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ʅʘʥʦʯʘʩʪʠʮʳ ʩʝʨʝʙʨʘ ʠ ʟʦʣʦʪʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʥʘʣʠʯʠʝʤ ʧʣʘʟʤʦʥʥʦ-ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʘ

Sokolov et al. Cancer Res. 2003

Schultz et al. PNAS  2000

ʇʨʦʬʠʣʠ ʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʩʚʝʪʘ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʟʦʣʦʪʘ 

ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʤʝʨʘ

ɺ: ʇʨʦʬʠʣʠ ʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʩʚʝʪʘ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʟʦʣʦʪʘ ʠ 

ʧʦʣʠʩʪʠʨʦʣʴʥʳʤʠ 

ʥʘʥʦʯʘʩʪʠʮʘʤʠ 

ʉ : ɺʦʟʨʘʩʪʘʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʧʨʠ 

ʩʣʠʧʘʥʠʠ 12 ʥʤ ʥʘʥʦʯʘʩʪʠʮ 

ʟʦʣʦʪʘ



ʆɹʒɽʂʊ ʀʉʉʃɽɼʆɺɸʅʀʗ - ʇʈʆʈʆʉʊʂʀ ɿʃɸʂʆɺ.  

24 ʯʘʩʘ ʠʥʢʫʙʘʮʠʠ
ʩ ʢʦʣʣʦʠʜʥʳʤ ʟʦʣʦʪʦʤ 6.9 ʥʤ

24 ʯʘʩʘ ʠʥʢʫʙʘʮʠʠ
ʩ ʢʦʣʣʦʠʜʥʳʤ ʟʦʣʦʪʦʤ  12 ʥʤ 

ʢʦʣʝʦʧʪʠʣʴ
ʠ ʣʠʩʪ

ʢʦʨʝʥʴ

ʂʨʘʩʥʳʝ ʩʪʨʝʣʢʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʦʢʨʘʰʝʥʥʳʝ ʟʦʥʳ ʢʦʨʥʷ ʠ ʢʦʣʝʦʧʪʠʣʷ 

ʧʨʦʨʦʩʪʢʦʚ ʨʠʩʘ Oryza sativaL. 



ʊʦʪʘʣʴʥʳʝ ʧʨʝʧʘʨʘʪʳ ʧʨʦʨʦʩʪʢʦʚ ʨʠʩʘ ʧʦʩʣʝ 

ʠʥʢʫʙʘʮʠʠ ʩ ʢʦʣʣʦʠʜʥʳʤ ʟʦʣʦʪʦʤ 12 ʥʤ. 

ɿʦʥʳ ʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʦʢʨʘʰʠʚʘʥʠʷ ʚ ʨʘʟʥʳʭ ʟʦʥʘʭ 

ʧʨʦʨʦʩʪʢʘʢʦʣʝʦʧʪʠʣʴ

ʟʦʥʘ ʧʝʨʝʭʦʜʘ 
ʢʦʨʥʷ ʚ ʩʪʝʙʝʣʴ

ʦʩʥʦʚʥʦʡ ʢʦʨʝʥʴ

ʙʦʢʦʚʦʡ ʢʦʨʝʥʴ

ʙ

ʧʨʦʚʦʜʷʱʠʡ ʧʫʯʦʢ 
ʢʦʣʝʦʧʪʠʣʷ

ʛ

ʜ
ʉʪʨʝʣʢʠ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʘʢʢʫʤʫʣʷʮʠʶ ʯʘʩʪʠʮ ʚ:
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ʙ ïʧʫʯʢʝ

ʚ ïʦʙʢʣʘʜʦʯʥʳʭ ʢʣʝʪʢʘʭ

ʩʦʩʫʜʘ ʣʠʩʪʘ

ʘ

ʚ



ʄʝʪʦʜ ʪʸʤʥʦʛʦ ʧʦʣʷ ʚ ʧʨʦʭʦʜʷʱʝʤ ʩʚʝʪʝ

ʚ ʦʪʩʫʪʩʪʚʠʠ ʧʨʝʧʘʨʘʪʘ 

ʩʚʝʪ ʥʝ ʧʦʧʘʜʘʝʪ ʚ 

ʦʙʲʝʢʪʠʚ 

ʩʚʝʪ ʜʠʬʨʘʛʠʨʫʝʪ ʥʘ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʭ 

ʧʨʝʧʘʨʘʪʘ ʠ 

ʧʦʧʘʜʘʝʪ ʚ ʦʙʲʝʢʪʠʚ 



ʀʟʦʙʨʘʞʝʥʠʷ ʵʨʠʪʨʦʣʝʡʢʦʟʥʳʭ ʢʣʝʪʦʢ ʂ562, ʧʦʣʫʯʝʥʥʳʝ 

ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʪʝʤʥʦʛʦ ʧʦʣʷ 

ʙʝʟ ʥʘʥʦʯʘʩʪʠʮʧʦʩʣʝ ʚʚʝʜʝʥʠʷ 

ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ 

(10-50 ʥʤ)



ʂʦʥʬʦʢʘʣʴʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ

ʩʨʝʟʳ ʧʝʯʝʥʠ ʤʳʰʠ

ʂʦʥʪʨʦʣʴ
ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ 

35-ʥʤ ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ



Dark-field hyperspectral imaging analysis

http://cytoviva.com/

ʇʨʦʬʠʣʠ ʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʩʚʝʪʘ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʟʦʣʦʪʘ 

ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʤʝʨʘ

Schultz et al. PNAS  2000



Cells incubated with gold nanoparticles

carbon nanotubes in unstained 

lung tissues



Sokolov et al. Cancer Res. 2003

ɸʥʪʠʪʝʣʘ ʥʘ EGFR ʢʦʥʲʶʛʠʨʦʚʘʣʠ ʩ 

ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʟʦʣʦʪʘ (12 ʥʤ).

ɸʥʪʠʪʝʣʘʤʠ çʦʢʨʘʰʠʚʘʣʠè ʧʨʝʜʨʘʢʦʚʳʝ ʠ 

ʥʦʨʤʘʣʴʥʳʝ ʙʠʦʧʨʦʙʳ ʪʢʘʥʝʡ ʰʝʡʢʠ ʤʘʪʢʠ

ʄʝʪʦʜʦʤ ʢʦʥʬʦʢʘʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ. 

ɺ: ʇʨʦʬʠʣʠ ʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʥʘʥʦʯʘʩʪʠʮʘʤʠ 

ʟʦʣʦʪʘ ʠ ʧʦʣʠʩʪʠʨʦʣʴʥʳʤʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ 

ʉ : ɺʦʟʨʘʩʪʘʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ 

ʧʨʠ ʩʣʠʧʘʥʠʠ 12 ʥʤ ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ



ʇʨʦʙʦʧʦʜʛʦʪʦʚʢʘ, ʫʤʝʥʴʰʘʶʱʘʷ ʩʦʙʩʪʚʝʥʥʦʝ ʩʚʝʪʦʨʘʩʩʝʷʥʠʝ 

ʢʣʝʪʦʢ:ʬʠʢʩʘʮʠʷ, ʚʳʩʫʰʠʚʘʥʠʝ ʥʘ ʩʪʝʢʣʝ, ʘʢʢʫʨʘʪʥʘʷ ʧʨʦʤʳʚʢʘ ʜʣʷ 

ʫʜʘʣʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʩʦʣʠ ʠ ʚʳʨʘʚʥʠʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ

n=1              n=1,33           n=1,47            n=1,56 

ʌʠʢʩʘʪʦʨʳ

ʈʝʢʦʤʝʥʜʫʶʪʩʷ - ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʠʜ, ʤʝʪʘʥʦʣ.

ʅʝ ʨʝʢʦʤʝʥʜʫʶʪʩʷ - ʬʦʨʤʘʣʠʥ, ʛʣʫʪʘʨʦʚʳʡ ʘʣʴʜʝʛʠʜ  



ɸʚʪʦʤʝʪʘʣʣʦʛʨʘʬʠʷ

ʙʣʘʛʦʨʦʜʥʳʝ ʤʝʪʘʣʣʳ 

(Ag, Au)

ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ (Cu, 

Zn, Fe, Cd)

ʦʢʩʠʜʳ ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ (ZnO, CuO, 

Fe2O3, CdO)



ɸʚʪʦʤʝʪʘʣʣʦʛʨʘʬʠʷ ʥʘʥʦʯʘʩʪʠʮ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

(ʩʝʨʝʙʨʦ, ʟʦʣʦʪʦ, ʧʣʘʪʠʥʘ) ʚ ʩʨʝʟʘʭ ʪʢʘʥʝʡ

ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʩʨʝʟʦʚ ʜʣʷ ʘʚʪʦʤʝʪʘʣʣʦʛʨʘʬʠʨʦʚʘʥʠʷ:

ʇʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ïʢʨʠʦʩʪʘʪʥʳʝ ʩʨʝʟʳ 10-30 ʤʢʤ

ɺʦʟʤʦʞʥʦ ïʧʘʨʘʬʠʥʦʚʳʝ ʩʨʝʟʳ 10-30 ʤʢʤ

ʇʨʦʮʝʜʫʨʘ ʘʚʪʦʤʝʪʘʣʣʦʛʨʘʬʠʨʦʚʘʥʠʷ

ɻʦʪʦʚʠʪʩʷ çʧʨʦʷʚʠʪʝʣʴè

ʨʘʩʪʚʦʨ ɸ - 60 ʤʣ 33% ʨʘʩʪʚʦʨʘ ʛʫʤʤʠʘʨʘʙʠʢʘ ʠ 10 ʤʣ ʮʠʪʨʘʪʥʦʛʦ

ʙʫʬʝʨʘ (0,25 ʤʛ/ʤʣ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ, 0,24 ʤʛ/ʤʣ ʮʠʪʨʘʪʘ 

ʥʘʪʨʠʷ);

ʨʘʩʪʚʦʨ ɹ - ʨʘʩʪʚʦʨ ʛʠʜʨʦʭʠʥʦʥʘ  60 ʤʛ/ʤʣ;

ʨʘʩʪʚʦʨ ɺ - ʣʘʢʪʘʪʘ ʩʝʨʝʙʨʘ 8 ʤʛ/ʤʣ

ɸ : ɹ : ɺ = 7 : 1,5 : 1,5 

ʉʨʝʟ ʠʥʢʫʙʠʨʫʝʪʩʷ ʚ çʧʨʦʷʚʠʪʝʣʝè ʚ ʧʦʣʥʦʡ ʪʝʤʥʦʪʝ (1 ʯ,  26 Áʉ) 

ʇʨʦʤʳʚʢʘ ʩʨʝʟʘ ʚʦʜʦʡ

çʌʠʢʩʘʮʠʷè ʚ 5% ʪʠʦʩʫʣʴʬʘʪʝ ʥʘʪʨʠʷ 10 ʤʠʥ 

ʇʨʦʤʳʚʢʘ ʧʨʦʪʦʯʥʦʡ ʚʦʜʦʡ 20 ʤʠʥʫʪ.

ɻʠʩʪʦʭʠʤʠʯʝʩʢʦʝ ʦʢʨʘʰʠʚʘʥʠʝ ʛʝʤʘʪʦʢʩʠʣʠʥʦʤ ʠ ʵʦʟʠʥʦʤ



ʥʘʥʦʯʘʩʪʠʮʳ ʟʦʣʦʪʘ (35 ʥʤ) ʚ 

ʩʨʝʟʝ ʧʝʯʝʥʠ ʤʳʰʠ ʧʦʩʣʝ 

ʘʚʪʦʤʝʪʘʣʣʦʛʨʘʬʠʨʦʚʘʥʠʷ ʠ 

ʛʠʩʪʦʭʠʤʠʯʝʩʢʦʛʦ ʦʢʨʘʰʠʚʘʥʠʷ

ʥʘʥʦʯʘʩʪʠʮʳ ʩʝʨʝʙʨʘ (11 ʥʤ) ʚ 

ʩʨʝʟʝ ʣʠʤʬʘʪʠʯʝʩʢʦʛʦ ʫʟʣʘ ʤʳʰʠ 

ʧʦʩʣʝ ʘʚʪʦʤʝʪʘʣʣʦʛʨʘʬʠʨʦʚʘʥʠʷ 

ʠ ʛʠʩʪʦʭʠʤʠʯʝʩʢʦʛʦ ʦʢʨʘʰʠʚʘʥʠʷ

ʢʦʥʪʨʦʣʴʥʳʡ ʩʨʝʟ ʣʠʤʬʘʪʠʯʝʩʢʦʛʦ 

ʫʟʣʘ ʧʦʩʣʝ ʘʚʪʦʤʝʪʘʣʦʛʨʘʬʠʨʦʚʘʥʠʷ 

ʠ ʛʠʩʪʦʭʠʤʠʯʝʩʢʦʛʦ ʦʢʨʘʰʠʚʘʥʠʷ



ʉʚʝʪʣʦʝ ʧʦʣʝʃʉʂʄ ʚ ʨʝʞʠʤʝ ʨʘʩʩʝʷʥʠʷʅʘʣʦʞʝʥʠʝ 

ʂʦʤʙʠʥʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʧʨʦʭʦʜʷʱʝʛʦ ʙʝʣʦʛʦ ʩʚʝʪʘ ʠ 

ʃʉʂʄ ʚ ʨʝʞʠʤʝ ʨʝʛʠʩʪʨʘʮʠʠ ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ ʦʪ 

ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ.

ʉʨʝʟʳ ʧʦʩʣʝ ʧʨʦʮʝʜʫʨʳ ʘʚʪʦʤʝʪʘʣʣʦʛʨʘʬʠʠ ʠ ʦʢʨʘʰʠʚʘʥʠʷ

ʛʝʤʘʪʦʢʩʠʣʠʥ-ʵʦʟʠʥʦʤ 



ɸʚʪʦʤʝʪʘʣʣʦʛʨʘʬʠʷ ʥʘʥʦʯʘʩʪʠʮ ʤʝʪʘʣʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʮʠʥʢ, 

ʤʝʜʴ, ʩʚʠʥʝʮ,ʠ  ʠʭ ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ ʚ ʩʨʝʟʘʭ ʪʢʘʥʝʡ

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʪʨʝʙʫʝʪʩʷ ʩʫʣʴʬʠʜʠʨʦʚʘʥʠʝ ʠʣʠ 

ʩʝʣʝʥʠʜʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ

ʉʫʣʴʬʠʜʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ

ʉʨʝʟʳ ʠʥʢʫʙʠʨʫʶʪ (3 ʜʥʷ, 4 Üʉ) ʩ ʩʫʣʴʬʠʜʠʨʫʶʱʠʤ 

ʨʘʩʪʚʦʨʦʤ (0,1 ʄ ʙʫʬʝʨʥʳʡ ʨʘʩʪʚʦʨ ɿʦʨʝʥʩʝʥʘ ʨʅ 7,4, 0,1 % 

ʩʫʣʴʬʠʜʘ ʥʘʪʨʠʷ, 3 % ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ). 

ʆʪʤʳʚʢʘ ʬʦʩʬʘʪʥʳʤ ʩʦʣʝʚʳʤ ʙʫʬʝʨʦʤ

ɸʚʪʦʤʝʪʘʣʣʦʛʨʘʬʠʨʦʚʘʥʠʝ ʩʝʨʝʙʨʦʤ

ɻʠʩʪʦʭʠʤʠʯʝʩʢʦʝ ʦʢʨʘʰʠʚʘʥʠʝ



ʉʨʝʟ ʧʝʯʝʥʠ ʉʨʝʟ ʣʠʤʬʘʪʠʯʝʩʢʦʛʦ ʫʟʣʘ

ʉʨʝʟʳ ʪʢʘʥʝʡ ʤʳʰʝʡ ʧʦʩʣʝ ʠʥʲʝʢʮʠʠ ʥʘʥʦʯʘʩʪʠʮ ʦʢʩʠʜʘ ʮʠʥʢʘ 

(50 ʥʤ), ʩʫʣʴʬʠʜʠʨʦʚʘʥʠʷ, ʘʚʪʦʤʝʪʘʣʦʛʨʘʬʠʨʦʚʘʥʠʷ ʠ 

ʛʠʩʪʦʭʠʤʠʯʝʩʢʦʛʦ ʦʢʨʘʰʠʚʘʥʠʷ

ʂʦʥʪʨʦʣʴʥʳʡ ʩʨʝʟ ʧʝʯʝʥʠ ʙʝʟ 

ʠʥʲʝʢʮʠʠ ʥʘʥʦʯʘʩʪʠʮ  ʧʦʩʣʝ 

ʩʫʣʴʬʠʜʠʨʦʚʘʥʠʷ, 

ʘʚʪʦʤʝʪʘʣʦʛʨʘʬʠʨʦʚʘʥʠʷ ʠ 

ʛʠʩʪʦʭʠʤʠʯʝʩʢʦʛʦ ʦʢʨʘʰʠʚʘʥʠʷ



ʀʩʪʦʯʥʠʢʠ ʘʨʪʝʬʘʢʪʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ 

ʘʚʪʦʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʜʝʪʝʢʮʠʠ ʥʘʥʦʯʘʩʪʠʮ

ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʘ

ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʝ 

ʦʩʘʞʜʝʥʠʝ ʩʝʨʝʙʨʘ ʠʟ 

ʨʘʩʪʚʦʨʘ

�¾ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ 
ʵʢʩʧʦʟʠʮʠʠ;

�¾ʚʦʟʜʝʡʩʪʚʠʝ ʩʚʝʪʘ ʥʘ 
ʨʘʩʪʚʦʨ;

�¾ʥʠʟʢʦʝ ʢʘʯʝʩʪʚʦ 
ʨʝʘʛʝʥʪʦʚ


