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ʆʙʱʠʡ ʧʣʘʥ 

Åʀʟʫʯʝʥʠʝ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ.ʏʝʤ ʤʦʛʫʪ 

ʧʦʤʦʯʴ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ? 

Å ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʏʝʛʦ 

ʤʦʞʥʦ ʜʦʩʪʠʯʴ? 

Å  ɸʥʠʟʦʪʨʦʧʥʦʝ ʩʞʘʪʠʝ ʚ ʧʨʝʜʝʣʘʭ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʬʘʟʳ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʜʝʣʴʥʳʭ ʩʚʷʟʝʡ. 

Å ʉʪʨʫʢʪʫʨʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ï ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ  

Å ɿʘʢʣʶʯʝʥʠʝ 

 

 



ʉʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʩʠʩʪʝʤʳ ï 

ʨʘʟʣʠʯʥʳʝ çʢʦʣʣʝʢʪʠʚʳè 

ʉʫʧʨʘʤʦʣʝʢʫʣʷʨʥʘʷ ʭʠʤʠʷ - ʤʦʣʝʢʫʣʷʨʥʘʷ ʩʦʮʠʦʣʦʛʠʷ 

ɺʣʠʷʥʠʝ ʢʦʣʣʝʢʪʠʚʘ ʥʘ ʠʥʜʠʚʠʜʫʫʤʘ ʟʘʚʠʩʠʪ ʦʪ: 

 

Å ʀʥʜʠʚʠʜʫʫʤʘ 

Å ʊʠʧʘ ʢʦʣʣʝʢʪʠʚʘ 

Å ɺʥʝʰʥʠʭ ʫʩʣʦʚʠʡ 

 

ʃʖɼʀ 

 

¶ ʛʨʫʧʧʘ ʜʨʫʟʝʡ 

¶ ʘʣʴʧʠʥʠʩʪʩʢʘʷ ʛʨʫʧʧʘ 

¶ ʬʠʨʤʘ 

¶ ʪʦʣʧʘ 

¶ ʢʦʣʦʥʥʘ ʥʘ ʧʘʨʘʜʝ 

 

 

 

 

ʄʆʃɽʂʋʃʓ 

 

 ¶ ʨʘʩʪʚʦʨ 

 ¶ ʢʨʠʩʪʘʣʣ 

 ¶ ʙʝʣʦʢ 

 ¶ ɼʅʂ 

 ¶ ʤʝʤʙʨʘʥʘ 

 ¶ ʥʫʢʣʝʦʧʨʦʪʝʠʜ 

 

 

 



ʕʢʩʪʨʝʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

   ¶ ʪʝʤʧʝʨʘʪʫʨʘ (ʥʠʟʢʘʷ ʠʣʠ ʚʳʩʦʢʘʷ) 

 ¶ ʜʘʚʣʝʥʠʝ 

 ¶ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 

 ¶ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ 

   ¶ ʤʝʭʘʥʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ 



ɿʘʯʝʤ ʧʦʜʚʝʨʛʘʪʴ 

ʵʢʩʪʨʝʤʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ? 

 ʘ) ʨʝʘʣʴʥʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ / ʠʩʧʦʣʴʟʦʚʘʥʠʝ  

ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

 ʙ) ʧʦʥʠʤʘʥʠʝ ʩʚʦʡʩʪʚ çʢʦʣʣʝʢʪʠʚʘè 

ʊʘʢ ʞʝ ʢʘʢ ʩʚʦʡʩʪʚʘ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʢʦʣʣʝʢʪʠʚʘ ʠʣʠ 
ʩʦʦʙʱʝʩʪʚ ʜʨʫʛʠʭ ʞʠʚʳʭ ʩʫʱʝʩʪʚ ʣʫʯʰʝ ʧʨʦʷʚʣʷʶʪʩʷ ʚ 
ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʩʚʦʡʩʪʚʘ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ 
ʩʠʩʪʝʤ - "ʢʦʣʣʝʢʪʠʚʦʚ ʤʦʣʝʢʫʣ" - ʥʝʨʝʜʢʦ ʫʜʘʝʪʩʷ ʣʫʯʰʝ 
ʧʦʥʷʪʴ, ʧʦʜʚʝʨʛʥʫʚ ʵʪʠ ʩʠʩʪʝʤʳ ʵʢʩʪʨʝʤʘʣʴʥʦ ʥʠʟʢʠʤ 
ʪʝʤʧʝʨʘʪʫʨʘʤ, ʚʳʩʦʢʦʤʫ ʜʘʚʣʝʥʠʶ, ʜʝʡʩʪʚʠʶ 
ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠʣʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ ʠ ʜʨʫʛʠʤ 
ʵʢʩʪʨʝʤʘʣʴʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʜʘʞʝ ʝʩʣʠ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ 
ʵʪʠ ʩʠʩʪʝʤʳ ʨʝʘʣʴʥʦ ʙʫʜʫʪ ʚ ʫʩʣʦʚʠʷʭ ʥʦʨʤʘʣʴʥʳʭ 

 



ʕʢʩʪʨʝʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

   ¶ ʪʝʤʧʝʨʘʪʫʨʘ (ʥʠʟʢʘʷ ʠʣʠ ʚʳʩʦʢʘʷ) 

 ¶ ɼʘʚʣʝʥʠʝ 

 ¶ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 

 ¶ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ 

   ¶ ʤʝʭʘʥʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʊʝʤʧʝʨʘʪʫʨʳ: 

 

ʆʪ 3 K ʜʦ 3000 K  

                ɼʘʚʣʝʥʠʷ: 

 

ɼʦ 5 ʄʙʘʨ  

(5 000 000 ʘʪʤ  = 500 ɻʇʘ) (0 ʉ̄ = 273 K) 



ɼʥʦ ʦʢʝʘʥʘ 11 ʢʤ 0.3 ɻʇʘ 

ɿʝʤʥʘʷ ʢʦʨʘ 0-25 ʢʤ 0.7 ɻʇʘ 

ʄʘʥʪʠʷ 25-2890 ʢʤ 0.7 ɻʇʘ ï 160 ɻʇʘ 

ʗʜʨʦ 2890 ï 6370 ʢʤ 160 GPʘ ï 480 ɻʇʘ 

10000 ʘʪʤ º 1 ɻʇʘ  

ɺʳʩʦʢʠʝ ʜʘʚʣʝʥʠʷ ʚ ʧʨʠʨʦʜʝ: 

ɻʝʦʭʠʤʠʷ, ʬʠʟʠʢʘ, ʤʠʥʝʨʘʣʦʛʠʷ, ʙʠʦʣʦʛʠʷ: 

Å  ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

Å  ʀʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʚʝʱʝʩʪʚ ʠ ʤʘʪʝʨʠʘʣʦʚ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ 

Å ʀʟʫʯʝʥʠʝ ʦʨʛʘʥʠʟʤʦʚ, ʞʠʚʫʱʠʭ ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ (ʚ 

ʛʣʫʙʠʥʘʭ ʦʢʝʘʥʘ, ʚ ʥʝʜʨʘʭ ɿʝʤʣʠ (ʧʴʝʟʦʬʠʣʦʚ) 

Å ʇʨʦʙʣʝʤʳ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʞʠʟʥʠ 

 



ɺʳʩʦʢʠʝ ʜʘʚʣʝʥʠʷ ʚ 

ʣʘʙʦʨʘʪʦʨʠʠ 

1 ʩʤ2   Ÿ (1 ɻʇa, 10 000 ʙʘʨ) 

0.1-0.6 ʤʤ 



2-4 ʩʤ 



ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ 

ʦʙʨʘʙʦʪʢʠ ʧʝʨʚʠʯʥʳʭ ʜʘʥʥʳʭ  

Å ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ ʪʦʛʦ, ʯʪʦ ʢʨʠʩʪʘʣʣ / 
ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʙʨʘʟʝʮ ʥʘʭʦʜʷʪʩʷ ʚ ʷʯʝʡʢʝ ʚʳʩʦʢʦʛʦ 
ʜʘʚʣʝʥʠʷ: 
ï ʵʢʨʘʥʠʨʦʚʘʥʠʝ ʯʘʩʪʠ ʠʟʣʫʯʝʥʠʷ ʷʯʝʡʢʦʡ 

ï ʦʩʦʙʳʝ ʩʭʝʤʳ ʩʙʦʨʘ ʜʘʥʥʳʭ (ʮʝʥʪʨʠʨʦʚʢʘ, j = const, etc.) 

ï çʦʯʠʩʪʢʘè ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ (ʧʠʢʠ ʛʘʩʢʝʪʳ ʠ ʢʘʣʠʙʨʘʥʪʘ, 
ʠʩʢʘʞʝʥʥʳʝ ʨʝʬʣʝʢʩʳ) 

Åʅʠʟʢʘʷ ʩʠʤʤʝʪʨʠʷ ʩʪʨʫʢʪʫʨʳ: 
ï çʢʘʞʜʳʡ ʨʝʬʣʝʢʩ ʥʘ ʚʝʩ ʟʦʣʦʪʘè - ʚʚʝʜʝʥʠʝ ʧʦʧʨʘʚʦʢ ʠ ʜʨʫʛʠʝ 
ʧʨʠʝʤʳ ʜʣʷ çʩʧʘʩʝʥʠʷè ʠʩʢʘʞʝʥʥʳʭ ʨʝʬʣʝʢʩʦʚ; 

ï  ʟʥʘʯʝʥʠʝ ʢʦʨʦʪʢʠʭ ʜʣʠʥ ʚʦʣʥ, ʙʦʣʴʰʠʭ ʫʛʣʦʚ ʨʘʩʢʨʳʪʠʷ ʷʯʝʝʢ 
ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʧʦʚʳʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ (ʉʀ) ʠʣʠ 
ʚʨʝʤʝʥʠ ʵʢʩʧʦʟʠʮʠʠ; 

ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʣʷ 
ʫʚʝʣʠʯʝʥʠʷ ʧʦʣʥʦʪʳ ʩʙʦʨʘ ʜʘʥʥʳʭ 

Åʈʦʣʴ çʨʫʯʥʦʡ ʨʘʙʦʪʳè ʠ ʧʨʦʙʣʝʤʘ çʯʝʣʦʚʝʯʝʩʢʦʛʦ 
ʬʘʢʪʦʨʘè  



ʉʙʦʨ ʜʘʥʥʳʭ ʧʨʠ j = const 

ʘʣʤʘʟ 

ʛʘʩʢʝʪʘ 

Be 

ʩʪʘʣʴ 

ʧʝʨʚʠʯʥʳʡ ʧʫʯʦʢ 

ɼʠʬʨʘʛʠʨʦ-

ʚʘʥʥʳʡ ʧʫʯʦʢ 

0.5 cʤ 

ɼʦʩʪʫʧʥʦ 30-40% ʨʝʬʣʝʢʩʦʚ  

L. Finger & H. King, 1978 

L. Merrill & W. Bassett, 1974 



Cʧʝʮʠʘʣʴʥʳʝ ʧʦʧʨʘʚʢʠ 

ÅDAC-correction (ʧʦʛʣʦʱʝʥʠʝ ʷʯʝʡʢʦʡ) 

E. Boldyreva & H. Ahsbahs, 1995 



ʀʩʢʘʞʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʬʣʝʢʩʦʚ 

Åɼʠʬʨʘʢʮʠʷ ʨʝʥʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ 
ʘʣʤʘʟʘʭ 

J. Loveday et al, 1990 



ʋʯʝʪ ʬʦʥʘ ʠʟ-ʟʘ Be ʧʦʩʘʜʦʯʥʳʭ 

ʦʩʥʦʚʘʥʠʡ 

ÅBe-background correction (H. Ahsbahs, 1990-ʝ ʛʦʜʳ) 

 

    ʩ ʜʠʘʬʨʘʛʤʦʡ 

 

ʙʝʟ ʜʠʘʬʨʘʛʤʳ, 

ʧʦʛʣʦʱʘʶʱʝʡ ʬʦʥ Be 



ʅʦʚʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʷʯʝʝʢ 
ɹʝʟ Be ʧʦʩʘʜʦʯʥʳʭ ʦʩʥʦʚʘʥʠʡ, ʙʦʣʴʰʠʝ 
ʫʛʣʳ ʨʘʩʢʨʳʪʠʷ 

H. Ahsbahs, 2002 R. Boehler, K. de Hanstetters, 2004 & 2006 



ʈʦʣʴ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 
ʃʘʙʦʨʘʪʦʨʥʳʡ  

ʜʠʬʨʘʢʪʦʤʝʪʨ 
ʉʠʥʭʨʦʪʨʦʥʥʦʝ  

ʠʟʣʫʯʝʥʠʝ 

ʦʙʨʘʟʝʮ 

ʛʘʩʢʝʪʘ 

Å ʚʳʩʦʢʘʷ ʷʨʢʦʩʪʴ 

ʧʫʯʢʘ 

Å ʫʟʢʠʡ ʠ 

ʢʦʣʣʠʤʠʨʦʚʘʥʥʳʡ 

ʧʫʯʦʢ 

Å ʚʳʙʦʨ ʜʣʠʥʳ ʚʦʣʥʳ 

ʅ. ʊʫʤʘʥʦʚ ʠ ʜʨ., 2010 



ʀʩʢʘʞʝʥʠʷ ʧʨʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ 

ʌʦʪʦ ʠʟ ʧʦʩʦʙʠʷ ʅ. ʊʫʤʘʥʦʚʘ, ɽ. ɹʦʣʜʳʨʝʚʦʡ,  ʅɻʋ, 2010 

 



ʀʩʧʦʣʴʟʦʚʘʥʠʝ Ag - ʠʟʣʫʯʝʥʠʷ 

 

F. Fabbiani, H. Sowa, Uni-Goettingen, Germany, 2010 



ʉʧʝʮʠʘʣʴʥʳʝ ʧʨʦʮʝʜʫʨʳ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

Åʆʪʙʦʨ ʨʝʬʣʝʢʩʦʚ ʦʙʨʘʟʮʘ 

Åʇʨʦʩʤʦʪʨ ʠ ʘʥʘʣʠʟ ʬʦʨʤʳ ʧʨʦʬʠʣʷ 

ʚʩʝʭ ʨʝʬʣʝʢʩʦʚ 

Åʉʨʘʚʥʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʠ ʧʨʦʬʠʣʝʡ 

ʚʩʝʭ ʵʢʚʠʚʘʣʝʥʪʦʚ 



ʆʪʙʨʘʢʦʚʢʘ çʧʣʦʭʠʭè ʨʝʬʣʝʢʩʦʚ 

ɼ. ʅʘʫʤʦʚ ʠ ɽ. ɹʦʣʜʳʨʝʚʘ, 1995 



ʂʨʠʪʝʨʠʠ ʦʪʙʦʨʘ ʨʝʬʣʝʢʩʦʚ ʠ ʦʮʝʥʢʠ 

ʢʘʯʝʩʪʚʘ ʤʘʩʩʠʚʘ 
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y = -0.017 + 1.08*x

ʙ)

ʇʨʦʚʝʨʢʘ ʥʘʙʦʨʘ     ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʦʨʤʘʣʴʥʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ (normal probability plot analysis). ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ 

ʥʘʛʣʷʜʥʦ ʦʪʦʙʨʘʟʠʪʴ, ʥʘʩʢʦʣʴʢʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʥʦʨʤʘʣʴʥʦʤʫ. 

ɺ ʠʜʝʘʣʴʥʦʤ ʩʣʫʯʘʝ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʷʤʘʷ ʝʜʠʥʠʯʥʳʤ ʥʘʢʣʦʥʦʤ, 

ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ ʪʦʯʢʫ (0; 0) 

 ʜʦ ʦʙʨʘʙʦʪʢʠ 
ʧʦʩʣʝ ʫʯʝʪʘ ʧʦʛʣʦʱʝʥʠʷ ʠ ʠʩʢʣʶʯʝʥʠʷ 

ʨʝʬʣʝʢʩʦʚ ʩ ʥʝʧʨʘʚʠʣʴʥʦ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

ʅ. ʊʫʤʘʥʦʚ, 2011 



ʏʝʛʦ ʤʦʞʥʦ ʜʦʩʪʠʯʴ?  

 

Åʋʪʦʯʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʷʯʝʡʢʠ ʠʟʚʝʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ 

Åʋʪʦʯʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦ ʠʟʚʝʩʪʥʦʡ 

ʤʦʜʝʣʠ 

Åʀʟʤʝʥʝʥʠʷ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʧʨʠ ʧʦʚʳʰʝʥʠʠ 

ʜʘʚʣʝʥʠʷ 

 

 

Åʅʘʭʦʞʜʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʷʯʝʡʢʠ ʥʝʠʟʚʝʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ  

Åʈʘʩʰʠʬʨʦʚʢʘ ʥʝʠʟʚʝʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ 

Åʀʟʤʝʥʝʥʠʷ ʢʦʥʬʦʨʤʘʮʠʠ ʤʦʣʝʢʫʣ 

Åʀʟʤʝʥʝʥʠʷ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʩʚʷʟʝʡ 

Å ɸʥʘʣʠʟ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʦ: 

ɺ ʧʦʨʷʜʢʝ ʚʦʟʨʘʩʪʘʥʠʷ ʩʣʦʞʥʦʩʪʠ: 



ʇʨʠʤʝʨʳ 

ɽ. ɹʦʣʜʳʨʝʚʘ, H. Ahsbahs et al., 1999 

ʇʘʨʘʮʝʪʘʤʦʣ, CH3-NH-(C=O)-C6H5-OH 

ʏʠʩʣʦ ʘʪʦʤʦʚ ʚ ʥʝʟʘʚʠʩʠʤʦʡ 

ʯʘʩʪʠ 

20 

ʏʠʩʣʦ ʫʪʦʯʥʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ 111 

ʏʠʩʣʦ ʠʟʤʝʨʝʥʥʳʭ ʨʝʬʣʝʢʩʦʚ 2600 

R-ʬʘʢʪʦʨ 3-4% 

 E. s. d.ôs ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ 

ʜʣʠʥ ʩʚʷʟʝʡ 

0.003-0.005 A 



ʏʠʩʣʦ ʘʪʦʤʦʚ ʚ ʥʝʟʘʚʠʩʠʤʦʡ 

ʯʘʩʪʠ 

13 

ʏʠʩʣʦ ʫʪʦʯʥʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ 57 

ʏʠʩʣʦ ʠʟʤʝʨʝʥʥʳʭ, ʥʝʟʘʚʠʩʠʤʳʭ 

ʠ ʥʘʙʣʶʜʘʝʤʳʭ [I > 2s(I)] 

ʨʝʬʣʝʢʩʦʚ 

3497, 607, 472 

R-ʬʘʢʪʦʨ R[F2 > 2s(F2)], wR(F2) 0.039, 0.069 

 E. s. d.ôs ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ 

ʜʣʠʥ ʩʚʷʟʝʡ 

3-4*10-3 ¡ 

DL-ʘʣʘʥʠʥ ʧʨʠ 1.0 ɻʇʘ 

ʅ. ʊʫʤʘʥʦʚ, 2010 



ʀʟʤʝʥʝʥʠʷ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʩʚʷʟʝʡ 
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ɽ. ɹʦʣʜʳʨʝʚʘ, H. Ahsbahs, 1998 



ʉʞʘʪʠʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʩʚʷʟʝʡ 

P, GPa
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ɽ. ɹʦʣʜʳʨʝʚʘ, H. Ahsbahs, 1997 



ʀʟʤʝʥʝʥʠʷ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʩʚʷʟʝʡ 

ɹ. ɿʘʭʘʨʦʚ, ɽ. ɹʦʣʜʳʨʝʚʘ, 2012 



The Ŭ and ɓ forms of oxalic acid di-hydrate at high pressure: 

a theoretical simulation and a neutron diffraction study  

P. Macchi, N. Casati, W.G. Marshall, A. Sironi  

CrystEngComm, 2010, 12, 2596-2603  

2H2O + H2C2O4 Ÿ 2H3O
+ + (C2O4)

2- 



Pressure-induced structural changes in wet vitamin B12  

F.P. A. Fabbiani, G. Buth, B. Dittrich and H. Sowa  

 

CrystEngComm, 2010, 12, 2541-2550  

 

P = 1 ɻʇa; ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʫʧʦʨʷʜʦʯʝʥʠʝ ʚʦʜʳ ʚ ʢʘʥʘʣʘʭ 

http://pubs.rsc.org/en/content/articlelanding/2010/ce/c003378b
http://pubs.rsc.org/en/content/articlelanding/2010/ce/c003378b
http://pubs.rsc.org/en/content/articlelanding/2010/ce/c003378b




ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʜʝʣʴʥʳʭ ʩʚʷʟʝʡ 



Erythropoietin  PrPP-synthetase  ʇʨʠʦʥ 

ʂʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʝʨʝʭʦʜʳ ʚ ʙʝʣʢʘʭ 

ʆʙʨʘʪʠʤʳʝ, ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʅʝʦʙʨʘʪʠʤʳʝ, ʚʳʟʳʚʘʶʪ 

ʬʘʪʘʣʴʥʳʝ ʙʦʣʝʟʥʠ  

ɺʠʨʫʩ ʵʥʮʝʬʘʣʠʪʘ 

ʥʝʘʢʪʠʚʥʳʡ ʘʪʘʢʫʶʱʠʡ 



ɾʝʩʪʢʦʩʪʴ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚ ʢʨʠʩʪʘʣʣʘʭ 

ʘʤʠʥʦʢʠʩʣʦʪ 
g-ʛʣʠʮʠʥ 

c 

ʉʞʘʪʠʝ ʚʜʦʣʴ ʮʝʧʝʡ ʚ 4 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʧʣʦʩʢʦʩʪʠ,  

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʦʩʠ ʮʝʧʝʡ 
a-ʛʣʠʮʠʥ 

1 

3 

1 ï ʩʣʘʙʦʝ ʨʘʩʰʠʨʝʥʠʝ; 2 ï ʫʤʝʨʝʥʥʦʝ ʩʞʘʪʠʝ; 3 ï ʩʠʣʴʥʦʝ ʩʞʘʪʠʝ 

2 (b) 

1 (ʩ) 

Boldyreva et al., 2003 

D(N-O)  Ñ 0.02-0.05 A / ɻʇa (ʚ ʙʝʣʢʘʭ - ± 0.1 ï 0.01 ¡ / ɻʇa ) 

k 



ɼʅʂ 
ɸ-ɼʅʂ 

1 ʘʪʤ 

1,4 ɻʇʘ 

Fourme et al., 2007 

ɼʅʂ ï ʯʨʝʟʚʳʯʘʡʥʦ ʫʩʪʦʡʯʠʚʘʷ ʢ ʜʝʡʩʪʚʠʶ 

ʜʘʚʣʝʥʠʷ ʩʠʩʪʝʤʘ. 

ʆʥʘ ʚʳʜʝʨʞʠʚʘʝʪ ʜʘʚʣʝʥʠʷ ʜʦ 2 ɻʇʘ. 

 

ʇʦʜʚʝʨʛʘʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʧʨʠ 

ʨʝʧʣʠʢʘʮʠʠ, ʪʨʘʥʩʢʨʠʧʮʠʠ, ʜʝʥʘʪʫʨʘʮʠʠ.  

 

ɺʘʞʥʦ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ 

 

ʀʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʛʠʙʨʠʜʥʳʭ 

ʫʩʪʨʦʡʩʪʚ (ʯʘʩʪʠʮʳ Au ï ʬʨʘʛʤʝʥʪʳ ɼʅʂ) 

B-ɼʅʂ 

ɸ-ɼʅʂ 



ʀʟʤʝʥʝʥʠʝ ʢʦʥʬʦʨʤʘʮʠʠ ʤʦʣʝʢʫʣʳ ʧʘʨʘʮʝʪʘʤʦʣʘ 

ʚʟʘʠʤʦʩʚʷʟʘʥʦ ʩ ʩʞʘʪʠʝʤ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ 
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ɽ. ɹʦʣʜʳʨʝʚʘ, H. Ahsbahs, 1999 



ʉʨʘʚʥʝʥʠʝ ʤʦʜʝʣʝʡ b- ʠ bô-ʛʣʠʮʠʥʘ  

ɓ (P21) ɓ' (P21/ʩ) 

9 



ȨɔɊɔɖɔɊɓɡɋ ɗɈɥɍɎ Ɉ ɐɖɎɗɘɆɑɑɎɝɋɗɐɔɒ       
DL -ɗɋɖɎɓɋ ɕɖɎ ɊɆɈɑɋɓɎɥɛ 0.2 ï 4 .4 ȩȵɆ 
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ɹ. ɿʘʭʘʨʦʚ, ɹ. ʂʦʣʝʩʦʚ, ɽ. ɹʦʣʜʳʨʝʚʘ, 2011 



ʉʞʘʪʠʝ L- ʠ DL-ʩʝʨʠʥʘ 

L-ʩʝʨʠʥ DL-ʩʝʨʠʥ 
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ɽ. ɹʦʣʜʳʨʝʚʘ, ʊ. ɼʨʝʙʫʱʘʢ, H. Sowa, H. Ahsbahs, ɽ. ʂʦʣʝʩʥʠʢ, 2004 



ʉʨʘʚʥʝʥʠʝ ʚʣʠʷʥʠʷ ʊ ʠ ʈ ʥʘ ʧʦʣʠʤʦʨʬʥʳʝ 

ʤʦʜʠʬʠʢʘʮʠʠ ʧʘʨʘʮʝʪʘʤʦʣʘ 

T P 

E. ɹʦʣʜʳʨʝʚʘ, H. Ahsbahs, ʊ. ɼʨʝʙʫʱʘʢ, ʊ. ʐʘʭʪʰʥʝʡʜʝʨ, 1999-2003; 

C. Wilson, 2000 

ʢʨʘʩʥʳʡ ï P21/n, ʩʠʥʠʡ ï Pbca 



ʀʟʤʝʥʝʥʠʷ ʩʚʷʟʝʡ, ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ 

ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʘʤ 

NH..O bonds in the polymorphs of glycine 

 b - bô - transition  g - d - transition 



A high-pressure single-crystal to single-

crystal phase transition in DL-alaninium semi-

oxalate monohydrate 

ɹ. ɿʘʭʘʨʦʚ, ɽ. ɹʦʣʜʳʨʝʚʘ, 2012 





ʇʝʧʪʠʜʥʘʷ ʩʚʷʟʴ 

ɸʄʀʅʆʂʀʉʃʆʊɸ ʇʆʃʀʇɽʇʊʀɼ 

R: 

ʩʝʨʠʥ 

ʣʝʡʮʠʥ 

ʘʩʧʘʨʘʛʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 

ʠ ʜʨ. 



ʂʨʠʩʪʘʣʣʳ ʘʤʠʥʦʢʠʩʣʦʪ ʢʘʢ ʤʦʜʝʣʠ 



ʂʨʠʩʪʘʣʣʳ ʘʤʠʥʦʢʠʩʣʦʪ ʢʘʢ ʤʦʜʝʣʠ 

- ɻʝʦʤʝʪʨʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ; 

- ɻʝʦʤʝʪʨʠʷ ʢʦʥʪʘʢʪʦʚ ʩ ʦʢʨʫʞʝʥʠʝʤ; 

- ʉʪʨʫʢʪʫʨʘ ʘʩʩʦʮʠʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʘʤʠʥʦʢʠʩʣʦʪ (ʮʝʧʠ, 

ʩʣʦʠ, ʧʘʢʝʪʳ ʩʣʦʝʚ ʩ ʯʝʨʝʜʦʚʘʥʠʝʤ ʛʠʜʨʦʬʦʙʥʳʭ / 

ʛʠʜʨʦʬʠʣʴʥʳʭ ʦʙʣʘʩʪʝʡ, ʩʧʠʨʘʣʠ, ʪʨʝʭʤʝʨʥʳʝ ʩʝʪʢʠ, 

ʥʘʥʦʧʦʨʠʩʪʳʝ ʩʪʨʫʢʪʫʨʳ); 

- ɼʠʥʘʤʠʢʘ ʘʩʩʦʮʠʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʘʤʠʥʦʢʠʩʣʦʪ  

 

ɺ 1951, ʠʩʭʦʜʷ ʠʟ ʩʪʨʫʢʪʫʨʳ ʘʤʠʥʦʢʠʩʣʦʪ, ʚ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦ ʧʣʦʩʢʦʩʪʥʦʩʪʠ ʧʝʧʪʠʜʥʦʡ 

ʩʚʷʟʠ, ʥʦʙʝʣʝʚʩʢʠʡ ʣʘʫʨʝʘʪ ʇʦʣʠʥʛ ʚʝʨʥʦ 

ʧʨʝʜʩʢʘʟʘʣ ʩʪʨʦʝʥʠʝ ʘʣʴʬʘ-ʩʧʠʨʘʣʠ ʠ ʙʝʪʘ-

ʩʢʣʘʜʢʠ ʢʘʢ ʦʩʥʦʚʥʳʭ ʤʦʪʠʚʦʚ ʚʪʦʨʠʯʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚ.  



V  ʄʘʪʝʨʠʘʣʳ 

ʂʨʠʩʪʘʣʣʳ ʘʤʠʥʦʢʠʩʣʦʪ 
V   ʃʝʢʘʨʩʪʚʘ 

ʌʝʨʨʦʵʣʝʢʪʨʠʢʠ ʇʴʝʟʦʵʣʝʢʪʨʠʢʠ ʅʃʆ ʤʘʪʝʨʠʘʣʳ 

V   ɹʠʦʤʠʤʝʪʠʢʠ 

N-end ʉ-end 

Ŭ-helices ɓ-layers 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ: 

-  ʜʠʬʨʘʢʮʠʷ       -  ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ɺʣʠʷʥʠʝ ʊ ʠ ʈ ʥʘ ʩʪʨʫʢʪʫʨʫ: 

-  ʀʩʢʘʞʝʥʠʝ ʪʦʡ ʞʝ ʩʪʨʫʢʪʫʨʳ; 

-  ʇʝʨʝʩʪʨʦʡʢʘ ʩʪʨʫʢʪʫʨʳ (ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ) 



     

  

O1

O2

C1

N1

H5

H4

H3
H1H2

C2

a 

b 

g P31 

P21/n 

P21 

ʇʦʣʠʤʦʨʬʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʛʣʠʮʠʥʘ 

Iitaka, 1950s 

Yoichi Iitaka  

(1927-2006)  



a-ʛʣʠʮʠʥ, 

P21/n,  

ɼʚʦʡʥʳʝ ʩʣʦʠ 

b-ʛʣʠʮʠʥ, 

P21,  

3D-ʢʘʨʢʘʩ ʤʦʥʦʩʣʦʝʚ 

bó-glycine, 

P21/n,  

3D-ʢʘʨʢʘʩ ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ 

g-ʛʣʠʮʠʥ 

P31,  

3D-ʢʘʨʢʘʩ ʪʨʦʡʥʳʭ ʩʧʠʨʘʣʝʡ 

d-ʛʣʠʮʠʥ, 

Pn,  

ɼʚʦʡʥʳʝ ʩʣʦʠ 

z-ʛʣʠʮʠʥ, 

ʉʣʦʠ 

P < 23 ɻʇa 

0.76 GPa 

0.62 GPa 

> 3 ɻʇa (ʙʳʩʪʨʦ) 

ʉʦʭʨʘʥʝʥʠʝ ʢʨʠʩʪʘʣʣʘ 

0.8 ɻʇa (ʤʝʜʣʝʥʥʦ) 

Boldyreva et al, 2003 ï 2005; 

Murli et al, 2005;  

Dawson et al, 2005  

ʈʘʟʨʫʰʝʥʠʝ ʢʨʠʩʪʘʣʣʘ 

 

 

 

b 

c 0 

0.62 ɻʇʘ 



ʌʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʚ ʛʣʠʮʠʥʝ: 

- ʊʨʦʡʥʘʷ ʩʧʠʨʘʣʴ Ÿ ʩʣʦʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ  (ʥʝʦʙʨʘʪʠʤ); 

- ʉʣʦʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ź ʩʣʦʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ (ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ 

ʫʢʣʘʜʢʝ ʩʣʦʝʚ) 

Julian Voss-Andreae, ʩʢʫʣʴʧʪʫʨʘ çʈʘʩʢʨʫʯʠʚʘʥʠʝ ʢʦʣʣʘʛʝʥʘè (2005)  

(çʤʝʪʘʬʦʨʘ ʩʪʘʨʝʥʠʷ" ) 

ɻʣʠʮʠʥ ï ʚʘʞʥʝʡʰʠʡ 

ʢʦʤʧʦʥʝʥʪ  (~30%) ʢʦʣʣʘʛʝʥʘ 

http://en.wikipedia.org/wiki/Image:Unraveling_Collagen.jpg
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Boldyreva et al, Chem. Phys. Lett, 2006 

a 

ʌʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʚ L-ʩʝʨʠʥʝ 

a 

c 



ʌʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʚ L-ʩʝʨʠʥʝ 
I II 

III 

a 

a 

a 

c 

c c 

c 

b 

Boldyreva et al, Chem. Phys. Lett, 2006 

a a 

a 

a 



ʈʦʣʴ ʞʠʜʢʦʩʪʠ ʚ ʩʪʨʫʢʪʫʨʥʳʭ 

ʧʝʨʝʩʪʨʦʡʢʘʭ ʧʨʠ ʚʳʩʦʢʦʤ  ʜʘʚʣʝʥʠʠ 

Åɼʘʞʝ ʝʩʣʠ ʢʨʠʩʪʘʣʣ ʥʝ ʨʘʩʪʚʦʨʠʤ ʚ ʞʠʜʢʦʩʪʠ: 

 

      - ɺʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʩʦʣʴʚʘʪʦʚ ʧʨʠ ʚʳʩʦʢʦʤ 
ʜʘʚʣʝʥʠʠ; 

 

    - ɾʠʜʢʦʩʪʴ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʪʨʫʢʪʫʨʥʦʡ 
ʧʝʨʝʩʪʨʦʡʢʝ ʚ ʢʨʠʩʪʘʣʣʝ. 

 

Å ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʞʠʜʢʦʩʪʴʶ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ 
ʚ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʝʨʝʭʦʜʘʭ ʚ ʙʠʦʤʦʣʝʢʫʣʘʭ ʠ ʠʭ 
ʜʝʥʘʪʫʨʘʮʠʠ 



ʌʨʘʛʤʝʥʪ ʩʪʨʫʢʪʫʨʳ ʘʣʘʥʠʥʘ 

ʀʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ 

ʘʣʘʥʠʥʘ ʧʨʠ ʩʞʘʪʠʠ ʦʪ 

0.1 ʜʦ 6 ɻʇʘ 



ʆʙʨʘʟʦʚʘʥʠʝ ʩʦʣʴʚʘʪʦʚ L-ʘʣʘʥʠʥʘ 

Boldyreva et al., 2010 (ESRF, Grenoble) 



ɺʣʠʷʥʠʝ ʜʘʚʣʝʥʠʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʙʝʣʢʘ 

ʆʣʠʛʦʤʝʨ ʄʦʥʦʤʝʨ 

ʏʘʩʪʠʯʥʘʷ 

ʜʝʥʘʪʫʨʘʮʠʷ 
ʇʦʣʥʘʷ 

ʜʝʥʘʪʫʨʘʮʠʷ 

ʘʛʨʝʛʘʮʠʷ 

ɼʘʚʣʝʥʠʝ 

0,1 ʄʇʘ 
100 ï 200 

ʄʇʘ 

> 1 ɻʇʘ 
 300 ï 500 ʄʇʘ 

ʂʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʜʝʩʪʘʙʠʣʠʟʘʮʠʠ ʙʝʣʢʦʚʳʭ ʩʪʨʫʢʪʫʨ ʧʦʜ  

ʚʦʟʜʝʡʩʪʚʠʝʤ ʜʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʨʘʩʪʚʦʨʠʪʝʣʝʤ ï  

ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʤʦʣʝʢʫʣ ʚʦʜʳ ʯʝʨʝʟ ʧʦʨʳ ʚ ʷʜʨʦ (Winter et al, 2006).  



Ala-Val 

Ala-Val*ʧʨʦʧʘʥʦʣ Ala-Val*ʤʝʪʘʥʦʣ 


