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ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʕɺʄ ʠ ʢʚʘʥʪʦʚʳʝ ʢʦʤʧʴʶʪʝʨʳ 

ʇʨʦʙʣʝʤʳ ʨʘʟʚʠʪʠʷ ʕɺʄ, ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʠ ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ: 

 çʥʘʧʨʷʞʝʥʥʳʡè ʢʨʝʤʥʠʡ ʠ çhigh-kè ʜʠʵʣʝʢʪʨʠʢʠ, 

 GaAs, InP ʠ ʜʨʫʛʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ,  

 ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ, ʛʨʘʬʝʥ ʠ ʥʘʥʦʩʪʨʫʢʪʫʨʳ, 

 ʤʦʣʝʢʫʣʷʨʥʳʝ ʢʨʠʩʪʘʣʣʳ.  

ʈʝʘʣʠʟʘʮʠʷ ʫʩʪʦʡʯʠʚʳʭ ʦʜʥʦ- ʠ ʤʥʦʛʦʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤʘʭ. 

ʂʦʛʝʨʝʥʪʥʦʩʪʴ ʩʦʩʪʦʷʥʠʡ. ʇʨʝʜʝʣʴʥʳʝ ʨʘʟʤʝʨʳ, ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʠ ʵʥʝʨʛʦʟʘʪʨʘʪʳ. 

ɺʳʯʠʩʣʝʥʠʷ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʠ ʢʚʘʥʪʦʚʦʡ ʬʠʟʠʢʝ: 

 ʙʠʪʳ ʠ ʢʫʙʠʪʳ, 

 ʢʚʘʥʪʦʚʳʝ ʘʣʛʦʨʠʪʤʳ, 

 ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ.  

ʂʘʢ ʧʦʩʪʨʦʠʪʴ ʢʚʘʥʪʦʚʳʡ ʢʦʤʧʴʶʪʝʨ: 

 ʠʦʥʥʳʝ ʣʦʚʫʰʢʠ, ʗʄʈ, ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʥʘʥʦʩʪʨʫʢʪʫʨʳ 

 ʨʘʟʨʫʰʝʥʠʝ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʢʘʢ ʠʩʪʦʯʥʠʢ ʦʰʠʙʦʢ ʧʨʠ ʢʚʘʥʪʦʚʳʭ ʚʳʯʠʩʣʝʥʠʷʭ ʠ ʠʭ 

 ʢʦʨʨʝʢʮʠʷ.  

ʇʝʨʩʧʝʢʪʠʚʳ ʨʝʘʣʠʟʘʮʠʠ ʢʚʘʥʪʦʚʳʭ ʢʦʤʧʴʶʪʝʨʦʚ   

ʃʝʢʮʠʷ 14. ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʕɺʄ 
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ʀʩʪʦʨʠʷ 

ʇʣʘʥʘʨʥʳʡ ʪʨʘʥʟʠʩʪʦʨ (1951)  

ʊʦʯʝʯʥʳʡ ʪʨʘʥʟʠʩʪʦʨ (1947)  

1947 - ʋ. ʐʦʢʣʠ, Bell Labs,     ʪʦʯʝʯʥʳʡ ʪʨʘʥʟʠʩʪʦʨ 

1951 - ʋ. ʐʦʢʣʠ, Bell Labs, ʙʠʧʦʣʷʨʥʳʡ ʪʨʘʥʟʠʩʪʦʨ 

1956 - ʋ. ʐʦʢʣʠ, ʅʦʙʝʣʝʚʩʢʘʷ ʧʨʝʤʠʷ ʟʘ ʦʪʢʨʳʪʠʝ  

     ʪʨʘʥʟʠʩʪʦʨʥʦʛʦ ʵʬʬʝʢʪʘ 

1952 - Bell Labs, ʧʨʦʜʘʞʘ ʣʠʮʝʥʟʠʡ ʥʘ ʚʳʧʫʩʢ 

ʙʠʧʦʣʷʨʥʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ ($ 25000, 26 ʬʠʨʤ)  
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ʀʩʪʦʨʠʷ 

ʈʫʯʥʘʷ ʥʘʨʝʟʢʘ ʤʘʩʢʠ ʜʣʷ 
ʬʦʪʦʣʠʪʦʛʨʘʬʠʠ 

ʉʭʝʤʘ ʠʟ ʧʘʪʝʥʪʘ ʕʨʥʠ ʥʘ 
ʧʣʘʥʘʨʥʳʡ ʪʨʘʥʟʠʩʪʦʨ 

1954 - Bell Labs,  ʪʨʘʥʟʠʩʪʦʨ ʩ ʪʦʣʱʠʥʦʡ ʙʘʟʳ 

           1 ʤʢʤ (ʯʘʩʪʦʪʘ 170 ʄɻʮ) 

1955 - Bell Labs, ʧʝʨʚʳʡ ʧʦʣʝʚʦʡ ʪʨʘʥʟʠʩʪʦʨ 

1955 - Bell Labs, ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʫʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʩʝ 

ʦʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ: 

ʦʩʘʞʜʝʥʠʝ ʠʟʦʣʷʪʦʨʘ, ʬʦʪʦʣʠʪʦʛʨʘʬʠʷ ʩ ʤʘʩʢʘʤʠ (200 

ʤʢʤ), ʪʨʘʚʣʝʥʠʝ ʠ ʜʠʬʬʫʟʠʷ 
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ʀʩʪʦʨʠʷ 

ʇʘʪʝʥʪ ʅʦʡʩʘ ʥʘ ʧʣʘʥʘʨʥʫʶ 
ʠʥʪʝʛʨʘʣʴʥʫʶ ʩʭʝʤʫ (1959) 

ʂʨʠʩʪʘʣʣ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʭʝʤʳ 
(ʪʨʠʛʛʝʨ, 1960) 

1952 - ɼʞʵʬʬʨʠ ɼʘʤʤʝʨ, ʠʜʝʷ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʭʝʤʳ (çʙʨʫʩʦʢ ʙʝʟ ʧʨʦʚʦʜʦʚè)  

1958 - ɼʞʵʢ ʂʠʣʙʠ,  ʧʝʨʚʘʷ ʠʥʪʝʛʨʘʣʴʥʘʷ ʩʭʝʤʘ  (ʧʷʪʴ ʵʣʝʤʝʥʪʦʚ, ʛʝʥʝʨʘʪʦʨ) 

2000 - ɼʞʵʢ ʂʠʣʙʠ, ʅʦʙʝʣʝʚʩʢʘʷ ʧʨʝʤʠʷ ʟʘ ʩʦʟʜʘʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʭʝʤʳ  
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ʀʩʪʦʨʠʷ 

4-ʙʠʪʥʳʡ ʎʇ Intel i4004 

1959 - ɼʞʦʥ ɸʪʘʣʣʘ ʠ ɼʵʚʦʥ ʂʘʥʛ,  Bell Labs, 

     ʧʦʣʝʚʦʡ ʪʨʘʥʟʠʩʪʦʨ ʩ ʠʟʦʣʠʨʦʚʘʥʥʳʤ 

     ʟʘʪʚʦʨʦʤ (ʄʆʇ) 

1963 - ʪʨʘʥʟʠʩʪʦʨʥʦ-ʪʨʘʥʟʠʩʪʦʨʥʘʷ ʣʦʛʠʢʘ (ʊʊʃ) 

1963 - ʌʨʵʥʢ ʋʘʥʣʘʩʩ, Fairchild, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

     ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʭ ʄʆʇ (ʂʄʆʇ) ʩʪʨʫʢʪʫʨ 

     ʫʤʝʥʴʰʘʝʪ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʚ ʩʪʘʪʠʢʝ 

     ~1.000.000 ʨʘʟ 

ʇʘʪʝʥʪ ʥʘ ʧʦʣʝʚʦʡ 
ʪʨʘʥʟʠʩʪʦʨ (1960) 
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ɿʘʢʦʥ ʄʫʨʘ (ʙʠʧʦʣʷʨʥʘʷ ʠ ʧʦʣʝʚʘʷ 
ʣʦʛʠʢʘ, ʧʘʤʷʪʴ, 1975) 

ʆʩʥʦʚʥʦʡ ʚʳʚʦʜ ʄʫʨʘ: çʏʠʩʣʦ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ 

ʯʠʧʝ ʫʜʚʘʠʚʘʝʪʩʷ ʢʘʞʜʳʡ ʛʦʜè 

ʅʘ ʙʘʟʝ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʵʪʦʡ (ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ) 

ʟʘʚʠʩʠʤʦʩʪʠ ʙʳʣ ʩʜʝʣʘʥ ʧʨʦʛʥʦʟ ʨʘʟʚʠʪʠʷ 

ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ʥʘ ʩʣʝʜʫʶʱʠʝ 10 ʣʝʪ, ʠ ʵʪʦʪ 

ʧʨʦʛʥʦʟ ʦʧʨʘʚʜʘʣʩʷ (!!!). 

19 ʘʧʨʝʣʷ 1965 - ʦʪʨʝʜʘʢʪʠʨʦʚʘʥʥʘʷ ʚʝʨʩʠʷ 

ʜʦʢʣʘʜʘ ʧʫʙʣʠʢʫʝʪʩʷ ʚ ʞʫʨʥʘʣʝ çElectronicsè 

ɿʘʢʦʥ ʄʫʨʘ 

1965 - ɻʦʨʜʦʥ ʄʫʨ, ʜʦʢʣʘʜ çɹʫʜʫʱʝʝ ʠʥʪʝʛʨʘʣʴʥʦʡ 

ʵʣʝʢʪʨʦʥʠʢʠè, ʛʨʘʬʠʢ (5 ʪʦʯʝʢ, ʧʝʨʠʦʜ 1959ï1964), 

ʩʚʷʟʳʚʘʶʱʠʡ ʯʠʩʣʦ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʯʠʧ (ʠ ʠʭ 

ʤʠʥʠʤʘʣʴʥʫʶ ʮʝʥʫ) ʠ ʚʨʝʤʷ 

ʕʪʠ ʯʠʧʳ - ʠʩʪʦʯʥʠʢ ʟʘʢʦʥʘ ʄʫʨʘ 
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ʂʨʝʤʥʠʡ ʥʘ ʠʟʦʣʷʪʦʨʝ 

ʂʨʝʤʥʠʡ ʥʘ ʠʟʦʣʷʪʦʨʝ (IBM, 1998) 

1998 - IBM, ʪʝʭʥʦʣʦʛʠʷ çʢʨʝʤʥʠʡ ʥʘ 

ʠʟʦʣʷʪʦʨʝè (ʂʅʀ, SOI): ʥʘ ʢʨʝʤʥʠʝʚʦʡ 

ʧʣʘʩʪʠʥʝ ʬʦʨʤʠʨʫʝʪʩʷ ʩʣʦʡ SiO2 

(ʠʟʦʣʷʪʦʨ), ʘ ʧʦʚʝʨʭ ʥʝʛʦ - ʪʦʥʢʠʡ ʩʣʦʡ Si  

ʉʪʨʦʛʦ ʛʦʚʦʨʷ, çʢʨʝʤʥʠʡ ʥʘ ʩʘʧʬʠʨʝè 

(ʂʅʉ) - ʵʪʦ ʪʦʞʝ ʂʅʀ, ʪ.ʢ. ʩʘʧʬʠʨ (Al2O3) 

ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʠʟʦʣʷʪʦʨʦʤ, ʥʦ ʪʝʭʥʦʣʦʛʠʷ 

IBM ʜʝʰʝʚʣʝ ʠ ʣʫʯʰʝ ʧʨʠʩʧʦʩʦʙʣʝʥʘ ʢ 

ʠʤʝʶʱʝʤʫʩʷ ʦʙʦʨʫʜʦʚʘʥʠʶ. ʆʜʥʘʢʦ ʟʘ 13 

ʣʝʪ ʣʠʜʝʨ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, Intel, ʪʘʢ ʵʪʦ ʠ ʥʝ 

ʟʘʤʝʪʠʣ ʠ ʧʨʦʜʦʣʞʘʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ çbulk 

siliconè, ʪ.ʝ. ʯʠʩʪʳʝ ʢʨʝʤʥʠʝʚʳʝ ʧʣʘʩʪʠʥʳ, 

ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʜʝʰʝʚʣʝ  
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ʌʦʪʦʣʠʪʦʛʨʘʬʠʷ 

ʉʦʚʨʝʤʝʥʥʳʡ ʣʠʪʦʛʨʘʬʠʯʝʩʢʠʡ 
ʩʢʘʥʝʨ ASML TwinScan 1950i  

1982 - IBM, ʚʥʝʜʨʝʥʠʝ ʚ ʬʦʪʦʣʠʪʦʛʨʘʬʠʶ 

ʵʢʩʠʤʝʨʥʳʭ ʣʘʟʝʨʦʚ ʩ ʜʣʠʥʘʤʠ ʚʦʣʥ 248 

(KrF) ʠ 193 (ArF) ʥʤ. 

ʇʦʩʢʦʣʴʢʫ ʚʦʟʜʫʭ ʧʦʛʣʦʱʘʝʪ ʠʟʣʫʯʝʥʠʝ ʥʘ 

ʜʣʠʥʘʭ ʚʦʣʥ ʢʦʨʦʯʝ 186 ʥʤ, ʚ ʩʘʤʳʭ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʧʨʦʮʝʩʩʘʭ ʩ ʥʦʨʤʘʤʠ 

ʤʝʥʝʝ 30 ʥʤ ʧʦ-ʧʨʝʞʥʝʤʫ ʠʩʧʦʣʴʟʫʶʪʩʷ ArF 

ʣʘʟʝʨʳ.  

ʈʘʥʦ ʠʣʠ ʧʦʟʜʥʦ ʩʦʩʪʦʠʪʩʷ ʧʝʨʝʭʦʜ ʥʘ 

ʵʢʩʪʨʝʤʘʣʴʥʳʡ ʫʣʴʪʨʘʬʠʦʣʝʪ (ʕʋʌ, EUV) ʩ 

ʜʣʠʥʘʤʠ ʚʦʣʥ 13,5 ʥʤ (ʠ ʤʝʥʝʝ), ʯʪʦ 

ʟʘʩʪʘʚʠʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʘʢʫʫʤʥʳʝ ʢʘʤʝʨʳ 
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ʀʤʤʝʨʩʠʦʥʥʘʷ ʣʠʪʦʛʨʘʬʠʷ 

ʀʤʤʝʨʩʠʦʥʥʘʷ ʣʠʪʦʛʨʘʬʠʷ 

2006 - ʠʤʤʝʨʩʠʦʥʥʘʷ ʣʠʪʦʛʨʘʬʠʷ: 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʧʦʩʣʝʜʥʝʡ ʣʠʥʟʦʡ ʠ 

ʵʢʩʧʦʥʠʨʫʝʤʦʡ ʧʣʘʩʪʠʥʦʡ ʟʘʧʦʣʥʷʝʪʩʷ ʥʝ 

ʚʦʟʜʫʭʦʤ, ʘ ʞʠʜʢʦʩʪʴʶ (ʥʘ ʩʝʛʦʜʥʷ - 

ʚʦʜʦʡ). ʀʟ-ʟʘ ʙʦʣʴʰʝʛʦ ʧʦʢʘʟʘʪʝʣʷ 

ʧʨʝʣʦʤʣʝʥʠʷ ʞʠʜʢʦʩʪʠ (1 ʜʣʷ ʚʦʟʜʫʭʘ ʠ 

1,33 ʜʣʷ ʚʦʜʳ) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʦʩʪʘ 

ʯʠʩʣʦʚʦʡ ʘʧʝʨʪʫʨʳ (NA) ʵʪʦ ʫʣʫʯʰʘʝʪ 

ʨʘʟʨʝʰʝʥʠʝ ʥʘ 30ï40%. 

Intel ʠʩʧʦʣʴʟʫʝʪ ʠʤʤʝʨʩʠʦʥʥʫʶ 

ʣʠʪʦʛʨʘʬʠʶ, ʥʘʯʠʥʘʷ ʩ ʪʝʭʧʨʦʮʝʩʩʘ 32-ʥʤ, 

ʘ AMD - ʫʞʝ ʩ ʪʝʭʧʨʦʮʝʩʩʘ 45-ʥʤ.  
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ɿʘʢʦʥ ʄʫʨʘ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʥʦʨʤʳ 

ʩʣʦʞʥʳʭ ʤʠʢʨʦʩʭʝʤ. ʇʘʜʘʝʪ 

ʠ ʠʭ ʮʝʥʘ - ʧʨʘʚʜʘ, ʥʝ ʚʜʚʦʝ, 

ʘ ʧʨʠʤʝʨʥʦ ʚ 1,5 ʨʘʟʘ ʧʨʠ 

ʢʘʞʜʦʤ ʧʝʨʝʭʦʜʝ ʥʘ 

ʦʯʝʨʝʜʥʦʡ ʪʝʭʧʨʦʮʝʩʩ 
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ɿʘʢʦʥ ʄʫʨʘ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʥʦʨʤʳ ʜʣʷ 

ʧʨʦʮʝʩʩʦʨʦʚ Intel. 

ʇʦ ʤʥʝʥʠʶ ʢʦʤʧʘʥʠʠ, 15-ʥʤ 

ʪʝʭʧʨʦʮʝʩʩ ʜʦʣʞʝʥ ʩʪʘʪʴ 

ʧʝʨʚʳʤ, ʛʜʝ ʙʫʜʝʪ ʧʨʠʤʝʥʝʥ 

ʵʢʩʪʨʝʤʘʣʴʥʳʡ 

ʫʣʴʪʨʘʬʠʦʣʝʪ (EUV)  
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ɿʘʢʦʥ ʄʫʨʘ 

ʇʣʦʱʘʜʴ ʢʨʠʩʪʘʣʣʘ ʜʣʷ 

ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʭ 

ʤʠʢʨʦʩʭʝʤ (ʧʨʦʮʝʩʩʦʨʳ ʠ 

ʧʘʤʷʪʴ) ʥʘ ʫʢʘʟʘʥʥʳʡ ʧʦ ʦʩʠ 

ʘʙʩʮʠʩʩ ʛʦʜ. 

ʊʝʥʜʝʥʮʠʷ ʜʦ 90-ʭ ʛʦʜʦʚ - 

ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʠ ʥʘ 14% 

ʚ ʛʦʜ (ʧʨʷʤʘʷ ʣʠʥʠʷ) -  

ʦʩʪʘʥʦʚʣʝʥʘ, ʥʦ ʧʣʦʱʘʜʴ 

ʩʘʤʳʭ ʩʣʦʞʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʜʦʩʪʠʛʘʝʪ 400-500 ʤʤĮ 
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ɿʘʢʦʥ ʄʫʨʘ 

ʕʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʨʦʩʪ 

ʯʠʩʣʘ ʪʨʘʥʟʠʩʪʦʨʦʚ ʥʘ 

ʢʨʠʩʪʘʣʣʝ ʠʥʪʝʛʨʘʣʴʥʦʡ 

ʩʭʝʤʳ.  

ʅʘʯʠʥʘʷ ʩ 70-ʭ ʛʦʜʦʚ ʵʪʦʪ 

ʨʦʩʪ ʜʣʷ ʤʠʢʨʦʩʭʝʤ ʧʘʤʷʪʠ 

ʠ ʧʨʦʮʝʩʩʦʨʦʚ ʠʜʝʪ 

ʤʝʥʴʰʠʤʠ ʪʝʤʧʘʤʠ - 58 % ʠ 

38 % ʚ ʛʦʜ 
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ɿʘʢʦʥ ʄʫʨʘ 

ʇʣʦʪʥʦʩʪʴ ʜʝʬʝʢʪʦʚ ʜʣʷ ʯʠʧʦʚ 

Intel, ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʧʦ ʨʘʟʥʳʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʥʦʨʤʘʤ. ʇʦ ʦʩʠ 

ʦʨʜʠʥʘʪ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʡ ʤʘʩʰʪʘʙ 

ʏʠʩʣʦ ʜʝʬʝʢʪʦʚ ʥʘ 1 ʩʤĮ ʧʣʦʱʘʜʠ 

ʢʨʠʩʪʘʣʣʘ ʜʣʷ ʩʘʤʳʭ ʧʨʦʜʚʠʥʫʪʳʭ 

ʬʘʙʨʠʢ ʧʨʠ ʬʠʥʠʰʥʦʤ 

ʪʝʩʪʠʨʦʚʘʥʠʠ. ɾʠʨʥʳʝ ʮʠʬʨʳ ï 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʥʦʨʤʳ ʚ ʤʢʤ, ʚ 

ʩʢʦʙʢʘʭ - ʜʠʘʤʝʪʨ ʧʣʘʩʪʠʥ  
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ɿʘʢʦʥ ʄʫʨʘ 

ʋʜʝʣʴʥʳʝ ʮʝʥʳ ʧʣʘʩʪʠʥʳ ʠ ʤʠʢʨʦʩʭʝʤ 
ʟʘ ʝʜʠʥʠʮʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʃʠʥʠʷ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʝʞʝʛʦʜʥʦʤʫ ʧʘʜʝʥʠʶ 

ʮʝʥʳ ʥʘ 35% (ʚ 1,54 ʨʘʟʘ) 

ʉʪʦʠʤʦʩʪʴ ʩʦʚʨʝʤʝʥʥʦʛʦ ʟʘʚʦʜʘ (ʠʣʠ 
ʝʛʦ ʩʪʦʠʤʦʩʪʴ ʧʦʩʣʝ ʦʙʥʦʚʣʝʥʠʷ) 
ʚʳʨʦʩʣʘ ʚ 70 ʨʘʟ ʟʘ 30 ʣʝʪ, ʘ ʮʝʥʘ 
ʢʘʞʜʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʫʧʘʣʘ ʚ 2000 ʨʘʟ 
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ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʨʝʰʝʪʢʠ Si ʠ SiO2 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ ʢʨʝʤʥʠʷ 
ʢʫʙʠʯʝʩʢʘʷ ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʘʷ 
ʪʠʧʘ ʘʣʤʘʟʘ, ʧʘʨʘʤʝʪʨ ʨʝʰʝʪʢʠ 

ʘ = 0,543 ʥʤ  

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ a-ʢʚʘʨʮʘ 
(SiO2) ʨʦʤʙʦʵʜʨʠʯʝʩʢʘʷ. ʅʘ ʦʜʥʫ 
ʷʯʝʡʢʫ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʘ = 0,490 ʥʤ 
ʠ ʩ = 0,539 ʥʤ ʧʨʠʭʦʜʠʪʩʷ ʪʨʠ 

ʤʦʣʝʢʫʣʳ SiO2  

//upload.wikimedia.org/wikipedia/commons/f/f1/Silicon-unit-cell-3D-balls.png
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ʊʫʥʥʝʣʴʥʳʡ ʵʬʬʝʢʪ 

ʊʫʥʥʝʣʴʥʳʡ ʵʬʬʝʢʪ - ʧʨʝʦʜʦʣʝʥʠʝ ʯʘʩʪʠʮʝʡ 

ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʙʘʨʴʝʨʘ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʝʝ ʵʥʝʨʛʠʷ 

(ʦʩʪʘʥʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ) ʤʝʥʴʰʝ ʚʳʩʦʪʳ ʙʘʨʴʝʨʘ. 

ɺ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʝ ʵʪʦ ʥʝʚʦʟʤʦʞʥʦ. ɸʥʘʣʦʛ ʚ 

ʚʦʣʥʦʚʦʡ ʦʧʪʠʢʝ - ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʩʚʝʪʘ ʚʥʫʪʨʴ 

ʦʪʨʘʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʨʘʩʩʪʦʷʥʠʷ ʧʦʨʷʜʢʘ ʜʣʠʥʳ ʚʦʣʥʳ 

ʧʨʠ ʧʦʣʥʦʤ ʚʥʫʪʨʝʥʥʝʤ ʦʪʨʘʞʝʥʠʠ 

ʕʬʬʝʢʪ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʩʦʦʪʥʦʰʝʥʠʷ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ 

  

ʆʛʨʘʥʠʯʝʥʠʷ ʧʦ ʢʦʦʨʜʠʥʘʪʝ (ʨʦʩʪ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʦ x) 

ʜʝʣʘʶʪ ʠʤʧʫʣʴʩ p ʤʝʥʝʝ ʦʧʨʝʜʝʣʝʥʥʳʤ. ʕʪʦ 

çʜʦʙʘʚʣʷʝʪè ʥʝʜʦʩʪʘʶʱʫʶ ʵʥʝʨʛʠʶ ʠ ʩ ʥʝʢʦʪʦʨʦʡ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʯʘʩʪʠʮʘ ʧʨʦʥʠʢʘʝʪ ʯʝʨʝʟ ʙʘʨʴʝʨ, ʧʨʠʯʝʤ 

ʝʝ ʩʨʝʜʥʷʷ ʵʥʝʨʛʠʷ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ ʊʫʥʥʝʣʴʥʳʡ ʜʠʦʜ 

//upload.wikimedia.org/wikipedia/commons/b/bd/GE_1N3716_tunnel_diode.jpg


ʌʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʩʦʚʨʝʤʝʥʥʳʭ ʕɺʄ. ɺʄʠʂ.  http://comp.ilc.edu.ru 

ʃʝʢʮʠʷ 14. ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʕɺʄ 

ʂʚʘʥʪʦʚʦ-ʨʘʟʤʝʨʥʳʡ ʵʬʬʝʢʪ 

ʎʚʝʪ ʩʚʝʯʝʥʠʷ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ 

ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʨʘʟʤʝʨʘ 

ʂʚʘʥʪʦʚʘʷ ʷʤʘ 

ʂʚʘʥʪʦʚʦ-ʨʘʟʤʝʨʥʳʡ ʵʬʬʝʢʪ - ʧʝʨʝʥʦʨʤʠʨʦʚʢʘ ʠ 

ʢʚʘʥʪʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮ, ʜʚʠʞʝʥʠʝ ʢʦʪʦʨʳʭ 

ʦʛʨʘʥʠʯʝʥʦ ʚ ʢʘʢʠʭ-ʪʦ ʥʘʧʨʘʚʣʝʥʠʷʭ.  

ʇʨʠʤʝʨ - ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘ AlGaAs / GaAs / AlGaAs, ʛʜʝ 

ʜʚʠʞʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʚ ʩʣʦʝ (GaAs, ʪʦʣʱʠʥʘ ~10 ʥʤ) 

ʦʛʨʘʥʠʯʝʥʦ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʙʘʨʴʝʨʘʤʠ (AlGaAs) ʠ 

ʚʦʟʥʠʢʘʶʪ ʜʠʩʢʨʝʪʥʳʝ ʫʨʦʚʥʠ En, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʜʚʠʞʝʥʠʶ ʵʣʝʢʪʨʦʥʦʚ ʧʦʧʝʨʝʢ ʩʣʦʷ GaAs 

ʇʝʨʝʥʦʨʤʠʨʦʚʢʘ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ 

ʩʦʦʪʥʦʰʝʥʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ 

  

     ɽʩʣʠ ʦʛʨʘʥʠʯʠʪʴ ʯʘʩʪʠʮʫ ʧʦ x ʚ ʧʨʝʜʝʣʘʭ L, 

     ʚʦʟʥʠʢʥʝʪ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ px ~         . ʕʪʦ 

ʠʟʤʝʥʠʪ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʥʘ  

http://dic.academic.ru/pictures/nanotechnology/01f/well.jpg
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çʅʘʧʨʷʞʝʥʥʳʡè ʢʨʝʤʥʠʡ 

çʅʘʧʨʷʞʝʥʥʳʡè ʢʨʝʤʥʠʡ (IBM, 2001) 

ɺ 2004 ʪʝʭʥʦʣʦʛʠʶ çʥʘʧʨʷʞʝʥʥʳʡè 

ʢʨʝʤʥʠʡè Intel ʠ AMD ʧʨʠʤʝʥʠʣʠ ʜʣʷ 

ʪʝʭʧʨʦʮʝʩʩʘ 90 ʥʤ. ɼʣʷ 65 ʥʤ ʙʳʣʘ 

ʚʥʝʜʨʝʥʘ ʠʦʥʥʘʷ ʠʤʧʣʘʥʪʘʮʠʷ ʛʝʨʤʘʥʠʷ ʠ 

ʫʛʣʝʨʦʜʘ ʚ ʠʩʪʦʢ ʠ ʩʪʦʢ. ɻʝʨʤʘʥʠʡ 

çʨʘʟʜʫʚʘʝʪè ʢʦʥʮʳ ʪʨʘʥʟʠʩʪʦʨʘ ʠ ʩʞʠʤʘʝʪ 

ʢʘʥʘʣ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʜʳʨʦʢ 

(ʦʩʥʦʚʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ p-

ʢʘʥʘʣʴʥʳʭ ʪʨʘʥʟʠʩʪʦʨʘʭ). ʋʛʣʝʨʦʜ  

ʩʞʠʤʘʝʪ ʠʩʪʦʢ ʠ ʩʪʦʢ, ʯʪʦ ʨʘʩʪʷʛʠʚʘʝʪ n-

ʢʘʥʘʣ, ʫʚʝʣʠʯʠʚʘʷ ʧʦʜʚʠʞʥʦʩʪʴ 

ʵʣʝʢʪʨʦʥʦʚ. ʊʘʢʞʝ ʚʝʩʴ p-ʢʘʥʘʣʴʥʳʡ 

ʪʨʘʥʟʠʩʪʦʨ ʧʦʢʨʳʚʘʝʪʩʷ ʩʞʠʤʘʶʱʠʤ 

ʩʣʦʝʤ ʥʠʪʨʠʜʘ ʢʨʝʤʥʠʷ 
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çHigh-kè ʜʠʵʣʝʢʪʨʠʢʠ 

ʊʦʣʱʠʥʘ ʧʦʜʟʘʪʚʦʨʥʦʛʦ ʠʟʦʣʷʪʦʨʘ ʚ 

SiO2-ʵʢʚʠʚʘʣʝʥʪʝ ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʫʪʝʯʢʘ ʪʦʢʘ  

ɼʣʷ 90-ʥʤ ʪʝʭʧʨʦʮʝʩʩʘ ʪʦʣʱʠʥʘ ʟʘʪʚʦʨʘ 

ʫʤʝʥʴʰʠʣʘʩʴ ʜʦ 1,2 (Intel) - 1,9 (Fujitsu) ʥʤ 

ʧʨʠ ʧʝʨʠʦʜʝ ʨʝʰʝʪʢʠ ʢʨʝʤʥʠʷ - 0,543 ʥʤ. ɺ 

ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʵʣʝʢʪʨʦʥʳ ʥʘʯʠʥʘʶʪ 

ʪʫʥʥʝʣʠʨʦʚʘʪʴ ʯʝʨʝʟ ʜʠʵʣʝʢʪʨʠʢ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʫʪʝʯʢʝ ʪʦʢʘ. ʇʦʵʪʦʤʫ ʜʣʷ 65-ʥʤ 

ʪʝʭʧʨʦʮʝʩʩʘ ʫʤʝʥʴʰʠʣʠʩʴ ʚʩʝ ʧʘʨʘʤʝʪʨʳ 

ʪʨʘʥʟʠʩʪʦʨʘ, ʢʨʦʤʝ ʪʦʣʱʠʥʳ ʟʘʪʚʦʨʘ 
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çHigh-kè ʜʠʵʣʝʢʪʨʠʢʠ 

ʊʦʣʱʠʥʘ ʧʦʜʟʘʪʚʦʨʥʦʛʦ ʠʟʦʣʷʪʦʨʘ ʚ 

SiO2-ʵʢʚʠʚʘʣʝʥʪʝ ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʫʪʝʯʢʘ ʪʦʢʘ  

2007 (45-ʥʤ ʪʝʭʧʨʦʮʝʩʩ) - ʧʦʷʚʣʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʠ HKMG (high-k metal gate, 

ʠʟʦʣʷʪʦʨ ʩ ʚʳʩʦʢʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʟʘʪʚʦʨ). 

k - ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ. ɺ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʝ 

çʥʦʨʤʘʣʴʥʳʤè ʩʯʠʪʘʝʪʩʷ k ~ 3,9 (SiO2). 

ʄʘʪʝʨʠʘʣʳ ʩ k > 3,9 ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ 

çhigh-kè, ʘ c k < 3,9 - ʢ çlow-kè 
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çHigh-kè ʜʠʵʣʝʢʪʨʠʢʠ 

ʊʦʣʱʠʥʘ ʧʦʜʟʘʪʚʦʨʥʦʛʦ ʠʟʦʣʷʪʦʨʘ ʚ 

SiO2-ʵʢʚʠʚʘʣʝʥʪʝ ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʫʪʝʯʢʘ ʪʦʢʘ  

ɿʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʣʦʷ ʦʢʩʠʥʠʪʨʠʜʘ 

ʢʨʝʤʥʠʷ-ʛʘʬʥʠʷ (HfSiON, k = 20-40) 

ʪʦʣʱʠʥʦʡ 3 ʥʤ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ 

ʧʨʦʮʝʩʩʝ 45-ʥʤ ʫʜʘʣʦʩʴ ʫʤʝʥʴʰʠʪʴ ʫʪʝʯʢʠ 

ʪʦʢʘ ʚ 20-1000 ʨʘʟ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʪʘʢʦʡ 

ʞʝ ʩʢʦʨʦʩʪʠ ʨʘʙʦʪʳ ʩʪʘʨʳʡ ʟʘʪʚʦʨ 

ʧʨʠʰʣʦʩʴ ʙʳ ʜʝʣʘʪʴ ʪʦʣʱʠʥʦʡ 1 ʥʤ, ʯʪʦ 

ʙʳʣʦ ʙʳ ʢʘʪʘʩʪʨʦʬʦʡ ʠʟ-ʟʘ ʪʦʢʦʚ ʫʪʝʯʢʠ. 

ʇʨʠʚʦʜʠʤʳʝ ʪʦʣʱʠʥʳ ʧʦʜʟʘʪʚʦʨʥʳʭ 

ʠʟʦʣʷʪʦʨʦʚ ʤʝʥʝʝ 1 ʥʤ ʷʚʣʷʶʪʩʷ SiO2-

ʵʢʚʠʚʘʣʝʥʪʘʤʠ ʠ ʧʨʠʤʝʥʷʶʪʩʷ ʪʦʣʴʢʦ ʜʣʷ 

ʨʘʩʯʝʪʘ ʯʘʩʪʦʪʳ, ʥʦ ʥʝ ʫʪʝʯʝʢ   
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çHigh-kè ʜʠʵʣʝʢʪʨʠʢʠ 

ʈʝʘʣʠʟʘʮʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʟʘʪʚʦʨʘ (Intel) 

ɻʘʬʥʠʝʚʳʡ ʠʟʦʣʷʪʦʨ ʥʝ ʩʦʚʤʝʩʪʠʤ ʩ 

ʧʦʣʠʢʨʝʤʥʠʝʚʳʤ ʟʘʪʚʦʨʦʤ, ʪʘʢ ʯʪʦ ʧʨʠʰʣʦʩʴ 

ʤʝʥʷʪʴ ʠ ʝʛʦ - ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʡ. ʆʜʥʘʢʦ ʥʦʚʳʡ 

ʟʘʪʚʦʨ ʥʝ ʘʣʶʤʠʥʠʝʚʳʡ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʚ 60-ʭ, ʘ 

ʩʧʣʘʚ ʜʚʫʭ ʤʝʪʘʣʣʦʚ. ɽʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʠʞʝ, ʯʪʦ 

ʫʩʢʦʨʷʝʪ ʧʝʨʝʢʣʶʯʝʥʠʝ ʪʨʘʥʟʠʩʪʦʨʘ. ɼʦʣʛʦʝ ʚʨʝʤʷ 

ʩʦʩʪʘʚʳ ʩʧʣʘʚʦʚ ʜʣʷ p- ʠ n-ʢʘʥʘʣʴʥʳʭ 

ʪʨʘʥʟʠʩʪʦʨʦʚ ʜʝʨʞʘʣʠʩʴ Intel ʚ ʩʪʨʦʛʦʤ ʩʝʢʨʝʪʝ. 

ʆʜʥʘʢʦ ʚ 2008 ʛ. ʠʥʞʝʥʝʨʳ IBM ʨʘʟʨʘʙʦʪʘʣʠ ʩʚʦʶ 

ʚʝʨʩʠʶ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʘʷ ʪʝʧʝʨʴ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʟʘʚʦʜʘʭ Global Foundries (ʨʘʥʝʝ 

ʧʨʠʥʘʜʣʝʞʘʣʠ AMD)  
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90-ʥʤ, 65-ʥʤ, 45-ʥʤ ʠ 32-ʥʤ ʪʝʭʧʨʦʮʝʩʩʳ 

4 ʧʦʢʦʣʝʥʠʷ ʪʨʘʥʟʠʩʪʦʨʦʚ Intel 

(ʩʣʝʚʘ ʥʘʧʨʘʚʦ, ʩʚʝʨʭʫ ʚʥʠʟ) 

90-ʥʤ (2003, ʚʧʝʨʚʳʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

     ʥʘʧʨʷʞʝʥʥʳʡ ʢʨʝʤʥʠʡ), 

65-ʥʤ (2005), 

45-ʥʤ (2007, ʚʧʝʨʚʳʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

     HKMG) 

32-ʥʤ (2009)  
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ʉʨʘʚʥʝʥʠʝ 65-ʥʤ ʠ 32-ʥʤ ʪʝʭʧʨʦʮʝʩʩʦʚ 

ɺ ʪʨʘʥʟʠʩʪʦʨʘʭ 65-ʥʤ ʪʝʭʧʨʦʮʝʩʩʘ (ʩʣʝʚʘ) ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʝ 

ʜʦʨʦʞʢʠ (ʚʝʨʪʠʢʘʣʴ ʠ ʛʦʨʠʟʦʥʪʘʣʴ) ʠ ʧʝʨʝʤʝʥʥʳʝ ʨʘʟʤʝʨʳ ʟʘʪʚʦʨʦʚ ʠ ʠʭ 

ʰʘʛʦʚ. ɼʣʷ 32-ʥʤ ʪʝʭʧʨʦʮʝʩʩʘ (ʩʧʨʘʚʘ) ʚʩʝ ʵʪʦ ʫʞʝ ʥʝʚʦʟʤʦʞʥʦ 
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ʈʝʟʫʣʴʪʘʪ 

ʋʩʪʨʦʡʩʪʚʦ 45-ʥʤ p-ʢʘʥʘʣʴʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ (Intel) 
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45-ʥʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ 

- ʩʫʭʘʷ ʣʠʪʦʛʨʘʬʠʷ (193 ʥʤ, ʜʚʦʡʥʦʝ ʰʘʙʣʦʥʠʨʦʚʘʥʠʝ) ʥʘ ʮʝʣʴʥʦʡ ʧʣʘʩʪʠʥʝ Si 
- ʜʣʠʥʘ ʟʘʪʚʦʨʘ - 35 ʥʤ (ʢʘʢ ʚ 65-ʥʤ ʪʝʭʧʨʦʮʝʩʩʝ), ʰʘʛ ʟʘʪʚʦʨʘ - 160 ʥʤ ʙʝʟ (ʥʘ 
  27% ʤʝʥʴʰʝ) ʠ 200 ʥʤ ʩ ʠʟʦʣʷʪʦʨʘʤʠ (ʥʘ 9% ʤʝʥʴʰʝ, ʯʝʤ ʚ 65-ʥʤ ʪʝʭʧʨʦʮʝʩʩʝ)  
- ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʟʘʪʚʦʨ ʦʩʘʞʜʘʝʪʩʷ ʧʦʩʣʝʜʥʠʤ  
- ʩʧʨʷʤʣʝʥʠʝ ʫʛʣʦʚ ʟʘʪʚʦʨʘ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʚʫʭ ʚʠʜʦʚ ʬʦʪʦʨʝʟʠʩʪʘ  
- ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʪʦʣʱʠʥʘ çhigh-kè ʠʟʦʣʷʪʦʨʘ - 1 ʥʤ  
- 30% ʣʝʛʠʨʦʚʘʥʠʝ Ge ʩʪʦʢʘ ʠ ʠʩʪʦʢʘ ʜʣʷ p-ʢʘʥʘʣʴʥʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ (ʫʚʝʣʠʯʝʥʠʝ 
  ʧʦʜʚʠʞʥʦʩʪʠ ʜʳʨʦʢ ʠ ʯʘʩʪʦʪʳ ʥʘ 51%) 
- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʣʴʢʦ ʩʦʥʘʧʨʘʚʣʝʥʥʳʭ ʧʦ ʚʩʝʤʫ ʯʠʧʫ ʢʘʥʘʣʦʚ  
- ʜʝʩʷʪʠʩʣʦʡʥʳʝ ʩʦʝʜʠʥʝʥʠʷ (ʩʦ 2-ʛʦ ʩʣʦʷ - Cu) ʩ ʠʟʦʣʷʪʦʨʦʤ ʠʟ SiO2:ʉ, ʚʢʣʶʯʘʷ 
  ʩʣʦʡ ʚʦʣʴʬʨʘʤʘ (ʥʘ ʠʩʪʦʢʘʭ ʠ ʩʪʦʢʘʭ), ʩʣʫʞʘʱʝʛʦ ʜʠʬʬʫʟʠʦʥʥʳʤ ʙʘʨʴʝʨʦʤ 
- ʯʝʪʥʳʝ ʩʣʦʠ ʤʝʪʘʣʣʘ ʧʘʨʘʣʣʝʣʴʥʳ ʢʘʥʘʣʘʤ, ʥʝʯʝʪʥʳʝ - ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ 
- ʧʦʩʣʝʜʥʠʡ (ʩʘʤʳʡ ʪʦʣʩʪʳʡ) ʩʣʦʡ ʤʝʪʘʣʣʘ - ʨʘʩʧʨʝʜʝʣʠʪʝʣʴ ʪʝʧʣʘ ʧʦ ʧʣʦʱʘʜʠ 
  ʚʩʝʛʦ ʢʨʠʩʪʘʣʣʘ 
- ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ çʬʠʢʪʠʚʥʳʭè ʩʪʨʫʢʪʫʨ (ʜʦʨʦʞʝʢ, ʟʘʪʚʦʨʦʚ ʠ ʪ.ʜ.) ʜʣʷ 
  ʚʳʨʘʚʥʠʚʘʥʠʷ ʣʦʢʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 
- ʙʝʩʩʚʠʥʮʦʚʘʷ ʧʘʡʢʘ ʢʨʠʩʪʘʣʣʘ ʚ ʢʦʨʧʫʩ 
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ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ 

ɸʨʩʝʥʠʜ ʛʘʣʣʠʷ (GaAs) - ʧʦʣʫʧʨʦʚʦʜʥʠʢ, ʪʨʝʪʠʡ ʧʦ 

ʤʘʩʰʪʘʙʘʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʩʣʝ Si ʠ Ge. ɿʘʧʨʝʱʝʥʥʘʷ ʟʦʥʘ 

1.424 ʵɺ (300 K). ʇʨʠʤʝʥʷʝʪʩʷ ʚ ʩʚʝʨʭʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤʘʭ ʠ ʪʨʘʥʟʠʩʪʦʨʘʭ, ʪʫʥʥʝʣʴʥʳʭ ʜʠʦʜʘʭ, 

ʩʚʝʪʦʜʠʦʜʘʭ, ʣʘʟʝʨʥʳʭ ʜʠʦʜʘʭ, ʬʦʪʦʧʨʠʝʤʥʠʢʘʭ ʠ ʪ.ʜ. 

ʌʦʩʬʠʜ ʠʥʜʠʷ (InP) - ʧʨʷʤʦʟʦʥʥʳʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢ ʩ 

ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 1.34 ʵɺ (300 K). ʀʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʚʝʨʭʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ ʠ ʜʠʦʜʦʚ. 

ʇʦ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʤ ʩʚʦʡʩʪʚʘʤ ʧʨʝʚʦʩʭʦʜʠʪ GaAs 

ʄʦʣʠʙʜʝʥʠʪ (MoS2) - ʤʷʛʢʠʡ ʩʚʠʥʮʦʚʦ-ʩʝʨʳʡ ʤʠʥʝʨʘʣ. 

ʇʦʣʫʧʨʦʚʦʜʥʠʢ, ʧʨʠʤʝʥʷʚʰʠʡʩʷ ʚ ʨʘʜʠʦʪʝʭʥʠʢʝ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʝʢʪʦʨʦʚ. ʅʝʜʘʚʥʦ ʧʦʷʚʠʣʠʩʴ ʩʦʦʙʱʝʥʠʷ ʦ 

ʩʦʟʜʘʥʠʠ ʪʨʘʥʟʠʩʪʦʨʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʠ ʧʝʨʚʦʛʦ ʯʠʧʘ 
ʄʦʣʠʙʜʝʥʠʪ ʠ 

ʪʨʘʥʟʠʩʪʦʨ ʥʘ ʝʛʦ ʦʩʥʦʚʝ 
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ʋʛʣʝʨʦʜʥʘʷ ʥʘʥʦʪʨʫʙʢʘ 

ʋʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ - ʜʣʠʥʥʳʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ 

ʩʪʨʫʢʪʫʨʳ (ʜʠʘʤʝʪʨ ʦʪ ʦʜʥʦʛʦ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ 

ʥʘʥʦʤʝʪʨʦʚ, ʜʣʠʥʘ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʘʥʪʠʤʝʪʨʦʚ), ʩʦʩʪʦʷʱʠʝ 

ʠʟ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʩʚʝʨʥʫʪʳʭ ʚ ʪʨʫʙʢʫ ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ 

ʛʨʘʬʠʪʦʚʳʭ ʧʣʦʩʢʦʩʪʝʡ ʠ ʟʘʢʘʥʯʠʚʘʶʱʠʝʩʷ ʦʙʳʯʥʦ 

ʧʦʣʫʩʬʝʨʦʡ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʧʦʣʦʚʠʥʘ 

ʤʦʣʝʢʫʣʳ ʬʫʣʝʨʝʥʘ 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʘʤʝʪʨʘ ʫʛʣʝʨʦʜʥʳʝ ʪʨʫʙʢʠ ʧʨʦʷʚʣʷʶʪ 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʠʣʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʩʚʦʡʩʪʚʘ. 

ɺʦʟʤʦʞʥʳʝ ʧʨʠʤʝʥʝʥʠʷ ʚ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʝ: 

ʜʠʦʜʳ, ʪʨʘʥʟʠʩʪʦʨʳ, ʥʘʥʦʧʨʦʚʦʜʘ, ʥʘʥʦʵʣʝʢʪʨʦʜʳ 

(ʢʘʪʦʜʳ SED), ʧʨʦʟʨʘʯʥʳʝ ʧʨʦʚʦʜʷʱʠʝ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʘ ʠ ʪ.ʜ.  ʊʠʧʳ ʥʘʥʦʪʨʫʙʦʢ 

ʋʛʣʝʨʦʜʥʳʝ ʥʘʥʦʩʪʨʫʢʪʫʨʳ 

//upload.wikimedia.org/wikipedia/commons/5/53/Types_of_Carbon_Nanotubes.png
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ʌʫʣʣʝʨʝʥ ʉ60 

ʌʫʣʣʝʨʝʥʳ - ʢʣʘʩʩ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʷʚʣʷʶʱʠʭʩʷ 

ʘʣʣʦʪʨʦʧʥʳʤʠ ʬʦʨʤʘʤʠ ʫʛʣʝʨʦʜʘ ʠ ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ 

ʚʳʧʫʢʣʳʝ ʟʘʤʢʥʫʪʳʝ ʤʥʦʛʦʛʨʘʥʥʠʢʠ, ʩʦʩʪʘʚʣʝʥʥʳʝ ʠʟ 

ʯʝʪʥʦʛʦ ʯʠʩʣʘ ʪʨʝʭʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ 

ʂʨʠʩʪʘʣʣʳ ʬʫʣʣʝʨʝʥʘ - ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ ʩ ʰʠʨʠʥʦʡ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ~1.5 ʵɺ. ɺ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʝ ʠʭ ʛʣʘʚʥʦʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʨʝʤʥʠʝʤ - ʤʘʣʦʝ ʚʨʝʤʷ 

ʨʝʣʘʢʩʘʮʠʠ ʬʦʪʦʦʪʢʣʠʢʘ (ʝʜʠʥʠʮʳ ʥʩ). 

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʣʝʢʫʣ ʬʫʣʣʝʨʝʥʘ 

ʚ ʢʘʯʝʩʪʚʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʫʩʪʨʦʡʩʪʚ ʌʫʣʣʝʨʝʥ ʉ540 

1996 - ʂʨʦʪʦ, ʉʤʦʣʣʠ ʠ ʂʝʨʣʫ, ʅʦʙʝʣʝʚʩʢʘʷ ʧʨʝʤʠʷ ʧʦ ʭʠʤʠʠ 

ʟʘ ʦʪʢʨʳʪʠʝ ʬʫʣʣʝʨʝʥʦʚ 

ʋʛʣʝʨʦʜʥʳʝ ʥʘʥʦʩʪʨʫʢʪʫʨʳ 
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ʋʛʣʝʨʦʜʥʳʝ ʥʘʥʦʩʪʨʫʢʪʫʨʳ 

ɻʨʘʬʠʪ 

ɻʨʘʬʝʥ - ʜʚʫʤʝʨʥʘʷ ʘʣʣʦʪʨʦʧʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʫʛʣʝʨʦʜʘ, 

ʦʙʨʘʟʦʚʘʥʥʘʷ ʩʣʦʝʤ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʪʦʣʱʠʥʦʡ ʚ ʦʜʠʥ ʘʪʦʤ. 

ɸʪʦʤʳ ʩʣʦʷ ʫʧʦʨʷʜʦʯʝʥʳ ʚ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʜʚʫʤʝʨʥʫʶ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ, ʢʦʪʦʨʫʶ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʫ 

ʧʣʦʩʢʦʩʪʴ ʛʨʘʬʠʪʘ, ʦʪʜʝʣʝʥʥʫʶ ʦʪ ʦʙʲʝʤʥʦʛʦ ʢʨʠʩʪʘʣʣʘ 

ʄʘʢʩʠʤʘʣʴʥʘʷ (ʩʨʝʜʠ ʠʟʚʝʩʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ) ʧʦʜʚʠʞʥʦʩʪʴ 

ʵʣʝʢʪʨʦʥʦʚ ʜʝʣʘʝʪ ʛʨʘʬʝʥ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠ ʠ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʟʘʤʝʥʫ 

ʢʨʝʤʥʠʷ ʚ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤʘʭ 
ɻʨʘʬʝʥ 

2010 - ɸ.ʂ. ɻʝʡʤ ʠ ʂ.ʉ. ʅʦʚʦʩʝʣʦʚ, ʅʦʙʝʣʝʚʩʢʘʷ ʧʨʝʤʠʷ ʧʦ 

ʬʠʟʠʢʝ ʟʘ çʧʝʨʝʜʦʚʳʝ ʦʧʳʪʳ ʩ 2D ʤʘʪʝʨʠʘʣʦʤ - ʛʨʘʬʝʥʦʤè 
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ʄʦʣʝʢʫʣʷʨʥʳʝ ʢʨʠʩʪʘʣʣʳ 

ʄʦʣʝʢʫʣʷʨʥʳʡ ʢʨʠʩʪʘʣʣ - ʢʨʠʩʪʘʣʣ, ʧʦʩʪʨʦʝʥʥʳʡ ʠʟ 

ʤʦʣʝʢʫʣ. ʄʦʣʝʢʫʣʳ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʩʣʘʙʳʤʠ 

ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʩʢʠʤʠ ʩʠʣʘʤʠ, ʚʥʫʪʨʠ ʞʝ ʤʦʣʝʢʫʣ 

ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʜʝʡʩʪʚʫʝʪ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʧʨʦʯʥʘʷ 

ʢʦʚʘʣʝʥʪʥʘʷ ʩʚʷʟʴ 

ɹʦʣʴʰʠʥʩʪʚʦ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ - ʵʪʦ ʢʨʠʩʪʘʣʣʳ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʂ ʵʪʦʤʫ ʞʝ ʢʣʘʩʩʫ ʦʪʥʦʩʷʪʩʷ ʠ 

ʢʨʠʩʪʘʣʣʳ ʧʦʣʠʤʝʨʦʚ, ʙʝʣʢʦʚ, ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ï ʜʠʵʣʝʢʪʨʠʢʠ, 

ʆʜʥʘʢʦ ʥʝʢʦʪʦʨʳʝ, ʥʘʧʨʠʤʝʨ, ʧʦʣʠʤʝʨʳ - ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ 

ʇʨʠʤʝʨʳ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 
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ʋʩʪʦʡʯʠʚʳʝ ʦʜʥʦ- ʠ ʤʥʦʛʦʵʣʝʢʪʨʦʥʥʳʝ ʩʦʩʪʦʷʥʠʷ 

ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʷʤʘ - ʦʙʣʘʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ, 

ʛʜʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʣʦʢʘʣʴʥʳʡ ʤʠʥʠʤʫʤ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮʳ ʯʘʩʪʠʮʳ. 

ʇʨʠ ʦʪʢʣʦʥʝʥʠʠ ʯʘʩʪʠʮʳ ʦʪ ʪʦʯʢʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʠʥʠʤʫʤʫ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʵʥʝʨʛʠʠ ʚʦʟʥʠʢʘʝʪ ʩʠʣʘ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʦʪʢʣʦʥʝʥʠʶ ʩʪʦʨʦʥʫ.  

ɽʩʣʠ ʯʘʩʪʠʮʘ ʧʦʜʯʠʥʷʝʪʩʷ ʟʘʢʦʥʘʤ ʢʚʘʥʪʦʚʦʡ 

ʤʝʭʘʥʠʢʠ, ʪʦ ʜʘʞʝ ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʜʦʩʪʘʪʦʢ 

ʵʥʝʨʛʠʠ ʦʥʘ ʩ ʦʧʨʝʜʝʣʸʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 

ʤʦʞʝʪ ʧʦʢʠʥʫʪʴ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʷʤʫ (ʷʚʣʝʥʠʝ 

ʪʫʥʥʝʣʴʥʦʛʦ ʵʬʬʝʢʪʘ)  

ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʷʤʘ 

http://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%BB:Pt_hole.gif


ʌʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʩʦʚʨʝʤʝʥʥʳʭ ʕɺʄ. ɺʄʠʂ.  http://comp.ilc.edu.ru 

ʃʝʢʮʠʷ 14. ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʕɺʄ 

ʇʦʪʝʥʮʠʘʣʴʥʳʡ ʙʘʨʴʝʨ - ʦʙʣʘʩʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʨʘʟʜʝʣʷʶʱʘʷ ʜʚʝ ʜʨʫʛʠʝ 

ʦʙʣʘʩʪʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʠʣʠ ʦʜʠʥʘʢʦʚʳʤʠ 

ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʵʥʝʨʛʠʷʤʠ. ʍʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

çʚʳʩʦʪʦʡè - ʤʠʥʠʤʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʯʘʩʪʠʮʳ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ 

ʧʨʝʦʜʦʣʝʥʠʷ ʙʘʨʴʝʨʘ  

ʇʦʪʝʥʮʠʘʣʴʥʳʡ ʙʘʨʴʝʨ 

ʋʩʪʦʡʯʠʚʳʝ ʦʜʥʦ- ʠ ʤʥʦʛʦʵʣʝʢʪʨʦʥʥʳʝ ʩʦʩʪʦʷʥʠʷ 

ɽʩʣʠ ʯʘʩʪʠʮʘ ʧʦʜʯʠʥʷʝʪʩʷ ʢʚʘʥʪʦʚʳʤ ʟʘʢʦʥʘʤ, 

ʪʦ ʜʘʞʝ ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʜʦʩʪʘʪʦʢ ʵʥʝʨʛʠʠ ʦʥʘ ʩ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʤʦʞʝʪ 

ʧʨʝʦʜʦʣʝʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʙʘʨʴʝʨ (ʷʚʣʝʥʠʝ 

ʪʫʥʥʝʣʴʥʦʛʦ ʵʬʬʝʢʪʘ) 

//upload.wikimedia.org/wikipedia/commons/0/0e/Potential.gif
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ʇʨʝʜʝʣʴʥʳʝ ʨʘʟʤʝʨʳ, ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʠ ʚʳʜʝʣʝʥʠʝ ʪʝʧʣʘ 

ʄʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʷʤʳ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʝʜʝʣʴʥʦʡ ʣʦʢʘʣʠʟʘʮʠʝʡ 

ʯʘʩʪʠʮʳ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ ʧʝʨʠʦʜʫ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. ʇʦʩʢʦʣʴʢʫ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘ ʙʠʪ ʠʥʬʦʨʤʘʮʠʠ 

ʧʨʠʭʦʜʠʪʩʷ > 100 ʯʘʩʪʠʮ, ʧʨʝʜʝʣʴʥʳʡ ʨʘʟʤʝʨ 

ʥʘ ʙʠʪ ʠʥʬʦʨʤʘʮʠʠ - 4-5 ʧʝʨʠʦʜʦʚ ʨʝʰʝʪʢʠ  

 ʄʠʥʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʷʤʳ 

(ʚʳʩʦʪʘ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʙʘʨʴʝʨʘ) 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʨʝʜʥʝʡ ʵʥʝʨʛʠʝʡ ʪʝʧʣʦʚʦʛʦ 

ʚʦʟʙʫʞʜʝʥʠʷ ʯʘʩʪʠʮʳ (3/2 kT), ʢʦʪʦʨʦʡ ʜʦʣʞʥʦ 

ʙʳʪʴ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʦʢʠʜʘʥʠʷ ʷʤʳ 

ʕʪʦ ʞʝ ʦʧʨʝʜʝʣʷʝʪ ʤʠʥʠʤʘʣʴʥʳʝ ʟʘʪʨʘʪʳ 

ʵʥʝʨʛʠʠ (~10-17-10-18 ɼʞ) ʠ ʚʳʜʝʣʝʥʠʝ ʪʝʧʣʘ 

ʧʨʠ ʧʝʨʝʟʘʧʠʩʠ ʦʜʥʦʛʦ ʙʠʪʘ ʠʥʬʦʨʤʘʮʠʠ 

ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʷʤʘ 

ʇʦʪʝʥʮʠʘʣʴʥʳʡ ʙʘʨʴʝʨ 

http://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%BB:Pt_hole.gif
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ʂʚʘʥʪʦʚʘʷ ʤʝʭʘʥʠʢʘ 

ʅʠʣʴʩ ɹʦʨ 

ʆʩʥʦʚʘ ʤʦʜʝʣʠ ʘʪʦʤʘ ʅʠʣʴʩʘ 

ɹʦʨʘ (1913) ï ʢʣʘʩʩʠʯʝʩʢʘʷ 

ʧʣʘʥʝʪʘʨʥʘʷ ʤʦʜʝʣʴ ʘʪʦʤʘ 

ʈʝʟʝʨʬʦʨʜʘ 

ʉʪʘʮʠʦʥʘʨʥʳʝ ʩʦʩʪʦʷʥʠʷ 
ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʧʝʨʝʭʦʜʳ 

ɹʦʨ ʧʦʩʪʫʣʠʨʦʚʘʣ, ʯʪʦ ʵʣʝʢʪʨʦʥʳ ʚ ʘʪʦʤʝ ʤʦʛʫʪ 

ʜʚʠʛʘʪʴʩʷ ʪʦʣʴʢʦ ʧʦ ʦʧʨʝʜʝʣʝʥʥʳʤ 

(ʩʪʘʮʠʦʥʘʨʥʳʤ) ʦʨʙʠʪʘʤ, ʥʘʭʦʜʷʩʴ ʥʘ ʢʦʪʦʨʳʭ 

ʦʥʠ ʚʦʧʨʝʢʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʠʟʠʢʝ ʥʝ ʠʟʣʫʯʘʶʪ. 

ʀʟʣʫʯʝʥʠʝ ʠ ʧʦʛʣʦʱʝʥʠʝ ʧʨʦʠʩʭʦʜʷʪ ʪʦʣʴʢʦ ʚ 

ʤʦʤʝʥʪ ʧʝʨʝʭʦʜʘ ʩ ʦʜʥʦʡ ʦʨʙʠʪʳ ʥʘ ʜʨʫʛʫʶ 

//upload.wikimedia.org/wikipedia/commons/5/55/Bohr-atom-PAR.svg
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ʂʚʘʥʪʦʚʘʷ (ʢʦʛʝʨʝʥʪʥʘʷ) ʩʫʧʝʨʧʦʟʠʮʠʷ - ʩʫʧʝʨʧʦʟʠʮʠʷ ʩʦʩʪʦʷʥʠʡ, ʢʦʪʦʨʳʝ 

ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʦʜʥʦʚʨʝʤʝʥʥʦ (ʩ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ï 

ʚʟʘʠʤʦʠʩʢʣʶʯʘʶʱʠʭ ʩʦʩʪʦʷʥʠʡ).  

ɽʩʣʠ        ʠ        ʦʧʠʩʳʚʘʶʪ ʩʦʩʪʦʷʥʠʷ ʢʚʘʥʪʦʚʦʡ ʩʠʩʪʝʤʳ, ʪʦ ʠʭ 

ʩʫʧʝʨʧʦʟʠʮʠʷ                               ʪʘʢʞʝ ʦʧʠʩʳʚʘʝʪ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ. 

ʇʨʠʯʝʤ ʝʩʣʠ ʠʟʤʝʨʝʥʠʝ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ     ʚ ʩʦʩʪʦʷʥʠʠ          ʜʘʝʪ 

ʨʝʟʫʣʴʪʘʪ    , ʘ ʚ ʩʦʩʪʦʷʥʠʠ          - ʨʝʟʫʣʴʪʘʪ     , ʪʦ ʠʟʤʝʨʝʥʠʝ ʚ ʩʦʩʪʦʷʥʠʠ  

        ʜʘʩʪ ʨʝʟʫʣʴʪʘʪ      ʠʣʠ      ʩ ʚʝʨʦʷʪʥʦʩʪʷʤʠ         ʠ         ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʂʚʘʥʪʦʚʘʷ ʤʝʭʘʥʠʢʘ ʠ ʧʨʠʥʮʠʧ ʩʫʧʝʨʧʦʟʠʮʠʠ 

ʆʩʥʦʚʘ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ ï ʫʨʘʚʥʝʥʠʝ ʐʨʝʜʠʥʛʝʨʘ, ʢʦʪʦʨʦʝ ʦʧʠʩʳʚʘʝʪ ʵʚʦʣʶʮʠʶ 

ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ ʢʚʘʥʪʦʚʦʡ ʩʠʩʪʝʤʳ  

ʀʟ ʣʠʥʝʡʥʦʩʪʠ ʦʧʝʨʘʪʦʨʘ ɻʘʤʠʣʴʪʦʥʘ ʩʣʝʜʫʝʪ, ʯʪʦ 
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ɺ ʷʱʠʢ ʧʦʤʝʱʝʥ ʢʦʪ ʠ ʤʝʭʘʥʠʟʤ ʩ ʨʘʜʠʦʘʢʪʠʚʥʳʤ 

ʷʜʨʦʤ ʠ ʝʤʢʦʩʪʴʶ ʩ ʷʜʦʚʠʪʳʤ ʛʘʟʦʤ. ʇʨʠ ʨʘʩʧʘʜʝ 

ʷʜʨʘ ʦʪʢʨʳʚʘʝʪʩʷ ʝʤʢʦʩʪʴ ʠ ʢʦʪ ʫʤʠʨʘʝʪ. 

ʇʦʢʘ ʷʱʠʢ ʟʘʢʨʳʪ ʩʦʩʪʦʷʥʠʝ ʷʜʨʘ - ʩʫʧʝʨʧʦʟʠʮʠʷ 

ʨʘʩʧʘʚʰʝʛʦʩʷ ʠ ʥʝ ʨʘʩʧʘʚʰʝʛʦʩʷ ʩʦʩʪʦʷʥʠʡ, ʘ ʢʦʪ ʞʠʚ 

ʠ ʤʝʨʪʚ ʦʜʥʦʚʨʝʤʝʥʥʦ. ɽʩʣʠ ʷʱʠʢ ʦʪʢʨʳʪʴ, ʤʳ ʫʚʠʜʠʤ 

ʢʘʢʦʝ-ʪʦ ʦʜʥʦ ʩʦʩʪʦʷʥʠʝ - çʷʜʨʦ ʨʘʩʧʘʣʦʩʴ, ʢʦʪ ʤʸʨʪʚè 

ʠʣʠ çʷʜʨʦ ʥʝ ʨʘʩʧʘʣʦʩʴ, ʢʦʪ ʞʠʚè 

ʂʦʛʜʘ ʩʠʩʪʝʤʘ ʚʳʙʠʨʘʝʪ ʵʪʦ ʩʦʩʪʦʷʥʠʝ ? 

ʎʝʣʴ ʵʢʩʧʝʨʠʤʝʥʪʘ - ʧʦʢʘʟʘʪʴ, ʯʪʦ ʢʚʘʥʪʦʚʘʷ 

ʤʝʭʘʥʠʢʘ ʥʝʧʦʣʥʘ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʘʚʠʣ, 

ʢʦʪʦʨʳʝ ʫʢʘʟʳʚʘʶʪ, ʧʨʠ ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ 

ʧʨʦʠʩʭʦʜʠʪ ʢʦʣʣʘʧʩ ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ 

//upload.wikimedia.org/wikipedia/commons/9/91/Schrodingers_cat.svg
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ʂʦʛʝʨʝʥʪʥʦʩʪʴ ʩʦʩʪʦʷʥʠʡ 

ʂʦʛʝʨʝʥʪʥʦʩʪʴ ï ʢʦʨʨʝʣʠʨʦʚʘʥʥʦʩʪʴ (ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ) 

ʥʝʩʢʦʣʴʢʠʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʠʣʠ ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚʦ 

ʚʨʝʤʝʥʠ, ʧʨʦʷʚʣʷʶʱʘʷʩʷ ʧʨʠ ʠʭ ʩʣʦʞʝʥʠʠ. ʂʦʣʝʙʘʥʠʷ 

ʢʦʛʝʨʝʥʪʥʳ, ʝʩʣʠ ʨʘʟʥʦʩʪʴ ʠʭ ʬʘʟ ʧʦʩʪʦʷʥʥʘ ʚʦ 

ʚʨʝʤʝʥʠ ʠ ʧʨʠ ʩʣʦʞʝʥʠʠ ʢʦʣʝʙʘʥʠʡ ʧʦʣʫʯʘʝʪʩʷ 

ʢʦʣʝʙʘʥʠʝ ʪʦʡ ʞʝ ʯʘʩʪʦʪʳ 

ʇʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʦʣʥʝ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ 

ʨʘʟʥʳʭ ʪʦʯʢʘʭ ʦʩʮʠʣʣʷʮʠʠ ʧʨʦʠʩʭʦʜʷʪ 

ʩʠʥʭʨʦʥʥʦ, ʪʦ ʝʩʪʴ ʨʘʟʥʦʩʪʴ ʬʘʟ ʤʝʞʜʫ 

ʜʚʫʤʷ ʪʦʯʢʘʤʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ 

ʀʥʪʝʨʬʝʨʝʥʮʠʷ ʜʚʫʭ 

ʪʦʯʝʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʂʦʣʣʝʢʪʠʚʠʟʘʮʠʷ ʩʦʩʪʦʷʥʠʡ 

//upload.wikimedia.org/wikipedia/commons/2/2c/Two_sources_interference.gif
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ʂʫʙʠʪ (quantum bit) - ʢʚʘʥʪʦʚʳʡ ʨʘʟʨʷʜ ʠʣʠ 

ʥʘʠʤʝʥʴʰʠʡ ʵʣʝʤʝʥʪ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʢʚʘʥʪʦʚʦʤ ʢʦʤʧʴʶʪʝʨʝ. 

ʂʘʢ ʠ ʙʠʪ, ʢʫʙʠʪ ʜʦʧʫʩʢʘʝʪ ʜʚʘ ʩʦʙʩʪʚʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ, 

ʦʙʦʟʥʘʯʘʝʤʳʭ       ʠ       (ʦʙʦʟʥʘʯʝʥʠʷ ɼʠʨʘʢʘ), ʥʦ ʧʨʠ 

ʵʪʦʤ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʠ ʚ ʠʭ ʩʫʧʝʨʧʦʟʠʮʠʠ, ʪ.ʝ. ʚ 

ʩʦʩʪʦʷʥʠʠ                           , ʛʜʝ A ʠ B ʣʶʙʳʝ 

ʢʦʤʧʣʝʢʩʥʳʝ ʯʠʩʣʘ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʫʩʣʦʚʠʶ 

ʥʦʨʤʠʨʦʚʢʠ |A|2 + |B|2 = 1 

ʇʨʠ ʣʶʙʦʤ ʠʟʤʝʨʝʥʠʠ ʩʦʩʪʦʷʥʠʷ ʢʫʙʠʪʘ ʦʥ ʩʣʫʯʘʡʥʦ 

ʧʝʨʝʭʦʜʠʪ ʚ ʦʜʥʦ ʠʟ ʩʚʦʠʭ ʩʦʙʩʪʚʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ. 

ɺʝʨʦʷʪʥʦʩʪʠ ʧʝʨʝʭʦʜʘ ʚ ʵʪʠ ʩʦʩʪʦʷʥʠʷ ʨʘʚʥʳ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, |A|2 ʠ |B|2, ʪ.ʝ. ʢʦʩʚʝʥʥʦ, ʧʦ 

ʥʘʙʣʶʜʝʥʠʷʤ ʟʘ ʤʥʦʞʝʩʪʚʦʤ ʢʫʙʠʪʦʚ, ʤʳ ʚʩʝ-ʪʘʢʠ 

ʤʦʞʝʤ ʩʫʜʠʪʴ ʦʙ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ 
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ʂʫʙʠʪʳ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʪ.ʝ. ʥʘ ʥʠʭ 

ʤʦʞʝʪ ʙʳʪʴ ʥʘʣʦʞʝʥʘ ʥʝʥʘʙʣʶʜʘʝʤʘʷ ʩʚʷʟʴ, 

ʚʳʨʘʞʘʶʱʘʷʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʚʩʷʢʦʤ ʠʟʤʝʨʝʥʠʠ ʥʘʜ 

ʦʜʥʠʤ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʢʫʙʠʪʦʚ, ʦʩʪʘʣʴʥʳʝ ʤʝʥʷʶʪʩʷ 

ʩʦʛʣʘʩʦʚʘʥʥʦ ʩ ʥʠʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʧʝʨʝʧʫʪʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʢʫʙʠʪʦʚ ʤʦʞʝʪ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴʩʷ ʢʘʢ ʟʘʧʦʣʥʝʥʥʳʡ ʢʚʘʥʪʦʚʳʡ 

ʨʝʛʠʩʪʨ  

ʂʘʢ ʠ ʦʪʜʝʣʴʥʳʡ ʢʫʙʠʪ, ʢʚʘʥʪʦʚʳʡ ʨʝʛʠʩʪʨ ʛʦʨʘʟʜʦ 

ʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʝʥ. ʆʥ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʥʝ ʪʦʣʴʢʦ 

ʚʦ ʚʩʝʚʦʟʤʦʞʥʳʭ ʢʦʤʙʠʥʘʮʠʷʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʛʦ 

ʙʠʪʦʚ, ʥʦ ʠ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʚʩʝʚʦʟʤʦʞʥʳʝ ʪʦʥʢʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʥʠʤʠ. 

ʊʨʝʭʢʫʙʠʪʥʘʷ ʟʘʧʫʪʘʥʥʦʩʪʴ 

ʊʨʝʭʢʫʙʠʪʥʘʷ ʟʘʧʫʪʘʥʥʦʩʪʴ 
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ʂʚʘʥʪʦʚʘʷ ʧʝʨʝʧʫʪʘʥʥʦʩʪʴ 

ʃʝʢʮʠʷ 14. ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʕɺʄ 

ʂʚʘʥʪʦʚʘʷ ʧʝʨʝʧʫʪʘʥʥʦʩʪʴ (ʟʘʧʫʪʘʥʥʦʩʪʴ) ï 

ʢʚʘʥʪʦʚʦʤʝʭʘʥʠʯʝʩʢʦʝ ʷʚʣʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʢʚʘʥʪʦʚʳʝ ʩʦʩʪʦʷʥʠʷ ʜʚʫʭ ʠʣʠ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ 

ʦʙʲʝʢʪʦʚ  ʦʢʘʟʳʚʘʶʪʩʷ ʚʟʘʠʤʦʟʘʚʠʩʠʤʳʤʠ. ʊʘʢʘʷ 

ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʴ ʩʦʭʨʘʥʷʝʪʩʷ, ʜʘʞʝ ʝʩʣʠ ʵʪʠ 

ʦʙʲʝʢʪʳ ʨʘʟʥʝʩʝʥʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʟʘ ʧʨʝʜʝʣʳ 

ʣʶʙʳʭ ʠʟʚʝʩʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʯʪʦ ʥʘʭʦʜʠʪʩʷ 

ʚ ʣʦʛʠʯʝʩʢʦʤ ʧʨʦʪʠʚʦʨʝʯʠʠ ʩ ʧʨʠʥʮʠʧʦʤ 

ʧʨʠʯʠʥʥʦʩʪʠ 

ʀʩʪʦʯʥʠʢ ʧʝʨʝʧʫʪʘʥʥʳʭ ʬʦʪʦʥʦʚ - ʥʝʣʠʥʝʡʥʳʡ 
ʢʨʠʩʪʘʣʣ, ʚ ʢʦʪʦʨʦʤ ʟʘ ʩʯʝʪ ʩʧʦʥʪʘʥʥʦʛʦ 
ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʬʦʪʦʥʦʚ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʯʘʩʪʦʪʳ ʨʦʞʜʘʶʪʩʷ ʜʚʘ ʢʦʥʫʩʘ 
ʠʟʣʫʯʝʥʠʷ ʨʘʟʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ, ʥʝʩʫʱʠʝ ʧʘʨʳ 

ʧʝʨʝʧʫʪʘʥʥʳʭ ʬʦʪʦʥʦʚ (ʙʠʬʦʪʦʥʦʚ) 

//upload.wikimedia.org/wikipedia/commons/7/75/SPDC_figure_RU.png


ʌʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʩʦʚʨʝʤʝʥʥʳʭ ʕɺʄ. ɺʄʠʂ.  http://comp.ilc.edu.ru 

ɿʘʧʨʝʪ ʥʘ ʢʣʦʥʠʨʦʚʘʥʠʝ 

ʃʝʢʮʠʷ 14. ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʕɺʄ 

ʊʝʦʨʝʤʘ ʦ ʟʘʧʨʝʪʝ ʢʣʦʥʠʨʦʚʘʥʠʷ (1982) - 

ʫʪʚʝʨʞʜʝʥʠʝ ʦ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ 

ʠʜʝʘʣʴʥʦʡ ʢʦʧʠʠ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʥʝʠʟʚʝʩʪʥʦʛʦ 

ʢʚʘʥʪʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ - ʠʤʝʝʪ ʦʛʨʦʤʥʦʝ 

ʟʥʘʯʝʥʠʝ ʚ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʠʥʬʦʨʤʘʮʠʠ. 

ʉʦʩʪʦʷʥʠʝ ʦʜʥʦʡ ʢʚʘʥʪʦʚʦʡ ʩʠʩʪʝʤʳ ʤʦʞʥʦ 

ʧʝʨʝʧʫʪʘʪʴ ʩ ʩʦʩʪʦʷʥʠʝʤ ʜʨʫʛʦʡ. ʈʝʟʫʣʴʪʘʪ 

ʵʪʦʛʦ ʥʝ ʷʚʣʷʝʪʩʷ ʢʣʦʥʠʨʦʚʘʥʠʝʤ, ʧʦʩʢʦʣʴʢʫ 

ʧʦʣʫʯʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʥʝʬʘʢʪʦʨʠʟʫʝʤʦ (ʥʝ 

ʦʧʠʩʳʚʘʝʪʩʷ ʥʘ ʷʟʳʢʝ ʩʦʩʪʦʷʥʠʡ ʧʦʜʩʠʩʪʝʤ)  

ʂʣʦʥʠʨʦʚʘʥʠʝ ʞʝ - ʵʪʦ ʪʘʢʘʷ ʦʧʝʨʘʮʠʷ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʩʦʟʜʘʝʪʩʷ ʩʦʩʪʦʷʥʠʝ, 

ʷʚʣʷʶʱʝʝʩʷ ʪʝʥʟʦʨʥʳʤ ʧʨʦʠʟʚʝʜʝʥʠʝʤ 

ʠʜʝʥʪʠʯʥʳʭ ʩʦʩʪʦʷʥʠʡ ʧʦʜʩʠʩʪʝʤ 

ɸ ʥʘ ʢʚʘʥʪʦʚʦʤ ʫʨʦʚʥʝ ʢʣʦʥʦʚ 

ʙʳʪʴ ʥʝ ʤʦʞʝʪ 
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ʂʚʘʥʪʦʚʘʷ ʪʝʣʝʧʦʨʪʘʮʠʷ 

ʃʝʢʮʠʷ 14. ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʕɺʄ 

ʂʚʘʥʪʦʚʘʷ ʪʝʣʝʧʦʨʪʘʮʠʷ (1993) - ʧʝʨʝʜʘʯʘ 

ʢʚʘʥʪʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʧʨʠ ʧʦʤʦʱʠ 

ʨʘʟʲʝʜʠʥʝʥʥʦʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʝʨʝʧʫʪʘʥʥʦʡ 

ʧʘʨʳ ʠ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ. ʇʨʠ ʪʘʢʦʡ 

ʧʝʨʝʜʘʯʝ ʩʦʩʪʦʷʥʠʝ ʨʘʟʨʫʰʘʝʪʩʷ ʚ ʪʦʯʢʝ 

ʦʪʧʨʘʚʣʝʥʠʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʟʤʝʨʝʥʠʷ ʠ 

ʚʦʩʩʦʟʜʘʝʪʩʷ ʚ ʪʦʯʢʝ ʧʨʠʝʤʘ.  

ʇʨʠ ʢʚʘʥʪʦʚʦʡ ʪʝʣʝʧʦʨʪʘʮʠʠ ʵʥʝʨʛʠʷ ʠʣʠ 

ʚʝʱʝʩʪʚʦ ʥʝ ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʝ, ʥʦ 

ʦʙʷʟʘʪʝʣʴʥʳʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʧʝʨʝʜʘʯʘ 

ʠʥʬʦʨʤʘʮʠʠ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʦʪʧʨʘʚʣʝʥʠʷ ʠ 

ʧʨʠʝʤʘ ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʤʫ (ʥʝ ʢʚʘʥʪʦʚʦʤʫ) ʢʘʥʘʣʫ. 

ʊʘʢʘʷ ʧʝʨʝʜʘʯʘ ʥʝ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 

ʙʳʩʪʨʝʝ, ʯʝʤ ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʚʝʪʘ, ʧʦʵʪʦʤʫ 

ʧʨʠʥʮʠʧʳ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʠ ʧʨʠ ʢʚʘʥʪʦʚʦʡ 

ʪʝʣʝʧʦʨʪʘʮʠʠ ʥʝ ʥʘʨʫʰʘʶʪʩʷ 
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ʂʚʘʥʪʦʚʘʷ ʪʝʣʝʧʦʨʪʘʮʠʷ 

ʃʝʢʮʠʷ 14. ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʕɺʄ 

1997 - ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʢʚʘʥʪʦʚʦʡ 

     ʪʝʣʝʧʦʨʪʘʮʠʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

     ʬʦʪʦʥʘ  

2004 - ʪʝʣʝʧʦʨʪʘʮʠʷ ʢʚʘʥʪʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʪʦʤʘ 

     (ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʠ ʙʝʨʠʣʣʠʷ)  

2006 - ʪʝʣʝʧʦʨʪʘʮʠʷ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ ʨʘʟʣʠʯʥʦʡ  

     ʧʨʠʨʦʜʳ - ʢʚʘʥʪʘʤʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ 

     ʘʪʦʤʘʤʠ ʮʝʟʠʷ  

2009 - ʢʚʘʥʪʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʠʦʥʘ ʪʝʣʝʧʦʨʪʠʨʦʚʘʥʦ 

     ʥʘ ʦʜʠʥ ʤʝʪʨ 

2010 - ʢʚʘʥʪʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʬʦʪʦʥʘ ʧʝʨʝʜʘʥʦ ʥʘ  

     ʨʘʩʩʪʦʷʥʠʝ 16 ʢʠʣʦʤʝʪʨʦʚ 

2009 - ʊʝʣʝʧʦʨʪʘʮʠʷ 

ʢʚʘʥʪʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʦʥʘ ʥʘ 

ʨʘʩʩʪʦʷʥʠʝ 1 ʤʝʪʨ 
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ʂʚʘʥʪʦʚʘʷ ʢʨʠʧʪʦʛʨʘʬʠʷ 
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ʂʚʘʥʪʦʚʘʷ ʢʨʠʧʪʦʛʨʘʬʠʷ - ʤʝʪʦʜ ʟʘʱʠʪʳ 

ʢʦʤʤʫʥʠʢʘʮʠʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʥʮʠʧʘʭ 

ʢʚʘʥʪʦʚʦʡ ʬʠʟʠʢʠ. ʉʝʢʨʝʪʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʪʝʤ, ʯʪʦ ʠʥʬʦʨʤʘʮʠʷ ʧʝʨʝʥʦʩʠʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʢʚʘʥʪʦʚʳʭ ʦʙʲʝʢʪʦʚ (ʥʘʧʨʠʤʝʨ, ʵʣʝʢʪʨʦʥʘʤʠ ʠʣʠ 

ʬʦʪʦʥʘʤʠ). ʇʨʠ ʵʪʦʤ ʧʦʜʩʣʫʰʠʚʘʥʠʝ ʤʦʞʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ, ʢʘʢ ʠʟʤʝʨʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʪʠʭ ʦʙʲʝʢʪʦʚ 

ʄʝʪʦʜ ʢʚʘʥʪʦʚʦʡ ʢʨʠʧʪʦʛʨʘʬʠʠ ʦʧʠʨʘʝʪʩʷ ʥʘ 

ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʧʦʚʝʜʝʥʠʷ 

ʢʚʘʥʪʦʚʦʡ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʦʡ ʥʝʚʦʟʤʦʞʥʦ  

ʠʟʤʝʨʠʪʴ ʦʜʠʥ ʧʘʨʘʤʝʪʨ (ʥʘʧʨʠʤʝʨ, ʠʤʧʫʣʴʩ), ʥʝ 

ʠʩʢʘʟʠʚ ʜʨʫʛʦʡ (ʢʦʦʨʜʠʥʘʪʫ). ʕʪʦ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʩʚʦʡʩʪʚʦ ʠʟʚʝʩʪʥʦ ʢʘʢ ʧʨʠʥʮʠʧ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ɻʝʡʟʝʥʙʝʨʛʘ (1927) 

ɺ. ɻʝʡʟʝʥʙʝʨʛ 

ʂʚʘʥʪʦʚʳʡ ʢʘʥʘʣ ʩʚʷʟʠ 
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http://ru.wikipedia.org/w/index.php?title=%D0%A4%D0%B0%D0%B9%D0%BB:Bundesarchiv_Bild183-R57262,_Werner_Heisenberg.jpg&filetimestamp=20090906172804
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ʀʩʧʦʣʴʟʫʷ ʢʚʘʥʪʦʚʳʝ ʷʚʣʝʥʠʷ, ʤʦʞʥʦ 

ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʠ ʩʦʟʜʘʪʴ ʪʘʢʫʶ ʩʠʩʪʝʤʫ 

ʩʚʷʟʠ, ʢʦʪʦʨʘʷ ʚʩʝʛʜʘ ʤʦʞʝʪ ʦʙʥʘʨʫʞʠʚʘʪʴ 

ʧʦʜʩʣʫʰʠʚʘʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʣʶʙʘʷ ʧʦʧʳʪʢʘ 

ʠʟʤʝʨʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ 

ʢʚʘʥʪʦʚʦʡ ʩʠʩʪʝʤʝ ʚʥʦʩʠʪ ʚ ʥʝʝ ʥʘʨʫʰʝʥʠʷ, 

ʨʘʟʨʫʰʘʷ ʠʩʭʦʜʥʳʝ ʩʠʛʥʘʣʳ 

ʉʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʣʶʯʘ ʠ ʝʝ 

ʧʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ 

http://lostlab.ru/forum/index.php?app=core&module=attach&section=attach&attach_rel_module=post&attach_id=1340
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1989 - IBM, ʧʝʨʚʘʷ ʨʘʙʦʪʘʶʱʘʷ ʩʠʩʪʝʤʘ (ʢʚʘʥʪʦʚʳʡ 

     ʢʘʥʘʣ - ʚʦʟʜʫʰʥʳʡ ʢʘʥʘʣ ʜʣʠʥʦʡ 32 ʩʤ) 

90-ʝ - GAP-Optique, ʢʚʘʥʪʦʚʳʡ ʢʘʥʘʣ ʥʘ ʦʧʪʦʚʦʣʦʢʥʝ 

     ʜʣʠʥʦʡ 23 ʠ 67 ʢʤ (ʫʨʦʚʝʥʴ ʦʰʠʙʦʢ < 1,4 %) 

90-ʝ - Mitsubishi Electric,  ʧʝʨʝʜʘʯʘ ʢʚʘʥʪʦʚʦʛʦ ʢʣʶʯʘ 

           ʥʘ ʨʘʩʩʪʦʷʥʠʝ 87 ʢʤ (ʩʢʦʨʦʩʪʴ 1 ɹʘʡʪ/ʩʝʢ) 

90-ʝ - ɺ  ʅʘʮʠʦʥʘʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʃʦʩ-ɸʣʘʤʦʩ  ʥʘ 

     ʣʠʥʠʠ ʩʚʷʟʠ ʜʣʠʥʦʡ 48 ʢʤ ʜʦʩʪʠʛʥʫʪʘ ʩʢʦʨʦʩʪʴ 

     ʚ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʂʙʠʪ/ʩʝʢ 

2001 - ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʝʪʦʜʠʦʜʘ ʥʘ çʢʚʘʥʪʦʚʦʡ 

     ʪʦʯʢʝè  ʜʦʩʪʠʛʥʫʪʘ ʩʢʦʨʦʩʪʴ 75 ʂʙʠʪ/ʩʝʢ 

2003 - ʉʐɸ ʥʘ ʢʘʥʘʣʝ ʜʣʠʥʦʡ 1 ʢʤ ʫʨʦʚʝʥʴ ʦʰʠʙʢʠ 

     ʩʥʠʞʝʥ ʜʦ 0,5 % ʧʨʠ ʩʢʦʨʦʩʪʠ ʩʚʷʟʠ 5 ʂʙʠʪ/ʩ 

2007 - ʐʚʝʡʮʘʨʠʷ, ʚʳʙʦʨʳ, ʨʝʟʫʣʴʪʘʪʳ ʛʦʣʦʩʦʚʘʥʠʷ 

      ʧʝʨʝʜʘʶʪʩʷ ʧʦ ʢʚʘʥʪʦʚʳʤ ʩʝʪʷʤ 

2011 - ʊʦʢʠʦ, ʪʝʣʝʢʦʥʬʝʨʝʥʮʠʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 45 ʢʤ 

            ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʧʪʦʚʦʣʦʢʦʥʥʳʭ ʣʠʥʠʷʭ 
ʇʝʨʝʜʘʯʘ ʢʚʘʥʪʦʚʦʛʦ ʢʣʶʯʘ 
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ʂʚʘʥʪʦʚʳʡ ʢʦʤʧʴʶʪʝʨ - ʚʳʯʠʩʣʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, 

ʢʦʪʦʨʦʝ ʨʘʙʦʪʘʝʪ ʥʘ ʦʩʥʦʚʝ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ ʠ  

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʢʦʤʧʴʶʪʝʨʦʚ. 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʡ ʢʚʘʥʪʦʚʳʡ ʢʦʤʧʴʶʪʝʨ ʠʩʧʦʣʴʟʫʝʪ ʥʝ 

ʦʙʳʯʥʳʝ (ʢʣʘʩʩʠʯʝʩʢʠʝ) ʘʣʛʦʨʠʪʤʳ, ʘ ʢʚʘʥʪʦʚʳʝ 

ʘʣʛʦʨʠʪʤʳ, ʨʝʘʣʠʟʫʝʤʳʝ ʚ ʧʨʦʮʝʩʩʘʭ ʢʚʘʥʪʦʚʦʡ ʧʨʠʨʦʜʳ. 

ɿʘ ʩʯʝʪ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʚʘʥʪʦʚʳʡ ʧʘʨʘʣʣʝʣʠʟʤ ʠ 

ʢʚʘʥʪʦʚʘʷ ʟʘʧʫʪʘʥʥʦʩʪʴ 

ʈʠʯʘʨʜ ʌʝʡʥʤʘʥ 

ʉʭʝʤʘ ʢʚʘʥʪʦʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ 
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ʈʠʯʘʨʜ ʌʝʡʥʤʘʥ 

ʉʭʝʤʘ ʢʚʘʥʪʦʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ 

ʂʚʘʥʪʦʚʳʡ ʧʘʨʘʣʣʝʣʠʟʤ - ʛʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʢʚʘʥʪʦʚʳʭ 

ʚʳʯʠʩʣʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʮʠʬʨʦʚʳʤʠ ʢʣʘʩʩʠʯʝʩʢʠʤʠ. 

ʅʘʧʨʠʤʝʨ, ʠʤʝʷ ʩʠʩʪʝʤʫ (ʨʝʛʠʩʪʨ) ʠʟ ʜʚʫʭ ʢʫʙʠʪʦʚ ʤʳ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʧʝʨʠʨʫʝʤ ʩʦ ʚʩʝʤʠ ʚʦʟʤʦʞʥʳʤʠ ʝʝ 

ʩʦʩʪʦʷʥʠʷʤʠ: 00, 01, 11, 10. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 22 ʪ.ʝ. 

ʯʝʪʳʨʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʧʦʪʦʢʘʤ. 16 ʢʫʙʠʪʦʚ ʧʦʟʚʦʣʷʪ 

ʨʝʘʣʠʟʦʚʘʪʴ ʫʞʝ 216 ʪ.ʝ. 65 536 ʪʘʢʠʭ ʧʦʪʦʢʦʚ 
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ʂʚʘʥʪʦʚʳʡ ʘʣʛʦʨʠʪʤ - ʘʣʛʦʨʠʪʤ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʥʘ ʢʚʘʥʪʦʚʦʤ 

ʢʦʤʧʴʶʪʝʨʝ. 

ʂʚʘʥʪʦʚʳʡ ʘʣʛʦʨʠʪʤ - ʢʣʘʩʩʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ, 

ʢʦʪʦʨʳʡ ʟʘʜʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʫʥʠʪʘʨʥʳʭ 

ʦʧʝʨʘʮʠʡ ʩ ʫʢʘʟʘʥʠʝʤ, ʥʘʜ ʢʘʢʠʤʠ ʠʤʝʥʥʦ 

ʢʫʙʠʪʘʤʠ ʠʭ ʥʘʜʦ ʩʦʚʝʨʰʘʪʴ. ɸʣʛʦʨʠʪʤ ʟʘʜʘʝʪʩʷ 

ʣʠʙʦ ʚ ʚʠʜʝ ʩʣʦʚʝʩʥʦʛʦ ʦʧʠʩʘʥʠʷ ʢʦʤʘʥʜ, ʣʠʙʦ ʩ 

ʧʦʤʦʱʴʶ ʠʭ ʛʨʘʬʠʯʝʩʢʦʡ ʟʘʧʠʩʠ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ 

ʚʝʥʪʠʣʝʡ (quantum gate array). 

ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʚʩʝʛʜʘ ʥʦʩʠʪ 

ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ. ʆʜʥʘʢʦ ʟʘ ʩʯʝʪ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ 

ʦʧʝʨʘʮʠʡ ʚ ʘʣʛʦʨʠʪʤʝ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 

ʧʨʘʚʠʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʤʦʞʝʪ ʙʳʪʴ ʩʜʝʣʘʥʘ 

ʩʢʦʣʴ ʫʛʦʜʥʦ ʙʣʠʟʢʦʡ ʢ ʝʜʠʥʠʮʝ 
ʇʠʪʝʨ ʐʦʨ 

ʈʠʯʘʨʜ ʌʝʡʥʤʘʥ 

http://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%BB:Peter_Shor.jpg
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     ʊʠʧ ʟʘʜʘʯ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʫʩʢʦʨʷʝʪʩʷ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʚʘʥʪʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ - ʟʘʜʘʯʠ 

ʧʝʨʝʙʦʨʘ, ʢʦʪʦʨʳʝ ʜʝʣʷʪ ʥʘ 2 ʛʨʫʧʧʳ: 

1. ɿʘʜʘʯʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ 

    (ʌʝʡʥʤʘʥ) ʩʭʝʤʘ ʐʦʨʘ ʠ ʘʣʛʦʨʠʪʤ ɿʘʣʢʠ-ɺʠʟʥʝʨʘ  

2. ɿʘʜʘʯʠ, ʩʚʦʜʷʱʠʝʩʷ ʢ ʧʝʨʝʙʦʨʫ ʚʘʨʠʘʥʪʦʚ: 

        2.1.  ʆʙʱʠʡ ʩʣʫʯʘʡ ï ʩʭʝʤʘ ʠ ʘʣʛʦʨʠʪʤ ɻʨʦʚʝʨʘ 

        2.2.  ɿʘʜʘʯʠ ʧʦʠʩʢʘ ʩʢʨʳʪʳʭ ʧʝʨʠʦʜʦʚ - ʩʭʝʤʘ ʠ 

                ʘʣʛʦʨʠʪʤ ʐʦʨʘ 

ɸʣʛʦʨʠʪʤʳ ʧʝʨʝʙʦʨʘ ʚʘʨʠʘʥʪʦʚ 
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ʇʨʝʜʣʦʞʝʥʦ ʤʥʦʞʝʩʪʚʦ ʨʘʟʥʳʭ ʧʫʪʝʡ ʨʝʘʣʠʟʘʮʠʠ ʢʚʘʥʪʦʚʳʭ ʢʦʤʧʴʶʪʝʨʦʚ: 

- ʤʝʪʦʜ ʠʤʧʫʣʴʩʥʦʛʦ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʚ ʤʦʣʝʢʫʣʷʨʥʳʭ ʞʠʜʢʦʩʪʷʭ 

  (ʘʥʩʘʤʙʣʝʚʳʡ ʢʚʘʥʪʦʚʳʡ ʢʦʤʧʴʶʪʝʨ) 

- ʠʦʥʳ ʚ ʣʦʚʫʰʢʘʭ ʚ ʚʘʢʫʫʤʝ 

- ʷʜʝʨʥʳʝ ʩʧʠʥʳ ʧʨʠʤʝʩʥʳʭ ʘʪʦʤʦʚ ʈ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʢʨʝʤʥʠʠ 

- ʩʧʠʥʳ ʦʜʠʥʦʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʢʚʘʥʪʦʚʳʭ ʪʦʯʢʘʭ ʚ 2D ʛʘʟʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

  ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ 

- ʘʪʦʤʳ ʚ ʨʝʟʦʥʘʪʦʨʘʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

- ʩʦʩʪʦʷʥʠʷ ʩʚʷʟʘʥʥʳʭ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ (ʧʝʨʝʭʦʜ ɼʞʦʟʝʬʩʦʥʘ), ʦʪʣʠʯʘʶʱʠʭʩʷ 

  ʯʠʩʣʦʤ ʟʘʨʷʜʦʚ ʠʣʠ ʬʘʟʦʡ 

- ʩʠʩʪʝʤʳ ʥʘ ʣʠʥʝʡʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʘʭ (ʜʝʣʠʪʝʣʠ ʧʫʯʢʘ, ʧʦʣʷʨʠʟʘʪʦʨʳ, 

  ʬʘʟʦʚʨʘʱʘʪʝʣʠ, ʠʥʪʝʨʬʝʨʦʤʝʪʨʳ) 
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7-ʢʫʙʠʪʦʚʘʷ ʤʦʣʝʢʫʣʘ, 
ʩʦʟʜʘʥʥʘʷ ʚ ʬʠʨʤʝ IBM  

ʀʦʥʥʘʷ ʣʦʚʫʰʢʘ ʢʘʢ ʢʚʘʥʪʦʚʳʡ ʧʨʦʮʝʩʩʦʨ. ɺ 
ʣʠʥʝʡʥʦʡ ʩʪʨʫʢʪʫʨʝ ʙʣʘʛʦʜʘʨʷ ʚʟʘʠʤʥʦʤʫ 
ʦʪʪʘʣʢʠʚʘʥʠʶ ʠʦʥʳ ʥʘʭʦʜʷʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 
~20 ʤʢʤ. ʂʘʞʜʳʡ ʠʦʥ ʘʜʨʝʩʫʝʪʩʷ ʧʘʨʦʡ 

ʣʘʟʝʨʥʳʭ ʣʫʯʝʡ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʫʙʠʪ 
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ɼʚʝ ʷʯʝʡʢʠ ʂʝʡʥʘ ʚ ʤʘʪʨʠʮʝ Si ʩ 
ʷʜʝʨʥʳʤʠ ʩʧʠʥʘʤʠ - ʢʫʙʠʪʘʤʠ 
ʘʪʦʤʦʚ ʜʦʥʦʨʦʚ (ʬʦʩʬʦʨ). ʇʨʠ 
ʪʝʤʧʝʨʘʪʫʨʘʭ < 1 K ʚʨʝʤʷ 

ʩʦʭʨʘʥʝʥʠʷ ʠʩʭʦʜʥʳʭ ʩʦʩʪʦʷʥʠʡ 
ʢʚʘʥʪʦʚʦʛʦ ʨʝʛʠʩʪʨʘ ʦʯʝʥʴ ʚʝʣʠʢʦ 

(ʯʘʩʳ ʠ ʜʥʠ) 

ʆʧʪʠʯʝʩʢʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ 
ʢʫʙʠʪʳ. ʊʦʥʢʘʷ ʧʣʝʥʢʘ Si 
ʥʘʥʦʩʠʪʩʷ ʥʘ ʢʚʘʨʮʝʚʫʶ ʠʣʠ 
ʘʣʤʘʟʥʫʶ ʧʦʜʣʦʞʢʫ, ʧʦʩʣʝ 
ʯʝʛʦ ʟʘʧʦʣʥʷʝʪʩʷ ʜʦʥʦʨʘʤʠ: 
ʢʫʙʠʪʘʤʠ (ʢʨʘʩʥʳʝ ʯʘʩʪʠʮʳ) ʠ 
ʫʧʨʘʚʣʷʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ 

(ʟʝʣʝʥʳʝ ʯʘʩʪʠʮʳ) 
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ʉʭʝʤʘ ʝʱʝ ʦʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʚ 
ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ - ʜʦʨʦʞʢʠ, ʩʦʟʜʘʶʱʠʝ 
ʤʠʢʨʦʚʦʣʥʦʚʳʡ ʨʝʟʦʥʘʪʦʨ, ʚʥʝʰʥʠʝ 
ʧʦʣʷ ʠ ʤʥʦʞʝʩʪʚʦ ʯʘʩʪʠʮ, ʥʝʩʫʱʠʭ 
çʩʦʛʣʘʩʦʚʘʥʥʳʝè ʩʧʠʥʳ ʵʣʝʢʪʨʦʥʦʚ 

ʉʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚʳʡ ʬʘʟʦʚʳʡ 
(ʧʦʪʦʢʦʚʳʡ) ʢʫʙʠʪ, ʚʧʝʨʚʳʝ 
ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ɼʝʣʬʪʩʢʦʤ 

ʫʥʠʚʝʨʩʠʪʝʪʝ 


