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ʈʝʬʝʨʘʪ 

ʕʥʵ ʩʫʫʨʴ ʩʫʜʘʣʛʘʘʥʳ ʩʵʜʵʚʪ ʘʞʣʘʘʨ ʥʘʥʦʤʝʪʨʠʡʥ ʭʵʤʞʵʵʪʵʡ TiO2 ʙʘ Ti3O5 ʥʵʛʜʣʠʡʥ 

ʪʘʣʩʪʥr ʙʘ ʙᴇᴇʤʠʡʥ ʭʵʤʞʵʵ, ʪʵʜʛʵʵʨʠʡʥ ʢʨʠʩʪʘʣʣ ʙװʪʵʮ, ʭʘʪʫʫ-ʭʘʪʫʫ ʪᴇʨʣʠʡʥ ʬʘʟʳʥ 

ʰʠʣʞʠʣʪ, Ti3O5 ʢʨʠʩʪʘʣʣ ʜʘʭʴ ʜʘʨʘʣʪ ʙʘ ʪʝʤʧʝʨʘʪʫʨʳʥ ʥᴇʣᴇᴇʣᴇʣ, ʪʦʜʦʨʭʦʡ ʪʝʤʧʝʨʘʪʫʨʳʥ 

ʤʫʞʠʜ Ti3O5 ʢʨʠʩʪʘʣʣʳʥ ʥʫʫʛʜʤʘʣ ʜʫʣʘʘʥʳʛ ʭʫʨʠʤʪʣʫʫʣʜʘʛ ʤʝʭʘʥʠʟʤʳʛ ʩʫʜʘʣʩʘʥ. ʄᴇʥ 

ʠʥʝʨʪʠʡʥ ʭʠʡʥ ʦʨʯʠʥʜ ᴇʥʜᴇʨ ʪʝʤʧʝʨʘʪʫʨʪ ʭʠʤʠʡʥ ʟʦʣʴ-ʛʝʣʴ ʘʨʛʘ ʘʰʠʛʣʘʥ Ti3O5 ʬʘʟʳʛ 

ʘʤʞʠʣʪʪʘʡ ʩʠʥʪʝʟʵʣʩʵʥ. ɼʵʵʨʭ ʰʠʥʞ ʯʘʥʘʨʫʫʜʳʛ ʩʫʜʣʘʭʘʜ ᴇʥʜᴇʨ ʵʥʝʨʛʠʡʥ ʯʠʯʠʨʛʵʵʪ 

ʙᴇʤʙᴇʛᴇʥ ʪʵʵʨʵʤ, SEM/EDX, TEM, PCCS, XRD, ᴇʥʜᴇʨ ʜʘʨʘʣʪʳʥ ʭʵʚ, DTA ʟʵʨʵʛ ʙʘʛʘʞʫʫʜʳʛ 

ʘʰʠʛʣʘʩʘʥ. ʊᴇʩʣʠʡʥ ʩʫʜʘʣʛʘʘʥʳ װʨ ʜװʥʛʵʵʨ ʵʥʵ ʪʘʡʣʘʥʛ ʙʵʣʪʛʵʚ. ʕʥʵ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ 

ʪʘʡʣʘʥ ʥʴ ʨʝʬʝʨʘʪ; ʩʵʜʵʚʪ ʘʞʣʳʥ ʛװʡʮʵʪʛʵʛʯʠʜ; ʩʵʜʵʚʪ ʘʞʣʳʥ ʭװʨʵʵʥʜ ʭʵʚʣװװʣʩʵʥ 

ʙװʪʵʵʣʠʡʥ ʞʘʛʩʘʘʣʪ; ʘʛʫʫʣʛʳʥ ʛʘʨʯʠʛ; ʥʨɻ ʪʦʤʲʸʦ, ʪʦʚʯʠʣʩʦʥ װʛʠʡʥ ʪʘʡʣʙʘʨ; ʪᴇʩʣʠʡʥ װʨ 

ʜװʥʛʠʡʥ ʜʘʘʣʛʘʚʘʨ, ʙʠʝʣʵʣʪ; ʪᴇʩʣʠʡʥ ʷʚʮ, ʭʵʨʵʛʞʠʣʪ, װʡʣ ʘʞʠʣʣʘʛʘʘ; ʦʨʰʠʣ; ʩʫʜʘʣʛʘʘʥʳ 

ʘʞʣʳʥ ʦʥʦʣ, ʪʫʨʰʣʘʛʘ, ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ װʨ ʜװʥʛ ʙʘʛʪʘʘʩʘʥ ʥʠʡʪ ʟʫʨʛʘʘʥ ʙװʣʵʛ; ʥʵʛʜʩʵʥ 

ʜװʛʥʵʣʪ; ʝʨᴇʥʭʠʡ ʜװʛʥʵʣʪ; ʥʦʤ ʟװʡ; ʭʘʚʩʨʘʣʪ ʟʵʨʛʵʵʩ ʙװʨʜʵʥʵ.    

ʉʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ ʟʦʨʠʣʛʦ: 

 ʊʝʤʧʝʨʘʪʫʨʳʥ ᴇʨʛᴇʥ ʤʫʞʠʜ ʥʫʫʛʜʤʘʣ ʜʫʣʘʘʥʳ ʵʥʝʨʛʠʡʛ ʭʘʜʛʘʣʞ ʯʘʜʘʭ ʭʘʪʫʫ-ʭʘʪʫʫ 

ʬʘʟʳʥ ʰʠʣʞʠʣʪʪʵʡ ʤʘʪʝʨʠʘʣʳʛ ʩʫʜʣʘʭ ʙʦʣʥʦ. תʥʜʩʵʥ ʪװװʭʠʡ ʵʜ ʥʴ ʪʠʪʘʥʳ ʠʩʵʣ ʙʘʡʭ 

ʙᴇʛᴇᴇʜ ʪװװʥʠʡʛ ʥʘʥʦʭʵʤʞʵʵʪ ʤʘʪʝʨʠʘʣ ʨʫʫ ʭʫʚʠʨʛʘʞ, ʪװװʥʠʡ ʷʥʟ ʙװʨʠʡʥ ʟʘʚʩʨʳʥ (ʭʘʪʫʫ) 

ʬʘʟʫʫʜʳʛ ʛʘʨʛʘʥ ʘʚʯ, ʪʵʜʛʵʵʨʠʡʥ ʭʦʦʨʦʥʜʦʭ ʬʘʟʳʥ ʰʠʣʞʠʣʪʠʡʛ ʩʫʜʘʣʥʘ.  ʉʫʜʘʣʛʘʘʥ ʜʵʵʨ 

ʪʫʣʛʫʫʨʣʘʥ ʵʥʵ ʤʘʪʝʨʠʘʣʳʛ ʜʫʣʘʘʥ ʭʘʜʛʘʣʫʫʨʪ ʘʰʠʛʣʘʭ ʙʦʣʦʤʞʠʡʛ ʪʘʡʣʙʘʨʣʘʥʘ. 

ʉʫʜʘʣʛʘʘʥʳ ʘʨʛʘ: 

 ɸʥʘʪʘʟ-ʪᴇʨʣʠʡʥ TiO2 ʥʫʥʪʘʛ ʜʘʭʴ ʪʘʣʩʪʥr ʭʵʤʞʵʵʛ ʙʫʫʨʫʫʣʘʭʘʜ ᴇʥʜᴇʨ ʵʥʝʨʛʠʡʥ 

ʯʠʯʠʨʛʵʵʪ ʙᴇʤʙᴇʛᴇʥ ʪʵʵʨʵʤ, ʪװװʥʠʡ ʙᴇᴇʤʠʡʥ ʭʵʤʞʵʵʛ ʪʦʜʦʨʭʦʡʣʦʭʦʜ ʣʘʟʝʨʠʡʥ ʜʠʥʘʤʠʢ 

ʩʘʨʥʠʣ ʜʵʵʨ װʥʜʵʩʣʵʩʵʥ ʬʦʪʦʥʳ ʭᴇʥʜʣᴇʥ ʢʦʨʨʝʣʷʮʠʡʥ ʩʧʝʢʪʨʦʩʢʦʧʠ (PCCS with Nanophox) 

ʟʵʨʵʛ ʙʘʛʘʞʫʫʜʳʛ ʘʰʠʛʣʘʩʘʥ. ʊʫʨʰʠʣʪʠʡʥ װʨ ʜװʥʛװװʜʠʡʛ ʨʝʥʪʛʝʥ ʪʫʷʘʥʳ ʜʠʬʨʘʢʮʠ (XRD), 

ʪʵʤʪʨʵʭ ʵʣʝʢʪʨʦʥ ʤʠʢʨʦʩʢʦʧ (SEM)-ʦʦʨ ʪʘʡʣʙʘʨʣʘʩʘʥ. ʅʘʥʦʭʵʤʞʵʵʪ Ti3O5-ʠʡʛ  ʠʥʝʨʪʠʡʥ 

ʭʠʡʥ ʦʨʯʠʥʜ ʟʦʣʴ-ʛʝʣʴ ʘʨʛʘʘʨ ʘʤʞʠʣʪʪʘʡ ʩʠʥʪʝʟʵʣʩʵʥ. Ti3O5-ʠʡʥ ʢʨʠʩʪʘʣʣ ʙװʪʮʠʡʛ 

ʈʠʪʚʝʣʴʜʠʡʥ ʘʨʛʘʘʨ ʪʦʜʦʨʭʦʡʣʩʦʥ. Ti3O5 ʜʵʵʞ ʜʵʭ ʜʘʨʘʣʪʥr װʡʣʯʣʵʣʠʡʥ ʥᴇʣᴇᴇʛ ʩʫʜʣʘʭʘʜ 

ñStye-2000 Ctmò ʜʠʞʠʪʘʣ ʜʵʣʛʵʮʪʵʡ ʛʠʜʨʘʚʣʠʢ ʰʘʭʘʣʪʳʥ ʪʫʨʰʠʣʪʳʥ ʤʘʰʠʥʘʘʨ 
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ʛװʡʮʵʪʛʵʩʵʥ. ɼʫʣʘʘʥ ʭʘʜʛʘʣʘʭ ʪʝʤʧʝʨʘʪʫʨ ʙʘ ʭʫʨʠʤʪʣʘʛʜʩʘʥ ʜʫʣʘʘʥʳ ʵʥʝʨʛʠʡʛ 

ʜʠʬʬʝʨʝʥʮʠʘʣ ʜʫʣʘʘʥʳ ʘʨʛʘ (DTA)-ʘʘʨ ʭʵʤʞʩʵʥ.    

 :ʜװװʡʣװʥ, ʰʠʥʵʣʵʛ ʟװʨ ʜת

1. ʈʝʥʪʛʝʥ ʜʠʬʨʘʢʮʠʡʥ ʘʥʘʣʠʟʳʥ ʜװʥʛʵʵʨ ʘʥʘʪʘʟ ʪᴇʨʣʠʡʥ TiO2-ʠʡʥ ʭʫʚʴʜ ʥʫʥʪʘʛʣʘʭ 

ʭʫʛʘʮʘʘʥʘʘʩ  ʭʘʤʘʘʨʯ ʷʤʘʨ ʥʵʛ ʬʘʟʳʥ ʰʠʣʞʠʣʪʠʡʥ װʟʵʛʜʵʣ ʘʞʠʛʣʘʛʜʘʘʛװʡ. 

2. ᴆʥʜᴇʨ ʵʥʝʨʛʠʡʥ ʙᴇʤʙᴇʛᴇʥ ʪʵʵʨʤʠʡʥ ʘʨʛʘʘʨ ʘʥʘʪʘʟ ʪᴇʨʣʠʡʥ TiO2 ʥʫʥʪʘʛ ʜʵʵʞʠʡʥ 

ʪʘʣʩʪʥr ʭʵʤʞʵʵʛ 34 ʥʤ-ʵʵʩ 8 ʥʤ ʭװʨʪʵʣ ʙʫʫʨʫʫʣʩʘʥ. 

3. PCCS-ʠʡʥ ʭʵʤʞʠʣʪʵʵʨ ~ 8ʥʤ ʭʵʤʞʵʵʪʵʡ ʪʘʣʩʪ ʘʛʫʫʣʩʘʥ TiO2 ʙᴇᴇʤʠʡʥ ʜʫʥʜʘʞ 

ʭʵʤʞʵʵʛ 221 ʥʤ ʙʦʣʦʭʳʛ ʪʦʜʦʨʭʦʡʣʩʦʥ. ʅʘʥʦʭʵʤʞʵʵʪʵʡ (<100ʥʤ) ʙᴇᴇʤװװʜʠʡʥ ʪʦʦ 

ʭʵʤʞʵʵ ʵʟʵʣʭװװʥʠʡ 0.04%-ʠʡʛ ʵʟʵʣʞ ʙʘʡʚ.   

4. ʉʠʥʪʝʟʠʡʥ 13000C ʪʝʤʧʝʨʘʪʫʨʪ, ʘʨʛʦʥʳ ʭʠʡʥ ʫʨʩʛʘʣʳʥ ʭʫʨʜ 5 (ʣ/ʤʠʥ) ʙʘʡʭ װʝʜ 

ʭʘʤʛʠʡʥ ʙʘʛʘ ʪʘʣʩʪrʥ ʭʵʤʞʵʵ ʙװʭʠʡ (~ 10 ʥʤ) Ti3O5 -ʠʡʛ װװʩʛʵʩʵʥ.  

5. ʈʝʥʪʛʝʥ ʬʘʟʳʥ ʘʥʘʣʠʟʳʥ װʨ ʜװʥʛʵʵʩ ᴇʥʜᴇʨ ʪʝʤʧʝʨʘʪʫʨʪ ʩʠʥʪʝʟʵʣʩʵʥ ʜʵʵʞ ʥʴ l-Ti3O5 

ʙʘ b-Ti3O5 ʬʘʟʫʫʜʘʘʩ ʛʘʜʥʘ ʪʵʵʨʵʤʜʵʭ ʙʘ ʩʠʥʪʝʟʠʡʥ ʧʨʦʮʝʩʩʫʫʜʪʘʡ ʭʦʣʙʦʦʪʦʡ  

ʭʦʣʴʮʳʥ ʬʘʟʫʫʜ ʘʞʠʛʣʘʛʜʩʘʥ.     

6. ɼʘʨʘʣʪ ʥʵʤʵʛʜʵʭʠʡʥ ʭʠʨʵʵʨ ɚ-Ti3O5-ʠʡʥ ʬʘʟʳʥ ʪʦʦ ʭʵʤʞʵʵ ʙʫʫʨʯ, ɓ-Ti3O5-ʠʡʥ ʪʦʦ 

ʭʵʤʞʵʵ ᴇʩʜᴇʛ װʟʵʛʜʵʣ ʘʞʠʛʣʘʛʜʩʘʥ. 

7. ʉʫʜʘʣʛʘʘʥʳ ʥʫʥʪʘʛ ʜʵʵʞʵʵ ʪʘʩʘʣʛʘʘʥʳ ʪʝʤʧʝʨʘʪʫʨ 250C-ʵʵʩ 3000C ʭװʨʪʵʣ ʭʘʣʘʘʭʘʜ 

1500C ʪʝʤʧʝʨʘʪʫʨ ʭװʨʪʵʣ ɚ-Ti3O5 ʬʘʟʳʥ ʪʦʦ ʭʵʤʞʵʵ ʥʵʤʵʛʜʵʞ, ʭʘʨʠʥ ɓ-Ti3O5 ʬʘʟʳʥ 

ʪʦʦ ʭʵʤʞʵʵ ʙʫʫʨʩʘʘʨ ɓ-Ti3O5 ʬʘʟ ʥʴ ʙװʨʵʥ ɚ-Ti3O5 ʬʘʟ ʨʫʫ ʰʠʣʞʩʵʥ. ʎʘʘʰ ʥʴ 

ʪʝʤʧʝʨʘʪʫʨʳʛ 1500C-ʵʵʩ 2000C ʭװʨʪʵʣ ʥʵʤʵʛʜװװʣʵʭʵʜ ɚ-Ti3O5 ʬʘʟ ʥʴ Ŭ-Ti3O5 ʬʘʟ ʨʫʫ 

ʙװʨʵʥ ʭʫʚʠʨʯ ʙʘʡʚ. ʊʝʤʧʝʨʘʪʫʨʳʛ 2000C-ʵʵʩ 3000C ʭװʨʪʵʣ ʭʘʣʘʘʭʘʜ Ŭ-Ti3O5 ʬʘʟ ʙʠʝ 

ʜʘʘʥ ʭʘʜʛʘʣʘʛʜʘʥ װʣʜʵʞ ʙʘʡʩʘʥ. 

8. ʊʘʩʘʣʛʘʘʥʳ ʪʝʤʧʝʨʘʪʫʨʘʘʩ ʵʭʣʵʵʜ 6000C ʭװʨʪʵʣ ʭʘʣʘʘʭ ʵʭʥʠʡ ʧʨʦʮʝʩʩʪ 110°C 

ʪʝʤʧʝʨʘʪʫʨʪ ʵʥʜʦʪʝʨʤʠʡʥ ʧʠʢ ʘʞʠʛʣʘʛʜʩʘʥ. DTA ʤʫʨʫʡʥ ʰʠʥʞʠʣʛʵʵʥʵʵʩ ʭʘʨʘʭʘʜ 

ʭʫʨʠʤʪʣʘʛʜʩʘʥ ʜʫʣʘʘʥʳ ʵʥʝʨʛʠ 60ʤʢB. 6000C-ʘʘʩ 250C ʭװʨʪʵʣ ʭᴇʨʛᴇʭ ʧʨʦʮʝʩʩʪ 

ʵʢʟʦʪʝʨʤʠʡʥ ʧʠʢ ʘʞʠʛʣʘʛʜʜʘʘʛװʡ. ʊʫʩ װʟʵʛʜʵʣ ʥʴ ɚ-Ti3O5 ʬʘʟ 60ʤʢB ʜʫʣʘʘʥʳ 

ʵʥʝʨʛʠʡʛ ʭʘʜʛʘʣʜʘʛ ʙʦʣʦʭʳʛ ʙʘʪʘʣʞ ʭʘʨʫʫʣʩʘʥ.  
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ɼװʛʥʵʣʪ 

1. ᴆʥʜᴇʨ ʵʥʝʨʛʠʡʥ ʙᴇʤʙᴇʛᴇʥ ʪʵʵʨʤʠʡʥ ʘʨʛʘʘʨ ʥʘʥʦʭʵʤʞʵʵʪ ʪʘʣʩʪʫʫʜ ʘʛʫʫʣʩʘʥ TiO2  

ʥʫʥʪʘʛ ʜʵʵʞ ʛʘʨʛʘʥ ʘʚʘʭ ʙʦʣʦʤʞʪʦʡʛ ʭʘʨʫʫʣʩʘʥ. ʅʘʥʦʭʵʤʞʵʵʪ TiO2 ʥʫʥʪʘʛ 

ʜʵʵʞʠʡʛ ᴇʥʜᴇʨ ʪʝʤʧʝʨʘʪʫʨʪ ʘʨʛʦʥʳ ʭʠʡʥ ʦʨʯʠʥʜ ʭʘʣʘʘʭʘʜ Ti3O5-ʠʡʥ l ʙʘ b 

ʬʘʟʫʫʜ ʪʦʜʦʨʭʦʡ ʭʵʤʞʵʵʛʵʵʨ (37.9%) װװʩʯ ʙʘʡʛʘʘʛ ʘʞʠʛʣʘʞ ʯʘʜʩʘʥ.  

2. ɸʨʛʦʥ ʙʘ ʘʟʦʪʳʥ ʭʠʡʥ ʦʨʯʠʥʜ ʭʠʤʠʡʥ ʟʦʣʴ-ʛʝʣʴ ʘʨʛʳʛ ʭʵʨʵʛʣʵʭ ʥʴ ʥʘʥʦʭʵʤʞʵʵʪ 

Ti3O5 ʢʨʠʩʪʘʣʣʳʛ ʛʘʨʛʘʥ ʘʚʘʭʘʜ ʥʠʣʵʵʜ װʨ ʜװʥʪʵʡ ʭʵʜʠʡ ʯ, ʵʜʠʡʥ ʟʘʩʛʠʡʥ ʭʫʚʴʜ 

ʟʘʨʜʘʣ ʠʭʪʵʡ ʙʦʣʦʭ ʥʴ ʘʞʠʛʣʘʛʜʩʘʥ. ʎʘʘʰʠʜ ʥʘʥʦʭʵʤʞʵʵʪ Ti3O5 ʢʨʠʩʪʘʣʣʳʛ 

ʩʠʥʪʝʟʣʵʭ ʭʵʮװװ ʙʵʨʭʰʵʵʣװװʜ (ʪʵʵʨʵʤʜʵʭ ʷʚʮ ʜʘʭʴ ʭʦʣʴʮʳʥ ʥᴇʣᴇᴇʛ ʘʨʠʣʛʘʭ, 

ʫʩʪᴇʨᴇʛʯʠʡʥ ʭʠʡ ʘʰʠʛʣʘʭ ʣʘʙʦʨʘʪʦʨʠʡʥ ʘʶʫʣʛװʡ ʘʞʠʣʣʘʛʘʘʥʳ ʥᴇʭʮʣʠʡʛ 

ʙװʨʜװװʣʵʭ ʛʵʭ ʤʵʪ) ʜʘʚʘʥ ʪʫʫʣʘʭ, ʪװװʥʠʡʛ װʡʣʜʚʵʨʣʵʭ ʭʵʤʥʵʣʪʪʵʡ ʛʦʨʠʤʳʛ ʭʘʡʭ 

ʰʘʘʨʜʣʘʛʘʪʘʡ.       

3. ʍʵʨʚʵʵ ʙʠʜ ʭʦʣʴʮʳʥ ʥᴇʣᴇᴇʛ ʙװʨʵʥ ʘʨʠʣʛʘʞ ʯʘʜʚʘʣ Ti3O5 ʥʘʥʦʢʨʠʩʪʘʣʣ ʥʴ l-Ti3O5 

ʙʘ b-Ti3O5 ʛʵʩʵʥ ʭʦʸʨ ʬʘʟʘʘʩ ʪʦʛʪʦʭ ʙᴇʛᴇᴇʜ ʵʥʵ ʭʦʸʨ ʬʘʟʳʥ ʭʦʦʨʦʥʜʦʭ 

ʰʠʣʞʠʣʪʠʡʛ ʛʘʜʥʳ ʭװʯɻɻ ʨ ʫʜʠʨʜʘʞ ʙʦʣʦʭʳʛ ʭʘʨʫʫʣʩʘʥ.    

4. Ti3O5 ʥʘʥʦʢʨʠʩʪʘʣʣʳʛ 6000C ʭװʨʪʵʣ ʭʘʣʘʘʭʘʜ ʪʦʜʦʨʭʦʡ ʜʫʣʘʘʥʳʛ ʥᴇᴇʮᴇʣʜᴇʛ 

ʙʦʣʦʭ ʥʴ ʘʞʠʛʣʘʛʜʩʘʥ.  

5. ɼʵʵʨʭ ʩʫʜʘʣʛʘʘʥʳ װʨ ʜװʥʜ ʪʫʭʘʡʥ Ti3O5 ʥʘʥʦʢʨʠʩʪʘʣʣʳʥ ʥᴇᴇʮᴇʣʩᴇʥ ʜʫʣʘʘʥʳʛ 

ʰʘʘʨʜʣʘʛʘʪʘʡ ʪʦʭʠʦʣʜʦʣʜ ʛʘʜʥʳ ʭװʯʵʵʨ װʡʣʯʣʵʥ ʷʣʛʘʨʫʫʣʘʭ, ʜʘʨʘʘ ʥʴ ʭʘʣʘʘʛʘʘʜ 

ʭᴇʨʛᴇʭ ʟʵʨʵʛ ʮʠʢʣ ʧʨʦʮʝʩʩʦʦʨ ʜʘʤʞʫʫʣʘʥ ʜʫʣʘʘʥʳʛ ʭʘʜʛʘʣʘʭ ʭʘʪʫʫ-ʭʘʪʫʫ ʛʵʩʵʥ 

ʬʘʟʳʥ ʰʠʣʞʠʣʪʪʵʡ ʥʘʥʦʤʘʪʝʨʠʘʣ ʙʦʣʛʦʥ ʘʰʠʛʣʘʭ ʙʦʣʦʤʞʪʦʡʛ ʪʦʛʪʦʦʩʦʥ.  

6. ʎʘʘʰʜʳʥ ʩʫʜʘʣʛʘʘʛʘʘʨ ɓ-ʘʘʩ ɚ ʭװʨʪʵʣʭ ʰʠʣʞʠʣʪʠʡʥ ʪʝʤʧʝʨʘʪʫʨʳʥ ʫʪʛʳʛ 

ʙʫʫʨʫʫʣʞ ʯʘʜʚʘʣ  ʧʨʘʢʪʠʢ ʭʵʨʵʛʣʵʵʥʠʡ ᴇʨʛᴇʥ ʤʫʞʠʡʛ ʭʘʥʛʘʭ ʙʦʣʦʤʞ ʙʠʡ. ʕʥʵ ʥʴ 

ʭʘʣʫʫʥ ʫʩʥʘʘʩ ʜʫʣʘʘʥʳ ʵʥʝʨʛʠʡʛ ʰʠʥʛʵʵʭ ʟʘʤʘʘʨ ʜʫʣʘʘʥʳ ʮʘʭʠʣʛʘʘʥ ʩʪʘʥʮʫʫʜʘʜ 

ʘʰʠʛʣʘʭ ʘʩʘʨ ʠʭ ʙʦʣʦʤʞʠʡʛ ʭʘʨʫʫʣʞ ʙʘʡʥʘ.  

7. ɹʠʜ ʩʫʜʘʣʛʘʘʥʜʘʘ ʘʥʘʪʘʟ ʪᴇʨʣʠʡʥ TiO2-ʠʡʛ ʪװװʭʠʡ ʵʜʵʵʨ ʩʦʥʛʦʞ ʘʚʩʘʥ. ʄᴇʥ 

ᴇʥʜᴇʨ ɻ ʥʝʨʛʠʡʥ ʙᴇʤʙᴇʛᴇʥ ʪʵʵʨʵʤ ʘʰʠʛʣʘʥ ʘʥʘʪʘʟ ʪᴇʨʣʠʡʥ TiO2 ʥʫʥʪʛʠʡʥ ʪʘʣʩʪʥr 

ʭʵʤʞʵʵʛ (ʤʦʥʦʢʨʠʩʪʘʣʣ) 10 ʥʤ ʭװʨʪʵʣ ʙʫʫʨʫʫʣʘʘʜ ʜʘʨʘʘ ʥʴ ᴇʥʜᴇʨ ʪʝʤʧʝʨʘʪʫʨʪ 

ʘʨʛʦʥʳ ʭʠʡʥ ʦʨʯʠʥʜ ʘʥʛʠʞʨʫʫʣʞ, ʥʘʥʦʭʵʤʞʵʵʪ Ti3O5 ʬʘʟʳʛ ʛʘʨʛʘʥ ʘʚʘʭ 

ʦʨʦʣʜʣʦʛʦ ʥʴ ʛʘʜʘʘʜʳʥ ʩʫʜʣʘʘʯʜʳʥ ʘʞʣʘʘʩ ʷʣʛʘʛʜʘʭ ʦʥʮʣʦʛʪʦʡ ʶʤ. ʄᴇʥ ʮʘʘʰʠʜ 
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ʪʵʵʨʵʤʜʵʭ ʧʨʦʮʝʩʩʪʦʡ ʭʦʣʙʦʦʪʦʡ װװʩʯ ʙʫʡ ʥʵʤʵʣʪ ʭʦʣʴʮʳʥ ʬʘʟʫʫʜrʛ ʘʨʠʣʛʘʭ 

ʤʝʭʘʥʠʟʤʳʛ ʦʣʦʭ ʰʘʘʨʜʣʘʛʪʘʡ.      

8. ʀʨʵʵʜװʡʜ ʭʘʪʫʫ-ʭʘʪʫʫ ʛʵʩʵʥ ʬʘʟʳʥ ʰʠʣʞʠʣʪʪʵʡ Ti3O5 ʪᴇʨʣʠʡʥ ʢʨʠʩʪʘʣʣʳʛ 

ʜʫʣʘʘʥʳʛ ʥᴇᴇʮʣᴇʭ, ʙʘʨʠʣʛʘ ʙʘʡʛʫʫʣʘʤʞʠʡʥ ʭʘʣʘʘʣʪʳʥ ʪʘʚ ʪʫʭʪʘʡ ʦʨʯʥʳʛ 

ʙװʨʜװװʣʵʭ,  ʘʚʪʦʤʘʰʠʥʳ ʭʵʪ ʠʭ ʜʫʣʘʘʥ, װʡʣʜʚʵʨʠʡʥ ʭʘʷʛʜʘʣ ʜʫʣʘʘʥʳʛ ʜʘʭʠʥ 

ʘʰʠʛʣʘʭ ʟʵʨʵʛʪ ʭʵʨʵʛʣʵʭ ᴇʨʛᴇʥ ʙʦʣʦʤʞ ʭʘʨʘʛʜʘʞ ʙʘʡʛʘʘ ʶʤ.     

 

ʊװʣʭװװʨ װʛʩ  
Ti3O5, ʬʘʟʳʥ ʰʠʣʞʠʣʪ, ʜʘʨʘʣʪʳʥ װʡʣʯʣʵʣ, ʪʘʣʩʪʳʥ ʭʵʤʞʵʵ, ʙᴇᴇʤʠʡʥ ʭʵʤʞʵʵ, ʢʨʠʩʪʘʣʣ 

ʙװʪʵʮ, ʙᴇʤʙᴇʛᴇʥ ʪʵʵʨʵʤ, ʨʝʥʪʛʝʥ ʮʘʮʨʘʛʠʡʥ ʜʠʬʨʘʢʮ, ʬʘʟʳʥ ʰʠʣʞʠʣʪʪʵʡ ʤʘʪʝʨʠʘʣ, ʜʫʣʘʘʥ 

ʭʘʜʛʘʣʘʭ ʤʘʪʝʨʠʘʣ.  

 

ʊʘʣʘʨʭʘʣ 

 ʕʥʵ ʩʫʫʨʴ ʩʫʜʘʣʛʘʘʥʳ ʪᴇʩʣʠʡʛ ʩʘʥʭװװʞװװʣʩʵʥ ʐʋʊ-ʠʡʥ ʉʘʥ,  ʭʘʤʪʨʘʥ ʘʞʠʣʣʘʩʘʥ 

ʐʋʊʀʉ-ʠʡʥ ʍʐʋʉ-ʠʡʥ ʬʠʟʠʢʠʡʥ ʙʘ ʭʠʤʠʡʥ ʩʘʣʙʘʨʳʥ ʩʫʜʣʘʘʯ ʙʘʛʰ ʥʘʨʪ ʙʦʣʦʥ SEM/ 

EDX, TEM, DTA-ʠʡʥ ʭʵʤʞʠʣʪװװʜʠʡʛ ʭʠʡʭʵʜ ʛװʥ ʪʫʩʣʘʣʮʘʘ װʟװװʣʩʵʥ ʗʧʦʥ ʫʣʩʳʥ 

ʅʠʛʠʪʘʛʠʡʥ ʠʭ ʩʫʨʛʫʫʣʠʡʥ ʧʨʦʬʝʩʩʦʨ ʅʘʦʢʠ ʂʘʥʦ, ʤᴇʥ ᴇʥʜᴇʨ ʜʘʨʘʣʪʳʥ ʬʘʟʳʥ 

ʰʠʣʞʠʣʪʠʡʥ ʩʫʜʘʣʛʘʘʛ ʛװʡʮʵʪʛʵʭʵʜ ʪʫʩʘʣʞ ʟᴇʚʣᴇʛᴇᴇ ᴇʛʩᴇʥ ɹʘʨʠʣʛʘ ɸʨʭʠʪʝʢʪʫʨ 

ʂʦʨʧʦʨʘʮʠʡʥ ʵʨʜʵʤʪʵʥ ʩʫʜʣʘʘʯ ʥʘʨʪʘʘ ʛװʥ ʪʘʣʘʨʭʘʣ ʠʣʵʨʭʠʡʣʞ ʙʘʡʥʘ. 
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ʅʵʨ ʪʦʤʲʸʦ, ʪʦʚʯʠʣʩʦʥ װʛʠʡʥ ʪʘʡʣʙʘʨ 

ʅʵʨ ʪʦʤʲʸʦ ɸʥʛʣʠ ʥʵʨ 

 

ʊʘʡʣʙʘʨ 

0 1 2 

ñab initioò ñab initioò Ab initio ʥʴ "ʵʭʥʵʵʩʵʵ" ʛʵʩʵʥ ʫʪʛʘʪʘʡ ʣʘʪʠʥ 

ʥʵʨ ʪʦʤʴʸʦ ʙᴇʛᴇᴇʜ ʣʘʪʠʥʘʘʨ ab ("from") + 

initio, initium ("beginningò) ʛʵʩʵʥ װʛʥʵʵʩ 

ʛʘʨʘʣʪʘʡ.  

ʙᴇᴇʤ particle ʌʠʟʠʢʠʡʥ ʰʠʥʞʣʵʭ ʫʭʘʘʥʜ ʙᴇᴇʤ ʛʵʜʵʛ ʥʴ 

ʪʦʜʦʨʭʦʡ ʬʠʟʠʢ ʙʘ ʭʠʤʠʡʥ ʰʠʥʞ 

ʯʘʥʘʨʫʫʜʪʘʡ ʪʫʩʛʘʘʨʣʘʛʜʩʘʥ ʞʠʞʠʛ 

ʦʙʲʝʢʪʳʛ ʭʵʣʥʵ. <ɹᴇᴇʤ> ʛʵʜʵʛ ʥʵʨ ʪʦʤʲʸʦ ʥʴ 

ʥʠʣʵʵʜ ᴇʨʛᴇʥ ʫʪʛʘʪʘʡ, ʷʥʟ ʙװʨʠʡʥ ʰʠʥʞʣʵʭ 

ʫʭʘʘʥʳ ʤʫʞʫʫʜʘʜ ʰʘʘʨʜʣʘʛʘʪʘʡ ʭʵʤʞʵʵʛʵʵʨ 

ʪʦʜʦʨʭʦʡʣʜʦʛ. ɹᴇᴇʤװװʜʵʵʩ ʪʦʛʪʩʦʥ ʶʤʩʳʛ 

<particulate> ʛʵʞ ʥʵʨʣʵʥʵ. ʄʠʢʨʦʩʢʦʧʠʢ 

ʙᴇᴇʤ-ʘʪʦʤ, ʤʦʣʝʢʫʣ; ʩʫʙʘʪʦʤʳʥ ʙᴇᴇʤ-

ʵʣʝʢʪʨʦʥ; ʤʘʢʨʦʩʢʦʧʠʢ ʙᴇᴇʤ-ʥʫʥʪʛʫʫʜ, 

ʤᴇʭʣᴇʛ ʙװʭʠʡ ʤʘʪʝʨʠʘʣʫʫʜ.            

ʄʘʠʛʠʡʥ ʦʥʦʣ Mie theory ʄʘʠʛʠʡʥ ʦʥʦʣ ʥʴ 1908 ʦʥʜ ɻʫʩʪʘʚ ʄʘʠʛʠʡʥ 

ʙʦʣʦʚʩʨʫʫʣʩʘʥ ʥʵʛʵʥ ʪᴇʨʣʠʡʥ ʙᴇʤʙᴇʨʮᴇʛ 

ʭʵʣʙʵʨʪʵʡ ʙᴇᴇʤװװʜ ʜʵʵʨʭ ʮʘʭʠʣʛʘʘʥ 

ʩʦʨʦʥʟʦʥ ʜʦʣʛʠʦʥʳ ʩʘʨʥʠʣʳʥ ʙװʨʵʥ 

ʤʘʪʝʤʘʪʠʢ-ʬʠʟʠʢ ʦʥʦʣ ʶʤ.  

ʄʘʛʥʝʣʠʡʥ 

ʬʘʟʫʫʜ 

Magnéli phases ʄʘʛʥʝʣʠʡʥ ʬʘʟʫʫʜ ʥʴ ʫʩʪᴇʨᴇʛʯʠʡʥ ʭʠʡʥ 

ʦʨʯʠʥʜ ʪʠʪʘʥʠʡʛ ᴇʥʜᴇʨ ʪʝʤʧʝʨʘʪʫʨʪ 

ʘʥʛʠʞʨʫʫʣʘʭ ʷʚʮʘʜ װװʩʩʵʥ TinO2nī1 ʝʨᴇʥʭʠʡ 

ʪʦʤʴʸʦʪʦʡ ʪʠʪʘʥʳ ʩʫʙ ʩʪʝʭʠʦʤʝʪʨʠʡʥ 

ʠʩʣʠʡʥ ʤʫʞ ʶʤ (n ʥʴ 4-10 ʭʦʦʨʦʥʜ 

ʭʵʣʙʵʣʟʜʵʛ). 

ʤʵʜʨʵʛʜʵʭװʡʮ 

ʜʫʣʘʘʥ 

sensible heat ʤʵʜʨʵʛʜʵʭװʡʮ ʜʫʣʘʘʥ ʛʵʜʵʛ ʥʴ ʙʠʝ ʙʫʶʫ 

ʪʝʨʤʦʜʠʥʘʤʠʢ ʩʠʩʪʝʤʵʵʨ ʜʫʣʘʘʥ ʩʦʣʠʣʮʜʦʛ,  

ʜʫʣʘʘʥʳ ʩʦʣʠʣʮʦʦ ʥʴ ʙʠʝ ʵʩʚʵʣ ʩʠʩʪʝʤʠʡʥ 

ʪʝʤʧʝʨʘʪʫʨʳʛ ᴇᴇʨʯʠʣʜᴇʛ ʙʦʣʦʚʯ ʙʠʝ ʙʫʶʫ 

ʩʠʩʪʝʤʠʡʥ ʟʘʨʠʤ ʤʘʢʨʦʩʢʦʧʠʢ ʭʫʚʴʩʘʛʯʜʳʛ 

ᴇᴇʨʯʣᴇʭʛװʡ ʭʵʚʵʵʨ װʣʜʵʵʜʵʛ, ʪʫʭʘʡʣʙʘʣ, 

ʵʟʵʣʭװװʥ, ʜʘʨʘʣʪ ʛʵʭ ʤʵʪ. 

ʥʘʥʦʙᴇᴇʤ nanoparticle 1-100ʥʤ-ʠʡʥ ʭʵʤʞʵʵʪʵʡ ʙᴇᴇʤʩʠʡʛ ʥʘʥʦʙᴇᴇʤ 

ʛʵʞ ʥʵʨʣʵʜʵʛ.   

ʥʘʥʦʤʘʪʝʨʠʘʣ nanomaterial ʅʘʥʦʙװʪʵʮʪʵʡ ʤʘʪʝʨʠʘʣ ʙʫʶʫ ʥʘʥʦʤʘʪʝʨʠʘʣ 

ʥʴ ʦʥʮʛʦʡ ʰʠʥʞ ʯʘʥʘʨ ʙװʭʠʡ ʙװʪʮʠʡʥ 

ʪʫʩʛʘʡʣʩʘʥ ʥʘʥʦʭʵʤʞʵʵʪ ʵʣʝʤʝʥʪװװʜʪʵʡ 
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(ʤʦʨʬʦʣʦʛʠʡʥ ʥʵʛʞ ) ʤʘʪʝʨʠʘʣʫʫʜʳʥ ʦʣʦʥ 

ʪʘʣʪ ʟװʡʣ ʶʤ. 

ʥʘʨʥʳ ʜʘʚʩ solar salt ɼʫʣʘʘʥʳ ʵʥʝʨʛʠʡʛ ʭʘʜʛʘʣʘʭʘʜ ʘʰʠʛʣʘʜʘʛ 

ʵʚʪʝʢʪʠʢ ʭʘʡʣʤʘʣ ʜʘʚʩʥʫʫʜʳʥ ʭʦʣʠʤʦʛʳʛ 

ʥʘʨʥʳ ʜʘʚʩ ʛʵʜʵʛ. 

ʥʫʫʛʜʤʘʣ 

ʜʫʣʘʘʥ  

latent heat ʅʫʫʛʜʤʘʣ ʜʫʣʘʘʥ (ʙʫʶʫ ʜʫʣʘʘʥʳ ʭʫʚʠʨʘʣ 

ʛʵʞ ʥʵʨʣʵʜʵʛ) ʥʴ ʪʦʛʪʤʦʣ ʪʝʤʧʝʨʘʪʫʨʳʥ 

ʧʨʦʮʝʩʩʳʥ ʷʚʮʘʜ ʙʠʝ ʙʫʶʫ ʪʝʨʤʦʜʠʥʘʤʠʢ 

ʩʠʩʪʝʤʵʵʩ ʷʣʛʘʨʜʘʛ ʵʩʚʵʣ ʰʠʥʛʵʵʛʜʜʵʛ 

ʵʥʝʨʛʠ ʙᴇʛᴇᴇʜ ʠʭʵʚʯʣʵʥ ʥʵʛʜװʛʵʵʨ ʪᴇʨʣʠʡʥ 

ʬʘʟʳʥ ʰʠʣʞʠʣʪ ʙʘʡʜʘʛ.  

ʧʠʢ peak ʈʝʥʪʛʝʥ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʜʘʭʴ ʰʦʚʭ ʦʨʦʡ 

ʙװʭʠʡ ʮʘʮʨʘʛʠʡʥ ʵʨʯʤʠʡʥ ʭʘʤʛʠʡʥ ʠʭ 

ʫʪʛʫʫʜ.  

ʧʨʦʬʠʣ profile ʈʝʥʪʛʝʥ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʜʘʭʴ ʜʠʬʨʘʢʮʠʡʥ 

ʧʠʢװװʜʠʡʥ ʩʫʫʨʴ ʭʵʩʛʠʡʛ ʠʣʵʨʭʠʡʣʥʵ. 

ʨʝʬʣʝʢʩ reflex ʊʦʜʦʨʭʦʡ ʠʥʜʝʢʩʪʵʡ ʘʪʦʤʳʥ ʭʘʚʪʛʘʡʛʘʘʩ 

ʘʞʠʛʣʘʛʜʘʭ ʮʘʮʨʘʛʠʡʥ ʩʘʨʥʠʣ.   

ʈʠʪʚʝʣʴʜʠʡʥ 

ʙʦʣʦʚʩʨʫʫʣʘʣʪ 

Rietveld refinement ʈʠʪʚʝʣʴʜʠʡʥ ʙʦʣʦʚʩʨʫʫʣʘʣʪ ʥʴ ʢʨʠʩʪʘʣʣ 

ʤʘʪʝʨʠʘʣʳʥ ʙװʪʮʠʡʥ ʧʘʨʘʤʝʪʨװװʜʠʡʛ 

ʪʦʜʦʨʭʦʡʣʦʭʦʜ ʘʰʠʛʣʘʭ ʟʦʨʠʣʛʦʦʨ ʍʶʛʦ 

ʈʠʪʚʝʣʜʠʡʥ ʟʦʭʠʦʩʦʥ ʘʨʛʘ ʶʤ.  

ʪʘʣʩʪ, ʪʘʣʩʪʳʥ 

ʭʵʤʞʵʵ, ʤᴇʭʣᴇʛ, 

ʙᴇᴇʤ  

crystallite, crystallite size, 

granular, particle   

ʊʘʣʩʪʫʫʜ ʥʴ ʞʠʞʠʛ ʢʨʠʩʪʘʣʣʫʫʜʘʘʩ ʪʦʛʪʦʥʦ. 

ʕʥʵ ʥʴ ʦʣʦʥ ʘʪʦʤ ʙʫʶʫ ʤʦʣʝʢʫʣʫʫʜʘʘʩ 

ʙװʨʜʜʵʛ. ʊʘʣʩʪʳʥ ʭʵʤʞʵʵʛ ʪʦʜʦʨʭʦʡʣʦʭʦʜ 

ʐʝʨʨʝʨʠʡʥ ʪʦʤʲʸʦʛ ʘʰʠʛʣʘʜʘʛ.ʊʘʣʩʪʫʫʜ ʥʴ 

ʤᴇʭʣᴇʛᴇᴇʩ װʨʛʵʣʞ ʞʠʞʠʛ ʙʘʡʜʘʛ. ʄᴇʭʣᴇʛ ʥʴ 

ʥʴ ʦʣʦʥ ʪʘʣʩʪʫʫʜʘʘʩ ʪʦʛʪʜʦʛ. ɹᴇᴇʤ ʥʴ ʮᴇᴇʭᴇʥ 

ʙʫʶʫ ʪװװʥʵʵʩ ʦʣʦʥ ʪʦʦʥʳ ʪʘʣʩʪʫʫʜ ʙʫʶʫ 

ʤᴇʭʣᴇʛʠʡʥ ʙᴇᴇʛʥᴇʨᴇʣ ʶʤ. ʊʠʡʤʵʵʩ ʙᴇᴇʤʠʡʥ 

ʭʵʤʞʵʵ ʙװʭʥʵʵʩ ʪʦʤ ʙʘʡʥʘ. ʄᴇʥ ʪʘʣʩʪʳʥ 

ʭʵʤʞʵʵ ʥʴ ʙװʛʜʵʵʩ ʙʘʛʘ ʶʤ. 

ʪʨʠʪʠʪʘʥ 

ʧʝʪʦʢʩʠʜ 

Trititanium Pentoxide ʄʦʥʠʢʣʠʥ ʪʵʛʰ ʭʵʤʪʵʡ Ti3O5 ʛʵʩʵʥ ʭʠʤʠʡʥ 

ʪʦʤʲʸʦʛʦʦʨ ʠʣʵʨʭʠʡʣʵʛʜʵʭ ʢʨʠʩʪʘʣʣ ʙװʪʵʮ 

ʙʦʣʥʦ. 

ʬʘʟʳʥ ʰʠʣʞʠʣʪ Phase transition ʍʠʤʠ, ʪʝʨʤʦʜʠʥʘʤʠʢ ʙʦʣʦʥ ʙʫʩʘʜ ʦʣʦʥ 

ʪʦʦʥʳ ʭʦʣʙʦʛʜʦʭ ʩʘʣʙʘʨʪ ʬʘʟʳʥ ʰʠʣʞʠʣʪ 

(ʵʩʚʵʣ ʬʘʟʳʥ ʭʫʚʠʨʘʣ) ʥʴ ʟʘʨʠʤ 

ʧʘʨʘʤʝʪʨʵʵʨ ʪʦʜʦʨʭʦʡʣʦʛʜʜʦʛ ʦʨʯʥʳ ʪᴇʣᴇʚ 

ʙʘ ᴇᴇʨ ʥʵʛ ʧʘʨʘʤʝʪʨʠʡʥ ʷʣʛʘʘʪʘʡ ʫʪʛʫʫʜ 

ʭʦʦʨʦʥʜʳʥ ʰʠʣʞʠʣʪʠʡʥ ʬʠʟʠʢ ʧʨʦʮʝʩʩ ʶʤ. 

ʕʥʵ ʥʵʨ ʪʦʤʲʸʦʛ ʠʭʵʚʯʣʵʥ ʙʦʜʠʩʳʥ װʥʜʩʵʥ 

ʪᴇʣʚװװʜʠʡʥ ᴇᴇʨʯʣᴇʣʪʠʡʛ ʭʵʣʵʭʵʜ 

ʘʰʠʛʣʘʜʘʛ: ʭʘʪʫʫ, ʰʠʥʛʵʥ, ʭʠʡ, ʪװװʥʯʣʵʥ 

ʭʦʚʦʨ ʪʦʭʠʦʣʜʦʣʜ ʧʣʘʟʤ. 
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ʬʦʪʦʥʳ 

ʭᴇʥʜʣᴇʥ 

ʢʦʨʨʝʣʷʮʠʡʥ 

ʩʧʝʢʪʨʦʩʢʦʧ 

PCCS with Nanophox ʃʘʟʝʨʠʡʥ ʛʵʨʣʠʡʥ ʜʠʥʘʤʠʢ ʩʘʨʥʠʣʳʥ ʘʨʛʘʘʨ 

ʰʠʥʛʵʥ ʜʦʪʦʨ ʩʫʩʧʝʥʟʣʵʛʜʩʵʥ ʙᴇᴇʤʩʠʡʥ 

ʭʵʤʞʵʵ (ʙᴇᴇʤʠʡʥ ʛʠʜʨʦʜʠʥʘʤʠʢ ʜʠʘʤʝʪʨ)-ʛ  

1-10000ʥʤ ʤʫʞʠʜ ʪʦʜʦʨʭʦʡʣʜʦʛ ʙʘʛʘʞ ʶʤ.   

 

ɼɻʉ-ʜʠʥʘʤʠʢ ʛʵʨʣʠʡʥ ʩʘʨʥʠʣ  

ɼʕʍ-ʜʫʣʘʘʥʳ ʵʥʝʨʛʠʡʥ ʭʘʜʛʘʣʘʣʪ 

ʋɼɿ-ʫʣʘʤʞʣʘʣʪ ʜʫʣʘʘʥ ʟᴇᴇʚᴇʨʣᴇʛʯ 

ʌʐʄ-ʬʘʟʳʥ ʰʠʣʞʠʣʪʪʵʡ ʤʘʪʝʨʠʘʣ  

ʍʐʋʉ-ʍɻ ʨʵʛʣʵʵʥʠʡ ʰʠʥʞʣʵʭ ʫʭʘʘʥʳ ʩʫʨʛʫʫʣʴ 

ʐʋʊʀʉ-ʐʠʥʞʣʵʭ ʫʭʘʘʥ ʪʝʭʥʦʣʦʛʠʡʥ ʠʭ ʩʫʨʛʫʫʣʴ 

AFM-(Atomic Force Microscopy) ɸʪʦʤʳʥ ʭװʯʥʠʡ ʤʠʢʨʦʩʢʦʧ   

CSP-(Concentrated Solar Power) ʪᴇʚʣᴇʨʩᴇʥ ʥʘʨʥʳ ʩʪʘʥʮ      

DSC- (Differential Scanning Calorimeter) ɼʠʬʬʝʨʝʥʮʠʘʣ ʪʵʤʪʨʵʭ ʢʘʣʦʨʠʤʝʪʨ 

DTA- (Differential Thermal Analysis) ɼʠʬʬʝʨʝʥʮʠʘʣ ʜʫʣʘʘʥʳ ʘʥʘʣʠʟ 

EDX-(Energy Despersive X-ray spectroscopy)  

FCJ-(Finger, Cox and Jephcoat asymmetry model) ʌʠʥʛʝʨ, ʂʦʭʩ, ɾʠʧʢʦʘʪʠʡʥ ʪʵʛʰ ʙʫʩ 

ʟʘʛʚʘʨ 

FE-TEM-(Field Emission Transmission Electron Microscopy) ʆʨʥʳ ʵʤʠʩʩʠʡʥ ʰʠʣʞʠʣʪʠʡʥ 

ʵʣʝʢʪʨʦʥ ʤʠʢʨʦʩʢʦʧ  

FWHM-(Full Width at Half Maximum) ʜʠʬʨʘʢʮʠʡʥ ʧʠʢʠʡʥ ᴇʥʜʨʠʡʥ ʭʘʛʘʩ ʜʵʵʨʭ ʙװʪʵʥ 

ᴇʨʛᴇʥ 

GSAS-(Genarel Structure Analysis System) Eʨᴇʥʭʠʡ ʙװʪʮʠʡʛ ʰʠʥʞʣʵʭ ʩʠʩʪʝʤ  

HTF-(Heat Transfer Fluids) ʰʠʥʛʵʥʠʡ ʜʫʣʘʘʥ ʟᴇᴇʛʯ  

ICSD-(Inorganic Crystal Structure Database) ʆʨʛʘʥʠʢ ʙʫʩ ʢʨʠʩʪʘʣʣ ʙװʪʮʠʡʥ ᴇʛᴇʛʜᴇʣ 

LHTES-(Latent Heat Thermal Energy Storage) ʅʫʫʛʜʤʘʣ ʜʫʣʘʘʥʳ ʵʥʝʨʛʠʡʛ ʭʘʜʛʘʣʘʭ    

MIE-(Mie theory) ʄʘʠʛʠʡʥ ʦʥʦʣ  

NIST-(National Institute of Standards and Technology) ɸʅʋ-ʳʥ ʉʪʘʥʜʘʨʪ ʙʘ ʪʝʭʥʦʣʦʛʠʡʥ 

   ʥʜʵʩʥʠʡ ʠʥʩʪʠʪʫʪװ

PCCS-(Photon Cross Correlation Spectroscopy) ʌʦʪʦʥʳ ʭᴇʥʜʣᴇʥ ʢʦʨʨʝʣʷʮʠʡʥ ʩʧʝʢʪʨʦʩʢʦʧ 

PCS- (Photon Correlation Spectroscopy) ʌʦʪʦʥʳ ʢʦʨʨʝʣʷʮʠʡʥ ʩʧʝʢʪʨʦʩʢʦʧ  
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PSF- (peak shape function) ʧʠʢʠʡʥ ʭʵʣʙʵʨʠʡʥ ʬʫʥʢʮ  

PXRDï(Powder X-ray Diffraction) ʅʫʥʪʛʠʡʥ ʨʝʥʪʛʝʥ ʜʠʬʨʘʢʮʳʥ ʘʨʛʘ  

XRD-(X-ray Diffraction) ʈʝʥʪʛʝʥ ʜʠʬʨʘʢʮʠʡʥ ʘʨʛʘ 

Match!-(Phase Analysis using Powder Diffraction) ʅʫʥʪʛʠʡʥ ʜʠʬʨʘʢʮʳʛ ʘʰʠʛʣʘʥ ʬʘʟʳʥ 

ʰʠʥʞʠʣʛʵʵ ʭʠʡʭ 
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ʊᴇʩʣʠʡʥ װʨ ʜװʥʛʠʡʥ ʜʘʘʣʛʘʚʘʨ, ʪװװʥʠʡ ʙʠʝʣʵʣʪ 

ʜ/ʜ ʊᴇʩʣᴇᴇʨ ʙʠʡ 

ʙʦʣʦʭ װʨ ʜװʥʛʠʡʥ 

ʜʘʘʣʛʘʚʘʨ 

ɻʵʨʵʵʥʜ ʟʘʘʛʜʩʘʥ ʘʞʣʳʥ װʨ 

ʜװʥʛʠʡʥ ʪʦʚʯ ʪʘʥʠʣʮʫʫʣʛʘ 

 ʥʛʠʡʥ ʙʘʪʘʣʛʘʘʞʫʫʣʘʣʪװʨ ʜת

 ʭʠʡ ʵʜװװʥʜʩʵʥ ʪת 1

TiO2 ʥʫʥʪʘʛʠʡʛ 

ᴇʥʜᴇʨ ʵʥʝʨʛʠʡʥ 

ʙᴇʤʙᴇʛᴇʥ ʪʵʵʨʵʤ 

ʘʰʠʛʣʘʥ 

ʥʘʥʦʭʵʤʞʵʵʪ 

ʥʫʥʪʘʛ ʙʦʣʛʦʭ  

 

ñSigma Aldrichò ʢʦʤʧʘʥʠʡʥ ᴇʥʜᴇʨ 

ʮʵʚʵʨʰʠʣʪʪʵʡ (99.8%) ʘʥʘʪʘʟ 

ʪᴇʨʣʠʡʥ TiO2(IV) ʥʫʥʪʘʛ ʥʴ 

ʘʥʭʜʘʛʯ ʤʘʪʝʨʠʘʣ ʙʦʣʛʦʥ 

ʘʰʠʛʣʘʛʜʩʘʥ.  

ɼʵʵʞʠʡʛ ʥʫʥʪʘʛʣʘʭʘʜ ɸʅʋ-ʜ 

 ʡʣʜʚʵʨʣʵʛʜʩʵʥ ʠʭ ɻʥʝʨʛʠʡʥװ

ʯʠʯʠʨʛʵʵʪ ʙᴇʤʙᴇʛᴇʥ ʪʵʵʨʵʤ 

ʘʰʠʛʣʘʩʘʥ.   

ʈʝʥʪʛʝʥ ʜʠʬʨʘʢʮʠʡʥ ʘʥʘʣʠʟʳʥ 

ʜװʥʜ ʘʥʘʪʘʟ TiO2-ʠʡʥ ʭʫʚʴʜ 

ʥʫʥʪʘʛʣʘʭ ʭʫʛʘʮʘʘʥʘʘʩ  ʭʘʤʘʘʨʯ 

ʷʤʘʨ ʥʵʛ ʬʘʟʳʥ ʰʠʣʞʠʣʪʠʡʥ 

 .ʡװʟʵʛʜʵʣ ʘʞʠʛʣʘʛʜʘʘʛװ

ᴆʥʜᴇʨ ʵʥʝʨʛʠʡʥ ʙᴇʤʙᴇʛᴇʥ 

ʪʵʵʨʤʠʡʥ ʘʨʛʘʘʨ ʘʥʘʪʘʟ ʪᴇʨʣʠʡʥ 

TiO2 ʥʫʥʪʘʛ ʜʵʵʞʠʡʥ ʪʘʣʩʪʥr 

ʭʵʤʞʵʵʛ 34 ʥʤ-ʵʵʩ 8 ʥʤ ʭװʨʪʵʣ 

ʙʫʫʨʫʫʣʞ ʯʘʜʩʘʥ. 

1. ɻ.ɹʘʪʜʵʤʙʵʨʵʣ, ɼ.ʆʪʛʦʥʙʘʷʨ. 
ɸʥʘʪʘʟ ʪϺʨʣʠʡʥ TiO2 

ʙϺϺʤʠʡʥ ʪʘʣʩʪʳʥ ʭʵʤʞʵʵʛ 

ʙʫʫʨʫʫʣʘʭ ʩʫʜʘʣʛʘʘ. 

ʄʦʥʛʦʣʳʥ ʬʠʟʠʢʠʡʥ 

ʥʠʡʛʵʤʣʵʛ. תʥʜʵʩʥʠʡ 

ʭʵʤʞʵʵʥʠʡ  ʵʨʜʵʤ 

ʰʠʥʞʠʣʛʵʵʥʠʡ ʭʫʨʘʣ. 

ʄʋʀʉ-ʠʡʥ ʕʨʜʵʤ 

ʰʠʥʞʠʣʛʵʵʥʠʡ ʙװʪʵʵʣʠʡʥ 

ʵʤʭʵʪʛʵʣ.  2020.12. 24-25.  

2. Ganbat Batdemberel, Dugerjav 

Otgonbayar, Gonchigsuren 

Munkhsaikhan. Effect of High-

Energy Vibrating Ball Milling 

in the Reduction of the 

Crystallite Size of TiO2 

Particles. Journal of Materials 

Science and Chemical 

Engineering. Scientific 

Research Publishing. Volume 

9, Issue 11, Pages 7-14.  

2021/11/17. 

https://www.scirp.org/journal/

msce.     

2 TiO2 ʥʫʥʪʘʛ ʜʘʭʴ 

ʙᴇᴇʤʠʡʥ ʭʵʤʞʵʵʛ 

ʛʵʨʣʠʡʥ ʜʠʥʘʤʠʢ 

ʩʘʨʥʠʣʳʥ ʘʨʛʘʘʨ 

ʪʦʜʦʨʭʦʡʣʦʭ  

 

ʅʫʥʪʘʛ TiO2 ʜʵʵʞʠʡʛ ʥʫʥʪʘʛʣʘʭ 

ʭʫʛʘʮʘʘʥʘʘʩ ʭʘʤʘʘʨʫʫʣʘʥ ʜʘʚʭʘʨ 

ʥʵʨʩʵʥ ʫʩʘʥʜ ʭʠʡʞ ʩʫʩʧʝʥʟʠʡʥ 

ʜʵʵʞװװʜ ʤʘʷʛʘʘʨ ʙʵʣʜʩʵʥ. ʊʫʩ 

ʩʫʩʧʝʥʟʠʡʛ ʜʠʩʧʝʨʩʣʵʭʵʜ ʭʵʪ 

ʘʚʠʘʥʳ װװʩʛװװʨ KS-900F-ʵʵʨ 1 

ʤʠʥʫʪʳʥ ʪʫʨʰ װʡʣʯʠʣʩʵʥ.  

PCCS-ʠʡʥ ʭʵʤʞʠʣʪʵʥʜ ʟʦʨʠʫʣʩʘʥ 

ʩʫʩʧʝʥʟʠʡʥ ʜʵʵʞʠʡʛ 12.5ʤʤ 

ᴇʨʛᴇʥʪʵʡ, 12.5ʤʤ-ʠʡʥ ʛװʥʪʵʡ, 

36ʤʤ-ʠʡʥ ᴇʥʜᴇʨʪʵʡ, 50ʤʢʣ-

2.000ʤʢʣ ʭװʨʪʵʣ ʜװװʨʛʵʭ ʵʟʣʭɻװװʥ 

ʙװʭʠʡ ʥʵʛ ʫʜʘʘʛʠʡʥ ʪʫʥʛʘʣʘʛ 

ʧʣʘʩʪʠʢ ʫʚʝʪʪ (Eppendorf UVetteÑ, 

Sympatec Item No.NZ0020) ʩʘʚʘʥʜ 

ʭʠʡʞ ʙʵʣʜʩʵʥ. 

PCCS-ʠʡʥ ʭʵʤʞʠʣʪʵʵʨ ~ 8ʥʤ 

ʭʵʤʞʵʵʪʵʡ ʪʘʣʩʪ ʘʛʫʫʣʩʘʥ TiO2 

ʙᴇᴇʤʠʡʥ ʜʫʥʜʘʞ ʭʵʤʞʵʵ 221 ʥʤ 

ʛʵʞ ʪʦʜʦʨʭʦʡʣʩʦʥ. ʅʘʥʦʭʵʤʞʵʵʪʵʡ 

1. ɻ.ɹʘʪʜʵʤʙʵʨʵʣ, ɼ.ʆʪʛʦʥʙʘʷʨ. 
ϹʥʜϺʨ ʵʥʝʨʛʠʡʥ ʯʠʯʠʨʛʵʵʪ 

ʙϺʤʙϺʛϺʥ ʪʵʵʨʤʵʵʨ TiO2 

ʙϺϺʤʠʡʥ ʪʘʣʩʪʳʥ ʭʵʤʞʵʵʛ 

ʙʫʫʨʫʫʣʘʭ ʩʫʜʘʣʛʘʘ. ʐʋʊʀʉ, 

ʕʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ 

ʙװʪʵʵʣʠʡʥ ʵʤʭʵʪʛʵʣ, 

ˉ(1/272) 2020 ̄ 2 (34). 50ʭ-. 

2. G.Batdemberel, D.Otgonbayar 

and G.Munkhsaikhan. Effect of 

high energy vibrating ball 

milling in the reduction of the 

crystallite size of TiO2 

particles. International 

Conference on Applied Science 

and Engineering 2021 

(ICASE2021). Proceedings. 

Volume 002, 2021. 

Ulaanbaatar. Mongolia. p.153-

160. 

https://www.scirp.org/journal/paperinformation.aspx?paperid=113188
https://www.scirp.org/journal/paperinformation.aspx?paperid=113188
https://www.scirp.org/journal/paperinformation.aspx?paperid=113188
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(<100ʥʤ) ʙᴇᴇʤװװʜʠʡʥ ʪʦʦ ʭʵʤʞʵʵ 

ʵʟʵʣʭװװʥʠʡ 0.04% -ʠʡʛ ʵʟʵʣʞ ʙʘʡʚ.   

3 ʅʘʥʦ ʭʵʤʞʵʵʪ 

ʥʫʥʪʘʛ ʜʵʵʞʠʡʛ 

ʪʦʜʦʨʭʦʡ ʦʨʯʠʥʜ 

ᴇʥʜᴇʨ ʪʝʤʧʝʨʘʪʫʨʪ 

(12000C-14000C) 

ʭʘʣʘʘʭ ʟʘʤʘʘʨ 

ʰʠʥʵʵʨ װװʩʩʵʥ 

ʪʠʪʘʥʳ ʠʩʣʠʡʥ 

ʟʘʚʩʨʳʥ ʬʘʟʫʫʜʳʛ 

ʪʦʛʪʦʦʭ  
 

ʉʠʥʪʝʟʠʡʥ 13000C ʪʝʤʧʝʨʘʪʫʨʪ, 

ʘʨʛʦʥʳ ʭʠʡʥ ʫʨʩʛʘʣʳʥ ʭʫʨʜ 5 

(ʣ/ʤʠʥ) ʙʘʡʭ װʝʜ ʭʘʤʛʠʡʥ ʙʘʛʘ 

ʪʘʣʩʪʠʡʥ ʭʵʤʞʵʵ ʙװʭʠʡ (~ 10 ʥʤ) 

l-Ti3O5 -ʠʡʛ װװʩʛʵʞ ʯʘʜʩʘʥ.   

ʉʠʥʪʝʟʠʡʥ ʪʝʤʧʝʨʘʪʫʨ 1300Áʉ, 

ʘʟʦʪʳʥ ʭʠʡʥ ʫʨʩʛʘʣʳʥ ʭʫʨʜ 

0.7(ʣ/ʤʠʥ) װʝʜ l-Ti3O5 (74.6%) ʙʘ 

b-Ti3O5 (25.4%) ʬʘʟʫʫʜ װװʩʜʵʛʠʡʛ  

ʪʦʛʪʦʦʩʦʥ. ɼʘʨʘʘ ʥʴ ʪʫʩ ʜʵʵʞʠʡʛ 

KOH ʫʫʩʤʘʣʘʘʨ װʡʣʯʣʵʭʵʜ l-Ti3O5 

ʬʘʟʳʥ ʪʦʦ ʭʵʤʞʵʵ 86% ʭװʨʪʵʣ ᴇʩʯ, 

ʭʘʨʠʥ b-Ti3O5 ʬʘʟʳʥ ʪʦʦ ʭʵʤʞʵʵ 

14% ʭװʨʪʵʣ ʙʫʫʨʯ ʙʘʡʚ.  

ɸʨʛʦʥʳ ʭʠʡʥ ʫʨʩʛʘʣʳʥ ʭʫʨʜʳʛ 

ʥʵʤʵʛʜװװʣʵʭʵʜ ʩʫʙʦʢʩʠʜ Ti7O13 ʙʘ 

ʨʫʪʠʣ ʪᴇʨʣʠʡʥ TiO2 ʬʘʟʫʫʜ 

ʘʞʠʛʣʘʛʜʘʘʛװʡ. ʉʠʥʪʝʟʠʡʥ 13000C 

ʪʝʤʧʝʨʘʪʫʨʪ, ʘʨʛʦʥʳ ʭʠʡʥ 

ʫʨʩʛʘʣʳʥ ʭʫʨʜ 5 (ʣ/ʤʠʥ) ʙʘʡʭ װʝʜ 

ʭʘʤʛʠʡʥ ʙʘʛʘ ʪʘʩʣʪʥr ʭʵʤʞʵʵ 

ʙװʭʠʡ (~ 9 ʥʤ) l-Ti3O5 -ʠʡʛ װװʩʛʵʞ 

ʯʘʜʩʘʥ.  

1. ɻ.ɹʘʪʜʵʤʙʵʨʵʣ, ʖ.ɻʘʥʯʠʤʵʛ, 
ʄ.ʕʥʭʪʫʫʣ. ʅʫʫʛʜʤʘʣ ʜʫʣʘʘʥ 

ʭʘʜʛʘʣʘʭʘʜ ʟʦʨʠʫʣʘʛʜʩʘʥ 

ʥʘʥʦʭʵʤʞʵʵʪ Ti3O5 

ʢʨʠʩʪʘʣʣʳʛ ʛʘʨʛʘʥ ʘʚʘʭ ʥʴ. 

ʄʘʪʝʨʠʘʣ ʩʫʜʣʘʣ ʙʘ ʦʨʯʠʥ 

 ʝ-IV ʫʣʩʳʥ ʵʨʜʵʤװ

ʰʠʥʞʠʣʛʵʵʥʠʡ ʭʫʨʣʳʥ 

ʵʤʭʵʪʛʵʣ. ˉ22 (11)-299. 

2022.09.16. ʋʣʘʘʥʙʘʘʪʘʨ. ʭ. 

12-16.  

2. G.Batdemberel, 

Yu.Ganchimeg, M.Enkhtuul, 

O.Enkhtolmon, 

G.Munkhsaikhan and 

D.Otgonbayar. Synthesis and 

Characterization of Nanosized 

Ti3O5 Crystals Under Inert Gas 

Flow. Materials Science Forum 

(ISSN print 0255-5476). 

Indexed by Elsevier: Scopus. 

2022.  

3. G.Batdemberel, 

Yu.Ganchimeg, M.Enkhtuul, 

O.Enkhtolmon, 

G.Munkhsaikhan and 

D.Otgonbayar. Synthesis and 

Characterization of Nanosized 

Ti3O5 Crystals Under Inert Gas 

Flow. 2022 11th International 

Conference on Material 

Science and Engineering 

Technology (ICMSET 2022). 

Tokyo, Japan. November 26-

28, 2022.    

4 ʈʠʪʚʝʣʴʜʠʡʥ 

ʘʨʛʘʘʨ ʟʘʚʩʨʳʥ 

ʬʘʟʫʫʜʳʥ 

ʦʛʪʦʨʛʫʡʥ ʛʨʫʧʧ, 

ʪʦʨʳʥ 

ʧʘʨʘʤʝʪʨʫʫʜ, 

ʘʪʦʤʳʥ 

ʢʦʦʨʜʠʥʘʪʫʫʜʳʛ 

ʪʦʜʦʨʭʦʡʣʦʭ  

ʍʵʤʞʠʣʪʵʵʨ ʛʘʨʛʘʥ ʘʚʩʘʥ ʨʝʥʪʛʝʥ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʳʛ ʈʠʪʚʝʣʴʜʠʡʥ 

ʘʨʛʘ ʜʵʵʨ װʥʜʵʩʣʵʩʵʥ 

ñFullProf.Suiteò  ʧʨʦʛʨʘʤʤʘʘʨ 

ʙʦʣʦʚʩʨʫʫʣʩʘʥ. ɹʦʣʦʚʩʨʫʫʣʘʣʪʳʥ 

-ʥʛʵʵʩ ʜʵʵʞ ʥʴ l-Ti3O5 ʙʘ bװʨ ʜװ

Ti3O5 ʬʘʟʫʫʜʘʘʩ ʛʘʜʥʘ ʪʵʵʨʵʤʜʵʭ 

ʙʘ ʩʠʥʪʝʟʠʡʥ ʧʨʦʮʝʩʩʫʫʜʪʘʡ 

ʭʦʣʙʦʦʪʦʡ ʙʘʡʞ ʙʦʣʦʭ ᴇʥʜᴇʨ 

ʵʨʯʠʤʪʵʡ ʜʠʬʨʘʢʮʠʡʥ ʧʠʢװװʜ 

ʙװʭʠʡ ʭʦʣʴʮʳʥ ʬʘʟʫʫʜ 

ʘʞʠʛʣʘʛʜʩʘʥ.ʕʜʛʵʵʨ ʭʦʸʨ ʬʘʟ ʪʫʩ 

ʙװʨʠʡʥ ʙװʪʮʠʡʥ ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʥ 

 ʥʛ ʪʫʩ ʪᴇʩʣʠʡʥװʨ ʜת

ʪʘʡʣʘʥʛʠʡʥ 4-ʨ ʙװʣʵʛʪ 

     .ʣʩʵʥװװʟװ
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ʢʨʠʩʪʘʣʣʦʛʨʘʬʳʥ ᴇʛᴇʛʜʣװװʜʠʡʛ 

ʪʦʜʦʨʭʦʡʣʩʦʥ.        

5 SEM, AFM, STM 

ʤʠʢʨʦʩʢʦʧʫʫʜʳʥ 

ʪʫʩʣʘʤʞʪʘʡʛʘʘʨ 

ʟʘʚʩʨʳʥ ʬʘʟʫʫʜʳʥ 

ʙᴇᴇʤʩʠʡʥ 

ʤʦʨʬʦʣʦʛʠʡʛ 

ʪʦʜʦʨʭʦʡʣʦʭ  

ʅʘʥʦʭʵʤʞʵʵʪ Ti3O5 ʥʵʛʜʵʣ 

 ʩʩʵʥʠʡʛ ʰʘʣʛʘʭʳʥ ʪʫʣʜ TEMװװ

ʜʵʵʨ ʭʵʤʞʠʣʪ ʭʠʡʩʵʥ. SEM/EDX 

(TM1000-Hitachi, Japan)  ʙʘ TEM-

ʠʡʥ ʭʵʤʞʠʣʪʠʡʛ ʗʧʦʥ ʫʣʩʳʥ 

ʅʠʛʠʪʘʛʠʡʥ ʠʭ ʩʫʨʛʫʫʣʴʜ ʪʫʩ ʪʫʩ 

ʛװʡʮʵʪʛʵʩʵʥ. ʊEM-ʠʡʥ ʟʫʨʛʘʘʩ 

ʭʘʨʘʭʘʜ ʜʵʵʞ ʥʴ ʤʠʢʨʦʤʝʪʨʠʡʥ 

ʫʨʪʪʘʡ ʙʣʦʢ-ʭʵʣʙʵʨʪʵʡ 

ʪʘʣʩʪʫʫʜʘʘʩ ʙװʨʜʵʥʵ. SEM-ʠʡʥ װʨ 

ʜװʥʛʵʵʩ ʭʘʨʘʭʘʜ ᴇʥʜᴇʨ 

ʪʝʤʧʝʨʘʪʫʨʪ ʰʘʪʘʘʭʘʘʩ ᴇʤʥᴇʭ 

 ʝʠʡʥ ʜʵʵʞ ʜʘʭʴ ʙᴇᴇʤʩʠʡʥ ʭʵʣʙʵʨװ

ʥʴ ʷʥʟ ʙװʨʠʡʥ ᴇʥʮᴇʛ װװʩʛʵʩʵʥ ᴇᴇʨ 

ᴇᴇʨ ʭʵʣʙʵʨʪʵʡ ʭʘʪʫʫ ʢʨʠʩʪʘʣʣ 

ʪʘʣʩʪʫʫʜʘʘʩ ʪʦʛʪʦʞ ʙʘʡʛʘʘ ʥʴ 

ʭʘʨʘʛʜʘʥʘ.           

 ʥʛ ʪʫʩ ʪᴇʩʣʠʡʥװʨ ʜת

ʪʘʡʣʘʥʛʠʡʥ 3-ʨ ʙװʣʵʛʪ 

        .ʣʩʵʥװװʟװ

6 ʐʠʥʵʵʨ ʛʘʨʛʘʥ 

ʘʚʩʘʥ ʜʵʵʞʠʡʥ 

ʛʘʜʥʳ װʡʣʯʣʵʣʵʵʨ 

(ʜʘʨʘʣʪ ʛ.ʤ.) 

ʩʫʣʣʘʛʜʘʭ 

(ʰʠʥʛʵʵʛʜʵʭ) 

ʜʫʣʘʘʥʳ ʵʥʝʨʛʠʡʛ 

ʭʵʤʞʠʭ  

Ti3O5 ʬʘʟʫʫʜ ʜʵʵʨʭ ʜʘʨʘʣʪʥr 

 ʡʣʯʣʵʣʠʡʥ ʥᴇʣᴇᴇʛ ʩʫʜʣʘʭʘʜװ

ɹʘʨʠʣʛʘ ʘʨʭʠʪʝʢʪʫʨ ʢʦʨʧʦʨʘʮʠʡʥ 

ñɹʝʪʦʥ ʜװװʨʛʵʛʯʠʡʥò ʣʘʙʦʨʘʪʦʨʠ 

ʜʘʭʴ ñStye-2000 Ctmò ʜʠʞʠʪʘʣ 

ʜʵʣʛʵʮʪʵʡ ʛʠʜʨʘʚʣʠʢ ʰʘʭʘʣʪʳʥ 

ʪʫʨʰʠʣʪʳʥ ʤʘʰʠʥ ʜʵʵʨ 

ʛװʡʮʵʪʛʵʩʵʥ. ɻʝʨʤʘʥ ʫʣʩʘʜ 

 ʡʣʜʚʵʨʣʵʛʜʩʵʥ ʙʘʛʘ ʭʵʤʞʵʵʪʵʡװ

ʥʫʥʪʘʛ ʜʵʵʞʠʡʛ ʰʘʭʘʭʘʜ 

ʟʦʨʠʫʣʘʛʜʩʘʥ, ʜʦʪʦʨ ʥʴ ʚʘʢʫʫʤ 

 ʭʠʡ ᴇʥʜᴇʨװʩʛʵʭ ʙʦʣʦʤʞ ʙװװ

ʜʘʨʘʣʪʳʥ ʭʵʚʠʡʛ ʘʰʠʛʣʘʩʘʥ.  

ɚ-Ti3O5 ʜʵʵʨʭ ʜʘʨʘʣʪʳʥ 

ʥᴇʣᴇᴇʣʣʠʡʛ 0.5, 1.6, 2.5, 6, 12 ʢʅ 

ʭװʯʵʵʨ װʡʣʯʠʣʩʵʥʠʡ ʜʘʨʘʘ ʜʵʵʞ 

ʪʫʩ ʙװʨʠʡʛ ʜʘʨʘʘʣʩʘʥ XRD 

ʭʵʤʞʠʣʪװװʜʵʵʨ ʩʫʜʘʣʩʘʥ. ɼʘʨʘʣʪ 

ʥʵʤʵʛʜʵʭʠʡʥ ʭʠʨʵʵʨ ɚ-Ti3O5-ʠʡʥ 

ʬʘʟʳʥ ʪʦʦ ʭʵʤʞʵʵ ʙʫʫʨʯ, ɓ-Ti3O5-

ʠʡʥ ʪʦʦ ʭʵʤʞʵʵ ᴇʩʯ ʙʘʡʚ.  

ʊʘʩʘʣʛʘʘʥʳ ʪʝʤʧʝʨʘʪʫʨʘʘʩ 6000C 

ʭװʨʪʵʣ ʭʘʣʘʘʭ ʵʭʥʠʡ ʧʨʦʮʝʩʩʪ 

110ÁC ʪʝʤʧʝʨʘʪʫʨʪ ʵʥʜʦʪʝʨʤʠʡʥ 

ʧʠʢ (ʞʠʰʵʵʣʙʵʣ, ʜʫʣʘʘʥ ʭʘʜʛʘʣʘʭ 

ʧʠʢ) ʘʞʠʛʣʘʛʜʩʘʥ. ɼʫʣʘʘʥ 

ʰʠʥʛʵʵʣʪ ʥʴ ʰʠʥʛʵʵʣʪʠʡʥ ʦʨʛʠʣ 

 ʝʜ ʘʞʠʛʣʘʛʜʜʘʛ. DTA ʤʫʨʫʡʥװ

ʰʠʥʞʠʣʛʵʵʥʵʵʩ ʭʘʨʘʭʘʜ 

ʭʫʨʠʤʪʣʘʛʜʩʘʥ ʜʫʣʘʘʥʳ ʵʥʝʨʛʠ 

60ʤʢɺ ʙʘʡʥʘ.    

 ʥʛ ʪʫʩ ʪᴇʩʣʠʡʥװʨ ʜת

ʪʘʡʣʘʥʛʠʡʥ 5, 6-ʨ ʙװʣʛװװʜʵʜ 

       .ʣʩʵʥװװʟװ
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7 ʉʫʜʘʣʛʘʘʥʳ װʨ 

ʜװʥʛ ʛʘʜʘʘʜʳʥ 

ʩʵʪʛװװʣʜ ʭʵʚʣװװʣʵʭ  

ʉʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ ʟᴇʚʭᴇʥ 

ʰʠʥʵʣʵʛ װʨ ʜװʥʛװװʜʠʡʛ ʙʘʛʪʘʘʩʘʥ 

ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʭʦʸʨ ᴇʛװװʣʵʣ 

ʙʠʯʠʞ ñscopusò ʙʘ ñweb of 

scienceò-ʜ ʙװʨʪʛʵʣʪʵʡ 

ʩʵʪʛװװʣװװʜʵʜ ʭʵʚʣװװʣʩʵʥ.   
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8 ʉʫʜʘʣʛʘʘʥʳ װʨ 

ʜװʥʛʠʡʥ ʪʘʡʣʘʥ  
ʉʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ װʨ ʜװʥʛʵʵʨ 

ʪʘʡʣʘʥ ʙʠʯʠʞ 2022 ʦʥʳ 12 ʩʘʨʳʥ 

ʩװװʣʵʵʨ ʐʋʊʉ-ʥʜ ʭװʣʵʵʣʛʵʥ 

ᴇʛʩᴇʥ.  

ɹʠʯʠʞ ʜʫʫʩʛʘʩʘʥ ʵʮʩʠʡʥ 

ʪʘʡʣʘʥ 
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ʊᴇʩʣʠʡʥ ʷʚʮ, ʭʵʨʵʛʞʠʣʪ, ʭʘʤʪʳʥ ʘʞʠʣʣʘʛʘʘ, 

ʘʶʫʣʛװʡ ʙʘʡʜʘʣ 

 ʊᴇʩʣʠʡʛ ʭʵʨʵʛʞװװʣʩʵʥ ʛʵʨʵʵ, ʤʝʥʝʞʤʝʥʪ, ʪᴇʩʣʠʡʥ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ ʷʚʮ, ʪʘʡʣʘʛʥʘʣ, 

ʢʘʣʝʥʜʘʨʯʠʣʩʘʥ ʪᴇʣᴇʚʣᴇʛᴇᴇʥʠʡ ʭʵʨʵʛʞʠʣʪ, ʙʠʝʣʵʣʪʠʡʛ ʵʥʜ ʘʚʯ װʟʵʭ ʙʦʣʥʦ. 

ñɼʫʣʘʘʥ ʭʘʜʛʘʣʘʭ ʥʘʥʦʤʘʪʝʨʠʘʣʳʥ ʩʫʜʘʣʛʘʘò ʩʵʜʵʚʪ ʩʫʫʨʴ ʩʫʜʘʣʛʘʘʥʳ ʪᴇʩʣʠʡʛ 2018 

ʦʥʜ ʜʵʚʰװװʣʞ ʭʦʣʙʦʛʜʦʭ ʙʘʡʛʫʫʣʣʘʛʫʫʜʘʘʨ ʭʵʣʵʣʮװװʣʵʥ ɹʉʐʋʗ-ʥʳ ʐʋʊɻ-ʪ ʭװʨʛװװʣʩʵʥ 

ʙᴇʛᴇᴇʜ ʪʵʥʜ ʭʵʣʵʣʮʵʛʜʵʥ ɹʉʐʋʗ-ʥʳ ʩʘʡʜʳʥ 2019 ʦʥʳ 02 ʩʘʨʳʥ 25-ʥʳ ᴇʜʨʠʡʥ ɸ/86 ʪʦʦʪ 

ʪʫʰʘʘʣʘʘʨ 2019 ʦʥʦʦʩ ʵʭʣʵʥ ʪʫʩ ʷʘʤʥʳ ʐʋʊɻ-ʳʥ ʟʘʭʠʘʣʛʘʘʨ ʭʵʨʵʛʞʠʭ ʪᴇʩʣʠʡʥ ʞʘʛʩʘʘʣʪʘʜ 

ʦʨʞ ʙʘʪʣʘʛʜʩʘʥ. ʋʣʤʘʘʨ 2019 ʦʥʳ 04 ʩʘʨʳʥ 16-ʥʳ ᴇʜᴇʨ ʪᴇʩʣʠʡʛ ʭʵʨʵʛʞװװʣʵʛʯ ʪʘʣ ʙʦʣʦʭ 

ʐʋʊʀʉ-ʠʡʥ ʕʨʜʵʤ ʰʠʥʞʠʣʛʵʵ, ʠʥʥʦʚʘʮʠ ʵʨʭʵʣʩʵʥ ʜʵʜ ʟʘʭʠʨʘʣ ʙʦʣʦʥ ʪᴇʩʣʠʡʥ ʫʜʠʨʜʘʛʯ 

ɻ.ɹʘʪʜʵʤʙʵʨʵʣ ʥʘʨ ʪᴇʩʣʠʡʛ ʛʫʨʚʘʥ ʞʠʣʠʡʥ ʭʫʛʘʮʘʘʥʜ ʭʵʨʵʛʞװװʣʵʭʵʵʨ ʐʋʊɻ ʙʦʣʦʥ ʐʋʊʉ-

ʪʘʡ ˉ ʐʫʉʩ-2019/43 ʪʦʦʪ ñʉʫʫʨʴ ʩʫʜʘʣʛʘʘʥʳ ʪᴇʩᴇʣ ʭʵʨʵʛʞװװʣʵʭ, ʩʘʥʭװװʞװװʣʵʭ ʛʵʨʵʵò-ʛ 

ʙʘʡʛʫʫʣʘʥ ʩʘʥʭװװʞʠʣʪ ʭʠʡʛʜʵʥ ʭʵʨʵʛʞʠʞ ʵʭʵʣʩʵʥ. ʕʥʵ ʛʵʨʵʵʥʵʵʩ ʛʘʜʥʘ ʪᴇʩʣʠʡʥ 

ʭʵʨʵʛʞʠʣʪʠʡʥ ʷʚʮʘʜ ʪᴇʩʣʠʡʥ ʫʜʠʨʜʘʛʯ ʭʵʨʵʛʞװװʣʵʛʯ ʙʘʡʛʫʫʣʣʘʛʘʪʘʡ ʤʝʥʝʞʤʝʥʪʠʡʥ װʨ 

ʜװʥʛʠʡʥ ʛʵʨʵʵ ʙʘʡʛʫʫʣʘʥ ʘʞʠʣʣʘʚ. 

ʊᴇʩʣʠʡʥ ʪʘʡʣʘʛʥʘʣ 

ʊᴇʩʣʠʡʥ ʭʵʨʵʛʞʠʣʪʠʡʥ ʷʚʮʘʜ ʜʵʵʨ ʜʫʨʜʘʛʜʩʘʥ ʛʵʨʵʵʥʠʡ ʜʘʛʫʫ ʪᴇʩʣʠʡʛ ʭʵʨʵʛʞװװʣʵʛʯ 

ʙʘʛ ʪᴇʩʣʠʡʥ ʩʫʜʘʣʛʘʘʥʳ ʷʚʮʳʥ ʪʘʡʣʘʥ, ʤʦʥʠʪʦʨʠʥʛʠʡʥ ʪʘʡʣʘʥ, ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ ʟʘʚʩʨʳʥ 

 ʥʛʠʡʥ ʪʘʡʣʘʥʛ ʐʋʊʉ ʙʦʣʦʥ ʐʋʊʀʉ-ʠʡʥ ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵ ʠʥʥʦʚʘʮʳʥ ʭʵʣʪʵʩʪ ʭʘʛʘʩװʨ ʜװ

ʙʦʣʦʥ ʙװʪʵʥ ʞʠʣʵʵʨ ʪʘʡʣʘʛʥʘʞ ʙʘʡʩʘʥ ʙʦʣʥʦ. ʕʜʛʵʵʨʵʵʩ ʛʘʜʥʘ ʪᴇʩʣʠʡʛ ʭʵʨʵʛʞװװʣʵʭ ʷʚʮʘʜ 

ʩʘʥʭװװʞʠʣʪʠʡʥ ʭᴇʨᴇʥʛʠʡʛ ʭʵʨʭʵʥ ʟʘʨʮʫʫʣʩʘʥ ʪʘʣʘʘʨ ʤᴇʥʛᴇʥ ʫʨʜʯʠʣʛʘʘʥʳ ʪʘʡʣʘʥʛ ʜʵʵʨʭ 

ʙʘʡʛʫʫʣʣʘʛʫʫʜʘʜ ʭʘʛʘʩ ʞʠʣ ʙװʨʵʵʨ ʛʘʨʛʘʥ ᴇʛʯ ʘʞʠʣʣʘʘ. 

 

ʍʘʤʪʳʥ ʘʞʠʣʣʘʛʘʘ 

ʕʥʵ ʩʫʜʘʣʛʘʘʛ ʐʋʊʀʉ-ʠʡʥ ʍʐʋʉ-ʠʡʥ ʅʘʥʦʪʝʭʥʦʣʦʛʠ, ʤʘʪʝʨʠʘʣ ʩʫʜʣʘʣ (ʊ-501ɸ) ʙʘ 

ʭʠʤʠʡʥ ʪʝʭʥʦʣʦʛʠʡʥ ʣʘʙʦʨʘʪʦʨʫʫʜʳʥ ʙʘʛʘʞ ʪᴇʭᴇᴇʨᴇʤʞ ʜʵʵʨ ʛװʡʮʵʪʛʵʩʵʥ. ʉʫʜʘʣʛʘʘʥʳ 

ʜʵʵʞװװʜʠʡʥ ʙᴇᴇʤʩʠʡʥ ʤʦʨʬʦʣʦʛʠ ʙʦʣʦʥ ʜʫʣʘʘʥʳ ʤʝʭʘʥʠʟʤʳʛ ʩʫʜʣʘʭʘʜ ʗʧʦʥ ʫʣʩʳʥ 

ʅʠʛʠʪʘʛʠʡʥ ʠʭ ʩʫʨʛʫʫʣʠʡʥ ʣʘʙʦʨʘʪʦʨʫʫʜʪʘʡ ʭʘʤʪʨʘʥ ʘʞʠʣʣʘʩʘʥ.  
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ʊᴇʩʣʠʡʥ ʷʚʮ, ʮʘʛ װʝʠʡʥ ʜʘʚʘʛʜʘʰʛװʡ ʭװʯʠʥ ʟװʡʣ 

ʕʥʵ ʪᴇʩʣʠʡʛ ʘʥʭ 2019-2021 ʦʥʜ ʛʫʨʚʘʥ ʞʠʣʠʡʥ ʭʫʛʘʮʘʘʥʜ ʭʵʨʵʛʞװװʣʵʭʵʵʨ ʛʵʨʵʵʣʞ ʷʚʫʫʣʩʘʥ 

ʙʦʣʦʚʯ ʜʵʣʭʠʡʛ ʭʘʤʘʨʩʘʥ ʮʘʨ ʪʘʭʣʳʥ ʥᴇʣᴇᴇʛᴇᴇʨ 2020 ʦʥʳ ʩʘʥʭװװʞʠʣʪ ʪʘʩʘʣʜʘʥ ʟʘʨʠʤ 

ʩʫʜʘʣʛʘʘ ʭʦʡʰʠʣʩʦʥ. װתʥʪʵʡ ʭʦʣʙʦʦʪʦʡʛʦʦʨ ʙװʭ ʪᴇʩʣʠʡʥ ʭʵʨʵʛʞʠʭ ʭʫʛʘʮʘʘʛ ʩʫʥʛʘʩʘʥ 

ʰʠʡʜʚʵʨʠʡʥ ʭװʨʵʵʥʜ ʤʘʥʘʡ ʪᴇʩʣʠʡʥ ʩʫʜʘʣʛʘʘ ʤᴇʥ ʭʦʡʰʣʦʛʜʦʞ 2022 ʦʥr ʵʭʵʵʨ ʩʘʥʭװװʞʠʣʪ 

ʥ ɹʥᴇʭᴇʥ ʭʠʡʛʜʩʵʥʵʵʨ ʪᴇʩʣʠʡʥ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʫʫʜ ʙװʨʵʥ ʭʠʡʛʜʵʞ, ʘʤʞʠʣʪʪʘʡ ʭʵʨʵʛʞʠʚ.  

ʊᴇʩʣʠʡʥ ʷʚʮʘʜ ʭʠʡʛʜʩʵʥ ʩʫʜʘʣʛʘʘʛ ʜʘʚʪʘʭ ʪʦʭʠʦʣʜʦʣʜ ʘʥʭʘʘʨʘʭ ʟװʡʣ, ʘʶʫʣʛװʡ 

ʙʘʡʜʣʳʛ ʭʘʥʛʘʭ ʪʫʭʘʡ 

ʕʥʵ ʩʫʜʘʣʛʘʘʥʜ ʜʵʵʞʠʡʛ ʩʠʥʪʝʟʣʵʭ ̫ ʚʮʘʜ ʩʫʜʣʘʘʯʠʜ ʙʘ ʪʫʭʘʡʥ ʙʘʡʛʫʫʣʣʘʛʘ ʰʘʪʘʤʭʘʡ 

ʭʠʡʥ (ʫʩʪᴇʨᴇʛʯ, ʘʨʛʦʥ, ʘʟʦʪ ʛʵʭ ʤʵʪ)-װװʜ, ᴇʥʜᴇʨ ʪʝʤʧʝʨʘʪʫʨ (17000ʉ ʭװʨʪʵʣ)-ʠʡʥ ʦʨʯʠʥʪʦʡ 

ʘʞʠʣʣʘʜʘʛ ʫʯʨʘʘʩ ʜʵʣʙʵʨʵʭ ʙʦʣʦʥ ʪװʣʵʛʜʵʭʵʵʩ ʩʵʨʛʠʡʣʞ ʙװʨʵʥ ʭʘʥʛʘʛʜʩʘʥ ʥᴇʭʮʣʠʡʛ ʶʫʥʳ 

ᴇʤʥᴇ ʙװʨʜװװʣʩʵʥ. ʄᴇʥ ʩʫʜʘʣʛʘʘʥʳ ʜʵʵʞʠʡʥ ʢʨʠʩʪʘʣʣ ʙװʪʵʮ ʙʘ ʙᴇᴇʤʠʡʥ ʭʵʤʞʵʵʛ ʩʫʜʣʘʭʘʜ 

ᴇʥʜᴇʨ ʛװʡʜʵʣ, ʭװʯʜʵʣ, ʨʝʥʪʛʝʥ ʮʘʮʨʘʛʠʡʥ ʰʘʨʣʘʛʘʘʩ  ʭʫʚʴ ʭװʥʠʡʛ ʩʵʨʛʠʡʣʞ ʩʪʘʥʜʘʨʪʳʥ 

ʜʘʛʫʫ ʘʞʠʣʣʘʩʘʥ.  
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ʆʨʰʠʣ 

ʕʜʠʡʥ ʟʘʩʛʠʡʥ ʭʫʨʜʘʮʪʘʡ ᴇʩᴇʣʪ, ʵʨʯʠʤ ʭװʯʥʠʡ ᴇʩᴇʣʪʠʡʥ ʭʵʨʵʛʣʵʵʪʵʡ ʭʦʣʙʦʦʪʦʡʛʦʦʨ 

ʤʘʣʪʤʘʣ ʪװʣʰʥʠʡ ʥᴇᴇʮ ʪʘʩʨʘʣʪʛװʡ ʙʫʫʨʯ, ʭװʣʵʤʞʠʡʥ ʭʠʡʥ ʷʣʛʘʨʘʣʪ ʪʘʩʨʘʣʪʛװʡ ᴇʩᴇʥ 

ʥʵʤʵʛʜʵʞ ʙʘʡʥʘ. ʕʥʵ ʭʦʸʨ ʪʦʤ ʘʩʫʫʜʘʣʜ ʜʵʣʭʠʡʥ ʫʣʩʫʫʜʳʥ ʟʘʩʛʠʡʥ ʛʘʟʘʨ ʙʦʣʦʥ ʵʨʜʵʤʪʵʜ 

ʘʥʭʘʘʨʣʘʘ ʭʘʥʜʫʫʣʘʭ ʙʦʣʣʦʦ. ʕʨʯʠʤ ʭװʯʥʠʡ ʜɻʛʵʵʨ ʘʩʫʫʜʘʣʪʘʡ ʪʫʣʛʘʨʘʘʜ ʙʘʡʛʘʘ ʪʫʣ ʥʘʨʥʳ 

ʮʘʮʨʘʛʠʡʛ ʰʫʫʜ ʘʰʠʛʣʘʭ ʥʴ ʝʨʜʠʡʥ ʵʨʯʠʤ ʭװʯʥʠʡ ʥᴇᴇʮ, ʷʣʘʥʛʫʷʘ, ʦʨʦʥ ʩʫʫʮ, װʡʣʜʚʵʨʠʡʥ 

ʙʘʨʠʣʛʳʛ ʭʘʣʫʫʥ ʫʩʘʘʨ ʭʘʥʛʘʭ ʭʘʤʛʠʡʥ ʠʨʵʵʜװʡʪʵʡ ʰʠʡʜʣװװʜʠʡʥ ʥʵʛ ʛʵʞ װʟʵʞ ʙʘʡʥʘ. ɻʵʚʯ, 

ʥʘʨʥʳ ʵʨʯʠʤ ʭװʯʥʠʡ (ᴇʜᴇʨ/ʰᴇʥᴇ) ʭʵʣʙʵʣʟʣʵʵʩ ʙʦʣʞ ʵʥʵ ʵʨʯʠʤ ʭװʯʥʠʡ ʵʭ װװʩʚʵʨ ʥʴ 

ʪʘʩʘʣʜʘʣʪʘʡ ʙʘʡʜʘʛ. ʕʜʛʵʵʨ ʙʵʨʭʰʵʵʣʠʡʛ ʜʘʚʘʥ ʪʫʫʣʘʭʳʥ ʪʫʣʜ ʜʫʣʘʘʥʳ ʵʥʝʨʛʠʡʛ ʭʘʜʛʘʣʘʭ 

ʩʠʩʪʝʤװװʜ ʥʴ ʵʨʯʠʤ ʭװʯ ʭʵʤʥʵʭ, ʤʘʣʪʤʘʣ ʪװʣʰʥʠʡ ʵʨʯʠʤ ʭװʯʥʠʡ ʭʵʨʵʛʣʵʵʪʵʡ ʭʦʣʙʦʦʪʦʡ 

ʙʘʡʛʘʣʴ ʦʨʯʠʥʜ װʟװװʣʵʭ ʥᴇʣᴇᴇʣʣʠʡʛ ʙʫʫʨʫʫʣʘʭ ʙʦʣʦʤʞʠʡʛ ʦʣʛʦʜʦʛ [1]. 

ɹʘʡʨ ʦʨʦʥ ʩʫʫʮ, ʙʘʨʠʣʛʘ ʙʘʡʛʫʫʣʘʤʞʠʜ ʵʨʯʠʤ ʭװʯʠʡʛ װʨ ʘʰʠʛʪʘʡ ʭʵʨʵʛʣʵʭʵʜ 

ʤʘʪʝʨʠʘʣʳʥ ʜʫʣʘʘʥ ʭʘʜʛʘʣʘʭ ʯʘʜʚʘʨʳʛ ʘʚʯ װʟʵʭ ʥʴ ʯʫʭʘʣ ʘʯ ʭʦʣʙʦʛʜʦʣʪʦʡ ʙʘʡʜʘʛ. װתʥʪʵʡ 

ʭʦʣʙʦʦʪʦʡʛʦʦʨ ᴇʥʜᴇʨ ʜʫʣʘʘʥ ʭʘʜʛʘʣʘʭ ʯʘʜʚʘʨʪʘʡ ʤʘʪʝʨʠʘʣ ʘʰʠʛʣʘʩʘʥ ʭʘʣʘʘʣʪʳʥ ʩʠʩʪʝʤʵʵʨ 

ʜʫʣʘʘʥʳ ʪʘʚ ʪʫʭʳʛ ʭʘʥʛʘʭ ʘʩʫʫʜʘʣʜ ʘʥʭʘʘʨʣʘʘ ʭʘʥʜʫʫʣʘʭ ʸʩʪʦʡ [2].  

ɼʫʣʘʘʥʳ ʵʥʝʨʛʠʡʛ ʭʘʜʛʘʣʘʭ ʭʦʸʨ װʥʜʩʵʥ ʘʨʛʘ ʙʘʡʜʘʛ ʙᴇʛᴇᴇʜ ʵʥʵ ʥʴ ʤʵʜʨʵʛʜʵʭװʡʮ ʙʘ 

ʥʫʫʛʜʤʘʣ ʜʫʣʘʘʥ ʭʘʜʛʘʣʘʣʪʫʫʜ ʶʤ. ʍʦʸʫʣʘʥʜ ʥʴ ʘʰʠʛʪʘʡ, ʜʫʪʘʛʜʘʣʪʘʡ ʪʘʣʫʫʜ ʙʠʡ. 

ʄʵʜʨʵʛʜʵʭװʡʮ ʜʫʣʘʘʥ ʭʘʜʛʘʣʘʭ ʘʨʛʳʥ ʭʫʚʴʜ ʭʘʜʛʘʣʘʭ ʤʘʪʝʨʠʘʣ (ʭʵʨʵʛʩʵʣ)-ʳʥ ʪʝʤʧʝʨʘʪʫʨʳʛ 

ᴇᴇʨʯʣᴇʭ ʟʘʤʘʘʨ ʜʫʣʘʘʥʳʛ ʭʘʜʛʘʣʜʘʛ. ʍʘʜʛʘʣʩʘʥ  ʜʫʣʘʘʥʳ ʭʵʤʞʵʵ ʥʴ ʪʫʭʘʡʥ ʤʘʪʝʨʠʘʣʳʥ 

ʜʫʣʘʘʥ ʙʘʛʪʘʘʤʞ, ʪʝʤʧʝʨʘʪʫʨʳʥ ᴇᴇʨʯʣᴇʣʪ, ʭʘʜʛʘʣʫʫʨ ʤʘʪʝʨʠʘʣʳʥ ʭʵʤʞʵʵʥʵʵʩ ʭʘʤʘʘʨʜʘʛ. 

ʕʥʜ ʭʘʪʫʫ ʵʩʚʵʣ ʰʠʥʛʵʥ ʭʵʣʙʵʨʠʡʥ ʭʘʜʛʘʣʫʫʨ ʤʘʪʝʨʠʘʣ ʘʰʠʛʣʘʜʘʛ. ʄʵʜʨʵʛʜʵʭװʡʮ ʜʫʣʘʘʥ 

ʭʘʜʛʘʣʫʫʨʪ ʘʰʠʛʣʘʞ ʙʘʡʛʘʘ ʤʘʪʝʨʠʘʣʫʫʜ ʜʵʵʨ ʬʘʟʳʥ ʰʠʣʞʠʣʪ ʙʦʣʜʦʛʛװʡ. ʍʘʤʛʠʡʥ 

ʪװʛʵʵʤʵʣ ʰʠʥʛʵʥ ʪᴇʣᴇʚʪ ʭʘʜʛʘʣʫʫʨ ʤʘʪʝʨʠʘʣ ʥʴ ʫʩ ʙᴇʛᴇᴇʜ ʷʤʘʨ ʥʵʛ ʩʘʚʘʥʜ ʘʛʫʫʣʘʭ 

ʰʘʘʨʜʣʘʛʘʪʘʡ ʙʘʡʜʘʛ. ʋʩʳʛ ʭʘʣʘʘʣʪʳʥ ʩʠʩʪʝʤʜ ʜʫʣʘʘʥ ʟᴇᴇʛʯᴇᴇʨ ʠʭʵʚʯʣʵʥ ʘʰʠʛʣʘʜʘʛ ʙʘ ʵʥʵ 

ʥʴ ʠʡʤ ʩʠʩʪʝʤ ʜʵʭ ʜʫʣʘʘʥ ʭʘʜʛʘʣʘʭ ʤʘʪʝʨʠʘʣ (ʭʵʨʵʛʩʵʣ) ʙʦʣʛʦʥ ʘʰʠʛʣʘʞ ʙʘʡʛʘʘ ʛʵʜʵʛ ʫʪʛʘʘʨ 

ʤʘʰ ʠʭ ʘʯ ʭʦʣʙʦʛʜʦʣʪʦʡ ʶʤ. ɸʛʘʘʨ ʙʦʣ ʙʘʨʠʣʛʘ ʙʘʡʛʫʫʣʘʤʞ ʜʘʭʴ ʜʫʣʘʘʥ ʜʘʤʞʫʫʣʘʣʪʳʥ 

ʭʫʚʴʜ ʭʘʤʛʠʡʥ ʠʭ ʘʰʠʛʣʘʜʘʛ ʜʫʣʘʘʥ ʟᴇᴇʛʯ ʙᴇʛᴇᴇʜ ʵʥʵ ʥʴ ʙʫʩʘʜ ʤʘʪʝʨʠʘʣʳʛ ʙʘʨʠʣʛʳʥ 

ʥʵʛʜʩʵʥ ʜʫʣʘʘʥ ʭʘʜʛʘʣʫʫʨʪ ʠʣװװ ʪʦʭʠʨʦʤʞʪʦʡ ʙʦʣʛʦʞ ᴇʛʜᴇʛ. ʏʫʣʫʫ, ʙʵʭʞװװʣʩʵʥ ʙʝʪʦʥ, 

ʪʦʦʩʛʦʥ ᴇʨʣᴇʛ ʟʵʨʵʛ ʥʴ ʜʫʣʘʘʥʳ ʵʥʝʨʛʠʡʥ ʭʘʜʛʘʣʫʫʨʪ ʘʰʠʛʣʘʞ ʙʦʣʦʭ, ʙʘʨʠʣʛʘ ʙʘʨʠʭʘʜ 

ʘʰʠʛʣʘʜʘʛ ʪװʛʵʵʤʵʣ ʤʘʪʝʨʠʘʣʫʫʜ ʶʤ. ʄʵʜʨʵʛʜʵʭװʡʮ ʜʫʣʘʘʥ ʭʘʜʛʘʣʘʭ ʩʠʩʪʝʤʠʡʥ ʛʦʣ ʜʘʚʫʫ 
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ʪʘʣ ʥʴ ᴇʨʪᴇʛ ʙʘʛʘʪʘʡ, ʫʨʪ ʭʫʛʘʮʘʘʥʳ ʪʦʛʪʚʦʨʪʦʡ ʙʘʡʜʘʣ ʶʤ. ɻʵʩʵʥ ʭʵʜʠʡ ʯ,  ʤʘʪʝʨʠʘʣʳʥ 

ʪʝʤʧʝʨʘʪʫʨʳʛ ʥʴ ʥʵʤʵʛʜװװʣʵʭʵʜ ʢʨʠʩʪʘʣʣ ʥʵʛʜʣʠʡʛ ʭʘʡʣʫʫʣʘʭ ʵʩʚʵʣ ʭʠʤʠʡʥ ʭʦʣʙʦʦʩʳʛ 

ʵʚʜʵʭ ʙʦʩʛʦ ʭʵʤʞʵʵʪʵʡ ʭʘʨʴʮʫʫʣʘʭʘʜ ʤʘʰ ʙʘʛʘ ʜʫʣʘʘʥʳ ʵʥʝʨʛʠ ʦʨʦʣʮʦʞ ʙʘʡʜʘʛ [3, 4].  

ʅʫʫʛʜʤʘʣ ʜʫʣʘʘʥ ʭʘʜʛʘʣʘʭ ʘʨʛʳʥ ʭʫʚʴʜ ʪʫʭʘʡʥ ʭʘʜʛʘʣʫʫʨ-ʤʘʪʝʨʠʘʣʳʥ ʬʘʟʳʥ ʵʨʛʵʭ 

ʰʠʣʞʠʣʪʵʵʨ ʜʫʣʘʘʥʳʛ ʭʘʜʛʘʣʜʘʛ. ᴆᴇʨᴇᴇʨ ʭʵʣʙʵʣ, ̫ ʤʘʨ ʥʵʛ ʤʘʪʝʨʠʘʣ ʥʵʛ ʬʘʟʘʘʩ ʥᴇʛᴇᴇ ʬʘʟʘʜ 

ʰʠʣʞʠʭʜʵʵ (װװʥʜ, ʭʘʪʫʫ-ʭʘʪʫʫ, ʭʘʪʫʫ-ʰʠʥʛʵʥ, ʭʘʪʫʫ-ʭʠʡ, ʰʠʥʛʵʥ-ʭʠʡʥ ʰʠʣʞʠʣʪװװʜ ʙʘʡʞ 

ʙʦʣʥʦ) ʥʫʫʛʜʤʘʣ ʜʫʣʘʘʥʳʛ ʭʘʜʛʘʣʘʘʜ, ʜʘʨʘʘ ʥʴ ʪʵʨ ʵʥʝʨʛʠʵ ʛʘʜʘʛʰʣʫʫʣʜʘʛ ʛʵʩʵʥ װʛ. ʕʥʜ 

ʭʘʪʫʫ-ʰʠʥʛʵʥ ʰʠʣʞʠʣʪ ʙװʭʠʡ ᴇᴇʨʯʣᴇʣʪʠʡʛ ʠʭ ʭʵʨʵʛʣʵʩʵʥ ʙʘʡʜʘʛ ʙʦʣ ʭʘʪʫʫ-ʭʘʪʫʫ 

ʰʠʣʞʠʣʪʠʡʛ ʥʵʣʵʵʥ ʩʫʜʘʣʞ ʙʘʡʛʘʘ ʙʦʣʥʦ [5].  

ʅʫʫʛʜʤʘʣ ʜʫʣʘʘʥ ʭʘʜʛʘʣʜʘʛ ʤʘʪʝʨʠʘʣʫʫʜʳʛ ʬʘʟʳʥ ʰʠʣʞʠʣʪʪʵʡ ʤʘʪʝʨʠʘʣ (ʌʐʄ) 

ʛʵʞ ʥʵʨʣʵʜʵʛ. ʌʐʄ-ʳʥ ʪʝʨʤʦ-ʬʠʟʠʢʠʡʥ ʰʠʥʞ ʯʘʥʘʨʳʛ ʩʫʜʣʘʞ ʪʦʛʪʦʦʭ ʥʴ ʙʘʨʠʣʛʘ 

ʙʘʡʛʫʫʣʘʤʞʠʜ ʌʐʄ-ʳʛ ʰʠʥʵʵʨ ʭʵʨʵʛʣʵʭ, ʜʦʪʦʦʜ ʦʨʯʠʥ ʙʦʣʦʥ ʵʨʯʠʤ ʭװʯʥʠʡ ʭʵʤʥʵʣʪ ʜʵʭ 

ʥʫʫʛʜʤʘʣ ʜʫʣʘʘʥ ʭʘʜʛʘʣʘʣʪʳʥ ʥᴇʣᴇᴇʛ ʫʨʴʜʯʠʣʘʥ ʭʵʣʵʭʵʜ ʟʘʡʣʰʛװʡ ʰʘʘʨʜʣʘʛʘʪʘʡ ʶʤ.  

ʅʫʫʛʜʤʘʣ ʜʫʣʘʘʥ ʭʘʜʛʘʣʘʭʘʜ ʟʦʨʠʫʣʩʘʥ ʬʘʟʳʥ ʰʠʣʞʠʣʪʪʵʡ ʤʘʪʝʨʠʘʣʫʫʜʳʛ ʘʰʠʛʣʘʭ ʥʴ 

ʫʣʘʤʞʣʘʣʪ ʤʵʜʨʵʛʜʵʭװʡʮ ʜʫʣʘʘʥ ʭʘʜʛʘʣʘʭ ʘʨʛʫʫʜʪʘʡ ʭʘʨʴʮʫʫʣʘʭʘʜ ʭʦʮʦʨʯ ʷʚʞ ʙʘʡʛʘʘ. ʕʥʵ 

ʥʴ ʟʘʨʠʤ ʪʘʣʘʘʨ ʥʫʫʛʜʤʘʣ ʜʫʣʘʘʥ ʭʘʜʛʘʣʘʭ ʩʠʩʪʝʤ ʥʴ ʪʝʭʥʦʣʦʛʠʡʥ ᴇʥʜᴇʨ ʪװʚʰʠʥʛ ʰʘʘʨʜʘʞ 

ʙʘʡʜʘʛʪʘʡ ʭʦʣʙʦʦʪʦʡ ʶʤ. ʄᴇʥ ʙʝʪʦʥʦʥ ʙʘ ʪʦʦʩʛʦʥ ᴇʨʣᴇʛ ʟʵʨʵʛ ʤʵʜʨʵʛʜʵʭװʡʮ ʜʫʣʘʘʥ 

ʭʘʜʛʘʣʘʣʪʳʥ ʤʘʪʝʨʠʘʣʫʫʜ ʥʴ ʙʘʨʠʣʛʘ ʙʘʡʛʫʫʣʘʤʞʠʡʥ ʙװʪʵʵʮʠʡʥ ʙʘʪ ʙᴇʭ ʯʘʥʘʨ ʙʘ ʜʫʣʘʘʥ 

ʭʘʜʛʘʣʘʭ ʭװʯʠʥ ʯʘʜʘʣ ʛʵʩʵʥ ʜʘʚʭʘʨ ʭʦʸʨ ʟʦʨʠʣʛʦʪʦʡ ʙʘʡʜʘʛ ʙʦʣ ʌʐʄ-ʠʡʛ ʙʘʨʠʣʛʳʥ ʜʘʘʮʳʥ 

ʙװʪʵʵʮʵʜ ʟʦʨʠʫʣʩʘʥ ʤʘʪʝʨʠʘʣ ʙʦʣʛʦʥ ʘʰʠʛʣʘʭ ʙʦʣʦʤʞʛװʡ ʙᴇʛᴇᴇʜ ʪװװʥʠʡʛ ʙʘʨʠʣʛʳʥ 

ʙװʪʵʵʮʪʵʡ ʭʘʤʪʘʜ ʥʴ ʠʭʵʚʯʣʵʥ ʛʘʜʘʨʛʫʫʛʠʡʥ ᴇʥʛᴇʣʛᴇᴇ (ʛʠʧʩ, ʭʘʥʳʥ ʰʘʚʘʨʜʣʘʛʘ, ʜװװʞʠʥ 

ʪʘʘʟʥʳ ʭʘʚʪʘʥ ʛʵʭ ʤʵʪ) ʭʵʣʙʵʨʵʵʨ  ʥʠʡʣװװʣʵʭ ʰʘʘʨʜʣʘʛʘʪʘʡ ʙʘʡʜʘʛ [6]. 

ɽʨᴇʥʭʠʡʜᴇᴇ, ʦʨʛʘʥʠʢ ʙʫʩ ʥʵʛʜʣװװʜ ʥʴ ʦʨʛʘʥʠʢ ʥʵʛʜʣװװʜʵʵʩ ʭʘʤʘʘʛװʡ ʠʣװװ ʭʠʤʠʡʥ, 

ʜʫʣʘʘʥʳ ʙʦʣʦʥ ʤʝʭʘʥʠʢ ʪʦʛʪʚʦʨʞʠʣʪʪʦʡ ʙʘʡʜʘʛ. ʊʠʡʤʵʵʩ, ʦʨʛʘʥʠʢ ʧʦʣʠʤʝʨ, ʤʝʪʘʣʣʳʥ ʠʩʵʣ 

ʟʵʨʵʛ ʦʨʛʘʥʠʢ ʙʫʩ ʤʘʪʝʨʠʘʣʘʘʩ ʙװʨʜʩʵʥ ʛʠʙʨʠʜ ʤʘʪʝʨʠʘʣʳʛ ʘʰʠʛʣʘʭ ʥʴ ʌʐʄ-ʠʡʥ ʭʠʤʠʡʥ 

ʙʘ ʜʫʣʘʘʥʳ ʰʠʥʞ ʯʘʥʘʨʳʛ ʩʘʡʞʨʫʫʣʘʭ ʯʫʭʘʣ ʘʨʛʘ ʟʘʤ ʶʤ [7]. 

ʉʘʷʭʘʥ, ʟʘʨʠʤ ʩʫʜʘʣʛʘʘʥʫʫʜ ʥʴ ʮʘʭʠʫʨʳʥ ʜʘʚʭʘʨ ʠʩʣʠʡʛ ʙװʨʭװװʣ ʙʦʣʛʦʥ ʘʰʠʛʣʘʥ 

ʦʨʛʘʥʠʢ-ʦʨʛʘʥʠʢ ʙʫʩ ʛʠʙʨʠʜ ʤʘʪʝʨʠʘʣ ʜʵʵʨ װʥʜʵʩʣʵʥ ʬʘʟʳʥ ʰʠʣʞʠʣʪʠʡʥ ʙʠʯʠʣ ʙװʨʭװװʣʪʵʡ 

ʤʘʪʝʨʠʘʣʳʛ װʡʣʜʚʵʨʣʵʭʵʜ ʘʥʭʘʘʨʣʘʘ ʭʘʥʜʫʫʣʘʭ ʙʦʣʩʦʥ. ʕʥʵ ʭװʨʵʵʥʜ ʮʘʭʠʫʨʪ ʩʫʫʨʠʣʩʘʥ  

ʛʠʙʨʠʜ ʢʦʤʧʦʟʠʪ ʤʘʪʝʨʠʘʣʫʫʜʳʥ ʙװʪʵʮ, ʤʦʨʬʦʣʦʛʠ, ʛʘʜʘʨʛʫʫʛʠʡʥ ʰʠʥʞ ʯʘʥʘʨʪ ʟʦʣʴ-ʛʝʣʴ 

ʘʨʛʳʥ ʧʨʦʮʝʜʫʨ ʭװʯʪʵʡ ʥᴇʣᴇᴇʣʜᴇʛ ʙʦʣʦʭʳʛ ʪʦʜʦʨʭʦʡʣʩʦʥ ʙʘʡʥʘ [8]. 
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ʊʨʠʪʠʪʘʥ ʧʝʥʪʦʢʩʠʜʳʥ (Ti3O5) ʢʨʠʩʪʘʣʣ ʙװʪʵʮ, ʬʠʟʠʢ, ʭʠʤʠʡʥ ʙʦʣʦʥ ʬʘʟʳʥ 

ʰʠʣʞʠʣʪʠʡʥ ʰʠʥʞ ʯʘʥʘʨʫʫʜ ʥʴ 1950-ʠʘʜ ʦʥʦʦʩ ʭʦʡʰ ᴇʨʛᴇʥ ʭװʨʵʵʥʠʡ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʛ 

ᴇʜᴇᴇʩᴇʥ. Ti3O5-ʠʡʥ ʷʥʟ ʙװʨʠʡʥ ʢʨʠʩʪʘʣʣ ʭʵʣʙʵʨװװʜ (Ŭ, ɓ, ɔ, ŭ, ɚ) ʥʴ ᴇᴇʨ ᴇᴇʨ ʰʠʥʞ ʯʘʥʘʨʪʘʡ 

ʙʘʡʜʘʛ. ʗʣʘʥʛʫʷʘ, ɚ- ʙʘ ɓ- Ti3O5-ʠʡʥ ʭʦʦʨʦʥʜʦʭ ʙʫʮʘʭ ʬʘʟʳʥ ʰʠʣʞʠʣʪ ʥʴ ʩʫʜʘʣʛʘʘʥʳ 

ʩʦʥʠʨʭʦʣʳʛ ʪʘʪʘʞ ʙʘʡʛʘʘ ʙᴇʛᴇᴇʜ Ti3O5 ʥʴ ʤʘʪʝʨʠʘʣʳʥ ʵʥʝʨʛʠʡʛ ʭʘʜʛʘʣʘʭ ʩʘʣʙʘʨʪ ʰʠʥʵ 

ʙʦʣʦʤʞʠʪ ʭʵʨʵʛʣʵʵʛ ʘʚʯʠʨʜʘʛ. ʊʫʨʰʠʣʪ, ʪʦʦʮʦʦʣʣʳʥ ʵʨʯʠʤʪʵʡ ʩʫʜʘʣʛʘʘ ʭʠʡʛʜʵʞ ʙʘʡʛʘʘ 

ʙʦʣʦʚʯ Ti3O5-ʠʡʥ ʙװʪʵʮ, ʬʠʟʠʢ ʰʠʥʞ ʯʘʥʘʨ, ʛʘʨʛʘʥ ʘʚʘʭ, ʭʵʨʵʛʣʵʭ ʪʘʣʘʘʨ ʠʞ ʙװʨʵʥ 

ʭʫʨʘʘʥʛʫʡ ʤʵʜʵʵʣʵʣ ʜʫʪʤʘʛ ʙʘʡʥʘ. Ti3O5-ʠʡʥ װʥʜʩʵʥ ʬʠʟʠʢ-ʭʠʤʠʡʥ ʰʠʥʞ ʯʘʥʘʨʫʫʜʳʥ 

ʪʘʣʘʘʨ ʛװʥʟʛʠʡ ʦʡʣʛʦʣʪʪʦʡ ʙʘʡʭ ʥʴ ʰʠʥʵ ʩʘʣʙʘʨʪ ʭʵʨʵʛʣʵʛʜʵʭװװʥ ʙʦʣʦʚʩʨʫʫʣʘʭʘʜ ʪʫʩʣʘʭ ʘʯ 

ʭʦʣʙʦʛʜʦʣʪʦʡ ʶʤ [9]. 

Ti3O5-ʠʡʛ ʦʣʞ ʪʦʛʪʦʦʩʥʦʦʩ ʭʦʡʰ ʛʘʨʛʘʥ ʘʚʘʭ ʦʣʦʥ ʪʦʦʥʳ ʘʨʛʫʫʜʳʛ ʤʵʜʵʵʣʩʵʥ ʙʘʡʜʘʛ. 

ʀʭʵʚʯʣʵʥ, TiO2-ʠʡʛ ʘʥʛʠʞʨʫʫʣʘʭ ʘʨʛʘʘʨ Ti3O5-ʠʡʛ ʛʘʨʛʘʥ ʘʚʘʭʘʜ ʪװװʭʠʡ ʵʜ ʙʦʣʛʦʥ 

ʘʰʠʛʣʘʜʘʛ ʙʘ ʤʝʪʘʣʣ ʪʠʪʘʥ, ʥװװʨʩʪᴇʨᴇʛʯ, ʥװװʨʩʪᴇʨᴇʛʯʠʡʥ ʦʨʛʘʥʠʢ ʤʘʪʝʨʠʘʣ ʙʫʶʫ 

ʘʥʛʠʞʨʫʫʣʘʛʯ (H2, CO, ʘʨʛʦʥ, ʘʟʦʪ) ʭʠʡʥװװʜʠʡʛ Ti3O5-ʠʡʛ ʛʘʨʛʘʥ ʘʚʘʭʘʜ ʤᴇʥ ʘʰʠʛʣʘʞ 

ʙʦʣʥʦ. ʍװʯʠʣʪᴇʨᴇʛʯʠʡʥ ʭʘʤʘʘʨʘʣ ᴇʥʜᴇʨʪʵʡ ʙʫʫʨʫʫʣʘʛʯ ʙʦʜʠʩʫʫʜ ʥʴ ʭʘʨʛʘʣʟʘʭ ʠʩʵʣʜ ʥʴ 

ʠʩʵʣʜʵʞ, TiO2-ʳʛ Ti3O5 ʙʦʣʛʦʥ ʘʥʛʠʞʨʫʫʣʜʘʛ [9]. 

ʊʦʢʠʦʛʠʡʥ ʠʭ ʩʫʨʛʫʫʣʠʡʥ ʩʫʜʣʘʘʯʠʜ ʜʫʣʘʘʥʳ ʵʥʝʨʛʠʡʛ ʫʜʘʘʥ ʭʫʛʘʮʘʘʥʜ ʭʘʜʛʘʣʜʘʛ 

ʰʠʥʵ ʪᴇʨʣʠʡʥ ʤʘʪʝʨʠʘʣʳʛ ʘʥʭ ʥʵʵʩʵʥ ʙᴇʛᴇᴇʜ װװʥʠʡʛʵʵ "ʜʫʣʘʘʥ ʭʘʜʛʘʣʘʭ ʢʝʨʘʤʠʢ" ʛʵʞ 

ʥʵʨʣʵʩʥʠʡʛ ʜʫʨʜʘʭ ʸʩʪʦʡ. ʕʥʵʭװװ ʰʠʥʵ ʤʘʪʝʨʠʘʣʳʛ ʥʘʨʥʳ ʜʫʣʘʘʥʳ ʵʥʝʨʛʠʡʛ ʵʨʯʠʤ ʭװʯ 

 ʡʣʜʚʵʨʠʡʥ ʭʘʷʛʜʘʣװ ʡʣʜʚʵʨʣʵʭ ʩʠʩʪʝʤʜ ʜʫʣʘʘʥ ʭʘʜʛʘʣʘʭ ʤʘʪʝʨʠʘʣ ʙʦʣʛʦʥ ʘʰʠʛʣʘʭ ʙʫʶʫװ

ʜʫʣʘʘʥʳʛ װʨ ʘʰʠʛʪʘʡ ʘʰʠʛʣʘʭ, ʜʫʣʘʘʥʳ ʵʥʝʨʛʠʡʛ ʜʘʭʠʥ ʙʦʣʦʚʩʨʫʫʣʘʭ ʙʦʣʦʤʞʪʦʡ, ʫʯʠʨ ʥʴ 

ʪʫʩ ʤʘʪʝʨʠʘʣ ʥʴ ʙʘʛʘ ʜʘʨʘʣʪʘʘʨ ʭʫʨʠʤʪʣʘʛʜʩʘʥ ʜʫʣʘʘʥʳ ʵʥʝʨʛʠʡʛ ʪʫʩʛʘʡʣʩʘʥ ʭʵʨʵʛʮʵʵʥʜ 

ʟʦʨʠʫʣʘʥ ʛʘʨʛʘʞ ʘʚʜʘʛ. ʊʦʢʠʦʛʠʡʥ ʀʭ ʉʫʨʛʫʫʣʠʡʥ ʐʠʥʞʣʵʭ ʫʭʘʘʥʳ ʩʫʨʛʫʫʣʠʡʥ ʧʨʦʬʝʩʩʦʨ 

ʆʥʢʦʰʠʛʠʡʥ ʩʫʜʘʣʛʘʘʥʳ ʙʘʛʠʡʥ ʦʣʞ ʠʣʨװװʣʩʵʥ ʜʫʣʘʘʥ ʭʘʜʛʘʣʘʭ ʢʝʨʘʤʠʢ ʥʴ ʜʫʣʘʘʥʳ 

ʵʥʝʨʛʠʡʛ ʫʜʘʘʥ ʭʫʛʘʮʘʘʥʜ ʭʘʜʛʘʣʜʘʛ.  ʊʨʠʪʠʪʘʥ-ʧʝʥʪʦʢʩʠʜ ɚ-Ti3O5 ʛʵʞ ʥʵʨʣʵʛʜʜʵʛ ʵʥʵʭװװ 

ʤʘʪʝʨʠʘʣ ʥʴ ʟᴇʚʭᴇʥ ʪʠʪʘʥ ʙʘ ʭװʯʠʣʪᴇʨᴇʛʯʠʡʥ ʘʪʦʤʫʫʜʘʘʩ ʪʦʛʪʜʦʛ ʙᴇʛᴇᴇʜ ʠʭ ʭʵʤʞʵʵʥʠʡ 

ʜʫʣʘʘʥʳ ʵʥʝʨʛʠʡʛ (230 ʢɾ ʃ- 1) ʰʠʥʛʵʵʞ, ʷʣʛʘʨʫʫʣʞ ʯʘʜʜʘʛ [10]. 

ʅʘʥʦ-ɚ-Ti3O5 -ʠʡʛ ʩʠʥʪʝʟʣʵʭʠʡʥ ʪʫʣʜ ʘʥʭ ʆʥʢʦʰʠ ʙʘ ʪװװʥʠʡ ʭʘʤʪʨʘʛʯ ʥʘʨ ʨʫʪʠʣ 

ʪᴇʨʣʠʡʥ TiO2-ʠʡʛ ʪװװʭʠʡ ʵʜʵʵʨ ʩʦʥʛʦʞ, ʫʩʪᴇʨᴇʛʯʠʡʥ ʫʨʩʛʘʣʜ (0.3 ʣ3/ʤʠʥ) 1200Áʉ-ʪ 2 ʮʘʛʠʡʥ 

ʪʫʨʰ ʘʥʛʠʞʨʫʫʣʩʘʥ. ɻʘʨʛʘʥ ʘʚʩʘʥ ʢʨʠʩʪʘʣʣʫʫʜ ʥʴ (25Ñ15) ʥʤ ʫʨʪʪʘʡ ʥʘʥʦʢʨʠʩʪʘʣʣʫʫʜʘʘʩ 
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ʙװʨʜʩʵʥ ʷʣʪʘʩ ʭʵʣʙʵʨʪʵʡ ʙʘʡʚ. װתʥʵʵʩ ʛʘʜʥʘ, ʥʘʥʦʭʵʤʞʵʵʪ ɚ-Ti3O5-ʠʡʛ ʩʠʥʪʝʟʣʵʭʵʜ ʫʨʚʫʫ 

ʤʠʮʝʣʣ ʙʦʣʦʥ ʟʦʣʴ-ʛʝʣʠʡʥ ʘʨʛʫʫʜʳʛ ʭʦʩʣʫʫʣʘʥ ʘʰʠʛʣʘʩʘʥ ʙʘʡʜʘʛ [11].  

ʕʥʵʭװװ ʩʫʫʨʴ ʩʫʜʘʣʛʘʘʥʳ ʪᴇʩʣᴇᴇʨ ʭʘʪʫʫ-ʭʘʪʫʫ ʬʘʟʳʥ ʰʠʣʞʠʣʪ ʙװʭʠʡ 

ʥʘʥʦʤʘʪʝʨʠʘʣʳʛ ʛʘʨʛʘʞ ʘʚʘʭ ʟʦʨʠʣʛʦʪʦʡ ʙᴇʛᴇᴇʜ װװʥʠʡ װʥʜʩʵʥ ʜʵʵʨ ʪʫʭʘʡʥ ʤʘʪʝʨʠʘʣʳʛ 

ʜʫʣʘʘʥʳ ʭʘʜʛʘʣʫʫʨ ʙʦʣʛʦʥ ʘʰʠʛʣʘʭ ʙʦʣʦʤʞʠʡʥ ʪʘʣʘʘʨ ʩʫʜʣʘʭ ʶʤ. ɹʠʜ ʩʫʜʘʣʛʘʘʥʜʘʘ ʘʥʘʪʘʟ 

ʪᴇʨʣʠʡʥ TiO2-ʠʡʛ ʘʰʠʛʣʘʩʘʥ ʙʦʣʥʦ.     
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1-ʈ ɹתʃʕɻ. ʅʫʫʛʜʤʘʣ ʜʫʣʘʘʥ ʭʘʜʛʘʣʘʭʘʜ 

ʟʦʨʠʫʣʘʛʜʩʘʥ ʬʘʟʳʥ  ʰʠʣʞʠʣʪʪʵʡ ʤʘʪʝʨʠʘʣʫʫʜʳʥ 

ʩʫʜʘʣʛʘʘ, ʠʨʵʵʜװʡʥ ʯʠʛ ʭʘʥʜʣʘʛʘ   

 

1.1 ʅʫʫʛʜʤʘʣ ʜʫʣʘʘʥʳ ʵʥʝʨʛʠʡʛ ʭʘʜʛʘʣʘʭ 
ɼʫʣʘʘʥʳ ʵʥʝʨʛʠʡʥ ʭʘʜʛʘʣʘʣʪ (TES) ʥʴ ʤʘʪʝʨʠʘʣʳʛ ʭʘʣʘʘʭ ʙʘ ʭᴇʨʛᴇʭ ʟʘʤʘʘʨ ʜʫʣʘʘʥʳ 

ʵʥʝʨʛʠʡʛ ʥᴇᴇʮʣᴇʭ ʪʝʭʥʦʣʦʛʠ ʶʤ. ʀʡʤ ʙʘʡʜʣʘʘʨ ʭʫʨʠʤʪʣʘʛʜʩʘʥ ʵʥʝʨʛʠʡʛ ʠʨʵʵʜװʡʥ 

ʭʵʨʵʛʮʵʵʥʜ, ʷʣʘʥʛʫʷʘ, ʟʘʨʠʤ ʩʠʩʪʝʤʠʡʥ װʨ ʘʰʛʠʡʛ ʥʵʤʵʛʜװװʣʵʭ, ʵʥʝʨʛʠʡʥ ʵʨʵʣʪ ʭʵʨʵʛʮʵʵʥʠʡ 

ʬʣʫʢʪʫʘʮʠʪʘʡ ʪʫʣʛʘʨʘʭʘʜ ʘʰʠʛʣʘʞ ʙʦʣʥʦ. ɼʫʣʘʘʥʳ ʵʥʝʨʛʠʡʛ ʭʘʜʛʘʣʘʭ ʷʥʟ ʙװʨʠʡʥ 

ʪʝʭʥʦʣʦʛʠʡʥ ʜʦʪʨʦʦʩ ʥʫʫʛʜʤʘʣ ʜʫʣʘʘʥʳ ʵʥʝʨʛʠʡʥ ʭʘʜʛʘʣʘʣʪ (LHTES) ʥʴ ʭʘʜʛʘʣʘʭ ʦʨʯʥʳ 

ʭʘʡʣʘʭ ʙʘ ʭʘʪʫʫʨʘʭ ʷʚʮʘʜ ʙʘʨʘʛ ʪʦʛʪʤʦʣ ʪʝʤʧʝʨʘʪʫʨʪ ʵʥʝʨʛʠʡʥ ʭʘʜʛʘʣʘʣʪʳʥ ᴇʥʜᴇʨ 

ʥʷʛʪʨʘʣʳʛ ʭʘʥʛʘʜʘʛ. ʕʜʛʵʵʨ ʤʘʪʝʨʠʘʣʳʛ ʬʘʟʳʥ ʰʠʣʞʠʣʪʪʵʡ ʤʘʪʝʨʠʘʣ (ʌʐʄ) ʛʵʞ ʥʵʨʣʵʜʵʛ. 

ɻʵʩʵʥ ʭʵʜʠʡ ʯ, ʧʨʘʢʪʠʢ ʜʵʵʨ ʥʵʛ ʪʝʤʧʝʨʘʪʫʨʳʥ ʦʨʦʥʜ ʩʠʩʪʝʤ ʥʴ ʭʘʡʣʘʭ ʪʝʤʧʝʨʘʪʫʨ Tm-ʠʡʛ 

ʦʨʦʣʮʫʫʣʩʘʥ ʪʝʤʧʝʨʘʪʫʨʳʥ ʤʫʞʠʜ ʘʞʠʣʣʘʜʘʛ. 1.1-ʨ ʟʫʨʛʘʘʩ ʭʘʨʘʭʘʜ ʌʐʄ ʥʴ ʟᴇʚʭᴇʥ 

ʤʵʜʨʵʛʜʵʭװʡʮ ʜʫʣʘʘʥʳʛ ʘʰʠʛʣʘʜʘʛ ʤʘʪʝʨʠʘʣʪʘʡ ʭʘʨʴʮʫʫʣʘʭʘʜ ʠʣװװ ʠʭ ʜʫʣʘʘʥʳʛ ʭʘʜʛʘʣʘʭ 

ʙʦʣʦʤʞʪʦʡ ʙᴇʛᴇᴇʜ ʵʥʵ ʥʴ LTHES ʩʠʩʪʝʤʠʡʥ ʭʵʤʞʵʵ, ʟʘʨʜʣʳʛ ʤʵʜʵʛʜʵʭװʡʮ ʙʫʫʨʫʫʣʘʭʘʜ 

ʭװʨʛʵʜʵʛ. ʍʫʨʠʤʪʣʘʛʜʩʘʥ ʜʫʣʘʘʥʳ ʥʠʡʪ ʵʥʝʨʛʠʜ ʥʫʫʛʜʤʘʣ ʜʫʣʘʘʥ ʙʘ ʤʵʜʨʵʛʜʵʭװʡʮ 

(ʠʣʵʨʭʠʡ) ʜʫʣʘʘʥʫʫʜ (ʬʘʟʳʥ ʰʠʣʞʠʣʪʠʡʥ ᴇʤʥᴇʭ ʙʘ ʜʘʨʘʘʭʴ) ʙʘʛʪʜʘʛ ʙᴇʛᴇᴇʜ ʪʵʜʛʵʵʨʠʡʛ 

ʜʘʨʘʘʭʴ ʙʘʡʜʣʘʘʨ ʠʣʵʨʭʠʡʣʞ ʙʦʣʥʦ: 

                              

 ,ʥʜ: Q [ɾ] ð ʥᴇᴇʮʣᴇʛʜʩᴇʥ ʜʫʣʘʘʥʳ ʵʥʝʨʛʠ, ɚm [ɾ/ʢʛÖK] ð ʭʘʡʣʘʣʪʳʥ ʥʫʫʛʜʤʘʣ ʜʫʣʘʘʥװת

am ʙʦʣ ʭʘʡʣʩʘʥ ʤʘʩʩʳʥ ʪʦʦ ʭʵʤʞʵʵ, CpL ʙʘ CpS [ɾ/ʢʛÖK] ʥʴ ʰʠʥʛʵʥ ʙʘ ʭʘʪʫʫ ʙʠʝʠʡʥ ʪʦʛʪʤʦʣ 

ʜʘʨʘʣʪ ʜʘʭʴ ʜʫʥʜʘʞ ʭʫʚʠʡʥ ʙʘʛʪʘʘʤʞʫʫʜ, Tm [ÁC] ʥʴ ʭʘʡʣʘʭ ʪʝʤʧʝʨʘʪʫʨ, Tf-Ti ʥʴ 

ʪʝʤʧʝʨʘʪʫʨʳʥ ʤʫʞ, m [ʢʛ] ʥʴ ʌʐʄ-ʠʡʥ ʤʘʩʩ ʶʤ. ʌʐʄ-ʜ ʙʘʡʭ ʸʩʪʦʡ ʛʦʣ ʰʠʥʞ ʯʘʥʘʨʫʫʜ 

ʥʴ: ʭʵʨʵʛʣʵʭʵʜ ʪʦʭʠʨʦʤʞʪʦʡ ʭʘʡʣʘʭ ʮʵʛ, ʭʘʡʣʘʣʪʳʥ ᴇʥʜᴇʨ ʜʫʣʘʘʥ, ʥʵʛʞ ʵʟʵʣʭװװʥ ʙʘ ʞʠʥ 

ʜʵʵʨʭ ʭʫʚʠʡʥ ʜʫʣʘʘʥ ʙʘʛʪʘʘʤʞ, ᴇʥʜᴇʨ ʜʫʣʘʘʥ ʜʘʤʞʫʫʣʘʣʪ, ʭʠʤʠʡʥ ʪʦʛʪʚʦʨʞʠʣʪ, ʟʵʚʨʵʣʪʛװʡ 

ʙʘʡʜʘʣ, ʰʘʪʘʤʭʘʡ ʙʫʶʫ ʭʦʨʛװʡ ʙʘʡʭ, ʭᴇʨʛᴇʣʪʠʡʥ ʠʭ ʙʠʰ ʪװʚʰʠʥ, ʭʘʪʫʫʨʫʫʣʘʭ ʷʚʮ ʜʘʭʴ ʙʘʛʘ 

ʭʵʤʞʵʵʥʠʡ ʵʟʵʣʭװװʥʠʡ ᴇᴇʨʯʣᴇʣʪ, װʥʵʪʵʡ ʙʠʰ ʙʘʡʭ ʟʵʨʵʛ ʶʤ. LHTES ʩʠʩʪʝʤʠʡʛ ʷʥʟ ʙװʨʠʡʥ 

ʭʵʨʵʛʣʵʵʥʜ (ʞʠʰʵʵʣʙʵʣ, ʙʘʨʠʣʛʘ ʙʘʡʛʫʫʣʘʤʞ, װʡʣʜʚʵʨʣʵʣʠʡʥ ʧʨʦʮʝʩʩʫʫʜ, ʥʘʨʥʳ ʭʵʨʵʛʣʵʵ) 

ʘʰʠʛʣʘʞ ʙʦʣʥʦ.  
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1.1-ʨ ʟʫʨʘʛ. ʄʵʜʨʵʛʜʵʭϮʡʮ ʜʫʣʘʘʥʳ ʤʘʪʝʨʠʘʣ ʙʘ ʌʐʄ-ʠʡʥ ʪϺʣϺʚ ʙʘʡʜʘʣ [12]  

 

1.2 ʅʫʫʛʜʤʘʣ ʜʫʣʘʘʥ ʭʘʜʛʘʣʘʭʘʜ ʟʦʨʠʫʣʘʛʜʩʘʥ ʬʘʟʳʥ ʰʠʣʞʠʣʪʪʵʡ 

ʤʘʪʝʨʠʘʣ 
 

ʆʣʦʥ ʪʦʦʥʳ ʌʐʄ-ʳʛ ʭʵʨʵʛʣʵʵ ʙʘ ʪʝʤʧʝʨʘʪʫʨʳʥ ʤʫʞ ʙװʨʪ ʥʴ ʥʫʫʛʜʤʘʣ ʜʫʣʘʘʥʳʛ 

ʭʘʜʛʘʣʘʭ ʦʨʯʠʥ ʙʦʣʛʦʭ ʙʦʣʦʤʞʪʦʡ. ʍʘʪʫʫ-ʰʠʥʛʵʥʠʡ ʰʠʣʞʠʣʪʵʥʜ ʦʨʜʦʛ ʌʐʄ ʥʴ 

ʭʫʚʠʨʘʣʪʪʘʡ ʭʦʣʙʦʦʪʦʡ ʵʟʵʣʭװװʥʠʡ ʙʘʛʘ ᴇᴇʨʯʣᴇʣʪ ʙװʭʠʡ ʠʭ ʭʵʤʞʵʵʥʠʡ ʭʫʨʠʤʪʣʘʛʜʩʘʥ 

ʜʫʣʘʘʥʘʘʨ ʭʘʥʛʘʞ ʯʘʜʜʘʛ ʪʫʣ ʠʣװװ ʪʦʭʠʨʦʤʞʪʦʡ ʙʘʡʜʘʛ. ʍʘʤʛʠʡʥ ʪʦʭʠʨʦʤʞʪʦʡ ʌʐʄ-ʠʡʛ 

ʪװװʥʠʡ ʰʠʥʞ ʯʘʥʘʨʪ װʥʜʵʩʣʵʥ ʩʦʥʛʦʭ ʸʩʪʦʡ. ʖʫʥʳ ᴇʤʥᴇ ʪװװʥʠʡʛ ʭʘʡʣʘʭ ʪʝʤʧʝʨʘʪʫʨ (Tm)-

ʘʘʨ ʩʦʥʛʦʩʦʥ ʙᴇʛᴇᴇʜ ʵʥʵ ʥʴ ʩʠʩʪʝʤʠʡʥ ʘʞʣʳʥ ʪʝʤʧʝʨʘʪʫʨʪʘʡ ʪʦʭʠʨʯ ʙʘʡʭ ʸʩʪʦʡ. ʍʣʦʨʠʜ, 

ʬʪʦʨʠʜ, ʢʘʨʙʦʥʘʪʫʫʜ ʥʴ ᴇʥʜᴇʨ ʪʝʤʧʝʨʘʪʫʨ (400ÁC-ʘʘʩ ʜʵʵʰ)-ʳʥ ʩʠʩʪʝʤʜ ʪʦʭʠʨʦʤʞʪʦʡ 

ʙʘʡʜʘʛ, ʭʘʨʠʥ ʛʠʜʨʦʢʩʠʜ ʙʘ ʥʠʪʨʘʪʫʫʜ ʥʴ 150-ʘʘʩ 400ÁC ʭװʨʪʵʣʭ ʪʝʤʧʝʨʘʪʫʨʪ ʩʘʡʥ ʪʦʭʠʨʜʦʛ. 

ʊᴇʨᴇʣ ʙװʨʠʡʥ ʌʐʄ-ʫʫʜʳʥ ʘʥʛʠʣʘʣʳʛ 1.2-ʨ ʟʫʨʘʛʪ װʟװװʣʵʚ. ɽʨᴇʥʭʠʡʜᴇᴇ, ʦʨʛʘʥʠʢ ʌʐʄ ʥʴ 

ᴇʥʜᴇʨ ʥʫʫʛʜʤʘʣ ʜʫʣʘʘʥ, ʜʫʣʘʘʥʳ ʙʘ ʭʠʤʠʡʥ ʪʦʛʪʚʦʨʞʠʣʪ, ʙʘʛʘ ʠʜʵʤʭʠʡ ʯʘʥʘʨʘʘʨʘʘ 

ʪʦʜʦʨʭʦʡʣʦʛʜʜʦʛ. ɻʵʩʵʥ ʭʵʜʠʡ ʯ, ʪʵʜʛʵʵʨ ʥʴ ʤʘʰ ʰʘʪʘʤʭʘʡ ʪʫʣ ᴇʥʜᴇʨ ʪʝʤʧʝʨʘʪʫʨʪ 

ʭʵʨʵʛʣʵʭʵʜ ʪʦʭʠʨʦʤʞʛװʡ ʙᴇʛᴇᴇʜ ʜʫʣʘʘʥ ʭʘʜʛʘʣʘʭ ʤʘʪʝʨʠʘʣ ʙʦʣʛʦʥ ʘʰʠʛʣʘʭʘʜ ʪʦʭʠʨʦʤʞʪʦʡ 

ʜʫʣʘʘʥ ʜʘʤʞʫʫʣʣʳʥ ʜʦʦʜ ʫʪʛʳʛ ʠʭʵʚʯʣʵʥ ʭʘʨʫʫʣʜʘʛ. ʆʨʛʘʥʠʢ ʌʐʄ-ʠʡʥ ʜʫʥʜʘʘʩ 

ʧʘʨʘʬʠʥʳʛ ʭʘʡʣʫʫʣʘʭ ᴇʥʜᴇʨ ʜʫʣʘʘʥ, ʭʠʤʠʡʥ ʪʦʛʪʚʦʨʞʠʣʪ, ʭʷʤʜ ᴇʨʪᴇʛʪʵʡ, ʬʘʟʳʥ 

ʷʣʛʘʨʘʣʛװʡʛʵʵʨ ʜʫʣʘʘʥ ʭʘʜʛʘʣʘʭʘʜ ʘʰʠʛʣʘʜʘʛ. ʗʤʘʨ ʯ ʙʘʡʩʘʥ, ʪʵʜ ʬʘʟʳʥ ʰʠʣʞʠʣʪʠʡʥ װʝʜ 

ʵʟʣʵʭװװʥʠʡ ʠʭʵʵʭʵʥ ᴇᴇʨʯʣᴇʣʪ, ʙʘʛʘ ʜʫʣʘʘʥ ʜʘʤʞʫʫʣʘʣʪ ʟʵʨʵʛ ʟʘʨʠʤ װʟװװʣʵʣʪװװʜʠʡʛ 

ʭʘʨʫʫʣʜʘʛ. ʅᴇʛᴇᴇ ʪʘʣʘʘʩ, ʜʘʚʩ, ʜʘʚʩʥʳ ʛʠʜʨʘʪ, ʤʝʪʘʣʣ ʟʵʨʵʛ ʦʨʛʘʥʠʢ ʙʫʩ ʥʵʛʜʣװװʜ ʥʴ ᴇʥʜᴇʨ  
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ʜʫʣʘʘʥ ʙʘʛʪʘʘʤʞ ʙʘ ʥʫʫʛʜʤʘʣ ʜʫʣʘʘʥ, ᴇʥʜᴇʨ ʜʫʣʘʘʥ ʜʘʤʞʫʫʣʘʣ, ᴇʥʜᴇʨ ʥʷʛʪʨʘʣ, ʵʟʵʣʭװװʥʠʡ 

ʙʘʛʘ ᴇᴇʨʯʣᴇʣʪ ʟʵʨʛʠʡʛ ʭʘʨʫʫʣʜʘʛ. ɼʘʚʩʥʳ ʛʠʜʨʘʪʫʫʜ ʥʴ ʭʷʤʜ ᴇʨʪᴇʛʪʵʡʛᴇᴇʨ ʵʨʪ ʜʵʵʨ װʝʵʩ 

ʦʣʥʳ ʘʥʭʘʘʨʣʳʛ ʪʘʪʩʘʥ ʙᴇʛᴇᴇʜ ʭʘʡʣʘʭ ʮʵʛ ʥʴ 30-50Áʉ ʪʝʤʧʝʨʘʪʫʨʳʥ ʭʦʦʨʦʥʜ ʭʵʣʙʵʣʟʜʵʛ ʪʫʣ 

ʠʭʵʚʯʣʵʥ ʙʘʛʘ ʪʝʤʧʝʨʘʪʫʨʪ ʘʰʠʛʣʘʛʜʜʘʛ.  

 

1.2-ʨ ʟʫʨʘʛ. ʊϺʨϺʣ ʙϮʨʠʡʥ ʌʐʄ-ʠʡʥ ʘʥʛʠʣʘʣ [12]  

ɻʵʩʵʥ ʭʵʜʠʡ ʯ, ʪʵʜʛʵʵʨ ʥʴ ʭʵʜ ʭʵʜʵʥ ʜʫʣʘʘʥʳ ʮʠʢʣʠʡʥ ʜʘʨʘʘʛʘʘʨ ʭʵʪ ʭᴇʨᴇʣʪ, ʬʘʟʳʥ 

ʩʘʣʙʘʨʣʘʣʪ, ʪʦʛʪʚʦʨʛװʡʞʠʣʪ ʟʵʨʵʛ ʟʘʨʠʤ ʘʩʫʫʜʣʫʫʜʳʛ װװʩʛʵʜʵʛ (ʭʘʣʘʘʣʪʳʥ ʷʚʮʘʜ ʫʩ 

ʘʣʜʘʛʜʩʘʥʘʘʩ). ɽʨᴇʥʭʠʡʜᴇᴇ 15-70Áʉ ʪʝʤʧʝʨʘʪʫʨʳʥ ʤʫʞʠʡʛ ʭʘʤʘʨʩʘʥ ʌʐʄ-ʠʡʛ ʙʘʨʠʣʛʘ 

ʙʘʡʛʫʫʣʘʤʞʠʡʛ ʭʘʣʘʘʭ, ʭᴇʨʛᴇʭᴇʜ ʟʦʨʠʫʣʞ ʜʫʣʘʘʥ ʭʫʨʠʤʪʣʫʫʣʘʭ ʤʘʪʝʨʠʘʣ ʙʦʣʛʦʥ ʩʫʜʘʣʞ 

ʠʨʩʵʥ. ɹʝʪʦʥ, ʛʠʧʩʵʥ ʭʘʚʪʘʥ, ʪʘʘʟ, ʰʘʣʳʛ ʌʐʄ-ʘʘʨ ʭʫʯʠʞ ʙʦʣʥʦ. ᴆʥʜᴇʨ ʪʝʤʧʝʨʘʪʫʨʪ 

ʜʫʣʘʘʥʳ ʵʥʝʨʛʠʡʛ ʭʘʜʛʘʣʘʭʘʜ (ʥʘʨʥʳ ʪᴇʚʣᴇʨʩᴇʥ ʩʪʘʥʮʫʫʜ, CSP) ʭʘʤʛʠʡʥ ʠʭ ʘʰʠʛʣʘʛʜʜʘʛ 

ʌʐʄ ʥʴ ʭʣʦʨʠʜ, ʬʪʦʨʠʜ, ʛʠʜʨʦʢʩʠʜ, ʥʠʪʨʘʪ, ʢʘʨʙʦʥʘʪ, ʜʘʚʩ ʟʵʨʵʛ ʙᴇʛᴇᴇʜ ʙʘʩ ʪʵʜʛʵʵʨʠʡʥ 

ʭʦʣʠʤʦʛ (ʞʠʰʵʵ ʥʴ, ʵʚʪʝʢʪʠʢ) ʶʤ. ʅʘʨʥʳ ʭʵʨʵʛʣʵʵʥʠʡ ʭʫʚʴʜ ʜʘʚʩ ʥʴ ʭʘʜʛʘʣʘʭ ʯʘʜʚʘʨ ʙʦʣʦʥ 

ʙʫʩʘʜ ʜʫʣʘʘʥʳ ʰʠʥʞ ʯʘʥʘʨʫʫʜ, ʥʫʫʛʜʤʘʣ ʜʫʣʘʘʥ (DH), ʭʫʚʠʡʥ ʜʫʣʘʘʥ ʙʘʛʪʘʘʤʞ (Cp), 

ʜʫʣʘʘʥ ʜʘʤʞʫʫʣʘʣ  (k) ʟʵʨʛʵʵʨʵʵ ʩʦʥʛʦʛʜʩʦʥ ʭʘʤʛʠʡʥ ʠʭ ʘʰʠʛʣʘʛʜʜʘʛ ʌʐʄ ʶʤ. ɼʫʥʜʘʞ 

ʪʝʤʧʝʨʘʪʫʨʪ (150-300ÁC) ʥʠʪʨʘʪʳʥ ʜʘʚʩʳʛ ʭʘʤʛʠʡʥ ʠʭ ʭʵʨʵʛʣʵʜʵʛ. ɹʘʛʘ ʪʝʤʧʝʨʘʪʫʨʪ KNO3-

LiNO3 ʙʫʶʫ KNO3-NaNO2-NaNO3 ʟʵʨʵʛ ʥʠʪʨʘʪʫʫʜʳʛ ʘʰʠʛʣʘʜʘʛ, ʭʘʨʠʥ ʥʘʨʥʳ ʵʥʝʨʛʠ 

 NaNO2, NaNO3, KNO3, NaNO3-KNO3-ʳʛ ʩʦʥʛʦʞ (ᴇʥʜᴇʨ ʪʝʤʧʝʨʘʪʫʨʪ װװʠʣ) ʡʣʜʚʵʨʣʵʭʵʜװ

ʙʦʣʥʦ. ɻʵʩʵʥ ʭʵʜʠʡ ʯ, ʵʜʛʵʵʨ ʰʠʥʞ ʯʘʥʘʨʫʫʜʳʛ ʩʘʡʞʨʫʫʣʘʭ ʰʘʘʨʜʣʘʛʘʪʘʡ ʙᴇʛᴇᴇʜ ʩװװʣʠʡʥ 

 ʝʠʡʥ ʩʫʜʘʣʛʘʘʥʫʫʜ ʥʘʨʥʳ ʜʘʚʩ (ʜʫʣʘʘʥʳ ʵʥʝʨʛʠʡʛ ʭʘʜʛʘʣʘʭʘʜ ʘʰʠʛʣʘʜʘʛ ʵʚʪʝʢʪʠʢ ʭʘʡʣʤʘʣװ

ʜʘʚʩʥʫʫʜʳʥ ʭʦʣʠʤʦʛ)-ʥʳ ʜʫʣʘʘʥʳ ʰʠʥʞ ʯʘʥʘʨʳʛ ʩʘʡʞʨʫʫʣʘʭ ʘʨʛʘʜ ʘʥʭʘʘʨʣʘʘ ʭʘʥʜʫʫʣʞ 
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ʙʘʡʥʘ. ʕʨʜʵʤʪʵʜ ʜʫʣʘʘʥʳ ʵʥʝʨʛʠ ʭʘʜʛʘʣʘʭ ʭʵʨʵʛʣʵʵʥʜ ʯʫʭʘʣ ʘʯ ʭʦʣʙʦʛʜʦʣʪʦʡ ʜʫʣʘʘʥ 

ʜʘʤʞʫʫʣʘʣ, ʭʫʚʠʡʥ ʜʫʣʘʘʥ ʙʘʛʪʘʘʤʞ, ʥʫʫʛʜʤʘʣ ʜʫʣʘʘʥ ʟʵʨʵʛ ʌʐʄ-ʠʡʥ ʟʘʨʠʤ ʯʫʭʘʣ 

ʜʫʣʘʘʥʳ ʰʠʥʞ ʯʘʥʘʨʳʛ ʩʘʡʞʨʫʫʣʘʭ ʘʨʛʫʫʜʳʛ ʭʘʡʞ ʙʘʡʥʘ. ʕʥʵʭװװ ʩʘʡʞʨʫʫʣʘʣʪʳʛ ʭʠʡʭʜʵʵ 

 ʪʵʮ ʥʵʤʞװʨʠʡʥ ʥʘʥʦʙװʥʜʩʵʥ ʰʠʥʛʵʥʜ ʬʘʟʳʥ ʰʠʣʞʠʣʪʪʵʡ ʤʘʪʝʨʠʘʣ ʙʦʣʛʦʞ ʪᴇʨᴇʣ ʙװ

ʦʨʫʫʣʜʘʛ ʙʘ ʪװװʥʠʡʛ ʥʘʥʦʰʠʥʛʵʥ ʛʵʞ ʥʵʨʣʵʜʵʛ [12].   

1.3 ʌʘʟʳʥ ʰʠʣʞʠʣʪʪʵʡ ʤʘʪʝʨʠʘʣ ʙʦʣʦʭ ʭʘʡʣʤʘʣ ʜʘʚʩʥʳ ʜʫʣʘʘʥʳ ʰʠʥʞ 

ʯʘʥʘʨʳʛ ʩʘʡʞʨʫʫʣʘʭ 
 

ʋʩ, ʵʪʠʣʝʥ ʛʣʠʢʦʣ, ʩʠʥʪʝʪʠʢ ʪʦʩ ʟʵʨʵʛ ʫʣʘʤʞʣʘʣʪ ʜʫʣʘʘʥ ʟᴇᴇʚᴇʨʣᴇʛʯ ʜʵʵʨ ʩʫʫʨʠʣʩʘʥ 

ʥʘʥʦʰʠʥʛʵʥʠʡʛ ʙʦʣʦʚʩʨʫʫʣʘʭ ʘʥʭʥʳ ʦʨʦʣʜʣʦʛʫʫʜʳʛ ʭʠʡʞ ʙʘʡʥʘ. CSP ʟʵʨʵʛ ʜʫʥʜ-ᴇʥʜᴇʨ 

ʪʝʤʧʝʨʘʪʫʨʳʥ ʥʘʨʥʳ ʪᴇʭᴇᴇʨᴇʤʞʠʡʥ ʭʫʚʴʜ ᴇʥʜᴇʨ ʜʫʣʘʘʥ ʙʘʛʪʘʘʤʞʪʘʡ ʪʫʣ ʭʘʡʣʩʘʥ ʜʘʚʩʥʳ 

ʭʵʨʵʛʣʵʵʛ ᴇʨʛᴇʥ ʘʰʠʛʣʘʜʘʛ. ʕʥʵʭװװ ʭʵʨʵʛʣʵʵʥʠʡ ʭʫʚʴʜ ʥʘʨʥʳ ʵʥʝʨʛʠʡʥ ʥʠʡʪ ʘʰʠʛʪװʡʣʠʡʥ 

ʢʦʵʬʬʠʮʠʝʥʪʠʡʛ ʥʵʤʵʛʜװװʣʵʭʠʡʥ ʪʫʣʜ HTFs ʥʴ ʩʘʡʥ ʪʝʨʤʦʜʠʥʘʤʠʢ ʰʠʥʞ ʯʘʥʘʨʪʘʡ ʙʘʡʭ ʥʴ 

ʯʫʭʘʣ ʶʤ. ɻʵʭʜʵʵ ʭʘʜʛʘʣʘʭ ʙʦʣʦʤʞʪʦʡ ʵʥʝʨʛʠʡʥ ʭʵʤʞʵʵʛ ʥʵʤʵʛʜװװʣʵʭʠʡʥ ʪʫʣʜ ʭʫʚʠʡʥ 

ʜʫʣʘʘʥ ʙʘʛʪʘʘʤʞʠʡʛ ʩʘʡʞʨʫʫʣʘʭ ʥʴ ʟװʡʪʵʡ.  

ʍʫʚʠʡʥ ʜʫʣʘʘʥ ʙʘʛʪʘʘʤʞ 

ʅʘʥʦʰʠʥʛʵʥʠʡ ʭʫʚʠʡʥ ʜʫʣʘʘʥ ʙʘʛʪʘʘʤʞʳʥ ʪʫʨʰʠʣʪʳʥ ʪʦʦʮʦʦʥʳ ʪʫʭʘʡ ʮᴇᴇʥ ʪʦʦʥʳ ʘʞʠʣ 

ʙʘʡʜʘʛ, ʫʯʠʨ ʥʴ ʭʫʚʠʡʥ ʜʫʣʘʘʥ ʙʘʛʪʘʘʤʞʠʡʛ ʭʦʣʴʮʳʥ ʵʥʛʠʡʥ ʜװʨʤʠʡʥ ʪʫʩʣʘʤʞʪʘʡʛʘʘʨ 

ʪʦʦʮʦʦʣʦʭ ʙʦʣʦʤʞʪʦʡ ʛʵʞ װʟʜʵʛ. 

 ʥʘʨʠʡʚʯʣʘʣʪʘʡ ʦʥʦʣʳʥ ʟʘʛʚʘʨ װװʝʜ ʟʘʨʠʤ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʫʫʜ ʠʣװ ʣʠʡʥװװʥʠʡ ʵʩʨʵʛʵʵʨ, ʩװת

ʙʘʡʞ ʙʦʣʦʭʳʛ ʭʘʨʫʫʣʩʘʥ [12].  

                                          
 ʥʠʡ ʪʦʦװװʝʠʡʥ ʭʫʚʠʡʥ ʜʫʣʘʘʥ ʙʘʛʪʘʘʤʞ, ʬ-ʵʟʵʣʭװ ʥʜ: Cp ʥʴ ʪʦʛʪʤʦʣ ʜʘʨʘʣʪʳʥװת

ʭʵʤʞʵʵ, r- ʥʷʛʪ ʙʘ np, nf, f ʠʥʜʝʢʩװװʜ ʥʴ ʥʘʥʦʙᴇᴇʤʩ, ʥʘʥʦʰʠʥʛʵʥ, װʥʜʩʵʥ ʰʠʥʛʵʥʠʡʛ ʪʫʩ ʪʫʩ 

ʠʣʵʨʭʠʡʣʜʵʛ. ʕʥʵ ʥʴ ʥʘʥʦʙᴇᴇʤʩʠʡʥ ʪʦʜʦʨʭʦʡ ʪʦʦ ʭʵʤʞʵʵʛ װʥʜʩʵʥ ʰʠʥʛʵʥ ʨװװ ʥʵʤʵʭʵʜ 

ʙװʨʪʛʵʛʜʜʵʛ ʭʫʚʠʡʥ ʜʫʣʘʘʥ ʙʘʛʪʘʘʤʞ ʥʴ ʠʭ ʭʵʤʞʵʵʛʵʵʨ ʥʵʤʵʛʜʵʭʠʡʛ ʫʨʴʜʯʠʣʘʥ ʪʘʘʤʘʛʣʘʭ 

ʙʦʣʦʤʞʛװʡ ʶʤ. ʗʣʘʥʛʫʷʘ, ʦʥʦʣʳʥ ʟʘʛʚʘʨʘʘʨ ʪʘʘʤʘʛʣʘʩʘʥ ʭʘʡʣʤʘʣ ʜʘʚʩʘʥ ʜʵʵʨ ʩʫʫʨʠʣʩʘʥ 

ʥʘʥʦʰʠʥʛʵʥʠʡ ʭʫʚʠʡʥ ʜʫʣʘʘʥ ʙʘʛʪʘʘʤʞʠʡʥ ʫʪʛʘ ʥʴ ʜʠʬʬʝʨʝʥʮʠʘʣ ʪʵʤʪʨʵʭ ʢʘʣʦʨʠʤʝʪʨ 

(DSC)-ʠʡʥ ʪʫʨʰʠʣʪʳʥ װʨ ʜװʥʛʵʵʩ ʵʨʩ ʷʣʛʘʘʪʘʡ ʙʦʣʦʭʳʛ ᴇʥᴇᴇʛ ʭװʨʪʵʣ ʭʠʡʩʵʥ ʩʫʜʘʣʛʘʘʥʫʫʜ 



31 

 

ʭʘʨʫʫʣʞ ʙʘʡʥʘ. ʅʘʥʦʙᴇᴇʤװװʜʠʡʛ ʜʠʩʧʝʨʩʣʵʭ װʝʜ װʥʜʩʵʥ ʰʠʥʛʵʥʠʡ ʭʫʚʠʡʥ ʜʫʣʘʘʥ 

ʙʘʛʪʘʘʤʞʳʥ ʭʵʤʞʵʵ ʠʭʵʩʜʵʛ ʙʦʣʦʭʳʛ ʪʦʛʪʦʦʞʵʵ. ɻʵʩʵʥ ʭʵʜʠʡ ʯ, ʜʫʣʘʘʥ ʙʘʛʪʘʘʤʞʠʡʛ 

ʥʵʤʵʛʜװװʣʵʭ ᴇʚᴇʨʤᴇʮ ʤʝʭʘʥʠʟʤ ʙʫʶʫ ʪʘʡʣʙʘʨ ʭʘʨʘʘʭʘʥ ʦʣʜʦʦʛװʡ ʙʘʡʥʘ. ʕʥʝʨʛʠʡʥ 

ʭʘʜʛʘʣʘʣʪ ʭʵʨʭʵʥ װװʩʯ ʙʦʣʦʭʳʛ ʪʘʡʣʙʘʨʣʘʭ ʛʫʨʚʘʥ ᴇᴇʨ ʛʦʨʠʤʳʛ ʩʘʥʘʣ ʙʦʣʛʦʩʦʥ. װתʥʜ: 

ʥʘʥʦʙᴇᴇʤʠʡʥ ʥʵʛʞ ʤʘʩʩ ʜʵʵʨʭ ʭʫʚʠʡʥ ʛʘʜʘʨʛʫʫʛʠʡʥ ʠʭ ʵʥʝʨʛʠʡʥ ʫʣʤʘʘʩ ʙʘʣʢ ʮʘʭʠʫʨʪʘʡ 

ʭʘʨʴʮʫʫʣʘʭʘʜ ʠʣװװ ᴇʥʜᴇʨ ʭʫʚʠʡʥ ʜʫʣʘʘʥ ʙʘʛʪʘʘʤʞʪʘʡ ʥʘʥʦʙᴇᴇʤʩ; ʥʘʥʦʙᴇᴇʤʩ ʙʘ ʭװʨʵʵʣʞ 

ʙʫʡ ʰʠʥʛʵʥʠʡ ʤʦʣʝʢʫʣʫʫʜʳʥ ʭʦʦʨʦʥʜʦʭ ʬʘʟ ʭʦʦʨʦʥʜʳʥ ʜʫʣʘʘʥʳ ʵʩʵʨʛװװʮʣʠʡʥ ᴇʥʜᴇʨ 

ᴇʩᴇʣʪ; ʵʟʵʣʭװװʥʪ ʰʠʥʛʵʥʵʵʩ ᴇʥʜᴇʨ ʜʫʣʘʘʥʳ ʰʠʥʞ ʯʘʥʘʨʪʘʡ ʥʘʥʦʙᴇᴇʤʩʠʡʥ ʛʘʜʘʨʛʫʫ ʜʵʵʨ 

ʰʠʥʛʵʥʠʡ ʤʦʣʝʢʫʣʫʫʜʳʥ ʟװʛʵʵʩ ʭʘʛʘʩ ʭʘʪʫʫ װʝ װװʩʵʭ. ʀʭʵʥʭ ʩʫʜʣʘʘʯʜʳʥ ʘʰʠʛʣʘʜʘʛ 

ʩʠʥʪʝʟʠʡʥ ʧʨʦʪʦʢʦʣ ʥʴ ʭʦʸʨ ʰʘʪʪʘʡ ʰʠʥʛʵʥ ʫʫʩʤʘʣʳʥ ʘʨʛʘ ʜʵʵʨ ʩʫʫʨʠʣʜʘʛ. ʅʘʥʦʰʠʥʛʵʥʠʡ 

ʭʫʚʠʡʥ ʜʫʣʘʘʥ ʙʘʛʪʘʘʤʞ ʜʵʵʨ ʥᴇʣᴇᴇʣʜᴇʛ ʙʫʩʘʜ ʯʫʭʘʣ ʭװʯʠʥ ʟװʡʣװװʜ ʥʴ ʥʘʥʦʙᴇᴇʤʠʡʥ 

ʭʵʤʞʵʵ ʙʘ ʥʘʥʦʙᴇᴇʤʠʡʥ ʧʨʦʮʝʥʪʠʡʥ ʘʛʫʫʣʘʤʞ ʶʤ. ʕʜʛʵʵʨ װʨ ʜװʥ ʥʴ, ʷʣʘʥʛʫʷʘ, NaNO3-

KNO3-ʠʡʥ ʥʠʪʨʘʪʳʥ ʭʦʣʠʤʦʛʦʦʨ ʭʠʡʩʵʥ ʭʘʡʣʩʘʥ ʜʘʚʩʥʳ ʭʦʣʴʮ ʜʵʵʨ ʯʠʛʣʵʛʜʩʵʥ ʟʘʨʠʤ ʘʞʠʣ 

(ʞʠʥʛʠʡʥ ʭʘʨʴʮʘʘ 60:40)-ʳʥ װʝʜ ʦʣʜʩʦʥ. ʕʥʵ ʥʴ 225 0C-ʠʡʥ ʭʘʡʣʘʭ ʮʵʛʪʵʡ ʭʘʡʣʤʘʣ ʜʘʚʩ ʶʤ. 

NaNO3-KNO3-ʠʡʥ ʥʠʪʨʘʪʳʥ ʭʦʣʠʤʦʛ ʨʫʫ (60:40 ʭʘʨʴʮʘʘ) ʷʥʟ ʙװʨʠʡʥ ʭʵʤʞʵʵʪʵʡ ʮʘʭʠʫʨʳʥ 

ʥʘʥʦʙᴇᴇʤװװʜʠʡʛ (1.0 ʞʠʥ. %) ʥʵʤʵʭʵʜ Cp ʥʴ ʪʦʤ ʜʠʘʤʝʪʨʪʵʡ (5-ʘʘʩ 60 ʥʤ ʭװʨʪʵʣ) 

ʥʘʥʦʙᴇᴇʤװװʜʠʡʛ ʥʵʤʵʭ װʝʜ  ᴇʩʜᴇʛ ʙʦʣʦʭʳʛ ʭʘʨʫʫʣʩʘʥ. ʗʣʘʥʛʫʷʘ, ʭʘʪʫʫ ʬʘʟʘʜ 3-10%, ʰʠʥʛʵʥ 

ʬʘʟʘʜ ʠʣװװ (5 ʥʤ-ʜ 8%, 10 ʥʤ-ʜ 12%, 30 ʥʤ-ʜ 19%, 60 ʥʤ-ʜ 27%) ᴇʩʩᴇʥ ʙʘʡʥʘ. װתʥʪʵʡ ʪᴇʩʪʵʡ 

ʪᴇʣᴇʚ ʙʘʡʜʘʣ ʘʜʠʣʭʘʥ ʌʐʄ ʨʫʫ ʭᴇʥʛᴇʥ ʮʘʛʘʘʥʳ ʠʩʣʠʡʥ ʥʘʥʦʙᴇᴇʤʠʡʛ ʥʵʤʵʭ װʝʜ 

ʙװʨʪʛʵʛʜʩʵʥ. ʅʘʥʦʰʠʥʛʵʥʠʡ ʤʦʨʬʦʣʦʛʠ (TEM-ʵʵʨ ʛװʡʮʵʪʛʵʩʵʥ) ʥʴ ʥʘʥʦʙװʪʵʮ, ʥʵʚʯʠʣʪʠʡʥ 

ʩװʣʞʵʵ, ʟװװ ʰʠʛ ʜʵʜ ʙװʪʵʮ ʙʘʡʛʘʘʛ ʭʘʨʫʫʣʩʘʥ ʙᴇʛᴇᴇʜ ʪʵʜʛʵʵʨʠʡʥ װװʩʵʣ ʥʴ ʥʘʥʦʙᴇᴇʤʠʡʥ 

ʛʘʜʘʨʛʫʫʛʠʡʥ ʦʡʨʦʣʮʦʦʭ ʭʘʛʘʩ ʭʘʪʫʫ װʝʪʵʡ ʭʦʣʙʦʦʪʦʡ ʙʘʡʞ ʤʘʛʘʜʛװʡ ʶʤ. ʊװװʛʵʵʨ ʯ 

ʟʦʛʩʦʭʛװʡ, ʥʘʥʦʙᴇᴇʤʠʡʥ ʭʵʤʞʵʵ ʠʭ ʙʘʡʭ ʪʫʩʘʤ Cp ʠʭʩʵʭ ʙʦʣʥʦ. ʊʠʡʤʵʵʩ, ʩʘʡʞʨʫʫʣʘʣʪ ʥʴ 

ʵʜʛʵʵʨ ʙװʪʮʠʡʥ ʦʨʦʣʮʦʦʪʦʡ ʭʦʣʙʦʦʪʦʡ ʙʘʡʞ ʤʘʛʘʜʛװʡ ʛʵʞ װʟʜʵʛ. ɼʵʜ ʙװʪʵʮ װװʩʩʵʥʪʵʡ 

ʭʦʣʙʦʦʪʦʡ ʥʘʥʦ-ʌʐʄ-ʠʡʥ ʭʫʚʠʡʥ ʜʫʣʘʘʥ ʙʘʛʪʘʘʤʞʠʡʥ ʘʥʦʤʘʣʴ ᴇʩᴇʣʪʠʡʛ ʜʘʨʘʘʭ ʙʘʡʜʣʘʘʨ 

ʪʘʡʣʙʘʨʣʘʚ: ʭʘʡʣʤʘʣ ʜʘʚʩʥʳ ʭʦʣʠʤʦʛ ʜʦʪʦʨ ʜʠʩʧʝʨʩʣʵʛʜʩʵʥ ʥʘʥʦʙᴇᴇʤװװʜ ʥʴ ʜʘʚʩ ʙʘ 

ʥʘʥʦʙᴇᴇʤװװʜʠʡʥ ʭʦʦʨʦʥʜʦʭ ʮʘʭʠʣʛʘʘʥ-ʩʪʘʪʠʢ ʭʘʨʠʣʮʘʥ װʡʣʯʣʵʣ ʜʵʭ ʷʣʛʘʘʥʳ ʫʣʤʘʘʩ ʭʦʸʨ 

ʜʘʚʩʳʛ ʪʫʩʛʘʘʨʣʘʭ ʭʘʥʜʣʘʛʘʪʘʡ ʙʘʡʜʘʛ. ʊʫʩʛʘʘʨʣʘʛʜʩʘʥ ʜʘʚʩ ʥʴ ʥʘʥʦʙᴇᴇʤʠʡʥ ʛʘʜʘʨʛʫʫ ʜʵʵʨ 

ʪʘʣʩʞʠʞ ʜʘʚʩʥʳ ʮᴇʤ װװʩʵʭ ʛʘʟʘʨ ʙʦʣʞ, ʭʘʪʫʫ ʤʘʷʛʠʡʥ װʝ װװʩʛʵʜʵʛ. ʕʥʵ װʝ ʥʴ ʫʨʛʘʞ ʵʭʣʵʥ 

ʙʘʣʢ ʰʠʥʛʵʥʵʵʩ ʠʣװװ ᴇʥʜᴇʨ ʭʫʚʠʡʥ ʜʫʣʘʘʥ ʙʘʛʪʘʘʤʞ ʙװʭʠʡ ʥʘʥʦʙװʪʮʠʡʛ ʙʠʡ ʙʦʣʛʦʜʦʛ.  
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ʍʘʜʛʘʣʩʘʥ ʜʫʣʘʘʥʳʛ ʪʝʤʧʝʨʘʪʫʨʳʥ ʬʫʥʢʮ ʤʘʷʛʘʘʨ ʝʨᴇʥʭʠʡ ʜʫʣʘʘʥʳ ʪʦʦ ʭʵʤʞʵʵʛ 

(ʤʵʜʨʵʤʪʛʠʡ ʙʘ ʥʫʫʛʜʤʘʣ) ʘʚʯ װʟʴʝ. ʅʘʥʦʰʠʥʛʵʥ ʪʫʩ ʙװʨʠʡʥ ʭʘʜʛʘʣʘʭ ʙʘʛʪʘʘʤʞʠʡʛ ʘʞʣʳʥ 

ʭʘʤʛʠʡʥ ʙʘʛʘ ʙʘ ʭʘʤʛʠʡʥ ʠʭ ʪʝʤʧʝʨʘʪʫʨʳʥ ʭʦʦʨʦʥʜʦʭ ʪʝʤʧʝʨʘʪʫʨʳʥ ʤʫʞ ʜʘʭʴ ʜʫʣʘʘʥʳ 

ʫʨʩʛʘʣʳʥ ʠʥʪʝʛʨʘʣ ʤʫʨʫʡʛʘʘʨ ʪʦʦʮʦʦʣʞ, ʥʘʥʦʙᴇᴇʤʩʠʡʛ ʦʨʫʫʣʩʥʘʘʩ װװʩʵʭ ʥʠʡʪ ʘʰʛʠʡʛ 

ʜʘʨʘʘʭ ʙʘʡʜʣʘʘʨ ʪʦʜʦʨʭʦʡʣʩʦʥ ʙʦʣʥʦ: 

                             
390ÁC ʪʝʤʧʝʨʘʪʫʨʪ ʥʘʥʦʰʠʥʛʵʥ ʪʫʩ ʙװʨʠʡʥ ʭʘʤʛʠʡʥ ʠʭ ʥʠʡʪ ʘʰʠʛ ʥʴ: KNO3 ʜʵʵʨ ʩʫʫʨʠʣʩʘʥ 

ʥʘʥʦʰʠʥʛʵʥʜ Al2O3, SiO2-Al 2O3 ʙʦʣʦʥ SiO2 ʥʘʥʦʙᴇᴇʤװװʜʠʡʥ ʞʠʥʛʠʡʥ 1.0 % ʜʵʵʨ ʭʘʨʛʘʣʟʘʥ 

2%, 6%, 16% ʙʘʡʜʘʛ. ʊʠʡʤʵʵʩ, KNO3 ʙʘ ʥʘʥʦʙᴇᴇʤװװʜʠʡʛ ʭʦʣʠʭ ʟʘʤʘʘʨ ʛʘʨʛʘʥ ʘʚʩʘʥ ʬʘʟʳʥ 

ʰʠʣʞʠʣʪʪʵʡ ʤʘʪʝʨʠʘʣʫʫʜ ʥʴ ʠʣװװ ʠʭ ʭʵʤʞʵʵʥʠʡ ʜʫʣʘʘʥʳʛ ʭʘʜʛʘʣʘʭ ʙʦʣʦʤʞʪʦʡ.  

ʍʘʡʣʘʣʪʳʥ ʥʫʫʛʜʤʘʣ ʜʫʣʘʘʥ ʙʘ ʭʘʡʣʘʭ ʪʝʤʧʝʨʘʪʫʨ 

ɿʘʨʠʤ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʫʫʜ ʭʘʡʣʩʘʥ ʜʘʚʩ ʨʫʫ ʥʘʥʦʙᴇᴇʤʩ ʥʵʤʞ, ʭʘʡʣʘʣʪʳʥ ʥʫʫʛʜʤʘʣ 

ʜʫʣʘʘʥʳ ʥᴇʣᴇᴇʛ ʭʘʨʫʫʣʩʘʥ (ʞʠʰʵʵ ʥʴ: ʭʘʜʛʘʣʘʭ ʦʨʯʠʥ ʥʴ ʭʘʪʫʫ ʪᴇʣʚᴇᴇʩ ʰʠʥʛʵʥ ʙʫʶʫ 

ʵʩʨʵʛʵʵʨ ʬʘʟʳʥ ʰʠʣʞʠʣʪʵʥʜ ʦʨʦʭ װʝʜ ʰʠʥʛʵʵʛʜʩʵʥ ʙʫʶʫ ʷʣʛʘʨʘʭ ʵʥʝʨʛʠ). ʌʘʟʳʥ 

ʰʠʣʞʠʣʪʵʵʨ ʭʫʨʠʤʪʣʘʛʜʩʘʥ ʵʥʝʨʛʠʡʥ ʭʵʤʞʵʵ ʥʴ ʌʐʄ-ʠʡʥ ʥʫʫʛʜʤʘʣ ʜʫʣʘʘʥʪʘʡ ʰʫʫʜ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴ ʪʫʣ ʵʥʵ ʜʫʣʘʘʥʳ ʰʠʥʞ ʯʘʥʘʨ ʥʴ ʤʘʰ ʯʫʭʘʣ ʶʤ. ʊװװʥʯʣʵʥ ʌʐʄ-ʠʡʥ ʭʘʡʣʘʭ 

ʪʝʤʧʝʨʘʪʫʨ ʥʴ ʙʘʩ ʯʫʭʘʣ ʙᴇʛᴇᴇʜ ʫʯʠʨ ʥʴ ʪװװʥʠʡ ʙʫʫʨʘʣʪ ʥʴ ʬʘʟʳʥ ʰʠʣʞʠʣʪʠʡʥ ʵʭʵʥ װʝʠʡʛ 

ʠʣʵʨʭʠʡʣʜʵʛ ʙᴇʛᴇᴇʜ ʵʥʵ ʥʴ ʵʥʝʨʛʠʡʥ ʵʭʵʥ װʝʠʡʥ ʭʫʨʠʤʪʣʘʣʜ ʭװʨʛʵʜʵʛ. ʌʐʄ-ʠʡʥ ʭʫʚʴʜ 

ʭʘʡʣʤʘʣ ʜʘʚʩ ʜʵʵʨ ʘʥʭʘʘʨʣʘʘ ʭʘʥʜʫʫʣʩʘʥ ʭʵʜ ʭʵʜʵʥ ʘʞʠʣ ʥʴ ʥʘʥʦʙᴇᴇʤʩʠʡʛ ʥʵʤʩʵʥ ʥʴ ʭʘʡʣʘʭ 

ʮʵʛʠʡʛ ʙʫʫʨʫʫʣʞ, ʞʠʥʛʠʡʥ 1.0%-ʠʡʛ ʭʵʨʵʛʣʵʚʵʣ ʥʫʫʛʜʤʘʣ ʜʫʣʘʘʥʳʛ ʥʵʤʵʛʜװװʣʵʭʵʜ 

ʜʵʤʞʜʵʛ ʙʦʣʦʭʳʛ ʭʘʨʫʫʣʩʘʥ. ɿʘʨʠʤ װʨ ʜװʥʛ ʤʵʜʵʵʣʵʭ ʙʦʣʦʤʞʪʦʡ: ʭᴇʥʛᴇʥ ʮʘʛʘʘʥʳ 

ʥʘʥʦʙᴇᴇʤʠʡʛ ʍʠʪʝʢʠʡʥ ʜʘʚʩ ʨʫʫ ʥʵʤʵʭ, ʮʘʭʠʫʨ-ʭᴇʥʛᴇʥ ʮʘʛʘʘʥʳ ʥʘʥʦʙᴇᴇʤʩʠʡʛ NaNO5-

KNO5 ʨʫʫ ʥʵʤʩʵʥʵʵʨ ʭʘʡʣʫʫʣʘʭ ʜʫʣʘʘʥʳʛ 15% ʭװʨʪʵʣ ʥʵʤʵʛʜװװʣʞ, ʭʘʡʣʘʭ ʪʝʤʧʝʨʘʪʫʨʳʛ 

8Áʉ ʦʨʯʠʤ ʙʫʫʨʫʫʣʩʘʥ, KNO3 ʜʵʵʨʭ ʥʘʥʦʙᴇᴇʤʩʠʡʥ ʠʞʠʣ ʭʦʣʴʮ ʥʴ ʥʫʫʛʜʤʘʣ ʜʫʣʘʘʥʳʛ 12% 

ʥʵʤʵʛʜװװʣʞ, ʭʘʡʣʘʭ ʪʝʤʧʝʨʘʪʫʨʳʛ ʙʘʛʘ ʟʵʨʵʛ ʙʫʫʨʫʫʣʩʘʥ, NaNO3-KNO3 ʜʵʵʨʭ ʟʵʩʠʡʥ ʙʘ 

ʪʠʪʘʥ ʠʩʣʠʡʥ ʥʘʥʦʙᴇᴇʤװװʜ ʥʴ ʤʘʰ ʙʘʛʘ ʭʫʚʠʘʨ (0.1 ʞʠʥ. % ʦʨʯʠʤ) ʠʞʠʣ ʪᴇʩᴇᴇʪʵʡ 

ʭʘʥʜʣʘʛʳʛ װʟװװʣʩʵʥ ʙʘʡʜʘʛ [12].  
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1.4 ʅʫʫʛʜʤʘʣ ʜʫʣʘʘʥ ʭʘʜʛʘʣʘʭ ʟʦʨʠʫʣʘʣʪʪʘʡ ʬʘʟʳʥ ʰʠʣʞʠʣʪʪʵʡ 

ʤʘʪʝʨʠʘʣ, ʥʘʥʦʙᴇᴇʤʩʠʡʥ ʪʫʭʘʡ ʠʨʵʵʜװʡʥ ʩʫʜʘʣʛʘʘ  

 

ᴆʥᴇᴇʜʨʠʡʛ ʭװʨʪʵʣʭ ʩʫʜʘʣʛʘʘʥʫʫʜ ʥʴ װʥʜʩʵʥ ʭʘʡʣʩʘʥ ʜʘʚʩʘʥʜ ʥʵʤʩʵʥ ʠʩʣʠʡʥ 

ʥʘʥʦʙᴇᴇʤʩʠʡʛ ʘʰʠʛʣʘʥ ʥʘʨʥʳ ʵʥʝʨʛʠʡʥ ʭʵʨʵʛʣʵʵʥʜ ʟʦʨʠʫʣʩʘʥ ʥʫʫʛʜʤʘʣ ʜʫʣʘʘʥ ʭʘʜʛʘʣʘʭ 

ʤʘʪʝʨʠʘʣ װʡʣʜʚʵʨʣʵʭʵʜ ʛʦʣʯʣʦʥ ʘʥʭʘʘʨʯ ʙʘʡʚ. ɻʵʩʵʥ ʭʵʜʠʡ ʯ, ʙʫʩʘʜ ʥʘʥʦʙᴇᴇʤװװʜ ʥʴ 

ʥʫʫʛʜʤʘʣ ʜʫʣʘʘʥ ʭʘʜʛʘʣʘʭ ʤʘʪʝʨʠʘʣʳʥ ʜʫʣʘʘʥʳ ʰʠʥʞ ʯʘʥʘʨʳʛ ʩʘʡʞʨʫʫʣʘʭʘʜ ʩʦʥʠʨʭʦʣʪʦʡ 

ʙʘʡʞ ʤʘʛʘʜʛװʡ ʛʵʞ װʟʜʵʛ. ʆʜʦʦʛʠʡʥ ʙʘʡʜʣʘʘʨ ʙʫʩʘʜ ʪᴇʨʣʠʡʥ ʥʘʥʦʙᴇᴇʤװװʜʪʵʡ ʭʘʤʪ 

ʥʘʥʦʰʠʥʛʵʥʠʡʛ ʪʫʨʰʠʣʪʘʘʨ װʡʣʜʚʵʨʣʵʭ ʥʴ ʩʦʥʠʨʭʦʣ ʪʘʪʘʭʫʡʮ ʩʦʨʠʣʪ ʙʦʣʦʭ ʶʤ. 

ʅװװʨʩʪᴇʨᴇʛʯʠʡʥ ʥʘʥʦʭʦʦʣʦʡ, ʙʘʣ ʯʫʣʫʫʛ ʘʰʠʛʣʘʭ ʥʴ ʵʭʣʵʵʜ ᴇʥʜᴇʨ ʪʝʤʧʝʨʘʪʫʨʪ ʜʘʚʩ 

(ʭʣʦʨʠʜ ʙʫʶʫ ʢʘʨʙʦʥʘʪ) ʜʵʵʨ ʩʫʜʣʘʛʜʩʘʥ ʙʦʣʦʚʯ ʥʠʪʨʘʪʫʫʜʳʥ ʩʫʜʘʣʛʘʘ ʥʴ ʠʨʵʵʜװʡʥ ʩʦʨʠʣʪ 

ʙʘʡʞ ʤʘʛʘʜʛװʡ ʶʤ. ʅʠʪʨʘʪʳʥ ʭʘʡʣʩʘʥ ʜʘʚʩ ʜʵʵʨ ʩʫʫʨʠʣʩʘʥ ʥʘʥʦʰʠʥʛʵʥʠʡʛ ʥװװʨʩʪᴇʨᴇʛʯʠʡʥ 

ʩʫʫʨʴʪʘʡ ʥʘʥʦʤʘʪʝʨʠʘʣʫʫʜʳʛ ʥʵʤʞ ʙʦʣʦʚʩʨʫʫʣʞ ʙʘʡʥʘ. ʗʣʘʥʛʫʷʘ, ʥװװʨʩʪᴇʨᴇʛʯʠʡʥ 

ʥʘʥʦʛʫʫʨʩ, ʙʘʣ ʯʫʣʫʫʥ ʥʘʥʦʭʘʚʪʘʥʛʫʫʜ ʥʴ ᴇʥʜᴇʨ ʜʫʣʘʘʥʳ ʰʠʥʞ ʯʘʥʘʨʪʘʡ ʙᴇʛᴇᴇʜ װʥʜʩʵʥ 

ʌʐʄ-ʠʡʥ ʭʫʚʠʡʥ ʜʫʣʘʘʥ ʙʘʛʪʘʘʤʞ ʙʦʣʦʥ ʜʫʣʘʘʥ ʜʘʤʞʫʫʣʘʣʪʳʛ ʭʦʸʫʣʘʥʛ ʥʴ ʥʵʤʵʛʜװװʣʵʭ 

ʙʦʣʦʤʞʪʦʡ. ʕʜʛʵʵʨ ʥʘʥʦʤʘʪʝʨʠʘʣʫʫʜʳʛ װʥʜʩʵʥ ʜʘʚʩʥʳ ʭʦʣʠʤʦʛʪ (NaNO3-KNO3) ʥʵʤʵʵʜ 

ʜʘʨʘʘ ʥʴ 250Áʉ-ʪ ʫʩʳʛ ʫʫʨʰʫʫʣʜʘʛ. ɼʠʩʧʝʨʩʣʵʣʪʠʡʛ ʤʝʭʘʥʠʢ ʭʦʣʠʛʯʠʡʥ ʪʫʩʣʘʤʞʪʘʡʛʘʘʨ 

ʛװʡʮʵʪʛʵʥʵ. ᴆʥᴇᴇʛ ʭװʨʪʵʣ 1.0 ʞʠʥ. %-ʠʡʥ ʥʘʥʦʙᴇᴇʤʩʠʡʥ ʵʬʬʝʢʪʠʡʛ ʰʠʥʞʠʣʞ, װʨ ʜװʥ ʥʴ 

ʭʘʪʫʫ ʬʘʟʳʥ ʭʫʚʠʡʥ ʜʫʣʘʘʥ ʙʘʛʪʘʘʤʞʳʛ ʥʵʤʵʛʜװװʣʵʭʵʜ ʭװʨʛʵʩʵʥ ʥʴ ʥʠʪʨʘʪʳʥ ʭʦʣʴʮʳʥ 

ʜʫʣʘʘʥʳ ʰʠʥʞ ʯʘʥʘʨʳʛ ʩʘʡʞʨʫʫʣʘʭʳʥ ʪʫʣʜ ʵʜʛʵʵʨ ʥʘʥʦʙᴇᴇʤʩʠʡʛ װʨ ʜװʥʪʵʡ ʘʰʠʛʣʘʭ ʙʦʜʠʪ 

ʙʦʣʦʤʞʠʡʛ ʭʘʨʫʫʣʩʘʥ. ʀʨʵʵʜװʡʜ ʬʘʟʳʥ ʰʠʣʞʠʣʪʪʵʡ ʤʘʪʝʨʠʘʣʳʥ ʜʫʣʘʘʥʳ ʰʠʥʞ ʯʘʥʘʨʳʛ 

ʥʵʤʵʛʜװװʣʵʭʠʡʥ ʪʫʣʜ ʤʝʪʘʣʣʳʥ ʥʘʥʦʙᴇᴇʤʩʠʡʥ ʵʬʬʝʢʪʳʛ ʭʘʨʛʘʣʟʘʥ װʟʵʭ ʰʘʘʨʜʣʘʛʘʪʘʡ. 

ʊᴇʤʨʠʡʥ ʥʘʥʦʙᴇᴇʤʠʡʛ ʦʨʫʫʣʘʭ ʘʥʭʥʳ ʦʨʦʣʜʣʦʛʳʛ ʩʫʜʣʘʘʯʠʜ ʌʐʄ-ʪʵʡ ʠʞʠʣ ʜʘʚʩʥʳ 

ʭʦʣʴʮʳʛ ʘʰʠʛʣʘʥ ʭʠʡʩʵʥ ʙʘʡʜʘʛ. ʀʨʵʵʜװʡʥ ʩʫʜʘʣʛʘʘ ʥʴ ʫʩ ʘʰʠʛʣʘʭʛװʡ ʭʦʣʠʭ ʷʥʟ ʙװʨʠʡʥ 

ʘʨʛʫʫʜʘʜ ʘʥʭʘʘʨʣʘʘ ʭʘʥʜʫʫʣʘʭ ʸʩʪʦʡ. ɹʘʨʘʛ ʠʭʵʥʭ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʫʫʜ ʥʴ ʜʘʚʩʳʛ 

ʥʘʥʦʙᴇᴇʤװװʜʪʵʡ ʭʘʤʪ ʫʩʘʥ ʫʫʩʤʘʣʜ ʭʦʣʴʞ, ʭʵʪ ʘʚʠʘʥʳ ʜʦʣʛʠʦʥʦʦʨ ʜʠʩʧʝʨʩʣʵʞ, ʜʘʨʘʘ ʥʴ 

ʫʫʨʰʫʫʣʘʭ ʟʘʤʘʘʨ ʥʘʥʦʰʠʥʛʵʥʠʡʛ ʛʘʨʛʘʞ ʘʚʜʘʛ. ɻʵʩʵʥ ʯ, ʵʥʵ ʥʴ ʮʘʛ ʭʫʛʘʮʘʘ ʠʭ ʰʘʘʨʜʜʘʛ 

ʘʨʛʘ ʙᴇʛᴇᴇʜ ʫʩʥʳ ʭʵʨʵʛʣʵʵ ʥʴ ʜʘʚʩʥʳ ʪᴇʣᴇʚ ʙʘʡʜʘʣʜ ʥᴇʣᴇᴇʣʜᴇʛ. ɿʘʨʠʤ ʩʫʜʘʣʛʘʘʥʳ ʘʞʠʣʜ ʫʩ 

ʘʰʠʛʣʘʭʛװʡʛʵʵʨ 9 ʤʤ-ʠʡʥ ʟʵʚʵʨʜʵʛʛװʡ ʛʘʥ ʩʘʚʪʘʡ ʙᴇʤʙᴇʣᴇʛʪ ʪʵʵʨʵʤ ʘʰʠʛʣʘʥ ʥʘʪʨʠʡ, ʢʘʣʠʡʥ 

ʥʠʪʨʘʪʳʛ ʟʵʩʠʡʥ ʙʘ ʪʠʪʘʥʳ ʠʩʣʠʡʥ ʥʘʥʦʙᴇᴇʤװװʜʪʵʡ ʭʦʣʴʞ ʩʘʡʞʨʫʫʣʩʘʥ ʌʐʄ 

 ʡʜ ʩʫʜʘʣʛʘʘװʥ ʥʴ Cp-ʠʡʥ ʫʪʛʘ ʥʵʤʵʛʜʵʞ ʙʘʡʩʘʥ. ʀʨʵʵʜװʨ ʜת .ʡʣʜʚʵʨʣʵʭʠʡʛ ʩʘʥʘʣ ʙʦʣʛʦʩʦʥװ
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ʥʴ ʜʫʣʘʘʥʳ ʰʠʥʞ ʯʘʥʘʨ ʩʘʡʪʘʡ, ʪʦʛʪʚʦʨʪʦʡ, ʞʠʛʜ ʜʠʩʧʝʨʩʣʵʛʜʩʵʥ ʥʘʥʦʰʠʥʛʵʥʠʡʛ ʛʘʨʛʘʥ 

ʘʚʘʭʳʥ ʪʫʣʜ ʭʘʤʛʠʡʥ ʩʘʡʥ װʟװװʣʵʣʪװװʜʠʡʛ (ʭʫʛʘʮʘʘ, ʪʝʤʧʝʨʘʪʫʨ, ʭʦʣʠʭ ʭʫʨʜ, ʪװװʥʯʣʵʥ 

ʭʦʣʠʭ ʥʘʥʦʰʠʥʛʵʥʠʡ ʪʦʦ ʭʵʤʞʵʵ) ʭᴇʛʞװװʣʵʭʵʜ ʯʠʛʣʵʥʵ. ɼװʛʥʵʞ ʭʵʣʵʭʵʜ, ʥʫʫʛʜʤʘʣ ʜʫʣʘʘʥ 

ʭʘʜʛʘʣʘʭ ʤʘʪʝʨʠʘʣ ʙʦʣʛʦʥ ʘʰʠʛʣʘʭ ʩʘʡʞʨʫʫʣʩʘʥ ʰʠʥʞ ʯʘʥʘʨ ʙװʭʠʡ ʌʐʄ װʡʣʜʚʵʨʣʵʭʵʜ 

ʦʣʦʥ ʩʦʨʠʣʪ ʪʫʣʛʘʨʯ ʙʘʡʥʘ. ʅʵʛʜװʛʵʵʨʪ, ʥʘʥʦʙᴇᴇʤʩ ʙװʭʠʡ ʌʐʄ-ʠʡʛ ᴇʨʛᴇʥ ʮʘʨ ʭװʨʵʵʪʵʡ 

ʭʵʨʵʛʞװװʣʵʭ ʥʴ ʪʠʡʤ ʯ ʘʤʘʨ ʙʠʰ, ʫʯʠʨ ʥʴ ʘʰʠʛʣʘʩʘʥ ʘʨʛʘ ʥʴ (ʛʦʣ ʪᴇʣᴇʚ ʭʦʸʨ ʰʘʪʣʘʣʪ 

ʰʠʥʛʵʥ ʫʫʩʤʘʣ) ʫʜʘʘʥ ʙᴇʛᴇᴇʜ ʠʭ ʭʵʤʞʵʵʥʠʡ ʥʘʥʦʰʠʥʛʵʥ ʙʵʣʪʛʵʭʵʜ ʭʵʨʵʛʣʵʭ ʙʦʣʦʤʞʛװʡ 

ʶʤ. ʍʦʸʨʜʫʛʘʘʨʪ, װʡʣʜʚʵʨʣʵʣʜ ʭʘʤʘʘʨʘʭ ʧʘʨʘʤʝʪʨװװʜʠʡʛ ʪʦʛʪʦʦʞ, ʛʘʨʛʘʥ ʘʚʩʘʥ װʨ ʜװʥʪʵʡ 

ʩʘʡʥ ʫʷʣʜʫʫʣʘʭ ʰʘʘʨʜʣʘʛʘʪʘʡ.  ʕʮʵʩʪ ʥʴ, ʭʵʜ ʭʵʜʵʥ ʭʵʨʵʛʣʵʵʥʜ ʟʦʨʠʫʣʩʘʥ ʥʫʫʛʜʤʘʣ ʜʫʣʘʘʥ 

ʭʘʜʛʘʣʘʭ ʤʘʪʝʨʠʘʣ ʙʦʣʦʭ ʌʐʄ-ʠʡʥ ʙʦʣʦʤʞʠʪ ʯʘʜʘʚʭʠʡʛ ʩʫʜʣʘʭʳʥ ʪʫʣʜ ʷʥʟ ʙװʨʠʡʥ 

ʪᴇʨʣʠʡʥ ʥʘʥʦʙᴇᴇʤʩʠʡʛ ʠʣװװ ᴇʨʛᴇʥ ʭװʨʵʵʥʜ ʘʰʠʛʣʘʭ ʭʵʨʵʛʪʵʡ ʙʘʡʥʘ [12].  
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2-ʈ ɹתʃʕɻ. TiO2-ʠʡʥ ʪʘʣʩʪʥr ʙʘ ʙᴇᴇʤʠʡʥ ʭʵʤʞʵʵʛ 

ʙʫʫʨʫʫʣʘʭ ʩʫʜʘʣʛʘʘ  

 

2.1 ɹᴇᴇʤʠʡʥ ʭʵʤʞʵʵʥʠʡ ʪʫʭʘʡ ʦʡʣʛʦʣʪ 

ʅʘʥʦʙᴇᴇʤʠʡʥ ʪʫʭʘʡ ʭװʣʵʵʥ ʟᴇʚʰᴇᴇʨᴇʛʜʩᴇʥ ʦʣʦʥ ʫʣʩʳʥ ʪʦʜʦʨʭʦʡʣʦʣʪ ʙʘʡʜʘʛʛװʡ ʯ, 

ɸʥʛʣʠʡʥ ʰʠʥʵ PAS71 ʙʘʨʠʤʪ ʙʠʯʠʛʪ ʜʘʨʘʘʭʴ ʪʦʜʦʨʭʦʡʣʦʣʪʳʛ ᴇʛʩᴇʥ ʙʘʡʥʘ: ʥʵʛ ʙʫʶʫ 

ʪװװʥʵʵʩ ʦʣʦʥ ʭʵʤʞʵʵʪʵʡ, ʭʵʤʞʵʵʩʠʡʥ ʵʨʵʤʙʵʵʨʵʵ 100 ʥʤïʠʡʥ ʦʨʯʠʤʜ ʙʫʶʫ ʪװװʥʵʵʩ ʙʘʛʘ 

ʭʵʤʞʵʵʪʵʡ ʙʘʡʭ ʙᴇᴇʤװװʜʠʡʛ ʥʘʥʦʙᴇᴇʤ ʛʵʥʵ [44]. ʕʥʵ ʪʦʜʦʨʭʦʡʣʦʣʪʪʦʡ ʭʘʤʘʘʨʘʣʪʘʡ 

ñʅʘʥʦʙᴇᴇʤʠʡʛ ʪʦʤ ʤʘʪʝʨʠʘʣʘʘʩ ʷʣʛʘʘʪʘʡ ʙʦʣʛʦʜʦʛ ʮʦʦ ʰʠʥʵ ʰʠʥʞ ʯʘʥʘʨ ʥʴ 100 ʥʤ-ʵʵʩ ʙʘʛʘ 

ʭʵʤʞʵʵʥʜ ʙʠʝʣʜʵʛò ʛʵʩʵʥ ʪʘʡʣʙʘʨ ʙʘʡʜʘʛ. ɼʵʵʨ ʜʫʨʜʴʩʘʥ ñʮʦʦ ʰʠʥʵ ʰʠʥʞ ʯʘʥʘʨò-ʫʫʜ 

ʥʘʥʦʭʵʤʞʵʵʥɻ ʵʩ ʙװʨʵʥ ʭʘʤʘʘʨʜʘʛ, ʥʘʥʦʙᴇᴇʤʠʡʥ ʬʠʟʠʢ ʥʴ ʪʵʜʛʵʵʨʠʡʥ ʰʠʥʞ ʯʘʥʘʨ ʙʘʣʢ 

ʤʘʪʝʨʠʘʣʳʥʭʘʘʩ ʷʣʛʘʘʪʘʡ ʛʵʩʵʥ ʫʪʛʘʪʘʡ. ʕʥʵ ʥʴ ʥʘʥʦʙᴇᴇʤʠʡʥ ʭʘʤʛʠʡʥ ʯʫʭʘʣ ʰʠʥʞ ʯʘʥʘʨ 

ʙʦʣʦʭ ʙᴇᴇʤʠʡʥ ʭʵʤʞʵʵ ʙʫʶʫ ʭʵʤʞʵʵʥʠʡ ʭʫʚʘʘʨʠʡʛ ʙʠʡ ʙʦʣʛʦʜʦʛ [44].    

ʅʘʥʦʙᴇᴇʤʩ ʛʵʞ ʶʫ ʚʵ? 

ʅʘʥʦʙᴇᴇʤʩʠʡʛ ʟᴇᴇʣʪʠʡʥ װʟʵʛʜʵʣ ʙʘ hʠʥʞ ʯʘʥʘʨʳʥʭ ʥʴ ʪʘʣʘʘʩ ʘʚʯ װʟʚʵʣ  ʥʵʛʵʥ ʙװʭʵʣ 

ʥʵʛʞ ʙʦʣʜʦʛ ʞʠʞʠʛ ʟװʡʣ ʶʤ.  ʅʘʥʦʙᴇᴇʤ ʥʴ ʰʠʥʞ ʯʘʥʘʨʳʛ ʪʦʜʦʨʭʦʡʣʦʛʯ ʙװʭ ʰʫʛʘʤʘʥ 

ʭʵʤʞʵʵ ʥʴ ʭʵʤʞʵʵʩʠʡʥ ʥʵʛ ʵʨʵʤʙʵʪʵʡ ʙʦʣʜʦʛ  ʢʚʘʟʠ-ʪʵʛ ʭʵʤʞʵʵʩʪ ʥʘʥʦʦʙʲʝʢʪ ʶʤ. ʅʘʥʦʙᴇᴇʤ 

ʙᴇʤʙᴇʣᴇʛ ʭʵʣʙʵʨʪʵʡ ʙʘʡʜʘʛ.  ʍʘʨʠʥ  ʪװװʥʠʡ ʘʪʦʤʫʫʜ ʙʫʶʫ ʠʦʥʫʫʜ ʵʤʭ ʮʵʛʮʪʵʡ ʙʘʡʨʣʘʩʘʥ 

ʙʘʡʚʘʣ ʥʘʥʦʢʨʠʩʪʘʣʣ ʛʵʞ ʥʵʨʣʵʜʵʛ. ʅʘʥʦʙᴇᴇʤʠʡʛ ʵʥʝʨʛʠʡʥ ʜʠʩʢʨʝʪ ʪװʚʰʥʵʵʨ ʠʣʵʨʭʠʡʣʙʵʣ 

ñʢʚʘʥʪ ʮʵʛò ʙʫʶʫ ñʟʦʭʠʦʤʦʣ ʘʪʦʤò ʛʵʞ ʥʵʨʣʵʜʵʛ. ʅʘʥʦʙᴇᴇʤ ʥʴ ʥᴇʛᴇᴇ ʪʘʣʘʘʩ, ʠʭʵʥʭ 

ʪʦʭʠʦʣʜʦʣʜ ʮᴇʤ ʙʘ װװʣʵʥ ʜʦʪʦʦʜ ʙװʪʵʮʪʵʡ, ʛʘʜʥʘʘ ʬʫʥʢʮʠʦʥʘʣʴ ʙװʣʵʛʪʵʡ, ʥʘʨʠʡʥ ʪװʚʵʛʪʵʡ 

ʙװʪʵʮ ʙװʭʠʡ  ʘʩʘʨ ʪʦʤ ʤʦʣʝʢʫʣ ʶʤ. ʊװװʥʠʡ ʭʫʚʠʡʥ ʩʦʨʦʥʟʦʥ ʯʘʥʘʨ ʥ ɹ2-30 ʥʤ ʭʵʤʞʵʵʥʜ 

ʠʣʵʨʜʵʛ. ʅʘʥʦʙᴇᴇʤʩ ʥʴ ʪʦʜʦʨʭʦʡ ʭʵʤʞʵʵʥʜ, ʪʫʭʘʡʣʙʘʣ, 30 ʥʤ-ʵʵʩ ʙʘʛʘ ʙʦʣʦʭʦʜ ʪʦʤ 

ʙᴇᴇʤᴇᴇʩᴇᴇ ʰʠʥʞ ʯʘʥʘʨʘʘʨʘʘ ʵʨʩ ʷʣʛʘʘʪʘʡ ʙʦʣʜʦʛ. ɽʨᴇʥʭʠʡʜᴇᴇ 1-100ʥʤ ʭʵʤʞʵʵʪʵʡ ʙᴇᴇʤʠʡʛ 

ʥʘʥʦʙᴇᴇʤ ʛʵʞ ʥʵʨʣʵʜʵʛ. ɿʘʨʠʤ ʤʘʪʝʨʠʘʣʳʥ ʥʘʥʦʙᴇᴇʤʩ ʤʘʰ ʩʘʡʥ ʢʘʪʘʣʠʟʥr ʙʦʣʦʥ ʰʠʥʛʵʵʭ 

ʰʠʥʞ ʯʘʥʘʨʪʘʡ ʙʘʡʜʘʛ. װתʥʵʵʩ ʛʘʜʥʘ ʟʘʨʠʤ ʙᴇᴇʤʩ ʛʘʡʭʘʣʪʘʡ ʦʧʪʠʢ ʰʠʥʞ ʯʘʥʘʨʪʘʡ ʙʦʣʜʦʛ. 

ɾʠʰʵʵʣʙʵʣ, ʦʨʛʘʥʠʢ ʤʘʪʝʨʠʘʣʳʥ ʭʵʪ ʥʠʤʛʵʥ ʭʘʣʴʩʳʛ ʥʘʨʥʳ ʟʘʡʥ װʡʣʜʚʵʨʣʵʣʜ ʘʰʠʛʣʘʜʘʛ.   

ʅʘʥʦʙᴇᴇʤʠʡʥ ʭʵʤʞʵʵ 

ʅʘʨʠʡʥ ʙᴇᴇʤʩʠʡʥ ʜʠʘʤʝʪʨ 100-2500 ʥʤ ʭʦʦʨʦʥʜ ʙʘʡʜʘʛ ʙʦʣ ʭʵʪ ʥʘʨʠʡʥ ʙᴇᴇʤʩʠʡʥ 

ʜʠʘʤʝʪʨ ʥʴ 1-100ʥʤ ʤʫʞʠʜ ʦʨʰʠʥʦ [44]. ʅʘʥʦʙᴇᴇʤʩʠʡʥ  ʰʠʥʞ ʯʘʥʘʨ ʭʵʤʞʵʵʥʵʵʩʵʵ 
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ʭʘʤʘʘʨʜʘʛ, ʵʩʚʵʣ װʣ ʭʘʤʘʘʨʜʘʛ ʙʘʡʞ ʙʦʣʜʦʛ ʙᴇʛᴇᴇʜ ʵʥʵ ʥʴ ʥʘʨʠʡʥ ʙᴇᴇʤʩʠʡʥ ʭʫʚʴʜ ʠʣʵʨʜʵʛ. 

ʍʘʨʠʥ ʭʵʪ ʥʘʨʠʡʥ ʙᴇᴇʤʩʠʡʥ ʭʵʤʞʵʵʛ װʣ ʪʦʦʮʚʦʣ ʩʘʣʘʥʛʠʜ ʤʦʣʝʢʫʣʫʫʜ ʥʘʥʦʙᴇᴇʤʩʪ 

ʭʘʤʘʘʨʜʘʛʛװʡ. ʅʘʥʦʢʣʘʩʪʝʨʠʡʥ ʜʦʨ ʭʘʷʞ ʥʵʛ ʭʵʤʞʵʵʩ ʥʴ 1-10 ʥʤ ʙʘʡʭ ʙʘ ʭʵʤʞʵʵʥʠʡ 

ʪװʛʵʣʪʠʡʥ ʠʥʪʝʨʚʘʣ ʥʴ ʥʘʨʠʡʥ ʙʘʡʜʘʛ. ʅᴇʛᴇᴇ ʪʘʣʘʘʩ, ʥʘʥʦʥʫʥʪʘʛ ʥʴ ʭʵʪ ʥʘʨʠʡʥ ʙᴇᴇʤʩ, 

ʥʘʥʦʙᴇᴇʤ, ʥʘʥʦʢʣʘʩʪʝʨʠʡʥ ʘʛʣʦʤʝʨʘʮ ʶʤ. ʍʘʨʠʥ ʥʘʥʦʙᴇᴇʤʠʡʥ ʭʵʤʞʵʵʪʵʡ ʢʨʠʩʪʘʣʣʳʛ 

ʥʘʥʦʢʨʠʩʪʘʣʣ ʛʵʥʵ.  

                                             
          2.1-ʨ ʟʫʨʘʛ. ϹʥʛϺʪ ɻ ʣʝʢʪʨʦʥ ʤʠʢʨʦʩʢʦʧʦʦʨ ʘʚʩʘʥ ʢʦʙʘʣʴʪʳʥ ʥʘʥʦʙϺϺʤʠʡʥ ʛʠʥʞʠʥ ʮʫʚʘʘ [44]  

ʅʘʥʦʙᴇᴇʤʩʠʡʥ ʩʫʜʘʣʛʘʘʥʳ ʪװװʭ  

ʅʘʥʦʙᴇᴇʤʩʠʡʥ ʩʫʜʘʣʛʘʘʥʳ ʪװװʭ ʫʨʪ ʙᴇʛᴇᴇʜ ʵʜʛʵʵʨ ʙᴇᴇʤʩʠʡʛ ʭʵʨʵʛʣʵʞ ʵʭʵʣʩʵʥ ʥʴ 9-

ʨ ʟʫʫʥʳ ʄʝʩʦʧʘʪʘʤʘʘʩ ʵʭʵʣʜʵʛ. ʕʥʵ װʝʜ ʜʘʨʭʯʫʫʜ ʙᴇᴇʤʩʠʡʛ ʰʘʚʘʨ ʮʦʤʳʥ ʛʘʜʘʨʛʫʫʛ 

ʛʷʣʘʣʟʫʫʣʘʭʘʜ ʭʵʨʵʛʣʵʞ ʙʘʡʩʘʥ ʙʘʡʥʘ. ɼʫʥʜʘʜ ʟʫʫʥʳ װʝʠʡʥ ʵʥʵ ʰʘʚʘʨ ʚʘʘʨʳʥ ʛʵʨʵʣʪʵʞ 

ʛʷʣʘʣʟʜʘʛ ʭʵʵ ʥʴ ʪʫʥʛʘʣʘʛ ʛʘʜʘʨʛʫʫʜ ʤʝʪʘʣʳʥ ʥʠʤʛʵʥ ʭʘʣʴʩʘʘʨ ᴇʥʛᴇʣʛᴇᴇ ʭʠʡʩʥʵʵʩ װװʩʜʵʛ. 

ʍʵʨʵʚ ʭʘʣʴʩ ʥʴ ʘʛʘʘʨ ʙʦʣʦʥ ʙʫʩʘʜ ʠʩʵʣʜװװʣʵʛʯʠʜʪʵʡ ʠʩʵʣʜʜʵʛʛװʡ ʙʦʣ װʨʛʵʣʞ ʛʷʣʘʣʟʘʥ 

ʭʘʨʘʛʜʘʥʘ. ʂʝʨʘʤʠʢ ʧʘʘʣʘʥʛʠʡʥ ʰʠʣʵʥ ʜʵʚʩʛʵʨ ʜʵʵʨ ʤᴇʥʛᴇ ʙʘ ʟʵʩʠʡʥ ʥʘʥʦʙᴇᴇʤװװʜ ʞʠʛʜ 

ʪʘʨʭʩʘʥʘʘʨ ʠʥʛʵʞ ʛʷʣʘʣʟʘʥ ʭʘʨʘʛʜʜʘʛ ʙʘʡʥʘ. ɼʘʨʭʯʫʫʜ ʥʘʥʦʙᴇᴇʤʩ ʜʵʵʨ ʟʵʩ, ʤᴇʥʛᴇʥʠʡ ʜʘʚʩ 

ʙʘ ʠʩʣʠʡʛ ʮʘʛʘʘʥ ʮʫʫ, ʟʦʩ ʮʘʚʫʫʪʘʡ ʭʦʣʠʥ ʛʘʜʘʨʛʫʫ ʜʵʵʨ ʥʴ ʪװʨʭʜʵʛ ʙʘʡʞʵʵ. ʊʵʛʵʵʜ ʚʘʘʨʘʘ 

ʟʫʫʭʘʥʜ ʭʠʡʞ  600ʉ̄ ʭװʨʪʵʣ ʭʘʣʘʘʥʘ. ʇʘʘʣʘʥ ʟᴇᴇʣʨᴇʭᴇʜ ʟʵʩ ʙʘ ʤᴇʥʛᴇʥʠʡ ʠʦʥʫʫʜ ʧʘʘʣʘʥʛʠʡʥ 

ʛʘʜʥʘ ʪʘʣ ʨʫʫ ʰʠʣʞʜʵʛ. װתʥʠʡʛ ʘʥʭ ʄʘʡʢʣ ʌʘʨʘʜʝʡ ʰʠʥʞʣʵʭ ʫʭʘʘʥʳ װװʜʥʵʵʩ ʪʘʡʣʙʘʨʣʘʞ, 

ʥʘʥʦʭʵʤʞʵʵʪʵʡ ʤʝʪʘʣʣʳʥ ʦʧʪʠʢ ʰʠʥʞ ʯʘʥʘʨʳʥ ʪʫʭʘʡ ᴇʛװװʣʣʵʵ 1857 ʦʥʜ ʭʵʚʣװװʣʩʵʥ ʙʘʡʥʘ 

[13, 14].  
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ɹᴇᴇʤʠʡʥ ʭʵʤʞʵʵʥʠʡ ʰʠʥʞʠʣʛʵʵʥʠʡ װʥʜʩʵʥ ʟʘʨʯʤʫʫʜ 

ɹϺϺʤ ʛʵʞ ʶʫ ʚʵ? 

ɼʠʩʧʝʨʣʵʭ ʧʨʦʮʝʩʩ ʙʦʣʦʥ ʤʘʪʝʨʠʘʣʳʥ ʭʵʣʙʵʨʵʵʩ ʙʦʣʦʦʜ ʙᴇᴇʤʠʡʥ ʭʵʤʞʵʵʥʠʡ 

ʰʠʥʞʠʣʛʵʵ ʷʨʚʠʛʪʘʡ ʘʞʠʣ ʙʦʣʜʦʛ [14].  

                                 
                                                 2.2-ʨ ʟʫʨʘʛ. ʕʣʩʥʠʡ ʤϺʭʣϺʛϮϮʜ   

 

ʕʢʚʠʚʘʣʝʥʪ ʙϺʤʙϺʨʮϺʛ 

ʎʦʨ ʛʘʥʮ ʪʦʦʛʦʦʨ ʠʣʵʨʭʠʡʣʵʛʜʵʞ ʙʦʣʦʭ ʟᴇʚʭᴇʥ ʛʘʥʮ ʭʵʣʙʵʨ ʙʘʡʜʘʛ ʥʴ ʙᴇʤʙᴇʨʮᴇʛ ʶʤ. 

ʍʵʨʚʵʵ ʙʠʜ 50ʤʢʤ-ʠʡʥ ʙᴇʤʙᴇʨʮᴇʛ ʙʘʡʥʘ ʛʵʚʵʣ ʫʛ ʙᴇʤʙᴇʨʮʛʠʡʛ ʷʚ ʮʘʚ ʠʣʵʨʭʠʡʣʣʵʵ ʛʵʩʵʥ װʛ. 

ɹʠʜ װװʥʠʡʛ ʢʫʙʳʥ ʭʫʚʴʜ ʭʵʣʞ ʯʘʜʘʭʛװʡ. ʋʯʠʨ ʥʴ 50ʤʢʤ ʥʴ ʪװװʥʠʡ ʠʨʤʵʛ ʜʠʘʛʥʘʣʴ ʭʦʸʨʳʥ 

ʘʣʴ ʥʵʛ ʥʴ ʙʘʡʭ ʙʦʣʥʦ. ʄʘʥʘʡ ʰװʜʵʥʟʥʠʡ ʭʘʡʨʮʘʛʥʳ ʭʫʚʴʜ ʛʵʭʵʜ ʮʦʨ ʛʘʥʮ ʪʦʦʛʦʦʨ 

ʠʣʵʨʭʠʡʣʵʛʜʵʞ ʙʦʣʦʭ ʦʣʦʥ ʰʠʥʞ ʯʘʥʘʨ ʙʠʡ. ɾʠʰʵʵʣʙʵʣ, ʪװװʥʠʡ ʞʠʥ ʙʦʣ ʤᴇʥ ʵʟʵʣʭװװʥ, 

ʛʘʜʘʨʛʳʥ ʪʘʣʙʘʡʪʘʡ ʥʴ ʘʜʠʣʭʘʥ ʥʵʛ ʮʦʨ ʛʘʥʮ ʪʦʦ ʶʤ. ʊʵʛʵʭʣʵʵʨ, ʭʵʨʵʚ ʙʠʜ ʰװʜʵʥʟʥʠʡ 

ʭʘʡʨʮʘʛʥʳ ʞʠʥʛ ʭʵʤʞʠʭ ʘʨʛʘʪʘʡ ʙʦʣ 

ʞʠʥ= rp Ö3

3

4
r  

ʪʦʤʲʸʦʛ ʘʰʠʛʣʘʥ ʭʵʤʞʩʵʥ ʞʠʥʛʵʵ ʙᴇʤʙᴇʨʮʛʠʡʥ ʞʠʥ ʙʦʣʛʦʥ ʭʫʚʠʨʛʘʘʜ ʥʵʛ ʮʦʨ ʛʘʥʮ ʪʦʦ ( r2

)-ʛ ʙʦʜʦʞ ʯʘʜʥʘ. ʊʵʨ ʥʴ ʰװʜʵʥʟʥʠʡ ʭʘʡʨʮʘʛʪʘʡ ʘʜʠʣ ʞʠʥʪʵʡ ʙᴇʤʙᴇʨʮʛʠʡʥ ʜʠʘʤʝʪʨ ʙʘʡʭ 

ʙʦʣʥʦ. װתʥʠʡʛ ʵʢʚʠʚʘʣʝʥʪ ʙᴇʤʙᴇʨʮʛʠʡʥ ʦʥʦʣ ʛʵʜʵʛ. ɹʠʜ ʙᴇᴇʤʠʡʥ ʷʤʘʨʚʘʘ ʥʵʛ ʰʠʥʞ 

ʯʘʥʘʨʳʛ ʭʵʤʞʠʞ, װʨ ʜװʥ ʥʴ ʙᴇʤʙᴇʨʮᴇʛʪ ʭʘʤʘʘʨʥʘ ʛʵʞ װʟʵʥ ʫʛ ʙᴇᴇʤᴇᴇ ʠʣʵʨʭʠʡʣʞ ʯʘʜʘʭ ʮʦʨ 

ʛʘʥʮ ʪʦʦ (ʙᴇʤʙᴇʨʮʛʠʡʥ ʜʠʘʤʝʪʨ)-ʛ ʛʘʨʛʘʥ ʘʚʥʘ. ʀʥʛʵʩʥʵʵʨ ʙʠʜ 3-ʭʵʤʞʵʵʩʪ ʙᴇᴇʤᴇᴇ ʛʫʨʘʚ 

ʙʫʶʫ ʪװװʥʵʵʩ ʜʵʵʰ ʪʦʦ ʭʵʨʵʛʣʵʭʛװʡʛʵʵʨ ʙʠʯʠʛʣʵʭ ʙʦʣʦʤʞʪʦʡ ʙʦʣʜʦʛ. ʕʥʵ ʦʣʦʥ ʪʦʦ ʠʣװװ 
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ʥʘʨʠʡʥ (ʷʚ ʮʘʚ) ʙʘʡʞ ʙʦʣʦʭ ʯ  ʤʝʥʝʞʤʝʥʪʠʡʥ ʧʨʦʮʝʩʩʪ ʪʦʭʠʨʦʤʞʛװʡ ʙʘʡʜʘʛ. ɻʵʭʜʵʵ ʵʥʵ 

ʘʨʛʘʜ ʦʙʲʝʢʪʠʡʥ ʭʵʣʙʵʨʵʵʩ ʭʘʤʘʘʨʘʥ ʟʘʨʠʤ ʩʦʥʠʨʭʦʣʪʦʡ װʟʵʛʜʵʣ װװʩʵʞ ʙʦʣʦʭʳʛ ʙʠʜ װʟʵʞ  

ʙʦʣʥʦ. װתʥʠʡʛ ʮʠʣʠʥʜʨʠʡʥ ʵʢʚʠʚʘʣʝʥʪ ʙᴇʤʙᴇʨʮʛʠʡʥ ʞʠʰʵʵʛʵʵʨ ʭʘʨʫʫʣʘʭ ʙʦʣʥʦ (2.3-ʨ 

ʟʫʨʘʛ). ʍʵʨʵʚ ʮʠʣʠʥʜʨ  ʥʴ ʭʵʣʙʵʨ ʙʫʶʫ ʭʵʤʞʵʵʛʵʵ ᴇᴇʨʯʠʣʞ ʙʘʡʚʘʣ ʵʟʵʣʭװװʥ (ʞʠʥ) ʯ ʙʘʩ 

ᴇᴇʨʯʣᴇʛʜᴇʭ ʙᴇʛᴇᴇʜ ʙʠʜ ʵʢʚʠʚʘʣʝʥʪ ʙᴇʤʙᴇʨʮʛʠʡʥ ʟʘʛʚʘʨʳʥ ʪʫʩʣʘʤʞʪʘʡʛʘʘʨ ʜʦʨ ʭʘʷʘʜ 

ʮʠʣʠʥʜʨ ʪʦʤʦʨʯ ʙʘʡʥʘ ʫʫ, ʵʩʚʵʣ  ʞʠʞʠʛʵʨʯ ʙʘʡʥʘ ʫʫ ʛʵʜʛʠʡʛ ʭʵʣʵʭ ʙʦʣʦʤʞʪʦʡ. 

                                    

2.3-ʨ ʟʫʨʘʛ. ʕʢʚʠʚʘʣʝʥʪ ʮʠʣʠʥʜʨ ʙʘ ʙϺʤʙϺʨʮϺʛ 

100ʭ20ʤʢʤ ʮʠʣʠʥʜʨʠʡʥ ʵʢʚʠʚʘʣʝʥʪ ʙϺʤʙϺʨʮʛʠʡʥ ʜʠʘʤʝʪʨ 

D1=20ʤʢʤ (ᴇᴇʨᴇᴇʨ ʭʵʣʙʵʣ, r=10ʤʢʤ) ʜʠʘʤʝʪʨ ʙʘ 100ʤʢʤ ᴇʥʜᴇʨʪʵʡ ʮʠʣʠʥʜʨ ʙʘʡʛ. ʋʛ 

ʮʠʣʠʥʜʨʠʡʥ ʵʚʠʚʘʣʝʥʪ ʵʟʵʣʭװװʥʪʵʡ 
2D  ʜʠʘʤʝʪʨ ʙװʭʠʡ ʙᴇʤʙᴇʨʮᴇʛ ʙʘʡʛ. ʕʥʵ ʜʠʘʤʝʪʨʠʡʛ 

ʜʘʨʘʘʭʴ ʙʘʡʜʣʘʘʨ ʪʦʦʮʦʦʣʞ ʙʦʣʥʦ. 

ʎʠʣʠʥʜʨʠʡʥ ʵʟʵʣʭװװʥ = )(10000 32 ʤʢʤhr pp =  

ɹᴇʤʙᴇʨʮʛʠʡʥ ʵʟʵʣʭװװʥ = 
3

3

4
Xp    

ʕʥʜ Xʙʦʣ ʵʢʚʠʚʘʣʝʥʪ ʵʟʵʣʭװװʥʠʡ ʨʘʜʠʫʩ 

33 62.0
4

3
V

V
X ==\

p
 

ʤʢʤX 5.197500
4

30000 33 ===
p

p
 

ʤʢʤD 1.392=\  

100ʤʢʤ ᴇʥʜᴇʨ, 20ʤʢʤ ʜʠʘʤʝʪʨʪʵʡ ʮʠʣʠʥʜʨʠʡʥ ʭʫʚʴʜ ʵʢʚʠʚʘʣʝʥʪ ʙᴇʤʙᴇʨʮʛʠʡʥ ʜʠʘʤʝʪʨ 

40ʤʢʤ ʦʨʯʠʤ. ɼʘʨʘʘʭʴ ʭװʩʥʵʛʪʵʥʜ ʷʥʟ ʙװʨʠʡʥ ʭʘʨʴʮʘʘʪʘʡ ʮʠʣʠʥʜʨʠʡʥ ʵʢʚʠʚʘʣʝʥʪ 

ʙᴇʤʙᴇʨʮʛʠʡʥ ʜʠʘʤʝʪʨʠʡʛ ʭʘʨʫʫʣʘʚ.  

2.1-ʨ ʭϮʩʥʵʛʪ. ʎʠʣʠʥʜʨʠʡʥ ʵʢʚʠʚʘʣʝʥʪ ʙϺʤʙϺʨʮʛʠʡʥ ʜʠʘʤʝʪʨ 
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ʍװʩʥʵʛʪʵʵʩ ʜʦʦʰ ʦʨʰʠʭ, ʭװʩʥʵʛʪʵʥʜ ʭʘʨʫʫʣʘʘʛװʡ ʭʘʨʴʮʘʘ ʜʠʩʢ ʭʵʣʙʵʨʪʵʡ ʪʦʤ 

ʰʘʚʨʳʥ ʙᴇᴇʤʠʡʥ ʭʫʚʴʜ ʘʞʠʛʣʘʛʜʜʘʛ. ʕʥʜ 20ʤʢʤ ʜʠʘʤʝʪʨʪʵʡ ʙʦʣʦʚʯ ʜᴇʥʛᴇʞ 0.2ʤʢʤ ʟʫʟʘʘʥ 

ʙʘʡʭ ʙᴇʛᴇᴇʜ ʠʡʤ ʭʵʤʞʵʵʛ ʙʠʜ ʘʚʯ װʟʵʭʛװʡ. ʀʡʤ ʙᴇᴇʤʠʡʛ ʙʘʛʘʞʘʘʨ ʭʵʤʞʚʵʣ ʙᴇʤʙᴇʨʮʛʠʡʥ 

ʜʠʘʤʝʪʨ ʥʴ 5ʤʢʤ ʦʨʯʠʤ ʛʵʩʵʥ װʨ ʜװʥ ʛʘʨʥʘ. ʀʡʤʜ ᴇᴇʨ ᴇᴇʨ ʘʨʛʫʫʜʳʥ ᴇʛᴇʭ װʨ ʜװʥ ʤʘʨʛʘʘʥʪʘʡ 

ʙʘʡʭ ʙʦʣʦʤʞʪʦʡ! ʊװװʥʯʣʵʥ ʵʜʛʵʵʨ ʙװʭ ʮʠʣʠʥʜʨ 25ʤʢʤ-ʠʡʥ ʰʠʛʰװװʨʪ ʷʛ ʘʜʠʣʭʘʥ ʭʵʤʞʵʵʪʵʡ 

ʙʘʡʭ ʙᴇʛᴇᴇʜ װװʥʠʡʛ ʙװʭ ʤʘʪʝʨʠʘʣ 25ʤʢʤ-ʵʵʩ ʙʘʛʘ ʛʵʞ ʪʦʛʪʦʦʜʦʛ. ʃʘʟʝʨʳʥ ʜʠʬʨʘʢʮʘʘʨ 

ʵʜʛʵʵʨ óóʮʠʣʠʥʜʨôô ᴇᴇʨ ᴇᴇʨ ʭʘʨʘʛʜʘʭ ʫʯʠʨ ᴇᴇʨ ʭʵʤʞʵʵʥʠʡ ʫʪʛʘʪʘʡ. 

2.2. ᴆʥʜᴇʨ ʭʫʨʜʥʳ ᴇʥʜᴇʨ ʵʥʝʨʛʠʡʥ ʙᴇʤʙᴇʛᴇʥ ʪʵʵʨʵʤ (VQ-N) 

ɹʘʛʘ ʦʚʨʳʥ VQ-N ᴇʥʜᴇʨ ʭʫʨʜʥʳ ʯʠʯʠʨʛʵʵʪ ʙᴇʤʙᴇʛᴇʥ ʪʵʵʨʤʠʡʛ ʥʴ ʷʥʟ ʙװʨʠʡʥ 

ʤʘʪʝʨʠʘʣʳʛ ʥʫʥʪʘʛʣʘʭ, ʭʦʣʠʭʦʜ ʘʰʠʛʣʘʜʘʛ. ʕʥʵ ʥʴ ʣʘʙʦʨʘʪʦʨʠʜ ʭʵʪ ʥʘʨʠʡʥ ʭʵʤʞʵʵʪʵʡ 

ʥʫʥʪʘʛ ʙʦʣʦʥ ʥʘʥʦʤʘʪʝʨʠʘʣ ʙʵʣʪʛʵʭ ʟʦʨʠʫʣʘʣʪʪʘʡ ʞʠʞʠʛ ʦʚʨʳʥ ʪᴇʭᴇᴇʨᴇʤʞ ʶʤ. ʕʜʛʵʵʨ ʥʴ 

ᴇʥʜᴇʨ װʨ ʘʰʠʛʪʘʡ, ʞʠʞʠʛ, ʭᴇʥʛᴇʥ ʞʠʥʪʵʡ, ʭʷʤʜ װʥʵʪʵʡ ʙʘʡʜʘʛ. ᴆʥʜᴇʨ ʭʫʨʜʥʳ ʯʠʯʠʨʛʵʵʪ 

ʙᴇʤʙᴇʣᴇʛ ʪʵʵʨʵʤ VQ-N ʥʴ ʥʫʥʪʘʛʣʘʭ, ʭʦʣʠʭʦʦʩ ʛʘʜʥʘ ʤʝʭʘʥʠʢ ʭʘʡʣʰʣʘʣʪʳʛ ʭʠʡʭ 

ʯʘʜʚʘʨʪʘʡ. ʍʵʜ ʭʵʜʵʥ ʪᴇʨʣʠʡʥ ʤʝʪʘʣʣ ʙʘ ʤʝʪʘʣʣʳʥ ʙʫʩ ʵʣʝʤʝʥʪװװʜʠʡʥ ʥʫʥʪʘʛ, ʙᴇᴇʤװװʜʠʡʛ 

ᴇʥʜᴇʨ ɻ ʥʝʨʛʠʡʥ ʙᴇʤʙᴇʣᴇʛʪ ʪʵʵʨʵʤʜ ʦʣʦʥ ʜʘʭʠʥ ʭʦʣʠʭ, ʙʫʪʣʘʭ, ʭװʡʪʥʵʵʨ ʰʠʨʛʵʵʭ, ʙᴇʤʙᴇʣᴇʛʪ 

ʪʵʵʨʵʤʜ ʥʫʥʪʘʛʣʘʭ ʟʘʤʘʘʨ ʭʘʡʣʰʣʘʭ ʫʣʘʤʞʣʘʣʪ ʧʨʦʮʝʩʩʥr ʪʫʩʣʘʤʞʪʘʡʛʘʘʨ ʟʘʨʠʤ ʙʦʜʠʩʳʛ 

ʭʘʡʣʰʣʘʭʘʜ ʪᴇʚᴇʛʪʵʡ, ʤᴇʥ ʪʵʵʨʵʤʜʵʭ ʧʨʦʮʝʩʩʪ ʭʘʡʣʰʣʘʣʪʳʛ ʫʣʘʤ ʙʦʜʠʪʦʡ ʙʦʣʛʦʜʦʛ ʟʵʨʵʛ 

ʎʠʣʠʥʜʨʠʡʥ ʭʵʤʞʵʵ   

  ʍʘʨʴʮʘʘ 

ʕʢʚʠʚʘʣʝʥʪ 

ʙᴇʤʙᴇʨʮʛʠʡʥ 

ʜʠʘʤʝʪʨ   ᴆʥʜᴇʨ ɼʠʘʤʝʪʨ 

20 20 1:1 22.9 

40 20 2:1 28.8 

100 20 5:1 39.1 

200 20 10:1 49.3 

400 20 20:1 62.1 

10 20 0.5:1 18.2 

4 20 0.2:1 13.4 

2 20 0.1:1 10.6 
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ʭʘʪʫʫ ʪᴇʣᴇʚʪ ʭʘʡʣʰʠʡʥ ʬʘʟʳʥ ʮᴇʤʠʡʛ ʘʣʛʫʫʨ װװʩʛʵʜʵʛ. VQ-N ᴇʥʜᴇʨ ʭʫʨʜʥʳ ʯʠʯʠʨʛʵʵʪ 

ʙᴇʤʙᴇʣᴇʛʪ ʪʵʵʨʵʤ ʥʴ ʷʥʟ ʙװʨʠʡʥ ʤᴇʭʣᴇʛװװʜ ʙʘ ʤʘʪʝʨʠʘʣʳʥ ʭʘʪʫʫ ʙᴇᴇʤװװʜ, ʩʫʩʧʝʥʟ, 

ʟʫʫʨʤʘʛʠʡʛ ʭʫʫʨʘʡ ʙʫʶʫ ʥʦʡʪʦʥ ʘʨʛʘʘʨ ʥʫʥʪʘʛʣʘʭ ʵʩʚʵʣ ʭʦʣʠʭ ʙʦʣʦʤʞʪʦʡ [15].  

VQ-N ᴇʥʜᴇʨ ʭʫʨʜʥʳ ʯʠʯʠʨʛʵʵʪ ʙᴇʤʙᴇʣᴇʛʪ ʪʵʵʨʤʠʡʥ װʥʜʩʵʥ ʪʵʥʭʣʵʛʠʡʥ ʥʵʛ װʟװװʨ ʥʴ 

 ʜʫʛʫʡʪʘʡ ʭʦʣʙʦʛʜʜʦʛ (ʡװʛʦʣʣʦʦʛ) ʥʜʩʵʥ ʪʵʥʭʣʵʛʪʵʡ ʪʦʜʦʨʭʦʡ ᴇʥʮʛʠʡʥ ʛʨʘʜʫʩʘʘʨ ʵʢʩʮʝʥʪʨװ

ʙʘ ʵʢʩʮʝʥʪʨ ʜʫʛʫʡ ʥʴ ʩʫʥʘʣʪʳʥ ʧװʨʰʵʵʨ ʜʘʤʞʠʥ ʙᴇʤʙᴇʣᴇʛʪ ʪʵʵʨʤʠʡʥ ʩʫʫʨʴʪʘʡ ʭʦʣʙʦʛʜʜʦʛ. 

ʎʘʭʠʣʛʘʘʥ ʤʘʰʠʥ ᴇʥʜᴇʨ ʭʫʨʜʪʘʡ ʘʞʠʣʣʘʭ װʝʜ ʧװʨʰʥʠʡ ʪʘʪʘʣʮʘʣʘʘʩ ʙʦʣʞ ʵʢʩʮʝʥʪʨ ʜʫʛʫʡ 

ʥʴ ᴇʥʜᴇʨ ʭʫʨʜʪʘʡʛʘʘʨ ʩʘʚʣʘʥʘ. ʕʢʩʮʝʥʪʨ ʜʫʛʫʡʥʳ ᴇʥʜᴇʨ ʭʫʨʜʪʘʡ ʩʘʚʣʘʣʪʘʘʩ װװʩʩʵʥ ʭװʯʪʵʡ 

ʯʠʯʠʨʛʵʵʥʠʡ ʪʫʩʣʘʤʞʪʘʡʛʘʘʨ ʵʢʩʮʝʥʪʨ ʜʫʛʫʡ ʜʵʵʨ ʙʵʭʣʵʛʜʩʵʥ ʙᴇʤʙᴇʣᴇʛ ʪʵʵʨʵʤʜʵʭ ʩʘʚʪʘʡ 

ʭʘʤʪ ʤᴇʥ ᴇʥʜᴇʨ ʭʫʨʜʪʘʡ ʵʨʛʵʣʜʵʥ ʯʠʯʠʨʜʵʛ. 

ɹϺʤʙϺʣϺʛʪ ʪʵʵʨʤʠʡʥ ʙϮʪʵʮ 

ʊʫʨʰʠʣʪʘʥʜ ʘʰʠʛʣʘʩʘʥ ᴇʥʜᴇʨ ʵʥʝʨʛʠʡʥ ʯʠʯʠʨʛʵʵʪ ʙᴇʤʙᴇʛᴇʥ ʪʵʵʨʤʠʡʛ 2.4-ʨ ʟʫʨʘʛ ʜʵʵʨ 

 ʣʵʚ. ʊʫʩ ʪʵʵʨʵʤ ʥʴ ʐʋʊʀʉ-ʠʡʥ ʍʐʋʉ-ʠʡʥ ʤʘʪʝʨʠʘʣ ʩʫʜʣʘʣ, ʥʘʥʦʪʝʭʥʦʣʦʛʠʡʥװװʟװ

ʣʘʙʦʨʘʪʦʨʠʜ ʙʘʡʜʘʛ.      

 

 2.4-ʨ ʟʫʨʘʛ. VQ-N ϺʥʜϺʨ ʭʫʨʜʥʳ ʯʠʯʠʨʛʵʵʪ ʙϺʤʙϺʛϺʥ ʪʵʵʨʵʤ    

ʊʵʵʨʵʤʜʵʭ ʤʘʪʝʨʠʘʣ: ʤʘʪʝʨʠʘʣʳʥ ʤᴇʭʣᴇʛʠʡʥ ʭʵʤʞʵʵ 1 ʤʤ-ʵʵʩ ʙʘʛʘ ʙʘʡʭ ʸʩʪʦʡ. ʉʘʚ 

ʪʫʩ ʙװʨʠʡʥ ʤʘʪʝʨʠʘʣʳʥ ʭʘʤʛʠʡʥ ʠʭ ʘʯʘʘʘʣʘʣ: ɹᴇʤʙᴇʣʛᴇᴇʨ ʪʵʵʨʵʤʜʵʭ ʩʘʚʥʳ ʛʫʨʘʚʥʳ ʭʦʸʨ 

(ʪʵʵʨʵʤʜʵʭ ʙᴇʤʙᴇʣʛװװʜʠʡʛ).  
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2.3 ʌʦʪʦʥʳ ʭᴇʥʜʣᴇʥ ʢʦʨʨʝʣʷʮʠʡʥ ʩʧʝʢʪʨʦʩʢʦʧ (PCCS) 
 

ɻʵʨʣʠʡʥ ʜʠʥʘʤʠʢ ʩʘʨʥʠʣ: ʙϺϺʤʠʡʥ ʭʵʤʞʵʵʥʠʡ ʪϮʛʵʣʪʠʡʥ ʭʵʤʞʠʣʪ  

ɼʠʥʘʤʠʢ ʛʵʨʣʠʡʥ ʩʘʨʥʠʣ (ɼɻʉ-ʬʦʪʦʥʳ ʭᴇʥʜʣᴇʥ ʢʦʨʨʝʣʷʮ ʙʫʶʫ ʛʵʨʣʠʡʥ ʢʚʘʟʠ 

ʭʘʨʠʤʭʘʡ ʩʘʨʥʠʣ) ʥʴ ʙᴇᴇʤʠʡʥ ʭʵʤʞʵʵʩʠʡʛ 1ʥʤ-ʵʵʩ ʙʘʛʘ ʜʠʘʤʝʪʨʪʵʡ װʝʜ ʭʵʤʞʠʭ ʙʦʣʦʤʞʪʦʡ  

ʭʘʤʛʠʡʥ ʪװʛʵʵʤʵʣ ʭʵʨʵʛʣʵʜʜʵʛ ʛʵʨʣʠʡʥ ʩʘʨʥʠʣʳʥ ʪʝʭʥʠʢ ʶʤ. ʕʥʵʭװװ ʙʘʛʘʞʠʡʛ  ʵʤʫʣʴʩ, 

ʤʠʮʝʣʣ, ʧʦʣʠʤʝʨ, ʫʫʨʘʛ, ʥʘʥʦʙᴇᴇʤ, ʢʦʣʣʦʠʜʠʡʥ ʭʫʚʴʜ ʭʵʨʵʛʣʵʜʵʛ. ʊװװʥʠʡ ʘʞʠʣʣʘʭ ʟʘʨʯʠʤ 

ʥʴ ʤʘʰ ʵʥʛʠʡʥ: ʜʵʵʞʠʡʛ ʣʘʟʝʨʳʥ ʮʘʮʨʘʛʘʘʨ ʛʵʨʵʣʪװװʣʞ, ʩʘʨʥʠʩʘʥ ʛʵʨʣʠʡʥ ʭʵʣʙʵʣʟʣʠʡʛ 

/ʬʣʫʢʪʫʘʮʳʛ/ ʤʵʜʵʛʜʵʞ ʙʫʡ J ᴇʥʮʛᴇᴇʨ ʬʦʪʦʥʳ ʭʫʨʜʘʥ ʙװʨʪʛװװʨʵʵʨ ʙװʨʪʛʵʥʵ.  ʕʥʛʠʡʥ ɼɻʉ-

ʠʡʥ ʪᴇʭᴇᴇʨᴇʤʞ ʥʴ ʙᴇᴇʤʠʡʥ ʜʫʥʜʘʞ ʭʵʤʞʵʵʛ ʪʦʜʦʨʭʦʡ ʭʵʤʞʵʵʩʠʡʥ ʤʫʞʠʜ ʪʦʛʪʩʦʥ ᴇʥʮʛᴇᴇʨ 

ʭʵʤʞʜʵʛ. ʍʘʨʠʥ ʠʣװװ ʙʦʣʦʚʩʨʦʥʛʫʡ ʦʣʦʥ ᴇʥʮʛʠʡʥ ʪᴇʭᴇᴇʨᴇʤʞᴇᴇʨ ʙᴇᴇʤʠʡʥ ʭʵʤʞʵʵʩʠʡʥ 

ʙװʪʵʥ ʪװʛʵʣʪʠʡʛ ʭʵʤʞʜʵʛ [16].  

                

2.5-ʨ ʟʫʨʘʛ.  ɼʠʥʘʤʠʢ ʛʵʨʣʠʡʥ ʩʘʨʥʠʣʳʥ ʪϺʭϺϺʨϺʤʞ 

ɹᴇᴇʤʠʡʥ ʩʘʨʥʠʣ ʙʘ ʛʵʨʣʠʡʥ ʮʘʮʨʘʣ, ʪװװʥʠʡ ʭᴇʜᴇʣʛᴇᴇʥʠʡʭ ʥʴ ʫʣ ʤᴇʨ ʙʘʡʜʘʛ. ʀʡʤʵʵʩ 

ʩʘʨʥʠʩʘʥ ʛʵʨʣʠʡʥ ʬʣʫʢʪʫʘʮʳʥ ʘʥʘʣʠʟ ʥʴ ʙᴇᴇʤʩʠʡʥ ʤʵʜʵʵʣʣʠʡʛ ᴇʛʜᴇʛ. ʂʦʨʨʝʣʷʮʳʥ ʬʫʥʢʮʳʛ 

ʥʴ ʪʦʦʮʦʦʣʩʦʥ ʵʨʯʤʠʡʥ ʬʣʫʢʪʫʘʮ )(2 tg -ʳʛ ʪʫʨʰʣʘʛʘʘʨ ʪʦʛʪʦʦʞ ʙᴇᴇʤʠʡʥ ʜʠʬʬʫʟʠʡʥ 

ʢʦʵʬʬʠʮʠʝʥʪʠʡʛ ʪʦʜʦʨʭʦʡʣʞ ʙʦʣʜʦʛ.  
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2.6-ʨ ʟʫʨʘʛ. ʉʘʨʥʠʩʘʥ ʛʵʨʣʠʡʥ ʬʣʫʢʪʫʘʮ ʙʘ ʘʚʪʦʢʦʨʨʝʣʷʮʳʥ ʬʫʥʢʮʳʥ ʭʘʨʠʣʮʘʥ  

ʭʘʤʘʘʨʘʣ  

 

ʉʪʦʢʩ-ʕʡʥʰʪʝʡʥʠʡ ʪʵʛʰʠʪʛʵʣʵʵʨ ʜʠʬʬʫʟʠʡʥ D  ʢʦʵʬʬʠʮʠʝʥʪ ʙᴇᴇʤʠʡʥ R  

ʨʘʜʠʫʩʪʘʡ ʜʘʨʘʘʭʴ ʭʘʨʴʮʘʘʪʘʡ ʙʘʡʥʘ.  

                                                              Rn

kT
D

p6
=  

ʥʜ: -kװת ɹʦʣʴʮʤʘʥʳ ʪʦʛʪʤʦʣ, -T ʪʝʤʧʝʨʘʪʫʨ, -h ʟʫʫʨʘʤʪʛʘʡ ʯʘʥʘʨ.   

ʕʨʯʤʠʡʥ ʢʦʨʨʝʣʷʮʠʡʛ ʬʦʪʦʥʳ ʩʪʘʪʠʩʪʠʢʠʡʥ ʵʣʝʢʪʨʦʥʠʢʠʡʥ ʪᴇʭᴇᴇʨᴇʤʞ ʙʘ 

ʧʨʦʛʨʘʤʳʥ ʘʥʘʣʠʟʘʘʨ ʪʦʜʦʨʭʦʡʣʞ ʙʦʣʜʦʛ. ʋʯʠʨ ʥʴ ʬʣʫʢʪʫʘʮʳʥ ʭʫʛʘʮʘʘ ʥʘʥʦʩʝʢʫʥʜ ʙʘ 

ʤʠʣʣʠʩʝʢʫʥʜʳʥ  ʠʥʪʝʨʚʘʣʜ ʷʚʘʛʜʜʘʛ. ʀʡʤʜ, ʵʣʝʢʪʨʦʥ ʪᴇʭᴇᴇʨᴇʤʞ װװʥʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭʦʜ 

ʠʣװװ ʭʫʨʜʘʥ ʙʘ ʥʘʡʜʚʘʨʪʘʡ ʙʘʡʜʘʛ.  

ᴆʛᴇʛʜʣʠʡʥ ʰʠʥʞʠʣʛʵʵ 

ʂʫʤʤʫʣʷʪʠʚ  ʘʨʛʘ  

ɼʠʬʬʫʟʠʡʥ ʢʦʵʬʬʠʮʠʝʥʪʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭʳʥ ʪʫʣʜ ʵʨʯʤʠʡʥ ʢʦʨʨʝʣʷʮʳʥ ʬʫʥʢʮʳʛ 

ʰʠʥʞʣʵʭ ʭʵʨʵʛʪʵʡ. ʂʫʤʫʣʷʪʠʚ ʘʨʛʳʛ ʘʰʠʛʣʘʞ ʵʥʵ ʰʠʥʞʠʣʛʵʵʛ ʭʠʡʜʵʛ. ɻʫʨʘʚʜʫʛʘʘʨ ʟʵʨʛʠʡʥ 

ʦʣʦʥ ʛʠʰװװʥʪʠʡʛ ʵʨʯʤʠʡʥ ʢʦʨʨʝʣʷʮʳʥ ʬʫʥʢʮʳʥ ʣʦʛʘʨʠʬʤʜ ʪʦʭʠʨʫʫʣʘʥ G ʙʫʫʨʘʣʪʳʥ 

ʭʫʨʜʳʛ ʪʦʛʪʦʦʜʦʛ. ɹʫʫʨʘʣʪʳʥ ʭʫʨʜ ʙʘ ʜʠʬʬʫʟʠʡʥ ʢʦʵʬʬʠʮʠʝʥʪʠʡʥ ʭʘʤʘʘʨʘʣ: 

                                                                        Dq2=G  

ʥʜ: -qװת ʩʘʨʥʠʣʳʥ ᴇʥʮʛᴇᴇʩ ʭʘʤʘʘʨʜʘʛ ʜʦʣʛʠʦʥʳ ʚʝʢʪʦʨ. 

ᴆʥʜᴇʨ ʵʨʵʤʙʠʡʥ װʨ ʜװʥ ʥʴ ʜʵʵʞʠʡʥ ʧʦʣʠʜʠʩʧʝʨʩʠʡʥ ʠʥʜʝʢʩʠʡʛ ʪʦʜʦʨʭʦʡʣʜʦʛ. 

ʆʨʯʠʥ װʝʠʡʥ ʛʵʨʣʠʡʥ ʩʘʨʥʠʣʳʥ ʪᴇʭᴇᴇʨᴇʤʞ ʢʫʤʫʣʷʪʠʚ ʰʠʥʞʠʣʛʵʵʛ ʘʚʪʦʤʘʪʘʘʨ ʭʠʡʜʵʛ. 

ʂʫʤʫʣʷʪʠʚ ʰʠʥʞʠʣʛʵʵʛʵʵʨ ʙᴇᴇʤʠʡʥ ʭʵʤʞʵʵʩʠʡʥ ʪװʛʵʣʪʠʡʛ ʙᴇᴇʤʠʡʥ ʜʫʥʜʘʞ ʭʵʤʞʵʵʩʠʡʥ 

ʦʡʨʦʣʮʦʦʭ ɻʘʫʩʩʳʥ ʪװʛʵʣʪʵʵʩ ʪʦʜʦʨʭʦʡʣʜʦʛ. ʍʘʨʠʥ 2 ʙʫʶʫ ʪװװʥʵʵʩ ʦʣʦʥ ʭʵʤʞʵʵʩʠʡʥ 

ʪװʛʵʣʪʠʡʥ  ʭʫʚʴʜ ʂʦʥʪʠʥ (Contin) ʘʨʛʘ ʛʵʭ ʤʵʪ  ʠʣװװ ʥʘʨʠʡʥ ʰʠʥʞʠʣʛʵʵʛ ʰʘʘʨʜʜʘʛ.  
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ʍʵʤʞʠʣʪʠʡʥ ʯʘʥʘʨ  

ɼɻʉ-ʠʡʥ ʭʵʤʞʠʣʪʠʡʥ ʯʘʥʘʨ ʭʵʜ ʭʵʜʵʥ ʭװʯʠʥ ʟװʡʣʵʵʩ ʭʘʤʘʘʨʜʘʛ. ɿʘʨʠʤ ʭװʯʠʥ 

ʟװʡʣװװʜ ʥʴ (ʣʘʟʝʨ, ʙװʨʪʛװװʨ ʙʘ ʢʦʨʨʝʣʷʪʦʨʳʥ ʯʘʥʘʨ) ʠʣʵʨʭʠʡ ʥᴇʣᴇᴇʣʜᴇʛʛװʡ ʙʦʣ ʙʫʩʘʜ ʭװʯʠʥ 

ʟװʡʣװװʜ ʭʵʤʞʠʣʪʵʥʜ ʰʫʫʜ ʥᴇʣᴇᴇʣʜᴇʛʛװʡ ʙʘʡʞ ʙʦʣʥʦ.   

ʉʘʨʥʠʣʳʥ ϺʥʮϺʛ  

ɹʫʫʨʘʣʪʳʥ ʭʫʨʜ ʜʦʣʛʠʦʥʳ ʚʝʢʪʦʨʦʦʩ, ʪʫʭʘʡʣʙʘʣ, ʩʘʨʥʠʣʳʥ ᴇʥʮʛᴇᴇʩ ʭʘʤʘʘʨʜʘʛ. ᴆᴇʨ 

ᴇᴇʨ ʭʵʤʞʵʵʪʵʡ ʙᴇᴇʤʩ ʩʘʨʥʠʣʳʥ ᴇʥʮʛᴇᴇʩ ʭʘʤʘʘʨʩʘʥ ᴇᴇʨ ᴇᴇʨ ʛʵʨʣʠʡʥ ʵʨʯʤʠʡʛ ʩʘʨʥʠʫʣʥʘ. 

ʀʡʤʵʵʩ ʙᴇᴇʤʠʡʥ ʭʵʤʞʵʵ ʙװʨʪ ʪʦʜʦʨʭʦʡ ᴇʥʮʛʠʡʥ ʙװʨʪʛװװʨ ʭʵʨʵʛʪʵʡ ʙʦʣʜʦʛ. ᴆʥʜᴇʨ ʯʘʥʘʨʳʥ 

ʰʠʥʞʠʣʛʵʵʛ ʭʵʜ ʭʵʜʵʥ ᴇʥʮʛʠʡʥ ʩʘʨʥʠʣʜ ʛװʡʮʵʪʛʵʜʵʛ (ʦʣʦʥ ᴇʥʮʛʠʡʥ ɼɻʉ). ʕʥʵ ʥʴ ʙᴇᴇʤʠʡʥ 

ʭʵʤʞʵʵʩʠʡʥ ʪװʛʵʣʪ  ʥʴ װʣ ʤʵʜʵʛʜʵʭ ʧʦʣʠʜʠʩʧʝʨʩ ʜʵʵʞʠʥʜ ʯʫʭʘʣ ʙʘʡʜʘʛ. ɿʘʨʠʤ ʙᴇᴇʤʠʡʥ 

ʪʦʜʦʨʭʦʡ ᴇʥʮᴇʛ ʜʵʭʴ ʩʘʨʥʠʣʳʥ ʵʨʯʠʤ ʙʫʩʘʜ ʙᴇᴇʤʠʡʥ ʩʫʣ ʩʘʨʥʠʩʘʥ ʵʨʯʤʠʡʛ ʙװʨʵʥ ʜʘʚʞ 

ʛʘʨʘʭ ʙʘ  ʪʵʜʛʵʵʨ ʥʴ ᴇʛᴇʛʜᴇʣ ʙʦʣʦʚʩʨʫʫʣʘʭʘʜ װʣ ʭʘʨʘʛʜʜʘʛ. ɼɻʉ ʪᴇʭᴇᴇʨᴇʤʞ ʟᴇʚʭᴇʥ ʪʦʛʪʩʦʥ 

ʪʦʜʦʨʭʦʡ ᴇʥʮᴇʛʪ ʘʞʠʣʣʘʞ ʟʘʨʠʤ ʙᴇᴇʤʠʡʥ ʭʫʚʴʜ ʩʘʡʥ װʨ ʜװʥ ʛʘʨʛʘʜʘʛ.  

ʆʣʦʥ Ϻʥʮʛʠʡʥ ʩʘʨʥʠʣ  

ɼʠʥʘʤʠʢ ʛʵʨʣʠʡʥ ʩʘʨʥʠʣʳʥ ʦʥʦʣ ʥʴ ʟᴇʚʭᴇʥ ʜʘʥ ʩʘʨʥʠʩʘʥ ʛʵʨʣʠʡʥ ʭʫʚʴʜ ʭװʯʠʥʪʵʡ 

ʙʘʡʜʘʛ. ɹʫʩʘʜ ʩʘʨʥʠʣʳʥ ʘʨʛʳʥ ʘʜʠʣʘʘʨ ʦʣʦʥ ʩʘʨʥʠʣʳʥ ʩʠʩʪʝʤʠʡʥ ʭʫʚʴʜ ʪʘʡʣʙʘʨ ʭʠʡʭ ʥʴ 

ʪװʚʵʛʪʵʡ ʙʘʡʜʘʛ. ʆʣʦʥ ʩʘʨʥʠʣʳʥ ʙʘʛʘ ʥᴇʣᴇᴇ ʯ ʪʦʤ ʘʣʜʘʘʥʜ ʭװʨʛʵʜʵʛ. ɼɻʉ-ʠʡʥ ʦʣʦʥ 

ʩʘʨʥʠʣʳʛ ʭᴇʥʜʣᴇʥ ʢʦʨʨʝʣʷʮʘʘʨ ʭʘʘʞ ʙʦʣʜʦʛ. ɽʨᴇʥʭʠʡʜᴇᴇ, ʜʘʥ ʩʘʨʥʠʩʘʥ ʛʵʨʣʠʡʛ ʷʣʛʘʥ ʘʚʯ 

ʦʣʦʥ ʩʘʨʥʠʣʳʛ ʥʴ ʜʘʨʞ ʪʦʦʮʜʦʛ. ʕʜʛʵʵʨʵʵʩ 3D ʭᴇʥʜʣᴇʥ-ʢʦʨʨʝʣʷʮʳʥ ʘʨʛʘ ʥʴ  ʭʘʤʛʠʡʥ ʠʭ 

ʭʵʨʵʛʣʵʛʜʜʵʛ ʘʨʛʘ ʙʦʣʥʦ. ʆʣʦʥ ᴇʥʮʛʠʡʥ ʩʘʨʥʠʣʳʥ ʥᴇʣᴇᴇʛ ʟʘʩʘʭ ᴇᴇʨ ʥʵʛ ʘʨʛʘ ʥʴ ʉʪʘʪʠʢ 

ɻʵʨʣʠʡʥ ʉʘʨʥʠʣ ʶʤ. ʄᴇʥ ɼʠʬʬʫʟʠʡʥ ɼʦʣʛʠʦʥʳ ʉʧʝʢʪʨʦʩʢʦʧʠʡʥ ʘʨʛʳʛ ʦʣʦʥ ᴇʥʮʛʠʡʥ 

ʭװʯʪʵʡ ʩʘʨʥʠʣʳʥ ʭʫʚʴʜ ʘʰʠʛʣʘʞ ʙʘʡʥʘ.  

ɻʵʨʣʠʡʥ ʩʘʨʥʠʣʳʥ 3D ʭϺʥʜʣϺʥ ʢʦʨʨʝʣʷʮʠ [45]     

ɼʠʥʘʤʠʢ ʙʘ ʩʪʘʪʠʢ ʛʵʨʣʠʡʥ ʩʘʨʥʠʣʳʥ  ʪʝʭʥʦʣʦʛʠʫʜ ʜʘʥ ʩʘʨʥʠʩʘʥ ʛʵʨʣʠʡʛ ʭʵʤʞʠʞ, 

ʰʠʥʞʠʣʛʵʵ ʭʠʡʜʵʛ ʙᴇʛᴇᴇʜ ʪʫʥʛʘʣʘʛ ʜʵʵʞʠʥʜ ʪʦʭʠʨʜʦʛʛװʡ  ʥʴ ʛʦʣ ʜʫʪʘʛʜʘʣʪʘʡ ʪʘʣ ʶʤ. 

ɹʫʣʠʥʛʘʨʪʘʡ ʙʦʣʦʥ ʪʫʥʛʘʣʘʛ ʙʠʰ ʜʵʵʞʥʵʵʩ ʦʣʦʥ ʜʘʭʠʥ ʩʘʨʥʠʩʘʥ ʛʵʨʵʣ ʭʵʤʞʠʣʪʠʡʥ װʨ ʜװʥʜ 

ʤʘʰ ʭװʯʪʵʡ ʥᴇʣᴇᴇʣʜᴇʛ ʙʘʡʥʘ. ʕʥʵ ʥʴ ʙʘʛʘ ʟʵʨʵʛ ʙʫʣʠʥʛʘʨʪʘʡ ʜʵʵʞʠʥʜ ʯ ʤᴇʥ ʥᴇʣᴇᴇʣʜᴇʛ.  
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2.7-ʨ ʟʫʨʘʛ.  ɹʫʣʠʥʛʘʨʪʘʡ ʜʵʵʞʠʡʛ ʦʣʦʥ ʜʘʭʠʥ ʰʠʥʛʵʨϮϮʣʵʭ ʟʘʤʘʘʨ ʪʫʥʛʘʣʘʛ  

ʜʵʵʞ ʙʦʣʛʦʭ ʘʨʛʘʯʣʘʣ 

 

ʆʣʦʥ ʜʘʭʠʥ ʩʘʨʥʠʭ ʩʘʨʥʠʣʳʛ ʜʘʨʘʭ ʭװʯʪʵʡ ʪʝʭʥʠʢ ʥʴ ʥʵʛ ʠʞʠʣ ʵʟʵʣʭװװʥʪʵʡ ʜʵʵʞʠʥʜ, 

ʠʞʠʣ ʩʘʨʥʠʣʳʥ ʚʝʢʪʦʨʪ ʭʦʸʨ ʛʵʨʣʠʡʥ ʩʘʨʥʠʣʳʥ ʪʫʨʰʠʣʪʳʛ ʥʵʛʵʥ ʟʵʨʵʛ ʭʠʡʞ, ʭʦʸʫʣʘʥʜ ʥʴ 

ʠʞʠʣ ʙʘʡʭ ʜʘʥ ʩʘʨʥʠʣʳʥ ʤʵʜʵʵʣʣʠʡʛ ʷʣʛʘʥ ʘʚʯ ʙʦʣʦʚʩʨʫʫʣʜʘʛ 3D ʭᴇʥʜʣᴇʥ-ʢʦʨʨʝʣʷʮ ʶʤ.  

                                   

2.8-ʨ ʟʫʨʘʛ. 3D ʭϺʥʜʣϺʥ-ʢʦʨʨʝʣʷʮʳʛ ʛϮʡʮʵʪʛʵʜʵʛ ʧʨʠʟʤ                   

ʍʦʸʨ ʪʫʨʰʠʣʪʘʘʨ ʭʵʤʞʩʵʥ ʩʘʨʥʠʣʳʥ ʵʨʯʤװװʜʠʡʥ ʭʦʦʨʦʥʜʳʥ ʢʦʨʨʝʣʷʮʳʥ ʜʦʭʠʦʥʜ 

ʟᴇʚʭᴇʥ ʜʘʥ ʩʘʨʥʠʣ ʥᴇʣᴇᴇʣʥᴇ. ʀʡʤʵʵʩ 3D ʭᴇʥʜʣᴇʥ-ʢʦʨʨʝʣʷʮ ʥʴ ʛʵʨʣʠʡʥ ʩʘʨʥʠʣʳʥ ʩʦʥʛʦʜʦʛ 

ʪʝʭʥʠʢ ʙʦʣʥʦ.  

3D ʭᴇʥʜʣᴇʥ-ʢʦʨʨʝʣʷʮ ʥʴ ʭװʯʪʵʡ ʩʘʨʥʠʩʘʥ ʜʵʵʞʠʥ ʜʵʭʴ ʛʵʨʣʠʡʥ ʩʘʨʥʠʣʳʥ ʩʪʘʪʠʢʠʡʛ 

ʥʠʡʪ ʭʵʤʞʠʛʜʩʵʥ ʩʘʨʥʠʣʳʥ ʵʨʯʤʠʡʛ  ʟʘʩʘʞ, ᴇʥʮʛᴇᴇʩ ʭʘʤʘʘʨʩʘʥ ʜʘʥ ʩʘʨʥʠʣʳʥ ʥᴇʣᴇᴇʛ  

ʪʦʦʮʦʭ ʟʘʤʘʘʨ ʦʣʜʦʛ. 3D ʛʵʨʣʠʡʥ ʩʘʨʥʠʣʳʥ ʩʧʝʢʪʨʦʤʝʪʨ ʥʴ ʩʘʨʥʠʣʳʥ ʙװʭ ᴇʥʮʛʠʡʥ ʛʵʨʣʠʡʥ 

ʩʘʨʥʠʣʳʥ ʜʠʥʘʤʠʢ ʙʘ ʩʪʘʪʠʢʠʡʛ ʟʘʩʚʘʨʣʘʜʘʛ ʛʦʥʠʦʤʝʪʨʠʡʥ ʪʦʭʠʨʫʫʣʛʘʪʘʡ, 3D ʭᴇʥʜʣᴇʥ-

ʢʦʨʨʝʣʷʮʠʡʥ ʪʝʭʥʦʣʦʛʠʡʥ ʰʠʥʞ ʯʘʥʘʨʳʛ ʠʣʵʨʭʠʡʣʵʭ ʪᴇʭᴇᴇʨᴇʤʞ ʶʤ.  
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Nanophox ʩʪʘʥʜʘʨʪ ʩʘʚ 

                                    

2.9-ʨ ʟʫʨʘʛ.  Nanophox-ʪ ʭʵʨʵʛʣʵʜʵʛ ʥʵʛ ʫʜʘʘʛʠʡʥ ʩʪʘʥʜʘʨʪ ʩʘʚ, ʜʦʪʦʦʜ ʭʵʤʞʵʵ ʥʴ 

10ʭ10ʭ46 ʤʤ3, ʘʢʨʠʣ ʰʠʣ, 100 ʰʠʨʭʵʛʪʵʡ. 

Nanophox ʢʨʦʥ ʰʠʣʵʥ ʩʘʚ 

     

2.10-ʨ ʟʫʨʘʛ.  Nanophox-ʪ ʭʵʨʵʛʣʵʜʵʛ ʪʫʩʛʘʡ ʦʧʪʠʢ ʰʠʣʵʵʨ ʭʠʡʩʵʥ ʩʘʚ, ʜʦʪʦʦʜ ʭʵʤʞʵʵ ʥʴ 

10ʭ10ʭ44.75ʤʤ3, ʢʨʦʥ  ʰʠʣ UK 5 (Schott), PTFE ʪʘʛʪʘʡ, 1 ʰʠʨʭʵʛʪʵʡ. 
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ɹϮʪʵʵʛʜʵʭϮϮʥʠʡ ʢʦʜ: NZ0000 

                 

2.11-ʨ ʟʫʨʘʛ.  Nanophox-ʠʡʥ ʩʪʘʥʜʘʨʪ ʩʘʚʥʳ ʵʨʵʛʪʵʡ ʪʘʛ, ʛʘʜʘʘʜ ʪʘʣʙʘʡ ʥʴ 10ʭ10ʤʤ2,  

ʞʠʡʨʛʵʚʯ ʤʘʪʝʨʠʘʣ ʥʴ ʩʠʣʠʢʦʥ, 5 ʰʠʨʭʵʛʪʵʡ. 

 

ʌʦʪʦʥʳ ʢʦʨʨʝʣʷʮʠʡʥ ʩʧʝʢʪʨʦʤʝʪʨ (PCS) 

 

PCS ʥʴ ʥʘʥʦʤʝʪʨʠʡʥ ʛʦʨʠʤʜ ʙᴇᴇʤʠʡʥ ʭʵʤʞʵʵʩʠʡʛ ʭʵʤʞʠʭʵʜ ᴇʨʛᴇʥ ʘʰʠʛʣʘʛʜʜʘʛ. 

ɽʨᴇʥʭʠʡʜᴇᴇ ʙᴇᴇʤװװʜ ʥʴ ʩʫʩʧʝʥʟʠʡʥ ʜʵʵʞ ʙװʭʠʡ ʞʠʞʠʛ ʢʫʚʝʪ ʩʘʚ ʨʫʫ ʯʠʛʣʵʛʜʩʵʥ ʣʘʟʝʨʠʡʥ 

ʛʵʨʣʵʵʨ ʛʵʨʵʣʪװװʣʵʛʜʜʵʛ. ʉʘʨʥʠʣʳʥ ʩʧʝʢʪʨ ʥʴ ʭʦʸʨ ʟװʡʣʠʡʛ ʘʛʫʫʣʜʘʛ: ʪʫʩʛʘʘʨ ʙᴇᴇʤװװʜʠʡʥ 

ʩʘʨʥʠʣ ʙʘ ʙᴇᴇʤװװʜʠʡʥ ɹʨʦʫʥʳ ʭᴇʜᴇʣʛᴇᴇʥʠʡ ʷʚʮʘʜ ᴇᴇʨʯʣᴇʣʪᴇʥʜ ʦʨʩʦʥ ʙᴇᴇʤʠʡʥ ʩʘʨʥʠʣ ʁ ʤ. 

ʉʘʨʥʠʣʳʥ ʪʦʜʦʨʭʦʡ Q ᴇʥʮᴇʛ ʜʵʵʨ ʙʠʯʠʛʜʩʵʥ ʵʨʯʠʤ I  ʥʴ ʭʫʛʘʮʘʘʥʘʘʩ ʭʘʤʘʘʨʘʥ ʭʵʨʭʵʥ 

ᴇᴇʨʯʣᴇʛʜʜᴇʛʠʡʛ 2.12-ʨ ʟʫʨʘʛ ʜʵʵʨ ʭʘʨʫʫʣʘʚ.  

               

             2.12-ʨ ʟʫʨʘʛ. ɽʨʜʠʡʥ PCS-ʠʡʥ ʟʦʭʠʦʥ ʙʘʡʛʫʫʣʘʤʞ ʜʘʭʴ ʩʘʨʥʠʩʘʥ ʵʨʯʠʤ     

ɹᴇᴇʤʠʡʥ ʜʠʬʬʫʟ D  ʙʘ ʛʠʜʨʦʜʠʥʘʤʠʢ ʜʠʘʤʝʪʨ -x ʠʡʥ ʭʘʤʘʘʨʣʳʛ ʉʪʦʢʩ-ʕʡʥʰʪʝʡʥʠʡ 

ʪʵʛʰʠʪʛʵʣʵʵʨ ʪʘʡʣʙʘʨʣʘʜʘʛ.  

        xTkxD B ph3/)( =                                  (1) 

ʥʜ: -Bkװװ ɹʦʣʴʮʤʘʥʳ ʪʦʛʪʤʦʣ, -h ʰʠʥʛʵʥʠʡ ʜʠʥʘʤʠʢ ʟʫʫʨʘʤʪʛʘʡʥ ʢʦʵʬʬʠʮʠʝʥʪ.  
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ʅʵʛ ʫʜʘʘʛʠʡʥ ʩʘʨʥʠʣʳʥ ʭʫʚʴʜ ʘʚʪʦʢʦʨʨʝʣʷʮʠʡʥ ʬʫʥʢʮ -)(tG ʠʡʛ ʵʨʯʠʤ -SI ʵʵʨ 

ʠʣʵʨʭʠʡʣʙʵʣ:

))3/2exp(1()))(2exp(1(),()0,()( 2222
xTkqIqxDIIIG B

SS phtttqqt -+=-+==        (2) 

(2) ʪʵʛʰʠʪʛʵʣ ʥʴ PCS-ʜ ʝʨᴇʥʭʠʡʜᴇᴇ ʘʰʠʛʣʘʜʘʛ --)1)(ln( tG ʠʡʥ ʥʘʣʫʫʛʘʘʩ ʪʝʤʧʝʨʘʪʫʨʳʥ 

-T ʠʡʥ ʫʪʛʘʜ h ʤʵʜʵʛʜʵʞ ʙʘʡʭ ʪʦʭʠʦʣʜʦʣʜ ʙᴇᴇʤʠʡʥ ʭʵʤʞʵʵʩ -x ʠʡʛ ʦʣʦʭʳʛ ʟᴇʚʰᴇᴇʨʜᴇʛ. 

ʕʥʵʭװװ ʵʥʛʠʡʥ ʪʦʦʮʦʦ ʥʴ ʭʘʨʠʣʮʘʥ װʡʣʯʣʵʣʛװʡ ʙᴇʤʙᴇʣᴇʛ ʙᴇᴇʤʩ ʙʘ ʥʵʛ ʫʜʘʘ ʩʘʨʥʠʩʘʥ 

ʛʵʨʣʠʡʥ ʜʦʪʦʨ ʭʷʟʛʘʘʨʣʘʛʜʜʘʛ. ʆʣʦʥ ʫʜʘʘʛʠʡʥ ʩʘʨʥʠʣʳʥ ʷʤʘʨ ʥʵʛ ʪʘʨʭʘʣʪ ʥʴ, ᴇᴇʨᴇᴇʨ ʭʵʣʙʵʣ, 

ʪʫʥʛʘʣʘʛ ʙʫʩ ʙʫʶʫ ᴇʪʛᴇʨʩᴇʥ ʩʫʩʧʝʥʟ ʥʴ ʢʦʥʮʝʥʪʨʘʮ, ʦʧʪʠʢ ʟʘʤ, ᴇᴇʨᴇᴇʨ ʭʵʣʙʵʣ, ʢʫʚʝʪʠʡʥ 

ʙʘʡʨʣʘʣʘʘʩ ʭʘʤʘʘʨʩʘʥ ʟʵʨʵʛ ʘʣʜʘʘʪʘʡ װʨ ʜװʥʛ ᴇʛʜᴇʛ. ʎʘʘʰʜʘʘ ʜʵʵʞװװʜʠʡʛ ʭװʯʪʵʡ 

ʰʠʥʛʵʨװװʣʞ ʙʘʡʭ ʰʘʘʨʜʣʘʛʘʪʘʡ. ʕʥʵ ʥʴ ʪʦʦʣʦʭ ʭʫʨʜ ʙʘʛʘ, ʤʫʫ ʩʪʘʪʠʩʪʠʢ ʙʫʶʫ ʫʜʘʘʥ 

ʭʫʛʘʮʘʘʥʳ ʭʵʤʞʠʣʪ ʟʵʨʛʠʡʥ װʨ ʜװʥ ʶʤ. ʍװʯʪʵʡ ʰʠʥʛʵʨװװʣʵʣʪ ʥʴ -6x ʜ ʧʨʦʧʦʨʮʠʦʥʘʣʴ 

ʩʘʨʥʠʫʣʘʛʯ ʪʦʤ ʙᴇᴇʤ (ʪʦʦʩ)-װװʜʪʵʡ ʙʦʭʠʨʜʦʣʜ ʤʵʜʨʵʤʪʛʠʡ ʙʘʛʘʞʳʛ ʭʵʨʵʛʣʵʜʵʛ. ʗʤʘʨʚʘʘ ʥʵʛ 

PCS-ʠʡʥ ʘʤʞʠʣʪʪʘʡ ʭʵʤʞʠʣʪʠʡʥ ʭʫʚʴʜ ʦʨʯʥʳ ʮʵʚʵʨ ʙʘʡʭ ʥᴇʭʮʣʳʛ  ʟʘʘʚʘʣ ʙʠʝʣװװʣʵʭ 

ʰʘʘʨʜʣʘʛʘʪʘʡ.  

2.4 ʊʘʣʩʪʥr ʭʵʤʞʵʵʛ ʪʦʜʦʨʭʦʡʣʦʭ ʐʝʨʨʝʨʠʡʥ ʪʵʛʰʠʪʛʵʣ   

ʆʣʦʥ ʤʘʪʝʨʠʘʣʳʛ ʭᴇʨʛᴇʭ ʷʚʮʘʜ װװʩʵʭ ʞʠʞʠʛ ʤʠʢʨʦʩʢʦʧʠʢ ʢʨʠʩʪʘʣʣʳʛ ʪʘʣʩʪʫʫʜ ʛʵʞ 

ʥʵʨʣʵʜʵʛ [46]. ʂʨʠʩʪʘʣʠʪʫʫʜʳʥ ʯʠʛʣʵʣ ʥʴ ʩʘʥʘʤʩʘʨʛװʡ ʙʘʡʜʣʘʘʨ ʷʤʘʨ ʯ ʜʘʚʫʫ ʯʠʛʣʵʣʛװʡ, 

ʩʘʥʘʤʩʘʨʛװʡ ʪʝʢʩʪʫʨʪʵʡ ʛʵʞ ʥʵʨʣʵʛʜʜʵʛ, ʵʩʚʵʣ ʫʨʛʘʣʪ, ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʥ ʥᴇʭʮʣᴇᴇʩ װװʜʵʣʪʵʡ 

ʙʘʡʞ ʙʦʣʥʦ. ʄʷʥʜʩʘʥ ʪʝʢʩʪʫʨ ʥʴ ʩװװʣʯʠʡʥ ʞʠʰʵʵ ʶʤ. ʊʘʣʩʪʫʫʜʳʛ ʤᴇʥ ʤᴇʭʣᴇʛ ʛʵʞ 

ʥʵʨʣʵʜʵʛ. ʊʘʣʩʪʫʫʜʳʥ ʫʫʣʟʜʘʛ ʤʫʞʫʫʜʠʡʛ ʤᴇʭʣᴇʛʠʡʥ ʭʠʣ ʭʷʟʛʘʘʨ ʛʵʞ ʥʵʨʣʵʜʵʛ. 

ʇʦʣʠʢʨʠʩʪʘʣ ʤʘʪʝʨʠʘʣʫʫʜ ʙʫʶʫ ʧʦʣʠʢʨʠʩʪʘʣʫʫʜ ʥʴ ʷʥʟ ʙװʨʠʡʥ ʭʵʤʞʵʵ, ʯʠʛʣʵʣ ʙװʭʠʡ ʦʣʦʥ 

ʪʘʣʩʪʘʘʩ ʙװʨʜʩʵʥ ʭʘʪʫʫ ʙʦʜʠʩ ʶʤ. ʀʭʵʥʭ ʦʨʛʘʥʠʢ ʙʫʩ ʭʘʪʫʫ ʙʦʜʠʩʫʫʜ ʥʴ ʝʨᴇʥʭʠʡ ʤʝʪʘʣʣʫʫʜ, 

ʦʣʦʥ ʢʝʨʘʤʠʢʫʫʜ, ʭװʜʨʠʡʥ ʯʫʣʫʫʣʘʛ, ʤᴇʩ ʟʵʨʛʠʡʛ ʙʘʛʪʘʘʩʘʥ ʧʦʣʠʢʨʠʩʪʘʣ ʶʤ. ʍʘʪʫʫ ʙʠʝʠʡʥ 

ʪʘʣʩʪʥr ʭʵʤʞʵʵ (ʪʘʣʩʞʠʣʪ) ʥʴ ʪװװʥʠʡ ʬʠʟʠʢ ʰʠʥʞ ʯʘʥʘʨʪ ʯʫʭʘʣ ʥᴇʣᴇᴇ װʟװװʣʜʵʛ. ʍװʭʵʨ ʥʴ 

ʠʭʵʚʯʣʵʥ ʧʦʣʠʢʨʠʩʪʘʣ ʙʘʡʜʘʛ ʙʦʣʦʚʯ ʦʛʪ ᴇᴇʨ ʰʠʥʞ ʯʘʥʘʨʪʘʡ ʙʫʩʘʜ ʘʣʣʦʪʨʦʧ ʭʵʣʙʵʨʵʵʨ 

ʦʨʰʠʞ ʙʦʣʥʦ. ʍʵʜʠʡʛʵʵʨ ʪʘʣʩʪʳʛ ʤᴇʭʣᴇʛ ʛʵʞ ʥʵʨʣʵʜʵʛ ʙʦʣʦʚʯ ʥʫʥʪʘʛ ʤᴇʭʣᴇʛװװʜ ʥʴ ᴇᴇʨ ᴇᴇʨ 

ʙʘʡʜʘʛ ʪʫʣ ʪʵʜʛʵʵʨ ʥʴ ᴇᴇʨʩʜᴇᴇ ʞʠʞʠʛ ʧʦʣʠʢʨʠʩʪʘʣ ʤᴇʭʣᴇʛװװʜʵʵʩ ʙװʨʜʵʭ ʙʦʣʦʤʞʪʦʡ. 

ʄʦʥʦʢʨʠʩʪʘʣʣʳʥ ʙװʪʵʮ ʥʴ ᴇʥʜᴇʨ ʵʨʵʤʙʵʣʵʛʜʩʵʥ, ʪʦʨ ʥʴ ʪʘʩʨʘʣʪʛװʡ, ʵʚʜʨʵʵʛװʡ ʙʘʡʜʘʛ ʙʦʣ 

ʰʠʣʵʥ ʙʦʣʦʥ ʦʣʦʥ ʧʦʣʠʤʝʨ ʟʵʨʵʛ ʘʤʦʨʬ ʤʘʪʝʨʠʘʣʫʫʜ ʥʴ ʪʘʣʩʪ ʙʠʰ ʙᴇʛᴇᴇʜ ʪʵʜʛʵʵʨʠʡʥ 
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ʙװʨʜʵʣ ʭʵʩʛװװʜ ʥʴ ʵʤʭ ʮʵʛʮʪʵʡ ʙʘʡʨʣʘʘʛװʡ ʪʫʣ ʷʤʘʨ ʯ ʙװʪʵʮ ʭʘʨʘʛʜʜʘʛʛװʡ. ʇʦʣʠʢʨʠʩʪʘʣ 

ʙװʪʵʮ ʙʘ ʧʘʨʘʢʨʠʩʪʘʣʣʳʥ ʬʘʟʫʫʜ ʥʴ ʵʜʛʵʵʨ ʭʦʸʨ ʪʫʡʣʳʥ ʭʦʦʨʦʥʜ ʙʘʡʨʣʘʜʘʛ. 

                         

2.13-ʨ ʟʫʨʘʛ. ʊʘʣʩʪʫʫʜʘʘʩ ʙϮʨʜʩʵʥ ʧʦʣʠʢʨʠʩʪʘʣ ʙϮʪʵʮ. ɿϮϮʥ ʜʵʵʜ ʪʘʣʘʘʩ ʮʘʛʠʡʥ ʟϮϮʥʠʡ ʜʘʛʫʫ: a) 

ʫʷʥ ʭʘʪʪʘʡ ʪϺʤϺʨ, b) ʭʫʯʘʘʩʛϮʡ ʮʘʭʠʣʛʘʘʥ ʛʘʥ, c) ʦʣʦʥ ʪʘʣʩʪ ʮʘʭʠʫʨʘʘʨ ʭʠʡʩʵʥ ʥʘʨʥʳ 

ʵʣʝʤʝʥʪϮϮʜ, d) ʮʘʡʨʳʥ ʮʘʡʨʜʩʘʥ ʛʘʜʘʨʛʫʫ, e) ʤϺʭʣϺʛʠʡʥ ʭʠʣ ʭʷʟʛʘʘʨʳʛ ʪʫʩʛʘʘʨʣʘʥ ʭϮʯʣʵʵʨ 

ʠʜϮϮʣʩʵʥ ʤʝʪʘʣʣʳʥ ʙʠʯʠʣ ʬʦʪʦʟʫʨʘʛ [46]  

ʄʦʥʦʜʠʩʧʝʨʩʠʡʥ ʤʠʢʨʦʙװʪʮװװʜʵʜ ʪʘʣʩʪʳʥ ʭʵʤʞʵʵʛ ʠʭʵʚʯʣʵʥ ʨʝʥʪʛʝʥ ʪʫʷʘʥʳ 

ʜʠʬʨʘʢʮʠʡʥ ʘʨʛʘ ʙʘ ʤᴇʭʣᴇʛʠʡʥ ʭʵʤʞʵʵʥʵʵʩ ʰʠʣʞʠʣʪʠʡʥ ʵʣʝʢʪʨʦʥ ʤʠʢʨʦʩʢʦʧ ʟʵʨʵʛ ʙʫʩʘʜ 

ʪʫʨʰʠʣʪʳʥ ʘʨʛʫʫʜʘʘʨ ʪʦʦʮʦʦʣʜʦʛ. תʟʵʞ ʭʘʨʘʭ, ʙʦʣʦʚʩʨʫʫʣʘʭ ʭʘʥʛʘʣʪʪʘʡ ʪʦʤ ʭʘʪʫʫ ʙʠʝʪװװʜ 

ʮᴇᴇʭᴇʥ ʪʦʭʠʦʣʜʣʦʦʩ (ʵʨʜʵʥʠʡʥ ʯʫʣʫʫ, ʵʣʝʢʪʨʦʥʠʢʠʡʥ װʡʣʜʚʵʨʪ ʟʦʨʠʫʣʩʘʥ ʮʘʭʠʫʨʳʥ 

ʤʦʥʦʢʨʠʩʪʘʣʣʫʫʜ, ʟʘʨʠʤ ʪᴇʨʣʠʡʥ ʤʷʥʜʩʫʫʜ, ʪʫʨʙʦ ʪʠʡʨʵʣʪʵʪ ʭᴇʜᴇʣʛװװʨʪ ʟʦʨʠʫʣʩʘʥ ʥʠʢʝʣʴ-

ʩʫʫʨʴʪʘʡ ʩʫʧʝʨ ʭʘʡʣʰʠʡʥ ʤʦʥʦʢʨʠʩʪʘʣʣʫʫʜ, ʜʠʘʤʝʪʨ ʥʴ 0.5 ʤʝʪʨʵʵʩ ʭʵʪʨʵʭ ʙʦʣʦʤʞʪʦʡ 

ʟʘʨʠʤ ʤᴇʩᴇʥ ʢʨʠʩʪʘʣʣʫʫʜ) ʙʫʩʘʜ ʪʦʭʠʦʣʜʦʣʜ ʤʦʥʦʢʨʠʩʪʘʣʣʘʘʩ ʙװʨʜʵʭ ʥʴ ʭʦʚʦʨ ʙʘʡʜʘʛ. 

ʀʭʵʥʭ ʤʘʪʝʨʠʘʣʫʫʜ ʥʴ ʘʤʦʨʬ ʭʘʪʫʫ ʥʠʤʛʵʥ ʜʘʚʭʘʨʛʫʫʜʘʘʨ ʙʵʭʣʵʛʜʩʵʥ ʦʣʦʥ ʪʦʦʥʳ ʪʘʣʩʪʘʘʩ 

ʙװʨʜʜʵʛ ʧʦʣʠʢʨʠʩʪʘʣ ʶʤ. ʊʘʣʩʪʥr ʭʵʤʞʵʵ ʥʴ ʭʵʜʵʥ ʥʘʥʦʤʝʪʨʵʵʩ ʭʵʜʵʥ ʤʠʣʣʠʤʝʪʨ ʭװʨʯ 

ʙʦʣʥʦ. ʍʵʨʵʚ ʪʫʩ ʪʫʩʜʘʘ ʪʘʣʩʪʫʫʜ ʥʴ ʩʘʥʘʤʩʘʨʛװʡ ʙʘʡʜʣʘʘʨ ʯʠʛʣʵʩʵʥ ʙʘʡʚʘʣ ʭʘʥʛʘʣʪʪʘʡ 

ʭʵʤʞʵʵʥʠʡ ʧʦʣʠʢʨʠʩʪʘʣ ʤʘʪʝʨʠʘʣ ʥʴ ʦʡʨʦʣʮʦʦʛʦʦʨ ʠʟʦʪʨʦʧ ʙʦʣʥʦ. ʕʥʵʭװװ ʰʠʥʞ ʯʘʥʘʨ ʥʴ 

ʪʘʩʨʘʣʪʛװʡ ʤʝʭʘʥʠʢʳʥ ʪʘʘʤʘʛʣʘʣʳʛ ʙʦʜʠʪ ʝʨʪᴇʥʮᴇʜ ʭʵʨʵʛʣʵʭʵʜ ʭʷʣʙʘʨ ʙʦʣʛʦʭʦʜ ʪʫʩʘʣʜʘʛ. 

ɻʵʩʵʥ ʭʵʜʠʡ ʯ ʠʭʵʥʭ װʡʣʜʚʵʨʣʵʩʵʥ ʤʘʪʝʨʠʘʣʫʫʜ ʥʴ ʪʝʢʩʪʫʨʠʡʛ ʙװʨʜװװʣʵʭ ᴇᴇʨʩʜʠʡʥ 

ʪʘʣʩʪʫʫʜʪʘʡ ʫʷʣʜʘʘʪʘʡ ʙʘʡʜʘʛ ʪʫʣ ʪʵʜʛʵʵʨʠʡʥ ʪᴇʣᴇʚ ʙʘʡʜʘʣ, ʰʠʥʞ ʯʘʥʘʨʫʫʜʳʥ װʥʵʥ ʟᴇʚ 

ʪʘʘʤʘʛʣʘʣʳʛ ʘʥʭʘʘʨʯ װʟʵʭ ʭʵʨʵʛʪʵʡ. ʊʘʣʩʪʫʫʜ ʥʴ ʥʴ ʠʭʵʚʯʣʵʥ ʩʘʥʘʤʩʘʨʛװʡ ʯʠʛʣʵʣʠʡʥ ʜʘʛʫʫ 

ʵʨʵʤʙʵʣʵʛʜʩʵʥ ʤʦʟʘʡʢ ʢʨʠʩʪʘʣʣ ʙʘʡʜʘʛ.     

ʕʥʵ ʥʵʨ ʪʦʤʲʸʦʛ ʝʨᴇʥʭʠʡʜᴇᴇ ʥʘʥʦʥʫʥʪʘʛ, ʢʦʣʣʦʠʜ, ʛʝʣʴ, ʰװʨʰʠʞ-ʭʘʪʘʘʩʘʥ 

ʙᴇᴇʛʥᴇʨᴇʣװװʜ ʛʵʞ ʥʵʨʣʵʜʵʛ. ʊʘʣʩʪʥr ʭʵʤʞʵʵ ʙʘʛʘ ʙʘʡʭ ʪʫʩʘʤ ʘʛʰʠʣʪʳʛ װʨ ʜװʥʪʵʡ ʭʠʡʜʵʛ 



49 

 

(ʙʦʣʦʤʞʠʪ ʘʛʰʠʣʪʳʥ ʪʝʤʧʝʨʘʪʫʨ ʙʘʛʘ ʙʘʡʥʘ). ɻʵʩʵʥ ʭʵʜʠʡ ʯ ʭʘʪʘʘʭ, ʰʘʪʘʘʣʪʳʥ ʘʛʰʠʣʪ ʤʘʰ 

ᴇʥʜᴇʨ ʙʘʡʭ ʙʦʣʥʦ. ɽʨᴇʥʭʠʡʜᴇᴇ ʪʘʣʩʪʥr ʭʵʤʞʵʵʛ ʰʠʣʞʠʣʪʠʡʥ ʵʣʝʢʪʨʦʥ ʤʠʢʨʦʩʢʦʧ (TEM) 

ʙʫʶʫ ʨʝʥʪʛʝʥ ʜʠʬʨʘʢʮʠʡʥ ʰʫʛʘʤʳʥ ᴇʨʛᴇʩᴇʣʪᴇᴇʨ ʭʵʤʞʜʵʛ. ʊʘʣʩʪʥr ʭʵʤʞʵʵ ʥʴ ʭʘʨʛʘʣʟʘʭ 

ʜʠʬʨʘʢʮʳʥ ʧʠʢʠʡʥ ʭʫʚʴʜ ʤʘʪʝʨʠʘʣ ʜʘʭʴ ʢʦʛʝʨʝʥʪ ʵʟʵʣʭװװʥʜ ʭʘʨʛʘʣʟʜʘʛ. ɿʘʨʠʤʜʘʘ ʵʥʵ ʥʴ 

ʥʫʥʪʘʛ ʜʵʵʞʥʠʡ ʤᴇʭʣᴇʛʠʡʥ ʭʵʤʞʵʵ, ʵʩʚʵʣ ʧʦʣʠʢʨʠʩʪʘʣʣ ʥʠʤʛʵʥ ʭʘʣʴʩ ʙʫʶʫ ʙʘʣʢ 

ʤʘʪʝʨʠʘʣʳʥ ʟʫʟʘʘʥʪʘʡ ʪʦʭʠʨʯ ʙʘʡʜʘʛ. ɸʥʭ ɼ.ʐʝʨʨʝʨ 1918 ʦʥʜ ʪʘʣʩʪʥr ʭʵʤʞʵʵ ʙʘʛʘ װʝʜ 

ʜʠʬʨʘʢʮʳʥ ʧʠʢʠʡʥ ᴇʨʛᴇʥ ʠʭʩʵʞ ʙʘʡʛʘʘʛ ʘʞʠʛʣʘʩʘʥ. ʐʝʨʨʝʨʠʡʥ ʪʵʛʰʠʪʛʵʣʠʡʛ ʥʫʥʪʘʛ 

ʭʵʣʙʵʨʪ ʙʘʡʛʘʘ ʢʨʠʩʪʘʣʣʳʥ ʙᴇᴇʤʠʡʥ ʭʵʤʞʵʵʛ ʪʦʜʦʨʭʦʡʣʦʭʦʜ ʘʰʠʛʣʘʜʘʛ ʙᴇʛᴇᴇʜ װװʥʠʡʛ 

ʜʘʨʘʘʭ ʙʘʡʜʣʘʘʨ ʠʣʵʨʭʠʡʣʞ ʙʦʣʥʦ.  

    Ὀ
Ͻl

Ͻ  q
    (1) 

 ʥʜ: Dc ʥʴ ʵʨʵʤʙʵʣʵʛʜʩʵʥ (ʪʘʣʩʪ) ʜʦʤʘʡʥʫʫʜʳʥ ʜʫʥʜʘʞ ʭʵʤʞʵʵ, K ʥʴ 0.8-1.2 ʤʫʞʠʜװת

ʪʦʛʪʤʦʣ ʫʪʛʘ ʘʚʜʘʛ ʪʘʣʩʪʥr ʭʵʣʙʵʨʠʡʥ ʬʘʢʪʦʨ (ʠʭʵʚʯʣʵʥ 0.9-ʪʵʡ ʪʵʥʮװװ), ɚ ʥʴ ʨʝʥʪʛʝʥ 

ʮʘʮʨʘʛʠʡʥ ʜʦʣʛʠʦʥʳ ʫʨʪ, FWHM-ʧʠʢʠʡʥ ᴇʥʜʨʠʡʥ ʭʘʛʘʩ ʜʵʵʨʭ ʙװʪʵʥ ᴇʨʛᴇʥ, ɗ ʥʴ ɹʨʵʛʛʠʡʥ 

ᴇʥʮᴇʛ ʶʤ.     

K-ʙᴇᴇʤʠʡʥ ʭʵʣʙʵʨʵʵʩ ʭʘʤʘʘʨʩʘʥ ʬʘʢʪʦʨ, ʙᴇʤʙᴇʣᴇʛ ʭʵʣʙʵʨʪʵʡ ʙᴇᴇʤʠʡʥ ʪʦʭʠʦʣʜʦʣʜ 0.94 

ʛʵʩʵʥ ʫʪʛʘʪʘʡ. l-ʘʰʠʛʣʘʩʘʥ ʨʝʥʪʛʝʥ ʮʘʮʨʘʛʠʡʥ ʜʦʣʛʠʦʥʳ ʫʨʪ (Cu/KŬ=0.154ʥʤ), FWHM(2ɗ)-

ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʜʘʭʴ ʭʘʤʛʠʡʥ ᴇʥʜᴇʨ ʵʨʯʠʤʪʵʡ ʧʠʢʠʡʥ ᴇʥʜʨʠʡʥ ʭʘʛʘʩʪ ʭʘʨʛʘʣʟʘʭ ʙװʪʵʥ 

ᴇʨʛᴇʥ, ɗ- ɹʨʵʛʛʠʡʥ ᴇʥʮᴇʛ. 

ʈʝʥʪʛʝʥ ʪʫʷʘ ʥʴ 0.01ʥʤ-ʵʵʩ 10ʥʤ ʭʦʦʨʦʥʜ ʭʵʣʙʵʣʟʜʵʛ. ʊʠʡʤʵʵʩ ʨʝʥʪʛʝʥ ʪʫʷʘ ʥʴ ʘʣʠʚʘʘ 

ʤʘʪʝʨʠʘʣʳʥ ʢʨʠʩʪʘʣʣ ʙװʪʮʵʜ ʘʤʘʨʭʘʥ ʥʵʚʪʵʨʯ ʯʘʜʜʘʛ; ʤᴇʥ ʪʫʭʘʡʥ ʤʘʪʝʨʠʘʣʘʘʩ ʛʘʨʘʭʜʘʘ 

ʤʘʪʝʨʠʘʣʳʥ ʰʠʥʞ ʯʘʥʘʨʳʛ ʙʠʜʵʥʜ ʭʵʣʞ ᴇʛʜᴇʛ. ʊʠʡʤʵʵʩ ʨʝʥʪʛʝʥ ʩʧʝʢʪʨʦʩʢʦʧʠ ʥʴ ʷʥʟ 

ʙװʨʠʡʥ ʪᴇʨʣʠʡʥ ʤʘʪʝʨʠʘʣʳʛ ʪʦʜʦʨʭʦʡʣʦʭʦʜ ʤʘʰ ʠʭ ʭʵʨʵʛʪʵʡ ʘʨʛʘ ʶʤ. ɹʠʜ ʐʝʨʨʝʨʠʡʥ 

ʪʦʤʲʸʦʥʦʦʩ ʙᴇᴇʤʠʡʥ ʪʘʣʩʪʥr ʭʵʤʞʵʵʛ ʭʷʣʙʘʨʭʘʥ ʪʦʦʮʦʦʣʞ ʙʦʣʥʦ. FWHM ʙʘ Dc ʥʴ 

ʭʦʦʨʦʥʜʦʦ ʭʘʨʠʣʮʘʥ ʭʘʤʘʘʨʘʣʪʘʡ ʙʦʣʦʭʳʛ ʙʠʜ ʭʘʨʞ ʙʘʡʥʘ: ᴇʨʛᴇʩᴇʭ ʪʫʩʘʤ ʪʘʣʩʪʳʥ ʭʵʤʞʵʵ 

ʙʘʛʘ ʙʘʡʭ ʥʴ [47].  

2.5 ʉʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ װʨ ʜװʥ 

TiO2 ʙʦʣ ʙʘʡʛʘʣʠʡʥ ʛʘʨʘʣʪʘʡ ʤʘʪʝʨʠʘʣ ʶʤ. ʕʥʵ ʥʴ ʤʝʪʘʣ ʪʠʪʘʥʠʡʥ ʦʨʛʘʥʠʢ ʙʫʩ ʭʘʛʘʩ 

ʜʘʤʞʫʫʣʘʛʯ ʠʩʵʣ ʙʦʣʥʦ. TiO2 ʥʘʥʦʥʫʥʪʘʛ ʥʴ ʦʨʯʠʥ װʝʠʡʥ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡʥ ʩʘʣʙʘʨ ʜʘʭʴ 

ʙʠʜʥʠʡ ʩʘʡʥ ʤʵʜʵʭ ʩʠʥʪʝʪʠʢ ʤʘʪʝʨʠʘʣ ʶʤ. ʊʫʩ ʤʘʪʝʨʠʘʣ ʥʴ ʦʣʦʥ ʩʦʥʠʨʭʦʣʪʦʡ, ʘʰʠʛ ʦʨʣʦʛʦ 

ʩʘʡʪʘʡ, ʦʥʮʣʦʭ ʰʠʥʞ ʯʘʥʘʨʪʘʡ. ʕʜʛʵʵʨ ʰʠʥʞװװʜ ʥʴ ʩʫʜʣʘʘʯʜʳʛ ʪʫʩ ʤʘʪʝʨʠʘʣʳʛ ʵʨʯʠʤ ʭװʯ, 



50 

 

ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʠʥ ʟʵʨʵʛʪ ʘʰʠʛʣʘʭʘʜ ʯʠʛʣװװʣʞ ʙʘʡʥʘ. TiO2  ʥʴ ᴇʥʜᴇʨ ʤʵʜʨʵʤʪʛʠʡ, ʤʘʰ ʩʘʡʥ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨ ʶʤ. TiO2 ʥʘʥʦʥʫʥʪʘʛ ʙʦʜʠʩʳʛ ʟʦʣʴ-ʛʝʣʴ, ʭʠʤʠʡʥ ʫʫʨʰʫʫʣʘʣʪʘʘʨ 

ʪʫʥʜʘʩʞʫʫʣʘʭ, ʛʠʜʨʦ-ʜʫʣʘʘʥʳ, ʤʠʢʨʦ-ʵʤʫʣʴʩ ʛʵʭ ʤʵʪ ʦʣʦʥ ʘʨʛʘʘʨ ʙʵʣʪʛʵʜʵʛ. ɻʵʩʵʥ ʭʵʜʠʡ ʯ, 

ʭʷʤʜ ᴇʨʪᴇʛʪʵʡ ʟʘʭ ʟʵʵʣʜ ʟʦʨʠʫʣʘʛʜʩʘʥ ʥʘʥʦʙᴇᴇʤװװʜʠʡʛ ʠʭ ʭʵʤʞʵʵʛʵʵʨ ʛʘʨʛʘʥ ʘʚʘʭ ʥʴ 

ᴇʥᴇᴇʛʠʡʥ ʭʫʚʴʜ ʛʦʣ ʙʵʨʭʰʵʵʣ ʙʦʣʞ ʙʘʡʥʘ. ʄʝʭʘʥʠʢʘʘʨ ʪʵʵʨʵʤʜʵʭ ʥʴ ʥʫʥʪʘʛʣʘʭ ʭʫʛʘʮʘʘ ʤʘʰ 

ʯʫʭʘʣ װװʨʵʛʪʵʡ ʥʘʥʦʥʫʥʪʘʛ ʙʵʣʪʛʵʭ ʵʥʛʠʡʥ ʘʨʛʘ ʶʤ. ʊʵʵʨʵʤʜʵʭ ʭʫʛʘʮʘʘ 0·60 ʮʘʛʠʡʥ 

ʭʦʦʨʦʥʜ ʭʵʣʙʵʣʟʵʞ ʙʦʣʥʦ. ʊʘʣʩʪʞʠʣʪ, ʬʘʟ, ʭʵʤʞʵʵ, ʭʵʣʙʵʨ, ʛʘʜʘʨʛʫʫʛʠʡʥ ʦʥʮʣʦʛ ʥʴ 

ʪʵʵʨʵʤʜʵʭ ʧʨʦʮʝʩʩʪ ʥᴇʣᴇᴇʣʜᴇʛ ʟʘʨʠʤ ʭװʯʠʥ ʟװʡʣװװʜ ʙʦʣʥʦ. TiO2 ʥʘʥʦʤʘʪʝʨʠʘʣ ʙʵʣʪʛʵʭʠʡʥ 

ʪʫʣʜ ʤʝʭʘʥʠʢ ʭʫʫʨʘʡ ʘʨʛʘʘʨ ʪʵʵʨʵʤʜʵʭ ʥʴ ʙʫʩʘʜ ʘʨʛʫʫʜʘʘʩ ʠʣװװ ʜʘʚʫʫ ʪʘʣʪʘʡ. ʕʥʵ ʥʴ ʭʠʤʠʡʥ 

ᴇʥʜᴇʨ ʪʦʛʪʚʦʨʪʦʡ ʙʘʡʜʣʳʛ ʩʘʥʘʣ ʙʦʣʛʦʜʦʛ ʭʷʤʜ ᴇʨʪᴇʛʪʵʡ, ʭʦʨʛװʡ ʘʨʛʘ ʙʦʣʥʦ. TiO2-ʠʡʛ 

ʪʵʵʨʵʤʜʵʭ ʥʴ ʙᴇᴇʤʠʡʥ ʭʵʤʞʵʵʛ ʙʘʛʘʩʛʘʭ ʟʦʨʠʣʛʦʦʨ ʭʠʡʛʜʜʵʛ. TiO2 ʥʴ ʘʥʘʪʘʟ, ʨʫʪʠʣ, ʙʨʦʫʢʠʪ 

ʛʵʩʵʥ ʛʫʨʚʘʥ ʬʘʟʪʘʡ ʙʘʡʜʘʛ. ʌʘʟ ʙʘ ʙᴇᴇʤʠʡʥ ʭʵʤʞʵʵ ʥʴ ʤʘʪʝʨʠʘʣʳʥ ʬʠʟʠʢ ʰʠʥʞ ʯʘʥʘʨʪ 

ʥᴇʣᴇᴇʣʜᴇʛ. ɹʨʫʢʠʪ ʙʘ ʨʫʪʠʣʠʡʥ ʢʨʠʩʪʘʣʣ ʙװʪʵʮװװʜʪʵʡ ʭʘʨʴʮʫʫʣʘʭ װʝʜ ʘʥʘʪʘʟʠʡʥ ʢʨʠʩʪʘʣʣ 

ʙװʪʵʮ ʠʣװװ ʠʜʵʚʭʠʪʵʡ ʙʘʡʜʘʛ [20]. 

ʅʫʥʪʘʛ ʤʘʪʝʨʠʘʣ, ʤʝʪʘʣʣ ʵʩʚʵʣ ʠʩʣװװʜʵʜ ʤʝʭʘʥʠʢ ʥʫʥʪʘʛʣʘʣʪ [21]-ʠʡʥ ʷʚʮʘʜ 

ʘʤʦʨʬʞʠʭ [22], ʥʘʥʦʙᴇᴇʤʠʡʥ װװʩʣʠʡʥ ʜװʥʜ ʛʘʜʘʨʛʫʫʛʠʡʥ ʫʨʚʘʣʜ ʦʨʦʭ ʯʘʜʚʘʨʳʛ 

ʥʵʤʵʛʜװװʣʵʭ [23], ʤʝʭʘʥʠʢ ʭaʡʣʰʣʘʣʪ [24], ʬʘʟʳʥ ʭʫʚʠʨʘʣ [25, 26] ʟʵʨʵʛ װʟʵʛʜʣװװʜ ʷʚʘʛʜʜʘʛ 

ʙʘʡʥʘ.   

ʊʫʩ ʙװʣʛʠʡʥ ʟʦʨʠʣʛʦ ʥʴ ʥʫʫʛʜʤʘʣ ʜʫʣʘʘʥ ʭʘʜʛʘʣʜʘʛ ʥʘʥʦʤʘʪʝʨʠʘʣʫʫʜʳʥ ʢʨʠʩʪʘʣʣ 

ʙװʪʵʮ ʙʘ ʪʵʜʛʵʵʨʠʡʥ ʟʘʨʠʤ ʰʠʥʞ ʯʘʥʘʨʳʛ ʤʝʭʘʥʠʢ װʡʣʯʣʵʣʵʵʩ ʭʘʤʘʘʨʫʫʣʞ ʩʫʜʣʘʭʘʜ 

ʦʨʰʠʥʦ. ʊʫʩ ʘʞʠʣʜ ʙʠʜ ᴇʥʜᴇʨ ʵʥʝʨʛʠʡʥ ʯʠʯʠʨʛʵʵʪ ʙᴇʤʙᴇʛᴇʥ ʪʵʵʨʤʵʵʨ ʪʵʵʨʵʤʜʩʵʥ ʘʥʘʪʘʟ 

TiO2-ʠʡʥ ʪʫʨʰʠʣʪʳʥ װʨ ʜװʥʛ ʨʝʥʪʛʝʥ ʜʠʬʨʘʢʮʠ (XRD), ʪʵʤʪʨʵʭ ʵʣʝʢʪʨʦʥ ʤʠʢʨʦʩʢʦʧ (SEM), 

ʬʦʪʦʥʳ ʭᴇʥʜʣᴇʥ ʢʦʨʨʝʣʷʮʠʡʥ ʩʧʝʢʪʨʦʩʢʦʧ ʟʵʨʵʛ ʙʘʛʘʞʫʫʜʘʘʨ ʥʘʨʠʡʚʯʣʘʥ ʪʦʜʦʨʭʦʡʣʩʦʥ 

ʪʫʨʰʠʣʪʳʥ װʨ ʜװʥʛʠʡʥ ʪʘʣʘʘʨ ʤʵʜʵʵʣʞ ʙʘʡʥʘ. ʄᴇʥ ʪʵʵʨʵʤʜʵʭ ʥᴇʭʮᴇʣ, ʭʫʨʜ, ʭʫʛʘʮʘʘʥʘʘʩ 

ʭʘʤʘʘʨʯ  TiO2-ʠʡʥ ʪʘʣʩʪ ʙʘ ʙᴇᴇʤʠʡʥ ʭʵʤʞʵʵ, ʫʣʤʘʘʨ ʪʵʜʛʵʵʨʠʡʥ ʢʨʠʩʪʘʣʣ ʙװʪʵʮ ʭʵʨʭʵʥ 

ᴇᴇʨʯʣᴇʛʜᴇʭ ʤʝʭʘʥʠʟʤʳʛ ʭʦʣʙʦʞ ʦʡʣʛʦʭʳʛ ʭʠʯʵʵʞ ʙʘʡʛʘʘ ʙʦʣʥʦ.  

ʊʫʨʰʠʣʪ: ʪʵʵʨʵʤʜʵʭ ʧʨʦʮʝʩʩ 

ñɸʣʜʨʠʯò ʢʦʤʧʘʥʠʡʥ ᴇʥʜᴇʨ ʮʵʚʵʨʰʠʣʪʪʵʡ (99.8%) ʘʥʘʪʘʟ ʪᴇʨʣʠʡʥ TiO2(IV) ʥʫʥʪʘʛ 

ʥʴ ʘʥʭʜʘʛʯ ʤʘʪʝʨʠʘʣ ʙʦʣʛʦʥ ʘʰʠʛʣʘʛʜʩʘʥ. 10 ʛ ʥʫʥʪʘʛ ʜʵʵʞʠʡʛ ɸʅʋ-ʜ װʡʣʜʚʵʨʣʵʛʜʩʵʥ 1200 

ʵʨʛʵʣʪ/ʤʠʥ. ʙװʭʠʡ ᴇʥʜᴇʨ ʵʥʝʨʛʠʡʥ ʯʠʯʠʨʛʵʵʪ ʙᴇʤʙᴇʛᴇʥ ʪʵʵʨʵʤʜ ᴇʥʜᴇʨ ʮʵʚʵʨʰʠʣʪʪʵʡ ʛʘʥ 

ʙᴇʤʙᴇʛ ʙװʭʠʡ ʭʫʫʨʘʡ 80ʤʣ-ʠʡʥ ʛʘʥ ʮʠʣʠʥʜʨ ʩʘʚʘʥʜ ʭʠʡʩʵʥ. ɸʛʣʦʤʝʨʘʮʠʡʥ ʧʨʦʮʝʩʩʦʦʩ 
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ʟʘʡʣʩʭʠʡʭʠʡʥ ʪʫʣʜ 5 ʤʠʥʫʪ ʪʵʵʨʵʤʜʵʵʜ -350ʉ-ʠʡʥ ʪʝʤʧʝʨʘʪʫʨʳʥ ʦʨʯʠʥʜ 1ʮʘʛ ʭᴇʨʛᴇʭ 

ʜʘʨʘʘʣʣʘʘʨ ʛװʡʮʵʪʛʵʩʵʥ. ʅʫʥʪʘʛʣʘʭ ʷʚʮʘʜ ʛʘʥ ʙᴇʤʙᴇʛװװʜ ʥʫʥʪʘʛ ʤʘʪʝʨʠʘʣʳʛ ʮʦʭʠʣʪʦʦʨ 

ʙʫʪʣʘʥʘ. ʊʵʵʨʵʤʜʵʭ ʥʴ ʷʥʟ ʙװʨʠʡʥ ʪװʚʰʥʠʡ ʙᴇᴇʤʠʡʥ ʭʵʤʞʵʵʛ ʙʘʛʘʩʛʘʭ ʵʥʛʠʡʥ ʘʨʛʘ ʙᴇʛᴇᴇʜ 

ᴇᴇʨᴇᴇʨ ʭʵʣʙʵʣ ʤʘʢʨʦ ʪװʚʰʥʵʵʩ ʥʘʥʦ ʪװʚʰʠʥʜ ʭװʨʛʵʭ ʷʚʜʘʣ ʶʤ. ɹᴇʤʙᴇʛᴇᴇʨ ʪʵʵʨʵʤʜʵʭ ʥʴ װʨ 

ʜװʥʪʵʡ ʤʝʭʘʥʠʢʘʘʨ ʪʵʵʨʵʤʜʵʭ ʧʨʦʮʝʩʩʫʫʜʳʥ ʥʵʛ ʙᴇʛᴇᴇʜ ʪʵʵʨʵʤʜʵʭ ʭʫʛʘʮʘʘ ʥʴ ʤʘʰ ʯʫʭʘʣ 

 ʡʮʵʪʛʵʜʵʛ. ʕʥʵ ʧʨʦʮʝʩʩʳʥ ʷʚʮʘʜ ʥʦʡʪʦʥ ʵʩʚʵʣ ʭʫʫʨʘʡ ʪʵʵʨʵʤʜʵʭ ʥᴇʭʮʣʠʡʛ ʙʠʡװʨʵʛ ʛװװ

ʙʦʣʛʦʥʦ. ɹᴇᴇʤʠʡʥ ʭʵʤʞʵʵ ʙʫʫʨʯ ʙʘʡʛʘʘ ʥʴ ʥʫʥʪʘʛ-ʙᴇʤʙᴇʛʠʡʥ ʞʠʥʛʠʡʥ ʭʘʨʴʮʘʘʥʘʘʩ 

ʭʘʤʘʘʨʥʘ. ʕʮʩʠʡʥ ʙװʪʵʵʛʜʵʭװװʥʠʡ ʙᴇᴇʤʠʡʥ ʭʵʣʙʵʨ ʥʴ ʙᴇʤʙᴇʣᴇʛ ʭʵʣʙʵʨʪʵʡ ʙʘʡʜʘʛ. 

ɹᴇʤʙᴇʛʥʠʡ ʜʠʘʤʝʪʨʠʡʛ ʪʦʭʠʨʫʫʣʘʭ ʟʘʤʘʘʨ ʪװװʥʠʡ ʥʘʨʠʡʚʯʣʘʣʳʛ ʪʦʭʠʨʫʫʣʞ ʙʦʣʥʦ. 

ʊʵʵʨʵʤʜʵʭ ʘʞʣʳʛ 15 ʤʠʥʫʪʘʘʩ 8 ʮʘʛ 25 ʤʠʥʫʪʠʡʥ ʭʦʦʨʦʥʜ ʷʚʫʫʣʩʘʥ. 15 ʙʘ 30 ʤʠʥʫʪʘʘʨ 

ʪʵʵʨʵʤʜʵʭ װʝʜ 1ʤʤ-ʠʡʥ ʜʠʘʤʝʪʨʪʵʡ 8 ʪʦʤ ʛʘʥ ʙᴇʤʙᴇʛ ʘʰʠʛʣʘʩʘʥ. ʊʵʜʛʵʵʨ ʙᴇʤʙᴇʛװװʜʠʡʥ 

ʥʠʡʪ ʞʠʥ ʥʴ 65.71 ʛ ʙʘʡʩʘʥ. ʕʥʵ װʝʜ ʥʫʥʪʘʛ ʜʵʵʞ ʙʘ ʛʘʥ ʙᴇʤʙᴇʛʠʡʥ ʤʘʩʩʳʥ ʭʘʨʴʮʘʘ 1:6 ʙʘʡʚ. 

1 ʙʘ 3 ʮʘʛʘʘʨ ʪʵʵʨʵʤʜʵʭ װʝʜ 0.5ʤʤ-ʠʡʥ ʜʠʘʤʝʪʨʪʵʡ, ʥʠʡʪ ʞʠʥ ʥʴ 58.05 ʛ ʙʘʡʭ 17 ʞʠʞʠʛ ʛʘʥ 

ʙᴇʤʙᴇʛ ʘʰʠʛʣʘʩʘʥ.  ʅʫʥʪʘʛ ʜʵʵʞ ʙʘ ʛʘʥ ʙᴇʤʙᴇʛʠʡʥ ʤʘʩʩʳʥ ʭʘʨʴʮʘʘ 1:5 ʙʘʡʚ. ʎʘʘʰ ʥʴ 5, 6, 

7 ʮʘʛʘʘʨ ʪʵʵʨʵʤʜʵʭ װʝʜ 0.3ʤʤ-ʠʡʥ ʜʠʘʤʝʪʨʪʵʡ 36 ʤʘʰ ʞʠʞʠʛ ʛʘʥ ʙᴇʤʙᴇʛװװʜ ʘʰʠʛʣʘʩʘʥ. 

ʊʵʜʛʵʵʨ ʙᴇʤʙᴇʛʥʠʡ ʥʠʡʪ ʞʠʥ 34.52 ʛ ʙʘʡʚ. ʕʥʵ ʪʦʭʠʦʣʜʦʣʜ ʥʫʥʪʘʛ ʜʵʵʞ ʙʘ ʛʘʥ ʙᴇʤʙᴇʛʠʡʥ 

ʤʘʩʩʳʥ ʭʘʨʴʮʘʘ 1:3 ʙʘʡʚ. ʋʣʤʘʘʨ 8 ʮʘʛ 25 ʤʠʥʫʪ ʪʵʵʨʵʤʜʵʭ װʝʜ ʷʥʟ ʙװʨʠʡʥ (1ʤʤ-ʠʡʥ 

ʜʠʘʤʝʪʨʪʵʡ 2 ʰʠʨʭʵʛ ʛʘʥ ʙᴇʤʙᴇʛ, 0.8ʤʤ-ʠʡʥ ʜʠʘʤʝʪʨʪʵʡ 4 ʰʠʨʭʵʛ ʛʘʥ ʙᴇʤʙᴇʛ, 0.5ʤʤ-ʠʡʥ 

ʜʠʘʤʝʪʨʪʵʡ 3 ʰʠʨʭʵʛ ʛʘʥ ʙᴇʤʙᴇʛ, 0.3ʤʤ-ʠʡʥ ʜʠʘʤʝʪʨʪʵʡ 7 ʰʠʨʭʵʛ ʛʘʥ ʙᴇʤʙᴇʛ) ʜʠʘʤʝʪʨʪʵʡ 

ʭʦʣʠʤʦʛ ʙᴇʤʙᴇʛ ʘʰʠʛʣʘʩʘʥ. ʊʵʜʛʵʵʨʠʡʥ ʥʠʡʪ ʞʠʥ ʥʴ 41.9 ʛ, ʥʫʥʪʘʛ ʜʵʵʞ ʙʘ ʛʘʥ ʙᴇʤʙᴇʛʠʡʥ 

ʤʘʩʩʳʥ ʭʘʨʴʮʘʘ 1:4 ʙʘʡʚ. ʅʫʥʪʘʛʣʘʭ ʧʨʦʮʝʩʩ (2.19-ʨ ʟʫʨʛʠʡʥ a, c, e, f) ʙʦʣʦʥ ʩʫʜʘʣʛʘʘʥʳ 

ʷʚʮʘʜ (2.19-ʨ ʟʫʨʛʠʡʥ b, d) ʘʰʠʛʣʘʩʘʥ ʪᴇʭᴇᴇʨᴇʤʞװװʜʠʡʛ 2.19-ʨ ʟʫʨʘʛ ʜʵʵʨ װʟװװʣʵʚ.  
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2.14-ʨ ʟʫʨʘʛ. ʅʫʥʪʘʛʣʘʭ ʧʨʦʮʝʩʩ ʷʚʫʫʣʘʭʘʜ ʘʰʠʛʣʘʩʘʥ ʙʘʛʘʞʫʫʜ: ʘ) ϹʥʜϺʨ ʵʥʝʨʛʠʡʥ ʯʠʯʠʨʛʵʵʪ 

ʙϺʤʙϺʛϺʥ ʪʵʵʨʵʤ, b) ʨʝʥʪʛʝʥ ʜʠʬʨʘʢʪʦʤʝʪʨ, ʩ) ʥʫʥʪʘʛ TiO2 ʜʵʵʞ, d) ʌʦʪʦʥʳ ʭϺʥʜʣϺʥ 

ʢʦʨʨʝʣʷʮʠʡʥ ʩʧʝʢʪʨʦʩʢʦʧ (PCCS with Nanophox), e) ʷʥʟ ʙϮʨʠʡʥ ʜʠʘʤʝʪʨʪʵʡ ʟʵʚʵʨʜʵʛʛϮʡ ʛʘʥ 

ʙϺʤʙϺʛϮϮʜ,  f) ʥʫʥʪʘʛ ʜʵʵʞ ʭʠʡʭ ʟʦʨʠʫʣʘʣʪʪʘʡ ʛʘʥ ʩʘʚ 

 

ʊʵʤʪʨʵʭ ʵʣʝʢʪʨʦʥ ʤʠʢʨʦʩʢʦʧʳʥ ʩʫʜʘʣʛʘʘ (SEM): 

ʉʫʜʘʣʛʘʘʥʳ ʜʵʵʞʠʡʛ ʪʵʤʪʨʵʭ ʵʣʝʢʪʨʦʥ ʤʠʢʨʦʩʢʦʧ (Energy dispersive x-ray 

spectroscopy (EDX)) ʙʘʛʘʞ ʜʵʵʨ ʭʵʤʞʩʵʥ. ʍʵʤʞʠʣʪʠʡʥ װʨ ʜװʥʛװװʜʠʡʛ 2.20, 2.21-ʨ ʟʫʨʛʫʫʜ 

ʜʵʵʨ װʟװװʣʵʚ. 

                                           
 

2.15-ʨ ʟʫʨʘʛ. ʕʣʝʢʪʨʦʥ ʤʠʢʨʦʩʢʦʧ (SEM)-ʦʦʨ ʘʚʩʘʥ ʘʥʭʜʘʛʯ TiO2 ʥʫʥʪʛʠʡʥ ʤʠʢʨʦ-ʟʫʨʘʛ 
(1500 ʜʘʭʠʥ ᴇʩʛᴇʩᴇʥ ʜװʨʩ) 

 

2.20-ʨ ʟʫʨʘʛ ʜʵʵʨ ʩʵʚʩʛʵʨ ʭʵʣʙʵʨʪʵʡ 50-80 ʤʢʤ ʭʵʤʞʵʵʪʵʡ ʪʦʤ ʙᴇᴇʤװװʜ ʘʞʠʛʣʘʛʜʩʘʥ. 

2.20-ʨ ʟʫʨʛʠʡʥ A װʩʛʵʵʨ ʪʵʤʜʵʛʣʵʩʵʥ ʭʵʩʵʛʪ ʰʠʥʞʠʣʛʵʵ ʭʠʡʭʵʜ ʟᴇʚʭᴇʥ ʜʘʥ ʛʘʥʮ Ti ʛʵʩʵʥ    

ʵʣʝʤʝʥʪװװʜ ʠʣʵʨʩʵʥ. תʨ ʜװʥʛ 2.21-ʨ ʟʫʨʘʛ ʜʵʵʨ װʟװװʣʵʚ.       
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2.16-ʨ ʟʫʨʘʛ. ɹʠʝ ʜʘʘʩʘʥ ʪʦʤ ʙϺϺʤ (A) ʜʵʵʨ ʛϮʡʮʵʪʛʵʩʵʥ ʵʣʝʤʝʥʪʠʡʥ ʰʠʥʞʠʣʛʵʵʥʠʡ Ϯʨ ʜϮʥ 

 

ʕʣʝʤʝʥʪʠʡʥ ʰʠʥʞʠʣʛʵʵʥʠʡ ʜװʥʜ ʜʘʥ ʛʘʥʮ Ti ʵʣʝʤʝʥʪʵʵʩ ʛʘʜʥʘ ᴇᴇʨ ʵʣʝʤʝʥʪװװʜ 

ʘʞʠʛʣʘʛʜʘʘʛװʡ. 

 

ʈʝʥʪʛʝʥ ʮʘʮʨʘʛʠʡʥ ʜʠʬʨʘʢʮʠʡʥ ʩʫʜʘʣʛʘʘ (XRD): 

ʈʝʥʪʛʝʥ ʮʘʮʨʘʛʠʡʥ ʜʠʬʨʘʢʮʠʡʥ ʥʘʨʠʡʚʯʠʣʩʘʥ ʭʵʤʞʠʣʪ (ʵʨʯʤʠʡʥ ʠʥʪʝʛʨʘʣ ʭʵʤʞʠʣʪ 

ʙʘ ʰʫʛʘʤʳʥ ᴇʨʛᴇʩᴇʣʪʠʡʛ ʰʠʥʞʣʵʭ ʟʘʤʘʘʨ ʧʠʢʠʡʥ ʙʘʡʨʣʘʣʳʛ ʭʵʤʞʠʭ, ʧʠʢʠʡʥ ʪʘʣʙʘʡʛ 

ʪʦʜʦʨʭʦʡʣʦʭ ʟʵʨʵʛ)-ʠʡʛ 2J=130-700 ᴇʥʮᴇʛ ʤʫʞʠʜ 0.020 ᴇʥʮᴇʛ ʘʣʭʘʤʪʘʡʛʘʘʨ, ʘʣʭʘʤ ʪʫʩ ʙװʨ 

ʜʵʵʨ 2 ʩʝʢʫʥʜʠʡʥ ʟʦʛʩʦʣʪʪʦʡʛʦʦʨ, ʛʦʥʠʦʤʝʪʨʵʵʨ ʪʦʥʦʛʣʦʛʜʩʦʥ, ʰװװʛʜʩʵʥ ʤʦʥʦʭʨʦʤʘʪʠʢ 

CuKŬ ʮʘʮʨʘʛ ʙװʭʠʡ ʥʫʥʪʛʠʡʥ ʨʝʥʪʛʝʥ ʜʠʬʨʘʢʪʦʤʝʪʨ ñEnraf Nonius Delftò ʜʵʵʨ ʛװʡʮʵʪʛʵʩʵʥ. 

 ʛʵʣʪʠʡʛ ʭʵʨʵʛʣʵʩʵʥ ʧʠʢʠʡʛװʥʠʡ ʪʫʣʜ ʜʠʬʨʘʢʮʠʡʥ ʧʠʢʠʡʥ ʧʨʦʬʠʣʠʡʥ ʛʘʫʩʩ ʪװת

ʙʦʣʦʚʩʨʫʫʣʜʘʛ ʧʨʦʛʨʘʤʤʳʛ  ʘʰʠʛʣʘʩʘʥ [27]. ʋʛ ʨʝʥʪʛʝʥ ʜʠʬʨʘʢʪʦʤʝʪʨʠʡʥ ʟʫʨʛʠʡʛ 2.19-ʨ 

ʟʫʨʛʠʡʥ b) ʜʵʵʨ װʟװװʣʩʵʥ. ʈʝʥʪʛʝʥ ʮʘʮʨʘʛʠʡʥ ʩʧʝʢʪʨʠʡʛ ʙʦʣʦʚʩʨʫʫʣʘʭʘʜ ñFullProf Suiteò 

ʧʨʦʛʨʘʤʤʳʛ ʘʰʠʛʣʘʩʘʥ [28]. ʊʵʵʨʵʤʜʵʵʛװʡ ʘʥʭʜʘʛʯ ʜʵʵʞʥʠʡ ʨʝʥʪʛʝʥ ʜʠʬʨʘʢʮʠʡʥ ʩʧʝʢʪʨʠʡʛ 

2.22-ʨ ʟʫʨʘʛʪ װʟװװʣʵʚ. 
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                                    2.17-ʨ ʟʫʨʘʛ. ɸʥʭʜʘʛʯ ʜʵʵʞ TiO2 ïʠʡʥ ʨʝʥʪʛʝʥ ʜʠʬʨʘʢʪʦʛʨʘʤʤ 

 

ʈʝʥʪʛʝʥ ʬʘʟʳʥ ʰʠʥʞʠʣʛʵʵʥʠʡ ʜװʥʜ ʘʥʭʜʘʛʯ ʜʵʵʞ TiO2 ʥ ɹI41/amd ʛʵʩʵʥ ʦʛʪʦʨʛʫʡʥ ʛʨʫʧʧ 

ʙװʭʠʡ ʪʝʪʨʘʛʦʥʘʣʴ ʪʵʛʰ ʭʵʤʪʵʡ ʘʥʘʪʘʟ ʪᴇʨʣʠʡʥ ʪʠʪʘʥʳ ʠʩʵʣ (TiO2(IV)) ʙʦʣʦʭ ʥʴ 

ʪʦʛʪʦʦʛʜʩʦʥ. 2.33-ʨ ʟʫʨʘʛ ʜʵʵʨ ʘʥʘʪʘʟ ʪᴇʨʣʠʡʥ TiO2-ʠʡʥ ʜʠʬʨʘʢʮʠʡʥ ʧʠʢװװʜʵʜ ʭʘʨʛʘʣʟʘʭ 

ʄʠʣʣʝʨʠʡʥ ʠʥʜʝʢʩ (hkl)-װװʜʠʡʛ ʭʘʘʣʪʘʥʜ ʙʘʡʛʘʘ ʪʦʦʛʦʦʨ ʪʵʤʜʵʛʣʵʥ װʟװװʣʵʚ. ʕʥʜʵʵʩ 

ʭʘʤʛʠʡʥ ʠʭ ʵʨʯʠʤʪʵʡ ʜʠʬʨʘʢʮʠʡʥ ʧʠʢʠʡʥ ʄʠʣʣʝʨʠʡʥ ʠʥʜʝʢʩ (101) ʙʦʣʦʭ ʥʴ ʭʘʨʘʛʜʘʥʘ. 

ɼʠʬʨʘʢʮʠʡʥ ʩʧʝʢʪʨʠʡʥ ʰʫʛʘʤʳʥ ᴇʨʛᴇʩᴇʣʪʠʡʥ ʰʠʥʞʠʣʛʵʵʛ (101) ʠʥʜʝʢʩʪʵʡ ʧʠʢʠʡʥ ʙʦʜʠʪ 

ʧʨʦʬʠʣʴ ʜʵʵʨ ʛװʡʮʵʪʛʵʩʵʥ. 8 ʮʘʛ ʭװʨʪʵʣ ʪʵʵʨʵʤʜʵʭ ʷʚʮʘʜ ʨʝʥʪʛʝʥʦʛʨʘʤʤ ʜʵʵʨ ʷʤʘʨ ʥʵʛ 

ʬʘʟʳʥ ʭʫʚʠʨʘʣ װʟʵʛʜʵʣ ʘʞʠʛʣʘʛʜʘʘʛװʡ ʙʦʣʥʦ. ʍʘʨʠʥ 5 ʮʘʛʘʘʩ ʵʭʣʵʥ ʜʠʬʨʘʢʮʳʥ ʵʨʯʠʤ 

ʙʫʫʨʘʭ ʟʘʤʘʘʨ ʘʤʦʨʬ ʬʘʟ ʨʫʫ ʰʠʣʞʠʞ ʙʘʡʚ. ɻʵʪʵʣ [27] ʘʞʠʣʜ ʘʥʘʪʘʟ ʪᴇʨʣʠʡʥ ʥʫʥʪʘʛ TiO2ï

ʠʡʛ 100 ʮʘʛ ʭװʨʪʵʣ ʪʵʵʨʵʤʜʵʭ ʷʚʮʘʜ ʙװʪʮʠʡʥ ʬʘʟʳʥ ʭʦʸʨ ʰʠʣʞʠʣʪ (ʤʝʪʘʩʪʘʙʠʣʴ  ʬʘʟ 

TiO2(II), ᴇʥʜᴇʨ ʜʘʨʘʣʪʳʥ TiO2(B))-װװʜʠʡʛ ʘʞʠʛʣʘʩʘʥ ʙʘʡʩʘʥ. 2.23-ʨ ʟʫʨʘʛ ʜʵʵʨ ʷʥʟ ʙװʨʠʡʥ 

ʭʫʛʘʮʘʘʥʜ ʪʵʵʨʵʤʜʵʞ ʨʝʥʪʛʝʥ ʜʠʬʨʘʢʪʦʤʝʪʨ ʜʵʵʨ ʭʵʤʞʩʵʥ TiO2 ʜʵʵʞװװʜʠʡʥ 

ʨʝʥʪʛʝʥʦʛʨʘʤʤʳʛ ʭʘʨʴʮʫʫʣʘʥ װʟװװʣʵʚ. ʍʵʤʞʠʣʪʠʡʛ ʐʋʊʀʉ-ʠʡʥ ʍʐʋʉ-ʠʡʥ 

ʅʘʥʦʪʝʭʥʦʣʦʛʠ, ʤʘʪʝʨʠʘʣ ʩʫʜʣʘʣʳʥ ʣʘʙʦʨʘʪʦʨ ʜʘʭʴ ʥʫʥʪʛʠʡʥ ʨʝʥʪʛʝʥ ʜʠʬʨʘʢʪʦʤʝʪʨ ñEnraf 

Nonius Delft 583ò ʜʵʵʨ ʛװʡʮʵʪʛʵʩʵʥ.  
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2.18-ʨ ʟʫʨʘʛ. ʗʥʟ ʙϮʨʠʡʥ ʭʫʛʘʮʘʘ (15, 30ʤʠʥ; 1, 3, 5, 6, 7, 8 ʮʘʛ)-ʥʜ ʪʵʵʨʵʤʜʵʞ ʭʵʤʞʩʵʥ TiO2 

ʜʵʵʞϮϮʜʠʡʥ ʭʘʨʴʮʫʫʣʩʘʥ ʜʠʬʨʘʢʪʦʛʨʘʤʤʫʫʜ 

 

2.23-ʨ ʟʫʨʛʘʘʩ װʟʵʭʵʜ ʪʵʵʨʵʤʜʵʭ ʭʫʛʘʮʘʘ ʠʭʩʵʭʵʜ ʜʠʬʨʘʢʮʠʡʥ ʧʠʢʠʡʥ ʵʨʯʠʤ ʙʫʫʨʯ, ʧʠʢʠʡʥ 

ᴇʨʛᴇʥ ʥʵʤʵʛʜʵʚ ʙʘʡʚ. ɼʵʵʞװװʜʠʡʥ ʪʘʣʩʪʥr ʭʵʤʞʵʵʛ ʪʦʜʦʨʭʦʡʣʦʭʳʥ ʪʫʣʜ ʐʝʨʨʝʛʠʡʥ 

ʜʘʨʘʘʭʴ ʪʵʛʰʠʪʛʵʣʠʡʛ ʘʰʠʛʣʘʩʘʥ: 

     Dc= 
Öl

ÖЎ
     (1) 

 ʥʜ: K- ʙᴇᴇʤʠʡʥ ʭʵʣʙʵʨʵʵʩ ʭʘʤʘʘʨʩʘʥ ʬʘʢʪʦʨ, ʙᴇʤʙᴇʣᴇʛ ʭʵʣʙʵʨʪʵʡ ʙᴇᴇʤʠʡʥ ʪʦʭʠʦʣʜʦʣʜװת

0.94 ʛʵʩʵʥ ʫʪʛʘʪʘʡ. l-ʘʰʠʛʣʘʩʘʥ ʨʝʥʪʛʝʥ ʮʘʮʨʘʛʠʡʥ ʜʦʣʛʠʦʥʳ ʫʨʪ (Cu/KŬ=0.154ʥʤ), B(2ɗ)- 

ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʜʘʭʴ ʭʘʤʛʠʡʥ ᴇʥʜᴇʨ ʵʨʯʠʤʪʵʡ ʧʠʢʠʡʥ ᴇʥʜʨʠʡʥ ʭʘʛʘʩʪ ʭʘʨʛʘʣʟʘʭ ʙװʪʵʥ 

ᴇʨʛᴇʥ, ɗ- ɹʨʵʛʛʠʡʥ ᴇʥʮᴇʛ.  

2.23-ʨ ʟʫʨʛʠʡʥ ʜʵʵʞװװʜʠʡʥ ʨʝʥʪʛʝʥʦʛʨʘʤʤ ʜʵʵʨʭ ʭʘʤʛʠʡʥ ᴇʥʜᴇʨ ʧʠʢʠʡʥ ᴇʥʜʨʠʡʥ ʭʘʛʘʩ 

ʜʵʵʨʭ ʙװʪʵʥ ᴇʨʛᴇʥʠʡ ʫʪʛʳʛ ʤʵʜʩʵʥʵʵʨ (1) ʪʦʤʲʸʦʛ ʘʰʠʛʣʘʥ TiO2ïʠʡʥ ʪʘʣʩʪʥr ʭʵʤʞʵʵʛ 

ʪʦʜʦʨʭʦʡʣʞ 2.2-ʨ ʭװʩʥʵʛʪʵʥʜ װʟװװʣʵʚ.  
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            2.2-ʨ ʭϮʩʥʵʛʪ. ʊʵʵʨʵʤʜʵʭ ʭʫʛʘʮʘʘ ʙʘ ʥʫʥʪʘʛ TiO2ïʠʡʥ ʪʘʣʩʪʳʥ ʭʵʤʞʵʵʥʠʡ ʭʘʤʘʘʨʘʣ 

ˉ ʊʵʵʨʵʤʜʩʵʥ 

ʭʫʛʘʮʘʘ 

 ɗ0 cos(ɗ0) æB(2ɗ0) K l, ʥʤ 

(Cu/KŬ) 

Dc, ʥʤ 

1 0 12.640 0.9757 0.250 0.94 0.154 34.0 

2 15ʤʠʥ 12.690 0.9755 0.290 - - 29.3 

3 30ʤʠʥ 12.670 0.9756 0.310 - - 27.4 

4 1ʮʘʛ 12.690 0.9755 0.300 - - 28.3 

5 3ʮʘʛ 12.670 0.9756 0.380 - - 22.3 

6 5ʮʘʛ 12.670 0.9756 0.830 - - 10.2 

7 6ʮʘʛ 12.640 0.9757 1.030 - -   8.2 

8 7ʮʘʛ 12.660 0.9756 0.530 - - 16.0 

9 8 ʮʘʛ 25 ʤʠʥ 12.690 0.9755 0.490 - - 17.3 

 

2.2-ʨ ʭװʩʥʵʛʪʵʵʩ װʟʵʭʵʜ ʩʫʜʘʣʛʘʘʥʳ ʘʥʭʜʘʛʯ ʜʵʵʞʵʥʜ ʭʘʨʛʘʣʟʘʭ ʪʘʣʩʪʥr ʭʵʤʞʵʵ 34 ʥʤ 

ʙʘʡʩʘʥ. 15-ʘʘʩ 30 ʤʠʥʫʪ ʭװʨʪʵʣ ʪʵʵʨʵʤʜʵʭʵʜ ʪʘʣʩʪʥr ʭʵʤʞʵʵ 27 ʥʤ ʭװʨʪʵʣ ʙʫʫʨʩʘʥ. ʍʘʨʠʥ 

1 ʮʘʛ ʪʵʵʨʵʤʜʵʭ ʷʚʮʘʜ 28 ʥʤ ʙʦʣʞ ʙʘʛʘ ʟʵʨʵʛ ᴇʩʩᴇʥ. ʎʘʘʰ ʥʴ 6 ʮʘʛ ʭװʨʪʵʣ ʪʵʵʨʵʤʜʵʵʜ ʪʘʣʩʪʥr 

ʭʵʤʞʵʵʛ 8.2 ʥʤ  ʭװʨʪʵʣ ʙʫʫʨʫʫʣʞ ʯʘʜʩʘʥ. 7 ʮʘʛ, 8 ʮʘʛ 25 ʤʠʥʫʪ ʭװʨʪʵʣ ʥʫʥʪʘʛʣʘʭʘʜ ʜʵʵʞװװʜ 

ʜʵʭ ʪʘʣʩʪʥr ʭʵʤʞʵʵ ʙʫʮʘʘʜ ᴇʩᴇʭ ʭʘʥʜʣʘʛʘ ʘʞʠʛʣʘʛʜʩʘʥ. ʕʥʜʵʵʩ ʙʠʜ ʮʘʘʰʜʳʥ ʩʫʜʘʣʛʘʘʥʜʘʘ 

ʪʘʣʩʪʥr ʭʵʤʞʵʵ ʥʴ 8.2 ʥʤ ʙװʭʠʡ ʜʵʵʞʠʡʛ ʩʦʥʛʦʞ ʘʚʩʘʥ.  

ʅʫʥʪʘʛ TiO2 ʙϺϺʤʠʡʥ ʭʵʤʞʵʵʥʠʡ ʩʫʜʘʣʛʘʘ:  

ʌʦʪʦʥʳ ʭᴇʥʜʣᴇʥ ʢʦʨʨʝʣʷʮʠʡʥ ʩʧʝʢʪʨʦʩʢʦʧ (PCCS) ʥʴ ʪʫʥʛʘʣʘʛ ʙʫʩ ʩʫʩʧʝʥʟ ʙʘ 

ʵʤʫʣʴʩʠʡʥ ʙᴇᴇʤʠʡʥ ʭʵʤʞʵʵ ʙʘ ʪʦʛʪʚʦʨʞʠʣʪʠʡʛ 1ʥʤ-ʵʵʩ 10.000 ʥʤ-ʠʡʥ ʤʫʞʠʜ ʥʘʨʠʡʥ 

ʭʵʤʞʠʣʪʠʡʛ ʥʵʛʵʥ ʟʵʨʵʛ ʛװʡʮʵʪʛʵʜʵʛ ʙʘʛʘʞ ʶʤ. ʅʫʥʪʘʛ TiO2 ʜʵʵʞʠʡʛ ʥʫʥʪʘʛʣʘʭ ʭʫʛʘʮʘʘʥʘʘʩ 

ʭʘʤʘʘʨʫʫʣʘʥ ʜʘʚʭʘʨ ʥʵʨʩʵʥ ʫʩʘʥʜ ʭʠʡʞ ʩʫʩʧʝʥʟʠʡʥ ʜʵʵʞװװʜ ʤʘʷʛʘʘʨ ʙʵʣʜʩʵʥ. ʊʫʩ 

ʩʫʩʧʝʥʟʠʡʛ ʜʠʩʧʝʨʩʣʵʭʵʜ ʭʵʪ ʘʚʠʘʥʳ װװʩʛװװʨ KS-900F-ʵʵʨ 1 ʤʠʥʫʪʳʥ ʪʫʨʰ װʡʣʯʠʣʩʵʥ. 

PCCS-ʠʡʥ ʭʵʤʞʠʣʪʵʥʜ ʟʦʨʠʫʣʩʘʥ ʩʫʩʧʝʥʟʠʡʥ ʜʵʵʞʠʡʛ 12.5ʤʤ ᴇʨʛᴇʥʪʵʡ, 12.5ʤʤ-ʠʡʥ 

ʛװʥʪʵʡ, 36ʤʤ-ʠʡʥ ᴇʥʜᴇʨʪʵʡ, 50ʤʢʣ-2.000ʤʢʣ ʭװʨʪʵʣ ʜװװʨʛʵʭ ʵʟʣʵʭװװʥ ʙװʭʠʡ ʥʵʛ ʫʜʘʘʛʠʡʥ 

ʪʫʥʛʘʣʘʛ ʧʣʘʩʪʠʢ ʫʚʝʪʪ (Eppendorf UVetteÑ, Sympatec Item No.NZ0020) ʩʘʚʘʥʜ ʭʠʡʞ 

ʙʵʣʜʩʵʥ. ɼʵʵʞ ʙװʭʠʡ ʫʚʝʪʪʠʡʛ 632.8ʥʤ ʜʦʣʛʠʦʥʳ ʫʨʪʪʘʡ HeNe-ʣʘʟʝʨʠʡʥ ʮʘʮʨʘʛʠʡʥ ʟʘʤʜ 

ʦʨʪʦʛʦʥʘʣʴ ʙʘʡʭʘʘʨ ʪʝʨʤʦʩʪʘʪʠʡʥ ʪʦʭʠʨʫʫʣʛʘ ʙװʭʠʡ ʮʵʚʵʨ ʫʩʪʘʡ ʩʘʚʘʥʜ ʭʠʡʞ ʪᴇʭᴇᴇʨᴇʤʞ 

ʜʦʪʦʨ ʙʘʡʨʣʫʫʣʜʘʛ. ʊʝʨʤʦʩʪʘʪ ʙװʭʠʡ ʩʘʚʳʛ 0.22ʤʢʤ ʰװװʣʪװװʨʵʵʨ ʰװװʩʵʥ ʜʘʚʭʘʨ ʥʵʨʩʵʥ 
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ʫʩʘʘʨ ᴇʥʜʨʠʡʥ Ĳ ʙʘʡʭʘʘʨ ʜװװʨʛʵʜʵʛ. ʍʵʤʞʠʣʪʠʡʥ װʨ ʜװʥʛ ʙʦʣʦʚʩʨʫʫʣʘʭʘʜ Windox 5 

ʧʨʦʛʨʘʤʤʳʛ ʘʰʠʛʣʘʩʘʥ. ɾʠʰʵʵ ʙʦʣʛʦʞ 6 ʮʘʛʠʡʥ ʪʫʨʰʠʜ ʥʫʥʪʘʛʣʘʩʘʥ TiO2 ʜʵʵʞʥʠʡ װʨ ʜװʥʛ 

2.24-ʨ ʟʫʨʘʛ ʜʵʵʨ ʩʦʥʛʦʞ װʟװװʣʵʚ. 2.24-ʨ ʟʫʨʘʛʪʘʡ ʘʜʠʣʭʘʥ ʛʨʘʬʠʢʫʫʜʳʛ ʙʫʩʘʜ ʪʵʵʨʵʤʜʩʵʥ 

ʜʵʵʞװװʜʵʜ ʛʘʨʛʘʥ ʘʚʩʘʥ ʙʦʣʥʦ.  

 
2.19-ʨ ʟʫʨʘʛ. ɹϺϺʤʠʡʥ ʭʵʤʞʵʵ ʙʘ ʢʫʤʫʣʷʪʠʚ ʪʘʨʭʘʣʪ (Q(x)), ʙϺϺʤʠʡʥ ʭʵʤʞʵʵ ʙʘ ʥʷʛʪʳʥ 

ʪʘʨʭʘʣʪʳʥ ʭʘʤʘʘʨʘʣ (q*(x)) 

 

ʂʫʤʫʣʷʪʠʚ ʪʘʨʭʘʣʪʳʥ 50%-ʜ ʭʘʨʛʘʣʟʘʭ ʙᴇᴇʤʠʡʥ ʭʵʤʞʵʵ ʥʴ ʪʫʭʘʡʥ ʜʵʵʞʥʠʡ ʙᴇᴇʤʠʡʥ 

ʜʫʥʜʘʞ ʭʵʤʞʵʵʛ ʟʘʘʜʘʛ. 2.24-ʨ ʟʫʨʛʘʘʩ ʭʘʨʘʭʘʜ ʙᴇᴇʤʠʡʥ ʜʫʥʜʘʞ ʭʵʤʞʵʵ 221 ʥʤ, ʙᴇᴇʤʠʡʥ 

ʭʵʤʞʵʵʥʠʡ ʪʘʨʭʘʣʪʳʥ ʤʫʞ 41ʥʤ·343ʥʤ, ʭʫʚʠʡʥ ʛʘʜʘʨʛʫʫʛʠʡʥ ʪʘʣʙʘʡ 27.35 (m3/cm3) ʛʵʞ 

ʪʫʩ ʪʫʩ ʪʦʜʦʨʭʦʡʣʦʛʜʦʥʦ. ʅʘʥʦʭʵʤʞʵʵʪʵʡ (<100ʥʤ) ʙᴇᴇʤװװʜʠʡʥ ʪʦʦ ʭʵʤʞʵʵ ʵʟʵʣʭװװʥʠʡ 

0.04% -ʠʡʛ ʵʟʵʣʞ ʙʘʡʚ. ʅʷʛʪʳʥ ʪʘʨʭʘʣʪʳʥ ʭʘʤʘʘʨʣʳʥ ʤʫʨʫʡʥ ʭʵʣʙʵʨ ɻʘʫʩʩ ʪʵʛʰ ʭʵʤʪʵʡ 

ʙʘʡʚ. ʗʥʟ ʙװʨʠʡʥ ʭʫʛʘʮʘʘʥʜ ʥʫʥʪʘʛʣʘʞ PCCS ʙʘʛʘʞʘʘʨ ʭʵʤʞʩʵʥ ʙᴇᴇʤʠʡʥ ʭʵʤʞʵʵʥʠʡ 

ʫʪʛʫʫʜʳʛ ʪʫʨʰʠʣʪʳʥ װʨ ʜװʥʛ ʛʨʘʬʠʢʫʫʜʘʘʩ ʪװװʚʵʨʣʵʥ ʘʚʯ 2.3-ʨ ʭװʩʥʵʛʪʵʥʜ ʵʤʭʵʪʛʵʥ 
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2.3-ʨ ʭϮʩʥʵʛʪ. TiO2-ʠʡʥ ʙϺϺʤʠʡʥ ʭʵʤʞʵʵʥʠʡ ʧʘʨʘʤʝʪʨϮϮʜ 

ˉ ʅʫʥʪʘʛʣʘʩʘʥ 

ʭʫʛʘʮʘʘ (t) 

ɹᴇᴇʤʠʡʥ 

ʜʫʥʜʘʞ ʭʵʤʞʵʵ  

(●50, ʥʤ) 

ɹᴇᴇʤʠʡʥ 

ʭʵʤʞʵʵʥʠʡ 

ʪʘʨʭʘʣʪ (ʥʤ) 

ʍʫʚʠʡʥ 

ʛʘʜʘʨʛʫʫʛʠʡʥ 

ʪʘʣʙʘʡ(ʤ2/ʩʤ3) 

1 0 (ɻ ʭ ʜʵʵʞ) 4.6 ʤʢʤ 133 ʥʤ ÷ 7.7 ʤʢʤ    1.30 

2 15 ʤʠʥ. 429 ʥʤ 319 ʥʤ ÷ 6.5 ʤʢʤ 14.06 

3 30 ʤʠʥ. 381 ʥʤ  296 ʥʤ ÷ 530 ʥʤ  15.80 

4 1 ʮʘʛ 470 ʥʤ   368 ʥʤ ÷ 659 ʥʤ 12.81 

5 3 ʮʘʛ 280 ʥʤ  238 ʥʤ ÷ 368 ʥʤ 21.49 

6 5 ʮʘʛ 406 ʥʤ  319 ʥʤ ÷ 570 ʥʤ 14.84 

7 6 ʮʘʛ 221 ʥʤ  41 ʥʤ ÷ 343 ʥʤ 27.35 

 

ʄʘʪʝʨʠʘʣʳʥ ʙᴇᴇʤʠʡʥ ʭʵʤʞʵʵ ʙʫʫʨʘʭʘʜ ʛʘʜʘʨʛʫʫʛʠʡʥ ʪʘʣʙʘʡ ʙʘ ʛʘʜʘʨʛʫʫʛʠʡʥ 

ʵʟʣʵʭװװʥʠʡ ʭʘʨʴʮʘʘ ʵʨʩ ʥʵʤʵʛʜʜʵʛ. TiO2 ʜʵʵʞʠʡʛ 6 ʮʘʛ ʪʵʵʨʵʤʜʩʵʥʠʡ ʜʘʨʘʘʛʘʘʨ ʭʫʚʠʡʥ 

ʛʘʜʘʨʛʫʫʛʠʡʥ ʪʘʣʙʘʡʛ 1.30-ʘʘʩ 27.35(ʤ2/ʩʤ3) ʭװʨʪʵʣ ᴇʩʛᴇʞ ʯʘʜʩʘʥ. TiO2 ʜʵʵʞʠʡʥ ʙᴇᴇʤʠʡʥ 

ʜʫʥʜʘʞ ʭʵʤʞʵʵʛ 4.6 ʤʢʤ-ʵʵʩ 221 ʥʤ ʭװʨʪʵʣ ʙʫʫʨʫʫʣʩʘʥ. 7 ʙʘ 8 ʮʘʛ ʭװʨʪʵʣ ʪʵʵʨʵʤʜʩʵʥ 

ʜʵʵʞװװʜʠʡʥ ʭʫʚʴʜ ʫʩʘʥʜ ʪʦʛʪʚʦʨʪʦʡ ʩʫʩʧʝʥʟװװʜ ʙʵʣʪʛʵʞ ʯʘʜʘʘʛװʡ ʫʯʨʘʘʩ PCCS ʙʘʛʘʞʘʘʨ 

ʭʵʤʞʠʭ ʙʦʣʦʤʞʛװʡ ʙʦʣʩʦʥ. 

ʊʦʚʯ ʜװʛʥʵʣʪ 

1. ʈʝʥʪʛʝʥ ʜʠʬʨʘʢʮʠʡʥ ʘʥʘʣʠʟʳʥ ʜװʥʜ ʘʥʘʪʘʟ TiO2 -ʠʡʥ ʭʫʚʴʜ ʥʫʥʪʘʛʣʘʭ ʭʫʛʘʮʘʘʥʘʘʩ  

ʭʘʤʘʘʨʯ ʷʤʘʨ ʥʵʛ ʬʘʟʳʥ ʰʠʣʞʠʣʪ ʙʘ ʘʤʦʨʬʞʠʭ װʟʵʛʜʵʣ ʘʞʠʛʣʘʛʜʘʘʛװʡ. 

2. ᴆʥʜᴇʨ ʵʥʝʨʛʠʡʥ ʙᴇʤʙᴇʛᴇʥ ʪʵʵʨʤʠʡʥ ʘʨʛʘʘʨ ʘʥʘʪʘʟ ʪᴇʨʣʠʡʥ TiO2 ʥʫʥʪʘʛ ʜʵʵʞʠʡʥ 

ʪʘʣʩʪʥr ʭʵʤʞʵʵʛ 34 ʥʤ-ʵʵʩ 8 ʥʤ ʭװʨʪʵʣ ʙʫʫʨʫʫʣʩʘʥ. 

3. ʌʦʪʦʥʳ ʭᴇʥʜʣᴇʥ ʢʦʨʨʝʣʷʮʠʡʥ ʩʧʝʢʪʨʦʩʢʦʧʠʡʥ ʭʵʤʞʠʣʪʵʵʨ ~8ʥʤ ʭʵʤʞʵʵʪʵʡ ʪʘʣʩʪ 

ʘʛʫʫʣʩʘʥ TiO2 ʙᴇᴇʤʠʡʥ ʜʫʥʜʘʞ ʭʵʤʞʵʵ 221 ʥʤ ʛʵʞ ʪʦʜʦʨʭʦʡʣʩʦʥ. ʅʘʥʦʭʵʤʞʵʵʪʵʡ 

(<100ʥʤ) ʙᴇᴇʤװװʜʠʡʥ ʪʦʦ ʭʵʤʞʵʵ ʵʟʵʣʭװװʥʠʡ 0.04% -ʠʡʛ ʵʟʵʣʞ ʙʘʡʚ.   
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  3-ʈ ɹתʃʕɻ. ʅʘʥʦʭʵʤʞʵʵʪ Ti3O5 ʢʨʠʩʪʘʣʣʳʛ 

ʛʘʨʛʘʥ ʘʚʘʭ ʩʫʜʘʣʛʘʘ  

3.1 ᴆʥʜᴇʨ ʪʝʤʧʝʨʘʪʫʨʪ ʥʘʥʦʭʵʤʞʵʵʪ Ti 3O5 ʢʨʠʩʪʘʣʣʳʛ ʩʠʥʪʝʟʣʵʭ 
ʅʘʥʦʭʵʤʞʵʵʪ Ti3O5 ʢʨʠʩʪʘʣʣʳʛ ᴇʥʜᴇʨ ʪʝʤʧʝʨʘʪʫʨʪ ʩʠʥʪʝʟʣʵʭʠʡʥ ʪʫʣʜ ʙʠʜ ᴇʤʥᴇʭ 

ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʘʘʨʘʘ ᴇʥʜᴇʨ ʵʥʝʨʛʠʡʥ ʙᴇʤʙᴇʛᴇʥ ʪʵʵʨʤʵʵʨ ʛʘʨʛʘʥ ʘʚʩʘʥ ʪʘʣʩʪʥr ʭʵʤʞʵʵ ʥʴ 

8ʥʤ ʙװʭʠʡ ʘʥʘʪʘʟ ʪᴇʨʣʠʡʥ TiO2 ʙᴇᴇʤʠʡʛ ʘʰʠʛʣʘʩʘʥ [29]. ʊʫʨʰʠʣʪʳʛ ʐʋʊʀʉ-ʠʡʥ ʍʐʋʉ-

ʠʡʥ ʍʠʤʠʡʥ ʠʥʞʝʥʝʨʯʣʵʣʠʡʥ ʩʘʣʙʘʨʳʥ T-404 ʪʦʦʪ ʣʘʙʦʨʘʪʦʨʠʜ ʩʫʫʨʠʣʫʫʣʩʘʥ ᴇʥʜᴇʨ 

ʪʝʤʧʝʨʘʪʫʨʳʥ <Nabertherm> ʟʫʫʭʘʥʜ ʷʚʫʫʣʩʘʥ (3.1-ʨ ʟʫʨʘʛ). ʅʵʛʜʩʵʥ ʭʷʥʘʣʪʳʥ ʩʠʩʪʝʤ 

ʙװʭʠʡ ʢʚʘʨʮʘʥ ʭʦʦʣʦʡʪ ʟʫʫʭʳʛ ʦʣʦʥ ʧʨʦʮʝʩʩʪ ʘʰʠʛʣʘʭ ʙʦʣʦʤʞʪʦʡ.   

            

3.1-ʨ ʟʫʨʘʛ. ϹʥʜϺʨ ʪʝʤʧʝʨʘʪʫʨʳʥ <Nabertherm>  ʰʘʪʘʘʭ ʟʫʫʭ 

ʊʫʩ ʰʘʪʘʘʭ ʟʫʫʭ ʥʴ 17000C ʭװʨʪʵʣ ʭʘʣʘʘʭ ʯʘʜʚʘʨʪʘʡ, ʟʫʫʭʳʛ ʘʞʠʣʫʫʣʘʭʘʘʩ ᴇʤʥᴇ 1 ʙʘʨ 

ʭװʨʪʵʣ ʜʘʨʘʣʪʪʘʡ ʚʘʢʫʫʤʳʥ ʦʨʯʠʥ װװʩʛʵʭ ʙʦʣʦʤʞʪʦʡ. ɼʵʵʞʠʡʛ 12000C ʪʝʤʧʝʨʘʪʫʨʪ 5 

ʮʘʛʠʡʥ ʪʫʨʰʠʜ ʠʥʝʨʪʠʡʥ ʭʠʡʥ ʦʨʯʠʥʜ ʛװʡʮʵʪʛʵʩʵʥ. ʕʥʵ װʝʜ ʠʥʝʨʪʠʡʥ ʭʠʡʥ ʫʨʩʛʘʣ 0.7ʣ/ʤʠʥ. 

ʙʘʡʚ. 

ʅʘʥʦʭʵʤʞʵʵʪ Ti3O5 ʥʵʛʜʵʣ װװʩʩʵʥʠʡʛ ʰʘʣʛʘʭʳʥ ʪʫʣʜ ʰʠʣʞʠʣʪʠʡʥ ʵʣʝʢʪʨʦʥ 

ʤʠʢʨʦʩʢʦʧ (TEM) ʜʵʵʨ ʭʵʤʞʠʣʪ ʭʠʡʩʵʥ. TEM (JEOL JEM-2000 EXII) -ʠʡʥ ʭʵʤʞʠʣʪʠʡʛ ʗʧʦʥ 

ʫʣʩʳʥ ʅʠʛʠʪʘʛʠʡʥ ʠʭ ʩʫʨʛʫʫʣʴʜ ʛװʡʮʵʪʛʵʩʵʥ. ʊEM-ʠʡʥ װʨ ʜװʥʛ 3.2-ʨ ʟʫʨʘʛʪ װʟװװʣʵʚ.  
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3.2-ʨ ʟʫʨʘʛ. SiO2-ʠʡʥ ʤʘʪʨʠʮ ʜʦʪʦʨ ʰʠʛʜʵʞ ϮϮʩʩʵʥ ʥʘʥʦʭʵʤʞʵʵʪ Ti3O5 ʢʨʠʩʪʘʣʣʳʛ TEM 

ʤʠʢʨʦʩʢʦʧʦʦʨ ʘʚʩʘʥ ʤʠʢʨʦʟʫʨʘʛ 

ɿʫʨʛʘʘʩ ʜʵʵʞ ʥʴ ʤʠʢʨʦʤʝʪʨʠʡʥ ʫʨʪʪʘʡ ʙʣʦʢ-ʭʵʣʙʵʨʪʵʡ ʪʘʣʩʪʫʫʜʘʘʩ ʙװʨʜʵʥʵ. ʕʥʵ 

ʢʨʠʩʪʘʣʣʳʥ ʭʵʤʞʵʵ ʪʦʤ ʶʤ. ʕʥʵ װװʜʥʵʵʩ ʪʫʩ ʜʵʵʞʠʡʛ ʙʣʦʢ-ʭʵʣʙʵʨʠʡʥ ʣʘʤʙʜʘ ʪʨʠʪʠʪʘʥ 

ʧʝʥʪʦʢʩʠʜ (ʙʣʦʢ-ʪᴇʨʣʠʡʥ ɚ-Ti3O5) ʛʵʞ ʥʵʨʣʵʭ ʙʦʣʦʤʞʪʦʡ ʶʤ. ʕʥʵ װʨ ʜװʥʛ ʙʘʩ XRD-ʠʡʥ 

ʰʠʥʞʠʣʛʵʵʛʵʵʨ ʙʘʪʘʣʛʘʘʞʫʫʣʩʘʥ (3.3-ʨ ʟʫʨʘʛ).     

 

3.3-ʨ ʟʫʨʘʛ. ʀʥʝʨʪʠʡʥ ʭʠʡʥ ʦʨʯʠʥʜ 12000C ʪʝʤʧʝʨʘʪʫʨʪ ʛʘʨʛʘʥ ʘʚʩʘʥ ʥʘʥʦʭʵʤʞʵʵʪ Ti3O5 

ʜʵʵʞʠʡʥ ʨʝʥʪʛʝʥʦʛʨʘʤʤ 
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ʈʝʥʪʛʝʥ ʜʠʬʨʘʢʮʠʡʥ ʘʥʘʣʠʟʳʥ װʨ ʜװʥʛʵʵʩ ʪʫʭʘʡʥ ʜʵʵʞʠʜ ʤʦʥʦʢʣʠʥ ʪʵʛʰ ʭʵʤʪʵʡ 

ʭʦʸʨ ʬʘʟ (ɚ-Ti3O5 ʙʘ b-Ti3O5.)-ʫʫʜ ʪʦʜʦʨʭʦʡ ʭʵʤʞʵʵʛʵʵʨ װװʩʩʵʥʠʡʛ ʪʦʜʦʨʭʦʡʣʩʦʥ. ʄᴇʥ 

 .ʥʠʡ ʭʘʞʫʫʛʘʘʨ ʜʘʨʘʘʭʴ ʭʦʣʴʮʳʥ ʬʘʟʫʫʜ ʘʞʠʛʣʘʛʜʩʘʥ: Ti4O7, Ti9O17, ʘʥʘʪʘʟ ʪᴇʨʣʠʡʥ TiO2װװ

ɼʠʬʨʘʢʪʦʛʨʘʤʤ ʜʘʭʴ ʭʘʤʛʠʡʥ ᴇʥʜᴇʨ ʵʨʯʠʤʪʵʡ ʜʠʬʨʘʢʮʳʥ ʧʠʢ ʜʵʵʨ װʣ ʤʵʜʵʛʜʵʭ ʬʘʟ 

ʭʘʨʛʘʣʟʘʥʘ.     

3.2 ɿʦʣʴ-ʛʝʣ ʘʨʛʘʘʨ ʥʘʥʦʭʵʤʞʵʵʪ Ti 3O5-ʠʡʛ ʛʘʨʛʘʥ ʘʚʘʭ   

ʉװװʣʠʡʥ ʞʠʣװװʜʵʜ ʜʫʣʘʘʥʳ ʵʥʝʨʛʠʡʛ ʭʘʜʛʘʣʘʭ, ʦʧʪʠʢ ʭʘʜʛʘʣʘʭ ʭʵʨʵʛʩʵʣ ʟʦʨʠʫʣʞ 

ʥʘʥʦʭʵʤʞʵʵʪ Ti3O5 ʤʘʪʝʨʠʘʣʥr ʢʨʠʩʪʘʣʣ ʙװʪʵʮ ʙʘ ʙʫʩʘʜ ʰʠʥʞ ʯʘʥʘʨʫʫʜʳʛ ʵʨʯʠʤʪʵʡ 

ʩʫʜʘʣʞ ʙʘʡʥʘ. ʊʫʭʘʡʣʙʘʣ, Ti3O5-ʠʡʛ ʛʘʨʛʘʥ ʘʚʘʭ ʘʨʛʫʫʜ, Ti3O5 ʬʘʟʫʫʜʳʥ ʙװʪʵʮ, ʬʘʟʳʥ 

ʰʠʣʞʠʣʪʠʡʥ ʦʥʮʣʦʛ ʰʠʥʞװװʜ ʙʦʣʦʥ ʭʠʡʥ ʤʵʜʨʵʛʯ, ʜʫʣʘʘʥʳ ʵʥʝʨʛʠ ʭʘʜʛʘʣʘʣʪ, ʦʧʪʠʢ 

ʭʘʜʛʘʣʘʭ ʭʵʨʵʛʩʵʣ, ʢʘʪʘʣʠʟʘʪʦʨ, ʬʦʪʦʢʘʪʘʣʠʟ, ʭʵʪ ʜʘʤʞʫʫʣʘʣ ʛʵʭ ʤʵʪ ʙʫʩʘʜ ʰʠʥʵ 

ʭʵʨʵʛʣʵʵʥװװʜ, ʤᴇʥ ʪʵʜʛʵʵʨʠʡʥ ʭʵʪʠʡʥ ʪᴇʣʚʠʡʥ ʪʫʭʘʡ ʠʞ ʙװʨʵʥ ʪʦʡʤʳʛ ʥʵʛʪʛʵʥ ʜװʛʥʵʩʵʥ 

ʙʘʡʚ. ᴆʥᴇᴇʜʨʠʡʥ ʙʘʡʜʣʘʘʨ ʩʫʜʣʘʘʯʠʜ Ti3O5-ʠʡʛ ʛʘʨʛʘʥ ʘʚʘʭʘʜ ʦʣʦʥ ʪʦʦʥʳ ʘʨʛʫʫʜʳʛ ʪʫʨʰʠʞ 

 ʨʩʪᴇʨᴇʛʯʠʡʥ ʜʫʣʘʘʥʘʘʨװװʟʵʵʜ ʙʘʡʥʘ. ʊʫʭʘʡʣʙʘʣ, ʤʝʪʘʣ-ʜʫʣʘʘʥʳ ʘʥʛʠʞʨʫʫʣʘʣʪ, ʥװ

ʘʥʛʠʞʨʫʫʣʘʭ, ʫʩʪᴇʨᴇʛʯᴇᴇʨ ʘʥʛʠʞʨʫʫʣʘʭ, ʥװװʨʩʪᴇʨᴇʛʯʠʡʥ ʤʦʥʦ-ʠʩʣʵʵʨ ʘʥʛʠʞʨʫʫʣʘʭ, 

ʮʘʭʠʣʛʘʘʥ-ʭʠʤʠʡʥ ʘʥʛʠʞʨʫʫʣʘʣʪ, ʭʠʤʠʡʥ ʫʫʨʰʫʫʣʘʣʪʘʘʨ ʟᴇᴇʚᴇʨʣᴇʭ ʛʵʭ ʤʵʪ.  

ɿʦʣʴ-ʛʝʣ ʘʨʛʘʘʨ ʜʵʵʞʠʡʛ ʩʠʥʪʝʟʣʵʭʠʡʥ ʪʫʣʜ ʜʘʨʘʘʭʴ ʧʨʦʮʝʜʫʨʳʥ ʜʘʛʫʫ ʪʫʨʰʠʣʪʳʛ 

ʛװʡʮʵʪʛʵʩʵʥ. ʊʫʨʰʠʣʪʳʥ ʜʠʘʛʨʘʤʤʳʛ 3.4-ʨ ʟʫʨʘʛ ʜʵʵʨ װʟװװʣʵʚ. 

                     

3.4-ʨ ʟʫʨʘʛ. ʊʫʨʰʠʣʪ ʛϮʡʮʵʪʛʵʩʵʥ ʘʨʛʘʯʣʘʣʳʥ ʜʠʘʛʨʘʤʤ    
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ɿʦʣʴ-ʛʝʣʴ ʘʨʛʘʘʨ ʛʘʨʛʘʥ ʘʚʩʘʥ ʜʵʵʞʠʡʛ ʷʥʟ ʙװʨʠʡʥ ʪʝʤʧʝʨʘʪʫʨʪ ʰʘʪʘʘʞ, 

ʪʦʭʠʨʦʤʞʪʦʡ ʰʘʪʘʘʣʪʳʥ ʛʦʨʠʤʳʛ ʩʦʥʛʦʥ ʘʚʩʘʥ ʙʘ ʪʦʭʠʨʦʤʞʪʦʡ ʰʘʪʘʘʣʪʳʥ ʥᴇʭʮᴇʣ ʙʦʣʦʭ 

1300 ęC-ʜ ʷʥʟ ʙװʨʠʡʥ ʫʨʩʛʘʣ ʭʫʨʜʪʘʡ ʘʨʛʦʥ ʭʠʡʥ ʙʘ ʘʟʦʪ ʭʠʡʥ ʦʨʯʠʥʜ ʰʘʪʘʘʞ ʪʦʭʠʨʦʤʞʪʦʡ 

ʭʠʡʥ ʫʨʩʛʘʣ ʭʫʨʜʳʛ ʪʦʜʦʨʭʦʡʣʩʦʥ.  

                 

3.5-ʨ ʟʫʨʘʛ. Ti3O5-ʠʡʛ ʛʘʨʛʘʥ ʘʚʘʭ ʜʘʨʘʘʣʘʣ   

ɻʘʨʛʘʥ ʘʚʩʘʥ SiO2-ʠʡʥ ʘʛʫʫʣʛʘʪʘʡ ɚ-Ti3O5-ʠʡʥ ʥʫʥʪʘʛ ʜʵʵʞʠʡʛ ʰװʣʪʣʵʛ ʦʨʯʠʥʜ 

ʫʫʩʛʘʞ, ʮʵʚʵʨʰʠʣʠʡʥ ʟʵʨʛʠʡʛ ᴇʥʜᴇʨ ʙʦʣʛʦʩʦʥ.  

                        

3.6-ʨ ʟʫʨʘʛ. ʉʫʜʘʣʛʘʘʥʳ ʜʵʵʞʠʡʛ ʭʫʪʛʘʞ ʭʦʣʠʭ, ʭʘʪʘʘʭ ʜʘʨʘʘʣʘʣ 

ʍʫʪʛʘʭ ʷʚʮʘʜ 9.6 ʤʣ ʫʩʘʥ ʘʤʤʠʘʢ (6.8Ĭ10ī2) ʤʦʣʴ ʜʤ-3)-ʠʡʛ 420 ʤʣ TiCl4 ʫʩʘʥ ʫʫʩʤʘʣ 

ʨʫʫ (2.8×10-2ʤʦʣʴ ʜʤ-3) ʥʵʤʩʵʥ. ɼʘʨʘʘ ʥʴ 24 ʤʣ ʪʝʪʨʘʵʪʦʢʩʠʩʠʣʘʥ (TEOS) ʥʵʤʞ, ʪʫʩ 

ʫʫʩʤʘʣʳʛ 20 ʮʘʛʠʡʥ ʪʫʨʰ ʭʫʪʛʘʥʘ. ɼʘʨʘʘ ʥʴ ʛʘʨʛʘʥ ʘʚʩʘʥ ʛʝʣʠʡʛ ʮʝʥʪʨʠʬʫʛʠʡʥ ʘʨʛʘʘʨ 

ʙᴇᴇʛʥᴇʨװװʣʞ, ʤʝʪʘʥʦʣ ʙʘ ʭʣʦʨʦʬʦʨʤʦʦʨ ʫʛʘʘʞ, 60ÁC ʪʝʤʧʝʨʘʪʫʨʪ ʥʵʛ ᴇʜʨʠʡʥ ʪʫʨʰʠʜ 

ʭʘʪʘʘʥʘ. װתʩʩʵʥ ʭʫʫʨʘʡ ʥʫʥʪʛʳʛ ʷʥʟ ʙװʨʠʡʥ ʪʝʤʧʝʨʘʪʫʨʪ ʪʘʚʘʥ ʮʘʛʠʡʥ ʪʫʨʰ 0.7-5 (ʤ/ʤʠʥ) 

ʫʨʩʛʘʣʳʥ ʭʫʨʜʪʘʡʛʘʘʨ ʘʨʛʦʥ ʙʘ ʘʟʦʪʳʥ ʭʠʡʜ ʦʨʫʫʣʞ ʩʠʥʪʝʟʠʡʥ ʧʨʦʮʝʩʩʫʫʜʳʛ ʷʚʫʫʣʥʘ. 

ᴆᴇʨᴇᴇʨ ʭʵʣʙʵʣ, 1100°C, 1200°C, 1300°C ʪʝʤʧʝʨʘʪʫʨʳʥ ʫʪʛʫʫʜʘʜ #1, #2, #3 ʜʵʵʞװװʜ, ʭʘʨʠʥ 

ʙʫʩʘʜ #3, #4, #5, #6 ʜʵʵʞװװʜ ʥʴ  1300°C ʪʝʤʧʝʨʘʪʫʨʳʥ װʝ ʜʵʭ ʘʨʛʦʥ ʙʘ ʘʟʦʪʳʥ ʭʠʡʥ ʫʨʩʛʘʣʳʥ 
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ʭʫʨʜʥʳ ᴇᴇʨʯʣᴇʣʪװװʜʵʜ ʪʫʩ ʪʫʩ ʭʘʨʛʘʣʟʘʥʘ. 1300°C ʪʝʤʧʝʨʘʪʫʨʪ ʂʆH ʫʫʩʤʘʣʘʘʨ ʫʛʘʘʩʥʳ 

ʜʘʨʘʘʭʴ ʜʵʵʞʠʡʛ #7-ʦʦʨ ʪʵʤʜʵʛʣʵʩʵʥ ʙʦʣʥʦ.      

ᴆʥʜᴇʨ ʪʝʤʧʝʨʘʪʫʨʪ ʰʘʪʘʘʭʘʘʩ ᴇʤʥᴇʭ װʝʠʡʥ ʜʵʵʞʠʡʥ ʭʵʤʞʠʣʪʠʡʛ ʗʧʦʥ ʫʣʩʳʥ 

SEM/EDX (TM1000-Hitachi, Japan) ʜʵʵʨ ʛװʡʮʵʪʛʵʞ װʨ ʜװʥʛ 3.7-ʨ ʟʫʨʘʛʪ װʟװװʣʵʚ. ɼʵʵʞ ʜʭɻ 

ʪʘʣʩʪʫʫʜʳʥ ʟʫʨʛʠʡʛ ʪʵʤʪʨʵʭʜʵʵ 500ʤʢʤ (50 ʜʘʭʠʥ ᴇʩʛᴇʩᴇʥ), 200ʤʢ (100 ʜʘʭʠʥ ᴇʩʛᴇʩᴇʥ), 

100ʤʢʤ (300 ʜʘʭʠʥ ᴇʩʛᴇʩᴇʥ), 50ʤʢʤ (500 ʜʘʭʠʥ ᴇʩʛᴇʩᴇʥ), 20ʤʢʤ (1000 ʜʘʭʠʥ ᴇʩʛᴇʩᴇʥ)-ʠʡʥ 

ʤʘʩʰʪʘʙ ʭװʨʪʵʣ ᴇʩʛᴇʞ ʘʚʩʘʥ. 3.7-ʨ ʟʫʨʛʘʘʩ ʭʘʨʘʭʘʜ ᴇʥʜᴇʨ ʪʝʤʧʝʨʘʪʫʨʪ ʰʘʪʘʘʭʘʘʩ ᴇʤʥᴇʭ 

 ʩʛʵʩʵʥ ᴇᴇʨ ᴇᴇʨ ʭʵʣʙʵʨʪʵʡ ʭʘʪʫʫװװ ʨʠʡʥ ᴇʥʮᴇʛװʝʠʡʥ ʜʵʵʞ ʜʘʭʴ ʙᴇᴇʤʩʠʡʥ ʭʵʣʙʵʨ ʥʴ ʷʥʟ ʙװ

ʢʨʠʩʪʘʣʣ ʪʘʣʩʪʫʫʜʘʘʩ ʪʦʛʪʦʞ ʙʘʡʛʘʘ ʥʴ ʭʘʨʘʛʜʘʥʘ.         

    

    

3.7-ʨ ʟʫʨʘʛ. ɼʵʵʞʠʡʛ ʰʘʪʘʘʭʘʘʩ ϺʤʥϺʭ Ϯʝʠʡʥ SEM/EDX-ʠʡʥ 500ʤʢʤ, 200ʤʢʤ, 100ʤʢʤ, 50ʤʢʤ,  

20ʤʢʤ-ʠʡʥ ʤʘʩʰʪʘʙ ʭϮʨʪʵʣ ϺʩʛϺʞ ʘʚʩʘʥ ʤʠʢʨʦʟʫʨʘʛ 

 

50ʤʢʤ-ʠʡʥ ʭʵʤʞʵʵʩ ʜʵʵʨʭ ʤʠʢʨʦʟʫʨʛʘʘʩ ʷʥʟ ʙװʨʠʡʥ ʭʵʣʙʵʨʪʵʡ ʢʨʠʩʪʘʣʣ ʪʘʣʩʪʫʫʜʘʘʩ ʛʘʜʥʘ 

ʟᴇʚ ʪʵʛʰ ᴇʥʮᴇʛʪ ʭʵʣʙʵʨʪʵʡ ʮᴇᴇʥ ʪʦʦʥʳ ʪʘʣʩʪʫʫʜ ʘʞʠʛʣʘʛʜʩʘʥ. 3.8-ʨ ʟʫʨʘʛ ʜʵʵʨ ʜʵʵʞ ʜʵʭ Ti, 

Si, O-ʘʪʦʤʫʫʜʳʥ ʪʦʦʥ ʭʵʤʞʵʵʥʠʡ ʪʘʨʭʘʣʪʳʛ 200ʤʢʤ-ʠʡʥ ʤʘʩʰʪʘʙ ʜʵʵʨ ʭʘʨʴʮʫʫʣʘʥ װʟװװʣʵʚ.         
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3.8-ʨ ʟʫʨʘʛ. ɼʵʵʞʠʡʛ ʰʘʪʘʘʭʘʘʩ ϺʤʥϺʭ Ϯʝʠʡʥ SEM/EDX-ʠʡʥ 200ʤʢʤ-ʠʡʥ ʤʘʩʰʪʘʙ ʜʵʵʨʭ Ti, 

Si, O-ʠʡʥ ʘʪʦʤʫʫʜʳʥ ʥʘʡʨʣʘʛʳʥ ʪʘʨʭʘʣʪʫʫʜ 

 

EDX ʘʥʘʣʠʟʳʥ ʜװʥʜ ʪʫʭʘʡʥ ʜʵʵʞ ʜʘʭʴ Ti (21.58%), Si (28.93%), O (49.94%)-ʠʡʥ 

ʘʪʦʤʫʫʜʳʥ ʪʦʦ ʭʵʤʞʵʵʛ ʪʫʩ ʪʫʩ ʪʦʜʦʨʭʦʡʣʩʦʥ. 3.8-ʨ ʟʫʨʛʘʘʩ 200ʤʢʤ-ʠʡʥ ʤʘʩʰʪʘʙ ʜʵʵʨ Ti 

ʘʪʦʤʫʫʜ ʞʠʛʜ, Si-ʠʡʥ ʘʪʦʤʫʫʜ ʛʦʣ ʭʵʩʵʛʪʵʵ ʰʠʛװװ, ʭʘʨʠʥ O-ʠʡʥ ʘʪʦʤʫʫʜ ʛʦʣ ʭʵʩʵʛʪʵʵ ʩʠʡʨʵʛ 

ʭʵʣʙʵʨʵʵʨ ʪʘʨʭʘʞ ʭʫʚʘʘʨʠʣʘʛʜʩʘʥ ʙʘʡʛʘʘ ʥʴ ʭʘʨʘʛʜʘʞ ʙʘʡʥʘ.    

1300Áʉ-ʠʡʥ ʩʠʥʪʝʟʠʡʥ ʪʝʤʧʝʨʘʪʫʨʪ ʛʘʨʛʘʥ ʘʚʩʘʥ Ti3O5 ʢʨʠʩʪʘʣʣʳʥ ʤʦʨʬʦʣʦʛʠ ʙʦʣʦʥ 

EDX ʭʵʤʞʠʣʪʠʡʥ װʨ ʜװʥʛ 3.9-ʨ ʟʫʨʘʛʪ װʟװװʣʵʚ. 100 ʤʢʤ ʙʘ 250 ʤʢʤ-ʠʡʥ ʤʘʩʰʪʘʙʫʫʜ ʜʵʵʨ 

Ti3O5 ʢʨʠʩʪʘʣʣʫʫʜʳʥ SEM-ʠʡʥ ʟʫʨʛʫʫʜʳʛ ᴇʩʛᴇʞ ʛʘʨʛʘʥ ʘʚʩʘʥ. ɿʫʨʛʘʘʩ ʭʘʨʘʭʘʜ ʙᴇᴇʤʩʠʡʥ 

ʤʦʨʬʦʣʦʛʠʡʥ ʜʠʡʣʵʥʭ ʭʵʩʛʠʡʛ ʞʠʛʜ ʙʫʩ ʭʘʚʪʛʘʡ ʭʵʣʙʵʨʪʵʡ ʢʨʠʩʪʘʣʣʫʫʜ ʵʟʣʵʥ ʦʨʰʠʞ ʙʘʡʥʘ.  

 
 

3.9-ʨ ʟʫʨʘʛ. 1300ÁC ʜʵʵʨ ʛʘʨʛʘʥ ʘʚʩʘʥ Ti3O5 ʢʨʠʩʪʘʣʣʳʥ 100ʤʢʤ (200 ʜʘʭʠʥ ϺʩʛϺʩϺʥ) ʙʘ 250ʤʢʤ 

ʤʘʩʰʪʘʙʫʫʜʘʜ ʭʘʨʛʘʣʟʘʭ SEM ʤʠʢʨʦʟʫʨʛʫʫʜ (ʘ, ʙ). Ti3O5 ʢʨʠʩʪʘʣʣʳʥ EDX ʩʧʝʢʪʨ ʙʘ ʵʣʝʤʝʥʪʠʡʥ 

ʟʫʨʘʛʣʘʣ (ʩ). 
  

Ti3O5 ʢʨʠʩʪʘʣʣʳʥ ʥʘʡʨʣʘʛʳʛ EDX ʰʠʥʞʠʣʛʵʵʛʵʵʨ ʪʦʜʦʨʭʦʡʣʩʦʥ. EDX 

ʰʠʥʞʠʣʛʵʵʥʠʡ װʨ ʜװʥʛʵʵʩ װʟʵʭʵʜ ʜʵʵʞ ʜʵʭ Ti, Si, O-ʠʡʥ ʥʘʡʨʣʘʛʫʫʜ ʭʘʨʛʘʣʟʘʥ 0.20%, 

38.25%, 61.54% ʫʪʛʫʫʜʪʘʡ ʙʘʡʥʘ. 
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ʈʝʥʪʛʝʥ ʪʫʷʘʥʳ ʜʠʬʨʘʢʮ (XRD)-ʠʡʥ ʭʵʤʞʠʣʪʠʡʛ Cu KŬ ʮʘʮʨʘʛ (l=1.5418 ¡) ʙװʭʠʡ 

<Enraf Nonius Diffractis 583> ʜʵʵʨ ʭʠʡʩʵʥ. ʈʝʥʪʛʝʥ ʬʘʟʳʥ ʰʠʥʞʠʣʛʵʵʛ ʛװʡʮʵʪʛʵʭʵʜ ñFullProf. 

Suiteò ʙʘ <Match!> ʟʵʨʵʛ ʧʨʦʛʨʘʤʤʫʫʜʳʛ ʘʰʠʛʣʘʩʘʥ.      

ʉʠʥʪʝʟʠʡʥ ʪʝʤʧʝʨʘʪʫʨʳʥ ʥϺʣϺϺʣϺʣ 

ʉʠʥʪʝʟʠʡʥ ʟʦʨʠʣʛʦ ʥʴ SiO2-ʠʡʥ ʤʘʪʨʠʮ ʜʦʪʦʨ ʰʠʛʜʩʵʥ ʥʘʥʦʭʵʤʞʵʵʪ Ti3O5 

ʢʨʠʩʪʘʣʣʫʫʜʳʛ װװʩʛʵʭ ʟʦʨʠʣʛʦʪʦʡ. ɼʵʵʞװװʜʠʡʛ ʩʠʥʪʝʟʣʵʭ ʧʨʦʮʝʩʩʥr װʝʜ ʘʨʛʦʥ ʭʠʡʥ 

ʫʨʩʛʘʣʳʥ ʭʫʨʜ 0.7 (ʣ/ʤʠʥ) ʛʵʩʵʥ ʪʦʛʪʤʦʣ ʫʪʛʘʪʘʡ ʙʘʡʩʘʥ. ʍʘʨʠʥ ʜʵʵʞװװʜʠʡʛ ᴇʥʜᴇʨ 

ʪʝʤʧʝʨʘʪʨʫʪ 5 ʮʘʛʠʡʥ ʪʫʨʰʠʜ ʰʘʪʘʘʩʘʥ. ɼʵʵʞװװʜʠʡʛ ʛʘʨʛʘʥ ʘʚʘʭ װʝʜ ʰʘʪʘʘʭ ʟʫʫʭʘʥ ʜʦʪʦʨʭʠ 

ʘʛʘʘʨʳʛ 1ʙʘʨ ʜʘʨʘʣʪʪʘʡ ʚʘʢʫʫʤ װװʩʛʵʭ ʭװʨʪʵʣ ʩʦʨʫʫʣʞ ʙʘʡʩʘʥ.  

3.10-ʨ ʟʫʨʘʛ ʜʵʵʨ ʪʘʩʘʣʛʘʘʥʳ ʪʝʤʧʝʨʘʪʫʨ ʜʘʭʴ ʜʵʵʞװװʜʠʡʥ (#1·#7) ʨʝʥʪʛʝʥ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʫʫʜʳʛ ʭʘʨʴʮʫʫʣʘʥ װʟװװʣʵʚ. ʈʝʥʪʛʝʥ ʜʠʬʨʘʢʪʦʤʝʪʨ ʜʵʵʨ ʜʵʵʞװװʜʠʡʛ ʜʘʨʘʘʭʴ 

ʥᴇʭʮʣᴇᴇʨ ʭʵʤʞʩʵʥ: ʩʘʨʥʠʣʳʥ ᴇʥʮʛʠʡʥ ʤʫʞ 2q0=130-600, ᴇʥʮᴇʛ ʘʣʭʘʤ 0.020, ᴇʥʮᴇʛ ʘʣʭʘʤ ʪʫʩ 

ʙװʨ ʜʵʵʨ ʭʵʤʞʠʭ ʭʫʛʘʮʘʘ  2 ʩʝʢʫʥʜ.   

 

3.10-ʨ ʟʫʨʘʛ. 11000C (1-ʨ ʜʵʵʞ, ʭϺʭ), 12000C (2-ʨ ʜʵʵʞ, ʫʣʘʘʥ), 13000C (3-ʨ ʜʵʵʞ, ʥʦʛʦʦʥ) ʜʵʵʨ 

ʩʠʥʪʝʟʵʣʩʵʥ ʜʵʵʞϮϮʜʠʡʥ ʨʝʥʪʛʝʥ ʜʠʬʨʘʢʪʦʛʨʘʤʤ 

 

     ʋʨʚʘʣʳʥ ʧʨʦʮʝʩʩʥr ʧʘʨʘʤʝʪʨװװʜ ʙʦʣʦʥ ʨʝʥʪʛʝʥ ʬʘʟʳʥ ʘʥʘʣʠʟʳʥ ʜװʥʜ ʛʘʨʛʘʥ 

ʘʚʩʘʥ װʨ ʜװʥʛ 3.1-ʨ ʭװʩʥʵʛʪʵʜ ʵʤʭʵʪʛʵʥ װʟװװʣʵʚ.   
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3.1-ʨ ʭϮʩʥʵʛʪ. ʋʨʚʘʣʳʥ ʧʘʨʘʤʝʪʨϮϮʜ ʙʘ ϮϮʩʩʵʥ ʬʘʟʫʫʜʳʥ ʪʦʦ ʭʵʤʞʵʵ  

ɼʵʵʞ #1 #2 #3 

ʉʠʥʪʝʟʠʡʥ ʪʝʤʧʝʨʘʪʫʨ (0C) 

ɸʨʛʦʥ ʭʠʡʥ ʫʨʩʛʘʣʳʥ ʭʫʨʜ (ʣ/ʤʠʥ) 

l-Ti3O5 (%)  

b-Ti3O5 (%) 

ʈʫʪʠʣ ʪᴇʨʣʠʡʥ TiO2 (%) 

ʉʫʙʦʢʩʠʜ Ti7O13 (%) 

ʎʘʭʠʫʨʳʥ ʜʘʚʭʘʨ ʠʩʵʣ SiO2 (%) 

1100 

0.7 

23.4 

10.9 

  9.7 

45.3 

10.6 

1200 

0.7 

28.1 

11.2 

  6.9 

34.5 

19.1 

1300 

0.7 

27.6 

20.1 

  7.8 

22.1 

22.0 

 

3.10-ʨ ʟʫʨʘʛ ʜʵʵʨʭ ᴇʥʜᴇʨ ʵʨʯʠʤʪʵʡ ʜʠʬʨʘʢʮʠʡʥ ʪʦʤ ʧʠʢ ʥʴ SiO2-ʘʘʩ ʰʘʣʪʛʘʘʣʘʥ װװʩʯ 

ʙʘʡʛʘʘ ʶʤ. SiO2-ʠʡʥ (Entry # 00-076-1390, Match!) ᴇʥʜᴇʨ ʵʨʯʠʤʪʵʡ ᴇʨʛᴇʥ ʧʠʢ 11000C 

ʪʝʤʧʝʨʘʪʫʨʪ 2q0=21.600, 12000C ʪʝʤʧʝʨʘʪʫʨʪ 2q0=21.700, 13000C ʪʝʤʧʝʨʘʪʫʨʪ 2q0=21.740 

ᴇʥʮʛʠʡʥ ʫʪʛʫʫʜ ʜʵʵʨ ᴇʩᴇʭ ʵʨʵʤʙʵʵʨ ʘʞʠʛʣʘʛʜʩʘʥ. ʉʠʥʪʝʟʠʡʥ ʪʝʤʧʝʨʘʪʫʨ ʥʵʤʵʛʜʵʭʠʡʥ 

ʭʠʨʵʵʨ ʪʫʩ ʜʠʬʨʘʢʮʠʡʥ ʧʠʢʠʡʥ ʵʨʯʠʤ ᴇʩʯ ʙʘʡʚ. ᴆᴇʨᴇᴇʨ ʭʵʣʙʵʣ, SiO2-ʠʡʥ ʪʘʣʩʞʠʣʪʠʡʥ ʟʵʨʵʛ 

ʥʵʤʵʛʜʵʞ ʙʘʡʩʘʥ. ʈʝʥʪʛʝʥ ʬʘʟʳʥ ʘʥʘʣʠʟʳʥ ʜװʥʜ ʩʠʥʪʝʟʠʡʥ  ʪʝʤʧʝʨʘʪʫʨʘʘʩ ʭʘʤʘʘʨʫʫʣʞ 

ʜʵʵʞװװʜʵʜ ʘʛʫʫʣʘʛʜʘʭ ʬʘʟʫʫʜʳʥ ʪᴇʨᴇʣ ʙʘ ʪʵʜʛʵʵʨʠʡʥ ʪʦʦ ʭʵʤʞʵʵʛ ʜʘʨʘʘʭʴ ʙʘʡʜʣʘʘʨ 

ʪʦʜʦʨʭʦʡʣʩʦʥ: 11000C ʪʝʤʧʝʨʘʪʫʨʪ  l-Ti3O5 (Entry # 00-082-1137 Match!)(23.4%), b-Ti3O5 

(Entry # 00-011-0217 Match!)(10.9%), ʨʫʪʠʣ ʪᴇʨʣʠʡʥ TiO2 (Entry # 00-089-0552 

Match!)(9.7%), ʩʫʙʦʢʩʠʜ Ti7O13 (Entry # 00-085-1059 Mathch!)(45.3%), ʮʘʭʠʫʨʳʥ ʜʘʚʭʘʨ ʠʩʵʣ 

SiO2 (10.6%); 12000C ʪʝʤʧʝʨʘʪʫʨʪ l-Ti3O5 (28.1%), b-Ti3O5 (11.2%), ʨʫʪʠʣ ʪᴇʨʣʠʡʥ TiO2 

(6.9%), Ti7O13 (34.5%), ʮʘʭʠʫʨʳʥ ʜʘʚʭʘʨ ʠʩʵʣ SiO2 (19.1%); 13000C ʪʝʤʧʝʨʘʪʫʨʪ l-Ti3O5 

(27.6%), b-Ti3O5 (20.1%), ʨʫʪʠʣ ʪᴇʨʣʠʡʥ TiO2 (7.8%), Ti7O13 (22.1%), ʮʘʭʠʫʨʳʥ ʜʘʚʭʘʨ ʠʩʵʣ 

SiO2 (22.0%). ʉʠʥʪʝʟʠʡʥ ʪʝʤʧʝʨʘʪʫʨ ᴇʩᴇʭ װʝʜ l-Ti3O5 ʬʘʟʳʥ ʪʦʦ ʭʵʤʞʵʵ 23.4%-ʦʦʩ 28.1% 

ʭװʨʪʵʣ ᴇʩᴇᴇʜ 13000C ʜʵʵʨ ʙʘʛʘ ʟʵʨʵʛ ʙʫʫʨʯ 27.6% ʫʪʛʘʪʘʡ ʙʦʣʦʭ װʝʜ ʨʫʪʠʣ-TiO2-ʠʡʥ ʭʫʚʴʜ 

9.7%-ʘʘʩ 6.9% ʭװʨʪʵʣ ʙʫʫʨʯ, 13000C ʫʪʛʘ ʜʵʵʨ ʙʫʮʘʘʜ 7.8% ʭװʨʪʵʣ ʙʘʛʘ ʟʵʨʵʛ ᴇʩᴇʭ ʭʘʥʜʣʘʛʘ 

ʘʞʠʛʣʘʛʜʩʘʥ.  ɻʵʪʵʣ b-Ti3O5 ʬʘʟʳʥ ʪʦʦ ʭʵʤʞʵʵ  10.9%-ʘʘʩ 20.1% ʭװʨʪʵʣ ʥʵʤʵʛʜʵʭ װʝʜ 

ʩʫʙʦʢʩʠʜ Ti7O13 ʬʘʟʳʥ ʪʦʦ ʭʵʤʞʵʵ 45.3%-ʘʘʩ 22.1% ʭװʨʪʵʣ ʙʫʫʨʯ ʙʘʡʩʘʥ.  ɻʘʨʛʘʥ ʘʚʘʭ 

ʪʝʤʧʝʨʘʪʫʨʘʘʩ ʭʘʤʘʘʨʯ ʘʤʦʨʬ SiO2 ʬʘʟʳʥ ʪʦʦ ʭʵʤʞʵʵ 10.6%-ʘʘʩ 22.1% ʭװʨʪʵʣ ʥʵʤʵʛʜʵʭʵʜ 

11000C ʪʝʤʧʝʨʘʪʫʨʪ ʩʫʙʦʢʩʠʜ Ti7O13 ʬʘʟ ʠʭ ʭʵʤʞʵʵʛʵʵʨ װװʩʯ ʙʘʡʚ. Ti7O13 ʥʴ P-1 ʦʛʪʦʨʛʫʡʥ 
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ʛʨʫʧʧ ʙװʭʠʡ ʪʨʠʢʣʠʥʠʢ ʪʵʛʰ ʭʵʤʪʵʡ ʬʘʟ ʨʫʫ ʪʘʣʩʞʜʘʛ [48]. ɹʫʫʨʫʫʣʘʭ ʧʨʦʮʝʩʩʥr ʷʚʮʘʜ 

Ti7O13 ʩʫʙʦʢʩʠʜ װװʩʜʵʛ [30]. ʉʫʜʘʣʛʘʘʥʳ ʟʘʨʠʤ ʘʞʣʫʫʜʘʜ TinO2n-1(3¢n¢7) ʛʵʩʵʥ ʝʨᴇʥʭʠʡ 

ʪʦʤʴʸʦ ʙװʭʠʡ Ti4O7, Ti8O15 ʟʵʨʵʛ ʤʘʛʥʝʣʠ ʬʘʟ (Magnéli phase)-ʫʫʜʳʛ ʵʣʝʢʪʨʦʜʳʥ ʤʘʪʝʨʠʘʣ 

[31, 32], ʮʘʭʠʣʛʘʘʥ ʢʘʪʘʣʠʟ [33]-ʜ ʭʵʨʵʛʣʵʭ ʪʘʣʘʘʩ ʥʴ  ʩʫʜʘʣʩʘʥ ʙʘʡʩʘʥ. ʕʥʜʵʵʩ װʟʵʭʵʜ 

ʙʠʜʥʠʡ ʩʫʜʘʣʛʘʘʥʳ ʭʫʚʴʜ ʥʘʥʦʭʵʤʞʵʵʪ Ti3O5 ʬʘʟʫʫʜʳʛ ʩʠʥʪʝʟʣʵʭʵʜ ʭʘʤʛʠʡʥ ʪʦʭʠʨʦʤʞʪʦʡ 

ʪʝʤʧʝʨʘʪʫʨ 13000C ʙʦʣʦʭ ʥʴ ʭʘʨʘʛʜʘʥʘ. ʋʯʠʨ ʥʴ ʩʠʥʪʝʟʣʵʭ ʪʝʤʧʝʨʘʪʫʨʘʘʩ ʭʘʤʘʘʨʯ 

ʥʘʥʦʭʵʤʞʵʵʪ Ti3O5 ʬʘʟʫʫʜʳʥ ʥʠʡʪ ʪʦʦ ʭʵʤʞʵʵ 34.3%-ʦʦʩ 47.7% ʭװʨʪʵʣ ʥʵʤʵʛʜʵʞ ʙʘʡʥʘ.    

ɼʵʵʞװװʜʠʡʥ ʪʘʣʩʪʥr ʭʵʤʞʵʵ ʙʘ ʩʠʥʪʝʟʠʡʥ ʪʝʤʧʝʨʘʪʫʨ ʭʘʤʘʘʨʣʳʛ 3.2-ʨ ʭװʩʥʵʛʪʵʜ 

 ʣʵʚ. ʊʘʣʩʪʥr ʭʵʤʞʵʵʛ ʪʦʦʮʦʦʣʦʭʜʦʦ ʐʝʨʨʝʨʠʡʥ ʪʵʛʰʠʪʛʵʣʠʡʛ ʘʰʠʛʣʘʥ 3.10-ʨ ʟʫʨʛʠʡʥװװʟװ

ʨʝʥʪʛʝʥʦʛʨʘʤʤ ʜʵʵʨʭ ʩʘʨʥʠʣʳʥ 2q=35.930 ᴇʥʮᴇʛʪ ʭʘʨʛʘʣʟʘʭ l-Ti3O5-ʠʡʥ ᴇʥʜᴇʨ ʵʨʯʠʤʪʵʡ 

ʧʠʢʠʡʛ ʩʦʥʛʦʥ ʘʚʩʘʥ ʙʦʣʥʦ.    

3.2-ʨ ʭϮʩʥʵʛʪ. ʊʘʣʩʪʥr ʭʵʤʞʵʵ ʙʘ ʩʠʥʪʝʟʠʡʥ ʪʝʤʧʝʨʘʪʫʨʳʥ ʭʘʤʘʘʨʘʣ 

ʉʠʥʪʝʟʠʡʥ ʪʝʤʧʝʨʘʪʫʨ, 0C ʊʘʣʩʪʥr ʭʵʤʞʵʵ, ʥʤ 

1100 14.77 

1200 16.45 

1300 18.16 

 

3.2-ʨ ʭװʩʥʵʛʪʵʵʩ ʭʘʨʘʭʘʜ ʜʵʵʞװװʜʠʡʛ ʛʘʨʛʘʥ ʘʚʘʭ ʪʝʤʧʝʨʘʪʫʨ 11000C-ʵʵʩ 13000C ʭװʨʪʵʣ 

ᴇʩᴇʭᴇʜ ʪʘʣʩʪʥr ʭʵʤʞʵʵ 14.77 ʥʤ-ʵʵʩ 18.16 ʥʤ ʭװʨʪʵʣ ʥʵʤʵʛʜʵʞ ʙʘʡʥʘ.   

ɸʨʛʦʥ ʙʘ ʘʟʦʪʳʥ ʭʠʡʥ ʫʨʛʩʘʣʳʥ ʥϺʣϺϺʣϺʣ  

ʊʫʩ ʜʵʜ ʙװʣʛʠʡʥ ʟʦʨʠʣʛʦ ʥʴ 13000C ʪʦʛʪʤʦʣ ʪʝʤʧʝʨʘʪʫʨʪ ʛʘʨʛʘʥ ʘʚʯ ʙʫʡ ʜʵʵʞʠʡʥ 

ʢʨʠʩʪʘʣʣ ʙװʪʮʵʜ ʘʨʛʦʥ ʙʘ ʘʟʦʪʳʥ ʭʠʡʥ ʫʨʩʛʘʣʳʥ ʭʫʨʜ ʭʵʨʭʵʥ ʥᴇʣᴇᴇʣʣᴇʭʠʡʛ ʩʫʜʣʘʭʘʜ 

ʦʨʰʠʥʦ. #3·#7 ʜʫʛʘʘʨʪʘʡ ʜʵʵʞװװʜʠʡʛ ʪʦʛʪʤʦʣ 13000ʉ ʪʝʤʧʝʨʘʪʫʨʪ ʛʘʨʛʘʥ ʘʚʩʘʥ ʙᴇʛᴇᴇʜ 

ʘʨʛʦʥʳ ʭʠʡʥ ʫʨʩʛʘʣʳʥ ʭʫʨʜ 0.7·5 ʣ/ʤʠʥ-ʠʡʥ ʭʦʦʨʦʥʜ ᴇᴇʨʯʣᴇʛʜᴇʥᴇ. ʍʘʨʠʥ #6 ʜʵʵʞʠʡʥ 

ʭʫʚʴʜ 0.7 ʣ/ʤʠʥ ʫʨʩʛʘʣʳʥ ʭʫʨʜʪʘʡ ʘʟʦʪʳʥ ʭʠʡ ʘʰʠʛʣʘʩʘʥ. ʄᴇʥ #7 ʜʵʵʞʠʡʛ 0.7 ʣ/ʤʠʥ 

ʫʨʩʛʘʣʳʥ ʭʫʨʜʪʘʡ ʘʨʛʦʥ ʭʠʡʥ ʦʨʯʠʥʜ ʛʘʨʛʘʥ ʘʚʩʘʥ ʭʵʜʠʡ SiO2-ʠʡʛ ʟʘʡʣʫʫʣʘʭʳʥ ʪʫʣʜ ʂOH 

ʫʫʩʤʘʣʘʘʨ ʫʛʘʘʩʘʥ ʙʦʣʥʦ. 3.11-ʨ ʟʫʨʘʛ ʥʴ #3·#7 ʜʫʛʘʘʨʪʘʡ ʜʵʵʞװװʜʠʡʥ ʭʘʨʴʮʫʫʣʩʘʥ 

ʨʝʥʪʛʝʥʦʛʨʘʤʤʫʫʜʳʛ ʭʘʨʫʫʣʥʘ. ʈʝʥʪʛʝʥ ʬʘʟʳʥ ʘʥʘʣʠʟʳʥ ʜװʥ ʥʴ #4·#7 ʜʵʵʞװװʜʠʡʥ ʝʨᴇʥʭʠʡ 
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ʬʘʟʫʫʜʳʥ ʢʨʠʩʪʘʣʣ ʙװʪʵʮ ʥʴ C2/m ʛʵʩʵʥ ʦʛʪʦʨʛʫʡʥ ʛʨʫʧʧ ʙװʭʠʡ ʤʦʥʦʢʣʠʥ ʪʵʛʰ ʭʵʤʪʵʡ 

ʙʦʣʦʭʳʛ ʙʘʪʘʣʩʘʥ.    

       

3.11-ʨ ʟʫʨʘʛ. ʍʠʡʥ ʫʨʩʛʘʣʳʥ ʭʫʨʜ ϺϺʨʯʣϺʛʜϺʭ Ϯʝʜ 13000C ʜʵʵʨ ʩʠʥʪʝʟʵʣʩʵʥ ʜʵʵʞϮϮʜʠʡʥ ʭʘʨʴʮʫʫʣʩʘʥ 

ʨʝʥʪʛʝʥ ʜʠʬʨʘʢʪʦʛʨʘʤʤ 

 

ʋʨʚʘʣʳʥ ʧʨʦʮʝʩʩʠʡʥ ʧʘʨʘʤʝʪʨװװʜ ʙʦʣʦʥ װװʩʯ ʙʫʡ ʬʘʟʫʫʜʳʥ ʪʦʦ ʭʵʤʞʵʵʛ 3.3-ʨ 

ʭװʩʥʵʛʪʵʥʜ ʵʤʭʵʪʛʵʥ װʟװװʣʵʚ.   

3.3-ʨ ʭϮʩʥʵʛʪ. ʋʨʚʘʣʳʥ ʧʘʨʘʤʝʪʨϮϮʜ ʙʘ ϮϮʩʩʵʥ ʬʘʟʫʫʜʳʥ ʪʦʦ ʭʵʤʞʵʵ  

ɼʵʵʞ #3 #4 #5 #6 #7 

ʉʠʥʪʝʟʠʡʥ ʪʝʤʧʝʨʘʪʫʨ (0C) 

ɸʨʛʦʥ ʭʠʡʥ ʫʨʩʛʘʣʳʥ ʭʫʨʜ (ʣ/ʤʠʥ) 

ɸʟʦʪʳʥ ʭʠʡʥ ʫʨʩʛʘʣʳʥ ʭʫʨʜ (ʣ/ʤʠʥ) 

KOH ʫʫʩʤʘʣʘʘʨ ʫʛʘʘʩʥʳ ʜʘʨʘʘ  

l-Ti3O5 (%) 

b-Ti3O5 (%) 

ʈʫʪʠʣ ʪᴇʨʣʠʡʥ TiO2 (%) 

Ti7O13 (%) 

ʎʘʭʠʫʨʳʥ ʜʘʚʭʘʨ ʠʩʵʣ SiO2 (%) 

1300 

0.7 

- 

- 

27.6 

20.1 

  7.2 

22.1 

22.0 

1300 

3 

- 

- 

60.3 

  7.7 

-   

- 

31.0 

1300 

5 

- 

- 

49.1 

14.0 

- 

- 

36.9 

1300 

- 

0.7 

- 

55.0 

18.7 

- 

- 

26.3 

1300 

0.7 

- 

ã 

42.9 

  7.0 

- 

- 

49.9 
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3.3-ʨ ʭװʩʥʵʛʪʵʵʩ ʭʘʨʘʭʘʜ ʘʨʛʦʥ ʭʠʡʥ ʫʨʩʛʘʣʳʥ ʭʫʨʜ 0.7 (ʣ/ʤʠʥ) ʙװʭʠʡ #3 ʜʵʵʞ ʥʴ 

ʜʘʨʘʘʭʴ 5 ʬʘʟʘʘʩ ʪʦʛʪʦʞ ʙʘʡʚ: l-Ti3O5 (27.6%), b-Ti3O5 (20.1%), ʨʫʪʠʣ ʪᴇʨʣʠʡʥ TiO2 (7.8%), 

Ti7O13 (22.1%), ʘʤʦʨʬ ʢʨʠʩʪʦʙʘʣʠʪ SiO2 (22.0%). ɸʨʛʦʥ ʭʠʡʥ ʫʨʩʛʘʣʳʥ ʭʫʨʜʳʛ 3-ʘʘʩ 5 

(ʣ/ʤʠʥ) ʭװʨʪʵʣ ʭװʨʪʵʣ ᴇᴇʨʯʣᴇʭᴇʜ #4 ʙʘ #5 ʜʵʵʞװװʜʠʡʥ ʭʫʚʴʜ ʨʫʪʠʣ ʪᴇʨʣʠʡʥ TiO2 ʙʘ Ti7O13 

ʬʘʟʫʫʜ ʘʞʠʛʣʘʛʜʘʘʛװʡ. ʕʥʵ װʝʜ l-Ti3O5 ʬʘʟʳʥ ʪʦʦ ʭʵʤʞʵʵ  ᴇʩʯ, b-Ti3O5 ʬʘʟʳʥ ʪʦʦ ʭʵʤʞʵʵ 

ʙʫʫʨʯ ʙʘʡʚ. ɸʟʦʪʳʥ ʭʠʡʥ ʫʨʩʛʘʣʳʥ ʭʫʨʜ 0.7 (ʣ/ʤʠʥ) ʙװʭʠʡ #6 ʜʵʵʞʠʡʥ ʭʫʚʴʜ l-Ti3O5 ʙʘ b-

Ti3O5 ʬʘʟʫʫʜʳʥ ʪʦʦ ʭʵʤʞʵʵ ᴇʩʯ, TiO2 ʙʘ Ti7O13 ʬʘʟʫʫʜ ʘʞʠʛʣʘʛʜʘʘʛװʡ. ɸʨʛʦʥ ʭʠʡʥ ʫʨʩʛʘʣʳʥ 

ʭʫʨʜ 0.7 (ʣ/ʤʠʥ) ʙװʭʠʡ #7 ʜʵʵʞʠʡʛ KOH ʫʫʩʤʘʣʘʘʨ װʡʣʯʠʣʩʵʥ ʙʦʣʦʚʯ SiO2 ʬʘʟʳʛ ʜʵʵʞʵʵʩ 

ʟʘʡʣʫʫʣʞ ʯʘʜʘʘʛװʡ ʙʘ ʭʘʨʠʥ ʵʩʨʵʛʵʵʨ SiO2 ʬʘʟʳʥ ʪʦʦ ʭʵʤʞʵʵ ʥʵʤʵʛʜʵʞ ʙʘʡʩʘʥ. ʊʫʩ ʜʵʵʞʠʡʥ 

ʭʫʚʴʜ TiO2 ʙʘ Ti7O13 ʬʘʟʫʫʜ ʘʞʠʛʣʘʛʜʘʘʛװʡ. ʍʵʨʚʵʵ ʙʠʜ ʩʫʜʘʣʛʘʘʥʳ ʜʵʵʞװװʜʵʵʩ SiO2 ʬʘʟʳʛ 

ʟʘʡʣʫʫʣʞ ʯʘʜʩʘʥ ʛʵʞ װʟʵʵʜ l-Ti3O5 ʙʘ b-Ti3O5 ʬʘʟʫʫʜʳʥ ʪʦʦ ʭʵʤʞʵʵʛ ʜʘʭʠʥ ʪʦʦʮʦʦʣʙʦʣ 

ʜʘʨʘʘʭʴ װʨ ʜװʥʜ ʭװʨʵʭ ʙʦʣʥʦ: #4 ʜʵʵʞʠʡʥ ʭʫʚʴʜ l-Ti3O5 (88.4%), b-Ti3O5 (11.6%); #5 

ʜʵʵʞʠʡʥ ʭʫʚʴʜ l-Ti3O5 (77.8%), b-Ti3O5 (22.2%); #6 ʜʵʵʞʠʡʥ ʭʫʚʴʜ l-Ti3O5 (74.5%), b-Ti3O5 

(25.6%); #7 ʜʵʵʞʠʡʥ ʭʫʚʴʜ l-Ti3O5 (85.9%), b-Ti3O5 (14.1%). ʕʥʜʵʵʩ װʟʵʭʵʜ l-Ti3O5 ʙʘ b-

Ti3O5 ʬʘʟʫʫʜʳʥ װװʩʵʣ ʜʵʵʨ ʭʠʡʥ ʫʨʩʛʘʣʳʥ ʭʫʨʜ ʭװʯʪʵʡ ʥᴇʣᴇᴇʣʜᴇʛ ʙʦʣʦʭ ʥʴ ʭʘʨʘʛʜʘʞ ʙʘʡʥʘ. 

ɼʵʵʞװװʜʠʡʥ ʪʘʣʩʪʥr ʭʵʤʞʵʵ ʙʘ ʭʠʡʥ ʫʨʩʛʘʣʳʥ ʭʫʨʜʥʳ ʭʘʤʘʘʨʣʳʛ 3.4-ʨ ʭװʩʥʵʛʪʵʜ װʟװװʣʵʚ.   

3.4-ʨ ʭϮʩʥʵʛʪ. ʊʘʣʩʪʥr ʭʵʤʞʵʵ ʙʘ ʭʠʡʥ ʫʨʩʛʘʣʳʥ ʭʫʨʜʥʳ ʭʘʤʘʘʨʘʣ 

ʍʠʡʥ ʫʨʩʛʘʣʳʥ ʭʫʨʜ, (ʣ/ʤʠʥ) ʊʘʣʩʪʥr ʭʵʤʞʵʵ, ʥʤ 

0.7 18.16 

3 15.03 

5 9.69 

 

3.4-ʨ ʭװʩʥʵʛʪʵʵʩ ʭʘʨʘʭʘʜ ʜʵʵʞװװʜʠʡʛ ʛʘʨʛʘʥ ʘʚʘʭ װʝʠʡʥ ʭʠʡʥ ʫʨʩʛʘʣʳʥ ʭʫʨʜʳʛ 0.7-ʦʦʩ 5 

(ʣ/ʤʠʥ) ʭװʨʪʵʣ ʥʵʤʵʛʜװװʣʵʭʵʜ ʪʘʣʩʪʥr ʭʵʤʞʵʵ 18.16-ʘʘʩ 9.69 ʥʤ ʭװʨʪʵʣ ʙʫʫʨʯ ʙʘʡʛʘʘ ʥʴ 

ʘʞʠʛʣʘʛʜʩʘʥ. ʍʠʡʥ ʫʨʩʛʘʣʳʥ ʭʫʨʜʳʛ ʥʵʤʵʛʜװװʣʵʭʵʜ ʨʝʥʪʛʝʥʦʛʨʘʤʤ ʜʵʵʨʭ ʜʠʬʨʘʢʮʳʥ 

ʧʠʢʠʡʥ ᴇʨʛᴇʥ ᴇʨʛᴇʩʯ ʙʘʡʩʘʥ. װתʥʵʵʩ ʰʘʣʪʛʘʘʣʞ ʜʵʵʞװװʜ ʜʵʭ ʪʘʣʩʪʳʥ ʭʵʤʞʵʵ ʙʫʫʨʯ ʙʘʡʛʘʘ 

ʶʤ.   

ᴆᴇʨᴇᴇʨ ʭʵʣʙʵʣ, ʙʠʜ ʩʠʥʪʝʟʠʡʥ 13000C ʪʝʤʧʝʨʘʪʫʨʪ, ʘʨʛʦʥʳ ʭʠʡʥ ʫʨʩʛʘʣʳʥ ʭʫʨʜ 5 

(ʣ/ʤʠʥ) ʙʘʡʭ װʝʜ ʭʘʤʛʠʡʥ ʙʘʛʘ ʪʘʩʣʪʥr ʭʵʤʞʵʵ ʙװʭʠʡ (~ 9.7ʥʤ) l-Ti3O5 -ʠʡʛ װװʩʛʵʞ ʯʘʜʩʘʥ.                            
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ʉʠʥʪʝʟʠʡʥ ʪʝʤʧʝʨʘʪʫʨ 1300Áʉ, ʘʟʦʪʳʥ ʭʠʡʥ ʫʨʩʛʘʣʳʥ ʭʫʨʜ 0.7(ʣ/ʤʠʥ) װʝʜ l-Ti3O5 

(55.0%) ʙʘ b-Ti3O5 (18.7%) ʬʘʟʫʫʜ װװʩʜʵʛʠʡʛ  ʪʦʛʪʦʦʩʦʥ. ɼʘʨʘʘ ʥʴ ʪʫʩ ʜʵʵʞʠʡʛ KOH 

ʫʫʩʤʘʣʘʘʨ װʡʣʯʣʵʭʵʜ l-Ti3O5 ʬʘʟʳʥ ʪʦʦ ʭʵʤʞʵʵ 86% ʭװʨʪʵʣ ᴇʩʯ, ʭʘʨʠʥ b-Ti3O5 ʬʘʟʳʥ ʪʦʦ 

ʭʵʤʞʵʵ 14% ʭװʨʪʵʣ ʙʫʫʨʯ ʙʘʡʚ. ɸʨʛʦʥʳ ʭʠʡʥ ʫʨʩʛʘʣʳʥ ʭʫʨʜʳʛ ʥʵʤʵʛʜװװʣʵʭʵʜ ʩʫʙʦʢʩʠʜ 

Ti7O13 ʙʘ ʨʫʪʠʣ ʪᴇʨʣʠʡʥ TiO2 ʬʘʟʫʫʜʳʛ ʘʞʠʛʣʘʛʜʘʘʛװʡ. ʉʠʥʪʝʟʠʡʥ 13000C ʪʝʤʧʝʨʘʪʫʨʪ, 

ʘʨʛʦʥʳ ʭʠʡʥ ʫʨʩʛʘʣʳʥ ʭʫʨʜ 5 (ʣ/ʤʠʥ) ʙʘʡʭ װʝʜ ʭʘʤʛʠʡʥ ʙʘʛʘ ʪʘʩʣʪʥr ʭʵʤʞʵʵ ʙװʭʠʡ (~ 9ʥʤ) 

l-Ti3O5 -ʠʡʛ װװʩʛʵʞ ʯʘʜʩʘʥ.  
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4-ʈ ɹתʃʕɻ. ʈʠʪʚʝʣʴʜʠʡʥ ʙʦʣʦʚʩʨʫʫʣʘʣʪʘʘʨ Ti3O5 

ʢʨʠʩʪʘʣʣ ʙװʪʮʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭ 

4.1  ʈʠʪʚʝʣʴʜʠʡʥ ʘʨʛʘ 

ʈʠʪʚʝʣʴʜʠʡʥ ʙʦʣʦʚʩʨʫʫʣʘʣʪ ʥʴ ʢʨʠʩʪʘʣʣ ʤʘʪʝʨʠʘʣʳʥ ʙװʪʮʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭʦʜ 

ʟʦʨʠʫʣʘʛʜʩʘʥ ʍʶʛʦ ʈʠʪʚʝʣʜʠʡʥ ʟʦʭʠʦʩʦʥ ʘʨʛʘ ʶʤ. ʅʫʥʪʘʛ ʜʵʵʞʠʡʥ ʨʝʥʪʛʝʥ ʙʘ ʥʝʡʪʨʦʥʳ 

ʜʠʬʨʘʢʮ ʥʴ ʪʦʜʦʨʭʦʡ ʙʘʡʨʣʘʣ ʜʘʭʴ ʨʝʬʣʝʢʩװװʜʵʵʨ (ʧʠʢʠʡʥ ʵʨʯʠʤ) ʪʦʜʦʨʭʦʡʣʦʛʜʦʭ ʜװʨʩʠʡʛ 

(ʜʠʬʨʘʢʪʦʛʨʘʤʤ) ᴇʛʜᴇʛ. ʕʜʛʵʵʨ ʨʝʬʣʝʢʩʠʡʥ ᴇʥʜᴇʨ, ᴇʨʛᴇʥ, ʙʘʡʨʣʘʣʫʫʜʳʛ ʘʰʠʛʣʘʥ 

ʤʘʪʝʨʠʘʣʳʥ ʙװʪʮʠʡʥ ʦʣʦʥ ʧʘʨʘʤʝʪʨװװʜʠʡʛ ʪʦʜʦʨʭʦʡʣʞ ʙʦʣʥʦ. ʈʠʪʚʝʣʴʜʠʡʥ ʘʨʛʘ ʥʴ ʦʥʦʣʳʥ 

ʨʝʬʣʝʢʩʠʡʥ ʰʫʛʘʤʳʥ ʧʨʦʬʘʡʣʳʛ ʪʫʨʰʣʘʛʘʘʨ ʭʵʤʞʩʵʥ ʨʝʬʣʝʢʩʠʡʥ ʧʨʦʬʘʡʣʪʘʡ ʜʘʚʭʮʘʞ 

ʥʠʡʣʵʭ ʭװʨʪʵʣ ʥʴ ʩʘʡʞʨʫʫʣʘʭʳʥ ʪʫʣʜ ʭʘʤʛʠʡʥ ʙʘʛʘ ʢʚʘʜʨʘʪʳʥ ʘʨʛʳʛ ʘʰʠʛʣʘʜʘʛ. ʕʥʵ ʘʨʛʳʛ 

ʥʵʚʪʨװװʣʩʵʥ ʥʴ ʥʫʥʪʘʛ ʜʵʵʞʠʡʥ ʜʠʬʨʘʢʮʠʡʥ ʩʫʜʘʣʛʘʘʥʜ ʯʫʭʘʣ ʘʭʠʮ ʜʵʚʰʠʣ ʙʦʣʩʦʥ ʙᴇʛᴇᴇʜ 

ʪʫʭʘʡʥ װʝʠʡʥ ʙʫʩʘʜ ʘʨʛʘʘʩ ʷʣʛʘʘʪʘʡ ʥʴ ʭװʯʪʵʡ ʭʦʣʠʣʜʦʞ ʥʠʡʣʩʵʥ ʨʝʬʣʝʢʩװװʜʠʡʛ ʷʣʛʘʞ 

ʪʦʦʮʦʦʣʦʭ ʙʦʣʦʤʞ ʦʣʛʦʩʦʥ ʶʤ. ʋʛ ʘʨʛʳʛ ʘʥʭ 1967 ʦʥʜ [34] ʭʵʨʵʛʞװװʣʞ, 1969 ʦʥʜ [35] 

ʤʦʥʦʭʨʦʤʘʪʠʢ ʥʝʡʪʨʦʥʳ ʜʠʬʨʘʢʮʳʥ ʭʫʚʴʜ ʘʰʠʛʣʘʩʘʥ ʙʘ ʨʝʬʣʝʢʩʠʡʥ ʙʘʡʨʣʘʣʳʛ ɹʨʵʛʛʠʡʥ  

2ɗ ᴇʥʮʛᴇᴇʨ ʠʣʵʨʭʠʡʣʜʵʛ. ʕʥʵ ʘʨʛʘ ʥʴ ʨʝʥʪʛʝʥ ʮʘʮʨʘʛʠʡʥ ʵʥʝʨʛʠ ʙʫʶʫ ʥʝʡʪʨʦʥʳ ʥʠʩʵʣʪʠʡʥ 

ʭʫʛʘʮʘʘ ʛʵʭ ʤʵʪ ᴇᴇʨ ʭʵʤʞװװʨװװʜʵʜ ʘʜʠʣʭʘʥ ʭʘʤʘʘʨʘʭ ʙʦʣʦʚʯ ʵʥʵ ʥʵʨ ʪʦʤʲʸʦʛ ʵʥʜ ʘʰʠʛʣʘʭ 

ʙʦʣʥʦ. ɼʦʣʛʠʦʥʳ ʫʨʪ ʙʘ ʘʨʛʘʘʩ ʭʘʤʘʘʨʘʣʛװʡ ʮʦʨʳʥ ʛʘʥʮ ʵʥʵʭװװ ʭʵʤʞʠʛʜʵʭװװʥ ʥʴ ʫʨʚʫʫ 

ʦʛʪʦʨʛʫʡʥ ʥʵʛʞ ʙʫʶʫ ʟᴇᴇʣʪʠʡʥ ʠʤʧʫʣʴʩ Q-ʜ ʙʘʡʜʘʛ ʙᴇʛᴇᴇʜ ʪװװʭʵʥʜʵʵ ʪװװʥʠʡʛ ʥʫʥʪʛʠʡʥ 

ʜʠʬʨʘʢʮʠʜ ʭʦʚʦʨ ʭʵʨʵʛʣʵʛʜʜʵʛ ʙʦʣʦʚʯ ʙʫʩʘʜ ʙװʭ ʜʠʬʨʘʢʮ ʙʘ ʦʧʪʠʢʠʡʥ ʘʨʛʫʫʜʘʜ ʤʘʰ 

ʪװʛʵʵʤʵʣ ʘʰʠʛʣʘʜʘʛ. ʍʘʨʴʮʘʘ ʥʴ 

                                         ὗ Ȣ 

ʆʨʯʠʥ װʝʜ ʭʵʨʵʛʣʵʞ ʙʘʡʛʘʘ ʭʘʤʛʠʡʥ ʪװʛʵʵʤʵʣ ʥʫʥʪʛʠʡʥ ʨʝʥʪʛʝʥ ʮʘʮʨʘʛʠʡʥ ʜʠʬʨʘʢʮ 

(XRD) ʙʦʣʦʚʩʨʫʫʣʘʭ ʘʨʛʘ ʥʴ 1960-ʘʘʜ ʦʥʜ ʍʶʛʦ ʈʠʪʚʝʣʴʜ [35]-ʠʡʥ ʩʘʥʘʣ ʙʦʣʛʦʩʦʥ ʘʨʛʘʜ 

ʩʫʫʨʠʣʜʘʛ. ʈʠʪʚʝʣʴʜʠʡʥ ʘʨʛʘ ʥʴ ʪʦʦʮʦʦʣʩʦʥ ʧʨʦʬʠʣʳʛ (ʙװʭ ʙװʪʮʠʡʥ ʙʫʶʫ ʙʘʛʘʞʠʡʥ 

ʧʘʨʘʤʝʪʨװװʜʠʡʛ ʦʨʦʣʮʫʫʣʘʘʜ) ʪʫʨʰʠʣʪʳʥ ᴇʛᴇʛʜᴇʣ ʨװװ ʦʡʨʪʫʫʣʜʘʛ. ʕʥʵ ʥʴ ʰʫʛʘʤʘʥ ʙʫʩ 

ʭʘʤʛʠʡʥ ʙʘʛʘ ʢʚʘʜʨʘʪʳʥ ʘʨʛʳʛ ʘʰʠʛʣʘʜʘʛ ʙᴇʛᴇᴇʜ ʧʠʢʠʡʥ ʭʵʣʙʵʨ, ʵʛʵʣ װװʨʠʡʥ ʭʵʤʞʵʵ, 

ʢʨʠʩʪʘʣʣ ʙװʪʵʮ ʜʵʭ ʙװʭ ʘʪʦʤʳʥ ʢʦʦʨʜʠʥʘʪ ʟʵʨʵʛ ʦʣʦʥ ʯᴇʣᴇᴇʪ ʧʘʨʘʤʝʪʨװװʜʠʡʛ ʙʘʛʪʘʘʩʘʥ 

ʘʥʭʥʳ ʦʡʨʦʣʮʦʦʣʩʦʥ ʟʘʛʚʘʨʳʛ ʰʘʘʨʜʜʘʛ. ɹʦʣʦʚʩʨʫʫʣʘʣʪ ʭʘʥʛʘʣʪʪʘʡ ʙʦʣʦʦʜ ʠʨʵʭ װʝʜ ʙʫʩʘʜ 

ʧʘʨʘʤʝʪʨװװʜʠʡʛ ʪʘʘʞ ʪʦʜʦʨʭʦʡʣʦʭ ʙʦʣʦʤʞʪʦʡ. ʀʡʤ ʙʘʡʜʣʘʘʨ, PXRD ᴇʛᴇʛʜʣᴇᴇʩ ʥʫʥʪʘʛ 
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ʤʘʪʝʨʠʘʣʳʥ ʢʨʠʩʪʘʣʣ ʙװʪʮʠʡʛ ʥʘʨʠʡʚʯʣʘʥ ʙʦʜʦʞ ʯʘʜʥʘ. ɹʦʣʦʚʩʨʫʫʣʘʣʪʳʥ ʘʤʞʠʣʪʪʘʡ װʨ 

ʜװʥ ʥʴ ʭʵʤʞʩʵʥ ᴇʛᴇʛʜʣʠʡʥ ʯʘʥʘʨ, ʟʘʛʚʘʨʳʥ ʯʘʥʘʨ (ʘʥʭʥʳ ʦʡʨʦʣʮʦʦʣʣʳʛ ʦʨʦʣʮʫʫʣʘʘʜ), 

ʭʵʨʵʛʣʵʛʯʠʡʥ ʪʫʨʰʣʘʛʘʘʩ ʰʫʫʜ ʭʘʤʘʘʨʜʘʛ. ʈʠʪʚʝʣʴʜʠʡʥ ʘʨʛʘ ʥʴ ʥʫʥʪʛʠʡʥ XRD ʙʘ ʤʘʪʝʨʠʘʣ 

ʩʫʜʣʘʣʳʥ ʛʘʡʭʘʣʪʘʡ ʵʨʠʥ װʝʠʡʛ ʵʭʣװװʣʩʵʥ ʭװʯʠʨʭʵʛ ʪʝʭʥʠʢ ʶʤ. ʍʵʜʠʡʛʵʵʨ, PXRD 

ᴇʛᴇʛʜʣʠʡʥ ʥʵʛ ʭʵʤʞʵʵʩʪ ʙʘʡʜʘʣ, ʭʷʟʛʘʘʨʣʘʛʜʤʘʣ ʷʣʛʘʭ ʯʘʜʚʘʨʘʘʨ ʙʘʛʘ ʟʵʨʵʛ ʭʷʟʛʘʘʨʣʘʛʜʜʘʛ 

ʯ, ʥʫʥʪʛʠʡʥ XRD-ʠʡʥ ʙʦʣʦʤʞ ʥʴ ʛʘʡʭʘʣʪʘʡ ʶʤ. ʂʨʠʩʪʘʣʣ ʙװʪʮʠʡʥ ʟʘʛʚʘʨʳʥ ʥʘʨʠʡʚʯʣʘʣ ʥʴ 

ᴇʥʮʛᴇᴇʩ ʭʘʤʘʘʨʫʫʣʘʥ  ʭʵʤʞʩʵʥ ʵʨʯʤʠʡʥ ʥʵʛ ʭʵʤʞʵʵʩʪ ʛʨʘʬʠʢ ʨʫʫ ʧʨʦʬʠʣʳʛ ʜᴇʭװװʣʵʥ 

ʪʦʜʦʨʭʦʡʣʦʭ ʙʦʣʦʤʞʪʦʡ. ʈʠʪʚʝʣʴʜʠʡʥ ʙʦʣʦʚʩʨʫʫʣʘʣʪ ʥʴ ʢʨʠʩʪʘʣʣ ʙװʪʮʠʡʥ ʟʘʛʚʘʨʳʛ 

ʰʘʘʨʜʜʘʛ ʙᴇʛᴇᴇʜ ʠʡʤ ʟʘʛʚʘʨʳʛ ʙʠʝ ʜʘʘʥ ʛʘʨʛʘʭ ʙʦʣʦʤʞʛװʡ ʛʵʜʛʠʡʛ ʩʘʥʘʭ ʥʴ ʯʫʭʘʣ ʶʤ. ɻʵʩʵʥ 

ʭʵʜʠʡ ʯ, ʵʥʵ ʥʴ ʵʛʵʣ װװʨʠʡʥ ʭʵʤʞʵʵ, ʬʘʟʳʥ ʪʦʦ ʭʵʤʞʵʵ, ʪʘʣʩʪʥr ʭʵʤʞʵʵ/ʭʵʣʙʵʨ, ʘʪʦʤʳʥ 

ʢʦʦʨʜʠʥʘʪ/ʭʦʣʙʦʦʩʳʥ ʫʨʪ, ʢʨʠʩʪʘʣʣ ʪʦʨ ʜʘʭʴ ʤʠʢʨʦʭװʯʣʵʛ, ʪʝʢʩʪʫʨ, ʚʘʢʘʥʩ ʛʵʭ ʤʵʪ 

ʭʵʩʵʛʯʠʣʩʵʥ ʙʫʶʫ ʙװʨʵʥ ʙװʪʮʠʡʥ ʰʠʡʜʣʠʡʥ ñab initioò-ʜ ʙʘʡʭʛװʡ ʙװʪʮʠʡʥ ʥʘʨʠʡʥ ʟʘʨʠʤ 

ʧʘʨʘʤʝʪʨװװʜʠʡʛ ʦʣʦʭʦʜ ʘʰʠʛʣʘʞ ʙʦʣʥʦ [36, 37].  

ʅʫʥʪʛʠʡʥ ʜʠʬʨʘʢʮʠʡʥ ʧʨʦʬʠʣ: ʧʠʢʠʡʥ ʙʘʡʨʣʘʣ ʙʘ ʭʵʣʙʵʨ   

 ʈʠʪʚʝʣʴʜʠʡʥ ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʛ ʩʫʜʣʘʭʘʘʩ ᴇʤʥᴇ ʜʠʬʨʘʢʮʠʡʥ ʟʫʨʛʠʡʛ ʭʵʨʭʵʥ װװʩʛʵʭ, 

ʦʡʣʛʦʭʳʥ ʪʫʣʜ ʥʫʥʪʛʠʡʥ ʜʠʬʨʘʢʮʠʡʥ ᴇʛᴇʛʜᴇʣ, ʪʵʜʛʵʵʨ ʷʤʘʨ ʤʵʜʵʵʣʵʣ ʢʦʜʣʦʛʜʩʦʥ ʪʫʭʘʡ 

ʠʣװװ ʩʘʡʥ ʦʡʣʛʦʣʪʪʦʡ ʙʦʣʦʭ ʰʘʘʨʜʣʘʛʘʪʘʡ ʙᴇʛᴇᴇʜ ʵʥʵ ʥʴ ʤʵʜʵʵʞ ʈʠʪʚʝʣʜɹʠʡʥ 

ʙʦʣʦʚʩʨʫʫʣʘʣʪʘʥʜ ʟʘʡʣʰʛװʡ ʰʘʘʨʜʣʘʛʘʪʘʡ. ɽʨʜʠʡʥ ʜʠʬʨʘʢʮʠʡʥ ʟʫʨʛʠʡʛ ɹʨʵʛʛʠʡʥ ʦʣʦʥ 

ʦʡʣʪʳʥ ʙʘʡʨʣʘʣ, ʭʵʣʙʵʨ, ʵʨʯʠʤʵʵʨ ʪʦʜʦʨʭʦʡʣʞ ʙʦʣʥʦ. ʕʥʵʭװװ ʜʫʨʜʩʘʥ ʛʫʨʚʘʥ ʰʠʥʞ ʯʘʥʘʨ 

ʥʴ ʢʨʠʩʪʘʣʣ ʙװʪʵʮ, ʜʵʵʞʠʡʥ ʰʠʥʞ ʯʘʥʘʨ, ʙʘʛʘʞʠʡʥ ʰʠʥʞ ʯʘʥʘʨʫʫʜʪʘʡ ʭʦʣʙʦʦʪʦʡ ʟʘʨʠʤ 

ʤʵʜʵʵʣʣʠʡʛ ʢʦʜʯʠʣʜʦʛ. ʕʜʛʵʵʨ ʥᴇʣᴇᴇʣʣװװʜʠʡʥ ʟʘʨʠʤʳʛ ʥʴ ʜʦʦʨʭʠ 4.1-ʨ ʭװʩʥʵʛʪʵʜ װʟװװʣʵʚ.  

 

4.1-ʨ ʭϮʩʥʵʛʪ. ʊϺʨϺʣ ʙϮʨʠʡʥ ʢʨʠʩʪʘʣʣ ʙϮʪʵʮ, ʩʦʨʴʮ, ʙʘʛʘʞʠʡʥ ʧʘʨʘʤʝʪʨϮϮʜʠʡʥ ʬʫʥʢʮ ʙʦʣʦʭ 

ʥʫʥʪʛʠʡʥ ʜʠʬʨʘʢʪʦʛʨʘʤʤ [38]. 

ɼʠʬʨʘʢʪʦʛʨʘʤʤʳʥ 

ʢʦʤʧʦʥʝʥʪʫʫʜ 

ʂʨʠʩʪʘʣʣ ʙװʪʵʮ ɼʵʵʞʠʡʥ ʰʠʥʞ 

ʯʘʥʘʨ 

ɹʘʛʘʞʳʥ 

ʧʘʨʘʤʝʪʨװװʜ 

ʇʠʢʠʡʥ ʙʘʡʨʣʘʣ ʕʛʵʣ װװʨʠʡʥ 

ʧʘʨʘʤʝʪʨװװʜ 

(a, b, c, a, ɓ, g) 

-ʐʠʥʛʵʵʣʪ 

-ʉװʚʵʨʭʵʛʞʠʣʪ 

-ʎʘʮʨʘʛ (ʜʦʣʛʠʦʥʳ 

ʫʨʪ) 

-ɹʘʛʘʞ/ʜʵʵʞʠʡʥ 

ʪʦʭʠʨʫʫʣʛʘ 

-ʎʘʮʨʘʛʠʡʥ 

ʪʵʥʭʣʵʛʠʡʥ 

ʜʠʚʝʨʛʝʥʮ 

ʇʠʢʠʡʥ ʵʨʯʠʤ ɸʪʦʤʳʥ ʧʘʨʘʤʝʪʨװװʜ 

(x, y, z, B ʛʵʭ ʤʵʪ) 

-ʉʦʥʛʦʩʦʥ ʙʘʨʠʤʞʘʘ 

-ʐʠʥʛʵʵʣʪ 

-ʉװʚʵʨʭʵʛʞʠʣʪ 

-ɻʝʦʤʝʪʨ ʙʘ ʪʦʭʠʨʛʦʦ 

-ʎʘʮʨʘʛ (ʃʦʨʝʥʮʳʥ 

ʪʫʡʣʰʨʘʣ) 
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-ʕʨʤɻʙʵʛװʡʞʠʣʪ 

-ɼʝʬʝʢʪװװʜ 

-ʄᴇʭʣᴇʛʠʡʥ ʭʵʤʞʵʵ 

-ʍװʯʣʵʛ 

-ɼʘʨʘʣʪ 

-ʎʘʮʨʘʛ (ʩʧʝʢʪʨʠʡʥ 

ʮʵʚʵʨ ʙʘʡʜʘʣ) 

-ɻʝʦʤʝʪʨ 

-ʎʘʮʨʘʛʠʡʥ ʥᴇʭʮᴇʣ 

ʙʘʡʜʘʣ 
 

ʅʫʥʪʛʠʡʥ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳʥ ʙװʪʮʠʡʛ װʥʜʩʵʥʜʵʵ ʙʘʛʘʞʠʡʥ ʧʘʨʘʤʝʪʨװװʜ ʙʘ ʭʦʸʨ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʳʥ ʧʘʨʘʤʝʪʨװװʜʵʵʨ ʪʦʜʦʨʭʦʡʣʜʦʛ. װתʥʜ: ʵʛʵʣ װװʨʠʡʥ ʭʵʤʞʵʵ, ʘʪʦʤʳʥ ʪʦʦ 

ʭʵʤʞʵʵ, ʢʦʦʨʜʠʥʘʮ. ʊʠʡʤʵʵʩ, ʥʫʥʪʛʠʡʥ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳʥ ʟʘʛʚʘʨʳʛ ʜʘʨʘʘʭ ʙʘʡʜʣʘʘʨ ʙװʪʵʵʞ 

ʙʦʣʥʦ:  

1. ʇʠʢʡʥ ʙʘʡʨʣʘʣʳʛ ʪʦʛʪʦʦʭ: ɹʨʵʛʛʠʡʥ ʧʠʢʠʡʥ ʙʘʡʨʣʘʣʳʛ ʪʫʭʘʡʥ ʵʛʵʣ װװʨʠʡʥ  

ʜʦʣʛʠʦʥʳ ʫʨʪ ʙʘ d-ʟʘʡʛ ʘʰʠʛʣʘʥ ɹʨʵʛʛʠʡʥ ʭʫʫʣʠʘʩ װʥʜʵʩʣʵʥ ʪʦʛʪʦʦʥʦ. 

2. ʇʠʢʠʡʥ ʵʨʯʤʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭ: ʕʨʯʠʤ ʥʴ ʙװʪʮʠʡʥ ʬʘʢʪʦʨʦʦʩ ʭʘʤʘʘʨʜʘʛ ʙᴇʛᴇᴇʜ ʙʠʝ 

ʜʘʘʩʘʥ ʧʠʢװװʜʠʡʥ ʙװʪʮʠʡʥ ʟʘʛʚʘʨʘʘʩ ʪʦʦʮʦʦʣʞ ʙʦʣʥʦ. ʕʥʵ ʥʴ ʵʛʵʣ װװʨʠʡʥ ʪʦʜʦʨʭʦʡ 

ʘʪʦʤʳʥ ʢʦʦʨʜʠʥʘʮ ʙʘ ʛʝʦʤʝʪʨ ʧʘʨʘʤʝʪʨװװʜʠʡʥ ʪʫʭʘʡ ʤʵʜʣʵʛʠʡʛ ʰʘʘʨʜʜʘʛ.  

3. ʊʫʩʛʘʘʨ ɹʨʵʛʛʠʡʥ ʧʠʢװװʜʠʡʥ ʭʵʣʙʵʨ: ʧʠʢʠʡʥ ʭʵʣʙʵʨʠʡʥ ʬʫʥʢʮʫʫʜ ʛʵʞ ʥʵʨʣʵʛʜʜʵʛ 

FWHM-ʠʡʥ ʬʫʥʢʮʵʵʨ (ɹʨʵʛʛʠʡʥ ᴇʥʮʛᴇᴇʩ ʭʘʤʘʘʨʯ ᴇᴇʨʯʣᴇʛʜʜᴇʛ) ʪᴇʣᴇᴇʣʜᴇʛ. ɹʦʜʠʪ 

ʙʘʡʜʘʣʜ ñab initioò ʟʘʛʚʘʨ ʥʴ ʭװʥʜʵʚʪʵʨ ʪʫʣ ʵʤʧʠʨʠʢʵʵʨ ʩʦʥʛʦʩʦʥ ʧʠʢʠʡʥ ʭʵʣʙʵʨʠʡʥ 

ʬʫʥʢʮ ʙʘ ʧʘʨʘʤʝʪʨװװʜʠʡʛ ʟʘʛʚʘʨʯʣʘʣʜ ʘʰʠʛʣʘʜʘʛ.  

4. ʅʠʡʣʙʵʨ: װʨ ʜװʥʛ ᴇʛʯ ʙʫʡ ʧʠʢʠʡʥ ʥʫʥʪʛʠʡʥ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳʛ װʣʜʵʵʞ, ʭʵʣʙʵʨʠʡʥ 

ʙʠʝ ʜʘʘʩʘʥ ʬʫʥʢʮװװʜʠʡʛ ʥʵʛʪʛʵʥ ʬʦʥʳʥ ʬʫʥʢʮ ʨʫʫ ʥʠʡʣʙʵʨʯʠʣʜʵʛ. 

ʄʘʪʝʨʠʘʣʳʥ ʢʨʠʩʪʘʣʣ ʙװʪʮʠʡʛ ʤʵʜʵʞ ʥʫʥʪʛʠʡʥ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳʛ ʟʘʛʚʘʨʯʣʘʭʘʜ ʭʷʣʙʘʨ 

ʙʘʡʜʘʛ. װתʥʠʡ ʵʩʨʵʛʵʵʨ, ʢʨʠʩʪʘʣʣ ʙװʪʮʠʡʛ ʥʫʥʪʛʠʡʥ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʘʩ ʪʦʜʦʨʭʦʡʣʦʭ ʥʴ 

ʠʣװװ ʪᴇʚᴇʛʪʵʡ. ʅʫʥʪʛʠʡʥ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʘʩ ʙװʪʮʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭʳʥ ʪʫʣʜ ʜʘʨʘʘʭ ɹ

ʘʣʭʤʫʫʜʳʛ ʭʠʡʭ ʰʘʘʨʜʣʘʛʘʪʘʡ. ʅʵʛʜװʛʵʵʨʪ, ʬʦʥʳʛ ʦʨʦʣʮʫʫʣʩʘʥ ʧʠʢʠʡʥ ʭʵʣʙʵʨʠʡʥ 

ʬʫʥʢʮʠʡʛ ʪʦʭʠʨʫʫʣʘʭ ʟʘʤʘʘʨ ɹʨʵʛʛʠʡʥ ʧʠʢʠʡʥ ʙʘʡʨʣʘʣ, ʵʨʯʤʠʡʛ ʦʣʦʭ ʭʵʨʵʛʪʵʡ. ɼʘʨʘʘ ʥʴ 

ʧʠʢʠʡʥ ʙʘʡʨʣʘʣʳʛ ʠʥʜʝʢʩʞװװʣʞ, ʵʛʵʣ װװʨʠʡʥ ʧʘʨʘʤʝʪʨ, ʪʵʛʰ ʭʵʤ, ʘʛʫʫʣʘʤʞʳʛ 

ʪʦʜʦʨʭʦʡʣʦʭʦʜ ʘʰʠʛʣʘʥʘ. ɻʫʨʘʚʜʫʛʘʘʨʪ, ʧʠʢʠʡʥ ʵʨʯʠʤ ʥʴ ʦʛʪʦʨʛʫʡʥ ʙװʣʛʠʡʥ ʪʵʛʰ ʭʵʤ, 

ʘʪʦʤʳʥ ʢʦʦʨʜʠʥʘʮʳʛ ʪʦʜʦʨʭʦʡʣʜʦʛ. ʕʮʵʩʪ ʥʴ, ʟʘʛʚʘʨ ʥʴ ʢʨʠʩʪʘʣʣʦʛʨʘʬʳʥ ʙʘ ʧʠʢʠʡʥ 

ʭʵʣʙʵʨʠʡʥ ʬʫʥʢʮʳʥ ʙװʭ ʧʘʨʘʤʝʪʨװװʜʠʡʛ ʪʦʦʮʦʦʣʦʭʦʜ ʭʵʨʵʛʣʵʛʜʜʵʛ. װתʥʠʡʛ ʘʤʞʠʣʪʪʘʡ 

ʭʠʡʭʠʡʥ ʪʫʣʜ ʩʘʡʥ ʷʣʛʘʭ ʯʘʜʚʘʨ, ʙʘʛʘ ʬʦʥ, ʠʭ ᴇʥʮʛʠʡʥ ʤʫʞ ʛʵʩʵʥ ʫʪʛʘʪʘʡ ʤʘʰ ʩʘʡʥ ᴇʛᴇʛʜᴇʣ 

ʰʘʘʨʜʘʛʜʘʥʘ.  
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ʈʠʪʚʝʣʴʜʠʡʥ ʘʨʛʳʥ ʝʨᴇʥʭʠʡ ʭʵʨʵʛʣʵʵʥʠʡ ʭʫʚʴʜ ʘʰʠʛʣʘʩʘʥ ʧʨʦʛʨʘʤ ʭʘʥʛʘʤʞʘʘʩ װʣ 

ʭʘʤʘʘʨʘʥ ʥʫʥʪʘʛ ʜʠʬʨʘʢʮʠʡʥ ʜʠʬʨʘʢʪʦʛʨʘʤʤʜ ʘʞʠʛʣʘʛʜʩʘʥ ɹʨʵʛʛʠʡʥ ʧʠʢװװʜʠʡʛ ʧʠʢʠʡʥ 

ʭʵʣʙʵʨʠʡʥ ʬʫʥʢʮ (PSF- peak shape function) ʛʵʞ ʪʘʡʣʙʘʨʣʘʭ ʥʴ ʭʘʤʛʠʡʥ ʩʘʡʥ ʘʨʛʘ ʶʤ.  PSF 

ʥʴ ʛʫʨʚʘʥ ʬʫʥʢʮʵʵʩ ʙװʨʜʜʵʛ: ʙʘʛʘʞʠʡʥ ᴇʨʛᴇʩᴇʣʪ W(q), ʜʦʣʛʠʦʥʳ ʫʨʪʳʥ ʜʠʩʧʝʨʩ L(q), 

ʜʵʵʞʠʡʥ ʬʫʥʢʮ Y(q), ʜʵʵʨ ʥʴ ʬʦʥʳʥ ʬʫʥʢʮ b(q) ʥʵʤʵʛʜʵʥʵ. װתʥʠʡʛ ʜʘʨʘʘʭ ʙʘʡʜʣʘʘʨ 

ʠʣʵʨʭʠʡʣʥʵ: 

                                       PSF(q) = W(q)ÃL(q)ÃY(q) + b(q), 

 ʥʜ: Ã- ʵʥʵ ʥʴ ʠʥʪʝʛʨʘʣ ʤʘʷʛʠʡʥ f ʙʘ g ʛʵʩʵʥ ʭʦʸʨ ʬʫʥʢʮʵʵʨ ʪʦʜʦʨʭʦʡʣʦʛʜʦʭ ʭʫʡʣʘʣʪʳʛװת

ʪʵʤʜʵʛʣʵʥʵ.  

                    ὪὸÃÇÔ ᷿ Ὢ†Ὣὸ †Ὠ† ᷿ Ὣ†Ὢὸ †Ὠ† 

ɹʘʛʘʞʠʡʥ ʬʫʥʢʮ ʥʴ װװʩʛװװʨʠʡʥ ʛʝʦʤʝʪʨ, ʤʦʥʦʭʨʦʤʘʪʦʨ ʙʘ ʜʵʵʞʠʡʥ ʙʘʡʨʰʠʣʘʘʩ ʭʘʤʘʘʨʥʘ. 

ɼʦʣʛʠʦʥʳ ʫʨʪʳʥ ʬʫʥʢʮ ʥʴ װװʩʛװװʨ ʜʵʭ ʜʦʣʛʠʦʥʳ ʫʨʪʳʥ ʪװʛʵʣʪʠʡʛ ʪʦʜʦʨʭʦʡʣʜʦʛ ʙᴇʛᴇᴇʜ 

 .ʨʠʡʥ ʰʠʥʞ ʯʘʥʘʨ, ʤʦʥʦʭʨʦʤʘʪʞʫʫʣʘʣʪʳʥ ʪʝʭʥʠʢʵʵʩ ʭʘʤʘʘʨʯ ᴇᴇʨ ᴇᴇʨ ʙʘʡʜʘʛװװʩʛװװ

ɼʵʵʞʠʡʥ ʬʫʥʢʮ ʥʴ ʭʵʜ ʭʵʜʵʥ ʟװʡʣʵʵʩ ʭʘʤʘʘʨʜʘʛ. ʅʵʛʜװʛʵʵʨʪ, ʜʠʥʘʤʠʢ ʩʘʨʥʠʣ, ʭʦʸʨʜʫʛʘʘʨʪ 

ʜʵʵʞʠʡʥ ʬʠʟʠʢ ʰʠʥʞ ʯʘʥʘʨ, ʪʫʭʘʡʣʙʘʣ, ʪʘʣʩʞʠʣʪʥr ʭʵʤʞʵʵ, ʤʠʢʨʦʭװʯʣʵʛ. ʊʦʚʯʭʦʥʜʦʦ: 

ʙʫʩʘʜ ʥᴇʣᴇᴇʣʣᴇᴇʩ ʷʣʛʘʘʪʘʡ ʥʴ ʜʵʵʞʠʡʥ ʬʫʥʢʮʠʡʥ ʥᴇʣᴇᴇʣᴇʣ ʥʴ ʤʘʪʝʨʠʘʣʳʥ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʡʥ ʭʫʚʴʜ ʩʦʥʠʨʭʦʣʪʦʡ ʙʘʡʞ ʙʦʣʥʦ. ʀʡʤʜ ʪʘʣʩʪʥr ʜʫʥʜʘʞ ʭʵʤʞʵʵʩ t, 

ʤʠʢʨʦʭװʯʣʵʛ e, ɹʨʵʛʛʠʡʥ ʧʠʢʠʡʥ ᴇʨʛᴇʩᴇʣʪ ʜʵʵʨʭ ʵʬʬʝʢʪ ɓ (ʨʘʜʠʘʥʘʘʨ) ʟʵʨʛʠʡʛ ʜʘʨʘʘʭʴ 

ʙʘʡʜʣʘʘʨ ʪʘʡʣʙʘʨʣʘʞ ʙʦʣʥʦ. װתʥʜ: k-ʪʦʛʪʤʦʣ. 

                                                      ‍
Ͻ
,  ɓ=kÖeÖtanq. 

ʇʠʢʠʡʥ ʭʵʣʙʵʨʠʡʥ ʬʫʥʢʮ ʨʫʫ ʙʫʮʘʭ ʟʦʨʠʣʛʦ ʥʴ ʘʞʠʛʣʘʛʜʩʘʥ ʥʫʥʪʘʛ ʜʠʬʨʘʢʮʠʡʥ 

ᴇʛᴇʛʜᴇʣʜ ʙʘʡʛʘʘ ɹʨʵʛʛʠʡʥ ʧʠʢװװʜʠʡʛ ʟᴇʚ ʟʘʛʚʘʨʯʣʘʭ ʷʚʜʘʣ ʶʤ. ʍʘʤʛʠʡʥ ʝʨᴇʥʭʠʡ ʭʵʣʙʵʨʵʵʨ, 

ʵʨʯʠʤ Y(i)  ʥʴ i-ʨ ʮʵʛʠʡʥ m-ʪʦʦʥʳ ʜʘʚʭʮʩʘʥ ɹʨʵʛʛʠʡʥ ʧʠʢװװʜʵʵʩ ᴇʛᴇʭ ʪװʛʵʣʪ yk, ʬʦʥ b(i)-ʠʡʥ 

ʥʠʡʣʙʵʨ ʙᴇʛᴇᴇʜ ʜʘʨʘʘʭ ʙʘʡʜʣʘʘʨ ʪʦʜʦʨʭʦʡʣʞ ʙʦʣʥʦ.  

ὣὭ ὦὭ Ὅώ ὼ  

ʥʜ: Ik ʥʴ k-ʨ ʮʵʛʠʡʥ ɹʨʵʛʛʠʡʥ ʵʨʯʠʤ, ὼװת ς— ς—Ȣ Ik ʥʴ װʨʞװװʣʵʛʯ ʪʫʣ ʧʠʢʠʡʥ 

ʭʵʣʙʵʨʠʡʥ ʬʫʥʢʮ (PSF)-ʠʡʥ ʭʷʟʛʘʘʨʛװʡ ʜʵʵʨʭ ʠʥʪʝʛʨʘʣ ʥʴ ʥʵʛʪʵʡ ʪʵʥʮװװ ʥᴇʭʮᴇʣʜ, y(x)-ʠʡʥ 

ʷʥʟ ʙװʨʠʡʥ ʥʦʨʤʯʣʦʛʜʩʦʥ ʧʠʢװװʜʠʡʥ ʬʫʥʢʮװװʜʠʡʥ ʪᴇʣʚʠʡʛ ʧʠʢʠʡʥ ʵʨʯʤʵʵʩ װʣ ʭʘʤʘʘʨʘʥ 
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ʰʠʥʞʣʵʭ ʙʦʣʦʤʞʪʦʡ. װתʥʠʡ ʪʫʣʜ ̫ ʣʛʘʘʪʘʡ ʭװʥʜʵʚʪʵʨ ʪװʚʰʠʥʠʡ  ʟʵʨʛװװʜ ʙװʭʠʡ ʷʥʟ ʙװʨʠʡʥ 

ʬʫʥʢʮʫʫʜʛr ʩʦʥʛʦʭ ʙʦʣʦʤʞʪʦʡ. ɹʨʵʛʛʠʡʥ ʨʝʬʣʝʢʩװװʜʠʡʛ ʠʣʵʨʭʠʡʣʵʭʵʜ ʘʰʠʛʣʘʜʘʛ ʭʘʤʛʠʡʥ 

 ʥʜʩʵʥ ʬʫʥʢʮʫʫʜ ʥʴ ɻʘʫʩʩ ʙʘ ʃʦʨʝʥʮʳʥ ʬʫʥʢʮʫʫʜ ʶʤ. ʀʭʵʥʭ ʪʦʭʠʦʣʜʦʣʜ ʧʩʝʚʜʦ-ɺʦʡʛʪʳʥװ

ʬʫʥʢʮ ʥʴ ᴇʤʥᴇʭ ʭʦʸʨʳʥ ʞʠʛʥʵʩʵʥ ʥʠʡʣʙʵʨ ʶʤ (ʙװʪʵʥ ɺʦʡʛʪ ʧʨʦʬʠʣ ʥʴ ʵʥʵ ʭʦʸʨʳʛ ʥʵʛʪʛʵʩʵʥ 

ʙʦʣʦʚʯ ʪʦʦʮʦʦʣʣʳʥ ʭʫʚʴʜ ʠʣװװ ʠʭʠʡʛ ʰʘʘʨʜʜʘʛ). ʇʩʝʚʜʦ-ɺʦʡʛʪ ʧʨʦʬʠʣ ʥʴ ʭʘʤʛʠʡʥ 

ʪװʛʵʵʤʵʣ ʙᴇʛᴇᴇʜ ʙʫʩʘʜ ʜʠʡʣʵʥʭ PSF-ʠʡʥ װʥʜʵʩ ʩʫʫʨʴ ʙʦʣʜʦʛ. ʇʩʝʚʜʦ-ɺʦʡʛʪ ʬʫʥʢʮʠʡʛ 

ʜʘʨʘʘʭ ʙʘʡʜʣʘʘʨ ʠʣʵʨʭʠʡʣʞ ʙʦʣʥʦ: 

 ώὼ ὠ ὼ ὲϽὋὼ ρ ὲϽὒὼ, 

ʥʜ:  Ὃὼװת
Ѝ Ͻ
ϽὩ Ͻ      

ʙʘ ὒὼ
Ѝ Ͻ

ρ ὅϽὼ  ʛʵʩʵʥ ɻʘʫʩʩ ʙʘ ʃʦʨʝʥʮ ʪװʛʵʣʪװװʜ ʶʤ. ʊʵʛʵʭʵʵʨ,  

                         

  :ʥʜװת

¶ H ʙʘ H' ð ʭʘʤʛʠʡʥ ᴇʥʜᴇʨ ʧʠʢʠʡʥ ʭʘʛʘʩ ʜʵʵʨʭ ʙװʪʵʥ ᴇʨʛᴇʥ (FWHM).  

¶ ὼ   ʙʦʣ ʧʠʢʠʡʥ FWHM ʜʵʵʨ ʭʫʚʘʘʛʜʩʘʥ k-ʨ ʧʠʢʠʡʥ ʙʘʡʨʣʘʣʜ ʵʭʪʵʡ ʥʫʥʪʛʠʡʥ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʜʵʵʨʭ i-ʨ ʮʵʛʠʡʥ ɹʨʵʛʛʠʡʥ ᴇʥʮʛʠʡʛ ʪᴇʩᴇᴇʣʥᴇ. 

¶  ὅ τὰὲςȟ ὅ τ ʙʘ 
Ѝ

 ʙʘ 
Ѝ

 ʥʴ ᷿Ὃὼ ρ ʙʘ ᷿ὒὼὨὼ ρ-ʜ ʭʘʨʛʘʣʟʘʭ 

ʥʦʨʤʯʣʦʣʳʥ ʬʘʢʪʦʨʫʫʜ ʶʤ.   

¶ Ὄ ὟÔÁÎ— ὠὸὥὲ—ὡ-ʠʡʛ ʂʘʛʣʠʦʪʠʡʥ ʪʦʤʴʸʦ ʛʵʜʵʛ,  FWHM ʥʴ ɻʘʫʩʩ ʙʘ 

ʧʩʝʚʜʦ-ɺʦʡʛʪ ʧʨʦʬʠʣrʥ q-ʠʡʥ ʬʫʥʢʮ ʶʤ. U, V, W-ʧʘʨʘʤʝʪʨװװʜ.  

¶ Ὄ ὣὸὥὲ— ʙʦʣ ʃʦʨʝʥʮ ʬʫʥʢʮʠʜ ʭʘʨʛʘʣʟʘʭ FWHM ʙʘ 2q-ʠʡʥ ʭʘʤʘʘʨʘʣ ʶʤ. X 

ʙʘ Y-ʭʫʚʴʩʘʛʯʫʫʜ. 

¶ – – –ς— –—, ʥɻʜ: 0¢h¢1 ʥ ɹ ʧʩʝʚʜʦ-ɺʦʡʛʪ ʭʦʣʠʤʦʛ ʧʘʨʘʤʝʪʨ, –ȟȟ  

ʯᴇʣᴇᴇʪ ʭʫʚʴʩʘʛʯʫʫʜ ʶʤ. 

ʇʩʝʚʜʦ-ɺʦʡʛʪʳʥ ʬʫʥʢʮ ʥʴ ɻʘʫʩʩ ʙʘ ʃʦʨʝʥʮʳʥ ʬʫʥʢʮװװʜʠʡʥ ʥʵʛʵʥ ʘʜʠʣ ʪᴇʚʠʡʥ ʪʵʛʰ 

ʭʵʤʪʵʡ ʬʫʥʢʮ ʫʯʨʘʘʩ ʪʵʛʰ ʭʵʤʪ ʙʫʩ ʟʘʛʚʘʨʳʛ ʛװʡʮʵʪʛʵʭʛװʡ. ʕʥʵ ʥʴ ʩʠʥʭʨʦʪʨʦʥ ʮʘʮʨʘʛʠʡʥ 

 ʨʵʵʩ ʮʫʛʣʫʫʣʩʘʥ ᴇʛᴇʛʜᴇʣ ʰʠʛ ʥʫʥʪʛʠʡʥ ʨʝʥʪʛʝʥʦʛʨʘʬʠʡʥ ᴇʛᴇʛʜʣʠʡʥ ʭʫʚʴʜװװʩʛװװ
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ʘʩʫʫʜʘʣʪʘʡ ʙʘʡʞ ʙʦʣʦʭ ʙᴇʛᴇᴇʜ ʪʵʜʛʵʵʨ ʥʴ ʦʣʦʥ ʪʦʦʥʳ ʬʦʢʫʩʣʘʣʪ ʙװʭʠʡ ʦʧʪʠʢ ʩʠʩʪʝʤװװʜʠʡʛ 

ʘʰʠʛʣʘʩʥʘʘʩ ʙʦʣʞ ʝʨᴇʥʭʠʡʜᴇᴇ ʪʵʛʰ ʭʵʤʪ ʙʫʩ ʙʘʡʜʣʳʛ ʭʘʨʫʫʣʜʘʛ. ʌʠʥʛʝʨ-ʂʦʢʩ-

ɾʠʧʢʦʫʪʠʡʥ ʬʫʥʢʮ ʥʴ ʧʩʝʚʜʦ-ɺʦʡʛʪʪʦʡ ʪᴇʩʪʵʡ ʙʦʣʦʚʯ ʪʵʥʭʣʵʛʠʡʥ ʜʠʚʝʨʛʝʥʮʠʡʥ װװʜʥʵʵʩ 

ʙʦʣʦʚʩʨʫʫʣʩʘʥ ʪʵʛʰ ʙʫʩ 12-ʳʛ (12 ʘʩʠʤʤʝʪʨ) ʩʘʡʥ ʙʦʣʦʚʩʨʫʫʣʜʘʛ. ʕʥʵ ʬʫʥʢʮ ʥʴ ʭʦʸʨ 

ʛʝʦʤʝʪʨ ʧʘʨʘʤʝʪʨ (S/L, H/L)-ʠʡʛ ʘʰʠʛʣʘʥ ʜʠʬʨʘʢʮʠʡʥ ʢʦʥʫʩ ʙʘ ʭʷʟʛʘʘʨʣʘʛʜʤʘʣ ʭװʣʵʵʥ ʘʚʘʭ 

ʟʘʚʩʘʨʳʥ ʫʨʪʳʥ ʦʛʪʣʦʣʮʦʣ ʙװʭʠʡ ʧʩʝʚʜʦ-ɺʦʡʛʪʳʥ ʭʫʡʣʘʣʪʘʘʨ ʪᴇʩᴇᴇᴇʣᴇʛʜʜᴇʛ, װװʥʜ S ʙʘ D 

ʥʴ ʛʦʥʠʦʤʝʪʨʠʡʥ ʪʵʥʭʣʵʛʪʵʡ ʧʘʨʘʣʣʝʣʴ ʯʠʛʣʵʣʜ ʙʘʡʛʘʘ ʜʵʵʞ ʙʘ ʜʝʪʝʢʪʦʨʳʥ ʟʘʚʩʘʨʳʥ 

ʭʵʤʞʵʵʩװװʜ, L ʥʴ 12 ʛʦʥʠʦʤʝʪʨʠʡʥ ʨʘʜʠʫʩ.  

ʇʠʢʠʡʥ ʭʵʣʙʵʨʠʡʛ ʪʘʡʣʙʘʨʣʘʭ  

ʅʫʥʪʛʠʡʥ ʜʠʬʨʘʢʮʠʡʥ ʩʘʨʥʠʣʳʥ ʭʵʣʙʵʨʪ ʮʘʮʨʘʛʠʡʥ ʰʠʥʞ ʯʘʥʘʨ, ʪʫʨʰʠʣʪʳʥ ʟʦʭʠʦʥ 

ʙʘʡʛʫʫʣʘʣʪ, ʜʵʵʞʠʡʥ ʭʵʤʞʵʵ, ʭʵʣʙʵʨ ʥᴇʣᴇᴇʣʜᴇʛ. ʄʦʥʦʭʨʦʤʘʪʠʢ ʥʝʡʪʨʦʥʳ װװʩʛװװʨʠʡʥ 

ʭʫʚʴʜ ʷʥʟ ʙװʨʠʡʥ ʵʬʬʝʢʪװװʜʠʡʥ ʭʫʡʣʘʣʪ ʥʴ ʙʘʨʘʛ ʷʛ ɻʘʫʩʩʳʥ ʭʵʣʙʵʨʪʵʡ ʨʝʬʣʝʢʩ װװʩʛʵʜʵʛ 

ʙʦʣʦʭʳʛ ʪʦʛʪʦʦʩʦʥ ʙʘʡʜʘʛ. ʍʵʨʚɻ ʵ ʵʥʵ ʪװʛʵʣʪʠʡʛ ʪʦʦʮʚʦʣ, 2ɗi ʙʘʡʨʣʘʣ ʜʘʭʴ yi ʧʨʦʬʠʣʜ 

ᴇʛᴇʛʜʩᴇʥ ʨʝʬʣʝʢʩʠʡʥ ʥᴇʣᴇᴇʣᴇʣ ʥʴ:   

                                      ώ ὍὩὼὴ ς— ς—  

ʥʜ: Ὄװת ʧʠʢʠʡʥ ᴇʥʜʨʠʡʥ ʭʘʛʘʩ ʜʵʵʨʭ ʙװʨʵʥ ᴇʨʛᴇʥ (full -width half-maximum), 

ς— ʨʝʬʣʝʢʩʠʡʥ ʪᴇʚ, Ὅ ʨʝʬʣʝʢʩʠʡʥ ʪʦʦʮʦʦʣʩʦʥ ʵʨʯʠʤ (ʙװʪʮʠʡʥ ʬʘʢʪʦʨ, ʃʦʨʝʥʮ ʬʘʢʪʦʨ, 

ʨʝʬʣʝʢʩʠʡʥ ʜʘʚʪʘʛʜʘʣʪ). 

ɼʠʬʨʘʢʮʠʡʥ ʤʘʰ ʙʘʛʘ ᴇʥʮʛᴇᴇʨ ʨʝʬʣʝʢʩ ʥʴ ʮʘʮʨʘʛʠʡʥ ʙʦʩʦʦ ʜʠʚʝʨʛʝʥʮʵʵʩ ʙʦʣʞ ʧʠʢʠʡʥ 

ʘʩʠʤʤʝʪʨ ʙʘʡʜʣʳʛ ʦʣʞ ʘʚʯ ʙʦʣʥʦ. ʈʠʪʚʝʣʴʜ ʘʩʠʤʤʝʪʨ ʧʠʢʠʡʛ ʪʦʦʮʦʭʳʥ ʪʫʣʜ ʭʘʛʘʩ ʵʤʧʠʨʠʢ 

ʟʘʩʚʘʨʳʥ ʬʘʢʪʦʨ ʙʦʣʦʭ ὃ-ʠʡʛ ʘʰʠʛʣʘʩʘʥ: 

 ὃ ρ  

ʥʜ: ὖװת ʘʩʠʤʤʝʪʨ ʬʘʢʪʦʨ, s ʥʴ ς— ς—  ʷʣʛʘʚʘʨ ʵʝʨʵʛ, ʪʵʛ, ʩᴇʨᴇʛ ʙʘʡʭʘʘʩ ʭʘʤʘʘʨʘʥ +1, 

0, ʙʫʶʫ ï1 ʫʪʛʘ ʘʚʜʘʛ. 

ᴆʛᴇʛʜʩᴇʥ ʙʘʡʨʣʘʣʜ ʥʵʛʵʵʩ ʠʣװװ ʜʠʬʨʘʢʮʠʡʥ ʧʠʢ ʥʴ ʧʨʦʬʠʣʜ ʥᴇʣᴇᴇʣʞ ʙʦʣʥʦ. ʕʨʯʠʤ ʥʴ 

ʝʨʜᴇᴇ ʣ ς— ʮʵʛʪ ʪװʛʩʵʥ ʙװʭ ʨʝʬʣʝʢʩʠʡʥ ʥʠʡʣʙʵʨ ʶʤ.  

ʀʥʪʝʛʨʘʣ ʵʨʯʠʤ 

   ɹʨʵʛʛʠʡʥ ʧʠʢʠʡʥ ʭʫʚʴʜ ʪʫʨʰʣʘʛʘʘʨ ʭʵʤʞʩʵʥ ʠʥʪʝʛʨʘʣ ʵʨʯʠʤ Ihkl ʥʴ ʪʦʦʥ 

ʠʥʪʝʛʨʘʮʘʘʨ ʪʦʜʦʨʭʦʡʣʦʛʜʜʦʛ:  
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     Ὅ В ὣ
̓̔̑

ὦȟ  

 ʥʜ: j-ɹʨʵʛʛʠʡʥ ʧʠʢʠʡʥ ʤʫʞ ʜʘʭʴ ᴇʛᴇʛʜʣʠʡʥ ʮʵʛʠʡʥ ʥʠʡʪ ʪʦʦ. ʀʥʪʝʛʨʘʣ ʵʨʯʠʤ ʥʴװת

ʜʘʚʪʘʛʜʘʣʪʥr ʬʘʢʪʦʨʦʦʩ ʭʘʤʘʘʨʜʘʛ ʙᴇʛᴇᴇʜ ʜʘʨʘʘʭʴ ʙʘʡʜʣʘʘʨ ʠʣʵʨʭʠʡʣʜʵʛ:  

     Ὅ ὑ ὴ ὒ ὖ ὃ Ὕ Ὁ ȿὊ ȿ 

  :ʥʜװת

¶ ὑ ʭʵʤʞʵʵʩʠʡʥ ʬʘʢʪʦʨ 

¶ ὴ ʫʨʚʫʫ ʪʦʨʳʥ ʪʵʛʰ ʭʵʤʪ ʵʢʚʠʚʘʣʝʥʪ ʮʵʛװװʜʠʡʛ ʪʦʦʮʦʦʣʩʦʥ ʜʘʚʪʘʛʜʘʣʪʥr 

ʬʘʢʪʦʨ 

¶ ὒ ʜʠʬʨʘʢʮʥr ʛʝʦʤʝʪʨʠʡʛ ʪʦʜʦʨʭʦʡʣʜʦʛ ʃʦʨʝʥʮ ʬʘʢʪʦʨ 

¶ ὖ ʪʫʡʣʰʨʘʣʳʥ ʬʘʢʪʦʨ 

¶ ὃ ʰʠʥʛʵʵʣʪʠʡʥ װʨʞʠʛʜʵʭװװʥ 

¶ Ὕ ʭʘʤʛʠʡʥ ʟʦʭʠʤʞʪʦʡ ʯʠʛʣʵʣʠʡʥ ʬʘʢʪʦʨ 

¶ Ὁ ʵʢʩʪʠʥʢʮʠʡʥ ʬʘʢʪʦʨ (ʥʫʥʪʘʛ ʜʵʵʞװװʜʵʜ ʘʯ ʭʦʣʙʦʛʜʦʣʛװʡ ʪʫʣ ʠʭʵʚʯʣʵʥ װʣ 

ʪʦʦʮʜʦʛ) 

¶ Ὂ ʤʘʪʝʨʠʘʣʳʥ ʢʨʠʩʪʘʣʣ ʙװʪʮʵʵʨ ʪʦʜʦʨʭʦʡʣʦʛʜʜʦʛ ʙװʪʮʠʡʥ ʬʘʢʪʦʨ 

ʇʠʢʠʡʥ ᴇʨʛᴇʥ 

ɼʠʬʨʘʢʮʥr ʧʠʢװװʜʠʡʥ ᴇʨʛᴇʥ ʥ ɹɹʨɻʛʛʠʡʥ ʠʭ ᴇʥʮʛװװʜ ʜʵʵʨ ᴇʨʛᴇʩʜᴇʛ. ʕʥʵ ᴇʥʮʛʠʡʥ 

ʭʘʤʘʘʨʣʳʛ ʪʦʜʦʨʭʦʡʣʙʦʣ 

Ὄ Ὗὸὥὲ— ὠὸὥὲ— ὡ 

 ʜ ʙʘ ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʥ ʷʚʮʘʜ ʪʦʜʦʨʭʦʡʣʞװװʥʜ: U, V, W- ʧʠʢʠʡʥ ʭʘʛʘʩ ᴇʨʛᴇʥʠʡ ʧʘʨʘʤʝʪʨװת

ʙʦʣʥʦ.  

ʍʘʤʛʠʡʥ ʪʦʭʠʨʦʤʞʪʦʡ ʯʠʛʣʵʣ 

ʅʫʥʪʘʛ ʜʵʵʞװװʜʵʜ ʭʘʚʪʛʘʡ ʙʫʶʫ ʩʘʚʘʘ ʭʵʣʙʵʨʪʵʡ ʪʘʣʩʪʫʫʜ ʥʴ ʜʵʵʞʠʡʥ ʮʠʣʠʥʜʨ 

ʪʦʛʪʦʦʛʯʠʡʥ ʪʵʥʭʣʵʛʠʡʥ ʜʘʛʫʫ ʞʠʛʜʨʵʭ ʭʘʥʜʣʘʛʘʪʘʡ ʙʦʣʜʦʛ. ʍʘʪʫʫ ʧʦʣʠʢʨʠʩʪʘʣʣ ʜʵʵʞװװʜʵʜ 

ʤʘʪʝʨʠʘʣʳʥ װʡʣʜʚʵʨʣʵʣ ʥʴ ʪʦʜʦʨʭʦʡ ʪʘʣʩʪʥr ʯʠʛʣʵʣʠʡʥ ʵʟʵʣʭװװʥʠʡ ʪʦʦ ʭʵʤʞʵʵʛ ʠʭʵʩʛʵʭʵʜ 

ʭװʨʛʵʜʵʛ (ʝʨᴇʥʭʠʡʜᴇᴇ, ʪʝʢʩʪʫʨ ʛʵʞ ʥʵʨʣʵʜʵʛ). ʀʡʤ ʪʦʭʠʦʣʜʦʣʫʫʜʘʜ  ʨʝʬʣʝʢʩʠʡʥ ʵʨʯʠʤװװʜ 

ʥʴ ʙװʨʵʥ ʩʘʥʘʤʩʘʨʛװʡ ʪװʛʵʣʪʠʡʥ ʪʘʘʤʘʛʣʘʞ ʙʘʡʩʥʘʘʩ ʷʣʛʘʘʪʘʡ ʙʘʡʭ ʙʦʣʥʦ. ʈʠʪʚʝʣʴʜ 

ʟʘʩʚʘʨʳʥ ʢʦʵʬʬʠʮʠʝʥʪʫʫʜʳʛ ʦʨʫʫʣʩʥʘʘʨ ᴇʤʥᴇʭ ʜʫʥʜʘʞ ʟʵʨʛʠʡʥ ʪʦʭʠʦʣʜʣʫʫʜʳʛ 

ʟᴇʚʰᴇᴇʨʩᴇʥ: 

              Ὅ̈́̒̃́Ὅ̙̑̓̔̑̌́̄́ϽÅØÐ ὋϽ‌     
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ʣʵʵʛʜʵʞ ʙʫʡ ʵʨʯʠʤ, Ὃװʡ ʜʵʵʞʠʡʥ ʭʫʚʴʜ ʭװʥʜ: Ὅ̙̓̔̑̌́̄́ʩʘʥʘʤʩʘʨʛװת ʭʘʤʛʠʡʥ 

ʪʦʭʠʨʦʤʞʪʦʡ ʯʠʛʣʵʣʠʡʥ ʧʘʨʘʤʝʪʨ, ‌  ʩʘʨʥʠʣʳʥ ʚʝʢʪʦʨ ʙʘ ʪʘʣʩʪʫʫʜʳʥ ʥʦʨʤʘʣʠʡʥ 

ʭʦʦʨʦʥʜʦʭ ʭʫʨʮ ᴇʥʮᴇʛ.  

ɹʦʣʦʚʩʨʫʫʣʘʣʪ (Refinement)  

ʈʠʪʚʝʣʴʜʠʡʥ ʘʨʛʳʥ ʟʘʨʯʠʤ ʥʴ ʪʦʦʮʦʦʣʩʦʥ ʧʨʦʬʠʣʴ ώ  ʙʘ ʪʫʨʰʠʣʪʳʥ ᴇʛᴇʛʜᴇʣ 

ώ ʠʡʥ ʭʦʦʨʦʥʜʦʭ ʷʣʛʘʘʛ ʰʠʥʞʠʣʜʵʛ M ʬʫʥʢʮʠʡʛ ʤʠʥʠʤʫʤʯʣʘʭ ʷʚʜʘʣ ʶʤ. ʈʠʪʚʝʣʴʜ ʵʥʵ 

ʪʵʛʰʠʪʛʵʣʠʡʛ ʜʘʨʘʘʭʴ ʙʘʡʜʣʘʘʨ ʪʦʜʦʨʭʦʡʣʩʦʥ: 

    ὓ Вὡ ώ ώ   

ʥʜ: ὡװת ʩʪʘʪʠʩʪʠʢ ʞʠʥ, ὧ ʥʴ ώ ὧϽώ  ʙʘʡʭ ʝʨᴇʥʭʠʡ ʭʵʤʞʵʵʩʠʡʥ ʬʘʢʪʦʨ ʶʤ.  

ʍʘʤʛʠʡʥ ʙʘʛʘ ʢʚʘʜʨʘʪʳʥ ʘʨʛʘ  

ʈʠʪʚʝʣʴʜʠʡʥ ʙʦʣʦʚʩʨʫʫʣʘʣʪʘʥʜ ʘʰʠʛʣʘʜʘʛ ʪʦʭʠʨʫʫʣʘʭ ʘʨʛʘ ʙʦʣ ʰʫʛʘʤʘʥ ʙʫʩ 

ʭʘʤʛʠʡʥ ʙʘʛʘ ʢʚʘʜʨʘʪʳʥ ʘʨʛʘ ʶʤ. ʐʫʛʘʤʘʥ ʙʫʩ ʭʘʤʛʠʡʥ ʙʘʛʘ ʢʚʘʜʨʘʪʳʥ ʪʦʭʠʨʫʫʣʛʳʥ 

ʥʘʨʠʡʚʯʠʣʩʘʥ ʛʘʨʘʣ װװʩʣʠʡʛ ʵʥʜ ʘʚʯ װʟʵʭʛװʡ. ʀʣװװ ʜʵʣʛʵʨʵʥʛװʡʛ ʇʝʯʘʨʩʢʠʡ, ɿʘʚʘʣʠ ʥʘʨʳʥ 

ʙװʪʵʵʣʵʵʩ ʤʵʜʵʞ ʙʦʣʥʦ. ɻʵʩʵʥ ʭʵʜʠʡ ʯ, ʘʥʭʘʘʨʘʭ ʭʵʜ ʭʵʜʵʥ ʟװʡʣ ʙʠʡ. ʅʵʛʜװʛʵʵʨʪ, ʰʫʛʘʤʘʥ 

ʙʫʩ ʭʘʤʛʠʡʥ ʙʘʛʘ ʢʚʘʜʨʘʪʳʥ ʪʦʭʠʨʫʫʣʛʘ ʥʴ ʜʘʚʪʘʛʜʘʭ ʰʠʥʞ ʯʘʥʘʨʪʘʡ ʙᴇʛᴇᴇʜ ʭʵʨʚʵ ɻʘʥʭʥʳ 

ʦʡʨʦʣʮʦʦʣʩʦʥ ʪʦʦʮʦʦʣʦʣ ʙʦʜʠʪ ʙʘʡʜʣʘʘʩ ʭʵʪ ʭʦʣ ʙʘʡʭ ʙʫʶʫ ʤʠʥʠʤʫʤʯʣʘʣʳʥ ʬʫʥʢʮ ʥʴ 

ʙʫʨʫʫ ʪʦʜʦʨʭʦʡʣʦʛʜʚʦʣ ʥʠʡʣʵʭʵʜ ʭʵʮװװ ʙʘʡʞ ʙʦʣʥʦ. ʉװװʣʜ ʥʴ ʢʦʨʨʝʣʷʮ ʙװʭʠʡ 

ʧʘʨʘʤʝʪʨװװʜʠʡʛ ʥʵʛʵʥ ʟʵʨʵʛ ʪʦʦʮʦʦʣʦʭ װʝʜ ʵʥʵ ʥʴ ʜʠʚʝʨʛʝʥʮʠ ʙʘ ʤʠʥʠʤʫʤʯʣʘʣʳʛ 

ʪʦʛʪʚʦʨʛװʡ ʙʘʡʜʘʣʜ ʭװʨʛʵʞ ʙʦʣʟʦʰʛװʡ ʶʤ. ʕʥʵʭװװ ʠʪʝʨʘʮʠʡʥ ʯʘʥʘʨ ʥʴ  ʘʨʛʳʥ ʭʫʚʴʜ ʷʛ 

ʥʘʨʠʡʥ ʙʠʰ ʪʫʣ ʰʠʡʜʵʣʜ ʦʡʨʪʦʭ ʥʴ ʰʫʫʜ ʙʠʝʵʣʜʵʛʛװʡ ʛʵʩʵʥ װʛ ʶʤ. ʀʪʝʨʘʮ ʙװʨ ʥʴ ʩװװʣʯʠʡʥ 

 ʜʠʡʛװװʥʛʵʵʩ ʭʘʤʘʘʨʜʘʛ ʙᴇʛᴇᴇʜ ʵʥʵ ʥʴ ʙʦʣʦʚʩʨʫʫʣʘʣʪʘʥʜ ʘʰʠʛʣʘʩʘʥ ʰʠʥʵ ʧʘʨʘʤʝʪʨװʨ ʜװ

ʟʘʘʞ ᴇʛʜᴇʛ. ʊʠʡʤʵʵʩ, ʵʮʩʠʡʥ ʵʮʵʩʪ ʙʦʣʦʤʞʠʪ ʰʠʡʜʵʣʜ ʦʡʨʪʦʭʳʥ ʪʫʣʜ ʦʣʦʥ ʪʦʦʥʳ 

ʠʪʝʨʘʮʠʡʥ ʜʘʚʪʘʣʪ ʰʘʘʨʜʣʘʛʘʪʘʡ ʙʦʣʥʦ. 

ʈʠʪʚʝʣʴʜʠʡʥ ʘʨʛʳʥ װʥʜʵʩ 

ʐʫʛʘʤʘʥ ʙʫʩ ʭʘʤʛʠʡʥ ʙʘʛʘ ʢʚʘʜʨʘʪʥr ʤʠʥʠʤʫʤʯʣʘʭ ʘʨʛʳʛ ʘʰʠʛʣʘʥ ʜʘʨʘʘʭ 

ʩʠʩʪʝʤʠʡʛ ʰʠʡʜʜʵʛ: 

                                                   

ở

Ở
ờ

ὣ Ὧὣ
Ȣ
Ȣ
Ȣ

ὣ Ὧὣ Ợ

ỡ
Ỡ
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ʥʜ: ὣװת -ʪʦʦʮʦʦʣʩʦʥ ʵʨʯʠʤ, ὣ  ʥʫʥʪʛʠʡʥ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʜʘʭʴ Ὥ ʨ ʮʵʛʠʡʥ 

ʪʫʨʰʣʘʛʳʥ ʵʨʯʠʤ, Ὧ ʭʵʤʞʵʵʩʠʡʥ ʬʘʢʪʦʨ, ὲ ʭʵʤʞʩʵʥ ᴇʛᴇʛʜʣʠʡʥ ʮʵʛװװʜʠʡʥ ʪʦʦ. 

ʄʠʥʠʤʫʤʯʣʘʣʳʥ ʬʫʥʢʮ ʜʘʨʘʘʭʴ ʙʘʡʜʣʘʘʨ ᴇʛᴇʛʜᴇʥᴇ:  

                           ˡ В ύ ὣ ὣ  

ʥʜ: ύװת ʞʠʥ, Ὧ  ʥʴ ᴇʤʥᴇʭ ʪʵʛʰʠʪʛʵʣʵʵʩ ʛʘʨʯ ʠʨʩʵʥ ʥʵʛʞ (ʫʯʠʨ ʥʴ, k ʥʴ ʠʭʵʚʯʣʵʥ ʬʘʟʳʥ 

ʭʵʤʞʵʵʩʠʡʥ ʬʘʢʪʦʨ ʜʦʪʦʨ ʰʠʥʛʵʜʵʛ). ʅʠʡʣʙʵʨʯʣʵʣ ʥʴ ʙװʭ ᴇʛᴇʛʜʣʠʡʥ n ʮʵʛ ʭװʨʪʵʣ 

 ʨʛʵʣʞʠʣʥʵ. XRD ᴇʛᴇʛʜʣʠʡʥ ʥʵʛ ʭʵʤʞʵʵʩʪ ʙʘʡʜʣʘʘʩ ʰʘʣʪʛʘʘʣʘʥ ʧʠʢʠʡʥ ʭʵʣʙʵʨʠʡʥװ

ʬʫʥʢʮʫʫʜ ʙʘ ɹʨɻʛʛʠʡʥ ʧʠʢװװʜʠʡʥ ʜʘʚʭʮʣʳʛ ʪʦʦʮʦʭʜʦʦ ʥʵʛ ʜʦʣʛʠʦʥʳ ʫʨʪʘʘʨ ʭʵʤʞʩʵʥ ʥʵʛ 

ʬʘʟʳʥ ʪʦʭʠʦʣʜʦʣʜ ʜʵʵʨʭ ʪʵʛʰʠʪʛʵʣʠʡʥ ᴇʨʛᴇʪʛᴇʩᴇʥ ʭʵʣʙʵʨ ʥʴ ʜʘʨʘʘʭ ʭʵʣʙʵʨʪʵʡ ʙʘʡʥʘ: 

   ˡ В ύ ὣ ὦ ὑВ Ὅώὼ  

ʥʜ: ὦװת ᴇʛᴇʛʜʣʠʡʥ i-ʨ ʮʵʛ ʜʵʵʨʭ ʬʦʥ, K-ʬʘʟʳʥ ʭʵʤʞʵʵʩʠʡʥ ʬʘʢʪʦʨ, m ʥ ɹi-ʨ ʩʘʨʥʠʣʳʥ 

ʵʨʯʠʤʜ ʥᴇʣᴇᴇ װʟװװʣʜʵʛ ɹʨʵʛʛʠʡʥ ʨʝʬʣʝʢʩʠʡʥ ʪʦʦ, Ὅ  j-ʨ ɹʨʵʛʛʠʡʥ ʧʠʢʠʡʥ ʠʥʪʝʛʨʘʣ ʵʨʯʠʤ, 

ώὼ  ʧʠʢʠʡʥ ʭʵʣʙʵʨʠʡʥ ʬʫʥʢʮ.  

ɸʰʠʛʪʘʡ ʙװʪʮʠʡʥ ʤʵʜʵʵʣʵʣ ʘʛʫʫʣʘʘʛװʡ ʬʦʥʳʛ ʪʫʨʰʠʣʪʘʘʨ ʙʘʛʘʩʛʘʞ ʭʘʩʘʭ ʥʴ ʧʨʦʬʠʣʳʛ 

ʘʤʞʠʣʪʪʘʡ ʙʦʣʦʚʩʨʫʫʣʘʭʘʜ ʯʫʭʘʣ ʘʯ ʭʦʣʙʦʛʜʦʣʪʦʡ ʙʦʣʦʭʳʛ ʜʵʵʨʭ ʪʵʛʰʠʪʛʵʣʵʵʩ ʭʷʣʙʘʨʭʘʥ 

ʭʘʨʞ ʙʦʣʥʦ. ɹʘʛʘ ʬʦʥʳʥ ʭʫʚʴʜ ʬʫʥʢʮʫʫʜʳʛ ʠʥʪʝʛʨʘʣ ʵʨʯʠʤ ʙʘ ʧʠʢʠʡʥ ʭʵʣʙʵʨʠʡʥ 

ʧʘʨʘʤʝʪʨװװʜʠʡʥ ʥᴇʣᴇᴇʛᴇᴇʨ ʪʦʜʦʨʭʦʡʣʜʦʛ. ɻʵʭʜʵʵ ᴇʥʜᴇʨ ʬʦʥʪʦʡ װʝʜ ʬʫʥʢʮʠʡʥ 

ʤʠʥʠʤʫʤʯʣʘʣ ʥʴ ʬʦʥʳʥ ʭװʨʵʣʮʵʵʥʵʵʩ ʰʘʣʪʛʘʘʣʥʘ, ʭʘʨʠʥ ʠʥʪʝʛʨʘʣ ʵʨʯʠʤ ʙʘ  ʧʠʢʠʡʥ 

ʭʵʣʙʵʨʵʵʩ ʭʘʤʘʘʨʘʭʛװʡ. ʀʡʤʵʵʩ, ʙװʪʮʠʡʥ ʙʦʣʦʚʩʨʫʫʣʘʣʪ ʥʴ ʪʦʤʦʦʭʦʥ ʬʦʥʪʦʡ ʥᴇʭʮᴇʣʜ 

ʙװʪʮʠʡʥ ʤʵʜʵʵʣʣʠʡʛ ʭʘʥʛʘʣʪʪʘʡ ʛʘʨʛʘʞ ʯʘʜʘʭʛװʡ. ʊװװʥʯʣʵʥ, ʦʣʦʥ ʬʘʟʫʫʜʳʥ ʦʨʦʣʮʦʦʪʦʡ 

ʭʦʣʙʦʦʪʦʡʛʦʦʨ װװʩʩʵʥ ʥʘʨʠʡʥ ʪᴇʚᴇʛʪʵʡ ʙʘʡʜʣʳʛ ʪʵʤʜʵʛʣʵʭ ʥʴ ʟװʡʪʵʡ. ʅʵʤʵʣʪ ʬʘʟ ʪʫʩ ʙװʨ 

ʥʴ ʪʦʭʠʨʫʫʣʛʘ, ʠʣװװ ʦʣʦʥ ɹʨʛɻʛʠʡʥ ʧʠʢװװʜ, ʭʘʨʛʘʣʟʘʭ ʙװʪʮʠʡʥ ʧʘʨʘʤʝʪʨװװʜ ʙʘ ʧʠʢʠʡʥ 

ʭʵʣʙʵʨʪʵʡ ʭʦʣʙʦʛʜʩʦʥ ᴇᴇʨ ʥʵʛ ʤʘʩʰʪʘʙʳʥ ʬʘʢʪʦʨʳʛ ʥʵʤʜʵʛ. ʄʘʪʝʤʘʪʠʢʠʡʥ ʭʫʚʴʜ 

ʪʵʜʛʵʵʨʠʡʛ ʭʷʣʙʘʨʭʘʥ ʪʦʦʮʜʦʛ ʙʦʣʦʚʯ ʙʦʜʠʪ ʙʘʡʜʘʣ ʜʵʵʨ ʪʫʨʰʠʣʪʳʥ ᴇʛᴇʛʜʣʠʡʥ 

ʭʷʟʛʘʘʨʣʘʛʜʤʘʣ ʟᴇʚʰᴇᴇʨᴇʭ ʯʘʜʚʘʨ, ʭʷʟʛʘʘʨʣʘʛʜʤʘʣ ʥʘʨʠʡʚʯʣʘʣʘʘʩ ʰʘʣʪʛʘʘʣʘʥ ʰʠʥʵ ʬʘʟ ʪʫʩ 

ʙװʨ ʥʴ ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʥ ʯʘʥʘʨ, ʪʦʛʪʚʦʨʪʦʡ ʙʘʡʜʣʳʛ ʙʫʫʨʫʫʣʜʘʛ. ʄʘʪʝʨʠʘʣʳʥ ʙװʪʮʠʡʥ 

ʥʘʨʠʡʚʯʠʣʩʘʥ ʧʘʨʘʤʝʪʨװװʜʠʡʛ ʦʣʦʭ ʩʦʥʠʨʭʦʣʪʦʡ װʝʜ ʥʵʛ ʬʘʟʘʪ ʤʘʪʝʨʠʘʣʳʛ ʘʰʠʛʣʘʭ ʥʴ 

ʜʘʚʫʫ ʪʘʣʪʘʡ. ɻʵʩʵʥ ʭʵʜʠʡ ʯ, ʬʘʟ ʪʫʩ ʙװʨʠʡʥ ʤʘʩʰʪʘʙʳʥ ʬʘʢʪʦʨʳʛ ʙʠʝ ʜʘʘʥ ʪʦʜʦʨʭʦʡʣʜʦʛ 

ʪʫʣ ʦʣʦʥ ʬʘʟʘʪ ʤʘʪʝʨʠʘʣʳʛ ʈʠʪʚʝʣʜɹ ʙʦʣʦʚʩʨʫʫʣʩʘʥʘʘʨ ʤʘʪʝʨʠʘʣ ʜʘʭʴ ʬʘʟ ʪʫʩ ʙװʨʠʡʥ 

ʭʦʣɹʮʥr ʭʘʨʴʮʘʘʛ ʪʦʦʥ ʙʘʡʜʣʘʘʨ ʰʘʣʛʘʞ ʙʦʣʥʦ. 
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ɹʦʣʦʚʩʨʫʫʣʘʣʪʳʥ ʧʘʨʘʤʝʪʨװװʜ 

ʌʦʥ 

 ɽʨᴇʥʭʠʡʜᴇᴇ, ʬʦʥʳʛ ʏʝʙʳʰʝʚʳʥ ʦʣʦʥ ʛʠʰװװʥʪ ʛʵʞ ʪʦʦʮʜʦʛ. GSAS ʙʘ GSAS-II-ʜ 

ʜʘʨʘʘʭ ʙʘʡʜʣʘʘʨ ʭʘʨʘʛʜʘʥʘ. ɼʘʭʠʥ ʭʵʣʵʭʵʜ, ʬʦʥʳʛ ʥʵʛʜװʛʵʵʨ ʪᴇʨʣʠʡʥ ʏʝʙʳʰʝʚʳʥ ʦʣʦʥ 

ʛʠʰװװʥʪ ("Handbook of Mathematical Functions", M. Abramowitz and IA. Stegun, Ch. 22) ʛʵʞ 

  :ʟʜʵʛ ʙᴇʛᴇᴇʜ ʵʨʯʤʠʡʛ ʜʘʨʘʘʭʴ ʙʘʡʜʣʘʘʨ ᴇʛʩᴇʥ ʙʦʣʥʦװ

                                Ὅ В ὖὝ  

ʥʜ: Ὕװת - ʜʵʵʨ ʜʫʨʴʜʩʘʥ ʛʘʨʳʥ ʘʚʣʘʛʳʥ 795-ʨ ʭʫʫʜʘʩ ʜʘʭʴ ʭװʩʥʵʛʪ 22.3-ʘʘʩ ʘʚʘʛʜʩʘʥ 

ʏʝʙʳʰʝʚʳʥ ʧʦʣʠʥʦʤʠʡʥ ʢʦʵʬʬʠʮʠʝʥʪʫʫʜ. ʂʦʵʬʬʠʮʠʝʥʪʫʫʜ ʜʘʨʘʘʭʴ ʭʵʣʙʵʨʪʵʡ ʙʘʡʥʘ:  

          Ὕ В ὅὢ   

ὅ ʠʡʥ ʫʪʛʳʛ ʛʘʨʳʥ ʘʚʣʘʛʘʘʩ ʦʣʞ ʙʦʣʥʦ. ʏʝʙʳʰʝʚʳʥ ʦʣʦʥ ʛʠʰװװʥʪʠʡʛ ʦʨʪʦʛʦʥʘʣʴ 

ʙʦʣʛʦʭʳʥ ʪʫʣʜ ς— ᴇʥʮʛʠʡʥ ʤʫʞʠʡʛ X ʙʦʣʛʦʥ ʭʫʚʠʨʛʘʚ. 

                ὢ ρ 

ʄᴇʥ, ʵʥʵ ʬʫʥʢʮʠʡʥ ʦʨʪʦʛʦʥʘʣʴ ʤʫʞ ʥʴ -1-ʵʵʩ +1 ʭװʨʪʵʣ ʙʘʡʥʘ.  

ɹʫʩʘʜ ʧʘʨʘʤʝʪʨװװʜ 

ʆʜʦʦ ʬʦʥ, ʧʠʢʠʡʥ ʭʵʣʙʵʨʠʡʥ ʬʫʥʢʮ, ʠʥʪʝʛʨʘʣ ʵʨʯʠʤ, ʰʫʛʘʤʘʥ ʙʫʩ ʭʘʤʛʠʡʥ ʙʘʛʘ 

ʢʚʘʜʨʘʪʳʥ ʤʠʥʠʤʫʤʯʣʘʣ ʟʵʨʛʠʡʛ ʭʘʨʛʘʣʟʘʥ װʟʚʵʣ ʵʜʛʵʵʨ ʟװʡʣʩʠʡʛ ʥʵʛʪʛʵʩʵʥ ʈʠʪʚʝʣʜʠʡʥ 

ʙʦʣʦʚʩʨʫʫʣʘʣʪʘʥʜ ʘʰʠʛʣʘʩʘʥ ʧʘʨʘʤʝʪʨװװʜʠʡʛ ʪʘʥʠʣʮʫʫʣʞ ʙʦʣʥʦ. ʈʠʪʚʝʣʴʜʠʡʥ 

ʙʦʣʦʚʩʨʫʫʣʘʣʪʘʘʨ ʝʨᴇʥʭʠʡʜᴇᴇ ʙʦʣʦʚʩʨʫʫʣʩʘʥ ʙʠʝ ʜʘʘʩʘʥ ʭʘʤʛʠʡʥ ʙʘʛʘ ʢʚʘʜʨʘʪʳʥ 

ʧʘʨʘʤʝʪʨװװʜʠʡʥ ʙװʣʛװװʜʠʡʛ ʜʦʦʨ ʭʘʨʫʫʣʘʚ. 

¶ ʌʦʥʳʥ ʧʘʨʘʤʝʪʨװװʜ: ʠʭʵʚʯʣʵʥ 1-ʵʵʩ 12 ʭװʨʪʵʣ ʧʘʨʘʤʝʪʨʪʵʡ ʙʘʡʜʘʛ. 

¶ ɼʵʵʞʠʡʥ ʰʠʣʞʠʣʪ: ʜʵʵʞʠʡʥ ʪʫʥʛʘʣʘʛ ʯʘʥʘʨ, ʪʵʛ ʰʠʣʞʠʣʪʠʡʥ ʟʘʩʚʘʨ (ʧʠʢʠʡʥ 

ʙʘʡʨʣʘʣʳʛ hʠʣʞװװʣʵʭ) 

¶ ʆʣʦʥ ʪʦʦʥʳ ʧʠʢʠʡʥ ʭʵʣʙʵʨʠʡʥ ʧʘʨʘʤʝʪʨװװʜ.   

FWHM ʧʘʨʘʤʝʪʨװװʜ: ᴇᴇʨᴇᴇʨ ʭʵʣʙʵʣ, Caglioti-ʠʡʥ ʧʘʨʘʤʝʪʨװװʜ  

ʊʵʛʰ ʙʫʩʳʥ ʧʘʨʘʤʝʪʨװװʜ (FCJ ʧʘʨʘʤʝʪʨװװʜ) 

¶ ʕʛʵʣ װװʨʠʡʥ ʭʵʤʞʵʵʩװװʜ 

ʅʵʛʵʵʩ ʟʫʨʛʘʘʥ ʧʘʨʘʤʝʪʨ (a, b, c, Ŭ, ɓ, ɔ), ʢʨʠʩʪʘʣʣʳʥ ʙװʣ/ʩʠʩʪʝʤʵʵʩ ʭʘʤʘʘʨʯ  

ʬʘʟʳʥ ʪʫʩ ʙװʨʠʡʥ ʭʫʚʴʜ ʭʘʨʛʘʣʟʘʥʘ.  



81 

 

¶ ʌʘʟ ʪʫʩ ʙװʨʠʡʥ ʭʫʚʴʜ ʙʠʝ ʜʘʘʩʘʥ ʙʘʡʞ ʙʦʣʦʭ ʭʘʤʛʠʡʥ ʪʦʭʠʨʦʤʞʪʦʡ ʯʠʛʣʵʣ, 

ʟʘʨʠʤʜʘʘ ʰʠʥʛʵʵʣʪ, ʩװʚʵʨʭʵʛʞʠʣʪ, ɻ ʢʩʪʠʥʢʮʠʡʥ ʢʦʵʬʬʠʮʠʝʥʪװװʜ. 

¶ ʍʵʤʞʵʵʩʠʡʥ ʬʘʢʪʦʨʫʫʜ (ʬʘʟ ʪʫʩ ʙװʨʠʡʥ ʭʫʚʴʜ) 

¶ ʂʨʠʩʪʘʣʣʳʥ ʟʘʛʚʘʨ ʜʘʭʴ װʣ ʭʘʤʘʘʨʘʭ ʘʪʦʤʫʫʜʳʥ ʙʘʡʨʣʘʣʳʥ ʧʘʨʘʤʝʪʨװװʜ 

(ʝʨᴇʥʭʠʡʜᴇᴇ, ʥʵʛ ʘʪʦʤʜ 0-3 ʙʘʡʥʘ) 

¶ ʇʦʧʫʣʷʮʠʡʥ ʧʘʨʘʤʝʪʨװװʜ 

ɸʪʦʤʳʥ ʩʫʫʨʴʰʠʣ ʜʵʵʨʭ ʦʨʮ 

¶ ɸʪʦʤʳʥ ʰʠʣʞʠʣʪʠʡʥ ʧʘʨʘʤʝʪʨװװʜ 

ʀʟʦʪʨʦʧ ʙʘ ʘʥʠʟʦʪʨʦʧ (ʪʝʤʧʝʨʘʪʫʨʳʥ) ʧʘʨʘʤʝʪʨװװʜ 

ʈʠʪʚʝʣʴʜʠʡʥ ʙʦʣʦʚʩʨʫʫʣʘʣʪ ʙװʨ ᴇʚᴇʨʤᴇʮ ʙᴇʛᴇᴇʜ ʙʦʣʦʚʩʨʫʫʣʘʣʪʘʥʜ ʦʨʫʫʣʘʭ 

ʧʘʨʘʤʝʪʨװװʜʠʡʥ ʪʦʛʪʦʦʩʦʥ ʜʘʨʘʘʣʘʣ ʙʘʡʜʘʛʛװʡ. ɹʦʣʦʚʩʨʫʫʣʘʭ ʧʘʨʘʤʝʪʨװװʜʠʡʥ ʭʘʤʛʠʡʥ 

ʩʘʡʥ ʜʘʨʘʘʣʣʳʛ ʪʦʜʦʨʭʦʡʣʞ, ʦʣʦʭ ʥʴ ʭʵʨʵʛʣʵʛʯʵʵʩ ʭʘʤʘʘʨʥʘ. ʍʘʤʛʠʡʥ ʙʘʛʘ ʢʚʘʜʨʘʪʳʥ 

ʪʦʭʠʨʫʫʣʛʘ ʪʦʛʪʚʦʨʛװʡ ʙʦʣʦʭ ʙʫʶʫ ʭʫʜʘʣ ʤʠʥʠʤʫʤʜ ʭװʨʛʵʭ ʪʫʣ ʙװʭ ʭʦʣʙʦʛʜʦʭ 

ʭʫʚʴʩʘʛʯʫʫʜrʛ ʪʦʦʮʦʦʣʦʭ ʪᴇʣᴇʚ ʙʘʡʜʣʳʛ ʵʭʥʵʵʩ ʙʦʣʦʥ ʪᴇʛʩʛᴇʣʜ ʥʴ ʟʵʨʵʛ ʩʘʡʞʨʫʫʣʘʭ ʥʴ 

ʭʦʚʦʨ ʛʵʜʛʠʡʛ ʪʵʤʜʵʛʣʵʭ ʥʴ ʟװʡʪʵʡ. ʍʵʨʵʛʣʵʛʯ ᴇʛᴇʛʜʩᴇʥ ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʛ ʟʦʛʩʦʦʭ ʮʵʛʠʡʛ 

ʪʦʦʮʦʦʣʦʭ ʥʴ ʯʫʭʘʣ ʶʤ. ʈʠʪʚʝʣʜʠʡʥ ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʥ ʥʘʨʠʡʥ ʪᴇʚᴇʛʪʵʡ ʙʘʡʜʣʳʛ ʭʘʨʛʘʣʟʘʥ 

 ʥʵʥ ʟᴇʚ, ʙʦʜʠʪʦʡ, ʫʪʛʘ ʫʯʠʨʪʘʡ ʙʘʡʭʳʥ ʪʫʣʜ ʩʫʜʘʣʞ ʙʫʡ ʩʠʩʪʝʤʠʡʛ (ʜʵʵʞ, ʙʘʛʘʞװ ʥ ʥʴװʨ ʜװ

ʭʵʨʵʛʩʵʣ) ʪʦʜʦʨʭʦʡ ʩʘʡʥ ʦʡʣʛʦʭ ʥʴ ʯʫʭʘʣ. ʈʠʪʚʝʣʴʜʠʡʛ ʘʤʞʠʣʪʪʘʡ, ʥʘʡʜʚʘʨʪʘʡ, ʫʪʛʘ 

ʫʯʠʨʪʘʡ ʙʦʣʦʚʩʨʫʫʣʘʭʳʥ ʪʫʣʜ ʭʵʤʞʠʣʪʠʡʥ ᴇʛᴇʛʜʣʠʡʥ ᴇʥʜᴇʨ ʯʘʥʘʨ, ʭʘʥʛʘʣʪʪʘʡ ʠʭ 2q ʤʫʞ, 

ʭʘʤʛʠʡʥ ʙʘʛʘ ʢʚʘʜʨʘʪʳʥ ʪʦʭʠʨʫʫʣʛʳʥ ʘʥʭʥʳ ʦʡʨʦʣʮʦʦʣʩʦʥ ʩʘʡʥ ʟʘʛʚʘʨ ʥʴ ʟʘʡʣʰʛװʡ 

ʰʘʘʨʜʣʘʛʘʪʘʡ.  

ɼʠʬʨʘʢʪʦʛʨʘʤʤʳʥ ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʛ װʥʵʣʵʭ ʬʘʢʪʦʨʫʫʜ 

ɹʦʣʦʚʩʨʫʫʣʘʣʪ ʥʴ ʪʦʦʮʦʦʣʩʦʥ ʙʦʣʦʥ ʪʫʨʰʠʣʪʳʥ ʜʠʬʨʘʢʪʦʛʨʘʤʤʫʫʜʳʥ ʭʦʦʨʦʥʜ 

ʭʘʤʛʠʡʥ ʩʘʡʥ ʪʦʭʠʨʦʣʳʛ ʦʣʦʭʦʦʩ ʭʘʤʘʘʨʜʘʛ ʪʫʣ ʪʦʭʠʨʦʭ ʯʘʥʘʨʳʛ ʪʦʦʥ װʟװװʣʵʣʪʵʵʨ 

ʠʣʵʨʭʠʡʣʜʵʛ ʪʦʦʥ ʬʘʢʪʦʨʫʫʜʪʘʡ ʙʘʡʭ ʥʴ ʯʫʭʘʣ ʶʤ. ɹʦʣʦʚʩʨʫʫʣʘʣʪʳʥ ʯʘʥʘʨʳʛ 

ʪʦʜʦʨʭʦʡʣʦʭʦʜ ʠʭʵʚʯʣʵʥ ʭʵʨʵʛʣʵʛʜʜʵʛ ʛʦʣ ʪʦʦʥʫʫʜ ʥʴ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳʥ ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʛ 

 ʥʵʣʵʭ ʬʘʢʪʦʨʫʫʜ ʶʤ. ʊʵʜ ʟʘʛʚʘʨ ʥʴ ʪʫʨʰʠʣʪʘʘʨ ʘʞʠʛʣʘʛʜʩʘʥ ᴇʛᴇʛʜᴇʣʜ ʭʵʨ ʥʠʡʮʵʞ ʙʘʡʛʘʘװ

ʪʘʣʘʘʨ ʦʡʣʛʦʣʪ ᴇʛʜᴇʛ.  

ʇʨʦʬʠʣʳʥ װʣʜʵʛʜʵʣ (ʥʘʡʜʚʘʨʪʘʡ ʙʘʡʜʣʳʥ ʬʘʢʪʦʨ): 

 Ὑ В
В

ρππϷ 
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ɾʠʥʣʵʩʵʥ ʧʨʦʬʘʡʣʳʥ װʣʜʵʛʜʵʣ: 

 Ὑ В
В

ρππϷ 

ɹʨʵʛʛʠʡʥ װʣʜʵʛʜʵʣ: 

 Ὑ В
В

ρππϷ 

ʍװʣʵʵʛʜʵʞ ʙʫʡ ʧʨʦʬʠʣʳʥ װʣʜʵʛʜʵʣ: 

 Ὑ
В

ρππϷ 

ʊʦʭʠʨʫʫʣʛʳʥ ʯʘʥʘʨ: 

 … В  

ɻʘʥʮʭʘʥ (RB)-ʘʘʩ ʙʫʩʘʜ ʙװʭ R-ʬʘʢʪʦʨʫʫʜʘʜ ʬʦʥʳʥ ʥᴇʣᴇᴇʛ ʦʨʫʫʣʩʥʳʛ ʜʫʨʜʘʭ ʥʴ ʟװʡʪʵʡ. 

ɸʰʠʛʣʘʩʘʥ ʬʘʢʪʦʨʫʫʜʳʥ ʭʘʤʛʠʡʥ ʪװʛʵʵʤʵʣ ʙᴇʛᴇᴇʜ ʫʣʘʤʞʣʘʣʪ װʟװװʣʵʣʪ ʙʦʣ ʪᴇʛʩ ʪʦʭʠʨʦʭ 

ʪʦʭʠʦʣʜʦʣʜ ʥʵʛ ʨװװ ʦʡʨʪʦʭ ʸʩʪʦʡ, ʛʵʭʜʵʵ ʵʥʵ ʥʴ ʭʦʚʦʨ ʪʦʭʠʦʣʜʜʦʛ. ʇʨʘʢʪʠʢʪ ʯʘʥʘʨʳʛ װʥʵʣʵʭ 

ʭʘʤʛʠʡʥ ʩʘʡʥ ʘʨʛʘ ʙʦʣ ʠʞʠʣ ʤʘʩʰʪʘʙʘʘʨ ʙʘʡʛʫʫʣʩʘʥ ʪʫʨʰʣʘʛʳʥ ʙʘ ʪʦʦʮʦʦʣʣʳʥ ᴇʛᴇʛʜʣʠʡʥ 

ʭʦʦʨʦʥʜʦʭ ʷʣʛʘʘʛ ʛʨʘʬʠʢʘʘʨ ʜװʨʩʣʵʭ ʟʘʤʘʘʨ ʪʦʭʠʨʦʭ ʙʘʡʜʣʳʥ ʭʘʨʘʘʥʳ ʰʠʥʞʠʣʛʵʵ ʶʤ. 

ɿʘʨʠʤ ʩʫʜʣʘʘʯʠʜ R-ʬʘʢʪʦʨʫʫʜʳʥ ʫʪʛʘ 5%-ʦʦʩ ʜʦʦʰ ʫʪʛʘ ʘʚʯ ʙʘʡʚʘʣ ʙʦʣʦʚʩʨʫʫʣʘʣʪ ʩʘʡʥ ʛʵʞ 

  .ʥʵʣʜʵʛװ

4.2 ɹʦʣʦʚʩʨʫʫʣʘʣʪ ʙʘ װʨ ʜװʥ 

ɹʠʜ ᴇʤʥᴇʭ ʘʞʣʘʘʨʘʘ ᴇʥʜᴇʨ ʵʥʝʨʛʠʡʥ ʙᴇʤʙᴇʛᴇʥ ʪʵʵʨʤʠʡʥ ʘʨʛʘʘʨ ~8 ʥʤ-ʠʡʥ ʪʘʣʩʪ 

ʘʛʫʫʣʩʘʥ ʘʥʘʪʘʟ ʪᴇʨʣʠʡʥ TiO2 ʥʫʥʪʘʛ ʜʵʵʞʠʡʛ ʛʘʨʛʘʥ ʘʚʩʘʥ. ʊʫʩ ʜʵʵʞʠʡʛ ʘʨʛʦʥʳ ʭʠʡʥ 

ʦʨʯʠʥʜ ᴇʥʜᴇʨ ʪʝʤʧʝʨʘʪʫʨʳʥ ʟʫʫʭʘʥʜ 12000C-ʠʡʥ ʪʝʤʧʝʨʘʪʫʨʪ ʭʘʣʘʘʞ ᴇʥʜᴇʨ ʪʝʤʧʝʨʘʪʫʨʳʥ 

ʟʘʚʩʘʨʳʥ ʬʘʟ ʙʦʣʦʭ ʥʘʥʦʭʵʤʞʵʵʪ Ti3O5 ʬʘʟʳʛ ʘʤʞʠʣʪʪʘʡ ʩʠʥʪʝʟʣʩɻʵʥ. ʅʘʥʦʭʵʤʞʵʵʪ Ti3O5 

ʜʵʵʞʠʡʥ ʢʨʠʩʪʘʣʣ ʙװʪʮʠʡʛ ʩʫʜʣʘʭʳʥ ʪʫʣʜ ʥʫʥʪʛʠʡʥ ʨʝʥʪʛʝʥ ʜʠʬʨʘʢʪʦʤʝʪʨ ñEnraf Nonius 

D580ò-ʠʡʛ ʘʰʠʛʣʘʩʘʥ. ʍʵʤʞʩʵʥ ʥᴇʭʮᴇʣ ʥʴ: ʨʝʥʪʛʝʥ ʮʘʮʨʘʛʠʡʥ ʩʘʨʥʠʣʳʥ ᴇʥʮʛʠʡʥ ʤʫʞ 

2q=30-800, ᴇʥʮᴇʛ ʘʣʭʘʤ 0.010, ᴇʥʮᴇʛ ʘʣʭʘʤ ʜʵʵʨʭ ʭʵʤʞʠʭ  ʭʫʛʘʮʘʘ 3 ʩʝʢʫʥʜ. ʕʥʵ װʝʜ ʘʰʠʛʣʘʞ 

ʙʫʡ ʨʝʥʪʛʝʥ ʮʘʮʨʘʛʠʡʥ ʜʦʣʛʠʦʥʳ ʫʨʪ ʥʴ ‗ ρȢυτᴠ ʙʘʡʚ. 12000C-ʠʡʥ ʪʝʤʧʝʨʘʪʫʨʪ ʘʨʛʦʥʳ 

ʭʠʡʥ ʦʨʯʠʥʜ ʛʘʨʛʘʥ ʘʚʩʘʥ, ʩʠʥʪʝʟʣʵʩʥɻ ʥʘʥʦʭʵʤʞʵʵʪ Ti3O5 ʥʵʛʜʣʠʡʥ ʨʝʥʪʛʝʥ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʳʛ 4.1-ʨ ʟʫʨʘʛ ʜʵʵʨ װʟװװʣʵʚ.  
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4.1-ʨ ʟʫʨʘʛ. ʈʠʪʚʝʣʴʜʠʡʥ ʘʨʛʘʘʨ ʙʦʣʦʚʩʨʫʫʣʘʭʘʘʩ ϺʤʥϺʭ Ϯʝʠʡʥ ʥʘʥʦʭʵʤʞʵʵʪ Ti3O5 ʥʵʛʜʣʠʡʥ 

ʨʝʥʪʛʝʥ ʜʠʬʨʘʢʪʦʛʨʘʤʤ 

ʍʵʤʞʠʣʪʵʵʨ ʛʘʨʛʘʥ ʘʚʩʘʥ ʨʝʥʪʛʝʥ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳʛ ʈʠʪʚʝʣʴʜʠʡʥ ʘʨʛʘ ʜʵʵʨ װʥʜʵʩʣʵʩʵʥ 

ñFullProf.Suiteò  ʧʨʦʛʨʘʤʤ [39]- ʘʘʨ ʙʦʣʦʚʩʨʫʫʣʞ 4.2-ʨ ʟʫʨʘʛ ʜʵʵʨ װʟװװʣʵʚ. 

 

4.2-ʨ ʟʫʨʘʛ. ʈʠʪʚʝʣʴʜʠʡʥ ʘʨʛʘʘʨ ʙʦʣʦʚʩʨʫʫʣʩʘʥ ʥʘʥʦʭʵʤʞʵʵʪ Ti3O5 -ʠʡʥ ʨʝʥʪʛʝʥ ʜʠʬʨʘʢʪʦʛʨʘʤʤ: 

ʫʣʘʘʥ ʮʵʛ-ʪʫʨʰʣʘʛʘʘʨ ʭʵʤʞʩʵʥ ϺʛϺʛʜϺʣ, ʭʘʨ ʰʫʣʫʫʥ-ʟʘʛʚʘʨʘʘʨ ʪʦʦʮʦʦʣʩʦʥ ʫʪʛʘ, ʜʦʦʜ ʪʘʣʳʥ 

ʮʵʥʭʵʨ-ʪʫʨʰʣʘʛʘ ʙʘ ʟʘʛʚʘʨʘʘʨ ʪʦʦʮʦʦʣʩʦʥ ʫʪʛʫʫʜʳʥ ʷʣʛʘʚʘʨ, ʙʦʩʦʦ ʥʦʛʦʦʥ ʰʫʣʫʫʥ-ɹʨʵʛʛʠʡʥ 

ʨʝʬʣʝʢʩʠʡʥ ʙʘʡʨʣʘʣ 
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ʈʝʥʪʛʝʥ ʜʠʬʨʘʢʮʠʡʥ ʘʥʘʣʠʟʳʥ װʨ ʜװʥʛʵʵʩ ʪʫʭʘʡʥ ʜʵʵʞ ʥʴ ʜʘʨʘʘʭʴ ʤʦʥʦʢʣʠʥ ʪʵʛʰ 

ʭʵʤʪʵʡ ʭʦʸʨ ʬʘʟʘʘʩ ʪʦʛʪʦʞ ʙʘʡʛʘʘʛ ʪʦʜʦʨʭʦʡʣʩʦʥ: ɚ-Ti3O5 (21.7%) ʙʘ b-Ti3O5 (16.2%). 

 -ʣʜʩʵʥ ʭʫʚʴ ʜʵʵʨ ʥʴ ʜʘʨʘʘʭʴ ʬʘʟʫʫʜ ʭʘʨʛʘʣʟʘʞ ʙʘʡʚ: Ti4O7 (4.9%), Ti9O17 (2.8%), ʘʥʘʪʘʟת

TiO2 (0.94%), װʣ ʤʵʜʵʛʜʵʭ ʬʘʟ (53.3%). ɼʠʬʨʘʢʪʦʛʨʘʤʤ ʜʘʭʴ ʭʘʤʛʠʡʥ ᴇʥʜᴇʨ ʵʨʯʠʤʪʵʡ 

ʜʠʬʨʘʢʮʳʥ ʧʠʢ ʜʵʵʨ ʭʘʨʛʘʣʟʘʭ ʬʘʟʳʥ ʪᴇʨᴇʣ ʙʘ ʪװװʥʠʡ ʪʦʦ ʭʵʤʞʵʵʛ ʪʦʜʦʨʭʦʡʣʞ ʯʘʜʘʘʛװʡ.     

ʕʜʛʵʵʨ ʭʦʸʨ ʬʘʟ ʪʫʩ ʙװʨʠʡʥ ʙװʪʮʠʡʥ ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʥ ʢʨʠʩʪʘʣʣʦʛʨʘʬʳʥ 

ᴇʛᴇʛʜʣװװʜʠʡʛ 4.2 ʙʘ 4.3-ʨ ʭװʩʥʵʛʪװװʜ ʜʵʵʨ װʟװװʣʵʚ.      

4.2-ʨ ʭϮʩʥʵʛʪ. ʈʠʪʚʝʣʴʜʠʡʥ ʙʦʣʦʚʩʨʫʫʣʘʣʪʘʘʨ ʛʘʨʛʘʥ ʘʚʩʘʥ l-Ti3O5 -ʠʡʥ  

ʢʨʠʩʪʘʣʣʦʛʨʘʬʳʥ ϺʛϺʛʜʣϮϮʜ (x/b, y/b, z/c-ʘʪʦʤʳʥ ʢʦʦʨʜʠʥʘʪ,  

Bij-ʘʪʦʤʳʥ ʪʝʤʧʝʨʘʪʫʨʳʥ ʬʘʢʪʦʨ)  

 

ɸʪʦʤ x/b y/b z/c Bij  

 

Ti(1) 0.6245(1) 

 

0.0000 0.0496(3) 1.54(1) 

Ti(2) 0.3056(2) 

 

0.0000 0.2354(4) 1.32(2) 

Ti(3) 0.6223(6) 

 

0.0000 0.4490(1) 0.76(4) 

O(1) 0.4367(4) 

 

0.0000 0.3805(4) 1.78(9) 

O(2) 0.1795(2) 

 

0.0000 0.0783(7) 0.34(6) 

O(3) 0.7201(3) 

 

0.0000 0.2395(3) 2.67(2) 

O(4) 0.5498(1) 

 

0.0000 0.7946(1) 0.89(5) 

O(5) 0.1733(9) 

 

0.0000 0.3978(2) 0.23(5) 

ʂʨʠʩʪʘʣʣʳʥ ʩʠʥʛʦʥʠ: ʄʦʥʦʢʣʠʥ 

 

ʆʛʪʦʨʛʫʡʥ ʛʨʫʧʧ: C 2/m (̄ 12) 

 

ʊʦʨʳʥ ʧʘʨʘʤʝʪʨװװʜ: a=9.83(3) Ȕ, b=3.79(2)Ȕ, c=9.98(7)Ȕ,  

b=90.92(5)0,  

V=373.6(1)Ȕ3 
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4.3-ʨ ʭϮʩʥʵʛʪ. ʈʠʪʚʝʣʴʜʠʡʥ ʙʦʣʦʚʩʨʫʫʣʘʣʪʘʘʨ ʛʘʨʛʘʥ ʘʚʩʘʥ b-Ti3O5 -ʠʡʥ  

ʢʨʠʩʪʘʣʣʦʛʨʘʬʳʥ ϺʛϺʛʜʣϮϮʜ (x/b, y/b, z/c-ʘʪʦʤʳʥ ʢʦʦʨʜʠʥʘʪ,  

Bij-ʘʪʦʤʳʥ ʪʝʤʧʝʨʘʪʫʨʳʥ ʬʘʢʪʦʨ)  

 

ɸʪʦʤ x/b y/b z/c Bij  

 

Ti(1) 0.6339(2) 

 

0.0000 0.0533(6) 1.74(5) 

Ti(2) 0.3033(1) 

 

0.0000 0.2476(2) 0.01(8) 

Ti(3) 0.6359(1) 

 

0.0000 0.4363(5) 2.16(7) 

O(1) 0.4429(4) 

 

0.0000 0.3898(3) 0.45(1) 

O(2) 0.1851(7) 

 

0.0000 0.088(6) 1.65(2) 

O(3) 0.7267(5) 

 

0.0000 0.2365(1) 1.67(8) 

O(4) 0.5496(3) 

 

0.0000 0.8734(2) 0.78(5) 

O(5) 0.1834(7) 

 

0.0000 0.4234(7) 0.56(3) 

ʂʨʠʩʪʘʣʣʳʥ ʩʠʥʛʦʥʠ: ʄʦʥʦʢʣʠʥ 

 

ʆʛʪʦʨʛʫʡʥ ʛʨʫʧʧ: C 2/m (̄ 12) 

 

ʊʦʨʳʥ ʧʘʨʘʤʝʪʨװװʜ: a=9.75(1)Ȕ, b=3.81(2)Ȕ, c=9.43(4)Ȕ, 

b=91.45(6)0,  

V=347.8(1)Ȕ3 

 

ʊʦʨʳʥ ʧʘʨʘʤʝʪʨװװʜ, ʘʪʦʤʳʥ ʢʦʦʨʜʠʥʘʪ, ʦʛʪʦʨʛʫʡʥ ʛʨʫʧʧʥr ʫʪʛʫʫʜʳʛ ʦʣʦʥ ʫʣʩʳʥ 

ʙʘʛʮ ᴇʛᴇʛʜᴇʣ ICSD-ʵʵʩ ʘʚʩʘʥ ʙʦʣʥʦ. ʈʝʥʪʛʝʥ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳʥ ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʥ װʨ ʜװʥʛ 

ʠʣʪʛʵʭ Rwp-ʬʘʢʪʦʨʳʥ ʫʪʛʫʫʜʳʛ 4.2 ʙʘ 4.3-ʨ ʭװʩʥʵʛʪװװʜʵʜ ʭʘʨʫʫʣʩʘʥ. ʈʠʪʚʝʣʴʜʠʡʥ ʘʨʛʘʘʨ 

ʙʦʣʦʚʩʨʫʫʣʩʘʥ ʨʝʥʪʛʝʥ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʜʵʵʨ ʬʘʟ ʪʫʩ ʙװʨʠʡʛ ʪʫʩʛʘʡʣʘʥ ʭʘʨʛʘʣʟʫʫʣʞ ʩʫʤʘʘʨ 

ʟʘʘʞ ᴇʛᴇʚ. ɹʦʣʦʚʩʨʫʫʣʘʣʪʳʥ ʷʚʮʘʜ ʬʘʟ ʪʫʩ ʙװʨʠʡʥ ʘʪʦʤʫʫʜʳʥ ʜʫʣʘʘʥ ʬʘʢʪʦʨʳʥ ʫʪʛʘ 

ʪʦʭʠʨʦʤʞʪʦʡ ʫʪʛʫʫʜʳʛ ʘʚʯ ʙʘʡʚ. ɼʵʵʞʠʡʥ ʩʧʝʢʪʨ ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʥ ʜʘʨʘʘ Rp ʬʘʢʪʦʨ 11.5% 

-ʠʡʥ ʫʪʛʘ ʘʚʯ ʙʘʡʚ. ɹʠʜ ʵʥʜ ʭʦʣʴʮʳʥ ʬʘʟʳʥ ʭʠʤʠʡʥ ʪʦʤʴʸʦ, ʢʨʠʩʪʘʣʣ ʪʦʨʳʥ ʪʵʛʰ ʭʵʤ, 

ʘʪʦʤʳʥ ʢʦʦʨʜʠʥʘʪ ʟʵʨʛʠʡʛ ʤʵʜʵʞ ʯʘʜʘʭʛװʡ ʫʯʨʘʘʩ ʵʜʛʵʵʨ ʭʦʸʨ ʬʘʟʫʫʜʳʥ ʪʦʦʥ ʫʪʛʳʛ ʥʘʨʠʡʥ 

ʪʦʜʦʨʭʦʡʣʦʭ ʙʦʣʦʤʞʛװʡ ʶʤ.l-Ti3O5 ʙʘ b-Ti3O5 ʬʘʟʫʫʜʳʥ ʢʨʠʩʪʘʣʣ ʙװʪʮʠʡʥ ʟʘʨʠʤ 

ʧʘʨʘʤʝʪʨװװʜʠʡʛ ʭʦʦʨʦʥʜ ʥʴ ʭʘʨʴʮʫʫʣʘʥ 4.4-ʨ ʭװʩʥʵʛʪ ʜʵʵʨ װʟװװʣʵʚ. 
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4.4-ʨ ʭϮʩʥʵʛʪ. l-Ti3O5 ʙʘ b-Ti3O5 ʬʘʟʫʫʜʳʥ ʢʨʠʩʪʘʣʣ ʙϮʪʮʠʡʥ ʧʘʨʘʤʝʪʨϮϮʜʠʡʥ  

ʭʘʨʴʮʫʫʣʘʣʪ 

     

 

    ʌʘʟʫʫʜ 

 

 

ʉʠʥʛʦʥʠ 

 

ʆʛʪʦʨʛʫʡʥ 

ʛʨʫʧʧ 

ʂʨʠʩʪʘʣʣ 

ʪʦʨʳʥ 

ʧʘʨʘʤʝʪʨװװʜ, 

Ȕ 

 

ʕʛʵʣ 

 ʨʠʡʥװװ

ʵʟʵʣʭװװʥ, Ȕ3 

l-Ti3O5 ʄʦʥʦʢʣʠʥ C 2/m (̄ 12) a=9.83(3) 

b=3.79(2) 

c=9.98(7) 

b=90.92(5)0 

V=373.6(1) 

b-Ti3O5 ʄʦʥʦʢʣʠʥ C 2/m (̄ 12) a=9.75(1) 

b=3.81(2) 

c=9.43(4) 

b=91.45(6)0 

V=347.8(2) 

 

4.4-ʨ ʭװʩʥʵʛʪʵʵʩ ʭʘʨʘʭʘʜ ʜʵʵʨʭ ʭʦʸʨ ʬʘʟʫʫʜ ʥʴ ʢʨʠʩʪʘʣʣ ʙװʪʮʠʡʥ ʪʵʛʰ ʭʵʤʠʡʥ ʭʫʚʴʜ 

ʘʜʠʣʭʘʥ ʙʦʣʦʚʯ ʪʦʨʳʥ ʧʘʨʘʤʝʪʨװװʜ ʙʦʣʦʥ ʵʛʵʣ װװʨʠʡʥ ʵʟʵʣʭװװʥʠʡ ʭʵʤʞʵʵʛʵʵʨʵʵ ʷʣʛʘʘʪʘʡ 

ʙʦʣʦʭ ʥʴ ʭʘʨʘʛʜʘʥʘ. ᴆᴇʨᴇᴇʨ ʭʵʣʙʵʣ, b-Ti3O5 ʬʘʟʳʥ ʵʛʵʣ װװʨʠʡʥ ʵʟʵʣʭװװʥ l-Ti3O5 ʬʘʟʳʥ ʵʛʵʣ 

 .ʥʵʵʩ ʙʘʛʘ ʙʦʣʥʦװװʨʠʡʥ ʵʟʵʣʭװװ

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



87 

 

5-ʈ ɹתʃʕɻ. ʅʘʥʦʭʵʤʞʵʵʪ Ti3O5 ʜʵʵʨʭ ʜʘʨʘʣʪʳʥ 

ʥᴇʣᴇᴇʣʣʠʡʥ ʩʫʜʘʣʛʘʘ   

5.1  ɹʦʜʠʩ ʜʵʵʨʭ ʜʘʨʘʣʪʳʥ ʥᴇʣᴇᴇ 

ɼʘʨʘʣʪ ʥʴ ʤʘʪʝʨʠʡʥ ʪᴇʣᴇʚ ʙʘʡʜʣʳʛ ʪʦʜʦʨʭʦʡʣʦʭʦʜ װʡʣʜʚʵʨʣʵʣ, ʬʠʟʠʢʠʡʥ ʰʠʥʞʣʵʭ 

ʫʭʘʘʥ, ʙʘʡʛʘʣʠʡʥ ʰʠʥʞʣʵʭ ʫʭʘʘʥʳ ʛʦʣ װʟװװʣʵʣʪ ʶʤ.  ɼʘʨʘʣʪʘʘʩ װװʜʵʣʪʵʡ ʰʠʥʵ ʩʦʨʦʥʟʦʥ ʙʘ 

ʵʥʝʨʛʠʡʥ ʤʘʪʝʨʠʘʣʳʛ ʙʵʣʪʛʵʭʵʜ ʪʵʜʛʵʵʨʠʡʥ ʙװʪʮʠʡʥ ʙʘ ʵʣʝʢʪʨʦʥʪ ᴇᴇʨʯʣᴇʣʪװװʜʠʡʥ 

ʭʘʨʠʣʮʘʥ װʡʣʯʣʵʣʠʡʛ ʩʫʜʣʘʭ ʰʘʘʨʜʣʘʛʘʪʘʡ. ɼʵʣʭʠʡ ʜʵʵʨ ʜʘʨʘʣʪ ʥʴ ʛʘʜʘʨʛʫʫ ʜʵʵʨʭ ʥʵʛ ʙʘʘʨ 

(10-4 ɻʇʘ)-ʘʘʩ, ʜʘʣʘʡʥ ʸʨʦʦʣ ʜʘʭʴ ʭʵʜʵʥ ʟʫʫʥ ʙʘʘʨ (10-2 ɻʇʘ), ʜʵʣʭʠʡʥ ʪᴇʚʜ ʦʡʨʦʣʮʦʦʛʦʦʨ 

3.6 × 106 ʙʘʘʨ (360 ɻʇʘ) ʭװʨʪʵʣ ʭʵʣʙʵʣʟʵʞ ʙʦʣʥʦ. ʅʘʨʥʳ ʪᴇʚ ʜʵʭ ʜʘʨʘʣʪ ʦʡʨʦʣʮʦʦʛʦʦʨ 26.5 

× 106 ɻʇʘ ʙʘʡʜʘʛ. 

                       5.1-ʨ ʟʫʨʘʛ. ɻϮʥʵʵʩ ʬʫʥʢʮ ʤʘʷʛʘʘʨ ʭʘʤʘʘʨʩʘʥ ʜʵʣʭʠʡʥ ʜʦʪʦʨʭ ʜʘʨʘʣʪ [40]  

ʕʨʜʵʤʪʵʜ ʦʣʦʥ ʞʠʣʠʡʥ ʪʫʨʰ ʣʘʙʦʨʘʪʦʨʠʡʥ ʥᴇʭʮᴇʣʜ ʠʣװװ ᴇʥʜᴇʨ ʜʘʨʘʣʪʘʥʜ ʭװʨʵʭ, ʙʦʜʠʪ 

ʘʤʴʜʨʘʣ ʜʵʵʨ ʘʞʠʛʣʘʛʜʩʘʥ ʟʘʨʠʤ װʟʵʛʜʣʠʡʛ ʭʫʫʣʙʘʨʣʘʭ ʙʘ ʩʫʜʣʘʭ, ʰʠʥʵ ᴇʚᴇʨʤᴇʮ ʰʠʥʞ 

ʯʘʥʘʨʪʘʡ ʤʘʪʝʨʠʘʣʳʛ ʙװʪʵʵʭʠʡʛ ʵʨʤʵʣʟʩʵʵʨ ʠʨʩʵʥ. ɼʘʨʘʣʪ ʥʴ ʘʪʦʤʳʥ ʵʣʝʢʪʨʦʥʪ ʙװʪʵʮ, 

ʭʠʤʠʡʥ ʭʦʣʙʦʦʩ, ʘʪʦʤʳʥ  ʦʨʯʥʳ ʢʦʦʨʜʠʥʘʮ, ʙʦʣʦʤʞʠʪ ʫʨʚʘʣʳʥ ʭʫʨʜ ʙʦʣʦʥ ʪᴇʨᴇʣʜ ʭװʯʪʵʡ 

ʥᴇʣᴇᴇʣʜᴇʛ. ɹʦʜʠʩʳʥ ʪᴇʣʚʠʡʛ ʭʷʥʘʣʪʪʘʡ ʙʘʡʜʣʘʘʨ ᴇᴇʨʯʠʣʞ ʙʦʣʥʦ. ʅʵʤʞ ʜʫʨʜʘʭʘʜ, ʙʘʛʘʞ 

ʪᴇʭᴇᴇʨᴇʤʞʠʡʥ ʜʵʚʰʠʣ ʥʴ ʦʨʦʥʪ ʬʘʟʳʥ ʰʠʥʵ ʤʫʞʠʡʛ ʪʫʨʰʠʣʪʘʘʨ ʩʫʜʣʘʭ ʙʦʣʦʤʞʠʡʛ 

ʦʣʛʦʭʳʥ ʟʵʨʵʛʮʵʵ ʤʘʪʝʨʠʘʣʪʘʡ ʭʦʣʙʦʦʪʦʡ ʘʩʫʫʜʣʳʛ ʰʠʡʜʚʵʨʣʵʭʵʜ ʰʘʘʨʜʣʘʛʘʪʘʡ ʤʵʜʵʵʣʵʣʜ 

ʥʵʚʪʨʵʭ ʙʦʣʦʤʞʠʡʛ ʥʵʤʵʛʜװװʣʞ ʙʘʡʥʘ. "ᴆʥʜᴇʨ ʜʘʨʘʣʪ" ʛʵʩʵʥ ʪʦʜʦʨʭʦʡʣʦʣʪ ʥʴ ʩʦʥʠʨʭʣʳʥ 
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ʤʫʞʘʘʩ ʭʘʤʘʘʨʥʘ. ɼʘʣʘʡʥ ʸʨʦʦʣʜ ʘʤʴʜʘʨʜʘʛ ʵʢʩʪʨʝʤʦʬʠʣʴ ʦʨʛʘʥʠʟʤ ʛʵʭ ʤʵʪ ʙʠʦʣʦʛʠʡʥ 

ʩʠʩʪʝʤʠʡʛ ʩʫʜʣʘʭ, ʫʫʨʛʠʡʥ ʥʫʛʘʣʘʘʛ ʩʫʜʣʘʭ ʟʵʨʵʛ ʜʘʨʘʣʪ ʥʴ ʙʘʛʘ ʙᴇʛᴇᴇʜ ʭʵʜʭʵʥ ʘʨʚʘʥ ʄʇʘ, 

ʵʩʚʵʣ 1 ʊʇʘ-ʘʘʩ ʠʭ ʙʘʡʞ ʙʦʣʥʦ, ʵʜʛʵʵʨ ʥʴ ʜʵʣʭʠʡ ʜʵʵʨ ʙʘʡʛʘʣʴʜ ʪʘʘʨʘʣʜʘʛʛװʡ ʙʦʣʦʚʯ ʭװʯʪʵʡ 

ʰʘʭʘʭ ʪʫʨʰʠʣʪʘʘʨ ʙʦʣʦʤʞʪʦʡ, ʵʥʵ ʥʴ ʙʦʜʠʩʳʥ ʰʠʥʵ ʪᴇʣᴇʚ ʙʘʡʜʘʣ, ʬʠʟʠʢ-ʭʠʤʠʡʥ ʰʠʥʵ 

  .ʨʛʵʭ ʙʦʣʦʤʞʪʦʡװʜʠʡʛ ʥʵʵʭʵʜ ʭװװʟʵʛʜʣװ

                                        

5.2-ʨ ʟʫʨʘʛ. ʉʠʥʭʨʦʪʨʦʥ ʙʘ ʥʝʡʪʨʦʥʳ ϮϮʩʛϮϮʨʪ ʘʰʠʛʣʘʜʘʛ ϺʥʜϺʨ ʜʘʨʘʣʪʳʥ ʷʥʟ ʙϮʨʠʡʥ ʪϺʨʣʠʡʥ 

ʪϺʭϺϺʨϺʤʞʠʡʥ ʞʠʰʵʵ: a) ʤʝʤʙʨʘʥʘʘʨ ʫʜʠʨʜʜʘʛ ʘʣʤʘʟʘʥ ʜϺʰʪ ʭʘʡʨʮʘʛ, b) ʪʦʤ ʵʟʵʣʭϮϮʥʪʵʡ, ʭʵʜ 

ʭʵʜʵʥ ʪʫʣʛʫʫʨʪʘʡ ʜϺʨʚϺʥ ʙʘʛʘʥʪ 20 ʄʅ ʰʘʭʘʛʯ, c) ʥʝʡʪʨʦʥ rʩʘʨʥʠʣʳʥ ʩʫʜʘʣʛʘʘʥʜ ʟʦʨʠʫʣʘʛʜʩʘʥ 

ʢʦʣʣʠʤʘʪʦʨ ʙʘ ʭʘʤʛʘʘʣʘʣʪʪʘʡ VX ʇʘʨʠʩ-ʕʜʠʥʙʫʨʛʠʡʥ ʰʘʭʘʛʯ. 

ɼʘʨʘʣʪʳʛ ʘʛʘʘʨʳʥ ʥᴇʭʮᴇʣʜ ʘʰʠʛʣʘʭ ʙʦʣʦʤʞʛװʡ ʙװʪʮʠʡʥ ʙʘ ʵʣʝʢʪʨʦʥʪ ʢʦʥʬʠʛʫʨʘʮʛr 

ʙװʪʵʵʭʵʜ ʘʨʛʘ ʙʦʣʛʦʥ ʘʰʠʛʣʘʜʘʛ. ʍװʩʩʵʥ ʰʠʥʞ ʯʘʥʘʨ ʙʘ ʙװʪʮʠʡʛ ʥʴ ʪʦʜʦʨʭʦʡʣʩʥʳ ʜʘʨʘʘʛʘʘʨ 

ʩʠʥʪʝʟʠʡʥ ᴇᴇʨ ʘʨʛʫʫʜʳʛ ʘʰʠʛʣʘʥ ʵʥʵ ʙװʪʮʠʡʛ ʙװʪʵʵʭ ʦʨʦʣʜʣʦʛʦ ʭʠʡʞ ʙʦʣʥʦ.  ʅᴇʛᴇᴇ ʪʘʣʘʘʩ 

ᴇʥʜᴇʨ ʜʘʨʘʣʪʳʥ ʰʠʥʞʣʵʭ ʫʭʘʘʥ ʥʴ ʭʘʪʫʫ ʙʠʝʠʡʥ ʬʠʟʠʢʠʡʥ ʭʫʨʜʘʮʪʘʡ ʭᴇʛʞʠʞ ʙʫʡ ʰʠʥʵ 

ʩʘʣʙʘʨ ʙᴇʛᴇᴇʜ װװʥʠʡʛ ʮʦʦ ʰʠʥʵ ʭʵʤʞʵʵʩʠʡʥ ʭʘʡʛʫʫʣ ʛʵʞ װʟʵʞ ʙʦʣʥʦ.   

5.2 ʊʫʨʰʠʣʪʳʥ װʨ ʜװʥ 

ñStye-2000ò ʜʠʞʠʪʘʣ ʜʵʣʛʵʮʠʡʥ ʛʠʜʨʘʚʣʠʢ ʰʘʭʘʣʪʳʥ ʪʫʨʰʠʣʪʳʥ ʤʘʰʠʥ: 

Stye-2000 ʜʠʞʠʪʘʣ ʜʵʣʛʵʮʠʡʥ ʛʠʜʨʘʚʣʠʢ ʰʘʭʘʣʪʳʥ ʪʫʨʰʠʣʪʳʥ ʤʘʰʠʥ ʥʴ ʦʣʦʥ 

ʫʣʩʳʥ ʩʪʘʥʜʘʨʪʳʥ ʜʘʛʫʫ ʩʘʚ, ʢʫʙʠʢ ʙʝʪʦʥ, ʮʠʣʠʥʜʨ, ʭᴇʥʜʠʡ ʙʣʦʢ ʙʦʣʦʥ ʙʫʩʘʜ ʪᴇʨᴇʣ ʙװʨʠʡʥ 

ʤʘʪʝʨʠʘʣʳʥ ʰʘʭʘʣʪ, ʙʫʪʣʘʭ, ʙʘʪ ʙʵʭʠʡʥ ʪʫʨʰʠʣʪ ʭʠʡʭ ʟʦʨʠʫʣʘʣʪʪʘʡ. ʄʘʰʠʥ ʥʴ ʮʘʭʠʣʛʘʘʥ 

ʛʠʜʨʘʚʣʠʢ ʭᴇʜᴇʣʛװװʨʪʵʡ. ʋʜʠʨʜʣʘʛʳʥ ʩʘʤʙʘʨ ʥʴ ʛʠʜʨʘʚʣʠʢ ʪʵʞʵʵʣʠʡʥ ʙʘʛʮ, ʜʠʞʠʪʘʣ ʫʥʰʠʭ 

ʩʠʩʪʝʤ, װʡʣʜʣʠʡʥ ʫʥʪʨʘʘʣʛʘ, ʘʯʘʘʣʣʳʥ ʭʷʥʘʣʪʳʥ ʭʘʚʭʣʘʛʘ, ʪʫʨʰʠʣʪʳʥ ᴇʛᴇʛʜʣʠʡʥ ʛʘʨʘʣʪʳʥ 

ʭʵʚʣʵʭ ʭʵʩʛʵʵʩ ʙװʨʜʵʥʵ.  

ɚ-Ti3O5 ʜʵʵʞ ʜʵʵʨʭ ʜʘʨʘʣʪʥr װʡʣʯʣʵʣʠʡʥ ʥᴇʣᴇᴇʛ ʩʫʜʣʘʭʜʘʘ ɹʘʨʠʣʛʘ ʘʨʭʠʪʝʢʪʫʨ 

ʢʦʨʧʦʨʘʮʠʡʥ ñɹʝʪʦʥ ʜװװʨʛʵʛʯʠʡʥò ʣʘʙʦʨʘʪʦʨʠ ʜʘʭʴ ñStye-2000 Ctmò ʜʠʞʠʪʘʣ ʜʵʣʛʵʮʪʵʡ 

ʛʠʜʨʘʚʣʠʢ ʰʘʨʭʘʣʪʳʥ ʪʫʨʰʠʣʪʳʥ ʤʘʰʠʥ ʜʵʵʨ ʛװʡʮʵʪʛʵʩʵʥ. ʊʫʩ ʙʘʛʘʞ ʥʴ 0-3000 ʢʅ ʤʫʞʠʜ 
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ʰʘʭʜʘʛ. ʊʫʣʛʫʫʨʪ ʭʘʚʪʘʥʛʠʡʥ ʭʵʤʞʵʵ 320×260ʤʤ. ɹװʣװװʨʠʡʥ ʭʘʤʛʠʡʥ ʠʭʵʵʨ ʮʦʭʠʭ ʭʵʤʞʵʵ 

90ʤʤ. ɹװʣװװʨʠʡʥ ᴇʨʛᴇʭ ʭʫʨʜ 50ʤʤ/ʤʠʥ. ʍʘʨʴʮʘʥʛʫʡ ʟʘʘʣʪʳʥ ʘʣʜʘʘ °1%. ʊʫʩ ʰʘʭʘʣʪʳʥ 

ʤʘʰʠʥʳ  ʟʫʨʛʠʡʛ 5.3-ʨ ʟʫʨʘʛ ʜʵʵʨ װʟװװʣʵʚ.  

     

5.3-ʨ ʟʫʨʘʛ. ñStye-2000 Ctmò ʜʠʞʠʪʘʣ ʜʵʣʛʵʮʪʵʡ ʛʠʜʨʘʚʣʠʢ ʰʘʨʭʘʣʪʳʥ ʪʫʨʰʠʣʪʳʥ ʤʘʰʠʥ 

2 ʛʨʘʤʤ ɚ-Ti3O5 ʥʫʥʪʘʛ ʜʵʵʞʠʡʛ ʪʫʩʛʘʡʣʩʘʥ ʰʘʭʘʭ ʪᴇʭᴇᴇʨᴇʤʞ ʜʦʪʦʨ ʭʠʡʞ ñStye-2000ò 

ʤʘʰʠʥ ʜʵʵʨ ʙʘʡʨʣʫʫʣʥʘ. 5.4-ʨ ʟʫʨʘʛ ʜʵʵʨ ɻʝʨʤʘʥ ʫʣʩʘʜ װʡʣʜʚʵʨʣʵʛʜʩʵʥ ʙʘʛʘ ʭʵʤʞʵʵʪʵʡ 

ʥʫʥʪʘʛ ʜʵʵʞʠʡʛ ʰʘʭʘʭʘʜ ʟʦʨʠʫʣʘʛʜʩʘʥ, ʜʦʪʦʨ ʥʴ ʚʘʢʫʫʤ װװʩʛʵʭ ʙʦʣʦʤʞ ʙװʭʠʡ ʜᴇʰʠʡʛ 

  .ʣʵʚװװʟװ

     

5.4-ʨ ʟʫʨʘʛ. ɹʘʛʘ ʭʵʤʞʵʵʪʵʡ ʥʫʥʪʘʛ ʜʵʵʞ ʰʘʭʘʭʘʜ ʟʦʨʠʫʣʘʛʜʩʘʥ ʪϺʭϺϺʨϺʤʞ 

 ɚ-Ti3O5 ʜʵʵʨʭ ʜʘʨʘʣʪʳʥ ʥᴇʣᴇᴇʣʣʠʡʛ 0.5, 1.6, 2.5, 6, 12 ʢʅ ʭװʯʵʵʨ װʡʣʯʠʣʩʵʥʠʡ ʜʘʨʘʘ 

ʜʵʵʞ ʪʫʩ ʙװʨʠʡʛ XRD ʭʵʤʞʠʣʪװװʜʵʵʨ ʩʫʜʘʣʩʘʥ. ʍװʯʵʵʨ װʡʣʯʣʵʭʵʵʩ ᴇʤʥᴇʭ װʝʠʡʥ ʜʵʵʞʠʡʥ 

ʨʝʥʪʛʝʥʦʛʨʘʤʤʳʛ 5.5-ʨ ʟʫʨʘʛ ʜʵʵʨ װʟװװʣʵʚ.  
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5.5-ʨ ʟʫʨʘʛ. ɼʘʨʘʣʪʘʘʨ ʰʘʭʘʭʘʘʩ ϺʤʥϺʭ Ϯʝʠʡʥ ʜʵʵʞʠʡʥ ʨʝʥʪʛʝʥʦʛʨʘʤʤ 

ɼʘʨʘʣʪʳʥ ʥᴇʣᴇᴇʛᴇᴇʨ 5.5-ʨ ʟʫʨʘʛʪ ʭʘʨʫʫʣʩʘʥ ʨʝʥʪʛʝʥʦʛʨʘʤʤ ʜʵʵʨʭ ɚ-Ti3O5 ʙʘ b-Ti3O5 

ʬʘʟʫʫʜʘʜ ʭʘʨʛʘʣʟʘʭ ʜʠʬʨʘʢʮʠʡʥ ʨʝʬʣʝʢʩװװʜʠʡʥ ʵʨʯʠʤ ʭʘʨʠʣʮʘʥ ʘʜʠʣʛװʡ ᴇʩᴇʭ ʙʘ ʙʫʫʨʘʭ 

ʤʘʷʛʘʘʨ ᴇᴇʨʯʣᴇʛʜᴇʞ ʙʘʡʩʘʥ. ɼʘʨʘʣʪ ʥʵʤʵʛʜʵʭʠʡʥ ʭʠʨʵʵʨ ɚ-Ti3O5-ʠʡʥ ʬʘʟʳʥ ʪʦʦ ʭʵʤʞʵʵ 

ʙʫʫʨʯ, ɓ-Ti3O5-ʠʡʥ ʪʦʦ ʭʵʤʞʵʵ ᴇʩʯ ʙʘʡʚ. ʌʘʟʫʫʜʳʥ ʪʦʦ ʭʵʤʞʵʵʛ ʨʝʥʪʛʝʥ ʜʠʬʨʘʢʮʥr ʘʨʛʘʘʨ 

ʪʦʜʦʨʭʦʡʣʩʦʥ. ɼʵʵʞʠʜ ʛʘʜʥʳ ʭװʯʵʵʨ װʡʣʯʣʵʭʵʜ װװʩʵʭ ʧʨʦʮʝʩʩʳʛ 5.6-ʨ ʟʫʨʛʠʡʥ ʜʠʘʛʨʘʤʤʘʘʨ 

ʪʘʡʣʙʘʨʣʘʞ ʙʦʣʥʦ. ʊʫʩ ʜʠʘʛʨʘʤʤʘʘʩ ʭʘʨʘʭʘʜ ʜʫʣʘʘʥ ʭʘʜʛʘʣʩʘʥ ʜʵʵʞʠʡʛ ʛʘʜʥʳ ʭװʯװװʜʵʵʨ 

 ʡʣʯʠʣʞ (ʭʘʨ ᴇʥʛʠʡʥ ʩʫʤʘʘʨ ʪʵʤʜʵʛʣʵʚ) ʜʫʣʘʘʥʳʛ ʷʣʛʘʨʫʫʣʞ ʜʫʫʩʩʘʥʳ ʜʘʨʘʘʛʘʘʨ ʭʘʣʘʘʞװ

ʜʫʣʘʘʥʳʛ ʭʘʜʛʘʣʘʭ ʰʘʘʨʜʣʘʛʘʪʘʡ (ʜʠʘʛʨʘʤʤ ʜʵʵʨ ʫʣʘʘʥ ʩʫʤʘʘʨ ʜװʨʩʣʵʚ).    
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5.6-ʨ ʟʫʨʘʛ. ɻʘʜʥʳ ʭϮʯʥʠʡ Ϯʡʣʯʣʵʣ ʙʘ ɚ-Ti3O5, ɓ-Ti3O5 ʬʘʟʫʫʜʳʥ ʪʦʦ ʭʵʤʞʵʵʥʠʡ  

ʭʘʤʘʘʨʘʣ 

 

ʅʘʥʦʭʵʤʞʵʵʪ Ti 3O5 ʜʵʵʨʭ ʪʝʤʧʝʨʘʪʫʨʳʥ ʥᴇʣᴇᴇʣʣʠʡʥ ʩʫʜʘʣʛʘʘ 

ɹʠʜ ʭװʯʵʵʨ װʡʣʯʣʵʭʵʵʩ ᴇʤʥᴇʭ ʩʫʜʘʣʛʘʘʥʳ ʥʫʥʪʘʛ ʜʵʵʞʵʵ (ɚ-Ti3O5, ɓ-Ti3O5)  

ʪʝʤʧʝʨʘʪʫʨʳʥ 500C-ʵʵʩ 3000C ʭװʨʪʵʣ ᴇʥʜᴇʨ ʪʝʤʧʝʨʘʪʫʨʳʥ ʟʫʫʭʘʥʜ ʭʘʣʘʘʭʘʜ 1500C 

ʪʝʤʧʝʨʘʪʫʨ ʭװʨʪʵʣ ɚ-Ti3O5 ʬʘʟʳʥ ʪʦʦ ʭʵʤʞʵʵ ʥʵʤʵʛʜʵʞ, ʭʘʨʠʥ ɓ-Ti3O5 ʬʘʟʳʥ ʪʦʦ ʭʵʤʞʵʵ 

ʙʫʫʨʩʘʥʘʘʨ ɓ-Ti3O5 ʬʘʟ ʥʴ ʙװʨʵʥ ɚ-Ti3O5 ʬʘʟ ʨʫʫ ʰʠʣʞʩʵʥ.  

ʎʘʘʰ ʥʴ ʪʝʤʧʝʨʘʪʫʨʳʛ 1500C-ʵʵʩ 2000C ʭװʨʪʵʣ ʥʵʤʵʛʜװװʣʵʭʵʜ ɚ-Ti3O5 ʬʘʟ ʥʴ Ŭ-Ti3O5 ʬʘʟ 

ʨʫʫ ʭʫʚʠʨʯ ʙʘʡʚ. ʊʝʤʧʝʨʘʪʫʨʳʛ 2000C-ʵʵʩ 3000C ʭװʨʪʵʣ ʭʘʣʘʘʭʘʜ Ŭ-Ti3O5 ʬʘʟ ʙװʨʵʥ 

ʭʘʜʛʘʣʘʛʜʘʥ װʣʜʵʞ ʙʘʡʩʘʥ. ᴆᴇʨᴇᴇʨ ʭʵʣʙʵʣ, ʪʝʤʧʝʨʘʪʫʨ ʥʵʤʵʛʜʵʭʠʡʥ ʭʨɻʵʵʨ ɚ-Ti3O5 (20-3) 

ʙʘ ɚ-Ti3O5 (203) ʜʠʬʨʘʢʮʥr ʧʠʢװװʜ Ŭ-Ti3O5 (023) ʧʠʢ ʨʫʫ ʭʫʚʠʨʘʥ ᴇᴇʨʯʣᴇʛʜᴇʞ ʙʘʡʥʘ.  

ʊʝʤʧʝʨʘʪʫʨʳʛ 3000C-ʵʵʩ 500C ʭװʨʪʵʣ ʘʘʞʠʤ ʭᴇʨʛᴇʭᴇʜ ʜʵʵʞʠʜ ʬʘʟʳʥ ʭʫʚʠʨʘʣ 

ʷʚʘʛʜʩʘʥ. ʊʝʤʧʝʨʘʪʫʨ 3000C-ʵʵʩ 2000C ʭװʨʪʵʣ ʙʫʫʨʘʭʘʜ Ŭ-Ti3O5 ʬʘʟ ʭʘʜʛʘʣʘʛʜʘʥ ʭʵʚʵʵʨ 

 ʨʵʥװʨʪʵʣ Ŭ-Ti3O5 ʬʘʟ ʥʴ ɚ-Ti3O5 ʬʘʟ ʨʫʫ ʙװʣʜʵʞ ʙʘʡʥʘ. ʎʘʘʰ ʪʝʤʧʝʨʘʪʫʨ 1500C-ʵʵʩ 500C ʭװ

ʭʫʚʠʨʯ ʙʘʡʚ. ʍʘʨʠʥ ʪʝʤʧʝʨʘʪʫʨ 3000C-ʵʵʩ 500C ʭװʨʪʵʣ ʭᴇʨᴇʭ ʷʚʮʘʜ ɓ-Ti3O5 ʬʘʟ 

ʘʞʠʛʣʘʛʜʘʘʛװʡ ʙʦʣʥʦ. ʍʘʣʘʘʭ ʙʘ ʭᴇʨʛᴇʭ ʪʝʤʧʝʨʘʪʫʨʘʘʩ ʭʘʤʘʘʨʘʥ װװʩʯ ʙʫʡ ʬʘʟʳʥ 

ʰʠʣʞʠʣʪʠʡʥ װʟʵʛʜʣʠʡʛ ʪʦʡʤʣʦʥ ʦʡʣʛʦʤʞʪʦʡ ʙʦʣʛʦʭ װװʜʥʵʵʩ 5.7-ʨ ʟʫʨʘʛ ʜʵʵʨ ʜʠʘʛʨʘʤʤʘʘʨ 

ʭʘʨʫʫʣʘʚ.  
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5.7-ʨ ʟʫʨʘʛ. ʊʝʤʧʝʨʘʪʫʨʳʥ ϺϺʨʯʣϺʣʪϺϺʩ ʭʘʤʘʘʨʘʥ ϮϮʩʵʭ Ti3O5 ʢʨʠʩʪʘʣʣʳʥ ʬʘʟʳʥ 

ʰʠʣʞʠʣʪϮϮʜ. 

 

ɼʵʵʨʭ ʜʠʘʛʨʘʤʤʘʘʩ ʭʘʨʘʭʘʜ ʭʘʣʘʘʭ ʧʨʦʮʝʩʩʳʥ ʷʚʮʘʜ ɓ-Ti3O5 ʬʘʟ ʘʣʛʘ ʙʦʣʞ, ʭʘʨʠʥ ɚ-

Ti3O5, Ŭ-Ti3O5 ʬʘʟʫʫʜ ʜʫʣʘʘʥʳʛ ʥᴇᴇʮʣᴇʭ ʙʦʣʥʦ. ʋʛ ʥᴇᴇʮᴇʣʩᴇʥ ʜʫʣʘʘʥʳʛ ʰʘʘʨʜʣʘʛʘʪʘʡ 

ʥᴇʭʮᴇʣʜ ʛʘʜʥʳ ʭװʯʵʵʨ װʡʣʯʣʵʥ ʛʘʜʘʛʰʣʫʫʣʥʘ (ʜʠʘʛʨʘʤʤ ʜʵʵʨ ʭʘʨ ᴇʥʛʠʡʥ ʩʫʤʘʘʨ ʪʵʤʜʵʛʣʵʚ). 

ɓ-Ti3O5 ʬʘʟʳʥ ʪʦʦ ʭʵʤʞʵʵ ᴇʩᴇʭ ʵʨʵʤʙʵʵʨ ʪᴇʜʠʡ ʯʠʥʵʵ ʜʫʣʘʘʥ ʷʣʛʘʨʘʭ ʸʩʪʦʡ. ʊʫʩ ʜʫʣʘʘʥʳʛ 

ʷʣʛʘʨʫʫʣʞ ʜʫʫʩʩʘʥʳ ʜʘʨʘʘʛʘʘʨ ʜʵʵʞʵʵ ʙʫʮʘʘʛʘʘʜ ʭʘʣʘʘʭ ʰʘʘʨʜʣʘʛʘʪʘʡ (ʜʠʘʛʨʘʤʤ ʜʵʵʨ ʫʣʘʘʥ 

ʩʫʤʘʘʨ ʪʵʤʜʵʛʣʵʚ).         

ʈʝʥʪʛʝʥ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʜʵʵʨʭ ʬʘʟʳʥ ʭʫʚʠʨʣʳʛ ʬʘʟ ʪʫʩ ʙװʨʪ ʭʘʨʛʘʣʟʘʭ ʘʪʦʤʳʥ 

ʭʘʚʪʛʘʡ ʭʦʦʨʦʥʜʳʥ ʟʘʡ (d, Ȕ)-ʥ ʫʪʛʘʘʨ ʪʦʜʦʨʭʦʡʣʩʦʥ.   

ᴆᴇʨᴇᴇʨ ʭʵʣʙʵʣ, ʪʝʤʧʝʨʘʪʫʨ ʙʫʫʨʘʭ ʷʚʮʘʜ Ŭ-Ti3O5 (023) ʜʠʬʨʘʢʮʳʥ ʧʠʢ ɚ-Ti3O5 (20-

3) ʙʘ ɚ-Ti3O5 (203) ʛʵʩʵʥ ʜʠʬʨʘʢʮʠʡʥ ʧʠʢװװʜ ʨʫʫ ᴇᴇʨʯʣᴇʛʜᴇʞ ʙʘʡʥʘ. ɼʫʣʘʘʥʳ 

ʰʠʥʞʠʣʛʵʵʥʠʡ װʨ ʜװʥʛʵʵʩ ʪʝʤʧʝʨʘʪʫʨ ʙʫʫʨʘʭʘʜ ɚ-Ti3O5 ʥʴ ʜʫʣʘʘʥʳʛ ʥᴇᴇʮᴇʣʞ, ʭʘʨʠʥ 

ʷʣʛʘʨʫʫʣʜʘʛʛװʡ ʙʦʣʦʭʳʛ ʪʦʜʦʨʭʦʡʣʩʦʥ.      

l ʙʘ b ʬʘʟʫʫʜʳʥ ʭʦʦʨʦʥʜʦʭ ʜʘʨʘʣʪ ʙʘ ʜʫʣʘʘʥʘʘʩ ʰʘʣʪʛʘʘʣʩʘʥ ʜʵʵʨʭ ʬʘʟʳʥ 

ʰʠʣʞʠʣʪװװʜ ʥʴ ʠʭʵʵʭʵʥ ʜʫʣʘʘʥʳ ʵʥʝʨʛʠʡʛ ʢʨʠʩʪʘʣʣ ʪʦʨ ʜʦʪʨʦʦ ʭʘʜʛʘʣʜʘʛ ʙʦʣʦʭ ʥʴ ʙʠʜʥʠʡ 

ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ װʨ ʜװʥʛʵʵʩ ʭʘʨʘʛʜʘʞ ʙʘʡʥʘ. ɼʵʵʨʭ װʨ ʜװʥ ʛʘʜʘʘʜʳʥ ʙʫʩʘʜ ʩʫʜʣʘʘʯʜʳʥ 

ʛʘʨʛʘʥ ʘʚʩʘʥ װʨ ʜװʥʪʵʡ  ʪʦʭʠʨʯ ʙʘʡʩʘʥ [39]. 
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6-ʈ ɹתʃʕɻ. ʌʘʟʫʫʜ ʭʦʦʨʦʥʜʳʥ ʰʠʣʞʠʣʪʵʵʨ ʜʫʣʘʘʥ 

ʭʘʜʛʘʣʘʭ ʧʨʦʮʝʩʩʳʥ ʩʫʜʘʣʛʘʘ 

ɼʫʣʘʘʥʳ ʘʥʘʣʠʟ 

ɹʦʜʠʩʳʥ ʰʠʥʞ ʯʘʥʘʨʳʛ ʪʦʜʦʨʭʦʡʣʦʭʦʜ ʘʰʠʛʣʘʞ ʙʘʡʛʘʘ ʙװʭ ʘʨʛʫʫʜʘʘʩ ʜʫʣʘʘʥʳ 

ʰʠʥʞʠʣʛʵʵ ʥʴ ʭʘʤʛʠʡʥ ʵʨʪʥʠʡ ʘʨʛʘ ʶʤ. ʍʷʥʘʣʪʪʘʡ ʜʫʣʘʘʥʳʛ ʘʰʠʛʣʘʘʜ ʙʦʜʠʩʳʥ ʬʠʟʠʢ ʙʘ 

ʭʠʤʠʡʥ ʰʠʥʞ ʯʘʥʘʨʳʛ ʘʤʘʨʭʘʥ ᴇᴇʨʯʣᴇʭ ʙʦʣʦʤʞʪʦʡ (ᴇᴇʨᴇᴇʨ ʭʵʣʙʵʣ, ʙʦʜʠʩ ʜʵʵʨ ʜʫʣʘʘʥʘʘʨ 

 .ʜʨʠʡʛ ʭʘʡʣʫʫʣʘʭ ʘʞʣʳʛ 5000 ʞʠʣʠʡʥ ᴇʤʥᴇ ʭʠʡʜʵʛ ʙʘʡʩʘʥ [41]װʨʠʡʥ ʭװʡʣʯʣʵʭ). ʗʥʟ ʙװ

ɼʫʣʘʘʥʳ ʘʥʘʣʠʪʠʢ ʘʨʛʫʫʜʳʥ װʥʜʩʵʥ ʭʵʨʵʛʣʵʵ ʥʴ  ʭʦʣʴʮʦʪ ʙʦʜʠʩʫʫʜʘʜ ʯʘʥʘʨʳʥ ʙʘ ʪʦʦʥ 

ʰʠʥʞʠʣʛʵʵ ʭʠʡʭʵʜ ʦʨʰʠʥʦ. ʕʥʵ ʟʦʨʠʣʛʦʦʨ, ʜʫʣʘʘʥʳ ʘʥʘʣʠʪʘʢ ʘʨʛʫʫʜ ʥʴ ʨʝʥʪʛʝʥ ʜʠʬʨʘʢʮ 

(XRD) ʙʦʣʦʥ װʥʜʩʵʥ ʩʫʜʘʣʛʘʘʥʳ ʙʘʛʘʞʫʫʜʘʜ ʥʵʤʵʣʪ ʙʦʣʞ ᴇʛʜᴇʛ.  

 ɼʫʣʘʘʥʳ ʰʠʥʞʠʣʛʵʵ ʛʵʜʵʛ ʥʴ װʥʵʥ ʭʵʨʵʛʪʵʵ ʙʦʜʠʩ ʪʝʤʧʝʨʘʪʫʨʳʥ ʭʷʥʘʣʪʪʘʡ ʛʦʨʠʤʜ 

ʦʨʦʭ װʝʜ ʙʦʜʠʩʳʥ ʙʦʣʦʥ ʪװװʥʠʡ ʫʨʚʘʣʳʥ ʙװʪʵʵʛʜʵʭװװʥʠʡ ʬʠʟʠʢ ʰʠʥʞ ʯʘʥʘʨʳʛ 

ʪʝʤʧʝʨʘʪʫʨʳʥ ʬʫʥʢʮ ʤʘʷʛʘʘʨ ʭʵʤʞʜʵʛ ʘʨʛʫʫʜʳʥ ʮʦʛʮ ʶʤ [42].  

ɼʫʣʘʘʥʳ ʰʠʥʞ ʯʘʥʘʨʳʛ ʭʵʤʞʜʵʛ ʘʨʛʫʫʜ 

ɼʠʬʬʝʨʝʥʮʠʘʣ ʜʫʣʘʘʥʳ ʘʥʘʣʠʟ (DTA) 

DTA-ʠʡʥ ʭʵʤʞʜʵʛ ʬʠʟʠʢ ʧʘʨʘʤʝʪʨ ʥʴ æT ʶʤ, ʵʥʵ ʥʴ ʜʵʵʞ ʙʘ ʵʪʘʣʦʥ ʤʘʪʝʨʠʘʣʳʥ 

ʭʦʦʨʦʥʜʦʭ ʪʝʤʧʝʨʘʪʫʨʳʥ ʟᴇʨװװ ʙᴇʛᴇᴇʜ ʭʘʨʠʥ ʭʦʸʫʣʘʘ ʪʝʤʧʝʨʘʪʫʨʳʥ ʭʷʥʘʣʪʪʘʡ ʛʦʨʠʤʜ 

ʦʨʜʦʛ. ʊʫʨʰʠʣʪʳʥ ʭʵʤʞʠʣʪ ʥʴ DTA ʤʫʨʫʡ ʙᴇʛᴇᴇʜ ʢʦʥʚʝʢʮʦʦʨ æʊ ʥʴ ʜʦʦʰʦʦ ʯʠʛʣʵʩʵʥ 

ʵʥʜʦʪʝʨʤ ʧʠʢװװʜ ʙװʭʠʡ ʦʨʜʠʥʘʪ ʜʵʵʨ ʙʘʡʨʣʘʥʘ, ʭʘʨʠʥ ʘʙʮʠʩʩ ʜʵʵʨ ʜʵʵʞʠʡʥ ʙʫʶʫ ʵʪʘʣʦʥ 

ʤʘʪʝʨʠʘʣʠʡʥ ʭʫʚʴʜ ʭʫʛʘʮʘʘ ʙʫʶʫ ʪʝʤʧʝʨʘʪʫʨʳʥ ʘʣʴ ʥʵʛ ʥʴ ʟװװʥʵʵʩ ʙʘʨʫʫʥ ʪʠʡʰ ᴇʩʯ ʙʘʡʭʘʘʨ 

ʭʵʤʞʠʛʜʵʥʵ (6.1-ʨ ʟʫʨʘʛ).  
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 6.1-ʨ ʟʫʨʘʛ. DTA ʤʫʨʫʡ [42]  

 

ɼʠʬʬʝʨʝʥʮʠʘʣ mʵʤʪʨʵʭ ʢʘʣʦʨʠʤʝʪʨ (DSC) 

DSC-ʜ ʭʵʤʞʜʵʛ ʬʠʟʠʢ ʧʘʨʘʤʝʪʨ ʥʴ ʜʵʵʞ ʙʘ ʵʪʘʣʦʥ ʤʘʪʝʨʠʘʣ ʜʘʭʴ ʦʨʦʣʪʳʥ ʵʥʝʨʛʠʡʥ 

ʟᴇʨװװ ʙᴇʛᴇᴇʜ ʵʜʛʵʵʨ ʥʴ ʭʦʸʫʣʘʘ ʪʝʤʧʝʨʘʪʫʨʳʥ ʭʷʥʘʣʪʪʘʡ ʧʨʦʛʨʘʤʤʜ ʭʘʤʘʘʨʥʘ. ʍʵʤʞʠʭ 

ʟʘʤʘʘʨ ʭʦʸʨ ʷʣʛʘʘʪʘʡ ʘʨʛʳʛ ʙʦʣʦʚʩʨʫʫʣʩʥʘʘʨ DSC-ʠʡʛ ʜʫʣʘʘʥʳ ʫʨʩʛʘʣ ʙʘ ʮʘʭʠʣʛʘʘʥ ʥᴇʭᴇʥ 

ʦʣʛʦʚʨʳʥ ʘʨʛʫʫʜ ʙʦʣʛʦʥ ʭʫʚʘʘʭ װʨ ʜװʥʜ ʭװʨʯʵʵ. ɻװʡʮʵʪʛʵʭ ʭʵʤʞʠʣʪʵʵʨʵʵ ʷʣʛʘʘʪʘʡ ʭʦʸʨ 

ʘʨʛʫʫʜʳʥ ʭᴇʛʞװװʣʵʣʪ ʥʴ DSC-ʠʡʛ ʜʫʣʘʘʥʳ-ʫʨʩʛʘʣ ʙʘ ʯʘʜʘʣ-ʢʦʥʧʝʥʩʘʮʠʡʥ ʘʨʛʫʫʜ ʙʦʣʛʦʥ 

ʭʫʚʘʘʭ װʨ ʜװʥʜ ʭװʨʛʵʩʵʥ ʙʘʡʥʘ. ʕʜʛʵʵʨ ʭʦʸʨ ʷʣʛʘʘʪʘʡ ʭʘʥʜʣʘʛʘ ʥʴ ᴇᴇʨʩʜʠʡʥ ʤʫʨʫʡʛʘʘ 

ʪʘʡʣʙʘʨʣʘʭ ᴇᴇʨ ʘʨʛʫʫʜʳʛ ʘʰʠʛʣʘʜʘʛ. ɼʫʣʘʘʥʳ ʫʨʩʛʘʣʳʥ ʙʘʛʘʞʠʡʥ ʭʫʚʴʜ ʵʥʜʦʪʝʨʤ ʧʠʢװװʜ 

ʥʴ ʜʦʦʰʦʦ ʯʠʛʣʵʞ, ʟװװʥʵʵʩ ʙʘʨʫʫʥ ʪʠʡʰ ʪʝʤʧʝʨʘʪʫʨ ʥʵʤʵʛʜʜʵʛ DTA-ʜ ʘʰʠʛʣʘʜʘʛʪʘʡ ʘʜʠʣ 

ʢʦʥʚʝʢʮʠʡʛ ʜʘʛʘʞ ʤᴇʨʜʜᴇʛ (6.2-ʨ ʟʫʨʘʛ (a)).  
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6.2-ʨ ʟʫʨʘʛ. (a) ɼʫʣʘʘʥʳ ʫʨʩʛʘʣʳʥ DSC ʤʫʨʫʡ [42], (b) ʏʘʜʘʣ-ʢʦʥʧʝʥʩʘʮʳʥ DSC ʤʫʨʫʡ 

 

ɻʵʩʵʥ ʭʵʜʠʡ ʯ, ʯʘʜʘʣ-ʢʦʥʧʝʥʩʘʮʳʥ DSC ʤʫʨʫʡʜ ʢʘʣʦʨʠʤʝʪʨʠʡʥ ʢʦʥʚʝʢʮʠʡʛ ʜʘʛʘʞ ʤᴇʨʜᴇʭ 

ʙᴇʛᴇᴇʜ ʦʨʜʠʥʘʪ ʪʵʥʭʣʵʛʠʡʥ ʜʘʛʫʫ ʜʵʵʰʵʵ ʯʠʛʣʵʩʵʥ ʵʥʜʦʪʝʨʤʠʡʥ ʵʬʬʝʢʪʳʥ װʨ ʜװʥʛ ᴇʛʜᴇʛ ʙʘ 

ʵʥʵ װʝʜ  ʘʙʮʠʩʩ ʪʵʥʭʣʵʛ ʜʵʵʨ ʪʝʤʧʝʨʘʪʫʨ ʙʫʶʫ ʭʫʛʘʮʘʘ ʟװװʥʵʵʩ ʙʘʨʫʫʥ ʪʠʡʰ ʥʵʤʵʛʜʜʵʛ (6.2-

ʨ ʟʫʨʘʛ (b)). 

ɼʠʬʬʝʨʝʥʮʠʘʣ ʪʵʤʪʨʵʭ ʢʘʣʦʨʠʤʝʪʨ (DSC) 

DSC ʜʘʭʴ ʙװʨʪʛʵʭ ʩʠʩʪʝʤ ʥʴ DTA-ʵʵʩ ʠʣװװ ʭʫʚʴʩʘʭ ʯʘʜʚʘʨʪʘʡ ʙʘʡʜʘʛ. ʍʦʸʨ ʪᴇʨʣʠʡʥ 

DSC װװʨ ʙʘʡʜʘʛ: ʜʫʣʘʘʥʳ ʫʨʩʛʘʣʳʥ ʙʘ ʯʘʜʣʳʥ ʢʦʥʧʝʥʩʘʮʠ. ɻʵʭʜʵʵ ʭʵʜ ʭʵʜʵʥ ʟʘʚʩʘʨʳʥʭ ʙʠʡ 

[41]. ɼʫ ʇʦʥʪʳʥ װʡʣʜʚʵʨʣʵʩʵʥ ʜʫʣʘʘʥʳ ʫʨʩʛʘʣʳʥ ʩʠʩʪʝʤʜ ʜʵʵʞ, ʵʪʘʣʦʥ ʤʘʪʝʨʠʘʣ ʙʘ 

ʜʫʣʘʘʥʳ װװʩʛװװʨʠʡʥ ʭʦʦʨʦʥʜ ʩʘʡʥ ʪʦʜʦʨʭʦʡʣʦʛʜʩʦʥ ʜʫʣʘʘʥ ʩʦʣʠʣʮʦʦʥʳ ʟʘʤ ʙʘʡʜʘʛ. 

ʊʵʛʵʭʵʵʨ, ʜʵʵʞʠʡʥ ʰʠʥʛʵʵʭ ʙʫʶʫ ʷʣʛʘʨʫʫʣʞ ʙʫʡ ʜʫʣʘʘʥʘʘʨ ʙʠʡ ʙʦʣʩʦʥ ʩʠʩʪʝʤʠʡʥ ʘʣʠʚʘʘ 

ʪʵʥʮʚʵʨʛװʡ ʙʘʡʜʣʳʛ ʵʥʵ ʩʘʡʥ ʪʦʜʦʨʭʦʡʣʩʦʥ ʟʘʤʘʘʨ ʜʘʤʞʫʫʣʘʥ, ʜʘʤʞʫʫʣʞ ʙʫʡ  ʜʫʣʘʘʥʳ 
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ʫʨʩʛʘʣʳʛ ʪʵʥʮʚʵʨʞװװʣʜʵʛ. ʍʵʤʞʠʛʜʵʞ ʙʫʡ ʧʘʨʘʤʝʪʨ ʥʴ ɼʊɸ-ʠʡʥ ʘʜʠʣ ʪʝʤʧʝʨʘʪʫʨʳʥ 

ʜʠʬʬʝʨʝʥʮʠʘʣ ʙʦʣʦʚʯ ʪʵʥʮʚʵʨʠʡʥ ʥᴇʭʮᴇʣ ʨʫʫ ʥʠʣʵʵʜ ʦʡʨʪʦʭ ʪʫʩʘʤ ʢʘʣʦʨʠʤʝʪʨʠʡʥ ʭʘʨʠʫ 

 ʨʪʛʵʭ ʙʦʣʦʤʞʪʦʡ ʙʦʣʥʦ. ʇʝʨʢʠʥ-ʕʣʤʝʨ DSC ʟʵʨʵʛ ʯʘʜʣʳʥ ʢʦʤʧʝʥʩʘʮʥrװʡʣʜʣʠʡʛ ʙװ

ʙʘʛʘʞʫʫʜʘʜ ʜʵʵʞ ʙʘ ʵʪʘʣʦʥʳʛ ʪʫʩʘʜ ʥʴ ʭʘʣʘʘʞ, ʪʵʥʮʚʵʨʛװʡ ʙʘʡʜʘʣ ʠʣʵʨʩʵʥ ʪʦʭʠʦʣʜʦʣʜ 

ʭʘʨʛʘʣʟʘʭ װװʨʠʡʛ ʷʥʟ ʙװʨʵʵʨ ʭʘʣʘʘʥʘ. ʊʵʥʮʚʵʨʠʡʥ ʙʘʡʜʘʣʜ ʵʨʛʵʞ ʦʨʦʭʦʜ ʰʘʘʨʜʘʛʜʘʭ ʵʥʝʨʛʠ 

ʟʘʨʮʫʫʣʘʣʪʳʥ ʭʵʤʞʵʵʛ ʭʫʛʘʮʘʘʥʳ ʭʫʚʴʜ ʜʘʭʠʥ ʙװʨʪʛʵʥʵ.  ʕʥʵ ʘʨʛʳʥ ʥʵʛ ʜʘʚʫʫ ʪʘʣ ʥʴ 

ʠʟʦʪʝʨʤ ʘʞʣʳʛ ʛװʡʮʵʪʛʵʭ ʙʦʣʦʤʞʪʦʡ. ʂʘʣʦʨʠʤʝʪʨʠʡʥ ʭʫʚʴʜ DSC-ʠʡʥ ʦʥʦʣʳʥ ʭʫʚʴʜ ʜʘʚʫʫ 

ʪʘʣʪʘʡ ʙʦʣʦʚʯ ʪʝʤʧʝʨʘʪʫʨʳʥ ʭʷʟʛʘʘʨʣʘʛʜʤʘʣ ʭװʨʵʵ ʥʴ ʤʠʥʝʨʘʣʦʛʠʡʥ ʩʫʜʘʣʛʘʘʥʜ ʪװװʥʠʡ 

ʭʵʨʵʛʣʵʵʛ ʭʷʟʛʘʘʨʣʘʜʘʛ [43].   

ʗʧʦʥ ʫʣʩʳʥ ʅʠʛʠʪʘʛʠʡʥ ʠʭ ʩʫʨʛʫʫʣʴ ʜʘʭʴ DTA-ʛ ʘʰʠʛʣʘʩʘʥ. ʍʵʤʞʠʣʪʵʥʜ 

ʟʦʨʠʫʣʘʛʜʩʘʥ ʜʵʵʞװװʜʠʡʥ ʭʵʤʞʵʵ ʦʡʨʦʣʮʦʦʛʦʦʨ 0.5 ʛʨ ʙʘʡʩʘʥ. ʍʵʤʞʠʣʪʠʡʛ ʘʟʦʪʳʥ 

ʭᴇʨʛװװʨʪʵʡ ʭᴇʥʛᴇʥ ʮʘʛʘʘʥ ʮʠʣʠʥʜʨ ʩʘʚʘʥʜ ʛװʡʮʵʪʛʵʩʵʥ. ʊʫʩ ʙʘʛʘʞʳʥ ʪʝʤʧʝʨʘʪʫʨʳʥ 

ʭʵʤʞʠʣʪʠʡʥ ʫʪʛʘ ʥʴ -1000C ʭװʨʪʵʣ ʭᴇʨʛᴇʞ,  8000ʉ ʭװʨʪʵʣ ʭʘʣʘʘʜʘʛ. 

ʍʵʤʞʠʣʪʠʡʥ ʭʫʚʴʜ ʜʘʨʘʣʪʘʘʩ װװʩʩʵʥ ɓ-ʬʘʟʳʛ ʘʰʠʛʣʘʩʘʥ (0.5ʢH ʭװʯʵʵʨ װʡʣʯʠʣʩʵʥ 

ʜʵʵʞ). ʊʘʩʘʣʛʘʘʥʳ ʪʝʤʧʝʨʘʪʫʨʘʘʩ 6000C ʭװʨʪʵʣ ʭʘʣʘʘʭ ʵʭʥʠʡ ʧʨʦʮʝʩʩʪ 110ÁC ʪʝʤʧʝʨʘʪʫʨʪ 

ʵʥʜʦʪʝʨʤʠʢ ʧʠʢ (ʞʠʰʵʵʣʙʵʣ, ʜʫʣʘʘʥ ʭʘʜʛʘʣʘʭ ʧʠʢ) ʘʞʠʛʣʘʛʜʩʘʥ. ɼʫʣʘʘʥ ʰʠʥʛʵʵʣʪ ʥʴ 

ʰʠʥʛʵʵʣʪʠʡʥ ʦʨʛʠʣ װʝʜ ʘʞʠʛʣʘʛʜʜʘʛ. DTA ʤʫʨʫʡʥ ʰʠʥʞʠʣʛʵʵʥʵʵʩ ʭʘʨʘʭʘʜ ʭʫʨʠʤʪʣʘʛʜʩʘʥ 

ʜʫʣʘʘʥʳ ʵʥʝʨʛʠ 60ʤʢɺ ʙʘʡʥʘ (6.3-ʨ ʟʫʨʘʛ). 

 

6.3-ʨ ʟʫʨʘʛ. ɚ-Ti3O5-ʠʡʥ ʜʫʣʘʘʥ ʭʘʜʛʘʣʘʭ ʰʠʥʞ ʯʘʥʘʨ (ʮʵʥʭʵʨ ʤʫʨʫʡ). ʊʝʤʧʝʨʘʪʫʨʳʥ ϺʩϺʣʪ (ʥʠʣ 

ʫʣʘʘʥ ʰʫʛʘʤ) ʙʘ ʙʫʫʨʯ ʙʫʡ ʪʝʤʧʝʨʘʪʫʨ (ʥʠʣ ʫʣʘʘʥ ʰʫʛʘʤ) ʙϮʭʠʡ ɚ-Ti3O5-ʠʡʥ DTA ʛʨʘʬʠʢ. ʅʦʛʦʦʥ 

Ϻʥʛʠʡʥ ʤʫʨʫʡ ʥʴ ʜʵʵʞʠʡʥ ʞʠʥʛʠʡʥ ʘʣʜʘʛʜʣʳʛ ʠʣʵʨʭʠʡʣʥʵ. 
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ʥʠʡ ɻװת ʩʨʵʛʵʵʨ, 6000C-ʘʘʩ 250C ʭװʨʪʵʣ ʭᴇʨʛᴇʭ ʷʚʮʘʜ ʵʢʟʦʪʝʨʤʠʢ ʧʠʢ (ᴇᴇʨᴇᴇʨ ʭʵʣʙʵʣ, ʜʫʣʘʘʥ 

ʷʣʛʘʨʫʫʣʘʭ ʧʠʢ) ʘʞʠʛʣʘʛʜʜʘʘʛװʡ. ʄʵʜʨʵʛʜʵʭװʡʮ ʜʫʣʘʘʥ ʭʘʜʛʘʣʜʘʛ ʤʘʪʝʨʠʘʣʫʫʜʘʜ ʭʘʣʘʘʭ 

ʷʚʮʘʜ ʪʦʜʦʨʭʦʡ ʜʫʣʘʘʥʳʛ ʰʠʥʛʵʵʞ ʫʣʤʘʘʨ ʭᴇʨʛᴇʭ ʷʚʮʘʜ ʪʵʨʭװװ ʰʠʥʛʵʵʩʵʥ ʜʫʣʘʘʥʘʘ 

ʙʫʮʘʘʛʘʘʜ ʷʣʛʘʨʫʫʣʜʘʛ. ʕʜʛʵʵʨ װʟʵʛʜʵʣ ʥʴ ɚ-Ti3O5 ʬʘʟ 60 ʤʢɺ ʜʫʣʘʘʥʳ ʵʥʝʨʛʠʡʛ ʭʘʜʛʘʣʩʘʥ 

ʙʦʣʦʭʳʛ ʭʘʨʫʫʣʞ ʙʘʡʥʘ.   

ɼʘʨʘʣʪʳʥ װʡʣʯʣʵʣʵʵʨ ʵʥʵ ʭʦʸʨ ʬʘʟʳʥ ʭʦʦʨʦʥʜʦʭ ʵʥʝʨʛʠʡʥ ʩʘʘʜ ʘʨʠʣʜʘʛ ʪʫʣ ɚ-ʬʘʟ ʥʴ 

ɓ-ʬʘʟ ʨʫʫ ʭʫʚʠʨʯ ʭʫʨʠʤʪʣʘʛʜʩʘʥ ʥʫʫʛʜʤʘʣ ʜʫʣʘʘʥʳ ʵʥʝʨʛʠʡʛ ʷʣʛʘʨʫʫʣʜʘʛ ʙᴇʛᴇᴇʜ ʵʥʵ ʥʴ 

ʭʘʪʫʫ-ʰʠʥʛʵʥ ʬʘʟʳʥ ʰʠʣʞʠʣʪʠʡʥ ʤʘʪʝʨʠʘʣʳʥ ʥʫʫʛʜʤʘʣ ʜʫʣʘʘʥʳ ʵʥʝʨʛʠʪʵʡ ʭʘʨʴʮʫʫʣʘʭʘʜ 

ʞʠʰʠʭװʡʮ ʙʘʡʜʘʛ. ɾʠʰʵʵ ʥʴ ʫʩʥʳ ʭʫʚʴʜ 320 ʢɾʃī1, ʧʘʨʘʬʠʥʳ ʭʫʚʴʜ 140 ʢɾʃī1, 

ʧʦʣʠʵʪʠʣʝʥ ʛʣʠʢʦʣʳʥ ʭʫʚʴʜ 165 ʢɾʃī1.       

ʊʦʢʠʦʛʠʡʥ ʀʭ ʉʫʨʛʫʫʣʠʡʥ ʐʠʥʞʣʵʭ ʫʭʘʘʥʳ ʩʫʨʛʫʫʣʠʡʥ ʧʨʦʬʝʩʩʦʨ ʆʥʢʦʰʠʛʠʡʥ 

ʩʫʜʘʣʛʘʘʥʳ ʙʘʛʠʡʥ ʫʩʪᴇʨᴇʛʯʠʡʥ ʭʠʡʥ ʦʨʯʠʥʜ ʛʘʨʛʘʥ ʘʚʩʘʥ ʜʫʣʘʘʥ ʭʘʜʛʘʣʘʭ ʢʝʨʘʤʠʢ ʥʴ 230 

ʢɾʃ- 1 ʜʫʣʘʘʥʳʛ ʰʠʥʛʵʵʞ, ʷʣʛʘʨʫʫʣʞ ʯʘʜʜʘʛ ʙʘʡʩʘʥ. ɹʠʜ ʜʵʵʞʠʡʥ ʭʘʜʛʘʣʩʘʥ ʜʫʣʘʘʥʳʛ 

ʭʵʤʞʠʭʜʵʵ DTA ʘʨʛʘ ʘʰʠʛʣʘʞ ʪʦʦ ʭʵʤʞʵʵʛ ʥʴ ʤʢB-ʦʦʨ ʪʦʦʮʦʦʣʩʦʥ. ʍʘʨʠʥ ʛʘʜʥʳ ʩʫʜʣʘʘʯʠʜ 

ʜʫʣʘʘʥʳ ʪʦʦ ʭʵʤʞʵʵʛ DSC ʙʘʛʘʞʘʘʨ ʭʵʤʞʠʞ ʢɾʃ- 1 ʥʵʛʞʵʵʨ ʪʦʦʮʦʦʣʩʦʥ ʙʘʡʜʘʛ. ʕʜʛʵʵʨ  

ʭʦʸʨ ᴇᴇʨ ʘʨʛʫʫʜʳʥ ʥʵʛʞװװʜ ʥʴ ʭʦʦʨʦʥʜʦʦ ʰʠʣʞʠʭ ʙʦʣʦʤʞʛװʡ ʫʯʨʘʘʩ ʪʵʜʛʵʵʨʠʡʛ 

ʭʘʨʴʮʫʫʣʘʭ ʙʦʣʦʤʞʛװʡ ʶʤ.    

ʕʥʜʵʵʩ ʥʘʥʦʭʵʤʞʵʵʪ ɚ-Ti3O5 ʙʘ b-Ti3O5 ʬʘʟʫʫʜ ʘʛʫʫʣʩʘʥ ʪʫʩ ʤʘʪʝʨʠʘʣʳʛ ʭʘʣʘʘʭ ʙʫʶʫ 

ʭᴇʨʛᴇʭ ʟʘʤʘʘʨ ʥʫʫʛʜʤʘʣ ʜʫʣʘʘʥʳ ʵʥʝʨʛʠʡʛ ʭʫʨʠʤʪʣʫʫʣʜʘʛ ʩʠʩʪʝʤ ʙʦʣʛʦʞ ʘʰʠʛʣʘʭ 

ʙʦʣʦʤʞʪʦʡ ʥʴ ʭʘʨʘʛʜʘʞ ʙʘʡʥʘ.   
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ɽʨᴇʥʭʠʡ ʜװʛʥʵʣʪ  

1. ᴆʥʜᴇʨ ʵʥʝʨʛʠʡʥ ʙᴇʤʙᴇʛᴇʥ ʪʵʵʨʤʠʡʥ ʘʨʛʘʘʨ ʥʘʥʦʭʵʤʞʵʵʪ ʪʘʣʩʪʫʫʜ ʘʛʫʫʣʩʘʥ TiO2  

ʥʫʥʪʘʛ ʜʵʵʞ ʛʘʨʛʘʥ ʘʚʘʭ ʙʦʣʦʤʞʪʦʡʛ ʭʘʨʫʫʣʩʘʥ.  

2. ʅʘʥʦʭʵʤʞʵʵʪ TiO2  ʥʫʥʪʘʛ ʜʵʵʞʠʡʛ ᴇʥʜᴇʨ ʪʝʤʧʝʨʘʪʫʨʪ ʘʨʛʦʥʳ ʭʠʡʥ ʦʨʯʠʥʜ 

ʭʘʣʘʘʭ ʟʘʤʘʘʨ l ʙʘ b ʬʘʟʫʫʜʳʛ ʘʛʫʫʣʩʘʥ ʥʘʥʦʭʵʤʞʵʵʪ Ti3O5 ʢʨʠʩʪʘʣʣʳʛ 

ʘʤʞʠʣʪʪʘʡ ʩʠʥʪʝʟʵʣʩʵʥ.        

3. ɸʨʛʦʥ ʙʘ ʘʟʦʪʳʥ ʭʠʡʥ ʦʨʯʠʥʜ ʭʠʤʠʡʥ ʟʦʣʴ-ʛʝʣʴ ʘʨʛʳʛ ʭʵʨʵʛʣʵʭ ʥʴ ʥʘʥʦʭʵʤʞʵʵʪ 

l-Ti3O5 ʢʨʠʩʪʘʣʣʳʛ ʛʘʨʛʘʥ ʘʚʘʭʘʜ ʥʠʣʵʵʜ װʨ ʜװʥʪʵʡ ʭʵʜʠʡ ʯ, ʵʜʠʡʥ ʟʘʩʛʠʡʥ ʭʫʚʴʜ 

ʟʘʨʜʘʣ ʠʭʪʵʡ ʙʦʣʦʭ ʥʴ ʘʞʠʛʣʘʛʜʩʘʥ. ʎʘʘʰʠʜ ʥʘʥʦʭʵʤʞʵʵʪ l-Ti3O5 ʢʨʠʩʪʘʣʣʳʛ 

ʩʠʥʪʝʟʣʵʭ ʭʵʮװװ ʙʵʨʭʰʵʵʣװװʜʠʡʛ ʜʘʚʘʥ ʪʫʫʣʘʭ, ʪװװʥʠʡʛ װʡʣʜʚʵʨʣʵʭ ʭʵʤʥʵʣʪʪʵʡ 

ʛʦʨʠʤʳʛ ʭʘʡʭ ʰʘʘʨʜʣʘʛʘʪʘʡ.       

4. Ti3O5 ʥʘʥʦʢʨʠʩʪʘʣʣ ʥʴ l-Ti3O5 ʙʘ b-Ti3O5 ʛʵʩʵʥ ʭʦʸʨ ʬʘʟʘʘʩ ʪʦʛʪʦʭ ʙᴇʛᴇᴇʜ ʵʥʵ 

ʭʦʸʨ ʬʘʟʳʥ ʭʦʦʨʦʥʜʦʭ ʰʠʣʞʠʣʪʠʡʛ ʛʘʜʥʳ ʜʘʨʘʣʪ (ʭװʯ)-ʘʘʨ ʫʜʠʨʜʘʞ ʙʦʣʦʭʳʛ 

ʪʦʜʦʨʭʦʡʣʩʦʥ.  

5. Ti3O5 ʥʘʥʦʢʨʠʩʪʘʣʣʳʛ 6000C ʪʝʤʧʝʨʘʪʫʨ ʭװʨʪʵʣ ʭʘʣʘʘʭʘʜ ʪʦʜʦʨʭʦʡ ʜʫʣʘʘʥʳʛ 

ʥᴇᴇʮʣᴇʥᴇ. ʊʫʩ ʢʨʠʩʪʘʣʣʳʛ 3000C-ʵʵʩ 270C ʭװʨʪʵʣ ʭᴇʨʛᴇʭᴇʜ ʭʘʜʛʘʣʩʘʥ ʜʫʣʘʘʥʘʘ 

ʙʫʮʘʘʛʘʘʜ ʛʘʜʘʛʰʣʫʫʣʜʘʛװʡ ʙʦʣʦʭʳʛ DTA ʘʨʛʘʘʨ ʪʦʛʪʦʦʩʦʥ. ʅᴇᴇʮᴇʣʩᴇʥ ʜʫʣʘʘʥʳ 

ʪʦʦ ʭʵʤʞʵʵ ʥʴ ʤʵʜʨʵʛʜʵʭװʡʮ ʜʫʣʘʘʥ ʭʘʜʛʘʣʜʘʛ ʟʘʨʠʤ ʤʘʪʝʨʠʘʣʫʫʜ ʙʦʣʦʥ 

ʛʘʜʘʘʜʳʥ ʩʫʜʣʘʘʯʜʳʥ ʠʞʠʣ ʪᴇʩᴇᴇʪʵʡ ʘʞʣʳʥ װʨ ʜװʥʛװװʜʪʵʡ  ʭʘʨʴʮʫʫʣʘʭʘʜ ʙʘʛʘ 

ʙʘʡʩʘʥ. ʕʥʵ ʥʴ ʙʠʜʥʠʡ ʛʘʨʛʘʥ ʘʚʩʘʥ ʜʵʵʞʠʡʥ ʙʦʭʠʨʜʦʣ ʙʦʣʦʥ ʩʠʥʪʝʟʠʡʥ ʧʨʦʮʝʩʩʪ 

ʘʨʛʦʥ ʭʠʡ ʘʰʠʛʣʘʩʘʥ ʟʵʨʵʛʪʵʡ ʭʦʣʙʦʦʪʦʡ ʙʘʡʞ ʙʦʣʦʭ ʶʤ.            

6. ɼʵʵʨʭ ʩʫʜʘʣʛʘʘʥʳ װʨ ʜװʥʜ ʪʫʭʘʡʥ Ti3O5 ʥʘʥʦʢʨʠʩʪʘʣʣʳʥ ʥᴇᴇʮᴇʣʩᴇʥ ʜʫʣʘʘʥʳʛ 

ʰʘʘʨʜʣʘʛʘʪʘʡ ʪʦʭʠʦʣʜʦʣʜ ʛʘʜʥʳ ʭװʯʵʵʨ װʡʣʯʣʵʥ ʛʘʜʘʛʰʣʫʫʣʘʭ, ʜʘʨʘʘ ʥʴ 

ʭʘʣʘʘʛʘʘʜ ʭᴇʨʛᴇʭ ʟʵʨʵʛ ʮʠʢʣ ʧʨʦʮʝʩʩʦʦʨ ʜʘʤʞʫʫʣʘʥ ʜʫʣʘʘʥʳʛ ʭʘʜʛʘʣʘʭ ʭʘʪʫʫ-

ʭʘʪʫʫ ʛʵʩʵʥ I ʪᴇʨʣʠʡʥ ʬʘʟʳʥ ʰʠʣʞʠʣʪʪʵʡ ʥʘʥʦʤʘʪʝʨʠʘʣ ʙʦʣʛʦʥ ʘʰʠʛʣʘʭ 

ʙʦʣʦʤʞʪʦʡʛ ʪʦʛʪʦʦʩʦʥ.  

7. ʎʘʘʰʜʳʥ ʩʫʜʘʣʛʘʘʛʘʘʨ ɓ-ʘʘʩ ɚ ʭװʨʪʵʣʭ ʰʠʣʞʠʣʪʠʡʥ ʪʝʤʧʝʨʘʪʫʨʳʥ ʫʪʛʳʛ 

ʙʫʫʨʫʫʣʞ ʯʘʜʚʘʣ  ʧʨʘʢʪʠʢ ʭʵʨʵʛʣʵʵʥʠʡ ᴇʨʛᴇʥ ʤʫʞʠʡʛ ʭʘʥʛʘʭ ʙʦʣʦʤʞ ʙʠʡ. ʕʥʵ ʥʴ 

ʭʘʣʫʫʥ ʫʩʥʘʘʩ ʜʫʣʘʘʥʳ ʵʥʝʨʛʠʡʛ ʰʠʥʛʵʵʭ ʟʘʤʘʘʨ ʜʫʣʘʘʥʳ ʮʘʭʠʣʛʘʘʥ ʩʪʘʥʮʫʫʜʘʜ 

ʘʰʠʛʣʘʭ ʘʩʘʨ ʠʭ ʙʦʣʦʤʞʠʡʛ ʭʘʨʫʫʣʞ ʙʘʡʥʘ. ɻʵʩʵʥ ʭʵʜʠʡ ʯ, ɚ-ʵʵʩ ɓ ʨʫʫ ʰʠʣʞʠʭ 
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ʭʘʨʴʮʘʥʛʫʡ ᴇʥʜᴇʨ ʜʘʨʘʣʪ ʙʫʶʫ ʭװʯ ʥʴ ʧʨʘʢʪʠʢ ʭʵʨʵʛʣʵʵʛ ʭʷʟʛʘʘʨʣʘʭ ʙʵʨʭʰʵʵʣ 

ʙʘʡʥʘ. 

8. ɹʠʜ ʩʫʜʘʣʛʘʘʥʜʘʘ ʘʥʘʪʘʟ-TiO2-ʠʡʛ ʪװװʭʠʡ ʵʜʵʵʨ ʩʦʥʛʦʞ ʘʚʩʘʥ. ʄᴇʥ ᴇʥʜᴇʨ 

ʵʥʝʨʛʠʡʥ ʙᴇʤʙᴇʛᴇʥ ʪʵʵʨʵʤ ʘʰʠʛʣʘʥ ʘʥʘʪʘʟ ʪᴇʨʣʠʡʥ TiO2 ʥʫʥʪʛʠʡʥ ʪʘʣʩʪʳʥ 

ʭʵʤʞʵʵʛ 9 ʥʤ ʭװʨʪʵʣ ʙʫʫʨʫʫʣʘʘʜ ʜʘʨʘʘ ʥʴ ᴇʥʜᴇʨ ʪʝʤʧʝʨʘʪʫʨʪ ʘʨʛʦʥʳ ʭʠʡʥ ʦʨʯʠʥʜ 

ʘʥʛʠʞʨʫʫʣʞ, ʥʘʥʦʭʵʤʞʵʵʪ Ti3O5 ʬʘʟʳʛ ʙʘʛʘ ʭʵʤʞʵʵ (37.9%)-ʛʵʵʨ  ʛʘʨʛʘʥ ʘʚʩʘʥ 

ʟʵʨʵʛ ʥʴ ʛʘʜʘʘʜʳʥ ʩʫʜʣʘʘʯʜʳʥ ʘʞʣʘʘʩ ʷʣʛʘʛʜʘʭ ʦʥʮʣʦʛʪʦʡ ʶʤ.  

9. ʍʘʪʫʫ-ʭʘʪʫʫ ʪᴇʨʣʠʡʥ ʬʘʟʳʥ ʰʠʣʞʠʣʪʪʵʡ Ti3O5 ʪᴇʨʣʠʡʥ ʢʨʠʩʪʘʣʣʳʛ ᴇʛᴇʛʜᴇʣ 

ʭʘʜʛʘʣʘʭ, ʜʫʣʘʘʥ ʥᴇᴇʮʣᴇʭ, ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʠʡʥ ʪᴇʭᴇᴇʨᴇʤʞװװʜ, ʙʘʨʠʣʛʘ 

ʙʘʡʛʫʫʣʘʤʞʠʡʥ ʭʘʣʘʘʣʪʳʥ ʪʘʚ ʪʫʭʪʘʡ ʦʨʯʥʳʛ ʙװʨʜװװʣʵʭ,  ʘʚʪʦʤʘʰʠʥʳ ʭʵʪ ʠʭ 

ʜʫʣʘʘʥ ʙʫʶʫ װʡʣʜʚʵʨʠʡʥ ʭʘʷʛʜʘʣ ʜʫʣʘʘʥʳʛ ʜʘʭʠʥ ʘʰʠʛʣʘʭ ʟʵʨʵʛʪ ʭʵʨʵʛʣʵʭ ᴇʨʛᴇʥ 

ʙʦʣʦʤʞ ʭʘʨʘʛʜʘʞ ʙʘʡʛʘʘ ʶʤ.     
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