
ɻʣʘʚ.ʥʘʫʯʥ.ʩʦʪʨ., ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨ ʈɸʅ  

 

ʀʥʩʪʠʪʫʪ ʨʘʜʠʦʪʝʭʥʠʢʠ ʠ ʵʣʝʢʪʨʦʥʠʢʠ ʠʤ. ɺ.ɸ. 

ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ 

ʈɸɿʈɸɹʆʊʂɸ ʌʀɿʀʏɽʉʂʀʍ ʇʈʀʅʎʀʇʆɺ, 

ʄɸʊɽʈʀɸʃʆɺ ʀ ʂʆʅʉʊʈʋʂʎʀʁ ɼʃʗ ʉʆɿɼɸʅʀʗ 

ʅʆɺʓʍ ɹʀʆʃʆɻʀʏɽʉʂʀʍ, ʍʀʄʀʏɽʉʂʀʍ ʀ 

ʌʀɿʀʏɽʉʂʀʍ ʉɽʅʉʆʈʆɺ   

ʀʨʝʥ ɽ. ʂʋɿʅɽʎʆɺɸ  



ʌʠʟʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʨʝʘʣʠʟʘʮʠʠ 

ʩʝʥʩʦʨʦʚ 

-ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ,  

-ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ,  

-ʢʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʠʡ,  

-ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʡ,  

-ʨʝʟʠʩʪʠʚʥʳʡ,  

-ʘʢʫʩʪʦʵʣʝʢʪʨʦʥʥʳʡ,  

-ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚʳʡ,  

-ʛʝʥʥʦ-ʠʥʞʝʥʝʨʥʳʡ,  

-ʥʘʥʦʵʣʝʢʪʨʦʥʥʳʡ,  

-ʤʘʛʥʠʪʥʳʡ, 

-ʘʢʫʩʪʦ-ʦʧʪʠʯʝʩʢʠʡ  



ʆʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʩʝʥʩʦʨʦʚ 

-ʵʢʦʣʦʛʠʷ,  

-ʙʠʦʤʝʜʠʮʠʥʘ,  

-ʧʨʦʠʟʚʦʜʩʪʚʦ,   

-ʨʦʙʦʪʦʪʝʭʥʠʢʘ 

- çʫʤʥʳʡè ʜʦʤ 

-ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʝ 
 



ʊʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʩʝʥʩʦʨʦʚ 

-ʅʦʩʠʤʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʚ ʪ.ʯ. ʛʠʙʢʘʷ 

ʵʣʝʢʪʨʦʥʠʢʘ; 

-ʆʙʲʝʜʠʥʝʥʠʝ ʠ ʤʠʥʠʘʪʶʨʠʟʘʮʠʷ 

ʜʘʪʯʠʢʦʚ; 

-ʋʩʪʨʦʡʩʪʚʘ ʜʣʷ ʧʝʨʩʦʥʘʣʴʥʦʡ 

ʤʝʜʠʮʠʥʳ; 

-ɼʘʪʯʠʢʠ ʥʘ ʦʩʥʦʚʝ ʥʝʩʢʦʣʴʢʠʭ 

ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʘʭ; 

-ʋʣʫʯʰʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ 



- ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʥʘʥʦʵʣʝʢʪʨʦʥʥʳʭ, ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ, 

ʘʢʫʩʪʦʵʣʝʢʪʨʦʥʥʳʭ ʠ ʘʢʫʩʪʦ-

ʦʧʪʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ, 

- ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʦʚʳʭ 

ʢʦʤʧʦʟʠʪʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʩ 

ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʤʝʥʷʪʴʩʷ 

ʧʦʜ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʎʝʣʴ ʨʘʙʦʪʳ 



ȶɆɍɖɆɇɔɘɐɆ ɓɔɈɡɛ Ɏ 
ɗɔɈɋɖɞɋɓɗɘɈɔɈɆɓɎɋ ɗəɟɋɗɘɈəɤɟɎɛ 
Ɇɐəɗɘɔɣɑɋɐɘɖɔɓɓɡɛ ɊɆɘɝɎɐɔɈ 

ʇʨʠʥʮʠʧ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʘʢʫʩʪʦʵʣʝʢʪʨʦʥʥʳʭ 

ʜʘʪʯʠʢʦʚ 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʦʜʦʙʥʳʭ ʜʘʪʯʠʢʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ 

ʧʦʠʩʢ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʠʧʦʚ ʚʦʣʥ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʭ  

ʨʝʘʢʮʠʶ ʥʘ ʠʟʤʝʥʝʥʠʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. 



ȦɐəɗɘɎɝɋɗɐɎɏ ɊɆɘɝɎɐ ɈɑɆɌɓɔɗɘɎ ɗ 
ɕɑɋɓɐɔɏ ɔɐɗɎɊɆ ɉɖɆɚɋɓɆ 

;ΪΙΠΔ Μ ΞΔΟΜΕΥΔΫΜΣΡΡΔδ ΞΥΜΖΔδ 

ͼΣΥΣΗ ΦΥΔΕΔΧΰΖΔΡΜδ ΤΥΜ RH=0.03%!!! 

ͼΟΙΡΞΔ ͻͨ ΡΙ άΨΖΦΧΖΜΧΙΟαΡΔ Ξ ͻ2, ͺ2,;ͻ,;ͺ4,NO  
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ȦɐəɗɘɎɝɋɗɐɎɏ ɉɆɍɔɈɡɏ ɊɆɘɝɎɐ ɗ 
ɕɑɋɓɐɔɏ Ɏɍ ɒɎɜɋɑɎɥ ɉɖɎɇɔɈ 

Quartz 

Contacts 

Electrodes 

MF  

Contact rods 

Teflon 

inserts 

Sealed cover 

Glass 

cylinder 

Container 

for liquid  

Volatile 

liquid  

Teflon padding 

Holder 

ʀʟʤʝʥʝʥʠʷ ʫʧʨʫʛʠʭ ʤʦʜʫʣʝʡ, 

ʧʣʦʪʥʦʩʪʠ ʠ ʚʷʟʢʦʩʪʠ ʧʣʝʥʦʢ 

ʠʟ ʤʠʮʝʣʠʷ L.edodes ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ/ʦʪʩʫʪʩʪʚʠʠ 

ʮʝʣʝʚʦʛʦ ʛʘʟʘ - ʦʙʨʘʪʠʤʦ. 

ʕʪʠ ʧʣʝʥʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʤʝʪʦʜʠʢʠ ʠʭ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʘʤʤʠʘʢʘ, 

ʵʪʠʣʘʮʝʪʘ ʠ ʬʦʨʤʘʣʴʜʝʛʠʜʘ. 

Sens. and Act.:B 2017(243) 525 



ɸʢʫʩʪʠʯʝʩʢʠʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ 

ʙʝʥʟʠʥʘ 

ʧʴʝʟʦʧʣʘʩʪʠʥʘ 

ɺʐʇ 

ʷʯʝʡʢʘ 

ʙʝʥʟʠʥ ɺʐʇ 
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Ultrasonics 2016(70) 34 

ʧʴʝʟʦʧʣʘʩʪʠʥʘ 
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Octane number 
88 

fʧʘʨ.ʨʝʟ = 6.47 ʄɻʮ 

Ultrasonics 2017(80) 96 



ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʘʢʫʩʪʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ 

LiNbO3  

ɺʐʇ 

ʞʠʜʢʦʩʪʴ 

ɺʐʇ ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʘʪʯʠʢʘ ʥʘ 

ʚʦʣʥʘʭ ʚʳʩʰʠʭ ʧʦʨʷʜʢʦʚ ʢ 

ʙʘʢʪʝʨʠʘʣʴʥʳʤ ʢʣʝʪʢʘʤ-  

0.07%  

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʘʪʯʠʢʘ ʥʘ 

ʨʝʟʦʥʘʪʦʨʝ ʩ ʧʦʧʝʨʝʯʥʳʤ ʧʦʣʝʤ 

ʜʣʷ ʢʠʰʝʯʥʦʡ ʧʘʣʦʯʢʠ ï 1000 

ʢʣ/ʤʣ 

TUFFC 2012(59) 963; ɹʠʦʬʠʟʠʢʘ 2012(57) 

460; ʄʠʢʨʦʙʠʦʣʦʛʠʷ 2013(82) 218   

Ultrasonics 2015(62) 156 

LiNbO3 



  

ʘʢ.ʚʦʣʥʘ 

 
ʘʢ.ʚʦʣʥʘ 

 

ʠʩʩʣʝʜʫʝʤʘʷ 

ʩʫʩʧʝʥʟʠʷ 

 

ʩʫʩʧʝʥʟʠʷ ʧʦʩʣʝ 

ʙʠʦ-

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ  

 

ɸʥʪʠʪʝʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ 

ʩ ʙʘʢʪʝʨʠʷʤʠ 

ɼʝʪʝʢʮʠʷ ʙʘʢ-

ʪʝʨʠʘʣʴʥʳʭ 

ʢʣʝʪʦʢ 

 

ʅʝʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
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ʩʠʛʥʘʣ ʩʠʛʥʘʣ 

ɽʩʪʴ ʩʧʝʮʠʬ. ʙʘʢʪ. ʚ ʩʫʩʧʝʥʟʠʠ 

 

ʅʝʪ ʩʧʝʮʠʬ. ʙʘʢʪ. ʚ ʩʫʩʧʝʥʟʠʠ 

ʵʣʝʢʪʨʦʜʳ ʵʣʝʢʪʨʦʜʳ 

 

+ Ab 

ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʘʢʫʩʪʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ 



ʀʅʊɽɻʈɸʃʔʅɸʗ ʈɽʐɽʊʂɸ  

ɸʂʋʉʊʀʏɽʉʂʀʍ ɾʀɼʂʆʉʊʅʓʍ ɼɸʊʏʀʂʆɺ 

 

ɀȺȾȺ ȰȬȾɃȴȶȬ 

ˮ͔͎ͤͭͪ͊͡Έͤ͊Ύ ͔ͪ΄͔͙ͭ͟ ͙͊ͯͫͭ͟;͔͙ͫ͟ͻ ͒͊ͭ;͙͍ͦ͟ 
͙͙͗͒ͦͫͭ͟Σ ͍·͔ͨͦͤͤͤ͊͡Ύ ͤ ͔͊ͭͪͻ͒Ό͚͍͚ͣͦͦ ͙͔ͨ͊ͫͭͤ͡ 
128oY-LiNbO3. ˿͔͙ͦ͒ͪ͗ͭ 3 ͙͔ͫͫͭͣ· ͨ  ͦ 4 ͨ͊ͪ· 
͍͔ͫͭͪ;ͤͦ-΄ͭ·͔͍ͪ·ͻ ͔͍͔͔͚ͨͪͦ͋ͪ͊ͦ͊ͭ͘͡.  ʕ ͼ͔͔ͤͭͪ 
͔ͪ΄͔͙ͭ͟ - ͔ͭͺ͍ͦͤͦ͊͡Ύ ͍͊ͤͤͦ;͊͟ ͙͔͒͊ͣͭͪͦͣ 20 ͣ  ͣ  ͙
͔͙ͫͭͤ͊ͣ͟ ͭ ͦ͡΅͙͚ͤͦ 2 ͣ .ͣ 

ˢ͙ͣͨͭͯ͒ͤͦ͡-;͊ͫͭͦͭͤ·͔ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͤ ͦͪͣ͊͡Έͤ·ͻ 
͙͊ͯͫͭ͟;͔͙ͫ͟ͻ ͍ͦͤ͡ ό͔ͨ͊ͪ͊ͣͭͪ æS21æ) ͊ͤ͊͟͡ʘʭ Q = 0ʦ ʠ 

60 o ͙ͨͪ ͭͦ͡΅͙͔ͤ ͙ͨ͊ͫͭͤ͡· H/l = 1.67 όͫ  ͙͔͋͘ 
͙͙͗͒ͦͫͭ͟ H2O). ˸͔͙ͭ͟  1 - 11 -  ͤͦͪͣ͊͡Έͤ·͔ ͍ͦͤ͡· 
ͪ͊ͤ͘·ͻ ͤ ͔͍ͦͣͪͦ n. 
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ȬȸȻȷȴȾȿȰȹɇȱ ȺȾȶȷȴȶȴ 

  s ͙ͣͨͭͯ͒ͤ͡·͔  ζ͙͙ͦͭ͟͟͡η  ͤ ͦͪͣ͊͡Έͤ·ͻ  ͍ ͦͤ͡  ͍   ͨ ͙͊ͫͭͤ͊͡ͻ  ͫ   ͪ ͚͊ͤͦ͘  ͭ ͦ͡΅͙͚ͤͦ  
H/l = 1.02 (ɸ)  ͙2.5 (ɹ) ͨ ͙ͪ ͅ ͙͙͍ͫͪͦ͊ͤͤͦͣ͟ ͤ ͍͔͙͙͊ͨͪ͊ͤ͡ ͪ ͔͙͊ͫͨͪͦͫͭͪ͊ͤͤΎ Q = 60o. 
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 B - h = 1.03 ʩʇʫʘʟ, s << 10
-3
 ʉʠʤ/ʤ (H

2
O) 

 C - h = 1490 ʩʇʫʘʟ, s << 10
-3
 ʉʠʤ/ʤ (ɻʣʠʮʝʨʠʥ)

 D - h = 1.03 ʩʇʫʘʟ, s = 0.6 ʉʠʤ/ʤ (0.3%NaCl+H
2
O)

max ʀɿʃʋʏɽʅʀɽ
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 J - h = 1.03 ʩʇʫʘʟ, s = 0.6 ʉʠʤ/ʤ (0.3%NaCl+H
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ȶȺɀȱ 

ˢ͙ͣͨͭͯ͒ͤ͡·͔ ζ͙͙ͦͭ͟͟͡η ͤͦͪͣ͊͡Έͤ·ͻ ͍ͦͤ͡ ᵳΞᶀᵼᵱᶂᶃᵹᵾᵶΞᶃᵿᵼᶊᵹᵾᵿᵺ 

 H/l  =  1.67 ͙ͨͪ  ͅ ͙͙͍ͫͪͦ͊ͤͤͦͣ͟  ͤ ͍͔͙͙͊ͨͪ͊ͤ͡  ͪ ͔͙͊ͫͨͪͦͫͭͪ͊ͤͤΎ  Q  =  60o. 
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ȸȺȷȺȶȺ 

ˢ͙ͣͨͭͯ͒ͤ͡·͔ ζ͙͙ͦͭ͟͟͡η ͤ ͦͪͣ͊͡Έͤ·ͻ ͍ ͦͤ͡ ͍  ͨ ͙͔͊ͫͭͤ͡ ͭ ͦ͡΅͙͚ͤͦ 
 H/l  =  1.67  ͨ ͙ͪ  ͅ ͙͙͍ͫͪͦ͊ͤͤͦͣ͟  ͤ ͍͔͙͙͊ͨͪ͊ͤ͡  ͪ ͔͙͊ͫͨͪͦͫͭͪ͊ͤͤΎ  Q  =  60o. 
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ȮȺȰȬ 

ˢ͙ͣͨͭͯ͒ͤ͡·͔ ζ͙͙ͦͭ͟͟͡η ͤ ͦͪͣ͊͡Έͤ·ͻ ͍ ͦͤ͡ ͍  ͨ ͙͔͊ͫͭͤ͡ ͭ ͦ͡΅͙͚ͤͦ 
 H/l  =  1.67  ͨ ͙ͪ  ͅ ͙͙͍ͫͪͦ͊ͤͤͦͣ͟  ͤ ͍͔͙͙͊ͨͪ͊ͤ͡  ͪ ͔͙͊ͫͨͪͦͫͭͪ͊ͤͤΎ  Q  =  60o. 
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ȳɆɓɔ-ɣɑɋɐɘɖɔɓɓɡɋ ɇɎɔɊɆɘɝɎɐɎ 



ͧͥ· ΡΔΡΣβΟΙΞΧΥΣΡΡΣΗΣ ΕΜΣΦΙΡΦΣΥΔ Ζ ΣΧΦΨΧΦΧΖΜΜ 

(άΙΥΡΔδ) Μ ΤΥΜΦΨΧΦΧΖΜΜ ΗΟγΞΣΛΰ (ΞΥΔΦΡΔδ) 

ȳɆɓɔ-ɣɑɋɐɘɖɔɓɓɡɋ ɇɎɔɊɆɘɝɎɐɎ 



ȩɎɇɖɎɊɓɡɋ Ɇɐəɗɘɔ-ɓɆɓɔ-ɇɎɔ-
ɣɑɋɐɘɖɔɓɓɡɋ ɊɆɘɝɎɐɎ 

80ʭ80 ʤʠʢʨʦʥ  

ʕʣʝʢʪʨʦʥʥʘʷ ʥʘʥʦ-ʣʠʪʦʛʨʘʬʠʷ, 

ʪʝʭʥʦʣʦʛʠʷ ʨʝʘʢʪʠʚʥʦʛʦ 

ʠʦʥʥʦʛʦ ʪʨʘʚʣʝʥʠʷ ʠ 

ʪʝʭʥʦʣʦʛʠʷ ʤʘʛʥʝʪʨʦʥʥʦʛʦ 

ʥʘʧʳʣʝʥʠʷ. ɿʘʩʚʝʪʢʘ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʬʦʪʦʨʝʟʠʩʪʘ 

ʧʨʦʚʦʜʠʪʩʷ ʵʣʝʢʪʨʦʥʥʳʤ 

ʣʫʯʦʤ. 


