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ɺ.ʇ. ʄʀʅɸɽɺ 
ʅʊʆ çʀʈʕ-ʇʦʣʶʩè, ʌʨʷʟʠʥʦ 

 

ʆ ʌʀɿʀʏɽʉʂʀʍ ʕʌʌɽʂʊɸʍ ʇʈʀ ɺʆɿɼɽʁʉʊɺʀʀ 

ʃɸɿɽʈʅʆɻʆ ʀɿʃʋʏɽʅʀʗ ʅɸ ɹʀʆʊʂɸʅʀ 
 

ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ ʧʨʦʷʚʣʷʶʪʩʷ 

ʬʠʟʠʯʝʩʢʠʝ ʠ ʙʠʦʬʠʟʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ, ʠʩʧʦʣʴʟʫʷ ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʚʘʨʴʠʨʦʚʘʪʴ 

ʨʝʟʫʣʴʪʘʪ ʪʘʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʤʝʪʦʜʠʢ ʣʝʯʝʥʠʷ. ʂ ʥʠʤ 

ʦʪʥʦʩʷʪʩʷ ʣʘʟʝʨʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʷʚʣʝʥʠʷ ʟʘʧʫʩʢʘ ʬʠʙʨʦʟʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ, ʨʝʣʘʢʩʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʭʨʷʱʝ, ʩʦʢʨʘʱʝʥʠʷ ʚʦʣʦʢʦʥ 

ʢʦʣʣʘʛʝʥʘ, ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ, ʘ ʪʘʢʞʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʠ 

ʢʘʨʙʦʥʠʟʘʮʠʠ ʙʠʦʪʢʘʥʠ. 

 

V.P. MINAEV  
IRE-Polus Corporation, Fryazino 

 

PHYSICAL EFFECTS AT THE ACTION OF LASER LIGHT  

ON BIOLOGICAL TISSUE  
 

At the action of the laser radiation on biological tissues, there are exist physical and 

biophysical effects, using which it is possible to vary result of such influence for the 

purpose of the treatment techniques optimization. The laser-induced phenomena of the 

pathological tissues fibrous transformation, relaxation of the cartilage strains, reductions 

of the collagen fibers, hidrodynamical effects and also the processes happening at a 

biotissue carbonization concern them. 

 

ʆʪ ʜʣʠʥʳ ʚʦʣʥʳ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʟʘʚʠʩʠʪ 

ʚʝʣʠʯʠʥʘ ʝʛʦ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʩʥʦʚʥʳʭ ʭʨʦʤʦʬʦʨʘʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ 

ï ʚʦʜʝ ʠ ʛʝʤʦʛʣʦʙʠʥʝ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʵʪʘ ʚʝʣʠʯʠʥʘ ʦʧʨʝʜʝʣʷʝʪ, ʥʘ ʢʘʢʫʶ 

ʛʣʫʙʠʥʫ ʧʨʦʥʠʢʥʝʪ ʠʟʣʫʯʝʥʠʝ ʠ ʚ ʩʣʦʝ ʢʘʢʦʡ ʚʝʣʠʯʠʥʳ ʙʫʜʝʪ ʚʳʜʝʣʷʪʴʩʷ 

ʝʛʦ ʵʥʝʨʛʠʷ, ʢʦʪʦʨʘʷ ʧʨʠ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʤʝʥʝʥʠʷʭ ʯʘʱʝ ʚʩʝʛʦ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʪʝʧʣʦ.  

ʅʘʛʨʝʚ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʰʝ ʧʨʠʤʝʨʥʦ 42,5Üʉ ʚʝʜʝʪ ʢ ʧʨʦʷʚʣʝʥʠʶ 

ʪʝʧʣʦʚʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʪʢʘʥʠ, ʢʦʪʦʨʦʝ ʚʳʟʳʚʘʝʪ ʘʩʝʧʪʠʯʝʩʢʦʝ 

ʚʦʩʧʘʣʝʥʠʝ, ʟʘʧʫʩʢʘʶʱʝʝ ʧʨʦʮʝʩʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʦʝʜʠʥʠʪʝʣʴʥʫʶ 

ʪʢʘʥʴ (ʬʠʙʨʦʟʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ), ʨʝʛʝʥʝʨʘʮʠʠ ʭʨʷʱʝʚʦʡ ʪʢʘʥʠ ʧʨʠ 

ʣʝʯʝʥʠʠ ʭʨʷʱʝʡ ʤʝʞʧʦʟʚʦʥʢʦʚʳʭ ʜʠʩʢʦʚ ʠ ʩʫʩʪʘʚʦʚ. ʕʪʦ ʷʚʣʝʥʠʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʣʘʟʝʨʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʠʥʪʝʨʩʪʠʮʠʘʣʴʥʦʡ ʪʝʨʤʦʪʝʨʘʧʠʠ 

(ʃʀʊʊ) ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʧʫʭʦʣʝʡ, ʨʘʟʥʦʦʙʨʘʟʥʳʭ 
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ʢʠʩʪ, ʧʨʠ ʣʝʯʝʥʠʠ ʚʘʨʠʢʦʟʥʦ ʨʘʩʰʠʨʝʥʥʳʭ ʚʝʥ ʤʝʪʦʜʦʤ ʵʥʜʦʚʝʥʦʟʥʦʡ 

ʣʘʟʝʨʥʦʡ ʢʦʘʛʫʣʷʮʠʠ (ʕɺʃʂ). ʇʨʦʮʝʩʩ ʥʝʦʚʘʩʢʫʣʦʛʝʥʝʟʘ (ʦʙʨʘʟʦʚʘʥʠʷ 

ʢʘʧʠʣʣʷʨʦʚ) ʚ ʦʙʨʘʟʫʶʱʝʡʩʷ ʬʠʙʨʦʟʥʦʡ ʪʢʘʥʠ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʣʝʯʝʥʠʷ 

ʠʰʝʤʠʯʝʩʢʦʡ ʙʦʣʝʟʥʠ ʩʝʨʜʮʘ ʤʝʪʦʜʦʤ ʪʨʘʩʤʠʘʢʘʨʜʠʘʣʴʥʦʡ ʣʘʟʝʨʥʦʡ 

ʨʝʚʘʩʢʫʣʷʨʠʟʘʮʠʠ (ʊʄʃʈ). 

ʅʘʛʨʝʚ ʚʦʣʦʢʦʥ ʢʦʣʣʘʛʝʥʘ ʚʝʜʝʪ ʢ ʠʭ ʩʦʢʨʘʱʝʥʠʶ. ʕʪʦ ʷʚʣʝʥʠʝ ʣʝʞʠʪ 

ʚ ʦʩʥʦʚʝ çʦʤʦʣʦʞʝʥʠʷ ʢʦʞʠè ʤʝʪʦʜʦʤ ʬʨʘʢʮʠʦʥʥʦʛʦ ʬʦʪʦʪʝʨʤʦʣʠʟʘ, 

ʥʝʘʙʣʷʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʢʦʨʨʝʢʮʠʠ ʨʝʬʨʘʢʮʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ ʟʨʝʥʠʷ. 

ʃʘʟʝʨ-ʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʨʝʣʘʢʩʘʮʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚ ʭʨʷʱʝʚʦʡ ʪʢʘʥʠ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʦʙʨʘʪʠʤʦʡ ʧʦʪʝʨʝ ʫʧʨʫʛʦʩʪʠ ʭʨʷʱʘ ʧʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ 

ʥʘʛʨʝʚʝ ʝʛʦ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʦʣʦ 70Üʉ. ʕʪʦʪ ʵʬʬʝʢʪ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ 

ʤʝʪʦʜʘ ʢʦʨʨʝʢʮʠʠ ʥʦʩʦʚʦʡ ʧʝʨʝʛʦʨʦʜʢʠ ʠ ʫʰʥʳʭ ʨʘʢʦʚʠʥ ʤʝʪʦʜʦʤ 

ʣʘʟʝʨʥʦʡ ʪʝʨʤʦʧʣʘʩʪʠʢʠ ʭʨʷʱʘ.  

ʅʘʛʨʝʚ ʪʢʘʥʝʡ ʚʝʜʝʪ ʢ ʧʦʷʚʣʝʥʠʶ ʛʘʟʦʚ ʠʟ-ʟʘ ʫʤʝʥʴʰʝʥʠʷ ʠʭ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ. ʆʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʵʪʦʤ ʛʘʟʦʚʳʝ ʧʫʟʳʨʴʢʠ ʧʦʟʚʦʣʷʶʪ 

ʚʦʩʩʪʘʥʦʚʠʪʴ ʧʦʨʠʩʪʦʩʪʠ ʨʦʛʦʚʠʮʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʦʨʦʪʴʩʷ ʩ ʛʣʘʫʢʦʤʦʡ.  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʟʣʫʯʝʥʠʷ, ʩʠʣʴʥʦ ʧʦʛʣʦʱʘʝʤʦʛʦ ʚ ʚʦʜʝ, ʠʣʠ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʯʝʨʥʝʥʠʷ ʪʦʨʮʘ ʩʚʝʪʦʚʦʜʘ ʧʨʠ ʨʘʙʦʪʝ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ 

ʨʝʘʣʠʟʫʝʪʩʷ ʨʝʞʠʤ ʩʚʝʨʭʠʥʪʝʥʩʠʚʥʦʛʦ. ʇʨʠ ʵʪʦʤ ʬʦʨʤʠʨʫʝʪʩʷ 

ʜʚʫʭʬʘʟʥʘʷ (ʨʘʟʦʛʨʝʪʘʷ ʚʦʜʘ ʠ ʧʘʨ) ʩʪʨʫʷ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʝʨʝʥʦʩʠʪʴ 

ʪʝʧʣʦ ʠʣʠ ʨʘʩʩʝʢʘʪʴ ʙʠʦʪʢʘʥʠ. ɸ ʧʨʦʷʚʣʷʶʱʘʷʩʷ ʧʨʠ ʵʪʦʤ ʢʘʚʠʪʘʮʠʷ 

ʩʦʟʜʘʝʪ ʫʜʘʨʥʳʝ ʚʦʣʥʳ, ʩʧʦʩʦʙʥʳʝ ʨʘʟʨʫʰʘʪʴ ʢʘʤʥʠ ʚ ʫʨʦʣʦʛʠʠ 

(ʣʠʪʦʪʨʠʧʩʠʷ). ʂʨʦʤʝ ʵʪʦʛʦ ʢʘʤʥʠ ʨʘʟʨʫʰʘʶʪʩʷ ʧʨʠ ʟʘʢʠʧʘʥʠʠ ʚʦʜʳ, 

ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʠʭ ʧʦʨʘʭ ʠ ʨʝʟʢʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʠ ʵʪʦʤ ʜʘʚʣʝʥʠʷ. 

ʂʘʨʙʦʥʠʟʘʮʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ ʚʝʜʝʪ ʢ ʩʠʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ ʠ ʨʘʟʦʛʨʝʚʫ ʧʨʠ ʢʦʥʪʘʢʪʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 

ʢʦʥʮʘ ʩʚʝʪʦʚʦʜʘ, ʇʨʠ ʵʪʦʤ ʨʝʘʣʠʟʫʝʪʩʷ ʩʦʯʝʪʘʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʪʢʘʥʴ 

ʠʟʣʫʯʝʥʠʷ ʠ ʨʘʟʦʛʨʝʪʦʛʦ ʢʦʥʮʘ ʩʚʝʪʦʚʦʜʘ. ʇʦʚʳʰʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʫʜʘʣʝʥʠʷ ʪʢʘʥʠ ʧʨʠ ʨʘʩʩʝʯʝʥʠʠ ʠʣʠ ʘʙʣʷʮʠʠ.  

ʀʟʙʘʚʠʪʴʩʷ ʦʪ ʢʘʨʙʦʥʠʟʘʮʠʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʞʥʦ ʧʝʨʝʭʦʜʦʤ ʥʘ 

ʠʟʣʫʯʝʥʠʝ, ʧʦʛʣʦʱʘʝʤʦʝ ʥʝ ʛʝʤʦʛʣʦʙʠʥʦʤ, ʘ ʚʦʜʦʡ, ʢʦʪʦʨʘʷ ʧʨʠ ʥʘʛʨʝʚʝ 

ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 100Üʉ ʥʘʯʠʥʘʝʪ ʠʩʧʘʨʷʪʴʩʷ, ʠ ʧʦʩʪʫʧʘʶʱʘʷ ʵʥʝʨʛʠʷ ʠʜʝʪ 

ʧʨʠ ʵʪʦʤ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʩʢʨʳʪʦʡ ʪʝʧʣʦʪʳ ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʷ, ʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ ʜʦʩʪʠʛʘʝʪ 250Üʉ, ʧʨʠ ʢʦʪʦʨʳʭ ʥʘʯʠʥʘʝʪʩʷ ʢʘʨʙʦʥʠʟʘʮʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʯʝʪ ʬʠʟʠʯʝʩʢʠʭ ʠ ʙʠʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʚʦ ʚʨʝʤʷ ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʱʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʤʝʰʘʪʝʣʴʩʪʚʘʭ ʧʦʟʚʦʣʷʝʪ 

ʚʘʨʴʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪ ʵʪʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʤʝʪʦʜʠʢ 

ʣʝʯʝʥʠʷ. 
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2ʋʥʠʚʝʨʩʠʪʝʪ ʎʝʥʪʨʘʣʴʥʦʡ ʌʣʦʨʠʜʳ, ʆʨʣʘʥʜʦ, ʉʐɸ 

 

ʀɿʄɽʅɽʅʀɽ ʇɸʈɸɼʀɻʄʓ ʅɽʕʈʄʀʊʆɺʆʁ ʌʆʊʆʅʀʂʀ, 

ʆɹʋʉʃʆɺʃɽʅʅʆɽ ʉʆɿɼɸʅʀɽʄ ʆʇʊʀʏɽʉʂʆʁ 

ʄɽʊɸʄʆʃɽʂʋʃʓ 
 

ɺ ʵʪʦʤ ʚʳʩʪʫʧʣʝʥʠʠ ʷ ʨʘʩʩʢʘʞʫ ʦ ʥʝʜʘʚʥʠʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʙʦʪʘʭ ʦ ʪʦʤ, ʢʘʢ 

ʩʦʟʜʘʚʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʥʦʚʳʡ ʬʦʪʦʥʥʳʡ ʤʝʪʘʘʪʦʤ ʥʝʵʨʤʠʪʦʚʩʢʦʡ ʬʦʪʦʥʠʢʠ, 

ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʦʧʪʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʭ ʙʣʦʢʦʚ ʫʩʠʣʝʥʠʷ, ʠʥʜʠʚʠʜʫʘʣʴʥʦ 

ʥʘʧʨʘʚʣʝʥʥʳʭ, ʪʘʢ ʯʪʦ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʥʘʢʘʯʢʠ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʧʦʪʨʝʙʥʦʩʪʴ ʚ 

ʫʩʠʣʝʥʠʠ ʠ ʧʦʪʝʨʷʭ. 
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PARADIGM SHIFT IN NO N-HERMITIAN PHOTONICS  

VIA AN OPTICAL META -MOLECULE  
 

In this talk I will cover recent theoretical work on how to build and dissect the new 

photonic-metaatom of the non-Hermitian photonics that consists of two optically 

coupled gain blocks individually addressed so that pump inhomogeneities can induce the 

gain and loss requirement. 

 

ʄʥʦʶ ʙʳʣʘ ʧʨʦʜʝʣʘʥʘ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʨʘʙʦʪʘ ʧʦ ʧʦʩʪʨʦʝʥʠʶ ʠ 

ʦʧʠʩʘʥʠʶ ʥʦʚʦʛʦ ʬʦʪʦʥʥʦʛʦ ʤʝʪʘ-ʘʪʦʤʘ ʥʝʵʨʤʠʪʦʚʦʡ ʬʦʪʦʥʠʢʠ, ʢʦʪʦʨʳʡ 

ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʦʧʪʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʭ ʫʩʠʣʠʪʝʣʝʡ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ 

ʫʧʨʘʚʣʝʥʠʝʤ ʪʘʢ, ʯʪʦ ʥʝʦʜʥʦʨʦʜʥʘʷ ʥʘʢʘʯʢʘ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʫʩʠʣʝʥʠʝ ʠʣʠ 

ʧʦʛʣʦʱʝʥʠʝ ʚ ʦʥʳʭ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. ʕʪʘ ʢʨʘʡʥʝ ʧʨʦʩʪʘʷ 

ʤʦʜʝʣʴ, ʦʩʥʦʚʘʥʘ ʥʘ ʥʝʣʠʥʝʡʥʦʤ ʩʢʦʨʦʩʪʥʦʤ ʫʨʘʚʥʝʥʠʠ [1], ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʩʠʣʴʥʫʶ ʩʚʷʟʴ ʘʤʧʣʠʪʫʜʳ, ʬʘʟʳ ʠ ʦʧʪʠʯʝʩʢʫʶ ʬʘʟʦʚʫʶ ʦʪʩʪʨʦʡʢʫ. 

ʆʧʠʨʘʷʩʴ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʚʦʣʶʮʠʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʬʦʨʤʘ ʩʧʝʢʪʨʘʣʴʥʦʡ ʣʠʥʠʠ, ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʧʝʨʝʭʦʜʘ 

ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʚʦʟʥʠʢʘʶʪ ʠʩʢʣʶʯʠʪʝʣʴʥʳʝ ʪʦʯʢʠ, ʥʝ 

ʦʛʨʘʥʠʯʝʥʥʳʭ ʈʊ-ʩʠʤʤʝʪʨʠʝʡ (ʪʦ ʝʩʪʴ ʩʠʤʤʝʪʨʠʷʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʦʙʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʠ ʯʝʪʥʦʩʪʠ), ʢʘʢ ʚ ʩʣʫʯʘʝ ʤʦʜʝʣʠ ʩʚʷʟʘʥʥʳʭ ʤʦʜ. ʊʝʤ 

ʩʘʤʳʤ ʧʨʦʠʩʭʦʜʠʪ ʩʜʚʠʛ ʧʘʨʘʜʠʛʤʳ ʚ ʦʙʣʘʩʪʴ ʥʝʵʨʤʠʪʦʚʦʡ ʬʦʪʦʥʠʢʠ. 

ʆʧʪʠʯʝʩʢʠʝ ʩʠʛʥʘʪʫʨʳ ʚ ʩʠʩʪʝʤʝ ʙʠʬʫʨʢʘʮʠʡ, ʪʘʢʠʭ ʢʘʢ ʙʠʬʫʨʢʘʮʠʠ 
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ʍʦʧʬʘ ʠ ʠʩʢʣʶʯʠʪʝʣʴʥʳʝ ʪʦʯʢʠ [2], ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʵʬʬʝʢʪʦʚ 

ʩʘʤʦʚʳʢʣʶʯʝʥʠʷ ʠ ʥʘʙʣʶʜʘʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʝʢʪʨʘʣʴʥʦʡ ʣʠʥʠʠ, 

ʢʦʪʦʨʳʤʠ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ, ʤʝʥʷʷ ʦʪʩʪʨʦʡʢʫ ʦʧʪʠʯʝʩʢʠʭ ʯʘʩʪʦʪ ʠ 

ʥʝʦʜʥʦʨʦʜʥʫʶ ʥʘʢʘʯʢʫ. ɺ ʩʫʱʥʦʩʪʠ, ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʦʡ 

ʘʢʪʠʚʥʳʡ ʬʦʪʦʥʥʳʡ ʜʠʤʝʨ ï ʵʪʦ ʦʙʲʝʢʪ ʪʠʧʘ ʨʘʩʱʝʧʣʝʥʥʦʛʦ ʢʦʣʴʮʝʚʦʛʦ 

ʨʝʟʦʥʘʪʦʨʘ. ʕʪʦʪ ʤʝʪʘ-ʘʪʦʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʛʘʪʦʡ ʠ ʩʣʦʞʥʦʡ 

ʜʠʘʛʨʘʤʤʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʧʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʠ ʯʘʩʪʦʪʥʦʡ 

ʦʪʩʪʨʦʡʢʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʬʦʪʦʥʥʳʭ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ. ʅʘʤʝʯʝʥ ʧʫʪʴ ʢ ʧʨʦʩʪʦʤʫ ʠ ʤʦʱʥʦʤʫ ʤʝʪʦʜʫ 

ʧʣʘʥʠʨʦʚʘʥʠʶ ʥʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʧʨʦʚʝʨʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠ 

ʧʝʨʝʥʘʩʪʨʦʡʢʠ ʬʦʪʦʥʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʮʝʥʪʨʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʫʣʴʪʨʘ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʜʘʪʯʠʢʦʚ [3], ʥʘʩʪʨʘʠʚʘʝʤʳʭ ʬʦʪʦʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ [4], 

ʣʘʟʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʠʟʦʣʷʪʦʨʦʚ [5] ʠ ʨʘʟʣʠʯʥʳʭ 

ʬʘʟʠʨʦʚʘʥʥʳʭ ʨʝʰʝʪʦʢ ʬʦʪʦʥʥʳʭ ʠʟʣʫʯʘʪʝʣʝʡ [6]. ʂʨʦʤʝ ʪʦʛʦ, ʧʦ ʤʦʝʤʫ 

ʤʥʝʥʠʶ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʵʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʩʪʘʪʴ 

ʧʣʘʮʜʘʨʤʦʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʠʟʣʫʯʘʶʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʞʝʣʘʝʤʳʝ 

ʚʠʜʳ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʨʘʜʘʨʘ ʠ ʤʠʢʨʦʚʦʣʥʦʚʳʭ 

ʬʦʪʦʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʦʚʳʭ ʧʨʠʤʝʨʦʚ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʚʝʜʝʥʠʷ, ʚʢʣʶʯʘʷ ʪʫʨʙʫʣʝʥʪʥʳʝ ʭʠʤʝʨʳ [7], ʯʪʦ ʚ 

ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʦʟʚʦʣʠʪ ʚʩʪʫʧʠʪʴ ʚ ʵʨʫ ʬʦʪʦʥʥʳʭ ʘʥʘʣʦʛʦʚʳʭ 

ʧʨʦʮʝʩʩʦʨʦʚ [8]. 
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ʅ.ɼ ʂʋʅɼʀʂʆɺɸ
1,2

 
1ʖʞʥʦ-ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʏʝʣʷʙʠʥʩʢ 

2ʀʥʩʪʠʪʫʪ ʵʣʝʢʪʨʦʬʠʟʠʢʠ ʋʨʆ ʈɸʅ, ɽʢʘʪʝʨʠʥʙʫʨʛ 

 

ʀɿɺɽʉʊʅʓɽ ʕʌʌɽʂʊʓ ʉʇʀʅ-ʆʈɹʀʊɸʃʔʅʆɻʆ 

ɺɿɸʀʄʆɼɽʁʉʊɺʀɽ ʉɺɽʊɸ  

ʀ ʇʈɽɼʉʂɸɿɸʅʀɽ ʅʆɺʓʍ ʕʌʌɽʂʊʆɺ 
 

ʀʟʚʝʩʪʥʳʝ ʵʬʬʝʢʪʳ ʧʨʦʷʚʣʝʥʠʷ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʚʝʪʘ 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʧʦʧʘʨʥʦʛʦ ʚʟʘʠʤʦʚʣʠʷʥʠʷ ʪʨʝʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ ʩʚʝʪʦʚʦʛʦ ʧʦʣʷ ʠ ʨʘʟʜʝʣʠʪʴ ʚʩʝ ʠʟʚʝʩʪʥʳʝ ʵʬʬʝʢʪʳ ʥʘ ʵʬʬʝʢʪʳ 

ʰʝʩʪʠ ʪʠʧʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʊʘʢʘʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʩʦʚʤʝʩʪʥʦʝ ʚʣʠʷʥʠʝ ʜʚʫʭ 

ʪʠʧʦʚ ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ ʥʘ ʪʨʝʪʠʡ, ʪʦ ʝʩʪʴ, ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʝʱʝ ʪʨʠ ʪʠʧʘ 

ʥʦʚʳʭ ʵʬʬʝʢʪʦʚ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʚʝʪʘ. 
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THE KNOWN EFFECTS OF THE SPIN -ORBIT 

INTERACTIONS OF LIGHT AND PREDICTION  

OF NEW EFFECTS 
 

The known effects of the manifestation of the spin-orbit interaction of light can be 

considered as the result of a pair interaction of the three components of angular 

momentum of a light field and all the known effects can be divided  into six types of 

effects that can occur under different conditions. This classification suggests that it is 

possible to predict the joint influence of two types of angular momentum on the third, 

that is, there can be three new types of effects of the spin-orbit interaction of light. 

 

ɺʝʢʪʦʨʥʳʡ ʩʚʝʪʦʚʦʡ ʧʫʯʦʢ ʦʙʣʘʜʘʝʪ ʫʛʣʦʚʳʤ ʤʦʤʝʥʪʦʤ, ʢʦʪʦʨʳʡ 

ʠʤʝʝʪ ʪʨʠ ʩʦʩʪʘʚʣʷʶʱʠʭ. ʕʪʦ ʩʧʠʥʦʚʳʡ ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ, ʢʦʪʦʨʳʡ ʩʚʷʟʘʥ 

ʩ ʧʦʣʷʨʠʟʘʮʠʝʡ, ʚʥʝʰʥʠʡ ʦʨʙʠʪʘʣʴʥʳʡ ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ, ʢʦʪʦʨʳʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʨʘʝʢʪʦʨʠʝʡ ʩʚʝʪʦʚʦʛʦ ʧʫʯʢʘ, ʘ ʪʘʢʞʝ ʚʥʫʪʨʝʥʥʠʡ 

ʦʨʙʠʪʘʣʴʥʳʡ ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ, ʩʚʷʟʘʥʥʳʡ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʩʚʝʪʦʚʦʛʦ ʧʦʣʷ ʚ 

ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʧʫʯʢʘ. 

ɺʣʠʷʥʠʝ ʦʜʥʦʡ ʠʟ ʢʦʤʧʦʥʝʥʪ ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ ʥʘ ʜʨʫʛʫʶ  ʧʨʠʚʦʜʠʪ ʢ 

ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩʚʝʪʘ (ʬʦʪʦʥʘ). ʈʘʩʩʤʦʪʨʠʤ, ʢʘʢ 

ʧʨʦʷʚʣʷʶʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʛʣʦʚʳʭ ʤʦʤʝʥʪʦʚ ʩʚʝʪʘ.  
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ɺʣʠʷʥʠʝ ʩʧʠʥʦʚʦʛʦ ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ ʥʘ ʚʥʝʰʥʠʡ ʦʨʙʠʪʘʣʴʥʳʡ 

ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʧʨʦʜʦʣʴʥʦʤ ʩʤʝʱʝʥʠʠ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ 

ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʠ ʧʦʧʝʨʝʯʥʦʤ ʩʤʝʱʝʥʠʠ ʮʠʨʢʫʣʷʨʥʦ 

ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʧʫʯʢʘ ʧʨʠ ʦʪʨʘʞʝʥʠʠ ʠ ʧʨʝʣʦʤʣʝʥʠʠ. ʕʪʠ ʩʤʝʱʝʥʠʷ 

ʠʟʚʝʩʪʥʳ ʢʘʢ ʩʜʚʠʛ ɻʫʩʘ-ʍʘʥʭʝʥʘ, ʩʜʚʠʛ ʌʝʜʦʨʦʚʘ-ʀʤʙʝʨʘ, ʵʬʬʝʢʪ ʍʦʣʣʘ 

ʜʣʷ ʩʚʝʪʘ ʠ ʦʧʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʄʘʛʥʫʩʘ. 

ɺʣʠʷʥʠʝ ʚʥʝʰʥʝʛʦ ʦʨʙʠʪʘʣʴʥʦʛʦ ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ ʥʘ ʩʧʠʥʦʚʳʡ 

ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʧʦʚʦʨʦʪʝ ʣʠʥʝʡʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʪʨʘʝʢʪʦʨʠʠ ʩʚʝʪʘ. ʕʬʬʝʢʪ ʠʟʚʝʩʪʝʥ ʢʘʢ ʧʦʚʦʨʦʪ ʈʳʪʦʚʘ-

ɺʣʘʜʠʤʠʨʩʢʦʛʦ-ɹʝʨʨʠ-ʏʘʦ-ʊʦʤʠʪʘ, ʥʘʙʣʶʜʘʣʩʷ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ 

ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʩʚʝʪʘ ʯʝʨʝʟ ʦʜʥʦʤʦʜʦʚʦʝ ʚʦʣʦʢʥʦ, ʩʢʨʫʯʝʥʥʦʝ ʚ 

ʩʧʠʨʘʣʴ, ʚʦʟʤʦʞʝʥ ʠ ʚ ʧʨʷʤʦʣʠʥʝʡʥʦʤ ʤʥʦʛʦʤʦʜʦʚʦʤ ʚʦʣʦʢʥʝ. 

ɺʣʠʷʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʦʨʙʠʪʘʣʴʥʦʛʦ ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ ʥʘ ʚʥʝʰʥʠʡ 

ʦʨʙʠʪʘʣʴʥʳʡ ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʦʪʨʘʞʝʥʠʠ ʠ ʧʨʝʣʦʤʣʝʥʠʠ 

ʩʚʝʪʦʚʦʛʦ ʧʫʯʢʘ ʩ ʩʠʥʛʫʣʷʨʥʦʩʪʴʶ ʢʘʢ ʩʜʚʠʛ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʧʫʯʢʘ.  

ɺʣʠʷʥʠʝ ʚʥʝʰʥʝʛʦ ʦʨʙʠʪʘʣʴʥʦʛʦ ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ ʥʘ ʚʥʫʪʨʝʥʥʠʡ 

ʦʨʙʠʪʘʣʴʥʳʡ ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʩʪʨʫʢʪʫʨʳ ʧʦʣʷ 

ʧʫʯʢʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʨʘʝʢʪʦʨʠʠ, ʧʦ ʢʦʪʦʨʦʡ ʩʚʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʵʬʬʝʢʪ ʥʘʙʣʶʜʘʣʩʷ ʢʘʢ ʧʦʚʦʨʦʪ ʩʧʝʢʣ-ʢʘʨʪʠʥʳ ʩʚʝʪʘ, 

ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ, ʩʢʨʫʯʝʥʥʦʝ ʚ ʩʧʠʨʘʣʴ, ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʰʘʛʘ ʩʧʠʨʘʣʠ. 

ɺʣʠʷʥʠʝ ʩʧʠʥʦʚʦʛʦ ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ ʥʘ ʚʥʫʪʨʝʥʥʠʡ ʦʨʙʠʪʘʣʴʥʳʡ 

ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ ʥʘʙʣʶʜʘʣʦʩʴ ʢʘʢ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʫʯʢʘ ʩ ʥʝʥʫʣʝʚʳʤ 

ʩʧʠʥʦʚʳʤ ʫʛʣʦʚʳʤ ʤʦʤʝʥʪʦʤ ʠ ʥʫʣʝʚʳʤ ʦʨʙʠʪʘʣʴʥʳʤ ʫʛʣʦʚʳʤ 

ʤʦʤʝʥʪʦʤ ʚ ʧʫʯʦʢ ʩ ʥʝʥʫʣʝʚʳʤ ʚʥʫʪʨʝʥʥʠʤ ʦʨʙʠʪʘʣʴʥʳʤ ʫʛʣʦʚʳʤ 

ʤʦʤʝʥʪʦʤ ʠ ʥʫʣʝʚʳʤ ʩʧʠʥʦʚʳʤ. ʊʘʢʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦ ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʩʚʝʪʘ ʯʝʨʝʟ q-ʧʣʘʩʪʠʥʢʠ, ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ, ʧʨʠ 

ʨʘʩʩʝʷʥʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʭ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʵʬʬʝʢʪʦʚ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʚʝʪʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʠʩʢʘ ʫʩʣʦʚʠʡ, 

ʚ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʙʳʪʴ ʦʙʥʘʨʫʞʝʥʳ ʪʨʠ ʥʦʚʳʭ ʵʬʬʝʢʪʘ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʚʝʪʘ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʩʦʚʤʝʩʪʥʳʤ  ʚʣʠʷʥʠʝʤ  ʜʚʫʭ 

ʪʠʧʦʚ ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ ʥʘ ʪʨʝʪʠʡ. ɺʦʟʤʦʞʥʦ ʩʦʚʤʝʩʪʥʦʝ ʚʣʠʷʥʠʝ 

ʩʧʠʥʦʚʦʛʦ ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʦʨʙʠʪʘʣʴʥʦʛʦ  ʫʛʣʦʚʦʛʦ 

ʤʦʤʝʥʪ ʥʘ ʚʥʝʰʥʠʡ ʦʨʙʠʪʘʣʴʥʳʡ ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ, ʩʦʚʤʝʩʪʥʦʝ ʚʣʠʷʥʠʝ  

ʚʥʝʰʥʝʛʦ ʦʨʙʠʪʘʣʴʥʦʛʦ ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʦʨʙʠʪʘʣʴʥʦʛʦ 

ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪ ʥʘ ʩʧʠʥʦʚʳʡ ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ, ʘ ʪʘʢʞʝ ʩʦʚʤʝʩʪʥʦʝ 

ʚʣʠʷʥʠʝ ʩʧʠʥʦʚʦʛʦ ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ ʠ ʚʥʝʰʥʝʛʦ ʦʨʙʠʪʘʣʴʥʦʛʦ ʫʛʣʦʚʦʛʦ 

ʤʦʤʝʥʪʘ ʥʘ ʚʥʫʪʨʝʥʥʠʡ ʦʨʙʠʪʘʣʴʥʳʡ ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ. 
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ɺ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʝʛʝʣʠʢʦʠʜʘʣʴʥʳʭ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʞʠʜʢʠʭ 

ʢʨʠʩʪʘʣʣʘʭ (ʉɾʂ) ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ ʩʤʝʢʪʠʯʝʩʢʠʭ ʩʣʦʝʚ 

ʠʩʩʣʝʜʦʚʘʥ ʭʘʨʘʢʪʝʨ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʛʣʘʚʥʦʡ ʦʧʪʠʯʝʩʢʦʡ 

ʦʩʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ ʠ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʧʦʣʷ ʠ ʧʘʨʘʤʝʪʨʦʚ ʉɾʂ.  
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REORIENTATION OF NOV EL LIQUID CRYSTAL 

FERROELECTRIC IN AN ALTERNATING ELECTRIC FIELD  
 

In specially designed helix-free FLC with periodic deformations of smectic layers, 

the nature of electrically controlled reorientation of the main optical axis was studied, 

depending on the frequency and intensity of the electric field and FLC parameters. 

 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʥʝʛʝʣʠʢʦʠʜʘʣʴʥʳʝ ʉɾʂ, 

ʚ ʦʙʲʝʤʝ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʥʝʦʜʥʦʨʦʜʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ ʩʤʝʢʪʠʯʝʩʢʠʭ ʩʣʦʝʚ. 

ʍʘʨʘʢʪʝʨ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʛʣʘʚʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ï ʜʠʨʝʢʪʦʨʘ ʚ ʉɾʂ 

ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʝʨʝʤʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ɽ ʩʦ ʩʧʦʥʪʘʥʥʦʡ 

ʧʦʣʷʨʠʟʘʮʠʝʡ ʈS ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʢʦʪʦʨʳʡ ʠʟ ʜʚʫʭ ʜʠʩʩʠʧʘʪʠʚʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ï ʚʨʘʱʘʪʝʣʴʥʘʷ ʠʣʠ ʩʜʚʠʛʦʚʘʷ ʚʷʟʢʦʩʪʴ, ʧʨʝʦʙʣʘʜʘʝʪ. 

ɽʩʣʠ ʵʪʦ ï ʚʨʘʱʘʪʝʣʴʥʘʷ ʚʷʟʢʦʩʪʴ gj, ʪʦ ʧʝʨʝʦʨʠʝʥʪʘʮʠʷ ʜʠʨʝʢʪʦʨʘ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʦ ʚʩʝʭ ʩʤʝʢʪʠʯʝʩʢʠʭ ʩʣʦʷʭ, ʘ 

ʚʨʝʤʷ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʨʝʤʷ ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʦʛʦ 

ʦʪʢʣʠʢʘ ŰR ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʯʘʩʪʦʪʳ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʧʨʠʯʸʤ 

ŰR ~ gj /ʈSĀE. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʉɾʂ-ʷʯʝʡʢʠ ʪʦʣʱʠʥʦʡ 1,7 ʤʢʤ ʩ ʢʦʤʧʦʟʠʮʠʝʡ 

HF-32B, ʚʨʝʤʷ ŰR ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ ʠʟʤʝʥʝʥʠʷ ʧʦʣʷ, ʝʩʣʠ ʯʘʩʪʦʪʘ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 70 ɻʮ. ɺ ʵʪʦʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ 
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ʜʠʨʝʢʪʦʨʘ ʉɾʂ ʚ ʥʝʚʦʟʤʫʱʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʩʣʝ ʚʳʢʣʶʯʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʪʘʢʞʝ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ ʠʟʤʝʥʝʥʠʷ ʧʦʣʷ.  

ʀʟʤʝʥʝʥʠʝ ʢʘʥʘʣʘ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ, ʪʦ ʝʩʪʴ ʧʝʨʝʭʦʜ ʢ ʩʜʚʠʛʦʚʦʡ 

ʚʷʟʢʦʩʪʠ ɔɣ ʥʘ ʯʘʩʪʦʪʘʭ, ʧʨʝʚʳʰʘʶʱʠʭ ʦʙʨʘʪʥʦʝ ʚʨʝʤʷ ʤʘʢʩʚʝʣʣʦʚʩʢʦʡ 

ʨʝʣʘʢʩʘʮʠʠ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʠʣʴʥʦʡ ʯʘʩʪʦʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʚʨʝʤʝʥʠ 

ʦʧʪʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ. ʊʘʢ, ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʫʧʨʘʚʣʷʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʦʪ 100 ʜʦ 200 ɻʮ ʚʨʝʤʷ ŰR ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʜʚʘ ʨʘʟʘ.  

ʇʨʝʦʙʣʘʜʘʥʠʝ ʩʜʚʠʛʦʚʦʡ ʚʷʟʢʦʩʪʠ ʠ ʚʣʠʷʥʠʝ ʥʝʣʠʥʝʡʥʦʩʪʠ ʩʨʝʜʳ 

ʧʨʠʚʦʜʷʪ ʢ ʧʦʷʚʣʝʥʠʶ ʩʦʣʠʪʦʥʦʚ, ʜʚʠʞʝʥʠʝ ʢʦʪʦʨʳʭ ʦʨʠʝʥʪʠʨʫʝʪ 

ʜʠʨʝʢʪʦʨ ʚʦ ʚʩʝʤ ʦʙʲʝʤʝ ʉɾʂ. ɺʨʝʤʷ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʜʠʨʝʢʪʦʨʘ ʠ ʚʨʝʤʷ 

ʦʧʪʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʢʦʨʦʩʪʴʶ ʩʦʣʠʪʦʥʥʳʭ ʚʦʣʥ. ʇʝʨʝʭʦʜ 

ʢ ʩʦʣʠʪʦʥʥʦʡ ʤʦʜʝ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʯʘʩʪʦʪʝ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʝʟʢʠʤ ʫʤʝʥʴʰʝʥʠʝʤ 

ʚʨʝʤʝʥʠ ŰR ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʥʝʢʦʪʦʨʦʛʦ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ, ʧʨʠʯʝʤ ʵʪʦ ʟʥʘʯʝʥʠʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ 

ʚʦʟʨʘʩʪʘʝʪ, ʘ ʚʨʝʤʷ ŰR ʫʤʝʥʴʰʘʝʪʩʷ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʘʢʪʠʯʝʩʢʠ ʩʨʘʟʫ 

ʧʦʩʣʝ ʧʝʨʝʭʦʜʘ ʚ ʩʦʣʠʪʦʥʥʫʶ ʤʦʜʫ, ʧʦʷʚʣʷʝʪʩʷ ʫʯʘʩʪʦʢ ʟʘʚʠʩʠʤʦʩʪʠ 

ŰR(ɽ), ʛʜʝ ʚʨʝʤʷ ʦʧʪʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ, 

ʪ.ʝ. ʩʜʚʠʛʦʚʘʷ ʚʷʟʢʦʩʪʴ ʪʘʢʞʝ ʧʝʨʝʩʪʘʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ.  

ʋʚʝʣʠʯʝʥʠʝ ʧʝʨʠʦʜʘ ʜʝʬʦʨʤʘʮʠʠ ʩʣʦʝʚ ʜʦ 3,5õ4 ʤʢʤ ʚ ʢʦʤʧʦʟʠʮʠʠ 

HF-32F ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʦʩʪʫ (ʙʦʣʝʝ ʯʝʤ ʚ ʪʨʠ ʨʘʟʘ) 

ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʢʦʪʦʨʦʛʦ 

ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʢ ʩʦʣʠʪʦʥʥʦʡ ʤʦʜʝ. ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʧʝʨʝʭʦʜ ʢ 

ʤʘʢʩʚʝʣʣʦʚʩʢʦʤʫ ʤʝʭʘʥʠʟʤʫ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 

ʩʜʚʠʛʦʚʦʡ ʚʷʟʢʦʩʪʠ ʦʩʣʘʙʣʷʝʪ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ 

ʦʧʪʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ, ʧʦʨʷʜʢʘ 10-50 Áʉ. 

ʅʝʧʨʝʨʳʚʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʜʠʨʝʢʪʦʨʘ ʉɾʂ ʚʜʦʣʴ ʢʘʞʜʦʛʦ 

ʩʤʝʢʪʠʯʝʩʢʦʛʦ ʩʣʦʷ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʧʣʘʚʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʜʚʫʣʫʯʝʧʨʝʣʦʤʣʝʥʠʷ ȹn (ʟʘʚʠʩʷʱʝʛʦ ʪʘʢʞʝ ʦʪ 

ʯʘʩʪʦʪʳ f ʫʧʨʘʚʣʷʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ) ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟʛʠʩʪʝʨʝʟʠʩʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʩʚʝʪʦʧʨʦʧʫʩʢʘʥʠʷ ʉɾʂ- ʷʯʝʡʢʠ ʦʪ ʘʤʧʣʠʪʫʜʳ ʥʘʧʨʷʞʝʥʠʷ. 

ʏʘʩʪʦʪʘ ʥʘʧʨʷʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʘʩʪʦʪʥʦʤʫ ʠʥʪʝʨʚʘʣʫ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʩʦʣʠʪʦʥʥʦʡ ʤʦʜʳ (ʜʣʷ ʢʦʤʧʦʟʠʮʠʠ HF-32ʉ ʦʪ 100 ɻʮ ʜʦ 7 ʢɻʮ), ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʩʪʘʪʠʯʝʩʢʠʭ (ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ) 

ʫʯʘʩʪʢʦʚ ʟʘʚʠʩʠʤʦʩʪʠ ȹn(f). ʇʦʩʣʝʜʥʝʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʙʝʟʛʠʩʪʝʨʝʟʠʩʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʩʚʝʪʦʧʨʦʧʫʩʢʘʥʠʷ ʧʨʠ ʯʘʩʪʦʪʝ 

ʚʳʰʝ 6 ʢʠʣʦʛʝʨʮ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ, 

ʫʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʧʨʦʝʢʪʘ RFMEFI60417X0191. 
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ʅ.ɺ. ʉʀɼʆʈʆɺ, ʄ.ʅ. ʇɸʃɸʊʅʀʂʆɺ, ʅ.ɸ. ʊɽʇʃʗʂʆɺɸ, 
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1
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1
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1,2
 

ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ 

ʠʤ. ʀ.ɺ. ʊʘʥʘʥʘʝʚʘ ʂʦʣʴʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʈɸʅ, ɸʧʘʪʠʪʳ, ʄʫʨʤʘʥʩʢʘʷ ʦʙʣ. 
1ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ, ʍʘʙʘʨʦʚʩʢ 

2ʀʥʩʪʠʪʫʪ ʪʝʢʪʦʥʠʢʠ ʠ ʛʝʦʬʠʟʠʢʠ ʠʤ. ʖ.ɸ. ʂʦʩʳʛʠʥʘ ɼɺʆ ʈɸʅ, ʍʘʙʘʨʦʚʩʢ 

 

ʌʆʊʆʕʃɽʂʊʈʀʏɽʉʂʀɽ ʇʆʃʗ ʀ ʐʀʈʀʅɸ 

ɿɸʇʈɽʑɽʅʅʆʁ ɿʆʅʓ ɺ ʂʈʀʉʊɸʃʃɸʍ ʅʀʆɹɸʊɸ ʃʀʊʀʗ 
 

ʄʝʪʦʜʘʤʠ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʠ ʦʧʪʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʠʩʩʣʝʜʦʚʘʥʳ ʵʬʬʝʢʪ ʬʦʪʦʨʝʬʨʘʢʮʠʠ ʠ ʦʧʨʝʜʝʣʝʥʘ ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 

ʥʦʤʠʥʘʣʴʥʦ ʯʠʩʪʳʭ ʢʦʥʛʨʫʵʥʪʥʳʭ ʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʥʠʦʙʘʪʘ 

ʣʠʪʠʷ, ʘ ʪʘʢʞʝ ʩʝʨʠʠ ʣʝʛʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ LiNbO3. 

 

N.V. SIDOROV, M.N. PALATNIKOV , N.ɸ. TEPLYAKOVA, 
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PHOTO-ELECTRIC FIELDS AND BAND GAP  

IN LITHIUM NIOBATE C RYSTALS 
 

Band gap was determined and photorefractive effect was researched for nominally 

pure congruent and stoichiometric lithium niobate crystals, as well as a series of doped 

LiNbO3 crystals, by methods of photoinduced light scattering and optical spectroscopy. 

 

ʄʝʪʦʜʘʤʠ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ (ʌʀʈʉ) ʠ 

ʦʧʪʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠʩʩʣʝʜʦʚʘʥʳ ʬʦʪʦʨʝʬʨʘʢʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ, 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʠ ʦʧʨʝʜʝʣʝʥʘ ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʩʝʨʠʠ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ LiNbO3, ʣʝʛʠʨʦʚʘʥʥʳʭ ʢʘʪʠʦʥʘʤʠ Mg
2+

, Zn
2+

, B
3+

, Gd
3+

, 

Y
3+

, Er
3+
, ʘ ʪʘʢʞʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʜʚʦʡʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ: Mg

2+
:Gd

3+
, 

Mg
2+

:Fe
3+

, Mg
2+

:Ta
5+

, Mg
2+

:Y
3+
, ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʯʘʩʪʦʪʳ, ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʠʭ ʤʦʜʫʣʷʪʦʨʦʚ ʠ ʟʘʪʚʦʨʦʚ, 

ʦʧʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʤʠʢʨʦʥʥʳʤʠ ʠ ʩʫʙʤʠʢʨʦʥʥʳʤʠ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʣʷ 

ʥʦʤʠʥʘʣʴʥʦ ʯʠʩʪʦʛʦ ʢʦʥʛʨʫʵʥʪʥʦʛʦ ʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ (LiNbO3ʩʪʝʭ) 
ʢʨʠʩʪʘʣʣʦʚ. 
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ʇʦ ʧʘʨʘʤʝʪʨʘʤ ʢʨʘʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʩʯʠʪʘʥʘ 

ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʘ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʠʥʜʠʢʘʪʨʠʩʳ ʌʀʈʉ ï 

ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʦʝ ʠ ʜʠʬʬʫʟʠʦʥʥʦʝ ʧʦʣʷ ʚ ʢʨʠʩʪʘʣʣʘʭ. ʅʘʠʙʦʣʝʝ ʥʠʟʢʦʝ 

ʟʥʘʯʝʥʠʝ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ 

LiNbO3ʩʪʝʭ, LiNbO3:B(0.12 ʚʝʩ. %), LiNbO3:Mg(0.011):Ta(1.13), 

LiNbO3:Y(0.46), LiNbO3:Mg(0.63):Y(0.24). ʆʙʥʘʨʫʞʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ʚ 

ʟʥʘʯʝʥʠʷʭ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʚʝʣʠʯʠʥ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ, ʚʝʣʠʯʠʥ ʠ ʚʨʝʤʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ 

ʠʥʜʠʢʘʪʨʠʩʳ ʌʀʈʉ. ɿʘ ʵʬʬʝʢʪ ʬʦʪʦʨʝʬʨʘʢʮʠʠ ʚ ʢʨʠʩʪʘʣʣʝ LiNbO3 

ʦʪʚʝʪʩʪʚʝʥʥʳ ʜʝʬʝʢʪʳ ʩ ʣʦʢʘʣʠʟʦʚʘʥʥʳʤʠ ʥʘ ʥʠʭ ʵʣʝʢʪʨʦʥʘʤʠ ʚ ʚʠʜʝ 

ʛʣʫʙʦʢʠʭ ʠ ʤʝʣʢʠʭ ʣʦʚʫʰʝʢ ʵʣʝʢʪʨʦʥʦʚ. ɿʘ ʩʦʩʪʦʷʥʠʝ ʢʨʘʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ï ʩʪʨʫʢʪʫʨʥʘʷ ʦʜʥʦʨʦʜʥʦʩʪʴ ʢʨʠʩʪʘʣʣʘ, 

ʢʦʪʦʨʘʷ ʚ ʥʦʤʠʥʘʣʴʥʦ ʯʠʩʪʳʭ ʢʦʥʛʨʫʵʥʪʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʚʳʰʝ, ʯʝʤ ʚ 

ʣʝʛʠʨʦʚʘʥʥʳʭ ʢʦʥʛʨʫʵʥʪʥʳʭ ʢʨʠʩʪʘʣʣʘʭ. ʆʩʥʦʚʥʳʤʠ ʜʝʬʝʢʪʘʤʠ ʚ 

ʥʦʤʠʥʘʣʴʥʦ ʯʠʩʪʳʭ ʢʦʥʛʨʫʵʥʪʥʳʭ ʠ ʣʝʛʠʨʦʚʘʥʥʳʭ ʢʦʥʛʨʫʵʥʪʥʳʭ 

ʢʨʠʩʪʘʣʣʘʭ ʷʚʣʷʶʪʩʷ ʜʝʬʝʢʪʳ NbLi ʠ ʜʝʬʝʢʪʳ ʚ ʚʠʜʝ ʤʝʣʢʠʭ ʣʦʚʫʰʝʢ 

ʵʣʝʢʪʨʦʥʦʚ. ʇʨʠʯʝʤ, ʯʝʤ ʙʦʣʴʰʝ ʚʝʣʠʯʠʥʘ R = Li /Nb, ʪʝʤ ʤʝʥʴʰʝ ʚ 

ʢʨʠʩʪʘʣʣʝ ʜʝʬʝʢʪʦʚ NbLi, ʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʪʝʤ ʙʦʣʴʰʝ ʜʝʬʝʢʪʦʚ ʚ ʚʠʜʝ 

ʤʝʣʢʠʭ ʣʦʚʫʰʝʢ ʵʣʝʢʪʨʦʥʦʚ. ɺ ʚʳʩʦʢʦʫʧʦʨʷʜʦʯʝʥʥʦʤ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤ 

ʢʨʠʩʪʘʣʣʝ ʜʝʬʝʢʪʳ NbLi, ʦʪʩʫʪʩʪʚʫʶʪ ʠ ʵʬʬʝʢʪ ʬʦʪʦʨʝʬʨʘʢʮʠʠ 

ʦʙʫʩʣʦʚʣʝʥ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘʣʠʯʠʝʤ ʤʝʣʢʠʭ ʣʦʚʫʰʝʢ ʵʣʝʢʪʨʦʥʦʚ, 

ʯʠʩʣʦ ʢʦʪʦʨʳʭ ʚ ʥʝʤ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʢʦʥʛʨʫʵʥʪʥʦʤ ʢʨʠʩʪʘʣʣʝ. 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʠʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʧʦʣʷ ʩʦʟʜʘʶʪʩʷ ʚ ʢʨʠʩʪʘʣʣʝ, ʪʝʤ ʙʦʣʴʰʝ ʵʬʬʝʢʪ ʬʦʪʦʨʝʬʨʘʢʮʠʠ, ʪʝʤ 

ʙʦʣʴʰʝ ʠʥʜʠʢʘʪʨʠʩʘ ʌʀʈʉ. ɺʝʣʠʯʠʥʘ ʫʛʣʘ ʠ ʩʢʦʨʦʩʪʴ ʨʘʩʢʨʳʪʠʷ ʩʧʝʢʣ-

ʩʪʨʫʢʪʫʨʳ ʠʥʜʠʢʘʪʨʠʩʳ ʌʀʈʉ ʦʧʨʝʜʝʣʷʶʪ ʬʦʪʦʨʝʬʨʘʢʪʠʚʥʫʶ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʚʝʣʠʯʠʥʘ ʵʬʬʝʢʪʘ ʬʦʪʦʨʝʬʨʘʢʮʠʠ, ʌʀʈʉ, ʬʦʪʦ- 

ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʴ ʚ ʢʨʠʩʪʘʣʣʝ LiNbO3 ʠʟʤʝʥʷʶʪʩʷ ʚ ʰʠʨʦʢʠʭ 

ʧʨʝʜʝʣʘʭ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, 

ʢʦʪʦʨʘʷ ʜʣʷ ʢʦʥʛʨʫʵʥʪʥʦʛʦ ʢʨʠʩʪʘʣʣʘ, ʩʦʩʪʘʚʣʷʝʪ 3.72 ʵɺ, ʯʪʦ ʙʣʠʟʢʦ ʢ 

ʟʥʘʯʝʥʠʶ, ʭʘʨʘʢʪʝʨʥʦʤʫ ʜʣʷ ʰʠʨʦʢʦʟʦʥʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. ʋʤʝʥʴʰʘʷ 

ʰʠʨʠʥʫ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʤʦʞʥʦ ʧʨʠʙʣʠʟʠʪʴ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʘ 

LiNbO3 ʢ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤ, ʯʪʦ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʚ ʧʨʠʥʮʠʧʝ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʦʧʪʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʩ ʢʨʦʩʩ-ʵʬʬʝʢʪʘʤʠ. 
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ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
1ʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɽʢʘʪʝʨʠʥʙʫʨʛ 

 

ɼʀʌʈɸʂʎʀʗ ʉɺɽʊɸ ʅɸ ʇɽʈʀʆɼʀʏɽʉʂʆʁ ɼʆʄɽʅʅʆʁ 

ʉʊʈʋʂʊʋʈɽ ɺ ʂʈʀʉʊɸʃʃɽ ʅʀʆɹɸʊɸ ʃʀʊʀʗ  

ʉ ʇʈʀʃʆɾɽʅʅʓʄ ʉʀʅʋʉʆʀɼɸʃʔʅʓʄ ʇʆʃɽʄ 
 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʙʨʵʛʛʦʚʩʢʠʭ ʤʘʢʩʠʤʫʤʦʚ 

ʧʨʠ ʜʠʬʨʘʢʮʠʠ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ ʚʦ ʚʥʝʰʥʝʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝ ʩ ʯʘʩʪʦʪʦʡ ɋ ʥʘ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʝʨʝʧʦʣʷʨʠʟʘʮʠʝʡ ʚ ʢʨʠʩʪʘʣʣʝ LiNbO3:5%MgO 

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʷʚʣʷʶʪʩʷ ʩʫʧʝʨʧʦʟʠʮʠʝʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩ 

ʯʘʩʪʦʪʘʤʠ 0, ɋ ʠ 2ɋ, ʘʤʧʣʠʪʫʜʳ ʢʦʪʦʨʳʭ ʨʘʩʪʫʪ ʩ ʧʨʠʣʦʞʝʥʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ 

ʣʠʥʝʡʥʦ ʜʣʷ ʧʝʨʚʦʡ ʛʘʨʤʦʥʠʢʠ ʠ ʢʚʘʜʨʘʪʠʯʥʦ ï ʜʣʷ ʥʫʣʝʚʦʡ ʠ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢ. 
 

E.N. SAVCHENKOV, S.M. SHANDAROV, A.E. MANDEL, 

A.R. AKHMATKHANOV
1
, V.Ya. SHUR

1
 

Tomsk StateUniversity of Control Systems and Radioelectronics 
1Ural Federal University, Ekaterinburg 

 

LIGHT DIFFRACTION ON PERIODICALLY PO LED DOMAIN 

STRUCTURES IN LITHIUM NIOBATE CRYSTAL  

IN AN APPLIED SINUSOIDAL VOLTAGE  
 

We experimentally established that the intensities of Bragg maxima observed under 

the external electric field with a frequency of ɋ at the diffraction of laser beam on the 

periodically poled domain structure developed in the LiNbO3:5%MgO crystal using 

electric-field poling, are the superposition of components with the frequencies equal to 

0, ɋ and 2ɋ. With applied voltage the amplitudes of these components increase linearly 

and quadratically for the 1st harmonic and for 0th and 2nd ones, respectively. 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʜʦʤʝʥʥʳʭ ʩʪʨʫʢʪʫʨ 

(ʇʇɼʉ) ʚ ʢʨʠʩʪʘʣʣʘʭ ʥʠʦʙʘʪʘ ʣʠʪʠʷ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʙʨʵʛʛʦʚʩʢʠʝ 

ʜʝʬʣʝʢʪʦʨʳ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʫʧʨʘʚʣʷʶʱʝʛʦ 

ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ [1]. ɸʤʧʣʠʪʫʜʥʘʷ ʤʦʜʫʣʷʮʠʷ ʜʠʬʨʘʛʠʨʦʚʘʥʥʦʛʦ 

ʧʫʯʢʘ ʚʦʟʤʦʞʥʘ ʚ ʩʣʫʯʘʝ ʧʨʠʣʦʞʝʥʠʷ ʢ ʪʘʢʦʤʫ ʜʝʬʣʝʢʪʦʨʫ ʧʝʨʝʤʝʥʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ. 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʨʵʛʛʦʚʩʢʦʡ 

ʜʠʬʨʘʢʮʠʠ ʩʚʝʪʘ ʥʘ ʇʇɼʉ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʧʝʨʠʦʜʦʤ ȿ = 8.79 ʤʢʤ ʠ 
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ʜʦʤʝʥʥʳʤʠ ʩʪʝʥʢʘʤʠ, ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʧʣʦʩʢʦʩʪʠ YZ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʚ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʦʙʨʘʟʮʝ LiNbO3:5%MgO ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʝʨʝʧʦʣʷʨʠʟʘʮʠʠ. ʉ ʧʦʤʦʱʴʶ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʜʦʚ ʢ ʦʙʨʘʟʮʫ ʩ 

ʇʇɼʉ ʚʜʦʣʴ ʦʩʠ Z, ʠʤʝʶʱʝʤʫ ʪʦʣʱʠʥʫ h = 1 ʤʤ, ʧʨʠʢʣʘʜʳʚʘʣʦʩʴ 

ʩʠʥʫʩʦʠʜʘʣʴʥʦʝ ʧʦʣʝ ʩ ʯʘʩʪʦʪʦʡ 1 ʢɻʮ ʠ ʘʤʧʣʠʪʫʜʦʡ Um ʦʪ 0 ʜʦ 136 ɺ. 

ʉʚʝʪʦʚʦʡ ʧʫʯʦʢ ʩ ʧʦʣʷʨʠʟʘʮʠʝʡ ʚʜʦʣʴ ʦʩʠ Z ʠ ʜʣʠʥʦʡ ʚʦʣʥʳ 655 ʥʤ, 

ʬʦʢʫʩʠʨʫʝʤʳʡ ʚ ʩʝʨʝʜʠʥʫ ʦʙʨʘʟʮʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʣʠʥʟʦʡ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʣʩʷ ʚ ʧʣʦʩʢʦʩʪʠ XY ʧʦʜ ʙʨʵʛʛʦʚʩʢʠʤ ʫʛʣʦʤ ʢ ʦʩʠ Y, ʩ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʜʠʬʨʘʛʠʨʦʚʘʥʥʫʶ ʚʦʣʥʫ ʥʘ ʜʣʠʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

d = 2 ʤʤ. ɺʨʝʤʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʠʬʨʘʛʠʨʦʚʘʥʥʦʛʦ 

ʧʫʯʢʘ, ʬʠʢʩʠʨʫʝʤʘʷ ʦʩʮʠʣʣʦʛʨʘʬʦʤ Tektronix TDS 2012C, ʧʨʝʜʩʪʘʚʣʷʣʘ 

ʩʫʧʝʨʧʦʟʠʮʠʶ ʧʦʩʪʦʷʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠ ʛʘʨʤʦʥʠʢ ʩ ʯʘʩʪʦʪʘʤʠ ɋ ʠ 2ɋ. 

ɿʘʚʠʩʠʤʦʩʪʠ ʠʭ ʘʤʧʣʠʪʫʜ In ʦʪ Um, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 1, 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʪʦʣʴʢʦ ʜʣʷ ʧʝʨʚʦʡ ʛʘʨʤʦʥʠʢʠ (n = 1). 

ʆʪʣʠʯʠʝ ʧʦʩʪʦʷʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ (n = 0) ʦʪ ʥʫʣʷ ʜʣʷ Um = 0 ʠ 

ʢʚʘʜʨʘʪʠʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʥʝʸ ʠ ʜʣʷ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʠ (n = 2) 

ʩʚʷʟʘʥʳ ʩ ʚʢʣʘʜʦʤ ʚ ʜʠʬʨʘʢʮʠʶ ʚʦʟʤʫʱʝʥʠʡ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, 

ʚʳʟʚʘʥʥʳʭ ʢʘʢ ʧʨʠʣʦʞʝʥʥʳʤ ʧʦʣʝʤ, ʪʘʢ ʠ ʜʦʤʝʥʥʳʤʠ ʩʪʝʥʢʘʤʠ ʇʇɼʉ, 

ʚʢʣʘʜ ʢʦʪʦʨʳʭ ʚ ʠʟʦʪʨʦʧʥʫʶ ʜʠʬʨʘʢʮʠʶ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʨʘʥʝʝ [2].   

 

 
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʠ ʘʤʧʣʠʪʫʜ ʛʘʨʤʦʥʠʢ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʧʝʨʚʦʤ ʜʠʬʨʘʢʮʠʦʥʥʦʤ 

ʧʦʨʷʜʢʝ, ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʘʜʘʶʱʝʛʦ ʧʫʯʢʘ, ʦʪ ʘʤʧʣʠʪʫʜʳ 

ʥʘʧʨʷʞʝʥʠʷ, ʧʨʠʣʦʞʝʥʥʦʛʦ ʢ ʢʨʠʩʪʘʣʣʫ (ʪʦʯʢʠ ï ʵʢʩʧʝʨʠʤʝʥʪ, ʣʠʥʠʠ ï ʨʘʩʯʝʪ) 
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ ʚ 

ʨʘʤʢʘʭ ʧʨʦʝʢʪʥʦʡ ʯʘʩʪʠ ɻʦʩʟʘʜʘʥʠʷ ʥʘ 2017-2019 ʛʦʜʳ (ʧʨʦʝʢʪ 

ˉ3.8898.2017/8.9) ʠ ʈʌʌʀ (ʛʨʘʥʪ 16-29-14046-ʦʬʠ_ʤ). 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Montemezzani G., Zgonik M. // Phys. Rev. 1997. V.E55. ʈ.1035. 
2. Shandarov S.M., Mandel A.E., et al. // Ferroelectrics. 2017. V.508. P.49. 
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1ʄʦʩʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ), 

ɼʦʣʛʦʧʨʫʜʥʳʡ 
2ʆʆʆ çʆʧʪʦʩʠʩʪʝʤʳè, ʊʨʦʠʮʢ 

3ʅʇʂ ʆʧʪʦʣʠʥʢ, ɿʝʣʝʥʦʛʨʘʜ 
4ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ 

 

ʂʆʈʈɽʂʊʀʈʆɺʂɸ Y-ʈɸɿɺɽʊɺʀʊɽʃɽʁ  

ʅɸ ʇʈʆʊʆʅʆʆɹʄɽʅʅʓʍ ɺʆʃʅʆɺʆɼɸʍ  

ɺ ʅʀʆɹɸʊɽ ʃʀʊʀʗ ʉ ʇʆʄʆʑʔʖ ʊɽʍʅʆʃʆɻʀʀ 

ʌɽʄʊʆʉɽʂʋʅɼʅʆʁ ɿɸʇʀʉʀ 
 

ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʫʯʘʩʪʢʘ Y-ʨʘʟʚʝʪʚʠʪʝʣʷ ʥʘ 

ʧʨʦʪʦʥʦʦʙʤʝʥʥʳʭ ʚʦʣʥʦʚʦʜʘʭ ʚ ʥʠʦʙʘʪʝ ʣʠʪʠʷ ʩ ʠʟʙʳʪʦʯʥʳʤ ʧʦʚʳʰʝʥʠʝʤ 

ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ ʧʨʷʤʦʡ ʬʝʤʪʦʩʝʢʫʥʜʥʦʡ ʟʘʧʠʩʠ. 

ʆʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʨʘʙʦʯʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ Y-ʨʘʟʚʝʪʚʠʪʝʣʝʡ.  
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CORRECTIO N OF Y-BRANCHES ON PROTON-EXCHANGE 

WAVEGUIDES IN LITHIU M NIOBATE  

BY FEMTOSECOND WRITI NG TECHNOLOGY  
 

A method for correcting section of Y-splitter on proton-exchange waveguides in 

lithium niobate with an excessive refractive index increase by the technology of direct 

femtosecond writing is proposed. Optimal correction parameters and their influence on 

the performance of Y-couplers are determined. 

 

ɺ ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠʥʪʝʛʨʘʣʴʥʦ-

ʦʧʪʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪʦʚ (ʄʀʆʕ), ʠʩʧʦʣʴʟʫʶʱʠʭ Y-ʨʘʟʚʝʪʚʠʪʝʣʠ ʥʘ 

ʢʘʥʘʣʴʥʳʭ ʚʦʣʥʦʚʦʜʘʭ, ʚʩʪʨʝʯʘʝʪʩʷ ʠʟʙʳʪʦʯʥʦʝ ʧʦʚʳʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 

ʧʨʝʣʦʤʣʝʥʠʷ (ʧ/ʧ) ʚ ʦʙʣʘʩʪʠ Y-ʨʘʟʚʝʪʚʣʝʥʠʷ [1]. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʪʘʢʠʝ ʄʀʆʕ ʧʦʜʚʝʨʛʘʶʪʩʷ ʢʦʣʝʙʘʪʝʣʴʥʦʤʫ ʦʙʤʝʥʫ ʵʥʝʨʛʠʝʡ ʤʝʞʜʫ 
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ʚʳʭʦʜʥʳʤʠ ʚʝʪʚʷʤʠ Y-ʨʘʟʚʝʪʚʠʪʝʣʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ [1]. 

ʉʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʠʟʙʳʪʦʯʥʦʝ ʧʦʚʳʰʝʥʠʝ ʧ/ʧ ʚ ʦʙʣʘʩʪʠ Y-ʨʘʟʚʝʪʚʣʝʥʠʷ 

ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ ʧʨʷʤʦʡ ʬʝʤʪʦʩʝʢʫʥʜʥʦʡ ʟʘʧʠʩʠ, ʢʦʪʦʨʘʷ 

ʧʦʟʚʦʣʷʝʪ ʧʝʨʤʘʥʝʥʪʥʦ ʠʟʤʝʥʷʪʴ ʧ/ʧ ʧʨʦʟʨʘʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʭ ʫʣʴʪʨʘʢʦʨʦʪʢʠʭ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ [2]. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ 

LiNbO3 ʭ-ʩʨʝʟʘ, ʩʦʜʝʨʞʘʱʠʭ Y-ʦʙʨʘʟʥʳʝ ʨʘʟʚʝʪʚʠʪʝʣʠ ʥʘ ʦʩʥʦʚʝ 

ʧʨʦʪʦʥʦʦʙʤʝʥʥʳʭ ʢʘʥʘʣʴʥʳʭ ʚʦʣʥʦʚʦʜʦʚ ʰʠʨʠʥʦʡ 6 ʤʢʤ. ɼʣʷ 

ʬʝʤʪʦʩʝʢʫʥʜʥʦʡ ʟʘʧʠʩʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʣʘʟʝʨ HighQ FemtoTRAIN, ʩ 

ʜʣʠʥʦʡ ʚʦʣʥʳ 1040 ʥʤ, ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʠʤʧʫʣʴʩʘ 360 ʬʩ, ʵʥʝʨʛʠʝʡ ʜʦ 

350 ʥɼʞ, ʯʘʩʪʦʪʦʡ 0,1 ʄɻʮ. ʆʙʨʘʟʮʳ ʧʝʨʝʜʚʠʛʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ 

ʪʨʝʭʤʝʨʥʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʝʨʝʜʚʠʞʝʥʠʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 

10 ʤʢʤ/ʩ. ɹʳʣʠ ʟʘʧʠʩʘʥʳ ʢʦʨʨʝʢʪʠʨʫʶʱʠʝ ʣʘʟʝʨʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ 

ʩʪʨʫʢʪʫʨʳ, ʦʭʚʘʪʳʚʘʶʱʠʝ ʛʣʫʙʠʥʳ ʦʪ 2 ʜʦ 6 ʤʢʤ, ʰʠʨʠʥʦʡ 1 ʤʢʤ ʠ 

ʜʣʠʥʦʡ ʦʪ 50 ʜʦ 100 ʤʢʤ ʧʨʠ ʵʥʝʨʛʠʷʭ 40 - 46 ʥɼʞ. ʌʦʪʦʛʨʘʬʠʷ 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʭ Y-ʨʘʟʚʝʪʚʠʪʝʣʝʡ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. 

ʉʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʝ Y-ʨʘʟʚʝʪʚʠʪʝʣʠ ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʜʦ ʠ ʧʦʩʣʝ ʬʝʤʪʦʩʝʢʫʥʜʥʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʣʘʟʝʨʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʜʣʠʥʦʡ 70 ʤʢʤ ʠ ʩ æn = -3³10
-3 ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʶʪ 

ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ Y-ʨʘʟʚʝʪʚʠʪʝʣʷ ʪʘʢ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʝʣʝʥʠʷ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ ʚʦ ʚʩʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ (ʦʪ 0 ʜʦ 

+60Áʉ) ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 0,1 %. ʇʨʠ ʵʪʦʤ, ʬʩ-ʢʦʨʨʝʢʮʠʷ Y-ʨʘʟʚʝʪʚʠʪʝʣʝʡ, 

ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʄʀʆʕ, ʫʚʝʣʠʯʠʚʘʝʪ ʩʫʤʤʘʨʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ 

ʵʣʝʤʝʥʪʘ ʥʘ ʥʝʙʦʣʴʰʫʶ ʚʝʣʠʯʠʥʫ ʦʪ 0,1 ʜʦ 1,3 ʜɹ. 
 

 
ʈʠʩ. 1. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʛʦ Y-ʨʘʟʚʝʪʚʠʪʝʣʷ 
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ʉʦʩʥʦʚʳʡ ɹʦʨ, ʃʝʥʠʥʛʨʘʜʩʢʘʷ ʦʙʣ. 
1ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʌʀè 
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ʃɸɿɽʈʅʓʄ ʀɿʃʋʏɽʅʀɽʄ ɺ ʅʀʆɹɸʊɽ ʃʀʊʀʗ 
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SPATIAL PERIODS OF STRUCTURES FORMED  

BY ULTRASHORT LASER RADIATION IN LITHIUM NIOBATE  
 

By using set of experimental examples it was shown that orientation and spatial 

periods of nanostructures produced by USP laser radiation inside lithium niobate are 

well explained in framework of universal polariton model. 

 

ɺ [1] ʠʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʢʘʥʠʨʫʶʱʝʛʦ ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (l = 800 ʥʤ,t = 250 ʬʩ, n = 10ɻʮ, Ep = 100 ʥɼʞ, 

ʜʠʘʤʝʪʨ ʟʦʥʳ ʚʦʟʜʝʡʩʪʚʠʷ 320 ʥʤ, v = 100 ʤʢʤ/ʩ, N = 10
3
) ʩ ʦʙʲʝʤʦʤ 

ʥʠʦʙʘʪʘ ʣʠʪʠʷ, ʷʚʣʷʶʱʝʛʦʩʷ ʜʚʫʣʫʯʝʧʨʝʣʦʤʣʷʶʱʠʤ ʢʨʠʩʪʘʣʣʦʤ. 

ʅʘʠʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʨʠ  

Et ¼¼s, ʛʜʝ Et ï ʪʘʥʛʝʥʮʠʘʣʴʥʘʷ ʧʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, s - ʥʘʧʨʘʚʣʝʥʠʝ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʧʫʯʢʘ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɺ ʦʙʲʝʤʝ ʢʨʠʩʪʘʣʣʘ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ 

ʵʢʚʠʜʠʩʪʘʥʪʥʳʭ ʩʪʨʫʢʪʫʨ (g) ʩ ʦʨʠʝʥʪʘʮʠʝʡ g¼¼Et  ̂ k ʠ ʧʝʨʠʦʜʦʤ 

, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʠʥʪʝʨʬʝʨʝʥʮʠʝʡ ʜʚʫʭ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʘʟʤʦʥ ʧʦʣʷʨʠʪʦʥʦʚ (ʇʇʇ) ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ 

ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʧʘʨʘʣʣʝʣʴʥʳʤʠ Et, (ʨʠʩ. 1). ɼʣʷ ʦʮʝʥʢʠ 

ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʜʚʫʣʫʯʝʧʨʝʣʦʤʣʷʶʱʝʛʦ ʢʨʠʩʪʘʣʣʘ 
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ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ 

n = (n0 + ne)/2=(2,17 + 2,25)/2 = 2,21. 

ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʰʝʪʢʠ ʥʘʙʣʶʜʘʣʠʩʴ ʚ [2,3] ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ 

ʠʟʣʫʯʝʥʠʷ ʠ ʧʣʦʪʥʦʩʪʷʭ ʵʥʝʨʛʠʠ (Q) ʥʠʞʝ ʦʜʥʦʢʨʘʪʥʦʛʦ ʧʦʨʦʛʘ ʘʙʣʷʮʠʠ 

(l = 800 ʥʤ, t = 80 ʬʩ, n = 1ʢɻʮ, Q = 0,54 ɼʞ/ʩʤ
2
, N ~ (10·20)). 

ʆʙʨʘʟʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨ ʥʦʩʠʣʦ ʣʦʢʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʠʭ ʦʨʠʝʥʪʘʮʠʷ g¼¼Et 

ʠ ʧʝʨʠʦʜ ʦʪʚʝʯʘʶʪ ʠʥʪʝʨʬʝʨʝʥʮʠʠ, ʧʨʦʠʩʭʦʜʷʱʝʡ 

ʚ ʦʙʲʝʤʝ ʢʨʠʩʪʘʣʣʘ. ɺ [4] ʧʨʠ ʙʣʠʟʢʠʭ ʚʝʣʠʯʠʥʘʭ Q ʠ ʩʢʦʨʦʩʪʝʡ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʙʥʘʨʫʞʝʥʳ ʨʝʰʝʪʢʠ ʩ ʧʝʨʠʦʜʦʤ 

 h º 1,07 ʠ ʦʨʠʝʥʪʘʮʠʝʡ g¼¼Et. ʕʪʠ ʩʪʨʫʢʪʫʨʳ ʭʦʨʦʰʦ 

ʦʧʠʩʳʚʘʶʪʩʷ ʧʦʨʷʜʢʦʤ ʐʘʨʢʦʚʩʢʦʛʦ. ɻʨʝʙʥʠ ʨʝʰʝʪʦʢ ʩ d º 250 ʥʤ 

ʦʢʘʟʳʚʘʶʪʩʷ ʧʨʦʤʦʜʫʣʠʨʦʚʘʥʥʳʤʠ ʨʝʰʝʪʢʦʡ ʘʥʦʤʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ 

G ĝ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʯʘʩʪʠʠ ʚ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʢʣʠʥʦʚʳʭ ʇʇʇ 

[5]. ɺ [6] ʧʨʠ ʚʳʩʦʢʠʭ Q Ó 1,8 ɼʞ/ʩʤ
2
 ʦʙʨʘʟʫʶʪʩʷ ʩʪʨʫʢʪʫʨʳ ʩ g¼¼Et ʠ 

d =  ʠ ʥʘʥʦʢʦʥʫʩʘ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʧʦ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʶ LiNbO3 ʋʂʀ ʠʤʧʫʣʴʩʘʤʠ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʋʇʄ ʜʣʷ ʦʧʠʩʘʥʠʷ ʝʛʦ ʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ. 

 
ʈʠʩ. 1. ɺʠʜ ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ ʢʨʠʩʪʘʣʣʝ ʵʢʚʠʜʠʩʪʘʥʪʥʳʭ ʩʪʨʫʢʪʫʨ 
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ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ʀʉʉʃɽɼʆɺɸʅʀʗ ʆʇʊʀʏɽʉʂʀʍ ɸʅʆʄɸʃʀʁ  

ɺ ʆɼʅʆʆʉʅʓʍ ʂʈʀʉʊɸʃʃɸʍ  

ʄɽʊʆɼʆʄ ʃɸɿɽʈʅʆʁ ʂʆʅʆʉʂʆʇʀʀ 
 

ʇʦʢʘʟʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʣʘʟʝʨʥʦʡ ʢʦʥʦʩʢʦʧʠʠ ʧʨʠ 

ʦʙʥʘʨʫʞʝʥʠʠ ʪʦʥʢʠʭ ʦʧʪʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ʚ ʦʜʥʦʦʩʥʳʭ ʢʨʠʩʪʘʣʣʘʭ, ʘ ʪʘʢʞʝ ʧʨʠ 

ʯʠʩʣʝʥʥʦʡ ʦʮʝʥʢʝ ʚʘʨʠʘʮʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʥʘʧʨʷʞʝʥʠʡ, ʚʳʟʳʚʘʶʱʠʭ ʠʩʢʘʞʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʠʥʜʠʢʘʪʨʠʩʳ. ʇʨʠʚʝʜʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʧʪʠʯʝʩʢʦʡ ʦʜʥʦʨʦʜʥʦʩʪʠ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʧʘʨʘʪʝʣʣʫʨʠʪʘ ʠ ʥʠʦʙʘʪʘ ʣʠʪʠʷ. 
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EXAMINATION OF OPTICAL ANOMALIES IN UNIAXIAL 

CRYSTALS BY THE METHOD OF LASER CONOSCOPY  
 

Experimental capabilities of the laser conoscopy method in the examination of fine 

details of optical anomalies in uniaxial crystals are demonstrated together with 

numerical estimation of refractive index and mechanical stress variations having an 

effect on the distortion of optical indicatrix. Examples are given of the usage of the 

method for the study of optical uniformity of single crystals of paratellurite and lithium 

niobate.  

 

ɼʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʤʝʪʦʜ ʢʦʥʦʩʢʦʧʠʠ ʧʨʠʤʝʥʷʣʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʜʘʥʥʳʭ ʪʦʣʴʢʦ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ɺ ʨʘʙʦʪʝ [1] ʚʧʝʨʚʳʝ ʚʳʚʝʜʝʥʦ 

ʫʨʘʚʥʝʥʠʝ ʠʟʦʭʨʦʤ ʦʜʥʦʦʩʥʦʛʦ ʢʨʠʩʪʘʣʣʘ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ 

ʪʦʯʥʳʡ ʚʠʜ ʢʦʥʦʩʢʦʧʠʯʝʩʢʦʡ ʢʘʨʪʠʥʳ. ʕʪʦ ʧʦʣʦʞʠʣʦ ʥʘʯʘʣʦ ʤʝʪʦʜʫ 

ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʦʧʪʠʯʝʩʢʦʡ ʦʜʥʦʨʦʜʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ. ʎʝʣʷʤʠ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʠʩʴ ʚʳʷʚʣʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ʚ ʦʜʥʦʦʩʥʳʭ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ ʢʦʥʦʩʢʦʧʠʠ, ʘ ʪʘʢʞʝ ʯʠʩʣʝʥʥʘʷ ʦʮʝʥʢʘ 

ʬʘʢʪʦʨʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʘʥʦʤʘʣʠʠ. 

ʇʦʣʫʯʝʥʥʘʷ ʚ ʢʦʥʠʯʝʩʢʦʤ ʧʫʯʢʝ ʣʠʥʝʡʥʦ-ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʢʘʨʪʠʥʘ ʠʟʦʭʨʦʤ ʢʨʠʩʪʘʣʣʘ, ʟʘ ʢʦʪʦʨʳʤ ʥʘʭʦʜʠʪʩʷ ʘʥʘʣʠʟʘʪʦʨ, 

ʧʨʦʝʮʠʨʫʝʪʩʷ ʥʘ ʧʦʣʫʧʨʦʟʨʘʯʥʳʡ ʤʘʪʦʚʳʡ ʵʢʨʘʥ ʠ ʬʦʪʦʛʨʘʬʠʨʫʝʪʩʷ 
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ʮʠʬʨʦʚʦʡ ʢʘʤʝʨʦʡ. ʀʟʦʙʨʘʞʝʥʠʝ ʠʟʦʭʨʦʤ ʨʝʘʣʴʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʚʚʦʜʠʪʩʷ ʚ 

ʢʦʤʧʴʶʪʝʨʥʫʶ ʧʨʦʛʨʘʤʤʫ, ʢʦʪʦʨʘʷ ʩʨʘʚʥʠʚʘʝʪ ʝʛʦ ʩ ʠʟʦʙʨʘʞʝʥʠʝʤ 

ʠʟʦʭʨʦʤ, ʨʘʩʩʯʠʪʘʥʥʳʤ ʪʝʦʨʝʪʠʯʝʩʢʠ ʜʣʷ ʠʜʝʘʣʴʥʦʛʦ ʢʨʠʩʪʘʣʣʘ. 

ʇʨʦʛʨʘʤʤʘ ʨʘʩʯʝʪʦʚ ʢʘʨʪʠʥ ʠʟʦʭʨʦʤ ʦʩʥʦʚʘʥʘ ʥʘ ʫʨʘʚʥʝʥʠʠ ʠʟ [1]. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʦʩʢʦʧʠʯʝʩʢʘʷ ʢʘʨʪʠʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘ 

ʥʠʦʙʘʪʘ ʣʠʪʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ [001]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʢʘʨʪʠʥʳ, 

ʥʘ ʢʦʪʦʨʦʡ ʠʟʦʭʨʦʤʳ ʜʦʣʞʥʳ ʙʳʪʴ ʦʢʨʫʞʥʦʩʪʷʤʠ, ʥʘ ʥʠʭ ʭʦʨʦʰʦ ʚʠʜʥʳ 

ʠʟʣʦʤʳ. ʉʠʩʪʝʤʘ ʠʟʣʦʤʦʚ ʥʘ ʠʟʦʭʨʦʤʘʭ ʚʳʪʷʥʫʪʘ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ 

ʦʧʪʠʯʝʩʢʦʡ ʘʥʦʤʘʣʠʠ ï ʩʚʠʣʠ. ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʦ ʩʦʚʤʝʱʝʥʠʝ 

ʧʦʣʫʯʝʥʥʦʡ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ ʢʦʥʦʩʢʦʧʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʢʘʨʪʠʥʳ ʩ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ. ʇʨʦʛʨʘʤʤʘ ʚʳʯʠʩʣʷʝʪ ʨʘʟʥʦʩʪʠ ʭʦʜʘ ʤʝʞʜʫ ʪʦʯʢʘʤʠ 

ʩʦʩʝʜʥʠʭ ʠʟʦʭʨʦʤ ʠ ʥʘʭʦʜʠʪ ʚʘʨʠʘʮʠʠ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʚ 

ʨʝʘʣʴʥʦʤ ʢʨʠʩʪʘʣʣʝ. ɼʘʣʝʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ 

ʢʨʠʩʪʘʣʣʝ ʚ ʦʙʣʘʩʪʠ ʩ ʘʥʦʤʘʣʠʝʡ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʝʛʦ 

ʧʴʝʟʦʦʧʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ [2]. ɼʣʷ ʢʘʨʪʠʥʳ ʥʘ ʨʠʩ. 2 ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʚʘʨʠʘʮʠʠ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ 10
-4
, ʘ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʩʞʘʪʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʦʨʪʦʛʦʥʘʣʴʥʦʤ ʩʚʠʣʠ ï 10 ʄʧʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʠ ʠʩʧʳʪʘʥʥʳʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʧʪʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ʧʝʨʩʧʝʢʪʠʚʝʥ ʚ ʤʝʪʨʦʣʦʛʠʠ ʦʜʥʦʨʦʜʥʦʩʪʠ 

ʢʨʠʩʪʘʣʣʦʚ. ʀʥʬʦʨʤʘʮʠʷ ʦʙ ʘʥʦʤʘʣʠʷʭ ʠ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʠ ʚ ʤʘʪʝʨʠʘʣʝ 

ʚʘʞʥʘ ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʚʳʨʘʱʠʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. 
 

  
ʈʠʩ. 1. ʂʦʥʦʩʢʦʧʠʯʝʩʢʘʷ 

ʢʘʨʪʠʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘ 

ʥʠʦʙʘʪʘ ʣʠʪʠʷ ʩʦ ʩʚʠʣʴʶ ʚ 

ʚʠʜʝ ʩʝʨʠʠ ʠʟʣʦʤʦʚ ʥʘ 

ʠʟʦʭʨʦʤʘʭ 

ʈʠʩ. 2. ʇʨʦʮʝʩʩ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʩʦʚʤʝʱʝʥʠʷ 

ʠʜʝʘʣʴʥʦʡ ʠ ʨʝʘʣʴʥʦʡ ʢʦʥʦʩʢʦʧʠʯʝʩʢʦʡ ʢʘʨʪʠʥʳ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʧʘʨʘʪʝʣʣʫʨʠʪʘ ʩ ʮʝʣʴʶ ʨʘʩʯʝʪʘ 

ʚʘʨʠʘʮʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʙʣʘʩʪʷʭ ʩ ʦʧʪʠʯʝʩʢʠʤʠ ʘʥʦʤʘʣʠʷʤʠ 
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ʇʆɻʃʆʑɽʅʀʗ ʆɹʒɽʄʅʓʍ ʂʈʀʉʊɸʃʃʆɺ 

 
ʄʝʪʦʜʦʤ ʧʴʝʟʦʨʝʟʦʥʘʥʩʥʦʡ ʣʘʟʝʨʥʦʡ ʢʘʣʦʨʠʤʝʪʨʠʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʫʣʠ ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʢʨʠʩʪʘʣʣʘ ʪʨʠʙʦʨʘʪʘ ʣʠʪʠʷ ʩ 

ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ ʧʨʦʮʝʩʩʳ ʪʝʧʣʦʦʙʤʝʥʘ 

ʙʫʣʠ ʩ ʦʢʨʫʞʘʶʱʠʤ ʚʦʟʜʫʭʦʤ. 
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MEASUREMENT OF LOW OPTICAL ABSORPTION 

COEFFICIENTS OF MASSIVE CRYSTALS  
 

Interaction of lithium triborate boule with laser irradiation was investigated using 

piezoelectric resonance laser calorimetry. Theoretical model that describes processes of 

heat transfer from boule to air was developed. 
 

ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʟʘʜʘʯ ʥʝʣʠʥʝʡʥʦʡ ʦʧʪʠʢʠ, ʥʘʧʨʠʤʝʨ, ʣʘʟʝʨʥʦʛʦ 

ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʩʠʥʪʝʟʘ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʝ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʯʘʩʪʦʪʳ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʢʨʠʪʝʨʠʝʚ ʢʘʯʝʩʪʚʘ 

ʢʨʠʩʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ ʤʘʣʦʩʪʴ ʚʝʣʠʯʠʥʳ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ. 

ʀʟʤʝʨʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʙʫʣʠ ʧʝʨʝʜ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʟʘʜʘʯʝʡ. 

ʅʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ ʷʚʣʷʶʪʩʷ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘʤʠ ʠ ʚ ʥʠʭ 

ʤʦʛʫʪ ʙʝʩʢʦʥʪʘʢʪʥʦ ʚʦʟʙʫʞʜʘʪʴʩʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʨʝʟʦʥʘʥʩʳ ʧʨʠ 

ʩʦʚʧʘʜʝʥʠʠ ʯʘʩʪʦʪʳ ʚʥʝʰʥʝʛʦ ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʧʦʣʷ ʩ ʦʜʥʦʡ ʠʟ ʯʘʩʪʦʪ 

ʩʦʙʩʪʚʝʥʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʤʦʜ ʦʙʨʘʟʮʘ. ʉʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʢʨʠʩʪʘʣʣʘ 

ʠʟʤʝʥʷʶʪʩʷ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʦʚʝʜʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ 

ʢʘʣʠʙʨʦʚʢʫ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪ ʧʨʠ ʦʜʥʦʨʦʜʥʦʤ ʨʘʟʦʛʨʝʚʝ ʢʨʠʩʪʘʣʣʘ, 

ʤʦʞʥʦ ʧʨʠ ʥʝʦʜʥʦʨʦʜʥʦʤ ʨʘʟʦʛʨʝʚʝ ʦʙʨʘʟʮʘ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ 
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ʩʦʧʦʩʪʘʚʠʪʴ ʩʜʚʠʛʫ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ʠʟʤʝʥʝʥʠʝ ʵʢʚʠʚʘʣʝʥʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ [1]. 

ʆʜʥʘʢʦ ʚ ʦʙʲʸʤʥʳʭ ʢʨʠʩʪʘʣʣʘʭ, ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʩ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʧʫʯʢʝ, ʤʦʞʝʪ 

ʚʦʟʥʠʢʘʪʴ ʩʫʱʝʩʪʚʝʥʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ ʠ ʜʣʷ ʢʦʨʨʝʢʪʥʦʡ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʘ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ, ʥʘʧʨʠʤʝʨ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ 

ʠʟʤʝʨʷʪʴ ʪʝʨʤʦʜʘʪʯʠʢʘʤʠ ʥʘ ʦʩʥʦʚʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ 

ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ, ʧʦ ʩʜʚʠʛʫ ʯʘʩʪʦʪ ʚʦʟʙʫʞʜʘʝʤʳʭ ʚ ʥʠʭ ʨʝʟʦʥʘʥʩʦʚ. 

ʀʟʤʝʨʷʝʤʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʪʦʞʜʝʩʪʚʣʷʝʪʩʷ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ʚ ʦʙʣʘʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʪʝʨʤʦʜʘʪʯʠʢʘ. 

ɺ ʨʘʙʦʪʝ ʙʳʣ ʠʟʤʝʨʝʥ ʢʦʵʬʬʠʮʠʝʥʪ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʙʫʣʠ 

ʪʨʠʙʦʨʘʪʘ ʣʠʪʠʷ ʤʘʩʩʦʡ 260 ʛ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʥʦʡ ʢʠʥʝʪʠʢʠ 

ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 1064 ʥʤ ʤʦʱʥʦʩʪʴʶ 11 ʚʘʪʪ (ʨʠʩ. 1). 

ʈʘʟʨʘʙʦʪʘʥʘ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʮʝʥʠʪʴ ʪʦʯʥʦʩʪʴ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ. ʅʘ ʧʝʨʚʦʤ ʰʘʛʝ ʨʝʰʘʝʪʩʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʝ ʫʨʘʚʥʝʥʠʝ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. ɼʘʣʝʝ, ʩ ʫʯʸʪʦʤ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʚʳʯʠʩʣʷʶʪʩʷ ʯʘʩʪʦʪʳ ʩʦʙʩʪʚʝʥʥʳʭ ʤʦʜ ʚ ʨʘʟʣʠʯʥʳʝ 

ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. ʆʪʢʣʦʥʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʛʣʦʱʝʥʠʷ, 

ʦʧʨʝʜʝʣʷʝʤʳʭ ʠʟ ʘʧʧʨʦʢʩʠʤʘʮʠʡ ʨʘʩʩʯʠʪʘʥʥʳʭ ʚ ʤʦʜʝʣʠ ʢʠʥʝʪʠʢ 

ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʣʠʯʥʳʤ ʤʦʜʘʤ, ʦʪ 

ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʝʪ 15% (ʨʠʩ. 2). 
 

  
ʈʠʩ. 1. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʠ 

ʈʠʩ. 2. ʈʘʩʯʸʪʥʳʝ ʢʠʥʝʪʠʢʠ ʵʢʚʠʚʘʣʝʥʪʥʳʭ  

ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʢʨʠʩʪʘʣʣʘ 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Ryabushkin O.A., et. al. // Journal of the European Optical Society. 2011. V.6. P.11032. 
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ʂ.ɽ. ɾɽɺɸʁʂʀʅ, ʄ.ʀ. ʌʆʂʀʅɸ, ʀ.ʖ. ɼɽʅʀʉʖʂ 
ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʈɽʌʈɸʂʊʆʄɽʊʈʀʏɽʉʂʀʍ 

ʇɸʈɸʄɽʊʈʆɺ ʆʈɻɸʅʀʏɽʉʂʀʍ  

ʅɽʃʀʅɽʁʅʆ-ʆʇʊʀʏɽʉʂʀʍ ʂʈʀʉʊɸʃʃʆɺ 

ɸʄʀʅʆʇʀʈʀɼʀʅʆɺʆɻʆ ʈʗɼɸ  

 
ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʥʦʚʳʭ ʥʝʣʠʥʝʡʥʦ-

ʦʧʪʠʯʝʩʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦ-ʢʨʠʩʪʘʣʣʦʚ 4-ʥʠʪʨʦʬʝʥʦʣʘ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʘʤʠʥʦʧʠʨʠʜʠʥʦʚʦʛʦ ʨʷʜʘ: 2-ʘʤʠʥʦʧʠʨʠʜʠʥ; 4-ʘʤʠʥʦʧʠʨʠʜʠʥ; 2,6-

ʜʠʘʤʠʥʦʧʠʨʠʜʠʥ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʠʩʧʦʣʴʟʫʷ ʜʚʘ ʤʝʪʦʜʘ: ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʤʝʪʦʜ ʠ ʤʝʪʦʜ ɸʙʙʝ.  

 

K.E. ZHEVAIKIN, M.I.  FOKINA, I.Yu. DENISYUK 
ITMO University, Saint-Petersburg 

 

INVESTIGATION OF REFRACTIVE INDEXES  

OF ORGANIC NONLINEAR OPTIC AL CRYSTALS  

BASED ON CONFORMATIONS OF AMINOPYRIDINE  
 

Results of investigation of new organic nonlinear optical co-crystals 4-nitrophenol 

with conformations of aminopyridines (2-aminopyridine, 4-aminopyridine, 2,6-

diaminopyridine) are presented. We represented values of refractive indexes of organic 

co-crystals using two methods: microscopy method and Abbe's method.  

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʩʪʨʦʡʩʪʚ ʥʝʣʠʥʝʡʥʦʡ ʦʧʪʠʢʠ 

(ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ ʠʟʣʫʯʝʥʠʷ, ʤʦʜʫʣʷʪʦʨʦʚ, ʦʧʪʠʯʝʩʢʠʭ 

ʚʦʣʥʦʚʦʜʦʚ, ʛʝʥʝʨʘʪʦʨʦʚ ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʪ.ʜ.) ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ: KTP, 

KDP, LBO, BBO ʠ ʜʨ. ʆʜʥʘʢʦ ʨʘʟʚʠʪʠʝ ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʩʨʝʜ 

ʧʦʜʪʦʣʢʥʫʣʦ ʢ ʩʦʟʜʘʥʠʶ ʙʦʣʴʰʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʚʳʜʝʣʷʶʪʩʷ 

ʢʨʠʩʪʘʣʣʳ MNA, POM ʠ DAST, ʧʦʩʣʝʜʥʠʡ ʥʘʰʝʣ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʪʝʨʘʛʝʨʮʦʚʦʡ ʪʝʭʥʠʢʝ [1, 2]. ɺʧʨʦʯʝʤ, ʢʨʠʩʪʘʣʣʳ DAST ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ 

ʥʝʜʦʩʪʘʪʢʦʚ, ʦʩʥʦʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʙʳʩʪʨʘʷ ʜʝʛʨʘʜʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʚʦʟʜʝʡʩʪʚʠʷ ʚʣʘʛʠ. ʀʩʭʦʜʷ ʠʟ 

ʵʪʦʛʦ, ʧʨʦʜʦʣʞʘʝʪʩʷ ʧʦʠʩʢ ʥʦʚʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ 

ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 
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ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʥʦʚʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʥʝʣʠʥʝʡʥʦ-

ʦʧʪʠʯʝʩʢʠʭ ʩʦ-ʢʨʠʩʪʘʣʣʦʚ 4-ʥʠʪʨʦʬʝʥʦʣʘ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʘʤʠʥʦʧʠʨʠʜʠʥʘʤʠ: 2-ʘʤʠʥʦʧʠʨʠʜʠʥ; 4-ʘʤʠʥʦʧʠʨʠʜʠʥ;  

2,6-ʜʠʘʤʠʥʦʧʠʨʠʜʠʥ. ʈʘʥʝʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʣʠʥʝʡʥʦ-

ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ ʥʘʣʠʯʠʝ 

ʚʳʩʦʢʠʭ ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ 

ʜʝʛʨʘʜʘʮʠʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʤʦʱʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʚʦʟʜʝʡʩʪʚʠʷ 

ʚʣʘʛʠ [3].  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ ʩʣʝʜʫʶʱʠʭ 

ʩʦ-ʢʨʠʩʪʘʣʣʦʚ: 2-ʘʤʠʥʦʧʠʨʠʜʠʥ-4-ʥʠʪʨʦʬʝʥʦʣ (2AP4N);  

4-ʘʤʠʥʦʧʠʨʠʜʠʥ-4-ʥʠʪʨʦʬʝʥʦʣ (4AP4N); 2,6-ʜʠʘʤʠʥʦʧʠʨʠʜʠʥ-4-

ʥʠʪʨʦʬʝʥʦʣ (2,6DAP4N). ʀʟʫʯʝʥʠʝ ʜʘʥʥʳʭ ʩʦ-ʢʨʠʩʪʘʣʣʦʚ ʧʨʦʚʦʜʠʣʦʩʴ, 

ʠʩʧʦʣʴʟʫʷ ʜʚʘ ʤʝʪʦʜʘ ï ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʤʝʪʦʜ ʠ ʤʝʪʦʜ ɸʙʙʝ. 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʧʦ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʤʫ 

ʤʝʪʦʜʫ: n(2AP4N) = 1.72; n(4AP4N) = 1.6; n(2,6DAP4N) = 1.59. ʀʩʧʦʣʴʟʫʷ 

ʤʝʪʦʜ ɸʙʙʝ: n(2AP4N) = 1.605; n(4AP4N) = 1.589; n(2,6DAP4N) = 1.591. 

ʆʪʢʣʦʥʝʥʠʷ ʦʪ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʬʦʨʤʳ (ʨʠʩ. 1) ʦʙʲʷʩʥʷʶʪʩʷ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʢʨʠʩʪʘʣʣʘ (ʥʘʣʠʯʠʝ ʵʬʬʝʢʪʘ ʜʚʦʡʥʠʢʦʚʘʥʠʷ). 

 
ʈʠʩ. 1. ʂʨʫʛʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ  

ʩʦ-ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʦʩʥʦʚʝ ʧʨʦʠʟʚʦʜʥʳʭ ʘʤʠʥʦʧʠʨʠʜʠʥʘ ʩ ʰʘʛʦʤ ʧʦʚʦʨʦʪʘ ʜʠʩʢʘ 30Á 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Vijay R.J., Melikechi N., Kumar T.R., Jesudurai J.G.M., Sagayaraj P. // J. Crystal Growth. 
2010. V.312. P.420. 
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ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ 
1ʄʦʟʳʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʇ. ʐʘʤʷʢʠʥʘ, 

ɹʝʣʘʨʫʩʴ 

 

ʇʆʇʋʊʅʆɽ ɺɿɸʀʄʆɼɽʁʉʊɺʀɽ ʉɺɽʊʆɺʓʍ ɺʆʃʅ  

ʉ ʎʀʈʂʋʃʗʈʅʆʁ ʇʆʃʗʈʀɿɸʎʀɽʁ  

ɺ ʂʈʀʉʊɸʃʃɽ BSO ʉʈɽɿɸ (110) 
 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʘ ʘʥʠʟʦʪʨʦʧʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʧʫʪʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʚʝʪʦʚʳʭ ʚʦʣʥ ʩ ʮʠʨʢʫʣʷʨʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ ʚ ʢʨʠʩʪʘʣʣʝ ʩʠʣʠʢʘʪʘ 

ʚʠʩʤʫʪʘ ʩʨʝʟʘ (110) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʬʬʝʢʪʘ ʬʘʟʦʚʦʡ ʜʝʤʦʜʫʣʷʮʠʠ. 
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CO-DIRECTIONAL INTERACTION OF CIRCU LARLY -

POLARIZED LIGHT WAVES IN THE (110) -CUT BSO CRYSTAL 
 

We experimentally investigate anisotropy of the efficiency of co-directional 

interaction of light waves with circular polarization in the (110)-cut bismuth silicon 

oxide crystal by using the phase-demodulation effect. 

 

ɽʩʪʝʩʪʚʝʥʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ Bi12SiO20 (BSO) 

ʢʣʘʩʩʘ ʩʠʣʣʝʥʠʪʦʚ ʧʨʠʚʦʜʠʪ ʢ ʥʝʤʦʥʦʪʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʜʚʫʭʧʫʯʢʦʚʦʡ ʩʚʷʟʠ ũ ʦʪ ʜʣʠʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ 

ʚʦʣʥ ʥʘ ʧʨʦʧʫʩʢʘʶʱʠʭ ʛʦʣʦʛʨʘʤʤʘʭ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʪʠʧʘ [1], 

ʦʛʨʘʥʠʯʠʚʘʶʱʝʡ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʬʦʪʦʨʝʬʨʘʢʪʠʚʥʳʭ ʩʨʝʜ 

ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʜʠʥʘʤʠʯʝʩʢʦʡ ʛʦʣʦʛʨʘʬʠʠ ʠ ʘʜʘʧʪʠʚʥʦʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʘ ʘʥʠʟʦʪʨʦʧʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʧʫʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʢʨʠʩʪʘʣʣʝ BSO ʜʣʷ 

ʮʠʨʢʫʣʷʨʥʦ-ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʚʦʣʥ, ʢʦʛʜʘ ũ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʧʦ ʚʩʝʡ 

ʪʦʣʱʠʥʝ d ʬʦʪʦʨʝʬʨʘʢʪʠʚʥʦʛʦ ʦʙʨʘʟʮʘ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʦʙʨʘʟʝʮ BSO ʩʨʝʟʘ (110) ʩ ʪʦʣʱʠʥʦʡ d = 2.8 ʤʤ, ʧʦʤʝʱʝʥʥʳʡ ʚ ʦʧʨʘʚʫ, 

ʧʦʟʚʦʣʷʶʱʫʶ ʟʘʜʘʚʘʪʴ ʦʨʠʝʥʪʘʮʠʦʥʥʳʡ ʫʛʦʣ ɗ ʤʝʞʜʫ ʚʝʢʪʦʨʦʤ K 

ʢʘʨʪʠʥʳ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩʚʝʪʦʚʳʭ ʧʫʯʢʦʚ (ʜʣʠʥʘ 

ʚʦʣʥʳ 633 ʥʤ) ʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ [001]. ʉʚʝʪʦʚʳʝ 
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ʧʫʯʢʠ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʮʠʨʢʫʣʷʨʥʳʤʠ ʧʦʣʷʨʠʟʘʮʠʷʤʠ, ʟʘʜʘʚʘʝʤʳʝ 

ʩʦʩʪʘʚʥʳʤʠ ʬʘʟʦʚʳʤʠ ʧʣʘʩʪʠʥʢʘʤʠ [2], ʧʝʨʝʩʝʢʘʣʠʩʴ ʚ ʢʨʠʩʪʘʣʣʝ ʧʦʜ 

ʫʛʣʦʤ Ŭ = 40,̄ ʙʠʩʩʝʢʪʨʠʩʦʡ ʢʦʪʦʨʦʛʦ ʷʚʣʷʣʦʩʴ ʥʘʧʨʘʚʣʝʥʠʝ [110]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʬʘʟʦʚʦʡ ʤʦʜʫʣʷʮʠʠ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʯʢʘ ʥʘ ʯʘʩʪʦʪʝ 

f = 1650 ɻʮ, ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʛʥʘʣʘ ʜʝʤʦʜʫʣʷʮʠʠ ʧʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ 

ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʝ [3] ʤʝʪʦʜʠʢʠ ʝʛʦ ʦʙʨʘʙʦʪʢʠ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ 

ʦʨʠʝʥʪʘʮʠʦʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʘʤʧʣʠʪʫʜʳ ʜʣʷ 

ʧʨʠʩʫʪʩʪʚʫʶʱʝʡ ʚ ʥʝʤ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʠ M
(2f)
(ɗ) (ʨʠʩ. 1). ʀʟ ʥʝʛʦ ʩʣʝʜʫʝʪ, 

ʯʪʦ ʚ ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚ ï30̄  < ɗ < +30̄  ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʪʥʦʝ ʦʪʣʠʯʠʝ ʚ 

ʬʦʪʦʨʝʬʨʘʢʪʠʚʥʦʤ ʦʪʢʣʠʢʝ ʜʣʷ ʚʦʣʥ ʩ ʧʨʘʚʦʡ ʠ ʣʝʚʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ, 

ʢʦʪʦʨʦʝ ʥʝ ʦʧʠʩʳʚʘʝʪʩʷ ʨʘʩʯʝʪʦʤ (ʩʧʣʦʰʥʘʷ ʢʨʠʚʘʷ ʥʘ ʨʠʩ. 1) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʚʝʩʪʥʳʭ ʤʦʜʝʣʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [1, 3]. ʇʨʠʯʠʥʘ 

ʜʘʥʥʦʛʦ ʦʪʣʠʯʠʷ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʵʬʬʝʢʪʦʤ ʵʣʝʢʪʨʦʛʠʨʘʮʠʠ [4].  

 
ʈʠʩ. 1. ʆʨʠʝʥʪʘʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʘʤʧʣʠʪʫʜʳ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʠ 

 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʚ ʨʘʤʢʘʭ ɻʦʩʟʘʜʘʥʠʷ ʥʘ 2017-2019 ʛ.ʛ. (ʧʨʦʝʢʪ 

ˉ3.8898.2017/8.9) ʠ ʈʌʌʀ (ʛʨʘʥʪ ˉ 16-29-14046-ʦʬʠ_ʤ). 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʐʝʧʝʣʝʚʠʯ ɺ.ɺ. ɻʦʣʦʛʨʘʬʠʷ ʚ ʬʦʪʦʨʝʬʨʘʢʪʠʚʥʳʭ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʢʨʠʩʪʘʣʣʘʭ. 
ʄʠʥʩʢ, 2012. 

2. ɻʦʣʴʮʝʨ ʀ.ɺ., ɼʘʨʰʪ ʄ.ʗ. ʠ ʜʨ. // ʂʚʘʥʪʦʚʘʷ ʵʣʝʢʪʨʦʥʠʢʘ. 1995. ʊ.22 (2). ʉ.201. 

3. ʐʘʥʜʘʨʦʚ ʉ.ʄ., ɹʫʨʠʤʦʚ ʅ.ʀ. ʠ ʜʨ. // ɺ ʩʙ.: ɻʦʣʦʛʨʘʬʠʷ. ʅʘʫʢʘ ʠ ʧʨʘʢʪʠʢʘ: ʪʝʟʠʩʳ 
ʜʦʢʣʘʜʦʚ XIII ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. 2016. ʉ.140. 

4. ɺʣʦʭ ʆ.ɻ., ʎʘʨʠʢ ɸ.ɺ. // ʋʢʨ. ʬʠʟ. ʞʫʨʥ. 1977. ʊ.22 (6). ʉ.1027. 



ʋɼʂ 535(06)+004(06) 

50 ISBN 978-5-7262-2445-9 ʌʆʊʆʅʀʂɸ ʀ ʀʅʌʆʈʄɸʎʀʆʅʅɸʗ ʆʇʊʀʂɸ  

ʉ.ɸ. ʊʈɽʊʔʗʂʆɺ, ɸ.ʀ. ʀɺɸʅʆɺɸ,  

ʀ.ɸ. ʂɸʇʃʋʅʆɺ, ɽ.ʖ. ʃɸɺʈʆɺɸ 
ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ʄɽʊʆɼ ʊɽʇʃʆɺʀɿʀʆʅʅʆɻʆ ʂʆʅʊʈʆʃʗ ɼʃʗ ʆʎɽʅʂʀ 

ʋɼɽʃʔʅʆɻʆ ʉʆʇʈʆʊʀɺʃɽʅʀʗ ʀ ʂʆʅʎɽʅʊʈɸʎʀʀ 

ʃɽɻʀʈʋʖʑɽʁ ʇʈʀʄɽʉʀ ɺ ʄʆʅʆʂʈʀʉʊɸʃʃɸʍ 

ɻɽʈʄɸʅʀʗ  
 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʧʣʦʚʠʟʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʘ ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʦʚ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʛʝʨʤʘʥʠʷ ʩ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʣʝʛʠʨʫʶʱʝʡ 

ʧʨʠʤʝʩʠ. ɼʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʚ ʚʠʜʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʨʦʬʠʣʝʡ ʠ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʚʨʝʤʝʥʠ. ʉʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʝʪʦʜʘ 

ʪʝʧʣʦʚʠʟʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ 

ʘʥʘʣʠʟʘ ʦʜʥʦʨʦʜʥʦʩʪʠ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ.  

 

S.A. TRETIAKOV, A.I. IVANOVA ,  

I.A. KAPLUNOV, E.Yu. LAVROVA  
Tver state university 

 

METHOD OF THERMAL IMAGING CONTROL  

FOR DETERMINATION OF ELECTRICAL RESISTIVITY  

AND CONCENTRATION OF DOPING IMPURITY  

IN SINGLE CRYSTALS OF GERMANIUM  
 

The results of thermal imaging control of the heating of single crystal germanium 

samples with different dopant concentrations are presented. Data are obtained in the 

form of temperature profiles and temperature dependences versus time. Conclusions are 

made about the sensitivity of the thermal imaging method for determining the resistivity 

and analyzing the homogeneity of this parameter. 
 

ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʛʝʨʤʘʥʠʷ ï ʪʝʭʥʠʯʝʩʢʠ ʮʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʠʙʦʨʦʚ ʀʂ-ʦʧʪʠʢʠ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʪʝʭʥʠʢʠ, 

ʜʝʪʝʢʪʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʏʠʩʪʳʡ ʛʝʨʤʘʥʠʡ ï ʪʠʧʠʯʥʳʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢ, 

ʦʙʣʘʜʘʝʪ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʤ 

(~47 ʆʤÖʩʤ) ʫʜʝʣʴʥʳʤ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʥʘ ʢʦʪʦʨʦʝ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʣʠʷʝʪ ʥʘʣʠʯʠʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʧʨʠʤʝʩʝʡ. ɼʣʷ 

ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪ (ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʧʨʦʧʫʩʢʘʥʠʝ ʀʂ-ʠʟʣʫʯʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 2,3-14,0 ʤʢʤ) ʤʦʥʦʢʨʠʩʪʘʣʣʳ 

ʛʝʨʤʘʥʠʷ n-ʪʠʧʘ ʩ ʫʜʝʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 2-20 ʆʤÖʩʤ [1, 2]. 
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ʅʘ ʧʨʘʢʪʠʢʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪ ʯʝʪʳʨʝʭʟʦʥʜʦʚʳʡ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʧʦ ʩʫʪʠ 

ʩʚʦʝʡ ʷʚʣʷʝʪʩʷ ʢʦʥʪʘʢʪʥʳʤ ʠ ʪʦʯʝʯʥʳʤ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ 

ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ [3], 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʧʣʦʚʳʝ ʤʝʪʦʜʳ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʪʝʧʣʦʚʠʟʠʦʥʥʳʡ ʢʦʥʪʨʦʣʴ, ʜʣʷ ʦʮʝʥʢʠ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʪʝʧʣʦʚʠʟʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʶʪʩʷ ʝʛʦ ʙʝʩʢʦʥʪʘʢʪʥʦʩʪʴ 

ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʢʘʨʪʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠʤʝʩʠ ʧʦ ʚʩʝʤʫ 

ʦʙʲʝʤʫ ʢʨʠʩʪʘʣʣʘ. 

ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠʤʝʩʠ ʧʫʪʝʤ 

ʪʝʧʣʦʚʠʟʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʦʙʨʘʟʮʦʚ ʛʝʨʤʘʥʠʷ  ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʥʘʛʨʝʚʘ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʛʝʨʤʘʥʠʷ n-ʪʠʧʘ, 

ʣʝʛʠʨʦʚʘʥʥʳʝ ʩʫʨʴʤʦʡ ʩ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (2Ā10
13
é8Ā10

14
 ʩʤ

-3
). 

ɺ ʧʨʦʮʝʩʩʝ ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʦʚ, ʩ ʧʦʤʦʱʴʶ ʪʝʧʣʦʚʠʟʦʨʘ FLIR T250, 

ʬʠʢʩʠʨʦʚʘʣʠ ʜʠʥʘʤʠʢʫ ʪʝʤʧʝʨʘʪʫʨ (ʨʠʩ. 1 ʠ 2). ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʪʝʧʣʦʚʠʟʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ (ʜʣʷ ʠʩʧʦʣʴʟʫʝʤʦʡ ʪʝʧʣʦʚʠʟʠʦʥʥʦʡ ʢʘʤʝʨʳ) 

ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ~ 0,5 ʆʤĀʩʤ. 
 

  
ʈʠʩ. 1. ʊʝʧʣʦʚʠʟʠʦʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

ʥʘʛʨʝʪʳʭ ʦʙʨʘʟʮʦʚ ʛʝʨʤʘʥʠʷ ʩ ʨʘʟʥʳʤ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 

ʈʠʩ. 2. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʧʨʦʬʠʣʴ 

ʦʙʨʘʟʮʦʚ ʚ ʤʦʤʝʥʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʥʘʛʨʝʚʘ 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʄ.ʆ. ɾʋʂʆɺɸ, ʗ.ɺ. ɻʈɸʏɪɺ, ɺ.ʇ. ʏɽɻʅʆɺ
1
,  

ʆ.ʀ. ʏɽɻʅʆɺɸ
1
, ɺ.ɻ. ɹɽʉʇɸʃʆɺ 

ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 
1ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠʤ. ɸ.ʖ. ʄʘʣʠʥʠʥʘ, 

ɿʝʣʝʥʦʛʨʘʜ 

 

ɺʃʀʗʅʀɽ ʇʈʀʄɽʉɽʁ ɺ ʂʈʀʉʊɸʃʃɸʍ ZnSe  

ʅɸ ʇʈʆʇʋʉʂɸʅʀɽ ʊɽʈɸɻɽʈʎʆɺʆɻʆ ʀɿʃʋʏɽʅʀʗ  

ʀ ɼʀʅɸʄʀʂʋ ʌʆʊʆʕʃɽʂʊʈʆʅʆɺ 
 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʧʨʠʤʝʩʝʡ 

ʞʝʣʝʟʘ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʢʨʠʩʪʘʣʣʘʭ ZnSe ʥʘ ʧʨʦʧʫʩʢʘʥʠʝ ʚ ʪʝʨʘʛʝʨʮʦʚʦʤ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʤʝʪʦʜʦʤ ʪʝʨʘʛʝʨʮʦʚʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʨʘʟʨʝʰʝʥʠʝʤ ʚʦ ʚʨʝʤʝʥʠ 

ʠ ʥʘ ʜʠʥʘʤʠʢʫ ʬʦʪʦʵʣʝʢʪʨʦʥʦʚ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘʢʘʯʢʘ-ʟʦʥʜʠʨʦʚʘʥʠʝ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

 

M.O. ZHUKOVA, Ya.V. GRACHEV, V.P. CHEGNOV
1
, 

O.I. CHEGNOVA
1
, V.G. BESPALOV 

ITMO University, Saint-Petersburg 
1Research Institute of Materials Science and Technology, Zelenograd 

 

INFLUENCE OF IMPURITIES  IN ZnSe CRYSTALS  

ON TERAHERZ TRANSMISSION  

AND PHOTOELECTRONS DYNAMICS  
 

The experimental results of influence of ferrum impurities in ZnSe semiconductor 

crystals on transmission in the terahertz range studying by the method of terahertz time-

domain spectroscopy were presented, as well as photoelectrons dynamics measured by 

pump-probe spectroscopy method. The possibility of increasing the efficiency of 

electro-optical conversion was discussed. 

 

ʆʩʚʦʝʥʠʝ ʪʝʨʘʛʝʨʮʦʚʦʛʦ (ʊɻʮ) ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ ʦʧʪʠʯʝʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʡ ʚ 

ʙʝʩʧʨʦʚʦʜʥʳʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʷʭ, ʩʠʩʪʝʤʘʭ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʜʝʬʝʢʪʦʩʢʦʧʠʠ, ʙʠʦʣʦʛʠʠ, ʤʝʜʠʮʠʥʝ, ʘ ʪʘʢʞʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʳʩʪʨʦʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ [1]. ʈʘʥʝʝ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ 

ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʊɻʮ 

ʩʠʩʪʝʤ ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʠ ʦʮʝʥʢʠ 

ʚʦʟʥʠʢʘʶʱʠʭ ʦʛʨʘʥʠʯʝʥʠʡ [2, 3]. 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʥʦʩʠʪʝʣʝʡ ʚ ʢʨʠʩʪʘʣʣʘʭ ʊɻʮ ʜʠʘʧʘʟʦʥʘ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʦʥʢʠʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʣʘʩʪʠʥʳ ʩʝʣʝʥʠʜʘ ʮʠʥʢʘ (ZnSe) [4] ʪʦʣʱʠʥʦʡ ʧʦʨʷʜʢʘ 

610 ʤʢʤ ʢʘʢ ʥʝʣʝʛʠʨʦʚʘʥʥʳʝ, ʪʘʢ ʠ ʩ ʧʨʠʤʝʩʷʤʠ ʞʝʣʝʟʘ (ZnSe:Fe) ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,23 %. 

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʧʫʩʢʘʥʠʷ ʜʚʫʭ ʚʳʰʝʦʧʠʩʘʥʥʳʭ 

ʦʙʨʘʟʮʦʚ ʚ ʪʝʨʘʛʝʨʮʦʚʦʤ ʜʠʘʧʘʟʦʥʝ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʊɻʮ 

ʩʧʝʢʪʨʦʤʝʪʨʝ ʩ ʨʘʟʨʝʰʝʥʠʝʤ ʚʦ ʚʨʝʤʝʥʠ. ɺ ʢʘʯʝʩʪʚʝ ʛʝʥʝʨʘʪʦʨʘ ʊɻʮ 

ʠʟʣʫʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʨʠʩʪʘʣʣ InAs, ʧʦʤʝʱʝʥʥʳʡ ʚ ʧʦʣʝ ʧʦʩʪʦʷʥʥʦʛʦ 

ʤʘʛʥʠʪʘ ʠʥʜʫʢʮʠʝʡ 2,4 ʊʣ, ʢʦʪʦʨʳʡ ʥʘʢʘʯʠʚʘʣʩʷ ʬʝʤʪʦʩʝʢʫʥʜʥʳʤ 

ʣʘʟʝʨʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 1055 ʥʤ, ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʠʤʧʫʣʴʩʘ 100 ʬʩ ʠ 

ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʴʶ 3,8 ɺʪ. ʀʟ ʨʠʩ. 1 ʚʠʜʥʦ, ʯʪʦ ʚ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ 

0,3-0,5 ʊɻʮ ʧʨʦʧʫʩʢʘʥʠʝ ZnSe:Fe ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʇʦʜʦʙʥʳʝ ʷʚʣʝʥʠʷ ʚ 

ʜʨʫʛʠʭ ʢʨʠʩʪʘʣʣʘʭ ʥʘʙʣʶʜʘʣʠʩʴ, ʥʘʧʨʠʤʝʨ ʚ [5]. ʇʨʠ ʣʝʛʠʨʦʚʘʥʠʠ 

ZnSe:Fe ʜʦ ʦʧʨʝʜʝʣʸʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ ʤʦʣʝʢʫʣʳ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʠ ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ.  

ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʠ ʩʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ ʬʦʪʦʵʣʝʢʪʨʦʥʦʚ ʙʳʣʦ ʪʘʢʞʝ 

ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘʢʘʯʢʘ-

ʟʦʥʜʠʨʦʚʘʥʠʝ. ʅʘʣʠʯʠʝ ʧʨʠʤʝʩʝʡ ʚ ʦʙʨʘʟʮʝ ʜʝʣʘʝʪ ʩʨʝʜʫ ʙʦʣʝʝ 

ʧʨʦʟʨʘʯʥʦʡ ʚ ʊɻʮ ʜʠʘʧʘʟʦʥʝ, ʯʪʦ ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ,  ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʊɻʮ ʠʟʣʫʯʝʥʠʷ.  

 
ʈʠʩ. 1. ʇʨʦʧʫʩʢʘʥʠʝ ZnSe ʠ ZnSe:Fe ʚ ʊɻʮ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Dhillon S.S., et al. //Journal of Physics D: Applied Physics. 2017. V.50 (4). P.043001. 
2. Osipova M.O., Makarov E.A., Bespalov V.G. // Laser Optics (LO), IEEE. 2016. P.R8-45. 

3. Perlin E.Yu., Bondarev M.A., Zhukova M.O. // Optics and spectr. 2017. V.123 (4). P.578. 

4. Avetissov I.C., et al. // CrystEngComm. 2015. V.17 (3). P.561. 
5. Red'kin R.A., et al. // Proc. of Control and Communications (SIBCON). P.1. 
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ɸ.ɼ. ʄʆʃʏɸʅʆɺɸ, ʂ.ʅ. ɹʆʃɼʓʈɽɺ, ʄ.ʅ. ʇʆʇʆɺɸ, 

ʄ.ɸ. ʇʈʆʉʅʀʂʆɺ
1
, ʈ.ʄ. ɼʋɹʈʆɺʀʅ

1
, ʈ.ɺ. ʇʀʉɸʈɽɺ

1
 

ʀʥʩʪʠʪʫʪ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʈɸʅ, ʊʨʦʠʮʢ, ʄʦʩʢʚʘ 
1ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɸ.ʌ. ʀʦʬʬʝ ʈɸʅ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ɼʀʅɸʄʀʂɸ ʈɽʐɪʊʂʀ ɹʆʈɸʊɸ ʄɽɼʀ Cu3(BO3)2  

ʉʆ ʉʃʆɾʅʆʁ ʉʃʆʀʉʊʆʁ ʂʈʀʉʊɸʃʃʀʏɽʉʂʆʁ 

ʉʊʈʋʂʊʋʈʆʁ 

 
ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʨʝʰʸʪʢʠ 

ʙʦʨʘʪʘ ʤʝʜʠ Cu3(BO3)2 ʤʝʪʦʜʘʤʠ ʀʂ ʠ ʂʈʉ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʆʧʨʝʜʝʣʝʥʳ 

ʧʘʨʘʤʝʪʨʳ ʚʩʝʭ ʥʘʙʣʶʜʘʝʤʳʭ ʀʂ ʠ ʂʈʉ ʘʢʪʠʚʥʳʭ ʬʦʥʦʥʥʳʭ ʤʦʜ. ʆʙʩʫʞʜʘʶʪʩʷ 

ʚʦʟʤʦʞʥʳʝ ʧʨʠʯʠʥʳ ʥʘʣʠʯʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʬʦʥʦʥʦʚ ʚ 

ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ (< 100 ʩʤ-1) ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʦʚ, ʥʝʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʜʨʫʛʠʭ ʤʝʜʥʳʭ 

ʙʦʨʘʪʦʚ. 
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LATTICE DINAMICS OF STRUCTURALLY COMPLEX  

LAYERED COPPER BORAT E Cu3(BO3)2 
 

Presents the results of the experimental study of lattice dynamics in copper borate 

Cu3(BO3)2 by IR and Raman spectroscopy methods. The parameters of all observed IR 

and Raman active phonon modes have been determined. Possible reasons for the 

presence of a large number of phonons in the low-frequency (< 100 cm-1) region of the 

spectra, uncharacteristic for other copper borates, were discussed. 

 

ɹʦʨʘʪ ʤʝʜʠ Cu3(BO3)2 ʦʙʣʘʜʘʝʪ ʩʣʦʞʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ 

ʩʪʨʫʢʪʫʨʘʤʠ. ʀʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ [1, 2], ʫʜʝʣʴʥʦʡ 

ʪʝʧʣʦʝʤʢʦʩʪʠ [2, 3] ʠ ʥʝʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʦʥʦʚ [2] ʚʳʷʚʠʣʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʱʝʣʠ ~3,4 ʤʵɺ ʚ ʩʧʝʢʪʨʘʭ ʤʘʛʥʠʪʥʳʭ ʚʦʟʙʫʞʜʝʥʠʡ ʥʠʞʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʛʥʠʪʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʨʠ TN = 10 K, ʯʪʦ ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʩʠʥʛʣʝʪʥʦʝ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʆʜʥʘʢʦ, ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ ʢ ʩʣʦʷʤ [3], 

ʥʘʙʣʶʜʝʥʠʝ ʩʧʠʥ-ʬʣʦʧ-ʧʝʨʝʭʦʜʘ ʧʨʠ Hc = 9,5 ʊʣ [4], ʠ ʗʄʈ-ʠʟʤʝʨʝʥʠʷ ʥʘ 

ʷʜʨʘʭ 11B [4] ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʨʸʭʤʝʨʥʦʝ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ 

ʫʧʦʨʷʜʦʯʝʥʠʝ. 
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ʀʥʪʝʨʝʩʥʳ ʪʘʢʞʝ ʬʦʥʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ Cu3(BO3)2. 
ʅʠʟʢʦʩʠʤʤʝʪʨʠʯʥʘʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʛʨʫʧʧʘ ) ʠ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ (N = 110) ʚ ʧʨʠʤʠʪʠʚʥʦʡ ʷʯʝʡʢʝ 

ʧʨʠʚʦʜʠʪ ʢ ʩʣʦʞʥʦʤʫ ʚʠʜʫ ʩʧʝʢʪʨʦʚ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʤʦʜ, ʯʪʦ ʠ ʷʚʣʷʝʪʩʷ 

ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ.  

ʅʘʤʠ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʧʝʢʪʨʳ ʀʂ ʧʨʦʧʫʩʢʘʥʠʷ, ʥʘʨʫʰʝʥʥʦʛʦ 

ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ ʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʩʦʩʪʘʚʠʪʴ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʜʠʥʘʤʠʢʝ ʨʝʰʸʪʢʠ 

Cu3(BO3)2. ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʳ ʢʘʨʪʳ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʩʧʝʢʪʨʦʚ 

ʧʨʦʧʫʩʢʘʥʠʷ Cu3(BO3)2 ʜʣʷ ʜʚʫʭ ʜʠʘʧʘʟʦʥʦʚ ʯʘʩʪʦʪ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʬʦʥʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ Cu3(BO3)2 ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ 

ʯʠʩʣʘ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʤʦʜ, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʦʙʣʘʜʘʶʪ ʟʘʤʝʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ. ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʤʦʜʳ 

ɜ1 = 30.2 ʩʤ
-1
 ʠ ɜ2 = 32.6 ʩʤ

-1
, ʥʠʟʢʠʝ ʯʘʩʪʦʪʳ ʢʦʪʦʨʳʭ ʥʝʭʘʨʘʢʪʝʨʥʳ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʡ ʙʦʨʘʪʦʚ ʤʝʜʠ. ʇʨʠʨʦʜʫ ʤʦʜ ɜ1 ʠ ɜ2, ʚʝʨʦʷʪʥʦ, ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ 

ʥʘʣʠʯʠʝʤ ʩʫʧʝʨʩʪʨʫʢʪʫʨʳ ʚʜʦʣʴ ʦʜʥʦʡ ʠʟ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʝʡ, 

ʣʠʙʦ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʗʥ-ʊʝʣʣʝʨʦʚʩʢʠʭ ʧʦʣʷʨʥʳʭ ʮʝʥʪʨʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʜʣʷ ʤʦʣʦʜʳʭ 

ʢʘʥʜʠʜʘʪʦʚ ʄʂ-3577.2017.2 ʠ ʛʨʘʥʪʘ ʈʅʌ 16-12-10456. 
 

  
ʈʠʩ. 1. ʂʘʨʪʳ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʩʧʝʢʪʨʦʚ ʧʨʦʧʫʩʢʘʥʠʷ Cu3(BO3)2 ʚ ʜʠʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ 

29ï34 ʩʤ-1 (ʩʣʝʚʘ) ʠ 30 ï 110 ʩʤ-1 (ʩʧʨʘʚʘ) 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
1. Petrakovskii G.A., Sablina K.A., et al. // Phys. Solid State. 1999. V.41. P.610. 

2. Petrakovskii G.A., Bezmaternykh L.N., et al. // Phys. Solid State. 2007. V.49. P.1315. 

3. Kudo K., Noji T., Koike Y. // J. Phys. Soc. Jpn. 2001. V.70. P.935. 
4. Sakurai H., Tsuboi N., et al. // Phys. Rev. B. 2002. V.66. P.024428. 
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ɸ.ɼ. ʅɽʂʈɸʉʆɺ, ɹ.ʀ. ʐɸʇʀʈʆ, ɺ.ʉ. ʂʈʀɺʆɹʆʂ
1
, 

ɺ.ʉ. ʃɽɹɽɼɽɺ
1
 

ʄʦʩʢʦʚʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

(ʠʥʩʪʠʪʫʪ ʪʦʥʢʠʭ ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ) 
1ʌʠʟʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʇ.ʅ. ʃʝʙʝʜʝʚʘ ʈɸʅ, ʄʦʩʢʚʘ 

 

ʃʖʄʀʅɽʉʎʀʈʋʖʑʀɽ ʄɽʊɸʃʃʆʂʆʄʇʃɽʂʉʅʓɽ  

J-ɸɻʈɽɻɸʊʓ ʇʆʃʀʄɽʊʀʅʆɺʓʍ ʂʈɸʉʀʊɽʃɽʁ  

ɼʃʗ ʌʆʊʆʅʀʂʀ ʀ ʆʇʊʆʕʃɽʂʊʈʆʅʀʂʀ 
 

ʈʘʟʨʘʙʦʪʘʥ ʧʨʦʮʝʩʩ ʫʧʨʘʚʣʷʝʤʦʛʦ ʩʠʥʪʝʟʘ ʥʘʥʦ- ʠ ʤʠʢʨʦʢʨʠʩʪʘʣʣʦʚ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ J-ʘʛʨʝʛʘʪʦʚ ʘʥʠʦʥʥʳʭ ʧʦʣʠʤʝʪʠʥʦʚʳʭ ʢʨʘʩʠʪʝʣʝʡ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʨʷʜʫ ʩ ʤʘʢʩʠʤʫʤʦʤ ʨʝʟʦʥʘʥʩʥʦʡ ʵʢʩʠʪʦʥʥʦʡ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩ ʤʘʣʳʤ ʩʪʦʢʩʦʚʳʤ ʩʜʚʠʛʦʤ, ʥʘʙʣʶʜʘʝʪʩʷ ʚʪʦʨʦʡ 

ʤʘʢʩʠʤʫʤ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʦ ʩʪʦʢʩʦʚʳʤ ʩʜʚʠʛʦʤ ʧʦʨʷʜʢʘ 100 ʥʤ ʠ ʙʦʣʝʝ 

ʜʣʠʪʝʣʴʥʳʤ ʚʨʝʤʝʥʝʤ ʟʘʪʫʭʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. 
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LUMINESCENT METALLOCOMPLEXIS J -AGGREGATES  

OF POLYMETHINE DYES FOR PHOTONICS  

AND OPTOELECTRONICS  
 

The process of controlled synthesis of nano- and microcrystals of metal complexes 

of J-aggregates of anionic polymethine dyes is developed. It is established that along 

with the resonant maximum of exciton luminescence with a small Stokes shift, a second 

luminescence maximum with a Stokes shift of about 100 nm and a longer luminescence 

decay time is observed. 

 

ʆʜʥʠʤʠ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʨʘʟʚʠʪʠʠ ʵʣʝʢʪʨʦʥʠʢʠ ʠ 

ʬʦʪʦʥʠʢʠ, ʥʝʩʦʤʥʝʥʥʦ, ʷʚʣʷʶʪʩʷ çʦʨʛʘʥʠʯʝʩʢʘʷ ʵʣʝʢʪʨʦʥʠʢʘ ʠ 

ʬʦʪʦʥʠʢʘè. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ 

ʚʳʩʦʢʦʫʧʦʨʷʜʦʯʝʥʥʳʝ ʘʥʠʟʦʪʨʦʧʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʥʘʥʦʘʛʨʝʛʘʪʳ ʠ 

ʤʠʢʨʦʢʨʠʩʪʘʣʣʳ ʠʟ ʧʦʣʠʤʝʪʠʥʦʚʳʭ ʢʨʘʩʠʪʝʣʝʡ. ʀʥʪʝʥʩʠʚʥʦʝ ʧʦʛʣʦʱʝʥʠʝ 

ʩʚʝʪʘ ʠ ʚʳʩʦʢʠʡ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʛʝʥʝʨʘʮʠʠ ʵʢʩʠʪʦʥʦʚ ʌʨʝʥʢʝʣʷ ʚ                     

J-ʘʛʨʝʛʘʪʘʭ ʢʨʘʩʠʪʝʣʝʡ ʧʨʠ ʜʝʡʩʪʚʠʠ ʩʚʝʪʘ ʜʝʣʘʝʪ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʚ 
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ʢʘʯʝʩʪʚʝ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ ʠ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ, ʭʠʤʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ 

ʠ ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ [1, 2]. ʉʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʘʛʨʝʛʘʮʠʶ ʘʥʠʦʥʥʳʭ ʢʨʘʩʠʪʝʣʝʡ ʦʢʘʟʳʚʘʶʪ ʢʘʪʠʦʥʳ ʤʝʪʘʣʣʦʚ [2].  

ɺ ʨʘʙʦʪʝ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʫʧʨʘʚʣʷʝʤʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʘʥʦ- ʠ 

ʤʠʢʨʦʢʨʠʩʪʘʣʣʦʚ ʢʦʤʧʣʝʢʩʦʚ J-ʘʛʨʝʛʘʪʦʚ ʘʥʠʦʥʥʳʭ 

ʪʠʘʤʦʥʦʤʝʪʠʥʮʠʘʥʠʥʦʚʳʭ ʢʨʘʩʠʪʝʣʝʡ ʩ ʜʚʫʭ- ʠ ʪʨʝʭʟʘʨʷʜʥʳʤʠ 

ʢʘʪʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ (Mg
2+

, Zn
2+

, Ni
2+

, Cu
2+

, Cd
2+

, Pb
2+

, Nd
3+

, Yb
3
+, Eu

3+
, 

Gd
3+
). ʀʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ J-ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʧʨʠʤʝʨʝ 

ʤʘʛʥʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʘʥʠʦʥʥʳʭ ʤʦʥʦʤʝʪʠʥʮʠʘʥʠʥʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʥʘʙʣʶʜʘʝʪʩʷ ʜʚʘ ʤʘʢʩʠʤʫʤʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ - ʥʘʨʷʜʫ ʧʦʣʦʩʦʡ 

ʨʝʟʦʥʘʥʩʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 480-500 ʥʤ ʩ ʤʘʣʳʤ 

ʩʪʦʢʩʦʚʳʤ ʩʜʚʠʛʦʤ (15 ʥʤ) ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʪʦʨʘʷ ʜʣʠʥʥʦʚʦʣʥʦʚʘʷ ʧʦʣʦʩʘ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʦʙʣʘʩʪʠ 580-625 ʥʤ ʩʦ ʩʪʦʢʩʦʚʳʤ ʩʜʚʠʛʦʤ 100-120 ʥʤ. 
ʇʨʠ ʵʪʦʤ ʩʦʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʵʪʠʭ ʤʘʢʩʠʤʫʤʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʟʘʚʠʩʠʪ ʦʪ ʩʪʨʫʢʪʫʨʳ ʢʨʘʩʠʪʝʣʷ, ʢʘʪʠʦʥʘ ʤʝʪʘʣʣʘ ʠ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ 

ʢʨʠʩʪʘʣʣʦʚ (ʪʝʤʧʝʨʘʪʫʨʳ, ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʨʘʩʪʚʦʨʘ). ɿʘʤʝʪʥʳʝ 

ʚʝʣʠʯʠʥʳ ʩʪʦʢʩʦʚʳʭ ʩʜʚʠʛʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚʝʨʦʷʪʥʦ ʩʚʷʟʘʥʳ ʩ 

ʟʘʭʚʘʪʦʤ ʵʢʩʠʪʦʥʦʚ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʠʭ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʝʡ ʥʘ 

ʜʝʬʝʢʪʘʭ ʩʪʨʫʢʪʫʨʳ J-ʢʨʠʩʪʘʣʣʦʚ, ʠʛʨʘʶʱʠʭ ʨʦʣʴ ʵʢʩʠʪʦʥʥʳʭ ʣʦʚʫʰʝʢ 

[3-5], ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʴʩʷ ʜʘʥʥʳʤʠ ʦ ʚʨʝʤʝʥʘʭ ʠʟʣʫʯʘʪʝʣʴʥʦʡ 

ʨʝʣʘʢʩʘʮʠʠ ʨʝʟʦʥʘʥʩʥʦʡ ʠ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʣʶʤʠʥʝʩʮʝʥʠʠ Mg-

ʢʦʤʧʣʝʢʩʦʚ ʤʦʥʦʤʝʪʠʥʮʠʘʥʠʥʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʧʦʨʷʜʢʘ 0,1 ʠ 10 ʥʩ, 

ʩʦʦʪʚʝʩʪʚʝʥʥʦ.  ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ                         

J-ʘʛʨʝʛʘʪʦʚ ʤʘʛʥʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʣʠʥʦʚʦʣʥʦʚʦʡ ʧʦʣʦʩʳ ʧʨʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʟʢʦʡ ʧʦʣʦʩʳ ʨʝʟʦʥʘʥʩʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠ.  

ɺʝʨʦʷʪʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʜʝʬʝʢʪʥʳʭ J-ʘʛʨʝʛʘʪʦʚ ʚ 

ʙʦʣʝʝ ʫʧʦʨʷʜʦʯʝʥʥʳʝ J-ʘʛʨʝʛʘʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʜʝʬʝʢʪʦʚ. ɺʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤ ʚʢʣʘʜʝ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʣʶʤʠʥʝʩʮʝʥʮʠʶ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʜʝʬʝʢʪʦʚ. ʉʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ J-ʘʛʨʝʛʘʪʳ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʧʦʣʠʤʝʪʠʥʦʚʳʭ ʢʨʘʩʠʪʝʣʝʡ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʚ 

ʢʘʯʝʩʪʚʝ ʣʶʤʠʥʝʩʮʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʥʘʥʦʬʦʪʦʥʠʢʠ. 
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ʃɸɿɽʈʅʆ-ʀʅɼʋʎʀʈʆɺɸʅʅʓɽ ʊʆʇʆʃʆɻʀʏɽʉʂʀɽ 

ʉɺɽʈʍʇʈʆɺʆɼʗʑʀɽ ʉʆʉʊʆʗʅʀʗ ʊʆʅʂʀʍ 

ʅɸʅʆʂʃɸʉʊɽʈʅʓʍ ʇʃɽʅʆʂ ï ɺɽʈʀʌʀʂɸʎʀʗ  

ɺ ʕʃɽʂʊʈʆʌʀɿʀʏɽʉʂʀʍ ʀ ʆʇʊʀʏɽʉʂʀʍ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂɸʍ 
 

ʃʘʟʝʨʥʳʤʠ ʤʝʪʦʜʘʤʠ ʩʦʟʜʘʥʳ ʨʘʟʣʠʯʥʳʝ ʥʘʥʦʢʣʘʩʪʝʨʥʳʝ ʪʦʥʢʠʝ ʧʣʝʥʢʠ ʥʘ 

ʪʚʝʨʜʳʭ ʧʦʜʣʦʞʢʘʭ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

(ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤʠ ʠ ʦʧʪʠʯʝʩʢʠʤʠ) ʩʚʦʡʩʪʚʘʤʠ ʨʝʘʣʠʟʫʝʪʩʷ ʠʟ-ʟʘ 

ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʟʘʜʘʥʥʦʡ ʪʦʧʦʣʦʛʠʠ ʠ ʚʳʙʨʘʥʥʦʛʦ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ 

ʦʩʘʞʜʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʙʩʫʞʜʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʧʦʜʦʙʥʳʭ ʥʘʥʦʢʣʘʩʪʝʨʥʳʭ ʩʪʨʫʢʪʫʨʘʭ.   
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LASER-INDUCED TOPOLOGICAL SUPERCONDUCTING 

STATES OF THIN NANOCLASTER FILMS ï VERIFICATION 

IN ELECTROPHYSICAL AND OPTICAL CHARACTERISTICS  
 

Laser methods have been used to create the various nanocluster thin films on solid 

substrates for which the possibility of controlling their functional (electrophysical and 

optical) properties is realized due to the induced necessary topology and the selected 

elemental composition of the deposited materials. The possibility of high-temperature 

superconductivity in such nanocluster structures is discussed. 

 

ɺ ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ 

ʬʠʟʠʯʝʩʢʠʝ/ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʘʥʦʢʣʘʩʪʝʨʥʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ 

ʙʳʣʠ ʦʯʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʬʦʨʤʝ, ʨʘʟʤʝʨʫ ʠ ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ ʠʭ 

ʩʦʩʪʘʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ (ʩʤ. [1]). ɺʦʟʥʠʢʘʶʱʠʝ ʢʚʘʥʪʦʚʳʝ 

ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʚ ʪʘʢʠʭ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʭ ʥʘʥʦʢʣʘʩʪʝʨʥʳʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ/ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʧʨʠʚʦʜʷʪ ʢ 

ʧʨʳʞʢʦʚʦʡ/ʪʫʥʥʝʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʠ (ʩʨ. ʩ [2) ʠ ʫʧʨʘʚʣʷʝʤʦʤʫ 

ʠʟʤʝʥʝʥʠʶ ʨʝʟʦʥʘʥʩʥʳʭ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʩʨ. ʩ [3-5]). 
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ʇʦʣʫʯʝʥʦ ʩʠʣʴʥʦʝ (ʥʘ 4 ʧʦʨʷʜʢʘ ʚʝʣʠʯʠʥ) ʫʤʝʥʴʰʝʥʠʝ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʦʥʢʦʡ ʧʣʝʥʢʠ Au (ʩ 10
11 
ʜʦ 10

7 
ʆʤ), ʢʦʪʦʨʦʝ 

ʟʘʚʠʩʠʪ ʦʪ ʪʦʧʦʣʦʛʠʠ ʥʘʥʝʩʝʥʥʦʡ ʥʘ ʧʦʜʣʦʞʢʫ ʢʣʘʩʪʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʵʪʠʭ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʝʤʘʷ ʥʘʤʠ ʬʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ [3]. ɺ ʨʘʤʢʘʭ 

ʧʝʨʢʦʣʷʮʠʦʥʥʦʡ ʤʦʜʝʣʠ (ʩ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʷʤʘʤʠ) ʧʦʣʫʯʝʥʦ ʭʦʨʦʰʝʝ 

ʩʦʚʧʘʜʝʥʠʝ ʠʟʤʝʨʷʝʤʳʭ ʠ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ.  

ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʨʦʮʝʩʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ 

ʠʟʫʯʘʣʦʩʴ ʥʘʤʠ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 20-100ÁC ʜʣʷ ʜʚʫʭ ʦʙʨʘʟʮʦʚ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ (Au+Ag) ʧʣʝʥʦʢ ʩ ʦʜʠʥʘʢʦʚʦʡ ʩʨʝʜʥʝʡ ʪʦʣʱʠʥʦʡ 50 ʥʤ, 

ʥʦ ʩ ʨʘʟʣʠʯʥʦʡ ʩʢʦʨʦʩʪʴʶ (0.6 ʠ 1.5 ʤʤ/ʩ) ʣʘʟʝʨʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʚʝʱʝʩʪʚʘ 

ʥʘ ʧʦʜʣʦʞʢʫ ʠʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʣʫʯʝʥʥʦʛʦ ʢʦʣʣʦʠʜʘ. ʅʘ ʥʘʯʘʣʴʥʦʤ 

ʵʪʘʧʝ ʥʘʛʨʝʚʘ ʧʨʝʦʙʣʘʜʘʣʠ ʪʫʥʥʝʣʴʥʳʝ ʧʝʨʝʭʦʜʳ ʵʣʝʢʪʨʦʥʦʚ ʤʝʞʜʫ 

ʛʨʘʥʫʣʘʤʠ ʚ ʧʣʝʥʢʝ Au+Ag. ʅʘʯʠʥʘʷ ʩ 60ÁC, ʥʘʙʣʶʜʘʣʦʩʴ ʩʢʘʯʢʦʦʙʨʘʟʥʦʝ 

ʩʥʠʞʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʵʬʬʝʢʪʦʤ ʪʝʧʣʦʘʢʪʠʚʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ. ʀʟʤʝʨʝʥʥʘʷ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʟʥʘʯʝʥʠʝʤ Ḑ 1ʵɺ ʠ ʙʳʣʘ ʟʘʤʝʪʥʦ ʤʝʥʴʰʝ ʨʘʙʦʪʳ ʚʳʭʦʜʘ 

ʵʣʝʢʪʨʦʥʘ ʚ ʤʘʩʩʠʚʥʦʤ ʦʙʨʘʟʮʝ (Ḑ 4ʵɺ) [4]. ʕʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝʤ 
ʣʦʢʘʣʴʥʦʛʦ ʧʦʣʷ, ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʟʘʨʷʜʦʚʳʝ ʥʦʩʠʪʝʣʠ ʚ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʷʤʝ. ʇʦʜʦʙʥʳʡ ʘʥʘʣʦʛ ʵʬʬʝʢʪʘ SERS ʚ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʩʷ 

ʥʘʤʠ [5].  

ʆʙʩʫʞʜʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ 

ʚ ʧʦʜʦʙʥʳʭ ʥʘʥʦʢʣʘʩʪʝʨʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʥʘ ʨʘʟʣʠʯʥʳʭ (ʥʝʬʦʥʦʥʥʳʭ) 

ʤʝʭʘʥʠʟʤʘʭ ʩʧʘʨʠʚʘʥʠʷ ʵʣʝʢʪʨʦʥʦʚ, ʚʝʨʠʬʠʢʘʮʠʷ ʢʦʪʦʨʦʡ  ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʘʭ, ʟʘʚʠʩʠʪ ʦʪ ʩʠʥʪʝʟʠʨʫʝʤʦʡ ʢʦʥʢʨʝʪʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʚ ʨʘʤʢʘʭ ʦʙʦʣʦʯʝʯʥʦʡ ʤʦʜʝʣʠ ʢʣʘʩʪʝʨʦʚ ʠ  ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʣʦʪʥʦʩʪʴʶ ʩʦʩʪʦʷʥʠʡ ʵʣʝʢʪʨʦʥʦʚ ʚʙʣʠʟʠ ʫʨʦʚʥʷ ʌʝʨʤʠ [2]. 

ɼʦʩʪʠʞʝʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ  ʧʦʟʚʦʣʷʶʪ ʛʦʚʦʨʠʪʴ ʦ ʚʦʟʤʦʞʥʳʭ 

ʧʨʠʤʝʥʝʥʠʷʭ ʜʘʥʥʳʭ ʷʚʣʝʥʠʡ ʚ ʛʠʙʨʠʜʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ 

ʬʝʤʪʦʥʘʥʦʬʦʪʦʥʠʢʠ (ʦʧʪʠʢʘ+ʵʣʝʢʪʨʦʬʠʟʠʢʘ) ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ.  
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3ʄʦʩʢʦʚʩʢʠʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ʇʈʀʄɽʅɽʅʀɽ ʊʆʅʂʀʍ ʉɺɽʈʍʇʈʆɺʆɼʅʀʂʆɺʓʍ 

ʇʃɽʅʆʂ ʅʀʊʈʀɼɸ ɺɸʅɸɼʀʗ ɼʃʗ ʀɿɻʆʊʆɺʃɽʅʀʗ 

ʉʏɽʊʏʀʂʆɺ ʆɼʀʅʆʏʅʓʍ ʀʂ-ʌʆʊʆʅʆɺ 

 
ʇʦʣʫʯʝʥʳ ʧʝʨʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʣʝʥʦʢ 

ʥʠʪʨʠʜʘ ʚʘʥʘʜʠʷ (VN) ʜʣʷ ʜʝʪʝʢʪʦʨʦʚ ʦʜʠʥʦʯʥʳʭ ʬʦʪʦʥʦʚ ʀʂ-ʜʠʘʧʘʟʦʥʘ. 

ʀʟʫʯʝʥʠʝ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚʳʭ ʦʜʥʦʬʦʪʦʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ (SSPD), ʠʟʛʦʪʦʚʣʝʥʥʳʭ 

ʥʘ ʦʩʥʦʚʝ ʫʣʴʪʨʘʪʦʥʢʠʭ (~5 ʥʤ) ʧʣʝʥʦʢ VN, ʧʦʢʘʟʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ 

ʫʩʪʨʦʡʩʪʚ ʩ ʙʣʠʟʢʦʡ ʢ ʥʘʩʳʱʝʥʠʶ ʟʘʚʠʩʠʤʦʩʪʴʶ ʢʚʘʥʪʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪ 

ʪʦʢʘ ʩʤʝʱʝʥʠʷ ʜʝʪʝʢʪʦʨʦʚ ʚ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ. ʊʘʢʞʝ 

ʥʘʤʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʢʠʥʝʪʠʯʝʩʢʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʩ 

ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʦʡ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚʦʡ ʧʦʣʦʩʢʠ ʠ ʚʨʝʤʝʥʘ ʨʝʣʘʢʩʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ 

ʚ ʪʦʥʢʠʭ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʣʝʥʢʘʭ VN. 
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DEVELOPMENT OF SUPERCONDUCTING SINGLE -PHOTON 

DETECTORS BASED ON THIN VANADIUM NITRIDE FILMS  
 

We present first results on development of superconducting single-photon detectors 

(SSPD) based on thin (~ 5 nm) vanadium nitride (VN) films. We show the possibility of 

creating such VN SSPD devices with close to saturation quantum efficiency dependence 

on bias current at telecom range. The research also presents kinetic inductance and 

electron relaxation time measurements of thin VN films. 
 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʢʣʶʯʝʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʦʜʥʦʬʦʪʦʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ (SSPD) ʙʳʣʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʝʥʳ. 
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ʈʝʢʦʨʜʥʳʝ ʟʥʘʯʝʥʠʷ ʢʚʘʥʪʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (> 90%), ʚʨʝʤʝʥʥʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ (~ 18 ʧʩ) ʠ ʩʢʦʨʦʩʪʠ ʩʯʝʪʘ (~ 10 ʄɻʮ) ʧʦʤʦʛʣʠ ʵʪʦʤʫ ʪʠʧʫ 

ʦʜʥʦʬʦʪʦʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʧʦʣʫʯʠʪʴ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ ʢʘʢ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʜʥʦʬʦʪʦʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ, ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʦʜʠʥʦʯʥʳʭ ʤʦʣʝʢʫʣ, ʪʝʩʪʠʨʦʚʘʥʠʝ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ ʠ ʜʨ. [1].  

ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦ ʜʘʣʴʥʝʡʰʝʤʫ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ SSPD ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ SSPD ʤʘʪʝʨʠʘʣʦʤ 

ʷʚʣʷʝʪʩʷ ʥʠʪʨʠʜ ʥʠʦʙʠʷ. ʆʜʥʘʢʦ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʘʭ [2, 3], 

ʧʨʠʤʝʥʝʥʠʝ ʘʤʦʨʬʥʳʭ ʧʣʝʥʦʢ (WSi, MoSi), ʠʤʝʶʱʠʭ ʙʦʣʝʝ ʥʠʟʢʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʭʦʜʘ ʢ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʤʫ ʩʦʩʪʦʷʥʠʶ (Tc), ʧʦʟʚʦʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʚʥʫʪʨʝʥʥʶʶ ʢʚʘʥʪʦʚʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʚʨʝʤʝʥʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ SSPD ʫʩʪʨʦʡʩʪʚʘ ʫʭʫʜʰʘʝʪʩʷ, ʚ ʩʣʝʜʩʪʚʠʝ ʯʝʛʦ, ʝʛʦ ʩʧʝʢʪʨ 

ʧʨʠʤʝʥʝʥʠʡ ʚ ʩʫʱʝʩʪʚʝʥʥʦʡ ʤʝʨʝ ʩʫʞʘʝʪʩʷ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʧʨʝʜʩʪʘʚʣʷʝʤ ʨʝʟʫʣʴʪʘʪʳ ʩʦʟʜʘʥʠʷ SSPD 

ʫʩʪʨʦʡʩʪʚ ʠʟ ʪʦʥʢʠʭ ʧʣʝʥʦʢ VN, ʠʤʝʶʱʠʭ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ 

ʢʨʠʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʝʥʢʘʤʠ NbN ʠ WSi. ʀʟʫʯʝʥʠʝ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʚʳʷʚʠʣʦ ʨʘʟʣʠʯʠʝ 

ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʨʠ ʩʨʘʚʥʝʥʠʠ VN ʠ NbN SSPD (ʨʠʩ. 1 ʠ 2). 

  
ʈʠʩ. 1. ʉʨʘʚʥʠʪʝʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

ʠʤʧʫʣʴʩʦʚ ʦʪʢʣʠʢʘ NbN ʠ VN SSPD ʩ 

ʨʘʚʥʳʤʠ ʜʣʠʥʘʤʠ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʡ 

ʧʦʣʦʩʢʠ 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʢʚʘʥʪʦʚʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ (QE) VN SSPD ʦʪ ʪʦʢʘ 

ʩʤʝʱʝʥʠʷ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 900, 1310 ʠ 

1550 ʥʤ 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʆʇʊʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ 

ʂʆʃʃʆʀɼʅʓʍ ʂʆʄʇʃɽʂʉʆɺ çɸʃʃʆʀɼʅɸʗ 

ʂɺɸʅʊʆɺɸʗ ʊʆʏʂɸ ï ʅɸʅʆʏɸʉʊʀʎɸ ɿʆʃʆʊɸè 
 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʥʘʥʦʯʘʩʪʠʮ 

ʟʦʣʦʪʘ ʠ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚ ʢʦʣʣʦʠʜʥʳʭ 

ʨʘʩʪʚʦʨʘʭ. ʇʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʩʧʦʩʦʙʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʤʦʨʬʦʣʦʛʠʶ 

ʠ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ. 
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INVESTIGATION OF OPTICAL PROPERTIES  

OF ALLOYED QUANTUM DOT ï GOLD NANOPARTICLE 

COLLOIDAL COMPLEXES  
 

In this work, we have investigated the features of complexes consisting of gold 

nanoparticles and alloyed quantum dots of gradient composition, formed in colloidal 

solutions. We showed the influence the complexesô preparation method has on the 

morphology and optical properties of the obtained samples. 

 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʛʠʙʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ  ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ 

ʠ ʠʟʫʯʝʥʠʝ ʠʭ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʘʩʧʝʢʪʘʤʠ 

ʨʘʟʚʠʪʠʷ ʥʘʥʦʦʧʪʠʢʠ ʠ ʬʦʪʦʥʠʢʠ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ 
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ʢʦʤʧʣʝʢʩʳ ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ (ʅʏ) ʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ (ʂʊ) [1-3]. ɺ ʪʘʢʦʤ ʩʦʯʝʪʘʥʠʠ 

ʫʥʠʢʘʣʴʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʂʊ, ʪʘʢʠʝ ʢʘʢ ʚʳʩʦʢʠʡ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʵʢʩʪʠʥʢʮʠʠ ʚ 

ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʫʩʠʣʠʚʘʶʪʩʷ ʟʘ ʩʯʝʪ ʣʦʢʘʣʴʥʳʭ ʧʦʣʝʡ 

ʚʙʣʠʟʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʅʏ [4]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʦʣʣʦʠʜʥʳʝ ʂʊ ʛʨʘʜʠʝʥʪʥʦʛʦ 

ʩʦʩʪʘʚʘ CdZnSe/ZnS [5] ʠ ʅʏ ʟʦʣʦʪʘ [6], ʢʦʪʦʨʳʝ ʙʳʣʠ ʩʚʷʟʘʥʳ 

ʤʦʣʝʢʫʣʘʤʠ-ʣʠʥʢʝʨʘʤʠ ʩ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʦʡ ʮʝʧʦʯʢʠ. ʆʧʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʠ ʤʦʨʬʦʣʦʛʠʷ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ UV3600 (Shimadzu), ʩʧʝʢʪʨʦʬʣʫʦʨʦʤʝʪʨʘ Cary Eclipse 

(Varian) ʠ ʢʦʥʬʦʢʘʣʴʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ LSM-710 (Carl Zeiss), ʤʠʢʨʦʩʢʦʧʘ 

MicroTime 100 (PicoQuant) ʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Merlin (Carl Zeiss). 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘʤʠ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʂʊ ʠ ʅʏ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʥʘ ʦʧʪʠʯʝʩʢʠʡ 

ʦʪʢʣʠʢ ʦʙʨʘʟʮʦʚ. ʉʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Au ʅʏ ʧʨʦʠʩʭʦʜʠʪ ʪʫʰʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʂʊ. ʕʪʦ, ʚ ʦʩʥʦʚʥʦʤ, ʩʚʷʟʘʥʦ ʩ ʥʝʞʝʣʘʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ ʨʝʟʦʥʘʥʩʥʦʛʦ 

ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʦʪ ʂʊ ʜʦ Au ʅʏ ʚ ʩʤʝʩʠ, ʘ ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ Au ʅʏ ʚ ʩʤʝʩʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ 

ʥʝʞʝʣʘʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʂʊ, ʥʝʦʙʭʦʜʠʤʦ 

ʦʙʝʩʧʝʯʠʪʴ ʢʦʥʪʨʦʣʴ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʚ ʢʦʤʧʣʝʢʩʘʭ. 

ɿʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʠʛʘʥʜʦʚ ʨʘʟʥʳʭ ʪʠʧʦʚ ʚ ʢʘʯʝʩʪʚʝ ʤʦʣʝʢʫʣ-

ʣʠʥʢʝʨʦʚ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʨʘʩʩʪʦʷʥʠʝʤ 

ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ. ɹʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʦʨʬʦʣʦʛʠʷ ʠ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʢʦʤʧʣʝʢʩʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʠ ʜʣʠʥʳ ʣʠʛʘʥʜʥʦʡ ʮʝʧʠ, ʪʠʧʦʚ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʦʨʬʦʣʦʛʠʠ ʠ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʤʧʣʝʢʩʦʚ ʂʊ-ʅʏ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʧʘʨʘʤʝʪʨʳ ʵʪʠʭ ʩʠʩʪʝʤ, ʚ ʦʩʥʦʚʥʦʤ, ʟʘʚʠʩʷʪ ʦʪ ʪʠʧʘ ʣʠʛʘʥʜʘ ʠ ʧʨʦʪʦʢʦʣʘ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ 

ʩʚʷʟʘʥʥʳʭ ʂʊ-ʅʏ ʚ ʢʦʣʣʦʠʜʥʦʤ ʨʘʩʪʚʦʨʝ ʩ ʩʦʭʨʘʥʝʥʥʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʂʊ. 
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ʇ.ʉ. ʐʄɽʃʀʅ, ɽ.ʇ. ɻʈɽɹɽʅʅʀʂʆɺ 
ɸʆ çʎʅʀʊʀ çʊʝʭʥʦʤʘʰè, ʄʦʩʢʚʘ 

 

ʆʈɻɸʅʀʏɽʉʂʀɽ ʍʈʆʄʆʌʆʈʓ  

ʉ ʅɽʃʀʅɽʁʅʆ-ʆʇʊʀʏɽʉʂʀʄʀ ʉɺʆʁʉʊɺɸʄʀ  

ɼʃʗ ʕʃɽʂʊʈʆʆʇʊʀʏɽʉʂʀʍ ʄʆɼʋʃʗʊʆʈʆɺ 
 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʥʦʚʳʭ ʭʨʦʤʦʬʦʨʦʚ ʢʣʘʩʩʦʚ 

3-ʮʠʘʥʦʭʨʦʤʦʥʦʚ ʠ 3-ʮʠʘʥʦʢʫʤʘʨʠʥʦʚ, ʠʩʩʣʝʜʦʚʘʥʳ ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʦʠʟʚʝʜʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʩʦʩʪʘʚʝ ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʠʭ ʤʦʜʫʣʷʪʦʨʦʚ. 
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ORGANIC CHROMOPHORES WITH NONLINEAR OPTICAL 

PROPERTIES FOR ELECTROOPTICAL MODULATORS  
 

In the present work an approach to the synthesis of new chromophores of the 

3-cyanochromone and 3-cyanocoumarin classes was considered. The spectral properties 

of synthesized compounds were investigated; their application for the electrooptical 

modulators was described. 

 

ʇʦʩʪʦʷʥʥʦ ʨʘʩʪʫʱʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʩʢʦʨʦʩʪʠ ʚ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʤ ʢʘʥʘʣʝ 

ʧʝʨʝʜʘʯʠ ʧʨʠʚʦʜʷʪ ʢ ʚʟʨʳʚʥʦʤʫ, ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʨʦʩʪʫ ʪʨʘʬʠʢʘ ʚ 

ʩʝʪʷʭ ʘʙʦʥʝʥʪʩʢʦʛʦ ʜʦʩʪʫʧʘ, ʯʪʦ ʚʝʜʝʪ ʢ ʩʦʟʜʘʥʠʶ ʩʝʪʝʡ ʧʷʪʦʛʦ ʧʦʢʦʣʝʥʠʷ 

(5G). ɺ ʪʘʢʠʭ ʩʝʪʷʭ ʦʛʨʦʤʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʩʠʩʪʝʤʳ 

ʤʦʜʫʣʷʮʠʠ/ʜʝʤʦʜʫʣʷʮʠʠ ʧʦʪʦʢʦʚ ʩʦ ʩʢʦʨʦʩʪʷʤʠ ʜʘʥʥʳʭ ʚʳʰʝ 10 ɻʙʠʪ/ʩ 

(ʜʦ 100 ɻɻʮ). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʠʥʩʪʚʦ ʤʦʜʫʣʷʪʦʨʦʚ ʨʘʙʦʪʘʶʪ ʥʘ 

ʦʩʥʦʚʝ ʥʠʦʙʘʪʘ ʣʠʪʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʤʦʜʫʣʠʨʦʚʘʪʴ ʩʠʛʥʘʣ ʩ ʯʘʩʪʦʪʦʡ ʜʦ 

20 ɻɻʮ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʤ. ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʦʨʛʘʥʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʩ ʢʚʘʜʨʘʪʠʯʥʳʤ ʦʪʢʣʠʢʦʤ ʥʘ 

ʧʨʠʣʦʞʝʥʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʉʨʝʜʠ 

ʧʨʝʠʤʫʱʝʩʪʚ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ 

ʥʝʣʠʥʝʡʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ, ʙʳʩʪʨʳʡ ʦʪʢʣʠʢ, 

ʭʠʤʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ï ʚʦʟʤʦʞʥʦʩʪʴ ʚʚʦʜʠʪʴ ʚ ʩʦʩʪʘʚ ʤʘʪʝʨʠʘʣʘ 
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ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʠ ʵʪʠʤ ʚʘʨʴʠʨʦʚʘʪʴ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʨʦʩʪʦʪʫ ʧʦʣʫʯʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ [1, 2]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ ʭʨʦʤʦʬʦʨʳ ʢʣʘʩʩʦʚ 

3-ʮʠʘʥʦʭʨʦʤʦʥʦʚ ʠ 3-ʮʠʘʥʦʢʫʤʘʨʠʥʦʚ. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ 

ʩʠʥʪʝʟʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

 

ʀʟʫʯʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʶʪ ʠʥʪʝʥʩʠʚʥʳʤʠ ʧʦʣʦʩʘʤʠ ʧʦʛʣʦʱʝʥʠʷ 

ʩ ʜʚʫʤʷ ʤʘʢʩʠʤʫʤʘʤʠ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 3-ʮʠʘʥʦʭʨʦʤʦʥʦʚ ʢ  

3-ʮʠʘʥʦʢʫʤʘʨʠʥʘʤ ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʙʘʪʦʭʨʦʤʥʦʝ ʩʤʝʱʝʥʠʝ 

ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ  ʦʪ 17 ʜʦ 77 ʥʤ. ʇʨʠ ʵʪʦʤ 3-ʮʠʘʥʦʭʨʦʤʦʥʳ ʦʙʣʘʜʘʶʪ ʚ 

ʦʪʣʠʯʠʝ ʦʪ 3-ʮʠʘʥʦʢʫʤʘʨʠʥʦʚ ʬʣʫʦʨʝʩʮʝʥʮʠʝʡ  ʚ ʦʙʣʘʩʪʠ 550-640 ʥʤ. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦ ʩʚʦʡʩʪʚʘʤʠ 

ʠʟʚʝʩʪʥʳʭ ʭʨʦʤʦʬʦʨʦʚ, ʥʘʧʨʠʤʝʨ, TCVDPA ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʜʘʥʥʳʭ ʢʣʘʩʩʦʚ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʚʦʟʤʦʞʥʦʛʦ  ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʠʭ ʤʦʜʫʣʷʪʦʨʘʭ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʠ ʈʅʌ 17-73-10433. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
1. Qiu F., Yokoyama S. // Optics Express. 2016. V.24. Is.17. P.19020-19025. 

2. Liu J., Xu G., Liu F., Kityk I., Liua X., Zhen Z. // RSC Adv. 2015. V.5. P.15784. 
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ɸ.ɺ. ʇʆɼʂʆʇɸɽɺ
2,3
, ɸ.ʀ. ʄʀʉʔʂɽɺʀʏ

1,3
 

1ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʌʀè 
2ʆʙʥʠʥʩʢʠʡ ʠʥʩʪʠʪʫʪ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʅʀʗʋ ʄʀʌʀ 

3ʌʠʟʠʢʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɸ.ʀ. ʃʝʡʧʫʥʩʢʦʛʦ, ʆʙʥʠʥʩʢ 

 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ 

ʃʖʄʀʅɽʉʎɽʅʎʀʀ ʕʂʉʀʄɽʈʅʆʁ ʄʆʃɽʂʋʃʓ XeBr 

ʇʈʀ ɺʆɿɹʋɾɼɽʅʀʀ ɻɸɿʆɺʆʁ ʉʄɽʉʀ Ar -Xe-C2HBrClF 3 

ʏɸʉʊʀʎɸʄʀ ʉ ɺʓʉʆʂʆʁ ʕʅɽʈɻʀɽʁ 
 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦ-

ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʵʢʩʠʤʝʨʥʦʡ ʤʦʣʝʢʫʣʳ XeBr* ʚ ʛʘʟʦʚʦʡ 

ʩʤʝʩʠ Ar-Xe-C2HBrClF3 ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʙʳʩʪʨʳʤʠ 

ʵʣʝʢʪʨʦʥʘʤʠ (ɽʝ = 150 ʢʵɺ) ʠ ʦʩʢʦʣʢʘʤʠ ʜʝʣʝʥʠʷ ʫʨʘʥʘ-235(ɽf = 100 ʄʵɺ). ɼʣʷ 

ʩʤʝʩʝʡ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʜʘʚʣʝʥʠʷ ʠʟʤʝʨʝʥʳ ʩʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ 

ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ 200-1200 ʥʤ, ʚʨʝʤʝʥʘ ʚʳʩʚʝʯʠʚʘʥʠʷ ɺ-ʍ ʧʦʣʦʩʳ ʵʢʩʠʤʝʨʥʦʡ 

ʤʦʣʝʢʫʣʳ XeBr* (ɚʤʘʢʩ = 282 ʥʤ) ʠ ʦʧʨʝʜʝʣʝʥʳ ʢʦʥʩʪʘʥʪʳ ʪʫʰʝʥʠʷ ʵʪʦʡ  ʧʦʣʦʩʳ  

ʤʦʣʝʢʫʣʘʤʠ ʬʪʦʨʦʪʘʥʘ (C2HBrClF3)ʠ ʘʪʦʤʘʤʠʍʝ. ʂʦʥʩʪʘʥʪʘ ʪʫʰʝʥʠʷ ʠ ʚʨʝʤʷ 

ʚʳʩʚʝʯʠʚʘʥʠʷ ʵʢʩʠʤʝʨʥʦʡ ʤʦʣʝʢʫʣʳ XeBr* ʦʢʘʟʘʣʠʩʴ ʨʘʚʥʳʤʠ 6,3*10-10 (ʩʤ3/ʩ) ʠ 

125 ʥʩ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʧʪʠʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʉ2HBrClF3 ʩʦʩʪʘʚʣʷʝʪ 4 õ 6 ʤʊʦʨʨ.  
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EXPERIMENTAL RESEARCH OF XeBr EXCIMER 

MOLECULE LUMINESCENCE IN Ar -Xe- C2HBrClF 3  GAS 

MIXTURE WITH H IGH ENERGY PARTICLES EXCITATION  
 

The results of experimental research of spectral and time-resolved properties of 

XeBr excimer molecule luminescence in high-pressure gas mixtures of Ar-Xe-

C2HBrClF3 under fast electron (Ee = 150 keV) and uranium-235 fission fragment  

(Ef = 100 MeV) excitation are represented. For mixtures of the different compositions 

and pressures are measured optical spectrums within the range of lengths of the waves 

200-1200 nm, times of the flashing ɺ-ʍ bands excimer molecules XeBr*  

(ɚmax = 282 nm) and are determined constants of the quenching of this band by molecule  

C2HBrClF3 and ʍʝ.The quenching rate of XeBr* by Fluothane and fluorescence lifetime 

of XeBr* was found to be 6,3*10-10 (cm3/s) and 125 ns respectively, the optimum 

pressure of ʉ2HBrClF3 is equal to 4 õ 6 mTorr.  
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ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʦʙʨʘʪʥʦʛʦ ʚʨʝʤʝʥʠ ʚʳʩʚʝʯʠʚʘʥʠʷ ʵʢʩʠʤʝʨʥʦʡ ʤʦʣʝʢʫʣʳ 

XeBr (282 ʥʤ) ʦʪ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ C2HBrClF3 ʚ ʩʤʝʩʠ Ar-Xe-C2HBrClF3 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʧʫʯʢʦʤ ʵʣʝʢʪʨʦʥʦʚ 

 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʜʦʥʦʨʘ Br ʵʢʩʠʤʝʨʥʦʡ ʤʦʣʝʢʫʣʳ XeBr [1] 

ʙʳʣʘ ʚʳʙʨʘʥʘ ʤʦʣʝʢʫʣʘ ʬʪʦʨʦʪʘʥʘ ʉ2HBrClF3. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚʦʟʙʫʞʜʝʥʠʝ ʛʘʟʦʚʦʡ ʩʤʝʩʠ Ar-Xe-C2HBrClF3 ʧʫʯʢʦʤ 

ʵʣʝʢʪʨʦʥʦʚ [2], ʘ ʪʘʢ ʞʝ ʦʩʢʦʣʢʘʤʠ ʜʝʣʝʥʠʷ ʫʨʘʥʘ [3]. ɺʦ ʚʨʝʤʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʟʤʝʥʷʣʦʩʴ ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪ ʩʤʝʩʠ. ʅʘ 

ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʨʘʪʥʦʛʦ ʚʨʝʤʝʥʠ ʚʳʩʚʝʯʠʚʘʥʠʷ ʦʪ 

ʜʘʚʣʝʥʠʷ ʬʪʦʨʦʪʘʥʘ. ʂʦʥʩʪʘʥʪʘ ʪʫʰʝʥʠʷ tg = (Ŭ) 6,3*10-10 (ʩʤ3/ʩ), ʚʨʝʤʷ 

ʚʳʩʚʝʯʠʚʘʥʠʷ Ű0 = 125 ʥʩ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Searles S.K., Hart G.A. Stimulated emission at 281.8 nm from XeBr //Applied Physics 
Letters. 1975. V.27. ˉ4. P.243-245. 

2. ʄʠʩʴʢʝʚʠʯ ɸ.ʀ., ʇʦʜʢʦʧʘʝʚ ɸ.ɺ. ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, 

ʚʦʟʙʫʞʜʘʝʤʦʡ ʟʘʨʷʞʝʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʠ ʚ ʧʣʦʪʥʳʭ ʢʩʝʥʦʥʩʦʜʝʨʞʘʱʠʭ 
ʛʘʟʦʚʳʭ ʩʨʝʜʘʭ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʝʛʝʥʝʨʘʮʠʠ ʠ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʩʝʥʦʥʘ // 

ʇʨʠʙʦʨʳ ʠ ʪʝʭʥʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ. 2017. ˉ3. ʉ.154-159. 

3. D'yachenko P.P., et al. STEND B reactor laser complex // Atomnaya Ehnergiya. 2000. ʊ.88. 
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ɼ.ɸ. ʂʀʉʃʆɺ 
ʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ʋʏɽʊ ʋɺɽʃʀʏɽʅʀʗ ʇʆɻʃʆʑɸʊɽʃʔʅʆʁ 

ʉʇʆʉʆɹʅʆʉʊʀ ʄʆʃɽʂʋʃ ʂʈɸʉʀʊɽʃʗ  

ʇʈʀ ʄʆɼɽʃʀʈʆɺɸʅʀʀ ʉʆʃʅɽʏʅʓʍ ʗʏɽɽʂ ɻʈɽʊʎɽʃʗ 

C ʄɽʊɸʃʃʀʏɽʉʂʀʄʀ ʅɸʅʆʏɸʉʊʀʎɸʄʀ 
 

ʇʨʠ ʧʦʤʦʱʠ ʤʦʜʝʣʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʬʝʩʩʦʨʦʤ ʂʫʯʝʨʝʥʢʦ ʄ.ɻ. ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʚʣʠʷʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʤʝʪʘʣʣʘ ʥʘ 

ʧʦʛʣʦʱʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʤʦʣʝʢʫʣ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʨʘʩʠʪʝʣʷ ʚ ʷʯʝʡʢʘʭ ɻʨʝʪʮʝʣʷ. 

ʈʘʩʩʯʠʪʘʥʳ ʫʩʠʣʝʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʩʠʩʪʝʤʳ ʢʨʘʩʠʪʝʣʴ-ʥʘʥʦʯʘʩʪʠʮʘ ʠ 

ʚʦʣʴʪ-ʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʣʥʝʯʥʳʭ ʷʯʝʝʢ. 

 

D.A. KISLOV 
Orenburg State University ï Russia 

 

TAKING INTO ACCOUNT THE INCREASE IN THE DYE 

MOLECULES ABSORPTIVITY IN MODELING OF GRAETZEL 

SOLAR CELL WITH METALLIC NANOPARTICLES  
 

Using a model developed by Professor Kucherenko M.G. a mathematical description 

of the effect of metal nanoparticles on the absorbing capacity of organic dye molecules in 

Gretzel cells was carried out. The enhanced absorption spectra of the dye-nanoparticle 

system and the current-voltage characteristics of the investigated solar cells are calculated. 

 

ʆʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʂʇɼ 

ʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʢʨʘʩʠʪʝʣʝʤ 

ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʦʙʘʚʣʝʥʠʝ ʚ 

ʩʪʨʫʢʪʫʨʫ ʧʦʨʠʩʪʦʛʦ ʩʣʦʷ ʜʠʦʢʩʠʜʘ 

ʪʠʪʘʥʘ, ʥʘʥʦʯʘʩʪʠʮ ʤʝʪʘʣʣʘ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʧʫʙʣʠʢʦʚʘʥ 

ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ [1-3], ʚ 

ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʥʘʥʦʯʘʩʪʠʮ 

ʤʝʪʘʣʣʘ ʥʘ ʨʘʙʦʪʫ ʷʯʝʝʢ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʥʘ ʂʇɼ. ʅʘ ʥʘʰ ʚʟʛʣʷʜ ʢʣʶʯʝʚʳʤ 

ʵʬʬʝʢʪʦʤ ʟʜʝʩʴ ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ 

ʩʝʯʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ ʤʦʣʝʢʫʣ 

ʢʨʘʩʠʪʝʣʷ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʤʝʪʘʣʣʘ ʩ 

ʧʣʘʟʤʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

 
ʈʠʩ. 1. ʋʚʝʣʠʯʝʥʠʝ 

ʧʦʛʣʦʱʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʤʦʣʝʢʫʣ ʢʨʘʩʠʪʝʣʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ 
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ɼʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʚʣʠʷʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʤʝʪʘʣʣʘ ʥʘ 

ʧʦʛʣʦʱʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʤʦʣʝʢʫʣ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʨʘʩʠʪʝʣʷ ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʦʜʝʣʴ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʧʨʦʬʝʩʩʦʨʦʤ ʂʫʯʝʨʝʥʢʦ ʄ.ɻ. [4]. 

ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʚʝʨʦʷʪʥʦʩʪʠ ʧʝʨʝʭʦʜʘ ʩ ʫʯʝʪʦʤ ʫʩʨʝʜʥʝʥʠʷ ʧʦ ʫʛʣʦʚʳʤ 

ʢʦʦʨʜʠʥʘʪʘʤ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʤʦʣʝʢʫʣʳ ʢʨʘʩʠʪʝʣʷ p ʟʘʧʠʩʳʚʘʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʨʠʩ. 1) [5]: 
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ʛʜʝ Ŭ(ɤ) - ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ ʥʘʥʦʯʘʩʪʠʮʳ [5]. 

ʅʘ ʨʠʩ. 2 ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʚʦʣʴʪ-

ʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʯʝʝʢ ɻʨʝʪʮʝʣʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 

ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ. ʇʦʣʫʯʝʥʦ ʭʦʨʦʰʝʝ ʢʘʯʝʩʪʚʝʥʥʦʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ 

ʩʦʛʣʘʩʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʈʘʩʯʸʪʳ ʜʘʶʪ ʧʨʠʨʦʩʪ ʂʇɼ ʜʦ 

20% ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ ʠ ʫʚʝʣʠʯʝʥʠʝ ʚ 2 ʨʘʟʘ ʜʣʷ 

ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ 

ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 15-08-04132\17_ʘ ʠ ʉʦʚʝʪʘ ʧʦ ʛʨʘʥʪʘʤ ʇʨʝʟʠʜʝʥʪʘ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʜʣʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʤʦʣʦʜʳʭ 

ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ (ʩʪʠʧʝʥʜʠʷ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, 

 ̄ʉʇ-1340.2015.1). 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʘ 
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ʈʠʩ. 2. ɺɸʍ ʷʯʝʝʢ ɻʨʝʪʮʝʣʷ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʚ ʩʪʨʫʢʪʫʨʫ ʨʘʟʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ: ʨʘʩʯʝʪ (ʘ); ʵʢʩʧʝʨʠʤʝʥʪ [1] (ʙ) 
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ʈ.ɽ. ʗʂʋʅɽʅʂʆɺ, ʂ.ʀ. ʂʅʗɿɽɺ, ʄ.ʀ. ʌʆʂʀʅɸ, ʅ.ɸ. ɿʋʃʀʅɸ 
ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʆʇʊʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ 

ʆʈɻɸʅʀʏɽʉʂʆɻʆ ʂʈɸʉʀʊɽʃʗ ɺ ʇʆʃʀʄɽʈʅʆʁ 

ʄɸʊʈʀʎɽ ɺ ʇʈʀʉʋʊʉʊɺʀʀ ʇʃɸɿʄʆʅʅʆɻʆ 

ʈɽɿʆʅɸʅʉɸ 
 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʨʘʩʠʪʝʣʷ ʈʦʜʘʤʠʥʘ ɹ (RB) ʚ ʘʢʨʠʣʘʪʥʦʡ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ. 

ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʪʦʥʢʠʭ ʧʣʸʥʦʢ ʟʦʣʦʪʘ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʤʘʛʥʝʪʨʦʥʥʳʤ ʨʘʩʧʳʣʝʥʠʝʤ, ʥʘ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʘʩʠʪʝʣʝʡ ʚ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ. ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʋʌ-

ʣʠʪʦʛʨʘʬʠʠ ʧʦʣʫʯʝʥʳ ʤʠʢʨʦʨʝʟʦʥʘʪʦʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ. 

 

R.E. YAKUNENKOV, K.I.  KNYAZEV, M.I.  FOKINA, N.A. ZULINA  
ITMO University, Saint-Petersburg 

 

RESEARCH OF ORGANIC DYES OPTICAL PROPERTIES  

IN POLYMER MATRIX WITH PRESENCE  

OF PLASMON RESONANCE 
 

Present results of experiments on the optical properties of the organic dye Rodamin 

B (RB) in an acrylate polymer matrix. We studied the effect of the plasmon resonance in 

thin gold films formed by magnetron sputtering to the optical properties of organic dyes 

in the polymer matrix. Using the UV-lithography method, microresonator structures 

based on polymer composites were obtained. 

 

ʄʠʢʨʦʨʝʟʦʥʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʘʩʠʪʝʣʝʡ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʥʘʥʦʬʦʪʦʥʠʢʝ ʠ ʦʧʪʦʠʥʬʦʨʤʘʪʠʢʝ [1]. 

ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʛʝʥʝʨʘʮʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʫʩʠʣʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʨʘʩʠʪʝʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ, ʩ ʧʦʤʦʱʴʶ ʷʚʣʝʥʠʷ ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ [2]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʣʘʟʤʦʥʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ ʟʦʣʦʪʘ ʥʘ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʘʩʠʪʝʣʝʡ RB ʚ 

ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ ʥʘ ʦʩʥʦʚʝ ʩʤʝʩʠ ʘʢʨʠʣʘʪʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʦʤʧʦʟʠʮʠʷ: 

ʀʟʦʜʝʮʠʣʘʢʨʠʣʘʪ (IDA), 1,6-ʛʝʢʩʘʥʜʠʦʣʜʠʘʢʨʠʣʘʪ (DIOL) ʠ  

2 ʢʘʨʙʦʢʩʠʵʪʠʣʘʢʨʠʣʘʪ (2Carb), ʚ ʤʘʩʩʦʚʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 45:45:10, 
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ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʌʦʪʦʠʥʠʮʠʘʪʦʨʦʤ ʜʣʷ ʋʌ-ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʷʚʣʷʣʩʷ  

2,2 ʜʠʤʝʪʦʢʩʠ-2ʬʝʥʠʣʘʮʝʪʦʬʝʥʦʥ (In2) ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ 0,5 %. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʢʨʘʩʠʪʝʣʷ ʚ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ ʩʦʩʪʘʚʠʣʘ 0,05 % ʧʦ 

ʤʘʩʩʝ. ʇʣʸʥʢʠ ʟʦʣʦʪʘ, ʪʦʣʱʠʥʦʡ ʧʦʨʷʜʢʘ 10 ʤʢʤ, ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʢʣʷʥʥʦʡ ʧʦʜʣʦʞʢʠ ʤʝʪʦʜʦʤ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ. 

ʉʧʝʢʪʨʳ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʨʠʩ. 1 ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʠʢʫ ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʟʦʣʦʪʘ [3]. 

ɾʠʜʢʘʷ ʤʦʥʦʤʝʨʥʘʷ ʢʦʤʧʦʟʠʮʠʷ ʥʘʥʦʩʠʣʘʩʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʦʚ 

ʤʝʪʦʜʦʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʣʦ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʪʚʝʨʜʦʡ ʧʦʣʠʤʝʨʥʦʡ ʧʣʝʥʢʠ ʩ ʢʨʘʩʠʪʝʣʷʤʠ ʤʝʪʦʜʦʤ ʋʌ-ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ 

ʚʘʢʫʫʤʝ. ʊʦʣʱʠʥʘ ʧʣʸʥʢʠ ʩʦʩʪʘʚʠʣʘ ʧʦʨʷʜʢʘ 50 ʤʢʤ. ʉʧʝʢʪʨʳ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʈʦʜʘʤʠʥʘ ɹ ʚ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ ʩ ʪʦʥʢʠʤ ʩʣʦʝʤ ʟʦʣʦʪʘ 

ʠ ʙʝʟ ʥʝʛʦ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʫʩʠʣʝʥʠʝ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʦʙʨʘʟʮʦʚ ʩ ʟʦʣʦʪʦʤ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ 590 ʥʤ. 

 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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351. 

   

ʈʠʩ. 1. ʉʧʝʢʪʨʳ ʦʧʪʠʯʝʩʢʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ ʈʦʜʘʤʠʥʦʤ ɹ  

ʚ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ: 

 ʚ ʦʪʩʫʪʩʪʚʠʠ (ʘ) ʠ ʧʨʠʩʫʪʩʪʚʠʠ (ʙ) 

ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʠ ʧʠʢ 

ʧʦʛʣʦʱʝʥʠʷ ʧʣʸʥʢʠ ʟʦʣʦʪʘ (ʚ) 

ʈʠʩ. 2. ʉʧʝʢʪʨʳ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʈʦʜʘʤʠʥʦʤ ɹ ʚ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ  

ʚ ʧʨʠʩʫʪʩʪʚʠʠ (ʘ) ʠ ʦʪʩʫʪʩʪʚʠʠ (ʙ) 

ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ 
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ʂ.ʅ. ɹʆʃɼʓʈɽɺ, ɸ.ɼ. ʄʆʃʏɸʅʆɺɸ, ʈ.ɺ. ʇʀʉɸʈɽɺ
1
 

ʀʥʩʪʠʪʫʪ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʈɸʅ, ʊʨʦʠʮʢ, ʄʦʩʢʚʘ 
1ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɸ.ʌ. ʀʦʬʬʝ ʈɸʅ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʌɸɿʆɺʆʁ B-T ɼʀɸɻʈɸʄʄʓ 

ʄɽʊɸɹʆʈɸʊɸ ʄɽɼʀ CuB2O4 ʆʇʊʀʏɽʂʀʄ ʄɽʊʆɼʆʄ 

ʃʀʅɽʁʅʆɻʆ ɸʅʊʀʌɽʈʈʆʄɸɻʅʀʊʅʆɻʆ ɼʀʍʈʆʀɿʄɸ 

 
ɺʳʧʦʣʥʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʝʢʪʨʦʚ ʣʠʥʝʡʥʦʛʦ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ 

ʜʠʭʨʦʠʟʤʘ ʪʦʥʢʦʡ ʧʣʘʩʪʠʥʢʠ ʤʝʪʘʙʦʨʘʪʘ ʤʝʜʠ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 4 ï 22 ʂ 

ʠ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ 0 ï 25 ʤʊʣ (ʚ ʛʝʦʤʝʪʨʠʠ ʌʦʡʛʪʘ ʠ ʌʘʨʘʜʝʷ). ʆʙʥʘʨʫʞʝʥʳ 

ʧʨʦʷʚʣʝʥʠʷ ʠʟʤʝʨʝʥʠʷ ʭʘʨʘʢʪʝʨʘ ʜʠʭʨʦʠʟʤʘ ʧʨʠ ʤʘʛʥʠʪʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʘʭ, 

ʪʘʢʠʝ ʢʘʢ ʩʤʝʥʘ ʟʥʘʢʘ, ʫʤʝʥʴʰʝʥʠʝ ʠ ʫʚʝʣʠʯʝʥʠʝ ʩʠʛʥʘʣʘ ʜʠʭʨʦʠʟʤʘ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʤʘʛʥʠʪʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ 

ʧʨʦʧʫʩʢʘʥʠʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʢʘʭ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʢʦʪʦʨʦʝ ʪʘʢʞʝ 

ʧʦʢʘʟʳʚʘʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠ ʤʘʛʥʠʪʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʘʭ. ʅʘʩʪʦʷʱʝʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʠʨʦʜʝ ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʥʦʡ 

ʤʘʛʥʠʪʥʦʡ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ ʤʝʪʘʙʦʨʘʪʘ ʤʝʜʠ. 

 

K.N. BOLDYREV, A.D. MOLCHANOVA, R.V. PISAREV
1
 

Institute for Spectroscopy of the RAS, Troitsk 
1Ioffe Physical-Technical Institute of the RAS, Saint-Petersburg 

 

INVESTIGATION OF THE  PHASE B-T DIAGRAM  

OF THE COPPER METABO RATE CuB2O4 BY THE OPTICAL 

METHOD OF LINEAR ANT IFERROMAGNETIC DICHR OISM  
 

The spectra of the linear antiferromagnetic dichroism of a thin plate (50 ɛm) of 

copper metaborate are studied in the temperature range 4-22 K and in magnetic fields 0-

25 mT (in the Voigt and Faraday geometry). The manifestations of the change in the 

character of dichroism during magnetic phase transitions, such as a sign change, a 

decrease and an increase in the dichroism signal at the points of various magnetic phase 

transitions, are observed. In addition, the optical transmission at different signs of an 

external magnetic field, which also shows singularities in magnetic phase transitions, 

was investigated. This study provides additional information on the nature of the 

extremely complex magnetic phase diagram of copper metaborate. 

 

ʄʦʥʦʢʨʠʩʪʘʣʣ CuB2O4 ï ʠʥʪʝʨʝʩʥʳʡ ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʙʣʘʩʪʷʭ ʬʠʟʠʢʠ, ʪʘʢʠʭ ʢʘʢ ʤʘʛʥʝʪʠʟʤ, ʢʨʠʩʪʘʣʣʦʬʠʟʠʢʘ, ʦʧʪʠʢʘ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʨʷʜʦʤ ʫʥʠʢʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʆʥ ʦʙʣʘʜʘʝʪ 

ʩʣʦʞʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʠʤʝʶʱʝʡ 42 ʘʪʦʤʘ ʥʘ ʧʨʠʤʠʪʠʚʥʫʶ 
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ʷʯʝʡʢʫ ʩ ʜʚʫʤʷ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʤʠ ʢʚʘʜʨʘʪʥʦ-ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ 

ʧʦʟʠʮʠʷʤʠ ʤʝʜʠ, ʠ ʦʧʠʩʳʚʘʝʪʩʷ ʥʝʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʦʡ ʛʨʫʧʧʦʡ 

ʩʠʤʤʝʪʨʠʠ I42d [1]. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʟʣʠʯʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʜʨʝʰʝʪʦʢ 

ʤʝʜʠ ʧʨʠʚʦʜʠʪ ʢ ʙʦʛʘʪʦʡ ʤʘʛʥʠʪʥʦʡ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʝ ʩ ʢʘʩʢʘʜʘʤʠ 

ʤʘʛʥʠʪʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ, ʧʨʠʨʦʜʘ ʢʦʪʦʨʳʭ ʜʦ ʩʠʭ ʧʦʨ ʜʦ ʢʦʥʮʘ ʥʝ 

ʠʟʫʯʝʥʘ [2]. ʂʨʦʤʝ ʪʦʛʦ, ʤʝʪʘʙʦʨʘʪ ʤʝʜʠ ʦʙʣʘʜʘʝʪ ʫʥʠʢʘʣʴʥʳʤ ʦʧʪʠʯʝʩʢʠʤ 

ʩʧʝʢʪʨʦʤ [3]. ʊʘʢ, ʚ ʩʧʝʢʪʨʝ ʥʘʙʣʶʜʘʶʪʩʷ ʚʩʝ ʫʟʢʠʝ ʙʝʩʬʦʥʦʥʥʳʝ ʣʠʥʠʠ ʦʪ 

ʜʚʫʭ ʧʦʟʠʮʠʡ ʜʚʫʭʚʘʣʝʥʪʥʦʡ ʤʝʜʠ, ʠ ʧʦʚʝʜʝʥʠʝ ʵʪʠʭ ʣʠʥʠʡ ʧʦʟʚʦʣʷʝʪ 

ʩʫʜʠʪʴ ʦ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʢʨʠʩʪʘʣʣʝ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [4] ʙʳʣ 

ʦʙʥʘʨʫʞʝʥ ʣʠʥʝʡʥʳʡ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʜʠʭʨʦʠʟʤ ʥʘ ʣʠʥʠʷʭ ʤʝʜʠ ʚ 

ʧʦʟʠʮʠʠ 4b. ʕʪʦʪ ʤʝʪʦʜ ʧʦʢʘʟʘʣ ʙʦʣʴʰʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʤʘʛʥʠʪʥʳʤ 

ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʘʤ, ʠ ʧʦʟʚʦʣʠʣ ʥʝ ʪʦʣʴʢʦ ʦʙʥʘʨʫʞʠʪʴ ʥʦʚʳʡ ʤʘʛʥʠʪʥʳʭ 

ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ, ʥʦ ʠ ʪʘʢʞʝ ʨʘʩʩʢʘʟʘʪʴ ʦ ʧʨʠʨʦʜʝ ʠ ʭʘʨʘʢʪʝʨʝ ʜʨʫʛʠʭ 

ʥʘʙʣʶʜʘʝʤʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ [4]. ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ 

ʧʨʠʤʝʥʠʤʦʩʪʴ ʤʝʪʦʜʘ ʠ ʜʣʷ ʩʤʝʰʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʘʙʦʨʘʪʘ ʤʝʜʠ 

(Cu,Mn)B2O4 [5]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʣʠʥʝʡʥʦʛʦ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʜʠʭʨʦʠʟʤʘ ʪʦʥʢʦʡ ʧʣʘʩʪʠʥʢʠ ʤʝʪʘʙʦʨʘʪʘ ʤʝʜʠ (50 

ʤʢʤ), ʚʳʨʝʟʘʥʥʦʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ (k || c) ʚʦ ʚʥʝʰʥʠʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʛʝʦʤʝʪʨʠʠ ʌʦʡʛʪʘ ʠ ʌʘʨʘʜʝʷ (Bext  ̂ k ʠ Bext || k, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʩ ʠʥʜʫʢʮʠʝʡ ʜʦ 25 ʤʊʣ. ʆʙʥʘʨʫʞʝʥʳ ʧʨʦʷʚʣʝʥʠʷ 

ʠʟʤʝʨʝʥʠʷ ʭʘʨʘʢʪʝʨʘ ʜʠʭʨʦʠʟʤʘ ʧʨʠ ʤʘʛʥʠʪʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʘʭ, ʪʘʢʠʝ 

ʢʘʢ ʩʤʝʥʘ ʟʥʘʢʘ, ʫʤʝʥʴʰʝʥʠʝ ʠ ʫʚʝʣʠʯʝʥʠʝ ʩʠʛʥʘʣʘ ʜʠʭʨʦʠʟʤʘ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʤʘʛʥʠʪʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʘʭ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ 

ʧʦʩʪʨʦʝʥʘ ʫʪʦʯʥʝʥʥʘʷ ʬʘʟʦʚʘʷ B-T ʜʠʘʛʨʘʤʤʘ ʤʝʪʘʙʦʨʘʪʘ ʤʝʜʠ ʠ ʜʘʥʘ 

ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʥʘʙʣʶʜʘʝʤʳʤ ʠʟʤʝʥʝʥʠʷʤ ʩʠʛʥʘʣʘ ʜʠʭʨʦʠʟʤʘ ʧʨʠ 

ʤʘʛʥʠʪʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʘʭ. ʊʘʢʞʝ ʙʳʣʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʨʘʟʥʠʮʘ ʚ 

ʚʝʣʠʯʠʥʝ ʧʨʦʧʫʩʢʘʥʠʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʟʥʘʢʘ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʛʜʝ ʥʘ ʧʦʣʝʚʦʡ ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʪʘʢʞʝ ʥʘʙʣʶʜʘʶʪʩʷ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠ ʤʘʛʥʠʪʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʘʭ. ɺʩʝ ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʤʝʪʘʙʦʨʘʪʝ ʤʝʜʠ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʯʝʤ ʩʯʠʪʘʣʦʩʴ ʨʘʥʝʝ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʜʣʷ ʤʦʣʦʜʳʭ 

ʢʘʥʜʠʜʘʪʦʚ ʄʂ-3577.2017.2. 
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OPTICAL PROPERTIES OF SOLID SOLUTIONS  

OF DICHALCOGENIDES OF TRANSITION METALS  
 

This paper presents the investigation of the optical two-dimensional samples of solid 

solutions of transition metal dichalcogenides (TMDC) based on Mo(1-x)W(x)S(1-y)Se(y) 

properties results by optical microscopy, electron microscopy, atomic-force microscopy, 

nonlinear optical spectroscopy and photoluminescence spectroscopy. 

 

ʅʘʣʠʯʠʝ ʧʨʷʤʦʡ ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ ʫ ʪʘʢʠʭ ʜʚʫʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʢʘʢ ʜʠʭʘʣʴʢʦʛʝʥʠʜʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʦʧʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ [1]. ɼʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚ ʬʦʪʦʚʦʣʴʪʘʠʢʠ ʠ 

ʬʦʪʦʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʚʘʞʥʦʡ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʰʠʨʠʥʳ 

ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ. ʆʜʥʦʡ ʠʟ ʤʝʪʦʜʠʢ ʢʦʥʪʨʦʣʷ ʰʠʨʠʥʳ ʟʘʧʨʝʱʸʥʥʦʡ 

ʟʦʥʳ ʷʚʣʷʝʪʩʷ ʚʘʨʴʠʨʦʚʘʥʠʝ ʪʦʣʱʠʥʦʡ ʦʙʨʘʟʮʦʚ [2]. 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʤʝʪʦʜʠʢʦʡ ʷʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʴ ʟʘʧʨʝʱʸʥʥʦʡ 

ʟʦʥʳ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ [3, 4]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ ʤʝʪʦʜʘ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚ ʬʦʪʦʚʦʣʴʪʘʠʢʠ. ɹʳʣʠ ʩʦʟʜʘʥʳ ʬʦʪʦʜʝʪʝʢʪʦʨʳ 

ʥʘ ʦʩʥʦʚʝ Mo0.5W0.5S2 ʩʦ ʩʪʘʙʠʣʴʥʳʤ ʬʦʪʦʦʪʢʣʠʢʦʤ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʜʣʠʥ ʚʦʣʥ [5].  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʯʝʪʳʨʸʭʢʦʤʧʦʥʝʥʪʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ɼʇʄ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʦʡ 

ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪʜʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ 
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ʦʙʨʘʟʮʝ ʥʘ ʩʧʝʢʪʨ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʘ ʰʠʨʠʥʫ 

ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ. 

ʄʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʨʦʚʦʜʠʣʩʷ ʩʙʦʨ ʜʘʥʥʳʭ ʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʢʨʠʩʪʘʣʣʠʪʦʚ ɼʇʄ. ʀʥʬʦʨʤʘʮʠʷ ʦ ʩʦʩʪʘʚʝ 

ʦʙʨʘʟʮʦʚ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʤʝʪʦʜʦʤ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʊʘʢʞʝ, ʩ ʧʦʤʦʱʴʶ ʥʝʣʠʥʝʡʥʦʡ ʢʦʥʬʦʢʘʣʴʥʦʡ ʦʧʪʠʯʝʩʢʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʠ ʥʘʣʠʯʠʠ ʠʩʢʘʞʝʥʠʡ ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ ʥʘ ʢʨʘʷʭ ʦʙʨʘʟʮʦʚ. 

ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʣʷ 

ʥʝʩʢʦʣʴʢʠʭ ʦʙʨʘʟʮʦʚ ʨʘʟʥʳʭ ʩʦʩʪʘʚʦʚ (ʨʠʩ. 1 ʠ 2). ʅʘ ʨʠʩ. 1 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʦʧʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʨʘʟʮʘ, ʘ ʥʘ ʨʠʩ. 2 

ʧʨʠʚʝʜʝʥʦ ʝʛʦ ʬʣʫʦʨʝʩʮʝʥʪʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ. 
 

 
     ʈʠʩ. 1. ʆʧʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ               ʈʠʩ. 2. ʃʶʤʠʥʝʩʮʝʥʪʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

     ʦʪʜʝʣʴʥʦʛʦ ʢʨʠʩʪʘʣʣʠʪʘ ɼʇʄ                           ʦʪʜʝʣʴʥʦʛʦ ʢʨʠʩʪʘʣʣʠʪʘ ɼʇʄ 
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ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʜʝʪʝʢʪʦʨʘ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʝʥʦʚʦʛʦ ʬʦʪʦʜʝʪʝʢʪʦʨʘ ʠ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ. ʉʦʟʜʘʥ 

ʛʨʘʬʝʥʦʚʳʡ ʬʦʪʦʜʝʪʝʢʪʦʨ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʢ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤʫ ʠʟʣʫʯʝʥʠʶ. 

ʇʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʬʦʪʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʦʟʜʘʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʜʣʷ ʧʝʨʝʠʟʣʫʯʝʥʠʷ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʫʶ ʦʙʣʘʩʪʴ ʠ ʝʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ 

ʬʦʪʦʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

 

A.A. BOCHAROV, M.G. RYBIN
1
, A.N. FUROV, 

I.I. KONDRASHOV
1
, E.D. OBRAZTSOVA

1
, A.D. ERMAKOV 

 Branch of the Military Academy of Strategic Missile Forces named after Peter the 

Great, Serpukhov 
1Prokhorov General Physics Institute of the RAS, Moscow 

 

APPLICATION OF THE GRAPHENE PHOTODETECTOR  

AND SCINTILLATOR FOR DETECTING GAMMA - RADIATION  
 

The results of the investigation of the possibility of creating a gamma-ray detector 

based on a graphene photodetector and scintillators are presented. A graphene photo- 

detector, sensitive to ultraviolet radiation, is created. Measurements of the change in the 

photoresistance of the created detector are carried out. It is proposed to use a scintillator 

to re-emit gamma radiation to the ultraviolet region and to detect it by changing the 

photoresistance. 

 

ɼʝʪʝʢʪʠʨʦʚʘʥʠʝ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʨʘʟʣʠʯʥʳʭ 

ʚʦʧʨʦʩʦʚ ʷʜʝʨʥʦʡ ʪʝʭʥʠʢʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ 

ʠʟʤʝʨʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʪʦʯʥʠʢʦʚ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ. ʇʨʠ 

ʨʘʙʦʪʝ ʩ ʥʠʤʠ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʦʙʣʶʜʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʷʜʝʨʥʦʡ 

ʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʜʣʷ ʯʝʛʦ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ 

ʜʦʟʠʤʝʪʨʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ. ʆʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʜʦʟʠʤʝʪʨʘ, ʢʘʢ 
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ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ, ʷʚʣʷʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ. ʆʪʥʦʩʷʱʠʝʩʷ 

ʢ ʥʠʤ ʩʯʝʪʯʠʢ ɻʝʡʛʝʨʘ-ʄʶʣʣʝʨʘ, ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʝ ʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʜʝʪʝʢʪʦʨʳ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʥʝʜʦʩʪʘʪʢʦʚ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʨʘʬʝʥʦʚʦʛʦ ʬʦʪʦʜʝʪʝʢʪʦʨʘ, ʢʘʢ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʜʝʪʝʢʪʦʨʘ ʜʦʟʠʤʝʪʨʘ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʟʜʘʥʥʦʛʦ 

ʛʨʘʬʝʥʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤʫ ʠʟʣʫʯʝʥʠʶ. ɼʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʩʦʟʜʘʥʳ ʪʨʠ ʦʙʨʘʟʮʘ: ʠʩʭʦʜʥʳʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ 

ʩʦʙʦʡ ʧʦʜʣʦʞʢʫ SiO2 cʦ ʩʣʦʝʤ ʛʨʘʬʝʥʘ ʠ ʜʚʫʤʷ ʢʦʥʪʘʢʪʘʤʠ ʠʟ ʛʨʘʬʝʥʦʚʦʡ 

ʧʘʩʪʳ; ʜʦʧʠʨʦʚʘʥʥʳʡ ʢʠʩʣʦʪʦʡ, ʧʦʢʨʳʪʳʡ ʧʦʣʠʤʝʨʦʤ ʇʄʄɸ. ʅʘ ʨʠʩ. 1 

ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ, ʧʦʢʘʟʳʚʘʶʱʠʡ ʠʟʤʝʥʝʥʠʝ ʬʦʪʦʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʦʩʣʝʜʥʝʛʦ ʦʙʨʘʟʮʘ, ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʣʘʤʧʳ 

(ʭʘʨʘʢʪʝʨʥʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʬʦʪʦʩʦʧʨʦʪʠʚʣʝʥʠʷ). 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʜʦʙʨʘʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʩʮʠʥʪʠʣʣʷʪʦʨ 

ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ. 
 

 
ʈʠʩ. 1. ʀʟʤʝʥʝʥʠʝ ʬʦʪʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʛʨʘʬʝʥʦʚʦʛʦ ʬʦʪʦʜʝʪʝʢʪʦʨʘ, ʧʦʢʨʳʪʦʛʦ ʇʄʄɸ 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
1. ʄʘʪʚʝʝʚ ɺ.ɺ., ʍʘʟʘʥʦʚ ɹ.ʀ. ʇʨʠʙʦʨʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ. ʄ.: 

ɸʪʦʤʠʟʜʘʪ, 1972. 
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ʂ.ɺ. ʆʈɽʐʂʀʅɸ, ɺ.ɼ. ɼʋɹʈʆɺʀʅ 
ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ɹʈʆʄʀɼʅʓɽ ʌʆʊʆʊɽʈʄʆʈɽʌʈɸʂʊʀɺʅʓɽ ʉʊɽʂʃɸ  

ʉ ʇʆʅʀɾɽʅʅʓʄ ʉʆɼɽʈɾɸʅʀɽʄ ʌʊʆʈɸ 
 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦ-ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʠ 

ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʨʦʤʠʜʥʳʭ ʬʦʪʦʪʝʨʤʦʨʝʬʨʘʢʪʠʚʥʳʭ ʩʪʝʢʦʣ ʩ ʧʦʥʠʞʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʬʪʦʨʘ ʠ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʝʙʨʘ. ʇʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ ʠ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ ʙʨʦʤʠʜʘ ʩʝʨʝʙʨʘ ʚ ʩʪʝʢʣʘʭ ʩ 

ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʝʙʨʘ. 
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BROMIDE PHOTO -THERMO -REFRACTIVE GLASS  

WITH LOW FLUORINE CONCENTRATION  
 

The results of spectral-luminescent and optical properties study of bromide photo-

thermo-refractive glass with low fluorine concentration and different silver 

concentration are presented. The mechanism of the silver nanoparticles and silver 

bromide nanocrystals formation in glass with different silver concentration are proposed. 

 

ʌʦʪʦʪʝʨʤʦʨʝʬʨʘʢʪʠʚʥʳʝ (ʌʊʈ) ʩʪʝʢʣʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʩʪʝʢʣʘ ʩ ʜʦʙʘʚʢʘʤʠ 

ʛʘʣʦʛʝʥʠʜʦʚ [1]. ʆʥʠ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʫʩʪʨʦʡʩʪʚ ʜʣʷ 

ʬʦʪʦʥʠʢʠ, ʠʥʪʝʛʨʘʣʴʥʦʡ ʦʧʪʠʢʠ ʠ ʥʘʥʦʧʣʘʟʤʦʥʠʢʠ [2].  

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʋʌ-ʦʙʣʫʯʝʥʠʝ ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ (ʊʆ) ʚʳʰʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʢʣʦʚʘʥʠʷ (Tg) ʧʦʟʚʦʣʷʶʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʚ ʦʙʲʝʤʝ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʌʊʈ ʩʪʝʢʦʣ ʥʘʥʦʯʘʩʪʠʮʳ ʩʝʨʝʙʨʘ, ʘ ʟʘʪʝʤ ʚʳʨʘʩʪʠʪʴ ʥʘ ʥʠʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʬʘʟʫ NaF [3]. ʇʦʩʢʦʣʴʢʫ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ NaF 

(n = 1.33) ʤʝʥʴʰʝ, ʯʝʤ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʤʘʪʨʠʮʳ ʩʪʝʢʣʘ (n = 1.5), 

ʚʳʜʝʣʝʥʠʝ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʦʢʘʟʘʪʝʣʷ 

ʧʨʝʣʦʤʣʝʥʠʷ ʚ ʋʌ ʦʙʣʫʯʸʥʥʦʡ ʠ ʊʆ ʦʙʣʘʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʘʥʥʳʝ ʩʪʝʢʣʘ ʜʣʷ ʟʘʧʠʩʠ ʛʦʣʦʛʨʘʤʤ, ʥʦ ʥʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʚʦʣʥʦʚʦʜʥʳʭ ʩʪʨʫʢʪʫʨ [4]. ɺ ʌʊʈ ʩʪʝʢʣʝ ʩ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʬʪʦʨʘ ʥʘ ʥʘʥʦʯʘʩʪʠʮʘʭ ʩʝʨʝʙʨʘ ʧʨʦʠʩʭʦʜʠʪ ʨʦʩʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ 

AgBr, ʠʤʝʶʱʠʡ ʙʦʣʴʰʠʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ (n = 2.2), ʯʝʤ ʫ 
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ʤʘʪʨʠʮʳ ʩʪʝʢʣʘ [4], ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚ ʪʘʢʦʤ ʩʪʝʢʣʝ ʚʦʟʤʦʞʥʘ ʟʘʧʠʩʴ 3D 

ʚʦʣʥʦʚʦʜʥʳʭ ʠ ʠʥʪʝʛʨʘʣʴʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ.  

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʌʊʈ ʩʪʝʢʣʘ Na2O-ZnO-Al 2O3-SiO2 

ʩʠʩʪʝʤʳ ʩ ʜʦʙʘʚʣʝʥʠʝʤ Br, ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ CeO2 ʠ Sb2O3, ʩ 

ʧʝʨʝʤʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Ag2O ʦʪ 0.006 ʜʦ 0.080 ʤʦʣ.% ʧʦ ʩʠʥʪʝʟʫ. 

ʉʪʝʢʣʘ ʩʠʥʪʝʟʠʨʦʚʘʣʠʩʴ ʚ ʢʚʘʨʮʝʚʳʭ ʪʠʛʣʷʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1450Áʉ ʩ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʨʘʩʧʣʘʚʘ ʧʣʘʪʠʥʦʚʦʡ ʤʝʰʘʣʢʦʡ ʚ ʚʦʟʜʫʰʥʦʡ ʘʪʤʦʩʬʝʨʝ. 

Tg ʠʟʤʝʨʷʣʘʩʴ ʤʝʪʦʜʦʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ ʠ 

ʩʦʩʪʘʚʠʣʘ 494°3 ʉ̄ ʜʣʷ ʚʩʝʭ ʩʪʝʢʦʣ. ʆʙʨʘʟʮʳ ʦʙʣʫʯʘʣʠʩʴ ʋʌ-ʠʟʣʫʯʝʥʠʝʤ 

ʨʪʫʪʥʦʡ ʣʘʤʧʳ ʠ ʊʆ 1-10 ʯʘʩʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ ʠ ʚʳʰʝ Tg. 

ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʟʤʝʨʷʣʠʩʴ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ 

Lambda 650 ʠ ʤʥʦʛʦʢʘʥʘʣʴʥʳʤ ʧʨʠʝʤʥʠʢʦʤ Hamamatsu ʩ ʠʥʪʝʛʨʠʨʫʶʱʝʡ 

ʩʬʝʨʦʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʙʳʣ ʠʟʤʝʨʝʥ ʥʘ 

ʨʝʬʨʘʢʪʦʤʝʪʨʝ ɸʙʙʝ ʀʈʌ-454ɹʄ. ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʜʠʬʨʘʢʪʦʤʝʪʨʘ Ultima IV. 

ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ: 

1) ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʝʨʝʙʨʘ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʚʣʠʷʥʠʷ ʥʘ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʌʊʈ ʩʪʝʢʣʘ; 

2) ʋʌ-ʦʙʣʫʯʝʥʠʝ ʠ ʊʆ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ Tg ʧʨʠʚʦʜʷʪ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʝʨʝʙʨʷʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʣʘʩʪʝʨʦʚ, ʦʙʣʘʜʘʶʱʠʭ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ ʚ ʚʠʜʠʤʦʤ ʠ ʙʣʠʞʥʝʤ ʀʂ-ʜʠʘʧʘʟʦʥʘʭ; 

3) ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʝʨʝʙʨʘ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʝʨʝʙʨʷʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ; 

4) ʋʌ-ʦʙʣʫʯʝʥʠʝ ʠ ʜʣʠʪʝʣʴʥʘʷ ʊʆ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ Tg ʧʨʠʚʦʜʷʪ 

ʢ ʨʦʩʪʫ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ ʪʦʣʴʢʦ ʚ ʩʪʝʢʣʘʭ ʩ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʩʝʨʝʙʨʘ; 

5) ʋʌ-ʦʙʣʫʯʝʥʠʝ ʠ ʊʆ ʚʳʰʝ Tg ʧʨʠʚʦʜʷʪ ʢ ʨʦʩʪʫ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ ʩ 

ʦʙʦʣʦʯʢʦʡ ʠʟ AgBr, ʯʪʦ ʚʳʟʳʚʘʝʪ ʣʦʢʘʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 

ʧʨʝʣʦʤʣʝʥʠʷ +ȹn ~ 900 ppm. 

6) ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ ʚ 

ʌʊʈ ʩʪʝʢʣʘʭ ʩ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʬʪʦʨʘ. 
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1
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1
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1
, ʌ.ʆ. ʄʀʃʆɺʀʏ
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1
 

1ʅʘʫʯʥʳʡ ʮʝʥʪʨ ʚʦʣʦʢʦʥʥʦʡ ʦʧʪʠʢʠ ʈɸʅ, ʄʦʩʢʚʘ 
2ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʪʝʭʥʠʯʝʩʢʦʡ ʬʠʟʠʢʠ 

ʠʤ. ʘʢʘʜ. ɽ.ʀ. ɿʘʙʘʙʘʭʠʥʘ, ʉʥʝʞʠʥʩʢ, ʏʝʣʷʙʠʥʩʢʘʷ ʦʙʣ. 

 

ɸʂʊʀɺʅʓɽ ʉɺɽʊʆɺʆɼʓ ʉ ʉɽʈɼʎɽɺʀʅʆʁ  

ʀɿ ɸʃʖʄʆʌʆʉʌʆʈʉʀʃʀʂɸʊʅʆɻʆ ʉʊɽʂʃɸ ʉ ʀʆʅɸʄʀ 

ʀʊʊɽɹɹʀʗ, ʇʆʃʋʏɽʅʅʆɻʆ ʄɽʊʆɼʆʄ 

ɹɽʉʂʆʅʊɽʁʅɽʈʅʆɻʆ ʇʃɸɺʃɽʅʀʗ 
 

ʆʧʠʩʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʢʪʠʚʥʳʭ ʚʦʣʦʢʦʥʥʳʭ ʩʚʝʪʦʚʦʜʦʚ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʤʝʪʦʜʦʤ çʰʪʘʙʠʢ-ʚ-ʪʨʫʙʢʝè. ɺ ʩʝʨʜʮʝʚʠʥʝ ʚʦʣʦʢʥʘ ʦʙʥʘʨʫʞʝʥʳ 

ʥʘʥʦʯʘʩʪʠʮʳ ʬʦʩʬʘʪʘ ʠʪʪʝʨʙʠʷ, ʢʦʪʦʨʳʝ ʫʭʫʜʰʘʶʪ ʢʘʯʝʩʪʚʦ ʩʚʝʪʦʚʦʜʦʚ. 
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GLASSES FOR ACTIVE OPTICAL FIB ERS MANUFACTURED 

BY CONTAINERLESS MEL TING GLASS 
 

The results of the research of active optical fibers fabricated by ña rod -in- tubeò  

were described. Glass core derived from the melting of the powder containerless way. 

 

ʊʨʫʜʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʦʣʦʢʦʥʥʳʭ ʩʚʝʪʦʚʦʜʦʚ ʩ ʩʝʨʜʮʝʚʠʥʦʡ ʠʟ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʪʝʢʣʘ ʟʘʩʪʘʚʣʷʝʪ ʠʩʢʘʪʴ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʨʝʰʝʥʠʶ 

ʵʪʦʡ ʟʘʜʘʯʠ. ɻʣʘʚʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʢ ʪʘʢʠʤ ʩʪʝʢʣʘʤ ʦʩʪʘʝʪʩʷ 

ʦʜʥʦʨʦʜʥʦʩʪʴ ʝʛʦ ʩʦʩʪʘʚʘ. ɺ ʤʝʪʦʜʝ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʵʪʦ ʟʘʜʘʯʘ 

ʨʝʰʘʝʪʩʷ ʧʦʜʭʦʜʦʤ çʩʥʠʟʫ-ʚʚʝʨʭè. ʅʘ ʦʧʦʨʥʫʶ ʪʨʫʙʫ ʥʘʧʳʣʷʶʪʩʷ ʢʘʢ 

ʤʦʞʥʦ ʪʦʥʴʰʝ ʩʣʦʠ ʩʪʝʢʣʘ ʩʝʨʜʮʝʚʠʥʳ. ʆʜʥʘʢʦ, ʪʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ ʧʦʜʭʦʜ 

çʩʚʝʨʭʫ-ʚʥʠʟè. ʀʟʥʘʯʘʣʴʥʦ ʙʝʨʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʠ ʟʘ ʩʯʝʪ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʪʨʝʙʫʝʤʘʷ ʦʜʥʦʨʦʜʥʦʩʪʴ. ʀʟ-ʟʘ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʜʠʬʬʫʟʠʠ 

ʣʝʛʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʧʦʣʫʯʠʣ ʧʦʜʭʦʜ çʩʥʠʟʫ-ʚʚʝʨʭè. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʧʦʧʳʪʘʣʠʩʴ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ çʤʠʥʫʩʳè ʚʪʦʨʦʛʦ 

ʧʦʜʭʦʜʘ ʠ ʨʘʩʢʨʳʪʴ ʝʛʦ çʧʣʶʩʳè. ɺ ʦʙʳʯʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʦʜʭʦʜʘ 
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çʩʚʝʨʭʫ-ʚʥʠʟè - ʥʘʧʣʘʚʘ ʰʠʭʪʳ ʠʟ ʪʠʛʣʷ ʤʳ ʩʪʘʣʢʠʚʘʝʤʩʷ ʩ 

ʥʝʧʨʝʦʜʦʣʠʤʳʤʠ ʧʨʦʪʠʚʦʨʝʯʠʷʤʠ (ʚ ʨʘʤʢʘʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʪʝʢʦʣ ʜʣʷ 

ʚʦʣʦʢʦʥʥʦʡ ʦʧʪʠʢʠ). ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʜʠʬʬʫʟʠʠ ʥʝʦʙʭʦʜʠʤʘ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʰʠʚʘʥʠʷ  ʠ ʪʝʤʧʝʨʘʪʫʨʘ 

ʨʘʩʧʣʘʚʘ. ʉ ʜʨʫʛʦʡ, ʧʦʩʣʝʜʥʠʝ 2 ʬʘʢʪʦʨʘ ʫʚʝʣʠʯʠʚʘʶʪ ʩʪʝʧʝʥʴ 

ʟʘʛʨʷʟʥʝʥʠʷ ʨʘʩʧʣʘʚʘ ʟʘ ʩʯʝʪ ʨʘʩʪʚʦʨʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʪʠʛʣʷ. ʋʯʠʪʳʚʘʷ ʵʪʠ 

ʧʨʦʪʠʚʦʨʝʯʠʷ, ʤʳ ʨʘʟʨʘʙʦʪʘʣʠ ʤʝʪʦʜ ʙʝʩʢʦʥʪʝʡʥʝʨʥʦʡ ʧʣʘʚʢʠ 

ʩʪʝʢʣʦʤʘʩʩʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʠʙʨʦʧʝʨʝʤʝʰʠʚʘʥʠʷ ʨʘʩʧʣʘʚʘ. ʉʫʱʥʦʩʪʴ 

ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ʐʠʭʪʘ ʩʧʝʢʘʣʘʩʴ ʚ ʢʚʘʨʮʝʚʦʡ ʪʨʫʙʝ. 

ɿʘʪʝʤ ʚ ʩʧʝʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʥʘʛʨʝʪʳʡ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 1600-2000 
0
ʉ, 

ʚʚʦʜʠʣʠʩʴ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʜʣʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʦʚ 

ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʠ ʦʩʚʝʪʣʝʥʠʷ ʨʘʩʧʣʘʚʘ. ʅʘ ʧʦʣʫʯʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʩʪʝʨʞʝʥʴ ʥʘʭʣʦʧʳʚʘʣʘʩʴ ʦʙʦʣʦʯʢʘ ʠʟ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ Suprasil 

F300. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʣʘʩʴ ʟʘʛʦʪʦʚʢʘ ʜʣʷ ʚʳʪʷʞʢʠ ʚʦʣʦʢʦʥʥʳʭ 

ʩʚʝʪʦʚʦʜʦʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʩʪʝʢʣʘ ʩʦʩʪʘʚʘ 99,45SiO2-0,5Al 2O3-

0,05Yb2O3. ʂʦʥʮʝʥʪʨʘʮʠʷ ʘʣʶʤʠʥʠʷ ʧʦʜʙʠʨʘʣʘʩʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

ʨʘʟʥʠʮʘ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ 

ʩʦʩʪʘʚʣʷʣʘ ȹn = 0,001-0,002. ʊʘʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʟʚʦʣʷʣʦ ʠʟʛʦʪʦʚʠʪʴ 

ʦʜʥʦʤʦʜʦʚʳʝ ʩʚʝʪʦʚʦʜʳ ʩ ʙʦʣʴʰʠʤ ʧʦʣʝʤ ʤʦʜʳ.  

ɸʥʘʣʠʟ ʩʪʝʧʝʥʠ ʦʜʥʦʨʦʜʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʧʦʤʦʱʴʶ 

ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʣʝʛʠʨʫʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚʘʨʴʠʨʦʚʘʣʘʩʴ  ʚ ʧʨʝʜʝʣʘʭ 10-20 % ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʛʦ 

ʫʨʦʚʥʷ ʣʝʛʠʨʦʚʘʥʠʷ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʷ ʧʦʛʣʦʱʝʥʠʷ ʚ ʤʘʪʝʨʠʘʣʝ ʙʳʣ ʚʳʪʷʥʫʪ 

ʤʘʣʦʤʦʜʦʚʳʡ ʩʚʝʪʦʚʦʜ 17/125 ʤʢʤ ʩ ʟʘʱʠʪʥʦʡ ʦʙʦʣʦʯʢʦʡ ʠʟ ʘʢʨʠʣʘʪʘ. 

ʇʦʛʣʦʱʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʧʦʪʝʨʴ ʚ ʵʪʦʤ ʩʚʝʪʦʚʦʜʝ ʩʦʩʪʘʚʠʣʠ ʧʦʨʷʜʢʘ 

100-150 ʜʙ/ʢʤ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʥʝʨʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʙʳʣ ʚʳʪʷʥʫʪ ʩʚʝʪʦʚʦʜ 

13/125 ʤʢʤ ʚ ʩʚʝʪʦʦʪʨʘʞʘʶʱʠʤ ʧʦʣʠʤʝʨʝ. ɼʣʠʥʘ ʚʦʣʥʳ ʦʪʩʝʯʢʠ 

ʧʦʣʫʯʝʥʥʦʛʦ ʩʚʝʪʦʚʦʜʘ ʙʳʣʘ ʚ ʨʘʡʦʥʝ 1,06-1,07 ʤʢʤ. ʇʦʛʣʦʱʝʥʠʝ ʥʘ 

ɚ = 915ʥʤ ʩʦʩʪʘʚʣʷʣʦ ʦʢʦʣʦ 2 db/m. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʣʘʟʝʨʥʦʡ ʛʝʥʝʨʘʮʠʠ 

ʥʘ ʜʣʠʥʝ 10ʤ ʩʦʩʪʘʚʠʣʘ 76 %. ʇʦʨʦʛ ʣʘʟʝʨʥʦʡ ʛʝʥʝʨʘʮʠʠ ʩʦʩʪʘʚʠʣ 1,2 ɺʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʚʝʪʦʚʦʜʦʚ ʠʟ 

ʩʪʝʢʣʘ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʙʝʩʢʦʥʪʝʡʥʝʨʥʦʡ ʧʣʘʚʢʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʠʙʨʦʧʝʨʝʤʝʰʠʚʘʥʠʷ, ʧʦʢʘʟʘʣʠ ʭʦʨʦʰʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ  ʩʣʫʯʘʷʭ, 

ʢʦʛʜʘ ʤʝʪʦʜʦʤ MCVD ʪʨʫʜʥʦʚʳʧʦʣʥʠʤʦ ʧʦʣʫʯʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ 

ʩʚʝʪʦʚʦʜʳ. 
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ɹʦʣʴʰʦʝ ʨʘʟʚʠʪʠʝ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʣʫʯʠʣʠ ʚʦʣʦʢʦʥʥʳʝ ʣʘʟʝʨʳ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʚʦʣʦʢʥʘʭ, ʣʝʛʠʨʦʚʘʥʥʳʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʠʦʥʘʤʠ. ɺ 

ʯʘʩʪʥʦʩʪʠ ʥʘ ʚʦʣʦʢʥʘʭ ʩ ʠʦʥʘʤʠ  ʠʪʪʝʨʙʠʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʤʦʱʥʳʝ 

ʢʠʣʦʚʘʪʥʳʝ ʣʘʟʝʨʳ. ɺ ʪʦʞʝ ʚʨʝʤʷ, ʪʨʘʜʠʮʠʦʥʥʳʡ ʤʝʪʦʜ MCVD 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʚʝʪʦʚʦʜʦʚ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʧʨʠ ʨʝʰʝʥʠʠ 

ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʣʫʯʠʣʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʤʝʪʦʜʳ 

ʧʦʣʫʯʝʥʠʷ ʩʪʝʢʣʘ ʜʣʷ ʩʝʨʜʮʝʚʠʥ ʘʢʪʠʚʥʳʭ ʚʦʣʦʢʦʥ. ʉʨʝʜʠ ʪʘʢʠʭ ʤʝʪʦʜʦʚ 

ʚʳʜʝʣʷʝʪʩʷ ʟʦʣʴ-ʛʝʣʴ ʪʝʭʥʦʣʦʛʠʷ. ʆʩʥʦʚʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ 

ʧʦʣʫʯʘʝʤʳʤ ʩʚʝʪʦʚʦʜʘʤ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʛʦʤʦʛʝʥʥʦʩʪʴ ʩʦʩʪʘʚʘ 

ʩʝʨʜʮʝʚʠʥʳ, ʥʠʟʢʘʷ ʨʘʟʥʠʮʘ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ, ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʣʘʟʝʨʥʦʛʦ ʠʦʥʘ. ʊʘʢʠʤ 

ʫʩʣʦʚʠʷʤ  ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʪʝʢʣʘ ʩʦʩʪʘʚʘ SiO2-Al 2O3-P2O5-Yb2O3. ɹʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʥʠʟʢʦʡ ʯʠʩʣʦʚʦʡ ʘʧʝʨʪʫʨʳ ʩʚʝʪʦʚʦʜʦʚ, ʚ ʥʠʭ ʤʦʛʫʪ 

ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ ʠʪʪʝʨʙʠʷ ʧʨʠ 

ʩʣʘʙʦʚʳʨʘʞʝʥʥʦʤ ʧʨʦʮʝʩʩʝ ʬʦʪʦʧʦʪʝʤʥʝʥʠʷ. 

 ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʪʝʢʣʘ ʩʝʨʜʮʝʚʠʥʳ ʚʦʣʦʢʥʘ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʙʝʩʢʦʥʪʝʡʥʝʨʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʠʙʨʘʮʠʡ ʨʘʩʧʣʘʚʘ ʜʣʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʡ ʧʨʦʮʝʩʩʦʚ ʜʠʬʬʫʟʠʠ ʠ 

ʦʩʚʝʪʣʝʥʠʷ. ʆʙʳʯʥʳʝ ʤʝʪʦʜʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʪʝʢʦʣ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʠʤʝʶʪ 

ʨʷʜ ʦʛʨʘʥʠʯʝʥʠʡ. ʀʟ-ʟʘ ʩʠʣʴʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʩʧʣʘʚʘ ʠʜʝʪ 

ʨʘʩʪʚʦʨʝʥʠʷ ʩʪʝʥʦʢ ʪʠʛʣʷ ʠ ʟʘʛʨʷʟʥʝʥʠʷ ʨʘʩʧʣʘʚʘ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟ-ʟʘ 

ʤʝʜʣʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʜʠʬʬʫʟʠʠ ʚ ʢʚʘʨʮʝʚʦʤ ʩʪʝʢʣʝ ʠ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠʷ, ʤʦʛʫʪ ʥʝ ʚʦʡʪʠ ʚ ʩʦʩʪʘʚ ʣʝʛʢʦʧʣʘʚʢʠʝ ʧʨʠʤʝʩʠ. 

ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʪʝʢʣʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦʨʦʰʢʠ ʦʢʩʠʜʦʚ ʠ ʩʦʣʝʡ 

ʵʣʝʤʝʥʪʦʚ ʩʪʝʢʣʘ ʤʘʨʢʠ çʆʉʏè ʩ ʨʘʟʤʝʨʘʤʠ ʛʨʘʥʫʣ 20-100 ʤʢʤ. 

ʇʝʨʝʤʝʰʘʥʥʘʷ ʰʠʭʪʘ ʦʪʞʠʛʘʣʘʩʴ ʥʘ ʢʚʘʨʮʝʚʦʡ ʧʣʘʩʪʠʥʝ. ʇʦʣʫʯʝʥʥʳʡ 

ʩʧʝʯʝʥʥʳʡ ʩʣʠʪʦʢ ʧʨʠʚʘʨʠʚʘʣʩʷ ʢ ʢʚʘʨʮʝʚʦʤʫ ʩʪʝʨʞʥʶ, ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʚ 

ʩʪʝʢʣʦʜʫʚʥʦʤ ʩʪʘʥʢʝ. ɿʘʪʝʤ ʩʣʠʪʦʢ ʦʧʣʘʚʣʷʣʩʷ ʚ ʧʣʘʤʝʥʠ ʛʘʟʦʚʦʡ 

ʛʦʨʝʣʢʠ. ʇʦʩʣʝ ʚ ʨʘʩʧʣʘʚ ʚʚʦʜʠʣʠʩʴ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʯʘʩʪʦʪʦʡ 

5-10 ɻʮ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʩʦʩʪʘʚʣʷʣʘ ʦʢʦʣʦ 1 ʯʘʩʘ. ʅʘ 

ʧʦʣʫʯʝʥʥʳʡ ʩʪʝʨʞʝʥʴ ʘʢʪʠʚʥʦʛʦ ʩʪʝʢʣʘ ʞʘʢʝʪʠʨʦʚʘʣʘʩʴ ʪʨʫʙʘ ʠʟ ʯʠʩʪʦʛʦ 

ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ  Suprasil F 300.  
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ʂ.ɹ. ʖʐʂʆɺ, ʅ.ʌ. ʅɸʋʄɽʅʂʆ, ɺ.ʗ. ʄʆʃʏɸʅʆɺ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʉʠʉè 

 

ɸʂʋʉʊʆʆʇʊʀʏɽʉʂɸʗ ʇʈʆʉʊʈɸʅʉʊɺɽʅʅɸʗ 

ʌʀʃʔʊʈɸʎʀʗ ʀɿʆɹʈɸɾɽʅʀʁ ɼʃʗ ɺʀɿʋɸʃʀɿɸʎʀʀ 

ʌɸɿʆɺʓʍ ʆɹʒɽʂʊʆɺ ɺ ʄʀʂʈʆʉʂʆʇʀʀ 
 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʘʢʫʩʪʦʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʠʣʴʪʨʘʮʠʝʡ ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʩʚʦʡʩʪʚ ʩʠʤʤʝʪʨʠʠ 

ʜʚʫʤʝʨʥʦʡ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ ʥʝʢʦʣʣʠʥʝʘʨʥʦʛʦ ʘʢʫʩʪʦʦʧʪʠʯʝʩʢʦʛʦ ʬʠʣʴʪʨʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʠʟʫʘʣʠʟʘʮʠʷ ʬʘʟʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʚ 

ʥʝʦʢʨʘʰʝʥʥʳʭ ʧʨʝʧʘʨʘʪʘʭ ʪʢʘʥʝʡ ʠ ʢʣʝʪʦʢ ʧʨʠ ʥʝʢʦʛʝʨʝʥʪʥʦʤ ʦʩʚʝʱʝʥʠʠ 

ʦʙʨʘʟʮʦʚ. 
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ACOUSTO-OPTICAL SPATIAL IMAGE FILTERING  

FOR PHASE OBJECT VISUALIZATION IN MICROSCOPY  
 

The report presents the analysis of a hyperspectral imaging system with spatial 

image filtering based on symmetry properties of a noncollinear acousto-optic tunable 

filter transfer function. The experiments demonstrated visualization of the phase 

structure in unstained samples of tissues and cells with incoherent object illumination. 

 

ɻʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʝ ʘʢʫʩʪʦʦʧʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʥʘʭʦʜʷʪ ʚʩʝ ʙʦʣʝʝ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [1]. 

ɸʢʫʩʪʦʦʧʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʩʧʝʢʪʨʘʣʴʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʮʝʣʠʢʦʤ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʝʨʝʩʪʨʘʠʚʘʷ ʧʨʦʧʫʩʢʘʝʤʫʶ 

ʬʠʣʴʪʨʦʤ ʜʣʠʥʫ ʚʦʣʥʳ ʩʚʝʪʘ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʬʫʥʢʮʠʷ ʧʨʦʧʫʩʢʘʥʠʷ 

ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʢʫʩʪʦʦʧʪʠʯʝʩʢʦʛʦ ʬʠʣʴʪʨʘ, 

ʪʘʢ ʠ ʦʪ ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ [2-5]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʢʦʥʬʦʢʘʣʴʥʦʡ ʘʢʫʩʪʦʦʧʪʠʯʝʩʢʦʡ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʠʩʪʝʤʳ. ʊʘʢʘʷ 

ʩʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʤʝʥʴʰʠʡ ʜʠʘʤʝʪʨ ʬʫʥʢʮʠʠ ʨʘʩʩʝʷʥʠʷ ʪʦʯʢʠ ʠ 

ʩʧʝʢʪʨʘʣʴʥʘʷ ʬʫʥʢʮʠʷ ʧʨʦʧʫʩʢʘʥʠʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʢʦʦʨʜʠʥʘʪʳ ʚ ʧʣʦʩʢʦʩʪʠ ʜʝʪʝʢʪʦʨʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʪʝʣʝʮʝʥʪʨʠʯʝʩʢʦʡ 

ʦʧʪʠʢʦʡ [2-5]. ɺʘʞʥʦʝ ʩʚʦʡʩʪʚʦ ʢʦʥʬʦʢʘʣʴʥʦʡ ʘʢʫʩʪʦʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʫʛʣʦʚʦʡ ʩʧʝʢʪʨ ʧʫʯʢʘ ʚ ʧʣʦʩʢʦʩʪʠ 

ʘʢʫʩʪʦʦʧʪʠʯʝʩʢʦʛʦ ʬʠʣʴʪʨʘ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʫʥʢʮʠʠ 
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ʧʨʦʧʫʩʢʘʥʠʷ ʪʝʣʝʮʝʥʪʨʠʯʝʩʢʦʡ ʜʠʘʬʨʘʛʤʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʘʬʨʘʛʤʳ 

ʪʝʤʥʦʛʦ ʧʦʣʷ ʧʦʟʚʦʣʷʝʪ ʙʣʦʢʠʨʦʚʘʪʴ ʥʠʟʢʠʝ ʯʘʩʪʦʪʳ ʫʛʣʦʚʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʩʧʝʢʪʨʘ. ʇʨʠ ʵʪʦʤ ʬʘʟʦʚʳʡ ʩʠʥʭʨʦʥʠʟʤ ʚ 

ʘʢʫʩʪʦʦʧʪʠʯʝʩʢʦʤ ʬʠʣʴʪʨʝ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ, ʦʪʣʠʯʥʦʡ 

ʦʪ ʥʦʤʠʥʘʣʴʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ ʜʣʷ ʜʘʥʥʦʡ ʯʘʩʪʦʪʳ ʫʣʴʪʨʘʟʚʫʢʘ ʠ 

ʦʧʨʝʜʝʣʷʝʤʦʡ ʩʪʨʫʢʪʫʨʦʡ ʜʚʫʤʝʨʥʦʡ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ [6-8]. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʣʴʮʝʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʬʠʣʴʪʨʘ ʬʘʟʦʚʳʡ 

ʩʠʥʭʨʦʥʠʟʤ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʧʦʣʦʩʝ ʜʣʠʥ ʚʦʣʥ, ʨʘʚʥʦʡ ʧʦ ʧʦʨʷʜʢʫ 

ʚʝʣʠʯʠʥʳ ʰʠʨʠʥʝ ʘʧʧʘʨʘʪʥʦʡ ʬʫʥʢʮʠʠ ʬʠʣʴʪʨʘ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ, 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʚ ʧʣʦʩʢʦʩʪʠ ʜʠʘʬʨʘʛʤʳ ʦʜʥʦʟʥʘʯʥʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʯʘʩʪʦʪʘʤ ʫʛʣʦʚʦʛʦ ʩʧʝʢʪʨʘ ʧʫʯʢʘ [9]. 

ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʬʘʟʦʚʳʡ ʦʙʲʝʢʪ ʧʣʦʩʢʘʷ ʚʦʣʥʘ ʠʩʧʳʪʳʚʘʝʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʥʝʦʜʥʦʨʦʜʥʫʶ ʟʘʜʝʨʞʢʫ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ. ʅʠʟʢʠʝ 

ʯʘʩʪʦʪʳ ʫʛʣʦʚʦʛʦ ʩʧʝʢʪʨʘ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʬʦʥ ʠʟʦʙʨʘʞʝʥʠʷ, ʙʣʦʢʠʨʫʶʪʩʷ 

ʜʠʘʬʨʘʛʤʦʡ ʪʝʤʥʦʛʦ ʧʦʣʷ, ʘ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʯʘʩʪʦʪʳ ʧʨʦʧʫʩʢʘʶʪʩʷ ʝʡ, 

ʧʦʩʣʝ ʯʝʛʦ ʧʫʯʦʢ ʤʦʥʦʭʨʦʤʘʪʠʟʠʨʫʝʪʩʷ ʘʢʫʩʪʦʦʧʪʠʯʝʩʢʠʤ ʬʠʣʴʪʨʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʵʬʬʝʢʪ ʧʦʚʳʰʝʥʠʷ ʢʦʥʪʨʘʩʪʘ ʬʘʟʦʚʦʛʦ 

ʦʙʲʝʢʪʘ. ɹʝʟ ʪʝʣʝʮʝʥʪʨʠʯʝʩʢʦʡ ʜʠʘʬʨʘʛʤʳ ʦʧʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʨʘʙʦʪʘʝʪ ʚ 

ʨʝʞʠʤʝ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʩʚʝʪʣʦʤ ʧʦʣʝ.   

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʙʳʣʘ ʩʦʟʜʘʥʘ ʥʘ ʦʩʥʦʚʝ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʛʦ ʩʚʝʪʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʠ ʦʨʠʛʠʥʘʣʴʥʦʡ 

ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʩ 

ʘʢʫʩʪʦʦʧʪʠʯʝʩʢʠʤ ʬʠʣʴʪʨʦʤ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʥʝʢʨʘʰʝʥʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ ʪʢʘʥʝʡ ʠ ʢʣʝʪʦʢ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʵʬʬʝʢʪʠʚʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʪʨʘʩʪʘ ʬʘʟʦʚʳʭ 

ʦʙʲʝʢʪʦʚ [9]. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʘʢ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʨʝʜʩʪʚʦ ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʠʢʨʦʧʨʝʧʘʨʘʪʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʚʠʜʘʭ ʤʝʜʠʮʠʥʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ 17-07-00279.  
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ʇʆɼɸɺʃɽʅʀɽ ʅʋʃɽɺʆɻʆ ʇʆʈʗɼʂɸ 

ɸʂʋʉʊʆʆʇʊʀʏɽʉʂʆʁ ɼʀʌʈɸʂʎʀʀ ʈɸʉʍʆɼʗʑɽɻʆʉʗ 

ʃɸɿɽʈʅʆɻʆ ʀɿʃʋʏɽʅʀʗ ʋɿʂʆʇʆʃʆʉʅʓʄ 

ɸʂʋʉʊʀʏɽʉʂʀʄ ʉʀɻʅɸʃʆʄ 
 

ʇʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʘʢʫʩʪʦʦʧʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʦʚʳʰʝʥʠʷ ʩʫʤʤʘʨʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʠʬʨʘʢʮʠʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʚ ʟʦʥʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʚʝʪʘ ʠ ʟʚʫʢʘ. ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʟʢʦʧʦʣʦʩʥʳʭ 

ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʦʚ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʣʫʯʰʠʡ ʨʝʞʠʤ ʩʠʥʭʨʦʥʠʟʤʘ ʜʣʷ ʚʩʝʭ 

ʫʛʣʦʚ ʚ ʧʝʨʝʪʷʞʢʝ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʯʝʤ ʦʜʥʦʯʘʩʪʦʪʥʳʡ ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʳ ʜʚʝ ʪʝʭʥʦʣʦʛʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʩʠʛʥʘʣʦʚ: 

ʧʝʨʚʘʷ ʨʘʟʨʘʙʦʪʘʥʘ ʥʘ ʙʘʟʝ ʠʟʚʝʩʪʥʦʡ ʤʥʦʛʦʯʘʩʪʦʪʥʦʡ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ 

ʜʠʬʨʘʢʮʠʠ, ʚʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪ ʨʘʥʝʝ ʥʝ ʧʨʠʤʝʥʷʚʰʠʝʩʷ ʚ ʘʢʫʩʪʦʦʧʪʠʢʝ 

ʰʫʤʦʧʦʜʦʙʥʳʝ ʩʠʛʥʘʣʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʝ ʵʪʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʜʥʦʯʘʩʪʦʪʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʚ ʨʘʟʳ ʫʤʝʥʴʰʘʶʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚ ʥʫʣʝʚʦʤ ʧʦʨʷʜʢʝ 

ʘʢʫʩʪʦʦʧʪʠʯʝʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʜʣʷ ʩʠʣʴʥʦ ʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ.  

 

A.L. FILATOV 
Fryazino Branch of Kotelônikov Institute of Radioengineering and Electronics of the RAS 

 

A NARROW -BAND ACOUSTIC SIGNAL  FOR A ZERO ORDER 

SUPPRESSION OF ACOUSTO-OPTIC DIFFRACTION  

OF A STRONGLY FOCUSED LASER BEAM  
 

New acousto-optic technique application is proposed to increase the efficiency of 

diffraction of laser light focused in the interaction zone of light and sound. This technique 

is based on usage of narrowband control signals, which provide better synchronism for all 

angles in the waist of laser radiation than a single-frequency control signal. Two 

technologies for the formation of such signals have been experimentally investigated: the 

first is based on the known multi-frequency high-efficiency diffraction, the second used 

noise-like signals that were not previously was not considered in acousto-optics. It is 

shown that both these technologies, in comparison with single-frequency one, decrease by 

several times the zero-order intensity of acousto-optic diffraction for strongly focused 

laser radiation.  

 

ɹʳʩʪʨʦʜʝʡʩʪʚʠʝ ʘʢʫʩʪʦʦʧʪʠʯʝʩʢʠʭ ʤʦʜʫʣʷʪʦʨʦʚ (ɸʆʄ) ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʚʨʝʤʝʥʝʤ ʧʨʦʭʦʞʜʝʥʠʷ ʟʚʫʢʦʚʦʡ ʚʦʣʥʦʡ ʧʝʨʝʪʷʞʢʠ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ 
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ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʆʜʥʘʢʦ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʤʝʨʦʚ ʧʝʨʝʪʷʞʢʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʫʛʣʦʚʘʷ ʘʧʝʨʪʫʨʘ ʠʟʣʫʯʝʥʠʷ ʠ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʧʦʢʘʟʘʥʥʦʡ ʥʘ 

ʨʠʩ. 1 [1] ʚʝʢʪʦʨʥʦʡ ʜʠʘʛʨʘʤʤʳ ʘʥʠʟʦʪʨʦʧʥʦʡ ʜʠʬʨʘʢʮʠʠ ʨʘʩʭʦʜʷʱʝʛʦʩʷ 

ʩʚʝʪʘ, ʥʘʨʫʰʘʝʪʩʷ ʨʝʞʠʤ ʘʢʫʩʪʦʦʧʪʠʯʝʩʢʦʛʦ ʩʠʥʭʨʦʥʠʟʤʘ ʜʣʷ ʯʘʩʪʠ ʫʛʣʦʚ 

ʠʩʭʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ I i ʠ ʦʜʥʦʯʘʩʪʦʪʥʦʡ ʟʚʫʢʦʚʦʡ ʚʦʣʥʳ ks. ʇʨʠ ʵʪʦʤ 

ʫʤʝʥʴʰʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ɸʆʄ, ʪʘʢ ʢʘʢ ʚ ʙʨʵʛʛʦʚʩʢʠʡ ʧʦʨʷʜʦʢ Id 

ʧʝʨʝʭʦʜʠʪ ʪʦʣʴʢʦ ʯʘʩʪʴ ʠʩʭʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ɸʆʄ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ, ʚʦ-ʧʝʨʚʳʭ, ʠʟʚʝʩʪʥʫʶ ʪʝʭʥʠʢʫ ʤʥʦʛʦʯʘʩʪʦʪʥʦʡ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʜʠʬʨʘʢʮʠʠ [2], ʚʦ-ʚʪʦʨʳʭ, ʰʫʤʦʧʦʜʦʙʥʳʝ ʩʠʛʥʘʣʳ, ʥʝ 

ʧʨʠʤʝʥʷʚʰʠʝʩʷ ʨʘʥʝʝ ʚ ʘʢʫʩʪʦʦʧʪʠʢʝ. ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ 

ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ ʜʠʬʨʘʢʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʜʘʚʘʝʤʳʭ ʥʘ ɸʆʄ 

ʩʠʛʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʧʦʣʫʯʝʥʥʘʷ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ, 

ʘʥʘʣʦʛʠʯʥʦʡ ʦʧʠʩʘʥʥʦʡ ʚ [2]. ɻʨʘʬʠʢ 1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʬʠʣʶ ʠʩʭʦʜʥʦʛʦ 

ʠʟʣʫʯʝʥʠ ̫ʩ ʨʘʩʭʦʜʠʤʦʩʪʴʶ 10 ʤʨʘʜ ʙʝʟ ʧʦʜʘʯʠ ʩʠʛʥʘʣʘ ʥʘ ɸʆʄ, ʛʨʘʬʠʢ 2 - 

ʧʨʦʬʠʣʶ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ ʜʠʬʨʘʢʮʠʠ ʧʨʠ ʧʦʜʘʯʝ ʦʜʥʦʯʘʩʪʦʪʥʦʛʦ ʩʠʛʥʘʣʘ 

ʫʧʨʘʚʣʝʥʠʷ 41.5 ʄɻʮ, ʛʨʘʬʠʢ - 3 ʧʨʦʬʠʣʶ ʧʨʠ ʧʦʜʘʯʝ ʪʨʝʭ ʯʘʩʪʦʪ 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʠʛʥʘʣʘ: ʮʝʥʪʨʘʣʴʥʘʷ 41.5 ʄɻʮ ʠ ʜʚʝ ʙʦʢʦʚʳʝ 37.3 ʄɻʮ ʠ 

45.7 ʄɻʮ. ɺʠʜʥʦ, ʯʪʦ ʧʨʠ ʦʜʥʦʯʘʩʪʦʪʥʦʤ ʩʠʛʥʘʣʝ ʠʟ ʫʛʣʦʚʦʛʦ ʩʧʝʢʪʨʘ 

ʧʘʜʘʶʱʝʛʦ ʣʫʯʘ ʚʳʨʝʟʘʝʪʩʷ ʪʦʣʴʢʦ ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ, ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ ʩʦʩʪʘʚʠʣʘ 30% ʦʪ ʠʩʭʦʜʥʦʛʦ. ʇʨʠ ʪʨʝʭʯʘʩʪʦʪʥʦʤ ʩʠʛʥʘʣʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ, ʠ ʩʦʩʪʘʚʣʷʝʪ å8 %.  

 

 

 

 
 

 

 
 

 

 
 

 

ʈʠʩ. 1. ɺʝʢʪʦʨʥʘʷ ʜʠʘʛʨʘʤʤʳ ʘʥʠʟʦʪʨʦʧʥʦʡ ʈʠʩ. 2. ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ 

ʜʠʬʨʘʢʮʠʠ ʨʘʩʭʦʜʷʱʝʛʦʩʷ ʩʚʝʪʘ                     ʜʠʬʨʘʢʮʠʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʜʘʚʘʝʤʳʭ 

                                                                             ʥʘ ɸʆʄ ʩʠʛʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʉ.ɺ. ɹʆʈʀʊʂʆ, ɺ.ʕ. ʇʆɾɸʈ, ɸ.ɺ. ʂɸʈɸʅɼʀʅ 
ʅʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʝʥʪʨ ʫʥʠʢʘʣʴʥʦʛʦ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ ʈɸʅ, ʄʦʩʢʚʘ 

 

ɺʆɿʄʆɾʅʆʉʊʔ ʅɽʇʆʉʈɽɼʉʊɺɽʅʅʆʁ ʈɽɻʀʉʊʈɸʎʀʀ 

ʇʈʆʀɿɺʆɼʅʓʍ ʆʇʊʀʏɽʉʂʆɻʆ ʉʇɽʂʊʈɸ ʄɽʊʆɼɸʄʀ 

ɸʂʋʉʊʆʆʇʊʀʏɽʉʂʆʁ ʉʇɽʂʊʈʆʉʂʆʇʀʀ 
 

ʅʘ ʧʨʠʤʝʨʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚ ʅʊʎ ʋʥʠʢʘʣʴʥʦʛʦ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ ʈɸʅ 

ʩʧʝʢʪʨʦʤʝʪʨʘ ʥʘ ʦʩʥʦʚʝ ʘʢʫʩʪʦʦʧʪʠʯʝʩʢʦʡ (ɸʆ) ʷʯʝʡʢʠ ʩʦ ʩʢʘʯʢʦʦʙʨʘʟʥʦʡ 

ʬʘʟʦʚʦʡ ʤʘʥʠʧʫʣʷʮʠʝʡ ʜʣʷ ʟʘʜʘʯ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʢʘʟʘʥʘ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ ʢʣʘʩʩʘ ʧʨʠʙʦʨʦʚ ï ʤʦʜʫʣʷʮʠʦʥʥʳʭ ɸʆ 

ʩʧʝʢʪʨʦʤʝʪʨʦʚ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ɸʆ ʩʧʝʢʪʨʦʤʝʪʨʘ ʩ ʧʨʦʠʟʚʦʣʴʥʦʡ ʘʜʨʝʩʘʮʠʝʡ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʦʥ ʥʝ ʪʨʝʙʫʝʪ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦ ʩʧʝʢʪʨʫ ʠ ʧʦʪʦʤʫ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʡ. 

 

S.V. BORITKO, V.E. POZHAR, A.V. KARANDIN  
Scientific and Technological Centre of Unique Instrumentation of the RAS, Moscow 

 

OPPORTUNITY OF DIREC TLY REGISTRATION  

OF DIFFERENTIATED OP TICAL SPECTRA BY THE  METHOD 

OF ACOUSTO-OPTICAL SPECTROSCOPY 
 

Using as example the developed in STC UI RAS acousto-optical spectrometer, 

which employs the technique of phase switching, targeted at the differential 

spectroscopy applications, we demonstrate fruitful prospects of new class of 

instruments, which are modulation-mode acousto-optical spectrometers. We present the 

results of its comprehensive testing and prove the time-saving capabilities based on 

random spectral access. 

 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʷʚʣʷʝʪʩʷ ʪʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʦʣʦʞʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʧʝʢʪʨʘ. ʏʘʩʪʦ ʚʩʪʨʝʯʘʝʤʘʷ 

ʩʠʪʫʘʮʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚ ʩʧʝʢʪʨʝ ʥʘ ʬʦʥʝ ʤʦʱʥʦʛʦ ʰʠʨʦʢʦʛʦ ʧʠʢʘ 

ʨʘʩʧʦʣʦʞʝʥ ʙʦʣʝʝ ʫʟʢʠʡ ʠ ʤʝʥʝʝ ʤʦʱʥʳʡ ʧʠʢ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʟʤʝʨʝʥʠʝ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʤʝʥʴʰʝʛʦ ʤʘʢʩʠʤʫʤʘ ʧʨʦʠʩʭʦʜʠʪ ʩ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʦʰʠʙʢʦʡ. ɺʳʭʦʜʦʤ ʠʟ ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ 

ʧʨʠʤʝʥʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʚʳʩʰʠʭ (ʯʝʪʥʳʭ) ʧʦʨʷʜʢʦʚ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʩʧʝʢʪʨʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʧʨʠ ʘʥʘʣʠʟʝ ʩʧʝʢʪʨʦʚ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʩʫʱʝʩʪʚʫʝʪ ʤʘʣʦ ʨʘʙʦʪ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʨʘʟʚʠʪʠʝ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ. 
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ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʥʘʤʠ ʧʫʪʴ ʦʩʥʦʚʘʥ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʥʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ, ʘ ʤʝʪʦʜʦʚ ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ 

ʠʟʤʝʨʝʥʠʝʤ ʧʨʦʠʟʚʦʜʥʳʭ ʩʧʝʢʪʨʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʪʧʘʜʘʝʪ ʚʦʧʨʦʩ ʦ 

ʚʦʟʤʦʞʥʦʤ ʠʩʢʘʞʝʥʠʠ (ʠʣʠ ʧʦʪʝʨʝ) ʩʧʝʢʪʨʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ çʩʛʣʘʞʠʚʘʥʠʠè ʧʝʨʝʜ ʧʨʦʮʝʜʫʨʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ. 

ɺ ʨʘʙʦʪʝ ʦʧʠʩʘʥ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʅʊʎ ʋʇ ʈɸʅ ʤʘʢʝʪ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʘʢʫʩʪʦʦʧʪʠʯʝʩʢʦʛʦ (ɸʆ) ʩʧʝʢʪʨʦʤʝʪʨʘ. ɺ ʦʩʥʦʚʝ ʝʛʦ 

ʨʘʙʦʪʳ ʣʝʞʠʪ ʪʝʦʨʠʷ ʜʠʬʨʘʢʮʠʠ ʩʚʝʪʘ ʥʘ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʝ ʩʦ 

ʩʢʘʯʢʦʦʙʨʘʟʥʦʡ ʬʘʟʦʚʦʡ ʤʘʥʠʧʫʣʷʮʠʝʡ [1, 2]. ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥ ʫʯʘʩʪʦʢ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦ ʩʧʝʢʪʨʘ ʥʝʦʥʦʚʦʡ ʣʘʤʧʳ, ʘ ʪʘʢ ʞʝ ʝʛʦ ʧʝʨʚʦʡ ʠ 

ʚʪʦʨʦʡ ʧʨʦʠʟʚʦʜʥʦʡ. ʀʟ ʛʨʘʬʠʢʘ ʚʠʜʥʦ, ʯʪʦ ʩʦʟʜʘʥʥʳʡ ʤʘʢʝʪ ʜʦʚʦʣʴʥʦ 

ʵʬʬʝʢʪʠʚʥʦ ʨʝʛʠʩʪʨʠʨʫʝʪ ʢʘʢ ʩʧʝʢʪʨ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ, ʪʘʢ ʠ ʝʛʦ 

ʧʨʦʠʟʚʦʜʥʳʝ. ʌʄ ɸʆʉ. ʉʧʝʢʪʨʳ ʥʝʦʥʦʚʦʡ ʣʘʤʧʳ 

-0,2

-0,1

0,0

0,1

0,2

0,3

0,4

50,4 50,5 50,6 50,7 50,8 50,9 51,0 51,1 51,2 51,3 51,4 51,5

ʋʧʨʘʚʣʷʶʱʘʷ ʯʘʩʪʦʪʘ, ʄɻʮ

ʆ
ʪ
ʢ
ʣ
ʠ
ʢ

ʇʦʩʪʦʷʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷʏʘʩʪʦʪʘ ʤʦʜʫʣʷʮʠʠ2-ʷ ʛʘʨʤʦʥʠʢʘ

 
 

ʈʠʩ. 1. ʏʘʩʪʴ ʩʧʝʢʪʨʘ ʥʝʦʥʦʚʦʡ ʣʘʤʧʳ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʘʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ 

ɸʆ ʩʧʝʢʪʨʦʤʝʪʨʦʤ 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʮʠʬʨʦʚʦʡ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ 

ʪʝʭʥʠʢʠ ʨʘʩʰʠʨʷʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʥʪʝʟʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ 

ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʟʙʫʞʜʝʥʠʷ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ "ʥʝʦʨʜʠʥʘʨʥʦʡ" ʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ 

ʧʝʨʩʧʝʢʪʠʚʳ ʩʦʟʜʘʥʠʷ ɸʆ ʫʩʪʨʦʡʩʪʚ ʩ ʥʦʚʳʤʠ, ʧʦʜ ʯʘʩ ʥʝʦʞʠʜʘʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɺ.ʄ. ʂʆʊʆɺ, ɻ.ʅ. ʐʂɽʈɼʀʅ, ʉ.ɺ. ɸɺɽʈʀʅ 
ʌʨʷʟʠʥʩʢʠʡ ʬʠʣʠʘʣ ʀʥʩʪʠʪʫʪʘ ʨʘʜʠʦʪʝʭʥʠʢʠ ʠ ʵʣʝʢʪʨʦʥʠʢʠ 

ʠʤ. ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ 

 

ʌʆʈʄʀʈʆɺɸʅʀɽ ʆʇʊʀʏɽʉʂʆɻʆ ʃʋʏɸ  

ʉ ɺʈɸʑɸʖʑʀʄʉʗ ɺɽʂʊʆʈʆʄ ʇʆʃʗʈʀɿɸʎʀʀ 
 

ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʚʨʘʱʘʶʱʠʤʩʷ 

ʚʝʢʪʦʨʦʤ ʧʦʣʷʨʠʟʘʮʠʠ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʜʚʫʭ ʣʫʯʝʡ ʩ ʮʠʨʢʫʣʷʨʥʳʤʠ 

ʧʦʣʷʨʠʟʘʮʠʷʤʠ ʠ ʨʘʟʥʳʤʠ ʯʘʩʪʦʪʘʤʠ. ʉʜʚʠʛ ʯʘʩʪʦʪ ʤʝʞʜʫ ʣʫʯʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʦʩʨʝʜʩʪʚʦʤ ʘʢʫʩʪʦʦʧʪʠʯʝʩʢʦʡ (ɸʆ) ʜʠʬʨʘʢʮʠʠ. ʄʝʪʦʜ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʘʤʧʣʠʪʫʜʥʦʡ ʤʦʜʫʣʷʮʠʠ ʠʟʣʫʯʝʥʠʷ ʩ ʯʘʩʪʦʪʦʡ nf, ʛʜʝ f - ʯʘʩʪʦʪʘ 

ʟʚʫʢʦʚʦʡ ʚʦʣʥʳ, n ð ʮʝʣʦʝ ʯʠʩʣʦ. ʉʦʟʜʘʥʳ ɸʆ ʤʦʜʫʣʷʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʢʨʠʩʪʘʣʣʘ 

ʧʘʨʘʪʝʣʣʫʨʠʪʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʦʧʪʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 

0,63 ʤʢʤ ʧʨʦʤʦʜʫʣʠʨʦʚʘʥʦ ʧʦ ʘʤʧʣʠʪʫʜʝ ʥʘ ʫʯʝʪʚʝʨʝʥʥʦʡ ʟʚʫʢʦʚʦʡ ʯʘʩʪʦʪʝ. 

ʏʘʩʪʦʪʘ ʤʦʜʫʣʷʮʠʠ ʩʦʩʪʘʚʠʣʘ ~180 ʄɻʮ. 

 

V.M. KOTOV, G.N. SHKERDIN, S.V. AVERIN 
Fryazino Branch of Kotelônikov Institute of Radioengineering and Electronics of the RAS 

 

FORMING OF THE OPTICAL BEAM  

WITH THE ROTATING POLARIZATION VECTOR  
 

A method for the optical beam production with the rotating polarization vector based 

on the interference of two beams with the circular polarizations is proposed. The 

frequency shift between beams is implemented by means of acousto-optic (AO) 

diffraction. The method is used for the amplitude light modulation with the frequency nf 

where f is acoustic frequency and n is integer. AO modulators are fabricated from 

paratellurite crystal. Modulators allow modulating the optical radiation with wavelength 

of 0.63 mcm at the quadruple frequency of the acoustic wave. The modulation frequency 

achieves 180 MHz. 

 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʩʚʦʡʩʪʚ  ʘʢʫʩʪʦʦʧʪʠʯʝʩʢʦʛʦ (ɸʆ) ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦʪʘ ʧʦʣʫʯʝʥʠʷ ʩʜʚʠʛʘ ʯʘʩʪʦʪʳ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʥʘ 

ʯʘʩʪʦʪʫ ʟʚʫʢʘ, ʷʚʣʷʶʱʠʡʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʦʪʨʘʞʝʥʠʷ ʩʚʝʪʘ ʦʪ ʙʝʛʫʱʝʡ 

ʘʢʫʩʪʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. ʕʪʦ ʥʘʰʣʦ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯ ʦʧʪʠʯʝʩʢʦʛʦ ʛʝʪʝʨʦʜʠʥʠʨʦʚʘʥʠʷ, ʚ ʣʘʟʝʨʥʦʡ ʜʦʧʧʣʝʨʦʚʩʢʦʡ 

ʘʥʝʤʦʤʝʪʨʠʠ ʠ ʪ.ʜ. ɺ ʨʷʜʝ ʥʘʰʠʭ ʨʘʙʦʪ [1-5] ʵʬʬʝʢʪ ʩʜʚʠʛʘ ʯʘʩʪʦʪʳ ʚ 

ʧʨʦʮʝʩʩʝ ɸʆ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʘʤʧʣʠʪʫʜʥʦʡ ʤʦʜʫʣʷʮʠʠ 

ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʨʝʜʣʦʞʝʥ ʚ ʥʝʩʢʦʣʴʢʠʭ ʚʘʨʠʘʥʪʘʭ: ʧʨʠ 

ʩʣʦʞʝʥʠʠ ʜʚʫʭ ʮʠʨʢʫʣʷʨʥʦ-ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʚʦʣʥ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ 
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ʩʜʚʠʥʫʪʘ ʥʘ ʯʘʩʪʦʪʫ ʟʚʫʢʘ; ʚ ʨʝʞʠʤʝ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦ-ʥʝʟʘʚʠʩʠʤʦʡ 

ʜʠʬʨʘʢʮʠʠ;  ʚ ʨʝʞʠʤʝ ʢʘʩʢʘʜʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʩʜʚʠʛʘ ʯʘʩʪʦʪʳ. ɺʦ ʚʩʝʭ 

ʩʣʫʯʘʷʭ ʬʦʨʤʠʨʫʝʪʩʷ ʣʫʯ ʩ ʚʨʘʱʘʶʱʠʤʩʷ ʚʝʢʪʦʨʦʤ ʧʦʣʷʨʠʟʘʮʠʠ, ʧʨʠ 

ʵʪʦʤ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʘʩʪʦʪʦʡ ʟʚʫʢʦʚʦʡ ʚʦʣʥʳ. ʊʘʢʦʝ 

ʠʟʣʫʯʝʥʠʝ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʝʛʦ ʯʝʨʝʟ ʧʦʣʷʨʠʟʘʪʦʨ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ 

ʬʦʪʦʜʝʪʝʢʪʦʨʦʤ ʚ ʚʠʜʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ  ʟʘʜʘʥʥʦʡ ʯʘʩʪʦʪʳ, 

ʩʚʷʟʘʥʥʦʡ ʩ ʯʘʩʪʦʪʦʡ ʟʚʫʢʘ. ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʘ ʬʦʪʦʛʨʘʬʠʷ ʩ ʵʢʨʘʥʘ 

ʦʩʮʠʣʣʦʛʨʘʬʘ, ʛʜʝ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʩʠʛʥʘʣ ʚʨʘʱʝʥʠʷ ʚʝʢʪʦʨʘ ʧʦʣʷʨʠʟʘʮʠʠ 

ʥʘ ʫʯʝʪʚʝʨʝʥʥʦʡ ʯʘʩʪʦʪʝ ʟʚʫʢʘ. 

 

 
 
ʈʠʩ. 1. ʌʦʪʦʛʨʘʬʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ, ʩʥʠʤʘʝʤʦʛʦ ʩ ʬʦʪʦʧʨʠʝʤʥʠʢʘ 
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ɽ.ɸ. ʃɸɺʈʆɺ, ʄ.ʄ. ʄɸɿʋʈ, ɺ.ʉ. ʐʀʈʗɽɺ
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, ɻ.ɽ. ʉʅʆʇɸʊʀʅ

1
 

ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ  

ʠ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ, ʄʝʥʜʝʣʝʝʚʦ, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣ. 
1ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʚʳʩʦʢʦʯʠʩʪʳʭ ʚʝʱʝʩʪʚ ʠʤ. ɻ.ɻ. ɼʝʚʷʪʳʭ ʈɸʅ,  

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɿɸʊʋʍɸʅʀʗ ʋʃʔʊʈɸɿɺʋʂɸ  

ɺ ʍɸʃʔʂʆɻɽʅʀɼʅʆʄ ʉʊɽʂʃɽ As2S3 

 
ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʪʫʭʘʥʠʷ ʫʣʴʪʨʘʟʚʫʢʘ ʚ ʭʘʣʴʢʦʛʝʥʠʜʥʦʤ 

ʩʪʝʢʣʝ As2S3 ʚʳʩʦʢʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ. ʇʦʢʘʟʘʥ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʩʪʝʢʣʘ As2S3 ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʘʢʫʩʪʦʦʧʪʠʯʝʩʢʠʭ 

ʤʦʜʫʣʷʪʦʨʦʚ ʠ ʯʘʩʪʦʪʦʩʜʚʠʛʘʪʝʣʝʡ.  

 

E.A. LAVROV, M.M. MAZUR, V.S. SHIRYAEV
1
, G.E. SNOPATIN

1
 

Russian Research Institute of Physical, Technical and Radiotechnical Measurements, 

Mendeleevo, Moscow region 
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Nizhny Novgorod 

 

RESEARCH ULTRASOUND ATTENUATI ON  

IN As2S3 CHALCOGENIDE GLASS  
 

The results of study of ultrasound attenuation in the As2S3 chalcogenide glass of high 

optical quality are represented. The frequency range, in which the use of glassy As2S3 as 

material for acousto-optic modulators and frequency drivers is possible, is shown. 
 

ʀʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʷʯʝʡʢʠ ʘʢʫʩʪʦʦʧʪʠʯʝʩʢʦʛʦ 

ʯʘʩʪʦʪʦʩʜʚʠʛʘʪʝʣʷ (ɸʆʏʉ) ʭʘʣʴʢʦʛʝʥʠʜʥʦʝ ʩʪʝʢʣʦ ʥʘʤ ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ 

ʦʯʝʥʴ ʟʘʤʘʥʯʠʚʳʤ, ʪ.ʢ. ʘʢʫʩʪʦʦʧʪʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ 

ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ [1, 2] ʦʯʝʥʴ ʚʳʩʦʢʦʝ. ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʤʘʪʝʨʠʘʣʘ ʚ ʢʘʯʝʩʪʚʝ ʷʯʝʡʢʠ ɸʆʏʉ ʥʝʦʙʭʦʜʠʤʳ ʭʦʨʦʰʠʝ ʦʧʪʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ ʠ ʤʘʣʦʝ ʟʘʪʫʭʘʥʠʝ ʫʣʴʪʨʘʟʚʫʢʘ. ɺʳʩʦʢʦʯʠʩʪʦʝ 

ʩʪʝʢʣʦ ʩʦʩʪʘʚʘ As2S3 ʧʦʣʫʯʘʣʠ ʚ ʀʥʩʪʠʪʫʪʝ ʭʠʤʠʠ ʚʳʩʦʢʦʯʠʩʪʳʭ ʚʝʱʝʩʪʚ 

ʠʤ. ɻ.ɻ. ɼʝʚʷʪʳʭ ʈɸʅ ʤʝʪʦʜʦʤ ʩʧʣʘʚʣʝʥʠʷ ʦʩʦʙʦ ʯʠʩʪʳʭ ʤʦʥʦʩʫʣʴʬʠʜʘ 

ʤʳʰʴʷʢʘ ʠ ʩʝʨʳ ʚ ʚʘʢʫʫʤʠʨʦʚʘʥʥʦʡ ʢʚʘʨʮʝʚʦʡ ʘʤʧʫʣʝ [3]. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʦʙʨʘʟʮʘ ʩʫʣʴʬʠʜʘ ʤʳʰʴʷʢʘ ʤʝʪʦʜʘʤʠ ʣʘʟʝʨʥʦʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʣʘʟʝʨʥʦʡ ʫʣʴʪʨʘʤʠʢʨʦʩʢʦʧʠʠ ʧʦʢʘʟʘʣʦ ʧʨʝʜʝʣʴʥʦ ʥʠʟʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʝʥʥʳʭ ʧʨʠʤʝʩʝʡ ʠ ʚʳʩʦʢʫʶ ʦʧʪʠʯʝʩʢʫʶ 

ʦʜʥʦʨʦʜʥʦʩʪʴ. 
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ɺ ʣʠʪʝʨʘʪʫʨʝ [2] ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ ʫʧʨʫʛʠʭ ʚʦʣʥ 

ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʥʳ ʥʘ ʯʘʩʪʦʪʫ 1 ɻɻʮ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʢʚʘʜʨʘʪʠʯʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ Ŭ ʦʪ ʯʘʩʪʦʪʳ f ʠ ʥʝ ʫʢʘʟʘʥʘ ʯʘʩʪʦʪʘ, 
ʥʘ ʢʦʪʦʨʦʡ ʧʨʦʚʦʜʠʣʠʩʴ ʠʟʤʝʨʝʥʠʷ. ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʟʘʪʫʭʘʥʠʝ ʫʣʴʪʨʘʟʚʫʢʘ ʚ ʩʪʝʢʣʝ As2S3 ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ 

(ʨʠʩ. 1). ɿʘʪʫʭʘʥʠʝ ʫʣʴʪʨʘʟʚʫʢʘ ʤʳ ʠʟʤʝʨʷʣʠ ʧʫʪʝʤ ʨʝʛʠʩʪʨʘʮʠʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ɸʆ ʜʠʬʨʘʢʮʠʠ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ 

ʠʤʧʫʣʴʩʘ ʚ ʦʙʨʘʟʮʝ ʩʪʝʢʣʘ As2S3.  
 

 
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʟʘʪʫʭʘʥʠʷ ʫʣʴʪʨʘʟʚʫʢʘ ʦʪ ʯʘʩʪʦʪʳ ʚ ʩʪʝʢʣʝ As2S3,  

ʢʚʘʜʨʘʪʳ - ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʪʦʯʢʠ, ʣʠʥʠʷ - ʣʠʥʝʡʥʘʷ ʵʢʩʪʨʘʧʦʣʷʮʠʷ 

 

ʀʩʩʣʝʜʦʚʘʥʥʦʝ ʩʪʝʢʣʦ As2S3 ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ 

ɸʆ ʤʦʜʫʣʷʪʦʨʦʚ ʠ ʯʘʩʪʦʪʦʩʜʚʠʛʘʪʝʣʝʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʯʘʩʪʦʪ ʥʝ ʚʳʰʝ 

25-30 ʄɻʮ. ɿʘʪʫʭʘʥʠʝ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʦʣʥʳ ʥʘ ʯʘʩʪʦʪʝ 30 ʄɻʮ ʥʘ 

ʘʧʝʨʪʫʨʝ ʩʚʝʪʦʚʦʛʦ ʧʫʯʢʘ 2 ʤʤ ʙʫʜʝʪ ʦʢʦʣʦ 16 %, ʥʘ ʯʘʩʪʦʪʝ 20 ʄɻʮ ʦʢʦʣʦ 

10 %. ʏʪʦ ʚʧʦʣʥʝ ʧʨʠʝʤʣʝʤʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʪʘʢʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ. 

ʋʧʨʘʚʣʷʶʱʘʷ ɺʏ ʤʦʱʥʦʩʪʴ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ɸʆʄ, ʥʘ ʩʪʝʢʣʝ As2S3 

ʙʫʜʝʪ ʧʨʠʤʝʨʥʦ ʚ 10 ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʫʧʨʘʚʣʷʶʱʘʷ ʤʦʱʥʦʩʪʴ ʜʣʷ ɸʆʄ ʥʘ 

ʢʨʠʩʪʘʣʣʝ ʊʝʆ2 ʚ ʨʝʞʠʤʝ ʠʟʦʪʨʦʧʥʦʡ ʜʠʬʨʘʢʮʠʠ. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Dixon R.W. Photoelastic properties of selected materials and their relevance for applications 

to acoustic lights modulators and scanners // J. Appl. Phys. 1967. V.38. ˉ13. P.5149-5153. 
2. Uʩhida N., Niizeki N. Acoustooptic deflection materials and techniques // Proc, IEEE. 1973. 

V.61. ˉ8. P.1073-1092. 

3. Churbanov M.F., Snopatin G.E., Shiryaev V.S., Plotnichenko V.G., Dianov E.M. Recent 
advances in preparation of high-purity glasses based on arsenic chalcogenides for fiber optics // 

Journal of Non-Crystalline Solids. 2011. V.357. P.2352-2357. 
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ʅ.ʀ. ʇɽʊʈʆɺ 
ʅʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʝʥʪʨ ʫʥʠʢʘʣʴʥʦʛʦ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ ʈɸʅ, ʄʦʩʢʚʘ 

 

ʕʌʌɽʂʊ ɺʆɿʆɹʅʆɺʃɽʅʀʗ ɺ ʆʇʊʀʏɽʉʂʀʍ 

ɺʆʃʅʆɺʆɼɸʍ 
 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʫʜʘʣʝʥʥʦʡ ʬʦʢʫʩʠʨʦʚʢʠ ʩʚʝʪʘ ʚ ʩʨʝʜʝ ʩ 

ʛʨʘʜʠʝʥʪʥʳʤ ʧʨʦʬʠʣʝʤ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʵʬʬʝʢʪʘ 

ʚʦʟʦʙʥʦʚʣʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʠʥʪʝʨʬʝʨʝʥʮʠʝʡ ʤʦʜ ʚʦʣʥʦʚʦʜʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʩʠʣʴʥʦ ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʡ ʧʫʯʦʢ ʩʚʝʪʘ ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ ʧʝʨʝʜʘʥ ʧʦ 

ʦʧʪʠʯʝʩʢʦʤʫ ʚʦʣʥʦʚʦʜʫ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʩ ʧʝʨʠʦʜʦʤ ʚʦʟʦʙʥʦʚʣʝʥʠʷ.  

 

N.I. PETROV 
Scientific and Technological Center of Unique Instrumentation of the RAS, Moscow 

 

REVIVAL EFFECT IN OPTICAL WAVEGUIDES  
 

Remote focusing of light via mode interference in optical waveguide is 

demonstrated using exact solutions of wave equation. The possibility of super-resolution 

image transfer through the graded-index optical waveguide due to the large-scale revival 

effect is shown. 

 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʪʨʝʙʫʶʪʩʷ ʩʠʩʪʝʤʳ 

ʩ ʙʦʣʴʰʦʡ ʯʠʩʣʦʚʦʡ ʘʧʝʨʪʫʨʦʡ NA. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʷʪʥʦ ʬʦʢʫʩʠʨʦʚʢʠ 

ʙʫʜʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚʙʣʠʟʠ ʣʠʥʟʳ. ʆʜʥʘʢʦ ʠʤʝʶʪʩʷ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ, ʢʦʛʜʘ 

ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʡ ʧʫʯʦʢ ʩʚʝʪʘ ʥʝʦʙʭʦʜʠʤ ʥʘ ʫʜʘʣʝʥʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ 

ʬʦʢʫʩʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ. ʅʝʜʘʚʥʦ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʩʦʟʜʘʥʠʷ 

ʩʫʙʚʦʣʥʦʚʳʭ ʧʷʪʝʥ ʚ ʜʘʣʴʥʝʡ ʟʦʥʝ [1]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʜʘʣʝʥʥʦʡ ʬʦʢʫʩʠʨʦʚʢʠ ʩʚʝʪʘ ʚ ʩʨʝʜʝ ʩ ʛʨʘʜʠʝʥʪʥʳʤ ʧʨʦʬʠʣʝʤ 

ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʵʬʬʝʢʪʘ ʚʦʟʦʙʥʦʚʣʝʥʠʷ [2, 3], 

ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʠʥʪʝʨʬʝʨʝʥʮʠʝʡ ʤʦʜ ʚʦʣʥʦʚʦʜʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʠʣʴʥʦ 

ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʡ ʧʫʯʦʢ ʩʚʝʪʘ ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ ʧʝʨʝʜʘʥ ʧʦ 

ʦʧʪʠʯʝʩʢʦʤʫ ʚʦʣʥʦʚʦʜʫ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʩ ʧʝʨʠʦʜʦʤ 

ʚʦʟʦʙʥʦʚʣʝʥʠʷ. ʆʙʥʘʨʫʞʝʥ ʵʬʬʝʢʪ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʚʦʟʦʙʥʦʚʣʝʥʠʷ 

ʩʠʣʴʥʦ-ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʚʦʣʥʦʚʦʛʦ ʧʘʢʝʪʘ ʥʘ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʧʨʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚ ʛʨʘʜʠʝʥʪʥʦʡ ʩʨʝʜʝ, ʘʥʘʣʦʛʠʯʥʳʡ ʵʬʬʝʢʪʫ 

ʚʦʟʦʙʥʦʚʣʝʥʠʷ ʚʦʣʥʦʚʳʭ ʧʘʢʝʪʦʚ ʚ ʨʠʜʙʝʨʛʦʚʩʢʠʭ ʘʪʦʤʘʭ. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʪʨʝʭ ʩʠʣʴʥʦ 

ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʭ ʧʫʯʢʦʚ, ʩʤʝʱʝʥʥʳʭ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʚ 

ʧʦʧʝʨʝʯʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ z.  
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ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʦʩʝʚʦʛʦ ʠ ʩʤʝʱʝʥʥʳʭ ʧʫʯʢʦʚ  

ʚ ʚʦʣʥʦʚʦʜʝ ʩ w = 0.2 mm-1 ʠ NA = 1 ʧʨʠ z = 0 (a),  

z = 44.1 ʤʤ (b), z = 10 ʤʤ (ʩ) ʠ z = 182.7 ʤʤ (d) 

 

ʀʩʩʣʝʜʦʚʘʥʦ ʥʝʧʘʨʘʢʩʠʘʣʴʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʝʢʪʦʨʥʳʭ ʚʦʣʥʦʚʳʭ 

ʧʫʯʢʦʚ ʃʘʛʝʨʨʘ-ɻʘʫʩʩʘ ʚ ʛʨʘʜʠʝʥʪʥʳʭ ʩʚʝʪʦʚʦʜʘʭ ʩ ʫʯʝʪʦʤ ʩʧʠʥ-

ʦʨʙʠʪʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [4, 5]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʠʣʴʥʦ 

ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʡ ʧʫʯʦʢ ʩʚʝʪʘ ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ ʧʝʨʝʜʘʥ ʧʦ 

ʦʧʪʠʯʝʩʢʦʤʫ ʚʦʣʥʦʚʦʜʫ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʚ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝ, 

ʦʧʪʠʯʝʩʢʦʡ ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʤʠʢʨʦʩʢʦʧʠʠ, ʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʥʦʚʳʝ ʵʥʜʦʩʢʦʧʳ, 

ʩʝʥʩʦʨʳ, ʜʠʩʧʣʝʠ  ʠ ʪ.ʜ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ (ʧʨʦʝʢʪ ˉ 17-19- 

01461). 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʄ.ɸ. ʄɸɿʀʅ, ɺ.ɼ. ʇɸʈɸʅʀʅ 
ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʉ.ʇ. ʂʦʨʦʣʝʚʘ 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʆʇʊʀʏɽʉʂʆʁ ʈɸɿʅʆʉʊʀ ʍʆɼɸ 

ɻʈɸɼʀɽʅʊʅʆʁ ʃʀʅɿʓ ʅɸ ʆʉʅʆɺɽ 

ɸʉʊʀɻʄɸʊʀʏɽʉʂʆɻʆ ʇʈɽʆɹʈɸɿʆɺɸʅʀʗ  

ɹɽʉʉɽʃɽɺʓʍ ʇʋʏʂʆɺ 
 

ɸʧʨʦʙʠʨʦʚʘʥ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʨʘʟʥʦʩʪʠ ʭʦʜʘ ʤʝʭʘʥʠʯʝʩʢʠ 

ʩʚʦʙʦʜʥʳʭ ʛʨʘʜʠʝʥʪʥʳʭ ʧʘʨʘʙʦʣʠʯʝʩʢʠʭ ʣʠʥʟ ʥʘ ʦʩʥʦʚʝ ʘʩʪʠʛʤʘʪʠʯʝʩʢʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʫʯʢʘ ɹʝʩʩʝʣʷ 0-ʛʦ ʧʦʨʷʜʢʘ. ʅʘ ʧʨʠʤʝʨʝ ʯʝʪʚʝʨʪʴʚʦʣʥʦʚʦʡ ʣʠʥʟʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʜʝʞʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ 

ʨʘʟʥʦʩʪʠ ʭʦʜʘ ʥʝ ʭʫʞʝ 0,05ɚ . ʇʦʜʪʚʝʨʞʜʝʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʦʪʣʠʯʠʝ 

ʜʚʫʣʫʯʝʧʨʝʣʦʤʣʝʥʠʷ ʛʨʘʜʠʝʥʪʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʣʠʥʟ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʢʨʘʝʚʦʡ 

ʦʙʣʘʩʪʷʭ. 

 

M.A. MAZIN, V.D.  PARANIN 
Samara National Research University named after academician S.P. Korolev 

 

INVESTIGATION OF DOUBLE R EFRACTION OF OPTICAL 

PATH DIFFERENCE THE GRADIENT LENS ON THE BASIS  

OF ASTIGMATIC TRANSFORMATION OF BESSEL BEAMS  
 

The method of experimental investigation has been used to test a birefringence of 

mechanically free gradient parabolic lenses. Method based on the astigmatic 

transformation of the 0-order Bessel beam. An example of a quarter-wave lens has 

shown experimentally the possibility of reliable measurement of the optical path 

difference ~ 0.05ɚ . Significant difference of birefringence of gradient lenses in the 

central and edge regions has demonstrated. 

 

ɻʨʘʜʠʝʥʪʥʳʝ ʣʠʥʟʳ (ʛʨʘʜʘʥʳ) ð ʦʧʪʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʩ ʟʘʜʘʥʥʳʤ 

ʨʘʜʠʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʛʨʘʜʘʥʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʠʩʪʝʤʘʭ ʩʚʝʪʦʚʦʜʥʦʡ ʩʚʷʟʠ, ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ, ʚ ʦʙʣʘʩʪʠ ʧʝʨʝʜʘʯʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ [1]. 

ʆʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʧʘʨʘʟʠʪʥʦʝ ʜʚʫʣʫʯʝʧʨʝʣʦʤʣʝʥʠʝ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʠʟʤʝʥʷʶʱʝʝ ʧʦʣʷʨʠʟʘʮʠʶ 

ʠʟʣʫʯʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʣʦʢʦʥʥʳʭ ʜʘʪʯʠʢʦʚ. ʉʫʱʝʩʪʚʫʶʱʠʝ 

ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʜʚʫʣʫʯʝʧʨʝʣʦʤʣʝʥʠʷ ʣʠʙʦ ʦʙʣʘʜʘʶʪ ʥʝʚʳʩʦʢʦʡ 
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ʪʦʯʥʦʩʪʴʶ, ʣʠʙʦ ʪʨʝʙʫʶʪ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ɺ ʨʘʙʦʪʝ 

ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʚʫʣʫʯʝʧʨʝʣʦʤʣʝʥʠʷ [2-6].  

ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. ʆʥʘ ʩʦʜʝʨʞʠʪ 

ʛʝʣʠʡ-ʥʝʦʥʦʚʳʡ ʣʘʟʝʨ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʬʠʣʴʪʨ ï ʨʘʩʰʠʨʠʪʝʣʴ ʧʫʯʢʘ, 

ʯʝʪʚʝʨʪʴʚʦʣʥʦʚʫʶ ʧʣʘʩʪʠʥʫ ɚ/4, ʜʠʬʨʘʢʮʠʦʥʥʳʡ ʘʢʩʠʢʦʥ, 

ʯʝʪʚʝʨʪʴʚʦʣʥʦʚʫʶ ʛʨʘʜʠʝʥʪʥʫʶ ʣʠʥʟʫ (ʛʨʘʜʘʥ), ʠʟʦʙʨʘʞʘʶʱʠʡ 

ʤʠʢʨʦʦʙʲʝʢʪʠʚ, ʇɿʉ-ʤʘʪʨʠʮʫ. 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʳ ʚʳʭʦʜʥʳʝ ʧʫʯʢʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ l ʤʝʞʜʫ 

ʤʠʢʨʦʦʙʲʝʢʪʠʚʦʤ ʠ ʚʳʭʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʛʨʘʜʘʥʘ. ɺʩʝ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ 

ʨʠʩ. 2 ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ ʣʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ.  

 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

 

           
ʘ)                                 ʙ)                                 ʚ) 

ʈʠʩ. 2. ɺʳʭʦʜʥʳʝ ʧʫʯʢʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ çʤʠʢʨʦʦʙʲʝʢʪʠʚ-ʛʨʘʜʘʥè: 

l = 4 ʤʤ (ʘ); l = 4,75 ʤʤ (ʙ); l = 5,50 ʤʤ (ʚ) 

 

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʧʦʜʭʦʜ ʩʦʭʨʘʥʷʝʪ ʚʩʝ ʜʦʩʪʦʠʥʩʪʚʘ ʙʝʩʢʦʥʪʘʢʪʥʳʭ 

ʦʧʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ, ʦʙʣʘʜʘʝʪ ʵʢʩʧʨʝʩʩʥʦʩʪʴʶ ʠ ʥʝ ʪʨʝʙʫʝʪ 

ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʇʦʚʳʰʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʝʪʦʜʘ ʢ 

ʜʚʫʣʫʯʝʧʨʝʣʦʤʣʝʥʠʶ ʦʙʨʘʟʮʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʫʛʣʦʚ ʧʘʜʝʥʠʷ 

ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʦʩʪʳʤ ʫʤʝʥʴʰʝʥʠʝʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʝʨʠʦʜʘ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʘʢʩʠʢʦʥʘ. 
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1ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʦʧʪʠʢʦ-ʬʠʟʠʯʝʩʢʠʭ 

ʠʟʤʝʨʝʥʠʡ, ʄʦʩʢʚʘ 
2ʄʦʩʢʦʚʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʄʀʈʕɸ)  

 

ʄɽʊʆɼʀʂɸ ʀɿʄɽʈɽʅʀʗ ʇɸʈɸʄɽʊʈʆɺ 

ɹʓʉʊʈʆɼɽʁʉʊɺʀʗ ɺʓʉʆʂʆʉʂʆʈʆʉʊʅʓʍ 

ʆʇʊʆʕʃɽʂʊʈʆʅʅʓʍ ʇʈɽʆɹʈɸɿʆɺɸʊɽʃɽʁ 
 

ʇʨʝʜʣʦʞʝʥʘ ʠ ʠʩʩʣʝʜʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʡ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʠ 

ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʠʭ ʠʤʧʫʣʴʩʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʆʧʠʩʘʥʘ ʫʩʪʘʥʦʚʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʧʦʣʫʯʘʪʴ ʠʤʧʫʣʴʩʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ. 
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TECHNIQUE OF HIGH -SPEED OPTOELECTRONIC 

TRANSDUCERS PERFORMANCE PARAMETERS  

MEASUREMENT  
 

Based on optoelectronic transducers impulse response technique for measurements 

of   rise time and bandwidth is proposed and studied. Measurement setup for pulse 

responses acquisition is described and the appropriate measurement results are 

represented. 
 

ɹʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʝ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ (ʜʘʣʝʝ ʆʕʇ) 

ʥʘʭʦʜʷʪ ʰʠʨʦʯʘʡʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ ʪʝʭʥʠʢʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ, ʚ ʩʠʩʪʝʤʘʭ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʡ ʩʚʷʟʠ, ʣʘʟʝʨʥʦʡ ʜʘʣʴʥʦʤʝʪʨʠʠ, 

ʩʠʩʪʝʤʘʭ ʥʘʚʝʜʝʥʠʷ ʠ ʮʝʣʝʫʢʘʟʘʥʠʷ ʠ ʧʨʠʣʦʞʝʥʠʷʭ ʨʘʜʠʦʬʦʪʦʥʠʢʠ. ɼʣʷ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ, ʢʣʶʯʝʚʳʤʠ ʷʚʣʷʶʪʩʷ 

ʧʘʨʘʤʝʪʨʳ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ, ʘ ʧʨʠ ʧʝʨʝʜʘʯʝ ʘʥʘʣʦʛʦʚʳʭ ʩʠʛʥʘʣʦʚ, ʢʨʘʡʥʝ 

ʚʘʞʥʳʤ ʩʪʘʥʦʚʷʪʩʷ ʝʱʸ ʠ ʧʘʨʘʤʝʪʨʳ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ɸʏʍ) ʆʕʇ. ʊʘʢ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʚʦʣʦʢʦʥʥʦ-

ʦʧʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʦʧʪʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʤʦʞʝʪ ʤʦʜʫʣʠʨʦʚʘʪʴʩʷ ʩʠʛʥʘʣʦʤ, 

ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʧʦʣʦʩʝ ʜʦ 70 ɻɻʮ [1].  

ʇʦ ʜʝʡʩʪʚʫʶʱʝʤʫ ʩʝʡʯʘʩ ɻʆʉʊ17772-88 [1], ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʆʕʇ 

ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʷʪʴ, ʢʘʢ ʚʨʝʤʷ ʥʘʨʘʩʪʘʥʠʷ ʧʝʨʝʭʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʆʕʇ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ 0.1 ʠ 0.9 ʦʪ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʟʥʘʯʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʥʘ 
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ʚʭʦʜ ʆʕʇ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʘʪʴ ʦʧʪʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ, ʠʤʝʶʱʝʝ ʬʦʨʤʫ 

ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʧʨʝʚʳʰʘʶʱʝʡ 5 ʧʦʩʪʦʷʥʥʳʭ 

ʚʨʝʤʝʥʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʆʕʇ. ɺʨʝʤʷ ʥʘʨʘʩʪʘʥʠʷ ʬʨʦʥʪʘ ʵʪʦʛʦ ʠʤʧʫʣʴʩʘ 

ʜʦʣʞʥʦ ʙʳʪʴ ʭʦʪʷ ʙʳ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ, ʯʝʤ ʦʞʠʜʘʝʤʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ 

ʆʕʇ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʝʜʠʥʠʮʳ ʧʠʢʦʩʝʢʫʥʜ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʆʕʇ ʩ 

ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʜʝʩʷʪʢʠ ɻɻʮ. ʅʘ ʧʨʘʢʪʠʢʝ, ʧʦʣʫʯʠʪʴ ʪʘʢʦʡ 

ʦʧʪʠʯʝʩʢʠʡ ʠʤʧʫʣʴʩ ʢʨʘʡʥʝ ʩʣʦʞʥʦ, ʘ ʝʱʸ ʩʣʦʞʥʝʝ ʧʨʦʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʝʛʦ ʬʦʨʤʫ.  

ɺ ʨʘʤʢʘʭ ʵʪʦʡ ʨʘʙʦʪʳ ʩʦʟʜʘʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ 

ʆʕʇ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʦʣʫʯʝʥʠʠ ʝʛʦ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʜʘʣʝʝ - 

ʀʍ ). ʅʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʧʦʜʘʸʪʩʷ ʩʚʝʨʭʢʦʨʦʪʢʠʡ ʦʧʪʠʯʝʩʢʠʡ ʠʤʧʫʣʴʩ, 

ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʧʨʠʙʣʠʞʸʥʥʦ ʦʧʠʩʘʪʴ ʜʝʣʴʪʘ-ʬʫʥʢʮʠʝʡ ɼʠʨʘʢʘ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʦʪʢʣʠʢ ʆʕʇ ʥʘ ʪʘʢʦʡ ʠʤʧʫʣʴʩ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʝʛʦ ʀʍ. ʆʩʥʦʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ 

ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʪʩʫʪʩʪʚʫʶʪ ʞʸʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʬʦʨʤʝ ʠʤʧʫʣʴʩʘ. 

ʉʫʱʝʩʪʚʝʥʥʦʡ ʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʝʛʦ ʜʣʠʪʝʣʴʥʦʩʪʴ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ, ʠʤʝʷ 

ʠʩʪʦʯʥʠʢ ʩʚʝʨʭʢʦʨʦʪʢʠʭ ʦʧʪʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ, ʧʨʦʠʟʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʆʕʇ ʉɺʏ-ʜʠʘʧʘʟʦʥʦʚ. 

ɻʝʥʝʨʘʮʠʷ ʩʚʝʨʭʢʦʨʦʪʢʠʭ ʦʧʪʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ 

ʧʦʤʦʱʴʶ ʚʦʣʦʢʦʥʥʦʛʦ ʣʘʟʝʨʘ ʚ ʨʝʞʠʤʝ ʩʘʤʦʩʠʥʭʨʦʥʠʟʘʮʠʠ ʤʦʜ. ʆʜʥʦ ʠʟ 

ʟʝʨʢʘʣ ʨʝʟʦʥʘʪʦʨʘ ʷʚʣʷʝʪʩʷ ʟʝʨʢʘʣʦʤ ʩ ʥʘʩʳʱʘʝʤʳʤ ʧʦʛʣʦʪʠʪʝʣʝʤ 

(SESAM). ɼʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʠʤʧʫʣʴʩʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʪʝʧʣʦʦʪʚʦʜʫ SESAM. ʅʘ ʚʳʭʦʜʝ ʣʘʟʝʨʘ 

ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʦʚ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ 

ʜʣʠʥʝ ʚʦʣʥʳ 1030 ʥʤ, ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʦʢʦʣʦ 3 ʧʩ, ʩʣʝʜʫʶʱʠʭ ʩ ʯʘʩʪʦʪʦʡ 

50 ʄɻʮ. ʇʨʠ ʵʪʦʤ ʩʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 1.5 ʤɺʪ. 

ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʦʪʢʣʠʢʘ ʆʕʇ ʥʘ ʦʧʪʠʯʝʩʢʠʡ ʠʤʧʫʣʴʩ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʩʪʨʦʙʦʩʢʦʧʠʯʝʩʢʠʡ ʦʩʮʠʣʣʦʛʨʘʬ Keysight DCA-X 86100D ʩ ʤʦʜʫʣʝʤ 

N1055, ʠʤʝʶʱʠʡ ʧʦʣʦʩʫ 50 ɻɻʮ. ɺ ʢʘʯʝʩʪʚʝ ʩʠʛʥʘʣʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʦʩʮʠʣʣʦʛʨʘʬʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ 

ʬʦʪʦʜʠʦʜʘ, ʥʘ ʢʦʪʦʨʳʡ ʧʦʜʘʚʘʣʘʩʴ ʯʘʩʪʴ ʛʝʥʝʨʠʨʫʝʤʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʦʚ.  

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʘ ʦʜʥʘ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʦʩʮʠʣʣʦʛʨʘʤʤ - ʠʤʧʫʣʴʩʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʆʕʇ (ʬʦʪʦʜʠʦʜʥʦʛʦ ʤʦʜʫʣʷ ɼʌɼʄʐ40-16 ʨʦʩʩʠʡʩʢʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ), ʠʤʝʶʱʝʛʦ ʧʦʣʦʩʫ ʥʝ ʭʫʞʝ 16 ɻɻʮ. ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʘ 

ʧʝʨʝʭʦʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʘʥʥʦʛʦ ʆʕʇ, ʧʦʣʫʯʝʥʥʘʷ ʠʟ ʠʤʧʫʣʴʩʥʦʡ 

ʧʫʪʸʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʚʨʝʤʝʥʠ. ʊʘʢʞʝ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ɸʏʍ ʧʫʪʸʤ 

ʚʳʯʠʩʣʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʠʤʧʫʣʴʩʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʪʦʛʦ ʠ 

ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʆʕʇ. 
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ʆʧʠʩʘʥʥʳʡ ʤʝʪʦʜ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʆʕʇ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʝ ʠ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʯʝʤ ʤʝʪʦʜ, ʫʢʘʟʘʥʥʳʡ ʚ [1]. ʂʨʦʤʝ ʪʦʛʦ, ʦʥ 

ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʷʪʴ ʧʘʨʘʤʝʪʨʳ ɸʏʍ ʆʕʇ, ʢʦʪʦʨʳʝ ʚ ʧʦʣʦʩʝ ʯʘʩʪʦʪ 

ʜʦʩʪʠʛʘʶʱʝʡ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʛʠʛʘʛʝʨʮ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʠʟʤʝʨʠʪʴ ʢʨʘʡʥʝ ʩʣʦʞʥʦ. ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʦʞʝʥʳ 

ʚ  ʦʩʥʦʚʫ ʨʝʬʝʨʝʥʪʥʦʡ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʠ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʣʦʠʥʝʨʮʠʦʥʥʳʭ ʧʨʠʝʤʥʠʢʦʚ 

ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʎʝʥʪʨʘ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʚʳʩʦʢʦʪʦʯʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʦʙʣʘʩʪʠ ʬʦʪʦʥʠʢʠ (ckp.vniiofi .ru), ʩʦʟʜʘʥʥʦʛʦ ʥʘ ʙʘʟʝ ʌɻʋʇ çɺʅʀʀʆʌʀè 

ʠ ʧʦʜʜʝʨʞʘʥʥʦʛʦ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʩʦʛʣʘʰʝʥʠʷ 

ˉ14.595.21.0003 ʦʪ 28.08.2017 (ʫʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ 

RFMEFI59517X0003). 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɻʆʉʊ 17772-88 ʉʊ ʉʕɺ 3789-82 ñʇʨʠʝʤʥʠʢʠ ʠʟʣʫʯʝʥʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ 

ʌʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʬʦʪʦʧʨʠʝʤʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. ʄʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢò, ʄ.: ʀʟʜʘʪʝʣʴʩʪʚʦ ʩʪʘʥʜʘʨʪʦʚ, 1988. 
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DISTRIBUTED RAMAN AMPLIFIERS  

IN FIBER OPTIC COMMUNICATION LINES  
 

A technique for measuring the spectra of the SRS coefficient is developed. The 

numerical program has been developed for the calculation of Raman and hybrid 

amplifiers based on these coefficients. Experimentally demonstrated high accuracy of 

calculation of signal power and pumping in Raman amplifiers. 

 

ʇʨʠʤʝʥʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʫʩʠʣʠʪʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʵʬʬʝʢʪʘ 

ʚʳʥʫʞʜʝʥʥʦʛʦ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ɺʂʈ-ʫʩʠʣʠʪʝʣʝʡ) ʩʦʚʤʝʩʪʥʦ 

ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʵʨʙʠʝʚʳʤʠ ʫʩʠʣʠʪʝʣʷʤʠ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʣʫʯʰʠʪʴ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ-ʰʫʤ ʚ ʤʥʦʛʦʧʨʦʣʝʪʥʳʭ ʠ ʦʜʥʦʧʨʦʣʝʪʥʳʭ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʣʠʥʠʷʭ ʩʚʷʟʠ (ɺʆʃʉ) [1, 2] ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ 

ʫʨʦʚʥʷ ʰʫʤʘ ʫʩʠʣʝʥʥʦʛʦ ʩʧʦʥʪʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʦʩʣʘʙʣʝʥʠʷ 

ʥʝʣʠʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʡ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʠʥʪʝʨʝʩ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ɺʂʈ-ʫʩʠʣʠʪʝʣʝʡ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʦʩ ʚ ʩʚʷʟʠ ʩ ʥʘʯʘʣʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ ʬʦʨʤʘʪʦʚ ʤʦʜʫʣʷʮʠʠ QAM16, QAM64 ʠ ʜʘʞʝ QAM256 
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ʜʣʷ ʨʘʙʦʪʳ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ 

ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ-ʰʫʤ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘʢʦʛʦ ʫʩʠʣʠʪʝʣʷ ʚʘʞʥʝʡʰʠʤ ʧʘʨʘʤʝʪʨʦʤ 

ʷʚʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ɺʂʈ gr, ʦʧʨʝʜʝʣʷʶʱʠʡʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʩʚʝʪʦʚʦʜʘ, ʚ ʢʦʪʦʨʦʤ ʨʝʘʣʠʟʫʝʪʩʷ ɺʂʈ-ʫʩʠʣʝʥʠʝ. ʅʘʤʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʠʟʤʝʨʝʥʠʶ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʤʘʥʦʚʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʚʦʣʦʢʦʥ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ʊʘʢʞʝ ʙʳʣ 

ʧʨʝʜʣʦʞʝʥ ʩʚʦʡ ʫʧʨʦʱʝʥʥʳʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ɺʂʈ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʙʳʩʪʨʦ ʦʮʝʥʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ɺʂʈ ʚ ʚʦʣʦʢʥʝ. 

ʇʦʣʫʯʝʥʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ɺʂʈ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʨʘʩʯʝʪʘ ʩʧʝʢʪʨʦʚ ʫʩʠʣʝʥʠʷ ʠ ʰʫʤ-ʬʘʢʪʦʨʦʚ 

ʨʘʤʘʥʦʚʩʢʠʭ ʫʩʠʣʠʪʝʣʝʡ ʩ ʧʦʧʫʪʥʦʡ ʠ ʚʩʪʨʝʯʥʦʡ ʥʘʢʘʯʢʦʡ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʟʣʫʯʝʥʠʡ ʥʘʢʘʯʢʠ ʠ ʩʠʛʥʘʣʘ ʚ ɺʂʈ-

ʫʩʠʣʠʪʝʣʝ ʧʦʜʯʠʥʷʝʪʩʷ ʩʠʩʪʝʤʝ ʩʚʷʟʘʥʥʳʭ ʩʢʦʨʦʩʪʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ [3]. ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʦʙʦʙʱʝʥʘ ʥʘʤʠ ʥʘ 

ʩʣʫʯʘʡ ʤʥʦʛʦʚʦʣʥʦʚʦʡ ʥʘʢʘʯʢʠ ʠ ʤʥʦʛʦʢʘʥʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ, ʘ ʪʘʢʞʝ 

ʫʯʪʝʥʦ ʚʣʠʷʥʠʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʰʫʤʘ ASE ʨʘʤʘʥʦʚʩʢʦʛʦ ʫʩʠʣʠʪʝʣʷ ʠ 

ʚʣʠʷʥʠʝ ʧʝʨʝʤʝʥʥʳʭ ʨʘʩʧʨʝʜʝʣʥʥʳʭ ʪʦʯʝʯʥʳʭ ʟʘʪʫʭʘʥʠʡ. 

ɼʣʷ ʦʮʝʥʢʠ ʥʝʣʠʥʝʡʥʳʭ ʵʬʬʝʢʪʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʧʦʧʫʪʥʦʡ 

ʨʘʤʘʥʦʚʩʢʦʡ ʥʘʢʘʯʢʝ, ʥʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʦʜʝʣʴ ʥʝʣʠʥʝʡʥʦʛʦ ʰʫʤʘ [4, 5]. 

ɺ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʥʝʣʠʥʝʡʥʳʝ ʠʩʢʘʞʝʥʠʷ ʚ ʚʦʣʦʢʥʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʥʝʣʠʥʝʡʥʳʡ ʰʫʤ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʚʭʦʜʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʚ ʚʦʣʦʢʥʦ 

ʧʦ ʟʘʢʦʥʫ: 
3

inNL
PP h= ,          (1) 

ʛʜʝ PNL - ʤʦʱʥʦʩʪʴ ʥʝʣʠʥʝʡʥʦʛʦ ʰʫʤʘ, Pin ï ʚʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ ʚ ʧʨʦʣʝʪ,  

ɖ ï ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʣʠʥʝʡʥʦʩʪʠ. 

ʅʘʤʠ ʧʦʢʘʟʘʥʘ ʧʨʠʤʝʥʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʢ ʣʠʥʠʷʤ ʩʚʷʟʠ 

ʥʝ ʪʦʣʴʢʦ ʩ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʟʘʪʫʭʘʶʱʠʤ ʩʠʛʥʘʣʦʤ, ʥʦ ʠ ʢ ʣʠʥʠʷʤ ʩ 

ʧʨʦʠʟʚʦʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ. ʇʦʣʫʯʝʥʳ ʬʦʨʤʫʣʳ, 

ʩʚʷʟʳʚʘʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʝʣʠʥʝʡʥʦʩʪʠ ʚ ʣʠʥʠʷʭ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ  ʠ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʧʫʪʥʦʡ ʨʘʤʘʥʦʚʩʢʦʡ ʥʘʢʘʯʢʠ. 
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ʀ.ɺ. ɹʆɻɸʏʂʆɺ 
ʆʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ʆʇʈɽɼɽʃɽʅʀɽ ʅɸʏɸʃʔʅʆɻʆ ʋʈʆɺʅʗ 

ɹʈʀʃʃʖʕʅʆɺʉʂʆɻʆ ʉɼɺʀɻɸ ʏɸʉʊʆʊʓ  

ɺ ʆʇʊʀʏɽʉʂʀʍ ɺʆʃʆʂʅɸʍ ʈɸɿʃʀʏʅʓʍ ɺʀɼʆɺ 
 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʙʨʠʣʣʶʵʥʦʚʩʢʠʭ ʩʜʚʠʛʦʚ ʯʘʩʪʦʪʳ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʦʪʩʫʪʩʪʚʠʠ 

ʥʘʪʷʞʝʥʠʷ. ʅʘʣʠʯʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʧʨʦʬʠʣʝʡ ʩʧʝʢʪʨʦʚ ʨʘʩʩʝʷʥʠʷ ʄʘʥʜʝʣʴʰʪʘʤʘ ï 

ɹʨʠʣʣʶʵʥʘ ʚʦʣʦʢʦʥ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʧʦʟʚʦʣʷʝʪ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʦʧʪʠʯʝʩʢʠʝ ʚʦʣʦʢʥʘ ʚ ʦʧʪʠʯʝʩʢʠʭ ʢʘʙʝʣʷʭ, ʘ ʪʘʢʞʝ 

ʦʙʥʘʨʫʞʠʚʘʪʴ ʜʝʬʝʢʪʥʳʝ ʫʯʘʩʪʢʠ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʣʠʥʠʡ ʩʚʷʟʠ.  

 

I.V. BOGACHKOV 
Omsk State Technical University 

 

A DETERMINATION OF T HE INITIAL LEVEL  
OF BRILLOUIN FREQUEN CY SHIFT  

IN OPTICAL FIBERS OF  VARIOUS TYPES 
 

The values of Brillouin frequency shifts for different types of optical fibers at room 

temperature and the absence of strain are presented. Having a database of spectra 

profiles of the Mandelstam ï Brillouin scatter of different fibers types and 

manufacturers allows to classify the optical fibers in the optical cables and to detect 

problem places of fiber-optic communication lines. 

 

ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʜʦʣʛʦʣʝʪʥʶʶ ʨʘʙʦʪʫ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʣʠʥʠʡ 

ʩʚʷʟʠ (ɺʆʃʉ), ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʨʘʥʠʪʴ ʧʨʦʜʦʣʴʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʥʘʪʷʞʝʥʠʷ (ʙʦʣʝʝ 0,2 %) ʚ ʝʸ ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʦʢʥʘʭ (ʆɺ). ɼʣʷ ʦʙʥʘʨʫʞʝʥʠʷ 

ʫʯʘʩʪʢʦʚ ɺʆʃʉ ʩ ʧʦʚʳʰʝʥʥʳʤ ʥʘʪʷʞʝʥʠʝʤ ʆɺ ʠ ʠʟʤʝʥʸʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʨʠʤʝʥʷʶʪʩʷ ʙʨʠʣʣʶʵʥʦʚʩʢʠʝ ʦʧʪʠʯʝʩʢʠʝ ʠʤʧʫʣʴʩʥʳʝ 

ʨʝʬʣʝʢʪʦʤʝʪʨʳ (BOTDR) [1ï3]. ɺ BOTDR ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʠ 

ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʧʝʢʪʨʘ ʨʘʩʩʝʷʥʠʷ ʄʘʥʜʝʣʴʰʪʘʤʘ ï 

ɹʨʠʣʣʶʵʥʘ (ʉʈʄɹ) ʚʜʦʣʴ ʆɺ. ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʙʨʠʣʣʶʵʥʦʚʩʢʦʡ 

ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ ʫʨʦʚʥʠ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ, ʚʚʦʜʠʤʦʛʦ ʚ ʆɺ, 

ʟʥʘʯʠʪʝʣʴʥʳ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʥʠʝ ʉʈʄɹ ʚ ʆɺ 

ʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʘʢʦʥʘʤʠ ʧʦʚʝʜʝʥʠʷ ʜʠʩʧʝʨʩʠʠ ʠ 

ʩʪʨʫʢʪʫʨʦʡ ʩʝʨʜʮʝʚʠʥʳ ʆɺ.  

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʜʣʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʆɺ ʠ ʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʆɺ, çʧʣʘʥʢʠ ʥʘʯʘʣʴʥʦʛʦ 
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ʫʨʦʚʥʷè (fB0)  ʜʣʷ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ (ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ) ʨʘʟʣʠʯʘʶʪʩʷ. ɼʣʷ ʢʘʞʜʦʡ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʆɺ ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʠʪʴ ʩʚʦʡ çʥʘʯʘʣʴʥʳʡ ʫʨʦʚʝʥʴè fB0 ʠ 

ʢʦʬɻʬʠʮʠʝʥʪʳ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʥʘʪʷʞʝʥʠʷ ʆɺ. ɺ ʪʘʙʣ. 1 

ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ fB0 ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʆɺ  

(DSF ï ʆɺ ʩʦ ʩʤʝʱʸʥʥʦʡ ʜʠʩʧʝʨʩʠʝʡ, NZDSF ï ʆɺ ʩ ʥʝʥʫʣʝʚʦʡ 

ʩʤʝʱʸʥʥʦʡ ʜʠʩʧʝʨʩʠʝʡ, EDF ï ʆɺ, ʣʝʛʠʨʦʚʘʥʥʦʝ ʵʨʙʠʝʤ, çPandaè ï 

ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʆɺ, ʩʦʭʨʘʥʷʶʱʝʛʦ ʩʦʩʪʦʷʥʠʝ ʧʦʣʷʨʠʟʘʮʠʠ ʩʠʛʥʘʣʘ [1 ï 3]). 
ʊʘʙʣʠʮʘ 1 

ʊʠʧ ʆɺ ɿʥʘʯʝʥʠʷ fB0, ɻɻʮ ʈʝʢʦʤʝʥʜʫʝʤʦʝ  fB0, ɻɻʮ 

G.652 10,82 ... 10,85  10,84 

G.653 (DSF) 10,47 ... 10,49 10,47 

G.655 (NZDSF) 10,61 ... 10,64 10,63 

G.657 10,77 ... 10,80 10,79 

EDF 10,68 ... 10,70 10,70 

çPandaè 10,40 ... 10,42 10,41 

 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ ʨʘʩʯʝʪʦʚ fB0 ʠʟ ʪʘʙʣʠʮʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʥʘʪʷʞʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʣʠʯʥʳʭ ʆɺ ʩʪʘʥʦʚʷʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʠʜʝʥʪʠʯʥʳʤʠ. ɼʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʫʯʘʩʪʢʦʚ ʩ ʠʟʤʝʥʸʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ 

ʥʘʪʷʞʝʥʠʝʤ ʞʝʣʘʪʝʣʴʥʦ ʠʤʝʪʴ ʵʪʘʣʦʥʥʫʶ BOTDR-ʨʝʬʣʝʢʪʦʛʨʘʤʤʫ ʜʣʷ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʆɺ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ). ʅʘʣʠʯʠʝ ʪʘʢʦʡ 

ʨʝʬʣʝʢʪʦʛʨʘʤʤʳ ʫʧʨʦʱʘʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ çʧʨʦʙʣʝʤʥʦʛʦè 

ʫʯʘʩʪʢʘ ʚ ɺʆʃʉ, ʘ ʟʥʘʯʠʪ, ʫʩʪʨʘʥʝʥʠʝ ʧʨʦʙʣʝʤʥʦʡ ʩʠʪʫʘʮʠʠ ʜʦ 

ʨʘʟʨʫʰʝʥʠʷ ʚʦʣʦʢʦʥ ɺʆʃʉ. ʅʘʣʠʯʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʧʨʦʬʠʣʝʡ ʉʈʄɹ 

ʚʦʣʦʢʦʥ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ 

ʆɺ ʚ ɺʆʃʉ, ʘ ʪʘʢʞʝ ʦʙʥʘʨʫʞʠʚʘʪʴ ʜʝʬʝʢʪʥʳʝ ʫʯʘʩʪʢʠ [1 ï 3].   

ʇʨʘʢʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʠ ʩʦʩʪʘʚʘ ʩʣʦʝʚ, ʦʙʨʘʟʫʶʱʠʭ ʩʝʨʜʝʯʥʠʢ ʆɺ, ʧʦ ʧʦʣʫʯʝʥʥʳʤ 

ʧʨʦʬʠʣʷʤ ʉʈʄɹ ʠ ʯʘʩʪʦʪʘʤ ʚʩʝʭ ʧʠʢʦʚ ʉʈʄɹ, ʪʘʢ ʢʘʢ ʚʚʝʜʝʥʠʝ 

ʣʝʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ ʠ ʠʟʤʝʥʝʥʠʝ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʣʠʷʶʪ ʥʘ ʩʢʦʨʦʩʪʴ 

ʛʠʧʝʨʟʚʫʢʘ ʚ ʆɺ ʠ ʵʬʬʝʢʪʠʚʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʌ ʚ ʨʘʤʢʘʭ ʙʘʟʦʚʦʡ ʯʘʩʪʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 

ʚ ʩʬʝʨʝ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʧʨʦʝʢʪ ˉ 8.9334.2017/8.9). 
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ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʝʣʠʥʝʡʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ, 

ʦʧʨʝʜʝʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʝʣʠʥʝʡʥʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʥʘʢʦʧʣʝʥʥʦʡ 

ʚ ʣʠʥʠʠ ʜʠʩʧʝʨʩʠʠ ʜʣʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʚʦʣʦʢʦʥ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʙʦʣʴʰʠʭ 

ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʷʭ ʜʠʩʧʝʨʩʠʠ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʣʠʥʝʡʥʦʩʪʠ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʩʪʨʝʤʠʪʩʷ ʢ ʢʦʥʩʪʘʥʪʝ. 
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DEPENDENCE OF CAPACITY OF NON -LINEAR 

INTERFERENCE NOISE OF OFTL  

FROM ACCUMULATED DISPERSION  
 

Presents the result of experiments on the determination of fundamental values of 

non-linear coefficients () in fibers of various types. The dependencies of  on the value 

of the dispersion, accumulated in the line, for different fiber types were determined. It is 

shown that for big absolute values of the dispersion, the value of the nonlinearity 

coefficient asymptotically tends to a constant. 

 

ɺ ʨʘʥʥʠʭ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ ʤʦʱʥʦʩʪʴ ʦʧʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ 

ʙʳʣʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ, ʠ ʥʝʣʠʥʝʡʥʳʤʠ ʵʬʬʝʢʪʘʤʠ, 

ʚʦʟʥʠʢʘʶʱʠʤʠ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʩʠʛʥʘʣʘ ʧʦ ʚʦʣʦʢʥʫ ʤʦʞʥʦ ʙʳʣʦ 

ʧʨʝʥʝʙʨʝʯʴ. ʉʦ ʚʨʝʤʝʥʝʤ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʧʪʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ ʩʚʷʟʠ 

ʚʦʟʨʘʩʪʘʣʠ ï ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʪʴ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʩʠʛʥʘʣʦʚ ʠ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʣʠʥʠʠ [1]. ʅʘʯʘʣʠ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʦʧʪʠʯʝʩʢʠʝ ʫʩʠʣʠʪʝʣʠ ʩʠʛʥʘʣʦʚ ʠ ʢʦʤʧʝʥʩʘʪʦʨʳ 

ʭʨʦʤʘʪʠʯʝʩʢʦʡ ʜʠʩʧʝʨʩʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʤʦʱʥʦʩʪʴ ʩʠʛʥʘʣʘ ʚʦʟʨʦʩʣʘ, ʯʪʦ 

ʫʩʠʣʠʣʦ ʚʣʠʷʥʠʝ ʥʝʣʠʥʝʡʥʳʭ ʵʬʬʝʢʪʦʚ ʥʘ ʢʘʯʝʩʪʚʦ ʩʚʷʟʠ. 
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ɺ 2010 ʛʦʜʫ ʥʘʯʘʣʩʷ ʧʝʨʝʭʦʜ ʥʘ ʢʦʛʝʨʝʥʪʥʳʝ ʩʠʩʪʝʤʳ ʩʚʷʟʠ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʭʘʨʘʢʪʝʨ ʧʨʦʷʚʣʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʵʬʬʝʢʪʦʚ ʠʟʤʝʥʠʣʩʷ [2]. 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʭʘʨʘʢʪʝʨ ʜʝʡʩʪʚʠʷ ʥʝʣʠʥʝʡʥʳʭ ʵʬʬʝʢʪʦʚ, 

ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʚ ʚʠʜʝ ʥʝʣʠʥʝʡʥʦʛʦ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʛʦ ʰʫʤʘ, ʢʦʪʦʨʳʡ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʯʝʨʝʟ ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʣʠʥʝʡʥʦʩʪʠ [3]. ʊʨʝʙʫʝʪʩʷ 

ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢ ʠ ʦʪ ʢʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʥʘʧʨʠʤʝʨ, ʜʠʩʧʨʝʩʠʦʥʥʳʭ) 

ʟʘʚʠʩʠʪ ʦʙʦʟʥʘʯʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 100 G 

ʪʨʘʥʩʧʦʥʜʝʨʝ ɺʦʣʛʘ, ʢʦʜʠʨʫʶʱʝʤ ʠʥʬʦʨʤʘʮʠʶ ʚ ʬʦʨʤʘʪʝ DP-QPSK. ɹʳʣ 

ʟʘʜʝʡʩʪʚʦʚʘʥ ʦʜʠʥ ʢʘʥʘʣ ʧʝʨʝʜʘʯʠ, ʚ ʦʩʪʘʣʴʥʳʭ ʢʘʥʘʣʘʭ ʤʦʱʥʦʩʪʴ 

ʦʪʩʫʪʩʪʚʦʚʘʣʘ. ɹʣʦʢ ʧʝʨʝʤʝʥʥʦʡ ʜʠʩʧʝʨʩʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ 

ʢʘʪʫʰʝʢ ʩ ʚʦʣʦʢʥʦʤ ʠ ʢʦʤʧʝʥʩʘʪʦʨʦʚ ʜʠʩʧʝʨʩʠʠ, ʢʦʤʙʠʥʠʨʫʷ ʢʦʪʦʨʳʝ 

ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʚʝʣʠʯʠʥʫ ʥʘʢʦʧʣʝʥʥʦʡ ʜʠʩʧʝʨʩʠʠ ʩ ʤʘʣʳʤʠ ʰʘʛʦʤ. 

 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ  
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ɼ.ʉ. ɿɽʄʎʆɺ, ɽ.ʖ. ɿʃʆʂɸɿʆɺ, ɺ.ɸ. ʅɽɹɸɺʉʂʀʁ, 

ɺ.ɻ. ʆʉʀʇʆɺ, ʈ.ʉ. ʉʊɸʈʀʂʆɺ, ʀ.ɾ. ʍɸʌʀɿʆɺ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʌʀè 

 

ʀɿʄɽʈɽʅʀɽ ʅɽʃʀʅɽʁʅʓʍ ʀʉʂɸɾɽʅʀʁ ʊʈɽʊʔɽɻʆ 

ʇʆʈʗɼʂɸ ʈɸɼʀʆʌʆʊʆʅʅʆʁ ʃʀʅʀʀ ʍ-ɼʀɸʇɸɿʆʅɸ 
 

ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʟʤʝʨʝʥʠʶ ʥʝʣʠʥʝʡʥʳʭ 

ʠʩʢʘʞʝʥʠʡ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭʪʦʥʦʚʦʛʦ ʪʝʩʪʘ [1] ʨʘʜʠʦʬʦʪʦʥʥʦʡ 

ʣʠʥʠʠ ʩ ʚʥʝʰʥʝʡ ʤʦʜʫʣʷʮʠʝʡ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʭʦʜʥʦʡ 

ʤʦʱʥʦʩʪʠ ʥʘ ʦʩʥʦʚʥʳʭ ʯʘʩʪʦʪʘʭ ʠ ʯʘʩʪʦʪʘʭ ʠʥʪʝʨʤʦʜʫʣʷʮʠʠ ʦʪ ʩʫʤʤʘʨʥʦʡ 

ʤʦʱʥʦʩʪʠ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. ʅʘʡʜʝʥʘ ʪʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʠʥʪʝʨʤʦʜʫʣʷʮʠʠ 

ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ. 

 

D.S. ZEMTSOV, E.Yu. ZLOKAZOV, V.A. NEBAVSKIY, 

V.G. OSIPOV, R.S. STARIKOV, I.Zh. KHAFIZOV 
National Research Nuclear University MEPhI (Moscow Engineering Physics Institute) 

 

MEASUREMENT OF THIRD ORDER DISTORTIONS  

OF X-BAND PHOTONIC LINK  
 

Results of experiments on the measurement of third-order nonlinear distortions 

based on the two-tone test [1] of the microwave photonic line with external modulation 

are presented. The dependences of the output power on the main frequencies and 

intermodulation frequencies on the total power of the input signal were analyzed. An 

intersection point of intermodulation of the third order was found. 

 

ʆʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʧʦʣʫʯʠʣʠ ʙʦʣʴʰʦʝ ʨʘʟʚʠʪʠʝ ʠ 

ʧʨʝʜʲʷʚʣʷʶʪ ʚʩʝ ʙʦʣʴʰʠʝ ʪʨʝʙʦʚʘʥʠʝ ʢ ʣʠʥʝʘʨʠʟʘʮʠʠ [2, 3]. ʆʜʥʠʤ ʠʟ 

ʢʨʠʪʝʨʠʝʚ ʪʦʯʥʦʩʪʠ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʚʦʙʦʜʥʳʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʥʝʣʠʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʡ 

ʨʘʜʠʦʬʦʪʦʥʥʦʡ ʣʠʥʠʠ. ɼʣʷ ʵʪʦʛʦ ʦʧʨʝʜʝʣʷʣʠʩʴ ʪʦʯʢʠ ʚʳʭʦʜʥʦʡ ʠ 

ʚʭʦʜʥʦʡ ʠʥʪʝʨʤʦʜʫʣʷʮʠʠ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ. ʇʨʠ ʵʪʦʤ ʥʝʣʠʥʝʡʥʳʝ 

ʠʩʢʘʞʝʥʠʷ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʦʢʘʟʳʚʘʶʪʩʷ ʤʥʦʛʦ ʙʦʣʴʰʝ, ʯʝʤ ʥʝʣʠʥʝʡʥʳʝ 

ʠʩʢʘʞʝʥʠʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ [3]. 

ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. ʆʩʥʦʚʥʘʷ 

ʯʘʩʪʦʪʘ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʦʪ 7 ʜʦ 11 ɻɻʮ (ʦʪʩʪʨʦʡʢʘ ʧʦ ʯʘʩʪʦʪʝ ʩʦʩʪʘʚʣʷʣʘ 10 

ʄɻʮ). ɺ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʨʘʣʘʩʴ ʤʦʱʥʦʩʪʴ ʥʘ ʚʳʭʦʜʝ 

ʩʫʤʤʘʪʦʨʘ. ʄʦʱʥʦʩʪʴ ʥʘ ʚʳʭʦʜʝ ʢʘʞʜʦʛʦ ʠʟ ʩʠʥʪʝʟʘʪʦʨʦʚ ʚʘʨʴʠʨʦʚʘʣʘʩʴ 

ʦʪ 8 ʜʦ 14 dBm. ʉʠʛʥʘʣ ʨʝʛʠʩʪʨʠʨʦʚʘʣʩʷ ʰʠʨʦʢʦʧʦʣʦʩʥʳʤ 

ʤʠʢʨʦʚʦʣʥʦʚʳʤ PIN ʬʦʪʦʧʨʠʸʤʥʠʢʦʤ ɼʌɼʄʐ40-012. ɼʘʣʴʥʝʡʰʘʷ 
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ʦʙʨʘʙʦʪʢʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʦʩʮʠʣʣʦʛʨʘʬʘ DSAZ334A. 

ʀʩʪʦʯʥʠʢʦʤ ʠʟʣʫʯʝʥʠʷ ʷʚʣʷʣʩʷ ʣʘʟʝʨ ɼʄʇʆ155-21. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʧʠʪʘʥʠʝʤ ʦʧʪʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʣʘʟʝʨʥʦʛʦ ʜʠʦʜʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʦʥʪʨʦʣʣʝʨ ʪʦʢʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʂʊʊ-002. 

ʀʟʣʫʯʝʥʠʝ ʣʘʟʝʨʘ ʤʦʜʫʣʠʨʦʚʘʣʦʩʴ EOspace 1x2 Dual-Output Modulator. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2 ʠ ʚ ʪʘʙʣ. 1. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

 

ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ 

ʜʚʫʭʪʦʥʦʚʦʛʦ ʪʝʩʪʘ 

 
 

 

ʏʘʩʪʦʪʘ, 

ɻɻʮ 

IIP 3,  

dBm 

OIP3,  

dBm 

7 22,91 -31,87 

8 24,1 -33,05 

9 20,81 -34,2 

10,3 26,72 -3

2 

11 22,85 -33,5 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʤʦʱʥʦʩʪʠ ʧʨʦʜʫʢʪʦʚ ʥʝʣʠʥʝʡʥʳʭ  

ʠʩʢʘʞʝʥʠʡ ʦʪ ʤʦʱʥʦʩʪʠ ʚʭʦʜʥʦʛʦ ʜʚʫʭʪʦʥʦʚʦʛʦ ʩʠʛʥʘʣʘ 
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʌʦʥʜʘ ʩʦʜʝʡʩʪʚʠʷ ʨʘʟʚʠʪʠʶ ʤʘʣʳʭ 

ʬʦʨʤ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʩʬʝʨʝ ʧʦ ʧʨʦʛʨʘʤʤʝ " ʋʄʅʀʂ" 

ʚ ʨʘʤʢʘʭ ʜʦʛʦʚʦʨʘ ˉ10665ɻʋ/2016 ʦʪ 24.10.2016.  
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʇʦʣʷʢʦʚ ɸ.ɽ. ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ Ὅὖ2 ʠ Ὅὖ3 ʜʚʫʭʪʦʥʦʚʦʛʦ ʩʠʛʥʘʣʘ // ʊʨʫʜʳ ʄʌʊʀ. 
2012. ʊ.4. ˉ2. ʉ.54-63. 

2. ʉʪʘʨʠʢʦʚ ʈ.ʉ. ʌʦʪʦʥʥʳʝ ɸʎʇ // ʋʩʧʝʭʠ ʩʦʚʨʝʤʝʥʥʦʡ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ. 2015. ˉ2. 
3. Urick V.J. Fundamentals of Microwave Photonics. Wiley, 2015. 

ʄʦʜ 

ʀʟʤʝʨʠʪʝʣʴ 

ʉʠʥʪ 

ɻʝʥʝʨʘʪʦʨ 

ʌʦʪʦʜʠʦʜ 

ʉʠʥʪ 

ʤʦʱʥʦʩʪʠ 

 

ʆʩʮʠʣʣʦʛʨʘʬ 

ʃʘʟʝʨ 
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1
, 

ʂ. ʊɸʂɸʁ
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, ɸ.ɺ. ʌɽɼʆʈʆɺ

4
, ɸ.ɺ. ɹɸʈɸʅʆɺ

4
, ʀ.ʈ. ʅɸɹʀɽɺ
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1ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʌʀè 
2ʋʥʠʚʝʨʩʠʪʝʪ ʛʦʨʦʜʘ ʈʝʡʤʩʘ, ʐʘʤʧʘʥʴ-ɸʨʜʝʥʥʳ, ʌʨʘʥʮʠ ̫

3ʋʥʠʚʝʨʩʠʪʝʪ ʍʦʩʝʡ, ʊʦʢʠʦ, ʗʧʦʥʠʷ 
4ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ʂʈʋʇʅʆʄɸʉʐʊɸɹʅʓʁ ʉʀʅʊɽɿ  

ʂɺɸʅʊʆɺʓʍ ʊʆʏɽʂ PbS 

 
ʈʘʟʨʘʙʦʪʘʥ ʜʚʫʭʵʪʘʧʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ (ʂʊ) PbS ʩ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʧʦʣʦʞʝʥʠʝʤ ʤʘʢʩʠʤʫʤʘ ʧʦʣʦʩʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʠʥʪʝʨʚʘʣʝ 

1300-1600 ʥʤ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʦʚʦʜʷʪ ʙʳʩʪʨʳʡ ʩʠʥʪʝʟ ʟʘʨʦʜʳʰʝʡ KT PbS, ʥʘ 

ʚʪʦʨʦʤ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʜʦʨʘʱʠʚʘʥʠʝ ʂʊ ʧʨʠ ʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʦʣʝʝ ʪʦʥʢʦʛʦ ʢʦʥʪʨʦʣʷ ʨʘʟʤʝʨʘ ʠ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʥʘʥʦʯʘʩʪʠʮ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʘʜʘʧʪʠʨʦʚʘʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʛʨʘʤʤ 

ʂʊ ʟʘ ʦʜʠʥ ʩʠʥʪʝʟ.  
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LARGE -SCALE SYNTHESIS OF MONODISPERSE PbS 

QUANTUM DOTS  
 

A two-stage method for the synthesis of PbS quantum dots (QDs) with a controllable 

position of the maximum of the luminescence band in the interval 1300-1600 nm was 

developed. In the first stage, PbS nuclei are obtained by rapid growth, while the second 

stage involves the overgrowth of QDs at a slower reaction rate, which allows fine 

control over the size and optical properties of the nanoparticles. The developed method 

can be adapted for obtaining several grams of QDs in one synthesis  

 

ʂʚʘʥʪʦʚʳʝ ʪʦʯʢʠ (ʂʊ) ï ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ 

ʥʘʥʦʢʨʠʩʪʘʣʣʳ, ʢ ʦʩʥʦʚʥʳʤ ʩʚʦʡʩʪʚʘʤ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ, ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʵʢʩʪʠʥʢʮʠʠ ʠ ʚʳʩʦʢʫʶ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦ ʚʨʝʤʝʥʠ [1]. ɼʘʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʜʝʣʘʶʪ ʂʊ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ [2]. ɺ ʵʪʦʡ 

ʦʙʣʘʩʪʠ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʶʪ ʂʊ PbS, ʪʘʢ ʢʘʢ ʦʥʠ ʧʦʛʣʦʱʘʶʪ 
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ʩʚʝʪ ʚ ʚʠʜʠʤʦʡ, ʙʣʠʞʥʝʡ ʠ ʩʨʝʜʥʝʡ ʀʂ-ʦʙʣʘʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʥʝʨʛʠʶ ʩʦʣʥʮʘ ʠ ʫʚʝʣʠʯʠʪʴ ʂʇɼ ʩʦʣʥʝʯʥʳʭ 

ʙʘʪʘʨʝʡ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʦʣʦʞʝʥʠʝ 

ʧʦʣʦʩʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʘ ʂʊ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ 

ʀʂ-ʣʘʟʝʨʳ [3] ʩ ʥʘʩʪʨʘʠʚʘʝʤʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ ʥʘ ʠʭ ʦʩʥʦʚʝ. 

ʆʩʦʙʝʥʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʂʊ PbS ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʠʟ-ʟʘ ʩʣʠʰʢʦʤ 

ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʪʘʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʥʝ ʫʜʘʝʪʩʷ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠʭ ʨʦʩʪ. ʕʪʦ ʟʘʪʨʫʜʥʷʝʪ ʧʦʣʫʯʝʥʠʝ ʂʊ ʩ ʟʘʜʘʥʥʳʤ 

ʧʦʣʦʞʝʥʠʝʤ ʧʦʣʦʩʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʦʜʥʫ ʩʪʘʜʠʶ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ 

ʧʨʦʙʣʝʤʳ ʤʳ ʨʘʟʨʘʙʦʪʘʣʠ ʤʝʪʦʜʠʢʫ ʜʚʫʭʩʪʘʜʠʡʥʦʛʦ ʩʠʥʪʝʟʘ ʢʚʘʥʪʦʚʳʭ 

ʪʦʯʝʢ PbS c ʟʘʜʘʥʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʧʦʣʦʩʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʅʘ ʧʝʨʚʦʡ 

ʩʪʘʜʠʠ ʚ ʨʘʩʪʚʦʨ ʦʣʝʘʪʘ ʩʚʠʥʮʘ ʚ 1-ʦʢʪʘʜʝʮʝʥʝ (ʆɼɽ) ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 150
ʦ
ʉ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʚʧʨʳʩʢʠʚʘʶʪ 

ʙʠʩ(ʪʨʠʤʝʪʠʣʩʠʣʠʣ)ʩʫʣʴʬʠʜ (ɹʊʄʉ). ʈʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʶʪ ʚ ʪʝʯʝʥʠʝ 1 

ʤʠʥʫʪʳ, ʟʘʪʝʤ ʨʝʘʢʮʠʶ ʦʩʪʘʥʘʚʣʠʚʘʶʪ ʧʫʪʝʤ ʦʭʣʘʞʜʝʥʠʷ ʜʦ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʭʦʜʝ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʧʨʦʠʩʭʦʜʠʪ ʜʦʨʘʱʠʚʘʥʠʝ ʂʊ PbS ʜʦ 

ʟʘʜʘʥʥʦʛʦ ʨʘʟʤʝʨʘ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʂʊ 

PbS ʚʥʦʩʷʪ ʧʨʝʢʫʨʩʦʨ ʩʚʠʥʮʘ, ʟʘʪʝʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 100
ʦ
ʉ, ʚ ʘʪʤʦʩʬʝʨʝ 

ʘʨʛʦʥʘ, ʧʨʠ ʧʦʤʦʱʠ ʰʧʨʠʮʝʚʦʛʦ ʥʘʩʦʩʘ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʨʝʜʫ ʚʚʦʜʷʪ 

ʨʘʩʪʚʦʨ ɹʊʄʉ ʚ ʆɼɽ. ʊʘʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʨʝʘʢʮʠʠ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ 

ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʳʭ ʟʘʨʦʜʳʰʝʡ PbS, ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦʣʫʯʠʪʴ ʘʥʩʘʤʙʣʴ 

ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ ʩ ʫʟʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦ ʨʘʟʤʝʨʘʤ. ʈʦʩʪ ʂʊ PbS 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʧʫʪʝʤ ʩʥʷʪʠʷ ʩʧʝʢʪʨʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ; ʨʝʘʢʮʠʶ 

ʦʩʪʘʥʘʚʣʠʚʘʶʪ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʟʘʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ. ɺʦʟʤʦʞʥʦʩʪʴ 

ʢʦʥʪʨʦʣʷ ʨʦʩʪʘ ʯʘʩʪʠʮ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʫʪʝʤ ʩʥʠʞʝʥʠʷ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ 

ʜʦʨʘʱʠʚʘʥʠʷ ʂʊ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʜʥʦʩʪʘʜʠʡʥʳʤ ʩʠʥʪʝʟʦʤ ʟʘ ʩʯʝʪ 

ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʦʥʠʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʝʨʢʫʨʩʦʨʦʚ ʚ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʝ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʜʘʥʥʳʡ ʤʝʪʦʜ ʙʳʣ ʤʘʩʰʪʘʙʠʨʦʚʘʥ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʛʨʘʤʤ ʂʊ ʟʘ ʦʜʠʥ ʩʠʥʪʝʟ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʌʝʜʝʨʘʣʴʥʦʡ ʮʝʣʝʚʦʡ ʧʨʦʛʨʘʤʤʳ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʈʘʟʨʘʙʦʪʢʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʆʙʨʘʟʦʚʘʥʠʷ ʠ ʅʘʫʢʠ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʩʦʛʣʘʰʝʥʠʝ ˉ 14.584.21.0032, ʠʜʝʥʪʠʬʠʢʘʪʦʨ 

ʧʨʦʝʢʪʘ RFMEF158417X0032). 
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ʇʨʠʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʣʠʥʝʡʥʦʡ ʠ ʥʝʣʠʥʝʡʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʤʝʪʘʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʤʘʩʩʠʚʘ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʩʪʝʨʞʥʝʡ (Au,Ag,Ni) ʚ ʤʘʪʨʠʮʝ Al 2O3. ʉʧʝʢʪʨʳ ʢʦʤʧʦʥʝʥʪ 

ʪʝʥʟʦʨʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʨʘʩʩʯʠʪʘʥʳ ʚ ʤʦʜʝʣʠ ʵʬʬʝʢʪʠʚʥʦʡ 

ʩʨʝʜʳ. ʄʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʚʳʧʦʣʥʝʥʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʢʦʤʧʦʟʠʪʥʦʡ ʩʪʨʫʢʪʫʨʝ, 

ʧʦʣʫʯʝʥʳ ʩʧʝʢʪʨʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʧʫʩʢʘʥʠʷ ʠ ʦʪʨʘʞʝʥʠʷ ʤʝʪʘʤʘʪʝʨʠʘʣʦʚ, 

ʢʦʨʨʝʣʠʨʫʶʱʠʝ ʩ ʜʘʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. 
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LINEAR AND NONLINEAR OPTICAL PROPERTIES  

OF HYPERBOLIC PLASMONIC METAMATERIALS  
 

The experimental results of linear and nonlinear spectroscopy of hyperbolic 

metamaterial based on an array of metal nanorods (Au, Ag, Ni) in the Al 2O3 matrix are 

presented. The spectra of the components of the dielectric permittivity tensor are 

estimated within the effective medium approximation. Spatial distribution of the 

electromagnetic field in the composite are modeled by finite differences in the time 

domain method. The corresponding theoretical spectral dependencies of transmission 

and reflection spectra of metamaterials correlate with the experimental data. 

 

ɻʠʧʝʨʙʦʣʠʯʝʩʢʠʝ ʤʝʪʘʤʘʪʝʨʠʘʣʳ ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʦʤ ʘʢʪʠʚʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ. ʆʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʤ 

ʟʘʢʦʥʦʤ ʜʠʩʧʝʨʩʠʠ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʧʦ ʟʥʘʢʫ 

ʜʠʘʛʦʥʘʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʝʥʟʦʨʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ʆʜʥʦʡ ʠʟ ʧʨʦʩʪʝʡʰʠʭ ʨʝʘʣʠʟʘʮʠʡ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ 

ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʤʘʩʩʠʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʩʪʝʨʞʥʝʡ ʚ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʤʘʪʨʠʮʝ. ɺ ʪʘʢʠʭ ʘʥʠʟʦʪʨʦʧʥʳʭ ʩʨʝʜʘʭ ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʨʝʟʦʥʘʥʩʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʝʥʩʦʨʦʚ, ʥʝʣʠʥʝʡʥʳʭ ʠ 

ʵʤʠʩʩʠʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʠ ʧʨʦʯ. [1, 2]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ 

ʢʦʤʧʦʟʠʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ʠʟ ʤʘʩʩʠʚʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ (Au, Ag, Ni) 
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ʥʘʥʦʩʪʝʨʞʥʝʡ (Å = 30-60 ʥʤ), ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ 

ʦʩʘʞʜʝʥʠʷ ʚ ʤʘʪʨʠʮʫ ʧʦʨʠʩʪʦʛʦ Al 2O3 [3].  

ɼʣʷ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʚ ʤʦʜʝʣʠ ʵʬʬʝʢʪʠʚʥʦʡ ʩʨʝʜʳ ʨʘʩʩʯʠʪʘʥʳ ʩʧʝʢʪʨʳ 

ʢʦʤʧʦʥʝʥʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʧʘʨʘʣʣʝʣʴʥʦʡ (e||) ʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ (ê) ʦʩʠ ʩʪʝʨʞʥʝʡ, ʧʨʠ ʨʘʟʥʳʭ ʜʦʣʷʭ ʟʘʧʦʣʥʝʥʠʷ 

ʤʝʪʘʣʣʦʤ, r; ʪʘʢʠʝ ʩʧʝʢʪʨʳ ʜʣʷ ʩʣʫʯʘʷ ʥʘʥʦʩʪʝʨʞʥʝʡ Au ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩ. 1. ɺʠʜʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʝ e|| = 0 (ʪ.ʥ. epsilon near zero) ʤʦʞʝʪ ʩʠʣʴʥʦ 

ʩʤʝʱʘʪʴʩʷ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ ʩ ʨʦʩʪʦʤ r. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚ 

ʜʠʘʧʘʟʦʥʝ 520-600 ʥʤ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʢʦʤʧʦʥʝʥʪʳ e||, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʚʦʟʙʫʞʜʝʥʠʶ ʣʦʢʘʣʴʥʦʛʦ ʧʣʘʟʤʦʥʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʧʝʨʝʢ ʩʪʝʨʞʥʷ Au. 

ʊʘʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘʙʣʶʜʘʣʠʩʴ ʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ. ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ 

ʩʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ ʤʘʩʩʠʚʘ ʥʘʥʦʩʪʝʨʞʥʝʡ Au ʧʨʠ ʫʛʣʘʭ ʧʘʜʝʥʠʷ q = 0Á 

ʠ 45Á, ʠ ʘʥʘʣʦʛʠʯʥʳʡ ʨʘʩʩʯʠʪʘʥʥʳʡ ʩʧʝʢʪʨ ʜʣʷ q = 45Á. ʄʠʥʠʤʫʤ 

ʧʨʦʧʫʩʢʘʥʠʷ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 710 ʥʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʦʟʙʫʞʜʝʥʠʶ 

ʜʣʠʥʥʦʚʦʣʥʦʚʦʤʫ ʧʣʘʟʤʦʥʘ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʜʫʣʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʕʄ 

ʧʦʣʷ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 520 ʥʤ ʜʣʷ q = 45Á, ʨʘʩʩʯʠʪʘʥʥʦʝ ʤʝʪʦʜʦʤ FDTD, 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2, ʜʝʤʦʥʩʪʨʠʨʫʶʱʝʝ ʩʠʣʴʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʚ ʤʝʪʘʣʣʝ 

ʠ ʣʦʢʘʣʠʟʘʮʠʶ ʧʦʣʷ ʚʙʣʠʟʠ ʙʦʢʦʚʳʭ ʩʪʝʥʦʢ ʩʪʝʨʞʥʝʡ.  

ʇʨʠʚʝʜʝʥʳ ʩʧʝʢʪʨʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʪʦʨʦʡ ʦʧʪʠʯʝʩʢʦʡ ʛʘʨʤʦʥʠʢʠ (ɺɻ) 

ʠ ʤʘʛʥʠʪʥʦʛʦ ʵʬʬʝʢʪʘ ʥʘ ʯʘʩʪʦʪʝ ɺɻ ʚ ʥʘʥʦʩʪʝʨʞʥʷʭ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ. 
 

  
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ e|| ʠ ê 

ʧʨʠ ʨʘʟʥʳʭ ʜʦʣʷʭ ʟʘʧʦʣʥʝʥʠʷ Au ʚ Al 2O3 

ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ 

ʈʠʩ. 2. ʉʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ 

ʥʘʥʦʩʪʝʨʞʥʝʡ Au ʧʨʠ q = 0Á, q = 45Á, 

ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʧʨʠ q = 45Á, 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʷ ʥʘ 520 ʥʤ 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
1. Kirchain R., Kimerling L. // Nature Photonics. 2007. V.1 (6). P.303-305. 

2. Yakovlev V. V. et al. // Advanced Materials. 2013. V.25 (16). P.2351. 

3. Evans P. et al. // Nanotechnology. 2006. V.17 (23). P. 5746. 
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ʉ.ɸ. ɸʃʀɽɺ, ʅ.ʕ. ʅʀʂʆʃɸɽɺ, ʅ.ʉ. ʊʈʆʌʀʄʆɺ, 

ʄ.ʉ. ʂʆʇʔɽɺɸ, ʊ.ʂ. ʏɽʍʃʆɺɸ 
ʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʜʨʫʞʙʳ ʥʘʨʦʜʦʚ, ʄʦʩʢʚʘ 

 

ʆʇʊʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ɻɽʃʔ-ʇʃɽʅʆʂ ɼʀʆʂʉʀɼɸ 

ʊʀʊɸʅɸ ʉ ɼʆɹɸɺʃɽʅʀɽʄ ʅɸʅʆʏɸʉʊʀʎ ʄɽʊɸʃʃʆɺ 
 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʧʣʝʥʦʢ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ, 

ʩʦʜʝʨʞʘʱʠʭ ʥʘʥʦʯʘʩʪʠʮʳ ʥʠʢʝʣʷ, ʞʝʣʝʟʘ, ʤʝʜʠ ʠ ʢʦʙʘʣʴʪʘ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʦ ʛʝʣʴ 

ʪʝʭʥʦʣʦʛʠʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʣʝʥʦʢ 

ʥʘʙʣʶʜʘʣʠʩʴ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʧʝʢʪʨʦʚ, ʘ ʠʤʝʥʥʦ ʚʦʟʥʠʢʘʣʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʠʢʠ ʧʦʛʣʦʱʝʥʠʷ ʨʘʟʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʩʜʚʠʛ ʢʨʘʷ ʟʦʥʳ 

ʧʨʦʧʫʩʢʘʥʠʷ. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥʳ ʠʟʤʝʥʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʧʣʝʥʦʢ, ʘ ʪʘʢʞʝ 

ʘʛʨʝʛʘʮʠʝʡ ʥʘʥʦʯʘʩʪʠʮ. ɼʣʷ ʢʘʞʜʦʛʦ ʩʣʫʯʘʷ ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʦʩʦʙʝʥʥʳʭ ʧʠʢʦʚ 

ʧʦʛʣʦʱʝʥʠʷ, ʦʪʣʠʯʥʳʭ ʦʪ ʧʦʣʫʯʝʥʥʳʭ ʨʘʥʝʝ ʜʣʷ ʛʝʣʴ ʧʣʝʥʦʢ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ [1]. 

 

S.A. ALIEV , N.E. NIKOLAEV , N.S. TROFIMOV, 

M.S. KOPYEVA, T.K. CHEKHLOVA 
Peoplesô Friendship University of Russia, Moscow 

 

OPTICAL PROPERTIES OF GEL TITANIUM DIOXIDE FILMS 

WITH ADDITION OF METAL NANOPARTICLES  
 
In this article were studied the absorption spectra of titanium dioxide films 

containing nickel, iron, copper and cobalt nanoparticles made by gel technology. 

Depending on the annealing temperature, significant changes in the spectra were 

observed during the formation of the films, namely additional absorption peaks of 

different intensities and a shift in the edge of the transmission band appeared. These 

changes are caused apparently by changing the film structure, and the aggregation of 

nanoparticles. Each case is characterized by the presence of special absorption peaks 

different from that obtained earlier for gel films with the addition of gold nanoparticles 

[1]. 
 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʣʠʷʥʠʷ ʥʘʥʦʯʘʩʪʠʮ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ ʥʘ ʩʚʦʡʩʪʚʘ ʧʣʝʥʦʢ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ (TiO2), 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʛʝʣʴ-ʤʝʪʦʜʦʤ [2], ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʧʣʝʥʢʠ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʥʝʥʠʡ 

ʤʦʜʠʬʠʢʘʮʠʝʡ ʘʥʘʪʘʟʘ ʜʦ 100 %. 

 ʇʦʣʫʯʝʥʠʝ TiO2 ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʠʟ ʪʝʪʨʘʙʫʪʦʢʩʠʜʘ ʪʠʪʘʥʘ (ʊɹʊ) ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʠʵʪʠʣʝʥʛʣʠʢʦʣʷ (ʊʕɻ) ʠ ʥ-ʙʫʪʘʥʦʣʘ. ɺʨʝʤʷ ʩʠʥʪʝʟʘ 



ʋɼʂ 535(06)+004(06) 

 ISBN 978-5-7262-2445-9 ʌʆʊʆʅʀʂɸ ʀ ʀʅʌʆʈʄɸʎʀʆʅʅɸʗ ʆʇʊʀʂɸ 113 

ʩʦʩʪʘʚʣʷʣʦ 3-5 ʤʠʥ, ʯʝʨʝʟ 2 ʤʠʥ ʚ ʩʤʝʩʴ ʊɹʊ+ʊʕɻ ʜʦʙʘʚʣʷʣʠ ʥ-ʙʫʪʘʥʦʣ. 

ʀʩʧʦʣʴʟʦʚʘʣʦʩʴ ʩʦʦʪʥʦʰʝʥʠʝ ʊɹʊ:ʊʕɻ = 1:1. ʇʣʝʥʢʠ TiO2 

ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʥʘ ʧʦʜʣʦʞʢʘʭ ʜʣʷ ʬʦʪʦʧʣʘʩʪʠʥʦʢ ʤʝʪʦʜʦʤ ʚʳʪʷʛʠʚʘʥʠʷ 

ʠʟ ʨʘʩʪʚʦʨʘ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʪʞʠʛʘ. ʆʙʨʘʟʮʳ ʙʳʣʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʳ 

ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʤʝʜʠ, ʢʦʙʘʣʴʪʘ, ʞʝʣʝʟʘ ʠ ʥʠʢʝʣʷ ʠ ʦʪʞʠʛʘʣʠʩʴ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 120 Üʉ ʠ 450 Üʉ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʣʝʥʦʢ TiO2 ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʨʠ 

ʧʦʤʦʱʠ ʤʦʥʦʭʨʦʤʘʪʦʨʘ-ʩʧʝʢʪʨʦʛʨʘʬʘ MS 3504I ʠ ɹʘʥʜ-ʣʘʤʧʳ ʉʀʈʐ  

6-40, ʨʝʰʝʪʢʘ 1200 ʰʪ/ʤʤ, ʰʘʛ ʠʟʤʝʨʝʥʠʡ 1 ʥʤ, ʮʚʝʪʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʣʘʤʧʳ 2840ʂ. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1. 

 

 
ʈʠʩ. 1. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʧʣʝʥʦʢ ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʤʝʪʘʣʣʦʚ  

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪʞʠʛʘ 120 Üʉ (ʘ) ʠ 450 Üʉ (ʙ) 

 

ʅʘʥʦʯʘʩʪʠʮʳ ʤʝʜʠ ʠ ʢʦʙʘʣʴʪʘ ʫʚʝʣʠʯʠʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 120 Üʉ ʧʣʝʥʦʢ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ 

ʯʘʩʪʠ ʚʠʜʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʥʠʢʝʣʷ ʠ ʞʝʣʝʟʘ ʩʧʝʢʪʨ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʥʘʥʦʯʘʩʪʠʮ ʞʝʣʝʟʘ ʠ ʥʠʢʝʣʷ 

ʠ ʦʪʞʠʛʝ ʧʨʠ 450 Üʉ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʧʣʝʥʢʠ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ 

ʩʤʝʱʘʝʪʩʷ ʚ ʚʠʜʠʤʫʶ ʦʙʣʘʩʪʴ. ʉʜʚʠʛ ʧʠʢʘ ʠ ʠʟʤʝʥʝʥʠʝ ʝʛʦ ʰʠʨʠʥʳ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʛʣʦʤʝʨʘʪʦʚ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʝʤ 

ʨʘʟʤʝʨʘ ʠ ʬʦʨʤʳ ʯʘʩʪʠʮ. ɹʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʧʣʝʥʢʠ ʙʝʟ 

ʜʦʙʘʚʣʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ ʛʦʚʦʨʠʪ ʥʘʤ 

ʦ ʧʨʠʩʫʪʩʪʚʠʠ TiO2 ʚ ʬʦʨʤʝ ʘʥʘʪʘʟʘ. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʉ.ʉ. ʉɸɺʀʅ, ɸ.ɺ. ɹɽʉʇɸʃʆɺ, ʇ.ʅ. ʅɸʁɼɽʅʆɺ, 

ɸ.ɸ. ɻɽʈɸʉʔʂʀʅ 
ʄʦʩʢʦʚʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʄʀʈʕɸ) 

 

ʄɽʊʆɼ ʄʅʆɻʆʂʈɸʊʅʆɻʆ ʀʆʅʅʆ-ʃʋʏɽɺʆɻʆ 

ʆʉɸɾɼɽʅʀʗ-ʈɸʉʇʓʃɽʅʀʗ ɼʃʗ ʋʃʋʏʐɽʅʀʗ 

ʆɼʅʆʈʆɼʅʆʉʊʀ ʆʇʊʀʏɽʉʂʀ ʇʈʆɿʈɸʏʅʓʍ  

ʀ ʉʋɹʄʀʂʈʆʅʅʓʍ ʅɸʅʆʇʃɽʅʆʂ ɿʆʃʆʊɸ 
 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʫʣʫʯʰʝʥʠʶ ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʫʙʥʘʥʦʤʝʪʨʦʚʳʭ ʧʣʝʥʦʢ 

ʟʦʣʦʪʘ ʥʘ ʩʪʘʜʠʠ ʟʘʨʦʞʜʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʠʦʥʥʦ-ʣʫʯʝʚʦʛʦ 

ʦʩʘʞʜʝʥʠʷ-ʨʘʩʧʳʣʝʥʠʷ ʥʘ ʧʨʠʤʝʨʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʛʥʠʪʦʧʣʘʟʤʦʥʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ. ʇʨʝʜʣʦʞʝʥʘ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʙʲʷʩʥʷʶʱʘʷ ʧʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʘʯʝʩʪʚʝʥʥʳʭ ʦʜʥʦʨʦʜʥʳʭ ʧʣʝʥʦʢ ʟʦʣʦʪʘ ʥʘ ʬʝʨʨʠʪ-

ʛʨʘʥʘʪʘʭ ʩ ʧʦʚʳʰʝʥʥʦʡ ʘʜʛʝʟʠʝʡ ʠ ʩʪʦʡʢʦʩʪʴʶ ʢ ʧʦʩʪʦʙʨʘʙʦʪʢʝ.  

 

S.S. SAVIN, A.V. BESPALOV, P.N. NAYDENOV, A.A. GERASKIN 
Moscow Technological University (MIREA) 

 

METHOD OF MULTIPLE I ON-BEAM SPUTTER-DEPOSITION 

TO IMPROVE THE HOMOGENEITY OF OPTICALLY 

TRANSPARENT AND SUBMICRONIC GOLD FILMS  
 

The report shows the results on improving the homogeneity of subnanometric gold 

films at the nucleation stage under conditions of multiple ion-beam sputter-deposition 

using the example of the synthesis of magnetoplasmonic crystals. A theoretical model is 

proposed that explains the results obtained for the formation of qualitative homogeneous 

gold films on iron garnets with enhanced adhesion and post-processing resistance 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʜʝʣʷʝʪʩʷ ʚʥʠʤʘʥʠʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ 

ʤʘʛʥʠʪʦʦʧʪʠʢʠ, ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʠ ʠ ʩʧʠʥʪʨʦʥʠʢʠ ʥʘ ʦʩʥʦʚʝ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʩ ʥʘʥʝʩʝʥʥʳʤʠ ʥʘ ʥʠʭ ʥʘʥʦʨʘʟʤʝʨʥʳʤʠ ʧʣʝʥʢʘʤʠ ʟʦʣʦʪʘ. 

ʇʨʠʤʝʨʦʤ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʧʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯʥʳʝ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ ʥʘ 

ʦʩʥʦʚʝ ʬʝʨʨʠʪ-ʛʨʘʥʘʪʦʚ, ʩ ʥʘʥʝʩʝʥʥʳʤʠ ʥʘ ʥʠʭ ʫʣʴʪʨʘʪʦʥʢʠʤʠ, ʜʦ 5 ʥʤ, 

ʧʣʝʥʢʘʤʠ ʟʦʣʦʪʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤʠ ʜʣʷ ʟʘʱʠʪʳ ʬʝʨʨʠʪ-ʛʨʘʥʘʪʦʚ ʦʪ 

ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ ʠʣʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʧʪʠʯʝʩʢʠ 

ʧʨʦʟʨʘʯʥʳʭ ʢʦʥʪʘʢʪʦʚ [1]. ɽʱʝ ʦʜʥʠʤ ʧʨʠʤʝʨʦʤ ʩʣʫʞʘʪ 

ʤʘʛʥʠʪʦʧʣʘʟʤʦʥʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʩʦʟʜʘʥʥʳʝ ʠ ʦʧʠʩʘʥʥʳʝ ʚ ʨʘʙʦʪʝ [2], 

ʩʦʩʪʦʷʱʠʝ ʠʟ ʩʫʙʤʠʢʨʦʥʥʳʭ ʧʣʝʥʦʢ ʬʝʨʨʠʪ-ʛʨʘʥʘʪʦʚ ʩ ʥʘʥʝʩʝʥʥʦʡ ʥʘ ʥʠʭ 

1D ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʡ ʥʘʥʦʧʣʝʥʢʦʡ ʟʦʣʦʪʘ ʪʦʣʱʠʥʦʡ 40õ100 nm.  
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ɺ ʦʙʦʠʭ ʧʨʠʤʝʨʘʭ ʙʳʣʦ ʚʘʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʦʜʥʦʨʦʜʥʦʩʪʴ ʠ 

ʘʜʛʝʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʥʘʥʦʧʣʝʥʦʢ ʟʦʣʦʪʘ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʪʴ ʥʘʠʙʦʣʝʝ 

ʫʟʢʠʡ ʠʥʪʝʨʬʝʡʩ çʧʣʝʥʢʘ-ʧʦʜʣʦʞʢʘè ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʚʟʘʠʤʥʦʡ 

ʜʠʬʬʫʟʠʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʟʘʜʘʯ ʧʨʝʜʣʦʞʝʥ ʪʨʝʭʩʪʘʜʠʡʥʳʡ ʤʝʪʦʜ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʜʥʦʨʦʜʥʳʭ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʫʣʴʪʨʘʪʦʥʢʠʭ ʠ 

ʩʫʙʥʘʥʦʤʝʪʨʦʚʳʭ ʧʣʝʥʦʢ ʟʦʣʦʪʘ. 

ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʥʘ ʧʦʜʣʦʞʢʫ ʥʘʥʦʩʷʪ ʧʣʝʥʢʫ ʟʦʣʦʪʘ ʪʦʣʱʠʥʦʡ ʦʪ 2 

ʜʦ 4 ʥʤ, ʨʘʩʧʳʣʷʷ ʤʠʰʝʥʴ ʟʦʣʦʪʘ ʧʫʯʢʦʤ ʠʦʥʦʚ ʢʠʩʣʦʨʦʜʘ ʩ ʵʥʝʨʛʠʝʡ 

ʙʦʣʝʝ 1500. ʅʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʫʜʘʣʷʶʪ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʧʣʝʥʢʠ ʟʦʣʦʪʘ 

ʧʨʠ ʨʘʩʧʳʣʝʥʠʠ ʧʫʯʢʦʤ ʠʦʥʦʚ ʢʠʩʣʦʨʦʜʘ ʩ ʵʥʝʨʛʠʝʡ ʤʝʥʝʝ 300 ʵɺ ʜʦ 

ʠʩʯʝʟʥʦʚʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ. ʅʘ 

ʪʨʝʪʴʝʡ ʩʪʘʜʠʠ ʧʦʚʪʦʨʥʦ ʥʘʥʦʩʷʪ ʧʣʝʥʢʫ ʟʦʣʦʪʘ, ʜʫʙʣʠʨʫʷ ʧʘʨʘʤʝʪʨʳ 

ʥʘʥʝʩʝʥʠʷ ʠʟ ʧʝʨʚʦʡ ʩʪʘʜʠʠ.  

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʙʲʷʩʥʷʶʱʘʷ 

ʧʦʚʳʰʝʥʠʝ ʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʘʜʛʝʟʠʦʥʥʦʝ ʢʘʯʝʩʪʚʦ ʧʣʝʥʢʠ ʟʦʣʦʪʘ, ʢʦʪʦʨʘʷ 

ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʣʘʩʪʠ ʧʦʜʣʦʞʢʠ 

ʦʙʨʘʟʫʶʪʩʷ ʥʦʚʳʝ ʮʝʥʪʨʳ ʢʣʘʩʪʝʨʦʦʙʨʘʟʦʚʘʥʠʷ (ʨʠʩ. 1), ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʩʦʟʜʘʶʪ ʫʩʪʦʡʯʠʚʫʶ ʩʚʷʟʴ ʟʦʣʦʪʦ-ʟʦʣʦʪʦ.  

 
ʈʠʩ. 1. ʈʕʄ-ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʦʩʪʘ ʥʘʥʦʧʣʝʥʢʠ ʟʦʣʦʪʘ 5 ʥʤ  

ʦʪ ʮʝʥʪʨʦʚ ʢʣʘʩʪʝʨʦʦʙʨʘʟʦʚʘʥʠʷ ʜʦ ʠʭ ʢʦʘʣʝʩʮʝʥʮʠʠ ʚ ʩʧʣʦʰʥʫʶ ʧʣʝʥʢʫ 
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1ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʌʀè 
2ʌʠʟʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʇ.ʅ. ʃʝʙʝʜʝʚʘ ʈɸʅ, ʄʦʩʢʚʘ 

 

ʅɸʅʆʉɽʂʋʅɼʅɸʗ ʃɸɿɽʈʅɸʗ ɻɽʅɽʈɸʎʀʗ 

ʅɸʅʆʏɸʉʊʀʎ ʂʈɽʄʅʀʗ ɺ ɺʆɼɽ 
 

ɸʙʣʷʮʠʷ ʥʘʥʦʩʝʢʫʥʜʥʳʤ ʀʂ-ʣʘʟʝʨʦʤ, ʩʦʧʨʦʚʦʞʜʘʶʱʘʷʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʧʣʘʟʤʳ, ʢʨʝʤʥʠʝʚʦʡ ʤʠʰʝʥʠ ʚ ʚʦʜʝ ʙʳʣʘ ʦʧʠʩʘʥʘ ʩʫʙʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ 

ʧʦʪʝʨʠ ʤʘʩʩʳ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʧʦʚʪʦʨʝʥʠʠ ʠʤʧʫʣʴʩʦʚ ʠ ʬʫʥʢʮʠʝʡ ʪʨʝʪʴʝʡ 

ʩʪʝʧʝʥʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʢʩʪʠʥʢʮʠʠ, ʧʦʣʫʯʝʥʥʳʭ ʢʦʣʣʦʠʜʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʦʪ 

ʧʣʦʪʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʃʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʣʘʟʤʳ, ʨʝʛʫʣʠʨʫʶʱʝʡ ʩʢʦʨʦʩʪʴ ʘʙʣʷʮʠʠ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʙʳʩʪʨʳʡ ʨʦʩʪ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʢʩʪʠʥʢʮʠʠ ʢʦʣʣʦʠʜʥʦʛʦ ʢʨʝʤʥʠʷ ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 100 ʥʤ ʚ ʀʂ-

ʜʠʘʧʘʟʦʥʝ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʣʘʟʤʝʥʥʫʶ ʜʠʩʩʠʧʘʮʠʶ ʧʨʦʜʫʢʪʦʚ 

ʘʙʣʷʮʠʠ. 
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PLASMA -MEDIATED NANOSECOND LASER GENERATION 

OF Si NANOPARTICLES IN WATER  
 

Plasma-mediated nanosecond IR-laser ablation of Si in water was describe sublinear 

function mass loss by multi shot ablative and third-power function extinction coefficient 

of generated colloidal solutions of density laser intensity. The first addiction shows 

influence subcritical ablative plasma to ablative rate, also fast increase extinction 

coefficient of 100 nm size particles of silicon in colloidal solution implies plasma-

mediated dissociation of the ablation products. 
 

ʂʦʣʣʦʠʜʥʳʝ ʨʘʩʪʚʦʨʳ ʥʘʥʦʯʘʩʪʠʮ, ʧʦʣʫʯʝʥʥʳʝ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʝʡ, 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʥʦʚʥʫʶ ʬʦʨʤʫ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʙʠʦʤʝʜʠʮʠʥʝ, ʥʘʥʦʬʦʪʦʥʠʢʝ, ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ ʠ ʜʨʫʛʠʭ [1]. ɺʳʩʦʢʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ ʣʘʟʝʨʘ ʧʦʟʚʦʣʷʝʪ ʵʢʦʣʦʛʠʯʥʦ ʠ 

ʵʬʬʝʢʪʠʚʥʦ ʧʦʣʫʯʘʪʴ ʭʠʤʠʯʝʩʢʠ ʯʠʩʪʳʝ ʢʦʣʣʦʠʜʥʳʝ ʨʘʩʪʚʦʨʳ ʨʘʟʣʠʯʥʳʭ 

ʚʠʜʦʚ ʤʘʪʝʨʠʘʣʦʚ ʥʘʥʦʯʘʩʪʠʮ [2]. 
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ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʠʩʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ 

ʢʨʝʤʥʠʷ ʚ ʚʦʜʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘʥʦʩʝʢʫʥʜʥʳʭ 

ʠʤʧʫʣʴʩʦʚ ʩ ʯʘʩʪʦʪʦʡ ʧʦʚʪʦʨʝʥʠʷ 20 ʢɻʮ, ʵʥʝʨʛʠʝʡ ʚ ʠʤʧʫʣʴʩʝ ʜʦ 1 ʤɼʞ.  

ʗʚʣʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʘʙʣʷʮʠʠ: 1) ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʠʩʧʘʨʝʥʠʝ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ çʨʘʩʧʣʘʚ-ʚʦʟʜʫʭè, ʧʨʠ ʢʦʪʦʨʦʤ ʦʙʨʘʟʫʝʪʩʷ 

ʥʝʙʦʣʴʰʦʡ ʢʦʥʜʝʥʩʘʪ, 2) ʛʦʤʦʛʝʥʥʦʝ ʢʠʧʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʠʟʛʥʘʥʠʝʤ 

ʧʘʨʦʛʘʟʦʚʦʡ ʩʤʝʩʠ ʠʟ ʨʘʩʧʣʘʚʘ [3]. 

ʀʟʤʝʥʷʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ 0,4 ï 1 ʤɼʞ ʠ 

ʩʢʘʥʠʨʫʷ ʦʙʨʘʟʝʮ ʩʦ ʩʢʦʨʦʩʪʴʶ 80 ʤʤ/ʩ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʬʫʥʢʮʠʠ ʧʦʪʝʨʠ 

ʤʘʩʩʳ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʩʢʘʥʠʨʦʚʘʥʠʷ (ʨʠʩ. 1) ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʵʢʩʪʠʥʢʮʠʠ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʢʦʣʣʦʠʜʥʳʭ ʨʘʩʪʚʦʨʦʚ (ʨʠʩ. 2). 

ʀʩʩʣʝʜʫʷ ʜʘʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʣʘʟʝʨʥʘʷ ʘʙʣʷʮʠʷ ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʬʘʟʦʚʳʤ ʚʟʨʳʚʦʤ ʧʣʦʪʥʦʛʦ 

ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʚʦʜʫ [4], ʧʨʠ ʵʪʦʤ ʙʳʩʪʨʳʡ ʨʦʩʪ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʢʩʪʠʥʢʮʠʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʜʠʩʩʦʮʠʘʮʠʶ ʧʨʦʜʫʢʪʦʚ ʘʙʣʷʮʠʠ 

ʚ ʦʙʨʘʟʦʚʘʥʥʦʡ ʧʣʘʟʤʝ. 
 

  
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʪʝʨʠ ʤʘʩʩʳ ʦʪ 

ʧʣʦʪʥʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʵʢʩʪʠʥʢʮʠʠ ʦʪ ʧʣʦʪʥʦʩʪʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɸ.ɸ. ʂʆɿʃʆɺ, ɸ.ʉ. ɸʂʉɽʅʆɺ, ʉ.ɼ. ɸɹɼʋʃʃɸɽɺ, ɸ.ɺ. ʀɺɸʅʆɺ
1
 

ʄʦʩʢʦʚʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

(ʠʥʩʪʠʪʫʪ ʪʦʥʢʠʭ ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ) 
1ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

 

ʀɿʋʏɽʅʀɽ ʄɽʍɸʅʀɿʄʆɺ ɼɽɻʈɸɼɸʎʀʀ ʉɽʅʉʆʈʆɺ  

ʅɸ ʆʉʅʆɺɽ ʌʆʊʆʅʅʓʍ ʂʈʀʉʊɸʃʃʆɺ 
 

ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʘ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ ʧʘʜʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʠʬʨʘʢʮʠʠ 

ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʪʦʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʧʦʩʣʝ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 

ʤʘʪʝʨʠʘʣʘ ʌʂ. ʈʘʩʩʤʦʪʨʝʥʳ ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʦʬʠʣʝ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʝʰʝʪʢʠ, 

ʩʪʨʫʢʪʫʨʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʩʪʝʧʝʥʠ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ 

ʫʧʘʢʦʚʢʠ, ʚʷʟʢʦʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ. 
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1
 

Moscow Technological University (Institution of Fine Chemical Technology) 
1Lomonosov Moscow State University 

 

DEGRADATION MECHANISMS OF SENSORS  

BASED ON PHOTONIC CRYSTALS 
 

The reduction of the diffraction efficiency from the surface of the photonic crystal 

(PC) after solvents detection was described. The changes of the surface, the package 

ordering, the viscosity and mechanical properties of the PC were presented.  

 

ʌʦʪʦʥʥʳʝ ʢʨʠʩʪʘʣʣʳ (ʌʂ) ʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʜʘʪʯʠʢʘʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ [1]. ʂ 

ʦʩʥʦʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʘʤ ʧʦʜʦʙʥʳʭ ʫʩʪʨʦʡʩʪʚ ʦʪʥʦʩʠʪʩʷ ʢʦʤʧʘʢʪʥʦʩʪʴ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʠʟʫʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʘʥʘʣʠʪʘ ʧʦ ʩʤʝʱʝʥʠʶ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ, ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ 

ʦʪʢʣʠʢʘ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʪʩʫʪʩʪʚʫʝʪ ʣʠʪʝʨʘʪʫʨʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʧʨʠʯʠʥʳ 

ʫʤʝʥʴʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʠʬʨʘʢʮʠʠ ʚʩʣʝʜʩʪʚʠʝ ʜʝʛʨʘʜʘʮʠʠ ʩʝʥʩʦʨʘ ʥʘ 

ʦʩʥʦʚʝ ʌʂ. ʌʦʪʦʛʨʘʬʠʷ ʧʦʜʦʙʥʦʛʦ ʦʙʨʘʟʮʘ, ʧʦʣʫʯʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʉʕʄ 

(ʨʠʩ. 1), ʥʝ ʧʦʢʘʟʘʣʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʌʂ. ʀʟ-ʟʘ 

ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ ʵʣʝʤʝʥʪʦʚ ʌʂ, ʦʪʨʘʞʘʶʱʝʛʦ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, 

ʥʝʚʦʟʤʦʞʥʦ ʦʪʩʣʝʞʠʚʘʪʴ ʜʠʥʘʤʠʢʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʠʢʨʦʩʬʝʨ ʩ 

ʘʥʘʣʠʪʦʤ, ʧʦʵʪʦʤʫ ʙʳʣʠ ʚʳʙʨʘʥʳ ʤʦʜʝʣʴʥʳʝ ʫʧʘʢʦʚʢʠ ʠʟ ʘʥʘʣʦʛʠʯʥʳʭ 

ʤʠʢʨʦʩʬʝʨ ʜʠʘʤʝʪʨʦʤ 0,95-213 ʤʠʢʨʦʤʝʪʨʦʚ, ʨʘʟʣʠʯʠʤʳʝ ʩ ʧʦʤʦʱʴʶ 

ʦʧʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ. ɺ ʤʦʜʝʣʴʥʳʭ ʫʧʘʢʦʚʢʘʭ ʤʥʦʛʠʝ ʧʨʦʮʝʩʩʳ 
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ʧʨʦʪʝʢʘʶʪ ʠʜʝʥʪʠʯʥʦ ʌʂ (ʩʦʨʙʮʠʷ/ʜʝʩʦʨʙʮʠʷ, ʜʠʬʬʫʟʠʷ ʘʥʘʣʠʪʘ, 

ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ), ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʧʨʠ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ ʤʝʥʷʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʬʘʢʪʦʨ, ʘ ʪʘʢʞʝ ʨʷʜ 

ʧʘʨʘʤʝʪʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʤʝʨʘʤʠ ʦʙʲʝʢʪʘ: ʢʘʧʠʣʣʷʨʥʳʝ ʩʠʣʳ, ʫʯʘʩʪʠʝ ʚ 

ʙʨʦʫʥʦʚʩʢʦʤ ʜʚʠʞʝʥʠʠ ʠ ʪ.ʧ. 

ʆʧʳʪʳ ʥʘ ʤʦʜʝʣʷʭ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ 

ʦʙʨʘʟʝʮ ʠʟʤʝʥʷʝʪʩʷ ʧʨʦʬʠʣʴ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʝʰʝʪʢʠ ʚʩʣʝʜʩʪʚʠʝ 

ʥʘʙʫʭʘʥʠʷ ʤʠʢʨʦʩʬʝʨ, ʠʭ ʨʝʦʣʦʛʠʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʤʝʥʴʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʡ çʛʣʫʙʠʥʳ ʰʪʨʠʭʘ ʨʝʰʝʪʢʠè, ʯʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʠʬʨʘʢʮʠʠ (ʨʠʩ. 2 [2]).  

  
ʈʠʩ. 1. ʇʦʚʝʨʭʥʦʩʪʴ ʌʂ ʧʦʩʣʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ  

1-ʛʦ ʠ 0-ʛʦ ʧʦʨʷʜʢʦʚ ʙʠʥʘʨʥʦʡ ʨʝʰʝʪʢʠ 

ʦʪ ʛʣʫʙʠʥʳ ʰʪʨʠʭʘ  

ʜʣʷ ʊʄ-ʧʦʣʷʨʠʟʘʮʠʠ ʧʨʠ d = ɚ, ɗ = 30Á 

 

ʊʘʢʞʝ ʫʤʝʥʴʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʫʩʣʦʚʣʝʥʦ ʤʠʛʨʘʮʠʝʡ ʵʣʝʤʝʥʪʦʚ 

ʌʂ ʩ ʥʘʨʫʰʝʥʠʝʤ ʫʧʘʢʦʚʢʠ ʠ ʨʘʩʩʝʷʥʠʝʤ ʩʚʝʪʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʠʢʨʦʩʬʝʨ ʧʦʩʣʝ ʜʝʡʩʪʚʠʷ ʘʥʘʣʠʪʘ. ʇʨʠ ʦʙʨʘʪʥʦʡ ʜʠʬʬʫʟʠʠ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʠʟ ʤʠʢʨʦʩʬʝʨʳ ʠʟ-ʟʘ ʫʤʝʥʴʰʝʥʠʷ ʦʙʲʝʤʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʢʨʦʩʬʝʨ 

ʦʙʨʘʟʫʶʪʩʷ ʩʢʣʘʜʢʠ ʩ ʠʩʢʘʞʝʥʠʝʤ ʬʦʨʤʳ. ʇʦʚʪʦʨʥʦʝ ʚʚʝʜʝʥʠʝ ʘʥʘʣʠʪʘ 

ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʙʳʩʪʨʦʤʫ ʥʘʙʫʭʘʥʠʶ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʧʝʨʝʫʧʘʢʦʚʢʦʡ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʧʨʠ ʨʘʜʠʘʣʴʥʳʭ ʧʦʪʦʢʘʭ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ʎʝʧʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʘʩʧʨʷʤʣʷʶʪʩʷ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʜʠʘʤʝʪʨ ʩʬʝʨ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ. ʕʪʦʪ ʬʘʢʪ ʠʛʨʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ ʤʥʦʛʦʨʘʟʦʚʦʛʦ ʜʘʪʯʠʢʘ. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʉʇɽʂʊʈʆʉʂʆʇʀʗ ɼɺʋʍʌʆʊʆʅʅʆɻʆ ʇʆɻʃʆʑɽʅʀʗ  

ɺ ʂʆʄʇʆɿʀʊʅʓʍ ʇʃɸɿʄʆʅʅʓʍ ʉʊʈʋʂʊʋʈɸʍ  

ʅɸ ʆʉʅʆɺɽ ʇʆʈʀʉʊʆɻʆ ʂɺɸʈʎɸ 
 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʫʩʠʣʝʥʠʝ ʣʠʥʝʡʥʦʛʦ ʠ ʥʝʣʠʥʝʡʥʦʛʦ ʦʪʢʣʠʢʘ 

ʢʦʤʧʦʟʠʪʥʳʭ ʧʣʝʥʦʢ ʧʦʨʠʩʪʦʛʦ ʢʚʘʨʮʘ ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʩʝʨʝʙʨʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʩʪʝʥʢʘʭ ʧʦʨ, ʚ ʦʙʣʘʩʪʠ ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʥʘʥʦʯʘʩʪʠʮ 

Ag. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦɻʬʬʠʮʠʝʥʪ ʜʚʫʭʬʦʪʦʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ ʵʪʦʤ ʚʦʟʨʘʩʪʘʝʪ 

ʙʦʣʝʝ ʯʝʤ ʚ 1.5 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʨʝʟʦʥʘʥʩʥʳʤ ʩʣʫʯʘʝʤ. ʀʟʫʯʝʥʳ 

ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʚ ʩʪʨʫʢʪʫʨʝ ʥʘ ʧʨʠʤʝʨʝ ʪʝʩʪʦʚʦʛʦ 

ʘʥʘʣʠʪʘ ï ʈʦʜʘʤʠʥʘ 6G. 

 

A.D. GARTMAN, A.I. MAYDYKOVSKIY , S.E. SVYAKHOVSKIY , 

N.V. MITETELO, A.A. KUDRINSKIY, T.V. MURZINA 
Lomonosov Moscow State University 

 

TWO-PHOTON ABSORPTION SPECTROSCOPY  

IN COMPOSITE PLASMON IC STRUCTURES  

BASED ON POROUS SILICA 
 

The results of linear and nonlinear optical response in the structure based on porous 

silica with silver nanoparticles in the pores are shown. Nonlinear absorption coefficient 

spectrum is analyzed in comparison with the liar absorption spectrum. The main 

particular properties of Raman scattering of light in the structure are studied when using 

the test analyte Rhodamin 6G. 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʥʦʚʳʡ ʪʠʧ ʢʦʤʧʦʟʠʪʥʳʭ ʩʨʝʜ ʩʦ 

ʩʢʚʦʟʥʳʤʠ ʧʦʨʘʤʠ ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʥʘʥʦʤʝʪʨʦʚ, ʥʘ ʩʪʝʥʢʘʭ 

ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʳ ʧʣʘʟʤʦʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʩʝʨʝʙʨʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʣʦʩʢʠʭ ʨʘʤʘʥʦʚʩʢʠʭ ʧʦʜʣʦʞʝʢ ʢ 

ʦʙʲʝʤʥʳʤ [1], ʚ ʢʦʪʦʨʳʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʚʝʪʘ ʚ 

ʠʟʣʫʯʝʥʠʝ ʥʘ ʨʘʤʘʥʦʚʩʢʠʭ ʯʘʩʪʦʪʘʭ ʫʩʠʣʝʥʘ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʦʙʣʘʩʪʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʟʣʫʯʝʥʠʷ ʥʘʢʘʯʢʠ ʩʦ ʩʪʨʫʢʪʫʨʦʡ. ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʚ ʩʣʫʯʘʝ 2D ʧʦʜʣʦʞʝʢ ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʩʝʨʝʙʨʘ ʚʦʟʨʘʩʪʘʥʠʝ ʩʝʯʝʥʠʷ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʂʈ) ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 10
9
 [2] ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʜʠʟʘʡʥʘ ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʦʜʣʦʞʢʠ.  
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ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʟʘʧʦʣʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠʟ ʧʦʨʠʩʪʦʛʦ ʢʚʘʨʮʘ (ʪʦʣʱʠʥʦʡ 

200 ʤʢʤ) ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʩʝʨʝʙʨʘ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʚʘʢʫʫʤʥʦʡ 

ʠʥʬʫʟʠʠ ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʥʘʥʦʯʘʩʪʠʮ 500 ʤʢʛ/ʤʣ, 

ʜʠʩʧʝʨʩʠ ̫ ʨʘʟʤʝʨʦʚ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʣʘ 5-20 ʥʤ. ʆʙʲʝʤʥʘʷ ʜʦʣʷ 

ʥʘʥʦʯʘʩʪʠʮ Ag ʚ ʧʦʨʘʭ ʢʦʤʧʦʟʠʪʘ ʩʦʩʪʘʚʠʣʘ 1,7ʭ10
-6
. 

  
ʈʠʩ. 1. ʉʧʝʢʪʨʳ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ (ʣʝʚʘʷ ʰʢʘʣʘ) ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʜʚʫʭʬʦʪʦʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ (ʧʨʘʚʘʷ ʰʢʘʣʘ), ʥʘ ʧʦʣʦʚʠʥʝ ʜʣʠʥʳ ʚʦʣʥʳ ʥʘʢʘʯʢʠ, 

ʜʣʷ ʢʦʤʧʦʟʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ 
 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʚʫʭʬʦʪʦʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ (ɓ), ʠʟʤʝʨʝʥʥʦʛʦ ʤʝʪʦʜʦʤ 

ʙʝʟʘʧʝʨʪʫʨʥʦʛʦ Z-ʩʢʘʥʠʨʦʚʘʥʠʷ [3]. ɼʣʷ ʜʚʫʭʬʦʪʦʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ 

ʜʣʠʥʘ ʚʦʣʥʳ ʥʘ ʨʠʩ. 1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʦʚʠʥʝ ʜʣʠʥʳ ʚʦʣʥʳ ʧʘʜʘʶʱʝʛʦ 

ʥʘ ʩʪʨʫʢʪʫʨʫ ʠʟʣʫʯʝʥʠʷ ʪʠʪʘʥ-ʩʘʧʬʠʨʦʚʦʛʦ ʣʘʟʝʨʘ ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 

ʠʤʧʫʣʴʩʘ 80 ʬʩ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʢʘʯʢʠ ʩʦʩʪʘʚʣʷʣʘ 4.2 ʄɺʪ/ʩʤ
2
. ɺʠʜʥʦ, 

ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʚ ʣʠʥʝʡʥʦʤ ʠ ʥʝʣʠʥʝʡʥʦʤ ʩʣʫʯʘʷʭ 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʠʘʧʘʟʦʥ 410-415 ʥʤ, ʧʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ ʥʝʣʠʥʝʡʥʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ ʜʦʩʪʠʛʘʝʪ 1.4 ʩʤ/ʄɺʪ, ʪ.ʝ. ʙʦʣʝʝ ʯʝʤ ʚ 1.5 ʨʘʟʘ ʙʦʣʴʰʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʨʝʟʦʥʘʥʩʥʳʤ ʩʣʫʯʘʝʤ. ɼʘʥʥʳʡ ʵʬʬʝʢʪ ʦʙʫʩʣʦʚʣʝʥ 

ʨʝʟʦʥʘʥʩʥʳʤ ʚʦʟʙʫʞʜʝʥʠʝʤ ʣʦʢʘʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʘʟʤʦʥʦʚ ʚ 

ʥʘʥʦʯʘʩʪʠʮʘʭ ʤʝʪʘʣʣʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʫʩʠʣʝʥʠʝʤ ʣʦʢʘʣʴʥʦʛʦ ʧʦʣʷ 

ʚʙʣʠʟʠ ʧʣʘʟʤʦʥʥʳʭ ʯʘʩʪʠʮ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʝ ʢʦʤʧʦʟʠʪʥʳʝ ʤʝʪʘʣʣ-

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʠ ʚ 

ʢʘʯʝʩʪʚʝ ʧʣʘʟʤʦʥʥʦ-ʘʢʪʠʚʥʳʭ ʩʨʝʜ. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1 .Wang D., Zhu W., Best M.D., Camden J.P. Wafer-scale metasurface for total power absorption, 

local field enhancement and single molecule Raman spectroscopy // Scientific reports. 2013.  
2. Bouhelier A., Beversluis M., Hartschuh A., Novotny L. Near-field second-harmonic generation 

induced by local field enhancement // Physical Review Letters. 2003. V.90. P.013903. 

3. Sheik-Bahae M., Said A.A., Wei T.H., Van Stryland E. W. Sensitive measurement of optical 
nonlinearities using a single beam // IEEE Journal of Quantum Electronics. 1990. V.26(4). 



ʋɼʂ 535(06)+004(06) 

122 ISBN 978-5-7262-2445-9 ʌʆʊʆʅʀʂɸ ʀ ʀʅʌʆʈʄɸʎʀʆʅʅɸʗ ʆʇʊʀʂɸ  

ʇ.ʅ. ʅɸʁɼɽʅʆɺ, ʆ.ʃ. ɻʆʃʀʂʆɺɸ, ʉ.ʉ. ʉɸɺʀʅ,  

ɸ.ʃ. ʏɽʍʆɺ
1
, ɸ.ɺ. ɹɽʉʇɸʃʆɺ 

ʄʦʩʢʦʚʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʄʀʈʕɸ) 
1ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

 

ʉʀʅʊɽɿ ʉʀʄʄɽʊʈʀʏʅʓʍ 1D ʄɸɻʅʀʊʆʇʃɸɿʄʆʅʅʓʍ 

ʂʈʀʉʊɸʃʃʆɺ Bi3Fe5O12/Au/(BiTm)3(FeGa)5O12 

ʂʆʄɹʀʅʀʈʆɺɸʅʀɽʄ ʀʆʅʅʆ-ʃʋʏɽɺʓʍ ʄɽʊʆɼʆɺ 
 

ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʩʠʤʤʝʪʨʠʯʥʳʭ 

ʤʘʛʥʠʪʦʧʣʘʟʤʦʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ (ʄʇʂ) ʩ ʢʘʧʩʫʣʠʨʦʚʘʥʥʳʤʠ ʧʣʘʟʤʦʥʥʳʤʠ 

ʨʝʰʝʪʢʘʤʠ ʟʦʣʦʪʘ, ʦʧʠʩʘʥʳ ʠʭ ʦʧʪʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʠʤʤʝʪʨʠʯʥʦʡ ʄʇʂ ʩʪʨʫʢʪʫʨʝ ʥʘʙʣʶʜʘʶʪʩʷ ʨʝʟʦʥʘʥʩʳ ʩ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʜʦʙʨʦʪʥʦʩʪʴʶ, ʯʝʤ ʚ ʠʩʭʦʜʥʳʭ ʄʇʂ.  
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SYNTHESIS OF SYMMETRIC 1D MAGNETOPLASMIC 

CRYSTALS Bi3Fe5O12/Au/(BiTm)3(FeGa)5O12 BY COMBINING 

ION-BEAM TECHNIQUES 
 

The paper analyzes the structural features of the resulting symmetric 

magnetoplasmic crystals (MPC) with encapsulated plasmon gold gratings, describes 

their optical and magneto-optical properties. It is shown that resonances with a higher 

Q-factor are observed in a symmetric MPC structure than in the initial MPC. 

 

ɺʠʩʤʫʪʦʚʳʝ ʬʝʨʨʠʪ-ʛʨʘʥʘʪʳ (BIG) ʜʦʣʛʦʝ ʚʨʝʤʷ ʷʚʣʷʣʠʩʴ ʦʩʥʦʚʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʦʡ (ʄʆ) ʟʘʧʠʩʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʤʘʣʦʩʪʴ ʄʆ ʵʬʬʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʣʝʥʦʢ BIG ʚ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʤʘʛʥʠʪʥʦʡ 

ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ [1]. ɼʣʷ ʫʩʠʣʝʥʠʷ ʄʆ ʵʬʬʝʢʪʦʚ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʛʥʠʪʦʧʣʘʟʤʦʥʥʳʝ ʢʨʠʩʪʘʣʣʳ (ʄʇʂ), ʚ ʢʦʪʦʨʳʭ 

ʨʝʘʣʠʟʫʝʪʩʷ ʨʝʟʦʥʘʥʩʥʦʝ ʫʩʠʣʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠ 

ʚʦʟʙʫʞʜʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʦʚ (ʇʇʇ) ʚ 

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʟʦʣʦʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʧʣʝʥʢʠ [2]. ɺ 

ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʄʇʂ, ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ ʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ 
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ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠ ʰʠʨʦʢʦʘʧʝʨʪʫʨʥʦʛʦ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʠʦʥʥʳʭ ʧʫʯʢʦʚ ʚ ʧʨʦʮʝʩʩʘʭ ʦʩʘʞʜʝʥʠʷ-ʪʨʘʚʣʝʥʠʷ [3, 4]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ ʤʘʛʥʠʪʦʧʣʘʟʤʦʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʥʦʚʦʛʦ 

ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʪʠʧʘ, Bi3Fe5O12/Au/(BiTm)3(FeGa)5O12, ʚ ʢʦʪʦʨʳʭ 

ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ ʄʇʂ ʩʣʫʞʘʪ ʠʩʭʦʜʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. ʕʪʦ ʨʝʘʣʠʟʫʝʪʩʷ 

ʧʫʪʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ BIG (ʩʦʩʪʘʚʘ 

Bi3Fe5O12) ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʛʦ ʢʦʥʬʦʨʤʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʧʨʠ ʠʦʥʥʦʤ 

ʨʘʩʧʳʣʝʥʠʠ ʤʠʰʝʥʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʦʩʪʘʚʘ ʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʦʪʞʠʛʘ. ʆʩʥʦʚʥʳʝ ʫʩʠʣʠʷ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ 

ʦʧʪʠʤʠʟʘʮʠʶ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʢʘʧʩʫʣʠʨʫʶʱʝʡ ʧʣʝʥʢʠ ʛʨʘʥʘʪʘ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʩʦʭʨʘʥʠʪʴ ʩʚʦʡʩʪʚʘ ʠʩʭʦʜʥʦʛʦ ʄʇʂ, ʠ ʜʦʩʪʠʞʝʥʠʝ ʧʣʦʪʥʦʡ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʣʦʷ BIG, 

çʥʘʩʣʝʜʫʶʱʝʡè ʩʚʦʡʩʪʚʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʵʧʠʪʘʢʩʠʘʣʴʥʦʡ ʧʣʝʥʢʠ-

ʘʥʘʣʦʛʘ. ʆʞʠʜʘʣʦʩʴ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʪʝʨʠ ʚ ʩʪʨʫʢʪʫʨʝ ʙʫʜʫʪ ʥʠʞʝ, 

ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʙʦʣʴʰʝʡ ʜʦʙʨʦʪʥʦʩʪʠ ʨʝʟʦʥʘʥʩʥʦ ʚʦʟʙʫʞʜʘʝʤʳʭ ʇʇʇ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʣʘʟʤʦʥʥʘʷ ʨʝʰʝʪʢʘ ʚ ʪʘʢʠʭ ʩʠʤʤʝʪʨʠʯʥʳʭ ʄʇʂ (ʨʠʩ. 1) 

ʙʫʜʝʪ ʟʘʱʠʱʝʥʘ ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʚʦʟʜʝʡʩʪʚʠʡ ʘʪʤʦʩʬʝʨʳ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʦʙʨʘʟʮʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ 

ʥʘ ʠʩʭʦʜʥʳʭ ʧʣʝʥʢʘʭ ʩʦʩʪʘʚʦʚ BIG ʠ (BiTm)3(FeGa)5O12 (BTIG). 

ʃʘʪʝʨʘʣʴʥʳʝ ʨʘʟʤʝʨʳ ʄʇʂ ʙʳʣʠ ʥʝ ʙʦʣʝʝ 100 ʤʢʤ ʭ 200 ʤʢʤ, ʧʘʨʘʤʝʪʨʳ 

1D ʧʣʘʟʤʦʥʥʦʡ ʨʝʰʝʪʢʠ ʩʦʩʪʘʚʣʷʣʠ, ʚ ʦʩʥʦʚʥʦʤ, 400..700 ʥʤ (ʧʝʨʠʦʜ) ʭ 

80..100 ʥʤ, ʠʩʭʦʜʥʘʷ ʚʳʩʦʪʘ ʩʣʦʷ ʟʦʣʦʪʘ ʥʝ ʧʨʝʚʳʰʘʣʘ 80 ʥʤ.   
 

 
ʈʠʩ. 1. ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʝ ʩʨʝʟʘ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʄʇʂ ʩʦʩʪʘʚʘ 

Bi3Fe5O12/Au/(BiTm)3(FeGa)5O12 
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ɸ.ʀ. ʐʋɻʋʈʆɺ, ʉ.ɹ. ɹʆɼʈʆɺ,  

ɽ.ɸ. ʄɸʐʂʆɺʀʏ, ʄ.ʀ. ɹɸʂʋʅʆɺ 
ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ 

 

ʅɽʕʃʃʀʇʉʆʄɽʊʈʀʏɽʉʂʆɽ ʕʃɽʂʊʈʆʆʇʊʀʏɽʉʂʆɽ 

ʉʊʈʆɹʀʈʆɺɸʅʀɽ ʊɽʈɸɻɽʈʎʆɺʓʍ ʀʄʇʋʃʔʉʆɺ ɺ GaAs 
 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʤʝʪʦʜ ʥʝʵʣʣʠʧʩʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʥʦʡ ʬʦʨʤʳ ʪʝʨʘʛʝʨʮʦʚʳʭ ʚʦʣʥ ʬʝʤʪʦʩʝʢʫʥʜʥʳʤʠ ʣʘʟʝʨʥʳʤʠ 

ʠʤʧʫʣʴʩʘʤʠ ʚ ʢʨʠʩʪʘʣʣʝ GaAs. ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʤʦʜʫʣʷʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʧʨʠ ʝʛʦ ʥʝʣʠʥʝʡʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʪʝʨʘʛʝʨʮʦʚʦʡ ʚʦʣʥʦʡ ʚ 

ʫʩʣʦʚʠʷʭ ʥʝʢʦʣʣʠʥʝʘʨʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʦʤ ʢʨʠʩʪʘʣʣʝ. 

ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʵʣʣʠʧʩʦʤʝʪʨʠʯʝʩʢʠʤ. 

 

A.I. SHUGUROV, S.B. BODROV,  

E.A. MASHKOVICH, M.I. BAKUNOV 
Lobachevsky State University of Nizhny Novgorod 

 

NON-ELLIPSOMETRIC ELECTRO -OPTIC SAMPLING  

OF TERAHERTZ PULSES IN GaAs 
 

We demonstrate experimentally non-ellipsometric electro-optic sampling of 

terahertz waves by femtosecond laser pulses in GaAs. The technique is based on 

modulation of the laser pulse intensity that results from nonlinear interaction of the laser 

pulse with noncollinearly propagating terahertz wave. The results are compared with the 

ones obtained by the standard ellipsometric electro-optic sampling method.       
 

ʕʣʝʢʪʨʦʦʧʪʠʯʝʩʢʦʝ ʩʪʨʦʙʠʨʦʚʘʥʠʝ ʪʝʨʘʛʝʨʮʦʚʳʭ (ʊɻʮ) ʧʦʣʝʡ 

ʬʝʤʪʦʩʝʢʫʥʜʥʳʤʠ ʣʘʟʝʨʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ ï ʩʪʘʥʜʘʨʪʥʳʡ ʤʝʪʦʜ 

ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʥʦʡ ʬʦʨʤʳ ʪʝʨʘʛʝʨʮʦʚʳʭ ʚʦʣʥ. ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʣʝʞʠʪ 

ʠʟʤʝʥʝʥʠʝ ʧʦʣʷʨʠʟʘʮʠʠ ʦʧʪʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ ʚʩʣʝʜʩʪʚʠʝ ʵʬʬʝʢʪʘ 

ʇʦʢʢʝʣʴʩʘ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʦʧʪʠʯʝʩʢʦʛʦ ʠ ʊɻʮ 

ʠʤʧʫʣʴʩʦʚ ʚ ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʦʤ ʢʨʠʩʪʘʣʣʝ. ʅʝʜʘʚʥʦ ʚ ʨʘʙʦʪʝ [1] ʙʳʣ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʥʦʚʳʡ (ʥʝʵʣʣʠʧʩʦʤʝʪʨʠʯʝʩʢʠʡ) 

ʤʝʪʦʜ ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʦʛʦ ʩʪʨʦʙʠʨʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ 

ʠʟʤʝʥʝʥʠʷ ʥʝ ʧʦʣʷʨʠʟʘʮʠʠ, ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʙʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʧʫʯʢʘ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʭʦʜʠʪʴʩʷ ʙʝʟ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʦʧʪʠʢʠ ʠ, ʚ ʧʨʠʥʮʠʧʝ, ʙʝʟ 

ʙʘʣʘʥʩʥʦʛʦ ʜʝʪʝʢʪʦʨʘ. ʄʦʜʫʣʷʮʠʷ ʦʧʪʠʯʝʩʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʟʥʠʢʘʝʪ 

ʧʨʠ ʥʝʢʦʣʣʠʥʝʘʨʥʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʦʧʪʠʯʝʩʢʦʛʦ ʠ ʊɻʮ ʠʤʧʫʣʴʩʦʚ 

ʚʩʣʝʜʩʪʚʠʝ ʫʛʣʦʚʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʥʝʣʠʥʝʡʥʦʡ ʛʝʥʝʨʘʮʠʠ 
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ʩʫʤʤʘʨʥʦʡ (ɻʉʏ) ʠ ʨʘʟʥʦʩʪʥʦʡ (ɻʈʏ) ʯʘʩʪʦʪ (ʧʨʠ ʢʦʣʣʠʥʝʘʨʥʦʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʧʨʦʮʝʩʩʳ ɻʉʏ ʠ ɻʈʏ ʢʦʤʧʝʥʩʠʨʫʶʪ ʜʨʫʛ ʜʨʫʛʘ) [2]. ɺ 

ʨʘʙʦʪʝ [1] ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʨʠʩʪʘʣʣ LiNbO3, ʚ ʢʦʪʦʨʦʤ ʩʠʥʭʨʦʥʠʟʤ 

ʦʧʪʠʯʝʩʢʦʛʦ ʠ ʊɻʮ ʠʤʧʫʣʴʩʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʙʦʣʴʰʦʤ (~ 63̄ ) ʫʛʣʝ 

ʥʝʢʦʣʣʠʥʝʘʨʥʦʩʪʠ, ʯʪʦ ʪʨʝʙʫʝʪ ʚʚʦʜʘ ʊɻʮ ʠʤʧʫʣʴʩʘ ʚʥʫʪʨʴ ʢʨʠʩʪʘʣʣʘ 

ʯʝʨʝʟ ʩʧʝʮʠʘʣʴʥʫʶ ʢʨʝʤʥʠʝʚʫʶ ʧʨʠʟʤʫ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ 

ʜʝʤʦʥʩʪʨʠʨʫʝʤ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʥʝʵʣʣʠʧʩʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ  

ʚ ʢʨʠʩʪʘʣʣʝ GaAs ʩ ʥʝʙʦʣʴʰʠʤ (~13)̄ ʫʛʣʦʤ ʩʠʥʭʨʦʥʠʟʤʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʩʦʛʣʘʩʫʶʱʝʡ ʧʨʠʟʤʳ.  

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʫʩʪʘʥʦʚʢʝ, ʧʦʜʦʙʥʦʡ ʪʦʡ, ʯʪʦ ʦʧʠʩʘʥʘ ʚ 

ʨʘʙʦʪʝ [3], ʥʦ ʩ ʫʜʘʣʝʥʥʳʤʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʦʩʣʝ 

ʢʨʠʩʪʘʣʣʘ ʜʝʪʝʢʪʦʨʘ GaAs [110]. ʇʦʣʷʨʠʟʘʮʠʠ ʦʧʪʠʯʝʩʢʦʛʦ ʠ ʊɻʮ ʧʫʯʢʦʚ 

ʚʳʙʠʨʘʣʠʩʴ ʪʘʢʠʤʠ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʤʦʜʫʣʷʮʠʶ 

ʦʧʪʠʯʝʩʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ï ʧʦʧʝʨʝʢ ʠ ʚʜʦʣʴ ʦʩʠ (001) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʘ ʠʟʤʝʨʝʥʥʘʷ ʦʩʮʠʣʣʦʛʨʘʤʤʘ ʊɻʮ ʠʤʧʫʣʴʩʘ, ʘ ʥʘ 

ʨʠʩ. 2 ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʧʝʢʪʨ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʥʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥ ʪʘʢʞʝ 

ʩʧʝʢʪʨ, ʧʦʣʫʯʝʥʥʳʡ ʵʣʣʠʧʩʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʚ ʪʦʤ ʞʝ ʢʨʠʩʪʘʣʣʝ. 

ɺʠʜʥʦ, ʯʪʦ ʩʧʝʢʪʨ ʥʝʵʣʣʠʧʩʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʩʤʝʱʝʥ ʚ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ. ʀʩʧʦʣʴʟʫʷ ʨʘʟʚʠʪʫʶ ʚ ʨʘʙʦʪʝ [1] ʪʝʦʨʠʶ, ʵʪʦ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʦʩʪʨʦʡ ʬʦʢʫʩʠʨʦʚʢʦʡ ʧʨʦʙʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʧʫʯʢʘ. 
 

  
ʈʠʩ. 1. ʆʩʮʠʣʣʦʛʨʘʤʤʘ ʊɻʮ ʠʤʧʫʣʴʩʘ. ʈʠʩ. 2. ɸʤʧʣʠʪʫʜʥʳʝ ʩʧʝʢʪʨʳ:  

1 ï ʵʣʣʠʧʩʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ, 

2 ï ʥʝʵʣʣʠʧʩʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ 
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ʀ.ɸ. ɻʃʀʅʉʂʀʁ
1,2

, ɼ.ʉ. ʇʆʅʆʄɸʈɽɺ
1
, ʈ.ɸ. ʍɸɹʀɹʋʃʃʀʅ

1
, 

ɸ.ʕ. ʗʏʄɽʅɽɺ
1
 

1ʀʥʩʪʠʪʫʪ ʩʚʝʨʭʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʈɸʅ, ʄʦʩʢʚʘ 
2ʄʦʩʢʦʚʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʄʀʈʕɸ) 

 

ʆʎɽʅʂɸ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʇʈɽʆɹʈɸɿʆɺɸʅʀʗ 

ʌɽʄʊʆʉɽʂʋʅɼʅʓʍ ʆʇʊʀʏɽʉʂʀʍ ʀʄʇʋʃʔʉʆɺ  

ɺ ʊɽʈɸɻɽʈʎʆɺʆɽ ʀɿʃʋʏɽʅʀɽ ɺ ʌʆʊʆʇʈʆɺʆɼʗʑʀʍ 

ɸʅʊɽʅʅɸʍ ʅɸ ʆʉʅʆɺɽ In0.38Ga0.62As 
 

ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʧʪʠʢʦ-ʊɻʮ ʢʦʥʚʝʨʩʠʠ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʬʦʪʦʧʨʦʚʦʜʷʱʝʛʦ ʤʘʪʝʨʠʘʣʘ (In0.38Ga0.62As) ʧʨʠ 

ʦʧʪʠʯʝʩʢʦʡ ʥʘʢʘʯʢʝ ʣʘʟʝʨʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 800 ʠ 1030 ʥʤ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʚ 

ʀʉɺʏʇʕ ʈɸʅ ʬʦʪʦʧʨʦʚʦʜʷʱʠʭ ʘʥʪʝʥʥ (ʌɸ). ɼʣʷ ʢʘʞʜʦʡ ʠʟ ʌɸ ʙʳʣʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ ʥʘʚʝʜʝʥʥʦʛʦ ʊɻʮ ʬʦʪʦʪʦʢʘ ʠ ʠʥʪʝʛʨʘʣʴʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʧʪʠʢʦ-ʊɻʮ ʢʦʥʚʝʨʩʠʠ. ʉ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʚʦʣʴʪ-ʘʤʧʝʨʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ɺɸʍ) ʌɸ ʠ ʦʮʝʥʝʥʘ ʤʦʱʥʦʩʪʴ ʜʞʦʫʣʝʚʘ ʨʘʟʦʛʨʝʚʘ ʘʢʪʠʚʥʦʡ 

ʦʙʣʘʩʪʠ ʘʥʪʝʥʥʳ. 
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EVALUATION EFFICIENCY CONVERSION FEMTOSECOND 

OPTICAL PULSES TO TERAHERTZ RADIATION  

IN PHOTOCONDUCTIVE ANTENNAS BASED ON In 0.38Ga0.62As 
 

The total efficiency of the optical-terahertz conversion ɖtotal in photoconductive 

antennas (PʉA) fabrication in IUHFSE RAS and based on In0.38Ga0.62As under optical 

laser excitation at wavelengths of 800 and 1030 nm is studied. For each of the PCA, the 

values of the induced THz photocurrent and the integrated conversion coefficient of the 

optical THz were analytically calculated. With the use of electromagnetic modeling, the 

processes of heat transfer are studied and the power of Joule heating in these PʉA is 

evaluated. 

 

ʌʦʪʦʧʨʦʚʦʜʷʱʠʝ ʘʥʪʝʥʥʳ (ʌɸ) ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ 

ʪʝʨʘʛʝʨʮʦʚʦʛʦ (ʊɻʮ) ʠʟʣʫʯʝʥʠʷ (0.1-6 ʊɻʮ) [1, 2]. ʆʥʠ ʛʝʥʝʨʠʨʫʶʪ 
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ʫʣʴʪʨʘʢʦʨʦʪʢʠʝ ʊɻʮ ʠʤʧʫʣʴʩʳ ʩ ʚʳʩʦʢʦʡ ʧʠʢʦʚʦʡ ʤʦʱʥʦʩʪʴʶ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʠ ʥʝ ʪʨʝʙʫʶʪ ʧʨʠʤʝʥʝʥʠʷ ʤʦʱʥʳʭ ʣʘʟʝʨʦʚ ʜʣʷ 

ʦʧʪʠʯʝʩʢʦʡ ʥʘʢʘʯʢʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʌɸ ʚ ʩʠʩʪʝʤʘʭ ʊɻʮ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʣʷ ʤʝʜʠʮʠʥʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘʥʘʣʠʟʘ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʟʨʳʚʯʘʪʳʭ ʠ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ 

ʠ ʪ.ʜ. [1,2]. ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʠʛʥʫʪʳʝ ʫʩʧʝʭʠ ʚ ʦʙʣʘʩʪʠ ʠʥʞʝʥʝʨʠʠ ʌɸ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʛʝʥʝʨʠʨʫʝʤʦʝ ʊɻʮ, 

ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʧʪʠʢʦ-ʊɻʮ ʢʦʥʚʝʨʩʠʠ, ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʦʩʪʘʝʪʩʷ ʥʝʚʳʩʦʢʦʡ (10
-6
-10

-4
) [1-3]. 

ɹ ʣrʘ ʠʩʩʣʝʜʦʚʘʥʘ ʠʥʪʝʛʨʘʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʧʪʠʢʦ-ʪʝʨʘʛʝʨʮʦʚʦʡ 

ʢʦʥʚʝʨʩʠʠ ɖtotal ʚ ʬʦʪʦʧʨʦʚʦʜʷʱʠʭ ʘʥʪʝʥʥʘʭ (ʌɸ) ʥʘ ʦʩʥʦʚʝ In0.38Ga0.62As 

ʧʨʠ ʦʧʪʠʯʝʩʢʦʡ ʥʘʢʘʯʢʝ ʬʝʤʪʦʩʝʢʫʥʜʥʳʤ ʣʘʟʝʨʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 800 ʠ 

1030 ʥʤ [3]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʧʨʝʜʝʣʷʶʱʝʝ ʢʘʢ ʥʘ ʚʝʣʠʯʠʥʫ ʊɻʮ ʬʦʪʦʪʦʢʘ, 

ʪʘʢ ʠ ʥʘ ʟʥʘʯʝʥʠʝ ɖtotal ʦʢʘʟʳʚʘʶʪ ʩʚʦʡʩʪʚʘ ʬʦʪʦʧʨʦʚʦʜʷʱʝʛʦ ʤʘʪʝʨʠʘʣʘ 

ÕŰ
2
, ʚʝʣʠʯʠʥʘ ʧʨʠʢʣʘʜʳʚʘʝʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʢʦʥʪʘʢʪʘʤʠ ʌɸ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʌɸ 

ʥʘ ʦʩʥʦʚʝ LT GaAs ʠ In0.38Ga0.62As ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʬʝʤʪʦʩʝʢʫʥʜʥʳʭ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ 

ʤʦʜʝʣʴ ʌɸ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʤʝʨʝʥʥʳʭ ɺɸʍ ʘʥʪʝʥʥ [4]. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʪʝʧʝʥʴ ʧʝʨʝʛʨʝʚʘ In0.38Ga0.62As 

ʌɸ ʧʨʝʚʦʩʭʦʜʠʪ ʘʥʘʣʦʛʠʯʥʫʶ ʚʝʣʠʯʠʥʫ ʜʣʷ LT GaAs ʌɸ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʝʧʣʦʦʪʚʦʜʘ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʨʘʙʦʯʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʘʥʪʝʥʥʳ ʥʘ 16 % 

ʜʣʷ ʌɸ ʥʘ ʦʩʥʦʚʝ LT GaAs ʠ ʥʘ 30 % ʜʣʷ ʌɸ ʥʘ ʦʩʥʦʚʝ In0.38Ga0.62As, ʪʝʤ 

ʩʘʤʳʤ ʯʘʩʪʠʯʥʦ ʢʦʤʧʝʥʩʠʨʦʚʘʚ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʪʝʤʥʦʚʦʛʦ ʪʦʢʘ. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Burford N.M., El-Shenawee M.O. // Opt. Eng. 2017. V.56. ˉ1. P.010901. 
2. Lepeshov S., Gorodetsky A., Krasnok A., Rafailov E., Belov P. // Laser Photonics Rev. 2017. 

V.11. ˉ1. 

3. ɻʣʠʥʩʢʠʡ ʀ.ɸ., ʍʘʙʠʙʫʣʣʠʥ ʈ.ɸ., ʇʦʥʦʤʘʨʝʚ ɼ.ʉ. // ʄʠʢʨʦʵʣʝʢʪʨʦʥʠʢʘ. 2017. ʊ.46. 
ˉ6. ʉ.443-449. 

4. ʇʦʥʦʤʘʨʝʚ ɼ.ʉ., ʍʘʙʠʙʫʣʣʠʥ ʈ.ɸ., ʗʯʤʝʥʝʚ ɸ.ʕ., ʇʘʚʣʦʚ ɸ.ʖ., ʉʣʘʧʦʚʩʢʠʡ ɼ.ʅ., 

ɻʣʠʥʩʢʠʡ ʀ.ɸ., ʃʘʚʨʫʭʠʥ ɼ.ɺ., ʈʫʙʘʥ ʆ.ɸ., ʄʘʣʴʮʝʚ ʇ.ʇ. // ʌʠʟʠʢʘ ʠ ʪʝʭʥʠʢʘ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. 2017. ʊ.51. ˉ9. ʉ.1267-1272. 



ʋɼʂ 535(06)+004(06) 

128 ISBN 978-5-7262-2445-9 ʌʆʊʆʅʀʂɸ ʀ ʀʅʌʆʈʄɸʎʀʆʅʅɸʗ ʆʇʊʀʂɸ  

ɼ.ʀ. ʍʋʉʗʀʅʆɺ 
ʄʦʩʢʦʚʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʄʀʈʕɸ) 

 

ɼʀʅɸʄʀʂɸ ʌʆʊʆɺʆɿɹʋɾɼɽʅʅʓʍ ʅʆʉʀʊɽʃɽʁ 

ɿɸʈʗɼɸ ɺ ʇʃɽʅʂɸʍ ʊɺɽʈɼʆɻʆ ʈɸʉʊɺʆʈɸ InGaAs  

ʇʈʀ ʈɸɿʃʀʏʅʓʍ ɼʃʀʅɸʍ ɺʆʃʅ ʅɸʂɸʏʂʀ 
 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ 

ʦʧʪʠʯʝʩʢʦʡ çʥʘʢʘʯʢʠ-ʟʦʥʜʠʨʦʚʘʥʠʷè ʥʘ ʦʪʨʘʞʝʥʠʷ ʚ ʪʦʥʢʦʡ ʧʣʝʥʢʝ ʪʚʝʨʜʦʛʦ 

ʨʘʩʪʚʦʨʘ InGaAs, ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʦʪ 750-1000 ʥʤ. ʇʨʦʚʝʜʝʥʘ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ 

ʧʦʣʫʯʝʥʳ ʚʨʝʤʝʥʥʳʝ ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʢʦʥʩʪʘʥʪʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʜʠʥʘʤʠʢʫ 

ʬʦʪʦʚʦʟʙʫʞʜʝʥʥʳʭ ʥʦʩʠʪʝʣʝʡ. 
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PHOTOGENERATED CARRIER DYNAMICS IN THIN FILM 

OF A SOLID SOLUTION InGaAs AT DIF FERENT 

WAVELENGHTS OF THE PUMP PULSE  
 

The paper presents experimental results obtained by the optical transient reflectivity 

"pump-probe" method in a thin film of an InGaAs solid solution at a wavelength of a 

femtosecond laser source radiation from 750-1000 nm. Approximation of the results and 

relaxation time constants characterizing the dynamics of photoexcited carriers was 

obtained. 

 

ʇʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʧʦʧʫʣʷʨʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʬʦʪʦʧʨʦʚʦʜʷʱʠʭ ʪʝʨʘʛʝʨʮʝʚʳʭ 

(ʊɻʮ) ʘʥʪʝʥʥ [1 ,2]. ɸʨʩʝʥʠʜ ʠʥʜʠʡ ʛʘʣʣʠʷ (, ʛʜʝ ʭ ʵʪʦ ʤʦʣʴʥʘʷ 

ʜʦʣʷ ʠʥʜʠʷ) ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ 

ʬʦʪʦʧʨʦʚʦʜʷʱʠʭ ʘʥʪʝʥʥ (ʌʇɸ), ʜʣʷ ʣʘʟʝʨʥʦʡ ʥʘʢʘʯʢʠ ʢʦʤʧʘʢʪʥʳʤʠ 

ʬʝʤʪʦʩʝʢʫʥʜʥʳʤʠ ʚʦʣʦʢʦʥʥʳʤʠ ʣʘʟʝʨʘʤʠ ʚ ʙʣʠʞʥʝʤ ʠʥʬʨʘʢʨʘʩʥʦʤ 

ʜʠʘʧʘʟʦʥʝ. ʆʙʳʯʥʦ ʚʳʨʘʱʠʚʘʝʪʩʷ ʥʘ ʧʦʜʣʦʞʢʝ ʬʦʩʬʠʜʘ ʠʥʜʠʷ 

ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʤʝʞʜʫ 

ʬʦʪʦʧʨʦʚʦʜʷʱʠʤ ʵʧʠʪʘʢʩʠʘʣʴʥʳʤ ʩʣʦʝʤ ʠ ʧʦʜʣʦʞʢʦʡ ʧʨʠ ʨʘʟʣʠʯʠʷʭ ʚ 

ʧʦʩʪʦʷʥʥʳʭ ʨʝʰʝʪʦʢ. ʌʦʩʬʠʜ ʠʥʜʠʷ ʷʚʣʷʝʪʩʷ ʭʨʫʧʢʠʤ ʤʘʪʝʨʠʘʣʦʤ, ʧʣʦʭʦ 

ʧʨʦʧʫʩʢʘʝʪ ʊɻʮ ʠʟʣʫʯʝʥʠʝ, ʘ ʪʘʢʞʝ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ 

(InP ~ 310 ʝʚʨʦ, GaAs ~ 180 ʝʚʨʦ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʘʣʣʠʷ ʘʨʩʝʥʠʜʘ, ʧʦʵʪʦʤʫ 

ʠʟʛʦʪʦʚʣʝʥʠʝ ʬʦʪʦʧʨʦʚʦʜʷʱʝʛʦ  ʥʘ ʧʦʜʣʦʞʢʝ GaAs ʩʪʘʥʦʚʠʪʩʷ 
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ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʨʘʟʚʠʪʠʠ ʌʇɸ, ʘ ʪʘʢʞʝ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ, 

ʪʘʢ ʢʘʢ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʧʨʘʚʠʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʤʦʣʴʥʦʡ ʜʦʣʠ. ɼʣʷ 

ʦʮʝʥʢʠ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʧʨʦʚʦʜʷʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ 

ʬʦʪʦʚʦʟʙʫʞʜʝʥʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ (ʌʅɿ), ʧʦʩʢʦʣʴʢʫ ʥʠʟʢʦʝ ʚʨʝʤʷ 

ʞʠʟʥʠ ʌʅɿ ʧʨʠʚʦʜʠʪ ʢ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ ʌʇɸ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʌʅɿ ʤʝʪʦʜʦʤ 

ʦʧʪʠʯʝʩʢʦʡ çʥʘʢʘʯʢʠ-ʟʦʥʜʠʨʦʚʘʥʠʷè ʥʘ ʦʪʨʘʞʝʥʠʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʜʣʠʥ 

ʚʦʣʥ ʦʧʪʠʯʝʩʢʦʡ ʥʘʢʘʯʢʠ ʥʘʢʘʯʢʠ ʚ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ  ʥʘ 

ʧʦʜʣʦʞʢʝ GaAs. ʄʝʪʦʜ çʥʘʢʘʯʢʠ-ʟʦʥʜʠʨʦʚʘʥʠʷè ʦʩʥʦʚʘʥ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʚʫʭ ʠʤʧʫʣʴʩʦʚ: ʩʣʘʙʳʡ (ʟʦʥʜʠʨʦʚʘʥʠʷ) ʠ ʩʠʣʴʥʳʡ 

(ʥʘʢʘʯʢʘ). ʀʤʧʫʣʴʩ ʥʘʢʘʯʢʠ ʚʦʟʙʫʞʜʘʝʪ ʥʝʨʘʚʥʦʚʝʩʥʳʝ ʥʦʩʠʪʝʣʠ ʟʘʨʷʜʘ, ʘ 

ʠʤʧʫʣʴʩ ʟʦʥʜʠʨʦʚʘʥʠʷ ʜʝʪʝʢʪʠʨʫʝʪ ʧʨʦʮʝʩʩ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʨʝʣʘʢʩʘʮʠʠ 

ʌʅɿ, ʙʣʘʛʦʜʘʨʷ ʠʟʤʝʥʝʥʠʶ ʟʘʜʝʨʞʢʠ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ. ʇʦʣʫʯʝʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1. ɸʧʧʨʦʢʩʠʤʘʮʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʩ ʧʦʤʦʱʴʶ 

ʜʚʫʭʵʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʤʦʜʝʣʠ [3]: 
 

 (1) 

 

ʛʜʝ A, B - ʘʤʧʣʠʪʫʜʳ, w - ʚʨʝʤʷ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʷ, t1 ʠ t2 - ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ 

ʢʦʥʩʪʘʥʪʳ, td - ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ. ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʟʤʝʥʝʥʠʝ 

ʢʦʥʩʪʘʥʪʳ t1 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ. 

 

 

 
ʈʠʩ. 1. ɼʠʥʘʤʠʢʘ ʬʦʪʦʚʦʟʙʫʞʜʝʥʥʳʭ 

ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ 

  

 ʈʠʩ. 2. ʈʝʣʘʢʩʘʮʠʦʥʥʘʷ 

ʢʦʥʩʪʘʥʪʘ t1  

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ 

 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Ortiz V., et al. // J. Appl. Phys. 2007. V.102. ˉ4. P.1ï9. 

2. Wells N.P., et al. // J. Appl. Phys. 2014. V.116. ˉ7. P.073506. 
3. Kimel A., et al. // Phys. Rev. B. 2001. V.63. P.1-8. 
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1ʀʥʩʪʠʪʫʪ ʘʚʪʦʤʘʪʠʢʠ ʠ ʵʣʝʢʪʨʦʤʝʪʨʠʠ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ 
2ʀʥʩʪʠʪʫʪ ʩʠʣʴʥʦʪʦʯʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʉʆ ʈɸʅ, ʊʦʤʩʢ 

3ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ʇʈʀʄɽʅɽʅʀɽ ʐʀʈʆʂʆʇʆʃʆʉʅʆʁ ʊɽʈɸɻɽʈʎʆɺʆʁ 

ʉʇɽʂʊʈʆʉʂʆʇʀʀ ɼʃʗ ʀʉʉʃɽɼʆɺɸʅʀʗ  

ʆʈʊʆ- ʀ ʇɸʈɸʀɿʆʄɽʈʆɺ ʄʆʃɽʂʋʃ ɺʆɼʓ 
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ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʨʘʱʘʪʝʣʴʥʳʭ ʩʧʝʢʪʨʦʚ ʷʜʝʨʥʳʭ ʩʧʠʥʦʚʳʭ 
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APPLICATION OF TERAHERTZ TIME -DOMAIN 

SPECTROSCOPY TO THE STUDY  

OF ORTHO AND PARA ISOMERS OF WATER MOLECULES  
 

We consider application of terahertz time-domain spectroscopy to the study of 

rotational spectra of nuclear spin isomers of water molecules and to the measurement of 

their relative concentration. We examine various factors affecting the experimental 

spectra. 

 

ʆʜʥʠʤ ʠʟ ʠʥʪʝʨʝʩʥʳʭ, ʥʦ ʤʘʣʦʠʟʫʯʝʥʥʳʭ ʩʚʦʡʩʪʚ ʤʦʣʝʢʫʣ ʚʦʜʳ, 

ʷʚʣʷʶʪʩʷ ʝʝ ʷʜʝʨʥʳʝ ʩʧʠʥʦʚʳʝ ʠʟʦʤʝʨʳ, ʦʨʪʦ- ʠ ʧʘʨʘ- H2O. ɸʢʪʠʚʥʦ 

ʠʩʩʣʝʜʫʶʪʩʷ ʤʝʪʦʜʳ ʦʙʦʛʘʱʝʥʠʷ ʠʟʦʤʝʨʦʚ ʠ ʤʝʭʘʥʠʟʤʳ ʠʭ ʢʦʥʚʝʨʩʠʠ [1]. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʟʦʤʝʨʦʚ ʘʚʪʦʨʘʤʠ 

ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʪʝʨʘʛʝʨʮʦʚʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ [2]. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʠʟʤʝʨʷʣʠʩʴ ʪʝʨʘʛʝʨʮʦʚʳʝ 

ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʯʠʩʪʦʛʦ ʘʟʦʪʘ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʠ ʧʘʨʦʚ 

ʚʦʜʳ ʚ ʘʪʤʦʩʬʝʨʝ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ɼʘʣʝʝ ʧʨʦʚʦʜʠʣʦʩʴ 

ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ ʧʘʨʦʚ ʚʦʜʳ ʩ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤ, ʧʦʩʪʨʦʝʥʥʳʤ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ HITRAN [3] ʩ ʫʯʝʪʦʤ 
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ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʬʫʥʢʮʠʠ ʩʧʝʢʪʨʦʤʝʪʨʘ (ʨʠʩ. 1). ɺʘʨʴʠʨʦʚʘʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ (ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʨʪʦ- ʠ ʧʘʨʘʠʟʦʤʝʨʦʚ 

ʧʘʨʦʚ ʚʦʜʳ noʨʪʦ ʠ nʧʘʨʘ) ʚ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,15 ʜʦ 1,05 ʊɻʮ 

ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʦʨʪʦ/ʧʘʨʘ ʦʪʥʦʰʝʥʠʝ nʦʨʪʦ/nʧʘʨʘ = 3,03 Ñ 0,03, ʥʘʠʙʦʣʝʝ 

ʙʣʠʟʢʦʝ ʢ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʟʥʘʯʝʥʠʶ, ʨʘʚʥʦʤʫ 3. 

 
ʈʠʩ. 1. ʉʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʤʝʨʝʥʥʦʛʦ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʦʚ (ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ) ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʘʨʦʚ ʚʦʜʳ 
 

ɺʳʷʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʧʨʦʙʣʝʤʳ ʦʧʠʩʘʥʥʦʛʦ ʤʝʪʦʜʘ. ʅʘ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʯʘʩʪʦʪʘʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʩʧʝʢʪʨʝ ʥʘʙʣʶʜʘʣʦʩʴ ʠʩʢʘʞʝʥʠʝ ʬʦʨʤʳ 

ʣʠʥʠʡ ʠ ʩʜʚʠʛʠ ʯʘʩʪʦʪʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʧʨʝʜʩʢʘʟʘʥʠʷʤʠ 

(ʩʤ. ʚʩʪʘʚʢʫ ʥʘ ʨʠʩ. 1). ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʰʫʤʘ 

ʢʚʘʥʪʦʚʘʥʠʷ, ʜʞʠʪʪʝʨʘ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ, ʬʦʨʤʳ ʦʢʦʥʥʦʡ ʬʫʥʢʮʠʠ 

ʩʧʝʢʪʨʦʤʝʪʨʘ ʠ ʜʨʫʛʠʭ ʚʦʟʤʦʞʥʳʭ ʧʨʠʯʠʥ ʥʘʙʣʶʜʘʝʤʦʛʦ ʠʩʢʘʞʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʝʢʪʨʦʚ. ʇʨʝʜʣʦʞʝʥʳ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʤʝʪʦʜʳ 

ʠʟʤʝʨʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʨʪʦ- ʠ ʧʘʨʘʠʟʦʤʝʨʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʝ 

ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫʜ ʠ ʧʣʦʱʘʜʝʡ ʙʣʠʟʢʠʭ ʣʠʥʠʡ ʚ ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ. 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʈʦʩʩʠʡʩʢʠʤ ʥʘʫʯʥʳʤ ʬʦʥʜʦʤ, ʧʨʦʝʢʪ  

 ̄17-12-01418. 
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ʉ.ɽ. ɸʃɽʂʉɸʅɼʈʆɺ, ɻ.ɸ. ɻɸɺʈʀʃʆɺ, ɸ.ɸ. ʂɸʇʈɸʃʆɺ, 

ɹ.ɸ. ʄɸʊɺɽɽɺ, ʂ.ʃ. ʄʋʈɸʊʀʂʆɺ, ɻ.ʖ. ʉʆʊʅʀʂʆɺɸ 
ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɸ.ʌ. ʀʦʬʬʝ ʈɸʅ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ʆʇʊʆʕʃɽʂʊʈʆʅʅʓɽ ʄɽʊʆɼʓ ʀʂ-ʌʆʊʆʄɽʊʈʀʀ  

ɺ ʈɽʐɽʅʀʀ ʊɽʇʃʆʌʀɿʀʏɽʉʂʀʍ ɿɸɼɸʏ 
 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʨʘʟʚʠʪʠʶ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʢʦʥʪʨʦʣʷ ʬʠʟʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʠʟʤʝʨʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʥʦʚʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʨʘʜʠʘʮʠʦʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʠ ʥʘʢʦʧʠʪʝʣʝʡ 

ʵʥʝʨʛʠʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʦʩʥʦʚʘʥʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʩʣʝʜʥʠʭ 

ʜʦʩʪʠʞʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʬʦʪʦʜʠʦʜʥʳʭ ʀʂ-ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʝʥʩʦʨʦʚ, 

ʦʪʢʨʳʚʘʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʙʝʩʢʦʥʪʘʢʪʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ʠʩʪʠʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʫʩʣʦʚʠʷʭ ʜʠʥʘʤʠʯʝʩʢʠ ʠʟʤʝʥʷʶʱʠʭʩʷ ʩʚʦʡʩʪʚ ʦʙʲʝʢʪʘ 

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ/ʠʣʠ ʤʦʱʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. 

 

S.E. ALEKSANDROV, G.A. GAVRILOV, A.A. KAPRALOV, 

B.A. MATVEEV, K.L. MURATIKOV , G.Yu. SOTNIKOVA 
Ioffe Physical-Technical Institute of the RAS, Saint-Petersburg 

 

OPTOELECTRONIC METHO DS OF IR-PHOTOMETRY  

IN SOLVING OF THERMA L AND PHYSICAL PROBLEMS  
 

The results of research on the development of thermal methods for monitoring 

physical and technological processes and measuring the characteristics of new 

promising materials for radiation detectors and energy harvesting are presented. The 

developed methods are based on the use of the latest achievements in the field of 

photodiode IR-temperature sensors, which open the possibility of high-speed contactless 

measurements of the true temperature under the conditions of dynamically changing 

properties of the object under the influence of laser radiation and / or powerful 

electromagnetic fields. 

 

ʈʘʟʚʠʪʠʝ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʩ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ, 

ʙʘʟʠʨʫʶʱʠʭʩʷ ʥʘ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ 

(ʧʠʨʦʤʝʪʨʠʠ) ʩ ʥʦʚʳʤʠ ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʪʝʥʜʝʥʮʠʠ ʧʠʨʦʤʝʪʨʠʠ ʩʚʷʟʘʥʳ ʩ ʩʦʟʜʘʥʠʝʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʬʦʪʦʜʠʦʜʥʳʭ (ʌɼ) ʧʠʨʦʤʝʪʨʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʢʘʢ ʚʳʩʦʢʠʤʠ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ, ʪʘʢ ʠ ʚʳʩʦʢʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʠ ʥʘʜʝʞʥʳʤ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʤ ʦʙʝʩʧʝʯʝʥʠʝʤ. ʅʘʤʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʧʠʨʦʤʝʪʨʠʯʝʩʢʠʝ ʩʝʥʩʦʨʳ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭʩʧʝʢʪʨʘʣʴʥʳʭ ɸ3ɺ5 
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ʬʦʪʦʜʠʦʜʥʳʭ ʩʪʨʫʢʪʫʨ ʩʨʝʜʥʝʛʦ ʀʂ-ʜʠʘʧʘʟʦʥʘ [1], ʧʦʟʚʦʣʷʶʱʠʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʫʶ ʥʘʜʝʞʥʦʩʪʴ 

ʨʘʜʠʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠʩʪʠʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʲʝʢʪʦʚ. ʆʨʠʛʠʥʘʣʴʥʳʝ 

ʤʝʪʦʜʠʯʝʩʢʠʝ, ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʠʝ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʩʝʥʩʦʨʦʚ, 

ʟʘʱʠʱʝʥʥʳʝ ʧʘʪʝʥʪʘʤʠ [2, 3], ʧʦʟʚʦʣʠʣʠ ʩʦʟʜʘʪʴ ʨʷʜ ʫʥʠʢʘʣʴʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʨʝʰʝʥʠʷ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯ: 

¶ ʜʚʫʭʩʧʝʢʪʨʘʣʴʥʳʡ ʧʠʨʦʤʝʪʨʠʯʝʩʢʠʡ ʩʝʥʩʦʨ ʚʧʝʨʚʳʝ ʧʦʟʚʦʣʠʣ ʨʝʰʠʪʴ 
ʟʘʜʘʯʫ ʢʦʥʪʨʦʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʢʦʘʛʫʣʷʮʠʠ ʥʘʥʦʯʘʩʪʠʮ 

ʩʝʨʝʙʨʘ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʵʬʬʝʢʪʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʠ ʨʝʞʠʤʦʚ ʧʝʯʘʪʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʣʝʥʦʢ ʜʣʷ ʫʩʪʨʦʡʩʪʚ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʬʦʪʦʥʠʢʠ ʤʝʪʦʜʦʤ 

ink-jet ʪʝʭʥʦʣʦʛʠʠ [4]; 

¶ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʜʚʫʭʩʧʝʢʪʨʘʣʴʥʳʡ ʧʠʨʦʤʝʪʨʠʯʝʩʢʠʡ ʩʝʥʩʦʨ ʩ 

ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʜʦ 1 ʤʢʩ ʠ ʜʠʘʧʘʟʦʥʦʤ ʠʟʤʝʨʝʥʠʷ ʦʪ 200 ʜʦ 

5000Üʉ ʚʧʝʨʚʳʝ ʧʦʟʚʦʣʠʣ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʮʠʢʣʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ, ʩʦʟʜʘʚʘʝʤʳʭ ʧʣʘʟʤʦʡ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʣʘʟʤʳ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ ʩʦʟʜʘʥʠʷ ʟʘʱʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʪʝʨʤʦʷʜʝʨʥʳʭ ʫʩʪʘʥʦʚʦʢ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ 

ʚʦʣʴʬʨʘʤʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʚʦʜʦʨʦʜʥʦʡ, ʜʝʡʪʝʨʠʝʚʦʡ ʠ ʛʝʣʠʝʚʦʡ ʧʣʘʟʤʘʤʠ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʥʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʠʟʤʝʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ, ʨʘʟʚʠʪʠʶ 

ʧʦʨʠʩʪʦʩʪʠ ʠ ʦʭʨʫʧʯʠʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʨʝʘʢʪʦʨʦʚ [5]. 

ɸʚʪʦʨʘʤʠ ʨʘʟʨʘʙʦʪʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʝ ʤʝʪʦʜʳ 

ʠʟʤʝʨʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ [6] ʠ 

ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʙʲʝʤʥʳʭ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ [7]. ʄʝʪʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʷʤʳʭ ʙʝʩʢʦʥʪʘʢʪʥʳʭ ʠʟʤʝʨʝʥʠʷʭ 

ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʨʠ ʠʤʧʫʣʴʩʥʦʤ 

ʠ/ʠʣʠ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʪʝʧʣʦʚʦʤ ʣʘʟʝʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ. ʇʨʝʜʣʦʞʝʥʥʳʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʤʝʪʦʜ, ʨʝʘʣʠʟʫʝʤʳʡ ʥʘ ʌɼ ʧʠʨʦʤʝʪʨʠʯʝʩʢʠʭ ʩʝʥʩʦʨʘʭ 

ʩʨʝʜʥʝʛʦ ʀʂ-ʜʠʘʧʘʟʦʥʘ, ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʡ ʠ ʫʩʪʨʘʥʠʪʴ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʘʟʙʨʦʩ ʜʘʥʥʳʭ ʧʦ ʧʘʨʘʤʝʪʨʘʤ 

ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʀʂ-

ʩʝʥʩʦʨʦʚ ʠ ʵʥʝʨʛʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʥʘ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ. 
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ɼʦʣʛʦʧʨʫʜʥʳʡ 
2ʌʨʷʟʠʥʩʢʠʡ ʬʠʣʠʘʣ ʀʥʩʪʠʪʫʪʘ ʨʘʜʠʦʪʝʭʥʠʢʠ ʠ ʵʣʝʢʪʨʦʥʠʢʠ 

ʠʤ. ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ 

 

ʕʂɺʀɺɸʃɽʅʊʅɸʗ ʊɽʄʇɽʈɸʊʋʈɸ ʇʆɺɽʈʍʅʆʉʊʀ 

 
ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʤʦʜʘʪʯʠʢʦʚ ʠʟ ʦʧʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯʥʳʭ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ 

ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʥʟʳ ʚ ʥʝʩʢʦʣʴʢʠʭ ʪʦʯʢʘʭ, ʧʨʠ ʝʸ 

ʨʘʟʦʛʨʝʚʝ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ. ʈʘʟʨʘʙʦʪʘʥʘ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʦʮʝʥʠʪʴ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʦʜʦʤ ʨʘʜʠʦʯʘʩʪʦʪʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʧʦʜʦʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʨʘʟʤʝʨʳ ʪʝʨʤʦʨʝʟʦʥʘʪʦʨʦʚ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʣʠʯʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ. 
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SURFACE EQUIVALENT TEMPERATURE  
 

Using temperature detectors made of small transparent piezoelectric crystals 

measurements of surface equivalent temperature in different points of lens heated by 

laser irradiation. Numerical model was investigated to calculate appropriate size of 

thermoresonators for measuring surface temperature of optical elements interacting with 

laser irradiation using radiofrequency spectroscopy. 
 

ɺʦʟʜʝʡʩʪʚʠʝ ʤʦʱʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʦʧʪʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ 

ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʥʝʦʜʥʦʨʦʜʥʦʤʫ ʨʘʟʦʛʨʝʚʫ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʥʝ ʪʦʣʴʢʦ ʢ ʠʟʤʝʥʝʥʠʶ ʠʭ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʥʦ ʠ ʢ 

ʥʝʦʙʨʘʪʠʤʦʡ ʜʝʛʨʘʜʘʮʠʠ ʠ ʨʘʟʨʫʰʝʥʠʶ. ʕʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʧʨʦʮʝʩʩʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʥʟʳ ʥʘ ʥʝʸ ʧʦʤʝʱʘʶʪʩʷ 

ʪʝʨʤʦʜʘʪʯʠʢʠ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ ʠʟ ʧʨʦʟʨʘʯʥʳʭ ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʭ 

ʢʨʠʩʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘʤʠ ʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 
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ʚʥʝʰʥʝʛʦ ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʧʦʣʷ ʚ ʥʠʭ ʤʦʛʫʪ ʚʦʟʙʫʞʜʘʪʴʩʷ ʨʝʟʦʥʘʥʩʳ, 

ʯʘʩʪʦʪʳ ʢʦʪʦʨʳʭ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ɼʣʷ ʦʜʥʦʟʥʘʯʥʦʛʦ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʨʠʩʪʘʣʣʘ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʘʣʠʙʨʦʚʢʘ ʧʨʠ ʦʜʥʦʨʦʜʥʦʤ ʨʘʟʦʛʨʝʚʝ ʪʝʨʤʦʨʝʟʦʥʘʪʦʨʘ. 

ʇʨʠ ʥʝʦʜʥʦʨʦʜʥʦʤ ʨʘʟʦʛʨʝʚʝ ʢʨʠʩʪʘʣʣʘ ʩʜʚʠʛʫ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ 

ʩʪʘʚʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʠʟʤʝʥʝʥʠʝ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʪʝʨʤʦʨʝʟʦʥʘʪʦʨʘ, ʢʦʪʦʨʘʷ ʙʣʠʟʢʘ ʢ ʝʛʦ ʩʨʝʜʥʝʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ [1]. ʊʝʨʤʦʨʝʟʦʥʘʪʦʨʳ ʜʦʣʞʥʳ ʥʘʭʦʜʠʪʴʩʷ ʚ ʭʦʨʦʰʝʤ 

ʪʝʧʣʦʚʦʤ ʢʦʥʪʘʢʪʝ ʩ ʠʩʩʣʝʜʫʝʤʳʤ ʦʙʨʘʟʮʦʤ ʠ ʙʳʪʴ ʧʨʦʟʨʘʯʥʳʤʠ ʜʣʷ ʜʣʠʥ 

ʚʦʣʥ ʚʦʟʜʝʡʩʪʚʫʶʱʝʛʦ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʯʪʦʙʳ ʥʝ ʙʳʣʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʨʘʟʦʛʨʝʚʘ ʟʘ ʩʯʸʪ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʩʝʷʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʴ ʣʠʥʟʳ ʠʟ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ, ʯʝʨʝʟ ʮʝʥʪʨ ʢʦʪʦʨʦʡ 

ʧʨʦʧʫʩʢʘʣʦʩʴ ʥʝʧʨʝʨʳʚʥʦʝ ʣʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ (11 W, 1064 ʥʤ) ʙʳʣʠ 

ʧʦʤʝʱʝʥʳ 5 ʪʝʨʤʦʨʝʟʦʥʘʪʦʨʦʚ ʠʟ ʢʨʠʩʪʘʣʣʘ ʥʠʦʙʘʪʘ ʣʠʪʠʷ ʥʘ ʨʘʟʣʠʯʥʦʤ 

ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʮʝʥʪʨʘ. ɼʣʷ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʫʯʠʪʳʚʘʪʴ ʥʝʠʜʝʘʣʴʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʘʢʪʘ ʠ 

ʢʦʥʚʝʢʪʠʚʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʚʦʟʜʫʭʦʤ. ʊʘʢʞʝ ʚ ʤʦʜʝʣʴʥʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʝ (ʨʠʩ. 1) ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʨʘʟʤʝʨʦʚ 

ʪʝʨʤʦʨʝʟʦʥʘʪʦʨʘ ʥʘ ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ 

(ʨʠʩ. 2). ʋʤʝʥʴʰʝʥʠʝ ʰʠʨʠʥʳ ʠ ʜʣʠʥʳ ʪʝʨʤʦʨʝʟʦʥʘʪʦʨʘ ʧʨʠʚʦʜʠʣʦ ʢ 

ʥʝʙʦʣʴʰʦʤʫ ʠʟʤʝʥʝʥʠʶ ʚʝʣʠʯʠʥʳ ʧʦʛʨʝʰʥʦʩʪʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʫʤʝʥʴʰʝʥʠʝ ʝʛʦ ʚʳʩʦʪʳ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʧʦʛʨʝʰʥʦʩʪʴ. 
 

  
ʈʠʩ. 1. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʠ 

ʈʠʩ. 2. ʂʠʥʝʪʠʢʠ ʵʢʚʠʚʘʣʝʥʪʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʥʟʳ 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Ryabushkin O.A., et. al. // Journal of the European Optical Society. 2011. V.6. P.11032. 
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ʏʀʉʃɽʅʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʈɸʉʇʈɽɼɽʃɽʅʅʆɻʆ 

ɼɸʊʏʀʂɸ ʀɿʄɽʈɽʅʀʗ ʊɽʄʇɽʈɸʊʋʈʓ ʅɸ ʆʉʅʆɺɽ 

ʂʆɻɽʈɽʅʊʅʆɻʆ ʈɽʌʃɽʂʊʆʄɽʊʈɸ ʈɸʉʉɽʗʅʀʗ ʈʕʃɽʗ 
 

ʇʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʜʥʦʠʤʧʫʣʴʩʥʦʛʦ ʠ ʜʚʫʭʠʤʧʫʣʴʩʥʦʛʦ 

ʢʦʛʝʨʝʥʪʥʳʭ ʨʝʬʣʝʢʪʦʤʝʪʨʦʚ ʨʘʩʩʝʷʥʠʷ ʈʵʣʝʷ. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ 

ʥʘ ʙʘʟʝ ʜʚʫʭʠʤʧʫʣʴʩʥʦʡ ʩʭʝʤʳ ʬʘʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʨʝʬʣʝʢʪʦʤʝʪʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ 

ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʙʝʛʘ ʬʘʟʳ ʤʝʞʜʫ ʜʚʫʤʷ ʠʤʧʫʣʴʩʘʤʠ ʦʪ ʚʘʨʠʘʮʠʠ 

ʪʝʤʧʝʨʘʪʫʨ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʙʝʛʘ 

ʬʘʟʳ ʪʝʦʨʝʪʠʯʝʩʢʠ, ʧʨʠ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 
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NUMERICAL SIMULATION  OF DISTRIBUTED SENSOR  

FOR TEMPERATURE MEASURIN G BASED ON COHERENT 

RAYLEIGH SCATTERING REFLECTOMETER  
 

Numerical simulation of a single-pulse and two-pulse coherent Rayleigh scattering 

reflectometers was carried out. It is shown that a phase-sensitive reflectometer can be 

realized on the basis of a two-pulse scheme. As a result of numerical modeling and 

theoretical consideration, a linear dependence of the phase shift between two pulses on 

the temperature variation is demonstrated. The results of calculating the temperature 

coefficient of the phase incursion theoretically, for numerical simulation and 

experimentally are presented. 

 

ʈʘʩʧʨʝʜʝʣʝʥʥʳʝ ʦʧʪʦʚʦʣʦʢʦʥʥʳʝ ʜʘʪʯʠʢʠ ʧʦʟʚʦʣʷʶʪ ʫʜʘʣʝʥʥʦ 

ʠʟʤʝʨʷʪʴ ʬʠʟʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ ʠ ʨʝʘʣʠʟʦʚʘʪʴ ʨʘʙʦʪʫ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ 

ʩʠʩʪʝʤ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʪʷʞʝʥʥʳʭ ʦʙʲʝʢʪʦʚ [1]. 

ʄʝʪʦʜʳ ʦʧʪʠʯʝʩʢʦʡ ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʷʚʣʝʥʠʷʭ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ, ʨʘʩʩʝʷʥʠʷ ʄʘʥʜʝʣʴʰʪʘʤʘ-ɹʨʠʣʣʶʵʥʘ, 

ʈʵʣʝʷ [2] ʣʠʙʦ ʨʝʰʝʪʢʘʭ ɹʨʵʛʛʘ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʚ ʚʦʣʦʢʥʦ . 

ʅʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ [3], ʧʨʦʚʝʜʝʥʦ 

ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʜʥʦʠʤʧʫʣʴʩʥʦʛʦ ʠ ʜʚʫʭʠʤʧʫʣʴʩʥʦʛʦ 

ʢʦʛʝʨʝʥʪʥʳʭ ʨʝʬʣʝʢʪʦʤʝʪʨʦʚ ʨʘʩʩʝʷʥʠʷ ʈʵʣʝʷ. ʆʜʥʦʠʤʧʫʣʴʩʥʘʷ ʩʭʝʤʘ 
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ʜʘyʪ ʪʦʣʴʢʦ ʢʘʯʝʩʪʚʝʥʥʦʝ ʟʘʢʣʶʯʝʥʠʝ ʦ ʥʘʣʠʯʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ. ɼʚʫʭʠʤʧʫʣʴʩʥʘʷ ʩʭʝʤʘ ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʠʪʴ ʥʘʙʝʛ ʬʘʟ 

ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ ȹű. ɺʦʣʦʢʥʦ ʟʦʥʜʠʨʫʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʠʟ 

ʯʝʪʳʨʝʭ ʧʘʨ ʠʤʧʫʣʴʩʦʚ. ʂʘʞʜʳʡ ʚʪʦʨʦʡ ʠʤʧʫʣʴʩ ʚ ʧʘʨʝ ʩʜʚʠʥʫʪ ʧʦ ʬʘʟʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʚʦʛʦ ʥʘ ȹűfix = 0, /́2, ,́ 3́ /2. ʇʦʣʫʯʠʚʰʘʷʩʷ 

ʨʝʬʣʝʢʪʦʛʨʘʤʤʘ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʠʥʪʝʨʬʝʨʝʥʮʠʠ. ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ: 

 
ʛʜʝ Ű ï ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʠʤʧʫʣʴʩʦʚ ʚ ʧʘʨʝ, ɓ ï ʢʦʵʬʬʠʮʠʝʥʪ [4], 

ʫʯʠʪʳʚʘʶʱʠʡ ʪʝʨʤʦʦʧʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʠ ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʩʪʷʞʝʥʠʝ. ɺʟʷʚ 

ɓ = 9,15Ŀ10
-6
Áʉ

-1
, ɚ = 1550 ʥʤ, Ű = 300 ʥʩ, ʧʦʣʫʯʘʝʤ ʦʮʝʥʢʫ ʜʣʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʙʝʛʘ ʬʘʟ Ŭ å 3450 ʨʘʜ/ʛʨʘʜ. ʃʠʥʝʡʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʙʝʛʘ ʬʘʟ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ (ʏʄ): ʥʘ 

ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥ ʨʝʟʫʣʴʪʘʪ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʪʦʯʝʢ ʚʦʣʦʢʥʘ (ʢʘʥʘʣʦʚ). 

ʈʘʟʣʠʯʠʷ ʚ ʢʘʥʘʣʘʭ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʩʣʫʯʘʡʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚ 

ʥʘʙʝʛʝ ʬʘʟʳ. ʏʄ ʜʘʝʪ ʦʮʝʥʢʫ Ŭ å 3440 ʨʘʜ/ʛʨʘʜ, ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ŭ = 2 %. ɺ ʨʘʙʦʪʝ [5] ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʨʦʚʝʜʝʥʥʦʛʦ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ çɼʫʥʘʡ-2è - 

ʜʚʫʭʠʤʧʫʣʴʩʥʦʤ ʨʝʬʣʝʢʪʦʤʝʪʨʝ:  Ŭ å 3200 ʨʘʜ/ʛʨʘʜ. 

 
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʥʘʙʝʛʘ ʬʘʟʳ ʦʪ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ - ʨʝʟʫʣʴʪʘʪ ʏʄ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʥʘʷ ʏʄ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ.  
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ʅ.ʕ. ʅʀʂʆʃɸɽɺ, ʉ.ɺ. ʇɸɺʃʆɺ, ʊ.ʂ. ʏɽʍʃʆɺɸ 
ʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʜʨʫʞʙʳ ʥʘʨʦʜʦʚ, ʄʦʩʢʚʘ 

 

ʊɽʄʇɽʈɸʊʋʈʅʓʁ ʂʆʕʌʌʀʎʀɽʅʊ ʕʌʌɽʂʊʀɺʅʆɻʆ 

ʇʆʂɸɿɸʊɽʃʗ ʇʈɽʃʆʄʃɽʅʀʗ ʊɽ1 ʀ ʊʄ1 ʄʆɼ 

ʆʇʊʀʏɽʉʂʀʍ ɿʆʃʔ-ɻɽʃʔ ɺʆʃʅʆɺʆɼʆɺ 
 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 

ʧʨʝʣʦʤʣʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʟʦʣʴ-ʛʝʣʴ ʚʦʣʥʦʚʦʜʦʚ. ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʣʫʯʝʥʘ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʊɽ 

ʠ ʊʄ ʤʦʜ ʦʧʪʠʯʝʩʢʠʭ ʧʣʘʥʘʨʥʳʭ ʚʦʣʥʦʚʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʮʝʥʠʪʴ ʚʢʣʘʜ 

ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʝʛʦ ʚʝʣʠʯʠʥʫ. 
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TEMPERATURE COEFFICIENT OF EFFE CTIVE 

REFRACTIVE INDEX OF THE TE 1 AND TM 1 MODES IN 

OPTICAL SOL -GEL WAVEGUIDES  
 

In the article photosensitivity of films with various titan dioxide content is 

investigated. For titan dioxide films with anatase levels close to 100% gel-method is 

best used. In research the electron paramagnetic resonance spectroscopy is used. 
 

ʇʣʝʥʢʠ SiO2-TiO2 [1], ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʧʦ ʟʦʣʴ-ʛʝʣʴ ʪʝʭʥʦʣʦʛʠʠ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʣʝʥʦʢ ʥʘ ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ 

ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ, ʚʦʟʤʦʞʥʦʩʪʴ ʚʘʨʴʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ, 

ʧʦʨʠʩʪʦʩʪʴ ʠ ʜʨ. ʕʪʠ ʩʚʦʡʩʪʚʘ ʧʦʟʚʦʣʷʶʪ ʨʘʩʰʠʨʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ  

ʚʦʟʤʦʞʥʦʩʪʠ ʙʘʟʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. 

ʄʘʪʝʨʠʘʣʳ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʊʆʂ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʦʜʩʪʨʦʡʢʠ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠʥʪʝʛʨʘʣʴʥʦʡ 

ʦʧʪʠʢʠ, ʪʘʢʠʭ ʢʘʢ ʫʟʢʦʧʦʣʦʩʥʳʝ ʬʠʣʴʪʨʳ, ʨʝʟʦʥʘʪʦʨʳ, ʠʥʪʝʨʬʝʨʦʤʝʪʨʳ 

ʄʘʭʘ-ʎʘʥʜʝʨʘ, ʤʫʣʴʪʠʧʣʝʢʩʦʨʳ/ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨʳ ʠ ʜʨ. ɹʦʣʴʰʦʡ 

ʪʝʨʤʦʦʧʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʦʙʝʥʥʦ ʚʘʞʝʥ, ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʪʝʨʤʦʦʧʪʠʯʝʩʢʠʭ ʧʝʨʝʢʣʶʯʘʪʝʣʝʡ, ʢʦʤʤʫʪʘʪʦʨʦʚ ʠ ʜʨ. ʫʩʪʨʦʡʩʪʚ ʩ 

ʪʝʨʤʦʫʧʨʘʚʣʝʥʠʝʤ [2].  

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʧʘʨʘʤʝʪʨʘʤʠ ʚʦʣʥʦʚʦʜʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʝʚʦʟʤʦʞʥʘ ʙʝʟ ʜʝʪʘʣʴʥʦʛʦ 

ʠʟʫʯʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʚʦʡʩʪʚ ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʥʦʚʦʜʦʚ. 
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ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ 

(ʕʇʇ) ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʥʦʚʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʟʦʣʴ-ʛʝʣʴ ʤʘʪʝʨʠʘʣʦʚ, ʚʳʷʚʣʝʥʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ (ʊʂ) ʕʇʇ ʠ 

ʧʦʠʩʢ ʧʫʪʝʡ ʝʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʤʘʪʝʨʠʘʣʘ 

ʧʣʝʥʢʠ ʟʘʚʠʩʠʤʦʩʪʴ ʕʇʇ ʚʦʣʥʦʚʦʜʥʳʭ ʤʦʜ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʞʝʪ ʠʤʝʪʴ 

ʨʘʟʣʠʯʥʳʡ ʭʘʨʘʢʪʝʨ (ʨʠʩ. 1). 

  

  
 
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʕʇʇ ʊɽ1-ʤʦʜʳ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ 

ʟʦʣʴ-ʛʝʣʴ ʧʣʝʥʢʠ n2 = 1,8 ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʪʦʣʱʠʥʳ h0 ʧʨʠ ʊ = 0Á C 
 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʊʂ ʕʇʇ 

ʦʧʪʠʯʝʩʢʠʭ ʧʣʘʥʘʨʥʳʭ ʚʦʣʥʦʚʦʜʦʚ, ʦʧʠʩʳʚʘʶʱʘʷ ʚʣʠʷʥʠʝ ʦʩʥʦʚʥʳʭ 

ʬʘʢʪʦʨʦʚ ʥʘ ʝʛʦ ʚʝʣʠʯʠʥʫ, ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʠ ʨʘʩʩʯʠʪʘʪʴ 

ʥʝʦʙʭʦʜʠʤʳʝ ʧʘʨʘʤʝʪʨʳ ʧʣʝʥʦʢ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʊʂ ʕʇʇ ʤʦʜ ʚ 

ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯʘʭ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʦʜʩʪʨʦʡʢʠ ʠʣʠ ʪʝʨʤʦʫʧʨʘʚʣʝʥʠʷ 

ʫʩʪʨʦʡʩʪʚ ʀʆ. 
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1. ʏʝʭʣʦʚʘ ʊ.ʂ., ɾʠʚʮʦʚ ʉ.ɺ., ʇʦʛʦʩʷʥ ɸ.ʉ. ʆʧʪʠʯʝʩʢʠʝ ʚʦʣʥʦʚʦʜʳ ʥʘ ʦʩʥʦʚʝ ʧʣʸʥʦʢ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʟʦʣʴ-ʛʝʣʴ // ɺʝʩʪʥʠʢ ʈʋɼʅ. ʉʝʨʠʷ ʌʠʟʠʢʘ. 2005. ˉ 1 (13). 

ʉ.35-47. 
2. ɻʨʘʙʦʚʩʢʠʡ ɽ.ʀ., ɾʠʚʮʦʚ ʉ.ɺ., ʏʝʭʣʦʚʘ ʊ.ʂ. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʟʦʣʴ-ʛʝʣʴ 

ʚʦʣʥʦʚʦʜʦʚ // ʈʕ. 2006. ʊ.51. ˉ7. ʉ.834. 
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ʅ.ɺ. ʄɸʉɸʃʔʉʂʀʁ 
ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʩʠʩʪʝʤʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʈɸʅ, ʄʦʩʢʚʘ 

 

ʆʇʊʀʏɽʉʂʀɽ ɺʆʃʅʆɺʆɼʓ ʉ ɻɸʋʉʉʆɺʓʄ ʇʈʆʌʀʃɽʄ 

ʃɽɻʀʈʆɺɸʅʀʗ ʅɸ ʆʉʅʆɺɽ ʉʊʈʋʂʊʋʈʓ  

çʂʈɽʄʅʀʁ ʅɸ ʀɿʆʃʗʊʆʈɽè 
 

ʆʙʩʫʞʜʘʝʪʩʷ ʧʨʠʤʝʥʠʤʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʰʠʨʦʢʦʘʧʝʨʪʫʨʥʳʭ ʛʝʪʝʨʦʛʝʥʥʳʭ ʚʦʣʥʦʚʦʜʥʳʭ 

ʩʪʨʫʢʪʫʨ, ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ ʙʘʟʝ ʪʝʭʥʦʣʦʛʠʠ çʢʨʝʤʥʠʠ ʥʘ ʠʟʦʣʷʪʦʨʝè, ʚ ʢʦʪʦʨʳʭ 

ʦʧʪʠʯʝʩʢʠʡ ʪʨʘʢʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʣʝʛʠʨʦʚʘʥ ʧʨʠʤʝʩʴʶ, ʧʨʦʬʠʣʴ ʢʦʪʦʨʦʡ 

ʦʧʠʩʳʚʘʝʪʩʷ ʛʘʫʩʩʦʚʦʡ ʬʫʥʢʮʠʝʡ. 

 

N.V. MASALSKY  
Scientific research institute of system achievement of the RAS, Moscow 

 

THE OPTICAL WAVEGUIDES WITH GAUSS DOPING PROFIL 

ON THE BASIS OF ñSILICON ON INSULATORò STRUCTURE 
 

The applicability of a technological method for improving of optical characteristics of 

the wide aperture optical waveguide structures executed on "silicon on the insulator" 

technologies in which doping profile in the form of Gauss's function of an optical core is 

used is discussed. 

 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʫʣʫʯʰʝʥʠʷ 

ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʝʪʝʨʦʛʝʥʥʳʭ ʂʅʀ ʚʦʣʥʦʚʦʜʥʳʭ ʫʩʪʨʦʡʩʪʚ 

(ʂʅʀ ï ʪʝʭʥʦʣʦʛʠʷ çʢʨʝʤʥʠʡ ʥʘ ʠʟʦʣʷʪʦʨʝè) ʧʨʠ ʧʦʤʦʱʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʪʨʘʢʪʘ.  

ɼʣʷ ʛʝʪʝʨʦʛʝʥʥʳʭ ʧʦʣʦʩʢʦʚʳʭ ʂʅʀ ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʥʦʚʦʜʦʚ, ʚ ʢʦʪʦʨʳʭ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʬʦʨʤʠʨʦʚʘʥʳ ʦʙʣʘʩʪʠ ʩ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʜʚʫʭ 

ʪʠʧʦʚ - ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ - ʩʚʦʙʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ (ʨʠʩ. 1ʘ), ʢʘʢ 

ʠʟʚʝʩʪʥʦ, ʦʩʥʦʚʥʳʝ ʧʘʨʘʟʠʪʥʳʝ ʧʦʪʝʨʠ ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʧʝʨʚʫʶ ʤʦʜʫ. ɼʣʷ 

ʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʪʠʭ ʚʳʩʦʢʦʣʝʛʠʨʦʚʘʥʥʳʭ 

ʦʙʣʘʩʪʝʡ, ʢʦʪʦʨʳʝ ʧʨʠʟʚʘʥʳ ʦʙʝʩʧʝʯʠʪʴ ʥʝʭʘʨʘʢʪʝʨʥʦʝ ʦʜʥʦʤʦʜʦʚʦʝ 

ʧʦʚʝʜʝʥʠʝ ʰʠʨʦʢʦʘʧʝʨʪʫʨʥʳʭ (ʩʚʳʰʝ 10 ʤʢʤ) ʚʳʩʦʢʦʢʦʥʪʨʘʩʪʥʳʭ 

ʚʦʣʥʦʚʦʜʦʚ ʂʅʀ ʩ ʢʨʝʤʥʠʝʚʦʡ ʩʝʨʜʮʝʚʠʥʦʡ ʪʦʣʱʠʥʦʡ ~ 220 ʥʤ, ʪʘʢ ʢʘʢ 

ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʥʥʦʡ ʤʦʜʳ, ʚʢʣʶʯʘʷ ʝʝ ʧʠʢʠ, ʢʦʪʦʨʳʝ 

ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʢʨʘʷ ʩʝʨʜʮʝʚʠʥʳ ʚʦʣʥʦʚʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ. ɼʣʷ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʤʦʜʳ m1 ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʣʝʛʠʨʦʚʘʥʠʝ ʩʝʨʜʮʝʚʠʥʳ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʠʤʝʩʴʶ n+ ʪʠʧʘ). ʇʨʦʬʠʣʴ 
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ʣʝʛʠʨʫʶʱʝʡ ʧʨʠʤʝʩʠ ʙʣʠʟʦʢ ʢ ʛʘʫʩʩʦʚʦʤʫ ʚ ʚʠʜʝ 

))(exp()( 2max sxNxN AA -= . ɺʘʨʴʠʨʫʷ ʧʘʨʘʤʝʪʨʘʤʠ max

AN  ʠ s ʤʦʞʥʦ 

ʜʦʙʠʪʴʩʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʤʦʜʳ m1, ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʤʦʜʳ.  

ʊʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʤʦʜʦʚʦʡ ʩʝʣʝʢʮʠʠ, 

ʧʦʜʘʚʣʝʥʠʝ ʧʝʨʝʠʟʣʫʯʝʥʠʷ ʯʝʨʝʟ ʙʦʢʦʚʫʶ ʛʨʘʥʴ ʚʦʣʥʦʚʦʜʘ, ʧʦʟʚʦʣʷʝʪ 

ʧʦʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʣʝʛʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʦʙʣʘʩʪʝʡ ʠ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʜʠʬʬʫʟʠʠ ʧʨʠʤʝʩʠ ʠʟ ʥʠʭ ʚ ʩʝʨʜʮʝʚʠʥʫ.  

ɺ ʢʘʯʝʩʪʚʝ ʠʣʣʶʩʪʨʘʮʠʠ ʯʠʩʣʝʥʥʦ ʠʩʩʣʝʜʦʚʘʣʩʷ ʰʠʨʦʢʦʘʧʝʨʪʫʨʥʳʡ 

ʦʧʪʠʯʝʩʢʠʡ ʚʦʣʥʦʚʦʜ ʩ ʦʙʱʝʡ ʘʧʝʨʪʫʨʦʡ 35 ʤʢʤ ʠ ʘʧʝʨʪʫʨʦʡ ʩʝʨʜʮʝʚʠʥʳ 

11 ʤʢʤ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʣʝʛʠʨʦʚʘʥʠʝʤ (max

AN  = 9.0 ʭ 10
17

 ʩʤ
-3
 ʠ 

s = 0.87 ʤʢʤ). ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʤʝʪʦʜʦʤ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ 

ʧʫʯʢʦʚ ʠ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʚʦʣʥʦʚʦʜʘ  ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʜʣʠʥʦʡ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʧʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʤʦʜʳ ʩʦʩʪʘʚʣʷʶʪ -3 ʜɹ, ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʟʘʪʫʭʘʥʠʝ ʜʣʷ 

ʤʦʜ ʚʳʩʰʠʭ ʧʦʨʷʜʢʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʨʦʚʥʷ ʟʘʪʫʭʘʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ 

ʤʦʜʳ ʩʦʩʪʘʚʣʷʝʪ -31 (-24) ʜɹ ʜʣʷ ʤʦʜʳ m1 ʠ -36 (-32) ʜɹ ʜʣʷ ʤʦʜʳ m2. ɺ 

ʩʢʦʙʢʘʭ ʫʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ ʟʘʪʫʭʘʥʠʷ ʜʣʷ ʪʘʢʦʡ ʞʝ ʩʪʨʫʢʪʫʨʳ, ʥʦ ʙʝʟ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʟʘʪʫʭʘʥʠʷ ʤʦʜʳ m1  

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 1ʙ. ʊʘʢʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʦʰʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ 

ʘʧʨʦʙʘʮʠʶ.  

 
ʘ                                                                                    ʙ 

ʈʠʩ. 1. ʉʭʝʤʘ ʂʅʀ ʛʝʪʝʨʦʛʝʥʥʦʡ ʚʦʣʥʦʚʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ: 1 - ʢʨʝʤʥʠʝʚʘʷ 

ʩʝʨʜʮʝʚʠʥʘ, 2 - ʩʣʦʡ SiO2 , 3 - ʚʳʩʦʢʦʣʝʛʠʨʦʚʘʥʥʳʝ ʦʙʣʘʩʪʠ, 4 - ʦʙʣʘʩʪʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ (ʘ); ʟʘʚʠʩʠʤʦʩʪʴ ʟʘʪʫʭʘʥʠʷ ʤʦʜʳ m1 ʦʪ s ʧʨʠ 
max

AN =9.0 ʭ 1017 ʩʤ-3 (ʙ) 

sΣ ͣͣ͟ 

dΣ ͒ˣ 
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ʊ.ʉ. ʊɽɹɽʅɽɺɸ, ʆ.ɺ. ɹɽʅɼɽʈʆɺ, ɹ.ʉ. ʉʊɽʇɸʅʆɺ
1
, 

ɸ.ʀ. ʀɻʅɸʊʆɺ
2
 

ʄʦʩʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ), 

ɼʦʣʛʦʧʨʫʜʥʳʡ 
1ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʚʳʩʦʢʦʯʠʩʪʳʭ ʚʝʱʝʩʪʚ ʠʤ. ɻ.ɻ. ɼʝʚʷʪʳʭ ʈɸʅ,  

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 
2ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʘʚʪʦʤʘʪʠʢʠ 

ʠʤ. ʅ.ʃ. ɼʫʭʦʚʘ, ʄʦʩʢʚʘ 

 

ʄɽʊʆɼʀʂɸ ʀɿɻʆʊʆɺʃɽʅʀʗ ʀ ʍɸʈɸʂʊɽʈʀɿɸʎʀʗ 

ʍɸʃʔʂʆɻɽʅʀɼʅʓʍ ɺʆʃʆʂʆʅʅʆ-ʆʇʊʀʏɽʉʂʀʍ 

ʈɸɿɺɽʊɺʀʊɽʃɽʁ 
 

ʈʘʟʨʘʙʦʪʘʥʳ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʨʘʟʚʝʪʚʠʪʝʣʠ ʥʘ ʦʩʥʦʚʝ ʦʜʥʦʤʦʜʦʚʳʭ 

ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʚʦʣʦʢʦʥ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʜʝʣʝʥʠʷ ʤʦʱʥʦʩʪʠ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 

1.5 ʤʢʤ 55:45, ʠ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 2.64 ʤʢʤ - 63:37 ʩ ʠʟʙʳʪʦʯʥʳʤʠ ʧʦʪʝʨʷʤʠ 

ʨʘʚʥʳʤʠ 5 dB.  

 

T.S. TEBENEVA, O.B. BENDEROV, B.S. STEPANOV
1
, 

A.I. IGNATOV
2
 

Moscow Institute of Physics and Technology (State University), Dolgoprudny 
1G.G. Devyatykh Institute of Chemistry of High-Purity Substances of the RAS,  

Nizhny Novgorod 
2All-Russian Scientific Research Institute of Automatics, Moscow 

 

CHALCOGENIDE OPTICAL FIBER COUPLERS  

MADE BY FBT METHOD  
 

Fiber-optic splitters based on single-mode chalcogenide fibers with a coupling ratio 

of 55:45 at 1.5 ɛm, and 63:37 at 2.64 ɛm with an excess loss of 5 dB have been 

developed. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʜʣʷ ʨʘʟʚʠʪʠʷ ʦʧʪʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ ʚ ʩʨʝʜʥʝʤ ʀʂ-

ʜʠʘʧʘʟʦʥʝ ʥʝʦʙʭʦʜʠʤʳ ʥʦʚʳʝ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʪʘʢʠʝ 

ʢʘʢ ʨʘʟʚʝʪʚʠʪʝʣʠ, ʚʦʣʥʦʚʳʝ ʤʫʣʴʪʠʧʣʝʢʩʦʨʳ, ʢʦʣʴʮʝʚʳʝ ʨʝʟʦʥʘʪʦʨʳ ʠ ʪ.ʜ. 

[1, 2]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʦʜʥʦʤʦʜʦʚʦʛʦ ʚʦʣʦʢʦʥʥʦʛʦ 

ʨʘʟʚʝʪʚʠʪʝʣʷ ʥʘ ʦʩʥʦʚʝ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ. ɹʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʤʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʚʝʪʚʠʪʝʣʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 
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ʜʝʣʝʥʠʷ ʤʦʱʥʦʩʪʠ ʥʘ ʚʳʭʦʜʝ ʨʘʟʚʝʪʚʠʪʝʣʷ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʥʠʟʢʠʭ 

ʠʟʙʳʪʦʯʥʳʭ ʧʦʪʝʨʴ. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʚʝʪʚʠʪʝʣʷ ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʩʪʝʥʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʪʩʣʝʞʠʚʘʪʴ ʤʦʱʥʦʩʪʴ ʥʘ ʚʳʭʦʜʥʳʭ 

ʧʦʨʪʘʭ ʨʘʟʚʝʪʚʠʪʝʣʷ.  

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʜʥʦʤʦʜʦʚʳʝ ʦʧʪʦʚʦʣʦʢʥʘ ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ 

ʩʪʝʢʣʘ As2S3 ʩ ʜʠʘʤʝʪʨʦʤ ʩʝʨʜʮʝʚʠʥʳ/ʦʙʦʣʦʯʢʠ 6.3/123 ʤʢʤ, ʯʠʩʣʦʚʦʡ 

ʘʧʝʨʪʫʨʦʡ ʨʘʚʥʦʡ 0.17, ʠ ʦʧʪʠʯʝʩʢʠʤʠ ʧʦʪʝʨʷʤʠ ~ 200 ʜɹ/ʢʤ ʥʘ ʜʣʠʥʘʭ 

ʚʦʣʥ 2.1ï2.2 ʤʢʤ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʚ ʀʍɺɺ ʈɸʅ. ɼʣʷ ʩʦʟʜʘʥʠʷ 

ʚʦʣʦʢʦʥʥʦʛʦ ʨʘʟʚʝʪʚʠʪʝʣʷ ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ FBT (fused biconical taper). 

ɼʚʘ ʫʯʘʩʪʢʘ ʚʦʣʦʢʥʘ ʙʳʣʠ ʯʝʪʳʨʝ ʨʘʟʘ ʩʢʨʫʯʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʠ 

ʟʘʬʠʢʩʠʨʦʚʘʥʳ. ʂ ʢʦʥʮʘʤ ʚʦʣʦʢʦʥ ʙʳʣʠ ʧʨʠʢʨʝʧʣʝʥʳ ʢʘʣʠʙʨʦʚʘʥʥʳʝ 1.5-

ʛʨʘʤʤʦʚʳʝ ʛʨʫʟʳ, ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʪʷʞʝʥʠʷ. ʉʧʣʘʚʢʘ 

ʚʦʣʦʢʦʥ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʦʪʦʢʦʤ ʘʨʛʦʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ å 200 ÁC ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʤ ʥʘʪʷʞʝʥʠʷ ʚʦʣʦʢʦʥ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ, ʚ 

ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʩʠʛʥʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʦʜʥʦʤʦʜʦʚʳʡ ʜʠʦʜʥʳʡ ʣʘʟʝʨ ʩ 

ʚʦʣʦʢʦʥʥʳʤʠ ʚʳʚʦʜʘʤʠ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ 1.5 ʤʢʤ. ɼʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʤʦʱʥʦʩʪʠ ʥʘ ʚʳʭʦʜʥʳʭ ʧʦʨʪʘʭ ʨʘʟʚʝʪʚʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʜʚʘ ʬʦʪʦʜʝʪʝʢʪʦʨʘ InGaAs ʦʪ Hamamatsu. ʂʦʵʬʬʠʮʠʝʥʪ ʜʝʣʝʥʠʷ ʙʳʣ 

ʠʟʤʝʨʝʥ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 1.5 ʠ 2.64 ʤʢʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʤʦʜʦʚʦʛʦ 

ʜʠʦʜʥʦʛʦ ʣʘʟʝʨʘ ʦʪ Nanoplus ʠ ʬʦʪʦʜʠʦʜʘ InAs ʦʪ Hamamatsu (ʨʠʩ. 1). 

ɼʦʩʪʠʛʥʫʪʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʣʝʥʠʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 1.5 ʤʢʤ ʩʦʩʪʘʚʠʣ 

55:45 ʧʨʠ ʠʟʙʳʪʦʯʥʳʭ ʧʦʪʝʨʷʭ 5 dB. ʅʘ ʜʣʠʥʝ ʚʦʣʥʳ 2.64 ʤʢʤ 

ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʣʝʥʠʷ ʩʦʩʪʘʚʠʣ 63:37. 
 

 
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʣʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨ r
1. Stevens G., Woodbridge T. Mid-IR fused fiber coupler // Proc. SPIE. 2016. V.9730. P.973007. 

2. Tavakoli  F., et al. Broadband and wavelength-dependent chalcogenide optical fiber couplers // 

Photon. Technol. Lett. 2017. V.29 (9). P.735-738. 
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ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦʣʦʢʦʥʥʳʭ 

ʦʙʨʘʟʮʦʚ ʩʝʥʩʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʙʘʟʝ ʢʦʤʧʦʟʠʮʠʡ ʧʣʘʩʪʠʢʦʚʳʭ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ, 

ʩʧʝʢʪʨʦʩʤʝʱʘʶʱʠʭ ʠ ʩʪʘʥʜʘʨʪʥʳʭ ʚʦʣʦʢʦʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʜʠʘʮʠʦʥʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ 60Co. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʨʘʟʮʳ ʣʠʥʝʡʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʶ ʚ ʜʠʘʧʘʟʦʥʝ ʤʦʱʥʦʩʪʝʡ ʜʦʟ ʦʪ 1 ʜʦ 5 ʤɻʨ/ʩ. 
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EXPERIMENTAL INVESTIGATIONS OF FIBER SENSOR  

FOR GAMMA RADIATION SOURCES DOSIMETRY  
 

The results of experimental investigations of fiber optic sensors samples, which 

consist of plastic scintillator, waveshifting and clear fibers, with 60Co radiation source 

are presented. The samples showed linear response to gamma radiation in the doserate 

range 1 mGy/s to 5 mGy/s of gamma radiation. 
 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʚʦʣʦʢʦʥʥʦ-

ʦʧʪʠʯʝʩʢʠʭ ʩʝʥʩʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʦʩʪʘʚʝ 

ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʚʦʣʦʢʦʥʥʳʭ ʜʦʟʠʤʝʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʦʙʲʝʢʪʘʭ 

ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ [1, 2]. ʈʘʙʦʪʘ ʚʳʧʦʣʥʷʣʘʩʴ ʩ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʩʝʥʩʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʙʘʟʝ 

ʢʦʤʧʦʟʠʮʠʡ ʧʣʘʩʪʠʢʦʚʳʭ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ, ʩʧʝʢʪʨʦʩʤʝʱʘʶʱʠʭ ʠ 

ʩʪʘʥʜʘʨʪʥʳʭ ʚʦʣʦʢʦʥ.  

  
ʈʠʩ. 1. ʂʦʥʩʪʨʫʢʮʠʷ ʩʝʥʩʦʨʘ ʈʠʩ. 2. ʀʟʦʙʨʘʞʝʥʠʝ ʩʝʥʩʦʨʘ 
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ʅʘ ʨʠʩ. 1 ʠ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʥʩʪʨʫʢʮʠʷ ʩʝʥʩʦʨʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʝʛʦ 

ʠʟʦʙʨʘʞʝʥʠʝ. ʆʩʥʦʚʫ ʩʝʥʩʦʨʘ ʩʦʩʪʘʚʣʷʝʪ ʣʠʩʪʦʚʦʡ ʧʣʘʩʪʠʢʦʚʳʡ 

ʩʮʠʥʪʠʣʣʷʪʦʨ ɺʉ-412 (1)  ʨʘʟʤʝʨʦʤ 300ʭ300ʭ3 ʤʤ, ʚ ʢʦʪʦʨʦʤ ʧʨʠ ʧʦʤʦʱʠ 

ʣʘʟʝʨʘ ʩʜʝʣʘʥʘ ʩʧʠʨʘʣʴʥʘʷ ʢʘʥʘʚʢʘ ʛʣʫʙʠʥʦʡ 1,5 ʤʤ. ɺ ʢʘʥʘʚʢʝ ʧʨʠ 

ʧʦʤʦʱʠ ʦʧʪʠʯʝʩʢʦʛʦ ʮʝʤʝʥʪʘ BC-600 ʟʘʢʨʝʧʣʝʥʦ ʩʧʝʢʪʨʦʩʤʝʱʘʶʱʝʝ 

ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ ɺʉF-91A (2) ʚ ʩʙʦʨʝ ʩ ʦʧʪʠʯʝʩʢʦʡ ʚʠʣʢʦʡ (3). 

ʃʠʩʪʦʚʦʡ ʧʣʘʩʪʠʢʦʚʳʡ ʩʮʠʥʪʠʣʣʷʪʦʨ ʧʦʤʝʱʝʥ ʤʝʞʜʫ ʜʚʫʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʟʝʨʢʘʣ (4). ɺʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʢʦʨʧʫʩʝ (5), 

ʩʦʩʪʦʷʱʝʤ ʠʟ ʜʚʫʭ ʙʦʢʦʚʳʭ ʩʪʝʥʦʢ, ʧʝʨʝʜʥʝʡ, ʟʘʜʥʝʡ ʠ ʚʥʫʪʨʝʥʥʝʡ  

ʩʪʝʥʦʢ, ʘ ʪʘʢʞʝ ʟʘʢʨʳʚʘʶʱʠʭ ʠʭ ʩʚʝʨʭʫ ʠ ʩʥʠʟʫ ʠʜʝʥʪʠʯʥʳʭ ʢʨʳʰʝʢ. 

ʇʨʦʚʦʜʠʣʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 3 ʪʘʢʠʭ ʩʝʥʩʦʨʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʩʦʩʪʘʚʝ ʚʦʣʦʢʦʥʥʦʡ ʜʦʟʠʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʥʘ ʙʘʟʝ 
60

Co. ʉʪʨʫʢʪʫʨʥʘʷ 

ʩʭʝʤʘ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 3. ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʣʠʯʝʩʪʚʘ ʠʤʧʫʣʴʩʦʚ ʥʘ ʚʳʭʦʜʝ ʜʦʟʠʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʦʪ ʤʦʱʥʦʩʪʠ ʜʦʟʳ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʠʤʝʶʪ ʚʳʨʘʞʝʥʥʳʡ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʚ ʜʠʘʧʘʟʦʥʝ ʤʦʱʥʦʩʪʝʡ ʜʦʟ ʦʪ  

1 ʜʦ 5 ʤɻʨ/ʩ. ʈʘʟʥʠʮʘ ʚ ʨʘʜʠʘʮʠʦʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʦʙʲʷʩʥʷʝʪʩʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʦʪʣʠʯʠʷʤʠ ʦʙʨʘʟʮʦʚ. 

 
ʈʠʩ. 3. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʜʦʟʠʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

 
ʈʠʩ. 4. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 
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ʃɸɿɽʈʅɸʗ ʇɽʏɸʊʔ ɻɽʃɽɺʓʄʀ ʄʀʂʈʆʂɸʇʃʗʄʀ  

ʉ ɾʀɺʓʄʀ ʂʃɽʊʆʏʅʓʄʀ ʀ ʄʀʂʈʆɹʅʓʄʀ ʆɹʒɽʂʊɸʄʀ 
 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʣʘʟʝʨʥʦʡ ʧʝʯʘʪʠ ʛʝʣʝʚʳʤʠ 

ʤʠʢʨʦʢʘʧʣʷʤʠ, ʚʳʩʪʫʧʘʶʱʠʤʠ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʝʡ ʞʠʚʳʭ ʤʠʢʨʦʙʥʳʭ ʠ 

ʢʣʝʪʦʯʥʳʭ ʦʙʲʝʢʪʦʚ. ʀʩʩʣʝʜʦʚʘʣʘʩʴ ʜʠʥʘʤʠʢʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ 

ʧʦʤʦʱʴʶ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʚʠʜʝʦʩʲʝʤʢʠ ʠ ʦʧʪʦʘʢʫʩʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʦʨʤʠʨʫʝʤʳʭ ʛʝʣʝʚʳʭ ʩʪʨʫʡ ʠ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ  ʨʝʞʠʤ ʨʘʙʦʪʳ ʣʘʟʝʨʘ. 
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LASER PRINTING OF GE L MICRODROPS  

WITH LIVING CELLULAR  AND MICROBIAL OBJECT S 
 

The report presents the results of experiments on laser printing with gel microdrops 

acting as carriers of living microbial and cellular objects. The dynamics of transport 

processes with the help of high-speed optical video and optoacoustic methods was 

studied, which made it possible to determine the characteristics of the formed gel jets 

and to optimize the operating mode of the laser. 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ 

ʣʘʟʝʨʥʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʧʝʨʝʥʦʩʘ ʚʝʱʝʩʪʚʘ (ʚ ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ - 

LIFT ï Laser induced forward transfer) [1], ʢʦʪʦʨʘʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ 

ʙʠʦʤʝʜʠʮʠʥʝ ʜʣʷ ʧʝʯʘʪʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ [2], ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ 

ʚ ʦʙʣʘʩʪʠ ʢʣʝʪʦʯʥʦʡ ʠʥʞʝʥʝʨʠʠ, ʠʟʦʣʠʨʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʢʣʝʪʦʢ [3], ʘ ʚ 

ʩʘʤʦʝ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ, ʠ ʜʣʷ ʚʳʜʝʣʝʥʠʷ (ʤʠʢʨʦʩʘʤʧʣʠʥʛʘ) 

ʪʨʫʜʥʦʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ [4]. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʣʘʟʝʨʥʦʛʦ ʧʝʨʝʥʦʩʘ ʥʘ ʧʨʘʢʪʠʢʝ, ʥʘ 

ʜʦʥʦʨʥʫʶ ʧʣʘʩʪʠʥʢʫ, ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ ʩʦʙʦʡ ʧʣʘʩʪʠʥʢʫ ʩʪʝʢʣʘ ʩ 

ʥʘʥʝʩʝʥʥʳʤ ʥʘ ʨʘʙʦʯʫʶ ʩʪʦʨʦʥʫ ʪʦʥʢʠʤ ʧʦʛʣʦʱʘʶʱʠʤ ʧʦʢʨʳʪʠʝʤ 

(ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʟʦʣʦʪʦ), ʥʘʥʦʩʠʪʩʷ ʩʣʦʡ ʛʝʣʝʚʦʛʦ ʩʫʙʩʪʨʘʪʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʚ ʩʝʙʝ ʥʘʧʦʣʥʠʪʝʣʴ (ʞʠʚʳʝ ʢʣʝʪʢʠ ʠʣʠ ʘʛʨʝʛʘʪʳ ʢʣʝʪʦʢ, 
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ʧʦʯʚʝʥʥʳʝ ʥʦʩʠʪʝʣʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ). ʃʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ ʠʤʧʫʣʴʩʥʦʛʦ 

ʣʘʟʝʨʘ ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʧʦʛʣʦʱʘʶʱʝʤ ʩʣʦʝ, ʟʘʪʝʤ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʥʝʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʦʛʣʦʱʘʶʱʝʛʦ ʩʣʦʷ ʠʩʧʘʨʷʝʪʩʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ, ʚʦʟʥʠʢʘʝʪ ʩʢʘʯʦʢ ʜʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʥʦʩʫ 

ʤʠʢʨʦʢʘʧʣʠ ʛʝʣʝʚʦʛʦ ʩʫʙʩʪʨʘʪʘ ʩ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʥʘ 

ʘʢʮʝʧʪʦʨʥʫʶ ʧʣʘʩʪʠʥʢʫ. ʇʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʣʘʟʝʨʥʦʛʦ ʧʝʨʝʥʦʩʘ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ (ʜʣʠʥʘ 

ʚʦʣʥʳ, ʜʣʠʪʝʣʴʥʦʩʪʴ, ʵʥʝʨʛʠʷ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʧʘʨʘʤʝʪʨʦʚ ʬʦʢʫʩʠʨʦʚʢʠ), 

ʪʦʣʱʠʥʳ ʠ ʩʪʨʫʢʪʫʨʳ ʧʦʛʣʦʱʘʶʱʝʛʦ ʧʦʢʨʳʪʠʷ, ʝʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʦʪ 

ʪʦʣʱʠʥʳ ʩʣʦʷ ʛʝʣʝʚʦʛʦ ʩʫʙʩʪʨʘʪʘ, ʝʛʦ ʩʦʩʪʘʚʘ, ʦʜʥʦʨʦʜʥʦʩʪʠ, ʚʷʟʢʦʩʪʠ, 

ʚʝʣʠʯʠʥʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ. ʅʘ ʢʣʝʪʦʯʥʳʝ ʠ ʤʠʢʨʦʙʥʳʝ ʦʙʲʝʢʪʳ 

ʚ ʧʨʦʮʝʩʩʝ ʣʘʟʝʨʥʦʡ ʧʝʯʘʪʠ, ʦʢʘʟʳʚʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʮʝʣʳʡ ʨʷʜ ʬʠʟʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ: ʣʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʧʨʦʰʝʜʰʝʝ ʯʝʨʝʟ ʧʦʛʣʦʱʘʶʱʠʡ ʩʣʦʡ; 

ʫʜʘʨʥʳʝ ʚʦʣʥʳ; ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ; ʰʠʨʦʢʦʧʦʣʦʩʥʦʝ ʦʧʪʠʯʝʩʢʦʝ 

ʠʟʣʫʯʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʣʘʟʤʳ ʚ ʧʦʛʣʦʱʘʶʱʝʤ ʩʣʦʝ; 

ʥʘʥʦʯʘʩʪʠʮʳ ʧʦʛʣʦʱʘʶʱʝʛʦ ʩʣʦʷ, ʢʦʪʦʨʳʝ ʚʤʝʩʪʝ ʩ ʛʝʣʝʤ ʤʦʛʫʪ 

ʧʝʨʝʥʦʩʠʪʴʩʷ ʥʘ ʘʢʮʝʧʪʦʨʥʫʶ ʧʦʜʣʦʞʢʫ. ʂʨʘʡʥʝ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ ʚʦʟʜʝʡʩʪʚʠʷ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʞʠʚʳʝ ʩʠʩʪʝʤʳ ʠ ʠʭ 

ʤʠʥʠʤʠʟʘʮʠʷ, ʯʝʤʫ ʠ ʧʦʩʚʷʱʝʥʘ ʪʝʢʫʱʘʷ ʨʘʙʦʪʘ. 

ʊʝʭʥʦʣʦʛʠʷ ʣʘʟʝʨʥʦʛʦ ʧʝʨʝʥʦʩʘ ʧʦʟʚʦʣʷʝʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ 

ʧʝʨʝʥʦʩʠʪʴ ʥʫʞʥʦʝ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ (ʦʪʜʝʣʴʥʳʝ 

ʢʣʝʪʢʠ ʠ ʠʭ ʘʛʣʦʤʝʨʘʪʳ, ʯʘʩʪʠʮʳ ʙʠʦʪʢʘʥʝʡ ʠ ʥʦʩʠʪʝʣʝʡ ʢʣʝʪʦʢ ʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ). ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʣ ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʦʮʝʩʩ ʣʘʟʝʨʥʦʛʦ 

ʚʳʜʝʣʝʥʠʷ ʤʠʢʨʦʙʥʳʭ ʦʙʲʝʢʪʦʚ ʠʟ ʧʦʯʚʝʥʥʳʭ ʥʦʩʠʪʝʣʝʡ ʩ ʮʝʣʴʶ 

ʚʳʜʝʣʝʥʠʷ ʪʨʫʜʥʦʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʠ ʥʝʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʢʣʘʩʩʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʙʠʦʤʝʜʠʮʠʥʝ ʠ ʬʘʨʤʘʮʝʚʪʠʢʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʥʦʚʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʠ ʘʥʪʠʙʠʦʪʠʢʦʚ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʝʜʩʪʘʚʣʷʝʤʦʡ ʨʘʙʦʪʳ [5] ʷʚʣʷʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʪʨʫʜʥʦ ʢʫʣʴʪʠʚʠʨʫʝʤʦʛʦ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʘ ʚʠʜʘ çNonomuraeaè ʠʟ ʯʝʨʥʦʟʝʤʥʦʛʦ ʛʨʫʥʪʘ ʉʘʨʘʪʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ, ʷʚʣʷʶʱʝʛʦʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ  ʬʘʨʤʘʮʝʚʪʠʢʠ. 
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3ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʌʀè 
 

ʇɽʈʀʆɼʀʏɽʉʂʀɽ ʉʊʈʋʂʊʋʈʓ, ʉʆɿɼɸʅʅʓɽ 

ʄɽʊʆɼʆʄ STED-DLW ʉʊɽʈɽʆʃʀʊʆɻʈɸʌʀʀ: 

ʄʆʈʌʆʃʆɻʀʗ ʀ ʆʇʊʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ 
 

ʄʝʪʦʜʦʤ STED-DLW ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʠ ʧʦʣʫʯʝʥʳ ʜʚʫʤʝʨʥʳʝ (ʬʦʪʦʥʥʳʝ 

ʘʥʪʝʥʥʳ) ʠ ʪʨʝʭʤʝʨʥʳʝ (ʬʦʪʦʥʥʳʝ ʢʨʠʩʪʘʣʣʳ) ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʥʳʝ 

ʩʪʨʫʢʪʫʨʳ. ʀʟʤʝʨʝʥʳ ʠʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʪʦʜʘʤʠ SEM ʠ AFM, ʘ 

ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʳ ʠʭ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʧʦʤʦʱʠ ʌʫʨʴʝ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ 

ʢʦʥʬʦʢʘʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. 

 

D.A. KOLYMAGIN
1
, R.D. ZVAGELSKY

1
, D.A. CHUBICH

1
, 

A.G. VITUKHNOVSKY
1,2,3

 
1Moscow Institute of Physics and Technology State University), Dolgoprudny 

2Lebedev Physical Institute of the RAS, Moscow 
3National Research Nuclear University MEPhI (Moscow Engineering Physics Institute) 

 

PERIODICAL STRUCTURES FABRICATED  

BY STED-DLW STEREOLITHOGRAPHY:  

MORPHOLOGY AND OPTICAL PROPERT IES 
 

Two-dimensional (photonic antennas) and three-dimensional (photonic crystals) 

periodic polymer structures were fabricated by STED-DLW stereolithography. Their 

morphological features were measured using SEM and AFM methods, also their optical 

properties were investigated by Fourier spectroscopy and confocal microscopy.  

 

ʉʦʚʨʝʤʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠ ̫ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʫʩʠʣʝʥʥʦʛʦ ʀʂ ʧʦʛʣʦʱʝʥʠʷ 

SEIRA (Surface-Enhanced Infrared Absorption) ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʚʝʣʠʯʠʚʘʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʜʦ 5 ʧʦʨʷʜʢʦʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʦʙʳʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʨʦʧʫʩʢʘʥʠʷ. ʕʬʬʝʢʪ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʧʦʜʣʦʞʢʠ [1]. ʄʘʩʢʫ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʘʢʠʭ ʬʦʪʦʥʥʳʭ ʘʥʪʝʥʥ ʚʦʟʤʦʞʥʦ 

ʩʦʟʜʘʪʴ ʧʨʠ ʧʦʤʦʱʠ ʧʨʷʤʦʛʦ ʣʘʟʝʨʥʦʛʦ ʧʠʩʴʤʘ (DLW ï Direct Laser 
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Writing). ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʷʚʣʝʥʠʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʨʠ 

ʦʩʚʝʱʝʥʠʠ ʬʦʪʦʨʝʟʠʩʪʘ ʠʟʣʫʯʝʥʠʝʤ ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ ʣʘʟʝʨʘ.  

ʈʘʟʨʝʰʝʥʠʝ DLW ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʜʣʠʥʝ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ ʤʦʞʥʦ 

ʧʦʚʳʩʠʪʴ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʜʝʶ STED (STimulated Emission Depletion ï 

ʛʘʰʝʥʠʝ ʚʳʥʫʞʜʝʥʥʳʤ ʠʟʣʫʯʝʥʠʝʤ) ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʘ ʵʬʬʝʢʪʠʚʥʦ 

ʚʦʟʙʫʞʜʝʥʥʦʡ ʦʙʣʘʩʪʠ. ʉʫʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʪʦʨʦʛʦ 

ʣʘʟʝʨʘ ʛʘʰʝʥʠʷ ʜʣʷ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʠʟʣʫʯʘʪʝʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ ʧʦ ʢʨʘʶ 

ʬʦʢʘʣʴʥʦʛʦ ʧʷʪʥʘ, ʪʦ ʝʩʪʴ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʘ ʚʦʟʙʫʞʜʝʥʥʦʡ ʦʙʣʘʩʪʠ 

ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʪʫʰʝʥʠʷ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʚʦʟʤʦʞʥʘ ʤʝʪʘʣʣʠʟʘʮʠʷ ʤʝʪʦʜʦʤ lift-off ʩʦʟʜʘʥʥʦʛʦ ʧʨʠ 

ʧʦʤʦʱʠ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʠ ʰʘʙʣʦʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʝʨʝʙʨʷʥʦʡ/ʟʦʣʦʪʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʪʜʝʣʴʥʳʡ 

ʠʥʪʝʨʝʩ ʧʨʝʞʜʝ ʚʩʝʛʦ ʟʘ ʩʯʝʪ ʧʣʘʟʤʦʥʥʳʭ ʵʬʬʝʢʪʦʚ. ʉʦʟʜʘʥʘ ʫʩʪʘʥʦʚʢʘ 

ʜʣʷ STED-DLW ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʠ ʥʘ ʦʩʥʦʚʝ ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ Ti:Sapphire 

ʣʘʟʝʨʘ ʩ ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ 720-860 ʥʤ ʠ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʠʤʧʫʣʴʩʘ 50 ʬʩ, ʘ ʪʘʢʞʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʣʘʟʝʨʘ ʛʘʰʝʥʠʷ ʩ 

ʜʣʠʥʦʡ ʚʦʣʥʳ 532 ʥʤ; ʧʦʜʦʙʨʘʥʳ ʩʦʩʪʘʚ ʬʦʪʦʨʝʟʠʩʪʘ ʠ ʧʘʨʘʤʝʪʨʳ STED-

DLW ʣʠʪʦʛʨʘʬʠʠ [2]. ʇʨʠ ʧʦʤʦʱʠ ʫʣʫʯʰʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʷʤʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʧʠʩʴʤʘ ʙʳʣʠ ʩʦʟʜʘʥʳ 2D- (ʨʠʩ. 1) ʠ 3D-ʧʝʨʠʦʜʠʯʝʩʢʠʝ 

ʩʪʨʫʢʪʫʨʳ ʩ ʨʘʟʥʳʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʧʝʨʠʦʜʘʤʠ. ʄʦʨʬʦʣʦʛʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʘ ʪʘʢʞʝ ʙʳʣʠ 

ʠʩʩʣʝʜʦʚʘʥʳ ʠʭ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʧʦʤʦʱʠ ʌʫʨʴʝ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʠ 

ʩʢʘʥʠʨʫʶʱʝʡ ʣʘʟʝʨʥʦʡ ʢʦʥʬʦʢʘʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ.  

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ɽʣʠʩʝʝʚʫ ʉ.ʇ. ʟʘ ʧʦʤʦʱʴ ʩ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ, ʘ ʪʘʢʞʝ ʉʳʯʝʚʫ ɺ.ɺ. ʟʘ ʮʝʥʥʳʝ 

ʢʦʥʩʫʣʴʪʘʮʠʠ ʠ ʪʝʭʥʠʯʝʩʢʫʶ ʧʦʤʦʱʴ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʧʨʠ 

ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ ʈʅʌ  ˉ17-79- 20418). 

ʀʟʫʯʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʚʦʡʩʪʚ 2D-ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʚʳʧʦʣʥʷʣʦʩʴ 

ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʈʌʌʀ ˉ 17-02- 01408. 
 

 
ʈʠʩ. 1. SEM-ʠʟʦʙʨʘʞʝʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 2D ʩʪʨʫʢʪʫʨʳ çʰʪʨʠʭʠè 

 
 ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Jahn M., Patze S., Hidi I.J., et al. // Analyst. 2016. V.141. P.756-793. 

2. Vitukhnovsky A.G., Chubich D.A., Eliseev S.P., et al. // J. Russ. Laser Res. 2017. V.38. 
No.4. P.377-384. 
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1ʅʘʫʯʥʦ-ʧʨʦʝʢʪʥʳʡ ʮʝʥʪʨ ʆʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘʙʣʶʜʝʥʠʷ -  

ʬʠʣʠʘʣ ɸʆ çʂʦʨʧʦʨʘʮʠʷ çʂʦʤʝʪʘè, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 
2ʆʆʆ çɺʝʛʘʣʶʢʩè, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʀ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɽ 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʌʆʂʋʉʀʈʋʖʑʀʍ ʉɺʆʁʉʊɺ 

ɼɺʋʄɽʈʅʆʁ ɿʆʅʅʆʁ ʇʃɸʉʊʀʅʂʀ ʌʈɽʅɽʃʗ  

ʇʈʀ ʉʀʅʊɽɿɽ ɽɽ ʂʆʃɽʎ ʅɸɹʆʈʆʄ ʄɸʃʓʍ ʆʊɺɽʈʉʊʀʁ 
 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʦʢʫʩʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ ʧʨʦʪʦʪʠʧʘ ʟʦʥʥʦʡ ʧʣʘʩʪʠʥʢʠ ʌʨʝʥʝʣʷ 

ʜʠʘʤʝʪʨʦʤ 6,78 ʤʤ, ʦʙʨʘʟʦʚʘʥʥʦʡ 201 ʦʪʚʝʨʩʪʠʝʤ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʦʣʴʛʝ. 
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MODELING AND EXPERIM ENTAL INVESTIGATION  

OF FOCUSING PROPERTIES OF TWO-DIMENSIONAL 

FRESNEL PLATE IN ITS  RINGS SYNTHESIS  

BY MANY SMALL HOLES  
 

The results of the numerical simulation and experimental investigation of simple 

prototype of photon sieve with diameter 6.78 mm formed by 201 holes in metal foil are 

given. 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʦʪʤʝʯʘʝʪʩʷ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʧʫʪʝʡ ʩʦʟʜʘʥʠʷ ʪʝʣʝʩʢʦʧʦʚ ʩ ʙʦʣʴʰʦʡ ʘʧʝʨʪʫʨʦʡ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʨʝʬʨʘʢʮʠʦʥʥʳʤ 

(ʣʠʥʟʘʤ) ʠʣʠ ʟʝʨʢʘʣʴʥʳʤ ʵʣʝʤʝʥʪʘʤ. ɺ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʜʠʬʨʘʢʮʠʦʥʥʳʡ 

ʵʣʝʤʝʥʪ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥ ʥʘ ʦʩʥʦʚʝ ʣʝʛʢʦʡ ʪʦʥʢʦʡ ʧʣʦʩʢʦʡ 
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ʥʝʧʨʦʟʨʘʯʥʦʡ ʧʣʝʥʢʠ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ (10
6
 ʠ ʙʦʣʝʝ) ʦʪʚʝʨʩʪʠʡ. ʇʦ 

ʩʫʱʝʩʪʚʫ ʚ ʦʩʥʦʚʝ ʪʘʢʦʛʦ ʪʠʧʘ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʣʝʞʠʪ ʟʦʥʥʘʷ 

ʧʣʘʩʪʠʥʢʘ ʌʨʝʥʝʣʷ (ɿʇʌ), ʚ ʢʦʪʦʨʦʡ ʢʦʣʴʮʘ çʨʘʟʙʠʚʘʶʪʩʷè ï ʦʥʠ 

ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʠʟʦʣʠʨʦʚʘʥʥʳʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʢʨʫʛʣʳʭ 

ʦʪʚʝʨʩʪʠʡ ʩ ʜʠʘʤʝʪʨʦʤ, ʙʣʠʟʢʠʤ ʢ ʰʠʨʠʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʦʣʴʮʘ 

ʟʦʥʥʦʡ ʧʣʘʩʪʠʥʢʠ [1, 2].  

ʅʘʤʠ ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʬʦʢʫʩʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ 

ʪʘʢʦʛʦ ʪʠʧʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ɿʇʌ, ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʦʪʚʝʨʩʪʠʷ ʚ ʥʝʩʢʦʣʴʢʠʭ ʧʝʨʚʳʭ ʥʝʯʝʪʥʳʭ ʟʦʥʘʭ ʧʣʘʩʪʠʥʢʠ: 

ʧʦʣʦʞʝʥʠʷ ʠ ʨʘʟʤʝʨʳ ʩʠʥʪʝʟʠʨʫʶʱʠʭ ʦʪʚʝʨʩʪʠʡ, ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʦ. 

ʈʘʩʯʝʪʳ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʘʭ: ʜʣʠʥʘ ʚʦʣʥʳ ʦʧʪʠʯʝʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ɚ = 1 ʤʢʤ, ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʢʦʣʴʮʝʚʦʡ ɿʇʌ F = 100 ʩʤ.  

ɼʣʷ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʟʛʦʪʦʚʣʝʥʦ ʥʝʩʢʦʣʴʢʦ ʧʨʦʪʦʪʠʧʦʚ 

ɿʇʌ ʩ ʦʪʚʝʨʩʪʠʷʤʠ ʜʠʘʤʝʪʨʦʤ ʦʪ 318 ʜʦ 110 ʤʢʤ (ʩʪʨʫʢʪʫʨʳ ʩ ʯʠʩʣʦʤ 

ʢʦʣʝʮ ʦʪ 5 ʜʦ 10). ʇʨʦʪʦʪʠʧʳ ʚʳʧʦʣʥʝʥʳ ʥʘ ʘʣʶʤʠʥʠʝʚʦʡ ʬʦʣʴʛʝ 

ʪʦʣʱʠʥʦʡ 10 ʤʢʤ. ʊʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʪʚʝʨʩʪʠʡ ï ʤʝʪʦʜ ʣʘʟʝʨʥʦʡ 

ʨʝʟʢʠ ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʤ ʣʘʟʝʨʥʳʤ ʧʫʯʢʦʤ ʩ ʜʠʘʤʝʪʨʦʤ ʦʢʦʣʦ 20 ʤʢʤ. 

ʆʪʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʚʝʜʝʥʘ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʪʝʩʪʦʚʳʭ ʦʙʨʘʟʮʦʚ.  

ʅʘ ʨʠʩ. 1 ʜʣʷ ʧʨʠʤʝʨʘ ʧʦʢʘʟʘʥ ʚʥʝʰʥʠʡ ʚʠʜ ʦʜʥʦʡ ʠʭ ʩʪʨʫʢʪʫʨ: 66 

ʦʪʚʝʨʩʪʠʡ ʥʘ ʚʥʝʰʥʝʡ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʦʤ 3239 ʤʢʤ ʧʨʠ ʦʙʱʝʤ ʯʠʩʣʝ 

ʦʪʚʝʨʩʪʠʡ 201, ʘ ʥʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ 

ʧʣʦʩʢʦʩʪʠ ʬʦʢʫʩʠʨʦʚʢʠ (ʠʟʤʝʨʝʥʠʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 0,63 ʤʢʤ). ʐʠʨʠʥʘ ʧʦ 

ʧʦʣʦʚʠʥʥʦʤʫ ʫʨʦʚʥʶ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 150 ʤʢʤ. ʈʘʩʯʝʪʳ ʠ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ ʧʦʣʷ 2ʩʤ ʭ 2ʩʤ ʬʦʨʤʘ ʠ ʧʘʨʘʤʝʪʨʳ 

ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʧʷʪʥʘ ʜʣʷ ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. 

ɼʣʷ ʩʪʨʫʢʪʫʨʳ ʜʠʘʤʝʪʨʦʤ 1,4 ʤ ʠ F = 50 ʤ (ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʡ ʦʪ 2248 ʜʦ 

35 ʤʢʤ) ʧʦʣʝ ʟʨʝʥʠʷ ʧʦ ʦʮʝʥʦʯʥʳʤ ʨʘʩʯʝʪʘʤ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 0,2 ʛʨʘʜʫʩʘ. 

  
ʈʠʩ. 1. ʉʠʥʪʝʟʠʨʦʚʘʥʥʘʷ ʟʦʥʥʘʷ 

ʧʣʘʩʪʠʥʢʘ ʌʨʝʥʝʣʷ 

ʈʠʩ. 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ 

ʧʣʦʩʢʦʩʪʠ ʬʦʢʫʩʠʨʦʚʢʠ 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Andersen G., Tullson D. // Applied Optics. 2007. V.46 (8). P.3706-3708. 
2. Chen Z., Wang C., Pu D., Hu J., Chen L. // Optics Express. 2010. V.18 (15). P.16279-16288. 
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ʇ.ɺ. ʂɸʈɽɺ 
ʆʆʆ çʇʨʦʤʳʰʣʝʥʥʘʷ ʤʝʪʨʦʣʦʛʠʷè, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ʇʔɽɿʆɸʂʊʖɸʊʆʈʓ ɼʃʗ ʄʀʂʈʆʇɽʈɽʄɽʑɽʅʀʁ  

ɺ ʆʇʊʆʕʃɽʂʊʈʆʅʀʂɽ 
 

ʇʴʝʟʦʘʢʪʶʘʪʦʨʳ ʷʚʣʷʶʪʩʷ ʢʦʤʧʘʢʪʥʳʤʠ, ʜʠʥʘʤʠʯʥʳʤʠ ʠ ʪʦʯʥʳʤʠ ʧʨʠʚʦʜʘʤʠ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʥʘ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʝ, ʥʝʜʦʩʪʠʞʠʤʦʡ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ, ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʧʴʝʟʦʘʢʪʶʘʪʦʨʳ ʚ 

ʩʠʩʪʝʤʘʭ ʤʠʢʨʦʩʢʘʥʠʨʦʚʘʥʠʷ ʣʠʥʟʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʀʂ-ʜʝʪʝʢʪʦʨʘ, ʚ ʫʛʣʦʚʳʭ 

ʜʝʬʣʝʢʪʦʨʘʭ ʜʣʷ ʩʢʘʥʠʨʦʚʘʥʠʷ ʟʝʨʢʘʣʦʤ ʩ ʮʝʣʴʶ ʫʧʨʘʚʣʝʥʠʷ ʣʘʟʝʨʥʳʤ ʣʫʯʦʤ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʧʦʣʦʞʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʠʩʪʝʤʘʭ ʬʦʢʫʩʠʨʦʚʢʠ.  
 

P.V. KAREV 
Industrial metrology Co LTD, Saint-Petersburg 

 

PIEZOACTIVATORS MICRO MOTIONS  

FOR OPTOELECTRONIC APPLICATION  
 

Piezo actuators are compact, dynamic and precise drives. Ability to work on high 

frequency, unattainable with standard electromagnetic motors, allows the use of piezo 

actuators in micro scanning systems with a lens scanning relative to the IR detector, in 

tip-tilt deflectors for scanning by a mirror to control the laser beam. The use of strain 

gage sensors allows providing high accuracy for use in focusing systems. 

 

ʇʴʝʟʦʘʢʪʶʘʪʦʨ ʩ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ ʫʩʠʣʠʪʝʣʝʤ ʧʝʨʝʤʝʱʝʥʠʷ APAÈ 

(Amplified Piezoelectric Actuator) ʩʦʩʪʦʠʪ ʠʟ ʤʥʦʛʦʩʣʦʡʥʦʡ ʧʴʝʟʦʢʝʨʘʤʠʢʠ 

ʠ ʚʥʝʰʥʝʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʦʨʧʫʩʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʚ ʬʦʨʤʝ ʵʣʣʠʧʩʘ. 

APAÈ ʷʚʣʷʶʪʩʷ ʩʞʠʤʘʶʱʠʤʠ ʧʴʝʟʦʘʢʪʶʘʪʦʨʘʤʠ. ʈʘʙʦʯʝʡ ʦʩʴʶ ʷʚʣʷʝʪʩʷ 

ʤʘʣʘʷ ʦʩʴ ʢʦʨʧʫʩʘ ʧʴʝʟʦʘʢʪʫʘʪʦʨʘ, ʢʦʪʦʨʘʷ ʩʞʠʤʘʝʪʩʷ ʧʨʠ ʧʦʜʘʯʝ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʧʴʝʟʦʢʝʨʘʤʠʢʫ [1] . ʕʣʣʠʧʪʠʯʝʩʢʠʡ ʢʦʨʧʫʩ ʧʴʝʟʦʘʢʪʶʘʪʦʨʘ 

APAÈ (ʨʠʩ. 1) ʨʝʰʘʝʪ ʥʝʩʢʦʣʴʢʦ ʟʘʜʘʯ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ: ʦʙʝʩʧʝʯʝʥʠʝ 

ʦʧʪʠʤʘʣʴʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʝʜʥʘʛʨʫʟʢʠ ʤʥʦʛʦʩʣʦʡʥʦʡ ʧʴʝʟʦʢʝʨʘʤʠʢʠ 

ʜʣʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ (ʨʠʩ. 2); 

ʦʙʝʩʧʝʯʝʥʠʝ ʫʚʝʣʠʯʝʥʠʷ ʭʦʜʘ ʧʴʝʟʦʘʢʪʶʘʪʦʨʘ ʟʘ ʩʯʝʪ ʜʝʡʩʪʚʠʷ ʨʳʯʘʛʘ; 

ʦʙʝʩʧʝʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʜʝʨʞʠʚʘʪʴ ʙʦʣʴʰʠʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ 

ʥʘʛʨʫʟʢʠ ʠ ʢʨʫʪʷʱʠʝ ʤʦʤʝʥʪʳ; ʦʙʝʩʧʝʯʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ 

ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʧʴʝʟʦʢʝʨʘʤʠʢʠ ʠ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ. 
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ʈʠʩ. 1. ɺʠʜ APA120S ʈʠʩ. 2. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʤʝʭʘʥʠʯʝʩʢʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʧʴʝʟʦʢʝʨʘʤʠʢʠ 

 

ʇʨʠʤʝʥʝʥʠʝ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʜʝʨʞʘʥʠʷ ʧʦʣʦʞʝʥʠʷ ʩʦ ʩʨʝʜʥʠʤ ʠʟʤʝʥʝʥʠʝʤ ʚ ʧʨʝʜʝʣʘʭ ʤʝʥʝʝ Ñ 5 ʥʤ ʦʪ 

ʠʩʭʦʜʥʦʛʦ ʧʦʣʦʞʝʥʠʷ. ʇʴʝʟʦʘʢʪʫʘʪʦʨʳ APA ʩ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ 

ʨʳʯʘʞʥʳʤ ʫʩʠʣʠʪʝʣʝʤ ʧʝʨʝʤʝʱʝʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʣʝʪʥʦʤ 

ʧʨʠʤʝʥʝʥʠʠ ʚ ʪʨʝʭʦʩʝʚʦʤ ʩʢʘʥʠʨʫʶʱʝʤ ʤʝʭʘʥʠʟʤʝ ʜʣʷ ROSETA/MIDAS 

ʩ ʧʦʩʘʜʢʦʡ ʚ 2014 ʛʦʜʫ ʥʘ ʠʟʫʯʘʝʤʫʶ ʢʦʤʝʪʫ ʏʫʨʶʤʦʚʘ-ɻʝʨʘʩʠʤʝʥʢʦ. 

MIDAS (ʩʦʢʨʘʱʝʥʠʝ ʦʪ çMICRO-IMAGING DUST ANALIS SYSTEMè) - 

ʘʪʦʤʥʳʡ ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʯʘʩʪʠʮ 

ʧʳʣʠ [2, 3]. ʇʴʝʟʦʘʢʪʫʘʪʦʨʳ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʤʠʢʨʦʩʢʘʥʠʨʦʚʘʥʠʷ  ʩ 

ʧʦʚʳʰʝʥʥʦʡ ʯʘʩʪʦʪʦʡ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʤʘʪʨʠʮʳ; 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʘʷ ʨʘʙʦʪʘ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʰʪʦʨʦʢ ʚ ʩʠʥʭʨʦʪʨʦʥʘʭ; 

ʫʛʣʦʚʳʝ ʜʝʬʣʝʢʪʦʨʳ (ʩʢʘʥʠʨʫʶʱʠʝ ʟʝʨʢʘʣʘ). ʇʴʝʟʦʤʝʭʘʥʠʟʤʳ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʜʣʷ 

ʚʳʩʦʢʦʥʘʜʝʞʥʳʭ ʧʨʠʤʝʥʝʥʠʡ. ʈʘʟʚʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʧʴʝʟʦ ʤʝʭʘʥʠʟʤʦʚ 

ʚ ʩʠʩʪʝʤʘʭ ʬʦʢʫʩʠʨʦʚʢʠ ʣʘʟʝʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʣʠʜʘʨʦʚ. ʈʘʟʚʠʚʘʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʧʴʝʟʦ ʤʝʭʘʥʠʟʤʦʚ ʚ ʢʨʠʦʛʝʥʥʦʡ ʩʨʝʜʝ.  
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
1. ɹʦʙʮʦʚ ɸ.ɸ., ɹʦʡʢʦʚ ɺ.ʀ., ɹʳʩʪʨʦʚ ʉ.ɺ., ɻʨʠʛʦʨʴʝʚ ɺ.ɺ., ʂʘʨʝʚ ʇ.ɺ. ʀʩʧʦʣʥʠʪʝʣʴʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʠʩʪʝʤʳ ʜʣʷ ʤʠʢʨʦʧʝʨʝʤʝʱʝʥʠʡ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ. ʉʇʙ.: ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ, 

2017. 
2. Letty R. Le, Barillot F., Fabbro H., Claeyssen F., Guay Ph., Cadiergues L., Karev P.V. 

ʄʠʥʠʘʪʶʨʥʳʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʜʣʷ ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʠʭ ʠ ʢʦʩʤʠʯʝʩʢʠʭ 

ʧʨʠʤʝʥʝʥʠʡ // ʂʨʘʩʥʦʛʦʨʩʢ: ʂʦʥʪʝʥʘʥʪ. 2016. ʊ.15. ˉ1. ʉ. 67-72. 
3. ʉʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʷ, ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʟʝʤʣʠ: 

ʤʘʪʝʨʠʘʣʳ XIV  ʢʦʥʬ. ʄʦʩʢʦʚʩʢʦʝ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʱʝʩʪʚʦ ʨʘʜʠʦʪʝʭʥʠʢʠ, ʵʣʝʢʪʨʦʥʠʢʠ 

ʠ ʩʚʷʟʠ ʠʤ. ɸ.ʉ. ʇʦʧʦʚʘ, ʬʠʣʠʘʣ ɸʆ çʈʂʎ çʇʨʦʛʨʝʩʩè ʅʇʇ çʆʇʊʕʂʉè, 2017. ʉ.320-324. 
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ʉ.ɸ. ɹɸʈʓʐɽɺ, ʉ.ɹ. ʆɼʀʅʆʂʆɺ, ɸ.ʉ. ʂʋɿʅɽʎʆɺ 
ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ 

 

ʇʃɸɿʄʆʅʅʓɽ ʄɸɻʅʀʊʆʆʇʊʀʏɽʉʂʀɽ ʉʊʈʋʂʊʋʈʓ 

ɼʃʗ ɺʀɿʋɸʃʀɿɸʎʀʀ ʄɸɻʅʀʊʅʓʍ ʅʆʉʀʊɽʃɽʁ 

ʀʅʌʆʈʄɸʎʀʀ 
 

ʆʧʪʠʯʝʩʢʘʷ ʛʦʣʦʚʢʘ ʩʦ ʩʣʦʝʤ ʥʘʤʘʛʥʠʯʝʥʥʦʛʦ ʛʨʘʥʘʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʠʩʫʪʩʪʚʠʷ ʪʦʥʢʠʭ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʩʣʦʝʚ, ʠ ʜʨʫʛʠʭ ʥʦʩʠʪʝʣʝʡ 

ʤʘʛʥʠʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʉʦʟʜʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ. ʇʘʜʘʶʱʠʡ  

P-ʧʦʣʷʨʠʟʦʚʘʥʥʳʡ ʩʚʝʪ, ʧʦʜʚʝʨʞʝʥʥʳʡ ʚʣʠʷʥʠʶ ʛʨʘʥʘʪʦʚʦʛʦ ʩʣʦʷ, ʧʦʣʷʨʠʟʘʮʠʶ ʟʘ 

ʩʯʸʪ ʵʬʬʝʢʪʘ ʌʘʨʘʜʝʷ. ʉʨʘʚʥʠʚʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʘʥʘʣʠʟʘʪʦʨ 

ʩʚʝʪʘ ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ ʤʘʛʥʠʪʥʳʡ ʥʦʩʠʪʝʣʴ ʠʥʬʦʨʤʘʮʠʠ.  

 

S.A. BARYSHEV, S.B. ODINOKOV, A.S. KUZNETSOV 
Bauman Moscow State Technical University 

 

PLASMONIC MAGNETOOPTIC STRUCTURES  

FOR VISUALIZATION OF MAGNETIC INFORMATION  
 

Optical head with magnetized garnet layer is used to detect presence of thin 

ferromagnetic layers such as printed text. Mathematical model of the system was 

created. Incident P-polarized light affected by garnet layer changes its polarization due 

to Faraday effect. We can detect presence or absence of magnetic information after 

studying changes in polarization of the reflected light.  

 

ʈʘʟʚʠʪʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ ʩʚʷʟʘʥʦ ʩ 

ʫʚʝʣʠʯʠʚʘʶʱʠʤʩʷ ʧʦʪʝʥʮʠʘʣʦʤ ʪʝʭʥʦʣʦʛʠʠ ʨʦʩʪʘ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʅʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʠʟʛʦʪʦʚʣʝʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤʠ ʨʘʟʤʝʨʘʤʠ ʤʝʥʝʝ ʜʣʠʥ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨ ʪʘʢʦʛʦ ʢʣʘʩʩʘ ʜʘʣʦ 

ʥʘʯʘʣʦ ʪʝʦʨʠʠ ʧʣʘʟʤʦʥʥʳʭ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ, ʚʩʸ ʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʢ ʩʝʙʝ ʧʨʠʪʷʛʠʚʘʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʝʟʦʥʘʥʩʥʦʛʦ ʫʩʠʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʧʫʩʢʘʥʠʷ ʠ ʵʬʬʝʢʪʘ ʌʘʨʘʜʝʷ ʚ 

ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʭ ʧʣʘʟʤʦʥʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨʘʭ [1, 2]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʠʭ 

ʩʪʨʫʢʪʫʨ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʛʦʣʦʚʢʠ ʩ ʮʝʣʴʶ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʤʘʛʥʠʪʥʳʭ ʥʦʩʠʪʝʣʝʡ ʠʥʬʦʨʤʘʮʠʠ. ʄʦʜʝʣʴ ʛʦʣʦʚʢʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1 

[3, 4]. ʀʩʪʦʯʥʠʢʦʤ ʠʟʣʫʯʝʥʠʷ ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʩʣʫʞʠʪʴ ʛʝʣʠʡ-

ʥʝʦʥʦʚʳʡ ʣʘʟʝʨ (l = 632.8ʥʤ). 
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ʉʚʝʪ ʦʪ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʧʦʣʷʨʠʟʘʪʦʨʦʤ ʩʪʘʥʦʚʷʩʴ 

P-ʧʦʣʷʨʠʟʦʚʘʥʥʳʤ. ʊʘʢʘʷ ʧʦʣʷʨʠʟʘʮʠʷ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ 

ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ. ɼʘʣʝʝ ʧʨʝʪʝʨʧʝʚʘʝʪ ʚʨʘʱʝʥʠʝ ʧʣʦʩʢʦʩʪʠ 

ʧʦʣ̫ʨʠʟʘʮʠʠ ʚ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʦʤ ʚʝʱʝʩʪʚʝ ʟʘ ʩʯʸʪ ʵʬʬʝʢʪʘ ʌʘʨʘʜʝʷ ʠ 

ʫʩʠʣʝʥʠʠ ʝʛʦ ʧʣʘʟʤʦʥʥʳʤ ʨʝʟʦʥʘʥʩʦʤ. ʄʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ 

ʷʚʣʷʣʩʷ ʥʘʤʘʛʥʠʯʝʥʥʳʡ ʚʠʩʤʫʪ-ʟʘʤʝʱʝʥʥʳʡ ʞʝʣʝʟʦʠʪʪʨʠʝʚʳʡ ʛʨʘʥʘʪ 

ʪʦʣʱʠʥʦʡ ʚ 500 ʥʤ. ʇʣʘʟʤʦʥʥʳʡ ʨʝʟʦʥʘʥʩ ʚʦʟʥʠʢʘʝʪ ʥʘ ʥʘʥʝʩʝʥʥʦʡ ʥʘ 

ʛʨʘʥʘʪ ʟʦʣʦʪʦʡ ʨʝʰʝʪʢʝ ʩ ʧʝʨʠʦʜʦʤ D = 0,13 ɛʤ. ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʩ ʟʦʣʦʪʦʡ 

ʨʝʰʝʪʢʦʡ ʠ ʙʝʟ ʥʝʸ. ɹʦʣʴʰʘʷ ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʣʘʟʤʦʥʥʦʛʦ ʵʬʬʝʢʪʘ ʠ ʥʘ ʧʠʢʝ ʚʨʘʱʝʥʠʷ ʧʣʦʩʢʦʩʪʠ 

ʧʦʣʷʨʠʟʘʮʠʠ ʧʨʦʮʝʥʪ ʧʨʦʭʦʜʷʱʝʡ ʵʥʝʨʛʠʠ ʙʣʠʟʦʢ ʢ ʥʫʣʶ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʫʯʠʪʳʚʘʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʧʣʦʩʢʦʩʪʠ 

ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʤʦʱʥʦʩʪʠ ʧʨʦʭʦʜʷʱʝʛʦ ʠʟʣʫʯʝʥʠʷ. 
 

  
ʈʠʩ. 1. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʠ: 1 - ʧʦʣʷʨʠʟʘʪʦʨ,  

2 - ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ,  

3 - ʩʣʦʡ ʤʘʛʥʠʪʥʦʛʦ ʥʦʩʠʪʝʣʷ 

ʠʥʬʦʨʤʘʮʠʠ, 4 - ʘʥʘʣʠʟʘʪʦʨ 

ʈʠʩ. 2. ɺʨʘʱʝʥʠʝ ʧʣʦʩʢʦʩʪʠ 

ʧʦʣʷʨʠʟʘʮʠʠ, ʩʧʣʦʰʥʘʷ  

ʣʠʥʠʷ - ʩ ʨʝʰʝʪʢʦʡ ʠʟ ʟʦʣʦʪʘ, 

ʧʫʥʢʪʠʨʥʘʷ - ʙʝʟ ʨʝʰʝʪʢʠ 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʤʘʛʥʠʪʥʳʭ ʩʠʛʥʘʣʦʛʨʘʤʤ ʬʦʨʤʘʪʘ ʟʘʧʠʩʠ ʪʠʧʘ VHS // 

ɽʩʪʝʩʪʚʝʥʥʳʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ. 2014. ˉ4. ʉ.122-124. 
4. ʆʜʠʥʦʢʦʚ ʉ.ɹ., ʂʫʟʥʝʮʦʚ ɸ.ʉ. ʆʮʝʥʢʘ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʚʫʩʣʦʡʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ // ʅʘʫʢʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ: ʥʘʫʯ. ʠʟʜ. ʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ. 2012. ˉ2. 
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ɼ.ɺ. ɻʆʈɹɸʏ, ʉ.ɸ. ʅɸɿɸʈʆɺ, ɽ.ɸ. ʄɽʃʔʅʀʂʆɺɸ, 

ʉ.ʅ. ʂʋʈʀʃʂʀʅɸ, ɸ.ʃ. ʊʆʃʉʊʀʂ 
ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʠʥʩʢ 

 

ʉʇʀʅ-ʆʈɹʀʊɸʃʔʅʆɽ ʇʈɽʆɹʈɸɿʆɺɸʅʀɽ ɹɽʉʉɽʃɽɺʓʍ 

ʉɺɽʊʆɺʓʍ ʇʋʏʂʆɺ ɾʀɼʂʆʂʈʀʉʊɸʃʃʀʏɽʉʂʀʄʀ 

ʕʃɽʄɽʅʊɸʄʀ 
 

ɺʧʝʨʚʳʝ ʨʝʘʣʠʟʦʚʘʥʦ ʩʧʠʥʦʨʙʠʪʘʣʴʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʙʝʩʩʝʣʝʚʳʭ ʩʚʝʪʦʚʳʭ 

ʧʫʯʢʦʚ ʧʨʠ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠ ʫʧʨʘʚʣʷʝʤʦʡ 

ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʷʯʝʡʢʝ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʠʟʤʝʥʝʥʠʝ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ, 

ʬʘʟʦʚʦʡ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʫʯʢʘ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʙʝʩʩʝʣʝʚʘ ʩʚʝʪʦʚʦʛʦ ʧʫʯʢʘ ʚʜʦʣʴ ʦʩʠ ʞʠʜʢʦʛʦ ʢʨʠʩʪʘʣʣʘ 

ʛʝʥʝʨʠʨʫʝʪʩʷ ʧʫʯʦʢ ʩ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ, ʧʨʠ ʵʪʦʤ ʪʦʧʦʣʦʛʠʯʝʩʢʠʡ 

ʟʘʨʷʜ ʠʟʤʝʥʷʝʪʩʷ ʥʘ ʜʚʝ ʝʜʠʥʠʮʳ.  
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SPIN-ORBITAL TRANSFORMATION OF BESSEL LIGHT 

BEAMES BY LIQUID CRYSTAL ELEMENTS  
 

The spin-orbital transformation of Bessel light beams at their propagation in 

electrically controlled liquid crystal cell has been realized for the first time. The change 

in the polarization, phase and spatial structure of the beam is analyzed and it is shown 

that a beam with orthogonal polarization and topological charge changed by two units is 

generated when a Bessel light beam propagates along the axis of a liquid crystal. 

 

ʇʦʥʷʪʠʝ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʦʧʪʠʢʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʩʚʝʪʦʚʳʭ ʧʫʯʢʦʚ ʩ ʬʘʟʦʚʦʡ ʩʠʥʛʫʣʷʨʥʦʩʪʴʶ. ʉʧʠʥʦʚʳʡ 

ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ ʩʚʷʟʳʚʘʶʪ ʩ ʧʦʣʷʨʠʟʘʮʠʝʡ ʩʚʝʪʦʚʦʛʦ ʧʫʯʢʘ, ʘ 

ʦʨʙʠʪʘʣʴʥʳʡ ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ ï ʩ ʧʨʦʬʠʣʝʤ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʠ 

ʪʦʧʦʣʦʛʠʯʝʩʢʠʤ ʟʘʨʷʜʦʤ [1, 2]. ʉʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʠʟʤʝʥʝʥʠʠ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ 

ʟʘʨʷʜʘ ʠ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʥʝʦʜʥʦʨʦʜʥʳʭ ʠʣʠ ʘʥʠʟʦʪʨʦʧʥʳʭ ʩʨʝʜʘʭ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʙʝʩʩʝʣʝʚʘ ʧʫʯʢʘ ʥʘ ʦʜʥʦʦʩʥʳʡ 

ʢʨʠʩʪʘʣʣ [3]. ʆʜʥʘʢʦ, ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤʘ ʪʦʣʱʠʥʘ ʢʨʠʩʪʘʣʣʘ ʚ ʥʝʩʢʦʣʴʢʦ ʤʠʣʣʠʤʝʪʨʦʚ ï ʩʘʥʪʠʤʝʪʨʦʚ. 

ʇʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʧʝʨʝʭʦʜ ʢ ʞʠʜʢʠʤ ʢʨʠʩʪʘʣʣʘʤ (ɾʂ), 
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ʦʙʣʘʜʘʶʱʠʤ ʥʘ ʜʚʘ ï ʪʨʠ ʧʦʨʷʜʢʘ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ. ʇʨʠ ʵʪʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʬʬʝʢʪʘ ʌʨʝʜʝʨʠʢʩʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʧʝʨʝʦʨʠʝʥʪʘʮʠʝʡ 

ʜʠʨʝʢʪʦʨʘ ɾʂ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ ʫʧʨʘʚʣʝʥʠʝ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʩʧʠʥʦʚʦʡ ʠ ʦʨʙʠʪʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ ʙʝʩʩʝʣʝʚʘ 

ʩʚʝʪʦʚʦʛʦ ʧʫʯʢʘ ʧʨʠ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠ ʫʧʨʘʚʣʷʝʤʦʡ 

ɾʂ ʷʯʝʡʢʝ ʩ ʪʦʣʱʠʥʦʡ ʩʣʦʷ ɾʂ 20 ʤʢʤ.  

ɼʣʷ ʠʟʫʯʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʙʝʩʩʝʣʝʚʘ ʩʚʝʪʦʚʦʛʦ ʧʫʯʢʘ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʫʧʨʘʚʣʷʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 

ʠʟʤʝʥʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʳʭʦʜʥʦʛʦ ʧʦʣʷ ʚ ʜʘʣʴʥʝʡ ʟʦʥʝ ʚ 

ʩʭʝʤʝ ʩʦ ʩʢʨʝʱʝʥʥʳʤʠ ʧʦʣʷʨʠʟʘʪʦʨʦʤ ʠ ʘʥʘʣʠʟʘʪʦʨʦʤ. ɺ ʦʪʩʫʪʩʪʚʠʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠʤʝʝʤ ʤʘʣʦʠʥʪʝʥʩʠʚʥʦʝ ʢʦʣʴʮʝʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, 

ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʙʝʩʩʝʣʝʚʘ ʧʫʯʢʘ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʥʘʧʨʷʞʝʥʠʷʭ ʜʦ 6 ɺ ʢʦʣʴʮʝʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʭʨʘʥʷʝʪʩʷ, ʥʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ 

ʩʦʩʪʦʷʥʠʷ ʧʦʣʷʨʠʟʘʮʠʠ. ʇʨʠ ʥʘʧʨʷʞʝʥʠʠ 8 ɺ ʧʦʷʚʣʷʶʪʩʷ ʜʚʘ ʨʘʟʨʳʚʘ 

ʚʚʝʨʭʫ ʠ ʚʥʠʟʫ ʢʦʣʴʮʘ, ʘ ʧʨʠ ʥʘʧʨʷʞʝʥʠʷʭ ʚʳʰʝ 10 ɺ ʬʦʨʤʠʨʫʶʪʩʷ 

ʯʝʪʳʨʝ ʩʝʢʪʦʨʘ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʥʘʯʘʣʝ ʨʝʘʣʠʟʘʮʠʠ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʦʣʫʯʝʥʠʠ ʧʫʯʢʦʤ ʦʨʙʠʪʘʣʴʥʦʛʦ ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ 

ʨʘʚʥʦʛʦ ʜʚʫʤ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʩʝʢʪʦʨʘ 

ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʠ ʥʘʯʠʥʘʷ ʩ 20 ɺ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʩʝʢʪʦʨʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ. ʊʘʢʦʡ ʩʮʝʥʘʨʠʡ ʠʟʤʝʥʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʟʘʚʠʩʠʤʦʩʪʴʶ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʦʨʪʦʛʦʥʘʣʴʥʫʶ ʧʦʣʷʨʠʟʘʮʠʦʥʥʫʶ ʢʦʤʧʦʥʝʥʪʫ, ʠʟʤʝʨʝʥʥʦʛʦ ʚ 

ʩʢʨʝʱʝʥʥʳʭ ʧʦʣʷʨʠʟʘʪʦʨʘʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʣʣʶʩʪʨʠʨʫʶʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɾʂ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ, ʬʘʟʦʚʦʡ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʝʩʩʝʣʝʚʳʭ ʩʚʝʪʦʚʳʭ ʧʫʯʢʦʚ. 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʯʘʩʪʠ ʙʝʩʩʝʣʝʚʘ ʩʚʝʪʦʚʦʛʦ ʧʫʯʢʘ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ ʚ 

ʧʫʯʦʢ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʠʥʪʝʨʝʩ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʙʝʟʜʠʬʨʘʢʮʠʦʥʥʳʭ ʩʚʝʪʦʚʳʭ ʧʫʯʢʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ.  
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1
 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʅɸʅ ʂʈ, ɹʠʰʢʝʢ, 

ʂʳʨʛʳʟʩʢʘʷ ʈʝʩʧʫʙʣʠʢʘ 
1ʂʳʨʛʳʟʩʢʦ-ʈʦʩʩʠʡʩʢʠʡ ʩʣʘʚʷʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɹ.ʅ. ɽʣʴʮʠʥʘ, ɹʠʰʢʝʢ, 

ʂʳʨʛʳʟʩʢʘʷ ʈʝʩʧʫʙʣʠʢʘ 

 

ʊʈɪʍʄɽʈʅɸʗ ʃɸɿɽʈʅɸʗ ɿɸʇʀʉʔ  

ʅɸ ʉʃʆɽ ɸʄʆʈʌʅʆɻʆ ʂʈɽʄʅʀʗ 
 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʨʝʭʤʝʨʥʦʡ ʣʘʟʝʨʥʦʡ ʟʘʧʠʩʠ ʥʘ ʩʣʦʝ ʘʤʦʨʬʥʦʛʦ 

ʢʨʝʤʥʠʷ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʛʦ ʬʠʣʴʪʨʘ ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʤ ʠʟʣʫʯʝʥʠʝʤ  

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ  ʣʘʟʝʨʘ ʩ ɚ = 405 nm. ʇʨʷʤʘʷ ʣʘʟʝʨʥʘʷ ʟʘʧʠʩʴ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ 

ʩʣʦʠ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʠʷ ʪʦʣʱʠʥʦʡ ~ 1-2 ʤʢʤ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʛʣʫʙʠʥʳ ʬʦʢʫʩʘ 

ʟʘʧʠʩʠ ʚ ʦʙʲʝʤʝ ʨʝʛʠʩʪʨʠʨʫʶʱʝʡ ʩʨʝʜʳ. ʇʨʠ ʣʦʢʘʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 

ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʥʘ ʩʣʦʡ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʠʷ ʥʘʥʦʩʝʢʫʥʜʥʳʤʠ 

ʠʤʧʫʣʴʩʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʧʝʨʝʭʦʜ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ. ɿʘ ʩʯʝʪ 

ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ  ʥʘ ʦʧʪʠʯʝʩʢʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʭ ʩʨʝʜʳ ʧʦʩʣʝ ʣʘʟʝʨʥʦʡ ʟʘʧʠʩʠ ʠ 

ʨʘʟʣʠʯʥʦʡ ʬʘʟʳ ʨʘʩʩʝʷʥʥʳʭ ʚʦʣʥ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʪʨʝʭʤʝʨʥʳʝ ʩʮʝʥʳ ʜʣʷ ʛʣʘʟ 

ʯʝʣʦʚʝʢʘ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʪʨʝʭʤʝʨʥʦʡ ʣʘʟʝʨʥʦʡ ʟʘʧʠʩʠ ʥʘ ʘ-Si 

ʧʨʠʚʣʝʢʘʪʝʣʝʥ ʜʣʷ ʩʦʟʜʘʥʠʷ 3D ʧʨʠʥʪʝʨʘ ʠʟʦʙʨʘʞʝʥʠʡ. 
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3D LASER RECORDING ON AMORPHOUS  

SILICON LAYER  
 

The results of  three-dimensional laser recording  on the amorphous silicon layer of 

the interference filter by focused radiation from a semiconductor laser with ɚ = 405 nm 

is demonstrated. Direct laser recording was carried out to the  amorphous silicon  layer  

with a thickness of ~ 1-2 ɛm under change in the depth of the recording focus in  the 

recording medium volume. Local amorphous silicon transition to a crystalline state 

occurs under interaction  of focused radiation to a a-Si layer  with nanosecond pulses. 

Due to  light scattering on  optical inhomogeneities after laser recording  on a-Si layer 

and different phase of the scattered waves, the three-dimensional scenes are well 

observed for human eyes. This method of 3D laser recording on a-Si is attractive for 

creating a 3D image printer.  
 

ʈʘʟʨʘʙʦʪʘʥʳ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ ʬʠʣʴʪʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ 

ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʧʣʝʥʦʢ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʠʷ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 
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ʥʘʥʝʩʝʥʥʳʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʩʣʦʡ ʥʘ ʩʪʝʢʣʷʥʥʦʡ ʧʦʜʣʦʞʢʝ [1, 2]. ʎʝʣʴʶ 

ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʪʨʝʭʤʝʨʥʦʡ ʣʘʟʝʨʥʦʡ ʟʘʧʠʩʠ ʚ ʦʙʲʝʤʝ ʩʣʦʷ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʠʷ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʥʘʥʦʩʝʢʫʥʜʥʳʭ ʠʤʧʫʣʴʩʦʚ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʅʘ 

ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ. ɼʣʷ ʧʨʷʤʦʡ 

ʟʘʧʠʩʠ ʥʘ ʘʤʦʨʬʥʦʤ ʢʨʝʤʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʦʜʥʦʤʦʜʦʚʳʡ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʣʘʟʝʨ ʩ ɚ = 405 nm ʤʦʱʥʦʩʪʴʶ 120 ʤɺʪ. ʃʘʟʝʨʥʳʡ 

ʣʫʯ ʢʦʣʣʠʤʠʨʦʚʘʣʩʷ ʘʩʬʝʨʠʯʝʩʢʦʡ ʣʠʥʟʦʡ, ʘ ʟʘʪʝʤ ʬʦʢʫʩʠʨʦʚʘʣʩʷ ʤʠʢʨʦ 

ʦʙʲʝʢʪʠʚʦʤ ʥʘ ʨʝʛʠʩʪʨʠʨʫʶʱʫʶ ʩʨʝʜʫ. ɻʣʫʙʠʥʘ ʬʦʢʫʩʘ ʠʟʤʝʥʷʣʘʩʴ ʜʣʷ 

ʟʘʧʠʩʠ ʦʪʜʝʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ  ʠʟʦʙʨʘʞʝʥʠʷ. ʂʦʤʧʴʶʪʝʨ ʢʦʥʪʨʦʣʠʨʦʚʘʣ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ, ʠʭ ʯʘʩʪʦʪʫ, ʠ ʜʚʠʞʝʥʠʝ ʢʦʦʨʜʠʥʘʪʥʦʛʦ 

ʩʪʦʣʘ. ɼʣʷ ʧʨʷʤʦʡ ʣʘʟʝʨʥʦʡ ʟʘʧʠʩʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʣʝʥʢʠ ʘʤʦʨʬʥʦʛʦ 

ʢʨʝʤʥʠʷ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʳ ~ 1-2 ʤʢʤ. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʥʘ ʩʣʦʡ ʘ-Si ʧʨʦʠʩʭʦʜʠʪ ʣʦʢʘʣʴʥʘʷ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʝʣʴʝʬʥʦʡ ʩʪʨʫʢʪʫʨʳ [2]. 

ɿʘ ʩʯʝʪ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʥʘ ʦʧʪʠʯʝʩʢʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʭ ʚʦʟʥʠʢʰʠʭ 

ʧʨʠ ʪʨʝʭʤʝʨʥʦʡ ʣʘʟʝʨʥʦʡ ʟʘʧʠʩʠ ʠ ʣʦʢʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ 

ʧʨʝʣʦʤʣʝʥʠʷ ʩʨʝʜʳ, ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʜʣʷ ʛʣʘʟ ʯʝʣʦʚʝʢʘ ʪʨʝʭʤʝʨʥʳʝ 

ʩʮʝʥʳ ʟʘ ʩʯʝʪ ʨʘʟʣʠʯʥʦʡ ʬʘʟʳ ʨʘʩʩʝʷʥʥʳʭ ʚʦʣʥ (ʨʠʩ. 2). ʇʨʝʜʣʦʞʝʥʥʳʡ 

ʩʧʦʩʦʙ ʪʨʝʭʤʝʨʥʦʡ ʣʘʟʝʨʥʦʡ ʟʘʧʠʩʠ ʥʘ ʘ-Si ʧʨʠʚʣʝʢʘʪʝʣʝʥ ʜʣʷ ʩʦʟʜʘʥʠʷ 

3D ʧʨʠʥʪʝʨʘ ʠʟʦʙʨʘʞʝʥʠʡ. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

 

 

 

 
ʈʠʩ. 2. ʌʦʪʦʛʨʘʬʠʷ 3D  

ʠʟʦʙʨʘʞʝʥʠʷ ʟʘʧʠʩʘʥʥʦʛʦ ʥʘ ʘ-Si 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
1. Kutanov A.A., Snimshikov I., Sydyk uulu N. // Physics Procedia 2015. V.73. P.82-86. 

2. Kutanov A.A., et al. // Journal of Physics: Conf. Ser. 2016. V.737. P.012025. 
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ʄʦʩʢʦʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
1ʆʆʆ çʄʠʢʨʦʭʦʣʦè, ʄʦʩʢʚʘ 

2ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʉʪʘʥʢʠʥè 

 

ɻʀʇɽʈʉʇɽʂʊʈɸʃʔʅɸʗ ɻʆʃʆɻʈɸʌʀʗ ʄʀʂʈʆʆɹʒɽʂʊʆɺ 

ɺ ʅɽʂʆɻɽʈɽʅʊʅʆʄ ʉɺɽʊɽ 
 

ʇʨʠʚʝʜʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʨʝʛʠʩʪʨʘʮʠʠ 

ʮʠʬʨʦʚʳʭ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʛʦʣʦʛʨʘʤʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʬʫʨʴʝ- 

ʩʧʝʢʪʨʦʤʝʪʨʘ ʷʚʣʷʝʪʩʷ ʮʠʬʨʦʚʳʤ ʘʥʘʣʦʛʦʤ ʟʘʧʠʩʠ ʃʠʧʧʤʘʥʦʚʩʢʠʭ ʬʦʪʦʛʨʘʬʠʡ ʠ 

ʛʦʣʦʛʨʘʤʤ ɼʝʥʠʩʶʢʘ ʚ ʥʝʢʦʛʝʨʝʥʪʥʦʤ ʩʚʝʪʝ. 
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HYPERSPECTRAL  HOLOGRAPHY OF MICROOBJECTS  

IN NON-COHERENT LIGHT  
 

Theoretical and experimental results on the registration of digital hyperspectral 

holograms are presented. It is shown that the optical scheme of a Fourier spectrometer is 

a digital analog of recording Lippmann photographs and Denisyuk holograms in 

incoherent light. 
 

ɺ ʥʘʰʠʭ ʨʘʙʦʪʘʭ [1, 2] ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʦ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʦʜʪʚʝʨʞʜʝʥʦ ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʦʧʪʠʢʝ: ʩʧʦʩʦʙ ʟʘʧʠʩʠ ʮʠʬʨʦʚʳʭ 

ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʛʦʣʦʛʨʘʤʤ ʤʠʢʨʦʦʙʲʝʢʪʦʚ ʚ ʥʝʢʦʛʝʨʝʥʪʥʦʤ ʩʚʝʪʝ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʦʩʥʦʚʘʥ ʥʘ ʧʨʠʥʮʠʧʘʭ ʠ ʪʝʭʥʠʢʝ ʬʫʨʴʝ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʀʟʚʝʩʪʥʳ ʠʟʦʙʨʘʞʘʶʱʠʝ FT-ʩʧʝʢʪʨʦʤʝʪʨʳ ʩ 2D-ʤʘʪʨʠʮʝʡ, 

ʚ ʢʦʪʦʨʳʭ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ ʧʦʤʝʱʝʥ ʚ ʩʚʝʜʸʥʥʳʭ ʚʤʝʩʪʝ ʧʫʯʢʘʭ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʛʠʩʪʨʘʮʠʠ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʩʠʤʤʝʪʨʠʯʥʦʡ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʳ. ɺ ʵʪʠʭ ʩʧʝʢʪʨʦʤʝʪʨʘʭ ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʲʝʢʪʘ (ʢʘʨʪʠʥʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ) ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʤʘʪʨʠʮʝ ʩ ʧʦʤʦʱʴʶ ʦʙʲʝʢʪʠʚʘ ʠ, ʟʘʪʝʤ, ʚ 

ʢʘʞʜʦʤ ʧʠʢʩʝʣʝ ʤʘʪʨʠʮʳ (ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʠʟʦʙʨʘʞʝʥʠʷ) 

ʚʳʯʠʩʣʷʝʪʩʷ ʩʧʝʢʪʨ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʭʝʤʘ ʟʘʧʠʩʠ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʳ (ʨʠʩ. 1). ʌʦʨʤʘʣʴʥʦ ʵʪʘ ʩʭʝʤʘ 

ʩʦʚʧʘʜʘʝʪ ʩ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʩʭʝʤʦʡ ʟʘʧʠʩʠ ʛʦʣʦʛʨʘʤʤʳ. ʄʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʬʫʨʴʝ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʳ ʚ ʢʘʞʜʦʤ ʧʠʢʩʝʣʝ ʤʘʪʨʠʮʳ ʜʘʝʪ 

ʢʦʤʧʣʝʢʩʥʫʶ ʘʤʧʣʠʪʫʜʫ ʦʙʲʝʢʪʥʦʛʦ ʧʦʣʷ ʥʘ ʢʘʞʜʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʝ, 
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ʪ.ʝ. ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʫʶ ʛʦʣʦʛʨʘʤʤʫ: ʢʘʢ ʬʨʝʥʝʣʝʚʩʢʦʛʦ ʪʠʧʘ, ʢʦʛʜʘ 

ʜʠʬʨʘʢʮʠʦʥʥʦʝ ʧʦʣʝ ʦʙʲʝʢʪʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʘʜʘʝʪ ʥʘ ʧʨʠʝʤʥʫʶ 

ʤʘʪʨʠʮʫ (ʦʙʲʝʢʪʠʚ L ʫʙʨʘʥ), ʪʘʢ ʠ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʢʦʛʜʘ 

ʦʙʲʝʢʪʠʚ L ʩʪʨʦʠʪ ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʲʝʢʪʘ ʥʘ ʤʘʪʨʠʮʝ [3]. ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ ʤʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʣʠ ʧʨʦʜʦʣʴʥʫʶ ʠ ʧʦʧʝʨʝʯʥʫʶ ʨʘʟʨʝʰʘʶʱʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʤʝʪʦʜʘ. ʅʘ ʧʨʠʤʝʨʝ ʰʪʨʠʭʦʚʦʡ ʤʠʨʳ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʝʛʦ 

ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʬʨʘʢʮʠʦʥʥʦʤʫ ʧʨʝʜʝʣʫ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ 

ʩʧʝʢʣ-ʰʫʤʘ. ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʤʠʢʨʦʦʙʲʝʢʪʦʚ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʯʠʩʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʦʛʦ (ʮʚʝʪʥʦʛʦ) 

ʠʟʦʙʨʘʞʝʥʠʷ. ʅʘ ʤʘʢʝʪʝ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʚʦʰʝʣ ʤʠʢʨʦʩʢʦʧ ʢʣʘʩʩʠʯʝʩʢʦʛʦ 

ʪʠʧʘ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʤʠʢʨʦʦʙʲʝʢʪʦʚ ʩ 

ʧʨʝʜʝʣʴʥʳʤ ʧʨʦʜʦʣʴʥʳʤ ʠ ʧʦʧʝʨʝʯʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. ɺ [3] ʥʘʤʠ ʨʘʟʚʠʪʘ 

ʪʝʦʨʠʷ ʟʘʧʠʩʠ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʬʨʝʥʝʣʝʚʩʢʠʭ ʛʦʣʦʛʨʘʤʤ ʦʙʲʝʢʪʦʚ ʚ 

ʩʭʝʤʝ ʥʘ ʦʪʨʘʞʝʥʠʝ ʠ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʨʝʛʠʩʪʨʘʮʠʠ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʛʦʣʦʛʨʘʤʤ ʙʠʦʦʙʲʝʢʪʦʚ.  

ʉʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʚʫʤʝʨʥʳʭ ʢʘʨʪʠʥ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʠʟʦʙʨʘʞʘʶʱʝʛʦ FT-ʩʧʝʢʪʨʦʤʝʪʨʘ, ʧʦ ʩʫʱʝʩʪʚʫ, ʩʦʚʧʘʜʘʝʪ ʩ ʤʝʪʦʜʦʤ 

ʧʦʣʫʯʝʥʠʷ ʮʚʝʪʥʳʭ ʃʠʧʧʤʘʥʦʚʩʢʠʭ ʬʦʪʦʛʨʘʬʠʡ. ʅʦ ʯʪʦ ʩʘʤʦʝ ʛʣʘʚʥʦʝ, ʤʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʝ ʛʦʣʦʛʨʘʤʤʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʫʪʝʤ ʬʫʨʴʝ-

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤ, ʟʘʧʠʩʘʥʥʳʭ ʚ ʢʘʞʜʦʤ 

ʧʠʢʩʝʣʝ 2D ʤʘʪʨʠʮʝ FT-ʩʧʝʢʪʨʦʤʝʪʨʘ, ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʩʦʚʧʘʜʘʝʪ ʩʦ ʩʭʝʤʦʡ 

ʟʘʧʠʩʠ ʛʦʣʦʛʨʘʤʤ ʚʦ ʚʩʪʨʝʯʥʳʭ ʧʫʯʢʘʭ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʖ.ʅ. ɼʝʥʠʩʶʢʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʫʨʴʝ-ʩʧʝʢʪʨʦʤʝʪʨ, ʩʥʘʙʞʝʥʥʳʡ 2D-ʤʘʪʨʠʮʝʡ ʨʝʛʠʩʪʨʘʮʠʠ, 

ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʧʨʠʙʦʨʦʤ, ʥʦ, ʢʘʢ ʤʳ ʧʦʢʘʟʘʣʠ, ʩʧʦʩʦʙʝʥ 

ʥʘ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʝ: ʦʥ ʷʚʣʷʝʪʩʷ ʮʠʬʨʦʚʳʤ ʘʥʘʣʦʛʦʤ ʨʝʛʠʩʪʨʘʮʠʠ 

ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʛʦʣʦʛʨʘʤʤ ɼʝʥʠʩʶʢʘ ʚ ʥʝʢʦʛʝʨʝʥʪʥʦʤ ʩʚʝʪʝ.  

  
ʈʠʩ. 1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ 

ʥʝʩʠʤʤʝʪʠʨʠʯʥʦʡ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʳ 

ʈʠʩ. 2. ɻʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʡ ʬʘʟʦʚʳʡ  

ʧʨʦʬʠʣʴ ʩʨʝʟʘ ʯʝʨʚʷ ʚ ʀʂ-ʜʠʘʧʘʟʦʥ 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
1. Kalenkov S.G., et. al. // Quantum Electronics. 2015. V.45(8). P.333-338. 

2. Kalenkov S.G., et. al. // Optics Express. 2013. V.21. P.24985-24990. 

3. Kalenkov S.G., et. al. // J. Opt. Soc. Am. B. 2017. V.34. P.B49-B55. 
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ɸ.ʅ. ʇʋʊʀʃʀʅ, ɸ.ɺ. ʄʆʈʆɿʆɺ
1
, ɺ.ɺ. ɼʈʋɾʀʅ

2
, ɸ.ʆ. 

 
ɾʀʈʂʆɺ 

ʌʠʟʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʇ.ʅ. ʃʝʙʝʜʝʚʘ ʈɸʅ, ʄʦʩʢʚʘ  
1ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʉʘʤʩʫʥʛ, ʄʦʩʢʚʘ 

2ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ 

 

ɻʆʃʆɻʈɸʌʀʏɽʉʂʀɽ HMD -ɼʀʉʇʃɽʀ 

 
ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʧʠʩʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ 

ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʭʝʤʘʭ ʚʠʨʪʫʘʣʴʥʳʭ ʜʠʩʧʣʝʝʚ (VR), ʚ 

ʯʘʩʪʥʦʩʪʠ, ʚ ʥʘʛʦʣʦʚʥʳʭ ʜʠʩʧʣʝʷʭ (HMD). ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ 

ʛʦʣʦʛʨʘʤʤ, ʚʳʧʦʣʥʷʶʱʠʝ ʨʦʣʴ ʫʩʪʨʦʡʩʪʚ ʩʦʚʤʝʱʝʥʠʷ (beam combiners), 

ʦʩʚʝʪʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ LCD ʠ LCOS ʤʘʪʨʠʮ ʚ ʩʭʝʤʘʭ ʜʠʩʧʣʝʝʚ 

ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. 
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HOLOGRAPHIC HMD DISPLAYS  
 

The article concerns the results of investigation of holographic optical elements 

recording for application in virtual displays (VR), in particular, in head mounted 

displays (HMD). Various types of holograms are considered, they can be used as an 

optical beam combiners, illumination elements for LCD and LCOS in the augmented 

reality display circuits. 

 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʵʣʝʤʝʥʪʦʚ VR ʜʠʩʧʣʝʝʚ ʷʚʣʷʝʪʩʷ çBeam 

Combinerè (BC) ï ʵʣʝʤʝʥʪ ʩʦʚʤʝʱʝʥʠʷ ʣʦʢʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʬʦʨʤʠʨʫʝʤʦʡ ʧʨʠʚʘʪʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʩ ʦʢʨʫʞʘʶʱʝʡ 

ʧʦʣʴʟʦʚʘʪʝʣʷ VR ʜʠʩʧʣʝʷ ʦʙʩʪʘʥʦʚʢʦʡ [1]. ʇʨʘʢʪʠʯʝʩʢʠ ʢʨʠʪʠʯʝʩʢʠʤ 

ʧʘʨʘʤʝʪʨʦʤ BC ʷʚʣʷʝʪʩʷ ʝʛʦ ʧʨʦʜʦʣʴʥʳʡ ʨʘʟʤʝʨ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʪʨʝʙʦʚʘʥʠʡ ʢ FOV VR ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠ ʙʣʦʢʠʨʫʝʤʳʝ ʦʙʣʘʩʪʠ 

ʦʢʨʫʞʘʶʱʝʡ ʦʙʩʪʘʥʦʚʢʠ, ʪʘʢ, ʜʣʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʜʝʣʠʪʝʣʴʥʳʭ ʢʫʙʠʢʦʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʘʢ ɺʉ ʠ ʧʨʠ FOV ʧʦʨʷʜʢʘ 25
0
 ʙʣʦʢʠʨʫʶʱʠʝ ʦʙʣʘʩʪʠ 

ʟʘʥʠʤʘʶʪ ʥʝ ʤʝʥʝʝ 9
0
 ʧʦ ʩʪʦʨʦʥʘʤ ʦʩʥʦʚʥʦʛʦ ʧʦʣʷ ʟʨʝʥʠʷ, ʧʦʪʝʨʷ ʪʘʢʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʣʷ ʦʧʝʨʘʪʦʨʘ HMD ʩʦʚʝʨʰʝʥʥʦ ʥʝʜʦʧʫʩʪʠʤʳ. 

ʀʩʩʣʝʜʫʝʤʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʝ ʥʝʦʩʝʚʳʝ BC (ʨʠʩ. 1) 

ʩʚʦʙʦʜʥʳ ʦʪ ʪʘʢʠʭ ʥʝʜʦʩʪʘʪʢʦʚ.  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʧʠʩʠ 

ʚʥʝʦʩʝʚʳʭ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʣʠʥʟ ʩ FOV ʜʦ 90
0
. ɿʘʧʠʩʳʚʘʣʠʩʴ ʙʨʝʛʛʦʚʩʢʠʝ 
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RGB ʣʠʥʟʳ (ʟʘʧʠʩʳʚʘʶʱʠʝ ʜʣʠʥʳ ʚʦʣʥ 635, 532 ʠ 471 ʥʤ) ʥʘ ʤʘʪʝʨʠʘʣʝ 

Bayfol ʬʠʨʤʳ COVESTRO. ʋʛʣʦʚʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʛʦʣʦʛʨʘʤʤ ʥʝ 

ʧʨʝʚʳʰʘʣʘ 12
0
. ɼʣʷ ʩʭʝʤ ʦʩʚʝʪʠʪʝʣʝʡ VR ʜʠʩʧʣʝʝʚ ʟʘʧʠʩʳʚʘʣʠʩʴ  

ʚʦʣʥʦʚʦʜʥʳʝ ʛʦʣʦʛʨʘʤʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʜʦʩʪʠʯʴ ʧʦʣʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ 

ʜʠʬʨʘʛʠʨʦʚʘʥʥʳʭ ʚ ʩʚʦʙʦʜʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʣʝʟʥʳʭ ʣʫʯʝʡ  ʠ 

ʥʝʜʠʬʨʘʛʠʨʦʚʘʥʥʳʭ ʣʫʯʝʡ, ʦʛʨʘʥʠʯʝʥʥʳʭ ʇɺʆ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʚ 

ʦʙʲʝʤʝ ʚʦʣʥʦʚʦʜʘ [2]. ʇʨʠʤʝʥʝʥʠʝ ʨʘʟʜʝʣʴʥʦʡ ʟʘʧʠʩʠ ʥʝʩʢʦʣʴʢʠʭ 

ʛʦʣʦʛʨʘʤʤ, ʨʘʙʦʪʘʶʱʠʭ ʢʘʞʜʘʷ ʚ ʩʚʦʝʤ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ, 

ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʙʦʣʴʰʠʥʩʪʚʦ ʭʨʦʤʘʪʠʯʝʩʢʠʭ ʘʙʝʨʨʘʮʠʡ 

(ʨʠʩ. 2). ɺ ʠʩʩʣʝʜʫʝʤʦʡ ʩʭʝʤʝ ʤʦʛʣʠ ʧʨʠʤʝʥʷʪʴʩʷ ʣʘʟʝʨʥʳʝ ʠʩʪʦʯʥʠʢʠ 

ʩʚʝʪʘ ʠ ʩʚʝʪʦʜʠʦʜʥʳʝ ʠʩʪʦʯʥʠʢʠ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʤʠ ʬʠʣʴʪʨʘʤʠ ʩ ʰʠʨʠʥʦʡ ʩʧʝʢʪʨʘ ʥʝ ʙʦʣʝʝ 3 ʥʤ, 

ʟʘʧʠʩʘʥʥʳʝ ʧʦʣʠʭʨʦʤʘʪʠʯʝʩʢʠʝ ʛʦʣʦʛʨʘʤʤʳ ʬʦʨʤʠʨʦʚʘʣʠ ʧʦʣʥʦʮʚʝʪʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ HD ʢʘʯʝʩʪʚʘ ʚ ʧʦʣʝ ʙʦʣʝʝ 50
0
. ʉʚʝʪʦʚʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʦʩʚʝʪʠʪʝʣʷ ʜʦʩʪʠʛʘʣʘ 30 %, ʪʦʣʱʠʥʘ 2.5 ʤʤ.  
 

 

 

ʈʠʩ. 1. ʉʭʝʤʘ HMD  

ʩ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʈʠʩ. 2. ʌʦʪʦʛʨʘʬʠʷ ʠʟʦʙʨʘʞʝʥʠʷ HMD -

ʪʝʩʪ ʪʘʙʣʠʮʘ (ʟʝʣʝʥʳʡ ʮʚʝʪ)  

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Cakmakci O. Head-Worn Displays // Journal of Display Technology. 2006. V.2 (3). P.199-216. 
2. Kim S.I., Choi C.S., Morozov A., Dubynin S., Dubinin G., An J., Lee S.H., Kim Y. Slim 

coherent backligt unit for holographic display using full color holographic optical element // Optics 

Express. 2017. V.25 (22). P.26781-26791. 
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ʀ.ɺ. ʂʈɸʉʅʀʂʆɺ, ɸ.ʖ. ʉɽʊɽʁʂʀʅ, ɹ. ʈʆʊ
1
,  

ʄ. ʄɽʁʅʍɸʈɼʊ-ɺʆʃɺɽɹɽʈ
1
 

ɸʤʫʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɹʣʘʛʦʚʝʱʝʥʩʢ 
1ɻʘʥʥʦʚʝʨʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ.ɺ. ʃʝʡʙʥʠʮʘ, ɻʝʨʤʘʥʠʷ 

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʄɽʊʆɼʆʄ ʄʆʅʊɽ-ʂɸʈʃʆ 

ʈɸʄɸʅʆɺʉʂʆɻʆ ʈɸʉʉɽʗʅʀʗ ʉ ʌʀʂʉʀʈʆɺɸʅʅʆʁ 

ɼʃʀʅʆʁ ɺʆʃʅʓ ʇʈʀ ʂʆʅʌʆʂɸʃʔʅʆʁ 

ʄʀʂʈʆʉʂʆʇʀʀ ɺ ɹʀʆʊʂɸʅʗʍ 
 

ʈʘʤʘʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʝʪʘʣʴʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʨʘʟʮʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ 

ʚʚʝʜʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ ʚ ʤʫʪʥʳʭ (ʨʘʩʩʝʷʥʥʳʭ) ʩʨʝʜʘʭ ʩ ʫʯʝʪʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʜʝʪʝʢʪʦʨʘ ʠ ʦʙʲʝʤʘ ʚʳʙʦʨʢʠ. ʇʨʦʮʝʩʩ ʜʚʠʞʝʥʠʷ ʬʦʪʦʥʦʚ ʚ ʤʫʪʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʩʨʝʜʝ ʤʦʜʝʣʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʄʦʥʪʝ-ʂʘʨʣʦ. 
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MONTE CARLO SIMULATI ON OF RAMAN SCATTERING 

WITH DETERMINATED WA VELENGTH IN CONFOCAL  

MICROSCOPY IN BIOLOG ICAL MEDIA  
 

Raman spectroscopy can be employed to measure the chemical composition of a 

sample, which can in turn be used to extract biological information. The aim of this 

paper is to introduce an efficient simulation technique for Raman spectroscopy in turbid 

(scattering) media taking into account relevant detector parameters and the sampling 

volume. We simulate the process of photon motion in turbid media by means of the 

Monte Carlo method. 

 

ɸʥʘʣʠʟ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ ʩ ʧʦʤʦʱʴʶ ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʩʚʝʪʦʤ 

ʦʧʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʤʝʜʠʮʠʥʩʢʠʭ, 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʮʝʣʷʭ. ʆʜʥʠʤ ʠʟ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʢʦʥʬʦʢʘʣʴʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʥʝʫʧʨʫʛʦ 

ʨʘʩʩʝʷʥʥʳʝ ʬʦʪʦʥʳ ʚ ʩʨʝʜʝ. ʈʘʟʥʠʮʘ ʵʥʝʨʛʠʠ ʜʣʷ ʢʘʞʜʦʛʦ ʥʝʫʧʨʫʛʦ 

ʨʘʩʩʝʷʥʥʦʛʦ ʬʦʪʦʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʝ 
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ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʣʝʙʘʥʠʷ ʤʦʣʝʢʫʣ 

ʢʘʞʜʦʛʦ ʠʟ ʢʦʤʧʦʥʝʥʪ ʧʨʦʠʟʚʦʜʷʪ ʭʘʨʘʢʪʝʨʥʳʡ ʩʧʝʢʪʨ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ ʠʣʠ ʩʚʦʝʦʙʨʘʟʥʳʝ çʦʪʧʝʯʘʪʢʠ ʧʘʣʴʮʝʚè, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʘʚʘ 

ʦʙʨʘʟʮʘ [1]. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʜʚʝ ʦʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ, 

ʧʦʯʝʤʫ ʟʘʜʘʯʘ ʥʘʜʝʞʥʦʛʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ 

ʟʘʪʫʭʘʥʠʷ ʩʠʛʥʘʣʘ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ: ʦʪʩʫʪʩʪʚʠʝ ʘʜʝʢʚʘʪʥʳʭ ʤʦʜʝʣʝʡ ʠ ʥʘʜʝʞʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ ʥʝʜʦʩʪʘʪʦʯʥʳʝ ʟʥʘʥʠʷ ʦ 

ʚʣʠʷʥʠʠ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʝʠʚʘʪʝʣʝʡ ʚ ʦʙʨʘʟʮʝ, ʩ 

ʜʨʫʛʦʡ [2]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʄʂ ʜʣʷ ʨʘʩʩʝʷʥʠʷ ʬʦʪʦʥʦʚ ʚ 

ʤʫʪʥʳʭ ʩʨʝʜʘʭ, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ Wang [3], ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ 

NVidia CUDA ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʚʨʝʤʝʥʠ ʨʘʩʯʝʪʘ. ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ 

ʧʨʠʥʮʠʧʘʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʧʨʠ ʵʪʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʬʦʪʦʥʦʚ ʚʦʟʙʫʞʜʝʥʠʷ ʤʦʜʝʣʠʨʫʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʤ ʘʣʛʦʨʠʪʤʦʤ ʄʦʥʪʝ-

ʂʘʨʣʦ [4, 5]. ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʨʘʙʦʪʝ ʧʦʜʭʦʜʳ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦ ʨʘʩʩʝʷʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʤʫʪʥʳʭ ʩʨʝʜʘʭ ʜʘʶʪ ʭʦʨʦʰʠʝ 

ʨʝʟʫʣʴʪʘʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʠʣʴʥʦʝ 

ʨʘʩʩʝʷʥʠʝ ʪʠʧʠʯʥʦʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ, ʠʟʫʯʘʝʤʦʛʦ ʩ ʧʦʤʦʱʴʶ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ, ʚʥʦʩʠʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʦʬʠʣʴ 

ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ. ɺʳʩʦʢʦʝ ʨʘʩʩʝʷʥʠʝ, ʘ ʪʘʢʞʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʧʦʛʣʦʱʝʥʠʷ ʦʙʲʝʤʘ ʚʳʙʦʨʢʠ ʧʨʠʚʦʜʷʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ 

ʩʠʛʥʘʣʘ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʘ ʜʝʪʝʢʪʦʨʝ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʨʘʤʘʥʦʚʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʠ ʦʮʝʥʢʝ ʨʝʘʣʠʩʪʠʯʥʳʭ 

ʠʟʤʝʨʝʥʠʡ.  
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ʇʈʀ ʌʀʃɸʄɽʅʊɸʎʀʀ ɺ ʂʆʅɼɽʅʉʀʈʆɺɸʅʅʓʍ ʉʈɽɼɸʍ 

 
ʇʨʦʚʝʜʝʥʦ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʛʝʥʝʨʘʮʠʠ ʩʫʧʝʨʢʦʥʪʠʥʫʫʤʘ 

ʧʨʠ ʬʠʣʘʤʝʥʪʘʮʠʠ ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʙʣʠʞʥʝʛʦ ʀʂ-ʜʠʘʧʘʟʦʥʘ 

ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜʘʭ. ʆʧʨʝʜʝʣʝʥʦ ʚʣʠʷʥʠʝ ʨʘʤʘʥʦʚʩʢʦʡ ʥʝʣʠʥʝʡʥʦʩʪʠ ʥʘ 

ʧʦʚʝʜʝʥʠʝ ʩʧʝʢʪʨʘ ʩʫʧʝʨʢʦʥʪʠʥʫʫʤʘ ʠ ʚʨʝʤʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ʠʤʧʫʣʴʩʘ ʧʨʠ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʜʠʩʧʝʨʩʠʠ ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʠ. 

 

K.V. LVOV
1,2

, S.Yu. STREMOUKHOV
1,2

, F.V. POTEMKIN
1
 

1Lomonosov Moscow State University 
2National Research Center ñKurchatov Instituteò, Moscow 

 

RAMAN NONLINEARITY CONTRIBUTION  

TO SUPERCONTINUUM GENERATION  

UNDER FILAMENTATION IN CONDENSED MEDIA  
 

Were performed theoretical investigation of supercontinuum generation under 

filamentation of femtosecond near-IR radiation in condensed media. Were determined 

Raman nonlinearity contribution to supercontinuum spectrum and temporal pulse profile 

under normal and anomalous group velocity dispersion.  
 

ʀʟʣʫʯʝʥʠʝ ʩʫʧʝʨʢʦʥʪʠʥʫʫʤʘ, ʙʣʘʛʦʜʘʨʷ ʛʣʘʜʢʦʩʪʠ ʩʧʝʢʪʨʘ ʠ ʝʛʦ 

ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʦʪ ʚʠʜʠʤʦʛʦ ʜʦ ʩʨʝʜʥʝʛʦ ʀʂ-ʜʠʘʧʘʟʦʥʘ, ʠʤʝʝʪ ʤʥʦʞʝʩʪʚʦ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʤʥʦʛʦʬʦʪʦʥʥʫʶ ʤʠʢʨʦʩʢʦʧʠʶ [1], ʛʝʥʝʨʘʮʠʶ ʫʣʴʪʨʘʢʦʨʦʪʢʠʭ (ʥʝʩʢʦʣʴʢʦ 

ʬʝʤʪʦʩʝʢʫʥʜ) ʠʤʧʫʣʴʩʦʚ [2]. ʂʨʦʤʝ ʪʦʛʦ, ʩʫʧʝʨʢʦʥʪʠʥʫʫʤ ʠʩʧʦʣʴʟʫʶʪ ʚ 

ʢʘʯʝʩʪʚʝ ʟʘʪʨʘʚʦʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʫʩʠʣʠʪʝʣʷʭ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʦʱʥʳʭ ʬʝʤʪʦʩʝʢʫʥʜʥʳʭ (ʩʫʙʪʝʨʘʚʘʪʪʥʳʭ) ʣʘʟʝʨʥʳʭ 

ʩʠʩʪʝʤ ʩʨʝʜʥʝʛʦ ʀʂ-ʜʠʘʧʘʟʦʥʘ [3]. ʇʦʵʪʦʤʫ ʠʟʫʯʝʥʠʝ ʧʨʠʨʦʜʳ ʛʝʥʝʨʘʮʠʠ 

ʩʫʧʝʨʢʦʥʪʠʥʫʫʤʘ, ʘ ʪʘʢʞʝ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘʤʠ 

ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʘʢ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ, ʪʘʢ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʤʝʥʝʝ ʠʟʫʯʝʥʥʳʤ ʵʬʬʝʢʪʦʤ ʧʨʠ ʛʝʥʝʨʘʮʠʠ 

ʩʫʧʝʨʢʦʥʪʠʥʫʫʤʘ ʦʢʘʟʳʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʨʘʤʘʥʦʚʩʢʦʡ ʥʝʣʠʥʝʡʥʦʩʪʠ ʥʘ 
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ʧʘʨʘʤʝʪʨʳ ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʠʟʣʫʯʝʥʠʷ [4, 5]. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʨʘʤʘʥʦʚʩʢʦʡ ʥʝʣʠʥʝʡʥʦʩʪʠ 

ʥʘ ʩʧʝʢʪʨ ʩʫʧʝʨʢʦʥʪʠʥʫʫʤʘ ʠ ʚʨʝʤʝʥʥʦʡ ʧʨʦʬʠʣʴ ʠʤʧʫʣʴʩʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʩʝʨʠʠ ʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʩʥʦʚʘʥʥʳʭ 

ʥʘ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʨʝʞʠʤʝ 

ʬʠʣʘʤʝʥʪʘʮʠʠ ʩ ʫʯʝʪʦʤ ʥʝʣʠʥʝʡʥʳʭ ʵʬʬʝʢʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʘʤʘʥʦʚʩʢʦʡ ʠ 

ʢʝʨʨʦʚʩʢʦʡ ʥʝʣʠʥʝʡʥʦʩʪʝʡ, ʛʝʥʝʨʘʮʠʠ ʧʣʘʟʤʳ ʠ ʤʥʦʛʦʬʦʪʦʥʥʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʯʝʪ 

ʨʘʤʘʥʦʚʩʢʦʡ ʥʝʣʠʥʝʡʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʘʩʩʠʤʝʪʨʠʯʥʦʤʫ ʧʦʚʝʜʝʥʠʶ 

ʚʨʝʤʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ʠʤʧʫʣʴʩʘ: ʦʙʨʘʟʫʝʪʩʷ ʫʜʘʨʥʳʡ ʧʝʨʝʜʥʠʡ ʬʨʦʥʪ, 

ʢʦʪʦʨʳʡ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʙʦʣʴʰʝʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʜʥʠʤ ʬʨʦʥʪʦʤ, 

ʨʘʩʩʪʦʷʥʠʝ (ʨʠʩ. 1). ɺ ʩʨʝʜʝ ʩ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʜʠʩʧʝʨʩʠʝʡ ʛʨʫʧʧʦʚʦʡ 

ʩʢʦʨʦʩʪʠ (ɼɻʉ) ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʨʘʩʥʦʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ ʩʫʧʝʨʢʦʥʪʠʥʫʫʤʘ 

ʦʪʚʝʯʘʝʪ ʟʘʜʥʠʡ ʬʨʦʥʪ ʠʤʧʫʣʴʩʘ, ʚ ʩʨʝʜʝ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ɼɻʉ ï 

ʧʝʨʝʜʥʠʡ ʬʨʦʥʪ. ʇʦʵʪʦʤʫ ʫʯʝʪ ʨʘʤʘʥʦʚʩʢʦʡ ʥʝʣʠʥʝʡʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʜʘʚʣʝʥʠʶ ʫʰʠʨʝʥʠʷ ʩʧʝʢʪʨʘ ʩʫʧʝʨʢʦʥʪʠʥʫʫʤʘ ʚ ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ ʚ 

ʩʨʝʜʝ ʩ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ɼɻʉ (ʨʠʩ. 1) ʠ ʫʩʠʣʝʥʠʶ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʧʨʠ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ɼɻʉ (ʨʠʩ. 2). 

ʈʠʩ. 1. ʉʧʝʢʪʨʳ ʩʫʧʝʨʢʦʥʪʠʥʫʫʤʘ 

(ʚʚʝʨʭʫ) ʠ ʚʨʝʤʝʥʥʳʝ ʧʨʦʬʠʣʠ 

ʠʤʧʫʣʴʩʘ (ʚʥʠʟʫ) ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʡ 

ɼɻʉ  

ʈʠʩ. 2. ʉʧʝʢʪʨʳ ʩʫʧʝʨʢʦʥʪʠʥʫʫʤʘ 

(ʚʚʝʨʭʫ) ʠ ʚʨʝʤʝʥʥʳʝ ʧʨʦʬʠʣʠ ʠʤʧʫʣʴʩʘ 

(ʚʥʠʟʫ) ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ɼɻʉ 
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ɸ.ʀ. ʄɸʁʄʀʉʊʆɺ, ɸ.ɸ. ɼʆɺɻʀʁ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʌʀè 

 

ʈɸʉʇʈɽɼɽʃɽʅʀɽ ʇʆʃɽʁ ɺ ɹʀʅɸʈʅʆʄ ʄɸʉʉʀɺɽ 

ʃʀʅɽʁʅʓʍ ɺʆʃʅʆɺʆɼʆɺ 
 

ʈʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʙʠʥʘʨʥʘʷ (ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʘʷ) ʮʝʧʦʯʢʘ ʚʦʣʥʦʚʦʜʦʚ, ʢʦʪʦʨʘʷ 

ʦʙʨʘʟʦʚʘʥʘ ʣʠʙʦ ʠʟ ʦʜʠʥʘʢʦʚʳʭ ʚʦʣʥʦʚʦʜʦʚ, ʥʦ ʩ ʯʝʨʝʜʦʚʘʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʩʦʩʝʜʥʠʤʠ ʚʦʣʥʦʚʦʜʘʤʠ, ʣʠʙʦ ʠʟ ʚʦʣʥʦʚʦʜʦʚ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ 

ʧʨʝʣʦʤʣʝʥʠʷ, ʥʦ ʠʤʝʶʱʠʭ ʥʝʢʦʪʦʨʦʝ ʨʘʟʣʠʯʠʝ (ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʠʣʠ 

ʪʦʣʱʠʥʘ ʚʦʣʥʦʚʦʜʘ). ʇʦʣʫʯʝʥʦ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʩʚʷʟʘʥʥʳʭ ʚʦʣʥ, 

ʢʦʪʦʨʦʝ ʦʧʠʩʳʚʘʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʝʡ ʧʦ ʚʦʣʥʦʚʦʜʘʤ ʠ ʜʠʩʢʨʝʪʥʫʶ ʜʠʬʨʘʢʮʠʶ 

ʚ ʜʘʥʥʦʡ ʤʦʜʝʣʠ. 

 

A.I. MAIMISTOV , A.A. DOVGIY 
National Research Nuclear University MEPhI (Moscow Engineering Physics Institute) 

 

FIELD DISTRIBUTION  

INTO BINARY LINEAR WAVEGUIDE ARRAY  
 

The binary (two-component) linear waveguide array that is formed either from 

identical waveguides but with alternating distances between adjacent waveguides, or 

waveguides with a positive refractive index, but having distinctions in the refractive 

index or the waveguide thickness. The exact solution of the coupled wave equations 

describing the field distribution over waveguides is found. These solutions describe the 

discrete diffraction in the model under consideration 

 

ɿʜʝʩʴ ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʙʠʥʘʨʥʘʷ (ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʘʷ) ʮʝʧʦʯʢʘ 

ʚʦʣʥʦʚʦʜʦʚ, ʢʦʪʦʨʘʷ ʦʙʨʘʟʦʚʘʥʘ ʣʠʙʦ ʠʟ ʚʦʣʥʦʚʦʜʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʝʣʦʤʣʝʥʠʷ, ʣʠʙʦ ʠʟ ʦʜʠʥʘʢʦʚʳʭ ʚʦʣʥʦʚʦʜʦʚ, ʥʦ ʩ 

ʯʝʨʝʜʦʚʘʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʚʦʣʥʦʚʦʜʘʤʠ, ʣʠʙʦ ʠʟ 

ʚʦʣʥʦʚʦʜʦʚ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ, ʥʦ ʠʤʝʶʱʠʭ 

ʥʝʢʦʪʦʨʦʝ ʨʘʟʣʠʯʠʝ (ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʠʣʠ ʪʦʣʱʠʥʘ ʚʦʣʥʦʚʦʜʘ) 

ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʩʦʜʝʨʞʠʪ ʪʠʧʘ ʜʚʘ ʫʟʣʦʚ ï ʪʠʧ ɸ ʠ ʪʠʧ ɺ. ɺ 

ʧʨʠʙʣʠʞʝʥʠʠ ʤʝʜʣʝʥʥʦ ʤʝʥʷʶʱʠʭʩʷ ʘʤʧʣʠʪʫʜ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʥʝʧʨʝʨʳʚʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ 

ʚʦʣʥʦʚʦʜʝ ʢʘʞʜʦʛʦ ʪʠʧʘ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ,  
 

1-z +=µ nnn BBAi ,    1+z +=µ nnn AABi .                 (1) 
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ɿʜʝʩʴ nA  ʠ  nB  ï ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʘʤʧʣʠʪʫʜʳ ʧʦʣʝʡ ʚ ʚʦʣʥʦʚʦʜʝ n -ʪʦʡ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, z ï ʙʝʟʨʘʟʤʝʨʥʘʷ ʢʦʦʨʜʠʥʘʪʘ, ʧʨʦʡʜʝʥʥʦʝ 

ʠʟʣʫʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʝ ʚ ʚʦʣʥʦʚʦʜʝ, ʠʟʤʝʨʝʥʥʦʝ ʚ ʝʜʠʥʠʮʘʭ ʜʣʠʥʳ ʩʚʷʟʠ 

[1]. ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ (1) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʦʧʨʝʜʝʣʠʚ ʧʨʦʠʟʚʦʜʷʱʠʝ 

ʬʫʥʢʮʠʠ   
iyn

n
nA eAyP ä z=z )(),( ,   

iyn

n
nB eByP ä z=z )(),( , 

ʢʦʪʦʨʳʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʣʠʥʝʡʥʳʤ ʫʨʘʚʥʝʥʠʷʤ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, 

ʧʦʣʫʯʝʥʥʳʤ ʠʟ (1):  

B
iy

A PePi )1( +=µz ,   A
iy

B PePi )1( -
z +=µ .               (2) 

ɺʳʙʨʘʚ ʞʝʣʘʝʤʳʝ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ )0(nA  ʠ )0(nB , ʤʦʞʥʦ ʨʝʰʠʪɹ  

ʵʪʫ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʠ ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʨʘʟʣʦʞʝʥʠʷʤʠ (2), ʟʘʧʠʩʘʪʴ 

)(znA  ʠ )(znB  ʜʣʷ ʣʶʙʦʛʦ ʟʥʘʯʝʥʠʷ z. ɺ ʧʨʦʩʪʝʡʰʝʝ ʩʣʫʯʘʝ, ʢʦʛʜʘ 

00)0( nn AA d=  ʠ 0)0( =nB , ʤʦʞʥʦ ʥʘʡʪʠ ʩʣʝʜʫʶʱʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ ʧʦʣʝʡ ʧʦ ʚʦʣʥʦʚʦʜʘʤ  

)2()1()( 20 z-=z n
n

n JAA ,  )2()1()( 120 z--=z +n
n

n JiAB , 

ʛʜʝ )2( zpJ  ï ʬʫʥʢʮʠʠ ɹʝʩʩʝʣʷ ʨ-ʪʦʛʦ ʧʦʨʷʜʢʘ. ʕʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ ʧʦʣʝʡ ʦʧʠʩʳʚʘʝʪ ʜʠʩʢʨʝʪʥʫʶ ʜʠʬʨʘʢʮʠʶ ʚ ʙʠʥʘʨʥʦʤ 

ʤʘʩʩʠʚʝ ʚʦʣʥʦʚʦʜʦʚ. ɼʣʷ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʩʣʫʯʘʝʚ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, 

ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʚ ʚʦʣʥʦʚʦʜʘʭ ʩʦʜʝʨʞʘʪ ʩʣʘʛʘʝʤʳʝ, 

ʫʯʠʪʳʚʘʶʱʠʝ ʠʥʪʝʨʬʝʨʝʥʮʠʶ ʧʦʣʝʡ ʚ ʩʦʩʝʜʥʠʭ ʚʦʣʥʦʚʦʜʘʭ. ʅʘʜʦ 

ʟʘʤʝʪʠʪʴ, ʯʪʦ ʝʩʣʠ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʚʳʙʨʘʥʳ ʚ ʚʠʜʝ 0)1()0( AA n
n -=  

ʠ 0)1()0( BB n
n -= , ʪʦ ʜʠʬʨʘʢʮʠʷ ʦʪʩʫʪʩʪʚʫʝʪ. ʅʦ ʧʣʦʩʢʦʡ ʟʦʥʳ [2] ʚ 

ʩʧʝʢʪʨʝ ʣʠʥʝʡʥʳʭ ʚʦʣʥ ʥʝʪ, ʪʘʢ ʢʘʢ ʯʠʩʣʦ ʫʟʣʦʚ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ 

ʤʝʥʴʰʝ ʪʨʝʭ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʛʨʘʥʪ ˉ 15-02-02764). 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Maimistov A.I., Gabitov I.R. // Eur. Phys.J. Special Topics. 2007. V.147. P.265. 

2. Flach S., Leykam D., Bodyfelt J.D., Matthies P., Desyatnikov A.S..// Europhys. Lett. 2014. 
V.105, P.30001. 
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ɸ.ɸ. ʅɸʉʆʅʆɺ, ɺ.ɹ. ʅʆɺʀʂʆɺ, ʊ.ɺ. ʄʋʈɿʀʅɸ 
ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

 

ʋʉʀʃɽʅʀɽ ɻɽʅɽʈɸʎʀʀ ɺʊʆʈʆʁ ʆʇʊʀʏɽʉʂʆʁ 

ɻɸʈʄʆʅʀʂʀ ʇʃɸɿʄʆʅʅʓʄʀ ʅɸʅʆʏɸʉʊʀʎɸʄʀ  

ɺ ʌʆʊʆʅʅʆ-ʂʈʀʉʊɸʃʃʀʏɽʉʂʆʄ ʄʀʂʈʆʈɽɿʆʅɸʊʆʈɽ 
 

ʇʨʝʜʣʦʞʝʥ ʠ ʨʝʘʣʠʟʦʚʘʥ ʤʝʪʦʜ ʠʟʛʦʪʦʚʣʝʥʠʷ ʬʦʪʦʥʥʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʤʠʢʨʦʨʝʟʦʥʘʪʦʨʦʚ (ʄʈ) ʥʘ ʦʩʥʦʚʝ ʧʦʨʠʩʪʦʛʦ ʢʚʘʨʮʘ ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʩʝʨʝʙʨʘ, ʩ 

ʧʣʘʚʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʄʈ ʤʦʜʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʦʨʜʠʥʘʪʳ ʥʘ ʦʙʨʘʟʮʝ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʠʩʩʣʝʜʦʚʘʥʳ ʣʠʥʝʡʥʳʝ 

ʩʧʝʢʪʨʳ ʦʪʨʘʞʝʥʠʷ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ, ʘ ʪʘʢʞʝ ʩʧʝʢʪʨʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʧʪʠʯʝʩʢʦʡ 

ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʠ (ɺɻ). ʋʩʠʣʝʥʠʝ ʛʝʥʝʨʘʮʠʠ ɺɻ ʜʦʩʪʠʛʘʣʦʩʴ ʟʘ ʩʯʸʪ ʩʦʚʤʝʱʝʥʠʷ 

ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ ʠ ʤʠʢʨʦʨʝʟʦʥʘʪʦʨʥʦʡ ʤʦʜʳ ʬʦʪʦʥʥʦʛʦ 

ʢʨʠʩʪʘʣʣʘ. 

 

A.A. NASONOV, V.B. NOVIKOV, T.V. MURZINA 
Lomonosov Moscow State University 

 

AMPLIFICATION OF  SECOND OPTICAL HARMONIC  

GENERATION BY PLASMONIC  NANOPARTICLES  

IN PHOTONIC CRYSTAL  MICROCAVITY  
 

The method of manufacturing of porous silica based photonic crystal (PhC) 

microresonators (MR) containing silver nanoparticles with smooth change of the 

spectral position of the MR mode versus coordinate of sampleôs area is proposed and 

realized. The linear reflection spectra of the structures, as well as the spectra of the 

optical second harmonic intensity, are experimentally and theoretically investigated. 

Enhancement of second harmonic generation is achieved by combing plasmon 

resonance of silver nanoparticles and microresonator mode of the PhC. 

 

ʅʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʦʪʢʣʠʢ ʙʦʣʴʰʠʥʩʪʚʘ ʚʝʱʝʩʪʚ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʘʣ. ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʫʩʠʣʝʥʠʷ ʥʝʣʠʥʝʡʥʦʛʦ ʩʠʛʥʘʣʘ ʷʚʣʷʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʣʘʟʝʨʥʦʛʦ ʧʦʣʷ, ʚʦʟʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʚʝʱʝʩʪʚʦ. 

ʕʪʦ ʫʚʝʣʠʯʝʥʠʝ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴʩʷ, ʥʘʧʨʠʤʝʨ, ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʠʚʥʦʡ 

ʣʦʢʘʣʠʟʘʮʠʠ ʩʚʝʪʘ ʚ ʬʦʪʦʥʥʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ (ʌʂ) ʤʠʢʨʦʨʝʟʦʥʘʪʦʨʘʭ 

(ʄʈ) [1] ʠ ʚ ʥʘʥʦʯʘʩʪʠʮʘʭ ʧʨʠ ʥʘʣʠʯʠʠ ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ [2]. 

ʂʦʤʙʠʥʠʨʦʚʘʥʠʝ ʵʪʠʭ ʜʚʫʭ ʧʦʜʭʦʜʦʚ ʜʦʣʞʥʦ ʤʥʦʛʦʢʨʘʪʥʦ ʫʩʠʣʠʪʴ 

ʥʝʣʠʥʝʡʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. 
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ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ: 1) ʤʝʪʦʜ ʠʟʛʦʪʦʚʣʝʥʠʷ ʬʦʪʦʥʥʦ-

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʠʢʨʦʨʝʟʦʥʘʪʦʨʦʚ, ʚ ʢʦʪʦʨʳʭ ʩʧʝʢʪʨʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ 

ʄʈ ʤʦʜʳ ʟʘʚʠʩʠʪ ʦʪ ʢʦʦʨʜʠʥʘʪʳ, 2) ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʩʠʣʝʥʠʷ ʛʝʥʝʨʘʮʠʠ 

ʚʪʦʨʦʡ ʦʧʪʠʯʝʩʢʦʡ ʛʘʨʤʦʥʠʢʠ (ɻɺɻ) ʚ ʄʈ, ʩʦʜʝʨʞʘʱʠʭ ʥʘʥʦʯʘʩʪʠʮʳ 

ʩʝʨʝʙʨʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʯʘʩʪʦʪʳ ʄʈ ʤʦʜʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʦʩʳ ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ. 
ʌʂ ʠʟ ʧʦʨʠʩʪʦʛʦ ʢʚʘʨʮʘ ʩ ʚʘʨʴʠʨʫʝʤʳʤ ʩʧʝʢʪʨʘʣʴʥʳʤ ʧʦʣʦʞʝʥʠʝʤ 

ʄʈ ʤʦʜʳ (ʚʨʝʟʢʘ ʥʘ ʨʠʩ. 1ʙ) ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ: 1) ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ 

ʪʨʘʚʣʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʪʦʢʘ ʩ ʛʨʘʜʠʝʥʪʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ, ʠ 2) ʧʦʩʣʝʜʫʶʱʠʤ 

ʪʝʨʤʠʯʝʩʢʠʤ ʦʢʠʩʣʝʥʠʝʤ ʌʂ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ 

ʬʦʪʦʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʠ ʄʈ, ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʧʣʘʚʥʦ 

ʚʘʨʴʠʨʦʚʘʪʴ, ʚʳʙʠʨʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʦʙʣʘʩʪʴ ʌʂ. 

 
ʈʠʩ. 1. ʉʧʝʢʪʨ ʦʪʨʘʞʝʥʠʷ ʚ ʮʝʥʪʨʝ ʌʂ. ʄʠʥʠʤʫʤ ʧʨʠ 560 ʥʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʄʈ ʤʦʜʝ (ʘ); ʩʧʝʢʪʨ ʦʪʨʘʞʝʥʠʷ ʌʂ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʦʨʜʠʥʘʪʳ ʥʘ ʦʙʨʘʟʮʝ (ʙ); 

ʚʨʝʟʢʘ ï ʬʦʪʦʛʨʘʬʠʷ ʌʂ ʠ ʣʠʥʠʷ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʧʝʢʪʨʘ ʦʪʨʘʞʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 

 

ʕʪʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ʌʂ, ʚ ʢʦʪʦʨʦʤ: 1) ʮʝʥʪʨʘʣʴʥʘʷ 

ʯʘʩʪʴ ʩʪʨʫʢʪʫʨʳ ʦʪʨʘʞʘʝʪ ʩʚʝʪ ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ 520-620 ʥʤ, ʘ 

ʢʨʘʡʥʷʷ ʦʙʣʘʩʪʴ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ, 2) ʩʧʝʢʪʨʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ 

ʄʈ ʤʦʜʳ ʠʟʤʝʥʷʝʪʩʷ ʥʘ 160 ʥʤ ʧʨʠ ʫʜʘʣʝʥʠʠ ʦʪ ʮʝʥʪʨʘ ʌʂ ʥʘ 5 ʤʤ 

(ʨʠʩ. 1). ɺʦʟʤʦʞʥʦʩʪʴ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʦʜʩʪʨʦʡʢʠ ʨʝʟʦʥʘʥʩʥʦʡ ʜʣʠʥʳ 

ʚʦʣʥʳ ʄʈ ʧʦʟʚʦʣʠʣʘ ʩʦʚʤʝʩʪʠʪʴ ʝʝ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʧʣʘʟʤʦʥʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ ʩʝʨʝʙʨʷʥʳʭ ʥʘʥʦʯʘʩʪʠʮ, ʚʥʝʜʨʝʥʥʳʭ ʚʥʫʪʨʴ ʄʈ ʧʨʠ ʧʦʤʦʱʠ 

ʚʘʢʫʫʤʥʦʡ ʠʥʬʫʟʠʠ, ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʠʣʝʥʠʷ ɻɺɻ. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Dolgova T.V. et al. // Appl. Phys. Lett. 2002. V.81. P.2129-2140. 

2. Sarid D. et al. Modern introduction to surface plasmons: theory, Mathematica modeling, and 
applications. Cambridge University Press, 2010. 
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ʄ.ʖ. ɻʋɹʀʅ, ʉ.ʅ. ʂɸʈʇʆɺ, ɸ.ɺ. ʇʈʆʍʆʈʆɺ 
ɺʣʘʜʠʤʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸ.ɻ. ʠ ʅ.ɻ. ʉʪʦʣʝʪʦʚʳʭ 

 

ʌʆʈʄʀʈʆɺɸʅʀɽ ʅɽʂʃɸʉʉʀʏɽʉʂʀʍ ʉʆʉʊʆʗʅʀʁ 

ʃʆʂɸʃʀɿʆɺɸʅʅʓʍ ʇʃɸɿʄʆʅʆɺ ɺ ʉʇɸɿɽʈʅʓʍ 

ʉʀʉʊɽʄɸʍ ʇʆɼ ʋʇʈɸɺʃɽʅʀɽʄ ɺʅɽʐʅɽɻʆ 

ʄɸɻʅʀʊʅʆɻʆ ʇʆʃʗ 

 
ʈʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ ʢʚʘʥʪʦʚʦʡ ʜʠʥʘʤʠʢʦʡ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ 

ʧʣʘʟʤʦʥʦʚ ʚ ʩʧʘʟʝʨʥʳʭ ʩʠʩʪʝʤʘʭ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ (ʅʏ) ʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ (ʂʊ) ʩ ʟʘʜʘʥʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʠʭ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʛʝʥʝʨʘʮʠʠ ʥʝʢʣʘʩʩʠʯʝʩʢʠʭ 

ʧʣʘʟʤʦʥʦʚ ʚ ʧʨʦʮʝʩʩʝ ʥʝʣʠʥʝʡʥʳʭ ʙʣʠʞʥʝʧʦʣʝʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ 

ʤʥʦʛʦʯʘʩʪʠʯʥʦʡ ʩʧʘʟʝʨʥʦʡ ʩʠʩʪʝʤʝ. 

 

M.Yu. GUBIN, S.N. KARPOV, A.V. PROKHOROV 
Vladimir State University named after Alexander and Nikolay Stoletovs 

 

NONCLASSICAL LOCALIZED PLASMON STATES 

GENERATION IN SPASER SYSTEMS WITH APPLYING 

EXTERNAL MAGNET IC FIELD  
 

The problem of control the quantum dynamics of localized plasmons in spaser 

systems composed of metal nanoparticles (NP) and semiconductor quantum dots (QD) 

with a given geometry of their relative location is considered. The possibility of 

generating nonclassical plasmon states resulting from the process of nonlinear near-field 

interactions in a multiparticle spaser system is shown. 

 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ 

ʢʚʘʥʪʦʚʳʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʛʝʥʝʨʠʨʫʝʤʳʭ ʚ ʤʥʦʛʦʯʘʩʪʠʯʥʦʤ ʩʧʘʟʝʨʝ [1] ʧʣʘʟʤʦʥʦʚ. ʀʩʧʦʣʴʟʫʝʪʩʷ 

ʤʦʜʝʣʴ ʧʘʨʥʳʭ ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʜʣʷ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ʤʘʣʦʤ ʨʘʩʩʪʦʷʥʠʠ ʅʏ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʂʊ [2, 3]. ʅʘ ʦʩʥʦʚʝ 

ʢʚʘʥʪʦʚʘʥʠʷ ʧʦʣʷ ʅʏ ʠ ʂʊ ʦʩʫʱʝʩʪʚʣʝʥ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʚʳʚʦʜ 

ʨʘʩʰʠʨʝʥʥʦʛʦ ʛʘʤʠʣʴʪʦʥʠʘʥʘ ɼʞʝʡʥʩʘ-ʂʘʤʤʠʥʛʩʘ ʥʘ ʩʣʫʯʘʡ ʥʝʣʠʥʝʡʥʳʭ 

ʧʣʘʟʤʦʥ-ʵʢʩʠʪʦʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʟʘ ʩʯʝʪ 

ʜʚʫʭʢʚʘʥʪʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʨʘʩʧʘʜʘ ʙʠʵʢʩʠʪʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ [4] ʂʊ, 

ʚʭʦʜʷʱʝʡ ʚ ʩʦʩʪʘʚ ʪʨʝʭʯʘʩʪʠʯʥʦʡ ʩʧʘʟʝʨʥʦʡ ʩʠʩʪʝʤʳ (ʩʙʦʨʢʠ ʅʏ-ʂʊ-ʅʏ). 

ʅʝʣʠʥʝʡʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʘʟʥʦʩʪʴ ʚ ʟʥʘʯʝʥʠʷʭ ʯʘʩʪʦʪ ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʚ ʅʏ ʠ 
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ʵʥʝʨʛʠʠ ʤʝʞʫʨʦʚʥʝʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʂʊ. ɺʥʝʰʥʝʝ ʫʧʨʘʚʣʝʥʠʝ ʩʧʘʟʝʨʥʦʡ 

ʩʠʩʪʝʤʦʡ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʦ ʧʦʩʨʝʜʩʪʚʦʤ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ 

ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʟʝʝʤʘʥʦʚʩʢʦʤʫ 

ʨʘʩʱʝʧʣʝʥʠʶ ʠ ʜʠʘʤʘʛʥʠʪʥʦʤʫ ʩʜʚʠʛʫ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʂʊ. 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʙʨʘʥʳ ʧʘʨʘ ʩʬʝʨʠʯʝʩʢʠʭ ʟʦʣʦʪʳʭ ʅʏ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʭʘʨʘʢʪʝʨʥʦʤ ʨʘʩʩʪʦʷʥʠʠ 3 ʥʤ ʚʜʦʣʴ ʦʜʥʦʡ ʧʨʷʤʦʡ ʦʪ 

ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʠʟ ʩʫʣʴʬʠʜʘ ʢʘʜʤʠʷ ʩʬʝʨʠʯʝʩʢʦʡ ʂʊ ʩ ʜʠʘʤʝʪʨʦʤ 1.9 ʥʤ. 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪʳ ʈʘʙʠ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʅʏ ʠ ʂʊ 

ʩʦʩʪʘʚʷʪ 
-113ʩ 102Ö=W , ʪʦʛʜʘ ʢʘʢ ʚʝʣʠʯʠʥʘ ʜʚʫʭʢʚʘʥʪʦʚʦʡ ʯʘʩʪʦʪʳ ʈʘʙʠ 

d2)2( W=W  ʩʦʩʪʘʚʠʪ 
-112ʩ 106.2 Ö . ɿʜʝʩʴ d ʷʚʣʷʝʪʩʷ ʦʪʩʪʨʦʡʢʦʡ 

ʩʧʘʟʝʨʥʦʡ ʯʘʩʪʦʪʳ ʦʪ ʯʘʩʪʦʪʳ ʤʝʞʫʨʦʚʥʝʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʂʊ ʠ ʚ 

ʦʪʩʫʪʩʪʚʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʦʩʪʘʚʣʷʝʪ 
-113ʩ 1058.7 Ö . ʇʨʠ ʚʳʙʦʨʝ 

ʚʝʣʠʯʠʥʳ ʠʥʜʫʢʮʠʠ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʊʣ  5=B  ʟʝʝʤʘʥʦʚʩʢʠʡ 

ʩʜʚʠʛ ʫʨʦʚʥʝʡ ʂʊ ʨʘʚʝʥ 
-111ʩ 1035.8 Ö , ʯʪʦ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʧʦʷʚʣʝʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʵʢʩʠʪʦʥʥʦʡ ʦʪʩʪʨʦʡʢʠ 
-111ʩ 108Ö=Dd  ʠ 

ʩʤʝʱʝʥʠʶ ʯʘʩʪʦʪʳ ʜʚʫʭʢʚʘʥʪʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʥʘ ʚʝʣʠʯʠʥʫ 
() -1102 ʩ 105.1 Ö=d . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʥʝʥʠʝ B  ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʤʳʤ 

ʠʟʤʝʥʝʥʠʷʤ ʜʚʫʭʢʚʘʥʪʦʚʦʡ ʯʘʩʪʦʪʳ ʈʘʙʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʜʝʷʪʴʩʷ ʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʥʝʣʠʥʝʡʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʨʘʩʧʘʜʘ 

ʙʠʵʢʩʠʪʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʂʊ ʧʦʩʨʝʜʩʪʚʦʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʢʨʦʩʩ-ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʝʨʝʧʫʪʘʥʥʳʭ ʧʣʘʟʤʦʥʦʚ ʚ ʪʨʝʭʯʘʩʪʠʯʥʦʡ ʩʧʘʟʝʨʥʦʡ 

ʩʠʩʪʝʤʝ ʟʘ ʩʯʸʪ ʥʝʣʠʥʝʡʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ ʙʠʵʢʩʠʪʦʥʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʚ 

ʂʊ. ʇʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʥʝʢʣʘʩʩʠʯʝʩʢʠʭ (ʚ ʪ.ʯ.) 

ʧʝʨʝʧʫʪʘʥʥʳʭ ʧʣʘʟʤʦʥʦʚ [5] ʜʣʷ ʮʝʣʝʡ ʢʚʘʥʪʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ 

ʚ ʧʣʘʟʤʦʥʥʳʭ ʩʭʝʤʘʭ [6], ʨʝʘʣʠʟʫʝʤʳʭ ʥʘ ʩʫʙʚʦʣʥʦʚʳʭ ʤʘʩʰʪʘʙʘʭ ʩ 

ʚʥʝʰʥʠʤ ʫʧʨʘʚʣʝʥʠʝʤ ʧʦʩʨʝʜʩʪʚʦʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [7]. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ɺʣɻʋ 2017 ʛ. ʚ 

ʩʬʝʨʝ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 
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FORMATION OF SURFACE PLASMON -POLARITON 

VORTICES AT REFLECTION FROM CURVILINEAR 

BOUNDARY 
 

The results of simulation of interference of the surface plasmon-polaritons (SPPs) 

falling and reflecting from the curvilinear boundary of inhomogeneity in the metallic 

layer are presented. The plasmonic vortices with a screw phase dislocation appear in the 

singular points of the field as a result of the SPP interference after reflection from the 

boundary of inhomogeneity in the dovetail form. The position of the plasmonic vortices 

on the surface of metallic layer can be controlled by means of the electrostatic field. 

 

ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʳ (ʇʇʇ) ʤʦʛʫʪ ʙʳʪʴ ʚʦʟʙʫʞʜʝʥʳ 

ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʤʝʪʘʣʣʘ ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ 0<
M
e  ʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʨʝʜʳ ʩ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ 0
0
>e  [1-3]. ʇʨʠ 0<

M
e  ʇʇʇ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ, ʥʦ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʟʥʘʯʝʥʠʷʭ 0>
M
e  ʇʇʇ ʥʝ ʤʦʛʫʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ, ʪ.ʢ. ʥʝ ʚʳʧʦʣʥʷʶʪʩʷ 

ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 
MM
aeae

00
-=  (ʛʜʝ 0

0
>a  ʠ 0>

M
a  - ʜʝʢʨʝʤʝʥʪʳ ʧʦ 

ʥʦʨʤʘʣʴʥʦʡ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʦʩʠ). ʇʨʠ ʦʪʨʘʞʝʥʠʠ ʦʪ 

ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʛʨʘʥʠʮʳ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʩʣʦʝ 

ʠʟʤʝʥʷʝʪʩʷ ʢʨʠʚʠʟʥʘ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʇʇʇ [4-6]. 
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ɻʨʘʥʠʮʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ ʬʦʨʤʝ ʣʘʩʪʦʯʢʠʥʦʛʦ ʭʚʦʩʪʘ ʤʦʞʝʪ ʙʳʪʴ 

ʩʦʟʜʘʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʣʦʷ ʜʚʫʤʷ ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʳʤʠ ʟʦʥʜʘʤʠ, ʢʦʪʦʨʳʝ ʠʟʤʝʥʷʶʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʤʝʪʘʣʣʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʦʥʘ ʧʨʠʦʙʨʝʪʘʝʪ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 0>
M
e  ʚ ʦʧʪʠʯʝʩʢʦʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ. 

ʊʦʛʜʘ, ʚ ʦʙʣʘʩʪʠ ʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʥʘʨʫʰʘʶʪʩʷ 

ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʇʇʇ, ʠ ʦʥʠ ʨʘʩʩʝʠʚʘʶʪʩʷ ʥʘ ʛʨʘʥʠʮʝ 

ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʤʝʪʘʣʣʘ. ɺ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʤ ʧʦʣʝ ʧʘʜʘʶʱʠʭ ʇʇʇ ʠ ʦʪʨʘʞʝʥʥʳʭ ʦʪ 

ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʛʨʘʥʠʮʳ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʣʦʷ ʚʦʟʥʠʢʘʶʪ ʩʠʥʛʫʣʷʨʥʳʝ ʪʦʯʢʠ ʩ 

ʚʠʥʪʦʚʦʡ ʜʠʩʣʦʢʘʮʠʝʡ ʬʘʟʳ [5, 6]. ʀʟʤʝʥʷʷ ʨʘʜʠʫʩ ʦʢʨʫʞʥʦʩʪʝʡ 

ʣʘʩʪʦʯʢʠʥʘ ʭʚʦʩʪʘ ʩ ʧʦʤʦʱʴʶ ʚʘʨʴʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʧʦʣʦʞʝʥʠʝʤ ʚʠʭʨʝʡ ʇʇʇ. 

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʠ ʬʘʟʳ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʛʦ ʧʦʣʷ ʥʦʨʤʘʣʴʥʦʡ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ 

ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ.  
 

   
ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʦʨʤʘʣʴʥʦʡ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʇʇʇ ʧʨʠ ʦʪʨʘʞʝʥʠʠ ʦʪ ʛʨʘʥʠʮʳ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ  

ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʩʣʦʝ ʚ ʬʦʨʤʝ ʣʘʩʪʦʯʢʠʥʦʛʦ ʭʚʦʩʪʘ: ʩʣʝʚʘ ï 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ ʣʠʥʠʠ; ʚ ʮʝʥʪʨʝ ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʘʟʳ;  

ʩʧʨʘʚʘ ï ʚʠʥʪʦʚʳʝ ʜʠʩʣʦʢʘʮʠʠ ʬʘʟʳ (ʚʠʭʨʠ ʇʇʇ);  

ʟʥʘʯʝʥʠʷ ʧʦ ʦʩʷʤ (y, z) ʦʪʣʦʞʝʥʳ ʚ ʤʠʢʨʦʤʝʪʨʘʭ 
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1ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʠʤ. ʃ.ɺ. ʂʠʨʝʥʩʢʦʛʦ ʉʆ ʈɸʅ, ʂʨʘʩʥʦʷʨʩʢ 

2ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʨʘʩʥʦʷʨʩʢ 
3ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

4ʉʢʦʣʢʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣ. 

 

ʐʀʈʆʂʆʇʆʃʆʉʅʓʁ  

ʊɸʄʄʆɺʉʂʀʁ ʇʃɸɿʄʆʅ-ʇʆʃʗʈʀʊʆʅ 
 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥ ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ ʪʘʤʤʦʚʩʢʠʡ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥ, 

ʣʦʢʘʣʠʟʦʚʘʥʥʳʡ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʙʨʵʛʛʦʚʩʢʦʝ ʟʝʨʢʘʣʦ - ʪʦʥʢʠʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ 

ʩʣʦʡ. ʕʬʬʝʢʪ ʧʨʝʜʩʢʘʟʘʥ ʘʥʘʣʠʪʠʯʝʩʢʠ ʠ ʨʝʘʣʠʟʦʚʘʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

ʀʟʤʝʨʝʥʥʳʝ ʩʧʝʢʪʨʳ ʦʪʨʘʞʝʥʠʷ ʠ ʧʨʦʧʫʩʢʘʥʠʷ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʨʘʩʯʝʪʘ. ʀʩʩʣʝʜʦʚʘʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʛʣʦʪʠʪʝʣʷ ʥʘ ʦʩʥʦʚʝ ʪʘʤʤʦʚʩʢʦʛʦ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʘ. 
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BROADBAND TAMM PLASMON -POLARITON  
 

We have investigated a broadband Tamm plasmon-polariton localized at the 

interface between a Bragg mirror and a thin metal layer. The effect is predicted 

analytically and implemented experimentally. The measured spectral reflectance and 

transmittance coefficients agree well with numerical calculations. The structure is 

proposed as absorber based on Tamm plasmon-polariton. 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʝʪʩʷ ʦʩʦʙʳʡ ʪʠʧ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʚʦʟʙʫʜʠʪʴ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ 

ʧʘʜʝʥʠʠ ʩʚʝʪʘ ï ʪʘʤʤʦʚʩʢʠʡ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥ (ʊʇʇ) [1]. ʊʘʢʦʝ 

ʩʦʩʪʦʷʥʠʝ ʷʚʣʷʝʪʩʷ ʘʥʘʣʦʛʦʤ ʪʘʤʤʦʚʩʢʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ 

ʬʠʟʠʢʝ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. ʊʇʇ ʤʦʞʝʪ ʚʦʟʙʫʞʜʘʪʴʩʷ ʥʘ ʛʨʘʥʠʮʝ ʙʨʵʛʛʦʚʩʢʦʛʦ 
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ʟʝʨʢʘʣʘ (ɹɿ) ʠ ʩʨʝʜʳ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ 

Re Ů < 0 [2]. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʥʘʤʠ ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʨʵʛʛʦʚʩʢʦʝ 

ʟʝʨʢʘʣʦ, ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʢʦʪʦʨʦʛʦ ʩʬʦʨʤʠʨʦʚʘʥʘ ʠʟ ʯʝʨʝʜʫʶʱʠʭʩʷ 

ʩʣʦʝʚ ʧʦʨʠʩʪʦʛʦ ʢʚʘʨʮʘ. ʄʝʪʦʜʦʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʪʨʘʚʣʝʥʠʷ [3] ʙʳʣʘ 

ʠʟʛʦʪʦʚʣʝʥʘ ʩʝʨʠʷ ɹɿ, ʥʘ ʢʦʪʦʨʳʝ ʙʳʣ ʥʘʥʝʩʝʥ ʩʣʦʡ ʭʨʦʤʘ. ʉʝʨʠʷ 

ʦʙʨʘʟʮʦʚ ʦʪʣʠʯʘʣʘʩʴ ʪʦʣʱʠʥʦʡ ʩʣʦʷ ʭʨʦʤʘ. ʉʧʝʢʪʨʳ ʦʪʨʘʞʝʥʠʷ 

ʠʩʩʣʝʜʫʝʤʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩ. 1ʘ. 

 

 
ʈʠʩ. 1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩʧʝʢʪʨʳ ʦʪʨʘʞʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʪʦʣʱʠʥʳ ʩʣʦʷ ʭʨʦʤʘ (a) ʠ ʨʘʩʯʝʪʥʳʝ ʩʧʝʢʪʨʳ ʦʪʨʘʞʝʥʠʷ ʦʙʨʘʟʮʦʚ  

ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʤʘʪʝʨʠʘʣʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʝʥʢʠ; dAl = dCr = 6 ʥʤ, dAg = 50ʥʤ (ʙ) 

 

ʀʟ ʨʠʩ. 1a ʚʠʜʥʦ, ʯʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ ʩʣʦʷ 

ʭʨʦʤʘ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫ ʜʣʠʥʥʦʚʦʣʥʦʚʦʛʦ ʢʨʘʷ ʟʘʧʨʝʱʝʥʥʦʡ 

ʟʦʥʳ ʦʙʣʘʩʪʠ ʩ ʙʣʠʟʢʠʤ ʢ ʥʫʣʶ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʪʨʘʞʝʥʠʷ. ɼʘʥʥʘʷ 

ʦʙʣʘʩʪʴ ʜʣʠʥ ʚʦʣʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʘʤʤʦʚʩʢʦʤʫ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʫ, 

ʣʦʢʘʣʠʟʦʚʘʥʥʦʤʫ ʥʘ ʛʨʘʥʠʮʝ ʙʨʵʛʛʦʚʩʢʦʛʦ ʟʝʨʢʘʣʘ ʠ ʧʣʝʥʢʠ ʭʨʦʤʘ. 

ʏʠʩʣʝʥʥʳʡ ʨʘʩʯʝʪ ʩʧʝʢʪʨʦʚ ʦʪʨʘʞʝʥʠʷ ʩʪʨʫʢʪʫʨʳ (ʨʠʩ. 1ʙ) ʧʦʢʘʟʘʣ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʶʤʠʥʠʷ ʠ ʩʝʨʝʙʨʘ, ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʧʣʝʥʢʠ, ʧʨʠʚʦʜʷʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʰʠʨʠʥʳ ʩʧʝʢʪʨʘʣʴʥʦʡ ʣʠʥʠʠ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʫʚʝʣʠʯʝʥʠʶ ʜʦʙʨʦʪʥʦʩʪʠ ʊʇʇ. ʇʨʠ ʫʩʣʦʚʠʠ ʦʧʪʠʤʘʣʴʥʦʡ 

ʩʚʷʟʠ [4], ʊʇʇ ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ ʧʦʜʘʚʠʪʴ ʦʪʨʘʞʝʥʠʝ ʠ 

ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʧʦʛʣʦʱʝʥʠʝ. ʇʦʥʠʞʝʥʠʝ ʜʦʙʨʦʪʥʦʩʪʠ ʊʇʇ ʫʚʝʣʠʯʠʚʘʝʪ 

ʨʘʙʦʯʠʡ ʠʥʪʝʨʚʘʣ ʜʣʠʥ ʚʦʣʥ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʧʦʜʜʝʨʞʢʝ 

ʛʨʘʥʪʘ ʈʌʌʀ 16-02-01100. 
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ɽ.ɺ. ʂɸɿɸʅʎɽɺɸ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʌʀè 

 

ʈɸʉʇʈʆʉʊʈɸʅɽʅʀɽ ʇʆʃʗʈʀʊʆʅʆɺ  

ɺ ʅɽʀɼɽɸʃʔʅʆʁ ɹʈʕɻɻʆɺʉʂʆʁ ʈɽʐɪʊʂɽ 
 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʣʦʩʴ ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʣʷʨʠʪʦʥʦʚ, 

ʥʝʣʠʥʝʡʥʳʭ ʩʚʷʟʘʥʥʳʭ ʫʝʜʠʥʸʥʥʳʭ ʚʦʣʥ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ 

ʧʦʣʷʨʠʟʘʮʠʠ ʥʝʣʠʥʝʡʥʦʡ ʩʨʝʜʳ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚ ʙʨʵʛʛʦʚʩʢʦʡ ʨʝʰʸʪʢʝ ʩʦ 

ʩʣʫʯʘʡʥʦʡ ʦʪʩʪʨʦʡʢʦʡ ʧʘʨʘʤʝʪʨʘ ʨʝʰʸʪʢʠ ʦʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ. ʆʪʢʣʦʥʝʥʠʷ 

ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ ʨʝʰʝʪʢʠ ʦʪ ʫʩʣʦʚʠʷ ʪʦʯʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ 

ʥʝʠʜʝʘʣʴʥʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʨʝʰʸʪʢʠ. ɺ ʫʨʘʚʥʝʥʠʷʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝʣʠ ʵʪʦʪ 

ʵʬʬʝʢʪ ʫʯʠʪʳʚʘʝʪʩʷ ʩʣʫʯʘʡʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʬʘʟ ʢʦʤʧʦʥʝʥʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʠʤʧʫʣʴʩʘ. ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʘʢʠʝ ʬʣʫʢʪʫʘʮʠʠ 

ʬʘʟ ʧʨʠʚʦʜʷʪ ʢ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʷʤ (ʩ ʧʝʨʠʦʜʦʤ p2 ) ʩʦʦʪʥʦʰʝʥʠʷ 

ʘʤʧʣʠʪʫʜʳ ʠ ʰʠʨʠʥʳ ʧʦʣʷʨʠʪʦʥʘ, ʢʦʪʦʨʦʝ ʧʦʩʪʦʷʥʥʦ ʚ ʠʜʝʘʣʴʥʦʡ ʥʝʣʠʥʝʡʥʦʡ 

ʙʨʵʛʛʦʚʩʢʦʡ ʨʝʰʸʪʢʝ. ʆʩʮʠʣʣʷʮʠʠ ʩʦʦʪʥʦʰʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʠ ʰʠʨʠʥʳ ʧʦʣʷʨʠʪʦʥʘ 

ʫʤʝʥʴʰʘʶʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ, ʧʨʦʡʜʝʥʥʦʛʦ ʧʦʣʷʨʠʪʦʥʥʦʡ ʫʝʜʠʥʸʥʥʦʡ 

ʚʦʣʥʦʡ ʚ ʥʝʠʜʝʘʣʴʥʦʡ ʥʝʣʠʥʝʡʥʦʡ ʙʨʵʛʛʦʚʩʢʦʡ ʨʝʰʸʪʢʝ. 

 

E.V. KAZANTSEVA 
National Research Nuclear University MEPhI (Moscow Engineering Physics Institute) 

 

POLARITON PROPAGATIO N  

IN IMPERFECT BRAGG G RATING  
 

Numerical study of stability of polariton, nonlinear coupled solitary wave of electric 

field and polarization of nonlinear medium, propagating in a Bragg grating with random 

lattice spacing is performed. Variation of lattice periodicity is a reason of appearance of 

random fluctuations in the phases of coupled components of the electric field of 

polariton. The results of numerical simulations show that these phase fluctuations lead to 

periodic oscillations (with the period p2 ) in the ratio of the amplitude and the width of 

polariton. This ratio is a constant in the perfect periodic nonlinear Bragg grating. 

Oscillations in the ratio of the amplitude and the width of polaritonic solitary wave 

decrease with its propagation in imperfect nonlinear Bragg grating.  

 

ɹʨʵʛʛʦʚʩʢʠʝ ʨʝʰʸʪʢʠ ʤʦʛʫʪ ʙʳʪʴ ʠʟʛʦʪʦʚʣʝʥʳ ʧʨʠ ʵʢʩʧʦʟʠʮʠʠ ʩʪʦʷʯʠʭ 

ʚʦʣʥ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʥʘʥʝʩʸʥʥʦʤ ʥʘ ʦʧʪʠʯʝʩʢʠʡ ʚʦʣʥʦʚʦʜ 

ʧʨʦʟʨʘʯʥʦʤ ʬʦʪʦʨʝʟʠʩʪʠʚʥʦʤ ʩʣʦʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʪʨʘʚʣʝʥʠʝʤ 

ʥʝʵʢʩʧʦʥʠʨʦʚʘʥʥʳʭ ʫʯʘʩʪʢʦʚ, ʠʣʠ ʤʝʪʦʜʘʤʠ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ 

ʩʣʦʸʚ. ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʦʟʥʠʢʘʶʪ ʦʪʢʣʦʥʝʥʠʷ ʧʝʨʠʦʜʦʚ ʨʝʰʸʪʢʠ 
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ʦʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ. ɺ ʨʘʙʦʪʘʭ [1, 2] ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʫʝʜʠʥʸʥʥʳʭ ʚʦʣʥ ʚ ʠʜʝʘʣʴʥʦ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ, ʩʦʜʝʨʞʘʱʝʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʨʝʟʦʥʘʥʩʥʳʭ ʘʪʦʤʦʚ ʥʝʣʠʥʝʡʥʦʡ ʩʨʝʜʳ. ɿʜʝʩʴ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʫʯʠʪʳʚʘʝʪ 

ʚʦʟʥʠʢʘʶʱʠʝ ʠʟ-ʟʘ ʬʣʫʢʪʫʘʮʠʡ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʧʦʣʫʯʘʝʤʦʡ ʩʪʨʫʢʪʫʨʳ 

ʬʘʟʦʚʳʝ ʦʪʢʣʦʥʝʥʠʷ ʤʝʜʣʝʥʥʦ ʤʝʥʷʶʱʠʭʩʷ ʦʛʠʙʘʶʱʠʭ ʧʨʷʤʦʡ ʠ 

ʦʙʨʘʪʥʦʡ ʚʦʣʥ ʩ ʥʦʨʤʠʨʦʚʘʥʥʳʤʠ ʘʤʧʣʠʪʫʜʘʤʠ 1e  ʠ 2e  ʥʘʧʨʷʞʸʥʥʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ ʥʝʣʠʥʝʡʥʦʡ ʩʨʝʜʦʡ ʯʝʨʝʟ ʝʸ 

ʧʦʣʷʨʠʟʘʮʠʶ ʩ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʘʤʧʣʠʪʫʜʦʡ p : 
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ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ ʨʝʰʸʪʢʠ ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ ʨʝʰʸʪʢʠ 0a . 
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0

2

0
<<ñ=

-
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daa xxdpzj  - ʩʣʫʯʘʡʥʘʷ ʬʘʟʘ. ʌʘʟʦʚʳʡ ʰʫʤ ʧʨʝʜʧʦʣʘʛʘʣʩʷ 

ʛʘʫʩʩʦʚʳʤ ʠ ʜʝʣʴʪʘ-ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʤ, ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʬʘʟʘʤʠ ʚ ʜʚʫʭ 

ʪʦʯʢʘʭ ()() ( )
2121
zzdzjzj -=D , ʛʜʝ D ï ʜʠʩʧʝʨʩʠʷ ʩʣʫʯʘʡʥʦʡ ʬʘʟʳ 

2
s=D , s - ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʬʘʟʳ. ʇʘʨʘʤʝʪʨʳ ʚ ʯʠʩʣʝʥʥʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʟʘʜʘʥʳ ʫʩʣʦʚʠʷʤʠ 02
00
=-= qkd . 0=D , 1=m ,  

5,1=a  - ʧʘʨʘʤʝʪʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʫʝʜʠʥʸʥʥʫʶ ʚʦʣʥʫ.  

ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʝ 

ʤʝʞʜʫ ʘʤʧʣʠʪʫʜʦʡ ʠ ʰʠʨʠʥʦʡ ʠʤʧʫʣʴʩʘ ʩʪʘʥʦʚʠʪʩʷ ʧʦʯʪʠ ʧʦʩʪʦʷʥʥʳʤ ʥʘ 

ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʥʘ 10 % ʜʣʷ ʢʦʤʧʦʥʝʥʪ 

ʠʤʧʫʣʴʩʘ 2e  ʠ p, ʘ ʜʣʷ 1e - ʥʘ 5% ʧʨʠ 3,0=s . ʈʘʟʣʠʯʠʝ ʤʝʞʜʫ 

ʫʝʜʠʥʸʥʥʳʤʠ ʚʦʣʥʘʤʠ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʤʠʩʷ ʚ ʠʜʝʘʣʴʥʦ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʨʝʰʸʪʢʝ ʠ ʩʣʘʙʦ ʥʝʧʝʨʠʦʜʠʯʝʩʢʦʡ, ʪʘʢʦʡ, ʯʪʦ 1,0=s  ʜʣʷ ʬʘʟ, ʤʘʣʦ. 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʘʚʪʦʨʦʤ ʥʘ ʧʦʩʪʜʦʢ-ʩʪʘʞʠʨʦʚʢʝ ʚ 

ʉʐɸ ʚ ʋʥʠʚʝʨʩʠʪʝʪʝ ɸʨʠʟʦʥʳ ʥʘ ʢʘʬʝʜʨʝ ʤʘʪʝʤʘʪʠʢʠ. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʠʤ. ʧʨʦʬ. ʄ.ɸ. ɹʦʥʯ-ɹʨʫʝʚʠʯʘ 

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʆɻʆ ʇʆʃʗ 

ʆʉʅʆɺʅʆʁ ʄʆɼʓ ɺ ʆɼʅʆʄʆɼʆɺʆʄ ɺʆʃʆʂʅɽ  

ʉ ʆʉɽʉʀʄʄɽʊʈʀʏʅʓʄ ʇʈʆʌʀʃɽʄ ʇʆʂɸɿɸʊɽʃʗ 

ʇʈɽʃʆʄʃɽʅʀʗ 
 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ ʦʩʥʦʚʥʦʡ ʤʦʜʳ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ 

ʦʜʥʦʤʦʜʦʚʦʛʦ ʚʦʣʦʢʥʘ ʩ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʤ ʧʨʦʬʠʣʝʤ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ.  

 

M.S. BYLINA, S.F. GLAGOLEV 
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MODEL OF THE ELECTROMAGNETIC FIELD  

OF THE SINGLE -MODE FIBER WITH THE AX ISYMMETRIC 

PROFILE OF THE REFRACTION INDEX  
 

In this paper presents a method for calculating the distribution of the electric and 

magnetic field intensity in the cross section of a single-mode fiber with an axisymmetric 

refractive index profile. 

 

ʅʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ E ʠ ʤʘʛʥʠʪʥʦʛʦ H ʧʦʣʝʡ ʤʦʜ ʚ 

ʩʣʘʙʦʥʘʧʨʘʚʣʷʶʱʝʤ ʦʧʪʠʯʝʩʢʦʤ ʚʦʣʦʢʥʝ (ʆɺ) ʩ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʤ 

ʧʨʦʬʠʣʝʤ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ (ʇʇʇ) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ [1]. 

( )ziEE t bexp= , ( )ziEnH t bme exp0010= , ( ) () ( )jj ilrRErEt exp, max Ö= ,(1) 

ʛʜʝ r, ű, z ï ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ, ɓ ï ʧʦʩʪʦʷʥʥʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, 

l ïʘʟʠʤʫʪʘʣʴʥʳʡ ʧʦʨʷʜʦʢ ʤʦʜʳ, n10 ï ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ (ʇʇ) ʆɺ ʥʘ 

ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ, e0 ʠ Õ0 ï ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʠ ʤʘʛʥʠʪʥʘʷ ʧʦʩʪʦʷʥʥʳʝ, i ï 

ʤʥʠʤʘʷ ʝʜʠʥʠʮʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʣʝʡ ʤʦʜ ʜʦʩʪʘʪʦʯʥʦ ʥʘʡʪʠ 

ʬʫʥʢʮʠʶ R(r), ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʩʢʘʣʷʨʥʦʛʦ ʚʦʣʥʦʚʦʛʦ 

ʫʨʘʚʥʝʥʠʷ: 

( )( ) ()( ) 01 2222222 =--Ö++ RrlrnkdrdRrdrRd b , (2) 

ʛʜʝ n(r) ï ʧʨʦʬʠʣʴ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ.  

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ (2) ʦʩʣʦʞʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʇʇ n ʟʘʚʠʩʠʪ ʦʪ 

r. ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʝʪʦʜʠʢʘ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʨʝʘʣʴʥʦʛʦ ʆɺ ʩ 
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ʧʨʦʠʟʚʦʣʴʥʳʤ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʤ ʇʇʇ ʩʪʨʫʢʪʫʨʦʡ ʠʟ N ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ 

ʩʣʦʝʚ, ʚ ʢʦʪʦʨʦʡ ʢʘʞʜʳʡ ʩʣʦʡ ʠʤʝʝʪ ʇʇ ni ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʚʦʠʤ 

ʨʘʜʠʫʩʦʤ r i [2, 3]. ɼʣʷ ʪʘʢʦʛʦ ʆɺ ʬʫʥʢʮʠʷ R(r) ʚ i-ʦʤ ʩʣʦʝ ʠʤʝʝʪ ʚʠʜ: 

 () ( ) ( )rkZBrkZArR iliilii 21 += , 222 b-= ii nkk
,
 (3) 

ʛʜʝ k ï ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ, Jl ʠ Yl ï ʬʫʥʢʮʠʠ ɹʝʩʩʝʣʷ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʨʦʜʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, I l ʠ Kl ï ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʬʫʥʢʮʠʠ ɹʝʩʩʝʣʷ ʧʝʨʚʦʛʦ ʠ 

ʚʪʦʨʦʛʦ ʨʦʜʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, Ai ʠ Bi ï ʘʤʧʣʠʪʫʜʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʜʣʷ 

Zl1 ʠ Zl2 ʩʧʨʘʚʝʜʣʠʚʦ: 

( ) ( )
( )îí

î
ì
ë

<-

²-
=

0,

0,
222

222

1
b

b

iil

iil
il
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rkZ , ( ) ( )

( )îí

î
ì
ë

<-

²-
=

0,

0,
222

222

2
b

b

iil
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il
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Ai ʠ Bi ʠ ʧʦʩʪʦʷʥʥʫʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʩʥʦʚʥʦʡ ʤʦʜʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ 

ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, ʩʚʦʜʷʱʠʭʩʷ ʢ ʥʝʧʨʝʨʳʚʥʦʩʪʠ R(r) ʠ dR(r) / dr.  

ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʝʪʦʜʠʢʘ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ 

ʦʜʥʦʤʦʜʦʚʦʛʦ ʆɺ ʩʦ ʩʤʝʱʝʥʥʦʡ ʜʠʩʧʝʨʩʠʝʡ. ʇʘʨʘʤʝʪʨʳ ʩʣʦʝʚ ʠ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ R(r) ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 1. 

r, ʤʢʤ
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

2

1

3

0.2

0.0

0.4

0.6

0.8

1.0
ɻʨʘʬʠʢʠ:

1 ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣ̫ LP01, ɚ =  1310 ʥʤ

2 ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣ̫ LP01, ɚ =  1550 ʥʤ

3 ï ʧʨʦʬʠʣɹ ʧʦʢʘʟʘʪʝʣ̫ ʧʨʝʣʦʤʣʝʥʠ̫

0.2

0.0

0.4

0.6

0.8

1.0

R(r) ȹn, %

ʉʣʦʠ:

1 ï 2.5 ʤʢʤ, 7.9% GeO2, 92.1 SiO2

2 ï 4 ʤʢʤ, 100% SiO2

3 ï 7.5 ʤʢʤ, 4.03% Ge02, 9.7% B2O3, 86.27 SiO2

4 ï 125 ʤʢʤ, 100% SiO2

 
ʈʠʩ. 1. R(r) ʜʣʷ ʦʩʥʦʚʥʦʡ ʤʦʜʳ ʆɺ DSF 
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ʇʈɽɼɺɽʉʊʅʀʂɸ ʃɸɿɽʈʅʓʄ ʀʄʇʋʃʔʉʆʄ  

ʂʆʅɽʏʅʆɻʆ ʇʆʇɽʈɽʏʅʆɻʆ ʈɸɿʄɽʈɸ  

 
ʇʨʝʜʣʦʞʝʥʘ ʧʨʦʩʪʘʷ ʤʦʜʝʣʴ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʰʠʨʠʥʳ ʣʘʟʝʨʥʦʛʦ 

ʧʫʯʢʘ ʥʘ ʵʬʬʝʢʪ ʛʝʥʝʨʘʮʠʠ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʨʝʜʚʝʩʪʥʠʢʘ 

ʤʦʱʥʳʤ ʫʣʴʪʨʘʢʦʨʦʪʢʠʤ ʣʘʟʝʨʥʳʤ ʠʤʧʫʣʴʩʦʤ ʚ ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʦʤ ʢʨʠʩʪʘʣʣʝ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʝʜʚʝʩʪʥʠʢʘ ʫʩʪʦʡʯʠʚʦ ʢ ʫʤʝʥʴʰʝʥʠʶ ʰʠʨʠʥʳ 

ʧʫʯʢʘ. 

 

S.A. SYCHUGIN, M.I. BAKUNOV 
Lobachevsky State University of Nizhny Novgorod 

 

A MODEL FOR GE NERATION OF QUASI -STATIC 

PRECURSOR BY A LASER PULSE  

OF A FINITE TRANSVERSE SIZE  
 

We propose a simple model for investigation of the effect of the laser beam width on 

the generation of quasi-static electromagnetic precursor by an intense ultrashort laser 

pulse in an electro-optic crystal. It is shown that a precursor is formed even for a narrow 

laser beam.   
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ ʵʢʩʪʨʝʤʘʣʴʥʦ ʩʠʣʴʥʳʝ 

(ʩ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ > 1 ʄɺ/ʩʤ) ʪʝʨʘʛʝʨʮʦʚʳʝ ʧʦʣʷ ʜʣʷ ʪʘʢʠʭ ʧʨʠʣʦʞʝʥʠʡ, 

ʢʘʢ çʥʘʩʪʦʣʴʥʦʝè ʫʩʢʦʨʝʥʠʝ ʯʘʩʪʠʮ, ʩʚʝʨʭʙʳʩʪʨʦʝ ʫʧʨʘʚʣʝʥʠʝ ʤʘʛʥʠʪʥʳʤ 

ʧʦʨʷʜʢʦʤ ʚ ʚʝʱʝʩʪʚʝ ʠ ʥʝʣʠʥʝʡʥʘʷ ʪʝʨʘʛʝʨʮʦʚʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ. ʅʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʩʥʦʚʘʥʳ ʥʘ ʷʚʣʝʥʠʠ 

ʦʧʪʠʯʝʩʢʦʡ ʨʝʢʪʠʬʠʢʘʮʠʠ ʤʦʱʥʳʭ ʬʝʤʪʦʩʝʢʫʥʜʥʳʭ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ 

ʚ ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʘʭ. ʇʨʠ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʧʪʠʯʝʩʢʦʡ 

ʥʘʢʘʯʢʠ ʥʝʛʘʪʠʚʥʫʶ ʨʦʣʴ ʥʘʯʠʥʘʝʪ ʠʛʨʘʪʴ ʤʥʦʛʦʬʦʪʦʥʥʦʝ ʧʦʛʣʦʱʝʥʠʝ, 

ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʢ ʠʩʪʦʱʝʥʠʶ ʥʘʢʘʯʢʠ, ʥʦ ʠ ʢ ʛʝʥʝʨʘʮʠʠ 

ʩʚʦʙʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ, ʧʦʛʣʦʱʘʶʱʠʭ ʪʝʨʘʛʝʨʮʦʚʳʝ ʚʦʣʥʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʬʦʪʦʛʝʥʝʨʘʮʠʷ ʥʦʩʠʪʝʣʝʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʙʳʯʥʦ ʢʘʢ ʥʝʛʘʪʠʚʥʳʡ ʵʬʬʝʢʪ 

ʜʣʷ ʪʝʨʘʛʝʨʮʦʚʦʡ ʛʝʥʝʨʘʮʠʠ. 

ʅʝʜʘʚʥʦ ʙʳʣʦ, ʦʜʥʘʢʦ, ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [1], ʯʪʦ ʛʝʥʝʨʘʮʠʷ ʩʚʦʙʦʜʥʳʭ 

ʥʦʩʠʪʝʣʝʡ ʚ ʫʩʣʦʚʠʷʭ ʤʥʦʛʦʬʦʪʦʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʥʘʢʘʯʢʠ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʟʠʪʠʚʥʦʤʫ ʵʬʬʝʢʪʫ ï ʛʝʥʝʨʘʮʠʠ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʭ 
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ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚʧʝʨʝʜʠ 

ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ. ʀʩʪʦʯʥʠʢʦʤ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʝʜʚʝʩʪʥʠʢʘ 

ʷʚʣʷʝʪʩʷ ʚʩʧʣʝʩʢ ʪʦʢʘ ʨʦʞʜʝʥʥʳʭ ʥʘ ʬʨʦʥʪʝ ʬʦʪʦʠʦʥʠʟʘʮʠʠ ʥʦʩʠʪʝʣʝʡ 

ʧʨʠ ʠʭ ʫʩʢʦʨʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʤ ʥʝʣʠʥʝʡʥʫʶ 

ʧʦʣʷʨʠʟʘʮʠʶ ʚ ʢʨʠʩʪʘʣʣʝ. 

ʇʨʝʜʩʢʘʟʘʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʬʬʝʢʪʘ ʛʝʥʝʨʘʮʠʠ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʚ [1] 

ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʤʢʘʭ (ʦʜʥʦʤʝʨʥʦʡ) ʤʦʜʝʣʠ ʥʝʦʛʨʘʥʠʯʝʥʥʦ ʰʠʨʦʢʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ. ɼʘʥʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ 

ʧʦʧʝʨʝʯʥʦʛʦ ʨʘʟʤʝʨʘ ʧʫʯʢʘ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʝʜʚʝʩʪʥʠʢʘ. ʈʘʟʨʘʙʦʪʢʘ 

ʜʚʫʤʝʨʥʦʛʦ FDTD ʢʦʜʘ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʨʝʩʫʨʩʦʝʤʢʦʡ ʟʘʜʘʯʝʡ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʟʜʝʩʴ ʧʨʦʩʪʫʶ ʜʚʫʤʝʨʥʫʶ ʤʦʜʝʣʴ, ʚ ʢʦʪʦʨʦʡ 

ʜʚʠʞʝʥʠʝ ʬʨʦʥʪʘ ʨʦʞʜʝʥʠʷ ʠ ʫʩʢʦʨʝʥʠʷ ʥʦʩʠʪʝʣʝʡ ʟʘʤʝʥʷʝʪʩʷ 

ʜʠʩʢʨʝʪʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʟʘʜʘʥʥʳʭ 

ʪʦʢʦʚ. 

ʉʫʪʴ ʤʦʜʝʣʠ ʧʦʷʩʥʷʝʪ ʨʠʩ. 1. ɺʜʦʣʴ ʦʩʠ z ʩ ʰʘʛʦʤ Dz ʨʘʩʧʦʣʦʞʝʥʳ 

ʧʦʣʦʩʳ ʰʠʨʠʥʳ d, ʥʘ ʢʦʪʦʨʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʝʨʝʟ ʚʨʝʤʷ Dt = Dz/V 

(V ï ʛʨʫʧʧʦʚʘʷ ʩʢʦʨʦʩʪʴ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ), ʚʢʣʶʯʘʶʪʩʷ ʪʦʢʠ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʚʜʦʣʴ ʦʩʠ y. ʉʦʟʜʘʚʘʝʤʳʝ ʪʦʢʘʤʠ ʧʦʣʷ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʩ 

ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʚʦʣʥ ʚ ʢʨʠʩʪʘʣʣʝ. ʊʦʢ ʥʘ ʢʘʞʜʦʡ 

ʧʦʣʦʩʝ ʚʳʢʣʶʯʘʝʪʩʷ ʯʝʨʝʟ ʚʨʝʤʷ t, ʨʘʚʥʦʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ 
ʠʤʧʫʣʴʩʘ. 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʦʤʝʥʪʘʣʴʥʳʝ ʩʥʠʤʢʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ 

ʦʩʠ z ʜʣʷ ʪʨʝʭ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ. ɺʠʜʥʦ, ʯʪʦ ʜʣʠʥʘ ʧʨʝʜʚʝʩʪʥʠʢʘ ʨʘʩʪʝʪ 

ʧʦ ʤʝʨʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ʥʘʢʘʯʢʠ, ʘ ʘʤʧʣʠʪʫʜʘ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ 

ʠʟʤʝʥʷʝʪʩʷ. ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʦʩʪ ʧʨʝʜʚʝʩʪʥʠʢʘ ʩʦʭʨʘʥʷʝʪʩʷ ʜʦ 

ʨʘʩʩʪʦʷʥʠʡ z, ʥʘ ʧʦʨʷʜʦʢ ʧʨʝʚʦʩʭʦʜʷʱʠʭ ʨʘʟʤʝʨ d.   
 

 
 

ʈʠʩ. 1. ɻʝʦʤʝʪʨʠʷ ʤʦʜʝʣʠ ʈʠʩ. 2. ʄʦʤʝʥʪʘʣʴʥʳʝ ʩʥʠʤʢʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ ʚ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ: 6 ʧʩ (a), 18 ʧʩ (ʙ),  

30 ʧʩ (ʚ)ʧʨʠ d = 1 ʤʤ ʠ t = 500 ʬʩ 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
1. Bakunov M.I., Maslov A.V., Tsarev M.V. // Phys. Rev. A. 2017. V.95. P.063817. 
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3ʉʢʦʣʢʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣ. 

 

ʉʊɸʊʀʉʊʀʂɸ ʀʅʊɽʅʉʀɺʅʆʉʊʀ ɺ ʉʃʋʏɸʁʅʆʄ 

ɺʆʃʆʂʆʅʅʆʄ ʃɸɿɽʈɽ 

 
ʇʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʤʦʤʝʥʪʘ ʯʝʪʚʝʨʪʦʛʦ 

ʧʦʨʷʜʢʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʚʳʭʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʣʫʯʘʡʥʦʛʦ ʚʦʣʦʢʦʥʥʦʛʦ ʣʘʟʝʨʘ 

ʚ ʧʝʨʚʦʤ ʠ ʚʪʦʨʦʤ ʧʦʨʷʜʢʘʭ ʧʦ ʧʘʨʘʤʝʪʨʫ ʥʝʣʠʥʝʡʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʦʩʯʠʪʘʥʳ ʠʭ 

ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʧʨʝʜʝʣʝ ʥʫʣʝʚʦʛʦ ʫʩʠʣʝʥʠʷ. ɺ ʧʝʨʚʦʤ ʧʦʨʷʜʢʝ ʧʦ ʧʘʨʘʤʝʪʨʫ 

ʥʝʣʠʥʝʡʥʦʩʪʠ ʚʳʯʠʩʣʝʥʳ ʤʦʤʝʥʪʳ ʚʳʩʰʠʭ ʧʦʨʷʜʢʦʚ ʠ ʧʦʩʪʨʦʝʥʘ ʬʫʥʢʮʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʳʭʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʣʫʯʘʡʥʦʛʦ ʚʦʣʦʢʦʥʥʦʛʦ 

ʣʘʟʝʨʘ. 
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INTENSITY STA TISTICS IN RANDOM FIBER LASER  
 

Analytic expressions for the correlation moment of the fourth order of the intensity 

of the output field of a random fiber laser in the first and the second orders in terms of 

the nonlinearity parameter are obtained, and their numerical values are calculated in the 

limit of zero amplification. In the first order in the nonlinearity parameter, higher order 

moments are calculated and the distribution function of the intensity of the output 

radiation of a random fiber laser is constructed. 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʘʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ, ʩʚʷʟʘʥʥʦʡ ʩʦ ʩʣʫʯʘʡʥʳʤʠ ʚʦʣʦʢʦʥʥʳʤʠ 

ʣʘʟʝʨʘʤʠ. ʀʭ ʩʦʟʜʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʨʝʜʩʪʚ ʩʚʷʟʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʝʥʩʦʨʥʳʭ 

ʩʠʩʪʝʤ [1-4]. 

ɺ [5] ʧʦʩʪʨʦʝʥʘ ʚʦʣʥʦʚʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʜʣʷ ʘʢʪʠʚʥʳʭ 

ʮʠʢʣʠʯʝʩʢʠʭ ʩʣʘʙʦʥʝʣʠʥʝʡʥʳʭ ʚʦʣʥʦʚʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʦʧʠʩʘʥʠʷ ʨʘʙʦʪʳ ʩʣʫʯʘʡʥʦʛʦ ʚʦʣʦʢʦʥʥʦʛʦ ʣʘʟʝʨʘ. ɺ 
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ʯʘʩʪʥʦʩʪʠ, ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʩʧʝʢʪʨʳ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʨʘʟʥʳʭ ʤʦʱʥʦʩʪʷʭ 

ʧʦʨʦʛʘ ʛʝʥʝʨʘʮʠʠ, ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʦʪ ʯʘʩʪʦʪʳ ʠ 

ʟʘʚʠʩʠʤʦʩʪʴ ʰʠʨʠʥʳ ʩʧʝʢʪʨʘ ʦʪ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʭʦʨʦʰʦ 

ʦʧʠʩʳʚʘʶʪ ʠʤʝʶʱʠʝʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ [5]. 

ʆʜʥʠʤ ʠʟ ʥʝʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩʦ ʩʣʫʯʘʡʥʳʤ 

ʚʦʣʦʢʦʥʥʳʤ ʣʘʟʝʨʦʤ, ʷʚʣʷʝʪʩʷ ʩʪʘʪʠʩʪʠʢʘ ʠʟʣʫʯʝʥʠʷ ʜʘʥʥʦʛʦ ʣʘʟʝʨʘ. 

ʊʘʢʠʝ ʧʨʦʮʝʩʩʳ, ʢʘʢ ʩʧʦʥʪʘʥʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʘ ʪʘʢʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʨʘʟʣʠʯʥʳʭ ʛʘʨʤʦʥʠʢ, ʧʨʠʚʦʜʷʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʛʘʫʩʩʦʚʦʡ ʩʪʘʪʠʩʪʠʢʠ 

ʘʤʧʣʠʪʫʜʳ, ʪʦ ʝʩʪʴ ʨʝʣʝʝʚʩʢʦʡ ʩʪʘʪʠʩʪʠʢʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʆʜʥʘʢʦ, 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ [6] ʚ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʩʠʣʴʥʳʝ 

ʬʣʫʢʪʫʘʮʠʠ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. ʇʦʜʦʙʥʳʝ ʬʣʫʢʪʫʘʮʠʠ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʟʘ 

ʩʯʸʪ ʂʝʨʨʦʚʩʢʦʡ ʥʝʣʠʥʝʡʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʳʭʦʜʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʦʞʝʪ ʠʤʝʪʴ ʦʪʣʠʯʠʝ ʦʪ ʨʝʣʝʝʚʩʢʦʛʦ ʚʠʜʘ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʥʘʭʦʞʜʝʥʠʝ ʩʪʘʪʠʩʪʠʢʠ ʠʟʣʫʯʝʥʠʷ. 

ʇʦʩʪʘʚʣʝʥʥʘʷ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʧʫʪʝʤ ʚʳʯʠʩʣʝʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ 

ʤʦʤʝʥʪʦʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʳʩʰʠʭ ʧʦʨʷʜʢʦʚ ʠ ʧʦʩʪʨʦʝʥʠʷ ʧʦ ʥʠʤ ʬʫʥʢʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʳʯʠʩʣʝʥʠʝ ʢʦʨʨʝʣʷʪʦʨʘ ʯʝʪʚʝʨʪʦʛʦ 

ʧʦʨʷʜʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʘʛʨʘʤʤʥʦʡ ʪʝʭʥʠʢʠ ʋʘʡʣʴʜʘ ʚ ʧʝʨʚʦʤ ʠ ʚʦ 

ʚʪʦʨʦʤ ʧʦʨʷʜʢʝ ʧʦ ʪʝʦʨʠʠ ʚʦʟʤʫʱʝʥʠʡ ʧʦ ʤʘʣʦʤʫ ʧʘʨʘʤʝʪʨʫ 

ʥʝʣʠʥʝʡʥʦʩʪʠ. ɺ ʧʝʨʚʦʤ ʧʦʨʷʜʢʝ ʧʦ ʧʘʨʘʤʝʪʨʫ ʥʝʣʠʥʝʡʥʦʩʪʠ 

ʚʳʯʠʩʣʷʶʪʩʷ ʤʦʤʝʥʪʳ ʚʳʩʰʠʭ ʧʦʨʷʜʢʦʚ ʠ ʩʪʨʦʠʪʩʷ ʬʫʥʢʮʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʳʭʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʂʘʯʝʩʪʚʝʥʥʳʡ ʚʠʜ 

ʧʦʣʫʯʝʥʥʦʡ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ [6]. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʄ.ʉ. ʂʋʃʗ, ɺ.ɸ. ʉɽʄɽʅʆɺɸ, ɺ.ɻ. ɹɽʉʇɸʃʆɺ, ʅ.ɺ. ʇɽʊʈʆɺ 
ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʆ-ɺʈɽʄɽʅʅɸʗ ʕɺʆʃʖʎʀʗ 

ʀʄʇʋʃʔʉʅʆɻʆ ʐʀʈʆʂʆʇʆʃʆʉʅʆɻʆ 

ʊɽʈɸɻɽʈʎʆɺʆɻʆ ɻɸʋʉʉ-ɹɽʉʉɽʃɽɺɸ ʇʋʏʂɸ 
 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʯʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ ʠʤʧʫʣʴʩʥʦʡ ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʵʚʦʣʶʮʠʠ 

ʛʘʫʩʩ-ʙʝʩʩʝʣʝʚʦʛʦ ʧʫʯʢʘ ʢʘʢ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʤ, ʪʘʢ ʠ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʩʧʝʢʪʨʘʣʴʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ. ʏʠʩʣʝʥʥʦ ʧʦʢʘʟʘʥʦ ʜʚʫʤʝʨʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʧʫʯʢʘ ʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʚʩʝ ʵʪʘʧʳ 

ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʠʤʧʫʣʴʩʘ ʧʨʠ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʠʤʧʫʣʴʩʘ ʍ-ʦʙʨʘʟʥʦʡ ʬʦʨʤʳ. ʈʘʩʩʯʠʪʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʦʪ 

ʨʘʩʩʪʦʷʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʬʘʟʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʟʥʘʯʝʥʠʷ ʧʨʠʨʘʱʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʩʚʝʨʭʩʚʝʪʦʚʦʤ ʠʣʠ ʩʫʙʩʚʝʪʦʚʦʤ ʧʦʚʝʜʝʥʠʠ. 

 

M.S. KULYA, V.A.  SEMENOVA, V.G. BESPALOV, N.V. PETROV 
ITMO University, Saint-Petersburg 

 

SPATIO-TEMPORAL EVOLUTION OF  PULSED 

BROADBAND TERAHERTZ GAUSS -BESSEL BEAM 
 

We numerically analyzed the evolution of pulsed broadband Gauss-Bessel beam in 

the spatial-temporal and spatial-spectral representation. It was shown numerically the 

two-dimensional spatial-temporal behavior of the beam and demonstrated all the stages 

of the changes of the pulse shape during its propagation, including the X-shape pulse 

forming. We calculated the dependence of the phase velocity on the distance distribution 

and a comparison with existing experimental results. It is shown that the results of the 

calculation of the phase velocity strongly depend on the value of the distance increment. 

This behavior illustrates superluminal or subluminal propagation. 

 

ɺ ʯʘʩʪʦʪʥʦʤ ʪʝʨʘʛʝʨʮʦʚʦʤ (ʊɻʮ) ʜʠʘʧʘʟʦʥʝ ʵʚʦʣʶʮʠʷ ʧʫʯʢʦʚ ɹʝʩʩʝʣʷ 

ʟʘʩʣʫʞʠʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʠʟ-ʟʘ ʧʨʝʜʝʣʴʥʦʛʦ ʩʣʫʯʘʷ 

ʠʤʧʫʣʴʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʢʦʣʝʙʘʥʠʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʇʦʩʣʝ ʧʦʷʚʣʝʥʠʷ ʢʦʛʝʨʝʥʪʥʦʛʦ ʤʝʪʦʜʘ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʨʷʤʦʝ ʠʟʤʝʨʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʊɻʮ 

ʧʦʣʷ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ, ʙʳʣʦ ʧʨʝʜʧʨʠʥʷʪʦ ʥʝʩʢʦʣʴʢʦ ʧʦʧʳʪʦʢ 

ʦʮʝʥʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʩʚʝʨʭʩʚʝʪʦʚʦʡ ʵʬʬʝʢʪ ʠʤʧʫʣʴʩʥʦʛʦ ʊɻʮ ʧʫʯʢʘ 

ɹʝʩʩʝʣʷ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚ ʩʨʝʜʝ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ ʃʣʦʡʜʘ ʠ ʜʨ. [1] 



ʋɼʂ 535(06)+004(06) 

 ISBN 978-5-7262-2445-9 ʌʆʊʆʅʀʂɸ ʀ ʀʅʌʆʈʄɸʎʀʆʅʅɸʗ ʆʇʊʀʂɸ 187 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʩʚʝʨʭʩʚʝʪʦʚʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʫʯʢʘ ɹʝʩʩʝʣʷ, ʥʦ ʪʦʣʴʢʦ 

ʥʘ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʧʫʯʢʘ. ʀʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʠʤʧʫʣʴʩʘ ʧʦ ʤʝʨʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʦ ʪʦʣʴʢʦ ʜʣʷ ʧʘʨʘʢʩʠʘʣʴʥʦʛʦ ʩʣʫʯʘʷ, ʥʦ 

ʦʥʦ ʥʝ ʠʣʣʶʩʪʨʠʨʫʝʪ ʧʦʣʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʵʚʦʣʶʮʠʠ, 

ʦʩʦʙʝʥʥʦ ʧʨʠ ʥʘʣʠʯʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʩʚʷʟʠ (spatio-temporal 

coupling). ʂʨʦʤʝ ʪʦʛʦ, ʰʘʛ ʧʦ ʨʘʩʩʪʦʷʥʠʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʷʭ ʧʨʝʚʳʰʘʝʪ ʧʦʯʪʠ ʥʘ ʧʦʨʷʜʦʢ ʚʝʣʠʯʠʥʳ 

ʨʘʟʤʝʨʘ ʩʘʤʦʛʦ ʧʫʯʢʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʄʝʪʦʜ ʠʤʧʫʣʴʩʥʦʡ ʊɻʮ ʛʦʣʦʛʨʘʬʠʠ ʩ ʨʘʟʨʝʰʝʥʠʝʤ ʚʦ ʚʨʝʤʝʥʠ [2-7] 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʯʠʩʣʝʥʥʳʡ ʨʘʩʯʝʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʥʦʛʦ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʊɻʮ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʠ ʘʥʘʣʠʟʘ ʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ, 

ʚʨʝʤʝʥʥʦʡ ʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʵʚʦʣʶʮʠʠ. ʀʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʠʤʧʫʣʴʩʘ ʧʨʠ 

ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʜʠʥʘʤʠʢʦʡ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ, ʛʜʝ 

ʵʥʝʨʛʠʷ ʠʤʧʫʣʴʩʘ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʦʪ ʧʝʨʝʜʥʝʛʦ ʬʨʦʥʪʘ ʢ ʟʘʜʥʝʤʫ 

ʬʨʦʥʪʫ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʦʪʨʘʞʘʝʪ ʩʠʣʴʥʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʫʶ 

ʚʟʘʠʤʦʩʚʷʟʴ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʛʜʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʧʫʯʢʘ ɹʝʩʩʝʣʷ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʩʪʦʷʥʠʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ3.1893.2017/4.6, 

ʚʳʧʦʣʥʷʝʤʦʛʦ ʥʘʫʯʥʳʤʠ ʢʦʣʣʝʢʪʠʚʘʤʠ ʥʘʫʯʥʳʭ ʣʘʙʦʨʘʪʦʨʠʡ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʜʚʝʜʦʤʩʪʚʝʥʥʳʭ 

ʄʠʥʠʩʪʝʨʩʪʚʫ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 
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ʅʘʫʯʥʳʡ ʮʝʥʪʨ ʚʦʣʦʢʦʥʥʦʡ ʦʧʪʠʢʠ ʈɸʅ, ʄʦʩʢʚʘ 

 

ʇʆʃʋʏɽʅʀɽ ʕʌʌɽʂʊʀɺʅʆʁ ɺʂʈ-ɻɽʅɽʈɸʎʀʀ  

ʅɸ 4,4 ʤʢʤ ʀ ʀɿʄɽʈɽʅʀɽ ʉ ɽɪ ʇʆʄʆʑʔʖ 

ʆʇʊʀʏɽʉʂʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʇʆʃʆɻʆ 

ʈɽɺʆʃʔɺɽʈʅʆɻʆ ʉɺɽʊʆɺʆɼɸ 
 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʧʦʣʫʯʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʡ ɺʂʈ-ʛʝʥʝʨʘʮʠʠ ʥʘ ʜʣʠʥʝ 

ʚʦʣʥʳ 4,4 ʤʢʤ ʚ ʧʦʣʦʤ ʨʝʚʦʣʴʚʝʨʥʦʤ ʩʚʝʪʦʚʦʜʝ, ʟʘʧʦʣʥʝʥʥʦʤ ʤʦʣʝʢʫʣʷʨʥʳʤ 

ʚʦʜʦʨʦʜʦʤ (1ʅ2). ʉ ʧʦʤʦʱʴʶ ʧʦʣʫʯʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʠʟʤʝʨʝʥʳ ʦʧʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʠ ʧʦʣʫʯʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʷ ʚ 

ʧʦʣʦʤ ʨʝʚʦʣʴʚʝʨʥʦʤ ʩʚʝʪʦʚʦʜʝ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 4,4 ʤʢʤ. 
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EFFECTIVE RAMAN GENE RATION AT 4.4 ÕM  

AND MEASUREMENT WITH  ITS HELP THE OPTICAL  

CHARACTERISTICS OF THE HOLLOW -CORE  

REVOLVER FIBER  
 

Results of obtaining effective stimulated Raman scattering at a wavelength of 4.4 

ɛm in a hollow-core revolver fiber filled with molecular hydrogen (1H2) are presented. 

Using the obtained laser radiation source optical losses were measured and a field 

intensity distribution was obtained for a hollow-core revolver fiber at a wavelength of 

4.4 ɛm. 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʩʨʝʜʥʝʤ ʀʂ-ʜʠʘʧʘʟʦʥʝ ʩʫʱʝʩʪʚʫʝʪ ʥʝʜʦʩʪʘʪʦʢ 

ʣʘʟʝʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʚʦʣʦʢʦʥʥʳʭ ʣʘʟʝʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

ʇʨʠ ʵʪʦʤ ʚ ʥʠʭ ʝʩʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʜʠʘʧʘʟʦʥʝ 3-5ʤʢʤ ʜʣʷ ʨʷʜʘ 

ʧʨʠʤʝʥʝʥʠʡ ʚ ʙʠʦʤʝʜʠʮʠʥʝ, ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʛʘʟʦʚ, ʘ ʪʘʢʞʝ 

ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʙʦʨʦʥʥʦʡ ʪʝʭʥʠʢʝ (çʦʩʣʝʧʣʝʥʠʝè ʪʝʧʣʦʚʳʭ ʜʘʪʯʠʢʦʚ). 

ʇʦʣʳʝ ʚʦʣʦʢʦʥʥʳʝ ʩʚʝʪʦʚʦʜʳ ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʠʟʣʫʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 3-5 ʤʢʤ, ʥʦ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʠʭ ʩʚʦʡʩʪʚ ʩʠʣʴʥʦ 
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ʟʘʪʨʫʜʥʝʥʘ ʚʩʣʝʜʩʪʚʠʝ ʦʪʩʫʪʩʪʚʠʷ ʛʦʪʦʚʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʚʝʪʦʚʦʜʦʚ ʚ ʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ. ɺʩʸ ʵʪʦ ʜʝʣʘʝʪ 

ʩʦʟʜʘʥʠʝ ʚʦʣʦʢʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʨʝʜʥʝʛʦ ʀʂ-

ʜʠʘʧʘʟʦʥʘ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʶ ʧʦʣʳʭ ʩʚʝʪʦʚʦʜʦʚ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʚʘʞʥʦʡ 

ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʟʘʜʘʯʝʡ.  

ɺ ʧʦʣʦʤ ʨʝʚʦʣʴʚʝʨʥʦʤ ʩʚʝʪʦʚʦʜʝ (ʈʉ), ʟʘʧʦʣʥʝʥʥʦʤ ʤʦʣʝʢʫʣʷʨʥʳʤ 

ʚʦʜʦʨʦʜʦʤ, ʧʦʣʫʯʝʥʘ ɺʂʈ-ʛʝʥʝʨʘʮʠʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 4,4 ʤʢʤ ʩʦ ʩʨʝʜʥʝʡ 

ʤʦʱʥʦʩʪʴʶ ~ 250 ʤɺʪ ʠ ʢʚʘʥʪʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 36 %. ʈʉ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ (ʨʠʩ. 1ʘ), ʘʥʘʣʦʛʠʯʝʥ ʧʦ ʩʚʦʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʚʝʪʦʚʦʜʫ, ʧʨʠʤʝʥʷʚʰʝʤʫʩʷ ʚ ʨʘʙʦʪʝ [1]. ɼʠʘʤʝʪʨ ʧʦʣʷ 

ʤʦʜʳ ʩʦʩʪʘʚʣʷʣ 56 ʤʢʤ. 

ʇʦʣʫʯʝʥʦ ʧʦʧʝʨʝʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʥʘ 

4.4 ʤʢʤ (ʨʠʩ. 1ʙ, ʠʟʣʫʯʝʥʠʝ ʦʩʥʦʚʥʦʡ ʤʦʜʳ, ʤʦʜʫʣʠʨʦʚʘʥʥʦʝ ʷʚʣʝʥʠʷʤʠ 

ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʥʘ ʚʭʦʜʥʦʤ ʦʢʥʝ ʀʂ ʢʘʤʝʨʳ). ʇʨʠ ʧʦʤʦʱʠ ʪʘʢʦʛʦ 

ʦʜʥʦʤʦʜʦʚʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠʟʤʝʨʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʧʫʩʢʘʥʠʷ ʈʉ ʦʪ ʝʛʦ 

ʜʣʠʥʳ (ʨʠʩ. 2). ɽʝ ʷʩʥʦ ʚʳʨʘʞʝʥʥʳʡ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ 

ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʈʉ ʩ ʪʦʯʥʦʩʪʴʶ ʥʝ ʭʫʞʝ 2 %. 

  

ʈʠʩ. 1. ʇʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ 

ʠʟʤʝʨʷʝʤʦʛʦ ʩʚʝʪʦʚʦʜʘ (ʜʠʘʤʝʪʨ 

ʧʦʣʦʡ ʩʝʨʜʮʝʚʠʥʳ 75 ʤʢʤ) (ʘ); 

ʠʟʣʫʯʝʥʠʝ 4.4 ʤʢʤ ɺʂʈ-ʣʘʟʝʨʘ (ʙ) 

ʈʠʩ. 2. ʇʨʦʧʫʩʢʘʥʠʝ ʩʚʝʪʦʚʦʜʘ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 

4,4 ʤʢʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʜʣʠʥʳ 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʅʌ (ʧʨʦʝʢʪ ˉ16-19- 10513). 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Gladyshev A.V., et al. 4.4-um Raman laser based on hollow-core silica fibre // Quantum 
Electron. 2017. V.47. P.491-494. 
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QUASI-LONGITUDINAL PUMPING  OF THE DYE LASER 

BY GREEN LASER DIODE S 
 

We present the results of experiments on the effective quasi-longitudinal pumping of 

the dye laser by green (ɚ = 520 nm) diode lasers. The best obtained slope efficiency was 

approximately 41 % for pyrromethene 567 in the astigmatically compensated three-

mirror cavity design. 

 

ʇʦʷʚʣʝʥʠʝ ʤʦʱʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʣʘʟʝʨʦʚ ʚʠʜʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʡʪʠ ʢ ʢʦʤʧʘʢʪʥʦʡ ʠ ʥʝʜʦʨʦʛʦʡ ʜʠʦʜʥʦʡ ʥʘʢʘʯʢʝ ʚ 

ʣʘʟʝʨʘʭ ʥʘ ʢʨʘʩʠʪʝʣʷʭ (ʃʂ). ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʜʠʦʜʥʦʡ ʥʘʢʘʯʢʝ 

ʃʂ ʷʚʣʷʝʪʩʷ ʥʝʭʚʘʪʢʘ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʤʦʣʝʢʫʣ 

ʢʨʘʩʠʪʝʣʝʡ. ɼʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʜʘʞʝ ʚ ʣʫʯʰʠʭ ʨʘʙʦʪʘʭ ʂʇɼ ʥʝ 

ʧʨʝʚʳʰʘʣ 2 %. ɺ [1] ʙʳʣ ʧʦʣʫʯʝʥ ʜʠʬʬ. ʂʇɼ 11 % ʥʘ DCM, ʥʦ ʩ 

ʨʝʟʦʥʘʪʦʨʦʤ, ʥʝʧʨʠʛʦʜʥʳʤ ʜʣʷ ʧʝʨʝʩʪʨʦʡʢʠ ʜʣʠʥʳ ʚʦʣʥʳ ʛʝʥʝʨʘʮʠʠ. ʅʘʤ 

ʫʞʝ ʫʜʘʣʦʩʴ ʥʝ ʪʦʣʴʢʦ ʧʦʣʫʯʠʪʴ ʨʝʢʦʨʜʥʦʝ ʟʥʘʯʝʥʠʝ ʜʠʬʬ. ʂʇɼ (18 %) 

ʜʣʷ ʃʂ ʩ ʜʠʦʜʥʦʡ ʥʘʢʘʯʢʦʡ, ʥʦ ʠ ʚʧʝʨʚʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ 

ʧʝʨʝʩʪʨʦʡʢʫ ʠʟʣʫʯʝʥʠʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ: ʦʪ 500 ʥʤ ʜʦ 

700 ʥʤ [2, 3]. ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʩʧʝʭʠ, ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʧʝʨʝʯʥʦʡ ʩʭʝʤʳ ʥʘʢʘʯʢʠ, ʧʨʦʜʦʣʴʥʳʝ ʩʭʝʤʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʧʨʦʚʝʜʝʥʠʝ ʠʩʧʳʪʘʥʠʡ ʧʦ ʢʚʘʟʠʧʨʦʜʦʣʴʥʦʡ 

ʥʘʢʘʯʢʝ ʨʷʜʘ ʢʨʘʩʠʪʝʣʝʡ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʛʝʥʝʨʘʮʠʠ ʧʨʠ ʠʤʧʫʣʴʩʥʦʤ 
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ʚʦʟʙʫʞʜʝʥʠʠ ʟʝʣʝʥʳʤʠ ʜʠʦʜʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʜʝʣʘʪʴ ʙʦʣʴʰʦʡ ʰʘʛ ʥʘ 

ʧʫʪʠ ʢ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʤʦʜ ʚ ʃʂ ʩ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʥʘʢʘʯʢʦʡ. 

ʅʘʠʙʦʣʝʝ ʤʦʱʥʳʤʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʣʘʟʝʨʘʤʠ ʚʠʜʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ʷʚʣʷʶʪʩʷ ʛʦʣʫʙʳʝ ʜʠʦʜʳ (445 ʥʤ), ʥʦ ʪ.ʢ. ʨʦʜʘʤʠʥ 6ɾ ʠ ʧʠʨʨʦʤʝʪʝʥʳ 

ʧʦʯʪʠ ʥʝ ʧʦʛʣʦʱʘʶʪ ʥʘ ʵʪʦʡ ʜʣʠʥʝ ʚʦʣʥʳ, ʚ ʢʘʯʝʩʪʚʝ ʥʘʢʘʯʢʠ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʜʚʘ ʤʥʦʛʦʤʦʜʦʚʳʭ 1 ɺʪ ʜʠʦʜʘ NDG7475 (520 ʥʤ) ʬʠʨʤʳ Nichia. 

ʅʘʢʘʯʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʠʤʧʫʣʴʩʘʤʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 200 ʥʩ ʠ ʯʘʩʪʦʪʝ 

ʩʣʝʜʦʚʘʥʠʷ 2 ɻʮ ʧʦʜ ʫʛʣʦʤ ʧʘʜʝʥʠʷ 13Á ʢ ʦʩʠ ʨʝʟʦʥʘʪʦʨʘ (ʨʠʩ. 1). ɺ 

ʦʙʣʘʩʪʠ ʧʝʨʝʪʷʞʢʠ ʧʦʜ ʫʛʣʦʤ ɹʨʶʩʪʝʨʘ ʨʘʩʧʦʣʦʞʝʥʘ ʢʶʚʝʪʘ ʩ ʨʘʩʪʚʦʨʦʤ 

ʢʨʘʩʠʪʝʣʷ ʚ ʵʪʘʥʦʣʝ. ʀʟʣʫʯʝʥʠʝ ʢʘʞʜʦʛʦ ʜʠʦʜʘ ʢʦʣʣʠʤʠʨʫʝʪʩʷ 

ʘʩʬʝʨʠʯʝʩʢʦʡ ʣʠʥʟʦʡ ʪʠʧʘ G2 (f = 4.0 ʤʤ), ʟʘʪʝʤ ʫ ʦʜʥʦʛʦ ʠʟ ʜʠʦʜʦʚ ʩ 

ʧʦʤʦʱʴʶ ɚ/2 ʧʣʘʩʪʠʥʳ ʧʦʣʷʨʠʟʘʮʠʷ ʤʝʥʷʝʪʩʷ ʥʘ ʦʨʪʦʛʦʥʘʣʴʥʫʶ, ʧʦʩʣʝ 

ʯʝʛʦ ʧʫʯʢʠ ʩʚʦʜʷʪʩʷ ʚʤʝʩʪʝ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʤ ʩʚʝʪʦʜʝʣʠʪʝʣʝʤ. ʊʘʢ ʢʘʢ 

ʤʦʱʥʳʝ ʤʥʦʛʦʤʦʜʦʚʳʝ ʣʘʟʝʨʥʳʝ ʜʠʦʜʳ ʦʙʣʘʜʘʶʪ ʩʠʣʴʥʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ 

ʠʟʣʫʯʝʥʠʷ, ʧʫʯʦʢ ʨʘʩʰʠʨʷʣʩʷ ʚʜʦʣʴ çʤʝʜʣʝʥʥʦʡè ʦʩʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ 

ʪʝʣʝʩʢʦʧʦʤ ʠ ʟʘʪʝʤ ʬʦʢʫʩʠʨʦʚʘʣʩʷ ʩʬʝʨʠʯʝʩʢʦʡ ʣʠʥʟʦʡ (f = 50 ʤʤ) ʥʘ 

ʢʶʚʝʪʫ ʩ ʢʨʘʩʠʪʝʣʝʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʤ ʫʜʘʣʦʩʴ ʩʬʦʢʫʩʠʨʦʚʘʪʴ ʠʟʣʫʯʝʥʠʝ 

ʜʠʦʜʦʚ ʚ ʧʷʪʥʦ 20Ĭ40 ʤʢʤ. 

ʇʦʣʫʯʝʥʘ ʛʝʥʝʨʘʮʠʷ ʥʘ ʨʷʜʝ ʢʨʘʩʠʪʝʣʝʡ ʚ ʰʠʨʦʢʦʧʦʣʦʩʥʦʤ ʨʝʟʦʥʘʪʦʨʝ 

ʧʨʠ ʠʤʧʫʣʴʩʥʦʡ ʥʘʢʘʯʢʝ ʜʠʦʜʘʤʠ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʝʨʢʘʣʘ ʩ 

ʧʨʦʧʫʩʢʘʥʠʝʤ 12 % ʜʠʬʬ. ʂʇɼ ʩʦʩʪʘʚʠʣ 41.1 % ʜʣʷ ʧʠʨʨʦʤʝʪʝʥʘ 567, ʘ 

ʧʦʨʦʛ ʛʝʥʝʨʘʮʠʠ 320 ʥɼʞ. ɺʳʭʦʜʥʘʷ ʵʥʝʨʛʠʷ ʛʝʥʝʨʘʮʠʠ ʩʦʩʪʘʚʠʣʘ 

161 ʥɼʞ ʧʨʠ ʧʦʛʣʦʱʝʥʥʦʡ ʵʥʝʨʛʠʠ ʥʘʢʘʯʢʠ ʚ 716 ʥɼʞ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ 

ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʘ ʛʝʥʝʨʘʮʠʷ ʚ ʃʂ ʧʨʠ ʥʘʢʘʯʢʝ ʟʝʣʝʥʳʤʠ ʜʠʦʜʘʤʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ, 

ʧʨʦʛʨʘʤʤʘ çʌʦʪʦʥʠʢʘè (1.25ʇ). 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʣʘʟʝʨʘ ʥʘ ʢʨʘʩʠʪʝʣʝ ʩ ʜʠʦʜʥʦʡ ʥʘʢʘʯʢʦʡ ʟʝʣʝʥʳʤʠ ʜʠʦʜʘʤʠ 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Zhao Z., et. al. // Appl. Phys. Lett. 2015. V.106. P.051112. 
2. Burdukova O.A., et. al. // Laser Phys. Lett. 2016. V.13. P.105004. 

3. Burdukova O.A., et. al. // Appl. Phys. B. 2017. V.123. P.84. 
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ʇ.ʆ. ʗʂʋʐɽʅʂʆɺ
1,2,3

 
1ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʄʀʕʊ, ɿʝʣʝʥʦʛʨʘʜ 

2ʄʦʩʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ), 

ɼʦʣʛʦʧʨʫʜʥʳʡ 
3ɸʆ çɸʥʛʩʪʨʝʤè, ɿʝʣʝʥʦʛʨʘʜ 

 

ʄʆɼʋʃʗʎʀʗ ʀɿʃʋʏɽʅʀʗ ʇʆʃʋʇʈʆɺʆɼʅʀʂʆɺʆɻʆ 

ʃɸɿɽʈɸ ʀɿʄɽʅɽʅʀɽʄ ʅɸʄɸɻʅʀʏɽʅʅʆʉʊʀ ʉʈɽɼʓ 

 
ʕʬʬʝʢʪ ʦʧʪʠʯʝʩʢʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʙʳʩʪʨʳʡ, ʚʨʝʤʝʥʘ 

ʧʝʨʝʢʣʶʯʝʥʠʷ ~ ʧʩ. ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʦʪʨʝʥ ʚʘʨʠʘʥʪ ʫʧʨʘʚʣʝʥʠʷ ʩʚʝʪʘ ʩʚʝʪʦʤ ʥʘ 

ʧʨʠʤʝʨʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʣʘʟʝʨʘ ʥʘ ʬʝʨʨʦʤʘʛʥʝʪʠʢʝ. 

 

P.O. YAKUSHENKOV
1,2,3

 
1National Research University of Electronic Technology çMIETè, Zelenograd 
2Moscow Institute of Physics and Technology State University), Dolgoprudny 

3JCK çAngstremè, Zelenograd 

 

MODULATION OF SEMICO NDUCTOR LASER CHANGI NG 

IT`S MAGNETISATION  
 

The optical switching of magnetization is very fast (~ps). In example of 

ferromagnetic semiconductor laser is shown a variant of controlling the light using light. 

 

ʕʬʬʝʢʪ ʦʧʪʠʯʝʩʢʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʣʘʟʝʨʥʳʤʠ 

ʠʤʧʫʣʴʩʘʤʠ ʘʥʘʣʦʛʠʯʝʥ ʵʬʬʝʢʪʫ ʧʝʨʝʢʣʶʯʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʩʧʠʥ-

ʚʝʥʪʠʣʴʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʪʦʢʦʤ, ʢʦʪʦʨʳʡ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʃʘʥʜʘʫ-

ʃʠʚʰʠʮʘ-ɻʠʣʴʙʝʨʪʘ ʩ ʧʨʝʬʘʢʪʦʨʦʤ ʩʧʠʥʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʜʘʯʠ 

ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʉʣʦʥʯʝʚʩʢʦʛʦ-ɹʝʨʞʝ [3]: 
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d . ʇʨʠ ʧʦʣʷʨʠʟʘʮʠʠ ʚʝʱʝʩʪʚʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʦʧʠʩʳʚʘʝʪʩʷ ʢʘʢ: D = ŮE + i[gxE], ʛʜʝ 

g = ŬH, H - ʤʘʛʥʠʪʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʩʚʝʪʘ ʜʦʙʘʚʣʷʝʪ ʚ ʪʝʥʟʦʨ Ůij 

ʥʝʜʠʘʛʦʥʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ [4] 
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ɺ ʤʘʛʥʠʪʥʳʭ ʩʨʝʜʘʭ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩʨʝʜʳ (ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ) ʙʫʜʝʪ 

ʪʘʢʞʝ ʜʦʙʘʚʣʷʪʴ ʥʝʜʠʘʛʦʥʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʚ Ůij, ʛʜʝ g = ŬM,  

ʘ M ï ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ. ɽʩʣʠ n - ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ, ʪʦ 

æŮij = mijkMk = æ(nij)
2
, iÍj. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʠʟʣʫʯʝʥʠʝ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʣʘʟʝʨʘ ʠʟʤʝʥʝʥʠʝʤ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩʨʝʜʳ ʩʚʝʪʦʤ. 

ʈʝʘʣʠʟʦʚʘʪʴ ʧʦʜʦʙʥʳʡ ʣʘʟʝʨ ʤʦʞʥʦ ʥʘ ʪʘʢʦʡ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ  

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʝ ʢʘʢ BiFeO3 [5], ʣʝʛʠʨʦʚʘʚ BiFeO3 ʢʘʢʠʤʠ-ʥʠʙʫʜʴ 

ʩʦʝʜʠʥʝʥʠʷʤʠ ʩ Hf ʠʣʠ W ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ p-ʪʠʧʘ ʠ n-ʪʠʧʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʚʦʟʤʦʞʥʳ ʣʫʯʰʠʝ ʚʘʨʠʘʥʪʳ) ʠ 

ʦʩʫʱʝʩʪʚʠʚ ʣʘʟʝʨʥʫʶ ʛʝʥʝʨʘʮʠʶ ʥʘ ʪʘʢʦʤ p-n ʧʝʨʝʭʦʜʝ, ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ 

ʝʶ, ʤʝʥʷʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʩʚʝʪʦʤ. 
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ʀ.ʉ. ʂʋɼɽʃʀʅ, ɼ.ɸ. ɼɺʆʈɽʎʂʀʁ, ʉ.ɻ. ʉɸɿʆʅʂʀʅ, 

ʀ.ʆ. ʆʈɽʍʆɺ, ɸ.ɹ. ʇʅɽɺ, ɺ.ɽ. ʂɸʈɸʉʀʂ, ʃ.ʂ. ɼɽʅʀʉʆɺ  
ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ 

 

ʆʉʆɹɽʅʅʆʉʊʀ ɻɽʅɽʈɸʎʀʀ ɻʈʋʇʇ ʉɺʗɿɸʅʅʓʍ 

ʉʆʃʀʊʆʅʆɺ ɺ ʇʆʃʅʆʉʊʔʖ ɺʆʃʆʂʆʅʆʄ ʂʆʃʔʎɽɺʆʄ 

ʕʈɹʀɽɺʆʄ ʃɸɿɽʈɽ ʉ ɺʓʉʆʂʆʅɽʃʀʅɽʁʅʆʄ 

ʈɽɿʆʅɸʊʆʈʆʄ 
 

ɺ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʘ ʫʩʪʦʡʯʠʚʘʷ ʛʝʥʝʨʘʮʠʷ ʛʨʫʧʧʳ ʠʟ N ~ 21 ʩʚʷʟʘʥʥʳʭ 

ʩʦʣʠʪʦʥʦʚ ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʧʦ ʧʦʣʫʚʳʩʦʪʝ ~ 240 ʬʩ ʥʘ ʯʘʩʪʦʪʝ ʧʦʚʪʦʨʝʥʠʷ ~ 11,3 

ʄɻʮ ʚ ʧʦʣʥʦʩʪʴʶ ʚʦʣʦʢʦʥʥʦʤ ʵʨʙʠʝʚʦʤ ʣʘʟʝʨʝ ʩ ʚʳʩʦʢʦʥʝʣʠʥʝʡʥʳʤ ʨʝʟʦʥʘʪʦʨʦʤ. 

 

I.S. KUDELIN, D.A. DVORETSKIY, S.G. SAZONKIN, 

I.O. OREKHOV, A.B. PNEV, V.E. KARASIK, L.K. DENISOV  
Bauman Moscow State Technical University 

 

GENERATION PERCULARITIES OF MULTIBOUND 

SOLITONS IN AN ALL -FIBER ERBIUM -DOPED RING LASER 

WITH A HIGHLY NONLINEAR RESONATOR  

 
In this work was obtained a generation of ~ 21 solitons in bound state with duration 

of ~ 240 fs at repetition frequency ~ 11.3 MHz in erbium all-fiber laser with highly 

nonlinear cavity. 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʠʟʫʯʝʥʠʝ ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʤʦʜ ʚ ʣʘʟʝʨʥʦʤ ʨʝʟʦʥʘʪʦʨʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʧʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʨʝʞʠʤʦʚ 

ʛʝʥʝʨʘʮʠʠ ʫʣʴʪʨʘʢʦʨʦʪʢʠʭ ʠʤʧʫʣʴʩʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʘ 

ʛʝʥʝʨʘʮʠʷ ʛʨʫʧʧʳ ʩʚʷʟʘʥʥʳʭ ʩʦʣʠʪʦʥʦʚ ʥʘ ʯʘʩʪʦʪʝ ʧʦʚʪʦʨʝʥʠʷ ~ 11,3 ʄɻʮ 

ʚ ʧʦʣʥʦʩʪʴʶ ʚʦʣʦʢʦʥʥʦʤ ʣʘʟʝʨʝ ʩ ʢʦʣʴʮʝʚʳʤ ʨʝʟʦʥʘʪʦʨʦʤ, ʦʙʨʘʟʦʚʘʥʥʳʤ 

ʘʢʪʠʚʥʳʤ ʵʨʙʠʝʚʳʤ ʚʦʣʦʢʥʦʤ (Er
3+
), ʚʳʩʦʢʦʥʝʣʠʥʝʡʥʳʤ 

ʛʝʨʤʘʥʦʩʠʣʠʢʘʪʥʳʤ ʚʦʣʦʢʥʦʤ ʠ ʚʦʣʦʢʥʦʤ SMF-28(Corning Corp.), ʩʭʝʤʘ 

ʢʦʪʦʨʦʛʦ ʘʥʘʣʦʛʠʯʥʘ [1]. ʆʪʤʝʪʠʤ, ʯʪʦ ʩʫʤʤʘʨʥʘʷ ʚʥʫʪʨʠʨʝʟʦʥʘʪʦʨʥʘʷ 

ʜʠʩʧʝʨʩʠʷ ʛʨʫʧʧʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʩʚʝʜʝʥʘ ʜʦ ʟʥʘʯʝʥʠʷ ~ - 0,0053 ʧʩ
2
 ʥʘ 

ʜʣʠʥʝ ʚʦʣʥʳ 1550 ʥʤ. ʉʭʝʤʘ ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʧʦʣʥʦʩʪʴʶ 

ʚʦʣʦʢʦʥʥʦʛʦ ʣʘʟʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1ʘ. ʅʘ ʨʠʩ. 1ʙ ʧʦʢʘʟʘʥ ʩʧʝʢʪʨ 

ʚʳʭʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʛʨʫʧʧʳ ʩʚʷʟʘʥʥʳʭ ʩʦʣʠʪʦʥʦʚ ʧʨʠ ʚʳʭʦʜʥʦʡ 

ʤʦʱʥʦʩʪʠ ~ 30 ʤɺʪ. ʆʪʤʝʪʠʤ, ʯʪʦ ʥʘʣʠʯʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ 
ʧʦʨʦʛʘ ʛʝʥʝʨʘʮʠʠ ʩʚʷʟʘʥʥʳʭ ʠʤʧʫʣʴʩʦʚ (ʩʤ. ʨʠʩ. 2ʙ) ʠ ʚʳʩʦʢʠʡ ʢʦʥʪʨʘʩʪ 
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ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʧʦʣʦʩ ʚ ʩʧʝʢʪʨʝ ʛʝʥʝʨʘʮʠʠ (ʩʤ. ʨʠʩ. 1ʙ) ʛʦʚʦʨʠʪ ʦʙ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʞʠʤʘ ʉʄ [2, 3]. 

 

ʘ)  ʙ)  
ʈʠʩ. 1. ʉʭʝʤʘ ʢʦʣʴʮʝʚʦʛʦ ʚʦʣʦʢʦʥʥʦʛʦ ʵʨʙʠʝʚʦʛʦ ʣʘʟʝʨʘ  

ʩ ʚʳʩʦʢʦʥʝʣʠʥʝʡʥʳʤ ʨʝʟʦʥʘʪʦʨʦʤ (ʘ); ʩʧʝʢʪʨ ʚʳʭʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʙ) 

 

ʘ) ʙ)  
ʈʠʩ. 2. ɸʚʪʦʢʦʨʨʝʣʷʮʠʷ ʛʨʫʧʧʳ ʩʚʷʟʘʥʥʳʭ ʩʦʣʠʪʦʥʦʚ ʩ ʧʨʠʙʣʠʞʝʥʠʝʤ ʛʘʫʩʩʘ  

ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ ʧʠʢʫ (ʘ); ʟʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʡ ʚʳʭʦʜʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ  

ʦʪ ʤʦʱʥʦʩʪʠ ʥʘʢʘʯʢʠ: ɸ ï ʧʦʨʦʛ ʛʝʥʝʨʘʮʠʠ, B ï ʨʘʟʨʫʰʝʥʠʝ ʛʝʥʝʨʘʮʠʠ (ʙ) 

 

ɸʚʪʦʢʦʨʨʝʣʷʮʠʷ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 2ʘ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʛʝʥʝʨʘʮʠʠ ʛʨʫʧʧʳ ʠʟ N ~ 21 ʩʚʷʟʘʥʥʳʭ ʩʦʣʠʪʦʥʦʚ, 

ʨʘʟʜʝʣʝʥʥʳʭ ʧʦ ʚʨʝʤʝʥʠ ʥʘ ~ 5 ʧʩ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʦʜʥʦʛʦ ʠʤʧʫʣʴʩʘ ʧʦ 

ʧʦʣʫʚʳʩʦʪʝ ~ 240 ʬʩ.  
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Dvoretskiy D.A., et al. // Opt. Express. 2015. V.23. P.33295. 

2. Grelu Ph., et al. // Opt. Express. 2003. V.27. No.11. 
3. Tang D.Y., et al. // Physical Review. 2005. A72.P.043816. 
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ɺ.ʇ. ʗʂʋʅʀʅ 
ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʣʘʟʝʨʥʳʭ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʈɸʅ ï  

ʬʠʣʠʘʣ ʌʅʀʎ çʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ ʠ ʬʦʪʦʥʠʢʘè ʈɸʅ, ʐʘʪʫʨʘ 

 

ʍɸʈɸʂʊɽʈʀɿɸʎʀʗ ɸʂʊʀɺʅʓʍ ʉʈɽɼ ɼʀʆɼʅʓʍ  

ʀ ɺʆʃʆʂʆʅʅʓʍ ʃɸɿɽʈʅʓʍ ʉʀʉʊɽʄ ɼʃʗ ɿɸɼɸʏ 

ʄɸʉʐʊɸɹʀʈʆɺɸʅʀʗ ʄʆʑʅʆʉʊʀ 

ʄʋʃʔʊʀʂʀʃʆɺɸʊʊʅʆɻʆ ʋʈʆɺʅʗ ʀɿʃʋʏɽʅʀʗ ʅɸ ɹɸɿɽ 

ʅɽʂʆɻɽʈɽʅʊʅʓʍ ʄɽʊʆɼʆɺ ʉʋʄʄʀʈʆɺɸʅʀʗ ʇʋʏʂʆɺ 
 

ɺʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʘʢʪʠʚʥʳʭ ʩʨʝʜ ʚʦʣʦʢʦʥʥʳʭ ʠ 

ʜʠʦʜʥʳʭ ʣʘʟʝʨʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʟʘʜʘʯ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʜʦ 

ʤʫʣʴʪʠʢʠʣʦʚʘʪʪʥʦʛʦ ʫʨʦʚʥʷ ʩ ʢʚʘʟʠʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʘʩʭʦʜʠʤʦʩʪʴʶ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʢʦʛʝʨʝʥʪʥʳʭ ʩʧʦʩʦʙʦʚ ʩʫʤʤʠʨʦʚʘʥʠʷ ʧʫʯʢʦʚ ʦʜʥʦʤʦʜʦʚʳʭ 

ʚʦʣʦʢʦʥʥʳʭ ʠ ʜʠʦʜʥʳʭ ʣʘʟʝʨʦʚ ʜʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ (ʜʠʦʜʥʳʝ ʣʘʟʝʨʥʳʝ ʩʠʩʪʝʤʳ 

ʧʨʷʤʦʛʦ ʜʝʡʩʪʚʠʷ) ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʠʤʝʥʝʥʠʡ (ʤʦʱʥʳʝ ʚʦʣʦʢʦʥʥʳʝ ʣʘʟʝʨʥʳʝ 

ʩʠʩʪʝʤʳ). ʄʝʪʦʜʠʢʘ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʢʦʥʮʝʧʮʠʠ çʚʠʨʪʫʘʣʴʥʦʡè ʣʠʥʝʡʢʠ 

ʦʜʥʦʤʦʜʦʚʳʭ ʠʟʣʫʯʘʪʝʣʝʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʫʤʤʠʨʦʚʘʥʠʷ ʧʫʯʢʦʚ ʚ 

ʩʧʝʮʠʘʣʴʥʦʡ ʩʭʝʤʝ ʫʩʪʦʡʯʠʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʩ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʝʰʝʪʢʦʡ. 

 

V.P. YAKUNIN  
Institute on Laser and Information Technologies ï branch of FSRC çCrystallography 

and Photonicsè of the RAS, Shatura 

 

CHARACTERIZATION OF THE ACTIVE MEDIA OF DIO DE 

AND FIBER LASER SYSTEMS FOR POWER SCALING  

TO MULTI -KILOWATT RADIATION LEVEL BASED  

ON INCOHERENT METHODS OF BEAM COMBINING  
 

A technique for characterizing the active media of fiber and diode laser systems for 

the problems of scaling the radiation power to a multi-kilowatt level with quasi-

diffraction divergence is proposed for the first time, using incoherent methods for 

summing single-mode fiber and diode laser beams for technological (diode laser systems 

of direct action) and special applications (high-power fiber laser systems). The 

technique is based on the application of the concept of a "virtual" array of single-mode 

radiators for realizing the spectral combining of beams in a special scheme of a stable 

resonator with a diffraction grating inside it. 

 

ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʣʫʯʝʥʠʷ ʦʜʥʦʤʦʜʦʚʦʛʦ ʣʘʟʝʨʥʦʛʦ ʜʠʦʜʘ (ʆʃɼ) ʩ 
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ʧʨʦʩʚʝʪʣʝʥʥʦʡ ʚʳʭʦʜʥʦʡ ʛʨʘʥʴʶ ʧʦʤʝʱʘʝʤʦʛʦ ʚ ʫʩʪʦʡʯʠʚʳʡ ʨʝʟʦʥʘʪʦʨ ʩ 

ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʝʰʝʪʢʦʡ [1, 2]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʣʘʟʝʨʥʳʡ ʜʠʦʜ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʵʣʝʤʝʥʪʦʚ ʨʝʟʦʥʘʪʦʨʘ ï ʘʢʪʠʚʥʫʶ ʩʨʝʜʫ. 

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥ ʩʧʝʢʪʨ ʛʝʥʝʨʘʮʠʠ ʦʜʠʥʦʯʥʦʛʦ ʆʃɼ ʩ ʧʨʦʩʚʝʪʣʝʥʥʦʡ 

ʛʨʘʥʴʶ ʠ ʤʠʢʨʦʣʠʥʟʦʡ ʧʨʠ ʝʛʦ ʟʘʜʘʥʥʦʤ ʧʝʨʝʤʝʱʝʥʠʠ ʚ ʬʦʢʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʩʦʛʣʘʩʫʶʱʝʡ ʣʠʥʟʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ. ʆʙʱʘʷ 

ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʛʝʥʝʨʘʮʠʠ ʜʦʩʪʠʛʘʝʪ 45 ʥʤ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʦʪʜʝʣʴʥʳʤʠ ʣʠʥʠʷʤʠ ʛʝʥʝʨʘʮʠʠ 3,5 ï 3,6 ʥʤ ʧʨʠ ʰʠʨʠʥʝ ʣʠʥʠʡ ʛʝʥʝʨʘʮʠʠ 

< 0,3 ʥʤ, ʤʦʱʥʦʩʪʴ ʛʝʥʝʨʘʮʠʠ ʜʦʩʪʠʛʘʝʪ 250 ʤɺʪ. 

 
ʈʠʩ. 1. ʉʧʝʢʪʨ ʛʝʥʝʨʘʮʠʠ ʦʜʠʥʦʯʥʦʛʦ ʆʃɼ ʩ ʧʨʦʩʚʝʪʣʝʥʥʦʡ ʛʨʘʥʴʶ ʠ ʤʠʢʨʦʣʠʥʟʦʡ 

 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʚʦʣʦʢʦʥʥʳʭ ʣʘʟʝʨʦʚ, ʪʦ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʠʭ ʘʢʪʠʚʥʳʭ ʩʨʝʜ 

ʜʣʷ ʮʝʣʝʡ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʤʦʱʥʦʩʪʠ ʜʦʣʞʥʘ ʧʨʦʭʦʜʠʪʴ ʧʦ ʪʦʡ ʞʝ 

ʩʭʝʤʝ, ʧʨʠʯʝʤ ʦʪʜʝʣʴʥʳʝ ʦʜʥʦʤʦʜʦʚʳʝ ʚʦʣʦʢʦʥʥʳʝ ʣʘʟʝʨʳ ʩ 

ʧʨʦʩʚʝʪʣʝʥʥʦʡ ʚʳʭʦʜʥʦʡ ʛʨʘʥʴʶ ʜʦʣʞʥʳ ʨʘʟʤʝʱʘʪʴʩʷ ʚ ʚʠʜʝ ʣʠʥʝʡʢʠ 

ʠʟʣʫʯʘʪʝʣʝʡ ʚ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʦʛʣʘʩʫʶʱʝʡ ʣʠʥʟʳ. ʇʨʠ 

ʩʫʤʤʠʨʦʚʘʥʠʠ ʠʭ ʧʫʯʢʦʚ ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʥʘ ʵʣʝʤʝʥʪʳ ʧʨʦʭʦʜʥʦʡ ʦʧʪʠʢʠ ʨʝʟʦʥʘʪʦʨʘ, ʢʦʪʦʨʳʝ ʧʦ 

ʦʮʝʥʢʘʤ ʜʦʣʞʥʳ ʥʘʜʝʞʥʦ ʨʘʙʦʪʘʪʴ ʧʨʠ ʧʣʦʪʥʦʩʪʷʭ ʤʦʱʥʦʩʪʠ ʜʦ  

3 ʢɺʪ/ʩʤ
2
  ʧʨʠ ʦʙʱʝʡ ʤʦʱʥʦʩʪʠ ʩʫʤʤʘʨʥʦʛʦ ʧʫʯʢʘ ʜʦ 5 ʢɺʪ.  

ʆʙʩʫʞʜʘʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʚʥʝʨʝʟʦʥʘʪʦʨʥʳʭ ʩʭʝʤ ʩʫʤʤʠʨʦʚʘʥʠʷ ʧʫʯʢʦʚ 

ʤʦʱʥʳʭ ʚʦʣʦʢʦʥʥʳʭ ʣʘʟʝʨʦʚ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʝʱʝ ʙʦʣʴʰʝʡ ʤʦʱʥʦʩʪʠ. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Huang R.K., Chann B., et.al. // Texnol. Lett. 2007. V.19.ˉ4. P.209-211. 

2. Sanchez-Rubio A., Fan T.Y., et.al. // Linkoln Laboratory journal. 2014. V.20. ˉ2. 



ʋɼʂ 535(06)+004(06) 

198 ISBN 978-5-7262-2445-9 ʌʆʊʆʅʀʂɸ ʀ ʀʅʌʆʈʄɸʎʀʆʅʅɸʗ ʆʇʊʀʂɸ  

ɻ.ɺ. ʐʀʃʆɺɸ
1
, ɸ.ɸ. ʉʀʈʆʊʂʀʅ

1,2
, ʇ.ɻ. ɿɺɽʈɽɺ

1
 

1ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ 
2ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʌʀè 

 

Nd:YAP ʃɸɿɽʈ ʉ ɺʅʋʊʈʀʈɽɿʆʅɸʊʆʈʅʓʄ  

ɺʂʈ ʇʈɽʆɹʈɸɿʆɺɸʅʀɽʄ ʀ ɻɽʅɽʈɸʎʀɽʁ  

ʉʋʄʄɸʈʅʆʁ ʏɸʉʊʆʊʓ 
 

ʉʦʟʜʘʥ ʪʚʝʨʜʦʪʝʣʴʥʳʡ ʣʘʟʝʨ ʩ ʚʥʫʪʨʠʨʝʟʦʥʘʪʦʨʥʳʤ ɺʂʈ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʠ 

ʛʝʥʝʨʘʮʠʝʡ ʩʫʤʤʘʨʥʦʡ ʯʘʩʪʦʪʳ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 572 ʥʤ. ʇʠʢʦʚʘʷ ʤʦʱʥʦʩʪʴ 

ʩʦʩʪʘʚʠʣʘ 1,5 ʢɺʪ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ ï 6,3 ʥʩ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ï 1,4 %. 

 

G.V. SHILOVA
1
, A.A. SIROTKIN

1,2
, P.G. ZVEREV

1
 

1Prokhorov General Physics Institute of the RAS, Moscow 
2National Research Nuclear University MEPhI (Moscow Engineering Physics Institute) 

 

Nd:YAP LASER WITH INTRAC AVITY SRS-CONVERSION  

AND SUM-FREQUENCY GENERATION  
 

All -solid-state laser with intracavity SRS-conversion and sum-frequency generation 

with 572 nm wavelength generation was made. Output peak power ï 1,5 kW, pulse 

width ï 6,3 ns and conversion efficiency is 1,4 %.  

 

ɺ ʣʘʟʝʨʥʦʡ ʭʠʨʫʨʛʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʤʝʪʦʜ ʩʝʣʝʢʪʠʚʥʦʡ ʣʘʟʝʨʥʦʡ 

ʢʦʘʛʫʣʷʮʠʠ, ʪ.ʝ. ʥʘʛʨʝʚʘʥʠʝ ʠ ʨʘʟʨʫʰʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʢʦʞʠ 

ʙʝʟ ʧʦʚʨʝʞʜʝʥʠʷ ʦʩʪʘʣʴʥʦʡ ʪʢʘʥʠ. ɿʘ ʧʦʛʣʦʱʝʥʠʝ ʚ ʢʨʦʚʠ ʦʪʚʝʯʘʶʪ 

ʛʝʤʦʛʣʦʙʠʥ, ʦʢʩʠʛʝʤʦʛʣʦʙʠʥ. ʊʘʢʞʝ ʚ ʞʝʣʪʦ-ʟʝʣʝʥʦʡ  ʦʙʣʘʩʪʠ ʛʝʤʦʛʣʦʙʠʥ 

ʦʙʣʘʜʘʝʪ ʦʜʥʦʡ ʰʠʨʦʢʦʡ ʧʦʣʦʩʦʡ ʧʦʛʣʦʱʝʥʠʷ, ʘ ʦʢʩʠʛʝʤʦʛʣʦʙʠʥ ʦʙʣʘʜʘʝʪ 

ʜʚʫʤʷ ʧʦʣʦʩʘʤʠ ʧʦʛʣʦʱʝʥʠʷ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 541 ʠ 577 ʥʤ 

[1]. ʉʝʛʦʜʥʷ ʚ ʤʝʜʠʮʠʥʝ ʠʩʧʦʣʴʟʫʶʪ ʣʘʟʝʨʳ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ 

ʜʣʠʥ ʚʦʣʥ. ʅʘʧʨʠʤʝʨ, ʣʘʟʝʨʳ ʥʘ ʢʨʘʩʠʪʝʣʷʭ ʠ ʥʘ ʧʘʨʘʭ ʤʝʜʠ [2, 3]. ʆʥʠ 

ʧʦʜʭʦʜʷʪ ʧʦ ʜʣʠʥʝ ʚʦʣʥʳ, ʥʦ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʤʠ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʚʳʩʦʢʠʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ. ʊʚʝʨʜʦʪʝʣʴʥʳʝ ʣʘʟʝʨʳ ʩ 

ʜʠʦʜʥʦʡ ʥʘʢʘʯʢʦʡ (ʥʘʧʨʠʤʝʨ, Nd:YAG ʩ ʫʜʚʦʝʥʠʝʤ ʯʘʩʪʦʪʳ ʚ ʢʨʠʩʪʘʣʣʝ 

KTP) ʣʠʰʝʥʳ ʵʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ, ʥʦ ʠʟʣʫʯʝʥʠʝ 532 ʥʤ ʥʝ ʷʚʣʷʝʪʩʷ 

ʦʧʪʠʤʘʣʴʥʳʤ. [4]. ʇʦʵʪʦʤʫ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʢʦʤʧʘʢʪʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ, ʙʣʠʟʢʦʡ ʢʦ ʚʪʦʨʦʤʫ  

ʧʠʢʫ ʧʦʛʣʦʱʝʥʠʷ ʢʨʦʚʠ. ʈʝʘʣʠʟʦʚʘʥʳ ʣʘʟʝʨʥʳʝ ʩʠʩʪʝʤʳ ʩ ʩʫʤʤʘʨʥʦʡ  

ʯʘʩʪʦʪʦʡ ʠʟʣʫʯʝʥʠʷ ʩ ʜʣʠʥʘʤʠ ʚʦʣʥ 1064 ʠ 1342 ʥʤ [5] ʠʣʠ ɺʂʈ 
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ʩʘʤʦʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʛʝʥʝʨʘʮʠʝʡ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʠ [6]. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʣʘʟʝʨ, ʨʘʙʦʪʘʶʱʠʡ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 572 ʥʤ, 

ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʨʷʜʦʤ ʩ ʤʘʢʩʠʤʫʤ ʧʦʛʣʦʱʝʥʠʷ ʦʢʩʠʛʝʤʦʛʣʦʙʠʥʘ.  

ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. ʂʨʠʩʪʘʣʣ 

ʘʣʣʶʤʠʥʘʪʘ ʠʪʪʨʠʷ Nd
3+

:YA lO3 ʩʣʫʞʠʣ ʘʢʪʠʚʥʳʤ ʵʣʝʤʝʥʪʦʤ, ʩ ʛʝʥʝʨʘʮʠʝʡ 

ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 1080 ʥʤ. ɺ ʢʨʠʩʪʘʣʣʝ ʥʠʪʨʘʪʘ ʙʘʨʠʷ Ba(NO3)2 ʙʳʣʦ 

ʨʝʘʣʠʟʦʚʘʥʦ ʚʥʫʪʨʠʨʝʟʦʥʘʪʦʨʥʦʝ ɺʂʈ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʦʩʥʦʚʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, ʠ ʟʘʪʝʤ ʚ ʢʨʠʩʪʘʣʣʝ LBO ʧʨʦʠʩʭʦʜʠʣʦ ʩʤʝʰʝʥʠʝ ʵʪʠʭ ʜʚʫʭ 

ʯʘʩʪʦʪ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘ ʚʳʭʦʜʝ ʧʦʣʫʯʝʥʦ ʠʟʣʫʯʝʥʠʝ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 

572 ʥʤ. ɼʣʷ ʤʦʜʫʣʷʮʠʠ ʜʦʙʨʦʪʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʢʫʩʪʦʦʧʪʠʯʝʩʢʠʡ 

ʟʘʪʚʦʨ. 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʝʡ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʩ 

ʜʣʠʥʦʡ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ 572 ʥʤ ʦʪ ʤʦʱʥʦʩʪʠ ʥʘʢʘʯʢʠ ʧʨʠ ʨʘʟʥʳʭ 

ʯʘʩʪʦʪʘʭ ʧʦʚʪʦʨʝʥʠʷ ʠʤʧʫʣʴʩʦʚ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ 

ʩʦʩʪʘʚʠʣʘ 100 ʤɺʪ ʧʨʠ ʯʘʩʪʦʪʝ ʧʦʚʪʦʨʝʥʠʷ ʠʤʧʫʣʴʩʦʚ 10ʢɻʮ ʠ ʤʦʱʥʦʩʪʠ 

ʥʘʢʘʯʢʠ 7 ɺʪ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ ï 6,3ʥʩ, ʧʠʢʦʚʘʷ ʤʦʱʥʦʩʪʴ ï 1,5 ʢɺʪ, 

ʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ï 1,4 %. 

 

  
ʈʠʩ. 1. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʡ 

ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʦʪ 

ʤʦʱʥʦʩʪʠ ʥʘʢʘʯʢʠ ʧʨʠ ʨʘʟʥʳʭ 

ʯʘʩʪʦʪʘʭ ʧʦʚʪʦʨʝʥʠʷ 

ʠʤʧʫʣʴʩʦʚ 
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ʇʨʝʜʣʦʞʝʥ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʨʝʘʣʠʟʦʚʘʥ ʤʝʪʦʜ ʚʥʫʪʨʠʨʝʟʦʥʘʪʦʨʥʦʡ 

ʜʠʩʢʨʠʤʠʥʘʮʠʠ ʤʦʜ ʣʘʟʝʨʘ. ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʯʘʩʪʦʪʥʦ-ʫʛʣʦʚʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ 

ʧʦʛʣʦʱʝʥʠʷ ʚʥʫʪʨʠʨʝʟʦʥʘʪʦʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠʟʤʝʥʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʩʚʷʟʠ, 

ʚʳʧʦʣʥʝʥʥʦʛʦ ʚ ʚʠʜʝ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ 

ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʩʝʣʝʢʪʠʚʥʫʶ ʜʠʩʢʨʠʤʠʥʘʮʠʶ ʤʦʜ ʚ ʣʘʟʝʨʘʭ ʩ ʤʘʣʳʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʩʠʣʝʥʠʷ ʙʝʟ ʚʥʝʩʝʥʠʷ ʚ ʨʝʟʦʥʘʪʦʨ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʦʪʝʨʴ.   

 

A.V. SHULGA, A.V. KHOMCHENKO, I.V. SHILOVA 
Belarusian-Russian University, Mogilev, Belarus 

 

WAVEGUIDE TECHNIQUE  

OF LASER MODE DISCRIMINATION  
 

A new waveguide technique for intracavity laser mode discrimination is proposed 

and experimentally investigated. The technique is based on the frequency-angular 

selectivity of intracavity radiation absorption by parallelepiped prism coupler. It was 

shown that the proposed technique allows one to discriminate selectively modes of low-

gain lasers without brining significant losses in the cavity.    

 

ʏʘʩʪʦʪʥʦ-ʫʛʣʦʚʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠʟʤʝʥʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʩʚʷʟʠ [1] ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ 

ʚʥʦʩʠʤʳʭ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʚʥʫʪʨʠʨʝʟʦʥʘʪʦʨʥʳʭ ʧʦʪʝʨʴ. ɺ ʥʘʩʪʦʷʱʝʤ 

ʩʦʦʙʱʝʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʤʝʪʦʜ ʠ ʦʧʠʩʘʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʚʥʫʪʨʠʨʝʟʦʥʘʪʦʨʥʦʡ ʜʠʩʢʨʠʤʠʥʘʮʠʠ ʧʦʧʝʨʝʯʥʳʭ ʤʦʜ ʣʘʟʝʨʘ (ʨʠʩ. 1), ʛʜʝ ʚ 

ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʩʝʣʝʢʪʠʚʥʳʭ ʧʦʪʝʨʴ ʧʨʠʤʝʥʷʣʦʩʴ çʙʨʶʩʪʝʨʦʚʩʢʦʝè 

ʧʨʠʟʤʝʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩʚʷʟʠ [2], ʩʦʩʪʦʷʱʝʝ ʠʟ ʦʧʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯʥʦʡ 

ʧʨʠʟʤʳ, ʚʳʧʦʣʥʝʥʥʦʡ ʚ ʚʠʜʝ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ, ʢ ʦʜʥʦʡ ʠʟ ʛʨʘʥʝʡ ʢʦʪʦʨʦʡ 

ʧʨʠʞʘʪ ʧʣʘʥʘʨʥʳʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʡ ʚʦʣʥʦʚʦʜ ʩ ʤʘʣʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ  

ʧʦʪʝʨʷʤʠ. ʇʨʠʟʤʘ ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʚʥʫʪʨʠ ʨʝʟʦʥʘʪʦʨʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʚʥʫʪʨʠʨʝʟʦʥʘʪʦʨʥʦʝ ʠʟʣʫʯʝʥʠʝ ʧʨʝʪʝʨʧʝʚʘʣʦ ʜʚʫʢʨʘʪʥʦʝ 

ʚʥʫʪʨʝʥʥʝʝ ʦʪʨʘʞʝʥʠʝ ʩ ʚʦʟʙʫʞʜʝʥʠʝʤ ʧʣʘʥʘʨʥʦʛʦ ʚʦʣʥʦʚʦʜʘ. ʋʛʣʦʚʳʤ 

ʧʝʨʝʤʝʱʝʥʠʝʤ ʧʨʠʟʤʝʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩʚʷʟʠ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʝʛʦ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʢ ʫʛʣʦʚʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚʥʫʪʨʠʨʝʟʦʥʘʪʦʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʠʟʙʠʨʘʪʝʣʴʥʦ ʚʥʦʩʠʪʴ ʚʥʫʪʨʠʨʝʟʦʥʘʪʦʨʥʳʝ 

ʧʦʪʝʨʠ ʜʣʷ ʤʦʜ ʟʘʜʘʥʥʳʭ ʧʦʨʷʜʢʦʚ. 
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ʈʠʩ. 1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ: 1ï ʛʣʫʭʦʝ ʟʝʨʢʘʣʦ, 2 ï ʘʢʪʠʚʥʳʡ 

ʵʣʝʤʝʥʪ, 3 ï ʧʨʠʟʤʘ ʩʚʷʟʠ, 4 ï ʚʦʣʥʦʚʦʜ, 5 ï ʚʥʫʪʨʠʨʝʟʦʥʘʪʦʨʥʦʝ ʠʟʣʫʯʝʥʠʝ,  

6 ï ʚʳʭʦʜʥʦʝ ʟʝʨʢʘʣʦ, 7 ï ʬʫʨʴʝ-ʣʠʥʟʘ, 8 ï ʬʦʪʦʣʠʥʝʡʢʘ 
 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʝ ʫʛʣʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ 1-ʤʦʜʳ ʨʝʟʦʥʘʪʦʨʘ ʛʝʣʠʡ-ʥʝʦʥʦʚʦʛʦ ʣʘʟʝʨʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ 

ʩʬʝʨʠʯʝʩʢʠʤʠ ʟʝʨʢʘʣʘʤʠ (ʥʝʧʨʝʨʳʚʥʘʷ ʢʨʠʚʘʷ), ʘ ʪʘʢʞʝ ʪʝʦʨʝʪʠʯʝʩʢʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ (ʧʫʥʢʪʠʨʥʘʷ ʢʨʠʚʘʷ) ʠʟʣʫʯʝʥʠʷ ʨʝʟʦʥʘʪʦʨʘ 

ʣʘʟʝʨʘ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 
 

 
ʈʠʩ. 2. ʈʘʩʯʸʪʥʦʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʝʨʚʦʡ 

ʤʦʜʳ ʠʟʣʫʯʝʥʠʷ ʛʝʣʠʡ-ʥʝʦʥʦʚʦʛʦ ʣʘʟʝʨʘ 
 

ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʸʪʦʚ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʦʚʘʣʠ ʩ 

ʜʘʥʥʳʤʠ ʠʟʤʝʨʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʚʥʫʪʨʠʨʝʟʦʥʘʪʦʨʥʦʡ ʜʠʩʢʨʠʤʠʥʘʮʠʠ ʧʦʧʝʨʝʯʥʳʭ 

ʤʦʜ ʣʘʟʝʨʘ. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
1. Khomchenko A.V., Waveguide spectroscopy of thing films. NY: Academic Press, 2005. 

2. ʐʫʣʴʛʘ ɸ.ɺ., ʐʠʣʦʚʘ ʀ.ɺ., ʍʦʤʯʝʥʢʦ ɸ.ɺ.// ʄʘʪʝʨʠʘʣʳ XXIII  ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʆʧʪʠʢʘ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜʘè. ʂʨʘʩʥʦʜʘʨ, 2017. ʉ.309-
312. 
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ʌ.ɸ. ɽɻʆʈʆɺ, ɺ.ʊ. ʇʆʊɸʇʆɺ 
ʌʨʷʟʠʥʩʢʠʡ ʬʠʣʠʘʣ ʀʥʩʪʠʪʫʪʘ ʨʘʜʠʦʪʝʭʥʠʢʠ ʠ ʵʣʝʢʪʨʦʥʠʢʠ 

ʠʤ. ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ 

 

ʇʆʃʗʈʀɿɸʎʀʆʅʅɸʗ ʄʆɼʋʃʗʎʀʗ ʉɺɽʊɸ  

ɺ ɸʅʀɿʆʊʈʆʇʅʓʍ ʄʀʂʈʆ-(ʅɸʅʆ) ʉɺɽʊʆɺʆɼɸʍ  

ʉ ʂʈʋʊʀʃʔʅʓʄʀ ʂʆʃɽɹɸʅʀʗʄʀ 
 

ʈʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʣʘʟʝʨʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʢʨʫʪʠʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʘʥʠʟʦʪʨʦʧʥʳʭ ʤʠʢʨʦ-(ʥʘʥʦ) ʩʚʝʪʦʚʦʜʦʚ ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʘ ʉʘʜʦʚʩʢʦʛʦ. ʇʦʣʫʯʝʥʳ 

ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʤʦʜʫʣʷʮʠʠ ʠʟʣʫʯʝʥʠʷ ʚ ʧʨʝʜʣʦʞʝʥʥʳʭ 

ʩʦʩʪʘʚʥʳʭ ʘʥʠʟʦʪʨʦʧʥʳʭ ʤʠʢʨʦ-(ʥʘʥʦ) ʩʚʝʪʦʚʦʜʘʭ ʚ ʫʩʣʦʚʠʷʭ ʨʝʟʦʥʘʥʩʥʳʭ 

ʢʨʫʪʠʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ. 

 

F.A. EGOROV, V.T. POTAPOV 
Fryazino Branch of Kotelônikov Institute of Radioengineering and Electronics of the RAS 

 

POLARIZATION MODULAT ION OF LIGHT  

IN ANIZOTROPIC OPTIC AL MICRO/NANO  FIBERS  

WITH TORSIONAL OSCIL LATIONS  
 

The possibility of laser excitation of torsional oscillations in optical micro/nano 

fibers due to the Sadovsky effect is considered. Estimates for the efficiency of 

polarization modulation in composite anizotroic optical micro/nano fibers are obtained 

under conditions of resonant torsional oscillations. 

 

ɼʝʬʦʨʤʘʮʠʷ ʢʨʫʯʝʥʠʷ ʚ ʚʦʣʦʢʦʥʥʳʭ ʩʚʝʪʦʚʦʜʘʭ ʧʨʠʚʦʜʠʪ ʢ ʠʭ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ, ʯʪʦ ʥʘʭʦʜʠʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʦʷʥʠʝʤ ʧʦʣʷʨʠʟʘʮʠʠ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ [1]. 

ɿʥʘʯʠʪʝʣʴʥʘʷ ʧʦʣʷʨʠʟʘʮʠʦʥʥʘʷ ʤʦʜʫʣʷʮʠʷ ʠʟʣʫʯʝʥʠʷ ʚʦʟʤʦʞʥʘ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʚ ʤʠʢʨʦ-(ʥʘʥʦ)ʩʚʝʪʦʚʦʜʘʭ (ʄʅʉ) ʩ ʢʨʫʪʠʣʴʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʙʫʞʜʘʪʴʩʷ, ʥʘʧʨʠʤʝʨ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʝʨʝʤʝʥʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ çʩʣʫʯʘʡʥʳʝè ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʟʘʨʷʜʳ, ʥʘʭʦʜʷʱʠʝʩʷ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʄʅʉ [2]. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʩʚʦʡʩʪʚʘ ʄʅʉ (ʢʘʢ ʠ ʤʥʦʛʠʭ 

ʤʠʢʨʦ-ʥʘʥʦʦʙʲʝʢʪʦʚ) ʩʫʱʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʧʪʦʤʝʭʘʥʠʯʝʩʢʠʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ [3], ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʤʦʜ ʢʨʫʪʠʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʄʅʉ, 

ʦʪʢʨʳʚʘʶʱʝʛʦ ʧʝʨʩʧʝʢʪʠʚʳ ʩʦʟʜʘʥʠʷ ʧʦʣʥʦʩʪʴʶ ʚʦʣʦʢʦʥʥʳʭ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʫʧʨʘʚʣʷʝʤʳʭ ʩʚʝʪʦʤ. 
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ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦ-ʘʥʠʟʦʪʨʦʧʥʳʭ 

ʄʅʉ (ʇɸʄʅʉ) ʣʘʟʝʨʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʢʨʫʪʠʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʦʞʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʙʣʘʛʦʜʘʨʷ ʵʬʬʝʢʪʫ ʉʘʜʦʚʩʢʦʛʦ [4], ʢʦʪʦʨʳʡ ʚ ʩʠʣʫ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ, ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʫʶ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʚʦʟʙʫʞʜʝʥʠʷ ʢʨʫʪʠʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠ 

ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʘʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚʦʟʙʫʞʜʝʥʠʷ ʦʪ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʫʢʪʫʨʳ ʜʚʫʣʫʯʝʧʨʝʣʦʤʣʷʶʱʝʡ ʩʨʝʜʳ, ʤʝʪʦʜʦʚ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʤʘʪʝʨʠʘʣʘ ʄʅʉ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʝʪ ʫʩʣʦʚʠʷ ʠʭ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʡ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʦʩʪʘʚʥʳʭ ʇɸʄʅʉ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʚ 

ʨʘʤʢʘʭ çʦʙʳʯʥʳʭè ʪʝʭʥʦʣʦʛʠʡ ʚʦʣʦʢʦʥʥʦʡ ʦʧʪʠʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʫʪʝʤ 

ʚʳʪʷʞʢʠ çʧʝʨʝʪʷʞʝʢè ʠ ʠʭ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ (ʨʠʩ. 1), ʬʦʨʤʠʨʫʶʱʠʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩʝʛʤʝʥʪʦʚ ʠʟʦʪʨʦʧʥʳʭ ((0,z3), (z4,z7)) ʠ 

ʘʥʠʟʦʪʨʦʧʥʳʭ (z3,z4) ʚʦʣʦʢʦʥʥʳʭ ʩʚʝʪʦʚʦʜʦʚ ʩ ʤʠʢʨʦʥʥʳʤʠ ʨʘʟʤʝʨʘʤʠ. 

ʆʮʝʥʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ 

ʧʨʦʙʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ɚ3) ʚ ʫʩʣʦʚʠʷʭ ʣʘʟʝʨʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʨʝʟʦʥʘʥʩʥʳʭ 

ʢʨʫʪʠʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʯʝʪʚʝʨʪʴ ʚʦʣʥʦʚʦʛʦ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʩʝʛʤʝʥʪʘ ʧʨʠ 

ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ (ɚ) p0 =  1mW ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʜʦʙʨʦʪʥʦʩʪʠ Q = 10
4
 

ʜʦʩʪʠʛʘʝʪ 0,14 rad. 

 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʪʝʦʨʠʷ ʠ ʧʨʠʣʦʞʝʥʠʷ). ʄ.: çʉʦʚ. ʈʘʜʠʦè, 1975. 

 (t)= cos( ));  

 

=const; 

s˂  ˂
K1 

WDM 

ʈʠʩ. 1. ʉʭʝʤʘ ʚʦʣʦʢʦʥʥʦʛʦ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʤʦʜʫʣʷʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʇɸʄʅʉ  

,˂ (t) 

 

K2 
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ɸ.ʃ. ɼʄʀʊʈʀɽɺ, ʅ.ʅ. ʏɽʉʅʆʂʆɺ
1
 

ɹʘʣʪʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çɺʆɽʅʄɽʍè 

ʠʤ. ɼ.ʌ. ʋʩʪʠʥʦʚʘ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 
1ʆʆʆ çʉʘʨʪʦʛʦʩʤè, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ʋʄɽʅʔʐɽʅʀɽ ɺɽʉɸ ɺʆʃʆʂʆʅʅʆɻʆ ʉɺɽʊʆɺʆɼɸ  

ʇʈʀ ʈɸʉʇʈʆʉʊʈɸʅɽʅʀʀ ɺ ʅɽʄ ʃɸɿɽʈʅʆɻʆ ʀɿʃʋʏɽʅʀʗ 

 
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ ʫʤʝʥʴʰʝʥʠʝ ʚʝʩʘ ʚʦʣʦʢʦʥʥʦʛʦ ʩʚʝʪʦʚʦʜʘ 

(ʚʦʣʦʢʦʥʥʦʛʦ ʞʛʫʪʘ) ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚ ʥʝʤ ʠʟʣʫʯʝʥʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ 

ʣʘʟʝʨʘ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 650 ʥʤ. ʇʨʠ ʤʦʱʥʦʩʪʠ ʚʚʦʜʠʤʦʛʦ ʚ ʩʚʝʪʦʚʦʜ ʠʟʣʫʯʝʥʠʷ 

70 ʤɺʪ ʠ ʵʢʩʧʦʟʠʮʠʠ 20 ʩ ʫʤʝʥʴʰʝʥʠʝ ʤʘʩʩʳ ʩʚʝʪʦʚʦʜʘ ʨʘʚʥʦ 6 ʤʢʛ ʩ 

ʧʦʛʨʝʰʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʡ 1 ʤʢʛ. ʆʪʤʝʯʝʥʘ ʠʥʝʨʮʠʦʥʥʦʩʪʴ ʥʘʙʣʶʜʘʝʤʦʛʦ ʵʬʬʝʢʪʘ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʘʷ ʦ ʝʛʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʪʝʧʣʦʚʦʡ ʧʨʠʨʦʜʝ.  
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REDUCTION OF THE WEIGHT OF OPTICAL FIBER  

DURING DISTRIBUTION OF LA SER RADIATION  
 

The reduction of the weight of an optical fiber (fiber bundle) during distribution of 

semiconductor laser radiation with a wavelength of 650 nm is shown experimentally.  

With the power of radiation input into light guide of 70 mW and exposure of 20 sec., 

reduction of the weight of the fiber is equal to 6 Õg with a measuring accuracy error of 1 

Õg. Inertia of the observed effect, indicating its possible thermal nature, has been detected. 
 

ɺʳʩʦʢʠʝ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ 

ʣʦʢʘʣʠʟʘʮʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʚʦʣʦʢʦʥʥʳʭ ʩʚʝʪʦʚʦʜʦʚ ʩʦʟʜʘʶʪ ʧʨʝʜʧʦʩʳʣʢʠ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ  

ʩʚʝʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʚʳʩʦʢʦʪʦʯʥʳʭ ʚʝʩʦʚ. ʅʘʤʠ 

ʚʳʧʦʣʥʝʥʦ ʚʟʚʝʰʠʚʘʥʠʝ ʛʝʨʤʝʪʠʯʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʩ ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʥʝʤ 

ʢʘʪʫʰʢʝ ʚʦʣʦʢʦʥʥʦʛʦ ʩʚʝʪʦʚʦʜʘ (ʚʦʣʦʢʦʥʥʳʤ ʞʛʫʪʦʤ) ʜʣʠʥʦʡ 4.6 ʤ ʧʨʠ 

ʚʚʦʜʝ ʚ ʩʚʝʪʦʚʦʜ ʠʟʣʫʯʝʥʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʣʘʟʝʨʘ. ʄʦʱʥʦʩʪʴ ʣʘʟʝʨʘ 

70 ʤɺʪ, ʜʣʠʥʘ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ 650 ʥʤ. ɺʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ ʪʦʨʮʳ 

ʩʚʝʪʦʚʦʜʘ, ʚ ʚʠʜʝ ʪʨʝʭ ʩʦʝʜʠʥʝʥʥʳʭ ʦʪʨʝʟʢʦʚ ʚʦʣʦʢʦʥʥʦʛʦ ʞʛʫʪʘ, 

ʟʘʢʣʶʯʝʥʳ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʦʧʨʘʚʳ ʜʠʘʤʝʪʨʦʤ 2.5 ʤʤ ʠ ʟʘʢʨʝʧʣʝʥʳ ʥʘ 

ʩʪʝʥʢʘʭ ʜʶʨʘʣʶʤʠʥʠʝʚʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʜʠʘʤʝʪʨʦʤ 33 ʤʤ ʠ ʜʣʠʥʦʡ 49 ʤʤ. 

ʉʚʝʪʦʚʦʡ ʜʠʘʤʝʪʨ ʪʦʨʮʘ ʚʦʣʦʢʦʥʥʦʛʦ ʞʛʫʪʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʃʳʪʢʘʨʠʥʩʢʦʛʦ 

ʟʘʚʦʜʘ ʦʧʪʠʯʝʩʢʦʛʦ ʩʪʝʢʣʘ - 1.5 ʤʤ. ʀʟʣʫʯʝʥʠʝ ʣʘʟʝʨʘ ʚʚʦʜʠʪʩʷ ʚ ʩʚʝʪʦʚʦʜ 
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ʯʝʨʝʟ ʧʨʦʟʨʘʯʥʫʶ ʩʪʝʥʢʫ ʚʠʪʨʠʥʳ ʚʝʩʦʚ (ʢʦʤʧʘʨʘʪʦʨʘ) ʤʘʨʢʠ 

SARTORIUS CC50, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʛʝʨʤʦʟʦʥʝ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ.  

ʃʘʟʝʨ ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʢʣʶʯʘʣʩʷ ʥʘ ʚʨʝʤʷ 20 ʩ, ʧʦʩʣʝ ʯʝʛʦ ʩʣʝʜʦʚʘʣʘ 

ʧʘʫʟʘ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʦʪ 40 ʜʦ 50 ʩ. ʆʪʩʯʝʪʳ ʧʦʢʘʟʘʥʠʡ ʚʝʩʦʚ 

ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʩ ʧʝʨʠʦʜʦʤ 5 ʩ. ɼʠʩʢʨʝʪʥʦʩʪʴ ʦʪʩʯʝʪʦʚ ʤʘʩʩʳ ʢʦʥʪʝʡʥʝʨʘ 

ʚʝʣʠʯʠʥʦʡ  ʦʢʦʣʦ 37.4 ʛ  ʨʘʚʥʘ 1 ʤʢʛ. ʉʪʘʙʠʣʴʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʨʝʡʬ 

ʧʦʢʘʟʘʥʠʡ ʚʝʩʦʚ + 0.2 ʤʢʛ/c.  
      

 
ʈʠʩ. 1. ɺʨʝʤʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ ʢʦʥʪʝʡʥʝʨʘ 

ʇʨʠʤʝʨ ʪʠʧʠʯʥʦʡ ʚʨʝʤʝʥʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʡ ʤʘʩʩʳ ʢʦʥʪʝʡʥʝʨʘ, 

ʚ ʤʢʛ, ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 1. ɺʝʨʪʠʢʘʣʴʥʳʤʠ 

ʣʠʥʠʷʤʠ ʦʪʤʝʯʝʥʳ ʤʦʤʝʥʪʳ ʚʢʣʶʯʝʥʠʷ 

(ʰʪʨʠʭʦʚʘʷ ʣʠʥʠʷ) ʠ ʚʳʢʣʶʯʝʥʠʷ 

(ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʣʘʟʝʨʘ. ʋʤʝʥʴʰʝʥʠʝ 

ʚʝʩʘ (ʤʘʩʩʳ) ʢʦʥʪʝʡʥʝʨʘ, ʚʳʟʚʘʥʥʦʝ 

ʜʝʡʩʪʚʠʝʤ ʣʘʟʝʨʘ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ    ʫʯʘʩʪʢʘʤ    ʧʨʠʚʝʜʝʥʥʦʡ  

ʟʘʚʠʩʠʤʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʢʦʤʧʝʥʩʘʮʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 

ʜʨʝʡʬʘ ʧʦʢʘʟʘʥʠʡ ʢʦʤʧʘʨʘʪʦʨʘ. ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ 

ʠʥʝʨʮʠʦʥʥʦʩʪʴ ʥʘʙʣʶʜʘʝʤʦʛʦ ʵʬʬʝʢʪʘ: ʫʤʝʥʴʰʝʥʠʝ ʚʝʩʘ ʢʦʥʪʝʡʥʝʨʘ 

ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʚʦ ʚʨʝʤʷ ʵʢʩʧʦʟʠʮʠʠ, ʥʦ ʠ ʚ ʪʝʯʝʥʠʝ ʧʨʠʤʝʨʥʦ 20 ʩ 

ʧʦʩʣʝ ʚʳʢʣʶʯʝʥʠʷ ʣʘʟʝʨʘ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʘ, ʫʤʝʥʴʰʝʥʠʝ ʚʝʩʘ 

ʢʦʥʪʝʡʥʝʨʘ ʚʩʣʝʜʩʪʚʠʝ ʜʝʡʩʪʚʠʷ ʣʘʟʝʨʘ ʩʦʩʪʘʚʣʷʝʪ 6 ʤʢʛ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ 

ʠʟʤʝʨʝʥʠʡ 1 ʤʢʛ.  

ʂʦʥʩʪʨʫʢʮʠʷ ʢʦʥʪʝʡʥʝʨʘ ʠ ʪʝʧʣʦʟʘʱʠʪʘ ʩʝʨʜʮʝʚʠʥʳ ʚʦʣʦʢʦʥʥʦʛʦ 

ʞʛʫʪʘ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʘʣʠ ʟʘʤʝʪʥʦʝ ʥʘʛʨʝʚʘʥʠʝ ʢʦʨʧʫʩʘ ʢʦʥʪʝʡʥʝʨʘ ʚ 

ʧʝʨʚʳʝ  ʩʝʢʫʥʜʳ ʧʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʣʘʟʝʨʘ. ʇʦʵʪʦʤʫ ʧʨʠʯʠʥʘ ʠʟʤʝʥʝʥʠʷ 

ʚʝʩʘ ʢʦʥʪʝʡʥʝʨʘ, ʧʦ-ʚʠʜʠʤʦʤʫ,  ʥʝ ʩʚʷʟʘʥʘ ʩ ʚʣʠʷʥʠʝʤ ʥʘ ʥʝʛʦ ʩʠʣ 

ʧʣʘʚʫʯʝʩʪʠ, ʘ ʚʳʟʚʘʥʘ ʥʘʛʨʝʚʦʤ ʩʚʝʪʦʚʦʜʘ ʚʩʣʝʜʩʪʚʠʝ ʧʦʛʣʦʱʝʥʠʷ ʚ ʥʝʤ 

ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ. ʊʘʢʦʝ ʫʤʝʥʴʰʝʥʠʝ ʚʝʩʘ ʩʚʝʪʦʚʦʜʘ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʘʥʝʝ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʚʝʩʘ ʪʝʣ 

[1, 2]. ʆʩʦʙʝʥʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʚʝʩʘ ʚʦʣʦʢʦʥʥʦʛʦ ʩʚʝʪʦʚʦʜʘ ʧʨʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚ ʥʝʤ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ 

ʠʥʪʝʨʝʩ ʜʣʷ ʬʠʟʠʯʝʩʢʦʡ ʠ ʚʦʣʦʢʦʥʥʦʡ ʦʧʪʠʢʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʤʝʪʨʦʣʦʛʠʠ 

ʤʘʩʩʳ, ʠ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʝʜʤʝʪʦʤ ʩʧʝʮʠʘʣʴʥʳʭ  ʠʩʩʣʝʜʦʚʘʥʠʡ.  
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɼʤʠʪʨʠʝʚ ɸ.ʃ., ʅʠʢʫʱʝʥʢʦ ɽ.ʄ., ʉʥʝʛʦʚ ɺ.ʉ. ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʣʘ ʥʘ ʝʛʦ ʚʝʩ // 

ʀʟʤʝʨʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘ. 2003. ˉ2. P.8-11. 
2. Dmitriev A.L., Bulgakova  S.A. Negative Temperature Dependence of  Gravity ï A Reality. 

World Academy of Science // Engineering  and Technology. 2013. Is.9, P.1560-1565. 
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ɸ.ɹ. ʌɽɼʆʈʎʆɺ, ɺ.ɺ. ʄɸʅʋʍʆɺ
1
, ɸ.ʉ. ʀɺɸʅʆɺ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
1ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ɼɺʋʍʃɸɿɽʈʅʓʁ ɹɽʉʂʆʅʊɸʂʊʅʓʁ ʄɽʊʆɼ 

ʆʇʈɽɼɽʃɽʅʀʗ ʕʃɽʂʊʈʆʅʅʓʍ ʉɺʆʁʉʊɺ 

ʇʆʃʋʇʈʆɺʆɼʅʀʂʆɺ ʀ ɼʀʕʃɽʂʊʈʀʂʆɺ 
 

ʆʧʠʩʘʥ ʦʧʪʠʯʝʩʢʠʡ ʥʝʨʘʟʨʫʰʘʶʱʠʡ ʤʝʪʦʜ ʢʦʥʪʨʦʣʷ ʜʣʠʥʳ ʜʠʬʬʫʟʠʠ 

ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ ʠ ʜʠʵʣʝʢʪʨʠʢʘʭ. ʀʩʩʣʝʜʦʚʘʥʳ ʦʙʨʘʟʮʳ ʠʟ 

ʢʨʝʤʥʠʷ (ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʢʨʳʪʳʝ ʩʣʦʝʤ ʠʟʦʣʷʪʦʨʘ).ʄʝʪʦʜ ʧʨʠʤʝʥʠʤ ʢʘʢ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʘʢ ʠ ʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 
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TWO-LASER CONTACTLESS METHOD  

OF THE DETERMINING THE ELECTRONIC PROPERTIES  

OF SEMICONDUCTORS AND DIELECTRICS  
 

Described optical non-destructive control of the diffusion of charge carriers in 

semiconductors and dielectrics. Samples of silicon (including covered with a layer of 

insulator) were examined. The method is applicable both in industry and in scientific 

research. 

 

ɼʣʠʥʘ ʜʠʬʬʫʟʠʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʤʘʪʝʨʠʘʣʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʨʝʜʣʦʞʝʥʦ ʤʥʦʛʦ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʧʨʷʤʦʛʦ ʠʟʤʝʨʝʥʠʷ ʜʠʬʬʫʟʠʦʥʥʦʡ 

ʜʣʠʥʳ. ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤʠ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜ ʧʦʜʚʠʞʥʦʛʦ ʟʦʥʜʘ ʠ 

ʝʛʦ ʨʘʟʥʦʚʠʜʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʤʝʪʦʜ ʜʚʠʞʫʱʝʛʦʩʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʟʦʥʜʘ [1-5] 

ʈʝʘʣʠʟʘʮʠʷ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʪʨʝʙʫʶʪ ʩʦʟʜʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʩ 

ʠʩʩʣʝʜʫʝʤʳʤ ʦʙʨʘʟʮʦʤ. ɸʚʪʦʨʘʤʠ ʧʨʝʜʣʦʞʝʥ ʠ ʟʘʧʘʪʝʥʪʦʚʘʥ 

ʙʝʩʢʦʥʪʘʢʪʥʳʡ ʥʝʨʘʟʨʫʰʘʶʱʠʡ ʤʝʪʦʜ ʢʦʥʪʨʦʣʷ ʜʣʠʥʳ ʜʠʬʬʫʟʠʠ [6, 7], 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʧʪʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ 

ʤʘʪʝʨʠʘʣʝ ʩ ʧʦʤʦʱʴʶ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʛʦ ʠʥʞʝʢʪʠʨʫʶʱʝʛʦ ʣʘʟʝʨʘ ʠ 

ʦʧʪʠʯʝʩʢʦʤ ʩʯʠʪʳʚʘʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʜʨʫʛʦʛʦ ï

ʜʣʠʥʥʦʚʦʣʥʦʚʦʛʦ ʟʦʥʜʠʨʫʶʱʝʛʦ ʣʘʟʝʨʘ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ r  

ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʛʝʥʝʨʘʮʠʠ ʠ ʠʟʤʝʨʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ 

ʚʝʣʠʯʠʥʳ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʚʩʣʝʜʩʪʚʠʝ ʫʤʝʥʴʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 
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ʥʦʩʠʪʝʣʝʡ. ʕʪʦ ʫʤʝʥʴʰʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʜʠʬʬʫʟʠʦʥʥʦʡ ʜʣʠʥʳ, ʢʦʪʦʨʫʶ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʨʘʚʥʝʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ ʨʘʩʯʝʪʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʝʣʠʯʠʥʳ ʠʟʤʝʨʷʝʤʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʦʙʣʘʩʪʴʶ ʛʝʥʝʨʘʮʠʠ ʠ ʪʦʯʢʦʡ ʠʟʤʝʨʝʥʠʷ ʩʠʛʥʘʣʘ (7). 

ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ  

ʥʘ ʨʠʩ. 1. ʀʩʪʦʯʥʠʢʦʤ 

ʟʦʥʜʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ (1) 

ʩʣʫʞʠʣ ʣʘʟʝʨ ʃɻ-ɻʅʀʂ-1 

(ɚ = 3,39 ʤʢʤ, P = 6 ʤɺʪ). 

ɻʝʥʝʨʘʮʠʷ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʣʘʟʝʨʥʳʤ 

ʤʦʜʫʣʝʤ (5) ʂʃʄ-ʅ980-200-5 

(ɚ = 0,980 ʤʢʤ, P = 200 ʤɺʪ)  

ʩ ʢʦʣʣʠʤʠʨʦʚʘʥʥʳʤ ʧʫʯʢʦʤ 

ʠʟʣʫʯʝʥʠʷ ʤʘʣʦʡ ʨʘʩʭʦʜʠʤʦʩʪʠ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʚʭʦʜʦʤ ʚʥʝʰʥʝʡ TTL-

ʤʦʜʫʣʷʮʠʠ. ʏʘʩʪʦʪʘ ʤʦʜʫʣʷʮʠʠ ʣʘʟʝʨʘ-ʠʥʞʝʢʪʦʨʘ ʟʘʜʘʚʘʣʘʩʴ 

ʛʝʥʝʨʘʪʦʨʦʤ (6) VC2002 ʠ ʩʦʩʪʘʚʣʷʣʘ 1400 ɻʮ. ʈʘʩʩʦʚʤʝʱʝʥʠʝ ʦʙʣʘʩʪʝʡ 

ʛʝʥʝʨʘʮʠʠ ʠ ʟʦʥʜʠʨʦʚʘʥʠʷ ʥʘ ʟʘʜʘʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ r  ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʨʠ 

ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʴʥʦʡ ʤʠʢʨʦʤʝʪʨʠʯʝʩʢʦʡ ʧʦʜʚʠʞʢʠ (2), ʥʘ ʢʦʪʦʨʫʶ 

ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ. ʇʨʦʰʝʜʰʠʡ ʯʝʨʝʟ ʥʝʛʦ ʩʠʛʥʘʣ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʩʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʨʠʝʤʥʠʢʦʤ (3) ʌɽ-724-1 ʠ 

ʠʟʤʝʨʷʣʩʷ ʤʠʣʣʠʚʦʣʴʪʤʝʪʨʦʤ (4) ɺ6-9. ɼʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ 

ʩʠʛʥʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʛʝʥʝʨʘʪʦʨʘ (6) ʠ ʦʪ ʬʦʪʦʧʨʠʝʤʥʠʢʘ (4), 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʚʫʭʢʘʥʘʣʴʥʳʡ ʦʩʮʠʣʣʦʛʨʘʬ (7) OS-5020G. ʂʦʥʪʨʦʣʴʥʳʝ 

ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʦʙʨʘʟʮʘʭ ʠʟ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ ʩ 

ʚʳʩʦʢʠʤ ʫʜʝʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ (150 ʠ 160 ʆʤĀʤ) ʩ ʯʠʩʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʧʦʢʨʳʪʳʝ ʩʣʦʝʤ ʢʦʣʣʦʜʠʷ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳʤ ʚ 

ʨʝʘʣʠʟʘʮʠʠ ʠ ʜʘʝʪ ʥʘʜʝʞʥʳʝ ʫʩʪʦʡʯʠʚʳʝ ʨʝʟʫʣʴʪʘʪʳ. 
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RING PACKAGED GYROSCOPE  

WITH A SEMICONDUCTOR LASER DIODE  
 

The new constructive and technological solution of a ring laser gyroscope with the 

semiconductor laser diode (KMG with PLD) forming a new segment in the general 

group of optical gyroscopes is submitted. Novelty and originality of idea is that KMG 

with PLD combines monoblock ring optical system with the semiconductor laser diode 

as a source of laser radiation. 
 

ʉʦʚʨʝʤʝʥʥʳʝ ʙʝʩʧʣʘʪʬʦʨʤʝʥʥʳʝ ʠʥʝʨʮʠʘʣʴʥʳʝ ʥʘʚʠʛʘʮʠʦʥʥʳʝ 

ʩʠʩʪʝʤʳ (ɹʀʅʉ) ʨʝʘʣʠʟʫʶʪʩʷ ʥʘ ʙʘʟʝ ʦʧʪʠʯʝʩʢʠʭ ʛʠʨʦʩʢʦʧʦʚ 

ʦʙʲʝʜʠʥʷʶʱʠʭ ʜʚʝ ʛʨʫʧʧʳ: ʢʦʣʴʮʝʚʳʝ ʛʘʟʦʚʳʝ ʣʘʟʝʨʥʳʝ ʛʠʨʦʩʢʦʧʳ (ʂʃɻ) 

ʠ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʛʠʨʦʩʢʦʧʳ (ɺʆɻ). ɺ ʮʝʣʦʤ ʦʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʚ ʜʠʘʧʘʟʦʥʝ 0,01 ï 10 ʛʨʘʜ/ʯ, ʠ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ:  

1) ʂʃɻ ï ʦʪʣʠʯʘʝʪʩʷ ʩʣʦʞʥʦʩʪʴʶ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʶʩʪʠʨʦʚʢʠ, ʞʝʩʪʢʦʩʪʴʶ ʢʦʥʩʪʨʫʢʮʠʠ, ʠʤʝʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʡ ʩʨʦʢ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚʳʩʦʢʦʚʦʣʴʪʥʳʡ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ, ʙʦʣʴʰʠʝ 

ʚʝʩʦʛʘʙʘʨʠʪʥʳʝ ʧʘʨʘʤʝʪʨʳ; 

2) ɺʆɻ ï ʦʪʣʠʯʘʝʪʩʷ ʫʧʨʦʱʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʡ ʞʝʩʪʢʦʩʪʴʶ ʢʦʥʩʪʨʫʢʮʠʠ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʚʨʝʤʝʥʥʳʝ 

ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ, ʘ ʪʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʚʠʩʷʪ 

ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʦʧʪʦʚʦʣʦʢʥʘ ʟʘʨʫʙʝʞʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʣʠʥʦʡ  

200 ï 2000 ʤ, ʵʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʚʝʩʦʛʘʙʘʨʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʫʩʪʨʦʡʩʪʚʘ. 
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ʇʨʝʜʣʘʛʘʝʤʦʝ  ʢʦʥʩʪʨʫʢʪʠʚʥʦïʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ  ʢʦʣʴʮʝʚʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʛʠʨʦʩʢʦʧʘ ʩ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤ ʣʘʟʝʨʥʳʤ ʜʠʦʜʦʤ (ʂʄɻ ʩ 

ʇʃɼ) ʬʦʨʤʠʨʫʝʪ ʥʦʚʳʡ ʩʝʛʤʝʥʪ ʚ ʦʙʱʝʡ ʛʨʫʧʧʝ ʦʧʪʠʯʝʩʢʠʭ ʛʠʨʦʩʢʦʧʦʚ ʠ 

ʧʦʟʚʦʣʷʝʪ  ʩʦʟʜʘʚʘʪʴ  ʚʳʩʦʢʦʪʦʯʥʳʝ ʣʘʟʝʨʥʳʝ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʢʘʢ ʚ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʘʚʪʦʥʦʤʥʳʝ ɹʀʅʉ, ʪʘʢ ʠ ʩʦʟʜʘʚʘʪʴ ʥʘ ʠʭ ʦʩʥʦʚʝ ʥʦʚʳʝ 

ɹʀʅʉ. ʆʪʣʠʯʠʪʝʣʴʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʂʄɻ ʩ ʇʃɼ ʷʚʣʷʶʪʩʷ ʧʨʦʩʪʦʪʘ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʶʩʪʠʨʦʚʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʞʝʩʪʢʦʩʪʴ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʥʠʟʢʦʚʦʣʴʪʥʦʝ ʧʠʪʘʥʠʝ, ʤʘʣʳʝ ʚʝʩʦ-ʛʘʙʘʨʠʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʚʘʨʴʠʨʦʚʘʥʠʷ ʪʦʯʥʦʩʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʤʦʜʠʬʠʢʘʮʠʡ ʦʙʲʝʢʪʘ ʟʘ ʩʯʝʪ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʤʦʥʦʙʣʦʢʘ [1, 2]. 

 

 
 

ʈʠʩ. 1. ʂʦʣʴʮʝʚʦʡ ʤʦʥʦʙʣʦʯʥʳʡ ʛʠʨʦʩʢʦʧ ʩ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤ ʣʘʟʝʨʥʳʤ ʜʠʦʜʦʤ 

 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʦʧʳʪʥʳʡ ʦʙʨʘʟʝʮ ʂʄɻ ʩ ʇʃɼ (ʜʣʠʥʘ ʦʧʪʠʯʝʩʢʦʛʦ 

ʢʘʥʘʣʘ 100 ʤʤ, ʨʠʩ. 1) ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʧʣʝʢʪʫʶʱʠʝ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʟʛʦʪʦʚʣʝʥʳ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʈʌ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʶ ʠ ʩʥʠʞʘʝʪ ʤʘʪʝʨʠʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ [3]. 
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ʃɸɿɽʈʅɸʗ ɼɽʉʆʈɹʎʀʗ ʉʃɽɼʆɺ ɺɿʈʓɺʏɸʊʓʍ 

ɺɽʑɽʉʊɺ ɺ ʉʇɽʂʊʈʆʄɽʊʈʀʀ ʀʆʅʅʆʁ 

ʇʆɼɺʀɾʅʆʉʊʀ 
 

ɺ ʨʘʙʦʪʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʠʩʩʣʝʜʫʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʚʫʭ 

ʧʨʦʩʪʳʭ ʣʘʟʝʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʣʷ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʣʘʟʝʨʥʦʡ ʜʝʩʦʨʙʮʠʠ ʩʣʝʜʦʚʳʭ 

ʢʦʣʠʯʝʩʪʚ ʪʨʠʥʠʪʨʦʪʦʣʫʦʣʘ ʠ ʮʠʢʣʦʪʨʠʤʝʪʠʣʝʥʪʨʠʥʠʪʨʘʤʠʥʘ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʣʘʟʝʨ 

ʥʘ YAG:Nd3+ (ɚ = 1064 ʥʤ) ʠ ʜʠʦʜʥʳʡ ʥʝʧʨʝʨʳʚʥʳʡ ʣʘʟʝʨ (ɚ = 440 ʥʤ). ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʠʤʧʫʣʴʩʥʳʡ ʥʝʦʜʠʤʦʚʳʡ ʣʘʟʝʨ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʫʩʪʨʦʡʩʪʚʘ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʧʨʦʙʦʦʪʙʦʨʘ ʜʣʷ ʩʧʝʢʪʨʦʤʝʪʨʦʚ ʠʦʥʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ. 

 

A.E. AKMALOV , G.E. KOTKOVSKII, A.A. CHISTYAKOV 
National Research Nuclear University MEPhI (Moscow Engineering Physics Institute) 

 

LASER DESORPTION OF TRACES OF EXPLOSIVES  

IN IO N MOBILITY SPECTROMETRY  
 

The efficiency of two simple laser sources to initiate laser desorption of traces of 

trinitrotoluene and cyclotrimethylenetrinitramine is investigated with use a mass 

spectrometry technique. A YAG: Nd3+  laser (ɚ = 1064 nm) and a diode continuous laser 

(ɚ = 440 nm) are used. It is shown that a pulsed laser source is more promising for 

creating a device for contactless sampling for ion mobility spectrometers. 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʘʧʧʘʨʘʪʫʨʝ ʥʘ ʦʩʥʦʚʝ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʠʦʥʥʦʡ 

ʧʦʜʚʠʞʥʦʩʪʠ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʩʣʝʜʦʚ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ (ɺɺ) ʩ ʥʠʟʢʠʤ 

ʜʘʚʣʝʥʠʝʤ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ ʚʚʦʜʘ ʧʨʦʙʳ. ʇʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʧʫʪʝʤ 

ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʪʝʨʤʦʜʝʩʦʨʙʮʠʠ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ ʢʘʢ YAG: Nd
3+  

laser (ɚ = 1064 ʥʤ, Űʠʤʧ = 16 ʥʩ, 

ɽʠʤʧ = 100 ʤɼʞ) ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʣʘʟʝʨ ʩ ʜʠʦʜʥʦʡ ʥʘʢʘʯʢʦʡ  

(ɚ = 440 ʥʤ), ʥʝʧʨʝʨʳʚʥʳʡ ʨʝʞʠʤ ʛʝʥʝʨʘʮʠʠ, ʈʠʟʣ = 700 ʤɺʪ. ɼʣʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʩʩʳ ʚʝʱʝʩʪʚʘ, ʜʝʩʦʨʙʠʨʦʚʘʥʥʦʛʦ 

ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ, ʧʨʠʤʝʥʷʣʩʷ ʢʚʘʜʨʫʧʦʣʴʥʳʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨ 

Shimadzu GCMS-GP2010 ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʷʤʦʛʦ ʚʚʦʜʘ ʦʙʨʘʟʮʘ ʠ 

ʠʦʥʠʟʘʮʠʝʡ ʵʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ. ʇʦʜʛʦʪʦʚʣʝʥʥʳʡ ʦʙʨʘʟʝʮ ʧʦʤʝʱʘʝʪʩʷ 

ʥʘ ʢʦʥʝʮ ʤʦʜʫʣʷ, ʧʦʩʣʝ ʯʝʛʦ ʤʦʜʫʣʴ ʯʝʨʝʟ ʩʧʝʮʠʘʣʴʥʳʡ ʰʣʶʟ ʚʚʦʜʠʪʩʷ ʚ 
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ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨ. ʃʘʟʝʨʥʳʡ ʣʫʯ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʦʧʪʠʯʝʩʢʠʝ ʦʢʥʘ ʠ 

ʧʦʧʘʜʘʝʪ ʥʘ ʦʙʨʘʟʝʮ ʯʝʨʝʟ ʧʨʦʟʨʘʯʥʫʶ ʧʦʜʣʦʞʢʫ. ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʜʝʩʦʨʙʮʠʠ ʧʨʦʜʫʢʪʳ ʧʦʩʪʫʧʘʶʪ ʚ ʠʦʥʥʳʡ ʠʩʪʦʯʥʠʢ ʠ 

ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʦʤ. ʂʦʣʠʯʝʩʪʚʦ ʜʝʩʦʨʙʠʨʦʚʘʥʥʦʛʦ 

ʚʝʱʝʩʪʚʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʢʨʠʚʦʡ ʢʘʣʠʙʨʦʚʢʠ, ʧʦʣʫʯʝʥʥʦʡ ʚ ʨʝʞʠʤʝ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʪʝʨʤʦʜʝʩʦʨʙʮʠʠ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ 

ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʷ: ʪʨʠʥʠʪʨʦʪʦʣʫʦʣ (ʊʅʊ), ʮʠʢʣʦʪʨʠʤʝʪʠʣʝʥʪʨʠʥʠʪʨʘʤʠʥ 

(RDX).  ʈʘʩʪʚʦʨ ʠʩʩʣʝʜʫʝʤʳʭ ʚʝʱʝʩʪʚ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʢʦʥʮʝʥʪʨʘʮʠʠ  

10
-5 

 g/ɛL ʦʙʲʸʤʦʤ V = 1 ɛL ʧʦʤʝʱʘʣʩʷ ʥʘ ʯʠʩʪʫʶ ʢʚʘʨʮʝʚʫʶ ʧʦʜʣʦʞʢʫ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʷʪʥʘ ʧʣʦʱʘʜʴʶ S = 0.06 cm
2
, ʧʦʩʣʝ ʯʝʛʦ ʚʳʩʫʰʠʚʘʣʩʷ ʚ 

ʪʝʯʝʥʠʝ 3 ʤʠʥʫʪ. ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʦʧʪʠʯʝʩʢʠ 

ʪʦʥʢʠʡ ʩʣʦʡ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ ʜʣʠʥ ʚʦʣʥ. 

ʆʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʤʘʢʩʠʤʘʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʩʦʨʙʮʠʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʚ ʚʠʜʝ ʯʘʩʪʠʮ ʠ ʢʦʤʧʣʝʢʩʦʚ, ʧʦ ʢʦʪʦʨʳʤ ʚʦʟʤʦʞʥʘ 

ʦʜʥʦʟʥʘʯʥʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʢʦʥʢʨʝʪʥʦʛʦ ʚʝʱʝʩʪʚʘ ʜʣʷ ʣʘʟʝʨʘ ʥʘ ʦʩʥʦʚʝ 

Nd
3+

:YAG ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ɚ = 1064 ʥʤ. ʇʨʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ  

q = 1,72Ĭ10
9
 ɺʪ/cʤ

2
 ʩʨʝʜʥʷʷ ʤʘʩʩʘ ʜʝʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʟʘ ʦʜʠʥ ʠʤʧʫʣʴʩ 

ʚʝʱʝʩʪʚʘ ʩʦʩʪʘʚʣʷʝʪ 2 - 7 ʥʛ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʪʦʯʥʠʢʘ ʩ ɚ = 440 ʥʤ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʝʛʦ ʚʦʟʜʝʡʩʪʚʠʝ 

ʥʘ ʊʅʊ ʧʨʠʚʦʜʠʪ ʢ ʜʝʩʦʨʙʮʠʠ ʚʝʱʝʩʪʚʘ ʪʦʣʴʢʦ ʩ 30-ʡ ʩʝʢʫʥʜʳ ʧʨʠ 

ʫʩʣʦʚʠʠ ʬʠʢʩʘʮʠʠ ʤʝʩʪʘ ʦʙʣʫʯʝʥʠʷ. ʉʨʘʚʥʝʥʠʝ ʜʚʫʭ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʧʦ ʤʘʩʩʝ ʜʝʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘ ʚʨʝʤʝʥʘʭ ʙʦʣʝʝ 30 

ʩʝʢʫʥʜ ʛʦʚʦʨʠʪ ʦʙ ʠʭ ʩʦʧʦʩʪʘʚʠʤʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʅʘ ʤʝʥʴʰʠʭ 

ʚʨʝʤʝʥʘʭ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʤʧʫʣʴʩʥʦʛʦ ʠʩʪʦʯʥʠʢʘ. 

ɺ  ʩʣʫʯʘʝ RDX ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʪʦʯʥʠʢʘ ʩ ɚ=440 ʥʤ ʧʨʠʚʦʜʠʪ ʢ 

ʜʝʩʦʨʙʮʠʠ ʣʠʰʴ ʩʦ ʚʪʦʨʦʡ ʤʠʥʫʪʳ ʦʙʣʫʯʝʥʠʷ. ʅʘ ʪʘʢʠʭ ʚʨʝʤʝʥʘʭ 

ʧʨʠʤʝʥʝʥʠʝ ʠʤʧʫʣʴʩʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʦʢʘʟʳʚʘʝʪʩʷ ʙʦʣʝʝ ʯʝʤ ʚ 20 ʨʘʟ 

ʵʬʬʝʢʪʠʚʥʝʝ ʧʨʠ ʫʩʣʦʚʠʠ ʦʙʨʘʙʦʪʢʠ ʠʤ ʧʣʦʱʘʜʠ ʧʷʪʥʘ, ʨʘʚʥʦʛʦ ʧʣʦʱʘʜʠ 

ʧʷʪʥʘ ʥʝʧʨʝʨʳʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʟʘ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ. 

ʅʘʣʠʯʠʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʳʭʦʜʘ ʦʢʩʠʜʘ ʘʟʦʪʘ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʥʝʨʝʟʦʥʘʥʩʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʠʤʧʫʣʴʩʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʥʘ ʊʅʊ ʧʨʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʷʭ ʜʦ 10
9
 ɺʪ/ʩʤ

2
 ʠ ʝʛʦ ʦʪʩʫʪʩʪʚʠʝ ʜʣʷ RDX ʥʝ ʷʚʣʷʝʪʩʷ 

ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʜʝʩʦʨʙʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ 

ʧʦʤʦʱʠ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʠʦʥʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ. ʅʝʙʦʣʴʰʘʷ ʩʪʦʠʤʦʩʪʴ ʠ 

ʛʘʙʘʨʠʪʳ ʥʝʦʜʠʤʦʚʦʛʦ ʣʘʟʝʨʘ ʥʘ ʦʩʥʦʚʥʦʡ ʛʘʨʤʦʥʠʢʝ ʜʝʣʘʝʪ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʫʩʪʨʦʡʩʪʚʘ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ 

ʧʨʦʙʦʦʪʙʦʨʘ, ʩʦʚʤʝʱʝʥʥʦʛʦ ʩʦ ʩʧʝʢʪʨʦʤʝʪʨʦʤ ʠʦʥʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ. 
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ɸ.ɿ. ɺʀʅɸʈʆɺ, ɸ.ʄ. ɼʓʄʆɺ, ʅ.ʀ. ʉʆʈʆʂʀʅ,  

ɺ.ʇ. ʄʀʅɸɽɺ
1
, ɺ.ʖ. ʃɽʂɸʈɽɺ 

ʇʝʨʚʳʡ ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʄ. ʉʝʯʝʥʦʚʘ 
1ʅʊʆ çʀʈʕ-ʇʦʣʶʩè, ʌʨʷʟʠʥʦ 

 

ʆ ʈɸɿʃʀʏʀʀ ɺ ɺʆɿɼɽʁʉʊɺʀʀ ʅɸ ʄʗɻʂʀɽ ʊʂɸʅʀ  

ɺ ɻɸɿʆɺʆʁ ʀ ɺʆɼʅʆʁ ʉʈɽɼɽ ʀɿʃʋʏɽʅʀʗ  

ʉ ɼʃʀʅʆʁ ɺʆʃʅʓ ʆʂʆʃʆ 2 ʤʢʤ  
 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ, ʨʘʩʩʝʯʝʥʠʝ 

ʙʠʦʪʢʘʥʠ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ (ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʝ) ʧʨʦʠʩʭʦʜʠʪ ʧʘʨʦʛʘʟʦʚʦʡ 

ʩʪʨʫʝʡ, ʦʙʨʘʟʫʶʱʝʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʚʝʨʭʠʥʪʝʥʩʠʚʥʦʛʦ ʢʠʧʝʥʠʷ ʚ ʪʦʥʢʦʤ (ʧʦʨʷʜʢʘ 

0,1ʤʤ) ʩʣʦʝ ʞʠʜʢʦʩʪʠ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʦʛʣʦʱʝʥʠʝ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʂʦʘʛʫʣʷʮʠʷ ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʨʘʟʨʝʟʫ ʪʢʘʥʝʡ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʪʝʧʣʘ, 

ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʧʨʠ ʢʦʥʜʝʥʩʘʮʠʠ ʧʘʨʘ. 
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V.P. MINAEV
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ON THE DIFFERENCE IN ACTION OF THE LASER LIGHT  

WITH WAVELENGTH NE AR 2ÕM ON BIOTISSUE  

IN GAS AND WATER MEDIA  
 

It is shown that unlike action in the air environment, section of the biotissue in the 

water environment (physiological solution) is performed by the steam-gas stream which 

is formed as a result of superintensive boiling in thin (about 0,1mm) a liquid layer in 

which absorbed laser radiation. Coagulation of the biotissue, adjacent to a section, 

happens due to heat which is produced via vapor condensation. 

 

ʃʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ ʩ ʜʣʠʥʘʤʠ ʚʦʣʥ 1,94 ʤʢʤ (Tm ʚ ʚʦʣʦʢʥʝ), 2,01 ʤʢʤ 

(ɸʀɻ:Tm) ʠ 2,1 ʤʢʤ (ɸʀɻ:ʅʦ) ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʘʢʠʭ ʤʘʣʦʠʥʚʘʟʠʚʥʳʭ ʫʨʦʣʦʛʠʯʝʩʢʠʭ 

ʦʧʝʨʘʮʠʡ, ʢʘʢ ʪʨʘʥʩʫʨʝʪʨʘʣʴʥʘʷ ʵʥʫʢʣʝʘʮʠʷ ʘʜʝʥʦʤʘ ʧʨʦʩʪʘʪʳ ʠ ʫʜʘʣʝʥʠʝ 

ʥʝʤʳʰʝʯʥʦʠʥʚʘʟʠʚʥʦʛʦ ʨʘʢʘ ʤʦʯʝʚʦʛʦ ʧʫʟʳʨʷ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʚʳʩʦʢʠʤ 

ʝʛʦ ʧʦʛʣʦɦ ʝʥʠʝʤ ʚ ʚʦʜʝ ʠ ʢʨʦʚʠ (ʨʠʩ. 1, [1]).  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʇʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʚʦʟʜʝʡʩʪʚʠʷ 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 1,94 ʤʢʤ (ʘʧʧʘʨʘʪ çʋʨʦʣʘʟè, ʅʊʆ 

çʀʈʕ-ʇʦʣʩʁè, ʈʦʩʩʠʷ) ʥʘ ʪʢʘʥʴ ʧʦʯʢʠ ʧʨʠ ʣʘʧʘʨʦʩʢʦʧʠʯʝʩʢʦʤ ʩʝʯʝʥʠʠ ʚ 
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ʩʨʝʜʝ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʠ ʪʨʘʥʩʫʨʝʪʨʘʣʴʥʳʭ ʵʥʫʢʣʝʘʮʠʠ 

ʘʜʝʥʦʤʳ ʠ ʨʝʟʝʢʮʠʠ ʩʪʝʥʢʠ ʤʦʯʝʚʦʛʦ ʧʫʟʳʨʷ ʩ ʦʧʫʭʦʣʴʶ, 

ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʚ ʩʨʝʜʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ ʠʟʣʫʯʝʥʠʝʤ 1,94 ʤʢʤ 

ʠ 2,1 ʤʢʤ (ʘʧʧʘʨʘʪ çVersaPulse Power Suite P100è, çLumenisè, ʀʟʨʘʠʣʴ). 

ɺ ʛʘʟʦʚʦʡ ʩʨʝʜʝ ʨʘʩʩʝʯʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʥʪʘʢʪʥʦ, ʧʨʠ ʵʪʦʤ ʢʦʥʝʮ 

ʩʚʝʪʦʚʦʜʘ ʨʘʩʢʘʣʷʝʪʩʷ ʠʟ-ʟʘ ʢʘʨʙʦʥʠʟʘʮʠʠ ʚ ʤʝʩʪʝ ʢʦʥʪʘʢʪʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʧʨʦʠʩʭʦʜʠʪ ʩʦʯʝʪʘʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʨʘʩʢʘʣʝʥʥʦʛʦ 

ʢʦʥʮʘ ʩʚʝʪʦʚʦʜʘ [2]. ʅʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʪʥʘʷ ʢʘʨʙʦʥʠʟʘʮʠʷ ʤʝʩʪʘ ʨʘʟʨʝʟʘ. 
 

 
ʈʠʩ. 1. ʇʦʛʣʦʱʝʥʠʝ ʚ ʚʦʜʝ ʠ ʢʨʦʚʠ, ʧʦʣʦʩʘ ʧʦʢʘʟʳʚʘʝʪ ʜʠʘʧʘʟʦʥ, ʚ ʢʦʪʦʨʦʤ ʤʦʛʫʪ 

ʛʝʥʝʨʠʨʦʚʘʪʴ ʣʘʟʝʨʳ ʥʘ ʚʦʣʦʢʥʝ, ʘʢʪʠʚʠʨʦʚʘʥʥʦʤ Tm 

 

ʇʨʠ ʨʘʙʦʪʝ ʚ ʩʨʝʜʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ ʣʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ 

ʧʦʛʣʦʱʘʝʪʩʷ ʚ ʪʦʥʢʦʤ ʩʣʦʝ ʚʦʜʳ ʚʙʣʠʟʠ ʚʳʭʦʜʥʦʛʦ ʪʦʨʮʘ ʩʚʝʪʦʚʦʜʘ ʠ 

ʚʳʟʳʚʘʝʪ ʩʚʝʨʭʠʥʪʝʥʩʠʚʥʦʝ ʢʠʧʝʥʠʝ ʞʠʜʢʦʩʪʠ, ʬʦʨʤʠʨʫʶʱʫʶ 

ʠʥʪʝʥʩʠʚʥʫʶ ʧʘʨʦʛʘʟʦʚʫʶ ʩʪʨʫʶ, ʭʦʨʦʰʦ ʚʠʜʠʤʫʶ ʥʘ ʵʢʨʘʥʝ 

ʚʠʜʝʦʵʥʜʦʩʢʦʧʘ. ʕʪʘ ʩʪʨʫʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʘʩʩʝʢʘʝʪ ʙʠʦʪʢʘʥʴ, ʚʳʟʳʚʘʷ 

ʞʝʣʘʝʤʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. ʇʨʠ ʵʪʦʤ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʨʘʟʦʛʨʝʚ ʢʦʥʮʘ 

ʩʚʝʪʦʚʦʜʘ ʚʦʟʥʠʢʘʝʪ ʪʦʣʴʢʦ ʚ ʤʦʤʝʥʪʳ ʢʘʩʘʥʠʷ ʩʚʝʪʦʚʦʜʦʤ ʨʘʩʩʝʢʘʝʤʦʡ 

ʪʢʘʥʠ. ɺ ʤʝʩʪʝ ʨʘʩʩʝʯʝʥʠʷ ʚʠʜʥʳ ʤʠʥʠʤʘʣʴʥʳʝ ʩʣʝʜʳ ʢʘʨʙʦʥʠʟʘʮʠʠ. 

ʂʦʘʛʫʣʷʮʠʷ ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʨʘʟʨʝʟʫ ʪʢʘʥʝʡ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʪʝʧʣʘ, 

ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʧʨʠ ʢʦʥʜʝʥʩʘʮʠʠ ʧʘʨʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ, ʛʨʘʥʪ ʈʅʌ ˉ16-02-00743. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ. 
1. ʄʠʥʘʝʚ ɺ.ʇ. ʃʘʟʝʨʥʳʝ ʤʝʜʠʮʠʥʩʢʠʝ ʩʠʩʪʝʤʳ ʠ ʤʝʜʠʮʠʥʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʠʭ 

ʦʩʥʦʚʝ: ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ. ɼʦʣʛʦʧʨʫʜʥʳʡ: ʀɼ çʀʥʪʝʣʣʝʢʪè, 2017. 
2. ʏʫʜʥʦʚʩʢʠʡ ɺ.ʄ., ɹʫʣʘʥʦʚ ɺ.ɸ., ʖʩʫʧʦʚ ɺ.ʀ. ʃʘʟʝʨʥʦʝ ʠʥʜʫʮʠʨʦʚʘʥʠʝ 

ʘʢʫʩʪʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʚ ʭʠʨʫʨʛʠʠ // ʌʦʪʦʥʠʢʘ. 2010. ˉ1. ʉ.30-36. 
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ɸ.ɺ. ʆʈʃʆɺ, ʊ.ɺ. ɹɸʁʂʆɺɸ, ɼ.ʅ. ɹɸʍʄʋʊʆɺ
1
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ʉ.ɸ. ɻʆʅʏʋʂʆɺ, ʊ.ʉ. ʉɺʀʉʊʋʅʆɺɸ
2
 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʌʀè 
1ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʢʦ-ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ɸ.ʀ. ɽʚʜʦʢʠʤʦʚʘ 
2ʀʥʬʝʢʮʠʦʥʥʘʷ ʢʣʠʥʠʯʝʩʢʘʷ ʙʦʣʴʥʠʮʘ ˉ2 ɼʝʧʘʨʪʘʤʝʥʪʘ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʛʦʨʦʜʘ 

ʄʦʩʢʚʳ 

 

ʉʇɽʂʊʈʆʉʂʆʇʀʗ ʂʆʄɹʀʅɸʎʀʆʅʅʆɻʆ ʈɸʉʉɽʗʅʀʗ 

ʉɺɽʊɸ ʀ ʌʃʖʆʈɽʉʎɽʅʊʅɸʗ ʉʇɽʂʊʈʆʉʂʆʇʀʗ 

ɹʀʆʃʆɻʀʏɽʉʂʀʍ ɾʀɼʂʆʉʊɽʁ 
 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʦʙʨʘʟʮʦʚ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʩʚʝʪʘ ʠ ʬʣʶʦʨʝʩʮʝʥʪʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʉʥʷʪʳ ʩʧʝʢʪʨʳ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ ʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʨʘʟʣʠʯʥʳʭ  ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʠ ʦʧʨʝʜʝʣʝʥʳ 

ʭʘʨʘʢʪʝʨʥʳʝ ʣʠʥʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʚʦʜʠʪʴ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʩ 

ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ ʠʣʠ ʧʘʪʦʣʦʛʠʠ. 
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RAMAN AND FLUORESCENT SPECTROSCOPY  

OF BIOLOGICAL LIQUIDS  
 

The experiment results about the study of biological liquids via Raman and 

fluorescent spectroscopy are presented. The Raman scattering and fluorescence spectra 

of different biological liquids were obtained. Furthermore, the specific lines which were 

identified allow conducting comparative data analysis for disease and pathology 

detection. 

 

ɸʥʘʣʠʟ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ (ɹɾ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʠʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʚ ʦʨʛʘʥʠʟʤʝ, ʢʘʢ ʥʘʠʙʦʣʝʝ 

ʠʥʬʦʨʤʘʪʠʚʥʳʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʘʣʠʯʠʝ ʧʘʪʦʣʦʛʠʡ ʤʦʞʥʦ ʥʘʜʝʞʥʦ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʠʟʤʝʥʝʥʠʶ ʩʦʩʪʘʚʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʥʘ 

ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ. 
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ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʥʘʮʝʣʝʥʘ ʥʘ ʚʳʷʚʣʝʥʠʝ ʙʠʦʤʘʨʢʝʨʦʚ ʟʘʙʦʣʝʚʘʥʠʡ 

ʯʝʣʦʚʝʢʘ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʉʂʈ) 

ʩʚʝʪʘ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʷʭ. ʄʝʪʦʜ ʉʂʈ ʧʦʟʚʦʣʷʝʪ ʥʝʠʥʚʘʟʠʚʥʦ 

ʧʦʣʫʯʘʪʴ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʨʘʟʮʝ, ʢʦʪʦʨʳʡ 

ʤʦʞʝʪ ʠʤʝʪʴ ʤʘʣʳʝ, ʚʧʣʦʪʴ ʜʦ ʤʠʢʨʦʥʥʳʭ, ʨʘʟʤʝʨʳ ʠ ʥʘʭʦʜʠʪʴʩʷ ʚ ʣʶʙʦʤ 

ʘʛʨʝʛʘʪʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʉʂʈ ʠʤʝʝʪ ʫʥʠʢʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʯʘʩʪʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʝʱʝʩʪʚʘ, ʧʦʩʢʦʣʴʢʫ ʥʝʪ ʜʚʫʭ ʤʦʣʝʢʫʣ, ʢʦʪʦʨʳʝ ʠʤʝʣʠ ʙʳ 

ʦʜʠʥʘʢʦʚʳʝ ʩʧʝʢʪʨʳ ʂʈ [1, 2].  

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ 30 

ʦʙʨʘʟʮʦʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʩ 

ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʤʝʪʨʘ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʤʦʜʝʣʠ DXR Raman 

Microscope ʠ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ ʃʕʉɸ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥ ʪʠʧʠʯʥʳʡ ʩʧʝʢʪʨ ʂʈ ʚʳʩʫʰʝʥʥʦʡ ʩʣʶʥʳ ʧʨʠ 

ʝʛʦ ʚʦʟʙʫʞʜʝʥʠʠ ʣʘʟʝʨʦʤ ʩ ʟʝʣʝʥʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ.  

 

 
ʈʠʩ. 1. ʊʠʧʠʯʥʳʡ ʩʧʝʢʪʨ ʂʈ ʚʳʩʫʰʝʥʥʦʡ ʩʣʶʥʳ ʧʨʠ ʝʛʦ ʚʦʟʙʫʞʜʝʥʠʠ ʣʘʟʝʨʦʤ 

 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʧʝʢʪʨʘ ʩʣʶʥʳ ʟʜʦʨʦʚʦʛʦ ʯʝʣʦʚʝʢʘ (ʚʥʠʟʫ) ʚ ʩʣʫʯʘʝ 

ʧʘʨʦʜʦʥʪʠʪʘ ʚ ʩʧʝʢʪʨʝ ʂʈ (ʚʚʝʨʭʫ) ʧʦʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʝ ʣʠʥʠʠ 

1156 ʩʤ
-1
 ʠ 1524 ʩʤ

-1
, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʩʣʶʥʝ ʢʘʨʦʪʠʥʦʠʜʦʚ, 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʦʩʪʝ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʦʪʚʝʪ ʥʘ 

ʨʘʟʚʠʪʠʝ ʧʘʪʦʣʦʛʠʠ ʚ ʧʦʣʦʩʪʠ ʨʪʘ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 15-02-08400). 
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1ʀʥʩʪʠʪʫʪ ʘʚʪʦʤʘʪʠʢʠ ʠ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ ɼɺʆ ʈɸʅ, ɺʣʘʜʠʚʦʩʪʦʢ 
2ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɺʣʘʜʠʚʦʩʪʦʢ 

 

ʃɸɿɽʈʅʓʁ ɹʀʆʉɽʅʉʆʈ ʅɸ ʆʉʅʆɺɽ 

ʄʀʂʈʆʄɽʍɸʅʀʏɽʉʂʆɻʆ ʆʉʎʀʃʃʗʊʆʈɸ 

 
ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʠ ʘʧʨʦʙʠʨʦʚʘʥ ʣʘʟʝʨʥʳʡ ʙʠʦʩʝʥʩʦʨ ʥʘ ʦʩʥʦʚʝ 

ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ (ʢʘʥʪʠʣʝʚʝʨʘ), ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʢʘʯʝʩʪʚʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʠ ʘʜʘʧʪʠʚʥʦʛʦ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʧʦ ʩʭʝʤʝ 

ʚʝʢʪʦʨʥʦʛʦ ʜʚʫʭ-ʚʦʣʥʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʬʦʪʦʨʝʬʨʘʢʪʠʚʥʦʤ ʢʨʠʩʪʘʣʣʝ CdTe, 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʢʦʣʝʙʘʥʠʡ ʦʩʮʠʣʣʷʪʦʨʘ. ʇʨʠʩʦʝʜʠʥʝʥʠʝ 

ʤʦʣʝʢʫʣʳ ʙʠʦʚʝʱʝʩʪʚʘ, ʧʦʜʣʝʞʘʱʝʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʶ, ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʩʮʠʣʣʷʪʦʨʘ ʧʨʠʚʦʜʷʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʧʦʩʣʝʜʥʝʛʦ. 

ɺ ʨʘʙʦʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ 

ʣʘʟʝʨʥʦʛʦ ʙʠʦʩʝʥʩʦʨʘ ʤʦʣʝʢʫʣ ɹʉɸ ʦʙʱʝʡ ʤʘʩʩʦʡ 3.1Ĭ10ï9 ʛ, ʧʨʠ ʵʪʦʤ 

ʧʦʚʝʨʭʥʦʩʪʴ ʢʘʥʪʠʣʝʚʝʨʘ ʙʳʣʘ ʧʨʝ-ʘʢʪʠʚʠʨʦʚʘʥʘ ʩʤʝʩʴʶ NHS-EDC. 
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LASER BIOSENSOR  

BASED ON MICROMECHANICAL OSCILLATOR  
 

In this research, we have proposed a laser biosensor which uses a micromechanical 

oscillator (cantilever) as a primary sensing element and an adaptive interferometer based 

on vectorial two-wave mixing in a photorefractive CdTe crystal for detecting the 

cantilever vibration. Biomolecules of interest being landed to the oscillator surface result 

in reduction of the oscillator`s natural frequency. In the experiment, BSA molecules with 

net mass 3,1Ĭ10ï9 g were detected by the laser biosensor with a cantilever which surface 

was pre-activated by NHS-EDC ester. 

 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʣʘʟʝʨʥʳʡ ʙʠʦʩʝʥʩʦʨ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ 

ʵʣʝʤʝʥʪʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʠʡ ʦʩʮʠʣʣʷʪʦʨ. ɺ ʢʘʯʝʩʪʚʝ 

ʦʩʮʠʣʣʷʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʥ ʢʨʝʤʥʠʝʚʳʡ ʢʘʥʪʠʣʝʚʝʨ ʨʘʟʤʝʨʦʤ 

180Ĭ40Ĭ7 ʤʢʤ
3
. ʂʦʣʝʙʘʥʠʷ ʢʘʥʪʠʣʝʚʝʨʘ ʚʦʟʙʫʞʜʘʣʠʩʴ ʣʘʟʝʨʥʳʤʠ 

ʠʤʧʫʣʴʩʘʤʠ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 532 ʥʤ ʤʦʱʥʦʩʪʴʶ 150 ʤʢɼʞ, 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ 5 ʥʩ. ɼʝʪʝʢʪʠʨʦʚʘʥʠʝ ʢʦʣʝʙʘʥʠʡ ʦʩʫʱʝʩʪʚʠʣʦʩʴ ʩ 
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ʧʦʤʦʱʴʶ ʘʜʘʧʪʠʚʥʦʛʦ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ [1, 2]. ɺ 

ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʚ ʠʥʪʝʨʬʝʨʦʤʝʪʨʝ ʠʩʧʦʣʴʟʦʚʘʥ 

ʥʝʧʨʝʨʳʚʥʳʡ Nd:YAG ʣʘʟʝʨ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 1064 ʥʤ, ʤʦʱʥʦʩʪʴʶ 20 ʤɺʪ. 

ɻʦʣʦʛʨʘʬʠʯʝʩʢʠʡ ʧʨʠʥʮʠʧ ʦʙʲʝʜʠʥʝʥʠʷ ʚʦʣʥ ʚ ʢʨʠʩʪʘʣʣʝ CdTe:V ʚ 

ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʚʝʢʪʦʨʥʦʛʦ ʜʚʫʭʚʦʣʥʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʚʳʧʦʣʥʝʥʠʝ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʢʚʘʜʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʡ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ [1]. 

ʈʘʙʦʪʘ ʙʠʦʩʝʥʩʦʨʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʧʨʠ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʤʦʣʝʢʫʣ ɹʉɸ (ʙʳʯʠʡ ʩʳʚʦʨʦʪʦʯʥʳʡ ʘʣʴʙʫʤʠʥ). ɼʣʷ 

ʘʢʪʠʚʘʮʠʠ ʢʘʥʪʠʣʝʚʝʨʘ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʥʦʩʠʣʘʩʴ ʧʣʝʥʢʘ ʟʦʣʦʪʘ 

ʪʦʣʱʠʥʦʡ 12 ʥʤ, ʢʦʪʦʨʘʷ ʦʙʨʘʙʘʪʳʚʘʣʘʩʴ ʩʤʝʩʴʶ NHS-EDC. ʇʦʩʣʝ 

ʘʢʪʠʚʘʮʠʠ ʢʘʪʠʣʝʚʝʨ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʚ ʧʨʦʪʦʯʥʫʶ ʢʶʚʝʪʫ ʦʙʲʝʤʦʤ 4 ʤʣ, 

ʟʘʧʦʣʥʝʥʥʫʶ ʨʘʩʪʚʦʨʦʤ Na2HPO4 c ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,013 ʄ/ʤʣ (ʨʠʩ. 1). ɺ 

ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʢʶʚʝʪʫ ʚʚʦʜʠʣʦʩʴ 2,5 ʤʣ ʨʘʩʪʚʦʨʘ ɹʉɸ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ 5 ʤʛ/ʤʣ. ɺʩʣʝʜʩʪʚʠʝ ʩʚʷʟʳʚʘʥʠʷ ʤʦʣʝʢʫʣ ʙʝʣʢʘ ʩ 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʘʥʪʠʣʝʚʝʨʘ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʝʛʦ ʤʘʩʩʘ, ʠ, 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʤʝʥʴʰʘʣʘʩʴ ʯʘʩʪʦʪʘ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ï ʩ 90,1 ʢɻʮ 

ʜʦ 86 ʢɻʮ ʚ ʪʝʯʝʥʠʝ 40 ʤʠʥʫʪ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʩʦʝʜʠʥʝʥʠʶ ʤʦʣʝʢʫʣ 

ɹʉɸ ʤʘʩʩʦʡ (3,1Ñ0,3)Ĭ10
ï9

 ʛ (ʨʠʩ. 2). ʅʝʩʤʦʪʨʷ ʥʘ ʥʠʟʢʫʶ ʜʦʙʨʦʪʥʦʩʪʴ 

ʩʠʩʪʝʤʳ çʢʘʥʪʠʣʝʚʝʨ-ʨʘʩʪʚʦʨè (Q å 4), ʙʣʘʛʦʜʘʨʷ ʧʨʠʤʝʥʝʥʠʶ ʧʨʠʥʮʠʧʦʚ 

ʘʜʘʧʪʠʚʥʦʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ ʦʩʫʱʝʩʪʚʣʝʥʘ ʫʩʪʦʡʯʠʚʘʷ ʨʝʛʠʩʪʨʘʮʠʷ 

ʯʘʩʪʦʪʳ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ. 
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ʈʠʩ. 1. ʌʦʪʦ ʢʶʚʝʪʳ ʩ ʢʘʥʪʠʣʝʚʝʨʦʤ, 

ʧʦʛʨʫʞʝʥʥʳʤ ʚ  ʠʩʩʣʝʜʫʝʤʳʡ  

ʨʘʩʪʚʦʨ 

ʈʠʩ. 2. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ 

ʤʦʣʝʢʫʣ ɹʉɸ, ʧʨʠʩʦʝʜʠʥʷʝʤʳʭ  

ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʥʪʠʣʝʚʝʨʘ 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
1. Di Girolamo S., et al. //Optics Communications. 2010. V.283 (1). P.128-131. 

2. Romashko R.V., et al. //Measurement Science Review. 2014. V.14 (3). P.160-163. 
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ɺ.ɺ. ɿɸʁʎɽɺ, ʆ.ɺ. ʄɸʄʆʅʊʆɺ
1
, ɸ.ɸ. ʂɸʄʐʀʃʀʅ 

ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 
1ʅʘʮʠʦʥʘʣʴʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʠʤ. ɺ.ɸ. ɸʣʤʘʟʦʚʘ,  

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ʀɿʄɽʈɽʅʀɽ ʇʆʂɸɿɸʊɽʃɽʁ ʇɽʈʀʌɽʈʀʏɽʉʂʆɻʆ 

ʂʈʆɺʆʊʆʂɸ ɺ ʂʆʅɽʏʅʆʉʊʗʍ  

ʉ ʇʆʄʆʑʔʖ ʌʆʊʆʇʃɽʊʀɿʄʆɻʈɸʌʀʀ 
 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʥʦʚʦʡ ʤʦʜʝʣʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʚʝʪʘ ʩ ʢʦʞʝʡ ʯʝʣʦʚʝʢʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ 

ʧʝʨʠʬʝʨʠʯʝʩʢʦʛʦ ʢʨʦʚʦʪʦʢʘ (ʇʇʂ) ʚ ʢʦʥʝʯʥʦʩʪʷʭ ʙʝʩʢʦʥʪʘʢʪʥʳʤ ʦʧʪʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ. ʈʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʦʙʨʘʙʦʪʢʠ ʦʧʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʣʷ ʦʮʝʥʢʠ ʇʇʂ ʧʦ 

ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʡ ʢʦʥʝʯʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʫʩʪʘʥʦʚʣʝʥʘ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʥʦʚʦʡ ʤʦʜʝʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʚʝʪʘ ʩ ʢʦʞʝʡ ʠ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʘʥʥʳʝ ʇʇʂ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʦʮʝʥʠʚʘʷ ʦʧʪʠʯʝʩʢʠʡ ʦʪʢʣʠʢ ʚ 

ʣʶʙʦʡ ʪʦʯʢʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʝʯʥʦʩʪʠ. 

 

V.V. ZAYTSEV, O.V. MAMONTOV
1
, A.A. KAMSHILIN  

ITMO University, Saint-Petersburg 
1Almazov National Medical Research Centre, Saint-Petersburg 

 

MEASURING PERIPHERAL BLOOD FLOW IN THE LIMBS  

BY MEANS OF PHOTOPLETYSMOGRAPHY  
 

Basing on the recently proposed model of light interaction with human skin, we 

carried out experiments aimed to measuring periʟferal blood flow (PBF) in limbs with a 

non-contact optical method. An algorithm for processing optical data for estimating PBF 

over the whole surface of the limb is developed. Experimental results confirm 

applicability of new model of light interaction with the skin. It was shown that PBF can 

be obtained from optical response in any point at the limb surface. 
 

ʌʦʪʦʧʣʝʪʠʟʤʦʛʨʘʬʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʦʙʨʘʙʦʪʢʝ ʚʠʜʝʦʟʘʧʠʩʝʡ ʚʳʙʨʘʥʥʦʡ 

ʯʘʩʪʠ ʪʝʣʘ, ʦʩʚʝʱʝʥʥʦʡ ʥʝʢʦʛʝʨʝʥʪʥʳʤ ʚʠʜʠʤʳʤ ʩʚʝʪʦʤ. ʊʨʘʜʠʮʠʦʥʥʘʷ 

ʤʦʜʝʣʴ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʠʛʥʘʣʘ ʬʦʪʦʧʣʝʪʠʟʤʦʛʨʘʬʠʠ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʛʣʫʙʦʢʦ ʧʨʦʥʠʢʘʶʱʝʛʦ ʚ ʢʦʞʫ ʩʚʝʪʘ ʀʂ ʩʧʝʢʪʨʘ ʩ 

ʢʨʫʧʥʳʤʠ ʧʫʣʴʩʠʨʫʶʱʠʤʠ ʘʨʪʝʨʠʷʤʠ [1]. ʅʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʥʘʰʝʡ 

ʛʨʫʧʧʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʘʞʝ ʚ ʩʚʝʪʝ ʟʝʣʸʥʦʛʦ ʩʧʝʢʪʨʘ, ʛʣʫʙʠʥʘ ʢʦʪʦʨʦʛʦ 

ʥʝʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʘʨʪʝʨʠʷʤʠ, ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʌʇɻ 

[2]. ʆʢʢʣʶʟʠʦʥʥʘʷ ʧʣʝʪʠʟʤʦʛʨʘʬʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ 

ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʧʝʨʠʬʝʨʠʯʝʩʢʦʛʦ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ ʫ ʣʶʜʝʡ. 
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ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʝʨʠʬʝʨʠʯʝʩʢʦʛʦ ʢʨʦʚʦʪʦʢʘ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʠʟʛʦʪʦʚʣʝʥʘ ʣʘʙʦʨʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʚʝʩʪʠ 

ʩʠʥʭʨʦʥʥʫʶ ʚʠʜʝʦʟʘʧʠʩʴ ʨʫʢʠ ʚ ʩʦʩʪʦʷʥʠʠ ʦʢʢʣʶʟʠʠ. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. ɺ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʦʙʲʝʢʪʠʚʘ ʢʘʞʜʦʡ ʠʟ 

4-ʭ ʚʠʜʝʦʢʘʤʝʨ ʙʳʣʠ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʜʚʘ ʩʚʝʪʦʜʠʦʜʘ (525 Ñ 60 ʥʤ). ɺ 

ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʳʪʫʝʤʳʡ ʥʘʭʦʜʠʣʩʷ ʚ ʣʝʞʘʯʝʤ ʧʦʣʦʞʝʥʠʠ, ʘ ʝʛʦ 

ʧʨʝʜʧʣʝʯʴʝ ʨʘʩʧʦʣʘʛʘʣʦʩʴ ʧʦʩʝʨʝʜʠʥʝ ʤʝʞʜʫ 4-ʷ ʢʘʤʝʨʘʤʠ. ʇʨʠ ʠʩʩʣʝ-

ʜʦʚʘʥʠʠ ʚʝʥʦʟʥʦʡ ʦʢʢʣʶʟʠʠ ʜʘʚʣʝʥʠʝ ʚ ʤʘʥʞʝʪʝ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʜʦ 40 ʤʤ 

ʨʪ. ʩʪ. ʥʘ 15 ʩ, ʟʘʪʝʤ ʩʙʨʘʩʳʚʘʣʦʩʴ ʥʘ 10 ʩ, ʠ ʪʘʢ 2 ʨʘʟʘ. 

ʆʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʴʥʦ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʨʘʩʯʸʪʘ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʨʘʞʸʥʥʦʛʦ 

ʩʚʝʪʘ ʤʝʪʦʜʦʤ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ, ʧʨʠʤʝʥʸʥʥʳʤ ʢ ʤʘʪʨʠʮʝ, ʩʦʜʝʨʞʘʱʝʡ 

ʜʘʥʥʳʝ ʷʨʢʦʩʪʠ ʧʠʢʩʝʣʝʡ ʚ ʦʙʣʘʩʪʠ ʨʫʢʠ, ʦʧʨʝʜʝʣʸʥʥʦʡ ʜʣʷ ʘʥʘʣʠʟʘ 

(ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 40 Ĭ 80 ʤʤ
2
). ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫ 

ʚʩʝʭ ʠʩʧʳʪʫʝʤʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ, ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʨʫʢʠ, 

ʧʘʜʘʝʪ ʣʠʥʝʡʥʦ ʚʦ ʚʨʝʤʝʥʠ ʩ ʤʦʤʝʥʪʘ ʥʘʯʘʣʘ ʦʢʢʣʶʟʠʠ ʠ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦ ʧʨʝʞʥʝʛʦ ʫʨʦʚʥʷ ʧʦʩʣʝ ʩʥʷʪʠʷ ʦʢʢʣʶʟʠʠ. ʊʠʧʠʯʥʳʝ 

ʢʨʠʚʳʝ ʠʟʤʝʥʝʥʠʷ ʌʇɻ ʩʠʛʥʘʣʘ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 2. ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ 

ʤʝʜʣʝʥʥʦ ʤʝʥʷʶʱʝʡʩʷ ʩʦʩʪʘʚʣʷʶʱʝʡ ʌʇɻ ʩʠʛʥʘʣʘ ʧʨʘʢʪʠʯʝʩʢʠ 

ʩʦʚʧʘʜʘʝʪ ʧʦ ʬʦʨʤʝ ʩ ʩʠʛʥʘʣʘʤʠ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʤʠ ʚ ʦʙʱʝʧʨʠʥʷʪʳʭ 

ʢʦʥʪʘʢʪʥʳʭ ʧʣʝʪʠʟʤʦʛʨʘʬʘʭ. ʕʪʦʪ ʬʘʢʪ ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʌʇɻ ʩʠʛʥʘʣʘ ʥʘ ʣʠʥʝʡʥʦʤ ʫʯʘʩʪʢʝ ʧʦʩʣʝ ʥʘʯʘʣʘ 

ʦʢʢʣʶʟʠʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʢʦʨʦʩʪʠ ʥʘʧʦʣʥʝʥʠʷ ʧʨʝʜʧʣʝʯʴʷ ʢʨʦʚʴʶ. 

  
ʈʠʩ. 1. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʠ 

ʈʠʩ. 2. ʊʠʧʠʯʥʳʝ ʢʨʠʚʳʝ ʠʟʤʝʥʝʥʠʷ 

ʌʇɻ ʩʠʛʥʘʣʘ 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
1. Allen J. Photoplethysmography and its application in clinical physiological measurement // 
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A.N. VASILENKO, I.U. PRIMAK, A.V. KHOMCHENKO 
Belarusian-Russian University, Mogilev, Belarus 

 

SCATTERED LIGHT MEASUREMENT  

FOR THE BIREFRINGENCE DISTRIBUTION  ESTIMATIONS  
 

The method based on the digital processing of recorded scattered light distribution 

was proposed enabling the measurement of the birefringence profile in glass. 

 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʟʘʜʘʯ ʧʦʣʷʨʠʤʝʪʨʠʠ ʷʚʣʷʝʪʩʷ ʠʟʤʝʨʝʥʠʝ ʚʝʣʠʯʠʥʳ 

ʜʚʫʣʫʯʝʧʨʝʣʦʤʣʝʥʠʷ ʘʥʠʟʦʪʨʦʧʥʳʭ ʩʨʝʜ, ʢʦʪʦʨʘʷ ʩʪʘʥʦʚʠʪʩʷ ʦʩʦʙʝʥʥʦ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʚ ʩʣʫʯʘʝ ʥʝʦʜʥʦʨʦʜʥʳʭ ʘʥʠʟʦʪʨʦʧʥʳʭ ʩʨʝʜ, ʧʨʠʤʝʨʘʤʠ 

ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʛʨʘʜʠʝʥʪʥʦ-ʣʝʛʠʨʦʚʘʥʥʳʝ ʣʘʟʝʨʥʳʝ ʩʨʝʜʳ ʠʣʠ 

ʟʘʢʘʣʝʥʥʦʝ ʩʪʝʢʣʦ. ɺ ʥʘʩʪʦʷʱʝʤ ʩʦʦʙʱʝʥʠʠ ʥʘ ʧʨʠʤʝʨʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʟʘʢʘʣʝʥʥʦʛʦ ʩʪʝʢʣʘ, ʠʤʝʶʱʝʛʦ ʥʝʦʜʥʦʨʦʜʥʦʝ ʧʦ ʪʦʣʱʠʥʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠ ʜʚʫʣʫʯʝʧʨʝʣʦʤʣʝʥʠʷ, 

ʧʨʝʜʩʪʘʚʣʝʥ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʧʨʦʬʠʣʷ ʨʘʟʥʦʩʪʠ ʬʘʟ ʢʦʣʝʙʘʥʠʡ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʚʝʢʪʦʨʦʚ ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʜʚʫʣʫʯʝʧʨʝʣʦʤʣʷʶʱʫʶ ʩʨʝʜʫ. 

ʇʦʩʣʝʜʥʝʝ ʚʦʟʤʦʞʥʦ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʥʘ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ (ʨʠʩ. 1). 

ʃʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʡ ʩʚʝʪʦʚʦʡ ʧʫʯʦʢ ʜʠʘʤʝʪʨʦʤ 180 ʤʢʤ ʦʪ 

ʠʩʪʦʯʥʠʢʘ 1, ʧʨʦʡʜʷ ʧʦʣʷʨʠʟʘʪʦʨ 2 ʠ ʬʦʢʫʩʠʨʫʶʱʫʶ ʣʠʥʟʫ 3, ʧʨʠ 

ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʥʘ ʙʦʢʦʚʫʶ ʛʨʘʥʴ ʦʙʨʘʟʮʘ 6 ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ ʥʝʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ ʠʩʧʦʣʴʟʦʚʘʥ ʣʘʟʝʨ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 533 ʥʤ. 

ʈʘʩʩʝʷʥʥʳʡ ʩʚʝʪ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʚ ʧʣʦʩʢʦʩʪʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ 

ʥʘʧʨʘʚʣʝʥʠʶ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʘʪʨʠʮʝʡ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ 5. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʝʩʣʠ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘʙʣʶʜʝʥʠʷ ʨʘʩʩʝʷʥʥʦʛʦ ʩʚʝʪʘ 4 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʣʷʨʠʟʘʮʠʠ 8 ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ, ʪʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʩʩʝʷʥʥʦʛʦ ʩʚʝʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ [1] 
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2

0 0( , ) cos [0.5 ( ) ]I z x I k B z x= s , 

ʛʜʝ I0 - ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ, ʧʘʜʘʶʱʝʛʦ ʥʘ ʦʙʨʘʟʝʮ, s(z) ī ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʦʙʨʘʟʮʘ.  

ɸʥʘʣʠʟ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ (ʨʠʩ. 1ʙ), ʧʦʩʪʨʦʝʥʥʳʭ ʧʨʠ 

ʩʢʘʥʠʨʦʚʘʥʠʠ ʦʙʨʘʟʮʘ ʧʫʯʢʦʤ ʩʚʝʪʘ ʚʜʦʣʴ ʦʩʠ 0Z, ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʝʣʠʯʠʥʫ ʦʪʢʣʦʥʝʥʠʷ ʣʫʯʘ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʝʛʦ 

ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ 0ʍ (ʨʠʩ. 2) ʠ ʧʦʣʫʯʠʪʴ ʦʮʝʥʢʠ ʟʘʚʠʩʠʤʦʩʪʠ s(z).  
 

 

 

 

 

 

 

 

 

 

 

(ʘ)                                                     (ʙ) 

ʈʠʩ. 1. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ (ʘ) ʠ ʠʟʤʝʥʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʨʘʩʩʝʷʥʥʦʛʦ ʩʚʝʪʘ (ʙ) ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ ʦʙʨʘʟʮʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ ʆZ 
 

 

 

 

 

 
 

 

 
 

 
ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʩʩʪʦʷʥʠʷ x, ʥʘ ʢʦʪʦʨʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʦʪʢʣʦʥʝʥʠʝ Dz 

ʩʚʝʪʦʚʦʛʦ ʧʫʯʢʘ ʦʪ ʢʦʦʨʜʠʥʘʪʳ ʝʛʦ ʪʦʯʢʠ ʚʚʦʜʘ ʚ ʦʙʨʘʟʝʮ, ʦʪ ʢʦʦʨʜʠʥʘʪʳ  

ʪʦʯʢʠ ʚʚʦʜʘ z0 ʟʦʥʜʠʨʫʶʱʝʛʦ ʧʫʯʢʘ ʚ ʦʙʨʘʟʝʮ ʜʣʷ ʩʪʝʢʣʘ ʪʦʣʱʠʥʦʡ 6 ʤʤ 
 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʧʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʢʦʨʨʝʢʪʥʦ ʦʮʝʥʠʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʚʝʣʠʯʠʥʳ ʜʚʫʣʫʯʝʧʨʝʣʦʤʣʝʥʠʷ ʚ ʘʥʠʟʦʪʨʦʧʥʳʭ ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʨʝʜʘʭ. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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DEVELOPMENT OF LASER CORRELATION 

SPECTROSCOPY BY CROSS-CORRELATION METHOD  
 

In the work, the scheme of the cross-correlation method for the investigation of 

turbid colloidal solutions and suspensions for nanosizing is presented. 

 

ʄʝʪʦʜ ʚʟʘʠʤʥʳʭ ʢʦʨʨʝʣʷʮʠʡ (ʄɺʂ) ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ ʩʨʝʜʩʪʚʦʤ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʘʥʦʯʘʩʪʠʮ ʚ ʤʫʪʥʳʭ ʢʦʣʣʦʠʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʠ ʩʫʩʧʝʥʟʠʷʭ. 

ʆʥ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʨʘʟʤʝʨʘʤ ʯʘʩʪʠʮ ʦʪ ʥʝʩʢʦʣʴʢʠʭ 

ʥʘʥʦʤʝʪʨʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʢʨʦʥ [1]. ʂʘʢ ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʦʧʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʞʠʜʢʦʩʪʝʡ, ʦʥ ʦʩʥʦʚʘʥ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ ʩ ʠʩʩʣʝʜʫʝʤʦʡ ʩʨʝʜʦʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʠʟʤʝʥʷʶʪʩʷ 

ʧʘʨʘʤʝʪʨʳ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ. 

ʎʝʣʴʶ ʥʘʰʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʭʝʤʳ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 

ʩʪʝʥʜʘ ʠ ʧʦʜʙʦʨ ʩʧʦʩʦʙʘ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʯʘʩʪʠʮʘʭ, ʚʟʚʝʰʝʥʥʳʭ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʨʘʟʮʝ, 

ʘ ʪʘʢʞʝ ʚ ʪʦʤ, ʯʪʦʙʳ ʵʪʘ ʠʥʬʦʨʤʘʮʠʷ ʙʳʣʘ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʦʚʝʨʥʦʡ. 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʨʘʟʤʝʨʘʤ ʥʘʥʦʯʘʩʪʠʮ ʚʦ ʤʥʦʛʠʭ 

ʩʣʫʯʘʷʭ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ. 

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʚ ʢʦʪʦʨʳʭ ʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʘʛʨʝʛʘʮʠʠ ʠ ʜʝʥʘʪʫʨʘʮʠʠ ʩʳʚʦʨʦʪʦʯʥʦʛʦ ʘʣʴʙʫʤʠʥʘ ʧʣʘʟʤʳ 

ʢʨʦʚʠ ʯʝʣʦʚʝʢʘ [2]. ʆʥ ʷʚʣʷʝʪʩʷ ʙʝʩʢʦʥʪʘʢʪʥʳʤ, ʥʝ ʚʥʦʩʷʱʠʤ ʚʦʟʤʫʱʝʥʠʝ 
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ʚ ʠʩʩʣʝʜʫʝʤʫʶ ʩʨʝʜʫ ʠ ʥʝ ʪʨʝʙʫʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʦʚ. ɽʛʦ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 

ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʩʝʠʚʘʪʝʣʝʡ ʧʦʷʚʣʷʝʪʩʷ ʩʠʣʴʥʳʡ ʚʢʣʘʜ ʦʪ 

ʤʥʦʛʦʢʨʘʪʥʦ ʨʘʩʩʝʷʥʥʦʛʦ ʩʚʝʪʘ, ʯʪʦ ʜʝʣʘʝʪ ʦʙʨʘʙʦʪʢʫ ʨʝʟʫʣʴʪʘʪʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʠʣʠ ʚʦʚʩʝ ʥʝʢʦʨʨʝʢʪʥʦʡ [3].  

ʄɺʂ ʨʝʰʘʝʪ ʵʪʫ ʧʨʦʙʣʝʤʫ, ʧʦʟʚʦʣʷʷ ʚʳʜʝʣʠʪʴ ʪʦʣʴʢʦ ʦʜʥʦʢʨʘʪʥʦ 

ʨʘʩʩʝʷʥʥʳʡ ʩʚʝʪ [4]. ʉʫʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 

ʧʨʦʚʝʜʝʥʠʠ ʜʚʫʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʨʘʩʩʝʷʥʠʶ ʥʘ ʦʜʥʦʤ ʠ 

ʪʦʤ ʞʝ ʨʘʩʩʝʠʚʘʶʱʝʤ ʦʙʲʝʤʝ (ʨʠʩ. 1). ʅʘ ʷʯʝʡʢʫ ʩ ʠʩʩʣʝʜʫʝʤʳʤ ʦʙʨʘʟʮʦʤ 

ʧʘʜʘʶʪ ʜʚʘ ʣʘʟʝʨʥʳʭ ʧʫʯʢʘ ʩ ʦʜʠʥʘʢʦʚʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ. ʈʘʩʩʝʷʥʥʳʡ ʥʘ 

ʥʘʥʦʯʘʩʪʠʮʘʭ ʩʚʝʪ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʜʚʫʤʷ ʬʦʪʦʧʨʠʸʤʥʠʢʘʤʠ, ʘ 

ʧʦʣʫʯʝʥʥʳʝ ʩʠʛʥʘʣʳ ʧʦʩʪʫʧʘʶʪ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ ʥʘ 

ʢʦʤʧʴʶʪʝʨ. ʇʦ ʜʚʫʤ ʩʠʛʥʘʣʘʤ ʩʪʨʦʠʪʩʷ ʚʟʘʠʤʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ 

ʬʫʥʢʮʠʷ, ʜʣʷ ʢʦʪʦʨʦʡ ʤʝʪʦʜʦʤ ʢʫʤʫʣʷʥʪʦʚ ʠʣʠ ʤʝʪʦʜʦʤ ʨʝʛʫʣʷʨʠʟʘʮʠʠ 

ʊʠʭʦʥʦʚʘ ʤʦʞʥʦ ʥʘʡʪʠ ʩʛʣʘʞʝʥʥʫʶ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʫʶ ʢʨʠʚʫʶ, 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʩʪʫʧʘʪʝʣʴʥʦʡ ʜʠʬʬʫʟʠʠ ʥʘʥʦʯʘʩʪʠʮ ʠ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʦ ʨʘʟʤʝʨʘʤ [5]. 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ 
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(ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

 

ɸʅɸʃʀɿ ɺʃʀʗʅʀʗ ʃʀʅɽʁʅʆɻʆ ʋʉʂʆʈɽʅʀʗ  

ʅɸ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʂʆʃʔʎɽɺʆɻʆ 

ʆʇʊʆʕʃɽʂʊʈʆʅʅʆɻʆ ʊʈɽʍ ʆʉɽɺʆɻʆ 

ʇʈɽʆɹʈɸɿʆɺɸʊɽʃʗ ʋɻʃʆɺʓʍ ʉʂʆʈʆʉʊɽʁ 
 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʝʭ 

ʦʩʝʚʦʛʦ ʦʧʪʦʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ 

ʠʟʤʝʨʝʥʠʝ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚ ʜʠʘʧʘʟʦʥʝ Ñ360 Ü/ʩ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ 

ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʥʘ ʩʤʝʰʝʥʠʷ ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʚ ʧʝʨʚʦʤ ʠ ʚʪʦʨʳʭ 

ʨʝʞʠʤʘʭ.  
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THE ANALYSIS OF LINEAR ACCELERATION EFFEC T  

ON THE CHARACTERISTICS OF THE OPTOELECTRONIC 

RING THREE -AXIS ANGULAR VELOCITY TRANSDUCER  
 

In this paper presents analysis of linear acceleration effect on the characteristics of 

the three axis angular velocity transducer, which provide a measurement of the angular 

velocity in the range of Ñ360 Ü/s. The analysis of linear acceleration effect on the 

displacement of ring resonator for the primary and secondary modes is shown. 

 

ʊʨʝʭ ʦʩʝʚʦʡ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʡ ʢʦʣʴʮʝʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʫʛʣʦʚʳʭ 

ʩʢʦʨʦʩʪʝʡ ʠʩʧʦʣʴʟʫʝʪ ʦʧʪʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʩʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ, 

ʠʩʧʦʣʴʟʫʶʱʠʡ ʯʝʪʳʨʝ ʧʘʨʳ ʩʯʠʪʳʚʘʶʱʠʭ ʦʧʪʠʯʝʩʢʠʭ ʫʟʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʦʧʪʠʯʝʩʢʦʛʦ ʪʫʥʥʝʣʴʥʦʛʦ ʵʬʬʝʢʪʘ (ʆʊʕ) ʩ ʧʝʨʝʤʝʥʥʳʤ ʟʘʟʦʨʦʤ ʤʝʞʜʫ 

ʧʨʠʟʤʦʡ ʠ ʢʦʣʴʮʝʚʳʤ ʨʝʟʦʥʘʪʦʨʦʤ (ʂʈ) (ʨʠʩ. 1). ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʱʝʥʠʝ ʂʈ (ʨʠʩ. 2). ʕʪʦ ʩʤʝʱʝʥʠʝ ʂʈ 

ʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʳʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ. 

ɺ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝ ʦʧʪʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʤʦʜʫʣʴ 

ʦʧʪʠʯʝʩʢʦʛʦ ʪʫʥʥʝʣʴʥʦʛʦ ʵʬʬʝʢʪʘ (ʄʆʊʕ), ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʂʈ, ʠ 

ʜʦʩʪʠʛʘʝʪ ʬʦʪʦʧʨʠʝʤʥʠʢʘ. ʄʦʱʥʦʩʪʴ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ  

Pʌʇi(ɋ,a) = f{ Ri[di(ɋ,ʘ)],Pʀʀ} ʥʘ ʬʦʪʦʧʨʠʝʤʥʠʢʝ ʟʘʚʠʩʠʪ ʦʪ ʣʠʥʝʡʥʦʛʦ 

ʫʩʢʦʨʝʥʠʷ ʠ ʠʟʤʝʨʷʝʤʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ 
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ʦʪʨʘʞʘʪʝʣʴʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʟʘʟʦʨʳ ʄʆʊʕ. ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʫʩʢʦʨʝʥʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʰʝʥʠʝ ʂʈ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʬʦʨʤʳ, ʯʪʦ ʧʨʦʚʦʜʠʪ ʢ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʥʝʩʠʤʤʝʪʨʠʯʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʦʪʨʘʞʘʪʝʣʴʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʝʡ ʧʨʦʪʠʚʦʣʝʞʘʱʠʭ ʄʆʊʕ.  

       
ʈʠʩ. 1. ʂʦʣʴʮʝʚʦʡ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʡ ʪʨʝʭ ʦʩʝʚʦʡ  ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʫʛʣʦʚʳʭ 

ʩʢʦʨʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʆʊʕ ʚʠʜʝ 3D (ʩʣʝʚʘ),  

ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ (ʩʧʨʘʚʘ) 

 
ʈʠʩ. 2. ʉʤʝʱʝʥʠʝ ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʧʨʠ ʚʣʠʷʥʠʠ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʝʥʠʷ 

 

ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʨʘʩʯʝʪ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ 

ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʪʨʝʭ ʦʩʝʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ 

ʚʳʧʦʣʥʝʥ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʘʭ: ʜʠʘʤʝʪʨ ʂʈ ï 5 ʤʤ, ʪʦʣʱʠʥʘ ʂʈ ï 

300 ʤʢʤ, ʰʠʨʠʥʘ ʂʈ ï 100 ʤʢʤ, ʪʦʣʱʠʥʘ ʦʧʦʨʳ hʦʧʦʨ = 70 ʤʢʤ, ʰʠʨʠʥʘ 

ʦʧʦʨʳ tʦʧʦʨ = 45 ʤʢʤ, ʥʘʯʘʣʴʥʳʡ ʟʘʟʦʨ d0 = 500 ʥʤ, ʜʣʠʥʘ ʚʦʣʥʳ ʩʚʝʪʘ 

ɚ = 900 ʥʤ, ʫʛʦʣ ʧʘʜʝʥʠʷ ɗ = 42Á. ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʝʥʠʷ 

(a = 4g) ʩʤʝʱʝʥʠʝ ʢʦʣʴʮʝʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 200 ʥʤ. 

ʏʘʩʪʠʯʥʘʷ ʢʦʤʧʝʥʩʘʮʠʷ ʫʩʢʦʨʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʚʝʜʝʥʠʷ ʩʣʦʞʝʥʠʷ 

ʩʠʛʥʘʣʳ ʧʨʦʪʠʚʦʣʝʞʘʱʠʭ ʄʆʊʕ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʦʛʦ ʤʝʪʦʜʘ 

ʧʦʛʨʝʰʥʦʩʪʴ ʚʣʠʷʥʠʷ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 0,25% / g. 

ʈʘʙʦʪʘ ʧʦʜʛʦʪʦʚʣʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ ˉ 16-08-00447). 
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THE APPLICATION OF OPTICAL CONTROL ME THODS  

IN AIRCRAFT BUILDING  
 

The examples of application of holographic optical method for non-destructive 

control of  aircraft gas turbine engines parts are presented. 

 

ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʜʦʚʦʜʢʠ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʚʘʞʥʳʤ 

ʤʝʨʦʧʨʠʷʪʠʝʤ ʷʚʣʷʝʪʩʷ ʥʝʨʘʟʨʫʰʘʶʱʠʡ ʢʦʥʪʨʦʣʴ (ʅʂ) ʦʪʜʝʣʴʥʳʭ 

ʜʝʪʘʣʝʡ ʠ ʠʟʜʝʣʠʡ ʚ ʮʝʣʦʤ. ʉʚʦʝʚʨʝʤʝʥʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʜʝʬʝʢʪʦʚ 

ʤʘʪʝʨʠʘʣʘ, ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʠ ʠʩʢʣʶʯʘʝʪ 

ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʩʘʤʦʣʝʪʘ ʧʨʠ ʜʘʣʴʥʝʡʰʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʆʪʨʘʩʣʝʚʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠ 

ʪʝʭʥʦʣʦʛʠʡ ʢʦʥʪʨʦʣʷ. ʈʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʤʝʪʦʜʳ ʅʂ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ [1, 2].  

ʇʦ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʤ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʘʤ ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ ʠ 

ʠʟʤʝʨʠʪʴ ʤʘʣʳʝ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʝʡ. ʅʘʣʠʯʠʝ ʢʘʢʦʛʦ-

ʣʠʙʦ ʜʝʬʝʢʪʘ ʧʨʠʚʦʜʠʪ ʢ ʘʥʦʤʘʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʫʶ ʚʦʟʤʦʞʥʦ 

ʚʳʷʚʠʪʴ ʧʦ ʬʦʨʤʝ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʧʦʣʦʩ ʚ ʚʠʜʝ ʨʝʟʢʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʢʨʠʚʠʟʥʳ, ʩʜʚʠʛʘ ʠʣʠ ʭʘʨʘʢʪʝʨʘ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʷ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʠʩʧʳʪʫʝʤʳʤʠ ʜʝʪʘʣʷʤʠ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʝʥʠʝ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʤ ʦʙʲʝʢʪʦʚ, ʥʝ ʠʤʝʶʱʠʭ ʜʝʬʝʢʪʦʚ. ʇʨʠ ʵʪʦʤ ʚʠʜʝ 

ʢʦʥʪʨʦʣʷ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤ 

ʚʦʟʙʫʞʜʘʣʠʩʴ ʢʦʣʝʙʘʥʠʷ ʦʙʲʝʢʪʦʚ ʥʘ ʨʝʟʦʥʘʥʩʥʳʭ ʤʦʜʘʭ, ʢʦʪʦʨʳʝ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʤʝʪʦʜʦʤ ʫʩʨʝʜʥʝʥʠʷ ʧʦ ʚʨʝʤʝʥʠ. ʀʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ 

ʧʦʣʦʩʳ, ʷʚʣʷʶʱʠʝʩʷ ʣʠʥʠʷʤʠ ʨʘʚʥʳʭ ʘʤʧʣʠʪʫʜ, ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ 

ʛʦʣʦʛʨʘʤʤ ʦʪʦʙʨʘʞʘʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʫʯʥʦʩʪʝʡ ʠ ʫʟʣʦʚ ʩʪʦʷʯʝʡ ʚʦʣʥʳ. 
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ʘ)                      ʙ) 

 
ʘ)                             ʙ) 

ʈʠʩ. 1. ʈʝʟʦʥʘʥʩʥʘʷ ʬʦʨʤʘ ʢʦʣʝʙʘʥʠʡ 

ʣʦʧʘʪʢʠ: ʛʦʜʥʘʷ (ʘ); ʩ ʪʨʝʱʠʥʦʡ (ʙ) 
ʈʠʩ. 2. ʂʦʥʪʨʦʣʴ ʥʝʧʨʦʧʘʷ ʩʦʪʦʚʳʭ 

ʚʩʪʘʚʦʢ: ʛʦʜʥʘʷ (ʘ); ï ʜʝʬʝʢʪʥʘʷ (ʙ) 
 

ʌʦʨʤʘ ʢʦʣʝʙʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʜʝʬʝʢʪʥʘʷ ʟʦʥʘ 

(ʪʨʝʱʠʥʘ) ʣʦʧʘʪʢʠ ʪʫʨʙʠʥʳ ʘʚʠʘʮʠʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ. 1ʙ. ɺ ʦʙʣʘʩʪʠ ʪʨʝʱʠʥʳ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʨʫʰʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦʩʪʠ 

ʧʦʣʦʩ. ɺ ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʦʩʪʦʷʥʠʠ ʣʦʧʘʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚʜʦʣʴ ʪʨʝʱʠʥʳ  

ʤʦʛʫʪ ʩʦʧʨʠʢʘʩʘʪʴʩʷ, ʠ ʦʙʥʘʨʫʞʝʥʠʝ ʜʝʬʝʢʪʘ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʥʝʚʦʟʤʦʞʥʦ. ɺ ʧʨʦʮʝʩʩʝ ʚʠʙʨʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʢʨʳʪʠʝ ʪʨʝʱʠʥʳ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʢʦʥʪʘʢʪʘ. ʇʦʩʢʦʣʴʢʫ ʤʝʪʦʜ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ, ʜʝʬʝʢʪ 

ʚʠʟʫʘʣʠʟʠʨʫʝʪʩʷ.  

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʜʝʬʝʢʪʳ ʥʝʨʘʟʲʝʤʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʝʪʘʣʝʡ, 

ʥʘʧʨʠʤʝʨ, ʩʦʪʦʚʳʭ ʚʩʪʘʚʦʢ, ï ʥʝʧʨʦʧʘʠ. ʇʦʜʦʙʥʳʝ ʜʝʬʝʢʪʳ ʷʚʣʷʶʪʩʷ 

ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʤʠ, ʠ ʚʳʷʚʠʪʴ ʠʭ ʩʣʦʞʥʦ. ʇʨʠ ʚʠʙʨʘʮʠʷʭ ʬʦʨʤʘ 

ʢʦʣʝʙʘʥʠʡ ʛʦʜʥʦʡ ʚʩʪʘʚʢʠ ʠʤʝʝʪ ʷʨʢʫʶ ʧʨʦʜʦʣʴʥʫʶ ʫʟʣʦʚʫʶ ʣʠʥʠʶ ʩ 

ʧʫʯʥʦʩʪʷʤʠ ʧʦ ʢʨʘʷʤ (ʨʠʩ. 2ʘ). ʅʘ ʨʠʩ. 2ʙ ʧʦʢʘʟʘʥʘ ʬʦʨʤʘ ʨʝʟʦʥʘʥʩʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʜʝʬʝʢʪʥʦʡ ʚʩʪʘʚʢʠ. ʊʘʤ, ʛʜʝ ʜʦʣʞʥʘ ʧʨʦʭʦʜʠʪʴ ʷʨʢʘʷ ʫʟʣʦʚʘʷ 

ʣʠʥʠʷ, ʯʝʪʢʦ ʚʳʜʝʣʷʶʪʩʷ ʪʝʤʥʳʝ ʫʯʘʩʪʢʠ ï ʟʦʥʳ ʜʝʬʝʢʪʘ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ 

ʵʪʠʭ ʟʦʥ ʦʙʫʩʣʦʚʣʝʥʦ ʦʪʩʫʪʩʪʚʠʝʤ ʩʚʷʟʠ ʤʝʞʜʫ ʧʣʘʩʪʠʥʦʡ ʠ ʩʦʪʦʚʳʤʠ 

ʫʧʣʦʪʥʝʥʠʷʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ 

ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʜʝʪʘʣʝʡ.   
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ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʤʦʜʫʣʷʮʠʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʄʦʜʫʣʠʨʫʶʱʠʡ 

ʙʣʦʢ ʫʩʪʨʦʡʩʪʚʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʠʟ ʜʚʫʭ ʬʘʟʦʚʳʭ ʜʠʬʨʘʢʮʠʦʥʥʳʭ 

ʨʝʰʝʪʦʢ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʥʝʧʨʝʨʳʚʥʦ ʜʚʠʞʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʪʦʨʦʡ. 
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EXPERIMENTAL CHARACT ERISTICS OF A LASER 

RADIATION MODULATOR WITH A MODULATING BL OCK 

MADE OF TWO PHASE DI FFRACTION GRATINGS  
 

The paper presents an experimental study of the characteristics of a device for 

periodic modulation of laser beam. The modulating unit of the device is a system of two 

phase diffraction gratings, one of which continuously moves relative to the second one.  

 

ʉʭʝʤʘ ʤʦʜʫʣʷʪʦʨʘ, ʠʟʦʙʨʘʞʝʥʥʘʷ ʥʘ ʨʠʩ. 1, ʚʢʣʶʯʘʝʪ ʣʘʟʝʨ 7, 

ʤʦʜʫʣʠʨʫʶʱʠʡ ʙʣʦʢ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʬʠʣʴʪʨ 5. ʄʦʜʫʣʠʨʫʶʱʠʡ ʙʣʦʢ 

ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʨʦʟʨʘʯʥʳʭ ʜʠʩʢʦʚ 1 ʠ 3. ʅʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʜʠʩʢʦʚ 

ʥʘʥʝʩʸʥʳ ʠʜʝʥʪʠʯʥʳʝ ʢʨʫʛʦʚʳʝ ʨʝʣʴʝʬʥʳʝ ʬʘʟʦʚʳʝ ʜʠʬʨʘʢʮʠʦʥʥʳʝ 

ʨʝʰʸʪʢʠ (ɼʈ) 2 ʠ 4 ʩ ʦʜʠʥʘʢʦʚʳʤ ʧʝʨʠʦʜʦʤ L, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ 
ʧʝʨʠʬʝʨʠʠ ʜʠʩʢʦʚ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ G

R  ʦʪ ʮʝʥʪʨʦʚ ʜʠʩʢʦʚ. ʃʠʥʠʠ ʨʝʰʝʪʦʢ 

ʥʘʧʨʘʚʣʝʥʳ ʨʘʜʠʘʣʴʥʦ. ɻʣʫʙʠʥʘ ʨʝʰʝʪʦʢ ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʤʧʣʠʪʫʜʫ ʇʌʄ, 

ʙʣʠʟʢʫʶ ʢ 045ʄF = . ɼʠʩʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ  ʧʘʨʘʣʣʝʣʴʥʳʭ  ʧʣʦʩʢʦʩʪʷʭ ʥʘ 

ʦʜʥʦʡ ʦʩʝʚʦʡ ʣʠʥʠʠ, ʥʘ ʥʝʙʦʣʴʰʦʤ ʫʜʘʣʝʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʆʜʠʥ ʠʟ 

ʜʠʩʢʦʚ ʚʨʘʱʘʝʪʩʷ ʜʚʠʛʘʪʝʣʝʤ 6 ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʪʦʨʦʛʦ ʜʠʩʢʘ, ʜʝʣʘʷ n 

ʦʙʦʨʦʪʦʚ ʚ ʩʝʢʫʥʜʫ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ 

ʩʝʢʪʦʨʘ ʜʠʩʢʦʚ ʩ ʥʘʥʝʩʝʥʥʳʤʠ ɼʈ, ʧʝʨʠʦʜ ʢʦʪʦʨʳʭ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

G
R = 30ʤʤ ʦʪ ʮʝʥʪʨʘ ʜʠʩʢʘ ʩʦʩʪʘʚʣʷʣ L= 150 ʤʢʤ. ɹʳʣ ʩʦʙʨʘʥ ʤʘʢʝʪ ʧʦ 

ʩʭʝʤʝ ʥʘ ʨʠʩ. 1. ɺ ʧʦʨʷʜʢʘʭ ʜʠʬʨʘʢʮʠʠ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʬʦʪʦʜʠʦʜʳ ʩ 



ʋɼʂ 535(06)+004(06) 

 ISBN 978-5-7262-2445-9 ʌʆʊʆʅʀʂɸ ʀ ʀʅʌʆʈʄɸʎʀʆʅʅɸʗ ʆʇʊʀʂɸ 229 

ʨʝʟʠʩʪʦʨʦʤ ʥʘʛʨʫʟʢʠ, ʚʢʣʶʯʝʥʥʳʝ ʚ ʨʝʞʠʤʝ ʦʙʨʘʪʥʦʛʦ ʩʤʝʱʝʥʠʷ. ʌʦʨʤʫ 

ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʬʠʢʩʠʨʦʚʘʣʠ ʧʨʠ ʧʦʤʦʱʠ 

ʦʩʮʠʣʣʦʛʨʘʬʘ ʩ ʬʫʥʢʮʠʝʡ ʟʘʧʠʩʠ ʩʠʛʥʘʣʘ. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʤʦʜʫʣʷʪʦʨʘ ʩ ʜʚʫʤʷ ʬʘʟʦʚʳʤʠ ɼʈ ʩ ʧʨʦʬʠʣʝʤ ʚ ʬʦʨʤʝ ʤʝʘʥʜʨʘ 

 

 
ʈʠʩ. 2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʦʜʫʣʷʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʜʫʣʷʪʦʨʘ  

ʩ ʜʚʫʤʷ ɼʈ ʚ ʥʫʣʝʚʦʤ ʠ ʧʝʨʚʳʭ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʧʦʨʷʜʢʘʭ 

 

ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʦʜʫʣʷʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2. ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʜʠʩʢʘ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʩʦʩʪʘʚʣʷʣʘ n = 0,15 ʦʙ/ʩ, ʯʘʩʪʦʪʘ ʤʦʜʫʣʷʮʠʠ ʩʦʩʪʘʚʠʣʘ f = 190 ɻʮ. ɻʣʫʙʠʥʘ 

ʤʦʜʫʣʷʮʠʠ ʜʣʷ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ ʜʠʬʨʘʢʮʠʠ ʩʦʩʪʘʚʠʣʘ ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʘ 

80 %. ɻʣʫʙʠʥʘ ʤʦʜʫʣʷʮʠʠ ʤʦʱʥʦʩʪʠ ʜʣʷ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʩʦʩʪʘʚʠʣʘ 

ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʘ 40 %, ʧʨʠ ʵʪʦʤ ʬʦʨʤʘ ʤʦʜʫʣʷʮʠʠ ʙʣʠʟʢʘ ʢ 

ʛʘʨʤʦʥʠʯʝʩʢʦʡ. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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INVESTIGATION OF THE FORECAST SYSTEM  

FOR MEASURING THE HEIGHT WITH A NON -CONTACT 

SCANNING PROFIL OMETER  
 

The height forecasting system is investigated in the process of a non-contact 

profilometer motion, which excludes the mechanical contact of the optical 

approximation converter with the tested surface. The work of the altitude forecasting 

system was simulated and the permissible velocities of the profilometer probe along the 

surface is presented. 

 

ɺ ʧʨʦʬʠʣʦʤʝʪʨʘʭ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʩʧʦʩʦʙ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʦ ʬʦʨʤʝ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣ, ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥ ʥʘ 

ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ ʩʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʛʦ ʪʫʥʥʝʣʴʥʦʛʦ ʵʬʬʝʢʪʘ (ʆʊʕ) [1]. ɺ 

ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʧʨʦʬʠʣʦʤʝʪʨʘ, ʦʧʪʠʯʝʩʢʠʡ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʧʨʠʙʣʠʞʝʥʠʷ (ʆʇʇ) ʜʚʠʞʝʪʩʷ ʚʜʦʣʴ ʪʝʩʪʠʨʫʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʥʝ ʢʘʩʘʷʩʴ ʝʝ. ɺ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʧʨʦʬʠʣʦʤʝʪʨʘ ʚʜʦʣʴ 

ʦʩʝʡ ʆʍ ʠ ʆʋ, ʝʩʣʠ ʫ ʪʦʧʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʝʩʪʴ ʙʦʣʴʰʦʡ ʧʝʨʝʧʘʜ 

ʚʳʩʦʪ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʢʣʶʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʆʇʇ 

ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʪʝʣʘ, ʜʣʷ ʯʝʛʦ ʥʫʞʥʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʠʩʪʝʤʳ ʧʨʦʛʥʦʟʘ ʚʳʩʦʪʳ. ʉʠʩʪʝʤʘ ʧʨʦʛʥʦʟʘ ʚʢʣʶʯʘʝʪ ʜʚʘ ʢʘʥʘʣʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪ. ʇʝʨʚʳʡ ʢʘʥʘʣ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʆʇʇ ʩ 
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ʦʧʪʠʯʝʩʢʠʤ ʪʫʥʥʝʣʠʨʦʚʘʥʠʝʤ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʝʮʠʟʠʦʥʥʦʝ ʠʟʤʝʨʝʥʠʝ 

ʚʳʩʦʪ ʚ ʜʠʘʧʘʟʦʥʝ ʩʦʪʝʥ ʥʘʥʦʤʝʪʨʦʚ. ɺʪʦʨʦʡ ʢʘʥʘʣ ʠʩʧʦʣʴʟʫʝʪ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʧʝʨʝʤʝʱʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʭʨʦʤʘʪʠʯʝʩʢʦʡ ʘʙʝʨʨʘʮʠʠ, 

ʨʘʙʦʪʘʶʱʠʡ ʚ ʜʠʘʧʘʟʦʥʝ ʩʦʪʝʥ ʤʠʢʨʦʤʝʪʨʦʚ, ʥʘʧʨʠʤʝʨ CHR-150 

(ʤʘʢʩʠʤʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ 300ʤʢʤ), ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʫʧʨʝʞʜʘʶʱʫʶ ʦʮʝʥʢʫ ʠ ʠʟʤʝʨʝʥʠʝ ʟʘʟʦʨʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʚ 

ʨʘʩʰʠʨʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ (ʨʠʩ. 1). ʀʩʭʦʜʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ CHR-150 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩ ʟʘʟʦʨʦʤ, ʨʘʚʥʳʤ ʧʦʣʦʚʠʥʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ʠʟʤʝʨʝʥʠʷ dʧʨʦʛ = dʤʘʢʩ/2. ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴ CHR-150 ʛʨʫʙʦ ʠʟʤʝʨʷʝʪ 

ʧʨʦʛʥʦʟʠʨʫʝʤʳʡ ʟʘʟʦʨ dchr. ɺʝʣʠʯʠʥʘ ʟʘʟʦʨʘ dchr ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ dʧʨʦʛ, ʠ, 

ʝʩʣʠ ʟʘʟʦʨ dchr ʙʦʣʴʰʝ, ʯʝʤ dʧʨʦʛ, ʪʦ ʩʠʩʪʝʤʘ ʥʝ ʧʨʦʛʥʦʟʠʨʫʝʪ 

ʤʝʭʘʥʠʯʝʩʢʠʡ ʢʦʥʪʘʢʪ ʆʇʇ ʩ ʪʝʣʦʤ. ɽʩʣʠ ʟʘʟʦʨ dchr ʤʝʥʴʰʝ ʠʣʠ ʨʘʚʝʥ 

dʧʨʦʛ, ʪʦ ʩʠʩʪʝʤʘ ʧʨʦʛʥʦʟʠʨʫʝʪ ʤʝʭʘʥʠʯʝʩʢʠʡ ʢʦʥʪʘʢʪ ʆʇʇ ʩ ʪʝʣʦʤ, ʠ 

ʥʝʦʙʭʦʜʠʤʦ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʫʤʝʥʴʰʝʥʠʝ ʟʘʟʦʨʘ ædʧʨʦʛ. ɺ ʧʨʦʮʝʩʩʝ 

ʢʦʤʧʝʥʩʘʮʠʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʧʴʝʟʦʜʚʠʛʘʪʝʣʴ ʫʚʝʣʠʯʠʚʘʝʪ ʚʝʣʠʯʠʥʫ 

ʧʝʨʝʤʝʱʝʥʠʷ dʢʦʤʧ ʜʦ ʚʝʣʠʯʠʥʳ (dʤʠʥ+ædʧʨʦʛ) ʥʘ ʨʘʩʯʝʪʥʦʤ ʰʘʛʝ ʜʚʠʞʝʥʠʷ. 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʧʨʦʛʥʦʟʘ 

ʚʳʩʦʪʳ 

ʈʠʩ. 2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ 

ʧʨʦʛʥʦʟʘ  
 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʧʨʦʛʥʦʟʘ (ʨʠʩ. 2) ʧʨʠ 

ʤʠʥʠʤʘʣʴʥʦʤ ʟʘʟʦʨʝ dʤʠʥ =50 ʥʤ, ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʦʩʷʤʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ L =7,6 ʤʤ, ʧʨʦʛʥʦʟʠʨʫʝʤʦʤ ʟʘʟʦʨʝ dchr å 149,7 ʤʢʤ, 

ʧʦʣʫʯʝʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʢʦʤʧʝʥʩʘʮʠʦʥʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ 

ʜʦʣʞʥʘ ʙʳʪʴ dʢʦʤʧ = 400 ʥʤ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʧʨʠ 

ʪʦʯʥʦʤ ʠʟʤʝʨʝʥʠʠ ʧʦ ʧʝʨʚʦʤʫ ʢʘʥʘʣʫ ʧʨʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚʜʦʣʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʙʦʣʝʝ 0,3ʤʤ/ʩ. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɹʫʩʫʨʠʥ ɺ.ʀ., ʃʶ ʏʞʵ, ɸʭʣʘʤʦʚ ʇ.ʉ., ɹʝpʜʶʛʠʥ ʅ.ɸ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ 
ʦʧʪʠʯʝʩʢʦʛʦ ʧpʝʦʙpʘʟʦʚʘʪʝʣʷ ʧpʠʙʣʠʞʝʥʠʷ ʤʝʭʘʪpʦʥʥʦʡ ʩʠʩʪʝʤʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ʟʘʟʦpʘ 

ʩʢʘʥʠpʫʶʱʝʛʦ ʧpʦʬʠʣʦʤʝʪpʘ // ʄʝʭʘʪʨʦʥʠʢʘ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʫʧʨʘʚʣʝʥʠʝ. 2015. ˉ1. C.43-47. 
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ʀ.ʅ. ʇɸɺʃʆɺ, ʀ.ʃ. ʈɸʉʂʆɺʉʂɸʗ, ɹ.ʉ. ʈʀʅʂɽɺʏʀʖʉ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʕʀè, ʄʦʩʢʚʘ 

 

ʀɿʄɽʈɽʅʀɽ ʉʂʆʈʆʉʊʀ ʀʉʇɸʈɽʅʀʗ ʂɸʇʃʀ 

ɾʀɼʂʆʉʊʀ ʉ ʇʈʆɿʈɸʏʅʆʁ ʇʆɼʃʆɾʂʀ ʉ ʇʆʄʆʑʔʖ 

ʈɽʌʈɸʂʎʀʆʅʅʆɻʆ ʄɽʊʆɼɸ 

 
ʇʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʣʘʟʝʨʥʳʡ ʨʝʬʨʘʢʮʠʦʥʥʳʡ ʤʝʪʦʜ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʧʝʣʴ ʥʘ ʧʨʦʟʨʘʯʥʳʭ ʧʦʜʣʦʞʢʘʭ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠʭ 

ʠʩʧʘʨʝʥʠʷ. ʆʧʠʩʘʥʳ ʧʨʠʥʮʠʧ ʤʝʪʦʜʘ ʠ ʤʝʪʦʜʠʢʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʢʘʧʣʠ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʟʤʝʨʝʥʠʶ ʩʢʦʨʦʩʪʠ ʠʩʧʘʨʝʥʠʷ 

ʢʘʧʝʣʴ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʪʝʢʣʷʥʥʦʡ ʧʦʜʣʦʞʢʝ.  

 

I.N. PAVLOV, I.L. RASKOVSKAYA, B.S. RINKEVICHYUS 
National Research University MPEI (Moscow Power Engineering Institute) 

 

MEASUREMENT OF EVAPORATION RATE OF A LIQUID 

DROPLET ON A TRANSPARENT SUBSTRATE  

USING THE REFRACTION METHOD  
 

It is proposed to use the developed laser refractive method of studying droplets on 

transparent substrates to measure the rate of their evaporation. The principles of the 

method and techniques for reconstruction of parameters of a droplet are described. The 

results of experiments of measurement of evaporation rate of a distilled water droplet on 

a horizontal glass substrate are given. 
 

ʈʝʬʨʘʢʮʠʦʥʥʳʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʟʨʘʯʥʦʡ ʢʘʧʣʠ 

ʞʠʜʢʦʩʪʠ, ʣʝʞʘʱʝʡ ʥʘ ʧʨʦʟʨʘʯʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʜʣʦʞʢʝ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʘʚʪʦʨʘʤʠ [1, 2], ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ. ʃʝʞʘʱʘʷ ʥʘ 

ʧʦʜʣʦʞʢʝ ʢʘʧʣʷ ʦʩʚʝʱʘʝʪʩʷ ʩʥʠʟʫ ʰʠʨʦʢʠʤ ʢʦʣʣʠʤʠʨʦʚʘʥʥʳʤ ʣʘʟʝʨʥʳʤ 

ʧʫʯʢʦʤ, ʜʠʘʤʝʪʨ ʢʦʪʦʨʦʛʦ ʙʦʣʴʰʝ ʜʠʘʤʝʪʨʘ ʢʘʧʣʠ. ʇʨʠ ʵʪʦʤ ʯʘʩʪʴ ʧʫʯʢʘ 

ʨʝʬʨʘʛʠʨʫʝʪ, ʧʨʦʭʦʜʷ ʯʝʨʝʟ ʢʘʧʣʶ, ʘ ʯʘʩʪʴ ʧʨʦʭʦʜʠʪ ʙʝʟ ʧʨʝʣʦʤʣʝʥʠʷ. ʅʘ 

ʵʢʨʘʥʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʥʘ ʧʫʪʠ ʧʨʦʰʝʜʰʝʛʦ ʧʫʯʢʘ ʚʳʰʝ ʧʦʜʣʦʞʢʠ, 

ʦʙʨʘʟʫʝʪʩʷ ʨʝʬʨʘʢʮʠʦʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʪʠʧʠʯʥʳʡ ʧʨʠʤʝʨ ʢʦʪʦʨʦʛʦ 

ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 1. ɺ ʮʝʥʪʨʝ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʬʦʥʝ ʩʚʝʪʣʦʛʦ ʥʝʦʪʢʣʦʥʝʥʥʦʛʦ 

ʧʫʯʢʘ ʚʠʜʥʦ ʪʝʤʥʦʝ ʧʨʷʤʦʪʝʥʝʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʢʘʧʣʠ, ʘ ʢʦʥʪʫʨ 

ʨʝʬʨʘʛʠʨʦʚʘʥʥʦʡ ʯʘʩʪʠ ʧʫʯʢʘ ʩʦʜʝʨʞʠʪ ʚʦʛʥʫʪʳʝ ʫʯʘʩʪʢʠ ʨʘʟʣʠʯʥʦʡ 

ʢʨʠʚʠʟʥʳ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʥʘ ʢʦʥʪʫʨʝ ʢʘʧʣʠ ʧʦʜʦʙʥʳʝ ʫʯʘʩʪʢʠ 

ʦʪʩʫʪʩʪʚʫʶʪ. 
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ʈʠʩ. 1. ʊʠʧʠʯʥʦʝ ʨʝʬʨʘʢʮʠʦʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʠʩʧʘʨʷʶʱʝʡʩʷ ʢʘʧʣʠ 

 

ʉʨʝʜʥʠʡ ʨʘʜʠʫʩ ʢʦʥʪʫʨʘ ʨʝʬʨʘʢʮʠʦʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʵʢʨʘʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʢʘʧʣʠ, ʨʘʜʠʫʩʘ ʢʨʠʚʠʟʥʳ ʝʝ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʢʨʘʝʚʦʛʦ ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ ʢʘʧʣʝʡ ʧʦʜʣʦʞʢʠ ʠ ʨʘʩʩʪʦʷʥʠʷ ʦʪ 

ʧʦʜʣʦʞʢʠ ʜʦ ʵʢʨʘʥʘ. ɺ ʨʘʙʦʪʝ [1] ʦʧʠʩʘʥʘ ʤʝʪʦʜʠʢʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʧʣʠ ʠ ʢʨʘʝʚʦʛʦ ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ 

ʧʦ ʠʟʤʝʨʝʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʚʦʛʥʫʪʦʩʪʝʡ ʥʘ ʨʝʬʨʘʢʮʠʦʥʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ. 

ɺ ʨʘʙʦʪʝ [2] ʦʧʠʩʘʥʘ ʤʦʜʠʬʠʢʘʮʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʨʝʬʨʘʢʮʠʦʥʥʦʛʦ 

ʤʝʪʦʜʘ, ʚ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʩʣʦʡʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ʢʘʧʣʠ ʧʣʦʩʢʠʤ 

ʚʝʨʪʠʢʘʣʴʥʳʤ ʣʘʟʝʨʥʳʤ ʧʫʯʢʦʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʩʝʯʝʥʠʷ ʢʘʧʣʠ ʠ ʚ ʠʪʦʛʝ ʧʦʣʫʯʠʪʴ ʨʝʘʣʴʥʳʡ ʧʨʦʬʠʣʴ ʝʝ 

ʧʦʚʝʨʭʥʦʩʪʠ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ  ʫʢʘʟʘʥʥʳʭ  

ʨʝʬʨʘʢʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠʩʧʘʨʝʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʦʙʲʝʤ ʠʩʧʘʨʷʶʱʝʡʩʷ ʢʘʧʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ. 

ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʣʦʚʠʶ ʧʦʩʪʦʷʥʩʪʚʘ ʨʘʜʠʫʩʘ ʦʩʥʦʚʘʥʠʷ ʢʘʧʣʠ ʠ 

ʤʘʣʦʤʫ ʠʥʪʝʨʚʘʣʫ ʠʟʤʝʥʝʥʠʷ ʢʨʘʝʚʳʭ ʫʛʣʦʚ, ʢʦʛʜʘ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʩ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʠʩʧʘʨʝʥʠʝ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ. ɼʣʷ ʢʘʧʣʠ 

ʨʘʜʠʫʩʦʤ 2,5 ʤʤ ʩʢʦʨʦʩʪʴ ʠʩʧʘʨʝʥʠʷ ʩʦʩʪʘʚʠʣʘ 0,7 ʤʢʣ/ʤʠʥ, ʜʣʷ ʢʘʧʣʠ 

ʨʘʜʠʫʩʦʤ 2,3 ʤʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 0,5 ʤʢʣ/ʤʠʥ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʦʣʴʰʝʡ 

ʧʣʦʱʘʜʠ ʠʩʧʘʨʝʥʠʷ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ.  
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʇʘʚʣʦʚ ʀ.ʅ., ʈʘʩʢʦʚʩʢʘʷ ʀ.ʃ., ʊʦʣʢʘʯʝʚ ɸ.ɺ. // ɾʕʊʌ. 2017. ʊ.151 (4). C.670ï681. 
2. ʇʘʚʣʦʚ ʀ.ʅ., ʈʘʩʢʦʚʩʢʘʷ ʀ.ʃ., ʈʠʥʢʝʚʠʯʶʩ ɹ.ʉ. // ʇɾʊʌ. 2017. ʊ.43. ˉ13. ʉ.19-25. 
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ʀ.ɸ. ɸʈʊʖʂʆɺ, ɸ.ʉ. ɹʋʉɸʈʆɺ, ɸ.ɺ. ɺʀʅʆɻʈɸɼʆɺ, 

ʅ.ʃ. ʇʆʇʆɺ 
ʌʠʟʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʇ.ʅ. ʃʝʙʝʜʝʚʘ ʈɸʅ, ʄʦʩʢʚʘ 

 

ʂʆɻɽʈɽʅʊʅɸʗ ʈɽʅʊɻɽʅʆɺʉʂɸʗ ʆʊʈɸɾɸʊɽʃʔʅɸʗ 

ʄʀʂʈʆʉʂʆʇʀʗ ʇʈʀ ʆʉɺɽʑɽʅʀʀ ʆɹʒɽʂʊɸ  

ʇʆɼ ʉʂʆʃʔɿʗʑʀʄʀ ʋɻʃɸʄʀ  
 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ, 

ʨʘʙʦʪʘʶʱʝʛʦ ʥʘ ʦʪʨʘʞʝʥʠʠ ʦʪ ʦʙʲʝʢʪʘ ʧʦʜ ʩʢʦʣʴʟʷʱʠʤʠ ʫʛʣʘʤʠ. ʉ ʧʦʤʦʱʴʶ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʦʮʝʥʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʠ 

ʧʦʣʷ ʟʨʝʥʠʷ. 

 

I.A. ARTUKOV, A.S. BUSAROV, A.V. VINOGRADOV, 

N.L. POPOV 
Lebedev Physical Institute of the RAS, Moscow 

 

COHERENT X -RAY REFLECTION MICROSCOPY  

WITH OBJECTS ILL UMINATED UNDER GRAZING ANGLES  
 

An optical scheme of x-ray reflection microscope working at sliding angles of object 

illumination is presented. Evaluation of the spatial resolution and field of view is 

performed with numerical modeling. 

 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʨʦʮʝʩʩʦʚ ʥʘ 

ʥʠʭ ʚ ʥʘʥʦ ʤʘʩʰʪʘʙʘʭ ʝʩʪʝʩʪʚʝʥʥʦ ʧʦʣʫʯʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʤʠʢʨʦʩʢʦʧʘ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʦʪʨʘʞʝʥʠʝ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ. ʇʨʠ ʵʪʦʤ 

ʥʫʞʥʘ ʜʣʠʥʘ ʚʦʣʥʳ, ʢʦʪʦʨʘʷ ʩʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʨʘʟʨʝʰʝʥʠʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚʦ ʤʥʦʛʠʭ ʟʘʜʘʯʘʭ ʥʘʥʦʬʠʟʠʢʠ ʠ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʥʘʙʣʶʜʝʥʠʷ ʚʝʜʫʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʩ ʵʥʝʨʛʠʝʡ ʬʦʪʦʥʦʚ 0,1 - 10 ʢʵɺ. ʆʜʥʘʢʦ, ʧʨʠ ʪʘʢʠʭ ʜʣʠʥʘʭ 

ʚʦʣʥ ʩʫʱʝʩʪʚʝʥʥʘʷ ʜʦʣʷ ʠʟʣʫʯʝʥʠʷ ʦʪʨʘʞʘʝʪʩʷ ʣʠʰʴ ʧʨʠ ʫʛʣʘʭ, ʙʣʠʟʢʠʭ ʢ 

ʫʛʣʫ ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʷʚʣʷʝʪʩʷ ʠʜʝʷ 

ʩʦʟʜʘʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ, ʨʘʙʦʪʘʶʱʝʛʦ ʥʘ ʦʪʨʘʞʝʥʠʠ ʧʨʠ 

ʩʢʦʣʴʟʷʱʠʭ ʫʛʣʘʭ ʧʘʜʝʥʠʷ [1]. ʆʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʤʠʢʨʦʩʢʦʧʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. 

ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 

ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ ɚ = 13.9 ʥʤ, ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʦʪʨʘʞʘʪʝʣʴʥʦʛʦ ʣʘʟʝʨʥʦʛʦ 
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ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʠʟ ʨʘʙʦʪʳ [1] (ʨʠʩ. 2). ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʠʢʨʦʩʢʦʧ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤ ʧʦʣʝʤ 

ʟʨʝʥʠʷ.  

 

 
 

ʈʠʩ. 1. ʆʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ: 1 - ʦʙʲʝʢʪ,  

2 ʠ 4 - ʣʠʥʟʳ; 3 - ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʨʝʰʝʪʢʘ, 5 - ʠʟʦʙʨʘʞʝʥʠʝ (ʜʝʪʝʢʪʦʨ),  

ʧʣʦʩʢʦʩʪʠ ʦʙʲʝʢʪʘ ʠ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʝʰʝʪʢʠ ʷʚʣʷʶʪʩʷ ʦʧʪʠʯʝʩʢʠ  

ʩʦʧʨʷʞʝʥʥʳʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʠʥʟʳ 2 

 

    ʘ)     ʙ)    ʚ)  

ʈʠʩ. 2. ʊʝʩʪʦʚʳʡ ʦʙʨʘʟʝʮ (ʘ), ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʨʘʟʮʘ, ʨʘʩʯʠʪʘʥʥʦʝ ʧʦ ʩʭʝʤʝ ʠʟ 

ʩʪʘʪʴʠ [1] (ʙ), ʠʟʦʙʨʘʞʝʥʠʝ ʨʘʩʯʠʪʘʥʥʦʝ ʧʦ ʧʨʝʜʣʘʛʘʝʤʦʡ ʦʧʪʠʯʝʩʢʦʡ ʩʭʝʤʝ 

(ʩʤ. ʨʠʩ. 1) (ʚ) 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
1. Baba M., Nishikino M., Hasegawa N., Tomita T., Minami Y., Takei R., Yamagiwa M., 

Kawachi T., Suemoto T. Submicron scale image observation with a grazing incidence reflection-

type single-shot soft X-ray microscope // Japanese Journal of Applied Physics. 2014. V.53. 
P.080302. 



ʋɼʂ 535(06)+004(06) 

236 ISBN 978-5-7262-2445-9 ʌʆʊʆʅʀʂɸ ʀ ʀʅʌʆʈʄɸʎʀʆʅʅɸʗ ʆʇʊʀʂɸ  

ɸ.ʖ. ɹʓʂʆɺʉʂʀʁ, ɸ.ɸ. ʑɽʈɹɸʂʆɺ
1
 

ʌʠʟʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʇ.ʅ. ʃʝʙʝʜʝʚʘ ʈɸʅ, ʄʦʩʢʚʘ 
1ʄʦʩʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ), 

ɼʦʣʛʦʧʨʫʜʥʳʡ 

 

ʇʆɿʀʎʀʆʅʅʆ-ɿɸɺʀʉʀʄɸʗ ʂʈʀʇʊʆɻʈɸʌʀʗ  

ɺ ʉʄɽʐɸʅʅʆʁ ʉʍɽʄɽ ʄʅʆɻʆɿʅɸʏʅʆʁ ʃʆɻʀʂʀ  

ʀ ʂɺɸʅʊʆɺʆɻʆ ʈɸʉʇʈɽɼɽʃɽʅʀʗ ʂʃʖʏɸ 
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POSITION-BASED CRYPTOGRAPHY IN MIXED SCHEMES  

OF MULTIPLE -VALUED LOGIC  

AND QUANTUM KEY DISTRIBUTION  
 

The scheme of mixed quantum-classic secret coding is being discussed, which can 

solve the problem of position-based cryptography, unsolvable by means of quantum 

cryptography. The problem is actual for the control of autonomous mobile agents.  

 

ɺ ʨʘʤʢʘʭ ʢʚʘʥʪʦʚʦʡ ʢʨʠʧʪʦʛʨʘʬʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʫʜʘʝʪʩʷ 

ʨʝʰʠʪʴ ʘʢʪʫʘʣʴʥʫʶ ʟʘʜʘʯʫ ʧʦʟʠʮʠʦʥʥʦ-ʟʘʚʠʩʠʤʦʡ ʢʨʠʧʪʦʛʨʘʬʠʠ [1], 

ʩʚʷʟʘʥʥʦʡ ʩ ʚʝʨʠʬʠʢʘʮʠʝʡ ʦʜʥʠʤ ʘʙʦʥʝʥʪʦʤ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʜʨʫʛʦʛʦ ʘʙʦʥʝʥʪʘ, ʠʣʠ ʞʝ ʩ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʤ ʩʯʠʪʳʚʘʥʠʝʤ ʜʘʥʥʳʭ ʪʦʣʴʢʦ 

ʜʣʷ ʟʘʜʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʥʘ ʤʝʩʪʥʦʩʪʠ [1]. ʆʜʥʘʢʦ ʵʪʘ ʟʘʜʘʯʘ ʚʦʩʪʨʝʙʦʚʘʥʘ 

ʜʣʷ ʟʘʱʠʪʳ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʝʚʳʤʠ ʩʠʩʪʝʤʘʤʠ [2] ʙʝʩʧʠʣʦʪʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʠ ʘʚʪʦʥʦʤʥʳʭ ʨʦʙʦʪʦʚ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʤʝʰʘʥʥʘʷ ʢʚʘʥʪʦʚʦ-

ʢʣʘʩʩʠʯʝʩʢʘʷ ʩʭʝʤʘ, ʚ ʢʦʪʦʨʦʡ (ʨʠʩ. 1), ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʬʦʨʤʠʨʫʶʪʩʷ ʜʚʘ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʦʪʦʢʘ ʢʚʘʥʪʦʚʳʭ ʠ ʢʣʘʩʩʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʛʜʝ 

ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʡ ʩʝʢʨʝʪʥʳʡ ʢʚʘʥʪʦʚʳʡ ʢʣʶʯ ʥʝ ʪʦʣʴʢʦ ʦʪʧʨʘʚʣʷʝʪʩʷ 

ʚʪʦʨʦʤʫ ʘʙʦʥʝʥʪʫ, ʥʦ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʝʨʚʳʤ ʘʙʦʥʝʥʪʦʤ ʚ ʧʨʦʮʝʜʫʨʝ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʰʠʬʨʦʚʘʥʠʷ, ʚʳʧʦʣʥʷʝʤʦʛʦ ʤʝʪʦʜʘʤʠ ʟʘʱʠʱʝʥʥʦʛʦ 

ʤʥʦʛʦʟʥʘʯʥʦ-ʣʦʛʠʯʝʩʢʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʩʝʢʨʝʪʥʦʡ ʣʦʛʠʯʝʩʢʦʡ 
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ʬʫʥʢʮʠʠ [3]. ɸʪʤʦʩʬʝʨʥʳʡ ʢʘʥʘʣ ʩ ʢʚʘʥʪʦʚʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʣʶʯʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʱʠʪʫ ʦʪ ʩʯʠʪʳʚʘʥʠʷ ʜʘʥʥʳʭ ʠʟ ʢʘʥʘʣʘ ʠ ʜʦʣʞʝʥ ʠʤʝʪʴ 

ʙʦʣʴʰʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚ ʙʦʣʝʝ ʟʘʱʠʱʝʥʥʳʭ ʚʘʨʠʘʥʪʘʭ ʩʭʝʤʳ, ʘ ʚ 

ʫʧʨʦʱʝʥʥʳʭ ʚʝʨʩʠʷʭ ʤʦʞʝʪ ʙʳʪʴ ʦʛʨʘʥʠʯʝʥ ʤʠʥʠʤʘʣʴʥʦʡ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ. ʉʭʝʤʘ ʤʥʦʛʦʟʥʘʯʥʦ-ʣʦʛʠʯʝʩʢʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ [3] c 

ʨʘʟʤʝʨʥʦʩʪʴʶ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʜʥʦʨʘʟʦʚʳʭ ʩʣʫʯʘʡʥʳʭ ʢʣʶʯʝʡ ʙʦʣʝʝ 10
600

 

ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʚ ʦʪʢʨʳʪʦʤ ʢʘʥʘʣʝ, ʘʥʘʣʦʛʠʯʥʦ ʠʟʚʝʩʪʥʦʤʫ ʘʣʛʦʨʠʪʤʫ 

ɼʠʬʬʠ-ʍʝʣʣʤʘʥʘ. ʂʦʤʤʝʨʯʝʩʢʠʝ ʯʠʧʳ ʢʚʘʥʪʦʚʦ-ʦʧʪʠʯʝʩʢʠʭ ʛʝʥʝʨʘʪʦʨʦʚ 

ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ ʦʙʣʘʜʘʶʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ~ 1 ʄʙʠʪ/ʩ, ʯʪʦ 

ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʚʘʥʪʦʚʦʛʦ ʠ ʤʥʦʛʦʟʥʘʯʥʦ-

ʣʦʛʠʯʝʩʢʦʛʦ ʢʘʥʘʣʦʚ ʥʝʙʦʣʴʰʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ 

ʜʣʷ ʟʘʱʠʪʳ ʢʦʤʘʥʜ ʫʧʨʘʚʣʝʥʠʷ ʚ ʩʝʪʷʭ ʘʚʪʦʥʦʤʥʳʭ ʤʦʙʠʣʴʥʳʭ ʘʛʝʥʪʦʚ. 

ʇʦʜʦʙʥʳʝ  ʝʚʨʦʧʝʡʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʙʘʟʝ ʧʨʦʪʦʢʦʣʘ IEEE 802.11p ʠ 

ʚʳʯʠʩʣʝʥʠʡ ʥʘ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʧʦʟʚʦʣʷʶʪ 

ʩʦʟʜʘʪʴ ʛʠʙʢʫʶ ʩʠʩʪʝʤʫ ʢʣʶʯʝʡ ʠ  ʧʨʦʚʝʨʢʠ ʧʦʣʥʦʤʦʯʠʡ ʘʛʝʥʪʦʚ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʨʝʘʣʠʟʘʮʠʠ ʧʦʟʠʮʠʦʥʥʦ-ʟʘʚʠʩʠʤʦʡ ʢʨʠʧʪʦʛʨʘʬʠʠ 

ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʥʦʛʦʘʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʘʣʛʝʙʨʳ 

ɸʣʣʝʥʘ-ɾʠʚʦʥʘ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʧʠʩʳʚʘʶʱʠʭ ʤʦʜʝʣʴ ʤʥʦʛʦʟʥʘʯʥʦ-

ʣʦʛʠʯʝʩʢʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ [3] ʠ ʣʦʛʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʢʘʨʪʳ ʤʝʩʪʥʦʩʪʠ [4]. 

ʅʘʙʦʨ ʣʦʛʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʜʣʷ ʢʦʦʨʜʠʥʘʪ ʠ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʢʦʜʦʚ 

ʟʘʧʠʩʳʚʘʶʪ ʚ ʝʜʠʥʫʶ ʪʘʙʣʠʮʫ ʠʩʪʠʥʥʦʩʪʠ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ 

ʬʫʥʢʮʠʠ, ʠʤʝʶʱʝʡ k = 256 ʜʠʩʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʠʩʪʠʥʥʦʩʪʠ. ɼʘʣʝʝ 

ʟʘʧʠʩʳʚʘʝʪʩʷ ʠ ʤʠʥʠʤʠʟʠʨʫʝʪʩʷ ʣʦʛʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜʩʪʘʚʣʷʪʴ ʦʮʠʬʨʦʚʘʥʥʳʝ 8-ʙʠʪʥʳʝ ʢʦʦʨʜʠʥʘʪʳ. 
 

 
ʈʠʩ. 1. ʇʨʠʥʮʠʧ ʧʦʩʪʨʦʝʥʠʷ ʩʦʚʤʝʱʝʥʥʦʡ ʩʭʝʤʳ ʢʘʥʘʣʦʚ ʢʚʘʥʪʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʣʶʯʘ ʠ ʤʥʦʛʦʟʥʘʯʥʦ-ʣʦʛʠʯʝʩʢʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʜʣʷ ʩʚʷʟʠ ʩ ʤʦʙʠʣʴʥʳʤ ʘʛʝʥʪʦʤ 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɸ.ʇ. ʇʃɪʅʂʀʅ, ʖ.ʖ. ʆɻʆʈʆɼʅʀʂʆɺ
1
 

ʖʞʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʘʛʘʥʨʦʛ 
1ʀʥʩʪʠʪʫʪ ʤʘʪʝʤʘʪʠʢʠ ʠ ʤʝʭʘʥʠʢʠ ʠʤ. ʅ.ʅ. ʂʨʘʩʦʚʩʢʦʛʦ ʋʨʆ ʈɸʅ, 

ɽʢʘʪʝʨʠʥʙʫʨʛ 

 

ʆɹ ɸʇʇʈʆʂʉʀʄɸʎʀʀ ɿɸɼɸʏʀ ʎɽʃʔʅʆʁ 

ʌɸʂʊʆʈʀɿɸʎʀʀ ɼʃʗ ʂɺɸʅʊʆɺʆʁ ʂʈʀʇʊʆɻʈɸʌʀʀ 
 

ʆʧʠʩʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʯʘʩʪʥʦʛʦ ʩʣʫʯʘʷ ʟʘʜʘʯʠ 3-SAT. 

ʇʨʠʚʝʜʝʥʘ ʥʦʚʘʷ ʩʭʝʤʘ ʦʢʨʫʛʣʝʥʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʙʘʡʝʩʦʚʩʢʦʤ ʦʙʫʯʝʥʠʠ. ɺ 

ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʩʠʩʪʝʤʘʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʚʘʥʪʦʚʳʭ ʢʣʶʯʝʡ. ɺ 

ʢʚʘʥʪʦʚʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʘʚʠʣʘ ʐʝʥʥʦʥʘ, ʠ ʧʨʦʙʣʝʤʘ 

ʬʘʢʪʦʨʠʟʘʮʠʠ ʠʤʝʝʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʨʘʩʰʠʬʨʦʚʢʝ ʩʝʢʨʝʪʥʳʭ 

ʢʣʶʯʝʡ. 

 

A.P. PLJONKIN, Yu.Yu. OGORODNIKOV
1
 

Southern Federal University, Taganrog 
1Krasovsky Institute of Mathematics and Mechanics, Ural Branch of the RAN, 

Ekaterinburg 

 

ABOUT APPROXIMATION OF INTEGER FACTORIZATION 

PROBLEM FOR QUANTUM CRYPTOGRAPHY  
 

The possibility of using the special case of the 3-SAT problem is described. A new 

rounding scheme based on Bayesian training is presented. The article shows that the 

proposed method can be used to determine security in quantum key distribution systems. 

In the quantum distribution, the Shannon rules are applied, and the factorization problem 

is of paramount importance when decrypting secret keys. 

 

ʎʝʣʦʯʠʩʣʝʥʥʘʷ ʧʨʦʙʣʝʤʘ ʬʘʢʪʦʨʠʟʘʮʠʠ (IFP) ʷʚʣʷʝʪʩʷ ʠʟʚʝʩʪʥʦʡ 

ʢʦʤʙʠʥʘʪʦʨʥʦʡ ʧʨʦʙʣʝʤʦʡ, ʮʝʣʴʶ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʨʘʟʣʦʞʝʥʠʝ 

ʩʢʦʤʧʦʥʦʚʘʥʥʦʛʦ ʯʠʩʣʘ ʚ ʧʨʦʠʟʚʝʜʝʥʠʝ ʤʝʥʴʰʠʭ ʧʨʦʩʪʳʭ ʯʠʩʝʣ. ʉʪʘʪʫʩ 

ʩʣʦʞʥʦʩʪʠ IFP ʦʩʪʘʝʪʩʷ ʜʦ ʩʠʭ ʧʦʨ ʥʝʦʧʨʝʜʝʣʝʥʥʳʤ. ɺʩʝ ʠʟʚʝʩʪʥʳʝ 

ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʬʘʢʪʦʨʠʟʘʮʠʠ ʠʤʝʶʪ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʫʶ ʠʣʠ ʩʫʙʵʢʩʧʦʥʝʥʮʠʘʣʴʥʫʶ ʚʨʝʤʝʥʥʫʶ ʩʣʦʞʥʦʩʪʴ. ʊʘʢ 

ʥʘʧʨʠʤʝʨ ʘʣʛʦʨʠʪʤ ʇʦʣʣʘʨʜʘ ʠʣʠ ʨʘʟʣʦʞʝʥʠʝ ʥʘ ʤʥʦʞʠʪʝʣʠ ʌʝʨʤʘ. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʟʘʜʘʯʘ ʬʘʢʪʦʨʠʟʘʮʠʠ ʘʢʪʫʘʣʠʟʠʨʦʚʘʥʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʢʚʘʥʪʦʚʦʡ ʢʨʠʧʪʦʛʨʘʬʠʠ, ʘ ʠʤʝʥʥʦ, ʚ ʩʠʩʪʝʤʘʭ ʢʚʘʥʪʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʣʶʯʘ [1, 2] ʚ ʩʠʣʫ ʠʭ ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʠʩʪʝʤʳ ʢʚʘʥʪʦʚʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʶʯʘ (ʉʂʈʂ) ʚʳʧʦʣʥʷʶʪ ʧʨʘʚʠʣʘ ʐʝʥʥʦʥʘ ʜʣʷ 
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ʘʙʩʦʣʶʪʥʦ ʩʝʢʨʝʪʥʳʭ ʰʠʬʨʦʚ, ʦʜʥʘʢʦ ʥʘ ʧʨʘʢʪʠʢʝ ʵʪʦ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ. 

ʇʦʩʣʝʜʥʝʝ ʩʣʝʜʫʝʪ ʠʟ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʚʘʥʪʦʚʳʭ ʢʣʶʯʝʡ.  

ɼʣʷ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʝ ʵʢʟʝʤʧʣʷʨʳ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʧʨʦʜʫʢʪʘʤʠ ʜʚʫʭ ʙʣʠʟʢʠʭ ʧʨʦʩʪʳʭ ʯʠʩʝʣ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʧʦʩʪʨʦʝʥʠʶ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ IFP ʦʩʥʦʚʘʥ ʥʘ 

ʨʝʜʫʢʮʠʠ ʢ 3-SAT [3]. ɸʣʛʦʨʠʪʤ ʫʤʝʥʴʰʝʥʠʷ ʵʢʟʝʤʧʣʷʨʘ IFP ʢ 3-SAT 

ʧʫʪʝʤ ʢʦʜʠʨʦʚʘʥʠʷ ʙʳʣ ʚʳʚʝʜʝʥ ʚ ʨʘʙʦʪʝ [4]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʘʷ 

ʙʫʣʝʚʘ ʬʦʨʤʫʣʘ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʥʠʢʘʣʴʥʦʤʫ ʥʘʟʥʘʯʝʥʠʶ ʠʩʪʠʥʥʦʩʪʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʨʝʰʝʥʠʶ IFP. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʘʣʛʦʨʠʪʤʦʚ 3-

SAT. ɺ ʦʙʱʝʤ ʚʠʜʝ ʘʣʛʦʨʠʪʤʳ ʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʘ ʢʣʘʩʩʘ: ʚ [5] ʵʪʠ ʢʣʘʩʩʳ 

ʥʘʟʳʚʘʶʪ ʧʦʣʥʳʤʠ ʠ ʥʝʧʦʣʥʳʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʘʛʘʝʤʘʷ ʙʘʡʝʩʦʚʩʢʘʷ ʩʭʝʤʘ ʦʢʨʫʛʣʝʥʠʷ ʧʨʠ 

ʧʨʠʤʝʥʝʥʠʠ ʢ ʠʥʜʫʮʠʨʦʚʘʥʥʳʤ IFP ʵʢʟʝʤʧʣʷʨʘʤ 3-SAT ʠʤʝʝʪ ʨʷʜ 

ʧʨʝʠʤʫʱʝʩʪʚ, ʘ ʦʧʠʩʘʥʥʳʡ ʤʝʪʦʜ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʢʚʘʥʪʦʚʳʭ ʩʠʩʪʝʤʘʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʶʯʝʡ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʚʘʥʪʦʚʳʭ ʢʣʶʯʝʡ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʧʨʘʚʠʣʘ ʐʝʥʥʦʥʘ. ʋʯʠʪʳʚʘʷ ʧʦʩʣʝʜʥʝʝ, ʧʨʦʙʣʝʤʘ ʬʘʢʪʦʨʠʟʘʮʠʠ ʠʤʝʝʪ 

ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʨʘʩʰʠʬʨʦʚʢʝ ʩʝʢʨʝʪʥʳʭ ʩʦʦʙʱʝʥʠʡ.
  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ 

ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 17-32-50001\17 ʤʦʣ_ʥʨ. 
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ɸ.ɺ. ʇɸɺʃʆɺ 
ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ɺʃʀʗʅʀɽ ʆɻʈɸʅʀʏɽʅʅʆʉʊʀ ʉɺʆʁʉʊɺ 

ʈɽɻʀʉʊʈʀʈʋʖʑʀʍ ʉʈɽɼ ʅɸ ʕʌʌɽʂʊʀɺʅʆʉʊʔ 

ɺʓʗɺʃɽʅʀʗ ʆɹʑʀʍ ʌʈɸɻʄɽʅʊʆɺ ʄɽʊʆɼʆʄ 

ʅɸʃʆɾɽʅʅʓʍ ɻʆʃʆɻʈɸʄʄ ʌʋʈʔɽ 
 

ɼʘʥʘ ʩʚʷʟʴ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʦʙʱʠʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʩʝʨʠʠ 

ʦʙʨʘʟʦʚ, ʟʘʧʠʩʳʚʘʝʤʳʭ ʤʝʪʦʜʦʤ ʥʘʣʦʞʝʥʥʳʭ ʛʦʣʦʛʨʘʤʤ ʌʫʨʴʝ, ʩ  ʜʠʥʘʤʠʯʝʩʢʠʤ 

ʜʠʘʧʘʟʦʥʦʤ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʨʝʛʠʩʪʨʠʨʫʶʱʠʭ ʩʨʝʜ.  
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ON THE EFFECTIVENESS OF COMMON PARTS DETE CTING 

BY THE METHOD OF SUPERIM POSED FOURIER HOLOGRAMS 

IN DEPENDENCE OF THE RECORDING MEDIA PROP ERTIES 
 

Common parts of images series by superimposed Fourier holograms revealing 

effectiveness in dependence of the dynamical range of recording media is investigated.  

 

ʆʜʥʘ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ï ʚʳʷʚʣʝʥʠʝ ʚ ʩʝʨʠʠ 

ʦʙʨʘʟʦʚ ʦʙʱʠʭ ʬʨʘʛʤʝʥʪʦʚ ʧʨʠ ʢʨʠʪʝʨʠʠ ʦʙʱʥʦʩʪʠ ï ʯʘʩʪʦʪʝ ʧʦʷʚʣʝʥʠʷ. 

ɺ ʩʪʘʪʴʷʭ [1-3] ʜʘʥʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʤʝʪʦʜʦʤ ʥʘʣʦʞʝʥʥʳʭ ʛʦʣʦʛʨʘʤʤ 

(ʅɻ) ʌʫʨʴʝ (1), ʟʘʧʠʩʘʥʥʳʭ ʧʦ ʩʭʝʤʝ ʩʦʚʤʝʩʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (ʨʠʩ. 1) 

( ) ()( ) ()( ) ( )( )
1

exp 2
n

* R S

x i i x i i

i

H F S x F R x j x x
=

n = - pn +ä , (1)  

ʛʜʝ 
xn  ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʘ, F ï ʩʠʤʚʦʣ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ, 

ʘʩʪʝʨʠʩʢ ï ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʧʨʷʞʝʥʠʷ, ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʯʣʝʥ ʦʧʠʩʳʚʘʝʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʩʠʛʥʘʣʴʥʳʭ S ʠ ʦʧʦʨʥʳʭ R ʦʙʨʘʟʦʚ ʧʨʠ 

ʟʘʧʠʩʠ, j ï ʤʥʠʤʘʷ ʝʜʠʥʠʮʘ. ɺ ʨʘʙʦʪʝ [3] ʜʘʥʘ ʘʧʧʨʦʢʩʠʤʘʪʠʚʥʘʷ ʦʮʝʥʢʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʷʚʣʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʅɻ n: 

() ( ) ()( ) ()( )( ) ( )
()

1
2

2 4

u

2
1 1 1 1 1 2

R R

S
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è øå õkè øº + - + - + -é ùæ öæ öé ùê ú Wé ùç ÷ê ú

, (2) 

ʛʜʝ ɋ ï ʦʮʝʥʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʬʨʘʛʤʝʥʪʘ: 
() ()u u 1 2S S

S r- -W = p , S ï ʧʣʦʱʘʜʴ, r ï ʨʘʜʠʫʩ ʢʦʨʨʝʣʷʮʠʠ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ 
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ʟʘʚʠʩʠʤʦʩʪʴ ʦʮʝʥʢʠ (2) ʦʪ ʨʘʜʠʫʩʘ ʢʦʨʨʝʣʷʮʠʠ, ʤʝʥʷʶʱʝʛʦʩʷ ʚʩʣʝʜʩʪʚʠʝ 

ʬʠʣʴʪʨʘʮʠʠ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʩʚʦʡʩʪʚʘʤʠ ʨʝʛʠʩʪʨʠʨʫʶʱʠʭ ʩʨʝʜ (ʈʉ). 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ çʩʧʦʥʪʘʥʥʳʡè ʩʮʝʥʘʨʠʡ ʟʘʧʠʩʠ ʅɻ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ (ɼɼ) ʩ ʨʦʩʪʦʤ ʯʠʩʣʘ ʅɻ n ʚʝʜʝʪ 

ʢ ʫʤʝʥʴʰʝʥʠʶ ʨʘʜʠʫʩʘ ʢʦʨʨʝʣʷʮʠʠ ʟʘ ʩʯʝʪ ʦʩʣʘʙʣʝʥʠʷ ʠ, ʟʘʪʝʤ, ʨʝʞʝʢʮʠʠ 

ʥʠʟʢʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʦʣʞʥʘ ʚʝʩʪʠ ʢ ʨʦʩʪʫ 

ʦʮʝʥʢʠ (2). ɺʤʝʩʪʝ ʩ ʪʝʤ ʫʤʝʥʴʰʝʥʠʝ ʨʘʜʠʫʩʘ ʢʦʨʨʝʣʷʮʠʠ ʠʤʝʝʪ 

ʩʣʝʜʩʪʚʠʝʤ ʧʨʝʚʨʘʱʝʥʠʝ ʨʦʚʥʦʛʦ ʬʦʥʘ, ʢ ʢʦʪʦʨʦʤʫ ʩʪʨʝʤʠʪʩʷ ʩʚʝʩʪʠ 

ʦʙʣʘʩʪʴ ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʬʨʘʛʤʝʥʪʦʚ ʜʘʥʥʳʡ ʤʝʭʘʥʠʟʤ, ʚ ʙʝʣʳʡ ʰʫʤ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʪʨʫʢʪʫʨʦʡ. ʕʬʬʝʢʪ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʤʝʩʪʦ 

ʨʦʩʪʘ ʦʮʝʥʢʠ (2) ʠʤʝʝʪ ʤʝʩʪʦ ʝʸ ʩʥʠʞʝʥʠʝ, ʪʘʢ ʢʘʢ ʟʘʤʝʜʣʷʝʪʩʷ ʠ ʟʘʪʝʤ 

ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʜʠʩʧʝʨʩʠʠ ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʬʨʘʛʤʝʥʪʦʚ. 

ʅʘ ʨʠʩ. 2 ʜʣʷ ʅɻ, ʟʘʧʠʩʘʥʥʳʭ ʩ ʩʝʨʠʠ ʦʙʨʘʟʦʚ ʩ ʠʩʭʦʜʥʳʤ ʨʘʜʠʫʩʦʤ 

ʢʦʨʨʝʣʷʮʠʠ r=10 ʧʢʩ, ʜʘʥʳ ʦʮʝʥʢʠ: ʪʝʦʨʝʪʠʯʝʩʢʘʷ (2) ʠ ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ: ʜʣʷ ʥʝʦʛʨʘʥʠʯʝʥʥʦʛʦ ɼɼ ʠ ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ 

ɼɼ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʦʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʟʘʧʠʩʠ ʫʞʝ ʜʣʷ ʧʝʨʚʦʡ ʅɻ 

ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩ ʨʝʞʝʢʮʠʝʡ ʥʫʣʝʚʦʡ ʯʘʩʪʦʪʳ ʚ ʩʦʚʤʝʩʪʥʦʤ ʩʧʝʢʪʨʝ. 

 
 

ʈʠʩ. 1. 4f-ʩʭʝʤʘ ʛʦʣʦʛʨʘʬʠʠ ʌʫʨʴʝ  

ʧʨʠ ʟʘʧʠʩʠ ʥʘʣʦʞʝʥʥʳʭ ʛʦʣʦʛʨʘʤʤ  

ʧʦ ʩʭʝʤʝ ʩʦʚʤʝʩʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚʳʷʚʣʝʥʠʷ ʦʪ ʯʠʩʣʘ ʅɻ ʜʣʷ ʦʙʲʝʤʥʦʡ ʈʉ: 

ʣʠʥʠʷ ï ʪʝʦʨʝʪʠʯʝʩʢʘʷ, ʪʦʯʢʠ ï ʯʠʩʣʝʥʥʳʡ 

ʵʢʩʧʝʨʠʤʝʥʪ 
ʀʟ ʨʠʩ. 2 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʤʘʣʦʤ ʯʠʩʣʝ ʅɻ, ʢʦʛʜʘ r ʧʨʝʚʳʰʘʝʪ 3 ʦʪʩʯʝʪʘ, 

ʦʮʝʥʢʠ ʩʦʚʧʘʜʘʶʪ, ʧʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ʨʘʜʠʫʩʘ ʢʦʨʨʝʣʷʮʠʠ ʩ ʨʦʩʪʦʤ 

ʯʠʩʣʘ ʅɻ, ʨʦʩʪ ʦʮʝʥʢʠ ʩ ʟʘʤʝʜʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʰʫʤʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʬʦʥʘ. 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʈʌʌʀ, ʧʨʦʝʢʪʳ 15-01-04111-ʘ ʠ 18-01-00676-ʘ. 
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ʅ.ʅ. ɽɺʊʀʍʀɽɺ, ɽ.ɸ. ʂʋʈɹɸʊʆɺɸ, ʇ.ɸ. ʏɽʈɪʄʍʀʅ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʌʀè 

 

ʂɺɸʅʊʆɺɸʅʀɽ ʂʆʕʌʌʀʎʀɽʅʊʆɺ ʇʈʀ ɺɽʁɺʃɽʊ-

ʉɾɸʊʀʀ ɺʅɽʆʉɽɺʓʍ ʎʀʌʈʆɺʓʍ ɻʆʃʆɻʈɸʄʄ 
 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʳ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʩʞʘʪʠʷ ʮʠʬʨʦʚʳʭ ʛʦʣʦʛʨʘʤʤ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʬʠʣʴʪʨʘʮʠʠ ʧʦʨʷʜʢʦʚ ʜʠʬʨʘʢʮʠʠ, ʚʝʡʚʣʝʪʘʭ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ 

ʩʞʘʪʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 

ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʩʞʘʪʠʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʙʦʣʝʝ 180 ʨʘʟ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʪʝʨʘʪʠʚʥʦʛʦ ʠ ʥʝʠʪʝʨʘʪʠʚʥʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

 

N.N. EVTIKHIEV, E.A. KURBATOVA, P.A. CHEREMKHIN 
National Research Nuclear University MEPhI (Moscow Engineering Physics Institute) 

 

COEFFICIENTS QUANTIZATION AT OFF-AXIS DIGITAL 

HOLOGRAM  WAVELET COMPRESSION  
 

In paper the combined methods of digital hologram compression based on 

undesirable diffraction orders elimination, wavelets and additional processing of 

coefficients are proposed. Obtained results show possibility of 180 and more times 

compression using iterative and noniterative coefficients quantization. 

 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʮʠʬʨʦʚʳʭ ʛʦʣʦʛʨʘʤʤ ʠ ʩʥʠʞʝʥʠʷ 

ʦʙʲʸʤʦʚ ʘʨʭʠʚʥʦʡ ʧʘʤʷʪʠ, ʪʨʝʙʫʝʤʦʡ ʜʣʷ ʠʭ ʭʨʘʥʝʥʠʷ, ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ 

ʩʞʘʪʠʝ ʛʦʣʦʛʨʘʤʤ. ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʤʝʪʦʜʦʚ ʩʞʘʪʠʷ 

ʛʦʣʦʛʨʘʤʤ [1-5], ʚ ʪʦʤ ʯʠʩʣʝ ʩʢʘʣʷʨʥʳʝ [1-2], ʚʝʢʪʦʨʥʳʝ [1-2], 
ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ (ʢʦʩʠʥʫʩʥʦʤ, ʚʝʡʚʣʝʪʥʦʤ ʠ ʜʨ. [3-5]). 

ɼʣʷ ʟʘʜʘʯ ʩʞʘʪʠʷ ʚʥʝʦʩʝʚʳʭ ʮʠʬʨʦʚʳʭ ʛʦʣʦʛʨʘʤʤ ʚ ʨʘʙʦʪʝ 

ʧʨʝʜʣʦʞʝʥʳ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ, ʚʢʣʶʯʘʶʱʠʝ ʬʠʣʴʪʨʘʮʠʶ 

ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʧʦʨʷʜʢʦʚ ʜʠʬʨʘʢʮʠʠ, ʨʘʟʜʝʣʝʥʠʝ ʬʫʨʴʝ-ʩʧʝʢʪʨʘ 

ʛʦʣʦʛʨʘʤʤʳ ʥʘ ʬʘʟʦʚʫʶ ʠ ʘʤʧʣʠʪʫʜʥʫʶ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʚʝʡʚʣʝʪ-

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʦʙʝʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʞʘʪʠʝ ʚʝʡʚʣʝʪ-

ʢʦʵʬʬʠʮʠʝʥʪʦʚ [5]. ʈʘʥʝʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʪʦʣʴʢʦ ʯʘʩʪʴ 

ʫʢʘʟʘʥʥʳʭ ʵʪʘʧʦʚ ʠ ʧʨʠ ʵʪʦʤ ʜʣʷ ʟʘʜʘʯ ʩʞʘʪʠʷ ʦʩʝʚʳʭ ʛʦʣʦʛʨʘʤʤ [1, 3, 6]. 

ɼʣʷ ʘʥʘʣʠʟʘ ʚʝʡʚʣʝʪʥʳʭ ʵʪʘʧʦʚ ʩʞʘʪʠʷ ʨʝʘʣʠʟʦʚʘʥʳ 14 ʤʝʪʦʜʦʚ ʥʘ 

ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʚʝʡʚʣʝʪʦʚ ʍʘʘʨʘ, ɼʦʙʝʰʠ, 

ʄʝʡʝʨʘ, ʙʠʦʨʪʦʛʦʥʘʣʴʥʳʭ, ʦʙʨʘʪʥʦ ʙʠʦʨʪʦʛʦʥʘʣʴʥʳʭ, ʢʦʠʬʣʝʪʦʚ ʠ 

ʩʠʤʣʝʪʦʚ. ʊʘʢʞʝ ʨʝʘʣʠʟʦʚʘʥʳ ʤʝʪʦʜʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʞʘʪʠʷ ʚʝʡʚʣʝʪ-

ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʠʭ ʧʦʨʦʛʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʠ ʠʪʝʨʘʪʠʚʥʦʝ ʠ 
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ʥʝʠʪʝʨʘʪʠʚʥʦʝ ʢʚʘʥʪʦʚʘʥʠʝ. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʟʘʧʠʩʘʥʥʦʡ [7] ʮʠʬʨʦʚʦʡ ʛʦʣʦʛʨʘʤʤʳ, 

ʩʞʘʪʦʡ ʚʝʡʚʣʝʪʦʤ ʍʘʘʨʘ. 70% ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʙʥʫʣʝʥʳ ʧʦ ʧʦʨʦʛʫ ʠ  

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʞʘʪʳ ʥʝʠʪʝʨʘʪʠʚʥʦ (ʨʘʚʥʦʤʝʨʥʳʤ ʢʚʘʥʪʦʚʘʥʠʝʤ ʧʦ 

ʫʨʦʚʥʶ, ʨʠʩ. 1ʙ, ʛ) ʠ ʠʪʝʨʘʪʠʚʥʦ (ʤʝʪʦʜʦʤ ʜʠʥʘʤʠʯʝʩʢʠʭ ʷʜʝʨ, ʨʠʩ. 1ʘ, ʚ) 

ʇʦʣʫʯʝʥʥʳʝ ʤʘʩʩʠʚʳ ʜʘʥʥʳʝ ʩʞʘʪʳ ʚ 182 (ʘ, ʙ) ʠ ʚ 51 (ʚ, ʛ) ʨʘʟ. 

 

    
ʘ) ʙ) ʚ) ʛ) 

ʈʠʩ. 1. ɺʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʦʙʲʝʢʪ ʩ ʛʦʣʦʛʨʘʤʤʳ, ʩʞʘʪʦʡ ʚʝʡʚʣʝʪʦʤ ʍʘʘʨʘ  

ʩ ʠʪʝʨʘʪʠʚʥʳʤ (ʘ, ʚ) ʠ ʥʝʠʪʝʨʘʪʠʚʥʳʤ (ʙ, ʛ) ʢʚʘʥʪʦʚʘʥʠʝʤ ʜʦ 2 (ʘ, ʙ) ʠ 6 (ʚ, ʛ) ʙʠʪ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʳ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʩʞʘʪʠʷ 

ʮʠʬʨʦʚʳʭ ʛʦʣʦʛʨʘʤʤ ʥʘ ʦʩʥʦʚʝ ʯʘʩʪʦʪʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʠ ʨʘʟʣʠʯʥʦʡ 

ʚʝʡʚʣʝʪʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʇʦʣʫʯʝʥʦ ʩʞʘʪʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʛʦʣʦʛʨʘʤʤ ʜʦ 180 ʨʘʟ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʝʙʫʝʤʦʛʦ 

ʢʘʯʝʩʪʚʘ, ʩʢʦʨʦʩʪʠ ʠ ʯʠʩʣʘ ʛʨʘʜʘʮʠʡ, ʤʦʞʥʦ ʦʪʦʙʨʘʪʴ ʧʦʜʭʦʜʷʱʠʝ ʤʝʪʦʜʳ 

ʢʚʘʥʪʦʚʘʥʠʷ ʜʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʞʘʪʠʷ ʚʝʡʚʣʝʪ-ʢʦʵʬʬʠʮʠʝʥʪʦʚ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʈʌʌʀ), ʛʨʘʥʪ ˉ 16-07-00389. 
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ʅ.ʅ. ɽɺʊʀʍʀɽɺ, ɺ.ɺ. ʂʈɸʉʅʆɺ, ɸ.ɺ. ʐʀʌʈʀʅɸ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʌʀè 

 

ʄɽʊʆɼ ɸʉʉʀʄɽʊʈʀʏʅʆɻʆ ʆʇʊʀʏɽʉʂʆɻʆ 

ʂʆɼʀʈʆɺɸʅʀʗ ʀɿʆɹʈɸɾɽʅʀʁ  

ʉ ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʆ-ʅɽʂʆɻɽʈɽʅʊʅʓʄ ʆʉɺɽʑɽʅʀɽʄ 
 

ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʘʩʩʠʤʝʪʨʠʯʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʜʚʫʢʨʘʪʥʦʤ ʦʧʪʠʯʝʩʢʦʤ ʢʦʜʠʨʦʚʘʥʠʠ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʥʝʢʦʛʝʨʝʥʪʥʳʤ 

ʦʩʚʝʱʝʥʠʝʤ, ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʦʮʝʥʝʥʘ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

 

N.N. EVTIKHIEV , V.V. KRASNOV, A.V. SHIFRINA 
National Research Nuclear University MEPhI (Moscow Engineering Physics Institute) 

 

METHOD OF ASYMMETRIC OPTICAL ENCRYPTION  

OF IMAGES USING SPATIALLY INCOHERENT ILLUMINATION  
 

Method of asymmetrical image encryption based on double optical encryption with 

spatially-incoherent illumination is proposed. Numerical simulation of proposed method 

and evaluation of its efficiency are performed. 

 

ʄʝʪʦʜʳ ʦʧʪʠʯʝʩʢʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʚ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ. ɺʩʸ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʧʨʠʚʣʝʢʘʶʪ ʤʝʪʦʜʳ ʘʩʩʠʤʝʪʨʠʯʥʦʛʦ 

ʦʧʪʠʯʝʩʢʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʩ ʧʦʣʥʦʩʪʴʶ ʢʦʛʝʨʝʥʪʥʳʤ ʦʩʚʝʱʝʥʠʝʤ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʘʟʜʝʣʝʥʠʠ ʢʦʜʠʨʦʚʘʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʘʤʧʣʠʪʫʜʥʳʝ ʠ 

ʬʘʟʦʚʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ. ʆʜʥʘʢʦ ʜʣʷ ʦʧʪʠʯʝʩʢʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʥʝʢʦʛʝʨʝʥʪʥʳʤ ʦʩʚʝʱʝʥʠʝʤ ʪʘʢʠʝ ʤʝʪʦʜʳ ʥʝ 

ʧʨʠʤʝʥʠʤʳ, ʪ.ʢ. ʬʘʟʦʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʢʦʜʠʨʦʚʘʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʥʝ 

ʥʝʩʸʪ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʥʝ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʘʩʩʠʤʝʪʨʠʯʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʥʝʢʦʛʝʨʝʥʪʥʳʤ ʦʩʚʝʱʝʥʠʝʤ ʦʩʥʦʚʘʥ ʥʘ ʩʚʦʡʩʪʚʝ 

ʢʦʤʤʫʪʘʪʠʚʥʦʩʪʠ ʦʧʝʨʘʮʠʠ ʩʚʸʨʪʢʠ, ʣʝʞʘʱʝʡ ʚ ʦʩʥʦʚʝ ʧʨʦʮʝʩʩʘ 

ʢʦʜʠʨʦʚʘʥʠʷ: j)f(i,j)h(i,j)h(i,j)f(i, Ã=Ã  ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1. ʆʪʧʨʘʚʠʪʝʣʴ ʢʦʜʠʨʫʝʪ ʠʩʭʦʜʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ I ʩʚʦʠʤ ʢʣʶʯʦʤ 

ʢʦʜʠʨʦʚʘʥʠʷ k1 ʠ ʦʪʧʨʘʚʣʷʝʪ ʢʦʜʠʨʦʚʘʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ E1 ʧʦʣʫʯʘʪʝʣʶ. 

2. ʇʦʣʫʯʘʪʝʣʴ ʢʦʜʠʨʫʝʪ ʧʦʣʫʯʝʥʥʦʝ ʢʦʜʠʨʦʚʘʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ E1 

ʩʚʦʠʤ ʢʣʶʯʦʤ ʢʦʜʠʨʦʚʘʥʠʷ k2 ʠ ʚʦʟʚʨʘʱʘʝʪ ʜʚʫʢʨʘʪʥʦ ʢʦʜʠʨʦʚʘʥʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ E12 ʦʪʧʨʘʚʠʪʝʣʶ. 
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3. ʆʪʧʨʘʚʠʪʝʣʴ ʜʝʢʦʜʠʨʫʝʪ ʜʚʫʢʨʘʪʥʦ ʢʦʜʠʨʦʚʘʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ E12 ʩ 

ʧʦʤʦʱʴʶ ʩʚʦʝʛʦ ʢʣʶʯʘ ʢʦʜʠʨʦʚʘʥʠʷ k1 ʠ ʦʪʧʨʘʚʣʷʝʪ ʢʦʜʠʨʦʚʘʥʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ E2 ʧʦʣʫʯʘʪʝʣʶ; 

4. ʇʦʣʫʯʘʪʝʣʴ ʜʝʢʦʜʠʨʫʝʪ ʢʦʜʠʨʦʚʘʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ E2 ʩ ʧʦʤʦʱʴʶ 

ʩʚʦʝʛʦ ʢʣʶʯʘ ʢʦʜʠʨʦʚʘʥʠʷ k2 ʠ ʧʦʣʫʯʘʝʪ ʠʩʭʦʜʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ I. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʥʝʟʘʱʠʱʸʥʥʳʤ ʢʘʥʘʣʘʤ ʩʚʷʟʠ ʧʝʨʝʜʘʶʪʩʷ ʪʦʣʴʢʦ 

ʢʦʜʠʨʦʚʘʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ E1, E12 ʠ E2, ʥʦ ʥʝ ʢʣʶʯʠ k1 ʠ k2. 

ʆʙʝ ʦʧʝʨʘʮʠʠ ʢʦʜʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʦʧʪʠʯʝʩʢʠ, ʦʜʥʘʢʦ 

ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʠʟʢʦʤʫ ʟʥʘʯʝʥʠʶ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ (ʆʉʐ) 

ʜʝʢʦʜʠʨʦʚʘʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ɹʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʦʧʪʠʯʝʩʢʘʷ 

ʨʝʘʣʠʟʘʮʠʷ ʪʦʣʴʢʦ ʧʝʨʚʦʡ ʦʧʝʨʘʮʠʠ ʢʦʜʠʨʦʚʘʥʠʷ, ʚʪʦʨʘʷ ʞʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʠʩʣʝʥʥʦ. ʊʦʛʜʘ ʚʪʦʨʦʡ ʢʣʶʯ ʢʦʜʠʨʦʚʘʥʠʷ ʥʝ ʦʢʘʟʳʚʘʝʪ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠ̫ ʥʠʷ ʥʘ ʆʉʐ, ʠ ʦʥʦ ʟʘʚʠʩʠʪ ʣʠʰʴ ʦʪ ʧʝʨʚʦʛʦ ʢʣʶʯʘ.  

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʤʝʨʳ ʠʩʭʦʜʥʦʛʦ, ʢʦʜʠʨʦʚʘʥʥʳʭ ʠ 

ʜʝʢʦʜʠʨʦʚʘʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʘ ʪʘʢ ʞʝ ʢʣʶʯʠ ʢʦʜʠʨʦʚʘʥʠʷ. 
 

   

 

ʘ ʙ ʚ 

   
ʛ ʜ ʝ ʞ 

ʈʠʩ. 1. ʀʩʭʦʜʥʦʝ (ʘ) ʠʟʦʙʨʘʞʝʥʠʝ, ʧʝʨʚʳʡ (ʙ) ʠ ʚʪʦʨʦʡ (ʚ) ʢʣʶʯʠ ʢʦʜʠʨʦʚʘʥʠʷ, 

ʦʜʥʦʢʨʘʪʥʦ (ʛ) ʠ ʜʚʫʢʨʘʪʥʦ (ʜ) ʢʦʜʠʨʦʚʘʥʥʳʝ, ʘ ʪʘʢ ʞʝ ʦʜʥʦʢʨʘʪʥʦ (ʝ) ʠ ʜʚʫʢʨʘʪʥʦ 

(ʞ) ʜʝʢʦʜʠʨʦʚʘʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ 
 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʜʣʷ 

ʘʩʩʠʤʝʪʨʠʯʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʩ ʧʝʨʚʦʡ ʦʧʪʠʯʝʩʢʦʡ, ʘ ʚʪʦʨʦʡ ʯʠʩʣʝʥʥʦʡ 

ʦʧʝʨʘʮʠʷʤʠ ʢʦʜʠʨʦʚʘʥʠʷ ʆʉʐ ʜʝʢʦʜʠʨʦʚʘʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʆʉʐ ʜʝʢʦʜʠʨʦʚʘʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʥʝʢʦʛʝʨʝʥʪʥʳʤ ʦʩʚʝʱʝʥʠʝʤ. 
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ʇ.ɸ. ʀɺɸʅʆɺ 
ʗʨʦʩʣʘʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ʂɺɸɼʈɸʊʀʏʅʓɽ ʌʀʃʔʊʈʓ ɺ ɿɸɼɸʏɸʍ 

ʈɸʉʇʆɿʅɸɺɸʅʀʗ ʀɿʆɹʈɸɾɽʅʀʁ  

ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʆʇʊʀʂʆ-ʕʃɽʂʊʈʆʅʅʓʍ 

ʂʆʈʈɽʃʗʊʆʈʆɺ 
 

ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʇʕɺʄ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʜʚʫʤʝʨʥʳʭ 

ʧʦʣʫʪʦʥʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʜʚʝʨʛʥʫʪʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ, ʩ 

ʧʦʤʦʱʴʶ ʢʚʘʜʨʘʪʠʯʥʳʭ ʩʦʩʪʘʚʥʳʭ ʬʠʣʴʪʨʦʚ. 
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QUADRATIC FILTERS IN PROBLEMS  

OF IMAGES RECOGNITION WITH USAGE  

OF OPTOELECTRONIC CORRELATORS  
 

The results of PC modeling of 2D grayscale images with geometrical deformations 

recognition are given. There were used quadratic distortion invariant correlation filters.   

 

ʇʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʘʵʨʦʬʦʪʦʩʲʝʤʢʝ ʤʝʩʪʥʦʩʪʠ ʠʣʠ ʦʙʲʝʢʪʦʚ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʜʚʠʞʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʧʪʠʢʦʵʣʝʢʪʨʦʥʥʳʭ ʢʦʨʨʝʣʷʪʦʨʦʚ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚ ʩʚʷʟʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʝʘʣʠʟʘʮʠʠ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʠ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʧʪʠʢʠ, ʘ ʪʘʢʞʝ 

ʚ ʩʚʷʟʠ ʩ ʥʘʣʠʯʠʝʤ ʭʦʨʦʰʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ʢʘʢ 

ʦʧʪʠʯʝʩʢʦʡ, ʪʘʢ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʜʩʠʩʪʝʤ ʧʦʜʦʙʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ʆʩʥʦʚʥʦʡ ʬʫʥʢʮʠʝʡ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʷʚʣʷʝʪʩʷ ʚʳʯʠʩʣʝʥʠʝ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʩ ʵʪʘʣʦʥʥʳʤ ʦʙʲʝʢʪʦʤ. 

ɼʦʚʦʣʴʥʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʠ ʧʦʧʫʣʷʨʥʳʤ ʚʘʨʠʘʥʪʦʤ ʚʳʙʦʨʘ ʵʪʘʣʦʥʘ 

ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʦʩʪʘʚʥʦʛʦ ʠʥʚʘʨʠʘʥʪʥʦʛʦ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ 

ʬʠʣʴʪʨʘ [1].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʢʚʘʜʨʘʪʠʯʥʳʝ ʠʥʚʘʨʠʘʥʪʥʳʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʬʠʣʴʪʨʳ (ʂʌ):  
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ɿʜʝʩʴ F - ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʳʨʘʞʝʥʠʷ,  

F
-1
 -ʦʙʨʘʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ, ʟʥʘʢ * - ʢʦʤʧʣʝʢʩʥʦʝ ʩʦʧʨʷʞʝʥʠʝ,  

fi, bi -ʥʘʠʙʦʣʴʰʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʪʨʠʮʘʪʝʣʴʥʳʝ 

ʩʦʙʩʪʚʝʥʥʳʝ ʚʝʢʪʦʨʘ (ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʚʳʭ N1, ʚʪʦʨʳʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, N2 

ʰʪʫʢ), x(m,n) - ʧʦʜʘʚʘʝʤʦʝ ʥʘ ʚʭʦʜ ʠʟʦʙʨʘʞʝʥʠʝ 

ɹʣʦʢ-ʩʭʝʤʘ ʨʝʘʣʠʟʘʮʠʠ ʬʠʣʴʪʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩ. 1. ɹʣʦʢ-ʩʭʝʤʘ ʨʝʘʣʠʟʘʮʠʠ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʬʠʣʴʪʨʘ 

 

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʢʦʤʧʴʶʪʝʨʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʜʚʝʨʛʥʫʪʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ ʧʦʚʦʨʦʪʘ ʠ ʠʟʤʝʥʝʥʠʶ ʤʘʩʰʪʘʙʘ, ʘ ʪʘʢʞʝ 

ʤʝʞʢʣʘʩʩʦʚʦʤʫ ʨʘʩʧʦʟʥʘʚʘʥʠʶ ʠʟʦʙʨʘʞʝʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʦʟʚʦʣʷʶʪ ʥʘʜʝʷʪʴʩʷ ʥʘ ʫʩʧʝʰʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʩʦʩʪʘʚʥʳʭ ʬʠʣʴʪʨʦʚ ʜʣʷ 

ʧʦʜʦʙʥʦʛʦ ʢʣʘʩʩʘ ʟʘʜʘʯ. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Vijaya Kumar B.V.K.. Tutorial survey of composite filter design for optical correlators // 

Appl. Opt. 1992. V.31. P.4773-4801. 
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1ʉʘʤʘʨʩʢʠʡ ʬʠʣʠʘʣ ʌʠʟʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠʤ. ʇ.ʅ. ʃʝʙʝʜʝʚʘ ʈɸʅ 
2ʉʘʤʘʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʉ.ʇ. ʂʦʨʦʣʝʚʘ 

 

ʈɸɿʈɸɹʆʊʂɸ ʌɸɿʆɺʓʍ ʌʀʃʔʊʈʆɺ  

ɼʃʗ 3D ʃʆʂɸʃʀɿɸʎʀʀ ʊʆʏɽʏʅʓʍ ʀɿʃʋʏɸʊɽʃɽʁ 

 
ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʭʦʜʝ ʨʘʟʨʘʙʦʪʢʠ ʬʘʟʦʚʳʭ ʬʠʣʴʪʨʦʚ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʜʚʫʭʣʝʧʝʩʪʢʦʚʳʭ ʩʚʝʪʦʚʳʭ ʧʦʣʝʡ. ɼʘʥʥʳʝ ʩʚʝʪʦʚʳʝ ʧʦʣʷ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʜʣʷ 

ʟʘʜʘʯ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʩ ʮʝʣʴʶ 3D ʣʦʢʘʣʠʟʘʮʠʠ ʪʦʯʝʯʥʳʭ 

ʠʟʣʫʯʘʪʝʣʝʡ. ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʬʘʟʦʚʳʝ ʬʠʣʴʪʨʳ ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ 

ʦʧʪʠʢʠ ʩʧʠʨʘʣʴʥʳʭ ʧʫʯʢʦʚ.  
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PHASE FILTERS FOR 3D LOCAL IZATION  

OF POINT LIGHT SOURC ES 
 

The results presented have been obtained by means of both numerical simulation 

and experiments being carried out in the development of phase filters aimed to form 

two-lobe light fields. These light fields can be applied in solving the fluorescence 

microscopy problems with the purpose of the 3D localization of the point light emitters. 

The phase filters under consideration are based on the spiral beams optics. 

 

ʇʨʦʜʦʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʤʠʢʨʦʩʢʦʧʦʚ 

ʤʦʞʝʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥʦ ʟʘ ʩʯʝʪ ʤʦʜʠʬʠʢʘʮʠʠ ʦʧʪʠʯʝʩʢʦʡ ʧʝʨʝʜʘʪʦʯʥʦʡ 

ʬʫʥʢʮʠʠ ʩʠʩʪʝʤʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʠʟʦʙʨʘʞʝʥʠʝ ʪʦʯʝʯʥʦʛʦ ʦʙʲʝʢʪʘ 

ʤʝʥʷʣʦʩʴ ʩ ʠʟʤʝʥʝʥʠʝʤ ʧʨʦʜʦʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʳ. ʊʘʢʦʛʦ ʵʬʬʝʢʪʘ ʤʦʞʥʦ 

ʜʦʩʪʠʯʴ, ʚʚʝʜʷ ʚ ʩʠʩʪʝʤʫ ʬʘʟʦʚʳʡ ʬʠʣʴʪʨ, ʧʨʝʦʙʨʘʟʫʶʱʠʡ ʠʟʣʫʯʝʥʠʝ ʦʪ 

ʪʦʯʝʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚ ʩʚʝʪʦʚʦʝ ʧʦʣʝ ʩ ʜʚʫʤʷ ʚʳʜʝʣʝʥʥʳʤʠ ʤʘʢʩʠʤʫʤʘʤʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ (ʛʘʥʪʝʣʝʧʦʜʦʙʥʦʝ ʠʣʠ ʜʚʫʭʣʝʧʝʩʪʢʦʚʦʝ ʧʦʣʝ), 

ʚʨʘʱʘʶʱʝʝʩʷ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ [1, 2]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʜʦʣʴʥʦʝ 

ʧʦʣʦʞʝʥʠʝ ʪʦʯʝʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʦʨʠʝʥʪʘʮʠʠ 

ʢʘʨʪʠʥʳ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʡ ʚ ʧʣʦʩʢʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ 
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ʧʦʩʚʷʱʝʥʘ ʧʦʠʩʢʫ ʧʨʦʧʫʩʢʘʥʠʷ ʬʘʟʦʚʦʛʦ ʬʠʣʴʪʨʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ 

ʵʬʬʝʢʪʠʚʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʫʢʘʟʘʥʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʜʚʫʭʣʝʧʝʩʪʢʦʚʦʝ ʧʦʣʝ ʩ ʚʨʘʱʝʥʠʝʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʙʣʠʟʠ ʧʣʦʩʢʦʩʪʠ ʬʦʢʫʩʠʨʦʚʢʠ ʤʦʞʥʦ ʩ 

ʧʦʤʦʱʴʶ ʬʘʟʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʧʠʨʘʣʴʥʦʛʦ ʧʫʯʢʘ 

[3]. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʨʘʩʩʯʠʪʘʥʳ ʬʘʟʦʚʳʝ ʤʘʩʢʠ, ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ [4]. ʇʦʣʫʯʝʥʥʦʝ ʧʦʣʝ ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ ʩʪʨʫʢʪʫʨʫ ʧʨʠ 

ʬʦʢʫʩʠʨʦʚʢʝ ʚ ʦʙʣʘʩʪʠ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʢʦʥʬʦʢʘʣʴʥʳʤ ʧʘʨʘʤʝʪʨʦʤ. 

ʀʩʩʣʝʜʦʚʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʚʝʪʦʚʳʭ ʧʦʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ 

ʥʘʣʠʯʠʠ ʘʤʧʣʠʪʫʜʥʳʭ ʠ ʬʘʟʦʚʳʭ ʠʩʢʘʞʝʥʠʡ. ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦ ʚʣʠʷʥʠʶ ʘʤʧʣʠʪʫʜʥʳʭ 

ʠʩʢʘʞʝʥʠʡ, ʥʘ ʨʠʩ. 2 ï ʬʘʟʦʚʳʭ ʠʩʢʘʞʝʥʠʡ.  
 

  
ʈʠʩ. 1. ʆʩʚʝʱʝʥʠʝ ʬʘʟʦʚʦʛʦ ʵʣʝʤʝʥʪʘ 

ʩʤʝʱʝʥʥʳʤ ʧʫʯʢʦʤ ʩ ɻʘʫʩʩʦʚʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. 

ɺʝʨʭʥʠʡ ʨʷʜ ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʚʝʱʘʶʱʝʛʦ ʧʫʯʢʘ, 

ʥʠʞʥʠʡ ʨʷʜ ï ʧʦʣʫʯʝʥʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʧʣʦʩʢʦʩʪʠ 

ʬʦʢʫʩʠʨʦʚʢʠ, ʯʠʩʣʘ ï ʚʝʣʠʯʠʥʘ 

ʩʤʝʱʝʥʠʷ ʧʫʯʢʘ ʦʪ ʮʝʥʪʨʘ ʬʘʟʦʚʦʛʦ 

ʵʣʝʤʝʥʪʘ 

 

ʈʠʩ. 2. ɺʣʠʷʥʠʝ ʘʩʪʠʛʤʘʪʠʟʤʘ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʚʫʭʣʝʧʝʩʪʢʦʚʦʛʦ ʧʦʣʷ. 

ɺʝʨʭʥʠʡ ʨʷʜ ʬʘʟʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ 

ʛʨʘʜʘʮʠʷʭ ʩʝʨʦʛʦ (ʬʘʟʦʚʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʷ + ʘʩʪʠʛʤʘʪʠʟʤ ʩ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʝʣʠʯʠʥʦʡ ʘʤʧʣʠʪʫʜʳ 

ʘʙʝʨʨʘʮʠʠ), ʥʠʞʥʠʡ ʨʷʜ ï ʧʦʣʫʯʝʥʥʳʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʧʣʦʩʢʦʩʪʠ ʬʦʢʫʩʠʨʦʚʢʠ, 

ʯʠʩʣʘ ï ʚʝʣʠʯʠʥʳ ʘʤʧʣʠʪʫʜʳ 

ʘʩʪʠʛʤʘʪʠʟʤʘ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 16-29-11809) ʠ 

ʧʨʦʛʨʘʤʤʳ ʆʌʅ ʈɸʅ. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
1. Pavani S.R.P., Thompson M.A., et. al. // PNAS. 2009. V.106 (9). P.2995-2999. 

2. Naumov A.V., Eremchev I.Y., Gorshelev A.A. // European Physical Journal D. 2014. 

V.68 (11). P.348. 
3. Abramochkin E.G., Volostnikov V.G. // Physics-Uspekhi. 2004. V.47 (12). P.1177-1203. 

4. Volostnikov V.G., Vorontsov E.N., et al. // Bulletin of the RAS: Physics. 2016. V.80 (7). 

P.766-769. 
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ɹ.ɺ. ʉʆʂʆʃɽʅʂʆ, ʉ.ʀ. ʍɸʃʀʃʆɺ,  

ɸ.ɺ. ʇʈʀʉʗɾʅʖʂ, ɼ.ɸ. ʇʆʃɽʊɸɽɺ 
ʂʨʳʤʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ, ʉʠʤʬʝʨʦʧʦʣʴ 

 

ɺʀʍʈɽɺɸʗ ʀʅʊɽʈʌɽʈɽʅʎʀʆʅʅɸʗ ʄʀʂʈʆʉʂʆʇʀʗ  

ʅɸ ʆʉʅʆɺɽ ʇʋʏʂʆɺ ʃɸɻɽʈʈɸ-ɻɸʋʉʉɸ 

 
ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʬʘʟʳ ʢʦʛʝʨʝʥʪʥʳʭ ʧʫʯʢʦʚ, ʧʝʨʝʥʦʩʷʱʠʭ 

ʦʧʪʠʯʝʩʢʠʡ ʚʠʭʨʴ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚ ʠʟʦʪʨʦʧʥʦʡ ʩʨʝʜʝ ʩʦ ʩʣʦʞʥʳʤ 

ʤʠʢʨʦʨʝʣʴʝʬʦʤ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʠ ʚ ʤʠʢʨʦʩʢʦʧʠʠ ʩʚʝʨʭʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ. ʆʧʨʝʜʝʣʝʥʘ ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʤʠʢʨʦʩʢʦʧʘ ʥʘ ʦʩʥʦʚʝ 

ʬʘʟʦʚʦʡ ʩʠʥʛʫʣʷʨʥʦʩʪʠ ʧʫʯʢʦʚ ʃʘʛʝʨʨʘ-ɻʘʫʩʩʘ ʥʠʟʰʝʛʦ ʧʦʨʷʜʢʘ, ʚʝʨʪʠʢʘʣʴʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʠʣʦ 5,27 ʥʤ ʜʣʷ ʛʝʣʠʡ-ʥʝʦʥʦʚʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʩʪʦʯʥʠʢʘ. 

 

B.V. SOKOLENKO, S.I. KHALILOV ,  

A.V. PRISYAZHNIUK, D.A. POLETAEV 
V.I. Vernadsky Crimean Federal University, Simferopol 

 

VORTEX INTERFEROMETRIC MICROSCOPY  

WITH LAGUERRE -GAUSSIAN BEAMS 
 

In the present research, we discuss the results of analysis of coherent light beams 

carrying an optical vortex and propagating through the isotropic medium with a complex 

surface microrelief and its application to super resolution microscopy. It was shown, that 

vertical resolution of a microscope based on the phase singularity of Laguerre-Gaussian 

beams of low order can be achieved down to 5,27 nm for helium-neon laser source. 

 

ʆʜʥʘ ʠʟ ʟʘʜʘʯ ʦʧʪʠʢʠ, ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʤʠʢʨʦʩʢʦʧʠʠ ʩʚʝʨʭʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ï ʧʨʝʦʜʦʣʝʥʠʝ ʦʛʨʘʥʠʯʝʥʠʡ, ʥʘʣʦʞʝʥʥʳʭ ʢʨʠʪʝʨʠʝʤ ʈʝʣʝʷ 

ʜʣʷ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ [1]. ɼʘʥʥʳʡ ʧʨʝʜʝʣ ʤʦʞʥʦ ʦʙʦʡʪʠ, ʧʨʠʤʝʥʷʷ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʩʢʘʣʷʨʥʦʛʦ ʧʦʣʷ ʬʘʟʳ ʩʠʥʛʫʣʷʨʥʦʛʦ ʧʫʯʢʘ, 

ʧʨʦʰʝʜʰʝʛʦ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʲʝʢʪ, ʣʠʙʦ ʦʪʨʘʞʝʥʥʳʡ ʦʪ ʥʝʛʦ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʬʘʟʳ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʛʝʦʤʝʪʨʠʠ 

ʧʨʦʬʠʣʷ ʧʦʚʝʨʭʥʦʩʪʠ [2].  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʦʮʝʥʢʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʬʘʟʳ ʩʠʥʛʫʣʷʨʥʦʛʦ ʧʫʯʢʘ 

ʃʘʛʝʨʨʘ-ɻʘʫʩʩʘ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʚ ʠʟʦʪʨʦʧʥʦʡ ʩʨʝʜʝ ʩʦ ʩʣʦʞʥʳʤ 

ʨʝʣʴʝʬʦʤ ʧʦʚʝʨʭʥʦʩʪʠ. ʌʘʟʦʚʳʡ ʧʨʦʬʠʣʴ ʩʠʥʛʫʣʷʨʥʦʛʦ ʧʫʯʢʘ 

ʯʨʝʟʚʳʯʘʡʥʦ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʤʘʣʝʡʰʠʤ ʠʩʢʘʞʝʥʠʷʤ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʪʦʣʱʠʥʝ ʩʨʝʜʳ, ʯʝʨʝʟ ʢʦʪʦʨʫʶ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʪʘʢʦʡ ʧʫʯʦʢ, ʯʪʦ 
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ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʨʘʟʥʦʩʪʠ ʦʧʪʠʯʝʩʢʦʛʦ ʭʦʜʘ ʤʝʞʜʫ ʦʧʦʨʥʳʤ ʠ ʧʨʝʜʤʝʪʥʳʤ 

ʧʫʯʢʘʤʠ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ [3, 4]. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ: ʨʘʚʥʦʧʣʝʯʠʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨ ʄʘʭʘ-

ʎʝʥʜʝʨʘ ʚ ʧʨʝʜʤʝʪʥʦʤ ʧʣʝʯʝ ʩʦʜʝʨʞʠʪ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ ʧʦʩʣʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʩʚʝʪʦʚʦʛʦ ʤʦʜʫʣʷʪʦʨʘ, ʥʘ ʢʦʪʦʨʳʡ ʪʨʘʥʩʣʠʨʫʝʪʩʷ 

ʬʘʟʦʚʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ; ʚ ʦʧʦʨʥʦʤ ʧʫʯʢʝ ʨʘʩʰʠʨʠʪʝʣʴ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʌʫʨʴʝ-ʬʠʣʴʪʨ ʧʦʟʚʦʣʷʶʪ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʫʶ ʢʘʨʪʠʥʫ, ʧʦʢʘʟʘʥʥʫʶ ʥʘ ʨʠʩ. 2. ɺ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʘ 

ʧʨʠʤʝʥʷʣʘʩʴ ʩʪʝʢʣʷʥʥʘʷ ʧʣʘʩʪʠʥʢʘ ʩʦ ʩʪʫʧʝʥʯʘʪʳʤ ʧʨʦʬʠʣʝʤ ʚʳʩʦʪʦʡ  

50 ʥʘʥʦʤʝʪʨʦʚ [5]. 
 

  
       ʈʠʩ. 1. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ:          ʈʠʩ. 2. ʀʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ  

L1,2,3,4 - ʣʠʥʟʳ, Bs1,2 - ʩʚʝʪʦʜʝʣʠʪʝʣʴʥʳʝ ʢʫʙʠʢʠ,           ʢʘʨʪʠʥʳ ʦʧʪʠʯʝʩʢʦʛʦ ʚʠʭʨʷ 

ʄ1,2 - ʟʝʨʢʘʣʘ, F ï ʬʠʣʴʪʨ, D - ʜʠʘʬʨʘʛʤʘ                        ʧʝʨʝʜ ʩʪʫʧʝʥʴʶ (ʘ)  

ʩ ʜʠʘʤʝʪʨʦʤ ʦʪʚʝʨʩʪʠʷ 1 ʤʤ                                              ʠ ʥʘ ʩʪʫʧʝʥʠ (ʙ) ʦʙʨʘʟʮʘ  

                                                                                              ʩ ʪʦʣʱʠʥʦʡ 50 ʥʤ   
 

ʇʦʚʦʨʦʪ ʬʘʟʦʚʦʡ ʩʧʠʨʘʣʠ ʦʙʨʘʟʮʘ, ʥʘʙʣʶʜʘʝʤʳʡ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʝ ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʤʠʢʨʦʩʢʦʧʘ 

ʥʘ ʦʩʥʦʚʝ ʩʠʥʛʫʣʷʨʥʳʭ ʧʫʯʢʦʚ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʠʣʘ 120l , ʛʜʝ ɚ ï ʜʣʠʥʘ 

ʚʦʣʥʳ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʜʣʷ He-Ne ʣʘʟʝʨʘ ɚ = 632,8 ʥʤ). 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʄ.ʉ. ʂʆɺɸʃɽɺ, ɻ.ʂ. ʂʈɸʉʀʅ,  

ʉ.ɹ. ʆɼʀʅʆʂʆɺ, ɸ.ɹ. ʉʆʃʆʄɸʐɽʅʂʆ 
ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ 

 

ʈɸʉʏɽʊ ɼʀʌʈɸʂʎʀʆʅʅʆɻʆ ʀʅʊɽɻʈɸʃɸ  

ʉ ʇʈʀʄɽʅɽʅʀɽʄ ʇʆʃʀʅʆʄʆɺ ʏɽɹʓʐɽɺɸ 
 

ʈʘʩʩʤʦʪʨʝʥ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʠʥʪʝʛʨʘʣʘ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ 

ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʷ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʠʥʦʤʦʚ ʏʝʙʳʰʝʚʘ. 

ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʷʤʦʛʦ ʤʝʪʦʜʘ ʨʘʩʯʝʪʘ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ 

ʠʥʪʝʛʨʘʣʘ ʩ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʚ ʩʪʘʪʴʝ ʤʝʪʦʜʦʤ ʨʘʩʯʝʪʘ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʧʨʠʤʝʥʝʥʠʠ 

ʧʦʣʠʥʦʤʦʚ ʏʝʙʳʰʝʚʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ 
ʘʥʘʣʠʟʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʯʝʨʝʟ ʦʧʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʩʚʝʪʦʚʳʭ ʧʫʯʢʦʚ ʩ 
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THE CALCULATION OF THE DIFFRACTION INTEGRAL 

USING CHEBYSHEV POLYNOMIALS  
 

The method of calculating the diffraction integral ensuring the required accuracy of 

the calculation using of Chebyshev polynomials are described in present article. 

Compare the results of the direct method of calculation of the diffraction integral and the 

developed in the article method of calculation, based on the use of Chebyshev 

polynomials. The obtained results can be used for the analysis of propagation light beam 

with a distorted wavefront through the optical system in the problem of optical 

diagnostics. 

 

ɺ ʩʚʷʟʠ ʩ ʙʫʨʥʳʤ ʨʘʟʚʠʪʠʝʤ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʠʩʪʝʤ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ 

ʠ ʠʥʬʦʨʤʘʪʠʢʠ [1], ʟʘʜʘʯ ʦʧʪʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ [2-4], ʵʣʝʤʝʥʪʦʚ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʦʧʪʠʢʠ [5] ʪʨʝʙʫʝʪʩʷ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʩʚʝʪʦʚʦʛʦ ʧʫʯʢʘ ʩ ʟʘʜʘʥʥʳʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʂʘʢ 

ʠʟʚʝʩʪʥʦ, ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʩʚʝʪʦʚʦʛʦ ʧʫʯʢʘ ʯʝʨʝʟ ʦʧʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ 

ʧʨʦʠʩʭʦʜʠʪ ʥʘʨʫʰʝʥʠʝ ʛʦʤʦʮʝʥʪʨʠʯʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʧʫʯʢʘ. ʕʪʠ 

ʠʟʤʝʥʝʥʠʷ ʩʚʷʟʳʚʘʶʪ ʩ ʥʘʨʫʰʝʥʠʝʤ ʩʬʝʨʠʯʥʦʩʪʠ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ 

ʠʩʭʦʜʥʦʛʦ ʧʫʯʢʘ ʠ ʧʨʠʚʦʜʷʪ ʢ ʝʛʦ ʠʩʢʘʞʝʥʠʷʤ, ʢʦʪʦʨʳʝ ʚʳʨʘʞʘʶʪʩʷ ʚ 

ʦʪʩʪʫʧʣʝʥʠʠ ʨʝʘʣʴʥʦʛʦ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʦʪ ʦʧʦʨʥʦʡ ʩʬʝʨʳ ʠʣʠ 

ʧʣʦʩʢʦʩʪʠ ʠ ʦʧʠʩʳʚʘʶʪʩʷ ʚʦʣʥʦʚʳʤʠ ʘʙʝʨʨʘʮʠʷʤʠ [6]. 
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ʇʦʵʪʦʤʫ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʚʳʩʦʢʦʪʦʯʥʳʭ ʆʕʇ 

ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʚʘʪʴ ʠ ʫʯʠʪʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʠʩʢʘʞʝʥʠʷ ʧʨʠ ʯʠʩʣʝʥʥʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʣʠ ʜʠʬʨʘʢʮʠʠ ʩʚʝʪʦʚʦʛʦ ʧʫʯʢʘ ʩ 

ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʚʳʯʠʩʣʝʥʠʠ 

ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʠʥʪʝʛʨʘʣʘ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʠʥʪʝʛʨʘʣʘ ʌʨʝʥʝʣʷ-

ʂʠʨʭʛʦʬʘ, ʥʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʧʨʘʢʪʠʯʝʩʢʠʡ 

ʠʥʪʝʨʝʩ, ʠʟ-ʟʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʪʨʫʜʥʦʩʪʝʡ ʧʨʠʭʦʜʠʪʩʷ ʧʨʠʙʝʛʘʪʴ ʢ 

ʧʨʠʙʣʠʞʝʥʥʳʤ ʠʣʠ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ. ʆʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ 

ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ ʢʨʘʝʚʳʭ ʚʦʣʥ, ʤʝʪʦʜ ʩʪʘʮʠʦʥʘʨʥʦʡ 

ʬʘʟʳ. 

ʇʦʵʪʦʤʫ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʟʘʜʘʯʘ ʨʘʟʚʠʪʠʷ ʪʝʦʨʠʠ ʌʨʝʥʝʣʷ-

ʂʠʨʭʛʦʬʘ ʩ ʮʝʣʴʶ ʨʘʩʰʠʨʝʥʠʷ ʧʨʝʜʝʣʦʚ ʝʝ ʧʨʠʤʝʥʝʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ 

ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʸʪʘ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʧʦʣʝʡ [7]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʷʤʦʛʦ ʨʘʩʯʝʪʘ 

ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʠʥʪʝʛʨʘʣʘ ʠ ʨʘʩʯʝʪʘ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʥʦʤʦʚ ʏʝʙʳʰʝʚʘ. 

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʤʥʦʛʦʯʣʝʥʘ ʯʝʨʝʟ ʧʦʣʠʥʦʤʳ ʏʝʙʳʰʝʚʘ 

ʧʦʟʚʦʣʷʝʪ ʧʦʥʠʟʠʪʴ ʝʛʦ ʧʦʨʷʜʦʢ ʠ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʤʥʦʛʦʯʣʝʥʦʤ 

ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʠ ʵʪʦʤ ʟʘʜʘʥʥʫʶ ʦʰʠʙʢʫ ʧʨʠʙʣʠʞʝʥʠʷ 

[8-9]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʥʘʫʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ: ʩʦʛʣʘʰʝʥʠʝ ˉ14.577.21.0258 ʦʪ 26 

ʩʝʥʪʷʙʨʷ 2017 ʛʦʜʘ (ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʧʨʦʝʢʪʘ RFMEFI57717X0258). 
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1ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 
2ʈʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʘʷ ʢʦʨʧʦʨʘʮʠʷ çʕʥʝʨʛʠʷè ʠʤ. ʉ.ʇ. ʂʦʨʦʣʝʚʘ, ʂʦʨʦʣʝʚ 

 

ʅɽʈɸɺʅʆɺɽʉʅɸʗ ʊɽʈʄʆɼʀʅɸʄʀʂɸ ɸʅʉɸʄɹʃʗ 

ʂʆɻɽʈɽʅʊʅʓʍ ɺʆʃʅʆɺʓʍ ʇʋʏʂʆɺ 
 

ʇʨʝʜʩʪʘʚʣʝʥ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʦʧʠʩʘʥʠʶ ʩʦʩʪʦʷʥʠʷ ʧʨʦʪʷʞʝʥʥʦʛʦ 

ʦʪʢʨʳʪʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʥʘ ʩʣʘʙʦ 

ʥʘʢʣʦʥʥʦʡ ʪʨʘʩʩʳ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʙʦʣʝʝ 1000 ʤʝʪʨʦʚ. ɼʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʨʝʬʨʘʢʮʠʦʥʥʳʭ ʠʩʢʘʞʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥ ʘʧʧʘʨʘʪ 

ʥʝʵʢʩʪʝʥʩʠʚʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʦʬʠʣʠ ʩʧʝʢʪʨʦʚ 

ʥʝʵʢʩʪʝʥʩʠʚʥʦʡ ʵʥʪʨʦʧʠʠ ʈʝʥʴʠ ʢʘʢ ʬʫʥʢʮʠʠ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ. 
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NON-EQUILIBRIUM THERMODYNAMICS  

OF THE ENSEMBLE OF COHERENT WAVE BEAMS  
 

Thermodynamical approach to the description of the state of the long distance free 

space optical channel is presented. The experimental results were obtained using the 

slightly slant path of approximately 1000 m length. The interpretation of the results as 

well as the prediction of the refractive distortions structure was carried out with the help 

of nonextensive statistical mechanics apparatus, particularly the profiles of nonextensive 

Renyi entropy considered to be a function of the system internal energy. 

 

ʆʪʢʨʳʪʳʡ ʦʧʪʠʯʝʩʢʠʡ ʢʘʥʘʣ ʨʘʩʩʤʦʪʨʠʤ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʝʞʠʤʝ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʙʲʝʤʦʚ, ʚ 

ʢʘʞʜʦʤ ʠʟ ʢʦʪʦʨʳʭ ʥʘ ʟʘʜʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʫʩʧʝʚʘʝʪ ʫʩʪʘʥʦʚʠʪʴʩʷ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ ʩ ʙʦʣʴʮʤʘʥʦʚʩʢʠʤ ʬʘʢʪʦʨʦʤ ɓ. ɼʣʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʘʟʙʠʝʥʠʷ ʪʨʘʩʩʳ ʜʦʧʫʩʪʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʚʝʨʦʷʪʥʦʩʪʠ ʜʣʷ ʙʦʣʴʮʤʘʥʦʚʩʢʦʛʦ ʬʘʢʪʦʨʘ p(ɓ), ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ 

ʫʩʣʦʚʠʶ ʥʦʨʤʠʨʦʚʢʠ ʠ ʩʦʛʣʘʩʫʶʱʝʝʩʷ ʩ ʦʙʱʝʧʨʠʥʷʪʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ 

ʤʦʜʝʣʷʤʠ [1]. ɸʥʘʣʠʟʠʨʫʝʤʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʚʳʙʦʨʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʘʜʨʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, 

ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʩ ʯʘʩʪʦʪʦʡ ʥʝ ʤʝʥʝʝ 1 ʢɻʮ ʠ ʵʢʩʧʦʟʠʮʠʝʡ ʥʝ ʙʦʣʝʝ 20 ʤʢʩ. 
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ʂʘʜʨ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʚʳʙʦʨʢʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʣʝʤʝʥʪʫ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʩʘʤʙʣʷ ʠ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥ ʢʘʢ ʨʝʘʣʠʟʘʮʠʷ 

ʜʚʫʤʝʨʥʦʛʦ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʛʨʫʙʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʚʳʧʦʣʥʠʤ 

ʩʪʝʧʝʥʥʫʶ ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʟʘʚʠʩʠʤʦʩʪʠ ʩʫʤʤʘʨʥʦʡ ʟʘʩʚʝʪʢʠ ʷʯʝʡʢʠ ʦʪ ʝʸ 

ʣʠʥʝʡʥʦʛʦ ʨʘʟʤʝʨʘ Ii(l) ~ l
Ŭi
, ʟʜʝʩʴ ʧʘʨʘʤʝʪʨ ʘʧʧʨʦʢʩʠʤʘʮʠʠ  

Ŭi - ʢʦʵʬʬʠʮʠʝʥʪ ʩʠʥʛʫʣʷʨʥʦʩʪʠ. ɺʚʝʜʝʤ ʩʧʝʢʪʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʠʥʛʫʣʷʨʥʦʩʪʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: N(Ŭ) ~ l
īf(Ŭ)
, ʚʝʣʠʯʠʥʘ f 

ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ ʨʘʟʤʝʨʥʦʩʪʴ ʍʘʫʩʜʦʨʬʘ, 

ʟʘʚʠʩʠʤʦʩʪʴ f(Ŭ) - ʩʧʝʢʪʨ ʩʠʥʛʫʣʷʨʥʦʩʪʠ [2, 3]. ɺ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ 

ʙʦʣʴʰʠʭ ʩʝʨʠʡ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʢʘʯʝʩʪʚʝʥʥʦʝ ʩʦʚʧʘʜʝʥʠʝ ʦʧʨʝʜʝʣʷʝʤʳʭ 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʘʜʨʦʚ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʬʠʣʝʡ ʩʧʝʢʪʨʦʚ ʨʘʟʤʝʨʥʦʩʪʝʡ ʚ 

ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʘʭ ʠ ʜʣʷ ʟʘʜʘʥʥʦʡ ʛʝʦʤʝʪʨʠʠ 

ʪʨʘʩʩʳ. 

ʆʧʨʝʜʝʣʠʤ ʦʙʦʙʱʝʥʥʫʶ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʩʫʤʤʫ Z(q,l)  

ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʘʥʩʘʤʙʣʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

()
()

() ()qŰq
lN

=i

i llP=qZ -ä
1

, ʟʜʝʩʴ Pi(l) - ʤʝʨʘ ʵʣʝʤʝʥʪʘ ʧʦʢʨʳʪʠʷ, ʚ ʯʘʩʪʥʦʤ 

ʩʣʫʯʘʝ ʩʫʤʤʘʨʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ. ɿʘʚʠʩʠʤʦʩʪʴ ʦʙʦʙʱʝʥʥʦʡ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʩʫʤʤʳ ʦʪ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ q ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʩʪʝʧʝʥʥʦʡ ʬʫʥʢʮʠʝʡ, ʚʚʦʜʷ 

ʧʦʥʷʪʠʝ ʦʙʦʙʱʝʥʥʦʡ ʬʨʘʢʪʘʣʴʥʦʡ ʝʤʢʦʩʪʠ ʠʣʠ ʨʘʟʤʝʨʥʦʩʪʠ,  

Dq - Z(q) ~ l
(q-1)D(q)

 ʧʨʠ q = 1. 

ʀʩʧʦʣʴʟʫʷ ʩʚʷʟʴ (q, Ű(q)) ʠ (Ŭ, f(Ŭ)) ʯʝʨʝʟ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʝʞʘʥʜʨʘ 

ʚʠʜʘ 
()

() (),qŰqŬ=Ŭf,
dq

qdŰ
=Ŭ -  ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʩʫʧʝʨʩʪʘʪʠʩʪʠʢʠ ʠ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: -q - 

ʦʙʨʘʪʥʘʷ ʙʦʣʴʮʤʘʥʦʚʩʢʘʷ ʵʢʩʧʦʥʝʥʪʘ, Ű (q) - ʩʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ,  

Ŭ - ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ, f(Ŭ) - ʵʥʪʨʦʧʠʷ ʩʠʩʪʝʤʳ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʚ ʨʘʙʦʪʝ ʤʝʪʦʜ ʦʮʝʥʢʠ "ʤʝʨʳ ʥʝʨʘʚʥʦʚʝʩʥʦʩʪʠ" ʯʝʨʝʟ 

ʠʟʤʝʥʝʥʠʝ ʧʨʦʬʠʣʷ ʩʧʝʢʪʨʘ ʵʥʪʨʦʧʠʠ ʈʝʥʴʠ ʥʝ ʪʨʝʙʫʝʪ ʧʨʦʮʝʜʫʨʳ 

ʥʘʢʦʧʣʝʥʠʷ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʤʛʥʦʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ 

ʤʦʞʝʪ ʙʳʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ ʦʮʝʥʢʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʦʪʢʨʳʪʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 
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ʌʆʊʆʅʀʂɸ: ʕʉʊɽʊʀʏɽʉʂʀʁ ɸʉʇɽʂʊ 
 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʬʠʟʠʯʝʩʢʠʝ ʧʨʠʯʠʥʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʵʩʪʝʪʠʯʝʩʢʦʝ 

ʚʦʩʧʨʠʷʪʠʝ ʬʨʘʢʪʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢ ʦʩʥʦʚʥʦʡ ʠʟ ʥʠʭ ʩʣʝʜʫʝʪ 

ʦʪʥʝʩʪʠ ʤʘʩʰʪʘʙʥʫʶ ʠʥʚʘʨʠʘʥʪʥʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʩʧʝʢʪʨʦʚ, ʢʦʪʦʨʘʷ 

ʧʨʠʩʫʱʘ ʤʥʦʛʠʤ ʬʨʘʢʪʘʣʴʥʳʤ ʩʪʨʫʢʪʫʨʘʤ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ 

ʩʦʚʨʝʤʝʥʥʦʡ ʬʦʪʦʥʠʢʠ. ʀʥʚʘʨʠʘʥʪʥʦʩʪʴ, ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʨʝʘʣʠʟʦʚʳʚʘʪʴ 

ʤʝʭʘʥʠʟʤ ʯʘʩʪʦʪʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʚ ʢʦʨʝ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʯʝʣʦʚʝʢʘ, ʚʳʟʳʚʘʷ ʫ ʥʝʛʦ 

ʯʫʚʩʪʚʦ ʚʥʫʪʨʝʥʥʝʡ ʛʘʨʤʦʥʠʠ ʠ ʢʨʘʩʦʪʳ. ʋʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʵʤʦʮʠʦʥʘʣʴʥʳʡ ʬʦʥ 

ʧʨʠ ʚʦʩʧʨʠʷʪʠʠ ʬʨʘʢʪʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʵʚʨʠʩʪʠʯʝʩʢʫʶ ʨʦʣʴ ʧʨʠ 

ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

 

P.V. KOROLENKO, R.T. KUBANOV, Yu.V. RYZHIKOVA  
Lomonosov Moscow State University 

 

PHOTONICS: AESTHETIC ASPECT  
 

The physical aspects that determine the aesthetic perception of fractal objects are 

analyzed. Particular attention is paid to the study of scale invariance of spatial spectra. It 

is inherent in many fractal structures used for solving the problems of modern photonics. 

Invariance allows to effectively implement the mechanism of frequency filtering in the 

cerebral cortex of a person causing him a sense of inner harmony and beauty. It is 

pointed out that the emotional background when perceiving fractal objects plays a 

positive heuristic role in the implementation of research activities. 

 

ʉʪʨʫʢʪʫʨʳ ʩ ʬʨʘʢʪʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʩʦʚʨʝʤʝʥʥʦʡ ʬʦʪʦʥʠʢʝ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʦʤʠʤʦ ʦʧʠʩʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʬʨʘʢʪʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ (ʩʤ., ʥʘʧʨʠʤʝʨ, [1]) ʥʘʰʣʠ ʦʩʚʝʱʝʥʠʝ 

ʵʬʬʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʭ ʵʩʪʝʪʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʯʝʣʦʚʝʢʘ [2]. 
ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ 

ʥʘʫʯʥʳʭ ʤʝʪʦʜʠʢ ʠ ʧʦʜʭʦʜʦʚ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʦʙʰʠʨʥʳʡ ʦʙʲʝʤ ʩʚʝʜʝʥʠʡ ʦ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ, ʥʝʡʨʦʥʥʳʭ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, 

ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʬʦʨʤʠʨʦʚʘʥʠʶ ʯʫʚʩʪʚʘ ʢʨʘʩʦʪʳ ʧʨʠ ʩʦʟʝʨʮʘʥʠʠ 
ʬʨʘʢʪʘʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʤʝʭʘʥʠʟʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʩʪʝʪʠʯʝʩʢʦʛʦ 

ʥʘʩʣʘʞʜʝʥʠʷ ʦʩʪʘʝʪʩʷ ʥʝʠʟʫʯʝʥʥʳʤ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʥʘʣʠʯʠʝ ʵʩʪʝʪʠʯʝʩʢʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʬʦʪʦʥʠʢʠ ʠʛʨʘʝʪ ʨʦʣʴ 

ʚʘʞʥʦʛʦ ʢʨʠʪʝʨʠʷ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. 
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ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʠʛʨʘʶʱʠʭ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʚ 

ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʯʫʚʩʪʚʘ ʢʨʘʩʦʪʳ ʠ ʧʨʝʢʨʘʩʥʦʛʦ. ɼʣʷ ʨʝʰʝʥʠʷ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʙʳʣʠ ʧʨʠʚʣʝʯʝʥʳ ʧʦʣʦʞʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ 

ʥʝʡʨʦʧʩʠʭʦʣʦʛʠʠ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʟʨʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʢʦʨʳ ʛʦʣʦʚʥʦʛʦ 

ʤʦʟʛʘ ʯʝʣʦʚʝʢʘ ʩʦʜʝʨʞʠʪ ʥʝʡʨʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʢʦʪʦʨʳʝ ʦʩʫʱʝʩʪʚʣʷʶʪ 

ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ ʟʨʠʪʝʣʴʥʳʭ ʩʠʛʥʘʣʦʚ. ʇʨʠʯʝʤ 

ʩʫʱʝʩʪʚʫʝʪ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʤʥʦʞʝʩʪʚʦ ʦʪʥʦʩʠʪʝʣʴʥʦ "ʫʟʢʠʭ" ʬʠʣʴʪʨʦʚ, 

ʥʘʩʪʨʦʝʥʥʳʭ ʥʘ ʚʦʩʧʨʠʷʪʠʝ ʨʘʟʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ. ɽʩʣʠ ʚ 

ʨʘʟʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʬʦʨʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʯʘʩʪʦʪ ʩʦʚʧʘʜʘʝʪ, ʪʦ ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʦ ʠ ʩ ʤʘʣʳʤʠ 

ʟʘʪʨʘʪʘʤʠ ʵʥʝʨʛʠʠ. ʕʪʦ ʬʦʨʤʠʨʫʝʪ ʯʫʚʩʪʚʦ ʢʦʤʬʦʨʪʘ, ʚʳʟʳʚʘʶʱʝʝ 

ʚʦʟʙʫʞʜʝʥʠʝ ʚ ʢʦʨʝ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʮʝʥʪʨʦʚ ʫʜʦʚʦʣʴʩʪʚʠʷ, ʩʦʧʨʷʞʝʥʥʳʭ 

ʩ ʦʱʫʱʝʥʠʝʤ ʢʨʘʩʦʪʳ. ʅʘʣʠʯʠʝ ʞʝ ʵʩʪʝʪʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪʳ ʫʣʫʯʰʘʝʪ 

ʢʨʝʘʪʠʚʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ʠʥʜʠʚʠʜʫʫʤʘ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣ ʩʦʙʨʘʥ ʦʙʰʠʨʥʳʡ ʤʘʪʝʨʠʘʣ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʩʚʷʟʴ ʠʟʦʙʨʘʞʝʥʠʡ ʬʨʘʢʪʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʩ ʠʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʩʧʝʢʪʨʘʤʠ. ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ 

ʬʨʘʢʪʘʣʴʥʳʭ ʠ ʬʨʘʢʪʘʣʦʧʦʜʦʙʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʆʩʦʙʦʝ 
ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʦʙʨʘʱʝʥʦ ʥʘ ʩʚʦʡʩʪʚʘ ʬʨʘʢʪʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʙʘʟʳ ʬʦʪʦʥʠʢʠ 

(ʘʧʝʨʠʦʜʠʯʝʩʢʠʝ ʨʝʰʝʪʢʠ ʠ ʤʥʦʛʦʩʣʦʡʥʳʝ ʩʠʩʪʝʤʳ, ʬʨʘʢʪʘʣʴʥʳʝ 

ʬʦʢʫʩʘʪʦʨʳ ʠ ʘʥʪʝʥʥʳ [3-5]). ʂʘʢ ʧʨʘʚʠʣʦ, ʩʪʨʫʢʪʫʨʳ ʩ ʬʨʘʢʪʘʣʴʥʳʤʠ 

ʧʨʠʟʥʘʢʘʤʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʩʘʤʦʧʦʜʦʙʥʳʤʠ ʩʧʝʢʪʨʘʤʠ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʪʦ, ʯʪʦ ʠʭ ʠʟʦʙʨʘʞʝʥʠʷ ʬʦʨʤʠʨʫʶʪ ʚ ʩʠʣʫ ʫʢʘʟʘʥʥʦʛʦ ʚʳʰʝ ʤʝʭʘʥʠʟʤʘ 

ʦʙʨʘʙʦʪʢʠ ʦʧʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʤʦʮʠʦʥʘʣʴʥʳʡ ʬʦʥ, 
ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ ʥʘ ʢʨʝʘʪʠʚʥʦʤ ʫʨʦʚʥʝ ʨʝʰʝʥʠʶ ʚʘʞʥʳʭ ʬʠʟʠʯʝʩʢʠʭ 

ʟʘʜʘʯ. 
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1ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʕʀè 
2ɸʆ çʅʇʆ çʆʨʠʦʥè, ʄʦʩʢʚʘ 

 

ʈɸʉʐʀʈɽʅʀɽ ɼʀʅɸʄʀʏɽʉʂʆɻʆ ɼʀɸʇɸɿʆʅɸ 

ʂʆʈʆʊʂʆɺʆʃʅʆɺʓʍ ʀʂ ʌʇʋ ɸɺʊʆʇʆɼʉʊʈʆʁʂʆʁ 

ɺʈɽʄɽʅʀ ʅɸʂʆʇʃɽʅʀʗ 

 
ʇʨʠʚʝʜʝʥ ʧʨʦʩʪʦʡ ʚ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ 

ʨʘʩʰʠʨʝʥʠʷ  ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʚʪʦʧʦʜʩʪʨʦʡʢʝ ʚʨʝʤʝʥʠ 

ʥʘʢʦʧʣʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʚ ʢʘʞʜʦʡ ʷʯʝʡʢʝ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʭʝʤʳ ʩʯʠʪʳʚʘʥʠʷ. ʇʨʠ 

ʵʪʦʤ ʩʦʭʨʘʥʷʝʪʩʷ ʚʳʩʦʢʘʷ ʢʨʫʪʠʟʥʘ ʠ ʣʠʥʝʡʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʥʘʢʦʧʠʪʝʣʴʥʳʭ ʷʯʝʡʢʘʭ ʩ ʫʤʝʨʝʥʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʴʶ (ʜʦ 50-70 % ʦʪ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ), ʥʦ ʩʥʠʞʘʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʚ ʷʯʝʡʢʘʭ, ʙʣʠʟʢʠʭ ʢ 

ʥʘʩʳʱʝʥʠʶ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʬʦʨʤʠʨʫʝʪʩʷ ʣʠʥʝʡʥʦ-ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʧʝʨʝʜʘʪʦʯʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʨʘʩʰʠʨʝʥʥʳʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ. 

ʇʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʧʦʣʫʯʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʨʘʩʰʠʨʝʥʥʳʤ ʜʠʥʘʤʠʯʝʩʢʠʤ 

ʜʠʘʧʘʟʦʥʦʤ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʤ ʀʂ ʩʧʝʢʪʨʝ. 
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DYNAMIC RANGE EXPANSION IN SHORT -WAVE IR FPA  

BY AUTO -TUNING OF THE INTEGRATION TIME  
 

The paper proposes a simple topological implementation and an effective way of 

expanding the dynamic range, based on the auto-adjustment of the integration time 

individually in each cell of the ROIC. The steepness and linearity of conversion are 

preserved in cells with moderate illumination (up to 50-70 % of the maximum signal), at 

the same time sensitivity decreases in cells close to saturation. As a result, a linear-

logarithmic transfer characteristic which provides an extended dynamic range is formed. 

Examples of obtained images with an extended dynamic range in the short-wave IR are 

shown below. 

 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʬʦʪʦʧʨʠʝʤʥʳʭ ʫʩʪʨʦʡʩʪʚ (ʌʇʋ) ʚ 

ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʤ ʀʂ-ʜʠʘʧʘʟʦʥʝ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ 

ʠʟʤʝʥʝʥʠʡ ʦʩʚʝʱʝʥʥʦʩʪʠ ʥʘ ʯʝʪʳʨʝ-ʧʷʪʴ ʧʦʨʷʜʢʦʚ ʚ ʧʨʝʜʝʣʘʭ 

ʥʘʙʣʶʜʘʝʤʦʡ ʩʮʝʥʳ. ʅʘʢʦʧʠʪʝʣʴʥʳʝ ʷʯʝʡʢʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ 

ʩʯʠʪʳʚʘʥʠʷ ʬʦʪʦʩʠʛʥʘʣʘ ʩ ʣʠʥʝʡʥʦʡ ʧʝʨʝʜʘʪʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʥʝ ʚ 

ʩʦʩʪʦʷʥʠʠ ʦʙʝʩʧʝʯʠʪʴ ʜʝʪʘʣʴʥʫʶ ʧʝʨʝʜʘʯʫ ʩʪʦʣʴ ʚʳʩʦʢʦʢʦʥʪʨʘʩʪʥʦʛʦ 
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ʠʟʦʙʨʘʞʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʢ ʥʘʢʦʧʠʪʝʣʴʥʳʤ ʷʯʝʡʢʘʤ ʧʨʝʜʲʷʚʣʷʶʪʩʷ 

ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʚʝʣʠʯʠʥʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʫʩʪʨʦʡʩʪʚʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

ʦʪʥʦʰʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʢ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʤʫ 

ʦʪʢʣʦʥʝʥʠʶ ʚʭʦʜʥʦʛʦ ʰʫʤʘ. ʈʘʩʰʠʨʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʪʝʥʜʝʥʮʠʡ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʀʂ ʌʇʋ 

[1-3]. 

ɺ ʨʘʙʦʪʝ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʰʠʨʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʚ ʌʇʋ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʛʦ ʀʂ-ʩʧʝʢʪʨʘ. ʊʨʘʜʠʮʠʦʥʥʦ 

ʧʨʠʤʝʥʷʝʤʳʝ ʩʧʦʩʦʙʳ ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ, 

ʚ ʢʨʫʧʥʦʬʦʨʤʘʪʥʳʭ ʤʘʪʨʠʮʘʭ ʩ ʰʘʛʦʤ ʥʝ ʙʦʣʝʝ 15 ʤʢʤ. ʅʘʠʙʦʣʴʰʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʨʘʩʰʠʨʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ (ʜʦ 100 ʜɹ) 

ʦʙʣʘʜʘʶʪ ʥʘʢʦʧʠʪʝʣʴʥʳʝ ʷʯʝʡʢʠ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʠʟʤʝʥʷʝʤʦʡ 

ʧʝʨʝʜʘʪʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʷʨʢʦʩʪʠ ʬʨʘʛʤʝʥʪʦʚ 

ʥʘʙʣʶʜʘʝʤʦʡ ʩʮʝʥʳ. 

ʊʘʢ ʞʝ ʧʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʧʦʣʫʯʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʙʝʟ 

ʨʘʩʰʠʨʝʥʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ (ʨʠʩ. 1) ʠ ʩ ʨʘʩʰʠʨʝʥʥʳʤ 

ʜʠʥʘʤʠʯʝʩʢʠʤ ʜʠʘʧʘʟʦʥʦʤ (ʨʠʩ. 2) ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʤ ʀʂ-ʩʧʝʢʪʨʝ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʨʝʜʣʦʞʝʥʠʝ, ʦʙʩʫʞʜʝʥʠʝ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʩʧʦʩʦʙʘ ʨʘʩʰʠʨʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʥʘʢʦʧʠʪʝʣʴʥʳʭ ʷʯʝʝʢ ʟʘ ʩʯʝʪ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʧʦʜʩʪʨʦʡʢʠ ʠʭ 

ʚʨʝʤʝʥʠ ʥʘʢʦʧʣʝʥʠʷ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ 

ʚʥʝʰʥʝʝ ʫʧʨʘʚʣʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ  

(60-100 ʜɹ). 

 

  

ʈʠʩ. 1. ʀʟʦʙʨʘʞʝʥʠʝ ʩʦ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʄʌʇʋ 

ʈʠʩ. 2. ʀʟʦʙʨʘʞʝʥʠʝ ʩ ʄʌʇʋ ʩ 

ʘʚʪʦʧʦʜʩʪʨʦʡʢʦʡ ʚʨʝʤʝʥʠ ʥʘʢʦʧʣʝʥʠʷ 
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3. Rogalski A. // Opto-Electronics Review. 2012. V20. P.279. 
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ɸ.ʇ. ɺʃɸɼʀʄʀʈʆɺ
1,2,3
, ʖ.ɸ. ʄʀʍɸʁʃʆɺɸ

2,3
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ʅ.ɸ. ɼʈʋʂɸʈɽʅʂʆ
1
 

1ʀʥʩʪʠʪʫʪ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʋʨʆ ʈɸʅ, ɽʢʘʪʝʨʠʥʙʫʨʛ 

 2ʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɽʢʘʪʝʨʠʥʙʫʨʛ 
3ɽʢʘʪʝʨʠʥʙʫʨʛʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʚʠʨʫʩʥʳʭ ʠʥʬʝʢʮʠʡ 

 

ɼʀʅɸʄʀʏɽʉʂɸʗ ʉʇɽʂʃ-ʀʅʊɽʈʌɽʈʆʄɽʊʈʀʗ 

ʊɽʍʅʀʏɽʉʂʀʍ ʀ ɹʀʆʃʆɻʀʏɽʉʂʀʍ ʆɹʒɽʂʊʆɺ 
 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʧʨʠʤʝʥʝʥʠ ʁʤʝʪʦʜʘ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʩʧʝʢʣ-ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʠʢʨʦ- ʠ ʤʘʢʨʦʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ 

ʞʠʚʦʡ ʢʣʝʪʢʝ ʠ ʧʨʠ ʤʥʦʛʦʮʠʢʣʦʚʦʡ ʫʩʪʘʣʦʩʪʠ ʤʝʪʘʣʣʦʚ. ʆʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ 

ʜʠʥʘʤʠʢʠ ʩʧʝʢʣʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʨʦʮʝʩʩʳ ʚ ʤʝʪʘʣʣʘʭ ʠ ʘʢʪʠʚʥʦʩʪʴ ʢʣʝʪʦʢ. 
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DYNAMIC SPE CKL E-INTERFEROMETRY  

OF TECHNICAL AND BIOLOGICAL OBJECTS  
 

Experimental results on the application of the dynamic speckle-interferometry 

method in studies of micro-and macroprocesses occurring in high-cycle fatigue of 

metals and in living cell are presented. Parameters of speckle dynamics, characterizing 

processes in metals and cell activity, are determined. 

 

ʉʧʝʢʣʳ (ʦʪ ʘʥʛʣ. speckle ï ʧʷʪʥʦ) ʩʣʫʯʘʡʥʦʛʦ ʨʘʟʤʝʨʘ ʠ ʷʨʢʦʩʪʠ 

ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʦʩʚʝʱʝʥʠʠ ʰʝʨʦʭʦʚʘʪʦʛʦ ʠʣʠ ʧʨʦʟʨʘʯʥʦʛʦ (ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʬʬʫʟʦʨʘ) ʦʙʲʝʢʪʘ ʢʦʛʝʨʝʥʪʥʳʤ ʠʟʣʫʯʝʥʠʝʤ. 

ʅʘʙʣʶʜʘʝʤʘʷ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚ ʧʣʦʩʢʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ 

ʦʙʲʝʢʪʘ ʢʘʨʪʠʥʘ ʩʧʝʢʣʦʚ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʚʟʘʠʤʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ 

ʤʥʦʛʠʭ ʚʦʣʥ ʩʦ ʩʣʫʯʘʡʥʳʤʠ ʘʤʧʣʠʪʫʜʘʤʠ ʠ ʬʘʟʘʤʠ. ʇʨʠ ʧʝʨʝʤʝʱʝʥʠʠ, 

ʜʝʬʦʨʤʘʮʠʠ ʦʙʲʝʢʪʘ ʠʣʠ ʝʛʦ ʧʦʚʨʝʞʜʝʥʠʠ ʠʤʝʝʪ ʤʝʩʪʦ ʩʤʝʱʝʥʠʝ ʩʧʝʢʣʦʚ 

ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʩʧʝʢʣ-ʧʦʣʷ  ʜʠʥʘʤʠʢʘ ʩʧʝʢʣʦʚ.  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʧʝʢʣ-

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʠʢʨʦ- ʠ ʤʘʢʨʦʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ 

ʞʠʚʦʡ ʢʣʝʪʢʝ ʠ ʧʨʠ ʤʥʦʛʦʮʠʢʣʦʚʦʡ ʫʩʪʘʣʦʩʪʠ ʤʝʪʘʣʣʦʚ. 
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ɺ ʨʘʙʦʪʘʭ [1, 2] ʜʣʷ ʦʪʨʘʞʘʶʱʝʛʦ ʠ ʪʦʥʢʦʛʦ ʧʨʦʟʨʘʯʥʦʛʦ ʦʙʲʝʢʪʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʝʦʨʠʷ ʠ ʤʝʪʦʜʠʢʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦ ʩʧʝʢʣʦʚʳʤ 

ʠʟʦʙʨʘʞʝʥʠʷʤ ʠʟʫʯʘʪʴ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ, ʜʠʩʧʝʨʩʠʠ ʠ ʚʨʝʤʝʥʘ 

ʨʝʣʘʢʩʘʮʠʠ ʨʘʟʥʦʩʪʠ ʦʧʪʠʯʝʩʢʠʭ ʧʫʪʝʡ ʚʦʣʥ.   

1) ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʣʦʩʪʠ ʷʚʣʷʣʠʩʴ ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ 

ʦʙʨʘʟʮʳ ʨʘʟʤʝʨʦʤ 5ʭ10ʭ55 ʤʤ ʠʟ ʦʨʛʩʪʝʢʣʘ ʤʘʨʢʠ çAcrumaè ʠ ʦʙʨʘʟʮʳ ʠʟ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʩʪʘʣʠ 09ɻ2ʉ. ʉ ʮʝʣʴʶ ʣʦʢʘʣʠʟʘʮʠʠ ʤʝʩʪʘ ʚʦʟʤʦʞʥʦʛʦ 

ʟʘʨʦʞʜʝʥʠʷ ʫʩʪʘʣʦʩʪʥʦʡ ʪʨʝʱʠʥʳ ʥʘ ʦʙʨʘʟʝʮ ʙʳʣ ʥʘʥʝʩʝʥ ʦʩʪʨʳʡ  

V-ʦʙʨʘʟʥʳʡ ʥʘʜʨʝʟ ʛʣʫʙʠʥʦʡ 2 ʤʤ ʠ ʨʘʜʠʫʩʦʤ ʚ ʚʝʨʰʠʥʝ 0,25 ʤʤ.  

ʇʦ ʠʟʤʝʥʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʬʨʘʛʤʝʥʪʦʚ ʩʧʝʢʣʦʚʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʤʝʪʦʜʦʤ ʵʣʣʠʧʩʦʤʝʪʨʠʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʦʤ 

ʫʩʪʘʣʦʩʪʥʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʦʨʛʩʪʝʢʣʘ ʷʚʣʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʧʣʦʪʥʦʩʪʠ.  

ʇʦʢʘʟʘʥʦ ʭʦʨʦʰʝʝ ʩʦʚʧʘʜʝʥʠʝ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘʡʜʝʥʥʳʭ ʧʦ ʜʠʥʘʤʠʢʝ ʩʧʝʢʣʦʚ ʠ ʤʝʪʦʜʘʤʠ 

ʧʨʦʬʠʣʦʤʝʪʨʠʠ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʜʣʠʥʳ ʠ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ 

ʫʩʪʘʣʦʩʪʥʦʡ ʪʨʝʱʠʥʳ ʧʦ ʢʦʨʨʝʣʷʮʠʠ ʩʧʝʢʣʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʢ ʦʙʨʘʟʮʘʤ ʩ ʰʝʨʦʭʦʚʘʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʳʷʚʣʝʥʠʝ ʪʨʝʱʠʥʳ ʦʧʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ 

ʟʘʪʨʫʜʥʝʥʦ. 

2) ʈʘʥʝʝ ʤʝʪʦʜ ʙʳʣ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʝʥ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʪʨʝʭ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ L-41, Vero ʠ ʃʕʏ-3, 

ʟʘʨʘʞʝʥʥʳʭ ʚʠʨʫʩʦʤ ʧʨʦʩʪʦʛʦ ʛʝʨʧʝʩʘ ʧʝʨʚʦʛʦ ʪʠʧʘ [2] ʠ ʚ ʦʪʩʫʪʩʪʚʠʝ 

ʚʠʨʫʩʘ [3]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʚʠʨʫʩʘ ʚ ʢʣʝʪʢʘʭ ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ 

ʯʝʨʝʟ 10 ʤʠʥʫʪ ʧʦʩʣʝ ʥʘʯʘʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʆʮʝʥʝʥʘ ʨʝʘʢʮʠʷ ʢʣʝʪʦʯʥʦʡ 

ʢʫʣʴʪʫʨʳ L-41 ʥʘ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 26 ʜʦ 37 ÁC [4]. 

ɺ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʤʝʪʘʙʦʣʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʢʣʝʪʦʢ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʨʘʟʥʦʩʪʠ 

ʦʧʪʠʯʝʩʢʠʭ ʧʫʪʝʡ ʚʦʣʥ uů, ʟʦʥʜʠʨʫʶʱʠʭ ʢʣʝʪʢʠ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʤʝʪʦʜʘ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʨʘʟʥʳʭ ʯʘʩʪʷʭ ʦʪʜʝʣʴʥʦʡ ʞʠʚʦʡ 

ʢʣʝʪʢʠ, ʘ ʠʤʝʥʥʦ ʚ ʮʠʪʦʧʣʘʟʤʝ ʠ ʝʝ ʷʜʨʝ.  

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Vladimirov A.P. // Optical Engineering. 2016. V.55(12). 

2. Vladimirov A.P. et al. // Radiophysics and Quantum Electronics. 2015. V.57(8). P.584-588. 
3. Vladimirov A.P. et al. // Biomedical Engineering. 2014. V.48(4). P.178-181. 

4. Mikhailova Yu.ɸ. et al. // Russian Journal of Biomechanics. 2017. V.21(1). P.56-64. 
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ɺʦʝʥʥʦ-ʚʦʟʜʫʰʥʘʷ ʘʢʘʜʝʤʠʷ ʠʤ. ʧʨʦʬ. ʅ.ɽ. ɾʫʢʦʚʩʢʦʛʦ ʠ ʖ.ɸ. ɻʘʛʘʨʠʥʘ, ɺʦʨʦʥʝʞ 
1ʀʨʢʫʪʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

2ʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ʆʇʈɽɼɽʃɽʅʀɽ ʊɽʍʅʀʏɽʉʂʆɻʆ ʉʆʉʊʆʗʅʀʗ ʈɸɹʆʏʀʍ 

ɾʀɼʂʆʉʊɽʁ ʇʆ ɸʅɸʃʀɿʋ ʇɸʈɸʄɽʊʈʆɺ ʎʀʌʈʆɺʓʍ  

ʉʇɽʂʃ-ʀɿʆɹʈɸɾɽʅʀʁ 
 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʫʪʠ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʩʧʦʩʦʙʘ ʢʦʥʪʨʦʣʷ ʨʘʙʦʯʠʭ ʞʠʜʢʦʩʪʝʡ ʧʦ ʘʥʘʣʠʟʫ 

ʧʘʨʘʤʝʪʨʦʚ ʮʠʬʨʦʚʳʭ ʩʧʝʢʣ-ʠʟʦʙʨʘʞʝʥʠʡ. 
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DETERMINATION OF THE  TECHNICAL CONDITION  

OF WORKING LIQUIDS B Y DIGITAL SPECL IMAG ES 

PARAMETERS ANALYSIS  
 

The experimental research results and practical realization ways of the method for 

working fluids testing by analyzing the digital speckle photograph parameters are 

considered. 

 

ʅʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ ʘʚʠʘʧʘʨʢʘ 

ʘʚʠʘʮʠʠ ʈʌ ʠʛʨʘʝʪ ʧʦʜʜʝʨʞʘʥʠʝ ʚ ʠʩʧʨʘʚʥʦʤ ʩʦʩʪʦʷʥʠʠ ʪʦʧʣʠʚʥʳʭ, 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʠ ʤʘʩʣʷʥʳʭ ʩʠʩʪʝʤ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. ʆʪ ʢʘʯʝʩʪʚʘ 

ʨʘʙʦʯʠʭ ʞʠʜʢʦʩʪʝʡ (ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʤʘʩʣʦ, ʤʦʪʦʨʥʦʝ, ʘʚʠʘʮʠʦʥʥʦʝ 

ʪʦʧʣʠʚʦ) ʧʦʣʥʦʩʪʴʶ ʟʘʚʠʩʠʪ ʠʩʧʨʘʚʥʦʩʪʴ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʠ ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ ʙʝʟʘʚʘʨʠʡʥʦʩʪʴ ʧʦʣʝʪʦʚ.  

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʧʨʘʚʦʚʫʶ ʦʮʝʥʢʫ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʧʦʩʦʙʦʚ ʠ 

ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʞʠʜʢʦʩʪʝʡ [1-5], ʚ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʦʚʳʡ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʞʠʜʢʦʩʪʠ, ʩʫʪʴ 

ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʟʫʣʴʪʠʨʫʶʱʠʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ (ʩʧʝʢʣ-ʠʟʦʙʨʘʞʝʥʠʡ) ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʭʦʞʜʝʥʠʷ ʩʧʝʢʣ-ʧʦʣʷ ʯʝʨʝʟ ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʞʠʜʢʠʝ ʧʨʦʙʳ 

ʜʘʥʥʦʡ ʩʨʝʜʳ. ɼʣʷ ʵʪʦʛʦ ʦʧʨʝʜʝʣʷʶʪ ʧʘʨʘʤʝʪʨʳ ʩʧʝʢʣ-ʠʟʦʙʨʘʞʝʥʠʷ 

(ʢʦʵʬʬʠʮʠʝʥʪ ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʠ ʪ.ʜ.), 
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ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʦʪ ʞʠʜʢʦʡ ʧʨʦʙʳ ʚ ʚʦʟʤʫʱʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʞʠʜʢʦʩʪʠ ʠ ʚ ʩʦʩʪʦʷʥʠʠ ʝʝ ʧʦʢʦʷ.  

ʉʫʱʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʧʦʩʦʙʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʩʣʝ ʦʪʙʦʨʘ 

ʧʨʦʙʫ ʧʝʨʝʤʝʰʠʚʘʶʪ, ʬʦʨʤʠʨʫʶʪ ʩʧʝʢʣ-ʧʦʣʝ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, 

ʨʝʛʠʩʪʨʠʨʫʶʪ ʩʧʝʢʣ-ʠʟʦʙʨʘʞʝʥʠʝ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ, ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ 

ʢʦʥʪʨʦʣʠʨʫʝʤʫʶ ʞʠʜʢʦʩʪʴ; ʚʳʜʝʨʞʠʚʘʶʪ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʜʦ ʧʦʣʥʦʛʦ 

ʦʩʝʜʘʥʠʷ ʧʨʠʤʝʩʝʡ ʚ ʧʨʦʙʝ ʞʠʜʢʦʩʪʠ ʠ ʧʦʚʪʦʨʥʦ ʨʝʛʠʩʪʨʠʨʫʶʪ ʩʧʝʢʣ-

ʠʟʦʙʨʘʞʝʥʠʝ, ʘ ʦʮʝʥʢʫ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʤʝʩʝʡ ʧʨʦʚʦʜʷʪ ʧʦ ʟʥʘʯʝʥʠʶ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʜʚʫʭ ʩʧʝʢʣ-ʠʟʦʙʨʘʞʝʥʠʡ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʤʠ ʚ ʚʦʟʙʫʞʜʸʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʦʙʳ ʞʠʜʢʦʩʪʠ ʠ ʚ 

ʩʦʩʪʦʷʥʠʠ ʝʸ ʧʦʢʦʷ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʧʦʩʦʙʘ ʙʳʣʘ ʧʦʜʛʦʪʦʚʣʝʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʦʙʨʘʙʦʪʢʠ ʩʧʝʢʣ-

ʬʦʪʦʛʨʘʬʠʡ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʙʨʘʙʦʪʢʠ ʩʧʝʢʣ-

ʬʦʪʦʛʨʘʬʠʡ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʤʦʜʫʣʴ. 

ɺ ʢʘʯʝʩʪʚʝ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ Java SE.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʝʜʣʘʛʘʝʤʳʝ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ ʩʧʝʢʣ-ʬʦʪʦʛʨʘʬʠʡ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʠ 

ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʧʦʟʚʦʣʷʶʪ ʧʦ ʠʟʤʝʥʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ 

ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʩʧʝʢʣ-ʬʦʪʦʛʨʘʬʠʡ ʧʨʦʠʟʚʦʜʠʪʴ ʦʮʝʥʢʫ ʩʦʩʪʦʷʥʠʷ 

ʘʚʠʘʮʠʦʥʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ. ʇʨʠʤʝʥʝʥʠʝ ʚʳʙʨʘʥʥʦʛʦ 

ʩʧʦʩʦʙʘ ʢ ʢʦʥʪʨʦʣʶ ʨʘʙʦʯʠʭ ʞʠʜʢʦʩʪʝʡ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʡ ʧʨʦʨʘʙʦʪʢʠ 

ʠ ʚʳʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢ ʢʦʥʪʨʦʣʷ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʞʠʜʢʦʩʪʠ. 
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MULTICHANNEL HOLOGRA PHIC INTERFEROMETER  

FOR STUDYING COMPLEX  PHASE AND REFLECTING  MEDIA  
 

The report presents a modernized scheme of a multichannel holographic 

interferometer for studying complex phase media. Modernization made it possible to use 

an interferometer to study reflecting objects. 

 

ʈʘʩʩʤʦʪʨʝʥʥʘʷ ʚ ʨʘʙʦʪʘʭ [1-6] ʩʭʝʤʘ ʤʥʦʛʦʢʘʥʘʣʴʥʦʛʦ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʣʦʞʥʳʭ ʬʘʟʦʚʳʭ ʩʨʝʜ, ʙʳʣʘ ʦʙʦʙʱʝʥʘ ʪʘʢʞʝ ʥʘ ʩʣʫʯʘʡ ʦʪʨʘʞʘʶʱʠʭ 

ʩʨʝʜ (ʨʠʩ. 1). ʇʨʝʜʣʦʞʝʥʥʘʷ ʩʭʝʤʘ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʢʘʢ 

ʦʪʨʘʞʘʶʱʠʝ, ʪʘʢ ʠ ʧʨʦʧʫʩʢʘʶʱʠʝ ʩʨʝʜ.r ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 1 ʵʪʦʪ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨ ʦʙʣʘʜʘʝʪ ʥʝʩʢʦʣʴʢʠʤʠ ʚʳʭʦʜʥʳʤʠ ʢʘʥʘʣʘʤʠ, ʧʨʠʯʝʤ ʚʩʝ 

ʦʥʠ ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ 

ʦʪʨʘʞʘʶʱʠʝ ʠ ʧʨʦʧʫʩʢʘʶʱʠʝ ʩʨʝʜʳ, ʠʤʝʶʱʠʝ ʩʣʦʞʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʠʣʠ 

ʩʣʦʞʥʫʶ ʥʝʦʜʥʦʨʦʜʥʫʶ ʩʨʝʜʫ. ʇʝʨʚʳʡ ʢʘʥʘʣ ï ʵʪʦ ʢʘʥʘʣ ʥʠʟʢʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʡ ʪʦʣʴʢʦ ʢʘʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʚʠʜ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʧʨʦʧʫʩʢʘʶʱʝʡ ʩʨʝʜʳ ʠʣʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʪʨʘʞʘʶʱʝʡ ʩʨʝʜʳ. ʆʮʝʥʢʘ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʚʠʜʫ 

ʠʩʢʘʞʝʥʠʡ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʨʝʛʫʣʷʨʥʦʛʦ ʦʙʲʝʢʪʘ. ʂʘʥʘʣʳ ʜʚʘ ʠ ʪʨʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʝ ʢʘʥʘʣʳ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, 
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ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʬʠʢʩʠʨʦʚʘʪʴ ʤʘʣʝʡʰʠʝ ʢʦʣʝʙʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʧʨʦʧʫʩʢʘʶʱʝʡ ʩʨʝʜʳ ʠʣʠ ʤʝʣʴʯʘʡʰʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʨʘʞʘʶʱʠʭ ʩʨʝʜ. ʀʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ ʢʘʨʪʠʥʳ ʚ ʯʝʪʚʝʨʪʦʤ 

ʢʘʥʘʣʝ ʧʦʜʦʙʥʳ ʪʝʤ, ʯʪʦ ʚʦʟʥʠʢʘʶʪ ʚ ʦʙʳʯʥʦʤ ʠʥʪʝʨʬʝʨʦʤʝʪʨʝ ʊʘʣʴʙʦʪʘ. 

ɺ ʵʪʦʤ ʢʘʥʘʣʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʫʘʨ, ʚʠʜ ʢʦʪʦʨʦʛʦ, ʧʦ ʩʫʪʠ, ʠ ʦʧʨʝʜʝʣʷʝʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʚ ʧʨʦʧʫʩʢʘʶʱʝʡ ʩʨʝʜʝ ʠʣʠ ʚʜʦʣʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʨʘʞʘʶʱʝʛʦ ʦʙʲʝʢʪʘ. ʂʘʨʪʠʥʘ ʤʫʘʨʘ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ 

ʥʠʟʢʫʶ ʯʘʩʪʦʪʫ ʠ, ʧʦʵʪʦʤʫ ʜʘʥʥʳʡ ʢʘʥʘʣ ʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʝʥ, ʯʝʤ ʢʘʥʘʣʳ 

ʜʚʘ ʠ ʪʨʠ. 

  
ʈʠʩ. 1. ʉʭʝʤʘ ʤʥʦʛʦʢʘʥʘʣʴʥʦʛʦ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ  

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʦʪʨʘʞʘʶʱʠʭ ʠ ʧʨʦʧʫʩʢʘʶʱʠʭ ʩʨʝʜ 
 

ɺʘʞʥʝʡʰʝʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʷʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢʘʞʜʦʛʦ ʠʟ ʢʘʥʘʣʦʚ, ʯʪʦ ʤʦʞʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʪʴ ʜʠʘʧʘʟʦʥ ʠʩʩʣʝʜʫʝʤʳʭ ʬʘʟʦʚʳʭ ʩʨʝʜ. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɸ.ɺ. ʆʉʀʅʎɽɺ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʌʀè 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʈɸɿʄɽʈʅʆʁ ʉʊɸɹʀʃʔʅʆʉʊʀ 

ʄɽʊɸʃʃʆʂɽʈɸʄʀʏɽʉʂʀʍ ʇʈʆʊɽɿʆɺ ʄɽʊʆɼʆʄ 

ɻʆʃʆɻʈɸʌʀʏɽʉʂʆʁ ʀʅʊɽʈʌɽʈʆʄɽʊʈʀʀ 
 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʩʪʦʚʠʜʥʳʭ 

ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʠʭ ʧʨʦʪʝʟʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤ ʩʧʦʩʦʙʘʤʠ. 

ʈʝʛʠʩʪʨʘʮʠʷ ʜʝʬʦʨʤʘʮʠʡ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʤʝʪʦʜʦʤ ʜʚʫʭʵʢʩʧʦʟʠʮʠʦʥʥʦʡ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ 

ʚʳʙʨʘʥ ʦʧʪʠʤʘʣʴʥʳʡ ʩʧʦʩʦʙ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʦʪʝʟʦʚ. 

 

A.V. OSINTSEV 
National Research Nuclear University MEPhI (Moscow Engineering Physics Institute) 

 

STUDY OF DIMENSIONAL STABILITY OF METAL -CERAMIC 

PROSTHESES BY HOLOGRAPHIC INTERFEROMETRY  
 

Presents results of a study of deformation of metal-ceramic bridge prostheses 

manufactured in a variety of ways. Registration of deformations was carried out using 

double-exposure holographic interferometry. According to the experimental data, an 

optimal method of making the prosthesis. 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʛʝʨʝʥʪʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʫʩʧʝʰʥʦ 

ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʪʝʟʦʚ ʠ ʢʦʩʪʥʳʭ ʪʢʘʥʝʡ ʚ 

ʦʨʪʦʧʝʜʠʯʝʩʢʦʡ ʩʪʦʤʘʪʦʣʦʛʠʠ [1-3]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʝʪʘʣʣʦʢʝʨʘʤʠʯʝʩʢʠʭ ʧʨʦʪʝʟʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤ ʩʧʦʩʦʙʘʤʠ, ʘ 

ʪʘʢ ʞʝ ʚʣʠʷʥʠʝ ʵʪʘʧʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘ ʩʪʝʧʝʥʴ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ 

ʦʜʥʦʛʦ ʩʧʦʩʦʙʘ ʠʟʛʦʪʦʚʣʝʥʠʷ. ɼʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ 

ʤʝʪʦʜʦʤ ʜʚʫʭʵʢʩʧʦʟʠʮʠʦʥʥʦʡ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ [1]. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʪʨʠ ʚʘʨʠʘʥʪʘ 

ʤʦʩʪʦʚʠʜʥʳʭ ʧʨʦʪʝʟʦʚ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʦ ʨʘʟʣʠʯʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ. 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʫʙʥʦʛʦ ʨʷʜʘ ʥʠʞʥʝʡ ʯʝʣʶʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʛʠʧʩʦʚʳʡ ʩʣʝʧʦʢ. ʉ ʜʘʥʥʦʛʦ ʩʣʝʧʢʘ ʩʥʠʤʘʣʠʩʴ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʦʚ ʟʫʙʦʚ 

ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ɼ16ʊ ʤʦʜʝʣʠ 

ʦʪʪʠʩʢʥʦʡ ʣʦʞʢʠ ʥʘ ʥʠʞʥʶʶ ʯʝʣʶʩʪʴ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʢʫʣʴʪʷʤʠ ʟʫʙʦʚ 

(ʨʠʩ. 1). ʊʨʠ ʚʘʨʠʘʥʪʘ ʤʦʩʪʦʚʠʜʥʳʭ ʧʨʦʪʝʟʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʦ ʨʘʟʥʳʤ 

ʪʝʭʥʦʣʦʛʠʷʤ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2. 



ʋɼʂ 535(06)+004(06) 

 ISBN 978-5-7262-2445-9 ʌʆʊʆʅʀʂɸ ʀ ʀʅʌʆʈʄɸʎʀʆʅʅɸʗ ʆʇʊʀʂɸ 267 

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʦʩʪʦʚʠʜʥʳʭ ʧʨʦʪʝʟʦʚ 

ʥʘ ʩʪʝʧʝʥʴ ʠʭ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʙʳʣʘ ʠʟʛʦʪʦʚʣʝʥʘ ʤʦʜʝʣʴ ʟʫʙʥʦʛʦ ʨʷʜʘ 

ʥʠʞʥʝʡ ʯʝʣʶʩʪʠ ʠʟ ʧʣʘʩʪʤʘʩʩʳ ʭʦʣʦʜʥʦʛʦ ʦʪʚʝʨʞʜʝʥʠʷ, ʧʨʠʯʝʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʧʦʨʥʳʭ ʟʫʙʦʚ ʪʦʯʥʦ ʩʦʚʧʘʜʘʣʦ ʩ ʛʝʦʤʝʪʨʠʝʡ ʤʦʜʝʣʠ 

ʦʪʪʠʩʢʥʦʡ ʣʦʞʢʠ ʥʠʞʥʝʡ ʯʝʣʶʩʪʠ. ʀʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʪʝʨʞʥʝʚʘʷ ʤʦʜʝʣʴ 

ʦʧʦʨʥʳʭ ʟʫʙʦʚ, ʝʛʦ ʢʦʨʥʝʚʘʷ ʯʘʩʪʴ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʧʦʜʘʪʣʠʚʫʶ 

ʢʦʥʩʦʣʴʥʦʟʘʱʝʤʣʝʥʥʫʶ ʙʘʣʦʯʢʫ, ʥʘ ʩʚʦʙʦʜʥʦʤ ʢʦʥʮʝ ʢʦʪʦʨʦʡ ʠʤʝʣʘʩʴ 

ʤʦʜʝʣʴ ʢʫʣʴʪʠ ʦʧʦʨʥʦʛʦ ʟʫʙʘ, ʧʦʜ ʤʦʩʪʦʚʠʜʥʳʡ ʧʨʦʪʝʟ. ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʘ 

ʤʦʜʝʣʴ-ʨʝʛʠʩʪʨʘʪʦʨ ʥʠʞʥʠʭ ʦʧʦʨʥʳʭ ʟʫʙʦʚ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʘ ʥʠʭ 

ʤʦʩʪʦʚʠʜʥʳʤ ʧʨʦʪʝʟʦʤ, ʘ ʥʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʠʧʠʯʥʘʷ ʢʘʨʪʠʥʘ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʧʦʣʦʩ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ 

ʤʦʩʪʦʚʠʜʥʦʛʦ ʧʨʦʪʝʟʘ. 
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ʈʠʩ. 2. ʄʦʜʝʣʠ ʤʦʩʪʦʚʠʜʥʳʭ 

ʧʨʦʪʝʟʦʚ 

 

ʈʠʩ. 1. ʄʦʜʝʣʴ ʦʪʪʠʩʢʥʦʡ ʣʦʞʢʠ  

ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʢʫʣʴʪʷʤʠ ʟʫʙʦʚ 

ʈʠʩ. 3. ʄʦʜʝʣʴ-ʨʝʛʠʩʪʨʘʪʦʨ  

ʩ ʤʦʩʪʦʚʠʜʥʳʤ ʧʨʦʪʝʟʦʤ 

ʈʠʩ. 4. ʂʘʨʪʠʥʘ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʧʦʣʦʩ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʪʝʟʘ 
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ɻʆʃʆɻʈɸʌʀʏɽʉʂʀʁ ʄɽʊʆɼ ɼʃʗ ʀɿʋʏɽʅʀʗ 

ʅɽʉʊɸʎʀʆʅɸʈʅʓʍ ʇʈʆʎɽʉʉʆɺ 
 

ʆʙʩʫʞʜʘʝʪʩʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜ ʠ ʠʥʪʝʨʬʝʨʦʤʝʪʨ, ʩʦʟʜʘʥʥʳʡ ʥʘ ʝʛʦ 

ʦʩʥʦʚʝ, ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʦʢʦʣʦ ʛʨʘʥʫʣʳ ʢʘʫʯʫʢʘ, ʧʦʛʨʫʞʝʥʥʦʡ 

ʚ ʞʠʜʢʫʶ ʩʨʝʜʫ. 
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HOLOGRAPHIC METHOD F OR INVESTIGATION 

NONSTATIONARY PROCESSES 
 

The holographic method and the interferometer created on its basis are discussed to 

visualize the boundary layer near the rubber granule immersed in a liquid medium. 

 

ʀʟʫʯʝʥʠʝ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʚ ʜʚʫʭʬʘʟʥʳʭ ʩʨʝʜʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʚ ʛʠʜʨʦʜʠʥʘʤʠʢʝ, ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʠʬʬʫʟʠʠ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʨʝʜ, ʚ ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʝ  ʠ ʚ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ.  

ɺ ʨʘʙʦʪʝ [1] ʧʨʠʚʝʜʝʥʳ ʦʨʠʛʠʥʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʜʠʘʛʥʦʩʪʠʢʝ 

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʚ ʞʠʜʢʦʡ ʩʨʝʜʝ. ʆʜʥʘʢʦ, ʚʦ ʤʥʦʛʠʭ 

ʟʘʜʘʯʘʭ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʘʪʴ ʩʚʝʜʝʥʠʷ ʦ ʨʘʟʚʠʪʠʠ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʚʦ 

ʚʨʝʤʝʥʠ ɼʣʷ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʟʘʜʘʯ ʨʘʟʨʘʙʦʪʘʥ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜ [2] 

ʠ ʩʦʟʜʘʥ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨ [3], ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʠʩʧʳʪʘʥʥʳʡ ʧʨʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ. 

ɻʦʣʦʛʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ 

ʛʦʣʦʛʨʘʤʤ ʚ ʨʘʟʥʳʝ  ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ t1, t2, t3, é tn, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʨʘʟʥʳʤ ʬʠʟʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʷʤ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ. ʇʨʠ ʵʪʦʤ ʚ ʢʘʞʜʳʡ 

ʬʠʢʩʠʨʦʚʘʥʥʳʡ  ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ,  ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʲʝʢʪ ʧʨʦʩʚʝʯʠʚʘʶʪ 

ʦʙʲʝʢʪʥʳʤʠ ʧʫʯʢʘʤʠ Wʦʙ1, Wʦʙ2, Wʦʙ3, é Wʦʙn, ʨʘʟʜʝʣʝʥʥʳʤʠ ʠʥʪʝʨʚʘʣʦʤ 

ȹt. ɼʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʟʘʧʠʩʠ ʛʦʣʦʛʨʘʤʤ ʬʦʨʤʠʨʫʶʪ ʪʘʢʞʝ ʥʘʙʦʨ 

ʦʧʦʨʥʳʭ ʚʦʣʥʦʚʳʭ ʬʨʦʥʪʦʚ Wʦʧ1, Wʦʧ2, Wʦʧ3, é Wʦʧn, ʦʙʨʘʟʫʶʱʠʭ ʩ 

ʦʙʲʝʢʪʥʳʤʠ ʧʫʯʢʘʤʠ ʨʘʟʥʳʝ ʫʛʣʳ ʛʦʣʦʛʨʘʬʠʨʦʚʘʥʠʷ Ŭ1, Ŭ2, Ŭ3,.... Ŭn .  ʇʨʠ  

ʟʘʧʠʩʠ ʛʦʣʦʛʨʘʤʤʳ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t1ʠʩʧʦʜʴʟʫʶʪ ʪʦʣʴʢʦ Wʦʧ1 ʠ Wʦʙ1, ʘ 

ʜʨʫʛʠʝ ʦʧʦʨʥʳʝ ʬʨʦʥʪʳ ʚʳʚʝʜʝʥʳ ʠʟ ʨʘʙʦʯʝʛʦ ʧʦʣʦʞʝʥʠʷ. ʇʦ ʵʪʦʡ ʞʝ 

ʤʝʪʦʜʠʢʝ ʟʘʧʠʩʳʚʘʶʪ ʠ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʣʦʛʨʘʤʤʳ, ʩ ʥʘʧʝʨʝʜ ʟʘʜʘʥʥʳʤʠ 
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ʚʨʝʤʝʥʥʳʤʠ ʠʥʪʝʨʚʘʣʘʤʠ. ɻʦʣʦʛʨʘʤʤʳ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʦʙʲʝʢʪʘ 

ʟʘʧʠʩʳʚʘʶʪ ʥʘ ʦʜʥʦʡ ʨʝʛʠʩʪʨʠʨʫʶʱʝʡ ʩʨʝʜʝ ʚ ʨʘʟʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ.  

ʉʦʟʜʘʥ ʤʘʢʝʪ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ, ʦʧʪʠʯʝʩʢʘʷ  ʩʠʩʪʝʤʘ 

ʢʦʪʦʨʦʛʦ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ: 1 ï He-Ne ʣʘʟʝʨ; 2,3 ï ʢʦʣʣʠʤʘʪʦʨ;  

4,8,10 ï ʩʚʝʪʦʜʝʣʠʪʝʣʠ; 5 ï ʢʶʚʝʪʘ; 6 - ʦʙʲʝʢʪʠʚ; 7 ï ʨʝʛʠʩʪʨʠʨʫʶʱʘʷ ʩʨʝʜʘ; 

9,11,12 ï ʟʝʨʢʘʣʘ; 13 ï ʵʢʨʘʥʳ 

 

ʀʥʪʝʨʬʝʨʦʤʝʪʨ ʠʤʝʝʪ ʨʘʟʤʝʨ ʨʘʙʦʯʝʛʦ ʧʦʣʷ ʩʚ.ß50ʤʤ. ʇʨʠ ʟʘʧʠʩʠ 

ʛʦʣʦʛʨʘʤʤ ʠʩʧʦʣʴʟʦʚʘʥ ʦʜʥʦʤʦʜʦʚʳʡ He-Ne ʣʘʟʝʨ ʪʠʧ ʀʃɻʅ - 222 ʩ 

ɚ = 632,8 ʥʤ ʠ ʤʦʱʥʦʩʪʴʶ ʠʟʣʫʯʝʥʠʷ, ʨʘʚʥʦʡ 40 ʤɺʪ. ɺ ʨʘʙʦʯʫʶ ʟʦʥʫ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʢʶʚʝʪʫ ʩ ʥʠʪʨʦʙʝʥʟʦʣʦʤ ʠ ʛʨʘʥʫʣʦʡ 

ʢʘʫʯʫʢʘ. ɻʦʣʦʛʨʘʤʤʳ ʟʘʧʠʩʳʚʘʶʪ ʤʝʪʦʜʦʤ ʜʚʫʭ ʵʢʩʧʦʟʠʮʠʡ. ʅʘ ʩʪʘʜʠʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʦʣʥʦʚʳʭ ʬʨʦʥʪʦʚ ʛʦʣʦʛʨʘʤʤʫ ʧʨʦʩʚʝʯʠʚʘʶʪ ʦʧʦʨʥʳʤʠ 

ʧʫʯʢʘʤʠ. ʇʨʠ ʩʫʧʝʨʧʦʟʠʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʦʙʲʝʢʪʥʳʭ ʠ ʦʧʦʨʥʳʭ 

ʧʫʯʢʦʚ ʦʙʨʘʟʫʶʪʩʷ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ ʢʘʨʪʠʥʳ. ʀʥʪʝʨʬʝʨʦʛʨʘʤʤʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤ ʢʦʥʪʨʘʩʪʦʤ ʠ ʨʘʟʨʝʰʝʥʠʝʤ ʧʦʣʦʩ ʚ ʦʙʣʘʩʪʠ 

ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ. ɸʥʘʣʠʟ ʧʦʣʦʩ ʧʦʢʘʟʳʚʘʝʪ ʢʘʢ ʥʘʯʘʣʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ, ʪʘʢ ʠ ʝʛʦ ʨʘʟʚʠʪʠʝ ʚʦ ʚʨʝʤʝʥʠ. 
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ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʚ ʦʙʨʘʟʮʝ ʛʠʜʨʦʛʝʣʷ ʜʣʷ ʩʣʫʯʘʷ ʨʘʜʠʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ. 
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DETERMINATION OF DIF FUSION COEFFICIENT  
IN HYDROGEL  

 

Background Oriented Schlieren method was used to obtain diffusion coefficient of 

glucose in hydrogel in the experiment with radial symmetry. 

 

ɻʦʣʦʛʨʘʬʠʯʝʩʢʠʝ ʩʝʥʩʦʨ ï ʵʪʦ ʟʘʧʠʩʘʥʥʘʷ ʚ ʛʠʜʨʦʛʝʣʝ ʪʦʣʩʪʦʩʣʦʡʥʘʯʷ 

ʛʦʣʦʛʨʘʤʤʘ, ʦʪʨʘʞʘʶʱʘʷ ʧʨʠ ʧʘʜʝʥʠʠ ʙʝʣʦʛʦ ʩʚʝʪʘ ʪʦʣʴʢʦ ʢʦʤʧʦʥʝʥʪʫ, 

ʨʝʟʦʥʘʥʩʥʫʶ ʧʝʨʠʦʜʫ ʩʣʦʝʚ [1]. ʇʨʠ ʩʞʘʪʠʠ ʠʣʠ ʥʘʙʫʭʘʥʠʠ ʩʝʥʩʦʨʘ 

ʠʟʤʝʥʷʝʪʩʷ ʜʣʠʥʘ ʚʦʣʥʳ ʦʪʨʘʞʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʷʪʴ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʪʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʨʘʩʪʚʦʨʘ, ʥʘ ʢʦʪʦʨʳʡ çʥʘʩʪʨʦʝʥʳè 

ʩʰʠʚʢʠ ʛʠʜʨʦʛʝʣʝʚʦʡ ʤʘʪʨʠʮʳ. ɺʘʞʥʦ ʟʥʘʪʴ ʩʢʦʨʦʩʪʴ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ʪʝʩʪʠʨʫʝʤʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʛʣʫʙʠʥʫ ʛʠʜʨʦʛʝʣʷ. ɼʣʷ ʦʪʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʛʣʶʢʦʟʳ ʚ ʛʠʜʨʦʛʝʣʝ ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʤʦʜʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʛʠʜʨʦʛʝʣʝʚʦʡ ʤʘʪʨʠʮʝʡ ʙʝʟ ʩʰʠʚʦʢ, 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ ʛʣʶʢʦʟʝ. ʅʘ ʥʘʙʫʭʘʥʠʝ ʤʘʪʨʠʮʳ ʧʨʠ ʵʪʦʤ ʛʣʶʢʦʟʘ ʥʝ 

ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ, ʘ ʩʢʦʨʦʩʪʴ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʣʶʢʦʟʳ 

ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʠʟʤʝʥʝʥʠʶ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʛʠʜʨʦʛʝʣʷ ʩ ʧʦʤʦʱʴʶ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʬʦʥʦʚʦʛʦ ʤʝʪʦʜʘ [2].  

ʅʘʩʳʱʝʥʥʳʡ ʚʦʜʦʡ ʛʠʜʨʦʛʝʣʴ ʨʘʩʧʦʣʘʛʘʣʩʷ ʚ ʢʶʚʝʪʝ ʪʦʣʱʠʥʦʡ 2.5 ʤʤ 

ʪʘʢ, ʯʪʦ ʢʦʥʪʘʢʪ ʩ ʨʘʩʪʚʦʨʦʤ ʠʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʦʩʫʱʝʩʪʚʣʷʣʩʷ 

ʪʦʣʴʢʦ ʧʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʛʠʜʨʦʛʝʣʷ. ʂʶʚʝʪʘ ʟʘʧʦʣʥʷʣʘʩʴ 

ʨʘʩʪʚʦʨʦʤ ʛʣʶʢʦʟʳ (0.25 ʄ/ʣ), ʠ ʵʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ 

ʩʥʘʨʫʞʠ ʦʙʨʘʟʮʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʉʲʝʤʢʘ ʦʙʲʝʢʪʘ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʤ ʬʦʥʦʚʳʤ ʤʝʪʦʜʦʤ 

ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʯʝʨʝʟ ʥʝʢʦʪʦʨʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʚ ʪʝʯʝʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ. ʉʭʝʤʘ ʩʲʝʤʢʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1ʘ. 
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ʈʠʩ. 1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʩʲʝʤʢʠ ʧʨʦʮʝʩʩʘ ʜʠʬʬʫʟʠʠ (ʘ); ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʨʦʠʟʚʦʜʥʦʡ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʛʠʜʨʦʛʝʣʷ ʦʪ ʨʘʜʠʫʩʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ ʩ ʤʦʤʝʥʪʘ ʟʘʣʠʚʢʠ ʨʘʩʪʚʦʨʘ (ʙ) 

 

ʇʦʩʣʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʝʨʠʠ ʧʦʣʫʯʝʥʥʳʭ ʬʦʪʦʛʨʘʬʠʡ 

ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʥʦʡ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʛʠʜʨʦʛʝʣʷ ʦʪ 

ʨʘʜʠʫʩʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ. ɻʨʘʬʠʢʠ ʜʣʷ ʥʝʢʦʪʦʨʳʭ 

ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 1ʙ. 

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʜʠʬʬʫʟʠʠ ʩ ʨʘʜʠʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʝʡ ʜʘʝʪ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʥʦʡ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʦʪ ʨʘʜʠʫʩʘ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ. ʇʫʪʝʤ ʧʦʜʛʦʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣ  

ʚʳʯʠʩʣʝʥ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ ʜʣʷ ʜʘʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʣʶʢʦʟʳ  

5.02*10
-6
 ʩʤ

2
/ʩ. ʕʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʣʦʩʴ ʦʪ ʧʦʣʫʯʝʥʥʦʛʦ ʧʦ 

ʤʝʪʦʜʠʢʝ [2] ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʟʘʠʤʥʦʡ ʜʠʬʬʫʟʠʠ ʨʘʩʪʚʦʨʘ 

ʛʣʶʢʦʟʳ ʠ ʚʦʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʦʪ ʛʠʜʨʦʛʝʣʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʢʘʟʳʚʘʣ 

ʚʣʠʷʥʠʷ ʥʘ ʩʢʦʨʦʩʪʴ ʜʠʬʬʫʟʠʠ. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʆʉɺɽʑɽʅʀɽʄ 
 

ʇʨʦʚʝʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ 

ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʧʨʠ ʜʝʬʦʢʫʩʠʨʦʚʢʝ ʦʙʲʝʢʪʘ ʚ ʮʠʬʨʦʚʦʡ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʥʘ ʧʨʦʧʫʩʢʘʥʠʝ ʩ ʢʚʘʟʠʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʤ ʯʘʩʪʠʯʥʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʢʦʛʝʨʝʥʪʥʳʤ ʦʩʚʝʱʝʥʠʝʤ ʠ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʪʝʦʨʠʝʡ. 
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SPATIAL SPECTRUM OF COHERENCE SIGNAL AT OBJECT 

DEFOCUSING IN DIGITAL HOLOGRAPHIC MICROSCOPY  

IN TRANSMISSION WITH QUASIMONOCHROMATIC 

PARTIALLY SPATIALLY COHERENT ILLUMINATION  
 

Experimental investigation of coherence signal spatial spectrum at object defocusing 

in digital holographic microscopy in transmission with quasimonochromatic partially 

spatially coherent illumination and comparison of the experimental results with the 

theory has been done. 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʯʘʩʪʠʯʥʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʢʦʛʝʨʝʥʪʥʦʛʦ (ʏʇʂ) 

ʦʩʚʝʱʝʥʠʷ ʚ ʮʠʬʨʦʚʦʡ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʎɻʄ) ʧʦʟʚʦʣʷʝʪ 

ʩʥʠʟʠʪʴ ʢʦʛʝʨʝʥʪʥʳʝ ʰʫʤʳ ʚ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʦʤ ʩ ʛʦʣʦʛʨʘʤʤʳ 

ʠʟʦʙʨʘʞʝʥʠʠ ʦʙʲʝʢʪʘ [1]. ʆʜʥʘʢʦ ʪʝʦʨʝʪʠʯʝʩʢʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ [2], ʯʪʦ ʧʨʠ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʘʩʬʦʢʫʩʠʨʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʎɻʄ ʥʘ ʧʨʦʧʫʩʢʘʥʠʝ ʏʇʂ 

ʦʩʚʝʱʝʥʠʝ ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʫʤʝʥʴʰʝʥʠʶ ʤʦʜʫʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʥʘ ʚʳʩʦʢʠʭ ʧʦʧʝʨʝʯʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʯʘʩʪʦʪʘʭ, ʯʪʦ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʩʥʠʞʝʥʠʝ ʧʦʧʝʨʝʯʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʯʠʩʣʝʥʥʦ ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. 
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ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʧʨʠ ʜʝʬʦʢʫʩʠʨʦʚʢʝ 

ʦʙʲʝʢʪʘ ʚ ʎɻʄ ʥʘ ʧʨʦʧʫʩʢʘʥʠʝ ʩ ʏʇʂ ʦʩʚʝʱʝʥʠʝʤ ʠ ʩʨʘʚʥʝʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʪʝʦʨʠʝʡ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʩʦʩʪʦʷʣʦ ʠʟ ʟʘʧʠʩʠ ʛʦʣʦʛʨʘʤʤ ʦʙʲʝʢʪʘ ʧʨʠ ʧʦʤʦʱʠ ʎɻʄ (ʩʭʝʤʘ 

ʘʥʘʣʦʛʠʯʥʘ ʩʭʝʤʝ ʚ [3]) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʝʣʠʯʠʥʘʭ ʜʝʬʦʢʫʩʠʨʦʚʢʠ ȹz ʠ 

ʯʠʩʣʦʚʦʡ ʘʧʝʨʪʫʨʳ ʦʩʚʝʱʝʥʠʷ NA i ʠ ʚʳʯʠʩʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ: 

|,);;0(
~

|/|);;(
~

|)( rrr
ʵʢʩʧ kzkzk w=DGwDG=a  ʛʜʝ kr  ï  ʧʦʧʝʨʝʯʥʘʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ 

ʢʦʛʝʨʝʥʪʥʦʩʪʠ );;(
~

rkzwDG , ɤ ï ʢʨʫʛʦʚʘʷ ʚʨʝʤʝʥʥʘʷ ʯʘʩʪʦʪʘ, ȹz ï ʚʝʣʠʯʠʥʘ 

ʜʝʬʦʢʫʩʠʨʦʚʢʠ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʪʝʦʨʠʝʡ ʙʳʣʦ 

ʚʳʧʦʣʥʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ Ŭ
ʪʝʦʨ

(kr) ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʪʝʦʨʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʨʘʙʦʪʝ [2]. ʀʟ ʨʠʩ. 1 ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʎɻʄ ʥʘ 

ʧʨʦʧʫʩʢʘʥʠʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʏʇʂ ʦʩʚʝʱʝʥʠʷ (NA i > 0) ʥʘʙʣʶʜʘʝʪʩʷ 

ʵʬʬʝʢʪ ʫʤʝʥʴʰʝʥʠʷ ʤʦʜʫʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ 

ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʥʘ ʚʳʩʦʢʠʭ ʧʦʧʝʨʝʯʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪʘʭ kr ʧʨʠ 

ʜʝʬʦʢʫʩʠʨʦʚʢʝ ʦʙʲʝʢʪʘ. ɼʘʥʥʳʡ ʵʬʬʝʢʪ ʫʩʠʣʠʚʘʝʪʩʷ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ 

ʚʝʣʠʯʠʥʳ ʯʠʩʣʦʚʦʡ ʘʧʝʨʪʫʨʳ ʦʩʚʝʱʝʥʠʷ NA i. ʉʨʘʚʥʝʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ Ŭ
ʵʢʩʧ

 ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ Ŭ
ʪʝʦʨ

 ʧʦʢʘʟʳʚʘʝʪ 

ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʩʭʦʜʩʪʚʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʚʳʚʦʜʦʚ, ʠʟʣʦʞʝʥʥʳʭ ʚ ʨʘʙʦʪʝ [2]. 

 

ʘ) ʙ)  

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ Ŭʵʢʩʧ ʠ Ŭʪʝʦʨ ʦʪ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʧʦʧʝʨʝʯʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʯʘʩʪʦʪʳ kr
' ʧʨʠ ʨʘʟʣʠʯʥʳʭ ȹz: NA i å 0,008 (ʘ), NA i å 0,012 (ʙ) 

 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Dubois F., et. al. // Applied Optics. 2004. V.43. P.1131-1139. 

2. ɻʨʝʙʝʥʶʢ ɸ.ɸ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʘ ʠ ʩʚʦʡʩʪʚʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ 
ʤʠʢʨʦʩʢʦʧʠʠ: ʜʠʩʩ. ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢ.ʬ.-ʤ.ʥ. ʉʘʨʘʪʦʚ, 2014. 

3. Grebenyuk A.A., Tarakanchikova Y.V, Ryabukho V.P // Journal of Optics. 2014. V.16. 

P.105301. 
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ɺ.ɺ. ɼʋɼɽʅʂʆɺɸ
1
, ʖ.ʅ. ɿɸʍɸʈʆɺ

1,2
 

1ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ 
2ɻʘʨʚʘʨʜʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʝʤʙʨʠʜʞ, ʉʐɸ 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʌʃʋʆʈɽʉʎɽʅʊʅʓʍ 

ɹʀʆʃʆɻʀʏɽʉʂʀʍ ʆɹʒɽʂʊʆɺ ʄɽʊʆɼʆʄ 

ʃʆʂɸʃʀɿɸʎʀʆʅʅʆʁ ʌʃʋʆʈɽʉʎɽʅʊʅʆʁ 

ʄʀʂʈʆʉʂʆʇʀʀ BaLM  ɺ ʃɸɿɽʈʅʆʄ ʉʂɸʅʀʈʋʖʑɽʄ 

ʈɽɾʀʄɽ 
 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʠʢʨʦʦʙʲʝʢʪʦʚ 

ʚʧʝʨʚʳʝ ʠʩʧʦʣʴʟʦʚʘʥ ʘʥʘʣʠʟʘ ʤʝʨʮʘʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʤʝʪʦʜʦʤ ʣʦʢʘʣʠʟʘʮʠʦʥʥʦʡ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ BaLM ʚ ʣʘʟʝʨʥʦʤ ʩʢʘʥʠʨʫʶʱʝʤ ʨʝʞʠʤʝ ʩʙʦʨʘ 

ʜʘʥʥʳʭ. 
 

V.V. DUDENKOVA
1
, Yu.N. ZAKHAROV

1,2 

1Lobachevsky State University of Nizhny Novgorod 
2Harvard University, Cambrige, USA 

 

INVESTIGATION OF FLUORESCENT BIOLOGICAL 

OBJECTS BY METHOD OF LOCALIZATION FLUORESCENT 

MICRO SCOPY BaLM IN LASER SCANNING MODE  

 
To achieve an ultrahigh resolution with micro-objects, fluorescence flicker analysis 

was used for the first time by the method of localization fluorescence microscopy BaLM 

(bleaʩhing/blinking assisted localization microscopy) in the laser scanning mode of data 

collection.  

 

ʊʨʘʜʠʮʠʦʥʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʬʣʫʦʨʝʩʮʝʥʪʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʠʤʝʝʪ 

ʦʛʨʘʥʠʯʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʜʠʬʨʘʢʮʠʦʥʥʳʤ ʧʨʝʜʝʣʦʤ 

ɸʙʙʝ. ʇʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʙʫʨʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʤʝʪʦʜʠʢʠ ʧʦʚʳʰʝʥʠʷ ʨʘʟʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ 

ʙʦʣʴʰʠʝ ʛʨʫʧʧʳ: ʤʠʢʨʦʩʢʦʧʠʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ, 

ʤʠʢʨʦʩʢʦʧʠʷ ʥʘ ʦʩʥʦʚʝ ʠʩʪʦʱʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚʳʥʫʞʜʝʥʥʳʤ 

ʠʟʣʫʯʝʥʠʝʤ ʠ ʣʦʢʘʣʠʟʘʮʠʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʦʜʠʥʦʯʥʳʭ ʤʦʣʝʢʫʣ. ɼʣʷ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣ ʚʳʙʨʘʥ ʩʘʤʳʡ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʪʦʜ ʣʦʢʘʣʠʟʘʮʠʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ BaLM [1], ʥʝ ʪʨʝʙʫʶʱʠʡ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 
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ʆʙʱʠʡ ʧʨʠʥʮʠʧ ʣʦʢʘʣʠʟʘʮʠʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʦʜʠʥʦʯʥʳʭ ʤʦʣʝʢʫʣ 

BaLM ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʙʫʞʜʝʥʠʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʘʥʘʣʠʟʝ 

ʤʝʨʮʘʥʠʷ ʬʣʫʦʨʦʬʦʨʦʚ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʵʪʦʪ ʧʨʠʥʮʠʧ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʪʦʣʴʢʦ ʜʣʷ ʰʠʨʦʢʦʧʦʣʴʥʦʛʦ ʨʝʞʠʤʘ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʩʙʦʨʘ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʧʨʠʤʝʥʝʥʠʷ BaLM ʤʝʪʦʜʘ ʢ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʤʫ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʣʘʟʝʨʥʦʤʫ 

ʩʢʘʥʠʨʫʶʱʝʤʫ ʨʝʞʠʤʫ ʤʠʢʨʦʩʢʦʧʠʠ. 

ʃʘʟʝʨʥʳʡ ʩʢʘʥʠʨʫʶʱʠʡ ʨʝʞʠʤ ʨʝʛʠʩʪʨʘʮʠʠ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ BaLM 

ʜʘʥʥʳʭ ʧʨʦʠʟʚʝʜʝʥ ʩ ʧʦʤʦʱʴʶ ʢʦʥʬʦʢʘʣʴʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʫʶʱʝʛʦ 

ʤʠʢʨʦʩʢʦʧʘ LSM 710 (Carl Zeiss, ɻʝʨʤʘʥʠʷ). ʀʩʩʣʝʜʦʚʘʣʘʩʴ ʩʪʨʫʢʪʫʨʘ 

ʤʠʢʨʦʪʨʫʙʦʯʝʢ ʦʪʨʦʩʪʢʦʚ ʥʝʡʨʦʥʘ ʩ ʧʦʤʦʱʴʶ ʘʥʪʠʪʝʣ, ʤʘʨʢʠʨʦʚʘʥʥʳʭ 

ʬʣʫʦʨʦʬʦʨʦʤ Alexa Fluor 647, ʧʨʠʢʨʝʧʣʝʥʥʳʭ ʢ MAP2. ʌʣʫʦʨʝʩʮʝʥʮʠʷ 

ʚʦʟʙʫʞʜʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ He-Ne ʣʘʟʝʨʘ ʩ ʜʣʠʥʥʦʡ ʚʦʣʥʳ 633 ʥʤ ʩ 

ʤʦʱʥʦʩʪʴʶ ʚʦʟʙʫʞʜʝʥʠʷ 0,43 ʤʢɺʪ. ʀʟʦʙʨʘʞʝʥʠʷ ʧʦʩʪʨʦʝʥʳ 

ʧʦʧʠʢʩʝʣʴʥʦ ʩ ʚʨʝʤʝʥʝʤ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʠʢʩʝʣʘ 0,32 ʤʢʩ ʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʜʥʦ-ʠʤʤʝʨʩʠʦʥʥʦʛʦ ʦʙʲʝʢʪʠʚʘ C-Apochromat (Carl 

Zeiss, ɻʝʨʤʘʥʠʷ) ʩ ʫʚʝʣʠʯʝʥʠʝʤ 63x ʠ ʯʠʩʣʦʚʦʡ ʘʧʝʨʪʫʨʦʡ ʨʘʚʥʦʡ 1.2. 

ʇʦʣʝ ʟʨʝʥʠʷ ʩʦʩʪʘʚʠʣʦ 25ʭ25 ʤʢʤ, ʥʘ ʦʜʠʥ ʧʠʢʩʝʣ ʧʨʠʭʦʜʠʪʩʷ ʧʦʨʷʜʢʘ 

24 ʥʤ ʚ ʧʣʦʩʢʦʩʪʠ ʦʙʨʘʟʮʘ. ʇʨʠʤʝʥʝʥʠʝ ʜʣʷ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ʘʣʛʦʨʠʪʤʘ ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʦʧʪʠʯʝʩʢʠʭ ʬʣʫʢʪʫʘʮʠʡ ʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʚʨʝʤʝʥʥʳʭ ʬʣʫʢʪʫʘʮʠʡ ʩʠʛʥʘʣʘ, ʚʳʟʚʘʥʥʳʭ 

ʤʠʛʘʥʠʝʤ ʬʣʫʦʨʦʬʦʨʦʚ SOFI (Super-resolution optical fluctuation 

microscopy) [2] 8-ʛʦ ʧʦʨʷʜʢʘ, ʧʨʝʜʦʩʪʘʚʠʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 

ʧʨʦʜʦʣʴʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʚʧʣʦʪʴ ʜʦ 87 ʥʤ, ʯʪʦ ʚ 3.03 ʨʘʟʘ ʧʨʝʚʦʩʭʦʜʠʪ 

ʜʠʬʨʘʢʮʠʦʥʥʳʡ ʧʨʝʜʝʣ. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Burnette D.T., Sengupta P., Dai Y., Lippincott-Schwartz J., Kachar B. // PNAS. 2011. 
V.108, ˉ52. P.21081 

2. Dertinger T., Colyer R., Iyer G., Weiss S., Enderlein J. Fast, background-free, 3D super-

resolution optical fluctuation imaging (SOFI) // Proceedings of the National Academy of Sciences. 
2009. V.106. N.52. P.22287. 
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ɸ.ɸ. ʏʀʇɽɻʀʅ, ʅ.ɺ. ʇɽʊʈʆɺ 
ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ʆʉʆɹɽʅʅʆʉʊʀ ʋʇʈɸɺʃɽʅʀʗ ɺʆʃʅʆɺʓʄ ʌʈʆʅʊʆʄ  

ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʄɸʊʈʀʎʓ ʄʀʂʈʆɿɽʈʂɸʃ  

ɺ ʎʀʌʈʆɺʆʁ ʀʅʊɽʈʌɽʈʆʄɽʊʈʀʏɽʉʂʆʁ ɼʀɸɻʅʆʉʊʀʂɽ 

 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʨʠʮʳ 

ʤʠʢʨʦʟʝʨʢʘʣ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

 

A.A. CHIPEGIN, N.V. PETROV 
ITMO University, Saint-Petersburg 

 

FEATURES OF THE WAVEFRONT SHAPING TECHNIQUE 

USING DIGITAL MICROMIRROR DEVICE  

IN DIGITAL INTERFEROMETRIC DIAGNOSTICS  
 

In this work we consider the features of the wavefront shaping technique using 

digital micromirror device in digital interferometric diagnostics.  
 

ʂʦʥʪʨʦʣʴ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʚ ʮʠʬʨʦʚʦʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʦʡ 

ʜʠʘʛʥʦʩʪʠʢʝ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ [1]. ʉ ʧʦʷʚʣʝʥʠʝʤ ʜʦʩʪʫʧʥʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʤʦʜʫʣʷʪʦʨʦʚ ʩʚʝʪʘ (SLM) ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ 

ʬʦʢʫʩʠʨʦʚʘʪʴ ʣʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʨʘʩʩʝʠʚʘʶʱʠʭ ʩʨʝʜʘʭ [2], 

ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʘʙʝʨʨʘʮʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ [3], 

ʚʦʣʥʦʚʦʡ ʬʨʦʥʪ ʠʟʣʫʯʝʥʠʷ [4]. ɺ ʢʘʯʝʩʪʚʝ SLM ʰʠʨʦʢʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ 

ʦʙʨʝʪʘʶʪ ʫʩʪʨʦʡʩʪʚʘ ʩ ʤʘʩʩʠʚʦʤ ʤʠʢʨʦʟʝʨʢʘʣ (DMD). DMD ʠʤʝʝʪ ʨʷʜ 

ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ LC SLM: ʩʢʦʨʦʩʪʴ ʧʝʨʝʢʣʶʯʝʥʠʷ ʩʚʳʰʝ 1ʢɻʮ, 

ʚʳʩʦʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ. ʂʘʞʜʳʡ ʧʠʢʩʝʣʴ DMD ʤʦʞʝʪ 

ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʵʢʨʘʥʘ ʥʘ Ñ12Á (ʨʠʩ. 1).  
 

 
 

ʈʠʩ. 1. ʄʠʢʨʦʟʝʨʢʘʣʦ ʚʦ ʚʢʣʶʯʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʚʝʨʭʥʷʷ ʧʣʦʩʢʦʩʪʴ ʥʘ ʨʠʩʫʥʢʝ 

ʩʣʝʚʘ) ʩʦʩʪʘʚʣʷʝʪ ʫʛʦʣ ɗ ʩ ʧʣʦʩʢʦʩʪʴʶ DMD (ʯʝʨʥʘʷ ʧʣʦʩʢʦʩʪʴ ʥʘ ʨʠʩʫʥʢʝ ʩʣʝʚʘ), 

ʧʦʚʦʨʦʪ ʤʠʢʨʦʟʝʨʢʘʣʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʛʦ ʜʠʘʛʦʥʘʣʠ 
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ʇʨʠ ʚʢʣʶʯʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚʩʝʭ ʧʠʢʩʝʣʝʡ DMD ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʕʰʝʣʝʪʪ. ʇʨʠ ʧʦʚʦʨʦʪʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʠʘʛʦʥʘʣʠ ʥʘ ʫʛʦʣ  ɗ, ʫʛʦʣ ʧʦʚʦʨʦʪʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ X - ɗǋ arctan(tan(ɗ)/ã2). ʇʨʠ ʧʨʦʠʟʚʦʣʴʥʦʤ ʫʛʣʝ ʧʘʜʝʥʠʷ 

Ŭ ʥʘ ʤʠʢʨʦʟʝʨʢʘʣʦ, ʫʛʦʣ ʧʘʜʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ X -  

Ŭǋ = arctan(tan(Ŭ)/ã2). ʋʨʘʚʥʝʥʠʝ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʝʰʝʪʢʠ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: m = 2d/ɚ (sin(Ŭǋ)+sin(ɓǋ)), ʛʜʝ ɓǋ - ʫʛʦʣ ʜʠʬʨʘʢʮʠʠ. ʇʨʠ 

ʮʝʣʦʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ m ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ ñʙʣʝʩʢʘò [5], ʧʨʠ 

ʢʦʪʦʨʦʤ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʤʘʢʩʠʤʫʤ ʵʥʝʨʛʠʠ ʚ ʜʠʬʨʘʢʮʠʦʥʥʦʤ ʧʦʨʷʜʢʝ. 

ʇʨʠ m ʢʨʘʪʥʳʭ 0.5 ï ʧʦʣʫʯʘʝʪʩʷ ʤʠʥʠʤʫʤ ʵʥʝʨʛʠʠ ʚ ʜʠʬʨʘʢʮʠʦʥʥʦʤ 

ʧʦʨʷʜʢʝ. ʋʩʣʦʚʠʝ ʙʣʝʩʢʘ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ ɛ = 1. ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ɛ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʧʘʜʝʥʠʷ Ŭ ʧʨʠ ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʨʘʟʤʝʨʘ 

ʤʠʢʨʦʟʝʨʢʘʣʘ d = 7.56 ʤʢʤ, ʜʣʷ ɚ1 = 635 ʥʤ ʠ ɚ2 = 532 ʥʤ. ɺʠʜʥʦ, ʯʪʦ ʜʣʷ 

ɚ1 ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ ʚ ʦʜʥʦʤ 

ʮʝʥʪʨʘʣʴʥʦʤ ʜʠʬʨʘʢʮʠʦʥʥʦʤ ʧʦʨʷʜʢʝ ʚ ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚ ʧʘʜʝʥʠʷ ʦʪ -10Á  

ʜʦ 30Á, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ɚ2 ʜʠʘʧʘʟʦʥʳ ʫʛʣʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ. ʆʙʱʘʷ 

ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʚʠʩʠʪ ʪʘʢʞʝ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ 

ʤʠʢʨʦʟʝʨʢʘʣ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʧʫʩʢʘʥʠʷ ʟʘʱʠʪʥʦʡ ʧʣʸʥʢʠ DMD ʠ ʜʣʷ 

DLP6500 FYE ʥʝ ʧʨʝʚʳʰʘʝʪ 73 %. ɿʥʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʫʩʣʦʚʠʷ ñʙʣʝʩʢʘò 

ʦʪ ʫʛʣʘ ʧʘʜʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʫʩʪʘʥʦʚʦʢ ʚ ʮʠʬʨʦʚʦʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʝ [6].  

 
ʈʠʩ. 2. ʂʨʠʪʝʨʠʡ ñʙʣʝʩʢʘò ʜʣʷ DLP6500  

ʧʨʠ ɚ1 = 635 ʥʤ (ʩʧʣʦʰʥʘʷ), ɚ2 = 532 ʥʤ (ʧʫʥʢʪʠʨ) 
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ3.1893.2017/4.6, 

ʚʳʧʦʣʥʷʝʤʦʛʦ ʥʘʫʯʥʳʤʠ ʢʦʣʣʝʢʪʠʚʘʤʠ ʥʘʫʯʥʳʭ ʣʘʙʦʨʘʪʦʨʠʡ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʜʚʝʜʦʤʩʪʚʝʥʥʳʭ 

ʄʠʥʠʩʪʝʨʩʪʚʫ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 
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ʄ.ʉ. ʂʆɺɸʃɽɺ, ʉ.ɹ. ʆɼʀʅʆʂʆɺ, ʇ.ɸ. ʈʋʏʂɸ 
ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʕ  ɹʘʫʤʘʥʘ 

 

ʎʀʌʈʆɺʆʁ ʉʀʅʊɽɿ ɻʆʃʆɻʈɸʄʄ ʌʋʈʔɽ 

ʉ ʋʏɽʊʆʄ ʄɽʊʆɼʆɺ ʀʍ ʈɽɸʃʀɿɸʎʀʀ 
 

ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨ 

ʛʦʣʦʛʨʘʤʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʛʦʣʦʛʨʘʤʤ. ʇʨʝʜʣʦʞʝʥʳ 

ʤʝʪʦʜʳ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʫʯʝʪʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʠʢʨʦʨʝʣʴʝʬʘ ʧʨʠ 

ʧʨʷʤʦʡ ʣʘʟʝʨʥʦʡ ʟʘʧʠʩʠ ʢʦʤʧʴʶʪʝʨʥʦ-ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʛʦʣʦʛʨʘʤʤ ʌʫʨʴʝ (ʂʉɻʌ) 

ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

 

M.S. KOVALEV, S.B. ODINOKOV, P.A. RUCHKA 
Bauman Moscow State Technical University 

 

DIGITAL SYNTHESIS OF FOURIER HOLOGRAMS  

WITH C ONSIDERATION OF THE  METHOD S  

OF THEIR REALIZATION  
 

The influence of errors in the formation of hologram element structures on the 

results of hologram reconstruction was investigated. Methods for algorithmically taking 

into account the peculiarities of microrelief formation in the direct laser recording of 

computer-generated Fourier holograms (CGFH) for improving their efficiency are 

proposed.  

 

ʄʝʪʦʜʳ ʧʨʷʤʦʡ ʣʘʟʝʨʥʦʡ ʟʘʧʠʩʠ ʠ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʡ ʣʠʪʦʛʨʘʬʠʠ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʚʳʩʦʢʦʪʦʯʥʦʡ ʟʘʧʠʩʠ 

ʢʦʤʧʴʶʪʝʨʥʦ-ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʛʦʣʦʛʨʘʤʤʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

(ɻʆʕ) [1, 2]. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʮʠʬʨʦʚʦʛʦ ʩʠʥʪʝʟʘ ɻʆʕ, ʘ ʪʘʢʞʝ 

ʠʟ-ʟʘ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ, ʚ ʪ.ʯ. ʚʠʜʘ ʝʛʦ ʩʝʯʝʥʠʷ, 

ʧʨʠ ʟʘʧʠʩʠ ʮʠʬʨʦʚʳʭ ʛʦʣʦʛʨʘʤʤ ʥʘ ʧʦʜʣʦʞʢʠ ʚʦʟʥʠʢʘʶʪ ʦʰʠʙʢʠ, 

ʥʘʧʨʠʤʝʨ, ʩʢʨʫʛʣʝʥʠʷ ʢʨʘʝʚ ʠ ʬʣʫʢʪʫʘʮʠʠ ʪʨʘʝʢʪʦʨʠʠ ʧʨʠ ʟʘʧʠʩʠ 

ʥʝʧʨʝʨʳʚʥʳʭ ʩʪʨʫʢʪʫʨ [3, 4]. ʕʪʠ ʦʰʠʙʢʠ ʧʨʠʚʦʜʷʪ ʢ ʧʦʷʚʣʝʥʠʶ 

ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʰʫʤʦʚ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʛʦʣʦʛʨʘʤʤ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʟʘʜʘʯʘ ʚʟʘʠʤʥʦʛʦ ʫʯʝʪʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʷʤʦʡ ʣʘʟʝʨʥʦʡ ʟʘʧʠʩʠ ʠ 

ʮʠʬʨʦʚʦʛʦ ʩʠʥʪʝʟʘ ʛʦʣʦʛʨʘʤʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʦʰʠʙʦʢ ʧʨʠ ʟʘʧʠʩʠ ʛʦʣʦʛʨʘʤʤ ʠ 

ʫʚʝʣʠʯʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ, ʧʨʠʙʝʛʘʶʪ ʢ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʙʦʣʝʝ ʪʦʯʥʳʭ ʣʘʟʝʨʥʳʭ ʣʠʪʦʛʨʘʬʦʚ ʩ ʤʝʥʴʰʠʤ ʜʠʘʤʝʪʨʦʤ 

ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʩʧʦʩʦʙʦʚ, ʥʝ ʠʟʤʝʥʷʶʱʠʭ ʠʩʭʦʜʥʳʡ 
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ʤʠʥʠʤʘʣʴʥʳʡ ʵʣʝʤʝʥʪ ʂʉɻʌ [5, 6]. ʆʜʥʘʢʦ ʪʘʢʦʝ ʨʝʰʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ 

ʫʜʦʨʦʞʘʥʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʦʣʦʛʨʘʤʤ ʠ ʥʝ ʚʝʜʝʪ ʢ ʧʦʣʥʦʤʫ ʠʩʢʣʶʯʝʥʠʶ 

ʦʧʠʩʘʥʥʳʭ ʦʰʠʙʦʢ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʩʦʟʜʘʥʠʷ ɻʆʕ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ ʣʠʪʦʛʨʘʬʘ ʠ ʩʦʟʜʘʶʱʝʛʦ ʛʦʣʦʛʨʘʤʤʳ ʩ ʤʠʥʠʤʘʣʴʥʳʤ 

ʵʣʝʤʝʥʪʦʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʵʪʠʤ ʧʘʨʘʤʝʪʨʘʤ. ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ 

ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʩʨʝʜʝ Matlab ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʞʝ ʠʟʚʝʩʪʥʳʭ ʩʭʝʤ ʩʠʥʪʝʟʘ 

ʮʠʬʨʦʚʳʭ ʧʦʣʫʪʦʥʦʚʳʭ ʛʦʣʦʛʨʘʤʤ ʌʫʨʴʝ. 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʝ ʜʣʷ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʭʝʤʳ ʫʯʝʪʳ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʮʠʬʨʦʚʦʡ ʛʦʣʦʛʨʘʤʤʳ ʠ ʚʠʜʘ ʩʝʯʝʥʠʷ ʧʫʯʢʘ ʣʘʟʝʨʘ, ʧʨʦʚʝʜʝʥ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʨʠ ʟʘʧʠʩʠ 

ʛʦʣʦʛʨʘʤʤ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʯʠʩʣʝʥʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʥʘʠʙʦʣʝʝ ʫʜʘʯʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ.  

ʇʝʨʝʭʦʜ ʢ ʮʠʬʨʦʚʦʤʫ ʩʠʥʪʝʟʫ ʛʦʣʦʛʨʘʤʤʥʳʭ ʠ ʜʠʬʨʘʢʮʠʦʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʩ çʥʝʧʨʷʤʦʫʛʦʣʴʥʳʤè ʤʠʥʠʤʘʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʧʦʟʚʦʣʠʣ 

ʜʦʙʠʪʴʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʛʦ ʠʩʢʣʶʯʝʥʠʷ ʦʰʠʙʦʢ ʧʨʠ ʟʘʧʠʩʠ 

ʧʦʣʫʪʦʥʦʚʳʭ ʠ ʙʠʥʘʨʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʥʘʫʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ: ʩʦʛʣʘʰʝʥʠʝ ˉ14.577.21.0258 ʦʪ 26 

ʩʝʥʪʷʙʨʷ 2017 ʛʦʜʘ (ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʧʨʦʝʢʪʘ RFMEFI57717X0258). 
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ɻʆʃʆɻʈɸʄʄʓ ʌʈɽʅɽʃʗ:  

ʄɽʊʆɼʓ ʉʀʅʊɽɿɸ ʀ ʇʈʀʄɽʅɽʅʀʗ 

 
ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʤʧʴʶʪʝʨʥʦ-

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʛʦʣʦʛʨʘʤʤ ʌʨʝʥʝʣʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʧʝʨʝʥʦʩʫ ʛʦʣʦʛʨʘʤʤ 

ʌʨʝʥʝʣʷ ʥʘ ʥʝ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʨʘʩʩʝʠʚʘʶʱʠʝ ʩʨʝʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʥʝʰʥʠʭ ʧʝʨʠʬʝʨʠʡʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʕɺʄ. ʇʨʦʚʝʜʝʥ ʢʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʮʠʬʨʦʚʳʭ ʛʦʣʦʛʨʘʤʤ ʧʫʪʝʤ ʚʳʯʠʩʣʝʥʠʷ SMSE ʠ SSIM.  

 

M.S. KOVALEV, S.B. ODINOKOV, N.G. STSEPURO 
Bauman Moscow State Technical University 

 

FRENEL HOLOGRAMS:  

SYNTHESIS AND APPLICATION METHODS  
 

We are presenting the results of numerical simulation of computer-generated Fresnel 

holograms and experiments of Fresnel holograms transfer to non-photosensitive 

scattering carrier using peripheral computer devices. A qualitative analysis of the 

reconstructed digital holograms was carried out by calculating SMSE and SSIM. 

 

ʈʘʟʚʠʪʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʦʚʨʝʤʝʥʥʝʝ ʨʘʩʯʝʪʥʳʝ 

ʤʦʱʥʦʩʪʠ ʩʜʝʣʘʣʠ ʣʦʛʠʯʥʳʤ ʙʫʨʥʦʝ ʨʘʟʚʠʪʠʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʩʠʥʪʝʟʘ 

ʛʦʣʦʛʨʘʤʤ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ [1, 2]. ɺ ʦʩʥʦʚʫ ʢʦʤʧʴʶʪʝʨʥʳʭ ʤʦʜʝʣʝʡ 

ʨʘʩʯʝʪʘ ʛʦʣʦʛʨʘʤʤ ʌʨʝʥʝʣʷ ʠʣʠ ʢʦʤʧʴʶʪʝʨʥʦ-ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʛʦʣʦʛʨʘʤʤ (ʂʉɻ) ʌʫʨʴʝ ʣʝʛʣʠ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʘʥʘʣʦʛʦʚʦʡ ʛʦʣʦʛʨʘʬʠʠ ʠ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʷʚʣʝʥʠʷʭ ʩʚʝʪʦʚʳʭ ʧʫʯʢʦʚ.  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂʉɻ ʌʨʝʥʝʣʷ ʥʘ ʥʝʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ 

ʨʘʩʩʝʠʚʘʶʱʠʭ ʩʨʝʜʘʭ (ʅʌʈʉ) (ʙʫʤʘʛʘ, ʧʣʝʥʢʘ, ʧʣʘʩʪʠʢ, ʩʪʝʢʣʦ ʠ ʪ.ʜ.), 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ ʚʥʝʰʥʠʭ ʧʝʨʠʬʝʨʠʡʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʪʝʨʤʦʪʨʘʥʩʬʝʨʥʦʡ ʧʝʯʘʪʠ ʠ ʤʝʪʦʜʦʚ ʧʨʷʤʦʡ 

ʣʘʟʝʨʥʦʡ ʟʘʧʠʩʠ [3], ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʣʠʛʨʘʬʠʯʝʩʢʠʭ ʟʘʱʠʪʥʳʭ ʵʣʝʤʝʥʪʦʚ 

(ʇɿʕ), ʘ ʪʘʢʞʝ ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʠ ʩʠʥʪʝʟʘ ʛʦʣʦʛʨʘʤʤ ʥʘ 

ʦʩʥʦʚʝ ʜʠʬʨʘʢʮʠʠ ʌʨʝʥʝʣʷ ʩ ʫʯʝʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʘʩʩʝʠʚʘʶʱʠʭ ʩʨʝʜ. 

ɺ ʘʣʛʦʨʠʪʤ ʩʠʥʪʝʟʘ ʇɿʕ ʥʘ ʦʩʥʦʚʝ ʂʉɻ ʌʨʝʥʝʣʷ ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʩʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʘʩʩʝʠʚʘʶʱʝʡ ʩʨʝʜʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 
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ʢʘʯʝʩʪʚʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʛʦʣʦʛʨʘʤʤ. ʇʨʠ ʩʠʥʪʝʟʝ ʛʦʣʦʛʨʘʤʤ, ʚ ʦʩʥʦʚʝ 

ʢʦʪʦʨʳʭ ʜʠʬʨʘʢʮʠʦʥʥʳʡ ʠʥʪʝʛʨʘʣ ʌʨʝʥʝʣʷ, ʷʜʨʦ ʠʥʪʝʛʨʘʣʘ ʧʨʝʦʙʨʘʟʫʶʪ 

ʧʨʠ ʧʦʤʦʱʠ ʙʳʩʪʨʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ (ɹʇʌ). ɼʘʥʥʘʷ ʟʘʤʝʥʘ 

ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʘʣʛʦʨʠʪʤ ʩʠʥʪʝʟʘ ʠ ʧʦʚʳʩʠʪʴ ʩʢʦʨʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ, 

ʦʜʥʘʢʦ, ʫʧʨʦʱʝʥʠʝ ʪʘʢʦʛʦ ʨʦʜʘ ʚʝʜʝʪ ʟʘ ʩʦʙʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʦʰʠʙʢʫ 

ʧʨʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʠʥʪʝʛʨʘʣʘ ʌʨʝʥʝʣʷ [4]. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂʉɻ ʌʨʝʥʝʣʷ ʥʘ ʅʌʈʉ (ʨʠʩ. 1), 

ʪʘʢʠʝ ʢʘʢ: ʧʣʦʪʥʦʩʪʴ ʧʝʯʘʪʠ/ʟʘʧʠʩʠ, ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʵʣʝʤʝʥʪʘ 

ʛʦʣʦʛʨʘʤʤʳ, ʪʦʣʱʠʥʘ/ʛʣʫʙʠʥʘ ʩʣʦʷ ʠ ʪ.ʜ. ï ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʪ ʥʘ ʨʝʟʫʣʴʪʘʪ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʛʦʣʦʛʨʘʤʤ (ʨʠʩ. 2), ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʥʘʢʣʘʜʳʚʘʝʪ 

ʬʠʟʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʦʙʲʝʢʪʳ ʰʠʬʨʦʚʘʥʠʷ ʧʨʠ ʩʠʥʪʝʟʝ ʇɿʕ. ɺ 

ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʂʉɻ ʌʨʝʥʝʣʷ, ʠ 

ʚʥʝʩʝʥʳ ʧʦʧʨʘʚʢʠ ʚ ʤʝʪʦʜʠʢʫ ʨʘʩʯʝʪʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʮʠʬʨʦʚʳʭ ʛʦʣʦʛʨʘʤʤ. 
 

  
ʈʠʩ. 1. ʂʦʤʧʴʶʪʝʨʥʦ-ʩʠʥʪʝʟʠʨʦʚʘʥʥʘʷ 

ʛʦʣʦʛʨʘʤʤʘ ʌʨʝʥʝʣʷ 

ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʂʉɻ 

ʌʨʝʥʝʣʷ 
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ʯʘʩʪʦʪʳ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʙʣʫʯʝʥʠʷ.  

 

N.K. DZHAMANKYZOV , Y.K. ISMANOV,  

K.M. ZHUMALIEV , S.A. ALYMKULOV  
Institute of Physical and Technical Problems and Materials Science of NAS KR, 

Bishkek, Kyrgyz Republic 

 

THE TEMPERATURE FIEL D DISTRIBUTION  

IN PHOTOTHER MOPLASTIC MEDIA DURI NG  

OF HOLOGRAM RECORDIN G 
 

A theoretical study of the recording of holograms on photothermoplastic media in 

which a linear relationship between the change in the refractive index and the 

temperature expansion of the medium is assumed. The results of the study allow us to 

estimate the required laser radiation power for the information recording as the function 

of the spatial frequency and the radiation exposure duration. 

 

ʉʫʱʝʩʪʚʫʝʪ ʢʣʘʩʩ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʢʦʪʦʨʳʭ ʠʭ ʦʧʪʠʯʝʩʢʠʝ ʠ 

ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʠʟʤʝʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʧʣʦʪʥʦʩʪʠ ʧʘʜʘʶʱʝʡ ʵʥʝʨʛʠʠ, ʠ ʧʨʦʮʝʩʩ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʨʝʜʳ. ʄʝʭʘʥʠʟʤ ʠʟʤʝʥʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʠʟʤʝʥʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʚʝʱʝʩʪʚʘ ʟʘ ʩʯʝʪ ʜʝʡʩʪʚʠʷ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ, ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʟʣʠʯʥʳʤ [1, 2]. ʆʜʠʥ ʠʟ ʥʠʭ ʩʚʷʟʘʥ ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʩʨʝʜʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʪʝʧʣʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʟʤʝʥʝʥʠʝʤ ʝʝ ʧʣʦʪʥʦʩʪʠ. ʀʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ 
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ʩʨʝʜʳ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʝʝ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʤʦʜʫʣʷʮʠʠ ʚʥʝʰʥʝʛʦ ʩʚʝʪʦʚʦʛʦ ʧʫʯʢʘ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʠʟʤʝʥʷʝʪʩʷ ʣʠ ʤʥʠʤʘʷ, ʨʝʘʣʴʥʘʷ ʠʣʠ ʦʙʝ ʯʘʩʪʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚʝʱʝʩʪʚʘ, ʬʦʨʤʠʨʫʝʪʩʷ ʘʤʧʣʠʪʫʜʥʘʷ, 

ʬʘʟʦʚʘʷ ʠʣʠ ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʘʷ ʨʝʰʝʪʢʘ. 

ʇʫʩʪʴ ʜʚʝ ʧʣʦʩʢʠʝ ʢʦʛʝʨʝʥʪʥʳʝ ʚʦʣʥʳ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳl ʧʘʜʘʶʪ ʥʘ 

ʪʘʢʦʡ ʟʘʧʠʩʳʚʘʶʱʠʡ ʩʣʦʡ ʧʦʜ ʫʛʣʘʤʠ 
2

q
°  ʢ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ.  

ʀʟ-ʟʘ ɻ ʬʬʝʢʪʘ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʧʣʦʪʥʦʩʪʴ ʧʘʜʘʶʱʝʡ ʵʥʝʨʛʠʠ 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʠʟʤʝʥʷʝʪʩʷ ʚʜʦʣʴ ʦʩʠ y. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʘ ʚ 

ʩʣʦʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʠʥʜʫʮʠʨʫʝʪʩʷ ʚ ʚʠʜʝ 

ʥʝʢʦʪʦʨʦʡ ʪʝʧʣʦʚʦʡ ʨʝʰʝʪʢʠ [3, 4]. ʂʦʛʜʘ ʜʦʩʪʠʛʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʘʷ 

ʘʤʧʣʠʪʫʜʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ, ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠʟʣʫʯʝʥʠʷ 

ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʟʤʝʥʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʪʦ ʝʩʪʴ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʩʣʦʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʠʟʣʫʯʝʥʠʷ ʠʟʤʝʥʷʶʪʩʷ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ.  

ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ 

ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʪʦʪʝʨʤʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʥʦʩʠʪʝʣʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

0

0
( , ) ( , ) 2 [1 ( , ) cos( )]

I A at
T y t T T y t M k t ky

h
- =D = + , 

ʛʜʝ 
0

I - ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ ʥʘ ʚʭʦʜʝ ʚ ʩʨʝʜʫ, 
0

T - ʪʝʤʧʝʨʘʪʫʨʘ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, k - ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ, A - ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ 

ʩʨʝʜʳ, a  ʠ h- ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʨʝʜʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ( , )M k t  - ʢʦʵʬʬʠʮʠʝʥʪ 

ʤʦʜʫʣʷʮʠʠ ʩʚʝʪʦʚʳʭ ʧʫʯʢʦʚ ʧʨʠ ʠʥʪʝʨʬʝʨʝʥʮʠʠ, t - ʚʨʝʤʷ ʦʙʣʫʯʝʥʠʷ 

ʬʦʪʦʪʝʨʤʦʧʣʘʩʪʠʯʝʩʢʦʡ ʩʨʝʜʳ. 
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ɸ.ʀ. ʃʀɺɸʐɺʀʃʀ, ɺ.ɺ. ʂʈʀʐʊʆʇ, ɻ.ɺ. ʂʆʉʊʀʅɸ, 

ʇ.ɺ. ɺʀʅʆɻʈɸɼʆɺɸ, ʅ.ʄ. ʂʀʈɽɽɺɸ 
ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ, ʍʘʙʘʨʦʚʩʢ 

 

ɼʀʅɸʄʀʂɸ ɺʆʃʅ ʇɽʈɽʂʃʖʏɽʅʀʗ  

ɺ ʅɸʅʆɾʀɼʂʆʉʊʀ, ʅɸʍʆɼʗʑɽʁʉʗ ɺ ʉɺɽʊʆɺʆʄ ʇʆʃɽ 
 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʩʪʘʮʠʦʥʘʨʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʨʝʜʘ ʩʪʘʥʦʚʠʪʩʷ ʙʠʩʪʘʙʠʣʴʥʦʡ. 

ʀʟʫʯʘʝʪʩʷ ʚʣʠʷʥʠʝ ʦʜʥʦʤʝʨʥʦʡ ʢʦʥʚʝʢʮʠʠ. 

 

A.I. LIVASHVILI , V.V. KRISHTOP, G.V. KOSTINA, 

P.V. VINOGRADOVA, N.M. KIREEVA 
Far Eastern State Transport University. Khabarovsk 

 

DYNAMICS OF SWITCHING WAVES IN A NANOFLUID  

IN A LIGHT FIELD  
 

It is shown that under the conditions of a stationary temperature and the 

concentration dependence of the thermal conductivity coefficient, the medium becomes 

bistable. The influence of one-dimensional convection is studied. 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʞʠʜʢʦʬʘʟʥʘʷ ʩʨʝʜʘ ʩ 

ʤʠʢʨʦʯʘʩʪʠʮʘʤʠ [1], ʦʙʣʫʯʘʝʤʘʷ ʩʚʝʪʦʚʳʤ ʧʫʯʢʦʤ ʩ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʇʨʦʮʝʩʩʳ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʦʧʠʩʳʚʘʶʪʩʷ ʩʠʩʪʝʤʦʡ ʙʘʣʘʥʩʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʯʘʩʪʠʮ ʩ ʫʯʸʪʦʤ ʢʦʥʚʝʢʮʠʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʦʮʝʩʩʳ ʥʘ ʬʦʥʝ ʩʪʘʮʠʦʥʘʨʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ: 

.0=µµ tT ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ [2]: 

)1(),pC1(C)C( 00 +l=b+l=l                                                                         

ʛʜʝ .10 >= lbp  ɺ ʜʘʣʴʥʝʡʰʝʤ, ʧʝʨʝʭʦʜʷ ʢ ʙʝʟʨʘʟʤʝʨʥʳʤ ʧʝʨʝʤʝʥʥʳʤ ʚ 

ʜʠʬʬʫʟʠʦʥʥʦʤ ʫʨʘʚʥʝʥʠʠ, ʧʦʣʫʯʠʤ:
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ST - ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʨʤʦʜʠʬʬʫʟʠʠ.  

ʅʫʣʠ ʬʫʥʢʮʠʠ ʠʩʪʦʯʥʠʢʘ ʚ ʵʪʦʤ ʫʨʘʚʥʝʥʠʠ F(C): ʉ1=0, ʉ2=1/p,ʉ3=1, 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʪʘʮʠʦʥʘʨʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʦʜʥʦʨʦʜʥʳʤ ʩʦʩʪʦʷʥʠʷʤ. 

ʇʨʠ ʵʪʦʤ, ʩʦʩʪʦʷʥʠʷ ʉ=ʉ1,3 ï ʫʩʪʦʡʯʠʚʳʝ (ʚ ʥʠʭ F
/
(C)<0), ʘ ʩʦʩʪʦʷʥʠʝ 

C=C2 - ʥʝʫʩʪʦʡʯʠʚʦʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʫʯʘʝʤʘʷ ʩʨʝʜʘ ʷʚʣʷʝʪʩʷ 

ʙʠʩʪʘʙʠʣʴʥʦʡ. ʉ ʧʦʤʦʱʴʶ ʧʦʜʩʪʘʥʦʚʢʠ ʂʦʫʣʘ-ʍʦʧʬʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ: 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʥʠʢʘʝʪ ʜʚʫʭʚʦʣʥʦʚʦʝ ʨʝʰʝʥʠʝ. ʕʪʠ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʚʦʣʥʳ ʦʙʝʩʧʝʯʠʚʘʶʪ  ʵʬʬʝʢʪʳ ʧʝʨʝʢʣʶʯʝʥʠʷ ʤʝʞʜʫ 

ʩʦʩʪʦʷʥʠʷʤʠ ʩʠʩʪʝʤʳ. ɸʥʘʣʠʟ ʨʝʰʝʥʠʷ ʩ ʫʯʸʪʦʤ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ k ʠ 

ɖ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʩʨʝʜʝ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʯʝʪʳʨʝ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʝ 

ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʤʝʞʜʫ ʩʦʙʦʡ ʚʦʣʥʳ, ʩʢʦʨʦʩʪʠ ʢʦʪʦʨʳʭ ʟʘʚʠʩʷʪ ʦʪ 

ʯʠʩʣʘ ʇʝʢʣʝ.  

ʅʝʢʦʪʦʨʳʝ ʠʪʦʛʠ:  

1) ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʚ ʥʘʥʦʞʠʜʢʦʩʪʠ, 

ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʩʚʝʪʦʚʦʤ ʧʦʣʝ, ʜʠʩʩʠʧʘʪʠʚʥʦʡ ʙʠʩʪʘʙʠʣʴʥʦʡ ʩʨʝʜʳ;  

2) ʫʯʝʪ ʢʦʥʚʝʢʮʠʠ ʜʘʞʝ ʚ ʦʜʥʦʤʝʨʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ  ʠ ʩ ʧʦʩʪʦʷʥʥʦʡ 

ʩʢʦʨʦʩʪʴʶ ʧʦʢʘʟʳʚʘʝʪ ʝʸ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʠʩʭʦʜʷʱʠʝ 

ʧʨʦʮʝʩʩʳ. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
1. Livashvili A.I., Krishtop V.V., Karpets Y.M., Kireeva N.M. Formation of bistable medium 

state in nanofluids under the influence of laser radiation // Proceedings of SPIE. 2016. V.10176. 

2. ʈʫʜʷʢ ɺ.ʖ., ɹʝʣʢʠʥ ɸ.ɸ // ʇʠʩʴʤʘ ʚ ʞʫʨʥʘʣ ʪʝʭʥʠʯ. ʬʠʟʠʢʠ. 2010. ʊ.36. ʉ.660-662. 
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ʅ.ɺ. ʉʀɼʆʈʆɺ, ɺ.ʉ. ɻʆʈɽʃʀʂ
1,2

 
ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ 

ʠʤ. ʀ.ɺ.ʊʘʥʘʥʘʝʚʘ ʂʦʣʴʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʈɸʅ, ɸʧʘʪʠʪʳ, ʄʫʨʤʘʥʩʢʘʷ ʦʙʣ. 
1ʌʠʟʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʇ.ʅ. ʃʝʙʝʜʝʚʘ ʈɸʅ, ʄʦʩʢʚʘ 

2ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ 

 

ʇʈɽʈʓɺʀʉʊɸʗ ʊʈɸɽʂʊʆʈʀʗ ʉʌʆʂʋʉʀʈʆɺɸʅʅʆɻʆ 

ʃɸɿɽʈʅʆɻʆ ʀɿʃʋʏɽʅʀʗ ʀ ʃɸɿɽʈʅʆɽ ɺʆɿɹʋɾɼɽʅʀɽ 

ʉɺʗɿɸʅʅʓʍ ʉʆʉʊʆʗʅʀʁ ɼɺʋʍ ʌʆʊʆʅʆɺ  

ɺ ɼʀʕʃɽʂʊʈʀʏɽʉʂʀʍ ʂʈʀʉʊɸʃʃɸʍ 
 

ʆʙʥʘʨʫʞʝʥʘ ʧʨʝʨʳʚʠʩʪʘʷ ʪʨʘʝʢʪʦʨʠʷ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʚʜʦʣʴ ʧʦʣʷʨʥʦʡ ʦʩʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʨʠʩʪʘʣʣʘ ʥʠʦʙʘʪʘ 

ʣʠʪʠʷ, ʥʝ ʷʚʣʷʶʱʝʛʦʩʷ ʛʠʨʦʪʨʦʧʥʳʤ ʢʨʠʩʪʘʣʣʦʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʦʡ ʵʬʬʝʢʪ 

ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʩʚʷʟʘʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʜʚʫʭ ʬʦʪʦʥʦʚ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʣʠʯʥʳʭ ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ: ʜʚʫʭʬʦʪʦʥʥʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ, ʚʳʥʫʞʜʝʥʥʦʛʦ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʠ ʜʨ. 
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INTERMITTENT BEAM TRACK OF THE FOCUSED LASER 

BEAM AND LASER EXCITEMENT OF THE COUPLED 

CONNECTED STATES OF TWO PHOTONS  

IN DIELECTRIC CRYSTALS  
 

We have detected intermittent beam track of the focused laser beam propagating 

along the polar axis of stoichiometric lithium niobate crystal which is not a gyrotropic 

crystal. Such effect can be caused by excitation of coupled states of two photons as a 

result of different optically nonlinear processes: two-photon absorption, stimulated 

Raman scattering. 

 

ɺ ʛʠʨʦʪʨʦʧʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʵʬʬʝʢʪ ʚʨʘʱʝʥʠʷ ʧʣʦʩʢʦʩʪʠ 

ʧʦʣʷʨʠʟʘʮʠʠ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʚ 

ʦʧʨʝʜʝʣʸʥʥʳʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʇʨʠ ʵʪʦʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʝʨʳʚʠʩʪʘʷ ʪʨʘʝʢʪʦʨʠʷ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ. ʊʘʢʦʡ ʵʬʬʝʢʪ ʙʳʣ 

ʦʙʲʷʩʥʸʥ ʪʝʤ, ʯʪʦ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʦʙʣʘʩʪʝʡ ʢʨʠʩʪʘʣʣʘ ʥʘʧʨʘʚʣʝʥʠʝ 



ʋɼʂ 535(06)+004(06) 

 ISBN 978-5-7262-2445-9 ʌʆʊʆʅʀʂɸ ʀ ʀʅʌʆʈʄɸʎʀʆʅʅɸʗ ʆʇʊʀʂɸ 287 

ʧʦʣʷʨʠʟʘʮʠʠ ʠʟʣʫʯʝʥʠʷ, ʦʢʘʟʳʚʘʣʦʩʴ ʩʦʚʧʘʜʘʶʱʠʤ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʥʘʙʣʶʜʝʥʠʷ [1]. ʅʘʤʠ ʦʙʥʘʨʫʞʝʥʘ ʧʨʝʨʳʚʠʩʪʘʷ ʪʨʘʝʢʪʦʨʠʷ ʣʘʟʝʨʥʦʛʦ 

ʣʫʯʘ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʚʜʦʣʴ ʧʦʣʷʨʥʦʡ ʦʩʠ ʚ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤ 

ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʦʤ ʢʨʠʩʪʘʣʣʝ ʥʠʦʙʘʪʘ ʣʠʪʠʷ (LiNbO3), ʥʝ 

ʷʚʣʷʶʱʠʤʩʷ ʛʠʨʦʪʨʦʧʥʳʤ, ʨʠʩ. 1ʘ. ʇʝʨʠʦʜ ʤʦʜʫʣʷʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 

0,33 ʤʤ. ʇʨʠʯʝʤ ʧʨʝʨʳʚʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʣʫʯʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ 

ʦʙʣʘʩʪʠ ʬʦʢʘʣʴʥʦʡ ʧʝʨʝʪʷʞʢʠ ʠ ʪʦʣʴʢʦ ʜʣʷ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʢʨʠʩʪʘʣʣʘ. ɼʣʷ ʢʨʠʩʪʘʣʣʦʚ LiNbO3  ʜʨʫʛʠʭ ʩʦʩʪʘʚʦʚ ʵʪʦʪ ʵʬʬʝʢʪ ʥʘʤʠ ʥʝ 

ʦʙʥʘʨʫʞʝʥ. ʅʘʤʠ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʘ ʪʨʘʝʢʪʦʨʠʷ ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʚ ʛʠʨʦʪʨʦʧʥʦʤ ʢʨʠʩʪʘʣʣʝ ʠʦʜʘʪʘ ʣʠʪʠʷ (LiJO3), ʨʠʩ. 1ʙ. 

ɺʠʜʥʦ, ʯʪʦ ʪʨʘʝʢʪʦʨʠʷ ʩʦʩʪʦʠʪ ʠʟ ʭʦʨʦʰʦ ʨʘʟʜʝʣʸʥʥʳʭ ʢʨʫʛʣʳʭ ʧʷʪʝʥ. 

ʇʨʠ ʵʪʦʤ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʤʦʜʫʣʷʮʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩ 

ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ʧʝʨʠʦʜʘ. 

  
ʘ                                                                           ʙ 

ʈʠʩ. 1. ʇʨʝʨʳʚʠʩʪʳʝ ʩʪʨʫʢʪʫʨʳ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ (ɚ = 514,5 ʥʤ, 

ʚʝʣʠʯʠʥʘ ʧʝʨʠʦʜʘ m å 0,33 ʤʤ) ʚ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤ  ʤʦʥʦʢʨʠʩʪʘʣʣʝ LiNbO3 

ʚʜʦʣʴ ʧʦʣʷʨʥʦʡ ʦʩʠ (ʘ) ʠ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʝ LiJO3 ʚʜʦʣʴ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ (ʙ) 
 

ʇʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʘʭ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʩʧʦʥʪʘʥʥʦʝ ʠ 

ʚʳʥʫʞʜʝʥʥʦʝ ʢʦʤʙʠʥʘʮʠʦʥʥʦʝ ʨʘʩʩʝʷʥʠʝ ʩʚʝʪʘ (ɺʂʈ), ʜʚʫʭʬʦʪʦʥʥʦ-

ʚʦʟʙʫʞʜʘʝʤʘʷ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʷ, ʫʜʚʦʝʥʠʝ ʯʘʩʪʦʪʳ ʣʘʟʝʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʠ ʜʨ. ʇʨʠ ʵʪʦʤ ʙʦʣʴʰʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ 

ʦʙʣʘʩʪʠ ʬʦʢʘʣʴʥʦʡ ʧʝʨʝʪʷʞʢʠ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʩʚʷʟʘʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʜʚʫʭ ʬʦʪʦʥʦʚ (ʙʘʫʥʜʪʦʥʦʚ), ʜʚʠʞʫʱʠʭʩʷ ʧʦ 

ʢʨʠʩʪʘʣʣʫ ʠ ʨʘʩʧʘʜʘʶʱʠʭʩʷ ʥʘ ʜʚʘ ʬʦʪʦʥʘ [2]. ʕʬʬʝʢʪ ʧʨʝʨʳʚʠʩʪʦʡ 

ʩʪʨʫʢʪʫʨʳ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʚ ʢʨʠʩʪʘʣʣʘʭ, ʥʝ ʷʚʣʷʶʱʠʭʩʷ ʛʠʨʦʪʨʦʧʥʳʤʠ, 

ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʩʚʷʟʘʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʜʚʫʭ 

ʬʦʪʦʥʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʣʠʯʥʳʭ ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ: 

ʜʚʫʭʬʦʪʦʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ, ɺʂʈ ʠ ʜʨ. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
1. ɺʦʨʦʥʮʦʚʘ ɽ.ʖ., ɻʨʝʯʠʰʢʠʥ ʈ.ʄ., ʂʘʧʣʫʥʦʚ ʀ.ɸ., ʂʦʣʝʩʥʠʢʦʚ ɸ.ʀ., ʄʦʣʯʘʥʦʚ ɺ.ʗ., 

ʊʘʣʳʟʠʥ ʀ.ɺ., ʊʨʝʪʴʷʢʦʚ ʉ.ɸ. ʇʨʦʷʚʣʝʥʠʝ ʛʠʨʦʪʨʦʧʠʠ ʧʨʠ ʨʘʩʩʝʷʥʠʠ ʩʚʝʪʘ ʚ ʢʨʠʩʪʘʣʣʘʭ 

ʧʘʨʘʪʝʣʣʫʨʠʪʘ // ʆʧʪʠʢʘ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʷ. 2008. ʊ.104. ʉ.976-979. 
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