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Hybrid composites prepared by the sol-gel method have currently received 

attention due to their excellent combination of organic and inorganic parts in one 

material. The diversity of properties of such materials leads to a very broad range of 

their applications including water purification. The main aim of the work is the 

preparation of composite adsorbents based on silica and different types of polymers 

with carboxylic surface groups for the removal of metal ions from water. 

The advantage of the proposed method of synthesis is one-step, carrying out at 

room temperature, the use and creation in reacting mixture of environmentally 

friendly substances as solvents and by-products. These synthesizes were developed to 

obtain inorganic silica matrixes with the inclusion of different types of polymers: 

(1) The formation of hybrid composites SiO2/PLGA. TEOS (tetraethyl 

orthosilicate) was prehydrolized with HCl. The reaction took place in acetone as a 

solvent due to the polymer PLGA (poly (lactic-co-glycolic acid) solubility in it. 

Different kinds of catalysts were added with various natures HCl and NaF (sample 

TP1), HCl and NH4OH (sample TP2) for an acceleration of hydrolysis and 

condensation reactions. The cross-linking agent Ethylene glycol (EG) was used for 

uniform distribution of the polymer (sample TPEG) in silica matrix. The time of 

gelation was from 3 to 12 days. The obtained gels were washed with dichloromethane 

(for the dissolving of the unbound polymer components), acetone, and water and 

further dried at 100 ÁC for 24 h. 

(2) The synthesis of hybrid composites SiO2/Tubifast 4010È. The hydrolysis of 

TEOS was carried out in a water-ethanol mixture with HCl as a catalyst. The organic 

part soluble in water (polystyrene-acrylic polymer Tubifast 4010È) was added to the 

silica sol with different SiO2/polymer ratios: 5/1 (sample TPSA1), 10/1 (sample 

TPSA2), 20/1 (sample TPSA3). As a catalyst was chosen NH4OH for the formation 

of silica spherical particles included polymer. After the end of the reaction, the solid 

products were washed with water, alcohol, and dried at 80 ÁC for 24 h. 

The samples were labeled according to the composition (Table 1). Based on the 

obtained results, we can conclude: elemental analysis data showed the presence of the 

polymer in the composites; the EDX endorsed the existence of an inorganic silica part 

in these materials. Also, IR spectroscopy reaffirmed the formation of Si-O-Si bonds, 

including the polymers in the silica matrix, and the interaction between organic and 

inorganic components. 

Acid-base titration demonstrated that the synthesized materials had acid groups 

on the surface in the range of 1.29 ï1.76 mmol/g and the values of isoelectric point 
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were at pH = 2.08ï3.5. Specific surface area measures indicated that these 

composites are porous materials. Sample TP1 is microporous one with a specific 

surface area of 138 m
2
/g. But materials from SiO2/PLGA series showed an increase in 

the inorganic component provided a rise to the value of the specific surface area up to 

467 m
2
/g (sample TP2), and adding of EG had almost no effect on the specific 

surface area (sample TPEG). The specimens from SiO2/Tubifast 4010È series 

demonstrated that these materials were mesoporous, but the introduction of more 

polymer leaded to a reduction in specific surface area. 

 

Table. 1. Composition and characteristics of the hybrid composites 

Sample Elemental 

analysis data, 

mass.% 

EDX, 

wt % 
 

pI 

Cacid, 

mmol/g 

Ssp, 

m
2
/g 

 

V total, 

cm
3
/g 

d BJH, 

nm 

 

C, % H, % Si, % 

SiO2/PLGA 

TP1 18.49 4.24 39.5 2.23 1.47 138 0.118 1.7 

TP2 5.05 2.54 49.7 3.5 1.29 467 0.33 2.2 

TPEG 5.57 1.43 36.6 2.08 1.43 394 0.269 1.8 

SiO2/Tubifast 4010È 

TPSA1 15 3.0 35.2 2.8 1.62 399 0.824 6.6 

TPSA2 9.5 2.7 41.6 2.7 1.76 497 0.850 5.7 

TPSA3 5.3 2.2 44.7 2.6 1.44 548 1.049 6.6 

 

The possibility of applying the composites as metal ions adsorbents was 

determined by adsorption test using the metal ions mixture (Cu
2+

, Mn
2+

, Ni
2+

, and 

Fe
3+

) at pH= 3. The test results are presented in Fig 1. 

 
Fig.1. Results of the initial absorption tes0074 

 

It is evident that the efficiency decreased in the series Fe
3+

> Ni
2+

> Mn
2+

> Cu
2+

 

with a maximum adsorption capacity up to ~57% for iron(III) . These results indicated 

the prospective applications of the obtained materials in relation to Fe (III) ions 

selective removal. 

The research has been supported by the APVV-19-0302, VEGA 2/0156/19, 

and the DoktoGrant (APP0141) projects. 
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ʦʙʫʤʦʚʣʶʻ ʫʥʽʢʘʣʴʥʽʩʪʴ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʾʭ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢ 

ʩʝʥʩʦʨʽʚ, ʢʘʪʘʣʽʟʘʪʦʨʽʚ, ʤʘʛʥʽʪʦʜʽʝʣʝʢʪʨʠʢʽʚ, ʘ ʪʘʢʦʞ ʤʘʪʝʨʽʘʣʽʚ ʤʝʜʠʢʦ-

ʙʽʦʣʦʛʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʅʘ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʟʘʩʣʫʛʦʚʫʶʪʴ ʢʦʤʧʦʟʠʪʠ ʥʘ 

ʦʩʥʦʚʽ ʤʘʛʥʝʪʠʪʫ (Fe3O4), ʬʫʥʢʮʽʦʥʘʣʽʟʘʮʽʷ ʧʦʚʝʨʭʥʽ ʷʢʦʛʦ ʧʦʢʨʘʱʫʻ 

ʽʤʤʦʙʽʣʽʟʘʮʽʡʥʽ ʧʦʢʘʟʥʠʢʠ, ʟʘʧʦʙʽʛʘʻ ʦʢʠʩʥʝʥʥʶ, ʧʨʦʪʝ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʊʦʤʫ ʥʝʦʙʭʽʜʥʽ ʜʝʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʷʢ ʩʘʤʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ ʤʘʛʥʝʪʠʪʫ, ʪʘʢ ʽ ʢʦʤʧʦʟʠʪʽʚ ʥʘ 

ʡʦʛʦ ʦʩʥʦʚʽ. ʄʘʛʥʽʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ ʦʢʨʝʤʠʭ 

ʯʘʩʪʠʥʦʢ, ʾʭ ʨʦʟʤʽʨʽʚ, ʬʦʨʤʠ, ʚʟʘʻʤʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 

ʢʽʣʴʢʽʩʪʶ ʤʘʛʥʽʪʥʦʾ ʽ ʥʝʤʘʛʥʽʪʥʦʾ ʬʘʟʠ. ʊʦʤʫ ʤʝʪʦʶ ʥʘʰʦʾ ʨʦʙʦʪʠ ʩʪʘʣʦ 

ʚʠʚʯʝʥʥʷ ʦʢʨʝʤʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʘʥʦʨʦʟʤʽʨʥʦʛʦ ʤʘʛʥʝʪʠʪʫ 

ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʟʘ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ɺ ʨʦʙʦʪʽ ʩʠʥʪʝʟʦʚʘʥʦ ʤʘʛʥʝʪʠʪ ʰʣʷʭʦʤ ʢʦʥʜʝʥʩʘʮʽʾ ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ 

ʩʦʣʝʡ Fe
2+

 ʪʘ Fe
3+

 ʚ ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ 

75
ʦ
ʉ ʪʘ ʧʽʜʪʚʝʨʜʞʝʥʦ ʡʦʛʦ ʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʨʝʥʪʛʝʥʦʬʘʟʥʠʤ ʘʥʘʣʽʟʦʤ 

(ɼʈʆʅ-4-04). ʈʦʟʨʘʭʦʚʘʥʠʡ ʟʘ ʬʦʨʤʫʣʦʶ ʐʝʨʨʝʨʘ ʜʽʘʤʝʪʨ ʥʘʥʦʯʘʩʪʠʥʦʢ 

ʩʪʘʥʦʚʠʚ 10,5 ʥʤ. ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʟʨʘʟʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʚʽʙʨʘʮʽʡʥʠʡ ʤʘʛʥʽʪʦʤʝʪʨ ʥʘ ʯʘʩʪʦʪʽ 228 ɻʮ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ [1]. ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʘʛʥʽʪʥʦʾ ʛʨʘʥʫʣʦʤʝʪʨʽʾ ʨʦʟʧʦʜʽʣ ʜʽʘʤʝʪʨʽʚ ʥʘʥʦʯʘʩʪʠʥʦʢ 

ʤʘʛʥʝʪʠʪʫ ʙʣʠʟʴʢʠʡ (Ò 2,5%) ʜʦ ʣʦʛʘʨʠʬʤʽʯʥʦʛʦ ʟ ʛʫʩʪʠʥʦʶ ʡʤʦʚʽʨʥʦʩʪʽ 

 ( )[ ]22

ln

11

ln
2

1

ln5,0exp)2()( Mddddp dd --= ----
ssp   

ʜʝ, ůlnd ï ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ ʣʦʛʘʨʠʬʤʫ ʜʽʘʤʝʪʨʘ, 
1

N

i ii
Md d P

=
=ä  ï 

ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ ʜʠʩʢʨʝʪʥʦʾ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ d, ʈi ï ʚʘʨʽʘʥʪʠ 

ʡʤʦʚʽʨʥʦʩʪʽ. 

ʉʪʘʪʠʩʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʘʥʩʘʤʙʣʶ ʥʘʥʦʯʘʩʪʠʥʦʢ Fe3O4 ʟʘ ʜʘʥʠʤʠ 

ʤʘʛʥʽʪʥʦʾ ʛʨʘʥʫʣʦʤʝʪʨʽʾ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ. 

 

ʊʘʙʣ.  ʉʪʘʪʠʩʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʥʘʥʦʯʘʩʪʠʥʦʢ Fe3O4 

 N 
-

d, ʥʤ ůd , ʥʤ 
~

d , ʥʤ mode, ʥʤ 
-

dln  ůlnd 

Fe3O4 271 10.8 2.93 9.3 9.0 2.34 0.28 

 

[1] Abramov M.V., Kusyak A.P. et al. Magnetosensitive nanocomposites based on 

cisplatin and DOX for application in oncology. In: Reimer A. (ed.) Horizons in 

World Physics, Nova Science Publisher, New York. ī 2017. ï ʈ. 1ī56. 
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ʃʽʪʽʡ-ʽʦʥʥʽ ʙʘʪʘʨʝʾ ʥʘʨʘʟʽ ʻ ʧʨʦʚʽʜʥʠʤʠ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ 

ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ, ʝʬʝʢʪʠʚʥʦʛʦ ʾʾ ʟʙʝʨʽʛʘʥʥʷ, ʘ ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʚʠʩʦʢʦʶ ʧʦʪʫʞʥʽʩʪʶ ʪʘ ʱʽʣʴʥʽʩʪʶ ʝʥʝʨʛʽʾ. ʆʜʥʠʤ ʽʟ ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽh ʠʭ 

ʝʣʝʢʪʨʦʣʽʪʽʚ ʜʣʷ ʣʽʪʽʡ-ʽʦʥʥʠʭ ʙʘʪʘʨʝʡ ʻ ʣʽʪʽʡ ʙʽʩ-(ʪʨʠʬʪʦʨʦʤʝʪʘʥ-

ʩʫʣʴʬʦʥʣ̔)̔ʤ̔ʜʫ (LiTFSI). ʉʽʣʴ LiTFSI ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʛʨʫʧʠ ʣʽʪʽʻʚʠʭ ʩʦʣʝʡ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʭʽʤʽʯʥʠʭ ʜʞʝʨʝʣʘʭ ʩʪʨʫʤʫ. ʉʽʣʴ LiTFSI ʚʧʝʨʰʝ 

ʚʠʢʦʨʠʩʪʘʣʠ ʚ ʣʽʪʽʻʚʠʭ ʘʢʫʤʫʣʷʪʦʨʘʭ ʚ 1984 ʨʦʮʽ Foropoulos ʠ DesMarteau [1]. 

çʂʦʨʧʦʨʘʮʽʷ 3ʄè ʧʽʜ ʥʘʟʚʦʶ çʽʤʽʜ ʣʽʪʽʶè ʢʦʤʝʨʮʽʦʥʽʣʽʟʫʚʘʣʘ ʮʶ ʩʽʣʴ ʟ ʤʝʪʦʶ 

ʥʘʫʢʦʚʠʭ ʽ ʧʨʦʤʠʩʣʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ [2]. LiTFSI ʤʘʻ ʧʝʨʝʚʘʛʠ ʥʘʜ ʩʚʦʾʤʠ 

ʘʥʘʣʦʛʘʤʠ, ʚʦʥʘ ʭʽʤʽʯʥʦ ʪʘ ʪʝʨʤʽʯʥʦ ʩʪʘʙʽʣʴʥʘ ʥʘʚʽʪʴ ʧʨʠ ʧʽʜʚʠʱʝʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʷʢ ʚ ʢʠʩʣʦʤʫ, ʪʘʢ ʽ ʚ ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʘʭ, ʾʾ ʊʧʣ. = 509 ʂ, ʚʦʥʘ 

ʥʝ ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʘʞ ʜʦ 633 ʂ, ʤʘʻ ʚʠʩʦʢʫ ʽʦʥʥʫ ʧʨʦʚʽʜʥʽʩʪʴ ʪʘ ʩʪʽʡʢʽʩʪʴ ʜʦ 

ʛʽʜʨʦʣʽʟʫ, ʜʦʙʨʝ ʨʦʟʯʠʥʷʻʪʴʩʷ ʚ ʦʨʛʘʥʽʯʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ [3]. 

ʇʝʨʰʽ ʨʦʟʯʠʥʥʠʢʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʨʠ ʨʦʟʨʦʙʮʽ ʣʽʪʽʡ-ʽʦʥʥʠʭ 

ʙʘʪʘʨʝʡ ʤʘʣʠ ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʽ ʪʦʤʫ ʚ ʥʠʭ 

ʨʦʟʯʠʥʷʻʪʴʩʷ ʙʘʛʘʪʦ ʩʦʣʝʡ. ʈʦʟʯʠʥʥʠʢʠ ʟ ʥʠʟʴʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʜʽʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʚʽʜʥʦʩʪʽ (ʤʝʥʰʝ 15) ʩʧʦʯʘʪʢʫ ʥʝ ʧʨʠʡʤʘʣʠ ʜʦ ʫʚʘʛʠ ʯʝʨʝʟ ʚʝʣʠʢʫ ʽʦʥʥʫ 

ʘʩʦʮʽʘʮʽʶ, ʷʢʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ ʨʦʟʯʠʥʫ. ʆʜʥʘʢ, ʫ 

ʨʦʙʦʪʘʭ Plichta ʟʽ ʩʧʽʚʘʚʪʦʨʘʤʠ [4] ʙʫʣʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʚʝʜʝʥʦ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ ʟ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʫ ʫ ʨʦʟʯʠʥʥʠʢʘʭ ʟ 

ʥʠʟʴʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ. 1,2-ʜʠʤʝʪʦʢʩʠʝʪʘʥ ï 

ʨʦʟʯʠʥʥʠʢ ʟ ʥʠʟʴʢʠʤ ʟʥʘʯʝʥʥʷʤ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ (e298=7,1), ʰʠʨʦʢʠʤ 

ʽʥʪʝʨʚʘʣʦʤ ʨʽʜʢʦʛʦ ʩʪʘʥʫ, ʥʝʚʠʩʦʢʦʶ ʚôʷʟʢʽʩʪʶ, ʻ ʭʦʨʦʰʠʤ ʨʦʟʯʠʥʥʠʢʦʤ ʜʣʷ 

ʙʘʛʘʪʴʦʭ ʝʣʝʢʪʨʦʣʽʪʽʚ. ʆʢʨʽʤ ʪʦʛʦ ʚʽʥ ʭʽʤʽʯʥʦ ʪʘ ʪʝʨʤʽʯʥʦ ʩʪʘʙʽʣʴʥʠʡ, ʣʝʛʢʦ 

ʦʯʠʱʘʻʪʴʩʷ ʪʘ ʥʝʜʦʨʦʛʠʡ. ɿʘʚʜʷʢʠ ʮʠʤ ʪʘ ʽʥʰʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 1,2-

ʜʠʤʝʪʦʢʩʠʝʪʘʥ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʭʽʤʽʯʥʠʭ ʜʞʝʨʝʣʘʭ ʩʪʨʫʤʫ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ: ʨʦʟʨʘʭʫʥʢʠ ʢʦʥʩʪʘʥʪ ʘʩʦʮʽʘʮʽʾ ʽʦʥʽʚ ʚ ʽʦʥʥʽ ʧʘʨʠ 

ʪʘ ʽʦʥʥʽ ʪʨʽʡʥʠʢʠ, ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʠʭ ʤʦʣʷʨʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʧʨʦʚʽʜʥʦʩʪʝʡ 

ʽʦʥʽʚ ʪʘ ʽʦʥʥʠʭ ʪʨʽʡʥʠʢʽʚ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʟ ʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ 

ʨʦʟʯʠʥʽʚ ʣʽʪʽʡ ʙʽʩ-(ʪʨʠʬʪʦʨʦʤʝʪʘʥ-ʩʫʣʴʬʦʥʽʣ)ʽʤʽʜʫ ʚ 1,2-ʜʠʤʝʪʦʢʩʠʝʪʘʥʽ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 278,15-328,15 ʂ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʟ ʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ 

LiTFSI ʚ ʜʠʤʝʪʦʢʩʠʝʪʘʥʽ ʦʙʨʦʙʣʷʣʠ ʟʘ ʤʝʪʦʜʠʢʘʤʠ ʦʧʠʩʘʥʠʤʠ ʨʘʥʽʰʝ [5]. ɼʣʷ 

ʨʦʟʨʘʭʫʥʢʽʚ ʟʥʘʯʝʥʴ ʛʨʘʥʠʯʥʠʭ ʤʦʣʷʨʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʧʨʦʚʽʜʥʦʩʪʝʡ ʪʘ ʢʦʥʩʪʘʥʪ 

ʘʩʦʮʽʘʮʽʾ ʟʘ ʤʦʜʝʣʷʤʠ ʨʽʚʥʦʚʘʛ (ɯ)-(ɯɯɯ) ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʨʽʚʥʷʥʥʷ ʃʽ-ʋʽʪʦʥʘ [6] 

ʜʣʷ ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʪʘ ʩʢʣʘʜʥʦʘʩʦʮʽʡʦʚʘʥʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ. 



ʅʝʦʨʛʘʥʽʯʥʘ ʭʽʤʽʷ 

 15 

 (Li
+
)s+(TFSI

-
)s Ú(LiTFSI)s, KA  (ɯ) 

 (LiTFSI)s + (Li
+
)s Ú ((Li2TFSI)

+
s), KT+  (ɯɯ) 

 (LiTFSI)s + (TFSI
-
)s Ú ((Li(TFSI)2)

-
s), KT- (ɯɯɯ) 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʧʘʨʘʤʝʪʨ ʚʽʜʩʪʘʥʽ ʤʽʞ ʽʦʥʘʤʠ (R) ʙʫʚ ʨʦʟʨʘʭʦʚʘʥʠʡ ʟʘ 

ʤʦʜʝʣʣʶ ɹʘʨʝʣʷ ʷʢ ʩʫʤʘ ʨʘʜʽʫʩʽʚ ʢʘʪʽʦʥʘ ʪʘ ʘʥʽʦʥʘ. ʂʦʥʩʪʘʥʪʠ ʘʩʦʮʽʘʮʽʾ 

ʧʦʟʠʪʠʚʥʦ ʪʘ ʥʝʛʘʪʠʚʥʦ ʟʘʨʷʜʞʝʥʠʭ ʽʦʥʥʠʭ ʪʨʽʡʥʠʢʽʚ ʚʚʘʞʘʣʠ ʨʽʚʥʠʤʠ (ʂʊ = 

ʂʊ+ = ʂʊ-). ʈʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʦʾ ʤʦʣʷʨʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʽʦʥʽʚ ʪʘ ʽʦʥʥʠʭ 

ʪʨʽʡʥʠʢʽʚ ʟʨʦʩʪʘʶʪʴ ʟ ̔ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ. ʂʦʥʩʪʘʥʪʠ ʘʩʦʮʽʘʮʽʾ ʜʣʷ 

ʽʦʥʥʠʭ ʧʘʨ (lgKA) ʤʘʶʪʴ ʜʦʩʠʪʴ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʽ ʜʝʱʦ ʟʙʽʣʴʰʫʶʪʴʩʷ ʟ ʨʦʩʪʦʤ 

ʪʝʤʧʝʨʘʪʫʨʠ. ʂʦʥʩʪʘʥʪʠ ʘʩʦʮʽʘʮʽʾ ʜʣʷ ʽʦʥʥʠʭ ʪʨʽʡʥʠʢʽʚ (lgKT) ʤʘʶʪʴ ʥʠʞʯʽ 

ʟʥʘʯʝʥʥʷ, ʥʽʞ lg Kɸ ʽ ʥʝʟʥʘʯʥʽ ʟʤʽʥʠ ʚ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ 

ʽʥʪʝʨʚʘʣʽ. ɺ ʪʘʙʣʠʮʽ 1 ʥʘʜʘʥʦ ʨʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʢʦʥʩʪʘʥʪ ʘʩʦʮʽʘʮʽʾ ʽʦʥʽʚ ʚ 

ʽʦʥʥʽ ʪʨʽʡʥʠʢʠ ʟʘ ʨʽʚʥʷʥʥʷʤʠ [7]-[10]. ʇʘʨʘʤʝʪʨ ʚʽʜʩʪʘʥʽ ʚ ʽʦʥʥʠʭ ʪʨʽʡʥʠʢʘʭ 

ʧʨʠʡʤʘʣʠ ʷʢ ʘ3=1.5(r
+
+r

-
). 

 

ʊʘʙʣʠʮʷ 1. ʈʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʢʦʥʩʪʘʥʪ ʘʩʦʮʽʘʮʽʾ ʽʦʥʽʚ ʚ ʽʦʥʥʽ ʪʨʽʡʥʠʢʠ (lgKT) 

ʊ, ʂ 
Fuoss-Krauss 

[7] 

Fuoss-

Accascina 

[8] 

Jagodzinski-

Petrucci [9] 

Delsignore-

Farber-

Petrucci [10] 

ɽʢʩʧʝʨʠʤʝʥʪ 

278,15 2,56 2,38 3,03 3,12 2,87 

288,15 2,59 2,43 3,08 3,17 2,81 

298,15 2,63 2,47 3,12 3,21 2,40 

308,15 2,66 2,51 3,16 3,24 2,64 

318,15 2,68 2,55 3,20 3,28 1,98 

328,15 2,71 2,59 3,24 3,31 1,87 
 

ʊʝʦʨʝʪʠʯʥʽ ʨʽʚʥʷʥʥʷ ʤʦʞʫʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʢʦʥʩʪʘʥʪʠ ʘʩʦʮʽʘʮʽʾ ʽʦʥʽʚ ʚ 

ʽʦʥʥʽ ʪʨʽʡʥʠʢʠ ʣʠʰʝ ʥʘʙʣʠʞʝʥʦ. 
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2399. 
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ɿʘʩʪʦʩʫʚʘʥʥʷ ʣʽʪʽʡ- ʦ̔ʥʥʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ ʜʦʩʠʪʴ ʰʠʨʦʢʝ: ʚʽʜ ʧʦʨʪʘʪʠʚʥʠʭ 

ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤ ʜʦ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʣʽʪʽʻʚʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ ʫ 

ʧʨʠʩʪʨʦʷʭ ʻ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʽʰʠʤ ʧʦʨʽʚʥʷʥʦ ʟ ʧʝʨʚʠʥʥʠʤʠ ʜʞʝʨʝʣʘʤʠ 

ʩʪʨʫʤʫ [1]. 

ʈʦʟʨʦʙʢʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʣʽʪʽʡ-ʽʦʥʥʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʙʦʨʫ ʝʣʝʢʪʨʦʣʽʪʥʠʭ ʩʠʩʪʝʤ. ʅʘʨʘʟʽ ʦʜʥʠʤʠ ʟ 

ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʭ ʻ ʨʽʜʢʽ ʝʣʝʢʪʨʦʣʽʪʥʽ ʩʠʩʪʝʤʠ. ʈʽʜʢʽ ʦʨʛʘʥʽʯʥʽ ʝʣʝʢʪʨʦʣʽʪʥʽ 

ʩʠʩʪʝʤʠ - ʮʝ ʩʠʩʪʝʤʠ, ʷʢʽ ʤʽʩʪʷʪʴ ʩʽʣʴ ʝʣʝʢʪʨʦʣʽʪʫ ʪʘ ʦʨʛʘʥʽʯʥʠʡ ʨʦʟʯʠʥʥʠʢ 

(ʽʥʦʜʽ ʜʦʜʘʪʢʦʚʽ ʢʦʤʧʦʥʝʥʪʠ ʪʘ ʜʦʙʘʚʢʠ). 

ɼʦ ʨʦʟʯʠʥʥʠʢʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʣʽʪʽʡ-ʽʦʥʥʠʭ ʘʢʫʤʫʣʷʪʦʨʘʭ 

ʚʠʩʫʚʘʶʪʴʩʷ ʧʝʚʥʽ ʚʠʤʦʛʠ: ʚʠʩʦʢʘ ʭʽʤʽʯʥʘ, ʪʝʨʤʽʯʥʘ, ʪʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʘ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʫ ʨʦʙʦʯʦʤʫ ʽʥʪʝʨʚʘʣʽ ʧʦʪʝʥʮʽʘʣʽʚ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʘʥʦʜʫ ʪʘ 

ʢʘʪʦʜʫ; ʚ ʥʠʭ ʧʦʚʠʥʥʽ ʜʦʙʨʝ ʨʦʟʯʠʥʷʪʠʩʷ ʝʣʝʢʪʨʦʣʽʪʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ; 

ʚʦʥʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʚʠʩʦʢʫ ʝʣʝʢʪʨʠʯʥʫ ʧʨʦʚʽʜʥʽʩʪʴ ʫ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ 

ʪʝʤʧʝʨʘʪʫʨ; ʜʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʧʨʠ ʨʦʟʨʷʜʞʝʥʥʽ 

ʢʦʤʽʨʢʠ ʤʘʪʠ ʯʠʩʣʦ ʧʝʨʝʥʦʩʫ ʽʦʥʘ ʣʽʪʽʶ ʙʣʠʟʴʢʠʤ ʜʦ ʦʜʠʥʠʮʽ. 

ʆʜʥʠʤ ʽʟ ʪʘʢʠʭ ʨʦʟʯʠʥʥʠʢʽʚ ʻ 1,2-ʜʠʤʝʪʦʢʩʠʝʪʘʥ (ʨʠʩ.1). ɺʽʥ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠ ʨʦʟʨʦʙʮʽ ʭʽʤʽʯʥʠʭ ʜʞʝʨʝʣ ʩʪʨʫʤʫ. ɺʽʥ ʤʘʻ ʥʠʟʴʢʝ ʟʥʘʯʝʥʥʷ 

ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ (7,1 ʧʨʠ 298,15 ʂ). ʆʩʥʦʚʥʽ ʡʦʛʦ ʧʝʨʝʚʘʛʠ ʮʝ 

ʰʠʨʦʢʠʡ ʽʥʪʝʨʚʘʣ ʨʽʜʢʦʛʦ ʩʪʘʥʫ (ʊʧʣ=202,15 ʂ, ʊʢʠʧ.=358,35 ʂ), ʣʝʛʢʽʩʪʴ 

ʦʯʠʩʪʢʠ, ʚʽʜʥʦʩʥʦ ʥʝʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ. 

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ 1,2-ʜʠʤʝʪʦʢʩʠʝʪʘʥʫ 

ʃʽʪʽʡ ʙʽʩ(ʦʢʩʘʣʘʪʦʙʦʨʘʪ) (LiBOB) (ʨʠʩ.2) ï ʦʜʠʥ ʽʟ ʚʽʜʥʦʩʥʦ ʥʦʚʠʭ 

ʝʣʝʢʪʨʦʣʽʪʽʚ ʜʣʷ ʩʫʯʘʩʥʠʭ ʣʽʪʽʡ-ʽʦʥʥʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ. ʁʦʛʦ ʦʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ: 

ʢʨʠʩʪʘʣʽʯʥʠʡ ʩʪʘʥ LiBOB ʻ ʩʪʘʙʽʣʴʥʽʰʠʤ ʚʽʜʥʦʩʥʦ ʽʥʰʠʭ ʩʦʣʝʡ; ʭʦʨʦʰʘ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ ʧʦʪʝʥʮʽʘʣʽʚ; ʭʦʨʦʰʘ ʨʦʟʯʠʥʥʽʩʪʴ 

ʚ ʦʨʛʘʥʽʯʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ; ʚʠʩʦʢʘ ʧʨʦʚʽʜʥʽʩʪʴ ʚ ʨʽʟʥʠʭ ʦʨʛʘʥʽʯʥʠʭ 

ʨʦʟʯʠʥʥʠʢʘʭ; ʩʪʽʡʢʽʩʪʴ ʜʦ ʧʝʨʝʟʘʨʷʜʞʝʥʥʷ; ʝʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʯʥʽʩʪʴ; ʚʠʩʦʢʘ 

ʪʝʨʤʦʩʪʘʙʽʣʴʥʽʩʪʴ ʚ ʦʨʛʘʥʽʯʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ [1, 2]. 

 

ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʘ ʣʽʪʽʡ ʙ̔ʩ-

(ʦʢʩʘʣʘʪʦʙʦʨʘʪʫ)  
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ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʪʘ 

ʘʩʦʮʽʘʮʽʾ ʚ ʨʦʟʯʠʥʘʭ ʣʽʪʽʡ ʙʽʩ(ʦʢʩʘʣʘʪʦʙʦʨʘʪʫ) ʚ 1,2-ʜʠʤʝʪʦʢʩʠʝʪʘʥʽ ʚ ʽʥʪʝʨʚʘʣʽ 

ʪʝʤʧʝʨʘʪʫʨ 278.15 ï 318.15 ʂ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʟ ʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʣʽʪʽʡ 

ʙʽʩ(ʦʢʩʘʣʘʪʦʙʦʨʘʪʫ) ʚ 1,2-ʜʠʤʝʪʦʢʩʠʝʪʘʥʽ ʦʙʨʦʙʣʷʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʚʥʷʥʥʷ 

ʃ-̔ʋʽʪʦʥʘ [3] ʜʣʷ ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʪʘ ʩʢʣʘʜʥʦʘʩʦʮʽʡʦʚʘʥʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ ʪʘ 

ʤʝʪʦʜʠʢʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʢʦʥʜʫʢʪʦʤʝʪʨʠʯʥʠʭ ʜʘʥʠʭ ʜʣʷ 1-1 ʝʣʝʢʪʨʦʣʽʪʽʚ 

[4, 5]. ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʦʜʝʣʽ ʘʩʦʮʽʘʮʽʾ ʝʣʝʢʪʨʦʣʽʪʫ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʽʦʥʥʠʭ ʧʘʨ (1) ʪʘ ʽʦʥʥʠʭ ʪʨʽʡʥʠʢʽʚ (2): 

 (Li
+
)s+(BOB

-
)s Ú(LiBOB)s, KA  (1) 

 (LiBOB)s + (Li
+
)s Ú ((Li2BOB)

+
s), KT+  (2a) 

 (LiBOB)s + (BOB
-
)s Ú ((Li(BOB)2)

-
s), KT- (2b) 

ɻʨʘʥʠʯʥʽ ʤʦʣʷʨʥʽ ʝʣʝʢʪʨʠʯʥʽ ʧʨʦʚʽʜʥʦʩʪʽ ʽʦʥʽʚ ʟʨʦʩʪʘʶʪʴ ʟ ʨʦʩʪʦʤ 

ʪʝʤʧʝʨʘʪʫʨʠ (ʚʽʜ 88,94 ʜʦ 127,06 ʉʤÖʩʤ/ʤʦʣʴ), ʚ ʪʦʡ ʯʘʩ ʷʢ ʛʨʘʥʠʯʥʽ ʤʦʣʷʨʥʽ 

ʝʣʝʢʪʨʠʯʥʽ ʧʨʦʚʽʜʥʦʩʪʽ ʽʦʥʥʠʭ ʪʨʽʡʥʠʢʽʚ ʟʤʝʥʰʫʶʪʴʩʷ (ʚʽʜ 83,86 ʜʦ 

48,22 ʉʤÖʩʤ/ʤʦʣʴ). 

ʂʦʥʩʪʘʥʪʠ ʘʩʦʮʽʘʮʽʾ ʽʦʥʽʚ ʚ ʽʦʥʥʽ ʧʘʨʠ (lg Kʘ ʟʤʽʥʶʶʪʴʩʷ ʚʽʜ 4,23 ʜʦ 4,65) 

ʪʘ ʪʨʽʡʥʠʢʠ (lg Kʘ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 2,18 ʜʦ 2,44) ʥʝʟʥʘʯʥʦ ʟʙʽʣʴʰʫʶʪʴʩʷ ʟ ʨʦʩʪʦʤ 

ʪʝʤʧʝʨʘʪʫʨʠ. ʂʦʥʩʪʘʥʪʠ ʘʩʦʮʽʘʮʽʾ ʽʦʥʽʚ ʚ ʽʦʥʥʽ ʧʘʨʠ ʤʘʡʞʝ ʚʜʚʽʯʽ ʧʝʨʝʚʠʱʫʶʪʴ 

ʢʦʥʩʪʘʥʪʠ ʘʩʦʮʽʘʮʽʾ ʽʦʥʽʚ ʚ ʽʦʥʥʽ ʪʨʽʡʥʠʢʠ. 

ɯʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʟ ʢʦʥʩʪʘʥʪ ʘʩʦʮʽʘʮʽʾ ʽʦʥʽʚ ʚ ʽʦʥʥʽ ʪʨʽʡʥʠʢʠ 

(lg KT) ʟʘ ʨʽʚʥʷʥʥʷʤ Delsignore [6] ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʧʘʨʘʤʝʪʨ ʥʘʡʙʽʣʴʰʦʛʦ 

ʟʙʣʠʞʝʥʥʷ ʚ ʽʦʥʥʠʭ ʪʨʽʡʥʠʢʘʭ (ʪʘʙʣ.1). 

 

ʊʘʙʣʠʮʷ 1. ʈʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʘ3 ʚ ʽʦʥʥʠʭ ʪʨʽʡʥʠʢʘʭ 

ʊ, ʂ 278,15 288,15 298,15 308,15 318,15 328,15 

ʘ3, ɸ 6,10 5,94 5,97 6,00 6,01 5,95 

 

ɼʣʷ LiBOB ʚ ʜʠʤʝʪʦʢʩʠʝʪʘʥʽ ʮʝʡ ʧʘʨʘʤʝʪʨ ʤʝʥʰʠʡ ʟʘ ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʫ ʘ3, ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ Fuoss ʷʢ ʘ3=1.5(r
+
+r

-
), ʱʦ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ 

ʫʪʚʦʨʝʥʥʷ ʧʝʨʝʚʘʞʥʦ ʢʦʥʪʘʢʪʥʠʭ ʽʦʥʥʠʭ ʪʨʽʡʥʠʢʽʚ. 

 

[1]. ʗʨʤʦʣʝʥʢʦ ʆ. ɺ.,  ʖʜʠʥʘ ɺ. ɸ., ʀʛʥʘʪʦʚʘ ɸ. ɸ // ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ 

ʵʥʝʨʛʝʪʠʢʘ. 2016. ʊ. 16, ˉ 4. ʉ. 155ï195 

[2] Xu K.,  Zhang S. S., Jow T. R., Xu W., and Angel C. A. // Electrochem. Solid-

State Lett. 2002. Vol. 2.  A26. 

[3] Lee W.H., Wheaton R.J. // J. Chem. Soc. Faraday Trans. II. 1978. Vol. 74, No 4. 

P. 743-766. 

[4] Kalugin O.N., Panchenko V.G. Russian Journal of Physical Chemistry. 2003. V. 

77, No 8. P.1310-1314. 

[5] Kalugin O.N., Panchenko V.G., Vôynnik I.N. Russian Journal of Physical 

Chemistry. 2005. V.  79, No 4. P.734-739. 

[6] Delsignore M., Farber H., Petrucci S. J. Phys. Chem. 1985, V. 89, No 23. P. 4968-

4973. 
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ʂʦʤʙʽʥʦʚʘʥʽ ʩʪʝʢʣʘ, ʱʦ ʤʽʩʪʷʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʬʦʩʬʘʪʥʽ, ʤʦʣʽʙʜʘʪʥʽ ʪʘ 

ʚʦʣʴʬʨʘʤʘʪʥʽ ʩʪʝʢʣʘ ʚʦʣʦʜʽʶʪʴ ʨʷʜʦʤ ʮʽʥʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʨʦʟʛʣʷʜʘʪʠ ʾʭ ʷʢ ʧʝʨʩʧʝʢʪʠʚʥʽ ʣʶʤʽʥʝʩʮʝʥʪʥʽ ʧʦʢʨʠʪʪʷ ʜʣʷ ʦʧʪʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ 

ʪʘ ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʣʘʤʧ. ʉʝʨʝʜ ʚʽʜʦʤʠʭ ʬʦʩʬʘʪʥʠʭ ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʩʪʝʢʦʣ 

ZnOïP2O5ïCaOïTiO2ïEu2O3 [1] ʧʦʢʘʟʘʥʦ ʾʭ ʚʠʩʦʢʫ ʪʝʨʤʽʯʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘ 

ʚʠʩʦʢʠʡ ʢʚʘʥʪʦʚʠʡ ʚʠʭʽʜ ʣʶʤʽʥʝʩʮʝʥʮʽʾ ʧʨʠ ʚʤʽʩʪʽ ʦʢʩʠʜʫ ʻʚʨʦʧʽʶ ʚʽʜ 1 ʜʦ 7 % 

ʤʦʣ. ʇʨʠ ʚʠʱʦʤʫ ʚʤʽʩʪʽ ʘʢʪʠʚʘʪʦʨʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʷʚʘ ʢʨʠʩʪʘʣʽʯʥʦʾ ʬʘʟʠ, 

ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʥʠʞʝʥʥʷʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʣʶʤʽʥʝʩʮʝʥʮʽʾ ʚ ʯʝʨʚʦʥʽʡ 

ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʫ. ɼʣʷ ʩʠʩʪʝʤ PbOïP2O5ïGa2O3ïLn2O3 (Ln = Eu, Dy, Tb ʘʙʦ Er) [1] 

ʪʘʢʦʞ ʧʦʢʘʟʘʥʦ ʚʠʩʦʢʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʽ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ɼʝʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʬʦʩʬʘʪʥʠʭ ʩʪʝʢʦʣ ʧʽʜʢʨʝʩʣʶʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʫ ʩʢʣʘʜʽ ʬʦʩʬʘʪʥʦʛʦ ʩʢʣʘ ʪʘʢʦʛʦ ʷʢ 

Na2OïP2O5, CaOïP2O5 ʪʘ BaOïP2O5, ʷʢʽ ʚʦʣʦʜʽʶʪʴ ʟʥʘʯʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʟʽ 

ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʷʢ ʯʫʜʦʚʽ ʤʘʪʨʠʮʽ ʜʣʷ ʣʝʛʫʚʘʥʥʷ [2]. ʇʨʦʙʣʝʤʘ 

ʚʠʩʦʢʦʾ ʛʽʛʨʦʩʢʦʧʽʯʥʦʩʪʽ ʚʠʨʽʰʫʻʪʴʩʷ ʜʦʜʘʚʘʥʥʷʤ ZnO, V2O5, MoO3 ʪʘ WO3 [1]. 

ʋ ʷʢʦʩʪʽ ʚʠʭʽʜʥʠʭ ʨʝʘʛʝʥʪʽʚ  ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ: K2WO4 (ʭ.ʯ.), KPO3 (ʭ.ʯ.) 

ʪʘ V2O5 (ʯ.ʜ.ʘ.) ʙʝʟ ʧʦʧʝʨʝʜʥʴʦʾ ʦʯʠʩʪʢʠ. ʈʦʟʨʘʭʦʚʘʥʽ ʢʽʣʴʢʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ 

ʧʦʤʽʱʘʣʠ ʫ ʧʣʘʪʠʥʦʚʽ ʪʠʛʣʽ ʦʙ'ʻʤʦʤ 20 ʤʣ ʪʘ ʚʠʪʨʠʤʫʚʘʣʠ ʚ ʤʫʬʝʣʴʥʽʡ ʧʝʯʽ 

ʰʘʭʪʥʦʛʦ ʪʠʧʫ ʧʨʠ 1000 ʉ̄ ʧʨʦʪʷʛʦʤ 2 ʛʦʜ. ʇʨʠ ʮʴʦʤʫ ʜʦʩʷʛʘʣʘʩʷ ʧʦʚʥʘ 

ʛʦʤʦʛʝʥʥʽʩʪʴ ʫ ʦʜʝʨʞʘʥʦʤʫ ʨʦʟʧʣʘʚʽ. ʇʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʜʦ 500ʉ̄ ʟʽ ʰʚʠʜʢʽʩʪʶ 

100̄ /ʛʦʜ ʷʚʠʱʘ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ. ɼʘʣʽ ʩʢʣʦ ʚʠʣʠʚʘʣʦʩʷ ʥʘ 

ʛʨʘʬʽʪʦʚʫ ʧʽʜʢʣʘʜʢʫ ʪʘ ʛʘʨʪʫʚʘʣʦʩʷ ʚ ʤʫʬʝʣʴʥʽʡ ʧʝʯʽ ʧʨʠ 300ʉ̄ ʧʨʦʪʷʛʦʤ 2 

ʛʦʜʠʥ. ʅʘʜʘʣʽ ʧʽʯ ʚʠʤʠʢʘʣʠ ʽ ʩʢʣʦ ʚ ʥʽʡ ʧʦʚʽʣʴʥʦ ʦʭʦʣʦʜʞʫʚʘʣʦʩʴ ʜʦ ʢʽʤʥʘʪʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ. ʆʪʨʠʤʘʥʝ ʧʨʦʟʦʨʝ ʩʢʣʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʦʣʴʦʨʦʤ ʚʽʜ ʩʚʽʪʣʦ-

ʞʦʚʪʦʛʦ ʜʦ ʢʦʨʠʯʥʝʚʦʛʦ ʟʘʣʝʞʥʦ ʚʽʜ ʚʤʽʩʪʫ ʚʘʥʘʜʽʶ. 

ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʟʘʧʠʩʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʦʨʦʰʢʦʚʦʛʦ 

ʜʠʬʨʘʢʪʦʤʝʪʨʘ Shimadzu XRD 6000 ʫ ʨʝʞʠʤʽ ʚʽʜʙʠʪʪʷ ʚʽʜ ʧʣʦʩʢʠʭ ʟʨʘʟʢʽʚ 

(CuKŬ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ɚ =1,54178¡; ʤʝʪʦʜ 2ɗ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ ʟʽ 

ʰʚʠʜʢʽʩʪʶ 1,2ę ʥʘ ʭʚʠʣʠʥʫ; ʜʽʘʧʘʟʦʥ ʢʫʪʽʚ 2ɗ ʚʽʜ 5,0 ʜʦ 70,0Á; ʛʨʘʬʽʪʦʚʠʡ 

ʤʦʥʦʭʨʦʤʘʪʦʨ ʧʝʨʝʜ ʜʝʪʝʢʪʦʨʦʤ). ɯʏ-ʩʧʝʢʪʨʠ ʟʘʧʠʩʘʥʦ ʥʘ ʧʨʠʣʘʜʽ çPerkin 

Elmer Spectrum BXè ʫ ʪʘʙʣʝʪʢʘʭ ʂɺr ʜʣʷ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ ʚʽʜ 400 ʜʦ 4000 ʩʤ
-1
. 

ɽʣʝʢʪʨʦʥʥʽ ʩʧʝʢʪʨʠ ʟʘʧʠʩʘʥʽ ʥʘ ʧʨʠʣʘʜʽ Thermo Scientific Evolution 600, ʫ 

ʜʽʘʧʘʟʦʥʽ 190-600 ʥʤ ʟ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 0,2 ʥʤ. ʉʢʘʥʫʶʯʘ ʝʣʝʢʪʨʦʥʥʘ 

ʤʽʢʨʦʩʢʦʧʽʷ ʧʨʦʚʦʜʠʣʘʩʷ ʥʘ ʧʨʠʣʘʜʽ JEOL JSM 6060 LV ʟ ʥʘʧʠʣʝʥʥʷʤ ʟʦʣʦʪʘ. 
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ɼʣʷ ʫʩʧʽʰʥʦʛʦ ʩʠʥʪʝʟʫ ʧʨʦʟʦʨʦʛʦ ʩʢʣʘ ʤʠ ʦʙʨʘʣʠ ʩʠʩʪʝʤʫ, ʱʦ ʤʽʩʪʠʪʴ 

ʢʦʤʙʽʥʘʮʽʶ ʦʢʩʠʜʽʚ K2O, P2O5 ʪʘ WO3 ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ K/P = 3,0 ʪʘ K/W = 3,0,  

ʧʨʠ ʮʴʦʤʫ ʜʣʷ ʤʦʜʠʬʽʢʘʮʽʾ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʜʝʨʞʘʥʦʛʦ ʩʢʣʘ ʚʚʝʜʝʥʦ 

ʜʦʤʽʰʢʫ V2O5 ʫ ʢʽʣʴʢʦʩʪʽ ʚʽʜ 2,8 ʜʦ 33,4 % ʤʦʣ, ʘ ʷʢ ʣʶʤʽʥʝʩʮʝʥʪʥʫ ʜʦʤʽʰʢʫ 

ʚʠʢʦʨʠʩʪʘʥʦ ʦʢʩʠʜ ʻʚʨʦʧʽʶ(ɯɯɯ). 

ɼʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʚʣʘʩʪʠʚʦʩʪʝʡ ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ ʩʪʝʢʦʣ ʩʢʣʘʜʫ K2OïP2O5ï

WO3ïV2O5 ʚʘʞʣʠʚʠʤ ʻ ʚʩʪʘʥʦʚʠʪʠ, ʷʢ ʟʤʽʥʶʻʪʴʩʷ ʙʫʜʦʚʘ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʩʢʣʘ 

ʧʨʠ ʟʤʽʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʢʩʠʜʫ ʚʘʥʘʜʽʶ (V) ʪʘ ʚʠʟʥʘʯʠʪʠ ʦʙʣʘʩʪʴ ʽʩʥʫʚʘʥʥʷ 

ʘʤʦʨʬʥʦʛʦ ʩʢʣʘ ʜʣʷ ʥʘʚʝʜʝʥʦʛʦ ʩʢʣʘʜʫ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʪʘʥʫʪʴ ʦʩʥʦʚʦʶ 

ʜʣʷ ʣʝʛʫʚʘʥʥʷ ʘʢʪʠʚʘʪʦʨʘʤʠ ʥʘ ʦʩʥʦʚʽ ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʭ ʢʘʪʽʦʥʽʚ ʪʘ ʜʠʟʘʡʥʫ 

ʥʦʚʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʣʶʤʽʥʦʬʦʨʽʚ. 

ɼʣʷ ʚʤʽʩʪʫ K2O 33,5 ï 48,5 % ʤʦʣ. ʩʢʣʘʜ ʧʽʜʙʠʨʘʚʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ 

ʚʤʽʩʪ V2O5 ʟʤ̔ʥʶʚʘʚʩʷ ʚʽʜ 2,8 ʜʦ 33,4 % ʤʦʣ, ʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ K/P ʪʘ K/W 

ʟʘʣʠʰʘʣʦʩʷ ʨʽʚʥʠʤ 3,0. ʋʩʽ ʫʪʚʦʨʝʥʽ ʩʪʝʢʣʘ ʻ ʧʨʦʟʦʨʠʤʠ, ʩʪʽʡʢʠʤʠ ʥʘ ʧʦʚʽʪʨʽ ʜʦ 

ʚʦʣʦʛʠ ʪʘ ʟʘʙʘʨʚʣʝʥʽ ʚʽʜ ʩʚʽʪʣʦ-ʞʦʚʪʦʛʦ (2,8 % V2O5) ʜʦ ʢʦʨʠʯʥʝʚʦʛʦ (33,4 % 

V2O5) ʢʦʣʴʦʨʫ. ɸʤʦʨʬʥʽʩʪʴ ʩʪʝʢʦʣ ʙʫʣʘ ʧʽʜʪʚʝʨʜʞʝʥʘ ʨʝʥʪʛʝʥʦʬʘʟʦʚʠʤ 

ʘʥʘʣʽʟʦʤ ʧʝʨʝʪʝʨʪʦʛʦ ʩʢʣʘ. ʊʠʧʦʚʠʡ ʚʠʛʣʷʜ ʨʝʥʪʛʝʥʦʛʨʘʤʠ ʟʨʘʟʢʘ 48,5K2O ï 

16,2P2O5ï32,5WO3ï2,8V2O5 ʚ ʤʝʞʘʭ ʢʫʪʽʚ 2q  = 5- 70̄  ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1ʘ. 

 
ʈʠʩ. 1. ʈʝʥʪʛʝʥʦʛʨʘʤʘ (ʘ) ʪʘ ʉɽʄ (ʙ) ʩʢʣʘ 48,5K2O ï 16,2P2O5ï32,5WO3ï2,8V2O5 

 

ɼʣʷ ʫʩʽʭ ʦʪʨʠʤʘʥʠʭ ʩʪʝʢʦʣ ʧʦʢʘʟʘʥʦ ʚʠʩʦʢʫ ʩʪʽʡʢʽʩʪʴ ʥʘ ʧʦʚʽʪʨʽ ʱʦʜʦ 

ʚʦʣʦʛʠ ʪʘ ʧʨʦʟʦʨʽʩʪʴ ʧʽʩʣʷ ʚʽʜʧʘʣʫ ʧʨʠ 300
ʦ
ʉ (ʨʠʩ.1ʙ). ʉʧʝʢʪʨʠ ʣʶʤʽʥʝʩʮʝʥʮʽʾ 

ʪʘ ʟʙʫʜʞʝʥʥʷ ʣʶʤʽʥʝʩʮʝʥʮʽʾ ʟʘʧʠʩʘʥʽ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʪʘ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʤʫʛʘʤ ʝʣʝʢʪʨʦʥʥʠʭ ʧʝʨʝʭʦʜʽʚ 
5
D0-

7
Fj, ʜʝ j =1-7 ʜʣʷ ʡʦʥʘ 

ʻʚʨʦʧʽʶ(ɯɯɯ). 
 

[1] Rammah, Y. S., Mahmoud, K. A., Sayyed, M. I., El-Agawany, F. I., & El-

Mallawany, R. (2020). Novel vanadyl lead-phosphate glasses: P2O5ïPbOïZnONa2Oï

V2O5: synthesis, optical, physical and gamma photon attenuation properties. Journal 

of Non-Crystalline Solids, 534, 119944. 

[2] Matori, K. A., Sayyed, M. I., Sidek, H. A. A., Zaid, M. H. M., & Singh, V. P. 

(2017). Comprehensive study on physical, elastic and shielding properties of lead 

zinc phosphate glasses. Journal of Non-Crystalline Solids, 457, 97-103. 
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ɼʦʩʣʽʜʞʝʥʥʷ ʥʝʣʽʥʽʡʥʦ-ʦʧʪʠʯʥʠʭ ʷʚʠʱ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ ʚʠʢʣʠʢʘʻ 

ʧʽʜʚʠʱʝʥʠʡ ʽʥʪʝʨʝʩ, ʷʢ ʟ ʧʦʛʣʷʜʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʾ ʥʘʫʢʠ, ʪʘʢ ʽ ʟ ʧʦʛʣʷʜʫ 

ʧʝʨʩʧʝʢʪʠʚ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠ ʩʪʚʦʨʝʥʥʽ 

ʥʦʚʠʭ ʧʨʠʣʘʜʽʚ ʢʚʘʥʪʦʚʦʾ ʝʣʝʢʪʨʦʥʽʢʠ. ʈʦʟʚʠʪʦʢ ʣʘʟʝʨʥʦʾ ʪʝʭʥʽʢʠ ʡ ʤʦʞʣʠʚʽʩʪʴ 

ʛʝʥʝʨʘʮʽʾ ʢʦʨʦʪʢʠʭ ʽ ʫʣʴʪʨʘʢʦʨʦʪʢʠʭ ʽʤʧʫʣʴʩʽʚ ʜʦʟʚʦʣʠʣʠ ʚʠʷʚʠʪʠ ʡ 

ʜʦʩʣʽʜʞʫʚʘʪʠ ʥʦʚʽ ʷʚʠʱʘ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʡ ʝʬʝʢʪ ʩʘʤʦʚʽʜʙʠʪʪʷ. ɺʩʝʙʽʯʥʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʜʘʻ ʥʘʤ ʚʘʞʣʠʚʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʨʽʟʥʽ ʥʝʜʦʩʢʦʥʘʣʦʩʪʽ 

(ʜʦʤʽʰʢʠ, ʜʝʬʝʢʪʠ, ʬʦʥʦʥʠ, ʥʦʩʽʾ ʩʪʨʫʤʫ ʽ ʽʥ.) ʚ ʡʦʛʦ ʢʨʠʩʪʘʣʽʯʥʽʡ ʨʝʰʽʪʮʽ [1]. 

ʅʘ ʩʴʦʛʦʜʥʽ ʦʜʥʽʻʶ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʜʣʷ ʥʝʣʽʥʽʡʥʦʾ ʦʧʪʠʢʠ ʻ 

ʤʦʥʦʢʨʠʩʪʘʣʠ AgGaGe3Se8, ʢʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʷʢʠʭ ʻ 

ʥʝʮʝʥʪʨʦʩʠʤʝʪʨʠʯʥʦʶ Fdd2 (ʘ = 12.4423 ¡, b = 23.820 ¡, c = 7.1403 ¡) [2]. 

ʅʘʫʢʦʚʮʷʤʠ ʧʨʦʚʝʜʝʥʦ ʨʷʜ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʢʘʪʽʦʥʥʦʛʦ 

ʟʘʤʽʱʝʥʥʷ ʚ ʩʪʨʫʢʪʫʨʽ ʤʦʥʦʢʨʠʩʪʘʣʫ AgGaGe3Se8 ʥʘ ʡʦʛʦ ʥʝʣʽʥʽʡʥʦ-ʦʧʪʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ [3]. ɿʛʽʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʪʠʧ ʟʘʤʽʱʝʥʦʛʦ 

ʽʦʥʘ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʬʦʪʦʧʨʦʚʽʜʥʽʩʪʴ ʤʦʥʦʢʨʠʩʪʘʣʫ. 

ʅʘ ʨʠʩ. 1 ʧʨʝʟʝʥʪʦʚʘʥʦ ʪʝʦʨʝʪʠʯʥʠʡ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʪʘ ʨʽʟʥʠʮʝʚʠʡ 

ʧʨʦʬʽʣʽ ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʤʦʥʦʢʨʠʩʪʘʣʫ ʣʝʛʦʚʘʥʦʛʦ Er. 

10 20 30 40 50 60 70 80 90 100
2 q [deg.]

AgGaGe
3
Se

8
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 ʝʢʩʧ.
 ʧʦʨʘʭ.
 ʨʽʟʥʠʮʝʚʘ
 Fdd2

R
p
 = 3.59%

R
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 = 5.05%

GOF = 2.29 

 
ʈʠʩ. 1. ʊʝʦʨʝʪʠʯʥʠʡ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʪʘ ʨʽʟʥʠʮʝʚʠʡ ʧʨʦʬʽʣʽ ʜʠʬʨʘʢʪʦʛʨʘʤʠ 

ʤʦʥʦʢʨʠʩʪʘʣʫ AgGaGe3Se8 ʣʝʛʦʚʘʥʦʛʦ Er 

 

ɺʽʜʦʤʦ, ʱʦ ʫ ʩʪʨʫʢʪʫʨʽ AgGaGe3Se8 ʚʫʟʣʦʚʠʤʠ ʪʦʯʢʘʤʠ ʻ ʘʪʦʤʠ Ag, 

ʽʟʦʪʨʦʧʥʽ ʧʘʨʘʤʝʪʨʠ ʷʢʠʭ ʚʢʘʟʫʶʪʴ ʥʘ ʟʥʘʯʥʝ ʢʦʣʠʚʘʥʥʷ ʮʠʭ ʘʪʦʤʽʚ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʜʝʬʝʢʪʽʚ ʽ ʤʽʛʨʘʮʽʾ ʡʦʥʽʚ Ag
+1

. ɯʦʥʥʠʡ ʨʘʜʽʫʩ ʡʦʥʘ Ag
+1 
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ʩʪʘʥʦʚʠʪʴ 1.15 ¡, ʘ ʤʽʞʘʪʦʤʥʘ ʚʽʜʩʪʘʥʴ ŭ(Ag ï S) ʨʽʚʥʘ 1.25 ¡. ɯʦʥʥʽ ʨʘʜʽʫʩʠ 

ʨʽʜʢʽʩʥʦ-ʟʝʤʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʈɿɽ) Nd, Dy, Er ʽ Lu ʻ ʜʦʩʠʪʴ ʙʣʠʟʴʢʠʤʠ ʜʦ 

ʽʦʥʥʦʛʦ ʨʘʜʽʫʩʘ Ag
+1
, ʱʦ ʩʪʚʦʨʶʻ ʤʦʞʣʠʚʽʩʪʴ ʜʣʷ ʣʝʛʫʚʘʥʥʷ ʢʨʠʩʪʘʣʽʚ 

AgGaGe3Se8 ʜʦʤʽʰʢʘʤʠ ʈɿɽ. 

ʆʩʢʽʣʴʢʠ ʤʽʞʘʪʦʤʥʽ ʚʽʜʩʪʘʥʽ ŭ(R ï Sʝ), (R ï Nd, Dy, Er ʽ Lu) ʟʥʘʭʦʜʷʪʴʩʷ ʚ 

ʤʝʞʘʭ 2.7 ï 2.9 ¡, ʪʦ ʘʪʦʤʠ ʈɿɽ ʤʦʞʫʪʴ ʯʘʩʪʢʦʚʦ ʟʘʡʤʘʪʠ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʫ 

ʧʦʟʠʮʽʶ (16b) ʘʪʦʤʽʚ Ag ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʽʟʦʝʣʝʢʪʨʦʥʥʦʛʦ ʛʝʪʝʨʦʘʪʦʤʥʦʛʦ 

ʟʘʤʽʱʝʥʥʷ ʫʪʚʦʨʶʚʘʪʠ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ Ag1-3ʭRxGaGe3Se8. 

ɸʥʘʣʽʟ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʟ ʪʦʯʢʠ ʟʦʨʫ ʘʥʽʦʥʥʦʾ 

ʫʢʣʘʜʢʠ, ʚʢʘʟʫʻ ʥʘ ʱʽʣʴʥʫ ʫʧʘʢʦʚʢʫ, ʤʽʞʘʥʽʦʥʥʠʡ ʧʨʦʩʪʽʨ ʷʢʦʾ ʟʘʧʦʚʥʝʥʠʡ (ʫ 

ʤʝʞʘʭ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʩʝʣʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʛʨʫʧʠ Fdd2) ʢʘʪʽʦʥʘʤʠ ʤʝʪʘʣʽʚ. 

ʇʦʟʠʮʽʾ 8ʘ ʪʘ 8b ʟʘʩʝʣʝʥʽ ʩʪʘʪʠʩʪʠʯʥʦʶ ʩʫʤʽʰʰʶ {0.25Ga:0.75Ge}. ʋ ʧʝʨʰʦʤʫ 

ʥʘʙʣʠʞʝʥʥʽ ʢʦʦʨʜʠʥʘʮʽʡʥʝ ʦʪʦʯʝʥʥʷ ʘʪʦʤʽʚ Ag ʦʧʠʩʫʻʪʴʩʷ ʷʢ ʩʠʣʴʥʦ 

ʜʝʬʦʨʤʦʚʘʥʠʡ ʪʝʪʨʘʝʜʨ. ʇʨʠ ʚʥʝʩʝʥʥʽ ʜʦʤʽʰʦʢ ʈɿɽ, ʚʦʥʠ ʡʤʦʚʽʨʥʦ ʙʫʜʫʪʴ 

ʟʘʩʝʣʷʪʠ ʧʦʟʠʮʽʶ 16b. 

 

ʊʘʙʣʠʮʷ 1. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʤʦʥʦʢʨʠʩʪʘʣʽʚ 

AgGaGe3Se8:R (R ï Nd, Dy, Er ʽ Lu) 

ʇʘʨʘʤʝʪʨʠ :Nd :Dy :Er  :Lu  

ʧʝʨʽʦʜʠ ʨʝʰʽʪʢʠ:     

a (¡) 12.429(2) 12.4130(8) 12.4236(9) 12.4201(9) 

b (¡) 23.802(3) 23.780(2) 23.800(2) 23.799(2) 

c (¡) 7.1352(8) 7.1326(5) 7.1296(5) 7.1302(5) 

V(¡
3
) 2110.9(7) 2105.4(4) 2108.1(5) 2107.6(4) 

ʈʦʟʨʘʭʦʚʘʥʘ 

ʛʫʩʪʠʥʘ (ʛ/ʩʤ
3
) 

 

4.785(2) 

 

4.8274(9) 

 

4.854(1) 

 

4.795(1) 

ɸʙʩʦʨʙʮʽʡʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ(1/ʩʤ) 

 

469.92 

 

477.67 

 

484.18 

 

471.28 

 

ʆʪʨʠʤʘʥʽ ʤʘʪʝʨʽʘʣʠ, ʟʚʘʞʘʶʯʠ ʥʘ ʘʩʠʤʝʪʨʠʯʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ, ʤʦʞʫʪʴ 

ʚʦʣʦʜʽʪʠ ʥʝʣʽʥʽʡʥʦ-ʦʧʪʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʅʘʷʚʥʽʩʪʴ ʜʦʤʽʰʦʢ ʈɿɽ ʫ 

ʩʪʨʫʢʪʫʨʽ ʤʦʥʦʢʨʠʩʪʘʣʫ AgGaGe3Se8 ʤʦʞʝ ʧʦʩʠʣʶʚʘʪʠ ʣʶʤʽʥʝʩʮʝʥʪʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ. 
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ʂɸʊɯʆʅ ï ʈɸɼʀʂɸʃʔʅɯ ʉʆʃɯ EOTT ʪʘ BPDT ʟ ʇɸʈɸʄɸɻʅɯʊʅʀʄʀ 

ɸʅɯʆʅɸʄʀ ɼʀʍʃʆʈ-ɼʀʂɸʈɹʆʃɯɼɯɺ ʌɽʈʋʄʋ 
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ɿʘʚʜʷʢʠ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʫ ʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ: ʚʽʜ ʜʽʝʣʝʢʪʨʠʢʘ 

ʜʦ ʥʘʜʧʨʦʚʽʜʥʠʢʽʚ,  ̔ ʟʜʘʪʥʦʩʪʽ ʫʪʚʦʨʶʚʘʪʠ ʤʘʛʥʽʪʥʦ-ʚʧʦʨʷʜʢʦʚʘʥʽ ʩʪʨʫʢʪʫʨʠ, 

ʢʘʪʽʦʥ-ʨʘʜʠʢʘʣʴʥʽ ʩʦʣʽ (ʂʈʉ) ʥʘ ʦʩʥʦʚʽ ʧʦʭʽʜʥʠʭ ʬʫʘʣʴʚʘʣʝʥʫ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʨʦʟʨʦʙʮʽ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʭ ʪʘ ʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʅʘʡʭʘʨʘʢʪʝʨʥʽʰʘ ʦʩʦʙʣʠʚʽʩʪʴ ʪʘʢʠʭ ʩʦʣʝʡ - ʥʘʷʚʥʽʩʪʴ ʜʚʦʭ ʧʽʜʨʝʰʽʪʦʢ, 

ʦʜʥʘ ʟ ʷʢʠʭ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʩʣʽʜʦʚʥʠʭ -́ʜʦʥʦʨʥʠʭ ʰʘʨʽʚ ʥʘ ʦʩʥʦʚʽ ʧʦʭʽʜʥʠʭ 

ʪʝʪʨʘʪʽʘʬʫʘʣʴʚʘʣʝʥʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʝʣʝʢʪʨʦʥʫ ʧʨʦʚʽʜʥʽʩʪʴ, ʪʦʜʽ ʷʢ ʽʥʰʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʥʽʦʥʥʦʛʦ ʰʘʨʫ, ʱʦ ʢʦʤʧʝʥʩʫʻ ʢʘʪʽʦʥ-ʨʘʜʠʢʘʣʴʥʠʡ ʟʘʨʷʜ. 

ɺʚʝʜʝʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ, ʷʢʠʡ ʤʘʻ ʤʘʛʥʽʪʥʠʡ ʤʦʤʝʥʪ ʚ ʮʽ ʘʥʽʦʥʠ, ʤʦʞʫʪʴ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʾʭ ʦʙʤʽʥʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟ ˊ-ʝʣʝʢʪʨʦʥʘʤʠ ʢʘʪʽʦʥ-ʨʘʜʠʢʘʣʘ, ʷʢʠʡ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʘʛʥʽʪʥʦ-ʚʧʦʨʷʜʢʦʚʘʥʦʛʦ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʛʦ ʦʨʛʘʥʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ɹʽʩʜʠʢʘʨʙʦʣʽʜʥʽ ʢʦʤʧʣʝʢʩʠ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ [3,3'-ʄ(1,2-C2B9H11)2]- 

(M = Fe, Co ʘʙʦ Ni) ʫʪʚʦʨʶʶʪʴ ʢʣʘʩ ʩʧʦʣʫʢ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʜʣʷ ʩʠʥʪʝʟʫ 

ʤʦʣʝʢʫʣʷʨʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ ʟʘʚʜʷʢʠ ʫʥʽʢʘʣʴʥʽʡ ʚʠʩʦʢʽʡ ʩʪʘʙʽʣʴʥʦʩʪʽ, ʤʦʞʣʠʚʦʩʪʽ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʟʘʨʷʜʫ ʽ ʧʨʠʨʦʜʠ ʤʝʪʘʣʫ, ʰʠʨʦʢʦʤʫ ʚʠʙʦʨʫ ʚʘʨʽʘʥʪʽʚ ʤʦʜʠʬʽʢʘʮʽʾ 

ʜʠʢʘʨʙʦʣʽʜʥʦʛʦ ʣʽʛʘʥʜʫ, ʰʣʷʭʦʤ ʟʘʤʽʱʝʥʥʷ ʚʦʜʥʶ ʽʥʰʠʤʠ ʘʪʦʤʘʤʠ ʪʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʛʨʫʧʘʤʠ, ʟʘʟʚʠʯʘʡ ʫ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ ʚ ʧʦʣʦʞʝʥʥʷʭ 1, 1', 2 ʽ 2' 

ʘʙʦ ʘʪʦʤʽʚ ʙʦʨʫ ʚ ʥʘʡʙʣʠʞʯʦʤʫ ʜʦ ʘʪʦʤʘ ʤʝʪʘʣʫ ʧʦʷʩʽ - 8 ʽ 8', ʘʙʦ ʚ ʧʦʟʠʮʽʾ 9, 9', 

12 ʽ 12' ʫ ʧʦʷʩʽ, ʚʽʜʜʘʣʝʥʦʤʫ ʚʽʜ ʘʪʦʤ ʤʝʪʘʣʫ [1]. 

ʅʝʱʦʜʘʚʥʦ ʥʘʤʠ ʙʫʣʠ ʩʠʥʪʝʟʦʚʘʥʽ ʪʘ ʜʦʩʣʽʜʞʝʥʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʂʈʉ ʥʘ 

ʦʩʥʦʚʽ ʙʽʩʧʨʦʧʽʣʝʥʜʽʪʽʦʪʝʪʨʘʪʽʘʬʫʣʴʚʘʣʝʥʫ (BPDT-TTF) [2]. ʂʘʪʽʦʥ-ʨʘʜʠʢʘʣʴʥʽ 

ʩʦʣʽ ʟ ʥʝʩʝʤʝʨʠʯʥʠʤ ʜʦʥʦʨʦʤ 4,5-ʝʪʠʣʝʥʜʽʪʽʦ-4ô,5ô-(2-ʦʢʩʦʧʨʦʧʽʣʝʥ-

ʜʽʪʽʦ)ʪʝʪʨʘʪʽʘʬʫʣʴʚʘʣʝʥʦʤ (EOTT) ʤʘʣʦ ʚʠʚʯʝʥʽ. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʧʝʨʰʝ ʩʠʥʪʝʟʦʚʘʥʽ ʤʝʪʦʜʦʤ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

ʢʘʪʽʦʥ-ʨʘʜʠʢʘʣʴʥʽ ʩʦʣʽ (EOTT)2[8,8ô-Cl2-3,3ô-Fe(1,2-C2B9H10)2] (1), (BPDT-

TTF)2[8,8ô-Cl2-3,3ô-Fe(1,2-C2B9H10)2] (2). 
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ʈʠʩ. 1 ʌʨʘʛʤʝʥʪ ʢʨʠʩʪʘʣʽʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ (EOTT)2[8,8ô-Cl2-3,3ô-Fe(1,2-

C2B9H10)2] 

ʈʠʩ. 2 ʌʨʘʛʤʝʥʪ ʢʨʠʩʪʘʣʽʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ (BPDT-TTF)2[8,8ô-Cl2-3,3ô-

Fe(1,2-C2B9H10)2] 

 

ɺʠʟʥʘʯʝʥʘ ʾʭ ʢʨʠʩʪʘʣʽʯʥʘ ʪʘ ʤʦʣʝʢʫʣʷʨʥʘ ʩʪʨʫʢʪʫʨʘ (ʈʠʩ.1 ʪʘ ʈʠʩ.2), ʘ 

ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʥʽ ʾʭ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 300 

ʜʦ 40 ʂ. 

ʆʙʠʜʚʽ ʂʈʉ (1) ʪʘ (2) ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ, ʟ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʶ ʪʘ ʝʥʝʨʛʽʻʶ 

ʘʢʪʠʚʘʮʽʻʶ ůRT = 5Ā10
ï2

 ʆʤ
ï1
ʩʤ
ï1

; Ea å 0.1 ʝɺ ʪʘ ůRT = 0,2 ʆʤ
ï1
ʩʤ
ï1

; Ea å  0.09 ʝɺ 

ʚʽʜʧʦʚʽʜʥʦ. 
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ʄʘʪʝʨʽʘʣʠ, ʥʘ ʦʩʥʦʚʽ ʦʢʩʠʜʽʚ ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʘʶʪʴ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʧʨʦʪʝ ʬʘʟʦʚʘ ʚʟʘʻʤʦʜʽʷ ʫ ʩʠʩʪʝʤʘʭ ʥʘ ʾʭ ʦʩʥʦʚʽ 

ʨʘʥʽʰʝ ʩʠʩʪʝʤʘʪʠʯʥʦ ʥʝ ʚʠʚʯʝʥʘ. 

ɼʣʷ ʚʠʚʯʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʬʘʟ ʫ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʩʠʩʪʝʤʽ ʷʢ ʚʠʭʽʜʥʽ ʨʝʯʦʚʠʥʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ La2O3 ʤʘʨʢʠ ʃʘʆï1, Y2O3, Eu2O3 ʟ ʚʤʽʩʪʦʤ ʦʩʥʦʚʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʫ 99,99 % ʪʘ ʘʟʦʪʥʫ ʢʠʩʣʦʪʫ ʤʘʨʢʠ ñʏɼɸò. ɿʨʘʟʢʠ ʛʦʪʫʚʘʣʠ ʟ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʤ ʢʨʦʢʦʤ 1ï5 ʤʦʣ. % ʽʟ ʨʦʟʯʠʥʽʚ ʥʽʪʨʘʪʽʚ ʟ ʥʘʩʪʫʧʥʠʤ 

ʚʠʧʘʨʶʚʘʥʥʷʤ ʪʘ ʨʦʟʢʣʘʜʦʤ ʥʽʪʨʘʪʽʚ ʥʘ ʦʢʩʠʜʠ ʰʣʷʭʦʤ ʧʨʦʞʘʨʶʚʘʥʥʷ ʧʨʠ 

800 Áʉ ʧʨʦʪʷʛʦʤ 2 ʛʦʜʠʥ. ʇʦʨʦʰʢʠ ʧʨʝʩʫʚʘʣʠ ʚ ʪʘʙʣʝʪʢʠ ʜʽʘʤʝʪʨʦʤ 5 ʽ ʚʠʩʦʪʦʶ 

4 ʤʤ ʧʽʜ ʪʠʩʢʦʤ 10ï30 ʄʇʘ. ʊʝʨʤʦʦʙʨʦʙʢʫ ʟʨʘʟʢʽʚ ʧʨʦʚʦʜʠʣʠ ʫ ʜʚʽ ʩʪʘʜʽʾ: ʫ 

ʧʝʯʽ ʟ ʥʘʛʨʽʚʘʯʘʤʠ H23U5T (ʬʝʭʨʘʣʴ) ʧʨʠ 1100 Áʉ ʽ ʫ ʧʝʯʽ ʟ ʥʘʛʨʽʚʘʯʘʤʠ ʟ 

ʜʠʩʠʣʽʮʠʜʫ ʤʦʣʽʙʜʝʥʫ (MoSi2) ʧʨʠ 1500 ÁC ʥʘ ʧʦʚʽʪʨʽ. ʌʘʟʦʚʠʡ ʩʢʣʘʜ ʟʨʘʟʢʽʚ 

ʜʦʩʣʽʜʞʫʚʘʣʠ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ (ʈʌɸ), ʧʝʪʨʦʛʨʘʬʽʾ ʪʘ 

ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʪʚʝʨʜʦʬʘʟʥʦʾ ʚʟʘʻʤʦʜʽʾ ʦʢʩʠʜʽʚ ʣʘʥʪʘʥʫ, ʽʪʨʽʶ ʪʘ ʻʚʨʦʧʽʶ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1500 Áʉ ʧʦʢʘʟʘʣʦ, ʱʦ ʚ ʩʠʩʪʝʤʽ ʫʪʚʦʨʶʶʪʴʩʷ ʯʦʪʠʨʠ ʪʠʧʘ 

ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ: ʥʘ ʦʩʥʦʚʽ ʢʫʙʽʯʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʉïY2O3, ʛʝʢʩʘʛʦʥʘʣʴʥʦʾ 

ʤʦʜʠʬʽʢʘʮʽʾ ɸïLa2O3, ʤʦʥʦʢʣʽʥʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ BïEu2O3(La2O3), ʘ ʪʘʢʦʞ 

ʫʧʦʨʷʜʢʦʚʘʥʦʾ ʬʘʟʠ LaYO3 (R), ʱʦ ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʫ ʩʪʨʫʢʪʫʨʽ ʪʠʧʫ ʧʝʨʦʚʩʢʠʪʫ 

ʟ ʨʦʤʙʽʯʥʠʤʠ ʚʠʢʨʠʚʣʝʥʥʷʤʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʙʣʘʩʪʴ ʛʦʤʦʛʝʥʥʦʩʪʽ ʪʚʝʨʜʠʭ 

ʨʦʟʯʠʥʽʚ ʥʘ ʦʩʥʦʚʽ ʉïY2O3 ʧʨʦʩʪʷʛʘʻʪʴʩʷ ʚʽʜ 83 ʜʦ 100 ʤʦʣ. % Y2O3 ʫ ʧʝʨʝʨʽʟʽ 

Y2O3 ï(50 % La2O3 ï 50 % Eu2O3). ʆʙʣʘʩʪʴ ʛʦʤʦʛʝʥʥʦʩʪʽ ʬʘʟʠ ʪʠʧʫ ʧʝʨʦʚʩʢʠʪʫ 

ʩʪʘʥʦʚʠʪʴ ~4 ʤʦʣ. % Eu2O3 ʫ ʧʝʨʝʨʽʟʽ Eu2ʆ3 ï(50 ʤʦʣ. %  La2ʆ3ï50 ʤʦʣ. % Y2O3). 

ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʟʤʽʥʶʶʪʴʩʷ ʚʽʜ ʘ = 0,5830, b = 0,6174, 

c = 0,8388 ʥʤ ʜʣʷ ʦʜʥʦʬʘʟʥʦʛʦ ʟʨʘʟʢʘ (R) ʩʢʣʘʜʫ 2 ʤʦʣ. % Eu2ʆ3 ï49 ʤʦʣ. %  

La2ʆ3ï49 ʤʦʣ. % Y2O3 ʜʦ ʘ = 0,5829, b = 0,6054, c = 0,8755 ʥʤ ʜʣʷ ʜʚʦʬʘʟʥʦʛʦ 

ʟʨʘʟʢʘ (R + B) ʩʢʣʘʜʫ 5 ʤʦʣ. % Eu2ʆ3 ï47,5 ʤʦʣ. %  La2ʆ3ï47,5 ʤʦʣ. % Y2O3. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʙʣʘʩʪʴ ʛʦʤʦʛʝʥʥʦʩʪʽ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʦʩʥʦʚʽ ɸïLa2ʆ3 

ʧʨʦʩʪʷʛʘʻʪʴʩʷ ʚʽʜ 0 ʜʦ 14 ʤʦʣ. % Y2O3 ʫ ʧʝʨʝʨʽʟʽ Y2O3ï(90 % La2O3 ï10 % Eu2O3) 

ʋ ʩʠʩʪʝʤʽ La2O3ïY2O3ïEu2O3 ʧʨʠ 1500 Áʉ ʫʪʚʦʨʶʻʪʴʩʷ ʦʜʥʘ ʪʨʠʬʘʟʥʘ 

ʦʙʣʘʩʪʴ B + C + R. 
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ʋʟʘʛʘʣʴʥʶʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʦʜʥʦʟʘʨʷʜʥʠʭ ʽʦʥʽʚ ʥʘ 

ʤʦʣʝʢʫʣʠ ʥʘʡʙʣʠʞʯʦʛʦ ʦʪʦʯʝʥʥʷ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʨʦʟʯʠʥʥʠʢʽʚ (ʅ2ʆ, ɽɻ, ʌɸ) 

ʥʘʤʠ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʘʪʽʦʥʠ K
+
, Rb

+
, Cs

+
 ʪʘ ʘʥʽʦʥʠ Cl

-
, Br

-
, I

-
 ʫ ʚʦʜʽ ʪʘ ɽɻ 

ʚʝʜʫʪʴ ʩʝʙʝ ʷʢ ʨʫʡʥʽʚʥʠʢʠ ʩʪʨʫʢʪʫʨʠ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʫ ʌɸ ʪʘʢʠʤʠ ʻ ʪʽʣʴʢʠ ʘʥʽʦʥʠ. 

ɺʩʪʘʥʦʚʣʝʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʽʜʤʽʥʥʽʩʪʴ ʫ ʚʧʣʠʚʽ ʩʦʣʴʚʦʬʽʣʴʥʦ 

ʩʦʣʴʚʘʪʦʚʘʥʠʭ ʽʦʥʽʚ ʥʘ ʚʢʘʟʘʥʽ ʨʦʟʯʠʥʥʠʢʠ ʙʫʣʘ ʧʦʷʩʥʝʥʘ ʷʢʽʩʥʦ ʨʽʟʥʦʶ 

ʙʫʜʦʚʦʶ ʬʨʘʛʤʝʥʪʽʚ ʅ-ʟʚôʷʟʢʫ (ʚʽʜʧʦʚʽʜʥʦ ʆ Ƅ ʅ ĀĀĀ ʆ ʽ N Ƅ ʅ ĀĀĀ ʆ) ʷʢ 

ʝʣʝʤʝʥʪʽʚ ʩʪʨʫʢʪʫʨʠ ʧʨʠ ʧʦʙʫʜʦʚʽ ʧʨʦʩʪʦʨʦʚʦʾ ʩʽʪʢʠ. 

ʎʽʢʘʚʦ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʪʠ ʨʦʟʨʦʙʣʝʥʠʡ ʽ ʜʦʙʨʝ ʩʝʙʝ ʟʘʨʝʢʦʤʝʥʜʦʚʘʥʠʡ 

ʧʽʜʭʽʜ [1-3] ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʾʚ ʧʦʟʠʪʠʚʥʦʾ  ʪʘ ʥʝʛʘʪʠʚʥʦʾ 

 ʩʦʣʴʚʘʪʘʮʽʾ ʦʜʥʦʟʘʨʷʜʥʠʭ ʽʦʥʽʚ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʽʜʭʠʣʝʥʥʽ ʚʽʜ ʟʘʢʦʥʫ 

ʉʪʦʢʩʘ-ɽʡʥʰʪʝʡʥʘ, ʚ N-ʤʝʪʠʣʘʤʽʜʘʭ (N-ʄʌɸ, N-ʄɸɸ ʽ N-MPrA), N-

ʤʝʪʠʣʘʤʽʜʠ, ʷʢ ʽ ʌɸ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʜʽʝʣʝʢʪʨʠʯʥʦʶ ʧʨʦʥʠʢʥʽʩʪʶ ʽ 

ʚôʷʟʢʽʩʪʶ ʪʘ ʚʦʣʦʜʽʶʪʴ ʩʠʣʴʥʠʤʠ ʜʦʥʦʨʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʇʨʦʪʝ ʚʦʥʠ ʥʝ 

ʫʪʚʦʨʶʶʪʴ ʧʨʦʩʪʦʨʦʚʦʾ ʩʽʪʢʠ ʅ-ʟʚôʷʟʢʽʚ. 

ɺ ʮʽʡ ʨʦʙʦʪʽ ʟʘ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ ʟ ʛʨʘʥʠʯʥʦʾ ʤʦʣʷʨʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ 

ʧʨʦʚʽʜʥʦʩʪʽ (ɻʄɽʇ) () ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʟʘ ʨʽʚʥʷʥʥʷʤ ʅʝʨʥʩʪʘ-ɽʡʥʰʪʝʡʥʘ 

[1] ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ  ʦʜʥʦʟʘʨʷʜʥʠʭ ʽʦʥʽʚ ʚ N-ʄʌɸ, N-ʄɸɸ ʽ N-MPrA. ɿʘ 

ʦʜʝʨʞʘʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ  ʪʘ ʟʘ ʚʝʣʠʯʠʥʘʤʠ ʚôʷʟʢʦʩʪʽ ʨʦʟʯʠʥʥʠʢʽʚ (ɖ0) ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʚʥʷʥʥʷ ʉʪʦʢʩʘ-ɽʡʥʰʪʝʡʥʘ [1] ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʜʦʚʞʠʥʫ 

ʪʨʘʥʩʣʷʮʽʡʥʦʛʦ ʟʤʽʱʝʥʥʷ ʽʦʥʘ  ʧʨʠ 298,15 ʂ. ʅʝʦʙʭʽʜʥʽ ʚʝʣʠʯʠʥʠ  ʪʘ ɖ0 

ʙʫʣʦ ʚʟʷʪʦ ʽʟ [ 4,5]. 

ɺ ʪʘʙʣ. 1 ʥʘʚʝʜʝʥʦ  ʪʘ  ʚ N-ʤʝʪʠʣʘʤʽʜʘʭ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʘʥʽʰʝ 

ʦʜʝʨʞʘʥʠʤʠ ʜʘʥʠʤʠ ʫ ʌɸ ʧʨʠ 298,15 ʂ. ɼʘʥʽ ʜʣʷ N-ʄɸɸ ʨʦʟʨʘʭʦʚʘʥʽ ʧʨʠ 

313,15 ʂ. 

ɯʟ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʚʩʪʘʥʦʚʣʝʥʥʽ ʥʘʩʪʫʧʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ: 

1) ɺʝʣʠʯʠʥʘ  ʜʣʷ ʜʦʩʣʽʜʞʝʥʠʭ ʽʦʥʽʚ ʚ N-ʤʝʪʠʣʘʤʽʜʘʭ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʨʘʜʽʫʩʘ (ri) ʪʘ ʚʽʜ ʨʦʟʯʠʥʥʠʢʘ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʨʘʜʽʫʩʘ ʚ ʨʷʜʘʭ ʢʘʪʽʦʥʽʚ Li
+ 

< Na
+ 

< K
+ 

< Rb
+ 

< Cs
+
 ʽ ʘʥʽʦʥʽʚ Cl

-
 < Br

-
 < I

-
 < ClO4

-
 

, ʷʢ ʽ ʫ ʌɸ, ʟʤʝʥʰʫʻʪʴʩʷ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʫ ʩʢʣʘʜʦʚʫ 

ʧʨʠʨʦʜʠ ʫʪʚʦʨʝʥʥʷ ʩʦʣʴʚʘʪʥʠʭ ʦʙʦʣʦʥʦʢ ʽʦʥʽʚ. 

2) ɼʣʷ ʜʦʩʣʽʜʞʝʥʠʭ ʦʜʥʦʟʘʨʷʜʥʠʭ ʽʦʥʽʚ ʚ N-ʤʝʪʠʣʘʤʽʜʘʭ, ʷʢ ʽ ʚ ʌɸ, ʥʝ 

ʚʠʢʦʥʫʶʪʴʩʷ ʟʘʢʦʥ ʉʪʦʢʩʘ-ɽʡʥʰʪʝʡʥʘ: , . 
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3) ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʟʥʘʢʘ  ʚ ʨʷʜʫ ʨʦʟʯʠʥʥʠʢʽʚ ʌɸ < N-ʄʌɸ < N-

ʄɸɸ < N-MPrA ʧʦʩʠʣʶʻʪʴʩʷ ʩʦʣʴʚʘʪʘʮʽʷ ʽʦʥʽʚ (ʢʨʽʤ Li
+
), ʱʦ ʥʘʧʝʚʥʦ 

ʦʙʫʤʦʚʣʝʥʦ ʧʦʩʣʘʙʣʝʥʥʷʤ ʅ-ʟʚôʷʟʢʫ ʤʽʞ ʤʦʣʝʢʫʣʘʤʠ ʨʦʟʯʠʥʥʠʢʘ. 

4) ɺʩʪʘʥʦʚʣʝʥʝ ʚʽʜôʻʤʥʝ ʟʥʘʯʝʥʥʷ  ʜʣʷ ʘʥʽʦʥʽʚ ʟ ʥʠʟʴʢʦʶ 

ʛʫʩʪʠʥʦʶ ʟʘʨʷʜʫ (I
-
, ClO4

-
) ʚ N-ʤʝʪʠʣʘʤʽʜʘʭ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʥʢʫʨʝʥʮʽʾ ʤʽʞ 

ʽʦʥʦʤ ʽ ʤʦʣʝʢʫʣʘʤʠ ʨʦʟʯʠʥʥʠʢʘ ʟʘ ʫʪʚʦʨʝʥʥʷ ʅ-ʟʚôʷʟʢʽʚ ʪʘ ʧʦʷʩʥʝʥʝ ʚ ʨʘʤʢʘʭ 

ʢʦʥʮʝʧʮʽʾ ʥʝʛʘʪʠʚʥʦʾ ʩʦʣʴʚʘʪʘʮʽʾ ʉʘʤʦʡʣʦʚʘ. 

 

ʊʘʙʣ. 1 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʜʥʦʟʘʨʷʜʥʠʭ ʽʦʥʽʚ ʚ N-ʤʝʪʠʣʘʤʽʜʘʭ ʧʨʠ 298,15 ʂ 

ˉ 

ʧ/ʧ 
ʽʦʥ 

, ʤ , ʤ 

ʌɸ 
N-

ʄʌɸ 

N-

ʄɸɸ 

N-

MPrA 
ʌɸ 

N-

ʄʌɸ 

N-

ʄɸɸ 

N-

MPrA 

1 Li
+
 2,99 4,92 4,06 4,05 2,21 4,14 3,28 3,27 

2 Na
+
 2,51 3,11 3,27  1,53 2,13 2,29  

3 K
+
 2,00 3,01 3,18 3,28 0,67 1,68 1,85 1,95 

4 Rb
+
 1,94 2,78 2,98  0,45 1,29 1,49  

5 Cs
+
 1,85 2,69 2,78  0,20 1,04 1,13  

6 NH4
+
 1,67 2,02 2,77  0,30 0,65 1,40  

7 Cl
-
 1,42 1,94 2,38 2,90 -0,39 0,13 0,57 1,09 

8 Br
-
 1,42 1,76 2,15  -0,54 -0,20 0,19  

9 ɯ
-
 1,47 1,75 1,88  -0,73 -0,50 -0,32  

10 ClO4
-
 1,50 1,82 1,63 1,89 -0,86 -0,55 -0,73 -0,46 
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APPLICATION OF NATURAL TRANSCARPATHIAN CLINOPTILOLITE 

OF THE REMOVAL NEODYMIUM FROM AQUEOUS SOLUTION  
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The REE have undergone an unprecedented boost of technological utilization 

in the last two decades that implies the great increase in human and environmental 

exposures to these elements. The low concentrations of REE in natural waters and the 

complexity of the water matrices make challenging the determinations, even for 

modern plasma-based instrumentation such as inductively coupled plasma optical 

emission spectrometry (ICP OES) and inductively coupled plasma mass spectrometry 

(ICP-MS). Natural zeolites especially clinoptilolite can be the perspective sorbents 

for REE preconcentration. Zeolites are crystalline hydrated aluminosilicates with a 

framework structure containing pores occupied by water and by alkali and alkaline 

earth cations. Due to their high cation-exchange ability as well as to the molecular 

sieve properties, natural zeolites show special importance in water purification.  

The aim of the present work was to study the sorption of neodymium from the 

aqueous solutions using Transcarpathian clinoptilolite under static conditions using 

batch sorption experiments. The parameters influencing the neodymium sorption 

such as contact time, pH of solution, and initial neodymium concentration were 

studied. The effectiveness of neodymium sorption on clinoptilolite depending on time 

(kinetic study) and pH values of water solution are presented on Fig. 1 and Fig. 2, 

respectively. The physico-chemical properties of natural clinoptilolite (the structure 

and morphology, elemental and mineral composition, the nature of structural bonds, 

thermal stability and ɝ-potential) were also studied. 

0 200 400 600 800 1000 1200 1400 1600

82

84

86

88

90

92 Fig.1

N
e
o
d
y
m

iu
m

 s
o
rb

e
d
, 
%

t, min

 
Fig. 1. Kinetic of neodymium sorption from water solutions under static conditions 

(Cint.=5mg/L; pH=8, m=0.1 g; V=50 mL) 
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Fig. 2. Effect of pH of water solution on neodymium sorption 

(Cint.=5mg/L; m=0.1 g; V=50mL, t=6 h) 
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ʍʝʤʽʣʶʤʽʥʝʩʮʝʥʪʥʠʡ (ʍʃ) ʘʥʘʣʽʟ ʚʠʨʽʟʥʷʻʪʴʩʷ ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʦʶ 

ʯʫʪʣʠʚʽʩʪʶ ʚʠʟʥʘʯʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ. ɻʝʪʝʨʦʛʝʥʥʘ ʭʝʤʽʣʶʤʽʥʝʩʮʝʥʮʽʷ ʙʫʣʘ 

ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʫʣʴʪʨʘʤʽʢʨʦʢʦʥʮʝʥʪʨʘʮʽʡ ʬʦʩʬʦʨʫ, ʩʠʣʽʮʽʶ, 

ʛʝʨʤʘʥʽʶ ʫ ʬʦʨʤʽ ʛʝʪʝʨʦʧʦʣʽʢʠʩʣʦʪ (ɻʇʂ). ʂʽʣʴʢʽʩʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʩʦʨʙʮʽʶ 

ʥʝʚʽʜʥʦʚʣʝʥʠʭ ɻʇʂ ʚʢʘʟʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ ʮʝʣʶʣʦʟʥʠʭ ʬʽʣʴʪʨʘʭ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ 

(ʮʝʣʶʣʦʟʘ ʪʘ ʜʽʝʪʠʣʘʤʽʥʦʝʪʠʣʮʝʣʶʣʦʟʘ), ʚʢʣʶʯʘʶʯʠ ʧʘʧʝʨʦʚʠʡ ʬʽʣʴʪʨ. 

ɽʢʩʧʝʨʠʤʝʥʪʠ ʟ ʩʦʨʙʮʽʾ ʧʦʢʘʟʘʣʠ, ʱʦ ʻʤʥʽʩʪʴ ʟʘ ɻʇʂ ʜʽʝʪʠʣʘʤʽʥʦʝʪʠʣ (ɼEAE)-

ʮʝʣʶʣʦʟʠ ʧʨʠʙʣʠʟʥʦ ʚ 20 ʨʘʟʽʚ ʙʽʣʴʰʘ, ʥʽʞ ʻʤʥʽʩʪʴ ʥʘʪʠʚʥʦʾ ʮʝʣʶʣʦʟʠ. ʈʘʟʦʤ ʟ 

ʪʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʮʝʣʶʣʦʟʠ ʥʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʟʥʠʞʝʥʥʷ 

ʤʝʞʽ ʚʠʷʚʣʝʥʥʷ ʬʦʩʬʦʨʫ ʰʣʷʭʦʤ ʩʦʨʙʮʽʾ ɻʇʂ ʟ ʜʝʪʝʢʪʫʚʘʥʥʷʤ ʍʃ ʩʦʨʙʘʪʫ ʥʘ 

ʧʦʚʝʨʭʥʽ. ʄʝʞʘ ʚʠʷʚʣʝʥʥʷ ɻʇʂ ʥʘ ʧʦʚʝʨʭʥʽ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʮʝʣʶʣʦʟʠ 

ʟʥʠʞʫʻʪʴʩʷ ʣʠʰʝ ʚ 1,7 ʨʘʟʠ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʠʤ ʩʠʛʥʘʣʦʤ 

ʭʦʣʦʩʪʦʛʦ ʜʦʩʣʽʜʫ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʮʝʣʶʣʦʟʠ ʧʦʨʽʚʥʷʥʦ ʟ 

ʥʝʤʦʜʠʬʽʢʦʚʘʥʦʶ ʮʝʣʶʣʦʟʦʶ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʶ ʩʦʨʙʮʽʻʶ 

ʽʟʦʧʦʣʽʤʦʣʽʙʜʘʪ-ʡʦʥʽʚ ʥʘ ɼEAE-ʮʝʣʶʣʦʟʽ. ʅʝʤʦʜʠʬʽʢʦʚʘʥʘ ʮʝʣʶʣʦʟʘ ʤʘʻ 

ʥʠʞʯʫ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʜʦ ʽʟʦʧʦʣʽʤʦʣʽʙʜʘʪʫ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ 

ʜʽʝʪʠʣʘʤʽʥʦʝʪʠʣʴʥʠʭ ʛʨʫʧ,  ̔ʥʝʩʧʝʮʠʬʽʯʥʘ ʩʦʨʙʮʽʷ ʘʥʽʦʥʽʚ ʥʘ ʥʽʡ ʥʠʞʯʘ. ʆʪʞʝ, 

ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʚʟʘʻʤʦʜʽʾ ʩʦʨʙʝʥʪʫ ʟ ɻʇʂ ʚ ʫʤʦʚʘʭ ʥʘʜʣʠʰʢʫ ʡʦʥʽʚ 

ʽʟʦʧʦʣʽʤʦʣʽʙʜʘʪʫ ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʚʠʱʘ ʫ ʚʠʧʘʜʢʫ ʥʘʪʠʚʥʦʾ ʮʝʣʶʣʦʟʠ. 

ʉʦʨʙʮʽʡʥʘ ʨʽʚʥʦʚʘʛʘ ʥʘ ɼEAE-ʮʝʣʶʣʦʟʽ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʧʨʦʪʷʛʦʤ 

ʪʨʠʚʘʣʽʰʦʛʦ ʯʘʩʫ, ʥʽʞ ʥʘ ʥʝʤʦʜʠʬʽʢʦʚʘʥʽʡ ʮʝʣʶʣʦʟʽ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ 

ʫʩʢʣʘʜʥʝʥʥʷʤ ʫʤʦʚ ʜʠʬʫʟʽʾ ʘʥʽʦʥʽʚ ɻʇʂ ʚ ʧʦʨʠ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʮʝʣʶʣʦʟʠ. 

ɿʛʽʜʥʦ ʟ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ɼʞʘʡʣʩʘ, ʽʟʦʪʝʨʤʠ ʩʦʨʙʮʽʾ ɻʇʂ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʽʟʦʪʝʨʤ 

L-ʪʠʧʫ. ɯʟʦʪʝʨʤʠ L-ʪʠʧʫ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ, ʢʦʣʠ ʚʟʘʻʤʦʜʽʷ ʤʽʞ ʘʜʩʦʨʙʦʚʘʥʠʤʠ 

ʤʦʣʝʢʫʣʘʤʠ ʜʫʞʝ ʩʣʘʙʢʘ. ɺʦʥʠ ʚʢʘʟʫʶʪʴ ʥʘ ʟʥʘʯʥʫ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʩʦʨʙʝʥʪʫ ʜʦ 

ʩʦʨʙʘʪʫ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʪʚʝʨʜʦʬʘʟʥʘ ʝʢʩʪʨʘʢʮʽʷ ɻʇʂ ʫ ʬʘʟʫ ʮʝʣʶʣʦʟʠ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʘʥʽʦʥʥʦʤʫ ʦʙʤʽʥʫ. 

ɺ ʝʣʝʢʪʨʦʥʥʠʭ ʩʧʝʢʪʨʘʭ ʟʨʘʟʢʽʚ ʮʝʣʶʣʦʟʠ ʪʘ ɼEAE-ʮʝʣʶʣʦʟʠ ʧʨʠ 

ʽʤʤʦʙʽʣʽʟʘʮʽʾ ʤʦʣʽʙʜʦʚʘʥʘʜʦʬʦʩʬʘʪʥʦʾ ʢʠʩʣʦʪʠ ʥʘ ʩʦʨʙʝʥʪʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʙʘʪʦʭʨʦʤʥʠʡ ʟʩʫʚ ʫ ʩʧʝʢʪʨʽ ʩʤʫʛʠ ʾʾ ʧʦʛʣʠʥʘʥʥʷ ʧʦʨʽʚʥʷʥʦ ʟ ʚʦʜʥʠʤ ʨʦʟʯʠʥʦʤ. 

ʎʷ ʩʤʫʛʘ ʦʙʫʤʦʚʣʝʥʘ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʫ ʤʽʞ ʘʪʦʤʦʤ ʢʠʩʥʶ ʪʘ ʘʪʦʤʦʤ Mo(VI) ʚ 

ʘʜʩʦʨʙʦʚʘʥʦʤʫ ʘʥʽʦʥʽ ɻʇʂ. ɿʤʽʥʘ ʝʥʝʨʛʽʾ ʧʝʨʝʥʦʩʫ ʟʘʨʷʜʫ ɻʇʂ ʫ ʬʘʟʘʭ 

ʮʝʣʶʣʦʟʠ ʪʘ ɼEAE-ʮʝʣʶʣʦʟʠ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʤʽʥʫ ʝʥʝʨʛʽʾ ʤʦʣʝʢʫʣʷʨʥʠʭ 

ʦʨʙʽʪʘʣʝʡ ʛʝʪʝʨʦʧʦʣʽʘʥʽʦʥʫ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʠʣʴʥʫ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʫ 

ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʛʝʪʝʨʦʧʦʣʽʘʥʽʦʥʦʤ ʪʘ ʧʦʣʽʤʝʨʥʦʶ ʤʘʪʨʠʮʝʶ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʩʠʛʥʘʣ 
31
ʈ ʫ ʩʧʝʢʪʨʽ ʗʄʈ ʩʦʨʙʦʚʘʥʦ ʾ ɻʇʂ ʨʦʟʰʠʨʝʥʠʡ 

ʧʦʨʽʚʥʷʥʦ ʟ ʩʠʛʥʘʣʦʤ ʢʨʠʩʪʘʣʽʯʥʦ ʾ ɻʇʂ, ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟ ʚʠʜʘʣʝʥʥʷʤ 
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ʢʨʠʩʪʘʣʽʟʘʮʽʡʥʦʾ ʪʘ ʩʪʨʫʢʪʫʨʥʦʾ ʚʦʜʠ. ʈʦʟʰʠʨʝʥʥʷ ʧʽʢʽʚ ʗʄʈ 
31

P 

ʽʤʤʦʙʽʣʽʟʦʚʘʥʦ ʾɻʇʂ ʪʘʢʦʞ ʟʫʤʦʚʣʝʥʝ ʟʤʽʥʦʶ ʩʠʤʝʪʨʽʾ ʮʽʻʾ ɻʇʂ ʧʦʨʽʚʥʷʥʦ ʟ 

ʩʠʤʝʪʨʽʻʶ ɻʇʂ ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ ʬʦʨʤʽ. ʋ ʩʚʦʶ ʯʝʨʛʫ, ʮʝ ʩʧʨʠʯʠʥʝʥʦ ʩʠʣʴʥʦʶ 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʶ ʪʘ ʛʽʜʨʦʬʦʙʥʦʶ ʚʟʘʻʤʦʜʽʻʶ ʤʽʞ ɻʇʂ ʪʘ ʩʦʨʙʝʥʪʦʤ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʚʠʭʦʜʷʯʠ ʟ ʝʚʦʣʶʮʽʾ ʩʧʝʢʪʨʽʚ ʗʄʈ, ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʥʘ ʧʦʚʝʨʭʥʽ 

ʩʦʨʙʝʥʪʫ ʧʨʠʩʫʪʥʷ ʯʘʩʪʢʦʚʦ ʟʥʝʚʦʜʥʝʥʘ ɻʇʂ, ʟʚôʷʟʘʥʘ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦ ʽ 

ʚʥʘʩʣʽʜʦʢ ʛʽʜʨʦʬʦʙʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟ ʧʦʚʝʨʭʥʝʶ ʮʝʣʶʣʦʟʠ. 

ʄʝʭʘʥʽʟʤ ʩʦʨʙʮʽʾ ɻʇʂ ʥʘ ʮʝʣʶʣʦʟʽ ʧʦʣʷʛʘʻ ʫ ʧʦʻʜʥʘʥʥʽ ʢʫʣʦʥʽʚʩʴʢʠʭ ʪʘ 

ʛʽʜʨʦʬʦʙʥʠʭ ʚʟʘʻʤʦʜʽʡ. ʆʩʢʽʣʴʢʠ ʛʽʜʨʦʬʦʙʥʽ ʚʟʘʻʤʦʜʽʾ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʥʠʟʴʢʦʶ ʝʥʝʨʛʽʻʶ (< 41,9 ʢɼʞ/ʤʦʣʴ), ʚʦʜʥʝʚ ̔ʟʚôʷʟʢʠ ~ 41,9 ʢɼʞ/ʤʦʣʴ, ʘ ʡʦʥʥ̔ 

ʜʦʩʷʛʘʶʪʴ ~ 419 ʢɼʞ/ʤʦʣʴ, ʪʦ ʧʨʠ ʨʅ ʨʦʟʯʠʥʫ 1,0ï1,7 ʚʠʟʥʘʯʘʣʴʥʠʤ ʬʘʢʪʦʨʦʤ 

ʜʣʷ ʩʦʨʙʮʽʾ ʘʥʽʦʥʽʚ ɻʇʂ ʻ ʢʫʣʦʥʽʚʩʴʢʘ ʚʟʘʻʤʦʜʽʷ. ʊʝʦʨʝʪʠʯʥʦʶ ʦʩʥʦʚʦʶ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʪʝʨʦʛʝʥʥʦʾ ʭʝʤʽʣʶʤʽʥʝʩʮʝʥʮʽʾ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʬʦʩʬʘʪʫ, 

ʩʠʣʽʢʘʪʫ, ʛʝʨʤʘʥʘʪʫ ʻ ʜʝʨʠʚʘʪʠʟʘʮʽʷ ʦʢʩʦʘʥʽʦʥʽʚ ʟ ʫʪʚʦʨʝʥʥʷʤ ʘʢʪʠʚʥʠʭ ʫ 

ʭʝʤʽʣʶʤʽʥʝʩʮʝʥʮʽʾ ʘʥʘʣʽʪʠʯʥʠʭ ʬʦʨʤ ï ɻʇʂ, ʷʢʽ ʩʦʨʙʫʶʪʴʩʷ ʪʘ 

ʚʽʜʦʢʨʝʤʣʶʶʪʴʩʷ ʥʘ ʪʚʝʨʜʦʤʫ ʩʦʨʙʝʥʪʽ ʽ ʤʠʪʪʻʚʦ ʨʝʘʛʫʶʪʴ ʟ ʨʦʟʯʠʥʦʤ 

ʣʶʤʽʥʦʣʫ ʥʘ ʧʦʚʝʨʭʥ ̔ ʩʦʨʙʝʥʪʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʘʥʘʣʽʪʠʯʥʽ ʬʦʨʤʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʜʦʩʪʘʪʥʴʦʶ ʩʦʨʙʮʽʡʥʦʶ ʟʜʘʪʥʽʩʪʶ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʾʭ 

ʚʽʜʜʽʣʝʥʥʷ ʚʽʜ ʤʘʪʨʠʮʽ ʪʘ ʟʘʚʘʞʘʶʯʠʭ ʜʦʤʽʰʦʢ. 

ɼʦʩʣʽʜʞʝʥʦ ʤʝʭʘʥʽʟʤ ʍʃ ʨʝʘʢʮʽʡ ʟ ʣʶʤʽʥʦʣʦʤ ɻʇʂ H4PVMo11O40, 

H4SiMo12O40, H5GeVMo11O40 ʫ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ, ʘ ʪʘʢʦʞ ʧʽʩʣʷ ʽʤʤʦʙʽʣʽʟʘʮʽʾ ʥʘ 

ʮʝʣʶʣʦʟʥʠʭ ʪʘ ɼEAE-ʮʝʣʶʣʦʟʥʠʭ ʬʽʣʴʪʨʘʭ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʭʝʤʘ ʧʨʦʭʦʜʞʝʥʥʷ 

ʍʃ ʨʝʘʢʮʽʡ, ʱʦ ʚʢʣʶʯʘʻ ʢʘʪʘʣʽʪʠʯʥʝ ʦʢʠʩʥʝʥʥʷ ʘʥʽʦʥʫ ʣʶʤʽʥʦʣʫ ʜʦ ʩʝʤʠʭʽʥʦʥ-

ʨʘʜʠʢʘʣʫ ʘʪʤʦʩʬʝʨʥʠʤ ʢʠʩʥʝʤ ʯʝʨʝʟ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʡ ʮʠʢʣ ɻʇʂ, ʦʢʠʩʥʝʥʥʷ 

ʩʝʤʠʭʽʥʦʥ-ʨʘʜʠʢʘʣʫ ʢʠʩʥʝʤ ʟ ʫʪʚʦʨʝʥʥʷʤ ʜʽʘʟʘʭʽʥʦʥʫ ʪʘ ʩʫʧʝʨʦʢʩʠʜʥʦʛʦ ʘʥʽʦʥ-

ʨʘʜʠʢʘʣʫ, ʦʢʠʩʥʝʥʥʷ ʩʫʧʝʨʦʢʩʠʜʦʤ ʩʝʤʠʭʽʥʦʥ-ʨʘʜʠʢʘʣʫ ʜʦ ʧʝʨʦʢʩʠʜʫ 

ʣʶʤʽʥʦʣʫ, ʷʢʠʡ ʜʘʣʽ ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʜʦ ʘʤʽʥʦʬʪʘʣʘʪʫ ʟ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʩʚʽʪʣʘ. 

ʇʨʦʚʝʜʝʥʥʷ ʨʝʘʢʮʽʡ ʟ ʨʦʟʯʠʥʦʤ ʣʶʤʽʥʦʣʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʧʦʚʝʨʭʥʽ ʩʦʨʙʝʥʪʫ 

ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʚʠʩʦʢʦʾ ʯʫʪʣʠʚʦʩʪʽ ʧʨʠ ʚʠʟʥʘʯʝʥʥ ̔ ʬʦʩʬʦʨʫ, ʛʝʨʤʘʥʽʶ, 

ʩʠʣʽʮʽʶ ʟʘ ʨʘʭʫʥʦʢ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ɻʇʂ ʧʨʠ ʬʽʣʴʪʨʫʚʘʥʥʽ ʧʨʦʙ. 

ʍʃ ʤʝʪʦʜ ʟʘʩʪʦʩʦʚʘʥʠʡ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʫʤʦʚ ʚʟʘʻʤʦʜʽʾ ɻʇʂ ʘʨʩʝʥʫ, 

ʬʦʩʬʦʨʫ, ʩʠʣʽʮʽʶ, ʛʝʨʤʘʥʽʶ ʟ ʜʦʚʛʦʣʘʥʮʶʛʦʚʠʤʠ ʘʤʦʥʽʡʥʠʤʠ ʘʙʦ 

ʧʽʨʠʜʠʥʽʻʚʠʤʠ ʦʩʥʦʚʘʤʠ. ʇʦʢʘʟʘʥʦ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʡʦʥʥʽ ʘʩʦʮʽʘʪʠ (ʁɸ), ʷʢʽ 

ʢʽʣʴʢʽʩʥʦ ʚʽʜʦʢʨʝʤʣʶʶʪʴʩʷ ʥʘ ʧʘʧʝʨʦʚʦʤʫ ʬʽʣʴʪʨʽ ʧʽʜ ʯʘʩ ʬʽʣʴʪʨʫʚʘʥʥʷ ʚʦʜʥʠʭ 

ʨʦʟʯʠʥʽʚ ʽ ʜʝʪʝʢʪʫʶʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʧʦʚʝʨʭʥʽ ʩʦʨʙʝʥʪʫ ʍʃ ʤʝʪʦʜʦʤ. ʇʨʠ 

ʬʽʣʴʪʨʫʚʘʥʥʽ ʨʦʟʯʠʥʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʁɸ, ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʤʽʰʘʥʠʡ ʤʝʭʘʥʽʟʤ 

ʫʪʨʠʤʫʚʘʥʥʷ ʥʘ ʬʽʣʴʪʨʘʭ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʬʽʟʠʯʥʦʤʫ ʫʪʨʠʤʫʚʘʥʥʽ ʥʝʨʦʟʯʠʥʥʠʭ ʫ 

ʚʦʜʽ ʁɸ, ʘ ʪʘʢʦʞ ʥʘ ʛʽʜʨʦʬʦʙʥʽʡ ʚʟʘʻʤʦʜʽʾ ʝʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʠʭ ʁɸ ʟ ʧʦʚʝʨʭʥʝʶ 

ʩʦʨʙʝʥʪʫ. 

ʁʦʥʥʽ ʘʩʦʮʽʘʪʠ ɻʇʂ ï ʢʘʪʽʦʥʥʽ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ ʨʝʘʛʫʶʪʴ ʟ 

ʣʫʞʥʠʤ ʨʦʟʯʠʥʦʤ ʣʶʤʽʥʦʣʫ ʟ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʩʚʽʪʣʘ ʧʦʜʽʙʥʦ ʜʦ ʩʘʤʠʭ ɻʇʂ. 

ɰʭ ʚʠʜʽʣʝʥʥʷ ʥʘ ʮʝʣʶʣʦʟʥʠʭ ʬʽʣʴʪʨʘʭ ʽ ʜʝʪʝʢʪʫʚʘʥʥʷ ʍʃ ʤʝʪʦʜʦʤ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʧʦʚʝʨʭʥʽ ʩʦʨʙʝʥʪʫ ʜʦʟʚʦʣʠʣʠ ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʠʪʠ ʯʫʪʣʠʚʽʩʪʴ 

ʚʠʟʥʘʯʝʥʥʷ ʬʦʩʬʦʨʫ, ʘʨʩʝʥʫ, ʩʠʣʽʮʽʶ ʪʘ ʛʝʨʤʘʥʽʶ, ʤʝʞʘ ʚʠʷʚʣʝʥʥʷ ʷʢʠʭ 

ʩʪʘʥʦʚʠʪʴ 0,02-0,07 ʤʢʛ/ʜʤ
3
. 



ʍʽʤʽʯʥʽ ʂʘʨʘʟʽʥʩʴʢʽ ʯʠʪʘʥʥʷ ï 2021 

 32 

ʂʆʄʇʃɽʂʉʀ ʄʦ(VI)ïɹʈʆʄʇɯʈʆɻɸʃʆʃʆɺʀʁ ʏɽʈɺʆʅʀʁ ɼʃʗ 

ʌʃʖʆʈɽʉʎɽʅʊʅʆɻʆ ʊɸ ʂʆʃʔʆʈʆʄɽʊʈʀʏʅʆɻʆ 

ɼɽʊɽʂʊʋɺɸʅʅʗ ʂɸʊɯʆʅʅʀʍ ʇɸʈ 

 

ʂʣʦʚʘʢ ɺ.ʆ., ʃʝʣʶʰʦʢ ʉ.ʆ., ʂʫʣʽʯʝʥʢʦ ʉ.ɸ. 

 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ 

 

vikaklovak@ukr.net  

 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʦʨʛʘʥʽʯʥʠʭ ʢʘʪʽʦʥʽʚ ʪʘ ʙʽʣʢʫ ʫ ʙʽʦʣʦʛʽʯʥʠʭ ʨʽʜʠʥʘʭ 

ʧʝʨʝʚʘʞʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʽ, ʬʣʶʦʨʝʩʮʝʥʪʥʽ ʪʘ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʤʝʪʦʜʠ. ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʷʢ ʨʘʮʽʦʥʘʣʴʥʠʡ ʪʘ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʠʡ ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʟʘʨʝʢʦʤʝʥʜʫʚʘʣʘ ʩʝʙʝ ʪʘʢʦʞ ʮʠʬʨʦʚʘ 

ʢʦʣʴʦʨʦʤʝʪʨʽʷ. ɼʘʥʠʡ ʤʝʪʦʜ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ ʥʦʚʽ ʤʝʪʦʜʠʢʠ 

ʚʠʟʥʘʯʝʥʥʷ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʦʢʨʘʱʝʥʠʤʠ ʤʝʪʨʦʣʦʛʽʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟ ʤʦʞʣʠʚʽʩʪʶ ʦʜʥʦʯʘʩʥʦʛʦ ʘʥʘʣʽʟʫ ʜʝʢʽʣʴʢʦʭ ʧʨʦʙ. ʉʠʩʪʝʤʠ 

ʪʠʧʫ ʽʦʥ ʤʝʪʘʣʫ ï ʦʨʛʘʥʽʯʥʠʡ ʨʝʘʛʝʥʪ ï ʢʘʪʽʦʥ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʤʘʢʩʠʤʘʣʴʥʦʶ ʢʦʥʪʨʘʩʪʥʽʩʪʶ, ʻ ʥʘʡʙʽʣʴʰ ʮʽʢʘʚʠʤʠ ʜʣʷ ʢʦʣʴʦʨʦʤʝʪʨʠʯʥʠʭ 

ʚʠʟʥʘʯʝʥʴ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʘ ʨʦʟʨʦʙʢʘ ʫʤʦʚ ʜʝʪʝʢʪʫʚʘʥʥʷ ʢʦʣʴʦʨʦʤʝʪʨʠʯʥʦʛʦ ʪʘ 

ʬʣʶʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʽʪʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʛʽʜʨʦʬʦʙʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʢʘʪʽʦʥʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʽʜʨʦʬʦʙʽʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʄʦ(VI) ï ʙʨʦʤʧʽʨʦʛʘʣʦʣʦʚʠʡ 

ʯʝʨʚʦʥʠʡ (ɹʇʏ) ï ʮʝʪʠʣʧʽʨʠʜʠʥʽʡ ʭʣʦʨʠʜ (ʎʇʍ) ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʥʝʽʦʥʥʦʾ 

ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʦʾ ʨʝʯʦʚʠʥʠ (ʇɸʈ) Triton ʍ-100  (ʊʍ-100). ɼʝʪʝʢʪʫʚʘʥʥʷ 

ʢʦʣʴʦʨʦʤʝʪʨʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʘʤʝʨʠ ʪʝʣʝʬʦʥʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʣʦʛʦ ʬʦʪʦʙʦʢʩʫ ʟ ʧʦʜʘʣʴʰʦʶ ʢʽʣʴʢʽʩʥʦʶ ʦʮʽʥʢʦʶ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ R-, G-, B- ʢʘʥʘʣʽʚ ʩʬʦʪʦʛʨʘʬʦʚʘʥʠʭ ʩʠʩʪʝʤ. 

ʋ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʚʟʘʻʤʦʜʽʶ ʤʦʣʽʙʜʝʥʫ ʟ ɹʇʏ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʇɸʈ 

ʪʨʘʜʠʮʽʡʥʠʤ ʬʦʪʦʤʝʪʨʠʯʥʠʤ, ʢʦʣʴʦʨʦʤʝʪʨʠʯʥʠʤ ʪʘ ʬʣʶʦʨʝʩʮʝʥʪʥʠʤ 

ʤʝʪʦʜʘʤʠ. ɺʠʚʯʝʥʦ ʚʧʣʠʚ ʨʽʟʥʦʛʦ ʚʤʽʩʪʫ ʎʇʍ, ʊʍ-100, ʘ ʪʘʢʦʞ ʾʭ ʩʫʤʽʰʝʡ ʥʘ 

ʩʠʩʪʝʤʫ ʄʦ(VI)ïɹʇʏ. ʉʠʩʪʝʤʠ ʄʦ(VI)ïɹʇʏïʎʇʍ ʪʘ ʄʦ(VI)ïɹʇʏïʎʇʍï

ʊʍ-100 ʩʢʣʘʜʫ 1:2:2 ʪʘ 1:2:1:4, ʚʽʜʧʦʚʽʜʥʦ, ʦʙʨʘʥʦ ʦʧʪʠʤʘʣʴʥʠʤʠ ʜʣʷ 

ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʈʦʟʨʦʙʣʝʥʽ ʫʤʦʚʠ ʛʽʜʨʦʬʦʙʽʟʦʚʘʥʦʾ ʤʝʪʘʣʨʝʘʛʝʥʪʥʦʾ 

ʯʦʪʠʨʠʢʦʤʧʦʥʝʥʪʥʦʾ ʩʠʩʪʝʤʠ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʦʨʛʘʥʽʯʥʠʭ 

ʢʘʪʽʦʥʽʚ. ʊʘʢ, ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʜʝʢʘʤʝʪʦʢʩʠʥʫ ʟ ʩʠʩʪʝʤʦʶ ʄʦ(VI)ïɹʇʏïʎʇʍï

ʊʍ-100 ʚ ʽʥʪʝʨʚʘʣʽ ʢʦʥʮʝʥʪʨʘʮʽʡ ʢʘʪʽʦʥʥʦʾ ʨʝʯʦʚʠʥʠ 0-1.0Ŀ10
-5
 ʄ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʬʣʶʦʨʝʩʮʝʥʮʽʾ ʪʘ ʩʫʤʘʨʥʦʛʦ ʩʠʛʥʘʣʫ 

RGB-ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʄʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʙʽʣʢʽʚ ʧʝʨʝʚʽʨʝʥʦ ʧʨʠ ʚʟʘʻʤʦʜʽʾ 

ʛʽʜʨʦʬʦʙʽʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʟ ʞʝʣʘʪʠʥʦʤ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʽʥʪʝʨʚʘʣʽ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʙʽʣʢʦʚʦʛʦ ʧʨʦʜʫʢʪʫ 0-6 ʤʛ/ʣ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʬʣʶʦʨʝʩʮʝʥʮʽʾ 

ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ (LOD, 3ů-ʢʨʠʪʝʨʽʡ, ʩʪʘʥʦʚʠʪʴ 0.5 ʤʛ/ʣ). 

ʆʪʨʠʤʘʥʽ ʝʬʝʢʪʠ ʜʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʩʢʦʥʩʪʨʫʶʚʘʪʠ ʘʥʘʣʽʪʠʯʥʫ ʩʠʩʪʝʤʫ ʜʣʷ 

ʜʝʪʝʢʪʫʚʘʥʥʷ ʚʤʽʩʪʫ ʜʝʢʘʤʝʪʦʢʩʠʥʫ ʪʘ ʞʝʣʘʪʠʥʫ ʬʣʶʦʨʝʩʮʝʥʪʥʠʤ ʪʘ 

ʢʦʣʴʦʨʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʘʤʠ. 
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ʂʀʉʃʆʊʅʆ-ʆʉʅʆɺʅʓɽ ʉɺʆʁʉʊɺɸ ʀʅɼʀʂɸʊʆʈʆɺ ʄɽʊʀʃʆɺʆɻʆ 

ɾɽʃʊʆɻʆ ʀ ʄɽʊʀʃʆɺʆɻʆ ʂʈɸʉʅʆɻʆ, ʀʄʄʆɹʀʃʀɿʆɺɸʅʅʓʍ ɺ 

ʆʊɺɽʈɾɼɽʅʅʆʄ ɾɽʃɸʊʀʅʆɺʆʄ ɻɽʃɽ 

 

ʂʘʙʘʮʢʘʷ ʇ. ʀ., ʈʝʰʝʪʥʷʢ ɽ. ɸ. 
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ʀʟʤʝʥʝʥʠʝ ʢʦʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ ʠʥʜʠʢʘʪʦʨʦʚ (ʠʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʡ 

ʨʂʘ) ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʚʦʜʳ ʢ ʥʝʚʦʜʥʳʤ ʨʘʩʪʚʦʨʠʪʝʣʷʤ, ʢ ʤʠʮʝʣʣʷʨʥʳʤ 

ʨʘʩʪʚʦʨʘʤ ʠʣʠ ʢ ʩʨʝʜʘʤ, ʦʙʣʘʜʘʶʱʠʤ ʩʚʦʡʩʪʚʘʤʠ ʇɸɺ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʦʜʠʬʠʮʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʩʨʝʜʳ [1] ʠʣʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ 

ʪʚʝʨʜʦʬʘʟʥʳʭ ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʢʦʥʪʨʦʣʷ ʨʅ [2]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʘʟʦʢʨʘʩʠʪʝʣʠ ʤʝʪʠʣʦʚʳʡ ʢʨʘʩʥʳʡ (ʄʂ) ʠ 

ʤʝʪʠʣʦʚʳʡ ʞʝʣʪʳʡ (ʄɾ) (ʨʠʩ. 1). ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʦʪʦʚʳʝ ʩʣʦʠ 

ʦʪʚʝʨʞʜʝʥʥʦʛʦ ʞʝʣʘʪʠʥʦʚʦʛʦ ʛʝʣʷ ʬʦʪʦʛʨʘʬʠʯʝʩʢʦʡ ʧʣʝʥʢʠ ʜʣʷ ʦʬʩʝʪʥʦʡ 

ʧʝʯʘʪʠ ʬʠʨʤʳ çAGFAè. ʀʟ ʧʣʝʥʢʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʫʜʘʣʷʣʠ ʛʘʣʦʛʝʥʠʜʳ 

ʩʝʨʝʙʨʘ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʪʚʝʨʜʦʬʘʟʥʳʭ ʨʝʘʛʝʥʪʦʚ ʦʙʨʘʟʮʳ ʧʣʝʥʦʢ ʧʦʛʨʫʞʘʣʠ ʥʘ 20-

25 ʤʠʥ ʚ ʚʦʜʥʦ-ʵʪʘʥʦʣʴʥʳʝ (50 ʤʘʩʩ. %) ʨʘʩʪʚʦʨʳ ʠʥʜʠʢʘʪʦʨʦʚ, ʘ ʟʘʪʝʤ 

ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɺʳʙʠʨʘʷ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ 

ʨʝʘʛʝʥʪʦʚ, ʫʯʠʪʳʚʘʣʠ ʠʭ ʟʘʨʷʜ ʠ ʛʠʜʨʦʬʦʙʥʦʩʪʴ (ʠʟʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʪʦʯʢʘ 

ʦʪʚʝʨʞʜʝʥʥʦʛʦ ʞʝʣʘʪʠʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʅ=4,5; ʧʨʠ ʨʅ<4,5 ʩʫʤʤʘʨʥʳʡ 

ʩʝʪʦʯʥʳʡ ʟʘʨʷʜ ʞʝʣʘʪʠʥʦʚʦʡ ʤʘʪʨʠʮʳ ʧʦʣʦʞʠʪʝʣʴʥʳʡ, ʘ ʧʨʠ ʨʅ>4,5 ð

 ʦʪʨʠʮʘʪʝʣʴʥʳʡ). ʋʯʠʪʳʚʘʣʠ, ʯʪʦ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʢʨʘʩʥʳʝ ʬʦʨʤʳ 

ʠʥʜʠʢʘʪʦʨʦʚ ʧʨʝʦʙʣʘʜʘʶʪ ʧʨʠ ʨʅ<3 (ʄɾ) ʠ ʨʅ<5 (ʄʂ), ʘ ʞʝʣʪʳʝ ð ʧʨʠ ʨʅ>3 

(ʄɾ) ʠ ʨʅ>5 (ʄʂ). ʋʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʢʘʪʠʦʥʥʘʷ ʠ ʥʝʡʪʨʘʣʴʥʘʷ ʬʦʨʤʳ 

ʠʥʜʠʢʘʪʦʨʘ ʄɾ ʠʟʚʣʝʢʘʣʠʩʴ ʚ ʧʣʝʥʢʫ ʧʨʠ ʨʅ<4,5 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʥʠʦʥʥʦʛʦ 

ʇɸɺ ʜʦʜʝʮʠʣʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ (ɼʉʅ). ʋʩʣʦʚʠʷ ʠʟʚʣʝʯʝʥʠʷ ʩʦʧʨʷʞʝʥʥʳʭ ʬʦʨʤ 

ʠʥʜʠʢʘʪʦʨʘ ʄʂ ʙʳʣʠ ʨʘʟʥʳʤʠ: ʘʥʠʦʥʥʫʶ ʬʦʨʤʫ R
-
 ʚʚʦʜʠʣʠ ʚ ʧʣʝʥʢʫ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʠʦʥʥʦʛʦ ʇɸɺ ʮʝʪʠʣʧʠʨʠʜʠʥʠʡ ʭʣʦʨʠʜʘ ʧʨʠ ʨʅ>5, ʘ 

ʥʝʡʪʨʘʣʴʥʫʶ ʬʦʨʤʫ ʅR ï ʧʨʠ ʨʅ<4,5 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ɼʉʅ. ʇʦʵʪʦʤʫ 

ʠʩʩʣʝʜʦʚʘʪʴ ʨʘʚʥʦʚʝʩʠʝ ʢʠʩʣʦʪʥʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ʄʂ ʚ ʦʪʚʝʨʞʜʝʥʥʦʤ 

ʞʝʣʘʪʠʥʦʚʦʤ ʛʝʣʝ ʙʳʣʦ ʥʝʚʦʟʤʦʞʥʦ. 

ʄʳ ʩʦʧʦʩʪʘʚʠʣʠ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʠʥʜʠʢʘʪʦʨʘ 

ʄɾ ʚ ʚʦʜʥʦ-ʵʪʘʥʦʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʩʦʜʝʨʞʘʱʠʭ ɼʉʅ ʠ ʬʦʥʦʚʫʶ ʩʦʣʴ NaCl 

(I = 0,05 ʤʦʣʴ/ʣ), ʠ ʚ ʞʝʣʘʪʠʥʦʚʦʡ ʧʣʝʥʢʝ ʧʦʩʣʝ ʠʟʚʣʝʯʝʥʠʷ ʢʨʘʩʠʪʝʣʷ ʠʟ 

ʨʘʩʪʚʦʨʦʚ ʧʦʜʦʙʥʦʛʦ ʩʦʩʪʘʚʘ. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʄɾ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʨʅ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2. ʇʦʩʣʝ ʧʝʨʝʭʦʜʘ ʠʥʜʠʢʘʪʦʨʘ ʠʟ ʨʘʩʪʚʦʨʘ ʚ ʧʣʝʥʢʫ 

ʟʥʘʯʝʥʠʝ ɚmax ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʢʠʩʣʦʡ ʬʦʨʤʳ ʩʤʝʩʪʠʣʦʩʴ ʥʘ 6 ʥʤ ï ʦʪ 516 ʜʦ 

522 ʥʤ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʄʂ ʦʪ ʨʅ ʧʨʠ ɚmax ʜʣʷ 

ʢʨʘʩʥʦʡ ʬʦʨʤʳ ʅR (ʨʠʩ. 3) ʦʮʝʥʠʣʠ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʢʠʩʣʦʪʥʦʩʪʠ ʠʥʜʠʢʘʪʦʨʘ. 

ɺ ʨʘʩʪʚʦʨʘʭ ʨʂʘ=2,34Ñ0,15; ʚ ʩʨʝʜʝ ʦʪʚʝʨʞʜʝʥʥʦʛʦ ʞʝʣʘʪʠʥʘ ʨʂʘ=2,4Ñ0,3. 
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ʈʠʩ. 1. ʉʭʝʤʘ ʧʨʦʪʦʣʠʪʠʯʝʩʢʠʭ ʨʘʚʥʦʚʝʩʠʡ ʤʝʪʠʣʦʚʦʛʦ ʞʝʣʪʦʛʦ (ʘ) ʠ 

ʤʝʪʠʣʦʚʦʛʦ ʢʨʘʩʥʦʛʦ (ʙ). 

 

   
ʈʠʩ. 2. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʤʝʪʠʣʦʚʦʛʦ ʞʝʣʪʦʛʦ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʨʅ: ʘ) ʚ 

ʚʦʜʥʦ-ʵʪʘʥʦʣʴʥʳʭ (50/50) ʨʘʩʪʚʦʨʘʭ, ʚ ʢʦʪʦʨʳʭ: ʩ(ʄɾ)=2Ā10
-5
 ʤʦʣʴ/ʣ, 

ʩ(ɼʉʅ)=0,01 ʤʦʣʴ/ʣ, I=0,05 ʤʦʣʴ/ʣ (NaCl); ʙ) ʚ ʞʝʣʘʪʠʥʦʚʦʡ ʧʣʝʥʢʝ. ʉʦʩʪʘʚ 

ʚʦʜʥʦ-ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʠʟʚʣʝʢʘʣʠ ʢʨʘʩʠʪʝʣʴ: 

ʩ(ʄɾ)=0,001 ʤʦʣʴ/ʣ, ʩ(ɼʉʅ)=0,01 ʤʦʣʴ/ʣ, I=0,05 ʤʦʣʴ/ʣ (NaCl). 

 

   
ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʄɾ ʦʪ ʨʅ ʧʨʠ ɚmax ʚ ʚʦʜʥʦ-ʵʪʘʥʦʣʴʥʳʭ 

ʨʘʩʪʚʦʨʘʭ (ʘ) ʠ ʚ ʞʝʣʘʪʠʥʦʚʦʡ ʧʣʝʥʢʝ (ʙ). 
 

[1] ʄʯʝʜʣʦʚ-ʇʝʪʨʦʩʷʥ ʅ.ʆ. ɼʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ʩʠʣʳ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ ʚ 

ʠʩʪʠʥʥʳʭ ʠ ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʘʭ. ʍʘʨʴʢʦʚ: ʀʟʜ. ʍʅʋ ʠʤ. ɺ.ʅ. ʂʘʨʘʟʠʥʘ, 

2004. ï 326 ʩ. 

[2] Nikitina N.A., Reshetnyak E.A., Svetlova N.V., Mchedlov-Petrossyan N.O. 

Protolytic properties of dyes embedded in gelatin films. J. Braz. Chem. Soc. 2011, 

22(5), 857-866. 
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ʄɯʎɽʃʗʈʅʆ-ɽʂʉʊʈɸʂʎɯʁʅɽ ʂʆʅʎɽʅʊʈʋɺɸʅʅʗ 

ɼɽʂʉʂɽʊʆʇʈʆʌɽʅʋ ʊɸ ɯɹʋʇʈʆʌɽʅʋ ɼʃʗ ɺɽʈʍ-ʋʌ ɺʀɿʅɸʏɽʅʅʗ 

ʇʈʀ ʂʆʅʊʈʆʃɯ ʏʀʉʊʆʊʀ ʌɸʈʄɸʎɽɺʊʀʏʅʆɻʆ ʆɹʃɸɼʅɸʅʅʗ 

 

ʂʦʨʥʽʜʘʣ ɯ. ʉ., ɼʦʨʦʱʫʢ ɺ. ʆ. 
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ɿʘʚʝʨʰʘʣʴʥʠʤ ʝʪʘʧʦʤ ʚʠʨʦʙʥʠʮʪʚʘ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʚʠʤʦʛ ʥʘʣʝʞʥʦʾ ʚʠʨʦʙʥʠʯʦʾ ʧʨʘʢʪʠʢʠ (GMP) ʻ ʦʯʠʱʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ. ʗʢ 

ʧʨʘʚʠʣʦ, ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʟʘʣʠʰʢʦʚʠʭ ʢʽʣʴʢʦʩʪʝʡ ʯʫʪʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ 

ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʤʘʻ ʟʥʘʭʦʜʠʪʠʩʷ ʫ ʜʽʘʧʘʟʦʥʽ ʥʘʥʦ- ʽ ʧʽʢʦʨʽʚʥʽʚ ɸʌɯ. ʅʘ 

ʩʴʦʛʦʜʥʽ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ ʥʘʡʙʽʣʴʰ ʜʦʩʪʫʧʥʠʤ ʪʘ 

ʚʞʠʚʘʥʠʤ ʤʝʪʦʜʦʤ ʘʥʘʣʽʟʫ ʻ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʘ ʨʽʜʠʥʥʘ ʭʨʦʤʘʪʦʛʨʘʬʽʷ ʟ ʋʌ 

ʜʝʪʝʢʪʫʚʘʥʥʷʤ (ɺɽʈʍ-ʋʌ). ʏʫʪʣʠʚʽʩʪʴ ʧʨʷʤʦʛʦ ɺɽʈʍ-ʋʌ ʤʝʪʦʜʫ ʜʣʷ ʨʦʙʦʪʠ ʽʟ 

ʟʘʣʠʰʢʦʚʠʤʠ ʢʽʣʴʢʦʩʪʷʤʠ ʻ ʟʘʟʚʠʯʘʡ ʥʝʜʦʩʪʘʪʥʴʦʶ. ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ 

ʚʠʨʽʰʝʥʥʷ ʪʘʢʦʾ ʧʨʦʙʣʝʤʠ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ʧʨʦʙʠ, 

ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʤʽʮʝʣʷʨʥʦʾ ʝʢʩʪʨʘʢʮʽʾ ʬʘʟʘʤʠ ʥʝʽʦʥʥʠʭ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ 

ʨʝʯʦʚʠʥ (ʅʇɸʈ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʧʦʤʫʪʥʽʥʥʷ. ʅʝʩʪʝʨʦʾʜʥʽ ʧʨʦʪʠʟʘʧʘʣʴʥʽ 

ʟʘʩʦʙʠ (ʅʇɿ) ʻ ʣʽʜʝʨʘʤʠ ʟʘ ʢʽʣʴʢʽʩʪʶ ʩʧʦʞʠʚʘʥʥʷ ʫ ʩʚʽʪʽ, ʦʩʢʽʣʴʢʠ ʩʧʝʢʪʨ 

ʟʘʭʚʦʨʶʚʘʥʴ, ʧʨʠ ʷʢʠʭ ʾʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʰʠʨʦʢʠʤ. ʊʦʤʫ ʫ 

ʨʦʙʦʪʽ ʜʦʩʣʽʜʠʣʠ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʮʝʣʷʨʥʦ-ʝʢʩʪʨʘʢʮʽʡʥʦʛʦ 

ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ʜʝʢʩʢʝʪʦʧʨʦʬʝʥʫ (Dkp) ʪʘ ʽʙʫʧʨʦʬʝʥʫ (Ibp)  ʜʣʷ ɺɽʈʍ-ʋʌ 

ʚʠʟʥʘʯʝʥʥʷ ʧʨʠ ʢʦʥʪʨʦʣʽ ʦʯʠʱʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ʋ ʨʦʙʦʪʽ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥ ̔ ʫʤʦʚʠ ɺɽʈʍ ʚʠʟʥʘʯʝʥʥʷ Ibp ʪʘ Dkp ʫ 

ʧʨʠʩʫʪʥʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʧʨʠʡʤʘʶʯʦʾ ʬʘʟʠ ï ʥʝʽʦʥʥʦʾ ʇɸʈ 

Triton X-114 (ʭʨʦʤʘʪʦʛʨʘʬʽʯʥʘ ʢʦʣʦʥʢʘ Perfect BOND ODS HD (150 ³ 4,6 ʤʤ, 5 

ʤʢʤ); ʛʨʘʜʽʻʥʪʥʠʡ ʨʝʞʠʤʽ ʝʣʶʶʚʘʥʥʷ ʽʟ ʨʫʭʦʤʠʤʠ ʬʘʟʘʤʠ 0,1% H3PO4 ʪʘ 

ʘʮʝʪʦʥʽʪʨʠʣʫ; ʜʝʪʝʢʪʫʚʘʥʥʷ ʧʨʠ 220 ʥʤ ʜʣʷ Ibp ʪʘ 256 ʥʤ ʜʣʷ Dkp). 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʫʤʦʚʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʚʥʝ ʽ ʝʬʝʢʪʠʚʥʝ ʨʦʟʜʽʣʝʥʥʷ 

ʭʨʦʤʘʪʦʛʨʘʬʽʯʥʠʭ ʧʽʢʽʚ Ibp, Dkp ʪʘ Triton X-114. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ Ibp ʪʘ Dkp 

ʝʬʝʢʪʠʚʥʦ ʚʠʣʫʯʘʪʁʴʩʷ ʚ ʤʽʮʝʣʷʨʥʫ ʬʘʟʫ ʟ ʢʠʩʣʠʭ ʨʦʟʯʠʥʽʚ ʚ ʫʤʦʚʘʭ ʽʩʥʫʚʘʥʥʷ 

ʾʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʛʽʜʨʦʬʦʙʥʠʭ ʬʦʨʤ.  ʇʦʚʥʝ ʚʠʣʫʯʝʥʥʷ Ibp ʪʘ Dkp 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʦʟʯʠʥʽʚ Triton X-114 ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ  >0,1%  

ʪʘ  >0,8%, ʚʽʜʧʦʚʽʜʥʦ,  ʪʘ ʫ ʰʠʨʦʢʦʤʫ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʧʦ ʘʥʘʣʽʪʫ 

0,01 ï 1,0 ʤʢʛ/ʤʣ. ʋ ʨʦʙʦʪʽ ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʦʩʥʦʚʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʬʘʢʪʦʨʽʚ (ʨʽʚʥʦʚʘʞʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʤʽʮʝʣʷʨʥʦʾ ʝʢʩʪʨʘʢʮʽʾ, 

ʯʘʩ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷ, ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʚʝʜʝʥʥʷ ʤʽʮʝʣʷʨʥʦʾ ʬʘʟʠ ʪʦʱʦ) ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʽʮʝʣʷʨʥʦʾ-ʝʢʩʪʨʘʢʮʽʡʥʦʛʦ ʚʠʣʫʯʝʥʥʷ ʩʫʙʩʪʨʘʪʽʚ. 

ʊʘʢʦʞ ʫ ʨʦʙʦʪʽ ʙʫʣʠ ʦʧʪʠʤʽʟʦʚʘʥʽ ʫʤʦʚʠ ʚʠʣʫʯʝʥʥʷ Ibp ʪʘ Dkp ʤʝʪʦʜʦʤ 

ʤʘʟʢʽʚ ʟ̔ ʩʪʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʝʟʚʦʨʩʦʚʠʭ ʩʝʨʚʝʪʦʢ, 

ʦʧʪʠʤʽʟʦʚʘʥʽ ʫʤʦʚʠ ʩʦʣʶʙʽʣʽʟʘʮʽ ʾʚʠʣʫʯʝʥʠʭ ʘʥʘʣʽʪʽʚ ʨʦʟʯʠʥʘʤʠ Triton X-114. 

ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʫʤʦʚʠ ɺɽʈʍ-ʋʌ ʚʠʟʥʘʯʝʥʥʷ Ibp ʪʘ 

Dkp ʟ ʧʦʧʝʨʝʜʥʽʤ ʤʽʮʝʣʷʨʥʦ-ʝʢʩʪʨʘʢʮʽʡʥʠʤ ʢʦʥʮʝʥʪʨʫʚʘʥʥʷʤ. 
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ʇʃɸʅɸʈʅʀʁ ɺʋɻɯʃʔʅʀʁ ɽʃɽʂʊʈʆɼ, ʄʆɼʀʌɯʂʆɺɸʅʀʁ 

ʆʂʉʀɼʆʄ ɿɸʃɯɿɸ ʊɸ ʅɸʅʆʏɸʉʊʀʅʂɸʄʀ ɺʋɻʃɽʎʖ, ɼʃʗ 

ɺʀɿʅɸʏɽʅʅʗ ɼʆʌɸʄɯʅʋ ʊɸ ʇɸʈɸʎɽʊɸʄʆʃʋ ɺ ɯʅʌʋɿɯʗʍ ʊɸ 
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ɸʢʪʫʘʣʴʥʠʡ ʥʘʧʨʷʤʦʢ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʦʾ ʘʥʘʣʽʪʠʯʥʦʾ ʭʽʤʽʾ, ʧʦʚ'ʷʟʘʥʠʡ ʟ 

ʧʽʜʚʠʱʝʥʥʷʤ ʯʫʪʣʠʚʦʩʪʽ ʪʘ ʩʝʣʝʢʪʠʚʥʦʩʪʽ ʘʥʘʣʽʟʫ, ʘ ʪʘʢʦʞ ʟ ʨʦʟʨʦʙʢʦʶ ʥʦʚʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʜʦʟʚʦʣʷʣʦ ʙ ʧʨʦʩʪʦ ʪʘ ʰʚʠʜʢʦ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ ʩʢʣʘʜʥʠʭ 

ʦʙôʻʢʪʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʟʘ ʤʝʞʘʤʠ ʣʘʙʦʨʘʪʦʨʽʾ. ʊʘʢʠʤ ʚʠʤʦʛʘʤ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʩʫʯʘʩʥʽ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʩʝʥʩʦʨʠ ʥʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʧʣʘʥʘʨʥʠʭ ʜʨʫʢʦʚʘʥʠʭ 

ʝʣʝʢʪʨʦʜʽʚ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʦʬʘʤʽʥʫ ʘʙʦ ʧʘʨʘʮʝʪʘʤʦʣʫ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʤʝʪʦʜ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʾ ʨʽʜʠʥʥʦʾ ʭʨʦʤʘʪʦʛʨʘʬʽʾ. ʅʝʜʦʣʽʢʘʤʠ ʮʴʦʛʦ ʤʝʪʦʜʫ ʻ 

ʩʢʣʘʜʥʝ ʘʧʘʨʘʪʫʨʥʝ ʦʬʦʨʤʣʝʥʥʷ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʨʦʟʯʠʥʥʠʢʽʚ ʪʘ 

ʪʨʠʚʘʣʠʡ ʯʘʩ ʘʥʘʣʽʟʫ. ɸʣʴʪʝʨʥʘʪʠʚʦʶ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʩʝʥʩʦʨʽʚ, 

ʘʜʞʝ ʚʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ  ʚʠʟʥʘʯʝʥʥʷ ʘʥʘʣʽʪʫ ʫ  ʟʨʘʟʢʫ ʧʨʦʪʷʛʦʤ 10-15 

ʭʚ  ʽʟ ʟʘʜʦʚʽʣʴʥʦʶ ʧʨʝʮʠʟʽʡʥʽʩʪʶ ʪʘ ʤʽʥʽʤʘʣʴʥʦʶ ʧʨʦʙʦʧʽʜʛʦʪʦʚʢʦʶ. 

ʏʘʩʪʠʥʢʠ Fe2O3 ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʤʦʜʠʬʽʢʘʪʦʨʦʤ, ʘʜʞʝ ʚʦʥʠ ʤʘʶʪʴ 

ʫʥʽʢʘʣʴʥʽ ʢʘʪʘʣʽʪʠʯʥʽ, ʤʘʛʥʽʪʥʽ ʪʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʥʠʟʴʢʫ 

ʩʦʙʽʚʘʨʪʽʩʪʴ. ʄʦʜʠʬʽʢʘʮʽʷ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʽʚ ʛʝʤʘʪʠʪʦʤ, ʟʘʟʚʠʯʘʡ, ʧʨʦʚʦʜʠʪʴ 

ʚ ʜʚʘ ʝʪʘʧʠ: ʩʠʥʪʝʟ Fe2O3 ʪʘ ʧʦʜʘʣʴʰʝ ʟʘʢʨʽʧʣʝʥʥʷ ʡʦʛʦ ʯʘʩʪʠʥʦʢ ʥʘ ʧʦʚʝʨʭʥʽ 

ʝʣʝʢʪʨʦʜʫ. ʉʫʯʘʩʥʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʮʴʦʛʦ ʤʝʪʦʜʫ ʻ ʤʝʪʦʜ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ 

ʦʩʘʜʞʝʥʥʷ Fe2O3 ʥʘ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʫ. ɼʦ ʧʝʨʝʚʘʛ ʮʴʦʛʦ ʤʝʪʦʜʫ ʩʣʽʜ ʚʽʜʥʝʩʪʠ: 

ʰʚʠʜʢʽʩʪʴ, ʧʨʦʩʪʦʪʫ, ʝʢʦʣʦʛʽʯʥʽʩʪʴ, ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʢʦʥʪʨʦʣʶ ʱʽʣʴʥʦʩʪʽ 

ʧʦʢʨʠʪʪʷ: ʚʽʜ ʥʘʥʦʯʘʩʪʠʥʦʢ ʜʦ ʪʦʥʢʠʭ ʧʣʽʚʦʢ. 

ʄʝʪʦʶ ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʨʦʙʦʪʠ ʙʫʣʘ ʨʦʟʨʦʙʢʘ ʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʫ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʥʦʛʦ ʩʝʥʩʦʨʫ ʥʘ ʦʩʥʦʚʽ ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʦʛʦ ʧʣʘʥʘʨʥʦʛʦ 

ʚʫʛʽʣʴʥʦʛʦ ʝʣʝʢʪʨʦʜʫ (ʥʘʥʦʇɺɽ), ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʯʘʩʪʠʥʢʘʤʠ Fe2O3 (FeO(OH)) 

ʪʘ ʥʘʥʦʯʘʩʪʠʥʢʘʤʠ ʚʫʛʣʝʮʶ, ʷʢʽ ʽʥʢʘʧʩʫʣʴʦʚʘʥʦ ʫ ʧʣʽʚʮʽ SiO2. 

ʉʠʥʪʝʟ ʯʘʩʪʠʥʦʢ Fe2O3 ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʦʩʘʜʞʝʥʥʷ 

ʥʘ ʧʦʚʝʨʭʥʽ ʥʘʥʦʇɺɽ ʟ ʨʦʟʯʠʥʽʚ ʥʝʦʨʛʘʥʽʯʥʠʭ ʩʦʣʝʡ Fe(III ). ʇʦʚʝʨʭʥʶ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʜʘ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʤʝʪʦʜʘʤʠ ʩʢʘʥʫʶʯʦʾ ʝʣʝʢʪʨʦʥʥʦʾ 

ʤʽʢʨʦʩʢʦʧʽʾ (ʉɽʄ) ʪʘ ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʦʾ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ (EDX). 

ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʫʪʚʦʨʝʥʥʷ ʩʫʤʽʰʽ Fe2O3/FeO(OH) ʥʘ ʧʦʚʝʨʭʥʽ 

ʝʣʝʢʪʨʦʜʫ. ʏʘʩʪʠʥʢʠ ʫ ʚʠʛʣʷʜʽ ʘʛʨʝʛʘʪʽʚ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʽ ʧʦ ʧʦʚʝʨʭʥʽ 

ʝʣʝʢʪʨʦʜʘ, ʾʭ ʩʝʨʝʜʥʽʡ ʜʽʘʤʝʪʨ ʩʢʣʘʜʘʻ 150Ñ50 ʥʤ. ɽʣʝʢʪʨʦʜ, ʤʦʜʠʬʽʢʦʚʘʥʠʡ 

ʯʘʩʪʠʥʢʘʤʠ Fe2O3/FeO(OH), ʧʦʢʨʠʚʘʣʠ ʧʣʽʚʢʦʶ SiO2 ʜʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ 

ʚʠʤʠʚʘʥʥʷ ʤʦʜʠʬʽʢʘʪʦʨʘ ʟ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʫ. ʇʝʨʝʜ ʨʦʙʦʪʦʶ ʤʦʜʠʬʽʢʦʚʘʥʠʡ 

ʝʣʝʢʪʨʦʜ ʚʠʪʨʠʤʫʚʘʣʠ ʫ ʩʫʰʠʣʴʥʽʡ ʰʘʬʽ ʧʨʠ 100 Áʉ ʧʨʦʪʷʛʦʤ ʜʦʙʠ. 
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ʊʘʢʠʤ ʞʝ ʯʠʥʦʤ ʦʪʨʠʤʫʚʘʣʠ ʝʣʝʢʪʨʦʜ ʥʘʥʦʇɺɽ-Fe2O3-C-SiO2. ʊʦʥʢʽ 

ʛʨʘʬʝʥʦʧʦʜʽʙʥʽ ʥʘʥʦʚʫʛʣʝʮʝʚʽ ʯʘʩʪʠʥʢʠ, ʦʜʝʨʞʘʥʽ ʧʦʜʨʽʙʥʝʥʥʷʤ ʦʙôʻʤʥʦʛʦ 

ʥʘʥʦʧʦʨʫʚʘʪʦʛʦ ʘʢʪʠʚʦʚʘʥʦʛʦ ʚʫʛʽʣʣʷ, ʱʦ ʤʦʜʠʬʽʢʦʚʘʥʦ ʬʪʦʨʦʤ ʪʘ ʤʽʩʪʠʪʴ 

ʧʦʚʝʨʭʥʝʚʽ ʢʠʩʝʥʴʚʤʽʩʥʽ (ʉʆʆʅ ʪʘ ʉ=ʆ) ʪʘ ʬʪʦʨʚʤʽʩʥʽ (ïʉF, CF2 ʪʘ CF3) ʛʨʫʧʠ 

[1], ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ, ʷʢ ʤʦʜʠʬʽʢʘʪʦʨ ʝʣʝʢʪʨʦʜʫ ʟ ʤʝʪʦʶ ʧʦʢʨʘʱʝʥʥʷ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʤʽʞ ʤʦʣʝʢʫʣʦʶ ʘʥʘʣʽʪʫ ʪʘ ʧʦʚʝʨʭʥʝʶ ʝʣʝʢʪʨʦʜʘ. 

ɿʘʢʨʽʧʣʝʥʥʷ ʯʘʩʪʠʥʦʢ ʥʘʥʦʚʫʛʣʝʮʶ ʥʘ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʫ ʥʘʥʦʇɺɽ-Fe2O3 

ʧʨʦʚʦʜʠʣʠ ʰʣʷʭʦʤ ʽʥʢʘʧʩʫʣʷʮʽʾ ʫ ʧʣʽʚʮʽ SiO2, ʷʢʫ ʦʪʨʠʤʫʚʘʣʠ ʤʝʪʦʜʦʤ ʟʦʣʴ-

ʛʝʣʴ ʩʠʥʪʝʟʫ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʝʣʝʢʪʨʦʽʥʜʫʢʦʚʘʥʦʛʦ ʦʩʘʜʞʝʥʥʷ. 

ɽʣʝʢʪʨʦʭʽʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʣʝʢʪʨʦʜʽʚ ʥʘʥʦʇɺɽ ʪʘ ʥʘʥʦʇɺɽ-Fe2O3-

SiO2 ʜʦʩʣʽʜʞʫʚʘʣʠ ʤʝʪʦʜʦʤ ʮʠʢʣʽʯʥʦʾ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʾ (ʎɺɸ). ʅʘʷʚʥʽʩʪʴ 

ʯʘʩʪʠʥʦʢ Fe2O3/FeO(OH) ʥʘ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʘ ʧʽʜʪʚʝʨʜʞʫʻ ʧʦʷʚʘ ʧʽʢʽʚ 

ʦʢʠʩʥʝʥʥʷ ʽ ʚʽʜʥʦʚʣʝʥʥʷ ʫ ʬʦʥʦʚʦʤʫ ʨʦʟʯʠʥʽ, ʧʨʠ -0,25 ɺ ʪʘ -0,65 ɺ, ʚʽʜʧʦʚʽʜʥʦ. 

ɺ ʧʨʠʩʫʪʥʦʩʪʽ ʜʦʬʘʤʽʥʫ ʥʘ ʥʘʥʦʇɺɽ-Fe2O3-SiO2 ʦʢʨʽʤ ʧʽʢʽʚ Fe(III )/Fe(II ) 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʷʚʘ ʥʦʚʠʭ ʧʽʢʽʚ ʦʢʠʩʥʝʥʥʷ ʧʨʠ 0,19 ɺ, ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʠ  

-0,01 ɺ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʬʘʤʽʥʫ, ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʽ ʧʽʢʠ 

ʟʙʽʣʴʰʫʶʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ. ɼʽʘʧʘʟʦʥ ʣʽʥʽʡʥʦʩʪʽ ʛʨʘʜʫʶʚʘʣʴʥʦʛʦ ʛʨʘʬʽʢʘ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʜʦʬʘʤʽʥʫ ʥʘ ʥʘʥʦʇɺɽ-Fe2O3-SiO2 ʝʣʝʢʪʨʦʜʽ: 0,02ï0,1 ʤʄ, ʤʝʞʘ 

ʚʠʷʚʣʝʥʥʷ ï 0,003 ʤʄ, ʤʝʞʘ ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 0,01 ʤʄ. ʆʪʨʠʤʘʥʠʡ 

ʥʘʥʦʇɺɽ-Fe2O3-C-SiO2 ʝʣʝʢʪʨʦʜ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘ ʧʦʨʷʜʦʢ ʥʠʞʯʦʶ ʄɺ 

0,0006ʤʄ ʪʘ ʰʠʨʰʠʤ ʃɼ: 0,003-0,01ʤʄ, ʄʂɺ 0,002ʤʄ, Sr ï 0,03. 

ʆʧʪʠʤʘʣʴʥʠʡ ʨʦʙʦʯʠʡ ʜʽʘʧʘʟʦʥ ʨʅ 6ï7. 

ʋ ʧʨʠʩʫʪʥʦʩʪʽ ʧʘʨʘʮʝʪʘʤʦʣʫ ʥʘ ʥʘʥʦʇɺɽ-Fe2O3-C-SiO2 ʦʢʨʽʤ ʧʽʢʽʚ 

Fe(III )/Fe(II) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʷʚʘ ʧʽʢʫ ʦʢʠʩʥʝʥʥʷ ʧʨʠ 0,2 ɺ ʪʘ ʧʽʢʫ 

ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʠ 0,05 ɺ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʥʘʣʽʪʫ ʫ ʨʦʟʯʠʥʽ, ʩʪʨʫʤʠ 

ʦʢʠʩʥʝʥʥʷ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ. ʃʽʥʽʡʥʠʡ ʜʽʘʧʘʟʦʥ 

ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʮʝʪʘʤʦʣʫ ʩʪʘʥʦʚʠʪʴ 0,03-0,1ʤʄ, ʄɺ 0,005ʤʄ, ʄʂɺ 0,02ʤʄ, Sr 

ï 0,04. ʆʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʨʅ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʮʝʪʘʤʦʣʫ ï 7. 

ʇʝʨʝʚʽʨʝʥʦ ʚʧʣʠʚ ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ, ʩʝʯʦʚʠʥʠ ʪʘ ʩʫʣʴʬʽʪ ʽʦʥʽʚ ʥʘ 

ʘʥʘʣʽʪʠʯʥʽ ʩʠʛʥʘʣʠ ʜʦʬʘʤʽʥʫ ʪʘ ʧʘʨʘʮʝʪʘʤʦʣʫ  ʥʘ ʥʘʥʦʇɺɽ ʪʘ ʥʘʥʦʇɺɽ-Fe2O3-

C-SiO2 ʝʣʝʢʪʨʦʜʘʭ. ɽʢʚʽʤʦʣʷʨʥʽ ʢʽʣʴʢʦʩʪʽ ʥʘʚʝʜʝʥʠʭ ʨʝʯʦʚʠʥ ʥʝ ʟʘʚʘʞʘʶʪʴ 

ʚʠʟʥʘʯʝʥʥʶ ʜʦʬʘʤʽʥʫ ʪʘ ʧʘʨʘʮʝʪʘʤʦʣʫ ʥʘ ʥʘʥʦʇɺɽ-Fe2O3-C-SiO2, ʥʘ ʚʽʜʤʽʥʫ 

ʚʽʜ ʥʝ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʜʫ. 

ɽʣʝʢʪʨʦʜ ʥʘʥʦʇɺɽ-Fe2O3/FeO(OH)-C-SiO2 ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʜʦʬʘʤʽʥʫ ʪʘ ʧʘʨʘʮʝʪʘʤʦʣʫ ʫ ʨʦʟʯʠʥʘʭ ʜʣʷ ʽʥʬʫʟʽʡ ʪʘ ʽʥôʻʢʮʽʡ. 

ɺʠʟʥʘʯʝʥʥʷ ʘʥʘʣʽʪʫ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʜʦʙʘʚʦʢ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʤʽʩʪʫ ʜʦʬʘʤʽʥʫ ʪʘ ʧʘʨʘʮʝʪʘʤʦʣʫ ʫ ʟʨʘʟʢʘʭ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʘʜʦʚʽʣʴʥʦʶ ʧʨʝʮʠʟʽʡʥʽʩʪʶ ʽ ʢʦʨʝʣʶʶʪʴ ʽʟ ʟʥʘʯʝʥʥʷʤʠ, ʷʢʽ 

ʙʫʣʦ ʥʘʚʝʜʝʥʦ ʚʠʨʦʙʥʠʢʦʤ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʧʨʘʚʠʣʴʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʾ 

ʤʝʪʦʜʠʢʠ. 

 

[1] Diyuk, V.E., Zaderko, A.N., Grishchenko, L.M. et al. Surface chemistry of 

fluoroalkylated nanoporous activated carbons: XPS and 
19

F NMR study. Appl 

Nanosci (2021). https://doi.org/10.1007/s13204-021-01717-7 
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8-ʦʢʩʠʭʽʥʦʣʽʥ ï ʛʝʪʝʨʦʮʠʢʣʽʯʥʘ ʦʨʛʘʥʽʯʥʘ ʩʧʦʣʫʢʘ ʩʢʣʘʜʫ C9H7NO, 

ʧʨʝʜʩʪʘʚʥʠʢʠ ʢʣʘʩʫ ʬʝʥʦʣʽʚ, ʤʘʻ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʘʥʘʣʽʪʠʯʥʽʡ ʭʽʤʽʾ ʽʦʥʽʚ 

ʤʝʪʘʣʽʚ, ʦʜʥʘʢ, ʚ ʘʥʘʣʽʟʽ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʽʜʢʦ. ʌʝʥʦʣʠ ʪʘ 

ʥʘʬʪʦʣʠ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʷʢ ʘʟʦʩʢʣʘʜʦʚʽ ʚ ʨʝʘʢʮʽʷʭ ʘʟʦʩʧʦʣʫʯʝʥʥʷ.ʊʦʤʫ 

ʤʠ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʣʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʥʦʚʦʾ ʝʬʝʢʪʠʚʥʦʾ ʘʥʘʣʽʪʠʯʥʦʾ ʬʦʨʤʠ ʜʣʷ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʮʝʬʘʣʦʩʧʦʨʠʥʦʚʦʛʦ ʘʥʪʠʙʽʦʪʠʢʫ 

ʮʝʬʪʨʽʘʢʩʦʥʫ [1]. 

ʎʝʬʪʨʽʘʢʩʦʥ ((Z)-(6R,7R)-7-[2-2-ʘʤʽʥʦ-1,3-ʪʽʘʟʦʣ-4-ʽʣ)-2-(ʤʝʪʦʢʩʠʽʤʽʥʦ) 

ʘʮʝʪʘʤʽʜʦ]-8-ʦʢʩʦ-3-[(2,5-ʜʠʛʽʜʨʦ-2-ʤʝʪʠʣ-6-ʦʢʩʠʜʦ-5-ʦʢʩʦ-1,2,4-ʪʨʠʘʟʠʥ-3-ʽʣ) 

ʪʽʦʤʝʪʠʣ]-5-ʪʽʘ-1-ʘʟʘʙʽ-ʮʠʢʣʦ[4.2.0]ʦʢʪ -2-ʝʥʝ-2-ʢʘʨʙʦʢʩʠʣʘʪʫ ʜʠʥʘʪʨʽʻʚʘ ʩʽʣʴ) 

ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʣʽʢʫʚʘʥʥʷ ʽʥʬʝʢʮʽʡʥʠʭ ʭʚʦʨʦʙ, ʩʧʨʠʯʠʥʝʥʠʭ 

ʯʫʪʣʠʚʠʤʠ ʜʦ ʥʴʦʛʦ ʰʪʘʤʘʤʠ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ʇʨʝʧʘʨʘʪ ʧʨʠʟʥʘʯʘʶʪʴ ʧʨʠ 

ʣʽʢʫʚʘʥʥʽ ʽʥʬʝʢʮʽʡʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʥʠʞʥʽʭ ʜʠʭʘʣʴʥʠʭ ʰʣʷʭʽʚ (ʧʥʝʚʤʦʥʽʾ, 

ʙʨʦʥʭʽʪʠ, ʘʙʩʮʝʩʠ ʣʝʛʝʥʽʚ, ʝʤʧʽʻʤʘ ʧʣʝʚʨʠ), ʦʪʦʨʠʥʦʣʘʨʠʥʛʦʣʦʛʽʯʥʠʭ 

ʽʥʬʝʢʮʽʡʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ, ʽʥʬʝʢʮʽʡʥʠʭ ʭʚʦʨʦʙ ʥʠʨʦʢ ʽ ʩʝʯʦʩʪʘʪʝʚʠʭ ʦʨʛʘʥʽʚ, 

ʽʥʬʝʢʮʽʡʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʰʢʽʨʠ ʽ ʤôʷʢʠʭ ʪʢʘʥʠʥ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʙʘʢʪʝʨʽʘʣʴʥʦʾ 

ʩʪʨʝʧʪʦʜʝʨʤʽʾ; ʜʣʷ ʣʽʢʫʚʘʥʥʷ ʤʝʥʽʥʛʽʪʫ, ʽʥʬʝʢʮʽʡʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʢʽʩʪʦʢ ʽ 

ʩʫʛʣʦʙʽʚ, ʧʝʨʠʪʦʥʽʪʫ, ʟʘʧʘʣʝʥʴ ʞʦʚʯʥʦʛʦ ʤʽʭʫʨʘ, ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʠʭ ʽʥʬʝʢʮʽʡ, 

ʥʝʫʩʢʣʘʜʥʝʥʦʾ ʛʦʥʦʨʝʾ ʪʘ ʽʥʰʠʭ ʽʥʬʝʢʮʽʡ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ ʩʪʘʪʝʚʠʤ ʰʣʷʭʦʤ, 

ʭʚʦʨʦʙʠ ʃʘʡʤʘ, ʪʠʬʦʟʥʦʾ ʧʨʦʧʘʩʥʠʮʽ, ʩʘʣʴʤʦʥʝʣʴʦʟʫ, ʩʘʣʴʤʦʥʝʣʦʥʦʩʽʡʩʪʚʘ. 

ʇʨʝʧʘʨʘʪ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʧʨʦʬʽʣʘʢʪʠʢʠ ʽʥʬʝʢʮʽʡ, ʱʦ ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʧʽʩʣʷ 

ʭʽʨʫʨʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ. 

ʅʘʤʠ ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʚʘʣʽʜʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ ʮʝʬʪʨʽʘʢʩʦʥʫ ʚ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʤʫ ʧʨʝʧʘʨʘʪʽ ï ʧʦʨʦʰʢʫ ʜʣʷ 

ʧʨʠʛʦʪʫʚʘʥʥʷ ʨʦʟʯʠʥʽʚ ʜʣʷ ʽʥôʻʢʮʽʡ çʎʝʬʪʨʠʘʢʩʦʥè ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 8-

ʦʢʩʠʭʽʥʦʣʽʥʫ. ɺʠʟʥʘʯʝʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʜʽʘʟʦʪʫʚʘʥʥʽ ʘʥʪʠʙʽʦʪʠʢʘ 

ʮʝʬʪʨʽʘʢʩʦʥʫ ʚ ʩʝʨʝʜʦʚʠʱʽ ʭʣʦʨʠʜʥʦʾ ʢʠʩʣʦʪʠ (ʉʅʉl = 12 ʄ) ʧʽʜ ʜʽʻʶ 10-

ʢʨʘʪʥʦʛʦ ʥʘʜʣʠʰʢʫ ʥʘʨʽʡ ʥʽʪʨʠʪʫ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʚʧʨʦʜʦʚʞ 5 ʭʚ. ʪʘ 

ʥʘʩʪʫʧʥʦʤʫ ʘʟʦʩʧʦʣʫʯʝʥʥ ̔ʟ 8-ʦʢʩʠʭʽʥʦʣʽʥʦʤ ʫ ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ (0.16 ʄ 

NaOH ʚ ʢʽʥʮʝʚʦʤʫ ʦʙôʻʤʽ ). ʅʘ ʩʧʝʢʪʨʽ ʩʚʽʪʣʦʧʦʛʣʠʥʘʥʥʷ ʫʪʚʦʨʝʥʦʾ ʘʟʦʩʧʦʣʫʢʠ 

ʬʽʦʣʝʪʦʚʦʛʦ ʢʦʣʴʦʨʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʘʢʩʠʤʫʤʦʤ ʩʚʽʪʣʦʧʦʛʣʠʥʘʥʥʷ ʧʨʠ 550 

ʥʤ, ʝʬʝʢʪʠʚʥʠʡ ʤʦʣʷʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʩʚʽʪʣʦʧʦʛʣʠʥʘʥʥʷ Ů550 = 1.45Ŀ10
4
 M

-1
 cʤ

-1
. 

ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʧʨʠʜʘʪʥʦʩʪʽ ʤʝʪʦʜʠʢʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ ʮʝʬʪʨʽʘʢʩʦʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 8-ʦʢʩʠʭʽʥʦʣʽʥʫ ʚ ʧʦʨʦʰʢʫ ʜʣʷ 
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ʧʨʠʛʦʪʫʚʘʥʥʷ ʨʦʟʯʠʥʽʚ ʜʣʷ ʽʥôʻʢʮʽʡ çʎʝʬʪʨʠʘʢʩʦʥè ʟʘ ʧʦʢʘʟʥʠʢʦʤ "ʂʽʣʴʢʽʩʥʝ 

ʚʠʟʥʘʯʝʥʥʷ" ʟʛʽʜʥʦ ʟ ʚʠʤʦʛʘʤʠ ɼʝʨʞʘʚʥʦʾ ʌʘʨʤʘʢʦʧʝʾ ʋʢʨʘʾʥʠ ʧʨʦʚʝʜʝʥʦ ʾʾ 

ʚʘʣʽʜʘʮʽʶ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʩʧʝʮʠʬʽʯʥʽʩʪʴ, ʨʦʙʘʩʥʩ̔ʪɹ, ʣʽʥʽʡʥʩ̔ʪɹ, ʧʨʘʚʠʣʴʥʽʩʪʴ, 

ʧʨʝʮʠʟʽʡʥʩ̔ʪɹ (ʪʘʙʣʠʮʷ 1) ʪʘ ʚʥʫʪʨʽʰʥʴʦʣʘʙʦʨʘʪʦʨʥʘ ʧʨʝʮʠʟʽʡʥʩ̔ʪɹ. 

ʏʘʩʪʠʥʘ ʜʘʥʠʭ (ʚʧʣʠʚ ʨʽʟʥʠʭ ʯʠʥʥʠʢʽʚ ʥʘ ʧʨʦʭʦʜʞʝʥʥʷ ʘʥʘʣʽʪʠʯʥʦʾ 

ʨʝʘʢʮʽʾ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʥʘ ʟʥʘʯʝʥʥʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʫ ʰʠʨʦʢʠʭ ʤʝʞʘʭ) ʱʦʜʦ 

ʚʘʣʽʜʘʮʽʡʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʙʘʩʥʽʩʪʴ ʙʫʣʦ ʚʠʚʯʝʥʦ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥ ̔

ʚʟʘʻʤʦʜʽʾ ʮʝʬʪʨʽʘʢʩʦʥʫ ʟ 8-ʦʢʩʠʭʽʥʦʣʽʥʦʤ ʪʘ ʦʧʫʙʣʽʢʦʚʘʥʦ ʚ ʨʦʙʦʪʽ [1]. 

 

ʊʘʙʣʠʮʷ 1. ʂʨʠʪʝʨʽʾ ʣʽʥʽʡʥʦʩʪʽ, ʧʨʘʚʠʣʴʥʦʩʪʽ ʪʘ ʧʨʝʮʠʟʽʡʥʦʩʪʽ ʽ ʦʙʯʠʩʣʝʥʽ ʾʭ 

ʟʥʘʯʝʥʥʷ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʮʝʬʪʨʽʘʢʩʦʥʫ ʟ 8- ʦʢʩʠʭʽʥʦʣʽʥʦʤ ʫ ʧʦʨʦʰʢʫ ʜʣʷ 

ʧʨʠʛʦʪʫʚʘʥʥʷ ʨʦʟʯʠʥʽʚ ʜʣʷ ʽʥôʻʢʮʽʡ çʎʝʬʪʨʠʘʢʩʦʥè 

ʇʘʨʘʤʝʪʨʠ ɿʥʘʯʝʥʥʷ ʂʨʠʪʝʨʽʾ ɺʠʩʥʦʚʦʢ 

ʇʝʨʝʚʽʨʢʘ ʣʽʥʽʡʥʦʩʪʽ 

b 0,999 ï  

Sb 0,006 ï  

a 0,311 
1) ¢ |0,524| 

2) ¢ |1,063| 
ɺʠʪʨʠʤʫʶʪʴʩʷ 

Sa 0,561 ï  

RSD0 / b 0,343 ¢ |0,8445| ɺʠʪʨʠʤʫʶʪʴʩʷ 

r 0,9999 Ó|0,9992| ɺʠʪʨʠʤʫʶʪʴʩʷ 

ʇʝʨʝʚʽʨʢʘ ʧʨʘʚʠʣʴʥʦʩʪʽ ʪʘ ʧʨʝʮʠʟʽʡʥʦʩʪʽ 

D  100,27 ï  

RSD0 0,343 ï  

Dʭ 0,638 ¢ 1,6 ɺʠʪʨʠʤʫʶʪʴʩʷ 

d 0,27% 
1) ¢ 0,213% 

2) ¢ 0,512% 
ɺʠʪʨʠʤʫʶʪʴʩʷ 

ʇʝʨʝʚʽʨʢʘ ʩʧʝʮʠʬʽʯʥʦʩʪʽ 

d 0,11% ¢ 0,51% ɺʠʪʨʠʤʫʶʪʴʩʷ 

 

ʆʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʘʣʽʜʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʝʪʦʜʠʢʠ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʟʘ ʫʩʽʤʘ ʢʨʠʪʝʨʽʷʤʠ, ʱʦ ʜʦ ʥʠʭ ʚʠʩʫʚʘʶʪʴʩʷ. ʊʦʤʫ 

ʨʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠʢʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʮʝʬʪʨʽʘʢʩʦʥʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ 8-ʦʢʩʠʭʽʥʦʣʽʥʫ ʤʦʞʥʘ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʜʣʷ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ 

ʧʦʨʦʰʢʫ ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʨʦʟʯʠʥʽʚ ʜʣʷ ʽʥôʻʢʮʽʡ çʎʝʬʪʨʠʘʢʩʦʥè. 

 

[1] ʂʦʩʪʽʚ ʆ.ɯ. ʈʝʘʢʮʽʷ ʘʟʦʩʧʦʣʫʯʝʥʥʷ ʮʝʬʘʣʦʩʧʦʨʠʥʦʚʠʭ ʘʥʪʠʙʽʦʪʠʢʽʚ ʟ 

8-ʦʢʩʠʭʽʥʦʣʽʥʦʤ ʪʘ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʘʥʘʣʽʟʽ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ / ʆ.ɯ. ʂʦʩʪʽʚ, 

ʆ.ʗ. ʂʦʨʢʫʥʘ, ʄ.ʇ. ʆʨʥʘʪ // Methods and objects of chemical analysis. ï 2020. ï 

Vol. 15, No. 3. ï P. 144ï155. 
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ɺʇʃʀɺ ʇʈʀʈʆɼʀ ʊɸ ʂʆʅʎɽʅʊʈɸʎɯɰ ʇɸʈ ʅɸ ɸʅɸʃɯʊʀʏʅʀʁ 

ʉʀɻʅɸʃ ʇʈʀ ɸʊʆʄʅʆ-ɸɹʉʆʈɹʎɯʆʅʅʆʄʋ ɺʀɿʅɸʏɽʅʅɯ ʎʀʅʂʋ 

ʪʘ ʂɸɼʄɯʖ 
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ɸʪʦʤʥʦ-ʘʙʩʦʨʙʮʽʡʥʘ ʩʧʝʢʪʨʦʤʝʪʨʽʷ ʻ ʦʜʥʠʤ ʟ ʩʫʯʘʩʥʠʭ ʪʘ ʘʢʪʫʘʣʴʥʠʭ 

ʤʝʪʦʜʽʚ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʘʥʘʣʽʪʽʚ ʚ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʟʨʘʟʢʘʭ. ɼʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʚ ʜʘʥʦʤʫ ʤʝʪʦʜʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ 

ʨʝʯʦʚʠʥʠ (ʇɸʈ). ɺʠʢʦʨʠʩʪʘʥʥʷ ʇɸʈ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʪʘ 

ʛʫʩʪʠʥʫ ʨʦʟʯʠʥʫ, ʘ ʪʘʢʦʞ ʟʤʝʥʰʠʪʠ ʨʦʟʤʽʨ ʢʨʘʧʝʣʴ, ʟʘʚʜʷʢʠ ʯʦʤʫ, ʢʨʘʧʣʽ 

ʥʘʩʠʯʫʶʪʴʩʷ ʧʝʚʥʠʤ ʜʦʩʣʽʜʞʫʚʘʥʠʤ ʝʣʝʤʝʥʪʦʤ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʇɸʈ 

ʟʤʽʥʶʻʪʴʩʷ ʢʠʩʣʦʪʥʦ-ʣʫʞʥʝ ʧʦʣʫʤ'ʷ ʪʘ ʧʨʠʩʢʦʨʶʶʪʴʩʷ ʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ ʡ 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʯʫʪʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʘʥʘʣʽʪʽʚ. 

ʄʝʪʘ ʜʘʥʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʜʦʩʣʽʜʞʝʥʽ ʚʧʣʠʚʫ ʧʨʠʨʦʜʠ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʇɸʈ ʥʘ ʘʥʘʣʽʪʠʯʥʠʡ ʩʠʛʥʘʣ ʧʨʠ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʽʡʥʦʤʫ ʚʠʟʥʘʯʝʥʥʽ ʮʠʥʢʫ ʪʘ 

ʢʘʜʤʽʶ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʦʙʨʘʥʽ ʥʘʩʪʫʧʥʽ ʧʦʚʝʨʭʥʝʚʦ ʘʢʪʠʚʥʽ 

ʨʝʯʦʚʠʥʠ: ʅʝʽʦʥʦʛʝʥʥʠʡ ʊʨʠʪʦʥ ʍ-100: ʂʂʄ=8,3*10
-3
 ʤʦʣʴ*ʣ

-1 
ʄ=288,372 

ʛ/ʤʦʣʴ. ɸʥʽʦʥʥʠʡ ʜʦʜʝʮʠʣʩʫʣʴʬʘʪ ʥʘʪʨʽʶ: ʂʂʄ=9*10
-4
 ʤʦʣʴ*ʣ

-1   
ʄ=358ʛ/ʤʦʣʴ. 

ʂʘʪʽʦʥʠʡ ʮʝʪʠʣʧʨʝʜʠʥʽʶ ʭʣʦʨʠʜ: ʂʂʄ=2,5*10
-4 
ʤʦʣʴ*ʣ

-1  
ʄ=625ʛ/ʤʦʣʴ. 

ʆʙôʻʢʪʠ ʜʦʩʣʽʜʞʝʥʥʷ: ʩʦʣʴʦʚʘ ʩʫʤʽʰ ʟʽ ʟʥʠʞʝʥʠʤ ʚʤʽʩʪʦʤ ʥʘʪʨʽʶ 

ʭʣʦʨʠʜʫ; ʩʦʣʴʦʚʘ ʩʫʤʽʰ ʟ ʧʦʥʠʞʝʥʠʤ ʚʤʽʩʪʦʤ ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ çʂʦʟʘʮʴʢʘè, 

çʋʢʨʦʧʥʘè; ʘʥʪʠʛʽʧʝʨʪʝʥʟʠʚʥʘ ʩʦʣʴʦʚʘ ʬʽʪʦ ʩʫʤʽʰ çɿʘʩʧʦʢʽʡʣʠʚʘè 

ʘʥʪʠʛʽʧʝʨʪʝʥʟʠʚʥʘ ʩʦʣʴʦʚʘ ʬʽʪʦ ʩʫʤʽʰ ʜʣʷ ʯʦʣʦʚʽʢʽʚ  ʚʽʢʦʤ ʚʽʜ 60 ʨʦʢʽʚ ʭʚʦʨʠʭ 

ʥʘ ʛʽʧʝʨʪʝʥʟʽʶ; ʢʫʭʦʥʥʘ ʩʽʣʴ ʟʽ ʟʥʠʞʝʥʠʤ ʚʤʽʩʪʦʤ ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ ʜʣʷ ʣʶʜʝʡ 

ʧʦʭʠʣʦʛʦ ʚʽʢʫ 60+. 

ɻʨʘʜʫʶʚʘʣʴʥʽ ʨʦʟʯʠʥʠ ʙʫʣʠ ʧʨʠʛʦʪʦʚʘʥʽ ʟʽ ʩʪʘʥʜʘʨʪʥʠʭ ʟʨʘʟʢʽʚ ʩʢʣʘʜʫ 

ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʽʦʥʽʚ ʤʝʪʘʣʽʚ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʚ ʌʽʟʠʢʦ-ʭʽʤʽʯʥʦʤʫ ʽʥʩʪʠʪʫʪʽ  ʽʤ. 

ɸ. ɺ. ɹʦʛʘʪʩʴʢʦʛʦ (ʤ. ʆʜʝʩʘ). ɰʭ ʢʦʥʮʝʥʪʨʘʮʽʷ ʩʪʘʥʦʚʠʣʘ: 0,1; 0,3; 0,5; 0.7 ʪʘ 1 

ʤʛ/ʣ.  ʅʘʡʙʽʣʴʰʝ ʧʽʜʚʠʱʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʊʨʠʪʦʥ ʍ-100 (w=4%) ʜʣʷ ʮʠʥʢʫ ʥʘ 11%, ʢʘʜʤʽʶ ï 13%; ɼʦʜʝʮʠʣʩʫʣʴʬʘʪ 

ʥʘʪʨʽʶ (w=3%): ʜʣʷ ʮʠʥʢʫ 10,7%, ʢʘʜʤʽʶ ï 13%; ʎʝʪʠʣʧʝʨʠʜʠʥʽʶ ʭʣʦʨʠʜ 

(w=1%): ʜʣʷ ʮʠʥʢʫ 10%, ʢʘʜʤʽʶ ï 10%. 

ʇʨʦʙʦʧʽʜʛʦʪʦʚʢʫ ʧʨʦʚʦʜʠʣʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʜʦ ʥʘʚʘʞʦʢ ʧʨʠʣʠʚʘʣʠ ʧʦ 

10 ʤʣ ʢʦʥʮ. HNO3, ʧʽʩʣʷ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʩʪʘʢʘʥʠ ʩʪʘʚʠʣʠ ʥʘ ʛʘʟʦʚʫ ʧʣʠʪʢʫ, 

ʚʠʧʘʨʶʚʘʣʠ ʜʦ ʚʦʣʦʛʦʛʦ ʦʩʘʜʫ ʪʘ ʦʭʦʣʦʜʞʫʚʘʣʠ ʜʦ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʇʨʠʣʠʚʘʣʠ ʧʦ 10 ʤʣ 1,5%-ʛʦ ʨʦʟʯʠʥʫ HNO3. ʇʨʦʚʦʜʠʣʠ ʋɿ ʦʙʨʦʙʢʫ (20 ʭʚ). 

ʆʪʨʠʤʘʥʽ ʨʦʟʯʠʥʠ ʧʝʨʝʥʦʩʠʣʠ ʚ ʤʽʨʥʽ ʢʦʣʙʠ ʤʽʩʪʢʽʩʪʶ 25 ʤʣ, ʜʦʜʘʚʘʣʠ ʧʦ 2 ʤʣ 

ʨʦʟʯʠʥʫ ʊʨʠʪʦʥʫ ʍ-100 (w=4%). ɼʦ ʤʽʪʢʠ ʜʦʚʦʜʠʣʠ 1,5% HNO3 ʪʘ ʨʝʪʝʣʴʥʦ 
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ʧʝʨʝʤʽʰʫʚʘʣʠ. ɸʥʘʣʽʪʠʯʥʠʡ ʩʠʛʥʘʣ ʚʠʤʽʨʶʚʘʣʠ ʥʘ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʽʡʥʦʤʫ 

ʩʧʝʢʪʨʦʤʝʪʨʽ ʉ-115-ʄ1. 

ɺ ʭʦʜʽ ʨʦʙʦʪʽ ʧʦʢʘʟʘʥʦ ʧʝʨʩʧʝʢʪʠʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʇɸʈ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʩʠʛʥʘʣʫ ʧʨʠ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʽʦʥʥʦʤʫ ʚʠʟʥʘʯʝʥʥʽ ʘʥʘʣʽʪʽʚ ʚ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ 

ʩʠʩʪʝʤʘʭ. 
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ʕʃɽʂʊʈʆʍɽʄʀʃʖʄʀʅɽʉʎɽʅʊʅʓɽ ʉɺʆʁʉʊɺɸ ʉɽʅʉʆʈʆɺ ʅɸ 

ʆʉʅʆɺɽ ʇʃɪʅʆʂ ʃɽʅɻʄʖʈɸ-ɹʃʆɼɾɽʊʊ 
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1
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ʄʝʪʦʜ ʵʣʝʢʪʨʦʛʝʥʝʨʠʨʦʚʘʥʥʦʡ ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʕʍʃ) ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʤʝʪʦʜʦʚ ʭʠʤʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ; ʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʚ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ, ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʚʳʷʚʣʝʥʠʠ ʘʛʝʥʪʦʚ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʟʘʨʘʞʝʥʠʷ. ʕʍʃ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʶ, ʚʦʟʥʠʢʘʶʱʫʶ ʚʩʣʝʜʩʪʚʠʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʠʦʥ-ʨʘʜʠʢʘʣʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʶʤʠʥʦʬʦʨʦʚ ʧʨʠ ʵʣʝʢʪʨʦʣʠʟʝ ʨʘʩʪʚʦʨʘ ʠ ʠʭ 

ʧʦʩʣʝʜʫʶʱʝʡ ʙʠʨʘʜʠʢʘʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ. ʗʚʣʝʥʠʝ ʕʍʃ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦʙ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩʠʩʪʝʤʘʭ, ʪʘʢ ʠ 

ʧʦʣʫʯʘʪʴ ʩʝʣʝʢʪʠʚʥʳʡ ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʪʥʳʡ ʩʠʛʥʘʣ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʦʙʲʝʢʪʦʚ ʩʣʦʞʥʦʛʦ ʩʦʩʪʘʚʘ. ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ 

ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ, ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʩʝʥʩʦʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʵʣʝʢʪʨʦʛʝʥʝʨʠʨʦʚʘʥʥʦʡ ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʉʝʥʩʦʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʵʣʝʢʪʨʦʜʳ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʳʭ ʥʘʥʝʩʝʥʘ ʧʦʣʠʤʝʨʥʘʷ ʧʣʝʥʢʘ ʃʝʥʛʤʶʨʘ-

ɹʣʦʜʞʝʪʪ ʩ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤ ʣʶʤʠʥʦʬʦʨʦʤ. ʊʘʢʠʝ ʵʣʝʢʪʨʦʜʳ ʧʦʟʚʦʣʷʶʪ 

ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʚ ʩʨʝʜʘʭ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʚʦʜʥʳʭ 

ʩʨʝʜʘʭ. ɸʥʘʣʠʟʠʨʫʝʤʳʤ ʢʦʤʧʦʥʝʥʪʦʤ (ʘʥʘʣʠʪʦʤ) ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʢʘʢ ʩʘʤ 

ʣʶʤʠʥʦʬʦʨ, ʪʘʢ ʠ ʩʦʨʝʘʛʝʥʪ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʨʘʩʪʚʦʨʝ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʠʩʩʣʝʜʦʚʘʣʠ ʵʣʝʢʪʨʦʜʳ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʦʚ 

ʠʥʜʠʷ(III)-ʦʣʦʚʘ(IV) (ITO-ʵʣʝʢʪʨʦʜʳ). ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʯʥʦʛʦ ʚʝʱʝʩʪʚʘ ʙʳʣ 

ʚʳʙʨʘʥ ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ (ʇʄʄɸ), ʦʥ ʦʙʨʘʟʦʚʳʚʘʣ ʧʣʸʥʢʫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʦʜʳ, ʢʦʪʦʨʫʶ ʟʘʪʝʤ ʥʘʥʦʩʠʣʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʵʣʝʢʪʨʦʜʘ. ʃʶʤʠʥʦʬʦʨʦʤ, 

ʢʦʪʦʨʳʡ ʜʘʚʘʣ ʩʠʛʥʘʣ ʕʍʃ ʧʦʩʣʝ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʚ ʧʦʣʠʤʝʨʥʫʶ ʧʣʝʥʢʫ, 

ʩʣʫʞʠʣ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʡ ʘʨʦʤʘʪʠʯʝʩʢʠʡ ʫʛʣʝʚʦʜʦʨʦʜ 9,10-ʜʠʬʝʥʠʣʘʥʪʨʘʮʝʥ 

(ɼʌɸ). ɺ ʢʘʯʝʩʪʚʝ ʩʦʨʝʘʛʝʥʪʘ ʧʨʠʤʝʥʷʣʠ ʪʝʪʨʘʬʝʥʠʣʙʦʨʘʪ ʥʘʪʨʠʷ (ʊʌɹʅ), ʦʥ 

ʞʝ ʩʣʫʞʠʣ ʤʦʜʝʣʴʥʳʤ ʘʥʘʣʠʪʦʤ. ɺ ʨʘʩʪʚʦʨʘʭ ʧʦʜʜʝʨʞʠʚʘʣʠ ʨʅ~7.0 ʜʦʙʘʚʢʘʤʠ 

ʬʦʩʬʘʪʥʦʛʦ ʙʫʬʝʨʘ. 

ʅʘʥʝʩʝʥʠʝ ʧʣʸʥʦʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʵʣʝʢʪʨʦʜʘ ʤʝʪʦʜʦʤ ʃʝʥʛʤʶʨʘ-

ɹʣʦʜʞʝʪʪ (ʩ ʢʦʥʪʨʦʣʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʨʘʩʪʚʦʨʘ ʚ ʚʘʥʥʝ) ʧʦʟʚʦʣʠʣ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʯʠʩʣʦ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʣʦʝʚ ʧʣʝʥʦʢ ʠ ʦʨʠʝʥʪʘʮʠʶ ʤʦʣʝʢʫʣ 

ʘʤʬʠʬʠʣʴʥʦʛʦ ʧʦʣʠʤʝʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʧʦʛʨʫʞʝʥʠʷ ʵʣʝʢʪʨʦʜʘ ʚ ʨʘʩʪʚʦʨ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʧʣʝʥʢʠ ʨʘʟʥʦʛʦ ʩʪʨʦʝʥʠʷ ï ʛʠʜʨʦʬʠʣʴʥʦʡ ʠʣʠ ʛʠʜʨʦʬʦʙʥʦʡ ʯʘʩʪʴʶ ʤʦʣʝʢʫʣʳ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ (X- ʠ Z-ʪʠʧ, ʩʦʦʪʚʝʪʩʪʚʝʥʦ), ʣʠʙʦ ʩʤʝʰʘʥʥʦʛʦ ʩʪʨʦʝʥʠʷ (ʨʠʩ. 1). 

ʇʦ ʜʘʥʥʳʤ ʩʲʝʤʦʢ ʢʨʘʝʚʦʛʦ ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ 

ʚʳʙʨʘʥʥʳʭ ʥʘʤʠ ʫʩʣʦʚʠʷʭ ʦʜʥʦʩʣʦʡʥʘʷ ʧʣʝʥʢʘ ʠʤʝʣʘ Z-ʪʠʧ, ʜʚʫʭʩʣʦʡʥʘʷ ï Y-

ʪʠʧ, ʪʨʝʭʩʣʦʡʥʘʷ YX-ʪʠʧ. ʇʝʨʚʳʡ ʩʣʦʡ ʜʝʣʘʣ ʧʦʚʝʨʭʥʦʩʪʴ ʛʠʜʨʦʬʦʙʥʦʡ, ʘ 

ʢʘʞʜʳʡ ʩʣʝʜʫʶʱʠʡ, ʥʘʧʨʦʪʠʚ, ʫʚʝʣʠʯʠʚʘʣ ʛʠʜʨʦʬʠʣʴʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ. 
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ʈʠʩ. 1. ʆʨʠʝʥʪʘʮʠ ̫ʤʦʣʝʢʫʣ ʧʦʣʠʤʝʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ. 

 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʙʳʣʘ 

ʠʩʩʣʝʜʦʚʘʥʘ ʤʦʨʬʦʣʦʛʠ ̫ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ ʩ ʥʘʥʝʩʝʥʥʳʤʠ ʧʣʝʥʢʘʤʠ. 

ʋʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʤʝʣʢʦʟʝʨʥʠʩʪʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʵʣʝʢʪʨʦʜʘ ʩʪʘʥʦʚʠʣʘʩʴ ʙʦʣʝʝ 

ʛʣʘʜʢʦʡ ʩ ʥʘʥʝʩʝʥʠʝʤ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʣʦʷ, ʧʨʠ ʵʪʦʤ ʜʚʫʭʩʣʦʡʥʳʝ ʧʣʸʥʢʠ ʙʳʣʠ 

ʥʘʠʤʝʥʝʝ ʛʣʘʜʢʠʤʠ, ʩʦʜʝʨʞʘʣʠ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʛʣʦʙʫʣ ʧʦʣʠʤʝʨʘ. ʄʝʪʦʜʦʤ 

ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ ʜʦʢʘʟʘʣʠ, ʯʪʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʫʤʝʥʴʰʘʣʘʩʴ ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʸʚ. 

ʕʣʝʢʪʨʦʭʝʤʠʣʶʤʠʥʝʩʮʝʥʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʵʣʝʢʪʨʦʜʦʚ ʩ ʨʘʟʥʳʤ ʯʠʩʣʦʤ 

ʥʘʥʝʩʝʥʥʳʭ ʧʣʝʥʦʢ ʠʩʩʣʝʜʦʚʘʣʠ ʚ ʨʘʩʪʚʦʨʘʭ ʩ ʧʝʨʝʤʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʊʌɹʅ (ʨʠʩ. 2). ʉʠʛʥʘʣ ʕʍʃ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʣ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʦʜʥʦʩʣʦʡʥʳʭ ʢ 

ʜʚʫʭʩʣʦʡʥʳʤ ʧʣʝʥʢʘʤ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʣʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʪʨʝʭʩʣʦʡʥʳʤ 

ʧʣʝʥʢʘʤ. ɺ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʫʨʘʚʥʝʥʠʷ ʛʨʘʜʫʠʨʦʚʦʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʯʝʥʠʷ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʊʌɹʅ (pI=-lgI ʦʪ pC=-lgC) ʜʣʷ 

ʵʣʝʢʪʨʦʜʦʚ ʩ ʪʨʝʤʷ ʚʠʜʘʤʠ ʧʣʝʥʦʢ ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ (1Ā10
-6
 ï 1Ā10

-3
) 

ʤʦʣʴ/ʣ. 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʤʳ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʜʚʫʭʩʣʦʡʥʳʝ ʧʣʸʥʢʠ Y-ʪʠʧʘ 

ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤʠ, ʠʤʝʶʪ ʨʘʟʚʠʪʫʶ ʛʣʦʙʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ, 

ʧʨʠʝʤʣʝʤʫʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʴ ʠ ʜʦʩʪʘʪʦʯʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʊʌɹʅ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ. 

 
ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʩʠʛʥʘʣʘ ʕʍʃ ʧʨʠ ʨʘʟʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʊʌɹ ʜʣʷ 

ʵʣʝʢʪʨʦʜʦʚ ʩ ʦʜʥʠʤ (ʘ), ʜʚʫʤʷ (ʙ) ʠ ʪʨʝʤʷ (ʚ) ʩʣʦʷʤʠ ʥʘʥʝʩʝʥʥʳʭ ʧʣʝʥʦʢ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʊʌɹ, ʤʦʣʴ/ʣ: 1Ā10
-6
 (1), 1Ā10

-5
 (2), 1Ā10

-4
 (3), 1Ā10

-3
 (4). 

 

ʊʘʙʣʠʮʘ. ʋʨʘʚʥʝʥʠʷ ʛʨʘʜʫʠʨʦʚʦʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʵʣʝʢʪʨʦʜʦʚ ʩ ʨʘʟʥʳʤ 

ʯʠʩʣʦʤ ʥʘʥʝʩʝʥʥʳʭ ʧʣʝʥʦʢ. 

ʏʠʩʣʦ ʩʣʦʝʚ ʊʠʧ ʧʣʝʥʦʢ ʋʨʘʚʥʝʥʠʝ pI = ʘ + ʚ ʨʉ R
2
 

1 Z (0,02Ñ0,17)+(0,40Ñ0,04)pC  0,982 

2 Y ï(1,61Ñ0,12)+(0,41Ñ0,03)pC 0,992 

3 YX ï(1,72Ñ0,11)+(0,42Ñ0,02)pC 0,993 

 

ʏʘʩʪʴ ʵʪʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʧʦʜʜʝʨʞʘʥʘ ʅʘʮʠʦʥʘʣʴʥʳʤ ʬʦʥʜʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʋʢʨʘʠʥʳ (ʨʝʛ. ʥʦʤʝʨ 2020.02/0390). 
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ʆʇʈɽɼɽʃɽʅʀɽ ʋʉʃʆɺʀʁ ʂʆʃʀʏɽʉʊɺɽʅʅʆʁ ʕʂʉʊʈɸʂʎʀʀ 

ʂɸʊʀʆʅʅʆɻʆ ʂʈɸʉʀʊɽʃʗ ʇʀʈʆʅʀʅɸ G ʉ ɺʓʉʐʀʄʀ 

ʂɸʈɹʆʅʆɺʓʄʀ ʂʀʉʃʆʊɸʄʀ 

 

ɾʠʣʢʦ ɺ.ɺ.
1,2

, ʅʝʭʘʥʴ ʅ.ɺ.
1,3

 

 
1
 ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

2
 ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʠʤ. ɸ. ɼ. ʉʘʭʘʨʦʚʘ ɹʝʣʦʨʫʩʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
3
 ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ. ʊʘʥʢʘ 

 

n.klimashevich@mail.ru  

 

ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʚʳʩʰʠʭ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʰʠʨʦʢʫʶ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʴ ʠʭ ʚ ʧʨʠʨʦʜʝ, ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʥʝʧʨʦʩʪʳʤ, 

ʢʘʢ ʥʘ ʩʪʘʜʠʠ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ, ʪʘʢ ʠ ʘʥʘʣʠʟʘ. ʅʘʤʠ ʦʙʥʘʨʫʞʝʥ ʢʘʪʠʦʥʥʳʡ 

ʢʨʘʩʠʪʝʣʴ ʇʠʨʦʥʠʥ G, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ 

ʵʢʩʪʨʘʢʮʠʦʥʥʦ-ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʚʳʩʰʠʭ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ [1]. 

ɼʣʷ ʢʘʪʠʦʥʥʦʛʦ ʢʨʘʩʠʪʝʣʷ ʇʠʨʦʥʠʥ G, ʫʩʪʦʡʯʠʚʦʛʦ ʚ ʩʠʣʴʥʦʱʝʣʦʯʥʳʭ 

ʩʨʝʜʘʭ, ʥʘʤʠ ʧʦʜʦʙʨʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʵʢʩʪʨʘʢʮʠʠ ʚ ʦʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ 

ʩ ʛʠʜʨʦʬʦʙʥʳʤʠ ʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ. ʅʘ ʵʢʩʪʨʘʢʮʠʶ ʠʦʥʥʳʭ ʘʩʩʦʮʠʘʪʦʚ 

ʚʳʩʰʠʭ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʩʦʚʤʝʩʪʥʦ ʩ ʢʘʪʠʦʥʥʳʤʠ ʢʨʘʩʠʪʝʣʷʤʠ ʦʢʘʟʳʚʘʶʪ 

ʚʣʠʷʥʠʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʘʢʪʦʨʦʚ: ʜʣʠʥʘ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʨʘʜʠʢʘʣʘ ʩʘʤʦʡ 

ʢʠʩʣʦʪʳ, pH ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʥʘʣʠʯʠʝ ʤʝʰʘʶʱʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʠʦʥʦʚ ʠ 

ʩʦʩʪʘʚ ʵʢʩʪʨʘʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ɼʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ 

ʤʝʪʦʜʠʢ ʠʟʚʣʝʯʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʠʦʥʥʦʛʦ ʢʨʘʩʠʪʝʣʷ ʇʠʨʦʥʠʥʘ G 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ ʥʘʠʣʫʯʰʠʭ ʫʩʣʦʚʠʡ ʜʣʷ ʵʢʩʪʨʘʢʮʠʠ ʠʦʥʥʳʭ ʘʩʩʦʮʠʘʪʦʚ 

ʢʨʘʩʠʪʝʣʷ ʩ ʚʳʩʰʠʤʠ ʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ [2]. 

ʆʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʨʅ ʚʦʜʥʦʡ ʬʘʟʳ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʢʘʢ 11,25. ɼʣʷ 

ʵʪʦʛʦ ʙʳʣʘ ʥʘʡʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʫʩʣʦʚʥʳʭ ʢʦʥʩʪʘʥʪ ʵʢʩʪʨʘʢʮʠʠ ʧʠʨʦʥʠʥʘ ʩ 

ʚʳʩʰʠʤʠ ʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ (ʉ9 ï ʉ18) ʚ ʠʥʪʝʨʚʘʣʝ 8,0 ï 13,0. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʫʩʣʦʚʥʳʭ ʢʦʥʩʪʘʥʪ ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʟʥʘʯʝʥʠʡ ʨʅ 

ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʪ.ʢ. 8 ï ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦʝ ʟʥʘʯʝʥʠʝ ʨʅ ʜʣʷ ʵʢʩʪʨʘʢʮʠʠ 

ʉ9-ʢʠʩʣʦʪʳ ʩ ʧʠʨʦʥʠʥʦʤ G, ʘ ʧʨʠ ʟʥʘʯʝʥʠʠ ʨʅ ʚʳʰʝ 13 ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ 

ʪʨʫʜʥʦ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʵʬʬʝʢʪʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ 

ʟʥʘʯʝʥʠʷ ʫʩʣʦʚʥʳʭ ʢʦʥʩʪʘʥʪ ʵʢʩʪʨʘʢʮʠʠ [3] ʥʝʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

ʛʦʤʦʣʦʛʠʯʝʩʢʦʛʦ ʨʷʜʘ ʚʳʩʰʠʭ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ. 
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ʈʠʩ.1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʣʦʛʘʨʠʬʤʦʚ ʫʩʣʦʚʥʳʭ ʢʦʥʩʪʘʥʪ ʵʢʩʪʨʘʢʮʠʠ lgKext 

ʇʠʨʦʥʠʥʘ G ʩ ʚʳʩʰʠʤʠ ʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ (ʉ9 ï ʉ18) ʦʪ ʟʥʘʯʝʥʠʡ ʨʅ 

 

ʀʟ ʨʠʩ. 1, ʚʠʜʥʦ, ʯʪʦ ʧʦ ʜʦʩʪʠʞʝʥʠʠ ʨʅ 10,40 ï 12 ʥʘʙʣʶʜʘʝʪʩʷ ʟʦʥʘ 

ʧʣʘʪʦ, ʚ ʢʦʪʦʨʦʡ ʵʢʩʪʨʘʛʠʨʫʶʪʩʷ ʚʩʝ ʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ, ʪʘʢʞʝ ʤʦʞʥʦ 

ʫʚʠʜʝʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʵʢʩʪʨʘʢʮʠʠ ʦʪ ʜʣʠʥʳ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʨʘʜʠʢʘʣʘ 

ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ. ʇʨʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʨʅ (Ó 12) ʜʣʷ lgKext ʘʩʩʦʮʠʘʪʦʚ 

ʚʳʩʰʠʭ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʩ ʇʠʨʦʥʠʥʦʤ G ʥʘʙʣʶʜʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʠʭ. ɸ ʚ ʩʣʫʯʘʝ ʉ16 ʠ ʉ18 ʦʥʠ ʚʦʦʙʱʝ ʥʝ ʜʦʩʪʠʛʘʶʪ 

ʩʚʦʠʭ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʟʥʘʯʝʥʠʡ, ʠ ʙʣʠʟʢʠ ʤʝʞʜʫ ʩʦʙʦʡ. 

ʆʜʥʠʤ ʠʟ ʦʙʲʷʩʥʝʥʠʡ ʧʦʜʦʙʥʦʛʦ ʷʚʣʝʥʠʷ, ʚʦʟʤʦʞʥʦ, ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʘʩʩʦʮʠʘʮʠʷ ʢʨʘʩʠʪʝʣʷ ʩ ʆʅ-ʠʦʥʘʤʠ, ʘ ʪʘʢʞʝ ʜʠʤʝʨʠʟʘʮʠʷ ʩʘʤʦʛʦ ʢʨʘʩʠʪʝʣʷ. 

ʊʝʦʨʝʪʠʯʝʩʢʠ ʚʝʨʦʷʪʥʘ ʵʢʩʪʨʘʢʮʠʷ ʥʝʡʪʨʘʣʴʥʦʡ ʬʦʨʤʳ ʢʨʘʩʠʪʝʣʷ ʚ 

ʦʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ, ʯʪʦ ʪʘʢʞʝ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʧʨʠʯʠʥʦʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʫʯʘʩʪʢʘ ʫʙʳʚʘʥʠʷ. 
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ʄʝʨʢʫʨʽʡ-ʦʜʠʥ ʟ ʥʘʡʙʽʣʴʰ ʪʦʢʩʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʨʦʟʩʦʣʽʚ ʽ ʢʫʭʦʥʥʦʾ ʩʦʣʽ, 

ʧʨʠʯʦʤʫ ʡʦʛʦ ʪʦʢʩʠʯʥʽʩʪʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʦʨʤʠ ʽʩʥʫʚʘʥʥʷ. ʅʘʡʙʽʣʴʰ 

ʪʦʢʩʠʯʥʠʤʠ ʚʚʘʞʘʶʪʴʩʷ ʦʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ ʄʝʨʢʫʨʽʶ, ʦʩʦʙʣʠʚʦ ʤʝʪʠʣʤʝʨʢʫʨʽʡ 

[1]. ʅʘʷʚʥʽʩʪʴ ʚ ʨʦʟʩʦʣʘʭ ʙʘʩʝʡʥʦʚʠʭ ʩʦʣʝʧʨʝʜʧʨʽʻʤʩʪʚ ʽ ʚ ʩʦʣʷʥʠʭ ʦʟʝʨʘʭ 

ʛʫʤʫʩʦʚʠʭ ʨʝʯʦʚʠʥ, ʧʝʨʝʚʘʞʥʦ ʛʫʤʽʥʦʚʠʭ ʽ ʬʫʣʴʚʦʢʠʩʣʦʪ (ɻʂ ʽ ʌʂ), ʟʥʘʯʥʠʭ 

ʢʽʣʴʢʦʩʪʝʡ ʦʨʛʘʥʽʯʥʦʛʦ ʚʫʛʣʝʮʶ ʚ ʬʦʨʤʽ ʚʦʜʦʨʦʩʪʽ "Dunaliella Salina" ʽ 

ʧʨʦʜʫʢʪʽʚ ʾʾ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʜʦ ʧʦʷʚʠ ʤʝʪʠʣʤʝʨʢʫʨʽʶ [2]. 

ɼʣʷ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʬʦʨʤ ʄʝʨʢʫʨʽʶ ʫ ʚʦʜʘʭ ʥʘʡʙʽʣʴʰʦʛʦ 

ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʚ ʤʝʪʦʜ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʽʡʥʦʾ ʩʧʝʢʪʨʦʤʝʪʨʽʾ ʚ ʚʘʨʽʘʥʪʽ ʭʦʣʦʜʥʦʾ 

ʧʘʨʠ (ɸɸʉ ʍʇ) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʩʝʣʝʢʪʠʚʥʠʭ ʚʽʜʥʦʚʥʠʢʽʚ, ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʚ ʨʽʟʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʟʥʘʭʦʜʠʪʠ ʟʘʛʘʣʴʥʫ, ʥʝʦʨʛʘʥʽʯʥʫ ʽ ʦʨʛʘʥʽʯʥʽ ʾʾ 

ʬʦʨʤʠ [3]. 

ʅʘʤʠ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ, ʥʝʦʨʛʘʥʽʯʥʦʛʦ, 

ʦʨʛʘʥʽʯʥʦʛʦ ʪʘ  ʤʝʪʠʣʴʥʠʭ ʬʦʨʤ ʄʝʨʢʫʨʽʶ ʚ ʨʦʟʩʦʣʘʭ, ʨʦʟʯʠʥʘʭ ʢʫʭʦʥʥʦʾ ʩʦʣʽ ʽ 

ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫʣʴʪʨʘʟʚʫʢʫ ʜʣʷ ʨʫʡʥʫʚʘʥʥʷ ʦʨʛʘʥʽʯʥʠʭ 

ʩʧʦʣʫʢ ʄʝʨʢʫʨʽʶ, ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʨʽʟʥʠʭ ʬʦʨʤ ʄʝʨʢʫʨʽʶ ʪʘ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʚʝʣʠʯʠʥʠ ʘʥʘʣʽʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʄʝʨʢʫʨʽʶ . ʇʨʘʚʠʣʴʥʽʩʪʴ ʤʝʪʦʜʠʢ 

ʧʝʨʝʚʽʨʝʥʘ ʤʝʪʦʜʦʤ çʚʚʝʜʝʥʦ-ʟʥʘʡʜʝʥʦè (ʪʘʙʣ.). 

ʅʠʞʥʷ ʤʝʞʘ ʚʠʷʚʣʝʥʥʷ ʄʝʨʢʫʨʽʶ ʩʪʘʥʦʚʠʣʘ 0,06 ʤʢʛ / ʣ ʧʨʠ ʦʙʩʷʟʽ ʧʨʦʙʠ 

3 ʤʣ ʽ 0,008 ʤʢʛ/ʣ ʧʨʠ ʦʙʩʷʟʽ ʧʨʦʙʠ 100 ʤʣ. ʇʨʠ ʘʥʘʣʽʟʽ ʨʦʟʯʠʥʽʚ ʢʫʭʦʥʥʦʾ ʩʦʣʽ 

(ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ) ʢʦʥʮʝʥʪʨʘʮʽʻʶ 150 ʛ/ʣ ʤʝʞʘ ʚʠʷʚʣʝʥʥʷ ʄʝʨʢʫʨʽʶ ʤʦʞʝ ʙʫʪʠ 

ʟʥʠʞʝʥʦʶ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʧʦʛʽʨʰʫʚʘʣʘʩʷ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ 

(ʪʘʙʣ.). ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʤʝʪʠʣʴʥʠʭ ʬʦʨʤ ʄʝʨʢʫʨʽʶ ʤʝʞʘ ʚʠʷʚʣʝʥʥʷ ʩʢʣʘʜʘʣʘ 

0,002 ʽ 0,0003 ʤʛ / ʢʛ ʚʽʜʧʦʚʽʜʥʦ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʘʥʘʣʽʟʽ ʨʦʟʯʠʥʽʚ ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʩʧʦʣʫʢ ʄʝʨʢʫʨʽʶ ʜʦ ʘʪʦʤʘʨʥʦʛʦ ʩʪʘʥʫ SnCI2 ʚ ʣʫʞʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ, ʚʽʜʥʦʚʣʶʶʪʴʩʷ ʚʩʽ ʬʦʨʤʠ ʄʝʨʢʫʨʽʶ, ʢʽʣʴʢʽʩʥʝ ʚʠʟʥʘʯʝʥʥʷ 

ʤʦʞʣʠʚʦ ʜʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ 120 ʛ/ʣ ʥʘʚʽʪʴ ʚ ʧʨʠʩʫʪʥʦʩʪʽ 

ʛʫʤʽʥʦʚʠʭ ʽ ʬʫʣʴʚʦʢʠʩʣʦʪ, ʱʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʙʽʪ [1-3]. ʇʨʠ 

ʘʥʘʣʽʟʽ ʨʦʟʯʠʥʽʚ ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʩʧʦʣʫʢ 

ʄʝʨʢʫʨʽʶ ʜʦ ʘʪʦʤʘʨʥʦʛʦ ʩʪʘʥʫ SnCI2 ʚ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʚʽʜʥʦʚʣʶʶʪʴʩʷ 

ʪʽʣʴʢʠ ʥʝʦʨʛʘʥʽʯʥʽ ʬʦʨʤʠ ʄʝʨʢʫʨʽʶ, ʢʽʣʴʢʽʩʥʝ ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʦ ʜʦ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ 100 ʛ/ʣ. ɻʫʤʽʥʦʚʽ ʽ ʬʫʣʴʚʦʢʠʩʣʦʪʠ ʚ ʢʦʥʮʝʥʪʨʘʮʽʷʭ 

ʧʦʥʘʜ 1,0 ʽ 10,0 ʤʛ/ʣ ʚʽʜʧʦʚʽʜʥʦ ʟʘʥʠʞʫʚʘʣʠ ʨʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʚʩʽʭ ʬʦʨʤ 

ʄʝʨʢʫʨʽʶ, ʧʨʠʯʦʤʫ,ʟʘʚʘʞʘʶʯʠʡ ʚʧʣʠʚ ʟʙʽʣʴʰʫʚʘʚʩʷ ʧʨʠ ʟʨʦʩʪʘʥʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ ʽ ʢʦʥʮʝʥʪʨʘʮʽʡ ʛʫʤ̔ʥʦʚʠʭ ʽ ʬʫʣʴʚʦʢʠʩʣʦʪ. ʉʣʽʜ 

ʟʘʟʥʘʯʠʪʠ ʪʘʢʦʞ, ʱʦ ʧʨʠ ʚʚʝʜʝʥʥʽ ʦʜʥʘʢʦʚʠʭ ʢʽʣʴʢʦʩʪʝʡ ʛʫʤʽʥʦʚʠʭ ʽ 

ʬʫʣʴʚʦʢʠʩʣʦʪ, ʾʭ ʟʘʚʘʞʘʶʯʠʡ ʚʧʣʠʚ ʧʦʩʠʣʶʚʘʚʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ 
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ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ. ʋ ʨʦʟʯʠʥʘʭ ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ ʟ ʚʚʝʜʝʥʦʶ ʚʽʜʧʦʚʽʜʥʦʶ ʢʽʣʴʢʽʩʪʶ 

ʄʝʨʢʫʨʽʶ ʫ ʚʠʛʣʷʜʽ ʦʨʛʘʥʽʯʥʠʭ ʽ ʥʝʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʢʠʩʥʝʥʥʷ ʙʨʦʤʽʜ-ʙʨʦʤʘʪʥʦʶ ʩʫʤʽʰʰʶ ʧʨʦʪʷʛʦʤ 20 ʭʚ, ʤʦʞʣʠʚʦ 

ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʄʝʨʢʫʨʽʶ ʜʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ 100 ʛ/ʣ. ʇʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʧʦʧʝʨʝʜʥʴʦʛʦ ʚʧʣʠʚʫ ʋɿ ʯʘʩʪʦʪʦʶ 18-44 ʢɻʮ, ʽʥʪʝʥʩʠʚʥʽʩʪʶ 

ʙʽʣʴʰʝ 10 ɺʪ/ʩʤ
2
 ʧʨʦʪʷʛʦʤ ʯʘʩʫ ʙʽʣʴʰʝ 1 ʭʚ, ʤʦʞʣʠʚʦ ʢʽʣʴʢʽʩʥʝ ʚʠʟʥʘʯʝʥʥʷ 

ʄʝʨʢʫʨʽʶ ʜʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ 120 ʛ/ʣ. ʇʨʠ ʯʦʤʫ, ʩʪʫʧʽʥʴ 

ʚʠʣʫʯʝʥʥʷ ʄʝʨʢʫʨʽʶ ʜʣʷ ʨʦʟʩʦʣʽʚ ʟ ʤʽʥʝʨʘʣʽʟʘʮʽʻʶ ʧʦʥʘʜ 50 ʛ/ʣ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʋɿ ʙʫʣʘ ʚʠʦɦʶ, ʥʽʞ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʙʨʦʤʽʜ-ʙʨʦʤʘʪʥʦ ʾʩʫʤʽʰʽ. 

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʧʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʘʥʘʣʽʟʦʚʘʥʠʭ ʨʦʟʯʠʥʽʚ 

ʋɿ ʯʘʩʪʦʪʦʶ 18-44 ʢɻʮ, ʽʥʪʝʥʩʠʚʥʽʩʪʶ 8-10 ɺʪ/ʩʤ
2
 ʧʨʦʪʷʛʦʤ ʯʘʩʫ ʙʽʣʴʰʝ 1 ʭʚ, 

ʩʧʨʠʷʻ ʚʽʜʥʦʚʣʝʥʥʶ SnCI2 ʚ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʤʝʪʠʣʴʥʦ ʾ ʽ ʥʝʦʨʛʘʥʽʯʥʠʭ 

ʬʦʨʤ ʄʝʨʢʫʨʽʶ. ʇʨʠ ʮʴʦʤʫ, ʬʝʥʽʣʴʥʽ ʬʦʨʤʠ ʄʝʨʢʫʨʽʶ, ʘ ʪʘʢʦʞ ʩʧʦʣʫʢʠ 

ʄʝʨʢʫʨʽʶ ʟ ʛʫʤʽʥʦʚʠʤʠ ʽ ʬʫʣʴʚʦʢʠʩʣʦʪʘʤʠ, ʟʘʣʠʰʘʶʪʴʩʷ ʚ ʨʦʟʯʠʥʽ. ʇʨʠ ʚʧʣʠʚʽ 

ʋɿ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʦʢʠʩʥʶʚʘʯʽʚ: ʧʝʨʝʢʠʩʫ ʚʦʜʥʶ, ʘʟʦʪʥʦʾ ʢʠʩʣʦʪʠ, ʩʫʤʽʰʽ 

ʧʝʨʝʢʠʩʫ ʚʦʜʥʶ ʽ ʘʟʦʪʥʦʾ ʢʠʩʣʦʪʠ, ʩʫʤʽʰʽ ʩʦʣʷʥʦʾ ʪʘ ʘʟʦʪʥʦʾ ʢʠʩʣʦʪ, ʙʨʦʤʽʜ-

ʙʨʦʤʘʪʥʦʡ ʩʫʤʽʰʽ, ʟʘʚʘʞʘʶʯʠʡ ʚʧʣʠʚ ʤʘʪʨʠʮʽ ʥʘ ʚʝʣʠʯʠʥʫ ʘʥʘʣʽʪʠʯʥʦʛʦ 

ʩʠʛʥʘʣʫ ʄʝʨʢʫʨʽʶ ʧʦʯʠʥʘʚʩʷ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ 120 ʛ/ʣ ʜʣʷ ʚʩʽʭ 

ʥʘʚʝʜʝʥʠʭ ʦʢʠʩʥʁ ʚʘʯʽʚ. ʇʨʠ ʮʴʦʤʫ, ʥʘʡʤʝʥʰʽ ʟʥʘʯʝʥʥʷ ʧʦʧʨʘʚʢʠ ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʜʦʩʣʽʜʫ ʙʫʣʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʝʨʝʢʠʩʫ ʚʦʜʥʶ. ʇʦʟʠʪʠʚʥʠʡ ʝʬʝʢʪ 

ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʫ ʚʩʴʦʤʫ ʚʠʚʯʝʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʋɿ ʧʨʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʝ 

ʤʝʥʰʝ 1,5 ɺʪ/ʩʤ
2
 ʧʨʠ ʦʙʨʦʙʮʽ ʨʦʟʯʠʥʽʚ ʥʝ ʤʝʥʰʝ 1 ʭʚ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʙʨʝ ʢʦʨʝʣʶʚʘʣʠʩ ̫ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʨʦʟʯʠʥʽʚ ʪʠʭ ʞʝ ʧʨʦʙ ʨʦʟʩʦʣʫ ʽ 

ʨʦʟʯʠʥʽʚ ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʥʦʚʣʝʥʥʷ SnCI2 ʚ ʣʫʞʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʚ ʧʨʠʩʫʪʥʦʩʪʽ CuCI2, ʚ ʢʠʩʣʦʤʫ, ʧʽʩʣʷ ʦʢʠʩʥʝʥʥʷ ʙʨʦʤʽʜ-ʙʨʦʤʘʪʥʦʶ 

ʩʫʤʽʰʰʶ ʽ ʋɿ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 14 ɺʪ/ ʩʤ
2
 . 

 

ʊʘʙʣʠʮʷ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʄʝʨʢʫʨʽʶ 

ʇʨʦʙʘ 
ɺʚʝʜʝʥʦ ʤʝʨʢʫʨʽʶ, 

ʤʢʛ/ʣ, ʫ ʚʠʛʣʷʜʽ 
ʅʘʡʜʝʥʦ ʄʝʨʢʫʨʽʶ, ʤʢʛ/ʣ (n = 6) 

 

ʈʦʟʩʽʣ ʨʦʜʦʚʠʱʘ 

ɹʘʨʩʘ-ʂʝʣʴʤʝʩ 

(ʂʘʟʘʭʩʪʘʥ) 

Hg
2+

 ʄʄʍ ʌʄɸ Hg
2+

 Sr ʄʄʍ Sr ʌʄɸ Sr 

0 0 0 1,61 0,036 0,45 0,058 0,32 0,078 

1,50 0,50 0,25 3,12 0,035 0,94 0,056 0,56 0,075 

ʈʦʟʩʽʣ ʉʣʦʚ`ʷʥʩʴʢʦʛʦ 

ʨʦʜʦʚʠʱʘ 

0 0 0 0,44 0,045 0,15 0,058 0,07 0,082 

0,20 0,15 0,10 0,63 0,039 0,31 0,057 0,17 0,080 

ʄʄʍ ï ʤʝʪʠʣʤʝʨʢʫʨʡ̔ ʭʣʦʨʠʜ, ʌʄɸ ï ʬʝʥʠʣʤʝʨʢʫʨʠʡ ʘʮʝʪʘʪ. 
 

[1] Oleg Yurchenko, Alexander Baklanov, Tatyana Chernozhuk Chemical 

applications of ultrasound.  On the use of ultrasound in the analyses and technology 

of braina and sodium chloride solutions. Lambert academic publishing, 2021.- 185 p. 

[2] ʉʦʥʦʣʶʤʽʥʽʩʮʝʥʮʽʷ ʚ ʭʽʤʽʯʥʦʤʫ ʘʥʘʣʽʟʽ: ʤʦʥʦʛʨʘʬʽʷ / ʆ.ɯ. ʖʨʯʝʥʢʦ, ʃ.ɺ. 

ɹʘʢʣʘʥʦʚʘ, ʊ.ɺ. ʏʝʨʥʦʞʫʢ, ʆ.ʄ. ɹʘʢʣʘʥʦʚ. ʍʘʨʢʽʚ: ʍʅʋ ʽʤ. ɺ.ʅ. ʂʘʨʘʟʽʥʘ, 

2016.- 112 ʩ. 

[3] ɸʥʪʦʥʦʚʠʯ ɺ.ʇ., ɹʝʟʣʫʮʢʘʷ ʀ.ɺ. ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʨʪʫʪʠ ʚ 

ʦʙʲʝʢʪʘʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ //ɾʫʨʥ. ʘʥʘʣʠʪ.ʭʠʤʠʠ.-1996.-ʊ.51, ˉ1.-ʉ.116-123. 
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1
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2
, ʉʢʨʠʧʠʥʝʮ ʖ. ɺ.

2
, 

ʃʝʦʥʝʥʢʦ ʀ. ʀ.
2
, ɺʦʡʪʶʢ ʆ. ɼ.
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ʆʧʨʝʜʝʣʝʥʠʝ ʘʢʪʠʚʥʳʭ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʠʥʛʨʝʜʠʝʥʪʦʚ (ɸʌʀ) ʚ ʩʤʳʚʘʭ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʝʨʝʢʨʝʩʪʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʩʣʝʜʫʶʱʝʡ ʧʘʨʪʠʠ 

ʬʘʨʤʧʨʝʧʘʨʘʪʘ. ʈʘʟʨʘʙʦʪʘʥʳ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʤʝʪʦʜʠʢʠ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ (ɺʕɾʍ), ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ (ʃʶʤ) ʠ ʩʧʝʢʪʨʦ-

ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ (ʉʌ) ʦʧʨʝʜʝʣʝʥʠʷ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʛʦ 

ʧʨʝʧʘʨʘʪʘ ʬʘʚʠʧʠʨʘʚʠʨʘ (ʌɸɺ) ʚ ʩʤʳʚʘʭ ʧʨʠ ʦʯʠʩʪʢʝ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

 
3-ʛʠʜʨʦʢʩʠ-6-ʬʪʦʨʧʠʨʘʟʠʥ-2-ʢʘʨʙʦʢʩʘʤʠʜ (ʬʘʚʠʧʠʨʘʚʠʨ, ʌɸɺ) 

 

ʍʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʌɸɺ: ʢʦʣʦʥʢʘ 0,15ʤĬ4,6ʤʤ, ʪʠʧʘ 

Zorbax Eclipse XDB-C18 (5 ʤʢʤ), ʧʦʜʚʠʞʥʘʷ ʬʘʟʘ ɸ: 1,15 ʛ ʘʤʦʥʠʷ 

ʜʠʛʠʜʨʦʬʦʩʬʘʪʘ ʨʘʩʪʚʦʨʷʶʪ ʚ 1000 ʤʣ ʚʦʜʳ ʜʣʷ ʭʨʦʤʘʪʦʛʨʘʬʠʠ, ʜʦʚʦʜʷʪ ʨʅ 

ʨʘʩʪʚʦʨʘ ʜʦ 3,2 ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ (70%); ʧʦʜʚʠʞʥʘʷ ʬʘʟʘ ɺ: ʤʝʪʘʥʦʣ : 

ʘʮʝʪʦʥʠʪʨʠʣ (50:50) (30%); ʩʢʦʨʦʩʪʴ ʧʦʜʚʠʞʥʦʡ ʬʘʟʳ: 1,0 ʤʣ/ʤʠʥ; ʪʝʤʧʝʨʘʪʫʨʘ 

ʢʦʣʦʥʢʠ: 30 
ʦ
ʉ; ʦʙʲʸʤ ʠʥʞʝʢʮʠʠ: 100,0 ʤʢʣ; ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ: 

225 ʥʤ; ʚʨʝʤʷ ʭʨʦʤʘʪʦʛʨʘʬʠʨʦʚʘʥʠʷ: 6 ʤʠʥ (ʨʠʩ. 1). 

 
ʈʠʩ. 1. ʍʨʦʤʘʪʦʛʨʘʤʤʳ: ʤʦʜʝʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʈʉʆ ʬʘʚʠʧʠʨʘʚʠʨʘ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʜʫʠʨʦʚʦʯʥʦʛʦ ʛʨʘʬʠʢʘ (0,02 ï 2,0 ʤʢʛ/ʤʣ) 

 

ʃʶʤʠʥʝʩʮʝʥʪʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʌɸɺ: ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʌɸɺ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʝʛʦ ʩʦʙʩʪʚʝʥʥʦʡ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʨʠʩ. 2, ʘ) ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ 360 ʥʤ. 




