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REVERSIBLE CHANGES OF EDGE Ʉ-ELECTRONIC STATES O F MULTILAYER GRAPHEN E 

NANOCLUSTERS UNDER INFLUENCE OF ADSORBED CHLORINE MOLECULES  

The reversible decrease in the density of states of current carriers D(EF) at the Fermi lev-

el EF for nanographites - structural blocks of activated carbon fibers, at their interaction with ad-

sorbed chlorine molecules, has been found. It has been shown that this effect can be explained by 

the spin-splitting of edge ́ -electronic states in nanographites induced by the enhancement of 

electron-electron interactions due to increase in the D(EF) at partial transfer of the electron den-

sity from adsorbent to adsorbate. The revealed irreversible decrease in the concentration of local-

ized spins at nanographite chlorination indicates that the spins of electrons of unsaturated (dan-

gling) ů-orbitals of edge carbon atoms and those of chlorine 3p-orbitals are coupled at this inter-

action, i.e. the edge covalent compound of nanographite with chlorine forms. 

Key words: nanographite, edge ́-electronic states, adsorption, chemical activity, nanographite com-

pounds, chlorine 

  

ɺɺɽɼɽʅʀɽ 

ʅʘ ʤʥʦʛʠʭ ʦʙʲʝʢʪʘʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʝʨʝʭʦʜ 

ʦʪ ʤʘʢʨʦʦʙʲʝʢʪʦʚ ʢ ʯʘʩʪʠʮʘʤ ʥʘʥʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʨʘʟʤʝʨʘ ʧʨʠʚʦʜʠʪ ʢ ʢʘʯʝʩʪʚʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʘʢ ʦʪʜʝʣʴʥʳʭ ʩʦ-

ʝʜʠʥʝʥʠʡ, ʪʘʢ ʠ ʠʭ ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ [1-

3]. ʇʨʠʯʠʥʦʡ ʵʪʦʛʦ, ʥʘʨʷʜʫ ʩ ʦʯʝʚʠʜʥʳʤ ʫʚʝʣʠʯʝ-

ʥʠʝʤ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʤʝʨʦʚ ʦʙʲʝʢʪʘ ʘʜʜʠʪʠʚ-

ʥʦʛʦ ʚʢʣʘʜʘ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʘʪʦʤʦʚ, ʤʦ-

ʞʝʪ ʙʳʪʴ ʠ ʨʦʩʪ ʚʣʠʷʥʠʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʵʣʝʢ-

ʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʙʣʠ-

ʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʢʨʘʝʚ ʪʚʝʨʜʳʭ ʪʝʣ ʧʨʠ ʦʧʨʝʜʝ-

ʣʝʥʥʦʡ ʛʝʦʤʝʪʨʠʠ ʧʦʟʠʮʠʡ ʧʝʨʠʬʝʨʠʡʥʳʭ ʘʪʦʤʦʚ 

[3-24]. ʊʘʢ, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʪʝʦʨʝʪʠʯʝʩʢʠʭ [8-10, 

16] ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ [3, 11-15, 17-24] ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ ʚʙʣʠʟʠ ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʭ ʢʨʘʝʚ ʩʦʪʦʚʠʜ-

ʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʩʪʨʫʢʪʫʨ (ʨʠʩ. 1, a) ʩʪʘʙʠʣʠʟʠʨʫ-

ʝʪʩʷ ʢʨʘʝʚʘʷ -́ʵʣʝʢʪʨʦʥʥʘʷ ʟʦʥʘ (ʨʠʩ. 1, ʙ), ʫ ʢʦ-

ʪʦʨʦʡ ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ D(E) ʥʘ 

ʫʨʦʚʥʝ ʌʝʨʤʠ EF ʚ ʜʝʩʷʪʢʠ ʨʘʟ ʧʨʝʚʦʩʭʦʜʠʪ ʟʥʘ-

ʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʤʘʢʨʦʩʢʦʧʠ-

ʯʝʩʢʦʤ ʫʧʦʨʷʜʦʯʝʥʥʦʤ ʛʨʘʬʠʪʝ, ʧʨʠ ʪʦʤ, ʯʪʦ ʵʥʝʨ-

ʛʠʷ ʝʝ ʤʘʢʩʠʤʫʤʘ ʥʘ ~30 ʤʵɺ ʤʝʥʴʰʝ EF (ʨʠʩ. 1, ʚ) 

[12, 13, 15]. ʋʢʘʟʘʥʥʘʷ ʟʦʥʘ ʥʝ ʪʦʣʴʢʦ ʩʫʱʝʩʪʚʝʥ-

ʥʦ ʠʟʤʝʥʷʝʪ ʠʟʚʝʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʥʘʥʦʨʘʟʤʝʨʥʳʭ 

ʫʛʣʝʨʦʜʥʳʭ ʩʪʨʫʢʪʫʨ [3, 9, 12, 13, 15, 18], ʥʦ ʤʦ-

ʞʝʪ ʪʘʢʞʝ ʠʥʠʮʠʠʨʦʚʘʪʴ ʚ ʥʠʭ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʥʦʚʳʝ ʷʚʣʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʢʨʘʝʚʦʡ ʤʘʛʥʝʪʠʟʤ [25, 

26] ʠ ʢʨʘʝʚʘʷ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ [27]. ʆʢʦʣʦ ʩʝʜ-

ʣʦʦʙʨʘʟʥʳʭ ʢʨʘʝʚ ʩʦʪʦʚʠʜʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʩʪʨʫʢ-

ʪʫʨ ʪʘʢʘʷ ʟʦʥʘ ʥʝ ʦʙʨʘʟʫʝʪʩʷ [3, 8-10, 12, 13, 17, 

23, 24]. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʪʝʭʥʦʣʦʛʠʠ ʥʘʥʦʨʘʟ-

ʤʝʨʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʩʪʨʫʢʪʫʨ ʦʬʦʨʤʠʣʦʩʴ 

ʥʘʧʨʘʚʣʝʥʠʝ ʪʦʥʢʦʡ ʥʘʩʪʨʦʡʢʠ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʝʨʠʬʝ-

ʨʠʡʥʳʭ ʘʪʦʤʦʚ [1-3, 12, 17, 18, 21, 28-30, 31]. ʊʘʢ, 

ʚ ʛʨʘʬʝʥʝ ʠ ʥʘʥʦʛʨʘʬʝʥʦʚʳʭ ʣʝʥʪʘʭ ʩʪʨʫʢʪʫʨʫ 

ʢʨʘʝʚʦʡ ˊ-ʵʣʝʢʪʨʦʥʥʦʡ ʟʦʥʳ ʫʜʘʣʦʩʴ ʩʫʱʝʩʪʚʝʥʥʦ 

ʠʟʤʝʥʠʪʴ ʧʫʪʝʤ ʥʘʩʳʱʝʥʠʷ ʩʚʦʙʦʜʥʳʭ (ʚʠʩʷʯʠʭ) 

ů-ʦʨʙʠʪʘʣʝʡ ʢʨʘʝʚʳʭ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʦʧʨʝʜʝʣʝʥ-

ʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ, 

ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʬʠʢʩʠʨʫʝʤʳʤ ʠʟʤʝʥʝʥʠʷʤ ʠʭ 

ʩʚʦʡʩʪʚ [12, 17, 18, 21, 28-31]. ʆʜʥʘʢʦ ʧʨʠ ʚʩʝʡ 

ʟʥʘʯʠʤʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʪʠʭ ʨʘʙʦʪ, ʚʥʝ ʧʦʣʷ ʟʨʝ-

ʥʠʷ ʠʭ ʘʚʪʦʨʦʚ ʦʩʪʘʣʩʷ ʚʦʧʨʦʩ ʦ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ (ʘʜʩʦʨʙʘʪʘ) ʥʘ ʢʨʘʝʚʫʶ 

-́ʵʣʝʢʪʨʦʥʥʫʶ ʟʦʥʫ ʠ, ʯʝʨʝʟ ʵʪʦ, ʥʘ ʩʚʦʡʩʪʚʘ 

ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʩʪʨʫʢʪʫʨ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʪʘʢʠʝ ʟʥʘʥʠʷ ʚʘʞʥʳ ʧʨʠ 

ʫʩʪʘʥʦʚʣʝʥʠʠ ʧʨʠʯʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ ʠʟʤʝʥʝʥʠʷ 

ʩʚʦʡʩʪʚ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʧʨʠ ʨʘʥʞʠʨʦʚʘʥʠʠ ʬʘʢʪʦ-
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ʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʠʭ ʭʠʤʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʘ 

ʪʘʢʞʝ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʩʪʨʫʢʪʫʨ.  

 

 
ʈʠʩ. 1. ɿʠʛʟʘʛʦʦʙʨʘʟʥʳʝ ʢʨʘʷ ʛʨʘʬʝʥʘ (ʘ), ʟʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ E(k) (ʙ) ʠ ʧʣʦʪʥʦʩʪʴ ʩʦʩʪʦʷʥʠʡ D(E) 

(ʚ) ʥʘ ʵʪʠʭ ʢʨʘʷʭ [8ï10,12,13,15]. ɺ ʛʨʘʬʝʥʝ ʪʝʤʥʳʤʠ ʠ ʩʚʝʪ-

ʣʳʤʠ ʪʦʯʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ ʨʘʟʥʳʭ ʧʦʜʨʝʰʝ-

ʪʦʢ. ʕʥʝʨʛʠʷ ʌʝʨʤʠ EF ʚʳʙʨʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʥʫʣʷ. ʉʤʝʱʝʥʠʝ 

ʤʘʢʩʠʤʫʤʘ D(E) ʦʪʥʦʩʠʪʝʣʴʥʦ EF (ʥʘ ~-0,03 ʵɺ) ʠ ʰʠʨʠʥʘ ʥʘ 

ʧʦʣʫʚʳʩʦʪʝ ʵʪʦʛʦ ʤʘʢʩʠʤʫʤʘ DW (~0,08 ʵɺ) ʚʳʙʨʘʥʳ ʩ ʫʯʝ-

ʪʦʤ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ [12,13,15] 

Fig. 1. Zigzag edges of graphene (ʘ), band structure of energy 

spectrum E(k) (ʙ) and density of states D(E) (ʚ) on the edges [8ï

10,12,13,15]. In the graphene scheme the dark and light dots des-

ignate carbon atoms of different sublattices. The Fermi energy EF 

has been chosen as origin. Shift of the maximum D(E) position 

relative to EF (~-0,03 eV) and full width at half maximum DW 

(~0,08 eV) have been chosen  taking into account the literature 

data [12,13,15] 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʠʩʧʦʣʴʟʫʷ ʥʘʙʦʨ ʬʠʟʠʯʝ-

ʩʢʠʭ ʤʝʪʦʜʦʚ, ʤʳ ʠʟʫʯʠʣʠ ʩʪʨʫʢʪʫʨʫ, ʵʣʝʢʪʨʦʥʥʦʝ 

ʩʪʨʦʝʥʠʝ ʠ ʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʫʣʴʪʠ-

ʩʣʦʡʥʳʭ ʛʨʘʬʝʥʦʚʳʭ ʥʘʥʦʢʣʘʩʪʝʨʦʚ (ʥʘʥʦʛʨʘʬʠ-

ʪʦʚ) ʠ ʠʭ ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʤʦʣʝ-

ʢʫʣʘʤʠ ʭʣʦʨʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʶʪ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʚ ʥʘʥʦʛʨʘʬʠʪʘʭ ʢʨʘʝʚʳʭ ˊ-

ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʯʫʚʩʪʚʠ-

ʪʝʣʴʥʦʩʪʴ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʠ ʦʧʨʝʜʝʣʷʝʤʳʭ ʠʤʠ 

ʩʚʦʡʩʪʚ ʥʘʥʦʛʨʘʬʠʪʦʚ) ʢ ʥʘʣʠʯʠ ʁʘʜʩʦʨʙʘʪʦʚ. 

ʄɽʊʆɼʀʂʀ ʕʂʉʇɽʈʀʄɽʅʊʆɺ 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʤʠ 

ʙʳʣʠ ʚʳʙʨʘʥʳ ʯʘʩʪʠʮʳ ʛʨʘʬʠʪʘ ï ʩʪʨʫʢʪʫʨʥʳʝ 

ʙʣʦʢʠ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʦʣʠʘʢʨʠʣʦʥʠʪʨʠʣʴʥʳʭ ʘʢ-

ʪʠʚʠʨʦʚʘʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ (ɸʋɺ) ʩ 

ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ~1400 ʤ2Ŀʛ-1.  

ʇʨʦʬʠʣʠ ʰʠʨʦʢʦʫʛʣʦʚʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʨʘʩʩʝʷʥʠʷ ɸʋɺ ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ 

çD8è (ʬʠʨʤʘ çBrukerè, ʌʈɻ) ʚ ʫʩʪʘʥʦʚʢʝ ɹʨʵʛʛʘ-

ɹʨʝʥʪʘʥʦ ʩ ʠʩʪʦʯʥʠʢʦʤ ʠʟʣʫʯʝʥʠʷ CuKŬ (ɚ = 

0,15417 ʥʤ) ʚ ʫʛʣʦʚʦʤ ʜʠʘʧʘʟʦʥʝ 2ɗ ʦʪ 5 ʜʦ 90Ü ʩ 

ʰʘʛʦʤ 0,1Ü. ʇʨʦʬʠʣʠ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦ-

ʛʦ ʨʘʩʩʝʷʥʠʷ ɸʋɺ, ʧʦʨʳ ʢʦʪʦʨʳʭ ʙʳʣʠ ʟʘʧʦʣʥʝʥʳ 

ʚʦʟʜʫʭʦʤ, ʚʦʜʦʡ ʠ ʧʘʣʣʘʜʠʝʤ, ʠʟʫʯʘʣʠʩʴ ʥʘ ʧʨʠ-

ʙʦʨʝ çʂʈʄ-1è (ɿɸʆ çʅʘʫʯʧʨʠʙʦʨè, ʈʦʩʩʠʷ) ʩ ʠʩ-

ʪʦʯʥʠʢʦʤ ʠʟʣʫʯʝʥʠʷ FeKŬ (ɚ = 0,19373 ʥʤ) ʚ ʜʠʘ-

ʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ 2ɗ ʦʪ 0,08 ʜʦ 10,32Ü ʩ ʰʘʛʦʤ 

0,005Ü.  

ʉʧʝʢʪʨʳ ʂʈ ɸʋɺ ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʥʘ ʢʦʥ-

ʬʦʢʘʣʴʥʦʤ ʧʨʠʙʦʨʝ çAlpha 500è (ʬʠʨʤʘ çWitecè, 

ʌʈɻ) ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʣʘʟʝʨʘ ɚ = 531,8 ʥʤ. ʉʨʘʚ-

ʥʝʥʠʝ ʩʧʝʢʪʨʦʚ, ʟʘʧʠʩʘʥʥʳʭ ʧʨʠ 100- ʠ 1000-

ʢʨʘʪʥʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ, ʧʦʟʚʦʣʷʝʪ ʧʨʝʥʝʙʨʝʯʴ 

ʚʣʠʷʥʠʝʤ ʦʙʣʫʯʝʥʠʷ ʥʘ ʠʟʫʯʘʝʤʳʡ ʦʙʲʝʢʪ. 

ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʠ M ʠʩʭʦʜʥʳʭ ʠ ʦʙʨʘʙʦ-

ʪʘʥʥʳʭ ʭʣʦʨʦʤ ɸʋɺ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʚ ʄʊʎ ʉʆ 

ʈɸʅ (ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ) ʥʘ ʧʨʠʙʦʨʝ 

çMPMS-5S SQUIDè (ʬʠʨʤʘ çQuantum Designè, 

ʉʐɸ). ɿʘʚʠʩʠʤʦʩʪʴ M(T) ʠʟʫʯʘʣʘʩʴ ʧʨʠ ʟʥʘʯʝʥʠ-

ʷʭ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ B = 0,5 ʠ 1 ʊʣ. ɿʘʚʠ-

ʩʠʤʦʩʪʴ M(B) ʠʟʫʯʘʣʘʩʴ ʧʨʠ T = 2, 150 ʠ 300 ʂ.  

ʉʧʝʢʪʨʳ ʕʇʈ ɸʋɺ ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʥʘ 

ʩʧʝʢʪʨʦʤʝʪʨʘʭ çEMX-6.1è (ʬʠʨʤʘ çBrukerè, ʌʈɻ) 

ʠ çʈʕ108è (ʌɻʋʇ ʕɿɸʅ, ʈʦʩʩʠʷ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʚ ʍ- ʠ Q-ʜʠʘʧʘʟʦʥʘʭ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ. ʀʥʪʝʛʨʘʣʴ-

ʥʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʟʥʘʯʝʥʠʷ g-ʬʘʢʪʦʨʦʚ ʩʠʛʥʘ-

ʣʦʚ ʕʇʈ ʢʘʣʠʙʨʦʚʘʣʠʩʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ ʠʥʪʝ-

ʛʨʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʟʥʘʯʝʥʠʶ g = 2,002293 ° 

° 0,000003 ʩʠʛʥʘʣʘ ʩʧʠʥʦʚʦʛʦ ʨʝʟʦʥʘʥʩʘ ʥʘ ʵʣʝʢ-

ʪʨʦʥʘʭ ʧʨʦʚʦʜʠʤʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ Li ʚ ʵʪʘʣʦʥʥʦʤ 

ʦʙʨʘʟʮʝ LiF:Li, ʢʦʪʦʨʳʝ ʦʪ 2 ʜʦ 400 ʂ ʥʝ ʠʟʤʝʥʷ-

ʶʪʩʷ [32].  

ɺ ʦʧʳʪʘʭ, ʥʘʮʝʣʝʥʥʳʭ ʥʘ ʠʟʫʯʝʥʠʝ ʠʟʤʝ-

ʥʝʥʠʡ ʩʧʝʢʪʨʘ ʕʇʈ ɸʋɺ ʧʨʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

ʛʘʟʦʦʙʨʘʟʥʳʤ ʭʣʦʨʦʤ, ʦʙʨʘʟʮʳ ʨʘʟʤʝʱʘʣʠʩʴ ʚ 

ʢʚʘʨʮʝʚʦʤ ʨʝʘʢʪʦʨʝ, ʚʩʪʘʚʣʝʥʥʦʤ ʚ ʨʝʟʦʥʘʪʦʨ 

ʩʧʝʢʪʨʦʤʝʪʨʘ. ʇʝʨʝʜ ʥʘʧʫʩʢʦʤ ʛʘʟʘ ʦʥ ʦʪʢʘʯʠʚʘʣ-

ʩʷ ʜʦ ~2Ö10-7 ʪʦʨʨ ʩ ʧʦʤʦʱʴʶ ʚʘʢʫʫʤʥʦʡ ʩʠʩʪʝʤʳ 

çSTP-1è (ʬʠʨʤʘ çEdwardsè, USA). ʍʣʦʨ, ʧʨʝʜʚʘ-

ʨʠʪʝʣʴʥʦ ʦʩʫʰʝʥʥʳʡ ʧʫʪʝʤ ʧʨʦʜʫʚʘ ʯʝʨʝʟ ʩʝʨʥʫʶ 

ʢʠʩʣʦʪʫ, ʚʚʦʜʠʣʩʷ ʚ ʨʝʘʢʪʦʨ ʧʨʠʤʝʨʥʦ ʨʘʚʥʳʤʠ 

ʧʦʨʮʠʷʤʠ.  
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ɿʘʧʦʣʥʝʥʠʝ ʧʦʨ ɸʋɺ ʧʘʣʣʘʜʠʝʤ ʙʳʣʦ 

ʦʩʫʱʝʩʪʚʣʝʥʦ ʧʦ ʠʟʚʝʩʪʥʦʡ ʚ ʣʠʪʝʨʘʪʫʨʝ ʤʝʪʦʜʠʢʝ 

[33, 34]. ʇʨʦʧʠʪʢʘ ʥʝʚʘʢʫʫʤʠʨʦʚʘʥʥʳʭ ɸʋɺ ʚʦ-

ʜʦʡ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʫʪʝʤ ʠʭ ʦʢʫʥʘʥʠʷ ʚ ʢʠʧʷʱʫʶ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʚʳʜʝʨʞ-

ʢʠ ʚ ʥʝʡ ~5 ʤʠʥ. 

ʈɽɿʋʃʔʊɸʊʓ ʀ ʀʍ ʆɹʉʋɾɼɽʅʀɽ 

ʐʠʨʦʢʦʫʛʣʦʚʘʷ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʘʷ ʬʫʥʢ-

ʮʠ̫ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ɸʋɺ (ʧʨʦʬʠʣʴ ʠʭ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʧʦʩʣʝ ʢʦʨʨʝʢʮʠʠ ʥʘ ʧʦ-

ʛʣʦʱʝʥʠʝ, ʧʦʣʷʨʠʟʘʮʠʶ, ʃʦʨʝʥʮ-ʬʘʢʪʦʨ ʠ ʘʪʦʤ-

ʥʳʡ ʬʦʨʤ-ʬʘʢʪʦʨ) ʩʦʜʝʨʞʠʪ ʥʝʩʢʦʣʴʢʦ ʰʠʨʦʢʠʭ 

ʤʘʢʩʠʤʫʤʦʚ, ʧʦʣʦʞʝʥʠʷ ʢʦʪʦʨʳʭ ʥʝ ʟʘʚʠʩʷʪ ʦʪ 

ʥʘʧʨʘʚʣʝʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʣʫʯʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʠʪʝʡ ʚʦʣʦʢʦʥ (ʨʠʩ. 2). ɿʘʚʠʩʠʤʦʩʪʠ ʣʦʛʘʨʠʬʤʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʨʘʩ-

ʩʝʷʥʠʷ I ʦʪ s (s = 2sinɗ)/ɚ) ʜʣʷ ɸʋɺ, ʧʦʨʳ ʢʦʪʦʨʳʭ 

ʟʘʧʦʣʥʝʥʳ ʚʦʟʜʫʭʦʤ, ʚʦʜʦʡ ʠ ʧʘʣʣʘʜʠʝʤ, ʠʤʝʶʪ 

ʩʭʦʞʠʡ ʚʠʜ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚʙʣʠʟʠ s~0,38 ʥʤ-1 ʚʩʝ 

ʦʥʠ ʧʨʦʷʚʣʷʶʪ ʩʣʘʙʳʡ ʤʘʢʩʠʤʫʤ (ʨʠʩ. 3). ʄʘʩʩʦ-

ʚʳʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʧʦ 

ʨʘʟʤʝʨʘʤ Dm(r), ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʣʷ ʥʠʭ ʧʦ ʩʪʘʥ-

ʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ [35], ʚ ʦʙʣʘʩʪʠ ʥʝʦʜʥʦʨʦʜʥʦ-
ʩʪʝʡ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ r ʠʤʝʶʪ ʢʦʣʦʢʦʣʦʦʙʨʘʟʥʳʡ 

ʚʠʜ ʩ ʙʣʠʟʢʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʤʘʢʩʠʤʫʤʦʚ (ʨʠʩ. 3, 

ʚʩʪʘʚʢʘ).  

ɺ ʦʩʥʦʚʥʦʤ ʩʧʝʢʪʨʝ ʂʈ ɸʋɺ ʧʨʠʩʫʪʩʪʚʫ-

ʶʪ ʜʚʝ ʠʥʪʝʥʩʠʚʥʳʝ ʥʝ ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʝʰʝʥʥʳʝ 

ʧʦʣʦʩʳ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʚʦʣʥʦʚʦʛʦ 

ʯʠʩʣʘ k~1347 ʠ ~1607 ʩʤ-1 (ʨʠʩ. 4). ɺ ʦʙʣʘʩʪʠ 

ʙʦʣʴʰʠʭ k ʥʘʙʣʶʜʘʶʪʩʷ ʝʱʝ ʥʝʩʢʦʣʴʢʦ ʯʘʩʪʠʯʥʦ 

ʨʘʟʨʝʰʝʥʥʳʭ ʩʣʘʙʦʠʥʪʝʥʩʠʚʥʳʭ ʧʦʣʦʩ (ʨʠʩ. 4, 

ʚʩʪʘʚʢʘ).  

 

 
ʈʠʩ. 2. ʐʠʨʦʢʦʫʛʣʦʚʘʷ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ (ʪʦʯʢʠ) 

ɸʋɺ ʠ ʝʸ ʨʘʟʣʦʞʝʥʠʝ ʥʘ ʧʷʪʴ ʣʦʨʝʥʮʠʘʥʦʚ (ʰʪʨʠʭʦʚʳʝ ʣʠ-

ʥʠʠ), ʦʪʥʝʩʝʥʥʳʭ ʢ (002), (100), (004), (110) ʠ (006) ʦʪʨʘʞʝ-

ʥʠʷʤ. ʉʧʣʦʰʥʘʷ ʣʠʥʠʷ ï ʩʫʤʤʘ ʚʩʝʭ ʣʦʨʝʥʮʠʘʥʦʚ 

Fig. 2. Wide-angle interference function (dots) for ACF and its 

decomposition into five Lorentzians (dashed lines) attributed to 

(002), (100), (004), (110) and (006) reflections. Solid line 

corresponds to the sum of all these Lorentzians 

 

 
ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʠ ʣʦʛʘʨʠʬʤʦʚ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʤʘʣʦʫʛʣʦʚʦ-

ʛʦ ʨʘʩʩʝʷʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ I ʦʪ s ʠ ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʣʷ 

ʥʠʭ ʤʘʩʩʦʚʳʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʧʦ 

ʨʘʟʤʝʨʘʤ Dm(r) ʚ ʦʙʣʘʩʪʠ ʤʘʣʳʭ r (ʚʩʪʘʚʢʘ) ʜʣʷ ɸʋɺ, ʩʦʜʝʨ-

ʞʘʱʠʭ ʚ ʧʦʨʘʭ ʧʘʣʣʘʜʠʡ (1), ʚʦʟʜʫʭ (2) ʠ ʚʦʜʫ (3). I0 ï ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʴ ʧʝʨʚʠʯʥʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʧʫʯʢʘ 

Fig. 3. The dependences of logarithmic intensities of small-angle 

X-ray scattering I vs. s and calculated mass distribution functions 

of inhomogeneities on sizes Dm(r) in the region of small r (inset) 

for ACF containing palladium (1), air (2) and water (3) in the 

pores. I0 is intensity of the primary X-ray beam 

 

 
ʈʠʩ. 4. ʉʧʝʢʪʨ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ɸʋɺ ʠ ʝʛʦ ʨʘʟʣʦ-

ʞʝʥʠʝ ʥʘ ʪʨʠ ʣʦʨʝʥʮʠʘʥʘ (G, D ʠ DË) ʠ ʜʚʘ ʛʘʫʩcʠʘʥʘ (T ʠ 

DËË). ʅʘ ʚʩʪʘʚʢʝ ʧʨʝʜʩʪʘʚʣʝʥ ʩʧʝʢʪʨ ʦʙʝʨʪʦʥʦʚ ʠ ʝʛʦ ʨʘʟʣʦ-

ʞʝʥʠʝ ʥʘ ʪʨʠ ʣʦʨʝʥʮʠʘʥʘ (2D, D+G ʠ 2G). ʉʧʣʦʰʥʳʝ ʣʠʥʠʠ ï 

ʩʫʤʤʳ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪ ʩʧʝʢʪʨʦʚ 

Fig. 4. The Raman spectrum of ACF and its decomposition into 

three Lorentzians (G, D and DË) and two Gaussians (T and DËË). 

In the inset the overtone spectrum and its decomposition into 

three Lorentzians (2D, D+G and 2G) are presented. Solid lines 

correspond to the sum of all spectral components 

 

ʃʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ M(B) ʚ ʤʘʣʳʭ ʧʦʣʷʭ 

(|B|<0,5 ʊʣ) ʠ ʥʫʣʝʚʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʧʨʠ B = 0 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʚ ɸʋɺ ʬʝʨʨʦ- ʠ ʩʫʧʝʨ-

ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʧʨʠʤʝʩʝʡ. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʦʙ-

ʨʘʟʮʦʚ ʠʭ ʫʜʝʣʴʥʘʷ ʤʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ 

cg ʜʦ ~240 ʂ ʥʝʤʥʦʛʦ ʫʤʝʥʴʰʘʝʪʩʷ (ʨʠʩ. 5, ʚʩʪʘʚ-

ʢʘ, ʪʦʯʢʠ 1), ʥʠʞʝ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʥʘ ʤʦʥʦ-

ʪʦʥʥʦ ʨʘʩʪʝʪ ʠ ʤʝʥʷʝʪ ʟʥʘʢ ʧʨʠ ~21 K (ʨʠʩ. 5, ʪʦʯ-

ʢʠ 1). ʅʘʣʠʯʠʝ ʫ ɸʋɺ ʩʣʘʙʦʛʦ ʤʠʥʠʤʫʤʘ cg(T) 

ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ ʪʠʧʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ 

ʥʝʙʦʣʴʰʦʛʦ ʚʢʣʘʜʘ ʚ cg ʪʝʤʧʝʨʘʪʫʨʥʦ-ʟʘʚʠʩʷʱʝʛʦ 
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ʜʠʘʤʘʛʥʝʪʠʟʤʘ, ʧʦʨʦʞʜʝʥʥʦʛʦ ʦʨʙʠʪʘʣʴʥʳʤ ʜʚʠ-

ʞʝʥʠʝʤ ʵʣʝʢʪʨʦʥʦʚ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ [36]. 

  

 
ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ɢg 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʠʩʭʦʜʥʦʤ (ʪʦʯʢʠ 1) ʠ ʭʣʦʨʩʦʜʝʨʞʘʱʝʤ 

(ʪʦʯʢʠ 2) ɸʋɺ ʧʨʠ ɺ=0,5 ʊʣ. ʐʪʨʠʭʦʚʘʷ ʠ ʪʦʯʝʯʥʘʷ ʣʠʥʠʠ ï 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʝ ʢʨʠʚʳʝ, ʦʧʠʩʳʚʘʝʤʳʝ ʚʳʨʘʞʝʥʠʝʤ (1) ʩʦ 

ʟʥʘʯʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʠʩʭʦʜʥʦʛʦ ʠ ʭʣʦʨʩʦʜʝʨʞʘʱʝʛʦ 

ʦʙʨʘʟʮʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘ ʚʩʪʘʚʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʯʘʩʪʢʠ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ɢg(T) ʚ ʫʚʝʣʠʯʝʥʥʦʤ ʤʘʩʰʪʘʙʝ 

Fig. 5. The dependence of specific magnetic susceptibility ɢg on 

temperature for the initial (dots 1) and chlorine-containing (dots 

2) ACF at B=0.5 T. Dashed and dotted lines correspond to ap-

proximation curves described with expression (1) with parameter 

values for initial and chlorine-containing samples, respectively. 

The inset presents regions of dependences ɢg(T) in the expanded 

scale 

 

 
ʈʠʩ. 6. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʝʡ ʫʟʢʦʡ ï Is (ʰʠʨʦʢʦʡ ï Ie) ʢʦʤʧʦʥʝʥʪʳ ʩʧʝʢʪʨʘ ʕʇʈ ʚ 

ʠʩʭʦʜʥʳʭ ï 1 (1`), ʭʣʦʨʠʨʦʚʘʥʥʳʭ ï 2 (2`) ʠ ʜʝʭʣʦʨʠʨʦʚʘʥʥʳʭ 

ï 3 (3`) ɸʋɺ. ʅʘ ʥʠʞʥʝʡ ʚʩʪʘʚʢʝ ʧʦʢʘʟʘʥ ʩʧʝʢʪʨ ʕʇʈ ʠʩʭʦʜ-

ʥʦʛʦ ʦʙʨʘʟʮʘ ʧʨʠ 120 K. ʉʪʨʝʣʢʠ çeè ʠ çsè ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʠʛ-

ʥʘʣʳ ʧʦʜʚʠʞʥʳʭ ʠ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʩʧʠʥʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

I0 ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʠʛʥʘʣʘ ʕʇʈ ʵʪʘʣʦʥʥʦʛʦ ʦʙʨʘʟʮʘ. ʃʠʥʠʠ 

ʧʨʦʚʝʜʝʥʳ ʪʦʣʴʢʦ ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ 

Fig. 6. The temperature dependences of integral intensities of 

narrow - Is (broad - Ie) components of EPR spectrum for initial - 1 

(1`), chlorinated - 2 (2`) and dechlorinated - 3 (3`) ACF samples. 

The bottom inset presents the EPR spectrum of initial sample at 

120 K. Arrows ñeò and ñsò designate the signals from mobile and 

localized spins, respectively. I0 is intensity of EPR of reference 

sample signal. Lines are presented only as guides for the eye 

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʩʪʝʧʝʥʠ ʚʘʢʫʫʤʠʨʦʚʘʥʠʷ 

ɸʋɺ ʠʭ ʩʧʝʢʪʨ ʕʇʈ ʩʦʜʝʨʞʠʪ ʜʚʘ ʩʠʛʥʘʣʘ (ʨʠʩ. 6, 

ʥʠʞʥʷʷ ʚʩʪʘʚʢʘ), ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʨʘʟʥʳʝ ʰʠʨʠʥʳ, 

ʥʦ ʩʦʚʧʘʜʘʶʱʠʝ ʚ ʧʨʝʜʝʣʘʭ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ 

ʟʥʘʯʝʥʠʷ g-ʬʘʢʪʦʨʘ (= 2,0027°0.0001) ʠ ʧʘʨʘʤʝʪʨʘ 

ʘʩʠʤʤʝʪʨʠʠ A/B (= 1,15°0,05), ʨʘʚʥʦʛʦ ʦʪʥʦʰʝ-

ʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʚʳʩʦʢʦʧʦʣʝʚʦʛʦ ʠ ʥʠʟʢʦʧʦ-

ʣʝʚʦʛʦ ʢʨʳʣʴʝʚ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʣʠʥʠʠ ʧʦ-

ʛʣʦʱʝʥʠʷ. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ɸʋɺ ʠʥʪʝʛʨʘʣʴʥʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʰʠʨʦʢʦʡ ʠ ʫʟʢʦʡ ʢʦʤʧʦʥʝʥʪ ʩʧʝʢ-

ʪʨʘ ʕʇʈ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʝ ʠʟʤʝʥʷʝʪʩʷ (ʨʠʩ. 6, 

ʚʝʨʭʥʷʷ ʚʩʪʘʚʢʘ, ʪʦʯʢʠ 1`) ʠ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠʙʣʠʟʠ-

ʪʝʣʴʥʦ ʧʦ ʟʘʢʦʥʫ ʂʶʨʠ (ʨʠʩ. 6, ʪʦʯʢʠ 1). ʅʘ ʵʪʦʤ 

ʦʩʥʦʚʘʥʠʠ ʠʭ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʝʥ-

ʥʦ ʢʘʢ ʩʧʠʥʦʚʳʡ ʨʝʟʦʥʘʥʩ ʥʘ ʵʣʝʢʪʨʦʥʘʭ ʧʨʦʚʦ-

ʜʠʤʦʩʪʠ (ʉʈʕʇ) ʠ ʨʝʟʦʥʘʥʩ ʥʘ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʘʭ [37, 38]. 

 ʐʠʨʠʥʳ ʦʙʝʠʭ ʢʦʤʧʦʥʝʥʪ ʩʧʝʢʪʨʘ ʕʇʈ 

ɸʋɺ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʳ ʩʧʝʢʪʨʦʤʝʪʨʘ, 

ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ ʦʜʥʦʨʦʜʥʦʝ ʫʰʠʨʝʥʠʝ. ʇʨʠ 

ʦʭʣʘʞʜʝʥʠʠ ʥʝʚʘʢʫʫʤʠʨʦʚʘʥʥʦʛʦ (ʚʘʢʫʫʤʠʨʦʚʘʥ-

ʥʦʛʦ) ʦʙʨʘʟʮʘ ʰʠʨʠʥʘ ʩʠʛʥʘʣʘ ʉʈʕʇ ʫʚʝʣʠʯʠʚʘ-

ʝʪʩʷ (ʫʤʝʥʴʰʘʝʪʩʷ) ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ ʟʥʘʯʝʥʠʠ g-

ʬʘʢʪʦʨʘ (ʨʠʩ. 7, ʪʦʯʢʠ 1(2))*. ʐʠʨʠʥʘ ʩʠʛʥʘʣʘ ʣʦ-

ʢʘʣʠʟʦʚʘʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ (ʨʠʩ. 7, ʪʦʯʢʠ 

3 ʠ 4), ʪʘʢ ʞʝ, ʢʘʢ ʠ ʝʛʦ g-ʬʘʢʪʦʨ, ʥʝ ʟʘʚʠʩʷʪ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʪʝʧʝʥʠ ʚʘʢʫʫʤʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʘ. 

ʀʥʪʝʛʨʘʣʴʥʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʫʟʢʦʡ ʠ ʰʠ-

ʨʦʢʦʡ ʢʦʤʧʦʥʝʥʪ ʩʧʝʢʪʨʘ ʕʇʈ ʚ ʭʣʦʨʠʨʦʚʘʥʥʳʭ 

ɸʋɺ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ~35% (ʨʠʩ. 6, ʠʟʤʝʥʝʥʠʝ 

1Ÿ2 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ) ʠ ~40% (ʨʠʩ. 6, 

ʠʟʤʝʥʝʥʠʝ 1`Ÿ2`) ʤʝʥʴʰʝ, ʯʝʤ ʚ ʠʩʭʦʜʥʳʭ ʦʙʨʘʟ-

ʮʘʭ. ʆʜʥʘʢʦ ʭʘʨʘʢʪʝʨʳ ʠʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠ-

ʤʦʩʪʝʡ (ʨʠʩ. 6, ʪʦʯʢʠ 2; ʚʩʪʘʚʢʘ, ʪʦʯʢʠ 2`), ʘ ʟʥʘ-

ʯʠʪ ʠ ʧʨʠʨʦʜʳ ʢʦʤʧʦʥʝʥʪ ʩʧʝʢʪʨʘ ʕʇʈ, ʧʨʠ ʭʣʦ-

ʨʠʨʦʚʘʥʠʠ ɸʋɺ ʥʝ ʤʝʥʷʶʪʩʷ. 

ʇʨʠ ʚʳʜʝʨʞʢʝ ɸʋɺ ʚ ʘʪʤʦʩʬʝʨʝ ʭʣʦʨʘ ʫ 

ʦʙʦʠʭ ʢʦʤʧʦʥʝʥʪ ʩʧʝʢʪʨʘ ʕʇʈ, ʥʘʨʷʜʫ ʩ ʠʭ ʠʥʪʝ-

ʛʨʘʣʴʥʳʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤʠ, ʠʟʤʝʥʷʶʪʩʷ ʟʥʘʯʝ-

ʥʠʷ ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʊʘʢ, ʧʨʠ 

ʵʪʦʤ ʰʠʨʠʥʘ ʩʠʛʥʘʣʘ ʉʈʕʇ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ ~40% 

(ʨʠʩ. 8), ʘ ʟʥʘʯʝʥʠʝ ʝʛʦ g-ʬʘʢʪʦʨʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

(ʨʠʩ. 8, ʚʩʪʘʚʢʘ). ʆʜʥʦʚʨʝʤʝʥʥʦ ʩʠʛʥʘʣ ʕʇʈ ʣʦʢʘ-

                                                 
* ʅʘ ʨʠʩ. 7 ʠ 8 ʰʠʨʠʥʳ ʢʦʤʧʦʥʝʥʪ ʩʧʝʢʪʨʘ ʕʇʈ ʜʘʥʳ ʚ ʝʜʠ-
ʥʠʮʘʭ ʩʢʦʨʦʩʪʠ ʨʝʣʘʢʩʘʮʠʠ ʩʧʠʥʦʚ (T2)-1, ʢʦʪʦʨʘʷ ʧʨʦʧʦʨʮʠ-

ʦʥʘʣʴʥʘ ʰʠʨʠʥʝ ʦʜʥʦʨʦʜʥʦ-ʫʰʠʨʝʥʥʦʛʦ ʩʠʛʥʘʣʘ DB, ʥʦ ʚ ʦʪ-

ʣʠʯʠʝ ʦʪ ʥʝʝ ʠʤʝʝʪ ʷʩʥʳʡ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ. (T2)-1 = (gb/˂)³ 

³(DB/10Dx) [37, 39], ʛʜʝ DB ï ʰʠʨʠʥʘ ʩʠʛʥʘʣʘ, ʠʟʤʝʨʝʥʥʘʷ ʦʪ 

ʧʠʢʘ ʜʦ ʧʠʢʘ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʣʠʥʠʠ ʧʦʛʣʦʱʝʥʠʷ (ʚ ʤʊʣ), 

Dx ï ʧʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ [39], ʫʯʠʪʳʚʘʶʱʠʡ ʠʩʢʘʞʝ-

ʥʠʝ ʬʦʨʤʳ ʩʠʛʥʘʣʘ ʚ ʧʨʦʚʦʜʥʠʢʘʭ ʦʪ ʣʦʨʝʥʮʠʘʥʘ, ʠ ʜʣʷ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʣʫʯʘʷ ʨʘʚʥʳʡ 1,17, ʘ ʦʩʪʘʣʴʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ 

ʠʤʝʶʪ ʦʙʱʝʧʨʠʥʷʪʳʡ ʩʤʳʩʣ. 



Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 2016. V. 59. N 9 

 

ʀʟʚ. ʚʫʟʦʚ. ʍʠʤʠʷ ʠ ʭʠʤ. ʪʝʭʥʦʣʦʛʠʷ. 2016. ʊ. 59. ɺʳʧ. 9 9 

 

 

ʣʠʟʦʚʘʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʥʝʩʢʦʣʴʢʦ 

ʩʫʞʘʝʪʩʷ (ʨʠʩ. 7, ʠʟʤʝʥʝʥʠʝ 4Ÿ7), ʥʦ ʧʨʦʠʩʭʦʜʠʪ 

ʵʪʦ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʟʥʘʯʝʥʠʠ ʝʛʦ g-ʬʘʢʪʦʨʘ. ʇʨʠ 

ʦʭʣʘʞʜʝʥʠʠ ʭʣʦʨʠʨʦʚʘʥʥʳʭ ɸʋɺ ʦʪ 300 ʜʦ 100 ʂ 

ʰʠʨʠʥʘ ʩʠʛʥʘʣʘ ʉʈʕʇ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ~55% 

(ʨʠʩ. 7, ʪʦʯʢʠ 5), ʘ ʠʟʤʝʥʝʥʠʝ ʰʠʨʠʥʳ ʩʠʛʥʘʣʘ 

ʕʇʈ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʥʝ 

ʧʨʝʚʳʰʘʝʪ ʦʰʠʙʢʫ ʠʟʤʝʨʝʥʠʡ (ʨʠʩ. 7, ʪʦʯʢʠ 7). 

 

 
ʈʠʩ. 7. ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʨʝʣʘʢʩʘʮʠʠ ʩʧʠʥʦʚ 1/T2 (  ́DB) 

ʚ ʥʝʭʣʦʨʠʨʦʚʘʥʥʳʭ (1, 2, 3, 4) ʠ ʭʣʦʨʠʨʦʚʘʥʥʳʭ (5, 6, 7, 8) 

ɸʋɺ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 1 ï ʠ 2 ï ʜʘʥʥʳʝ ʜʣʷ ʩʧʠʥʦʚ ʥʦʩʠʪʝʣʝʡ 

ʪʦʢʘ ʚ ʥʝʚʘʢʫʫʤʠʨʦʚʘʥʥʳʭ ʠ ʚʘʢʫʫʤʠʨʦʚʘʥʥʳʭ ɸʋɺ, ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ; 5 ï ʠ 6 ï ʜʘʥʥʳʝ ʜʣʷ ʩʧʠʥʦʚ ʥʦʩʠʪʝʣʝʡ ʪʦʢʘ ʚ 

ʭʣʦʨʠʨʦʚʘʥʥʦʤ ʠ ʜʝʭʣʦʨʠʨʦʚʘʥʥʦʤ ʦʙʨʘʟʮʘʭ, ʩʦʦʪʚʝʪʩʪʚʝʥ-

ʥʦ; 3, 4, 7 ʠ 8 ï ʜʘʥʥʳʝ ʜʣʷ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʩʧʠʥʦʚ ʚ ʥʝʚʘʢʫ-

ʤʠʨʦʚʘʥʥʳʭ, ʚʘʢʫʫʤʠʨʦʚʘʥʥʳʭ, ʭʣʦʨʠʨʦʚʘʥʥʳʭ ʠ ʜʝʭʣʦʨʠ-

ʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʃʠʥʠʠ ʧʨʦʚʝʜʝʥʳ ʪʦʣʴ-

ʢʦ ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ 

Fig. 7. The temperature dependences of spin relaxation rate 1/T2 

(  ́DB) for non-chlorinated (1, 2, 3, 4) and chlorinated (5, 6, 7, 8) 

ACFs. Curves 1 and 2 represent data for current carrier spins in 

the non-evacuated and evacuated ACF samples, respectively; 

curves 5 and 6 for current carrier spins in the chlorinated and 

dechlorinated ACF samples, respectively; curves 3, 4, 7 and 8 for 

localized spins in the non-evacuated, evacuated, chlorinated and 

dechlorinated ACF samples, respectively. Lines are presented 

only as guides for the eye 

 

ʇʨʠ ʜʝʭʣʦʨʠʨʦʚʘʥʠʠ ɸʋɺ ʧʫʪʝʤ ʠʭ ʚʘʢʫ-

ʫʤʠʨʦʚʘʥʠʷ ʧʨʠ 300 K ʠʥʪʝʛʨʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʴ ʩʠʛʥʘʣʘ ʉʈʕʇ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠʙʣʠʟʠ-

ʪʝʣʴʥʦ ʜʦ ʝʝ ʟʥʘʯʝʥʠʷ ʚ ʠʩʭʦʜʥʦʤ ʦʙʨʘʟʮʝ (ʨʠʩ. 6, 

ʚʩʪʘʚʢʘ, ʠʟʤʝʥʝʥʠʝ 2¡Ÿ3¡), ʘ ʝʛʦ ʰʠʨʠʥʘ ʥʝʤʥʦʛʦ 
ʫʤʝʥʴʰʘʝʪʩʷ (ʨʠʩ. 7, ʠʟʤʝʥʝʥʠʝ 5Ÿ6). ʇʨʠ ʵʪʦʤ 

ʠʥʪʝʛʨʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ (ʨʠʩ. 6, ʩʨ. ʪʦʯʢʠ 2 ʠ 

3) ʠ ʰʠʨʠʥʘ (ʨʠʩ. 7, ʪʦʯʢʠ 7 ʠ 8) ʩʠʛʥʘʣʘ ʕʇʈ ʣʦ-

ʢʘʣʠʟʦʚʘʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʥʝ ʠʟʤʝʥʷʶʪ-

ʩʷ. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʰʠʨʠʥ ʩʠʛʥʘʣʦʚ 

ʉʈʕʇ ʚ ʠʩʭʦʜʥʦʤ ʠ ʜʝʭʣʦʨʠʨʦʚʘʥʥʦʤ ʦʙʨʘʟʮʘʭ 

ʩʭʦʞʠʝ (ʨʠʩ. 7, ʩʨ. ʪʦʯʢʠ 2 ʠ 6). ʇʦʣʥʘʷ ʨʝʩʪʘʚʨʘ-

ʮʠʷ ʩʧʝʢʪʨʘ ʕʇʈ ʧʨʠ ʚʘʢʫʫʤʠʨʦʚʘʥʠʠ, ʪ.ʝ. ʚʦʩ-

ʩʪʘʥʦʚʣʝʥʠʝ ʟʥʘʯʝʥʠʡ g-ʬʘʢʪʦʨʘ ʠ ʰʠʨʠʥʳ ʩʠʛʥʘ-

ʣʘ ʉʈʕʇ, ʘ ʪʘʢʞʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʰʠʨʠʥʳ ʩʠʛ-

ʥʘʣʘ ʕʇʈ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ 

ʜʦ ʠʭ ʟʥʘʯʝʥʠʡ ʚ ʠʩʭʦʜʥʦʤ ʦʙʨʘʟʮʝ, ʥʘʙʣʶʜʘʣʘʩʴ 

ʪʦʣʴʢʦ ʚ ʦʧʳʪʘʭ, ʚʳʧʦʣʥʝʥʥʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʨʝʘʢ ʪʦʨʘ ʚʳʰʝ 450 ʂ. ʕʪʠ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʭʣʦʨʠʨʦʚʘʥʥʳʭ ɸʋɺ ʥʘʨʷʜʫ ʩ ʣʝʛ-

ʢʦ ʫʜʘʣʷʝʤʳʤʠ (ʧʦ-ʚʠʜʠʤʦʤʫ, ʬʠʟʠʯʝʩʢʠ ʘʜʩʦʨ-

ʙʠʨʦʚʘʥʥʳʤʠ) ʤʦʣʝʢʫʣʘʤʠ ʭʣʦʨʘ, ʪʘʢʞʝ ʘʪʦʤʦʚ 

ʛʘʣʦʛʝʥʘ, ʩʚʷʟʘʥʥʳʭ ʩ ʫʛʣʝʨʦʜʥʦʡ ʩʝʪʢʦʡ ʙʦʣʝʝ 

ʧʨʦʯʥʳʤʠ (ʚʦʟʤʦʞʥʦ, ʢʦʚʘʣʝʥʪʥʳʤʠ) ʩʚʷʟʷʤʠ. 

ɺ ʭʣʦʨʩʦʜʝʨʞʘʱʠʭ ɸʋɺ ʟʘʚʠʩʠʤʦʩʪʴ 

cg(T) (ʨʠʩ. 5, ʪʦʯʢʠ 2), ʚ ʦʩʥʦʚʥʳʭ ʯʝʨʪʘʭ, ʩʭʦʞʘ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʚ ʠʩʭʦʜʥʦʤ ʦʙ-

ʨʘʟʮʝ (ʨʠʩ. 5, ʪʦʯʢʠ 1). ʂʘʯʝʩʪʚʝʥʥʦʝ ʦʪʣʠʯʠʝ 

ʤʝʞʜʫ ʥʠʤʠ ʟʘʢʣʶʯʘʝʪʩʷ ʣʠʰʴ ʚ ʪʦʤ, ʯʪʦ ʚ ʭʣʦʨ-

ʩʦʜʝʨʞʘʱʠʭ ʦʙʨʘʟʮʘʭ ʦʪʩʫʪʩʪʚʫʝʪ ʩʣʘʙʳʡ ʤʠʥʠ-

ʤʫʤ cg(T) ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʨʠʩ. 5, 

ʚʩʪʘʚʢʘ, ʪʦʯʢʠ 2). 

ʐʠʨʦʢʦʫʛʣʦʚʘʷ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʘʷ ʬʫʥʢ-

ʮʠʷ ɸʋɺ ʭʦʨʦʰʦ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʩʫʤʤʦʡ ʧʷʪʠ 

ʣʦʨʝʘʥʮʠʘʥʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ (002), 

(100), (004), (110) ʠ (006) ʦʪʨʘʞʝʥʠʷʤ (ʨʠʩ. 2). ʊʘ-

ʢʦʡ ʥʘʙʦʨ ʦʪʨʘʞʝʥʠʡ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʪ.ʥ. ʪʫʨ-

ʙʦʩʪʨʘʪʥʳʭ ʛʨʘʬʠʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʦʪʜʝʣʴʥʳʝ ʩʣʦʠ 

ʠʣʠ ʛʨʫʧʧʳ ʩʣʦʝʚ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʨʘʟʦʨʠʝʥ-

ʪʠʨʦʚʘʥʳ ʚʦʢʨʫʛ ʥʦʨʤʘʣʠ ʢ ʫʛʣʝʨʦʜʥʦʡ ʩʝʪʢʝ [40, 

41]. ɺ ʪʫʨʙʦʩʪʨʘʪʥʳʭ ʛʨʘʬʠʪʘʭ ʚʢʣʘʜ ʚ ʠʥʪʝʨʬʝ-

ʨʝʥʮʠʦʥʥʫʶ ʬʫʥʢʮʠʶ ʚʥʦʩʷʪ ʪʦʣʴʢʦ ʨʝʰʝʪʦʯʥʳʝ 

ʦʪʨʘʞʝʥʠʷ ʪʠʧʘ (00l) ʠ (hk0), ʘ ʚʢʣʘʜ ʦʪʨʘʞʝʥʠʡ 

ʦʙʱʝʛʦ ʚʠʜʘ (hkl) ʦʪʩʫʪʩʪʚʫʝʪ [40, 41]. ʀʟ ʰʠʨʠʥʳ 

ʠ ʧʦʣʦʞʝʥʠʷ (002) ʦʪʨʘʞʝʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʩʪʘʥ-

ʜʘʨʪʥʳʝ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʛʨʘʬʠʪʘ ʚ ʥʘʧʨʘʚ-

ʣʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʢ ʩʣʦʷʤ Lʩ~0,8 ʥʤ, ʠ 

ʩʨʝʜʥʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʣʦʷʤʠ dʩ~0,366 ʥʤ. 

ɸʥʘʣʦʛʠʯʥʦ ʧʦ ʰʠʨʠʥʝ (100) ʦʪʨʘʞʝʥʠʷ ʤʦʞʥʦ 

ʦʮʝʥʠʪʴ ʩʨʝʜʥʠʡ ʣʘʪʝʨʘʣʴʥʳʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ La~3 

ʥʤ. ʀʟ ʵʪʠʭ ʦʮʝʥʦʢ ʩʣʝʜʫʝʪ, ʯʪʦ ʯʘʩʪʠʮʳ ʛʨʘʬʠʪʘ 

ʚ ɸʋɺ ʠʤʝʶʪ ʥʘʥʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʚʦ ʚʩʝʭ 

ʪʨʝʭ ʠʟʤʝʨʝʥʠʷʭ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʪʦʧʢʠ ʚ 

ʩʨʝʜʥʝʤ ʠʟ 3-4 ʪʫʨʙʦʩʪʨʘʪʥʦ-ʫʧʘʢʦʚʘʥʥʳʭ ʥʘʥʦ-

ʛʨʘʬʝʥʦʚ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʟʘʤʝʪʥʦ 

ʙʦʣʴʰʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʣʦʷʤʠ ʚ ʤʘʢʨʦʩʢʦʧʠ-

ʯʝʩʢʦʤ ʫʧʦʨʷʜʦʯʝʥʥʦʤ ʛʨʘʬʠʪʝ (dʩ = 0,335 ʥʤ).  

ɺ ʨʷʜʫ ɸʋɺ, ʧʦʨʳ ʢʦʪʦʨʳʭ ʟʘʧʦʣʥʝʥʳ 

ʚʦʟʜʫʭʦʤ, ʚʦʜʦʡ ʠ ʧʘʣʣʘʜʠʝʤ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʘʢ-

ʩʠʤʫʤʘ Dm(r) ʧʨʠ r~1,2 ʥʤ (ʨʠʩ. 3, ʚʩʪʘʚʢʘ) ʢʦʨʨʝ-

ʣʠʨʫʝʪ ʩ ʘʙʩʦʣʶʪʥʳʤ ʟʥʘʯʝʥʠʝʤ ʨʘʟʥʦʩʪʠ ʧʣʦʪʥʦ-

ʩʪʝʡ (ʩ ʢʦʥʪʨʘʩʪʦʤ) ʥʘʥʦʛʨʘʬʠʪʘ ʠ ʚʝʱʝʩʪʚʘ, ʟʘ-

ʧʦʣʥʷʶʱʝʛʦ ʧʦʨʳ ʚʦʣʦʢʦʥ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʦʜ-

ʥʦʨʦʜʥʦʩʪʠ ʫʢʘʟʘʥʥʦʛʦ ʨʘʟʤʝʨʘ ʩʚʷʟʘʥʳ ʩ ʧʦʨʘʤʠ 

ʦʙʨʘʟʮʘ, ʘ ʥʝ ʩ ʯʘʩʪʠʮʘʤʠ ʛʨʘʬʠʪʘ. 
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ʉʧʝʢʪʨ ʂʈ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ɸʋɺ ʢʘʯʝ-

ʩʪʚʝʥʥʦ ʩʭʦʞ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʩʧʝʢʪʨʘʤʠ ʜʝ-

ʬʝʢʪʥʳʭ ʠ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʛʨʘʬʠʪʦʚ [42-49]. 

ɺ ʠʥʪʝʨʚʘʣʝ ʦʪ 800 ʜʦ 2100 ʩʤ-1 ʦʥ ʭʦʨʦʰʦ ʘʧ-

ʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʩʫʤʤʦʡ ʪʨʝʭ ʣʦʨʝʥʮʠʘʥʦʚ (G-, D- 

ʠ DË-ʧʦʣʦʩʳ) ʠ ʜʚʫʭ ʛʘʫʩʩʠʘʥʦʚ (T- ʠ DËË- ʧʦʣʦʩʳ) 

(ʨʠʩ. 4). ʉʧʝʢʪʨ ʦʙʝʨʪʦʥʦʚ, ʥʘʙʣʶʜʘʝʤʳʡ ʚ ʠʥʪʝʨ-

ʚʘʣʝ ʦʪ 2100 ʜʦ 3600 ʩʤ-1, ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 

ʚʠʜʝ ʩʫʤʤʳ ʪʨʝʭ ʣʦʨʝʥʮʠʘʥʦʚ 2D, D+G ʠ 2G (ʨʠʩ. 4, 

ʚʩʪʘʚʢʘ). 

ʇʦʣʦʩʘ G ʩʤʝʱʝʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʦʞʝ-

ʥʠʷ ʦʜʥʦʠʤʝʥʥʦʡ ʧʦʣʦʩʳ ʚ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʤ 

ʫʧʦʨʷʜʦʯʝʥʥʦʤ ʛʨʘʬʠʪʝ ʠ ʠʤʝʝʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʝʡ ʙ·ʣʴʰʫʶ ʰʠʨʠʥʫ. ɽʝ ʠʥʪʝʛʨʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʴ ʟʘʤʝʪʥʦ ʤʝʥʴʰʝ ʠʥʪʝʛʨʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦ-

ʩʪʠ ʧʦʣʦʩʳ D (ʨʠʩ. 4). ʕʪʠ ʬʘʢʪʳ ʷʚʣʷʶʪʩʷ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʤʠ ʘʨʛʫʤʝʥʪʘʤʠ ʚ ʧʦʣʴʟʫ ʥʘʥʦʤʝʪʨʠ-

ʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʜʦʤʝʥʦʚ ʛʨʘʬʠʪʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘ-

ʝʤʳʭ ɸʋɺ [42, 43]. ʆʙ ʵʪʦʤ ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫ-

ʝʪ ʥʘʣʠʯʠʝ ʚ ʩʧʝʢʪʨʝ ʦʙʝʨʪʦʥʦʚ ʩʤʝʰʘʥʥʦʡ ʧʦʣʦ-

ʩʳ D+G [47-49]. ɺʦʟʤʦʞʥʦʩʪʴ ʦʧʠʩʘʥʠʷ ʦʙʝʨʪʦ-

ʥʦʚ 2D ʠ 2G ʦʪʜʝʣʴʥʳʤʠ ʣʦʨʝʥʮʠʘʥʘʤʠ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʝʪ ʦ ʪʫʨʙʦʩʪʨʘʪʥʦʡ ʫʧʘʢʦʚʢʝ ʩʣʦʝʚ ʚ ʥʘʥʦʛʨʘ-

ʬʠʪʘʭ [47-49]. ʅʘʣʠʯʠʝ ʚ ʩʧʝʢʪʨʝ T - ʠ DËË-ʧʦʣʦʩ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʦʙʨʘʟʮʘʭ ʥʝʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʘʤʦʨʬʥʦʛʦ ʫʛʣʝʨʦʜʘ [43, 46]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʝ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʂʈ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʠʟʘ ʧʨʦʬʠʣʷ ʰʠ-

ʨʦʢʦʫʛʣʦʚʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʠ ʚʤʝʩʪʝ ʩ 

ʜʘʥʥʳʤʠ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʘʣʠʯʠʝ ʚ ɸʋɺ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʡ 

ʩʠʩʪʝʤʳ ʪʫʨʙʦʩʪʨʘʪʥʳʭ ʥʘʥʦʛʨʘʬʠʪʦʚ, ʢʦʪʦʨʳʝ 

ʦʪʜʝʣʝʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘʥʦʨʘʟʤʝʨʥʳʤʠ ʧʦʨʘʤʠ 

ʠ, ʯʘʩʪʠʯʥʦ, ʘʤʦʨʬʥʦʡ ʬʘʟʦʡ ʫʛʣʝʨʦʜʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʠʩʭʦʜ-

ʥʳʭ ɸʋɺ (ʨʠʩ. 5, ʪʦʯʢʠ 1) ʤʦʞʥʦ ʘʧʧʨʦʢʩʠʤʠʨʦ-

ʚʘʪʴ ʩʫʤʤʦʡ ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʠ ʜʠʘʤʘʛʥʠʪʥʦʡ ʩʦ-

ʩʪʘʚʣʷʶʱʠʭ (ʨʠʩ. 5, ʰʪʨʠʭʦʚʘʷ ʣʠʥʠʷ): 

ɢg(T) = C/(T - Ū) + ɢ0, 

ʛʜʝ ʧʦʩʪʦʷʥʥʘʷ ʂʶʨʠ C, ʪʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ Ū ʠ 

ʜʠʘʤʘʛʥʠʪʥʳʡ ʚʢʣʘʜ ʚ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ɢ0 ʨʘʚʥʳ 

1,4Ö10-5 ʩʤ3ĿʂĿʛ-1, -0,9 ʂ ʠ -0,6Ö10-6 ʩʤ3Ŀʛ-1, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ. ʇʦʣʘʛʘʷ, ʯʪʦ ʧʘʨʘʤʘʛʥʝʪʠʟʤ ɸʋɺ ʦʙʫ-

ʩʣʦʚʣʝʥ ʩʧʠʥʘʤʠ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʧʦ 

ʥʘʡʜʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʉ, ʠʩʧʦʣʴʟʫʷ ʝʝ ʦʧʨʝʜʝʣʝ-

ʥʠʝ [37], ʣʝʛʢʦ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʶ 

Ns~2,1Ö1019/ʩʧʠʥĿʛ-1 (ʠʣʠ 1 ʩʧʠʥ ʥʘ ~2400 ʘʪʦʤʦʚ 

ʫʛʣʝʨʦʜʘ). ʅʝʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ Ū ʠ ʝʛʦ ʦʪʨʠʮʘ-

ʪʝʣʴʥʳʡ ʟʥʘʢ ʫʢʘʟʳʚʘʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʥʘʣʠ-

ʯʠʝ, ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ, ʤʝʞʜʫ ʯʘʩʪʴʶ ʣʦʢʘʣʠʟʦ-

ʚʘʥʥʳʭ ʩʧʠʥʦʚ, ʤʘʛʥʠʪʥʦʛʦ ʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʠ ʥʘ ʝʛʦ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʫʶ ʧʨʠʨʦʜʫ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʩʠʛʥʘʣʘ ʉʈʕʇ ʧʨʦʧʦʨʮʠʦ-

ʥʘʣʴʥʘ D(EF) [37, 38, 50]. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚ ʦʙʨʘʟ-

ʮʝ ʥʘʨʷʜʫ ʩ ʧʦʜʚʠʞʥʳʤʠ ʩʧʠʥʘʤʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʠ 

ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ, ʢʦʥʮʝʥʪʨʘ-

ʮʠʷ ʢʦʪʦʨʳʭ ʠʟʚʝʩʪʥʘ, D(EF) ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʫ-

ʪʝʤ ʩʨʘʚʥʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 

ʢʦʤʧʦʥʝʥʪ ʩʧʝʢʪʨʘ ʕʇʈ. ʊʘʢʦʛʦ ʨʦʜʘ ʚʳʯʠʩʣʝʥʠʷ 

ʜʣʷ ʩʧʝʢʪʨʘ ʕʇʈ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ɸʋɺ (ʨʠʩ. 6, 

ʥʠʞʥʷʷ ʚʩʪʘʚʢʘ), ʠʩʧʦʣʴʟʫʷ ʟʥʘʯʝʥʠʝ Ns, ʦʧʨʝʜʝ-

ʣʝʥʥʦʝ ʠʟ ʠʟʤʝʨʝʥʠʡ ɢg(T) ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫ-

ʨʘʭ (ʨʠʩ. 5, ʪʦʯʢʠ 1), ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʥʠʭ D(EF) 

ʧʨʝʚʦʩʭʦʜʠʪ ʟʥʘʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʘʨʘ-

ʤʝʪʨʘ ʚ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʫʧʦʨʷʜʦʯʝʥʥʦʤ ʛʨʘʬʠ-

ʪʝ ~ ʚ 18 ʨʘʟ. ʈʝʟʫʣʴʪʘʪ ʫʢʘʟʘʥʥʦʡ ʦʮʝʥʢʠ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʨʘʩʯʝʪʦʚ [8-10, 16] ʠ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ [3, 11-24, 15] ʵʣʝʢ-

ʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʛʨʘʬʝʥʘ ʠ ʥʘʥʦʛʨʘʬʝʥʦʚʳʭ 

ʣʝʥʪ ʚʙʣʠʟʠ ʠʭ ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʭ ʢʨʘʝʚ. ʊʝʤ ʥʝ ʤʝ-

ʥʝʝ, ʜʣʷ ʥʘʥʦʛʨʘʬʠʪʦʚ, ʩ ʧʨʠʩʫʱʝʡ ʠʭ ʧʨʦʠʩʭʦʞ-

ʜʝʥʠʶ ʛʝʦʤʝʪʨʠʝʡ ʢʨʘʝʚ, ʦʥ ʚʳʛʣʷʜʠʪ ʥʝʦʞʠʜʘʥʥʦ 

ʙʦʣʴʰʠʤ. ɺʦʟʤʦʞʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʟʠʛʟʘ-

ʛʦʦʙʨʘʟʥʘʷ ʬʦʨʤʘ ʢʨʘʝʚ ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠ 

ʙʦʣʝʝ ʚʳʛʦʜʥʦʡ, ʯʝʤ ʠʭ ʩʝʜʣʦʦʙʨʘʟʥʘʷ ʬʦʨʤʘ. ʊʘ-

ʢʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʠʤʝʝʪ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʦʙʦʩʥʦʚʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʫ ʛʨʘʬʝʥʦʚ [51] ʠ ʥʘʥʦ-

ʛʨʘʬʝʥʦʚ [52-54], ʚʳʨʘʱʝʥʥʳʭ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʧʦʜʣʦʞʢʘʭ, ʢʘʢ ʦʢʘʟʘʣʦʩʴ, ʢʨʘʷ ʠʤʝʶʪ ʧʨʝʠʤʫʱʝ-

ʩʪʚʝʥʥʦ ʟʠʛʟʘʛʦʦʙʨʘʟʥʫʶ ʬʦʨʤʫ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ 

ʠʟʫʯʝʥʠʠ ʤʝʪʦʜʘʤʠ ʤʠʢʨʦʩʢʦʧʠʠ ʢʨʘʝʚ ʤʥʦʛʦ-

ʘʪʦʤʥʳʭ ʚʘʢʘʥʩʠʡ ʚ ʛʨʘʬʝʥʝ ʙʳʣʘ ʟʘʬʠʢʩʠʨʦʚʘʥʘ 

ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʩʦ ʚʨʝʤʝʥʝʤ ʠʭ ʩʝʜʣʦʦʙʨʘʟʥʳʭ 

ʫʯʘʩʪʢʦʚ ʢ ʟʠʛʟʘʛʦʦʙʨʘʟʥʦʤʫ ʚʠʜʫ [55]. ʉʣʝʜʫʝʪ 

ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [56], 

ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʭ ʢʨʘʷʭ ʛʨʘʬʝʥʘ ʥʝ-

ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ ʦʧʨʝʜʝ-

ʣʝʥʥʦʛʦ ʪʠʧʘ ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʚʘʝʪ D(EF). ʀ ʥʘʢʦ-

ʥʝʮ, ʥʝʜʘʚʥʠʝ ʨʘʩʯʝʪʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ 

ʚʙʣʠʟʠ ʭʠʤʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʝʜʣʦʦʙ-

ʨʘʟʥʳʭ ʢʨʘʝʚ ʛʨʘʬʝʥʘ ʧʦʢʘʟʘʣʠ [57], ʯʪʦ ʚ ʦʧʨʝʜʝ-

ʣʝʥʥʳʭ ʩʠʪʫʘʮʠʷʭ ʦʢʦʣʦ ʥʠʭ ʪʦʞʝ ʤʦʛʫʪ ʩʪʘʙʠʣʠ-

ʟʠʨʦʚʘʪʴʩʷ ʢʨʘʝʚʳʝ ˊ-ʵʣʝʢʪʨʦʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʩ 

ʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ D(EF).  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ɢg(ʊ) ʭʣʦʨ-

ʩʦʜʝʨʞʘʱʠʭ ɸʋɺ ʭʦʨʦʰʦ ʘʧʧʨʦʢʩʠʤʠʨʫʁʪʩʷ ʚʳ-

ʨʘʞʝʥʠʝʤ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʉ, Ū ʠ ɢ0 ʨʘʚʥʳʤʠ ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ 1Ö10-5 ʩʤ3ĿʂĿʛ-1, -1,3 ʂ ʠ -0,5Ö10-6 ʩʤ3Ŀʛ-1 

(ʨʠʩ. 5, ʪʦʯʝʯʥʘʷ ʣʠʥʠʷ). ʅʘʡʜʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʉ 

ʦʪʚʝʯʘʝʪ Ns = 1,6Ö1019 ʩʧʠʥĿʛ-1 (1 ʩʧʠʥ ʥʘ ~3100 

ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ), ʯʪʦ ʥʘ ~30% ʤʝʥʴʰʝ, ʯʝʤ ʚ ʠʩ-

ʭʦʜʥʦʤ ʦʙʨʘʟʮʝ. ʆʪʤʝʪʠʤ, ʯʪʦ ʚʳʷʚʣʝʥʥʦʝ 

ʫʤʝʥʴʰʝʥʠʝ Ns ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʫʤʝʥʴʰʝʥʠ-

ʝʤ ʠʥʪʝʛʨʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʘ ʕʇʈ ʣʦ-
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ʢʘʣʠʟʦʚʘʥʥʳʭ ʩʧʠʥʦʚ ʧʨʠ ʭʣʦʨʠʨʦʚʘʥʠʠ ɸʋɺ 

(ʨʠʩ. 6, ʠʟʤʝʥʝʥʠʝ 1Ÿ2). ʇʨʠʯʠʥʦʡ ʫʤʝʥʴʰʝʥʠʷ 

Ns ʧʨʠ ʭʣʦʨʠʨʦʚʘʥʠʠ, ʦʯʝʚʠʜʥʦ, ʷʚʣʷʝʪʩʷ ʩʧʘʨʠ-

ʚʘʥʠʝ ʩʧʠʥʦʚ ʵʣʝʢʪʨʦʥʦʚ ʥʝʥʘʩʳʱʝʥʥʳʭ (ʚʠʩʷ-

ʯʠʭ) ů-ʦʨʙʠʪʘʣʝʡ ʢʨʘʝʚʳʭ ʘʪʦʤʦʚ ʥʘʥʦʛʨʘʬʠʪʦʚ 

ʩʦ ʩʧʠʥʘʤʠ ʵʣʝʢʪʨʦʥʦʚ 3p-ʦʨʙʠʪʘʣʝʡ ʭʣʦʨʘ. ɺ 

ʧʦʣʴʟʫ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʭʣʦʨʠʨʦʚʘʥʥʳʭ ɸʋɺ, ʥʘʨʷ-

ʜʫ ʩ ʬʠʟʠʯʝʩʢʠ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ 

ʭʣʦʨʘ, ʠ ʢʦʚʘʣʝʥʪʥʦ-ʩʚʷʟʘʥʥʳʭ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʘ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʪʘʢʞʝ ʫʧʦʤʷʥʫʪʦʝ ʚʳʰʝ ʦʪʣʠʯʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʭ ʜʝʭʣʦʨʠʨʦʚʘʥʠʷ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤ-

ʧʝʨʘʪʫʨʘʭ. ɸʥʘʣʠʟ ʩʧʝʢʪʨʦʚ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʬʦʪʦ-

ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʭʣʦʨʠʨʦʚʘʥʥʳʭ ɸʋɺ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʥʠʭ, ʧʨʝʜʧʦʣʦʞʠ-

ʪʝʣʴʥʦ ʥʘ ʧʝʨʠʬʝʨʠʠ ʥʘʥʦʛʨʘʬʠʪʦʚ, ʢʦʚʘʣʝʥʪʥʦ-

ʩʚʷʟʘʥʥʳʭ ʘʪʦʤʦʚ ʭʣʦʨʘ ʠ ʫʛʣʝʨʦʜʘ [29]. ʇʨʠʚʝ-

ʜʝʥʥʳʝ ʬʘʢʪʳ ʧʦʟʚʦʣʷʶʪ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʨʠʯʠʥʦʡ 

ʠʟʤʝʥʝʥʠʷ (ʊ2)-1 ʠ g-ʬʘʢʪʦʨʘ ʧʦʜʚʠʞʥʳʭ ʵʣʝʢʪʨʦ-

ʥʦʚ ʧʨʠ ʭʣʦʨʠʨʦʚʘʥʠʠ ɸʋɺ (ʨʠʩ. 8), ʘ ʪʘʢʞʝ ʦʪ-

ʩʫʪʩʪʚʠʷ ʩʣʘʙʦʛʦ ʤʠʥʠʤʫʤʘ ɢg(ʊ) ʚ ʯʘʩʪʠʯʥʦ ʜʝ-

ʭʣʦʨʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ (ʨʠʩ. 5, ʚʩʪʘʚʢʘ, ʪʦʯʢʠ 

2), ʷʚʣʷʝʪʩʷ ʚʦʟʤʫʱʝʥʠʝ ʢʨʘʝʚʳʭ ˊ-ʵʣʝʢʪʨʦʥʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʫʢʘʟʘʥʥʳʤʠ ʩʚʷʟʷʤʠ. ʉʦʭʨʘʥʠʚʰʠʝʩʷ 

ʧʦʩʣʝ ʭʣʦʨʠʨʦʚʘʥʠʷ ɸʋɺ ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʩʧʠʥʳ 

ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʩʣʦʷʭ ʥʘʥʦʛʨʘ-

ʬʠʪʦʚ ʠ ʥʘ ʥʝʢʦʪʦʨʳʭ ʩʚʦʙʦʜʥʳʭ ů-ʦʨʙʠʪʘʣʷʭ 

ʢʨʘʝʚʳʭ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʥʝʜʦʩʪʫʧʥʳʭ ʜʣʷ ʭʣʦ-

ʨʠʨʦʚʘʥʠʷ ʠʟ-ʟʘ ʩʪʝʨʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ. ʅʝʩʢʦʣʴʢʦ 

ʙʦʣʴʰʝʝ ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ Ū ʚ ʭʣʦʨʠʨʦʚʘʥʥʳʭ 

ɸʋɺ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ ʢʣʘʩʪʝ-

ʨʦʚ ʚ ʫʤʝʥʴʰʠʚʰʝʤʩʷ ʤʥʦʞʝʩʪʚʝ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ 

ʩʧʠʥʦʚ. ʕʪʫ ʯʘʩʪʴ ʦʙʩʫʞʜʝʥʠʷ ʙʫʜʝʪ ʫʤʝʩʪʥʦ ʟʘ-

ʚʝʨʰʠʪʴ ʩʩʳʣʢʦʡ ʥʘ ʥʝʜʘʚʥʝʝ ʩʦʦʙʱʝʥʠʝ [58] ʦ 

ʧʦʣʫʯʝʥʠʠ ʧʫʪʝʤ ʭʣʦʨʠʨʦʚʘʥʠʷ ʥʘʥʦʛʨʘʬʝʥʦʚ ʩ 

ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʤʠ ʢʨʘʷʤʠ ʮʝʣʦʛʦ ʨʷʜʘ ʠʭ ʫʩʪʦʡ-

ʯʠʚʳʭ ʢʨʘʝʚʳʭ ʢʦʚʘʣʝʥʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʭʣʦʨʦʤ. 

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʚʦʟʤʦʞʥʳʡ ʤʝʭʘʥʠʟʤ 

ʚʣʠʷʥʠʷ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʭʣʦʨʘ ʥʘ ʢʨʘʝ-

ʚʳʝ ˊ-ʵʣʝʢʪʨʦʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʥʘʥʦʛʨʘʬʠʪʦʚ. ʉʦ-

ʛʣʘʩʥʦ ʜʘʥʥʳʤ ʢʘʢ ʪʝʦʨʝʪʠʯʝʩʢʠʭ [59, 60], ʪʘʢ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ [61, 62] ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ 

ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʣʝʢʫʣʳ ʭʣʦʨʘ, ʘʜʩʦʨʙʠʨʦ-

ʚʘʥʥʳʝ ʥʘ ʛʨʘʬʝʥʝ ʠ ʥʘʥʦʛʨʘʬʝʥʦʚʳʭ ʣʝʥʪʘʭ, 

ʧʨʦʷʚʣʷʶʪ ʩʣʘʙʳʝ ʘʢʮʝʧʪʦʨʥʳʝ ʩʚʦʡʩʪʚʘ. ʈʘʩʩʯʠ-

ʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ, ʧʝʨʝʜʘʥ-

ʥʦʛʦ ʢ ʥʠʤ ʦʪ ʫʛʣʝʨʦʜʥʦʡ ʩʝʪʢʠ, ʟʘʚʠʩʷʪ ʦʪ ʤʝʩʪʦ-

ʧʦʣʦʞʝʥʠʷ ʠ ʦʨʠʝʥʪʘʮʠʠ ʤʦʣʝʢʫʣʳ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʝʪʢʠ ʠ ʥʘʭʦʜʷʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0,01 ʜʦ 0,03 

ʵʣʝʢʪʨʦʥʘ ʥʘ ʦʜʥʫ ʤʦʣʝʢʫʣʫ [59-62]. ɼʣʷ ʠʟʚʝʩʪ-

ʥʳʭ ʠʟ ʣʠʪʝʨʘʪʫʨʳ ʟʥʘʯʝʥʠʡ EF, ʵʥʝʨʛʠʠ ʠ ʰʠʨʠ-

ʥʳ ʧʠʢʘ ʢʨʘʝʚʳʭ ˊ-ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ [12, 

13, 15], ʦʞʠʜʘʝʤʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʪʘʢʦʛʦ ʥʝʙʦʣʴ-

ʰʦʛʦ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ D(EF) 

(ʨʠʩ. 9, ʠʟʤʝʥʝʥʠʝ ʘŸʙ), ʯʪʦ ʧʨʦʪʠʚʦʨʝʯʠʪ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ (ʨʠʩ. 6, ʚʩʪʘʚʢʘ, ʠʟʤʝʥʝʥʠʷ 

1`Ÿ2`). ʇʨʠʯʝʤ ʫʢʘʟʘʥʥʦʝ ʧʨʦʪʠʚʦʨʝʯʠʝ ʥʝʣʴʟʷ 

ʦʙʲʷʩʥʠʪʴ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʨʝʘʢʪʦʨʝ ʦʩʪʘʪʦʯʥʳʭ 

ʤʦʣʝʢʫʣ ʘʟʦʪʘ, ʧʦʩʢʦʣʴʢʫ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʫʛʣʝ-

ʨʦʜʥʦʡ ʩʝʪʢʝ ʦʥʠ ʚʝʜʫʪ ʩʝʙʷ ʠʥʝʨʪʥʦ (ʠʭ ʘʜʩʦʨʙ-

ʮʠʷ ʥʘ ʛʨʘʬʝʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʥʜʦʪʝʨʤʠʯʝ-

ʩʢʫʶ ʨʝʘʢʮʠʶ [63]).  

 

 
ʈʠʩ. 8. ɿʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʨʝʣʘʢʩʘʮʠʠ ʩʧʠʥʦʚ 1/T2 (  ́DB) 

ʠ ʩʜʚʠʛʘ g-ʬʘʢʪʦʨʘ ʥʦʩʠʪʝʣʝʡ ʪʦʢʘ ȹg (ʚʩʪʘʚʢʘ) ʚ ɸʋɺ ʦʪ 

ʢʦʣʠʯʝʩʪʚʘ (ʧʦʨʮʠʡ) ʭʣʦʨʘ n, ʚʧʫʱʝʥʥʦʛʦ ʚ ʨʝʘʢʪʦʨ ʩ ʚʘʢʫʫ-

ʤʠʨʦʚʘʥʥʳʤ ʦʙʨʘʟʮʦʤ. ȹg=g-ge, ʛʜʝ ge=2,0023 ï ʬʘʢʪʦʨ ʩʧʝʢ-

ʪʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʵʣʝʢʪʨʦʥʘ 

Fig. 8. The dependences of spin relaxation rate 1/T2 (  ́DB) and 

g-factor shift for current carriers ȹg (inset) in ACF on the amount 

of chlorine (quantity of portions n) intake to the reactor containing 

evacuated sample. ȹg=g-ge, where ge=2.0023 is spectroscopic 

splitting factor for the free electron 

 

ʇʨʠʯʠʥʦʡ ʚʳʷʚʣʝʥʥʦʛʦ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ 

ʤʝʞʜʫ ʦʞʠʜʘʝʤʳʤʠ ʠ ʥʘʙʣʶʜʘʝʤʳʤʠ ʠʟʤʝʥʝʥʠʷ-

ʤʠ D(EF) ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʥʘʥʦʛʨʘʬʠʪʦʚ ʩ ʘʜ-

ʩʦʨʙʠʨʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʭʣʦʨʘ ʤʦʞʝʪ ʙʳʪʴ 

ʩʧʠʥʦʚʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʢʨʘʝʚʳʭ ˊ-ʵʣʝʢʪʨʦʥʥʳʭ 

ʩʦʩʪʦʷʥʠʡ (ʨʠʩ. 9, ʠʟʤʝʥʝʥʠʝ ʙŸʚ), ʠʥʠʮʠʠʨʦʚʘʥ-

ʥʦʝ ʫʩʠʣʝʥʠʝʤ ʵʣʝʢʪʨʦʥ-ʵʣʝʢʪʨʦʥʥʳʭ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʡ ʚʩʣʝʜʩʪʚʠʝ ʫʚʝʣʠʯʝʥʠʷ D(EF) ʧʨʠ ʧʝʨʝʥʦʩʝ 

ʯʘʩʪʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʦʪ ʥʘʥʦʛʨʘʬʠʪʦʚ ʢ 

ʘʜʩʦʨʙʘʪʫ. ɼʘʥʥʦʝ ʦʙʲʷʩʥʝʥʠʝ ʧʨʠʨʦʜʳ ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʤʳʭ ʠʟʤʝʥʝʥʠʡ D(EF) ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʪʝʦ-

ʨʝʪʠʯʝʩʢʠʭ ʧʨʝʜʩʢʘʟʘʥʠʷʭ [3, 16, 56] ʠ ʨʷʜʝ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ [17-19, 56] ʩʧʠʥʦʚʦʛʦ 

ʨʘʩʱʝʧʣʝʥʠʷ ʢʨʘʝʚʳʭ ˊ-ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ. 

ʊʘʢ, ʧʨʠ ʠʟʫʯʝʥʠʠ ʤʝʪʦʜʘʤʠ ʟʦʥʜʦʚʦʡ ʤʠʢʨʦʩʢʦ-

ʧʠʠ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʘʪʦʤʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʭʠ-

ʤʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʭ 

ʢʨʘʝʚ ʩʦʪʦʚʠʜʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʩʪʨʫʢʪʫʨ ʙʳʣʠ ʚʳ-

ʷʚʣʝʥʳ ʜʚʫʭʧʠʢʦʚʳʡ ʚʠʜ D(E) ʚʙʣʠʟʠ EF ʠ ʤʝʥʴ-

ʠhʝ, ʯʝʤ ʚ ʠʩʭʦʜʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʟʥʘʯʝʥʠʷ D(EF) 

[17-19]. ʕʪʠ ʜʘʥʥʳʝ ʘʚʪʦʨʳ ʦʙʲʷʩʥʠʣʠ ʩʧʠʥʦʚʳʤ 

ʨʘʩʱʝʧʣʝʥʠʝʤ ʢʨʘʝʚʳʭ p-ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ. 

ɸʥʘʣʦʛʠʯʥʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʥʘʙʣʶʜʘʣʦʩʴ ʠ ʧʨʠ 

ʧʨʝʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʠʧʘ 
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ʜʝʬʝʢʪʦʚ ʥʘ ʢʨʘʷʭ ʥʘʥʦʛʨʘʬʝʥʦʚʳʭ ʣʝʥʪ ʥʝʢʦʪʦ-

ʨʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ [56]. ʆʪʤʝʪʠʤ, ʯʪʦ 

ʚʳʷʚʣʝʥʥʦʝ ʥʘʤʠ ʩʧʠʥʦʚʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʢʨʘʝʚʳʭ 

p-ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʥʘʥʦʛʨʘʬʠʪʦʚ ʧʦʜ ʚʦʟ-

ʜʝʡʩʪʚʠʝʤ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʭʣʦʨʘ, ʚ ʦʪ-

ʣʠʯʠʝ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʩʱʝʧʣʝʥʠʡ, ʦʙʥʘʨʫ-

ʞʝʥʥʳʭ ʠ ʠʟʫʯʝʥʥʳʭ ʚ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʨʘʙʦʪʘʭ, 

ʣʝʛʢʦ ʦʙʨʘʪʠʤʦʝ. 

 

 
ʈʠʩ. 9. ʉʭʝʤʘʪʠʯʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʢʨʘʝʚʳʭ ˊ-

ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ D(E) ʚʙʣʠʟʠ ʵʥʝʨʛʠʠ ʌʝʨʤʠ EF ʜʦ (a) 

ʠ ʧʦʩʣʝ (ʙ) ʘʜʩʦʨʙʮʠʠ ʥʘ ʥʘʥʦʛʨʘʬʠʪ ʘʢʮʝʧʪʦʨʥʳʭ ʤʦʣʝʢʫʣ, ʘ 

ʪʘʢʞʝ ʧʦʩʣʝ ʩʧʠʥʦʚʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʢʨʘʝʚʳʭ ʩʦʩʪʦʷʥʠʡ (ʚ) 

Fig. 9. Schematic representations of the density of edge -́

electronic states D(E) near Fermi level EF before (ʘ) and after (ʙ) 

adsorption of acceptor molecules on the nanographite, as well as 

after spin splitting of the edge states (ʚ) 

ɺʓɺʆɼʓ 

ʇʦʣʠʘʢʨʠʣʦʥʠʪʨʠʣʴʥʳʝ ɸʋɺ ʩʦʜʝʨʞʘʪ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʫʶ ʩʠʩʪʝʤʫ ʥʘʥʦʛʨʘʬʠʪʦʚ, ʢʦʪʦ-

ʨʳʝ ʩʦʩʪʦʷʪ ʚ ʩʨʝʜʥʝʤ ʠʟ 3-4 ʪʫʨʙʦʩʪʨʘʪʥʦ-

ʫʧʘʢʦʚʘʥʥʳʭ ʥʘʥʦʛʨʘʬʝʥʦʚ ʠ ʦʪʜʝʣʝʥʳ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ ʥʘʥʦʨʘʟʤʝʨʥʳʤʠ ʧʦʨʘʤʠ ʠ/ʠʣʠ ʘʤʦʨʬʥʦʡ 

ʬʘʟʦʡ ʫʛʣʝʨʦʜʘ. ɺ ʥʘʥʦʛʨʘʬʠʪʘʭ ʩʫʱʝʩʪʚʫʶʪ ʩʧʝ-

ʮʠʬʠʯʝʩʢʠʝ ʢʨʘʝʚʳʝ ˊ-ʵʣʝʢʪʨʦʥʥʳʝ ʩʦʩʪʦʷʥʠʷ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʝʪʝʨʧʝʪʴ ʦʙʨʘʪʠʤʦʝ (ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʠʭ ʚʘʢʫʫʤʠʨʦʚʘʥʠʷ) ʩʧʠʥʦʚʦʝ ʨʘʩʱʝʧʣʝ-

ʥʠʝ, ʠʥʠʮʠʠʨʦʚʘʥʥʦʝ ʧʝʨʝʜʘʯʝʡ ʯʘʩʪʠ ʵʣʝʢʪʨʦʥ-

ʥʦʡ ʧʣʦʪʥʦʩʪʠ ʦʪ ʫʛʣʝʨʦʜʥʦʡ ʩʝʪʢʠ ʢ ʘʜʩʦʨʙʠʨʦ-

ʚʘʥʥʳʤ ʤʦʣʝʢʫʣʘʤ ʭʣʦʨʘ. ʅʘʩʳʱʝʥʠʝ ʩʚʦʙʦʜʥʳʭ 

(ʚʠʩʷʯʠʭ) ů-ʦʨʙʠʪʘʣʝʡ ʢʨʘʝʚʳʭ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ 

3p-ʵʣʝʢʪʨʦʥʘʤʠ ʭʣʦʨʘ ʥʝ ʨʘʟʨʫʰʘʝʪ ʢʨʘʝʚʳʝ ˊ-

ʵʣʝʢʪʨʦʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʠ ʥʝ ʠʥʠʮʠʠʨʫʝʪ ʠʭ ʩʧʠ-

ʥʦʚʦʝ ʨʘʩʱʝʧʣʝʥʠʝ, ʦʜʥʘʢʦ ʦʙʨʘʟʫʶʱʠʝʩʷ ʢʦʚʘ-

ʣʝʥʪʥʳʝ ʩʚʷʟʠ ʠʟʤʝʥʷʶʪ ʥʝʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʠ ʥʦʩʠʪʝʣʝʡ ʪʦʢʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩ-

ʰʠʨʷʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʚʦʟʤʦʞʥʳʭ ʤʝʭʘʥʠʟʤʘʭ 

ʚʣʠʷʥʠʷ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʥʘ ʩʚʦʡʩʪʚʘ 

ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʤʦʛʫʪ 

ʙʳʪʴ ʧʦʣʝʟʥʳ ʢʘʢ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʦʨʠʠ ʭʠʤʠʯʝ-

ʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ, ʪʘʢ ʠ ʨʝʰʝʥʠʠ 

ʧʨʦʙʣʝʤ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ɸʚʪʦʨʳ ʙʣʘʛʦʜʘʨʥʳ ʢ.ʭ.ʥ. ɺ.ʇ. ɹʝʨʚʝʥʦ 

(ʂʌ ʀʍʊʊʠʄʍ ʉʆ ʈɸʅ, ʛ. ʂʝʤʝʨʦʚʦ) ʠ ʥ.ʩ.  

ɺ.ɺ. ʂʘʡʥʘʨʘ (ʀʍ ɼɺʆ ʈɸʅ, ʛ. ɺʣʘʜʠʚʦʩʪʦʢ) ʟʘ 
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BEHAVIOR OF CARBON  AND URANIUM AT RADI OACTIVE GRAPHITE HEA TING  

IN WATER VAPOR. THER MODYNAMIC MODELING  

The behavior of radioactive graphite was studied by the method of thermodynamic model-

ing at high temperature in water vapor. The distribution of radioactive carbon and uranium on 

phase states is given. 
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ɺɺɽɼɽʅʀɽ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʠʨʝ ʩʫʱʝʩʪʚʫʝʪ 5 

ʪʠʧʦʚ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ. ʕʪʦ ʨʝʘʢʪʦʨ ɺɺʕʈ (ʚʦ-

ʜʦ-ʚʦʜʷʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʨʝʘʢʪʦʨ), ʈɹʄʂ (ʨʝʘʢ-

ʪʦʨ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ ʢʘʥʘʣʴʥʳʡ), ʨʝʘʢʪʦʨ ʥʘ 

ʪʷʞʝʣʦʡ ʚʦʜʝ, ʨʝʘʢʪʦʨ ʩ ʰʘʨʦʚʦʡ ʟʘʩʳʧʢʦʡ ʠ ʛʘʟʦ-

ʚʳʤ ʢʦʥʪʫʨʦʤ, ʨʝʘʢʪʦʨ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʈʦʩʩʠʠ ʨʝʘʢʪʦʨʳ ʥʘ 

ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʘʭ, ʚ ʢʦʪʦʨʳʭ ʟʘʤʝʜʣʠʪʝʣʝʤ ʠ 

ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ ʷʚʣʷʝʪʩʷ ʦʙʳʯʥʘʷ ʚʦʜʘ (ɺɺʕʈ) ʠ 

ʚʦʜʦʛʨʘʬʠʪʦʚʳʝ ʨʝʘʢʪʦʨʳ, ʚ ʢʦʪʦʨʳʭ ʚ ʢʘʯʝʩʪʚʝ 

ʟʘʤʝʜʣʠʪʝʣʷ ʚʳʩʪʫʧʘʝʪ ʛʨʘʬʠʪ [1].  

ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 2016 ʛ ʚ ʈʦʩʩʠʠ ʵʢʩʧʣʫʘ-

ʪʠʨʫʝʪʩʷ 11 ʵʥʝʨʛʦʙʣʦʢʦʚ ʩ ʈɹʄʂ-1000 ʥʘ ʪʨʝʭ 

ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ: ʂʫʨʩʢʦʡ, ʃʝʥʠʥʛʨʘʜ-

ʩʢʦʡ, ʉʤʦʣʝʥʩʢʦʡ [1].  

ʅʘʜʝʞʥʦʩʪʴ ʛʨʘʬʠʪʦʚʦʡ ʢʣʘʜʢʠ ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʨʘʙʦʪʳ ɸʕʉ (ʘʪʦʤʥʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ).  

ʆʩʦʙʦ ʦʧʘʩʥʳʤʠ ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʚʝʱʝ-

ʩʪʚʘʤʠ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʤʠ ʚ ʨʝʘʢʪʦʨʥʦʤ ʛʨʘʬʠʪʝ, 

ʷʚʣʷʶʪʩʷ ʠʟʦʪʦʧʳ ʫʨʘʥʘ. 

ʇʨʠʨʦʜʥʳʡ ʫʨʘʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ 

ʪʨʝʭ ʠʟʦʪʦʧʦʚ: 234U(0,006%), 235U(0,7%), 238U(99,3%). 

ʀʟʚʝʩʪʥʳ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʠʟʦʪʦʧʳ 

ʩ ʤʘʩʩʦʚʳʤʠ ʯʠʩʣʘʤʠ 227-240 [2]. 

ʋʨʘʥ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ 

ʩʳʨʴʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʷʜʝʨʥʦʛʦ ʛʦʨʶʯʝʛʦ. 

ʇʝʨʠʦʜʳ ʧʦʣʫʨʘʩʧʘʜʘ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʫʨʘ-

ʥʘ ʩʦʩʪʘʚʣʷʶʪ 4,468Ā10-9 ʣʝʪ ʜʣʷ 238U, 2,342Ā10-7 

ʣʝʪ ʜʣʷ 236U, 7,038Ā10-8 ʣʝʪ 235U. 

ɺʝʣʠʯʠʥʘ ʚʩʘʩʳʚʘʥʠʷ ʫʨʘʥʘ ʚ ʦʨʛʘʥʠʟʤ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʫʪʷʭ ʧʦʩʪʫʧʣʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩ-
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ʪʚʦʨʠʤʦʩʪʠ ʝʛʦ ʩʦʝʜʠʥʝʥʠʡ. ʋ ʚʟʨʦʩʣʳʭ ʣʶʜʝʡ ʚ 

ʦʨʛʘʥʠʟʤʝ ʟʘʜʝʨʞʠʚʘʝʪʩʷ ʚ ʩʨʝʜʥʝʤ 1,1%, ʫ ʧʦʜ-

ʨʦʩʪʢʦʚ 1,8% ʩʫʪʦʯʥʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ [2]. 

ʆʩʪʨʘʷ ʠ ʭʨʦʥʠʯʝʩʢʘʷ ʠʥʪʦʢʩʠʢʘʮʠʷ ʭʘ-

ʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʣʠʪʨʦʧʥʳʤ ʜʝʡʩʪʚʠʝʤ ʫʨʘʥʘ ʥʘ 

ʨʘʟʣʠʯʥʳʝ ʦʨʛʘʥʳ ʠ ʩʠʩʪʝʤʳ. ʈʘʩʪʚʦʨʠʤʳʝ ʠ ʥʝ-

ʨʘʩʪʚʦʨʠʤʳʝ ʩʦʝʜʠʥʝʥʠʷ ʫʨʘʥʘ ʚʳʟʳʚʘʶʪ ʦʜʥʦ-

ʪʠʧʥʳʡ ʭʘʨʘʢʪʝʨ ʧʦʨʘʞʝʥʠʷ, ʨʘʟʥʠʮʘ ʟʘʢʣʶʯʘʝʪʩʷ 

ʣʠʰʴ ʚ ʩʢʦʨʦʩʪʠ ʠʥʪʦʢʩʠʢʘʮʠʠ ʠ ʩʪʝʧʝʥʠ ʪʷʞʝʩʪʠ 

ʧʦʨʘʞʝʥʠʷ. ɺ ʨʘʥʥʠʝ ʩʨʦʢʠ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʝʦʙʣʘ-

ʜʘʝʪ ʭʠʤʠʯʝʩʢʘʷ ʪʦʢʩʠʯʥʦʩʪʴ ʵʣʝʤʝʥʪʘ, ʚ ʧʦʟʜʥʠʡ 

ʧʝʨʠʦʜ ʦʢʘʟʳʚʘʝʪ ʜʝʡʩʪʚʠʝ ʨʘʜʠʘʮʠʦʥʥʳʡ ʬʘʢʪʦʨ. 

ʇʨʠ ʜʣʠʪʝʣʴʥʦʤ ʧʦʩʪʫʧʣʝʥʠʠ ʚ ʦʨʛʘʥʠʟʤ ʪʨʫʜʥʦ-

ʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʫʨʘʥʘ, ʢʦʛʜʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʫʨʘʥʘ ʢʘʢ Ŭ-ʠʟʣʫʯʘʪʝʣʷ, 

ʨʘʟʚʠʚʘʝʪʩʷ ʭʨʦʥʠʯʝʩʢʘʷ ʣʫʯʝʚʘʷ ʙʦʣʝʟʥʴ [2]. 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʧʦʚʝʜʝʥʠʝ 

ʫʛʣʝʨʦʜʘ ʠ ʫʨʘʥʘ ʚ ʨʘʜʠʦʘʢʪʠʚʥʦʤ ʛʨʘʬʠʪʝ ʧʨʠ 

ʝʛʦ ʥʘʛʨʝʚʘʥʠʠ ʚ ʧʘʨʘʭ ʚʦʜʳ. ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠ-

ʣʠʩʴ ʤʝʪʦʜʦʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ʊʝʨʨʘ. ʄʦʜʝʣʴ ʪʝʨʤʦ-

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʥʘʫʯʥʦʡ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʧʨʠ ʠʟʫʯʝ-

ʥʠʠ ʧʦʚʝʜʝʥʠʷ ʩʣʦʞʥʳʭ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ 

ʩʠʩʪʝʤ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʕʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʠʢʠ ʥʝ ʚʩʝʛʜʘ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫ-

ʯʠʪʴ ʜʦʩʪʦʚʝʨʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʩʚʦʡʩʪʚʘʭ ʠ ʧʦʚʝʜʝ-

ʥʠʠ ʚʝʱʝʩʪʚ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʩʚʷʟʠ ʩʦ 

ʩʣʦʞʥʦʩʪʴʶ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʦʚ ʠ ʦʰʠʙʢʘʤʠ ʠʟ-

ʤʝʨʝʥʠʡ. ʇʨʦʛʨʘʤʤʘ ʊʝʨʨʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ 

ʨʘʩʯʝʪʘ ʩʦʩʪʘʚʘ ʬʘʟ, ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʪʨʘʥʩ-

ʧʦʨʪʥʳʭ ʩʚʦʡʩʪʚ ʧʨʦʠʟʚʦʣʴʥʳʭ ʩʠʩʪʝʤ ʩ ʭʠʤʠʯʝ-

ʩʢʠʤʠ ʠ ʬʘʟʦʚʳʤʠ ʧʨʝʚʨʘʱʝʥʠʷʤʠ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʝʜʝʣʴʥʦ ʨʘʚʥʦʚʝʩʥʳʝ ʩʦʩʪʦʷʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ. ɺ ʧʨʦ-

ʛʨʘʤʤʫ ʜʣʷ ʨʘʙʦʪʳ ʩ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳʤʠ ʧʨʦ-

ʩʪʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʚʩʪʨʦʝʥʘ ʧʨʦʩʪʘʷ, ʦʪʢʨʳʪʘʷ 

ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʙʘʟʘ ʜʘʥʥʳʭ [3-11].  

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦ-

ʚʦʜʠʣʦʩʴ ʚ ʧʘʨʘʭ ʚʦʜʳ ʧʨʠ ʥʘʯʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ ï 

0,98Ŀ105 ʇʘ. ʅʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ï 373 ʂ, ʢʦ-

ʥʝʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ï 3273 ʂ. ʊʝʤʧʝʨʘʪʫʨʘ ʠʟʤʝ-

ʥʷʣʘʩʴ ʩ ʰʘʛʦʤ ʚ 100 ʂ. ʉʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ ʚ 

ʩʠʩʪʝʤʝ ʩʦʩʪʘʚʣʷʣʦ 5 ʛ, ʚʦʜʳ ï 15 ʛ ʠ ʫʨʘʥʘ ï 

0,00058 ʛ. ʂʦʣʠʯʝʩʪʚʦ ʟʘʛʨʫʞʘʝʤʳʭ ʚ ʧʨʦʛʨʘʤʤʫ 

ʚʝʱʝʩʪʚ ʦʧʨʝʜʝʣʷʣʦʩʴ, ʠʩʭʦʜʷ ʠʟ ʧʨʠʤʝʨʥʦʛʦ ʩʦ-

ʜʝʨʞʘʥʠʷ ʦʙʨʘʟʮʘ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʛʨʘʬʠʪʘ ʚʦʜʦ-

ʛʨʘʬʠʪʦʚʦʛʦ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ. ʈʝʟʫʣʴʪʘʪʳ ʪʝʨ-

ʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʫʛʣʝʨʦʜʘ ʧʦ ʬʘʟʦʚʳʤ ʩʦ-

ʩʪʦʷʥʠʷʤ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʝ ʧʨʝʜʩʪʘʚʣʝ-

ʥʦ ʥʘ ʨʠʩ. 1. ɼʦ ʪʝʤʧʝʨʘʪʫʨʳ 873 ʂ ʚʝʩʴ ʫʛʣʝʨʦʜ 

ʥʘʭʦʜʠʪʩʷ ʚ ʛʘʟʦ-ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʬʘʟʝ ʚ ʚʠʜʝ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʫʛʣʝʨʦʜʘ, ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, 

ʤʝʪʘʥʘ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚ ʩʠʩʪʝʤʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʦʣʴʢʦ ʛʘʟʦʦʙʨʘʟʥʘʷ ʬʘʟʘ. 

ʄʝʪʘʥ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʭʦʜʠʪ ʚ ʫʛʘʨʥʳʡ ʛʘʟ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1073 ʂ. ɺ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʦʪ 1073 ʜʦ 3273 ʂ ʚʝʩʴ ʫʛʣʝʨʦʜ ʥʘʭʦʜʠʪʩʷ ʚ ʚʠʜʝ 

ʫʛʘʨʥʦʛʦ ʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ.  
 

 
ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʫʛʣʝʨʦʜʘ ʧʦ ʬʘʟʦʚʳʤ ʩʦʩʪʦʷʥʠʷʤ:  

1 ï ʉ(ʢʦʥʜ.); 2 ï CH4; 3 ï CO2; 4 ï CO 

Fig. 1. Distribution of carbon on phase states: 1 ï ʉ(cond.);  

2 ï CH4; 3 ï CO2; 4 ï CO 

 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʫʨʘʥʘ ʧʦ ʬʘʟʦʚʳʤ ʩʦʩʪʦʷ-

ʥʠʷʤ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2. ɼʦ ʪʝʤʧʝʨʘʪʫʨʳ 

1673 ʂ ʫʨʘʥ ʥʘʭʦʜʠʪʩʷ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʬʘʟʝ. 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 873 ʂ ʠʩʯʝʟʘʝʪ ʢʦʥʜʝʥʩʠʨʦʚʘʥ-

ʥʳʡ UO2Cl5. ɺ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 873 ʜʦ 

1673 ʂ ʫʨʘʥ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʠʜʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥ-

ʥʳʭ UO2 ʠ CaUO4. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʚʝʜʝʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʘʨʦ-ʢʦʥʜʝʥʩʠʨʦ-

ʚʘʥʥʦʡ ʬʘʟʳ: UO2(ʢʦʥʜ.), UO3, UO2, UO3
-, UO2

+. 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ 1973 ʜʦ 3273 ʂ ʫʨʘʥ ʥʘʭʦʜʠʪ-

ʩʷ ʚ ʧʘʨʦʚʦʡ ʬʘʟʝ ʚ ʚʠʜʝ ʪʨʠʦʢʩʠʜʘ ʫʨʘʥʘ, ʜʠʦʢ-

ʩʠʜʘ ʫʨʘʥʘ ʠ ʠʦʥʠʟʠʨʦʚʘʥʥʳʭ UO3
-, UO2

+. 

 

 
ʈʠʩ. 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʫʨʘʥʘ ʧʦ ʬʘʟʦʚʳʤ ʩʦʩʪʦʷʥʠʷʤ:  

1 ï UO2(ʢʦʥʜ.); 2 ï UO2Cl5(ʢʦʥʜ.); 3 ï CaUO4(ʢʦʥʜ.); 4 ï UO3; 

5 ï UO3
-; 6 ï UO2

+; 7 ï UO2 

Fig. 2. Distribution of uranium on phase states: 1 ï UO2(cond.); 

2 ï UO2Cl5(cond.); 3 ï CaUO4(cond.); 4 ï UO3; 5 ï UO3
-;  

6 ï UO2
+; 7 ï UO2 
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ʈɽɿʋʃʔʊɸʊʓ ʀ ʀʍ ʆɹʉʋɾɼɽʅʀɽ 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝ-

ʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʜʝʣʠʤ ʯʝʪʳʨʝ ʪʝʤʧʝʨʘ-

ʪʫʨʥʳʭ ʠʥʪʝʨʚʘʣʘ ʧʦʚʝʜʝʥʠʷ ʫʨʘʥʘ ʠ ʫʛʣʝʨʦʜʘ ʚ 

ʚʠʜʝ ʪʘʙʣʠʮʳ.  
 

ʊʘʙʣʠʮʘ 

ʌʘʟʦʚʳʝ ʩʦʩʪʦʷʥʠʷ ʫʨʘʥʘ ʠ ʫʛʣʝʨʦʜʘ ʚ ʪʝʤʧʝʨʘʪʫʨ-

ʥʳʭ ʠʥʪʝʨʚʘʣʘʭ (ʚ ʧʘʨʘʭ ʚʦʜʳ) 

Table. Phase states of uranium and carbon in the tem-

perature intervals (in water vapor) 

ʊʝʤʧʝʨʘʪʫʨʘ 
ʌʘʟʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʵʣʝʤʝʥʪʘ 

ʫʨʘʥ ʫʛʣʝʨʦʜ 

373-873 ʂ 
ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʝ 

ʛʘʟʦ-

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʝ 

873-1673 ʂ 

ʛʘʟʦʦʙʨʘʟʥʦʝ 1673-1973 ʂ 
ʧʘʨʦ-

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʝ 

1973-3273 ʂ ʧʘʨʦʦʙʨʘʟʥʦʝ 

 

ʉʦʛʣʘʩʥʦ ʪʘʙʣʠʮʝ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨ-

ʚʘʣʝ 373-873 ʂ ʫʨʘʥ ʥʘʭʦʜʠʪʩʷ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥ-

ʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʚʠʜʝ ʜʠʦʢʩʠʜʘ ʫʨʘʥʘ, ʘ ʫʛʣʝʨʦʜ ï ʚ 

ʛʘʟʦ-ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʚʠʜʝ ʉ(ʢʦʥʜ.), 

CO2, CH4, CO. ɺ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 873-1673 

ʂ ʫʨʘʥ ʥʘʭʦʜʠʪʩʷ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʚ ʚʠʜʝ: UO2, CaUO4, ʘ ʫʛʣʝʨʦʜ ʧʝʨʝʭʦʜʠʪ ʚ ʛʘʟʦʦʙ-

ʨʘʟʥʦʝ ʩʦʩʪʦʷʥʠʝ ʟʘ ʩʯʝʪ ʩʞʠʛʘʥʠʷ ʢʦʥʜʝʥʩʠʨʦ-

ʚʘʥʥʦʛʦ C. ɺ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 1673-1973 ʂ 

ʫʨʘʥ ʥʘʭʦʜʠʪʩʷ ʚ ʧʘʨʦ-ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷ-

ʥʠʠ, ʚ ʚʠʜʝ: UO2(ʢʦʥʜ.), UO3, UO2, UO3
-, UO2

+. ɺ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 1973-3273 ʂ ʫʨʘʥ ʧʨʠ-

ʩʫʪʩʪʚʫʝʪ ʚ ʚʠʜʝ ʧʘʨʘ: UO3, UO2, UO3
-, UO2

+. 

ɺʓɺʆɼʓ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ 

ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʫʨʘʥ 

ʥʘʭʦʜʠʪʩʷ ʚ ʚʠʜʝ ʪʨʠʦʢʩʠʜʘ ʫʨʘʥʘ, ʜʠʦʢʩʠʜʘ ʫʨʘʥʘ 

ʠ ʠʦʥʠʟʠʨʦʚʘʥʥʳʭ UO3
-, UO2

+, ʫʛʣʝʨʦʜ ʚ ʚʠʜʝ 

ʫʛʘʨʥʦʛʦ ʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. ʇʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʘʥʥʳʝ ʥʝʦʙ-

ʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʚʦʟʤʦʞʥʳʭ 

ʘʚʘʨʠʡ ʥʘ ʘʪʦʤʥʳʭ ʨʝʘʢʪʦʨʘʭ ʪʠʧʘ ɺɺʕʈ, ʈɹʄʂ 

ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʜʘʥʥʳʡ ʨʘʜʠʦʘʢʪʠʚʥʳʡ ʛʘʟ ʤʦʞʝʪ 

ʙʳʪʴ ʧʝʨʝʥʝʩʝʥ ʚ ʦʢʨʫʞʘʶʱʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ.  
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ɽʢʘʪʝʨʠʥʙʫʨʛ: ʋʨʌʋ. 2014. ʉ. 276-282. 

R E F E R E N C E S 

1. Rosatom: The product ion of e lectr ic i ty.  URL: 

http://www.rosatom.ru (date of access: 18.01.2016). 

2. Bazhenov V.A., Buldakov L.A., Vasilenko I.Ya., Zhurav-

lev V.F., Zaikina T.I ., Kalistratova V.S., Moskalev Yu.I., 

Osipov V.A., Stepanov S.V., Filov V.A. Harmful chemi-

cals. Radioactive substances. L.: Khimiya. 1990. 464 p. (in 

Russian). 

3. Belov G.V., Trusov B.G. Thermodynamic modeling of 

chemically reacting systems. ʄ.: MGTU named by N.E. Bau-

man. 2013. 96 p. (in Russian). 

4. Barbin N.M., Kobelev A.M., Terent'ev D.I., Alekseev S.G. 

Pozharovzryvobezopastnost. 2014. V. 23. N 10. P. 38-47 (in 

Russian). 

5. Kobelev A.M., Barbin N.M., Terent'ev D.I., Alekseev S.G. 

Calculation of heat-physical properties at heating system ra-

dioactive graphite-water vapor. Abstract of presentation of. 

XXXI All -Russia Conference çSibirskiy teplofizicheskiy 

seminarè. Novosibirsk: Institut teplofiziki SO RAN. 2014. 

P. 525-527 (in Russian). 

6. Kobelev A.M., Terent'ev D.I., Barbin N.M., Alekseev S.G., 

Oparin I.D.  Tekhnosphernaya bezopastnost. 2014. N 1(2). 

P. 34-39 (in Russian). 

7. Kobelev A.M., Sidash I.A., Barbin N.M., Oparin I.D. 

Comparative analysis of uranium, plutonium and americium  

at heating radioactive graphite in medium of carbon dioxide 

or in water vapor.  Abstract of presentation of. Sci.-Pract. 

Conference çTvorcheskoe nasledie V.E. Grum-Grzhimajloè. 

Ekaterinburg: UrFU. 2014. P. 276-282 (in Russian). 

8. Kobelev A.M., Sidash I.A., Barbin N.M., Borodin A.A., 

Peshkov A.V. // Tekhnosphernaya bezopasnost. 2015. N 1(6). 

P. 27-32 (in Russian). 



Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 2016. V. 59. N 9 

 

20   ʀʟʚ. ʚʫʟʦʚ. ʍʠʤʠʷ ʠ ʭʠʤ. ʪʝʭʥʦʣʦʛʠʷ. 2016. ʊ. 59. ɺʳʧ. 9 

 

 

8. ʂʦʙʝʣʝʚ ɸ.ʄ., ʉʠʜʘʰ ʀ.ɸ., ɹʘʨʙʠʥ ʅ.ʄ., ɹʦʨʦʜʠʥ 

ɸ.ɸ., ʇʝʰʢʦʚ ɸ.ɺ. ʊʝʭʥʦʩʬʝʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ. 2015. 

ˉ 1(6). ʉ. 27-32. 

9. ɹʘʨʙʠʥ ʅ.ʄ., ʂʦʙʝʣʝʚ ɸ.ʄ., ʊʝʨʝʥʪʴʝʚ ɼ.ʀ., ɸʣʝʢ-

ʩʝʝʚ ʉ.ɻ. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʚʝʜʝ-

ʥʠ̫ ʫʨʘʥʘ, ʧʣʫʪʦʥʠʷ, ʘʤʝʨʠʮʠʷ ʠ ʝʚʨʦʧʠʷ ʧʨʠ ʛʦʨʝʥʠʠ 

ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʛʨʘʬʠʪʘ ʚ ʧʘʨʘʭ ʚʦʜʳ. ʉʙ. ʪʨ. IX ʤʝʞ-

ʜʫʥʘʨʦʜʥʦʛʦ ʩʝʤʠʥʘʨʘ ʚʫʟʦʚ ʧʦ ʪʝʧʣʦʬʠʟʠʢʝ ʠ ʵʥʝʨʛʝ-

ʪʠʢʝ. ʊ.1. ʂʘʟʘʥʴ. 2015. ʉ.71-78. 

10. ɹʘʨʙʠʥ ʅ.ʄ., ʂʦʙʝʣʝʚ ɸ.ʄ., ʊʝʨʝʥʪʴʝʚ ɼ.ʀ., ɸʣʝʢ-

ʩʝʝʚ ʉ.ɻ. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʚʝʜʝ-

ʥʠʷ Pu ʠ Am ʧʨʠ ʥʘʛʨʝʚʝ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʛʨʘʬʠʪʘ ʚ ʧʘ-

ʨʘʭ ʚʦʜʳ. ʉʙ. ʪʨʫʜʦʚ ʚʩʝʨʦʩʩʠʡʩʢʦʛʦ ʩʝʤʠʥʘʨʘ ʩ ʤʝʞ-

ʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʈʘʜʠʘʮʠʦʥʥʘʷ ʠ ʧʨʦʤʳʰʣʝʥʥʘʷ 

ʵʢʦʣʦʛʠʷè. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ. 2016. ʉ. 331-334. 

11. ɹʘʨʙʠʥ ʅ.ʄ., ʉʠʜʘʰ ʀ.ɸ., ʊʝʨʝʥʪʴʝʚ ɼ.ʀ., ɸʣʝʢʩʝʝʚ 

ʉ.ɻ. ʇʦʞʘʨʦʚʟʨʳʚʦʙʝʟʦʧʘʩʥʦʩʪʴ. 2014. ʊ. 23. ˉ 11. 

ʉ. 52-60. 

 

9. Barbin N.M., Kobelev A.M., Terent'ev D.I., Alekseev S.G. 

Thermodynamic modeling of the behavior of uranium, plu-

tonium, americium and europium in the combustion of radi-

oactive graphite in water vapor. Proceedings of the IX inter-

national seminar of universities on thermal physics and en-

ergy. V. 1. Kazan. 2015. P. 71-78 (in Russian). 

10. Barbin N.M., Kobelev A.M., Terent'ev D.I., Alekseev 

S.G. Thermodynamic simulation of the behavior of Pu and 

Am during heating of radioactive graphite in water vapor. 

Proceedings of all-Russian seminar with international par-

ticipation çRadiation and industrial ecologyè. Rostov-na-

Donu. 2016. P. 331-334 (in Russian). 

11. Barbin N.M., Sidash I.A., Terent'ev D.I., Alekseev S.G. 

Pozharovzryvobezopastnost. 2014. V. 23. N 11. P. 52-60 (in 

Russian). 

 

 

 

ʇʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 21.06.2016 

ʇʨʠʥʷʪʘ ʢ ʦʧʫʙʣʠʢʦʚʘʥʠʶ 17.08.2016 

 

Received 21.06.2016 

Accepted 17.08.2016 

 



Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 2016. V. 59. N 9 

 

ʀʟʚ. ʚʫʟʦʚ. ʍʠʤʠʷ ʠ ʭʠʤ. ʪʝʭʥʦʣʦʛʠʷ. 2016. ʊ. 59. ɺʳʧ. 9 21 

 

 

ɼʣʷ ʮʠʪʠʨʦʚʘʥʠʷ: 

ɹʣʘʛʦʚ ʄ.ɸ., ʉʧʠʮʳʥʘ ʅ.ɻ., ʂʦʥʦʚʘʣʠʭʠʥ ʉ.ɺ. ʉʦʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʬʫʣʣʝʨʝʥʦʚ ʉ60 ʠ ʉ70 ʚ ʢʨʠʩʪʘʣʣʦʩʦʣʴʚʘʪʝ 

[(C70)X+(ʉ60)Y]ÖTMTSeFÖ2(C6h6) (ʭ+ʫ = 3). ʀʟʚ. ʚʫʟʦʚ. ʍʠʤʠʷ ʠ ʭʠʤ. ʪʝʭʥʦʣʦʛʠʷ. 2016. ʊ. 59. ɺʳʧ. 9. ʉ. 21-24. 

For citation:  

Blagov M.A., Spitsina N.G., Konovalikhin S.V. Co-crystallization of C60 and ʉ70 fullerenes in crystal-solvate 

[(C70)x+(ʉ60)y]Ŀ TMTSeFĿ2(C6H6) (ʭ+ʫ=3). Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 2016. V. 59. N 9. P. 21-24. 

 

 

ʋɼʂ 539.26;542.91 

ʄ.ɸ. ɹʣʘʛʦʚ, ʅ.ɻ. ʉʧʠʮʳʥʘ, ʉ.ɺ. ʂʦʥʦʚʘʣʠʭʠʥ 

ʄʘʢʩʠʤ ɸʥʜʨʝʝʚʠʯ ɹʣʘʛʦʚ ( ) 

ʌʘʢʫʣʴʪʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʠʥʞʝʥʝʨʠʠ, ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠ-

ʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʃʝʥʠʥʩʢʠʝ ʛʦʨʳ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, 119991 

ʃʘʙʦʨʘʪʦʨʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ ʠ ʤʘʛʥʝʪʠʢʦʚ, ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʈɸʅ, 

ʧʨʦʩʧ. ʘʢʘʜ. ʉʝʤʝʥʦʚʘ, 1, ʏʝʨʥʦʛʦʣʦʚʢʘ, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, 142432 

E-mail: spitsina@icp.ac.ru ( ) 

ʅʘʪʘʣʴʷ ɻʝʨʤʘʥʦʚʥʘ ʉʧʠʮʳʥʘ 

ʃʘʙʦʨʘʪʦʨʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ ʠ ʤʘʛʥʝʪʠʢʦʚ, ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʈɸʅ, 

ʧʨʦʩʧ. ʘʢʘʜ. ʉʝʤʝʥʦʚʘ, 1, ʏʝʨʥʦʛʦʣʦʚʢʘ, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, 142432 

E-mail: spitsina@icp.ac.ru  

ʉʝʨʛʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ ʂʦʥʦʚʘʣʠʭʠʥ 

ʃʘʙʦʨʘʪʦʨʠʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʀʥʩʪʠʪʫʪ ʩʪʨʫʢʪʫʨʥʦʡ ʤʘʢʨʦʢʠʥʝʪʠʢʠ ʠ ʧʨʦʙʣʝʤ ʤʘ-

ʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʈɸʅ, ʫʣ. ʘʢʘʜ. ʆʩʠʧʴʷʥʘ, 8, ʏʝʨʥʦʛʦʣʦʚʢʘ, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, 

142432 

E-mail: ksv17@ism.ac.ru 

 

ʉʆʂʈʀʉʊɸʃʃʀɿɸʎʀʗ ʌʋʃʃɽʈɽʅʆɺ ʉ60 ʀ ʉ70 ɺ ʂʈʀʉʊɸʃʃʆʉʆʃʔɺɸʊɽ 

[(C70)X+(ʉ60)Y]ÖTMTSeFÖ2(C6H6) (ʭ+ʫ = 3) 

ʀʟʫʯʝʥʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ [70]ʬʫʣʣʝʨʝʥʘ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤ p-ʜʦʥʦʨʦʤ ʵʣʝʢʪʨʦ-

ʥʦʚ ʪʝʪʨʘʤʝʪʠʣʪʝʪʨʘʩʝʣʝʥʘʬʫʣʴʚʘʣʝʥʦʤ (TMTSʝF) ʚ ʙʝʥʟʦʣʝ (ʉ6ʅ6). ʉʦʧʦʩʪʘʚʣʝʥʠʝʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʨʘʩʯʝʪʥʳʭ ʨʝʥʪʛʝʥʦʛʨʘʤʤ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʥʘʤʠ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ʩʦʩʪʘʚʘ [(C70)ʭ+(ʉ60)ʫ]ÖTMTSeFÖ2(C6H6) (ʭ+ʫ = 3) (1) ʩʦʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ 

ʬʫʣʣʝʨʝʥʳ ʉ70 ʠ C60. ɼʘʥʥʳʝ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ 

ʢʨʠʩʪʘʣʣʦʚ 1 ʫʢʘʟʳʚʘʶʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʥʘ ʤʦʣʝʢʫʣʫ ʬʫʣʣʝʨʝʥʘ ʚ ʠʩʩʣʝ-

ʜʫʝʤʳʭ ʢʦʤʧʣʝʢʩʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: [70]ʬʫʣʣʝʨʝʥ, [60]ʬʫʣʣʝʨʝʥ, ʪʝʪʨʘʤʝʪʠʣʪʝʪʨʘʩʝʣʝʥʘʬʫʣʴʚʘʣʝʥ (TMTSeF), ʧʦʨʦʰ-
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CO-CRYSTALLIZATION O F C60 AND ʉ70 FULLERENES IN CRYST AL -SOLVATE [(C 70)X+(ʉ60)Y]Ŀ 

TMTSeFĿ2(C6H6) (ʭ+ʫ=3) 

The compexation of (ʉ70/C60) fullerenes with organic p-donor of electrons tetramethyl-

(tetra selenium)fulvalene (TMTSeF) in benzene (ʉ6ʅ6) was studied. Comparison of experimental 

and calculated X-ray patterns showed that in the investigated single crystals of [(C70)x+(ʉ60)y]Ā 

TMTSeFĀ2(C6H6) (ʭ+ʫ=3) (1) ʉ70 and C60 fullerens are co-crystallized. IR spectral data and elec-

troconductivity of 1 indicate the absence of the charge transfer on fullerene molecule for com-

plexes under study. 

Key words: ʉ60, C70 fullerenes, tetramethyl(tetra selenium)fulvalene (TMTSF), powder X-ray crystal-

lography, crystal-chemical modeling, IR spectroscopy, electroconductivity 

 

ɺɺɽɼɽʅʀɽ 

ʈʘʥʝʝ [1] ʥʘʤʠ ʩʦʦʙʱʘʣʦʩʴ ʦ ʩʠʥʪʝʟʝ ʢʨʠ-

ʩʪʘʣʣʦʚ ʩʦʩʪʘʚʘ 3C70ÖTMTSeFÖ2(C6H6). ʆʜʥʘʢʦ ʧʦ 
ʜʘʥʥʳʤ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʈʉʀ ʧʦʣʥʦʩʪʴʶ ʫʩʪʘ-
ʥʦʚʠʪʴ ʩʪʨʫʢʪʫʨʫ ʥʝ ʫʜʘʣʦʩʴ. ʇʦʣʦʞʝʥʠʝ ʘʪʦʤʦʚ 
ʤʦʣʝʢʫʣ TMTSeF ʠ ʉ6ʅ6 ʦʧʨʝʜʝʣʝʥʦ ʦʜʥʦʟʥʘʯʥʦ. 
ʅʝʦʙʳʯʥʳʤ ʙʳʣʦ ʪʦ, ʯʪʦ ʢʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ ʉ ʚ 
ʬʫʣʣʝʨʝʥʘʭ ʉ70 ʦʧʨʝʜʝʣʝʥʳ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʠ ʥʝ 
ʧʦʣʥʦʩʪʴʶ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ, 
ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʛʠʧʦʪʝʟʫ ʦ ʩʦʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 
ʬʫʣʣʝʨʝʥʦʚ ʉ60 ʠ ʉ70 ʚ ʢʨʠʩʪʘʣʣʦʩʦʣʴʚʘʪʝ [(C70)x + 

(ʉ60)y]ÖTMTSeFÖ2(C6H6) (ʭ+ʫ = 3). 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ [70] ʬʫʣʣʝʨʝʥʘ ʩ ʪʝʪ-

ʨʘʤʝʪʠʣʪʝʪʨʘʩʝʣʝʥʘʬʫʣʴʚʘʣʝʥʦʤ (TMTSʝF). 
ɼʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʘ ʙʳʣ ʚʟʷʪ ʬʫʣʣʝʨʝʥ ʉ70, 
ʧʦʣʫʯʝʥʥʳʡ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ [2], TMTSʝF 
(ʨʝʘʢʪʠʚʳ ʬʠʨʤʳ Aldrich), ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝ-
ʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʚʝʞʝʧʝʨʝʛʥʘʥʥʳʡ, ʦʩʫʰʝʥʥʳʡ ʠ 
ʜʝʛʘʟʠʨʦʚʘʥʥʳʡ C6H6. ʄʝʪʦʜʦʤ ʤʝʜʣʝʥʥʦʛʦ ʠʩʧʘ-
ʨʝʥʠʷ ʨʘʩʪʚʦʨʦʚ [3, 4] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʳ 

ʢʦʤʧʣʝʢʩʘ [70]ʬʫʣʣʝʨʝʥʘ: 3C70ÖTMTSʝFÖ2(C6H6) 

(1). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʢʨʠʩʪʘʣʣʦʚ ʩʦʝʜʠʥʝʥʠʷ 1. 
ʅʘʡʜʝʥʦ ʜʣʷ 1 (%): ʉ, 74,15; ʅ, 1,20. ʉ498Se24H90. 
ɺʳʯʠʩʣʝʥʦ (%): ʉ, 74,47; ʅ, 1,15.  

ʈʉʀ ʧʦʨʦʰʢʘ ʩʤʝʩʠ ʧʦʣʠʢʨʠʩʪʘʣʣʦʚ 1 

ʧʨʦʚʝʜʝʥʳ ʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ 

ɼʈʆʅ-2.0. ʈʘʩʯʝʪʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʝʥʪʛʝʥʦʛʨʘʤʤ 

ʩʜʝʣʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ Mercury 

3.5.1. ʅʘ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʭ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʠ ʧʨʠʚʝʜʝʥʳ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʝʥʪʛʝʥʦ-

ʛʨʘʤʤʳ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ.  

ʀʂ-ʩʧʝʢʪʨʳ ʢʦʤʧʣʝʢʩa 1, ʘ ʪʘʢʞʝ ʉ60, ʉ70, 

TMTSeF ʠʟʤʝʨʷʣʠ ʚ ʪʘʙʣʝʪʢʘʭ KBr ʩ ʨʘʟʙʘʚʣʝʥʠ-

ʝʤ 1:10000 ʥʘ ʀʂ ʌʫʨʴʝ-ʩʧʝʢʪʨʦʤʝʪʨʝ Perkin-

Elmer Spectrum BX ʚ ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ 4000-

400 ʩʤ-1 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ.  

ʇʨʦʚʦʜʠʤʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ 1 ʠʟʤʝʨʷʣʠ 

ʩʪʘʥʜʘʨʪʥʳʤ ʯʝʪʳʨʝʭʢʦʥʪʘʢʪʥʳʤ ʤʝʪʦʜʦʤ ʚʜʦʣʴ 

ʜʣʠʥʥʦʡ ʦʩʠ ʢʨʠʩʪʘʣʣʘ. ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘ-

ʪʫʨʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʢʦʤʧʣʝʢʩʘ 1 ʦʙʣʘ-

ʜʘʣʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʴʶ, ʨʘʚʥʦʡ ů = 10-7-10-8 

ʆʤ-1Ŀʩʤ-1, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʚʦʜʠʤʦʩʪʠ ʂʇɿ ʥʘ 

ʦʩʥʦʚʝ ʬʫʣʣʝʨʝʥʦʚ [3, 4]. 
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ʈʠʩ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘ ʢʨʠʩʪʘʣʣʦʚ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʩʦʩʪʘʚʘ [(C70)ʭ+(ʉ60)ʫ] Ŀ TMTSeF Ŀ2(C6H6) (ʭ+ʫ=3) (ʘ) ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ ʢʨʠʩʪʘʣʣʘ 3C70ĿTMTSeFĿ2(C6H6) ʙʝʟ ʬʫʣʣʝʨʝʥʦʚ (ʙ), ʪʦʣʴʢʦ ʩ ʬʫʣʣʝʨʝʥʘʤʠ (ʚ) ʠ ʧʦʣʥʦʡ ʩʪʨʫʢ-

ʪʫʨʳ (ʛ). ʇʦ ʦʩʠ ʘʙʩʮʠʩʩ ʟʥʘʯʝʥʠʷ ʫʛʣʦʚ 2ɗ ʚ ʛʨʘʜ, ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʠʤʧ/ʩ 

Fig. Experimental X-ray pattern of the crystals of supposed composition [(C70)ʭ+(ʉ60)ʫ] Ŀ TMTSeF Ŀ2(C6H6) (ʭ+ʫ=3) (ʘ) and calculated 

X-ray 3C70ĿTMTSeFĿ2(C6H6) without fullerenes (ʙ), only with fullerenes (ʚ) and full structure (ʛ). here axis of abscisses is angle 2ɗ in 

degree, axis of ordinates is relative units in imp/s 

 

ʈɽɿʋʃʔʊɸʊʓ ʀ ʀʍ ʆɹʉʋɾɼɽʅʀɽ 

ɼʘʥʥʳʝ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʀʂ-ʩʧʝʢʪʨʦ-

ʩʢʦʧʠʠ ʥʝ ʧʦʟʚʦʣʠʣʠ ʦʜʥʦʟʥʘʯʥʦ ʫʪʚʝʨʞʜʘʪʴ 

ʥʘʣʠʯʠʝ ʚ ʢʨʠʩʪʘʣʣʘʭ 1 ʩʤʝʩʠ ʬʫʣʣʝʨʝʥʦʚ ʉ70 ʠ 

ʉ60. ʄʘʢʩʠʤʫʤʳ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʠʥʬʨʘʢʨʘʩʥʳʭ ʩʧʝʢʪʨʦʚ ʢʦʤ-

ʧʣʝʢʩʘ 1, ʘ ʪʘʢʞʝ ʉ60, C70 ʠ ʜʦʥʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ. ʇʦʣʦʞʝʥʠʝ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʉ70 ʩʦʚʧʘ-

ʜʘʝʪ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [5]. ʏʘʩʪʴ ʧʦʣʦʩ 

ʜʦʥʦʨʘ ʠ ʘʢʮʝʧʪʦʨʘ ʚ ʢʦʤʧʣʝʢʩʝ ʩʜʚʠʥʫʪʘ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʠʭ ʧʦʣʦʞʝʥʠʷ ʚ ʩʧʝʢʪʨʘʭ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠ-

ʥʝʥʠʡ ʥʘ 1-2 ʩʤ-1. ʇʦʣʦʞʝʥʠʝ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ 

ʜʦʥʦʨʘ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʘ 1 ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʪ-

ʣʠʯʘʶʪʩʷ ʦʪ ʠʭ ʧʦʣʦʞʝʥʠʷ ʚ ʩʧʝʢʪʨʝ ʯʠʩʪʦʛʦ 

TMTSeF (ʪʘʙʣʠʮʘ). ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʣʘʙʦʝ ɺʘʥ-

ʜʝʨ-ɺʘʘʣʴʩʦʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ 

TMTSeF ʠ ʘʢʮʝʧʪʦʨʘ ʚ ʢʨʠʩʪʘʣʣʘʭ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. ɺʳʚʦʜ ʦ ʤʦʣʝʢʫʣʷʨʥʦʡ ʧʨʠʨʦʜʝ ʢʦʤ-

ʧʣʝʢʩʘ 1 ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʠʟʤʝʨʝʥʠʷ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ. ʇʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʢʨʠʩʪʘʣʣʳ 1 ʦʙʣʘʜʘʶʪ ʧʨʦʚʦʜʠʤʦ-

ʩʪʴʶ, ʨʘʚʥʦʡ ůRT = 10-7-10-8 ʆʤ-1Ŀʩʤ-1, ʯʪʦ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʝʪ ʦ ʩʣʘʙʦʤ ʧʝʨʝʥʦʩʝ ʟʘʨʷʜʘ ʚ ʠʩʩʣʝʜʫʝ-

ʤʦʤ ʩʦʝʜʠʥʝʥʠʠ. ɺ ʀʂ-ʩʧʝʢʪʨʝ ʢʨʠʩʪʘʣʣʘ 1 (ʪʘʙ-

ʣʠʮʘ) ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 578, 

1180 ʠ 1430 ʩʤ-1, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢʘʢ ʢ 

ʉ60, ʪʘʢ ʠ ʢ ʉ70. ʆʪʩʫʪʩʪʚʠʝ ʚ ʩʧʝʢʪʨʝ ʢʦʤʧʣʝʢʩʘ 

(ʪʘʙʣʠʮʘ) ʚʩʝʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʢʦʣʝʙʘʥʠʷʤʠ ʘʪʦʤʦʚ ʚʳʩʦʢʦʩʠʤʤʝʪʨʠʯʥʦʡ (Ih) 

ʤʦʣʝʢʫʣʳ ʉ60 (ʪʘʙʣʠʮʘ) ʥʝ ʦʪʢʣʦʥʷʝʪ ʥʘʰʝ ʧʨʝʜ-

ʧʦʣʦʞʝʥʠʝ ʦ ʥʘʣʠʯʠʠ ʩʤʝʩʠ ʉ70/ʉ60 ʬʫʣʣʝʨʝʥʦʚ ʚ 

ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʘ 1. ɺ ʀʂ ʩʧʝʢʪʨʝ ʢʦʤʧʣʝʢʩʘ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʘʢʞʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, ʩʚʷʟʘʥ-

ʥʳʝ ʩ ʢʦʣʝʙʘʥʠʷʤʠ ʤʦʣʝʢʫʣ ʙʝʥʟʦʣʘ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʥʘʰʝʡ ʛʠʧʦ-

ʪʝʟʳ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʈʉʀ ʧʦʣʠʢʨʠʩʪʘʣʣʦʚ ʧʨʝʜʧʦ  
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ʊʘʙʣʠʮʘ 
ʄʘʢʩʠʤʫʤʳ (ʩʤ-1) ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ* 
ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʘ 1, ʘ ʪʘʢʞʝ C70, C60 ʠ 

ʜʦʥʦʨʘ TMTSeF 
Table. Maxima of the absorption bands (cm-1) and rela-
tive intensities* of absorption bands of complex 1, C70, 

C60 and TMTSeF donor molecule 

C70 C60 TMTSeF 
[(C70)ʭ 

+
 (ʉ60)ʫ]ÖTMTSeFÖ   

2(C6H6) (ʭ+ʫ) = 3 (1) 

  437 ʩʣ 438 ʩʣ 

458 ʩʨ   458 ʩʨ 

 526ʦ.ʩ   

534 ʩ   535 ʩ 

565 ʩʨ   566 ʩʨ 

578 ʩ 576 ʩ  578 ʩ 

642 ʩʨ   642 ʩʨ 

  661 ʩʨ 661 ʩʣ 

674 ʩ   674 ʩ 

   680 ʧʣ** 

795 ʩʨ   795 ʩʨ 

  1016 ʩʣ 1015 ʦ.ʩʣ 

   1034 ʩʣ** 

  1062 ʩʨ 1063 ʩʣ 

1086 ʩʣ   1086 ʩʣ 

1134 ʩʨ   1134 ʩʨ 

  1145 ʩʨ 1150 ʩʣ 

1178 ʦ.ʩʣ 1182 ʩʨ  1180 ʦ.ʩʣ 

1251 ʦ.ʩʣ   1250 ʦ.ʩʣ 

1292 ʦ.ʩʣ   1292 ʦ.ʩʣ 

1321 ʩʣ   1321 ʩʣ 

1414 ʩʨ   1414 ʩʨ 

1430 ʦ.ʩ 1428 ʩʨ 1430 ʩ 1430 ʦ.ʩ 

1460 ʩʣ   1459 ʩʣ 

   1476 ʩʣ** 

1489 ʩʣ   1489 ʩʣ 

   3029 ʩʣ** 

   3067 ʦ.ʩʣ** 

   3085 ʦ.ʩʣ** 

ʇʨʠʤʝʯʘʥʠʷ: *ʆʙʦʟʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ: 

ʦ.ʩ-ʦʯʝʥʴ ʩʠʣʴʥʘʷ, ʩ - ʩʠʣʴʥʘʷ, ʩʨ -ʩʨʝʜʥʷʷ, ʩʣ - ʩʣʘʙʘʷ, ʦ.ʩʣ - 

ʦʯʝʥʴ ʩʣʘʙʘʷ, ʧʣ ï ʧʣʝʯʦ; **ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʙʝʥʟʦʣʘ 

Notes: *Designation of the relative intensities: o.c.-very strong, 

c - strong, cp -middle, ʩʣ- weak, ʦ.ʩʣ. - very weak, ʧʣ ï arm; 

**the absorption bands of benzene 

ʣʘʛʘʝʤʦʛʦ ʩʦʩʪʘʚʘ [(C70)x+(ʉ60)y]ÖTMTSeFÖ2(C6H6) 

(ʭ+ʫ = 3). ʈʝʥʪʛʝʥʦʛʨʘʤʤʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ ʘ. 

ɿʘʪʝʤ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʨʝʥʪʛʝʥʦʛʨʘʤʤ ʧʦ ʜʘʥʥʳʤ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ 

ʈʉʀ. ʅʘ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʨʝʥʪʛʝʥʦʛʨʘʤʤʝ (ʨʠʩʫʥʦʢ, 

ʙ) ʧʦʢʘʟʘʥʳ ʦʪʨʘʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʪʦʣʴʢʦ ʤʦ-

ʣʝʢʫʣʳ TMTSeF ʠ C6ʅ6. ʅʘ ʨʠʩʫʥʢʝ (ʚ) ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʦʪʨʘʞʝʥʠʷ, ʩʦʟʜʘʚʘʝʤʳʝ ʪʦʣʴʢʦ ʣʦʢʘʣʠʟʦ-

ʚʘʥʥʳʤʠ ʘʪʦʤʘʤʠ ʬʫʣʣʝʨʝʥʦʚ.  

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦ-

ʨʝʪʠʯʝʩʢʠʭ ʨʝʥʪʛʝʥʦʛʨʘʤʤ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʠʩʩʣʝ-

ʜʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʝʩʪʴ ʦʪʨʘʞʝʥʠʷ ʢʘʢ ʦʪ ʬʫʣ-

ʣʝʨʝʥʦʚ, ʪʘʢ ʠ ʦʪ ʤʦʣʝʢʫʣ TMTSeF ʠ C6ʅ6. ʇʦʷʚ-

ʣʝʥʠʝ ʦʪʨʘʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 2ɗå9Á  ʩʣʝʜʩʪʚʠʝ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʬʫʣʣʝʨʝʥʦʚ, 

TMTSeF ʠ C6ʅ6. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʪʝʦʨʝʪʠ-

ʯʝʩʢʘʷ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘ ʯʘʩʪʠʯʥʦ ʨʘʩʰʠʬʨʦʚʘʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ (ʨʠʩʫʥʦʢ, ʛ). ɸʥʘʣʦʛʠʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʙʳʣ 

ʧʦʣʫʯʝʥ ʧʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʝʥʪʛʝ-

ʥʦʛʨʘʤʤ ʧʦʣʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʠ ʬʨʘʛʤʝʥʪʦʚ ʢʨʠʩʪʘʣ-

ʣʦʚ C60ÖTMTSeFÖ2CS2 ʠ 2C60Ö2TMTSeFÖC6H6. ʈʝʥʪ-

ʛʝʥʦʛʨʘʤʤʳ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʧʦ ʜʘʥʥʳʤ ʈʉʀ [6, 

7]. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʈʉʀ ʠ ʢʨʠʩʪʘʣʣʦ-

ʭʠʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʴʶ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚ ʠʩʩʣʝ-

ʜʦʚʘʥʥʳʭ ʥʘʤʠ ʢʨʠʩʪʘʣʣʘʭ ʩʦʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ 

ʬʫʣʣʝʨʝʥʳ ʩʦʩʪʘʚʘ ʉ60 ʠ ʉ70. 

ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʷʚʣʷʝʪʩʷ ʥʝʦʙʳʯ-

ʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʤʦʣʝʢʫʣʳ ʬʫʣʣʝʨʝʥʦʚ ʉ60 ʠ ʉ70 

ʠʤʝʶʪ ʨʘʟʥʳʡ ʦʙʲʝʤ, ʨʘʟʥʫʶ ʩʠʤʤʝʪʨʠʶ. ʇʦ-

ʩʣʝʜʥʝʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʦʯʝʥʴ ʩʣʘʙʳʭ ʤʝʞ-

ʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʢʨʠʩʪʘʣʣʝ.   

 

ʃʀʊɽʈɸʊʋʈɸ 

1. Konovalikhin S.V., Dyachenko O.A. 3-rd Intern. Conf 

ñFullerenes and Atomic Clustersò. S-Peterburg. 1997. 209 p. 

2. ʉʧʠʮʳʥʘ ʅ.ɻ., ɹʫʨʘʚʦʚ ʃ.ʀ., ʃʦʙʘʯ ɸ.ʉ. ɾʫʨʥ. 

aʥʘʣʠʪ. ʭʠʤʠʠ. 1995. ʊ. 50. ʉ. 673. 

3. ʉʧʠʮʳʥʘ ʅ.ɻ., ɻʨʠʮʝʥʢʦ ɺ.ɺ., ɼʴʷʯʝʥʢʦ ʆ.ɸ., ʉʘʬʦ-
ʢʣʦʚ ɹ.ɹ., ʐʫʣʴʛʘ ʖ.ʄ., ʗʛʫʙʩʢʠʡ ʕ.ɹ. ʀʟʚ. ɸʅ ʉʝʨ. 

ʭʠʤ. 2000. ʉ. 365. 

4. Konovalikhin S.V., D`yachenko O.A, Shilov G.V., Spitsi-

na N.G., Yagubskii E.B. J. Fullerene sience and technologe. 

1998. V. 6. N 3. ʉ. 563-575. 

5. Dresselhaus M.S., Dresselhaus G., Eklund P.C. J. Mater. 

Res. 1993. 8. P. 2054. 

6. Spitsina N.G., Konovalikhin S.V., Yagubskii E.B., 

Dyachenko O.A. Mol. Mat. 1998. V. 11. P. 48-52. 

7. ɼʴʷʯʝʥʢʦ ʆ.ɸ., ʂʦʥʦʚʘʣʠʭʠʥ ʉ.ɺ. ʂʦʦʨʜʠʥʘʮ. ʍʠʤʠʷ. 

1998. ʊ. 24. ʉ. 700-713. 

R E F E R E N C E S 

1. Konovalikhin S.V., Dyachenko O.A. 3-rd Intern. Conf 

ñFullerenes and Atomic Clustersò. S-Peterburg. 1997. 209 p.  

2. Spitsina N.G., Buravov L.I., Lobach A.S. Russ.J. Anal. 

Chem. 1995. V. 50. P. 673 (in Russian). 

3. Spitsina N.G., Gritsenko V.V., D`yachenko O.A., Safoklov 

B.B., Shul`ga Yu.M., Yagubskii E.B. Russ. Chem. Bull. 

2000. V. 49. P. 367. 

4. Konovalikhin S.V., D`yachenko O.A, Shilov G.V., Spitsi-

na N.G., Yagubskii E.B. J. Fullerene sience and technologe. 

1998. V. 6. N 3. P. 563-575. 

5. Dresselhaus M.S., Dresselhaus G., Eklund P.C. J. Mater. 

Res. 1993. 8. P. 2054. 

6. Spitsina N.G., Konovalikhin S.V., Yagubskii E.B., 

Dyachenko O.A. Mol. Mat. 1998. V. 11. P. 48-52. 

7.  D`yachenko O.A, Konovalikhin S.V. Coord. Khimiya. 

1998. V. 24. P. 700-713 (in Russian). 

 



Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 2016. V. 59. N 9 

 

ʀʟʚ. ʚʫʟʦʚ. ʍʠʤʠʷ ʠ ʭʠʤ. ʪʝʭʥʦʣʦʛʠʷ. 2016. ʊ. 59. ɺʳʧ. 9 25 

 

 

ɼʣʷ ʮʠʪʠʨʦʚʘʥʠʷ: 

ʀʚʘʥʦʚ A.ɺ., ʄʘʢʩʠʤʦʚʘ ʅ.ɺ., ʄʘʣʘʭʦ ɸ.ʇ., ɸʚʜʝʝʚ ɺ.ɺ. ʇʦʣʫʯʝʥʠʝ ʠ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʳʝ ʩʚʦʡʩʪʚʘ ʞʝʣʝʟʦʩʦʜʝʨ-

ʞʘʱʝʡ ʛʨʘʬʠʪʦʚʦʡ ʬʦʣʴʛʠ. ʀʟʚ. ʚʫʟʦʚ. ʍʠʤʠʷ ʠ ʭʠʤ. ʪʝʭʥʦʣʦʛʠʷ. 2016. ʊ. 59. ɺʳʧ. 9. ʉ. 25-30. 

For citation:  

Ivanov A.V., Maksimova N.V., Malakho A.P., Avdeev V.V. Preparation and gas transport properties of iron-containing 

graphite foil. Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 2016. V. 59. N 9. P. 25-30. 

 

 

ʋɼʂ 544.03 

A.ɺ. ʀʚʘʥʦʚ, ʅ.ɺ. ʄʘʢʩʠʤʦʚʘ, ɸ.ʇ. ʄʘʣʘʭʦ, ɺ.ɺ. ɸʚʜʝʝʚ 

ɸʥʜʨʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ ʀʚʘʥʦʚ (), ʅʘʪʘʣʴʷ ɺʣʘʜʠʤʠʨʦʚʥʘ ʄʘʢʩʠʤʦʚʘ, ɺʠʢʪʦʨ ɺʘʩʠʣʴʝʚʠʯ ɸʚʜʝʝʚ 

ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʃʝʥʠʥʩʢʠʝ 

ʛʦʨʳ, 1, ʩʪʨ. 3, ʄʦʩʢʚʘ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, 119991 

E-mail: key700@mail.ru ( ), maksimova@mail.ru, avdeev@highp.chem.msu.ru 

ɸʨʪʝʤ ʇʝʪʨʦʚʠʯ ʄʘʣʘʭʦ 

ʀʥʩʪʠʪʫʪ ʥʦʚʳʭ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʃʝʥʠʥʩʢʠʝ ʛʦʨʳ, 1, ʩʪʨ. 11, ʄʦʩʢʚʘ, ʈʦʩʩʠʡʩʢʘʷ 

ʌʝʜʝʨʘʮʠʷ, 119991 

E-mail: malakho@yandex.ru 

 

 

ʇʆʃʋʏɽʅʀɽ ʀ ɻɸɿʆʊʈɸʅʉʇʆʈʊʅʓɽ ʉɺʆʁʉʊɺɸ ɾɽʃɽɿʆʉʆɼɽʈɾɸʑɽʁ 

ɻʈɸʌʀʊʆɺʆʁ ʌʆʃʔɻʀ 

ʇʦʣʫʯʝʥʘ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʘʷ ʛʨʘʬʠʪʦʚʘʷ ʬʦʣʴʛʘ ï ʤʠʢʨʦʧʦʨʠʩʪʳʡ ʛʨʘʬʠʪʦʚʳʡ 

ʤʘʪʝʨʠʘʣ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ Ŭ-ʦʢʩʠʜʦʤ ʞʝʣʝʟʘ (III). ʉʦʩʪʘʚ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ 

ʠʟʫʯʝʥ ʤʝʪʦʜʦʤ ʈʌɸ, ʤʦʨʬʦʣʦʛʠʷ ʩʪʨʫʢʪʫʨʳ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʝʡ ʛʨʘʬʠʪʦʚʦʡ ʬʦʣʴʛʠ 

ʠʩʩʣʝʜʦʚʘʥʘ ʤʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʀʟʤʝʨʝʥʳ ʟʥʘʯʝʥʠʷ ʧʨʦ-

ʥʠʮʘʝʤʦʩʪʝʡ ʜʣʷ ʚʦʜʦʨʦʜʘ ʠ ʘʟʦʪʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʛʨʘʬʠʪʦʚʦʡ ʬʦʣʴʛʠ ʩ ʨʘʟʥʳʤ ʩʦ-

ʜʝʨʞʘʥʠʝʤ ʦʢʩʠʜʘ ʞʝʣʝʟʘ (III). 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʘʷ ʛʨʘʬʠʪʦʚʘʷ ʬʦʣʴʛʘ, ʧʝʥʦʛʨʘʬʠʪ, ʤʦʜʠʬʠʢʘʮʠʷ ʞʝʣʝʟʦʤ, 

ʦʢʩʠʜ ʞʝʣʝʟʘ, ʛʘʟʦʧʨʦʥʠʮʘʝʤʦʩʪʴ 

 

 

A.V. Ivanov, N.V. Maksimova, A.P. Malakho, V.V. Avdeev 

Andreiy V. Ivanov ( ), Nataliya V. Maksimova, Victor V. Avdeev 

Chemistry Department, Moscow State University, Leninskie Gory, 1-3, Moscow, 119991, Russia  

E-mail: key700@mail.ru ( ), maksimova@mail.ru, avdeev@highp.chem.msu.ru 

Artem P. Malakho  

Institute of New Carbon Materials and Technologies, Leninskie Gory, 1-11, Moscow, 119991, Russia 

E-mail: malakho@yandex.ru 



Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 2016. V. 59. N 9 

 

26   ʀʟʚ. ʚʫʟʦʚ. ʍʠʤʠʷ ʠ ʭʠʤ. ʪʝʭʥʦʣʦʛʠʷ. 2016. ʊ. 59. ɺʳʧ. 9 

 

 

PREPARATION AND GAS TRANSPORT PROPERTIES OF IRON-CONTAINING GRAPHITE FOIL  

The iron-containing graphite foil, micropore graphite material modified by Ŭ-iron (III) 

oxide, was obtained. The composition of iron-containing phase was investigated by XRD analysis, 

the morphology of structure of the iron-containing graphite foil was investigated by scanning 

electron microscopy. The values of hydrogen and nitrogen permeabilities of the modified graphite 

foil with different content of iron (III) oxide were measured. 

Key words: iron-containing graphite foil, foam graphite, iron modification, iron oxide, gas permeability 

 

 

ɺɺɽɼɽʅʀɽ 

ɹʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʫʥʠʢʘʣʴʥʳʤ ʬʠʟʠʯʝʩʢʠʤ 

ʠ ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʛʠʙʢʘʷ ʛʨʘʬʠʪʦʚʘʷ ʬʦʣʴ-

ʛʘ (ɻʌ), ʧʦʣʫʯʘʝʤʘʷ ʧʨʠ ʧʨʝʩʩʦʚʘʥʠʠ ʧʝʥʦʛʨʘʬʠʪʘ 

(ʇɻ) [1, 2], ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʧʣʦʪʥʠ-

ʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [3, 4]. ʉʠʥʪʝʟ ʧʝʥʦʛʨʘʬʠʪʘ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ: ʠʥʪʝʨʢʘʣʠʨʦʚʘ-

ʥʠʝ ʛʨʘʬʠʪʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʛʠʜʨʦʣʠʟʦʤ ʠ ʦʙʨʘ-

ʟʦʚʘʥʠʝʤ ʦʢʠʩʣʝʥʥʦʛʦ ʛʨʘʬʠʪʘ (ʆɻ) ʠ ʧʦʩʣʝʜʫʶ-

ʱʝʝ ʚʩʧʝʥʠʚʘʥʠʝ ʆɻ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [5]. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʠ ʧʣʦʪʥʦʩʪʠ 

ɻʌ, ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʛʘʟʦʪʨʘʥʩʧʦʨʪʘ ʚ 

ʛʨʘʬʠʪʦʚʦʡ ʬʦʣʴʛʝ [6, 7], ʯʪʦ ʜʝʣʘʝʪ ʝʝ ʧʝʨʩʧʝʢ-

ʪʠʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʘʟʦʧʨʦʥʠʮʘʝ-

ʤʳʭ ʫʛʣʝʨʦʜʥʳʭ ʤʝʤʙʨʘʥ. ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʝ 

ʫʛʣʝʨʦʜʥʳʝ ʤʝʤʙʨʘʥʳ ï ʵʪʦ ʫʛʣʝʨʦʜʥʳʝ ʤʦʣʝʢʫ-

ʣʷʨʥʳʝ ʩʠʪʘ ʠ ʘʜʩʦʨʙʮʠʦʥʥʦ-ʩʝʣʝʢʪʠʚʥʳʝ ʫʛʣʝ-

ʨʦʜʥʳʝ ʤʝʤʙʨʘʥʳ [8], ʥʦ ʩʫʱʝʩʪʚʫʝʪ ʠ ʨʷʜ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʚʦʡ-

ʩʪʚʘʤʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʠʪʘ [9-11]. ʇʨʝ-

ʠʤʫʱʝʩʪʚʘʤʠ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ɻʌ ʷʚʣʷʶʪʩʷ 

ʧʨʦʯʥʦʩʪʴ, ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʜʝʨʞʠʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ 

ʜʦ 450 ÁC ʥʘ ʚʦʟʜʫʭʝ, ʠ ʚʳʩʦʢʘʷ ʭʠʤʠʯʝʩʢʘʷ ʩʪʦʡ-

ʢʦʩʪʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʘʨʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, 

ʥʝʦʢʠʩʣʷʶʱʠʭ ʢʠʩʣʦʪ ʠ ʦʩʥʦʚʘʥʠʡ [4]. ʅʦ ʦʩʪʘʝʪ-

ʩʷ ʧʨʦʙʣʝʤʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʦʡ ʛʘ-

ʟʦʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ɻʌ, ʧʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘ-

ʯʝʡ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʩʧʦʩʦʙʦʚ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʥʠʮʘ-

ʝʤʦʩʪʠ ʧʫʪʝʤ ʤʦʜʠʬʠʢʘʮʠʠ ɻʌ ʦʢʩʠʜʘʤʠ ʤʝʪʘʣ-

ʣʦʚ. ɺʦʟʤʦʞʥʦʩʪʴ ʚʚʝʜʝʥʠʷ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʝʡ 

ʬʘʟʳ [12, 13] ʠ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʨʝʠʤʫʱʝ-

ʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʭʠʤʠʯʝʩʢʘʷ ʠ ʪʝʨʤʠʯʝʩʢʘʷ ʫʩʪʦʡ-

ʯʠʚʦʩʪʴ, ʪʘʢʞʝ ʜʝʣʘʝʪ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʦʟʜʘʥʠʝ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʣʦʝʚ ʥʘ ʦʩʥʦʚʝ ʞʝʣʝʟʦʩʦʜʝʨʞʘ-

ʱʝʡ ɻʌ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʠʷ ʦʢʩʠʜʘ ʘʟʦʪʘ (IV) [14]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʩʪʘʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠ-

ʷʥʠʷ ʦʢʩʠʜʘ ʞʝʣʝʟʘ, ʚʚʝʜʝʥʥʦʛʦ ʚ ʛʨʘʬʠʪʦʚʫʶ 

ʬʦʣʴʛʫ, ʥʘ ʝʝ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʳʝ ʩʚʦʡʩʪʚʘ. 

ʄɽʊʆɼʀʂɸ ʕʂʉʇɽʈʀʄɽʅʊɸ 

ʇʦʣʫʯʝʥʠʝ ʛʨʘʬʠʪʦʚʦʡ ʬʦʣʴʛʠ (ɻʌ), ʩʦ-

ʜʝʨʞʘʱʝʡ Ŭ-Fe2O3, ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʪʨʠ ʩʪʘʜʠʠ. ʅʘ 

ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʨʦʧʠʪʢʘ ʦʢʠʩʣʝʥ-

ʥʦʛʦ ʛʨʘʬʠʪʘ (ʆɻ), ʧʦʣʫʯʝʥʥʦʛʦ ʧʫʪʝʤ ʛʠʜʨʦʣʠʟʘ 

ʥʠʪʨʘʪʘ ʛʨʘʬʠʪʘ III ʩʪʫʧʝʥʠ [15], ʚ ʚʦʜʥʳʭ ʨʘʩ-

ʪʚʦʨʘʭ FeCl3 ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 5, 10, 15 ʠ 35 ʤʘʩʩ% 

ʚ ʩʦʦʪʥʦʰʝʥʠʠ m(ʆɻ):m(ʨʘʩʪʚʦʨ) = 1:2 ʧʨʠ ʧʝʨʝ-

ʤʝʰʠʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤ-

ʧʝʨʘʪʫʨʝ. ʇʦʩʣʝ ʵʪʦʛʦ ʦʙʨʘʟʮʳ ʆɻ ʙʳʣʠ ʚʳʩʫʰʝ-

ʥʳ ʧʨʠ 60 ÁC ʚ ʪʝʯʝʥʠʝ 5 ʯ. ʅʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʙʳ-

ʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ ʪʝʨʤʦʨʘʩʰʠʨʝʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ 

ʆɻ, ʧʨʦʧʠʪʘʥʥʦʛʦ ʨʘʩʪʚʦʨʦʤ FeCl3, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʪʝʨʤʦʫʜʘʨʘ ʧʨʠ 1000 ÁC ʚ ʪʝʯʝʥʠʝ 10 ʩ. ʊʝʨʤʦ-

ʨʘʩʰʠʨʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪʦʡ ʜʦ 1000 ÁC, ʚ ʚʦʟʜʫʰʥʦʡ 

ʘʪʤʦʩʬʝʨʝ. ɼʘʣʝʝ ʦʧʨʝʜʝʣʷʣʠ ʦʙʲʝʤ (Vʇɻ) ʠ ʤʘʩʩʫ 

(mʇɻ) ʧʦʣʫʯʠʚʰʝʛʦʩʷ ʧʝʥʦʛʨʘʬʠʪʘ ʠ ʨʘʩʩʯʠʪʳʚʘʣʠ 

ʥʘʩʳʧʥʫʶ ʧʣʦʪʥʦʩʪʴ (d, ʛ/ʣ): d = mʇɻ/Vʇɻ. ʅʘ ʪʨʝ-

ʪʴʝʡ ʩʪʘʜʠʠ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʘʷ 

ʛʨʘʬʠʪʦʚʘʷ ʬʦʣʴʛʘ ʧʫʪʝʤ ʧʨʝʩʩʦʚʘʥʠʷ ʧʝʥʦʛʨʘʬʠ-

ʪʘ ʜʦ ʪʦʣʱʠʥʳ 0,6 ʤʤ ʠ ʧʣʦʪʥʦʩʪʠ 1 ʛ/ʩʤ3. ɺ ʜʘʣʴ-

ʥʝʡʰʝʤ ʦʙʨʘʟʮʳ ɻʌ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʆɻ, 

ʧʨʦʧʠʪʘʥʥʦʛʦ ʚ 5, 10, 15 ʠ 35% ʨʘʩʪʚʦʨʝ FeCl3, 

ʦʙʦʟʥʘʯʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʘʢ GF-Fe-5, 

GF-Fe-10, GF-Fe-15 ʠ GF-Fe-35. ɺ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ 

ʙʳʣʘ ʧʦʣʫʯʝʥʘ ɻʌ ʙʝʟ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʝʡ ʬʘʟʳ 

(ʦʙʨʘʟʝʮ GF). 

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟ-

ʮʦʚ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʈʌɸ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ 

Thermo ARL XôTRA (ʠʟʣʫʯʝʥʠʝ CuKŬ, ɚ = 1,5418 ¡, 

ʛʝʦʤʝʪʨʠʷ ɹʨʵʛʛ-ɹʨʝʥʪʘʥʦ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ 

ʜʝʪʝʢʪʦʨ Peltier) ʚ ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚ 5-90 Á ʩ ʰʘʛʦʤ 

2Á/ʤʠʥ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ Ŭ-

ʦʢʩʠʜʘ ʞʝʣʝʟʘ (III) ʚʳʧʦʣʥʷʣʠ ʤʝʪʦʜʦʤ ʛʨʘʚʠʤʝʪ-

ʨʠʠ. ɼʣʷ ʵʪʦʛʦ ʦʙʨʘʟʮʳ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʝʡ ʛʨʘʬʠ-

ʪʦʚʦʡ ʬʦʣʴʛʠ ʤʘʩʩʦʡ ~ 0,2-0,5 ʛ ʧʦʤʝʱʘʣʠ ʚ ʪʠ-

ʛʝʣʴ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ ʧʨʠ  
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900 Áʉ ʜʦ ʧʦʣʥʦʛʦ ʚʳʛʦʨʘʥʠʷ ʫʛʣʝʨʦʜʘ. ɿʘʪʝʤ 

ʦʧʨʝʜʝʣʷʣʠ ʤʘʩʩʫ ʥʝʩʛʦʨʘʝʤʦʛʦ ʦʩʪʘʪʢʘ Ŭ-Fe2O3 ʠ 

ʨʘʩʩʯʠʪʳʚʘʣʠ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʦʙʨʘʟʮʝ ʧʦ ʩʣʝ-

ʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

, 

ʛʜʝ mɻʌ ï ʤʘʩʩʘ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʝʡ ʛʨʘʬʠʪʦʚʦʡ 

ʬʦʣɹʛʠ, mFe2O3 ï ʤʘʩʩʘ ʦʢʩʠʜʘ ʞʝʣʝʟʘ (III). 

ʄʦʨʬʦʣʦʛʠʷ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠ ʠʭ 

ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʦʤ 

ʉʕʄ ʠ EDX ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ TESCAN 

VEGA3 LMU ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 20 ʢɺ. 

ʀʟʤʝʨʝʥʠʝ ʛʘʟʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ɻʌ ʜʣʷ ʚʦ-

ʜʦʨʦʜʘ ʠ ʘʟʦʪʘ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʤʝʤʙʨʘʥʥʦʡ ʜʠʬ-

ʬʫʟʠʦʥʥʦʡ ʷʯʝʡʢʝ. ʇʦʪʦʢ ʠʩʩʣʝʜʫʝʤʦʛʦ ʛʘʟʘ (H2, 

N2) ʧʦʜʘʚʘʣʩʷ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʛʨʘʬʠʪʦʚʦʡ 

ʬʦʣʴʛʠ (ʥʘʜʤʝʤʙʨʘʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ); ʛʘʟ, ʧʨʦ-

ʰʝʜʰʠʡ ʯʝʨʝʟ ɻʌ, ʩʤʝʰʠʚʘʣʩʷ ʩ ʛʘʟʦʤ-ʥʦʩʠʪʝʣʝʤ 

(He) ʚ ʧʦʜʤʝʤʙʨʘʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʂʦʥʮʝʥʪʨʘ-

ʮʠʷ ʧʨʦʰʝʜʰʝʛʦ ʛʘʟʘ ʚ ʩʤʝʩʠ ʩ ʛʘʟʦʤ-ʥʦʩʠʪʝʣʝʤ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʛʘʟʦʚʦʛʦ ʭʨʦʤʘʪʦʛʨʘʬʘ. 

ʇʨʦʥʠʮʘʝʤʦʩʪʴ Q [ʣ/(ʤ2ĀʯĀʘʪʤ)] ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

,

 
J ï ʧʦʪʦʢ ʩʤʝʩʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʛʘʟʘ ʠ ʛʘʟʘ-

ʥʦʩʠʪʝʣʷ, A ï ʧʣʦʱʘʜʴ ɻʌ, patm ï ʘʪʤʦʩʬʝʨʥʦʝ 

ʜʘʚʣʝʥʠʝ, c0 ï ʥʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʩʩʣʝʜʫʝ-

ʤʦʛʦ ʛʘʟʘ ʥʘʜ ɻʌ ʠ ci ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʩʩʣʝʜʫʝʤʦ-

ʛʦ ʛʘʟʘ ʚ ʩʤʝʩʠ ʩ ʛʘʟʦʤ-ʥʦʩʠʪʝʣʝʤ. ʇʨʠ ʵʪʦʤ ʠʜʝ-

ʘʣʴʥʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ ʜʚʫʭ ʛʘʟʦʚ ʨʘʚʥʘ: 

, 

ʛʜʝ Q(H2  ̉ 1 .2), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʦʥʠʮʘʝʤʦ-
ʩʪʠ ʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ɻʌ ʧʦ ʚʦʜʦʨʦʜʫ ʠ ʘʟʦʪʫ. 

ʈɽɿʋʃʔʊɸʊʓ ʀ ʀʍ ʆɹʉʋɾɼɽʅʀɽ 

ʆʢʠʩʣʝʥʥʳʡ ʛʨʘʬʠʪ ï ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝ-

ʩʢʠʡ ʘʜʜʫʢʪ, ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚ-

ʣʝʥ ʩʤʝʩʴʶ ʛʨʘʬʠʪʘ ʠ ʚʳʩʰʠʭ ʩʪʫʧʝʥʝʡ ʥʠʪʨʘʪʘ 

ʛʨʘʬʠʪʘ, ʚ ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʳʭ ʦʙʣʘʩʪʷʭ ʢʦʪʦʨʦʛʦ 

ʩʦʜʝʨʞʘʪʩʷ ʤʦʣʝʢʫʣʳ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʠ ʚʦʜʳ. 

ʊʘʢʞʝ ʆɻ ʩʦʜʝʨʞʠʪ ʥʘ ʩʚʦʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʣʠʯ-

ʥʳʝ ʢʠʩʣʦʨʦʜʦʩʦʜʝʨʞʘʱʠʝ ʛʨʫʧʧʳ: ʛʠʜʨʦʢʩʠʣʴ-

ʥʳʝ, ʢʘʨʙʦʥʠʣʴʥʳʝ, ʢʘʨʙʦʢʩʠʣʴʥʳʝ. ɼʘʥʥʳʝ ʛʨʫʧ-

ʧʳ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ ʜʝʬʝʢʪʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʆɻ 

ʷʚʣʷʶʪʩʷ ʮʝʥʪʨʘʤʠ ʩʦʨʙʮʠʠ ʩʦʣʠ ʞʝʣʝʟʘ [16]. 

ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʦʣʫʯʝʥʠʷ ʞʝʣʝʟʦʩʦ-

ʜʝʨʞʘʱʝʡ ʛʨʘʬʠʪʦʚʦʡ ʬʦʣʴʛʠ ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ 

ʥʘʥʝʩʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʞʝʣʝʟʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʦʢʠʩʣʝʥʥʦʛʦ ʛʨʘʬʠʪʘ ʤʝʪʦʜʦʤ ʧʨʦʧʠʪʢʠ. ʇʨʦʧʠʪ-

ʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʭʣʦʨʠʜʘ ʞʝ-

ʣʝʟʘ (III) ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 5, 10, 15 ʠ 35%. ʅʘʥʝ-

ʩʝʥʠʝ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ ʨʘʟʣʠʯ-

ʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʩʦʜʝʨ-

ʞʘʥʠʝ ʞʝʣʝʟʘ ʚ ʆɻ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʘʢʩʠʤʘʣʴ-

ʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʠ ʨʘʩʪʚʦʨʦʚ ʩ ʙʦʣʴʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ.  

ʄʝʪʦʜ ʧʨʦʧʠʪʢʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʚʥʦ-

ʤʝʨʥʳʤ ʥʘʥʝʩʝʥʠʝʤ ʩʦʣʠ ʞʝʣʝʟʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʆɻ. ʄʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦ-

ʩʢʦʧʠʠ ʧʦʢʘʟʘʥʦ (ʨʠʩ. 1ʘ), ʯʪʦ ʭʣʦʨʠʜ ʞʝʣʝʟʘ (III) 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʜʝʬʝʢʪʘʭ ʠ ʥʘ ʪʦʨʮʝʚʳʭ ʦʙʣʘʩʪʷʭ 

ʢʨʠʩʪʘʣʣʦʚ ʛʨʘʬʠʪʘ, ʛʜʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘʠʙʦʣʴ-

ʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ. ʄʝ-

ʪʦʜʦʤ EDX ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʞʝʣʝʟʦʩʦ-

ʜʝʨʞʘʱʘʷ ʬʘʟʘ ʆɻ ʧʨʝʜʩʪʘʚʣʝʥʘ ʭʣʦʨʠʜʦʤ ʞʝʣʝ-

ʟʘ, ʘ ʪʘʢʞʝ, ʚʦʟʤʦʞʥʦ, ʯʘʩʪʠʯʥʦ ʛʠʜʨʦʣʠʟʦʚʘʥʥʳʤ 

ʭʣʦʨʠʜʦʤ ʞʝʣʝʟʘ, ʪ.ʢ. ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʩʧʝʢʪʨʝ 

ʥʘʙʣʶʜʘʶʪʩʷ ʨʝʬʣʝʢʩʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʘʪʦʤʘʤ 

ʞʝʣʝʟʘ ʠ ʭʣʦʨʘ (ʨʠʩ. 1ʘ). 

 

 

 
ʈʠʩ. 1. ʀʟʦʙʨʘʞʝʥʠʷ ʉʕʄ ʠ EDX-ʩʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ ʦʢʠʩʣʝʥ-

ʥʦʛʦ ʛʨʘʬʠʪʘ, ʧʨʦʧʠʪʘʥʥʦʛʦ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ FeCl3 (ʘ) ʠ 

ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʝʛʦ ʧʝʥʦʛʨʘʬʠʪʘ (ʙ) 

Fig. 1. SEM images and EDX spectra of the samples of oxidized 

graphite impregnated in the water solution of FeCl3 (ʘ) and iron-

containing foam graphite (ʙ) 

 


