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͙͍͙͔ͤ͊ͤͦͫͭͪͯͭͯͪͪͦ͊ͤ͟ 
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˽͊ͤ͡ ͒ͦ͊͒͊͟͡ 

1. ˤ͍͔͔͙͔͒ͤ 

2. ˸͙͍͊ͫͫ· ͔ͦ͒ͤͦͣͪͤ·ͻ ͤ͊ͤͦͫͭͪͯͭͯͪ͟ 

3. ˨͊͡Έ͔͚͍ͤͦ͒ͫͭͯΌ΅͙͚ ͨͦͪΎ͒ͦ͟ ͍ ͙͚ͨͦͪͫͭͦ ͔ͫͭͪͯͭͯͪ͟ 
͎͊ͤͦ͒ͤͦͦ ͙ͦͫ͒͊͟ ͊͡Ό͙͙ͣͤΎ 

4. ˽͙͔͔͙͔ͪͣͤͤ ͙ͨͦͪͫͭ·ͻ ͔ͨͤͦ͟͡ ͎͊ͤͦ͒ͤͦͦ ͙ͦͫ͒͊͟ 
͊͡Ό͙͙ͣͤΎ 



ˢ͙͍͙͔ͤͦ͒ͪͦ͊ͤ ͊͡Ό͙͙ͣͤΎ 
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ˢ͙͍͙͔ͤͦ͒ͪͦ͊ͤ ͊͡Ό͙͙ͣͤΎ 
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ˢ͙͍͙͔ͤͦ͒ͪͦ͊ͤ ͊͡Ό͙͙ͣͤΎ 
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Å ʫʚʝʣʠʯʝʥʠʝ ʢʦʨʨʦʟʠʦʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

Å ʫʣʫʯʰʝʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ 

Å ʫʚʝʣʠʯʝʥʠʝ ʘʜʛʝʟʠʠ (ʢʣʝʠ, ʢʨʘʩʢʠ) 

Å ʜʝʢʦʨʠʨʦʚʘʥʠʝ 

Å ʩʦʟʜʘʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʢʨʳʪʠʷ 

(ʢʦʥʜʝʥʩʘʪʦʨʳ) 
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˻͍͙͔͋ͪ͊ͦ͊ͤ͘ ͙͚ͨͦͪͫͭͦ ͫͭͪͯͭͯͪ͟· 

Choi J. PhD Thesis, Max Planck Institute (Halle, Germany), 2004. 
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˽͖͙ͤ͟͡ ͙͎ͨͦͪͫͭͦͦ ͙ͦͫ͒͊͟ ͊͡Ό͙͙ͣͤΎ 

͙̂ͤ͊͟͡Έͤ·͔ ͫ ͍͚͍ͦͫͭ͊: 
¶ ˨ ͙͔͊ͣͭͪ ͨͦͪ: 3 ς 300 ͤ  ͣ
¶ ˾ ͊ͫͫͭͦΎ͙͔ͤ ͔ͣ͗͒ͯ ͙ͨͦͪ͊ͣ: 5 ς 500 ͤ  ͣ
¶ ́ ͦ͡΅͙ͤ͊ ͔ͣͣ͋ͪ͊ͤ: ͒  ͦ300 ͣ ͟ ͣ
¶ ˸ ͊͊͡Ύ ͙͍͙͙ͫͭͦͫͭ͘͡Έ ͨͦͪΥ <2Á 
¶ ʕ ·ͫͦ͊͟Ύ ͔͙ͭͪͣ;͔ͫ͊͟Ύ ͙ͫͭ͊͋͡ΈͤͦͫͭΈΥ ͒ͦ мнлл Á˿ 
 
˽͙ͪ͊ͭ͟;͔͔ͫͦ͟ ͙͔͔͙͔ͨͪͣͤͤ: 
¶ ͤ ͔͎͙ͦͪ͊ͤ;͔͙͔ͫ͟ ͔ͣͣ͋ͪ͊ͤ·  
¶ ͤ ͙͔ͦͫͭ͡Έ ͒͡Ύ ͙͍͊ͭ͊͊ͭͦͪͦ͘͟͡ 
¶ ͣ ͙͊ͭͪͼ· ͒͡Ύ ͨͦͯ͡;͔͙ͤΎ 1D ͤ ͊ͤͦͫͭͪͯͭͯͪ͟ 

www.synkera.com 
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ˤ͙͡Ύ͙͔ͤ ͍͙͚ͯͫͦ͡ ͙͍͙͊ͤͦ͒ͪͦ͊ͤΎ 
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 = 4,9 + 2,3*U

1) ʇʘʨʘʤʝʪʨʳ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʞʥʦ ʚʘʨʴʠʨʦʚʘʪʴ ʚ 

ʰʠʨʦʢʠʭ ʜʠʘʧʘʟʦʥʘʭ 

2) ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʙʨʘʟʫʝʪʩʷ ʫʧʦʨʷʜʦʯʝʥʥʘʷ 

ʧʦʨʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ 

ʇʘʨʘʤʝʪʨʳ ʘʥʦʜʥʦʛʦ ʦʢʠʩʣʝʥʠʷ: 

Å ʩʦʩʪʘʚ ʵʣʝʢʪʨʦʣʠʪ 

0,3 ʄ H2SO4 

0,3 ʄ (COOH)2 

0,3 ʄ (COOH)2 + EtOH 

0,1 ʄ H3PO4 

Å ʥʘʧʨʷʞʝʥʠʝ U 

  (10 õ 250 V) 

Å ʪʝʤʧʝʨʘʪʫʨʘ T  

  (ï20 õ 4 ÁC) 
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˨͍ͯͻ͙͚͔ͫͭ͊͒ͤͦ ͊ ͙͍͙͔ͤͦ͒ͪͦ͊ͤ 
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͔͔̏ͣͤͭͤ͡·͚ ͍ͫͦͫͭ͊ 
8 wt. % H3PO4Σ мур ˤ 

F. Le Coz, L. Arurault, L. Datas // Mater. Character. 61 ( 2010) 283. 

P 

O Al 
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͔͔̏ͣͤͭͤ͡·͚ ͍ͫͦͫͭ͊ 
8 wt. % H3PO4Σ мур ˤ 

F. Le Coz, L. Arurault, L. Datas // Mater. Character. 61 ( 2010) 283. 

ʂʘʨʢʘʩ: 

Al2O3, x1H2O 

 

ɺʥʝʰʥʠʡ ʦʢʩʠʜʥʳʡ ʩʣʦʡ: 

Al2O3, 0.24AlPO4, x2H2O 
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˽͊ͤ͡ ͒ͦ͊͒͊͟͡ 

1. ˤ͍͔͔͙͔͒ͤ 

2. ˸͙͍͊ͫͫ· ͔ͦ͒ͤͦͣͪͤ·ͻ ͤ͊ͤͦͫͭͪͯͭͯͪ͟ 

3. ˨͊͡Έ͔͚͍ͤͦ͒ͫͭͯΌ΅͙͚ ͨͦͪΎ͒ͦ͟ ͍ ͙͚ͨͦͪͫͭͦ ͔ͫͭͪͯͭͯͪ͟ 
͎͊ͤͦ͒ͤͦͦ ͙ͦͫ͒͊͟ ͊͡Ό͙͙ͣͤΎ 

4. ˽͙͔͔͙͔ͪͣͤͤ ͙ͨͦͪͫͭ·ͻ ͔ͨͤͦ͟͡ ͎͊ͤͦ͒ͤͦͦ ͙ͦͫ͒͊͟ 
͊͡Ό͙͙ͣͤΎ 
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͔͔́ͣͨ͊ͭͤͦ͡ Ή͔͔͙͔ͭͪͦͦͫ͊͗͒ͤ͟͡ 

ʇʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 3-ʭ 

ʵʣʝʢʪʨʦʜʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ 

ʧʦʪʝʥʮʠʦʩʪʘʪʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ 

ʦʩʘʞʜʝʥʠʷ 

Cr, Co, Ni, Fe1-xNix, Cu, Ni/Cu,  

Zn, Rh, Pd, Ag, Cd, CdS, 

Pt, Pt-Ru, Pb, Bi,  
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͔͔́ͣͨ͊ͭͤͦ͡ Ή͔͔͙͔ͭͪͦͦͫ͊͗͒ͤ͟͡ 

S. Valizadeh, J.M. George, P. Leisner, L. Hultman // Electrochimica Acta 47 (2001) 865 
A. Ghahremaninezhada, A. Dolati // ECS Transactions 28 (2010) 13 
D.A. Bograchev, V.M. Volgin, A.D. Davydov // Electrochimica Acta 96 (2013) 1 
S. Blanco, R. Vargas, J. Mostany, C. Borras, B.R. Scharifker // J. Electrochemical Society, 161 (2014) E3341 

ɿʘʚʠʩʠʤʦʩʪʴ j(t) ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʢʠʥʝʪʠʢʫ ʟʘʧʦʣʥʝʥʠʷ 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʥʘʭʦʜʷʪʩʷ ʚ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ 



16 

ʄʘʪʨʠʮʘ Al2O3, Dp = 50 ʥʤ, Dint = 104 ʥʤ 

ʕʣʝʢʪʨʦʢʨʠʩʪʘʣʣʠʟʘʮʠʷ Ni: 0,6 M NiSO4, 0,1 M NiCl2, 0,6 M H3BO3 

K.S. Napolskii, I.V. Roslyakov, A.A. Eliseev, D.I. Petukhov, A.V. Lukashin, S.-F. Chen, C.-P. Liu, G.A. Tsirlina // 
Electrochimica Acta 56 (2011) 2378 

Ed ʚʣʠʷʝʪ ʥʘ ʧʦʣʥʦʪʫ (ʨʘʚʥʦʤʝʨʥʦʩʪʴ) ʟʘʧʦʣʥʝʥʠʷ ʤʘʪʨʠʮʳ 

Q ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʢʦʣʠʯʝʩʪʚʫ ʦʩʘʞʜʝʥʥʦʛʦ ʤʝʪʘʣʣʘ 

͔͔́ͣͨ͊ͭͤͦ͡ Ή͔͔͙͔ͭͪͦͦͫ͊͗͒ͤ͟͡ 
ό͍͙͡Ύ͙͔ͤ ͔ͨͦͭͤͼ͙͊͊͡ ͔͙ͦͫ͊͗͒ͤΎύ 
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͔͙͙̏ͭͪͦͪͫͭ͊͊͘͟͟͡͡͡ͼ͙Ύ ͣ ͔͍ͭ͊ͦ͡͡ 

ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ Ed ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʥʠʪʝʚʠʜʥʳʝ 

ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʦʜʠʥʘʢʦʚʦʡ ʜʣʠʥʳ ʠ ʜʠʘʤʝʪʨʘ 

0,01M Na2PtCl6, 0,02M HCl 

Ed(Pt) = 0,1 ɺ ʦʪʥ. Ag/AgCl 

0,3M CoSO4 + 0,2M H3BO3 

Ed(Co) = -0,9 ɺ ʦʪʥ. Ag/AgCl 

L ~ Q    D å Dp 
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˹͙͙͊ͤͦͤͭ Pt 
(Ή͔͙͔͙͔ͭͪͦͦͫͤ͟͟͡͡ ͣ ͔ͭ͊ͤͦ͊͡ύ 
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 Q, ʂʣ/ʩʤ
2
:

 1,4

 1,6

 5,8

 12,1

 18,7

 [Cherstiouk O.V., 2008]
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E, ʦʪʥ. ʆɺʕ

ʕʣʝʢʪʨʦʣʠʪ 0,1 ʄ CH3OH + 0,5 ʄ H2SO4 

K.S. Napolskii, P.J. Barczuk, S.Yu. Vassiliev, A.G. Veresov, G.A. Tsirlina and P.J. Kulesza. //  
Electrochimica Acta, 52 (2007) 7910. 
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ʕʣʝʢʪʨʦʢʨʠʩʪʘʣʣʠʟʘʮʠʷ: 0,01 M Na3RhCl6 + 0,5 M NaCl 

ɸʪʪʝʩʪʘʮʠʷ: 0,5 ʄ H2SO4 

˹͙͙͊ͤͦͤͭ Rh 
(Ή͔͍͍͔͙͔ͭͪͦͦͫͫͭ͊ͤͦͤ͟͡͡ ͤ ͙͍ͭͪ͊ͭͦύ 

A.P. Leontiev, O.A. Brylev, K.S. Napolskii // Electrochimica Acta, 155 (2015) 466. 
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ʕʣʝʢʪʨʦʣʠʪ: 0,5 M H2SO4 + x M NaNO3 

˹͙͙͊ͤͦͤͭ Rh 
(Ή͔͍͍͔͙͔ͭͪͦͦͫͫͭ͊ͤͦͤ͟͡͡ ͤ ͙͍ͭͪ͊ͭͦύ 

ʄʘʪʨʠʮʘ ʥʝ ʤʝʰʘʝʪ ʧʨʠ ʘʜʩʦʨʙʮʠʠ/ʜʝʩʦʨʙʮʠʠ ʤʦʥʦʩʣʦʸʚ 

ʄʘʪʨʠʮʘ ʵʢʨʘʥʠʨʫʝʪ ʥʘʥʦʥʠʪʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʜʚʦʜʘ ʨʝʘʛʝʥʪʘ 
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˸͎͙͊ͤͭͤ·͔ ͙͙ͤ͊ͤͦͤͭ 
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Ni_Al2O3 (DNi = 50 ʥʤ, LNi = 18 ʤʢʤ) 

 
Ni (ʢʫʙ.) a = 3,5224(2) ¡ 

Co_Al2O3 (DCo = 50 ʥʤ, LCo = 30 ʤʢʤ) 

 
Co (ʛʝʢʩ.) a = 2.5109(4) ¡, c = 4,078(1) ¡ 

ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ M_Al2O3 ʦʧʨʝʜʝʣʷʶʪʩʷ: 

1) ʩʦʩʪʘʚʦʤ ʥʘʥʦʥʠʪʝʡ 

2) ʬʦʨʤ-ʬʘʢʪʦʨʦʤ ʥʘʥʦʩʪʨʫʢʪʫʨ 

3) ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʨʦʩʪʘ ʝʜʠʥʠʯʥʳʭ ʥʘʥʦʥʠʪʝʡ 

ˮΦˤΦ ˾ͦͫ͡Ύ͍ͦ͟Σ ˴Φ˿Φ ˹͊ͨͦ͡Έ͙͚ͫ͟Σ ˢΦˢΦ ˩͙͔͔͍ͫ͡ ͙  ͒ͪΦ // ˾͙͚͙͔ͦͫͫͫ͟ ͔ͤ͊ͤͦͭͻ͎͙͙ͤͦͦ͡, 4 (2009) 69. 


