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ʬʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 
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DIREC TU M -15000-1295963  
 

˛̂ ̔̓̃̆̑̇̅̆̎̉̉ ̓̆̍ ̜̜̖̃̐̔̒̋̎ 
̗̜̖̋̃́̌̉̉̋́̉̏̎̎̕ ̑́̂̏̓ ̉ 
̘̎́̈̎́̆̎̉̉ ̘̜̖̎́̔̎ 
̑̔̋̏̃̏̅̉̓̆̌̆̊ 

 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʇʦʣʦʞʝʥʠʝʤ ʦ ʧʦʨʷʜʢʝ ʧʨʦʚʝʜʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʠʪʦʛʦʚʦʡ ʘʪʪʝʩʪʘʮʠʠ ʧʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʧʨʦʛʨʘʤʤʘʤ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ï 

ʧʨʦʛʨʘʤʤʘʤ ʙʘʢʘʣʘʚʨʠʘʪʘ, ʧʨʦʛʨʘʤʤʘʤ ʩʧʝʮʠʘʣʠʪʝʪʘ ʠ ʧʨʦʛʨʘʤʤʘʤ 

ʤʘʛʠʩʪʨʘʪʫʨʳ 

ʇʈʀʂɸɿʓɺɸʖ: 

ʋʪʚʝʨʜʠʪʴ ʥʘ 2019/2020 ʫʯʝʙʥʳʡ ʛʦʜ ʪʝʤʳ ʚʳʧʫʩʢʥʳʭ 

ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʭ ʨʘʙʦʪ ʠ ʥʘʟʥʘʯʠʪʴ ʥʘʫʯʥʳʭ ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʩʪʫʜʝʥʪʘʤ 

ʀʥʩʪʠʪʫʪʘ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʨʘʥʩʧʦʨʪʘ (ʀʄʄʠʊ), ɺʳʩʰʝʡ 

ʰʢʦʣʳ ʬʠʟʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ ʤʘʪʝʨʠʘʣʦʚ (ɺʐ ʌʠʊʄ), ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʜʛʦʪʦʚʢʠ 

çʅʘʥʦʪʝʭʥʦʣʦʛʠʠ ʠ ʤʠʢʨʦʩʠʩʪʝʤʥʘʷ ʪʝʭʥʠʢʘè ʠ çʄʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ ʠ 

ʪʝʭʥʦʣʦʛʠʠ ʤʘʪʝʨʠʘʣʦʚè, ʦʙʫʯʘʶʱʠʤʩʷ ʧʦ ʦʯʥʦʡ ʬʦʨʤʝ (ʟʘʱʠʪʘ ʚ ʠʶʥʝ 2020 

ʛʦʜʘ): 

28.03.01 çʅʘʥʦʪʝʭʥʦʣʦʛʠʠ ʠ ʤʠʢʨʦʩʠʩʪʝʤʥʘʷ ʪʝʭʥʠʢʘè 

28.03.01_01 çʊʝʭʥʦʣʦʛʠʠ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʜʝʣʠʡ ʤʠʢʨʦʩʠʩʪʝʤʥʦʡ ʪʝʭʥʠʢʠè 

ɻʨʫʧʧʘ: 3332801/60101 

 ̄
ʌ.ʀ.ʆ. 

ʩʪʫʜʝʥʪʘ 

ʊʝʤʘ ʚʳʧʫʩʢʥʦʡ 

ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ʌ.ʀ.ʆ. 

ʨʫʢʦʚʦʜʠʪʝʣʷ, 

ʜʦʣʞʥʦʩʪʴ, ʫʯʝʥʘʷ 

ʩʪʝʧʝʥʴ ʠ ʟʚʘʥʠʝ 

1 ɸʥʦʭʠʥ 

ʄʠʭʘʠʣ 

ɸʣʝʢʩʝʝʚʠʯ 

ʀʟʫʯʝʥʠʝ ʬʘʟʦʚʦʛʦ ʢʦʥʪʨʘʩʪʘ ʊʘʛʘʥʮʝʚ ɼ.ʂ., 

ʧʨʦʬʝʩʩʦʨ ɺʐ 

ʌʠʊʄ, ʜ.ʭ.ʥ. 

2 ʀʚʘʥʦʚ 

ɺʠʢʪʦʨ 

ʀʛʦʨʝʚʠʯ 

ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʫʩʪʘʥʦʚʢʠ ʙʦʥʜʠʥʛʘ ʜʣʷ 

ʩʨʘʱʠʚʘʥʠʷ ʧʣʘʩʪʠʥ 

ɻʦʣʴʝʚʘ ɽ.ɺ., 

ʩʪʘʨʰʠʡ 

ʧʨʝʧʦʜʘʚʘʪʝʣʴ ɺʐ 

ʌʠʊʄ, ʢ.ʭ.ʥ. 
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3 ʂʦʟʦʥʦʚ 

ɼʘʚʠʜ 

ɸʣʠʤʙʝʢʦʚʠʯ 

ʇʦʣʫʯʝʥʠʝ ʧʦʨʦʰʢʦʚ 

ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ ʤʝʪʦʜʦʤ 

ʩʧʨʝʡ-ʧʠʨʦʣʠʟʘ 

ɻʦʣʴʝʚʘ ɽ.ɺ., 

ʩʪʘʨʰʠʡ 

ʧʨʝʧʦʜʘʚʘʪʝʣʴ ɺʐ 

ʌʠʊʄ, ʢ.ʭ.ʥ. 

4 ʂʦʨʥʠʣʦʚ 

ʈʦʤʘʥ 

ʆʣʝʛʦʚʠʯ 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʛʘʟʦʬʘʟʥʦʛʦ 

ʦʩʘʞʜʝʥʠʷ ʩʣʦʝʚ ʜʠʦʢʩʠʜʘ 

ʢʨʝʤʥʠʷ ʠʟ 

ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʦʟʦʥʘ 

ʌʠʣʘʪʦʚ ʃ.ɸ., 

ʩʪʘʨʰʠʡ 

ʧʨʝʧʦʜʘʚʘʪʝʣʴ ɺʐ 

ʌʠʊʄ 

5 ʂʫʜʨʷʰʦʚʘ 

ʊʘʪʴʷʥʘ 

ʄʠʭʘʡʣʦʚʥʘ 

ʈʘʩʪʨʦʚʳʝ ʦʙʲʝʢʪʠʚʳ ʩʦ 

ʩʬʝʨʠʯʝʩʢʠʤ ʛʨʘʜʠʝʥʪʦʤ 

ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ 

ʊʘʛʘʥʮʝʚ ɼ.ʂ., 

ʧʨʦʬʝʩʩʦʨ ɺʐ 

ʌʠʊʄ, ʜ.ʭ.ʥ. 

6 ʃʝʚʠʥʘ 

ʉʚʝʪʣʘʥʘ 

ʅʠʢʦʣʘʝʚʥʘ 

ʇʦʣʫʯʝʥʠʝ 

ʥʘʥʦʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ Fe3O4 ʠ 

SiO2 

ʌʠʣʘʪʦʚ ʃ.ɸ., 

ʩʪʘʨʰʠʡ 

ʧʨʝʧʦʜʘʚʘʪʝʣʴ ɺʐ 

ʌʠʊʄ 

7 ʃʝʧʠʭʦʚ 

ɹʦʛʜʘʥ 

ʖʨʴʝʚʠʯ 

ʄʕʄʉ ʤʠʢʨʦʬʦʥʳ ʜʣʷ 

ʬʦʪʦʘʢʫʩʪʠʯʝʩʢʠʭ 

ʧʨʠʤʝʥʝʥʠʡ 

ɸʢʫʣʴʰʠʥ ʖ.ɼ., 

ʩʪʘʨʰʠʡ 

ʧʨʝʧʦʜʘʚʘʪʝʣʴ ɺʐ 

ʌʠʊʄ 

8 ʇʦʜʨʫʭʠʥ 

ʖʣʠʘʥ 

ʌʫʩʝʡʥʠʝʚʠʯ 

ʊʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ 

ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʦʢʩʠʜʥʦʡ 

ʢʝʨʘʤʠʢʠ, ʜʦʧʠʨʦʚʘʥʥʦʡ 

ʦʢʩʠʜʦʤ ʵʨʙʠʷ 

ʉʝʤʝʥʯʘ ɸ.ɺ., 

ʜʠʨʝʢʪʦʨ ɺʐ 

ʌʠʊʄ, ʢ.ʭ.ʥ. 

9 ʈʘʟʷʧʦʚ 

ʊʠʤʫʨ 

ʈʠʥʘʪʦʚʠʯ 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʦʩʘʞʜʝʥʠʷ 

ʤʘʩʩʠʚʦʚ ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ 

ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ 

ʌʠʣʘʪʦʚ ʃ.ɸ., 

ʩʪʘʨʰʠʡ 

ʧʨʝʧʦʜʘʚʘʪʝʣʴ ɺʐ 

ʌʠʊʄ 

10 ʈʦʛʘʯʝʚ 

ʂʠʨʠʣʣ 

ɸʣʝʢʩʝʝʚʠʯ 

ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʫʩʪʘʥʦʚʢʠ ʩ ʠʩʪʦʯʥʠʢʦʤ 

ʧʦʚʝʨʭʥʦʩʪʥʦ-ʚʦʣʥʦʚʦʡ 

ʧʣʘʟʤʳ 

ɻʦʣʴʝʚʘ ɽ.ɺ., 

ʩʪʘʨʰʠʡ 

ʧʨʝʧʦʜʘʚʘʪʝʣʴ ɺʐ 

ʌʠʊʄ, ʢ.ʭ.ʥ. 

11 ʉʘʣʘʤʘʪʦʚʘ 

ʋʣʴʷʥʘ 

ɺʷʯʝʩʣʘʚʦʚʥʘ 

ʉʦʟʜʘʥʠʝ ʤʘʩʢʠ ʜʣʷ 

ʟʘʟʝʤʣʷʶʱʠʭ ʦʪʚʝʨʩʪʠʡ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʮʝʩʩʘ 

ʬʦʪʦʣʠʪʦʛʨʘʬʠʠ ʥʘ ʦʙʨʘʪʥʦʡ 

ʩʪʦʨʦʥʝ ʧʦʜʣʦʞʢʠ GaAs ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʪʘʥʦʚʢʠ 

MJB4 

ʄʠʭʘʡʣʦʚʩʢʠʡ 

ɻ.ɸ., ʩʪʘʨʰʠʡ 

ʧʨʝʧʦʜʘʚʘʪʝʣʴ ɺʐ 

ʌʠʊʄ 

12 ʐʘʚʣʦʚʠʯ 

ɸʣʝʢʩʘʥʜʨ 

ɺʠʪʘʣʴʝʚʠʯ 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʨʘʩʯʸʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʧʦʣʝʡ 

ɻʦʣʴʝʚʘ ɽ.ɺ., 

ʩʪʘʨʰʠʡ 

ʧʨʝʧʦʜʘʚʘʪʝʣʴ ɺʐ 




