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ɸʅʅʆʊɸʎʀʗ 

 

ʂʦʥʮʝʧʮʠʷ ʨʘʟʚʠʪʠʷ ʠ ʦʩʚʦʝʥʠʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʚ 

ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ ʥʘ ʧʝʨʠʦʜ 2012-2015 ʛʛ. ʨʘʟʨʘʙʦʪʘʥʘ ʩʧʝʮʠʘʣʠʩʪʘʤʠ 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʨʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ ʠ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

ɹʝʣʘʨʫʩʠ ʚʦ ʠʩʧʦʣʥʝʥʠʝ ʟʘʜʘʥʠʷ 3.4.02 ñʉʦʟʜʘʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʮʠʦʥʘʣʴʥʦʡ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʝ ʥʘʫʯʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʦʜʛʦʪʦʚʢʫ ʥʘʫʯʥʳʭ ʠ ʠʥʞʝʥʝʨʥʳʭ 

ʢʘʜʨʦʚ ʚ ʦʙʣʘʩʪʠ ʠʥʞʝʥʝʨʠʠ ʠ ʧʨʠʤʝʥʝʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨ ʠ ʫʩʪʨʦʡʩʪʚ ʥʘ ʠʭ 

ʦʩʥʦʚʝ ʜʣʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ ʥʘ ʩʫʙʢʣʝʪʦʯʥʦʤ ʫʨʦʚʥʝ, 

ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤ ʛʝʪʝʨʦʛʝʥʥʦʡ ʠʥʪʝʛʨʘʮʠʠò ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ñʂʦʥʚʝʨʛʝʥʮʠʷò, ʫʪʚʝʨʞʜʝʥʥʦʡ ʇʦʩʪʘʥʦʚʣʝʥʠʝʤ ʇʨʝʟʠʜʠʫʤʘ 

ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ɹʝʣʘʨʫʩʠ 23.12.2010 ˉ 71. ʆʥʘ ʩʦʜʝʨʞʠʪ ʘʥʘʣʠʟ 

ʤʠʨʦʚʳʭ ʪʝʥʜʝʥʮʠʡ ʠ ʥʘʫʯʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ɹʝʣʘʨʫʩʠ ʚ ʦʙʣʘʩʪʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʠ 

ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʠ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʠʭ ʦʩʚʦʝʥʠʶ ʚ ɹʝʣʘʨʫʩʠ, ʚʢʣʶʯʘʷ ʟʘʜʘʯʠ 

ʠʥʞʝʥʝʨʥʦʛʦ ʠ ʥʘʫʯʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʋʯʪʝʥʳ ʥʘʫʯʥʳʝ, ʠʥʞʝʥʝʨʥʳʝ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʨʠʦʨʠʪʝʪ,r ʦʙʦʟʥʘʯʝʥʥʳʝ ʚ ʉʪʨʘʪʝʛʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʘʟʚʠʪʠʷ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ ʥʘ ʧʝʨʠʦʜ ʜʦ 2015 ʛʦʜʘ, ʫʪʚʝʨʞʜʝʥʥʦʡ 

ʇʦʩʪʘʥʦʚʣʝʥʠʝʤ ʉʦʚʝʪʘ ʄʠʥʠʩʪʨʦʚ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ 01.10.2010 ˉ 1420. 
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ʈɸɿʈɸɹʆʊʏʀʂʀ ʂʆʅʎɽʇʎʀʀ 

 

ɹʦʨʠʩʝʥʢʦ ɺ. ɽ. 

(ʥʘʫʯʥʳʡ 

ʨʫʢʦʚʦʜʠʪʝʣʴ) 

ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʤʠʢʨʦ- ʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠ, 

ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʎʝʥʪʨʘ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠ ʠ ʥʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ɹʝʣʦʨʫʩʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ, ʜ. ʬ.-ʤ. ʥ., ʧʨʦʬʝʩʩʦʨ 

 

ɸʥʠʱʠʢ ɺ. ʄ. ʜʝʢʘʥ ʬʠʟʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ 

ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ɹʝʣʦʨʫʩʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ, ʜ. ʬ.-ʤ. ʥ., ʧʨʦʬʝʩʩʦʨ 

 

ɻʘʧʦʥʝʥʢʦ ʉ. ɺ. ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ʥʘʥʦʦʧʪʠʢʠ ʀʥʩʪʠʪʫʪʘ ʬʠʟʠʢʠ 

ʠʤ. ɹ. ʀ. ʉʪʝʧʘʥʦʚʘ ʅɸʅ ɹʝʣʘʨʫʩʠ, ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ 

ʅɸʅ ɹʝʣʘʨʫʩʠ, ʜ. ʬ.-ʤ. ʥ., ʧʨʦʬʝʩʩʦʨ 

 

 

ʂʦʤʘʨʦʚ ɸ. ʉ. 

ʤʘʛʠʩʪʨʘʥʪ ʢʘʬʝʜʨʳ ʤʠʢʨʦ- ʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠ 

ɹʝʣʦʨʫʩʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 

 

ʂʫʟʥʝʮʦʚʘ ʊ. ɸ. ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ɻʅʋ "ʀʥʩʪʠʪʫʪ ʧʦʨʦʰʢʦʚʦʡ 

ʤʝʪʘʣʣʫʨʛʠʠ" ʅɸʅ ɹ, ʢ. ʪ. ʥ. 

 

ʃʘʙʫʥʦʚ ɺ. ɸ. ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʃʘʙʦʨʘʪʦʨʠʠ ʥʘʥʦʬʦʪʦʥʠʢʠ 

ɹʝʣʦʨʫʩʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ, ʘʢʘʜʝʤʠʢ ʅɸʅ 

ɹʝʣʘʨʫʩʠ, ʜ. ʪ. ʥ., ʧʨʦʬʝʩʩʦʨ 

 

ʃʝʰʦʢ ɸ. ɸ. ʜʠʨʝʢʪʦʨ ʎʝʥʪʨʘ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠ ʠ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ɹʝʣʦʨʫʩʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ, ʢ. ʬ.-ʤ. ʥ. 

 

ʄʠʢʣʘʰʝʚʠʯ ʀ. ɸ. ʟʘʚʝʜʫʶʱʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʝʡ 

ʜʠʥʘʤʠʢʠ ʩʠʩʪʝʤ ʠ ʤʝʭʘʥʠʢʠ ʤʘʪʝʨʠʘʣʦʚ ɹʝʣʦʨʫʩʩʢʦʛʦ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʜ. ʬ.-ʤ. ʥ., 

ʧʨʦʬʝʩʩʦʨ 

 

ʊʦʣʦʯʢʦ ʅ. ʂ. ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʪʝʭʥʦʣʦʛʠʠ ʤʝʪʘʣʣʦʚ ɹʝʣʦʨʫʩʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʛʨʘʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ,  

ʜ. ʬ.-ʤ. ʥ., ʧʨʦʬʝʩʩʦʨ 

 

ʏʠʞʠʢ ʉ. ɸ. ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ʥʘʥʦʧʨʦʮʝʩʩʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ 

ʀʥʩʪʠʪʫʪʘ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʦʙʤʝʥʘ ʠʤ. ɸ. ɺ. ʃʳʢʦʚʘ, ʯʣʝʥ-

ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʅɸʅ ɹʝʣʘʨʫʩʠ ʜ. ʪ. ʥ., ʧʨʦʬʝʩʩʦʨ 
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1. ʄʝʞʚʝʜʦʤʩʪʚʝʥʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʦʨʛʘʥ, ʢʦʦʨʜʠʥʠʨʫʶʱʠʡ ʨʘʟʚʠʪʠʝ 
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ʏɸʉʊʔ I. ʇɽʈʉʇɽʂʊʀɺʓ ʅɸʅʆʊɽʍʅʆʃʆɻʀʁ ʀ ʅɸʅʆʄɸʊɽʈʀɸʃʆɺ 

 

1. ʆɹʑʀɽ ʇʆʃʆɾɽʅʀʗ 

ʉʝʛʦʜʥʷ ʤʠʨ ʘʢʪʠʚʥʦ ʦʩʚʘʠʚʘʝʪ 6-ʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʢʣʘʜ, ʚ ʢʦʪʦʨʦʤ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʠʛʨʘʶʪ ʦʩʥʦʚʥʫʶ ʨʦʣʴ, ʚʭʦʜʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʢʦʥʛʣʦʤʝʨʘʪ 

ʅɹʀʂ (ʅʘʥʦ-ɹʠʦ-ʀʥʬʦ-ʂʦʛʥʦ). ɽʛʦ ʦʩʥʦʚʫ ʩʦʩʪʘʚʣʷʶʪ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʠ 

ʥʘʥʦʤʘʪʝʨʠʘʣʳ, ʨʘʟʨʘʙʦʪʢʦʡ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʪʦʨʳʭ ʟʘʥʠʤʘʶʪʩʷ ʚʩʝ ʩʪʨʘʥʳ, 

ʧʨʝʪʝʥʜʫʶʱʠʝ ʥʘ ʧʦʟʠʮʠʠ ʤʠʨʦʚʳʭ ʣʠʜʝʨʦʚ.   

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʜʘʥʳ ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʤ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʘʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʚʝʭʠ ʚ ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʠ ʠʭ 

ʧʝʨʩʧʝʢʪʠʚʳ. 

 

1.1. ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ 

ʅʘʥʦʪʝʭʥʦʣʦʛʠʷ (nanotechnology) ï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʦʟʜʘʥʠʝ ʩʪʨʫʢʪʫʨ ʩ ʪʠʧʠʯʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʦʪ ʝʜʠʥʠʮ ʜʦ ʩʦʪʝʥ 

ʥʘʥʦʤʝʪʨʦʚ (1 ʥʤ = 10
-9
 ʤ, = 10

-6
ʤʤ = 10

-3
ʤʢʤ), ʘ ʪʘʢʞʝ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʥʘ ʠʭ ʦʩʥʦʚʝ
1
.  ɸʥʛʣʦʷʟʳʯʥʳʡ ʪʝʨʤʠʥ çnanotechnologyè 

ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʷʧʦʥʩʢʠʤ ʧʨʦʬʝʩʩʦʨʦʤ ʅʦʨʠʦ ʊʘʥʠʛʫʯʠ ʚ 1974 ʛ. ʠ ʚʧʝʨʚʳʝ 

ʠʩʧʦʣʴʟʦʚʘʥ ʠʤ ʚ ʜʦʢʣʘʜʝ çʆʙ ʦʩʥʦʚʥʳʭ ʧʨʠʥʮʠʧʘʭ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠè
2
 ʥʘ 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ.  

 ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʥʘʟʚʘʥʠʷ, ʥʦʤʠʥʘʣʴʥʦ ʥʘʥʦʤʠʨ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʲʝʢʪʘʤʠ ʠ 

ʩʪʨʫʢʪʫʨʘʤʠ, ʭʘʨʘʢʪʝʨʥʳʝ ʨʘʟʤʝʨʳ ʢʦʪʦʨʳʭ ʠʟʤʝʨʷʶʪʩʷ ʥʘʥʦʤʝʪʨʘʤʠ. ʉʘʤʘ 

ʜʝʩʷʪʠʯʥʘʷ ʧʨʠʩʪʘʚʢʘ çʥʘʥʦ-è ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʛʨʝʯʝʩʢʦʛʦ ʩʣʦʚʘ, ʦʙʦʟʥʘʯʘʶʱʝʛʦ 

çʢʘʨʣʠʢè. ʈʝʘʣʴʥʦ ʥʘʠʙʦʣʝʝ ʷʨʢʦ ʩʧʝʮʠʬʠʢʘ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʭʘʨʘʢʪʝʨʥʳʭ ʨʘʟʤʝʨʦʚ ʦʪ ʘʪʦʤʥʳʭ  (~0,1 ʥʤ) ʜʦ ʥʝʩʢʦʣʴʢʠʭ 

ʜʝʩʷʪʢʦʚ ʥʤ. ɺ ʥʝʡ ʚʩʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ (ʵʣʝʢʪʨʦʥʥʳʝ, ʦʧʪʠʯʝʩʢʠʝ, 

ʤʘʛʥʠʪʥʳʝ, ʤʝʭʘʥʠʯʝʩʢʠʝ, ʪʝʧʣʦʚʳʝ, ʭʠʤʠʯʝʩʢʠʝ, ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʠ ʜʨʫʛʠʝ) ʤʦʛʫʪ 

ʨʘʜʠʢʘʣʴʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʩʚʦʡʩʪʚ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʦʙʲʝʢʪʦʚ ʠʟ ʪʦʛʦ ʞʝ ʤʘʪʝʨʠʘʣʘ. 

ʆʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ ʪʘʢʠʭ ʠʟʤʝʥʝʥʠʡ ʣʝʞʠʪ ʚ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʶʱʝʡ ʨʦʣʠ 

ʢʚʘʥʪʦʚʳʭ ʵʬʬʝʢʪʦʚ ʧʨʠ ʩʪʦʣʴ ʤʘʣʳʭ ʨʘʟʤʝʨʘʭ. ʆʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʦʚʳʤʠ 

ʬʠʟʠʯʝʩʢʠʤʠ, ʭʠʤʠʯʝʩʢʠʤʠ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʩʚʷʟʘʥʥʳʤʠ ʩ ʥʠʤʠ 

ʷʚʣʝʥʠʷʤʠ.  

ɺ ñʥʘʥʦ-ò ʨʘʟʣʠʯʘʶʪ ʪʘʢʠʝ ʧʦʥʷʪʠʷ ʢʘʢ ʥʘʥʦʥʘʫʢʘ, ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʠ 

ʥʘʥʦʠʥʞʝʥʝʨʠʷ. ʅʘʥʦʥʘʫʢʘ ʟʘʥʠʤʘʝʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ 

ʩʚʦʡʩʪʚ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʠ ʷʚʣʝʥʠʡ ʚ ʥʘʥʦʤʝʪʨʦʚʦʤ ʤʘʩʰʪʘʙʝ, ʥʘʥʦʪʝʭʥʦʣʦʛʠʷ ï 

ʩʦʟʜʘʥʠʝʤ ʥʘʥʦʩʪʨʫʢʪʫʨ, ʥʘʥʦʠʥʞʝʥʝʨʠʷ ï ʧʦʠʩʢʦʤ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ) ʩʭʝʤʘ ʥʘ ʨʠʩ. 1.1.  

                                           
1 ɺ. ɽ. ɹʦʨʠʩʝʥʢʦ, ɸ. ʀ. ɺʦʨʦʙʴʝʚʘ, ɽ. ɸ. ʋʪʢʠʥʘ, ʅʘʥʦʵʣʝʢʪʨʦʥʠʢʘ (ɹʠʥʦʤ, ʄʦʩʢʚʘ, 2009). 
2 N. Taniguchi, On the basic concept of nanotechnology, Proceedings of the International Conference on Production 

Engineering, 1974. 
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ʈʠʩʫʥʦʢ 1.1. ʅʘʫʯʥʳʝ ʦʩʥʦʚʳ ʠ ʦʙʲʝʢʪʳ ʥʘʥʦʥʘʫʢʠ ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ
3
. 

 

 ʉʨʝʜʠ ʜʨʫʛʠʭ ʚʘʞʥʳʭ ʪʝʨʤʠʥʦʚ ʩ ʜʝʮʠʤʘʣʴʥʦʡ ʧʨʠʩʪʘʚʢʦʡ ñʥʘʥʦ-ò ʦʪʤʝʪʠʤ 

ʩʣʝʜʫʶʱʠʝ (ʚ ʘʣʬʘʚʠʪʥʦʤ ʧʦʨʷʜʢʝ): 

ʥʘʥʦʢʨʠʩʪʘʣʣ, ʥʘʥʦʢʨʠʩʪʘʣʣʠʪ, (nanocrystal) ï ʢʨʠʩʪʘʣʣ ʥʘʥʦʤʝʪʨʦʚʦʛʦ 

ʨʘʟʤʝʨʘ; 

ʥʘʥʦʤʘʪʝʨʠʘʣ (nanomaterial) ï ʤʘʪʝʨʠʘʣ, ʩʦʜʝʨʞʘʱʠʡ ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ, 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʢʦʪʦʨʳʭ ʭʦʪʷ ʙʳ ʚ ʦʜʥʦʤ ʠʟʤʝʨʝʥʠʠ ʥʝ ʧʨʝʚʳʰʘʶʪ 100 

ʥʤ, ʠ ʦʙʣʘʜʘʶʱʠʝ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ; 

ʥʘʥʦʧʝʯʘʪʴ (nanoimprinting) ï ʣʠʪʦʛʨʘʬʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʩʦʟʜʘʥʠʷ 

ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ ʤʝʪʦʜʦʤ ʧʝʯʘʪʠ, ʨʘʟʣʠʯʘʶʪ 

ʯʝʨʥʠʣʴʥʫʶ ʥʘʥʦʧʝʯʘʪʴ (inking) ʠ ʥʘʥʦʧʝʯʘʪʴ ʪʠʩʥʝʥʠʝʤ (embossing); 

ʥʘʥʦʩʠʩʪʝʤʥʘʷ ʪʝʭʥʠʢʘ ï ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ ʩʦʟʜʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ 

ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʟʘʢʦʥʯʝʥʥʳʝ ʩʠʩʪʝʤʳ ʠ 

ʫʩʪʨʦʡʩʪʚʘ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ ʢʘʨʜʠʥʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʧʦʢʘʟʘʪʝʣʝʡ ʩʠʩʪʝʤ ʠ ʫʩʪʨʦʡʩʪʚ ʘʥʘʣʦʛʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʩʦʟʜʘʥʥʳʭ ʧʦ 

ʪʨʘʜʠʮʠʦʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ; 

ʥʘʥʦʩʪʨʫʢʪʫʨʘ (nanostructure) ï ʘʥʩʘʤʙʣʴ ʩʚʷʟʘʥʥʳʭ ʘʪʦʤʦʚ, ʠʤʝʶʱʠʡ, ʧʦ 

ʢʨʘʡʥʝʡ ʤʝʨʝ, ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʟʤʝʨ ʦʪ ʦʜʥʦʛʦ ʜʦ ʩʦʪʝʥ ʥʘʥʦʤʝʪʨʦʚ; 

ʥʘʥʦʯʘʩʪʠʮʘ (nanoparticle) ï ʯʘʩʪʠʮʘ ʩ ʥʘʥʦʤʝʪʨʦʚʳʤʠ ʨʘʟʤʝʨʘʤʠ (ʦʙʳʯʥʦ ʦʪ 1 

ʜʦ 100 ʥʤ), ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʦʪ ʜʝʩʷʪʢʘ ʜʦ 10
6
 ʘʪʦʤʦʚ, ʩʚʷʟʘʥʥʳʭ ʚʤʝʩʪʝ; 

ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʘ (nanoelectronics) ï ʦʙʣʘʩʪʴ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ, ʟʘʥʠʤʘʶʱʘʷʩʷ 

ʩʦʟʜʘʥʠʝʤ, ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʠ ʧʨʠʤʝʥʝʥʠʝʤ ʵʣʝʢʪʨʦʥʥʳʭ ʧʨʠʙʦʨʦʚ ʩ 

ʥʘʥʦʤʝʪʨʦʚʳʤʠ ʨʘʟʤʝʨʘʤʠ ʵʣʝʤʝʥʪʦʚ, ʚ ʦʩʥʦʚʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʪʦʨʳʭ 

ʣʝʞʘʪ ʢʚʘʥʪʦʚʳʝ ʵʬʬʝʢʪʳ.  

                                           
3
 ʖ. ʀ. ɻʦʣʦʚʠʥ, ɺʚʝʜʝʥʠʝ ʚ ʥʘʥʦʪʝʭʥʠʢʫ (ʄʦʩʢʚʘ, 2006).  
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ɺ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʭ ʨʘʟʣʠʯʘʶʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʘ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʬʦʨʤʠʨʦʚʘʪʴ ʥʘʥʦʩʪʨʫʢʪʫʨʳ. ʕʪʦ ʪʝʭʥʦʣʦʛʠʠ, ʨʝʘʣʠʟʫʶʱʠʝ ʧʨʠʥʮʠʧ 

çʩʚʝʨʭʫ-ʚʥʠʟè, ʠ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʧʨʠʥʮʠʧʝ çʩʥʠʟʫ-ʚʚʝʨʭè. ʇʨʠʥʮʠʧ 

çʩʚʝʨʭʫ-ʚʥʠʟè (top-down approach) ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʟʜʘʥʠʝ ʩʪʨʫʢʪʫʨ ʥʝʦʙʭʦʜʠʤʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʨʘʟʤʝʨʘ ʧʫʪʝʤ ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ ʫʜʘʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʟʘʨʘʥʝʝ 

ʥʘʥʝʩʝʥʥʦʛʦ ʥʘ ʧʦʜʣʦʞʢʫ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʪʁʩʷ ʪʨʘʜʠʮʠʦʥʥʳʝ ʜʣʷ 

ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ʤʝʪʦʜʳ ʦʩʘʞʜʝʥʠʷ ʧʣʝʥʦʢ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʝʛʠʨʦʚʘʥʥʳʭ 

ʩʣʦʝʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʣʠʪʦʛʨʘʬʠʯʝʩʢʠʤ ʩʦʟʜʘʥʠʝʤ ʤʘʩʢʠ ʥʘ 

ʧʨʦʬʠʣʠʨʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʫʜʘʣʝʥʠʝʤ ʤʘʪʝʨʠʘʣʘ ʚ ʦʢʥʘʭ ʤʘʩʢʠ 

ʧʫʪʝʤ ʪʨʘʚʣʝʥʠʷ. ʆʙʳʜʝʥʥʳʤ ʧʨʠʤʝʨʦʤ ʪʝʭʥʦʣʦʛʠʠ çʩʥʠʟʫ-ʚʚʝʨʭè ʷʚʣʷʝʪʩʷ 

ʩʦʟʜʘʥʠʝ ʩʢʫʣʴʧʪʫʨʳ ʠʟ ʤʦʥʦʣʠʪʥʦʡ ʢʘʤʝʥʥʦʡ ʛʣʳʙʳ ʦʪʩʝʯʝʥʠʝʤ çʣʠʰʥʝʛʦè 

ʤʘʪʝʨʠʘʣʘ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʨʠʥʮʠʧ çʩʥʠʟʫ-ʚʚʝʨʭè (bottom-up approach)  ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʨʝʙʫʝʤʳʭ ʩʪʨʫʢʪʫʨ ʧʫʪʝʤ ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʘʪʦʤʦʚ ʠ 

ʤʦʣʝʢʫʣ ʥʘ ʟʘʜʘʥʥʳʭ ʫʯʘʩʪʢʘʭ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ. ɸʥʘʣʦʛʠʯʥʦ ʧʦʩʪʫʧʘʝʪ 

ʭʫʜʦʞʥʠʢ, ʥʘʥʦʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʢʨʘʩʢʠ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʫʯʘʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʭʦʣʩʪʘ.   

 

1.2. ʀʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʥʘʥʦʥʘʫʢʠ ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ  

ɺʦʩʩʦʟʜʘʪʴ ʪʦʯʥʫʶ ʠʩʪʦʨʠʶ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʢʨʘʡʥʝ ʩʣʦʞʥʦ, 

ʧʦʩʢʦʣʴʢʫ  ʯʝʣʦʚʝʯʝʩʪʚʦ ʚʩʝʛʜʘ ʧʳʪʘʣʦʩʴ ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʪʴ ʩ ʪʝʭʥʦʣʦʛʠʷʤʠ 

ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʨʦʡ ʜʘʞʝ ʥʝ ʧʦʜʦʟʨʝʚʘʷ ʦ ʧʨʦʥʠʢʥʦʚʝʥʠʠ ʚ ʤʠʨ 

ʥʘʥʦʯʘʩʪʠʮ. ʊʘʢ ʜʨʝʚʥʠʝ ʧʝʨʩʳ ʠ ʝʛʠʧʪʷʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʘʥʦʯʘʩʪʠʮʳ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʢʨʘʩʠʪʝʣʝʡ ʝʱʸ ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯʝʣʝʪʠʡ ʥʘʟʘʜ. ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʵʪʦʤʫ 

ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʘʨʪʝʬʘʢʪʳ ʜʨʝʚʥʝʛʦ ʤʠʨʘ, ʭʨʘʥʷʱʠʝʩʷ ʚ ʤʫʟʝʷʭ. ɻʣʘʟʫʨʴ ʥʘ 

ʛʦʥʯʘʨʥʳʭ ʠʟʜʝʣʠʷʭ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʚ ʵʪʦʪ ʧʝʨʠʦʜ, ʩʦʜʝʨʞʠʪ ʥʘʥʦʯʘʩʪʠʮʳ 

ʤʝʪʘʣʣʦʚ,  ʢʦʪʦʨʳʝ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʝʝ ʦʧʨʝʜʝʣʝʥʥʳʡ ʮʚʝʪ. ɺ ʩʨʝʜʥʠʝ ʚʝʢʘ ʩ 

ʧʨʦʥʠʢʥʦʚʝʥʠʝʤ ʘʨʘʙʩʢʦʡ ʢʫʣʴʪʫʨʳ ʚ ɽʚʨʦʧʫ ʪʝʭʥʦʣʦʛʠʷ ʩʦʟʜʘʥʠʷ ʮʚʝʪʥʳʭ 

ʛʣʘʟʫʨʝʡ ʠ ʵʤʘʣʝʡ ʧʦʧʘʣʘ ʚ ʀʩʧʘʥʠʶ, ʘ ʟʘʪʝʤ ʠ ʚ ʀʪʘʣʠʶ. ɺ ɹʨʠʪʘʥʩʢʦʤ ʤʫʟʝʝ ʚ 

ʃʦʥʜʦʥʝ ʭʨʘʥʠʪʩʷ ʘʨʪʝʬʘʢʪ ʠʟ ʈʠʤʩʢʦʡ ʠʤʧʝʨʠʠ ï ʢʫʙʦʢ ʃʠʢʫʨʛʘ (ʥʘ ʩʪʝʥʘʭ 

ʢʫʙʢʘ ʠʟʦʙʨʘʞʝʥʳ ʤʠʬʠʯʝʩʢʠʝ ʩʮʝʥʳ ʠʟ ʞʠʟʥʠ ʮʘʨʷ ʬʨʘʢʠʡʮʝʚ ʃʠʢʫʨʛʘ). ʆʥ 

ʠʟʛʦʪʦʚʣʝʥ ʠʟ ʩʪʝʢʣʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʯʘʩʪʠʯʢʠ ʩʝʨʝʙʨʘ ʠ ʟʦʣʦʪʘ ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 70 

ʥʤ. ɽʛʦ ʧʦʷʚʣʝʥʠʝ ʜʘʪʠʨʫʶʪ ʯʝʪʚʝʨʪʳʤ ʚʝʢʦʤ ʥʘʰʝʡ ʵʨʳ. ʇʨʠʩʫʪʩʪʚʠʝ 

ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ ʠ ʟʦʣʦʪʘ ʧʨʠʚʦʜʠʪ ʢ ʦʨʠʛʠʥʘʣʴʥʦʤʫ ʮʚʝʪʦʚʦʤʫ ʚʦʩʧʨʠʷʪʠʶ 

ʵʪʦʛʦ ʢʫʙʢʘ. ɺ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ ʦʥ ʚʳʛʣʷʜʠʪ ʟʝʣʝʥʳʤ, ʘ ʚ ʧʨʦʰʝʜʰʝʤ ʩʚʝʪʝ, 

ʢʦʛʜʘ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ ʥʘʧʨʘʚʣʝʥ ʚʥʫʪʨʴ ʢʫʙʢʘ ï ʦʨʘʥʞʝʚʦ-ʢʨʘʩʥʳʤ.  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʝʨʚʳʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʠ ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʩ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʘʥʦʤʘʪʝʨʠʘʣʳ ʧʦʷʚʠʣʠʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʣʫʯʘʡʥʳʭ ʥʘʭʦʜʦʢ ʜʨʝʚʥʠʭ ʤʘʩʪʝʨʦʚ ʠ 

ʨʝʤʝʩʣʝʥʥʠʢʦʚ. ʇʝʨʚʳʝ ʞʝ ʩʠʩʪʝʤʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʥʘʜʣʝʞʘʪ ʄ. ʌʘʨʘʜʝʶ ʠ 

ʜʘʪʠʨʫʶʪʩʷ ʫʞʝ XIX  ʚʝʢʦʤ.  ʀʤʝʥʥʦ ʦʥ ʚʧʝʨʚʳʝ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʣ ʦʧʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʢʦʣʣʦʠʜʥʦʛʦ ʟʦʣʦʪʘ ï ʯʘʩʪʠʮ ʟʦʣʦʪʘ ʩ ʨʘʟʤʝʨʘʤʠ ʚ ʥʝʩʢʦʣʴʢʦ 

ʥʘʥʦʤʝʪʨʦʚ ʚ ʨʘʩʪʚʦʨʝ, ʠ ʧʦʢʘʟʘʣ ʚʦʟʤʦʞʥʦʩʪʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʝʛʦ ʮʚʝʪʦʚʦʡ ʛʘʤʤʦʡ
4
.  

                                           
4 M. Faraday, Editing the Bakerian lecture: experimental relations of gold (and other metals) to light, Philosophical 
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XX-ʳʡ ʚʝʢ ʚʧʠʩʘʣ ʥʘʠʙʦʣʝʝ ʚʧʝʯʘʪʣʷʶʱʠʝ ʩʪʨʘʥʠʮʳ ʚ ʢʥʠʛʫ ʧʦʥʠʤʘʥʠʷ 

ʧʨʠʨʦʜʳ. ʆʥ ʙʳʣ ʦʟʘʨʝʥ ʦʪʢʨʳʪʠʝʤ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʢʚʘʥʪʦʚʳʭ ʷʚʣʝʥʠʡ, ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʚ ʬʠʟʠʢʝ, ʭʠʤʠʠ, ʙʠʦʣʦʛʠʠ, ʤʝʜʠʮʠʥʝ ʠ ʜʨʫʛʠʭ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʥʘʫʢʘʭ  ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʢʦʥʮʝʧʪʫʘʣʴʥʦ ʥʦʚʳʝ ʥʘʫʯʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ. ɺ ʵʪʠʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ ʧʦʣʫʯʝʥʳ ʥʝ ʪʦʣʴʢʦ ʥʦʚʳʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʟʥʘʥʠʷ ʦ ʧʨʠʨʦʜʝ, ʥʦ 

ʠ ʩʦʟʜʘʥʳ ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʠʥʩʪʨʫʤʝʥʪʳ ʪʦʥʢʦʛʦ ʧʦʟʥʘʥʠʷ ʤʠʨʘ, 

ʵʣʝʤʝʥʪʳ ʠ ʩʠʩʪʝʤʳ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ.  

ʈʝʚʦʣʶʮʠʦʥʥʳʤ ʜʦʩʪʠʞʝʥʠʝʤ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʩʪʘʣʦ ʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ 

ʩʚʝʪ ʠʩʧʫʩʢʘʝʪʩʷ ʠ ʧʦʛʣʦʱʘʝʪʩʷ ʜʠʩʢʨʝʪʥʳʤʠ ʧʦʨʮʠʷʤʠ ï ʢʚʘʥʪʘʤʠ. ɹʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠ ʢʚʘʥʪʳ ʩʚʝʪʘ, ʠ  ʵʣʝʢʪʨʦʥʳ ʤʦʛʫʪ ʚʝʩʪʠ ʩʝʙʷ ʠ ʢʘʢ ʯʘʩʪʠʮʳ, ʠ 

ʢʘʢ ʚʦʣʥʳ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʦʩʦʙʝʥʥʦ ʷʨʢʦ ʚʳʨʘʞʝʥʦ ʚ ʩʪʨʫʢʪʫʨʘʭ, 

ʠʤʝʶʱʠʭ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʦʜʠʥ ʠʟ ʨʘʟʤʝʨʦʚ ʚ ʥʘʥʦʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ. ʊʝʨʤʠʥ 

ñʥʘʥʦʤʠʨò ʧʦʷʚʠʣʩʷ ʚ ʢʦʥʮʝ XX-ʛʦ ʚʝʢʘ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʦʙʦʙʱʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʫʩʪʨʦʡʩʪʚʘ, ʩʚʦʡʩʪʚ ʠ ʟʘʢʦʥʦʚ ʧʦʚʝʜʝʥʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ. ʅʘʥʦʤʠʨ 

ʧʨʦʩʪʠʨʘʝʪʩʷ ʦʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣ ʜʦ ʠʭ ʘʥʩʘʤʙʣʝʡ ʠ 

ʥʘʥʦʩʪʨʫʢʪʫʨ, ʯʴʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʁ ʪʩʷ 

ʢʚʘʥʪʦʚʦ-ʚʦʣʥʦʚʦʡ ʧʨʠʨʦʜʦʡ ʵʣʝʢʪʨʦʥʦʚ ʠ ʬʦʪʦʥʦʚ. ʉʝʛʦʜʥʷ ʥʘʥʦʤʠʨ ʠʤʝʝʪ 

ʥʘʠʙʦʣʝʝ ʤʦʱʥʳʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʦʡ ʩʪʫʧʝʥʠ ʨʘʟʚʠʪʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʪʝʭʥʦʣʦʛʠʡ ʚ XXI -ʦʤ ʚʝʢʝ. 

ʇʝʨʚʦʧʨʦʭʦʜʮʳ ʥʘʥʦʤʠʨʘ ʠ ʠʭ ʦʪʢʨʳʪʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ ʚ 

ʭʨʦʥʦʣʦʛʠʯʝʩʢʦʤ ʧʦʨʷʜʢʝ ʠʭ ʧʨʠʟʥʘʥʠʷ ʅʦʙʝʣʝʚʩʢʠʤ ʂʦʤʠʪʝʪʦʤ
5
. ʅʦʙʝʣʝʚʩʢʠʝ 

ʇʨʝʤʠʠ ʚʳʙʨʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʟʝʨʢʘʣʘ, ʦʪʨʘʞʘʶʱʝʛʦ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʥʘʫʯʥʳʝ 

ʜʦʩʪʠʞʝʥʠʷ, ʭʦʪʷ ʙʦʣʝʝ ʧʦʣʥʳʡ ʠʩʪʦʨʠʯʝʩʢʠʡ ʦʙʟʦʨ ʙʝʟʫʩʣʦʚʥʦ ʪʨʝʙʫʝʪ 

ʨʘʩʰʠʨʝʥʠʷ ʠ ʩʧʠʩʢʘ ʠʤʝʥ, ʠ ʩʧʠʩʢʘ ʦʙʥʘʨʫʞʝʥʥʳʭ ʷʚʣʝʥʠʡ.  

1902 (ʬʠʟʠʢʘ): ʍ. ɸ. ʃʦʨʝʥʪʮ (ʃʝʡʜʝʥʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʅʠʜʝʨʣʘʥʜʳ) ʠ 

ʇ. ɿʝʝʤʘʥ (ɸʤʩʪʝʨʜʘʤʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʅʠʜʝʨʣʘʥʜʳ) ï ʟʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʚʣʠʷʥʠʶ ʤʘʛʥʝʪʠʟʤʘ ʥʘ ʨʘʜʠʘʮʠʦʥʥʳʝ ʷʚʣʝʥʠʷ.  

ʀʩʩʣʝʜʫʷ ʤʝʭʘʥʠʟʤʳ ʠʟʣʫʯʝʥʠʷ ʩʚʝʪʘ ʥʦʩʠʪʝʣʷʤʠ ʟʘʨʷʜʘ, ʍ. ɸ. ʃʦʨʝʥʪʮ 

ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʧʨʠʤʝʥʠʣ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ ʢ ʥʦʩʠʪʝʣʷʤ ʟʘʨʷʜʘ ʚ ʪʚʝʨʜʦʤ 

ʪʝʣʝ. ɽʛʦ ʪʝʦʨʠʷ ʤʦʛʣʘ ʙʳʪʴ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʘ ʢ ʠʟʣʫʯʝʥʠʶ, ʩʚʷʟʘʥʥʦʤʫ ʩ 

ʢʦʣʝʙʘʥʠʷʤʠ ʚ ʘʪʦʤʘʭ.  

ɺ 1896-1897 ʛʛ. ʇ. ɿʝʝʤʘʥ, ʠʩʩʣʝʜʫʷ ʚʦʟʤʦʞʥʦʝ ʚʣʠʷʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ ʩʚʝʪ, ʦʪʢʨʳʣ, ʯʪʦ ʩʧʝʢʪʨʘʣʴʥʳʝ ʣʠʥʠʠ ʥʘʪʨʠʷ ʚ ʧʣʘʤʝʥʠ 

ʨʘʩʧʘʜʘʶʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʢʦʤʧʦʥʝʥʪ, ʢʦʛʜʘ ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʩʠʣʴʥʦʝ ʤʘʛʥʠʪʥʦʝ 

ʧʦʣʝ
6
. ʇʦʟʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʯʠʥʦʡ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʨʘʩʱʝʧʣʝʥʠʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ, ʩʚʷʟʘʥʥʦʝ ʩ ʥʘʣʠʯʠʝʤ 

ʫ ʵʣʝʢʪʨʦʥʦʚ ʩʦʙʩʪʚʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ï ʩʧʠʥʘ. ʕʪʦ ʷʚʣʝʥʠʝ ʧʦʣʫʯʠʣʦ 

ʥʘʟʚʘʥʠʝ çʕʬʬʝʢʪ ɿʝʝʤʘʥʘè. ɺʝʣʠʯʠʥʘ ʨʘʩʱʝʧʣʝʥʠʷ ʣʠʥʝʡʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 

ʚʦʟʨʘʩʪʘʥʠʝʤ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ B, ʘ ʠʤʝʥʥʦ ȹE = gɛBB , ʛʜʝ g ï  g-ʬʘʢʪʦʨ 

ʜʣʷ ʵʣʝʢʪʨʦʥʘ, ɛB ï ʤʘʛʥʝʪʦʥ ɹʦʨʘ.  

1906 (ʬʠʟʠʢʘ): ʉʵʨ ɼʞ. ɼʞ. ʊʦʤʩʦʥ (ʂʵʤʙʨʠʜʞʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ï ʟʘ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

                                           
5 http://www.nobel.se 
6  P. Zeeman, Verslag. Koninkl. Akad. Wet. Amsterdam 5, 181ï242 (1897); P. Zeeman, On the influence of magnetism on 

the nature of the light emitted bya substance, Phil.Mag. 43, 226 (1897); P. Zeeman, The effect of magnetisation on 

thenature of light emitted by a substance, Nature 55, 347 (1897). 

http://www.nobel.se/
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ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʛʘʟʦʚ.   

ɺ 1897 ʛ. ɼʞ. ɼʞ. ʊʦʤʩʦʥ, ʨʘʙʦʪʘʷ ʩ ʣʫʯʘʤʠ, ʠʩʭʦʜʷʱʠʤʠ ʠʟ ʢʘʪʦʜʘ ʚ 

ʯʘʩʪʠʯʥʦ ʦʪʢʘʯʘʥʥʦʡ ʨʘʟʨʷʜʥʦʡ ʪʨʫʙʢʝ, ʚʧʝʨʚʳʝ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣ ʥʦʩʠʪʝʣʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ
7
. ʆʥ ʧʦʢʘʟʘʣ, ʯʪʦ ʵʪʠ ʣʫʯʠ ʩʦʩʪʦʷʪ ʠʟ ʜʠʩʢʨʝʪʥʳʭ ʯʘʩʪʠʮ, 

ʢʦʪʦʨʳʝ ʧʦʟʞʝ ʥʘʟʚʘʣʠ ʵʣʝʢʪʨʦʥʘʤʠ. ʀʤ ʙʳʣʘ ʠʟʤʝʨʝʥʘ ʚʝʣʠʯʠʥʘ ʦʪʥʦʰʝʥʠʷ 

ʤʝʞʜʫ ʤʘʩʩʦʡ ʵʪʦʡ ʯʘʩʪʠʮʳ ʠ ʤʘʩʩʦʡ ʦʜʥʦʢʨʘʪʥʦ ʟʘʨʷʞʝʥʥʦʛʦ ʠʦʥʘ, ʯʪʦ ʧʦʢʘʟʘʣʦ 

ʩʫʱʝʩʪʚʝʥʥʫʶ ñʣʝʛʢʦʩʪʴò ʯʘʩʪʠʮ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʨʦʪʝʢʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʪʦʢʘ. ɺʩʢʦʨʝ ʣʝʛʢʠʝ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ ʥʘʨʷʜʫ ʩ ʪʷʞʝʣʳʤʠ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤʠ ʷʜʨʘʤʠ ʩʪʘʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ 

ʣʶʙʦʛʦ ʘʪʦʤʘ.   

 1913 (ʬʠʟʠʢʘ): ʍ. ʂʘʤʝʨʣʠʥʛ-ʆʥʥʝʩ (ʃʝʡʜʝʥʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʅʠʜʝʨʣʘʥʜʳ) 

ï ʟʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʚʝʱʝʩʪʚʘ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʢʦʪʦʨʳʝ ʧʦʧʫʪʥʦ 

ʧʨʠʚʝʣʠ ʢ ʧʦʣʫʯʝʥʠʶ ʞʠʜʢʦʛʦ ʛʝʣʠʷ. 

ɺ 1911 ʛ. ʍ. ʂʘʤʝʨʣʠʥʛ-ʆʥʥʝʩ ʦʪʢʨʳʣ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ. ʆʥ ʦʙʥʘʨʫʞʠʣ, ʯʪʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʪʫʪʠ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʤʠʣʣʠʦʥʳ ʨʘʟ ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ ʥʠʞʝ ʥʝʢʦʪʦʨʦʡ ʢʨʠʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʪʦʨʘʷ ʜʣʷ ʵʪʦʛʦ 

ʤʝʪʘʣʣʘ ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 4 ʂ
8
.  

1918 (ʬʠʟʠʢʘ): ʄ. ʂ. ʕ. ʃ. ʇʣʘʥʢ (ɹʝʨʣʠʥʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, ɻʝʨʤʘʥʠʷ) ï ʟʘ 

ʟʘʩʣʫʛʠ ʚ ʨʘʟʚʠʪʠʠ ʌʠʟʠʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʪʢʨʳʪʠʝʤ ʢʚʘʥʪʦʚʘʥʠʷ ʵʥʝʨʛʠʠ. 

ɺ ʜʝʢʘʙʨʝ 1900 ʛ. ʄ. ʇʣʘʥʢ ʧʨʝʜʩʪʘʚʠʣ ʅʝʤʝʮʢʦʤʫ ʬʠʟʠʯʝʩʢʦʤʫ ʦʙʱʝʩʪʚʫ 

ʩʚʦʡ ʜʦʢʣʘʜ, ʚ ʢʦʪʦʨʦʤ ʚʳʜʚʠʥʫʣ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʫʶ ʠʜʝʶ ʦ ʪʦʤ, ʯʪʦ ʩʚʝʪ 

ʤʦʞʝʪ ʠʟʣʫʯʘʪʴʩʷ ʪʦʣʴʢʦ ʢʚʘʥʪʘʤʠ, ʪʦ ʝʩʪʴ ʧʦʨʮʠʷʤʠ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʵʥʝʨʛʠʝʡ
9
. 

ʕʥʝʨʛʠʷ ʢʚʘʥʪʘ ʨʘʚʥʘ ʢʦʥʩʪʘʥʪʝ, ʫʤʥʦʞʝʥʥʦʡ ʥʘ ʯʘʩʪʦʪʫ ʢʦʣʝʙʘʥʠʡ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʚʝʪʦʚʦʡ ʚʦʣʥʳ: ʜʣʷ ʢʦʨʦʪʢʠʭ ʜʣʠʥ ʚʦʣʥ ʦʥʘ ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ 

ʜʣʠʥʥʳʭ.  ɼʝʢʘʙʨʴ 1900 ʛ. ʆʟʥʘʤʝʥʦʚʘʣ ʨʦʞʜʝʥʠʝ ʢʚʘʥʪʦʚʦʡ ʬʠʟʠʢʠ. 

 1919 (ʬʠʟʠʢʘ): ɼʞ. ʉʪʘʨʢ (ɻʨʝʡʬʩʚʘʣʴʜʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, ɻʝʨʤʘʥʠʷ) ï ʟʘ 

ʦʪʢʨʳʪʠʝ ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ ʚ ʢʘʥʘʣʴʥʳʭ ʣʫʯʘʭ ʠ ʨʘʩʱʝʧʣʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʣʠʥʠʡ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ.  

ɼʞ. ʉʪʘʨʢ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʧʨʷʤʦʝ ʚʣʠʷʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʥʘ 

ʵʤʠʩʩʠʶ ʩʚʝʪʘ, ʧʨʦʧʫʩʢʘʷ ʧʦʪʦʢʠ ʘʪʦʤʦʚ ʠʣʠ ʤʦʣʝʢʫʣ ʯʝʨʝʟ ʩʠʣʴʥʳʝ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʣʷ
10
. ʆʥ ʥʘʙʣʶʜʘʣ ʩʣʦʞʥʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʠ 

ɼʦʧʣʝʨʦʚʩʢʠʡ ʩʜʚʠʛ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣ.  

1921 (ʬʠʟʠʢʘ): ɸ. ʕʡʥʰʪʝʡʥ (ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʢʘʡʟʝʨʘ ɺʠʣʴʛʝʣʴʤʘ ï ʩʝʛʦʜʥʷ 

ʀʥʩʪʠʪʫʪ ʄʘʢʩʘ ʇʣʘʥʢʘ, ɹʝʨʣʠʥ, ɻʝʨʤʘʥʠʷ) ï ʟʘ ʚʢʣʘʜ ʚ ʊʝʦʨʝʪʠʯʝʩʢʫʶ ʌʠʟʠʢʫ, 

ʠ ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʟʘ ʫʩʪʘʥʦʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ.  

ɺ 1904-1905 ʛʛ. ɸ. ʕʡʥʰʪʝʡʥ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʣ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, 

ʢʦʪʦʨʳʡ ʙʳʣ ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥ ɻʝʨʮʝʤ ʚ 1987 ʛ., ʠ ʨʘʟʚʠʣ ʪʝʦʨʠʶ ʠʟʣʫʯʝʥʠʷ 

ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ ʇʣʘʥʢʘ ʚ ʢʚʘʥʪʦʚʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ
11
. ɺ 1905 ʛ. ʆʥ 

ʧʨʝʜʩʪʘʚʠʣ ʩʚʦʶ ʩʧʝʮʠʘʣʴʥʫʶ ʪʝʦʨʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʜʘʚʘʣʘ 

                                           
7  J. J. Thomson, Cathode rays, Phil. Mag. 44(269), 293-316 (1897); J. J. Thomson, On the mass of ions in gases at low 

pressures, Phil. Mag. 48(295), 547-567 (1899). 
8  H. Kamerling-Onnes, Disappearance of the electrical resistance of mercury at helium temperature, Communication 

no 122b from the Phys. Lab. Leiden, Electrician 67, 657-658 (1911). 
9  M. Planck, Zur theorie des gesetzes der energieverteilung im normalspektrum, Verh. Deutsch. Phys. Ges. 2, 237-245 

(1900). 
10  J. Stark, Beobachtungen ¿ber den effect des electrishen feldes auf spektrallinien, Sitzungsber. Preuɓ. Akad. Wiss. 

(Berlin) 932-946 (1913). 
11  A. Einstein, Zur allgemeinen molekularen theorie der wªrme, Ann. Phys. Lpz. 14, 354-362 (1904). 
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ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʤʘʩʩʦʡ ʠ ʵʥʝʨʛʠʝʡ. ʀʤ ʪʘʢ ʞʝ ʙʳʣ ʩʜʝʣʘʥ ʚʘʞʥʳʡ ʚʢʣʘʜ ʚ 

ʢʚʘʥʪʦʚʫʶ ʪʝʦʨʠʶ ʪʝʧʣʦʪʳ ʦʙʨʘʟʦʚʘʥʠʷ ʪʚʝʨʜʳʭ ʪʝʣ (1907) ʠ ʚ ʪʝʦʨʠʶ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʬʣʫʢʪʫʘʮʠʡ (1909). 

1922 (ʬʠʟʠʢʘ): ʅ. ʍ. ɼ. ɹʦʨ (ʂʦʧʝʥʛʘʛʝʥʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, ɼʘʥʠʷ) ï ʟʘ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʘʪʦʤʦʚ ʠ ʠʩʧʫʩʢʘʝʤʦʛʦ ʠʤʠ ʠʟʣʫʯʝʥʠʷ.   

ɺ 1913 ʛ. ʅ. ɹʦʨ ʨʘʟʨʘʙʦʪʘʣ ʧʣʘʥʝʪʘʨʥʫʶ ʤʦʜʝʣʴ ʘʪʦʤʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ 

ʵʣʝʢʪʨʦʥ ʚʨʘʱʘʝʪʩʷ ʚʦʢʨʫʛ ʘʪʦʤʥʦʛʦ ʷʜʨʘ
12
. ʇʦʟʞʝ ï ʚ 1914-1915 ʛʛ., ʦʥ 

ʦʙʥʘʨʫʞʠʣ, ʯʪʦ ʩʪʨʦʛʦʩʪʴ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʝ ʣʠʥʠʠ ʠʟʣʫʯʘʝʤʦʛʦ 

ʘʪʦʤʘʤʠ ʩʚʝʪʘ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʘ ʚʨʘʱʝʥʠʝʤ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʦʨʙʠʪʘʭ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʭ ʦʧʨʝʜʝʣʝʥʥʳʤ ʢʚʘʥʪʦʚʘʥʥʳʤ ʫʛʣʦʚʳʤ ʤʦʤʝʥʪʦʤ, ʠ 

ʯʪʦ ʜʣʠʥʘ ʚʦʣʥʳ ʠʟʣʫʯʘʝʤʦʛʦ ʘʪʦʤʘʤʠ ʩʚʝʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʥʦʩʪʴʶ 

ʢʚʘʥʪʦʚʘʥʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ʵʣʝʢʪʨʦʥʦʚ ʚ ʘʪʦʤʝ
13

. 

 1923 (ʬʠʟʠʢʘ): ʈ. ɸ. ʄʠʣʣʠʢʘʥ (ʂʘʣʠʬʦʨʥʠʡʩʢʠʡ ʠʥʩʪʠʪʫʪ ʪʝʭʥʦʣʦʛʠʠ, 

ʇʘʩʘʜʝʥʘ, ʉʐɸ) ï ʟʘ ʨʘʙʦʪʳ ʧʦ ʵʣʝʤʝʥʪʘʨʥʦʤʫ ʟʘʨʷʜʫ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʠ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʵʬʬʝʢʪʫ. 

ɺ 1912 ʛ. ʈ. ɸ. ʄʠʣʣʠʢʘʥ ʚʳʧʦʣʥʠʣ ʧʝʨʚʳʝ ʧʨʝʮʠʟʠʦʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʟʘʨʷʜʘ 

ʵʣʝʢʪʨʦʥʘ
14

 ʠ ʨʘʟʚʠʣ ʜʘʣʝʝ ʢʚʘʥʪʦʚʦʝ ʦʧʠʩʘʥʠʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ
15

. 

1926 (ʬʠʟʠʢʘ): ɾ. ɹ. ʇʝʨʘʥ  (ʋʥʠʚʝʨʩʠʪʝʪ ʉʦʨʙʦʥʥʘ, ʇʘʨʠʞ, ʌʨʘʥʮʠʷ) ï ʟʘ 

ʨʘʙʦʪʳ ʧʦ ʥʝʧʨʝʨʳʚʥʦʡ ʩʪʨʫʢʪʫʨʝ ʚʝʱʝʩʪʚʘ ʠ ʦʪʢʨʳʪʠʝ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ. 

ʀʟʚʝʩʪʥʦʩʪʴ ʝʤʫ ʧʨʠʥʝʩʣʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʣʣʦʠʜʥʳʭ ʩʠʩʪʝʤ ʠ 

ɹʨʦʫʥʦʚʩʢʦʛʦ ʜʚʠʞʝʥʠʷ. ʆʥ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʚʝʜʝʥʠʝ ʯʘʩʪʠʮ ʚ ʢʦʣʣʦʠʜʥʳʭ 

ʩʠʩʪʝʤʘʭ ʧʦʜʯʠʥʷʝʪʩʷ ʪʝʤ ʞʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ, ʯʪʦ ʠ ʧʦʚʝʜʝʥʠʝ ʯʘʩʪʠʮ ʚ ʛʘʟʘʭ
16

. 

ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʣʦʞʝʥʳ ʠʤ ʢ ʵʤʫʣʴʩʠʷʤ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʧʠʩʘʪʴ 

ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʥʠʭ ʠ ʜʦʢʘʟʳʚʘʣʦ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ 

ʚʝʱʝʩʪʚʘ.  

1929 (ʬʠʟʠʢʘ): ʇʨʠʥʮ ʃ. ɺ. ʇ. ʈ. ʜʝ ɹʨʦʡʣʴ (ʋʥʠʚʝʨʩʠʪʝʪ ʉʦʨʙʦʥʥʘ, 

ʀʥʩʪʠʪʫʪ ʕʥʨʠ ʇʫʘʥʢʘʨʝ, ʇʘʨʠʞ, ʌʨʘʥʮʠʷ) ï ʟʘ ʦʪʢʨʳʪʠʝ ʚʦʣʥʦʚʦʡ ʧʨʠʨʦʜʳ 

ʵʣʝʢʪʨʦʥʘ. 

ɺ 1923 ʛ. ʃ. ʜʝ ɹʨʦʡʣʴ ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʤʘʪʝʨʠʘʣʴʥʳʝ ʯʘʩʪʠʮʳ ʤʦʛʫʪ ʠʤʝʪʴ 

ʚʦʣʥʦʚʳʝ ʩʚʦʡʩʪʚʘ, ʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʬʦʨʤʝ ʬʦʪʦʥʦʚ ï 

ʢʦʨʧʫʩʢʫʣʷʨʥʳʝ ʩʚʦʡʩʪʚʘ
17
. ʆʥ ʨʘʟʚʠʣ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʦʧʠʩʳʚʘʶʱʠʡ 

ʪʘʢʦʡ ʜʫʘʣʠʟʤ, ʠ ʚʚʝʣ ʧʦʥʷʪʠʝ ʜʣʠʥʳ ʚʦʣʥʳ ʜʚʠʞʫʱʝʡʩʷ ʯʘʩʪʠʮʳ, ʢʦʪʦʨʦʝ ʚ 

ʧʦʩʣʝʜʩʪʚʠʠ ʧʦʣʫʯʠʣʦ ʥʘʟʚʘʥʠʝ ʜʣʠʥʳ ʚʦʣʥʳ ʜʝ ɹʨʦʡʣʷ. 

1930 (ʬʠʟʠʢʘ): ʉʵʨ ʏ. ɺ. ʈʘʤʘʥ (ʋʥʠʚʝʨʩʠʪʝʪ ʂʘʣʴʢʫʪʪʳ, ʀʥʜʠʷ) ï ʟʘ ʨʘʙʦʪʳ 

ʧʦ ʨʘʩʩʝʷʥʠʶ ʩʚʝʪʘ ʠ ʦʪʢʨʳʪʠʝ ʵʬʬʝʢʪʘ, ʧʦʣʫʯʠʚʰʝʛʦ ʝʛʦ ʠʤʷ.  

ɺ 1928 ʛ. ʏ. ʈʘʤʘʥ ʦʙʥʘʨʫʞʠʣ, ʯʪʦ ʨʘʩʩʝʷʥʥʳʡ ʤʦʣʝʢʫʣʘʤʠ ʩʚʝʪ ʩʦʜʝʨʞʠʪ 

ʢʦʤʧʦʥʝʥʪʳ ʩ ʯʘʩʪʦʪʘʤʠ, ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʦʪ ʯʘʩʪʦʪʳ ʧʘʜʘʶʱʝʛʦ 

                                           
12  N. Bohr, On the constitution of atoms and molecules. Part I, II, III, Phil. Mag. 26(July), 1-25; (September), 476-502; 

(November), 857-875 (1913). 
13  N. Bohr, On the quantum theory of radiation and the structure of the atom, Phil. Mag. 30(September), 394-415 (1915). 
14 R. A. Millikan, On the elementary electrical charge and the Avogadro constant, Phys. Rev. 2(2), 109-143 (1913). 
15 R. A. Millikan, A direct determination of "h" Phys. Rev. 4(1), 73-75 (1914); R. A. Millikan, A direct photoelectric 

determination of Planck's "h" Phys. Rev. 7(3), 355-388 (1916).  
16J. B. Perrin, Discontinuous Structure of Matter, Nobel Lecture, 1926 

(http://nobelprize.org/nobel_prizes/physics/laureates/1926/perrin-lecture.html). 
17 L. de Broglie, Ondes et quanta, C. R. Acad. Sci. (Paris) 177, 507-510 (1923). 

http://prola.aps.org/abstract/PR/v4/i1/p73_2
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ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ
18
. ʀʤ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ 

ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʦʧʨʝʜʝʣʝʥʥʫʶ ʚʝʣʠʯʠʥʫ, ʦʧʨʝʜʝʣʷʝʤʫʶ ʠʟʤʝʥʝʥʠʝʤ 

ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʠʣʠ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʤʦʣʝʢʫʣ. ʕʪʦʪ ʞʝ ʵʬʬʝʢʪ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʏ. ʈʘʤʘʥʘ ʥʘʙʣʶʜʘʣʩʷ ʩʦʚʝʪʩʢʠʤʠ ʬʠʟʠʢʘʤʠ ɻ. ʃʘʥʜʩʙʝʨʛʦʤ ʠ 

ʃ. ʄʘʥʜʝʣʴʰʪʘʤʦʤ ʚ ʃʝʥʠʥʛʨʘʜʝ
19
. ʈʘʤʘʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʚʩʢʦʨʝ ʧʦʩʣʝ 

ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʘ ʩʪʘʣʘ ʚʘʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʩʪʨʫʢʪʫʨʝ ʠ ʜʠʥʘʤʠʢʝ ʤʦʣʝʢʫʣ. 

1932 (ʬʠʟʠʢʘ): ɺ. ʂ. ɻʝʡʟʝʥʙʝʨʛ (ʃʝʡʧʮʠʛʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, ɻʝʨʤʘʥʠʷ) ï ʟʘ 

ʩʦʟʜʘʥʠʝ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʦʡ ʥʘʨʷʜʫ ʩ ʧʨʦʯʠʤ ʧʨʠʚʝʣʦ ʢ 

ʦʪʢʨʳʪʠʶ ʘʣʣʦʪʨʦʧʥʳʭ ʬʦʨʤ ʚʦʜʦʨʦʜʘ.  

ɺ ʢʦʥʮʝ 1920-ʭ ʛʦʜʦʚ ɺ. ɻʝʡʟʝʥʙʝʨʛ ʧʨʝʜʣʦʞʠʣ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʥʦʚʳʡ ʧʦʜʭʦʜ 

ʚ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ, ʢʦʪʦʨʳʡ ʙʳʣ ʥʘʟʚʘʥ ʤʘʪʨʠʯʥʘʷ ʤʝʭʘʥʠʢʘ. ʆʥ ʧʨʠʰʝʣ ʢ 

ʟʘʢʣʶʯʝʥʠʶ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʝʩʪʝʩʪʚʝʥʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʪʦʯʥʦʩʪʴ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʩʚʦʡʩʪʚ ï ʩʦʦʪʥʦʰʝʥʠʝ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

ɻʝʡʟʝʥʙʝʨʛʘ
20

. 

1932 (ʭʠʤʠʷ): ʀ. ʃʵʥʛʤʶʨ (ʂʦʤʧʘʥʠʷ ɼʞʝʥʝʨʘʣ ʕʣʝʢʪʨʠʢ, ʑʝʥʝʢʪʝʜʠ, ʉʐɸ) 

ï ʟʘ ʦʪʢʨʳʪʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʭʠʤʠʠ ʧʦʚʝʨʭʥʦʩʪʠ.  

ɺ 1916-1918 ʛʛ. ʀ. ʃʵʥʛʤʶʨ ʦʙʥʘʨʫʞʠʣ ʚʘʞʥʦʩʪʴ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ 

ʛʨʘʥʠʮʝ ʜʚʫʭ ʬʘʟ (ʥʘ ʧʨʠʤʝʨ ʥʘ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʝ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʞʠʜʢʦʩʪʠ)
21

 ʠ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʷʚʣʝʥʠʷ ʥʘ ʪʘʢʠʭ ʛʨʘʥʠʮʘʭ ʠʤʝʶʪ ʚʘʞʥʳʝ ʧʨʠʤʝʥʝʥʠʷ ʚʦ ʤʥʦʛʠʭ 

ʦʙʣʘʩʪʷʭ ï ʦʪ ʪʝʭʥʠʢʠ ʜʦ ʬʠʟʠʦʣʦʛʠʠ. ʆʥ ʙʳʣ ʧʝʨʚʳʤ ʫʯʝʥʳʤ ʠʟ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʫʜʦʩʪʦʝʥʥʳʤ ʅʦʙʝʣʝʚʩʢʦʡ ʇʨʝʤʠʠ. 

1933 (ʬʠʟʠʢʘ): ʕ. ʐʨʝʜʠʥʛʝʨ (ɹʝʨʣʠʥʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ) ʠ ʇ. ɸ. ʄ. ɼʠʨʘʢ 

(ʂʵʤʙʨʠʜʞʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ï ʟʘ ʩʦʟʜʘʥʠʝ ʥʦʚʦʡ ʪʝʦʨʠʠ ʘʪʦʤʘ. 

ɺ 1926 ʛ. ʕ. ʐʨʝʜʠʥʛʝʨ ʨʘʟʚʠʣ ʚʦʣʥʦʚʳʝ ʠʜʝʠ ʜʝ ɹʨʦʡʣʷ ʚ ʢʚʘʥʪʦʚʦʡ 

ʤʝʭʘʥʠʢʝ ʠ ʩʦʟʜʘʣ ʚʦʣʥʦʚʫʶ ʤʝʭʘʥʠʢʫ
22
. ɺ 1925-1926 ʛʛ. ʇ. ɼʠʨʘʢ ʧʨʝʜʣʦʞʠʣ 

ʬʦʨʤʘʣʠʟʤ
23

 [18], ʫʯʠʪʳʚʘʶʱʠʡ ʩʧʝʮʠʘʣʴʥʫʶ ʪʝʦʨʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ 

ɸ. ʕʡʥʰʪʝʡʥʘ. ʆʥ ʧʦʢʘʟʘʣ, ʯʪʦ ʵʣʝʢʪʨʦʥ ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ, 

ʩʚʷʟʘʥʥʳʡ ʩ ʝʛʦ ʚʨʘʱʝʥʠʝʤ ʚʦʢʨʫʛ ʩʦʙʩʪʚʝʥʥʦʡ ʦʩʠ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʪʦʥʢʦʡ 

ʩʪʨʫʢʪʫʨʝ ʘʪʦʤʥʳʭ ʩʧʝʢʪʨʦʚ. ʀʤ ʪʘʢʞʝ ʧʨʝʜʩʢʘʟʘʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʘʙʩʦʣʶʪʥʦ 

ʥʦʚʳʭ ʚ ʪʦ ʚʨʝʤʷ ʯʘʩʪʠʮ ï ʘʥʪʠʯʘʩʪʠʮ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʪʘʢʫʶ ʞʝ ʤʘʩʩʫ, ʯʪʦ ʠ 

ʦʩʥʦʚʥʳʝ ʯʘʩʪʠʮʳ, ʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʟʘʨʷʜ. ʇʝʨʚʘʷ ʘʥʪʠʯʘʩʪʠʮʘ ʜʣʷ 

ʵʣʝʢʪʨʦʥʘ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʚ 1932 ʛ. ʉ. ɼ. ɸʥʜʝʨʩʦʥʦʤ ʠ ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ 

ʧʦʟʠʪʨʦʥ. (ɿʘ ʵʪʦ ʦʪʢʨʳʪʠʝ ʉ. ɼ. ɸʥʜʝʨʩʦʥ ʧʦʣʫʯʠʣ ʅʦʙʝʣʝʚʩʢʫʶ ʇʨʝʤʠʶ ʧʦ 

                                           
18 C. V. Raman, A new radiation Indian J. Phys. 2, 387-398 (1928). 
19 G. Landsberg, L. Mandelstam, ¦ber die lichtzestreuung in kristallen, Z. Phys. 50(11/12), 769-780 (1928).  
20W. Heisenberg, ¦ber den anschaulichen inhalt der quantentheoretischen kinematik und mechanik, Z. Phys. 43(3/4), 172-

198 (1927). 
21I. Langmuir, The constitution and fundamental properties of solids and liquids. Part 1. Solids, J. Am. Chem. Soc. 38(11), 

2221-2295 (1916); I. Langmuir, The adsorption of gases on plane surfaces of glass, mica and platinum, J. Am. Chem. 

Soc. 40(9), 1361-1403 (1918).   
22E. Schrºdinger, Zur Einsteinschen gas theorie, Phys. Z. 27(March), 95-101 (1926); E. Schrºdinger, Quantisierung als 

eigenwertproblem (erste mitteilung), Ann. Phys., Lpz.79(4), 361-376 (1926); E. Schrºdinger, Quantisierung als 

eigenwertproblem (zweite mitteilung), Ann. Phys., Lpz.79(6), 489-527 (1926); E. Schrºdinger, ¦ber das verhªltnis der 

Heisenberg-Born-Jordanschen quantenmechanik zu der meinen, Ann. Phys., Lpz.79(8), 734-756 (1926); E. Schrºdinger, 

Quantisierung als eigenwertproblem (vierte mitteilung), Ann. Phys., Lpz.81(2), 109-139 (1926). 
23P. A. M. Dirac, The fundamental equations of quantum mechanics, Proc. R. Soc. A109, 642-643 (1925); P. A. M. Dirac, 

Quantum mechanics and a preliminary investigation of the hydrogen atom, Proc. R. Soc. A110, 561-579 (1926); 

P. A. M. Dirac, The elimination of nodes in quantum mechanics, Proc. R. Soc. 111, 281-305 (1926); P. A. M. Dirac, 

Relativity quantum mechanics with an application to Compton scattering, Proc. R. Soc. 111, 405-423 (1926).  
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ʬʠʟʠʢʝ ʚ 1936 ʛ.)  

1936 (ʭʠʤʠʷ): ʇ. ɼʞ. ɺ. ɼʝʙʘʡ (ɹʝʨʣʠʥʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, ɻʝʨʤʘʥʠʷ) ï ʟʘ 

ʚʢʣʘʜ ʚ ʧʦʟʥʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʤʦʣʝʢʫʣ ʧʦʩʨʝʜʩʪʚʦʤ ʠʭ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʠ 

ʜʠʬʨʘʢʮʠʠ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ ʠ ʵʣʝʢʪʨʦʥʦʚ ʚ ʛʘʟʘʭ. 

ɺ 1916-1923 ʛ. ʇ. ɼʝʙʘʡ ʠʩʧʦʣʴʟʦʚʘʣ ʜʠʬʨʘʢʮʠʶ ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʟʤʝʨʝʥʠʷ 

ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʪʨʫʢʪʫʨʝ ʚʝʱʝʩʪʚʘ
24
. ʀʤ 

ʦʙʥʘʨʫʞʝʥʳ ʜʠʧʦʣʴʥʳʝ ʤʦʤʝʥʪʳ ʚ ʤʦʣʝʢʫʣʘʭ ʩ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʟʘʨʷʜʦʚ.  

1937 (ʬʠʟʠʢʘ): ʉ. ɼʞ. ɼʵʚʠʩʩʦʥ (ɹʝʣʣ ʊʝʣʝʬʦʥ ʃʘʙʦʨʘʪʦʨʠʟ, ʅʴʶ ʁʦʨʢ, 

ʉʐɸ) ʠ ɼʞ. ʇ. ʊʦʤʩʦʥ (ʃʦʥʜʦʥʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ï ʟʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʪʢʨʳʪʠʝ ʜʠʬʨʘʢʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʢʨʠʩʪʘʣʣʘʤʠ.  

ɺ 1923 ʛ. ʉ. ɼʵʚʠʩʩʦʥ ʠ ʉ. ʂʫʥʩʤʘʥ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʵʣʝʢʪʨʦʥʳ ʤʦʛʫʪ 

ʦʪʨʘʞʘʪʴʩʷ ʦʪ ʢʨʠʩʪʘʣʣʦʚ ʢʘʢ ʚʦʣʥʳ
25
, ʧʦʜʪʚʝʨʞʜʘʷ ʪʝʤ ʩʘʤʳʤ ʚʦʣʥʦʚʫʶ ʪʝʦʨʠʶ 

ʃ. ʜʝ ɹʨʦʡʣʷ. ʇʦʟʞʝ ï ʚ 1927, ɼʞ. ʇ. ʊʦʤʩʦʥ (ʩʳʥ ɼʞ. ɼʞ. ʊʦʤʩʦʥʘ) ʠ ɸ. ʈʠʜ 

ʚʳʧʦʣʥʠʣʠ ʙʦʣʝʝ ʪʦʯʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʵʣʝʢʪʨʦʥʘʤʠ, 

ʚʥʝʜʨʷʝʤʳʤʠ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʬʦʣʴʛʠ, ʠ ʫʚʝʨʝʥʥʦ ʧʦʜʪʚʝʨʜʠʣʠ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʜʠʬʨʘʢʮʠʠ ʵʣʝʢʪʨʦʥʦʚ
26

.  

1938 (ʬʠʟʠʢʘ): ʕ. ʌʝʨʤʠ (ʈʠʤʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʀʪʘʣʠʷ) ï ʟʘ ʧʦʜʪʚʝʨʞʜʝʥʠʝ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʦʚʳʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʦʙʨʘʟʫʝʤʳʭ ʥʝʡʪʨʦʥʥʳʤ 

ʦʙʣʫʯʝʥʠʝʤ ʠ ʟʘ ʦʪʢʨʳʪʠʝ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ, ʠʥʠʮʠʠʨʫʝʤʳʭ ʤʝʜʣʝʥʥʳʤʠ 

ʥʝʡʪʨʦʥʘʤʠ.  

ʉʨʝʜʠ ʠʟʚʝʩʪʥʳʭ ʨʘʙʦʪ ʕ. ʌʝʨʤʠ ʝʛʦ ʢʚʘʥʪʦʚʘʷ ʩʪʘʪʠʩʪʠʢʘ ʵʣʝʢʪʨʦʥʦʚ
27

, 

ʧʨʝʜʣʦʞʝʥʥʘʷ ʚ 1926 ʛ., ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʚʢʣʘʜʦʤ ʚ ʧʦʟʥʘʥʠʝ 

ʥʘʥʦʤʠʨʘ. 

 1944 (ʬʠʟʠʢʘ): ʀ. ʀ. ʈʘʙʠ (ʂʦʣʫʤʙʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʐɸ) ï ʟʘ 

ʧʨʝʜʣʦʞʝʥʥʳʡ ʠʤ ʤʝʪʦʜ ʨʝʛʠʩʪʨʘʮʠʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʷʜʝʨ ʘʪʦʤʦʚ.  

ʀ. ʀ. ʈʘʙʠ ʧʨʦʚʸʣ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʚʷʱʝʥʥʳʝ ʤʘʛʥʝʪʠʟʤʫ, ʷʜʝʨʥʦʡ ʬʠʟʠʢʝ, 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʫʯʢʦʚ, ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ. ʈʘʟʨʘʙʦʪʘʣ ʤʝʪʦʜ 

ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʚ ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʫʯʢʘʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʷʜʝʨʥʳʭ 

ʤʦʤʝʥʪʦʚ  ʠ ʦʩʫʱʝʩʪʚʠʣ ʚ 1939 ʛ. ʧʨʝʮʠʟʠʦʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ 

ʧʨʦʪʦʥʘ ʠ ʜʝʡʪʨʦʥʘ, ʩʚʝʨʭʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʧʝʢʪʨʦʚ, ʦʙʥʘʨʫʞʠʣ ʢʚʘʜʨʫʧʦʣʴʥʳʡ 

ʤʦʤʝʥʪ ʫ ʜʝʡʪʨʦʥʘ. ʉʚʦʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʦʥ ʟʘʣʦʞʠʣ ʦʩʥʦʚʳ 

ʨʘʜʠʦʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

1945 (ʬʠʟʠʢʘ): ɺ. ʇʘʫʣʠ (ʇʨʠʥʩʪʦʥʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʉʐɸ) ï ʟʘ ʦʪʢʨʳʪʠʝ 

ʧʨʠʥʮʠʧʘ ʠʩʢʣʶʯʠʪʝʣʥɹʦʩʪʠ, ʥʘʟʳʚʘʝʤʦʛʦ ʪʘʢʞʝ ʧʨʠʥʮʠʧʦʤ ʇʘʫʣʠ. 

ɺ 1925 ʛ. ɺ. ʇʘʫʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʣ ʩʚʦʡ ʧʨʠʥʮʠʧ ʠʩʢʣʶʯʠʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʡ 

ʫʪʚʝʨʞʜʘʣ, ʯʪʦ ñʚ ʘʪʦʤʝ ʥʝ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʜʚʫʭ ʠ ʙʦʣʝʝ ʵʣʝʢʪʨʦʥʦʚ, ʫ 

ʢʦʪʦʨʳʭ ʩʦʚʧʘʜʘʶʪ ʚʩʝ ʢʚʘʥʪʦʚʳʝ ʯʠʩʣʘò
28

. 

1954 (ʬʠʟʠʢʘ): ʄ. ɹʦʨʥ (ʕʜʠʥʙʫʨʛʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ) ï ʟʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

                                           
24P. Debye, Quantenhypothese und Zeeman-effekt, Nach. Ges. Wiss. (Gºttingen), 142-153 (1916); P. Debye, Zerstreuung 

von rºntgenstrahlen und quantentheorie, Phys. Z. 24, 161-166 (1923). 
25C. J. Davisson, C. H. Kunsman, The scattering of low speed electrons by platinum and magnesium, Phys. Rev. 22(1), 

242-258 (1923). 
26G. P. Thomson, A. Reid, Diffraction of a cathode ray by a thin film, Nature 119, 890 (1927). 
27E. Fermi, Zur quantelung des idealen einatomigen gases Z. Phys. 36(11/12), 902-912 (1926). 
28W. Pauli, ¦ber den zusammenhang des abschlusses der elektronengruppen im atom mit der komplexstruktur der spektren, 

Z. Phys. 31(10), 765-783 (1925). 
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ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ, ʚ ʯʘʩʪʥʦʩʪʠ ʟʘ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ 

ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ. 

ɺ 1920-ʭ ʛʦʜʘʭ ʄ. ɹʦʨʥ ʨʘʟʚʠʣ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʠ ʬʠʟʠʯʝʩʢʫʶ 

ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ
29

. 

1954 (ʭʠʤʠʷ): ʃ. ʂ. ʇʘʫʣʠʥʛ (ʂʘʣʠʬʦʨʥʠʡʩʢʠʡ ʠʥʩʪʠʪʫʪ ʪʝʭʥʦʣʦʛʠʠ, 

ʇʘʩʘʜʝʥʘ, ʉʐɸ) ï ʟʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʨʦʜʳ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʝʛʦ ʧʨʠʣʦʞʝʥʠʷ ʢ 

ʦʧʨʝʜʝʣʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʩʣʦʞʥʳʭ ʚʝɦ ʝʩʪʚ. 

ɺ 1930-ʭ ʛʦʜʘʭ ʃ. ʇʘʫʣʠʥʛ ʧʨʝʜʣʦʞʠʣ ʢʦʥʮʝʧʮʠʶ ʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ, ʟʘʣʦʞʠʚ 

ʪʝʤ ʩʘʤʳʤ ʦʩʥʦʚʳ ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ
30
. ʆʥ ʝʜʠʥʩʪʚʝʥʥʳ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʦʙʣʘʜʘʪʝʣʴ ʜʚʫʭ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʅʦʙʝʣʝʚʩʢʠʭ ʇʨʝʤʠʡ. ɺʪʦʨʫʶ ʇʨʝʤʠʶ ï 

ʅʦʙʝʣʝʚʩʢʫʶ ʧʨʝʤʠʶ ʄʠʨʘ,  ʦʥ ʧʦʣʫʯʠʣ ʚ 1962. 

1955 (ʬʠʟʠʢʘ): ɺ. ɽ. ʃʘʤʙ (ʉʪʵʥʬʦʨʜʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʉʐɸ) ï ʟʘ ʦʪʢʨʳʪʠʷ, 

ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʝ ʩʧʝʢʪʨʦʚ ʚʦʜʦʨʦʜʘ ʠ ʇ. ʂʫ  ɦ (ʂʦʣʫʤʙʠʡʩʢʠʡ 

ʋʥʠʚʝʨʩʠʪʝʪ, ʅʴʶ ʁʦʨʢ, ʉʐɸ) ï ʟʘ ʪʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ 

ʵʣʝʢʪʨʦʥʘ.  

ɺ 1947 ʛ. ɺ. ʃʘʤʙ ʦʙʥʘʨʫʞʠʣ ʪʦʥʢʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʚʦʜʦʨʦʜʘ
31
, ʢʦʪʦʨʦʝ ʦʪʣʠʯʘʣʦʩʴ ʦʪ ʧʨʝʜʩʢʘʟʘʥʠʷ ʇ. ɼʠʨʘʢʘ. ʕʪʦ ʩʪʠʤʫʣʠʨʦʚʘʣʦ 

ʧʝʨʝʩʤʦʪʨ ʦʩʥʦʚʥʳʭ ʢʦʥʮʝʧʮʠʡ ʧʨʠʤʝʥʝʥʠʷ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʚ 

ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤʝ. ɺ 1947 ʛ. ʇ. ʂʫʱ ʪʦʯʥʦ ʠʟʤʝʨʠʣ ʤʦʤʝʥʪ ʵʣʝʢʪʨʦʥʘ
32

 ʠ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥ ʥʘ ʤʘʣʫʶ ʚʝʣʠʯʠʥʫ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʦʛʦ, ʯʪʦ ʧʨʝʜʩʢʘʟʘʣ ʇ. ɼʠʨʘʢ.  

1956 (ʬʠʟʠʢʘ): ɺ. ɹ. ʐʦʢʣʠ (ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʘʷ ʃʘʙʦʨʘʪʦʨʠʠ ʢʦʨʧʦʨʘʮʠʠ 

ɹʝʢʤʘʥ ʀʥʩʪʨʫʤʝʥʪʩ, ʄʘʫʥʪʵʥ ɺʴʶ, ʉʐɸ) ɼʞ. ɹʘʨʜʠʥ (ʀʣʣʠʥʦʡʩʩʢʠʡ 

ʋʥʠʚʝʨʩʠʪʝʪ, ʋʨʙʘʥʘ, ʉʐɸ) ʠ ɺ. ʍ. ɹʨʘʪʪʝʡʥ (ɹʝʣʣ ʊʝʣʝʬʦʥ ʃʘʙʦʨʘʪʦʨʠʟ, 

ʄʶʨʨʵʡ ʍʠʣʣ, ʉʐɸ) ï ʟʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠ ʦʪʢʨʳʪʠʝ 

ʪʨʘʥʟʠʩʪʦʨʥʦʛʦ ʵʬʬʝʢʪʘ. 

ɺ 1947-1949 ʛʛ. ɺ. ʐʦʢʣʠ, ɼʞ. ɹʘʨʜʠʥ ʠ ɺ. ɹʨʘʪʪʝʡʥ, ʨʘʙʦʪʘʷ ʚ ɹʝʣʣ ʊʝʣʝʬʦʥ 

ʃʘʙʦʨʘʪʦʨʠʟ, ʧʨʦʚʝʣʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠ 

ʩʦʟʜʘʣʠ ʧʝʨʚʳʡ ʪʨʘʥʟʠʩʪʦʨ
33
. ʉ ʵʪʦʛʦ ʠʟʦʙʨʝʪʝʥʠʷ ʥʘʯʘʣʘʩʴ ʵʨʘ ʪʚʝʨʜʦʪʝʣʴʥʦʡ 

ʵʣʝʢʪʨʦʥʠʢʠ. 

1962 (ʬʠʟʠʢʘ): ʃ. ɼ. ʃʘʥʜʘʫ (ɸʢʘʜʝʤʠʷ ʅʘʫʢ ʉʉʉʈ, ʄʦʩʢʚʘ, ʉʉʉʈ) ï ʟʘ 

ʧʠʦʥʝʨʩʢʠʝ ʪʝʦʨʠʠ ʜʣʷ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚʘ. 

ʃ. ɼ. ʃʘʥʜʘʫ ʧʨʝʜʣʦʞʠʣ ʢʦʥʮʝʧʮʠʶ ʢʚʘʥʪʦʚʦʡ ʞʠʜʢʦʩʪʠ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʤ 

ʚʝʱʝʩʪʚʝ. ʀʤ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʪʝʦʨʠʷ ʢʚʘʥʪʦʚʳʭ ʞʠʜʢʦʩʪʝʡ ɹʦʟʝ ʪʠʧʘ (1941-

1947) ʠ ʌʝʨʤʠ ʪʠʧʘ (1956-1958)
34

 [29], ʯʪʦ ʧʨʦʜʚʠʥʫʣʦ ʧʦʥʠʤʘʥʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚ ʪʚʝʨʜʳʭ ʪʝʣʘʭ. 

1964 (ʬʠʟʠʢʘ): ʏ. ʍ. ʊʦʫʚʥʝʩ (ʄʘʩʩʘʯʫʩʝʪʪʩʢʠʡ ʀʥʩʪʠʪʫʪ ʊʝʭʥʦʣʦʛʠʠ, 

                                           
29M. Born, ¦ber quantenmechanik, Z. Phys. 26, 379-395 (1924). 
30L. Pauling, The Nature of the Chemical Bond (Cornell University Press, Ithaca, NY, 1939).  
31W. E. Lamb Jr., R. C. Reserford, Fine structure of the hydrogen atom by a microwave method, Phys. Rev. 72(3), 241-243 

(1947). 
32P. Kusch, H. M. Foley, Precision measurement of the ratio of the atomic `g values' in the 2P3/2 and 2P1/2 states of gallium, 

Phys. Rev. 72(12), 1256-1257 (1947); H. M. Foley, P. Kusch, On the intrinsic moment of the electron, Phys. Rev. 73(4), 

412 (1948); P. Kusch, H. M. Foley, The magnetic moment of the electron, Phys. Rev. 74(3), 250-263 (1948). 
33J. Bardeen, W. H. Brattain, Three-lectrode circuit element utilizing semiconductive materials, US Patent no2524035 

(1948); J. Bardeen, W. H. Brattain, The transistor, semiconductor triode, Phys. Rev. 74( 1), 230-231 (1948); 

W. Shockley, The theory of p-n junctions in semiconductors and p-n junction transistors, Bell Syst. Tech. J. 28(3), 435-

489 (1949). 
34ʃ. ɼ. ʃʘʥʜʘʫ, ʊʝʦʨʠʷ ʬʝʨʤʠ-ʞʠʜʢʦʩʪʠ, ɾʕʊʌ 30(6), 1058-1064 (1956); ʃ. ɼ. ʃʘʥʜʘʫ, ʂʦʣʝʙʘʥʠʷ ʬʝʨʤʠ-ʞʠʜʢʦʩʪʠ, 

ɾʕʊʌ 32(1), 59-66 (1957). 
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ʂʵʤʙʨʠʜʞ, ʉʐɸ), ʅ. ɻ. ɹʘʩʦʚ (ʃʝʙʝʜʝʚʩʢʠʡ ʀʥʩʪʠʪʫʪ ʌʠʟʠʢʠ, ʄʦʩʢʚʘ, ʉʉʉʈ) ʠ 

ɸ. ʄ. ʇʨʦʭʦʨʦʚ (ʃʝʙʝʜʝʚʩʢʠʡ ʀʥʩʪʠʪʫʪ ʌʠʟʠʢʠ, ʄʦʩʢʚʘ, ʉʉʉʈ) ï ʟʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʚ ʦʙʣʘʩʪʠ ʢʚʘʥʪʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ, ʢʦʪʦʨʳʝ ʧʨʠʚʝʣʠ 

ʢ ʩʦʟʜʘʥʠʶ ʛʝʥʝʨʘʪʦʨʦʚ ʠ ʫʩʠʣʠʪʝʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʧʨʠʥʮʠʧʘʭ ʤʘʟʝʨʘ-ʣʘʟʝʨʘ.  

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʤʘʟʝʨʦʚ ʠ ʣʘʟʝʨʦʚ
35

 ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʅ. ɹʘʩʦʚʳʤ ʠ ɸ. ʇʨʦʭʦʨʦʚʳʤ ʚ 1955-1960. ɺ 1958 ʛ. ɸ. ʑʘʚʣʦʚ ʠ ʏ. ʊʦʫʚʥʝʩ 

ʩʦʟʜʘʣʠ ʧʝʨʚʳʡ ʤʘʟʝʨ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʤʦʣʝʢʫʣ 

ʘʤʤʠʘʢʘ
36

 [31]. ʆʥ ʛʝʥʝʨʠʨʦʚʘʣ ʤʠʢʨʦʚʦʣʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʠʟʣʫʯʝʥʠʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʙʳʣʦ ʢʦʛʝʨʝʥʪʥʳʤ. (ɸ. ʑʘʚʣʦʚ ʧʦʣʫʯʠʣ 

ʅʦʙʝʣʝʚʩʢʫʶ ʇʨʝʤʠʶ ʧʦ ʬʠʟʠʢʝ ʧʦʟʞʝ ï ʚ 1981 ʛ., ʟʘ ʨʘʟʚʠʪʠʝ ʣʘʟʝʨʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ). 

1966 (ʬʠʟʠʢʘ): ɸ. ʂʘʩʪʣʝʨ (ʇʘʨʠʞʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʌʨʘʥʮʠʷ) ï ʟʘ ʦʪʢʨʳʪʠʝ 

ʠ ʨʘʟʚʠʪʠʝ ʦʧʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʨʮʝʚʩʢʦʛʦ ʨʝʟʦʥʘʥʩʘ ʚ ʘʪʦʤʘʭ.  

ɺ 1950-ʭ ʛʦʜʘʭ ɸ. ʂʘʩʪʣʝʨ ʠ ʝʛʦ ʩʦʪʨʫʜʥʠʢʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʣʝʢʪʨʦʥʳ ʚ ʘʪʦʤʝ 

ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʚʝʜʝʥʳ ʚ ʚʦʟʙʫʞʜʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʩʚʝʪʘ
37
. ʇʦʩʣʝ ʨʝʣʘʢʩʘʮʠʠ ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʩʧʠʥʦʚʦʡ ʦʨʠʝʥʪʘʮʠʠ ʘʪʦʤʦʚ. ʇʦʩʣʝʜʫʶʱʠʝ ʨʘʜʠʦʯʘʩʪʦʪʥʳʝ ʧʝʨʝʭʦʜʳ 

ʦʪʢʨʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʚʦʡʩʪʚ ʢʚʘʥʪʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʵʣʝʢʪʨʦʥʦʚ ʚ ʘʪʦʤʘʭ.  

1966 (ʭʠʤʠʷ): ʈ. ʉ. ʄʶʣʣʠʢʝʥ (ʏʠʢʘʛʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʉʐɸ) ï ʟʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʭʠʤʠʯʝʩʢʠʤ ʩʚʷʟʷʤ ʠ ʵʣʝʢʪʨʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʝ ʤʦʣʝʢʫʣ, ʧʨʦʚʝʜʝʥʥʳʝ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ. 

ɺ 1927-1928 ʛʛ. ʈ. ʄʶʣʣʠʢʝʥ ʨʘʟʨʘʙʦʪʘʣ ʪʝʦʨʠʶ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ,  

ʢʦʪʦʨʘʷ ʩ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʟʠʮʠʡ ʦʧʠʩʳʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ 

ʚʩʝʤʠ ʷʜʨʘʤʠ ʠ ʵʣʝʢʪʨʦʥʘʤʠ ʚ ʤʦʣʝʢʫʣʝ
38

. 

1970 (ʬʠʟʠʢʘ): ʃ. ɽ. ʌ. ʅʝʝʣʴ (ʋʥʠʚʝʨʩʠʪʝʪ ɻʨʝʥʦʙʣʷ, ʌʨʘʥʮʠʷ) ï ʟʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʨʘʙʦʪʫ ʠ ʦʪʢʨʳʪʠʷ, ʢʘʩʘʶʱʠʝʩʷ ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʟʤʘ ʠ 

ʬʝʨʨʠʤʘʛʥʝʪʠʟʤʘ, ʢʦʪʦʨʳʝ ʥʘʰʣʠ ʚʘʞʥʳʝ ʧʨʠʤʝʥʝʥʠʷ ʚ ʬʠʟʠʢʝ ʪʚʝʨʜʦʛʦ ʪʝʣʘ.   

ɺ 1932 ʛ. ʃ. ʅʝʝʣʴ ʦʪʢʨʳʣ ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʟʤ ʢʘʢ ʬʦʨʤʫ ʤʘʛʥʝʪʠʟʤʘ, ʚ 

ʢʦʪʦʨʦʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʠʣʠ ʩʧʠʥʳ ʩʦʩʝʜʥʠʭ ʘʪʦʤʦʚ ʠʤʝʶʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʢʦʤʧʝʥʩʠʨʫʶʪ ʜʨʫʛ ʜʨʫʛʘ
39
. ɼʦ ʵʪʦʛʦ ʙʳʣʠ 

ʠʟʚʝʩʪʥʳ ʪʦʣʴʢʦ ʪʨʠ ʬʦʨʤʳ ʤʘʛʥʝʪʠʟʤʘ ï ʜʠʘ-, ʧʘʨʘ- ʠ ʬʝʨʨʦʤʘʛʥʝʪʠʟʤ. ʆʥ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʩʯʝʟʘʝʪ ʚʳʰʝ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʪʦʨʫʶ ʩʝʛʦʜʥʷ ʥʘʟʳʚʘʶʪ ʪʦʯʢʦʡ ʅʝʝʣʷ. ɹʦʣʝʝ ʪʦʛʦ, ʠʤ ʙʳʣ 

                                           
35N. G. Bassov, A. M. Prokhorov, The theory of a molecular oscillator and a molecular power amplifier, Discussion 

Faraday Soc. 19, 96-99 (1955); A. M. ʇʨʦʭʦʨʦʚ, ʄʦʣʝʢʫʣʷʨʥʳʡ ʫʩʠʣʠʪʝʣʴ ʠ ʛʝʥʝʨʘʪʦʨ ʩʫʙʤʠʣʠʤʝʪʨʦʚʳʭ ʚʦʣʥ, 

ɾʕʊʌ 34(6), 1658-1659 (1958); ʅ. ɻ. ɹʘʩʦʚ, ʆ. ʅ. ʂʨʦʭʠʥ, ʖ. ʄ. ʇʦʧʦʚ, ʆ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʫʩʠʣʠʪʝʣʷʭ ʠ 

ʛʝʥʝʨʘʪʦʨʘʭ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʡ ʤʘʩʩʦʡ ʥʦʩʠʪʝʣʝʡ, ɾʕʊʌ 38(63), 1001-1002 (1960).  
36A. L. Schawlow, C. H. Townes, Infrared and optical masers, Phys. Rev, 112(6), 1940-1949 (1958); A. L. Schawlow, 

C. H. Townes, US Patent no2929922 (1960). 
37J. Brossel, A. Kastler, The detection of magnetic resonance of excited levels: depolarization effect of optical resonance 

and fluorescence radiation, C. R. Acad. Sci. (Paris) 229, 1213-1215 (1949); A. Kastler, Some suggestions concerning the 

production and detection by optical means of inequalities in the population of levels of spatial quantization in atoms. 

Application to the Stern-Gerlach magnetic resonance experiments, J. Phys. 11(June), 255-265 (1950).  
38R. S. Mulliken, Leipziger Universittswoche ï Quantentheorie und Chemie (Leipzig, 1928).  
39L. N®el, Influence of the fluctuations of the molecular field on the magnetic properties of bodies, Ann. Phys. (Paris) 18, 

1-105 (1932); Propri®t®s magn®tiques de lô®tat m®tallique et ®energie dôinteraction entre atomes magn®tiques, Ann. Phys. 

(Paris) 5, 232-279 (1936). 
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ʦʙʲʷʩʥʝʥ ʩʠʣʴʥʳʡ ʤʘʛʥʝʪʠʟʤ ʚ ʬʝʨʨʠʪʘʭ
40
. ʆʥ ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʚ ʵʪʠʭ 

ʤʘʪʝʨʠʘʣʘʭ ʩʫʱʝʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʜʠʩʙʘʣʘʥʩ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʩʧʠʥʘʭ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʦʚʘʥʠʶ ʚ ʥʠʭ ʧʦʩʪʦʷʥʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ ʙʳʣʦ ʥʘʟʚʘʥʦ ʠʤ ʬʝʨʨʠʤʘʛʥʝʪʠʟʤʦʤ. 

1972 (ʬʠʟʠʢʘ): ɼʞ. ɹʘʨʜʠʥ (ʀʣʣʠʥʦʡʩʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʋʨʙʘʥʘ, ʉʐɸ), 

ʃ. ʅ. ʂʫʧʝʨ (ɹʨʦʫʥʦʚʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʇʨʦʚʠʜʝʥʩ, ʉʐɸ) ʠ ɼʞ. ʈ. ʐʨʠʬʝʨ 

(ʇʝʥʥʩʠʣʴʚʘʥʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʌʠʣʘʜʝʣʴʬʠʷ, ʉʐɸ) ï ʟʘ ʩʦʚʤʝʩʪʥʦ ʨʘʟʚʠʪʫʶ 

ʪʝʦʨʠʶ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ, ʦʙʳʯʥʦ ʥʘʟʳʚʘʝʤʫʶ ɹʂʐ-ʪʝʦʨʠʷ. 

ɺ 1956-1957 ʛʛ. ɼʞ. ɹʘʨʜʠʥ, ʃ. ʂʫʧʝʨ ʠ ɼʞ. ʐʨʠʬʝʨ ʩʬʦʨʤʫʣʠʨʦʚʘʣʠ ʪʝʦʨʠʶ 

ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʠʜʝʝ ʦ ʪʦʤ, ʯʪʦ ʜʚʘ ʵʣʝʢʪʨʦʥʘ ʩ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ ʩʧʠʥʘʤʠ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʧʘʨʫ, ʧʦʣʫʯʠʚʰʫʶ ʥʘʟʚʘʥʠʝ 

ʂʫʧʝʨʦʚʩʢʦʡ ʧʘʨʳ, ʯʪʦ ʧʦʥʠʞʘʝʪ ʵʥʝʨʛʠʶ ʩʚʷʟʘʥʥʳʭ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʵʣʝʢʪʨʦʥʦʚ ʠ 

ʦʙʣʝʛʯʘʝʪ ʠʭ ʜʚʠʞʝʥʠʝ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ
41
. ʊʘʢʘʷ ʧʘʨʘ ʦʪʥʦʩʠʪʩʷ ʢ 

ɹʦʟʝ-ʯʘʩʪʠʮʘʤ. ʆʥʠ ʜʚʠʞʫʪʩʷ ʢʘʢ ʢʦʛʝʨʝʥʪʥʘʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʘʷ ʞʠʜʢʦʩʪʴ ʜʦ ʪʝʭ 

ʧʦʨ, ʧʦʢʘ ʵʥʝʨʛʠʷ ʪʝʧʣʦʚʳʭ ʚʦʟʙʫʞʜʝʥʠʡ ʦʩʪʘʝʪʩʷ ʤʝʥʴʰʝ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʚ 

ʢʫʧʝʨʦʚʩʢʦʡ ʧʘʨʝ.  

1973 (ʬʠʟʠʢʘ): ʃ. ʀʩʘʢʠ (ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʎʝʥʪʨ ʠʤ. ʊʦʤʘʩʘ ɺʘʪʩʦʥʘ 

ʬʠʨʤʳ ʀɹʄ, ʁʦʨʢʪʘʫʥ ʍʝʡʪʩ, ʉʐɸ), ʀ. ɼʞʘʡʵʚʝʨ (ʂʦʤʧʘʥʠʷ ɼʞʝʥʝʨʘʣ 

ʕʣʝʢʪʨʠʢ, ʑʝʥʝʢʪʝʜʠ, ʉʐɸ) ï ʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʪʢʨʳʪʠʝ ʪʫʥʥʝʣʴʥʳʭ 

ʷʚʣʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ ʠ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘʭ, ʠ 

ɹ. ɼ. ɼʞʦʟʝʬʩʦʥ (ʂʵʤʙʨʠʜʞʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ï ʟʘ 

ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʧʨʝʜʩʢʘʟʘʥʠʝ ʩʚʝʨʭʪʦʢʦʚ ʯʝʨʝʟ ʙʘʨʴʝʨʳ ʤʝʞʜʫ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘʤʠ 

ï ʷʚʣʝʥʠʷ, ʠʟʚʝʩʪʥʳʝ ʢʘʢ ʵʬʬʝʢʪ ɼʞʦʟʝʬʩʦʥʘ. 

ɺ 1958 ʛ. ʃ. ʀʩʘʢʠ ʦʪʢʨʳʣ ʪʫʥʥʝʣʴʥʳʝ ʷʚʣʝʥʠʷ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ ʠ 

ʨʘʟʨʘʙʦʪʘʣ ʪʫʥʥʝʣʴʥʳʡ ʜʠʦʜ
42
, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʣʝʢʪʨʦʥʥʳʡ ʵʣʝʤʝʥʪ 

ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ. ɺ 1960 ʛ. ʀ. ɼʞʘʡʵʚʝʨ 

ʠʟʦʙʨʝʣ ʠ ʜʝʪʘʣʴʥʦ ʠʟʫʯʠʣ ʩʚʦʡʩʪʚʘ ʪʫʥʥʝʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ, ʦʙʨʘʟʫʝʤʳʭ 

ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘʤʠ
43
. ɺ 1962 ʛ. ɹ. ɼʞʦʟʝʬʩʦʥ ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣ 

ʧʝʨʝʥʦʩ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʤʝʞʜʫ ʜʚʫʤʷ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʤʠ ʤʝʪʘʣʣʘʤʠ, 

ʨʘʟʜʝʣʝʥʥʳʤʠ ʤʘʪʝʨʠʘʣʦʤ ʩ ʥʦʨʤʘʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ. ʆʥ ʦʙʥʘʨʫʞʠʣ, ʯʪʦ 

ʢʚʘʥʪʦʚʘʷ ʬʘʟʘ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʪʨʘʥʩʧʦʨʪ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʝ, 

ʷʚʣʷʝʪʩʷ ʦʩʮʠʣʣʠʨʫʶʱʝʡ ʬʫʥʢʮʠʝʡ ʧʨʠʣʦʞʝʥʥʦʛʦ ʢ ʩʪʨʫʢʪʫʨʝ ʥʘʧʨʷʞʝʥʠʷ
44

. 

1977 (ʬʠʟʠʢʘ): ʌ. ɺ. ɸʥʜʝʨʩʦʥ (ɹʝʣʣ ʊʝʣʝʬʦʥ ʃʘʙʦʨʘʪʦʨʠʟ, ʄʶʨʨʝʡ ʍʠʣ, 

ʉʐɸ), ʉʵʨ ʅ. ʌ. ʄʦʪʪ (ʂʵʤʙʨʠʜʞʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʂʵʤʙʨʠʜʞ, 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ʠ ɼʞ. ʍ. ʚʘʥ ɺʣʝʢ (ɻʘʨʚʘʨʜʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʂʝʤʙʨʠʜʞ, 

ʉʐɸ) ï ʟʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʤʘʛʥʠʪʥʳʭ ʠ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʠʩʪʝʤ. 

ɺ ʢʦʥʮʝ 1950-ʭ ʛʦʜʦʚ ʌ. ɸʥʜʝʨʩʦʥ ʨʘʟʚʠʣ ʪʝʦʨʠʶ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʘʷ ʫʯʠʪʳʚʘʣʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ ʩʧʣʘʚʘʭ ʠ ʤʘʛʥʠʪʥʳʝ 

                                           
40L. N®el, Magnetic properties of ferrits: ferromagnetismand antiferromagnetism, Ann.Phys. (Paris) 3, 137-198 (1948). 
41L. N. Cooper, Bound electron pairs in a degenerate Fermi gas, Phys. Rev. 104(4), 1189-1190 (1956); J. Bardeen, 

L. N. Cooper, J. R. Schrieffer, Theory of superconductivity, Phys. Rev. 108(5), 1175-1204 (1957).  
42L. Esaki, New phenomenon in narrow germanium p-n junctions, Phys. Rev. 109(2), 603-604 (1958). 
43I. Giaever, Energy gap in superconductors measured by electron tunneling, Phys. Rev. Lett. 5(4), 147-148 (1960); 

I. Giaever, Electron tunneling between two superconductors, Phys. Rev. Lett. 5(10), 464-466 (1960). 
44B. D. Josephson, Possible new effects in superconductive tunneling Phys. Lett. 1(7), 251-253 (1962).  
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ʧʨʠʤʝʩʥʳʝ ʘʪʦʤʳ ʚ ʤʝʪʘʣʣʘʭ
45
. ɺ 1940-1950 ʛʛ. ʅ. ʄʦʪʪ ʦʩʥʦʚʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʪʚʝʨʜʳʭ ʪʝʣʘʭ ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʣ ʧʨʘʚʠʣʦ, 

ʨʝʛʫʣʠʨʫʶʱʝʝ ʧʨʝʚʨʘʱʝʥʠʝ ʠʟʦʣʷʪʦʨʘ ʚ ʧʨʦʚʦʜʥʠʢ (ʧʝʨʝʭʦʜ ʄʦʪʪʘ), ʢʦʛʜʘ ʩʦʩʪʘʚ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠʣʠ ʚʥʝʰʥʠʝ ʫʩʣʦʚʠʷ ʧʨʝʪʝʨʧʝʚʘʶʪ ʠʟʤʝʥʝʥʠʷ
46
. ɺ 1930-ʭ ʛʦʜʘʭ 

ɼʞ. ʚʘʥ ɺʣʝʢ ʨʘʟʚʠʣ ʪʝʦʨʠʶ ʤʘʛʥʝʪʠʟʤʘ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜʘʭ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʩʣʝʜ ʟʘ ʩʦʟʜʘʥʠʝʤ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ
47
. ʆʥ ʨʘʩʩʯʠʪʘʣ ʚʣʠʷʥʠʝ 

ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʥʘ ʧʘʨʘʤʘʛʥʠʪʥʳʝ ʘʪʦʤʳ ʠ ʦʙʲʷʩʥʠʣ ʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚʘʭ ʤʘʪʝʨʠʘʣʦʚ.  

1985 (ʬʠʟʠʢʘ): ʂ. ʚʦʥ ʂʣʠʪʮʠʥʛ (ʀʥʩʪʠʪʫʪ ʄʘʢʩʘ ʇʣʘʥʢʘ, ʐʪʫʪʛʘʨʪ, 

ɻʝʨʤʘʥʠʷ) ï ʟʘ ʦʪʢʨʳʪʠʝ ʢʚʘʥʪʦʚʦʛʦ ʵʬʬʝʢʪʘ ʍʦʣʣʘ. 

ɺ 1980 ʛ. ʂ. ʚʦʥ ʂʣʠʪʮʠʥʛ ʩʦ ʩʚʦʠʤʠ ʩʦʪʨʫʜʥʠʢʘʤʠ ʦʙʥʘʨʫʞʠʣ ʠ ʠʩʩʣʝʜʦʚʘʣ 

ʢʚʘʥʪʦʚʘʥʠʝ ʚ ʵʬʬʝʢʪʝ ʍʦʣʣʘ
48
. ʆʥʠ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʚ ʢʚʘʟʠ-ʜʚʫʤʝʨʥʦʡ 

ʧʨʦʚʦʜʷʱʝʡ ʩʪʨʫʢʪʫʨʝ, ʧʦʤʝʱʝʥʥʦʡ ʚ ʩʠʣʴʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʝ 

ʝʝ ʧʣʦʩʢʦʩʪʠ, ʍʦʣʣʦʚʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʠʟʤʝʥʷʝʪʩʷ ʥʝ ʣʠʥʝʡʥʦ ʩ ʨʦʩʪʦʤ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʢʘʢ ʵʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ ʵʬʬʝʢʪʝ ʍʦʣʣʘ, ʘ 

ʩʪʫʧʝʥʯʘʪʦ. ʍʦʣʣʦʚʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʵʪʠʤ ʩʪʫʧʝʥʴʢʘʤ 

ʦʢʘʟʳʚʘʝʪʩʷ ʢʚʘʥʪʦʚʘʥʥʳʤ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʟʤʝʨʝʥʠʝ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ 

ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʢʦʥʩʪʘʥʪʘʤʠ ï ʟʘʨʷʜʦʤ ʵʣʝʢʪʨʦʥʘ ʠ 

ʧʦʩʪʦʷʥʥʦʡ ʇʣʘʥʢʘ.  

1986 (ʬʠʟʠʢʘ): ʕ. ʈʫʩʢʘ (ʀʥʩʪʠʪʫʪ ʌʨʠʮʘ ʍʘʙʝʨʘ, ɹʝʨʣʠʥ, ɻʝʨʤʘʥʠʷ) ï ʟʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʨʘʙʦʪʫ ʧʦ ʵʣʝʢʪʨʦʥʥʦʡ ʦʧʪʠʢʝ ʠ ʩʦʟʜʘʥʠʝ ʧʝʨʚʦʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ, ɻ. ɹʠʥʥʠʛ ʠ ɻ. ʈʦʝʨ (ʦʙʘ ʎʶʨʠʭʩʢʘʷ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʀɹʄ, ʈʫʱʣʠʢʦʥ, ʐʚʝʡʮʘʨʠʷ) ʟʘ ʩʦʟʜʘʥʠʝ 

ʩʢʘʥʠʨʫʶʱʝʛʦ ʪʫʥʥʝʣʴʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ. 

ɺ ʥʘʯʘʣʝ 1930-ʭ ʛʦʜʦʚ ʕ. ʈʫʩʢʘ ʚʳʧʦʣʥʠʣ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦ ʦʧʪʠʢʝ ʵʣʝʢʪʨʦʥʥʳʭ ʧʦʪʦʢʦʚ ʠ ʩʜʝʣʘʣ ʧʝʨʚʳʡ ʨʘʙʦʪʘʶʱʠʡ ʵʣʝʢʪʨʦʥʥʳʡ 

ʤʠʢʨʦʩʢʦʧ
49
. ɺ 1982 ʛ. ɻ. ɹʠʥʥʠʛ ʠ ɻ. ʈʦʝʨ ʨʘʟʨʘʙʦʪʘʣʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ 

ʧʦʜʭʦʜ ʢ ʧʦʣʫʯʝʥʠʶ ʠʟʦʙʨʘʞʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʣ 

ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʚʧʣʦʪʴ ʜʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʘʪʦʤʦʚ
50
. ɼʣʷ 

ʵʪʦʛʦ ʦʥʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʫʥʥʝʣʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʠʟ ʦʩʪʨʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʟʦʥʜʘ, ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʢ ʠʩʩʣʝʜʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʧʦʨʷʜʢʘ 1 ʥʤ. 

ʇʦʩʢʦʣʴʢʫ ʚʝʣʠʯʠʥʘ ʪʫʥʥʝʣʴʥʦʛʦ ʪʦʢʘ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʩʪʦʷʥʠʷ 

ʤʝʞʜʫ ʟʦʥʜʦʤ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʪʦ ʝʛʦ ʨʝʛʠʩʪʨʘʮʠʷ, ʘ ʯʘʱʝ ʨʝʛʠʩʪʨʘʮʠʷ 

ʥʘʧʨʷʞʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʪʫʥʥʝʣʴʥʦʛʦ ʪʦʢʘ ʧʦʩʪʦʷʥʥʳʤ, ʚ 

ʧʨʦʮʝʩʩʝ ʩʢʘʥʠʨʦʚʘʥʠʷ ʟʦʥʜʘ ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ 

ʪʦʧʦʣʦʛʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʘʪʦʤʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. ɺ 1989 ʛ. ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʘʥʠʨʫʶʱʝʛʦ ʪʫʥʥʝʣʴʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʫʯʝʥʳʝ ɼʦʥʘʣʴʜ ʕʡʛʣʝʨ ʠ ʕʨʭʘʨʜ ʐʚʝʮʝʨ 

                                           
45P. W. Anderson, Absence of diffusion in certain random lattices, Phys. Rev. 109(5), 1492-1505 (1958). 
46N. F. Mott, N. F. Jones, Theory of the Properties of Metals and Alloys (Clarendon, Oxford, 1936); N. F. Mott, On the 

transition to metallic conduction in semiconductors, Can. J. Phys. 34(12A), 1356-1368 (1956). 
47J. H. van Vleck, Electric and Magnetic Susceptibilities (Oxford University Press, Oxford, 1932).  
48K. von Klitzing, G. Dorda, M. Pepper, New method for high-accuracy determination of the fine-structure constant based 

on quantized Hall resistance, Phys. Rev. Lett. 45(6), 494-497 (1980).  
49E. Ruska, The Early Development of Electron Lenses and Electron Microscopy (Hirzel, Stuttgart, 1980).  
50G. Binning, H. Rohrer, Scanning tunneling microscopy, Helv. Phys. Acta 55(6), 726-735 (1982); G. Binning, C. Gerber, 

H. Rohrer, E. Weibel, Tunneling through controllable vacuum gap, Appl. Phys. Lett. 40(2), 178-180 (1982); G. Binning, 

H. Rohrer, Ch. Gerber, E. Weibel, Surface studies by scanning tunneling microscopy, Phys. Rev. Lett. 49(1), 57-61 

(1982); G. Binning, H. Rohrer, Scanning tunneling microscopy, Surf. Sci. 126(1-3), 236-244 (1983). 
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ʠʟ ʂʘʣʠʬʦʨʥʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ IBM ʩʫʤʝʣʠ ʚʳʣʦʞʠʪʴ 35 ʘʪʦʤʘʤʠ ʢʩʝʥʦʥʘ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ʥʠʢʝʣʷ ʥʘʟʚʘʥʠʝ ʩʚʦʝʡ ʢʦʤʧʘʥʠʠ. ʇʨʘʚʜʘ, ʪʘʢʘʷ 

ʥʘʜʧʠʩʴ ʧʨʦʩʫʱʝʩʪʚʦʚʘʣʘ ʥʝʜʦʣʛʦ - ʘʪʦʤʳ ʙʳʩʪʨʦ ʨʘʟʙʝʞʘʣʠʩʴ ʩ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʦ 

ʩʘʤ ʬʘʢʪ ʥʘʣʠʯʠʷ ʧʦʩʪʦʨʦʥʥʝʛʦ ʘʪʦʤʘ ʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʝ ʥʝʢʦʪʦʨʦʛʦ 

ʚʝʱʝʩʪʚʘ ʦʪʢʨʳʣ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʘʚʪʦʤʘʪʦʚ, 

ʪʨʘʢʪʫʶʱʠʭ ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʪʘʢʦʛʦ ʘʪʦʤʘ ʚ ʥʝʢʦʪʦʨʦʡ ʧʦʟʠʮʠʠ ʢʘʢ 

ʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ.  

1987 (ʬʠʟʠʢʘ): ɼʞ. ɼʞ. ɹʝʜʥʦʨʮ ʠ ʂ. ɸ. ʄʶʣʣʝʨ (ʦʙʘ ʠʟ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ 

ʣʘʙʦʨʘʪʦʨʠʠ ʀɹʄ, ʈʫʱʣʠʢʦʥ, ʐʚʝʡʮʘʨʠʷ) ï ʟʘ ʦʪʢʨʳʪʠʝ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ.  

ɺ 1986 ʛ. ɼʞ.  ɹʝʜʥʦʨʮ ʠ ʂ. ʄʶʣʣʝʨ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʦʢʩʠʜ La2CuO4, 

ʣʝʛʠʨʦʚʘʥʥʳʡ Ba, ʩʪʘʥʦʚʠʪʩʷ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʤ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʚʩʝʛʦ ʜʦ 35 K
51

, 

ʯʪʦ ʷʚʠʣʦʩʴ ʨʝʢʦʨʜʦʤ ʧʦ ʢʨʠʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʣʷ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ. 

ʅʘʯʘʣʘʩʴ ʛʦʥʢʘ ʟʘ ʧʦʚʳʰʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ɺʩʢʦʨʝ ʠ ʜʨʫʛʠʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʛʨʫʧʧʳ ʟʘʷʚʠʣʠ ʦ ʥʘʙʣʶʜʝʥʠʠ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʭ ʩʚʦʡʩʪʚ ʫ 

ʢʫʧʨʘʪʦʚ. ʈʝʢʦʨʜ ʦʯʝʥʴ ʙʳʩʪʨʦ ʜʦʩʪʠʛ ʪʝʤʧʝʨʘʪʫʨ ʧʦʨʷʜʢʘ 100 K. ʆʪʢʨʳʪʠʝ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ ʩʪʠʤʫʣʠʨʦʚʘʣʦ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʢʘʢ ʩʦ ʩʪʦʨʦʥʳ ʬʠʟʠʢʦʚ ʚ ʧʦʧʳʪʢʘʭ ʧʦʥʷʪʴ ʤʝʭʘʥʠʟʤ 

ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʵʪʠʭ ʥʝʦʙʳʯʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʪʘʢ ʠ ʩʦ ʩʪʦʨʦʥʳ ʠʥʞʝʥʝʨʦʚ ʚ 

ʧʦʧʳʪʢʘʭ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʠʤʫʱʝʩʪʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ ʚ ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ ʠ ʵʣʝʢʪʨʦʥʠʢʝ.  

1996 (ʭʠʤʠʷ): ʈ. ʌ. ʂʫʨʣ (ʈʘʡʩ ʋʥʠʚʝʨʩʠʪʝʪ, ʍʦʫʩʪʦʥ, ʉʐɸ), ʉʵʨ 

ɻ. ɺ. ʂʨʦʪʦ (ʉʘʩʵʢʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, ɹʨʘʡʪʦʥ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ʠ ʈ. ʕ. ʉʤʘʣʣʠ 

(ʈʘʡʩ ʋʥʠʚʝʨʩʠʪʝʪ, ʍʦʫʩʪʦʥ, ʉʐɸ) ï ʟʘ ʦʪʢʨʳʪʠʝ ʬʫʣʣʝʨʝʥʦʚ. 

ɺ 1985 ʛ.  ɻ. ʂʨʦʪʦ, ʈ. ʂʫʨʣ, ʈ. ʉʤʘʣʣʠ ʠ ɼʞ. ʍʠʪʩ ʦʪʢʨʳʣʠ ʩʪʨʫʢʪʫʨʳ, 

ʩʦʩʪʦʷʱʠʝ ʠʟ 60 ʠʣʠ 70 ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʢʣʘʩʪʝʨʳ 

ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ
52
. ʀʭ ʥʘʟʚʘʣʠ ʬʫʣʣʝʨʝʥʘʤʠ, ʦʙʨʘʟʦʚʘʚ ʵʪʦʪ ʪʝʨʤʠʥ ʠʟ ʠʤʝʥʠ 

ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʘʨʭʠʪʝʢʪʦʨʘ ʈ. ɹʫʢʤʠʥʩʪʝʨʘ ʌʫʣʣʝʨʘ, ʢʦʪʦʨʳʡ ʩʢʦʥʩʪʨʫʠʨʦʚʘʣ 

ʢʫʧʦʣ ʚ ʬʦʨʤʝ ʬʫʪʙʦʣʴʥʦʛʦ ʤʷʯʘ ʜʣʷ ʚʩʝʤʠʨʥʦʡ ʚʳʩʪʘʚʢʠ ʚ ʄʦʥʨʝʘʣʝ ʚ 1967 ʛ.  

1998 (ʬʠʟʠʢʘ): ʈ. ɹ. ʃʘʬʣʠʥ (ʉʪʵʥʬʦʨʜʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʉʐɸ), 

ʍ. ʃ. ʉʪʦʨʤʝʨ (ʂʦʣʫʤʙʠʡʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʅʴʶ ʁʦʨʢ, ʉʐɸ) ʠ ɼ. ʂ. ʊʩʫʠ 

(ʇʨʠʥʩʪʦʥʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʉʐɸ) ï ʟʘ ʦʪʢʨʳʪʠʝ ʥʦʚʦʡ ʬʦʨʤʳ ʢʚʘʥʪʦʚʦʡ 

ʞʠʜʢʦʩʪʠ ʩ ʯʘʪʠʯʥʦ ʟʘʨʷʞʝʥʥʳʤʠ ʚʦʟʙʫʞʜʝʥʠʷʤʠ. 

ɺ 1982 ʛ. ɼ. ʊʩʫʠ, ʍ. ʉʪʦʨʤʝʨ ʠ ɸ. ɻʦʩʩʘʨʜ ʧʨʝʜʩʪʘʚʠʣʠ ʨʝʟʫʣʴʪʘʪʳ 

ʫʛʣʫʙʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʚʘʥʪʦʚʦʛʦ ʵʬʬʝʢʪʘ ʍʦʣʣʘ ʚ ʠʥʚʝʨʩʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʘʭ ʩʚʝʨʭʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ
53
. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʣʘʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʭʦʣʣʦʚʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦʷʚʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ 

ʟʘʧʦʣʥʝʥʠʷ ʦʨʙʠʪ ʦʜʥʠʤ, ʜʚʫʤʷ, ʪʨʝʤʷ ʠ ʪ.ʜ. ʵʣʝʢʪʨʦʥʥʳʤʠ ʟʘʨʷʜʘʤʠ, ʥʦ ʠ ʜʣʷ 

ʜʨʦʙʥʳʭ ʟʘʨʷʜʦʚ! ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦʣʫʯʠʣʦ ʦʙʲʷʩʥʝʥʠʝ ʚ 

ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʥʦʚʦʡ ʢʚʘʥʪʦʚʦʡ ʞʠʜʢʦʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʜʚʠʞʝʥʠʝ ʥʝʟʘʚʠʩʠʤʳʭ 

ʵʣʝʢʪʨʦʥʦʚ ʟʘʤʝʥʝʥʦ ʚʦʟʙʫʞʜʝʥʠʝʤ ʤʥʦʛʦʯʘʩʪʠʯʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʚʝʜʝʪ ʩʝʙʷ 

                                           
51J. G. Bednorz, K. A. M¿ller, Possible high-Tc superconductivity in the Ba-La-Cu-O system, Z. Phys. B 64(2), 189-193 

(1986).  
52H. W. Kroto, R. F. Curl, R. E. Smalley, J. R. Heath, C-60 buckminsterfullerene, Nature 318(6042), 162-163 (1985). 
53D. C. Tsui, H. L. Stºrmer, A. C. Gossard, Two-dimensional magnetotransport in the extreme quantum limit Phys. Rev. 

Lett. 48(22), 1559-1562 (1982).  
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ʢʘʢ ʩʠʩʪʝʤʘ ʩ ʜʨʦʙʥʳʤ ʟʘʨʷʜʦʤ. ɺ 1983 ʛ. ʈ. ʃʘʬʣʠʥ ʨʘʟʨʘʙʦʪʘʣ ʪʝʦʨʠʶ 

ʢʚʘʥʪʦʚʦʡ ʞʠʜʢʦʩʪʠ ʩ ʯʘʩʪʠʯʥʦ ʟʘʨʷʞʝʥʥʳʤʠ ʚʦʟʙʫʞʜʝʥʥʤrʠ ʩʦʩʪʦʷʥʠʷʤʠ
54

. 

1998 (ʭʠʤʠʷ): ɺ. ʂʦʥ (ʂʘʣʠʬʦʨʥʠʡʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʉʘʥʪʘ ɹʘʨʙʘʨʘ, ʉʐɸ) ï 

ʟʘ ʩʦʟʜʘʥʠʝ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʠ ɼʞ. ɸ. ʇʦʧʣ (ʉʝʚʝʨʦʟʘʧʘʜʥʳʡ 

ʋʥʠʚʝʨʩʠʪʝʪ, ʕʚʘʥʩʪʦʥ, ʉʐɸ) ʟʘ ʨʘʟʚʠʪʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ ʚ ʢʚʘʥʪʦʚʦʡ 

ʭʠʤʠʠ. 

ɺ 1964-1965 ʛʛ. ɺ. ʂʦʥ ʨʘʟʨʘʙʦʪʘʣ ʪʝʦʨʠʶ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ
55
, ʢʦʪʦʨʘʷ 

ʧʨʠʤʝʥʠʤʘ ʢʘʢ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʘʪʦʤʦʚ, ʪʘʢ ʠ ʜʣʷ ʤʦʣʝʢʫʣ ʚ ʪʚʝʨʜʳʭ ʪʝʣʘʭ. ʆʥ 

ʧʨʝʜʣʦʞʠʣ ʤʝʪʦʜʳ ʫʯʝʪʘ ʢʚʘʥʪʦʚʦʛʦ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʩ ʧʦʤʦʱʴʶ 

ʢʦʪʦʨʳʭ ʙʳʣʠ ʧʨʝʦʜʦʣʝʥʳ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʦʙʲʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʳʭ ʨʘʩʯʝʪʦʚ 

ʜʣʷ ʪʚʝʨʜʳʭ ʪʝʣ. ɺ 1950-1960 ʛʛ. ɼʞ. ʇʦʧʣ ʚʤʝʩʪʝ ʩʦ ʩʚʦʠʤʠ ʩʦʪʨʫʜʥʠʢʘʤʠ 

ʨʘʟʨʘʙʦʪʘʣ ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ 

ʚʝʱʝʩʪʚ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʩʠʯʝʩʢʦʡ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ
56

. 

2000 (ʬʠʟʠʢʘ): ɾ. ʀ. ɸʣʬʝʨʦʚ (ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʠʤ. ɸ. ʌ. ʀʦʬʬʝ, ʉʘʥʢʪ ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ) ʠ ɻ. ʂʨʦʝʤʝʨ (ʂʘʣʠʬʦʨʥʠʡʩʢʠʡ 

ʋʥʠʚʝʨʩʠʪʝʪ, ʉʘʥʪʘ ɹʘʨʙʘʨʘ, ʉʐɸ) ï ʟʘ ʨʘʟʨʘʙʦʪʢʫ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʜʣʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʠ ʠ 

ɼʞ. ʉ. ʂʠʣʙʠ (ʊʝʢʩʘʩ ʀʥʩʪʨʫʤʝʥʪʩ, ɼʘʣʣʘʩ, ʉʐɸ) ï ʟʘ ʚʢʣʘʜ ʚ ʠʟʦʙʨʝʪʝʥʠʝ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʭʝʤʳ. 

ɺ 1960-ʭ ʛʦʜʘʭ ɾ. ɸʣʬʝʨʦʚ ʩʦ ʩʚʦʠʤʠ ʩʦʪʨʫʜʥʠʢʘʤʠ ʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʠʭ 

ɻ. ʂʨʦʝʤʝʨ ʨʘʟʨʘʙʦʪʘʣʠ ʥʦʚʳʝ ʩʣʦʠʩʪʳʝ ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʧʨʠʙʦʨʦʚ 

ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ʠ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʠ, ʧʦʣʫʯʠʚʰʠʝ ʥʘʟʚʘʥʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ
57
. ʕʪʦ ʦʟʥʘʤʝʥʦʚʘʣʦ ʩʫʱʝʩʪʚʝʥʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʬʠʟʠʢʝ ʠ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ A
III

B
V
, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʣ ʩʦʟʜʘʥʠʝ ʫʥʠʢʘʣʴʥʳʭ 

ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʣʘʟʝʨʦʚ, ʜʝʪʝʢʪʦʨʦʚ ʠʟʣʫʯʝʥʠʷ, ʩʚʝʪʦʜʠʦʜʦʚ.  

ɺ ʢʦʥʮʝ 1950-ʭ ʛʦʜʦʚ ɼʞ. ʂʠʣʙʠ ʧʨʝʜʣʦʞʠʣ ʠ ʚʧʝʨʚʳʝ ʨʝʘʣʠʟʦʚʘʣ ʢʦʥʮʝʧʮʠʶ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʦʜʥʦʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʤ 

ʢʨʠʩʪʘʣʣʝ
58
. ʆʥ ʠʟʦʙʨʝʣ ʮʝʣʳʡ ʨʷʜ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ, ʥʘ ʢʦʪʦʨʳʝ ʧʦʣʫʯʠʣ ʙʦʣʝʝ 

60 ʧʘʪʝʥʪʦʚ ʪʦʣʴʢʦ ʚ ʉʐɸ. ɹʣʘʛʦʜʘʨʷ ʝʛʦ ʠʟʦʙʨʝʪʝʥʠʷʤ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʘ ʩʪʘʣʘ 

ʦʩʥʦʚʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ XX-ʦʤ ʚʝʢʝ. 

                                           
54R. B. Laughlin, Anomalous quantum Hall effect: an incompressible quantum fluid with fractionally charged excitations, 

Phys. Rev. Lett. 50(18), 1395-1398 (1983).  
55P. Hohenberg, W. Kohn, Inhomogeneous electron gas, Phys. Rev. 136(3B), B864-B871 (1964) and W. Kohn, L. J. 

Sham, Quantum density oscillations in an inhomogeneous electron gas, Phys. Rev. 137(6A), A1697-A1705 (1965); 

W. Kohn, L. J. Sham, Self-consistent equations including exchange and correlation effects, Phys. Rev. 140(4A), A1133-

A1138 (1965).  
56J. A. Pople, R. K. Nesbet, Self-ʩonsistent ɦ rbitals for ʢadicals, J. Chem. Phys. 22(3) 571-572 (1954); W. J. Hehre, R. F. 

Stewart, J. A. Pople, Self-consistent molecular-orbital methods. I. Use of Gaussian expansions of slater-type atomic 

orbitals, J. Chem. Phys. 51(6), 2657-2664 (1969); D. J. Hehre, W. A. Lathan, M. D. Newton, R. Ditchfield, J. A. Pople, 

GAUSSIAN-70, Program number 236, QCPE (Indiana University, Bloomington, Indiana, 1970). 
57ɾ. ʀ. ɸʣʬʝʨʦʚ, ʈ. ʌ. ʂʘʟʘʨʠʥʦʚ, ɸʚʪʦʨʩʢʦʝ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ no181737 (1963); ɾ. ʀ. ɸʣʬʝʨʦʚ, ʆ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʚʳʧʨʷʤʠʪʝʣʷ ʥʘ ʩʚʝʨʭʚʳʩʦʢʠʝ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʥʘ ʦʩʥʦʚʝ p-i-n (p-n-n+, n-p-p+)-ʩʪʨʫʢʪʫʨʳ 

ʩ ʛʝʪʝʨʦʧʝʨʝʭʦʜʘʤʠ, ʌʊʇ 1(3), 436-438 (1967); ɺ. ʄ. ɸʥʜʨʝʝʚ, ɼ. ɿ. ɻʘʨʙʫʟʦʚ, ʖ. ɺ. ɾʠʣʷʝʚ, ɽ. ʇ. ʄʦʨʦʟʦʚ, 

ɽ. ʃ. ʇʦʨʪʥʦʡ, ɺ. ɻ. ʊʨʦʬʠʤ, ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʚ ʩʠʩʪʝʤʝ AlAs-GaAs ʥʘ 

ʧʦʨʦʛʦʚʳʡ ʪʦʢ ʣʘʟʝʨʦʚ ʠ ʧʦʣʫʯʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʨʝʞʠʤʘ ʛʝʥʝʨʘʮʠʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʌʊʇ 4(9), 

1826-1829 (1970). 

H. Kroemer, Quasi-electric and quasi-magnetic fields in non-uniform semiconductors, RCA Rev. 18, 332-342 (1957); 

H. Kroemer,  Proposed negative-mass microwave amplifier, Phys. Rev. 109(5), 1856 (1958);  H. Kroemer, A proposed 

class of heterojunction injection lasers, Proc. IEEE 51(12), 1782-1783 (1963). 
58J. S. Kilby,  Electronics 32, 110 (1959); J. S. Kilby, Invention of the integrated circuits, IEEE Trans. Electron. Dev. 

23(7), 648-654 (1976). 

http://www.ece.ucsb.edu/faculty/Kroemer/pubs/1a_57Quasi_Electric.pdf
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2003 (ʬʠʟʠʢʘ):  ɸ. ɸ. ɸʙʨʠʢʦʩʦʚ (ɸʨʘʛʦʥʩʢʘʷ ʥʘʮʠʦʥʘʣʴʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ, 

ʉʐɸ, ʈʦʩʩʠʷ), ɺ. ʃ. ɻʠʥʟʙʫʨʛ (ʌʠʟʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʇ. ʅ. ʃʝʙʝʜʝʚʘ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ) ʠ ɸ. ɼʞ. ʃʝʛʝʪ (ʀʣʣʠʥʦʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʨʙʘʥʘ, ʉʐɸ) ï ʟʘ 

ʧʠʦʥʝʨʩʢʠʡ ʚʢʣʘʜ ʚ ʪʝʦʨʠʶ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʩʚʝʨʭʪʝʢʫʯʝʩʪʠ. 

ɸ. ɸʙʨʠʢʦʩʦʚ ʧʨʝʜʣʦʞʠʣ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʲʷʩʥʝʥʠʝ ʷʚʣʝʥʠʷ 

ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘʭ ʪʠʧʘ II ï ʪʦ ʝʩʪʴ ʚ 

ʤʘʪʝʨʠʘʣʘʭ, ʦʙʣʘʜʘʶʱʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʤʠ ʠ ʤʘʛʥʠʪʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ
59
, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ ʪʠʧʘ I, ʫ ʢʦʪʦʨʳʭ ʚ 

ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʤ ʩʦʩʪʦʷʥʠʠ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚʳʪʝʩʥʷʝʪʩʷ ʟʘ ʧʨʝʜʝʣʳ 

ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ʥʠʭ ʦʙʨʘʟʮʘ. ʉʧʝʮʠʬʠʯʝʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʣʠʥʠʡ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʚ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘʭ ʪʠʧʘ II ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ʚʠʭʨʝʡ ɸʙʨʠʢʦʩʦʚʘ. ɺ ʦʩʥʦʚʫ 

ʩʚʦʝʡ ʪʝʦʨʠʠ ʦʥ ʧʦʣʦʞʠʣ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʨʘʟʚʠʪʳʝ ʚ ʨʘʙʦʪʘʭ ɺ. ɻʠʥʟʙʫʨʛʘ
60

 ʠ 

ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʜʣʷ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ ʪʠʧʘ I. ʍʦʪʷ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ɸ. ɸʙʨʠʢʦʩʦʚ, ʠ  ɺ. ɻʠʥʟʙʫʨʛʘ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʚ 1950-ʭ 

ʛʦʜʘʭ, ʦʥʠ ʦʢʘʟʘʣʠ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʟʜʘʥʠʝ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʩʚʝʨʭʧʨʦʚʦʜʷɦ ʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʚ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ, ʘʢʪʠʚʥʦ 

ʨʘʟʚʝʨʥʫʚʰʠʭʩʷ ʚ 1970-ʭ ʛʦʜʘʭ ʠ ʨʘʩʰʠʨʠʚʰʠʭʩʷ ʧʦʟʞʝ.  

ɿʘʩʣʫʛʠ ɸ. ʃʝʛʝʪʘ ʩʦʩʪʦʷʪ ʚ ʝʛʦ ʚʢʣʘʜʝ ʚ ʨʘʟʚʠʪʠʝ ʪʝʦʨʠʠ ʩʚʝʨʭʪʝʢʫʯʝʩʪʠ 

ʞʠʜʢʦʛʦ ʛʝʣʠʷ. ʆʥ ʧʦʢʘʟʘʣ, ʯʪʦ ʘʪʦʤʳ ʠʟʦʪʦʧʘ ʛʝʣʠʷ 
3
He ʦʙʨʘʟʫʶʪ ʧʘʨʳ ʧʦ 

ʧʦʜʦʙʠʶ ʂʫʧʝʨʦʚʩʢʠʭ ʧʘʨ ʵʣʝʢʪʨʦʥʦʚ ʚ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘʭ
61
. ʕʪʠ ʪʦ ʧʘʨʳ ʠ 

ʦʙʝʩʧʝʯʠʚʘʶ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʦʨʷʜʦʢ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ ʛʝʣʠʷ, ʧʨʠʚʦʜʷɦ ʠʡ ʢ 

ʝʛʦ ʩʚʝʨʭʪʝʢʫʯʝʩʪʠ.  

2007 (ʬʠʟʠʢʘ): ɸ. ʌʝʨʪ (ʋʥʠʚʝʨʩʠʪʝʪ ʇʘʨʠʞ-ʉʫʜ, ʆʨʩʝʡ, ʌʨʘʥʮʠʷ) ʠ 

ʇ. ɻʨʶʥʙʝʨʛ (ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ, ʖʣʠʭ, ɻʝʨʤʘʥʠʷ) ï ʟʘ ʦʪʢʨʳʪʠʝ 

ʛʠʛʘʥʪʩʢʦʛʦ ʤʘʛʥʠʪʦʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ɺ 1988 ʛ. ʥʘʫʯʥʳʝ ʛʨʫʧʧʳ ɸ. ʌʝʨʪʘ
62

 ʠ ʇ. ɻʨʶʥʙʝʨʛʘ
63

 ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ ʦʪʢʨʳʣʠ ʥʦʚʳʡ ʬʠʟʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ï ʛʠʛʘʥʪʩʢʦʝ ʤʘʛʥʠʪʦʩʦʧʨʦʪʠʚʣʝʥʠʝ. 

ɽʛʦ ʩʫʱʥʦʩʪʴ ʩʦʩʪʦʠʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʦʪʣʠʯʠʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʦʥʢʦʧʣʝʥʦʯʥʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʯʝʨʝʜʫʶʱʠʭʩʷ ʩʣʦʝʚ ʥʘʥʦʤʝʪʨʦʚʦʡ ʪʦʣʱʠʥʳ 

ʤʘʛʥʠʪʥʦʛʦ ʠ ʥʝʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ,  ʧʨʠ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʡ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ 

ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩʣʦʝʚ ʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʅʘ ʵʪʦʤ ʵʬʬʝʢʪʝ 

ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʚʳʧʫʩʢʘʶʪʩʷ ʧʨʦʤʳʰʣʝʥʥʦ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʯʠʪʘʶʱʠʝ 

ʤʘʛʥʠʪʥʳʝ ʛʦʣʦʚʢʠ, ʠʥʪʝʛʨʘʣʴʥʳʝ ʷʯʝʡʢʠ ʧʘʤʷʪʠ ʠ ʜʨʫʛʠʝ ʩʦʚʨʝʤʝʥʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ ʧʦʣʫʯʝʥʠʷ, ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ.   

2010 (ʬʠʟʠʢʘ): ɸ. ɻʝʡʤ ʠ ʂ. ʅʦʚʦʩʝʣʦʚ (ʦʙʘ ʠʟ ʋʥʠʚʝʨʩʠʪʝʪʘ ʄʘʥʯʝʩʪʝʨʘ, 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ï ʟʘ ʧʨʦʨʳʚʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʜʚʫʤʝʨʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ï 

                                           
59ɸ. ɸ. ɸʙʨʠʢʦʩʦʚ, ɺʣʠʷʥʠʝ ʨʘʟʤʝʨʘ ʥʘ ʢʨʠʪʠʯʝʩʢʦʝ ʧʦʣʝ ʚ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘʭ ʪʠʧʘ II, ɼʦʢʣʘʜʳ ɸʢʘʜʝʤʠʠ ʅʘʫʢ 

ʉʉʉʈ 86(3), 489-492 (1952); ɸ. ɸ. ɸʙʨʠʢʦʩʦʚ, ʆ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚʘʭ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ ʚʪʦʨʦʡ ʛʨʫʧʧʳ, ɾʕʊʌ 

32(6), 1442-1452 (1957). 
60ɺ. ʃ. ɻʠʥʟʙʫʨʛ, ʃ. ɼ. ʃʘʥʜʘʫ, ʂ ʪʝʦʨʠʠ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ, ɾʕʊʌ 20(12), 1064-1082 (1950); ɺ. ʃ. ɻʠʥʟʙʫʨʛ, 

ʋʌʅ 48(1), 25-118 (1952); ɺ. ʃ. ɻʠʥʟʙʫʨʛ, ʂ ʪʝʦʨʠʠ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ, ɾʕʊʌ 29(6), 748-761 (1955). 
61A. J. Leggett, Interpretation of recent results on He3 below 3 mK: A new liquid phase? Phys. Rev. Lett. 29(18), 1227-1230 

(1972); A. J. Leggett, A theoretical description of the new phases of liquid 3He, Rev. Mod. Phys. 47(2), 331-414 (1975).  
62M. N. Baibich, J. M. Broto, A. Fert, F. N. Van Dau, F. Petroff, Giant magnetoresistance of (001)Fe/(001)Cr magnetic 

superlattices, Phys. Rev. Lett. 61(21), 2472-2475 (1988). 
63G. Binasch, P. Gr¿nberg, F. Saurenbach, W. Zinn, Enhanced magnetoresistance in layered magnetic structures with 

antiferromagnetic interlayer exchange, Phys. Rev. B 39(7), 4828-4830 (1989). 
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ʛʨʘʬʝʥʦʤ.   

ɻʨʫʧʧʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠʟ ʄʘʥʯʝʩʪʝʨʘ (ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ʠ ʏʝʨʥʦʛʦʣʦʚʢʠ 

(ʈʦʩʩʠʷ), ʚ ʢʦʪʦʨʫʶ ʚʭʦʜʠʣʠ ɸ. ɻʝʡʤ ʠ ʂ. ʅʦʚʦʩʝʣʦʚ ʫʜʘʣʦʩʴ ʧʝʨʚʳʤʠ ʧʦʣʫʯʠʪʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʚʫʤʝʨʥʳʝ ʢʨʠʩʪʘʣʣʳ ʫʛʣʝʨʦʜʘ ï ʛʨʘʬʝʥʘ
64
. ʆʥʠ ʧʨʝʜʣʦʞʠʣʠ ʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʭʘʥʠʯʝʩʢʦʝ ʦʪʩʣʘʠʚʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʣʠʩʪʦʚ ʛʨʘʬʝʥʘ ʦʪ ʢʨʠʩʪʘʣʣʘ 

ʛʨʘʬʠʪʘ. ʊʦʥʢʠʡ ʩʣʦʡ ʧʠʨʦʣʠʪʠʯʝʩʢʦʛʦ ʛʨʘʬʠʪʘ ʧʦʤʝʱʘʣʠ ʤʝʞʜʫ ʣʠʧʢʠʤʠ 

ʣʝʥʪʘʤʠ ʠ, ʨʘʟʲʝʜʠʥʷʷ ʠ ʚʥʦʚʴ ʩʦʝʜʠʥʷʷ ʵʪʠ ʣʝʥʪʳ, ʨʘʟ ʟʘ ʨʘʟʦʤ ʦʪʱʝʧʣʷʣʠ 

ʪʦʥʢʠʝ ʩʣʦʠ ʛʨʘʬʠʪʘ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʳʣ ʧʦʣʫʯʝʥ ʩʣʦʡ ʛʨʘʬʝʥʘ ʥʘ ʦʜʥʦʡ ʠʟ 

ʣʝʥʪ. ʇʦʢʘʟʘʥʥʘʷ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʛʨʘʬʝʥ, ʧʨʠʛʦʜʥʳʡ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʩʜʝʣʘʣʘ ʵʪʦʪ ʤʘʪʝʨʠʘʣ ʦʜʥʠʤ ʠʟ 

ʩʘʤʳʭ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʭ ʜʣʷ ʥʘʥʦʵʣʝʢʪʨʦʥʥʳʭ ʧʨʠʤʝʥʝʥʠʡ.   

 ɿʘʢʣʶʯʘʷ ʦʙʟʦʨ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʦʩʪʠʞʝʥʠʡ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʧʦʥʠʤʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʷʚʣʝʥʠʡ ʚ ʥʘʥʦʤʠʨʝ ʦʧʠʨʘʝʪʩʷ ʥʘ 

ʟʥʘʥʠʷ ʦ ʧʦʚʝʜʝʥʠʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʬʦʪʦʥʦʚ ʩ ʫʯʝʪʦʤ ʠʭ ʢʦʨʧʫʩʢʫʣʷʨʥʦʡ ʠ 

ʚʦʣʥʦʚʦʡ ʧʨʠʨʦʜʳ.  ʅʦʙʝʣʝʚʩʢʠʝ ʇʨʝʤʠʠ, ʭʦʪʷ ʠ ʦʪʤʝʯʘʶʪ ʚʳʜʘʶʱʠʝʩʷ 

ʜʦʩʪʠʞʝʥʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ, ʥʝ ʧʦʣʥʦʩʪʴʶ ʦʪʨʘʞʘʶʪ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ 

ʦʪʢʨʳʪʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ. ʊʘʢ ʞʜʫʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʠʟʥʘʥʠʷ ʪʘʢʠʝ ʜʦʩʪʠʞʝʥʠʷ 

ʢʘʢ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʝ ʪʫʥʥʝʣʠʨʦʚʘʥʠʝ, ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ, ʥʘʥʦʧʦʨʠʩʪʳʝ 

ʦʢʩʠʜʳ ʤʝʪʘʣʣʦʚ, ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ ʵʬʬʝʢʪʳ ʚ ʧʝʨʝʥʦʩʝ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ 

ʥʘʥʦʩʪʨʫʢʪʫʨʘʭ, ʵʬʬʝʢʪ ʢʚʘʥʪʦʚʘʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʪʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘ ʢʚʘʥʪʦʚʳʭ 

ʚʳʯʠʩʣʝʥʠʡ.  

ɿʥʘʯʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʝʱʝ ʥʝʧʦʟʥʘʥʥʦʛʦ ʥʘʥʦʤʠʨʘ ʝʱʝ ʚ 1958 ʛ. ʦʩʦʙʦ 

ʦʪʤʝʪʠʣ ʘʤʝʨʠʢʘʥʩʢʠʡ ʬʠʟʠʢ ʈ. ʌʝʡʥʤʘʥ.  ɽʛʦ ʜʦʢʣʘʜ çʊʘʤ, ʚʥʠʟʫ, ʝʱʝ ʤʥʦʛʦ 

ʤʝʩʪʘè
65

 ʧʨʝʜʩʪʘʚʠʣ ʧʝʨʩʧʝʢʪʠʚʳ ʫʧʨʘʚʣʝʥʠʷ ʩʚʦʡʩʪʚʘʤʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʘʪʦʤʥʦʤ 

ʠ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʷʭ. ʆʥ ʫʢʘʟʳʚʘʣ ʥʘ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʷʤʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ 

ʩʪʨʫʢʪʫʨ ʧʫʪʝʤ ʩʣʦʞʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʘʪʦʤʦʚ.   

ɿʘʤʝʪʥʦʡ ʚʝʭʦʡ ʚ ʨʘʟʚʠʪʠʠ ʠʜʝʡ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʩʪʘʣʘ ʩʝʨʠʷ ʨʘʙʦʪ 

ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʫʯʝʥʦʛʦ ʕʨʠʢʘ ɼʨʝʢʩʣʝʨʘ (K. E. Drexler). ɺ 1981 ʛ. ʦʥ ʦʧʫʙʣʠʢʦʚʘʣ 

ʩʪʘʪʴʶ çʄʦʣʝʢʫʣʷʨʥʘʷ ʠʥʞʝʥʝʨʠʷ: ʧʦʜʭʦʜ ʢ ʨʘʟʨʘʙʦʪʢʝ ʦʙʱʠʭ ʧʨʠʥʮʠʧʦʚ 

ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ʤʦʣʝʢʫʣʘʤʠè
66
. ʀʩʧʦʣʴʟʫʷ ʠʟʚʝʩʪʥʫʶ ʚ ʪʦ ʚʨʝʤʷ ʪʝʭʥʠʢʫ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʙʝʣʢʦʚʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʦʥ ʧʨʝʜʣʦʞʠʣ ʩʦʟʜʘʚʘʪʴ ʠʟ ʘʪʦʤʦʚ ʠ 

ʤʦʣʝʢʫʣ ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʘʥʘʣʦʛʠ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ï ʟʫʙʯʘʪʳʝ 

ʧʝʨʝʜʘʯʠ, ʧʦʜʰʠʧʥʠʢʠ, ʤʦʪʦʨʳ, ʥʘʩʦʩʳ é ʈʘʩʰʠʨʝʥʥʘʷ ʢʘʨʪʠʥʘ ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ ʜʘʥʘ ʠʤ ʧʦʟʞʝ ʚ ʢʥʠʛʝ 

çʄʘʰʠʥʳ ʩʦʟʜʘʥʠʷ. ɻʨʷʜʫʱʘʷ ʵʨʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡè
67

.  ɺ ʵʪʦʡ ʢʥʠʛʝ 

ʟʘʪʨʘʛʠʚʘʶʪʩʷ ʪʘʢʞʝ ʬʠʣʦʩʦʬʩʢʠʝ ʠ ʵʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʚ ʧʦʚʩʝʜʥʝʚʥʫʶ ʞʠʟʥʴ. ʅʝʩʤʦʪʨʷ ʥʘ ʜʝʪʘʣʴʥʦʝ ʦʙʩʫʞʜʝʥʠʝ ʧʫʪʝʡ 

ʩʦʟʜʘʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʥʘʥʦʤʘʰʠʥ, ʠʜʝʠ ʕ. ɼʨʝʢʩʣʝʨʘ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʶʪʩʷ 
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field effect in atomically thin carbon films, Science 306, 666-669 (2004); K. S. Novoselov, D. Jiang, F. Schedin, T. J. 
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ʥʘʫʯʥʦʡ ʬʘʥʪʘʩʪʠʢʦʡ, ʩʪʠʤʫʣʠʨʫʶʱʝʡ, ʦʜʥʘʢʦ, ʧʦʠʩʢʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʨʘʟʨʘʙʦʪʢʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ. 

 

1.3. ʅʘʥʦʪʝʭʥʦʣʦʛʠʠ ʢʘʢ ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʥʘʫʢʝ ʠ ʪʝʭʥʠʢʝ 

ʈʘʟʚʠʪʠʶ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʚʦ ʤʥʦʛʦʤ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ 

ʧʦʩʪʦʷʥʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʧʨʠʙʦʨʦʚ ʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ ï ʩʪʨʝʤʣʝʥʠʝ ʫʤʝʥʴʰʠʪʴ ʩʦʩʪʘʚʣʷʶʱʠʝ ʠʭ 

ʵʣʝʤʝʥʪʳ ʜʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʜʦʩʪʠʞʠʤʦʛʦ ʨʘʟʤʝʨʘ. ʆʜʥʘʢʦ 

ʩʝʛʦʜʥʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʠ ʩʦʟʜʘʚʘʝʤʳʝ ʩ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʥʦʤʘʪʝʨʠʘʣʳ 

ʧʨʦʥʠʢʣʠ ʠ ʦʭʚʘʪʳʚʘʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʦʙʣʘʩʪʠ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʪ 

ʠʩʢʫʩʩʪʚʘ, ʤʝʜʠʮʠʥʳ ʠ ʢʦʩʤʝʪʦʣʦʛʠʠ ʜʦ ʵʣʝʢʪʨʦʥʠʢʠ, ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ,  

ʵʥʝʨʛʝʪʠʢʠ, ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʆʩʥʦʚʥʳʤ ʜʚʠʛʘʪʝʣʝʤ ʧʨʦʛʨʝʩʩʘ ʚ ʵʪʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʫʥʠʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʪʨʫʢʪʫʨ, 

ʩʦʟʜʘʚʘʝʤʳʭ ʧʦ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʤ. ʇʨʠ ʵʪʦʤ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʝʤʳ 

ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ, ʧʦʷʚʣʷʶʪʩʷ ʚʩʝ ʥʦʚʳʝ ʠ ʥʦʚʳʝ ʤʝʪʦʜʳ.  

ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʩʪʨʫʢʪʫʨʘʭ ʩ 

ʨʘʟʤʝʨʘʤʠ ʤʝʥʝʝ 100 ʥʤ, ʜʘʣʠ ʥʘʯʘʣʦ ʨʘʟʚʠʪʠʶ ʥʦʚʦʡ ʦʙʣʘʩʪʠ ʟʥʘʥʠʡ, ʢʦʪʦʨʘʷ, 

ʦʯʝʚʠʜʥʦ, ʚ ʦʙʦʟʨʠʤʦʤ ʙʫʜʫʱʝʤ ʚʥʝʩʝʪ ʨʝʚʦʣʶʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʠ 

XXI  ʚʝʢʘ. ʇʦʜʦʙʥʳʤ ʩʪʨʫʢʪʫʨʘʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʘʢʦʝ ʩʦʩʪʦʷʥʠʝ ʚʝʱʝʩʪʚʘ, ʢʦʛʜʘ ʚ 

ʠʭ ʧʦʚʝʜʝʥʠʠ ʧʨʦʷʚʣʷʶʪʩʷ ʠ ʜʦʤʠʥʠʨʫʶʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʷʚʣʝʥʠʷ, ʚ ʯʠʩʣʝ 

ʢʦʪʦʨʳʭ ʢʚʘʥʪʦʚʳʝ ʵʬʬʝʢʪʳ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʚʨʝʤʝʥʥʳʝ ʚʘʨʠʘʮʠʠ ʩʚʦʡʩʪʚ ʠ ʠʭ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʦʚ ʩʪʨʫʢʪʫʨ, ʧʨʝʦʙʣʘʜʘʶʱʝʝ ʚʣʠʷʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʦʪʩʫʪʩʪʚʠʝ ʜʝʬʝʢʪʦʚ ʚ ʦʙʲʝʤʝ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ, ʟʥʘʯʠʪʝʣʴʥʘʷ 

ʵʥʝʨʛʦʥʘʩʳʱʝʥʥʦʩʪʴ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ, 

ʧʨʦʮʝʩʩʘʭ ʩʦʨʙʮʠʠ, ʩʧʝʢʘʥʠʷ, ʛʦʨʝʥʠʷ ʠ ʪ.ʧ. ʕʪʠ ʷʚʣʝʥʠʷ ʥʘʜʝʣʷʶʪ 

ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʯʘʩʪʠʮʳ ʠ ʩʪʨʫʢʪʫʨʳ ʫʥʠʢʘʣʴʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ, 

ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ, ʤʘʛʥʠʪʥʳʤʠ, ʦʧʪʠʯʝʩʢʠʤʠ, ʭʠʤʠʯʝʩʢʠʤʠ ʠ ʜʨʫʛʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʢʦʪʦʨʳʝ ʦʪʢʨʳʚʘʶʪ ʜʚʝʨʴ ʚ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʫʶ ʦʙʣʘʩʪʴ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ 

ʤʘʪʝʨʠʝʡ ʩ ʧʨʠʤʝʥʝʥʠʷʤʠ, ʪʨʫʜʥʦ ʧʨʝʜʩʪʘʚʠʤʳʤʠ ʚ ʦʙʳʯʥʦʡ ʩʠʪʫʘʮʠʠ.  

ʆʪʣʠʯʠʝ ʩʚʦʡʩʪʚ ʤʘʣʳʭ ʯʘʩʪʠʮ ʦʪ ʩʚʦʡʩʪʚ ʤʘʩʩʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʟʚʝʩʪʥʦ 

ʫʯʝʥʳʤ ʜʘʚʥʦ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʪʝʭʥʠʢʠ. ʇʨʠʤʝʨʘʤʠ 

ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʝ ʘʵʨʦʟʦʣʠ, 

ʢʨʘʩʷʱʠʝ ʧʠʛʤʝʥʪʳ, ʮʚʝʪʥʳʝ ʩʪʝʢʣʘ, ʦʢʨʘʰʝʥʥʳʝ ʢʦʣʣʦʠʜʥʳʤʠ ʯʘʩʪʠʮʘʤʠ 

ʤʝʪʘʣʣʦʚ. ɺʧʝʯʘʪʣʷʶʱʠʝ ʧʨʠʤʝʨʳ ʩʚʷʟʘʥʳ ʩ ʙʠʦʣʦʛʠʝʡ, ʛʜʝ ʞʠʚʘʷ ʧʨʠʨʦʜʘ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʘʤ ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʥʘ ʫʨʦʚʥʝ ʢʣʝʪʦʯʥʦʛʦ ʷʜʨʘ. ɺ ʵʪʦʤ ʩʤʳʩʣʝ 

ʩʦʙʩʪʚʝʥʥʦ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷ, ʢʘʢ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʥʝ ʷʚʣʷʝʪʩʷ 

ʯʝʤ-ʪʦ ʥʦʚʳʤ. ʂʘʯʝʩʪʚʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʟʘʢʣʶʯʘʝʪʩʷ  ʚ 

ʧʨʘʢʪʠʯʝʩʢʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʦʚʦʛʦ ʫʨʦʚʥʷ ʟʥʘʥʠʡ ʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚʘʭ ʤʘʪʝʨʠʠ. ɺ ʵʪʦʤ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦʩʪʴ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ï 

ʥʦʚʳʡ ʫʨʦʚʝʥʴ ʟʥʘʥʠʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʨʘʙʦʪʢʫ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ 

ʥʘʧʨʘʚʣʝʥʠʷʭ ʨʘʟʚʠʪʠʷ ʪʝʭʥʠʢʠ, ʤʝʜʠʮʠʥʳ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʡ ʚ ʵʢʦʣʦʛʠʯʝʩʢʦʡ, ʩʦʮʠʘʣʴʥʦʡ ʠ ʚʦʝʥʥʦʡ ʩʬʝʨʘʭ.  

ɺʘʞʥʦʡ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʥʘʥʦʤʝʪʨʦʚʦʛʦ ʤʘʩʰʪʘʙʘ ʷʚʣʷʝʪʩʷ 

ʪʘʢʞʝ ʩʧʦʩʦʙʥʦʩʪʴ ʤʦʣʝʢʫʣ ʩʘʤʦʦʨʛʘʥʠʟʦʚʳʚʘʪʴʩʷ ʚ ʩʪʨʫʢʪʫʨʳ ʨʘʟʣʠʯʥʦʛʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʨʦʞʜʘʪʴ ʩʪʨʫʢʪʫʨʳ, ʩʝʙʝ ʧʦʜʦʙʥʳʝ 
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(ʵʬʬʝʢʪ ʩʘʤʦʨʝʧʣʠʢʘʮʠʠ). ʄʝʪʦʜʘʤʠ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʤʝʭʘʥʦʩʠʥʪʝʟʘ 

ʨʝʘʣʠʟʫʶʪʩʷ ʥʦʚʳʝ, ʥʝ ʠʤʝʶʱʠʝ ʘʥʘʣʦʛʦʚ, ʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. ʇʨʦʚʝʜʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʳ, ʚ ʢʦʪʦʨʳʭ ʪʳʩʷʯʠ ʠ ʜʝʩʷʪʢʠ ʪʳʩʷʯ ʤʦʣʝʢʫʣ ʩʦʝʜʠʥʷʶʪʩʷ ʚ 

ʢʨʠʩʪʘʣʣʳ, ʦʙʣʘʜʘʶʱʠʝ ʠʟʥʘʯʘʣʴʥʦ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʥʝ 

ʚʩʪʨʝʯʘʶʪʩʷ ʫ ʧʨʠʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʩʚʦʡʩʪʚ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ 

ʠ ʩʦʩʪʘʚʣʷʝʪ ʩʫʪʴ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ. ʅʘ ʝʝ ʦʩʥʦʚʝ ʫʞʝ ʨʝʘʣʠʟʦʚʘʥʳ ʦʙʨʘʟʮʳ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʚʝʨʭʪʚʝʨʜʳʭ, ʩʚʝʨʭʣʝʛʢʠʭ, ʢʦʨʨʦʟʠʦʥʥʦ- ʠ 

ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʢʨʳʪʠʡ, ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ ʚʳʩʦʢʦʨʘʟʚʠʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ, ʥʘʥʦʧʦʨʠʩʪʳʭ ʤʝʤʙʨʘʥ ʜʣʷ ʩʠʩʪʝʤ ʪʦʥʢʦʡ ʦʯʠʩʪʢʠ ʞʠʜʢʦʩʪʝʡ, 

ʩʚʝʨʭʩʢʦʨʦʩʪʥʳʭ ʧʨʠʙʦʨʦʚ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠ.  

ʅʘʥʦʪʝʭʥʦʣʦʛʠʠ ʩʝʛʦʜʥʷ ʠʤʝʶʪ ʥʘʜʦʪʨʘʩʣʝʚʦʡ ʧʨʠʦʨʠʪʝʪ, ʦʥ ʝʜʠʥ ʜʣʷ ʚʩʝʭ 

ʦʪʨʘʩʣʝʡ ʥʘʫʢʠ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʌʘʢʪʠʯʝʩʢʠ ʧʝʨʝʭʦʜ ʢ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʤ 

ʟʥʘʤʝʥʫʝʪ ʧʝʨʝʭʦʜ ʮʠʚʠʣʠʟʘʮʠʠ ʚ ʙʣʠʞʘʡʰʠʝ 10-20 ʣʝʪ ʢ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʦʤʫ 

ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʫʢʣʘʜʫ.  

ʉʝʛʦʜʥʷ ʣʴʚʠʥʘʷ ʜʦʣʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʪʨʘʪ ʯʝʣʦʚʝʢʘ ʠʜʫʪ, ʢʘʢ ʵʪʦ ʥʠ 

ʧʘʨʘʜʦʢʩʘʣʴʥʦ, ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʪʭʦʜʦʚ ʠ ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɽʩʣʠ 

ʞʝ ʤʳ ʙʫʜʝʤ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʩʦʟʜʘʚʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʥʘʤ ʤʘʪʝʨʠʘʣʴʥʳʝ 

ʦʙʲʝʢʪʳ, ʢʦʥʩʪʨʫʠʨʫʷ ʠʭ ʠʟ ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣ, ʩ ʧʦʤʦʱʴʶ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʵʪʦ 

ʧʨʠʚʝʜʝʪ ʨʘʜʠʢʘʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ 

ʦʙʱʝʩʪʚʘ ʚ ʮʝʣʦʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʨʝʤʝʥʥʳʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ï ʵʪʦ, ʚʦ-ʧʝʨʚʳʭ, ʪʝʭʥʦʣʦʛʠʠ 

ʘʪʦʤʘʨʥʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ, ʚʦ-ʚʪʦʨʳʭ, ï ʧʨʠʥʮʠʧʠʘʣʴʥʳʡ ʚʳʟʦʚ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʝ ʦʨʛʘʥʠʟʘʮʠʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠ, ʚ-ʪʨʝʪʴʠʭ, ï 

ʬʠʣʦʩʦʬʩʢʦʝ ʧʦʥʷʪʠʝ, ʚʦʟʚʨʘʱʘʶʱʝʝ ʥʘʩ ʢ ʮʝʣʦʩʪʥʦʤʫ ʚʦʩʧʨʠʷʪʠʶ ʤʠʨʘ ʥʘ 

ʥʦʚʦʤ ʫʨʦʚʥʝ ʟʥʘʥʠʡ.  

 

2. ʄʀʈʆɺʓɽ ʊɽʅɼɽʅʎʀʀ ɺ ʈɸɿɺʀʊʀʀ ʀ ʆʉɺʆɽʅʀʀ 

ʅɸʅʆʊɽʍʅʆʃʆɻʀʁ ʀ ʅɸʅʆʄɸʊɽʈʀɸʃʆɺ 

 

ʉʝʛʦʜʥʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ  ʩʪʨʝʤʠʪʝʣʴʥʦ 

ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ. ɺ ʠʭ ʨʘʟʚʠʪʠʝ ʚʢʣʘʜʳʚʘʶʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʬʠʥʘʥʩʦʚʳʝ ʩʨʝʜʩʪʚʘ. ɹʝʟʫʩʣʦʚʥʳʤʠ ʣʠʜʝʨʘʤʠ ʚ ʩʬʝʨʝ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʶʪʩʷ ʉʐɸ, ʗʧʦʥʠʷ, ʉʪʨʘʥʳ ɽʚʨʦʩʦʶʟʘ. ɸʢʪʠʚʥʦ ʨʘʩʰʠʨʷʶʪ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʂʠʪʘʡ, ʖʞʥʘʷ ʂʦʨʝʷ, ʈʦʩʩʠʷ, 

ʀʥʜʠʷ, ɹʨʘʟʠʣʠʷ. 

ʇʦʷʚʣʝʥʠʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʥʘ ʩʦʚʨʝʤʝʥʥʦʡ ʤʠʨʦʚʦʡ ʘʨʝʥʝ ʨʝʟʢʦ ʠʟʤʝʥʠʣʦ 

ʨʘʟʤʝʨ, ʬʦʨʤʫ, ʢʘʯʝʩʪʚʦ, ʩʪʦʠʤʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʥʝʥʠʡ. 

ʀʥʪʝʨʝʩ ʢ ʨʝʟʫʣʴʪʘʪʘʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʩʦ ʩʪʦʨʦʥʳ  ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʙʠʟʥʝʩʘ 

ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ  ʩʣʝʜʫʶʱʠʤʠ ʧʨʠʯʠʥʘʤʠ:  

-  ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʢʘʯʝʩʪʚʝʥʥʦ 

ʥʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ;  
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-  ʨʘʟʚʠʪʠʝʤ ʥʦʚʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ ʠ 

ʤʝʪʦʜʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʙʘʟʠʨʫʶʱʠʭʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʩʘʤʦʩʙʦʨʢʠ ʠ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ;  

-  ʚʥʝʜʨʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʠʙʦʨʦʚ ʠ ʤʝʪʦʜʦʚ  ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʠ ʥʘʥʦʩʪʨʫʢʪʫʨ.  

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʜʘʥ ʘʥʘʣʠʟ ʨʘʟʚʠʪʠʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʠ ʧʘʪʝʥʪʦʚʘʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʦʩʪʠʞʝʥʠʡ ʚ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ʠ ʚʳʜʝʣʝʥʳ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ 

ʜʦʩʪʠʞʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ.  

 

2.1. ʅʘʮʠʦʥʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʚ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ 

2.1.1. ʉʦʝʜʠʥʝʥʥʳʝ ʐʪʘʪʳ ɸʤʝʨʠʢʠ 

ɺ ʥʘʯʘʣʝ XXI ʚʝʢʘ ʚ ʉʐɸ ʙʳʣʘ ʧʨʠʥʷʪʘ ʜʦʣʛʦʩʨʦʯʥʘʷ ʢʦʤʧʣʝʢʩʥʘʷ 

ʧʨʦʛʨʘʤʤʘ çʅʘʮʠʦʥʘʣʴʥʘʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʠʥʠʮʠʘʪʠʚʘè, ʦʙʲʝʜʠʥʷʶʱʘʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʩʷʪʠ ʚʝʜʦʤʩʪʚ. ʇʦ ʵʪʦʡ ʧʨʦʛʨʘʤʤʝ ʚ 2001 ʛ. ʦʙʲʝʤ ʙʶʜʞʝʪʥʦʛʦ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʘʚʠʣ 420 ʤʣʥ. ʜʦʣʣ., ʘ 

ʧʦʩʣʝ 2004 ʛ. ʵʪʦʪ ʫʨʦʚʝʥʴ ʩʦʩʪʘʚʠʣ ʦʢʦʣʦ 1 ʤʣʨʜ. ʜʦʣʣ. ʚ ʛʦʜ, ʪ.ʝ. ʦʢʦʣʦ 0,3% ʚʩʝʭ 

ʩʨʝʜʩʪʚ, ʥʘʧʨʘʚʣʷʝʤʳʭ ʚ ʉʐɸ ʥʘ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠ ʯʘʩʪʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʩʥʦʚʥʳʤʠ ʨʘʩʧʦʨʷʜʠʪʝʣʷʤʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʷʚʣʷʶʪʩʷ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʥʘʫʯʥʳʡ ʬʦʥʜ ʠ ʤʠʥʠʩʪʝʨʩʪʚʦ ʦʙʦʨʦʥʳ. ʆʢʦʣʦ 75% 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʧʦʣʫʯʘʶʪ ʫʥʠʚʝʨʩʠʪʝʪʳ, ʝʱʝ 22% ï ʥʘʮʠʦʥʘʣʴʥʳʝ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʣʘʙʦʨʘʪʦʨʠʠ. ʅʘ ʨʠʩ. 2.1 ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʩʨʝʜʩʪʚ ʧʦ ʛʦʜʘʤ, ʚʳʜʝʣʝʥʥʳʭ ʥʘ çʅʘʮʠʦʥʘʣʴʥʫ  ʁ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʫ  ʁ

ʠʥʠʮʠʘʪʠʚʫè
68

 ʚ ʧʝʨʠʦʜ ʩ  2001 ʛ. ʧʦ 2011 ʛ. 

 

 
 

ʈʠʩʫʥʦʢ 2.1. ɹʶʜʞʝʪ çʅʘʮʠʦʥʘʣʴʥʦʡ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʠʮʠʘʪʠʚèr ʉʐɸ ʩ 

2001 ʛ. ʧʦ 2011 ʛ. 

 

ʂʘʞʜʳʡ ʛʦʜ ʚʩʝ ʙʦʣʴʰʝʝ ʠ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʨʝʜʩʪʚ ʚʳʜʝʣʷʝʪʩʷ 

ʛʦʩʫʜʘʨʩʪʚʦʤ ʥʘ ʨʘʟʚʠʪʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

                                           
68 F. John, The National Nanotechnology Initiative: Overview, Reauthorization, and Appropriations Issues (January 19, 

2011). 



 24 

ʧʨʠʦʨʠʪʝʪʥʦʩʪʠ ʥʘʧʨʘʚʣʝʥʠʷ ʜʣʷ ʛʦʩʫʜʘʨʩʪʚʘ, ʘ ʪʘʢʞʝ ʦ ʨʘʩʪʫʱʝʤ ʠʥʪʝʨʝʩʝ ʢ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʤ ʠ ʙʦʣʴʰʠʭ ʦʞʠʜʘʥʠʷʭ ʦʪ ʠʭ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʈʘʩʪʫʱʠʝ ʟʘʪʨʘʪʳ ʛʦʚʦʨʷʪ ʠ ʪʦʤ, ʯʪʦ ʉʐɸ ʚʝʜʫʪ ʦʛʨʦʤʥʳʡ ʦʙʲʝʤ ʨʘʙʦʪ ʧʦ ʵʪʦʤʫ 

ʥʘʧʨʘʚʣʝʥʠʶ ʠ ʩʦʙʠʨʘʶʪʩʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʫʜʝʨʞʠʚʘʪʴ ʣʠʜʠʨʫʶʱʠʝ ʧʦʟʠʮʠʠ ʥʘ 

ʤʠʨʦʚʦʡ ʘʨʝʥʝ.  

ɺ ʪʘʙʣʠʮʘʭ 2.1 ʠ 2.2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʩʪʚ, ʚʳʜʝʣʷʝʤʳʭ 

ʛʦʩʫʜʘʨʩʪʚʦʤ ʧʦ ʨʘʟʣʠʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʚ ʨʘʤʢʘʭ çʅʘʮʠʦʥʘʣʴʥʦʡ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʠʮʠʘʪʠʚèr
69

.  

 

ʊʘʙʣʠʮʘ 2.1. ʉʨʝʜʩʪʚʘ, ʚʳʜʝʣʷʝʤʳʝ ʚ ʨʘʤʢʘʭ çʅʘʮʠʦʥʘʣʴʥʦʡ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʠʮʠʘʪʠʚèr ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ. 

ʆʪʜʝʣʝʥʠʝ 2008 ʛʦʜ 2009 ʛʦʜ 2010 ʛʦʜ 

ɹʠʦʣʦʛʠʷ $58,73 ʤʣʥ. $56,60 ʤʣʥ. $58,73 ʤʣʥ. 

ʂʦʤʧʴʶʪʝʨʥʳʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʥʘʫʢʠ, ʠʥʞʝʥʝʨʠʷ 
$14,51 ʤʣʥ. $11 ʤʣʥ. $11 ʤʣʥ. 

ʀʥʞʝʥʝʨʠʷ $144,45 ʤʣʥ. $140,02 ʤʣʥ. $150,40 ʤʣʥ. 

ɻʝʦʣʦʛʠʷ $10,29 ʤʣʥ. $6,33 ʤʣʥ. $10,33 ʤʣʥ. 

ʄʘʪʝʤʘʪʠʢʘ ʠ ʬʠʟʠʢʘ $173,73 ʤʣʥ. $178,06 ʤʣʥ. $187,27 ʤʣʥ. 

ɻʦʣʦʚʥʦʡ ʦʬʠʩ  ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʥʘʫʢʠ ʠ ʠʥʞʝʥʝʨʠʠ 
$0,50 ʤʣʥ. - - 

ʉʦʮʠʦʣʦʛʠʷ, ʧʩʠʭʦʣʦʛʠʷ ʠ 

ʵʢʦʥʦʤʠʢʘ 
$2,25 ʤʣʥ. $1,67 ʤʣʥ. $1,67 ʤʣʥ. 

ɺʩʝʛʦ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʚʷʟʘʥʥʳʝ 

ʤʝʨʦʧʨʠʷʪʠʷ 
$404,46 ʤʣʥ. $393,68 ʤʣʥ. $419,4 ʤʣʥ. 

ʆʙʫʯʝʥʠʝ ʠ ʯʝʣʦʚʝʯʝʩʢʠʝ ʨʝʩʫʨʩʳ $4,1ʤʣʥ. $3,50 ʤʣʥ. $3,50 ʤʣʥ. 

ʆʙʱʠʝ ʩʨʝʜʩʪʚʘ ʅʅʀ $408,56 ʤʣʥ. $397,18 ʤʣʥ. $422,9 ʤʣʥ. 

 

ʊʘʙʣʠʮʘ 2.2.  ʉʨʝʜʩʪʚʘ, ʚʳʜʝʣʝʥʥʳʝ ʦʪʨʘʩʣʝʚʳʤʠ ʚʝʜʦʤʩʪʚʘʤʠ ʜʣʷ 

çʅʘʮʠʦʥʘʣʴʥʦʡ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʠʮʠʘʪʠʚʳè. 

ɺʝʜʦʤʩʪʚʦ 2008 ʛʦʜ 2009 ʛʦʜ 2010 ʛʦʜ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʥʘʫʯʥʳʡ ʬʦʥʜ $409 ʤʣʥ. $397 ʤʣʥ. $423 ʤʣʥ. 

ʄʠʥʠʩʪʝʨʩʪʚʦ ʦʙʦʨʦʥʳ $460 ʤʣʥ. $464 ʤʣʥ. $379 ʤʣʥ. 

ʄʠʥʠʩʪʝʨʩʪʚʦ ʵʥʝʨʛʝʪʠʢʠ $240 ʤʣʥ. $338 ʤʣʥ. $347 ʤʣʥ. 

ʄʠʥʠʩʪʝʨʩʪʚʦ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ $305 ʤʣʥ. $311 ʤʣʥ. $326 ʤʣʥ. 

ʄʠʥʠʩʪʝʨʩʪʚʦ ʪʦʨʛʦʚʣʠ $86 ʤʣʥ. $88 ʤʣʥ. $92 ʤʣʥ. 

ʄʠʥʠʩʪʝʨʩʪʚʦ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ 
$12 ʤʣʥ. $16 ʤʣʥ. $18 ʤʣʥ. 

NASA $17 ʤʣʥ. $17 ʤʣʥ. $17 ʤʣʥ. 

ʄʠʥʠʩʪʝʨʩʪʚʦ ʚʥʫʪʨʝʥʥʝʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ 
$3 ʤʣʥ. $9 ʤʣʥ. $12 ʤʣʥ. 

                                           
69 M. C. Roco, National Nanotechnology Investment in the FY 2010 Budget Request (ASME, June 2009). 



 25 

ʄʠʥʠʩʪʝʨʩʪʚʦ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ/ 

ʣʝʩʥʦʡ ʜʝʧʘʨʪʘʤʝʥʪ 
$5 ʤʣʥ. $5 ʤʣʥ. $5 ʤʣʥ. 

ʄʠʥʠʩʪʝʨʩʪʚʦ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ/ $6 ʤʣʥ. $3 ʤʣʥ. $3 ʤʣʥ. 

ʄʠʥʠʩʪʝʨʩʪʚʦ ʪʨʘʥʩʧʦʨʪʘ $1 ʤʣʥ. $3 ʤʣʥ. $3 ʤʣʥ. 

ʄʠʥʠʩʪʝʨʩʪʚʦ ʶʩʪʠʮʠʠ 0 0 0 

ɺʩʝʛʦ $1542 ʤʣʥ. $1647 ʤʣʥ. $1624 ʤʣʥ. 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮ, ʚ ʉʐɸ ʧʨʠʦʨʠʪʝʪʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʷʚʣʷʶʪʩʷ ʠʥʞʝʥʝʨʠʷ 

ʠ ʨʘʟʚʠʪʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʨʘʥʥʝʡ ʩʪʘʜʠʝʡ 

ʨʘʟʚʠʪʠʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ. ʊʘʢʞʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʨʝʜʩʪʚ ʚʳʜʝʣʷʝʪʩʷ ʥʘ 

ʨʘʟʚʠʪʠʝ ʙʠʦʪʝʭʥʦʣʦʛʠʡ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʙʦʣʴʰʠʭ ʥʘʜʝʞʜʘʭ, ʚʦʟʣʘʛʘʶʱʠʭʩʷ ʥʘ ʵʪʦ 

ʥʘʧʨʘʚʣʝʥʠʝ.  

ɿʘ ʚʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ çʅʘʮʠʦʥʘʣʴʥʦʡ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʠʮʠʘʪʠʚʳè 

ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ: 

-  ʦʙʱʠʡ ʨʘʟʤʝʨ ʠʥʚʝʩʪʠʮʠʡ ʧʦʨʷʜʢʘ $ 14 ʤʣʨʜ.; 

-  ʨʝʘʣʠʟʦʚʘʥʦ ʙʦʣʝʝ ʯʝʤ 4500 ʥʘʫʯʥʳʭ ʧʨʦʝʢʪʦʚ ʚ 50 ʰʪʘʪʘʭ ʉʐɸ; 

-  ʚ ʩʪʨʘʥʝ ʩʦʟʜʘʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʜʣʷ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ; 

-  ʩʦʟʜʘʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʝʪʴ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʮʝʥʪʨʳ, ʜʣʷ 

ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ ʦ ʥʘʥʘʪʝʭʥʦʣʦʛʠʷʭ. 

 

2.1.2. ʗʧʦʥʠʷ 

ʆʟʘʙʦʯʝʥʥʦʝ ʨʦʩʪʦʤ ʢʦʥʢʫʨʝʥʮʠʠ ʩʦ ʩʪʦʨʦʥʳ ʨʷʜʘ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ 

ʩʪʨʘʥ ɸʟʠʘʪʩʢʦ-ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ, ʧʨʘʚʠʪʝʣʴʩʪʚʦ ʗʧʦʥʠʠ ʚ 2001 ʛ. 

ʩʬʦʨʤʫʣʠʨʦʚʘʣʦ ʧʝʨʚʦʩʪʝʧʝʥʥʳʝ ʟʘʜʘʯʠ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʠʪ ʩʪʨʘʥʝ 

ʩʦʭʨʘʥʠʪʴ ʣʠʜʠʨʫʶʱʠʝ ʧʦʟʠʮʠʠ ʚ ʥʘʫʢʝ ʠ ʪʝʭʥʠʢʝ. ɺ ʯʠʩʣʝ ʧʝʨʚʦʩʪʝʧʝʥʥʳʭ 

ʟʘʜʘʯ: 

- ʜʦʩʪʠʞʝʥʠʝ ʧʨʦʨʳʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʯʝʪʳʨʝʭ ʚʘʞʥʳʭ ʜʣʷ ʗʧʦʥʠʠ ʥʘʫʯʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ (ʤʝʜʠʮʠʥʘ ʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʝ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, 

ʵʢʦʣʦʛʠʷ); 

- ʩʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚ ʙʣʠʞʘʡʰʠʝ 50 ʣʝʪ ʯʠʩʣʦ ʅʦʙʝʣʝʚʩʢʠʭ 

ʣʘʫʨʝʘʪʦʚ ʦʪ ʗʧʦʥʠʠ ʩʦʩʪʘʚʠʣʦ 30 ï 50ʯʝʣʦʚʝʢ; 

- ʦʨʛʘʥʠʟʘʮʠʷ ʠ ʚʩʝʤʝʨʥʦʝ ʨʘʟʚʠʪʠʝ ʚʝʥʯʫʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʬʠʨʤ ʧʦ ʚʘʞʥʳʤ 

ʥʘʫʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ; 

- ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʥʦʚʦʡ ʩʠʩʪʝʤʳ ʤʝʜʠʮʠʥʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘʩʝʣʝʥʠʷ ʗʧʦʥʠʠ ("ʣʝʯʝʥʠʝ ʧʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤʫ ʟʘʢʘʟʫ") ʥʘ 

ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʘʮʠʝʥʪʘ. 

ʂʘʢ ʦʪʤʝʯʘʶʪ ʵʢʩʧʝʨʪʳ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʨʦʣʴ ʚ ʵʪʦʡ ʘʤʙʠʮʠʦʟʥʦʡ ʧʨʦʛʨʘʤʤʝ 

ʦʪʚʦʜʠʪʩʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʤ. ʇʨʠʦʨʠʪʝʪʥʳʝ ʨʘʟʨʘʙʦʪʢʠ: 

-  ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ XXI ʚʝʢʘ; 

-  ʪʝʨʘʙʠʪʦʚʳʝ ʟʘʧʦʤʠʥʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ; 
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-  ʊʝʭʥʦʣʦʛʠʷ ʩʝʪʝʚʳʭ ʫʩʪʨʦʡʩʪʚ; 

-  ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ; 

-  ʩʚʦʡʩʪʚʘ ʠ ʬʫʥʢʮʠʠ ʥʘʥʦʩʪʨʫʢʪʫʨ; 

-  ʧʨʦʮʝʩʩʳ ʠ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʡ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ; 

-  ʪʝʦʨʝʪʠʯʝʩʢʠʝ, ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʝʪʦʜʳ ʚ ʩʬʝʨʝ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʧʨʦʝʢʪʳ: 

- ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ; 

- ʙʠʦʥʘʥʦʩʠʩʪʝʤʳ; 

- ʥʘʥʦʫʩʪʨʦʡʩʪʚʘ; 

- ʥʘʥʦʠʟʤʝʨʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘ; 

- ʥʘʥʦʦʙʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʦʚ; 

- ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘʥʦʩʠʩʪʝʤ. 

ʉʝʨʴʝʟʥʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪ ʚ ʩʬʝʨʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʚ 

ʗʧʦʥʠʠ ʫʜʝʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʫʯʝʥʳʤʠ, 

ʧʨʦʤʳʰʣʝʥʥʠʢʘʤʠ ʠ ʯʠʥʦʚʥʠʢʘʤʠ. ɺʝʜʫʱʝʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʗʧʦʥʠʠ ʚ ʦʙʣʘʩʪʠ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ (National 

institute for materials science) ï ʅʀʄ, ʩʦʟʜʘʥʥʳʡ ʚ ʘʧʨʝʣʝ 2001 ʛʦʜʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʩʣʠʷʥʠʷ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʤʝʪʘʣʣʦʚ ʠ 

ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ɼʦ ʢʦʥʮʘ 

ʤʘʨʪʘ 2006 ʛ. ʨʝʘʣʠʟʦʚʳʚʘʣʩʷ ʧʝʨʚʳʡ ʵʪʘʧ ʩʨʝʜʥʝʩʨʦʯʥʦʡ ʧʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ 

ʠʥʩʪʠʪʫʪʘ ʢʘʢ ʥʝʟʘʚʠʩʠʤʦʛʦ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʛʦ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ. ʉ ʘʧʨʝʣʷ 

2006 ʛ. ʨʝʘʣʠʟʫʝʪʩʷ ʚʪʦʨʦʡ ʵʪʘʧ ʵʪʦʡ ʩʨʝʜʥʝʩʨʦʯʥʦʡ ʧʨʦʛʨʘʤʤʳ. ʆʩʥʦʚʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʅʀʄ ï ʧʨʦʚʝʜʝʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʦʙʣʘʩʪʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ. ʉʪʨʘʪʝʛʠʯʝʩʢʦʡ ʮʝʣʴʶ ʅʀʄ ʷʚʣʷʝʪʩʷ ʝʛʦ 

ʧʨʝʚʨʘʱʝʥʠʝ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʦʪʢʨʳʪʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʧʦʩʨʝʜʩʪʚʦʤ 

ʧʨʠʚʣʝʯʝʥʠʷ ʣʫʯʰʠʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʩʦʟʜʘʥʠʷ ʩʝʪʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ ʚʥʫʪʨʠ ʩʪʨʘʥʳ ʠ ʚ ʤʠʨʝ.  

ɺ ʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʩʨʝʜʥʝʩʨʦʯʥʦʡ ʧʨʦʛʨʘʤʤʳ ʅʀʄ ʜʦʩʪʠʛ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʩʧʝʭʦʚ: ʦʥ ʩʪʘʣ ʥʝʟʘʚʠʩʠʤʳʤ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʤ ʫʯʨʝʞʜʝʥʠʝʤ, 

ʢʦʣʠʯʝʩʪʚʦ ʞʫʨʥʘʣʴʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʣʦʤ ʧʫʙʣʠʢʘʮʠʡ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʠʥʩʪʠʪʫʪʘ ʚʦʟʨʦʩʣʦ ʚ 1,9 ʨʘʟ. ʀʥʜʝʢʩ ʮʠʪʠʨʦʚʘʥʠʷ ʚ 

ʞʫʨʥʘʣʴʥʳʭ ʩʪʘʪʴʷʭ ʚ ʦʙʣʘʩʪʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʫʚʝʣʠʯʠʣʩʷ ʚ 3,4 ʨʘʟʘ. ʄʠʨʦʚʦʡ 

ʨʝʡʪʠʥʛ ʠʥʩʪʠʪʫʪʘ ʚ ʦʙʣʘʩʪʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʪʘʢʞʝ ʨʝʟʢʦ ʚʦʟʨʦʩ ï ʩ 2001 ʛʦʜʘ 

ʅʀʄ ʧʝʨʝʤʝʩʪʠʣʩʷ ʩ 31 ʧʦʟʠʮʠʠ ʥʘ ʧʷʪʫʶ. ɺ ʩʬʝʨʝ ʧʘʪʝʥʪʦʚʘʥʠʷ ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʠʢʣʘʜʥʳʭ ʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʨʘʙʦʪ ʧʦʯʪʠ ʫʜʚʦʠʣʦʩʴ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ 

ʚʦʟʨʦʩ ʧʨʠʪʦʢ ʪʝʭʥʦʣʦʛʠʡ ʚ ʯʘʩʪʥʳʡ ʩʝʢʪʦʨ. ʋʞʝ ʩʦʟʜʘʥʦ ʧʷʪʴ ʢʦʤʧʘʥʠʡ, 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʨʘʟʨʘʙʦʪʢʠ ʅʀʄ. ɺ ʭʦʜʝ ʚʪʦʨʦʛʦ ʵʪʘʧʘ ʅʀʄ ʩʦʩʨʝʜʦʪʦʯʠʣʩʷ ʥʘ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ. ɼʣʷ ʵʪʦʛʦ ʚ ʠʥʩʪʠʪʫʪʝ ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʟʘʧʫʱʝʥʳ ʧʨʠʦʨʠʪʝʪʥʳʝ ʥʘʫʯʥʳʝ ʧʨʦʝʢʪʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʫʣʫʯʰʝʥʠʝ ʩʚʦʡʩʪʚ ʫʞʝ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʩʦʮʠʘʣʴʥʳʤ ʥʫʞʜʘʤ. 

ʆʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠʥʩʪʠʪʫʪʘ: 
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- ʢʣʶʯʝʚʳʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ; 

- ʩʠʥʪʝʟ ʠ ʢʦʥʪʨʦʣʴ ʥʦʚʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ; 

- ʥʘʥʦʤʘʪʝʨʠʘʣʳ ʜʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ; 

- ʥʘʥʦʤʘʪʝʨʠʘʣʳ ʜʣʷ ʙʠʦʪʝʭʥʦʣʦʛʠʡ; 

- ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʟʘʱʠʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʵʥʝʨʛʝʪʠʢʠ; 

- ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɺʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʧʦʣʠʪʠʢʠ ʗʧʦʥʠʠ ʚ ʦʙʣʘʩʪʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ 

ʝʞʝʛʦʜʥʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʚʳʩʪʘʚʢʘ NANOTECH, ʚ ʨʘʙʦʪʝ 

ʢʦʪʦʨʦʡ ʚ 2007 ʛ. ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ 442 ʦʨʛʘʥʠʟʘʮʠʠ. ɽʱʝ 200 ʦʨʛʘʥʠʟʘʮʠʡ 

ʫʯʘʩʪʚʦʚʘʣʠ ʚ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʩʪʘʚʢʘʭ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʩʝʪʠʪʝʣʝʡ ʚʳʩʪʘʚʢʠ 

ʜʦʩʪʠʛʣʦ ʧʦʯʪʠ 50 ʪʳʩʷʯ
70

. 

 

2.1.3. ʉʪʨʘʥʳ ɽʚʨʦʧʝʡʩʢʦʛʦ ʉʦʶʟʘ 

ʅʝ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʦ ʚ ʦʙʣʘʩʪʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʨʘʟʚʠʚʘʶʪʩʷ ʩʪʨʘʥʳ 

ɽʚʨʦʧʝʡʩʢʦʛʦ ʉʦʶʟʘ (ɽʉ). ʆʩʥʦʚʦʡ ʜʣʷ ʨʘʟʚʠʪʠʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʚ ɽʚʨʦʧʝ ʩʪʘʣʘ 

6 ʨʘʤʦʯʥʘʷ ʧʨʦʛʨʘʤʤʘ (2002-2006 ʛʛ.), ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 7 ʨʘʤʦʯʥʘʷ ʧʨʦʛʨʘʤʤʘ 

(2007-2013 ʛʛ.).  

ɻʝʨʤʘʥʠʷ ʷʚʣʷʝʪʩʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʣʠʜʝʨʦʤ ʩʨʝʜʠ ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥ. 

ɽʞʝʛʦʜʥʦ ʛʦʩʫʜʘʨʩʪʚʦ ʚʳʜʝʣʷʝʪ ʦʢʦʣʦ 330 ʤʣʥ. ʝʚʨʦ ʠ 600 ʤʣʥ. ʝʚʨʦ ʚʳʜʝʣʷʶʪʩʷ 

ʦʪ 7 ʨʘʤʦʯʥʦʡ ʧʨʦʛʨʘʤʤʳ. ɺ ʮʝʣʦʤ ʧʦ ɽʉ ʩʨʝʜʩʪʚʘ, ʚʳʜʝʣʷʝʤʳʝ ʥʘ ʨʘʟʚʠʪʠʝ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʧʨʝʚʳʰʘʶʪ ʨʘʟʤʝʨʳ ʚʣʠʚʘʥʠʡ ʚ ʉʐɸ ʠ ʗʧʦʥʠʠ.  ʅʘ ʨʠʩ. 2.2 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʱʠʝ ʩʨʝʜʩʪʚʘ ʚʳʜʝʣʷʝʤʳʝ ʚ ʉʐɸ ʗʧʦʥʠʠ ʠ ʩʪʨʘʥʘʭ ɽʉ ʥʘ 

ʨʘʟʚʠʪʠʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ 
71

. 

 

 

                                           
70 D. Kanama, Analysis of Japanôs Nanotechnology Competitiveness ï Concern for Declining Competitiveness and 

Challenges for Nano-systematization (Theory Oriented Research Group, 2010). 
71 Towards a European Strategy for Nanotechnology Communication (COM, 2009). 
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ʈʠʩʫʥʦʢ 2.2. ʉʨʝʜʩʪʚʘ, ʚʳʜʝʣʷʝʤʳʝ ʚ ʤʠʨʝ ʥʘ ʨʘʟʚʠʪʠʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ 

 

ʉʝʡʯʘʩ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʳ ʠʟ ʦʢʦʣʦ 300 ʢʦʤʧʘʥʠʡ, ʨʘʙʦʪʘʶʱʠʭ 

ʩ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʤʠ, ʪʨʝʪʴ ʥʘʭʦʜʠʪʩʷ ʚ ɻʝʨʤʘʥʠʠ, ʚʪʦʨʦʝ ʤʝʩʪʦ ʧʦ ʢʦʣʠʯʝʩʪʚʫ 

ʢʦʤʧʘʥʠʡ ʟʘʥʠʤʘʝʪ ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ, ʟʘʪʝʤ ʠʜʫʪ ʐʚʝʡʮʘʨʠʷ ʠ ʌʨʘʥʮʠʷ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʵʪʠʭ ʢʦʤʧʘʥʠʠ ʯʘʩʪʥʳʝ ʠʣʠ ʠʤʝʶʪ ʚ ʩʚʦʝʡ ʦʩʥʦʚʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ-

ʯʘʩʪʥʦʝ ʧʘʨʪʥʝʨʩʪʚʦ. ʄʥʦʛʠʝ ʬʠʨʤʳ ʙʳʣʠ ʩʦʟʜʘʥʳ ʥʘ ʙʘʟʝ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʣʘʙʦʨʘʪʦʨʠʡ, ʥʝʢʦʪʦʨʳʝ ʧʨʠ ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʠ ʢʨʫʧʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ. ʅʘ ʨʠʩ. 2.3 ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʢʦʤʧʘʥʠʡ ʧʦ ʩʪʨʘʥʘʤ
72

. 

 
 

ʈʠʩʫʥʦʢ 2.3. ʂʦʣʠʯʝʩʪʚʦ ʢʦʤʧʘʥʠʡ, ʨʘʙʦʪʘʶʱʠʭ ʩ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʤʠ ʚ 

ʨʘʟʣʠʯʥʳʭ ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥʘʭ. 

 

ʆʩʥʦʚʥʳʝ ʧʨʦʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʚʦ ʌʨʘʥʮʠʠ 

ʢʫʨʠʨʫʝʪ ʠ ʬʠʥʘʥʩʠʨʫʝʪ ʅʘʮʠʦʥʘʣʴʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ (ɸNR). ʂ ʠʭ 

ʯʠʩʣʫ ʦʪʥʦʩʷʪʩʷ: 

- ʩʦʟʜʘʥʠʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʣʘʪʬʦʨʤ (ʧʘʨʢʦʚ), ʦʩʥʘʱʝʥʥʳʭ ʥʦʚʝʡʰʠʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, 

ʩʝʨʪʠʬʠʢʘʮʠʠ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʥʦʩʠʩʪʝʤ; 

- ʬʠʥʘʥʩʦʚʘʷ ʧʦʜʜʝʨʞʢʘ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ 

ʢʦʦʧʝʨʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʣʘʙʦʨʘʪʦʨʠʡ ʜʣʷ ʠʭ ʚʳʧʦʣʥʝʥʠʷ; 

- ʚʳʷʚʣʝʥʠʝ ʠ ʧʦʜʜʝʨʞʢʘ ʤʦʣʦʜʳʭ ʪʘʣʘʥʪʦʚ ï ʘʩʧʠʨʘʥʪʦʚ ʠ ʜʦʢʪʦʨʦʚ ʥʘʫʢ; 

                                           
72 T. Heinze, Nanoscience and Nanotechnology in Europe: Analysis of Publications and Patent Applications including 

Comparisons with the United States, Nanotechnology Law & Business 1(4), 427-445 (2009). 
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- ʩʦʟʜʘʥʠʝ ʢʘʬʝʜʨ ʚʳʩʰʝʛʦ ʫʨʦʚʥʷ ʩ ʧʨʠʛʣʘʰʝʥʠʝʤ ʚʳʜʘʶʱʠʭʩʷ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʣʶʙʦʡ ʥʘʮʠʦʥʘʣʴʥʦʩʪʠ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝʤ ʠʤ ʬʦʥʜʦʚ ʜʣʷ ʟʘʢʫʧʢʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʠʛʣʘʰʝʥʠʷ ʥʘ ʨʘʙʦʪʫ ʘʩʧʠʨʘʥʪʦʚ ʠ ʜʦʢʪʦʨʦʚ ʥʘʫʢ; 

- ʙʦʣʴʰʦʡ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʧʨʦʝʢʪ, ʟʘʧʫʱʝʥʥʳʡ ʧʨʝʟʠʜʝʥʪʦʤ ʌʨʘʥʮʠʠ, ʮʝʣʴ 

ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʤʦʱʥʦʡ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʚʦʢʨʫʛ ʇʘʨʠʞʘ, ɻʨʝʥʦʙʣʷ ʠ ʊʫʣʫʟʳ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʨʫʧʥʝʡʰʠʤ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʘʨʢʦʤ ʌʨʘʥʮʠʠ 

ʷʚʣʷʝʪʩʷ MINATEC ʚ ɻʨʝʥʦʙʣʝ ʩ ʙʶʜʞʝʪʦʤ 350 ʤʣʥ. ʝʚʨʦ ʚ ʛʦʜ (ʠʟ ʥʠʭ ʙʦʣʴʰʝ 

60 %  ï ʢʦʥʪʨʘʢʪʳ ʩ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ), ʚʢʣʶʯʘʶʱʠʡ 

20 ʣʘʙʦʨʘʪʦʨʠʡ ʩ ʦʙʱʝʡ ʧʣʦʱʘʜʴʶ ʧʦʤʝʱʝʥʠʡ 10 000 ʤ
2
, ʚ ʢʦʪʦʨʦʤ ʨʘʙʦʪʘʝʪ 

4 000 ʯʝʣʦʚʝʢ. ɿʘʜʘʯʘʤʠ  ʮʝʥʪʨʘ ʷʚʣʷʶʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʦʙʣʘʩʪʠ ʥʘʥʦʥʘʫʢʠ, 

ʨʘʟʨʘʙʦʪʢʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘʥʦʧʨʦʜʫʢʮʠʠ. 

 

2.1.4. ʈʦʩʩʠʷ 

ʈʦʩʩʠʷ ʩʝʡʯʘʩ ʩʪʨʝʤʠʪʩʷ ʠʜʪʠ ʥʘʨʘʚʥʝ ʩʦ ʚʩʝʤ ʤʠʨʦʤ. ʉʦʟʜʘʥʘ ʠ ʜʝʡʩʪʚʫʝʪ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʢʦʨʧʦʨʘʮʠʷ çʈʦʩʩʠʡʩʢʘʷ ʢʦʨʧʦʨʘʮʠʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡè ī 

ʈʆʉʅɸʅʆ. 8 ʦʢʪʷʙʨʷ 2008 ʛʦʜʘ ʙʳʣʦ ʩʦʟʜʘʥʦ çʅʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʱʝʩʪʚʦ 

ʈʦʩʩʠʠè, ʚ ʟʘʜʘʯʠ ʢʦʪʦʨʦʛʦ ʚʭʦʜʠʪ çʨʝʘʣʠʟʘʮʠ ̫ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʚ 

ʩʬʝʨʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʨʘʟʚʠʪʠʝ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ʩʬʝʨʝ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʨʝʘʣʠʟʘʮʠ ̫ʧʨʦʝʢʪʦʚ ʩʦʟʜʘʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʠ 

ʥʘʥʦʠʥʜʫʩʪʨʠʠè, ʘ ʪʘʢʞʝ çʧʨʦʩʚʝʱʝʥʠʝ ʨʦʩʩʠʡʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʚ ʦʙʣʘʩʪʠ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʤʥʝʥʠʷ ʚ ʧʦʣʴʟʫ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʩʪʨʘʥʳè. ʉʝʡʯʘʩ ʚ ʈʦʩʩʠʠ ʥʘʫʯʥʳʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʠ ʨʘʟʨʘʙʦʪʢʘʤʠ ʚ ʩʬʝʨʝ ʥʘʥʦʠʥʜʫʩʪʨʠʠ ʟʘʥʠʤʘʶʪʩʷ ʙʦʣʝʝ 150 

ʥʘʫʯʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʚ ʢʦʪʦʨʳʭ ʨʘʙʦʪʘʝʪ ʦʢʦʣʦ 20 ʪʳʩʷʯ ʫʯʝʥʳʭ. ʈʘʟʨʘʙʦʪʦʢ 

ʤʥʦʛʦ. ɸ ʚʦʪ ʜʝʣʘ ʩ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʝʡ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʩʪʦʷʪ ʧʦʢʘ 

ʥʝ ʣʫʯʰʠʤ ʦʙʨʘʟʦʤ. ɼʦʣʷ ʈʦʩʩʠʠ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʥʘʥʦʠʥʜʫʩʪʨʠʠ ʩʦʩʪʘʚʣʷʝʪ 

ʤʝʥʝʝ ʦʜʥʦʛʦ ʧʨʦʮʝʥʪʘ.  

ʉʪʨʘʪʝʛʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʂʦʨʧʦʨʘʮʠʠ ʚ ʨʝʘʣʠʟʘʮʠʠ ʤʠʩʩʠʠ ʠ ʧʦʩʪʘʚʣʝʥʥʳʭ 

ʮʝʣʝʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ. 

ʅʘʫʯʥʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ (ʬʦʨʩʘʡʪ) ī ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʮʝʣʝʡ, 

ʩʧʦʩʦʙʦʚ ʠʭ ʜʦʩʪʠʞʝʥʠʷ ʜʣʷ ʫʯʘʩʪʥʠʢʦʚ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ.  

ʀʥʬʨʘʩʪʨʫʢʪʫʨʥʳʝ ʧʨʦʛʨʘʤʤʳ ī ʩʦʟʜʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, 

ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʥʘʫʯʥʳʭ ʟʥʘʥʠʡ, ʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚ 

ʠ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʡ, ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ.  

ʀʥʚʝʩʪʠʮʠʦʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ (ʠʥʚʝʩʪʠʮʠʦʥʥʳʝ ʧʨʦʝʢʪʳ) ī ʦʪʙʦʨ, 

ʵʢʩʧʝʨʪʠʟʘ ʠ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʧʨʦʝʢʪʦʚ ʠ ʧʨʦʛʨʘʤʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʮʝʣʷʤ 

ʜʦʨʦʞʥʳʭ ʢʘʨʪ, ʧʨʠʥʮʠʧʳ ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ.  

ʇʦʧʫʣʷʨʠʟʘʮʠʷ ʠ ʦʙʱʝʩʪʚʝʥʥʳʝ ʢʦʤʤʫʥʠʢʘʮʠʠ ī ʧʦʚʳʰʝʥʠʝ ʦʙʱʝʩʪʚʝʥʥʦʡ 

ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʦ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʥʘʥʦʠʥʜʫʩʪʨʠʠ, ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʢ ʧʨʦʜʫʢʮʠʠ ʥʘʥʦʠʥʜʫʩʪʨʠʠ, ʧʦʚʳʰʝʥʠʝ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʥʘʥʦʦʪʨʘʩʣʠ ʢʘʢ ʩʬʝʨʳ ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ.  

http://www.rusnano.com/Rubric.aspx?RubricId=274
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ʈʘʟʚʠʪʠʝ ʨʳʥʦʯʥʳʭ ʫʩʣʦʚʠʡ ʠ ʦʪʥʦʰʝʥʠʡ (ʨʘʩʢʨʳʪʠʝ ʨʳʥʢʦʚ) ī 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʩʣʦʚʠʡ ʠ ʩʦʜʝʡʩʪʚʠʝ ʨʘʟʚʠʪʠʶ (ʨʘʩʰʠʨʝʥʠʶ) ʨʳʥʢʦʚ ʩʙʳʪʘ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʥʘʥʦʠʥʜʫʩʪʨʠʠ 

ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʠʪʦʢʘ ʯʘʩʪʥʳʭ ʠʥʚʝʩʪʠʮʠʡ. ʉʦʜʝʡʩʪʚʠʝ ʧʨʦʜʚʠʞʝʥʠʶ 

ʨʦʩʩʠʡʩʢʦʡ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ ʤʠʨʦʚʳʝ ʨʳʥʢʠ.  

ʆʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʦʜʫʢʮʠʠ ʥʘʥʦʠʥʜʫʩʪʨʠʠ  ī 

ʘʢʪʠʚʥʦʝ ʠ ʦʧʝʨʝʞʘʶʱʝʝ ʧʨʦʚʝʜʝʥʠʝ ʨʘʙʦʪ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʳʷʚʣʝʥʠʝʤ ʠ ʫʯʝʪʦʤ 

ʚʩʝʭ ʬʘʢʪʦʨʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʧʫʩʢʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

(ʧʨʠʤʝʥʝʥʠʷ) ʧʨʦʜʫʢʮʠʠ ʥʘʥʦʠʥʜʫʩʪʨʠʠ.  

ʉʝʨʪʠʬʠʢʘʮʠʷ, ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ  ī 

ʩʦʜʝʡʩʪʚʠʝ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʠʩʪʝʤ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʩʝʨʪʠʬʠʢʘʮʠʠ 

ʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʥʦʠʥʜʫʩʪʨʠʠ.  

ʋʯʘʩʪʠʝ ʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ  ð ʚʳʷʚʣʝʥʠʝ 

ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʡ ʙʘʟʳ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʥʘʥʦʠʥʜʫʩʪʨʠʠ, ʧʨʦʚʝʜʝʥʠʝ ʤʝʨʦʧʨʠʷʪʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʥʠʞʝʥʠʝ 

(ʫʩʪʨʘʥʝʥʠʝ) ʠʤʝʶʱʠʭʩʷ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ ʙʘʨʴʝʨʦʚ ʠ ʧʨʦʪʠʚʦʨʝʯʠʡ.  

ʄʝʞʜʫʥʘʨʦʜʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ī ʨʘʟʚʠʪʠʝ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʥʘʫʯʥʦʡ, ʢʦʤʤʝʨʯʝʩʢʦʡ ʠ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʩʬʝʨʝ, ʧʨʦʜʚʠʞʝʥʠʝ 

ʨʦʩʩʠʡʩʢʦʡ ʥʘʥʦʧʨʦʜʫʢʮʠʠ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʨʳʥʢʠ, ʫʯʘʩʪʠʝ ʂʦʨʧʦʨʘʮʠʠ 

ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʟʠʪʠʚʥʦʛʦ ʦʙʨʘʟʘ 

ʈʦʩʩʠʠ ʢʘʢ ʦʜʥʦʛʦ ʠʟ ʦʩʥʦʚʥʳʭ ʫʯʘʩʪʥʠʢʦʚ ʤʠʨʦʚʦʛʦ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ;  

ʉʦʟʜʘʥʠʝ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʧʣʦʱʘʜʢʠ ʜʣʷ ʦʙʩʫʞʜʝʥʠʷ ʧʨʦʙʣʝʤ ʠ ʧʝʨʩʧʝʢʪʠʚ 

ʨʘʟʚʠʪʠʷ ʥʘʥʦʠʥʜʫʩʪʨʠʠ ī ʩʦʟʜʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʫʩʣʦʚʠʡ ʚ ʈʦʩʩʠʠ ʜʣʷ ʦʙʩʫʞʜʝʥʠʷ 

ʛʣʦʙʘʣʴʥʳʭ ʥʘʫʯʥʳʭ, ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʥʘʥʦʠʥʜʫʩʪʨʠʠ, 

ʧʨʦʚʝʜʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʥʘ ʧʦʩʪʦʷʥʥʦʡ ʦʩʥʦʚʝ.  

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʬʦʨʫʤ ʧʦ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʤ. ʈʦʩʩʠʷ ʦʙʣʘʜʘʝʪ ʫʥʠʢʘʣʴʥʳʤ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʟʘʚʦʝʚʘʥʠʷ ʣʠʜʠʨʫʶʱʠʭ ʧʦʟʠʮʠʡ 

ʥʘ ʤʠʨʦʚʳʭ ʨʳʥʢʘʭ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ. ʋʞʝ ʩʝʛʦʜʥʷ ʥʝʢʦʪʦʨʳʝ 

ʨʦʩʩʠʡʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ ʦʙʨʘʪʠʣʠ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʤʠʨʦʚʦʛʦ ʩʦʦʙʱʝʩʪʚʘ, ʥʦ ʜʣʷ 

ʤʠʨʦʚʦʛʦ ʧʨʠʟʥʘʥʠʷ ʥʝʦʙʭʦʜʠʤʘ ʦʨʛʘʥʠʟʘʮʠʷ ʛʣʦʙʘʣʴʥʦʡ ʧʣʦʱʘʜʢʠ ʜʣʷ 

ʦʙʩʫʞʜʝʥʠʷ ʧʨʦʙʣʝʤ ʨʘʟʚʠʪʠʷ ʥʘʥʦʠʥʜʫʩʪʨʠʠ (ʥʘʫʯʥʳʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ, ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ, ʧʨʦʙʣʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʜʨ.). 

ʉʦʟʜʘʚʘʷ ʛʣʦʙʘʣʴʥʫʶ ʤʝʞʜʫʥʘʨʦʜʥʫʶ ʧʣʦʱʘʜʢʫ ʂʦʨʧʦʨʘʮʠʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʜʣʷ ʚʩʝʭ ʨʦʩʩʠʡʩʢʠʭ ʫʯʘʩʪʥʠʢʦʚ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʦʙʤʝʥʘ ʟʥʘʥʠʷʤʠ, ʘʢʪʠʚʥʦ ʠ ʩʦʜʝʨʞʘʪʝʣʴʥʦ 

ʩʦʜʝʡʩʪʚʫʝʪ ʦʙʤʝʥʫ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʧʝʨʝʜʦʚʦʤ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʤ 

ʠ ʧʨʦʤʳʰʣʝʥʥʦʤ ʦʧʳʪʝ, ʤʠʨʦʚʳʭ ʦʙʨʘʟʮʘʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʙʠʟʥʝʩ-ʨʝʰʝʥʠʡ 

ʚ ʦʙʣʘʩʪʠ ʥʘʥʦʠʥʜʫʩʪʨʠʠ, ʩʦʜʝʡʩʪʚʫʝʪ ʩʦʟʜʘʥʠʶ ʫʩʣʦʚʠʡ ʜʣʷ ʧʨʠʚʣʝʯʝʥʠʷ 

ʪʘʣʘʥʪʣʠʚʦʡ ʤʦʣʦʜʝʞʠ ʚ ʥʘʥʦʠʥʜʫʩʪʨʠʶ ʠ ʚʥʠʤʘʥʠʷ ʨʦʩʩʠʡʩʢʦʛʦ ʙʠʟʥʝʩʘ 

ʢ ʥʦʚʝʡʰʠʤ ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʠ ʟʘʨʫʙʝʞʥʳʤ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʨʘʟʨʘʙʦʪʢʘʤ, 

ʧʨʦʧʘʛʘʥʜʠʨʫʝʪ ʜʦʩʪʠʞʝʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʥʘʥʦʠʥʜʫʩʪʨʠʠ.  

ʇʨʘʚʠʪʝʣʴʩʪʚʦ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʦʩʪʘʚʠʣʦ ʧʝʨʝʜ ʈʆʉʅɸʅʆ ʟʘʜʘʯʫ 

ʜʦʚʝʩʪʠ ʢ 2015 ʛ. ʜʦʣʶ ʈʦʩʩʠʠ ʜʦ 4 %. ɺ ʩʪʨʘʥʝ ʟʘʧʫʱʝʥʘ ʦʜʥʘ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʚ 

ʤʠʨʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤ ʧʦ ʨʘʟʚʠʪʠʶ ʥʘʥʦʠʥʜʫʩʪʨʠʠ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʡ 

ʥʘ ʨʘʟʚʠʪʠʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʚʳʜʝʣʠʪʴ ʜʦ 2015 ʛ. 318 ʤʣʨʜ. 
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ʨʦʩʩʠʡʩʢʠʭ ʨʫʙ. ʂ 2015 ʛ ʜʦʣʞʥʘ ʙʳʪʴ ʩʬʦʨʤʠʨʦʚʘʥʘ ʚʩʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, 

ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʤʘʩʰʪʘʙʥʦʛʦ ʥʘʨʘʱʠʚʘʥʠʷ ʚʳʧʫʩʢʘ ʧʨʦʜʫʢʮʠʠ ʥʘʥʦʠʥʜʫʩʪʨʠʠ. 

 ɺ ʇʨʦʛʨʘʤʤʝ ʨʘʟʚʠʪʠʷ ʥʘʥʦʠʥʜʫʩʪʨʠʠ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʜʦ 2015 ʛ. 

ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ  ʨʦʩʩʠʡʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ ʚ ʦʙʣʘʩʪʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʠ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʠʤʝʶʱʠʭ ʙʣʠʞʘʡʰʫʶ ʧʝʨʩʧʝʢʪʠʚʫ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʩʚʦʝʥʠʷ, ʚ 

ʯʠʩʣʝ ʢʦʪʦʨʳʭ: 

ï ʅʘʥʦʤʘʪʝʨʠʘʣʳ ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʤʝʜʠʮʠʥʳ: ʢʦʤʧʣʝʢʩʥʳʝ 

ʚʳʩʦʢʦʯʠʩʪʳʝ ʚʘʢʮʠʥʳ, ʙʳʩʪʨʦ ʘʜʘʧʪʠʨʫʝʤʳʝ ʢ ʤʫʪʠʨʫʝʤʳʤ ʚʠʨʫʩʘʤ; ʪʝʩʪ-

ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʙʠʦʯʠʧʦʚ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʪʫʙʝʨʢʫʣʝʟʘ, ɺʀʏ, ʛʝʧʘʪʠʪʦʚ ɺ ʠ ʉ, 

ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʠ ʦʥʢʦʟʘʙʦʣʝʚʘʥʠʡ (ʩʫʱʝʩʪʚʫʶʱʠʡ ʚ ʈʦʩʩʠʠ ʦʙʲʝʤ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʩʪʘʚʣʷʝʪ 1 ʤʣʥ. ʚ ʛʦʜ, ʧʦʪʨʝʙʥʦʩʪʴ ï 30 ʤʣʥ. ʚ ʛʦʜ.); 

ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʢʝʨʘʤʠʢʘ ʜʣʷ ʢʦʩʪʥʦʡ ʭʠʨʫʨʛʠʠ; ʚʥʫʪʨʠʢʦʩʪʥʳʝ 

ʠʤʧʣʘʥʪʘʪʳ ʩ ʙʠʦʘʢʪʠʚʥʳʤʠ ʥʘʥʦʢʝʨʘʤʠʯʝʩʢʠʤʠ ʧʦʢʨʳʪʠʷʤʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤʠ 

ʙʳʩʪʨʦʤʫ ʚʞʠʚʣʝʥʠʶ ʠ ʟʘʢʨʝʧʣʝʥʠʶ ʢʦʩʪʥʦʡ ʪʢʘʥʠ ʚ ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʧʣʘʥʪʘʪʦʚ 

(ʩʫʱʝʩʪʚʫʶʱʠʡ ʚ ʈʦʩʩʠʠ ʦʙʲʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʩʪʘʚʣʷʝʪ 3 ʪʳʩ. ʰʪ., ʝʞʝʛʦʜʥʘʷ 

ʧʦʪʨʝʙʥʦʩʪʴ ï 100 ʪʳʩ. ʰʪ.); ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ (ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʝʧʘʨʘʪ 

çʌʦʩʬʦʛʣʠʚè ʜʣʷ ʣʝʯʝʥʠʷ ʚʠʨʫʩʥʳʭ ʛʝʧʘʪʠʪʦʚ ɺ ʠ ʉ ʚʢʣʶʯʝʥ ʚ ʩʧʠʩʦʢ ʞʠʟʥʝʥʥʦ 

ʥʝʦʙʭʦʜʠʤʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ). 

ï ʅʘʥʦʤʘʪʝʨʠʘʣʳ ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʦʪʨʝʙʥʦʩʪʴ ʨʦʩʩʠʡʩʢʦʛʦ ʨʳʥʢʘ ʤʝʪʘʣʣʦʨʝʞʫʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ 80 % 

ʫʜʦʚʣʝʪʚʦʨʷʝʪʩʷ ʟʘ ʩʯʝʪ ʠʤʧʦʨʪʘ. ʇʨʦʤʳʰʣʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ ʚ 

ʥʘʥʦʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʷ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʩʣʦʚʠʷ ʜʣʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʜʝʡʩʪʚʫʶʱʝʛʦ 

ʧʘʨʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʉʫʤʤʘʨʥʳʡ ʦʙʲʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʦʚʳʭ ʨʦʩʩʠʡʩʢʠʭ 

ʧʨʝʮʠʟʠʦʥʥʳʭ ʩʪʘʥʢʦʚ ʠ ʫʩʣʫʛ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʜʝʡʩʪʚʫʶʱʠʭ ʩʪʘʥʢʦʚ ʤʦʞʝʪ 

ʚʦʟʨʘʩʪʠ ʚ ʪʝʯʝʥʠʝ 4-5 ʣʝʪ ʜʦ 10 ʤʣʨʜ. ʨʫʙ. ɻʨʫʧʧʦʡ ʨʦʩʩʠʡʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ 

ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʦʩʚʦʝʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʩʦʙʦ 

ʚʳʩʦʢʦʧʨʦʯʥʦʛʦ ʢʨʝʧʝʞʘ (ʙʦʣʪʦʚ, ʚʠʥʪʦʚ ʠ ʛʘʝʢ ʰʠʨʦʢʦʡ ʥʦʤʝʥʢʣʘʪʫʨʳ, 

ʜʠʘʤʝʪʨʦʤ ʦʪ 6 ʜʦ 14 ʤʤ) ʠʟ ʥʦʚʦʡ ʤʘʨʪʝʥʩʠʪʥʦʡ ʩʪʘʣʠ ʩ ʥʘʥʦʨʘʟʤʝʨʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ. ɺ 2007 ʛ. ʟʘʢʦʥʯʝʥʘ ʧʘʩʧʦʨʪʠʟʘʮʠʷ ʵʪʦʡ ʩʪʘʣʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʚʳʩʦʢʦʥʘʛʨʫʞʝʥʥʦʛʦ ʢʨʝʧʝʞʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʠ 

ʜʨʫʛʠʭ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʧʨʠʤʝʥʝʥʠʡ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʜʦʨʦʛʫ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʘʢʠʭ ʠʟʜʝʣʠʡ, ʠʤʝʶʱʠʭ ʧʨʦʯʥʦʩʪʴ ʥʘ 30-50 % ʚʳʰʝ, ʯʝʤ ʫ 

ʦʙʳʯʥʳʭ ʠʟʜʝʣʠʡ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ. 

ï ʀʥʩʪʨʫʤʝʥʪ ʜʣʷ ʩʪʨʦʡʠʥʜʫʩʪʨʠʠ. ʆʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʥʘʧʨʘʚʣʝʥʠʝ 

ʩʦʟʜʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ ʥʘʥʦʘʣʤʘʟʥʦʛʦ ʧʦʨʦʰʢʘ ʜʣʷ ʩʪʨʦʡʠʥʜʫʩʪʨʠʠ. ʂ ʢʦʥʮʫ 

2011 ʛ. ʚ ʈʦʩʩʠʠ ʙʫʜʝʪ ʦʩʚʦʝʥʦ ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʘʣʤʘʟʥʦʛʦ ʨʝʞʫʱʝʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʝʞʝʛʦʜʥʫʶ ʧʦʪʨʝʙʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʩʪʨʘʥʳ ʥʝ ʤʝʥʝʝ ʯʝʤ ʥʘ 20 %, ʘ ʪʘʢʞʝ ʵʢʩʧʦʨʪ ʚ ʩʪʨʘʥʳ ʉʅɻ ʠ ʜʘʣʴʥʝʝ ʟʘʨʫʙʝʞʴʝ. 

ï ʅʘʥʦʤʘʪʝʨʠʘʣʳ ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʵʥʝʨʛʝʪʠʢʠ ʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ. ʉ 

2007 ʛ. ʚ ʈʦʩʩʠʠ ʥʘʣʘʞʝʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʭ 

ʧʨʦʚʦʜʦʚ ʠ ʢʘʙʝʣʝʡ ʜʣʷ ʘʪʦʤʥʦʡ ʪʝʭʥʠʢʠ, ʘ ʪʘʢʞʝ ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʭ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʚʦʜʦʚ, ʩʦʯʝʪʘʶʱʠʭ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ ʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʙʲʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʭ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩʦʩʪʘʚʣʷʝʪ ʚ ʈʦʩʩʠʠ 2,5 
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ʪʦʥʥʳ ʚ ʛʦʜ. ʇʨʠ ʵʪʦʤ ʝʞʝʛʦʜʥʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʘʭ ʩʦʩʪʘʚʣʷʝʪ ʥʝ 

ʤʝʥʝʝ 60 ʪʦʥʥ. 

ï ʅʘʥʦʤʘʪʝʨʠʘʣʳ ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʵʢʦʣʦʛʠʠ. ʉʶʜʘ ʚʭʦʜʷʪ: ʩʝʣʝʢʪʠʚʥʳʝ 

ʢʘʪʘʣʠʟʘʪʦʨʳ; ʘʜʩʦʨʙʝʥʪʳ; ʭʠʤʠʯʝʩʢʠ ʩʪʦʡʢʠʝ ʤʝʤʙʨʘʥʳ ʜʣʷ ʭʠʤʠʯʝʩʢʦʡ, 

ʘʪʦʤʥʦʡ, ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʚʳʜʝʣʝʥʠʷ ʮʝʥʥʳʭ (ʠʣʠ 

ʪʦʢʩʠʯʥʳʭ) ʢʦʤʧʦʥʝʥʪʦʚ ʠʟ ʞʠʜʢʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜ; 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʫʩʪʘʥʦʚʢʠ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʭ 

ʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʜʣʷ ʘʪʦʤʥʦʡ, ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ, ʤʝʜʠʮʠʥʩʢʦʡ, 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ, ʧʠʱʝʚʦʡ, ʭʠʤʠʯʝʩʢʦʡ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ), ʚ ʪʦʤ 

ʯʠʩʣʝ, ʩʧʝʮʠʘʣʴʥʳʝ ʨʝʘʢʪʦʨʳ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʣʝʛʢʦʛʦ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʤʙʨʘʥ ʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʦ 15 % 

ɺɺʇ ʈʦʩʩʠʠ. ʇʦ ʵʢʩʧʝʨʪʥʳʤ ʦʮʝʥʢʘʤ, ʚ ʙʣʠʞʘʡʰʝʡ ʧʝʨʩʧʝʢʪʠʚʝ ʨʦʩʪ ʤʠʨʦʚʦʛʦ 

ʨʳʥʢʘ ʤʝʤʙʨʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʦʞʝʪ ʩʦʩʪʘʚʠʪʴ ʜʦ 8 %. ʚ ʛʦʜ. ʇʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʦʮʝʥʢʘʤ, ʠʩʧʦʣʴʟʫʷ ʩʧʝʮʠʘʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʩ ʵʣʝʤʝʥʪʘʤʠ ʠʟ 

ʥʘʥʘʥʦʤʘʪʝʨʠʘʣʦʚ, ʚʦʟʤʦʞʥʦ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ ʜʦ 30 % ʚʳʙʨʘʩʳʚʘʝʤʳʭ ʚ 

ʨʦʩʩʠʡʩʢʫʶ ʘʪʤʦʩʬʝʨʫ ʧʦʧʫʪʥʳʭ ʥʝʬʪʷʥʳʭ ʛʘʟʦʚ (ʧʨʠʤʝʨʥʦ 10 ʤʣʨʜ. ʤ
3
/ʛʦʜ). ʕʪʦ 

ʫʚʝʣʠʯʠʪ ʝʞʝʛʦʜʥʳʡ ʦʙʲʝʤ ʧʨʦʠʟʚʦʜʠʤʦʡ ʪʦʚʘʨʥʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʫʩʣʫʛ, 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʧʦʩʦʙʩʪʚʫʷ ʚʳʧʦʣʥʝʥʠʶ ʦʙʷʟʘʪʝʣʴʩʪʚ ʈʦʩʩʠʠ ʧʦ ʂʠʦʪʩʢʦʤʫ 

ʧʨʦʪʦʢʦʣʫ. 

ï ʆʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʥʫʞʜ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ. ɺ ʈʦʩʩʠʠ ʩʫʱʝʩʪʚʫʝʪ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʝʦʙʭʦʜʠʤʦʛʦ ʚ ʩʬʝʨʝ ʥʘʥʦʠʥʜʫʩʪʨʠʠ ʫʥʠʢʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʚʢʣʶʯʘʷ ʩʚʝʨʭʚʳʩʦʢʦʚʘʢʫʫʤʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʟʦʥʜʦʚʳʝ ʥʘʥʦʣʘʙʦʨʘʪʦʨʠʠ, 

ʩʢʘʥʠʨʫʶʱʠʝ ʟʦʥʜʦʚʳʝ ʤʠʢʨʦʩʢʦʧʳ. ʈʦʩʩʠʡʩʢʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʫʞʝ ʧʦʩʪʘʚʣʷʶʪ 

ʝʛʦ ʚ 40 ʩʪʨʘʥ ʤʠʨʘ. ʉʫʱʝʩʪʚʫʝʪ ʨʝʘʣʴʥʘʷ ʧʝʨʩʧʝʢʪʠʚʘ ʟʘʢʨʝʧʠʪʴ ʟʘ ʩʦʙʦʡ ʚ 

ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ 10-15 % ʤʠʨʦʚʦʛʦ ʨʳʥʢʘ
73

. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʘʣʠʟʫʝʪʩʷ ʇʨʦʛʨʘʤʤʘ ʨʘʟʚʠʪʠʷ ʥʘʥʦʠʥʜʫʩʪʨʠʠ ʚ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʜʦ 2015 ʛʦʜʘ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʘʷ çʬʦʨʤʠʨʦʚʘʥʠʝ 

ʫʩʣʦʚʠʡ ʫʩʪʦʡʯʠʚʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ ʧʦʜʛʦʪʦʚʢʠ, 

ʧʝʨʝʧʦʜʛʦʪʦʚʢʠ ʠ ʟʘʢʨʝʧʣʝʥʠʷ ʢʘʜʨʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ ʚ ʦʙʣʘʩʪʠ ʥʘʥʦʠʥʜʫʩʪʨʠʠè. ʕʪʫ ʞʝ ʮʝʣʴ ʧʨʝʩʣʝʜʫʶʪ 

ʌʝʜʝʨʘʣʴʥʳʝ ʮʝʣʝʚʳʝ ʧʨʦʛʨʘʤʤʳ (ʌʎʇ), ʧʦʜʜʝʨʞʠʚʘʝʤʳʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ, 

ʪʘʢʠʝ ʢʘʢ: ʌʎʇ çʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʦ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ 

ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʠ ʥʘ 2007-2012 ʛʦʜʳè, ʌʎʇ 

çʈʘʟʚʠʪʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʥʘʥʦʠʥʜʫʩʪʨʠʠ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘ 2008-

2010 ʛʦʜʳè, ʌʎʇ çʅʘʮʠʦʥʘʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʙʘʟʘè ʥʘ 2007-2011 ʛʦʜʳ, ʌʎʇ 

çʅʘʫʯʥʳʝ ʠ ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʢʘʜʨʳ  ʥʥʦʚʘʮʠʦʥʥʦʡ ʈʦʩʩʠʠè ʥʘ 2009-2013 

ʛʦʜʳ, ʘ ʪʘʢʞʝ ʧʨʦʛʨʘʤʤʳ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʠ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʅʘʫʯʥʳʡ ʉʦʚʝʪ ʈʆʉʅɸʅʆ ʚ ʪʝʯʝʥʠʝ 2009-2010 ʛ.ʛ. ʦʪʦʙʨʘʣ ʜʣʷ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ 69 ʧʨʦʝʢʪʦʚ ʠʟ ʨʘʟʥʳʭ ʦʙʣʘʩʪʝʡ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ. ʆʯʝʚʠʜʥʦʝ 

ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʥʦ çʥʘʥʦʪʝʭʥʦʣʦʛʠʷʤ ʚ ʵʣʝʢʪʨʦʥʠʢʝè ʠ çʥʘʥʦʵʣʝʢʪʨʦʥʠʢʝè. 

ʅʠʞʝ ʧʨʠʚʦʜʠʪʩʷ ʧʝʨʝʯʝʥʴ ʧʨʦʝʢʪʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʵʪʠʤ ʦʪʨʘʩʣʷʤ. ʕʪʠ 

ʧʨʦʝʢʪʳ ʩʦʩʪʘʚʣʷʶʪ ʥʝʩʦʤʥʝʥʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʨʘʟʚʠʪʠʷ ʤʠʢʨʦ- ʠ 

                                           
73 ʇʨʦʛʨʘʤʤʘ ʨʘʟʚʠʪʠʷ ʥʘʥʦʠʥʜʫʩʪʨʠʠ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʜʦ 2015 ʛʦʜʘ (ʄʦʩʢʚʘ, 2008). 
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ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠ ʚ ɹʝʣʘʨʫʩʠ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ 

ʵʪʠʭ ʦʪʨʘʩʣʝʡ ʚ ɹʝʣʘʨʫʩʠ ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʷʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʦʪʨʘʩʣʷʤ, 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʨʘʟʚʠʚʘʪʴ ʩʦʚʤʝʩʪʥʦ ʩ ʈʦʩʩʠʝʡ, ʦʙʲʝʜʠʥʷʷ ʬʠʥʘʥʩʦʚʳʝ 

ʨʝʩʫʨʩʳ ʥʘ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʦʢ. 

ʎʝʥʪʨ ʪʨʘʥʩʬʝʨʘ ʪʝʭʥʦʣʦʛʠʡ ʫʯʨʝʞʜʘʝʪʩʷ ʚ ʬʦʨʤʝ ʥʝʢʦʤʤʝʨʯʝʩʢʦʛʦ 

ʧʘʨʪʥʝʨʩʪʚʘ ʈʆʉʅɸʅʆ ʠ ʈɸʅ. ʆʙʱʠʡ ʙʶʜʞʝʪ ʧʨʦʝʢʪʘ ʩʦʩʪʘʚʠʪ 65,4 ʤʣʥ. 

ʨʫʙʣʝʡ, ʠʟ ʢʦʪʦʨʳʭ ʈʆʉʅɸʅʆ ʧʨʦʬʠʥʘʥʩʠʨʫʝʪ 34,94 ʤʣʥ. ʨʫʙʣʝʡ. 

ʇʠʣʦʪʥʳʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʡ ʧʨʦʝʢʪ ï ʩʝʨʚʠʩ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ 

ʚʳʯʠʩʣʝʥʠʡ ʜʣʷ ʥʘʥʦʠʥʜʫʩʪʨʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 20 ʪʝʨʘʬʣʦʧʩ (ʪʨʠʣʣʠʦʥʦʚ 

ʦʧʝʨʘʮʠʡ ʩ ʧʣʘʚʘʶʱʝʡ ʟʘʧʷʪʦʡ ʚ ʩʝʢʫʥʜʫ). ʆʙʱʠʡ ʙʶʜʞʝʪ ʧʨʦʝʢʪʘ ʩʦʩʪʘʚʠʪ ʜʦ 

200 ʤʣʥ. ʨʫʙʣʝʡ, ʠʟ ʥʠʭ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʩʦ ʩʪʦʨʦʥʳ ʈʆʉʅɸʅʆ ð ʜʦ 150 ʤʣʥ. 

ʨʫʙʣʝʡ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʠʟʜʝʣʠʡ ʤʠʢʨʦʩʠʩʪʝʤʦʪʝʭʥʠʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʦʝʢʪʘ ʙʫʜʝʪ ʩʦʟʜʘʥʦ ʩʝʨʠʡʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʠʙʦʨʦʚ ʠ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ 

ʘʢʫʩʪʦʵʣʝʢʪʨʦʥʥʳʭ ʠ ʭʝʤʦʩʦʨʙʮʠʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʘʪʯʠʢʦʚ 

ʜʘʚʣʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ, ʫʩʪʨʦʡʩʪʚ ʨʘʜʠʦʯʘʩʪʦʪʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ (RFID), 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʧʦʣʦʩʦʚʳʭ ʬʠʣʴʪʨʦʚ ʠ ʛʘʟʦʩʠʛʥʘʣʠʟʘʪʦʨʦʚ. ʆʙʱʠʡ ʙʶʜʞʝʪ 

ʧʨʦʝʢʪʘ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 1,24 ʤʣʨʜ. ʨʫʙʣʝʡ, ʠʟ ʢʦʪʦʨʳʭ ʚʢʣʘʜ ʈʆʉʅɸʅʆ ʩʦʩʪʘʚʠʪ 

550 ʤʣʥ. ʨʫʙʣʝʡ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʜʝʪʝʢʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʤʝʯʝʥʳʭ ʥʝʡʪʨʦʥʦʚ ʜʣʷ ʧʦʠʩʢʘ 

ʚʟʨʳʚʯʘʪʢʠ ʠ ʥʘʨʢʦʪʠʢʦʚ. ʆʙʱʠʡ ʙʶʜʞʝʪ ʧʨʦʝʢʪʘ ʩʦʩʪʘʚʠʪ 462 ʤʠʣʣʠʦʥʘ 

ʨʫʙʣʝʡ, ʠʟ ʥʠʭ ʜʦʣʷ ʈʆʉʅɸʅʆ ʚ ʚʠʜʝ ʚʢʣʘʜʘ ʚ ʫʩʪʘʚʥʳʡ ʢʘʧʠʪʘʣ ʧʨʦʝʢʪʥʦʡ 

ʢʦʤʧʘʥʠʠ ð 155 ʤʠʣʣʠʦʥʦʚ ʨʫʙʣʝʡ, ʦʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʙʫʜʝʪ ʧʨʦʬʠʥʘʥʩʠʨʦʚʘʥʘ ʟʘ 

ʩʯʝʪ ʩʦ-ʠʥʚʝʩʪʦʨʦʚ ʧʨʦʝʢʪʘ. ɿʘʷʚʠʪʝʣʴ, ʢʦʤʧʘʥʠʷ-ʨʘʟʨʘʙʦʪʯʠʢ ɼɺʠʅ, ʚʥʝʩʝʪ ʚ 

ʧʨʦʝʢʪ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ ʩʦʙʩʪʚʝʥʥʦʩʪʴ. ʅʘʫʯʥʦʡ ʙʘʟʦʡ ʧʨʦʝʢʪʘ ʚʳʩʪʫʧʘʝʪ 

ʆʙʲʝʜʠʥʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʆʀʗʀ). 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʤʦʱʥʳʭ ʜʠʦʜʥʳʭ ʣʘʟʝʨʦʚ. ʆʙʱʠʡ ʙʶʜʞʝʪ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ 

ʩʦʩʪʘʚʠʪ 2 150 ʤʣʥ. ʨʫʙʣʝʡ. ɼʦʣʷ ʈʆʉʅɸʅʆ ʚ ʫʩʪʘʚʥʦʤ ʢʘʧʠʪʘʣʝ ʧʨʦʝʢʪʥʦʡ 

ʢʦʤʧʘʥʠʠ ʩʦʩʪʘʚʠʪ 765 ʤʣʥ. ʨʫʙʣʝʡ, ʦʩʪʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʙʫʜʫʪ ʧʨʠʚʣʝʯʝʥʳ ʩʦ 

ʩʪʦʨʦʥʳ ʩʦʠʥʚʝʩʪʦʨʦʚ. 

ʈʘʩʰʠʨʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʢʘʥʠʨʫʶʱʠʭ ʟʦʥʜʦʚʳʭ ʤʠʢʨʦʩʢʦʧʦʚ. ʉʦʚʦʢʫʧʥʳʡ 

ʙʶʜʞʝʪ ʧʨʦʝʢʪʘ ʩʦʩʪʘʚʣʷʝʪ 387 ʤʣʥ. ʨʫʙʣʝʡ, ʠʟ ʢʦʪʦʨʳʭ 140 ʤʣʥ. ʨʫʙʣʝʡ ʙʫʜʝʪ 

ʧʨʦʬʠʥʘʥʩʠʨʦʚʘʥʦ ʟʘ ʩʯʝʪ ʩʨʝʜʩʪʚ ʈʆʉʅɸʅʆ. 

ʉʦʟʜʘʥʠʝ ʙʘʟʳ ʜʣʷ ʮʠʬʨʦʚʠʟʘʮʠʠ ʊɺ ʥʘ ʦʩʥʦʚʝ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʨʘʟʨʘʙʦʪʦʢ. 

ʈʆʉʅɸʅʆ ʠ ʪʦʤʩʢʘʷ ʢʦʤʧʘʥʠʷ çʕʣʝʢʘʨʜè ʩʦʟʜʘʜʫʪ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʣʝʢʪʨʦʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʥʘ ʦʩʥʦʚʝ ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʥʦʨʤʘʤ 

90-65 ʥʘʥʦʤʝʪʨʦʚ. ʇʨʦʝʢʪ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʩʪʘʚʣʝʥʥʦʡ ʇʨʝʟʠʜʝʥʪʦʤ ʈʦʩʩʠʠ ʮʝʣʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʦ ʚʩʝʡ ʩʪʨʘʥʝ ʜʦʩʪʫʧʘ ʢ ʮʠʬʨʦʚʦʤʫ ʪʝʣʝʚʠʜʝʥʠʶ ʚ ʪʝʯʝʥʠʝ 

ʙʣʠʞʘʡʰʠʭ 5 ʣʝʪ ʠ ʥʘʮʝʣʝʥ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ ʧʨʦʜʘʞ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʮʠʬʨʦʚʦʛʦ 

ʪʝʣʝʚʠʜʝʥʠʷ (ʊɺ-ʧʨʠʩʪʘʚʢʠ, ʩʪʫʜʠʠ ʮʠʬʨʦʚʦʛʦ ʚʝʱʘʥʠʷ), ʚʳʧʫʱʝʥʥʳʭ 

ʨʦʩʩʠʡʩʢʠʤʠ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ. 

ʄʦʜʝʨʥʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʳʩʦʢʦʯʠʩʪʳʭ ʢʚʘʨʮʝʚʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʜʣʷ 

ʥʘʥʦʵʣʝʢʪʨʦʥʥʦʡ, ʦʧʪʠʯʝʩʢʦʡ, ʩʚʝʪʦʪʝʭʥʠʯʝʩʢʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʙʫʜʝʪ ʦʩʚʦʝʥ ʚʳʧʫʩʢ ʢʚʘʨʮʝʚʳʭ ʤʠʢʨʦ- ʠ 

ʥʘʥʦʧʦʨʦʰʢʦʚ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʯʠʩʪʳʭ ʢʚʘʨʮʝʚʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ. ʂʚʘʨʮʝʚʳʝ 

ʥʘʥʦʧʦʨʦʰʢʠ ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʤʝʥʝʝ 100 ʥʘʥʦʤʝʪʨʦʚ ʠʤʝʶʪ ʰʠʨʦʢʦʝ 

http://www.rusnano.com/Post.aspx/Show/25810
http://www.rusnano.com/Post.aspx/Show/25465
http://www.rusnano.com/Post.aspx/Show/25465
http://www.rusnano.com/Post.aspx/Show/25404
http://www.rusnano.com/Post.aspx/Show/25240
http://www.rusnano.com/Post.aspx/Show/24933
http://www.rusnano.com/Post.aspx/Show/24933
http://www.rusnano.com/Post.aspx/Show/24715
http://www.rusnano.com/Post.aspx/Show/24715
http://www.rusnano.com/Post.aspx/Show/24715
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ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʩʢʚʘʞʠʥ. ʂʚʘʨʮʝʚʳʡ ʤʠʢʨʦʧʦʨʦʰʦʢ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ 

ʦʯʠʱʝʥʥʳʡ ʧʨʦʜʫʢʪ ʠʟʤʝʣʴʯʝʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʢʚʘʨʮʘ ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʤʝʥʝʝ 

100 ʤʠʢʨʦʥ, ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠʥʪʝʛʨʘʣʴʥʳʭ 

ʩʭʝʤ. ɺʳʩʦʢʦʯʠʩʪʳʝ ʢʚʘʨʮʝʚʳʝ ʢʦʥʮʝʥʪʨʘʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ 

ʵʥʝʨʛʝʪʠʢʝ, ʩʚʝʪʦʪʝʭʥʠʯʝʩʢʦʡ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ, ʦʧʪʠʯʝʩʢʦʡ ʠ ʚʦʣʦʢʦʥʥʦ-

ʦʧʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʈʘʩʰʠʨʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʥʘʥʝʩʝʥʠʷ 

ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ ʧʦʢʨʳʪʠʡ ʥʘʥʦʤʝʪʨʦʚʦʡ ʪʦʣʱʠʥʳ.  ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʝʢʪʘ 

ʧʦʟʚʦʣʠʪ ʚʳʚʝʩʪʠ ʩʫʱʝʩʪʚʫʶʱʝʝ ʦʪʝʯʝʩʪʚʝʥʥʦʝ ʤʝʣʢʦʩʝʨʠʡʥʦʝ 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʦʩʥʦʚʘʥʥʦʝ ʪʦʤʩʢʠʤʠ ʫʯʝʥʳʤʠ, ʥʘ ʥʦʚʳʡ 

ʫʨʦʚʝʥʴ ʧʦ ʦʙʲʝʤʫ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʨʘʩʰʠʨʠʪʴ ʝʛʦ ʧʨʠʩʫʪʩʪʚʠʝ ʢʘʢ ʥʘ ʨʦʩʩʠʡʩʢʦʤ, 

ʪʘʢ ʠ ʥʘ ʟʘʨʫʙʝʞʥʳʭ ʨʳʥʢʘʭ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʧʦʢʨʳʪʠʡ. 

ʋʯʘʩʪʥʠʢʘʤʠ ʧʨʦʝʢʪʘ ʷʚʣʷʶʪʩʷ ʈʆʉʅɸʅʆ, ʆʆʆ çʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡè (ʆʆʆ çʊʉɿʇè), ɻʂ çʈʦʩʘʪʦʤè ʠ ʋʂ çʆʙʲʝʜʠʥʝʥʥʘʷ 

ʜʚʠʛʘʪʝʣʝʩʪʨʦʠʪʝʣʴʥʘʷ ʢʦʨʧʦʨʘʮʠʷè. ʆʙʱʠʡ ʙʶʜʞʝʪ ʧʨʦʝʢʪʘ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 4 

ʤʣʨʜ. ʨʫʙʣʝʡ, ʠʟ ʥʠʭ ʠʥʚʝʩʪʠʮʠʠ ʈʆʉʅɸʅʆ ï 1 220 ʤʣʥ. ʨʫʙʣʝʡ. ɼʦʣʷ 

ʢʦʨʧʦʨʘʮʠʠ ʚ ʢʘʧʠʪʘʣʝ ʇʨʦʝʢʪʥʦʡ ʢʦʤʧʘʥʠʠ ʩʦʩʪʘʚʠʪ 49%. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʦ-ʧʫʯʢʦʚʦʡ ʵʧʠʪʘʢʩʠʠ ʠ 

ʧʣʘʥʘʨʥʦʛʦ ʧʨʦʮʝʩʩʠʥʛʘ. ʕʪʦ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʡ ʧʨʦʝʢʪ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʦ-ʧʫʯʢʦʚʦʡ ʵʧʠʪʘʢʩʠʠ ʠ 

ʧʣʘʥʘʨʥʦʛʦ ʧʨʦʮʝʩʩʠʥʛʘ ʦʜʦʙʨʝʥ ʥʘʙʣʶʜʘʪʝʣʴʥʳʤ ʩʦʚʝʪʦʤ ʈʆʉʅɸʅʆ. ʆʙʱʠʡ 

ʙʶʜʞʝʪ ʧʨʦʝʢʪʘ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 630 ʤʣʥ. ʨʫʙʣʝʡ, ʠʟ ʥʠʭ ʠʥʚʝʩʪʠʮʠʠ ʈʆʉʅɸʅʆ ð 

ʜʦ 140 ʤʣʥ. ʨʫʙʣʝʡ. 

ʉʦʟʜʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʝʥʪʨʘ ʪʨʝʭʤʝʨʥʦʡ ʩʙʦʨʢʠ ʤʠʢʨʦʩʭʝʤ. 

ʊʝʭʥʦʣʦʛʠʷ ʪʨʝʭʤʝʨʥʦʡ ʩʙʦʨʢʠ ʢʨʠʩʪʘʣʣʦʚ ʠʣʠ 3D ʩʙʦʨʢʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʥʠʞʘʪʴ ʨʘʟʤʝʨʳ ʤʠʢʨʦʩʭʝʤ ʟʘ 

ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʫʧʘʢʦʚʢʠ, ʫʚʝʣʠʯʠʚʘʪʴ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʩʦʝʜʠʥʝʥʠʡ ʚʥʫʪʨʠ ʢʨʠʩʪʘʣʣʘ ʠ ʫʤʝʥʴʰʘʪʴ ʝʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʠʢʨʦʦʭʣʘʜʠʪʝʣʝʡ. ʆʙʱʠʡ ʙʶʜʞʝʪ 

ʧʨʦʝʢʪʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 827 ʤʣʥ. ʨʫʙʣʝʡ, ʠʟ ʢʦʪʦʨʳʭ ʜʦʣʷ ʈʆʉʅɸʅʆ ʚ 

ʫʩʪʘʚʥʦʤ ʢʘʧʠʪʘʣʝ ʢʦʤʧʘʥʠʠ ʩʦʩʪʘʚʠʪ 150 ʤʣʥ. ʨʫʙʣʝʡ (32,13%). ɺʢʣʘʜ 

ʢʦʤʧʘʥʠʠ-ʟʘʷʚʠʪʝʣʷ, ɿɸʆ çʈʄʊè, ʩʦʩʪʘʚʠʪ ʦʢʦʣʦ 167 ʤʣʥ. ʨʫʙʣʝʡ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ, 360 ʤʣʥ. ʨʫʙʣʝʡ ʙʫʜʝʪ ʧʨʠʚʣʝʯʝʥʦ ʚ ʚʠʜʝ ʢʨʝʜʠʪʘ ʦʪ ʙʘʥʢʘ ʠ 150 

ʤʣʥ. ʨʫʙʣʝʡ ï ʚ ʚʠʜʝ ʚʢʣʘʜʘ ʩʦʠʥʚʝʩʪʦʨʘ ʚ ʫʩʪʘʚʥʦʡ ʢʘʧʠʪʘʣ ʧʨʦʝʢʪʥʦʡ ʢʦʤʧʘʥʠʠ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʧʦʜʣʦʞʝʢ ʠ ʧʣʘʪ ʜʣʷ ʤʦʥʪʘʞʘ ʩʚʝʪʦʜʠʦʜʦʚ. ʆʙʱʠʡ ʙʶʜʞʝʪ 

ʧʨʦʝʢʪʘ ʨʘʚʝʥ 1085 ʤʣʥ. ʨʫʙʣʝʡ, ʠʟ ʢʦʪʦʨʳʭ ʈʆʉʅɸʅʆ ʚʥʝʩʝʪ ʚ ʫʩʪʘʚʥʦʡ 

ʢʘʧʠʪʘʣ ʧʨʦʝʢʪʥʦʡ ʢʦʤʧʘʥʠʠ 120 ʤʣʥ. ʨʫʙʣʝʡ, ʘ ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʠʪ 

ʧʦʨʫʯʠʪʝʣʴʩʪʚʦ ʧʦ ʦʙʷʟʘʪʝʣʴʩʪʚʘʤ ʥʘ ʩʫʤʤʫ ʜʦ 250 ʤʣʥ. ʨʫʙʣʝʡ, ʩʦʠʥʚʝʩʪʦʨ 

ʚʥʝʩʝʪ 132 ʤʣʥ. ʨʫʙʣʝʡ, ʘ ʚʢʣʘʜ MCL ʩʦʩʪʘʚʠʪ 30 ʤʣʥ. ʨʫʙʣʝʡ ʚ ʚʠʜʝ ʜʝʥʝʞʥʳʭ 

ʩʨʝʜʩʪʚ ʠ 328 ʤʣʥ. ʨʫʙʣʝʡ ʚ ʚʠʜʝ ʥʝʤʘʪʝʨʠʘʣʴʥʳʭ ʘʢʪʠʚʦʚ ï ʣʠʮʝʥʟʠʠ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ALOX. ɼʦʧʦʣʥʠʪʝʣʴʥʦ, 475 ʤʣʥ. ʨʫʙʣʝʡ ʙʫʜʝʪ 

ʧʨʠʚʣʝʯʝʥʦ ʚ ʚʠʜʝ ʢʨʝʜʠʪʘ ʦʪ ʙʘʥʢʘ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʠ ʛʝʥʝʨʘʮʠʠ 

ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʨʦʨʳʚʥʦʡ ʨʦʩʩʠʡʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ 

http://www.rusnano.com/Post.aspx/Show/24640
http://www.rusnano.com/Post.aspx/Show/24640
http://www.rusnano.com/Post.aspx/Show/24588
http://www.rusnano.com/Post.aspx/Show/24588
http://www.rusnano.com/Post.aspx/Show/25145
http://www.rusnano.com/Post.aspx/Show/25145
http://www.rusnano.com/Post.aspx/Show/25139
http://www.rusnano.com/Post.aspx/Show/25139
http://www.rusnano.com/Post.aspx/Show/25265
http://www.rusnano.com/Post.aspx/Show/25267
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CERATOM. ʇʨʦʜʫʢʮʠʝʡ ʧʨʦʝʢʪʘ ʷʚʣʷʶʪʩʷ ʫʩʪʨʦʡʩʪʚʘ ʦʭʣʘʞʜʝʥʠʷ, 

ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʷ ʠ ʛʝʥʝʨʘʮʠʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʨʝʯʴ ʠʜʝʪ ʦ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʠʩʪʝʤ 

ʦʭʣʘʞʜʝʥʠʷ ʜʣʷ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʣʘʟʝʨʦʚ, ʩʠʩʪʝʤ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʷ çcold plateè 

ʜʣʷ ʜʠʦʜʥʳʭ ʣʘʟʝʨʦʚ, ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʥʳʭ ʰʢʘʬʦʚ ʜʣʷ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ 

ʘʧʧʘʨʘʪʫʨʳ, ʪʦʨʛʦʚʦʛʦ ʦʭʣʘʜʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘʭ ʜʣʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʞʠʣʴʷ.  

ʇʨʦʠʟʚʦʜʩʪʚʦ ʩʦʣʥʝʯʥʳʭ ʤʦʜʫʣʝʡ ʥʘ ʦʩʥʦʚʝ ʤʦʥʦʢʨʝʤʥʠʷ ʩ ʜʚʫʩʪʦʨʦʥʥʝʡ 

ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ. ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʝʢʪʘ ʧʦʟʚʦʣʠʪ ʚʳʚʝʩʪʠ ʥʘ ʤʠʨʦʚʦʡ 

ʨʳʥʦʢ ʜʚʫʩʪʦʨʦʥʥʠʝ ʩʦʣʥʝʯʥʳʝ ʤʦʜʫʣʠ ʩ ʂʇɼ ʚʳʰʝ ʦʜʥʦʩʪʦʨʦʥʥʠʭ ʥʘ 10-70% 

(10% ʧʨʠ ʚʘʨʠʘʥʪʝ ʠʥʩʪʘʣʣʷʮʠʠ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ; 

70% ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʪʨʘʞʘʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʪʨʝʢʝʨʥʳʭ ʩʠʩʪʝʤ).  

ʇʨʦʠʟʚʦʜʩʪʚʦ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ.  ɺ ʢʦʥʮʝʥʪʨʘʪʦʨʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʘʭ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʢʘʩʢʘʜʥʳʝ ʩʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʛʝʪʝʨʦʩʪʨʫʢʪʫʨ 

ʜʣʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʣʠʥʟʳ 

ʌʨʝʥʝʣʷ, ʢʦʥʮʝʥʪʨʠʨʫʶʱʠʝ ʩʦʣʥʝʯʥʫʶ ʵʥʝʨʛʠʶ ʜʦ 900 ʢʨʘʪ, ʘ ʪʘʢʞʝ 

ʚʳʩʦʢʦʪʦʯʥʳʝ ʩʠʩʪʝʤʳ ʩʣʝʞʝʥʠʷ ʟʘ ʉʦʣʥʮʝʤ. 

ʄʦʜʝʨʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʝʨʤʘʥʠʷ ʠ ʧʨʦʜʫʢʮʠʠ ʚʳʩʦʢʠʭ ʩʪʝʧʝʥʝʡ ʝʛʦ 

ʧʝʨʝʨʘʙʦʪʢʠ. ʇʨʦʜʫʢʮʠʷ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʠʩʭʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʥʘʥʦʠʥʜʫʩʪʨʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ ʨʦʩʩʠʡʩʢʠʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʠʥʬʨʘʢʨʘʩʥʳʭ ʧʨʠʙʦʨʦʚ, ʪʝʧʣʦʚʠʟʦʨʦʚ, ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʜʣʷ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʙʫʜʫʪ ʦʙʝʩʧʝʯʝʥʳ ʨʦʩʩʠʡʩʢʠʤ ʩʳʨʴʝʤ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʜʘʪʯʠʢʦʚ ʚʟʨʳʚʦʦʧʘʩʥʳʭ ʛʘʟʦʚ. 

ʋʥʠʢʘʣʴʥʦʩʪʴ ʧʨʦʝʢʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʩʣʦʝʚ ʧʨʠ ʩʝʨʠʡʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ ʠ ʬʦʪʦʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʧʨʠʝʤʥʠʢʦʚ - ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ 

ʜʘʪʯʠʢʘ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʥʘʥʦʯʝʨʥʠʣ (ʚ ʅʦʚʦʩʠʙʠʨʩʢʝ). ʅʘʙʣʶʜʘʪʝʣʴʥʳʡ ʩʦʚʝʪ 

ʈʆʉʅɸʅʆ ʧʨʠʥʷʣ ʨʝʰʝʥʠʝ ʦ ʩʦʬʠʥʘʥʩʠʨʦʚʘʥʠʠ ʧʨʦʝʢʪʘ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ 

ʥʘʥʦʯʝʨʥʠʣ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʚʠʜʦʚ ʮʠʬʨʦʚʦʡ ʧʝʯʘʪʠ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʢʦʣʣʦʠʜʥʳʭ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ. ʅʘʯʘʣʦ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʦʜʘʞ 

ʥʘʤʝʯʝʥʦ ʥʘ 2011 ʛ. ʂ 2014 ʛ. ʧʨʦʝʢʪʥʘʷ ʢʦʤʧʘʥʠʷ ʧʣʘʥʠʨʫʝʪ ʚʳʡʪʠ ʥʘ ʫʨʦʚʝʥʴ 

ʧʨʦʜʘʞ ʦʢʦʣʦ 250 ʤʣʥ ʨʫʙ. ʠ ʟʘʥʷʪʴ ʧʨʠʤʝʨʥʦ 3,5% ʤʠʨʦʚʦʛʦ ʨʳʥʢʘ ʢʦʣʣʦʠʜʥʳʭ 

ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʥʘ ʵʢʩʧʦʨʪ ʙʫʜʝʪ ʧʦʩʪʘʚʣʷʪʴʩʷ ʜʦ 50% 

ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ ʧʦ ʪʝʭʥʦʣʦʛʠʠ 90 ʥʤ. ʅʘʙʣʶʜʘʪʝʣʴʥʳʡ 

ʩʦʚʝʪ ʈʆʉʅɸʅʆ ʦʜʦʙʨʠʣ ʫʯʘʩʪʠʝ ʂʦʨʧʦʨʘʮʠʠ ʚ ʧʨʦʝʢʪʝ ʧʦ ʩʦʟʜʘʥʠʶ 

ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʚʝʨʭʙʦʣʴʰʠʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ ʥʘ ʦʩʥʦʚʝ 

ʥʘʥʦʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩ ʧʨʦʝʢʪʥʳʤʠ ʥʦʨʤʘʤʠ 90 ʥʤ. ʂʦʥʝʯʥʳʤʠ 

ʧʨʦʜʫʢʪʘʤʠ ʧʨʦʝʢʪʘ ʩʪʘʥʫʪ ʨʦʩʩʠʡʩʢʠʝ ʯʠʧʳ ʜʣʷ ʩʤʘʨʪ-ʢʘʨʪ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʵʣʝʢʪʨʦʥʥʳʭ ʟʘʛʨʘʥʧʘʩʧʦʨʪʘʭ, ʚʦʜʠʪʝʣʴʩʢʠʭ ʫʜʦʩʪʦʚʝʨʝʥʠʷʭ ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʘʭ ʦ 

ʨʝʛʠʩʪʨʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʙʘʥʢʦʚʩʢʠʭ ʠ ʩʦʮʠʘʣʴʥʳʭ ʢʘʨʪʘʭ, SIM-ʢʘʨʪʘʭ 

ʜʣʷ ʤʦʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʦʚ, ʠ ʯʠʧʳ ʜʣʷ RFID-ʤʝʪʦʢ (ʨʘʜʠʦʯʘʩʪʦʪʥʳʭ 

ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʭ ʤʝʪʦʢ). ʊʘʢʞʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʩʭʝʤʳ, ʚʳʧʫʩʢʘʝʤʳʝ ʚ ʨʘʤʢʘʭ 

ʧʨʦʝʢʪʘ, ʙʫʜʫʪ ʚʦʩʪʨʝʙʦʚʘʥʳ ʚ ʧʨʠʙʦʨʘʭ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʠ ɻʃʆʅɸʉʉ/GPS 

ʠ ʮʠʬʨʦʚʳʭ ʪʝʣʝʚʠʟʠʦʥʥʳʭ ʧʨʠʩʪʘʚʢʘʭ. 
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ʇʨʦʠʟʚʦʜʩʪʚʦ ʨʘʜʠʦʯʘʩʪʦʪʥʳʭ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʭ ʤʝʪʦʢ. 

ʅʘʙʣʶʜʘʪʝʣʴʥʳʡ ʩʦʚʝʪ ʈʆʉʅɸʅʆ ʦʜʦʙʨʠʣ ʫʯʘʩʪʠʝ ʂʦʨʧʦʨʘʮʠʠ ʚ ʩʦʚʤʝʩʪʥʦʤ ʩ 

ʠʪʘʣʴʷʥʩʢʦʡ ʢʦʤʧʘʥʠʝʡ Galileo ʧʨʦʝʢʪʝ ʧʦ ʩʦʟʜʘʥʠʶ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʨʘʜʠʦʯʘʩʪʦʪʥʳʭ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʭ ʤʝʪʦʢ (RFID-

ʤʝʪʦʢ), ʧʦʟʚʦʣʷʶʱʠʭ ʟʘʤʝʥʠʪʴ ʪʨʘʜʠʮʠʦʥʥʳʝ ʰʪʨʠʭ-ʢʦʜʳ ʧʨʠ ʫʯʝʪʝ ʧʨʦʜʫʢʮʠʠ ʚ 

ʪʦʨʛʦʚʳʭ ʠ ʩʢʣʘʜʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ. ʅʘʙʣʶʜʘʪʝʣʴʥʳʡ ʩʦʚʝʪ ʈʆʉʅɸʅʆ 

ʦʜʦʙʨʠʣ ʫʯʘʩʪʠʝ ʂʦʨʧʦʨʘʮʠʠ ʚ ʧʨʦʝʢʪʝ ʢʦʤʧʘʥʠʠ çʈʝʥʦʚʘè ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ 

ʩʦʣʥʝʯʥʳʭ ʤʦʜʫʣʝʡ ʥʘ ʙʘʟʝ ʪʝʭʥʦʣʦʛʠʠ ʪʦʥʢʠʭ ʧʣʝʥʦʢ.  

ʇʨʦʠʟʚʦʜʩʪʚʦ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ. ʅʘʙʣʶʜʘʪʝʣʴʥʳʡ ʩʦʚʝʪ 

ʈʦʩʩʠʡʩʢʦʡ ʢʦʨʧʦʨʘʮʠʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʫʪʚʝʨʜʠʣ ʫʯʘʩʪʠʝ ʂʦʨʧʦʨʘʮʠʠ ʚ ʧʨʦʝʢʪʝ 

ʧʦ ʩʦʟʜʘʥʠʶ ʧʝʨʚʦʛʦ ʚ ʈʦʩʩʠʠ ʤʘʩʰʪʘʙʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ ʠ ʤʦʥʦʩʠʣʘʥʘ. ɺ ʩrʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʡ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʩʦʟʜʘʝʪʩʷ ʥʘ ʙʘʟʝ ʧʨʝʜʧʨʠʷʪʠʡ ʢʦʤʧʘʥʠʠ ʅʀʊʆʃ - 

ʆʆʆ çʋʩʦʣʴʝ-ʉʠʙʠʨʩʢʠʡ ʩʠʣʠʢʦʥè ʠ ʆʆʆ çʋʩʦʣʴʝʭʠʤʧʨʦʤè, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ 

ʛ. ʋʩʦʣʴʝ-ʉʠʙʠʨʩʢʦʝ ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ. ɺ ʜʝʢʘʙʨʝ 2008 ʛʦʜʘ ʚ ʪʝʩʪʦʚʦʤ ʨʝʞʠʤʝ 

ʟʘʧʫʱʝʥʘ ʧʝʨʚʘʷ ʦʯʝʨʝʜʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʣʠʢʨʝʤʥʠʷ ʤʦʱʥʦʩʪʴʶ 300 ʪʦʥʥ ʚ ʛʦʜ. 

ʉʪʘʨʪ ʦʩʥʦʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʱʥʦʩʪʴʶ 3500 ʪʦʥʥ ʚ ʛʦʜ ʥʘʤʝʯʝʥ ʥʘ ʢʦʥʝʮ 2009 

ʛʦʜʘ. ɿʘʧʫʩʢ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʥʦʩʠʣʘʥʘ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʝʥ ʧʦʵʪʘʧʥʦ, ʠʪʦʛʦʚʘʷ 

ʤʦʱʥʦʩʪʴ ʩʦʩʪʘʚʠʪ 200 ʪʦʥʥ ʚ ʛʦʜ.  

ʇʨʦʠʟʚʦʜʩʪʚʦ ʩʚʝʪʦʪʝʭʥʠʢʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. ʋʯʨʝʜʠʪʝʣʴʥʳʝ ʜʦʢʫʤʝʥʪʳ 

ʧʦ ʩʦʟʜʘʥʠʶ ʥʦʚʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʚ 2011 ʛ. ʧʦʜʧʠʩʘʣʠ ʧʨʝʟʠʜʝʥʪ ʆʆʆ çɻʨʫʧʧʘ 

ʆʅʕʂʉʀʄè ʄʠʭʘʠʣ ʇʨʦʭʦʨʦʚ, ʛʝʥʝʨʘʣʴʥʳʡ ʜʠʨʝʢʪʦʨ ʋʨʘʣʴʩʢʦʛʦ ʦʧʪʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʟʘʚʦʜʘ ʠʤ. ʕ.ʉ. ʗʣʘʤʦʚʘ ʉʝʨʛʝʡ ʄʘʢʩʠʥ ʠ ʛʝʥʝʨʘʣʴʥʳʡ ʜʠʨʝʢʪʦʨ 

ʈʆʉʅɸʅʆ ɸʥʘʪʦʣʠʡ ʏʫʙʘʡʩ.  

ʇʦʜʛʦʪʦʚʢʘ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʥʘʥʦʠʥʜʫʩʪʨʠʠ. ʇʝʨʚʳʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ 

ʧʨʦʝʢʪ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ çʄʝʞʜʫʥʘʨʦʜʥʘʷ ʤʘʛʠʩʪʝʨʩʢʘʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ 

ʧʨʦʛʨʘʤʤʘ ʄʦʩʢʦʚʩʢʦʛʦ ʀʥʩʪʠʪʫʪʘ ʩʪʘʣʠ ʠ ʩʧʣʘʚʦʚ (ʄʀʉʠʉ) ï ʄʦʩʢʦʚʩʢʦʛʦ 

ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ (ʄʌʊʀ) çʅʘʥʦʜʠʘʛʥʦʩʪʠʢʘ, ʤʝʪʨʦʣʦʛʠʷ, 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʠ ʩʝʨʪʠʬʠʢʘʮʠʷ ʧʨʦʜʫʢʮʠʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʠ ʥʘʥʦʠʥʜʫʩʪʨʠʠè.  

 

2.1.5. ʂʠʪʘʡ 

ɺ ʤʘʨʪʝ 1986 ʛ. ʛʨʫʧʧʘ ʫʯʝʥʳʭ - ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

ʂʠʪʘʷ ï ɺʘʥ ɼʘʩʠʥ, ɺʘʥ ʎʟʠʥʴʯʘʥ, ʗʥ ʎʟʷʩʠ ʠ ʏʵʥʴʌʘʥʲʶʥʴ, ʥʘʧʠʩʘʣʠ ʚ ʎʂ ʂʇʂ 

ʧʠʩʴʤʦ, ʚ ʢʦʪʦʨʦʤ ʠʟʣʦʞʠʣʠ ʧʨʝʜʣʦʞʝʥʠʷ ʦ ʪʦʤ, ʢʘʢ ʢʠʪʘʡʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʚ ʢʦʨʦʪʢʠʡ ʩʨʦʢ ʜʦʩʪʠʛʥʫʪʴ ʤʠʨʦʚʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ. ɼʣʷ ʨʘʩʩʤʦʪʨʝʥʠʷ 

ʧʠʩʴʤʦ ʙʳʣʦ ʥʘʧʨʘʚʣʝʥʦ ʪʦʚʘʨʠʱʫ ɼʵʥ ʉʷʦʧʠʥʫ (1904-1997 ʛʦʜʳ), ʟʘʥʠʤʘʚʰʝʤʫ 

ʪʦʛʜʘ ʜʦʣʞʥʦʩʪʴ ʇʨʝʜʩʝʜʘʪʝʣʷ ʎʝʥʪʨʘʣʴʥʦʛʦ ʚʦʝʥʥʦʛʦ ʩʦʚʝʪʘ ʂʅʈ. ʇʦʩʣʝ 

ʦʟʥʘʢʦʤʣʝʥʠʷ ɼʵʥ ʉʷʦʧʠʥ ʥʘʣʦʞʠʣ ʨʝʟʦʣʶʮʠʶ: çʇʨʠʥʷʪʴ ʨʝʰʝʥʠʝ, ʢʘʢ ʤʦʞʥʦ 

ʩʢʦʨʝʝ, ʥʝʣʴʟʷ ʦʪʢʣʘʜʳʚʘʪʴè. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʠ ʛʣʫʙʦʢʦʛʦ ʠʟʫʯʝʥʠʷ 

ʧʨʝʜʣʦʞʝʥʠʡ ʚ ʎʂ ʂʇʂ ʠ ɻʦʩʩʦʚʝʪʝ ʂʅʈ, ʧʦʷʚʠʣʩʷ ʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʳʡ 

ʜʦʢʫʤʝʥʪ, ʠʟʚʝʩʪʥʳʡ ʢʘʢ "ʇʨʦʛʨʘʤʤʘ 863" (ʅʘʮʠʦʥʘʣʴʥʘʷ ʇʨʦʛʨʘʤʤʘ ʧʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʠ ʨʘʟʨʘʙʦʪʢʘʤ ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ). ɺʧʦʩʣʝʜʩʪʚʠʠ, ʚʩʝ 

ʪʝʭʥʠʯʝʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʦʝʢʪʳ ʚ ʩʪʨʘʥʝ ʩʪʘʣʠ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʨʘʤʢʘʭ ʦʙʱʝʡ 

çʇʨʦʛʨʘʤʤʳ 863è ʧʦ ʩʚʦʠʤ ʧʦʜʧʨʦʛʨʘʤʤʘʤ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʫʞʝ ʚ 1999 ʛ. 
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ʢʦʤʧʘʥʠʷ "ʍʵʥʪʫʥ ɻʫʘʥʭʫʘ", ʚʦ ʚʨʝʤʷ ʧʦʣʝʪʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ "ʐʵʥʴʯʞʦʫ-

1", ʚʳʧʦʣʥʷʣʘ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʩʝʣʝʢʮʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʚʝʩʦʤʦʩʪʠ ʧʦ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ. 

ɺ 1997 ʛ. ɻʦʩʩʦʚʝʪʦʤ ʂʅʈ ʙʳʣ ʧʨʠʥʷʪ ʝʱʝ ʦʜʠʥ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʜʦʢʫʤʝʥʪ 

"ʇʨʦʛʨʘʤʤʘ 973" (ʅʘʮʠʦʥʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʦ ʨʘʟʚʠʪʠʶ ʦʩʥʦʚʥʳʭ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ). "ʇʨʦʛʨʘʤʤʘ 973" ʦʧʨʝʜʝʣʷʝʪ ʧʨʦʚʝʜʝʥʠʝ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʚʦʩʴʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤ: ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʵʥʝʨʛʝʪʠʢʘ ʠ 

ʪʨʘʥʩʧʦʨʪ, ʠʥʬʦʨʤʘʪʠʢʘ (IT), ʨʝʩʫʨʩʳ, ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʝ, ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʦʜʠʤʳʝ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʥʘʫʢ, 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʥʘʫʢʘ. ɼʦʢʫʤʝʥʪ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʥʦʞʝʩʪʚʦ ʧʨʝʜʧʠʩʳʚʘʶʱʠʭ 

ʧʦʣʦʞʝʥʠʡ ʢʘʩʘʶʱʠʭʩʷ, ʥʘʧʨʠʤʝʨ, ʩʪʘʞʘ, ʚʦʟʨʘʩʪʘ ʠ ʧʦʨʷʜʢʘ ʥʘʟʥʘʯʝʥʠʷ 

ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʣʠʮ; ʦʧʨʝʜʝʣʷʝʪ ʩʠʩʪʝʤʫ ʧʨʝʤʠʨʦʚʘʥʠʷ ʩ ʢʦʥʢʨʝʪʥʳʤ ʫʢʘʟʘʥʠʝʤ 

ʧʨʝʤʠʘʣʴʥʳʭ ʩʨʝʜʩʪʚ; ʬʦʨʤʠʨʫʝʪ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦ ʩʦʟʜʘʥʠʶ ʘʪʤʦʩʬʝʨʳ 

ʪʚʦʨʯʝʩʢʦʛʦ ʵʥʪʫʟʠʘʟʤʘ ʨʘʙʦʪʥʠʢʦʚ ʠ ʪ.ʜ.  

ʉʝʡʯʘʩ ʚ ʥʘʥʦʦʪʨʘʩʣʠ ʂʠʪʘʷ ʨʘʙʦʪʘʝʪ 101 ʢʦʤʧʘʥʠʷ ï ʙʦʣʴʰʝ, ʯʝʤ ʚ ʣʶʙʦʡ 

ʜʨʫʛʦʡ ʩʪʨʘʥʝ ɸʟʠʘʪʩʢʦ-ʪʠʭʦʦʢʝʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ. ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ 

ʦʙʣʘʩʪʷʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʠʪʘʡʩʢʦʛʦ ʥʘʥʦʪʝʭʘ ʷʚʣʷʶʪʩʷ  ʭʠʤʠʷ, 

ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʝ, ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʪʦʚʘʨʳ ʠ ʵʢʦʣʦʛʠʷ. 

ʂʠʪʘʡʩʢʠʡ ʨʳʥʦʢ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʚ 2008 ʛ. ʦʮʝʥʠʚʘʣʩʷ ʧʨʠʤʝʨʥʦ ʚ 400 ʤʣʥ. 

ʜʦʣʣ., ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʡ, ʦʜʥʘʢʦ, ʚʣʘʩʪʠ ʧʨʝʜʧʨʠʥʠʤʘʶʪ 

ʙʦʣʴʰʠʝ ʫʩʠʣʠʷ ʜʣʷ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʨʘʟʚʠʪʠʷ ʨʳʥʢʘ, ʪʘʢ ʚ ʧʝʨʠʦʜ ʩ 2002 ʛ. ʧʦ 

2010 ʛ. ʢʠʪʘʡʩʢʦʝ ʧʨʘʚʠʪʝʣʴʩʪʚʦ ʟʘʧʣʘʥʠʨʦʚʘʣʦ ʧʦʪʨʘʪʠʪʴ 2,2 ʤʣʨʜ. ʜʦʣʣ. ʥʘ 

ʨʘʟʚʠʪʠʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ. ʈʦʩʪ ʨʳʥʢʘ ʦʮʝʥʠʚʘʝʪʩʷ ʚ ʧʨʠʤʝʨʥʦ 25 % ʚ ʛʦʜ. 

ʄʝʩʪʥʘʷ (ʢʠʪʘʡʩʢʘʷ) ʩʪʘʪʠʩʪʠʢʘ ʜʘʝʪ ʙʦʣʴʰʠʝ ʧʦʢʘʟʘʪʝʣʠ. ɺ ʢʠʪʘʡʩʢʠʭ 

ʠʩʪʦʯʥʠʢʘʭ ʨʳʥʦʢ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʜʦʩʪʠʛ 400 ʤʣʥ. ʜʦʣʣ. ʝʱʝ ʚ 2004 ʛ. ʅʘ 

ʧʨʦʪʷʞʝʥʠʠ ʧʷʪʠ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʣʝʪ ʨʦʩʪ ʫʩʪʦʡʯʠʚʦ ʩʦʭʨʘʥʷʣʩʷ ʥʘ ʫʨʦʚʥʝ 

ʙʦʣʝʝ 15 % ʠ ʚ 2008 ʛʦʜʫ ʨʳʥʦʢ ʩʦʩʪʘʚʠʣ, ʧʦ ʤʝʩʪʥʳʤ ʦʮʝʥʢʘʤ, ʦʢʦʣʦ 5,3 ʤʣʨʜ. 

ʶʘʥʝʡ. 

ʆ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʛʦʩʫʜʘʨʩʪʚʘ ʥʘ ʨʘʟʚʠʪʠʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʚ 

ʇʦʜʥʝʙʝʩʥʦʡ ʛʦʚʦʨʠʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʫʯʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʚʦʚʣʝʯʝʥʥʳʭ ʚ 

ʥʘʥʦʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʇʨʦʛʨʘʤʤʳ "ʅʘʥʦʪʝʭ" ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʅʀʀ ɸʅ ʂʅʈ, ʚʫʟʦʚʩʢʠʭ 

ʅʀʀ, ʘ ʪʘʢʞʝ, ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ ʤʥʦʛʠʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʆʩʥʦʚʥʫʶ 

ʨʦʣʴ ʚ ʦʙʣʘʩʪʠ ʥʘʥʦʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʥʘʥʦʦʙʨʘʟʦʚʘʥʠʷ ʠʛʨʘʶʪ ɸʅʂʅʈ (ʉhinese 

Academy of Sciences), ʅʘʮʠʦʥʘʣʴʥʳʡ ʮʝʥʪʨ ʥʘʥʦʥʘʫʢʠ ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ (National 

Center for Nanoscience and Nanotechnology); ʅʀʀ ʍʠʤʠʠ ɸʅ ʂʅʈ (Institute of 

Chemistry Chinese Academy of Science); ʅʀʀ ʌʠʟʠʢʠ ɸʅ ʂʅʈ (Institute of Physics 

Chinese Academy of Science); ʅʀʀ ʊʝʭʥʦʣʦʛʠʡ ɸʅ ʂʅʈ (Institute of Process 

Engineering, Chinese Academy of Science). ɺʦ ʤʥʦʛʦʤ ʙʣʘʛʦʜʘʨʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʵʪʠʭ 

ʦʨʛʘʥʠʟʘʮʠʡ ʂʠʪʘʡ ʠʤʝʝʪ ʤʦʱʥʳʡ ʥʘʫʯʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʡ ʧʦʪʝʥʮʠʘʣ. ʆʜʥʘʢʦ 

ʧʦʢʘ ʢʘʢʠʭ-ʣʠʙʦ ʨʝʘʣʴʥʳʭ ʩʦʙʩʪʚʝʥʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʠʣʠ ʧʝʨʝʜʦʚʳʭ ʥʘʥʦʧʨʦʝʢʪʦʚ 

ʚ ʂʠʪʘʝ ʥʝʪ.  

ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʧʨʦʛʨʘʤʤʳ ʚ ʇʦʜʥʝʙʝʩʥʦʡ ʧʦʩʚʷʱʝʥʳ ʚ ʦʩʥʦʚʥʦʤ 

ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ  ʨʘʟʨʘʙʦʪʘʥʳ ʠ 

ʠʟʫʯʝʥʳ ʩʚʦʡʩʪʚʘ ʥʠʟʢʦʨʘʟʤʝʨʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ, ʢʚʘʥʪʦʚʦʡ ʢʨʠʧʪʦʛʨʘʬʠʠ ʠ 

ʢʚʘʥʪʦʚʦʡ ʦʧʪʠʢʠ.  
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ʆʩʥʦʚʥʦʝ ʞʝ ʚʥʠʤʘʥʠʝ ʢʠʪʘʡʩʢʠʭ ʫʯʝʥʳʭ ʥʘʧʨʘʚʣʝʥʦ ʟʘ ʧʨʝʜʝʣʳ ʠʭ ʩʪʨʘʥʳ, 

ʪʫʜʘ, ʛʜʝ ʤʦʞʥʦ ʧʦʩʤʦʪʨʝʪʴ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʂ ʧʨʠʤʝʨʫ, ʫʞʝ ʙʦʣʝʝ ʛʦʜʘ ʜʣʠʪʩʷ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʤʝʞʜʫ FinNano (ʌʠʥʩʢʘʷ ʧʨʦʛʨʘʤʤʘ ʅʘʮʠʦʥʘʣʴʥʘʷ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʠʥʠʮʠʘʪʠʚʘ) ʠ CINIC (ʄʝʞʜʫʥʘʨʦʜʥʳʡ 

ʅʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʢʣʘʩʪʝʨ ʂʠʪʘʷ). ʆʥʦ ʩʦʩʪʘʚʣʷʝʪ ʦʜʠʥ ʠʟ ʛʣʘʚʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʙʦʣʝʝ ʰʠʨʦʢʦʡ ʧʨʦʛʨʘʤʤʳ NAMI (Nanotechnology Strategic Mutual Cooperation 

Initiative), ʩʚʷʟʳʚʘʶʱʝʡ ʦʙʝ ʩʪʨʘʥʳ ʚ ʠʭ ʫʩʠʣʠʷʭ ʧʦ ʨʘʟʚʠʪʠʶ ʅʀʆʂʈ ʚ ʦʙʣʘʩʪʠ 

ʨʘʟʨʘʙʦʪʢʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʩ ʪʝʤ, ʯʪʦʙʳ ʢ 2010 ʛ. ʚʳʧʫʩʪʠʪʴ ʥʘ ʨʳʥʦʢ 

ʧʦʷʚʠʚʰʠʝʩʷ ʢ ʪʦʤʫ ʚʨʝʤʝʥʠ ʧʨʦʜʫʢʪʳ (ʧʨʦʜʫʢʪʦʚ ʝʱʝ ʥʝʪ, ʘ ʦʙ ʠʭ ʚʳʧʫʩʢʝ ʫʞʝ 

ʜʦʛʦʚʦʨʠʣʠʩʴ). ɼʨʫʛʦʡ ʧʨʠʤʝʨ: ʚ ʇʝʢʠʥʝ ʦʪʢʨʳʪ ʦʙʲʝʜʠʥʝʥʥʳʡ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʝʥʪʨ ʂʦʨʝʠ ʠ ʂʠʪʘʷ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʦʚʤʝʩʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ɺ ʢʦʥʮʝ ʦʢʪʷʙʨʷ 2008 ʛ. ʈʦʩʩʠʷ ʧʦʜʧʠʩʘʣʘ ʩ ʂʠʪʘʝʤ ʩʦʛʣʘʰʝʥʠʝ ʦ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʧʦ ʨʘʟʚʠʪʠʶ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ. ʂʠʪʘʡʩʢʦʡ ʩʪʦʨʦʥʦʡ ʜʣʷ 

ʩʦʚʤʝʩʪʥʳʭ ʨʦʩʩʠʡʩʢʦ-ʢʠʪʘʡʩʢʠʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʦʧʳʪʥʦ-

ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʙʦʪ, ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʥʘʥʦʧʨʦʜʫʢʪʦʚ, 

ʦʧʨʝʜʝʣʝʥ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʘʨʢ ʧʦ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʤ ʚ  ʛʦʨʦʜʝ ʉʫʯʞʦʫ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʉʦʛʣʘʰʝʥʠʝʤ ʩʪʦʨʦʥʳ ʙʫʜʫʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ 

ʧʦ ʩʣʝʜʫʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: 

- ʚʟʘʠʤʥʳʡ ʦʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ 
ʧʦʪʝʥʮʠʘʣʴʥʦʤ ʨʳʥʢʝ ʚ ʩʬʝʨʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʦ ʩʦʟʜʘʥʠʠ ʤʝʭʘʥʠʟʤʦʚ 

ʦʮʝʥʢʠ ʧʝʨʩʧʝʢʪʠʚ ʧʨʠʤʝʥʝʥʠʷ ʠ ʨʠʩʢʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, 

ʨʘʟʨʘʙʦʪʢʝ ʠ ʚʥʝʜʨʝʥʠʠ ʤʝʭʘʥʠʟʤʦʚ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʜʦʩʪʠʞʝʥʠʡ, 

ʩʦʟʜʘʥʠʠ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʮʝʥʪʨʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʠ ʥʘʥʦʠʥʜʫʩʪʨʠʠ; 

- ʨʘʟʚʠʪʠʝ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʚ ʩʬʝʨʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, 

ʧʨʦʚʝʜʝʥʠʝ ʩʦʚʤʝʩʪʥʳʭ ʩʝʤʠʥʘʨʦʚ ʠ ʢʦʥʬʝʨʝʥʮʠʡ ʫʯʝʥʳʭ ʠ ʵʢʩʧʝʨʪʦʚ ʚ 

ʦʙʣʘʩʪʠ ʪʨʘʥʩʬʝʨʘ ʥʘʫʯʥʳʭ ʨʘʟʨʘʙʦʪʦʢ;  

- ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, 

ʥʘʮʝʣʝʥʥʳʭ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʶ ʧʨʦʜʫʢʪʦʚ, 

ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ; 

- ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʚ ʦʙʣʘʩʪʠ ʟʘʱʠʪʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʩʦʙʩʪʚʝʥʥʦʩʪʠ, ʧʘʪʝʥʪʦʚʘʥʠʷ ʥʦʚʳʭ ʨʘʟʨʘʙʦʪʦʢ; 

- ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ ʣʘʙʦʨʘʪʦʨʠʡ ʠ ʧʨʦʠʟʚʦʜʩʪʚ, 
ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ; 

- ʩʦʚʤʝʩʪʥʦʝ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʧʨʦʝʢʪʦʚ), 

ʧʨʝʜʧʦʣʘʛʘʶʱʝʝ ʚʩʝʩʪʦʨʦʥʥʶʶ ʵʢʩʧʝʨʪʥʫʶ ʦʮʝʥʢʫ ʥʘʫʯʥʳʭ ʠʜʝʡ, 

ʧʨʦʨʘʙʦʪʢʫ ʪʝʭʥʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ 

ʠʭ ʨʝʘʣʠʟʘʮʠʠ; 

- ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ; 

- ʠʟʫʯʝʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʢʦʤʧʣʝʢʩʘ ʤʝʨ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʠʭ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ 

ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ; 

- ʩʦʚʤʝʩʪʥʘʷ ʨʘʙʦʪʘ ʧʦ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʥʘʫʯʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʚ ʦʙʣʘʩʪʠ 
ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʩʦʟʜʘʥʠʝ ʩʦʚʤʝʩʪʥʳʭ ʚʝʥʯʫʨʥʳʭ ʬʦʥʜʦʚ ʠ ʜʝʣʦʚʳʭ 
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ʩʪʨʫʢʪʫʨ, ʥʘʮʝʣʝʥʥʳʭ ʥʘ ʧʨʠʚʣʝʯʝʥʠʝ ʯʘʩʪʥʦʛʦ ʢʘʧʠʪʘʣʘ ʢ ʨʘʙʦʪʝ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ. 

ʂʠʪʘʡ ʜʦʙʠʣʩʷ ʩʢʘʯʢʘ ʚ ʨʘʟʚʠʪʠʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʠ ʩʪʘʣ ʦʜʥʦʡ ʠʟ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʜʝʨʞʘʚ ʤʠʨʘ. ʆʙ ʵʪʦʤ ʟʘʷʚʠʣʠ ʜʦʢʣʘʜʯʠʢʠ ʥʘ ʨʘʙʦʯʝʤ 

ʩʦʚʝʱʘʥʠʠ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʢʦʤʠʩʩʠʠ ʧʦ ʨʫʢʦʚʦʜʩʪʚʫ ʠ ʢʦʦʨʜʠʥʘʮʠʠ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɺ ʧʝʨʠʦʜ 11-ʡ ʧʷʪʠʣʝʪʢʠ ʂʠʪʘʡ ʚʳʜʝʣʠʣ ʦʢʦʣʦ 800 ʤʣʥ. ʜʦʣʣ. ʥʘ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʯʪʦ ʙʦʣʝʝ ʯʝʤ ʚ 4 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ 

ʘʥʘʣʦʛʠʯʥʫʶ ʮʠʬʨʫ 10-ʡ ʧʷʪʠʣʝʪʢʠ. ɺ ʛʦʜʳ 11-ʡ ʧʷʪʠʣʝʪʢʠ ʚ ʩʪʨʘʥʝ ʙʳʣʠ 

ʩʦʟʜʘʥʳ ʪʨʠ ʮʝʥʪʨʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʇʝʢʠʥʩʢʠʡ 

ʥʘʮʠʦʥʘʣʴʥʳʡ ʮʝʥʪʨ ʧʦ ʠʟʫʯʝʥʠʶ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʊʷʥʴʮʟʠʥʴʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʠ ʠʥʞʝʥʝʨʠʠ ʠ ʐʘʥʭʘʡʩʢʠʡ 

ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʥʞʝʥʝʨʥʳʡ ʮʝʥʪʨ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ. 

ɺ ʪʝʯʝʥʠʝ ʧʨʦʰʝʜʰʠʭ 5 ʣʝʪ ʚ ʂʠʪʘʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʟʘʤʝʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʟʘʷʚʦʢ ʥʘ ʧʦʣʫʯʝʥʠʝ ʧʘʪʝʥʪʦʚ ʥʘ ʠʟʦʙʨʝʪʝʥʠʷ ʚ ʩʬʝʨʝ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ. ʇʦ ʜʘʥʥʳʤ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʜʝʣʘʤ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʂʅʈ, ʯʠʩʣʦ ʧʦʜʦʙʥʳʭ ʟʘʷʚʦʢ ʚ ʩʪʨʘʥʝ ʚʦʟʨʦʩʣʦ 

ʧʨʠʤʝʨʥʦ ʩ 4.600 ʚ 2005 ʛ. ʙʦʣʝʝ ʯʝʤ ʜʦ 12 ʪʳʩ. ʚ 2009 ʛ., ʧʦ ʵʪʦʤʫ ʧʦʢʘʟʘʪʝʣʶ 

ʂʠʪʘʡ ʟʘʥʷʣ ʚʪʦʨʦʝ ʤʝʩʪʦ ʚ ʤʠʨʝ. ɺ 2009 ʛ. ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʦ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʭ ʂʠʪʘʡ ʚʧʝʨʚʳʝ ʦʧʝʨʝʜʠʣ ʉʐɸ ʠ ʟʘʥʷʣ ʧʝʨʚʦʝ ʤʝʩʪʦ ʚ ʤʠʨʝ
74

. 

 

2.1.6. ʖʞʥʘʷ ʂʦʨʝʷ 

ʖʞʥʘʷ ʂʦʨʝʷ ʚ ʙʣʠʞʘʡʰʠʝ 7 ʣʝʪ ʧʣʘʥʠʨʫʝʪ ʟʘʚʦʝʚʘʪʴ 15 % ʛʣʦʙʘʣʴʥʦʛʦ 

ʨʳʥʢʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʠ ʩʪʘʪʴ 3-ʡ ʤʠʨʦʚʦʡ ʜʝʨʞʘʚʦʡ ʚ ʵʪʦʡ ʩʬʝʨʝ. ɿʘ ʧʦʩʣʝʜʥʠʝ 8 

ʣʝʪ ʖʞʥʘʷ ʂʦʨʝʷ ʚʣʦʞʠʣʘ ʚ ʨʘʟʚʠʪʠʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ 1,4 ʤʣʨʜ. ʜʦʣʣ., ʠʟ ʢʦʪʦʨʳʭ 

958 ʤʣʥ. ʜʦʣʣ. ʧʦʰʣʠ ʥʘ ʅʀʆʂʈ, 325 ʤʣʥ. ʜʦʣʣ. ï ʥʘ ʩʦʟʜʘʥʠʝ ʦʙʲʝʢʪʦʚ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ 74,6 ʤʣʥ. ʜʦʣʣ. ï ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ 

ʧʦʜʛʦʪʦʚʢʫ ʩʧʝʮʠʘʣʠʩʪʦʚ. ʇʦ ʠʪʦʛʘʤ 2005 ʛ. ʖʞʥʘʷ ʂʦʨʝʷ ʟʘʥʠʤʘʣʘ ʯʝʪʚʝʨʪʦʝ 

ʤʝʩʪʦ ʧʦʩʣʝ ʉʐɸ, ʗʧʦʥʠʠ ʠ ɻʝʨʤʘʥʠʠ ʧʦ ʫʨʦʚʥʶ ʨʘʟʚʠʪʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ.  

ʂ 2015 ʛ. ʖʞʥʘʷ ʂʦʨʝʷ ʨʘʩʩʯʠʪʳʚʘʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ 

ʤʠʨʦʚʦʛʦ ʨʳʥʢʘ, ʦʮʝʥʠʚʘʝʤʦʛʦ ʚ 2,95 ʪʨʣ. ʜʦʣʣ., ʩʦʟʜʘʪʴ ʜʦ 500 ʢʦʤʧʘʥʠʡ ʠ ʠʤʝʪʴ 

ʚ ʩʚʦʝʤ ʨʘʩʧʦʨʷʞʝʥʠʠ ʥʝ ʤʝʥʝʝ 30 ʢʣʶʯʝʚʳʭ ʤʠʨʦʚʦʛʦ ʢʣʘʩʩʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ. 

ʆʩʥʦʚʥʳʝ ʫʩʠʣʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʦʩʨʝʜʦʪʦʯʠʪʴ ʥʘ ʨʘʟʚʠʪʠʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠ, 

ʦʙʨʘʙʦʪʢʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʵʥʝʨʛʝʪʠʢʠ ʠ ʙʠʦʤʝʜʠʮʠʥʳ, 

ʛʜʝ ʪʘʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ
75

. 

ɺ 2001 ʛ. ʚ ʖʞʥʦʡ ʂʦʨʝʝ ʩʪʘʨʪʦʚʘʣʘ ʧʨʦʛʨʘʤʤʘ ʅʘʮʠʦʥʘʣʴʥʦʡ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʠʮʠʘʪʠʚʳ, ʝʝ ʙʶʜʞʝʪ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 2 ʤʣʨʜ. ʜʦʣʣ. ʥʘ 

ʧʝʨʠʦʜ ʩ 2001 ʛ. ʧʦ 2010 ʛ. ʉʪʨʫʢʪʫʨʘ ʨʘʩʭʦʜʦʚʘʥʠʷ ʵʪʠʭ ʩʨʝʜʩʪʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 

ʪʘʙʣʠʮʝ 2.3. 

 

 

 

                                           
74 The Jamestown Foundation - China Brief 4(16) 05 August 2010. 
75 http://popnano.ru/news/show/204 

http://popnano.ru/news/show/204
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ʊʘʙʣʠʮʘ 2.3 ɿʘʪʨʘʪʳ ʥʘ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʚ ʖʞʥʦʡ ʂʦʨʝʝ ʚ ʤʣʥ. ʜʦʣʣ. ʉʐɸ
76

. 

 

1 ʬʘʟʘ 

(2001-2004) 

2 ʬʘʟʘ 

(2005-2007) 

3 ʬʘʟʘ 

(2007-2010) 
ʉʫʤʤʘʨʥʦʝ 

ɻʦʩ. ʏʘʩʪʥ. ɻʦʩ. ʏʘʩʪʥ. ɻʦʩ. ʏʘʩʪʥ. ɻʦʩ. ʏʘʩʪʥ. ʉʫʤʤʘ 

ʇʨʦʛʨʘʤʤʘ 

ʨʘʟʚʠʪʠʷ 
203 44 32 137 232 206 667 387 1045 

ʆʙʨʘʟʦʚʘʥʠʝ 31 - 18 - 19 - 73 - 73 

ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ 64 28 28 11 23 10 116 49 164 

ʆʙʱʝʝ 98 72 84 148 274 216 855 436 1291 

 

2.1.7. ʀʥʜʠʷ 

ʇʨʘʚʠʪʝʣʴʩʪʚʦ ʀʥʜʠʠ ʧʣʘʥʠʨʫʝʪ ʜʦ 2012 ʛ. ʚʣʦʞʠʪʴ ʚ ʨʘʟʚʠʪʠʝ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ 200 ʤʣʥ. ʜʦʣʣ. ʉ 2002 ʛ. ʦʙʲʝʤ ʫʞʝ ʚʣʦʞʝʥʥʳʭ ʚ ʨʘʟʚʠʪʠʝ ʵʪʦʡ 

ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʦʪʨʘʩʣʠ ʙʶʜʞʝʪʥʳʭ ʩʨʝʜʩʪʚ ʩʦʩʪʘʚʠʣ ʚ ʀʥʜʠʠ 144 ʤʣʥ. ʜʦʣʣ. ʇʨʠ 

ʵʪʦʤ,  42 % ʚʳʜʝʣʝʥʥʳʭ ʩʨʝʜʩʪʚ ʙʳʣʠ ʠʟʨʘʩʭʦʜʦʚʘʥʳ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ, 50 % ʥʘ ʩʦʟʜʘʥʠʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ. ɺʩʝʛʦ 

ʛʦʩʫʜʘʨʩʪʚʦ ʧʦʜʜʝʨʞʘʣʦ ʟʘ ʧʦʩʣʝʜʥʠʝ 7 ʣʝʪ ʙʦʣʝʝ 500 ʧʨʦʬʠʣʴʥʳʭ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʧʨʦʝʢʪʦʚ
77
. ʅʘ ʨʠʩ.2.4 ʛʨʘʬʠʯʝʩʢʠ ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʟʘʪʨʘʪ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʨʘʙʦʪʢʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʚ ʀʥʜʠʠ.  

 

 
ʈʠʩʫʥʦʢ 2.4. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʪʨʘʪ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʨʘʙʦʪʢʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʚ 

ʀʥʜʠʠ. 

 

ʇʨʘʚʠʪʝʣʴʩʪʚʦ ʨʝʘʣʠʟʫʝʪ ʰʝʩʪʴ ʧʨʦʝʢʪʦʚ ʯʘʩʪʥʦ-ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʧʘʨʪʥʝʨʩʪʚʘ ʥʘ ʙʘʟʝ ʚʝʜʫʱʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʚʫʟʦʚ ʩʪʨʘʥʳ, ʬʠʥʘʥʩʠʨʫʝʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʘʬʝʜʨʳ ʚ 15 ʠʥʩʪʠʪʫʪʘʭ.  

ʅʘʥʦʪʝʭʥʦʣʦʛʠʠ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʀʥʜʠʠ ʧʦʣʴʟʫʶʪʩʷ ʙʦʣʴʰʦʡ 

ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʩʨʝʜʠ ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. ʊʳʩʷʯʠ ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʛʦʪʦʚʷʪʩʷ ʟʘʱʠʱʘʪʴ ʢʘʥʜʠʜʘʪʩʢʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʦ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʤ. 

ɼʝʧʘʨʪʘʤʝʥʪ ʧʦ ʥʘʫʢʝ ʠ ʪʝʭʥʦʣʦʛʠʷʤ (DST), ʦʨʛʘʥʠʟʘʮʠʷ ʷʚʣʷʶʱʘʷʩʷ 

ʮʝʥʪʨʦʤ ʧʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ (NSTM), ʢʦʪʦʨʘʷ ʙʳʣʘ ʫʪʚʝʨʞʜʝʥʘ 

                                           
76 Z. G. Khim, Korean Nanotechnology Networks and Funding (School of Physics, Seoul National University, Seoul 

Korea, 2010). 
77 TERI.  2010 Nanotechnology development in India: building capability and governing the technology (TERI Briefing 

Paper, 2010). 




