
ʅɸʎɯʆʅɸʃʔʅʀʁ ʊɽʍʅɯʏʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ ʋʂʈɸɰʅʀ 

çʂʀɰɺʉʔʂʀʁ ʇʆʃɯʊɽʍʅɯʏʅʀʁ ɯʅʉʊʀʊʋʊ 

ʽʤʝʥʽ  ɯɻʆʈʗ ʉɯʂʆʈʉʔʂʆɻʆ» 

 

ɯʅɾɽʅɽʈʅʆ ï ʍɯʄɯʏʅʀʁ ʌɸʂʋʃʔʊɽʊ 
(ʧʦʚʥʘ ʥʘʟʚʘ ʽʥʩʪʠʪʫʪʫ/ʬʘʢʫʣʴʪʝʪʫ) 

ʂʘʬʝʜʨʘ ʭʽʤʽʯʥʦʛʦ, ʧʦʣʽʤʝʨʥʦʛʦ ʽ ʩʠʣʽʢʘʪʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ 
(ʧʦʚʥʘ ʥʘʟʚʘ ʢʘʬʝʜʨʠ) 

çʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫè 

ʋɼʂ 678.057______ 

çɼʦ ʟʘʭʠʩʪʫ ʜʦʧʫʱʝʥʦè 

ɿʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ    

ʆ. ʃ. ʉʦʢʦʣʴʩʴʢʠʡ_________ 
(ʧʽʜʧʠʩ)                           (ʽʥʽʮʽʘʣʠ, ʧʨʽʟʚʠʱʝ) 

ñ___ò_____________       2023 ʨ. 

 

 

ʄʘʛʽʩʪʝʨʩʴʢʘ ʜʠʩʝʨʪʘʮʽʷ 

 

ʟʽ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 131 ʇʨʠʢʣʘʜʥʘ ʤʝʭʘʥʽʢʘ (ʦʩʚʽʪʥʴʦ-ʥʘʫʢʦʚʘ ʧʨʦʛʨʘʤʘ: ɯʥʞʠʥʽʨʠʥʛ ʧʘʢʦʚʘʥʴ ʪʘ 

ʧʘʢʫʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ) ___________________________________________________ 
(ʢʦʜ ʽ ʥʘʟʚʘ ʩʧʝʮʽʘʣʴʥʦʩʪʽ)  

ʥʘ ʪʝʤʫ: ɿʤʽʥʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʘʛʣʦʤʝʨʘʪʽʚ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ (TiO2) ʧʨʠ  

ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ ʜʠʩʧʝʨʛʫʚʘʥʥʽ ʾʭ ʫ ʨʽʜʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ _________________________ 

ɺʠʢʦʥʘʚ (-ʣʘ): ʩʪʫʜʝʥʪ (-ʢʘ) __2__ ʢʫʨʩʫ, ʛʨʫʧʠ _ʃʋ- 11ʤʥ________ 
(ʰʠʬʨ ʛʨʫʧʠ) 

ɾʫʢʦʚʩʴʢʘ ɸʣʽʥʘ ʆʣʝʢʩʘʥʜʨʽʚʥʘ ______________   ___________ 
(ʧʨʽʟʚʠʱʝ, ʽʤôʷ, ʧʦ ʙʘʪʴʢʦʚʽ) (ʧʽʜʧʠʩ)  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ   ʜ.ʪ.ʥ., ʧʨʦʬ. ɻʦʥʜʣʷʭ ʆ. ɺ. ____________________   ___________ 
(ʧʦʩʘʜʘ, ʥʘʫʢʦʚʠʡ ʩʪʫʧʽʥʴ, ʚʯʝʥʝ ʟʚʘʥʥʷ, ʧʨʽʟʚʠʱʝ ʪʘ ʽʥʽʮʽʘʣʠ) (ʧʽʜʧʠʩ)  

                 

ʂʦʥʩʫʣʴʪʘʥʪ    ______________________________________________       _________ 
                               (ʧʦʩʘʜʘ, ʥʘʫʢʦʚʠʡ ʩʪʫʧʽʥʴ, ʚʯʝʥʝ ʟʚʘʥʥʷ, ʥʘʫʢʦʚʠʡ ʩʪʫʧʽʥʴ, ʧʨʽʟʚʠʱʝ ʪʘ ʽʥʽʮʽʘʣʠ) (ʧʽʜʧʠʩ)  

 

ʈʝʮʝʥʟʝʥʪ    _________________________________________________       _________ 
                               (ʧʦʩʘʜʘ, ʥʘʫʢʦʚʠʡ ʩʪʫʧʽʥʴ, ʚʯʝʥʝ ʟʚʘʥʥʷ, ʥʘʫʢʦʚʠʡ ʩʪʫʧʽʥʴ, ʧʨʽʟʚʠʱʝ ʪʘ ʽʥʽʮʽʘʣʠ) (ʧʽʜʧʠʩ)  

 

 

 

 ɿʘʩʚʽʜʯʫʶ, ʱʦ ʫ ʮʽʡ ʤʘʛʽʩʪʝʨʩʴʢʽʡ 

ʜʠʩʝʨʪʘʮʽʾ ʥʝʤʘʻ ʟʘʧʦʟʠʯʝʥʴ ʟ ʧʨʘʮʴ 

ʽʥʰʠʭ ʘʚʪʦʨʽʚ ʙʝʟ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʩʠʣʘʥʴ. 

 ʉʪʫʜʝʥʪʢʘ _____________ 
(ʧʽʜʧʠʩ) 

 

ʂʠʾʚ ï 2023 ʨʦʢʫ 



ʅɸʎɯʆʅɸʃʔʅʀʁ ʊɽʍʅɯʏʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ ʋʂʈɸɰʅʀ 

«ʂʀɰɺʉʔʂʀʁ ʇʆʃɯʊɽʍʅɯʏʅʀʁ ɯʅʉʊʀʊʋʊ 

ɯʄɽʅɯ ɯɻʆʈʗ ʉɯʂʆʈʉʔʂʆɻʆ» 

 

ʌʘʢʫʣʴʪʝʪ   ʽʥʞʝʥʝʨʥʦ-ʭʽʤʽʯʥʠʡ  

ʂʘʬʝʜʨʘ   ʭʽʤʽʯʥʦʛʦ, ʧʦʣʽʤʝʨʥʦʛʦ ʪʘ ʩʠʣʽʢʘʪʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ  

ʈʽʚʝʥʴ ʚʠʱʦʾ ʦʩʚʽʪʠ ʜʨʫʛʠʡ (ʤʘʛʽʩʪʨ)  

ʉʧʝʮʽʘʣʴʥʽʩʪʴ  131 ʇʨʠʢʣʘʜʥʘ ʤʝʭʘʥʽʢʘ  

ɿɸʊɺɽʈɼɾʋʖ 

ɿʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ 
ʆ.ʃ.ʉʦʢʦʣʴʩʴʢʠʡ_____ 

(ʧʽʜʧʠʩ)            (ʽʥʽʮʽʘʣʠ, ʧʨʽʟʚʠʱʝ) 

«___»_____________2023 ʨ. 

 

 

ɿɸɺɼɸʅʅʗ 

ʥʘ ʤʘʛʽʩʪʝʨʩʴʢʫ ʜʠʩʝʨʪʘʮʽʶ ʩʪʫʜʝʥʪʫ 

ɾʫʢʦʚʩʴʢʘ ɸʣʽʥʘ ʆʣʝʢʩʘʥʜʨʽʚʥʘ  
(ʧʨʽʟʚʠʱʝ, ʽʤôʷ, ʧʦ ʙʘʪʴʢʦʚʽ) 

 

1. ʊʝʤʘ ʜʠʩʝʨʪʘʮʽ:ʾ «ɿʤʽʥʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʘʛʣʦʤʝʨʘʪʽʚ ʜʽʦʢʩʠʜʫ 

ʪʠʪʘʥʫ (TiO2) ʧʨʠ  ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ ʜʠʩʧʝʨʛʫʚʘʥʥʽ ʾʭ ʫ ʨʽʜʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ»,  

ʥʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ʜʠʩʝʨʪʘʮʽʾ. ʜ.ʪ.ʥ., ʧʨʦʬ. ɻʦʥʜʣʷʭ ʆ. ɺ. 
                                                                       (ʧʨʽʟʚʠʱʝ, ʽʤôʷ, ʧʦ ʙʘʪʴʢʦʚʽ, ʥʘʫʢʦʚʠʡ ʩʪʫʧʽʥʴ, ʚʯʝʥʝ ʟʚʘʥʥʷ) 

ʟʘʪʚʝʨʜʞʝʥʽ ʥʘʢʘʟʦʤ ʧʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʚʽʜ ç___è_________ 2023 ʨ. ˉ_____ 

2. ʉʪʨʦʢ ʧʦʜʘʥʥʷ ʩʪʫʜʝʥʪʦʤ ʜʠʩʝʨʪʘʮʽ ʾ 22.05.2023  

3. ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʧʨʦʮʝʩ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʘʛʣʦʤʝʨʘʪʽʚ 

ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ (TiO2) ʫ ʨʽʜʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

4. ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʟʤʽʥʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʘʛʣʦʤʝʨʘʪʽʚ ʜʽʦʢʩʠʜʫ 

ʪʠʪʘʥʫ (TiO2) ʧʨʠ  ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ ʜʠʩʧʝʨʛʫʚʘʥʥʽ 

5. ʇʝʨʝʣʽʢ ʟʘʚʜʘʥʴ, ʷʢʽ ʧʦʪʨʽʙʥʦ ʨʦʟʨʦʙʠʪʠ: 1) ɺʠʢʦʥʘʪʠ ʣʽʪʝʨʘʪʫʨʥʠʡ ʦʛʣʷʜ, 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʥʘʧʨʷʤʢʫ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ ʟʤʽʰʫʚʘʣʴʥʠʤʠ 



ʣʘʙʦʨʘʪʦʨʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʫ ʨʽʜʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʫ ʥʘʧʨʷʤʢʫ ʧʦʰʫʢʫ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʯʘʩʪʠʥʦʢ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ; 

2) ʇʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʠʩʧʝʨʛʫʚʘʥʥʷ 

ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ (TiO2) ʫ ʜʠʩʪʠʣʴʦʚʘʥʽʡ ʚʦʜʽ; 

3) ɼʦʩʣʽʜʠʪʠ ʟʤʽʥʠ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʘʛʣʦʤʝʨʘʪʽʚ ʯʘʩʪʠʥʦʢ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ 

(TiO2) ʫ ʧʨʦʮʝʩʽ ʚʧʣʠʚʫ ʥʘ ʥʠʭ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʢʦʣʠʚʘʥʴ; 

4) ʆʪʨʠʤʘʪʠ ʪʘ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʧʝʨʩʽʾ ʥʘʥʦʯʘʩʪʠʥʦʢ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ 

ʫ ʣʘʙʦʨʘʪʦʨʥʠʭ ʧʨʠʩʪʨʦʷʭ LUMiSizer ʪʘ Horiba; 

5) ɿʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʧʨʦ ʥʘʡʷʢʽʩʥʽʰʝ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ (TiO2). 

6. ʇʝʨʝʣʽʢ ʛʨʘʬʽʯʥʦʛʦ (ʽʣʶʩʪʨʘʪʠʚʥʦʛʦ) ʤʘʪʝʨʽʘʣʫ  108 ʩ., 32 ʨʠʩ., 9 ʪʘʙʣ., 2 ʜʦʜ., 

40 ʧʦʩʠʣʘʥʴ 

7. ʆʨʽʻʥʪʦʚʥʠʡ ʧʝʨʝʣʽʢ ʧʫʙʣʽʢʘʮʽʡ: ʆʧʫʙʣʽʢʦʚʘʥʦ 9 ʥʘʫʢʦʚʠʭ ʩʪʘʪʝʡ ʚ ʥʘʫʢʦʚʠʭ 

ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʥʾʠ   

8. ʂʦʥʩʫʣʴʪʘʥʪʠ ʨʦʟʜʽʣʽʚ ʜʠʩʝʨʪʘʮʽʾ 

 
ʈʦʟʜʽʣ 

 ʇʽʜʧʠʩ, ʜʘʪʘ 

ʇʨʽʟʚʠʱʝ, ̔ ʥʽʮʽʘʣʠ ʪʘ ʧʦʩʘʜʘ 
ʟʘʚʜʘʥʥʷ ʟʘʚʜʘʥʥʷ 

ʢʦʥʩʫʣʴʪʘʥʪʘ 
ʚʠʜʘʚ ʧʨʠʡʥʷʚ 

ɺʩʽ ʨʦʟʜʽʣʠ ʅʘʫʯʥʠʡ ʢʝʨʽʚʥʠʢ 

ʜ.ʪ.ʥ., ʧʨʦʬ. ɻʦʥʜʣʷʭ ʆ. ɺ. 

10.01.2023 22.05.2023 

    

9. ɼʘʪʘ ʚʠʜʘʯʽ ʟʘʚʜʘʥʥʷ 10.01.2023  

ʂʘʣʝʥʜʘʨʥʠʡ ʧʣʘʥ 

ˉ  

ʟ/ʧ  

ʅʘʟʚʘ ʝʪʘʧʽʚ ʚʠʢʦʥʘʥʥʷ ʤʘʛʽʩʪʝʨʩʴʢʦʾ 

ʜʠʩʝʨʪʘʮʽ ʾ

ʊʝʨʤʽʥ ʚʠʢʦʥʘʥʥʷ 

ʝʪʘʧʽʚ 

ʤʘʛʽʩʪʝʨʩʴʢʦʾ 

ʜʠʩʝʨʪʘʮʽ ʾ

ʇʨʠʤʽʪʢʘ 

 

1 ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʽ ʧʘʪʝʥʪʥʠʭ ʜʞʝʨʝʣ 

ʟ ʧʨʦʙʣʝʤʘʪʠʢʠ ʜʠʩʝʨʪʘʮʽ.ʾ 

01.01-01.02.2023 ʚʠʢʦʥʘʥʦ 

 



ʌʦʨʤʫʣʶʚʘʥʥʷ ʟʘʚʜʘʥʴ ʪʝʦʨʝʪʠʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ.  

2 ɸʥʘʣʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʴ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʠʩʧʝʨʛʫʚʘʥʥʷ 

ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ (TiO2) ʫ ʜʠʩʪʠʣʴʦʚʘʥʽʡ 

ʚʦʜʽ. 

01.02-1.03.2023 ʚʠʢʦʥʘʥʦ 

3 ɸʥʘʣʽʟ ʟʤʽʥʠ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʘʛʣʦʤʝʨʘʪʽʚ ʯʘʩʪʠʥʦʢ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ 

(TiO2) ʫ ʧʨʦʮʝʩʽ ʚʧʣʠʚʫ ʥʘ ʥʠʭ 

ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʢʦʣʠʚʘʥʴ ʪʘ 

ʤʝʭʘʥʽʯʥʦʛʦ ʜʨʦʙʣʝʥʥʷ. 

01.03-15.03.2023 ʚʠʢʦʥʘʥʦ 

4 ʄʘʪʝʤʘʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʯʘʩʪʠʥʦʢ 

ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ (TiO2). 

15.03-1.04.2023 ʚʠʢʦʥʘʥʦ 

5 ɸʥʘʣʽʟ ʪʘ ʧʦʙʫʜʦʚʘ ʛʨʘʬʽʢʽʚ ʟʘʣʝʞʥʦʩʪʽ 

ʨʘʜʽʫʩʦʚ ʥʘʥʦʯʘʩʪʠʥʦʢ ʚʽʜ ʯʘʩʫ (30ʩ, 

60ʩ, 90ʩ, 5 ʭʚ) ʪʘ ʨʽʟʥʦʾ ʘʤʧʣʽʪʫʜʠ (20%, 

30%, 40%, 60%). 

01.04-15.04.2023 

 

ʚʠʢʦʥʘʥʦ 

6 ʇʽʜʛʦʪʦʚʢʘ ʩʪʘʨʪʘʧʫ ʧʨʦʝʢʪʫ, ʨʦʟʜʽʣ 6. 

ʇ̔ ʜʛʦʪʦʚʢʘ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʪʘ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

15.04-01.05.2023 ʚʠʢʦʥʘʥʦ 

7 ʌʦʨʤʫʣʶʚʘʥʥʷ ʚʠʩʥʦʚʢʽʚ, ʧʽʜʛʦʪʦʚʢʘ 

ʧʨʝʟʝʥʪʘʮʽ ʾʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. 
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ʈɽʌɽʈɸʊ 

ʋɼʂ 678.057   

ʄʘʛʽʩʪʝʨʩʴʢʘ ʜʠʩʝʨʪʘʮʽʷ çɿʤʽʥʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʘʛʣʦʤʝʨʘʪʽʚ 

ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ (TiO2) ʧʨʠ  ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ ʜʠʩʧʝʨʛʫʚʘʥʥʽ ʾʭ ʫ ʨʽʜʢʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ» / ɸ.ʆ. ɾʫʢʦʚʩʴʢʘ, ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ; ʥ. ʢʝʨʽʚʥʠʢ ʜ.ʪ.ʥ., ʧʨʦʬ.   

ʆ. ɺ. ɻʦʥʜʣʷʭ. ʈʦʙʦʪʘ ʤʽʩʪʠʪʴ: 114 ʩ., 32 ʨʠʩ., 9 ʪʘʙʣ., 2 ʜʦʜ., 40 ʧʦʩʠʣʘʥʴ.  

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʧʨʦʮʝʩ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʘʛʣʦʤʝʨʘʪʽʚ 

ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ (TiO2) ʫ ʨʽʜʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʟʤʽʥʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʘʛʣʦʤʝʨʘʪʽʚ ʜʽʦʢʩʠʜʫ 

ʪʠʪʘʥʫ (TiO2) ʧʨʠ  ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ ʜʠʩʧʝʨʛʫʚʘʥʥʽ. 

ʄʝʪʘ ʨʦʙʦʪʠ: ʜʝʘʛʣʦʤʝʨʘʮʽʷ ʯʘʩʪʠʥʦʢ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ (TiO2) ʧʨʠ  

ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ ʜʠʩʧʝʨʛʫʚʘʥʥʽ ʫ ʨʽʜʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʪʘ ʭʾ ʥʦʚʠʟʥʘ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʠʭ ʫ ʜʠʩʝʨʪʘʮʽ ʾ

ʜʦʩʣʽʜʞʝʥʴ ʦʪʨʠʤʘʥʽ ʪʘʢʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ:  

1. ɺʠʢʦʥʘʥʦ ʣʽʪʝʨʘʪʫʨʥʠʡ ʦʛʣʷʜ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʤʝʪʦʜʽʚ ʚʠʨʦʙʥʠʮʪʚʘ 

ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ;  

2. ʇʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ 

ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ (TiO2) ʫ ʜʠʩʪʠʣʴʦʚʘʥʽʡ ʚʦʜʽ;  

3. ɼʦʩʣʽʜʞʝʥʦ ʟʤʽʥʫ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʘʛʣʦʤʝʨʘʪʽʚ ʜʽʦʢʩʠʜʫ 

ʪʠʪʘʥʫ (TiO2) ʚ ʧʨʦʮʝʩʽ ʾʭ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʠʩʧʝʨʛʫʚʘʥʥʷ; 

4. ɺʩʪʘʥʦʚʣʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʘʤʧʣʽʪʫʜʦʶ ʢʦʣʠʚʘʥʴ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʪʘ 

ʤʘʢʩʠʤʘʣʴʥʠʤ ʨʘʜʽʫʩʦʤ ʯʘʩʪʠʥʦʢ, ʷʢʽ ʟʘʣʠʰʠʣʠʩʷ ʧʽʩʣʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʦʙʨʦʙʢʠ; 

5. ʆʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʪʘ ʧʦʙʫʜʦʚʘʥʽ ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʨʘʜʽʫʩʽʚ ʯʘʩʪʠʥʦʢ 

TiO2 ʚʽʜ ʩʠʣ ʪʠʩʢʫ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ ʪʘ ʩʠʣ ʪʠʩʢʫ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʠʩʧʝʨʛʫʚʘʥʥʷ. 

ʊʘ ʧʦʙʫʜʦʚʘʥʽ ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʨʘʜʽʫʩʽʚ ʯʘʩʪʠʥʦʢ TiO2 ʚʽʜ ʯʘʩʫ (30ʩ, 60ʩ, 90ʩ, 5 

ʭʚ) ʪʘ ʨʽʟʥʦʾ ʘʤʧʣʽʪʫʜʠ (20%, 30%, 40%, 60%). 

ɿʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ 6 ʥʘʫʢʦʚʠʭ ʨʦʙ̔ʪ. 

ʂʃʖʏʆɺɯ ʉʃʆɺɸ: ɼʀʉʇɽʈɻɸʊʆʈ, ʋʃʔʊʈɸɿɺʋʂ, ɼɯʆʂʉʀɼ ʊʀʊɸʅʋ, 

ɸɻʃʆʄɽʈɸʊʀ. 
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ABSTRACT 

UDK 678.057 

Master's thesis "Change of geometrical parameters of titanium dioxide (TiO2) 

agglomerates during ultrasonic dispersion in a liquid medium" / A.O. Zhukovska, Igor 

Sikorsky KPI; supervisor Prof. O. V. Gondlyakh. The work contains: 114 pages, 32 

figures, 9 tables, 1 appendix, 40 references. 

The object of research: the process of ultrasonic dispersion of agglomerates of 

titanium dioxide (TiO2) in a liquid medium. 

Subject of research: change of geometric parameters of agglomerates of titanium 

dioxide (TiO2) during ultrasonic dispersion. 

The purpose of the work: deagglomeration of titanium dioxide (TiO2) particles 

during ultrasonic dispersion in a liquid medium. 

The results of the work and their novelty. As a result of the research carried out in 

the dissertation, the following scientific results were obtained: 

1. A literature review of technology and methods of titanium dioxide 

production was carried out; 

2. Experimental studies of ultrasonic dispersion of titanium dioxide (TiO2) in 

distilled water were conducted; 

3. The change of geometric parameters of agglomerates of titanium dioxide 

(TiO2) during their ultrasonic dispersion was studied; 

4. The relationship between the amplitude of dispersion oscillations and the 

maximum radius of the particles that remained after ultrasonic treatment was established; 

5. Obtained values and plotted graphs of dependence of TiO2 particle radii on 

van der Waals pressure forces and pressure forces of ultrasonic dispersion. Graphs of the 

dependence of the radii of TiO2 particles on time (30s, 60s, 90s, 5 min) and different 

amplitudes (20%, 30%, 40%, 60%) were plotted. 

 

6 scientific works were published on the topic of the dissertation. 

 

KEY WORDS: DISPERGATOR, ULTRASOUND, TITANIUM DIOXIDE, 

AGLOMERATES. 
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ů ï ʊʠʩʢ ʚʽʜ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʭʚʠʣʽ, ʈʘ; 

A0 ï ʇʦʯʘʪʢʦʚʠʡ ʟʚʫʢʦʚʠʡ ʪʠʩʢ, ʈʘ; 

ŭ ï ʂʦʝʬʽʮʽʻʥʪ ʟʛʘʩʘʥʥʷ; 

ɸʥ ï ʇʦʩʪʽʡʥʘ ʍʘʤʘʢʝʨʘ, ɼʞ; 

R ï ʨʘʜʽʫʩ, ʤ; 

S ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʤ2; 

ὸ ï ʯʘʩ, ʩ; 

Ὂ ï ʩʠʣʘ, ʅ; 

 

ʉʢʦʨʦʯʝʥʥʷ: 

ɯʍʌ ï ʽʥʞʝʥʝʨʥʦ-ʭʽʤʽʯʥʠʡ ʬʘʢʫʣʴʪʝʪ;  

ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ï ʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ;  

ʍʇʉʄ ï ʢʘʬʝʜʨʘ ʭʽʤʽʯʥʦʛʦ, ʧʦʣʽʤʝʨʥʦʛʦ ʪʘ ʩʠʣʽʢʘʪʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ; 

TEM - ʪʨʘʥʩʤʽʩʽʡʥʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʤʽʢʨʦʩʢʦʧ; 

STEP - ʩʪʘʥʜʘʨʪ ʦʙʤʽʥʫ ʤʦʜʝʣʣʶ ʜʘʥʠʭ ʚʠʨʦʙʫ; 

LEED - ʧʦʩʽʙʥʠʢ ʟ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʛʦ ʪʘ ʝʢʦʣʦʛʽʯʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ LEED; 

FVV - ʩʠʣʠ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ; 

Fʧʥ - ʩʠʣʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ; 

FUS - ʩʠʣʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʭʚʠʣʽ; 

SWOT-ʘʥʘʣʽʟ - ʤʝʪʦʜ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ; 

ʐʅɺʌ - ʥʝʙʝʟʧʝʯʥʽ ʪʘ ʰʢʽʜʣʠʚʽ ʚʠʨʦʙʥʠʯʽ ʬʘʢʪʦʨʠ; 
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ɿɯɿ - ʟʘʩʦʙʠ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ; 

ɼʉʅ - ʜʝʨʞʘʚʥʽ ʩʘʥʽʪʘʨʥʽ ʥʦʨʤʠ. 
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ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʘʛʣʦʤʝʨʘʪʽʚ TiO2 ʧʽʜ ʯʘʩ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʻ ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ 

ʷʢʦʩʪʽ TiO2 ʫ ʨʽʟʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷʭ, ʘ ʪʘʢʦʞ ʜʣʷ ʨʦʟʨʦʙʢʠ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʭ ʪʘ ʩʪʽʡʢʠʭ ʧʨʦʮʝʩʽʚ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʦʙʨʦʙʢʠ TiO2. ʋʣʴʪʨʘʟʚʫʢʦʚʝ 

ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʨʫʡʥʫʚʘʥʥʷ ʘʛʣʦʤʝʨʘʪʽʚ, ʦʜʥʘʢ ʡʦʛʦ 

ʚʧʣʠʚ ʥʘ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʘʛʣʦʤʝʨʘʪʽʚ TiO2 ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʠʡ, ʽ 

ʥʝʦʙʭʽʜʥʽ ʧʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʠʩʧʝʨʩʽʾ. 

ɼʽʦʢʩʠʜ ʪʠʪʘʥʫ ʻ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤ ʥʝʦʨʛʘʥʽʯʥʠʤ ʤʘʪʝʨʽʘʣʦʤ, 

ʟʦʢʨʝʤʘ ʚ ʛʘʣʫʟʷʭ ʬʦʪʦʢʘʪʘʣʽʟʫ, ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʙʽʦʤʝʜʠʯʥʦʾ ʽʥʞʝʥʝʨʽʾ. 

ɸʛʨʝʛʘʮʽʷ ʯʘʩʪʠʥʦʢ TiO2 ʤʦʞʝ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʪʠ ʥʘ ʾʭʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʫ ʨʽʟʥʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷʭ. ʊʦʤʫ ʢʦʥʪʨʦʣʴ ʜʠʩʧʝʨʩʽʾ ʯʘʩʪʠʥʦʢ TiO2 

ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 

ʋʣʴʪʨʘʟʚʫʢʦʚʘ ʜʠʩʧʝʨʩʽʷ ʻ ʝʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʜʣʷ ʨʫʡʥʫʚʘʥʥʷ ʘʛʣʦʤʝʨʘʪʽʚ 

TiO2 ʽ ʜʦʩʷʛʥʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʦʤ. ʇʨʦʮʝʩ 

ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʪʘʢʦʞ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʟʤʽʥʠ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʘʛʣʦʤʝʨʘʪʽʚ 

TiO2, ʪʘʢʠʭ ʷʢ ʨʦʟʤʽʨ, ʬʦʨʤʘ ʪʘ ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ. ʈʦʟʫʤʽʥʥʷ ʮʠʭ ʟʤʽʥ ʤʘʻ 

ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʜʠʩʧʝʨʩʽʾ ʪʘ ʧʦʢʨʘʱʝʥʥʷ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʪʨʠʤʘʥʠʭ ʯʘʩʪʠʥʦʢ TiO2. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ ʪʘ ʪʝʤʘʤʠ. ʈʦʙʦʪʫ 

ʚʠʢʦʥʘʥʦ ʥʘ ʢʘʬʝʜʨʽ ʭʽʤʽʯʥʦʛʦ, ʧʦʣʽʤʝʨʥʦʛʦ ʪʘ ʩʠʣʽʢʘʪʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ 

(ʍʇʉʄ) ʟʛʽʜʥʦ ʟ ʧʣʘʥʦʤ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ ʚ ʨʘʤʢʘʭ ʜʦʛʦʚʦʨʫ ʧʨʦ ʩʧʽʚʧʨʘʮʶ ʤʽʞ 

ʅʘʮʽʦʥʘʣʴʥʠʤ ʪʝʭʥʽʯʥʠʤ ʫʥʽʚʝʨʩʠʪʝʪʦʤ ʋʢʨʘʥʾʠ çʂʠʚʾʩʴʢʠʤ ʧʦʣʽʪʝʭʥʽʯʥʠʤ 

ʽʥʩʪʠʪʫʪʦʤ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè ʪʘ ʪʝʭʥʽʯʥʠʤ ʫʥʽʚʝʨʩʠʪʝʪʦʤ ʂʘʡʟʝʨʩʣʘʫʪʝʨʥʘ 

(ʅʽʤʝʯʯʠʥʘ) ʚ ʨʘʤʢʘʭ ʩʪʠʧʝʥʜʽʾ ʽʤʝʥʽ ʃʝʦʥʘʨʜʘ ɽʡʣʝʨʘ. 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ, ʟʛʽʜʥʦ ʪʝʭʥʽʯʥʦʛʦ 

ʟʘʚʜʘʥʥʷ, ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʜʝʘʛʣʦʤʝʨʘʮʽʾ ʯʘʩʪʠʥʦʢ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ (TiO2) ʧʨʠ  

ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ ʜʠʩʧʝʨʛʫʚʘʥʥʽ ʾʭ ʫ ʨʽʜʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 
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ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦ ʾʤʝʪʠ ʙʫʣʠ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʪʘʢʽ ʟʘʚʜʘʥʥʷ:  

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʘʛʣʦʤʝʨʘʪʽʚ 

ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ (TiO2) ʫ ʨʽʜʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʟʤʽʥʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʘʛʣʦʤʝʨʘʪʽʚ 

ʜʦ̔ʢʩʠʜʫ ʪʠʪʘʥʫ (TiO2) ʧʨʠ  ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ ʜʠʩʧʝʨʛʫʚʘʥʥʽ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʧʦʣʷʛʘʻ ʚ 

ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʦʮʝʩʫ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʘʛʣʦʤʝʨʘʪʽʚ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ 

(TiO2) ʫ ʨʽʜʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʫ ʟʤʽʥʽ ʾʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʪʘʢʦʤʫ: 

1. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʩʣʽʜʞʝʥʦ ʟʤʽʥʠ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʽʚ ʘʛʣʦʤʝʨʘʪʽʚ 

ʯʘʩʪʠʥʦʢ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ (TiO2); 

2. ɿʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʯʘʩʪʠʥʦʢ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ (TiO2) ʜʣʷ 

ʜʝʘʛʣʦʤʝʨʘʮʽʾ; 

3. ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʩʚʽʜʯʠʪʴ ʧʨʦ ʷʢʽʩʥʝ ʫʟʛʦʜʞʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ 

ʯʠʩʝʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽ ʾʦʧʫʙʣʽʢʦʚʘʥʦ 6 ʥʘʫʢʦʚʠʭ ʨʦʙ̔ʪ.  

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽ.ʾ ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, ʩʝʤʠ 

ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʜʦʜʘʪʢʽʚ ʽ ʧʝʨʝʣʽʢʫ ʧʦʩʠʣʘʥʴ. ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʜʠʩʝʨʪʘʮʽ ʾ

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 72 ʩʪʦʨʽʥʢʘʭ ʽ ʤʽʩʪʠʪʴ 32 ʨʠʩʫʥʢʽʚ. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʨʦʙʦʪʠ 

ʩʪʘʥʦʚʠʪʴ 108 ʩʪʦʨʽʥʢʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ 2 ʜʦʜʘʪʢʘ ʽ ʧʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ ʟ 40 

ʥʘʡʤʝʥʫʚʘʥʥʷʤʠ. 
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1. ʆʇʀʉ ɯ ʇʈʀɿʅɸʏɽʅʅʗ ʃɯʅɯɰ ɺʀʈʆɹʅʀʎʊɺɸ ɼɯʆʂʉʀɼ 
ʊʀʊɸʅʋ 

 

ɼʽʦʢʩʠʜ ʪʠʪʘʥʫ (TiO2) ʻ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤ ʧʽʛʤʝʥʪʦʤ ʽ ʚʠʨʦʙʣʷʻʪʴʩʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʘʛʘʪʦʝʪʘʧʥʦʛʦ ʧʨʦʮʝʩʫ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʚʠʜʦʙʫʪʦʢ ʪʠʪʘʥʦʚʦʾ ʨʫʜʠ, 

ʧʝʨʝʨʦʙʢʫ ʾʾ ʚ ʯʠʩʪʫ ʬʦʨʤʫ ʪʘ ʩʠʥʪʝʟ ʯʘʩʪʠʥʦʢ TiO2. ʇʨʦʮʝʩ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ 

ʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʨʫʜʠ ʪʘ ʙʘʞʘʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ, ʘʣʝ, ʷʢ 

ʧʨʘʚʠʣʦ, ʧʝʨʝʜʙʘʯʘʻ ʩʝʨʽʶ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʽ ʬʽʟʠʯʥʠʭ ʦʙʨʦʙʦʢ ʜʣʷ ʦʯʠʱʝʥʥʷ 

ʤʘʪʝʨʽʘʣʫ. ʋ ʮʴʦʤʫ ʧʨʦʮʝʩʽ ʩʠʨʦʚʠʥʘ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʧʨʦʤʽʞʥʽ ʧʨʦʜʫʢʪʠ, ʪʘʢʽ 

ʷʢ ʪʝʪʨʘʭʣʦʨʠʜ ʪʠʪʘʥʫ, ʷʢʠʡ ʧʦʪʽʤ ʚʽʜʥʦʚʣʶʻʪʴʩʷ ʜʦ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʨʦʮʝʩʫ. ʆʪʨʠʤʘʥʠʡ ʧʦʨʦʰʦʢ TiO2 ʧʦʜʨʽʙʥʶʶʪʴ ʽ 

ʦʙʨʦʙʣʷʶʪʴ ʜʘʣʽ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʙʘʞʘʥʦʛʦ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʦʚʝʨʭʥʽ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ. 

 

1.1. ʊʝʭʥʦʣʦʛʽʷ ʚʠʨʦʙʥʠʮʪʚʘ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ 

 

ʇʽʛʤʝʥʪʠ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ ʤʘʶʪʴ ʜʚʽ ʬʦʨʤʠ ï ʘʥʘʪʘʟʥʘ ʪʘ ʨʫʪʠʣʴʥʘ, ʽ 

ʚʠʨʦʙʣʷʶʪʴʩʷ ʟʘ ʜʚʦʤʘ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʩʭʝʤʘʤʠ: ʩʫʣʴʬʘʪʥʠʡ ʪʘ ʭʣʦʨʥʠʡ ʩʧʦʩʦʙʠ.  

ʉʫʣʴʬʘʪʥʠʡ ʤʝʪʦʜ ʙʫʣʦ ʚʧʨʦʚʘʜʞʝʥʦ ʚ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʫ 1931 ʨ. ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʘʥʘʪʘʟʥʦʾ ʬʦʨʤʠ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ, ʘ ʧʽʟʥʽʰʝ ʫ 1941 ʨ. ï ʨʫʪʠʣʴʥʦʾ. ʋ 

ʮʴʦʤʫ ʩʧʦʩʦʙʽ ʨʫʜʘ, ʱʦ ʤʽʩʪʠʪʴ ʪʠʪʘʥ (ʽʣʴʤʝʥʽʪ ʪʘ ʽʥ.), ʨʦʟʯʠʥʷʻʪʴʩʷ ʚ ʩʽʨʯʘʥʽʡ 

ʢʠʩʣʦʪʽ, ʫʪʚʦʨʶʶʯʠ ʨʦʟʯʠʥʠ ʩʫʣʴʬʘʪʽʚ ʪʠʪʘʥʫ, ʟʘʣʽʟʘ ʪʘ ʽʥʰʠʭ ʤʝʪʘʣʽʚ. ʇʦʪʽʤ ʫ 

ʨʷʜʽ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʭʽʤʽʯʥʝ ʚʽʜʥʦʚʣʝʥʥʷ, ʦʯʠʱʝʥʥʷ, ʦʩʘʜʞʝʥʥʷ, 

ʧʨʦʤʠʚʘʥʥʷ ʽ ʢʘʣʴʮʠʥʘʮʽʶ, ʫʪʚʦʨʶʶʯʠ ʙʘʟʦʚʠʡ ʜʽʦʢʩʠʜ ʪʠʪʘʥʫ ʟ ʥʝʦʙʭʽʜʥʠʤ 

ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ. ɹʫʜʦʚʘ ʢʨʠʩʪʘʣʽʚ (ʘʥʘʪʘʟʥʘ ʘʙʦ ʨʫʪʠʣʴʥʘ ʬʦʨʤʘ) 

ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʷʜʨʦʫʪʚʦʨʝʥʥʷ ʪʘ ʢʘʣʴʮʠʥʘʮʽʾ. 

ʍʣʦʨʥʠʡ ʩʧʦʩʽʙ ʙʫʚ ʚʠʥʘʡʜʝʥʠʡ ʢʦʤʧʘʥʽʻʶ DuPont ʚ 1950 ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʨʫʪʠʣʴʥʦʾ ʬʦʨʤʠ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ. ʎʝʡ ʩʧʦʩʽʙ ʚʢʣʶʯʘʻ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʽ ʬʘʟʦʚʽ 

ʨʝʘʢʮʽʾ. ʊʠʪʘʥʦʚʤʽʩʥʘ ʨʫʜʘ ʚʩʪʫʧʘʻ ʚ ʨʝʘʢʮʽʶ ʟ ʭʣʦʨʥʠʤ ʛʘʟʦʤ ʧʨʠ ʟʥʠʞʝʥʦʤʫ 

ʪʠʩʢʫ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʫʪʚʦʨʶʻʪʴʩʷ ʪʝʪʨʘʭʣʦʨʠʜ ʪʠʪʘʥʫ TiCl4 ʽ ʜʦʤʽʰʢʠ ʭʣʦʨʠʜʽʚ 
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ʽʥʰʠʭ ʤʝʪʘʣʽʚ, ʷʢʽ ʟʛʦʜʦʤ ʚʠʜʘʣʷʶʪʴʩʷ. TiCl4 ʚʠʩʦʢʦʛʦ ʩʪʫʧʝʥʷ ʯʠʩʪʦʪʠ ʧʦʪʽʤ 

ʦʢʠʩʣʶʶʪʴ ʧʨʠ ʚʠʩʦʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʫʪʚʦʨʶʻʪʴʩʷ ʜʽʦʢʩʠʜ ʪʠʪʘʥʫ. 

 

1.1.1. ʉʫʣʴʬʘʪʥʠʡ ʤʝʪʦʜ 

 

ʉʫʣʴʬʘʪʥʠʡ ʤʝʪʦʜ ʧʝʨʝʜʙʘʯʘʻ ʩʝʨʽʶ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʽ ʬʽʟʠʯʥʦʛʦ ʨʦʟʜʽʣʝʥʥʷ 

(ʨʠʩ.1.1), ʷʢʽ ʧʝʨʝʪʚʦʨʶʶʪʴ ʚʠʭʽʜʥʠʡ ʤʘʪʝʨʽʘʣ ʥʘ ʧʦʨʦʰʦʢ TiO2, ʷʢʠʡ ʧʦʪʽʤ 

ʧʝʨʝʨʦʙʣʷʻʪʴʩʷ ʚ ʨʽʟʥʽ ʩʦʨʪʠ ʧʽʛʤʝʥʪʫ TiO2 ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʰʠʨʦʢʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʟʘʩʪʦʩʫʚʘʥʴ, ʚʢʣʶʯʘʶʯʠ ʬʘʨʙʠ, ʧʦʢʨʠʪʪʷ, ʧʣʘʩʪʤʘʩʠ ʪʘ ʢʦʩʤʝʪʠʢʫ. 

ʉʫʣʴʬʘʪʥʠʡ ʤʝʪʦʜ ʚʚʘʞʘʻʪʴʩʷ ʙʽʣʴʰ ʝʢʦʣʦʛʽʯʥʠʤ, ʥʽʞ ʭʣʦʨʠʜʥʠʡ ʧʨʦʮʝʩ, ʦʩʢʽʣʴʢʠ 

ʚʽʥ ʥʝ ʚʠʨʦʙʣʷʻ ʪʦʢʩʠʯʥʠʭ ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʽ ʩʧʦʞʠʚʘʻ ʤʝʥʰʝ ʝʥʝʨʛʽʾ. 

ʊʝʭʥʦʣʦʛʽʷ ʚʠʨʦʙʥʠʮʪʚʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʝʪʘʧʽʚ: 

         1) ʉʫʣʴʬʘʪʫʚʘʥʥʷ. ʆʜʝʨʞʘʥʥʷ ʨʦʟʯʠʥʽʚ ʩʫʣʴʬʘʪʫ ʪʠʪʘʥʫ (ʰʣʷʭʦʤ 

ʦʙʨʦʙʢʠ ʢʦʥʮʝʥʪʨʘʮʽʡ ʽʣʴʤʝʥʽʪʫ ʩʽʨʯʘʥʦʶ ʢʠʩʣʦʪʦʶ).  

ʄʽʥʝʨʘʣʴʥʘ ʨʫʜʘ, ʷʢ ʧʨʘʚʠʣʦ, ʽʣʴʤʝʥʽʪ (FeTiO3), ʦʙʩʤʘʞʫʻʪʴʩʷ ʚ ʩʽʨʯʘʥʽʡ 

ʢʠʩʣʦʪʽ (H2SO4) ʧʨʠ ʚʠʩʦʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʩʫʤʽʰʽ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ 

ʪʘ ʩʫʣʴʬʘʪʫ ʟʘʣʽʟʘ. ʈʝʘʢʮʽʷ ʪʘʢʘ: 

FeTiO3 + H2SO4 Ÿ FeSO4 + TiO2 + H2O 

ʇʽʩʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʥʘ ʙʘʨʘʙʘʥʥʠʭ ʚʘʢʫʫʤ-ʬʽʣʴʪʨʘʭ ʚʽʜʦʢʨʝʤʣʶʶʪʴ ʩʫʣʴʬʘʪʽʚ 

ʨʦʟʯʠʥʽʚ ʚʽʜ ʰʣʘʤʫ. ʉʫʣʴʬʘʪ ʟʘʣʽʟʘ ʚʽʜʦʢʨʝʤʣʶʶʪʴ ʫ ʚʘʢʫʫʤ-ʢʨʠʩʪʘʣʽʟʘʪʦʨʽ. 

         2) ɻʽʜʨʦʣʽʟ ʨʦʟʯʠʥʫ ʩʫʣʴʬʘʪʥʠʭ ʩʦʣʝʡ ʪʠʪʘʥʫ.  

ɻʽʜʨʦʣʽʟ ʧʨʦʚʦʜʷʪʴ ʤʝʪʦʜʦʤ ʚʚʝʜʝʥʥʷ ʟʘʨʦʜʢʽʚ (ʾʭ ʛʦʪʫʶʪʴ ʦʩʘʜʞʫʶʯʠ 

Ti(OH)4 ʟ ʨʦʟʯʠʥʽʚ ʪʠʪʘʥʫ ʩʫʣʴʬʘʪʫ ʛʽʜʨʦʢʩʠʜʦʤ ʥʘʪʨʽʶ). ʅʘ ʝʪʘʧʽ ʛʽʜʨʦʣʽʟʫ 

ʯʘʩʪʠʥʢʠ ʛʽʜʨʦʣʽʟʘʪʫ (ʛʽʜʨʘʪʽʚ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ), ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ, ʚʦʣʦʜʽʶʪʴ 

ʚʠʩʦʢʦʶ ʘʜʩʦʨʙʮʽʡʥʦʶ ʟʜʘʪʥʽʩʪʶ, ʦʩʦʙʣʠʚʦ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʩʦʣʝʡ Fe3+, ʩʘʤʝ ʟ 

ʮʽʻʾ ʧʨʠʯʠʥʠ ʥʘ ʧʦʧʝʨʝʜʥʽʡ ʩʪʘʜʽʾ ʪʨʠʚʘʣʝʥʪʥʝ ʟʘʣʽʟʦ ʚʽʜʥʦʚʣʶʻʪʴʩʷ ʜʦ 

ʜʚʦʚʘʣʝʥʪʥʦʛʦ. ɺʘʨʽʶʶʯʠ ʫʤʦʚʠ ʧʨʦʚʝʜʝʥʥʷ ʛʽʜʨʦʣʽʟʫ (ʢʦʥʮʝʥʪʨʘʮʽʶ, ʪʨʠʚʘʣʽʩʪʴ 

ʩʪʘʜʽʡ, ʢʽʣʴʢʽʩʪʴ ʟʘʨʦʜʢʽʚ, ʢʠʩʣʦʪʥʽʩʪʴ ʪʦʱʦ) ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʚʠʭʦʜʫ ʯʘʩʪʠʥʦʢ 

ʛʽʜʨʦʣʽʟʘʪʫ ʽʟ ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʟʘʣʝʞʥʦ ʚʽʜ ʧʝʨʝʜʙʘʯʫʚʘʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. 
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         3) ʊʝʨʤʦʦʙʨʦʙʢʘ ʛʽʜʨʘʪʽʚ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ, ʚʘʨʽʶʶʯʠ 

ʪʝʤʧʝʨʘʪʫʨʫ ʩʫʰʽʥʥʷ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʦʙʘʚʢʠ (ʪʘʢʽ, ʷʢ ʦʢʩʠʜ ʮʠʥʢʫ, ʭʣʦʨʠʜ 

ʪʠʪʘʥʫ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʽʥʰʽ ʤʝʪʦʜʠ ʤʦʞʥʘ ʧʨʦʚʝʩʪʠ ʨʫʪʠʣʽʟʘʮʽʶ (ʪʦʙʪʦ 

ʧʝʨʝʙʫʜʦʚʫ ʦʢʩʠʜʫ ʪʠʪʘʥʫ ʚ ʨʫʪʠʣʴʥʫ ʤʦʜʠʬʽʢʘʮʽʶ). ɼʣʷ ʪʝʨʤʦʦʙʨʦʙʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʙʘʨʘʙʘʥʥʽ ʧʝʯʽ, ʱʦ ʦʙʝʨʪʘʶʪʴʩʷ, ʜʦʚʞʠʥʦʶ 40. ʋ ʪʝʨʤʦʦʙʨʦʙʮʽ 

ʚʠʧʘʨʦʚʫʻʪʴʩʷ ʚʦʜʘ (ʛʽʜʨʦʢʩʠʜ ʪʠʪʘʥʫ ʪʘ ʛʽʜʨʘʪʠ ʦʢʩʠʜʫ ʪʠʪʘʥʫ ʧʝʨʝʭʦʜʷʪʴ ʫ ʬʦʨʤʫ 

ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ), ʘ ʪʘʢʦʞ ʜʽʦʢʩʠʜ ʩʽʨʢʠ. 

 

ʈʠʩ.1.1 - ʉʭʝʤʘ ʦʜʝʨʞʘʥʥʷ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ ʩʫʣʴʬʘʪʥʠʤ ʤʝʪʦʜʦʤ 

 

1.1.2. ʍʣʦʨʥʠʡ ʤʝʪʦʜ 

 

ɺʠʨʦʙʥʠʮʪʚʦ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʭʣʦʨʠʜʥʦʛʦ ʧʨʦʮʝʩʫ  ʤʘʻ ʢʽʣʴʢʘ 

ʝʪʘʧʽʚ, ʚʢʣʶʯʘʶʯʠ ʭʣʦʨʫʚʘʥʥʷ ʪʠʪʘʥʦʚʤʽʩʥʠʭ ʨʫʜ, ʦʯʠʱʝʥʥʷ ʦʪʨʠʤʘʥʦʛʦ 

ʪʝʪʨʘʭʣʦʨʠʜʫ ʪʠʪʘʥʫ ʪʘ ʦʢʠʩʣʝʥʥʷ ʪʝʪʨʘʭʣʦʨʠʜʫ ʪʠʪʘʥʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʽʦʢʩʠʜʫ 

ʪʠʪʘʥʫ (ʨʠʩ. 1.2). ʎʝʡ ʤʝʪʦʜ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟʘʚʜʷʢʠ 

ʤʝʥʰʠʤ ʢʘʧʽʪʘʣʴʥʠʤ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤ ʚʠʪʨʘʪʘʤ ʧʦʨʽʚʥʷʥʦ ʟ ʩʫʣʴʬʘʪʥʠʤ 

ʧʨʦʮʝʩʦʤ. ʆʜʥʘʢ ʮʝ ʚʠʤʘʛʘʻ ʦʙʝʨʝʞʥʦʛʦ ʧʦʚʦʜʞʝʥʥʷ ʟ ʥʝʙʝʟʧʝʯʥʠʤʠ ʭʽʤʽʯʥʠʤʠ 

ʨʝʯʦʚʠʥʘʤʠ ʪʘ ʫʪʚʦʨʶʻ ʚʽʜʭʦʜʠ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ ʦʙʨʦʙʣʷʪʠ ʪʘ 

ʫʪʠʣʽʟʫʚʘʪʠ. 

ʍʣʦʨʥʠʡ ʤʝʪʦʜ ʦʪʨʠʤʘʥʥʷ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʠʭʽʜʥʦʶ 

ʩʠʨʦʚʠʥʦʶ (ʥʘʧʽʚʬʘʙʨʠʢʘʪʦʤ) ʻ ʪʝʪʨʘʭʣʦʨʠʜ ʪʠʪʘʥʫ. ɿ ʥʴʦʛʦ ʜʽʦʢʩʠʜ ʪʠʪʘʥʫ ʤʦʞʥʘ 

ʦʜʝʨʞʫʚʘʪʠ ʤʝʪʦʜʦʤ ʛʽʜʨʦʣʽʟʫ ʘʙʦ ʩʧʘʣʶʚʘʥʥʷʤ ʟʘ ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. 
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ʊʝʪʨʘʭʣʦʨʠʜ ʪʠʪʘʥʫ ʛʽʜʨʦʣʽʟʫʻʪʴʩʷ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʘʙʦ ʚ ʛʘʟʦʚʽʡ 

ʬʘʟ̔ ʧʽʜ ʜʽʻʶ ʧʘʨʽʚ ʚʦʜʠ. 

        ʇʨʦʤʠʩʣʦʚʽ ʤʝʪʦʜʠ ʚʠʨʦʙʥʠʮʪʚʘ ʪʠʪʘʥʦʚʠʭ ʧʽʛʤʝʥʪʽʚ ʤʝʪʦʜʦʤ ʛʽʜʨʦʣʽʟʫ ʱʝ 

ʥʝ ʨʦʟʨʦʙʣʝʥʦ. ɿʘʛʘʣʴʥʠʡ ʥʝʜʦʣʽʢ ʾʭ ð ʥʝʟʘʜʦʚʽʣʴʥʝ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʥʶ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʛʽʜʨʦʣʽʟʽ, ʭʣʦʨʠʜʫ ʘʙʦ ʩʦʣʷʥʦʾ ʢʠʩʣʦʪʠ, 

ʷʢʽ ʥʝ ʚʜʘʻʪʴʩʷ ʧʦʚʝʨʥʫʪʠ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʜʽʦʢʩʠʜʫ 

ʪʠʪʘʥʫ. 

ɻʽʜʨʦʣʽʟ ʪʝʪʨʘʭʣʦʨʠʜʫ ʪʠʪʘʥʫ ʧʘʨʘʤʠ ʚʦʜʠ ʧʨʠ 25-75Áʉ ʥʘ ʧʦʚʽʪʨʽ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʚ'ʷʟʢʦʾ ʨʽʜʠʥʠ, ʱʦ ʪʚʝʨʜʥʝ ʧʨʠ ʪʨʠʚʘʣʽʡ ʚʠʪʨʠʤʮʽ ʚ ʙʽʣʫ 

ʤʘʩʫ. ʇʘʨʦʬʘʟʥʠʡ ʛʽʜʨʦʣʽʟ ʧʨʠ 1000-1200 Áʉ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʜʽʦʢʩʠʜ ʪʠʪʘʥʫ 

ʟ ʧʽʛʤʝʥʪʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʪʦʤʫ ʡʦʛʦ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʘ ʫʤʦʚʠ 

ʟʥʘʭʦʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʫ ʫʪʠʣʽʟʘʮʽʾ ʚʦʜʥʶ ʭʣʦʨʠʜʫ. 

ʉʧʘʣʶʚʘʥʥʷ ʪʝʪʨʘʭʣʦʨʠʜʫ ʪʠʪʘʥʫ ʢʠʩʥʝʤ ʧʨʦʪʽʢʘʻ ʟʘ ʨʝʘʢʮʽʻʶ: 

TiCl4 + O2 = TiO2 + 2ʉ12 

ʍʣʦʨ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ, ʤʦʞʝ ʙʫʪʠ ʧʦʚʝʨʥʝʥʠʡ ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʪʝʪʨʘʭʣʦʨʠʜʫ ʪʠʪʘʥʫ, ʪʦʤʫ ʤʝʪʦʜ ʩʧʘʣʶʚʘʥʥʷ ʚʞʝ ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ ʧʨʦʤʠʩʣʦʚʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ. 

ʅʘʡʚʘʞʣʠʚʽʰʦʶ ʦʧʝʨʘʮʽʻʶ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʽʛʤʝʥʪʥʦʛʦ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ 

ʭʣʦʨʥʠʤ ʤʝʪʦʜʦʤ ʻ ʩʧʘʣʶʚʘʥʥʷ ʪʝʪʨʘʭʣʦʨʠʜʫ ʪʠʪʘʥʫ. ɺʦʥʦ ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʠ 900-

1000Áʉ ʥʘ ʧʘʣʴʥʠʢʘʭ ʩʧʝʮʽʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʽʜʪʨʠʤʢʫ 

ʪʝʤʧʝʨʘʪʫʨʠ ʨʝʘʢʮʽʾ ʚ ʟʘʜʘʥʠʭ ʤʝʞʘʭ ʪʘ ʚʠʪʨʠʤʫʚʘʥʥʷ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ 

ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʯʘʩʫ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ ʩʧʘʣʶʚʘʥʥʷ ʪʝʪʨʘʭʣʦʨʠʜʫ ʪʠʪʘʥʫ ʜʽʦʢʩʠʜ ʪʠʪʘʥʫ ʤʘʻ 

ʩʪʨʫʢʪʫʨʫ ʨʫʪʠʣʘ ʯʠ ʘʥʘʪʘʟʫ. ɿʤʽʰʘʥʥʷ ʚʠʭʽʜʥʠʭ ʨʝʘʛʝʥʪʽʚ ʧʨʠ 400Áʉ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʫʪʚʦʨʝʥʥʷ ʘʥʘʪʘʟʫ ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ 0,5-1,0 ʤʢʤ. ʇʦʧʝʨʝʜʥʻ ʥʘʛʨʽʚʘʥʥʷ ʜʦ 

1000Áʉ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʜʘʻ ʧʨʦʜʫʢʪ, ʱʦ ʤʽʩʪʠʪʴ ʜʦ 60% ʨʫʪʠʣʘ. ʉʧʘʣʶʚʘʥʥʷ 

ʪʝʪʨʘʭʣʦʨʠʜʫ ʪʠʪʘʥʫ ʟ ʜʦʤʽʰʢʦʶ ʪʝʪʨʘʭʣʦʨʠʜʫ ʢʨʝʤʥʽʶ (05-40%) ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ. ʊʝʪʨʘʭʣʦʨʠʜ ʢʨʝʤʥʽʶ ʩʧʨʠʷʻ ʪʘʢʦʞ 

ʟʥʠʞʝʥʥʶ ʪʘʢ ʟʚʘʥʦʾ ʬʦʪʦʘʢʪʠʚʥʦʩʪʽ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ. ɼʦʜʘʚʘʥʥʷ ʜʦ ʧʨʦʜʫʢʪʽʚ 

ʩʧʘʣʶʚʘʥʥʷ ʱʝ ʡ ʭʣʦʨʠʜʫ ʘʣʶʤʽʥʽʶ (1-5%) ʧʨʠʩʢʦʨʶʻ ʧʝʨʝʭʽʜ ʘʥʘʪʘʟʫ ʚ ʨʫʪʠʣ. 
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ʏʘʩʪʢʘ ʨʫʪʠʣʘ ʫ ʛʦʪʦʚʦʤʫ ʧʨʦʜʫʢʪʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʨʦʜʢʦʚʠʭ 

ʢʨʠʩʪʘʣʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʥʘ ʧʝʨʰʽʡ ʩʪʘʜʽʾ ʨʝʘʢʮʽʾ. 

ʊʠʪʘʥʦʚʽ ʧʽʛʤʝʥʪʠ, ʷʢʽ ʦʪʨʠʤʫʶʪʴ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʪʝʪʨʘʭʣʦʨʠʜʫ ʪʠʪʘʥʫ, 

ʤʽʩʪʷʪʴ ʜʦ 0,6% ʘʜʩʦʨʙʦʚʘʥʦʛʦ ʭʣʦʨʫ. ɺʦʜʥʘ ʩʫʩʧʝʥʟʽʷ ʪʘʢʦʛʦ ʧʨʦʜʫʢʪʫ ʤʘʻ ʨʅ>7 ʽ 

ʚʽʥ ʥʝ ʧʨʠʜʘʪʥʠʡ ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʬʘʨʙ. ɼʝʩʦʨʙʮʽʶ ʭʣʦʨʫ ʟ ʧʽʛʤʝʥʪʫ ʤʦʞʥʘ 

ʟʜʽʡʩʥʠʪʠ ʧʨʦʞʘʨʶʚʘʥʥʷʤ ʡʦʛʦ ʧʨʠ 300-900 Á ʉ, ʜʦʤʽʰʢʘ ʭʣʦʨʫ ʧʨʠ ʮʴʦʤʫ 

ʟʥʠʞʫʻʪʴʩʷ ʜʦ 0,1%. ʊʘʢʠʡ ʧʨʦʜʫʢʪ ʤʘʻ ʨʅ ʚʦʜʥʦʾ ʚʠʪʷʞʢʠ 5-6,8 ʽ ʧʨʠʜʘʪʥʠʡ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʘʨʙ ʪʘ ʝʤʘʣʝʡ, ʘʣʝ ʧʦʪʨʝʙʫʻ ʧʦʚʝʨʭʥʝʚʦʾ ʦʙʨʦʙʢʠ ʩʧʦʣʫʢʘʤʠ 

ʢʨʝʤʥʽʶ ʪʘ ʘʣʶʤʽʥʽʶ. 

 

ʈʠʩ. 1.2 - ʉʭʝʤʘ ʦʜʝʨʞʘʥʥʷ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ ʭʣʦʨʥʠʤ ʤʝʪʦʜʦʤ 

 

ɿʘʚʝʨʰʘʣʴʥʘ ʩʪʘʜʽʷ ʦʪʨʠʤʘʥʥʷ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ (ʨʠʩ. 1.3) ʚʢʣʶʯʘʻ ʦʙʨʦʙʢʫ, 

ʬʽʣʴʪʨʘʮʽʶ, ʧʨʦʤʠʚʘʥʥʷ ʪʘ ʩʫʰʽʥʥʷ. ʇʨʦʞʘʨʶʚʘʥʥʷ ʚʠʩʫʰʝʥʦʛʦ ʦʩʘʜʫ ʚ ʦʙʝʨʪʦʚʽʡ 

ʧʝʯʽ ʘʙʦ ʨʝʘʢʪʦʨʽ ʟ ʢʠʧʣʷʯʠʤ ʰʘʨʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʽʜ 700 ʜʦ 1000 ÁC, ʟʘʣʝʞʥʦ 

ʚʽʜ ʙʘʞʘʥʦʾ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ. 

ʇʽʜ ʯʘʩ ʧʨʦʞʘʨʶʚʘʥʥʷ ʦʩʘʜ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ 

ʢʨʠʩʪʘʣʽʯʥʠʡ TiO2 ʟ ʢʨʠʩʪʘʣʽʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʘʥʘʪʘʟʫ ʘʙʦ ʨʫʪʠʣʫ ʟʘʣʝʞʥʦ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʯʘʩʫ ʧʨʦʞʘʨʶʚʘʥʥʷ. ʇʨʦʮʝʩ ʧʨʦʞʘʨʶʚʘʥʥʷ ʪʘʢʦʞ ʩʣʫʞʠʪʴ ʜʣʷ 

ʚʠʜʘʣʝʥʥʷ ʙʫʜʴ-ʷʢʦʾ ʟʘʣʠʰʢʦʚʦʾ ʚʦʜʠ ʪʘ ʣʝʪʶʯʠʭ ʜʦʤʽʰʦʢ ʟ ʦʩʘʜʫ. 

ʂʽʥʮʝʚʠʡ ʧʨʦʜʫʢʪ ʤʦʞʝ ʙʫʪʠ ʧʽʜʜʘʥʠʡ ʧʦʜʘʣʴʰʽʡ ʦʙʨʦʙʮʽ, ʪʘʢʽʡ ʷʢ 

ʟʤʽʰʫʚʘʥʥʷ ʟ ʽʥʰʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, ʟʘʣʝʞʥʦ ʚʽʜ ʡʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ.  
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ɼʽʦʢʩʠʜ ʪʠʪʘʥʫ ʟʘʟʚʠʯʘʡ ʫʧʘʢʦʚʫʶʪʴ ʫ ʙʘʛʘʪʦʰʘʨʦʚʽ ʧʘʧʝʨʦʚʽ ʘʙʦ 

ʧʦʣʽʝʪʠʣʝʥʦʚʽ ʧʘʢʝʪʠ, ʢʘʨʪʦʥʥʽ ʢʦʨʦʙʢʠ ʘʙʦ ʧʣʘʩʪʠʢʦʚʫ ʪʘʨʫ. ʋʧʘʢʦʚʢʘ ʧʨʠʟʥʘʯʝʥʘ 

ʜʣʷ ʟʘʭʠʩʪʫ TiO2 ʚʽʜ ʚʦʣʦʛʠ, ʧʦʚʽʪʨʷ ʪʘ ʽʥʰʠʭ ʟʘʙʨʫʜʥʝʥʴ, ʷʢʽ ʤʦʞʫʪʴ ʚʧʣʠʥʫʪʠ ʥʘ 

ʡʦʛʦ ʷʢʽʩʪʴ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ʅʘ ʧʘʢʝʪʠ ʟʘʟʚʠʯʘʡ ʥʘʥʦʩʠʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ 

ʧʨʦʜʫʢʪ, ʚʢʣʶʯʘʶʯʠ ʚʠʨʦʙʥʠʢʘ, ʥʘʟʚʫ ʧʨʦʜʫʢʪʫ ʪʘ ʩʧʝʮʠʬʽʢʘʮʽʾ, ʪʘʢʽ ʷʢ ʨʦʟʤʽʨ 

ʯʘʩʪʠʥʦʢ, ʯʠʩʪʦʪʘ ʪʘ ʩʦʨʪ. ɼʝʷʢʽ ʧʨʦʜʫʢʪʠ TiO2 ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʩʪʫʧʥʽ ʚ 

ʙʦʯʢʘʭ ʘʙʦ ʽʥʰʠʭ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʢʦʥʪʝʡʥʝʨʘʭ ʜʣʷ ʧʝʚʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ. 

 

ʈʠʩ. 1.3 - ɿʘʚʝʨʰʘʣʴʥʘ ʩʪʘʜʽʷ ʦʪʨʠʤʘʥʥʷ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ 
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2. ʃɯʅɯʗ ʇɸʂʋɺɸʅʅʗ ʇʆʈʆʐʂʆʇʆɼɯɹʅʀʍ ʄɸʊɽʈɯɸʃɯɺ ɺ 
ʇʃɸʉʊʀʂʆɺʋ ʊɸʈʋ 

 

ʇʘʢʫʚʘʣʴʥʘ ʣʽʥʽʷ ʜʣʷ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ ʻ ʚʘʞʣʠʚʦʶ ʯʘʩʪʠʥʦʶ ʚʠʨʦʙʥʠʯʦʛʦ 

ʧʨʦʮʝʩʫ, ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ ʧʘʢʫʚʘʥʥʷ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ ʫ ʚʽʜʧʦʚʽʜʥʽ ʢʦʥʪʝʡʥʝʨʠ 

ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʨʦʟʧʦʜʽʣʫ. ʇʨʦʮʝʩ ʧʘʢʫʚʘʥʥʷ ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʪʦʛʦ, ʱʦʙ ʧʨʦʜʫʢʪ ʙʫʚ ʟʘʭʠʱʝʥʠʡ ʚʽʜ ʧʦʰʢʦʜʞʝʥʴ ʧʽʜ ʯʘʩ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʘ 

ʪʘʢʦʞ ʙʫʚ ʜʦʩʪʘʚʣʝʥʠʡ ʢʣʽʻʥʪʘʤ ʫ ʙʘʞʘʥʽʡ ʬʦʨʤʽ ʪʘ ʢʽʣʴʢʦʩʪʽ. ʇʘʢʫʚʘʣʴʥʘ ʣʽʥʽʷ, ʷʢ 

ʧʨʘʚʠʣʦ, ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʽʟʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʪʘʢʦʛʦ ʷʢ ʨʦʟʧʦʚʩʶʜʞʫʚʘʣʴʥʽ ʤʘʰʠʥʠ, 

ʤʘʰʠʥʠ ʜʣʷ ʧʘʢʫʚʘʥʥʷ ʚ ʤʽʰʢʠ ʪʘ ʧʘʣʝʪʘʡʟʝʨʠ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʨʘʟʦʤ ʜʣʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʡ ʪʦʯʥʦʛʦ ʧʘʢʫʚʘʥʥʷ ʧʨʦʜʫʢʪʫ. ʃʽʥʽʷ ʤʦʞʝ ʙʫʪʠ ʘʚʪʦʤʘʪʠʯʥʦʶ ʘʙʦ 

ʨʫʯʥʦʶ, ʟʘʣʝʞʥʦ ʚʽʜ ʨʦʟʤʽʨʫ ʚʠʨʦʙʥʠʯʦʾ ʦʧʝʨʘʮʽʾ, ʽ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʨʽʟʥʽ ʪʠʧʠ 

ʧʘʢʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚʢʣʶʯʘʶʯʠ ʤʽʰʢʠ, ʙʘʨʘʙʘʥʠ ʘʙʦ ʢʦʥʪʝʡʥʝʨʠ ʜʣʷ ʩʠʧʫʯʠʭ 

ʤʘʪʝʨʽʘʣʽʚ.  

ʉʫʯʘʩʥʽ ʣʽʥʽʾ ʫʧʘʢʦʚʢʠ ʧʦʨʦʰʢʦʚʠʭ ʧʨʦʜʫʢʪʽʚ, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʽ ʜʝʷʢʽ 

ʧʨʦʜʫʢʪʠ ʧʦʙʫʪʦʚʦʾ ʭʽʤʽʾ, ʻ ʢʦʤʧʣʝʢʩʘʤʠ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʭ ʚʠʜʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʤʝʭʘʥʽʟʘʮʽʾ ʦʩʥʦʚʥʠʭ ʧʨʦʮʝʩʽʚ ʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʝʨʡʦʟʥʠʤ ʚʠʨʦʙʥʠʯʠʤ ʚʠʤʦʛʘʤ. 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʣʽʥʽʡ, ʚʠʤʦʛʠ ʜʦ ʷʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, ʚʠʟʥʘʯʘʶʪʴ ʥʝ ʪʽʣʴʢʠ ʚʠʜ 

ʪʘʨʠ, ʘ ʡ ʫʤʦʚʠ ʾʾ ʦʙʨʦʙʢʠ, ʢʦʥʪʨʦʣʶ, ʧʨʠʥʮʠʧʠ ʽ ʤʝʪʦʜʠ ʥʘʧʦʚʥʝʥʥʷ, ʩʧʘʶʚʘʥʥʷ 

ʪʘ ʦʟʜʦʙʣʝʥʥʷ. ɺʩʝ ʮʝ ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʚʠʜʽʚ 

ʫʩʪʘʪʢʫʚʘʥʥʷ. 

ʗʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʧʽʜʧʨʠʻʤʩʪʚ ʟ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ ʫʧʘʢʦʚʢʠ 

ʧʦʨʦʰʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʨʘʭʦʚʫʻʪʴʩʷ ʙʝʟʣʽʯ ʬʘʢʪʦʨʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚ 

ʢʽʥʮʝʚʦʤʫ ʧʽʜʩʫʤʢʫ ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ ʚʠʨʦʙʣʝʥʦʾ ʧʨʦʜʫʢʮʽʾ. ʅʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ, 

ʷʢʠʡ ʚʠʜ ʫʧʘʢʦʚʢʠ ʢʨʘʱʝ ʚʠʙʨʘʪʠ ʜʣʷ ʤʘʪʝʨʽʘʣʫ, ɦ ʦ ʚʠʛʽʜʥʽʰʝ - ʨʦʙʠʪʠ ʩʘʤʦʩʪʽʡʥʦ 

ʫʧʘʢʦʚʢʫ ʘʙʦ ʟʘʢʫʧʦʚʫʚʘʪʠ ʾʾ ʧʘʨʪʽʷʤʠ ʥʝʦʙʭʽʜʥʦʛʦ ʦʙʩʷʛʫ, ʧʽʜʽʙʨʘʪʠ ʦʙʣʘʜʥʘʥʥʷ 

ʧʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʩʪʫʧʝʥʶ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʽ ʪʧ. 

ʇʦʨʦʰʢʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʧʠʣ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ 

ʬʘʩʫʚʘʥʥʷ ʪʘ ʫʧʘʢʦʚʢʠ, ʚ ʟʚ'ʷʟʢʫ ʟ ʯʠʤ ʷʢ ʧʨʘʚʠʣʦ ʾʭ ʨʦʟʬʘʩʦʚʢʘ ʽ ʫʧʘʢʦʚʢʘ 
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ʟʜʽʡʩʥʶʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʢʦʤʧʘʥʽʷʤʠ-ʚʠʨʦʙʥʠʢʘʤʠ. ɹʘʛʘʪʦ ʬʘʩʫʚʘʣʴʥʽ 

ʢʦʤʧʘʥʽʾ, ʱʦ ʟʘʡʤʘʶʪʴʩʷ ʬʘʩʫʚʘʥʥʷʤ ʪʘ ʧʘʢʫʚʘʥʥʷʤ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ, 

ʚʽʜʢʨʠʚʘʶʪʴ ʦʢʨʝʤʽ ʮʝʭʠ ʘʙʦ ʽʟʦʣʴʦʚʘʥʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʣʽʥʽʾ ʟ ʬʘʩʫʚʘʥʥʷ 

ʧʦʨʦʰʢʦʧʦʜʽʙʥʠʭ ʧʨʦʜʫʢʪʽʚ. 

 

2.1. ʇʨʠʟʥʘʯʝʥʥʷ ʪʘ ʛʘʣʫʟʴ ʟʘʩʪʦʩʫʚʘʥʥʷ  

 

ɺ ʭʦʜʽ ʚʠʚʯʝʥʥʷ ʪʝʤʠ ʜʠʧʣʦʤʥʦʾ ʨʦʙʦʪʠ ʙʫʣʘ ʦʧʨʘʮʴʦʚʘʥʘ ʣʽʥʽʷ ʧʘʢʫʚʘʥʥʷ 

ʧʦʨʦʰʢʫ ʫ ʪʨʴʦʭʰʦʚʥʽ ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʽ ʧʘʢʝʪʠ (ʨʠʩ. 2.1), ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʛʚʠʥʪʦʚʦʛʦ ʢʦʥʚʝʻʨʘ, ʚʘʛʦʚʦʛʦ ʜʦʟʘʪʦʨʘ, ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʘʢʫʚʘʣʴʥʦʛʦ ʘʚʪʦʤʘʪʘ ʪʘ 

ʧʘʢʫʚʘʣʴʥʦʛʦ ʘʚʪʦʤʘʪʘ ʜʣʷ ʪʝʨʤʦʫʩʘʜʢʠ. 

 

 

ʈʠʩ. 2.1 - ʊʨʴʦʭʰʦʚʥʘ ʧʦʣʽʤʝʨʥʘ ʫʧʘʢʦʚʢʘ 

 

  ʈʦʟʛʣʷʥʝʤʦ ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʭʝʤʫ ʬʘʩʫʚʘʥʥʷ ʪʘ ʧʘʢʫʚʘʥʥʷ ʧʦʨʦʰʢʫ ʫ ʪʨʴʦʭ 

ʰʦʚʥʫʧʦʣʽʤʝʨʥʫ ʫʧʘʢʦʚʢʫ (ʈʠʩ. 2.2).  
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ʃʽʥʽʷ ʧʨʘʮʶʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʟ ʥʘʩʠʧʥʦʛʦ ʜʦʟʘʪʦʨʘ ʤʘʪʝʨʽʘʣ ʧʦʩʪʫʧʘʻ ʫ 

ʛʚʠʥʪʦʚʠʡ ʢʦʥʚʝʻʨ 2. ɿʘ ʜʦʧʦʤʦʛʦʶ ʰʥʝʢʘ ʤʘʪʝʨʽʘʣ ʧʽʜʥʽʤʘʻʪʴʩʷ ʽ ʧʦʩʪʫʧʘʻ ʫ 

ʜʦʟʘʪʦʨ 1 ʚʘʛʦʚʦʛʦ ʪʠʧʫ.  

ʋ ʜʦʟʘʪʦʨʽ ʤʘʪʝʨʽʘʣ ʟʚʘʞʫʻʪʴʩʷ ʥʘ ʧʦʪʨʽʙʥʫ ʜʦʟʫ, ʷʢʘ ʧʦʚʠʥʥʘ ʥʘʜʽʡʪʠ ʫ ʧʘʢʝʪ, 

ʧʽʩʣʷ ʟʚʘʞʝʥʥʷ ʜʦʟʠ ʤʘʪʝʨʽʘʣ ʟ ʜʦʟʘʪʦʨʘ ʧʦʪʨʘʧʣʷʻ ʫ ʧʘʪʨʫʙʦʢ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʧʘʢʫʚʘʣʴʥʦʛʦ ʘʧʘʨʘʪʘ 3, ʘ ʟʚʽʜʪʠ ʚ ʧʘʢʝʪ.  

ʂʦʣʠ ʧʘʢʝʪ ʥʘʧʦʚʥʝʥʦ, ʩʧʨʘʮʴʦʚʫʻ ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ ʟʚʘʨʶʚʘʥʥʷ 

ʧʘʢʫʚʘʣʴʥʦʛʦ ʘʚʪʦʤʘʪʘ, ʷʢʠʡ ʨʦʙʠʪʴ ʚʝʨʭʥʽʡ ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ ʰʦʚ ʥʘ ʧʘʢʝʪʽ.  

ɻʦʪʦʚʠʡ ʧʘʢʝʪ ʧʦʪʨʘʧʣʷʻ ʥʘ ʧʥʝʚʤʦʩʪʦʣʠʢ 4 ʫ ʢʘʨʪʦʥʥʠʡ ʧʽʜʜʦʥ ʟ ʢʘʨʢʘʩʦʤ. 

ɿʽʙʨʘʚʰʠ 10 ʧʘʢʝʪʽʚ, ʙʝʟʢʦʥʪʘʢʪʥʠʡ ʜʘʪʯʠʢ ʧʦʜʘʻ ʩʠʛʥʘʣ ʥʘ ʧʥʝʚʤʦʮʠʣʽʥʜʨ ʽ 

ʩʪʦʣʠʢ ʚʠʢʦʥʫʻ 3 ʨʫʭʠ: ʚʽʜôʾʟʞʘʻ ʚʧʨʘʚʦ, ʧʽʜʽʡʤʘʻʪʴʩʷ ʥʘ ʨʽʚʝʥʴ ʢʦʥʚʝʻʨʘ 

ʧʘʢʫʚʘʣʴʥʦʛʦ ʘʚʪʦʤʘʪʘ ʜʣʷ ʪʝʨʤʦʫʩʘʜʢʠ 5 ʽ ʩʧʨʘʮʴʦʚʫʻ ʪʨʝʪʽʡ ʧʥʝʚʤʦʮʠʣʽʥʜʨ, ʷʢʠʡ 

ʟʽʰʪʦʚʭʫʻ ʧʘʢʝʪʠ ʟʽ ʩʪʦʣʠʢʘ ʥʘ ʢʦʥʚʝʻʨ ʧʘʢʫʚʘʣʴʥʦʛʦ ʘʚʪʦʤʘʪʘ 5.  

ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʧʨʦʜʫʢʪ ʜʦʩʪʘʚʣʝʥʦ, ʩʪʦʣʠʢ ʧʦʚʝʨʪʘʻʪʴʩʷ ʫ ʚʠʭʽʜʥʝ ʧʦʣʦʞʝʥʥʷ. 

ʊʘʢʠʡ ʮʠʢʣ ʧʦʚʪʦʨʶʻʪʴʩʷ, ʪʘʢ, ʱʦ ʢʦʞʥʘ ʥʘʩʪʫʧʥʘ ʧʘʨʪʽʷ ʰʪʦʚʭʘʻ ʧʦʧʝʨʝʜʥʶ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʧʨʦʜʫʢʮʽʷ ʧʦʪʨʘʧʣʷʻ ʫ ʪʝʨʤʦʧʽʯ, ʥʘ ʰʣʷʭʫ ʜʦ ʷʢʦʾ ʧʨʦʜʫʢʪ 

ʦʛʦʨʪʘʻʪʴʩʷ ʫ ʧʣʽʚʢʫ. ʋ ʧʝʯʽ ʧʣʽʚʢʘ ʧʽʜ ʜʽʻʶ ʪʝʤʧʝʨʘʪʫʨʠ ʟʪʷʛʫʻʪʴʩʷ ʽ ʱʽʣʴʥʦ 

ʦʛʦʨʪʘʻ ʧʨʦʜʫʢʪ. ʇʽʩʣʷ ʩʧʨʘʮʶʚʘʥʥʷ ʧʝʯʽ, ʢʦʥʚʝʻʨ ʚʤʠʢʘʻʪʴʩʷ ʽ ʧʨʦʜʫʢʪ ʚʠʾʞʜʞʘʻ 

ʜʦ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ. ʇʽʩʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʦʜʫʢʪ ʤʘʻ ʛʦʪʦʚʠʡ ʜʦ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʠʛʣʷʜ. 
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2.2. ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʘʟʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

 

1. ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʢʛ/ʛʦʜ: ʜʦ 700 

2. ʊʠʧ ʪʘʨʠ: ʚʽʜʢʨʠʪʽ ʤʽʰʢʠ, ʧʘʢʝʪʠ ʪʘ ʽʥ. 

3. ʅʘʡʙʽʣʴʰʘ ʤʝʞʘ ʜʦʟʫʚʘʥʥʷ, ʢʛ: 10 

4. ʅʘʡʤʝʥʰʘ ʛʨʘʥʠʮʷ ʜʦʟʫʚʘʥʥʷ, ʢʛ: 1 

5. ʂʣʘʩ ʪʦʯʥʦʩʪʽ ʧʦ: ɻʆʉʊ 10223: 0,5 

7. ʉʧʦʩʽʙ ʜʦʟʫʚʘʥʥʷ: ʪʝʥʟʦʤʝʪʨʠʯʥʠʡ ʜʘʪʯʠʢ 

8. ʈʝʞʠʤ ʨʦʙʦʪʠ: ʮʽʣʦʜʦʙʦʚʠʡ 

9. ʅʘʧʨʫʛʘ ʽ ʯʘʩʪʦʪʘ ʞʠʚʣʷʯʦʾ ʝʣʝʢʪʨʦʤʝʨʝʞʽ, ɺ / ɻʮ: 380/50 

10. ʉʧʦʞʠʚʘʥʘ ʧʦʪʫʞʥʽʩʪʴ, ʢɺʪ: ʥʝ ʙʽʣʴʰʝ 2,5 

11. ʈʦʙʦʯʠʡ ʪʠʩʢ, ʄʇʘ: 0,4-0,6 

12. ɺʠʪʨʘʪʘ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ, ʤ3 / ʛʦʜ: 550 

13. ɺʠʪʨʘʪʘ ʧʦʚʽʪʨʷ ʥʘ ʘʩʧʽʨʘʮʽʶ, ʤ3 / ʛʦʜ: 500  

14. ɻʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ, ʤʤ: 1162ʭ636ʭ600 

25. ʄʘʩʘ, ʢʛ 150 
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2.3. ʆʧʠʩ ʢʦʥʩʪʨʫʢʮʽʾ ʙʘʟʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʦʩʥʦʚʥʽ ʯʘʩʪʠʥʠ ʪʘ 

ʧʨʠʥʮʠʧʫ ʜʽʾ 

 

 ʅʘ ʣʽʥʽʾ ʧʘʢʫʚʘʥʥʷ ʧʦʨʦʰʢʽʚ ʧʨʠʩʫʪʥʽ ʛʚʠʥʪʦʚʠʡ ʢʦʥʚʝʻʨ, ʚʘʛʦʚʠʡ ʜʦʟʘʪʦʨ, 

ʚʝʨʪʠʢʘʣʴʥʠʡ ʧʘʢʫʚʘʣʴʥʠʡ ʘʚʪʦʤʘʪ ʪʘ ʧʘʢʫʚʘʣʴʥʠʡ ʘʚʪʦʤʘʪ ʜʣʷ ʪʝʨʤʦʫʩʘʜʞʝʥʥʷ. 

 

2.3.1. ɼʦʟʘʪʦʨ ʧʦʨʦʰʢʫ 

 

ʅʘ ʨʠʩ.2.3 ʧʦʢʘʟʘʥʠʡ ʜʦʟʘʪʦʨ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʘʛʦʚʦʛʦ ʜʦʟʫʚʘʥʥʷ 

ʧʦʨʦʰʢʫ.  

 

ʈʠʩ. 2.3 - ɺʘʛʦʚʠʡ ʜʦʟʘʪʦʨ ʧʦʨʦʰʢʫ 
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1 ï ʧʨʠʚʽʜ,  2 ï ,  3 ï ʦʧʦʨʘ ʪʝʥʟʦʜʘʪʯʠʢʽʚ,  4 ï ʦʧʦʨʘ ʜʦʟʘʪʦʨʘ, 5-ʚʘʛʦʚʠʡ 

ʢʦʥʪʨʦʣʝʨ, 6 ï ̒ ʤʥʽʩʪʴ ʜʦʟʘʪʦʨʘ, 7 ï ʧʥʝʚʤʦʮʠʣʽʥʜʨ ʚʠʭʽʜʥʦʛʦ ʟʘʪʚʦʨʫ,  8 -ʚʠʭʽʜʥʠʡ 

ʧʘʪʨʫʙʦʢ, 9 ï ʪʝʥʟʦʜʘʪʯʠʢ. 

 

ɺʘʛʦʚʠʡ ʜʦʟʘʪʦʨ ʧʦʨʦʰʢʫ ʷʚʣʷʻ ʩʦʙʦʶ ʻʤʥʽʩʪʴ, ʷʢʘ ʚʠʩʠʪʴ ʥʘ ʨʘʤʽ. ʋ ʤʽʩʮʷʭ 

ʢʨʽʧʣʝʥʥʷ ʜʦ ʨʘʤʠ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʪʝʥʟʦʜʘʪʯʠʢʠ, ʷʢʽ ʧʝʨʝʜʘʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʚʘʛʠ ʻʤʥʦʩʪʽ ʥʘ ʮʝʥʪʨʘʣʴʥʠʡ ʧʫʣʴʪ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʛʨʘʤʘ 

ʫʧʨʘʚʣʽʥʥʷ ʟʘʚʞʜʠ ʤʘʻ ʜʘʥʽ ʧʨʦ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʚʘʛʠ ʜʦʟʘʪʦʨʘ. 

ʉʪʘʥʜʘʨʪʥʦ, ʥʘʛʦʨʽ ʜʦʟʘʪʦʨʘ ʨʦʙʠʪʴʩʷ ʬʣʘʥʝʮʴ ʜʣʷ ʧʨʠʻʜʥʘʥʥʷ ʰʥʝʢʦʚʠʭ 

ʪʨʘʥʩʧʦʨʪʝʨʽʚ,  ʜʣʷ ʧʦʜʘʯʽ ʤʘʪʝʨʽʘʣʫ ʚ ʜʦʟʘʪʦʨ. ʂʦʣʠ ʜʦʩʷʛʘʻʪʴʩʷ ʧʦʪʨʽʙʥʘ ʚʘʛʘ, 

ʘʚʪʦʤʘʪʠʢʘ ʧʦʜʘʻ ʩʠʛʥʘʣ, ʘʚʪʦʤʘʪʠʯʥʦ ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʚʠʭʽʜʥʠʡ ʟʘʪʦʨ ʽ ʚʝʩʴ 

ʧʦʨʦʰʦʢ ʚʠʭʦʜʠʪʴ.  

ʉʠʛʥʘʣ ʚʽʜ ʧʝʨʝʪʚʦʨʶʚʘʯʘ  ʥʘʜʭʦʜʠʪʴ ʚ ʙʣʦʢ ʢʝʨʫʚʘʥʥʷ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ 

ʘʚʪʦʤʘʪʠʯʥʦ ʟʚʘʞʫʻʪʴʩʷ ʻʤʥʽʩʪʴ ʽ ʬʦʨʤʫʻʪʴʩʷ ʢʦʤʘʥʜʘ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʧʨʠʩʪʨʦʷʤʠ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʽ ʚʠʚʘʥʪʘʞʝʥʥʷ. ɼʦʟʦʚʘʥʠʡ ʤʘʪʝʨʽʘʣ ʥʘʜʭʦʜʠʪʴ ʥʘ ʩʠʣʦʚʠʤʽʨʶʶʯʠʡ 

ʪʨʘʥʩʧʦʨʪʝʨ. ɺʘʛʘ ʤʘʪʝʨʽʘʣʫ ʥʘ ʩʪʨʽʯʮʽ, ʧʨʦʧʦʨʮʽʡʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ  ʜʦʟʘʪʦʨʘ, 

ʚʠʤʽʨʶʻʪʴʩʷ ʩʠʣʦʚʠʤʽʨʶʶʯʠʤ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ ʽ ʧʦʨʽʚʥʶʻʪʴʩʷ ʚ ʨʝʛʫʣʷʪʦʨʽ ʽʟ 

ʩʠʛʥʘʣʦʤ ʟʘʚʜʘʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʮʴʦʛʦ ʧʨʠʩʪʨʽʡ ʩʪʚʦʨʶʻ ʢʦʨʝʢʪʫʶʯʠʡ ʩʠʛʥʘʣ, ʱʦ 

ʨʝʛʫʣʶʻ ʚʠʩʦʪʫ ʰʘʨʫ ʤʘʪʝʨʽʘʣʫ ʥʘ ʩʪʨʽʯʮʽ. 

ʎʝʤʝʥʪ, ʥʘʩʠʯʝʥʠʡ ʧʦʚʽʪʨʷʤ, ʧʦʯʠʥʘʻ ʧʝʨʝʤʽʱʘʪʠʩʷ ʧʦ ʞʦʣʦʙʫ ʞʠʚʠʣʴʥʠʢʘ. 

ʆʜʥʦʯʘʩʥʦ ʩʪʠʩʥʝʥʝ ʧʦʚʽʪʨʷ ʥʘʜʭʦʜʠʪʴ ʚ ʧʥʝʚʤʦʮʠʣʠʥʜʨ 3, ʚʽʜʢʨʠʚʘʻ ʚʭʽʜʥʠʡ 

ʟʘʪʚʦʨ 4, ʽ ʮʝʤʝʥʪ ʧʦʜʘʻʪʴʩʷ ʫ ʚʘʛʦʚʽʡ ʙʫʥʢʝʨ 6, ʧʽʜʚʽʰʝʥʠʡ ʥʘ ʚʘʞʝʣʷʭ 5 ʜʦ ʨʘʤʠ 

1. ʉʠʣʘ ʪʷʞʽʥʥʷ ʮʝʤʝʥʪʫ, ʱʦ ʥʘʜʽʡʰʦʚ ʚ ʙʫʥʢʝʨ ʯʝʨʝʟ ʛʨʠʬ ʧʝʨʝʜʘʯʽ ʟʫʩʠʣʣʷ 7, 

ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʪʝʥʟʦʜʘʪʯʠʢ 9, ʪʘ ʧʦʢʘʟʫʻʪʴʩʷ ʥʘ ʚʘʛʦʚʦʤʫ ʽʥʜʠʢʘʪʦʨʫ 8. ʇʨʠ 

ʜʦʩʷʛʥʝʥʥʽ ʧʦʪʨʽʙʥʦʾ ʜʦʟʠ ʩʠʛʥʘʣ ʟ ʚʘʛʦʚʦʛʦ ʧʨʠʣʘʜʫ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʧʫʣʴʪ 

ʫʧʨʘʚʣʽʥʥʷ 12, ʷʢʠʡ ʚʽʜʢʣʶʯʘʻ ʧʥʝʚʤʦʞʠʚʠʣʴʥʠʢ 2.  ʇʦʜʘʯʘ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ 

ʧʨʠʧʠʥʷʻʪʴʩʷ, ʽ ʚʭʽʜʥʠʡ ʟʘʪʚʦʨ 4 ʟʘʢʨʠʚʘʻʪʴʩʷ. ʇʨʠ ʥʘʜʭʦʜʞʝʥʥʽ ʟ ʧʫʣʴʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʩʠʛʥʘʣʫ, ʜʦʟʚʦʣʷʶʯʦʛʦ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʜʦʟʘʪʦʨʘ,  ʱʦ ʚʽʜʢʨʠʚʘʻʪʴʩʷ  

ʜʦʩʪʫʧ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ ʚ ʧʥʝʚʤʦʮʠʣʠʥʜʨ ʚʠʭʽʜʥʦʛʦ ʢʣʘʧʘʥʫ 11, ʷʢʠʡ ʯʝʨʝʟ 

ʩʠʩʪʝʤʫ ʚʘʞʝʣʽʚ  ʚʽʜʢʨʠʚʘʻ ʚʠʧʫʩʢʥʠʡ ʟʘʪʚʦʨ 10.  
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2.3.2. ʇʘʢʫʚʘʣʴʥʠʡ ʘʚʪʦʤʘʪ 

 

ʅʘ ʨʠʩ. 2.4 ʟʦʙʨʘʞʝʥʦ ʚʝʨʪʠʢʘʣʴʥʠʡ ʧʘʢʫʚʘʣʴʥʠʡ ʘʚʪʦʤʘʪ. ɺʩʷ ʢʦʥʩʪʨʫʢʮʽʷ 

ʪʨʠʤʘʻʪʴʩʷ ʥʘ ʚʽʙʨʦʩʪʽʡʢʽʡ ʩʪʘʣʴʥʽʡ ʨʘʤʽ 6.  

ʇʨʠ ʧʦʩʪʫʧʘʥʥʽ ʩʠʛʥʘʣʫ ʟ ʧʫʣʴʪʘ ʢʝʨʫʚʘʥʥʷ 1, ʧʣʽʚʢʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʪʦʨ-

ʨʝʜʫʢʪʦʨʘ 8 ʥʘʧʨʘʚʣʷʻʪʴʷ ʥʘ ʢʦʤʽʨʝʮʴ, ʜʝ ʩʢʣʘʜʘʻʪʴʩʷ ʫ ʬʦʨʤʫ çʪʨʫʙʠè. 

ɺʝʨʪʠʢʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ ʟʚʘʨʶʚʘʥʥʷ 3 ʟʧʘʶʻ ʧʣʽʚʢʫ ʚʟʜʦʚʞ, ʦʪʨʠʤʫʻʪʴʩʷ çʨʫʢʘʚè.  

ɻʦʨʠʟʦʥʪʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ ʟʚʘʨʶʚʘʥʥʷ 5 ʟʧʘʶʻ ʧʘʢʝʪ  (ʦʜʥʦʯʘʩʥʦ ʚʝʨʭʥʽʡ ʰʦʚ 

ʥʘʧʦʚʥʝʥʦʛʦ ʠ ʥʠʞʥʽʡ ʰʦʚ-ʜʥʦ ʥʘʩʪʫʧʥʦʛʦ) ʪʘ ʚʽʜʨʽʟʘʻ ʛʦʪʦʚʠʡ ʧʘʢʝʪ ʚʽʜ ʨʫʢʘʚʘ.  

ɺ ʤʦʤʝʥʪ, ʢʦʣʠ ʩʧʨʘʮʴʦʚʫʻ ʟʘʪʚʦʨ ʜʦʟʘʪʦʨʘ, ʤʘʪʝʨʽʘʣ ʧʦʩʪʫʧʘʻ ʯʝʨʝʟ 

ʧʘʪʨʫʙʦʢ 4 ʧʨʷʤʦ ʫ ʧʘʢʝʪ ʟ ʚʞʝ ʫʪʚʦʨʝʥʠʤ ʜʥʦʤ, ʧʽʩʣʷ ʯʦʛʦ ʚʞʝ ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ 

ʧʨʠʩʪʨʽʡ ʟʚʘʨʶʚʘʥʥʷ 5 ʟʘʧʘʶʻ ʡʦʛʦ ʟʚʝʨʭʫ. ɻʦʪʦʚʠʡ ʜʦʟʦʚʘʥʠʡ ʪʘ ʫʧʘʢʦʚʘʥʠʡ 

ʧʨʦʜʫʢʪ ʧʦʪʨʘʧʣʷʻ ʥʘ ʧʥʝʚʤʦʩʪʦʣʠʢ.    

 

ʈʠʩ. 2.4 - ɺʝʨʪʠʢʘʣʴʥʠʡ ʧʘʢʫʚʘʣʴʥʠʡ ʘʚʪʦʤʘʪ 

1 ï ʧʘʥʝʣʴ ʢʝʨʫʚʘʥʥʷ, 2 ï ʧʨʠʩʪʨʽʡ ʧʨʦʪʷʞʢʠ ʧʣʽʚʢʠ, 3 ï ʧʨʠʩʪʨʽʡ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʟʚʘʨʶʚʘʥʥʷ, 4 ï ʧʘʪʨʫʙʦʢ ʧʦʜʘʯʽ ʤʘʪʝʨʽʘʣʫ, 5 ï ʪʝʨʤʦʥʽʞ 

ʘʚʪʦʤʘʪʠʯʥʠʡ ʟ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤ ʟʚʘʨʶʚʘʥʥʷʤ, 6 ï ʚʽʙʨʦʩʪʽʡʢʘ ʩʪʘʣʴʥʘ ʨʘʤʘ, 7 ï 

ʩʠʩʪʝʤʘ ʧʨʦʪʷʞʢʠ ʧʣʽʚʢʠ,  8 ïʤʦʪʦʨ-ʨʝʜʫʢʪʦʨ, 9 ï ʨʫʣʦʥ ʟ ʧʣʽʚʢʦʶ.  
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2.3.3. ɻʚʠʥʪʦʚʠʡ ʢʦʥʚʝʻʨ 

 

ʅʘ ʨʠʩ. 2.5 ʟʦʙʨʘʞʝʥʦ ʛʚʠʥʪʦʚʠʡ ʢʦʥʚʝʻʨ, ʷʢʠʡ ʜʦʩʪʘʚʣʷʻ ʤʘʪʝʨʽʘʣ ʟ 

ʧʨʠʡʤʘʣʴʥʦʛʦ ʙʫʥʢʝʨʘ ʜʦ ʚʘʛʦʚʦʛʦ ʜʦʟʘʪʦʨʘ. 

ɻʚʠʥʪʦʚʠʤ ʢʦʥʚʝʻʨʦʤ ʥʘʟʠʚʘʶʪʴ ʧʨʠʩʪʨʽʡ, ʱʦ ʟʜʽʡʩʥʶʻ ʧʝʨʝʤʽʱʝʥʥʷ 

ʚʘʥʪʘʞʫ ʧʦ ʞʦʣʦʙʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʝʨʪʦʚʦʛʦ ʛʚʠʥʪʘ, ʟʘʙʝʟʧʝʯʝʥʦʛʦ ʣʦʧʘʪʷʤʠ, 

ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʧʦ ʛʚʠʥʪʦʚʽʡ ʣʽʥʽʾ. ʇʦʭʠʣʠʡ ʛʚʠʥʪʦʚʠʡ ʢʦʥʚʝʻʨ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʢʦʨʧʫʩʘ 1, ʚ ʷʢʦʤʫ ʦʙʝʨʪʘʻʪʴʩʷ ʛʚʠʥʪ 2; ʚʘʣ ʛʚʠʥʪʘ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʜʚʦʤʘ 

ʧʽʜʰʠʧʥʠʢʦʚʠʤʠ ʦʧʦʨʘʤʠ 3. ʇʨʠʚʽʜ ʢʦʥʚʝʻʨʘ ʚʢʣʶʯʘʻ ʝʣʝʢʪʨʦʜʚʠʛʫʥ 7, ʨʝʜʫʢʪʦʨ 

6 ʽ ʜʚʽ ʤʫʬʪʠ 8, 9. ʄʘʪʝʨʽʘʣ ʧʦʩʪʫʧʘʻ ʯʝʨʝʟ ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʠʡ ʦʪʚʽʨ 4. ʇʨʠ 

ʦʙʝʨʪʘʥʥʽ ʛʚʠʥʪʘ ʥʘ ʪʨʘʥʩʧʦʨʪʦʚʘʥʠʡ ʤʘʪʝʨʽʘʣ ʜʽʶʪʴ ʧʦʧʝʨʝʯʥʽ ʩʢʣʘʜʦʚʽ ʩʠʣ ʪʠʩʢʫ 

ʛʚʠʥʪʦʚʠʭ ʣʦʧʘʪʝʡ ʽ ʩʠʣ ʪʝʨʪʷ ʮʴʦʛʦ ʤʘʪʝʨʽʘʣʫ ʦʙ ʣʦʧʘʪʽ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʮʝʥʪʨ 

ʤʘʩʠ ʤʘʪʝʨʽʘʣʫ ʟʤʽʱʫʻʪʴʩʷ ʚʣʽʚʦ. ɺʠʥʠʢʘʶʯʠʡ ʧʨʠ ʮʴʦʤʫ ʤʦʤʝʥʪ ʩʠʣʠ ʪʷʞʽʥʥʷ 

ʤʘʪʝʨʽʘʣʫ ʱʦʜʦ ʮʝʥʪʨʫ ʛʚʠʥʪʘ ʧʝʨʝʰʢʦʜʞʘʻ ʧʦʜʘʣʴʰʦʤʫ ʦʙʝʨʪʘʣʴʥʦʤʫ ʨʫʭʫ 

ʤʘʪʝʨʽʘʣʘ, ʽ ʦʩʪʘʥʥʽʡ ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʫʟʜʦʚʞ ʦʩʽ ʢʦʥʚʝʻʨʘ ʚ ʥʘʧʨʷʤʢʫ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʘ ʧʦʪʽʤ ʚʠʩʠʧʘʻʪʴʩʷ ʟ ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʦʪʚʦʨʫ 5. 

 

 

 

ʈʠʩ. 2.5 - ɻʚʠʥʪʦʚʠʡ ʢʦʥʚʝʻʨ 

1 ï ʢʦʨʧʫʩ, 2 ï ʛʚʠʥʪ, 3 ï ʧʽʜʰʠʧʥʠʢʦʚʽ ʦʧʦʨʠ, 4 ï ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʠʡ ʦʪʚʽʨ, 5 

ï ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʡ ʦʪʚʽʨ, 6 ï ʨʝʜʫʢʪʦʨ, 7 ï ʝʣʝʢʪʨʦʜʚʠʛʫʥ, 8, 9 ï ʤʫʬʪʠ. 
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2.3.4. ʇʘʢʫʚʘʣʴʥʠʡ ʘʚʪʦʤʘʪ ʜʣʷ ʪʝʨʤʦʫʩʘʜʢʠ 

 

ʅʘ ʨʠʩ. 2.6 ʟʦʙʨʘʞʝʥʦ ʧʘʢʫʚʘʣʴʥʠʡ ʘʚʪʦʤʘʪ ʜʣʷ ʪʝʨʤʦʫʩʘʜʢʠ, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʫʧʘʢʦʚʢʘ ʛʦʪʦʚʠʭ ʧʘʢʝʪʽʚ ʚ ʪʨʘʥʩʧʦʨʪʥʫ ʪʘʨʫ. 

ʇʨʦʜʫʢʮʽʷ ʧʦʜʘʻʪʴʩʷ ʥʘ ʚʭʽʜʥʠʡ ʢʦʥʚʝʻʨ , ʢʦʞʥʘ ʥʘʩʪʫʧʥʘ ʧʨʦʜʫʢʮʽʷ ʰʪʦʚʭʘʻ 

ʧʦʧʝʨʝʜʥʶ, ʪʘʢʠʤ ʯʠʥʦʤ ʧʨʦʜʫʢʮʽʷ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʜʦ ʪʝʨʤʦʪʫʥʝʣʶ 3. ɼʦ ʪʦʛʦ, ʷʢ 

ʧʦʪʨʘʧʠʪʠ ʜʦ ʪʝʨʤʦʪʫʥʝʣʶ, ʧʨʦʜʫʢʮʽʷ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʢʨʽʟʴ ʧʣʽʚʢʫ, ʷʢʘ ʧʦʜʘʻʪʴʩʷ ʟ 

ʨʫʣʦʥʫ 7, ʟʘ ʣʽʥʽʶ ʪʝʨʤʦʥʦʞʘ 2. ʊʝʨʤʦʥʽʞ, ʦʧʫʩʢʘʶʯʠʩʴ, ʚʠʨʦʙʣʷʻ ʦʙʝʨʪʘʥʥʷ 

ʧʨʦʜʫʢʮʽʾ ʧʘʢʫʚʘʣʴʥʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʦʙʨʽʟʢʫ ʽ ʟʚʘʨʶʚʘʥʥʷ ʧʣʽʚʢʠ. ʇʦʧʝʨʝʜʥʷ 

ʫʧʘʢʦʚʢʘ ʛʦʪʦʚʘ. ʆʧʠʩʘʥʠʡ ʧʨʦʮʝʩ ʨʦʙʦʪʠ ʧʦʚʪʦʨʶʻʪʴʩʷ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ. 

ʋ ʪʝʨʤʦʪʫʥʝʣʽ ʧʨʦʜʫʢʮʽʷ ʨʫʭʘʻʪʴʩʷ ʧʦ ʢʦʥʚʝʻʨʫ ʚ ʨʝʞʠʤʽ ʟʘʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʽ 

ʟʘʜʘʥʦʛʦ ʯʘʩʫ. ɿʘ ʨʘʭʫʥʦʢ ʪʝʧʣʦʚʦʛʦ ʚʧʣʠʚʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʙʪʷʛʫʚʘʥʥʷ 

ʪʝʨʤʦʟʙʽʞʥʦʶ ʧʣʽʚʢʦʶ ʫʧʘʢʦʚʘʥʦʾ ʛʨʫʧʠ ʧʨʦʜʫʢʮʽʾ. ʇʨʠ ʮʴʦʤʫ, ʪʝʧʣʦʚʠʡ 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʫʜʘʨ ʜʦʚʦʜʠʪʴʩʷ ʚʠʢʣʶʯʥʦ ʥʘ ʧʦʣʦʪʥʦ ʧʘʢʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʥʝ 

ʧʝʨʝʜʘʶʯʠʩʴ ʥʘ ʩʘʤ ʧʨʦʜʫʢʪ. ɿ ʪʝʨʤʦʪʫʥʝʣʶ ʫʧʘʢʦʚʘʥʘ ʧʨʦʜʫʢʮʽʷ ʢʦʥʚʝʻʨʦʤ 5 

ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʜʦ ʦʭʦʣʦʜʞʫʶʯʦʛʦ ʧʨʠʩʪʨʦʶ 4, ʜʝ ʛʘʨʷʯʘ ʧʣʽʚʢʘ ʦʩʪʫʜʞʫʻʪʴʩʷ. ʋ 

ʧʨʦʮʝʩʽ ʦʭʦʣʦʜʞʝʥʥʷ ʧʣʽʚʢʘ ʚʩʽʜʘʻʪʴʩʷ ʽ ʦʙʪʷʛʫʻ ʧʨʦʜʫʢʮʽʶ ʟ ʫʩʽʭ ʙʦʢʽʚ. 

 

ʈʠʩ. 2.6 - ʇʘʢʫʚʘʣʴʥʠʡ ʘʚʪʦʤʘʪ ʜʣʷ ʪʝʨʤʦʫʩʘʜʢʠ 

 1 ï ʢʦʥʚʝʻʨ ʚʭʽʜʥʠʡ,  2 ï ʪʝʨʤʦʥʽʞ ʘʚʪʦʤʘʪʠʯʥʠʡ, 3 ï ʪʝʨʤʦʪʫʥʝʣʴ, 4 ï 

ʧʨʠʩʪʨʽʡ ʦʭʦʣʦʜʞʫʶʯʠʡ, 5 ï ʢʦʥʚʝʻʨ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ, 6 ï ʧʘʥʝʣʴ ʢʝʨʫʚʘʥʥʷ, 7 ï 

ʙʘʨʘʙʘʥ ʚʝʨʭʥʴʦʛʦ ʧʦʣʦʪʥʘ ʧʘʢʫʚʘʣʴʥʦʾ ʧʣʽʚʢʠ, 8 ï ʤʝʭʘʥʽʟʤ ʛʨʫʧʫʚʘʥʥʷ, 9 ï 

ʙʘʨʘʙʘʥ ʥʠʞʥʴʦʛʦ ʧʦʣʦʪʥʘ ʧʘʢʫʚʘʣʴʥʦʾ ʧʣʽʚʢʠ, 10 ï ʧʨʠʩʪʨʽʡ ʟʚʘʨʢʠ. 
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3. ʃɯʊɽʈɸʊʋʈʅʆ-ʇɸʊɽʅʊʅʀʁ ʆɻʃʗɼ 

 

ɸʛʣʦʤʝʨʘʪʠ TiO2 ð ʮʝ ʩʢʫʧʯʝʥʥʷ ʯʘʩʪʠʥʦʢ, ʷʢʽ ʟʚôʷʟʘʥʽ ʨʽʟʥʠʤʠ ʩʠʣʘʤʠ, 

ʪʘʢʠʤʠ ʷʢ ʩʠʣʠ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ, ʚʦʜʥʝʚʽ ʟʚôʷʟʢʠ, ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʽ ʚʟʘʻʤʦʜʽʾ ʪʘ 

ʢʘʧʽʣʷʨʥʽ ʩʠʣʠ. ʎʽ ʘʛʣʦʤʝʨʘʪʠ ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠʩʷ ʧʽʜ ʯʘʩ ʩʠʥʪʝʟʫ, ʦʙʨʦʙʢʠ ʪʘ 

ʟʙʝʨʽʛʘʥʥʷ ʧʦʨʦʰʢʽʚ ʽ ʤʦʞʫʪʴ ʤʘʪʠ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ. 

ʋ ʜʠʧʣʦʤʥʽʡ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʥʘʥʦʯʘʩʪʠʥʢʠ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ (TiO2), 

ʘʛʣʦʤʝʨʘʪʠ ʷʢʠʭ ʙʫʣʠ ʜʠʩʧʝʨʛʦʚʘʥʽ ʨʽʜʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʊʦʤʫ ʣʽʪʝʨʘʪʫʨʥʠʡ ʦʛʣʷʜ 

ʧʨʠʩʚʷʯʝʥʠʡ ʪʝʤʽ ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʨʦʙʦʪʠ. 

 

3.1. ʆʛʣʷʜ ʣʽʪʝʨʘʪʫʨʠ ʫ ʥʘʧʨʷʤʢʫ ʧʦʰʫʢʫ ʜʦʩʣʽʜʞʝʥʥʷ TiO2 

ʟʤʽʰʫʚʘʣʴʥʠʤʠ ʣʘʙʦʨʘʪʦʨʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʫ ʨʽʜʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

 

ʋ ʩʪʘʪʪʽ [1] ʜʦʩʣʽʜʞʫʚʘʣʠ ʘʛʨʝʛʘʮʽʡʥʫ ʪʘ ʜʠʩʧʝʨʩʽʡʥʫ ʧʦʚʝʜʽʥʢʫ 

ʥʘʥʦʤʝʪʨʦʚʠʭ ʪʘ ʩʫʙʤʽʢʨʦʤʝʪʨʦʚʠʭ ʯʘʩʪʠʥʦʢ TiO2 ʫ ʚʦʜʥʽʡ ʩʫʩʧʝʥʟʽʾ, ʷʢʽ 

ʜʦʩʣʽʜʞʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʨʴʦʭ ʚʠʜʽʚ ʤʝʪʦʜʽʚ ʤʝʭʘʥʽʯʥʦʾ ʜʠʩʧʝʨʩʽʾ: 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ, ʧʦʤʝʣʫ ʢʫʣʴʢʘʤʠ ʜʽʘʤʝʪʨʦʤ 5 ʤʤ ʪʘ ʧʦʤʝʣʫ 

ʢʫʣʴʢʘʤʠ 50 ʣʤ. ʇʦʣʽʘʢʨʠʣʦʚʽ ʢʠʩʣʦʪʠ ʟ ʤʦʣʝʢʫʣʷʨʥʦʶ ʤʘʩʦʶ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 1200 

ʜʦ 30 000 ʛ/ʤʦʣʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʷʢ ʜʠʩʧʝʨʛʘʪʦʨ, ʽ ʤʦʣʝʢʫʣʷʨʥʫ ʤʘʩʫ ʜʣʷ ʢʦʞʥʦʾ 

ʫʤʦʚʠ ʜʠʩʧʝʨʩʽʾ ʙʫʣʦ ʦʧʪʠʤʽʟʦʚʘʥʦ. ɺ'ʷʟʢʽʩʪʴ ʽ ʨʦʟʤʽʨʠ ʘʛʨʝʛʘʪʽʚ ʩʫʙʤʽʢʨʦʤʝʪʨʦʚʠʭ 

ʧʦʨʦʰʢʦʚʠʭ ʩʫʩʧʝʥʟʽʡ ʥʝ ʙʫʣʠ ʧʦʤʽʪʥʦ ʟʤʽʥʝʥʽ ʧʽʜ ʯʘʩ ʚʠʧʨʦʙʫʚʘʥʴ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʪʘ 5-ʤʤ ʢʫʣʴʦʚʦʛʦ ʧʦʤʝʣʫ. ʅʘʚʧʘʢʠ, ʫ 

ʚʠʧʨʦʙʫʚʘʥʥʷʭ, ʫ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʩʫʩʧʝʥʟʽʷ ʥʘʥʦʯʘʩʪʠʥʦʢ, ʫʣʴʪʨʘʟʚʫʢʦʚʝ 

ʦʧʨʦʤʽʥʝʥʥʷ ʜʘʚʘʣʦ ʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ, ʥʽʞ 5-ʤʽʣʽʤʝʪʨʦʚʝ ʢʫʣʴʦʚʝ ʧʦʜʨʽʙʥʝʥʥʷ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʦʙʨʦʙʢʠ ʜʦʟʚʦʣʠʣʦ ʜʠʩʧʝʨʛʫʚʘʪʠ ʘʛʨʝʛʘʪʠ ʜʦ 

ʧʝʨʚʠʥʥʠʭ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ, ʷʢʽ ʚʠʟʥʘʯʘʣʠʩʷ ʥʘ ʦʩʥʦʚʽ ʧʠʪʦʤʦʾ ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ 

ʚʠʭʽʜʥʠʭ ʧʦʨʦʰʢʽʚ TiO2, ʥʘʚʽʪʴ ʜʣʷ ʩʫʩʧʝʥʟʽʡ ʟ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʪʚʝʨʜʠʭ 

ʨʝʯʦʚʠʥ ʜʦ 15 ʦʙ.%. ʇʦʤʝʣ 50-ʤʽʢʨʦʤʝʪʨʦʚʠʭ ʢʫʣʴʦʢ ʪʘʢʦʞ ʤʽʛ ʜʠʩʧʝʨʛʫʚʘʪʠ 

ʘʛʨʝʛʘʪʠ ʜʦ ʪʠʭ ʞʝ ʨʦʟʤʽʨʽʚ, ʱʦ ʡ ʤʝʪʦʜ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ, ʘʣʝ 50-

ʤʽʢʨʦʤʝʪʨʦʚʠʡ ʢʫʣʴʢʦʚʠʡ ʧʦʤʝʣ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʣʠʰʝ ʜʣʷ ʩʫʩʧʝʥʟʽʡ ʟ 
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ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʠʤ ʚʤʽʩʪʦʤ ʪʚʝʨʜʦʾ ʨʝʯʦʚʠʥʠ. ɹʫʣʦ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʤʝʪʦʜ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʜʠʩʧʝʨʩʽʾ ʻ ʢʦʨʠʩʥʠʤ ʩʧʦʩʦʙʦʤ ʧʨʠʛʦʪʫʚʘʥʥʷ ʢʦʥʮʝʥʪʨʦʚʘʥʠʭ ʽ 

ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʭ ʩʫʩʧʝʥʟʽʡ ʥʘʥʦʯʘʩʪʠʥʦʢ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ [2] ʙʫʣʘ ʨʦʟʨʦʙʢʘ ʧʨʘʢʪʠʯʥʦʛʦ ʤʝʪʦʜʫ ʧʨʠʛʦʪʫʚʘʥʥʷ 

ʩʪʘʙʽʣʴʥʦʾ ʜʠʩʧʝʨʩʽʾ ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2 ʜʣʷ ʙʽʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɼʠʩʧʝʨʩʽʾ 

TiO2 (ʨʫʪʠʣ/ʘʥʘʪʘʟ) ʛʦʪʫʚʘʣʠ ʚ ʜʠʩʪʠʣʴʦʚʘʥʽʡ ʚʦʜʽ ʟ ʧʦʜʘʣʴʰʦʶ ʦʙʨʦʙʢʦʶ ʨʽʟʥʠʤʠ 

ʝʥʝʨʛʽʷʤʠ ʫʣʴʪʨʘʟʚʫʢʫ ʪʘ ʨʽʟʥʠʤʠ ʩʪʘʙʽʣʽʟʘʪʦʨʘʤʠ ʜʠʩʧʝʨʩʽʾ. ʉʝʨʝʜʥʽʡ ʨʦʟʤʽʨ 

ʜʠʩʧʝʨʛʦʚʘʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2 (ʨʫʪʠʣ/ʘʥʘʪʘʟ) ʚʠʤʽʨʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʠʩʪʨʦʶ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ. ʈʦʟʤʽʨʠ ʘʛʣʦʤʝʨʘʪʽʚ TiO2 ʫ 

ʜʠʩʪʠʣʴʦʚʘʥʽʡ ʚʦʜʽ ʙʫʣʠ ʦʮʽʥʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʊɽʄ-ʘʥʘʣʽʟʫ. ʐʚʠʜʢʽʩʪʴ 

ʩʝʜʠʤʝʥʪʘʮʽʾ ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2 (ʨʫʪʠʣ/ʘʥʘʪʘʟ) ʫ ʜʠʩʧʝʨʩʽʾ ʢʦʥʪʨʦʣʶʚʘʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʝʪʝʢʮʽʾ ʦʧʪʠʯʥʦʾ ʘʙʩʦʨʙʮʽʾ. ʆʧʪʠʤʽʟʦʚʘʥʠʡ ʧʨʦʮʝʩ ʧʨʠʛʦʪʫʚʘʥʥʷ 

ʜʠʩʧʝʨʩʽʾ ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2 (ʨʫʪʠʣ/ʘʥʘʪʘʟ) ʧʦʣʷʛʘʚ ʫ ʪʦʤʫ, ʱʦʙ ʩʧʦʯʘʪʢʫ 

ʚʽʙʨʫʚʘʪʠ ʥʘʥʦʯʘʩʪʠʥʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʭʨʷ ʪʘ ʜʠʩʧʝʨʛʫʚʘʪʠ ʯʘʩʪʠʥʢʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʚʽʙʨʘʮʽʾ ʚ ʜʠʩʪʠʣʴʦʚʘʥʽʡ ʚʦʜʽ, ʧʦʪʽʤ ʜʦʜʘʚʘʪʠ ʜʦ 

ʜʠʩʧʝʨʩʽʾ ʩʪʘʙʽʣʽʟʘʪʦʨʠ ʜʠʩʧʝʨʩʽʾ ʽ, ʥʘʨʝʰʪʽ, ʦʙʨʦʙʠʪʠ ʥʘʥʦʯʘʩʪʠʥʢʠ ʚ ʜʠʩʧʝʨʩʽʾ 

ʫʣʴʪʨʘʟʚʫʢʦʤ. ʅʘʥʦʯʘʩʪʠʥʢʠ TiO2 (ʨʫʪʠʣ/ʘʥʘʪʘʟ) ʙʫʣʠ ʜʦʩʪʘʪʥʴʦ ʜʝʟʘʛʨʝʛʦʚʘʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʝʥʝʨʛʽʾ ʫʣʴʪʨʘʟʚʫʢʫ 33 ɺʪ ʧʨʦʪʷʛʦʤ 10 ʭʚ. ʄʝʪʦʜ  ̒ʧʨʘʢʪʠʯʥʠʡ ʜʣʷ 

ʧʨʠʛʦʪʫʚʘʥʥʷ ʩʪʘʙʽʣʴʥʦʾ ʜʠʩʧʝʨʩʽʾ ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2 (ʨʫʪʠʣ/ʘʥʘʪʘʟ) ʧʨʦʪʷʛʦʤ 

ʱʦʥʘʡʤʝʥʰʝ 120 ʛʦʜʠʥ. 

ʋ ʩʪʘʪʽ [3] ʜʦʩʣʽʜʞʫʚʘʣʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʬʦʢʫʩʦʚʘʥʦʛʦ ʫʣʴʪʨʘʟʚʫʢʫ ʜʣʷ 

ʧʨʠʛʦʪʫʚʘʥʥʷ ʚʦʜʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2 ʙʝʟ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʜʣʷ ʜʠʩʧʝʨʩʽʾ ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2 ʫ ʚʦʜʽ (ʨʠʩ. 3.1).  

ɺ ʫʤʦʚʘʭ 395-400 ʢɻʮ ʽ 100-105 ɺʪ ʙʫʣʠ ʧʨʠʛʦʪʦʚʘʥʽ ʢʦʣʦʾʜʠ TiO2 ʟ ʚʤʽʩʪʦʤ 

1% ʤʘʩ. ʅʘʚʽʪʴ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʦʾ ʨʝʯʦʚʠʥʠ ʫ ʩʪʘʥʽ ʚʦʜʥʦʾ 

ʜʠʩʧʝʨʩʽʾ ʥʘʥʦʯʘʩʪʠʥʢʠ ʙʫʣʠ ʜʠʩʧʝʨʛʦʚʘʥʽ ʟ ʨʦʟʧʦʜʽʣʦʤ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʦʤ Ò100 

ʥʤ ʽ ʥʝ ʘʛʣʦʤʝʨʫʚʘʣʠʩʷ ʧʦʚʪʦʨʥʦ ʧʨʦʪʷʛʦʤ 30 ʜʥʽʚ, ʜʝʤʦʥʩʪʨʫʶʯʠ ʩʚʦʶ ʯʫʜʦʚʫ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʜʠʩʧʝʨʩʽʾ. 
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ʈʠʩ. 3.1 - TEM ʟʦʙʨʘʞʝʥʥʷ ʜʦ (ʘ) ʽ ʧʽʩʣʷ (b) ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʜʠʩʧʝʨʩʽʾ. 

 

ɼʦʩʣʽʜʞʝʥʥʷ [4] ʨʦʟʛʣʷʜʘʣʦ ʟʤʽʥʫ ʨʦʟʤʽʨʫ, ʜʟʝʪʘ-ʧʦʪʝʥʮʽʘʣʫ ʪʘ ʨʅ ʚʦʜʥʦʾ 

ʩʫʩʧʝʥʟʽʾ ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2 ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʦʙʨʦʙʢʠ ʪʘ 

ʢʦʥʮʝʥʪʨʘʮʽʡ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʡ ʜʽʘʤʝʪʨ ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2 

ʟʤʝʥʰʫʚʘʚʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʫʩʧʝʥʟʽʾ ʪʘ ʟʘʣʠʰʘʚʩʷ ʩʪʘʙʽʣʴʥʠʤ 

ʙʽʣʴʰʝ 1 ʛʦʜʠʥʠ ʧʽʩʣʷ ʦʙʨʦʙʢʠ ʫʣʴʪʨʘʟʚʫʢʦʤ, ʱʦ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. ʈʅ ʟʤʝʥʰʫʚʘʚʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʥʦʯʘʩʪʠʥʦʢ. 

ʋʣʴʪʨʘʟʚʫʢʦʚʘ ʦʙʨʦʙʢʘ ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʣʘ ʜʟʝʪʘ-ʧʦʪʝʥʮʽʘʣ ʜʦ ʨʽʚʥʷ ʧʦʥʘʜ 15 ʤɺ 

ʜʣʷ ʚʩʽʭ ʟʨʘʟʢʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, 20 ʭʚʠʣʠʥ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʦʙʨʦʙʢʠ (180 ɺʪ) 

ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʮʴʦʛʦ ʨʫʪʠʣʫ. 

ʉʫʩʧʝʥʟʽʷ ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2, ʷʢʘ ʤʦʞʝ ʟʘʣʠʰʘʪʠʩʷ ʩʪʘʙʽʣʴʥʦʶ ʙʽʣʴʰʝ 1 

ʛʦʜʠʥʠ. ʆʜʥʘʢ ʥʘ ʦʧʪʠʤʘʣʴʥʠʡ ʯʘʩ ʦʙʨʦʙʢʠ ʫʣʴʪʨʘʟʚʫʢʦʤ ʜʣʷ ʜʠʩʧʝʨʩʽʾ 

ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2 ʚʧʣʠʚʘʻ ʙʘʛʘʪʦ ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʘʥʦʯʘʩʪʠʥʦʢ 

TiO2, ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʨʦʟʯʠʥʫ ʪʘ ʧʘʨʘʤʝʪʨʠ ʫʣʴʪʨʘʟʚʫʢʫ. 

ʉʪʘʪʪʷ [5] ʧʨʠʩʚʷʯʝʥʘ ʚʧʣʠʚʫ ʧʦʪʫʞʥʦʩʪʽ ʫʣʴʪʨʘʟʚʫʢʫ ʥʘ ʜʠʩʧʝʨʩʽʶ ʪʘ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2 ʫ ʚʦʜʽ. ɼʦʩʣʽʜʥʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʨʽʟʥʽ ʨʽʚʥʽ 

ʧʦʪʫʞʥʦʩʪʽ ʫʣʴʪʨʘʟʚʫʢʫ ʜʣʷ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2 ʫ ʚʦʜʽ ʪʘ 

ʘʥʘʣʽʟʫʚʘʣʠ ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ, ʜʟʝʪʘ-ʧʦʪʝʥʮʽʘʣ ʽ ʩʪʘʙʽʣʴʥʽʩʪʴ ʦʪʨʠʤʘʥʦʾ ʜʠʩʧʝʨʩʽʾ. 

ɺʦʥʠ ʚʠʷʚʠʣʠ, ʱʦ ʚʠʱʽ ʨʽʚʥʽ ʧʦʪʫʞʥʦʩʪʽ ʫʣʴʪʨʘʟʚʫʢʫ ʧʨʠʟʚʝʣʠ ʜʦ ʤʝʥʰʠʭ ʨʦʟʤʽʨʽʚ 
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ʯʘʩʪʠʥʦʢ ʽ ʚʠʱʠʭ ʜʟʝʪʘ-ʧʦʪʝʥʮʽʘʣʽʚ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʢʨʘʱʫ ʜʠʩʧʝʨʩʽʶ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʥʘʥʦʯʘʩʪʠʥʦʢ. 

ɸʚʪʦʨʠ ʩʪʘʪʝʡ [6] ʽ [7] ʧʨʠʩʚʷʪʠʣʠ ʩʚʦʾ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʯʘʩʫ, 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʦʾ ʨʝʯʦʚʠʥʠ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʫʣʴʪʨʘʟʚʫʢʫ ʥʘ 

ʜʠʩʧʝʨʩʽʶ ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2 ʫ ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ.  

ʋ ʜʦʩʣʽʜʞʝʥʥʽ [8] ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʩʭʝʤʘ ʧʽʜʛʦʪʦʚʢʠ ʟʨʘʟʢʽʚ ʰʣʷʭʦʤ 

ʚʠʚʯʝʥʥʷ ʨʽʟʥʠʭ ʜʠʩʧʝʨʩʽʡʥʠʭ ʩʝʨʝʜʦʚʠʱ (ʧʦʣʽʚʽʥʽʣʧʽʨʦʣʽʜʦʥ ʽ ʧʦʣʽʝʪʠʣʝʥʛʣʽʢʦʣʴ) 

ʽ ʩʪʨʘʪʝʛʽʡ ʦʙʨʦʙʢʠ ʫʣʴʪʨʘʟʚʫʢʦʤ (ʚʘʥʥʘ ʽ ʫʣʴʪʨʘʟʚʫʢʦʚʠʡ ʟʦʥʜ) ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʦʜʥʦʨʽʜʥʦʾ ʜʠʩʧʝʨʩʽʾ ʥʘʥʦʯʘʩʪʠʥʦʢ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ. ʆʧʪʠʤʽʟʘʮʽʶ ʨʽʟʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʪʘʣʦʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ SRM NIST 1898 NP, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʬʘʟ ʨʫʪʠʣʫ ʪʘ ʘʥʘʪʘʟʫ. ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʜʫʨʠ ʙʫʣʦ 

ʚʠʟʥʘʯʝʥʦ ʨʦʟʧʦʜʽʣ ʟʘ ʨʦʟʤʽʨʦʤ ʅʏ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʥʘʤʽʯʥʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ ʪʘ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʾ ʦʜʥʦʯʘʩʪʠʥʢʦʚʦʾ ʽʥʜʫʢʪʠʚʥʦ ʟʚôʷʟʘʥʦʾ 

ʧʣʘʟʤʠ. ɿʤʽʥʠ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ ʪʘ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦʛʦ ʨʦʟʧʦʜʽʣʫ ʨʦʟʤʽʨʽʚ ʪʘʢʦʞ 

ʚʠʚʯʘʣʠ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ, ʯʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʛʣʦʤʝʨʘʮʽʷ ʥʘʥʦʯʘʩʪʠʥʦʢ ʧʨʠ ʨʽʟʥʠʭ 

ʧʝʨʝʚʽʨʝʥʠʭ ʫʤʦʚʘʭ ʜʠʩʧʝʨʩʽʾ. ʉʝʨʝʜ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʠʩʧʝʨʩʽʾ, ʧʝʨʝʚʽʨʝʥʠʭ ʪʫʪ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʽʚʽʥʽʣʧʽʨʦʣʽʜʦʥʫ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʧʨʦʮʝʩʦʤ ʦʙʨʦʙʢʠ ʫʣʴʪʨʘʟʚʫʢʦʤ, 

ʩʪʚʦʨʝʥʠʤ ʟʦʥʜʦʤ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʧʦʢʨʘʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʩʫʩʧʝʥʟʽʾ ʧʨʦʪʷʛʦʤ 72 ʛʦʜʠʥ. 

ʉʪʘʪʪ ̫ [9] ʧʨʝʜʩʪʘʚʣʷʻ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʩʧʝʨʩʽ ʾ ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2 ʫ ʚʦʜʽ 

ʰʣʷʭʦʤ ʤʝʭʘʥʽʯʥʦʛʦ ʟʤʽʰʫʚʘʥʥʷ ʪʘ ʨʦʣʴ ʧʘʨʘʤʝʪʨʽʚ ʟʤʽʰʫʚʘʥʥʷ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʦʾ ʨʝʯʦʚʠʥʠ. ɼʦʩʣʽʜʥʠʢʠ ʧʨʦʪʝʩʪʫʚʘʣʠ ʨʽʟʥʽ ʯʘʩʠ ʟʤʽʰʫʚʘʥʥʷ, 

ʰʚʠʜʢʦʩʪʽ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʦʾ ʨʝʯʦʚʠʥʠ ʪʘ ʧʨʦʘʥʘʣʽʟʫʚʘʣʠ 

ʦʪʨʠʤʘʥʠʡ ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ, ʜʟʝʪʘ-ʧʦʪʝʥʮʽʘʣ ʽ ʩʪʘʙʽʣʴʥʽʩʪʴ ʜʠʩʧʝʨʛʦʚʘʥʠʭ 

ʥʘʥʦʯʘʩʪʠʥʦʢ. ɺʦʥʠ ʚʠʷʚʠʣʠ, ʱʦ ʚʠʱʽ ʰʚʠʜʢʦʩʪʽ ʟʤʽʰʫʚʘʥʥʷ ʪʘ ʜʦʚʰʠʡ ʯʘʩ 

ʟʤʽʰʫʚʘʥʥʷ ʧʨʠʟʚʝʣʠ ʜʦ ʤʝʥʰʠʭ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ ʪʘ ʚʠʱʠʭ ʜʟʝʪʘ-ʧʦʪʝʥʮʽʘʣʽʚ, ʱʦ 

ʚʢʘʟʫʻ ʥʘ ʢʨʘʱʫ ʜʠʩʧʝʨʩʽʶ ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2 ʫ ʚʦʜʽ. ɼʦʜʘʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦ-

ʘʢʪʠʚʥʦʾ ʨʝʯʦʚʠʥʠ ʪʘʢʦʞ ʧʦʢʨʘʱʠʣʦ ʩʪʘʙʽʣʴʥʽʩʪʴ ʜʠʩʧʝʨʩʽʾ. 

ʋ ʩʪʘʪʽ [10] ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʜʠʩʧʝʨʩʽ ̫ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2 ʫ ʚʦʜʽ ʧʨʦʩʪʠʤ 

ʤʝʪʦʜʦʤ ʧʝʨʝʤʽʰʫʚʘʥʥʷ. ɼʦʩʣʽʜʥʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʘʛʥʽʪʥʫ ʤʽʰʘʣʢʫ ʜʣʷ 
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ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2 ʫ ʚʦʜʽ ʪʘ ʘʥʘʣʽʟʫʚʘʣʠ ʦʪʨʠʤʘʥʠʡ ʨʦʟʤʽʨ 

ʯʘʩʪʠʥʦʢ, ʜʟʝʪʘ-ʧʦʪʝʥʮʽʘʣ ʽ ʩʪʘʙʽʣʴʥʽʩʪʴ ʜʠʩʧʝʨʛʦʚʘʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ. ɺʦʥʠ 

ʚʠʷʚʠʣʠ, ʱʦ ʜʦʜʘʚʘʥʥʷ ʜʠʩʧʝʨʛʘʪʦʨʘ ʪʘ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʦʾ ʨʝʯʦʚʠʥʠ ʧʦʢʨʘʱʠʣʦ 

ʜʠʩʧʝʨʩʽʶ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʥʘʥʦʯʘʩʪʠʥʦʢ ʫ ʚʦʜʽ. ɼʦʩʣʽʜʥʠʢʠ ʪʘʢʦʞ ʧʨʦʘʥʘʣʽʟʫʚʘʣʠ 

ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʜʠʩʧʝʨʛʦʚʘʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ ʽ ʚʠʷʚʠʣʠ, ʱʦ ʚʦʥʠ 

ʝʬʝʢʪʠʚʥʽ ʚ ʜʝʛʨʘʜʘʮʽʾ ʤʦʜʝʣʴʥʦʛʦ ʦʨʛʘʥʽʯʥʦʛʦ ʟʘʙʨʫʜʥʶʚʘʯʘ. 

ʋ ʩʪʘʪʪʽ [11] ʜʦʩʣʽʜʞʝʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʪʦʨʥʦ-ʩʪʘʪʦʨʥʦʛʦ ʤʝʪʦʜʫ ʜʣʷ 

ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2 ʫ ʚʦʜʽ. ɼʦʩʣʽʜʥʠʢʠ ʧʝʨʝʚʽʨʠʣʠ ʨʽʟʥʽ ʪʠʧʠ ʪʘ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʽ ʧʨʦʘʥʘʣʽʟʫʚʘʣʠ ʦʪʨʠʤʘʥʠʡ ʨʦʟʤʽʨ 

ʯʘʩʪʠʥʦʢ, ʜʟʝʪʘ-ʧʦʪʝʥʮʽʘʣ ʽ ʩʪʘʙʽʣʴʥʽʩʪʴ ʜʠʩʧʝʨʛʦʚʘʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ. ɺʦʥʠ 

ʚʠʷʚʠʣʠ, ʱʦ ʤʝʪʦʜ ʨʦʪʦʨ-ʩʪʘʪʦʨ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʧʝʚʥʦʶ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʦʶ 

ʨʝʯʦʚʠʥʦʶ ʙʫʚ ʝʬʝʢʪʠʚʥʠʤ ʫ ʜʦʩʷʛʥʝʥʥʽ ʩʪʘʙʽʣʴʥʦʾ ʜʠʩʧʝʨʩʽʾ ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2 ʟ 

ʤʘʣʠʤ ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ ʽ ʚʠʩʦʢʠʤ ʜʟʝʪʘ-ʧʦʪʝʥʮʽʘʣʦʤ. ɼʦʩʣʽʜʥʠʢʠ ʪʘʢʦʞ 

ʜʦʩʣʽʜʞʫʚʘʣʠ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʜʠʩʧʝʨʛʦʚʘʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ ʽ ʚʠʷʚʠʣʠ, 

ʱʦ ʚʦʥʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʭʦʨʦʰʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʨʫʡʥʫʚʘʥʥʽ ʤʦʜʝʣʴʥʦʛʦ ʦʨʛʘʥʽʯʥʦʛʦ 

ʟʘʙʨʫʜʥʶʚʘʯʘ. 

ʋ ʩʪʘʪʪʽ [12] ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʪʦʨʥʦ-ʩʪʘʪʦʨʥʠʭ ʜʠʩʧʝʨʛʘʪʦʨʽʚ 

ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʪʘ ʩʪʘʙʽʣʴʥʦʾ ʜʠʩʧʝʨʩʽʾ ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2 ʫ ʚʦʜʽ. 

ɼʦʩʣʽʜʥʠʢʠ ʚʠʧʨʦʙʫʚʘʣʠ ʨʽʟʥʽ ʢʦʥʬʽʛʫʨʘʮʽʾ ʨʦʪʦʨ-ʩʪʘʪʦʨ ʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʦʾ ʨʝʯʦʚʠʥʠ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʨʽʚʥʦʤʽʨʥʦʾ ʜʠʩʧʝʨʩʽʾ. ɺʦʥʠ ʪʘʢʦʞ ʧʨʦʘʥʘʣʽʟʫʚʘʣʠ ʨʦʟʧʦʜʽʣ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʦʤ, 

ʜʟʝʪʘ-ʧʦʪʝʥʮʽʘʣ ʽ ʩʪʘʙʽʣʴʥʽʩʪʴ ʜʠʩʧʝʨʛʦʚʘʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, 

ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʢʨʝʪʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʨʦʪʦʨ-ʩʪʘʪʦʨ ʽ ʧʝʚʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʦʾ ʨʝʯʦʚʠʥʠ ʧʨʠʟʚʝʣʦ ʜʦ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʾ ʪʘ ʩʪʘʙʽʣʴʥʦʾ 

ʜʠʩʧʝʨʩʽʾ ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2. ɼʦʩʣʽʜʥʠʢʠ ʪʘʢʦʞ ʦʮʽʥʠʣʠ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʫ 

ʘʢʪʠʚʥʽʩʪʴ ʜʠʩʧʝʨʛʦʚʘʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ ʽ ʚʠʷʚʠʣʠ, ʱʦ ʚʦʥʠ ʝʬʝʢʪʠʚʥʽ ʚ ʨʫʡʥʫʚʘʥʥʽ 

ʤʦʜʝʣʴʥʦʛʦ ʦʨʛʘʥʽʯʥʦʛʦ ʟʘʙʨʫʜʥʶʚʘʯʘ. 

ʋ ʩʪʘʪʪʽ [13] ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʪʘ ʰʚʠʜʢʦʩʪʽ 

ʧʦʪʦʢʫ ʥʘ ʨʦʟʧʦʜʽʣ ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2 ʟʘ ʨʦʟʤʽʨʘʤʠ ʚ ʨʦʪʦʨʥʦ-ʩʪʘʪʦʨʥʦʤʫ 

ʛʦʤʦʛʝʥʽʟʘʪʦʨʽ. ɼʦʩʣʽʜʥʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʠʥʘʤʽʯʥʝ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ ʜʣʷ 
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ʚʠʤʽʨʶʚʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ʨʦʟʤʽʨʽʚ ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2 ʽ ʚʠʷʚʠʣʠ ̫ ʢ ʰʚʠʜʢʽʩʪʴ ʨʦʪʦʨʘ, 

ʪʘʢ ʽ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʤʘʣʠ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʨʦʟʧʦʜʽʣ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʦʤ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʜʘʻ ʫʷʚʣʝʥʥʷ ʧʨʦ ʦʧʪʠʤʽʟʘʮʽʶ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʜʦʙʨʝ ʜʠʩʧʝʨʛʦʚʘʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2. 

ʋ ʨʦʙʦʪʽ [14] ʥʘʥʦʯʘʩʪʠʥʢʠ TiO2 ʜʠʩʧʝʨʛʫʚʘʣʠ ʪʘ ʩʪʘʙʽʣʽʟʫʚʘʣʠ ʫ ʚʦʜʥʠʭ 

ʩʫʩʧʝʥʟʽʷʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʚʦʭ ʧʦʰʠʨʝʥʠʭ ʜʠʩʧʝʨʛʘʪʦʨʽʚ, ʷʢʠʤʠ ʙʫʣʠ 

ʧʦʣʽʘʢʨʠʣʦʚʘ ʢʠʩʣʦʪʘ (PAA) ʽ ʧʦʣʽʤʝʪʘʢʨʠʣʘʪ ʘʤʦʥʽʶ (Darvan C). ɹʫʣʦ ʜʦʩʣʽʜʞʝʥʦ 

ʚʧʣʠʚ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢ ʘʤʧʣʽʪʫʜʘ ʫʣʴʪʨʘʟʚʫʢʫ, ʪʠʧ ʽ ʢʽʣʴʢʽʩʪʴ ʜʠʩʧʝʨʛʘʪʦʨʽʚ ʥʘ 

ʟʜʘʪʥʽʩʪʴ ʜʦ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʚʦʜʥʠʭ ʩʫʩʧʝʥʟʽʡ TiO2 (ʨʠʩ. 3.2). ɹʫʣʦ 

ʚʠʟʥʘʯʝʥʦ, ʱʦ ʨʦʟʨʠʚ ʽʟ ʧʦʜʘʣʴʰʦʶ ʝʨʦʟʽʻʶ ʻ ʦʩʥʦʚʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʨʦʟʧʘʜʫ ʧʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʫʣʴʪʨʘʟʚʫʢʫ. ɹʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʜʦʜʘʚʘʥʥʷ ʜʠʩʧʝʨʛʘʪʦʨʘ ʜʘʻ ʙʽʣʴʰ 

ʜʠʩʧʝʨʩʥʫ ʪʘ ʙʽʣʴʰ ʩʪʘʙʽʣʽʟʦʚʘʥʫ ʚʦʜʥʫ ʩʫʩʧʝʥʟʽʶ. ɹʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ 3 ʤʘʩ.% 

PAA ʽʟ ʩʝʨʝʜʥʴʦʶ ʤʦʣʝʢʫʣʷʨʥʦʶ ʤʘʩʦʶ (Mw) 2000 ʛ/ʤʦʣʴ (PAA 2000) ʦʪʨʠʤʫʶʪʴ 

ʥʘʡʢʨʘʱʫ ʪʘ ʥʘʡʙʽʣʴʰ ʩʪʘʙʽʣʴʥʫ ʜʠʩʧʝʨʩʽʶ. ʇʦʪʽʤ ʩʫʩʧʝʥʟʽʾ ʥʘʥʦʩʠʣʠ ʥʘ ʢʚʘʨʮʦʚʝ 

ʩʢʣʦ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʦʛʦ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʧʦʢʨʠʪʪʽʚ ʚʠʚʯʘʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʦʟʢʣʘʜʘʥʥʷ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʬʦʨʤʘʣʴʜʝʛʽʜʫ ʧʽʜ ʋʌ-ʩʚʽʪʣʦʤ. ɹʫʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ, ʱʦ ʧʦʢʨʠʪʪʷ ʻ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʦ ʘʢʪʠʚʥʠʤʠ. 
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ʈʠʩ. 3.2 - ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʾ ʊɽʄ ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2, ʚʠʣʫʯʝʥʠʭ ʽʟ ʩʫʩʧʝʥʟʽʡ, 

ʦʪʨʠʤʘʥʠʭ (ʘ) ʙʝʟ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʦʙʨʦʙʢʠ, (ʙ) ʟ 40% ʘʤʧʣʽʪʫʜʥʘ ʫʣʴʪʨʘʟʚʫʢʦʚʘ 

ʦʙʨʦʙʢʘ ʪʘ (c) ʟ ʜʦʜʘʚʘʥʥʷʤ ʜʠʩʧʝʨʛʘʪʦʨʘ. 

 

ʋ ʩʪʘʪʪʽ [15] ʜʦʩʣʽʜʞʝʥʦ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2 ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʦʪʦʨʥʦ-ʩʪʘʪʦʨʥʦʛʦ ʛʦʤʦʛʝʥʽʟʘʪʦʨʘ ʪʘ ʚʧʣʠʚ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʦʾ 

ʨʝʯʦʚʠʥʠ, ʯʘʩʫ ʟʤʽʰʫʚʘʥʥʷ ʪʘ ʨʅ ʥʘ ʧʨʦʮʝʩ ʜʠʩʧʝʨʛʫʚʘʥʥʷ. ɸʚʪʦʨʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʦʾ ʨʝʯʦʚʠʥʠ ʪʘ ʨʅ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʦʟʧʦʜʽʣ 

ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2 ʟʘ ʨʦʟʤʽʨʦʤ, ʘ ʜʦʚʰʠʡ ʯʘʩ ʟʤʽʰʫʚʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʙʽʣʴʰ 

ʚʫʟʴʢʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘ ʨʦʟʤʽʨʦʤ ʜʠʩʧʝʨʛʦʚʘʥʠʭ ʯʘʩʪʠʥʦʢ. ɼʦʩʣʽʜʞʝʥʥʷ ʜʘʻ ʮʽʥʥʫ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ 

TiO2 ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʪʦʨʥʦ-ʩʪʘʪʦʨʥʦʛʦ ʛʦʤʦʛʝʥʽʟʘʪʦʨʘ. 
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3.2. ʆʛʣʷʜ ʣʽʪʝʨʘʪʫʨʠ ʫ ʥʘʧʨʷʤʢʫ ʧʦʰʫʢʫ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 
ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʯʘʩʪʠʥʦʢ ʜʚʦʦʢʠʩʫ ʪʠʪʘʥʫ 

 

ɼʠʩʧʝʨʩʽʷ ʯʘʩʪʠʥʦʢ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ ʚ ʨʽʟʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʚʠʢʣʠʢʘʻ ʚʝʣʠʢʠʡ 

ʽʥʪʝʨʝʩ ʫ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ, ʚʢʣʶʯʘʶʯʠ ʥʘʫʢʫ ʧʨʦ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʪʝʭʥʽʢʫ 

ʪʘ ʙʽʦʤʝʜʠʮʠʥʫ. ʑʦʙ ʢʨʘʱʝ ʟʨʦʟʫʤʽʪʠ ʪʘ ʧʝʨʝʜʙʘʯʠʪʠ ʧʦʚʝʜʽʥʢʫ ʮʠʭ ʯʘʩʪʠʥʦʢ ʫ 

ʨʽʟʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ. ʎʽ ʤʦʜʝʣʽ ʤʘʶʪʴ ʥʘ ʤʝʪʽ 

ʽʤʽʪʫʚʘʪʠ ʨʫʭ ʽ ʦʩʘʜʞʝʥʥʷ ʯʘʩʪʠʥʦʢ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ ʽ ʥʘʜʘʪʠ 

ʨʦʟʫʤʽʥʥʷ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʾʭ ʜʠʩʧʝʨʩʽʶ. ʄʦʜʝʣʽ ʟʘʟʚʠʯʘʡ ʚʨʘʭʦʚʫʶʪʴ 

ʪʘʢʽ ʬʘʢʪʦʨʠ, ʷʢ ʨʦʟʤʽʨ, ʬʦʨʤʘ ʪʘ ʟʘʨʷʜ ʧʦʚʝʨʭʥʽ, ʘ ʪʘʢʦʞ ʚʣʘʩʪʠʚʦʩʪʽ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʪʘʢʽ ʷʢ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʪʘ ʚôʷʟʢʽʩʪʴ. ɺʨʘʭʦʚʫʶʯʠ ʮʽ 

ʬʘʢʪʦʨʠ, ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ ʜʦʩʣʽʜʥʠʢʘʤ ʨʦʟʨʦʙʠʪʠ ʪʘ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʮʝʩʠ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʜʠʩʧʝʨʩʽʶ ʯʘʩʪʠʥʦʢ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ. 

ɯʩʥʫʻ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʣʽʪʝʨʘʪʫʨʠ ʧʨʦ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʩʧʝʨʩʽʾ 

ʯʘʩʪʠʥʦʢ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʡʦʛʦ ʚʘʞʣʠʚʽʩʪʴ ʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʛʘʣʫʟʷʭ, 

ʚʢʣʶʯʘʶʯʠ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦ, ʝʢʦʣʦʛʽʯʥʫ ʽʥʞʝʥʝʨʽʶ ʪʘ ʙʽʦʤʝʜʠʮʠʥʫ.  

ɺ ʦʛʣʷʜʽ [16] ʧʦʩʽʙʥʠʢʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʩʬʝʨʘ ʤʦʜʝʣʶʚʘʥʥʷ ʦʢʩʠʜʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʫ ʥʘʥʦʨʦʟʤʽʨʽ, ʷʢʽ ʰʚʠʜʢʦ ʨʦʟʚʠʚʘʶʪʴʩʷ. ʇʽʜʭʦʜʠ ʤʦʜʝʣʶʚʘʥʥʷ çʟʚʝʨʭʫ 

ʜʦʥʠʟʫè ʪʘ çʟʥʠʟʫ ʚʛʦʨʫè, ʘ ʪʘʢʦʞ ʪʝʦʨʝʪʠʯʥʽ ʤʝʪʦʜʠ. 

ʋ ʩʪʘʪʽ [17] ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʥʦʩʪʨʫʢʪʫʨ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ ʪʘ 

ʟʚôʷʟʢʽʚ ʤʽʞ ʩʪʨʫʢʪʫʨʥʠʤʠ/ʝʣʝʢʪʨʦʥʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʘ ʭʽʤʽʯʥʠʤʠ/ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʠʤʠ (ʨʠʩ.3.3). ʈʦʟʛʣʷʥʫʪʽ ʤʦʞʣʠʚʽ ʧʽʜʭʦʜʠ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜʥʦʚʣʝʥʠʭ ʽ 

ʨʦʟʰʠʨʝʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ TiO2, ʘ ʪʘʢʦʞ ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʪʨʫʢʪʫʨʥʠʭ, ʝʣʝʢʪʨʦʥʥʠʭ ʽ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2 ʽ ʾʭ ʟʚôʷʟʢʠ 

ʟ ʨʦʟʤʽʨʦʤ, ʤʦʨʬʦʣʦʛʽʻʶ ʽ ʬʦʨʤʦʶ ʯʘʩʪʠʥʦʢ. 
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ʈʠʩ. 3.3 - ɸʪʦʤʥʽ ʩʪʨʫʢʪʫʨʠ ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʥʘʥʦʢʨʠʩʪʘʣʽʚ  (TiO2)n, 

ʜʦʩʣʽʜʞʝʥʠʭ ʫ ʨʦʙʦʪʽ. 

 

ʋ ʩʪʘʪʽ [18] ʦʪʨʠʤʘʥʽ ʟʥʠʟʫ ʚʛʦʨʫ ʪʘ ʟʚʝʨʭʫ ʚʥʠʟ ʩʪʨʫʢʪʫʨʠ ʥʘʥʦʯʘʩʪʠʥʦʢ. 

ɻʣʦʙʘʣʴʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʘʥʘʣʽʟ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʩʝʨʽʾ ʛʣʦʙʘʣʴʥʠʭ ʤʽʥʽʤʫʤʽʚ (TiO2)N ʚ ʜʽʘʧʘʟʦʥʽ N = 1ï38, ʜʝ ʧʽʜʭʽʜ 

ʟʘʙʝʟʧʝʯʫʻ ʙʘʛʘʪʦ ʥʦʚʠʭ ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʩʪʨʫʢʪʫʨ ʜʣʷ N > 10. ʈʷʜ 

ʥʘʥʦʢʨʠʩʪʘʣʽʚ ʟ ʘʥʘʪʘʟʫ ʢʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʪʘʢʦʞ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʜʦ ʨʦʟʤʽʨʫ 

ʧʦʥʘʜ 250 ʘʪʦʤʽʚ. 

ʉʪʘʪʪʷ [19] ʨʦʟʛʣʷʜʘʻ ʩʠʥʪʝʟ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʨʠʩʪʘʣʽʚ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ (TiO2) 

ʽʟ ʩʧʝʮʽʘʣʴʥʠʤʠ ʛʨʘʥʷʤʠ. ɸʚʪʦʨʠ ʦʙʛʦʚʦʨʶʶʪʴ ʨʽʟʥʽ ʤʝʪʦʜʠ ʢʝʨʫʚʘʥʥʷ 
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ʢʨʠʩʪʘʣʽʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ TiO2, ʚʢʣʶʯʘʶʯʠ ʪʝʤʧʣʘʪʥʠʡ ʩʠʥʪʝʟ, ʛʽʜʨʦʪʝʨʤʘʣʴʥʽ ʪʘ 

ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʽ ʤʝʪʦʜʠ. ɺʦʥʠ ʪʘʢʦʞ ʦʧʠʩʫʶʪʴ, ʷʢ ʢʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʪʘ 

ʤʦʨʬʦʣʦʛʽʷ TiO2 ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʡʦʛʦ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʪʘʢʽ ʷʢ 

ʬʦʪʦʢʘʪʘʣʽʟ, ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʟʦʥʜʫʚʘʥʥʷ. ʋ ʩʪʘʪʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʠʯʝʨʧʥʠʡ 

ʦʛʣʷʜ ʧʦʪʦʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʢʨʠʩʪʘʣʽʚ TiO2 ʟ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤʠ ʛʨʘʥʷʤʠ ʪʘ ʾʭ 

ʧʦʪʝʥʮʽʡʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ. 

ʋ ʩʪʘʪʽ [20] ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʜʠʩʧʝʨʩʽʡʥʘ ʧʦʚʝʜʽʥʢʘ ʥʘʥʦʯʘʩʪʠʥʦʢ ʜʽʦʢʩʠʜʫ 

ʪʠʪʘʥʫ ʚ ʩʢʣʘʜʥʠʭ ʨʽʜʠʥʘʭ, ʪʘʢʠʭ ʷʢ ʧʦʣʽʤʝʨʠ ʪʘ ʨʦʟʯʠʥʠ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ 

ʨʝʯʦʚʠʥ. ɸʚʪʦʨʠ ʨʦʟʨʦʙʣʷʶʪʴ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʽ ʨʽʚʥʷʥʥʷ ʘʜʚʝʢʮʽʾ ʪʘ 

ʜʠʬʫʟʽʾ ʜʣʷ ʦʧʠʩʫ ʪʨʘʥʩʧʦʨʪʫ ʥʘʥʦʯʘʩʪʠʥʦʢ ʫ ʮʠʭ ʨʽʜʠʥʘʭ, ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʪʘʢʽ 

ʬʘʢʪʦʨʠ, ʷʢ ʙʨʦʫʥʽʚʩʴʢʠʡ ʨʫʭ, ʜʠʬʫʟʽʷ, ʩʧʨʠʯʠʥʝʥʘ ʟʩʫʚʦʤ, ʽ ʚʟʘʻʤʦʜʽʷ ʤʽʞ 

ʯʘʩʪʠʥʢʘʤʠ ʪʘ ʨʽʜʠʥʥʦʶ ʤʘʪʨʠʮʝʶ. ʄʦʜʝʣʴ ʧʽʜʪʚʝʨʜʞʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ 

ʜʘʥʠʤʠ ʪʘ ʜʘʻ ʨʦʟʫʤʽʥʥʷ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʦʚʝʜʽʥʢʫ ʜʠʩʧʝʨʩʽʾ 

ʥʘʥʦʯʘʩʪʠʥʦʢ ʫ ʩʢʣʘʜʥʠʭ ʨʽʜʠʥʘʭ. 

ʉʪʘʪʪʷ [21] ʧʨʠʩʚʷʯʝʥʘ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ ʜʣʷ ʦʧʠʩʫ ʧʦʚʝʜʽʥʢʠ ʘʜʩʦʨʙʮʽʾ 

ʪʘ ʜʝʩʦʨʙʮʽʾ ʥʘʥʦʯʘʩʪʠʥʦʢ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ ʥʘ ʧʦʚʝʨʭʥʽ ʢʣʽʪʠʥ. ɺʦʥʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʟʦʪʝʨʤʫ ʘʜʩʦʨʙʮʽʾ ʪʠʧʫ ʃʝʥʛʤʶʨʘ ʜʣʷ ʦʧʠʩʫ ʚʟʘʻʤʦʜʽʾ ʤʽʞ 

ʥʘʥʦʯʘʩʪʠʥʢʘʤʠ ʪʘ ʧʦʚʝʨʭʥʝʶ ʢʣʽʪʠʥʠ ʪʘ ʨʦʟʨʦʙʣʷʶʪʴ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ 

ʜʣʷ ʦʧʠʩʫ ʟʘʣʝʞʥʦʾ ʚʽʜ ʯʘʩʫ ʘʜʩʦʨʙʮʽʾ ʪʘ ʜʝʩʦʨʙʮʽʾ ʥʘʥʦʯʘʩʪʠʥʦʢ. ʄʦʜʝʣʴ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʘʜʩʦʨʙʮʽʶ ʪʘ 

ʜʝʩʦʨʙʮʽʶ ʥʘʥʦʯʘʩʪʠʥʦʢ ʥʘ ʧʦʚʝʨʭʥʽ ʢʣʽʪʠʥ, ʽ ʜʘʻ ʫʷʚʣʝʥʥʷ ʧʨʦ ʧʦʪʝʥʮʽʡʥʽ ʥʘʩʣʽʜʢʠ 

ʚʧʣʠʚʫ ʥʘʥʦʯʘʩʪʠʥʦʢ ʥʘ ʟʜʦʨʦʚôʷ ʪʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ʋ ʩʪʘʪʽ [22] ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʄʦʥʪʝ-ʂʘʨʣʦ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʧʣʠʚʫ ʟʘʨʷʜʫ ʧʦʚʝʨʭʥʽ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʝʣʝʢʪʨʦʣʽʪʫ ʥʘ ʘʛʨʝʛʘʮʽʶ ʪʘ ʩʝʜʠʤʝʥʪʘʮʽʶ 

ʥʘʥʦʯʘʩʪʠʥʦʢ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ ʫ ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ɺʦʥʠ ʨʦʟʨʦʙʣʷʶʪʴ 

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ DLVO, ʷʢʘ ʦʧʠʩʫʻ ʤʽʞʯʘʩʪʠʥʢʦʚʽ ʩʠʣʠ ʪʘ 

ʚʟʘʻʤʦʜʽʾ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʘʛʨʝʛʘʮʽʾ ʘʙʦ ʩʪʘʙʽʣʽʟʘʮʽʾ. ʄʦʜʝʣʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʘʛʨʝʛʘʮʽʡʥʦʾ ʧʦʚʝʜʽʥʢʠ ʥʘʥʦʯʘʩʪʠʥʦʢ ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ ʽ ʜʘʻ 

ʫʷʚʣʝʥʥʷ ʧʨʦ ʤʝʭʘʥʽʟʤʠ, ʷʢʽ ʢʦʥʪʨʦʣʶʶʪʴ ʩʪʘʙʽʣʴʥʽʩʪʴ ʽ ʘʛʨʝʛʘʮʽʶ ʯʘʩʪʠʥʦʢ ʫ 

ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 
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ʋ ʩʪʘʪʪʽ [23] ʜʦʩʣʽʜʥʠʢʠ ʩʠʥʪʝʟʫʚʘʣʠ ʘʤʦʨʬʥʠʡ ʦʢʩʠʜ ʪʠʪʘʥʫ ʰʣʷʭʦʤ 

ʛʽʜʨʦʣʽʟʫ ʝʪʦʢʩʠʜʫ ʪʠʪʘʥʫ ʚ ʪʦʯʮʽ ʣʴʦʜʫ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʥʘʥʦʯʘʩʪʠʥʢʠ 

ʤʘʶʪʴ ʩʠʣʴʥʦ ʩʧʦʪʚʦʨʝʥʫ ʦʙʦʣʦʥʢʫ (ʨʠʩ.3.4) ʽ ʥʘʧʨʫʞʝʥʝ ʘʥʘʪʘʟʦʧʦʜʽʙʥʝ ʷʜʨʦ ʽʟ 

ʩʝʨʝʜʥʽʤ ʢʦʦʨʜʠʥʘʮʽʡʥʠʤ ʯʠʩʣʦʤ Ti-O 5,3. ɿʥʠʞʝʥʥʷ ʢʦʦʨʜʠʥʘʮʽʾ ʢʽʣʴʢʽʩʪʴ ʚ 

ʦʩʥʦʚʥʦʤʫ ʟʫʤʦʚʣʝʥʘ ʘʪʦʤʘʤʠ Ti, ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʫ ʟʦʚʥʽʰʥʽʭ ʦʙʦʣʦʥʢʘʭ 

ʥʘʥʦʯʘʩʪʠʥʦʢ. ɿʘʚʜʷʢʠ ʥʘʷʚʥʦʩʪʽ ʘʥʘʪʘʟʦʧʦʜʽʙʥʠʭ ʷʜʝʨ ʫ ʥʘʥʦʯʘʩʪʠʥʢʘʭ ʮʝʡ ʪʠʧ 

ʘʤʦʨʬʥʦʛʦ ʥʘʥʦ-TiO2 ʩʣʫʞʠʪʴ ʽʜʝʘʣʴʥʠʤ ʧʦʧʝʨʝʜʥʠʢʦʤ ʜʣʷ ʩʠʥʪʝʟʫ ʦʜʥʦʬʘʟʥʦʛʦ 

ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʘʥʘʪʘʟʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ. ʉʪʨʫʢʪʫʨʠ ʷʜʨʦ-

ʦʙʦʣʦʥʢʘ ʚ ʥʘʜʪʦʥʢʠʭ ʥʘʥʦʯʘʩʪʠʥʢʘʭ - ʩʧʦʪʚʦʨʝʥʽ ʦʙʦʣʦʥʢʠ ʧʣʶʩ ʜʝʬʦʨʤʘʮʽʷ 

ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʷʜʨʘ ʤʦʞʫʪʴ ʙʫʪʠ ʟʚʠʯʘʡʥʠʤʠ ʜʣʷ ʙʘʛʘʪʴʦʭ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʪʘʢʦʞ 

ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʚ ʤʘʣʠʭ ʥʘʥʦʯʘʩʪʠʥʢʘʭ ZnS. 

 

 

 

ʈʠʩ. 3.4 - ʂʦʣʴʦʨʦʚʘ ʦʥʣʘʡʥ-ʩʪʨʫʢʪʫʨʘ ʥʘʥʦʯʘʩʪʠʥʢʠ TiO2, ʫʪʚʦʨʝʥʦʾ RMC, a) ʪʘ 

b) ʤʦʜʝʣʽ ʯʘʩʪʠʥʦʢ ʘʥʘʪʘʟʫ ʨʦʟʤʽʨʦʤ 2 ʥʤ, c) ʽ d) ʤʦʜʝʣʴ ʯʘʩʪʠʥʢʠ ʘʥʘʪʘʟʫ 3 ʥʤ. b) 

ʽ d) ʻ ʚʠʜʘʤʠ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ. 
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ʋ ʩʪʘʪʪʽ [24] ʦʙʛʦʚʦʨʶʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʪʘ ʝʣʝʢʪʨʦʥʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʥʦʯʘʩʪʠʥʦʢ ʜʽʦʢʩʠʜʫ 

ʪʠʪʘʥʫ. ɸʚʪʦʨʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʚʦʾ ʨʦʟʨʘʭʫʥʢʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʽʟʥʠʭ ʪʠʧʽʚ 

ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2, ʚʢʣʶʯʘʶʯʠ ʘʥʘʪʘʟ, ʨʫʪʠʣ ʽ ʙʨʫʢʽʪ, ʽ ʦʧʠʩʫʶʪʴ ʚʧʣʠʚ ʦʙʨʠʚʽʚ 

ʧʦʚʝʨʭʥʽ ʪʘ ʜʝʬʝʢʪʽʚ ʥʘ ʾʭʥʽ ʝʣʝʢʪʨʦʥʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʉʪʘʪʪʷ ʤʽʩʪʠʪʴ ʫʷʚʣʝʥʥʷ ʧʨʦ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2 ʽ ʾʭ ʧʦʪʝʥʮʽʡʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʨʽʟʥʠʭ ʦʙʣʘʩʪʷʭ, ʚʢʣʶʯʘʶʯʠ ʬʦʪʦʢʘʪʘʣʽʟ ʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ. 

ʉʪʘʪʪʷ [25] ʧʨʠʩʚʷʯʝʥʘ ʤʦʜʝʣʶʚʘʥʥʶ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʛʽʜʨʦʜʠʥʘʤʽʢʠ (CFD) 

ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʪʦʢʫ ʪʘ ʜʠʩʧʝʨʩʽʾ ʯʘʩʪʠʥʦʢ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ ʚ ʤʽʢʨʦʢʘʥʘʣʽ. 

ʈʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʽ ʨʽʚʥʷʥʴ ʅʘʚôʻ-ʉʪʦʢʩʘ ʪʘ ʨʽʚʥʷʥʥʷ 

ʘʜʚʝʢʮʽʾ ʪʘ ʜʠʬʫʟʽʾ ʜʣʷ ʦʧʠʩʫ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʯʘʩʪʠʥʦʢ ʫ 

ʤʽʢʨʦʢʘʥʘʣʽ. ʄʦʜʝʣʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, 

ʪʘʢʠʭ ʷʢ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʪʘ ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ, ʥʘ ʧʦʚʝʜʽʥʢʫ ʜʠʩʧʝʨʩʽʾ 

ʥʘʥʦʯʘʩʪʠʥʦʢ ʫ ʤʽʢʨʦʢʘʥʘʣʽ. 

ʋ ʩʪʘʪʽ [26] ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ ʚ ʧʦʨʠʩʪʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʝʬʝʢʪʽʚ ʜʠʬʫʟʽʾ, ʘʜʚʝʢʮʽʾ ʪʘ ʬʽʣʴʪʨʘʮʽʾ. ɺʠʷʚʣʝʥʦ, ʱʦ ʪʨʘʥʩʧʦʨʪʥʘ 

ʧʦʚʝʜʽʥʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʤʽʨʫ ʪʘ ʟʘʨʷʜʫ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ, ʘ ʪʘʢʦʞ ʚʽʜ ʨʦʟʧʦʜʽʣʫ 

ʨʦʟʤʽʨʽʚ ʧʦʨ ʽ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʨʽʜʠʥʠ. 

ʋ ʜʦʩʣʽʜʞʝʥʥʽ [27] ʧʦʨʽʚʥʷʥʦ ʥʘʥʦʢʨʠʩʪʘʣʠ ʪʘ ʥʘʥʦʩʬʝʨʠ ʨʽʟʥʠʭ ʨʦʟʤʽʨʽʚ 

(ʜʽʘʤʝʪʨʦʤ ʜʦ 3 ʥʤ), ʱʦʙ ʧʽʜʢʨʝʩʣʠʪʠ ʘʥʘʣʦʛʽʾ ʪʘ ʚʽʜʤʽʥʥʦʩʪʽ (ʨʠʩ.3.5). ɿʦʢʨʝʤʘ, 

ʟʦʩʝʨʝʜʞʝʥʦ ʫʚʘʛʫ ʥʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʧʦʚʝʨʭʥʝʚʠʭ ʽ ʦʙôʻʤʥʠʭ ʚʫʟʣʽʚ, 

ʢʦʦʨʜʠʥʘʮʽʡʥʦʤʫ ʨʦʟʧʦʜʽʣʽ ʧʦʚʝʨʭʥʝʚʠʭ ʚʫʟʣʽʚ, ʘʪʦʤʥʠʭ ʩʧʦʪʚʦʨʝʥʥʷʭ ʘʙʦ 

ʢʨʠʚʠʟʥʽ ʪʘ ʧʦʚʝʨʭʥʝʚʠʭ ʝʥʝʨʛʽʷʭ ʟʽ ʩʪʨʫʢʪʫʨʥʦʾ ʪʦʯʢʠ ʟʦʨʫ. ʉʪʦʩʦʚʥʦ ʝʣʝʢʪʨʦʥʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʜʦʩʣʽʜʞʝʥʦ ʨʽʟʥʠʮʶ ʤʽʞ ʂʦʥʦʤïʐʝʤʦʤ ʽ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤʠ 

ʧʨʦʤʽʞʢʘʤʠ ʮʠʭ ʩʠʩʪʝʤ ʢʽʥʮʝʚʦʛʦ ʨʦʟʤʽʨʫ, ʧʨʦʩʪʦʨʦʚʠʤ ʨʦʟʧʦʜʽʣʦʤ ʦʨʙʽʪʘʣʝʡ ʥʘ 

ʢʦʨʜʦʥʘʭ, ʧʦʪʝʥʮʽʘʣʘʤʠ ʽʦʥʽʟʘʮʽʾ ʪʘ ʩʧʦʨʽʜʥʝʥʽʩʪʶ ʜʦ ʝʣʝʢʪʨʦʥʽʚ, ʽ ʛʫʩʪʠʥʦʶ ʩʪʘʥʽʚ, 

ʩʧʨʦʝʢʪʦʚʘʥʠʭ ʥʘ ʨʽʟʥʽ ʧʨʠʩʫʪʥʽ ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʩʘʡʪʠ ʚ ʥʘʥʦʯʘʩʪʠʥʢʘʭ. ʎʝʡ 

ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʜʦʚʦʜʠʪʴ, ʱʦ ʛʨʘʥʝʥʽ ʪʘ ʩʬʝʨʠʯʥʽ ʥʘʥʦʯʘʩʪʠʥʢʠ ʤʘʶʪʴ ʨʽʟʥʽ 



40 

 

ʩʪʨʫʢʪʫʨʥʽ ʪʘ ʝʣʝʢʪʨʦʥʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʱʦ ʨʦʙʠʪʴ ʢʦʞʥʫ ʟ ʥʠʭ ʙʽʣʴʰ ʧʨʠʜʘʪʥʦʶ ʜʣʷ 

ʨʽʟʥʠʭ ʮʽʣʝʡ ʽ ʟʘʩʪʦʩʫʚʘʥʴ. 

 

 

a)                                                b) 

ʈʠʩ. 3.5 ï ʅʘʥʦʯʘʩʪʠʥʢʠ TiO2, a) ʩʬʝʨʠʯʥʽ, b) ʛʨʘʥʦʚʘʥʽ 

 

ʋ ʩʪʘʪʽ [28] ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʧʦʚʝʜʽʥʢʘ ʥʘʥʦʯʘʩʪʠʥʦʢ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ ʚ 

ʧʦʨʠʩʪʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʠʩʝʣʴʥʦʾ ʤʦʜʝʣʽ. ʋ ʜʦʩʣʽʜʞʝʥʥʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʢʦʤʙʽʥʘʮʽʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʜʠʥʘʤʽʢʠ ʨʽʜʠʥʠ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ 

ʤʝʪʦʜʦʤ ʜʠʩʢʨʝʪʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʘʥʘʣʽʟʫ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʦʩʘʜʞʝʥʥʷ 

ʥʘʥʦʯʘʩʪʠʥʦʢ ʫ ʧʦʨʠʩʪʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʟʦʩʝʨʝʜʞʫʶʯʠʩʴ ʥʘ ʚʧʣʠʚʽ ʨʦʟʤʽʨʫ 

ʯʘʩʪʠʥʦʢ, ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʪʘ ʟʘʨʷʜʫ ʧʦʚʝʨʭʥʽ ʥʘ ʧʦʚʝʜʽʥʢʫ ʥʘʥʦʯʘʩʪʠʥʦʢ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘ ʧʦʚʝʜʽʥʢʫ ʥʘʥʦʯʘʩʪʠʥʦʢ ʫ ʧʦʨʠʩʪʠʭ ʩʝʨʝʜʦʚʠʱʘʭ 

ʩʠʣʴʥʦ ʚʧʣʠʚʘʶʪʴ ʧʦʚʝʨʭʥʝʚʠʡ ʟʘʨʷʜ, ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ ʽ ʰʚʠʜʢʽʩʪʴ ʨʽʜʠʥʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʜʘʻ ʚʘʞʣʠʚʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʦʚʝʜʽʥʢʫ ʥʘʥʦʯʘʩʪʠʥʦʢ ʜʽʦʢʩʠʜʫ 

ʪʠʪʘʥʫ ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʠʤ ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʩʪʨʘʪʝʛʽʡ ʧʦʤôʷʢʰʝʥʥʷ ʾʭ ʧʦʪʝʥʮʽʡʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ɼʦʩʣʽʜʞʝʥʥʷ [29] ʧʦʢʘʟʫʻ, ʱʦ ʧʨʠʩʫʪʥʽʩʪʴ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ 

ʤʦʞʝ ʟʙʽʣʴʰʠʪʠ ʙʽʦʜʦʩʪʫʧʥʽʩʪʴ ʽ ʝʢʦʣʦʛʽʯʥʠʡ ʨʠʟʠʢ ʟʘʙʨʫʜʥʝʥʴ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ 

ʰʣʷʭʦʤ ʫʧʦʚʽʣʴʥʝʥʥʷ ʘʛʨʝʛʘʮʽʾ ʪʘ ʩʧʨʠʷʥʥʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʶ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʫ 

ʧʨʠʨʦʜʥʠʭ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. 
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ʋ ʩʪʘʪʽ [30] ʚʠʢʦʨʠʩʪʘʥʦ ʢʦʤʙʽʥʘʮʽʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʽ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʪʠʧʽʚ ʧʦʚʝʨʭʥʝʚʦ-

ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʪʘ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʥʘ ʧʦʚʝʜʽʥʢʫ ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2. ʈʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʪʠʧ ʽ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʧʦʚʝʨʭʥʝʚʦ-

ʘʢʪʠʚʥʦʾ ʨʝʯʦʚʠʥʠ ʤʦʞʫʪʴ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʪʠ ʥʘ ʧʦʚʝʜʽʥʢʫ ʘʛʨʝʛʘʮʽʾ ʪʘ ʩʝʜʠʤʝʥʪʘʮʽʾ 

TiO2. ɼʦʩʣʽʜʞʝʥʥʷ ʜʘʻ ʚʘʞʣʠʚʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʦʚʝʜʽʥʢʫ ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2 ʫ 

ʩʢʣʘʜʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʽ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʚ ʨʦʟʨʦʙʮʽ ʩʪʨʘʪʝʛʽʡ ʢʦʥʪʨʦʣʶ ʜʠʩʧʝʨʩʽʾ 

ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2 ʫ ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʉʪʘʪʪʷ [31] ʧʨʝʜʩʪʘʚʣʷʻ ʨʦʟʨʦʙʢʫ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

ʥʘʥʦʯʘʩʪʠʥʦʢ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ ʫ ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʋ ʜʦʩʣʽʜʞʝʥʥʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʣʘʙʦʨʘʪʦʨʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʦʩʘʜʞʝʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2 ʫ ʨʽʟʥʠʭ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. 

ɼʘʥʽ, ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʮʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʘ 

ʧʝʨʝʚʽʨʢʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʤʦʜʝʣʴ ʤʦʞʝ 

ʪʦʯʥʦ ʧʝʨʝʜʙʘʯʠʪʠ ʧʦʚʝʜʽʥʢʫ ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2 ʫ ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, 

ʚʢʣʶʯʘʶʯʠ ʾʭ ʦʩʘʜʞʝʥʥʷ ʪʘ ʪʨʘʥʩʧʦʨʪʥʫ ʧʦʚʝʜʽʥʢʫ. ɼʦʩʣʽʜʞʝʥʥʷ ʜʘʻ ʚʘʞʣʠʚʫ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʜʦʣʶ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2 ʫ ʚʦʜʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʚ ʨʦʟʨʦʙʮʽ ʩʪʨʘʪʝʛʽʡ ʢʦʥʪʨʦʣʶ ʾʭ ʨʦʟʩʽʶʚʘʥʥʷ ʪʘ 

ʟʤʝʥʰʝʥʥʷ ʾʭ ʧʦʪʝʥʮʽʡʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ʋ ʩʪʘʪʽ [32] ʡʜʝʪʴʩʷ ʧʨʦ ʨʦʟʨʦʙʢʫ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʘʜʩʦʨʙʮʽʡʥʦʾ ʧʦʚʝʜʽʥʢʠ ʥʘʥʦʯʘʩʪʠʥʦʢ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ ʥʘ ʧʦʚʝʨʭʥʷʭ, ʧʦʢʨʠʪʠʭ 

ʧʨʠʨʦʜʥʦʶ ʦʨʛʘʥʽʯʥʦʶ ʨʝʯʦʚʠʥʦʶ. ɼʦʩʣʽʜʞʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʣʦ ʚʧʣʠʚ ʪʘʢʠʭ 

ʬʘʢʪʦʨʽʚ, ʷʢ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʥʽ ʥʘʥʦʯʘʩʪʠʥʦʢ, ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʠʨʦʜʥʦʾ ʦʨʛʘʥʽʯʥʦʾ 

ʨʝʯʦʚʠʥʠ ʪʘ ʫʤʦʚʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʘʜʩʦʨʙʮʽʡʥʫ ʧʦʚʝʜʽʥʢʫ 

ʥʘʥʦʯʘʩʪʠʥʦʢ. ɸʚʪʦʨʠ ʚʠʢʦʨʠʩʪʘʣʠ ʢʦʤʙʽʥʘʮʽʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʽ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦʙ ʨʦʟʨʦʙʠʪʠ ʤʦʜʝʣʴ ʽ ʧʝʨʝʚʽʨʠʪʠ ʾʾ ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ. ʉʪʘʪʪʷ ʜʘʻ ʫʷʚʣʝʥʥʷ ʧʨʦ ʧʦʚʝʜʽʥʢʫ ʥʘʥʦʯʘʩʪʠʥʦʢ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ ʚ 

ʧʨʠʨʦʜʥʠʭ ʩʠʩʪʝʤʘʭ ʽ ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʦʶ ʜʣʷ ʨʦʟʨʦʙʢʠ ʩʪʨʘʪʝʛʽʡ ʢʦʥʪʨʦʣʶ ʾʭ 

ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 
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ʋ ʩʪʘʪʪʽ [33] ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʷʢʘ ʦʧʠʩʫʻ ʧʨʦʮʝʩʠ ʪʘ ʾʭʥʽʡ 

ʚʽʜʥʦʩʥʠʡ ʚʥʝʩʦʢ ʫ ʧʦʚʝʜʽʥʢʫ ʥʘʥʦʯʘʩʪʠʥʦʢ ʫ ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʇʽʩʣʷ 

ʢʘʣʽʙʨʫʚʘʥʥʷ ʤʦʜʝʣʽ ʟʘ ʥʘʷʚʥʠʤʠ ʜʘʥʠʤʠ ʚʦʥʘ ʟʜʘʪʥʘ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʘʪʠ 

ʦʧʫʙʣʽʢʦʚʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʻʜʠʥʦʛʦ ʥʘʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ 

ʦʭʦʧʣʶʻ ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʧʦʯʘʪʢʦʚʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ. ʄʦʜʝʣʴ ʧʦʢʘʟʫʻ, ʱʦ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʣʘʙʦʨʘʪʦʨʽʾ, ʛʦʤʦʘʛʨʝʛʘʮʽʷ ʪʘ ʩʝʜʠʤʝʥʪʘʮʽʷ 

ʘʛʨʝʛʘʪʽʚ ʻ ʥʘʡʚʘʞʣʠʚʽʰʠʤʠ ʧʨʦʮʝʩʘʤʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ [34] ʤʘʻ ʥʘ ʤʝʪʽ ʚʠʚʯʠʪʠ ʤʝʭʘʥʽʟʤʠ, ʱʦ ʨʝʛʫʣʶʶʪʴ ʢʽʥʝʪʠʢʫ 

ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʫʪʨʠʤʫʚʘʥʥʷ ʘʛʨʝʛʘʪʽʚ ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2 ʫ ʧʨʦʪʦʯʥʠʭ ʢʦʣʦʥʘʭ ʟ 

ʥʘʙʠʪʠʤ ʧʽʩʢʦʤ, ʦʩʦʙʣʠʚʦ ʚ ʥʝʥʘʩʠʯʝʥʠʭ ʫʤʦʚʘʭ. ɼʚʦʩʪʦʨʦʥʥʷ ʤʦʜʝʣʴ ʢʽʥʝʪʠʯʥʦʛʦ 

ʧʨʠʢʨʽʧʣʝʥʥʷ ʥʘʜʘʣʘ ʭʦʨʦʰʠʡ ʦʧʠʩ ʷʢ ʫ ʥʘʩʠʯʝʥʠʭ, ʪʘʢ ʽ ʚ ʥʝʥʘʩʠʯʝʥʠʭ ʫʤʦʚʘʭ. 

ʇʽʜʽʙʨʘʥʽ ʧʘʨʘʤʝʪʨʠ ʤʦʞʫʪʴ ʫʩʧʽʰʥʦ ʧʦʷʩʥʠʪʠ ʪʨʘʥʩʧʦʨʪʥʫ ʧʦʚʝʜʽʥʢʫ TiO2 ʟʘ 

ʨʽʟʥʠʭ ʫʤʦʚ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʨʦʟʯʠʥʫ. 

ʋ ʩʪʘʪʽ [35] ʚʠʢʦʨʠʩʪʘʥʦ ʙʘʛʘʪʦʤʘʩʰʪʘʙʥʫ ʪʝʨʤʦʜʠʥʘʤʽʯʥʫ ʤʦʜʝʣʴ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ pH ʥʘ ʬʦʨʤʫ ʪʘ ʬʘʟʦʚʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʥʘʥʦʯʘʩʪʠʥʦʢ ʜʽʦʢʩʠʜʫ 

ʪʠʪʘʥʫ. ʗʢ ʚʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʤʦʜʝʣʽ, ʧʦʚʝʨʭʥʝʚʽ ʝʥʝʨʛʽʾ ʪʘ ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ 

ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟ ʥʠʟʴʢʠʤ ʽʥʜʝʢʩʦʤ ʘʥʘʪʘʟʫ ʪʘ ʨʫʪʠʣʫ ʚ ʫʤʦʚʘʭ, ʙʘʛʘʪʠʭ 

ʽ ʙʽʜʥʠʭ ʥʘ ʚʦʜʝʥʴ, ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʦʨʽʾ ʬʫʥʢʮʽʦʥʘʣʫ ʛʫʩʪʠʥʠ. 

ʅʘʰʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʷʢ ʬʘʟʘ ʘʥʘʪʘʟʫ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ ʚ ʢʠʩʣʦʤʫ ʨʦʟʯʠʥʽ, ʪʦʜʽ 

ʷʢ ʬʘʟʘ ʨʫʪʠʣʫ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ ʚ ʣʫʞʥʦʤʫ ʨʦʟʯʠʥʽ, ʽ ʱʦ pH ʪʘʢʦʞ ʤʦʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʽʥʜʫʢʮʽʾ ʩʪʨʫʢʪʫʨʥʠʭ ʽ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ. 
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4. ɼʆʉʃɯɼɾɽʅʅʗ ʅɸʅʆʏɸʉʊʀʅʆʂ ɼɯʆʂʉʀɼ ʊʀʊɸʅʋ (TiO2) 

 

ʋ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʥʘʥʦʯʘʩʪʠʥʢʠ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ (TiO2), ʘʛʣʦʤʝʨʘʪʠ ʷʢʠʭ 

ʙʫʣʠ ʜʠʩʧʝʨʛʦʚʘʥʽ ʫʣʴʪʨʘʟʚʫʢʦʚʠʤ ʧʨʦʮʝʩʦʨʦʤ. 

ɼʠʩʧʝʨʛʫʚʘʥʥʷ ʯʘʩʪʠʥʦʢ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʾʭʥʽʭ ʦʧʪʠʤʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚ ʨʽʟʥʠʭ ʩʬʝʨʘʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. ʇʨʦʮʝʩ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʚʢʣʶʯʘʻ ʨʦʟʱʝʧʣʝʥʥʷ ʘʛʣʦʤʝʨʘʪʽʚ ʘʙʦ 

ʢʣʘʩʪʝʨʽʚ ʯʘʩʪʠʥʦʢ ʥʘ ʦʢʨʝʤʽ ʯʘʩʪʠʥʢʠ ʘʙʦ ʥʝʚʝʣʠʢʽ ʘʛʣʦʤʝʨʘʪʠ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ 

ʫʪʚʦʨʶʻʪʴʩʷ ʦʜʥʦʨʽʜʥʘ ʪʘ ʩʪʘʙʽʣʴʥʘ ʩʫʩʧʝʥʟʽʷ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʘʞʣʠʚʽ, ʦʩʢʽʣʴʢʠ ʘʛʣʦʤʝʨʘʪʠ ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʠʪʠ 

ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʯʘʩʪʠʥʦʢ, ʟʥʠʟʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʪʘ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʜʝʬʝʢʪʽʚ ʧʨʦʜʫʢʪʫ. ʂʨʽʤ ʪʦʛʦ, ʜʠʩʧʝʨʛʦʚʘʥʽ ʯʘʩʪʠʥʢʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʧʦʢʨʘʱʝʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʪʘʢʽ ʷʢ ʟʙʽʣʴʰʝʥʘ ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ, ʧʽʜʚʠʱʝʥʘ ʨʝʘʢʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ, 

ʧʦʢʨʘʱʝʥʘ ʤʝʭʘʥʽʯʥʘ ʤʽʮʥʽʩʪʴ ʽ ʢʨʘʱʽ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʙʽʣʴʰ 

ʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʚʢʣʶʯʘʶʯʠ ʬʘʨʙʠ, 

ʧʦʢʨʠʪʪʷ, ʢʝʨʘʤʽʢʫ, ʬʘʨʤʘʮʝʚʪʠʢʫ ʪʘ ʝʣʝʢʪʨʦʥʽʢʫ. ʊʦʤʫ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʯʘʩʪʠʥʦʢ 

ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʤʘʢʩʠʤʽʟʘʮʽʾ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʝʟʤʽʥʥʦʾ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ. 

ʋ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʦ ʛʨʘʬʽʢʠ ʟʤʽʥʠ ʩʝʨʝʜʥʴʦʛʦ ʜʽʘʤʝʪʨʘ ʯʘʩʪʠʥʦʢ ʟʘʣʝʞʥʦ ʚʽʜ 

ʯʘʩʫ ʦʙʨʦʙʢʠ ʾʭ ʥʘ ʦʩʥʦʚʽ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʩʦʥʦʪʨʦʜʫ. ʇʨʠ ʮʴʦʤʫ ʚʘʨʽʶʚʘʣʠʩʷ ʪʘʢʽ 

ʧʘʨʘʤʝʪʨʠ ʷʢ ʯʘʩ ʪʘ ʘʤʧʣʽʪʫʜʘ. 

ʆʜʥʽʻʶ ʟ ʚʘʞʣʠʚʠʭ ʮʽʣʝʡ ʫ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʟ ʥʘʥʦʢʦʤʧʦʟʠʪʘʤʠ ʻ ʷʢʽʩʥʝ 

ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ ʫ ʤʘʪʝʨʽʘʣʽ ʤʘʪʨʠʮʽ. ʊʽʣʴʢʠ ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʟ 

ʜʦʙʨʝ ʨʦʟʜʽʣʝʥʠʤʠ ʘʛʣʦʤʝʨʘʪʘʤʠ ʥʘʥʦʯʘʩʪʠʥʦʢ ʤʦʞʫʪʴ ʤʘʪʠ ʫʥʽʢʘʣʴʥʽ ʥʦʚʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʧʦʢʘʟʫʚʘʪʠ ʧʦʢʨʘʱʝʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʜʘʨʥʦʾ ʚ'ʷʟʢʦʩʪʽ ʪʘ 

ʞʦʨʩʪʢʦʩʪʽ [36]. 

ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʪʘ ʷʢʽʩʥʠʭ ʩʧʦʩʦʙʽʚ ʨʦʟʙʠʪʪʷ ʘʛʣʦʤʝʨʘʪʽʚ ʻ 

ʫʣʴʪʨʘʟʚʫʢʦʚʝ ʜʠʩʧʝʨʛʫʚʘʥʥʷ. ʋʣʴʪʨʘʟʚʫʢ ʤʘʻ ʨʽʟʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʧʨʦʮʝʩʘʭ 

ʦʙʨʦʙʢʠ ʤʘʪʝʨʽʘʣʽʚ. ʁʦʛʦ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʜʣʷ ʘʛʨʝʛʘʮʽʾ ʯʘʩʪʠʥʦʢ, ʪʘʢ ʽ 

ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ ʘʛʣʦʤʝʨʘʪʽʚ ʽ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʭ ʧʦʣʽʤʝʨʽʚ [37]. 
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ʋʣʴʪʨʘʟʚʫʢʦʚʘ ʜʠʩʧʝʨʩʽʷ ʤʦʞʝ ʛʝʥʝʨʫʚʘʪʠ ʟʚʫʢʦʚʽ ʭʚʠʣʽ ʚʠʩʦʢʦʾ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʷʢʽ ʚʠʢʣʠʢʘʶʪʴ ʢʘʚʽʪʘʮʽʶ ʪʘ ʩʠʣʠ ʟʩʫʚʫ ʚ ʨʽʜʠʥʘʭ. ʂʦʣʠ 

ʫʣʴʪʨʘʟʚʫʢʦʚʽ ʭʚʠʣʽ ʧʨʦʭʦʜʷʪʴ ʢʨʽʟʴ ʨʽʜʠʥʫ, ʚʦʥʠ ʩʪʚʦʨʶʶʪʴ ʯʝʨʛʫʚʘʥʥʷ ʦʙʣʘʩʪʝʡ 

ʚʠʩʦʢʦʛʦ ʪʘ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ, ʷʢʽ ʚʠʢʣʠʢʘʶʪʴ ʫʪʚʦʨʝʥʥʷ ʪʘ ʰʚʠʜʢʝ ʟʛʦʨʪʘʥʥʷ 

ʤʘʣʝʥʴʢʠʭ ʙʫʣʴʙʘʰʦʢ. ʎʝ ʷʚʠʱʝ, ʚʽʜʦʤʝ ʷʢ ʢʘʚʽʪʘʮʽʷ, ʛʝʥʝʨʫʻ ʫʜʘʨʥʽ ʭʚʠʣʽ ʚʠʩʦʢʦʾ 

ʝʥʝʨʛʽʾ, ʷʢʽ ʤʦʞʫʪʴ ʨʦʟʙʠʚʘʪʠ ʘʛʣʦʤʝʨʘʪʠ ʪʘ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʷʪʠ ʯʘʩʪʠʥʢʠ ʧʦ 

ʚʩʽʡ ʨʽʜʠʥʽ. 

ʆʢʨʽʤ ʢʘʚʽʪʘʮʽʾ, ʫʣʴʪʨʘʟʚʫʢʦʚʘ ʜʠʩʧʝʨʩʽʷ ʪʘʢʦʞ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʩʠʣʠ ʟʩʫʚʫ ʚ 

ʨʽʜʠʥʘʭ. ʎʽ ʟʩʫʚʥʽ ʩʠʣʠ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʢʦʣʠʚʘʥʴ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʭʚʠʣʴ, ʷʢʽ 

ʩʪʚʦʨʶʶʪʴ ʝʬʝʢʪ ʧʦʪʦʢʫ ʚ ʨʽʜʠʥʽ, ʷʢʠʡ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʨʫʭ ʯʘʩʪʠʥʦʢ ʽ ʟʽʪʢʥʝʥʥʷ 

ʦʜʥʘ ʟ ʦʜʥʦʶ. ʎʝ ʟʽʪʢʥʝʥʥʷ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʨʦʟʙʠʪʠ ʘʛʣʦʤʝʨʘʪʠ ʪʘ ʩʧʨʠʷʪʠ 

ʨʽʚʥʦʤʽʨʥʦʤʫ ʨʦʟʧʦʜʽʣʫ [38].  

ɼʽʦʢʩʠʜ ʪʠʪʘʥʫ (TiO2) ʻ ʭʽʤʽʯʥʦʶ ʩʧʦʣʫʢʦʶ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʦʜʠʥ ʘʪʦʤ ʪʠʪʘʥʫ 

(Ti) ʽ ʜʚʘ ʘʪʦʤʠ ʢʠʩʥʶ (O). 

ɼʽʦʢʩʠʜ ʪʠʪʘʥʫ ʚʽʜʦʤʠʡ ʫ ʚʠʛʣʷʜʽ ʢʽʣʴʢʦʭ ʤʦʜʠʬʽʢʘʮʽʡ: ʮʝ ʢʨʠʩʪʘʣʠ ʟ 

ʪʝʪʨʘʛʦʥʘʣʴʥʦʶ ʩʠʥʛʦʥʽʻʶ (ʘʥʘʪʘʟ, ʨʫʪʠʣ) ʪʘ ʨʦʤʙʽʯʥʦʾ ʩʠʥʛʦʥʽʻʶ (ʙʨʫʢʽʪ). ʆʢʨʽʤ 

ʮʠʭ ʪʨʴʦʭ ʤʦʜʠʬʽʢʘʮʽʡ, ʱʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ ʧʨʠʨʦʜʽ, ʦʪʨʠʤʘʥʦ ʱʝ ʜʚʽ ʤʦʜʠʬʽʢʘʮʽʾ 

ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ - ʨʦʤʙʽʯʥʘ IV ʪʘ ʛʝʢʩʘʛʦʥʘʣʴʥʘ V. 

ʊʠʪʘʥ ʫ ʨʝʰʽʪʮʽ ʨʫʪʠʣʘ ʦʪʦʯʝʥʠʡ ʰʽʩʪʴʤʘ ʘʪʦʤʘʤʠ ʢʠʩʥʶ. ɼʚʘ ʘʪʦʤʠ ʢʠʩʥʶ 

ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʚ ʪʽʡ ʞʝ ʧʣʦʱʠʥʽ, ʱʦ ʽ ʪʠʪʘʥ, ʘ ʧʦ ʜʚʘ ʘʪʦʤʠ ʢʠʩʥʶ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ 

ʧʦʚʝʨʭʥʷʭ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʚʠʱʝ ʪʘ ʥʠʞʯʝ ʟʘʟʥʘʯʝʥʦʾ ʧʣʦʱʠʥʠ. ʋ ʦʩʝʨʝʜʢʫ 

ʧʝʨʝʙʫʚʘʶʪʴ ʧʦ ʜʚʽ ʤʦʣʝʢʫʣʠ TiO2. ʉʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʪʦʤʽʚ ʫ ʧʨʦʩʪʦʨʽ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4.1. 
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ʈʠʩ. 4.1 - ɼʽʦʢʩʠʜ ʪʠʪʘʥʫ ʚ ʨʫʪʠʣʴʥʽʡ ʬʦʨʤʽ (ʩʽʨʽ ʢʨʫʞʢʠ ï ʘʪʦʤʠ 

ʪʠʪʘʥʫ, ʯʝʨʚʦʥʽ ï ʘʪʦʤʠ ʢʠʩʥʶ) 

ɸʥʘʪʘʟ ʪʘʢʦʞ ʧʦʙʫʜʦʚʘʥʠʡ ʟ ʢʠʩʥʝʚʠʭ ʦʢʪʘʝʜʨʽʚ ʟ ʘʪʦʤʘʤʠ Ti ʫ ʮʝʥʪʨʽ 

ʦʢʪʘʝʜʨʽʚ. ʆʢʪʘʝʜʨʠ ʘʥʘʪʘʟʫ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʨʫʪʠʣʦʚʠʭ ʣʠʰʝ ʚʽʜʩʪʘʥʥʶ ʤʽʞ 

ʘʪʦʤʘʤʠ Ti ʪʘ ʢʠʩʥʶ, ʱʦ ʣʝʞʘʪʴ ʚ ʦʜʥʽʡ ʧʣʦʱʠʥʽ. ʋ ʢʦʤʽʨʮʽ ʘʥʘʪʘʟʫ ʟʥʘʭʦʜʷʪʴʩʷ 

ʯʦʪʠʨʠ ʤʦʣʝʢʫʣʠ TiO2. ɽʥʝʨʛʽʷ ʛʨʘʪ ʨʫʪʠʣʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʝʥʝʨʛʽʾ ʨʝʰʽʪʢʠ 

ʘʥʘʪʘʟʫ ʥʘ 0.5%. ʉʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʪʦʤʽʚ ʘʥʘʪʘʟʫ ʚ ʧʨʦʩʪʦʨʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ. 4.2. 

 

ʈʠʩ. 4.2 - ɼʽʦʢʩʠʜ ʪʠʪʘʥʫ ʚ ʘʥʘʪʘʟʥʽʡ ʬʦʨʤʽ (ʩʽʨʽ ʢʨʫʞʢʠ ï ʘʪʦʤʠ ʪʠʪʘʥʫ, 

ʯʝʨʚʦʥʽ ï ʘʪʦʤʠ ʢʠʩʥʶ) 

ʈ̔ ʜʢʽʩʥʘ ʨʦʤʙʽʯʥʘ ʢʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʥʘʣʝʞʠʪʴ ʙʨʫʢʽʪʫ. ʆʢʩʠʜ ʪʠʪʘʥʫ 

(IV) ʟʜʝʙʽʣʴʰʦʛʦ ʦʪʨʠʤʫʶʪʴ ʰʣʷʭʦʤ ʦʯʠʱʝʥʥʷ ʤʽʥʝʨʘʣʫ ʨʫʪʠʣʫ ʘʙʦ ʰʣʷʭʦʤ 

ʧʽʜʜʘʚʘʥʥʷ ʽʣʴʤʝʥʽʪʫ (FeTiO3) ʪʘʢ ʟʚʘʥʠʤ ʭʣʦʨʠʜʥʠʤ ʘʙʦ ʩʫʣʴʬʘʪʥʠʤ ʧʨʦʮʝʩʘʤ, 

ʷʢ̔ ʦʙʠʜʚʘ ʜʘʶʪʴ ʯʠʩʪʠʡ ʪʠʪʘʥ. ʇʨʠ ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮʽ ʘʤʦʨʬʥʠʡ TiO2 ʤʦʞʝ ʙʫʪʠ 
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ʧʝʨʝʪʚʦʨʝʥʠʡ ʥʘ ʘʥʘʪʘʟ ʘʙʦ ʙʨʫʢʽʪ ʫ ʧʨʦʮʝʩʽ, ʷʢʠʡ ʥʘʟʠʚʘʻʪʴʩʷ ʧʨʦʞʘʨʶʚʘʥʥʷʤ, 

ʷʢʠʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʧʨʠ 400 ÁC. ʆʜʥʘʢ ʮʽ ʧʦʣʽʤʦʨʬʠ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʥʘʜ 600 ÁC ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʥʘ ʨʫʪʠʣ. 

ʅʘ ʨʠʩ. 4.3 ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʉɽʄ-ʟʦʙʨʘʞʝʥʥʷ ʯʘʩʪʠʥʦʢ ʘʛʣʦʤʝʨʘʪʽʚ TiO2 

 

ʈʠʩ. 4.3 -  ɸʛʣʦʤʝʨʘʪ TiO2 

 

4.1. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʋ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʥʘʥʦʯʘʩʪʠʥʢʠ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ 

(Kronos 2190). Kronos 2190 ð ʮʝ ʪʠʧ ʧʽʛʤʝʥʪʫ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ (TiO2), ʷʢʠʡ 

ʚʠʨʦʙʣʷʻʪʴʩʷ ʩʫʣʴʬʘʪʥʠʤ ʧʨʦʮʝʩʦʤ.  

ɼʝʷʢʽ ʟ ʡʦʛʦ ʢʣʶʯʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʢʣʶʯʘʶʪʴ: 

ʈʦʟʤʽʨ ʯʘʩʪʠʥʦʢ: ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ Kronos 2190 ʩʪʘʥʦʚʠʪʴ 0,25 

ʤʽʢʨʦʥʘ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʧʨʠʜʘʪʥʠʤ ʜʣʷ ʨʷʜʫ ʟʘʩʪʦʩʫʚʘʥʴ, ʜʝ ʚʘʞʣʠʚʠʡ ʨʦʟʤʽʨ 

ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ. 

ʄʦʣʝʢʫʣʷʨʥʘ ʤʘʩʘ: ʧʨʠʙʣʠʟʥʦ 79,87 ʛ/ʤʦʣʴ.  

ʑʽʣʴʥʽʩʪʴ TiO2 ʟʘʣʝʞʠʪʴ ʚʽʜ ʡʦʛʦ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʤʦʞʝ 

ʢʦʣʠʚʘʪʠʩʷ ʧʨʠʙʣʠʟʥʦ ʚʽʜ 3,9 ʛ/ʩʤį ʜʣʷ ʘʥʘʪʘʟʫ ʜʦ 4,2 ʛ/ʩʤį ʜʣʷ ʨʫʪʠʣʫ. 

ɹʽʣʠʟʥʘ: Kronos 2190 ʤʘʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʙʽʣʠʟʥʠ, ʱʦ ʨʦʙʠʪʴ ʾʾ ʢʦʨʠʩʥʦʶ ʚ 

ʪʘʢʠʭ ʛʘʣʫʟʷʭ, ʷʢ ʚʠʨʦʙʥʠʮʪʚʦ ʧʦʢʨʠʪʪʽʚ, ʧʣʘʩʪʠʢʫ ʪʘ ʧʘʧʝʨʫ, ʜʝ ʚʘʞʣʠʚʘ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʢʦʣʴʦʨʫ. 
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ʅʝʧʨʦʟʦʨʽʩʪʴ: ʚʠʩʦʢʠʡ ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ TiO2 ʨʦʙʠʪʴ ʡʦʛʦ ʝʬʝʢʪʠʚʥʠʤ 

ʧʽʛʤʝʥʪʦʤ ʜʣʷ ʜʦʜʘʥʥʷ ʥʝʧʨʦʟʦʨʦʩʪʽ ʨʷʜʫ ʧʨʦʜʫʢʪʽʚ, ʚʢʣʶʯʘʶʯʠ ʬʘʨʙʠ, ʧʣʘʩʪʤʘʩʠ 

ʪʘ ʯʦʨʥʠʣʦ. 

ʍʽʤʽʯʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ: TiO2 ʻ ʭʽʤʽʯʥʦ ʩʪʘʙʽʣʴʥʦʶ ʩʧʦʣʫʢʦʶ, ʱʦ ʦʟʥʘʯʘʻ, ʱʦ 

ʚʦʥʘ ʩʪʽʡʢʘ ʜʦ ʜʝʛʨʘʜʘʮʽʾ ʪʘ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʨʽʟʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷʭ. 

ʌʦʪʦʢʘʪʘʣʽʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɼʝʷʢʽ ʪʠʧʠ TiO2, ʫ ʪʦʤʫ ʯʠʩʣʽ Kronos 2190, 

ʤʘʶʪʴ ʬʦʪʦʢʘʪʘʣʽʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢʽ ʨʦʙʣʷʪʴ ʾʭ ʢʦʨʠʩʥʠʤʠ ʜʣʷ ʪʘʢʠʭ 

ʟʘʩʪʦʩʫʚʘʥʴ, ʷʢ ʩʘʤʦʦʯʠʩʥʽ ʧʦʢʨʠʪʪʷ, ʦʯʠʱʝʥʥʷ ʧʦʚʽʪʨʷ ʪʘ ʦʯʠʱʝʥʥʷ ʚʦʜʠ. 

ʏʘʩʪʠʥʢʠ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ, Kronos 2190, ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ʬʘʨʙ, ʧʦʢʨʠʪʪʽʚ, ʧʣʘʩʪʤʘʩ, ʧʘʧʝʨʫ ʪʘ ʽʥʰʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʨʦʙʽʚ ʜʣʷ 

ʧʦʢʨʘʱʝʥʥʷ ʾʭʥʴʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʟʦʚʥʽʰʥʴʦʛʦ ʚʠʛʣʷʜʫ. ʋ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʬʘʨʙ 

ʽ ʧʦʢʨʠʪʪʽʚ Kronos 2190 ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʙʽʣʠʡ ʧʽʛʤʝʥʪ ʜʣʷ ʜʦʜʘʥʥʷ ʚʠʩʦʢʦʾ 

ʥʝʧʨʦʟʦʨʦʩʪʽ, ʷʩʢʨʘʚʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʛʦʪʦʚʦʤʫ ʧʨʦʜʫʢʪʫ. ɺʽʥ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʥʘʧʦʚʥʶʚʘʯ ʧʣʘʩʪʤʘʩ ʽ ʛʫʤʠ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʾʭ ʤʝʭʘʥʽʯʥʠʭ ʽ 

ʪʝʨʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʂʨʽʤ ʪʦʛʦ, Kronos 2190 ʟʥʘʭʦʜʠʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʭʘʨʯʦʚʽʡ 

ʽ ʬʘʨʤʘʮʝʚʪʠʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʷʢ ʙʘʨʚʥʠʢ ʽ ʟʘʛʣʫʰʫʚʘʯ ʜʣʷ ʨʽʟʥʠʭ ʧʨʦʜʫʢʪʽʚ. 

 

4.2. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ 

 

ɼʠʩʧʝʨʩʽʶ ʥʘʥʦʯʘʩʪʠʥʦʢ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʯʘ ʚʠʩʦʢʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ - Sonics VCX 750 Vibra Cell, ʷʢʠʡ ʟʘʥʫʨʶʚʘʣʠ 

ʚ ʨʽʜʢʫ ʩʫʤʽʰ ʟ ʯʘʩʪʠʥʢʘʤʠ. 

    ʋʣʴʪʨʘʟʚʫʢʦʚʠʡ ʧʨʦʮʝʩʦʨ ʚʠʩʦʢʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟ ʢʦʥʪʨʦʣʝʨʦʤ ʪʝʤʧʝʨʘʪʫʨʠ 

(ʨʠʩ. 4.5) ð ʮʝ ʣʘʙʦʨʘʪʦʨʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʻ ʫʣʴʪʨʘʟʚʫʢʦʚʽ ʭʚʠʣʽ ʜʣʷ 

ʨʫʡʥʫʚʘʥʥʷ ʪʘ ʛʦʤʦʛʝʥʽʟʘʮʽʾ ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥ, ʢʣʽʪʠʥʥʠʭ ʩʫʩʧʝʥʟʽʡ ʪʘ ʽʥʰʠʭ 

ʟʨʘʟʢʽʚ. ɺʽʥ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʨʦʙʦʪʠ ʽʟ ʟʨʘʟʢʘʤʠ ʦʙôʻʤʦʤ ʚʽʜ ʢʽʣʴʢʦʭ ʤʽʢʨʦʣʽʪʨʽʚ ʜʦ 

ʢʽʣʴʢʦʭ ʣʽʪʨʽʚ ʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʙʽʦʪʝʭʥʦʣʦʛʽʷʭ, ʥʘʥʦʪʝʭʥʦʣʦʛʽʷʭ ʽ 

ʤʘʪʝʨʽʘʣʦʟʥʘʚʯʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. 
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ʆʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

ʄʘʢʩʠʤʘʣʴʥʘ ʚʠʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ: 750 ɺʪ 

ʏʘʩʪʦʪʘ: 20 ʢɻʮ 

ʈʦʟʤʽʨʠ: 235 x 190 x 340 ʤʤ 

ʋʣʴʪʨʘʟʚʫʢʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ, ʯʘʩʪʠʥʘ: ˉ CV334 

ɼʽʘʤʝʪʨ: 2,5 ʜʶʡʤʘ (64 ʤʤ) 

ɼʦʚʞʠʥʘ: 7,25 ʜʶʡʤʘ (183 ʤʤ) 

ʉʪʘʥʜʘʨʪʥʠʡ ʟʦʥʜ, ʯʘʩʪʠʥʘ: ˉ 630-0220 

ɼʽʘʤʝʪʨ ʥʘʢʦʥʝʯʥʠʢʘ: 0,5 ʜʶʡʤʘ (13 ʤʤ) ʟʽ ʟʤʽʥʥʠʤ ʥʘʢʦʥʝʯʥʠʢʦʤ 

ɼʦʚʞʠʥʘ: 5,5 ʜʶʡʤʘ (139 ʤʤ) 

ʄʘʪʝʨʽʘʣ: ʪʠʪʘʥʦʚʠʡ ʩʧʣʘʚ Ti6Al4V 

ʆʉʆɹʃʀɺʆʉʊɯ Å ʇʨʦʛʨʘʤʦʚʘʥʠʡÅ ɿʤʽʥʥʘ ʚʠʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴÅ ʊʘʡʤʝʨ ʥʘ 10 

ʛʦʜʠʥÅ ɯʤʧʫʣʴʩʥʠʡ ʨʝʞʠʤÅ ɺʽʜʦʙʨʘʞʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʝʥʝʨʛʽʾÅ ʂʦʥʪʨʦʣʴ 

ʪʝʤʧʝʨʘʪʫʨʠÅ ɿʘʜʘʥʝ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ. 

 

 

ʈʠʩ. 4.5 - ʊʝʭʥʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ ʚ ʫʥʽʚʝʨʩʠʪʝʪʽ ʂʘʡʟʝʨʩʣʘʫʪʝʨʥʘ (ʅʽʤʝʯʯʠʥʘ), 

ʋʣʴʪʨʘʟʚʫʢʦʚʠʡ ʧʨʦʮʝʩʦʨ ʚʠʩʦʢʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

 

ʆʙʣʘʜʥʘʥʥʷ ʟʘʟʚʠʯʘʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʛʝʥʝʨʘʪʦʨʘ, ʷʢʠʡ ʚʠʨʦʙʣʷʻ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʝʣʝʢʪʨʠʯʥʽ ʩʠʛʥʘʣʠ, ʷʢʽ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʚ 
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ʫʣʴʪʨʘʟʚʫʢʦʚʽ ʭʚʠʣʽ. ʎ̔  ʭʚʠʣʽ ʧʝʨʝʜʘʶʪʴʩʷ ʯʝʨʝʟ ʟʦʥʜ, ʟʘʥʫʨʝʥʠʡ ʫ ʟʨʘʟʦʢ, 

ʚʠʢʣʠʢʘʶʯʠ ʫʪʚʦʨʝʥʥʷ ʪʘ ʰʚʠʜʢʝ ʟʛʦʨʪʘʥʥʷ ʢʘʚʽʪʘʮʽʡʥʠʭ ʙʫʣʴʙʘʰʦʢ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʟʨʘʟʢʘ. ʊʝʨʤʦʨʝʛʫʣʷʪʦʨ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʝʚʽ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʙʘʞʘʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʧʽʜ ʯʘʩ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʦʙʨʦʙʢʠ, ʱʦ ʚʘʞʣʠʚʦ ʜʣʷ 

ʟʙʝʨʝʞʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʪʝʨʤʦʯʫʪʣʠʚʠʭ ʟʨʘʟʢʽʚ. 

ɿʘʛʘʣʦʤ ʫʣʴʪʨʘʟʚʫʢʦʚʽ ʧʨʦʮʝʩʦʨʠ ʚʠʩʦʢʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟ ʢʦʥʪʨʦʣʝʨʘʤʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʻ ʧʦʪʫʞʥʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʪʘ ʦʙʨʦʙʢʠ ʟʨʘʟʢʽʚ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʬʝʢʪʠʚʥʝ ʪʘ ʚʽʜʪʚʦʨʶʚʘʥʝ ʨʫʡʥʫʚʘʥʥʷ ʪʘ ʛʦʤʦʛʝʥʽʟʘʮʽʶ ʰʠʨʦʢʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʟʨʘʟʢʽʚ. 

ʑʦʙ ʜʦʩʷʛʪʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʜʠʩʧʝʨʛʫʚʘʥʥʷ, ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ 

ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʩʠʩʪʝʤʘʪʠʯʥʦ ʚʘʨʽʶʚʘʣʠ ʚ ʯʘʩʽ (30ʩ, 60ʩ, 90ʩ, 5 ʭʚ) ʪʘ ʨʽʟʥʦʶ 

ʘʤʧʣʽʪʫʜʦʶ (20%, 30%, 40%, 60%). 

ɼʣʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʜʠʩʧʝʨʩʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʜʚʘ ʧʨʠʣʘʜʠ: LUMiSizer 

LUMiFuge, Dispersion & Stability Analyser (ʨʠʩ. 4.6 ʘ)  ʪʘ Laser Scattering Particle Size 

Distribution Analyzer, LA-950V2, Horiba (ʨʠʩ. 4.6 b). 

 

 

                                                    ʘ                                       b 

 

ʈʠʩ. 4.6 - a) LUMiSizer LUMiFuge, b) LA-950V2, Horiba 

 

ɸʥʘʣʽʟʘʪʦʨ ʜʠʩʧʝʨʩʽʾ LUMiSizer ð ʮʝ ʧʨʠʣʘʜ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʧʨʠʥʮʠʧʽ 

ʩʪʘʪʠʯʥʦʛʦ ʪʘ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʠʤʽʨʶʚʘʪʠ ʨʦʟʧʦʜʽʣ 

ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ ʪʘ ʜʟʝʪʘ-ʧʦʪʝʥʮʽʘʣ ʜʠʩʧʝʨʛʦʚʘʥʠʭ ʯʘʩʪʠʥʦʢ ʫ ʨʽʜʢʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ. ʋ ʥʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʠʩʦʢʦʯʫʪʣʠʚʘ CCD-ʢʘʤʝʨʘ ʜʣʷ ʟʘʭʦʧʣʝʥʥʷ 
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ʨʦʟʩʽʷʥʠʭ ʩʚʽʪʣʦʚʠʭ ʩʠʛʥʘʣʽʚ ʽʟ ʟʨʘʟʢʘ ʪʘ ʧʝʨʝʜʦʚʽ ʧʨʦʛʨʘʤʥʽ ʘʣʛʦʨʠʪʤʠ ʜʣʷ ʘʥʘʣʽʟʫ 

ʜʘʥʠʭ ʽ ʨʦʟʨʘʭʫʥʢʫ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ ʽ ʧʘʨʘʤʝʪʨʽʚ ʜʟʝʪʘ-ʧʦʪʝʥʮʽʘʣʫ. 

ʆʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

ʄʝʪʦʜ ʚʠʤʽʨʶʚʘʥʥʷ: ʤʦʥʦʝʥʝʨʛʝʪʠʯʥʝ ʦʩʣʘʙʣʝʥʥʷ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ɿʨʘʟʢʠ: ʩʫʩʧʝʥʟʽʾ, ʝʤʫʣʴʩʽʾ, ʰʣʘʤʠ, ʩʫʩʧʝʥʟʽʾ, ʧʽʥʠ ʪʘ ʧʦʨʦʰʢʠ 

ʆʙóʻʤ: 0,3 ʤʣ - 1,6 ʤʣ 

ʂʦʥʮʝʥʪʨʘʮʽʷ: ʜʦ 100 ʦʙ.% 

ʏʘʩʪʠʥʢʘ: ʙʫʜʴ-ʷʢʦʾ ʬʦʨʤʠ, ʚʽʜ ʥʘʥʦ ʜʦ ʤʽʢʨʦʨʦʟʤʽʨʫ, ʙʝʟ ʦʙʤʝʞʝʥʴ ʧʦ 

ʱʽʣʴʥʦʩʪʽ 

ɼʞʝʨʝʣʦ: ʤʦʥʦʝʥʝʨʛʝʪʠʯʥʝ ʨʝʥʪʛʝʥʽʚʩʴʢʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 17,48 ʢʝɺ, ʤʘʢʩ. 

20 ɺʪ ʧʨʠ 40 ʢɺ, ʧʦʚʽʪʨʷʥʝ ʦʭʦʣʦʜʞʝʥʥʷ 

ʈʦʟʤʽʨʠ (ʐxɺxɻ):  47 ʩʤ x 24 ʩʤ x 44 ʩʤ, 25 ʢʛɹʣʦʢ ʞʠʚʣʝʥʥʷ - 24 ɺ, 220 ɺʪ, 

ʘʜʘʧʪʝʨ (100 ɺ ʥʘ 240 ɺ) ʚ ʢʦʤʧʣʝʢʪʽ 

ʇʨʠʣʘʜ ʪʘʢʦʞ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʫʚʘʪʠ ʘʥʘʣʽʟ ʩʪʘʙʽʣʴʥʦʩʪʽ ʜʠʩʧʝʨʛʦʚʘʥʠʭ 

ʯʘʩʪʠʥʦʢ ʰʣʷʭʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʾʭ ʟʘʣʝʞʥʦʾ ʚʽʜ ʯʘʩʫ ʧʦʚʝʜʽʥʢʠ ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ.  

ɸʥʘʣʽʟʘʪʦʨ ʜʠʩʧʝʨʩʽʾ LUMiSizer ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʠʥʮʠʧ ʘʥʘʣʽʪʠʯʥʦʛʦ 

ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷ ʜʣʷ ʚʠʚʯʝʥʥʷ ʜʠʩʧʝʨʩʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʯʘʩʪʠʥʦʢ (ʨʠʩ. 4.7). ʋ 

ʮʴʦʤʫ ʤʝʪʦʜʽ ʟʨʘʟʦʢ ʚʚʦʜʷʪʴ ʫ ʢʘʤʝʨʫ ʮʝʥʪʨʠʬʫʛʠ ʪʘ ʧʽʜʜʘʶʪʴ ʚʠʩʦʢʽʡ ʚʽʜʮʝʥʪʨʦʚʽʡ 

ʩʠʣʽ, ʱʦ ʟʤʫʰʫʻ ʯʘʩʪʠʥʢʠ ʦʩʽʜʘʪʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʾʭ ʨʦʟʤʽʨʫ ʪʘ ʱʽʣʴʥʦʩʪʽ. ʋ ʤʽʨʫ 

ʦʩʽʜʘʥʥʷ ʢʣʽʪʠʥʘ ʦʩʚʽʪʣʶʻʪʴʩʷ ʣʘʟʝʨʥʠʤ ʧʨʦʤʝʥʝʤ ʽ ʚʠʤʽʨʶʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʨʦʟʩʽʷʥʦʛʦ ʩʚʽʪʣʘ ʚ ʨʽʟʥʠʭ ʤʽʩʮʷʭ. ʇʨʦʬʽʣʴ ʨʦʟʩʽʷʥʦʛʦ ʩʚʽʪʣʘ ʘʥʘʣʽʟʫʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʝʦʨʽʾ ʄʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʦʤ ʪʘ ʽʥʰʠʭ 

ʜʠʩʧʝʨʩʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʨʘʟʢʘ. 
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ʈʠʩ. 4.7 - ɿʘʚʘʥʪʘʞʝʥʽ ʟʨʘʟʢʠ ʧʽʜ ʯʘʩ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷ 

LUMiSizer ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʝʭʥʦʣʦʛʽʶ ʚʠʤʽʨʶʚʘʥʥʷ STEP (ʧʘʨʠ ʧʨʦʩʪʦʨʦʚʦ 

ʧʝʨʝʜʘʥʦʛʦ ʟʙʫʜʞʝʥʥʷ ʪʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ) ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ 

ʟʨʘʟʢʘ ʟʘ ʨʦʟʤʽʨʦʤ (ʨʠʩ.4.8). ʊʝʭʥʦʣʦʛʽʷ STEP ð ʮʝ ʟʘʧʘʪʝʥʪʦʚʘʥʘ ʪʝʭʥʽʢʘ, ʷʢʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʬʣʫʦʨʝʩʮʝʥʪʥʽ ʟʦʥʜʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ 

ʚʠʩʦʢʦʪʦʯʥʠʤ ʽ ʯʫʪʣʠʚʠʤ ʩʧʦʩʦʙʦʤ. 

 

 

ʈʠʩ. 4.8 ï ʇʨʠʥʮʠʧ ʚʠʤʽʨʶʚʘʥʥʷ STEP ʪʝʭʥʦʣʦʛʽʾ 

 

ʆʩʥʦʚʥʠʡ ʧʨʠʥʮʠʧ ʪʝʭʥʦʣʦʛʽʾ STEP ʚ LUMiSizer ʧʝʨʝʜʙʘʯʘʻ ʥʘʩʪʫʧʥʽ ʢʨʦʢʠ: 

¶ ɿʨʘʟʦʢ, ʱʦ ʤʽʩʪʠʪʴ ʯʘʩʪʠʥʢʠ, ʚʚʦʜʠʪʴʩʷ ʚ ʚʠʤʽʨʶʚʘʣʴʥʫ ʢʦʤʽʨʢʫ 

ʧʨʠʣʘʜʫ. 
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¶ ɼʦ ʟʨʘʟʢʘ ʜʦʜʘʶʪʴ ʬʣʫʦʨʝʩʮʝʥʪʥʽ ʟʦʥʜʠ, ʷʢʽ ʧʨʠʢʨʽʧʣʶʶʪʴʩʷ ʜʦ 

ʯʘʩʪʠʥʦʢ ʽ ʚʠʧʨʦʤʽʥʶʶʪʴ ʩʚʽʪʣʦ ʧʨʠ ʟʙʫʜʞʝʥʥʽ ʣʘʟʝʨʦʤ. 

¶ ʃʘʟʝʨ ʬʦʢʫʩʫʻʪʴʩʷ ʥʘ ʟʨʘʟʢʫ, ʘ ʚʠʧʨʦʤʽʥʶʚʘʥʝ ʬʣʫʦʨʝʩʮʝʥʪʥʝ ʩʚʽʪʣʦ 

ʟʙʠʨʘʻʪʴʩʷ ʪʘ ʚʠʤʽʨʶʻʪʴʩʷ ʜʝʪʝʢʪʦʨʦʤ. 

¶ ɼʝʪʝʢʪʦʨ ʬʽʢʩʫʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʽ ʧʦʣʦʞʝʥʥʷ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʩʠʛʥʘʣʫ, 

ʷʢʠʡ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʠʡ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʢʠ. 

¶ ʉʠʛʥʘʣ ʘʥʘʣʽʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʣʘʜʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʟʨʘʟʢʘ ʟʘ ʨʦʟʤʽʨʦʤ. 

 

ʇʨʠʣʘʜ ʧʨʘʮʶʻ ʟʘ ʧʨʠʥʮʠʧʦʤ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ, ʧʨʠ ʷʢʦʤʫ 

ʟʨʘʟʦʢ ʦʩʚʽʪʣʶʻʪʴʩʷ ʣʘʟʝʨʥʠʤ ʧʨʦʤʝʥʝʤ ʥʘ ʧʝʚʥʽʡ ʜʦʚʞʠʥʽ ʭʚʠʣʽ, ʘ ʨʦʟʩʽʷʥʝ ʩʚʽʪʣʦ 

ʟʙʠʨʘʻʪʴʩʷ ʧʽʜ ʨʽʟʥʠʤʠ ʢʫʪʘʤʠ. ʇʦʪʽʤ ʮʝ ʨʦʟʩʽʷʥʝ ʩʚʽʪʣʦ ʧʽʜ ʨʽʟʥʠʤʠ ʢʫʪʘʤʠ 

ʘʥʘʣʽʟʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʨʦʟʤʽʨʽʚ ʪʘ ʽʥʰʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʨʘʟʢʘ, 

ʚʢʣʶʯʘʶʯʠ ʬʦʨʤʫ ʯʘʩʪʠʥʦʢ ʽ ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ. 

LUMiSizer ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʷʢ ʫ ʧʝʨʽʦʜʠʯʥʦʤʫ, ʪʘʢ ʽ ʚ ʙʝʟʧʝʨʝʨʚʥʦʤʫ 

ʨʝʞʠʤʘʭ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʽʜʝʘʣʴʥʠʤ ʜʣʷ ʚʠʚʯʝʥʥʷ ʜʠʩʧʝʨʩʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʰʠʨʦʢʦʛʦ ʜʽʘʧʘʟʦʥʫ ʤʘʪʝʨʽʘʣʽʚ, ʚʢʣʶʯʘʶʯʠ ʥʘʥʦʯʘʩʪʠʥʢʠ, ʝʤʫʣʴʩʽʾ ʪʘ ʩʫʩʧʝʥʟʽʾ. 

ɺʽʥ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʪʘʢʠʭ ʷʢ ʜʦʩʣʽʜʞʝʥʥʷ 

ʪʘ ʨʦʟʨʦʙʢʠ, ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʧʨʦʮʝʩʽʚ ʫ ʪʘʢʠʭ ʛʘʣʫʟʷʭ, ʷʢ 

ʬʘʨʤʘʮʝʚʪʠʢʘ, ʙʽʦʪʝʭʥʦʣʦʛʽʷ ʪʘ ʭʘʨʯʦʚʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ [39]. 

 

HORIBA LA-950 ð ʮʝ ʣʘʟʝʨʥʠʡ ʘʥʘʣʽʟʘʪʦʨ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʦʤ ʫ ʰʠʨʦʢʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʟʨʘʟʢʽʚ, ʚʢʣʶʯʘʶʯʠ ʧʦʨʦʰʢʠ, ʩʫʩʧʝʥʟʽʾ, ʝʤʫʣʴʩʽʾ ʪʘ ʘʝʨʦʟʦʣʽ. ɺʽʥ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʝʭʥʦʣʦʛʽʶ ʣʘʟʝʨʥʦʾ ʜʠʬʨʘʢʮʽʾ ʜʣʷ ʘʥʘʣʽʟʫ ʯʘʩʪʠʥʦʢ ʨʦʟʤʽʨʦʤ ʚʽʜ 

0,01 ʜʦ 3000 ʤʽʢʨʦʥ. ʇʨʠʣʘʜ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ ʽ 

ʨʦʟʨʦʙʢʘʭ, ʢʦʥʪʨʦʣʽ ʷʢʦʩʪʽ ʪʘ ʚʠʨʦʙʥʠʮʪʚʽ ʚ ʪʘʢʠʭ ʛʘʣʫʟʷʭ, ʷʢ ʬʘʨʤʘʮʝʚʪʠʢʘ, 

ʢʦʩʤʝʪʠʢʘ, ʭʘʨʯʦʚʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʽ ʚʠʨʦʙʥʠʮʪʚʦ ʥʘʧʦʾʚ, ʘ ʪʘʢʦʞ ʤʽʥʝʨʘʣʠ. 

ʆʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

ʄʝʪʦʜ ʚʠʤʽʨʶʚʘʥʥʷ: ʪʠʧ ʣʘʟʝʨʥʦʾ ʜʠʬʨʘʢʮʽʾ/ʨʦʟʩʽʶʚʘʥʥʷ 
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ɼʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʦʛʦ ʨʦʟʤʽʨʫ ʟʝʨʥʘ: 0,01 - 3000 ʤʢʤ 

ʏʘʩ ʚʠʤʽʨʶʚʘʥʥʷ: ʧʨʠʙʣ. 1 ʭʚ (ʟʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʚʧʦʨʩʢʫʚʘʥʥʷ ʨʽʜʠʥʠ-ʥʦʩʽʷ, 

ʦʯʠʱʝʥʥʷ ʩʠʩʪʝʤʠ ʮʠʨʢʫʣʷʮʽʾ ʪʘ ʽʥʜʠʢʘʮʽʷ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʦʤ) 

ɿʦʚʥʽʰʥʽ ʨʦʟʤʽʨʠ: 705 (ʐ) x 565 (ɻ) x 500 (ɺ) 

ʃʘʟʝʨʥʠʡ ʘʥʘʣʽʟʘʪʦʨ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ HORIBA LA-950 ʚʠʤʽʨʶʻ ʨʦʟʧʦʜʽʣ 

ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʦʤ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʾ ʜʠʬʨʘʢʮʽʾ (ʨʠʩ. 4.9). ʇʨʠʣʘʜ ʧʨʘʮʶʻ 

ʰʣʷʭʦʤ ʦʩʚʽʪʣʝʥʥʷ ʣʘʟʝʨʥʦʛʦ ʧʨʦʤʝʥʷ ʥʘ ʟʨʘʟʦʢ ʜʠʩʧʝʨʛʦʚʘʥʠʭ ʯʘʩʪʠʥʦʢ. ʂʦʣʠ 

ʯʘʩʪʠʥʢʠ ʨʦʟʩʽʶʶʪʴ ʩʚʽʪʣʦ, ʢʫʪʠ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʟʩʽʷʥʦʛʦ ʩʚʽʪʣʘ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʤʘʩʠʚʦʤ ʬʦʪʦʜʝʪʝʢʪʦʨʽʚ [40]. 

 

ʈʠʩ. 4.9 ï ʉʧʨʦʱʝʥʘ ʢʦʤʧʦʥʦʚʢʘ ʦʧʪʠʯʥʦʾ ʤʦʜʝʣʽ LA-950 

  1. ʃʘʟʝʨʥʠʡ ʜʽʦʜ ʟ ʯʝʨʚʦʥʦʶ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ʜʣʷ ʯʘʩʪʠʥʦʢ > 500 ʥʤ 

  2. ʉʠʥʽʡ ʩʚʽʪʣʦʜʽʦʜ ʜʣʷ ʯʘʩʪʠʥʦʢ < 500 ʥʤ 

  3. ʅʠʟʴʢʦʢʫʪʦʚʽ ʜʝʪʝʢʪʦʨʠ ʚʝʣʠʢʠʭ ʯʘʩʪʠʥʦʢ 

  4. ɹʽʯʥʠʡ ʽ ʟʘʜʥʽʡ ʢʫʪ 

 

ʄʝʪʦʜ ʣʘʟʝʨʥʦʾ ʜʠʬʨʘʢʮʽʾ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʧʨʠʥʮʠʧʽ ʜʠʬʨʘʢʮʽʾ ʣʘʟʝʨʥʦʛʦ 

ʩʚʽʪʣʘ ʥʘ ʯʘʩʪʠʥʢʘʭ. ɿʨʘʟʦʢ, ʱʦ ʤʽʩʪʠʪʴ ʮʽʢʘʚʽ ʯʘʩʪʠʥʢʠ, ʚʚʦʜʠʪʴʩʷ ʚ ʣʘʟʝʨʥʠʡ 

ʧʨʦʤʽʥʴ, ʷʢʠʡ ʟʤʫʰʫʻ ʯʘʩʪʠʥʢʠ ʨʦʟʩʽʶʚʘʪʠ ʩʚʽʪʣʦ ʚ ʨʽʟʥʠʭ ʥʘʧʨʷʤʢʘʭ. ʇʦʪʽʤ 

ʨʦʟʩʽʷʥʝ ʩʚʽʪʣʦ ʟʙʠʨʘʻʪʴʩʷ ʧʽʜ ʨʽʟʥʠʤʠ ʢʫʪʘʤʠ ʜʝʪʝʢʪʦʨʘʤʠ ʪʘ ʘʥʘʣʽʟʫʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʝʦʨʽʾ ʄʽ ʘʙʦ ʥʘʙʣʠʞʝʥʥʷ ʌʨʘʫʥʛʦʬʝʨʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ 

ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʦʤ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʟʩʽʷʥʦʛʦ ʩʚʽʪʣʘ ʧʨʦʧʦʨʮʽʡʥʘ ʨʦʟʤʽʨʫ 

ʯʘʩʪʠʥʢʠ, ʘ ʢʫʪ ʨʦʟʩʽʶʚʘʥʥʷ ʚʠʟʥʘʯʘʻ ʧʦʣʦʞʝʥʥʷ ʯʘʩʪʠʥʢʠ ʥʘ ʢʨʠʚʽʡ ʨʦʟʧʦʜʽʣʫ. 
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ʎʝʡ ʤʝʪʦʜ ʧʨʦʧʦʥʫʻ ʪʘʢʽ ʧʝʨʝʚʘʛʠ, ʷʢ ʰʚʠʜʢʠʡ ʘʥʘʣʽʟ, ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʨʦʟʤʽʨʽʚ ʽ 

ʤʽʥʽʤʘʣʴʥʘ ʧʽʜʛʦʪʦʚʢʘ ʟʨʘʟʢʽʚ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʮʽʥʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʫ ʛʘʣʫʟʽ 

ʘʥʘʣʽʟʫ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ [40]. 

ʅʘ ʦʩʥʦʚʽ ʜʠʬʨʘʢʮʽʡʥʦʾ ʢʘʨʪʠʥʠ, ʩʪʚʦʨʝʥʦʾ ʯʘʩʪʠʥʢʘʤʠ, ʧʨʠʣʘʜ ʤʦʞʝ 

ʨʦʟʨʘʭʫʚʘʪʠ ʨʦʟʧʦʜʽʣ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ ʫ ʟʨʘʟʢʫ. LA-950 ʚʠʤʽʨʶʻ ʯʘʩʪʠʥʢʠ ʚ 

ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0,01 ʜʦ 3000 ʤʽʢʨʦʥ ʟ ʚʠʩʦʢʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʪʘ ʪʦʯʥʽʩʪʶ. 

ʇʨʠʣʘʜ ʪʘʢʦʞ ʤʽʩʪʠʪʴ ʮʠʨʢʫʣʶʶʯʫ ʩʠʩʪʝʤʫ ʜʠʩʧʝʨʛʘʪʦʨʘ, ʱʦʙ ʛʘʨʘʥʪʫʚʘʪʠ, 

ʱʦ ʯʘʩʪʠʥʢʠ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ ʜʠʩʧʝʨʛʦʚʘʥʽ ʪʘ ʱʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʪʦʯʥʦ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʟʨʘʟʦʢ. ʎʷ ʩʠʩʪʝʤʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʥʘʩʦʩ ʽ ʤʽʰʘʣʢʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʪʘ ʧʦʩʪʽʡʥʦʛʦ ʧʦʪʦʢʫ ʟʨʘʟʢʘ ʯʝʨʝʟ ʚʠʤʽʨʶʚʘʣʴʥʫ ʢʘʤʝʨʫ, 

ʤʽʥʽʤʽʟʫʶʯʠ ʚʧʣʠʚ ʦʩʽʜʘʥʥʷ ʯʘʩʪʠʥʦʢ ʽ ʘʛʣʦʤʝʨʘʮʽʾ.  

 

4.3. ʇʣʘʥ ʝʢʩʧʝʨʠʤʝʥʪʫ 

 

1. ʇʽʜʛʦʪʦʚʢʘ ʟʨʘʟʢʽʚ ʩʫʤʽʰʽ ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2. 

ʇʨʦʧʦʨʮʽʷ 1 ʛ/100ʤʣ ʚʦʜʠ. 

2. ɼʠʩʧʝʨʛʫʚʘʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʽʰʘʣʢʠ, ʨʦʪʦʨʘ ʘʙʦ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʯʘ. 

3. ʈʦʟʧʦʜʽʣ ʜʠʩʧʝʨʛʦʚʘʥʦʾ ʩʫʤʽʰʽ ʚ ʧʨʦʙʽʨʢʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʩʪʨʦʶ 

LumiSizer, ʘ ʪʘʢʦʞ ʜʦʜʘʚʘʥʥʷ ʩʫʤʽʰʽ ʜʦ ʧʨʠʩʪʨʦʶ Horiba. 

4. ʆʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʚʥʝʩʝʥʥʷ ʜʘʥʠʭ ʜʦ ʪʘʙʣʠʮʽ. 

5. ʆʙʨʦʙʢʘ ʪʘ ʘʥʘʣʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. 

 

4.4. ʈʝʟʫʣʴʪʘʪʠ 

 

ʅʘ ʨʠʩ. 4.11 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʚʽʜ ʧʨʠʩʪʨʦʶ Horiba 

ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2 ʤʝʪʦʜʦʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʯʘ ʚʠʩʦʢʦʾ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʽ ʟʤʽʥʦʶ ʚ ʯʘʩʽ (30ʩ, 60ʩ, 90ʩ, 5 ʭʚ) ʪʘ ʨʽʟʥʦʶ ʘʤʧʣʽʪʫʜʦʶ (20%, 30%, 

40%, 60%). 
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ʅʘ ʨʠʩ. 4.12 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʧʝʨʛʫʚʘʥʥʷ (ʧʨʠʩʪʨʽʡ LumiSizer) 

ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2 ʤʝʪʦʜʦʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʯʘ ʚʠʩʦʢʦʾ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʽ ʟʤʽʥʦʶ ʚ ʯʘʩʽ (30ʩ , 90ʩ, 5 ʭʚ) ʪʘ ʨʽʟʥʦʶ ʘʤʧʣʽʪʫʜʦʶ (20%, 30%, 

40%, 60%). 

 

ʈʠʩʫʥʦʢ 4.11  ï ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2 (Horiba)  
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ʈʠʩʫʥʦʢ 4.12  ï ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2 (LumiSizer) 

 

ˤ͙͍͙ͫͤͦ͟ 
 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʪʝ, ʱʦ: 

1. ɼʠʩʧʝʨʛʫʚʘʥʥʷ ʯʘʩʪʠʥʦʢ TiO2 ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʥʝ ʤʝʥʰʝ 90 ʩʝʢʫʥʜ. 

2. ʇʨʠ ʜʠʩʧʝʨʛʫʚʘʥʥʽ ʫʣʴʪʨʘʟʚʫʢʦʤ 5 ʭʚʠʣʠʥ ʪʘ ʧʨʠ ʘʤʧʣʽʪʫʜʽ ɸ = 60% ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʥʘʡʷʢʽʩʥʽʰʘ ʜʝʘʛʣʦʤʝʨʘʮʽʷ ʯʘʩʪʠʥʦʢ TiO2, (ʨʠʩ. 4.11 ʪʘ ʨʠʩ.4.12). ʈʦʟʤʽʨ 

ʘʛʣʦʤʝʨʘʪʽʚ ʟʤʝʥʰʫʶʪʴʩʷ ʤʘʡʞʝ ʫ 3 ʨʘʟʠ. 

3. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʠʩ. 4.11 ʪʘ ʨʠʩ.4.12 ʙʘʯʠʤʦ, ʱʦ ʧʨʠ ʜʠʩʧʝʨʛʫʚʘʥʥʽ TiO2 

ʧʨʦʪʷʛʦʤ 90 ʩʝʢʫʥʜ ʟ ʘʤʧʣʽʪʫʜʦʶ 60 ʚʠʥʠʢʣʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʧʦʤʠʣʢʘ, ʪʘʢ ʷʢ 

ʟʥʘʯʝʥʥʷ ʜʽʘʤʝʪʨʽʚ ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2 ʨʽʟʢʦ ʧʽʜʚʠʱʠʣʠʩʷ, ʮʝ ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʦ 

ʟʽ ʟʙʦʻʤ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʶ.  
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5. ʆɹʈʆɹʂɸ ʊɸ ɸʅɸʃɯɿ ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅʀʍ ɼɸʅʀʍ. 
ʈʆɿʈɸʍʋʅʂʀ 

 

ʈʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʚ ʨʘʤʢʘʭ ʜʦʛʦʚʦʨʫ ʧʨʦ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʝ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʦ 

ʤʽʞ ʢʘʬʝʜʨʦʶ ʍʇʉʄ ʅʊʋ çʂʇɯè ʪʘ ʊʝʭʥʽʯʥʠʤ ʫʥʽʚʝʨʩʠʪʝʪʦʤ ʂʘʡʟʝʨʩʣʘʫʪʝʨʥʘ 

(ʅʽʤʝʯʯʠʥʘ), ʚ ʷʢʦʤʫ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʯʠʩʝʣʴʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ. 

ʋ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʤʦʣʝʢʫʣʠ TiO2, ʷʢʽ ʫʪʚʦʨʝʥʽ ʚ ʘʛʣʦʤʝʨʘʪʠ, ʙʫʣʠ 

ʧʦʤʽʱʝʥʽ ʚ ʨʽʜʢʝ ʩʝʨʝʜʦʚʠʱʝ (ʜʠʩʪʠʣʴʦʚʘʥʘ ʚʦʜʘ) ʧʽʜ ʚʧʣʠʚʦʤ ʫʣʴʪʨʘʟʚʫʢʫ. 

 

 

ʈʠʩ. 5.1 ï ɸʛʣʦʤʝʨʘʪʠ TiO2 ʫ ʨʽʜʢʦʤʫ ʩʝʨʝʜʦʚʠʱ ̔ʧʽʜ ʚʧʣʠʚʦʤ ʩʠʣ 
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ʅʘ ʨʠʩ. 5.1 ʤʠ ʙʘʯʠʤʦ ʜʚʘ ʘʛʣʦʤʝʨʘʪʠ TiO2 ʦʜʥʘʢʦʚʠʭ ʨʦʟʤʽʨʽʚ ʫ ʨʽʜʢʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ, ʥʘ ʷʢʽ ʜʽʶʪʴ ʩʠʣʠ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ (FVV1, FVV2), ʩʠʣʠ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʥʘʪʷʛʫ (Fʧʥ) ʪʘ ʩʠʣʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʭʚʠʣʽ (FUS1, FUS2).  

ʄʝʪʦʶ ʻ ʨʦʟʙʠʪʪʷ ʘʛʣʦʤʝʨʘʪʽʚ, ʷʢʝ ʜʦʧʦʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʙʽʣʴʰ 

ʦʜʥʦʨʽʜʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ TiO2 ʫ ʨʽʜʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʱʦ ʤʦʞʝ ʧʦʢʨʘʱʠʪʠ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʜʫʢʪʽʚ ʘʙʦ ʧʨʦʮʝʩʽʚ ʥʘ ʦʩʥʦʚʽ TiO2. ʈʫʡʥʫʚʘʥʥʷ ʘʛʣʦʤʝʨʘʪʽʚ 

TiO2 ʤʦʞʝ ʟʙʽʣʴʰʠʪʠ ʧʣʦʱʫ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ, ʱʦ ʤʦʞʝ ʧʽʜʚʠʱʠʪʠ ʾʭ ʨʝʘʢʮʽʡʥʫ 

ʟʜʘʪʥʽʩʪʴ. 

ɿʨʦʙʠʤʦ ʨʦʟʨʘʭʫʥʢʠ ʚ Excel ʜʣʷ ʷʢʦʩʪʽ ʨʝʟʫʣʴʪʘʪʫ.  

ʇʨʠʡʤʘʻʤʦ: 

ʇʦʩʪʽʡʥʘ ʍʘʤʘʢʝʨʘ (A): 6Ā 10-20 (ɼʞ) 

ʇʦʩʪʽʡʥʘ ʢʦʥʩʪʘʥʪʘ ʍʘʤʘʢʝʨʘ ʻ ʦʩʥʦʚʥʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʦʙʣʘʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ ʽ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʩʠʣ. 

ɺʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʦʩʪʽʡʥʘ ʢʦʥʩʪʘʥʪʘ ʍʘʤʘʢʝʨʘ ʻ ʩʧʝʮʠʬʽʯʥʦʶ ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʾ ʧʘʨʠ ʤʘʪʝʨʽʘʣʽʚ ʽ ʟʘʟʚʠʯʘʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʘʙʦ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʦʨʝʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʦʧʪʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʜʽʝʣʝʢʪʨʠʯʥʫ ʧʨʦʥʠʢʥʽʩʪʴ ʽ ʛʝʦʤʝʪʨʽʶ ʚʟʘʻʤʦʜʽʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʈʘʜʽʫʩʠ ʘʛʣʦʤʝʨʘʪʽʚ (R1, R2):  

R1: 1Ā 10-7 ï 1Ā 10-5 (m) 

R2: 1Ā 10-7 ï 1Ā 10-5 (m) 

ʈʦʟʨʘʭʦʚʫʻʤʦ ʧʣʦʱʫ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ (S)  

S = ˊR1 R2 (m
2) 

ɼʠʩʪʘʥʮʽʷ ʤʽʞ ʘʛʣʦʤʝʨʘʪʘʤʠ (r1, r2) 

r = R/1.5 (m) 

 

ʉʠʣʠ, ʱʦ ʜʽʶʪʴ ʥʘ ʘʛʣʦʤʝʨʘʪʠ 

 

ʉʠʣʠ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ ð ʮʝ ʪʠʧ ʩʠʣʠ ʧʨʠʪʷʛʘʥʥʷ, ʷʢʠʡ ʚʠʥʠʢʘʻ ʤʽʞ ʫʩʽʤʘ 

ʪʠʧʘʤʠ ʤʦʣʝʢʫʣ, ʚʢʣʶʯʘʶʯʠ ʯʘʩʪʠʥʢʠ TiO2 ʫ ʨʽʜʢʦʤʫ ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʎʽ 

ʩʠʣʠ ʚʠʥʠʢʘʶʪʴ ʯʝʨʝʟ ʚʠʧʘʜʢʦʚʽ ʢʦʣʠʚʘʥʥʷ ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ ʤʦʣʝʢʫʣʠ ʘʙʦ 
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ʯʘʩʪʠʥʢʠ, ʷʢʽ ʤʦʞʫʪʴ ʩʪʚʦʨʶʚʘʪʠ ʪʠʤʯʘʩʦʚʽ ʜʠʧʦʣʽ, ʷʢʽ ʽʥʜʫʢʫʶʪʴ ʽʥʰʽ ʜʠʧʦʣʽ ʚ 

ʩʫʩʽʜʥʽʭ ʤʦʣʝʢʫʣʘʭ ʘʙʦ ʯʘʩʪʠʥʢʘʭ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʫʤʘʨʥʦʾ ʩʠʣʠ ʪʷʞʽʥʥʷ ʤʽʞ 

ʤʦʣʝʢʫʣʘʤʠ ʘʙʦ ʯʘʩʪʠʥʢʘʤʠ. ʋ ʚʠʧʘʜʢʫ ʘʛʣʦʤʝʨʘʪʽʚ TiO2 ʫ ʚʦʜʽ ʩʠʣʠ ɺʘʥ-ʜʝʨ-

ɺʘʘʣʴʩʘ ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʠʪʠ ʟʣʠʧʘʥʥʷ ʘʛʣʦʤʝʨʘʪʽʚ, ʦʩʢʽʣʴʢʠ ʩʠʣʠ ʪʷʞʽʥʥʷ ʤʽʞ 

ʯʘʩʪʠʥʢʘʤʠ ʜʦʣʘʶʪʴ ʩʠʣʠ ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ. ʎʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʙʽʣʴʰʠʭ ʘʛʣʦʤʝʨʘʪʽʚ. 

ʌʦʨʤʫʣʘ F(r)_VandW ʧʨʝʜʩʪʘʚʣʷʻ ʩʠʣʫ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ ʤʽʞ ʜʚʦʤʘ 

ʯʘʩʪʠʥʢʘʤʠ ʷʢ ʬʫʥʢʮʽʶ ʾʭ ʚʽʜʩʪʘʥʽ r.  

ʈʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʪʘʢʦʶ ʬʦʨʤʫʣʦʶ: 

 

F(r)_VandW = -AR1R2 / (R1+R2) 6r2 

 

ʜʝ F(r)_VandW ð ʩʠʣʘ ʚ ʥʴʶʪʦʥʘʭ (ʅ), A ð ʧʦʩʪʽʡʥʘ ʍʘʤʘʢʝʨʘ ʚ ʦʜʠʥʠʮʷʭ 

ɼʞʦʫʣʽʚ (ɼʞ), r ð ʚʽʜʩʪʘʥʴ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ ʚ ʤʝʪʨʘʭ (ʤ). 

 

ʊʠʩʢ ʚʽʜ ʩʠʣ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ: 

ů = F(r)_VandW/S (Pa) 

 

ʈʦʟʨʘʭʫʥʦʢ ʜʠʩʧʝʨʛʘʮʽ ʾʘʛʣʦʤʝʨʘʪʽʚ 

ɟ ï ʛʫʩʪʠʥʘ ʩʝʨʝʜʦʚʠʱʘ 

ɻʫʩʪʠʥʘ ʚʦʜʠ (ɟ): 1000 ʢʛ / ʤ3 

ʩ ï ʰʚʠʜʢʽʩʪʴ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʭʚʠʣʽ ʚ ʩʝʨʝʜʦʚʠʱʽ 

ʐʚʠʜʢʽʩʪʴ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʭʚʠʣʽ ʚ ʩʝʨʝʜʦʚʠʱʽ (c) = 1500 ʤ/c 

A ï ʘʤʧʣʽʪʫʜʘ ʜʠʩʧʝʨʛʘʮʽʾ  

ɸʤʧʣʽʪʫʜʘ ʜʠʩʧʝʨʛʘʮʽʾ (A) = 6Ā 10-5 ʤ 

ɤï ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ 

ʏʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ (ɤ) = 30 Hz 

ʊʠʩʢ ʚʽʜ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʭʚʠʣʽ , ʱʦ ʜʽʻ ʥʘ ʧʦʜʽʣ ʜʚʦʭ ʘʛʣʦʤʝʨʘʪʽʚ: 

ů = 2ˊɟcAɤ  

ʊʠʩʢ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʱʦ ʜʽʻ ʥʘ ʧʦʜʽʣ ʘʛʣʦʤʝʨʘʪʫ ʟ ʨʘʜʽʫʩʦʤ R1, R2: 
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ůR1,R2 = ů2R  

ʈʽʟʥʠʮʷ ʮʠʭ ʪʠʩʢʽʚ: 

æů = ů - ůR1,R2 

ɸʤʧʣʽʪʫʜʘ ʟʚʫʢʦʚʦʛʦ ʪʠʩʢʫ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʜʩʪʘʥʽ ʚʽʜ ʜʞʝʨʝʣʘ ʟʚʫʢʫ 

(ʚʠʧʨʦʤʽʥʶʚʘʯʘ ʜʘʪʯʠʢʘ) 

A = A0e
-ŭr 

A0 - ʇʦʯʘʪʢʦʚʠʡ ʟʚʫʢʦʚʠʡ ʪʠʩʢ 

ŭ - ʂʦʝʬʽʮʽʻʥʪ ʟʛʘʩʘʥʥʷ 

ʂʦʝʬʽʮʽʻʥʪ ʟʛʘʩʘʥʥʷ 

ŭ = 1/rĀln(A/A0) 

ʋʤʦʚʘ, ʧʨʠ ʷʢʽʡ ʘʛʣʦʤʝʨʘʪʠ ʧʦʜʽʣʷʶʪʴʩʷ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ: 

FVandW1 + FVandW2 + FH2O > FUS1 - FUS2 

 

ʈʦʟʨʘʭʫʥʦʢ ʜʣʷ ʘʛʣʦʤʝʨʘʪʫ TiO2 ʧʨʠ ɸ= 6Ā 10-5 ʤ 

   

 

ʈʦʟʨʘʭʫʥʦʢ ʜʣʷ ʘʛʣʦʤʝʨʘʪʫ TiO2 ʧʨʠ ɸ= 4Ā 10-5 ʤ 
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ʈʦʟʨʘʭʫʥʦʢ ʜʣʷ ʘʛʣʦʤʝʨʘʪʫ TiO2 ʧʨʠ ɸ= 4Ā 10-5 ʤ 

 

 

 

ʇʦʙʫʜʫʻʤʦ ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʨʘʜʽʫʩʽʚ ʚʽʜ ʩʠʣ ʪʠʩʢʫ ʚʽʜ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ ʪʘ 

ʩʠʣ ʪʠʩʢʫ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʠʩʧʝʨʛʫʚʘʥʥʷ. 
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ʈʠʩ. 5.2 - ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʨʘʜʽʫʩʽʚ ʚʽʜ ʩʠʣ ʪʠʩʢʫ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ ʪʘ ʩʠʣ ʪʠʩʢʫ 

ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʧʨʠ ɸ= 6Ā 10-5 ʤ 

ɹʘʯʠʤʦ, ʱʦ ʧʨʠ ɸ = 6Ā 10-5 ʤ, ʧʨʠ ʟʥʘʯʝʥʥʷʭ R1 ʪʘ R2  ʚʽʜ 1Ā 10-7 ʤ ʜʦ 5Ā 10-7  ʤ 

ï ʘʛʣʦʤʝʨʘʪʠ ʨʦʟʙʠʚʘʪʠʩʷ ʥʝ ʙʫʜʫʪʴ. ʇʨʠ R ʚʽʜ 6Ā 10-7 ʤ ʜʦ 1Ā 10-5 ï ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʨʦʮʝʩ ʨʦʟʙʠʪʪʷ ʘʛʣʦʤʝʨʘʪʽʚ.  

 

ʈʠʩ. 5.3 - ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʨʘʜʽʫʩʽʚ ʚʽʜ ʩʠʣ ʪʠʩʢʫ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ ʪʘ ʩʠʣ ʪʠʩʢʫ 

ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʧʨʠ ɸ= 4Ā 10-5 ʤ 
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ʇʨʠ ɸ= 4Ā 10-5 ʤ, ʧʨʠ ʟʥʘʯʝʥʥʷʭ R1 ʪʘ R2  ʚʽʜ 1Ā 10-7 ʤ ʜʦ 6Ā 10-7  ʤ ï ʘʛʣʦʤʝʨʘʪʠ 

ʨʦʟʙʠʚʘʪʠʩʷ ʥʝ ʙʫʜʫʪʴ. ʇʨʠ R ʚʽʜ 7Ā 10-7 ʤ ʜʦ 1Ā 10-5 ï ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʨʦʟʙʠʪʪʷ 

ʘʛʣʦʤʝʨʘʪʽʚ. 

 

ʈʠʩ. 5.4 - ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʨʘʜʽʫʩʽʚ ʚʽʜ ʩʠʣ ʪʠʩʢʫ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ ʪʘ ʩʠʣ ʪʠʩʢʫ 

ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʧʨʠ ɸ= 2Ā 10-5 ʤ 

ʇʨʠ ɸ= 2Ā 10-5 ʤ, ʧʨʠ ʟʥʘʯʝʥʥʷʭ R1 ʪʘ R2  ʚʽʜ 1Ā 10-7 ʤ ʜʦ 7.4Ā 10-7  ʤ ï 

ʘʛʣʦʤʝʨʘʪʠ ʨʦʟʙʠʚʘʪʠʩʷ ʥʝ ʙʫʜʫʪʴ. ʇʨʠ R ʚʽʜ 7.5Ā 10-7 ʤ ʜʦ 1Ā 10-5 ï ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʨʦʮʝʩ ʨʦʟʙʠʪʪʷ ʘʛʣʦʤʝʨʘʪʽʚ. 

ʇʦʨʽʚʥʷʻʤʦ ʟʥʘʯʝʥʥʷ ʨʘʜʽʫʩʽʚ, ʧʨʠ ʷʢʠʭ ʘʛʣʦʤʝʨʘʪʠ ʧʦʯʠʥʘʶʪʴ ʨʦʟʙʠʚʘʪʠʩʷ 

ʚʽʜ ʨʽʟʥʠʭ ʘʤʧʣʽʪʫʜ 60%, 40%, 20%. 
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ʉʧʦʩʪʝʨʽʛʘʻʤʦ, ʱʦ ʯʠʤ ʙʽʣʴʰʘ ʘʤʧʣʽʪʫʜʘ ʜʠʩʧʝʨʛʫʚʘʥʥʷ, ʪʠʤ ʤʝʥʰʠʡ ʨʘʜʽʫʩ 

ʘʛʣʦʤʝʨʘʪʽʚ ʪʘ ʢʨʘʱʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʝʘʛʣʦʤʝʨʘʮʽʷ. 

ʇʦʙʫʜʫʻʤʦ ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʨʘʜʽʫʩʽʚ ʚʽʜ ʯʘʩʫ. 

ʈʦʟʛʣʷʥʝʤʦ ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʘʛʣʦʤʝʨʘʪʽʚ TiO2 ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʫ ʤʝʪʦʜʦʤ 

ʫʣʴʪʨʘʟʚʫʢʫ (ʨʠʩ.5.5-5.6) 

 

ʈʠʩ. 5.5 ï ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʧʨʠʩʪʨʦʶ Horiba ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2 

ʤʝʪʦʜʦʤ ʫʣʴʪʨʘʟʚʫʢʫ. 
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ʈʠʩ. 5.6 ï ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʧʨʠʩʪʨʦʶ LumiSizer ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2 

ʤʝʪʦʜʦʤ ʫʣʴʪʨʘʟʚʫʢʫ. 

 

ɺʠʩʥʦʚʢʠ 

1. ɺʩʪʘʥʦʚʣʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʘʤʧʣʽʪʫʜʦʶ ʢʦʣʠʚʘʥʴ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʪʘ 

max R ʯʘʩʪʦʢ, ʷʢʽ ʟʘʣʠʰʠʣʠʩʷ ʧʽʩʣʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʦʙʨʦʙʢʠ. 

2. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ A = 60 ʤʢʤ, ʧʨʠ ʟʥʘʯʝʥʥʷʭ R1 ʪʘ R2  ʚʽʜ 1Ā 10
-7 ʤ 

ʜʦ 5Ā 10-7 ʤ ʘʛʣʦʤʝʨʘʪʠ ʨʦʟʙʠʚʘʪʠʩʷ ʥʝ ʙʫʜʫʪʴ. R ʚʽʜ 6Ā 10-7 ʤ ʜʦ 1Ā 10-5 ï ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʨʦʮʝʩ ʨʦʟʙʠʪʪʷ ʘʛʣʦʤʝʨʘʪʽʚ.  

      ʇʨʠ A = 40 ʤʢʤ , R1 ʪʘ R2  ʚʽʜ 1Ā 10
-7 ʤ ʜʦ 6Ā 10-7  ʤ ï ʘʛʣʦʤʝʨʘʪʠ ʨʦʟʙʠʚʘʪʠʩʷ ʥʝ 

ʙʫʜʫʪʴ. R ʚʽʜ 7Ā 10-7 ʤ ʜʦ 1Ā 10-5 ï ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʨʦʟʙʠʪʪʷ ʘʛʣʦʤʝʨʘʪʽʚ. 

     ʇʨʠ A = 20 ʤʢʤ, R1 ʪʘ R2  ʚʽʜ 1Ā 10
-7 ʤ ʜʦ 7.4Ā 10-7  ʤ ï ʘʛʣʦʤʝʨʘʪʠ ʨʦʟʙʠʚʘʪʠʩʷ ʥʝ 

ʙʫʜʫʪʴ. R ʚʽʜ 7.5Ā 10-7 ʤ ʜʦ 1Ā 10-5 ï ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʨʦʟʙʠʪʪʷ ʘʛʣʦʤʝʨʘʪʽʚ. 

3. ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2 ʧʨʠʩʪʨʦʷʤʠ Horiba ʪʘ 

LumiSizer ʤʝʪʦʜʦʤ ʫʣʴʪʨʘʟʚʫʢʫ TiO2 ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʫ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ 

ʙʽʣʴʰʦʤʫ ʯʘʩʽ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʝʘʛʣʦʤʝʨʘʮʽʷ TiO2. 
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6. ʈʆɿʈʆɹʂɸ ʉʊɸʈʊɸʇ-ʇʈʆɽʂʊʋ 

 

6.1 ɯʜʝʷ ʩʪʘʨʪʘʧ-ʧʨʦʝʢʪʫ 

ɯʜʝʷ ʩʪʘʨʪʘʧ ʧʨʦʝʢʪʫ ʧʦʣʷʛʘʻ ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʾ, ʝʢʦʣʦʛʽʯʥʦ 

ʯʠʩʪʦʾ ʙʽʣʦʾ ʬʘʨʙʠ ʧʦʚʠʱʝʥʦʾ ʷʢʦʩʪʽ ʤʝʪʦʜʦʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʜʠʩʧʝʨʩʽʾ ʯʘʩʪʠʥʦʢ 

TiO2, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʢʨʘʱʝʥʦʛʦ ʧʦʢʨʠʪʪʷ, ʥʝʧʨʦʟʦʨʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ 

ʬʘʨʙʠ. 

6.2 ʎʽʣʴʦʚʘ ʘʫʜʠʪʦʨʽʷ, ʢʣʽʻʥʪ 

ɻʦʣʦʚʥʠʤʠ ʢʣʽʻʥʪʘʤʠ ʙʫʜʫʪʴ ʚʣʘʩʥʠʢʠ ʙʫʜʠʥʢʽʚ, ʘʨʭʽʪʝʢʪʦʨʠ, ʜʠʟʘʡʥʝʨʠ 

ʽʥʪʝʨôʻʨʽʚ, ʙʫʜʽʚʝʣʴʥʽ ʢʦʤʧʘʥʽʾ ʪʘ ʢʦʤʧʘʥʽʾ ʟ ʫʧʨʘʚʣʽʥʥʷ ʥʝʨʫʭʦʤʽʩʪʶ. ʂʨʽʤ ʪʦʛʦ, 

ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʘ ʙʽʣʘ ʬʘʨʙʘ ʤʦʞʝ ʙʫʪʠ ʦʩʦʙʣʠʚʦ ʧʨʠʚʘʙʣʠʚʦʶ ʜʣʷ ʪʠʭ, ʭʪʦ ʭʦʯʝ 

ʦʪʨʠʤʘʪʠ ʩʝʨʪʠʬʽʢʘʪ LEED ʜʣʷ ʩʚʦʾʭ ʙʫʜʽʚʝʣʴʥʠʭ ʧʨʦʝʢʪʽʚ ʘʙʦ ʪʠʭ, ʭʪʦ ʭʦʯʝ 

ʟʤʝʥʰʠʪʠ ʩʚʽʡ ʚʫʛʣʝʮʝʚʠʡ ʩʣʽʜ.  

6Φо ˴͔͙ͦͤͯͪͤͭ͟ 
ʇʽʜʧʨʠʻʤʩʪʚʘ, ʱʦ ʚʠʛʦʪʦʚʣʷʶʪʴ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʫ ʙʽʣʫ ʬʘʨʙʫ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʯʘʩʪʠʥʢʠ TiO2: TioCem, Shepherd Color, Jotun ʪʘ ʽʥʰʽ. 

6.4 ʆʩʥʦʚʥʘ ʢʦʥʢʫʨʝʥʪʥʘ ʧʝʨʝʚʘʛʘ 

- ɯʥʥʦʚʘʮʽʡʥʠʡ ʤʝʪʦʜ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʧʘʪʝʥʪʦʚʘʥʠʭ ʯʘʩʪʠʥʦʢ TiO2, ʷʢʠʡ 

ʤʘʻ ʫʥʽʢʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʧʝʨʝʚʘʛʠ ʪʘ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʷʢʽʩʪʴ 

ʧʨʦʜʫʢʮʽʾ.  

- ʉʧʦʩʽʙ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʽʜ ʧʦʪʨʝʙʠ ʢʣʽʻʥʪʽʚ ʙʫʜʝ ʟʥʘʯʥʦ ʜʝʰʝʚʰʠʡ ʥʽʞ ʫ 

ʢʦʥʢʫʨʝʥʪʽʚ, ʱʦ ʜʘʩʪʴ ʟʤʦʛʫ ʧʨʦʜʘʚʘʪʠ ʬʽʣʴʪʨʠ ʧʦ ʥʠʞʯʽʡ ʮʽʥʽ. 

6.5 ɽʪʘʧ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʨʠʥʢʫ ʪʘ ʘʢʪʫʘʣʴʥʽʩʪʴ ʩʪʘʨʪʘʧʫ 

ɾʠʪʪʻʚʠʡ ʮʠʢʣ - ʪʝʦʨʽʷ, ʟʛʽʜʥʦ ʟ ʷʢʦʶ ʚʩʽ ʪʦʚʘʨʠ ʟʘ ʯʘʩ ʽʩʥʫʚʘʥʥʷ ʧʨʦʭʦʜʷʪʴ 

ʧʦʩʣʽʜʦʚʥʦ ʯʦʪʠʨʠ ʦʩʥʦʚʥʽ ʝʪʘʧʠ: ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʦʚʘʨʫ, ʟʨʦʩʪʘʥʥʷ ʦʙʩʷʛʫ 

ʧʨʦʜʘʞʽʚ, ʟʨʽʣʽʩʪʴ ʪʘ ʩʧʘʜ ʦʙʩʷʛʫ ʧʨʦʜʘʞʽʚ ʪʘ ʧʨʠʙʫʪʢʫ.  

ʇʦʧʠʪ ʥʘ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʫ ʬʘʨʙʫ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʟʨʦʩʪʘʻ ʯʝʨʝʟ 

ʧʦʽʥʬʦʨʤʦʚʘʥʽʩʪʴ ʧʨʦ ʝʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ ʪʘ ʧʨʘʚʠʣʘ, ʱʦ ʩʧʨʠʷʶʪʴ ʩʪʘʣʦʤʫ 

ʨʦʟʚʠʪʢʫ.  
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ɿ ʥʘʚʝʜʝʥʠʭ ʜʦʚʦʜʽʚ ʪʘ ʬʘʢʪʽʚ, ʤʦʞʝʤʦ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʽʜʝʷ ʥʘʰʦʛʦ 

ʩʪʘʨʪʘʧ ʧʨʦʝʢʪʫ ʘʢʪʫʘʣʴʥʘ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ, ʪʦʤʫ ʱʦ, ʧʦʧʠʪ ʥʘ ʝʢʦʣʦʛʽʯʥʦ 

ʯʠʩʪʫ ʙʽʣʫ ʬʘʨʙʠ ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʦʞʥʦʛʦ ʜʥʷ, ʘ ʚʠʙʽʨ ʬʘʨʙ ʥʝ ʟʘʥʘʜʪʦ ʚʝʣʠʢʠʡ. 

6.6 ʈʝʩʫʨʩʠ 

6.6.1 ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʆʩʥʦʚʥʘ ʤʝʪʘ ʩʪʘʨʪʘʧʫ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʫʢʨʘʾʥʩʴʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ 

ʟʙʽʣʴʰʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʧʨʘʮʝʚʣʘʰʪʫʚʘʥʥʷ ʪʘ ʨʦʟʚʠʪʢʫ ʚʠʨʦʙʥʠʯʠʭ ʤʦʞʣʠʚʦʩʪʝʡ 

ʚ ʋʢʨʘʾʥʽ. 

6.6.2 ʄʘʨʢʝʪʠʥʛʦʚʽ 

ʈʦʟʨʦʙʢʘ ʚʝʙ-ʩʘʡʪʫ ʘʙʦ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʘ ʪʘ ʡʦʛʦ ʧʨʦʩʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

Google Ads ʤʦʞʝ ʙʫʪʠ ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʦʶ ʩʪʨʘʪʝʛʽʻʶ ʤʘʢʩʠʤʽʟʘʮʽʾ ʧʨʠʙʫʪʢʫ 

ʧʨʠ ʤʽʥʽʤʽʟʘʮʽʾ ʚʠʪʨʘʪ ʥʘ ʨʝʢʣʘʤʫ. 

6.6.3 ʊʨʫʜʦʚʽ 

ʄʝʪʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʟʙʽʣʴʰʠʪʠ ʤʦʞʣʠʚʦʩʪʽ ʧʨʘʮʝʚʣʘʰʪʫʚʘʥʥʷ ʚ ʋʢʨʘʾʥʽ 

ʪʘ ʥʘʜʘʪʠ ʩʪʫʜʝʥʪʘʤ ʘʙʦ ʥʦʚʠʤ ʚʠʧʫʩʢʥʠʢʘʤ ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʧʨʘʢʪʠʯʥʦʛʦ ʜʦʩʚʽʜʫ ʯʝʨʝʟ ʩʪʘʞʫʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʢʦʤʧʘʥʽʷʭ. 

6.6.4 ʇʨʘʚʦʚʽ 

ʅʘʜʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʘʢʝʪʫ ʧʝʨʝʚʘʛ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʦʧʣʘʯʫʚʘʥʫ ʚʽʜʧʫʩʪʢʫ, 

ʤʝʜʠʯʥʝ ʩʪʨʘʭʫʚʘʥʥʷ ʪʘ ʦʬʽʮʽʡʥʝ ʧʨʘʮʝʚʣʘʰʪʫʚʘʥʥʷ ʟ ʤʝʪʦʶ ʟʘʣʫʯʝʥʥʷ ʪʘ 

ʫʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʩʧʝʮʽʘʣʽʩʪʽʚ.  

6.7 ɸʥʘʣʽʟ ʬʘʢʪʦʨʽʚ ʤʘʢʨʦʤʘʨʢʝʪʠʥʛʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʊʘʙʣʠʮʷ 6.1 ï ʇʽʜʩʫʤʢʦʚʘ ʪʘʙʣʠʮʷ ʬʘʢʪʦʨʽʚ ʧʦʣʽʪʠʢʦ-ʧʨʘʚʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ  

ʌʘʢʪʦʨʠ ɺʧʣʠʚ ʬʘʢʪʦʨʫ ɸʣʴʪʝʨʥʘʪʠʚʥʽ 

ʰʣʷʭʠ 

ʚʠʨʽʰʝʥʥʷ 

ʧʨʦʙʣʝʤʠ ʯʠ 

ʨʝʘʣʽʟʘʮʽʾ 

ʤʦʞʣʠʚʦʩʪʽ 

ʄʦʞʣʠʚʦʩʪʽ ɿʘʛʨʦʟʠ 

ʇʦʣʽʪʠʢʦ-ʧʨʘʚʦʚʝ ʇʨʦʜʘʞ ʪʦʚʘʨʫ 

ʟʘ ʢʦʨʜʦʥ 

ɺʽʜʥʦʩʠʥʠ ʤʽʞ 

ʢʨʘʾʥʘʤʠ 

ʄʦʞʣʠʚʽʩʪʴ 

ʟʘʢʫʧʽʚʣʽ 
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ʩʝʨʝʜʦʚʠʱʝ 

ʢʨʘʾʥʠ-ʧʘʨʪʥʝʨʘ 

ʤʘʪʝʨʽʘʣʫ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʧʨʦʜʫʢʮʽʾ ʚ 

ʽʥʰʠʭ ʢʨʘʾʥʘʭ. 

ɿʦʚʥʽʰʥʷ 

ʧʦʣʽʪʠʢʘ 

ʢʨʘʾʥʠ 

ʇʨʦʜʘʞ ʪʦʚʘʨʫ 

ʟʘ ʢʦʨʜʦʥ. 

ɿʘʢʫʧʽʚʣʷ 

ʚʽʜʧʦʚʽʜʥʦʾ 

ʩʠʨʦʚʠʥʠ ʫ 

ʥʘʜʽʡʥʠʭ 

ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ 

ɺʽʜʥʦʩʠʥʠ ʤʽʞ 

ʢʨʘʾʥʘʤʠ 

ʅʝʦʙʭʽʜʥʽʩʪʴ 

ʨʝʘʣʽʟʘʮʽʾ ʪʦʚʘʨʫ 

ʚ ʨʽʟʥʠʭ ʢʨʘʾʥʘʭ 

ʊʘʙʣʠʮʷ 6.2 ï ʇʽʜʩʫʤʢʦʚʘ ʪʘʙʣʠʮʷ ʬʘʢʪʦʨʽʚ ʝʢʦʥʦʤʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ  

ʌʘʢʪʦʨʠ 

 

ɺʧʣʠʚ ʬʘʢʪʦʨʫ ɸʣʴʪʝʨʥʘʪʠʚʥʽ 

ʰʣʷʭʠ 

ʚʠʨʽʰʝʥʥʷ 

ʧʨʦʙʣʝʤʠ ʯʠ 

ʨʝʘʣʽʟʘʮʽʾ 

ʤʦʞʣʠʚʦʩʪʽ 

ʄʦʞʣʠʚʦʩʪʽ ɿʘʛʨʦʟʠ 

ʈʽʚʝʥʴ ʨʦʟʚʠʪʢʫ 

ʚʠʨʦʙʥʠʮʪʚʘ  

ɿʙʽʣʴʰʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ 

ʧʨʦʜʘʞʽʚ 

ɺʽʜʩʫʪʥʽʩʪʴ 

ʧʦʧʠʪʫ 

ɿʙʽʣʴʰʝʥʥʷ 

ʦʙʩʷʛʽʚ 

ʚʠʨʦʙʥʠʮʪʚʘ 

ɺʝʣʠʢʠʡ 

ʘʩʦʨʪʠʤʝʥʪ ʫ 

ʢʦʥʢʫʨʝʥʪʽʚ 

ɿʙʽʣʴʰʝʥʥʷ 

ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ 

ʅʠʞʯʘ ʮʽʥʘ ʫ 

ʢʦʥʢʫʨʝʥʪʽʚ 

ʇʝʨʝʢʦʥʘʪʠ 

ʢʣʽʻʥʪʘ, ʱʦ 

ʢʽʣʴʢʽʩʪʴ ʥʝ 

ʟʘʚʞʜʠ ʦʟʥʘʯʘʻ 

ʷʢʽʩʪʴ 

 

ʊʘʙʣʠʮʷ 6.3 ï ʇʽʜʩʫʤʢʦʚʘ ʪʘʙʣʠʮʷ ʬʘʢʪʦʨʽʚ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ  

ʌʘʢʪʦʨʠ 

 

ɺʧʣʠʚ ʬʘʢʪʦʨʫ ɸʣʴʪʝʨʥʘʪʠʚʥʽ 

ʰʣʷʭʠ 

ʚʠʨʽʰʝʥʥʷ 

ʧʨʦʙʣʝʤʠ ʯʠ 

ʨʝʘʣʽʟʘʮʽʾ 

ʤʦʞʣʠʚʦʩʪʽ 

ʄʦʞʣʠʚʦʩʪʽ ɿʘʛʨʦʟʠ 
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ʊʘʙʣʠʮʷ 6.4 ï ʇʽʜʩʫʤʢʦʚʘ ʪʘʙʣʠʮʷ ʬʘʢʪʦʨʽʚ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʆʩʫʯʘʩʥʝʥʥʷ, 

ʥʦʚʽ ʨʦʟʨʦʙʢʠ ʫ 

ʩʬʝʨʽ 

ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʟʘʧʘʪʝʥʪʦʚʘʥʠʭ 

ʯʘʩʪʠʥʦʢ TiO2 

ɿʙʽʣʴʰʝʥʥʷ 

ʚʠʪʨʘʪ 

ʇʦʢʨʘʱʝʥʥʷ  

ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ 

ɿʙʽʣʴʰʝʥʥʷ 

ʧʦʧʠʪʫ 

ɿʨʦʩʪʘʥʥʷ 

ʦʙʩʷʛʽʚ ʟʙʫʪʫ  

 

ʅʝʩʧʨʦʤʦʞʥʽʩʪʴ 

ʚʠʛʦʪʦʚʣʷʪʠ 

ʧʦʪʨʽʙʥʫ 

ʢʽʣʴʢʽʩʪʴ 

ʧʨʦʜʫʢʪʫ  

ʈʦʟʰʠʨʝʥʥʷ 

ʦʙʩʷʛʽʚ 

ʚʠʨʦʙʥʠʮʪʚʘ 

ʌʘʢʪʦʨʠ 

 

ɺʧʣʠʚ ʬʘʢʪʦʨʫ ɸʣʴʪʝʨʥʘʪʠʚʥʽ 

ʰʣʷʭʠ 

ʚʠʨʽʰʝʥʥʷ 

ʧʨʦʙʣʝʤʠ ʯʠ 

ʨʝʘʣʽʟʘʮʽʾ 

ʤʦʞʣʠʚʦʩʪʽ 

ʄʦʞʣʠʚʦʩʪʽ ɿʘʛʨʦʟʠ 

ɸʚʘʨʽʾ ʪʘ 

ʚʽʜʩʫʪʥʽʩʪʴ 

ʦʧʘʣʝʥʥʷ  

 

 ʇʨʘʮʽʚʥʠʢʠ 

ʤʦʞʫʪʴ ʥʝ ʙʫʪʠ 

ʟʜʘʪʥʠʤʠ ʜʦ 

ʚʠʢʦʥʘʥʥʷ ʩʚʦʾʭ 

ʦʙʦʚôʷʟʢʽʚ 

ɺʩʪʘʥʦʚʣʝʥʥʷ 

ʘʚʪʦʥʦʤʥʦʛʦ 

ʦʧʘʣʝʥʥʷ  

ʇʦʛʘʥʘ ʧʦʛʦʜʘ  ʇʨʦʙʣʝʤʠ ʟ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷʤ 

ʧʨʦʜʫʢʮʽʾ 

ɺʢʣʶʯʠʪʠ ʚ 

ʜʦʛʦʚʽʨ ʧʦʩʪʘʚʢʠ 

ʧʫʥʢʪʠ ʱʦʜʦ 

ʤʦʞʣʠʚʠʭ 

ʜʦʜʘʪʢʦʚʠʭ ʜʥʽʚ 

ʯʝʨʝʟ ʧʦʛʦʜʥʽ 

ʫʤʦʚʠ 

ʗʢʽʩʪ ɹʩʠʨʦʚʠʥʠ  ɿʘʣʝʞʥʽʩʪʴ ʚʽʜ 

ʥʘʷʚʥʦʩʪʽ ʪʘ 

ʷʢʦʩʪʽ ʩʠʨʦʚʠʥʠ 

ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ 

ʯʘʩʪʠʥʦʢ TiO2 

ɿʘʚʞʜʠ ʤʘʪʠ 

ʜʦʜʘʪʢʦʚʠʡ 

ʟʘʧʘʩ  ʷʢʩ̔ʥʦʾ 

ʩʠʨʦʚʠʥʠ   
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6.8 ɸʥʘʣʽʟ ʬʘʢʪʦʨʽʚ ʤʽʢʨʦʤʘʨʢʝʪʠʥʛʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʊʘʙʣʠʮʷ 6.5 ï ʇʽʜʩʫʤʢʦʚʘ ʪʘʙʣʠʮʷ ʚʧʣʠʚʫ ʩʧʦʞʠʚʘʯʽʚ  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʊʘʙʣʠʮʷ 6.6 ï ʇʽʜʩʫʤʢʦʚʘ ʪʘʙʣʠʮʷ ʚʧʣʠʚʫ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ  

ʌʘʢʪʦʨʠ 

 

ɺʧʣʠʚ ʬʘʢʪʦʨʫ ɸʣʴʪʝʨʥʘʪʠʚʥʽ 

ʰʣʷʭʠ 

ʚʠʨʽʰʝʥʥʷ 

ʧʨʦʙʣʝʤʠ ʯʠ 

ʨʝʘʣʽʟʘʮʽʾ 

ʤʦʞʣʠʚʦʩʪʽ 

ʄʦʞʣʠʚʦʩʪʽ ɿʘʛʨʦʟʠ 

ʌʘʢʪʦʨʠ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʧʦʚʝʜʽʥʢʫ 

ʩʧʦʞʠʚʘʯʘ  

ɿʘʙʝʟʧʝʯʝʥʥʷ 

ʧʦʩʪʽʡʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ 

ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ 

ʥʘ ʙʘʞʘʥʦʤʫ 

ʨʽʚʥʽ 

ʅʝʟʘʮʽʢʘʚʣʝʥʽʩʪʴ 

ʧʦʢʫʧʮʷ ʫ 

ʧʨʦʜʫʢʮʽʾ 

ʇʦʩʪʽʡʥʽ 

ʜʦʩʣʽʜʞʝʥʥ ̫ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ 

ʧʨʦʜʫʢʪʽʚ ʽ 

ʨʽʰʝʥʴ, ʷʢʽ 

ʤʦʞʫʪʴ 

ʟʘʜʦʚʦʣʴʥʠʪʠ 

ʥʦʚʽ ʧʦʪʨʝʙʠ ʪʘ 

ʧʝʨʝʚʘʛʠ ʫ 

ʢʣʽʻʥʪʽʚ 

ʌʘʢʪʦʨʠ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʧʨʠʡʥʷʪʪʷ 

ʢʣʽʻʥʪʘ ʨʽʰʝʥʥʷ 

ʧʨʦ ʢʫʧʽʚʣʶ 

ʧʨʦʜʫʢʮʽʾ 

ʅʘʜʘʥʥʷ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ 

ʨʽʰʝʥʴ, 

ʘʜʘʧʪʦʚʘʥʠʭ ʜʦ 

ʢʦʥʢʨʝʪʥʠʭ 

ʧʦʪʨʝʙ ʢʦʞʥʦʛʦ 

ʢʣʽʻʥʪʘ 

ʂʦʥʢʫʨʝʥʪʠ  ʅʘʷʚʥʽʩʪʴ ʘʢʮʽʡ 

ʪʘ ʟʥʠʞʦʢ 

ʌʘʢʪʦʨʠ 

 

ɺʧʣʠʚ ʬʘʢʪʦʨʫ ɸʣʴʪʝʨʥʘʪʠʚʥʽ 

ʰʣʷʭʠ ʚʠʨʽʰʝʥʥʷ 

ʧʨʦʙʣʝʤʠ ʯʠ 

ʨʝʘʣʽʟʘʮʽʾ 

ʤʦʞʣʠʚʦʩʪʽ 

ʄʦʞʣʠʚʦʩʪʽ ɿʘʛʨʦʟʠ 

ʎʽʥʠ 

ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ  

 

ʅʠʟʴʢʘ ʮʽʥʘ 

ʧʨʦʜʫʢʮʽʾ 

ɿʙʽʣʴʰʝʥʥʷ 

ʮʽʥʠ 

ʅʘʣʘʛʦʜʞʝʥʥʷ 

ʧʘʨʪʥʝʨʩʴʢʠʭ 

ʚʽʜʥʦʩʠʥ ʟ 

ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ 
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6.9. ɸʥʘʣʽʟ ʤʘʨʢʝʪʠʥʛʦʚʦʾ ʧʨʦʛʨʘʤʠ ʩʪʘʨʪʘʧ-ʧʨʦʝʢʪʫ 

ʊʘʙʣʠʮʷ 6.7 - ɺʠʪʨʘʪʠ ʥʘ ʦʨʛʘʥʽʟʘʮʽʶ ʚʠʨʦʙʥʠʮʪʚʘ  

ʌʘʢʪʦʨʠ ʆʧʠʩ ɺʠʪʨʘʪʠ 

ɺʘʨʪʽʩʪʴ 

ʩʠʨʦʚʠʥʠ 

ɿʘʢʫʧʽʚʣ ̫ ʩʠʨʦʚʠʥʠ, 

ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʙʽʣʦʾ ʬʘʨʙʠ, 

ʚʢʣʶʯʥʦ ʟ 

ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʤʠ 

ʯʘʩʪʠʥʢʘʤʠ TiO2 ʪʘ ʙʫʜʴ-

ʷʢʠʤʠ ʽʥʰʠʤʠ ʜʦʙʘʚʢʘʤʠ 

ʯʠ ʭʽʤʽʢʘʪʘʤʠ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʥʽ. 

ɼʽʦʢʩʠʜ ʪʠʪʘʥʫ (TiO2): 

ʚʘʨʪʽʩʪʴ TiO2 ʤʦʞʝ 

ʢʦʣʠʚʘʪʠʩʷ ʚʽʜ 1,5 ʜʦ 3$ ʟʘ 

ʬʫʥʪ ʟʘʣʝʞʥʦ ʚʽʜ ʩʦʨʪʫ ʪʘ 

ʷʢʦʩʪʽ.  

ɼʣʷ TiO2 ʟ ʦʙʨʦʙʣʝʥʦʶ 

ʧʦʚʝʨʭʥʝʶ ʚʽʜ 3 ʜʦ 5$ ʟʘ ʬʫʥʪ. 

ʉʧʦʣʫʯʥʽ ʨʝʯʦʚʠʥʠ: ʩʧʦʣʫʯʥʽ 

ʨʝʯʦʚʠʥʠ, ʪʘʢʽ ʷʢ ʘʢʨʠʣʦʚʽ ʘʙʦ 

ʘʣʢʽʜʥʽ ʩʤʦʣʠ, ʤʦʞʫʪʴ 

ʢʦʰʪʫʚʘʪʠ ʚʽʜ 2 ʜʦ 3$ ʟʘ ʬʫʥʪ. 

ɼʦʙʘʚʢʠ: ʪʘʢʽ ʜʦʙʘʚʢʠ, ʷʢ 

ʟʘʛʫʩʥʠʢʠ, ʜʠʩʧʝʨʛʘʪʦʨʠ ʪʘ 

ʩʪʘʙʽʣʽʟʘʪʦʨʠ, ʤʦʞʫʪʴ 

ʢʦʰʪʫʚʘʪʠ ʚʽʜ 0,5 ʜʦ 2$ ʟʘ 

ʬʫʥʪ. 

ʈʦʟʯʠʥʥʠʢʠ: ʷʢ ʚʦʜʘ, ʛʣʽʢʦʣʽ 

ʘʙʦ ʩʧʠʨʪʠ, ʤʦʞʫʪʴ 

ʢʦʰʪʫʚʘʪʠ ʚʽʜ 1 ʜʦ 2$ ʟʘ 

ʛʘʣʦʥ. 

ɺʘʨʪʽʩʪʴ 

ʦʙʣʘʜʥʘʥʥʷ 

ʇʨʠʜʙʘʥʥʷ ʪʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʈʝʘʢʪʦʨʠ: 10 000-50 000 $ 

ʥʘ ʚʟʘʻʤʦʚʠʛʽʜʥʠʭ 

ʫʤʦʚʘʭ 

ʉʝʨʚʽʩʥʝ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʟ ʙʦʢʫ 

ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ  

ʅʘʷʚʥʽʩʪʴ 

ʩʝʨʚʽʩʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ  

ɺʽʜʩʫʪʥʽʩʪʴ 

ʩʝʨʚʽʩʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ   

ʉʧʽʚʧʨʘʮʶʚʘʥʥʷ ʟ 

ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ 

ʥʘ ʚʠʛʽʜʥʠʭ 

ʫʤʦʚʘʭ 
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ʥʝʦʙʭʽʜʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʜʣʷ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ, 

ʚʢʣʶʯʘʶʯʠ ʟʤʽʰʫʚʘʯʽ, 

ʜʠʩʧʝʨʛʘʪʦʨʠ, ʤʣʠʥʠ, 

ʨʝʘʢʪʦʨʠ ʪʘ ʩʠʩʪʝʤʠ 

ʬʽʣʴʪʨʘʮʽʾ. 

ɿʤʽʰʫʚʘʯʽ: 5 000-30 000 $ 

ʆʙʣʘʜʥʘʥʥʷ ʜʣʷ ʩʫʰʽʥʥʷ: 10 

000-50 000 $ 

ʌʽʣʴʪʨʫʚʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ: 5 

000-20 000 $ 

ʎʝʥʪʨʠʬʫʛʠ: 10 000- 50 000$ 

ɺʠʪʨʘʪʠ ʥʘ 

ʦʧʣʘʪʫ ʧʨʘʮʽ: 

ʅʘʡʤʘʥʥʷ ʪʘ ʥʘʚʯʘʥʥʷ 

ʧʨʘʮʽʚʥʠʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʚʠʨʦʙʥʠʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, 

ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʚʠʨʦʙʥʠʯʠʤ 

ʧʨʦʮʝʩʦʤ. 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʦʙʩʷʛ 

ʚʠʨʦʙʥʠʮʪʚʘ ʩʪʘʥʦʚʠʪʴ 1000 

ʣʽʪʨʽʚ ʥʘ ʜʝʥʴ, ʚʘʨʪʽʩʪʴ ʧʨʘʮʽ 

ʜʣʷ ʙʨʠʛʘʜʠ ʟ 10 ʧʨʘʮʽʚʥʠʢʽʚ 

(ʢʦʞʝʥ ʟʘʨʦʙʣʷʻ ʚ ʩʝʨʝʜʥʴʦʤʫ 

15 ʜʦʣʘʨʽʚ ʉʐɸ ʥʘ ʛʦʜʠʥʫ) 

ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʪʘʢ: 

ɿʘʛʘʣʴʥʘ ʚʘʨʪʽʩʪʴ ʨʦʙʦʯʦʾ 

ʩʠʣʠ ʟʘ ʜʝʥʴ = ʢʽʣʴʢʽʩʪʴ 

ʨʦʙʽʪʥʠʢʽʚ x ʚʽʜʧʨʘʮʴʦʚʘʥʽ 

ʛʦʜʠʥʠ x ʧʦʛʦʜʠʥʥʘ ʦʧʣʘʪʘ 

ɿʘʛʘʣʴʥʘ ʚʘʨʪʽʩʪʴ ʧʨʘʮʽ ʟʘ 

ʜʝʥʴ = 10 x 8 x 15 

ɿʘʛʘʣʴʥʘ ʚʘʨʪʽʩʪʴ ʧʨʘʮʽ ʟʘ 

ʜʝʥʴ = 1200 ʜʦʣʘʨʽʚ ʉʐɸ 

ɺʘʨʪʽʩʪʴ 

ʝʥʝʨʛʽʾ: 

ʉʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʧʽʜ 

ʯʘʩ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ, 

ʚʢʣʶʯʘʶʯʠ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʪʘ ʧʘʣʠʚʦ 

ʜʣʷ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ 

ʦʧʘʣʝʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ. 

ʇʦʜʨʽʙʥʝʥʥʷ ʯʘʩʪʠʥʦʢ TiO2: 

ɺʘʨʪʽʩʪʴ ʝʥʝʨʛʽʾ ʤʦʞʝ 

ʢʦʣʠʚʘʪʠʩʷ ʚʽʜ 2 ʜʦ 20 

ʢɺʪ/ʛʦʜ ʥʘ ʢʛ TiO2, ʟʘʣʝʞʥʦ 

ʚʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ 

ʧʨʦʮʝʩʫ ʧʦʤʝʣʫ. 

ʆʙʨʦʙʢʘ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ 

TiO2: ʚʘʨʪʽʩʪʴ ʝʥʝʨʛʽʾ ʤʦʞʝ 

ʢʦʣʠʚʘʪʠʩʷ ʚʽʜ 2 ʜʦ 8 ʢɺʪ/ʛʦʜ 

ʥʘ ʢʛ TiO2. 
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ɿʤʽʰʫʚʘʥʥʷ ʪʘ ʜʠʩʧʝʨʩʽʷ: ʚʽʜ 

0,5 ʜʦ 2 ʢɺʪ/ʛʦʜ ʥʘ ʢʛ ʬʘʨʙʠ. 

ɿʘʛʘʣʴʥʘ ʚʘʨʪʽʩʪʴ ʝʥʝʨʛʽʾ 

ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ ʚʽʜ 4,5 ʜʦ 30 

ʢɺʪ/ʛʦʜ ʥʘ ʢʛ ʬʘʨʙʠ, ʟʘʣʝʞʥʦ 

ʚʽʜ ʢʦʥʢʨʝʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʧʨʦʮʝʩʫ. 

ʊʨʘʥʩʧʦʨʪʥʽ 

ʚʠʪʨʘʪʠ: 

ʊʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

ʩʠʨʦʚʠʥʠ ʪʘ ʛʦʪʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ ʜʦ ʪʘ ʟ ʤʽʩʮʷ 

ʚʠʨʦʙʥʠʮʪʚʘ. 

ʊʨʘʥʩʧʦʨʪʥʽ ʚʠʪʨʘʪʠ ʥʘ 

ʩʠʨʦʚʠʥʫ ʪʘ ʛʦʪʦʚʫ 

ʧʨʦʜʫʢʮʽʶ ʤʦʞʫʪʴ 

ʟʤʽʥʶʚʘʪʠʩʴ ʟʘʣʝʞʥʦ ʚʽʜ 

ʪʘʢʠʭ ʬʘʢʪʦʨʽʚ, ʷʢ ʚʽʜʩʪʘʥʴ, 

ʩʧʦʩʽʙ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʚʘʛʘ 

ʪʘ ʦʙôʻʤ, ʘ ʪʘʢʦʞ ʜʦʜʘʪʢʦʚʽ 

ʟʙʦʨʠ. ɺʘʞʢʦ ʚʢʘʟʘʪʠ ʪʦʯʥʫ 

ʚʘʨʪʽʩʪʴ ʙʝʟ ʢʦʥʢʨʝʪʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ. ʑʦʙ ʟʤʝʥʰʠʪʠ 

ʚʠʪʨʘʪʠ ʥʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, 

ʤʦʞʥʘ ʦʧʪʠʤʽʟʫʚʘʪʠ ʨʦʟʤʽʨʠ 

ʚʽʜʧʨʘʚʣʝʥʴ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʝʢʦʥʦʤʽʯʥʦ 

ʝʬʝʢʪʠʚʥʽ ʩʧʦʩʦʙʠ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʷʢ-ʦʪ 

ʤʦʨʩʴʢʠʡ ʬʨʘʭʪ, ʽ ʜʦʤʦʚʠʪʠʩʷ 

ʟ ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ ʧʨʦ ʢʨʘʱʽ 

ʮʽʥʠ ʘʙʦ ʫʤʦʚʠ. 

ɺʠʪʨʘʪʠ ʥʘ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʝʢʦʣʦʛʽʯʥʠʤ 

ʥʦʨʤʘʤ: 

ɼʦʪʨʠʤʘʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ 

ʥʦʨʤ ʽ ʩʪʘʥʜʘʨʪʽʚ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʝʢʦʣʦʛʽʯʥʦ 

ʯʠʩʪʠʭ ʧʨʦʜʫʢʪʽʚ. 

ɿʘʛʘʣʦʤ ʚʘʨʪʽʩʪʴ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʝʢʦʣʦʛʽʯʥʠʤ 

ʥʦʨʤʘʤ ʤʦʞʝ ʚʢʣʶʯʘʪʠ 

ʚʠʪʨʘʪʠ, ʧʦʚôʷʟʘʥʽ ʟ 

ʤʦʥʽʪʦʨʠʥʛʦʤ ʽ ʪʝʩʪʫʚʘʥʥʷʤ 

ʚʠʢʠʜʽʚ ʽ ʩʪʦʢʽʚ, 

ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʟʘʭʦʜʽʚ 

ʢʦʥʪʨʦʣʶ ʟʘʙʨʫʜʥʝʥʥʷ, 

ʜʦʪʨʠʤʘʥʥʷʤ ʧʨʘʚʠʣ 

ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʭʦʜʽʚ ʽ ʦʧʣʘʪʦʶ 

ʙʫʜʴ-ʷʢʠʭ ʰʪʨʘʬʽʚ ʘʙʦ ʧʝʥʽ ʟʘ 

ʾʭ ʥʝʚʠʢʦʥʘʥʥʷ. 
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ɺʘʨʪʽʩʪʴ 

ʜʦʩʣʽʜʞʝʥʴ ʽ 

ʨʦʟʨʦʙʦʢ: 

ʇʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʽ 

ʨʦʟʨʦʙʦʢ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ ʪʘ 

ʧʦʢʨʘʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʙʽʣʦʾ ʬʘʨʙʠ. 

ɿʛʽʜʥʦ ʟʽ ʟʚʽʪʦʤ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʥʘʫʢʦʚʦʛʦ 

ʬʦʥʜʫ, ʫ 2018 ʨʦʮʽ ʩʝʨʝʜʥʽ 

ʚʠʪʨʘʪʠ ʤʘʣʦʛʦ ʙʽʟʥʝʩʫ ʥʘ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ ʚ 

ʉʧʦʣʫʯʝʥʠʭ ʐʪʘʪʘʭ 

ʩʪʘʥʦʚʠʣʠ ʙʣʠʟʴʢʦ 150 000 

ʜʦʣʘʨʽʚ ʉʐɸ ʥʘ ʨʽʢ. 

 

ʇʨʠʧʫʩʢʘʶʯʠ ʩʝʨʝʜʥʶ ʚʘʨʪʽʩʪʴ ʩʠʨʦʚʠʥʠ, ʧʨʘʮʽ, ʝʥʝʨʛʽʾ ʪʘ ʚʠʪʨʘʪ ʥʘ 

ʦʙʣʘʜʥʘʥʥʷ, ʚʘʨʪʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ 1 ʪʦʥʠ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʾ, ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʦʾ 

ʙʽʣʦʾ ʬʘʨʙʠ ʰʣʷʭʦʤ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʥʽ ʜʨʽʙʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ TiO2 ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ 

ʚʽʜ 800 ʜʦ 1500 ʜʦʣʘʨʽʚ ʉʐɸ ʟʘ ʪʦʥʥʫ. 

ʗʢʱʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʩʦʙʽʚʘʨʪʽʩʪʴ ʦʜʥʽʻʾ ʪʦʥʥʠ ʬʘʨʙʠ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 

1500 ʜʦʣʘʨʽʚ ʉʐɸ, ʘ ʧʨʦʜʘʞʥʘ ʮʽʥʘ ï ʙʣʠʟʴʢʦ 2000 ʜʦʣʘʨʽʚ ʉʐɸ ʟʘ ʪʦʥʥʫ, 

ʦʨʽʻʥʪʦʚʥʠʡ ʧʨʠʙʫʪʦʢ ʥʘ ʪʦʥʥʫ ʩʪʘʥʦʚʠʪʠʤʝ ʧʨʠʙʣʠʟʥʦ 500 ʜʦʣʘʨʽʚ ʉʐɸ. 

ʊʘʙʣʠʮʷ 6.8 - SWOT- ʘʥʘʣʽʟ ʧʨʦʝʢʪʫ 

ʉʠʣʴʥʽ ʩʪʦʨʦʥʠ: 

- ʜʦʩʪʫʧʥʽʩʪʴ; 

- ʥʘʜʽʡʥʽʩʪʴ; 

- ʫʥʽʢʘʣʴʥʽʩʪʴ ʧʨʦʜʫʢʪʘ; 

- ʝʢʦʣʦʛʽʯʥʽʩʪʴ ʪʘ ʚʠʩʦʢʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. 

 

ʉʣʘʙʢʽ ʩʪʦʨʦʥʠ: 

- ʷʢ ʥʦʚʠʡ ʫʯʘʩʥʠʢ ʨʠʥʢʫ, ʤʦʞʝʤʦ 

ʚʽʜʯʫʚʘʪʠ ʥʝʜʦʩʪʘʪʥʶ 

ʧʽʟʥʘʚʘʥʽʩʪʴ ʙʨʝʥʜʫ ʪʘ ʦʙʤʝʞʝʥʫ 

ʢʣʽʻʥʪʩʴʢʫ ʙʘʟʫ; 

- ʥʝʦʙʭʽʜʥʽʩʪʴ ʢʨʘʱʝ ʚʨʘʭʦʚʫʚʘʪʠ 

ʧʦʪʨʝʙʠ ʩʧʦʞʠʚʘʯʽʚ; 

- ʤʦʞʣʠʚʠʡ ʦʧʽʨ ʪʨʘʜʠʮʽʡʥʠʭ 

ʚʠʨʦʙʥʠʢʽʚ ʬʘʨʙʠ, ʷʢʽ ʤʦʞʫʪʴ 

ʩʧʨʠʡʤʘʪʠ ʝʢʦʣʦʛʽʯʥʫ ʬʘʨʙʫ ʷʢ 

ʟʘʛʨʦʟʫ ʩʚʦʾʡ ʯʘʩʪʮʽ ʨʠʥʢʫ. 

ʄʦʞʣʠʚʦʩʪʽ: 

- ʧʽʜʚʠʱʝʥʠʡ ʧʦʧʠʪ ʥʘ 

ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʫ ʧʨʦʜʫʢʮʽʶ; 

- ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʝʩʫʨʩʽʚ; 

- ʜʦʩʪʫʧʥʽʩʪʴ ʮʽʥʠ; 

- ʦʩʫʯʘʩʥʝʥʥʷ, ʥʦʚʽ ʨʦʟʨʦʙʢʠ. 

ɿʘʛʨʦʟʠ: 

-  ʚ̔ ʜʩʫʪʥʽʩʪʴ ʧʦʧʠʪʫ; 

-  ʢ̫ʽʩʪʴ; 

-  ʥʝʘʢʪʫʘʣʴʥʽʩʪʴ; 

-  ʬ̔ ʥʘʥʩʠ. 
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 

1. ʈʦʟʨʦʙʣʝʥʦ ʩʪʘʨʪʘʧ-ʧʨʦʝʢʪ, ʦʙôʻʢʪʦʤ ʷʢʦʛʦ ʻ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʾ, ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʦʾ ʙʽʣʦʾ ʬʘʨʙʠ ʧʦʚʠʱʝʥʦʾ ʷʢʦʩʪʽ ʤʝʪʦʜʦʤ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʜʠʩʧʝʨʩʽʾ ʯʘʩʪʠʥʦʢ TiO2. 

2. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʨʠʥʢʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʮʽʣʴʦʚʦʛʦ ʨʠʥʢʫ, ʢʦʥʢʫʨʝʥʪʽʚ ʽ 

ʫʥʽʢʘʣʴʥʦʾ ʪʦʨʛʦʚʦʾ ʧʨʦʧʦʟʠʮʽʾ. 

3. ʈʦʟʨʦʙʣʝʥʦ ʬʽʥʘʥʩʦʚʠʡ ʧʣʘʥ ʩʪʘʨʪʘʧʫ, ʚʠʟʥʘʯʝʥʦ ʥʝʦʙʭʽʜʥʽ ʨʝʩʫʨʩʠ. 

4. ʅʘʚʝʜʝʥʦ SWOT-ʘʥʘʣʽʟ.  
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7. ʆʍʆʈʆʅɸ ʇʈɸʎɯ ʊɸ ʅɸɺʂʆʃʀʐʅʔʆɻʆ ʉɽʈɽɼʆɺʀʑɸ 

 

1) ɼʦʪʨʠʤʘʥʥʷ ʟʘʢʦʥʦʜʘʚʯʠʭ ʥʦʨʤ ʧʨʦ ʦʭʦʨʦʥʫ ʧʨʘʮʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ 

ʪʨʘʚʤʘʪʠʟʤʫ ʥʘ ʨʦʙʦʯʦʤʫ ʤʽʩʮʽ. ɼʣʷ ʮʴʦʛʦ ʧʨʦʚʦʜʷʪʴ ʥʘʫʢʦʚʠʡ ʘʥʘʣʽʟ ʫʤʦʚ 

ʧʨʘʮʽ. 

2) ʊʝʭʥʽʯʥʠʤ ʟʘʚʜʘʥʥʷʤ ʜʠʧʣʦʤʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʝʨʝʜʙʘʯʝʥʦ ʜʦʩʣʽʜʞʫʚʘʥʥʷ 

ʧʨʦʮʝʩʫ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ TiO2. 

3) ɺʠʟʥʘʯʘʻʤʦ ʰʢʽʜʣʠʚʽ ʥʝʙʝʟʧʝʯʥʽ ʬʘʢʪʦʨʠ ʚʠʨʦʙʥʠʮʪʚʘ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ 

ʨʦʙʦʪʽ ʟ ʫʣʴʪʨʘʟʚʫʢʦʚʠʤ ʦʙʣʘʜʥʘʥʥʷʤ. ʅʘ ʨʦʙʦʯʦʤʫ ʤʽʩʮʽ ʦʧʝʨʘʪʦʨʘ ʰʢʽʜʣʠʚʽ ʪʘ 

ʥʝʙʝʟʧʝʯʥʽ ʬʘʢʪʦʨʠ ʚʠʨʦʙʥʠʮʪʚʘ - ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ, ʚʠʨʦʙʥʠʯʠʡ ʰʫʤ, 

ʫʣʴʪʨʘʟʚʫʢʦʚʽ ʭʚʠʣʽ, ʧʨʦʤʠʩʣʦʚʠʡ ʧʠʣ, ʧʽʜʚʠʱʝʥʘ ʚʽʙʨʘʮʽʷ. 

4) ʉʪʚʦʨʝʥʥʷ ʟʜʦʨʦʚʠʭ ʙʝʟʧʝʯʥʠʭ ʫʤʦʚ ʧʨʘʮʽ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʧʦʪʨʝʙʫʻ 

ʷʢʥʘʡʰʚʠʜʰʦʛʦ ʚʠʷʚʣʝʥʥʷ ʐʅɺʌ ʟ ʤʝʪʦʶ ʦʢʨʝʩʣʝʥʥʷ ʟʘʭʦʜʽʚ ʥʘ ʝʪʘʧʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʷʢʽ ʩʣʽʜ ʧʨʦʚʦʜʠʪʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ 

ʧʝʨʩʦʥʘʣʫ. 

 

7.1 . ɿʘʛʘʣʴʥʽ ʚʠʤʦʛʠ ʙʝʟʧʝʢʠ 

 

- ɼʦ ʨʦʙʦʪʠ ʟ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʘʧʘʨʘʪʫʨʦʶ ʜʦʧʫʩʢʘʶʪʴʩʷ ʦʩʦʙʠ, ʷʢʽ 

ʥʝ ʤʦʣʦʜʰʝ 18 ʨʦʢʽʚ ʽ ʤʘʶʪʴ ʧʽʜʛʦʪʦʚʢʫ, ʚʦʣʦʜʽʶʪʴ ʪʝʦʨʝʪʠʯʥʠʤʠ ʟʥʘʥʥʷʤʠ ʽ 

ʧʨʦʬʝʩʽʡʥʠʤʠ ʥʘʚʠʯʢʘʤʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʜʽʶʯʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʧʨʘʚʦʚʠʭ 

ʘʢʪʽʚ; 

- ʇʨʘʮʽʚʥʠʢ ʤʘʻ ʫʚʘʞʥʦ ʧʨʦʯʠʪʘʪʠ ʧʦʩʽʙʥʠʢ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʫʩʽʭ 

ʽʥʩʪʨʫʢʮʽʡ ʚʠʨʦʙʥʠʢʘ; 

- ʇʝʨʩʦʥʘʣ ʤʘʻ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʠʡ ʩʧʝʮʦʜʷʛʦʤ; 

- ʇʦʚʥʝ ʧʝʨʝʢʦʥʘʥʥ,̫ ʱʦ ʫʣʴʪʨʘʟʚʫʢʦʚʝ ʦʙʣʘʜʥʘʥʥʷ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ ʟʘʟʝʤʣʝʥʦ 

ʪʘ ʱʦ ʚʩʽ ʝʣʝʢʪʨʠʯʥʽ ʟôʻʜʥʘʥʥʷ ʥʘʜʽʡʥʽ; 

- ʅʝ ʪʦʨʢʘʪʠʩʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʘʙʦ ʙʫʜʴ-ʷʢʦʾ ʽʥʰʦʾ ʯʘʩʪʠʥʠ 

ʦʙʣʘʜʥʘʥʥʷ ʧʽʜ ʯʘʩ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʚʦʥʦ ʤʦʞʝ ʩʪʘʪʠ ʜʫʞʝ ʛʘʨʷʯʠʤ; 

- ʊʨʠʤʘʪʠ ʦʙʣʘʜʥʘʥʥʷ ʧʦʜʘʣʽ ʚʽʜ ʚʦʜʠ ʪʘ ʽʥʰʠʭ ʨʽʜʠʥ; 
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- ʅʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫʣʴʪʨʘʟʚʫʢʦʚʝ ʦʙʣʘʜʥʘʥʥʷ ʧʦʙʣʠʟʫ ʣʝʛʢʦʟʘʡʤʠʩʪʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʘʙʦ ʛʘʟʽʚ; 

- ʈʝʛʫʣʷʨʥʦ ʧʝʨʝʚʽʨʷʪʠ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʥʘʷʚʥʽʩʪʴ ʙʫʜʴ-ʷʢʠʭ ʦʟʥʘʢ ʧʦʰʢʦʜʞʝʥʥʷ 

ʘʙʦ ʟʥʦʰʝʥʥʷ, ʽ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡʦʛʦ, ʷʢʱʦ ʚʦʥʦ ʚʠʛʣʷʜʘʻ ʧʦʰʢʦʜʞʝʥʠʤ ʘʙʦ 

ʥʝʩʧʨʘʚʥʠʤ; 

- ʇʨʘʮʽʚʥʠʢ ʟʦʙʦʚ'ʷʟʘʥʠʡ ʥʝʛʘʡʥʦ ʩʧʦʚʽʱʘʪʠ ʧʨʦ ʢʦʞʝʥ ʥʝʱʘʩʥʠʡ ʚʠʧʘʜʦʢ ʪʘ ʧʨʦ 

ʚʩʽ ʧʦʤʽʯʝʥʽ ʥʠʤ ʧʦʨʫʰʝʥʥʷ. 

 

7.2. ɺʠʤʦʛʠ ʙʝʟʧʝʢʠ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʨʦʙʦʪʠ 

 

- ʆʛʣʷʜ ʟʘʩʦʙʽʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ (ɿɯɿ): ʆʜʷʛʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ɿɯɿ, ʪʘʢʽ ʷʢ 

ʟʘʭʠʩʥʽ ʦʢʫʣʷʨʠ, ʟʘʪʠʯʢʠ ʜʣʷ ʚʫʭ ʘʙʦ ʙʝʨʫʰʽ, ʨʫʢʘʚʠʯʢʠ ʪʘ ʟʘʭʠʩʥʠʡ ʦʜʷʛ, ʱʦʙ 

ʟʘʭʠʩʪʠʪʠ ʩʝʙʝ ʚʽʜ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʢʦʣʠʚʘʥʴ ʽ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʚ ʧʨʦʮʝʩʽ; 

- ʇʝʨʝʚʽʨʢʘ ʦʙʣʘʜʥʘʥʥʷ: ʨʝʪʝʣʴʥʠʡ ʦʛʣʷʜ ʦʙʣʘʜʥʘʥʥʷ, ʱʦʙ ʧʝʨʝʢʦʥʘʪʠʩʷ, ʱʦ ʚʦʥʦ 

ʧʨʘʮʶʻ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ. ʇʝʨʝʚʽʨʢʘ ʢʘʙʝʣʽʚ, ʨʦʟôʻʤʽʚ ʪʘ ʟʦʥʜʽʚ ʥʘ ʥʘʷʚʥʽʩʪʴ 

ʧʦʰʢʦʜʞʝʥʴ ʘʙʦ ʟʥʦʩʫ; 

- ʊʨʠʤʘʪʠ ʨʦʙʦʯʫ ʟʦʥʫ ʯʠʩʪʦʶ ʪʘ ʦʨʛʘʥʽʟʦʚʘʥʦʶ, ʱʦʙ ʟʘʧʦʙʽʛʪʠ ʥʝʱʘʩʥʠʤ 

ʚʠʧʘʜʢʘʤ ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʦʧʪʠʤʘʣʴʥʫ ʨʦʙʦʪʫ ʦʙʣʘʜʥʘʥʥʷ; 

- ʇʝʨʝʚʽʨʠʪʠ ʜʦʩʪʘʪʥʽʩʪʴ ʦʩʚʽʪʣʝʥʥʷ (ʚʢʣʶʯʠʪʠ ʰʪʫʯʥʠʡ ʩʚʽʪ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʨʽʚʥʦʤʽʨʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ); 

- ɿʘʙʝʟʧʝʯʠʪʠ ʚʽʜʧʦʚʽʜʥʫ ʚʝʥʪʠʣʷʮʽʶ: ʫʣʴʪʨʘʟʚʫʢʦʚʝ ʦʙʣʘʜʥʘʥʥʷ ʤʦʞʝ ʚʠʨʦʙʣʷʪʠ 

ʜʠʤ, ʧʠʣ ʘʙʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷ. 

 

7.3. ɺʠʤʦʛʠ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ 

 

- ʇʨʠ ʩʠʩʪʝʤʘʪʠʯʥʽʡ ʨʦʙʦʪʽ ʟ ʢʦʥʪʘʢʪʥʠʤ ʫʣʴʪʨʘʟʚʫʢʦʤ ʙʽʣʴʰʝ 50% ʨʦʙʦʯʦʛʦ 

ʯʘʩʫ, ʥʝʦʙʭʽʜʥʦ ʚʣʘʰʪʦʚʫʚʘʪʠ ʧʝʨʝʨʚʠ ʥʘ 15 ʭʚ. ʯʝʨʝʟ ʢʦʞʥʽ 1,5 ʛʦʜʠʥʠ, ʷʢʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʧʦʚʥʝʥʽ ʽʥʰʦʶ ʨʦʙʦʪʦʶ, ʥʝ ʧʦʚ'ʷʟʘʥʦʾ ʟ ʫʣʴʪʨʘʟʚʫʢʦʤ; 
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- ɿʫʧʠʥʠʪʠ ʢʦʥʪʘʢʪ ʨʫʢ ʟ ʩʝʨʝʜʦʚʠʱʝʤ, ʚ ʷʢʽʡ ʻ ʫʣʴʪʨʘʟʚʫʢʦʚʽ ʢʦʣʠʚʘʥʥʷ. ʇʨʠ 

ʧʨʦʚʝʜʝʥʥʽ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʧʨʦʮʝʜʫʨ ʧʝʨʩʦʥʘʣ ʟʦʙʦʚ'ʷʟʘʥʠʡ ʧʨʘʮʶʚʘʪʠ ʚ 

ʨʫʢʘʚʠʯʢʘʭ ʟ ʙʘʚʦʚʥʷʥʦʾ ʪʢʘʥʠʥʠ; 

- ʇʝʨʩʦʥʘʣ ʱʦʨʽʯʥʦ ʧʽʜʣʷʛʘʻ ʦʙʦʚ'ʷʟʢʦʚʦʤʫ ʤʝʜʠʯʥʦʤʫ ʦʛʣʷʜʫ; 

- ʅʝ ʨʦʟʪʘʰʦʚʫʚʘʪʠ ʻʤʥʦʩʪʽ ʟ ʨʽʜʠʥʘʤʠ ʥʘ ʧʘʥʝʣʷʭ ʦʙʣʘʜʥʘʥʥʷ, ʱʦʙ ʫʥʠʢʥʫʪʠ 

ʧʦʧʘʜʘʥʥʷ ʚʦʣʦʛʠ ʚʩʝʨʝʜʠʥʫ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ; 

- ʅʝ ʚʠʢʦʥʫʚʘʪʠ ʩʘʤʦʩʪʽʡʥʦ ʨʝʤʦʥʪ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. 

 

7.4. ɺʠʤʦʛʠ ʙʝʟʧʝʢʠ ʚ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʷʭ 

 

- ʇʨʠ ʥʝʱʘʩʥʦʤʫ ʚʠʧʘʜʢʫ ʚʠʢʣʠʢʘʪʠ ʧʝʨʰʫ ʜʦʧʦʤʦʛʫ ʧʦʪʝʨʧʽʣʦʤʫ, ʧʨʠ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʙʨʠʛʘʜʫ ʰʚʠʜʢʦʾ ʜʦʧʦʤʦʛʠ ʘʙʦ ʜʦʩʪʘʚʠʪʠ ʡʦʛʦ ʚ ʤʝʜʠʯʥʫ 

ʦʨʛʘʥʽʟʘʮʽʶ; 

- ʇʨʠ ʚʠʷʚʣʝʥʥʽ ʧʦʞʝʞʽ ʘʙʦ ʦʟʥʘʢ ʛʦʨʽʥʥʷ (ʟʘʜʠʤʣʝʥʽʩʪʴ, ʟʘʧʘʭ ʛʘʨʫ ʽ ʪ. ʧ.) 

ʥʝʦʙʭʽʜʥʦ ʚʞʠʪʠ ʟʘʭʦʜʽʚ ʜʦ ʛʘʩʽʥʥʷ ʟʘʛʦʨʷʥʥʷ ʥʘʷʚʥʠʤʠ ʥʘ ʨʦʙʦʯʦʤʫ ʤʽʩʮʽ 

ʟʘʩʦʙʘʤʠ ʧʦʞʝʞʦʛʘʩʽʥʥʷ. ʆʨʛʘʥʽʟʫʚʘʪʠ ʝʚʘʢʫʘʮʽʶ ʧʝʨʩʦʥʘʣʫ ʽ ʧʘʮʽʻʥʪʽʚ ʟ 

ʥʝʙʝʟʧʝʯʥʦʾ ʟʦʥʠ. ʇʨʠ ʥʝʤʦʞʣʠʚʦʩʪʽ ʩʘʤʦʩʪʽʡʥʦʾ ʣʽʢʚʽʜʘʮʽʾ ʧʦʞʝʞʽ ʥʝʛʘʡʥʦ 

ʧʦʚʽʜʦʤʠʪʠ ʧʨʦ ʧʦʞʝʞʫ; 

- ʗʢʱʦ ʩʪʘʚʩʷ ʚʠʙʫʭ, ʥʝʛʘʡʥʦ ʟʚʝʨʥʫʪʠʩʷ ʟʘ ʤʝʜʠʯʥʦʶ ʜʦʧʦʤʦʛʦʶ ʽ ʥʝ 

ʥʘʤʘʛʘʡʪʠʩʷ ʙʨʘʪʠ ʚ ʨʫʢʠ ʦʙʣʘʜʥʘʥʥʷ; 

- ʋ ʨʘʟʽ ʚʠʢʠʜʫ ʥʝʙʝʟʧʝʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʝʚʘʢʫʚʘʪʠ ʪʝʨʠʪʦʨʽʶ ʪʘ ʜʦʪʨʠʤʫʚʘʪʠʩʷ 

ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʦʮʝʜʫʨ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʥʘʜʟʚʠʯʘʡʥʽ ʩʠʪʫʘʮʽʾ; 

- ʇʨʠ ʟʘʙʨʫʜʥʝʥʥʽ ʰʢʽʨʠ ʨʫʢ ʥʝʦʙʭʽʜʥʦ ʚʠʤʠʪʠ ʨʫʢʠ ʤʠʣʦʤ ʽ ʚʦʜʦʶ; ʨʝʪʝʣʴʥʦ 

ʚʠʩʫʰʠʪʠ ʦʜʥʦʨʘʟʦʚʠʤ ʨʫʰʥʠʢʦʤ ʪʘ ʜʚʽʯʽ ʦʙʨʦʙʠʪʠ ʘʥʪʠʩʝʧʪʠʢʦʤ; 

- ʈʫʢʠ ʚ ʨʫʢʘʚʠʯʢʘʭ ʦʙʨʦʙʠʪʠ ʩʝʨʚʝʪʢʦʶ, ʟʤʦʯʝʥʦʶ ʜʝʟʽʥʬʝʢʪʘʥʪʦʤ, ʧʦʪʽʤ 

ʚʠʤʠʪʠ ʧʨʦʪʦʯʥʦʶ ʚʦʜʦʶ, ʟʥʷʪʠ ʨʫʢʘʚʠʯʢʠ, ʨʫʢʠ ʚʠʤʠʪʠ ʽ ʦʙʨʦʙʠʪʠ ʰʢʽʨʥʠʤ 

ʘʥʪʠʩʝʧʪʠʢʦʤ; 
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- ʉʪʚʦʨʠʪʠ ʧʣʘʥ ʟʚôʷʟʢʫ ʥʘ ʚʠʧʘʜʦʢ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʽ ʧʝʨʝʢʦʥʘʡʪʠʩ,̫ ʱʦ 

ʚʩʽ ʩʧʽʚʨʦʙʽʪʥʠʢʠ ʧʦʽʥʬʦʨʤʦʚʘʥʽ ʧʨʦ ʥʴʦʛʦ. 

 

7.5. ɺʠʤʦʛʠ ʙʝʟʧʝʢʠ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʨʦʙʽʪ 

 

- ɺʽʜʢʣʶʯʠʪʠ ʘʧʘʨʘʪ ʚʽʜ ʤʝʨʝʞʽ; 

- ɿʥʷʪʠ ʩʘʥʽʪʘʨʥʠʡ ʦʜʷʛ ʪʘ ʽʥʰʽ ʟʘʩʦʙʠ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʽ ʧʨʠʙʨʘʪʠ ʾʭ ʫ 

ʚʩʪʘʥʦʚʣʝʥʝ ʤʽʩʮʝ ʟʙʝʨʽʛʘʥʥʷ, ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ - ʟʜʘʪʠ ʚ ʧʨʘʥʥʷ, ʯʠʱʝʥʥʷ; 

- ɺʩʽ ʧʦʤʽʯʝʥʽ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʥʝʧʦʣʘʜʢʠ ʽ ʥʝʩʧʨʘʚʥʦʩʪʽ ʩʣʽʜ ʧʦʚʽʜʦʤʠʪʠ 

ʢʝʨʽʚʥʠʢʘ. 

 

7.6. ɸʥʘʣʽʟ ʰʢʽʜʣʠʚʦ-ʥʝʙʝʟʧʝʯʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʬʘʢʪʦʨʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʫʩʪʘʥʦʚʢʠ ʽ ʟʘʭʦʜʠ ʧʦ ʾʭ ʫʩʫʥʝʥʥʶ 

 

7.6.1. ɽʣʝʢʪʨʦʙʝʟʧʝʢʘ 

ɼʦʪʨʠʤʘʥʥʷ ʚʠʤʦʛ ʟ ʝʣʝʢʪʨʠʯʥʦʾ ʙʝʟʧʝʢʠ ʧʽʜ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʠʩʪʨʦʾʚ ʻ 

ʢʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ, ʷʢʠʡ ʤʦʞʝ ʟʥʘʯʥʦ ʟʥʠʟʠʪʠ ʨʠʟʠʢ ʪʨʘʚʤ ʪʘ ʩʤʝʨʪʝʣʴʥʠʭ 

ʚʠʧʘʜʢʽʚ ʩʝʨʝʜ ʧʝʨʩʦʥʘʣʫ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʟ ʚʠʨʦʙʥʠʯʠʤʠ ʫʤʦʚʘʤʠ. 

ɿʘʩʦʙʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʣʝʢʪʨʦʙʝʟʧʝʢʠ: 

- ʈʦʙʦʯʘ ʽʟʦʣʷʮʽʷ - ʝʣʝʢʪʨʠʯʥʘ ʽʟʦʣʷʮʽʷ , ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʦʨʤʘʣʴʥʫ ʟʘʭʠʩʪ ʚʽʜ 

ʫʨʘʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʤ ʩʪʨʫʤʦʤ. 

- ɼʦʜʘʪʢʦʚʘ ʽʟʦʣʷʮʽʷ - ʽʟʦʣʷʮʽʷ, ʷʢʘ ʧʨʠʟʥʘʯʘʻʪʴʩʷ ʢʨʽʤ ʨʦʙʦʯʦʾ ʽʟʦʣʷʮʽʾʜʣʷ 

ʟʘʭʠʩʪʫ ʚʽʜ ʫʨʘʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʤ ʩʪʨʫʤʦʤ ʫ ʨʘʟʽ ʧʦʰʢʦʜʞʝʥʥʷ ʨʦʙʦʯʦʾ 

ʽʟʦʣʷʮʽʾ. ʇʦʜʚʽʡʥʘ ʽʟʦʣʷʮʽʷ - ʽʟʦʣʷʮʽʷ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʦʙʦʯʠʭ ʘʢʩʝʩʫʘʨʽʚ. 

ʋʨʘʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʤ ʩʪʨʫʤʦʤ: ʚʧʣʠʚ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʤʦʞʝ 

ʩʧʨʠʯʠʥʠʪʠ ʪʨʘʚʤʫ ʘʙʦ ʩʤʝʨʪʴ ʯʝʨʝʟ ʫʨʘʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʤ ʩʪʨʫʤʦʤ. ʑʦʙ ʫʩʫʥʫʪʠ 

ʮʶ ʥʝʙʝʟʧʝʢʫ, ʧʨʘʮʽʚʥʠʢʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʥʘʚʯʝʥʽ ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʙʝʟʧʝʯʥʠʭ ʤʝʪʦʜʽʚ 

ʨʦʙʦʪʠ ʪʘ ʧʨʦʮʝʜʫʨ, ʘ ʚʩʝ ʝʣʝʢʪʨʠʯʥʝ ʦʙʣʘʜʥʘʥʥʷ ʤʘʻ ʙʫʪʠ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʟʘʟʝʤʣʝʥʦ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʪʠʩʷ. 
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ɽʣʝʢʪʨʠʯʥʽ ʦʧʽʢʠ: ɺʧʣʠʚ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʦʧʽʢʠ ʰʢʽʨʠ 

ʘʙʦ ʚʥʫʪʨʽʰʥʽʭ ʦʨʛʘʥʽʚ. ʑʦʙ ʟʘʧʦʙʽʛʪʠ ʝʣʝʢʪʨʠʯʥʠʤ ʦʧʽʢʘʤ, ʚʩʝ 

ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʤʘʻ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ ʦʙʩʣʫʛʦʚʫʚʘʪʠʩʷ ʪʘ ʽʟʦʣʶʚʘʪʠʩʷ, ʘ 

ʧʨʘʮʽʚʥʠʢʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʥʘʚʯʝʥʽ ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʙʝʟʧʝʯʥʠʭ ʤʝʪʦʜʽʚ ʨʦʙʦʪʠ ʪʘ 

ʧʨʦʮʝʜʫʨ. 

ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ: ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʤʦʞʝ ʚʠʧʨʦʤʽʥʶʚʘʪʠ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʝ ʤʦʞʝ ʙʫʪʠ ʰʢʽʜʣʠʚʠʤ ʜʣʷ ʧʨʘʮʽʚʥʠʢʽʚ. ʑʦʙ 

ʟʚʝʩʪʠ ʜʦ ʤʽʥʽʤʫʤʫ ʚʧʣʠʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʧʨʘʮʽʚʥʠʢʽʚ ʩʣʽʜ 

ʥʘʚʯʠʪʠ ʜʦʪʨʠʤʫʚʘʪʠʩʴ ʙʝʟʧʝʯʥʠʭ ʤʝʪʦʜʽʚ ʨʦʙʦʪʠ ʪʘ ʧʨʦʮʝʜʫʨ, ʘ ʦʙʣʘʜʥʘʥʥʷ ʤʘʻ 

ʙʫʪʠ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ ʝʢʨʘʥʦʚʘʥʝ ʘʙʦ ʟʘʢʨʠʪʝ. 

 

7.6.2. ɺʠʨʦʙʥʠʯʠʡ ʰʫʤ 

ɺʠʤʽʨʶʚʘʥʥʷ ʰʫʤʫ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʧʦʩʪʽʡʥʠʭ ʨʦʙʦʯʠʭ ʤʽʩʮʷʭ ʫ 

ʧʨʠʤʽʱʝʥʥʷʭ, ʥʘ ʪʝʨʠʪʦʨʽʾ ʧʽʜʧʨʠʻʤʩʪʚ, ʥʘ ʧʨʦʤʠʩʣʦʚʠʭ ʩʧʦʨʫʜʘʭ ʪʘ ʤʘʰʠʥʘʭ (ʚ 

ʢʘʙʽʥʘʭ, ʥʘ ʧʫʣʴʪʘʭ ʫʧʨʘʚʣʽʥʥʷ ʽ ʪ.ʧ.) 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʧʦʚʠʥʥʽ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʰʫʤʦʚʠʡ ʚʧʣʠʚ ʟʘ ʯʘʩ 

ʨʦʙʦʯʦʾ ʟʤʽʥʠ. ɺʠʤʽʨʶʚʘʥʥʷ ʰʫʤʫ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʫʤʦʤʽʨʘ, ʷʢʠʡ 

ʚʽʜʧʦʚʽʜʘʻ ʜʽʶʯʠʤ ʚʠʤʦʛʘʤ ɼʝʨʞʩʪʘʥʜʘʨʪʫ ʋʢʨʘʾʥʠ ʽ ʤʘʻ ʧʦʩʚʽʜʯʝʥʥʷ ʧʨʦ 

ʧʝʨʝʚʽʨʢʫ. ɼʦʧʫʩʢʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʜʦʟʠʤʝʪʨʠ ʰʫʤʫ ʟ 

ʧʘʨʘʤʝʪʨʦʤ ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ q = 3 - ʯʠʩʣʦ ʜʝʮʠʙʝʣ, ʱʦ ʜʦʜʘʶʪʴʩʷ ʜʦ ʨʽʚʥʷ ʰʫʤʫ, 

ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʯʘʩʫ ʡʦʛʦ ʜʽʾ ʫ 2 ʨʘʟʠ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʪʽʻʾ ʞ ʜʦʟʠ ʰʫʤʫ. ʆʩʥʦʚʥʠʡ 

ʜʦʢʫʤʝʥʪ, ʱʦ ʨʝʛʣʘʤʝʥʪʫʻ ʙʝʟʧʝʢʫ ʧʨʠ ʨʦʙʦʪʽ ʟ ʫʣʴʪʨʘʟʚʫʢʦʤ ʻ ɼʉʅ 3.3.6.037-99 

ñʉʘʥʽʪʘʨʥʽ ʥʦʨʤʠ ʚʠʨʦʙʥʠʯʦʛʦ ʰʫʤʫ, ʫʣʴʪʨʘʟʚʫʢʫ ʪʘ ʽʥʬʨʘʟʚʫʢʫò. 

ɺʠʟʥʘʯʝʥʥʷ ʜʞʝʨʝʣʘ ʰʫʤʫ: ʇʝʨʰʠʤ ʢʨʦʢʦʤ ʻ ʚʠʟʥʘʯʝʥʥʷ ʜʞʝʨʝʣ ʰʫʤʫ ʥʘ 

ʟʘʚʦʜʽ. ʎʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʤʽʨʶʚʘʥʴ ʨʽʚʥʷ ʟʚʫʢʫ, ʷʢʽ ʤʦʞʫʪʴ 

ʜʦʧʦʤʦʛʪʠ ʚʠʟʥʘʯʠʪʠ ʥʘʡʛʫʯʥʽʰʽ ʟʦʥʠ ʪʘ ʤʘʰʠʥʠ. 

ʆʮʽʥʢʘ ʨʠʟʠʢʽʚ: ʧʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʞʝʨʝʣ ʰʫʤʫ ʚʘʞʣʠʚʦ ʦʮʽʥʠʪʠ ʧʦʚôʷʟʘʥʽ ʟ 

ʥʠʤʠ ʨʠʟʠʢʠ. ʎʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʚʠʤʽʨʷʥʠʭ ʨʽʚʥʽʚ ʰʫʤʫ ʟ 

ʜʦʧʫʩʪʠʤʠʤʠ ʤʝʞʘʤʠ ʚʧʣʠʚʫ, ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʤʽʩʮʝʚʠʤʠ ʧʨʘʚʠʣʘʤʠ. 
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ɿʘʭʦʜʠ ʜʣʷ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʰʫʤʫ. ɭ ʢʽʣʴʢʘ ʩʧʦʩʦʙʽʚ ʟʥʠʟʠʪʠ ʨʽʚʝʥʴ ʰʫʤʫ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʽ, ʟʦʢʨʝʤʘ: 

- ɺʩʪʘʥʦʚʣʝʥʥʷ ʰʫʤʦʟʘʭʠʩʥʠʭ ʝʢʨʘʥʽʚ ʪʘ ʘʢʫʩʪʠʯʥʠʭ ʦʛʦʨʦʜʞʝʥʴ 

ʥʘʚʢʦʣʦ ʰʫʤʥʠʭ ʤʘʰʠʥ; 

- ɺʠʢʦʨʠʩʪʘʥʥʷ ʰʫʤʦʧʦʛʣʠʥʘʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʩʪʽʥʘʭ ʽ ʧʽʜʣʦʟʽ 

- ɿʘʤʽʥʘ ʰʫʤʥʠʭ ʤʘʰʠʥ ʥʘ ʙʽʣʴʰ ʪʠʭʽ; 

- ʂʦʥʪʨʦʣ ɹ ʪʘ ʧʽʜʪʨʠʤʢʘ ʨʽʚʥ ̫ ʰʫʤʫ: ʨʝʛʫʣʷʨʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʨʽʚʥʽʚ 

ʰʫʤʫ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʧʝʨʝʢʦʥʘʪʠʩʷ, ʱʦ ʚʦʥʠ ʟʘʣʠʰʘʶʪʴʩʷ ʚ 

ʜʦʧʫʩʪʠʤʠʭ ʤʝʞʘʭ. ʊʘʢʦʞ ʚʘʞʣʠʚʦ ʦʙʩʣʫʛʦʚʫʚʘʪʠ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʭʦʜʽʚ ʱʦʜʦ ʟʤʝʥʰʝʥʥʷ ʰʫʤʫ. 

 

7.6.3. ʋʣʴʪʨʘʟʚʫʢʦʚʽ ʭʚʠʣʽ 

ʋʣʴʪʨʘʟʚʫʢ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʠʩʢʦʤ, ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʽ ʯʘʩʪʦʪʦʶ ʢʦʣʠʚʘʥʴ. 

ɺʽʥ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʟʚʫʢʦʚʠʭ ʢʦʣʠʚʘʥʴ ʪʘʢ, ʱʦ ʥʝ ʩʧʨʠʡʤʘʻʪʴʩʷ ʦʨʛʘʥʘʤʠ ʩʣʫʭʫ 

ʣʶʜʠʥʠ. 

ʋʥʘʩʣʽʜʦʢ ʪʨʠʚʘʣʦʾ ʨʦʙʦʪʠ ʥʘ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʫʩʪʘʥʦʚʢʘʭ ʧʨʘʮʽʚʥʠʢʠ 

ʧʽʜʧʘʜʘʶʪʴ ʧʽʜ ʥʝʛʘʪʠʚʥʫ ʜʽʶ ʫʣʴʪʨʘʟʚʫʢʫ ʯʝʨʝʟ ʧʦʚʽʪʨʷ ʘʙʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʠ 

ʢʦʥʪʘʢʪʽ ʟ ʨʽʜʢʠʤʠ ʘʙʦ ʪʚʝʨʜʠʤʠ ʪʽʣʘʤʠ, ʱʦ ʧʦʰʠʨʶʶʪʴ ʫʣʴʪʨʘʭʚʠʣʽ. 

ɹʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʤ ʜʣʷ ʦʨʛʘʥʽʟʤʫ ʻ ʢʦʥʪʘʢʪʥʘ ʜʽʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʠ ʨʦʙʦʪʽ ʟ ʨʫʯʥʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʧʽʜ ʯʘʩ ʧʘʷʥʥʷ, ʣʫʜʽʥʥʷ ʘʙʦ 

ʦʯʠʱʝʥʥʷ ʜʝʪʘʣʝʡ. 

ʇʨʠ ʢʦʥʪʘʢʪʽ ʨʫʢ ʪʘ ʽʥʰʠʭ ʯʘʩʪʠʥ ʪʽʣʘ ʣʶʜʠʥʠ ʟ ʨʦʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ, ʱʦ 

ʛʝʥʝʨʫʶʪʴ ʫʣʴʪʨʘʟʚʫʢ, ʨʽʚʝʥʴ ʡʦʛʦ ʥʝ ʧʦʚʠʥʝʥ ʧʝʨʝʚʠʱʫʚʘʪʠ 110 ʜɹ. 

ʊʨʠʚʘʣʽʩʪʴ ʯʘʩʫ ʜʽʾ ʫʣʴʪʨʘʟʚʫʢʫ ʤʘʻ ʦʙʫʤʦʚʣʶʚʘʪʠʩʷ ʚʽʜʧʦʚʽʜʥʠʤ 

ʨʦʟʨʘʭʫʥʢʦʤ. 

ɼʣʷ ʧʨʦʬʽʣʘʢʪʠʢʠ ʚʽʜ ʚʧʣʠʚʫ ʫʣʴʪʨʘʟʚʫʢʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʚʪʦʤʘʪʠʯʥʝ 

ʤʘʣʦʧʦʪʫʞʥʝ ʫʣʴʪʨʘʟʚʫʢʦʚʝ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʫʩʪʘʥʦʚʢʠ ʟ ʜʠʩʪʘʥʮʽʡʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʫʣʴʪʨʘʟʚʫʢʫ, ʧʨʠʩʪʨʦʾ ʦʙʣʘʜʥʫʶʪʴ 

ʟʚʫʢʦʽʟʦʣʶʶʯʠʤʠ ʢʦʞʫʭʘʤʠ ʪʘ ʝʢʨʘʥʘʤʠ, ʧʦʢʨʠʪʠʤʠ ʛʫʤʦʶ, ʧʨʦʪʠʰʫʤʦʚʦʶ 

ʤʘʩʪʠʢʦʶ, ʪʘ ʽʥ. 
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ɽʬʝʢʪʠʚʥʠʡ ʤʝʪʦʜ ʧʨʦʬʽʣʘʢʪʠʢʠ ʧʦʣʷʛʘʻ ʫ ʨʦʟʤʽʱʝʥʥʽ ʦʙʣʘʜʥʘʥʥʷ ʫ 

ʟʚʫʢʦʽʟʦʣʴʦʚʘʥʠʭ ʧʨʠʤʽʱʝʥʥʷʭ ʘʙʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ɿɯɿ (ʘʥʪʠʬʦʥʠ ʟ ʫʣʴʪʨʘʪʦʥʢʦʶ ʩʢʣʦʚʘʪʦʶ, ʟʘʭʠʩʥʽ ʨʫʢʘʚʠʮʽ ʽ ʪ. ʽʥ). ɼʦ 

ʨʦʙʦʪʠ ʜʦʧʫʩʢʘʶʪʴʩʷ ʦʩʦʙʠ, ʱʦ ʜʦʩʷʛʣʠ 18 ʨʦʢʽʚ. 
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ɺʀʉʅʆɺʂʀ 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ ʥʘ ʪʝʤʫ: ñɿʤʽʥʘ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʘʛʣʦʤʝʨʘʪʽʚ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ (TiO2) ʧʨʠ  ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ 

ʜʠʩʧʝʨʛʫʚʘʥʥʽ ʾʭ ʫ ʨʽʜʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽò ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʪʘʢʽ ʚʠʩʥʦʚʢʠ: 

1. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʪʝʦʨʝʪʠʯʥʦ-

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʘʛʣʦʤʝʨʘʪʽʚ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ (TiO2) ʧʨʠ  

ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ ʜʠʩʧʝʨʛʫʚʘʥʥʽ; 

2. ʇʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʝʘʛʣʦʤʝʨʘʮʽʾ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ 

(TiO2); 

3. ɺʠʢʦʥʘʥʦ ʯʠʩʣʦʚʽ ʨʦʟʨʘʭʫʥʢʠ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʠʭ ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ 

ʜʝʘʛʣʦʤʝʨʘʮʽʾ ʯʘʩʪʠʥʦʢ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ (TiO2) ʧʨʠ  ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ 

ʜʠʩʧʝʨʛʫʚʘʥʥʽ ʫ ʨʽʜʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ; 

4. ɼʠʩʧʝʨʛʫʚʘʥʥʷ ʯʘʩʪʠʥʦʢ TiO2 ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʥʝ ʤʝʥʰʝ 90 ʩʝʢʫʥʜ; 

5. ʇʨʠ ʜʠʩʧʝʨʛʫʚʘʥʥʽ ʫʣʴʪʨʘʟʚʫʢʦʤ 5 ʭʚʠʣʠʥ ʪʘ ʧʨʠ ʘʤʧʣʽʪʫʜʽ ɸ = 60 ʤʢʤ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʡʷʢʽʩʥʽʰʘ ʜʝʘʛʣʦʤʝʨʘʮʽʷ ʯʘʩʪʠʥʦʢ TiO2. ʈʦʟʤʽʨ ʘʛʣʦʤʝʨʘʪʽʚ 

ʟʤʝʥʰʫʶʪʴʩʷ ʫ 3 ʨʘʟʠ. 

6. ɺʩʪʘʥʦʚʣʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʘʤʧʣʽʪʫʜʦʶ ʢʦʣʠʚʘʥʴ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ʪʘ max R 

ʯʘʩʪʦʢ, ʷʢʽ ʟʘʣʠʰʠʣʠʩʷ ʧʽʩʣʷ ʫʣʴʪʨʦʟʚʫʢʦʚʦʾ ʦʙʨʦʙʢʠ.  

7. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ A = 60 ʤʢʤ, ʧʨʠ ʟʥʘʯʝʥʥʷʭ R1 ʪʘ R2  ʚʽʜ 1Ā 10-7 ʤ ʜʦ 5Ā 10-

7 ʤ ʘʛʣʦʤʝʨʘʪʠ ʨʦʟʙʠʚʘʪʠʩʷ ʥʝ ʙʫʜʫʪʴ. R ʚʽʜ 6Ā 10-7 ʤ ʜʦ 1Ā 10-5 ï ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ 

ʨʦʟʙʠʪʪʷ ʘʛʣʦʤʝʨʘʪʽʚ. 

ʇʨʠ A = 40 ʤʢʤ , R1 ʪʘ R2  ʚʽʜ 1Ā 10-7 ʤ ʜʦ 6Ā 10-7  ʤ ï ʘʛʣʦʤʝʨʘʪʠ ʨʦʟʙʠʚʘʪʠʩʷ ʥʝ 

ʙʫʜʫʪʴ. R ʚʽʜ 7Ā 10-7 ʤ ʜʦ 1Ā 10-5 ï ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʨʦʟʙʠʪʪʷ ʘʛʣʦʤʝʨʘʪʽʚ.  

ʇʨʠ A = 20 ʤʢʤ, R1 ʪʘ R2  ʚʽʜ 1Ā 10-7 ʤ ʜʦ 7.4Ā 10-7  ʤ ï ʘʛʣʦʤʝʨʘʪʠ ʨʦʟʙʠʚʘʪʠʩʷ ʥʝ 

ʙʫʜʫʪʴ. R ʚʽʜ 7.5Ā 10-7 ʤ ʜʦ 1Ā 10-5 ï ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʨʦʟʙʠʪʪʷ ʘʛʣʦʤʝʨʘʪʽʚ. 

8. ʈʦʟʨʦʙʣʝʥʦ ʩʪʘʨʪʘʧ-ʧʨʦʝʢʪ, ʦʙôʻʢʪʦʤ ʷʢʦʛʦ ʻ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʾ, ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʦʾ ʙʽʣʦʾ ʬʘʨʙʠ ʧʦʚʠʱʝʥʦʾ ʷʢʦʩʪʽ ʤʝʪʦʜʦʤ 



84 

 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʜʠʩʧʝʨʩʽʾ ʯʘʩʪʠʥʦʢ TiO2. ɺʠʟʥʘʯʝʥʦ ʮʽʣʴʦʚʫ ʘʫʜʠʪʦʨʽʶ ʪʘ 

ʢʦʥʢʫʨʝʥʪʥʫ ʩʧʨʦʤʦʞʥʽʩʪʴ ʩʪʘʨʪʘʧ ï ʧʨʦʝʢʪʫ. ʈʦʟʨʦʙʣʝʥʦ ʬʽʥʘʥʩʦʚʠʡ ʧʣʘʥ, 

ʚʠʟʥʘʯʝʥʦ ʥʝʦʙʭʽʜʥʽ ʨʝʩʫʨʩʠ. ʅʘʚʝʜʝʥʦ SWOT-ʘʥʘʣʽʟ ʪʘ ʚʠʟʥʘʯʝʥʦ ʘʣʴʪʝʨʥʘʪʠʚʠ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʝʢʪʫ. 

9. ʇʨʦʘʥʘʣʽʟʦʚʘʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʙʝʟʧʝʢʫ, ʦʭʦʨʦʥʫ ʧʨʘʮʽ ʪʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ.  

10. ɿʘ ʪʝʤʦʶ ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ 6 ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ.  
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