧ 

ʰ rסʘʨʜʳ. ʈʉɯ ʰʠʥʘʩʳʥʳש ʥʝʛʽʟʽʥʝ ʩʘʣʳʥסʘʥ ʥʝʛʽʟʽʥ ץʘʣʘʡʪʳʥ 
ʧʨʠʥʮʠʧʽ ʢᴇʧʽʨʣʝʨʜʽ (Bridges) ץʦʣʜʘʥʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, 

 

ʂʝʩʪʝ 2.2. ɽʥʛʽʟʫ-ʰ rסʘʨʫ ʰʠʥʘʣʘʨʳʥʳש ʩʠʧʘʪʪʘʤʘʣʘʨʳ 

 
ʐʠʥʘ ʈʘʟʨʷʜʪʳʣʳrס , ʊʘʢʪʽʣʽʢ ʞʠʽʣʽʛʽ, 

ᴆʪʢʽʟʛʽʰʪʽʢ 
 ,ʘʙʽʣʝʪʽץ

   ʄʙʘʡʪ/ʩ 

ISA 16-ʨʘʟʨʷʜʪʳ 16 8,33 0016,6 

EISA 32 8,33 0033,3 

VLB 32 33 0132,3 

PCI 32 33 0132,3 

PCI 2.1 64-ʨʘʟʨʷʜʪʳ 64 66 0528,3 

AGP (1x) 32 66 0262,6 

AGP (2x) 32 66 x 2 0528,3 

AGP (4x) 32 66 x 2 1056,6 
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ʦʣʘʨ ʈʉɯ ʰʠʥʘʩʳ ʤʝʥ ʙʘʩץʘ ʪʠʧʪʝʛʽ ʰʠʥʘʣʘʨ ʘʨʘʩʳʥʜʘ ᴇʟʘʨʘ 

ʙʘʡʣʘʥʳʩʪʳ ʞװʟʝʛʝ ʘʩʳʨʘʜʳ. PCI ʰʠʥʘʩʳʥʜʘ Bus Mastering ʧʨʠʥʮʠʧʽ 

ʦʨʳʥʜʘʣסʘʥ, ʦʣ ʩʳʨʪrץ סʨʳʣrײץ  ʥrש ʜʝʨʝʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫ ʢʝʟʽʥʜʝ 

ʰʠʥʘʥʳ ʙʘʩץʘʨʫʳʥ (CPU ץʘʪʳʩʫʳʥʩʳʟ) ʪװʩʽʥʜʽʨʝʜʽ. ɸץʧʘʨʘʪʪʳ 

ʪʘʩʳʤʘʣʜʘʫ ʢʝʟʽʥʜʝ Bus Mastering ץʦʣʜʘʡʪʳʥ ײץʨʳʣrס  ʰʠʥʘʥʳ 

 ʧʨʦʮʝʩʩʦʨ ץʜʘʡʜʘ ʦʨʪʘʣʳסʣ ʞʘײʘʤʪʠʜʳ ʞᴅʥʝ ʙʘʩʪʳ ʙʦʣʘʜʳ. ɹץ

ʜʝʨʝʢʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫ ʞװʨʽʧ ʞʘʪץʘʥʜʘ ʙʘʩץʘ ʪʘʧʩʳʨʤʘʣʘʨʜʳ ʰʝʰʫ 

hװ ʽʥ ʙʦʩʘʡʜʳ. ɸʥʘʣʳץ ʪʘץʪʘʣʘʨʜʘ ʈʉɯ ʰʠʥʘʩʳʥʳש ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʛʽ 

ʞװʡʝʣʽʢ ʰʠʥʘʥʳש ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʛʽʥʽש ʞʘʨʪʳʩʳ ʝʩʝʙʽʥʜʝ ʝʩʝʧʪʝʣʝʜʽ, 

 ʄɻʮ ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʛʽ ʢʝʟʽʥʜʝ ʈʉɯ ʰʠʥʘʩʳ 33 66 שʡʝʣʽʢ ʰʠʥʘʥʳװʥʠ ʞס̫

ʄɻʮ ʞʠʽʣʽʢʪʝ ʞײʤʳʩ ʽʩʪʝʡʪʽʥ ʙʦʣʘʜʳ. PCI ʰʠʥʘʩʳ ʝʥʛʽʟʫ-ʰ rסʘʨʫ 

ʰʠʥʘʣʘʨʳ ʘʨʘʩʳʥʜʘ ʥʘץʪʳ ʩʪʘʥʜʘʨʪ ʙʦʣʳʧ ץʘʣʜʳ. 2.8 ʩʫʨʝʪʪʝ ʈʉɯ 

ʰʠʥʘʩʳʥʳש ʘʨʭʠʪʝʢʪʫʨʘʩʳ ʢᴇʨʩʝʪʽʣʛʝʥ. 
PCI Express ᴇʟʽʥʽש ʢʦʜʪʳץ ʘʪʘʫʳʥ ʘʣʜʳ 3GIO (ʘrס ʣʰʳʥ ʪʽʣʽʥʝʥ 3-d 

Generation I/O) ð ʈʉɯ ʰʠʥʘʩʳ ʙʘסʜʘʨʣʘʤʘʣʳװ ץʣʛʽʩʽʥʽש ʥʝʛʽʟʽʥʜʝ 

ᴇʥʽʤʜʽʣʽʢ ʬʠʟʠʢʘʣʳץ ʭʘʪʪʘʤʘʩʳʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʝʪʽʥ ʜʝʨʝʢʪʝʨʜʽ 

ʪʽʟʙʝʢʪʽ ʪʘʩʳʤʘʣʜʘʫʳʥ ץʦʣʜʘʥʘʪʳʥ ʢʦʤʧʴʶʪʝʨʣʽʢ ʰʠʥʘ. ᴆʥʽʤʜʽʣʽʢʪʽ 

ʘʨʪʪʳʨʫסʘ ʪʳʨʳʩץʘʥ ʢʝʟʜʝ ʜʝʨʝʢʪʝʨʜʽ ʧʘʨʘʣʣʝʣʴ ʧʘʡʜʘʣʘʥʫ ʦʥʳש 

ʬʠʟʠʢʘʣʳץ ʢʝשʝʡʪʫʽʥ ʙʽʣʜʽʨʝʪʽʥʜʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʜʝʨʝʢʪʝʨʜʽ ʪʽʟʙʝʢʪʽ 

ʪʘʩʳʤʘʣʜʘʫ ʤʘʩʰʪʘʙʪʘʫ (1ʭ, 2ʭ, 4ʭ, 8ʭ, 16ʭ ʞᴅʥʝ 32ʭ) ץʘʙʽʣʝʪʽʥʝ ʠʝ, 

 .ץʘʨʫ ʢʝʟʽʥʜʝ ʙʽʨʰʘʤʘ ʙʘʩʳʤʳʨʘסʥʠ ʦʣ ʞʘʩʘʧ ʰʳס̫
AGP ʰʠʥʘʩʳ ð ʪʝʢ ʚʠʜʝʦʞװʡʝ ץʘʞʝʪʪʽʣʽʢʪʝʨʽʥʝ ʘʨʥʘʣסʘʥ 

ʪʝʟᴅʨʝʢʝʪʪʽ ʞʝʨʛʽʣʽʢʪʽ ʝʥʛʽʟʫ-ʰ rסʘʨʫ ʰʠʥʘʩʳ. ʆʣ ʚʠʜʝʦʘʜʘʧʪʝʨʜʽ (3D- 
ʘʢʩʝʣʝʨʘʪʦʨ) ɼʂ ʞװʡʝʣʽʢ ʞʘʜʳʩʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳʨʘʜʳ. AGP ʰʠʥʘʩʳ 

ʈʉɯ ʰʠʥʘʩʳ ʘʨʭʠʪʝʢʪʫʨʘʩʳʥʳש ʥʝʛʽʟʽʥʜʝ ʞʘʩʘʧ ʰʳסʘʨʳʣסʘʥ, 

ʩʦʥʜʳץʪʘʥ ʦʣ 32-ʨʘʟʨʷʜʪʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹʽʨʘץ ʞʦסʘʨʳ ʪʘʢʪʽʣʽʢ 
ʞʠʽʣʽʢʪʝʨʜʽ ʧʘʡʜʘʣʘʥʫ ʝʩʝʙʽʥʝʥ ʦʥʳש ᴇʪʢʽʟʛʽʰʪʽʢ ץʘʙʽʣʝʪʪʝʨʽʥ 

ʘʨʪʪʳʨʫʜʳץ שʦʩʳʤʰʘ ʤװʤʢʽʥʜʽʢʪʝʨʽ ʙʘʨ. ɽʛʝʨ PCI ʪʝʦʨʠʷʣʳץ 

ᴇʪʢʽʟʛʽʰʪʽʢ ץʘʙʽʣʝʪʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ 33ʭ32 = 1 056 ʄʙʠʪ/ʩ = 132 
ʄʙʘʡʪ/ʩ ʩʪʘʥʜʘʨʪ ʥײʩץʘʜʘ PCI 32-ʨʘʟʨʷʜʪʳ ʰʠʥʘʩʳ 33 ʄɻʮ ʪʘʢʪʽʣʽʢ 

ʞʠʽʣʽʢʢʝ ʠʝ ʙʦʣʩʘ, ʦʥʜʘ AGP ʰʠʥʘʩʳ 66 ʄɻʮ ʩʠʛʥʘʣʤʝʥ ʪʘʢʪʽʣʝʥʝʜʽ, 

ʩʦʥʜʳץʪʘʥ ʦʥʳש ᴇʪʢʽʟʛʽʰʪʽʢ ץʘʙʽʣʝʪʽ 1x ʨʝʞʠʤʜʝ 66ʭ32 = 264 ʄʙʘʡʪ/ʩ; 
2x ʨʝʞʠʤʜʝ ʵʢʚʠʚʘʣʝʥʪʪʽʢ ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʢ 132 ʄʛʮ, ʘʣ ᴇʪʢʽʟʛʽʰʪʽʢ 

 ʘʙʽʣʝʪ ʰʘʤʘʤʝʥ 1ץ ʘʙʽʣʝʪ ð 528 ʄʙʘʡʪ/ʩ; 4x ʨʝʞʠʤʜʝ ï ᴇʪʢʽʟʛʽʰʪʽʢץ

ɻʙʘʡʪ/ʩ ײץʨʘʡʜʳ. 

USB ʰʠʥʘʩʳ ʧʝʨʠʬʝʨʠʷʣʳײץ ץʨʳʣrס ʣʘʨʜʳ ɼʂ ʢʦʨʧʫʩʳʥʘʥ ʪʳʩ 

ʞʘʣסʘʫ hװ ʽʥ Compaq, DEC, IBM, Intel, Microsoft ʢʦʤʧʴʶʪʝʨʣʽʢ ʞᴅʥʝ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ᴇʥʝʨʢᴅʩʽʧ ʢᴇh ʙʘʩʰʳʣʘʨʳʤʝʥ ʞʘʩʘʣסʘʥ. 
USB ʪʝʭʥʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʘʣʤʘʩʫʜʳש ᴅʨ ʪװʨʣʽ 

ʞʳʣʜʘʤʜʳץʪʘʨʳ ʙʘʨ ײץʨʳʣrס ʣʘʨʜʳץ שʦʩʳʣʫ ʤװʤʢ̔ʥʜʽʛʽʥ ʞʦʙʘʣʘʡʜʳ. 
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2.8. ʉʫʨ. PCI ʰʠʥʘ ʘʨʭʠʪʝʢʪʫʨʘʩʳ 
 

ɾʦסʘʨʳ ʘʣʤʘʩʫ ʞʳʣʜʘʤʜʳrס  (full-speed signaling bit rate) ð 12 ʄʙʠʪ/ʩ, 

ʘʣ ʪᴇʤʝʥ ʘʣʤʘʩʫ ʞʳʣʜʘʤʜʳrס  (low-speed signaling bit rate) ð 1,5 Mʙʠʪ/ʩ. 

ʊᴇʤʝʥ ʞʳʣʜʘʤʜʳץ ʨʝʞʠʤʽʥʜʝ USB ʰʠʥʘʩʳʥ ʤʳʥʘʜʘʡ ʧʝʨʠʬʝʨʠʷʣʳץ 

סʨʳʣrײץ ʣʘʨ ץʦʣʜʘʥʘʜʳ: ʧʝʨʥʝʪʘץʪʘʣʘʨ, ʪʽʥʪʫʽʨʣʝʨ, ʜʞʦʡʩʪʠʢʪʝʨ, 

ʤʘʪʨʠʮʘʣʳץ ʧʨʠʥʪʝʨʣʝʨ, ʜʠʛʠʪʘʡʟʝʨʣʝʨ, ʩʘʥʜʳץ ʬʦʪʦʢʘʤʝʨʘʣʘʨ, 

 ʘʨʘʪʳʥץʘʥ ʤʦʜʝʤʜʝʨ, ʤʦʥʠʪʦʨʜʳ ʙʘʩסʘʨʘʧʘʡʳʤ ʪʝʣʝʬʦʥ ʞʝʣʽʩʽʥʝ ʘʨʥʘʣץ

ʪʽʟʙʝʢʪʝʨ. ɾʦסʘʨʳ ʞʳʣʜʘʤʜʳץ ʨʝʞʠʤʽʥʜʝ: ʢʦʣʦʥʢʘʣʘʨ, ISDN-ʤʦʜʝʤʜʝʨ, 

Iomega Zip ʢʣʘʩʩ ʩʳʨʪrץ  ʪʘʩʳʤʘʣʜʘrס ʰʪʘʨ, ʢʝשʩʝʣʽʢ ɸʊפ, ʣʘʟʝʨʣʽʢ ʞᴅʥʝ 

ʙװʨʽʢʢʽʰ ʧʨʠʥʪʝʨʣʝʨ. 

2.0 USB ʚʝʨʩʠʷʩʳ ʰʠʥʘʥʳ ᴇʪʢʽʟʫ ʞʦʣʘrס  20 ʝʩʝ ʘʨʪʪʳʨʳʣסʘʥʳʤʝʥ 

ʝʨʝʢʰʝʣʝʥʝʜʽ, ʦʣ IEEE 1394 (FireWire) ʪʽʢʝʣʝʡ ʙᴅʩʝʢʝʣʝʩʽʥʝ ʘʡʥʘʣסʘʥ 

ʚʠʜʝʦʜʝʨʝʢʪʝʨʜʽ USB ʙʦʡʳʥʰʘ ʪʘʩʳʤʘʣʜʘʫʜʳ ʤװʤʢʽʥ ʝʪʝʜʽ. 

43 



 
2.9-ʩʫʨʝʪ. USB ʰʠʥʘʣʘʨʳʥʳש ʘʨʭʠʪʝʢʪʫʨʘʩʳ 

 

 

USB ʰʠʥʘʩʳ Plug & Play ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʩװʡʝʤʝʣʜʝʡʜʽ. 

ʇʝʨʠʬʝʨʠʷʣʳײץ ץʨʳʣrס ʥʳ ʞʘʣסʘסʘʥ ʢʝʟʜʝ ʦʥʳש ʢʦʥʬʠʛʫʨʘʮʠʷʣʘʥʫʳ 

ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ɹʘʨʣʳץ ʧʝʨʠʬʝʨʠʷʣʳץ 

סʨʳʣrײץ ʣʘʨ USB ʞʘʣסʘrס ʰʪʘʨʤʝʥ ץʘʤʪʳʣʫʳ ʪʠʽʩ ʞᴅʥʝ ɼʂ-ʛʝ USB-ʭʘʙ 

ʥʝʤʝʩʝ ʢʦʥʮʝʥʪʨʘʪʦʨ ʜʝʧ ʘʪʘʣʘʪʳʥ ʞʝʢʝ ʘץʧʘʨʘʪ ʰʳסʘʨrס ʰ ʙʣʦʛʳ 

ʘʨrץ ʣʳ ʞʘʣסʘʥʘ ʘʣʫʳ ʢʝʨʝʢ, ʦʥʳש ʢᴇʤʝʛʽʤʝʥ ɼʂ-ʛʝ 127 ʜʝʡʽʥ 

ʧʝʨʠʬʝʨʠʷʣʳײץ ץʨʳʣrס ʣʘʨʜʳ ʞʘʣסʘʫסʘ ʙʦʣʘʜʳ. USB ʰʠʥʘʩʳʥʳש 

ʘʨʭʠʪʝʢʪʫʨʘʩʳ 2.9 ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 
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USB 3.0 ʚʝʨʩʠʷʩʳ ʘץʧʘʨʘʪʪʳ ʪʘʩʳʤʘʣʜʘʫ ʝש ʞʦסʘʨʳ ʞʳʣʜʘʤʜʳrס ʥ 
5 ɻʙʠʪ/ʩ ʜʝʡʽʥ ʘʨʪʪʳʨʘʜʳ, ʦʣ USB 2.0 (480 ʄʙʠʪ/ʩ) ʙʽʨʪʘʣʘʡ ʢᴇʧ. 

ʉʦʥʳʤʝʥ, ʪʘʩʳʤʘʣʜʘʫ ʞʳʣʜʘʤʜʳrס  60-ʪʘʥ 600 ʄʙʘʡʪ/ʩ ʜʝʡʽʥ ʘʨʪʘʜʳ. 
SCSI ʰʠʥʘʩʳ (Small Computer System Interface) ʜʝʨʝʢʪʝʨʜʽ 

ʪʘʩʳʤʘʣʜʘʫ ʞʳʣʜʘʤʜʳrס ʥ 320 ʄʙʘʡʪ/ʩ ʜʝʡʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ ʞᴅʥʝ 

ʩʝʛʽʟ ײץʨʳʣrססʘ ʜʝʡʽʥ ʙʽʨ ʘʜʘʧʪʝʨʛʝ ʞʘʣסʘʥʫʳʥ ʙʘrץ ʣʘʡʜʳ: 
ʚʠʥʯʝʩʪʝʨʣʝʨ, CD-ROM ʞʝʪʝʢʪʝʨʽ, ʩʢʘʥʝʨʣʝʨ, ʬʦʪʦ- ʞᴅʥʝ 

ʙʝʡʥʝʢʘʤʝʨʘʣʘʨ. SCSI ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʦʥʳש ʢʘʙʝʣʴʜʽʢ ʰʣʝʡʬ ʙʦʣʳʧ 

ʪʘʙʳʣʘʪʳʥʜʳrס . 

 

 

2.9 -ʩʫʨʝʪ. פʦʩʳʣסʘʥ ײץʨʳʣrס ʣʘʨʳ ʙʘʨ SCSI ʰʠʥʘʩʳ 
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ɼʂ-ʜ̔ש ʰʠʥʘʣʘʨʳʤʝʥ (ISA ʥʝʤʝʩʝ PCI) SCSI ʰʠʥʘʩʳ ʭʦʩʪ-ʘʜʘʧʪʝʨ 

ʘʨrץ ʣʳ ʙʘʡʣʘʥʳʩץʘʥ (Host Adapter). ʐʠʥʘסʘ ʞʘʣסʘʥסʘʥ ᴅʨʙʽʨ ײץʨʳʣrס  

ᴇʟʽʥʽש ʩᴅʡʢʝʩʪʝʥʜʽʨʫ ʥʦʤʝʨʽ (ID) ʙʦʣʘʜʳ. SCSI ʰʠʥʘʩʳʥʘ ʞʘʣסʘʥסʘʥ ʢʝʟ 

ʢʝʣʛʝʥ ײץʨr ʣrס  ʙʘʩץʘ ײץʨʳʣrס ʤʝʥ ʘʣʤʘʩʫסʘ ʙʘʩʪʘʤʘʰʳʣʳץ ʝʪʝʜʽ. 
2.10 ʩʫʨʝʪʪʝ ʧʝʨʠʬʝʨʠʷʣʳײץ ץʨʳʣrס ʣʘʨʜʳש SCSI ʰʠʥʘʩʳ 

ʢᴇʤʝʛʽʤʝʥ ɼʂ-ʛʝ ʞʘʣסʘʥʫʳ ʢᴇʨʩʝʪʽʣʛʝʥ. SCSI ʚʝʨʩʠʷʩʳʥʳש ʢʝש 

ʜʠʘʧʘʟʦʥʳ ʙʘʨ ʝש ʢᴇʧ ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʝש ʢᴇʧ 

ᴇʪʢʽʟʛʽʰ ץʘʙʽʣʝʪʽ 5 ʄʙʘʡʪ/ʩ SCSI I ʘʣסʘ rhץ  ʚʝʨʩʠʷʜʘʥ ʙʘʩʪʘʧ ʝש ʢᴇʧ 

ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽ 640 ʄʙʘʡʪ/ʩ Ultra 640 ʥײʩץʘʩʳʥʘ ʜʝʡʽʥ ʙʘʨ. 

IEEE ʰʠʥʘʩʳ 1394 (Fire Wire, i-Link) ð ʦʣ Apple ʞᴅʥʝ Texas 

Instruments ʬʠʨʤʘʣʘʨʳʤʝʥ ʞʘʩʘʧ ʰʳסʘʨʳʣסʘʥ ʞʦסʘʨʳ ʞʳʣʜʘʤʜʳץʪʳ 

ʞʝʨʛʽʣʽʢʪʽ ʪʽʟʙʝʢʪʽ ʰʠʥʘʥʳש ʩʪʘʥʜʘʨʪʳ. IEEE 1394 ʰʠʥʘʩʳ ɼʂ ʞᴅʥʝ 

ʙʘʩץʘ ʜʘ ʵʣʝʢʪʨʦʥʜʳײץ ץʨʳʣrס ʣʘʨ ʘʨʘʩʳʥʜʘ ᴇʟʘʨʘ ʩʘʥʜʳץ ʘץʧʘʨʘʪʧʝʥ 

ʘʣʤʘʩʫסʘ ʘʨʥʘʣסʘʥ, ᴅʩʽʨʝʩʝ ץʘʪrץ ʣ ʜʠʩʢʪʝʨ ʤʝʥ ʘʫʜʠ- ʞᴅʥʝ 

ʙʝʡʥʝʘץʧʘʨʘʪʪʘʨʜʳ ᴇשʜʝʫ ײץʨʳʣrס ʣʘʨʳʥ, ʩʦʥʜʘʡ-ʘץ ʤʫʣʴʪʠʤʝʜʠʷʣʳץ 

 ʘʥ. ʆʣ S3200 ʩʧʝʮʠʬʠʢʘʮʠʷʩʳʥʜʘסʤʳʩʳʥʘ ʘʨʥʘʣײʦʩʳʤʰʘʣʘʨ ʞץ

ʜʝʨʝʢʪʝʨʜʽ 3 200 ʄʙʠʪ/ʩ ʞʳʣʜʘʤʜʳץʧʝʥ ʙʝʨʝʪʽʥ ʜʝʨʝʢʪʝʨʜʽ 

ʪʘʩʳʤʘʣʜʘʫסʘ, SCSI ʩʠʷץʪʳ ᴅʨ ʪװʨʣʽ ʞʳʣʜʘʤʜʳץʧʝʥ ʜʝʨʝʢʪʝʨ ʙʝʨʝ 

ʘʣʘʪʳʥ ʙʽʨ ʫʘrץ ʪʪʘ ʙʽʨʥʝʰʝ ײץʨʳʣrס ʣʘʨʤʝʥ ʞײʤʳʩ ʽʩʪʝʫʛʝ ץʘʙʽʣʝʪʪʽ. 

USB ʩʠʷץʪʳ IEEE 1394 ʰʠʥʘʩʳ ɼʂ-ʜʽ ץʦʨʝʢ ʢᴇʟʽʥʝʥ ʘʞʳʨʘʪʧʘʩʪʘʥ 

ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ ʦʨʥʘʪʫ ʤװʤʢʽʥʜʽʛʽʥ ץʦʩʘ ʘʣסʘʥʜʘ ʪʦʣʳץʪʘʡ Plug & Play 

ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʩװʡʝʤʝʣʜʝʡʜʽ. 
IEEE 1394 ʠʥʪʝʨʬʝʡʩʽ ʘʨrץ ʣʳ ʢʦʤʧʴʶʪʝʨʛʝ SCSI-ʤʝʥ ʞײʤʳʩ 

ʽʩʪʝʫʛʝ ץʘʙʽʣʝʪʪʽ ʢʝʟ ʢʝʣʛʝʥ ײץʨʳʣrס ʣʘʨʜʳ ʞʘʣסʘʫסʘ ʙʦʣʘʜʳ. ʆʣʘʨסʘ 

ץʘʪrץ ʣ, ʦʧʪʠʢʘʣʳץ ʪװʨʣʝʨʽʥ ץʦʩʘ ʘʣסʘʥʜʘrס  ʜʠʩʢʪʝʨʜʝʛʽ ʙʘʨʣʳץ 

ʪʘʩʳʤʘʣʜʘrס ʰʪʘʨ ʪװʨʣʝʨʽ, CD-ROM, DVD, ʩʘʥʜʳץ ʙʝʡʥʝʢʘʤʝʨʘʣʘʨ, 

ʤʘʛʥʠʪʪʽʢ ʪʘʩʧʘסʘ ʞʘʟʫ ײץʨʳʣrס ʣʘʨʳ ʞᴅʥʝ ʪʘrס  ʙʘʩץʘ ʜʘ 

ʧʝʨʠʬʝʨʠʷʣʳײץ ץʨʳʣrס ʣʘʨ ʞʘʪʘʜʳ. ʆʩʳʥʜʘʡ װʣʢʝʥ ʤװʤʢʽʥʜʽʢʪʝʨʜʽש 

ʘʨץʘʩʳʥʜʘ ʦʩʳ ʰʠʥʘ ʢʦʤʧʴʶʪʝʨʜʽ ʪײʨʤʳʩʪʳץ ʪʝʭʥʠʢʘʤʝʥ ʙʽʨʽʢʪʽʨʫ 

hװ ʽʥ ʙʽʨʰʘʤʘ ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʙʦʣʘ ʪװʩʪʽ. 

2.5.3. ʊʽʟʙʝʢʪʽ ʞᴅʥʝ ʧʘʨʘʣʣʝʣʴ ʧʦʨʪʪʘʨ 
 

ʇʝʨʥʝʪʘץʪʘ, ʪʽʥʪʫʽʨ, ʤʦʥʠʪʦʨ ʤʝʥ ʧʨʠʥʪʝʨ ʩʠʷץʪʳ ʦʩʳʥʜʘʡ ʝʥʛʽʟʫ- 

ʰ rסʘʨʫ ײץʨʳʣrס ʣʘʨ ɼʂ-ʜ̔ש ʩʪʘʥʜʘʨʪʪʳ ʞʠʳʥʪʳץʪʘʣʫʳʥ ʢʽʨʝʜʽ. 

ɹʘʨʣʳץ ʝʥʛʽʟʫ ʧʝʨʠʬʝʨʠʷʣʳײץ ץʨʳʣrס ʣʘʨʳ ɼʂ-ʤʝʥ ʧʘʡʜʘʣʘʥʫʰʳ 

ʝʥʛʽʟʝʪʽʥ ʜʝʨʝʢʪʝʨ ʢʦʤʧʴʶʪʝʨʛʝ ʜײʨʳʩ ʝʥʛʽʟʽʣʽʧ סʘʥʘ ץʦʡʤʘʡ, ʩʦʥʳʤʝʥ 

סʘʪʘʨ ʘʣʜʘrץ  ʫʘrץ ʪʪʘ ʪʠʽʤʜʽ ᴇשʜʝʣʝ ʘʣʘʪʳʥʜʘʡ ʢʦʤʤʫʪʘʮʠʷʣʘʥʫʳ 

ʢʝʨʝʢ. ɼʝʨʝʢʪʝʨʤʝʥ ʘʣʤʘʩʫ ʤʝʥ ʙʘʡʣʘʥʳʩ hװ ʽʥ ʧʝʨʠʬʝʨʠʷ (ʝʥʛʽʟʫ- 

ʰ rסʘʨʫ ײץʨʳʣrס ʣʘʨʳ) ʤʝʥ ʜʝʨʝʢʪʝʨʜʽ ᴇשʜʝʫ ʤʦʜʫʣʽ (ʘʥʘʣʳץ ʪʘץʪʘ) 

ʘʨʘʩʳʥʜʘ ʜʝʨʝʢʪʝʨʜʽ ʧʘʨʘʣʣʝʣʴ ʥʝʤʝʩʝ ʪʽʟʙʝʢʪʽ ʪʘʩʳʤʘʣʜʘʫ 

 .ʤʢʽʥװʡʳʤʜʘʩʪʳʨʳʣʫʳ ʤײ
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ʇʘʨʘʣʣʝʣʴ ʙʘʡʣʘʥʳʩ ʙʘʨʣʳ8 ץ ʙʠʪ (ʥʝʤʝʩʝ 1 ʙʘʡʪ) ʙʽʨʽʥʝʥ ʩʦש 
ʙʽʨʽ ʝʤʝʩ, ʙʽʨʜʝʡ ʫʘrץ ʪʪʘ (ʧʘʨʘʣʣʝʣʴ) ʥʝʤʝʩʝ ʜᴅʣʽʨʝʢ ʘʡʪץʘʥʜʘ, ᴅʨ 
  .ʘʡʩʳʩʳ ᴇʟ ʩʳʤʳ ʙʦʡʳʥʰʘ ʪʘʩʳʤʘʣʜʘʥʘʪʳʥʳʥ ʙʽʣʜʽʨʝʜʽץ
ʇʘʨʘʣʣʝʣʴ ʠʥʪʝʨʬʝʡʩ ʞʘʣסʘrס ʰʳʥʘ ʞʘʣסʘʥסʘʥ, ʤʳʩʘʣʳ ʧʨʠʥʪʝʨ 
ʢʘʙʝʣʽ, ʜʝʨʝʢʪʝʨʜʽ ʧʘʨʘʣʣʝʣʴ ʪʘʩʳʤʘʣʜʘʫ ʧʨʠʥʮʠʧʽ ʘʡrץ ʥ ʙʦʣʳʧ 
ʢʝʣʝʜʽ. ʆʣ ʪʽʥʪʫʽʨʜʽש ʪʽʟʙʝʢʪʽ ʢʘʙʝʣʽʥʝ ץʘʨʘסʘʥʜʘ ʙʽʨʪʘʣʘʡ ץʘʣrש, 
ᴇʡʪʢʝʥʽ ʜʝʨʝʢʪʝʨʜʽ ʧʘʨʘʣʣʝʣʴ ʪʘʩʳʤʘʣʜʘʡʪʳʥ ʢʘʙʝʣʴʜʽש ʢʝʤ ʜʝʛʝʥʜʝ 
ʩʝʛʽʟ ʩʳʤʳ ʙʦʣʫʳ ʪʠʽʩ, ʦʣʘʨʜʳש ᴅʨץʘʡʩʳʩʳ ʙʽʨ ʙʠʪ ʪʘʩʳʤʘʣʜʘʫסʘ 
ʘʨʥʘʣסʘʥ. 
ʇʘʨʘʣʣʝʣʴ ʠʥʪʝʨʬʝʡʩʪʝʨʜʽ Centronics ʬʠʨʤʘʩʳ ʞʘʩʘʧ ʰʳסʘʨʘʜʳ, 

ʩʦʥʜʳץʪʘʥ ʧʘʨʘʣʣʝʣʴ ʠʥʪʝʨʬʝʡʩʪʽ ʞʠʽ Centronics ʠʥʪʝʨʬʝʡʩʽ ʜʝʧ 
ʘʪʘʡʜʳ. 
ʇʨʠʥʪʝʨʛʝ   ʘʨʥʘʣסʘʥ   ʧʘʨʘʣʣʝʣʴʥʳʡ   ʠʥʪʝʨʬʝʡʩʪʳ    ᴅʜʝʪʪʝ 

LPT (Line Printer) ʜʝʧ ʙʝʣʛʽʣʝʡʜʽ. ɸʣסʘ rhץ  ,ʘʥ ʧʨʠʥʪʝʨ LPT1סʦʩʳʣץ 
ʘʣ ʝʢʽʥʰʽʩʽ - LPT2 ʜʝʧ ʙʝʣʛʽʣʝʥʝʜʽ. 
ʇʘʨʘʣʣʝʣʴ ʧʦʨʪʪʘʨʜʳש ʙʽʨʥʝʰʝ ʪʠʧʪʝʨʽ ʙʦʣʘʜʳ: ʩʪʘʥʜʘʨʪʪʳ, 

ɽʈʈ ʞᴅʥʝ ɽʉʈ. 
ʉ ʪ ʘʥ ʜ ʘʨ ʪ ʪ  rʧ ʘʨ ʘ ʣ ʣʝ ʣ  ɹʧ ʦ ʨ ʪ ʘץʧʘʨʘʪʪʳ ʙʽʨʞʘץʪrץ 

ʪʘʩʳʤʘʣʜʘʫסʘ, ʤʳʩʘʣʳ, ʘץʧʘʨʘʪʪʳ ɼʂ-ʜʝʥ ʧʨʠʥʪʝʨʛʝ ʙʝʨʫ ʘʨʥʘʣסʘʥ, 
ʦʣ ʧʦʨʪʪʳש ʵʣʝʢʪʨ ʩʭʝʤʘʩʳʥʜʘ ʞʘʪʪʘʣסʘʥ. ʆʣ ʜʝʨʝʢʪʝʨʜʽ 
ʪʘʩʳʤʘʣʜʘʫ ʝש ʞʦסʘʨʳ ʞʳʣʜʘʤʜʳrס ʥ 120 200 ʢʙʘʡʪ/ʩ ʜʝʡʽʥ 
 .ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽץ
ɽʈʈ ʧʦʨʪʳ ʝʢʽ ʙʘrס ʪʪʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʷסʥʠ ץʦʩ ʙʘrס ʪʪʘ 8 ʙʠʪ 

ʜʝʨʝʢʪʝʨʜʽ ʧʘʨʘʣʣʝʣʴ ʪʘʩʳʤʘʣʜʘʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ ʞᴅʥʝ 
ʩʪʘʥʜʘʨʪ ʧʦʨʪʧʝʥ ʪʦʣʳץ ʩᴅʡʢʝʩ. ʇʦʨʪ ɽʈʈ ʜʝʨʝʢʪʝʨʜʽ ʩʪʘʥʜʘʨʪʪʳ 
ʧʘʨʘʣʣʝʣʴ ʧʦʨʪץʘ ץʘʨʘסʘʥʜʘ ʘʣʪʳ ʝʩʝ ʪʝʟʽʨʝʢ ʙʝʨʝʜʽ ʞᴅʥʝ 
ץʘ ʜʘʡʳʥ ʙʦʣʘʪʳʥ ʫʘrסʘʙʳʣʜʘʫץ ʘʥ ʧʨʠʥʪʝʨסʘʙʳʣʜʘʡʜʳ, ʦץ ʪץʘ 
ʜʝʡʽʥ ʙʝʨʽʣʝʪʽʥ ʞᴅʥʝ ץʘʙʳʣʜʘʥʘʪʳʥ ʩʠʤʚʦʣʜʘʨʜʳ ʩʘץʪʘʡʪʳʥ ɽʈʈ 
ʧʦʨʪʳʥʳש ʙʫʬʝʨʽ ʙʦʣʘʪʳʥʜʳrס  ʤװʤʢʽʥʜʽʢ ʞʘʩʘʡʜʳ. ɸʨʥʘʡʳ ʨʝʞʠʤ 
ɽʈʈ ʧʦʨʪʳʥʘ ʜʝʨʝʢʪʝʨ ʙʣʦʢʪʘʨʳʥ, ʧʨʦʮʝʩʩʦʨʜʘʥ ᴇʪʽʧ ʢʝʪʽʧ, ʪʽʢʝʣʝʡ 
RAM PC-ʜʘʥ ʧʨʠʥʪʝʨʛʝ ʞᴅʥʝ ʢʝʨʽʩʽʥʰʝ ʞʽʙʝʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 
ʊʠʽʩʪʽ ʙʘסʜʘʨʣʘʤʘʣʳץ ʞʘʙʜʳץʪʳ ʧʘʡʜʘʣʘʥסʘʥ ʢʝʟʜʝ ɽʈʈ ʧʦʨʪʳ 
ʜʝʨʝʢʪʝʨʜʽ 2 ʄʙʘʡʪ/ʩ ʞʳʣʜʘʤʜʳץʧʝʥ ʞʽʙʝʨʝ ʘʣʘʜʳ ʞᴅʥʝ ץʘʙʳʣʜʘʡ 
ʘʣʘʜʳ. 
ɽʉ ʈ ʧʦ ʨ ʪ ʳ , ɽʈʈ ʧʦʨʪʳʥʳש ʙʘʨʣʳץ ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʠʝʣʝʥ 

ʦʪʳʨʳʧ ʜʝʨʝʢʪʝʨʜʽ ʞʦסʘʨʳ ʞʳʣʜʘʤʜʳץʪʘ rץ ʩʫ ʬʫʥʢʮʠʷʩʳ ʝʩʝʙʽʥʝʥ 
ʞʽʙʝʨʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ɼʝʨʝʢʪʝʨʜʽ rץ ʩץʘʨʪʫ hװ ʽʥ RLE (Run 
Length Encoding) ᴅʜʽʩʽ ץʦʣʜʘʥʳʣʘʜʳ, ʦסʘʥ ʩᴅʡʢʝʩ ʙʽʨʜʝʡ 
ʩʠʤʚʦʣʜʘʨʜʳײ שʟʳʥ ʪʽʟʙʝʛʽ ʙʘʨ ʙʦʣסʘʥʳ ʝʢʽ ʙʘʡʪʧʝʥ ʙʝʨʽʣʝʜʽ: ʙʽʨ 
ʙʘʡʪ ץʘʡʪʘʣʘʥʘʪʳʥ ʩʠʤʚʦʣʜʳ ʘʥʳץʪʘʡʜʳ, ʘʣ ʝʢʽʥʰʽʩʽ ð 
 ʪʘʡʜʳ. ʉʦʥʳʤʝʥ ʙʽʨʛʝ ɽʉʈ ʩʪʘʥʜʘʨʪʳץʘʡʪʘʣʘʫʣʘʨ ʩʘʥʳʥ ʘʥʳץ
ʜʝʨʝʢʪʝʨʜʽ rץ ʩץʘʨʪʫ ʤʝʥ ʘʰʫʜʳ ʙʘסʜʘʨʣʘʤʘʣʳץ (ʜʨʘʡʚʝʨʜʽ ץʦʣʜʘʥʫ 
ʞʦʣʳʤʝʥ) ʞᴅʥʝ ʘʧʧʘʨʘʪʪʳץ (ʧʦʨʪ ʩʭʝʤʘʩʳʤʝʥ) ʪװʨʜʝ ʤװʤʢʽʥ ʝʪʝʜʽ. 
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ɹʝʨʽʣʛʝʥ ʬʫʥʢʮʠʷ ʤʽʥʜʝʪʪʽ ʝʤʝʩ, ʩʦʥʜʳץʪʘʥ ʧʦʨʪʪʘʨ, ʧʝʨʠʬʝʨʠʷʣʳץ 
סʨʳʣrײץ ʣʘʨ ʤʝʥ ʙʘסʜʘʨʣʘʤʘʣʘʨ ʦʥʳ ץʦʣʜʘʤʘʫʳ ʤװʤʢʽʥ. ʆʣ 
ʜʝʨʝʢʪʝʨʜʽ rץ ʩץʘʨʪʫ ʨʝʞʠʤʽ ɽʉʈ ʧʦʨʪʳʤʝʥ ʜʝ, ʧʨʠʥʪʝʨʤʝʥ ʜʝ 
ʞʘʣסʘʩʪʳʨʳʣʳʧ ʦʪʳʨʩʘ, ʞװʟʝʛʝ ʘʩʳʨʳʣʫʳ ʤװʤʢʽʥ. ɽʉʈ ʧʦʨʪʳʥʳש 
ʢᴇʤʝʛʽʤʝʥ ʜʝʨʝʢʪʝʨʜʽ ʞʽʙʝʨʫ ʞʳʣʜʘʤʜʳrס ʥrש ʘʨʪʫʳ ʧʨʠʥʪʝʨʜʝ 
ʜʝʨʝʢʪʝʨʜʽ ʙʘʩʳʧ ʰʳסʘʨʫ ʫʘrץ ʪʳʥ ʙʽʨʪʘʣʘʡ rץ ʩץʘʨʪʘʜʳ. 
ɽʉʈ ʞᴅʥʝ ɽʈʈ ʧʦʨʪʪʘʨʳʥʳש ʬʫʥʢʮʠʦʥʘʣʜʳץ ʤװʤʢʽʥʰʽʣʽʢʪʝʨʽʥʽש 

ʘʨʪʳhץ ʳʣrץʪʘʨʳʥ ץʦʣʜʘʥʫ ʦʩʳ ʩʪʘʥʜʘʨʪʪʘʨʜʳש ʙʽʨʽʤʝʥ 
ʞʘʙʜʳץʪʘʣסʘʥ ʢʦʤʧʴʶʪʝʨ ʙʦʣסʘʥ ʢʝʟʜʝ ʤװʤʢʽʥ ʙʦʣʘʜʳ. 
ʊʽʟʙʝʢʪʽ ʙʘʡʣʘʥʳʩ ʙʠʪʧʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ: ʞʝʢʝ ʙʠʪʪʝʨ ʙʽʨ 

ʩʳʤ ʙʦʡʳʥʰʘ ʙʽʨʽʥʽʽש ʘʨʪʳʥʘʥ ʙʽʨʽ ʪʽʟʙʝʢʪʝʡ ʞʽʙʝʨʽʣʝʜʽ (ʥʝʤʝʩʝ 
 ʪʪʘ ʜʘ ʜʝʨʝʢʪʝʨ ʘʣʤʘʩʫסʘʪʘʨ ʝʢʽ ʙʘrץ ʘʙʳʣʜʘʥʘʜʳ), ʩʦʥʳʤʝʥץ
ʤװʤʢʽʥ, ʜʝʨʝʢʪʝʨʜʽ ʞʽʙʝʨʫ ʤʝʥ ץʘʙʳʣʜʘʫ ʙʽʨʜʝʡ ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʢʧʝʥ 
ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ʊʽʟʙʝʢʪʽ ʠʥʪʝʨʬʝʡʩʪʝʨ hװ ʽʥ ʞʘʣסʘʥʘʪʳʥ 
סʨʳʣrײץ ʣʘʨʜʳ ʪʘשʜʘʫ ʙʽʨʰʘʤʘ ʢʝש, ʩʦʥʜʳץʪʘʥ ʢᴇʧʰʽʣʽʢ ɼʂ 
ʜʝʨʝʢʪʝʨʜʽ ʪʽʟʙʝʢʪʝʡ ʞʽʙʝʨʫ hװ ʽʥ ᴅʜʝʪʪʝ ʝʢʽ ʠʥʪʝʨʬʝʡʩʪʽʢ 
ʞʘʣסʘrס ʰʪʘʨʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ. ʊʽʟʙʝʢʪʽ ʠʥʪʝʨʬʝʡʩ hװ ʽʥ ʩʪʘʥʜʘʨʪ 
ʙʝʣʛʽʣʝʫ ʨʝʪʽʥʜʝ ʞʠʽ RS-232, RS-422, RS-465 ץʦʣʜʘʥʳʣʘʜʳ. ʊʽʟʙʝʢʪʽ 
ʠʥʪʝʨʬʝʡʩʪʽש ʞʘʣסʘrס ʰʪʘʨʳ ɼʂ-ʜʝ 9-ʙʘʡʣʘʥʳʩʪʳ (ʘʰʘ) Sub-D 
ʥʝʤʝʩʝ 25-ʙʘʡʣʘʥʳʩʪʳ Sub-D. 
ɽʢʽ ʪʽʟʙʝʢʪʽ ʠʥʪʝʨʬʝʡʩʪʝʨ ʘʨʘʩʳʥʜʘrס  ʙʘʡʣʘʥʳʩʪʳ ʦʨʥʘʪʫ hװ ʽʥ 

ʘʣʜʳʥ ʘʣʘ ʦʣʘʨʜʳ ʢʦʥʬʠʛʫʨʘʮʠʷʣʘʫ ץʘʞʝʪ, ʷסʥʠ ʜʝʨʝʢʪʝʨʤʝʥ 
ʘʣʤʘʩʫ ץʘʣʘʡ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʪʳʥʳʥ ʢᴇʨʩʝʪʫ ʢʝʨʝʢ: ʘʣʤʘʩʫ 
ʞʳʣʜʘʤʜʳrס , ʜʝʨʝʢʪʝʨ ʬʦʨʤʘʪʳ, ᴅʜʽʣʜʽʢʪʽ ʙʘrץ ʣʘʫ ʞᴅʥʝ ʪ.ʙ. 
ɼʞʘʤʧʝʨʣʝʨʜʽ ʥʝʤʝʩʝ ʘʫʳʩʪʳʨʳʧ-ץʦʩrץ ʰʪʘʨʜʳ ʪʠʽʩʪʽ ʦʨʥʘʪʫ 
ʞʦʣʳʤʝʥ ʘʧʧʘʨʘʪʪʳץ ʢʦʥʬʠʛʫʨʘʮʠʷʣʘʫ ץʦʣʘʡʩʳʟ, ʩʝʙʝʙʽ ɼʂ 
ʢʦʨʧʫʩʳʥ ʘʰʫ ʢʝʨʝʢ ʙʦʣʘʜʳ. ʊʽʟʙʝʢʪʽ ʠʥʪʝʨʬʝʡʩʪʽ ʢʦʥʬʠʛʫʨʘʮʠʷʣʘʫ 
ʙʘסʜʘʨʣʘʤʘʣʳץ ʪᴅʩʽʣʤʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ, Windows ʦʨʪʘʩʳ 
ʦʩʳʥʜʘʡ ʤװʤʢʽʥʜʽʢʪʽ ʙʝʨʝʜʽ. 

 

2.6. ʇʈʆʎɽʉʉʆʈʃɸʈ 

 

ʇʨʦʮʝʩʩʦʨ, ʥʝʤʝʩʝ ʦʨʪʘʣʳϨ ʧʨʦʮʝʩʩʦʨ (Central Processing Unit 
ð CPU), ð ʙʘסʜʘʨʣʘʤʘʤʝʥ ʙʝʨʽʣʛʝʥ ʘʨʠʬʤʝʪʠʢʘʣʳץ ʞᴅʥʝ 
ʣʦʛʠʢʘʣʳץ ʦʧʝʨʘʮʠʷʣʘʨʜʳ ʦʨʳʥʜʘʡʪʳʥ, ʝʩʝʧʪʝʫ ʧʨʦʮʝʩʽʥ 
ʙʘʩץʘʨʘʪʳʥ ʞᴅʥʝ ʢʦʤʧʴʶʪʝʨʜʽש ʙʘʨʣʳײץ ץʨʳʣrס ʣʘʨʳʥʳש ʞײʤʳʩʳʥ 
 ʡʝʣʽʢװʤʳʩ ʢʦʤʧʦʥʝʥʪʽ. CPU ʞײʥʝʛʽʟʛʽ ʞ שʡʣʝʩʪʽʨʝʪʽʥ ʢʦʤʧʴʶʪʝʨʜʽװ
ʪʘץʪʘʥʳש çʞװʨʝʛʽè ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʩʝʙʝʙʽ װʥʝʤʽ ʞװʡʝʣʽʢ ʪʘץʪʘʥʳש 
ʙʘʩץʘ ʜʘ ʵʣʝʤʝʥʪʪʝʨʽʤʝʥ ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʪʘ ʙʦʣʘʜʳ. 
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ʄʠʢʨʦʵʣʝʢʪʨʦʥʠʢʘ ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש ʜʘʤʫʳʤʝʥ ʞᴅʥʝ ʙʽʨ 

ʵʣʝʢʪʨʦʥʜʳץ ʩʭʝʤʘʜʘ ʦʨʥʘʣʘʩץʘʥ ʵʣʝʤʝʥʪʪʝʨʜʽש ʠʥʪʝʛʨʘʮʠʷʩʳ 

ʜᴅʨʝʞʝʩʽʥʽײ שʣסʘʶʳʤʝʥ ʧʨʦʮʝʩʩʦʨ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨ ʜʝʧ ʘʪʘʣʘ ʙʘʩʪʘʜʳ 

(ʄʇ). 

ʌʠʟʠʢʘʣʳץ ʪײʨrס ʜʘ ʧʨʦʮʝʩʩʦʨ ʥʝʤʝʩʝ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨ ʠʥʪʝʛʨʘʣʜʳ 

ʩʭʝʤʘʥʳ ʙʽʣʜʽʨʝʜʽ ð ʙʽʨʥʝʰʝ ʰʘʨʰʳ ʤʠʣʣʠʤʝʪʨʣʽʢ ʪʽʢʙײʨʳʰʪʳ 

ʬʦʨʤʘʣʳ ʢʨʠʩʪʘʣʣ ʢʨʝʤʥʠʡʜʽש ʞ̔̔ש ʰʢʝ ʧʣʘʩʪʠʥʢʘʩʳ, ʦʥʜʘ ʙʘʩʪʳ 

ʬʫʥʢʮʠʦʥʘʣʜʳ ʢʦʤʧʦʥʝʥʪʪʝʨ ʦʨʥʘʣʘʩʘʜʳ: 

ƴ ʷʜʨʦ ð ʢʦʤʘʥʜʘʣʘʨʜʳ ʦʨʳʥʜʘʫʜʳ ʞװʟʝʛʝ ʘʩʳʨʘʪʳʥ ʧʨʦʮʝʩʩʦʨʜʳש 

ʙʘʩʪʳ ʢʦʤʧʦʥʝʥʪʽ; 

ƴ ʩʦʧʨʦʮʝʩʩʦʨ ð çץʘʣrץ ʤʘ ʥװʢʪʝʩʽè ʙʘʨ (ʥʝʤʝʩʝ װʪʽʨ) ʦʧʝʨʘʮʠʷʣʘʨʜʳ 
ʦʨʳʥʜʘʫסʘ ʘʨʥʘʣסʘʥ ʘʨʥʘʡʳ ʤʦʜʫʣʴ; 

ƴ Ϻʪʫʜʽ ʙʦʣʞʘʫ ʤʦʜʫʣʽ (Branch Predictor), ʢʦʤʘʥʜʘʣʘʨʜʳ ʘʣʜʳʥ ʘʣʘ 

ʢʦʤʘʥʜʘʣʘʨ ʜʝʢʦʜʝʨʳʥʘ ʞʽʙʝʨʫ hװ ʽʥ ᴇʪʫʜʝʥ ʢʝʡʽʥ ʢʦʤʘʥʜʘʣʘʨ 

ʪʽʟʙʝʢʪʽʣʽʛʽʥʽש ᴇʟʛʝʨʫʽʥ ʘʥrץʪʘʡʜʳ; 
ƴ ʙʽʨʽʥʰʽ ʜʝϬʛʝʡʜʝʛʽ ʢʵʰ-ʞʘʜʳ ð ʝʩʝʧʪʝʫʣʝʨʜʽש ʘʨʘʣʳץ ʥᴅʪʠʞʝʣʝʨʽʥ 
ʩʘץʪʘʫסʘ ʘʨʥʘʣסʘʥ ʘʩrץ ʥʰʘʧʰʘש ʞʘʜʳ; 

ƴ ʝʢʽʥʰʽ ʜʝשʛʝʡʜʝʛʽ ʢʵʰ-ʞʘʜʳ; 
ƴ ʞϮʡʝʣʽʢ ʰʠʥʘʥʳϬ ʠʥʪʝʨʬʝʡʩʪʽʢ ʤʦʜʫʣʽ, ʦʣ ʙʦʡʳʥʰʘ CPU-סʘ 

ʢʦʤʘʥʜʘʣʘʨ ʤʝʥ ʜʝʨʝʢʪʝʨ ʢʝʣʽʧ ʪװʩʝʜʽ, ʩʦʥʜʘʡ-ʘץ CPU-ʜʘʥ ʜʝʨʝʢʪʝʨ 

ʞʽʙʝʨʽʣʝʜʽ. ʘʣʶʤʠʥʠʡ ʥʝʤʝʩʝ ʤʳʩʪʘʥ ʞʘʩʘʣסʘʥ ᴇʟʘʨʘ ʞʽ̔ש ʰʢʝ 

ᴇʪʢʽʟʛʽʰʪʝʨʤʝʥ ʙʘʡʣʘʥʳʩץʘʥ ʞᴅʥʝ ʜʝʨʝʢʪʝʨʜʽ ᴇשʜʝʫʛʝ ʘʨʥʘʣסʘʥ 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʜʘ ʤʠʣʣʠʦʥʜʘסʘʥ ʪʨʘʥʟʠʩʪʦʨʣʘʨ ʙʦʣʘʜʳ. ɯʰʢʽ ʰʠʥʘʣʘʨ 

ʦʩʳʣʘʡ ץʘʣʳʧʪʘʩʘʜʳ. ʅᴅʪʠʞʝʩʽʥʜʝ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨ ʢᴇʧʪʝʛʝʥ 

ʬʫʥʢʮʠʷʣʘʨʜʳ ʦʨʳʥʜʘʡʜʳ ð ʤʘʪʝʤʘʪʠʢʘʣʳץ ʞᴅʥʝ ʣʦʛʠʢʘʣʳץ 

ʦʧʝʨʘʮʠʷʣʘʨʜʘʥ ʙʘʩʪʘʧ ʙʘʩץʘ ʤʠʢʨʦʩʭʝʤʘʣʘʨʜʳש ʞᴅʥʝ ʪײʪʘʩ 

ʢʦʤʧʴʶʪʝʨʜʽש ʞײʤʳʩʳʥ ʙʘʩץʘʨʫסʘ ʜʝʡʽʥ. 

ʂʨʠʩʪʘʣʣ-ʧʣʘʩʪʠʥʢʘ ʧʣʘʩʪʤʘʩʩʘ ʥʝʤʝʩʝ ʢʝʨʘʤʠʢʘʣʳץ ʪʝʛʽʩ ʢʦʨʧʫʩץʘ 

ʦʨʥʘʣʘʩʪʳʨʳʣʘʜʳ ʞᴅʥʝ ʦʥʳ ʢʦʤʧʴʶʪʝʨʜʽש ʞװʡʝʣʽʢ ʪʘץʪʘʩʳʥʘ 

ʦʨʥʘʣʘʩʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʦʣʘʪʳʥʜʘʡ ʤʝʪʘʣʣ ʽʩʪʽʢʪʝʨʽ ʙʘʨ 

ᴇʪʢʽʟʛʽʰʪʝʨʤʝʥ ʙʘʡʣʘʥʳʩʘʜʳ. 

 
2.6.1. ᴆʥʜʽʨʽʩ ʪʝʭʥʦʣʦʛʠʷʩʳ ʤʝʥ ʥʝʛʽʟʛʽ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳ 

ʄʠʢʨʦʧʨʦʮʝʩʩʦʨʣʘʨʜʳש ʪʨʘʥʟʠʩʪʦʨʣʘʨʜʘʥ ʥʝʤʝʩʝ ʠʥʪʝʛʨʘʣʜʳ 

ʩʭʝʤʘʣʘʨʜʘʥ ʪװʙʝʛʝʡʣʽ ʘʡʳʨʤʘʰʳʣʳrס  ʙʦʣʳʧ ʦʥʳש ʙʽʨ ʢʨʠʩʪʘʣʜʘ 

(ʯʠʧʪʘ) ʦʨʥʘʣʘʩʫʳ ʪʘʙʳʣʘʜʳ. ʄʠʢʨʦʧʨʦʮʝʩʩʦʨʜʘ ʘʣʶʤʠʥʠʡ ʥʝʤʝʩʝ 

ʤʳʩʪʘʥ ʞʘʩʘʣסʘʥ ʞᴅʥʝ ʜʝʨʝʢʪʝʨʜʽ ᴇשʜʝʫ hװ ʽʥ ץʦʣʜʘʥʳʣʘʪʳʥ ᴇʟʘʨʘ 

ʞ̔̔ש ʰʢʝ ᴇʪʢʽʟʛʽʰʪʝʨʤʝʥ ʙʘʡʣʘʥʳʩץʘʥ ʤʠʣʣʠʦʥʜʘסʘʥ ʪʨʘʥʟʠʩʪʦʨʣʘʨ 

ʙʦʣʘʜʳ. ʄײʥʜʘʡ ʯʠʧʪʳ ᴇʥʜʽʨʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥʜʘ ʢᴇʧʪʝʛʝʥ ʢʝʟʝשʜʝʨ 

ʙʦʣʘʜʳ, ʦʣʘʨʜʳש ʥʝʛʽʟʛʽʣʝʨʽʥʝ ʤʳʥʘʣʘʨ ʞʘʪʘʜʳ. 

49 



ɹʽʨʽʥʰʽ ʢʝʟʝשʜʝ ʪʘʟʘ ʢʨʝʤʥʠʡ ʤʦʥʦʢʨʠʩʪʘʣʳʥ ᴇʩʽʨʝʜʽ, ʦʥʜʘ ץʦʩʧʘ 
ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ 0,1 ʤʠʣʣʠʦʥ ʧʘʡʳʟʜʳװ ץʣʝʩʽʥʝʥ ʢᴇʧ ʝʤʝʩ. ɸʣʳʥסʘʥ 

ʢʨʠʩʪʘʣʣ ᴇʟʝʢʪʝʨ 150 ... 300 ʤʤ ʜʠʘʤʝʪʨʛʝ ʜʝʡʽʥ ʞʝʪʝʜʽ. ʆʜʘʥ ʘʨʳ ץʘʨʘʡ 

ᴇʟʝʢʪʝʨ ץʘʣrשʜrrס  200 ... 600 ʥʤ ʙʦʣʘʪʳʥ ʧʣʘʩʪʠʥʘ-ʪᴇʩʝʤʜʝʨʛʝ ʢʝʩʽʣʝʜʽ, 

ʦʣʘʨ ʜʠʵʣʝʢʪʨʣʽʢ ץʦʨסʘʫ ץʘʙrrס  ʙʝʪʽʥʜʝ ʢʨʝʤʥʠʡ ʜʠʦʢʩʠʜʽʥ ʘʣʫ 

ʤʘץʩʘʪʳʥʜʘ ʪʝʛʽʩʪʝʫ ʤʝʥ ʪʦʪʳסʫסʘ hײ ʳʨʘʡʜʳ ð SiO2 (ʩʫʨ. 2.11, ʘ). 

ʊᴇʩʝʤʜʝʨʛʝ ʞʘʨʳץץʘ ʩʝʟʽʤʪʘʣ ץʘʙʘʪ ï ʬʦʪʦʨʝʟʠʩʪʪʽ ʩʘʣʘʜʳ. 

ʂʝʣʝʩʽ ʢʝʟʝשʜʝ ʬʦʪʦʣʠʪʦʛʨʘʬʠʷʣʳץ ʧʨʦʮʝʩʪʽ ʦʨʳʥʜʘʡʜʳ, ʦʥʳש 
ʙʘʨʳʩʳʥʜʘ ʩʫʨʝʪ ץʘʣʳʧʪʘʩʘʜʳ ï ʙʽʨʥʝʰʝ ʦʥʜʘסʘʥ ʩʭʝʤʘʣʘʨʜʳש ʙʽʨ ʫʘrץ ʪʪʘ 

 ʘʞʝʪʪʽץ ʘʥ ʧʣʘʩʪʠʥʘʣʘʨסʧʝʥ ʞʘʙʳʣץʘʙrץʦʩʳʣʫ ʩʭʝʤʘʩʳ. ʌʦʪʦץ

ץʩʫʨʝʪʪʝʨʽ ʙʘʨ ʬʦʪʦʰʘʙʣʦʥ ʘʨr שʦʩʳʣʳʩʪʘʨʜʳץ ʣ r ʫʣʴʪʨʘʢװʣʛʽʥʤʝʥ 

ʩᴅʫʣʝʣʝʥʝʜʽ (ʩʫʨ. 2.11, ʙ). ʋʣʴʪʨʘʢװʣʛʽʥʤʝʥ ʩᴅʫʣʝʣʝʥʫ ʢʝʟʽʥʜʝ 

ʬʦʪʦʨʝʟʠʩʪʪʽש ʬʦʪʦʰʘʙʣʦʥʥʳש ʪװʩʩʽʟ ʘʡʤʘץʪʘʨʳʥʜʘ ʙʦʣסʘʥ ʙᴇʣʽʢʪʝʨʽʥʽש 
ʭʠʤʠʷʣʳײץ ץʨʘʤʳ ᴇʟʛʝʨʝʜʽ, ʦʣʘʨʜʳ ʞʦʶסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ (ʩʫʨ. 2.11, ʚ), 

ʤʳʩʘʣʳ, ʝʨʽʪʫʤʝʥ (ʭʠʤʠʷʣʳץ ᴇשʜʝʫ). 

 

2.11 -ʩʫʨʝʪ. CPU ʷʜʨʦʩʳʥ ʜʘʡʳʥʜʘʫ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʽ: 

ʘ ð ʞ ð ʥʝʛʽʟʛʽ ʢʝʟʝשʜʝʨʽ 
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ɹײʜʘʥ ᴅʨʽ ᴇשʜʝʫ ʙʘʨʳʩʳʥʜʘ ʢᴇʨʽʥʽʧ ץʘʣסʘʥ ʫʯʘʩʢʝʣʝʨʜʽ ʢʨʝʤʥʠʡ 
ʜʠʦʢʩʠʜʽʥʝʥ ʪʘʟʘʨʪʘʜʳ (ʩʫʨ. 2.11, ʛ, ʜ). ʉʦʜʘʥ ʩʦש ʢʝʣʝʩʽ ʜʝשʛʝʡʜʽ 
װʘʣʳʧʪʘʩʪʳʨʫ hץ ʽʥ ʞʘשʘ ʬʦʪʦʰʘʙʣʦʥʜʳ ץʦʣʜʘʥʘʜʳ. ʇʨʦʮʝʩʩ 
ʷʜʨʦʥʳש ʙʘʨʣʳײץ ץʨʳʣʳʤʳ ʞʘשrסʨʪʳʣʤʘסʘʥʰʘ 20 ʨʝʪʪʝʥ ʘʩʘ 
 .ʘʡʪʘʣʘʥʘʜʳץ
ɸʨʳ ץʘʨʘʡ ʧʣʘʩʪʠʥʘ ʙʝʪʽʥʜʝ ʢʝʨʝʢʪʽ ץʘʩʠʝʪʪʝʨʽ ʙʘʨ ʫʯʘʩʢʝʣʝʨʜʽ 

ʘʣʫ hװ ʽʥ ᴅʨ ʪװʨʣʽ ץʦʩʧʘʣʘʨʜʳ ץʦʩʫ ʞʦʣʳʤʝʥ ʢʨʝʤʥʠʡ ײץʨʳʣʳʤʳʥ 
ᴇʟʛʝʨʪʫʜʽ ʞʘʩʘʡʜʳ (pðn-ʦʙʣʳʩʪʘʨʜʳ ץʘʣʳʧʪʘʩʪʳʨʫ). 700 ... 14 000 
Áʉ ʰʘʤʘʜʘrס  ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʜʠʬʬʫʟʠʷ ʧʨʦʮʝʩʽ, ʷסʥʠ ʢʨʝʤʥʠʡʛʝ 
ʪʘʣʘʧ ʝʪʽʣʝʪʽʥ ץʩʦʧʘʣʘʨʜʳש ʬʦʪʦʣʠʪʦʛʨʘʬʠʷ ʧʨʦʮʝʩʽʥʜʝ ʘʰʳץ 
ʫʯʘʩʢʝʣʝʨʽʥʜʝ ץʦʩʧʘʣʘʨʜʳש ʝʥʫʽ ʞװʨʝʜʽ (2.11 ʩʫʨʝʪ, ʝ). ɹײʣ ʢʝʟʝשʜʽ 
סʜrrשʘʣrץ  ʰʘʤʘʤʝʥ 1 ʤʢʤ ʙʦʣʘʪʳʥ SiO2 ץʦʨסʘʥʳʰ ץʘʙʘʪʳʥ 
ʞװʨʛʽʟʫ ʘʷץʪʘʡʜʳ. 
ʂʝʣʝʩʽ ʢʝʟʝץ שʘʧʪʘʤʘʥʳש ʘ̫ץʪʘʨʳʥ ʥʝʤʝʩʝ ʢʦʥʪʘʢʪʽʣʝʨʽʥ ʞᴅʥʝ 

ʢʨʠʩʪʘʣʜʳש ᴇʟʽʥ ʙʘʡʣʘʥʳʩʪʳʨʘʪʳʥ ʤʝʪʘʣʣ ץʦʩʳʣʳʩʪʘʨʜʳ ʪᴇʩʝʫʤʝʥ 
ʙʘʡʣʘʥʳʩʪʳ (2.11 ʩʫʨʝʪ, ʞ). ɸʣʪʳʥ, ʘʣʶʤʠʥʠʡ ʥʝʤʝʩʝ ʤʳʩ 
 ᴇʣʰʝʤʽ ï ʪʦʢ ץʤʢʽʥ. ʊʦʧʦʣʦʛʠʷʣʳװʦʣʜʘʥʳʣʫʳ ʤץ ʦʩʳʣʳʩʪʘʨʳץ
ᴇʪʝʪʽʥ ʞʦʣ ʝʥʽ 0,13 ʤʢʤ, ʢᴇʨʰʽʣʝʩ ʞʦʣʜʘʨ ʘʨʘʩʳʥʜʘrס  ï ץʪrץʘʰrץ 
0,13 ʤʢʤ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʘ Intel ʢʦʨʧʦʨʘʮʠʷʩʳ ʤʳʩ ᴇʪʢʽʟʛʽʰʪʝʨʜʽ 
 .ʘʥסʦʣʜʘʥʳʣץ ʦʣʜʘʥʘʜʳ, ʘʣ 0,18 ʤʢʤ-ʪʝʭʧʨʦʮʝʩʩ ʢʝʟʽʥʜʝ ʘʣʶʤʠʥʠʡץ
ɸʨʳ ץʘʨʘʡ ʧʣʘʩʪʠʥʘʣʘʨ ʞʝʢʝ ʤʠʢʨʦʩʭʝʤʘʣʘʨסʘ ʢʝʩʽʣʝʜʽ, ʪʝʩʪʽʣʝʥʝʜʽ 
ʞᴅʥʝ ʢʦʨʧʫʩʪʘʨסʘ ʦʨʥʘʪʳʣʘʜʳ. 
ʄʠʢʨʦʧʨʦʮʝʩʩʦʨʣʘʨʜʳש ʧʘʨʘʤʝʪʨʣʝʨʽʥʽש ʙʦʣʘʰʘץʪʘrס  

ʞʝʪʽʣʜʽʨʽʣʫʽ ʞʘשʘ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʰʝʰʽʤʜʝʨʜʽ ʽʟʜʝʫʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. 
CPU ᴇʥʽʤʜʽʣʽʛʽ ʤʳʥʘʜʘʡ ʥʝʛʽʟʛʽ ʧʘʨʘʤʝʪʨʣʝʨʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ: 
ʠʥʪʝʛʨʘʮʠʷ ʜᴅʨʝʞʝʩʽ; ᴇשʜʝʣʝʪʽʥ ʜʝʨʝʢʪʝʨʜʽש ʨʘʟʨʷʜʪʳʣʳrס ; ʪʘʢʪʽʣʽʢ 
ʞʠʽʣʽʢ; CPU ʘʜʨʝʩʪʝʣʝ ʘʣʘʪʳʥ ʞʘʜʳ; ʦʨʥʘʪʳʣסʘʥ ʢʵʰ-ʞʘʜʳ ʢᴇʣʝʤʽ. 
ʉʦʥʳʤʝʥ ץʘʪʘʨ CPU ᴇʥʜʽʨʽʩ ʪʝʭʥʦʣʦʛʠʷʩʳ, ץʦʨʝʢʪʝʥʫ ʢʝʨʥʝʫʽ, 
ʬʦʨʤʬʘʢʪʦʨ ʞᴅʥʝ ʪ.ʙ. ʙʦʡʳʥʰʘ ʘʡʨʳhץ ʘʣʘʥʘʜʳ. 
CPU ʤʠʢʨʦʩʭʝʤʘʩʳʥʳש (ʯʠʧʪʳש) ʠ ʥ ʪ ʝʛ ʨ ʘʮ ʠ ʷ ʜ ᴅ ʨ ʝ ʞ ʝ ʩʽ 

ʪʨʘʥʟʠʩʪʦʨʣʘʨʜʳץ שʘʡ ʩʘʥʳ ʦסʘʥ ʩʠʷʪʳʥʳʥ ʢᴇʨʩʝʪʝʜʽ. Intel 
ʢʦʨʧʦʨʘʮʠʷʩʳʥʳש ʥʝʛʽʟʽʥ ץʘʣʘʫʰʳʣʘʨʳʥʳש ʙʽʨʽ, 
ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʣʘʨʜʳ ʞʘʩʘʧ ʰʳסʘʨʫʤʝʥ ʘʡʥʘʣʳʩץʘʥ ɻʦʨʜʦʥ ʄʫʨ 
1965 ʞ. ʫʘrץ ʪץʘ ʙʘʡʣʘʥʳʩʪʳ ʢʨʠʩʪʘʣʜʘ ʪʨʘʥʟʠʩʪʦʨʣʘʨ ʩʘʥʳʥʳש 
ʘʨʪʫʳ ʟʘשʜʳʣrrס ʥ ʦʨʥʘʪʪʳ: ᴅʨʙʽʨ 18 ʘʡʜʘ ʙʽʨ ʢʨʠʩʪʘʣʜʘrס  
ʪʨʘʥʟʠʩʪʦʨʣʘʨ ʩʘʥʳ ʦʥʳײץ שʥʳ ʩʘץʪʘʣסʘʥ ʫʘrץ ʪʪʘ ʝʢʽ ʝʩʝʣʝʥʝʜʽ. 
ʆʩʳ ʵʤʧʠʨʠʢʘʣʳץ ʬʦʨʤʫʣʘ çʄʫʨ ɿʘrש è ʜʝʧ ʘʪʘʣʘʜʳ, 
ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʣʘʨʜʳש ʞʝʪʽʣʜʽʨʽʣʫ ʪᴅʞʽʨʠʙʝʩʽʤʝʥ ʨʘʩʪʘʣʘʜʳ ʞᴅʥʝ 
ʞʦסʘʨʳ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʩʘʣʘʩʳʥʜʘ ʙʘʡץʘʣʘʪʳʥ ʘʜʘʤ ʘʡʪrץ ʩʳʟ ʞʘʨʳʧ 
ᴇʪʫʜʽ ʙʝʡʥʝʣʝʡʜʽ 
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ɹʽʨʽʥʰʽ ʙʫʳʥ ʧʨʦʮʝʩʩʦʨʣʘʨʳʥʳ(8086/8088) ש ʯʠʧʪʘʨʳʥʜʘ 0,029 ʤʣʥ 

ʪʨʘʥʟʠʩʪʦʨ ʩʠʷʪʳʥ ʙʦʣʩʘ, ʦʥʜʘ ʍʍɯ ס ʝʢʽʥʰʽ ʦʥʞʳʣʜʳrס ʥrש ʙʘʩʳʥʜʘ 

ʧʨʦʮʝʩʩʦʨʣʘʜʘ ʙʽʨʥʝʰʝ ʤʠʣʣʠʘʨʜ ʪʨʘʥʟʠʩʪʦʨ ʙʦʣʘʪʳʥ. ʉʦʥʳʤʝʥ ץʘʪʘʨ 

ʤײʥʜʘʡ ʧʨʦʮʝʩʩʦʨʜʳש ʝש ʢʽʰʽ ײץʨʳʣʳʤʳʥʳש ᴇʣʰʝʤʽ 14 ð 15 ʥʤ 

 .ʨʘʡʜʳײץ
ɿʝʨʪʭʘʥʘʣʘʨʜʘ ʵʣʝʤʝʥʪʪʝʨʽʥʽש ᴇʣʰʝʤʜʝʨʽ 9 ʥʤ ʙʦʣʘʪʳʥ 

ʪʨʘʥʟʠʩʪʦʨʣʘʨ ʧʘʡʜʘ ʙʦʣסʘʥ.. 

ᴆשʜʝʣʝʪʽʥ ʜʝʨʝʢʪʝʨʜʽש ʨʘʟʨʷʜʪʳʣʳrס  ʧʨʦʮʝʩʩʦʨ ʙʽʨʫʘrץ ʪʪʘ ᴇשʜʝʡ 

ʘʣʘʪʳʥ ʘץʧʘʨʘʪʪʳש ʙʠʪ ʩʘʥʳʤʝʥ ʘʥʳץʪʘʣʘʜʳ: 16, 32 ʥʝʤʝʩʝ 64. 

ɸʣסʘ rhץ  64-ʨʘʟʨʷʜʪʳ ʧʨʦʮʝʩʩʦʨ 2001 ʞ. ʧʘʡʜʘ ʙʦʣʜʳ ð Intel Itanium. 
ɼ ʂ ʪ ʘ ʢ ʪ ʽ ʣ ʽʢ ʞ ʠʽ ʣ ʽʛ ʽ ᴅʨ ʪװʨʣʽ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽש ʞײʤʳʩʳʥ 

ʩʠʥʭʨʦʥʜʘʡʪʳʥ ʪʘʢʪʽʣʽʢ ʛʝʥʝʨʘʪʦʨ (System Clock) ʞײʤʳʩʳʥʳש 

ʞʠʽʣʽʛʽʤʝʥ ʘʥʳץʪʘʣʘʜʳ. ʊʘʢʪʽʣʽʢ ʛʝʥʝʨʘʪʦʨ ʞײʤʳʩʳʥʳש ʞʠʽʣʽʛʽ 
ʤʝʛʘʛʝʨʮʧʝʥ ᴇʣʰʝʥʝʜʽ. ɽʛʝʨ ʘʣסʘ rhץ  ɼʂ-ʜʝ 8 ʄɻʮ ʞʠʽʣʽʢʧʝʥ 

ʧʨʦʮʝʩʩʦʨ, ʞʘʜʳ, ʝʥʛʽʟʫ-ʰ rסʘʨʫ ʰʠʥʘʩʳ ʞײʤʳʩʳʥ ʩʠʥʭʨʦʥʜʘʡʪʳʥ ʙʽʨ 

ʪʘʢʪʽʣʽ ʛʝʥʝʨʘʪʦʨ ʙʦʣʩʘ, ʦʥʜʘ ʟʘʤʘʥʘʫʠ ɼʂ-ʜʝ ᴅʨ ʪװʨʣʽ ʞʠʽʣʽʢʪʝʨʜʝ 
ʞײʤʳʩ ʽʩʪʝʡʪʽʥ ʙʽʨʥʝʰʝ ʪʘʢʪʽʣʽʢ ʛʝʥʝʨʘʪʦʨʣʘʨ ʙʦʣʘʜʳ. ɼʂ ʞװʡʝʩʽʥʽש 

ʞʠʽʣʽʛʽ ʞװʡʝʣʽʢ ʰʠʥʘ ʞʠʽʣʽʛʽʤʝʥ ʘʥʳץʪʘʣʘʜʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ɼʂ-ʜ̔ש 

 ʡʝʣʽʢ ʰʠʥʘװʪʘʢʪʽʣʽʢ ʞʠʽʣʽʢʪʝʨʽ ʞ שʢʦʤʧʦʥʝʥʪʪʝʨʽʥʽ ץʘʥ ʙʘʨʣrסʘʣץ
ʞʠʽʣʽʛʽʥʝ ʝʩʝʣʝʥʛʝʥ ʙʦʣʘʜʳ. ʄʳʩʘʣʳ, Pentium II CPU ʙʘʨ 266 ʄɻʮ 

ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʢʧʝʥ ʞײʤʳʩ ʽʩʪʝʡʪʽʥ ɼʂ ʞװʡʝʩʽʥʜʝʛʽ ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʢʪʝʨʽ 

װʡʝʣʽʢ ʰʠʥʘ hװʨʘʡʜʳ (ʄɻʮ): 66 ð ʞײץ ʽʥ; 133 ð ʝʢʽʥʰʽ ʜʝשʛʝʡʣʽʢ 
ʢʵʰ-ʞʘʜr hװ ʽʥ; 33 ð PCI ʰʠʥʘʩʳ hװ ʽʥ ʞᴅʥʝ 8,3 ð ISA ʰʠʥʘʩʳ hװ ʽʥ. 

ʉʦʥʳʤʝʥ, ʙʘʨʣʳץ ʞװʡʝʥʽש ᴇʥʽʤʜʽʣʽʛʽ ʪײʪʘʩ ʞװʡʝʣʽʢ ʰʠʥʘʥʳש ʪʘʢʪʽʣʽʢ 

ʞʠʽʣʽʛʽʥʝʥ ʪᴅʫʝʣʜʽ ʙʦʣʘʜʳ. 

CPU ʘʜʨʝʩʪʝʣʝ ʘʣʘʪʳʥ ʞʘʜʳ ʢᴇʣʝʤʽ ɼʂ ʞʝʜʝʣ ʞʘʜʳ ʢᴇʣʝʤʽʤʝʥ 

ʘʥrץʪʘʣʘʜʳ, ᴇʡʪʢʝʥʽ, CPU ᴇשʜʝʡʪʽʥ ʜʝʨʝʢʪʝʨ RAM-ʜʘ ʦʨʥʘʣʘʩʫʳ ʢʝʨʝʢ. 

ɽʛʝʨ ʙʽʨʽʥʰʽ ʙʫʳʥ ɼʂ ʧʨʦʮʝʩʩʦʨʣʘʨʳ ʘʜʨʝʩʪʝʣʝʪʽʥ ʞʘʜʳʥʳ1 ש ʄʙʘʡʪ 

ʝװ שʣʢʝʥ ʢᴇʣʝʤʛʝ ʠʝ ʙʦʣʩʘ, ʘʣʪʳʥʰʳ ʞᴅʥʝ ʞʝʪʽʥʰʽ ʙʫʳʥʥʳש 

ʧʨʦʮʝʩʩʦʨʣʘʨʳʥʜʘ ʙײʣ ʰʘʤʘ 64 ɻʙʘʡʪ ײץʨʘʡʜʳ, ʘʣ Intel Itanium 

ʧʨʦʮʝʩʩʦʨʳʥʜʘ ð 4 ʊʙʘʡʪ (ʊʙʘʡʪ [terabyte] ð 1 024 ɻʙʘʡʪ-ץʘ ʪʝש ʞʘʜʳ 

ʢᴇʣʝʤʽʥʽש ᴇʣʰʝʤ ʙʽʨʣʽʛʽ). 

 
2.6.2. ᴄʨ ʪװʨʣʽ ʙʫʳʥʜʘʨʜʘrס  ʧʨʦʮʝʩʩʦʨʣʘʨʜʳש 

ʝʨʝʢʰʝʣʽʢʪʝʨʽ 

ɹʽʨʽʥʰʽ ʞϸʥʝ ʝʢʽʥʰʽ ʙʫʳʥ ʧʨʦʮʝʩʩʦʨʣʘʨʳ CPU 8086/8088 ʞᴅʥʝ 

80286 ʢᴇʨʩʝʪʽʣʛʝʥ. 8086/8088 ʧʨʦʮʝʩʩʦʨʜʳש ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʛʽ 4,77 ʄɻʮ 

ʞᴅʥʝ ʞʝʜʝʣ ʞʘʜʳʩʳ 256 ʢʙʘʡʪ. ɽʢʽʥʰʽ ʙʫʳʥ ʧʨʦʮʝʩʩʦʨʳ ץʦʨסʘʣסʘʥ 

ʞײʤʳʩ ʨʝʞʠʤʽʥʝ ʠʝ ʙʦʣʜʳ, 16 ʄʙʘʡʪ ʬʠʟʠʢʘʣʳץ ʞᴅʥʝ 1 ɻʙʘʡʪ 

ʚʠʨʪʫʘʣʜʳ ʞʘʜʳסʘ ʞװʛʽʥʝ ʘʣʜʳ. 
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80286 ʧʨʦʮʝʩʩʦʨʣʘʨʳʥʳש ʽʰʽʥʜʝʛʽ ʝש ʤ rץʪʳʣʘʨʳ ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʛʽ 20 

ʄɻʮ ʞʝʪʪʽ. 

80386 Ϯh ʽʥʰʽ ʙʫʳʥ ʧʨʦʮʝʩʩʦʨʣʘʨʳ ʘʣʜʘrס  ᴇʪʢʝʥ 

ʙʘʩʪʘʤʘʰʳʣʘʨʳʥʘʥ ʚʠʨʪʫʘʣʜʳ ʨʝʞʠʤʜʝ ʞײʤʳʩ ʽʩʪʝʫ ʤװʤʢʽʥʜʽʛʽʤʝʥ, 

ʘʥʘʣʳץ ʪʘץʪʘʜʘ ʦʨʥʘʣʘʩץʘʥ CPU ʩʳʨʪrץ  ʢʵʰ-ʞʘʜʳʩʳʥʳש ʞᴅʥʝ CPU 

32-ʨʘʟʨʷʜʪʳ ʷʜʨʦʩʳʤʝʥ ʙʦʣʫʳʤʝʥ ʝʨʝʢʰʝʣʝʥʜʽ. 32-ʨʘʟʨʷʜʪʳ 386 DX 

ʧʨʦʮʝʩʩʦʨʳʥʜʘ 33 ʄɻʮ-ʪrץ ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʢ ʙʦʣʜʳ, 4 ɻʙʘʡʪ ʜʝʡʽʥ 

ʬʠʟʠʢʘʣʳץ ʞʘʜʳ ʘʜʨʝʩʪʝʣʫʽʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʪʽ ʞᴅʥʝ ʚʠʨʪʫʘʣʜʳ ð 64 

ɻʙʘʡʪ ʜʝʡʽʥ. 

80486 ʪϺʨʪʽʥʰʽ ʙʫʳʥ ʧʨʦʮʝʩʩʦʨʣʘʨʳ hװ ʽʥʰʽ ʙʫʳʥ 

ʧʨʦʮʝʩʩʦʨʣʘʨʳʥʘʥ CPU-ʜrש ʷʜʨʦʩʳʥʘ ʢʵʰ-ʞʘʜʳ ʤʝʥ ʩʦʧʨʦʮʝʩʩʦʨ 

ʠʥʪʝʛʨʘʮʠʷʣʘʥʫʳʤʝʥ, ʩʦʥʜʘʡ-ʘץ ʝʩʝʧʪʝʫʣʝʨʜʽש 

ʢʦʥʚʝʡʝʨʠʟʘʮʠʷʣʘʥʫʳ ʞװʟʝʛʝ ʘʩʳʨʳʣסʘʥ. 

ʉʦʧʨʦʮʝʩʩʦʨ, ʥʝʤʝʩʝ ʤʘʪʝʤʘʪʠʢʘʣʳϨ (Numeric Processing Unit ð 

NPU), ץʘʣrץ ʤʘ ʥװʢʪʝʩʽʤʝʥ ʘʨʠʬʤʝʪʠʢʘʣʳץ ʘʤʘʣʜʘʨʜʳ ʦʨʳʥʜʘʫסʘ 

ʘʨʥʘʣסʘʥ. ʆʣ ʞװʡʝʥʽ ʙʘʩץʘʨʤʘʡʜʳ, CPU-ʜʘʥ ʘʨʠʬʤʝʪʠʢʘʣʳץ 

ʘʤʘʣʜʘʨʜʳ ʦʨʳʥʜʘʫסʘ ʞᴅʥʝ ʥᴅʪʠʞʝʣʝʨʜʽ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ʢʦʤʘʥʜʘ 

ʢװʪʝʜʽ. 

ʊᴇʨʪʽʥʰʽ ʙʫʳʥʜʘrס  CPU ʪʠʧʪʽʢ ᴇʢʽʣʜʝʨʽ ʙʦʣʳʧ 33 ...50 ʞᴅʥʝ 20 ... 

33 ʄɻʮ ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʢʪʝʛʽ ʩᴅʡʢʝʩ ʜʠʘʧʘʟʦʥʜʘʨʳ ʙʘʨ 80486DX ʞᴅʥʝ 

80486SX ʪʘʙʳʣʘʜʳ. 

Pentium ʪʠʧʪʝʛʽ ʙʝʩʽʥʰʽ ʙʫʳʥʜʘϤr  ʧʨʦʮʝʩʩʦʨʣʘʨ 66 ʄɻʮ ʪʘʢʪʽʣʽʢ 

ʞʠʽʣʽʛʽ ʙʘʨ 64-ʨʘʟʨʷʜʪʳ ʞװʡʝʣʽʢ ʰʠʥʘʥʳ ʩװʡʝʤʝʣʜʝʡʜʽ, ᴇʪʫʣʝʨʜʽ 

ʙʦʣʞʘʫ ʞᴅʥʝ ʝʢʽ ʙʝʩ ʩʘʪʳʣʳ ʢʦʥʚʝʡʝʨʣʝʨʜʽש ʢᴇʤʝʛʽʤʝʥ ʜʝʨʝʢʪʝʨʜʽ 

ʧʘʨʘʣʣʝʣʴ ʢʦʥʚʝʡʝʨʣʽʢ ᴇשʜʝʫ ʪʝʭʥʦʣʦʛʠʷʩʳ ʙʦʣʘʜʳ. ᴆʪʫʣʝʨʜʽ ʙʦʣʞʘʫ 

ᴇʪʫ ʘʜʨʝʩʽʥʽש ʘʨʥʘʡʳ ʙʫʬʝʨʽʥʜʝ ʩʦשr256 ס ᴇʪʫʣʝʨ ʪʫʨʘʣʳ ʜʝʨʝʢʪʝʨʜʽ 

ʩʘץʪʘʫʜʳש ʘʨץʘʩʳʥʜʘ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. 16 ʢʙʘʡʪ ʢᴇʣʝʤʽ ʙʘʨ ʢʵʰ- 

ʞʘʜʳ 8 ʢʙʘʡʪʪʘʥ ʜʝʨʝʢʪʝʨ ʞʘʜʳʩʳʥʘ ʞᴅʥʝ ʢʦʤʘʥʜʘʣʘʨ ʞʘʜʳʩʳʥʘ 

ʙᴇʣʽʥʛʝʥ, ʦʣ ʢʦʤʘʥʜʘʣʘʨ ʤʝʥ ʜʝʨʝʢʪʝʨʜʽץ שʠʳʣʳʩʫʳʥ ʙʦʣʜʳʨʤʘʡʜʳ. 

ɸʣʪʳʥʰʳ ʙʫʳʥ ʧʨʦʮʝʩʩʦʨʣʘʨʳ 64-ʨʘʟʨʷʜʪʳ ʞװʡʝʣʽʢ ʰʠʥʘʥʳ 

ʞᴅʥʝ ʢᴇʧʧʨʦʮʝʩʩʦʨʣʳ ʞװʡʝʣʝʨʜʽש ʞײʤʳʩʳʥ ʩװʡʝʤʝʣʜʝʡʜʽ. 

Intel ʬʠʨʤʘʩʳʥʳש ʘʣʪʳʥʰʳ ʙʫʳʥʳʥʳש ʘʣסʘ rhץ  CPU Pentium Pro 

ʜʝʛʝʥ  ʘʪץʘ  ʠʝ. Pentium-ʤʝʥ   ʩʘʣʳʩʪʳʨסʘʥʜʘ Pentium Pro 

ʧʨʦʮʝʩʩʦʨʣʘʨʳʥʜʘ ʜʝʨʝʢʪʝʨʜʽ ʙʝʩʪʝʥ 14-ʢʝ ʜʝʡʽʥ ʢʦʥʚʝʡʝʨʣʽʢ ᴇשʜʝʫ 

ʢʝʟʽʥʜʝ ʩʘʪʳʣʘʨʜʳש ʘʨʪʫʳʤʝʥ ʝʢʽ ʝʤʝʩ, ʪᴇʨʪ ʢʦʥʚʝʡʝʨ, ᴇʪʫʣʝʨʜʽ 

ʙʦʣʞʘʫʜʳש ʞʝʪʽʣʜʽʨʽʣʛʝʥ ʪʝʭʥʦʣʦʛʠʷʩʳ ʙʦʣʘʜʳ. Pentium Pro CPU 

ʝʨʝʢʰʝʣʽʛʽ ʙʦʣʳʧ ʘʥʘʣʳץ ʪʘץʪʘʜʘʥ CPU-סʘ ʦʨʳʥ ʘʣʤʘʩʪʳʨʫ ʩʘʣʜʘʨʳʥʘʥ 

CPU ʝש  ʢᴇʧ  ʞʠʽʣʽʢʪʝ ʞײʤʳʩ  ̔ ʩʪʝʡ ʘʣʘʪʳʥ  ʝʢʽʥʰʽ ʜʝשʛʝʡʣʽʢ 

ʠʥʪʝʛʨʘʮʠʷʣʘʥסʘʥ ʢʵʰ-ʞʘʜʳ ʪʘʙʳʣʘʜʳ. Pentium Pro CPU ʤʳץʪʳ 

ʝʩʝʧʪʝʫʽʰ ײץʨʘʣʜʘʨʳʤʝʥ ʞײʤʳʩ ʽʩʪʝʡʪʽʥ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨסʘ ʘʨʥʘʣסʘʥ. 

Pentium  II  ʧʨʦʮʝʩʩʦʨʳ  ʄʄʍ ʪʝʭʥʦʣʦʛʠʷʩʳ ʙʘʨ  Pentium Pro 

ʘʨʭʠʪʝʢʪʫʨʘʩʳʥ װʡʣʝʩʪʽʨʝʜʽ. Pentium II CPU ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʛʽ 233 ʙʘʩʪʘʧ 

450 ʄɻʮ ʜʝʡʽʥ ʜʠʘʧʘʟʦʥʜʘ ʙʦʣʘʜʳ, ʘʣ ʦʥrש ʘʥʘʣʳץ ʪʘץʪʘʥʳש ʞװʡʝʣʽʢ 

ʰʠʥʘʩʳʥʳש ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʛʽ ð 66 ʙʘʩʪʘʧ 100 ʄɻʮ ʜʝʡʽʥ. 53 



Pentium Iɯ ʘʣʤʘʩʪʳʨʘʪʳʥ Pentium III ʙʝʡʥʝʣʝʨʜʽ, ʘʫʜʠʦ- ʞᴅʥʝ 

ʙʝʡʥʝʜʝʨʝʢʪʝʨ ʘrס ʥʳʥ, ʩᴇʟʜʝʨʜʽ ʪװʩʽʥʫʜʽ ᴇשʜʝʫ ʤװʤʢʽʥʰʽʣʽʢʪʝʨʽʥ 

ʢʝשʝʡʪʝʜʽ, ʧʨʦʮʝʩʩʦʨʜʳש ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʛʽ 600 ʄɻʮ ʘʩʪʘʤ ʙʦʣʘʜʳ, ʘʣ 

ʞװʡʝʣʽʢ ʰʠʥʘʥʳש ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʛʽ 1,33 ɻɻʮ. 
Celeron ʪʫʳʩʪʘʩʳʥʳש CPU ʧʘʡʜʘʣʘʥʫʰʳʣʘʨʜʳ ʧʨʦʮʝʩʩʦʨʣʘʨʜʳש 

ʞʘשʘ ʙʫʳʥʳʥʘ ᴇʪʫ ʧʨʦʮʝʩʽʥ ʞʝʜʝʣʜʝʪʫʛʝ ʘʨʥʘʣסʘʥ Pentium II ʥײʩץʘʩʳʥ 

ʙʽʣʜʽʨʝʜʽ. 

AMD ʬʠʨʤʘʩʳ AMD K6-2 ʪʫʳʩʪʘʩʳʥʳש ʧʨʦʮʝʩʩʦʨʣʘʨʳ 

hװ ᴇʣʰʝʤʜʽ ʛʨʘʬʠʢʘ ʥײʩץʘʫʣʳץʪʘʨʳʥ, ʘʫʜʠʦ- ʞᴅʥʝ ʚʠʜʝʦʜʝʨʝʢʪʝʨʜʽ 

ʞʝʜʝʣʜʝʪʽʧ ᴇשʜʝʫ hװ ʽʥ ʢʦʥʚʝʡʝʨʣʽʢ ײץʨʳʣʳʤʳʤʝʥ ʷʜʨʦʜʘ CPU 

ʤʦʜʫʣʴʛʝ ʠʝ ʙʦʣʘʜʳ, ʦʣ 266 ʙʘʩʪʘʧ 450 ʄɻʮ ʜʝʡʽʥ ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʢʪʝ 

ʞװʡʝʣʽʢ ʰʠʥʘʥʳ95 ,66 ש ʞᴅʥʝ 100 ʄɻʮ ʞʠʽʣʽʛʽʥʜʝ ʞײʤʳʩ ʽʩʪʝʡʪʽʥ 

ʧʨʦʮʝʩʩʦʨʜʳש ᴇʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʜʳ. AMD K6-3 ʧʨʦʮʝʩʩʦʨʳʥʳש 

ʷʜʨʦʩʳʥʘ ʧʨʦʮʝʩʩʦʨ ʞʠʽʣʽʛʽʥʜʝ ʞײʤʳʩ ʽʩʪʝʡʪʽʥ ʝʢʽʥʰʽ ʜʝשʛʝʡʣʽʢ ʢʵʰ- 

ʞʘʜʳʥʳ256 ש ʢʙʘʡʪ ʠʥʪʝʛʨʘʮʠʷʣʘʥסʘʥ, ʘʣ ʘʥʘʣʳץ ʪʘץʪʘʜʘ ʢᴇʣʝʤʽ 512 

ʙʘʩʪʘʧ 2 048 ʢʙʘʡʪ ʙʦʣʘʪʳʥ hװ ʽʥʰʽ ʜʝשʛʝʡʣʽʢ ʢʵʰ-ʞʘʜʳʩʳ ʦʨʥʘʣʘʩʘʜʳ. 

ɾʝʪʽʥʰʽ ʙʫʳʥ ʧʨʦʮʝʩʩʦʨʣʘʨʳ 1 ɻɻʮ ʘʩʪʘʤ ʞʝʢʝ ʞʠʽʣʽʛʽʥʝ ʠʝ ʞᴅʥʝ 

ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʛʽ 400 ʄɻʮ ʜʝʡʽʥ ʙʦʣʘʪʳʥ ʞʘשʘ ʞװʡʝʣʽʢ ʰʠʥʘʩʳʥ 

ʩװʡʝʤʝʣʜʝʡʜʽ. AMD ʢʦʨʧʦʨʘʮʠʷʩʳʥʳש CPU K-7 Athlon ʜʝʧ ʘʪʘʣʘʜʳ. 

ɹʽʨʽʥʰʽ ʙʫʳʥʜʘrס  CPU Athlon ʪʝʭʥʦʣʦʛʠʷʥʳ0,22 ש ʤʢʤ ʥʝʛʽʟʜʝʣʛʝʥ 

ʞᴅʥʝ ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʛʽ 700 ʄɻʮ ʙʦʣʘʜʳ, ʘʣ ʝʢʽʥʰʽ ʙʫʳʥ 0,18 ʤʢʤ 
ʪʝʭʥʦʣʦʛʠʷʩʳʥʘ ᴇʪʫ ʢʝʟʽʥʜʝ 1000 ʄɻʮ ʞʠʽʣʽʢʪʽ ײץʨʘʡʜʳ. 

Intel ʢʦʨʧʦʨʘʮʠʷʩʳʥʳש Pentium IV (Willamate) ʉPU ʩᴇʟʜ̔ש 

ʰʳʥʜrrס ʥʘ ʢʝʣʛʝʥʜʝ Pentium Pro ʞʘשʘʨʪʳʣʫʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 2,6 

ɻɻʮ ʜʝʡʽʥ ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʢʢʝ ʠʝ ʞᴅʥʝ ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʛʽ (100 ʄɻʮ ʭ 4 = = 

400 MDJ,) ʙʽʨ ʪʘʢʪ ʽʰʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ4 ש ʧʘʢʝʪʽʥ ʙʝʨʝ ʘʣʘʪʳʥ Quard 

Pumped ʞװʡʝʣʽʢ ʰʠʥʘʩʳʥ ץʦʣʜʘʥʘʜʳ. ɽʢʽʥʰʽ ʜʝשʛʝʡ ʢʵʰ-ʞʘʜʳʩʳʥʳש 

ʢᴇʣʝʤʽ 256 ʂʙʘʡʪ ײץʨʘʡʜʳ. ʇʨʦʮʝʩʩʦʨʜʳש ʷʜʨʦʩʳ 0,18 ʤʢʤ 

ʪʝʭʥʦʣʦʛʠʷʩʳ ʙʦʡʳʥʰʘ ʦʨʳʥʜʘʣסʘʥ. 
Pentium IV(Northwood) ʉPU ʦʥʳש ʷʜʨʦʩʳ 0,13 ʤʢʤ ʪʝʭʥʦʣʦʛʠʷʩʳ 

ʙʦʡʳʥʰʘ ʜʘʡʳʥʜʘʣʫʳʤʝʥ ʝʨʝʢʰʝʣʝʥʝʜʽ, ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʢʪʽ 3,06 ɻɻʮ 

ʜʝʡʽʥ ʘʨʪʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʞʘʩʘʜʳ, 512 ʢʙʘʡʪ ʜʝʡʽʥ ʞᴅʥʝ ʞװʡʝʣʽʢ 
ʰʠʥʘʥʳש ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʛʽʥ 533 ʄɻʮ ʤʦʙʠʣʴʜʽ ץʦʩʳʤʰʘʣʘʨסʘ 

ʙʘrס ʪʪʘʣסʘʥ. Intel Pentium M ʧʨʦʮʝʩʩʦʨʳ ʤʦʙʠʣʴʜʽʢ ɼʂ-ʜʝ ץʦʣʜʘʥʫסʘ 

ʙʘrס ʪʪʘʣסʘʥ. 

Intel Celeron ʧʨʦʮʝʩʩʦʨʳ Pentium IV ʥײʩץʘʩʳʥʳש rץʩץʘʨʪʳʣסʘʥ 

ʥײʩץʘʩʳʥ ʙʝʡʥʝʣʝʡʜʽ. ɸʣסʘ rhץ  Celeron ʧʨʦʮʝʩʩʦʨʣʘʨʳ ð ʝʢʽʥʰʽ 

ʜʝשʛʝʡʣʽʢ ʢʵʰ-ʞʘʜʳʥʳש rץ ʤʙʘʪ ʤʠʢʨʦʩʭʝʤʘʣʘʨʳʥʳש ʙʦʣʤʘʫʳʤʝʥ 

ʝʨʝʢʰʝʣʝʥʛʝʥ Pentium II ʘʥʘʣʦʛʪʘʨʳ. ʉPU Celeron ʰʳסʘʨʳʣʳʤʳ 

Pentium III ʞᴅʥʝ Pentium IV ʧʘʡʜʘ ʙʦʣסʘʥʥʘʥ ʢʝʡʽʥ ʜʝ ʞʘʣסʘʩʪʳ. 

ʆʣʘʨʜrש ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʛʽ ð 2,88 ɻʛʮ ʜʝʡʽʥ; ʞװʡʝʣʽʢ ʰʠʥʘʥʳש ʞʠʽʣʽʛʽ 
ð 400 ʄɻʮ ʜʝʡʽʥ; ʝʢʽʥʰʽ ʜʝשʛʝʡʣʽʢ ʢʵʰ-ʞʘʜʳʥʳש ʢᴇʣʝʤʽ ð 256 ʢʙʘʡʪ; 

ʪʝʭʥʦʣʦʛʠʷ ð 0,13 ʞᴅʥʝ 0,18 ʤʢʤ. 
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Intel Celeron D ʉPU ʥʝʛʽʟʽʥʝʥ װʡ ʤʫʣʴʪʠʤʝʜʠʘʣʳץ ץʦʣʜʘʥʳʩץʘ ʠʝ, 

0,065 ʞᴅʥʝ 0,09 ʤʢʤ ʪʝʭʥʦʣʦʛʠʷʩʳ ʙʦʡʳʥʰʘ ʞʘʩʘʣסʘʥ, ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʛʽ 

3,2 ɻɻʮ ʜʝʡʽʥ, ʞװʡʝʣʽʢ ʰʠʥʘ ʞʠʽʣʽʛʽ 533 ʄɻʮ ʞᴅʥʝ ʝʢʽʥʰʽ ʜʝשʛʝʡʣʽʢ 

ʢʵʰ-ʞʘʜʳʥʳש ʢᴇʣʝʤʽ 512 ʢʙʘʡʪ ʜʝʡʽʥ. 

ʉʝʛʽʟʽʥʰʽ ʙʫʳʥ ʧʨʦʮʝʩʩʦʨʣʘʨʳʥʘ AMD Opteron ʧʨʦʮʝʩʩʦʨʳ ʞᴅʥʝ 
Athlon 64 (Turion 64) ʪװʨʣʽ ʤʦʜʠʬʠʢʘʮʠʷʣʘʨʳ, ʩʦʥʜʘʡ-ʘץ Intel Itanium 

ʞʘʪʘʜʳ. Athlon 64 ʉPU ʙʘʩʪʘʧrץ ʜʘ װʩʪʝʣʜʽʢ ɼʂ-ʜʝ ʞᴅʥʝ ʥʦʫʪʙʫʢʪʝʨʜʝ 

װʦʣʜʘʥʫ hץ ʽʥ ʘʨʥʘʣסʘʥ ʙʦʣʘʪʳʥ. Athlon 64 (2 800+, 3 000+, 3 200+, 3 

400+, 3 500+, 3 700+, 3 800+ ʠ 4 000+) ʧʨʦʮʝʩʩʦʨʣʘʨʳʥʳש ʪʫʳʩʳ 0,09 

ʞᴅʥʝ 0,13 ʤʢʤ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʙʦʡʳʥʰʘ ʞʘʩʘʣסʘʥ ʞᴅʥʝ 32- ʤʝʥ 64- 

ʨʘʟʨʷʜʪʳ ʧʨʦʮʝʩʩʦʨʣʘʨ ʘʨʘʩʳʥʜʘ ʘʨʘʣʳץ ʙʫʳʥ ʨʝʪʽʥʜʝ ʪײʨʘץʪʘʥʘʜʳ. 

ʆʣʘʨʜʳש ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʛʽ 2,4 ɻɻʮ ʜʝʡʽʥ ʞᴅʥʝ ʝʢʽʥʰʽ ʜʝשʛʝʡʣʽʢ ʢʵʰ- 

ʞʘʜʳʥʳש ʢᴇʣʝʤʽ 1 024 ʢʙʘʡʪ ʜʝʡʽʥ. 
Intel Itanium ð װʣʢʝʥ ʜʝʨʝʢ ץʦʨʣʘʨʳʤʝʥ, ʜʝʨʝʢʪʝʨʜʽ ʞᴅʥʝ ʙʠʟʥʝʩ- 

ʪʘʣʜʘʫʜʳ, ʢװʨʜʝʣʽ ʪʝʭʥʠʢʘʣʳץ ʝʩʝʧʪʝʫʣʝʨʜʽ ʦʨʳʥʜʘʡʪʳʥ 
ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʞʦʙʘʣʘʫ ʞװʡʝʣʝʨʽʥ (ɸɾɾ) ʞʠʥʘʫסʘ ʘʨʥʘʣסʘʥ 

 ʤʳʩ ʽʩʪʝʡʪʽʥ ʩʝʨʚʝʨʣʝʨ ʤʝʥ ʢʦʤʧʴʶʪʝʨʣʝʨʛʝײʦʩʳʤʰʘʣʘʨʤʝʥ ʞץ

ʘʨʥʘʣסʘʥ ʘʣסʘ rhץ  64-ʨʘʟʨʷʜʪʳ ʧʨʦʮʝʩʩʦʨ. ʆʥʳש ʥʝʛʽʟʛʽ ʘʨʪʳhץ ʳʣrrס  
ʙʦʣʳʧ ʧʨʦʮʝʩʩʦʨ ʞװʛʽʥʝ ʘʣʘʪʳʥ ʘʜʝʨʩʪʝʣʝʪʽʥ ʞʘʜʳ ʢᴇʣʝʤʽ ʪʘʙʳʣʘʜʳ. 

ʉʘʣʳʩʪʳʨʫ hװ ʽʥ: Pentium Pro/II/III/IV ʉPU 64 ɻʙʘʡʪ ʞʝʜʝʣ ʞʘʜʳסʘ 

ʞװʛʽʥʝ ʘʣʘʜʳ, Itanium ð 16 ʊʙʘʡʪ-ץʘ, ʦʣ ʰʘʤʘʤʝʥ 270 ʤʣʥ ʝʩʝ ʢᴇʧ. Intel 
Itanium 2 ʩʝʨʠʷʩʳ ʞʦסʘʨʳ ᴇʥʽʤʜʽ ʩʝʨʚʝʨʣʝʨ ʤʝʥ ʞײʤʳʩ 

ʩʪʘʥʮʠʷʣʘʨʳʥʳש ʞײʤʳʩʳʥʘ ʘʨʥʘʣסʘʥ. Itanium 2 (MP) 

ʤʦʜʠʬʠʢʘʮʠʷʩʳʥʳש ʝװ שʣʢʝʥ ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʛʽ ʙʘʨ, ʞװʡʝʣʽʢ 128- 
ʨʘʟʨʷʜʪʳ ʰʠʥʘʥʳש ʝש ʢᴇʧ ʞʠʽʣʽʛʽ 667 ʄɻʮ ʞᴅʥʝ Itanium 2 (MP), Itanium 

2 (DP) ʤʦʜʠʬʠʢʘʮʠʷʣʘʨʳ hװ ʽʥ ʙʽʨʽʥʰʽ (L1) ʞᴅʥʝ ʝʢʽʥʰʽ (L2) ʜʝשʛʝʡʣʽʢ 

ʢʵʰ-ʞʘʜʳʥʳש ʢᴇʣʝʤʜʝʨʽ 32 ʞᴅʥʝ 256 ʙʦʣסʘʥʜʘ ʪʠʽʩʽʥʰʝ hװ ʽʥʰʽ 
ʜʝשʛʝʡʣʽʢ ʢʵʰ-ʞʘʜʳʥʳש (L3) ʝש ʢᴇʧ ʢᴇʣʝʤʽ 9 ʄʙʘʡʪ. 

ʊʦϤr ʟʳʥʰʳ ʙʫʳʥϤʘ ʢϺʧʷʜʨʦʣʳ ʧʨʦʮʝʩʩʦʨʣʘʨʜʳ ʞʘʪrץ ʟʘʜʳ, ʦʣʘʨ 

hװ ʽʥ ʘʨʥʘʡʳ ʢᴇʧʷʜʨʦʣʳ ʤʠʢʨʦʘʨʭʠʪʝʢʪʫʨʘ ʞʘʩʘʣסʘʥ. Intel ʬʠʨʤʘʩʳʥʳש 

ʤײʥʜʘʡ ʧʨʦʮʝʩʩʦʨʣʘʨʳʥʘ ʂ-10 ʤʠʢʨʦʘʨʭʠʪʝʢʪʫʨʘ ʙʘʟʘʩʳʥʜʘ 

ʦʨʳʥʜʘʣסʘʥ Intel Core 2 ʩʝʨʠʷʩʳ, AMD ʬʠʨʤʘʩʳʥʳש ð Phenom ʩʝʨʠʷʩʳ 

ʞʘʪʘʜʳ. 

ɸʣסʘ rhץ  Intel Core 2 ʧʨʦʮʝʩʩʦʨʣʘʨʳ 65 ʥʤ ʪʝʭʥʦʣʦʛʠʷʩʳ ʙʦʡʳʥʰʘ 
ʦʨʳʥʜʘʣסʘʥ. 

Intel ʬʠʨʤʘʩʳ Intel Core 2 ʪʫʳʩʳ ʧʨʦʮʝʩʩʦʨʣʘʨʳʥʳש ʙʽʨʥʝʰʝ 

ʥײʩץʘʣʘʨʳʥ ʙʽʨʫʘrץ ʪʪʘ ʞʘʩʘʧ ʰʳסʘʨʫʤʝʥ ʘʡʥʘʣʳʩʪʳ. ɸʣסʘ rhץ  ʙʦʣʳʧ 

4 ʄʙʘʡʪ ʢʵʰ-ʞʘʜʳʩʳ ʞᴅʥʝ 291 ʤʣʥ ʪʨʘʥʟʠʩʪʦʨʣʘʨʳ ʙʦʣʘʪʳʥ ʝʢʽ 
ʷʜʨʦʣʳ ʧʨʦʮʝʩʩʦʨʣʘʨ Conroe ʞᴅʥʝ Merom ʧʘʡʜʘ ʙʦʣʜʳ. Conroe 

ʧʨʦʮʝʩʩʦʨʣʘʨʳ װʩʪʝʣʜʽʢ ʞװʡʝʣʝʨʛʝ (ɼʂ) ʘʨʥʘʣסʘʥ ʝʜʽ ʞᴅʥʝ ʪʘʢʪʽʣʽʢ 

ʞʠʽʣʽʢʪʝʨʽ 1,86 ... 3 ɻɻʮ ʜʝʡʽʥ ʰʳסʘʨʳʣʜʳ. ʇʨʦʮʝʩʩʦʨʳ Merom 
ʧʨʦʮʝʩʩʦʨʣʘʨʳ ʤʦʙʠʣʴʜʽʢ ʞװʡʝʣʝʨʜʝ (ʥʦʫʪʙʫʢ) ץʦʣʜʘʥʫסʘ ʘʨʥʘʣʜʳ, 

ʩʦʥʜʳץʪʘʥ ʦʣʘʨʜʳ ʰʳסʘʨסʘʥ ʢʝʟʜʝ ʝʨʝʢʰʝ ʥʘʟʘʨʜʘ ʪᴇʤʝʥʜʝʛʝʥ ʵʥʝʨʛʠʷ 

ʧʘʡʜʘʣʘʥʫ ʙʦʣʜʳ, ʩᴅʡʢʝʩʽʥʰʝ ʦʣʘʨʜʘ ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʢʪʝʨ ʪᴇʤʝʥ ʙʦʣʜʳ ð 

1,06 ...2,4 ɻɻʮ.
 55 



Intel ʬʠʨʤʘʩʳʥʳש ʪᴇʨʪ ʷʜʨʦʣʳ Kentsfield ʧʨʦʮʝʩʩʦʨʣʘʨʳ ʙʽʨ 
ʢʦʨʧʫʩʪʘrס  ʝʢʽ Conroe ʧʨʦʮʝʩʩʦʨʳʥ ʙʝʡʥʝʣʝʡʜʽ. ʆʩʳ 
ʧʨʦʮʝʩʩʦʨʣʘʨʜʳש ʷʜʨʦʩʳ Conroe ʧʨʦʮʝʩʩʦʨʣʘʨʳʥʳש 
ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ʠʝ, ʙʽʨʘץ ʧʨʦʮʝʩʩʦʨʜʳ582 ש ʤʣʥ ʪʨʘʥʟʠʩʪʦʨʣʘʨʳ 
ʙʦʣʘʜʳ. 
Intel Core ʪʫʳʩʳʥʳש ʧʨʦʮʝʩʩʦʨʣʘʨʳʥʜʘ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʥʦʨʤʘ ð 

45 ʥʤ ʞװʟʝʛʝ ʘʩʳʨʳʣסʘʥ. ɽʢʽ ʷʜʨʦʣʳ ʞᴅʥʝ ʢʵʰ-ʞʘʜʳʩʳ 6 ʄʙʘʡʪ 
ʙʦʣʘʪʳʥ ʧʨʦʮʝʩʩʦʨ ʤʦʜʝʣʴʜʝʨʽʥʜʝ 410 ʤʣʥ ʪʨʘʥʟʠʩʪʦʨ ʙʦʣʜʳ, ʘʣ 12 
ʄʙʘʡʪʪʳץ ʪᴇʨʪ ʷʜʨʦʣʳ ʧʨʦʮʝʩʩʦʨ ʤʦʜʝʣʴʜʝʨʽʥʜʝ ð 820 ʤʣʥ 
ʪʨʘʥʟʠʩʪʦʨ ʙʦʣʜʳ. ʇʨʦʮʝʩʩʦʨʣʘʨʜʳש ʦʩʳ ץʘʪʘʨʳ ᴅʨ ʪװʨʣʽ ʪʘʢʪʽʣʽʢ 
ʞʠʽʣʽʢʪʝʨʤʝʥ (2,1 ... 3,33 ɻɻʮ) ʞᴅʥʝ ʞװʡʝʣʽʢ ʰʠʥʘ ʪʘʢʪʽʣʽʢʪʝʨʽʤʝʥ 
(800, 1 066 ʞᴅʥʝ 1 333 ʄɻʮ) ʝʨʝʢʰʝʣʝʥʽʧ ʦʪʳʨʜʳ. 
ʊʦrס ʟʳʥʰʳ ʙʫʳʥ AMD ʬʠʨʤʘʩʳʥʳש ʧʨʦʮʝʩʩʦʨʣʘʨʳ ð Phenom 

ʪʫʳʩʳ ʂ-10 ʤʠʢʨʦʘʨʭʠʪʝʢʪʫʨʘ ʙʘʟʘʩʳʥʜʘ ʞװʟʝʛʝ ʘʩʳʨʳʣסʘʥ. ʆʣʘʨ 
65 ʥʤ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʥʦʨʤʘ ʥʝʛʽʟʽʥʜʝ ʞʘʩʘʣʜʳ. ɹײʣ ʧʨʦʮʝʩʩʦʨʣʘʨ 
ð ʪᴇʨʪ ʷʜʨʦʣʳ, ʘʣʜʳשrסʣʘʨʳʥʘʥ ʘʡʳʨʤʘʰʳʣʳrס  ʙʘʨʣʳץ ʪᴇʨʪ 
ʷʜʨʦʣʘʨʳ ʜʘ ʙʽʨ ʢʨʠʩʪʘʣʜʘ ʦʨʥʘʣʘʩץʘʥ. ʉʦʥʳʤʝʥ ץʘʪʘʨ ʦʣʘʨסʘ Intel 
Core ʧʨʦʮʝʩʩʦʨʣʘʨʜʘrס ʜʘʡ ʝʥʜʽʨʽʣʛʝʥ ʘʥʘʣʦʛʪʳץ ʙʽʨץʘʪʘʨ ʞʘשʘ 
ʰʝʰʽʤʜʝʨ ʝʥʜʽʨʽʣʛʝʥ. 
ʆʥʳʥʰʳ ʙʫʳʥ ʧʨʦʮʝʩʩʦʨʣʘʨʳʥʘ Intel Core i7 ʧʨʦʮʝʩʩʦʨʣʘʨʳʥ 

ʞʘʪrץ ʟʘʜʳ, ʦʣʘʨ 45 ʪʝʭʥʦʣʦʛʠʷʣʳץ ʥʦʨʤʘ ʙʘʟʘʩʳʥʜʘ ʦʨʳʥʜʘʣסʘʥ, 
ʪʨʘʥʟʠʩʪʦʨʣʘʨ ʩʘʥʳ 731 ʤʣʥ ʢʝʤ ʝʤʝʩ. Intel ʬʠʨʤʘʩʳʥʳש 
ʧʨʦʮʝʩʩʦʨʣʘʨʜʳ ʞʝʪʽʣʜʽʨʫ ʩʘʣʘʩʳʥʜʘ ʢʝʣʝʩʽ ץʘʜʘʤʳ ʞʘשʘ 
ʪʝʭʥʦʣʦʛʠʷʣʳץ ʥʦʨʤʘסʘ ᴇʪʫ ï 32 ʥʤ. ɹײʣ ʧʨʦʮʝʩʩʦʨʣʘʨ ʞʘשʘ 
ʘʪʘʫסʘð Westmere ʠʝ ʙʦʣʜʳ. 
AMD ʬʠʨʤʘʩʳʥʳש ʦʥʳʥʰʳ ʙʫʳʥ ʧʨʦʮʝʩʩʦʨʣʘʨʳ Phenom II, 

Phenom II ʍɸ ʪʫʳʩʳ ʘʪʘʥʜʳ ð 45 ʥʤ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʽ 
ʙʦʡʳʥʰʘ ʦʨʳʥʜʘʣסʘʥ ʪᴇʨʪ ʷʜʨʦʣʳ ʧʨʦʮʝʩʩʦʨʣʘʨ. Phenom II ʍɸ 
ʧʨʦʮʝʩʩʦʨʳ 758 ʤʣʥ ʪʨʘʥʟʠʩʪʦʨʣʘʨʜʘʥ ʪײʨʘʜʳ ʞᴅʥʝ װʣʢʝʡʪʽʣʛʝʥ 
hװ ʽʥʰʽ ʜʝשʛʝʡʣʽʢ ʢʵʰ-ʞʘʜʳ ʙʦʣʘʜʳ (2 ... 6 ʄʙʘʡʪ). 
ɸʨʭʠʪʝʢʪʫʨʘʥʳ ʦשʪʘʡʣʘʥʜʳʨʫ ʞᴅʥʝ 45 ʥʤ ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʥʦʨʤʘʩʳʥʘ ᴇʪʫ ʝʩʝʙʽʥʝʥ AMD ʬʠʨʤʘʩʳʥʘ ᴇʟ ʧʨʦʮʝʩʩʦʨʣʘʨʳʥʳש 
ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʢʪʝʨʽʥ 3 ɻɻʮ ʜʝʡʽʥ ʘʨʪʪʳʨʘ ʘʣʜʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ 
ʪᴇʤʝʥ ʵʥʝʨʛʠʷ ʪײʪʳʥʫʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʧ, Intel ʧʨʦʮʝʩʩʦʨʣʘʨʳʥʳש 
ʙʘסʘʩʳ, ᴇʥʽʤʜʽʣʽʛʽ ʤʝʥ ʵʥʝʨʛʠʷ װʥʝʤʜʝʫ ץʘʪʳʩʳʥʜʘrס  
ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ʞʘrץ ʥʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʞʘʩʘʜʳ. 
Intel ʬʠʨʤʘʩʳʤʝʥ ʞʘʩʘʣסʘʥ ʧʨʦʮʝʩʩʦʨʣʘʨʜʳש ʦʥ ʙʽʨʽʥʰʽ ʙʫʳʥʳ 

Sandy Bridge ʞʘשʘ ʤʠʢʨʦʘʨʭʠʪʝʢʪʫʨʘʩʳʥʳש ʥʝʛʽʟʽʥʜʝ ʞװʟʝʛʝ 
ʘʩʳʨʳʣʜʳ. ʇʨʦʮʝʩʩʦʨʣʘʨ 32 ʥʤ ʪʝʭʥʦʣʦʛʠʷʩʳ ʙʦʡʳʥʰʘ 
ʦʨʳʥʜʘʣʘʜʳ. ᴄʨ ʪװʨʣʽ ʤʦʜʠʬʠʢʘʮʠʷʣʘʨʳʥʜʘ ʷʜʨʦʣʘʨ ʩʘʥʳ 1-ʜʝʥ 8- 
ʛʝ ʜʝʡʽʥ ʘʫʳʪץʠʜʳ. 
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Sandy Bridge ʢʵʰ-ʞʘʜʳʥʳש hװ  ʜʝשʛʝʡʽ ʙʦʣʘʜʳ, hװ ʽʥʰʽ ʜʝשʛʝʡ ʢʵʰ- 

ʞʘʜʳʩʳʥʳש ʢᴇʣʝʤʽ ᴅʨ ʪװʨʣʽ ᴇʢʽʣʜʝʨʽʥʜʝ 1,0 ... 1,5 ʜʝʥ ʙʘʩʪʘʧ ʘʫʳʪץʠʜʳ 

 ʄʙʘʡʪ ʜʝʡʽʥ 20 (שʘʨʘʧʘʡʳʤ ʙʽʨ ʷʜʨʦʣʳ Celeron ʧʨʦʮʝʩʩʦʨʣʘʨʳʥʳץ)

(ʩʝʨʚʝʨʣʝʨʛʝ ʘʨʥʘʣסʘʥ 8-ʷʜʨʦʣʳ ʧʨʦʮʝʩʩʦʨʣʘʨ). ʇʨʦʮʝʩʩʦʨʣʘʨʜʘ 

ʠʥʪʝʛʨʘʮʠʷʣʘʥסʘʥ ʞʝʪʽʣʜʽʨʽʣʛʝʥ ʝʢʽ ʢʘʥʘʣʜʳ ʞʘʜʳ ʢʦʥʪʨʦʣʣʝʨʽ, 

ʞװʡʝʣʽʢ ʰʠʥʘ ʢʦʥʪʨʦʣʣʝʨʽ (ʯʠʧץʘ ʢʽʨʽʢʪʽʨʽʣʛʝʥ ʞװʡʝʣʽʢ ʣʦʛʠʢʘ 

ʞʠʥʘrס ʥrש ʩʦʣʪװʩʪʽʢ ʢᴇʧʽʨʽ) ʞᴅʥʝ ʛʨʘʬʠʢʘʣrץ ʢʦʥʪʨʦʣʣʝʨʽ ʙʦʣʘʜʳ. 

ʇʨʦʮʝʩʩʦʨʜʳש ʙʘʨʣʳץ ʵʣʝʤʝʥʪʪʝʨʽ (ʷʜʨʦʣʘʨ, ʛʨʘʬʠʢʘʣʳץ 

ʢʦʥʪʨʦʣʣʝʨ, hװ  ʜʝשʛʝʡ ʢʵʰʽ) 256 ʙʠʪʪʽʢ ʢʦʤʧʦʥʝʥʪ ʘʨʘʣʳץ ʩʘץʠʥʘʣʳץ 

ʰʠʥʘ ʢᴇʤʝʛʽʤʝʥ ʙʽʨʽʢʪʽʨʽʣʛʝʥ. ʐʠʥʘ ʪᴇʨʪ 32 ʙʘʡʪʪʳץ ʩʘץʠʥʘʣʘʨʜʘʥ 

ʪײʨʘʜʳ: ʜʝʨʝʢʪʝʨ ʰʠʥʘʩʳ, ʩײʨʘʥʳʩʪʘʨ ʰʠʥʘʩʳ, ʞʘסʜʘʡ ʤʦʥʠʪʦʨʠʥʛʽ 

ʰʠʥʘʩʳ ʞᴅʥʝ ʨʘʩʪʘʫ ʰʠʥʘʩʳ. ʉʘץʠʥʘʣʳץ ʰʠʥʘʥʳש ᴇʥʽʤʜʽʣʽʛʽ 96 

ɻʙʘʡʪ/ʩ ʞʝʪʝʜʽ, ʪʘʢʪʽʣʽʢ ʞʠʽʣʽʛʽ 3 ɻɻʮ, ʦʣ ʘʣʜʳשrס ʙʫʳʥ 

ʧʨʦʮʝʩʩʦʨʣʘʨʳʥʳש ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʝʥ ʪᴇʨʪ ʝʩʝ ʘʩʳʧ ʢʝʪʝʜʽ. 

ʇʨʦʮʝʩʩʦʨʣʘʨʜʘ ʤʫʣʴʪʠʤʝʜʠʷʣʳץ ʪʘʧʩʳʨʤʘʣʘʨʜʘ ʞᴅʥʝ ץʘʣrץ ʤʘ 

ʥװʢʪʝʩʽ ʙʘʨ ʞʦסʘʨʳ ʪʝʟᴅʨʝʢʝʪʪʽʣʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʞʘשʘ 

ʢʝשʝʡʪʽʣʛʝʥ ʚʝʢʪʦʨʣʘʨ ʢʦʤʘʥʜʘʩʳʥʳש ʞʠʥʘrס  AVX (Advanced Vector 
Extension) ʞװʟʝʛʝ ʘʩʳʨʳʣסʘʥ. Sandy Bridge ʤʠʢʨʦʘʨʭʠʪʝʢʪʫʨʘʩʳʥʳש 

ʥʝʛʽʟʽʥʜʝ Ivy Bridge ʧʨʦʮʝʩʩʦʨʣʘʨʳ ʞʘʩʘʣʜʳ, ʦʣʘʨʜʳײץ שʨʳʣʳʤʳ ʜʘ 

ʜᴅʣ ʩʦʥʜʘʡ, ʙʽʨʘ22 ץ ʥʤ ʪʝʭʥʦʣʦʛʠʷʩʳ ʙʦʡʳʥʰʘ ʦʨʳʥʜʘʣʘʜʳ. 

ɸMD ʬʠʨʤʘʩʳʥʳש ʦʥ ʙʽʨʽʥʰʽ ʪʦʙʳʥʳש ᴇʢʽʣʽ Bulldozer ʧʨʦʮʝʩʩʦʨʳ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʣ ʘʣʜʳשrס ʙʫʳʥ AMD ʧʨʦʮʝʩʩʦʨʣʘʨʳʤʝʥ 

ʩʘʣʳʩʪʳʨסʘʥʜʘ ʪʦʣʳץʪʘʡ ץʘʡʪʘ ᴇשʜʝʣʛʝʥ ʘʨʭʠʪʝʢʪʫʨʘסʘ ʠʝ ʙʦʣʘʜʳ, 16 

ʷʜʨʦסʘ ʜʝʡʽʥ, hװ ʽʥʰʽ ʜʝשʛʝʡʣʽʢ ʘʨʪʳʣסʘʥ ʢʵʰ-ʞʘʜʳ ʢᴇʣʝʤʽʥʝ ʠʝ. Sandy 

Bridge ʧʨʦʮʝʩʩʦʨʣʘʨʳ ʩʠʷץʪʳ ʦʣʘʨ ʜʘ AVX ʢʦʤʘʥʜʘʣʘʨ ʞʠʥʘrס ʥ 

ʩװʡʝʤʝʣʜʝʡʜʽ ʞᴅʥʝ ʢʨʠʩʪʘʣסʘ ʠʥʪʝʛʨʘʮʠʷʣʘʥסʘʥ ʛʨʘʬʠʢʘʣʳץ ʷʜʨʦʩʳ 

ʙʦʣʘʜʳ. ʇʨʦʮʝʩʩʦʨʣʘʨסʘ ʪᴇʨʪʢʘʥʘʣʜʳ ʰʠʥʘ HyperTransport 3.0 
ʥʝʛʽʟʽʥʜʝʛʽ ʜʝʨʝʢʪʝʨʜʽ ʙʝʨʫʜʽש ʞʘץʩʘʨʪʳʣסʘʥ ʪʝʭʥʦʣʦʛʠʷʩʳ ʝʥʛʽʟʽʣʛʝʥ. 

ʇʨʦʮʝʩʩʦʨ ʪʠʧʽ ʰʝʰʽʤʽʥ ʪʘʙʫסʘ ɼʂ ץʦʣʜʘʥʳʣʘʪʳʥ ʪʘʧʩʳʨʤʘʣʘʨʤʝʥ 

ʘʥrץʪʘʣʘʜʳ. 

 
2.6.3. ʂᴇʧʷʜʨʦʣʳ ʧʨʦʮʝʩʩʦʨʣʘʨ 

 
CMP (Core Multi Processor) ʢᴇʧʷʜʨʦʣʳ ʧʨʦʮʝʩʩʦʨʣʘʨסʘ ʢᴇh ʫ ʠʜʝʷʩʳ 

1960-ʰʳ ʞʳʣʜʘʨʳ ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷ ʩʘʣʘʩʳʥʜʘrס  ʤʘʤʘʥʜʘʨסʘ 

ʪʠʝʩʽʣʽ ʙʦʣʜʳ, ᴅʣʝʤʜʝʛʽ ʘʣסʘ rhץ  ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʜʽ ʞʘʩʘʧ ʰʳסʘʨסʘʥ 

ʉʝʡʤʫʨ ʂʨʝʡ ʙʽʨʥʝʰʝ ʧʨʦʮʝʩʩʦʨʣʳ ʷʜʨʦʣʘʨʜʳש ʙʽʨʝʫʽʥʽש ʘʣʜʳʥʜʘ 

ʥʝʛʽʟʜʝʧ ץʘʥʘ ץʦʡסʘʥ ʞʦץ, ʦʣ CDC 6600 ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʽʥʝ ᴇʟ ʠʜʝʷʩʳʥ 

ʞװʟʝʛʝ ʘʩʳʨʜʳ. ɹʽʨʘץ ʩʦʣ ʫʘrץ ʪʪʘ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʘʥʳש ʞʝʪʢʽʣʽʢʩʽʟ 

ʞʦסʘʨʳ ʪʝʭʥʦʣʦʛʠʷʩʳʥʜʘrס  CPU ʘʨʭʠʪʝʢʪʫʨʘʩʳʥʜʘ ʙײʣ ʥײʩץʘ ʜʘʤʫʳʥ 

ʪʘʧʧʘʜʳ. 
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ɿʘʤʘʥʘʫʠ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʜʝשʛʝʡʜʝ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʣʘʨʜʘ 

ʢᴇʧʷʜʨʦʣʳץ ʠʜʝʷʩʳʥʳש ʪʫʳʥʜʘʫʳʤʝʥ 1990-ʰʳ ʞʳʣʜʘʨʜʳש ʝʢʽʥʰʽ 

ʞʘʨʪʳʩʳʥʜʘ Digital Equipment ʢʦʨʧʦʨʘʮʠʷʩʳʥʳש ʠʥʞʝʥʝʨʣʝʨʽ 

ʘʡʥʘʣʳʩʘ ʙʘʩʪʘʜʳ. ɯʩʢʝʨʣʽʢʪʽש ʤʳʥʘʜʘʡ ʙʘrס ʪʳʥʳש ʘʣrס ʰʘʨʪʪʘʨʳ 

ʙʦʣʳʧ Digital Equipment ʪᴅʞʽʨʠʙʝʤʝʥ ʪʝʢʩʝʨʽʣʛʝʥ ʧʨʦʮʝʩʩʦʨʣʘʨסʘ 

ʪʘʨʘʣʘʪʳʥ ʟʘשʜʳʣrץʪʘʨʳ ʪʘʙʳʣʘʜʳ. ɹʽʨʽʥʰʽʜʝʥ, ʤʦʥʦʣʠʪʪʽʢ 

(ʙʽʨʷʜʨʦʣʳ) ʧʨʦʮʝʩʩʦʨʣʘʨʜʳש ᴇʥʽʤʜʽʣʽʛʽʥʽש ʩʳʟrץʪrץ ᴇʩʽʤʽ hװ ʽʥ 

ʪʨʘʥʟʠʩʪʦʨʣʘʨʜʳש ʩʘʥʳʥʳש ʢʚʘʜʨʘʪʪʳץ ᴇʩʽʤʽʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ 

ʢʝʨʝʢ. ɽʢʽʥʰʽʜʝʥ, ʩʳʟʳץʪrץ ʝʤʝʩ ʪװʨʜʝ ʞᴅʥʝ ʤʘrש ʟʜʳʣʳrס  ʢʝʤ ʝʤʝʩ 

ʞʦʙʘʣʘʫ ʢװʨʜʝʣʽʣʽʛʽ ʘʨʪʘʜʳ. ɹʽʨʥʝʰʝ ʷʜʨʦʣʘʨʜʳש ᴇʥʽʤʜʽʣʽʛʽʥʽש 

ʞʠʥʘץʪʘʫ ʘʟ ʪʨʘʥʟʠʩʪʦʨʣʘʨʳ ʙʘʨ ʙʽʨ ʷʜʨʦ ʙʝʨʝʪʽʥʜʝʡ ʞʠʳʥʪʳץ 

ᴇʥʽʤʜʽʣʽʛʽʥ ʙʝʨʝʜʽ. ɾʝʢʝ ʷʜʨʦʣʘʨʜʳץ שʫʘʪʳʥʳש ʙ̔ ʨʽʛʫ ʞʦʙʘʩʳʥ ʞʘʩʘʧ 

ʰ rסʘʨʫ ץʘʞʝʪʪʽʣʽʛʽ ʪʫʳʥʜʘʜʳ. ʊʨʘʥʟʠʩʪʦʨʣʘʨʜʳש ʢᴇʧ ʙᴇʣʽʛʽ ʙʘʩץʘʨʫ 

ʩʭʝʤʘʣʘʨʳʥʘ ʙʝʨʽʣʛʝʥʜʝ ʞᴅʥʝ ʘʨʠʬʤʝʪʠʢʘʣʳץ ʞᴅʥʝ ʣʦʛʠʢʘʣʳץ 

ʦʧʝʨʘʮʠʷʣʘʨʜʳ ʦʨʳʥʜʘʫסʘ ʙʽʨʰʘʤʘ ʘʟ ʙʦʣסʘʥʜʘ ʦʣʘʨʜʳ ʧʘʡʜʘʣʘʥʫʜʳש 

ʪᴇʤʝʥ ʪʠʽʤʜʽʣʽʛʽ ʞʦסʘʨʳ ʵʥʝʨʛʠʷ ʧʘʡʜʘʣʘʥʫ ʢᴇʧʷʜʨʦʣʳ 

ʧʨʦʮʝʩʩʦʨʣʘʨʜʳ ײץʨʫ ʞʦʣʳʥʜʘ ʙʘʩʪʳ ʪʝʞʝʫʽʰʢʝ ʘʡʥʘʣʜʳ. 

ʂᴇʧʷʜʨʦʣʳ ʧʨʦʮʝʩʩʦʨʣʘʨ ʠʜʝʷʩʳ ʢᴇʧʧʨʦʮʝʩʩʦʨʣʳ ʞװʡʝʣʝʨ 

ʙʘʟʘʩʳʥʜʘ ʧʘʡʜʘ ʙʦʣʜʳ. ʂᴇʧʧʨʦʮʝʩʩʦʨʣʳ ʞװʡʝʣʝʨʜʽ ײץʨʫ ʥײʩץʘʣʘʨʳ 

ʢᴇʧ. ʉʦʥʳʤʝʥ ץʘʪʘʨ ʦʣʘʨʜʳש ʦʨʪʘץ ʞʽʢʪʝʣʫʽ ʙʘʨ: 

1. SMP-ʞϮʡʝʣʝʨ (Symmetrical Multi Processor systems) (2.12-ʩʫʨʝʪ, 

a). 
ɾװʡʝ ʙʽʨʥʝʰʝ ʙʽʨʪʝʢʪʽ ʧʨʦʮʝʩʩʦʨʣʘʨʜʘʥ ʞᴅʥʝ ʞʘʣʧʳ ʞʘʜʳ 

ʤʘʩʩʠʚʽʥʝʥ (ᴅʜʝʪʪʝ ʙʽʨʥʝʰʝ ʪᴅʫʝʣʩʽʟ ʙʣʦʢʪʘʨʜʘʥ) ʪײʨʘʜʳ. ɹʘʨʣʳץ 

ʧʨʦʮʝʩʩʦʨʣʘʨʜʳש ʙʽʨʜʝʡ ʞʳʣʜʘʤʜʳץʪ  rʞʘʜʳʥʳש ʢʝʟ ʢʝʣʛʝʥ ʥװʢʪʝʩʽʥʝ 

 ʠhʥʘ, ʥʝʤʝʩʝ ץʘ ʦʨʪʘסʦʣ ʞʝʪʢʽʟʝ ʘʣʘʜʳ. ʇʨʦʮʝʩʩʦʨʣʘʨ ʞʘʜrץ

ʢʦʤʤʫʪʘʪʦʨ ʢᴇʤʝʛʽʤʝʥ ץʦʩʳʣסʘʥ. ʄײʥʜʘʡ ʞװʡʝʣʝʨ hװ ʽʥ ʙʘסʜʘʨʣʘʤʘʣʳץ 

ʞʘʙʜʳץʪ  rʞʘʩʘʧ ʰ rסʘʨʫ ʝʨʝʢʰʝ ץʠʳʥʜʳץʪʘʨʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʝʤʝʩ, 

ʩʝʙʝʙʽ ʢʦʤʧʴʶʪʝʨ ʘʨʭʠʪʝʢʪʫʨʘʩʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʘʨʥʘʡʳ ʝʨʝʢʰʝʣʽʢʪʝʨ 

ʪʫʳʥʜʘʤʘʡʜʳ. ɹʽʨʘץײ ץʩʘʩ ʞװʡʝʣʝʨʜʽ ײץʨʫ ʵʢʦʥʦʤʠʢʘʣʳץ ʤʘץʩʘʪץʘ ʩʘʡ 

ʝʤʝʩ. 

2. NUMA-ʞװʡʝʣʝʨ (Non-Uniform Memory Access systems)  (ʩʫʨ. 
2.12, ʙ). 

ɾװʡʝ ʙʽʨʥʝʰʝ ʧʨʦʮʝʩʩʦʨʣʘʨ ʤʝʥ ʞʘʜʳ ʙʣʦʛʳʥʘʥ ʪײʨʘʪʳʥ ʙʽʨʪʝʢʪʽ 

ʙʘʟʘʣʳץ ʤʦʜʫʣʴʜʝʨʜʝʥ (ʪʘץʪʘʣʘʨʜʘʥ) ײץʨʘʣʘʜʳ. ʄʦʜʫʣʴʜʝʨ ʞʦסʘʨʳ 

ʞʳʣʜʘʤʜʳץʪ  rʢʦʤʤʫʪʘʪʦʨ ʢᴇʤʝʛʽʤʝʥ ʙʽʨʽʢʪʽʨʽʣʛʝʥ. ɹ̔ ʨrסשʘʡ ʘʜʨʝʩʪʽʢ 

ʢʝ̔ש ʩʪʽʢ ץʦʣʜʘʥʳʩ ʪʘʙʘʜʳ, ʘʣʳʩʪʘʥסʘʥ ʞʘʜrסʘ, ̫סʥʠ ʙʘʩץʘ ʤʦʜʫʣʴʜʝʨ 

ʞʘʜʳʩʳʥʘ ץʦʣʞʝʪʽʤʜʽʣʽʢ ʘʧʧʘʨʘʪʪʳץ ʪװʨʜʝ ץʦʣʜʘʥʳʩ ʪʘʙʘʜʳ. ʉʦʥʳʤʝʥ 

סʦʣʞʝʪʽʤʜʽʣʽʢ ʘʣʳʩʪʘrץ ʘסʘʪʘʨ ʞʝʨʛʽʣʽʢʪʽ ʞʘʜrץ  ʞʘʜrסʘ ץʘʨʘסʘʥʜʘ 

ʙʽʨʥʝʰʝ ʝʩʝ ʞʳʣʜʘʤʳʨʘץ. 
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2.12 -ʩʫʨʝʪ. ʂᴇʧʷʜʨʦʣʳ ʞװʡʝʣʝʨ ʘʨʭʠʪʝʢʪʫʨʘʩʳʥʳש ʥײʩץʘʣʘʨʳ: 

ʘ ð SMP-ʞϮʡʝʣʝʨ (Symmetrical Multi Processor systems); ʙ ð NUMA-ʞϮʡʝʣʝʨ (NonUniform 

Memory Access systems); ʚ ð ʢʣʘʩʪʝʨʣʝʨ 

 

NUMA-ʞװʡʝʣʝʨʽʥ ײץʨʫ SMP ץʘʨʘסʘʥʜʘ ʦשʘʡʳʨʘץ, ʙʘסʜʘʨʣʘʤʘʣʳץ 

ʞʘʙʜʳץ ʜʘʡʳʥʜʘʫ ץʠʳʥʳʨʘץ ï ʞʘʜʳʥrש ʙʽʨʪʝʢʪʽʣʽʛʽʥ ʝʩʢʝʨʫ ץʘʞʝʪ. 
3. ʂϺʧʧʨʦʮʝʩʩʦʨʣʳ ʞϮʡʝʣʝʨ ð ʢʣʘʩʪʝʨʣʝʨ (2.12-ʩʫʨʝʪ, ʚ). 
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