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ʌʝʨʤʝʥʪʳ ïʢʦʩʪʷʢ ʤʝʪʘʙʦʣʠʟʤʘ

Åʌʝʨʤʝʥʪʳ ïʩʘʤʳʡ ʢʨʫʧʥʳʡ ʠ ʥʘʠʙʦʣʝʝ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʢʣʘʩʩ ʙʝʣʢʦʚʳʭ ʤʦʣʝʢʫʣ

Åʌʝʨʤʝʥʪʳ ïʦʩʥʦʚʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʨʝʘʣʠʟʘʮʠʠ ʜʝʡʩʪʚʠʷ ʛʝʥʦʚ

Åʌʝʨʤʝʥʪʳ ʢʘʪʘʣʠʟʠʨʫʶʪ ʪʳʩʷʯʠ ʭʠʤʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʡ, ʠʟ ʢʦʪʦʨʳʭ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʩʣʘʛʘʝʪʩʷ 

ʢʣʝʪʦʯʥʳʡ ʦʙʤʝʥ.

Åʄʦʣʝʢʫʣʷʨʥʳʡ ʧʦʣʠʤʦʨʬʠʟʤ ʬʝʨʤʝʥʪʦʚ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʦʪʨʘʞʘʝʪʩʷ ʥʘ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʩʪʘʪʫʩʝ ʯʝʣʦʚʝʢʘ, ʦʩʦʙʝʥʥʦʩʪʷʭ 

ʝʛʦ ʧʦʚʝʜʝʥʠʷ, ʨʝʘʢʮʠʷʭ ʥʘ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ



ɻʝʥʦʤʠʢʘ ʠ ʤʦʣʝʢʫʣʷʨʥʳʡ 

ʧʦʣʠʤʦʨʬʠʟʤ ʯʝʣʦʚʝʢʘ

Åɻʝʥʦʤ ʯʝʣʦʚʝʢʘ - 32000 ʛʝʥʘ

Åɸʥʥʦʪʠʨʦʚʘʥʦ ï15130 ʫʥʠʢʘʣʴʥʳʭ 

ʙʝʣʢʦʚʳʭ ʩʪʨʫʢʪʫʨ

Åʌʝʨʤʝʥʪʦʚ ïʧʦʨʷʜʢʘ 3000

Åʀʥʛʠʙʠʪʦʨʦʚ - 218

Åʈʝʮʝʧʪʦʨʦʚ ï1467

Åɹʝʣʢʦʚ-ʧʝʨʝʥʦʩʯʠʢʦʚ - 787



ɹʫʪʠʨʠʣʭʦʣʠʥʵʩʪʝʨʘʟʘ ʯʝʣʦʚʝʢʘ 

ʋʢʘʟʘʥʳ ʤʝʩʪʘ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʟʘʤʝʥ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʝʜʠʥʠʯʥʳʭ ʤʫʪʘʮʠʡ ʛʝʥʘ ʬʝʨʤʝʥʪʘ



ʉʦʚʨʝʤʝʥʥʳʝ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʤʝʪʦʜʳ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ

Åʄʝʪʦʜʳ ʪʨʘʬʘʨʝʪʥʦʡ ʧʝʯʘʪʠ 

(screen printing)

Åʌʣʝʢʩʦʛʨʘʬʠʷ

ÅLaser paterning

Åʄʝʪʦʜʳ ʩʪʨʫʡʥʦʡ 

ʧʝʯʘʪʠ (InkJet electronic)



ʇʣʘʥʘʨʥʳʝ ʵʣʝʢʪʨʦʜʳ

ʊʨʘʬʘʨʝʪʥʘʷ ʧʝʯʘʪʴʕʣʝʢʪʨʦʜʳ



ʉʝʥʩʦʨʥʳʝ ʤʘʪʨʠʮʳʉʝʥʩʦʨʥʳʝ ʤʘʪʨʠʮʳ

ʋʛʣʝʨʦʜʥʳʝ ʵʣʝʢʪʨʦʜʳɿʦʣʦʪʳʝ ʵʣʝʢʪʨʦʜʳ



ʇʝʨʦʢʩʠʜ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʩʣʦʠ ʥʘ ʦʩʥʦʚʝ ʇʝʨʦʢʩʠʜ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʩʣʦʠ ʥʘ ʦʩʥʦʚʝ 

ʥʘʥʦʯʘʩʪʠʮ ʜʠʦʢʠʜʘ ʤʘʨʛʘʥʮʘʥʘʥʦʯʘʩʪʠʮ ʜʠʦʢʠʜʘ ʤʘʨʛʘʥʮʘ

ÅPotassium permanganate - KMnO 4

ÅManganese acetate - (CH3COO)2Mn

ÅBis(2-ethylenehexyl) sulfosuccinate Na (Aʆʊ) 

3(CH3COO)2MnĀ4H2O + 2KMnO 4Ÿ 5MnO2 + 2CH3COOK + 4CH3COOH + 2H2O

ʇʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ ʚ ʩʠʩʪʝʤʝ ʦʙʨʘʱʝʥʥʳʭ ʤʠʮʝʣʣ ʠ ʚ ʨʘʩʪʚʦʨʝ (ʟʦʣʠ 

ʜʠʦʢʩʠʜʘ ʤʘʨʛʘʥʮʘ, ʤʝʜʠʘʪʦʨʥʳʝ ʯʝʨʥʠʣʘ)



ʄʝʜʠʘʪʦʨʥʳʝ ʯʝʨʥʠʣʘ



ʇʝʨʦʢʩʠʜ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʩʣʦʠ ʥʘ ʇʝʨʦʢʩʠʜ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʩʣʦʠ ʥʘ 

ʦʩʥʦʚʝ ʥʘʥʦʯʘʩʪʠʮ ʜʠʦʢʠʜʘ ʤʘʨʛʘʥʮʘʦʩʥʦʚʝ ʥʘʥʦʯʘʩʪʠʮ ʜʠʦʢʠʜʘ ʤʘʨʛʘʥʮʘ

a

b



Åʘ)ʉʪʘʮʠʦʥʘʨʥʳʡ 

ʦʪʢʣʠʢ(H2O2 1 M)

Åʙ) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ

H2O2 (1 M)



ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʝʨʦʢʩʠʜʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʩʣʦʷ

Å-ʧʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷʧʦ ʧʝʨʦʢʩʠʜʫ 

ʚʦʜʦʨʦʜʘ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ ʫʨʘʚʥʝʥʠʶ 

y=23.6x-0.3 ʧʨʠ ʫʨʦʚʥʝ ʰʫʤʘ 0.3ʥɸ ʩʦʩʪʘʚʠʣ 

4.510-8 M (3ů), 

Å-ʣʠʥʝʡʥʳʡ ʜʠʘʧʘʟʦʥ4.510-8-1.010-4 M,

Å-ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʩʝʥʩʦʨʘ 

377Ñ1ʤɸ/(ʄʩʤ2).



ɉɖɆɚɎɘɔɈɡɏ ɣɑɋɐɘɖɔɊ

ɗɑɔɏ MnO2

ʊʝʭʥʦʣʦʛʠʷ çʩʣʦʡ ïʟʘ ʩʣʦʝʤè

(çlayer ïby ïlayerè, LBL)



ɉɖɆɚɎɘɔɈɡɏ ɣɑɋɐɘɖɔɊ

ɖɆɗɘɈɔɖ
ɕɔɑɎɐɆɘɎɔɓɆ

ʊʝʭʥʦʣʦʛʠʷ çʩʣʦʡ ïʟʘ ʩʣʦʝʤè

(çlayer ïby ïlayerè, LBL)



ɉɖɆɚɎɘɔɈɡɏ ɣɑɋɐɘɖɔɊ

ɔɘɒɡɈɐɆ

ʊʝʭʥʦʣʦʛʠʷ çʩʣʦʡ ïʟʘ ʩʣʦʝʤè

(çlayer ïby ïlayerè, LBL)



ɉɖɆɚɎɘɔɈɡɏ ɣɑɋɐɘɖɔɊ

ɖɆɗɘɈɔɖ
ɕɔɑɎɆɓɎɔɓɆ

ʊʝʭʥʦʣʦʛʠʷ çʩʣʦʡ ïʟʘ ʩʣʦʝʤè

(çlayer ïby ïlayerè, LBL)



ɉɖɆɚɎɘɔɈɡɏ ɣɑɋɐɘɖɔɊ

ɔɘɒɡɈɐɆ

ʊʝʭʥʦʣʦʛʠʷ çʩʣʦʡ ïʟʘ ʩʣʦʝʤè

(çlayer ïby ïlayerè, LBL)



ɉɖɆɚɎɘɔɈɡɏ ɣɑɋɐɘɖɔɊ

Ɏ ɘ.Ɋ.

ʊʝʭʥʦʣʦʛʠʷ çʩʣʦʡ ïʟʘ ʩʣʦʝʤè

(çlayer ïby ïlayerè, LBL)



ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʬʦʨʤʠʨʫʝʤʳʭ ʩʪʨʫʢʪʫʨɸʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʬʦʨʤʠʨʫʝʤʳʭ ʩʪʨʫʢʪʫʨ

1 2

3 4

0,05% PDDA, Images 2,5 ʭ 2,5 mkm

Adsorption from water (1), 50 mM PB (2), 50 mM PB and 0.1M 

NaCl (3),

50 mM PB and 1M NaCl (4)



4 ʩʣʦʷ



 

40-nm silica 

alternated with PDDA 

in 6 bilayer film (210 

nm). 

(12-nm SnO2 / PDDA)18,   

thickness 

190 nm

Y. Lvov, K. Ariga, T. Kunitake, Langmuir , 1997, v.13, 6195-

6203  "Alternate assembly of   ordered multilayers of 

SiO2 and other nanoparticles and polyions"

 

(PAH/glucose 

oxidase)18

multilayer



ʍʦʣʠʥʦʢʩʠʜʘʟʥʳʝ ʩʝʥʩʦʨʳ
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ʇʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ

ʭʦʣʠʥʘ: 50 nM

ʃʠʥʝʡʥʦʩʪʴ:

5Ā10-8 M ï5Ā10-4 M

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ:

0,52 A/(MĀcm2)

ʂʦʥʩʪʨʫʢʮʠʷ:

- PDDA

- ʍʦʣʠʥʦʢʩʠʜʘʟʘ

Graphite

- MnO2

Dubacheva G.V., Eremenko A.V., Kurochkin I.N., Nikitin I.P., Nikitina S.E.,

Sigolaeva L.V., Sokolovskaya L.G., Yaroslavov A.A. Sensing element for the

analysis of bioactive compounds in solutions. // Useful model patent of The

Russian Federation ˉ 44483, priority ïfrom 25.11.2004, registration ïfrom

27.03.2005.
- ɻɸ



ʍʦʣʠʥʦʢʩʠʜʘʟʥʳʝ ʩʝʥʩʦʨʳ

4

ʇʦʚʝʨʭʥʦʩʪʴ: ʛʨʘʬʠʪʦʚʳʡ ʩʪʝʨʞʝʥʴ

ʄʝʪʦʜ ʥʘʥʝʩʝʥʠʷ MnO2

ʕʣʝʢʪʨʦʭʠʤʠʯʝ

ʩʢʦʝ ʦʩʘʞʜʝʥʠʝ

ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʩʣʦʷ 

MnO2

54 7 ʥʤ

ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʧʣʝʥʢʠ 

MnO2/ʇɼɼɸ
43,2 0,1 ʥʤ

ʋʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ 

ʧʣʝʥʢʠ MnO2/ʇɼɼɸ
1,03 0,01

ʌʝʨʤʝʥʪ:

ʭʦʣʠʥʦʢʩʠʜʘʟʘ (ʍʆ) 

pI=4,1

ʇʦʣʠʢʘʪʠʦʥʳ

ʇɼɼɸï

ʧʦʣʠʜʠʤʝʪʠʣʜʠʘʣʣʠʣʘʤʤʦʥʠʡ 

ʭʣʦʨʠʜ, ʨʝʬʝʨʝʥʩʥʳʡ 

ʧʦʣʠʢʘʪʠʦʥ

ʇʊʄɸʕʄɸïʧʦʣʠʪʨʠʤʝʪʠʣʘʤʠʥʦ-

ʵʪʠʣʤʝʪʘʢʨʠʣʘʪ ʠʦʜʠʜ

ʇʊʄɸʕʄɸ133ïʢʦʨʦʪʢʠʡ ʣʠʥʝʡʥʳʡ 

ʘʥʘʣʦʛ

ʇʊʄɸʕʄɸ1400 ïʜʣʠʥʥʳʡ 

ʣʠʥʝʡʥʳʡ ʘʥʘʣʦʛ


