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ʉʙʦʨʥʠʢ ʩʦʜʝʨʞʠʪ ʜʦʢʣʘʜʳ, ʚʢʣʶʯʝʥʥʳʝ ʚ ʧʨʦʛʨʘʤʤʫ ʏʝʪʳʨʥʘʜʮʘʪʘʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ 

ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʍʠʤʠʯʝʩʢʘʷ ʪʝʨʤʦʜʠʥʘʤʠʢʘ ʠ 

ʢʠʥʝʪʠʢʘè, ʧʨʦʭʦʜʠʚʰʝʡ ʩ 13 ʤʘʷ ʧʦ 17 ʤʘʷ 2024 ʛ. ʚ ʛ. ʊʚʝʨʴ ʥʘ ʙʘʟʝ ʊʚʝʨʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ɺ ʩʙʦʨʥʠʢ ʚʢʣʶʯʝʥʳ ʪʝʟʠʩʳ ʜʦʢʣʘʜʦʚ ʧʦ ʩʣʝʜʫʶʱʝʡ ʪʝʤʘʪʠʢʝ:  

- ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʨʘʟʣʠʯʥʳʭ ʬʘʟʦʚʳʭ 

ʩʦʩʪʦʷʥʠʷʭ, ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (ʨʘʚʥʦʚʝʩʥʳʝ ʠ ʥʝʨʘʚʥʦʚʝʩʥʳʝ) ʨʘʩʪʚʦʨʦʚ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʪʚʝʨʜʳʭ, ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠ ʢʝʨʘʤʠʢ, 
ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʪʝʧʣʦʪʳ ʩʛʦʨʘʥʠʷ, ʪʝʧʣʦʪʳ ʦʙʨʘʟʦʚʘʥʠʷ, ʵʥʪʨʦʧʠʷ, ʪʝʧʣʦʝʤʢʦʩʪʴ, 

ʪʝʧʣʦʪʳ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ, ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʤʝʰʝʥʠʷ, ʬʘʟʦʚʳʝ 

ʜʠʘʛʨʘʤʤʳ);  

- ʢʠʥʝʪʠʢʘ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʘʪʘʣʠʟ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚʣʠʷʥʠʝ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʠʟʤʝʥʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʩʚʦʡʩʪʚ ʚ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ; 

- ʨʘʩʯʝʪʥʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ, 

ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʪʝʨʤʦʜʠʥʘʤʠʢʘ, ʤʦʣʝʢʫʣʷʨʥʘʷ ʜʠʥʘʤʠʢʘ, ʤʥʦʛʦʤʘʩʰʪʘʙʥʦʝ ʢʦʤʧʴʶʪʝʨʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ;  

 - ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʩʠʩʪʝʤ ʠ 

ʧʨʦʮʝʩʩʦʚ ʚ ʥʠʭ. 
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ʉʆʉʊɸɺ ʆʈɻɸʅʀɿɸʎʀʆʅʅʆɻʆ ʂʆʄʀʊɽʊɸ 

ʇʨʝʜʩʝʜʘʪʝʣʴ: ɿʠʥʦʚʴʝʚ ɸʥʜʨʝʡ ɺʘʣʝʨʴʝʚʠʯ, ʜ-ʨ ʙʠʦʣ. ʥʘʫʢ, ʧʨʦʨʝʢʪʦʨ ʧʦ ʥʘʫʯʥʦʡ ʠ 
ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʌɻɹʆʋ ɺʆ çʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè.  

ɿʘʤ. ʧʨʝʜʩʝʜʘʪʝʣʷ: ɿʘʭʘʨʦʚ ɸʥʘʪʦʣʠʡ ʖʣʴʝʚʠʯ, ʜ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬ. ʢʘʬʝʜʨʳ 
ʦʙʱʝʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʬʠʟʠʢʠ ʌɻɹʆʋ ɺʆ çʅʦʚʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 
ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʗʨʦʩʣʘʚʘ ʄʫʜʨʦʛʦè   

ɿʘʤ. ʧʨʝʜʩʝʜʘʪʝʣʷ: ʆʨʣʦʚ ʖʨʠʡ ɼʠʤʠʪʨʠʝʚʠʯ, ʜ-ʨ ʭʠʤ. ʥʘʫʢ, ʧʨʦʬ., ʟʘʚ. ʢʘʬʝʜʨʦʡ 
ʦʙʱʝʡ ʬʠʟʠʢʠ ʌɻɹʆʋ ɺʆ çʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè  

ʉʝʢʨʝʪʘʨʠ ʢʦʥʬʝʨʝʥʮʠʠ:  

ʏʝʨʥʦʚʘ ɽʣʝʥʘ ʄʠʭʘʡʣʦʚʥʘ, ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʟʘʚ. ʙʘʟʦʚʦʡ ʫʯʝʙʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ 
ʦʙʱʝʡ ʬʠʟʠʢʠ ʌɻɹʆʋ ɺʆ çʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, 

ɺʘʩʠʣʴʝʚ ʉʝʨʛʝʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ, ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʧʨʠʢʣʘʜʥʦʡ 
ʬʠʟʠʢʠ ʌɻɹʆʋ ɺʆ çʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

ʏʣʝʥʳ ʢʦʤʠʪʝʪʘ: 

ʄʠʨʦʰʥʠʯʝʥʢʦ ɽʚʛʝʥʠʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ, ʜ-ʨ ʭʠʤ. ʥʘʫʢ, ʛʣ. ʥʘʫʯ. ʩʦʪʨ. ʌɻɹʋʅ 
çʀʥʩʪʠʪʫʪ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠʤ. ʅ.ʅ. ʉʝʤʝʥʦʚʘ, ʈɸʅè, ʛ. ʄʦʩʢʚʘ;  

ʌʝʦʬʘʥʦʚʘ ʄʘʨʠʘʥʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ, ʢʘʥʜ. ʭʠʤ. ʥʘʫʢ, ʜʝʢʘʥ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 
ʬʘʢʫʣʴʪʝʪʘ ʌɻɹʆʋ ɺʆ çʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè;  

ɻʨʠʙ ɺʣʘʜʠʩʣʘʚ ɺʘʣʝʨʴʝʚʠʯ, ʜ-ʨ ʶʨ. ʥʘʫʢ, ʧʨʦʬ., ʧʨʝʜʩʝʜʘʪʝʣʴ ʈʦʩʩʠʡʩʢʦʛʦ 
ʧʨʦʬʝʩʩʦʨʩʢʦʛʦ ʩʦʙʨʘʥʠʷ, ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʈɸʆ; 

ɽʬʨʝʤʝʥʢʦʚ ɸʥʜʨʝʡ ɹʦʨʠʩʦʚʠʯ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʧʨʦʨʝʢʪʦʨ ʧʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ 
ʌɻɹʆʋ ɺʆ çʅʦʚʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʗʨʦʩʣʘʚʘ ʄʫʜʨʦʛʦè; 

ʂʘʧʣʫʥʦʚ ʀʚʘʥ ɸʣʝʢʩʘʥʜʨʦʚʠʯ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ, ʟʘʚ. ʢʘʬʝʜʨʦʡ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ 
ʌɻɹʆʋ ɺʆ çʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʧʨʝʜʩʝʜʘʪʝʣʴ ʊʚʝʨʩʢʦʛʦ 
ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʛʦ ʧʨʦʬʝʩʩʦʨʩʢʦʛʦ ʩʦʙʨʘʥʠʷ; 

ʉʫʣʴʤʘʥ ʄʠʭʘʠʣ ɻʝʥʥʘʜʴʝʚʠʯ, ʜ-ʨ ʭʠʤ. ʥʘʫʢ, ʧʨʦʬ., ʟʘʚ. ʢʘʬʝʜʨʦʡ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʭʠʤʠʠ 
ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʌɻɹʆʋ ɺʆ çʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ  ʫʥʠʚʝʨʩʠʪʝʪè; 
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STUDY OF EXTRACTIONAL BALANCE IN THE PHASE -TRANSFER 

CATALYTIC REACTIONS OF AMINOLYSIS OF ACTIVATED AMINO 

ACID ETHERS  

Doroshkevich V.S., Baranova O.V. 

Donetsk State University, Donetsk 

e-mail: v.s.doroshkevich@mail.ru  

 

At the modern level of scientific and technological development, a special 

role is assigned to the Phase-Transfer Catalytic (PTC) processes. They are widely 

used in synthetic organic chemistry, for the utilization of ecotoxicants and highly 

toxic substances, in industry and in the reactions of "green" chemistry. Most phase-

transfer catalytic reactions have practical application in industry and show a good 

catalytic effect, but their theoretical basis is weak and is based on outdated 

contradictory hypotheses. Therefore, problems related to the study of the topology 

and reaction mechanism, the construction of new theoretical concepts are at the 

moment extremely relevant and important from the point of view of understanding 

the nature and possibilities of phase-transfer reactions, in particular, reactions with 

a branched catalytic cycle. 

The purpose of this work was to study the distribution of reactants, products 

and phase-transfer catalyst between phases in a liquid/liquid system, to identify the 

main kinetic patterns by the example of the aminolysis of the activated ester of N-

benzyloxycarbonylglycine in the presence of a phase-transfer catalyst 

cetylpyridinium chloride (CPC). 

 

 
 

The aminolysis reaction of 4-nitrophenyl ester of N-

benzyloxycarbonylglycine (Z-gly-ONP) was studied by varying the concentration 

of the Z-gly-ONP substrate in a two-phase system with an organic solvent amino 

acid buffer solution to determine the rate-limiting stage. The dependence of the 

observed rate constants of the pseudo-first order kH (s
-1
) of the Z-gly-ONP 

consumption in the two-phase butanol-1/glycine buffer solution (pH 10.5) on the 

concentration of CPC at various concentrations of Z-gly-ONP.  

The distribution of the cation of the phase-transfer catalyst cetylpyridinium 

and its anion chloride, the reaction product of 4-nitrophenolate anion and glycinate 

ion was studied. 

The extraction coefficients were calculated from the formula: Ὁ ϽρȢςςς, 

where Co is the ion concentration in the organic phase (mol/L), Cw is the 

concentration of ions in the aqueous phase (mol/l), 1.222 is the ratio of volumes of 

organic and aqueous phases after the distribution. The extraction coefficient of 
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CPC depends on the concentration of the salt itself and varies in the range from 6.4 

to 91.7 (14 times). 

Obviously, cetylpyridinium is transferred in the form of an ion pair with an 

anion (or larger associates, possibly micelles), and the degree of association 

depends on the salt concentration. The distortion of the dependence of the 

extraction coefficient of cetylpyridinium on the concentration of CPC in the region 

of high salt concentrations (>3Ā10
-3
 mol/l) is probably related to the limiting 

solubility of cetylpyridinium salts of CPC in the organic phase. Absolute values of 

extraction coefficients of cetylpyridinium indicate that at a concentration of CPC in 

excess of 5Ā10
-4
 mol/l, practically the entire cation is in the organic phase. 

It is shown that the rate of aminolysis reaction in a two-phase system at the 

same concentration of the phase-transfer catalyst increases with decreasing 

substrate concentration. The extraction coefficient of cetylpyridinium does not 

depend on the concentration of 4-nitrophenol in the system, but depends on the 

concentration of the salt itself, which is explained by the mechanism of transfer of 

cetylpyridinium, in the form of an ion pair with an anion.  

 

The study was conducted on the topic of the state assignment (registration ˉ 

10230310000018-1-1.4.3). 
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THE ROLE OF POINT DEFECTS IN PHOTOCONDUCTIVITY IN 

AG3IN5SE9 THIN FILMS  

Jafarov M.B., Orujova N.F., Huseyinova Z.N. 

Azerbaijan Technological University 

e-mail: nilufarorujova@gmail.com 

 

The interest in the Ag2SeïIn2Se3 system arose due to the wide application of 

diamond-like semiconductors, i.e. obtaining A
I
B

III
C

VI
2  vᴅ A

V
B

V
5C

IV
8 (A = Cu, Ag,  

B = Ga, Ķn, C = S, Se, Te)   type compounds that crystallize in the chalcopyrite 

(CuFeS2) structure and have nonlinear optical properties. Recently, it has been 

shown that a new chemical compound with parameters A = 0.671 nm and C = 

1.043 nm exists in the AgInSe2 ïIn2Se3 system, which corresponds to the 

containing 25 at% In2Se3 [1,2] Ag3In5Se9 stoichiometric formula and belongs to the 

P6mm spatial symmetry of the crystal structure. Studies have shown that the 

AgIn5Se8 compound crystallizes in the spinel structure, and due to the close 

coordination of atoms, 25% vacancies are formed in the canyon sub-lattice of the 

crystal structure [3]. The structural analysis of the Cu3In5Te9 crystal, which is 

isostructural with the Ag3In5Se9 crystal, showed that there are 11.6% vacancies in 

the cationic sub-lattice of the crystal [4].  In this type of crystals with point defect, 

since foreign additive atoms usually behave neutrally, the electrophysical 

properties of crystals are formed due to cation-anion vacancies.  

The Ag3In5Se9 compound was synthesized by directly melting the 

components 2Ŀ10
-4
 mm.Hg in a quartz ampoule with air aspirated in a ratio 

according to the stoichiometric composition. The obtained ingot was subjected to 

thermal brewing at a temperature of 850 
0
C for 48 hours. As a result, 

polycrystalline and homogeneous ingots were obtained. In order to obtain a thin 

layer of Aaaaa compound, the method of instant thermal evaporation in vacuum 

has been applied.  A certain amount of polycrystalline substance is mechanically 

ground and ground into a powder with an average size of 100 mkm. The graphite 

crucible of cylindrical shape, installed in the Chamber of the VUP-5 type vacuum 

unit, is heated to a temperature of 1200 
0
C and the powdered substance is poured 

into the Crucible at a speed of 0.4 g/min. The powders fall inside a 2.5 cm high 

cylinder and evaporate instantly until they reach the bottom of the container. The 

substance that condenses on the substrate forms a thin layer while maintaining the 

stoichiometric composition.  The thickness of the obtained layer was 60-120 mkm, 

depending on the evaporation period.      

Thin layers of Ag3In5Se9 grown on the glass substrate have been found to 

have a polycrystalline structure. Silver contacts were placed on thin sheets and 

made sure that the contacts were omic. The photoconductivity of the Ag3In5Se9 

thin layer was studied in stationary mode and with a duration of 12 ns and a 

wavelength of 532 nm under the influence of the pulse of laser radiation. 

The thin layer covers an interval of 0,95...1.6 eV of electromagnetic radiation. 

This interval covers the area of maximum intensity of solar radiation on the Earth's 

surface. The ratio of the layer's dark resistance to 200 Lk illumination is Rq / 
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Ri>10
2
, which is one of the conditions for the preparation of high-performance 

photocatalysts for obtaining thin layers of Ag3In5Se9 from alternative energy 

sources in solar photonocas or hydrogen by photocatalytic complete decomposition 

of water. The long-wave edge of the spectrum has a diffuse shape and periodic 

maxima are observed in the curve. We associate these maxims with the fact that in 

a thin layer it is formed due to the interference of light. The observation of the 

interference picture in the visible light area indicates that the thickness of the thin 

layer is less than 1 mkm. In layers with a thickness of 120 mkm, the edge of the 

absorption spectrum corresponds to the Moss rule. The longwave edge of the 

spectrum (ŬĿhv)
2
~ hv dependence is linear in nature, and the width of the forbidden 

zone determined from the spectrum is 1.42 eV, which is the same as the 

corresponding value set for crystal ingot. It can be confirmed by this that the thin 

layer and the stoichiometric compositions of the crystal ingot are compatible. Since 

the width of the forbidden zone of the thin layer is greater than the potential for 

water decomposition (1.23 eV) the layer is the second of the conditions of 

suitability for the preparation of high-performance photocatalysts for obtaining 

hydrogen by photocatalytic complete decomposition of water.  

        Picture 1.                                                            Picture 2. 

 

Taking into account the above, the photocatalyst developed by us on the basis 

of thin layers of Ag3In5Se9 has achieved an efficiency of 3.9% in obtaining 

hydrogen by complete decomposition of water. 
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LiCl -PrCl3-KCl phase diagram (PD) firstly [1,2] has been investigated 

relevantly to pyrochemical reprocessing of metallic nuclear fuel. Later the 

correction of the 3D computer model of this PD by means of 33 thermoanalytical 

curves was fulfilled [3,4] and its horizontal (within the isotherm of the isopleth 

section) and vertical (for any composition of isopleth) material balances were 

compared [5].  

 
Figure 1. Calculated ([6], to the left) vertical section ʝLiC1-KCI-PrCl3 and its imitation by 3D 

model (to the right) with the two-phase region L+R2 (R2=K2PrCl5) space area. 

Two-phase region L+R2 (R2=K2PrCl5) on the vertical section ʝLiC1-KCI-PrCl3 

(Fig. 1) was more simple in [1-4], as it was degenerated there into the orthogonal 

line. Here PD 3D computer model demonstrates its possibilities of accuracy for the 

new PD variant, thermodynamically calculated [6]. 

Two more advantages of the 3D computer model are visualized on the Fig. 2. 

Sridar S. et al [6] have written about the 0,097% PrCl3 in the point U for the 

quasiperitectical reaction L + K3PrCl6 ź KCl + K2PrCl5 (L + R1 ź KCl + R2) but 

didnôt show (Fig. 2, a) the phase regions L+R1, L+R1+C, L+R1+R2 (they are 

present on the Fig. 2, b). By the way, accordingly to [2], the content of PrCl3 in the 

point U is a little bit more ï 0,127. 

As KCl and LiCl have the mutual solubility from the both sides of PD KCl-

LiCl (this PD is shown in [6]), a phase region A+B (LiCl+PrCl3) presents on the 

sections of both isopleths of the 3D computer model (Fig. 2, b,d). There are no 

explanations for this phase region absence on the sections in [6] (Fig. 2, a,c). 

Recommendations [6] is given for future investigation of compositions C1, 

C2 (Fig. 2, a,c): ñThe shorter equilibration time might not have been sufficient to 

attain the equilibrium at 798 K and hence, longer equilibration is required for this 

temperature which needs to be investigated furtherò. 
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Figure 2. Vertical sections z2(PrCl3)=0.1 (ʘ), z2(PrCl3)=0.2 (c) ï [6], z2(PrCl3)=0.1 (b), 

z2(PrCl3)=0.2 (d) ï 3D model. 

 

This work has been performed under the program of fundamental research SB 

RAS (project 0270-2024-0013) 
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ɸʚʝʨʢʠʥ ɼ.ɺ.
1
, ɸʚʝʨʢʠʥʘ ʄ.ɸ.

1,2
 

1
ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʠ 

ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ, ʄʝʥʜʝʣʝʝʚʦ 
2
ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʚʝʨʴ 

e-mail: averkin@vniiftri .ru  

 

ɺ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʜʠʩʧʝʨʩʥʳʝ 

ʩʠʩʪʝʤʳ: ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʝ ʧʦʨʦʰʢʠ, ʩʫʩʧʝʥʟʠʠ, ʟʦʣʠ, ʵʤʫʣʴʩʠʠ ʠ ʜʨ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤʳ ʯʘʩʪʠʮ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ (ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ï ʵʣʝʤʝʥʪʦʚ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ) ʠʤʝʝʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ 

ʠʤʝʥʥʦ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʦʧʨʝʜʝʣʷʶʪ ʤʥʦʛʠʝ ʩʚʦʡʩʪʚʘ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ 

ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʩʠʩʪʝʤ [1]. ʇʦʣʠʤʝʨʥʳʝ ʤʠʢʨʦʩʬʝʨʳ ʩ ʫʟʢʠʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ (ʤʦʥʦʜʠʩʧʝʨʩʥʳʝ ʤʠʢʨʦʩʬʝʨʳ) 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʤʝʨ ʠ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʧʦʚʝʨʢʠ ʠ ʢʘʣʠʙʨʦʚʢʠ ʣʘʟʝʨʥʳʭ ʘʥʘʣʠʟʘʪʦʨʦʚ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ. 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʜʠʩʧʝʨʩʥʳʭ 

ʧʦʣʠʩʪʠʨʦʣʴʥʳʭ ʣʘʪʝʢʩʥʳʭ ʩʬʝʨ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʩʧʦʩʦʙʦʤ 

ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʜʠʩʧʝʨʩʥʳʭ ʧʦʣʠʩʪʠʨʦʣʴʥʳʭ ʯʘʩʪʠʮ ʷʚʣʷʝʪʩʷ ʵʤʫʣʴʩʠʦʥʥʘʷ 

ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʚ ʥʝʨʘʩʪʚʦʨʠʤʦʡ ʩʦ ʩʪʠʨʦʣʦʤ ʩʨʝʜʝ, ʦʙʳʯʥʦ ʚ ʨʦʣʠ ʩʨʝʜʳ 

ʚʳʩʪʫʧʘʝʪ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʘʷ ʚʦʜʘ. ɺ ʨʦʣʠ ʵʤʫʣʴʛʘʪʦʨʘ ʠ ʩʪʘʙʠʣʠʟʘʪʦʨʘ 

ʧʦʣʠʩʪʠʨʦʣʴʥʳʭ ʯʘʩʪʠʮ ʚʳʩʪʫʧʘʶʪ ʩʦʣʠ ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʭ ʚ ʚʦʜʝ 

ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʧʨʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ (ʇɸɺ), 

ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʭ ʚ ʚʦʜʝ [2]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʣʫʯʘʶʪ ʤʦʥʦʜʠʩʧʝʨʩʥʳʝ 

ʩʬʝʨʳ ʜʠʘʤʝʪʨʦʤ ʜʦ 5 ʤʢʤ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʯʘʩʪʠʮ ʩ ʙʦʣʴʰʠʤ ʨʘʟʤʝʨʦʤ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʠ ʟʘʪʨʘʚʦʯʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ - ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʵʤʫʣʴʩʠʦʥʥʦʡ ʠ 

ʟʘʪʨʘʚʦʯʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʦʣʠʩʪʠʨʦʣʘ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʧʦʣʠʤʝʨʥʦ-

ʤʦʥʦʤʝʨʥʳʭ ʯʘʩʪʠʮ (ʇʄʏ) ʩʪʝʘʨʘʪʦʤ ʥʘʪʨʠʷ ʠʣʠ ʩʪʝʘʨʘʪʦʤ ʢʘʣʠʷ ʠ 

ʧʦʣʫʯʝʥʠʝ ʤʦʥʦʜʠʩʧʝʨʩʥʳʭ ʧʦʣʠʩʪʠʨʦʣʴʥʳʭ ʣʘʪʝʢʩʥʳʭ ʩʬʝʨ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʥʠʮʠʘʪʦʨʘ ʨʝʘʢʮʠʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʨʠʤʝʥʷʣʩʷ ʧʝʨʩʫʣʴʬʘʪ 

ʢʘʣʠʷ, ʚ ʢʘʯʝʩʪʚʝ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ - ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʘʷ ʚʦʜʘ. ʂʦʣʠʯʝʩʪʚʦ 

ʩʪʠʨʦʣʘ ʩʦʩʪʘʚʣʷʣʦ 10 % ʦʪ ʦʙʱʝʡ ʤʘʩʩʳ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʜʠʥʘʢʦʚʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʇɸɺ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʠʩʭʦʜʥʦʡ ʤʠʢʨʦʵʤʫʣʴʩʠʠ, ʩʢʦʨʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʵʤʫʣʴʩʠʦʥʥʦʡ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʦʪʣʠʯʘʝʪʩʷ ʚ ~ 3 ʨʘʟʘ: ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʝʘʨʘʪʘ ʥʘʪʨʠʷ 

ʦʢʦʥʯʘʥʠʝ ʨʝʘʢʮʠʠ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ 40 ʤʠʥʫʪ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʝʘʨʘʪʘ 

ʢʘʣʠʷ ʨʝʘʢʮʠʷ ʟʘʥʠʤʘʝʪ ʧʦʨʷʜʢʘ 100-120 ʤʠʥʫʪ. ʆʢʦʥʯʘʥʠʝ ʨʝʘʢʮʠʠ 

ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʫʪʝʤ ʨʝʛʠʩʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʋʌ-

ʜʠʘʧʘʟʦʥʝ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 293 ʥʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʵʥʝʨʛʠʠ ˊ-ˊ ʩʚʷʟʠ 

ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ ʚ ʤʦʣʝʢʫʣʝ ʩʪʠʨʦʣʘ. ɿʥʘʯʝʥʠʷ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʤʝʪʦʜʦʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ, ʩʦʩʪʘʚʣʷʶʪ 70 ʥʤ ʚ 

ʩʫʩʧʝʥʟʠʠ ʥʘ ʦʩʥʦʚʝ ʩʪʝʘʨʘʪʘ ʢʘʣʠʷ ʠ 90 ʥʤ ʥʘ ʦʩʥʦʚʝ ʩʪʝʘʨʘʪʘ ʥʘʪʨʠʷ, 
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ʟʥʘʯʝʥʠʝ ʩʪʝʧʝʥʠ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ (PdI) ʦʙʨʘʟʮʦʚ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 0,05. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʘʪʨʘʚʦʯʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ ʧʦʣʫʯʝʥʥʳʭ 

ʩʫʩʧʝʥʟʠʷʭ ʥʘ ʦʩʥʦʚʝ ʩʪʝʘʨʘʪʘ ʢʘʣʠʷ ʠ ʩʪʝʘʨʘʪʘ ʥʘʪʨʠʷ ʥʘʙʣʶʜʘʝʪʩʷ 

ʫʤʝʥʴʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ ʩʫʩʧʝʥʟʠʠ ʥʘ ʦʩʥʦʚʝ 

ʩʪʝʘʨʘʪʘ ʥʘʪʨʠʷ ʠ, ʥʘʦʙʦʨʦʪ, ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʚ ʩʫʩʧʝʥʟʠʠ ʥʘ 

ʦʩʥʦʚʝ ʩʪʝʘʨʘʪʘ ʢʘʣʠʷ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʇɸɺ ʚ ʚʦʜʝ, ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʠʣʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ 

ʇʄʏ-ʜʠʩʧʝʨʩʠʦʥʥʘʷ ʩʨʝʜʘ. ɿʥʘʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʚʳʰʝ ʫ 

ʇʄʏ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʩʪʝʘʨʘʪʦʤ ʥʘʪʨʠʷ ʠ ʤʝʥʴʰʝ ʫ ʇʄʏ, ʦʙʨʘʟʦʚʘʥʥʳʭ 

ʩʪʝʘʨʘʪʦʤ ʢʘʣʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʧʨʝʦʜʦʣʝʥʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʜʚʦʡʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʣʦʷ ʯʘʩʪʠʮʳ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʦʤ Ὓὕ  ʠʥʠʮʠʘʪʦʨʘ 

ʚʳʰʝ ʚ ʩʣʫʯʘʝ ʩ ʯʘʩʪʠʮʘʤʠ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʤʠ ʩʪʝʘʨʘʪʦʤ ʢʘʣʠʷ. ʇʨʠ 

ʜʦʩʪʠʞʝʥʠʠ ʯʘʩʪʠʮʘʤʠ ʨʘʟʤʝʨʦʚ ʙʦʣʝʝ 300 ʥʤ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ 

ʩʪʝʧʝʥʠ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ (PdI) ʚ ʦʙʨʘʟʮʝ ʥʘ ʦʩʥʦʚʝ ʩʪʝʘʨʘʪʘ ʢʘʣʠʷ ʜʦ 

ʟʥʘʯʝʥʠʡ 0,1, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ ʚ 

ʜʘʥʥʦʡ ʩʫʩʧʝʥʟʠʠ ʥʝ ʷʚʣʷʝʪʩʷ ʤʦʥʦʜʠʩʧʝʨʩʥʳʤ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʦʮʝʩʩʳ ʵʤʫʣʴʩʠʦʥʥʦʡ ʠ 

ʟʘʪʨʘʚʦʯʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʦʣʠʩʪʠʨʦʣʘ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʧʦʣʠʤʝʨʥʦ-

ʤʦʥʦʤʝʨʥʳʭ ʯʘʩʪʠʮ (ʇʄʏ) ʩʪʝʘʨʘʪʦʤ ʥʘʪʨʠʷ ʠʣʠ ʩʪʝʘʨʘʪʦʤ ʢʘʣʠʷ, ʧʦʣʫʯʝʥʳ 

ʤʦʥʦʜʠʩʧʝʨʩʥʳʝ ʧʦʣʠʩʪʠʨʦʣʴʥʳʝ ʣʘʪʝʢʩʥʳʝ ʩʬʝʨʳ ʚ ʥʘʥʦʤʝʪʨʦʚʦʤ 

ʜʠʘʧʘʟʦʥʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʚʣʠʷʝʪ ʩʠʣʘ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ ʇʄʏ-ʜʠʩʧʝʨʩʠʦʥʥʘʷ 

ʩʨʝʜʘ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʜʦʛʦʚʦʨʘ ʦʪ 19.06.2023 ˉ1687/23, 

ʷʚʣʷʶʱʝʛʦʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʘʢʪʘ ʦʪ 17.05.2023 

ˉ 120-38/2023 ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʨʘʙʦʪʳ ʧʦ ʪʝʤʝ 

çʈʘʟʨʘʙʦʪʢʘ ʠ ʚʳʧʫʩʢ ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʦʚ ʠ ʤʝʨ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʝʜʠʥʩʪʚʘ ʠʟʤʝʨʝʥʠʡ ʧʦ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʚ ʮʝʣʷʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʫʚʝʨʝʥʠʪʝʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè (ʰʠʬʨ ʆʂʈ 

çʉʫʚʝʨʝʥʠʪʝʪè). 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʅ. ʅ. ɻʘʚʨʠʣʦʚʘ, ɺ. ɺ. ʅʘʟʘʨʦʚ, ʆ. ɺ. ʗʨʦʚʘʷ. ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʜʠʩʧʝʨʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʄ.: ʈʍʊʋ ʠʤ. 

ɼ. ʀ. ʄʝʥʜʝʣʝʝʚʘ, 2012. 

2. ʇʨʦʢʦʧʦʚ ʅ. ʀ., ɻʨʠʮʢʦʚʘ ʀ. ɸ. // ʋʩʧʝʭʠ ʭʠʤʠʠ. 2001. ʊ. 70. ˉ 9. 

ʉ. 890ï900. 
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ʊɽʈʄʆɼʀʅɸʄʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʇʈʆʀɿɺʆɼʅʓʍ 

ʅʀʊʈʆʌɽʅʀʃʌʋʈɸʅɸ 

ɸʣʝʡʥʠʢʦʚʘ ɸ.ɸ., ʉʳʩʦʝʥʢʦʚ ʄ.ʈ., ɹʣʦʭʠʥ ɸ.ɺ.
 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ 

e-mail: sashaleinikova@gmail.com 
 

ɹʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʢʦʤʧʣʝʢʩʥʦʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ  

5-(2-ʤʝʪʦʢʩʠ-4-ʥʠʪʨʦʬʝʥʠʣ)-ʬʫʨʘʥ-2-ʢʘʨʙʘʣʴʜʝʛʠʜʘ (I) ʠ ʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ  

2-ʮʠʘʥʦ-3-[5-(2-ʥʠʪʨʦʬʝʥʠʣ)-2-ʬʫʨʘʥ] ʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ (II). ɺ ʨʘʤʢʘʭ 

ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ I ʠ II ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ 

ʩʦʩʪʦʷʥʠʠ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ.  

ʆʙʨʘʟʮʳ I ʠ II  ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʦ ʨʝʘʢʮʠʠ ʄʝʝʨʚʝʡʥʘ ʠ ʨʝʘʢʮʠʠ 

ʂʥʸʚʝʥʘʛʝʣʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʯʠʩʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚʳʧʦʣʥʝʥʘ 

ʤʥʦʛʦʢʨʘʪʥʦʡ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜʳ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʇʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ [1,2]. 

ʄʝʪʦʜʦʤ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʢʘʣʦʨʠʤʝʪʨʠʠ ʚ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʤ 

ʚʘʢʫʫʤʥʦʤ ʘʜʠʘʙʘʪʠʯʝʩʢʦʤ ʢʘʣʦʨʠʤʝʪʨʝ ʊɸʋ-10 (ʠʟʛʦʪʦʚʣʝʥʥʦʤ ʚ ɸʆɿʊ 

çʊʝʨʤʠʩè, ʛ. ʄʝʥʜʝʣʝʝʚʦ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ) ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʝʤʢʦʩʪʠ ʦʙʨʘʟʮʦʚ I (m = 0,7846 ʛ) ʠ II  (m = 

0,7814 ʛ) [3]. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʢʘʣʦʨʠʤʝʪʨʠʠ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 

ʩʪʘʥʜʘʨʪʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ I ʠ II  ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʦʪ 80 ʜʦ 370 ʂ. ɿʥʘʯʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ 

ʬʫʥʢʮʠʡ ʧʨʠ T = 298.15 ʂ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 1. 

ʄʝʪʦʜʘʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 

ʩʪʘʥʜʘʨʪʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ I ʠ II  ʚ ʩʦʩʪʦʷʥʠʠ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʥʘ ʫʨʦʚʥʝ ʪʝʦʨʠʠ DFT B3LYP/6-311G+(3df, 2p) ʙʳʣ 

ʧʨʦʠʟʚʝʜʝʥ ʧʦʠʩʢ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʠʩʢ, ʘ 

ʪʘʢʞʝ ʨʘʩʯʸʪ ʯʘʩʪʦʪ ʥʦʨʤʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʜʣʷ T = 298.15 ʂ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 2. 

 
ʈʠʩ. 1. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʝʤʢʦʩʪʠ 5-(2-ʤʝʪʦʢʩʠ-4-ʥʠʪʨʦʬʝʥʠʣ)-ʬʫʨʘʥ-

2-ʢʘʨʙʘʣʴʜʝʛʠʜʘ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ 

mailto:sashaleinikova@gmail.com
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ʊʘʙʣʠʮʘ 1 

ʉʦʝʜʠʥʝʥʠʝ 
 

 

 

 

ɼʞĀʤʦʣʴ
ï1
Āʂ
ï1

 

I 281,0 Ñ 1,1 141,4 Ñ 0,6 229,2 Ñ 0,9 87,88 Ñ 0,35 

II  372,7 Ñ 1,5 190,7 Ñ 0,8 309,7 Ñ 1,2 118,9 Ñ 1,5 

ʊʘʙʣʠʮʘ 2 

ʉʦʝʜʠʥʝʥʠʝ 
 

 

 

 

ɼʞĀʤʦʣʴ
ï1
Āʂ
ï1

 

I 231,4  128,1 488,6 360,5  

II  330,8 196,6 672,1 475,6 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʅʀʈ 1.1.2 çʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʪʝʧʣʦʝʤʢʦʩʪʠ ʠ ʧʘʨʘʤʝʪʨʳ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʬʝʨʨʦʤʦʣʠʙʜʘʪʘ ʩʪʨʦʥʮʠʷ, 

ʜʦʧʠʨʦʚʘʥʥʦʛʦ ʙʘʨʠʝʤ ʠ ʣʘʥʪʘʥʦʤè (2021-2025 ʛʛ., ˉ 20211512). 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 
1. Kos R., Sobechko I., Horaak Y., Sergeev V., Dibrivnyi V. // Thermodynamic 

Characteristics of Ethyl-2-cyano-3-(furan-2-yl)-prop-2-enoate Derivatives // Modern 

Organic Chemistry Research. 2017. Vol. 2. ˉ 2. ʈ. 74ï80. 

2. ʇʫʥʷʢ ʄ., ɼʽʙʨʽʚʥʽʡ ɺ., ʉʦʙʝʯʢʦ ɯ., ʄʘʨʰʘʣʝʢ ɸ., ʉʝʨʛʝʝʚ ɺ., ɻʦʨʘʢ ʖ. // 

ʊʝʨʤʦʜʽʥʘʤʽʯʥʽ ʚʣʘʩʪʽʚʦʩʪʽ 5-(2-ʄʝʪʦʢʩʠ-4-ʥʽʪʨʦʬʝʥʽʣ)ʬʫʨʘʥ-2-ʢʘʨʙʘʣʴʜʝʛʽʜʫ // 

Visnyk of the Lviv University. Series Chemistry. 2014. Issue 55. Pt. 2. P. 366ï371 

3.  Blokhin A.V., Paulechka Y.U., Kabo G.J. // Journal of Chemical & Engineering 

Data. 2006. V. 51. ˉ 4. P. 1377-1388. 
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ʇʀʈʆʕʃɽʂʊʈʀʏɽʉʂʀʁ ʕʌʌɽʂʊ ɺ ʇʃɽʅʂɸʍ PVDF ʀ  

P(VDF-TrFE), ʇʆʃʋʏɽʅʅʓʍ ʄɽʊʆɼʆʄ 4D-ʇɽʏɸʊʀ 

ɸʣʝʢʩʘʥʜʨʦʚ ɽ.ɺ.
1
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1
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1
, ʉʦʣʦʧʘʝʚ ɸ.ɸ.

1
,  

ɿʘʚʴʷʣʦʚ ɸ.ʀ.
1
, ɹʝʣʦʚ ɸ.ʅ.

2
 

1
ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʚʝʨʴ 

2
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʕʊè, ɿʝʣʝʥʦʛʨʘʜ, 

ʄʦʩʢʚʘ 

e-mail: a.solnyshkin@mail.ru 
 

ʆʨʛʘʥʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʝ, 
ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʧʝʨʝʢʣʶʯʘʝʤʫʶ ʩʧʦʥʪʘʥʥʫʶ ʧʦʣʷʨʠʟʘʮʠʶ, 
ʥʘʭʦʜʷʪ ʚʩʸ ʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʝ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ 
ʢʘʯʝʩʪʚʝ ʚʦʣʥʦʚʦʜʦʚ ʠ ʀʂ ʩʝʥʩʦʨʦʚ, ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʦʡ 
ʧʘʤʷʪʠ ʩ ʥʝʨʘʟʨʫʰʘʶʱʠʤ ʩʯʠʪʳʚʘʥʠʝʤ (FeRAM) ʠ ʚ ʦʙʣʘʩʪʠ 
ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ (ʄʕʄʉ), ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥ ʥʘ 
ʧʴʝʟʦʵʬʬʝʢʪʝ. 

ʇʦʣʷʨʥʳʝ ʧʦʣʠʤʝʨ ʧʦʣʠʚʠʥʠʣʜʝʥʬʪʦʨʠʜ (PVDF) ʠ ʝʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 
ʩʦʧʦʣʠʤʝʨʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩ ʪʨʠʬʪʦʨʵʪʠʣʝʥʦʤ P(VDF-TrFE), ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 
ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʠ ʩʝʥʩʦʨʦʚ 
ʙʣʘʛʦʜʘʨʷ ʠʭ ʚʳʩʦʢʠʤ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʤ 
ʢʦʵʬʬʠʮʠʝʥʪʘʤ, ʥʝʙʦʣʴʰʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʧʣʸʥʦʯʥʳʭ 
ʩʪʨʫʢʪʫʨ ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤ. ʆʥʠ ʪʘʢʞʝ ʦʪʣʠʯʘʶʪʩʷ ʤʝʭʘʥʠʯʝʩʢʦʡ 
ʵʣʘʩʪʠʯʥʦʩʪʴʶ, ʫʩʪʦʡʯʠʚʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʠʟʛʦʪʦʚʣʝʥʠʷ. ɼʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʵʪʠʭ 
ʤʘʪʝʨʠʘʣʦʚ ʥʝʚʝʣʠʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʘʤʠ. 

ʊʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʦʣʫʯʝʥʠʷ ʪʦʥʢʠʭ ʧʣʝʥʦʢ PVDF ʠ ʝʛʦ 
ʩʦʧʦʣʠʤʝʨʦʚ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʨʘʩʧʣʘʚʘ ʠʣʠ ʨʘʩʪʚʦʨʘ. 
ʆʥʠ ʠʤʝʶʪ ʩʚʦʠ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʂ ʦʩʥʦʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʘʤ 
ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʧʨʦʩʪʦʪʫ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʧʦʣʫʯʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ ʧʦ 
ʧʣʦʱʘʜʠ ʦʙʨʘʟʮʦʚ ʠ ʪ.ʧ. ʆʜʥʠʤʠ ʠʟ ʚʘʞʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʷʚʣʷʶʪʩʷ 
ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʩʚʦʡʩʪʚ, ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʪʦʣʱʠʥʝ 
ʠ ʧʦ ʧʣʦʱʘʜʠ ʦʙʨʘʟʮʦʚ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʘʢʪʠʚʥʳʭ ʧʣʝʥʦʢ ʥʘ 
ʧʦʚʝʨʭʥʦʩʪʠ ʩʦ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʝʡ. ʉ ʦʧʠʩʘʥʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʤʦʞʥʦ 
ʩʧʨʘʚʠʪʴʩʷ, ʠʩʧʦʣʴʟʫʷ ʘʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ 
ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʣʝʥʦʢ PVDF ʠ P(VDF-TrFE), 
ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʤ 4D-ʧʝʯʘʪʠ. 

ʀʩʩʣʝʜʫʝʤʳʝ ʧʣʝʥʢʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʧʦʩʣʦʡʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʨʘʩʪʚʦʨʘ 
(MSD), ʩʦʜʝʨʞʘʱʝʛʦ PVDF ʠʣʠ P(VDF-TrFE) 72/28, ʥʘ ʥʘʛʨʝʪʫʶ 
ʧʦʚʝʨʭʥʦʩʪʴ. ʀʟʛʦʪʦʚʣʝʥʥʳʝ ʧʣʝʥʦʯʥʳʝ ʦʙʨʘʟʮʳ ʠʤʝʣʠ ʪʦʣʱʠʥʫ ʚ ʧʨʝʜʝʣʘʭ 
5 · 15 ʤʢʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʧʝʯʘʪʠ. ʀʩʭʦʜʥʳʝ ʦʙʨʘʟʮʳ ʥʝ ʦʙʣʘʜʘʣʠ 
ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ, ʯʪʦ ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ ʧʦ ʦʪʩʫʪʩʪʚʠʶ 
ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʧʦʣʷʨʠʟʘʮʠʠ ʧʦʣʝʤ 
ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ ʧʦʣʠʤʝʨʥʳʝ ʧʣʝʥʦʯʥʳʝ ʦʙʨʘʟʮʳ ʙʳʣʠ ʧʦʣʷʨʠʟʦʚʘʥʳ ʚ 
ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʝʧʣʦʚʳʭ ʫʩʣʦʚʠʷʭ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ ʬʦʨʤʠʨʦʚʘʥʠʝ 
ʫʥʠʧʦʣʷʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩ ʥʝʥʫʣʝʚʦʡ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ P. 
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ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ 
ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʢ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ, ʪʘʢ ʠ ʥʝʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʧʣʝʥʦʢ ʤʝʪʦʜʦʤ 
ʚʘʢʫʫʤʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʥʘʥʦʩʠʣʠʩʴ ʘʣʶʤʠʥʠʝʚʳʝ ʵʣʝʢʪʨʦʜʳ. ʀʟʫʯʝʥʠʝ 
ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʦʚʦʜʠʣʦʩʴ ʜʠʥʘʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʫʣʷʮʠʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʠʤʧʫʣʴʩʘʤʠ ʧʨʷʤʦʫʛʦʣʴʥʦʡ 
ʬʦʨʤʳ ʚ ʯʘʩʪʦʪʥʦʤ ʠʥʪʝʨʚʘʣʝ 10

ï1
 ï 10

3
 ɻʮ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʣʘʟʝʨʥʳʡ ʤʦʜʫʣʴ CLM-1845 IR-980 (l = 980 ʥʤ). 
ʄʦʱʥʦʩʪʴ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 220 ʤɺʪ. 

ʍʘʨʘʢʪʝʨʠʟʘʮʠʷ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ 
ʚʦʟʜʝʡʩʪʚʠʠ ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ ʢʘʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 
ʦʙʨʘʟʮʦʚ, ʦʙʨʘʱʝʥʥʫʶ ʚʦ ʚʨʝʤʷ ʧʦʣʷʨʠʟʘʮʠʠ ʢ ʘʥʦʜʫ (ʩʪʦʨʦʥʘ ʩ ʚʳʭʦʜʦʤ çï
èP), ʪʘʢ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʦʚ, ʦʙʨʘʱʝʥʥʫʶ ʚʦ ʚʨʝʤʷ ʧʦʣʷʨʠʟʘʮʠʠ ʢ 
ʢʘʪʦʜʫ (ʩʪʦʨʦʥʘ ʩ ʚʳʭʦʜʦʤ ç+èP). ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʠʟʣʫʯʝʥʠʷ ʥʘ ʩʪʦʨʦʥʫ 
ʦʙʨʘʟʮʦʚ PVDF ʠ P(VDF-TrFE) ʩ ʚʳʭʦʜʦʤ çïèP ʬʦʨʤʘ ʥʘʙʣʶʜʘʝʤʦʛʦ 
ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʦʨʤʝ ʦʧʦʨʥʦʛʦ ʩʠʛʥʘʣʘ, ʪ.ʝ. 

ʷʚʣʷʝʪʩʷ ʧʨʷʤʦʫʛʦʣʴʥʦʡ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʧʝʨʠʦʜ ʤʦʜʫʣʷʮʠʠ (t) ʪʝʧʣʦʚʦʛʦ 
ʧʦʪʦʢʘ ʤʝʥʴʰʝ ʭʘʨʘʢʪʝʨʥʦʡ ʪʝʧʣʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ (Űth) ʠʩʩʣʝʜʫʝʤʳʭ 
ʧʣʝʥʦʢ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʣʷʨʠʟʘʮʠʠ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ 
ʦʙʨʘʟʮʦʚ ʩ ʚʳʭʦʜʦʤ çïè P. 

ɺʦʟʜʝʡʩʪʚʠʝ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʥʘ ʦʙʨʘʪʥʫʶ ʩʪʦʨʦʥʫ ʧʦʣʠʤʝʨʥʳʭ 
ʦʙʨʘʟʮʦʚ ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʬʘʟʳ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʠ 
ʫʤʝʥʴʰʝʥʠʝ ʝʛʦ ʘʤʧʣʠʪʫʜʳ. ʌʦʨʤʘ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʩʭʦʞʘ ʩ 
ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʦʡ, ʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʧʘʜ ʩʠʛʥʘʣʘ ʚ ʤʦʤʝʥʪ ʜʝʡʩʪʚʠʷ 
ʪʝʧʣʦʚʦʛʦ ʠʤʧʫʣʴʩʘ ʠ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ. ɺ 
ʨʝʟʫʣʴʪʘʪʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʥʝʦʜʥʦʨʦʜʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 
ʧʦʣʷʨʠʟʘʮʠʠ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʩ ʚʳʭʦʜʦʤ ç+èP (ʩʪʦʨʦʥʘ, 
ʦʙʨʘʱʝʥʥʘʷ ʚʦ ʚʨʝʤʷ ʧʦʣʷʨʠʟʘʮʠʠ ʢ ʢʘʪʦʜʫ). 

ʆʪʣʠʯʠʷ ʚ ʧʦʚʝʜʝʥʠʠ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 
ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʩʪʦʨʦʥʳ ʦʙʨʘʟʮʦʚ 
ʩʚʷʟʘʥʳ ʩ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦʣʷʨʠʟʘʮʠʠ ʢʘʢ ʚ ʠʭ ʦʙʲʝʤʝ, ʪʘʢ 
ʠ ʚ ʝʛʦ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ. ʈʘʟʥʠʮʘ ʟʥʘʯʝʥʠʡ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 
ʦʪʢʣʠʢʘ ʦʙʨʘʟʮʦʚ, ʨʝʛʠʩʪʨʠʨʫʝʤʘʷ ʜʣʷ ʨʘʟʥʳʭ ʩʪʦʨʦʥ, ʚʝʨʦʷʪʥʦ, ʦʙʲʷʩʥʷʝʪʩʷ 
ʪʝʤ, ʯʪʦ ʧʨʠ ʧʦʣʷʨʠʟʘʮʠʠ ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʠʟ ʢʘʪʦʜʘ 
ʚ ʧʦʣʠʤʝʨ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʨʘʟʨʫʰʝʥʠʶ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʠ ʦʙʨʘʟʦʚʘʥʠʶ 
ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ. ʕʪʦ ʩʥʠʞʘʝʪ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʥʝʢʦʪʦʨʳʭ ʫʯʘʩʪʢʦʚ 
ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʦʯʝʢ ʠ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʦʣʷʨʠʟʘʮʠʠ ʙʣʠʞʝ ʢ 
ʧʦʚʝʨʭʥʦʩʪʠ, ʦʙʨʘʱʝʥʥʦʡ ʢ ʢʘʪʦʜʫ. 

ɺ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠ 
ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʫʢʘʟʘʥʥʳʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʧʣʝʥʦʢ PVDF ʠ P(VDF-TrFE), ʧʦʣʫʯʝʥʥʳʭ 
ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠ ʤʝʪʦʜʦʤ 4D-ʧʝʯʘʪʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʩʨʝʜʩʪʚ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 
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ɸʅɸʃʀɿ ʊɽʄʇɽʈɸʊʋʈʅʓʍ ʀ ɹɸʈʀʏɽʉʂʀʍ ɿɸɺʀʉʀʄʆʉʊɽʁ 

ʕʌʌɽʂʊʀɺʅʆʁ ʊɽʇʃʆʇʈʆɺʆɼʅʆʉʊʀ ɽʉʊɽʉʊɺɽʅʅʓʍ ʀ 

ʀʉʂʋʉʉʊɺɽʅʅʓʍ ʂʆʄʇʆɿʀʎʀʆʅʅʓʍ ʄɸʊɽʈʀɸʃʆɺ 
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1,2,3,*
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1,2
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5
, ɿʘʨʠʯʥʷʢ ʖ.ʇ. 

6
 , ʕʬʝʥʜʠʝʚʘ ʄ.ʈ. 
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ɺ ʥʘʰʠʭ ʥʝʜʘʚʥʠʭ ʨʘʙʦʪʘʭ [1, 2] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʙʘʨʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʭʦʨʦʰʦ 

ʦʧʠʩʳʚʘʝʪʩʷ ʩʪʝʧʝʥʥʳʤ ʟʘʢʦʥʦʤ 

 ()( )( )( ))(1
00

0

0
1),(

Pn
T TTPPT

n
dll

-Ö
Ö+Ö= , (1) 

ʛʜʝ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʙʘʨʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʝ ʟʥʘʯʝʥʠʝʤ ʧʨʠ ʦʜʥʦʡ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ 

ʦʢʦʣʦʥʫʣʝʚʦʤ ʜʘʚʣʝʥʠʠ 0l, ʟʥʘʯʝʥʠʝʤ ʩʪʝʧʝʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ 0n  ʠ ʤʘʣʳʭ ʙʝʟʨʘʟʤʝʨʥʳʭ ʬʫʥʢʮʠʡ ()PT0
d  ʠ )(Pn , ʦʙʳʯʥʦ 

ʧʨʝʜʩʪʘʚʠʤʳʭ ʚ ʚʠʜʝ ʜʚʫʭʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ. 

ʂʘʢ ʧʦʢʘʟʘʣ ʘʥʘʣʠʟ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ (ʩʤ. 

ʦʙʟʦʨ [3]), ʟʘʚʠʩʠʤʦʩʪʠ ()PT0
d  ʠ )(Pn  ʯʘʩʪʦ ʩʠʣʴʥʦ ʢʦʨʨʝʣʠʨʦʚʘʥʥʳ ʠ 

ʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ()PʉP TT 00
)( dn Ö= , ʛʜʝ 

0Tʉ  ï ʢʦʥʩʪʘʥʪʘ, ʟʘʚʠʩʷʱʘʷ 

ʦʪ ʚʳʙʦʨʘ T0. ʊʘʢ ʢʘʢ ()PT0
d  ʠ 

0Tʉ  ʟʘʚʠʩʷʪ ʦʪ T0, ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʚʦʟʤʦʞʝʥ 

ʚʳʙʦʨ ʪʘʢʦʡ T0, ʧʨʠ ʢʦʪʦʨʦʡ 1
0
=Tʉ  [2-5]. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʳ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʜʨʫʛʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʚʭʦʜʷʱʠʤʠ ʚ (1) ʠ 

ʦʧʠʩʘʥʠʷ ʬʫʥʢʮʠʡ ()PT0
d  ʠ )(Pn  [4, 5].  

ʇʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ( ))(10 Pnn n-Ö=  

ʦʙʳʯʥʦ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ ï1 (ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʦʨʝʪʠʯʝʩʢʠʤ 

ʦʮʝʥʢʘʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʚʦʣʥʦʚʳʤ ʤʝʭʘʥʠʟʤʦʤ ʪʝʧʣʦʧʝʨʝʥʦʩʘ [6, 7]) ʜʦ +0.5 (ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʦʮʝʥʢʘʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʘʤʦʨʬʥʳʭ ʩʨʝʜ). ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʩʦʙʝʥʥʦ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ, ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴʩʷ ʠ ʙ·ʣʴʰʠʝ ʦʪʨʠʮʘʪʝʣʴʥʳʝ 
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ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ n. ʌʫʥʢʮʠʷ )(Pn  ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. [5] 

ɺʦʧʨʦʩʳ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʳʙʦʨʘ T0, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟ ʚʭʦʜʷʱʠʭ ʚ ʬʫʥʢʮʠʠ 

()PT0
d  ʠ )(Pn  ʧʘʨʘʤʝʪʨʦʚ, ʠʭ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ, ʘ ʪʘʢʞʝ ʛʨʘʥʠʮʳ 

ʧʨʠʤʝʥʠʤʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢʘʢ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʙʘʨʠʯʝʩʢʦʤ 

ʜʠʘʧʘʟʦʥʝ, ʪʘʢ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʥʦʡ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʨʘʩʯʸʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, 

ʚʟʷʪʳʭ ʠʟ [8-12 ʠ ʜʨ.] ʷʚʣʷʶʪʩʷ ʧʨʝʜʤʝʪʦʤ ʦʙʩʫʞʜʝʥʠʷ ʚ ʥʘʩʪʦʷʱʝʤ ʜʦʢʣʘʜʝ.  
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ɻʝʪʝʨʦʛʝʥʥʦ-ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʩʧʠʨʪʦʚ 

ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ʩʣʦʞʥʳʭ ʤʥʦʛʦʩʪʘʜʠʡʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ɺ 
ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠʤʝʥʷʶʪ ʤʝʪʘʣʣʳ (Cu, Ag, Au, 
Fe, Mo ʠ ʜʨ.), ʦʢʩʠʜʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ (CuO+Cu2O, V2O5, Cr2O3, MoO3), 
ʩʤʝʩʠ ʦʢʩʠʜʦʚ ʠ ʩʦʣʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ (ʚʘʥʘʜʘʪʳ, ʚʦʣʴʬʨʦʤʘʪʳ, 
ʩʪʘʥʥʘʪʳ ʠ ʤʦʣʠʙʜʘʪʳ ʮʠʥʢʘ, ʢʦʙʘʣʴʪʘ, ʚʠʩʤʫʪʘ ʠ ʜʨ.). ʇʨʦʮʝʩʩʳ ʧʨʦʪʝʢʘʶʪ 
ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 350-500

0
ʉ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʧʦ 

ʮʝʣʝʚʦʤʫ ʧʨʦʜʫʢʪʫ. 
ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʩʧʠʨʪʦʚ ʚ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 
ʮʝʦʣʠʪʘʭ.    

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʮʝʦʣʠʪʳ 
ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʦʤ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʠʦʥʘʤʠ ʤʝʜʠ ʠ ʧʘʣʣʘʜʠʷ 
ʧʨʦʷʚʣʷʶʪ ʚʳʩʦʢʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʷʭ ʦʢʠʩʣʝʥʠʷ 
ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʩʧʠʨʪʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 160-250

0
ʉ. ʆʙʱʫʶ ʢʠʥʝʪʠʯʝʩʢʫʶ 

ʩʭʝʤʫ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʩʧʠʨʪʦʚ ʥʘ 
ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʮʝʦʣʠʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ 
ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:   

 
 
 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 
ʜʘʥʥʳʭ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʩʣʝʜʫʶʱʠʡ ʩʪʘʜʠʡʥʳʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ 
ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʩʧʠʨʪʦʚ ʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʮʝʦʣʠʪʘʭ: 

 
ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʩʪʘʜʠʡʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʢʠʥʝʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʣʷ ʨʝʘʢʮʠʡ ʦʢʠʩʣʝʥʠʷ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʩʧʠʨʪʦʚ ʉ2-ʉ5. 
ɺ ʯʘʩʪʥʦʩʪʠ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ ʵʪʠʣʦʚʦʛʦ, ʥ-
ʧʨʦʧʠʣʦʚʦʛʦ, ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ, ʠʟʦʙʫʪʠʣʦʚʦʛʦ, ʥ-ʙʫʪʠʣʦʚʦʛʦ, ʚʪʦʨ-
ʙʫʪʠʣʦʚʦʛʦ, ʘʤʠʣʦʚʦʛʦ ʠ ʠʟʦʘʤʠʣʦʚʦʛʦ ʩʧʠʨʪʦʚ.  

RCH2OH RCHO RCOOH RCOOCH2R 

CO2+ H2O 

+O2 

-

+0.5O2 

-

+O2 

+RCH2OH 
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ʋʯʠʪʳʚʘʷ ʠʜʝʥʪʠʯʥʦʩʪʴ ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʵʪʠʭ ʩʧʠʨʪʦʚ ʥʘ 
ʮʝʦʣʠʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ, ʠʭ ʢʠʥʝʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠʤʝʣʠ ʦʜʠʥʘʢʦʚʫʶ 
ʬʦʨʤʫ. ʊʦʛʜʘ ʢʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʨʙʦʥʠʣʴʥʳʭ 
ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʨʦʮʝʩʩʦʚ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 
ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 
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ʛʜʝ r ï ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ; SpirtP , 
2OP ï ʧʘʨʮʠʘʣʴʥʳʝ ʜʘʚʣʝʥʠʷ ʩʧʠʨʪʘ ʠ 

ʢʠʩʣʦʨʦʜʘ; Brk ï ʙʨʫʪʪʦ-ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 
ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ.      

ʉʦʛʣʘʩʥʦ ʚʳʰʝʧʨʠʚʝʜʝʥʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ 
ʩʧʦʩʦʙʥʦʩʪʠ ʦʢʠʩʣʝʥʠʷ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʩʧʠʨʪʦʚ ʉ2-ʉ5 ʚ ʢʘʨʙʦʥʠʣʴʥʳʝ 
ʩʦʝʜʠʥʝʥʠʷ ʙʫʜʝʪ ʜʦʩʪʘʪʦʯʥʦ ʩʦʧʦʩʪʘʚʠʪʴ ʙʨʫʪʪʦ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʠʭ 
ʢʠʥʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ (ʪʘʙʣʠʮʘ).   

ʊʘʙʣʠʮʘ. ɹʨʫʪʪʦ-ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ 

i ʉʧʠʨʪ 
ɹʨʫʪʪʦ ʢʦʥʩʪʘʥʪʳ 

0

ilnk  
Ei, ʢʢʘʣ/ʤʦʣʴ 

1 ʵʪʠʣʦʚʳʡ ʩʧʠʨʪ 12,5 10,2 
2 ʥ-ʧʨʦʧʠʣʦʚʳʡ ʩʧʠʨʪ 15,9 11,2 
3 ʠʟʦʧʨʦʧʘʥʦʣ 4,68 13,77 

4 ʥ-ʙʫʪʠʣʦʚʳʡ ʩʧʠʨʪ 8,2 7,15 
5 ʠʟʦʙʫʪʠʣʦʚʳʡ ʩʧʠʨʪ 28,27 11,39 

6 ʚʪʦʨ-ʙʫʪʠʣʦʚʳʡ ʩʧʠʨʪ 7,19 9,1 
7 ʘʤʠʣʦʚʳʡ ʩʧʠʨʪ 16,8 8,9 
8 ʠʟʦʘʤʠʣʦʚʳʡ ʩʧʠʨʪ 13,68 10,2 

 ʇʦʩʢʦʣʴʢʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ ʥʘ 
ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʮʝʦʣʠʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ 
ʧʨʠʨʦʜʫ, ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʡ ʧʦʯʪʠ ʦʜʠʥʘʢʦʚʳ (ʪʘʙʣʠʮʘ 
1). ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʮʝʣʝʚʳʭ 
ʧʨʦʜʫʢʪʦʚ, ʜʦʩʪʘʪʦʯʥʦ ʩʨʘʚʥʠʪʴ ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʝ ʤʥʦʞʠʪʝʣʠ ʢʦʥʩʪʘʥʪ 
ʙʨʫʪʪʦ ʩʢʦʨʦʩʪʝʡ. ʀʟ ʜʘʥʥʳʭ ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ: 
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5 lnklnklnklnklnklnklnklnk >>>>>>>  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʙʨʫʪʪʦ 
ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʝʡ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʧʠʨʪʦʚ, ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʩʣʝʜʫʶʱʠʡ 
ʨʷʜ ʠʭ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ:  

OHHC-ʠʟʦ>OHHC-ʚʪʦʨ>OHHC-ʥ>OHHC

>OHHC-ʠʟʦ>OHHC-ʥ>OHHC-ʥ>OHHC-ʠʟʦ

94949452

1157311594   
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ʆʉʆɹɽʅʅʆʉʊʀ ʉʊʈʋʂʊʋʈʓ ʉʃʀʊʂʆɺ PbSb2Te4, ɺʓʈɸʑɽʅʅʓʍ 

ʄɽʊʆɼʆʄ ʏʆʍʈɸʃʔʉʂʆɻʆ 

ɸʣʷʙʴʝʚ ɸ.ʖ.
1
, ʅʝʤʦʚ ʉ.ɸ.

1,2
, ɸʥʜʨʝʝʚʘ ɺ.ɼ.

2
 

1
ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʕʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ  

çʃʕʊʀè ʠʤ. ɺ.ʀ. ʋʣʴʷʥʦʚʘ (ʃʝʥʠʥʘ)è, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 
2
 ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʇʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ, 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

e-mail: alyabjev_au@mail.ru  

 

ʊʨʦʡʥʳʝ ʪʝʪʨʘʜʠʤʠʪʦʧʦʜʦʙʥʳʝ ʩʦʝʜʠʥʝʥʠʷ PbSb2Te4, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ 

ʩʠʩʪʝʤʘʭ PbïSbïTe, ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʘʫʯʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʚʚʠʜʫ ʠʭ 

ʚʦʟʤʦʞʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʠʟʦʣʷʪʦʨʦʚ [1]. 

ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʥʘʤʠ ʩʣʠʪʢʠ, ʚʳʨʘʱʝʥʥʳʝ ʤʝʪʦʜʦʤ ʏʦʭʨʘʣʴʩʢʦʛʦ ʚ 

ʀʥʩʪʠʪʫʪʝ ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠʤ. ɸ.ɸ. ɹʘʡʢʦʚʘ ʈɸʅ ʠʤʝʶʪ 

ʨʦʤʙʦʵʜʨʠʯʝʩʢʫʶ ʩʣʦʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʦʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʢʦʪʦʨʦʡ 

ʷʚʣʷʝʪʩʷ ʩʝʤʠʩʣʦʡʥʳʡ ʧʘʢʝʪ ʘʪʦʤʦʚ Te-Sb-Te-Pb-Te-Sb-Te [2].  

Cʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʧʝʨʠʪʝʢʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ: 

  PbSb2Te4 ᵮ PbTe + Sb2Te3, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʢʘʟʘʪʴ ʤʥʦʛʦʬʘʟʥʫʶ ʩʪʨʫʢʪʫʨʫ ʦʙʨʘʟʮʦʚ.   

ɺʳʧʦʣʥʝʥʥʳʡ ʥʘʤʠ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʬʘʟʦʚʳʡ ʘʥʘʣʠʟ (ʜʠʬʨʘʢʪʦʤʝʪʨ Bruker D8 Advance, Cu-

KŬ-ʠʟʣʫʯʝʥʠʝ ʩ ʥʠʢʝʣʝʚʳʤ ʬʠʣʴʪʨʦʤ) ʩʝʨʠʠ ʦʙʨʘʟʮʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 2-ʭ ʬʘʟʥʳʡ ʩʦʩʪʘʚ, ʚʪʦʨʘʷ ʬʘʟʘ Sb2Te3 ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ (20-30%) ʚʦ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ (ʈʠʩʫʥʦʢ 

1). 

 

 
ʈʠʩʫʥʦʢ 1 ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʩʝʨʠʠ ʦʙʨʘʟʮʦʚ PbSb2Te4  

(ʠʥʜʝʢʩʳ ʜʠʬʨʘʢʮʠʠ ʩʦ ʟʥʘʯʢʦʤ * - ʧʨʠʥʘʜʣʝʞʘʪ ʬʘʟʝ Sb2Te3, ʙʝʟ ʟʚʝʟʜʦʯʢʠ ï PbSb2Te4). 
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ɼʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʧʦʢʘʟʳʚʘʝʪ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʚ ʩʣʠʪʢʘʭ 

ʚʢʣʶʯʝʥʠʡ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʨʘʟʤʝʨʘʤʠ ʧʦʨʷʜʢʘ 100 ʥʘʥʦʤʝʪʨʦʚ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʨʘʥʝʝ ʚʳʧʦʣʥʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʝʥʠʡ ʧʝʨʝʥʦʩʘ, 

ʚʢʣʶʯʘʶʱʝʝ ʚ ʩʝʙʷ ʩʦʚʤʝʩʪʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʪʝʨʤʦʵʜʩ, ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʍʦʣʣʘ ʠ 

ʧʦʧʝʨʝʯʥʦʛʦ ʵʬʬʝʢʪʘ ʅʝʨʥʩʪʘ-ʕʪʪʠʥʛʩʛʘʫʟʝʥʘ  ʥʝ ʦʙʥʘʨʫʞʠʚʘʶʪ ʟʘʤʝʪʥʳʭ 

ʘʥʦʤʘʣʠʡ [3].   

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʦʚ ʩ 

ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (ʉʕʄ) Mira3 Tescan ʩ 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʥʳʤ ʜʝʪʝʢʪʦʨʦʤ EDX Oxford Instruments X-Max 80 ʜʣʷ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ [4], ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ. ʆʙʨʘʟʮʳ ʩʦʩʪʦʷʪ ʠʟ 

ʜʚʫʭ ʬʘʟ: ʙʦʣʝʝ ʩʚʝʪʣʳʝ ʫʯʘʩʪʢʠ, ʦʙʦʛʘʱʝʥʥʳʝ ʩʚʠʥʮʦʤ ï ʬʘʟʘ PbSb2Te4 ʠ 

ʙʦʣʝʝ ʪʝʤʥʳʝ ʫʯʘʩʪʢʠ, ʦʙʦʛʘʱʝʥʥʳʝ Sb ʠ Te ï ʬʘʟʘ Sb2Te3. ʌʘʟʘ Sb2Te3 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʘ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʦʙʨʘʟʮʘ.  

ʆʙʥʘʨʫʞʝʥʥʘʷ ʩʣʦʞʥʘʷ ʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ 

ʠʟʚʝʩʪʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʧʝʢʪʨʦʚ ʦʪʨʘʞʝʥʠʷ ʩʚʝʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʠʪʢʦʚ, ʘ 

ʠʤʝʥʥʦ ʜʚʦʡʥʦʡ ʤʠʥʠʤʫʤ ʠ ʪʦʯʢʘ ʧʝʨʝʛʠʙʘ ʚ ʦʙʣʘʩʪʠ ʯʘʩʪʦʪ 1000 ʩʤ
-1 

[5]. 

ʂʘʞʜʘʷ ʠʟ ʜʚʫʭ ʜʦʤʠʥʠʨʫʶʱʠʭ ʬʘʟ ʚʥʦʩʠʪ ʩʚʦʡ ʚʢʣʘʜ ʚ ʩʧʝʢʪʨ ʦʪʨʘʞʝʥʠʷ, 

ʯʝʤ ʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʥʘʣʠʯʠʝ ʚ ʩʧʝʢʪʨʝ ʜʚʫʭ ʤʠʥʠʤʫʤʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʚ, ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʥʘʤʠ ʩʣʠʪʢʠ PbSb2Te4, ʥʝʩʤʦʪʨʷ ʥʘ 

ʩʦʚʝʨʰʝʥʩʪʚʦ ʤʝʪʦʜʘ ʏʦʭʨʘʣʴʩʢʦʛʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʜʝʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʥʦʛʦʬʘʟʥʳʝ ʧʦʣʠʢʨʠʩʪʘʣʣʳ ʩ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʦʡ 

ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ.  
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ɿʘʜʘʯʘ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʪʭʦʜʘʤʠ 

ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. ʉ 

ʢʘʞʜʳʤ ʛʦʜʦʤ ʦʙʲʝʤ ʧʦʣʠʤʝʨʥʳʭ ʦʪʭʦʜʦʚ ʚʦʟʨʘʩʪʘʝʪ ʥʘ ʤʠʣʣʠʦʥʳ ʪʦʥʥ.  

ʇʦʣʠʢʘʨʙʦʥʘʪʳ ʩʪʘʣʠ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʪʦʨʳʭ ʨʘʩʪʝʪ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ. ʆʙʲʝʤ ʦʪʭʦʜʦʚ 

ʧʦʣʠʢʘʨʙʦʥʘʪʦʚ ʫʞʝ ʜʦʩʪʠʛʘʝʪ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʪʳʩʷʯ ʪʦʥʥ ʝʞʝʛʦʜʥʦ. ʀʟ-ʟʘ 

ʚʦʟʜʝʡʩʪʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʧʦʣʠʢʘʨʙʦʥʘʪʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʛʠʜʨʦʣʠʟʫ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʠʩʬʝʥʦʣʘ ɸ. ʇʦʩʢʦʣʴʢʫ ʙʠʩʬʝʥʦʣ ɸ ʷʚʣʷʝʪʩʷ 

ʚʳʩʦʢʦʪʦʢʩʠʯʥʳʤ ʚʝʱʝʩʪʚʦʤ, ʝʛʦ ʧʦʧʘʜʘʥʠʝ ʚ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ ʩʯʠʪʘʝʪʩʷ 

ʥʝʧʨʠʝʤʣʝʤʳʤ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʨʝʮʠʢʣʠʥʛʘ ʦʪʭʦʜʦʚ 

ʧʦʣʠʢʘʨʙʦʥʘʪʦʚ, ʢʦʪʦʨʳʝ ʠʩʢʣʶʯʘʶʪ ʚʳʙʨʦʩʳ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ 

ʧʦʟʚʦʣʷʶʪ ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʭʠʤʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ɸʤʠʥʦʣʠʟ ʧʦʣʠʢʘʨʙʦʥʘʪʦʚ ʩ ʧʦʟʠʮʠʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʭʠʤʠʠ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ. ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʦʧʠʩʘʥ ʥʠ ʤʝʭʘʥʠʟʤ, ʥʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʵʪʠʭ ʨʝʘʢʮʠʡ ʧʨʠʦʙʨʝʪʘʝʪ 

ʦʩʦʙʫʶ ʚʘʞʥʦʩʪʴ ʜʣʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ. 

ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʤʝʭʘʥʠʟʤʘ ʵʪʠʭ ʨʝʘʢʮʠʡ ʦʩʣʦʞʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʘʤʠʥʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʠʣʴʥʦ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ 

ʤʝʭʘʥʠʟʤʘ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʘʣʢʦʛʦʣʠʟʘ 

ʇʂ ʥʘʤʠ ʩ ʧʦʤʦʱʴʶ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ B3LYP/6-311++G(df,p) 

ʙʳʣʘ ʠʟʫʯʝʥʘ ʤʦʜʝʣʴʥʘʷ ʨʝʘʢʮʠʷ - ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʠʵʪʠʣʢʘʨʙʦʥʘʪʘ ʩ 

ʤʝʪʠʣʘʤʠʥʦʤ. ʇʨʦʚʝʜʝʥʥʦʝ ʥʘʤʠ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʨʝʘʢʮʠʠ 

ʜʠʵʪʠʣʢʘʨʙʦʥʘʪʘ ʩ ʤʦʥʦʤʝʨʦʤ ʤʝʪʠʣʘʤʠʥʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʩʪʘʜʠʠ (ʨʝʘʢʮʠʠ 1-4): 

 

mailto:samuilov.alex@yandex.


ʏʝʪʳʨʥʘʜʮʘʪʘʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

çʍʠʤʠʯʝʩʢʘʷ ʪʝʨʤʦʜʠʥʘʤʠʢʘ ʠ ʢʠʥʝʪʠʢʘè  
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ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʘʢʪʠʚʘʮʠʠ ʠ 

ʨʝʘʢʮʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʨʝʚʨʘʱʝʥʠʡ. 
ʊʘʙʣʠʮʘ 1.  

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʘʢʪʠʚʘʮʠʠ ʠ ʨʝʘʢʮʠʡ ʘʤʠʥʦʣʠʟʘ ʜʠʵʪʠʣʢʘʨʙʦʥʘʪʘ 

ʤʦʥʦʤʝʨʦʤ ʠ ʜʠʤʝʨʦʤ ʤʝʪʠʣʘʤʠʥʘ ʧʨʠ 298ʂ. 

ʈʝʘʢʮʠʷ æG
Í
, 

ʢɼʞ/ʤʦʣʴ 
æʅ

Í
, 

ʢɼʞ/ʤʦʣʴ 
æS
Í
, 

ɼʞ/(ʤʦʣʴÖK) 

æG, 
ʢɼʞ/ʤʦʣʴ 

æʅ, 
ʢɼʞ/ʤʦʣʴ 

æS, 

ɼʞ/(ʤʦʣʴÖK) 

1 219.2 167.3 -174 -22.3 -19.2 10.3 

2 258.4 203.0 -185.8 -49.0 28.0 162.9 

3 194.9 122.8 -241.9 -35.9 -34.4 -5.2 

4 256.5 175.7 -271.0 -2.5 -10.3 -25.8 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʦʡ ʪʘʙʣʠʮʳ ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʠʤ ʘʢʪʠʚʘʮʠʦʥʥʳʤ ʙʘʨʴʝʨʦʤ, ʯʪʦ ʩʦʟʜʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʅʘʤʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʘʮʠʦʥʥʳʭ ʙʘʨʴʝʨʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʢʘʪʘʣʠʟʝ 

ʜʘʥʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʛʠʜʨʦʢʩʠʜʦʤ ʥʘʪʨʠʷ (ʨʝʘʢʮʠʠ 5-8): 

 

 

 

 
ɼʘʥʥʳʝ ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ. ɺ ʪʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʝʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ 
ʧʘʨʘʤʝʪʨʳ ʘʢʪʠʚʘʮʠʠ ʠ ʨʝʘʢʮʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʨʝʚʨʘʱʝʥʠʡ. 

ʊʘʙʣʠʮʘ 2.  

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʘʢʪʠʚʘʮʠʠ ʠ ʨʝʘʢʮʠʡ ʘʤʠʥʦʣʠʟʘ ʜʠʵʪʠʣʢʘʨʙʦʥʘʪʘ 

ʤʦʥʦʤʝʨʦʤ ʤʝʪʠʣʘʤʠʥʘ ʧʨʠ ʢʘʪʘʣʠʟʝ ʛʠʜʨʦʢʩʠʜʦʤ ʥʘʪʨʠʷ ʧʨʠ 298ʂ. 

ʈʝʘʢʮʠʷ æG
Í
, 

ʢɼʞ/ʤʦʣʴ 
æʅ
Í
,  

ʢɼʞ/ʤʦʣʴ 
æS
Í
,  

ɼʞ/(ʤʦʣʴÖK) 

æG, 
ʢɼʞ/ʤʦʣʴ 

æʅ,  
ʢɼʞ/ʤʦʣʴ 

æS,  

ɼʞ/(ʤʦʣʴÖK) 
5 27.3 -50.2 -259.8 24.1 -12.8 -120.7 

6 1.2 -0.9 -7.0 -62.8 -1.9 204.3 
7 67.1 -21.4 -296.9 71.8 22.9 -164.1 

8 0.5 -0.5 -3.1 -87.8 -24.6 212.3 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʪʘʙʣʠʮʳ 2, ʧʝʨʚʘʷ ʩʪʘʜʠʷ ï ʦʙʨʘʟʦʚʘʥʠʝ 
ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ (ʨʝʘʢʮʠʠ 5 ʠ 7) ʧʨʦʪʝʢʘʝʪ ʩ ʧʦʚʳʰʝʥʠʝʤ 
ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ, ʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʝʥʴʰʠʤ ʘʢʪʠʚʘʮʠʦʥʥʳʤ ʙʘʨʴʝʨʦʤ 
ʯʝʤ ʥʝʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ. ɺʪʦʨʘʷ ʩʪʘʜʠʷ (ʨʝʘʢʮʠʠ 6 ʠ 8) ʧʨʦʪʝʢʘʝʪ 
ʯʝʨʝʟ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʘʢʪʠʚʘʮʠʦʥʥʳʡ ʙʘʨʴʝʨ ʠ ʩ ʙʦʣʴʰʠʤ ʫʤʝʥʴʰʝʥʠʝʤ 
ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ.  



ʏʝʪʳʨʥʘʜʮʘʪʘʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

çʍʠʤʠʯʝʩʢʘʷ ʪʝʨʤʦʜʠʥʘʤʠʢʘ ʠ ʢʠʥʝʪʠʢʘè  
 

~ 37 ~ 
 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ʂɸʊʀʆʅʆɺ ʀ ɸʅʀʆʅʆɺ ʅɸ 

ʂʀʅɽʊʀʂʋ ʇʈʆʎɽʉʉɸ ʉɸʄʆʉɹʆʈʂʀ ɺ ʉʀʉʊɽʄɽ  

L-ʎʀʉʊɽʀʅ/AgNO3 

ɸʥʜʨʠʘʥʦʚʘ ʗ.ɺ., ɹʫʨʣʘʢʦʚ ɽ.ʉ., ʅʝʝʣʦʚʘ ɸ.,  

ɺʠʰʥʝʚʝʮʢʠʡ ɼ.ɺ., ʇʘʭʦʤʦʚ ʇ.ʄ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʚʝʨʴ 

e-mail: nuri-chan-87@mail.ru 

 

ʉʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʚ ʤʦʣʝʢʫʣʷʨʥʳʭ ʨʘʩʪʚʦʨʘʭ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʨʘʩʪʚʦʨʝʥʥʳʭ ʚʝʱʝʩʪʚ ï ʷʚʣʝʥʠʝ ʨʝʜʢʦʝ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʦʝ. 

ʇʨʦʮʝʩʩʳ ʩʘʤʦʩʙʦʨʢʠ ʧʨʠ ʫʯʘʩʪʠʠ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʶʪʩʷ 

ʫʥʠʢʘʣʴʥʳʤ ʷʚʣʝʥʠʝʤ ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ, ʪʘʢ ʠ 

ʧʨʠʢʣʘʜʥʦʡ ʥʘʫʢʠ. ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʛʠʜʨʦʛʝʣʴ ʥʘ ʦʩʥʦʚʝ 

ʘʤʠʥʦʢʠʩʣʦʪʳ L-ʮʠʩʪʝʠʥʘ ʠ ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ ʧʨʠ ʢʨʠʪʠʯʝʩʢʠ ʥʠʟʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ. ʀʥʠʮʠʘʪʦʨʘʤʠ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʪʘʢʠʭ ʧʨʦʮʝʩʩʘʭ 

ʚʳʩʪʫʧʘʶʪ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʣʠ ʤʝʪʘʣʣʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʘʤʦʩʙʦʨʢʠ 

ʦʙʨʘʟʫʶʪʩʷ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʠʟ ʤʦʣʝʢʫʣ ʤʝʨʢʘʧʪʠʜʘ ʩʝʨʝʙʨʘ ʠ 

ʚʚʦʜʠʤʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ (ʩʦʣʠ ʤʝʪʘʣʣʘ), ʟʘʧʫʩʢʘʷ ʜʘʣʴʥʝʡʰʠʡ ʧʨʦʮʝʩʩ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʥʩʘʤʙʣʷ ʠ ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʝʣʴ-ʩʝʪʢʠ [1]. ʅʝʜʘʚʥʦ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʯʥʦʛʦ ʛʝʣʷ ʥʝʦʙʭʦʜʠʤʦ ʫʯʘʩʪʠʝ, ʢʘʢ ʢʘʪʠʦʥʘ, ʪʘʢ ʠ ʘʥʠʦʥʘ 

ʩʦʣʠ [2]. ʆʜʥʘʢʦ, ʚʣʠʷʥʠʝ ʢʘʪʠʦʥʘ ʠ ʘʥʠʦʥʘ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʥʝ ʙʳʣʦ 

ʠʩʩʣʝʜʦʚʘʥʦ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʳ ʧʨʦʮʝʩʩʳ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʚ ʟʦʣʝ, 

ʧʦʣʫʯʝʥʥʦʤ ʥʘ ʦʩʥʦʚʝ L-ʮʠʩʪʝʠʥʘ ʠ AgNO3, ʧʨʠ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

ʥʠʪʨʘʪʘʤʠ ʤʝʪʘʣʣʦʚ, ʪ.ʢ. ʩ ʥʠʪʨʘʪ-ʘʥʠʦʥʦʤ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʷ 

ʛʠʜʨʦʛʝʣʷ, ʠ ʵʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʩʪʨʘʠʚʘʥʠʝ ʚ 

ʩʪʨʫʢʪʫʨʫ ʯʘʩʪʠʮ ʮʠʩʪʝʠʥ-ʩʝʨʝʙʨʷʥʦʛʦ ʟʦʣʷ (ʎʉɿ) ʠʤʝʥʥʦ ʢʘʪʠʦʥʘ ʩʦʣʠ, ʘ 

ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʘʥʠʦʥʘ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʦʡ ʩʦʣʠ ʧʨʠ 

ʦʜʥʦʠʤʝʥʥʦʤ ʤʝʪʘʣʣʝ. 

ɻʠʜʨʦʛʝʣʠ ʧʦʣʫʯʘʣʠ ʥʘ ʦʩʥʦʚʝ ʟʦʣʷ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʩʭʦʜʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ 0,01 ʄ ʠ ʩʦʦʪʥʦʰʝʥʠʠ L-ʮʠʩʪʝʠʥʘ/AgNO3: 1,00/1,25 ʧʫʪʝʤ 

ʚʚʝʜʝʥʠʷ ʥʠʪʨʘʪʦʚ, ʭʣʦʨʠʜʦʚ ʠ ʩʫʣʴʬʘʪʦʚ ʤʝʪʘʣʣʦʚ (Na
+
, K

+
, Cu

+2
, Mg

+2
, 

Ni
+2

, Co
+2

, Zn
+2

, Al
+3
) ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,01 ʄ. ʇʨʦʮʝʩʩʳ ʩʘʤʦʩʙʦʨʢʠ 

ʠʩʩʣʝʜʦʚʘʣʠ ʥʘ ʤʘʢʨʦ- (ʤʝʪʦʜʘʤʠ ʋʌ-, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ 

ʚʠʩʢʦʟʠʤʝʪʨʠʠ ʠʩʩʣʝʜʦʚʘʣʠ ʢʠʥʝʪʠʢʫ ʩʦʟʨʝʚʘʥʠʷ ʎʉɿ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘ ʝʛʦ 

ʦʩʥʦʚʝ ʛʝʣʷ) ʠ ʤʠʢʨʦ- (ʠʟʤʝʨʝʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʯʘʩʪʠʮ ʤʝʪʦʜʦʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ (ɼʈʉ), 

ʠʟʤʝʨʝʥʠʝ ʜʟʝʪʘ-ʧʦʪʝʥʮʠʘʣʘ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʤʝʪʦʜʘʤʠ ʨʅ-ʤʝʪʨʠʠ ʠ 

ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ) ʫʨʦʚʥʝ. ʇʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʛʠʜʨʦʛʝʣʝʡ ʦʮʝʥʠʚʘʣʠ ʧʦ ʧʷʪʠʙʘʣʣʴʥʦʡ ʰʢʘʣʝ [2]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʛʠʜʨʦʛʝʣʝʡ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʥʘʠʚʳʩʰʘʷ ʧʨʦʯʥʦʩʪʴ ʛʝʣʷ ʚ 5 ʙʘʣʣʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʵʣʝʢʪʨʦʣʠʪʘ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʟʘʨʷʜʘ, ʧʨʠʨʦʜʳ ʠ 

ʩʠʣʳ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠʦʥʘ. ʇʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʠʜʨʦʛʝʣʷ ʚ 
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5 ʙʘʣʣʦʚ ʜʣʷ AlCl3 ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʪʝʯʝʥʠʝ 3 ʜʥʝʡ, NaCl - 1 ʥʝʜʝʣʠ ʠ CuCl2 -1 

ʤʝʩʷʮʘ, ʘ ʜʣʷ ʩʫʣʴʬʘʪʦʚ ʪʝʭ ʞʝ ʤʝʪʘʣʣʦʚ ʪʦʣʴʢʦ ʜʣʷ CuSO4 ʩʦʭʨʘʥʷʝʪʩʷ ʚʦ 

ʚʨʝʤʝʥʠ ʚʷʟʢʠʡ ʛʝʣʴ. ʆʙʥʘʨʫʞʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʜʠʘʧʘʟʦʥʳ ʜʣʷ ʥʦʚʳʭ 

ʘʥʠʦʥʦʚ: SO3
-2
, IO3

-
, HSO4

-
, F

-
. ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʚʠʙʨʘʮʠʦʥʥʦʡ 

ʚʠʩʢʦʟʠʤʝʪʨʠʠ ʫʩʪʘʥʦʚʣʝʥʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ 

ʧʨʦʯʥʦʩʪʥʳʤʠ ʠ ʨʝʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩʠʩʪʝʤʳ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ 

ʟʥʘʯʝʥʠʷ ʚʷʟʢʦʩʪʠ ʛʠʜʨʦʛʝʣʷ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʟʘʨʷʜʘ ʠ ʧʨʠʨʦʜʳ 

ʚʚʦʜʠʤʦʛʦ ʚ ʨʘʩʪʚʦʨ ʵʣʝʢʪʨʦʣʠʪʘ. ʊʘʢ, ʜʣʷ ʜʚʫʭʟʘʨʷʜʥʳʭ ʢʘʪʠʦʥʦʚ ʚʷʟʢʦʩʪʴ ʠ ʝʝ 

ʩʦʭʨʘʥʝʥʠʝ ʚʦ ʚʨʝʤʝʥʠ ʚʳʰʝ, ʯʝʤ ʜʣʷ ʦʜʥʦʟʘʨʷʜʥʳʭ, ʘ ʜʣʷ ʘʥʠʦʥʦʚ ʚʳʷʚʣʝʥʘ 

ʦʙʨʘʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ. ɺʦʟʨʘʩʪʘʥʠʝ ʚʷʟʢʦʩʪʠ ʛʠʜʨʦʛʝʣʷ ʧʨʠ ʚʚʝʜʝʥʠʠ 

ʵʣʝʢʪʨʦʣʠʪʘ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʩʝʪʢʠ ʚ ʎʉʈ, ʘ ʨʘʟʣʠʯʠʝ ʚ ʧʨʦʯʥʦʩʪʥʳʭ ʠ ʨʝʦʣʦʛʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚʘʭ ʛʝʣʝʡ - ʨʘʟʥʦʡ ʩʠʣʦʡ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚʚʦʜʠʤʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʨʝʥʠʡ ʜʟʝʪʘ-ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ ʛʝʣʝʡ ʩ ʦʜʠʥʘʢʦʚʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʵʣʝʢʪʨʦʣʠʪʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʪʦ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʭʣʦʨʠʜʦʚ ʚ ʨʷʜʫ NaCl/AlCl 3/CuCl2 

ʩʦʩʪʘʚʣʷʝʪ +40/+48/+54 ʤɺ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʚ ʭʦʜʝ 

ʧʨʦʮʝʩʩʘ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠ ʫʤʝʥʴʰʘʣʘʩʴ  ʜʦ ʜʦʩʪʠʞʝʥʠʷ 

ʩʪʘʙʠʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ 560 ʤɺ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʦʙʨʘʟʦʚʘʥʠʶ ʚʷʟʢʦʛʦ 

ç5-ʪʠ ʙʘʣʣʴʥʦʛʦè ʛʝʣʷ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʧʦʜʚʠʞʥʦʩʪʴ ʠʦʥʦʚ ʚ ʨʘʩʪʚʦʨʝ 

ʧʘʜʘʝʪ ʠʟ-ʟʘ ʦʙʨʘʟʦʚʘʥʠʷ ʛʝʣʴ-ʩʝʪʢʠ. ʄʝʪʦʜʦʤ ʋʌ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʟʦʣʴ ʨʘʩʪʚʦʨʦʚ ʵʣʝʢʪʨʦʣʠʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩʳ 390 ʥʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʧʝʢʪʨʘ ʠʩʭʦʜʥʦʛʦ ʟʦʣʷ.  ʉ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʚʠʙʨʘʮʠʦʥʥʦʡ ʚʠʩʢʦʟʠʤʝʪʨʠʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ 

ʚʚʝʜʝʥʠʠ ʚ ʩʠʩʪʝʤʫ ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ ʧʨʦʠʩʭʦʜʠʪ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʟʦʣʷ, ʟʘ 

ʩʯʝʪ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦʚʳʰʝʥʠʝ ʚʷʟʢʦʩʪʠ ʩʠʩʪʝʤʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʩʭʦʜʥʳʤ ʟʦʣʝʤ. ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʢʘʪʠʦʥʘ ʤʝʪʘʣʣʘ ʥʘ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ 

ʠʩʭʦʜʥʦʛʦ ʟʦʣʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ ʯʘʩʪʠʮ ¢ 100 ʥʤ, ʘ ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʚ ʟʦʣʴ ʵʣʝʢʪʨʦʣʠʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ 

ʨʘʟʤʝʨʦʚ ʜʦ 110 ʥʤ. ʄʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʫʩʪʘʥʦʚʣʝʥ ʧʨʦʮʝʩʩ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʩ ʯʘʩʪʠʮʘʤʠ ʟʦʣʷ, ʘ ʤʝʪʦʜʦʤ ʉʕʄ 

ʫʩʪʘʥʦʚʣʝʥ ʭʘʨʘʢʪʝʨ ʦʙʨʘʟʫʶʱʝʡʩʷ ʩʝʪʢʠ ʛʝʣʷ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʎʂʇ ʊʚɻʋ ʣʘʙʦʨʘʪʦʨʠʠ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʠ ʣʘʙʦʨʘʪʦʨʠʠ ʎʂʇ 

ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ. 
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ʅʝʩʤʦʪʨʷ ʥʘ ʠʥʪʝʨʝʩ ʢ ʠʟʫʯʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ 

[1], ʨʘʟʚʠʪʠ ʁ ʩʦʙʩʪʚʝʥʥʳʭ ʨʘʟʨʘʙʦʪʦʢ [2] ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʥʘʣʠʯʠʝ ʬʨʘʢʪʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ, ʜʦ ʥʘʩʪʦʷʱʝʛʦ 

ʚʨʝʤʝʥʠ ʚ ʈʦʩʩʠʠ ʫʜʝʣʷʣʦʩʴ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʥʠʤʘʥʠʷ. ʅʘʥʦʨʘʟʤʝʨʥʳʝ ʪʦʥʢʠʝ 

ʧʣyʥʢʠ ʞʝʣʝʟʘ ʩ ʬʨʘʢʪʘʣʴʥʳʤ ʨʝʣʴʝʬʦʤ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ ʥʘʫʯʥʳʡ 

ʠʥʪʝʨʝʩ [3], ʚ ʯʘʩʪʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ 

ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ [4]. ʇʨʦʙʣʝʤʘ ʧʦʣʫʯʝʥʠʷ ʯʠʩʪʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ 

ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʜʣʦʞʢʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʧʣʝʥʦʢ ʞʝʣʝʟʘ, 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʙʳʩʪʨʦʧʨʦʪʝʢʘʶʱʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʦʢʠʩʣʝʥʠʷ. ʕʪʦʤʫ 

ʤʦʞʝʪ ʦʪʯʘʩʪʠ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʚʳʩʦʢʦʨʘʟʚʠʪʳʡ ʨʝʣʴʝʬ (ʩʤ. ʨʠʩ. 1). 

ʆʩʘʞʜʝʥʠʝ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʞʝʣʝʟʘ ʚʳʧʦʣʥʷʣʦʩʴ ʤʝʪʦʜʦʤ ʤʘʛʥʝʪʨʦʥʥʦʛʦ 

ʥʘʧʳʣʝʥʠʷ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʨʘʩʧʳʣʝʥʠʠ ʤʘʪʝʨʠʘʣʘ ʤʠʰʝʥʠ ʟʘ 

ʩʯʝʪ ʙʦʤʙʘʨʜʠʨʦʚʢʠ ʝʸ ʧʦʚʝʨʭʥʦʩʪʠ ʠʦʥʘʤʠ ʨʘʙʦʯʝʛʦ ʛʘʟʘ (ʘʨʛʦʥʘ), 

ʦʙʨʘʟʫʶʱʠʤʠʩʷ ʚ ʧʣʘʟʤʝ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ, ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʚʙʣʠʟʠ 

ʤʠʰʝʥʠ. ʅʘʧʳʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ ʫʩʪʘʥʦʚʢʝ Cressington 208HR. 

ʇʨʦʮʝʩʩ ʥʘʧʳʣʝʥʠʷ ʚʳʧʦʣʥʷʣʩʷ ʧʦʩʣʝ ʦʪʢʘʯʢʠ ʠ ʧʨʦʜʫʚʢʠ ʩʠʩʪʝʤʳ ʘʨʛʦʥʦʤ 

(ʚʳʩʦʢʦʯʠʩʪʳʡ, ʤʘʨʢʘ 6.0) ʧʨʠ ʜʘʚʣʝʥʠʠ 0,1 ʤʙʘʨ ʠ ʪʦʢʝ 80 ʤɸ.  

 

 
ʈʠʩ. 1. ʇʨʠʤʝʨ ʚʳʩʦʢʦʨʘʟʚʠʪʦʛʦ ʨʝʣʴʝʬʘ ʧʣʝʥʢʠ ʞʝʣʝʟʘ ʥʘ ʤʘʩʰʪʘʙʝ 1 ʤʢʤ (ʤʝʪʦʜ ʉʊʄ, 

3D ʠ ʧʣʦʩʢʦʩʪʥʦʝ ʠʟʦʙʨʘʞʝʥʠʷ).  

ʉ ʮʝʣʴʶ ʠʩʢʣʶʯʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʘʨʪʝʬʘʢʪʦʚ ʥʘʤʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ: ʩʢʘʥʠʨʫʶʱʘʷ 

ʪʫʥʥʝʣʴʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʉʊʄ) ʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ɸʉʄ). ɼʣʷ 

ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʧʦʣʫʯʝʥʠʷ ʨʘʩʯʸʪʥʳʭ ʟʥʘʯʝʥʠʡ ʬʨʘʢʪʘʣʴʥʦʡ 

ʨʘʟʤʝʨʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ Mountains 10 DigitalSurf 

[5]. ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʦʢ ʞʝʣʝʟʘ 

(ʪʦʣʱʠʥʦʡ 80 ʥʤ), ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʘ ʧʦʜʩʯʸʪʘ ʢʫʙʦʚ (enclosing boxes) ʠ ʤʝʪʦʜʘ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ 

ʦʛʠʙʘʶʱʠʭ (morphological envelopes). ɸʥʘʣʠʟ ʟʥʘʯʝʥʠʡ ʬʨʘʢʪʘʣʴʥʦʡ 

ʨʘʟʤʝʨʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʊʘʙʣʠʮʝ 1, ʧʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ 

mailto:nsdobnyakov@mail.ru
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ʚʳʩʦʢʦʨʘʟʚʠʪʦʡ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ (ʤʥʦʞʝʩʪʚʝʥʥʦʝ ʥʘʣʠʯʠʝ ʪʘʢʠʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʘʢ ʢʘʚʝʨʥʳ). ɼʘʣʴʥʝʡʰʝʝ ʜʠʥʘʤʠʯʝʩʢʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʷ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ 

ʦʮʝʥʠʚʘʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʜʝʛʨʘʜʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ (ʥʘʧʨʠʤʝʨ ʟʘ ʩʯʝʪ 

ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ). ɺ ʪʦʞʝ ʚʨʝʤʷ ʨʘʟʣʠʯʠʷ ʟʥʘʯʝʥʠʡ ʬʨʘʢʪʘʣʴʥʦʡ 

ʨʘʟʤʝʨʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠ ʥʘ ʨʘʟʥʳʭ ʤʘʩʰʪʘʙʘʭ 

ʧʦʜʯʸʨʢʠʚʘʝʪ ʩʣʦʞʥʦʩʪʴ ʠ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʧʣʸʥʦʢ 

ʞʝʣʝʟʘ.  

 

 
ʘ ʙ 

ʈʠʩ. 2. ʉʊʄ (ʘ) ʠ ɸʉʄ (ʙ) ʠʟʦʙʨʘʞʝʥʠʷ ʧʣʝʥʦʢ ʞʝʣʝʟʘ ʥʘ ʤʘʩʰʪʘʙʘʭ 1,5 ʤʢʤ ʠ 1 ʤʢʤ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʘʙʣʠʮʘ. 1. ɿʥʘʯʝʥʠʷ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʧʣʝʥʦʢ ʞʝʣʝʟʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʤʘʩʰʪʘʙʘʭ 

ʨʘʩʯʠʪʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʉʊʄ ʠ ɸʉʄ. 

ʄʝʪʦʜ / ʤʘʩʰʪʘʙ ʄʝʪʦʜ ʚʣʦʞʝʥʥʳʭ ʢʫʙʦʚ  
ʄʝʪʦʜ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ 

ʦʛʠʙʘʶʱʠʭ  

ʉʊʄ / 500 ʥʤ 2,746 2,486 

ʉʊʄ / 1 ʤʢʤ 2,826 2,478 

ʉʊʄ / 1.5 ʤʢʤ 2,708 2,634 

ɸʉʄ / 1 ʤʢʤ 2,729 2,563 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ ʚ ʨʘʤʢʘʭ 

ʚʳʧʦʣʥʝʥʠʷ ɻɿ ʚ ʩʬʝʨʝ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʧʨʦʝʢʪ ˉ 0817-2023-0006). 
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ɺʃʀʗʅʀɽ ʅʀɿʂʆʊɽʄʇɽʈɸʊʋʈʅʓʍ ɺʆɿɼɽʁʉʊɺʀʁ ʅɸ 

ʊɽʈʄʆɼʀʅɸʄʀʏɽʉʂʀɽ ʌʋʅʂʎʀʀ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ 

ʎɽʃʃʖʃʆɿʓ ʉ ɺʆɼʆʁ 

ɸʥʪʦʥʦʚʘ ɺ.ʉ., ʆʩʦʚʩʢʘʷ ʀ.ʀ. 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʜʠʟʘʡʥʘ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

e-mail: iraosov@mail.ru  

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʷ 

ʮʝʣʣʶʣʦʟʥʦʛʦ ʚʦʣʦʢʥʘ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʨʘʩʧʫʰʝʥʥʦʡ ʮʝʣʣʶʣʦʟʳ ʜʣʷ 

ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ ʨʘʟʦʚʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ [1,2]. ɺ ʨʘʙʦʪʝ 

ʧʦʣʫʯʝʥʠʝ ʨʘʩʧʫʰʝʥʥʦʛʦ ʮʝʣʣʶʣʦʟʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʣʫʯʘʣʠ ʚ ʫʩʣʦʚʠʷʭ 

ʧʦʷʚʠʚʰʝʛʦʩʷ ʩʝʛʦʜʥʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʨʘʟʜʝʣʝʥʠʷ ʚʦʣʦʢʦʥ ʩ 

ʩʦʭʨʘʥʝʥʠʝʤ ʮʝʣʦʩʪʥʦʩʪʠ ʮʝʣʣʶʣʦʟʥʦʛʦ ʚʦʣʦʢʥʘ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ 

ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʪʘʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʩʦʨʙʮʠʠ, 

ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʡ ʪʝʧʣʦʪʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʮʝʣʣʶʣʦʟʳ ʩ ʚʦʜʦʡ. ʊʝʧʣʦʚʳʝ ʵʬʬʝʢʪʳ (Dʅ) ʠʟʤʝʨʝʥʳ ʧʨʠ 

298 ʂ ʥʘ ʢʘʣʦʨʠʤʝʪʨʝ ʪʠʧʘ ʂʘʣʴʚʝ ʉ80 (Setaram), ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ï 

0,5%. ʉ ʧʦʟʠʮʠʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʫʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʫʩʣʦʚʠʡ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʮʝʣʣʶʣʦʟʳ ʥʘ ʘʙʩʦʨʙʮʠʶ, 

ʛʠʜʨʦʬʠʣʴʥʦʩʪʴ ʠ ʩʪʨʫʢʪʫʨʫ ʮʝʣʣʶʣʦʟʥʦʛʦ ʚʦʣʦʢʥʘ. 

 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʪʳ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʮʝʣʣʶʣʦʟʳ ʩ ʚʦʜʦʡ ʦʪ 
ʚʨʝʤʝʥʠ ʟʘʤʦʨʘʞʠʚʘʥʠʷ. 1 ï 77 ʂ, 
ʚʣʘʞʥʦʩʪʴ 45,5  %; 2 ï 77 ʂ, ʚʣʘʞʥʦʩʪʴ 
32,5 %; 3 ï 77 ʂ, ʚʣʘʞʥʦʩʪʴ 50,0  %; 4 ï
195 ʂ, ʚʣʘʞʥʦʩʪʴ 43,5 %.  

 
ʈʠʩ. 2. ʀʟʦʪʝʨʤʳ ʜʝʩʦʨʙʮʠʠ. ɺʣʘʞʥʦʩʪʴ 
ʮʝʣʣʶʣʦʟʳ ï 45,2 %. 1 ï ʜʦ 
ʟʘʤʦʨʘʞʠʚʘʥʠʷ; 2 ï 77 ʂ, 8 ʩ; 3 ï 77 ʂ, 16 
ʩ.

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 1, ʥʘʠʙʦʣʴʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʪʝʧʣʦʪʳ ʛʠʜʨʘʪʘʮʠʠ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʟʘʤʦʨʘʞʠʚʘʥʠʷ 77 ʂ, ʚʨʝʤʷ 

ʟʘʤʦʨʘʞʠʚʘʥʠʷ - 8ʩ., ʧʨʠ ʢʦʪʦʨʦʤ ʦʙʨʘʟʦʚʘʥʠʝ ʤʥʦʞʝʩʪʚʘ ʤʠʢʨʦʢʨʠʩʪʘʣʣʦʚ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʤʝʣʢʦʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʮʝʣʣʶʣʦʟʥʦʛʦ 

ʚʦʣʦʢʥʘ, ʜʦʩʪʫʧʥʦʡ ʜʣʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʦʜʳ. ʋʚʝʣʠʯʝʥʠʝ ʩʦʨʙʮʠʠ 

ʢʘʧʠʣʣʷʨʥʦʡ ʚʣʘʛʠ (ʨʠʩ. 2) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʚʳʰʝʥʠʠ ʫʜʝʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʮʝʣʣʶʣʦʟʥʦʛʦ ʚʦʣʦʢʥʘ [3-4]. ɺʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʦ ʚʣʠʷʥʠʝ 
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ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʮʝʣʣʶʣʦʟʳ ʥʘ 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʣʘʩʪʝʨʦʚ, ʟʘʨʦʞʜʝʥʠʝ ʣʴʜʘ ʠ ʤʠʛʨʘʮʠʶ ʤʦʣʝʢʫʣ ʚʦʜʳ ʢ 

ʮʝʥʪʨʘʤ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ. ʉʥʠʞʝʥʠʝ ʪʝʧʣʦʚʳʭ ʵʬʬʝʢʪʦʚ ʧʨʠ  ʫʚʝʣʠʯʝʥʠʠ 

ʚʨʝʤʝʥʠ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʩʚʷʟʘʥʦ ʩ  ʧʨʦʪʝʢʘʶʱʝʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʠʛʨʘʮʠʝʡ 

ʤʦʣʝʢʫʣ ʚʦʜʳ ʢ ʮʝʥʪʨʘʤ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʳʩʚʦʙʦʞʜʝʥʠʶ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʤʘʢʨʦʤʦʣʝʢʫʣ ʮʝʣʣʶʣʦʟʳ, ʩʧʦʩʦʙʥʳʭ 

ʢ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ. ʉʣʝʜʩʪʚʠʝʤ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʩʥʠʞʘʶʱʠʭ ʜʝʩʦʨʙʮʠʶ ʧʘʨʦʚ ʚʦʜʳ ʠ 

ʪʝʧʣʦʪʫ ʩʤʘʯʠʚʘʥʠʷ ʮʝʣʣʶʣʦʟʳ ʩ ʚʦʜʦʡ. ɺʧʝʨʚʳʝ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʨʘʩʩʯʠʪʘʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ 

ʛʠʜʨʘʪʘʮʠʠ ʚʦʜʳ ʮʝʣʣʶʣʦʟʦʡ, ʧʦʜʚʝʨʛʥʫʪʦʡ ʰʦʢʦʚʦʡ ʟʘʤʦʨʦʟʢʝ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʚʣʘʞʥʦʩʪʠ ʠ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ. ɿʥʘʯʝʥʠʝ HD  ʥʘʭʦʜʠʣʠ ʧʫʪʝʤ 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʢʨʠʚʳʭ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʵʬʬʝʢʪʘ 

ʦʪ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ. ʀʟʤʝʥʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ mD  ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʠʟʦʪʝʨʤʘʤ ʩʦʨʙʮʠʠ ʧʘʨʦʚ ʚʦʜʳ ʚ ʰʠʨʦʢʦʤ 

ʠʥʪʝʨʚʘʣʝ ʨ/ʨʦ . ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʫʶ ʵʥʪʨʦʧʠʶ ʥʘʭʦʜʠʣʠ ʠʟ STH D-D=Dm . 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʧʨʝʜʝʣʝʥʳ 

ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʚʣʘʞʥʳʭ ʮʝʣʣʶʣʦʟʥʳʭ ʚʦʣʦʢʦʥ 

(ʚʨʝʤʷ, ʪʝʤʧʝʨʘʪʫʨʘ, ʚʣʘʞʥʦʩʪʴ) ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʛʠʜʨʦʬʠʣʴʥʳʭ ʩʚʦʡʩʪʚ 

ʮʝʣʣʶʣʦʟʳ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʟʤʝʨʝʥʠʡ ʩʨʝʜʥʝʡ ʩʪʝʧʝʥʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ (
298

ÆÂÍÊÑÏ ), ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ, ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʧʣʦʪʥʦʩʪʠ 

ʮʝʣʣʶʣʦʟʳ. ʇʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʣʫʯʝʥʘ ʨʘʩʧʫʰʝʥʥʘʷ ʮʝʣʣʶʣʦʟʘ ʩ 

ʧʦʢʘʟʘʪʝʣʷʤʠ, ʦʪʚʝʯʘʶʱʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ,  ʧʦ 

ʩʚʦʡʩʪʚʘʤ ʚʦʜʦʧʦʛʣʦʱʝʥʠʷ, ʢʘʧʠʣʣʷʨʥʦʡ ʚʧʠʪʳʚʘʝʤʦʩʪʠ, ʪʝʧʣʦʪʳ 

ʩʤʘʯʠʚʘʝʤʦʩʪʠ ʥʝ ʫʩʪʫʧʘʶʱʘʷ ʠʤʧʦʨʪʥʳʤ ʘʥʘʣʦʛʘʤ [5]. 

 ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʧʝʨʩʦʥʘʣʴʥʳʤʠ ʛʨʘʥʪʘʤʠ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʘ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚ ʚʫʟʦʚ ʚ 2019 ʛ. çʈʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʘ 

ʘʢʪʠʚʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʨʘʟʤʦʣʦʪʳʭ ʮʝʣʣʶʣʦʟʥʳʭ ʚʦʣʦʢʦʥè.  
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ʅʘʥʦʯʘʩʪʠʮʳ ʩʝʨʝʙʨʘ (ʅʏʉ) ʧʨʠʚʣʝʢʘʶʪ ʩʚʦʠʤʠ ʫʥʠʢʘʣʴʥʳʤʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ: 

ʤʝʜʠʮʠʥʘ, ʬʘʨʤʘʢʦʣʦʛʠʷ, ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʢʦʩʤʝʪʠʢʘ ʠ ʜʨ. ʉʨʝʜʠ 

ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ï ʭʠʤʠʯʝʩʢʠʭ, ʬʠʟʠʯʝʩʢʠʭ ï ʟʝʣʝʥʳʡ ʩʠʥʪʝʟ 

ʅʏʉ ʩ ʧʦʤʦʱʴʶ ʵʢʩʪʨʘʢʪʦʚ ʨʘʩʪʝʥʠʡ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳʤ, 

ʜʦʩʪʫʧʥʳʤ ʠ ʩʘʤʳʤ ʜʝʰʸʚʳʤ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʵʢʩʪʨʘʢʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ ʠ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʠʟʙʘʚʣʷʝʪ ʦʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʪʦʢʩʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʯʪʦ ʜʝʣʘʝʪ 

ʧʨʦʮʝʩʩ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʤ. ʈʘʩʪʠʪʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʤʦʛʫʪ 

ʧʨʠʜʘʚʘʪʴ ʥʘʥʦʯʘʩʪʠʮʘʤ ʫʥʠʢʘʣʴʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ 

ʧʦʚʳʰʝʥʥʘʷ ʘʥʪʠʤʠʢʨʦʙʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠʣʠ ʫʣʫʯʰʝʥʥʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ 

ʜʦʩʪʘʚʢʝ ʣʝʢʘʨʩʪʚ. ɼʣʷ ʧʨʦʮʝʩʩʘ ʩʦʟʜʘʥʠʷ ʅʏʉ ʜʦʩʪʘʪʦʯʥʦ ʪʦʛʦ, ʯʪʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʦʥʦʚ ʩʝʨʝʙʨʘ ʚ ʚʦʜʥʳʭ ʵʢʩʪʨʘʢʪʘʭ ʣʠʩʪʴʝʚ ʦʩʠʥʳ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ 

ʙʠʦʩʠʥʪʝʟ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʜʥʳʭ 

ʵʢʩʪʨʘʢʪʦʚ ʣʠʩʪʴʝʚ ʦʩʠʥʳ ʠʟ ʨʘʟʥʳʭ ʤʝʩʪ ʩʙʦʨʘ: 1 ï ʛ. ʈʞʝʚ, ʫʣ. 

ʂʨʘʥʦʩʪʨʦʠʪʝʣʝʡ; 2 ï ʛ. ʈʞʝʚ, ʫʣ. 8 ʄʘʨʪʘ; 3 ï ʈʞʝʚʩʢʠʡ ʨʘʡʦʥ, ʜ. ʊʨʫʙʠʥʦ; 4 

ï ʈʞʝʚʩʢʠʡ ʨʘʡʦʥ, ʪʨʘʩʩʘ ʈʞʝʚ ï ʜ. ʊʨʫʙʠʥʦ; 5 ï ʛ. ʊʚʝʨʴ, 2-ʘʷ ʂʨʘʩʠʥʘ. 

ʃʠʩʪʴʷ ʙʳʣʠ ʩʦʙʨʘʥʳ ʚ ʩʝʥʪʷʙʨʝ 2023 ʛ. 

ʆʩʥʦʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣʠ ï ʤʝʪʦʜ ʋʌ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ (ɼʉʈ), ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʚ ʪʝʯʝʥʠʝ 5 

ʤʝʩʷʮʝʚ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʧʨʦʮʝʩʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʅʏʉ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʚʦʜʥʳʭ ʵʢʩʪʨʘʢʪʘʭ ʣʠʩʪʴʝʚ ʦʩʠʥʳ. 

   

ʈʠʩ. 1. ɺʦʜʥʳʝ ʵʢʩʪʨʘʢʪʳ ʣʠʩʪʴʝʚ ʦʩʠʥʳ,             ʈʠʩ.2. ʈʘʩʪʚʦʨʳ ʯʝʨʝʟ 15 ʤʠʥʫʪ            
ʯʝʨʝʟ 15 ʤʠʥ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ AgNO3 

(ʩʣʝʚʘ ʥʘʧʨʘʚʦ). ʉʦʦʪʥʦʰʝʥʠʝ ʦʙʲʝʤʘ  
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             ʈʠʩ.3. ʈʘʩʪʚʦʨʳ ʯʝʨʝʟ 40 ʜʥʝʡ                ʈʠʩ.4. ʈʘʩʪʚʦʨʳ ʯʝʨʝʟ 5 ʤʝʩʷʮʝʚ     

 

ɻʣʘʚʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʅʏʉ ï ʧʦʣʦʩʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʣʘʟʤʦʥʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ, ʢʦʪʦʨʘʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʘʭ ʥʘʥʦʯʘʩʪʠʮ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ ʵʢʩʪʨʘʢʪʘʭ ʣʠʩʪʴʝʚ ʦʩʠʥʳ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʨʘʩʪʚʦʨʘ 

ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ, ʚ ʜʠʘʧʘʟʦʥʝ ~421-456 ʥʤ. 

ʅʘ ʨʠʩ. 2 ï 4 ʧʦʢʘʟʘʥʳ ʵʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʚʦʜʥʳʭ ʵʢʩʪʨʘʢʪʦʚ 

ʣʠʩʪʴʝʚ ʦʩʠʥʳ ʠʟ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪ ʩʙʦʨʘ ʯʝʨʝʟ: 15 ʤʠʥʫʪ, 40 ʜʥʝʡ ʠ 5 

ʤʝʩʷʮʝʚ - ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ AgNO3. ʉʦʦʪʥʦʰʝʥʠʝ ʦʙʲʝʤʘ ʵʢʩʪʨʘʢʪʘ ʠ 

Ag
+
: 1:1 

 

ʄʝʩʪʘ ʩʙʦʨʘ  

 

                       ɺʨʝʤʷ 

ɚmax (ʥʤ) 

 

A ɚmax (ʥʤ) 

 

A ɚmax (ʥʤ) 

 

A 

15 ʤʠʥʫʪ 40 ʜʥʝʡ 5 ʤʝʩʷʮʝʚ 

1. ʛ.ʈʞʝʚ, 

ʫʣ.ʂʨʘʥʦʩʪʨʦʠʪʝʣʝʡ 
321 1,56 448 1,16 448 0,64 

2. ʛ.ʈʞʝʚ, ʫʣ. 8 ʄʘʨʪʘ 338 1,65 454 1,12 454 1,20 

3. ʈʞʝʚʩʢʠʡ ʨʘʡʦʥ, 

ʩʪʘʨʘʷ ʟʘʧʨʘʚʢʘ 

ʜ.ʊʨʫʙʠʥʦ 

262 1,28 442 0,69 442 0,79 

4. ʈʞʝʚʩʢʠʡ ʨʘʡʦʥ, 

ʪʨʘʩʩʘ ʈʞʝʚ-ʜ.ʊʨʫʙʠʥʦ 
363 1,70 441 1,30 440 1,46 

5. ʛ.ʊʚʝʨʴ, ɿʘʚʦʣʞʩʢʠʡ 

ʫʣ. 2-ʘʷ ʂʨʘʩʠʥʘ 
268 2,01 442 0,88 440 1,12 

 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʣʘʙʦʨʘʪʦʨʠʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʊʚʝʨʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
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ʄɽɿʆʄɸʉʐʊɸɹʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʉʊʈʋʀ ʇʈʗɼʀʃʔʅʆɻʆ 

ʈɸʉʊɺʆʈɸ ʇʆʃʀɸʂʈʀʃʆʅʀʊʈʀʃɸ ʄɽʊʆɼʆʄ 

ɼʀʉʉʀʇɸʊʀɺʅʆʁ ɼʀʅɸʄʀʂʀ ʏɸʉʊʀʎ 

ɹʘʙʫʨʢʠʥ ʇ.ʆ., ʄʘʣʳʰʝʚ ʄ.ɼ., ʂʦʤʘʨʦʚ ʇ.ɺ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʚʝʨʴ 

e-mail: guppi_oc@mail.ru  

 

ʉʨʝʜʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʚʦʣʦʢʦʥ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤ ʤʦʜʫʣʝʤ ʫʧʨʫʛʦʩʪʠ, 

ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ ʠ ʞʘʨʦʧʨʦʯʥʦʩʪʴʶ ʧʨʠ ʤʘʣʦʤ ʚʝʩʝ ʦʙʣʘʜʘʶʪ 

ʫʛʣʝʨʦʜʥʳʝ ʚʦʣʦʢʥʘ. ʀʭ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʚʦʡʩʪʚʘʤʠ ʚʦʣʦʢʦʥ ʧʨʝʢʫʨʩʦʨʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʷʚʣʷʶʪʩʷ ʚʦʣʦʢʥʘ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʘʢʨʠʣʦʥʠʪʨʠʣʘ (ʇɸʅ). 

ʇɸʅ ʦʙʣʘʜʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ  ʁ ʢ ʨʝʘʢʮʠʷʤ ʮʠʢʣʠʟʘʮʠʠ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ 

ʩʣʦʠʩʪʳʭ ʛʨʘʬʝʥʦʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨ, ʠʟ ʢʦʪʦʨʳʭ, ʢʘʢ ʩʯʠʪʘʝʪʩʷ, ʠ ʩʦʩʪʦʷʪ 

ʫʛʣʝʨʦʜʥʳʝ ʚʦʣʦʢʥʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʤʦʜʫʣʴʥʳʭ ʚʦʣʦʢʦʥ ʥʝʦʙʭʦʜʠʤʦ, 

ʯʪʦʙʳ ʙʘʟʦʚʳʝ ʧʣʦʩʢʦʩʪʠ ʛʨʘʬʝʥʦʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨ ʙʳʣʠ ʧʘʨʘʣʣʝʣʴʥʳ ʦʩʠ 

ʚʦʣʦʢʥʘ. ʅʘ ʧʨʘʢʪʠʢʝ ʵʪʦ ʩʪʘʨʘʶʪʩʷ ʦʙʝʩʧʝʯʠʪʴ ʥʘ ʵʪʘʧʝ ʧʦʣʫʯʝʥʠʷ 

ʧʝʨʚʠʯʥʦʛʦ ʚʦʣʦʢʥʘ ʚ ʭʦʜʝ ʧʨʦʮʝʩʩʘ ʚʳʪʷʞʢʠ, ʧʨʠʜʘʶʱʝʛʦ ʧʦʣʠʤʝʨʥʳʤ 

ʮʝʧʷʤ ʚʳʩʦʢʦʝ ʦʨʠʝʥʪʘʮʠʦʥʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʜʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʢʨʘʪʥʦʩʪʠ ʚʳʪʷʞʢʠ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʧʝʨʚʠʯʥʦʝ ʚʦʣʦʢʥʦ ʩ 

ʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

ʅʘʠʙʦʣʝʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʦʣʦʢʥʘ-

ʧʨʝʢʫʨʩʦʨʘ ʥʘ ʦʩʥʦʚʝ ʇɸʅ ʨʝʘʣʠʟʫʶʪ ʧʦ "ʩʫʭʦ-ʤʦʢʨʦʤʫ" ʩʧʦʩʦʙʫ, ʢʦʛʜʘ 

ʧʨʷʜʠʣʴʥʳʡ ʨʘʩʪʚʦʨ (ʨʘʩʪʚʦʨ ʧʦʣʠʤʝʨʘ ʚ "ʭʦʨʦʰʝʤ" ʨʘʩʪʚʦʨʠʪʝʣʝ) 

ʚʳʜʘʚʣʠʚʘʝʪʩʷ ʚ ʚʠʜʝ ʪʦʥʢʠʭ ʩʪʨʫʡ ʠʟ ʦʪʚʝʨʩʪʠʡ ʬʠʣʴʝʨ ʚ ʚʦʟʜʫʰʥʫʶ ʩʨʝʜʫ, 

ʧʦʩʣʝ ʯʝʛʦ ʚʦʣʦʢʥʦ ʧʦʧʘʜʘʝʪ ʚ ʢʦʘʛʫʣʷʮʠʦʥʥʫʶ (ʦʩʘʜʠʪʝʣʴʥʫʶ) ʚʘʥʥʫ, 

ʟʘʧʦʣʥʝʥʥʫʶ "ʧʣʦʭʠʤ" ʜʣʷ ʇɸʅ ʨʘʩʪʚʦʨʠʪʝʣʝʤ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʝʙʳʚʘʥʠʷ ʚ ʚʦʟʜʫʰʥʦʤ ʟʘʟʦʨʝ ʠ ʢʘʯʝʩʪʚʘ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʢʦʘʛʫʣʷʮʠʦʥʥʦʡ ʚʘʥʥʳ, ʇɸʅ-ʚʦʣʦʢʥʘ ʧʨʠʦʙʨʝʪʘʝʪ ʩʚʦʶ ʧʝʨʚʠʯʥʫʶ 

ʩʪʨʫʢʪʫʨʫ.  

ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʝʪʩʷ ʚʟʘʠʤʦʩʚʷʟʴ ʫʩʣʦʚʠʡ ʧʦʣʫʯʝʥʠʷ ʇɸʅ-

ʧʨʝʢʫʨʩʦʨʦʚ ʩ ʠʭ ʩʪʨʫʢʪʫʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʅʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ 

ʜʠʩʩʠʧʘʪʠʚʥʦʡ ʜʠʥʘʤʠʢʠ ʯʘʩʪʠʮ ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ ʤʦʜʝʣʴ 

ʩʪʨʫʠ ʧʨʷʜʠʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʇɸʅ ʚ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʝ ʚ ʫʩʣʦʚʠʷʭ 

ʚʦʟʜʫʰʥʦʛʦ ʟʘʟʦʨʘ. ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʷʯʝʡʢʘ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʬʦʨʤʝ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ ʨʘʟʤʝʨʘ ὒ ὒ ὒ, ʛʜʝ ὒ

ὒ Ḻὒ  ρ πππ ʎ, ὒ ὒ  ςπ ʎ. ʇʦʩʢʦʣʴʢʫ ʚ ʥʘʰʝʡ ʤʦʜʝʣʠ „  πȟπσ 
ʤʢʤ, ʚʳʙʨʘʥʥʳʝ ʨʘʟʤʝʨʳ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʚʳʜʝʨʞʘʪʴ ʢʦʤʧʨʦʤʠʩʩ ʤʝʞʜʫ 

ʨʘʟʫʤʥʳʤ ʚʨʝʤʝʥʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʚʦʟʤʦʞʥʦʡ ʤʘʢʩʠʤʘʣʴʥʦʡ ʰʠʨʠʥʦʡ 

ʷʯʝʡʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʯʪʦʙʳ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʨʝʘʣʴʥʳʡ ʜʠʘʤʝʪʨ ʩʪʨʫʠ 

ʧʨʷʜʠʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ.  
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ʏʪʦʙʳ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʵʢʩʧʦʟʠʮʠʠ ʩʪʨʫʠ ʧʨʷʜʠʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ 

ʚʦʟʜʫʰʥʦʤ ʟʘʟʦʨʝ, ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

(ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʭʦʞʜʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʟʘʟʦʨʘ) ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0 ʜʦ 500 000 

ʰʘʛʦʚ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ (ʯʪʦ, ʩʦʛʣʘʩʥʦ ʦʮʝʥʢʘʤ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ 0ï5 ʩ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ). 

ɺʳʧʦʣʥʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʘʨʝʥʠʷ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʬʦʨʤʠʨʫʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʇɸʅ 

ʠ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʠʟ 

ʯʘʩʪʠʯʥʦ ʦʪʚʝʨʜʝʚʰʝʛʦ ʧʦʣʠʤʝʨʘ. ʅʘʣʠʯʠʝ ʪʘʢʦʛʦ ʩʣʦʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʨʫʠ 

ʧʨʷʜʠʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʝʝ ʚ ʢʦʘʛʫʣʷʮʠʦʥʥʫʶ ʚʘʥʥʫ ʤʦʞʝʪ 

ʟʘʤʝʜʣʠʪʴ ʤʘʩʩʦʦʙʤʝʥ ʤʝʞʜʫ ʬʦʨʤʠʨʫʶʱʝʡʩʷ ʥʠʪʴʶ ʠ ʦʩʘʜʠʪʝʣʝʤ. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʟʘʤʝʜʣʝʥʠʝ ʧʨʦʮʝʩʩʘ ʢʦʘʛʫʣʷʮʠʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʚʦʣʦʢʥʘ 

ʩ ʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʪʨʦʝʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʥʘʛʣʷʜʥʦ ʥʘʙʣʶʜʘʪʴ 

ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʪʨʫʝ ʧʨʷʜʠʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʇɸʅ ʚ 

ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʝ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ. ʊʘʢʞʝ ʧʦʩʪʨʦʝʥʥʘʷ 

ʤʦʜʝʣʴ (ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʝʝ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ) ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʢʠʥʝʪʠʢʠ ʧʨʦʮʝʩʩʦʚ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʣʫʯʘʝ ʜʨʫʛʠʭ 

ʧʦʣʠʤʝʨʦʚ ʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʳʤ ʜʣʷ ʚʳʨʘʙʦʪʢʠ 

ʨʝʢʦʤʝʥʜʘʮʠʡ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʦʚʘʥʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʠʥʘʥʩʠʨʦʚʘʣʦʩʴ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʬʦʥʜʘ ˉ 23-23-00065 (https://rscf.ru/project/23-23-00065/) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ 

ʩʚʝʨʭʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʄɻʋ ʠʤʝʥʠ 

ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ. 

  

https://rscf.ru/project/23-23-00065/
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ʇʈʆʊɽʂɸʅʀɽ ʈɽɸʂʎʀʁ ʂʈʆʉʉ-ʉʆʏɽʊɸʅʀʗ ɺ ʇʈʀʉʋʊʉʊɺʀʀ 

ʇɸʃʃɸɼʀʁ ʉʆɼɽʈɾɸʑʀʍ ʂɸʊɸʃʀɿɸʊʆʈʆɺ ʅɸ ʆʉʅʆɺɽ 

ʇʆʈʀʉʊʓʍ ɸʈʆʄɸʊʀʏɽʉʂʀʍ ʇʆʃʀʄɽʈʆɺ 

ɹʘʭʚʘʣʦʚʘ ɽ.ʉ., ʅʠʢʦʰʚʠʣʠ ʃ.ɾ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʚʝʨʴ 

e-mail: bakhvalova.es@mail.ru  

 

ʆʩʦʙʝʥʥʦʩʪʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʨʝʘʢʮʠʡ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ, 

ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʥʝʧʨʝʨʳʚʥʦʤʫ ʚʟʘʠʤʦʧʨʝʚʨʘʱʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ 

ʧʘʣʣʘʜʠʷ: ʩʦʝʜʠʥʝʥʠʡ Pd(II), ʢʣʘʩʪʝʨʦʚ, ʘ ʪʘʢʞʝ ʥʘʥʦʯʘʩʪʠʮ Pd(0) ʫʩʣʦʞʥʷʶʪ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʡ [1-3]. ʂʨʦʤʝ 

ʪʦʛʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʝʘʢʮʠʠ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʉʫʟʫʢʠ, ʨʝʘʢʮʠʠ ʍʝʢʘ ʠ 

ʉʦʥʦʛʘʰʠʨʘ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʧʨʠʩʫʪʩʪʚʠʶ ʣʠʛʘʥʜʦʚ, 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʘʢʪʠʚʥʳʝ ʬʦʨʤʳ ʧʘʣʣʘʜʠʷ ʚ ʨʘʩʪʚʦʨʝ, ʘ ʪʘʢʞʝ 

ʦʩʣʦʞʥʷʶʪʩʷ ʪʝʤ, ʯʪʦ ʧʦʤʠʤʦ ʦʩʥʦʚʥʦʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʪʨʝʙʫʶʪ 

ʫʯʘʩʪʠʷ ʩʦ-ʢʘʪʘʣʠʟʘʪʦʨʦʚ [4, 5]. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʦʜʥʦʩʪʘʜʠʡʥʳʡ ʩʠʥʪʝʟ 

ʘʤʦʨʬʥʳʭ ʧʦʨʠʩʪʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʥʘʬʪʘʣʠʥʘ ʠ 

ʥʘʬʪʦʣʘ. ʇʦʣʠʤʝʨʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʝʘʢʮʠʝʡ ʌʨʠʜʝʣʷ-ʂʨʘʬʪʩʘ [6]: ʩʰʠʚʢʦʡ 

ʤʦʥʦʤʝʨʦʚ ʤʝʪʠʣʘʣʝʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʝʟʚʦʜʥʦʛʦ FeCl3. ɺ ʩʣʫʯʘʝ ʧʦʣʠʤʝʨʘ ʥʘ 

ʦʩʥʦʚʝ ʥʘʬʪʘʣʠʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʠʪʨʦʚʘʥʠʝ ʠ 

ʩʫʣʴʬʠʨʦʚʘʥʠʝ ʜʣʷ ʚʚʝʜʝʥʠʷ ʚ ʝʛʦ ʩʦʩʪʘʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʢʦʪʦʨʳʝ 

ʩʧʦʩʦʙʥʳ ʚʣʠʷʪʴ ʥʘ ʧʨʦʮʝʩʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʧʘʣʣʘʜʠʷ 

ʧʦʩʨʝʜʩʪʚʦʤ ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʛʠʜʨʦʬʦʙʥʦʩʪʠ ʧʦʣʠʤʝʨʥʦʛʦ 

ʦʢʨʫʞʝʥʠʷ [7].  

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʣʠʤʝʨʦʚ ʤʝʪʦʜʦʤ ʧʨʦʧʠʪʢʠ ʧʦ 

ʚʣʘʛʦʝʤʢʦʩʪʠ ʙʳʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʩʝʨʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ (ʩʦʜʝʨʞʘʥʠʝ 

ʧʘʣʣʘʜʠʷ 1 ʤʘʩ.%) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʮʝʪʘʪʘ ʧʘʣʣʘʜʠʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ. 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ Pd ʧʨʦʚʦʜʠʣʘʩʴ ʦʙʨʘʙʦʪʢʘ ʨʘʩʪʚʦʨʦʤ NaBH4. 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʣʠʯʠʷ ʚ ʩʦʩʪʘʚʝ ʧʦʣʠʤʝʨʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ (NO2-, SO3H-, OH-) ʚ ʭʦʜʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʥʘʥʦʯʘʩʪʠʮʳ Pd ʨʘʟʣʠʯʥʦʛʦ ʜʠʘʤʝʪʨʘ (ʦʪ 7.5 ʥʤ ʜʦ 16.5 ʥʤ). ʂʘʢ 

ʠʩʭʦʜʥʳʝ, ʪʘʢ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʦʙʨʘʟʮʳ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʙʳʣʠ 

ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʚ ʨʝʘʢʮʠʷʭ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʉʫʟʫʢʠ, ʍʝʢʘ ʠ ʉʦʥʦʛʘʰʠʨʘ.  

ʅʘ ʧʨʠʤʝʨʝ ʨʝʘʢʮʠʡ ʉʫʟʫʢʠ ʠ ʉʦʥʦʛʘʰʠʨʘ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʟʘʚʠʩʠʤʦʩʪʴ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʪ ʩʨʝʜʥʝʛʦ ʜʠʘʤʝʪʨʘ ʥʘʥʦʯʘʩʪʠʮ Pd 

ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʤʘʢʩʠʤʫʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ~10 ʥʤ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʭʦʜʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠʩʭʦʜʥʳʭ 

(ʥʝʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ) ʦʙʨʘʟʮʦʚ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʣʷʨʥʦʩʪʠ ʧʦʣʠʤʝʨʥʦʛʦ ʥʦʩʠʪʝʣʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʡ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʙʝʟʣʠʛʘʥʜʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚʘʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʥʝ ʪʦʣʴʢʦ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʜʠʘʤʝʪʨ ʥʘʥʦʯʘʩʪʠʮ ʧʘʣʣʘʜʠʷ,  ʥʦ ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʥʦʩʠʪʝʣʝʤ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 
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ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʦʙʨʘʟʮʳ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦʟʚʦʣʠʣʠ ʜʦʩʪʠʯʴ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʢʦʥʚʝʨʩʠʠ (98-99%) ʠ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʚ ʤʦʜʝʣʴʥʳʭ ʨʝʘʢʮʠʷʭ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʥʝ 

ʩʣʝʜʫʝʪ ʟʘʙʳʚʘʪʴ, ʯʪʦ ʚʳʩʦʢʘʷ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʷʭ ʢʨʦʩʩ-

ʩʦʯʝʪʘʥʠʷ ʤʦʞʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʙʳʩʪʨʦʡ ʜʝʟʘʢʪʠʚʘʮʠʝʡ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ 

ʧʦʚʪʦʨʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ʅʘ ʧʨʠʤʝʨʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʥʠʪʨʦʛʨʫʧʧʳ, ʚ ʨʝʘʢʮʠʠ ʉʫʟʫʢʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʪʝʩʪ ʛʦʨʷʯʝʡ 

ʬʠʣʴʪʨʘʮʠʠ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʢʦʥʚʝʨʩʠʷ 4-ʙʨʦʤʘʥʠʟʦʣʘ ʚ ʬʠʣʴʪʨʘʪʝ 

ʚʦʟʨʘʩʪʘʝʪ ʩ 7% ʜʦ 14.4%, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʳʤʳʚʘʥʠʠ ʧʘʣʣʘʜʠʷ.  

ɼʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʦʙʨʘʟʝʮ, ʩʦʜʝʨʞʘʱʠʡ ʚ 

ʩʦʩʪʘʚʝ ʩʫʣʴʬʦʛʨʫʧʧʳ, ʢʦʪʦʨʳʡ ʧʨʦʷʚʠʣ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚʦ ʚʩʝʭ ʪʨʝʭ 

ʚʳʙʨʘʥʥʳʭ ʤʦʜʝʣʴʥʳʭ ʨʝʘʢʮʠʷʭ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʢ 

ʠʩʭʦʜʥʦʛʦ, ʪʘʢ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʩʫʣʴʬʦʛʨʫʧʧʳ, ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 

ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ ʉʫʟʫʢʠ ʤʝʞʜʫ 4-ʙʨʦʤʘʥʠʟʦʣʦʤ ʠ 

ʬʝʥʠʣʙʦʨʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʧʨʦʪʝʢʘʥʠʝ ʢʨʦʩʩ-

ʩʦʯʝʪʘʥʠʷ ʉʫʟʫʢʠ ʚ ʫʩʣʦʚʠʷʭ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʩʫʙʩʪʨʘʪʦʚ ï ʘʨʠʣʛʘʣʦʛʝʥʠʜʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʨʘʟʣʠʯʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ 

ʬʦʥʜʘ (ʛʨʘʥʪ ˉ 23-29-00604). 
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ʇʦʠʩʢ ʥʦʚʳʭ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʙʳʩʪʨʦʛʦ ʩʝʣʝʢʪʠʚʥʦʛʦ 

ʦʢʠʩʣʝʥʠʷ ʪʠʦʵʬʠʨʦʚ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʨʘʟʣʦʞʝʥʠʠ ʧʝʩʪʠʮʠʜʦʚ ʠ 

ʦʪʨʘʚʣʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʦʙʝʩʩʝʨʠʚʘʥʠʠ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ ʠ ʪʦʧʣʠʚ, 

ʩʠʥʪʝʟʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. 

ʂʣʶʯʝʚʳʤ ʢʦʤʧʦʥʝʥʪʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʫʩʣʦʚʠʷ ʧʨʦʮʝʩʩʘ, ʷʚʣʷʝʪʩʷ 

ʦʢʠʩʣʠʪʝʣʴ. ʅʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʠʡ ʚʳʙʦʨ ʦʢʠʩʣʠʪʝʣʝʡ ʧʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ 

(ʇɺ) ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʚ ʩʚʷʟʠ ʩʦ ʩʚʦʝʡ ʵʢʦʣʦʛʠʯʥʦʩʪʴʶ (ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʷ ʦʙʨʘʟʫʝʪʩʷ ʚʦʜʘ), ʜʦʩʪʫʧʥʦʩʪʴʶ ʠ ʚʳʩʦʢʦʤʫ 

ʩʦʜʝʨʞʘʥʠʶ ʘʢʪʠʚʥʦʛʦ ʢʠʩʣʦʨʦʜʘ (47 ʤʘʩʩ. %). ʅʘ ʧʨʠʤʝʨʝ Et2S ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʅ ʩʨʝʜʳ ʦʢʠʩʣʝʥʠʝ ʩʝʨʫʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʧʦ ʦʜʥʦʤʫ ʠʟ ʤʘʨʰʨʫʪʦʚ:  

 
 

ʆʜʥʘʢʦ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʡ ʪʠʦʵʬʠʨʦʚ ʚ ʩʣʘʙʦʢʠʩʣʦʪʥʳʭ, ʥʝʡʪʨʘʣʴʥʳʭ ʠ 

ʱʝʣʦʯʥʳʭ ʩʨʝʜʘʭ (ʨʅ 2 ï 12) ʩ ʫʯʘʩʪʠʝʤ ʯʘʩʪʠʮ ʅʆʆʅ, ʅʆʆ
-
 ʥʝʚʳʩʦʢʘ 

(kHOOH = 2,8³10
-2 
ʄ

-1
Ŀʩ ʠ kHOO

-
 = 0,42Ĭ10

-2
 ʄ

-1
Ŀʩ) ʠ ʪʦʣʴʢʦ ʚ ʩʠʣʴʥʦʢʠʩʣʦʪʥʳʭ 

ʨʘʩʪʚʦʨʘʭ (ʨʅ < 1) ʨʝʘʢʮʠʷ ʩ ʫʯʘʩʪʠʝʤ ʅʆʆʅ2
+ 
ʧʨʦʪʝʢʘʝʪ ʙʳʩʪʨʦ (kHOOH2 = 

244 ʄ
-1
Ŀʩ). ʆʜʥʘʢʦ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʩ ʚʳʩʦʢʦʡ ʢʠʩʣʦʪʥʦʩʪʴʶ ʠʤʝʶʪ ʧʨʦʙʣʝʤʳ 

ʚ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʨʠʤʝʥʝʥʠʠ. ʇʦʵʪʦʤʫ ʦʢʠʩʣʝʥʠʝ ʧʨʦʚʦʜʷʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʘʢʪʠʚʘʪʦʨʘ ʇɺ, ʚʳʙʦʨ ʢʦʪʦʨʦʛʦ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʧʦʠʩʢʘ 

ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ.  

ɹʠʢʘʨʙʦʥʘʪʳ, ʩʠʣʠʢʘʪʳ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ 

ʘʢʪʠʚʘʪʦʨʦʚ ʅ2ʆ2. ʂʦʤʧʦʥʝʥʪʳ ʪʘʢʠʭ ʩʠʩʪʝʤ ʥʝʜʦʨʦʛʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʯʠʩʪʳʝ. ʆʙʨʘʟʦʚʘʥʠʝ ʧʝʨʦʢʩʠʢʠʩʣʦʪ ʩ ʠʭ ʫʯʘʩʪʠʝʤ, ʧʝʨʦʢʩʠʤʦʥʦʢʘʨʙʦʥʘʪʘ 

(ʅʉʆ4
-
) ʠ ʧʝʨʦʢʩʠʤʦʥʦʩʠʣʠʢʘʪʘ (HSiO4

-
), ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʫʤʝʨʝʥʥʦ 

ʱʝʣʦʯʥʳʭ ʩʨʝʜʘʭ. ɸʥʠʦʥ HCO4
-
 ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʠʣʴʥʳʤ ʜʚʫʭʵʣʝʢʪʨʦʥʥʳʤ 

ʦʢʠʩʣʠʪʝʣʝʤ (ɽÁ = 1,8 ɺ), ʯʝʤ ʇɺ. ʉʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ Et2S ʩ ʅʉʆ4
-
 ʧʨʠʤʝʨʥʦ ʚ 

100 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʩ ʅ2ʆ2. 
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ʇʝʨʦʢʩʦʢʘʨʙʦʥʘʪ-ʠʦʥ ʵʬʬʝʢʪʠʚʝʥ ʧʨʠ ʨʅ 7-9. ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʙʠʢʘʨʙʦʥʘʪʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ, ʘ ʧʨʠ 

pH > 9 ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʨʝʟʫʣʴʪʘʪʦʤ ʩʥʠʞʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʢʪʠʚʥʦʡ ʬʦʨʤʳ ʦʢʠʩʣʠʪʝʣʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʠʩʩʦʮʠʘʮʠʠ ʅʉʆ4
ï
 

ʠʦʥʦʚ, ʘ ʦʙʨʘʟʫʶʱʠʝʩʷ CO4
2ï

 ʠʦʥʳ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʩʣʘʙʳʤʠ ʦʢʠʩʣʠʪʝʣʷʤʠ, 

ʯʝʤ ʠʭ ʧʨʦʪʦʥʠʨʦʚʘʥʥʘʷ ʬʦʨʤʘ. 

ʕʬʬʝʢʪʠʚʥʳʤ ʘʢʪʠʚʘʪʦʨʦʤ ʇɺ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʙʦʨʥʘʷ ʢʠʩʣʦʪʘ. ʅʘ 

ʧʨʠʤʝʨʝ ʨʝʘʢʮʠʡ ʦʢʠʩʣʝʥʠʷ Et2S ʚ ʚʦʜʥʳʭ ʠ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʳʭ ʩʨʝʜʘʭ ʧʨʠ ʨʅ 

8 ï 12 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʦʪ ʵʬʬʝʢʪ ʩʚʷʟʘʥ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʢʪʠʚʥʳʭ ʘʥʠʦʥʦʚ 

ʤʦʥʦʧʝʨʦʢʩʦʙʦʨʘʪʘ ɺ(ʆʅ)3(ʆʆʅ)
ï
 (ʄʇɹ) ʠ ʜʠʧʝʨʦʢʩʦʙʦʨʘʪʘ ɺ(ʆʅ)2(ʆʆʅ)2

-
 

(ɼʇɹ), ʜʣʷ ʢʦʪʦʨʳʭ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʚ ʨʝʘʢʮʠʷʭ ʩ Et2S 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ 2,5 ʠ 100 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʩ ʅ2ʆ2. ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ 

ʨʝʘʢʮʠʠ Et2S ʩ ʇɺ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʚ ʚʦʜʝ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ 

ʤʘʢʩʠʤʫʤ ʧʨʠ ʨʅ ~ 10. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʚ ʱʝʣʦʯʥʳʭ 

ʩʨʝʜʘʭ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʧʝʨʦʢʩʦʙʦʨʘʪ ʥʘʪʨʠʷ (ʇɹ) ï ʜʝʰʝʚʦʝ, 

ʥʝʪʦʢʩʠʯʥʦʝ, ʩʪʘʙʠʣʴʥʦʝ ʠ ʧʨʦʩʪʦʝ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʝʜʠʥʝʥʠʝ, 

ʧʨʦʠʟʚʦʜʠʤʦʝ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ.  

ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʧʦʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʦʢʠʩʣʝʥʠʷ ʪʠʦʵʬʠʨʦʚ ʷʚʣʷʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʠʭ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ɺ ʵʪʦʤ ʧʣʘʥʝ ʦʩʦʙʳʡ 

ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʘʩʪʚʦʨʳ ʚʦʜʘ-ʘʮʝʪʦʥʠʪʨʠʣ (MeʉN). ʅʘʧʨʠʤʝʨ, 

ʜʦʙʘʚʢʠ 1 ʦʙ. % MeʉN ʧʦʚʳʰʘʶʪ ʨʘʩʪʚʦʨʠʤʦʩʪʴ Et2S ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʚʦʜʦʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ Et2S ʧʝʨʦʢʩʠʜʦʤ 

ʚʦʜʦʨʦʜʘ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʘʮʝʪʦʥʠʪʨʠʣʘ ([MeCN] = 0,5 ï 5 ʦʙ. %) ʨʘʩʪʝʪ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʨʅ ʩʨʝʜʳ. ʇʨʠ ʟʥʘʯʝʥʠʠ ʨʅ=10 ʩʢʦʨʦʩʪʴ ʫʙʳʣʠ Et2S ʚ ʩʠʩʪʝʤʝ 

ʄʝCN/ʅ2ʆ ʧʦʯʪʠ ʚ 15 ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ Et2S ʧʝʨʦʢʩʠʜʦʤ 

ʚʦʜʦʨʦʜʘ ʚ ʚʦʜʝ. ʃʠʤʠʪʠʨʫʶʱʝʡ ʩʪʘʜʠʝʡ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʷ ʅʆʆ
-
 ʩ 

ʄʝCN, ʧʨʠʚʦʜʷʱʘʷ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʘʢʪʠʚʥʳʭ ʧʝʨʦʢʩʠʠʤʠʜʘʪʦʚ 

ʄʝC(O2H)=NH ʠʣʠ ʄʝC(O2H)=N
-
, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʚ ʙʳʩʪʨʦʡ ʩʪʘʜʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ Et2S. 

ɿʥʘʯʠʪʝʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʦʢʠʩʣʝʥʠʷ Et2S ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ ʚ 

ʩʠʩʪʝʤʝ ʅ2ʆ-MeʉN-ʇɹ. ʇʨʠ ʨʅ ² 9 ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʚʳʰʝ, ʯʝʤ ʩ 

ʧʝʨʦʢʩʦʙʦʨʘʪʦʤ ʥʘʪʨʠʷ ʚ ʚʦʜʝ ʠ ʧʨʝʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʚ ʩʠʩʪʝʤʝ 

ʅ2ʆ2-MeʉN-ʅ2ʆ. ɺʦʟʤʦʞʥʦ, ʯʪʦ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ ʚ ʠʟʫʯʝʥʥʦʡ ʦʙʣʘʩʪʠ ʨʅ 

ʄʇɹ ʠ ɼʇɹ ʥʘʨʷʜʫ ʩ ʅʆʆ
-
 (ʧʨʦʜʫʢʪʦʤ ʨʘʩʧʘʜʘ ʧʝʨʦʢʩʦʙʦʨʘʪ-ʘʥʠʦʥʘ ʚ 

ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ) ʪʘʢʞʝ ʤʦʛʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ MeʉN ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʙʦʨʧʝʨʦʢʩʠʠʤʠʜʘʪʦʚ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ 

ʨʝʘʢʮʠʷʭ ʩ Et2S ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʇʀ. ɹʣʠʟʢʠʡ ʢ ʥʫʣʝʚʦʤʫ ʧʦʨʷʜʦʢ ʨʝʘʢʮʠʠ ʧʦ 

ʩʫʙʩʪʨʘʪʫ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ ʦ ʣʠʤʠʪʠʨʫʶʱʝʡ ʩʪʘʜʠʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʘʢʪʠʚʥʳʭ ʙʦʨʧʝʨʦʢʩʠʠʤʠʜʘʪʦʚ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʚ ʙʳʩʪʨʦʡ ʩʪʘʜʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ Et2S. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʧʨʦʝʢʪ FRES-2023-0005).
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ʆ ɺʓʏʀʉʃʀʊɽʃʔʅʆʁ ʆʐʀɹʂɽ ʇʈʀ ʀʉʇʆʃʔɿʆɺɸʅʀʀ ɹɸɿʀʉɸ 

ʇʃʆʉʂʀʍ ɺʆʃʅ ɼʃʗ ɿɸɼɸʏʀ ɺʅʋʊʈɽʅʅɽɻʆ ɺʈɸʑɽʅʀʗ 

ɹʝʣʦʚ ɸ.ʅ., ʆʨʣʦʚ ʖ.ɼ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʚʝʨʴ 

e-mail: orlov.yd@tversu.ru 
 

ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʢʦʥʬʦʨʤʝʨʦʚ 

ʚʥʫʪʨʝʥʥʝʛʦ ʚʨʘʱʝʥʠʷ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝ ʪʦʨʩʠʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʐʨʸʜʠʥʛʝʨʘ, ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʫʨʦʚʥʠ, ʥʦ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʚʦʣʥʦʚʳʝ ʬʫʥʢʮʠʠ Ɋ(ű). ʇʦ ʩʫʪʠ, ʨʝʰʝʥʠʝ 

ʪʦʨʩʠʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʐʨʸʜʠʥʛʝʨʘ 

( )
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,     (1) 

ʛʜʝ ű-ʫʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ ʚʨʘʱʝʥʠʷ, V(ű)-ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʚʥʫʪʨʝʥʥʝʛʦ 

ʚʨʘʱʝʥʠʷ, F-ʩʪʨʫʢʪʫʨʥʘʷ ʬʫʥʢʮʠʷ, ʩʚʦʜʠʪʩʷ ʢ ʟʘʜʘʯʝ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ 

ʬʫʥʢʮʠʠ ʠ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ. ʇʨʠ ʵʪʦʤ, ʢʚʘʜʨʘʪ ʤʦʜʫʣʷ ʘʤʧʣʠʪʫʜʳ 

ʚʝʨʦʷʪʥʦʩʪʠ Ɋ(ű) ʷʚʣʷʝʪʩʷ ʧʣʦʪʥʦʩʪʴʶ ʚʝʨʦʷʪʥʦʩʪʠ ɟ(ű), ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ 

ʢʦʪʦʨʦʡ ʚ ʜʠʘʧʘʟʦʥʝ ʫʛʣʘ ʚʥʫʪʨʝʥʥʝʛʦ ʚʨʘʱʝʥʠʷ [ű1, ű2]  ʧʨʠʚʦʜʠʪ ʢ 

ʚʝʨʦʷʪʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʦʪʘʤʝʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʠʥʠʤʠʟʘʮʠʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ Ɋ(ű) ʩʪʘʥʦʚʠʪʩʷ ʚʝʩʴʤʘ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ɺ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʪʨʝʭʢʨʘʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʧʦʩʪʦʷʥʥʦʡ 

ʩʪʨʫʢʪʫʨʥʦʡ ʬʫʥʢʮʠʠ, ʫʨʘʚʥʝʥʠʝ (1) ʩʚʦʜʠʪʩʷ ʢ ʫʨʘʚʥʝʥʠʶ ʄʘʪʴʝ. ʊʦʛʜʘ, 

ʚʦʣʥʦʚʘʷ ʬʫʥʢʮʠʷ ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ ʬʫʥʢʮʠʠ ʄʘʪʴʝ, ʚʳʯʠʩʣʝʥʠʝ ʢʦʪʦʨʳʭ 

ʨʝʘʣʠʟʫʝʪʩʷ ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʟʘʜʘʯ, ʫʨʘʚʥʝʥʠʝ (1) 

ʨʝʰʘʝʪʩʷ ʪʘʢʞʝ ʯʠʩʣʝʥʥʦ, ʧʨʠ ʵʪʦʤ ʚʦʣʥʦʚʘʷ ʬʫʥʢʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 

ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʙʘʟʠʩʫ ʧʣʦʩʢʠʭ ʚʦʣʥ 
n N

in
n

n N

C e j
=

-

=-

Y=ä .     (2) 

ʅʘ ʧʨʠʤʝʨʝ ʚʥʫʪʨʝʥʥʝʛʦ ʚʨʘʱʝʥʠʷ ʚ ʤʦʣʝʢʫʣʝ ʤʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ, ʧʨʠ 

ʨʘʟʤʝʨʝ ʙʘʟʠʩʘ N=15, ʜʣʷ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʣʫʯʘʝʤ 
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ʀʟ (3) ʚʠʜʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ Ɋ0 ʚʥʦʩʠʪ ʛʘʨʤʦʥʠʢʘ cos3j, ʪʦʛʜʘ 

ʢʘʢ ʬʫʥʢʮʠʷ ʄʘʪʴʝ ce0, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʦʩʥʦʚʥʦʤʫ ʫʨʦʚʥʶ, ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʥʝ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʥʝʯʝʪʥʳʝ ʛʘʨʤʦʥʠʢʠ [1]. 

ʇʨʦʚʝʜʝʥʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʘʣʠʯʠʝ 

ʥʝʫʩʪʨʘʥʠʤʳʭ çʠʩʢʘʞʝʥʠʡè, ʧʦʷʚʣʷʶʱʠʭʩʷ ʚ ʨʘʟʣʦʞʝʥʠʠ Ɋ ʚ ʙʘʟʠʩʝ 

ʧʣʦʩʢʠʭ ʚʦʣʥ, ʪʦʛʜʘ ʢʘʢ ʬʫʥʢʮʠʠ ʄʘʪʴʝ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦ ʩʢʦʨʦʩʪʴʶ 

ʩʭʦʜʠʤʦʩʪʠ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (1). 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 
1. N. W. McLachlan. ï  2-d edition. Oxford University Press. Oxford. ï 1951  

mailto:orlov.yd@tversu.
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ɼʦʥʝʮʢ 

e-mail: alla.a.kotenko@yandex.ru  

ʇʨʦʙʣʝʤʘ ʙʳʩʪʨʦʛʦ ʠ ʥʝʦʙʨʘʪʠʤʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʬʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ (ʌʆʉ) ï ʘʥʘʣʦʛʦʚ ʵʢʦʪʦʢʩʠʢʘʥʪʦʚ ï ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʨʘʩʪʘʶʱʝʡ ʫʛʨʦʟʳ 

ʘʢʪʦʚ ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʘʚʘʨʠʡ ï ʧʨʦʙʣʝʤʘ  

ʥʝʩʦʤʥʝʥʥʦ ʘʢʪʫʘʣʴʥʘʷ. ʆʜʠʥ ʠʟ ʧʨʦʩʪʳʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʫʪʝʡ  ʨʝʰʝʥʠʷ ʵʪʦʡ 

ʟʘʜʘʯʠ ï ʩʦʟʜʘʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʥʘʥʦʨʝʘʢʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʢʘʪʠʦʥʥʳʭ ʇɸɺ ʠ 

ʥʫʢʣʝʦʬʠʣʴʥʦʛʦ ʨʝʘʛʝʥʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ, ʛʠʜʨʦʢʩʠʜ-ʠʦʥʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʦʙʝʩʧʝʯʠʪʴ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʦ 10-10
2
 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʦʜʦʡ. 

ɸʥʘʣʠʟ ʢʠʥʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʱʝʣʦʯʥʦʛʦ ʛʠʜʨʦʣʠʟʘ 4-ʥʠʪʨʦʬʝʥʠʣ-

ʜʠʵʪʠʣʬʦʩʬʦʥʘʪʘ (ʅʌɼʕʌʉ) ʚ ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʤʠʢʨʦʛʝʪʝʨʦʛʝʥʥʳʭ 

ʩʠʩʪʝʤʘʭ (ʆʄʉ) ʥʘ ʦʩʥʦʚʝ ʢʘʪʠʦʥʥʳʭ ʜʠʤʝʨʥʳʭ (Gemini surfactant, GS I (a-

d), II (a,b)), ʤʦʥʦʤʝʨʥʳʭ III (a,b) ʠ CʊɸB ʜʝʪʝʨʛʝʥʪʦʚ ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ ʨʷʜ 

ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʚʝʣʠʯʠʥʫ ʤʠʮʝʣʣʷʨʥʳʭ ʵʬʬʝʢʪʦʚ. ʅʘʙʣʶʜʘʝʤʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʧʨʠ ʧʝʨʝʥʦʩʝ ʱʝʣʦʯʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʠʟ ʚʦʜʳ ʚ 

ʤʠʮʝʣʣʳ ʇɸɺ ʟʘʚʠʩʠʪ ʦʪ ʩʪʨʦʝʥʠʷ ʇɸɺ/ʩʫʙʩʪʨʘʪʘ (ʧʦʣʷʨʥʘʷ ʛʨʫʧʧʘ, 

ʤʦʩʪʠʢʦʚʳʡ ʬʨʘʛʤʝʥʪ, ʘʣʢʠʣʴʥʳʡ çʭʚʦʩʪè, ʛʠʜʨʦʬʠʣʴʥʦʩʪʴ ʠ 

ʵʣʝʢʪʨʦʬʠʣʴʥʦʩʪʴ ʩʫʙʩʪʨʘʪʘ) 
 

  

Alk
+

N
+

CH2
Alk .N N NCH

OH

CH2

II, Alk = C14H29(a), C12H25(b)

 2Cl-

 

 

 

ɺ ʨʘʤʢʘʭ ʧʩʝʚʜʦʬʘʟʥʦʡ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʤʦʜʝʣʠ (ʇʈʄ) ʚʣʠʷʥʠʝ 

ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʇɸɺ/ʩʫʙʩʪʨʘʪʘ ʥʘʭʦʜʠʪ ʩʚʦʝ ʦʪʨʘʞʝʥʠʝ ʚ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʨʝʘʛʝʥʪʦʚ ʠ ʠʟʤʝʥʝʥʠʠ ʤʠʢʨʦʦʢʨʫʞʝʥʠʷ 

(ʧʦʣʷʨʥʦʩʪʠ ʩʨʝʜʳ ʨʝʘʢʮʠʦʥʥʦʡ ʦʙʣʘʩʪʠ). ʂʦʣʠʯʝʩʪʚʝʥʥʦʡ ʤʝʨʦʡ ʵʪʠʭ 

ʬʘʢʪʦʨʦʚ ʚʳʩʪʫʧʘʶʪ ʢʦʥʩʪʘʥʪʳ ʩʚʷʟʳʚʘʥʠʷ ʨʝʘʛʝʥʪʦʚ (Ks, Koʥ, M
-1
) ʠ 

ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʚ ʤʠʮʝʣʣʷʨʥʦʡ ʧʩʝʚʜʦʬʘʟʝ (
m

2k

, M
-1.
ʩ

-1
) ʆʮʝʥʠʪʴ ʚʢʣʘʜ ʫʢʘʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʚ ʤʠʮʝʣʣʷʨʥʳʝ ʵʬʬʝʢʪʳ, 

ʦʧʠʨʘʷʩʴ ʥʘ ʇʈʄ, ʤʦʞʥʦ, ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʩʦʦʪʥʦʰʝʥʠʝʤ: 
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ʛʜʝ 
m

.obsk ʠ w

.obsk , ʩ
-1
 ï ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʙʣʶʜʘʝʤʳʭ ʢʦʥʩʪʘʥʪ 

ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʧʩʝʚʜʦʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ;  

Vm, M
-1
ï ʧʘʨʮʠʘʣʴʥʳʡ ʤʦʣʴʥʳʡ ʦʙʲʝʤ ʇɸɺ. 

 

ʆʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʤʠʮʝʣʣʷʨʥʳʝ ʵʬʬʝʢʪʳ GS I ʠ ʤʦʥʦʤʝʨʦʚ III, ʉʊAB 

ʚʥʦʩʠʪ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʨʝʘʛʝʥʪʦʚ: æ1 < 1, æ2 = 15-60 (ʩʤ. ʪʘʙʣʠʮʫ). 

ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʆʄʉ ʥʘ ʙʘʟʝ GS II, ʚ ʵʪʦʤ ʩʣʫʯʘʝ æ1>1, æ2 º 30, ʪ.ʝ. 

ʦʙʘ ʬʘʢʪʦʨʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚ ʨʷʜʫ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʆʄʉ (æ º 100). ɼʣʷ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʛʠʜʨʦʢʩʠʣʴʥʦʡ 

ʛʨʫʧʧʦʡ GS II, ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʝʣʴʟʷ ʠʩʢʣʶʯʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʠ 

ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʤʦʩʪʠʢʦʚʦʛʦ ʟʚʝʥʘ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʥʘʩʳʱʝʥʠʶ 

ʤʠʮʝʣʣʷʨʥʦʡ ʧʩʝʚʜʦʬʘʟʳ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤʫ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʶ ʅʆ
ï
-ʠʦʥʘ. 

 
ʊʘʙʣʠʮʘ. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʱʝʣʦʯʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʅʌɼʕʌʉ;  

ʨʅ 11,0; ʚʦʜʘ; 25
ʦ
ʉ

 

 

ʇɸɺ ʂS, M
-1
 

m

2k , M 
-1
ʩ

-1 m

2k /
w

2k  (æ1) æ2 æ =æ1 æ2 
( /m

obs.k )w

obs.k  max 

Ia 470 0,077 0,51 38,2 20 20 

Ib 170 0,088 0,58 29,7 17 15 

Ic 310 0,032 0,22 34,8 8 8 

Id 98 0,055 0,37 24,6 9 9 

IIa 200 0,500 3,30 31,0 103 100 

IIb 170 0,640 4,30 29,5 117 98 

IIIa 85 0,103 0,69 22,8 16 14 

IIIb  44 0,096 0,64 14,8 10 12 

ʉʊɸB 550 0,045 0,30 56,0 17 15 

   

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʠʮʝʣʣʳ ʢʘʪʠʦʥʥʳʭ ʇɸɺ ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ GS, ʚ ʨʝʘʢʮʠʷʭ ʱʝʣʦʯʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʚʳʩʪʫʧʘʶʪ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ ʥʘʥʦʨʝʘʢʪʦʨʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʙʳʩʪʨʦ ʨʘʩʱʝʧʣʷʪʴ 

ʬʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ. 
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ʂɺɸʅʊʆɺʆʍʀʄʀʏɽʉʂʀʁ ʈɸʉʏɪʊ ʉʊʈʋʂʊʋʈʓ 

ʅɸʅʆʂʃɸʉʊɽʈʆɺ ʉɽʈɽɹʈɸ 

ɹʝʣʷʝʚʘ ɽ.ɸ., ɸʣʝʢʩʝʝʚ ɺ.ɻ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʚʝʨʴ 
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ʂʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʬʫʥʢʮʠʦʥʘʣʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ 

(DFT) ʧʨʦʚʝʜʸʥ ʨʘʩʯʸʪ ʛʝʦʤʝʪʨʠʠ ʥʘʥʦʢʣʘʩʪʝʨʦʚ ʩʝʨʝʙʨʘ ʩʦʩʪʘʚʘ ʦʪ Ag3 ʜʦ 

Ag13. ʈʘʩʯʸʪ ʧʨʦʚʝʜʸʥ ʚ ʧʨʦʛʨʘʤʤʝ Jaguar (Schrodinger, LLC) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʘ PW6B95-D3(BJ) ʠ ʙʘʟʠʩʘ LACVP+. ɺʳʙʦʨ 

ʬʫʥʢʮʠʦʥʘʣʘ PW6B95-D3(BJ) ʩʜʝʣʘʥ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ 

ʨʘʩʯʸʪʘ ʜʠʤʝʨʘ ʤʦʣʝʢʫʣʳ ʩʫʣʴʬʘʪʠʘʟʦʣʘ ʩʝʨʝʙʨʘ [1], ʚ ʢʦʪʦʨʦʡ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʢʦʚʘʣʝʥʪʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʩʝʨʝʙʨʘ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ 

ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʠ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

PW6B95-D3(BJ) ʜʘʣʦ ʥʘʠʣʫʯʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʘ ʜʣʠʥ 

ʩʚʷʟʝʡ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʚʷʟʠ Ag-Ag, ʠ ʚʘʣʝʥʪʥʳʭ ʫʛʣʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʜʘʥʥʳʤ.  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ 

ʚʳʩʦʢʦʩʠʤʤʝʪʨʠʯʥʳʭ ʩʪʨʫʢʪʫʨ ʩʦʩʪʘʚʘ Ag4 (ʧʣʦʩʢʠʡ ʨʦʤʙ), Ag6 (ʢʚʘʜʨʘʪʥʘʷ 

ʙʠʧʠʨʘʤʠʜʘ), Ag7 (ʧʝʥʪʘʛʦʥʘʣʴʥʘʷ ʙʠʧʠʨʘʤʠʜʘ). ʅʘ ʨʠʩ. 1ï3 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʤʦʜʝʣʝʡ, ʚʢʣʶʯʘʷ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʳʭ 

ʦʨʙʠʪʘʣʝʡ HOMO ʠ LUMO, ʠ ʟʥʘʯʝʥʠʷ ʜʣʠʥ ʩʚʷʟʝʡ ʚ ʘʥʛʩʪʨʝʤʘʭ. ʆʩʦʙʝʥʥʦ 

ʠʥʪʝʨʝʩʥʘ ʤʦʜʝʣʴ ʢʣʘʩʪʝʨʘ Ag7, ʜʣʷ ʢʦʪʦʨʦʡ ʨʘʩʯʸʪ ʧʦʢʘʟʘʣ ʦʜʠʥʘʢʦʚʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʠʥ ʚʩʝʭ ʩʚʷʟʝʡ 2.82 ¡, ʢʦʪʦʨʦʝ ʙʣʠʟʢʦ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ 2.89 ¡ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʤ 

ʩʝʨʝʙʨʝ [2]. 
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ʈʠʩ. 1. ʅʘʥʦʢʣʘʩʪʝʨ Ag4. 
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ʈʠʩ. 2. ʅʘʥʦʢʣʘʩʪʝʨ Ag6. 
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ʈʠʩ. 3. ʅʘʥʦʢʣʘʩʪʝʨ Ag7. 
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complexes with sulfathiazole and sulfamethoxazole: Synthesis, spectroscopic 

characterization, crystal structure and antibacterial assays. // Polyhedron. 2015. V.85. 

P.437ï444. doi:10.1016/j.poly.2014.09.010 

2. Jansen M. Homoatomic d10ïd10 Interactions: Their Effects on Structure and Chemical 

and Physical Properties. // Angewandte Chemie International Edition in English. 1987. V. 

26. Iss. 11. P. 1098ï1110. doi:10.1002/anie.198710981 

 



ʏʝʪʳʨʥʘʜʮʘʪʘʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

çʍʠʤʠʯʝʩʢʘʷ ʪʝʨʤʦʜʠʥʘʤʠʢʘ ʠ ʢʠʥʝʪʠʢʘè  
 

~ 56 ~ 
 

ʈɸɺʅʆɺɽʉʅɸʗ ʈɸʉʊɺʆʈʀʄʆʉʊʔ ʀ ʊɽʈʄʆɼʀʅɸʄʀʂɸ 

ʈɸʉʊɺʆʈɽʅʀʗ ʊɽʊʈɸɻʀɼʈʆʂʆʈʈʀʅʆɺ ɺ ʍʃʆʈʆʌʆʈʄɽ 

ɹʝʨʝʟʠʥʘ ʅ.ʄ.
1
, ɹʝʨʝʟʠʥʘ ɻ.ʈ.

1
, ʃʶʙʠʤʦʚʘ ʊ.ɺ.

1,2
, ʉʝʤʝʡʢʠʥ ɸ.ʉ.

1
 

1
ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʀʚʘʥʦʚʦ 

ʌɻɹʋʅ ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʨʘʩʪʚʦʨʦʚ ʠʤ. ɻ.ɸ. ʂʨʝʩʪʦʚʘ ʈɸʅ, ʀʚʘʥʦʚʦ 

e-mail: sky_berezina@rambler.ru  

 

ʉʣʦʞʥʦʩʪʴ ʠ ʤʥʦʛʦʦʙʨʘʟʠʝ ʩʪʨʫʢʪʫʨ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʦʧʨʝʜʝʣʷʝʪ ʩʧʝʮʠʬʠʢʫ ʧʦʚʝʜʝʥʠʷ ʠʭ ʚ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ ʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʠʤʝʶʱʠʭ ʤʝʩʪʦ ʚ ʨʘʩʪʚʦʨʘʭ. 

ʂʦʨʨʠʥ ï ʪʝʪʨʘʧʠʨʨʦʣʴʥʦʝ ʤʘʢʨʦʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ, 

ʧʨʦʠʟʚʦʜʥʦʝ ʧʦʨʬʠʨʠʥʘ. ʄʘʢʨʦʮʠʢʣ ʢʦʨʨʠʥʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʩʪʨʫʢʪʫʨʳ ʚʠʪʘʤʠʥʘ B12, ʢʦʪʦʨʳʡ ʫʯʘʩʪʚʫʝʪ ʚ ʨʘʟʣʠʯʥʳʭ 

ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʚ ʦʨʛʘʥʠʟʤʝ. ʀʟʫʯʝʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʩʪʨʫʢʪʫʨ ʵʪʦʛʦ ʢʣʘʩʩʘ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʝʩʥʳʤ ʜʣʷ 

ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʳ.  

ʄʝʪʦʜʦʤ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʥʘʩʳʱʝʥʠʷ ʦʧʨʝʜʝʣʝʥʘ ʨʘʚʥʦʚʝʩʥʘʷ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ (ȹG=0) 2,8,12,18-ʪʝʪʨʘʵʪʠʣ-1,3,7,13,17,19-

ʛʝʢʩʘʤʝʪʠʣʙʠʣʘʜʠʝʥʘ-a,c ʜʠʛʠʜʨʦʙʨʦʤʠʜʘ (1), 2,8,12,18-ʪʝʪʨʘʵʪʠʣ-

1,3,7,13,17,19-ʛʝʢʩʘʤʝʪʠʣʪʝʪʨʘʜʝʛʠʜʨʦʢʦʨʨʠʥʘ ʧʝʨʭʣʦʨʘʪʘ ʢʦʙʘʣʴʪʘ(II) (2) ʠ 

2,8,12,18-ʪʝʪʨʘʵʪʠʣ-1,3,7,13,17,19-ʛʝʢʩʘʤʝʪʠʣʪʝʪʨʘʜʝʛʠʜʨʦʢʦʨʨʠʥʘ 

ʧʝʨʭʣʦʨʘʪʘ ʥʠʢʝʣʷ (3). ʈʘʩʩʯʠʪʘʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʘʩʪʚʦʨʝʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (1-3) ʚ ʭʣʦʨʦʬʦʨʤʝ ʧʨʠ 298-318 ʂ 

(ʪʘʙʣʠʮʘ). ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʙʠʣʘʜʠʝʥʘ-a,c (1) ʠ ʮʠʢʣʠʯʝʩʢʠʭ ˊ-ʩʦʧʨʷʞʝʥʥʳʭ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ (2-3) ʠʟʤʝʨʷʣʠ ʥʘ ʪʝʨʤʦʩʪʘʪʠʨʫʝʤʦʡ ʫʩʪʘʥʦʚʢʝ ʜʣʷ 

ʚʩʪʨʷʭʠʚʘʥʠʷ ʘʤʧʫʣ [1].  
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ʈʠʩ. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

 

ʉʧʝʮʠʬʠʢʫ ʠ ʧʦʚʝʜʝʥʠʝ ʚ ʨʘʩʪʚʦʨʝ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʦʧʨʝʜʝʣʷʶʪ ʠʤʝʶʱʠʝʩʷ ʚ ʤʦʣʝʢʫʣʝ ʮʝʥʪʨʳ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʡ 

ʩʦʣʴʚʘʪʘʮʠʠ.  

ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ (1 ʠ 2) ʚ ʭʣʦʨʦʬʦʨʤʝ ʩʦʩʪʘʚʣʷʝʪ 10
-4
 ʤʦʣʴ/ʣ, 

ʵʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʝʜʠʥʝʥʠʝʤ (3). ʇʦ-ʚʠʜʠʤʦʤʫ, ʫ 

ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳ ʫʩʣʦʚʠʷ ʩʦʣʴʚʘʪʘʮʠʠ ʧʦ 

mailto:sky_berezina@rambler.ru
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ʩʨʘʚʥʝʥʠʶ ʩ (1 ʠ 2). ʇʨʦʮʝʩʩ ʨʘʩʪʚʦʨʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʫʶ 

ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ, ʵʥʜʦʪʝʨʤʠʯʝʥ. ʇʨʦʠʩʭʦʜʠʪ ʨʘʟʫʧʦʨʷʜʦʯʠʚʘʥʠʝ 

ʩʠʩʪʝʤʳ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʝʙʦʣʴʰʠʤ ʨʦʩʪʦʤ ʵʥʪʨʦʧʠʠ ʨʘʩʪʚʦʨʝʥʠʷ. 

 
ʊʘʙʣʠʮʘ  

ʇʦʣʠʪʝʨʤʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʚʥʦʚʝʩʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ (S°0.04 ʤʤʦʣʴ/ʣ) ʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʘʩʪʚʦʨʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ (1-3) ʚ ʭʣʦʨʦʬʦʨʤʝ ʧʨʠ 298-318 ʂ 

(Dʅ
0
 ʠ DG

0 
 ï ʢɼʞ/ʤʦʣʴ, DS

0
°8 ï ɼʞ/(ʤʦʣʴĀʂ) 

ʦʙʨʘʟʝʮ ʈʘʩʪʚʦʨʠʪʝʣʴ 
ɚ, ʥʤ /  

(lg Ů) 

S,  

298 ʂ 

S, 

308 ʂ 

S, 

318 ʂ 
Dʅ

0
 DG

0
 DS

0
 

1  

ʍʣʦʨʦʬʦʨʤ 

529 (5.08) 5.71 7.66 9.98 22.0°1 18.5 12 

2  493 (4.95) 3.58 5.85 7.44 28.6°6 19.7 30 

3  554 (4.95) 10.80 22.20 39.10 50.6°31 16.9 113 

 

ʅʝʚʳʩʦʢʠʝ ʚʝʣʠʯʠʥʳ DG, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʫʤʤʘʨʥʳʡ ʚʢʣʘʜ 

ʵʥʪʘʣʴʧʠʡʥʦʡ ʠ ʵʥʪʨʦʧʠʡʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʧʨʦʮʝʩʩ ʨʘʩʪʚʦʨʝʥʠʷ, ʠʤʝʶʪ 

ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʝ ʟʥʘʯʝʥʠʷ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʜʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ʠʤʝʶʪ 

ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʠʟ ʪʚʝʨʜʦʡ ʬʘʟʳ ʚ ʨʘʩʪʚʦʨ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ  ʥʘ ʚʳʧʦʣʥʝʥʠʝ 

ʅʀʈ. ʊʝʤʘ ˉ FZZW-20230009. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 
1. ɹʝʨʝʟʠʥʘ ʅ.ʄ., ɹʝʨʝʟʠʥ ʄ.ɹ.// ɾʫʨʥʘʣ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ. 2016. ʊ. 90. ˉ 4. ʉ. 

560-564. 
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ʊɽʈʄʆɼʀʅɸʄʀʂɸ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ʆʂCʀɼʅʓʍ 

ʉʆɽɼʀʅɽʅʀʁ ʃʀʊʀʗ ʉ ʉʆʃʗʄʀ ɼɺʋʍɺɸʃɽʅʊʅʓʍ ʄɽʊɸʃʃʆɺ 

ɹʝʨʝʩʪʦʚʘʷ ɸ.ɸ.
1
, ɾʫʨʘʚʣʝʚ ʉ.ɺ.

2
 

1
ɼʦʥʝʮʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ɼʦʥʝʮʢ 

2
ʌɻɹʅʋ "ʅʀʀ "ʈʝʘʢʪʠʚʵʣʝʢʪʨʦʥ", ʛ. ɼʦʥʝʮʢ 

e-mail: berestovʘ865@mail.ru 

 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʢʩʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʩ 

ʙʝʟʚʦʜʥʳʤʠ ʩʦʣʷʤʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʠʣʴʥʳʤ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ 

ʉʤʝʩʠ ʧʦʩʣʝ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʨʝʘʛʠʨʫʶʪ ʚ ʨʝʞʠʤʝ ʛʦʨʝʥʠʷ. ʆʜʥʦʡ ʠʟ ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʪʠʭ 

ʨʝʘʢʮʠʡ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʙʱʝʧʨʠʥʷʪʳʤ ʢʣʘʩʩʠʯʝʩʢʠʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦ ʛʦʨʝʥʠʠ. ɺ ʪʨʘʜʠʮʠʦʥʥʦʤ ʧʦʥʠʤʘʥʠʠ ʛʦʨʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʠ ʥʘʣʠʯʠʠ ʪʦʧʣʠʚʘ ʠ ʦʢʠʩʣʠʪʝʣʷ, ʥʦ ʠʟʫʯʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʠʩʪʦʯʥʠʢʦʤ 

ʪʝʧʣʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʷʚʣʷʝʪʩʷ ʦʙʤʝʥ ʘʪʦʤʘʤʠ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʨʝʘʢʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʥʷʪʠʝ ʪʦʧʣʠʚʘ ʠ ʦʢʠʩʣʠʪʝʣʷ ʪʝʨʷʶʪ ʩʚʦʡ 

ʠʩʭʦʜʥʳʡ ʩʤʳʩʣ.  

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦʣʝʡ ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʦʢʩʠʜʥʳʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ ʣʠʪʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʤʠ 

ʵʬʬʝʢʪʘʤʠ (ʪʘʙʣʠʮʘ) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʫʙʤʠʢʨʦʥʥʳʭ ʯʘʩʪʠʮ ʦʢʩʠʜʦʚ 

ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʨʘʚʥʝʥʠʷʤ ʨʝʘʢʮʠʡ: 

Li 2O+MeX2 = 2 LiX + MeO + Qʨ, 

Li 2O2+MeX2 = 2 LiX + MeO + 0.5 O2  +Qʨ, 

ʛʜʝ X  Cl, ./,  

Li 2O +MeSO4 = Li2SO4 + MeO + Qʨ, 

Li 2O2+MeSO4 = Li2SO4 + MeO + 0.5 O2 + Qʨ, 

ʛʜʝ Me  Mn
+2

, Fe
+2

, Co
+2

, Ni
+2

, Cu
+2

, Zn
+2

, Mg
+2

, Ca
+2

, Ba
+2

, 

ʊʘʙʣʠʮʘ  

ʊʝʧʣʦʚʳʝ ʵʬʬʝʢʪʳ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʘʢʮʠʡ ʦʢʩʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʣʠʪʠʷ ʩ ʭʣʦʨʠʜʘʤʠ 

ʤʝʪʘʣʣʦʚ. űʧʣ ï ʩʪʝʧʝʥʴ ʧʣʘʚʣʝʥʠʷ LiCl .  

ʉʦʣʴ 
Li 2O Li 2O2 

Qʨ, ʢɼʞ/ʤʦʣʴ T, ʂ űʧʣ Qʨ, ʢɼʞ/ʤʦʣʴ T, ʂ űʧʣ 

MnCl2 122.821 883 0.75 86.88 660  

FeCl2 143.731 930 1 107.79 883 0.05 

CoCl2 148.251 988 1 112.31 883 0.3 

NiCl2 157.405 1005 1 121.464 883 0.4 

CuCl2 158.521 1000 1 122.58 883 0.4 

ZnCl2 152.031 1005 1 116.09 883 0.37 

MgCl2 178.851 1170 1 142.91 900 1 

CaCl2 56.711 660 0 20.77 420 0 

BaCl2 83.359   119.3   

ʊʝʧʣʦʚʳʝ ʵʬʬʝʢʪʳ ʨʝʘʢʮʠʡ ʢʦʨʨʝʣʠʨʫʶʪʩʷ ʩ ʩʫʤʤʦʡ ʧʦʪʝʥʮʠʘʣʦʚ 

ʠʦʥʠʟʘʮʠʠ ʤʝʪʘʣʣʦʚ ʦʙʨʘʟʫʶʱʠʭ ʩʦʣʠ (ʨʠʩ. 1). 
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ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʵʬʬʝʢʪʘ ʨʝʘʢʮʠʡ ʦʢʩʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʣʠʪʠʷ ʩ 

ʩʦʣʷʤʠ ʨʷʜʘ ʜʚʫʭʚʘʣʝʥʪʥʳʭ s- ʠ d-ʤʝʪʘʣʣʦʚ ʦʪ ʧʦʪʝʥʮʠʘʣʦʚ ʠʦʥʠʟʘʮʠʠ ʜʚʫʭʚʘʣʝʥʪʥʳʭ 

ʤʝʪʘʣʣʦʚ (ʜʣʷ Li ʫʜʚʦʝʥʥʳʡ ʧʦʪʝʥʮʠʘʣ) 

 
ʈʠʩ. 2. ʊʝʤʧʝʨʘʪʫʨʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʭʣʦʨʠʜʦʚ ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʤʝʪʘʣʣʦʚ ʩ 

ʦʢʩʠʜʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʣʠʪʠʷ, ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ. 

ʉʨʘʚʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʢʩʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʣʠʪʠʷ ʠ 

ʦʢʩʠʜʦʚ ʜʨʫʛʠʭ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ [1] ʩ ʩʦʣʷʤʠ ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʤʝʪʘʣʣʦʚ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʠʩʪʝʤʳ, ʩʦʜʝʨʞʘʱʠʝ Li2O2, Li2O ʦʙʨʘʟʫʶʪ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʛʨʫʧʧʫ (ʨʠʩ.2). ʊʝʤʧʝʨʘʪʫʨʘ ʧʨʠ ʨʝʘʢʮʠʠ ʚ ʵʪʠʭ 

ʩʠʩʪʝʤʘʭ ʥʝ ʜʦʩʪʠʛʘʝʪ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ ʦʢʩʠʜʦʚ ʜʚʫʭʚʘʣʝʥʪʥʳʭ 

ʤʝʪʘʣʣʦʚ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʣʘʚʣʝʥʠʝʤ ʦʙʨʘʟʫʶʱʠʭʩʷ ʩʦʣʝʡ ʣʠʪʠʷ. ʐʠʨʦʢʠʡ 

ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ ʚ ʨʝʘʢʮʠʷʭ ʩʦʣʝʡ ʩ ʧʝʨʦʢʩʠʜʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ 

ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʨʘʟʦʛʨʝʚʘ 

ʩʠʩʪʝʤ, ʯʪʦ ʚʘʞʥʦ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 
1. ɹʝʨʝʩʪʦʚʘʷ, ɸ. ɸ. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ ʚ 

ʦʢʩʠʜʥʦ- ʠ ʧʝʨʦʢʩʠʜʥʦ-ʩʦʣʝʚʳʭ ʩʠʩʪʝʤʘʭ / ɸ. ɸ. ɹʝʨʝʩʪʦʚʘʷ, ɺ. ɺ. ʐʘʧʦʚʘʣʦʚ // 

ʅʘʫʯʥʳʡ ʚʝʩʪʥʠʢ ʅʀʀɻɼ ʈʝʩʧʠʨʘʪʦʨ. ï 2022 ï ˉ 2(59). ï ʉ. 26-37. ï EDN 

CAJPDS. 

  

ʊ
ʝ
ʤ
ʧ
ʝ
ʨ
ʘ
ʪ
ʫ
ʨ
ʘ
,
 
ʂ

 

Li2O

L2O2

K2O

K2O2



ʏʝʪʳʨʥʘʜʮʘʪʘʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

çʍʠʤʠʯʝʩʢʘʷ ʪʝʨʤʦʜʠʥʘʤʠʢʘ ʠ ʢʠʥʝʪʠʢʘè  
 

~ 60 ~ 
 

ʀɿʋʏɽʅʀɽ ɺʆɿʄʆɾʅʆʉʊʀ ʃɸɿɽʈʅʆɻʆ ʉʀʅʊɽɿɸ 

ʅɸʅʆʉʊʈʋʂʊʋʈ ʅɸ ʄɽʊɸʃʃʀʏɽʉʂʆʁ ʇʆɺɽʈʍʅʆʉʊʀ 

ʉɼɺʆɽʅʅʓʄʀ ʃɸɿɽʈʅʓʄʀ ʀʄʇʋʃʔʉɸʄʀ 

ɹʦʛʜʘʥ ɽ.ɺ.
1
 , ʏʠʥʴ ʅ.ʍ.

2
, ʇʘʣʘʟʥʠʢ ʇ.ɸ.

1
, ɺʦʡʪʝʭʦʚʠʯ ɸ.ɸ.

1
, 

 ʇʘʪʘʧʦʚʠʯ ʄ.ʇ.
1
 

1
 ʋʆ çɹʝʣʦʨʫʩʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘ ̫ʘʢʘʜʝʤʠʷ ʩʚʷʟʠè, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ 
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ɺʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʥʘʥʦʧʦʨʦʰʢʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ. ʂʨʦʤʝ ʪʦʛʦ,  ʩʘʤʠ ʪʘʢʠʝ 

ʩʪʨʫʢʪʫʨʳ ʤʦʛʫʪ ʙʳʪʴ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʜʣʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʪʝʭ 

ʠʣʠ ʠʥʳʭ ʜʝʪʘʣʝʡ, ʪʘʢ ʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʮʝʣʝʡ, ʥʘʧʨʠʤʝʨ, ʵʣʝʢʪʨʦʥʠʢʠ ʠ 

ʤʝʜʠʮʠʥʳ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʜʘʥʥʳʭ ʯʘʩʪʠʮ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʧʣʘʚʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ. 

ʃʘʟʝʨʥʳʡ ʩʠʥʪʝʟ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʣʦʞʝʥ ʢʘʢ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ 

ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʛʜʘ ʠʤʝʝʪ ʤʝʩʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʩʜʚʦʝʥʥʳʭ ʠʤʧʫʣʴʩʦʚ ʥʘ 

ʤʝʪʘʣʣʳ ʠ ʩʧʣʘʚʳ. ʉʭʝʤʳ ʠ ʤʝʪʦʜʳ ʣʘʟʝʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʠʰʝʥʴ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʢʦʥʪʨʦʣʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ 

ʧʣʘʟʤʳ ʠ ʫʧʨʘʚʣʝʥʠʝʤ ʝʝ ʩʦʩʪʘʚʦʤ [1]. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʠ ʤʝʪʘʣʣʦʚ ʠ 

ʩʧʣʘʚʦʚ ʩʜʚʦʝʥʥʳʤʠ ʣʘʟʝʨʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʪʦʤʥʦ-

ʵʤʠʩʩʠʦʥʥʦʡ ʤʥʦʛʦʢʘʥʘʣʴʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ LSS-1, ʧʨʦʠʟʚʝʜʝʥʥʳʡ 

ʩʦʚʤʝʩʪʥʳʤ ʙʝʣʦʨʫʩʩʢʦ-ʷʧʦʥʩʢʠʤ ʧʨʝʜʧʨʠʷʪʠʝʤ "LOTIS TII". ɼʘʥʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʪʚʝʨʜʳʭ ʠ ʞʠʜʢʠʭ ʦʙʨʘʟʮʦʚ. ʃʘʟʝʨ, ʚʢʣʶʯʝʥʥʳʡ ʚ ʩʦʩʪʘʚ ʧʨʠʙʦʨʘ, ʤʦʞʝʪ 

ʨʘʙʦʪʘʪʴ ʩ ʯʘʩʪʦʪʦʡ ʧʦʚʪʦʨʝʥʠʷ ʠʤʧʫʣʴʩʦʚ ʜʦ 10 ɻʮ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ 

ʠʟʣʫʯʝʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʩʜʚʦʝʥʥʳʭ ʠʤʧʫʣʴʩʦʚ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʜʦ 80 ʤɼʞ, ʘ 

ʜʣʠʥʘ ʚʦʣʥʳ ʨʘʚʥʘ 1064 ʥʤ. ɺ ʩʣʫʯʘʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʥʘ ʤʠʰʝʥʴ ʨʘʟʤʝʨ ʧʷʪʥʘ ʩʦʩʪʘʚʣʷʝʪ  ʧʨʠʤʝʨʥʦ 50 ʤʢʤ [2]. ʂʨʦʤʝ 

ʪʦʛʦ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʘʢʞʝ ʪʨʠ ʪʠʧʘ ʨʘʩʬʦʢʫʩʠʨʦʚʢʠ: ʥʫʣʝʚʫʶ, 

ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʠ ʦʪʨʠʮʘʪʝʣʴʥʫʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʣʦʪʥʦʩʪʠ 

ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʣʦʱʘʜʠ ʘʙʣʷʮʠʠ. ɼʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʢʦʨʨʝʢʪʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʳʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʣʠʥʳ ʚʦʣʥ ʵʣʝʤʝʥʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ 

ʦʙʨʘʟʮʘ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʞʝʣʝʟʘ ʜʣʠʥʘ ʚʦʣʥʳ ʩʦʩʪʘʚʠʣʘ 438,587 ʥʤ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʟʫʯʘʣʘʩʴ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʩʝʨʠʠ ʜʚʘʜʮʘʪʠ ʩʜʚʦʝʥʥʳʭ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ 

ʥʘ ʪʦʯʢʫ. ʇʨʠ ʵʪʦʤ ʵʥʝʨʛʠʷ ʠʤʧʫʣʴʩʦʚ ʩʦʩʪʘʚʣʷʣʘ 53 ʤɼʞ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʨʠʤʝʨʘ, ʥʘ ʨʠʩ. 1, ʧʨʝʜʩʪʘʚʣʝʥʦ ʬʦʪʦ ʠʩʩʣʝʜʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʘ) ʠ 
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         ʘ                                                         ʙ 

ʈʠʩ. 1. ʌʦʪʦ ʧʦʚʝʨʭʥʦʩʪʠ (ʘ); ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʠʥʠʠ ʞʝʣʝʟʘ ʦʪ ʥʦʤʝʨʘ 

ʠʤʧʫʣʴʩʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʨʘʩʬʦʢʫʩʠʨʦʚʢʠ (ʙ) 

 

ʇʨʠʚʝʜʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʨʝʞʠʤʘ ʩʜʚʦʝʥʥʳʭ ʠʤʧʫʣʴʩʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʦʞʝʥʠʝʤ ʧʨʦʮʝʩʩʘ ʥʘʛʨʝʚʘ 

ʠ ʠʩʧʘʨʝʥʠʷ ʥʘʥʦʢʣʘʩʪʝʦʨʦʚ ʥʘ ʧʝʨʚʠʯʥʳʝ ʧʨʦʮʝʩʩʳ ʧʣʘʟʤʦʦʙʨʘʟʦʚʘʥʠʷ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʚ ʩʣʫʯʘʝ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʥʘʥʦʩʝʢʫʥʜʥʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʚʦʢʨʫʛ ʢʨʘʪʝʨʘ ʬʦʨʤʠʨʫʝʪʩʷ ʙʨʫʩʪʚʝʨ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʘʟʝʨʥʦʡ ʧʣʘʟʤʳ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʚʙʣʠʟʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʧʣʘʚʘ, ʧʦʟʚʦʣʷʶʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠ 

ʫʧʨʘʚʣʷʪʴ ʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʥʘʥʦʩʪʨʫʢʪʫʨʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʢʦʤʧʦʥʝʥʪʳ ʤʠʰʝʥʠ, ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. M. Aden [et al.] // J. of Physics. D, Appl. Physics. ï 1992. ï Vol. 25, ˉ 1. ï P. 

57ï65. 

2. ʍ. ɹʘʟʟʘʣ [ʠ ʜʨ.] // ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠʟʫʯʝʥʠʷ ʢʣʘʩʪʝʨʦʚ, 

ʥʘʥʦʩʪʨʫʢʪʫʨ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. ï 2019. ï ɺʳʧ. 11. ï ʉ. 57-64. 
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ʇɽʈɽʇʆʃʗʈʀɿɸʎʀʆʅʅʓɽ ʉɺʆʁʉʊɺɸ ʅʀʆɹʀʁʉʆɼɽʈɾɸʑʀʍ 

ʂʈʀʉʊɸʃʃʆɺ ʊʀʊɸʅɸʊɸ ɹɸʈʀʗ 

ɹʦʛʦʩʣʦʚʩʢʠʡ ʄ.ɺ., ɹʦʣʴʰʘʢʦʚʘ ʅ.ʅ., ʂʠʩʣʦʚʘ ʀ.ʃ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʚʝʨʴ 

e-mail: mrmuxah4uk1904@mail.ru  

ʉʝʛʥʝʪʦʵʣʝʢʪʨʠʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʚʘʞʥʳʡ ʢʣʘʩʩ 

ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʜʘʪʯʠʢʘʭ, ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟ-ʤʘʭ 

ʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ. ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʪʘʚʣʝʥʘ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʧʝʨʝʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚʘʭ 

ʥʠʦʙʠʡʩʦʜʝʨʞʘʱʠʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ (BaTiO3: Nb
5+

). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʢʣʶʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʧʨʦʚʝʜʝʥʳ ʤʝʪʦʜʦʤ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ [1]. ʀʟʫʯʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢ-ʪʝʨʠʩʪʠʢ 

ʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ 

ʠʟʤʝʨʠʪʝʣʷ ʠʤʤʠʪʘʥʩʘ ɽ7-20. ʂʨʠʩʪʘʣʣʳ ʦʪʞʠʛʘʣʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 423 ʂ 

ʚ ʪʝʯʝʥʠʝ 6 ʯʘʩʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʤʝʜʣʝʥʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ. 

ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʧʝʪʝʣʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ɺʠʜʥʦ, ʯʪʦ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʥʝ ʠʤʝʶʪ 

ʠʩʢʘʞʝʥʠʡ. ʀʭ ʩʤʝʱʝʥʠʷ ʧʦ ʢʦʦʨʜʠʥʘʪʥʳʤ ʦʩʷʤ ʩʚʠʜʝʪʝʣʴ-ʩʪʚʫʶʪ ʦʙ 

ʫʥʠʧʦʣʷʨʥʦʩʪʠ ʠ ʥʘʣʠʯʠʠ ʧʦʣʝʡ ʩʤʝʱʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣʘʭ.  
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ʈʠʩ. 1. ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʧʝʪʝʣʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ, ʧʦʣʫʯʝʥʥʳʝ 

ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ὄὥὝὭὕ : ὔὦ  ʜʦ (1) ʠ ʧʦʩʣʝ (2) ʠʭ ʦʪʞʠʛʘ: ʘ) C = 0,1 ʤʦʣ. %;        ʙ) 

C = 0,3 ʤʦʣ. %; ʚ) C = 0,9 ʤʦʣ. %.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʩʣʝ ʦʪʞʠʛʘ ʢʨʠʩʪʘʣʣʦʚ BaTi/ : .Â  ʚʝʣʠʯʠʥʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ (Ů) ʠ ʵʬʬʝʢʪʠʚʥʦʡ (Ůɻʬ) ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ 

ʚʦʟʨʘʩʪʘʶʪ ʦʪ 6% ʜʦ 19%. ʇʝʨʝʢʣʶʯʘʝʤʘʷ ʧʦʣʷʨʠʟʘʮʠʷ (P) ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ 

ʢ ʨʦʩʪʫ, ʥʘʠʙʦʣʴʰʝʛʦ ʟʥʘʯʝʥʠʷ (80%) ʦʥʘ ʜʦʩʪʠʛʘʝʪ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ 0,9 ʤʦʣ. % ʥʠʦʙʠʷ. ʆʪʞʠʛ ʚʳʟʳʚʘʝʪ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝ ʪʘʥʛʝʥʩʘ 

ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʦʪ 30% ʜʦ 50%. ɿʥʘʯʝʥʠʷ ʢʦʵʨʮʠʪʠʚʥʦʛʦ ʧʦʣʷ 

(ʦʪ 9% ʜʦ 24%), ʧʦʣʷ ʩʤʝʱʝʥʠʷ (ʦʪ 14% ʜʦ 48%), ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʫʥʠʧʦʣʷʨʥʦʩʪʠ (ʦʪ 14% ʜʦ 50%) ʜʣʷ ʦʪʦʞʞʸʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʥʠʞʝ 

ʘʥʘʣʦʛʠʯʥʳʭ ʜʦ ʦʪʞʠʛʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʢʨʠʩʪʘʣʣʦʚ BaTiO3: 
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Nb
5+

 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʦʙʨʘʟʮʳ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ ʩ 

ʧʨʠʤʝʩʴʶ 0,1 ʤʦʣ. % ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ɺʝʣʠʯʠʥʳ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʯʘʩʪʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (Ůô) ʫʤʝʥʴʰʘʶʪʩʷ ʦʪ 425 ʥʘ ʯʘʩʪʦʪʝ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʦʣʷ 10 ɻʮ ʜʦ 187 ʥʘ ʯʘʩʪʦʪʝ 10
5
 ɻʮ (ʨʠʩ. 2ʘ, ʢʨʠʚʘʷ 1). ɼʣʷ 

ʢʨʠʩʪʘʣʣʦʚ BaTiO3: Nb
5+

 (C=0,3 ʤʦʣ. %, ʢʨʠʚʘʷ 2) ʜʠʩʧʝʨʩʠʷ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ. ɸʥʘʣʦʛʠʯʥʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʠ ʜʣʷ ʤʥʠʤʳʭ ʯʘʩʪʝʡ (Ůôô) ʜʠʵʣʝʢʪʨʠ-

ʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʢʨʠʚʳʝ 3, 4).  
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ʈʠʩ. 2. ɼʠʩʧʝʨʩʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ (1, 2), ʤʥʠʤʦʡ (3,4) ʯʘʩʪʝʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʘ) ʠ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ (ʙ), 

ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ BaTiO3:Nb
5+
: ʘ - 1, 3 (C=0,1 ʤʦʣ. %); 2, 4 (C=0,3 ʤʦʣ. %);    ʙ ï 

1 (C=0,1 ʤʦʣ. %), 2 (C=0,3 ʤʦʣ. %).  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠ-ʯʝʩʢʠʭ 

ʧʦʪʝʨʴ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʢʨʠʩʪʘʣʣʘ BaTiO3: Nb
5+

 (C=0,1 ʤʦʣ. %) ʥʘ ʯʘʩʪʦʪʝ 

835 ɻʮ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʫʤ (ʨʠʩ. 2ʙ, ʢʨʠʚʘʷ 1). ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʧʨʠʨʦʜʳ 

ʨʝʣʘʢʩʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʜʘʥʥʦʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʧʦʩʪʨʦʝʥʘ 

ʜʠʘʛʨʘʤʤʘ ʂʦʫʣʘ-ʂʦʫʣʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʫʛʫ ʦʢʨʫʞʥʦʩʪʠ ʥʘ 

ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʠ ʧʨʷʤʫʶ ï ʥʘ ʥʠʟʢʠʭ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʝʭʘʥʠʟʤʫ 

ʪʝʧʣʦʚʦʡ ʠʦʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ [2]. ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʝ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ 

ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 1,2Ț10
-3
 ʩ ʧʨʠ ʰʠʨʠʥʝ ʩʧʝʢʪʨʘ ʚʨʝʤʸʥ ʨʝʣʘʢʩʘʮʠʠ 0.5. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʫʩʣʦʚʣʝʥʳ ʧʦʚʝʜʝʥʠʝʤ ʧʨʠʤʝʩʠ ʥʠʦʙʠʷ ʚ 

ʢʨʠʩʪʘʣʣʘʭ BaTi/. ʀʦʥʳ .Â  ʟʘʤʝʱʘʶʪ ʠʦʥʳ É˟ ȟ ʯʪʦ ʠʟʤʝʥʷʝʪ ʠʦʥʥʡr 

ʩʦʩʪʘʚ ʨʝʰʝʪʢʠ ʠ ʚʣʠʷʝʪ ʥʘ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʘ. 

1. ɹʦʛʦʤʦʣʦʚ, ɺ.ɺ. ʀʚʘʥʦʚ ʌʠʟʠʢʘ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ. ʊʚʝʨʴ, ʊʚɻʋ, 

2014, 160 ʩ. 

2. Volk T., Woike Th., etc. // Ferroelectrics. 1997. V. 203. P. 457. 
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ɼʀʕʃɽʂʊʈʀʏɽʉʂʀʁ ɻʀʉʊɽʈɽɿʀʉ ɺ ʄʆʅʆʂʈʀʉʊɸʃʃʀʏɽʉʂʀʍ 

ʊɺɽʈɼʓʍ ʈɸʉʊɺʆʈɸʍ PIN-PMN-PT 

ɹʦʣʴʰʘʢʦʚʘ ʅ.ʅ. 
1
, ɼʨʫʞʠʥʠʥʘ ʅ.ʖ.
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ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʤʠʢʨʦ- ʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠ ʩʚʷʟʘʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʝʨʠʘʣʦʚ ʩ ʦʩʦʙʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺ ʨʘʙʦʪʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʢʣʶʯʝʥʠʷ ʪʨʦʡʥʳʭ 

ʩʠʩʪʝʤ ʩʚʠʥʝʮʩʦʜʝʨʞʘʱʠʭ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʦʚ PbIn1/2Nb1/2O3 ï 

PbMg1/3Nb2/3O3 ï PbTiO3 (PIN-PMN-PT). ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ (293-430) K. ʄʦʥʦʢʨʠʩʪʘʣʣʳ PIN-PMN-PT 

ʚʳʨʘʱʠʚʘʣʠʩʴ ʠʟ ʨʘʩʧʣʘʚʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʤʝʪʦʜʦʤ ɹʨʠʜʞʤʝʥʘ [1]. 

ʕʣʝʢʪʨʦʝʤʢʦʩʪʴ ʦʙʨʘʟʮʦʚ ʠʟʤʝʨʝʥʘ ʩ ʧʦʤʦʱʴʶ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʤʦʩʪʘ ɺʄ-

509, ʧʝʪʣʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʉʦʡʝʨʘ-ʊʘʫʵʨʘ 

[2]. ʀʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʨʘʩʪʨʦʚʦʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ JEOL JSM6610LV ʚ ʨʝʞʠʤʝ ʚʪʦʨʠʯʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ. ʇʦʛʨʝʰʥʦʩʪʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʨʝʢʣʶʯʝʥʠʷ 

ʢʨʠʩʪʘʣʣʘ ʥʝ ʧʨʝʚʳʰʘʣʠ 10%. ʀʩʩʣʝʜʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʵʣʝʤʝʥʪʥʦʛʦ 

ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʘ ʧʨʦʚʝʜʝʥʳ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʘ 

Oxford Instruments INCA Energy 350 [3]. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ (1) ʠ ʧʝʨʝʢʣʶʯʘʝʤʦʡ ʧʦʣʷʨʠʟʘʮʠʠ (2), E=271Ŀ10
3
 ɺĿʤ

-1
, ʚ 

ʰʠʨʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʚʢʣʶʯʘʶʱʝʤ ʪʦʯʢʫ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ 

ʢʨʠʩʪʘʣʣʘ ʚ ʧʘʨʘʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʢʨʠʚʳʭ (1) ʠ (2) 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 360-410 K ʧʨʦʠʩʭʦʜʠʪ 

ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʢʨʠʩʪʘʣʣʘ ʠʟ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʬʘʟʳ ʩ ʚʝʢʪʦʨʦʤ 

ʩʧʦʥʪʘʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʚʜʦʣʴ 

ʥʘʧʨʘʚʣʝʥʠʷ [111] ʚ ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ 

ʩ ʚʝʢʪʦʨʦʤ ʩʧʦʥʪʘʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ, 

ʥʘʧʨʘʚʣʝʥʥʳʤ ʚʜʦʣʴ [001]. ɺ ʨʘʡʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨʳ 450 K ʟʘʚʠʩʠʤʦʩʪʴ Ů(T) 

ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʤʘʢʩʠʤʫʤ, ʘ ʢʨʠʚʘʷ 

P(T) ʚʳʭʦʜʠʪ ʥʘ ʧʣʘʪʦ. 

 
ʈʠʩ. 1. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʛʨʘʬʠʢ-1) ʠ ʧʝʨʝʢʣʶʯʘʝʤʦʡ ʧʦʣʷʨʠʟʘʮʠʠ (ʛʨʘʬʠʢ-2) 

E=271Ā10
3
 ɺĀʤ

-1
, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʢʨʠʩʪʘʣʣʘ PIN-PMN-PT. 
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ʇʦ-ʚʠʜʠʤʦʤʫ, ʚ ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʬʘʟʦʚʳʡ 

ʧʝʨʝʭʦʜ ʠʟ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʝʛʥʝʪʦ- ʬʘʟʳ ʚ ʧʘʨʘʵʣʝʢʪʨʠʯʝʩʢʫʶ. 

ʎʠʢʣʠʯʝʩʢʘʷ ʧʝʨʝʧʦʣʷʨʠʟʘʮʠʷ ʢʨʠʩʪʘʣʣʦʚ PIN-PMN-PT ʚ ʧʝʨʝʤʝʥʥʳʭ 

ʧʦʣʷʭ ʯʘʩʪʦʪʳ 50 ɻʮ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʯʘʩʪʠʯʥʳʤ ʠʭ 

ʧʝʨʝʢʣʶʯʝʥʠʝʤ. ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʝʨʝʧʦʣʷʨʠʟʫʶʱʝʛʦ ʧʦʣʷ 271Ŀ10
3
 ɺĿʤ

-1
 ʚ 

ʠʥʪʝʨʚʘʣʘʭ ʪʝʤʧʝʨʘʪʫʨ (373-383) K ʠ (426-436) K ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʘʷ 

ʧʝʨʝʧʦʣʷʨʠʟʘʮʠʷ ʦʙʨʘʟʮʘ (ʨʠʩ. 2). ɺʠʜʥʦ, ʯʪʦ ʧʝʨʝʢʣʶʯʘʝʤʘʷ ʧʦʣʷʨʠʟʘʮʠʷ 

ʦʙʨʘʟʮʘ ʚ ʩʣʫʯʘʝ 2ʙ (ʛʨʘʬʠʢ 1) ʧʦʯʪʠ ʚ 1,5 ʨʘʟʘ ʧʨʝʚʦʩʭʦʜʠʪ ʘʥʘʣʦʛʠʯʥʫʶ ʥʘ 

ʨʠʩ. 2ʘ (ʛʨʘʬʠʢ 2). ʇʦ-ʚʠʜʠʤʦʤʫ, ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʦʨʠʝʥʪʘʮʠʷʤʠ ʜʦʤʝʥʦʚ 

ʢʨʠʩʪʘʣʣʘ ʚ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʠ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʤʦʜʠʬʠʢʘʮʠʷʭ. ɺʝʢʪʦʨʳ 

ʧʦʣʷʨʠʟʘʮʠʠ ʦʙʨʘʟʮʘ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʚ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʬʘʟʝ 

ʩʦʚʧʘʜʘʶʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ [001], ʘ ʚ ʨʦʤʙʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ 

ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ [111], ʠ ʧʝʨʝʢʣʶʯʝʥʠʝ ʜʦʤʝʥʦʚ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʦʤʧʦʥʝʥʪʳ ʧʦʣʷ, ʷʚʣʷʶʱʝʝʩʷ ʧʨʦʝʢʮʠʝʡ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ 

[001]. 

 
                      ʘ)                                                           ʙ) 
ʈʠʩ. 2. ʀʟʦʙʨʘʞʝʥʠʷ ʧʝʪʝʣʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ 

ʢʨʠʩʪʘʣʣʦʚ PIN-PMN-PT ʧʨʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ E=271Ā10
3
 ɺĀʤ

-1
 ʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ: ʘ) 1 ï T=310 K, 2 ï 379 K, 3 ï 414 K; ʙ) 1 ï 438 K, 2 ï 443 K, 3 ï 452 K. 

ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʪʘʨʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʧʨʦʮʝʩʩʘʤʠ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʦ ʠ ʧʦʩʣʝ ʩʪʘʨʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʬʦʨʤʫʣʝ ʠʩʭʦʜʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ 

ʥʘʫʯʥʦʡ ʘʧʧʘʨʘʪʫʨʦʡ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʊʚʝʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

1. Zhou Y., Li Q., Zhuo F. et al. // Journal of the American Ceramic Society. 2019. V. 102. 

I. 11. P. 6668-6679.  

2. ɹʦʛʦʤʦʣʦʚ, ɸ.ɸ. ʌʠʟʠʢʘ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ. ï ʊʚʝʨʴ. ʊʚɻʋ, 2014. ï 160 

ʩ. 
3. ʀʚʘʥʦʚʘ, ɸ.ʀ. ʠ ʜʨ.// ʇʦʚʝʨʭʥʦʩʪʴ. ʈʝʥʪʛʝʥʦʚʩʢʠʝ, ʩʠʥʭʨʦʪʨʦʥʥʳʝ ʠ ʥʝʡʪʨʦʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ï 2015. ï ˉ 9. ï ʉ. 49-53. DOI: 10.7868/S0207352815090073. 
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ʉʨʝʜʠ ʧʨʠʤʝʩʝʡ ʪʠʧʘ ʚʥʝʜʨʝʥʠʷ ʠʦʥʳ ʤʝʜʠ ʠ ʭʨʦʤʘ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ 

ʘʢʪʠʚʥʳʤʠ ʤʦʜʠʬʠʢʘʪʦʨʘʤʠ ʬʦʨʤ ʨʦʩʪʘ ʠ ʩʚʦʡʩʪʚ ʢʨʠʩʪʘʣʣʦʚ 

ʪʨʠʛʣʠʮʠʥʩʫʣʴʬʘʪʘ (ʊɻʉ). ʆʛʨʘʥʢʘ ʢʨʠʩʪʘʣʣʦʚ ʩ ʜʚʫʤʷ ʧʨʠʤʝʩʷʤʠ ʤʝʜʠ ʠ 

ʭʨʦʤʘ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʤʝʜʠ ʩʭʦʜʥʘ ʩ ʦʛʨʘʥʢʦʡ 

ʭʨʦʤʩʦʜʝʨʞʘʱʝʛʦ ʊɻʉ. 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʪʘʚʣʝʥʘ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʣʠʷʥʠʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʊɻʉ ʠʦʥʘʤʠ ʤʝʜʠ ʠ ʭʨʦʤʘ ʥʘ 

ʧʨʦʮʝʩʩʳ ʠʭ ʧʝʨʝʧʦʣʷʨʠʟʘʮʠʠ. ʂʨʠʩʪʘʣʣʳ ʊɻʉ:
 
Cu

2+
: Cr 

3+ 
ʚʳʨʘʱʝʥʳ ʚ 

ʩʝʛʥʝʪʦʬʘʟʝ ʜʠʥʘʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʥʘ ʧʦʣʠʜʦʤʝʥʥʳʭ ʟʘʪʨʘʚʢʘʭ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʦ ʧʣʦʩʢʦʩʪʠ (010). ʂʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʤʝʜʠ ʠ ʭʨʦʤʘ ʚ 

ʢʨʠʩʪʘʣʣʘʭ ʩʦʩʪʘʚʣʷʣʠ (10
-5
-10

-3
) ʚʝʩ.%. ʆʙʨʘʟʮʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʦʪʞʠʛʫ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 373ʂ ʚ ʪʝʯʝʥʠʝ 6 ʯʘʩʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʤʝʜʣʝʥʥʳʤ 

ʦʭʣʘʞʜʝʥʠʝʤ. ɼʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʧʦʣʷʨʠʟʘʮʠʠ ʢʨʠʩʪʘʣʣʦʚ 

ʠʟʫʯʝʥʳ ʧʨʠ ʊ=293ʂ ʩ ʧʦʤʦʱʴʶ ʩʭʝʤʳ ʉʦʡʝʨʘ-ʊʘʫʵʨʘ ʚ ʧʝʨʝʤʝʥʥʦʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʯʘʩʪʦʪʦʡ 50 ɻʮ [1].  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʝʪʣʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʝʜʴʩʦʜʝʨʞʘʱʝʛʦ ʢʨʠʩʪʘʣʣʘ ʊɻʉ ʥʝ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʳʭ 

ʦʪʣʠʯʠʡ ʦʪ ʘʥʘʣʦʛʠʯʥʳʭ ʜʣʷ ʙʝʩʧʨʠʤʝʩʥʦʛʦ ʊɻʉ. ʆʥʠ ʧʨʷʤʦʫʛʦʣʴʥʳ, ʥʝ 

ʠʩʢʘʞʝʥʳ ʠ ʠʤʝʶʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʩʤʝʱʝʥʠʷ ʧʦ ʢʦʦʨʜʠʥʘʪʥʳʤ ʦʩʷʤ. 

ɺʚʝʜʝʥʠʝ ʠʦʥʦʚ ʭʨʦʤʘ ʚʳʟʳʚʘʝʪ ʠʩʢʘʞʝʥʠʝ ʬʦʨʤʳ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ 

ʢʨʠʩʪʘʣʣʦʚ ʊɻʉ, ʢʦʪʦʨʦʝ ʫʩʪʨʘʥʷʝʪʩʷ ʦʪʞʠʛʦʤ.  

ɺ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʝʨʝʢʣʶʯʘʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʨʠʩʪʘʣʣʦʚ: ʵʬʬʝʢʪʠʚʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ (eɻ ʬ); 

ʧʝʨʝʢʣʶʯʘʝʤʘʷ ʧʦʣʷʨʠʟʘʮʠʷ (ʈ); ʢʦʵʨʮʠʪʠʚʥʦʝ ʧʦʣʝ (ɽʩ); ʢʦʵʬʬʠʮʠʝʥʪ 

ʫʥʠʧʦʣʷʨʥʦʩʪʠ (ɖ); ʪʘʥʛʝʥʩ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ (tgŭ) [1]. ɺʠʜʥʦ, ʯʪʦ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʝʡ ʚ ʢʨʠʩʪʘʣʣʘʭ ʚʝʣʠʯʠʥʳ 

ʧʝʨʝʢʣʶʯʘʝʤʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʢʦʣʝʙʣʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ: ʜʦ ʦʪʞʠʛʘ ʦʙʨʘʟʮʦʚ 

(1,9-2,2)Ö10
-2
 ʂʣÖʤ

-2
, ʧʦʩʣʝ ʠʭ ʦʪʞʠʛʘ (1,7-2,8)Ö10

-2
 ʂʣÖʤ

-2
 ; ʢʦʵʨʮʠʪʠʚʥʳʭ 

ʧʦʣʝʡ - (5,8-8,6)Ö10
4
 ɺÖʤ

-1
, (5,0-8,5)Ö10

4
 ɺÖʤ

-1
 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʦʪʞʠʛʘ ʙʝʩʧʨʠʤʝʩʥʦʛʦ ʢʨʠʩʪʘʣʣʘ (ˉ1) ʧʦʣʷʨʠʟʘʮʠʷ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 

30%, ʢʦʵʨʮʠʪʠʚʥʦʝ ʧʦʣʝ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 20%, ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 27%, ʢʦʵʬʬʠʮʠʝʥʪ ʫʥʠʧʦʣʷʨʥʦʩʪʠ ʠ ʪʘʥʛʝʥʩ 

ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚʦʟʨʘʩʪʘʶʪ ʥʘ 30%.  

ɺ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʝʜʴʩʦʜʝʨʞʘʱʠʭ ʢʨʠʩʪʘʣʣʘʭ ʊɻʉ (ˉ2) ʧʦʩʣʝ 

ʦʪʞʠʛʘ ʧʦʣʷʨʠʟʘʮʠʷ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 30%, ʢʦʵʨʮʠʪʠʚʥʦʝ ʧʦʣʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 
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ʠʟʤʝʥʷʝʪʩʷ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʫʥʠʧʦʣʷʨʥʦʩʪʠ 

ʫʤʝʥʴʰʘʶʪʩʷ ʥʘ 30% ʠ 50% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʘʥʛʝʥʩ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʦʪʝʨʴ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 40%.  

ɺ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʭʨʦʤʩʦʜʝʨʞʘʱʠʭ ʢʨʠʩʪʘʣʣʘʭ ʊɻʉ (ˉ3-5) ʧʦʩʣʝ 

ʦʪʞʠʛʘ ʧʦʣʷʨʠʟʘʮʠʷ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 25%, ʢʦʵʨʮʠʪʠʚʥʦʝ ʧʦʣʝ ʧʨʘʢʪʠʯʩʢʠ ʥʝ 

ʠʟʤʝʥʷʝʪʩʷ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 33%, 

ʢʦʵʬʬʠʮʠʝʥʪ ʫʥʠʧʦʣʷʨʥʦʩʪʠ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 50%, ʦʜʥʦʟʥʘʯʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʥʝ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ. ʇʨʠ ʥʘʣʠʯʠʠ ʚ 

ʢʨʠʩʪʘʣʣʘʭ ʦʙʝʠʭ ʧʨʠʤʝʩʝʡ (ˉ6) ʧʦʩʣʝ ʦʪʞʠʛʘ ʚʝʣʠʯʠʥʳ eɻ ʬ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʠʟʤʝʥʷʶʪʩʷ, ʧʝʨʝʢʣʶʯʘʝʤʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʚʦʟʨʘʩʪʘʶʪ ʥʘ 18%, ʢʦʵʨʮʠʪʠʚʥʦʛʦ 

ʧʦʣʷ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʥʠʧʦʣʷʨʥʦʩʪʠ ʠ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ 

ʫʤʝʥʴʰʘʶʪʩʷ ʥʘ 24%, 26%, 8% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  
ʊʘʙʣʠʮʘ 

 

 ̄

Cu
2+

,10
-3
 

ʚʝʩ. % 

Cr
3+

,10
-3 
ʚʝʩ. %  

 

Ů ʵʬ, 10
4 

P,10
-2 
ʂʣÖ ʤ

-2
 Ec,10

4 
ɺĿʤ

-1
 ʂ 

 

tgŭ 

ɼʦ ʦʪʞʠʛʘ, ʧʦʩʣʝ ʦʪʞʠʛʘ ʦʙʨʘʟʮʦʚ 

1 0 0  2,2; 1,6 1,9; 2,5 6,2; 5,0 0,15; 0,20 0,10; 0,19 

2 1,9 <1Ā10
-2 

 2,9; 1,4 2,2; 2,8 8,5; 8,5 0,28; 0,20 0,14; 0,20 

3 <1Ā10
-2

 2,1  2,3; 1,2 2,1; 2,8 7,7; 7,7 0,15; 0,20 0,10; 0,07 

4 <1Ā10
-2

 2,5  1,3; 1,1 1,9; 2,4 6,4; 6,4 0,22; 0,30 0,09; 0,01 

5 <1Ā10
-2

 3,3  1,4; 0,9 1,5; 1,7 5,8; 5,8 0,09; 0,18 0,08; 0,10 

6 1,9 0,8  1,5; 1,5 1,7; 2,0 8,6; 6,5  0,81; 0,60 0,13; 0,12 

ʇʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʝʨʝʢʣʶʯʘʝʤʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʜʣʷ ʥʝʦʪʦʞʞʝʥʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʦ ʧʦʣʝʡ ʧʦʨʷʜʢʘ 12Ā10
4
 ɺ Ö ʤ

-1  
ʧʨʦʠʩʭʦʜʠʪ 

ʤʦʥʦʪʦʥʥʳʡ ʨʦʩʪ ʢʨʠʚʦʡ ʈ(E). ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʧʝʨʝʧʦʣʷʨʠʟʫʶʱʝʛʦ ʧʦʣʷ ʟʘʚʠʩʠʤʦʩʪʠ ʈ (E) ʚʳʭʦʜʷʪ ʥʘ ʥʘʩʳʱʝʥʠʝ. ʇʦʩʣʝ 

ʦʪʞʠʛʘ ʦʙʨʘʟʮʦʚ ʚʳʭʦʜ ʥʘ ʥʘʩʳʱʝʥʠʝ ʢʨʠʚʳʭ ʈ (E) ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʦʣʷʭ 

ʧʦʨʷʜʢʘ 7Ā10
4
 ɺ Ö ʤ

-1
. ʇʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʫʢʘʟʘʥʥʳʭ ʧʦʣʷʭ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʤʘʢʩʠʤʫʤʳ.  

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʦʥʳ ʭʨʦʤʘ ʦʢʘʟʳʚʘʶʪ ʙʦʣʝʝ 

ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩʳ ʧʝʨʝʧʦʣʷʨʠʟʘʮʠʠ ʠ ʛʠʩʪʝʨʝʟʠʩʥʳʝ ʷʚʣʝʥʠʷ ʚ 

ʢʨʠʩʪʘʣʣʘʭ ʊɻʉ: Cu
2+

: Cr 
3+ 
ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʦʥʘʤʠ ʤʝʜʠ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ, ʚʥʝʜʨʷʷʩʴ ʚ ʢʨʠʩʪʘʣʣ, ʠʦʥʳ ʭʨʦʤʘ ʦʙʨʘʟʫʶʪ ʟʘʨʷʞʝʥʥʳʡ 

ʭʝʣʘʪʥʳʡ ʢʦʤʧʣʝʢʩ, ʘ ʠʦʥʳ ʤʝʜʠ ʥʝʟʘʨʷʞʝʥʥʳʡ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʠʦʥʳ 

ʭʨʦʤʘ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʘʢʪʠʚʥʦʡ ʧʨʠʤʝʩʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʦʥʘʤʠ ʤʝʜʠ.  
1.ɹʦʛʦʤʦʣʦʚ ɸ.ɸ. ʀʚʘʥʦʚ ɺ.ɺ. ʌʠʟʠʢʘ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ. ʊʚʝʨʴ 

2014.160 ʩ.  
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ʇʈʆʎɽʉʉʓ ʇɽʈɽʂʃʖʏɽʅʀʗ ɸʃɸʅʀʅʉʆɼɽʈɾɸʑʀʍ 

ʂʈʀʉʊɸʃʃʆɺ ʊʈʀɻʃʀʎʀʅʉʋʃʔʌɸʊɸ 

ɹʦʣʴʰʘʢʦʚʘ ʅ.ʅ.
1
, ʀʚʘʥʦʚʘ ɸ.ʀ.

1
, ʈʫʤʷʥʮʝʚ ɺ.ʉ.

2
, ʐʠʧʠʣʦʚ ʉ.ʉ.

1
 

1
ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʚʝʨʴ 

2
ʆʨʣʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʀ.ʉ. ʊʫʨʛʝʥʝʚʘ, ʆʨʝʣ 

e-mail: ggggffffff33333456@gmail.com 

 

ɺ ʥʘʧʨʘʚʣʝʥʥʦʤ ʧʦʠʩʢʝ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʦʚʳʭ ʩʚʦʡʩʪʚ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʨʘʙʦʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʢʨʠʩʪʘʣʣʦʚ ʩ ʜʦʟʠʨʦʚʘʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʜʝʬʝʢʪʦʚ, ʩʦʟʜʘʚʘʝʤʳʭ ʚʚʝʜʝʥʠʝʤ 

ʧʨʠʤʝʩʝʡ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʪʘʚʣʝʥʘ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʚʣʠʷʥʠʠ ʦʪʞʠʛʘ ʠ ʣʝʛʠʨʦʚʘʥʠʷ ʘʣʘʥʠʥʩʦʜʝʨʞʘʱʠʭ ʢʨʠʩʪʘʣʣʦʚ 

ʪʨʠʛʣʠʮʠʥʩʫʣʴʬʘʪʘ (ɸʊɻʉ) ʤʘʨʛʘʥʮʝʤ ʠ ʬʦʩʬʦʨʦʤ ʥʘ ʠʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʠ ʛʠʩʪʝʨʝʟʠʩʥʳʝ ʷʚʣʝʥʠʷ. ʀʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʚ ʚʠʜʝ 

ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ, ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʳʭ ʩʝʨʝʙʨʦʤ, 

ʩʦʜʝʨʞʘʣʠ 10 ʤʦʣ. % L-Ŭ-ʘʣʘʥʠʥʘ ʚ ʨʘʩʪʚʦʨʝ, ʘ ʪʘʢʞʝ ʤʘʨʛʘʥʝʮ ʠ ʬʦʩʬʦʨ. 

ʆʥʠ ʧʦʜʚʝʨʛʘʣʠʩʴ ʦʪʞʠʛʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 90 
0
ʉ ʚ ʪʝʯʝʥʠʝ 6 ʯʘʩʦʚ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʤʝʜʣʝʥʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ.  

ʕʣʝʢʪʨʦʝʤʢʦʩʪʴ ʦʙʨʘʟʮʦʚ ʦʧʨʝʜʝʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʨʠʪʝʣʷ 

ʠʤʤʠʪʘʥʩʘ ɽ7-30. ʇʝʪʣʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ 

ʉʦʡʝʨʘ-ʊʘʫʵʨʘ [1]. ʇʦʛʨʝʰʥʦʩʪʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʝʨʝʢʣʶʯʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʣʠ 10%.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʝʪʣʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʢʨʠʩʪʘʣʣʦʚ ɸʊɻʉ 

ʫʥʠʧʦʣʷʨʥʳ ʠ ʩʤʝʱʝʥʳ ʧʦ ʢʦʦʨʜʠʥʘʪʥʳʤ ʦʩʷʤ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʜʦʤʝʥʦʚ ʦʜʥʦʛʦ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʚʝʢʪʦʨʘ 

ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʥʘʣʠʯʠʠ ʧʦʣʝʡ ʩʤʝʱʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʪʞʠʛʘ ʢʨʠʩʪʘʣʣʦʚ 

ʠʩʢʘʞʝʥʠʷ ʧʝʪʝʣʴ ʫʤʝʥʴʰʘʶʪʩʷ. 
ʊʘʙʣʠʮʘ 1. 

 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʢʣʶʯʘʪʝʣʴʥʳʭ 

ʩʚʦʡʩʪʚ ʢʨʠʩʪʘʣʣʦʚ: ʵʬʬʝʢʪʠʚʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ (eɻʬ); 

ʧʝʨʝʢʣʶʯʘʝʤʘʷ ʧʦʣʷʨʠʟʘʮʠʷ (ʈ); ʢʦʵʨʮʠʪʠʚʥʦʝ (ɽʩ) ʠ ʧʦʣʝ ʩʤʝʱʝʥʠʷ (ɽʩʤ); 

ʢʦʵʬʬʠʮʠʝʥʪ ʫʥʠʧʦʣʷʨʥʦʩʪʠ (ɖ); ʪʘʥʛʝʥʩ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ (tgŭ) 

[1]. 

ʀʟ ʪʘʙʣʠʮʳ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʩʣʝ ʦʪʞʠʛʘ ʢʨʠʩʪʘʣʣʦʚ ʚʝʣʠʯʠʥʳ 

ʵʬʬʝʢʪʠʚʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʫʤʝʥʴʰʘʶʪʩʷ ʚ ʩʨʝʜʥʝʤ ʥʘ 

ʂʨʠʩʪʘʣʣ ʦʪʞʠʛ Ůɻʬ,10
3 
ʈ, 10

-2
   

ʂʣĀʤ
-2

 

ɽʩ, 10
4
   

ɺĀʤ
-1

 

ɽʩʤ, 10
4
    

ɺĀʤ
-1

 
ɖ tgŭ 

ɸʊɻʉ 
ʜʦ 21 1,3 7,1 14,2 0,14 0,08 

ʧʦʩʣʝ 10 1,3 6,8 6,8 0,04 0,11 

ɸʊɻʉ:Mn
2+ ʜʦ 25 1,7 5,4 5,4 0,86 0,10 

ʧʦʩʣʝ 17 1,3 5,0 5,1 0,71 0,12 

ɸʊɻʉP 
ʜʦ 20 1,4 4,1 3,2 0,30 0,08 

ʧʦʩʣʝ 14 1,4 3,0 6,0 0,23 0,07 

mailto:ggggffffff33333456@gmail.com
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48%, ʢʦʵʨʮʠʪʠʚʥʦʛʦ ʧʦʣʷ ʥʘ 13%, ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʥʠʧʦʣʷʨʥʦʩʪʠ ʥʘ 37%. 

ɿʥʘʯʝʥʠʷ ʧʝʨʝʢʣʶʯʘʝʤʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʶʪʩʷ. ʅʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʝʡ ʩʤʝʱʝʥʠʷ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ 

ɸʊɻʉ ʠ ɸʊɻʉ:Mn
2+

 ʫʤʝʥʴʰʘʶʪʩʷ ʚ ʩʨʝʜʥʝʤ ʥʘ 30%, ʘ ʜʣʷ ɸʊɻʉʈ ï

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʥʘ 88%. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʝʨʝʢʣʶʯʘʝʤʦʡ 

ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ 

ɸʊɻʉ:Mn
2+
. ɺʠʜʥʦ, ʯʪʦ ʚ ʠʥʪʝʨʚʘʣʝ ʧʦʣʝʡ (0,1-6) Ā 10

4
 ɺÖʤ

-1
 ʚʝʣʠʯʠʥʳ 

ʧʦʣʷʨʠʟʘʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʝʨʝʧʦʣʷʨʠʟʫʶʱʝʛʦ 

ʧʦʣʷ. ɺ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʦʣʝʡ (6-7) 10
4
 ɺÖʤ

-1
 ʟʘʚʠʩʠʤʦʩʪʴ ʈ(ɽ) ʨʝʟʢʦ 

ʚʦʟʨʘʩʪʘʝʪ, ʘ ʚ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʧʦʣʷʭ ʦʥʘ ʚʳʭʦʜʠʪ ʥʘ ʥʘʩʳʱʝʥʠʝ.(ʘ). ʂʨʠʚʳʝ 

Ůɻʬ (ɽ) ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʶʪ ʚ ʠʥʪʝʨʚʘʣʝ ʧʦʣʝʡ (6-7) Ā10
4
 ɺĀʤ

-1
. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʫʚʝʣʠʯʝʥʠʠ ʧʦʣʷ ʥʘʙʣʶʜʘʝʪʩʷ ʠʭ ʩʧʘʜ (ʙ). ɸʥʘʣʦʛʠʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʈ(ɽ) ʠ 

Ůɻʬ (ɽ) ʧʦʣʫʯʝʥʳ ʠ ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. 

 
                            ʘ)                                                                ʙ)                     

ʈʠʩ. 1. ʇʦʣʝʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʝʨʝʢʣʶʯʘʝʤʦʡ ʧʦʣʷʨʠʟʘʮʠʠ (ʘ) ʠ ʵʬʬʝʢʪʠʚʥʦʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʙ) ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ɸʊɻʉ:Mn
2+

: 1 ï ʜʦ ʦʪʞʠʛʘ;          2 ï 

ʧʦʩʣʝ ʦʪʞʠʛʘ ʦʙʨʘʟʮʘ. 
ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʲʷʩʥʷʶʪʩʷ ʚʣʠʷʥʠʝʤ ʧʨʠʤʝʩʝʡ, ʚʭʦʜʷʱʠʭ ʚ 

ʩʦʩʪʘʚ ʢʨʠʩʪʘʣʣʘ ʊɻʉ. ʄʦʣʝʢʫʣʳ L-Ŭ ʘʣʘʥʠʥʘ ʚ ʨʝʰʝʪʢʝ ʊɻʉ ʩʦʟʜʘʶʪ 

ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʥʝʦʙʨʘʪʠʤʳʭ ʜʠʧʦʣʝʡ. ʅʝʪʨʘʜʠʮʠʦʥʥʦʝ ʟʘʤʝʱʝʥʠʝ 

ʩʫʣʴʬʘʪʥʦʡ ʛʨʫʧʧʳ (SO4)
2-
 ʥʘ (PO4)

3-
  ʠ ʯʘʩʪʠ ʛʣʠʮʠʥʘ ʥʘ ʘʣʘʥʠʥ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʣʫʯʝʥʠʶ ʚ ʊɻʉ ʫʩʪʦʡʯʠʚʦʛʦ ʫʥʠʧʦʣʷʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

 

1. ɹʦʛʦʤʦʣʦʚ ɸ.ɸ. ʀʚʘʥʦʚ ɺ.ɺ. ʌʠʟʠʢʘ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ. ʊʚʝʨʴ 

2014.160 ʩ. 
 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʥʘʫʯʥʦʡ 

ʘʧʧʘʨʘʪʫʨʦʡ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʊʚʝʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ.  

  



ʏʝʪʳʨʥʘʜʮʘʪʘʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

çʍʠʤʠʯʝʩʢʘʷ ʪʝʨʤʦʜʠʥʘʤʠʢʘ ʠ ʢʠʥʝʪʠʢʘè  
 

~ 70 ~ 
 

ɺʗɿʂʆʉʊʅʓɽ ʗɺʃɽʅʀʗ ɺ ʅʀʆɹʀʁʉʆɼɽʈɾɸʑʀʍ 

ʂʈʀʉʊɸʃʃɸʍ ʊʀʊɸʅɸʊɸ ɹɸʈʀʗ 

ɹʦʣʴʰʘʢʦʚʘ ʅ.ʅ., ʇʝʜʴʢʦ ɹ.ɹ., ʇʘʚʣʦʚ ɼ.ɸ., ʉʝʨʛʝʝʚʘ ʆ.ʅ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʚʝʨʴ 

e-mail: pavlov.dmitru789i@gmail.ru 
 

ʀʥʪʝʨʝʩ ʢ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʦʙʫʩʣʦʚʣʝʥ 

ʥʘʣʠʯʠʝʤ ʩʧʦʥʪʘʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ. 

ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʭ ʜʝʬʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʠʤʝʩʷʤʠ, ʚʚʦʜʠʤʳʤʠ 

ʚ ʢʨʠʩʪʘʣʣʳ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʨʦʩʪʘ. ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠ 

ʧʝʨʝʢʣʶʯʝʥʠʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ 

ʟʘʨʦʞʜʝʥʠʷ, ʨʦʩʪʘ ʠ ʩʣʠʷʥʠʷ ʤʥʦʞʝʩʪʚʘ ʦʪʜʝʣʴʥʳʭ ʜʦʤʝʥʦʚ. ɺ ʩʣʫʯʘʝ 

ʧʨʠʣʦʞʝʥʠʷ ʢ ʩʝʛʥʝʪʦʢʨʠʩʪʘʣʣʫ ʧʦʩʪʦʷʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʝʛʦ 

ʧʦʣʷʨʠʟʘʮʠʷ ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɽʸ ʧʝʨʝʭʦʜ ʚ 

ʨʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʚʨʝʤʝʥʠ 

ʨʝʣʘʢʩʘʮʠʠ, ʢʦʪʦʨʦʝ ʩʚʷʟʘʥʦ ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʴʶ ʠ 

ʥʘʧʨʷʞʸʥʥʦʩʪʴʶ ʧʨʠʣʦʞʝʥʥʦʛʦ ʧʦʣʷ ʩʦʦʪʥʦʰʝʥʠʝʤ: Ű = ɓĿE
-1
. 

 ʇʨʠ ʧʨʠʣʦʞʝʥʠʠ ʢ ʢʨʠʩʪʘʣʣʫ ʧʝʨʝʤʝʥʥʦʛʦ ʧʦʣʷ E=E0Țsinɤt 

ʧʦʣʷʨʠʟʘʮʠʷ ʢʨʠʩʪʘʣʣʘ ʦʩʮʠʣʣʠʨʫʝʪ ʩ ʪʦʡ ʞʝ ʯʘʩʪʦʪʦʡ ɤ, ʦʪʩʪʘʚʘʷ ʧʦ ʬʘʟʝ ʥʘ 

ʫʛʦʣ ű, ʪʘʥʛʝʥʩ ʢʦʪʦʨʦʛʦ ʨʘʚʝʥ ɤȚɓȚὉ Ѝς. ɿʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʥʦʛʦ 
ʟʥʘʯʝʥʠʷ ʧʦʣʷʨʠʟʘʮʠʠ ʦʪ ɤ ʠ ɓ ʦʪʨʘʞʘʝʪ ʛʠʩʪʝʨʝʟʠʩʥʳʝ ʷʚʣʝʥʠʷ ʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: ὖ ρ ς‫‍Ὁ , ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ɓ [1]. 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʪʘʚʣʝʥʘ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʧʝʨʝʢʣʶʯʘʪʝʣʴʥʳʭ ʠ ʛʠʩʪʝʨʝʟʠʩʥʳʭ ʷʚʣʝʥʠʷʭ, ʘ ʪʘʢʞʝ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʘʭ ʚ ʥʠʦʙʠʡʩʦʜʝʨʞʘʱʠʭ  ʢʨʠʩʪʘʣʣʘʭ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ. ʂʦʥʮʝʥʪʨʘʮʠʠ 

ʧʨʠʤʝʩʠ ʚ ʨʘʩʧʣʘʚʝ ʩʦʩʪʘʚʣʷʣʠ (0,1; 0,3; 0,9) ʤʦʣ. %. ʇʝʪʣʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʛʠʩʪʝʨʝʟʠʩʘ ʧʦʣʫʯʝʥʳ ʧʦ ʤʝʪʦʜʠʢʝ ʉʦʡʝʨʘ-ʊʘʫʵʨʘ [2].  

ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʧʝʪʝʣʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʛʠʩʪʝʨʝʟʠʩʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ɺʠʜʥʦ, ʯʪʦ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʥʝ 

ʠʤʝʶʪ ʠʩʢʘʞʝʥʠʡ. ʀʭ ʩʤʝʱʝʥʠʷ ʧʦ ʢʦʦʨʜʠʥʘʪʥʳʤ ʦʩʷʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ 

ʫʥʠʧʦʣʷʨʥʦʩʪʠ ʠ ʥʘʣʠʯʠʠ ʧʦʣʝʡ ʩʤʝʱʝʥʠʷ.  

 
ʈʠʩ. 1. ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʧʝʪʝʣʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ, ʧʦʣʫʯʝʥʥʳʝ 

ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ "Á4É/ : .Â : ʘ) C = 0,0  ʤʦʣ. %; ʙ) 0,1; ʚ) 0,3; ʛ) 0,9.  

 

ʂʦʵʬʬʠʮʠʝʥʪʳ ɓ ʨʘʩʩʯʠʪʘʥʳ ʧʦ ʯʘʩʪʥʳʤ ʧʝʪʣʷʤ ʛʠʩʪʝʨʝʟʠʩʘ ʧʨʠ 

ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʧʝʨʝʧʦʣʷʨʠʟʫʶʱʝʛʦ ʦʙʨʘʟʝʮ ʧʦʣʷ 96Ŀ10
3
 ɺĿʤ

-1
. 
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ʏʝʪʳʨʥʘʜʮʘʪʘʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

çʍʠʤʠʯʝʩʢʘʷ ʪʝʨʤʦʜʠʥʘʤʠʢʘ ʠ ʢʠʥʝʪʠʢʘè  
 

~ 71 ~ 
 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʯʘʩʪʦʪ 100 ɻʮ ʠ 200 ɻʮ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ. ɺʠʜʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʧʝʨʝʧʦʣʷʨʠʟʫʶʱʝʛʦ ʧʦʣʷ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʤʝʥʴʰʘʶʪʩʷ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʚʳʢʣʶʯʝʥʠʝʤ ʜʦʤʝʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʥʘ 

ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʧʨʠʣʦʞʝʥʥʦʛʦ ʢ ʦʙʨʘʟʮʫ ʧʝʨʝʤʝʥʥʦʛʦ ʧʦʣʷ. 

 
Nb

5+
   C, ʤʦʣ. % ɓ, ɺĿʩĿʤ

-1
, f = 100 ɻʮ ɓ, ɺĿʩĿʤ

-1
, f = 200 ɻʮ 

0,0 110 55 

0,1 47 16 

0,3 87 37 

0,9 71 54 

 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʝʨʝʢʣʶʯʘʝʤʦʡ 

ʧʦʣʷʨʠʟʘʮʠʠ (ʘ) ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ (ʙ) ʜʣʷ 

ʧʨʠʤʝʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ɺʠʜʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʯʘʩʪʦʪʳ ʧʝʨʝʧʦʣʷʨʠʟʫʶʱʝʛʦ 

ʧʦʣʷ 96Ŀ10
3
 ɺĿʤ

-1
 ʚʝʣʠʯʠʥʳ ʧʝʨʝʢʣʶʯʘʝʤʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʶʪ 

ʜʦ ʯʘʩʪʦʪ ʧʦʨʷʜʢʘ 500 ɻʮ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ï ʜʦ 200 

ɻʮ. ʉ ʜʘʣʴʥʝʡʰʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʧʦʣʷ ʟʥʘʯʝʥʠʷ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ɓ 

ʦʩʪʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʳʤʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʢʣʶʯʝʥʠʠ 

ʜʦʤʝʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʠʟ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʧʦʣʷʨʠʟʘʮʠʠ ʢʨʠʩʪʘʣʣʦʚ. 

ʆʜʥʦʟʥʘʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʣʠʯʠʥ ʧʦʣʷʨʠʟʘʮʠʠ ʧʨʠ ʵʪʦʤ 

ʥʝ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ. 

 

 

 
 

 

 

 

ʘ)            ʙ) 

 
ʈʠʩ. 1 ʏʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʝʨʝʢʣʶʯʘʝʤʦʡ ʧʦʣʷʨʠʟʘʮʠʠ (ʘ) ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ (ʙ), ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʥʠʦʙʠʡʩʦʜʝʨʞʘʱʠʭ ʢʨʠʩʪʘʣʣʦʚ ʪʠʪʘʥʘʪʘ 

ʙʘʨʠʷ: 1 ï C = 0,1 ʤʦʣ. %; 2 ï 0,3; 3 ï 0,9; E = 96Ŀ10
3
 ɺĿʤ

-1
. 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʫʩʣʦʚʣʝʥʳ ʧʦʚʝʜʝʥʠʝʤ ʧʨʠʤʝʩʠ ʥʠʦʙʠʷ ʚ 

ʢʨʠʩʪʘʣʣʘʭ BaTi/. ʀʦʥʳ Nb
5+ 
ʟʘʤʝʱʘʶʪ ʠʦʥʳ Ti

4+
, ʯʪʦ ʠʟʤʝʥʷʝʪ ʠʦʥʥʳʡ 

ʩʦʩʪʘʚ ʨʝʰʝʪʢʠ ʠ ʚʣʠʷʝʪ ʥʘ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʘ. 

 
1. ʈʫʜʷʢ ɺ.ʄ. ʇʨʦʮʝʩʩʳ ʧʝʨʝʢʣʶʯʝʥʠʷ ʚ ʥʝʣʠʥʝʡʥʳʭ ʢʨʠʩʪʘʣʣʘʭ, ʄ., ʅʘʫʢʘ, 1986. 

244 ʩ. 

2. ɹʦʛʦʤʦʣʦʚ ɸ.ɸ. ʀʚʘʥʦʚ ɺ.ɺ. ʌʠʟʠʢʘ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ. ʊʚʝʨʴ 

2014.160 ʩ 
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ʉʊʈʋʂʊʋʈɸ ʀ ʈɽɸʂʎʀʆʅʅɸʗ ʉʇʆʉʆɹʅʆʉʊʔ ɺʆɼʆʈʆɼʅʓʍ 

ʂʆʄʇʃɽʂʉʆɺ ʇʈʆʊʆʂɸʊɽʍʆɺɸʗ ʂʀʉʃʆʊɸïʄʆʅʆʉɸʍɸʈʀɼ ɺ 

ʈɽɸʂʎʀʀ ʉ 2,2-ɼʀʌɽʅʀʃ-1-ʇʀʂʈʀʃɻʀɼʈɸɿʀʃʆʄ 

ɹʫʜʥʠʢʦʚʘ ɽ.ɸ., ɹʝʣʘʷ ʅ.ʀ., ʊʠʭʦʥʦʚʘ ɻ.ɸ. 

ɼʦʥʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʭʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ,  

ɼʦʥʝʮʢ, ʈʦʩʩʠʷ 

e-mail: bbkatyy@mail.ru 

 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʬʝʥʦʣʴʥʦï

ʩʘʭʘʨʠʜʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠʨʦʜʥʦʡ ʧʨʦʪʦʢʘʪʝʭʦʚʦʡ ʢʠʩʣʦʪʳ 

(ArOH) c ʤʦʥʦʩʘʭʘʨʠʜʘʤʠ (Sacch), ʘ ʪʘʢʞʝ ʠʭ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚ 

ʨʝʘʢʮʠʠ ʩ ʨʘʜʠʢʘʣʦʤ 2,2-ʜʠʬʝʥʠʣ-1-ʧʠʢʨʠʣʛʠʜʨʘʟʠʣʦʤ (DPPH
Å
) ʚ ʚʦʜʥʳʭ 

ʩʨʝʜʘʭ ʩ ʨʘʟʣʠʯʥʳʤ ʫʨʦʚʥʝʤ pH. 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʥʝʨʛʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʘʨʘʤʝʪʨʳ, 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʬʝʥʦʣʦʚ, ʩʘʭʘʨʠʜʦʚ ʠ ʠʭ 

ʩʤʝʩʝʡ ʩ DPPH
Å
 ʤʝʪʦʜʦʤ ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʠʠ:  

1) ὛὉ  ï ʫʩʠʣʝʥʠʝ ʘʥʪʠʨʘʜʠʢʘʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩʤʝʩʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʘʜʜʠʪʠʚʥʳʤ ʜʝʡʩʪʚʠʝʤ ʬʝʥʦʣʘ ʠ ʫʛʣʝʚʦʜʘ;  

2) Ὓ ï ʫʩʠʣʝʥʠʝ ʘʥʪʠʨʘʜʠʢʘʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩʤʝʩʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
ʜʝʡʩʪʚʠʝʤ ʧʨʦʪʦʢʘʪʝʭʦʚʦʡ ʢʠʩʣʦʪʳ, ʚʟʷʪʦʡ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʨʘʚʥʦʡ ʩʫʤʤʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʬʝʥʦʣʘ ʠ ʩʘʭʘʨʠʜʘ ʚ ʩʤʝʩʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ (ʊʘʙʣʠʮʘ 1), ʯʪʦ ʚ ʢʠʩʣʳʭ ʩʨʝʜʘʭ ʙʠʥʘʨʥʳʝ ʢʦʤʧʦʟʠʮʠʠ 

ʧʨʦʪʦʢʘʪʝʭʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʤʦʥʦʩʘʭʘʨʠʜʘʤʠ (ʛʘʣʘʢʪʦʟʦʡ, ʤʘʥʥʦʟʦʡ) 

ʧʨʦʷʚʣʷʶʪ ʚʳʨʘʞʝʥʥʳʡ ʘʥʪʠʨʘʜʠʢʘʣʴʥʳʡ ʩʠʥʝʨʛʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚ ʨʝʘʢʮʠʠ ʩ 

2,2ᾳ-ʜʠʬʝʥʠʣ-1-ʧʠʢʨʠʣʛʠʜʨʘʟʠʣʦʤ. 

ʊʘʙʣʠʮʘ 1. ʕʬʬʝʢʪʳ ʩʠʥʝʨʛʠʟʤʘ (ὛὉ  ʠ Ὓ) ʙʠʥʘʨʥʳʭ ʢʦʤʧʦʟʠʮʠʡ 
ʧʨʦʪʦʢʘʪʝʭʦʚʘʷ ʢʠʩʣʦʪʘïʤʦʥʦʩʘʭʘʨʠʜ ʚ ʨʝʘʢʮʠʠ ʩ DPPH

Å
 ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ ʩ 

ʨʘʟʥʳʤ pH 

ʄʦʥʦʩʘʭʘʨʠʜ 

pH = 2 pH = 7.35 pH = 9 

SEmax, 

% 
S SEmax, % S SEmax, % S 

ʛʣʶʢʦʟʘ 23.2Ñ0.9 0.86 9.8Ñ0.4 0.77 4.51Ñ0.18 0.73 

ʛʘʣʘʢʪʦʟʘ 58.0Ñ1.7 1.11 18.4Ñ0.7 0.83 4.90Ñ0.19 0.73 

ʤʘʥʥʦʟʘ 41.3Ñ1.4 1.05 12.0Ñ0.4 0.78 4.51Ñ0.18 0.73 

ʬʨʫʢʪʦʟʘ 24.9Ñ0.9 0.87 9.9Ñ0.3 0.77 3.69Ñ0.11 0.73 

ʩʦʨʙʦʟʘ 28.4Ñ0.9 0.90 8.2Ñ0.3 0.76 3.80Ñ0.11 0.73 

ʘʨʘʙʠʥʦʟʘ 17.7Ñ0.7 0.82 3.9Ñ0.12 0.73 1.02Ñ0.05 0.71 

ʢʩʠʣʦʟʘ 21.0Ñ0.8 0.85 5.1Ñ0.2 0.74 1.81Ñ0.06 0.71 

ʨʠʙʦʟʘ 7.8Ñ0.3 0.75 3.50Ñ0.12 0.72 -(2.09Ñ0.06) 0.69 

ʇʨʠʤʝʯʘʥʠʝ. ʉʦʦʪʥʦʰʝʥʠʝ ʬʝʥʦʣïʩʘʭʘʨʠʜ ʚ ʨʘʩʪʚʦʨʝ 70:30 ʦʙ% ʩ ʩʫʤʤʘʨʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʤʝʩʠ ʚ ʙʫʬʝʨʝ ʩ pH 2 ï 5Ĭ10
-3

 ʤʦʣʴ/ʣ, ʚ ʙʫʬʝʨʝ ʩ pH 7.35 ï 5Ĭ10
-5

 ʤʦʣʴ/ʣ, 

ʚ ʙʫʬʝʨʝ ʩ pH 9 ï 3Ĭ10
-5

 ʤʦʣʴ/ʣ. 

ʆʜʥʘʢʦ ʚʝʣʠʯʠʥʘ ʩʠʥʝʨʛʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʩʥʠʞʘʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʚ 2ï3 

ʨʘʟʘ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʥʝʡʪʨʘʣʴʥʦʤʫ ʙʫʬʝʨʥʦʤʫ ʨʘʩʪʚʦʨʫ ʩ pH 7.35. 

ɼʘʣʴʥʝʡʰʠʡ ʨʦʩʪ pH ʩʨʝʜʳ ʜʦ 9 ʧʨʠʚʦʜʠʪ ʣʠʙʦ ʢ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʤʫ 

ʥʠʚʝʣʠʨʦʚʘʥʠʶ ʘʥʪʠʨʘʜʠʢʘʣʴʥʦʛʦ ʩʠʥʝʨʛʠʟʤʘ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʬʝʥʦʣʴʥʦ-

mailto:bbkatyy@mail.ru
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ʩʘʭʘʨʠʜʥʳʭ ʩʤʝʩʷʭ, ʣʠʙʦ ʢ ʧʦʷʚʣʝʥʠʶ ʵʬʬʝʢʪʘ ʘʥʪʘʛʦʥʠʟʤʘ ʢʘʢ ʜʣʷ 

ʢʦʤʧʦʟʠʮʠʠ ʩ ʨʠʙʦʟʦʡ. 

ʄʝʪʦʜʘʤʠ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʨʘʟʥʦʩʪʥʦʡ ʋʌ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʪʝʦʨʠʠ 

ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʩʠʥʝʨʛʠʟʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʦʙʨʘʟʦʚʘʥʠʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʬʝʥʦʣï

ʤʦʥʦʩʘʭʘʨʠʜ, ʩ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚʳʰʝ, ʯʝʤ ʫ 

ʬʝʥʦʣʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʂʦʤʧʣʝʢʩʳ ʜʦʥʦʨʥʦʛʦ ʠ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʦʛʦ 

ʪʠʧʦʚ ʠʤʝʶʪ ʵʥʝʨʛʠʠ ʠʦʥʠʟʘʮʠʠ ʥʠʞʝ, ʯʝʤ ʫ ʧʨʦʪʦʢʘʪʝʭʦʚʦʡ ʢʠʩʣʦʪʳ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘʢʪʠʚʥʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʨʘʜʠʢʘʣʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʩʭʦʜʥʳʤ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ. 

!Ǫ̀ Ͻ̊ϽϽ3ÁÃÃÈ   $00(Ɇᴼ !Ǫ̀ Ͻ̊ϽϽ3ÁÃÃÈɆ   $00(ɀ 
 

 

 

ArʆʅĀĀĀSacch 

Ὁ=5.84) 

Arʆʅ 

Ὁ=6.08) 

ʄʝʥʝʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳ ʘʢʮʝʧʪʦʨʥʳʝ ʠʦʥ-ʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʩ ʵʥʝʨʛʠʷʤʠ ʠʦʥʠʟʘʮʠʠ ʚʳʰʝ, ʯʝʤ ʫ ʨʝʘʛʝʥʪʦʚ.  

 
ArʆʅĀĀĀSacc 

Ὁ=6.16) 

ʉʠʥʝʨʛʠʟʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʚ ʬʝʥʦʣʴʥʦ-ʩʘʭʘʨʠʜʥʳʭ ʩʤʝʩʷʭ, ʚʳʟʳʚʘʝʪ 

ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ, ʪʘʢ ʢʘʢ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʜʦʩʪʠʞʝʥʠʝ ʤʥʦʛʦʮʝʣʝʚʦʛʦ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʥʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ, ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʝ ʯʠʩʣʘ ʧʦʙʦʯʥʳʭ ʨʝʘʢʮʠʡ. 
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ʇɽʈɺʆʇʈʀʅʎʀʇʅʓɽ ʈɸʉʏɽʊʓ ʂʆʕʌʌʀʎʀɽʅʊʆɺ ʊɽʅɿʆʈɸ 

ʋʇʈʋɻʆʁ ɼɽʌʆʈʄɸʎʀʀ ʌɸɿʓ ʃɸɺɽʉɸ Fe6Nb4Al2 ʉʆ 

ʉʊʈʋʂʊʋʈʆʁ ʉ14 

ɺʘʩʠʣʴʝʚ ɼ.ɸ. 
1
, ʀʭʩʘʥʦʚ

 
ʈ.ʐ. 

2
, ɾʝʣʝʟʥʳʡ ʄ.ɺ. 

1,3
, ʂʘʨʮʝʚ ɸ.ʀ. 

3,4
. 

1
ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠʤ. ɸ.ɸ. ɹʘʡʢʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ 

2
ɺʐʕ, ʄʦʩʢʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʤʘʪʝʤʘʪʠʢʠ, ʄʦʩʢʚʘ 

3
ʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʜʨʫʞʙʳ ʥʘʨʦʜʦʚ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

4
ɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʮʝʥʪʨ ɼɺʆ ʈɸʅ, ʍʘʙʘʨʦʚʩʢ, ʈʦʩʩʠʷ 

e-mail: dvasilyev@imet.ac.ru; vasilyev-d@yandex.ru 

 

ʌʘʟʳ ʃʘʚʝʩʘ - ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʠʤʝʶʱʠʝ ʭʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʪʠʧʘ ɸ2ɺ - ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʚʣʝʢʘʶʪ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʯʝʥʳʭ 

ʠ ʪʝʭʥʦʣʦʛʦʚ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʫʧʨʦʯʥʷʶʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʜʠʩʧʝʨʩʠʦʥʥʦ-ʫʧʨʦʯʥʝʥʥʳʭ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʘʭ. ʄʝʭʘʥʠʟʤʳ 

ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʬʘʟʘʤʠ ʃʘʚʝʩʘ ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʚ 

ʘʫʩʪʝʥʠʪʥʳʭ ʞʘʨʦʧʨʦʯʥʳʭ ʩʪʘʣʷʭ ʠ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʘʭ, ʩʦʟʜʘʥʥʳʭ ʥʘ 

ʦʩʥʦʚʝ ʩʧʣʘʚʘ FeïNi. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʧʨʠʥʠʤʘʶʪʩʷ ʧʦʧʳʪʢʠ ʩʦʟʜʘʥʠʷ 

ʬʝʨʨʠʪʥʳʭ ʞʘʨʦʧʨʦʯʥʳʭ ʩʪʘʣʝʡ, ʫʧʨʦʯʥʝʥʥʳʭ ʬʘʟʘʤʠ ʃʘʚʝʩʘ [1]. 

ɻʝʢʩʘʛʦʥʘʣʴʥʘʷ ʃʘʚʝʩ ʬʘʟʘ Fe2Nb ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʉ14 ʠʤʝʝʪ ʙʦʣʴʰʫʶ 

ʦʙʣʘʩʪʴ ʨʘʩʪʚʦʨʠʤʦʩʪʠ. ʅʝʜʘʚʥʦ ʙʳʣʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ 

ʜʦʙʘʚʣʝʥʠʝ ʘʣʶʤʠʥʠʷ ʚ ʬʘʟʫ ʃʘʚʝʩʘ ʫʚʝʣʠʯʠʚʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ 

ʠʥʚʘʨʠʘʥʪʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʩ Ŭ-Fe ʜʦ 1000
ʦ
 ʉ [2]. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʪʚʦ ʤʦʞʝʪ 

ʫʚʝʣʠʯʠʪʴ ʨʘʙʦʯʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʊɺʕʃʘ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ ʧʨʠʤʝʨʥʦ ʥʘ 50 

ʛʨʘʜʫʩʦʚ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʦʣʞʥʦ ʚʳʟʚʘʪʴ ʫʚʝʣʠʯʝʥʠʝ ʂʇɼ ʷʜʝʨʥʳʭ 

ʨʝʘʢʪʦʨʦʚ ʧʨʠʤʝʨʥʦ ʥʘ 1õ1.5%. 

ʏʪʦʙʳ ʧʦʥʷʪʴ, ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʘʟʳ ʃʘʚʝʩʘ Fe2Nb ʜʣʷ ʫʧʨʦʯʥʝʥʠʷ 

ʩʪʘʣʝʡ ʠ ʩʫʧʝʨʩʧʣʘʚʦʚ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʘ 

ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʨʘʩʯʝʪʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʬʘʟʳ ʃʘʚʝcʘ 

Fe6Nb4Al2 ʩʦ ʩʪʨʫʢʪʫʨʦʡ C14. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ Cij - 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʥʟʦʨʘ ʫʧʨʫʛʦʩʪʠ ʵʪʦʛʦ ʩʧʣʘʚʘ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʪʝʥʟʦʨʘ 

ʫʧʨʫʛʦʩʪʠ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʯʝʨʝʟ ʠʟʤʝʥʝʥʠʷ ʧʦʣʥʳʭ ʵʥʝʨʛʠʡ ȹE(ŭ), 

ʟʘʚʠʩʷʱʠʭ ʦʪ ʧʨʠʣʦʞʝʥʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ŭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʣʠʯʥʳʤ 

ʪʠʧʘʤ ʠʩʢʘʞʝʥʠʡ Di ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ [5-7]. 

ʈʘʩʯʝʪʳ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ WIEN2k 

[3] ʤʝʪʦʜʦʤ ʧʦʣʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʭ ʧʣʦʩʢʠʭ ʚʦʣʥ [4]. 

ʆʙʤʝʥʥʦ- ʢʦʨʝʣʷʮʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫʯʠʪʳʚʘʣʦʩʴ ʩ ʧʦʤʦʱʴʶ Perdew-

Burke-Ernzerhof (PBE) ʬʫʥʢʮʠʦʥʘʣʘ ʚ ʦʙʦʙʱʝʥʥʦʤ ʛʨʘʜʠʝʥʪʥʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ (GGA). 

ɺ ʊʘʙʣ. 1 ʧʨʠʚʝʜʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʥʟʦʨʘ ʫʧʨʫʛʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ 

Fe6Nb4Al2, ʢʦʪʦʨʳʝ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʩ ʧʦʤʦʱʴʶ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʨʠʮ 

ʠʩʢʘʞʝʥʠʡ ʢ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʘʭ [5-

7]. 
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ʊʘʙʣʠʮʘ 1. 

ʂʦʵʬʬʠʮʠʝʥʪʳ Cij ʪʝʥʟʦʨʘ ʫʧʨʫʛʦʩʪʠ (ʚ ɻʇʘ) ʜʣʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ Fe6Nb4Al 2 ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ C14 ʃʘʚʝʩ ʬʘʟʳ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʣʷ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʊ = 0 ʂ). 

 C11 C12 C13 C33 C44 

Fe6Nb4Al 2 383.4 124.5 88.4 324.3 88.4 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʊʘʙʣ. 1, Cij ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʢʨʠʪʝʨʠʶ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʜʣʷ ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ ʥʫʣʝʚʦʤ ʜʘʚʣʝʥʠʠ [8] 

C11 - |C12| > 0; (C11 + C12) C33  > 2C13
2
; C44 > 0,                   (1) 

ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, Fe6Nb4Al 2 ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳʤ. ɺʝʣʠʯʠʥʳ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʧʨʫʛʦʩʪʠ C11 ʠ C33 ʦʪʨʘʞʘʶʪ ʞʝʩʪʢʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʦʩʥʦʚʥʳʭ ʥʘʛʨʫʟʦʢ, ʟʥʘʯʝʥʠʝ C44 ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʜʚʠʛʫ ʚ ʧʣʦʩʢʦʩʪʠ {010} ʠʣʠ {100} ʚ ʥʘʧʨʘʚʣʝʥʠʠ <001>. 

ɹʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ C11 ʠ C33 ʜʣʷ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʦʪʨʘʞʘʪʴ 

ʪʦʪ ʬʘʢʪ, ʯʪʦ ʝʛʦ ʩʞʘʪʠʝ ʧʨʠ ʦʜʥʦʦʩʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʚʜʦʣʴ ʦʩʝʡ a- ʠʣʠ c- 

ʤʦʞʝʪ ʙʳʪʴ ʟʘʪʨʫʜʥʝʥʦ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ Cij ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʘ, ʩ ʧʦʤʦʱʴʶ 

ʧʨʠʙʣʠʞʝʥʠʷ Voigt-Reuss-Hill ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʧʨʫʛʦʩʪʠ 

ʜʣʷ ʧʦʣʠʢʨʠʩʪʘʣʣʦʚ: ʦʙʲʝʤʥʳʡ ʤʦʜʫʣ ɹB, ʩʜʚʠʛʦʚʳʡ ʤʦʜʫʣ ɹG, ʤʦʜʫʣʴ ʖʥʛʘ 

E ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ɜ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣ. 2. 
ʊʘʙʣʠʮʘ 2. 

ʆʙʲʝʤʥʳʡ ʤʦʜʫʣʴ B, ʩʜʚʠʛʦʚʳʡ ʤʦʜʫʣʴ G, ʤʦʜʫʣʴ ʖʥʛʘ E (ɻʇʘ) ʠ ʢʦʵʬʬʠʮʠʝʥʪ 

ʇʫʘʩʩʦʥʘ ɜ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʣʷ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ Fe6Nb4Al 2. 
 BV BR B GV GR G E ɜ B/G 

Fe6Nb4Al 2 188.2 185.7 186.9 113.9 98.7 106.3 268.1 0.26 1.76 
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ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʪʝʧʣʦʥʦʩʠʪʝʣʠ ʠ ʪʝʧʣʦʥʘʢʦʧʠʪʝʣʠ ʚʦʩʪʨʝʙʦʚʘʥʳ 

ʚ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʝ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʟʘʜʘʥʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ 

ʨʝʘʢʮʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʘʭ, ʚ ʛʝʣʠʦʵʥʝʨʛʝʪʠʢʝ ï ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʚʳʨʘʙʦʪʢʠ ʠ ʧʦʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʧʦʪʨʝʙʠʪʝʣʶ [1]. ʊʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʜʦʣʞʥʳ ʙʳʪʴ ʙʝʟʦʧʘʩʥʳʤʠ, 

ʣʝʛʢʦʜʦʩʪʫʧʥʳʤʠ ʠ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʵʥʪʘʣʴʧʠʡ ʬʘʟʦʚʳʭ 

ʧʨʝʚʨʘʱʝʥʠʡ. ʅʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʤʠ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʷʚʣʷʶʪʩʷ ʩʦʣʝʚʳʝ 

ʵʚʪʝʢʪʠʯʝʩʢʠʝ ʩʤʝʩʠ ʠʟ ʛʘʣʦʛʝʥʠʜʦʚ ʱʝʣʦʯʥʳʭ ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ 

ʤʝʪʘʣʣʦʚ. ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʘʥʘʣʠʟʝ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʦʩʪʘʚʦʚ ʵʣʝʤʝʥʪʦʚ ʦʛʨʘʥʝʥʠʷ ʧʷʪʠʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʳ ʠʟ 

ʬʪʦʨʠʜʦʚ ʨʷʜʘ ʱʝʣʦʯʥʳʭ, ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʚʳʷʚʣʝʥʠʠ 

ʥʘʠʙʦʣʝʝ ʵʥʝʨʛʦʸʤʢʠʭ ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʤʝʩʝʡ, ʩʧʦʩʦʙʥʳʭ ʘʢʢʫʤʫʣʠʨʦʚʘʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ.  
 

 ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʧʦ ʪʝʤʧʝʨʘʪʫʨʘʤ ʧʣʘʚʣʝʥʠʷ ʠ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʤʝʩʝʡ 10 

ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ, ʷʚʣʷʶʱʠʝʩʷ ʵʣʝʤʝʥʪʘʤʠ ʦʛʨʘʥʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʦʙʲʝʢʪʘ ï ʩʠʩʪʝʤʳ Li,Na,K,Ca,Ba||F,  ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ  ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ  

ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʩʢʘʥʠʨʫʶʱʝʛʦ 

ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʦʛʦ ʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʤʝʪʦʜʦʚ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ.   

ʕʣʝʤʝʥʪʘʤʠ ʦʛʨʘʥʝʥʠʷ ʤʘʣʦʡ ʤʝʨʥʦʩʪʠ ʩʠʩʪʝʤʳ Li,Na,K,Ca,Ba||F ʷʚʣʷʶʪʩʷ: 

ʧʷʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʦʣʝʡ, ʜʚʘ ʙʠʥʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʷ ʢʦʥʛʨʫʵʥʪʥʦʛʦ 

(KCaF3), ʠʥʢʦʥʛʨʫʵʥʪʥʦʛʦ (LiBaF3) ʧʣʘʚʣʝʥʠʷ, ʜʝʩʷʪʴ ʜʚʫʭ-, ʜʝʩʷʪʴ ʪʨʝʭ- ʠ 

ʧʷʪʴ ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ (ʨʠʩ. 1). ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʚʳʷʚʣʝʥʳ ʩʠʤʧʣʝʢʩʳ ʩʠʩʪʝʤʳ, ʘ 

ʪʘʢʞʝ ʩʢʨʳʪʳʡ ʩʝʢʫʱʠʡ ʵʣʝʤʝʥʪ KCaF3 ï LiBaF3. ʅʘ ʦʩʥʦʚʝ ʥʘ ʜʘʥʥʳʭ ʦ 

ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤʘʭ ʩʦʩʪʘʚʣʝʥʦ ʣʦʛʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ ʧʨʦʠʟʚʝʜʝʥʠʝ ʥʝʩʤʝʞʥʳʭ ʧʘʨ ʩʠʤʚʦʣʦʚ ʚʝʨʰʠʥ 

ʩʠʩʪʝʤʳ. ʃʦʛʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ  ʨʝʰʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʢʦʥʦʚ ʙʫʣʝʚʦʡ 

ʘʣʛʝʙʨʳ ʠ ʟʘʢʦʥʘ ʧʦʛʣʦʱʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʠʩʪʝʤʘ 

ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʯʝʪʳʨʝ ʧʝʥʪʘʪʦʧʘ, ʢʦʪʦʨʳʝ ʦʙʲʝʜʠʥʝʥʳ ʯʝʪʳʨʴʤʷ ʩʝʢʫʱʠʤʠ 

ʪʝʪʨʘʵʜʨʘʤʠ. ʀʟ ʚʳʷʚʣʝʥʥʦʛʦ ʥʘʙʦʨʘ ʩʝʢʫʱʠʭ ʪʝʪʨʘʵʜʨʦʚ ʠ ʧʝʥʪʘʪʦʧʦʚ 

ʩʬʦʨʤʠʨʦʚʘʥʦ ʬʘʟʦʚʦʝ ʜʨʝʚʦ, ʠʤʝʶʱʝʝ ʮʠʢʣʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ. ʕʪʦ 

mailto:verdieva.z@mail.ru
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ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʝ Li ,K,Ca,Ba||F 

ʦʛʨʘʥʝʥʠʷ ʦʙʨʘʟʫʝʪʩʷ ʩʢʨʳʪʦʝ ʩʝʢʫʱʝʝ KCaF3 ï LiBaF3, ʥʝ ʦʪʦʙʨʘʞʘʶʱʝʝ ʥʘ 

ʨʘʟʚʝʨʪʢʝ ʛʨʘʥʝʚʳʭ ʵʣʝʤʝʥʪʦʚ. ɼʘʥʥʳʝ ʧʦ ʪʝʤʧʝʨʘʪʫʨʘʤ ʧʣʘʚʣʝʥʠʡ 10 ʜʚʫʭ-, 

10 ʪʨʝʭ- ʠ 5 ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʳʤ ʩʠʩʪʝʤʘʤ ʧʨʠʚʝʜʝʥʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩ. 2. ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʠʩʫʥʢʘ 2 ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʜʠʘʧʘʟʦʥʘʭ 

ʪʝʤʧʝʨʘʪʫʨ ʩʦʩʪʘʚʦʚ, ʨʝʘʣʠʟʫʝʤʳʭ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ Li , Na, K, 

Ca, Ba||F.      

  

 

ʀʟ ʦʙʟʦʨʘ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ ʛʨʘʥʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ 

Li,Na,K,Ca,Ba//F, ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʥʝʪ ʠʥʬʦʨʤʘʮʠʠ 

ʧʦ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʤʝʩʝʡ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ 

ʩʠʩʪʝʤ. ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʵʪʦʛʦ ʧʨʦʙʝʣʘ ʥʘʤʠ ʤʝʪʦʜʦʤ ɼʉʂ ʦʧʨʝʜʝʣʝʥʳ 

ʵʥʪʘʣʴʧʠʠ ʧʣʘʚʣʝʥʠʷ ʚʩʝʭ 10 ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ. ʆʥʠ ʥʘʭʦʜʷʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ 226,7 - 546 ʢɼʞ/ʢʛ. 
ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʠʩʪʝʤ ʤʝʥʴʰʝʡ ʤʝʨʥʦʩʪʠ, ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʧʷʪʠʢʦʤʧʦʥʝʥʪʥʫʶ ʩʠʩʪʝʤʫ ʠʟ ʬʪʦʨʠʜʦʚ ʥʘʪʨʠʷ, ʢʘʣʠʷ, ʢʘʣʴʮʠʷ ʠ ʙʘʨʠʷ. 

ɺʳʷʚʣʝʥʳ ʥʘʠʙʦʣʝʝ ʵʥʝʨʛʦʝʤʢʠʝ ʥʦʥʚʘʨʠʘʥʪʥʳʝ ʩʦʩʪʘʚʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ, ʪʝʧʣʦʥʘʢʦʧʠʪʝʣʝʡ ʚ 

ʫʩʪʨʦʡʩʪʚʘʭ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʘ 

ʪʘʢʞʝ ʵʣʝʢʪʨʦʣʠʪʦʚ ʭʠʤʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʪʦʢʘ ʠ ʬʣʶʩʦʚ ʜʣʷ 

ʵʣʝʢʪʨʦʩʚʘʨʢʠ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ.    

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 
1. ɺʝʨʜʠʝʚʘ ɿ.ʅ.. ʌʘʟʦʚʳʝ ʨʘʚʥʦʚʝʩʠʷ ʚ ʩʠʩʪʝʤʘʭ ʩ ʫʯʘʩʪʠʝʤ ʛʘʣʦʛʝʥʠʜʦʚ, 

ʩʫʣʴʬʘʪʦʚ ʱʝʣʦʯʥʳʭ ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ: ɸʚʪʦʨʝʬ. ʜʠʩ ... ʢʘʥʜ. ʭʠʤ. 

ʥʘʫʢ: 02.00.04. ʊʚʝʨʴ, 2019. 24 ʩ. 

  

ʈʠʩ. 2  ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ ʵʚʪʝʢʪʠʢ  

ʚ ʧʝʥʪʘʪʦʧʝ ʩʠʩʪʝʤʳ  Li,Na,K,Ca,Ba||F 

 

ʈʠʩ. 1. ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʘʚʦʚ ʩʠʩʪʝʤʳ 

Li,Na,K,Ca,Ba||F  
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ɺʃʀʗʅʀɽ ʂʈɽʄʅɽɿɽʄʅʆɻʆ ʅɸʅʆʅɸʇʆʃʅʀʊɽʃʗ ʅɸ 

ʈɸɿʃʀʏʅʓɽ ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʕʇʆʂʉʀɼʅʓʍ 

ʂʆʄʇʆɿʀʊʆɺ 

ɺʝʨʝʩʢʫʥ ɸ.ɼ., ʃʳʛʘ ʈ.ʀ., ʄʠʭʘʣʴʯʫʢ ɺ.ʄ., ʄʘʣʴʮʝʚʘ ʅ.ɸ.,ʏʘʙʘʢ ʀ.ɽ. 

ɼʦʥʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɼʦʥʝʮʢ 

e-mail: nastyave22@gmail.com 

 

ɺʦ ʚʨʝʤʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʩʪʘʨʝʥʠʷ ʵʧʦʢʩʠʜʥʳʭ ʧʦʣʠʤʝʨʦʚ ʧʨʦʠʩʭʦʜʷʪ 

ʦʢʠʩʣʝʥʠʝ ʠ ʤʦʣʝʢʫʣʷʨʥʘʷ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʦʙʨʘʟʮʦʚ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʢ ʠʟʤʝʥʝʥʠʶ ʮʚʝʪʘ, ʥʦ ʠ ʢ ʥʦʚʦʤʫ 

ʚr ʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʧʠʢʫ ʪʘʥʛʝʥʩʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʪʝʨʴ [1]. ʊʝʨʤʠʯʝʩʢʦʝ 

ʩʪʘʨʝʥʠʝ ʧʦʣʠʤʝʨʘ ʩʥʠʞʘʝʪ ʜʝʬʦʨʤʘʮʠʶ ʨʘʟʨʳʚʘ, ʘ ʤʦʜʫʣʴ ʧʦʪʝʨʴ 

ʫʚʝʣʠʯʠʚʘʝʪ.  

ɼʦʙʘʚʣʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ Siʆ2 ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʙʦʣʝʝ ʪʝʨʤʦʩʪʦʡʢʠʭ 

ʢʦʤʧʦʟʠʪʦʚ. ʊʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʢʨʝʤʥʝʟʝʤʘ ʫʧʨʦʯʥʷʶʪ, ʫʢʨʝʧʣʷʶʪ ʠ 

ʟʘʱʠʱʘʶʪ ʦʪ ʩʪʘʨʝʥʠʷ ʵʧʦʢʩʠʜʥʫʶ ʤʘʪʨʠʮʫ [2]. ɼʠʦʢʩʠʜ ʢʨʝʤʥʠʷ, 

ʧʦʣʫʯʝʥʥʳʡ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʦʤ, ʫʞʝ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚ ʥʝʩʢʦʣʴʢʦ 

ʤʘʩʩʦʚʳʭ ʧʨʦʮʝʥʪʦʚ ʩʧʦʩʦʙʝʥ ʟʘʤʝʪʥʦ ʧʦʚʳʩʠʪʴ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ 

ʵʧʦʢʩʠʜʥʦʛʦ ʧʦʣʠʤʝʨʘ. ʏʘʩʪʠʮʳ ʢʨʝʤʥʝʟʝʤʘ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʭʠʤʠʯʝʩʢʫʶ ʩʚʷʟʴ ʩ ʵʧʦʢʩʠʜʥʦʡ ʤʘʪʨʠʮʝʡ, ʧʦʚʳʰʘʷ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ 

ʧʦʣʠʤʝʨʘ ʠ ʪʝʤʧʝʨʘʪʫʨʫ ʩʪʝʢʣʦʚʘʥʠʷ. 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʟʫʯʘʣʠ ʚʣʠʷʥʠʝ ʥʘʥʦʢʨʝʤʥʝʟʝʤʘ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ in situ ʟʦʣʴ-ʛʝʣʴ ʪʝʭʥʦʣʦʛʠʝʡ, ʥʘ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʠ ʜʨʫʛʠʝ 

ʩʚʦʡʩʪʚʘ ʵʧʦʢʩʠʜʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʘʤʠʥʥʦʛʦ ʦʪʚʝʨʞʜʝʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʪʘʢʦʡ ʥʘʧʦʣʥʠʪʝʣʴ ʩʧʦʩʦʙʝʥ ʦʢʘʟʳʚʘʪʴ ʠ ʧʣʘʩʪʠʬʠʮʠʨʫʶʱʝʝ, ʠ ʘʨʤʠʨʫʶʱʝʝ 

ʜʝʡʩʪʚʠʝ ʥʘ ʵʧʦʢʩʠʜʥʦ-ʘʤʠʥʥʫʶ ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ. ʇʝʨʚʳʡ ʪʠʧ ʚʣʠʷʥʠʷ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ Siʆ2, ʢʦʛʜʘ ʚ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʦʙʨʘʟʫʝʪʩʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʝʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʦʣʠʟʘ ʠ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʧʨʝʢʫʨʩʦʨʘ ï ʪʝʪʨʘʵʪʦʢʩʠʩʠʣʘʥʘ 

(ʚʦʜʳ ʠ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ). ɸʨʤʠʨʦʚʘʥʠʝ ʵʧʦʢʩʠʜʥʦʡ ʤʘʪʨʠʮʳ ʧʨʦʷʚʣʷʝʪʩʷ 

ʫʞʝ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʩʪʝʧʝʥʠ ʥʘʧʦʣʥʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ: ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʝʜʝʣʴʥʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʦʙʨʘʟʮʦʚ ʠ ʥʘ ʧʦʨʷʜʦʢ 

ʩʥʠʞʘʝʪʩʷ ʠʭ  ʩʢʦʨʦʩʪʴ ʜʝʬʦʨʤʘʮʠʠ (ʨʠʩ. 1). ʊʘʢʦʡ ʵʬʬʝʢʪ ʘʚʪʦʨʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʷʩʥʷʶʪ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʣʠʩʠʣʦʢʩʘʥʦʚʦʡ ʪʨʝʭʤʝʨʥʦʡ ʩʝʪʢʠ, 

ʢʦʪʦʨʘʷ ʬʦʨʤʠʨʫʝʪʩʷ ʙʳʩʪʨʝʝ, ʯʝʤ ʦʨʛʘʥʠʯʝʩʢʘʷ ʧʦʣʠʤʝʨʥʘʷ ʤʘʪʨʠʮʘ 

ʢʦʤʧʦʟʠʪʦʚ. 

ɺʚʝʜʝʥʠʝ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʩʨʝʜʝ 

ʧʦʣʠʤʝʨʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ, ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʧʦʢʩʠʜʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʢ ʚʥʝʰʥʠʤ ʬʘʢʪʦʨʘʤ ʘʛʨʝʩʩʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʵʧʦʢʩʠʜʥʦ-ʢʨʝʤʥʝʟʝʤʥʳʭ ʢʦʤʧʦʟʠʪʦʚ 

ʘʤʠʥʥʦʛʦ ʦʪʚʝʨʞʜʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʴ Siʆ2 ʠʥʛʠʙʠʨʫʝʪ 

ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʢʦʤʧʦʟʠʪʘʭ ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʠ ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ. ʂʨʝʤʥʝʟʝʤ ʚ ʩʦʩʪʘʚʝ ʧʦʣʠʤʝʨʦʚ ʟʘʤʝʪʥʦ ʩʥʠʞʘʝʪ ʵʥʝʨʛʠʶ 

ʘʢʪʠʚʘʮʠʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʢʠʩʣʦʨʦʜʦʤ (ʨʠʩ. 2), ʘ ʪʘʢʞʝ 
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ʕʧʦʢʩʠʜʥʦ-ʢʨʝʤʥʝʟʝʤʥʳʝ ʢʦʤʧʦʟʠʪʳ ʪʘʢʞʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʩʧʦʩʦʙʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʪʴ ʢʦʨʨʦʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʤʝʪʘʣʣʦʚ. ʇʦʣʫʯʝʥʳ 

ʪʦʥʢʠʝ ʧʣʝʥʦʯʥʳʝ ʧʦʢʨʳʪʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ɼ16, 

ʦʙʣʘʜʘʶʱʠʝ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʜʣʷ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪʢʨʳʚʘʶʪʩʷ ʧʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʚʚʝʜʝʥʠʠ 

ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ ʚ ʩʦʩʪʘʚ ʢʦʤʧʦʟʠʪʥʳʭ ʧʦʢʨʳʪʠʡ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ (ʰʠʬʨ ʥʘʫʯʥʦ-
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124012400357-1). 
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ɺʚʝʜʝʥʠʝ. ɽʞʝʛʦʜʥʦ ʚ ʤʠʨʝ ʦʙʨʘʟʫʶʪʩʷ ʪʦʥʥʳ ʦʪʭʦʜʦʚ 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʚʘʞʥʦʡ ʧʨʦʙʣʝʤʳ ï ʟʘʛʨʷʟʥʝʥʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [1-2]. ɺ ʩʦʚʨʝʤʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʧʨʠʦʨʠʪʝʪʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʤʝʪʦʜʦʚ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ ʠʦʥʦʚ ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ. ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʤʝʪʦʜʳ ʦʯʠʩʪʢʠ, ʩʫʱʝʩʪʚʫʶʱʠʝ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ, ʤʘʣʦ ʵʬʬʝʢʪʠʚʥʳ [3], ʚ ʢʘʯʝʩʪʚʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʩʪʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʨʙʮʠʦʥʥʳʡ 

ʤʝʪʦʜ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʮʝʣʣʶʣʦʟʳ ʥʘʧʨʘʚʣʝʥ rʥʘ ʧʦʣʫʯʝʥʠʝ 

ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ, ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠ ʥʝʜʦʨʦʛʠʭ ʩʦʨʙʝʥʪʦʚ ʜʣʷ oʯʠcʪʢʠ 

ʚoʜʥʳx pʘcʪʚʦpoʚ oʪ ʠoʥoʚ ʪʷʞeʣʳʭ ʤeʪaʣʣʦʚ [4-5]. ʎʝʣʣʶʣʦʟʦʩʦʜʝʨʞʘʱʠʝ 

ʩʦʨʙʝʥʪʳ ʧʨʦʷʚʣʷʶʪ ʩʝʣʝʢʪʠʚʥʦʩʪʴ, ʣʝʛʢʦ ʨʝʛʝʥʝʨʠʨʫʶʪʩʷ, ʦʙʣʘʜʘʶʪ 

ʨʘʟʚʠʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʚ ʚʦʜʥʦ-

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʨʝʜʘʭ [6]. ʇʦʩʢʦʣʴʢʫ ʩʦʨʙʝʥʪʳ ʥʘ ʦʩʥʦʚʝ ʮʝʣʣʶʣʦʟʳ 

ʫʩʪʫʧʘʶʪ ʧʦ ʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ ʧʨʦʤʳʰʣʝʥʥʳʤ ʠʦʥʦʦʙʤʝʥʥʳʤ ʩʤʦʣʘʤ, 

ʜʣʷ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʠʩʪʝʤʘʭ ʩʦʨʙʮʠʦʥʥʦʡ ʦʯʠʩʪʢʠ ʠʭ ʥʝʦʙʭʦʜʠʤʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ. ʋʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʨʫʙʢʫ ʩ 

ʜʠʘʤʝʪʨʦʤ ʦʢʦʣʦ ʥʘʥʦʤʝʪʨʘ ʠ ʜʣʠʥʦʡ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʤʠʢʨʦʥ, 

ʦʙʨʘʟʫʶʱʫʶʩʷ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʩʧʳʣʝʥʠʠ ʛʨʘʬʠʪʦʚʦʛʦ ʵʣʝʢʪʨʦʜʘ ʚ 

ʧʣʘʟʤʝ ʜʫʛʦʚʦʛʦ ʨʘʟʨʷʜʘ, ʛʦʨʷʱʝʡ ʚ ʘʪʤʦʩʬʝʨʝ ʛʝʣʠʷ [7].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴ ʨʘʙʦʪʳ ʩʦʩʪʦʷʣʘ ʚ ʧʦʜʙʦʨʝ ʫʩʣʦʚʠʡ ʤʦʜʠʬʠʢʘʮʠʠ 

ʭʣʦʧʢʦʚʦʡ ʮʝʣʣʶʣʦʟʳ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ (ʜʘʣʝʝ ʋʅʊ) ʠ ʠʟʫʯʝʥʠʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʨʙʝʥʪʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʦʥʘʤ 

ʤʝʜʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʩʦʨʙʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ 

ʭʣʦʧʢʦʚʦʡ ʮʝʣʣʶʣʦʟʳ ʧʨʦʚʦʜʠʣʠ ʝʝ ʭʠʤʠʯʝʩʢʦʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʩʦʛʣʘʩʥʦ 

[8-9]. ʂʦʥʮʝʥʪʨʘʮʠʶ ʠʦʥʦʚ Cu(II) ʚ ʨʘʩʪʚʦʨʝ CuSO4 ʜʦ ʠ ʧʦʩʣʝ ʩʦʨʙʮʠʠ 

ʥʘʪʠʚʥʦʡ ʮʝʣʣʶʣʦʟʦʡ ʠ ʮʝʣʣʶʣʦʟʦʡ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʋʅʊ, ʦʧʨʝʜʝʣʷʣʠ 

ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʧʨʠʙʦʨʝ 210VGP. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ.  
ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ ʠʩʭʦʜʥʦʡ 

ʮʝʣʣʶʣʦʟʳ ʠ ʮʝʣʣʶʣʦʟʳ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ, 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟʦʪʝʨʤʳ ʩʦʨʙʮʠʠ ʠʦʥʦʚ Cu(II) ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʫʣʴʬʘʪʘ 

ʤʝʜʠ. ʃʠʥʝʘʨʠʟʘʮʠʷ ʠʟʦʪʝʨʤʳ ʩʦʨʙʮʠʠ ʧʦʟʚʦʣʷʝʪ ʛʨʘʬʠʯʝʩʢʠ ʦʧʨʝʜʝʣʠʪʴ ʚ 

ʫʨʘʚʥʝʥʠʠ ʃʝʥʛʤʶʨʘ ʚʝʣʠʯʠʥʫ ʤʘʢʩʠʤʘʣʴʥʦʡ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ (ɸ¤) ʠ 

ʢʦʥʩʪʘʥʪʳ ʃʝʥʛʤʶʨʘ (ʂ) ʠʟ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʦʨʙʘʪʘ ʚ ʛʝʪʝʨʦʬʘʟʥʦʡ ʩʠʩʪʝʤʝ ʚʦʜʥʡr ʨʘʩʪʚʦʨ ï ʩʦʨʙʝʥʪ. 
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ʈʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʠʟʦʪʝʨʤ ʩʦʨʙʮʠʠ ʠʦʥʦʚ Cu(II) ʧʦ ʤʦʜʝʣʠ ʃʝʥʛʤʶʨʘ ʧʦ  

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʇʘʨʘʤʝʪʨʳ ʦʙʨʘʙʦʪʢʠ ʠʟʦʪʝʨʤ ʩʦʨʙʮʠʠ ʠʦʥʦʚ Cu(II) ʧʦ 

ʤʦʜʝʣʠ ʃʝʥʛʤʶʨʘ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ 

ʉʦʨʙʝʥʪ 1/ɸ¤Öʂ 1/ɸ¤ 
ʂʦʵʬʬʠʮʠʝʥʪ 

ʢʦʨʨʝʣʷʮʠʠ 
ɸ¤, ʤʦʣʴ/ʢʛ 

ʀʩʭʦʜʥʘʷ 

ʮʝʣʣʶʣʦʟʘ 
3,44Ñ0,003 1,724Ñ0,001 0,999 0,58 

ʄʦʜʠʬʠʮʠʨʦʚʘʥ

ʥʘʷ ʮʝʣʣʶʣʦʟʘ 
0,09Ñ0,0001 0,2959Ñ0,0001 0,999 3,38 

ɺʳʚʦʜʳ.  

1. ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʩʦʨʙʝʥʪʘ ʧʫʪʝʤ ʤʦʜʠʬʠʢʘʮʠʠ 

ʮʝʣʣʶʣʦʟʳ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ çʊʘʫʥʠʪ ï ʄè.  

2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʟʦʪʝʨʤʳ ʩʦʨʙʮʠʠ ʠʦʥʦʚ Cu
2+ 
ʦʙʨʘʙʦʪʘʥʳ ʚ ʨʘʤʢʘʭ 

ʤʦʜʝʣʠ ʃʝʥʛʤʶʨʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʦʨʙʮʠʦʥʥʘʷ ʝʤʢʦʩʪʴ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʮʝʣʣʶʣʦʟʳ ʩʦʩʪʘʚʣʷʝʪ 3,38 ʤʦʣʴ/ʢʛ, ʯʪʦ ʚ 6 ʨʘʟ ʚʳʰʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʪʠʚʥʦʡ ʮʝʣʣʶʣʦʟʦʡ (0,58 ʤʦʣʴ/ʢʛ).  

5. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʩʦʨʙʝʥʪ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʣʦʞʝʥ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ 

ʧʨʦʤʳʰʣʝʥʥʳʤ ʢʘʪʠʦʥʠʪʘʤ ʜʣʷ ʜʦʦʯʠʩʪʢʠ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʦʪ ʠʦʥʦʚ 

ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʥʘ ʚʳʧʦʣʥʝʥʠʝ 

ʅʀʈ (ʊʝʤʘ ˉ FZZW-2024-0004). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʩʫʨʩʦʚ ʎʝʥʪʨʘ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʥʘʫʯʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʀɻʍʊʋ (ʧʨʠ ʧʦʜʜʝʨʞʢʝ 

ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ, ʩʦʛʣʘʰʝʥʠʝ ˉ 075-15-2021-671) 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʈʦʛʦʟʠʥ ʄ.ʖ., ɹʝʢʝʪʦʚʘ ɽ.ɸ. // ʄʦʣʦʜʦʡ ʫʯʝʥʳʡ. 2018. ˉ25 (211). ʉ. 1 ï 4. 

2. Lindholm-Lehto, P. C. // BioResources. 2019. ˉ14(2). pp. 4952ï4995.  

3. ʉʝʣʶʢʦʚʘ ʉ.ɺ. // ɼʦʩʪʠʞʝʥʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ɸʇʂ. 2020. ʊ.34. ˉ8. ʉ. 85 ï 

93.  

4. Nikiforova T. E., Kozlov V. A., Islyaikin M. K. // Canadian Journal of Chemistry. 

2019. Vol. 97. Iss. 8. P. 621ï628.  

5. ʉʝʤʝʥʦʚ ɸ.ʌ., ʃʠʙʝʨʤʘʥ ɽ.ʖ., ʂʦʣʝʩʥʠʢʦʚ ɺ.ɸ. // ʋʩʧʝʭʠ ʚ ʭʠʤʠʠ ʠ 

ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ. 2020. ʊ.34. ˉ4. ʉ. 83 ï 86 

6. Li M., Zhang S., Cui S, Qin K., Zhamg Y., Li P., Cao Q., Xiao H., Zeng Q. // 

Separation and Purification Technology. 2021. Vol.277. P.1-12.  

7. ɹʘʣʫʝʚʘ ʂ. ʅ. // ʖʥʳʡ ʫʯʝʥʳʡ.  2017.  ˉ 4 (13). ð ʉ. 44-46. 

8. Nduka J.K. // Int. J. Chem. Eng. 2012. Vol. 12. ʈ. 61 ï 67. 

9. ɺʦʢʫʨʦʚʘ ɼ.ɸ., ʅʠʢʠʬʦʨʦʚʘ ʊ.ɽ. // ʆʪ ʭʠʤʠʠ ʢ ʪʝʭʥʦʣʦʛʠʠ: ʰʘʛ ʟʘ ʰʘʛʦʤ. 
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ʂʀʅɽʊʀʂɸ ʈɽɸʂʎʀʀ ʂɸʊɸʃʀʊʀʏɽʉʂʆɻʆ ʈɸɿʃʆɾɽʅʀʗ 

ʄɽʊʀʃɽʅʆɺʆɻʆ ʉʀʅɽɻʆ ɺ ʇʈʀʉʋʊʉʊɺʀʀ ʅɸʅʆʈɸɿʄɽʈʅʆɻʆ 

ʆʈʊʆʌɽʈʈʀʊɸ ʄɸʈɻɸʅʎɸ 

ɺʦʣʢʦʚ ɸ.ʉ.
1
, ʊʦʤʠʥʘ ɽ.ɺ.

1,2
 

1
ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɺʦʨʦʥʝʞ 

2
ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʣʝʩʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɺʦʨʦʥʝʞ 

e-mail: volkov20082000@mail.ru 

 

ʅʘʥʦʨʘʟʤʝʨʥʳʝ ʬʝʨʨʠʪʳ ʷʚʣʷʶʪʩʷ ʤʫʣʴʪʠʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, 

ʧʨʦʷʚʣʷʶʱʠʤʠ ʩʨʝʜʠ ʧʨʦʯʠʭ ʩʚʦʡʩʪʚ ʠ ʚʳʩʦʢʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʚ ʬʝʥʪʦʥʦʧʦʜʦʙʥʳʭ ʨʝʘʢʮʠʷʭ [1].  ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ 

ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ ʦʨʪʦʬʝʨʨʠʪʘ ʤʘʨʛʘʥʮʘ ʚ ʨʝʘʢʮʠʠ 

ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʢʨʘʩʠʪʝʣʷ ʤʝʪʠʣʝʥʦʚʦʛʦ ʩʠʥʝʛʦ ʧʝʨʦʢʩʠʜʦʤ 

ʚʦʜʦʨʦʜʘ. ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʜʥʝʚʥʦʤ ʦʩʚʝʱʝʥʠʠ ʠ ʧʨʠ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʦʙʣʫʯʝʥʠʠ ʩ ɚ=270 ʥʤ (ʋʌ-ʣʘʤʧʘ LightBest UVC, 25 ɺʪ). 

ɸʥʘʣʦʛʠʯʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʙʳʣ ʧʨʦʚʝʜʝʥ ʙʝʟ ʫʯʘʩʪʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʆʮʝʥʢʘ 

ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʧʨʦʚʦʜʠʣʘʩʴ ʧʫʪʝʤ ʣʠʥʝʘʨʠʟʘʮʠʠ ʢʠʥʝʪʠʯʝʩʢʠʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʚ ʢʦʦʨʜʠʥʘʪʘʭ (C=f(t), lnC=f(t), C
-1
=f(t), C

-2
=f(t)). 

 

 
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪ ɹʢʦʥʮʝʥʪʨʘʮʠʠ ʢʨʘʩʠʪʝʣʷ ʦʪ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ (C=f(t)). 

ɼʣʷ ʨʝʘʢʮʠʠ ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ ʢʠʥʝʪʠʯʝʩʢʘʷ ʢʨʠʚʘʷ ʙʣʠʟʢʘ ʢ ʧʨʷʤʦʣʠʥʝʡʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʢʦʦʨʜʠʥʘʪʘʭ C ï t, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʧʩʝʚʜʦ-

ʥʫʣʝʚʦʡ ʧʦʨʷʜʦʢ ʨʝʘʢʮʠʠ. ɼʣʷ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʢʨʘʩʠʪʝʣʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘ MnFeO3 ʧʨʠ ʜʥʝʚʥʦʤ ʩʚʝʪʝ ʢʠʥʝʪʠʯʝʩʢʘʷ ʢʨʠʚʘʷ ʣʫʯʰʝ ʚʩʝʛʦ 

ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʧʨʷʤʦʡ ʚ ʢʦʦʨʜʠʥʘʪʘʭ C
-2
=f(t), ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ 

ʧʩʝʚʜʦ-ʪʨʝʪʴʝʤ ʧʦʨʷʜʢʝ ʨʝʘʢʮʠʠ ʧʦ ʜʘʥʥʦʤʫ ʢʦʤʧʦʥʝʥʪʫ. ʕʪʦʪ ʧʦʨʷʜʦʢ 

0

0,001

0,002

0,003

0,004

0,005

0,006

0,007

0,008

0,009

0,01

0 10 20 30 40 50 60 70

ʂ
ʦ
ʥ
ʮ
ʝ
ʥ
ʪ
ʨ
ʘ
ʮ
ʠ
ʷ
,
 

C
 

ɺʨʝʤʷ ʨʝʘʢʮʠʠ t, ʤʠʥ 

ɹʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ ʂʘʪʘʣʠʟʘʪʦʨ ʙʝʟ ʋʌ ʠʟʣʫʯʝʥʠʷ ʂʘʪʘʣʠʟʘʪʦʨ ʩ ʋʌ ʠʟʣʫʯʝʥʠʝʤ 
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ʨʝʘʢʮʠʠ ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʧʨʠ ʧʨʦʪʝʢʘʥʠʠ ʨʝʘʢʮʠʠ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ 

ʤʝʪʠʣʝʥʦʚʦʛʦ ʩʠʥʝʛʦ ʩ ʫʯʘʩʪʠʝʤ MnFeO3 ʧʨʠ ʋʌ ʠʟʣʫʯʝʥʠʠ. 

ʂʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʢʨʘʩʠʪʝʣʷ ʙʝʟ ʬʝʨʨʠʪʘ ʤʘʨʛʘʥʮʘ 

ʨʘʚʥʘ k1=0,0004 ʤʠʥ
-1
, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ MnFeO3 ʧʨʠ ʋʌ 

ʦʙʟʣʫʯʝʥʠʠ - k2=0,022 ʩ
-1
, ʩ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʧʨʠ ʜʥʝʚʥʦʤ ʦʩʚʝʱʝʥʠʠ - k3=0,019 

ʩ
-1
.  

ʋʌ ʠʟʣʫʯʝʥʠʝ ʥʝʩʢʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʥʩʪʘʥʪʫ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ, ʪʘʢʞʝ 

ʢʘʢ ʠ ʩʪʝʧʝʥʴ ʜʝʩʪʨʫʢʮʠʠ ʢʨʘʩʠʪʝʣʷ (R).  ɼʣʷ ʨʝʘʢʮʠʠ ʩ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʧʨʠ 

ʜʥʝʚʥʦʤ ʩʚʝʪʝ ʩʪʝʧʝʥʴ ʜʝʩʪʨʫʢʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 71,8%, ʘ ʩ ʋʌ ʠʟʣʫʯʝʥʠʝʤ ʦʥʘ 

ʚʦʟʨʘʩʪʘʝʪ ʜʦ 77,4%. ɺ ʦʪʩʫʪʩʪʚʠʠ ʬʝʨʨʠʪʘ ʤʘʨʛʘʥʮʘ ʩʪʝʧʝʥʴ ʜʝʩʪʨʫʢʮʠʠ 

ʤʝʪʠʣʝʥʦʚʦʛʦ ʩʠʥʝʛʦ ʥʠʟʢʘ ʠ ʩʦʩʪʘʚʣʷʝʪ 8,18%. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʨʝʘʣʴʥʳʭ ʧʝʨʩʧʝʢʪʠʚʘʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ  

MnFeO3 ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʨʝʘʢʮʠʡ ʨʘʟʣʦʞʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʪʦʢʩʠʢʘʥʪʦʚ. ɼʣʷ ʫʜʝʰʝʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʦʣʫʯʝʥʠʝ ʥʘʥʦʢʦʤʧʦʟʠʪʘ ʥʘ ʦʩʥʦʚʝ 

ʜʦʩʪʫʧʥʦʛʦ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʛʦ ʩʦʨʙʝʥʪʘ  ʩ ʫʯʘʩʪʠʝʤ ʦʨʪʦʬʝʨʨʠʪʘ [2] 

ʤʘʨʛʥʘʮʘ ʩ ʮʝʣʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʢʘʪʘʣʠʟʘ, ʠ ʩʦʨʙʮʠʠ ʜʣʷ  

ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʩ ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ.  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. Single-step solution combustion synthesis of magnetically soft NiFe2O4 

nanopowders with controllable parameters ï Martinson K.D., Cherepkova I.A., Panteleev 

I.B., Popkov V.I. // St. Petersburg: Saint Petersburg State Institute of Technology. ï2019. 

ï Vol. 28, No 4. ïʈ. 266ï270. 

2. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʥʦʢʦʤʧʦʟʠʪʥʦʛʦ ʩʦʨʙʝʥʪʘ 

ʥʦʥʪʨʦʥʠʪ/CoFe2O4 ï ʍʦʜʦʩʦʚʘ ʅ.ɸ. [ʠ ʜʨ.] // ʉʦʨʙʮʠʦʥʥʳʝ ʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ. ï2021. ï ʊ. 21, No 4. ï ʉ. 520-529. 
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ʌɸɿʆɺʓɽ ɼʀɸɻʈɸʄʄʓ ʏɽʊɺɽʈʅʆʁ AG-CU-NI-SN ʀ 

ʆɹʈɸɿʋʖʑʀʍ ɽɽ ʊʈʆʁʅʓʍ ʉʀʉʊɽʄ: ɻɽʆʄɽʊʈʀʏɽʉʂʆɽ 

ʉʊʈʆɽʅʀɽ, ʂʈʀʊʀʏɽʉʂʀʁ ɸʅɸʃʀɿ, ʇʈʆɻʅʆɿ, 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ 

ɺʦʨʦʙʴʝʚʘ ɺ.ʇ., ɿʝʣʝʥʘʷ ɸ.ʕ., ʃʫʮʳʢ ɺ.ʀ., ʇʘʨʬʝʥʦʚʘ ʄ.ɼ. 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʉʆ ʈɸʅ, ʋʣʘʥ-ʋʜʵ 

e-mail: vvorobjeva@mail.ru  

 

ʉʨʝʜʠ ʩʠʩʪʝʤ - ʚʦʟʤʦʞʥʳʭ ʢʘʥʜʠʜʘʪʦʚ ʜʣʷ ʟʘʤʝʥʳ ʩʚʠʥʮʦʚʳʭ ʧʨʠʧʦʝʚ, 

ʦʩʦʙʦ ʚʳʜʝʣʷʶʪ ʩʠʩʪʝʤʫ Sn-Ag-Cu-Ni-Au [1], ʧʦʩʢʦʣʴʢʫ ʥʘʠʙʦʣʝʝ 

ʤʥʦʛʦʦʙʝʱʘʶʱʠʤʠ ʷʚʣʷʶʪʩʷ ʧʨʠʧʦʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʳ Ag-

Cu-Sn. ʇʨʠ ʵʪʦʤ ʧʦʢʨʳʪʠʷ ʠʟ Au ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʟʘʱʠʪʳ ʧʨʦʚʦʜʷʱʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʪ ʦʢʠʩʣʝʥʠʷ, ʘ Ni ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʙʘʨʴʝʨʥʦʛʦ ʩʣʦʷ ʤʝʞʜʫ ʙʝʩʩʚʠʥʮʦʚʳʤʠ ʧʨʠʧʦʷʤʠ ʠ 

ʧʦʜʣʦʞʢʘʤʠ. ʇʦ ʵʪʠʤ ʧʨʠʯʠʥʘʤ ʜʣʷ ʬʘʟʦʚʳʭ ʜʠʘʛʨʘʤʤ ʪʨʦʡʥʳʭ ʩʠʩʪʝʤ, 

ʦʙʨʘʟʫʶʱʠʭ ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʫʶ ʩʠʩʪʝʤʫ Ag-Cu-Ni-Sn: ʧʦʜʨʦʙʥʦ 

ʨʘʩʩʤʦʪʨʝʥʦ ʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ, ʚʢʣʶʯʘʷ ʪʚʝʨʜʦʬʘʟʥʳʝ ʦʙʣʘʩʪʠ ʠ, 

ʚ ʪʦʤ ʯʠʩʣʝ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʥʠʭ ʧʦʣʠʤʦʨʬʥʳʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ; ʧʦʩʪʨʦʝʥʳ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ (3D) ʢʦʤʧʴʶʪʝʨʥʳʝ ʤʦʜʝʣʠ (ʥʘʧʨʠʤʝʨ, [2] ʜʣʷ Ag-Cu-Ni); 

ʦʙʥʘʨʫʞʝʥʳ ʠ ʢʨʠʪʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʳ ʧʨʦʪʠʚʦʨʝʯʠʷ ʚ ʦʧʠʩʘʥʠʷʭ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʘʟʦʚʳʭ ʜʠʘʛʨʘʤʤ [3, 4].  

 
ʈʠʩ. 1. ʇʨʦʝʢʮʠʷ ʧʨʦʪʦʪʠʧʘ ʛʠʧʝʨʧʦʚʝʨʭʥʦʩʪʝʡ ʣʠʢʚʠʜʫʩʘ ʩʠʩʪʝʤʳ  

Ag-Cu-Ni-Sn (A-B-C-D).  

ɼʣʷ ʯʝʪʚʝʨʥʦʡ ʩʠʩʪʝʤʳ Ag-Cu-Ni-Sn ʚʳʚʝʜʝʥʘ ʚʦʟʤʦʞʥʘʷ ʩʭʝʤʘ 

ʬʘʟʦʚʳʭ ʨʝʘʢʮʠʡ ʩ ʫʯʘʩʪʠʝʤ ʨʘʩʧʣʘʚʘ, ʩʣʝʜʫʷ ʢʦʪʦʨʦʡ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ 

ʥʘʣʠʯʠʝ ʦʙʣʘʩʪʠ ʨʘʩʩʣʘʠʚʘʥʠʷ ʞʠʜʢʦʩʪʠ, ʚʥʫʪʨʝʥʥʝʛʦ ʧʦʣʷ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʦʣʠʤʦʨʬʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʩʦʝʜʠʥʝʥʠʷ Ni3Sn ʠ 11-ʪʠ 

ʛʠʧʝʨʧʦʚʝʨʭʥʦʩʪʝʡ ʣʠʢʚʠʜʫʩʘ: Ag, Sn, ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ Cu(Ni), ʘ ʪʘʢʞʝ 

ʙʠʥʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Ag4Sn, Ag3Sn, Cu3Sn, Ni3Sn4, Ni3Sn2 ʠ ʧʦʣʠʤʦʨʬʥʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ Cu6Sn5 (ʨʠʩ. 1). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʩʝʤʠ 



ʏʝʪʳʨʥʘʜʮʘʪʘʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

çʍʠʤʠʯʝʩʢʘʷ ʪʝʨʤʦʜʠʥʘʤʠʢʘ ʠ ʢʠʥʝʪʠʢʘè  
 

~ 85 ~ 
 

ʥʦʥʚʘʨʠʘʥʪʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ: ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ (e), ʧʦʣʠʤʦʨʬʥʦʛʦ 

ʧʨʝʚʨʘʱʝʥʠʷ (w) ʤʝʞʜʫ ʘʣʣʦʪʨʦʧʥʳʤʠ ʬʦʨʤʘʤʠ Ni3Sn2 ʠ ʧʷʪʠ - 

ʢʚʘʟʠʧʝʨʠʪʝʢʪʠʯʝʩʢʦʛʦ ʪʠʧʘ (p) (ʨʠʩ. 2). 

 
ʈʠʩ. 2. ʇʨʦʛʥʦʟʠʨʫʝʤʘʷ ʩʭʝʤʘ ʬʘʟʦʚʳʭ ʨʝʘʢʮʠʡ ʩʠʩʪʝʤʳ Ag-Cu-Ni-Sn (A-B-C-D) ʩ 

ʩʦʝʜʠʥʝʥʠʷʤʠ Ag4Sn (R1), Ag3Sn (R2), b-ʬʘʟʘ (R3), Cu10Sn3 (R4), Cu41Sn11 (R5), Cu3Sn 

(R6), Ni3Sn (R10), Ni3Sn2 (R12), Cu6Sn5 (R7) ʠ Ni3Sn (R9) ʠ ʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʧʦʣʠʤʦʨʬʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ (R8) ʠ (R11). 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʦʩʟʘʜʘʥʠʝʤ ʌɻɹʋʅ 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʉʆ ʈɸʅ, ʧʨʦʝʢʪ ˉ 0270-2024-

0013. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 
1. Liu X. J., Ohnuma I., Wang C.P. et al // Journal of Electronic Materials. 2003. V. 32. 

No 11. P. 1265-1272. 

2. Vorob'eva V.P., Lutsyk V.I., Parfenova M.D. // Russian Journal of Inorganic 

Chemistry. 2023. V. 68. No 1. P. 69-77. 

3. COST Action 531 - Atlas of Phase Diagrams for Lead-Free Soldering. Brno: 

Vydavatelstvi KNIHAR, 2008. V. 1. 289 pp. 

4. COST Action MP0602 - Handbook of High-Temperature Lead-Free Solders - Atlas of 

Phase Diagrams. Brno: K-economy and Tisk§rna Helbich, 2012. Vol. 1, Vol. 2.    
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʘ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʦʚ ʚʳʟʳʚʘʶʪ 

ʦʛʨʦʤʥʳʡ ʠʥʪʝʨʝʩ ʙʣʘʛʦʜʘʨʷ ʰʠʨʦʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʚ ʛʘʟʦʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʧʨʠʙʦʨʘʭ. ʇʦʪʨʝʙʥʦʩʪʴ ʚ ʧʦʨʪʘʪʠʚʥʦʤ ʠ ʩʪʘʮʠʦʥʘʨʥʦʤ ʛʘʟʦʘʥʘʣʠʪʠʯʝʩʢʦʤ 

ʦʙʦʨʫʜʦʚʘʥʠʠ ʧʨʦʜʠʢʪʦʚʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʣʠʯʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʩʦʥʘʣʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. Fe2O3, MnO2, CoO ʠ CuO ʦʪʥʦʩʷʪʩʷ ʢ 

ʯʠʩʣʫ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʧʨʦʮʝʩʩʘʭ ʦʢʠʩʣʝʥʠʷ ʘʤʤʠʘʢʘ. 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʚ ʨʷʜʝ ʨʘʙʦʪ ʨʝʟʫʣʴʪʘʪʘʤ ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʢʩʠʜʦʚ ʚ ʦʢʠʩʣʝʥʠʠ ʘʤʤʠʘʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʝʜʫʶʱʝʤʫ 

ʧʦʨʷʜʢʫ: Fe2O3> MnO2> NiO> V2O5> CuO > MoO3 (ʪʝʤʧʝʨʘʪʫʨʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

350 
0
ʉ).  

ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʜʭʦʜ ʜʣʷ ʥʘʧʳʣʝʥʠʷ ʧʦʨʠʩʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʭ ʩʜʚʦʝʥʥʳʭ 

ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʜʣʷ ʨʘʩʧʳʣʝʥʠʷ (ʘʙʣʷʮʠʠ) ʤʠʰʝʥʠ  ʠʟ ʞʝʣʝʟʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʚʦʟʜʫʭʝ. ɺʦʟʥʠʢʘʶʱʠʡ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʦʡ (ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʦ ʤʤ) ʧʣʘʟʤʝʥʥʳʡ ʬʘʢʝʣ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʜʘʚʣʝʥʠʝʤ, ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʴʶ ʠʦʥʠʟʘʮʠʠ ʵʣʝʤʝʥʪʦʚ, 

ʧʦʵʪʦʤʫ ʦʥ ʚʧʦʣʥʝ ʩʧʦʩʦʙʝʥ ʦʙʝʩʧʝʯʠʪʴ ʠʥʪʝʥʩʠʚʥʳʡ ʧʦʪʦʢ ʯʘʩʪʠʮ 

ʞʝʣʘʝʤʦʡ (ʚʳʩʦʢʦʡ) ʵʥʝʨʛʠʠ ʥʘ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʧʦʜʣʦʞʢʫ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʣʘʟʝʨʥʳʡ ʤʥʦʛʦʢʘʥʘʣʴʥʳʡ 

ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ LSS-1. ʃʘʟʝʨ ʦʙʣʘʜʘʝʪ ʰʠʨʦʢʠʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʢʘʢ ʜʣʷ ʨʝʛʫʣʠʨʦʚʢʠ ʵʥʝʨʛʠʠ ʠʤʧʫʣʴʩʦʚ (ʜʦ 80 ʤɼʞ), ʪʘʢ ʠ 

ʚʨʝʤʝʥʥʦʛʦ ʩʜʚʠʛʘ ʤʝʞʜʫ ʩʜʚʦʝʥʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ (0-100 ʤʢʩ) ʠʟʣʫʯʝʥʠʷ. 

ʏʘʩʪʦʪʘ ʠʤʧʫʣʴʩʦʚ 10 ɻʮ, ʩʨʝʜʥʷʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ 15 ʥʩ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʥʘʧʳʣʝʥʠʷ ʦʪ ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʠʥʪʝʨʚʘʣʘʭ ʦʪ 0 ʜʦ 4 ʤʢʩ ʞʝʣʝʟʦ ʭʦʨʦʰʦ ʨʘʩʧʳʣʷʝʪʩʷ, ʥʦ 

ʥʘʧʳʣʝʥʠʷ ʧʣʝʥʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʠʥʪʝʨʚʘʣʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʪʥʳʡ ʨʦʩʪ ʧʣʝʥʢʠ, ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʳʡ ʚ ʠʥʪʝʨʚʘʣʘʭ ʦʪ 8 ʜʦ 

15 ʤʢʩ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʠʥʪʝʨʚʘʣʘ ʢʘʯʝʩʪʚʦ ʧʣʝʥʢʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʭʫʜʰʘʝʪʩʷ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʘ ʜʠʥʘʤʠʢʘ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʟʦʚʘʥʠʷ 

ʘʪʦʤʦʚ ʠ ʠʦʥʦʚ Fe ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʩʝʨʠʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʜʚʦʝʥʥʳʭ 

ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʥʘ ʤʠʰʝʥʴ  ʧʨʠ ʵʥʝʨʛʠʠ ʠʤʧʫʣʴʩʦʚ 43 ʤɼʞ ʠ ʠʥʪʝʨʚʘʣʝ 

ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ 10 ʤʢʩ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʠʥʠʡ ʘʪʦʤʦʚ 

ʞʝʣʝʟʘ  Fe 1 (407,174ʥʤ  ʠ Fe 2 (386,552 ʥʤ ʩ ʨʘʟʣʠʯʥʳʤʠ ʵʥʝʨʛʠʷʤʠ 
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ʚʦʟʙʫʞʜʝʥʠʷ  ʜʣʷ ʫʛʣʘ ʚʦʟʜʝʡʩʪʚʠʠ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ 50 ʛʨʘʜʫʩʦʚ ʥʘ 

ʤʠʰʝʥʴ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 1ʘ. ʅʘ ʨʠʩ. 1 ʙ ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʢʦʨʦʩʪʠ ʧʦʩʪʫʧʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ (ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʠʥʠʡ) ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʠʤʧʫʣʴʩʦʚ ʠ ʫʛʣʦʚ. ʊʦʣʱʠʥʘ ʧʣʘʩʪʠʥʢʠ ʞʝʣʝʟʘ 0,23 ʤʤ. ʀʟʤʝʥʷʷ ʫʛʦʣ ʠ 

ʢʦʣʠʯʝʩʪʚʦ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʚ ʩʝʨʠʠ ʚʦʟʤʦʞʥʦ ʮʝʣʝʥʘʧʨʘʚʣʝʥʦ ʤʝʥʷʪʴ 

ʩʦʩʪʘʚ ʧʨʝʢʫʨʩʦʨʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʥʘʥʦʧʣʝʥʦʢ. 

  

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʠʥʠʠ Fe 1: ʘ ï ʦʪ ʫʛʣʘ; ʙ - Fe 1 ʠ Fe 2 ʦʪ 

ʢʦʣʠʯʝʩʪʚʘ  ʠʤʧʫʣʴʩʦʚ ʜʣʷ ʫʛʣʘ 50 ʛʨʘʜʫʩʦʚ 

ʀʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʝ ʚʳʰʝ ʨʝʟʫʣʴʪʘʪʳ, ʤʳ ʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʥʘʧʳʣʝʥʠʷ ʥʘʥʦʧʣʝʥʦʢ. ʅʘʧʳʣʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʬʦʣʴʛʠʨʦʚʘʥʥʦʛʦ ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪʘ, ʩ ʚʳʪʨʘʚʣʝʥʥʳʤʠ ʧʦʣʦʩʢʘʤʠ, ʰʠʨʠʥʦʡ 

300 ʤʢʤ, ʥʘʥʦʯʘʩʪʠʮ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʩʝʨʠʠ ʠʟ 

150 ʩʜʚʦʝʥʥʳʭ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʥʘ ʤʠʰʝʥʴ,  ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʧʦʜ ʫʛʣʦʤ 

50 ʛʨʘʜʫʩʦʚ ʢ ʧʘʜʘʶʱʝʤʫ ʠʟʣʫʯʝʥʠʶ ʠ ʧʦʜʣʦʞʢʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 3 ʤʤ. 

ʕʥʝʨʛʠʷ ʠʤʧʫʣʴʩʦʚ ʠʟʣʫʯʝʥʠʷ 43 ʤɼʞ, ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ 10 ʤʢʩ.   

ʀʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʩ ʥʘʧʳʣʝʥʥʦʡ ʧʣʝʥʢʦʡ ʠ  

ʠʟʦʙʨʘʞʝʥʠʷ ʧʣʝʥʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʢʣʘ, ʫʚʝʣʠʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ 

ʤʠʢʨʦʩʢʦʧʘ ʄʠʢʤʝʜ ʚ 200 ʨʘʟ, ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2  

   

ʈʠʩ. 2. ʀʟʦʙʨʘʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ ʧʦʩʣʝ ʥʘʧʳʣʝʥʠʷ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ 

ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ ʧʦʣʦʩʢʘ ʟʘʧʦʣʥʝʥʘ ʨʘʟʣʠʯʥʳʤʠ ʮʚʝʪʥʳʤʠ 

ʦʢʩʠʜʘʤʠ ʞʝʣʝʟʘ, ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʰʘʨʠʢʦʚ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 1-2 ʤʢʤ. ʅʘ 

ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʜʥʦʡ ʧʦʜʣʦʞʢʠ ʚʠʜʥʳ ʰʘʨʦʦʙʨʘʟʥʳʝ ʢʣʘʩʪʝʨʳ 

ʨʘʟʥʦʛʦ ʮʚʝʪʘ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆʎɽʉʉʆɺ ʅɸʇʓʃɽʅʀʗ ʅɸʅʆʇʃɽʅʆʏʅʓʍ 

ʈɽɿʀʉʊʆʈʆɺ ʀɿ ʆʂʉʀɼʆɺ ʊʀʊɸʅɸ ʀ ɹɸʈʀʗ ʇʈʀ ʃɸɿɽʈʅʆʄ 

ʈɸʉʇʓʃɽʅʀʀ ʂɽʈɸʄʀʂʀ BaTiO3 ɺ ɸʊʄʆʉʌɽʈɽ ɺʆɿɼʋʍɸ 

ɺʦʨʦʧʘʡ ɽ.ʉ., ɽʨʤʘʣʠʮʢʘʷ ʂ.ʌ., ʂʨʘʩʥʦʧʝʨʦʚ ʅ.ʅ., ɿʘʞʦʛʠʥ ɸ.ʇ.
 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ, 
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ʀʥʪʝʨʝʩ ʢ ʦʢʩʠʜʫ ʪʠʪʘʥʘ ʩʚʷʟʘʥ ʩ ʝʛʦ ʫʥʠʢʘʣʴʥʳʤʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʩ ʪʝʤ, ʯʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ ʦʢʩʠʜʘ ʪʠʪʘʥʘ 

ʤʥʦʛʠʝ ʪʦʢʩʠʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʦʞʝʥʳ ʜʦ CO2 ʠ H20 [1]. ʇʨʠ ʵʪʦʤ ʜʦʧʠʨʦʚʘʥʠʝ 

ʠʩʭʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʢʩʠʜʘ ʪʠʪʘʥʘ ʘʪʦʤʘʤʠ Ba, Fe ʠ ʜʨ. ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʠʟʤʝʥʠʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʘʢʦʡ ʧʣʝʥʢʠ [1]. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʜʦʩʪʠʞʝʥʠʝ ʘʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣ ʛʘʟʦʚ ʩʦ ʩʪʝʥʢʘʤʠ ʧʦʨ 

ʤʝʤʙʨʘʥʳ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢʘʢ ʢ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʦʯʠʩʪʢʝ ʛʘʟʦʚ, ʪʘʢ ʠ ʢ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʦʧʘʩʥʳʭ ʛʘʟʦʚ [2]. ɺʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʦʤʧʦʟʠʪʦʚ TiO2 ï MoO3 ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʜʦʚʟʨʳʚʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʚʦʜʦʨʦʜʘ ʠ ʫʛʘʨʥʦʛʦ ʛʘʟʘ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚ [2], ʧʨʠ ʵʪʦʤ ʜʠʦʢʩʠʜ 

ʪʠʪʘʥʘ, ʷʚʣʷʶʱʠʡʩʷ ʦʩʥʦʚʦʡ ʪʘʢʠʭ ʢʦʤʧʦʟʠʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ 

ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʛʘʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʜʭʦʜ ʜʣʷ ʥʘʧʳʣʝʥʠʷ ʧʦʨʠʩʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ  ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʭ ʩʜʚʦʝʥʥʳʭ 

ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʜʣʷ ʨʘʩʧʳʣʝʥʠʷ (ʘʙʣʷʮʠʠ) ʤʠʰʝʥʠ  ʠʟ ʪʠʪʘʥʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʚʦʟʜʫʭʝ. ɺʦʟʥʠʢʘʶʱʠʡ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʦʡ (ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʦ ʤʤ) ʧʣʘʟʤʝʥʥʳʡ ʬʘʢʝʣ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʜʘʚʣʝʥʠʝʤ, ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʴʶ ʠʦʥʠʟʘʮʠʠ ʵʣʝʤʝʥʪʦʚ, 

ʧʦʵʪʦʤʫ ʦʥ ʚʧʦʣʥʝ ʩʧʦʩʦʙʝʥ ʦʙʝʩʧʝʯʠʪʴ ʠʥʪʝʥʩʠʚʥʳʡ ʧʦʪʦʢ ʯʘʩʪʠʮ 

ʞʝʣʘʝʤʦʡ (ʚʳʩʦʢʦʡ) ʵʥʝʨʛʠʠ ʥʘ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʧʦʜʣʦʞʢʫ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʣʘʟʝʨʥʳʡ ʤʥʦʛʦʢʘʥʘʣʴʥʳʡ 

ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ LSS-1. ʃʘʟʝʨ ʦʙʣʘʜʘʝʪ ʰʠʨʦʢʠʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʢʘʢ ʜʣʷ ʨʝʛʫʣʠʨʦʚʢʠ ʵʥʝʨʛʠʠ ʠʤʧʫʣʴʩʦʚ (ʜʦ 80 ʤɼʞ), ʪʘʢ ʠ 

ʚʨʝʤʝʥʥʦʛʦ ʩʜʚʠʛʘ ʤʝʞʜʫ ʩʜʚʦʝʥʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ (0-100 ʤʢʩ) ʠʟʣʫʯʝʥʠʷ. 

ʏʘʩʪʦʪʘ ʠʤʧʫʣʴʩʦʚ 10 ɻʮ, ʩʨʝʜʥʷʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ 15 ʥʩ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʥʘʧʳʣʝʥʠʷ ʦʪ ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʠʥʪʝʨʚʘʣʘʭ ʦʪ 0 ʜʦ 6 ʤʢʩ ʪʠʪʘʥʘʪʙʘʨʠʷ ʨʘʩʧʳʣʷʝʪʩʷ, ʥʦ 

ʥʘʧʳʣʝʥʠʷ ʧʣʝʥʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʠʥʪʝʨʚʘʣʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʪʥʳʡ ʨʦʩʪ ʧʣʝʥʢʠ, ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʳʡ ʚ ʠʥʪʝʨʚʘʣʘʭ ʦʪ 8 ʜʦ 

15 ʤʢʩ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʠʥʪʝʨʚʘʣʘ ʢʘʯʝʩʪʚʦ ʧʣʝʥʢʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʭʫʜʰʘʝʪʩʷ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʘ ʜʠʥʘʤʠʢʘ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʟʦʚʘʥʠʷ 

ʘʪʦʤʦʚ ʠ ʠʦʥʦʚ Ti ʠ Ba ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʩʝʨʠʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʜʚʦʝʥʥʳʭ 

ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʥʘ ʤʠʰʝʥʴ ʠʟ ʢʦʥʜʝʥʩʘʪʦʨʥʦʡ ʢʝʨʘʤʠʢʠ BaTiO3  ʧʨʠ 

ʵʥʝʨʛʠʠ ʠʤʧʫʣʴʩʦʚ 43 ʤɼʞ ʠ ʠʥʪʝʨʚʘʣʝ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ 10 ʤʢʩ. 
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ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʠʥʠʡ ʘʪʦʤʦʚ 

Ti I (388,289 ʥʤ) ʠ ʠʦʥʦʚ Ba II  (455,404 ʥʤ) ʩ ʨʘʟʣʠʯʥʳʤʠ ʵʥʝʨʛʠʷʤʠ 

ʚʦʟʙʫʞʜʝʥʠʷ  ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʫʛʣʦʚ ʚʦʟʜʝʡʩʪʚʠʠ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʥʘ 

ʤʠʰʝʥʴ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2ʘ. ʥʘ ʨʠʩ. 2 ʙ ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʢʦʨʦʩʪʠ ʧʦʩʪʫʧʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ (ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʠʥʠʠ Ti I) ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʠʤʧʫʣʴʩʦʚ ʠ ʫʛʣʘ. ʀʟʤʝʥʷʷ ʢʦʣʠʯʝʩʪʚʦ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʚ ʩʝʨʠʠ ʠ ʫʛʣʘ 

ʚʦʟʜʝʡʩʪʚʠʷ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʥʘ ʤʠʰʝʥʴ ʚʦʟʤʦʞʥʦ ʮʝʣʝʥʘʧʨʘʚʣʝʥʦ ʤʝʥʷʪʴ 

ʩʦʩʪʘʚ ʧʨʝʢʫʨʩʦʨʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʥʘʥʦʧʣʝʥʦʢ. 

ʘ   ʙ  

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʠʥʠʡ Ti ʠ Ba: ʘ ï ʦʪ ʫʛʣʘ; ʙ - ʦʪ ʢʦʣʠʯʝʩʪʚʘ  

ʠʤʧʫʣʴʩʦʚ ʜʣʷ ʫʛʣʦʚ 50, 60 ʠ 70 ʛʨʘʜʫʩʦʚ   

ʀʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʝ ʚʳʰʝ ʨʝʟʫʣʴʪʘʪʳ, ʤʳ ʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʥʘʧʳʣʝʥʠʷ ʥʘʥʦʧʣʝʥʦʢ ʅʘʧʳʣʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʬʦʣʴʛʠʨʦʚʘʥʥʦʛʦ ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪʘ, ʩ ʚʳʪʨʘʚʣʝʥʥʳʤʠ ʧʦʣʦʩʢʘʤʠ, ʰʠʨʠʥʦʡ 

300 ʤʢʤ, ʥʘʥʦʯʘʩʪʠʮ ʦʢʩʠʜʦʚ ʪʠʪʘʥʘ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʩʝʨʠʠ ʠʟ 

200 ʩʜʚʦʝʥʥʳʭ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʥʘ ʤʠʰʝʥʴ  ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʧʦʜ ʫʛʣʦʤ 50 

ʛʨʘʜʫʩʦʚ ʢ ʧʘʜʘʶʱʝʤʫ ʠʟʣʫʯʝʥʠʶ ʠ ʧʦʜʣʦʞʢʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 3 ʤʤ. ʕʥʝʨʛʠʷ 

ʠʤʧʫʣʴʩʦʚ ʠʟʣʫʯʝʥʠʷ 43 ʤɼʞ, ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ 10 ʤʢʩ.   

ʀʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʩ ʥʘʧʳʣʝʥʥʦʡ ʧʣʝʥʢʦʡ, ʧʦʣʫʯʝʥʥʳʝ ʩ 

ʧʦʤʦʱʴʶ ʤʠʢʨʦʩʢʦʧʘ ʄʠʢʤʝʜ (ʫʚʝʣʠʯʝʥʠʝ ʚ 200 ʨʘʟ), ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2  

   

  ʈʠʩ. 2. ʀʟʦʙʨʘʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ ʧʦʩʣʝ ʥʘʧʳʣʝʥʠʷ ʦʢʩʠʜʦʚ ʪʠʪʘʥʘ ʠ ʙʘʨʠʷ 

ʅʘ ʨʠʩʫʥʢʝ  ʩʚʝʪʣʘʷ ʜʦʨʦʞʢʘ ï ʦʢʩʠʜʳ ʪʠʪʘʥʘ ʠ ʙʘʨʠʷ. ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ 

ʰʘʨʠʢʦʚ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 1-2 ʤʢʤ. ʅʘ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʜʥʦʡ 

ʧʦʜʣʦʞʢʠ ʚʠʜʥʳ ʰʘʨʦʦʙʨʘʟʥʳʝ ʢʣʘʩʪʝʨʳ ʨʘʟʥʦʛʦ ʮʚʝʪʘ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆʎɽʉʉʆɺ ʅɸʇʓʃɽʅʀʗ 

ɻɸɿʆʏʋɺʉʊɺʀʊɽʃʔʅʓʍ ʅɸʅʆʇʃɽʅʆʏʅʓʍ ʈɽɿʀʉʊʆʈʆɺ ʀɿ 

ʆʂʉʀɼʆɺ ʎʀʅʂɸ ʄɽɼʀ ʇʈʀ ʃɸɿɽʈʅʆʄ ʈɸʉʇʓʃɽʅʀʀ 

ʃɸʊʋʅʀ ʃʉ 59 ɺ ɸʊʄʆʉʌɽʈɽ ɺʆɿɼʋʍɸ 

ɺʦʨʦʧʘʡ ɽ.ʉ.
1
, ʂʦʚʘʣʝʥʢʦ ʄ.ʅ.

1
, ɸʣʝʢʩʝʝʥʢʦ ʅ.ɸ.

2
, ɿʘʞʦʛʠʥ ɸ.ʇ.

1 

1
ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ, 

2
ɻʅʋ çʀʥʩʪʠʪʫʪ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʆ.ɺ. ʈʦʤʘʥʘè, 
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ɼʣʷ ʩʦʟʜʘʥʠʷ ʜʘʪʯʠʢʦʚ ʢʦʥʪʨʦʣʷ ʩʦʩʪʘʚʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʙʦʣʴʰʦʡ 

ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʢʘʢ ʦʢʩʠʜʳ ʤʝʪʘʣʣʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʦʢʩʠʜʳ ʮʠʥʢʘ ʠ ʤʝʜʠ [1].  ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʦʢʩʠʜʦʚ ʤʝʜʠ ʷʚʣʷʝʪʩʷ ʠʭ ʥʠʟʢʘʷ 

ʩʪʦʠʤʦʩʪʴ ʠ ʭʠʤʠʯʝʩʢʘʷ ʩʪʦʡʢʦʩʪʴ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʩʦʦʙʱʘʣʦʩʴ ʦ ʨʷʜʝ ʤʝʪʦʜʦʚ 

ʩʠʥʪʝʟʘ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʛʘʟʦʚʳʭ ʜʘʪʯʠʢʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ p-CuO, ʣʝʛʠʨʦʚʘʥʥʳʭ ʮʠʥʢʦʤ, ʦʣʦʚʦʤ, 

ʞʝʣʝʟʦʤ ʠ.ʪ.ʜ. ʪʘʢʠʭ ʢʘʢ ʩʦʣʴʚʘʪʝʨʤʠʯʝʩʢʦʝ, ʪʝʨʤʠʯʝʩʢʦʝ ʠʩʧʘʨʝʥʠʝ, 

ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʡ ʠ ʤʠʢʨʦʚʦʣʥʦʚʳʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʩʠʥʪʝʟ [1]. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʜʭʦʜ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʭ ʩʜʚʦʝʥʥʳʭ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʜʣʷ ʨʘʩʧʳʣʝʥʠʷ 

(ʘʙʣʷʮʠʠ) ʤʠʰʝʥʠ  ʠʟ ʣʘʪʫʥʠ ʃʉ 59 ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʚʦʟʜʫʭʝ. 

ɺʦʟʥʠʢʘʶʱʠʡ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ (ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʦ 

ʤʤ) ʧʣʘʟʤʝʥʥʳʡ ʬʘʢʝʣ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʜʘʚʣʝʥʠʝʤ, 

ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʴʶ ʠʦʥʠʟʘʮʠʠ ʵʣʝʤʝʥʪʦʚ, ʧʦʵʪʦʤʫ ʦʥ ʚʧʦʣʥʝ ʩʧʦʩʦʙʝʥ 

ʦʙʝʩʧʝʯʠʪʴ ʠʥʪʝʥʩʠʚʥʳʡ ʧʦʪʦʢ ʯʘʩʪʠʮ ʞʝʣʘʝʤʦʡ (ʚʳʩʦʢʦʡ) ʵʥʝʨʛʠʠ ʥʘ 

ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʧʦʜʣʦʞʢʫ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʣʘʟʝʨʥʳʡ ʤʥʦʛʦʢʘʥʘʣʴʥʳʡ 

ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ LSS-1. ʃʘʟʝʨ ʦʙʣʘʜʘʝʪ ʰʠʨʦʢʠʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʢʘʢ ʜʣʷ ʨʝʛʫʣʠʨʦʚʢʠ ʵʥʝʨʛʠʠ ʠʤʧʫʣʴʩʦʚ (ʜʦ 80 ʤɼʞ), ʪʘʢ ʠ 

ʚʨʝʤʝʥʥʦʛʦ ʩʜʚʠʛʘ ʤʝʞʜʫ ʩʜʚʦʝʥʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ (0-100 ʤʢʩ) ʠʟʣʫʯʝʥʠʷ. 

ʏʘʩʪʦʪʘ ʠʤʧʫʣʴʩʦʚ 10 ɻʮ, ʩʨʝʜʥʷʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ 15 ʥʩ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʥʘʧʳʣʝʥʠʷ ʦʪ ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʠʥʪʝʨʚʘʣʘʭ ʦʪ 0 ʜʦ 6 ʤʢʩ ʮʠʥʢ ʨʘʩʧʳʣʷʝʪʩʷ, ʥʦ ʥʘʧʳʣʝʥʠʷ 

ʧʣʝʥʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʠʥʪʝʨʚʘʣʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʟʘʤʝʪʥʳʡ ʨʦʩʪ ʧʣʝʥʢʠ, ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʳʡ ʚ ʠʥʪʝʨʚʘʣʘʭ ʦʪ 8 ʜʦ 15 ʤʢʩ. ʇʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʠʥʪʝʨʚʘʣʘ ʢʘʯʝʩʪʚʦ ʧʣʝʥʢʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʭʫʜʰʘʝʪʩʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʠʥʠʠ ʘʪʦʤʦʚ 

Zn (481,05 ʥʤ) ʠ Cu (510,554 ʥʤ) ʦʪ ʫʛʣʘ ʚʦʟʜʝʡʩʪʚʠʷ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʥʘ 

ʤʠʰʝʥʴ ʧʨʠ ʵʥʝʨʛʠʠ ʠʤʧʫʣʴʩʦʚ 43 ʤɼʞ ʠ ʠʥʪʝʨʚʘʣʝ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ 10 

ʤʢʩ, ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 1ʘ. ʀʟʤʝʥʷʷ ʢʦʣʠʯʝʩʪʚʦ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʚ ʩʝʨʠʠ  

ʠ ʫʛʦʣ ʚʦʟʤʦʞʥʦ ʮʝʣʝʥʘʧʨʘʚʣʝʥʦ ʤʝʥʷʪʴ ʩʦʩʪʘʚ ʧʨʝʢʫʨʩʦʨʦʚ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʥʘʥʦʧʣʝʥʦʢ. ʅʘ ʨʠʩ. 1ʙ ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ 

ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʠʥʠʡ ʮʠʥʢʘ ʠ ʤʝʜʠ ʧʨʠ ʚʦʟʜʝʡʩʪʠʠ ʣʘʟʝʨʥʳʭ 
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ʠʤʧʫʣʴʩʦʚ ʧʦʜ ʫʛʣʦʤ 50 ʛʨʘʜʫʩʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʣʷ ʥʘʧʳʣʝʥʠʷ 

ʥʘʥʦʧʣʝʥʦʢ. 

  

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʠʥʠʡ Zn ʠ Cu ʦʪ ʢʦʣʠʯʝʩʪʚʘ  ʠʤʧʫʣʴʩʦʚ   

ʀʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʝ ʚʳʰʝ ʨʝʟʫʣʴʪʘʪʳ, ʤʳ ʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʥʘʧʳʣʝʥʠʷ ʥʘʥʦʧʣʝʥʦʢ. ʅʘʧʳʣʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʬʦʣʴʛʠʨʦʚʘʥʥʦʛʦ ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪʘ, ʩ ʚʳʪʨʘʚʣʝʥʥʳʤʠ ʧʦʣʦʩʢʘʤʠ ʰʠʨʠʥʦʡ 

0,3 ʤʤ, ʥʘʥʦʯʘʩʪʠʮ ʦʢʩʠʜʦʚ ʮʠʥʢʘ ʠ ʤʝʜʠ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʩʝʨʠʠ ʠʟ 50 ʩʜʚʦʝʥʥʳʭ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʥʘ ʤʠʰʝʥʴ,  ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʧʦʜ 

ʫʛʣʦʤ 50 ʛʨʘʜʫʩʦʚ ʢ ʧʘʜʘʶʱʝʤʫ ʠʟʣʫʯʝʥʠʶ ʠ ʧʦʜʣʦʞʢʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 3 ʤʤ.  

ʀʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʩ ʥʘʧʳʣʝʥʥʦʡ ʧʣʝʥʢʦʡ, ʫʚʝʣʠʯʝʥʥʳʝ 

ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʩʢʦʧʘ ʄʠʢʤʝʜ ʚ 200 ʨʘʟ, ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2ʘ. 

 

ʈʠʩ. 2. ʀʟʦʙʨʘʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ ʧʦʩʣʝ ʥʘʧʳʣʝʥʠʷ ʩʤʝʰʘʥʥʳʭ ʦʢʩʠʜʦʚ 
ʮʠʥʢʘ ʠ ʤʝʜʠ 

ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ ʧʦʣʦʩʢʘ ʟʘʧʦʣʥʝʥʘ ʨʘʟʣʠʯʥʳʤʠ ʮʚʝʪʥʳʤʠ 

ʦʢʩʠʜʘʤʠ ʤʝʜʠ ʠ ʮʠʥʢʘ, ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʰʘʨʠʢʦʚ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 1-2 

ʤʢʤ. ʅʘ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʜʥʦʡ ʧʦʜʣʦʞʢʠ ʚʠʜʥʳ ʰʘʨʦʦʙʨʘʟʥʳʝ 

ʢʣʘʩʪʝʨʳ ʨʘʟʥʦʛʦ ʮʚʝʪʘ. 

ʅʘʯʘʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʣʝʥʢʠ 2ʘ ʙʦʣʝʝ 1500 ʄʦʤ, ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʇʣʝʥʢʘ ʨʝʘʛʠʨʫʝʪ ʥʘ ʧʘʨʳ NH3, ʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʭʫʞʝ, ʯʝʤ 

ʨʝʟʠʩʪʦʨ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʤʝʜʠ, ʜʦʧʠʨʦʚʘʥʥʦʛʦ 1% ʦʢʩʠʜʦʤ ʮʠʥʢʘ . 

1 ʃ. ɸ. ʆʙʚʠʥʮʝʚʘ. ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʤʝʪʘʣʣʦʦʢʩʠʜʥʳʝ ʩʝʥʩʦʨʳ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʛʘʟʦʚʳʭ ʧʨʠʤʝʩʝʡ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ. // 

ʈʦʩ. ʭʠʤ. ʞ. (ɾ. ʈʦʩ. ʭʠʤ. ʦʙ-ʚʘ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ), 2008, ʪ. LII, ˉ2. ʉ. 

110-118.  
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ʀʉʉʃɽɼʆɺɸʅʀʗ ʇʈʆʎɽʉʉʆɺ  ʇʆʃʋʏɽʅʀʗ   

ʅɸʅʆʇʆʈʆʐʂʆɺ-ʇʈɽʂʋʈʉʆʈʆɺ ɼʃʗ ʇʆʃʋʏɽʅʀʗ  

ʅɸʅʆʂɽʈɸʄʀʂ ʊʀʇɸ FexMg1-xAl 2O4, ʇʈʀ ɺʆɿɼɽʁʉʊɺʀʀ ʅɸ 

ʉʇʃɸɺʓ ɸʄʛ2 ʠ ʄʛ95 ʉɼɺʆɽʅʅʓʄʀ ʃɸɿɽʈʅʓʄʀ  

ʀʄʇʋʃʔʉɸʄʀ ɺ ɸʊʄʆʉʌɽʈɽ ɺʆɿɼʋʍɸ 

ɺʦʨʦʧʘʡ ɽ.ʉ.
1
, ʂʦʚʘʣʝʥʢʦ ʄ.ʅ.

1
, ɸʣʝʢʩʝʝʥʢʦ ʅ.ɸ.

2
, ɿʘʞʦʛʠʥ ɸ.ʇ.

1 

1
ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ, 

2
ɻʅʋ çʀʥʩʪʠʪʫʪ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʆ.ɺ. ʈʦʤʘʥʘè, 

ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ 

e-mail: zajogin_an@mail.ru 

 

 ʆʜʥʦ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʠʤʝʥʝʥʠʡ ʥʘʥʦʧʦʨʦʰʢʦʚ ï 

ʠʟʛʦʪʦʚʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʧʝʮʠʘʣʴʥʳʭ ʚʠʜʦʚ ʢʝʨʘʤʠʢ, ʚʢʣʶʯʘʷ ʦʧʪʠʯʝʩʢʠʝ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʘʢʪʠʚʥʳʤʠ ʩʨʝʜʘʤʠ, ʪʘʢ ʠ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ 

(ʤʦʜʫʣʷʪʦʨʳ ʜʦʙʨʦʪʥʦʩʪʠ ʠ ʜʨ.) ʜʣʷ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʣʘʟʝʨʦʚ. 

ʃʘʟʝʨʥʦʭʠʤʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʧʦʨʦʰʢʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʨʝʰʘʝʪ ʠ ʟʘʜʘʯʫ ʧʦ ʩʦʟʜʘʥʠʶ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʧʣʘʟʤʳ, 

ʧʦʣʫʯʝʥʥʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʛʘʟʦʚʫʶ ʩʨʝʜʫ.  

ʉʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʧʨʠʤʝʥʝʥʠʝ 

ʤʦʥʦʠʤʧʫʣʴʩʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʅʇ, 

ʧʨʠ ʫʤʝʨʝʥʥʳʭ ʧʣʦʪʥʦʩʪʷʭ ʤʦʱʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʟʤ ʦʙʲʝʤʥʦʛʦ 

ʠʩʧʘʨʝʥʠʷ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʪʦʯʥʠʢʦʤ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠ 

ʢʘʧʝʣʴ ʚ ʧʨʦʜʫʢʪʘʭ ʠʩʧʘʨʝʥʠʷ [2]. ʅʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ  ʪʘʢʞʝ ʝʛʦ ʥʠʟʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʞʠʤʘ ʩʜʚʦʝʥʥʳʭ 

ʠʤʧʫʣʴʩʦʚ ʥʘ ʧʝʨʚʠʯʥʳʝ ʧʨʦʮʝʩʩʳ ʧʣʘʟʤʦʦʙʨʘʟʦʚʘʥʠʷ ʙʫʜʫʪ ʥʘʢʣʘʜʳʚʘʪʴʩʷ 

ʧʨʦʮʝʩʩʳ ʥʘʛʨʝʚʘ ʠ ʠʩʧʘʨʝʥʠʷ ʘʵʨʦʟʦʣʝʡ, ʥʘʥʦʢʣʘʩʪʝʨʦʚ, ʬʨʘʢʪʘʣʦʚ, 

ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʲʝʢʪʘ ʠʟʣʫʯʝʥʠʷ ʧʝʨʚʦʛʦ 

ʠʤʧʫʣʴʩʘ, ʚʪʦʨʳʤ ʠʤʧʫʣʴʩʦʤ ʠʟʣʫʯʝʥʠʷ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʡ ʩʝʨʠʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ ʦʙʨʘʟʫʝʪʩʷ ʤʠʢʨʦʢʘʥʘʣ, ʨʘʙʦʪʘʶʱʠʡ ʢʘʢ 

ʤʠʢʨʦʩʦʧʣʦ. ʇʦʩʣʝʜʥʠʝ ʵʬʬʝʢʪʳ ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʪʴ 

ʨʘʟʤʝʨʳ ʧʨʦʜʫʢʪʦʚ ʘʙʣʷʮʠʠ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʘ ʚʳʭʦʜʝ ʠʟ ʩʦʧʣʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʙʳʩʪʨʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʚ ʨʘʩʰʠʨʷʶʱʝʤʩʷ ʦʙʣʘʢʝ, ʚʧʣʦʪʴ ʜʦ ʥʘʥʦʤʝʪʨʦʚʳʭ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʥʘʥʦʧʦʨʦʰʢʦʚ ʦʢʩʠʜʦʚ ʘʣʶʤʠʥʠʷ ʩ ʥʘʥʦʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 

(ʨʘʟʤʝʨʦʤ 20 ï 50 ʥʤ) ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʘʨʦʚ ʤʝʪʘʣʣʘ ʩ 

ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʦʜʫʢʪʦʚ ʥʘ ʚʳʭʦʜʝ ʠʟ ʤʠʢʨʦʢʘʥʘʣʘ. ʀʥʪʝʥʩʠʚʥʦʝ 

ʦʭʣʘʞʜʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʪʦʨʤʦʟʠʪ ʨʦʩʪ ʯʘʩʪʠʮ, ʥʦ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ 

ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʨʦʜʳʰʝʡ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʬʘʟʳ. 

ʎʝʣʴ ʨʘʙʦʪʳ ʩʦʩʪʦʷʣʘ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʦʢʘʟʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠ ʦʧʨʝʜʝʣʠʪʴ 

ʫʩʣʦʚʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʝʨʠʷʤʠ 

ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʭ ʩʜʚʦʝʥʥʳʭ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʥʘ ʛʠʙʨʠʜʥʫʶ ʤʠʰʝʥʴ, 

ʩʦʩʪʦʷʱʫʶ ʠʟ ʧʣʘʩʪʠʥʦʢ ʘʣʶʤʠʥʠʷ  ɸʄʛ2 (Fe - 0,5 %) ʠ ʤʘʛʥʠʷ ʄʛ95 ʚ 

ʚʦʟʜʫʰʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʧʦʨʦʰʢʦʚ-ʧʨʝʢʫʨʩʦʨʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʥʘʥʦʢʝʨʘʤʠʢ ʪʠʧʘ  FexMg1-xAl2O4.  

mailto:zajogin_an@mail.ru


ʏʝʪʳʨʥʘʜʮʘʪʘʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

çʍʠʤʠʯʝʩʢʘʷ ʪʝʨʤʦʜʠʥʘʤʠʢʘ ʠ ʢʠʥʝʪʠʢʘè  
 

~ 93 ~ 
 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʣʘʟʝʨʥʳʡ ʤʥʦʛʦʢʘʥʘʣʴʥʳʡ 

ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ LSS-1. ʃʘʟʝʨ ʦʙʣʘʜʘʝʪ ʰʠʨʦʢʠʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʢʘʢ ʜʣʷ ʨʝʛʫʣʠʨʦʚʢʠ ʵʥʝʨʛʠʠ ʠʤʧʫʣʴʩʦʚ (ʜʦ 80 ʤɼʞ), ʪʘʢ ʠ 

ʚʨʝʤʝʥʥʦʛʦ ʩʜʚʠʛʘ ʤʝʞʜʫ ʩʜʚʦʝʥʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ (0-100 ʤʢʩ) ʠʟʣʫʯʝʥʠʷ. 

ʏʘʩʪʦʪʘ ʠʤʧʫʣʴʩʦʚ 10 ɻʮ, ʩʨʝʜʥʷʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ 15 ʥʩ. 

ʅʘ ʨʠʩ. 1ʘ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʣʠʥʠʡ ʘʪʦʤʦʚ Al, Fe ʠ Mg, ʠʦʥʦʚ Al ʠ ʧʦʣʦʩ AlO ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʠʤʧʫʣʴʩʦʚ. 

ʕʥʝʨʛʠʠ ʠʤʧʫʣʴʩʦʚ 53 ʤɼʞ, ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ 10 ʤʢʩ  

 

           
                     ʘ                                  ʙ                         

ʈʠʩ. 1ï ʘ ï ɿʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʠʥʠʡ ʠʦʥʦʚ Al III  (452,92 ʥʤ), ʘʪʦʤʦʚ Mg I 

(518,47 ʥʤ) ʠ Fe I (438,35 ʥʤ), ʧʦʣʦʩʳ ʨʘʜʠʢʘʣʘ AlO (484,21 ʥʤ), ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʠʤʧʫʣʴʩʦʚ; 

ʙ ï ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʷ  ʥʘʥʦʯʘʩʪʠʮ  ʠ ʘʛʣʦʤʝʨʘʪʦʚ ʠʟ Al, ʦʢʩʠʜʦʚ ʘʣʶʤʠʥʠʷ, ʤʘʛʥʠʷ ʠ 

ʞʝʣʝʟʘ. 

ʀʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʝ ʚʳʰʝ ʨʝʟʫʣʴʪʘʪʳ, ʤʳ ʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʧʦʨʦʰʢʦʚ. ʕʥʝʨʛʠʷ ʠʤʧʫʣʴʩʦʚ ʠʟʣʫʯʝʥʠʷ 53 ʤɼʞ, 

ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ 10 ʤʢʩ. ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʷ  ʥʘʥʦʯʘʩʪʠʮ  ʠ 

ʘʛʣʦʤʝʨʘʪʦʚ ʠʟ Al, ʦʢʩʠʜʦʚ ʘʣʶʤʠʥʠʷ, ʤʘʛʥʠʷ ʠ ʞʝʣʝʟʘ ʧʦʣʫʯʝʥʥʳʝ ʩ 

ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 

MIRA3 ʩ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʤ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʦʤ EDX X-Max 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1ʙ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʢʣʘʩʪʝʨʦʚ FeʭMg1-ʭAl 2O4 ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʨʝʘʢʮʠʠ 

ʩʣʠʧʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʫʙʦʢʩʠʜʦʚ Al, ʦʢʩʠʜʦʚ Fe ʠ Mg ʧʨʠ ʠʭ ʪʫʨʙʫʣʝʥʪʥʦʤ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ ʣʘʟʝʨʥʦʤ ʬʘʢʝʣʝ ʥʘ ʚʳʭʦʜʝ ʠʟ ʤʠʢʨʦʢʘʥʘʣʘ. ʇʨʠ 

ʢʦʥʜʝʥʩʘʮʠʠ ʠʦʥʳ ʞʝʣʝʟʘ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʩʪʨʘʠʚʘʶʪʩʷ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʸʪʢʫ ʰʧʠʥʝʣʠ ʚʤʝʩʪʦ ʠʦʥʦʚ Mg
2+

 ʠ ʠʤʝʶʪ ʚʘʣʝʥʪʥʦʩʪʴ 

ʨʘʚʥʫʶ ʜʚʫʤ. 

ʀʟʤʝʥʷʷ ʪʦʣʱʠʥʫ ʧʣʘʩʪʠʥʦʢ ʠʣʠ ʢʦʣʠʯʝʩʪʚʦ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʚ 

ʩʝʨʠʠ ʚʦʟʤʦʞʥʦ ʮʝʣʝʥʘʧʨʘʚʣʝʥʦ ʤʝʥʷʪʴ ʩʦʩʪʘʚ ʧʦʨʦʰʢʦʚ-ʧʨʝʢʫʨʩʦʨʦʚ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʩʧʝʮʠʘʣʴʥʳʭ ʥʘʥʦʢʝʨʘʤʠʢ. 

1. ɻʫʩʝʚ, ɸ.ʀ. ʅʘʥʦʤʘʪʝʨʠʘʣʳ, ʥʘʥʦʩʪʨʫʢʪʫʨʳ, ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ / ɸ.ʀ. ɻʫʩʝʚ  - 

ʄ., ʌʠʟʤʘʪʣʠʪ, 2005. ï 416 ʩ.  

2. ɺ.ɺ. ʆʩʠʧʦʚ, ɺ.ɺ. ʇʣʘʪʦʥʦʚ, ɺ.ʉ. ʐʠʪʦʚ. ɺʳʩʦʢʦʧʨʦʟʨʘʯʥʳʝ ʢʝʨʘʤʠʢʠ, 

ʧʨʠʛʦʪʦʚʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʧʦʨʦʰʢʦʚ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ ʣʘʟʝʨʥʦʤ ʬʘʢʝʣʝ. 

ʏʘʩʪʴ 1. ʆʩʦʙʝʥʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ. ï ʌʦʪʦʥʠʢʘ, ʊ.67, ˉ 7,  (2017) 52-70. 
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ʌɸɿʆɺʓʁ ʇɽʈɽʍʆɼ ɺ ʇʃɽʅʂɸʍ P(VDF-TrFE ), 

ʉʌʆʈʄʀʈʆɺɸʅʅʓʍ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ɸɼɼʀʊʀɺʅʓʍ 

ʊɽʍʅʆʃʆɻʀʁ 

ɺʦʩʪʨʦʚ ʅ.ɺ.
1
, ʉʦʣʥʳʰʢʠʥ ɸ.ɺ.

1
, ʉʦʣʦʧʘʝʚ ɸ.ɸ.

1
, ɸʣʝʢʩʘʥʜʨʦʚ ɽ.ɺ.

1
,  

ɹʝʣʦʚ ɸ.ʅ.
2
 

1
ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʚʝʨʴ 

2
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʕʊè, ɿʝʣʝʥʦʛʨʘʜ, 

ʄʦʩʢʚʘ 

nik@additivka.ru 
 

ʇʦʣʠʚʠʥʠʣʜʝʥʬʪʦʨʠʜ (PVDF) ʠ ʝʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʩʦʧʦʣʠʤʝʨ ʩ 
ʪʨʠʬʪʦʨʵʪʠʣʝʥʦʤ P(VDF-TrFE) ʦʙʣʘʜʘʶʪ ʧʦʣʫʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ 
ʦʪʥʦʩʷʪʩʷ ʢ ʵʣʝʢʪʨʦʘʢʪʠʚʥʳʤ ʜʠʵʣʝʢʪʨʠʢʘʤ. PVDF ʥʝ ʠʩʧʳʪʳʚʘʝʪ ʧʝʨʝʭʦʜ ʠʟ 
ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʘʟʳ ʚ ʧʘʨʘʵʣʝʢʪʨʠʯʝʩʢʫʶ ʚʧʣʦʪʴ ʜʦ ʪʦʯʢʠ ʧʣʘʚʣʝʥʠʷ, 
ʪʦʛʜʘ ʚ ʝʛʦ ʩʦʧʦʣʠʤʝʨʝ P(VDF-TrFE) ʥʘʙʣʶʜʘʝʪʩʷ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ, ʧʨʠʯʝʤ 
ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʪʨʠʬʪʦʨʵʪʠʣʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʫʤʝʥʴʰʘʝʪʩʷ. ɺ 
ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ 
ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʧʣʝʥʢʘʭ P(VDF-TrFE), 
ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʤ 4D-ʧʝʯʘʪʠ. 

ʀʩʩʣʝʜʫʝʤʳʝ ʧʣʝʥʢʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʧʦʩʣʦʡʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʨʘʩʪʚʦʨʘ 
(MSD), ʩʦʜʝʨʞʘʱʝʛʦ P(VDF-TrFE) 72/28, ʥʘ ʥʘʛʨʝʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. 
ʀʟʛʦʪʦʚʣʝʥʥʳʝ ʧʣʝʥʦʯʥʳʝ ʦʙʨʘʟʮʳ P(VDF-TrFE) ʠʤʝʣʠ ʪʦʣʱʠʥʫ ʚ ʧʨʝʜʝʣʘʭ 
7 · 15 ʤʢʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʧʝʯʘʪʠ. ʀʩʭʦʜʥʳʝ ʦʙʨʘʟʮʳ ʥʝ ʦʙʣʘʜʘʣʠ 
ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ, ʯʪʦ ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ ʧʦ ʦʪʩʫʪʩʪʚʠʶ 
ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 
ʧʦʣʷʨʠʟʘʮʠʠ ʧʦʣʝʤ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ ʯʘʩʪʴ ʦʙʨʘʟʮʦʚ ʙʳʣʘ ʧʦʣʷʨʠʟʦʚʘʥʘ ʚ 
ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʝʧʣʦʚʳʭ ʫʩʣʦʚʠʷʭ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ ʬʦʨʤʠʨʦʚʘʥʠʝ 
ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠ ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ 
ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʢ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ, ʪʘʢ ʠ ʥʝʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʧʣʝʥʦʢ ʤʝʪʦʜʦʤ 
ʚʘʢʫʫʤʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʥʘʥʦʩʠʣʠʩʴ ʘʣʶʤʠʥʠʝʚʳʝ ʵʣʝʢʪʨʦʜʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ 
ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʨʠʪʝʣʷ 
ʠʤʤʠʪʘʥʩʘ ɽ7-30 ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʢ ʦʙʨʘʟʮʘʤ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

1 ɺ, ʠʟʤʝʥʷʶʱʝʛʦ ʩ ʯʘʩʪʦʪʦʡ ʦʪ 25 ʜʦ 3Ö10
6
 ɻʮ.  

ʀʩʧʦʣʴʟʫʝʤʳʡ ʚ ʨʘʙʦʪʝ ʩʦʧʦʣʠʤʝʨ ʩʦʩʪʘʚʘ P(VDF-TrFE)72/28 
ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʦʤ ʚ ʦʙʣʘʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨ 110 ï 112 ̄ ʉ ʧʨʠ ʥʘʛʨʝʚʝ ʦʙʨʘʟʮʦʚ. ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ (e) ʠʩʩʣʝʜʫʝʤʳʭ 
ʥʝʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʧʣʝʥʦʢ P(VDF-TrFE)72/28, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ 4D-

ʧʝʯʘʪʠ, ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʠ ʠʩʧʳʪʳʚʘʝʪ ʤʘʢʩʠʤʫʤ (emax), ʧʨʠʭʦʜʷʱʠʡʩʷ 

ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ, ʨʘʚʥʫʶ 110ʉ̄. ʕʪʫ ʪʝʤʧʝʨʘʪʫʨʫ ʤʦʞʥʦ ʩʦʦʪʥʝʩʪʠ ʩ ʪʦʯʢʦʡ 
ʂʶʨʠ ʊʉ ʜʣʷ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ɿʥʘʯʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 
ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʤʘʢʩʠʤʫʤʝ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ, ʠ ʠʤʝʝʪ 

ʥʝʙʦʣʴʰʦʝ ʨʘʟʤʳʪʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ e(ʊ), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 
ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʦʙʣʘʩʪʠ ʂʶʨʠ. ʇʨʠ ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʘ 
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ʤʘʢʩʠʤʫʤʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ 
ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʦʣʷ, ʢʘʢ ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʘʭ. 

ʇʨʦʮʝʩʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʦʙʨʘʟʮʦʚ ʚ ʧʦʣʷʭ, 

ʧʨʝʚʳʰʘʶʱʠʤʠ ʢʦʵʨʮʠʪʠʚʥʦʝ (ɽʉ = 3,8Ŀ10
7
 ɺÖʤ

ï1
) ʧʦʥʠʞʘʝʪ ʚʝʣʠʯʠʥʫ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʥʘ 20ï25 %. ɼʘʥʥʳʡ ʵʬʬʝʢʪ ʤʦʞʝʪ ʙʳʪʴ 
ʦʙʲʷʩʥʸʥ ʥʝʩʢʦʣʴʢʠʤʠ ʬʘʢʪʦʨʘʤʠ. ɺʦ-ʧʝʨʚʳʭ, ʧʨʠ ʧʦʣʷʨʠʟʘʮʠʠ ʦʙʨʘʟʮʦʚ 
ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʙʣʠʟʢʠʭ ʢ ʪʦʯʢʝ 
ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ, ʧʨʦʠʩʭʦʜʠʪ 

ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʧʦʣʷʨʥʦʡ b-ʬʘʟʳ. ɼʘʥʥʘʷ ʬʘʟʘ ʠʤʝʝʪ ʙʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ 
ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ɺʦ-ʚʪʦʨʳʭ, ʧʨʠ ʧʦʣʷʨʠʟʘʮʠʠ ʦʙʨʘʟʮʦʚ ʥʘ 

ʤʝʞʬʘʟʥʳʭ ʛʨʘʥʠʮʘʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ʪʘʢʠʭ ʢʘʢ ʧʦʣʷʨʥʘʷ b-ʬʘʟʘ ʠ ʥʝʧʦʣʷʨʥʘʷ 
Ŭ-ʬʘʟʘ, ʬʦʨʤʠʨʫʝʪʩʷ ʦʙʲʸʤʥʳʡ ʟʘʨʷʜ, ʢʦʪʦʨʳʡ ʩʦʟʜʘʸʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 
ʚʥʫʪʨʝʥʥʝʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʝ ʫʩʪʦʡʯʠʚʦʩʪʠ 
ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʕʪʦ ʚʥʫʪʨʝʥʥʝʝ ʧʦʣʝ ʧʨʝʧʷʪʩʪʚʫʝʪ 
ʢʦʣʝʙʘʪʝʣʴʥʦʤʫ ʜʚʠʞʝʥʠʶ ʜʠʧʦʣʝʡ, ʪʝʤ ʩʘʤʳʤ ʧʦʥʠʞʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ 
ʧʨʦʥʠʮʘʝʤʦʩʪʴ. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʧʣʝʥʦʯʥʳʭ ʦʙʨʘʟʮʦʚ P(VDF-TrFE)72/28, 
ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ 4D-ʧʝʯʘʪʠ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ 
ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʦʩʪʘʚʘʷʩʴ ʤʝʥʴʰʝ, ʯʝʤ 

ʚʝʣʠʯʠʥʘ e ʜʣʷ ʥʝʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ. ɺʘʞʥʦʡ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ 
ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ 
ʦʙʨʘʟʮʦʚ ʷʚʣʷʝʪʩʷ ʩʤʝʱʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʦʙʣʘʩʪʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ 10ʉ̄. ʇʨʠ ʵʪʦʤ ʚ ʨʘʡʦʥʝ 

120̄ ʉ ʟʥʘʯʝʥʠʷ e ʜʣʷ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʠ ʥʝʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ 
ʩʪʘʥʦʚʷʪʩʷ ʨʘʚʥʳʤʠ, ʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʚʠʩʠʤʦʩʪʠ 

e(T), ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, 
ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʧʘʜ ʫʥʠʧʦʣʷʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ 

ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʥʘʩʪʫʧʘʝʪ ʪʦʛʜʘ, ʢʦʛʜʘ ʟʥʘʯʝʥʠʷ e ʥʝ ʜʦʩʪʠʛʥʫʪ 
ʦʜʠʥʘʢʦʚʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʠ ʥʝʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʧʣʝʥʢʠ. 

ʊʘʢʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 
ʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ ʧʨʠ ʥʘʣʠʯʠʠ ʩʫʱʝʩʪʚʝʥʥʳʭ 
ʩʤʝʱʘʶʱʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ, ʢʦʪʦʨʳʝ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʙʨʘʟʫʶʪʩʷ ʚ 
ʧʨʦʮʝʩʩʝ ʧʦʣʷʨʠʟʘʮʠʠ ʧʣʝʥʦʯʥʳʭ ʦʙʨʘʟʮʦʚ ʩʦʧʦʣʠʤʝʨʘ. ʆʮʝʥʢʘ ʟʥʘʯʝʥʠʷ 
ʵʪʦʛʦ ʧʦʣʷ ʥʘ ʦʩʥʦʚʝ ʟʘʢʦʥʘ ɺʠʜʝʨʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʝʛʦ ʥʘʧʨʷʞʝʥʥʦʩʪʴ 

ʧʨʠʤʝʨʥʦ ʩʦʩʪʘʚʣʷʝʪ 5Ö10
5
 ɺ/ʤ. ʕʪʦ ʟʥʘʯʝʥʠʝ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ ʚʝʣʠʯʠʥʳ 

ʢʦʵʨʮʠʪʠʚʥʦʛʦ ʧʦʣʷ ʜʣʷ P(VDF-TrFE)72/28, ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 
ʪʝʤʧʝʨʘʪʫʨʝ, ʦʜʥʘʢʦ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ, ʯʪʦʙʳ ʫʜʝʨʞʘʪʴ ʫʩʪʦʡʯʠʚʦʝ 
ʧʦʣʷʨʠʟʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʬʦʨʤʠʨʫʝʤʦʝ ʧʨʠ ʧʦʣʷʨʠʟʘʮʠʠ ʧʦʣʝʤ ʢʦʨʦʥʥʦʛʦ 
ʨʘʟʨʷʜʘ. 
 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʩʨʝʜʩʪʚ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 
ˉ 23-22-00224, https://rscf.ru/project/23-22-00224/ 

  



ʏʝʪʳʨʥʘʜʮʘʪʘʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

çʍʠʤʠʯʝʩʢʘʷ ʪʝʨʤʦʜʠʥʘʤʠʢʘ ʠ ʢʠʥʝʪʠʢʘè  
 

~ 96 ~ 
 

ʊɽʈʄʆɼʀʅɸʄʀʂɸ ʉʆʈɹʎʀʀ ʊʗɾɽʃʓʍ ʄɽʊɸʃʃʆɺ ʀɿ 
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ʉʦʨʙʝʥʪʳ, ʧʦʣʫʯʘʝʤʳʝ ʠʟ ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ ʙʠʦʨʘʟʣʘʛʘʝʤʦʛʦ ʩʳʨʴʷ, 

ʦʙʣʘʜʘʶʱʠʝ ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʨʙʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʧʦʜʜʘʶʱʠʝʩʷ 

ʤʥʦʛʦʢʨʘʪʥʦʡ ʨʝʛʝʥʝʨʘʮʠʠ ʠ ʙʝʟʦʧʘʩʥʦʡ ʫʪʠʣʠʟʘʮʠʠ, ʷʚʣʷʶʪʩʷ ʮʝʥʥʳʤʠ ʠ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ ʤʘʩʰʪʘʙʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʚ ʧʨʦʮʝʩʩʘʭ ʦʯʠʩʪʢʠ 

ʚʦʜʥʳʭ ʩʨʝʜ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʦʪ ʠʦʥʦʚ çʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚè. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʨʝʜʠ ʚʩʝʭ ʧʦʣʠʤʝʨʦʚ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʥʘʪʠʚʥʦʡ ʬʦʨʤʝ, ʭʠʪʦʟʘʥ ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʴʰʠʤ ʩʦʨʙʮʠʦʥʥʳʤ 

ʧʦʪʝʥʮʠʘʣʦʤ. ʗʚʣʷʷʩʴ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʜʦʩʪʫʧʥʳʭ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʧʨʠʨʦʜʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʭʠʪʦʟʘʥ ʧʦʜʜʘʝʪʩʷ ʨʘʟʥʦʧʣʘʥʦʚʦʡ ʤʦʜʠʬʠʢʘʮʠʠ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʥʝ ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʥʦ ʠ 

ʚʦʟʤʦʞʥʦ ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʥʘ ʤʝʞʬʘʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

çʙʠʦʧʦʣʠʤʝʨʥʳʡ ʩʦʨʙʝʥʪ-ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚè, ʯʪʦ ʥʘʨʷʜʫ ʩ 

ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʯʠʱʘʝʤʦʡ ʩʨʝʜʳ ʚ ʮʝʣʦʤ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ 

ʧʦʣʥʦʪʫ ʦʙʝʩʩʦʣʠʚʘʥʠʷ ʨʝʘʣʴʥʳʭ ʚʦʜʥʳʭ ʩʠʩʪʝʤ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 

ʚʝʣʠʯʠʥʫ ʩʦʨʙʮʠʠ ʠʦʥʦʚ ʤʝʜʠ ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʦʙʨʘʟʮʘʤʠ ʩʦʨʙʝʥʪʦʚ ʥʘ 

ʦʩʥʦʚʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʭʠʪʦʟʘʥʘ. 

ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ, ʦʙʲʝʤʥʦʛʦ 

ʥʘʧʦʣʥʝʥʠʷ ʧʦʣʠʤʝʨʥʦʡ ʩʝʪʢʠ ʛʠʜʨʦʛʝʣʷ, ʧʨʠʚʠʚʢʠ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʰʠʚʢʠ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʩʦʨʙʝʥʪʳ ʥʘ ʦʩʥʦʚʝ ʭʠʪʦʟʘʥʘ ʩ 

ʧʨʠʚʣʝʯʝʥʠʝʤ ʦʩʥʦʚʥʦʛʦ ʙʠʦʧʦʣʠʤʝʨʘ ʠ ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ: 

ʵʧʠʭʣʦʨʛʠʜʨʠʥʘ, 2-ʵʪʠʣʠʤʠʜʘʟʦʣʘʪʘ ʥʠʢʝʣʷ, ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʦʛʦ ʜʠʦʢʩʠʜʘ 

ʢʨʝʤʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʢʘʢ: ʩʢʘʥʠʨʫʶʱʘʷ 

ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʅʇɺʆ, ʨʝʥʪʛʝʥʦʚʩʢʘʷ 

ʜʠʬʨʘʢʮʠʷ. ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʩʦʨʙʝʥʪʦʚ ʚ ʠʟʚʣʝʯʝʥʠʠ 

ʠʦʥʦʚ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʩʪʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠʟʙʳʪʢʦʚ 

ɻʠʙʙʩʘ ʤʝʪʦʜʦʤ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʦʙʲʝʤʘ ʨʘʩʪʚʦʨʘ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 298-

333 ʂ. ʈʘʩʩʯʠʪʘʥ rʦʩʥʦʚʥʳʝ ʩʦʨʙʮʠʦʥʥʳʝ ʚʝʣʠʯʠʥʳ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʧʦʪʝʥʮʠʘʣʳ. ɻʣʘʚʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʧʨʠʨʦʜʥʦʛʦ 

ʙʠʦʧʦʣʠʤʝʨʘ ʷʚʣʷʝʪʩʷ ʢʨʘʪʥʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʚʝʣʠʯʠʥʳ ʘʜʩʦʨʙʮʠʠ ʧʦ 

ʩʦʨʙʠʨʫʝʤʳʤ ʢʘʪʠʦʥʘʤ (ʧʨʠ 298 ʂ): ʜʣʷ ʩʰʠʪʦʛʦ ʵʧʠʭʣʦʨʛʠʜʨʠʥʦʤ 

ʛʠʜʨʦʛʝʣʝʚʦʛʦ ʩʦʨʙʝʥʪʘ am = 9 ʤʦʣʴ/ʢʛ; ʜʣʷ ʩʰʠʪʦʛʦ ʵʧʠʭʣʦʨʛʠʜʨʠʥʦʤ 

ʛʠʜʨʦʛʝʣʝʚʦʛʦ ʩʦʨʙʝʥʪʘ, ʧʦʚʝʨʭʥʦʩʪʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 2-

ʵʪʠʣʠʤʠʜʘʟʦʣʘʪʦʤ ʥʠʢʝʣʷ am = 19.5 ʤʦʣʴ/ʢʛ; ʩʰʠʪʦʛʦ ʵʧʠʭʣʦʨʛʠʜʨʠʥʦʤ 

ʛʠʜʨʦʛʝʣʝʚʦʛʦ ʩʦʨʙʝʥʪʘ, ʦʙʲʝʤʥʦ ʥʘʧʦʣʥʝʥʥʦʛʦ ʜʠʦʢʩʠʜʦʤ ʢʨʝʤʥʠʷ am = 

14.75 ʤʦʣʴ/ʢʛ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʩʦʨʙʮʠʠ ʷʚʣʷʝʪʩʷ 
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ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʳʤ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʠʥʪʝʨʚʘʣʘ 

ʪʝʤʧʝʨʘʪʫʨ ʠ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʤ ʜʣʷ ʩʰʠʪʦʛʦ ʵʧʠʭʣʦʨʛʠʜʨʠʥʦʤ ʛʠʜʨʦʛʝʣʝʚʦʛʦ 

ʩʦʨʙʝʥʪʘ ʠ ʜʣʷ ʩʰʠʪʦʛʦ ʵʧʠʭʣʦʨʛʠʜʨʠʥʦʤ ʛʠʜʨʦʛʝʣʝʚʦʛʦ ʩʦʨʙʝʥʪʘ, 

ʧʦʚʝʨʭʥʦʩʪʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 2-ʵʪʠʣʠʤʠʜʘʟʦʣʘʪʦʤ ʥʠʢʝʣʷ, ʘ ʜʣʷ 

ʩʰʠʪʦʛʦ ʵʧʠʭʣʦʨʛʠʜʨʠʥʦʤ ʛʠʜʨʦʛʝʣʝʚʦʛʦ ʩʦʨʙʝʥʪʘ, ʦʙʲʝʤʥʦ ʥʘʧʦʣʥʝʥʥʦʛʦ 

ʜʠʦʢʩʠʜʦʤ ʢʨʝʤʥʠʷ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʤ, ʧʨʦʪʝʢʘʶʱʠʤ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʨʦʩʪʦʤ ʵʥʪʨʦʧʠʠ ʩʦʨʙʮʠʠ. ɺʳʷʚʣʝʥʦ ʩʦʙʣʶʜʝʥʠʝ ʫʩʣʦʚʠʡ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʩʦʨʙʮʠʠ ʧʫʪʝʤ ʧʦʩʪʨʦʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ ʩʦʨʙʝʥʪʦʚ ʚ ʢʦʦʨʜʠʥʘʪʘʭ Ů = f(V). ʇʦʣʫʯʝʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʟʦʩʪʝʨʠʯʝʩʢʠʭ ʪʝʧʣʦʪ ʩʦʨʙʮʠʠ ʦʪ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ 

ʩʦʨʙʮʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʩʦʨʙʝʥʪʦʚ ʦʙʣʘʜʘʪʁ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʥʝʦʜʥʦʨʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʙʣʠʟʢʦʡ ʢ ʣʠʥʝʡʥʦʤʫ ʪʠʧʫ, ʯʪʦ 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʧʨʠʤʝʥʠʤʦʩʪʴʶ ʤʦʜʝʣʠ ʊʝʤʢʠʥʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʨʘʩʯʝʪʘ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ. ʇʨʠ ʵʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ çʩʦʨʙʘʪ-

ʩʦʨʙʝʥʪè ʧʦ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʩʦʭʨʘʥʷʝʪʩʷ. ʇʦʣʫʯʝʥʥʳʝ 

ʩʦʨʙʝʥʪʳ ʥʘ ʦʩʥʦʚʝ ʭʠʪʦʟʘʥʘ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʣʦʞʝʥ r ʚ ʢʘʯʝʩʪʚʝ 

ʘʣʴʪʝʨʥʘʪʠʚʳ ʧʨʦʤʳʰʣʝʥʥʳʤ ʢʘʪʠʦʥʠʪʘʤ ʜʣʷ ʜʦʦʯʠʩʪʢʠ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʦʪ ʠʦʥʦʚ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʦʪʣʠʯʥʳʭ ʦʪ 

ʩʪʘʥʜʘʨʪʥʳʭ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʥʘ ʚʳʧʦʣʥʝʥʠʝ 

ʅʀʈ (ʊʝʤʘ ˉ FZZW-2024-0004). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʩʫʨʩʦʚ ʎʝʥʪʨʘ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʥʘʫʯʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʀɻʍʊʋ (ʧʨʠ ʧʦʜʜʝʨʞʢʝ 

ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ, ʩʦʛʣʘʰʝʥʠʝ ˉ 075-15-2021-671). 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 
1. Nikiforova T.E., Gabrin V.A., Razgovorov P.B. // Protection of Metals and 

Physical Chemistry of Surfaces. 2023. ʊ. 59.  ̄3. ʉ. 313-324. 

2. Gabrin V.A., Nikiforova T.E. // Protection of Metals and Physical Chemistry of 

Surfaces. 2023. ʊ. 59.  ̄4. ʉ. 554-562. 

3. Fufaeva V.A., Nikiforova T.E. // International Journal of Advanced Studies in 

Medicine and Biomedical Sciences. 2020.  ̄2. ʉ. 3-6. 

4. ʌʫʬʘʝʚʘ ɺ.ɸ., ʅʠʢʠʬʦʨʦʚʘ ʊ.ɽ., ʈʘʟʛʦʚʦʨʦʚ ʇ.ɹ., ʀʛʥʘʪʴʝʚ ɸ.ɸ. //  

ʕʢʦʣʦʛʠʷ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʈʦʩʩʠʠ. 2022. ʊ. 26.  ̄12. ʉ. 22-27. 

  



ʏʝʪʳʨʥʘʜʮʘʪʘʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

çʍʠʤʠʯʝʩʢʘʷ ʪʝʨʤʦʜʠʥʘʤʠʢʘ ʠ ʢʠʥʝʪʠʢʘè  
 

~ 98 ~ 
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ʂɸʃʔʎʀʗ ʉʆʃʗʄʀ ʑɽʃʆʏʅʓʍ ʄɽʊɸʃʃʆɺ 
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1
, ʉʚʝʪʣʘʢʦʚ ʆ.ʖ.
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1
ɼʦʥʝʮʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɼʦʥʝʮʢ 

2
ʅʀʀ ʈʝʘʢʪʠʚʵʣʝʢʪʨʦʥ, ɼʦʥʝʮʢ 

e-mail: gannovaj@mail.ru 

 

ʅʘʢʦʧʣʝʥʠʝ ʤʠʣʣʠʦʥʦʚ ʪʦʥʥ çʥʝʢʦʥʜʠʮʠʦʥʥʦʛʦè ʤʝʣʘ ʚ ʚʠʜʝ ʦʪʭʦʜʘ 

ʩʦʜʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʧʦʠʩʢ ʩʧʦʩʦʙʦʚ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʈʘʥʝʝ ʧʨʠ ʠʟʫʯʝʥʠʠ ʩʠʩʪʝʤʳ CaO-LiNO3ïʉO2 ʥʘʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ [1], 

ʯʪʦ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʉʘʆ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʩʢʦʨʷʝʪʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʠʪʨʘʪʘ ʣʠʪʠʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝʤ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʉʘʆ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʦʥʘ Li
+
. ʀʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʚ 

ʩʠʩʪʝʤʝ CaO-LiNO3 ïʉO2 ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʣʝʛʯʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʠʦʥʘ ʉʆ3
2-
, 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʝ ʧʨʝʪʝʨʧʝʚʘʝʪ, ʚʝʨʦʷʪʥʦ, ʢʠʩʣʦʨʦʜʥʘʷ ʧʦʜʨʝʰʝʪʢʘ 

CaO, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʜʚʠʞʥʦʩʪʠ ʆ
2-
 ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʫʩʢʦʨʝʥʠʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠ:̫ 

ʉʆ2  +  ʆ
2-
 Ÿ ʉʆ3

2-
.     (1) 

çʀʩʪʠʥʥʳʡè ʜʠʘʤʝʪʨ ʠʦʥʘ ʣʠʪʠʷ (ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʘʢʩʠʤʫʤʫ 

ʧʣʦʪʥʦʩʪʠ ʝʛʦ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʣʦʷ) ʩʦʩʪʘʚʣʷʝʪ 0,38 ɸ ʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʤʝʥʴʰʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʛʨʘʥʠʮʘʤʠ ʠʦʥʦʚ ʆʆ (0,68 ɸ) ʚ ʨʝʰʝʪʢʝ ʉʘʆ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʝʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚ ʨʝʰʝʪʢʫ ʦʢʩʠʜʘ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʦʩʪʦʷʣʘ ʚ ʚʳʷʩʥʝʥʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʘʢʪʠʚʘʮʠʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʨʝʘʢʮʠʡ CaCO3 

ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ CaO ʩ SO2 ʩʦʝʜʠʥʝʥʠʷʤʠ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ. 

ʈʠʩ

.1. 

ʂʨʠ

ʚʳʝ 

ʜʠʬ

ʬʝʨ

ʝʥʮ

ʠʘʣ

ʴʥʦ

-

ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ SO2 

ʩ ʉʘʆ (1) ʠ ʩʠʩʪʝʤʦʡ ʉʘʆ ï LiNO3 (2).  

 
 

ʈʠʩ.2. ʂʨʠʚʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-

ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ SO2 

ʩ ʉʘʉʆ3 (1) ʠ ʩʠʩʪʝʤʦʡ ʉʘʉʆ3 ï LiNO3 (2) 

ʆʢʩʠʜ ʢʘʣʴʮʠʷ ʥʘʯʠʥʘʝʪ ʟʘʤʝʪʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʩ SO2 ʧʨʠ t ~ 385Üʉ, ʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ LiNO3 ʪʝʤʧʝʨʘʪʫʨʘ ʩʤʝʱʘʝʪʩʷ ʜʦ 200Üʉ ʠ ʧʨʦʮʝʩʩ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʝʟʢʠʤ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ (ʨʠʩ.1). ɺ ʩʠʩʪʝʤʝ 

CaCO3-LiNO3ïSO2, ʢʘʢ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ [2, 3], ʬʠʢʩʠʨʫʝʤʦʝ 

ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ CaCO3 ʩ SO2 ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʙʣʠʟʢʦʡ ʢ 210Üʉ, ʪʦʛʜʘ ʢʘʢ ʚ ʦʪʩʫʪʩʪʚʠʠ LiNO3 ʣʠʰʴ ʧʨʠ t ~ 590 Üʉ. ʆʙʨʘʱʘʝʪ 

mailto:gannovaj@mail.ru
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ʚʥʠʤʘʥʠʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʘ ʢʘʪʠʦʥʘ ʱʝʣʦʯʥʦʛʦ ʤʝʪʘʣʣʘ 

ʥʘʯʘʣʦ ʨʝʘʢʮʠʠ ʩʤʝʱʘʝʪʩʷ ʚ ʦʙʣʘʩʪʴ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʥʦ ʵʬʬʝʢʪ 

ʘʢʪʠʚʘʮʠʠ ʧʨʦʷʚʣʷʝʪʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʠʪʨʘʪʦʚ 

(ʪʘʙʣʠʮʘ), ʯʪʦ ʚʝʨʦʷʪʥʦ ʦʙʫʩʣʦʚʣʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩʦʝʜʠʥʝʥʠʡ ʢʘʣʴʮʠʷ ʩ 

ʥʠʪʨʘʪʘʤʠ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʦʙʣʘʩʪʠ ʠʭ ʧʨʝʜʧʣʘʚʣʝʥʠʷ. ɼʣʷ ʩʠʩʪʝʤʳ 

CaCO3-LiNO3ïSO2, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʩʠʩʪʝʤʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ 

ʩʣʝʜʫʶʱʝʡ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ: 

LiNO3 (ʪʚ) ½½½ ­½
¯- ʉ251180  LiNO3

*
,    (2) 

LiNO3
*
 + n ʉʘʉʆ3 ½½½ ­½

¯- ʉ251180  (n ʉʘʉʆ3 Ā Li
+
)NO3ľ,  (3) 

(n ʉʘʉʆ3 Ā Li
+
)NO3ľ + n Sʆ2 ½½½ ­½

¯- ʉ350190 LiNO3(ʞ) + n ʉʘSʆ3,  (4) 

LiNO3
*
½½­½
ʉ̄251 LiNO3 (ʞ) ,     (5) 

ʛʜʝ LiNO3
*
 - ʥʠʪʨʘʪ ʣʠʪʠʷ ʚ ʩʦʩʪʦʷʥʠʠ ʧʨʝʜʧʣʘʚʣʝʥʠʷ. 

ɺr ʨʘʞʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʵʥʝʨʛʠʝʡ ʘʢʪʠʚʘʮʠʠ ʧʨʦʮʝʩʩʘ (4) ʜʣʷ 

ʜʨʫʛʠʭ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʬʫʥʢʮʠʷʤʠ (æʅ298, æG298) 

ʦʙʨʘʟʦʚʘʥʠʷ ʥʠʪʨʘʪʦʚ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. 
ʊʘʙʣʠʮʘ  

ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʉʘʆ ʠ ʉʘʉʆ3 ʩ SO2 ʚ ʫʩʣʦʚʠʷʭ 

ɼʊɸ ʦʪ ʧʨʠʨʦʜʳ ʥʠʪʨʘʪʘ ʱʝʣʦʯʥʦʛʦ ʤʝʪʘʣʣʘ 

  
ɸʢʪʠʚʘʪʦʨ 

ʄʝNO3 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ 

ʄʝNO3, Üʉ 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʯʘʣʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ SO2, Üʉ 

ʉʘʉʆ3 LiNO3 255 210 

 
NaNO3 306 283 

 
ʂNO3 334 296 

 
CsNO3 414 378 

ʉʘʆ LiNO3 255 200 

 
NaNO3 306 272 

 
ʂNO3 334 325 

 
CsNO3 414 363 

ʅʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʘʢʪʠʚʘʮʠʠ ʦʙʫʩʣʦʚʣʝʥ ʤʘʣʳʤ ʨʘʟʤʝʨʦʤ ʠʦʥʘ Li
+
 ʠ 

ʚʳʩʦʢʦʡ ʝʛʦ ʧʦʜʚʠʞʥʦʩʪʴʶ ʚʳʟʳʚʘʶʱʝʡ ʜʝʩʪʘʙʠʣʠʟʘʮʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʨʝʰʝʪʦʢ CaO, CaCO3. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʘ ʠʦʥʘ ʱʝʣʦʯʥʦʛʦ ʤʝʪʘʣʣʘ 

ʘʢʪʠʚʘʮʠʦʥʥʳʡ ʵʬʬʝʢʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 
1. ʄʝʣʴʥʠʢ ɸ.ʉ., ɻʘʥʥʦʚʘ ʖ.ʅ. // ʍV ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʘʩʧʠʨʘʥʪʦʚ 

ʠ ʦʙʫʯʘʶʱʠʭʩʷ / 2021. ɼʦʥʝʮʢ: ɼʦʥʅʊʋ. ï ʉ.194-196. 

2. ʐʘʧʦʚʘʣʦʚ ɺ.ɺ., ɻʘʥʥʦʚʘ ʖ.ʅ., ʐʘʧʦʚʘʣʦʚʘ ʊ.ɺ., ɹʝʨʝʩʪʦʚʘʷ ɸ.ɸ. // 
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3. ɻʘʥʥʦʚʘ ʖ.ʅ., ɿʠʥʝʥʢʦ ɼ.ɸ., ʂʨʘʩʥʦ ʆ.ɸ., ɻʘʚʨʠʣʝʥʢʦ ɸ.ɸ. // 

ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ɼʦʥʙʘʩʩʘ: ʩʙ. ʤʘʪʝʨʠʘʣʦʚ 7-ʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ï ɼʦʥʝʮʢ: ɼʦʥʅʊʋ. 2022. ʊ. 4. ʉ. 57-61.   
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʉʀʅʊɽɿɸ ʀ ɻʃʆɹʋʃʗʈʅʓʍ ʂʆʅʌʆʈʄɸʎʀʁ 

ʉʆʇʆʃʀʄɽʈʆɺ ʅɸ ʆʉʅʆɺɽ N-ɺʀʅʀʃʂɸʇʈʆʃɸʂʊɸʄɸ ʀ N-
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ʉʪʠʤʫʣ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʧʦʣʠʤʝʨʳ, ʩʧʦʩʦʙʥʳʝ ʥʘʧʨʘʚʣʝʥʥʦ ʠ ʦʙʨʘʪʠʤʦ 

ʠʟʤʝʥʷʪʴ ʩʚʦʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʜ ʚʣʠʷʥʠʝʤ ʚʥʝʰʥʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ, ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʚ 

ʩʠʩʪʝʤʘʭ ʥʘʧʨʘʚʣʝʥʥʦʡ ʜʦʩʪʘʚʢʠ, ʘ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʥʘʥʦʨʝʘʢʪʦʨʦʚ. ʀʥʪʝʨʝʩ 

ʢ ʘʤʬʠʬʠʣʴʥʳʤ ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʩʦʧʦʣʠʤʝʨʘʤ N-ʚʠʥʠʣʢʘʧʨʦʣʘʢʪʘʤʘ 

(ɺʂʃ) ʠ N-ʚʠʥʠʣʠʤʠʜʘʟʦʣʘ (ɺʀ), ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʠʭ ʥʠʞʥʷʷ 

ʢʨʠʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʩʪʚʦʨʝʥʠʷ ʣʝʞʠʪ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʥʦʩʠʪʝʣʷʤʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ. ʉʠʥʪʝʟ ʚ ʤʘʩʩʝ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪ.ʢ. 

ʷʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʯʥʳʤ ʠ ʵʢʦʣʦʛʠʯʥʳʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ ʧʦʣʠʤʝʨʦʚ. ʇʨʠ ʵʪʦʤ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʩʦʧʦʣʠʤʝʨʦʚ ɺʂʃ ʠ ɺʀ ʚ ʤʘʩʩʝ ʜʦ ʩʠʭ ʧʦʨ ʥʝ 

ʙʳʣʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʠʩʩʣʝʜʦʚʘʥʳ. 

ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʝʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʨʝʘʢʮʠʠ ʨʘʜʠʢʘʣʴʥʦʡ 

ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ N-ʚʠʥʠʣʢʘʧʨʦʣʘʢʪʘʤʘ (ɺʂʃ) ʠ N-ʚʠʥʠʣʠʤʠʜʘʟʦʣʘ (ɺʀ) ʚ 

ʤʘʩʩʝ ʚʳʧʦʣʥʝʥʥʦʝ ʄʝʪʦʜʦʤ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʄʦʥʪʝ-ʂʘʨʣʦ (ʄʂ). 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʦʝ ʚ ʣʘʙʦʨʘʪʦʨʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦʩʪʦʷʥʩʪʚʦ 

ʩʦʩʪʘʚʘ ʩʦʧʦʣʠʤʝʨʦʚ ʚʧʣʦʪʴ ʜʦ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʢʦʥʚʝʨʩʠʠ ʩʦʤʦʥʦʤʝʨʦʚ 

ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʩʪʦʷʥʩʪʚʦʤ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 

ʩʦʤʦʥʦʤʝʨʦʚ ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ ʨʝʘʢʮʠʠ.  

 
 

ʈʠʩ. 1. ʉʦʩʪʘʚ ʩʦʧʦʣʠʤʝʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʦʪʥʦʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʦʤʦʥʦʤʝʨʦʚ 

ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. 
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ʈʠʩ. 3. ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʄʂ-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʘ) ʠ ʤʛʥʦʚʝʥʥʳʝ 

ʩʥʠʤʢʠ ʛʣʦʙʫʣ ʚ ʧʣʦʭʦʤ ʜʣʷ ʟʚʝʥʴʝʚ ɺʂʃ ʨʘʩʪʚʦʨʠʪʝʣʝ ʧʨʠ ʜʦʣʝ ʟʚʝʥʴʝʚ ɺʂʃ ʚ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 85 (ʙ), 55 (ʚ), ʠ 70 (ʛ) ʤʦʣ. % ɺ ʫʛʣʦʚʳʭ ʩʢʦʙʢʘʭ ʧʨʠʚʝʜʝʥʳ ʩʨʝʜʥʠʝ 

ʟʥʘʯʝʥʠʷ ʜʣʠʥ ɺʂʃ (bVCL) ʠ ɺʀ (bVI) ʙʣʦʢʦʚ ʠ ʦʪʥʦʰʝʥʠʷ ʠʭ ʨʘʜʠʫʩʦʚ ʠʥʝʨʮʠʠ (Rg,VCL/Rg, 

VI) ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ ʛʣʦʙʫʣ. 

 

ʇʦʣʫʯʝʥʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʦʤʦʥʦʤʝʨʦʚ ʧʨʠ ʨʘʟʥʦʤ ʩʦʩʪʘʚʝ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʠʟʫʯʝʥʠʷ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʤʝʪʦʜʦʤ ʃʘʥʞʝʚʝʥʦʚʩʢʦʡ ʜʠʥʘʤʠʢʠ ʚ ʩʝʣʝʢʪʠʚʥʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ 

(ʧʣʦʭʦʤ ʜʣʷ ʟʚʝʥʴʝʚ ɺʂʃ).  ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ in silico 

ʩʦʧʦʣʠʤʝʨʥʳʝ ʮʝʧʠ ʩʧʦʥʪʘʥʥʦ ʬʦʨʤʠʨʫʶʪ ʛʣʦʙʫʣʳ ʩ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ 

ʤʠʮʝʣʣʦʧʦʜʦʙʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ ʩ ʧʣʦʪʥʳʤ ʷʜʨʦʤ ʠʟ ʛʠʜʨʦʬʦʙʥʳʭ ɺʂʃ-

ʟʚʝʥʴʝʚ ʠ ʧʝʪʣʷʤʠ ʨʘʟʥʦʡ ʜʣʠʥʳ ʠʟ ʛʠʜʨʦʬʠʣʴʥʳʭ ɺʀ-ʙʣʦʢʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʩʝʣʝʢʪʠʚʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʜʣʠʥʥʳʡ ʙʣʦʢ ɺʂʃ, 

ʬʦʨʤʠʨʫʶʱʠʡʩʷ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʧʦʩʣʝ ʠʩʯʝʨʧʘʥʠʷ ɺʀ ʚ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʤʝʩʠ, ʦʙʨʘʟʫʝʪ ʢʦʤʧʘʢʪʥʦʝ ʷʜʨʦ, ʥʘ ʢʦʪʦʨʦʝ ʦʩʘʞʜʘʶʪʩʷ ʢʦʨʦʪʢʠʝ ɺʂʃ-

ʙʣʦʢʠ ʚ ʩʦʩʪʘʚʝ ʩʦʧʦʣʠʤʝʨʘ, ʘ ʛʠʜʨʦʬʠʣʴʥʳʝ ɺʀ-ʙʣʦʢʠ ʚʳʪʘʣʢʠʚʘʶʪʩʷ ʚʦ 

ʚʥʝʰʥʠʡ ʩʣʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʩʦʧʦʣʠʤʝʨʳ ʦʙʣʘʜʘʶʪ 

ʩʚʦʡʩʪʚʘʤʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ (ˉ 075-00277-24-00) 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ.  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʩʫʨʩʦʚ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘ 

çʃʦʤʦʥʦʩʦʚ-2è ʉʫʧʝʨʢʦʤʧʴʶʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʄɻʋ [1] 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. Sadovnichy V., Tikhonravov A., Voevodin V., Opanasenko V. ñLomonosovò: 

Supercomputing at Moscow State University. In: Vetter J.S. (ed.) Contemporary High 

Performance Computing: From Petascale toward Exascale. London: Chapman & 

Hall/CRC, 2013. P. 283ï307.  
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʊɸɹʀʃʔʅʆʉʊʀ ɼɺʋʉʃʆʁʅʆʁ ʅɸʅʆʇʃɽʅʂʀ 

ʂʈɽʄʅʀʗ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʄʆʃɽʂʋʃʗʈʅʆʁ ɼʀʅɸʄʀʂʀ 

ɻʦʣʫʙʝʚ ɼ.ʀ., ɺʘʩʠʣʴʝʚ ʉ.ɸ., ʊʘʣʳʟʠʥ ʀ.ɺ. 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʦʮʝʥʢʘ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʨʝʤʥʠʝʚʳʭ 

ʜʚʫʩʣʦʡʥʳʭ ʥʘʥʦʧʣʝʥʦʢ ʩ ʧʦʤʦʱʴʶ ʧʦʪʝʥʮʠʘʣʘ ʉʪʠʣʣʝʥʜʞʝʨʘ-ɺʝʙʝʨʘ [1]. 

ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʵʣʝʤʝʥʪʦʚ: ʧʘʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (ʵʥʝʨʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ ʘʪʦʤʘʤʠ) ʠ ʪʨʝʭʯʘʩʪʠʯʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʧʨʠʯʝʤ 

ʧʦʩʣʝʜʥʠʡ ʩʧʝʮʠʘʣʴʥʦ ʜʦʙʘʚʣʷʝʪʩʷ ʜʣʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʛʦ ʦʢʨʫʞʝʥʠʷ ʘʪʦʤʦʚ. ʕʪʦʪ ʧʦʪʝʥʮʠʘʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʫʶ ʵʤʧʠʨʠʯʝʩʢʫʶ ʤʦʜʝʣʴ  ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʢʨʝʤʥʠʷ. ʆʥ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʘʩʯʝʪʘʭ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ. ʆʜʥʘʢʦ, 

ʫ ʥʝʛʦ ʪʘʢʞʝ ʝʩʪʴ ʦʛʨʘʥʠʯʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʥʝʚʦʟʤʦʞʥʦ ʧʨʘʚʠʣʴʥʦ 

ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ʠʣʠ ʧʦʣʠʪʠʧʥʳʝ ʩʪʨʫʢʪʫʨʳ 

ʢʨʝʤʥʠʷ. 

ʅʘʯʘʣʴʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʣʘ ʙʝʩʢʦʥʝʯʥʫʶ ʧʦ ʜʚʫʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʧʣʝʥʢʫ Si ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ ʘʣʤʘʟʘ, 

ʧʦʤʝʱʸʥʥʦʡ ʚ ʷʯʝʡʢʫ ʨʘʟʤʝʨʦʤ 20Ĭ20 ʧʘʨʘʤʝʪʨʦʚ ʷʯʝʡʢʠ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ 

ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. ʇʘʨʘʤʝʪʨ ʷʯʝʡʢʠ ʨʘʚʝʥ 0,5431 ʥʤ. ɺ ʧʨʦʮʝʩʩʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ LAMMPS [2], ʪʘʢʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ 

ʨʝʣʘʢʩʠʨʦʚʘʣʘʩʴ ʚ ʪʝʯʝʥʠʝ 1 ʥʩ (1 ʤʣʥ. ʰʘʛʦʚ) ʧʨʠ 300 ʂ.  

ʅʘ ʨʠʩ. 1 ʠʟʦʙʨʘʞʝʥʘ ʢʦʥʝʯʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʜʚʫʩʣʦʡʥʦʡ ʥʘʥʦʧʣʝʥʢʠ Si 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ nvt-ʘʥʩʘʙʣʷ ʘʥʩʘʙʣʷ, ʪ.ʝ. ʢʦʛʜʘ ʛʨʘʥʠʮʳ ʷʯʝʡʢʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʬʠʢʩʠʨʦʚʘʥʳ. ʇʦʩʣʝ ʨʝʣʘʢʩʘʮʠʠ ʚ ʪʝʯʝʥʠʝ ʤʠʣʣʠʦʥʘ ʰʘʛʦʚ 

ʧʨʠ ʥʝʠʟʤʝʥʷʝʤʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʤʥʦʞʝʩʪʚʝʥʥʳʭ 

ʨʘʟʨʳʚʦʚ, ʦʜʥʘʢʦ ʧʦʣʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʧʣʝʥʢʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ npt-ʘʥʩʘʙʣʷ, ʪ.ʝ. ʢʦʛʜʘ ʛʨʘʥʠʮʳ ʷʯʝʡʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʛʫʪ 

ʜʚʠʛʘʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʤʝʥʴʰʝʥʠʷ ʠʣʠ ʫʚʝʣʠʯʝʥʠʷ ʣʠʥʝʡʥʦʛʦ ʨʘʟʤʝʨʘ 

ʩʠʩʪʝʤʳ, ʧʨʦʠʩʭʦʜʠʪ ʫʪʦʣʱʝʥʠʝ ʠ ʜʝʬʦʨʤʘʮʠʷ ʧʣʝʥʢʠ. ʆʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ 2. 
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ʌʦʩʬʦʨʥʘʷ ʢʠʩʣʦʪʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʪʝʭʥʦʣʦʛʠʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ʉʨʝʜʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ 

ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣ ʤʝʪʦʜ 

ʩʝʨʥʦʢʠʩʣʦʪʥʦʡ ʵʢʩʪʨʘʢʮʠʠ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʬʦʩʬʘʪʥʦʛʦ ʩʳʨʴʷ ʚ 

ʨʘʩʪʚʦʨ ʵʢʩʪʨʘʢʮʠʦʥʥʦʡ ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ (ʕʌʂ) ʧʝʨʝʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʩʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʬʪʦʨ, ʢʨʝʤʥʠʡ, ʘʣʶʤʠʥʠʡ, ʞʝʣʝʟʦ ʠ ʪ.ʜ. 

[1]. ʇʨʠʩʫʪʩʪʚʠʝ ʫʢʘʟʘʥʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʨʘʩʪʚʦʨʝ ʕʌʂ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚʩʣʝʜʩʪʚʠʝ ʠʥʢʨʫʩʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ 

[2] ʠ ʧʦʚʳʰʝʥʠʷ ʢʦʨʨʦʟʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ [3]. 

ɼʣʷ ʦʯʠʩʪʢʠ ʕʌʂ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ, 

ʥʘʧʨʠʤʝʨ ʭʠʤʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ, ʵʢʩʪʨʘʢʮʠʷ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ, ʘʜʩʦʨʙʮʠʷ ʠ ʪ.ʜ. [1,4]. ɺʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʭʥʦʣʦʛʠʠ, 

ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʝʝ ʢʦʤʧʦʥʝʥʪʦʚ ʜʦʣʞʥʘ ʙʳʪʴ ʦʯʠʩʪʢʘ ʦʪ ʬʪʦʨʘ, 

ʧʦʩʢʦʣʴʢʫ ʦʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʢʨʝʤʥʠʷ, ʘʣʶʤʠʥʠʷ, ʞʝʣʝʟʘ ʠ 

ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʦʯʝʥʴ ʫʩʪʦʡʯʠʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ɼʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʜʝʬʪʦʨʠʨʦʚʘʥʠʷ ʵʢʩʪʨʘʢʮʠʦʥʥʦʡ 

ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ ʩʯʠʪʘʝʪʩʷ ʩʦʚʤʝʱʝʥʠʝ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʦʯʠʩʪʢʠ ʠ 

ʦʪʛʦʥʢʠ ʬʪʦʨʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʛʘʟʦʚʫʶ ʬʘʟʫ [1]. ɿʘʜʘʯʘ ʘʜʩʦʨʙʝʥʪʘ ʚ 

ʪʘʢʦʤ ʩʣʫʯʘʝ ʩʦʩʪʦʠʪ ʚ ʫʩʢʦʨʝʥʠʠ ʨʘʟʨʫʰʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʬʪʦʨʘ ʠ ʧʦʛʣʦʱʝʥʠʠ ʦʙʨʘʟʫʶʱʝʡʩʷ ʧʨʠ ʵʪʦʤ ʪʚʝʨʜʦʡ ʬʘʟʳ, ʩʦʜʝʨʞʘʱʝʡ 

ʢʨʝʤʥʝʛʝʣʴ ʠ ʬʦʩʬʘʪʳ ʤʝʪʘʣʣʦʚ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤ ʤʘʪʝʨʠʘʣ, 

ʦʙʣʘʜʘʶʱʠʡ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʨʘʟʚʠʪʦʡ ʧʦʨʠʩʪʦʩʪʴʶ, ʘ ʩ ʜʨʫʛʦʡ ï 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʥʘʙʦʨʦʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʩʧʦʩʦʙʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʢʦʤʧʣʝʢʩʘʤʠ ʬʪʦʨʘ ʠ ʢʨʝʤʥʠʷ. 

ʅʦʚrʤ ʢʣʘʩʩʦʤ ʘʜʩʦʨʙʝʥʪʦʚ ʜʣʷ ʜʝʬʪʦʨʠʨʦʚʘʥʠʷ ʕʌʂ ʤʦʛʫʪ ʩʪʘʪʴ 

ʢʨʝʤʥʠʡʦʢʩʠʫʛʣʝʨʦʜʥʳʝ ʢʦʤʧʦʟʠʪʳ. ʕʪʠ ʤʘʪʝʨʠʘʣʳ, ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ 

ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʦʢʩʠʢʘʨʙʠʜʳ ʢʨʝʤʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʦʜʫʢʪʳ 

ʚʥʝʜʨʝʥʠʷ ʫʛʣʝʨʦʜʘ ʚ ʩʝʪʝʚʫʶ ʩʪʨʫʢʪʫʨʫ ʩʠʣʠʢʘʪʦʚ. ɺ ʵʪʦʡ ʩʝʪʝʚʦʡ 

ʩʪʨʫʢʪʫʨʝ ʘʪʦʤʳ ʢʨʝʤʥʠʷ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠ ʩʚʷʟʘʥʳ ʩ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʠ 

ʫʛʣʝʨʦʜʘ, ʬʦʨʤʠʨʫʷ ʪʝʤ ʩʘʤʳʤ ʪʨʝʭʤʝʨʥʳʝ ʢʦʚʘʣʝʥʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩ ʦʙʱʝʡ 

ʬʦʨʤʫʣʦʡ SiOxC4-x. ʊʘʢ ʢʘʢ ʣʠʰʴ ʯʘʩʪʴ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʩʚʷʟʘʥʘ ʚ ʫʢʘʟʘʥʥʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʝʜʠʥʠʮʘʭ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʘʢʞʝ ʬʘʟʘ ʩʝʛʨʝʛʠʨʦʚʘʥʥʦʛʦ sp
2
-

ʛʠʙʨʠʜʠʟʠʨʦʚʘʥʥʦʛʦ ʫʛʣʝʨʦʜʘ [5]. ɹʣʘʛʦʜʘʨʷ ʪʘʢʦʤʫ ʩʪʨʦʝʥʠʶ 

ʢʨʝʤʥʠʡʦʢʩʠʫʛʣʝʨʦʜʥʳʝ ʢʦʤʧʦʟʠʪʳ ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ 
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ʧʨʦʯʥʦʩʪʴʶ, ʪʝʨʤʠʯʝʩʢʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ. ʂʨʦʤʝ ʪʦʛʦ, ʪʘʢʠʝ 

ʤʘʪʝʨʠʘʣʳ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʚʠʪʫʶ ʧʦʨʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ [6]. 

ʎʝʣɹ ʨʘʙʦʪʳ ʩʦʩʪʦʷʣʘ ʚ ʠʟʫʯʝʥʠʠ ʫʩʢʦʨʷʶʱʝʛʦ ʜʝʡʩʪʚʠʷ 

ʢʨʝʤʥʠʡʦʢʩʠʫʛʣʝʨʦʜʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʧʨʦʮʝʩʩ ʜʝʬʪʦʨʠʨʦʚʘʥʠʷ 

ʵʢʩʪʨʘʢʮʠʦʥʥʦʡ ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ. ʂʦʤʧʦʟʠʪʳ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʦʩʥʦʚʝ ʩʤʝʩʝʡ 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ ʠ ʙʝʣʦʡ ʩʘʞʠ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ. ʇʦʣʫʯʝʥʥʳʝ 

ʘʜʩʦʨʙʝʥʪʳ ʠʩʧʳʪʳʚʘʣʠ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ ʧʦ ʜʝʬʪʦʨʠʨʦʚʘʥʠʶ 

ʵʢʩʪʨʘʢʮʠʦʥʥʦʡ ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 100Áʉ ʚ ʪʝʯʝʥʠʝ 1 ʯ.  

ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʨʝʤʥʠʡʦʢʩʠʫʛʣʝʨʦʜʥʳʝ ʢʦʤʧʦʟʠʪʳ 

ʩʫɦʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʶʪ ʩʢʦʨʦʩʪʴ ʜʝʬʪʦʨʠʨʦʚʘʥʠʷ ʵʢʩʪʨʘʢʮʠʦʥʥʦʡ 

ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ, ʧʨʠʯʝʤ ʥʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʧʦʟʠʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʩʤʝʩʝʡ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʙʝʣʦʡ ʩʘʞʠ. ʂʨʦʤʝ ʪʦʛʦ, ʦʪʤʝʯʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ F/Si ʧʨʠ 

ʦʯʠʩʪʢʝ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʜʘʣʝʥʠʠ ʚ ʛʘʟʦʚʫʶ ʬʘʟʫ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

SiF4. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʢʦʤʧʦʟʠʪʳ ʢʘʪʘʣʠʟʠʨʫʶʪ ʨʘʟʨʫʰʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʠʦʥʘ SiF6
2ï

 ʟʘ ʩʯʝʪ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʥʘ ʚʳʧʦʣʥʝʥʠʝ 

ʅʀʈ (ʊʝʤʘ ˉ FZZW-2024-0004). ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʝʩʫʨʩʦʚ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʥʘʫʯʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ 

ʀɻʍʊʋ. 
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GaN ʠ ʝʛʦ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʦʙʣʘʜʘʶʪ ʥʘʙʦʨʦʤ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʠʤʝʥʷʪʴ ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʚ ʦʧʪʠʯʝʩʢʦʡ, ʩʠʣʦʚʦʡ ʠ ʉɺʏ 

ʵʣʝʢʪʨʦʥʠʢʝ. ʉʘʤ ʞʝ GaN ʩʯʠʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ. ʂʣʘʩʩʠʯʝʩʢʠʝ GaN/AlGaN 

ʪʨʘʥʟʠʩʪʦʨʳ ï ʵʪʦ ʥʦʨʤʘʣʴʥʦ-ʦʪʢʨʳʪʳʝ ʧʨʠʙʦʨʳ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʨʝʞʠʤʝ 

ʦʙʝʜʥʝʥʠʷ. ʆʜʥʘʢʦ, ʜʣʷ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʤʦʥʦʣʠʪʥʳʭ ʩʭʝʤʘʭ ʠ 

ʩʠʣʦʚʳʭ ʧʨʠʙʦʨʘʭ ʥʝʦʙʭʦʜʠʤʦ ʨʝʘʣʠʟʦʚʘʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ɽ-ʨʝʞʠʤ ʨʘʙʦʪʳ, 

ʠʣʠ ʥʦʨʤʘʣʴʥʦ-ʟʘʢʨʳʪʦʝ ʩʦʩʪʦʷʥʠʝ ʪʨʘʥʟʠʩʪʦʨʦʚ, ʢʦʛʜʘ ʪʦʢ ʥʝ ʪʝʯʝʪ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʟʘʪʚʦʨʝ [1]. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʨʤʘʣʴʥʦ-ʟʘʢʨʳʪʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʝʨʭʥʝʛʦ 

ʩʣʦʷ p-GaN ʥʘ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʝ AlGaN/GaN ʧʦʜ ʤʝʪʘʣʣʠʟʘʮʠʝʡ ʟʘʪʚʦʨʘ [2,3]. 

ʅʘʣʠʯʠʝ ʵʪʦʛʦ ʩʣʦʷ ʧʨʠʚʦʜʠʪ ʢ ʠʩʪʦʱʝʥʠʶ ʢʘʥʘʣʘ ʜʚʫʤʝʨʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʛʘʟʘ ʜʘʞʝ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʤʝʱʝʥʠʷ ʥʘ ʟʘʪʚʦʨʝ. 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʤʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ ʪʨʘʥʟʠʩʪʦʨʘ ʥʝʦʙʭʦʜʠʤʦ ʫʜʘʣʠʪʴ 

ʚʝʨʭʥʠʡ p-GaN ʩʣʦʡ ʦʩʪʘʚʠʚ ʩʣʦʡ AlGaN ʙʝʟ ʧʦʚʨʝʞʜʝʥʠʡ, ʢʦʪʦʨʳʝ ʚʥʦʩʠʪ 

ʧʣʘʟʤʘ. ɼʣʷ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʩʧʦʩʦʙʳ ʩʝʣʝʢʪʠʚʥʦʛʦ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʪʨʘʚʣʝʥʠʷ ʚ ʭʣʦʨʩʦʜʝʨʞʘʱʝʡ ʧʣʘʟʤʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ SF6 ʠ O2. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʤʫ ʪʨʘʚʣʝʥʠʶ (ʇʍʊ) ʚ ʠʥʜʫʢʪʠʚʥʦ-

ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʝ ʩ ʨʘʟʣʠʯʥʳʤʠ ICP, RF ʤʦʱʥʦʩʪʷʤʠ, ʜʘʚʣʝʥʠʝʤ ʠ ʧʦʪʦʢʘʤʠ 

ʛʘʟʦʚ.  

ɼʘʣʝʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʨʝʞʠʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʝ 

ʪʨʘʚʣʝʥʠʝ ʠ ʦʙʣʘʜʘʶʱʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ (ʈʠʩ.1-2).  

 

 
ʈʠʩ.1. ɻʨʘʬʠʢ ʪʨʘʚʣʝʥʠʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ ʚ ʩʤʝʩʠ ʛʘʟʦʚ ʩ ʜʦʙʘʚʣʝʥʠʝʤ O2. 

ICP 100ɺʪ 

RF 60ɺʪ 

ɼʘʚʣʝʥʠʝ 

1,33ʇʘ 

Cl2 60 sccm 

Ar   10 sccm 

O2 5sccm 
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ʈʠʩ.2. ɻʨʘʬʠʢ ʪʨʘʚʣʝʥʠʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ ʚ ʩʤʝʩʠ ʛʘʟʦʚ ʩ ʜʦʙʘʚʣʝʥʠʝʤ SF6. 

 

C ʧʦʤʦʱʴʶ ʚʳʙʨʘʥʥʳʭ ʨʝʞʠʤʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʪʨʘʚʣʝʥʠʝ ʪʝʩʪʦʚʳʭ 

ʦʙʨʘʟʮʦʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘ ʚʳʪʨʘʚʣʝʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʤʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ Ti/Al/Mo/Au. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʙʘ ʤʝʪʦʜʘ ʧʦʢʘʟʘʣʠ ʭʦʨʦʰʠʡ ʨʝʟʫʣʴʪʘʪ, ʰʝʨʦʭʦʚʘʪʦʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʇʍʊ ʥʝ ʠʟʤʝʥʠʣʘʩʴ, ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʪʨʘʚʣʝʥʠʷ 

GaN ʢ AlGaN ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʩ O2 ʠ SF6 ʨʘʚʥʷʣʘʩʴ 12 ʠ 15 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʇʍʊ, ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ SF6 ʥʝ ʫʜʘʣʦʩʴ ʩʬʦʨʤʠʨʦʚʘʪʴ ʦʤʠʯʝʩʢʠʡ ʢʦʥʪʘʢʪ. ɺʝʨʦʷʪʥʦ, ʵʪʦ 

ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ AlF3, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ 

ʢʦʥʪʘʢʪʝ ʧʣʘʟʤʳ ʩʦ ʩʣʦʝʤ AlGaN. ʇʦʩʣʝ ʪʨʘʚʣʝʥʠʷ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʆ2 

ʩʪʘʙʠʣʴʥʦ ʬʦʨʤʠʨʫʝʪʩʷ ʦʤʠʯʝʩʢʠʡ ʢʦʥʪʘʢʪ ʩ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ 

ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ ʦʢʦʣʦ 50ʥʤ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʤʝʥʝʝ 0.5 ʆʤ*ʤʤ.  
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ICP 100ɺʪ 

RF 60ɺʪ 

ɼʘʚʣʝʥʠʝ 

1,33ʇʘ 

BCl3 15 sccm 

SF6   10 sccm 
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ʄʝʪʦʜ ʂʥʫʜʩʝʥʦʚʩʢʦʡ ʵʬʬʫʟʠʦʥʥʦʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ (ʂʕʄʉ) 

ʩʦʯʝʪʘʝʪ ʵʬʬʫʟʠʦʥʥʳʡ ʤʝʪʦʜ ʂʥʫʜʩʝʥʘ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʡ ʨʘʚʥʦʚʝʩʥʳʭ 

ʧʘʨʦʚ ʪʨʫʜʥʦʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʛʘʟʦʚʦʡ 

ʬʘʟʳ, ʵʬʬʫʥʜʠʨʫʶʱʝʡ ʠʟ ʢʘʤʝʨʳ ʂʥʫʜʩʝʥʘ. ʊʘʢʦʝ ʠʥʞʝʥʝʨʥʦʝ ʨʝʰʝʥʠʝ 

ʧʦʟʚʦʣʷʝʪ ʚ ʨʘʤʢʘʭ ʂʕʄʉ ʵʢʩʧʝʨʠʤʝʥʪʘ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʢʘʯʝʩʪʚʝʥʥʳʡ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʧʘʨʘ, ʪʦ ʝʩʪʴ ʦʧʨʝʜʝʣʷʪʴ ʢʦʤʧʦʥʝʥʪʳ ʧʘʨʘ ʠ ʠʟʤʝʨʷʪʴ 

ʠʭ ʧʘʨʮʠʘʣʴʥʳʝ ʜʘʚʣʝʥʠʷ. ɺʝʣʠʯʠʥʳ ʧʘʨʮʠʘʣʴʥʳʭ ʜʘʚʣʝʥʠʡ ʢʦʤʧʦʥʝʥʪʦʚ 

ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʚʝʱʝʩʪʚʘ ʠ ʠʭ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʩʪʘʚʣʷʶʪ 

ʧʝʨʚʠʯʥʳʡ ʤʘʩʩʠʚ ʨʝʟʫʣʴʪʘʪʦʚ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ, 

ʩʦʩʪʦʷʱʠʭ ʚ ʨʝʛʠʩʪʨʘʮʠʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʚ, ʠʭ ʨʘʩʰʠʬʨʦʚʢʝ, ʠʟʤʝʨʝʥʠʠ ʠʦʥʥʳʭ 

ʪʦʢʦʚ, ʘ ʪʘʢʞʝ ʚʢʣʶʯʘʶʱʠʭ ʢʘʣʠʙʨʦʚʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʠ 

ʜʘʚʣʝʥʠʶ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʘʨʮʠʘʣʴʥʳʭ ʜʘʚʣʝʥʠʡ ʢʦʤʧʦʥʝʥʪʦʚ ʛʘʟʦʚʦʡ ʬʘʟʳ ʠ 

ʠʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʝʪʘʭ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʘʢʪʠʚʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʦʝʜʠʥʝʥʠʷʭ, ʯʠʩʣʝʥʥʳʡ 

ʩʦʩʪʘʚ ʧʘʨʘ, ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʩʪʘʥʜʘʨʪʥʳʝ ʵʥʪʘʣʴʧʠʠ ʠ 

ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʨʝʘʢʮʠʡ ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʩʧʨʘʚʦʯʥʳʭ ʜʘʥʥʳʭ ʚʳʯʠʩʣʷʶʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʥʪʘʣʴʧʠʠ ʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʠʨʫʝʪʩʷ 

ʦʙʰʠʨʥʳʡ ʤʘʩʩʠʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʝʜʠʥʝʥʠʷ ʠ 

ʛʝʪʝʨʦʛʝʥʥʳʭ ʨʘʚʥʦʚʝʩʠʡ ʩ ʝʛʦ ʫʯʘʩʪʠʝʤ. ʄʝʪʦʜ ʂʕʄʉ ʫʥʠʢʘʣʝʥ ʧʦ 

ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ, ʧʨʠ ʵʪʦʤ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʦʙʲʝʢʪʳ ʚ ʦʯʝʥʴ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ (ʜʦ 3000 ʂ). ʅʘ ʧʨʘʢʪʠʢʝ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʂʕʄʉ ï 

ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʘʷ, ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʪʝʦʨʝʪʠʯʝʩʢʘʷ 

ʨʘʙʦʪʘ. ɺ ʩʠʣʫ ʵʪʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʟʫʣʴʪʘʪʳ ʂʕʄʉ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʜʚʝʨʞʝʥʳ ʚʣʠʷʥʠʶ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʢʘʢ ʥʘ 

ʪʦʯʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʚʝʣʠʯʠʥ, ʪʘʢ ʠ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʧʨʠʯʠʥʦʡ ʛʨʫʙʦʡ 

ʦʰʠʙʢʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʢʦʨʨʝʢʪʥʳʤ 

ʠʥʪʝʨʧʨʝʪʘʮʠʷʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʦʰʠʙʦʯʥʳʤ ʚʳʚʦʜʘʤ. 

ʋʯʠʪʳʚʘʷ ʫʥʠʢʘʣʴʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʤʝʪʦʜʦʤ ʂʕʄʉ ʜʘʥʥʳʭ, ʧʦʚʳʰʝʥʠʝ ʠʭ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʦʡ ʟʘʜʘʯʝʡ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʂʕʄʉ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʵʬʬʝʢʪʠʚʥʳʤ 

ʦʢʘʟʳʚʘʝʪʩʷ ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʚ ʥʘʰʝʡ ʣʘʙʦʨʘʪʦʨʠʠ 

ʤʝʪʦʜʦʤ ʂʕʄʉ ʠʩʩʣʝʜʫʶʪʩʷ ʪʨʫʜʥʦʣʝʪʫʯʠʝ ʦʢʩʠʜʳ ʤʝʪʘʣʣʦʚ. ɺʩʣʝʜ ʟʘ 

ʫʯʝʥʠʝʤ ʦ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʷʭ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʠʤʝʥʷʝʪʩʷ ʬʦʨʤʘʣʠʟʤ 

ʬʘʟʦʚʳʭ ʜʠʘʛʨʘʤʤ, ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ï ʧʨʦʩʪʦʛʦ ʠʣʠ ʩʣʦʞʥʦʛʦ 
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ʦʢʩʠʜʘ ï ʧʨʦʚʦʜʠʪʩʷ ʚ ʨʘʤʢʘʭ ʩʦʜʝʨʞʘʱʝʡ ʝʛʦ ʩʠʩʪʝʤʳ ʵʣʝʤʝʥʪʦʚ ʠʣʠ 

ʩʦʝʜʠʥʝʥʠʡ. ʊʦ ʝʩʪʴ ʠʟʫʯʝʥʠʝ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʝ 

ʠʟʦʣʠʨʦʚʘʥʦ, ʘ ʚ ʢʦʥʪʝʢʩʪʝ ʝʛʦ ʬʘʟʦʚʳʭ ʦʪʥʦʰʝʥʠʡ ʠ ʪʝʨʤʦʜʠʥʘʤʠʢʠ 

ʨʘʚʥʦʚʝʩʠʡ ʩ ʝʛʦ ʫʯʘʩʪʠʝʤ. ʇʨʠʤʝʥʝʥʠʝ ʧʨʠʥʮʠʧʦʚ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʝʣʘʪʴ ʦʙʦʙʱʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴ 

ʚʳʚʦʜʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʦʪʜʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʕʢʩʧʝʨʠʤʝʥʪʳ, 

ʧʨʦʚʦʜʠʤʳʝ ʩ ʦʙʨʘʟʮʘʤʠ ʨʘʟʣʠʯʥʳʭ ʬʘʟʦʚʳʭ ʦʙʣʘʩʪʝʡ ʩʠʩʪʝʤʳ, ʷʚʣʷʶʪʩʷ 

ʥʝʟʘʚʠʩʠʤʳʤʠ, ʘ ʦʧʨʝʜʝʣʷʝʤʳʝ ʚʝʣʠʯʠʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʳʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʜʦʩʪʠʛʘʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝ 

ʛʨʫʙʳʭ ʦʰʠʙʦʢ ʠ ʧʦʚʳʰʘʝʪʩʷ ʪʦʯʥʦʩʪʴ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʚʝʣʠʯʠʥ. ʂʨʦʤʝ ʪʦʛʦ, ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ 

ʩʠʩʪʝʤʝ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥ, ʥʝʠʟʤʝʨʷʝʤʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚ ʩʠʣʫ ʪʝʭʥʠʯʝʩʢʠʭ ʠʣʠ ʤʝʪʦʜʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ. 

ʉʦʚʦʢʫʧʥʦʩʪʴʶ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʦʨʨʝʢʪʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʇʨʠʚʝʜʝʤ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʜʣʷ ʠʣʣʶʩʪʨʘʮʠʠ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʠʩʪʝʤʳ 

SbïSb2O4 [1], ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʫʙʣʠʤʘʮʠʷ Sb2O3 ʧʨʦʠʩʭʦʜʠʪ çʢʚʘʟʠ-

ʢʦʥʛʨʫʵʥʪʥʦè, ʪʦ ʝʩʪʴ ʧʨʠ ʦʯʝʥʴ ʤʘʣʦʡ ʨʘʟʥʠʮʝ ʚ ʩʦʩʪʘʚʘʭ ʨʘʚʥʦʚʝʩʥʳʭ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʠ ʛʘʟʦʚʦʡ ʬʘʟ. ʀʟʦʣʠʨʦʚʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʂʕʄʉ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ Sb2O3 ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʠʜʠʤʦʝ ʦʪʩʫʪʩʪʚʠʝ ʥʝʣʝʪʫʯʝʛʦ 

ʦʩʪʘʪʢʘ ʠ ʧʦʩʪʦʷʥʩʪʚʦ ʧʘʨʮʠʘʣʴʥʳʭ ʜʘʚʣʝʥʠʡ ʢʦʤʧʦʥʝʥʪʦʚ ʧʘʨʘ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʢʦʥʛʨʫʵʥʪʥʦʡ ʩʫʙʣʠʤʘʮʠʠ ʦʢʩʠʜʘ. ʆʜʥʘʢʦ, 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʤʝʞʥʳʭ ʬʘʟʦʚʳʭ ʦʙʣʘʩʪʝʡ ʧʦʢʘʟʘʣʦ ʦʪʩʫʪʩʪʚʠʝ ʤʠʥʠʤʫʤʘ 

ʦʙʱʝʛʦ ʜʘʚʣʝʥʠʷ ʜʣʷ Sb2O3, ʯʪʦ ʜʦʢʘʟʘʣʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʥʢʦʥʛʨʫʵʥʪʥʳʡ 

ʭʘʨʘʢʪʝʨ ʩʫʙʣʠʤʘʮʠʠ Sb2O3. ɺ ʂʕʄʉ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʠʩʪʝʤʳ WO3ïZnO [2] 

ʚʧʝʨʚʳʝ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ p(O2) ʥʘʜ ʯʠʩʪʳʤ 

ʦʢʩʠʜʦʤ ʚʦʣʴʬʨʘʤʘ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʥʝʠʟʤʝʨʷʝʤʦʝ ʚ ʩʠʣʫ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ p(O2) ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʠʟ 

ʫʩʣʦʚʠʷ ʢʦʥʛʨʫʵʥʪʥʦʡ ʩʫʙʣʠʤʘʮʠʠ ZnO(s) ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʘʟʦʚʳʭ 

ʦʙʣʘʩʪʷʭ ʩʠʩʪʝʤʳ, ʠ ʟʘʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʩʪʘʥʪ 

ʨʘʚʥʦʚʝʩʠʷ ʛʘʟʦʚʳʭ ʨʝʘʢʮʠʡ, ʢʦʪʦʨʳʝ ʧʨʦʪʝʢʘʶʪ ʪʘʢʞʝ ʠ ʧʨʠ ʩʫʙʣʠʤʘʮʠʠ 

ʯʠʩʪʦʛʦ WO3. ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʟʚʝʩʪʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʥʩʪʘʥʪ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ 

ʥʘʡʪʠ p(O2) ʚ ʧʘʨʝ WO3(ʪʚ). ɹʣʘʛʦʜʘʨʷ ʧʨʠʤʝʥʝʥʠʶ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʠʩʩʣʝʜʦʚʘʥʠʶ In2O3 [3], ʚʧʝʨʚʳʝ ʙʳʣʦ ʜʦʩʪʦʚʝʨʥʦ ʫʩʪʘʥʦʚʣʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝ 

In(ʛ) ʚ ʥʘʩʳʱʝʥʥʦʤ ʧʘʨʝ ʦʢʩʠʜʘ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ 

ʧʘʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʜʚʘ ʣʠ ʤʦʞʥʦ ʧʝʨʝʦʮʝʥʠʪʴ ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤʥʦʛʦ 

ʧʦʜʭʦʜʘ ʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 
7. ɸʩʨʷʥ ʅ.ɸ., ɸʣʠʭʘʥʷʥ ɸ.ʉ., ʅʠʧʘʥ ɻ.ɼ. // ɼɸʅ. 2003. ʊ. 392. ˉ 2. ʉ. 201ï

206. 

8. Smirnov A.S., Gribchenkova N.A., Smorchkov K.G., Alikhanyan A.S. // J. Phase 

Equilib. Diffus. 2023. V. 44. P. 163ï178. 

Smirnov A.S., Gribchenkova N.A., Alikhanyan A.S. // Rapid Commun. Mass Spectrom. 

2021. V. 35(15). P. 9127.  



ʏʝʪʳʨʥʘʜʮʘʪʘʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

çʍʠʤʠʯʝʩʢʘʷ ʪʝʨʤʦʜʠʥʘʤʠʢʘ ʠ ʢʠʥʝʪʠʢʘè  
 

~ 110 ~ 
 

ʇʈʀʄɽʅɽʅʀɽ ʀʆʅʅʆʁ ɾʀɼʂʆʉʊʀ 

ɺ ʉʂɸʅʀʈʋʖʑɽʁ ʕʃɽʂʊʈʆʅʅʆʁ ʄʀʂʈʆʉʂʆʇʀʀ 

ɼʫʜʠʣʦʚʩʢʘʷ ɸ.ɺ., ʀʚʘʥʦʚʘ ɸ.ʀ., ɾʫʨʘʚʣʝʚ ʆ.ɽ., ʂʘʬʪʘʥʦʚ ɸ.ɼ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʚʝʨʴ 

e-mail: Ivanova.AI@tversu.ru 

 

 ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʩʚʷʟʘʥʦ ʩ ʠʭ ʦʩʦʙʝʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʪʘʢʠʤʠ, ʢʘʢ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʦʯʝʥʴ ʥʠʟʢʦʝ ʜʘʚʣʝʥʠʝ ʧʘʨʦʚ, 

ʚʳʩʦʢʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʰʠʨʦʢʠʡ ʠʥʪʝʨʚʘʣ 

ʞʠʜʢʦʛʦ ʩʦʩʪʦʷʥʠʷ [1]. ʀʦʥʥʳʝ ʞʠʜʢʦʩʪʠ (ʀɾ) ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʩʨʝʜ ʜʣʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʤʝʪʘʣʣʦʚ, ʵʣʝʢʪʨʦʣʠʪʦʚ ʚ 

ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʘʭ ʠ ʣʠʪʠʝʚʳʭ ʙʘʪʘʨʝʷʭ [2-3], ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʚ 

ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ [4], ʢʘʪʘʣʠʟʝ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ ʧʦʢʨʳʪʠʷ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʥʘʢʦʧʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ ʥʘ ʥʝʧʨʦʚʦʜʷʱʠʭ 

ʦʙʨʘʟʮʘʭ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦ-

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 ʀʩʩʣʝʜʦʚʘʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʚ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ 

ʤʠʢʨʦʩʢʦʧʝ (ʉʕʄ) ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʵʤʠʩʩʠʝʡ ʵʣʝʢʪʨʦʥʦʚ ʚ ʚʘʢʫʫʤ, 

ʧʦʣʷʨʠʟʘʮʠʝʡ ʤʦʣʝʢʫʣ, ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʠʣʴʥʳʭ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʠ ʧʦʪʝʥʮʠʘʣʦʚ. ɿʘʨʷʜʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʠʩʢʘʞʝʥʠʷʤ ʠʟʦʙʨʘʞʝʥʠʡ, ʜʝʬʦʢʫʩʠʨʦʚʢʝ ʠ ʦʰʠʙʢʘʤ ʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ 

ʤʠʢʨʦʘʥʘʣʠʟʝ. 

 ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʨʘʩʪʚʦʨ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʘʮʝʪʦʥʝ, ʢʦʪʦʨʳʡ ʥʘʥʦʩʠʣʠ ʥʘ ʥʝʧʨʦʚʦʜʷʱʠʝ 
ʦʙʨʘʟʮʳ: ʧʦʨʦʰʢʠ, ʩʪʝʢʣʦʚʦʣʦʢʥʦ, ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 

ʦʙʨʘʟʮʳ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʚʦʣʦʢʥʘ 

ʧʦʣʠʛʝʢʩʘʤʝʪʠʣʝʥʠʟʦʬʪʘʣʘʤʠʜʘ, ʧʦʣʫʯʝʥʥʳʝ ʧʦʩʣʝ ʥʘʧʳʣʝʥʠʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʪʦʥʢʦʛʦ ʩʣʦʷ ʧʣʘʪʠʥʳ (Pt) (ʨʠʩ.1ʘ) ʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 

ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʴʶ (ʨʠʩ.1ʙ). 

 

 

ʈʠʩ. 1ʘ. ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʝ ʚʦʣʦʢʥʘ  

ʧʦʣʠʛʝʢʩʘʤʝʪʠʣʝʥʠʟʦʬʪʘʣʘʤʠʜʘ (Pt) 

ʈʠʩ. 1ʙ. ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʝ ʚʦʣʦʢʥʘ  

ʧʦʣʠʛʝʢʩʘʤʝʪʠʣʝʥʠʟʦʬʪʘʣʘʤʠʜʘ (ʀɾ) 

 ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʡ ʠʦʥʥʦʡ 
ʞʠʜʢʦʩʪʠ ʜʣʷ ʜʠʵʣʝʢʪʨʠʢʦʚ ʜʘʝʪ ʩʨʘʚʥʠʤʳʡ ʨʝʟʫʣʴʪʘʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
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ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ, ʠ ʟʘʯʘʩʪʫʶ ʧʨʝʚʦʩʭʦʜʠʪ ʢʘʯʝʩʪʚʦ ʉʕʄ-

ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʞʠʤʝ ʥʠʟʢʦʛʦ ʚʘʢʫʫʤʘ (ʨʠʩ.2).  

  

ʈʠʩ. 2ʘ. ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʝ ʩʢʦʣʘ 

ʢʨʠʩʪʘʣʣʘ TeO2  (ʥʠʟʢʠʡ ʚʘʢʫʫʤ) 

ʈʠʩ. 2ʙ. ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʝ ʩʢʦʣʘ 

ʢʨʠʩʪʘʣʣʘ TeO2  (ʀɾ) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ ʵʬʬʝʢʪʠʚʥʦʤ ʧʨʠʤʝʥʝʥʠʠ 

ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʄʝʪʦʜ 

ʥʘʥʝʩʝʥʠʷ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ ʥʘ ʜʠʵʣʝʢʪʨʠʢʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʙʨʘʟʮʘ, ʨʘʙʦʪʘʝʪ ʚ ʜʚʫʭ ʨʝʞʠʤʘʭ (ʚʪʦʨʠʯʥʳʝ ʠ ʦʪʨʘʞʝʥʥʳʝ 

ʵʣʝʢʪʨʦʥʦʚ), ʧʨʦʩʪ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʥʝ ʪʨʝʙʫʝʪ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʦʜʥʦʨʦʜʥʳʝ ʧʦʢʨʳʪʠʷ ʥʘ ʦʙʨʘʟʮʘʭ ʩʦ 

ʩʣʦʞʥʳʤ ʨʝʣʴʝʬʦʤ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʎʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷ ʊʚʝʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 
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ʉʆʀʅʊɽʈʂɸʃɸʊ ʅʀʊʈɸʊɸ-ɸʎɽʊɸʊɸ ɻʈɸʌʀʊɸ ʉ ɼʀʆʂʉɸʅʆʄ: 

ʉʊʈʋʂʊʋʈɸ ʀ ʉɺʆʁʉʊɺɸ 
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, ɺʦʣʢʦʚʘ ɻ.ʂ.
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ɻʣʘʟʫʥʦʚʘ ɺ.ɸ.
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, ɹʝʨʝʩʪʥʝʚʘ ʖ.ɺ.
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1
ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʫʛʣʝʭʠʤʠʠ ʠʤ. ʃ.ʄ. ʃʠʪʚʠʥʝʥʢʦ, 

ɼʦʥʝʮʢ 
2
ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɸ.ɸ. ɻʘʣʢʠʥʘ, ɼʦʥʝʮʢ 

3
ʌʝʜʝʨʘʣʴʥʳʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʘʛʨʦʵʢʦʣʦʛʠʠ, ʢʦʤʧʣʝʢʩʥʳʭ ʤʝʣʠʦʨʘʮʠʡ ʠ 

ʟʘʱʠʪʥʦʛʦ ʣʝʩʦʨʘʟʚʝʜʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ɺʦʣʛʦʛʨʘʜ 

e-mail: ww-52007@yandex.ru  

 

ɺ ʧʨʦʜʦʣʞʝʥʠʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʩʠʥʪʝʟʫ ʠ ʠʟʫʯʝʥʠʶ 

ʩʚʦʡʩʪʚ ʩʦʝʜʠʥʝʥʠʡ ʩʦʠʥʪʝʨʢʘʣʠʨʦʚʘʥʠʷ ʥʠʪʨʘʪʘ ʛʨʘʬʠʪʘ, ʘ ʪʘʢʞʝ ʊʈɻ ʥʘ ʠʭ 

ʦʩʥʦʚʝ [1, 2], ʦʩʫʱʝʩʪʚʣʝʥ ʩʠʥʪʝʟ ʙʠʥʘʨʥʳʭ ʠ ʪʨʦʡʥʳʭ ʩʦʠʥʪʝʨʢʘʣʘʪʦʚ 

ʥʠʪʨʘʪʘ ʛʨʘʬʠʪʘ ʩ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ ʠ 1,4-ʜʠʦʢʩʘʥʦʤ (ʉʉʅɻ). ʅʘ ʦʩʥʦʚʝ 

ʥʠʪʨʘʪ-ʘʮʝʪʘʪʘ ʛʨʘʬʠʪʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 1,4-ʜʠʦʢʩʘʥʦʤ (ʪʨʦʡʥʦʡ 

ʩʦʠʥʪʝʨʢʘʣʘʪ) ʧʦʣʫʯʝʥʳ ʦʙʨʘʟʮʳ ʊʈɻ ʠ ʚʳʧʦʣʥʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʤʦʨʬʦʣʦʛʠʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʯʘʩʪʠʮ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʞʠʜʢʦʬʘʟʥʦʛʦ ʨʘʩʩʣʦʝʥʠʷ ʊʈɻ ʚ ʪʨʝʪ-ʙʫʪʘʥʦʣʝ ʧʨʠ ʩʦʜʝʡʩʪʚʠʠ ʫʣʴʪʨʘʟʚʫʢʘ. 

ɹʠʥʘʨʥʳʝ ʩʦʠʥʪʝʨʢʘʣʘʪʳ ʧʦʣʫʯʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʦʡ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʨʘʙʦʪʝ [1]. ʊʨʦʡʥʦʡ ʩʦʠʥʪʝʨʢʘʣʘʪ ʧʦʣʫʯʘʣʠ ʦʙʨʘʙʦʪʢʦʡ 

ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʥʠʪʨʘʪʘ-ʘʮʝʪʘʪʘ ʛʨʘʬʠʪʘ 1,4-ʜʠʦʢʩʘʥʦʤ. ʊʈɻ ʥʘ 

ʦʩʥʦʚʝ ʪʨʦʡʥʦʛʦ ʩʦʠʥʪʝʨʢʘʣʘʪʘ ʧʦʣʫʯʘʣʠ ʚ ʨʝʞʠʤʝ ʪʝʨʤʦʫʜʘʨʘ (ʧʨʠ 900 Áʉ). 

ʉʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʙʠʥʘʨʥʳʭ ʠ ʪʨʦʡʥʦʛʦ ʉʉʅɻ, ʘ ʪʘʢʞʝ 

ʊʈɻ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʠ ʩʢʘʥʠʨʫʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. 

ʇʦ ʜʘʥʥʳʤ ʈʌɸ, ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʪʨʦʡʥʦʡ ʉʉʅɻ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʤʝʩʴ ʩʦʝʜʠʥʝʥʠʡ II-ʡ ʠ VI-ʡ ʩʪʘʜʠʡ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʠʷ. ʇʦ ʘʥʘʣʦʛʠʠ ʩ 

ʠʩʭʦʜʥʳʤ ʥʠʪʨʘʪʦʤ ʛʨʘʬʠʪʘ, ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʣʠʯʥʦʡ 

ʦʨʠʝʥʪʘʮʠʝʡ ʩʦʠʥʪʝʨʢʘʣʘʥʪʦʚ (ʈʠʩ. 1). ʉʪʨʫʢʪʫʨʘ ʪʨʦʡʥʦʛʦ ʩʦʠʥʪʝʨʢʘʣʘʪʘ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ - ʥʠʪʨʘʪʘ ʛʨʘʬʠʪʘ ʠ ʥʠʪʨʘʪʘ 

ʘʮʝʪʘʪʘ ʛʨʘʬʠʪʘ, ʢʦʪʦʨʳʝ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ II -ʡ ʠ IV-ʡ ʩʪʘʜʠʡ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʠʷ [2]. ʈʘʥʝʝ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ [1], ʯʪʦ ʧʨʠ ʩʦʠʥʪʝʨʢʘʣʠʨʦʚʘʥʠʠ ʥʠʪʨʘʪʘ ʛʨʘʬʠʪʘ ʩʦ 

ʩʣʦʞʥʳʤʠ ʵʬʠʨʘʤʠ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʠʥʘʨʥʳʭ ʠ ʪʨʦʡʥʳʭ 

ʉʉʅɻ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʩʦʠʥʪʝʨʢʘʣʘʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʤʝʩʴ ʩʦʝʜʠʥʝʥʠʡ 

II-ʡ ʠ IV-ʡ ʩʪʘʜʠʡ ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʠʷ. ʉ ʮʠʢʣʠʯʝʩʢʠʤ ʵʬʠʨʦʤ (1,4-ʜʠʦʢʩʘʥ) 

ʥʠʪʨʘʪ ʛʨʘʬʠʪʘ ʠ ʥʠʪʨʘʪ-ʘʮʝʪʘʪ ʛʨʘʬʠʪʘ ʦʙʨʘʟʫʶʪ ʩʦʝʜʠʥʝʥʠʷ 

ʩʦʠʥʪʝʨʢʘʣʠʨʦʚʘʥʠʷ II-ʡ ʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ VI-ʡ ʩʪʘʜʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ 

ʙʠʥʘʨʥʦʛʦ ʠ ʪʨʦʡʥʦʛʦ ʩʦʠʥʪʝʨʢʘʣʘʪʦʚ ʩ 1,4-ʜʠʦʢʩʘʥʦʤ ʥʘʙʣʶʜʘʝʪʩʷ 

ʫʤʝʥʴʰʝʥʠʝ ʚʳʩʦʪʳ ʟʘʧʦʣʥʝʥʥʦʛʦ ʠʥʪʝʨʢʘʣʘʥʪʘʤʠ ʩʣʦʷ (di) ʠ ʧʝʨʠʦʜʘ 

ʠʜʝʥʪʠʯʥʦʩʪʠ (IC) ʢʘʢ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ II-ʡ ʩʪʘʜʠʠ (ɓ-ʬʘʟʘ), ʪʘʢ ʠ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʷ VI-ʡ ʩʪʘʜʠʠ (Ŭ-ʬʘʟʘ). ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʪʘʙʠʣʠʟʘʮʠʶ ʥʠʪʨʘʪʘ 

ʛʨʘʬʠʪʘ ʧʨʠ ʩʦʠʥʪʝʨʢʘʣʠʨʦʚʘʥʠʠ ʩ 1,4-ʜʠʦʢʩʘʥʦʤ. 
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ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʳʝ ʤʦʜʝʣʠ ʥʠʪʨʘʪʘ ʛʨʘʬʠʪʘ ʠ ʝʛʦ ʩʦʠʥʪʝʨʢʘʣʘʪʦʚ ʜʣʷ II, IV ʠ VI ʩʪʘʜʠʡ 

ʠʥʪʝʨʢʘʣʠʨʦʚʘʥʠʷ (di ï ʚʳʩʦʪʘ ʟʘʧʦʣʥʝʥʥʦʛʦ ʠʥʪʝʨʢʘʣʘʥʪʦʤ ʩʣʦʷ, IC ï ʧʝʨʠʦʜ 

ʠʜʝʥʪʠʯʥʦʩʪʠ) 

ɼʠʩʧʝʨʩʠʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʥʘ ʦʩʥʦʚʝ ʪʝʨʤʦʨʘʩʰʠʨʝʥʥʦʛʦ  

ʪʨʦʡʥʦʛʦ ʉʉʅɻ ʧʦʣʫʯʘʣʠ ʞʠʜʢʦʬʘʟʥʳʤ ʨʘʩʩʣʦʝʥʠʝʤ ʚ ʪʨʝʪ-ʙʫʪʘʥʦʣʝ ʧʨʠ 

ʩʦʜʝʡʩʪʚʠʠ ʫʣʴʪʨʘʟʚʫʢʘ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ 

ʠʩʩʣʝʜʦʚʘʥʘ ʤʝʪʦʜʦʤ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2. ʆʙʨʘʟʫʶʱʘʷʩʷ ʜʠʩʧʝʨʩʠʷ 

ʩʦʜʝʨʞʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʘʣʦʩʣʦʡʥʳʝ ʛʨʘʬʝʥʳ, ʧʣʘʥʘʨʥʳʝ ʨʘʟʤʝʨʳ 

ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʶʪ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʤʢʤ, ʘ ʪʦʣʱʠʥʘ ʚʘʨʴʠʨʫʝʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ 1 ï 10 ʘʪʦʤʘʨʥʳʭ ʩʣʦʝʚ. 
 

  

ʘ ʙ 

ʈʠʩ. 2. ʊʠʧʠʯʥʳʝ ʉʕʄ ʠʟʦʙʨʘʞʝʥʠʝ ʪʨʦʡʥʦʛʦ ʉʉʅɻ (ʘ) ʠ ʇʕʄ ʠʟʦʙʨʘʞʝʥʠʝ ʠ 

ʤʠʢʨʦʵʣʝʢʪʨʦʥʦʛʨʘʤʤʘ ʚʳʙʨʘʥʥʳʭ ʦʙʣʘʩʪʠ ʤʘʣʦʩʣʦʡʥʳʭ ʛʨʘʬʝʥʦʚ (ʙ), ʧʦʣʫʯʝʥʥʳʭ 

ʨʘʩʩʣʦʝʥʠʝʤ ʪʝʨʤʦʨʘʩʰʠʨʝʥʥʦʛʦ ʉʉʅɻ ʚ ʪʨʝʪ-ʙʫʪʘʥʦʣʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʟʚʫʢʘ 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. Davydova A.A., Raksha E.V., Glazunova V.A. et. al. // Russ. J. Inorg. Chem. 2021. 

Vol. 66. P. 324-331. 

2. Raksha E.V., Davydova A.A., Volkova G.K. et. ʘl. // J. Physics: Conference Series. 

2021. Vol. 2052. Article No.012035. 
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ʆʇʈɽɼɽʃɽʅʀɽ ʊɽʈʄʆʕʃɽʂʊʈʀʏɽʉʂʆʁ ʉʀʃʓ 

ʄʆʅʆʂʈʀʉʊɸʃʃʆɺ TlIn1-xM xSe2 (M-Dy, Eu) (x-0,01, 0,03, 0,05%) 
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1
ɸʟʝʨʙʘʡʜʞʘʥʩʢʠʡ ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, 
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 ɻʷʥʜʞʠʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ 
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ʂʨʘʪʢʦʝ ʩʦʜʝʨʞʘʥʠʝ. ɺ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʤʘʪʝʨʠʘʣʳ ʘʢʪʠʚʥʦ ʠʟʫʯʘʶʪʩʷ ʚ ʦʙʣʘʩʪʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʠʤʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʢʘʯʝʩʪʚʘʤʠ ʠʤʝʝʪ ʙʦʣʴʰʫʶ 

ʘʢʪʫʘʣʴʥʦʩʪʴ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʮʘ ʩ ʙʦʣʴʰʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ Z 

ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʠʪʴ ʦʩʥʦʚʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʤʘʪʝʨʠʘʣʘ. ɹʦʣʴʰʠʡ 

ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ ʢʨʠʩʪʘʣʣʳ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, ʧʦʩʢʦʣʴʢʫ ʫ ʪʘʢʠʭ ʚʝʱʝʩʪʚ 

ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ Z, ʘ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʪʝʭʥʠʢʝ ʦʭʚʘʪʳʚʘʝʪ ʙʦʣʝʝ ʰʠʨʦʢʫʶ ʦʙʣʘʩʪʴ. 

ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʡ TlIn1-xMxSe2 (M=Dy, Eu) (x=0,01; 0,03; 0,05) ʠ 

ʚʳʨʘʱʠʚʘʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʤʝʪʦʜʦʤ ɹʨʠʜʞʤʝʥʘ-

ʉʪʦʢʙʘʨʛʝʨʘ. ɼʣʷ ʵʪʦʛʦ ʢʚʘʨʮʝʚʫʶ ʘʤʧʫʣʫ ʜʣʠʥʦʡ 20-25 ʩʤ ʠ ʜʠʘʤʝʪʨʦʤ (2,0-

2,5) ʩʤ, ʩʦʜʝʨʞʘʱʫʶ ʚʝʱʝʩʪʚʦ, ʟʘʩʘʩʳʚʘʝʪʩʷ ʚʦʟʜʫʭʦʤ ʜʦ ʜʘʚʣʝʥʠʷ 10-3 ʤʤ 

ʨʪ.ʩʪ., ʧʦʤʝʱʘʶʪ ʚ ʧʝʯʴ, ʥʘʢʣʦʥʝʥʥʫʶ ʧʦʜ ʫʛʣʦʤ ʫʛʦʣ 10-15
0
. ʂʚʘʨʮʝʚʫʶ 

ʘʤʧʫʣʫ ʩʣʝʜʫʝʪ ʧʦʤʝʩʪʠʪʴ ʚ ʧʝʯʴ ʪʘʢ, ʯʪʦʙʳ 1/3 ʘʤʧʫʣʳ ʦʩʪʘʣʘʩʴ ʩʥʘʨʫʞʠ. ɺ 

ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ʧʝʯʠ ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʥʘ ʫʨʦʚʥʝ 

0,15-0,20 ʂ/ʩʝʢ. ʇʨʠ ʪʘʢʦʤ ʨʘʟʤʝʱʝʥʠʠ ʢʚʘʨʮʝʚʦʡ ʘʤʧʫʣʳ ʦʙʨʘʟʮʘ ʚ ʧʝʯʠ 

ʯʘʩʪʴ ʧʘʨʦʚ ʛʘʣʦʛʝʥʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʘʤʧʫʣʝ, ʨʝʘʛʠʨʫʝʪ ʩ Tl ʠ In, ʘ 

ʦʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʢʦʥʜʝʥʩʠʨʫʝʪʩʷ ʚ ʭʦʣʦʜʥʦʡ ʯʘʩʪʠ ʘʤʧʫʣʳ ʠ ʧʝʨʝʣʠʚʘʝʪʩʷ ʚ 

ʨʝʘʢʮʠʦʥʥʫʶ ʯʘʩʪʴ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʥʘʛʨʝʚʘ ʪʝʤʧʝʨʘʪʫʨʫ ʧʝʯʠ 

ʧʦʥʠʞʘʶʪ ʜʦ ʢʦʤʥʘʪʥʦʡ ʠ ʢʨʠʩʪʘʣʣ ʚʳʥʠʤʘʶʪ ʠʟ ʧʝʯʠ. ɺ ʪʘʢʦʤ ʧʨʦʮʝʩʩʝ 

ʟʘʚʝʨʰʘʝʪʩʷ ʧʨʦʮʝʩʩ ʩʠʥʪʝʟʘ (ʚʳʨʘʱʠʚʘʥʠʷ) ʦʙʨʘʟʮʦʚ. 

ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʷʚʣʷʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʵʣʝʤʝʥʪʳ Dy, Eu, 

ʣʫʯʰʝ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʩʦʜʝʨʞʘʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʵʬʬʝʢʪʳ, ʦʧʪʠʤʠʟʠʨʫʶʱʠʝ 

ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ [1, 2]. ʃʘʥʪʘʥʦʠʜ ʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ 

ʦʙʣʘʜʘʶʪ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʧʦʩʢʦʣʴʢʫ ʤʘʪʝʨʠʘʣʳ ʥʘ ʠʭ ʦʩʥʦʚʝ 

ʫʩʪʦʡʯʠʚʳ ʢ ʚʳʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ ʠ ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʯʝʥʴ 

ʚʳʩʦʢʫʶ ʢʦʥʚʝʨʩʠʶ ʪʝʧʣʘ ʚ ʵʣʝʢʪʨʠʯʝʩʪʚʦ. 

ʀʟʫʯʝʥʳ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʷ TlInSe2, 

ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʣʘʥʪʘʥʦʠʜʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ Dy ʠ Eu. ʊʝʨʤʦ ʵ.ʜ.ʩ. ʜʦʣʞʥʘ 

ʫʤʝʥʴʰʘʪʴʩʷ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʛʜʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʟʘʢʦʥʫ [3]. ɼʣʷ ʦʙʦʠʭ ʢʨʠʩʪʘʣʣʦʚ 

ʧʦʣʫʯʝʥʳ ʣʠʥʝʡʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ. ʈʝʟʫʣʴʪʘʪ, ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʝʱʝ ʨʘʟ ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʦʙʣʘʜʘʶʪ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʇʨʠ 

mailto:verdiyeva.nurane@bk.ru


ʏʝʪʳʨʥʘʜʮʘʪʘʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

çʍʠʤʠʯʝʩʢʘʷ ʪʝʨʤʦʜʠʥʘʤʠʢʘ ʠ ʢʠʥʝʪʠʢʘè  
 

~ 115 ~ 
 

ʪʝʨʤʦ ʵ.ʜ.ʩ -ʦʧʨʝʜʝʣʝʥʠʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ TlIn1-xMxSe2 (M=Dy, Eu) (x=0,01; 

0,03; 0,05) ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʭ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʜʠʥʘʢʦʚʳ ʜʣʷ ʦʙʦʠʭ ʢʨʠʩʪʘʣʣʦʚ. (ʨʠʩ. 1). 

 

 
ʈʠʩʫʥʦʢ 1. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʨʤʦ-ʵ.ʜ.ʛ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ TlInSe2 ʩ ʨʘʟʣʠʯʥʳʤ 

ʧʨʦʮʝʥʪʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (Dy, Eu) ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʭʘʨʘʢʪʝʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ, ʢʨʠʩʪʘʣʣʠʟʫʶʱʠʭʩʷ ʚ ʩʪʨʫʢʪʫʨʥʦʤ 

ʪʠʧʝ TlSe. ʇʨʠ ʟʘʤʝʥʝ ʠʦʥʦʚ In ʥʘ ʠʦʥʳ Dy ʠ Eu ʚ ʩʦʩʪʘʚʝ ʩʥʠʞʘʝʪʩʷ 

ʟʥʘʯʝʥʠʝ ʧʦʣʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʚ ʢʨʠʩʪʘʣʣʝ. ɼʘʞʝ ʩ ʫʯʝʪʦʤ 

ʘʪʦʤʦʚ ʵʣʝʤʝʥʪʦʚ ʣʘʥʪʘʥʦʠʜʦʚ, ʧʦʩʢʦʣʴʢʫ ʵʣʝʢʪʨʦʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʥʝʟʥʘʯʠʪʝʣʴʥʘ, ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʝʛʦ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʝʱʝ ʨʘʟ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʧʝʨʝʜʘʯʫ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʬʦʥʦʥʘʤʠ ʨʝʰʝʪʢʠ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ. 
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ʉɺʏ ʪʚʝʨʜʦʪʝʣʴʥʘʷ ʤʠʢʨʦ- ʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʘ ʵʪʦ ʦʩʥʦʚʘ ʩʦʚʨʝʤʝʥʥʳʭ 

ʩʠʩʪʝʤ ʨʘʜʠʦʣʦʢʘʮʠʠ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ. ʄʥʦʛʦʣʝʪʥʠʤ ʪʨʝʥʜʦʤ, 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʠʭ ʨʘʟʚʠʪʠʝ, ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ, 

ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʩʧʦʩʦʙʘʤʠ. 

ʊʨʘʜʠʮʠʦʥʥʳʤ ʧʦʜʭʦʜʦʤ ʧʨʠ ʵʪʦʤ, ʷʚʣʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ 

ʨʘʟʤʝʨʦʚ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ. ɺ ʩʣʫʯʘʝ ʉɺʏ ʧʦʣʝʚʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ (ʇʊ), ʵʪʦ 

ʧʨʝʞʜʝ ʚʩʝʛʦ, ʜʣʠʥʘ ʟʘʪʚʦʨʘ, ʪʨʝʙʫʝʤʦʝ ʩʫʙʤʠʢʨʦʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ, 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʣʠʪʦʛʨʘʬʠʠ. ʋʤʝʥʴʰʝʥʠʝ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʩʠʩʪʝʤʳ 

ʤʝʪʘʣʣʠʟʘʮʠʠ ʟʘʪʚʦʨʘ ʜʦ ʢʘʥʘʣʴʥʦʛʦ ʩʣʦʷ ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʜʚʫʤʝʨʥʳʤ 

ʵʣʝʢʪʨʦʥʥʳʤ ʛʘʟʦʤ (ɼʕɻ), ʪʘʢ ʞʝ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʢʨʫʪʠʟʥʳ 

ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʉɺʏ ʧʘʨʘʤʝʪʨʳ 

ʪʨʘʥʟʠʩʪʦʨʦʚ [1]. ʆʜʥʘʢʦ, ʵʪʦʪ ʧʦʜʭʦʜ ʥʝʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥ ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʧʠʩʘʥ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ. 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʧʨʦʮʝʩʩʘ ʚʞʠʛʘʥʠʷ ʚ ʘʢʪʠʚʥʫʶ 

ʦʙʣʘʩʪʴ ʨʅɽʄʊ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ GaAs ʪʦʥʢʠʭ ʙʘʨʴʝʨʥʳʭ ʧʣʝʥʦʢ 

ʧʣʘʪʠʥʳ ʤʥʦʛʦʩʣʦʡʥʳʭ ʩʠʩʪʝʤ ʤʝʪʘʣʣʠʟʘʮʠʠ ʟʘʪʚʦʨʦʚ ʉɺʏ ʇʊ. 

ʊʝʨʤʦʦʙʨʘʙʦʪʢʘ ʩʪʨʫʢʪʫʨ GaAs ʠ ʝʛʦ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʩʦ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʪʦʥʢʠʤʠ ʩʣʦʷʤʠ ʧʣʘʪʠʥʳ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʪʝʢʘʥʠʶ 

ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʛʝʪʝʨʦʛʝʥʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ [2], ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʡ 

ʧʨʦʠʩʭʦʜʠʪ çʧʦʛʨʫʞʝʥʠʝè ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʤʝʪʘʣʣ-ʧʦʣʫʧʨʦʚʦʜʥʠʢ. ʕʪʦʪ 

ʵʬʬʝʢʪ ʤʦʞʥʦ ʩ ʫʩʧʝʭʦʤ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʪʦʯʥʦʛʦ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʣʦʝʤ ɼʕɻ ʠ ʩʠʩʪʝʤʦʡ ʤʝʪʘʣʣʠʟʘʮʠʠ 

ʟʘʪʚʦʨʘ ʚ ʪʨʘʥʟʠʩʪʦʨʘʭ ʩ ʚʳʩʦʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʵʣʝʢʪʨʦʥʦʚ, ʨʠʩ. 1.  

 

 

ʈʠʩ. 1. ɺʞʠʛʘʥʠʷ ʙʘʨʴʝʨʥʦʛʦ ʩʣʦʷ ʧʣʘʪʠʥʳ ʩʠʩʪʝʤʳ ʤʝʪʘʣʣʠʟʘʮʠʠ ʨʅɽʄʊ ʉɺʏ ʇʊ ʚ ʭʦʜʝ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ 
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ʇʦʜʦʙʥʳʡ ʧʦʜʭʦʜ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʪʝʭʥʦʣʦʛʠʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʦʜʟʘʪʚʦʨʥʦʡ ʢʘʥʘʚʢʠ [3] ʠ ʩ ʫʩʧʝʭʦʤ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʘʢ 

ʥʦʨʤʘʣʴʥʦ ʦʪʢʨʳʪʳʭ (D-ʪʠʧ), ʪʘʢ ʠ ʥʦʨʤʘʣʴʥʦ ʟʘʢʨʳʪʳʭ (ɽ-ʪʠʧ) ʉɺʏ ʇʊ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʦʧʳʪʥʳʭ ʧʨʠʙʦʨʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʅɽʄʊ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦ-ʣʫʯʝʚʦʡ ʵʧʠʪʘʢʩʠʠ. 

ɿʘʪʚʦʨ ʪʨʘʥʟʠʩʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ Pt/Ti/Pt/Au ʠʤʝʣ ʛʨʠʙʦʦʙʨʘʟʥʳʡ 

ʧʨʦʬʠʣʴ ʠ ʜʣʠʥʫ 0,25 ʤʢʤ. ʈʝʘʢʮʠʦʥʥʳʡ ʙʘʨʴʝʨʥʳʡ ʩʣʦʡ ʧʣʘʪʠʥʳ, ʠʤʝʣ 

ʪʦʣʱʠʥʫ 8 ʥʤ. ʇʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʪʚʦʨʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʨʘʥʟʠʩʪʦʨʳ D-

ʪʠʧʘ ʩ ʢʨʫʪʠʟʥʦʡ 410 ʤʉʤ/ʤʤ, Uʦʪʩ=1,0 ɺ ʠ ʧʠʢʦʚʦʡ ʛʨʘʥʠʯʥʦʡ ʯʘʩʪʦʪʦʡ ft = 

(60-62) ɻɻʮ. ʊʝʨʤʦʦʙʨʘʙʦʪʢʘ ʩʪʨʫʢʪʫʨ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʥʘ ʫʩʪʘʥʦʚʢʝ ʙʳʩʪʨʦʛʦ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʦʪʞʠʛʘ. ɺ ʨʘʙʦʪʝ ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ ʜʠʥʘʤʠʢʠ 

ʚʞʠʛʘʥʠʷ ʙʘʨʴʝʨʥʦʡ ʧʣʝʥʢʠ ʧʣʘʪʠʥʳ ʧʨʠ ʧʦʤʦʱʠ ʠʟʤʝʨʝʥʠʷ ʩʪʘʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʘʥʟʠʩʪʦʨʦʚ. ʆʙʱʝʝ ʚʨʝʤʷ ʦʪʞʠʛʘ ʩʦʩʪʘʚʠʣʦ 20 ʤʠʥ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ: ʩʤʝʥʘ ʟʥʘʢʘ ʫʧʨʘʚʣʷʶʱʝʛʦ 

ʥʘʧʨʷʞʝʥʠʷ (ʧʦʣʫʯʝʥʳ ʪʨʘʥʟʠʩʪʦʨʳ ɽ-ʪʠʧʘ ʩ ʧʦʨʦʛʦʚʳʤ ʥʘʧʨʷʞʝʥʠʝʤ (0,25-

0,3) ɺ), ʫʚʝʣʠʯʝʥʠʝ ʢʨʫʪʠʟʥʳ ʪʨʘʥʟʠʩʪʦʨʦʚ ʜʦ 700 ʤʉʤ/ʤʤ, ʩʣʝʜʩʪʚʠʝʤ ʯʝʛʦ 

ʛʨʘʥʠʯʥʘʷ ʯʘʩʪʦʪʘ ʚʦʟʨʦʩʣʘ ʜʦ 72 ɻɻʮ, ʨʠʩ. 2. 

 

ʈʠʩ. 2. ʊʦʧʦʣʦʛʠʷ ʨʅɽʄʊ ʪʨʘʥʟʠʩʪʦʨʘ ʩ Wg=(2Ĭ100) ʤʢʤ (ʘ), ʨʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʠʢʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʛʨʘʥʠʯʥʦʡ ʯʘʩʪʦʪʳ 
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ʊɽʈʄʆʍʀʄʀʗ ʀʆʅʆɺ ɺ ʅɸʉʓʑɽʅʅʆʄ ʇɸʈɽ ʀʆʅʅʓʍ 

ɾʀɼʂʆʉʊɽʁ ʅɸ ʆʉʅʆɺɽ ɸʃʂʀʃʀʄʀɼɸɿʆʃʀʃʀʗ ʉ ɸʅʀʆʅʆʄ 

ɹʀʉ(ʊʈʀʌʊʆʈʄɽʊʀʃʉʋʃʔʌʆʅʀʃ)ʀʄʀɼ 
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ʀʚʘʥʦʚʦ, ʈʦʩʩʠʷ 

e-mail: amdunaev@ro.ru 

 

ʀʦʥʥʳʝ ʞʠʜʢʦʩʪʠ (ʀɾ) ï ʵʪʦ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʩ ʠʦʥʥʳʤ ʪʠʧʦʤ 

ʩʚʷʟʠ. ʀʩʧʘʨʝʥʠʝ ʀɾ ʧʨʦʠʩʭʦʜʠʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʬʦʨʤʝ ʥʝʡʪʨʘʣʴʥʳʭ 

ʠʦʥʥʳʭ ʧʘʨ (ʅʀʇ). ʆʜʥʘʢʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ [1, 2], ʯʪʦ ʚ ʧʘʨʝ ʪʘʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʤʦʛʫʪ ʚ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʪʘʢʞʝ ʠ ʠʦʥʳ. ɺ 

ʣʠʪʝʨʘʪʫʨʝ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʩʚʝʜʝʥʠʷ ʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚʘʭ ʵʪʠʭ ʠʦʥʦʚ [1, 3]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʨʤʦʠʦʥʥʦʡ ʵʤʠʩʩʠʠ ʀɾ ʥʘ ʦʩʥʦʚʝ ʘʣʢʠʣʠʤʠʜʘʟʦʣʠʷ 

CnMImNTf 2 (n = 4 (BMIm), 6 (HMIm)) c ʘʥʠʦʥʦʤ 

ʙʠʩ(ʪʨʠʬʪʦʨʤʝʪʠʣʩʫʣʴʬʦʥʠʣ)ʠʤʠʜ ʧʨʠ ʧʦʤʦʱʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ 

ʂʥʫʜʩʝʥʘ.  

ɼʣʷ ʦʙʦʠʭ ʦʙʲʝʢʪʦʚ ʚ ʤʘʩʩ-ʩʧʝʢʪʨʘʭ (ʊʘʙʣʠʮʘ 1) ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʳʭ, 

ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠʦʥʦʚ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʧʨʦʩʪʳʝ ʠʦʥʳ (ʢʘʪʠʦʥ ʉ
+
 ʠ 

ʘʥʠʦʥ ɸ
ï
) ʠ ʠʦʥʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʘʩʩʦʮʠʘʮʠʠ ʩ ʅʀʇ (ʉ2ɸ

+
 ʠ 

ʉɸ2
ï
). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʠʦʥʦʚ ʚʳʰʝ, ʯʝʤ ʫ ʧʨʦʩʪʳʭ, ʘ ʜʣʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠʦʥʦʚ 

ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʪʥʘʷ ʩʠʪʫʘʮʠʷ.  

 
ʊʘʙʣʠʮʘ 1. ʄʘʩʩ-ʩʧʝʢʪʨʳ ʪʝʨʤʦʠʦʥʥʦʡ ʵʤʠʩʩʠʠ ʠʟʫʯʝʥʥʳʭ ʦʙʲʝʢʪʦʚ 

CnMImNTf2 
ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʠʦʥʳ ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʠʦʥʳ 

ʉ
+
 ʉ2ɸ

+
 ɸ

ï
 ʉɸ2

ï
 

4 30 100 100 25 

6 37 100 100 32 

 

ɼʘʚʣʝʥʠʷ ʠʦʥʦʚ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʧʦ ʤʝʪʦʜʠʢʝ, ʧʨʠʚʝʜʝʥʥʦʡ ʚ [1]. ʀʭ 

ʩʦʧʦʩʪʘʚʣʝʥʠʝ (ʩʤ. ʨʠʩʫʥʦʢ) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʘʚʣʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʦʥʦʚ 

ʜʣʷ ʚʩʝʭ ʦʙʲʝʢʪʦʚ ʚʳʰʝ, ʯʝʤ ʜʣʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ.  

ʇʦʣʫʯʝʥʥʳʝ ʜʘʚʣʝʥʠʷ ʠʦʥʦʚ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʘʪʴ ʵʥʪʘʣʴʧʠʶ 

ʜʠʩʩʦʮʠʘʮʠʠ ʅʀʇ ʥʘ ʧʨʦʩʪʳʝ ʠʦʥʳ: 

ʉɸ = ʉ
+
 + ɸ

ï
          (1) 

ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʨʘʤʢʘʭ ʤʝʪʦʜʠʢ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʟʘʢʦʥʦʚ 

ʪʝʨʤʦʜʠʥʘʤʠʢʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 2. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 2 ʧʦʢʘʟʳʚʘʝʪ ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʠʝ ʚʝʣʠʯʠʥ, 

ʧʦʣʫʯʝʥʥʳʭ ʥʝʟʘʚʠʩʠʤʳʤʠ ʤʝʪʦʜʘʤʠ. ɼʣʷ ʀɾ ɺMImNTf 2 ʵʥʪʘʣʴʧʠʷ ʨʝʘʢʮʠʠ 

(1), ʥʘʡʜʝʥʥʘʷ ʪʝʦʨʝʪʠʯʝʩʢʠ [3] ʩʦʩʪʘʚʠʣʘ 327 ʢɼʞĿʤʦʣʴ
ï1
, ʯʪʦ ʩʦʚʧʘʜʘʝʪ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʧʦʣʫʯʝʥʥʦʡ ʧʦ ʤʝʪʦʜʠʢʝ III  ʟʘʢʦʥʘ. 
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ʈʠʩʫʥʦʢ. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʘʚʣʝʥʠʡ ʠʦʥʦʚ 

 
ʊʘʙʣʠʮʘ 2. ʕʥʪʘʣʴʧʠʠ ʨʝʘʢʮʠʠ ʜʠʩʩʦʮʠʘʮʠʠ ʅʀʇ (ʢɼʞĿʤʦʣʴ

ï1
) 

CnMImNTf2 
II ʟʘʢʦʥ III ʟʘʢʦʥ 

ȹT, K Tʩʨ, K ȹrHÁ(T) ȹrHÁ(298.15) ȹrHÁ(298.15) 

2 [1] 455ï513 493 299Ñ13 302Ñ13 302Ñ26 

4 520ï580 550 343Ñ21 347Ñ21 327Ñ24 

6 530ï590 560 335Ñ8 340Ñ8 329Ñ24 

 

ʀʟ ʊʘʙʣʠʮʳ 2 ʪʘʢʞʝ ʩʣʝʜʫʝʪ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʵʥʪʘʣʴʧʠʠ ʜʠʩʩʦʮʠʘʮʠʠ ʦʪ 

ʜʣʠʥʳ ʘʣʢʠʣʴʥʦʡ ʮʝʧʠ ʚ ʧʨʝʜʝʣʘʭ ʧʨʠʚʝʜʝʥʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʦʪʩʫʪʩʪʚʫʝʪ, 

ʪ.ʝ. ʵʥʪʘʣʴʧʠʷ ʨʝʘʢʮʠʠ (1) ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʧʨʠʨʦʜʦʡ ʘʥʠʦʥʘ, ʘ 

ʥʝ ʢʘʪʠʦʥʘ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʨʘʤʢʘʭ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 

(ʇʨʦʝʢʪ ˉ FZZW-2023-0010). 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. Dunaev A.M., Motalov V.B., Kudin L.S., Butman M.F. J. Mol. Liq., 223 (2016) 

407ï411. 

2. Dunaev A.M., Motalov V.B., Kudin L.S., Butman M.F. J. Mol. Liq., 219 (2016) 

599ï601. 

3. Govorov D.N., Dunaev A.M., Motalov V.B., Kudin L.S. J. Mol. Liq., 364, (2022) 

119996. 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʈɸʉʏɽʊʅʆɻʆ ʄɽʊʆɼɸ ɺɽʉʆɺ ɼʃʗ 

ʋʊʆʏʅɽʅʀʗ ɿʅɸʏɽʅʀʁ ʇɸʈɸʄɽʊʈʆɺ ɼɽʁʉʊɺʀʊɽʃʔʅʆʁ 

ʉʆʉʊɸɺʃʗʖʑɽʁ ɼʀʕʃɽʂʊʈʀʏɽʉʂʆʁ ɼʀʉʇɽʈʉʀʀ 

ɼʴʷʢʦʚʘ ɽ.ɺ.
1
, ʄʘʣʳʰʝʚʘ ʅ.ɽ.

2
, ʄʘʣʳʰʢʠʥʘ ʆ.ɺ.

1
 

1
ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʚʝʨʴ 

2
ɺʦʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʦʙʦʨʦʥʳ ʠʤ. ʄʘʨʰʘʣʘ ʉʦʚʝʪʩʢʦʛʦ 

ʉʦʶʟʘ ɻ.ʂ. ɾʫʢʦʚʘ ʄʆ ʈʌ, ʊʚʝʨʴ 

e-mail: e-v-dyakova@yandex.ru 

 

ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʡ ʦʪʢʣʠʢ ʩʠʩʪʝʤʳ ʥʘ ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʧʦʜ 

ʢʦʪʦʨʳʤ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʦʥʠʤʘʶʪ ʧʝʨʝʤʝʥʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ 

ʮʠʢʣʠʯʝʩʢʦʡ ʯʘʩʪʦʪʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʦʧʨʝʜʝʣʷʶʱʠʤʠ ,‫ 

ʚʝʣʠʯʠʥʘʤʠ, ʘ ʠʤʝʥʥʦ: ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ‐ȟ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ 

Ű, ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʚʨʝʤʝʥ ʨʝʣʘʢʩʘʮʠʠ ɚ, ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ ɜȟ 
ʧʦʩʪʦʷʥʥʘʷ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʯʘʩʪʦʪʥʦ ʥʝʟʘʚʠʩʠʤʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ 

ʧʨʦʚʦʜʠʤʦʩʪʠ B, s ï ʧʘʨʘʤʝʪʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʫʛʦʣ ʥʘʢʣʦʥʘ 

ʧʨʷʤʦʣʠʥʝʡʥʳʭ ʫʯʘʩʪʢʦʚ ʥʘ ʯʘʩʪʦʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʯʘʩʪʠ 

ʢʦʤʧʣʝʢʩʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ. 

ʉʦʛʣʘʩʥʦ [1], ʨʘʩʩʯʠʪʘʥʥʳʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʩʦʚʧʘʜʘʝʪ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʦʪʢʣʠʢʦʤ ʧʨʠ ʫʯʝʪʝ ʚʢʣʘʜʘ ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʵʬʬʝʢʪʦʚ ʟʘʪʫʭʘʥʠʷ. ʈʘʩʯʝʪʥʘʷ ʬʦʨʤʫʣʘ ʠʤʝʝʪ ʚʠʜ 
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ʇʦʩʢʦʣʴʢʫ ʧʘʨʘʤʝʪʨʳ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʘʩʩʠʚʦʚ 

ʜʘʥʥʳʭ, ʧʦʣʫʯʘʶʪʩʷ ʩ ʚʳʩʦʢʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʠʭ 

ʫʪʦʯʥʝʥʠʠ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʦʩʦʙʳʡ ʤʝʪʦʜ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ, ʫʯʠʪʳʚʘʶʱʠʡ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʘʨʘʤʝʪʨ ï çʵʬʬʝʢʪʠʚʥʳʡ 

ʪʦʯʥʦʩʪʥʳʡ ʚʝʩè ʢʘʞʜʦʛʦ ʠʟʤʝʨʝʥʠʷ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 
1. ʄʘʣʳʰʝʚʘ, ʅ.ɽ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʢʝʨʘʤʠʢʠ / ʅ.ɽ. ʄʘʣʳʰʝʚʘ, ɽ.ɺ. ɼʴʷʢʦʚʘ, ʆ.ɺ. ʄʘʣʳʰʢʠʥʘ // ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ 

ʠʟʫʯʝʥʠʷ ʢʣʘʩʪʝʨʦʚ, ʥʘʥʦʩʪʨʫʢʪʫʨ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. ð 2023. ð ɺʳʧ. 15. ð ʉ. 481-494.  
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ʄɽʊʆɼ ʇʆɿʀʊʈʆʅʅʆʁ ɸʅʅʀɻʀʃʗʎʀʆʅʅʆʁ 

ʉʇɽʂʊʈʆʉʂʆʇʀʀ ɼʃʗ ɸʅɸʃʀɿɸ ʂʃɸʉʊɽʈʀɿɸʎʀʀ ʌʋʃʃɽʈɽʅɸ 

ʉ60 ɺ ɾʀɼʂʆʉʊʗʍ 

ɽʣʴʥʠʢʦʚʘ ʃ.ɺ.
1
 

1
ʅʀʎ ʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʄʦʩʢʚʘ 

e-mail: elnikova@itep.ru 

 

ʇʦʟʠʪʨʦʥ ʠ ʘʪʦʤ ʧʦʟʠʪʨʦʥʠʷ ʷʚʣʷʶʪʩʷ ʟʦʥʜʘʤʠ ʩʪʨʫʢʪʫʨʳ ʚʝʱʝʩʪʚʘ. 

ʇʦʟʠʪʨʦʥʥʘʷ ʘʥʥʠʛʠʣʷʮʠʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ʇɸʉ) ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʦʙʲʝʤʝ ʤʘʪʝʨʠʘʣʘ, 

ʢʦʪʦʨʘʷ ʦʪʨʘʞʘʝʪ ʢʦʥʬʠʛʫʨʘʮʠʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ, ʚʢʣʶʯʘʷ ʬʘʟʳ ʠ ʛʨʘʥʠʮʳ 

ʠʭ ʨʘʟʜʝʣʘ, ʜʝʬʝʢʪʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʩʚʦʙʦʜʥʳʝ ʦʙʲʝʤʳ ʠ ʧʨ. [1]. ʆʜʥʠʤ ʠʟ 

ʤʝʪʦʜʦʚ ʇɸʉ ʷʚʣʷʝʪʩʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʚʨʝʤʝʥʠ ʞʠʟʥʠ. ɼʘʥʥʳʝ ʦʙ ʘʛʨʝʛʘʪʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʬʫʣʣʝʨʝʥʘ ʚ ʞʠʜʢʦʩʪʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʤʝʜʠʮʠʥʩʢʠʭ 

ʧʨʠʣʦʞʝʥʠʷʭ, ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʦʪʦʵʣʝʢʪʨʦʥʠʢʝ ʠ ʤʥʦʛʠʭ ʜʨ. ʦʙʣʘʩʪʷʭ 

ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ [2, 3]. 

ʂʣʘʩʪʝʨʠʟʘʮʠʷ ʤʦʣʝʢʫʣ ʬʫʣʣʝʨʝʥʘ ʚ ʨʘʩʪʚʦʨʘʭ ʚ ʚʠʜʝ ʬʨʘʢʪʘʣʴʥʳʭ 

ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʯʘʩʪʠʮ (ʨʘʜʠʫʩʦʤ ~ 40 ʥʤ ʠ ʨʘʟʤʝʨʥʦʩʪʴʶ d=2,9) ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʥʘʨʫʞʝʥʘ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʨʘʟʣʠʯʥʳʤʠ ʷʜʝʨʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʥʘʧʨʠʤʝʨ, 

ʩ ʧʦʤʦʱʴʶ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʝʡʪʨʦʥʦʚ (ʄʋʈʅ) [4-6], ʇɸʉ ʚʨʝʤʝʥʠ 

ʞʠʟʥʠ [7,8] ʠ ʜʨ, ʘ ʪʘʢʞʝ ʦʧʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠ ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ. ʅʦʚʳʝ ʘʛʨʝʛʠʨʦʚʘʥʥʳʝ ʯʘʩʪʠʮʳ ʨʘʟʜʝʣʷʶʪ ʥʘ 3 ʢʘʪʝʛʦʨʠʠ [9]: 

ʢʣʘʩʪʝʨʳ ʜʦʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʟʤʝʨʘ (n<nc), ʢʨʠʪʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʳ (n = nc) ʠ 

ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʝ (n>nc) ʷʜʨʘ ʥʦʚʦʡ ʬʘʟʳ. ʂʨʠʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʘʛʨʝʛʘʮʠʠ 

ʟʘʚʠʩʷʪ ʦʪ ʪʠʧʘ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʧʦʣʷʨʥʦʩʪʠ ʝʛʦ ʤʦʣʝʢʫʣ ʠ ʧʨ., ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʤʝʪʦʜʘ ʇɸʉ ʚʨʝʤʷ ʞʠʟʥʠ ʦʨʪʦ-ʧʦʟʠʪʨʦʥʠʷ o-Ps ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩ ʣʦʢʘʣʴʥʳʤʠ ʨʘʟʣʠʯʠʷʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʩʨʝʜʳ, ʛʜʝ ʩʪʘʙʠʣʠʟʠʨʫʶʪʩʷ PsïC60 ʢʦʤʧʣʝʢʩʳ, ʧʨʠ ʵʪʦʤ ʨʝʘʢʮʠʠ ʧʦʟʠʪʨʦʥʠʷ 

Ps c ʤʦʣʝʢʫʣʦʡ ʬʫʣʣʝʨʝʥʘ ʉ60 ʦʧʠʩʳʚʘʶʪʩʷ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʦʡ ʩʭʝʤʦʡ [7]:  

gg ll
2C]CPs[CPs2 6060

,

60 +½­½-½½ ­«+½½« -+ cbfp kk
, 

ʛʜʝ ɚp, kf, kb ï ʩʢʦʨʦʩʪʴ ʘʥʥʠʛʠʣʷʮʠʠ, ʢʦʥʩʪʘʥʪʳ ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʦʡ ʨʝʘʢʮʠʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʟʚʝʩʪʥʳ ʤʦʥʦʤʝʨʥʳʝ ʤʦʜʝʣʠ ʘʛʨʝʛʘʮʠʠ: ʥʘʧʨʠʤʝʨ, 

ʢʘʧʝʣʴʥʘʷ ʤʦʜʝʣʴ, ʘ ʪʘʢʞʝ ʤʦʜʝʣʠ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʨʦʩʪʘ ʢʣʘʩʪʝʨʦʚ (ʤʦʜʝʣʴ 

ʘʛʨʝʛʘʮʠʠ, çʦʛʨʘʥʠʯʝʥʥʘʷ ʨʝʘʢʮʠʝʡè ʠ ʤʦʜʝʣʴ ʜʠʬʬʫʟʥʦ-ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʘʛʨʝʛʘʮʠʠ) [7-9]. ʂ ʧʨʠʤʝʨʫ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʡ 

çʜʠʬʬʫʟʠʦʥʥʦʡè ʤʦʜʝʣʠ ʜʣʷ ʨʘʩʪʚʦʨʘ CS2 ʩ ʬʫʣʣʝʨʝʥʦʤ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ 

ʫʚʠʜʝʪʴ, ʯʪʦ ʩʬʝʨʠʯʝʩʢʠʝ ʘʛʨʝʛʘʪʳ C60 ʦʙʨʘʟʫʶʪʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʤʘʩʰʪʘʙʦʚ 

ʜʠʬʬʫʟʠʦʥʥʦ-ʦʛʨʘʥʠʯʝʥʥʦʡ ʢʣʘʩʪʝʨʥʦʡ ʘʛʨʝʛʘʮʠʠ ʠ ʥʘʭʦʜʷʪʩʷ ʚ 

ʩʪʫʧʝʥʯʘʪʦʤ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʘʚʥʦʚʝʩʠʠ ʩ ʤʦʥʦʤʝʨʦʤ ʉ60, ʘʛʨʝʛʘʪʳ 

ʩʪʘʙʠʣʴʥʳ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ ʞʠʟʥʠ o-Ps ~1 ʥʩ, ʤʦʣʝʢʫʣʳ C60 ʦʨʠʝʥʪʠʨʦʚʘʥʳ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʘʛʨʝʛʘʪ-ʨʘʩʪʚʦʨʠʪʝʣʴ, ʘ ʪʘʢʞʝ 
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ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʨʝʤʷ ʞʠʟʥʠ o-Ps ʚ ʨʘʩʪʚʦʨʠʪʝʣʝ, ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʠ ʚ 

ʘʛʨʝʛʘʪʝ ʜʦ ʘʥʥʠʛʠʣʷʮʠʠ.  

  

ɺ ʥʘʩʪʦʷʱʝʤ ʜʦʢʣʘʜʝ ʧʨʦʚʦʜʠʪʩʷ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʠʬʬʫʟʠʠ, ʧʨʠʤʝʥʷʝʤʦʡ ʜʣʷ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ 

ʇɸʉ, ʠ ʢʘʧʝʣʴʥʦʡ ʤʦʜʝʣʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʤʝʪʦʜʦʤ ʄʋʈʅ, ʥʘ ʧʨʠʤʝʨʝ ʨʷʜʘ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ (ʣʝʛʢʦʡ, ʪʷʞʝʣʦʡ ʚʦʜʳ, ʪʦʣʫʦʣʘ, ʜʠʭʣʦʨʙʝʥʟʦʣʘ, CS2). 

ʆʮʝʥʠʚʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʦʙʩʫʞʜʘʝʤʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʘʛʨʝʛʘʮʠʠ 

ʬʫʣʣʝʨʝʥʘ ʉ60 ʚ ʘʤʦʨʬʥʳʭ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʘʭ [10]. 
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ʉʦʚʤʝʩʪʥʘʷ ʢʦʥʚʝʨʩʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚ ʢʘʯʝʩʪʚʝ 

ʨʝʰʝʥʠʷ ʢʨʫʧʥʝʡʰʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʯʝʣʦʚʝʯʝʩʪʚʘ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʛʦ ʩʧʦʩʦʙʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʥʝʬʪʷʥʦʛʦ ʩʳʨʴʷ ʠ ʙʠʦʤʘʩʩʳ ʚ ʞʠʜʢʫʶ ʙʠʦʥʝʬʪʴ [1].  

ɼʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʪʷʞʝʣʳʭ ʥʝʬʪʝʡ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪ ʪʝʨʤʠʯʝʩʢʠʝ 

ʠʣʠ ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʥʘʧʨʠʤʝʨ, ʧʨʦʮʝʩʩʳ ʛʠʜʨʦʦʯʠʩʪʢʠ. ɼʣʷ 

ʫʜʘʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʠʟ ʙʠʦʥʝʬʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʮʝʩʩ ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ, 

ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʚʘʨʠʘʥʪʦʤ ʛʠʜʨʦʦʯʠʩʪʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ 

ʧʝʨʝʨʘʙʦʪʢʠ ʪʷʞʝʣʳʭ ʥʝʬʪʝʡ ʠ ʙʠʦʤʘʩʩʳ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʦʜʥʠ ʠ ʪʝ ʞʝ 

ʧʨʦʮʝʩʩʳ, ʧʦʵʪʦʤʫ ʩʦʚʤʝʩʪʥʘʷ ʠʭ ʢʦʥʚʝʨʩʠʷ ʤʦʞʝʪ ʩʪʘʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʦʧʣʠʚʘ. 

ɾʠʜʢʘʷ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʛʠʜʨʦʦʯʠʩʪʢʘ ʨʘʩʱʝʧʣʷʝʪ ʪʷʞʝʣʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠ 

ʧʨʦʠʟʚʦʜʠʪ ʢʝʨʦʩʠʥʦʚʳʝ ʠ ʙʝʥʟʠʥʦʚʳʝ ʧʨʦʜʫʢʪʳ. ʇʨʦʮʝʩʩ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʩʨʝʜʝ, ʙʦʛʘʪʦʡ ʚʦʜʦʨʦʜʦʤ, ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʪʘʣʠʟʘʪʦʨʳ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʤʦʣʝʢʫʣ ʩ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʠʧʝʥʠʷ ʚ ʤʦʣʝʢʫʣʳ ʩ ʙʦʣʝʝ ʥʠʟʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʠʧʝʥʠʷ [2]. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʛʠʜʨʦʦʯʠʩʪʢʝ ʚʳʜʝʣʷʶʪ ʜʚʘ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʷ. ʇʝʨʚʦʝ ʠʟ ʥʠʭ ð ʵʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ʕʪʦʪ ʩʧʦʩʦʙ, ʧʦʤʠʤʦ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʘ, ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʚ ʢʘʯʝʩʪʚʝ ʜʦʥʦʨʦʚ ʘʪʦʤʘʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʠ ʩʧʦʩʦʙʝʥ ʩʥʠʟʠʪʴ ʨʘʩʭʦʜ 

ʚʦʜʦʨʦʜʘ. ʉʚʝʨʭʢʨʠʪʠʯʝʩʢʘʷ ʚʦʜʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʪʘʢʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʪʘʢ ʢʘʢ ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʧʨʦʮʝʩʩ ʣʠʙʦ ʙʝʟ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʣʠʙʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ. 

ɺʪʦʨʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ð ʵʪʦ ʧʦʠʩʢ ʥʦʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʙʳ ʩʪʘʙʠʣʴʥʳ ʜʣʷ ʙʳʩʪʨʦʡ ʜʝʟʘʢʪʠʚʘʮʠʠ [3]. ɼʣʷ ʧʨʦʮʝʩʩʘ ʩʦʚʤʝʩʪʥʦʡ 

ʢʦʥʚʝʨʩʠʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʝ ʨʫʪʝʥʠʷ. 

ʇʨʦʮʝʩʩ ʩʦʚʤʝʩʪʥʦʡ ʢʦʥʚʝʨʩʠʠ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʤʫʣʴʪʠʨʝʘʢʪʦʨʥʦʡ 

ʩʠʩʪʝʤʝ PARR ï 5000. ɺ ʨʝʘʢʪʦʨ ʚʥʦʩʠʣʠ ʪʦʯʥʦ ʚʟʚʝʰʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ, 1,000 ʛ ʩʤʝʩʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʘʥʠʟʦʣʘ ʠ ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ (2:1 ʧʦ 

ʤʘʩʩʝ), 30 ʤʣ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʈʝʘʢʪʦʨ ʛʝʨʤʝʪʠʟʠʨʦʚʘʣʠ ʠ 

ʪʨʠʞʜʳ ʧʨʦʜʫʚʘʣʠ ʘʟʦʪʦʤ. ʇʦʩʣʝ ʧʨʦʜʫʚʢʠ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʨʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ 

ʘʟʦʪʘ ï 10 ʘʪʤ ʠ ʪʝʤʧʝʨʘʪʫʨʫ ï 270 Áʉ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʨʠʩʪʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʦʢʘʟʘʣʦ ʦʞʠʜʘʝʤʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʙʲʝʤʘ ʧʦʨ ʧʨʠ ʚʚʝʜʝʥʠʠ ʄʅʏ ʠ Ru-

ʩʦʜʝʨʞʘʱʠʭ ʯʘʩʪʠʮ. ʆʙʨʘʟʦʚʘʥʠʝ ʄʅʏ ʠ RuO2 ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ 
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ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚʳʩʦʢʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ Fe ʠ Ru 
(ʪʘʙʣʠʮʘ 1). 

ʊʘʙʣʠʮʘ 1  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʛʥʠʪʦʦʪʜʝʣʷʝʤʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʆʙʨʘʟʝʮ  SBET, 

ʤ
2
/ʛ 

Vp, 

ʤʣ/ʛ 

ʂʦʥʮʝʥʪʨʘʮʠʷ, 

ʤʘʩ. % 

ʇʦʚʝʨʭʥʦʩʪʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ, 

ʤʘʩ. % 

ʉʦʩʪʦʷʥʠʝ 

Ru 

ʉʦʩʪʦʷʥʠʝ 

Fe 

Ru Fe Ru Fe 

SiO2 376 0.14 - - - - - - 

Fe3O4-SiO2 312 0.12 - 20.0 - 15.2 - Fe3O4 

Ru-Fe3O4-

SiO2 

277 0.10 2.0 19.7 11.0 14.7 RuO2 Fe3O4 

 

ʊʘʢʞʝ ʙʳʣʠ ʠʟʫʯʝʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʜʣʷ ʜʘʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʀʩʧʳʪʘʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʤʘʛʥʠʪʦʦʪʜʝʣʷʝʤʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʠ 

ʩʦʚʤʝʩʪʥʦʡ ʢʦʥʚʝʨʩʠʠ ʘʥʠʟʦʣʘ ʠ ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ ʚ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʡ ʩʨʝʜʝ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʘʪʘʣʠʟʘʪʦʨ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʢʦʥʚʝʨʩʠʠ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʜʦ 

95% ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ Ru ʠ 

Fe. ʆʙʨʘʟʝʮ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʥʘʯʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʢʦʥʚʝʨʩʠʠ ʚ ʪʝʯʝʥʠʝ 

ʧʝʨʚʳʭ 20 ʤʠʥʫʪ. ɿʘʪʝʤ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ, ʯʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʥʘʩʳʱʝʥʠʝʤ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʟʘʢʫʧʦʨʢʦʡ ʧʦʨ 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʤ ʩʫʙʩʪʨʘʪʦʤ ʠ ʧʨʦʜʫʢʪʘʤʠ.  
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ʋʣʫʯʰʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʭʠʤʠʯʝʩʢʠʭ ʛʘʟʦʚʳʭ 

ʩʝʥʩʦʨʦʚ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʛʘʟʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʢʩʠʜʦʚ ʠ ʦʢʩʠʜʥʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʜʣʷ 

ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʦ ʠʟʤʝʥʝʥʠʝ ʚʘʣʝʥʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʤʦʣʝʢʫʣʘʤʠ ʜʝʪʝʢʪʠʨʫʝʤʦʛʦ ʛʘʟʘ [1ï3]. ʌʦʨʤʠʨʫʶʱʠʝʩʷ 

ʧʨʠ ʵʪʦʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦ ʠ ʚʘʣʝʥʪʥʦ ʥʝʥʘʩʳʱʝʥʥʳʝ ʘʪʦʤʳ ʤʝʪʘʣʣʘ ʤʦʛʫʪ 

ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʮʝʥʪʨʦʚ ʘʜʩʦʨʙʮʠʠ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ 

ʯʫʚ- 

ʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʝʥʩʦʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʉ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʢʩʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʛʫʪ ʙʳʪʴ ʦʢʩʠʜʳ ʪʠʪʘʥʘ. ʇʨʠ ʵʪʦʤ 

ʜʠʦʢʩʠʜ ʪʠʪʘʥʘ, ʷʚʣʷʶʱʠʡʩʷ ʦʩʥʦʚʦʡ ʪʘʢʠʭ ʢʦʤʧʦʟʠʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʳʩʦʢʫʶ ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʛʘʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʜʭʦʜ ʜʣʷ ʥʘʧʳʣʝʥʠʷ ʧʦʨʠʩʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ  ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʭ ʩʜʚʦʝʥʥʳʭ 

ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʜʣʷ ʨʘʩʧʳʣʝʥʠʷ (ʘʙʣʷʮʠʠ) ʤʠʰʝʥʠ  ʠʟ ʪʠʪʘʥʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʚʦʟʜʫʭʝ. ɺʦʟʥʠʢʘʶʱʠʡ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʦʡ (ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʦ ʤʤ) ʧʣʘʟʤʝʥʥʳʡ ʬʘʢʝʣ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʜʘʚʣʝʥʠʝʤ, ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʴʶ ʠʦʥʠʟʘʮʠʠ ʵʣʝʤʝʥʪʦʚ, 

ʧʦʵʪʦʤʫ ʦʥ ʚʧʦʣʥʝ ʩʧʦʩʦʙʝʥ ʦʙʝʩʧʝʯʠʪʴ ʠʥʪʝʥʩʠʚʥʳʡ ʧʦʪʦʢ ʯʘʩʪʠʮ 

ʞʝʣʘʝʤʦʡ (ʚʳʩʦʢʦʡ) ʵʥʝʨʛʠʠ ʥʘ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʧʦʜʣʦʞʢʫ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʣʘʟʝʨʥʳʡ ʤʥʦʛʦʢʘʥʘʣʴʥʳʡ 

ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ LSS-1. ʃʘʟʝʨ ʦʙʣʘʜʘʝʪ ʰʠʨʦʢʠʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʢʘʢ ʜʣʷ ʨʝʛʫʣʠʨʦʚʢʠ ʵʥʝʨʛʠʠ ʠʤʧʫʣʴʩʦʚ (ʜʦ 80 ʤɼʞ), ʪʘʢ ʠ 

ʚʨʝʤʝʥʥʦʛʦ ʩʜʚʠʛʘ ʤʝʞʜʫ ʩʜʚʦʝʥʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ (0-100 ʤʢʩ) ʠʟʣʫʯʝʥʠʷ. 

ʏʘʩʪʦʪʘ ʠʤʧʫʣʴʩʦʚ 10 ɻʮ, ʩʨʝʜʥʷʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ 15 ʥʩ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʥʘʧʳʣʝʥʠʷ ʦʪ ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʠʥʪʝʨʚʘʣʘʭ ʦʪ 0 ʜʦ 6 ʤʢʩ ʪʠʪʘʥ ʨʘʩʧʳʣʷʝʪʩʷ, ʥʦ ʥʘʧʳʣʝʥʠʷ 

ʧʣʝʥʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʠʥʪʝʨʚʘʣʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʟʘʤʝʪʥʳʡ ʨʦʩʪ ʧʣʝʥʢʠ, ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʳʡ ʚ ʠʥʪʝʨʚʘʣʘʭ ʦʪ 8 ʜʦ 15 ʤʢʩ. ʇʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʠʥʪʝʨʚʘʣʘ ʢʘʯʝʩʪʚʦ ʧʣʝʥʢʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʭʫʜʰʘʝʪʩʷ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʘ ʜʠʥʘʤʠʢʘ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʟʦʚʘʥʠʷ 

ʘʪʦʤʦʚ ʠ ʠʦʥʦʚ Ti ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʩʝʨʠʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʜʚʦʝʥʥʳʭ 

ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʥʘ ʤʠʰʝʥʴ  ʧʨʠ ʵʥʝʨʛʠʠ ʠʤʧʫʣʴʩʦʚ 43 ʤɼʞ ʠ ʠʥʪʝʨʚʘʣʝ 

ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ 10 ʤʢʩ. 
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ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 2 ʣʠʥʠʡ 

ʘʪʦʤʦʚ (1 ʠ 3) Ti I (388,289 ʥʤ, 391,346 ʥʤ) ʠ ʠʦʥʦʚ (2, 4) Ti II  (390,954 ʥʤ, 

457,198 ʥʤ) ʩ ʨʘʟʣʠʯʥʳʤʠ ʵʥʝʨʛʠʷʤʠ ʚʦʟʙʫʞʜʝʥʠʷ  ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʫʛʣʦʚ 

ʚʦʟʜʝʡʩʪʚʠʠ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʥʘ ʤʠʰʝʥʴ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2ʘ. ʥʘ ʨʠʩ. 2 

ʙ ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʧʦʩʪʫʧʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ 

(ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʠʥʠʡ) ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʠʤʧʫʣʴʩʦʚ ʠ ʫʛʣʘ. ʊʦʣʱʠʥʘ ʪʠʪʘʥʦʚʦʡ 

ʧʣʘʩʪʠʥʢʠ 0,7 ʤʤ. ʀʟʤʝʥʷʷ ʢʦʣʠʯʝʩʪʚʦ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʚ ʩʝʨʠʠ 

ʚʦʟʤʦʞʥʦ ʮʝʣʝʥʘʧʨʘʚʣʝʥʦ ʤʝʥʷʪʴ ʩʦʩʪʘʚ ʧʨʝʢʫʨʩʦʨʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʝʭ 

ʠʣʠ ʠʥʳʭ ʥʘʥʦʧʣʝʥʦʢ. 

ʘ   ʙ  

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʠʥʠʡ Ti: ʘ ï ʦʪ ʫʛʣʘ; ʙ - ʦʪ ʢʦʣʠʯʝʩʪʚʘ  ʠʤʧʫʣʴʩʦʚ 

ʜʣʷ ʫʛʣʦʚ 50, 60 ʠ 70 ʛʨʘʜʫʩʦʚ   

ʀʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʝ ʚʳʰʝ ʨʝʟʫʣʴʪʘʪʳ, ʤʳ ʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʥʘʧʳʣʝʥʠʷ ʥʘʥʦʧʣʝʥʦʢ ʅʘʧʳʣʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʬʦʣʴʛʠʨʦʚʘʥʥʦʛʦ ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪʘ, ʩ ʚʳʪʨʘʚʣʝʥʥʳʤʠ ʧʦʣʦʩʢʘʤʠ, ʰʠʨʠʥʦʡ 

300 ʤʢʤ, ʥʘʥʦʯʘʩʪʠʮ ʦʢʩʠʜʦʚ ʪʠʪʘʥʘ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʩʝʨʠʠ ʠʟ 

200 ʩʜʚʦʝʥʥʳʭ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʥʘ ʤʠʰʝʥʴ  ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʧʦʜ ʫʛʣʦʤ 50 

ʛʨʘʜʫʩʦʚ ʢ ʧʘʜʘʶʱʝʤʫ ʠʟʣʫʯʝʥʠʶ ʠ ʧʦʜʣʦʞʢʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 3 ʤʤ. ʕʥʝʨʛʠʷ 

ʠʤʧʫʣʴʩʦʚ ʠʟʣʫʯʝʥʠʷ 43 ʤɼʞ, ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ 10 ʤʢʩ.   

ʀʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʩ ʥʘʧʳʣʝʥʥʦʡ ʧʣʝʥʢʦʡ, ʫʚʝʣʠʯʝʥʥʳʝ 

ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʩʢʦʧʘ ʄʠʢʤʝʜ ʚ 200 ʨʘʟ, ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2  

   

ʈʠʩ. 2. ʀʟʦʙʨʘʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ ʧʦʩʣʝ ʥʘʧʳʣʝʥʠʷ ʦʢʩʠʜʦʚ ʪʠʪʘʥʘ 

ʅʘ ʨʠʩ.  ʯʝʨʥʘʷ ʜʦʨʦʞʢʘ ï ʦʢʩʠʜʳ ʪʠʪʘʥʘ. ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʰʘʨʠʢʦʚ 

ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 1-2 ʤʢʤ. ʅʘ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʜʥʦʡ ʧʦʜʣʦʞʢʠ 

ʚʠʜʥʳ ʰʘʨʦʦʙʨʘʟʥʳʝ ʢʣʘʩʪʝʨʳ ʨʘʟʥʦʛʦ ʮʚʝʪʘ. 
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ʄʝʪʦʜʦʤ DFT ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟʠʩʘ LACV3P**++ ʠ meta-GGA 

ʬʫʥʢʮʠʦʥʘʣʘ r
2
SCAN-D3(BJ) ʨʘʩʩʯʠʪʘʥʳ ʢʦʤʧʴʶʪʝʨʥʳʝ ʤʦʜʝʣʠ ʤʦʣʝʢʫʣ 

ʬʪʘʣʦʮʠʘʥʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ Mg(II), Co(II), Ni(II), Cu(II), Zn(II), Pd(II). ɺʩʝ 

ʨʘʩʯʸʪʳ ʚʳʧʦʣʥʝʥʳ ʚ ʧʨʦʛʨʘʤʤʝ Jaguar (Schrodinger, LLC). ɺʳʙʦʨ 

ʬʫʥʢʮʠʦʥʘʣʘ r
2
SCAN-D3(BJ) ʙʳʣ ʩʜʝʣʘʥ ʥʘ ʦʩʥʦʚʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʨʘʩʯʸʪʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʬʫʥʢʮʠʦʥʘʣʦʚ (B3LYP-D3(BJ), B97-D3(BJ), 

BP86-D3(BJ), CAM-B3LYP-D3(BJ), M06-2X-D3, MN15-L, PBE-D3(BJ), 

PW6B95-D3(BJ), r2SCAN-D3(BJ)) ʤʦʣʝʢʫʣʳ ʬʪʘʣʦʮʠʘʥʘʪʘ Co(II), ʩʪʨʫʢʪʫʨʘ 

ʢʦʪʦʨʦʡ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʤʝʪʦʜʦʤ ʈʉɸ. ʊʘʢʞʝ ʭʦʨʦʰʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʨʘʩʯʸʪʝ ʛʝʦʤʝʪʨʠʠ ʠ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʦʨʙʠʪʘʣʝʡ 

ʬʪʘʣʦʮʠʘʥʠʥʘʪʦʚ ʤʝʪʘʣʣʦʚ ʤʝʪʦʜʦʤ DFT ʜʘʸʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ GGA 

ʬʫʥʢʮʠʦʥʘʣʦʚ PBE-D3(BJ) ʠ BP86-D3(BJ). ɺʩʝ ʨʘʩʩʯʠʪʘʥʥʳʝ ʤʦʜʝʣʠ ʠʤʝʶʪ 

ʦʜʠʥʘʢʦʚʫʶ ʧʣʦʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʣʦʩʢʦʡ ʞʸʩʪʢʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʬʪʘʣʦʮʠʘʥʠʥʦʚʦʛʦ ʤʘʢʨʦʮʠʢʣʘ. ɿʘʤʝʥʘ ʤʝʪʘʣʣʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʚʣʠʷʝʪ ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʤʦʣʝʢʫʣʳ, 

ʠʟʤʝʥʷʶʪʩʷ ʪʦʣʴʢʦ ʜʣʠʥʳ ʩʚʷʟʝʡ ʤʝʪʘʣʣïʘʟʦʪ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ 

E(HOMO), E(LUMO) ʠ Eg = E(LUMO) ï E(HOMO) ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1 ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. ɺʠʜʥʦ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʤʦʜʝʣʝʡ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʙʣʠʟʢʠ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ. ʈʘʩʯʸʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ 

ʤʦʣʝʢʫʣʘʭ ʬʪʘʣʦʮʠʘʥʘʪʦʚ ʤʝʪʘʣʣʦʚ ʩ ʥʝʟʘʚʝʨʰʸʥʥʳʤ d-ʧʦʜʫʨʦʚʥʝʤ (Co, Ni, 

Cu, Pd)          d-ʦʨʙʠʪʘʣʠ ʤʝʪʘʣʣʘ ʫʯʘʩʪʚʫʶʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʵʣʝʢʪʨʦʥʥʳʭ ʦʨʙʠʪʘʣʝʡ (ʨʠʩ.1). ɺ ʤʦʣʝʢʫʣʘʭ ʬʪʘʣʦʮʠʘʥʘʪʦʚ ʤʝʪʘʣʣʦʚ, ʥʝ 

ʠʤʝʶʱʠʭ d-ʵʣʝʢʪʨʦʥʦʚ (Mg), ʣʠʙʦ ʠʤʝʶʱʠʭ ʟʘʚʝʨʰʸʥʥʳʡ d-ʧʦʜʫʨʦʚʝʥʴ (Zn) 

ʪʘʢʦʛʦ ʵʬʬʝʢʪʘ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ.  
ʊʘʙʣʠʮʘ 1 

ɿʥʘʯʝʥʠʷ ʵʥʝʨʛʠʡ ʵʣʝʢʪʨʦʥʥʳʭ ʦʨʙʠʪʘʣʝʡ ʚ ʤʦʣʝʢʫʣʘʭ ʬʪʘʣʦʮʠʘʥʘʪʦʚ ʤʝʪʘʣʣʦʚ 

 

ʕʥʝʨʛʠʷ, ʵɺ 

ʄʦʣʝʢʫʣʘ 

MgPc CoPc NiPc CuPc ZnPc PdPc 

E(HOMO) ʨʘʩʯʸʪ ï5.00 ï4.99 ï5.02 ï5.01 ï5.02 ï5.10 

E(HOMO) ʵʢʩʧʝʨʠʤʝʥʪ [1] ï ï5.0 ï5.3 ï5.2 ï5.0 ï 

E(LUMO) ʨʘʩʯʸʪ ï3.53 ï3.44 ï3.47 ï3.52 ï3.53 ï3.50 

E(LUMO) ʵʢʩʧʝʨʠʤʝʥʪ [1] ï ï3.4 ï3.6 ï3.6 ï3.4 ï 

Eg ʨʘʩʯʸʪ 1.47 1.55 1.55 1.49 1.49 1.60 

Eg ɻ ʢʩʧʝʨʠʤʝʥʪ [1] ï 1.6 1.7 1.6 1.6 ï 
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ʈʠʩ.1. ʀʟʦʙʨʘʞʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʦʨʙʠʪʘʣʝʡ ʤʦʣʝʢʫʣʳ NiPc 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 
1. Ikushima A.J., Kanno T., Yoshida S., Maeda A. // Thin Solid Films.  1996.  V. 273. 

Iss. 1-2. P. 35ï38. 
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ʉɺɽʊʆɻʀɼʈɸɺʃʀʏɽʉʂʀʁ ʕʌʌɽʂʊ ɺ ɺʆɼɽ ɺ ʈɽɿʋʃʔʊɸʊɽ 

ɺʆɿɼɽʁʉʊɺʀʗ ʅɸʅʆʉɽʂʋʅɼʅʓʄʀ ʀʄʇʋʃʔʉɸʄʀ 

ʅɽʆɼʀʄʆɺʆɻʆ ʃɸɿɽʈɸ ʅɸ ʄʆʅʆʂʈʀʉʊɸʃʃ ɻɽʈʄɸʅʀʗ 

ɾʝʣʝʟʥʦʚ ɺ.ʖ.
1
, ʄʘʣʠʥʩʢʠʡ ʊ.ɺ.

1
, ʄʠʢʦʣʫʮʢʠʡ ʉ.ʀ.

1
,
 
ʈʦʛʘʣʠʥ ɺ.ɽ.

1
, 

ʍʦʤʠʯ ʖ.ɺ.
1
, ʂʘʧʣʫʥʦʚ ʀ.ɸ.

2
,
 
ʀʚʘʥʦʚʘ ɸ.ʀ.

2
, ʉʝʨʛʝʝʚ ɸ.ɸ.

3
, ʀʚʘʢʠʥ ʉ.ɺ.

 3
 

1
ʀʥʩʪʠʪʫʪ ʵʣʝʢʪʨʦʬʠʟʠʢʠ ʠ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʈɸʅ, ʉʘʥʢʪ ʇʝʪʝʨʙʫʨʛ 

2
ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʚʝʨʴ 

3
çɺʆɽʅʄɽʍè ʠʤ. ɼ.ʌ. ʋʩʪʠʥʦʚʘè, ʉʘʥʢʪ ʇʝʪʝʨʙʫʨʛ 

e-mail: v-rogalin@mail.ru ; kaplunov.ia@tversu.ru  
 

ʇʨʠ ʦʙʣʫʯʝʥʠʠ ʧʦʛʣʦʱʘʶʱʝʡ ʧʨʝʛʨʘʜʳ ʚ ʞʠʜʢʦʩʪʠ ʤʦʱʥʳʤ ʣʘʟʝʨʥʳʤ 

ʣʫʯʦʤ ʚʦʟʥʠʢʘʝʪ ʩʚʝʪʦʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. ʇʨʠ ʧʦʛʣʦʱʝʥʠʠ ʚʥʫʪʨʠ 

ʞʠʜʢʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʛʦ ʠʤʧʫʣʴʩʘ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʦʟʥʠʢʘʝʪ ʫʜʘʨʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʤʦʱʥʦʛʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʠʰʝʥʠ [1, 

2]. 

ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʛʝʨʤʘʥʠʷ (Ge) ʷʚʣʷʶʪʩʷ ʦʪʣʠʯʥʳʤ ʤʦʜʝʣʴʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʪʚʝʨʜʳʭ ʪʝʣʘʭ 

ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ Ge ʜʘʚʥʦ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʵʣʝʢʪʨʦʥʠʢʝ ʠ ʀʂ 

ʦʧʪʠʢʝ [3]. ɼʦʩʪʦʠʥʩʪʚʘ Ge: ʤʦʥʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ, ʢʫʙʠʯʝʩʢʘʷ, 

ʘʣʤʘʟʦʧʦʜʦʙʥʘʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʘʷ ʠ 

ʜʦʩʢʦʥʘʣʴʥʦ ʠʟʫʯʝʥʥʘʷ, ʚʳʩʦʢʘʷ ʭʠʤʠʯʝʩʢʘʷ ʯʠʩʪʦʪʘ, ʦʪʩʫʪʩʪʚʠʝ ʬʘʟʦʚʳʭ 

ʧʝʨʝʭʦʜʦʚ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʇʨʦʚʝʜʝʥʘ ʤʦʜʠʬʠʢʘʮʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʛʝʨʤʘʥʠʷ (Ge) ʠʟʣʫʯʝʥʠʝʤ 

ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʧʫʯʢʘ ʥʘʥʦʩʝʢʫʥʜʥʦʛʦ ʠʥʬʨʘʢʨʘʩʥʦʛʦ (ʀʂ) ʣʘʟʝʨʘ ʧʦʜ 

ʩʣʦʝʤ ʚʦʜʳ. ɺʦʟʜʝʡʩʪʚʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʠʟʣʫʯʝʥʠʝʤ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ 

Nd:YAG ʣʘʟʝʨʘ (ɚ=1.064 Õm, ʵʥʝʨʛʠʷ ʠʤʧʫʣʴʩʘ 0.5 ɼʞ, ʜʣʠʪʝʣʴʥʦʩʪʴ 10 ʥʩ, 

ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ 20 ï 32 ɼʞ/ʩʤ
2
). ʥʘ ʦʙʨʘʟʝʮ ʩ ʯʝʨʥʳʤ ʧʦʛʣʦʱʘʶʱʠʤ 

ʧʦʢʨʳʪʠʝʤ ʪʦʣʱʠʥʦʡ 200 Õm ʠ ʙʝʟ ʧʦʢʨʳʪʠʷ. 

ʈʘʟʤʝʨ ʦʙʨʘʟʮʘ Å 28ʭ28 mm
3
. ʇʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ ʙʳʣʘ ʦʧʪʠʯʝʩʢʠ 

ʦʙʨʘʙʦʪʘʥʘ ʭʠʤʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ [3]. ʀʩʭʦʜʥʘʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ~ 20 

nm. ʇʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʨʬʦʣʦʛʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʣʘʩʴ 

ʙʝʩʢʦʥʪʘʢʪʥʳʤ ʩʢʘʥʠʨʫʶʱʠʤ ʠʥʪʝʨʬʝʨʦʤʝʪʨʦʤ ʙʝʣʦʛʦ ʩʚʝʪʘ ʠ 

ʩʢʘʥʠʨʫʶʱʠʤ ʵʣʝʢʪʨʦʥʥʳʤ ʤʠʢʨʦʩʢʦʧʦʤ [4, 5]. 

ɺʦʟʜʝʡʩʪʚʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʥʘ ʦʙʨʘʟʝʮ, ʢʘʢ ʚ ʚʦʟʜʫʰʥʦʡ, ʪʘʢ ʠ ʚ ʚʦʜʥʦʡ 

ʩʨʝʜʘʭ (ʨʠʩ. 1). ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʦʥʦ ʩʦʟʜʘʚʘʣʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ 

ʦʙʰʠʨʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ, ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʨʘʟʤʝʨʫ ʣʘʟʝʨʥʦʛʦ 

ʧʷʪʥʘ. ɺʦʟʥʠʢʘʣʘ ʦʙʰʠʨʥʘʷ ʟʦʥʘ ʧʦʚʨʝʞʜʝʥʠʡ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʢʦʥʛʣʦʤʝʨʘʪʘ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʢʨʘʪʝʨʦʚ, ʦʙʨʘʤʣʝʥʥʳʭ ʙʨʫʩʪʚʝʨʘʤʠ ʠʟ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʠ 

ʟʘʩʪʳʚʰʝʛʦ ʛʝʨʤʘʥʠʷ. ʆʜʥʘʢʦ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ (ʧʨʠ ʚʦʟʥʠʢʰʝʡ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ~ Ñ2 ʤʢʤ), ʬʦʨʤʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʪʘʣʘʩʴ ʧʣʦʩʢʦʡ. 

ɺʦʟʜʝʡʩʪʚʠʝ ʚ ʚʦʜʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʚʦʟʜʫʭʘ, ʩʦʟʜʘʚʘʣʦ ʙʦʣʝʝ ʦʙʰʠʨʥʫʶ 

ʟʦʥʫ ʧʦʚʨʝʞʜʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʚ ʟʦʥʝ ʧʷʪʥʘ ʚʦʟʥʠʢʘʣʦ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʤʘʢʨʦʫʛʣʫʙʣʝʥʠʝ ʜʦ 3 ʤʢʤ, ʠʥʘʯʝ ʛʦʚʦʨʷ, ʚʦʟʥʠʢ ʦʙʰʠʨʥʳʡ ʢʨʘʪʝʨ. ʆʜʥʘʢʦ 

ʝʩʣʠ ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ ʩʣʫʯʘʝ ʚʦʢʨʫʛ ʥʝʛʦ ʜʦʣʞʝʥ ʥʘʙʣʶʜʘʪʴʩʷ ʷʨʢʦ 

mailto:v-rogalin@mail.ru
mailto:kaplunov.ia@tversu.ru
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ʚʳʨʘʞʝʥʥʳʡ ʙʨʫʩʪʚʝʨ ʠʟ ʤʘʪʝʨʠʘʣʘ, ʫʜʘʣʝʥʥʦʛʦ ʠʟ ʢʨʘʪʝʨʘ, ʪʦ ʚ ʥʘʰʝʤ 

ʩʣʫʯʘʝ ʙʨʫʩʪʚʝʨ ʥʝ ʥʘʙʣʶʜʘʣʩʷ. 

 

 
a) 

 
b) 

 
c) 

 
d) 

ʈʠʩ. 1. - ʃʘʟʝʨʥʳʝ ʧʷʪʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʥʦʢʨʠʩʪʘʣʣʘ Ge. ʇʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ 20 ɼʞ/ʩʤ
2
, 

ʩʣʝʚʘ ʚ ʚʦʟʜʫʭʝ, ʩʧʨʘʚʘ ʚ ʚʦʜʝ, a) ʠ b) - 3D ʧʨʦʬʠʣʦʛʨʘʤʤʳ; c) ʠ d) - 2D ʧʨʦʬʠʣʦʛʨʘʤʤʳ 

 

ʆʙʥʘʨʫʞʝʥʳ ʩʪʨʫʢʪʫʨʳ ʚ ʚʠʜʝ ʧʦʣʦʩ, ʚʥʝʰʥʝ ʥʘʧʦʤʠʥʘʶʱʠʝ ʣʘʟʝʨʥʦ-

ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʳ (ʃʀʇʇʉ) ʩ 

ʧʝʨʠʦʜʦʤ ~ 20 Õm. ʇʦʣʦʩʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʣʷʨʠʟʘʮʠʠ 

ʠʟʣʫʯʝʥʠʷ. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʘʷ ʦʨʠʝʥʪʘʮʠʷ ʟʝʨʝʥ ʤʝʪʘʣʣʘ ʥʝ ʚʣʠʷʝʪ ʥʘ 

ʧʦʣʦʞʝʥʠʝ ʧʦʣʦʩ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʟʘʜʘʥʠʡ ʧʦ ʥʘʫʯʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ˉ FFGR-2022-0007, ˉ 0817ï2023ï0006 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʝʩʫʨʩʦʚ ʎʂʇ ʊʚɻʋ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 
1. ɸʩʢʘʨʴʷʥ ɻ.ɸ., ʇʨʦʭʦʨʦʚ ɸ.ʄ. ʠ ʜʨ. // ɾʕʊʌ. 1963. ʊ. 44. ʉ. 2180-2182. 

2. ɾʝʣʝʟʥʦʚ ɺ.ʖ., ʄʘʣʠʥʩʢʠʡ ʊ.ɺ. ʠ ʜʨ. // ʋʩʧʝʭʠ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ. 2023. ʊ. 11. 

 ̄4. ʉ. 340-355. 

3. ʂʘʧʣʫʥʦʚ ʀ.ɸ., ʈʦʛʘʣʠʥ ɺ.ɽ. ʌʦʪʦʥʠʢʘ. 2019. ʊ. 13. ˉ 1. ʉ. 88-106. 
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ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʵʣʝʤʝʥʪʦʚ. ɸʚʪʦʨʩʢʦʝ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʉʉʉʈ ˉ1127475 ʦʪ 

01.08.1984. 

5. ʄʘʣʠʥʩʢʠʡ ʊ.ɺ., ʈʦʛʘʣʠʥ ɺ.ɽ. ʠ ʜʨ. // ʌʠʟʠʢʘ ʤʝʪʘʣʣʦʚ ʠ ʤʝʪʘʣʣʦʚʝʜʝʥʠʝ. 2022. 
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ɺʃʀʗʅʀɽ ʉʆʆʊʅʆʐɽʅʀʗ ɼʃʀʅ ɹʃʆʂʆɺ ʈɽɻʋʃʗʈʅʆɻʆ  

ʉʆʇʆʃʀʄɽʈɸ ʅɸ ʄɸʉʐʊɸɹ ʅɸʅʆʉʊʈʋʂʊʋʈʓ ʀʆʅʅʆʁ 

ɾʀɼʂʆʉʊʀ 

ɾʝʨʝʥʢʦʚʘ ʃ.ɺ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʚʝʨʴ 

e-mail: zherenkova@mail.ru 

 

ʉʪʨʫʢʪʫʨʥʳʝ ʩʚʦʡʩʪʚʘ ʙʠʥʘʨʥʦʡ ʩʤʝʩʠ ʠʦʥʥʘʷ 

ʞʠʜʢʦʩʪʴ/ʤʫʣʴʪʠʙʣʦʯʥʳʡ ʨʝʛʫʣʷʨʥʳʡ ʩʦʧʦʣʠʤʝʨ ʠʟʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (PRISM-ʤʝʪʦʜ) ʜʣʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʳ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʤʘʩʰʪʘʙʘ ʩʪʨʫʢʪʫʨʥʦʡ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ  ʨʘʩʪʚʦʨʘ ʦʪ ʜʣʠʥʳ 

ʙʣʦʢʦʚ ʩʦʧʦʣʠʤʝʨʘ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʦʙʲʝʤʥʳʭ ʜʦʣʝʡ ʙʳʣʘ 

ʠʩʩʣʝʜʦʚʘʥʘ ʚ ʧʨʝʜʳʜʫʱʝʡ ʨʘʙʦʪʝ. ʅʘʩʪʦʷʱʠʝ ʨʘʩʯʝʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʣʷ 

ʩʦʧʦʣʠʤʝʨʘ ʩ ʧʝʨʝʤʝʥʥʦʡ ʜʣʠʥʦʡ ʙʣʦʢʘ ʦʜʥʦʛʦ ʩʦʨʪʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʜʣʠʥʝ 

ʙʣʦʢʘ ʜʨʫʛʦʛʦ ʩʦʨʪʘ. ɺʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʟʘʚʠʩʠʤʦʩʪʠ ʭʘʨʘʢʪʝʨʥʦʛʦ ʤʘʩʰʪʘʙʘ 

ʩʪʨʫʢʪʫʨʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʩʤʝʩʠ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʜʣʠʥʝ ʧʦʣʠʤʝʨʥʦʡ 

ʮʝʧʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ʨʝʛʫʣʷʨʥʦʛʦ ʩʦʧʦʣʠʤʝʨʘ. ʌʠʢʩʠʨʦʚʘʥʥʘʷ ʜʣʠʥʘ ʙʣʦʢʘ ʩʦʧʦʣʠʤʝʨʘ ʙʳʣʘ 

ʨʘʚʥʘ ʜʣʠʥʝ ʢʘʪʠʦʥʘ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ. ʍʘʨʘʢʪʝʨʥʳʡ ʤʘʩʰʪʘʙ ʫʧʦʨʷʜʦʯʝʥʠʷ 

ʙʣʦʢʦʚ ʩʦʧʦʣʠʤʝʨʘ ʥʝʤʦʥʦʪʦʥʥʦ ʠʟʤʝʥʷʝʪʩʷ ʩ ʠʟʤʝʥʝʥʠʝʤ ʦʙʲʝʤʥʦʡ ʜʦʣʠ 

ʧʨʠ ʚʩʝʭ ʪʨʝʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʩʦʧʦʣʠʤʝʨʘ. ʇʨʠ ʵʪʦʤ ʟʘʚʠʩʠʤʦʩʪʴ  

ʭʘʨʘʢʪʝʨʥʦʛʦ ʤʘʩʰʪʘʙʘ ʫʧʦʨʷʜʦʯʝʥʠʷ ʢʘʪʠʦʥʦʚ ʠ ʘʥʠʦʥʦʚ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ  

ʥʦʩʠʪ ʤʦʥʦʪʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʩ ʚʳʭʦʜʦʤ ʥʘ ʧʣʘʪʦ ʧʨʠ ʜʚʫʢʨʘʪʥʦʤ 

ʧʨʝʚʳʰʝʥʠʠ ʦʙʲʝʤʥʦʡ ʜʦʣʠ ʟʚʝʥʴʝʚ ʙʣʦʢʦʚ ʧʝʨʝʤʝʥʥʦʡ ʜʣʠʥʳ. ʆʩʥʦʚʥʳʤ 

ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʫʩʪʘʥʦʚʣʝʥʠʝ ʬʘʢʪʘ, ʯʪʦ ʥʘʠʚʳʩʰʘʷ 

ʩʪʝʧʝʥʴ ʫʧʦʨʷʜʦʯʝʥʠʷ ʚ ʨʘʩʪʚʦʨʝ ʨʝʛʫʣʷʨʥʳʡ ʩʦʧʦʣʠʤʝʨ/ʠʦʥʥʘʷ ʞʠʜʢʦʩʪʴ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʙʣʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ ʦʙʲʝʤʥʳʭ ʜʦʣʝʡ ʙʣʦʢʦʚ ʨʝʛʫʣʷʨʥʦʛʦ 

ʩʦʧʦʣʠʤʝʨʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ ʙʣʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ ʜʣʠʥ ʢʘʪʠʦʥʥʦʛʦ 

ʭʚʦʩʪʘ ʀɾ ʠ ʙʣʦʢʦʚ ʩʦʧʦʣʠʤʝʨʘ. 
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ʄʆʃɽʂʋʃʗʈʅʆ-ɼʀʅɸʄʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʀɿʆʄɽʈʆɺ 

ʄɽʊɸʃʃʀʏɽʉʂʀʍ ʅɸʅʆʏɸʉʊʀʎ Au, ʉʆɼɽʈɾɸʑʀʍ 561 ɸʊʆʄ 

ɾʠʛʘʥʦʚʘ ɸ.ʆ., ʇʫʡʪʦʚ ɺ.ɺ., ɺʘʩʠʣʴʝʚ ʉ.ɸ., ʈʳʙʘʢʦʚ ɼ.ʀ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʚʝʨʴ 

e-mail: vsa812@yandex.ru 

 

ʄʝʪʦʜ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ (ʄɼ) [1] ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʠʟʚʝʩʪʝʥ. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʚʪʦʨʦʛʦ ʟʘʢʦʥʘ 

ʅʴʶʪʦʥʘ ʜʣʷ ʚʩʝʭ ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʤʦʜʝʣʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ ʘʪʦʤʦʚ ʠʣʠ 

ʤʦʣʝʢʫʣ. ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʄɼ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʧʦʪʝʥʮʠʘʣʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʘʩʪʠʮ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʇʦʜ 

ʠʟʦʤʝʨʘʤʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʥʠʤʘʶʪʩʷ ʥʘʥʦʯʘʩʪʠʮʳ, ʠʤʝʶʱʠʝ ʦʜʠʥʘʢʦʚʦʝ 

ʯʠʩʣʦ ʘʪʦʤʦʚ, ʥʦ ʨʘʟʥʦʝ ʠʭ ʚʟʘʠʤʦʧʦʣʦʞʝʥʠʝ. 

ʉʨʝʜʠ ʥʘʥʦʯʘʩʪʠʮ ʩ ʤʘʛʠʯʝʩʢʠʤ ʯʠʩʣʦʤ ʘʪʦʤʦʚ ʦʧʨʝʜʝʣʷʝʤʳʭ ʨʷʜʦʤ 

ʂʠʥʠ ὔ ρπὲ ρυὲ ρρὲȾσ ρ, (ὲ  ρȟ ςȟ ȣ) [2], ʥʘʠʙʦʣʝʝ 

ʩʪʘʙʠʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʠʢʦʩʘʵʜʨʠʯʝʩʢʠʝ ʥʘʥʦʢʣʘʩʪʝʨʳ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ 

ʦʙʣʘʜʘʶʪ ʥʘʠʙʦʣʝʝ ʧʣʦʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʦʟʤʦʞʥʳ 

ʘʣʣʦʪʨʦʧʥʳʝ ʧʝʨʝʭʦʜʳ ʜʨʫʛʠʭ ʠʟʦʤʝʨʦʚ ʚ ʠʢʦʩʘʵʜʨʠʯʝʩʢʠʝ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ 

ʨʘʙʦʪʳ ʦʩʫʱʝʩʪʚʣʝʥʦ ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʥʘʛʨʝʚʘ ʨʘʟʣʠʯʥʳʭ ʠʟʦʤʝʨʦʚ Au, ʩʦʜʝʨʞʘʱʠʭ 561 ʘʪʦʤ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ LAMMPS [3] ʠ ʤʝʪʦʜʘ 

ʧʦʛʨʫʞʝʥʥʦʛʦ ʘʪʦʤʘ [4]. ʅʘʯʘʣʴʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ,  ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʠʟ ʩʝʙʷ 

ʠʜʝʘʣʴʥʳʡ ʠʟʦʤʝʨ, ʧʦʩʪʝʧʝʥʥʦ ʥʘʛʨʝʚʘʣʘʩʴ ʦʪ T=300K ʜʦ T=1300K  

ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʠʟʤʝʥʝʥʠʷ ʠʟʥʘʯʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʘʢ 

ʚʠʟʫʘʣʴʥʳʡ ʤʝʪʦʜ (ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʢʦʥʬʠʛʫʨʘʮʠʝʡ 

ʥʘʥʦʯʘʩʪʠʮ ʧʨʠ ʥʘʛʨʝʚʝ), ʪʘʢ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ (ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʫʜʝʣʴʥʦʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ eu). 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʵʚʦʣʶʮʠʷ ʢʫʙʦʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʥʘʥʦʯʘʩʪʠʮʳ Au, 

ʩʦʜʝʨʞʘʱʝʡ 561 ʘʪʦʤ. ʍʦʨʦʰʦ ʚʠʜʥʦ, ʢʘʢ ʦʥʘ ʧʝʨʝʭʦʜʠʪ ʚ ʠʢʦʩʘʵʜʨʠʯʝʩʢʫʶ. 

ʆʜʥʘʢʦ, ʜʨʫʛʠʝ ʚʠʜʳ ʠʟʦʤʝʨʦʚ ʥʘʥʦʯʘʩʪʠʮ Au, ʩʦʜʝʨʞʘʱʠʭ 561 ʘʪʦʤ, 

ʥʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʝʨʝʭʦʜ ʚ ʠʢʦʩʘʵʜʨʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʩʦʭʨʘʥʷʶʪ ʩʚʦʶ 

ʠʟʥʘʯʘʣʴʥʫʶ ʬʦʨʤʫ ʚʧʣʦʪʴ ʜʦ ʧʣʘʚʣʝʥʠʷ, ʯʪʦ ʭʦʨʦʰʦ ʚʠʜʥʦ ʠʟ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ 

ʥʘ ʨʠʩ. 2. 

ʄʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚ 

ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʛʨʫʧʧʝ ʠʟʦʤʝʨʦʚ ʥʘʥʦʯʘʩʪʠʮ Au, ʩʦʜʝʨʞʘʱʠʭ 561 ʘʪʦʤ, 

ʘʣʣʦʪʨʦʧʥʳʡ ʧʝʨʝʭʦʜ ʚ ʠʢʦʩʘʵʜʨʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʩʦʚʝʨʰʘʶʪ ʪʦʣʴʢʦ 

ʢʫʙʦʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʥʘʥʦʯʘʩʪʠʮʳ. 

 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ ʚ ʨʘʤʢʘʭ 

ʚʳʧʦʣʥʝʥʠʷ ɻɿ ʚ ʩʬʝʨʝ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʧʨʦʝʢʪ ˉ 0817-2023-0006). 
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ʘ) ʙ) 

  
ʚ) ʛ) 

ʈʠʩ. 1. ʄɼ ʢʦʥʬʠʛʫʨʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ Au, ʩʦʜʝʨʞʘʱʠʝ 561 ʘʪʦʤ. ʘ) ʯʝʨʝʟ 140 ʧʩ ʧʦʩʣʝ 

ʥʘʯʘʣʘ ʥʘʛʨʝʚʘ, ʪʝʤʧʝʨʘʪʫʨʘ 440 ʂ; ʙ) ʯʝʨʝʟ 150 ʧʩ ʧʦʩʣʝ ʥʘʯʘʣʘ ʥʘʛʨʝʚʘ, ʪʝʤʧʝʨʘʪʫʨʘ 

450 ʂ; ʚ) ʯʝʨʝʟ 160 ʧʩ ʧʦʩʣʝ ʥʘʯʘʣʘ ʥʘʛʨʝʚʘ, ʪʝʤʧʝʨʘʪʫʨʘ 460 ʂ; ʛ) ʪʘ ʞʝ ʄɼ 

ʢʦʥʬʠʛʫʨʘʮʠʷ, ʯʪʦ ʠ ʥʘ ʨʠʩʫʥʢʝ ʚ, ʥʦ ʧʦʜ ʜʨʫʛʠʤ ʫʛʣʦʤ, ʠʤʝʝʪ ʠʢʦʩʘʵʜʨʠʯʝʩʢʫʶ ʬʦʨʤʫ. 
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ʈʠʩ. 2. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʥʘʥʦʯʘʩʪʠʮ Au, 

ʩʦʜʝʨʞʘʱʠʭ 561 ʘʪʦʤ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ:  

1. Allen M.P., Tildesley D.J. Computer Simulation of Liquids. New York: Oxford University 

Press, 1987. ï 385 p. 

2. Chini P. // Gazzeta Chimica Italiana, 1979. V.109. P. 225-240. 

3. Thompson A.P., Aktulga H.M., Berger R., et al. // Computer Physics Communications. 2022. 

V. 271. Art.no. 108171 

4. Adams J.B., Foiles S.M., Wolfer W.G. // Journal of Materials Research. 1989. V. 4. I. 1. P. 

102-112.  
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ɺʆɿʄʆɾʅɸ ʃʀ ʀʅɺɽʈʉʀʗ ʇʆɺɽʈʍʅʆʉʊʅʆʁ ʉɽɻʈɽɻɸʎʀʀ ɺ 

ɹʀʅɸʈʅʓʍ ʄɽʊɸʃʃʀʏɽʉʂʀʍ ʅɸʅʆʏɸʉʊʀʎɸʍ? 

ɾʠʛʫʥʦʚ ɼ.ɺ. 

ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʊʚʝʨʴ, ʈʦʩʩʠʷ) 

e-mail: dmitry-jigunow@ya.ru 

 

ʉʝʛʨʝʛʘʮʠʷ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮʘʭ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʧʨʠʤʝʥʝʥʠʷ. ɺ ʨʘʙʦʪʘʭ [1] ʠ [2] 

ʙʳʣʘ ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʨʝʜʩʢʘʟʘʥʘ ʠʥʚʝʨʩʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʝʛʨʝʛʘʮʠʠ ʚ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮʘʭ Pt-Pd. ʀʥʚʝʨʩʠ ̫ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʝʛʨʝʛʘʮʠʠ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʠʪʫʘʮʠʶ, ʢʦʛʜʘ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʩʝʛʨʝʛʘʮʠʷ ʦʜʥʦʛʦ ʠʟ 

ʢʦʤʧʦʥʝʥʪʦʚ ʧʝʨʝʢʣʶʯʘʝʪʩʷ ʥʘ ʩʝʛʨʝʛʘʮʠʶ ʜʨʫʛʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʦʩʪʘʚʝ [1] ʠʣʠ ʨʘʟʤʝʨʝ [2]. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʙʰʠʨʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʩʝʛʨʝʛʘʮʠʠ, ʠʥʚʝʨʩʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʝ 

ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ, ʯʪʦ ʠ ʦʙʫʩʣʦʚʠʣʦ ʥʘʰ ʠʥʪʝʨʝʩ ʢ ʵʪʦʡ ʧʨʦʙʣʝʤʝ. ʅʘʰʠ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʝ (ʄɼ) ʨʝʟʫʣʴʪʘʪʳ [3] ʧʨʝʜʩʢʘʟʳʚʘʶʪ 

ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʩʝʛʨʝʛʘʮʠʶ Pd ʙʝʟ ʢʘʢʦʡ-ʣʠʙʦ ʠʥʚʝʨʩʠʠ. ɸʪʦʤʠʩʪʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʝʛʨʝʛʘʮʠʠ ʚ ʩʠʩʪʝʤʘʭ Ag-Au ʠ Ag-Cu (ʨʠʩ. 1) ʪʘʢʞʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʩʫʪʚʠʠ ʠʥʚʝʨʩʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʝʛʨʝʛʘʮʠʠ. 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘʥʦʯʘʩʪʠʮ Ni-Cr ʧʨʝʜʩʢʘʟʳʚʘʝʪ 

ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʩʝʛʨʝʛʘʮʠʶ Cr ʠ ʦʪʩʫʪʩʪʚʠʝ ʠʥʚʝʨʩʠʠ (ʨʠʩ. 2). ɺʤʝʩʪʝ ʩ ʪʝʤ 

ʥʘʰʠ ʨʝʟʫʣʴʪʘʪʳ ʄɼ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʠʥʚʝʨʩʠʶ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʝʛʨʝʛʘʮʠʠ ʚ ʥʘʥʦʯʘʩʪʠʮʘʭ Ni-Cr ʨʘʜʠʫʩʘ 1.3 ʥʤ ʧʨʠ ʩʨʝʜʥʝʤ 

ʟʥʘʯʝʥʠʠ ʤʦʣʴʥʦʡ ʜʦʣʠ ʭʨʦʤʘ ὼ = 0.3 (ʨʠʩ. 3). 

 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʠ … …  ʜʣʷ ʥʘʥʦʯʘʩʪʠʮ Ag-Cu ʨʘʜʠʫʩʘ 1.9 ʥʤ, 

ʥʘʡʜʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʄɼ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʢʨʠʚʘʷ 1) ʠ ʫʨʘʚʥʝʥʠʷ 

ʃʝʥʛʤʶʨʘ-ʄʘʢʣʠʥʘ (ʢʨʠʚʘʷ 2). 
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ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ Ni-Cr 

ʨʘʜʠʫʩʘ ὶ = 1,3 ʥʤ (ὔ = 1000): ʢʨʠʚʘʷ 1 ï ʫʨʘʚʥʝʥʠʝ ɹʘʪʣʝʨʘ, ʢʨʠʚʘʷ 2 ï 

ʫʨʘʚʥʝʥʠʝ ʃʝʥʛʤʶʨʘ-ʄʘʢʣʠʥʘ. ɼʚʝ ʪʦʯʢʠ - ʵʢʩʧʝʨʠʤʝʥʪ [4]. 

 
ʈʠʩ. 3. ʄɼ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʥʘʥʦʯʘʩʪʠʮ Ni-Cr ʨʘʜʠʫʩʘ ὶ = 1,3 ʥʤ (ὔ = 1000). 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʦʬ. ɺ. ʄ. ʉʘʤʩʦʥʦʚʘ ʧʨʠ 

ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʚ ʦʙʣʘʩʪʠ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʧʨʦʝʢʪ ˉ 0817-2023-0006). 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. Ramirez Caballero G.E., Balbuena P.B. // Mol. Simulat. 2006. V. 32. P. 297. 

2. Mendoza-P®rez R., Guisbiers G. //Nanotechnology. ï 2019. ï V. 30. ï ̄ . 30. ï P. 

305702. 

3. Samsonov V.M. Romanov A.A., Talyzin I.V. et al. // Metals. 2023. V. 13. Art. 

No. 1269. 

4. Bohra M., Alman V., Showry A. et al. // ACS Omega. 2020. V. 5. P. 32883. 
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ʇʆɺɽɼɽʅʀɽ ʉɼɺʀɻʆɺʆʁ ɼɽʌʆʈʄɸʎʀʀ ʇʈʀ ʅɸʃʆɾɽʅʀʀ 

ʂʈʋʏɽʅʀʗ ʇʆɼ ɺʓʉʆʂʀʄ ɼɸɺʃɽʅʀɽʄ. 

ɿʘʚʦʨʦʪʥʝʚ ʖ.ɼ.
 1
, ʉʪʨʘʫʤʘʣ ɹ.ɹ.

 2
, ʊʦʤʘʰʝʚʩʢʘʷ ɽ.ʖ.

 3
 

1
ɼʦʥʝʮʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ.ɻʘʣʢʠʥʘ ɸ.ɸ. ɼʦʥʝʮʢ, ʈʦʩʩʠʷ 
2
ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʈɸʅ ʠʤ. ʖ.ɸ. ʆʩʠʧʴʷʥʘ, ʏʝʨʥʦʛʦʣʦʚʢʘ 

ʈʦʩʩʠʷ 
3
ɼʦʥʝʮʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʵʢʦʥʦʤʠʢʠ ʠ ʪʦʨʛʦʚʣʠ ʠʤ. ʄʠʭʘʠʣʘ 

ʊʫʛʘʥ-ɹʘʨʘʥʦʚʩʢʦʛʦ. ɼʦʥʝʮʢ, ʈʦʩʩʠʷ 

e-mail: zavorotnev.yurii@mail.ru  

 

ʇʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

Cu-Ag, Cu-Sn, Cu-Co ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʪʞʠʛʘ ʩʠʩʪʝʤʘ ʧʨʠ ʥʘʣʦʞʝʥʠʠ ʤʝʛʘʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʢʨʫʯʝʥʠʷ 

ʧʨʠʭʦʜʠʣʘ ʚ ʦʜʥʦ ʦʧʨʝʜʝʣʝʥʥʦʝ ʩʪʘʮʠʦʥʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ [1]. ɺ ʨʘʙʦʪʝ [2] 

ʙʳʣʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʤʦʪʨʝʥʳ ʧʦʚʝʜʝʥʠʷ ʨʘʟʤʝʨʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

ʧʨʠ ʥʘʣʦʞʝʥʠʠ ʢʨʫʯʝʥʠʷ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ (ʂɺɼ) ʚ 

ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʨʘʩʪʚʦʨʘʭ ʠ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʥʘʣʠʯʠʝ ʢʦʥʝʯʥʦʛʦ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʆʜʥʘʢʦ, ʧʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʦʣʴʢʦ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʡ (ʧʝʨʚʠʯʥʳʡ) ʧʘʨʘʤʝʪʨ ʧʦʨʷʜʢʘ (ʇʇ), ʘ ʠʤʝʥʥʦ ʩʜʚʠʛ 

ʘʪʦʤʦʚ ʷʯʝʡʢʠ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʪʘʢʞʝ ʚʪʦʨʠʯʥʳʝ ʇʇ - 

ʢʦʤʧʦʥʝʥʪʳ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʪʝʥʟʦʨʘ ʜʝʬʦʨʤʘʮʠʠ.  

ʅʝʨʘʚʥʦʚʝʩʥʳʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ (ʅʊɼʇ) ʙʳʣ ʧʦʩʪʨʦʝʥ 

ʥʘ ʦʩʥʦʚʝ ʮʝʣʦʛʦ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʙʘʟʠʩʘ ʠʥʚʘʨʠʘʥʪʦʚ ʜʣʷ ʚʝʢʪʦʨʦʚ ʠ ʪʝʥʟʦʨʦʚ 

ʚʪʦʨʦʛʦ ʨʘʥʛʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʯʠʩʣʝʥʠʡ ʠ ʫʧʨʦʱʝʥʠʡ ʧʦʣʫʯʘʝʤ, ʯʪʦ ʜʣʷ 

ʢʫʙʠʯʝʩʢʦʛʦ ʢʨʠʩʪʘʣʣʘ ʅʊɼʇ ʠʤʝʝʪ ʚʠʜ 
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ʛʜʝ q ï ʩʪʨʫʢʪʫʨʥʳʡ ʧʘʨʘʤʝʪʨ ʧʦʨʷʜʢʘ (ʠʟʤʝʥʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʣʠʥʝʡʥʳʭ 

ʨʘʟʤʝʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ), ű ï ʧʣʦʪʥʦʩʪʴ ʜʝʬʝʢʪʦʚ, M ï ʤʦʤʝʥʪ 

ʢʨʫʯʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʧʦ ʦʩʠ z, , , ,a b g q - ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ, 

ʩʣʘʛʘʝʤʦʝ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 3g ʦʧʠʩʳʚʘʝʪ ʬʣʫʢʪʫʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʝʣʠʯʠʥʳ ʪʝʥʟʦʨʘ ʜʝʬʦʨʤʘʮʠʠ, ū1 - ʚʠʜ ʵʪʦʛʦ ʩʣʘʛʘʝʤʦʛʦ ʟʘʚʠʩʠʪ ʦʪ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʤʦʤʝʥʪʘ ʦʪ ʯʠʩʣʘ ʦʙʦʨʦʪʦʚ N 

ʠʤʝʝʪ ʚʠʜ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʪʘʥʛʝʥʩʘ. ʂʦʥʢʫʨʝʥʮʠʷ ʩʣʘʛʘʝʤʳʭ ʩ 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʩʢʦʙʢʘʭ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʷʚʣʝʥʠʝ ʜʣʠʥʥʦʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʥʘʣʦʞʝʥʠʠ ʂɺɼ.  

1. ʇʫʩʪʴ ʧʨʦʮʝʩʩ ʂɺɼ ʨʘʚʥʦʤʝʨʥʳʡ. ʊʦʛʜʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʝʬʦʨʤʘʮʠʠ 

ʚ ʦʙʨʘʟʮʝ ʦʜʥʦʨʦʜʥʦ ʠ 3 0g= . ʇʨʠ ʵʪʦʤ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʩʠʪʫʘʮʠʠ: 1) ʚ 

ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʧʨʠ ʣʶʙʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪʞʠʛʘ ʦʪʩʫʪʩʪʚʫʝʪ ʩʜʚʠʛʦʚʦʝ 

ʥʘʧʨʷʞʝʥʠʝ; 2) ʚʝʣʠʯʠʥʘ xze  ʤʝʥʷʝʪʩʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʢʘʣʢʠ 

mailto:zavorotnev.yurii@mail.ru
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ʚʚʠʜʫ ʥʘʣʠʯʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʧʦʨʷʜʢʘ; 3) 

ʩʦʚʤʝʩʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʇʇ ʠ ʤʦʤʝʥʪʘ ʚʨʘʱʝʥʠʷ ʥʘ ʩʜʚʠʛʦʚʫʶ ʜʝʬʦʨʤʘʮʠʶ.  

1. ʊʦʛʜʘ ʠʤʝʝʤ (
1 0q= ) 2 4 8 4

1 1 2 3xz xz xz Mce c e ceè øF = + +ê ú . ʅʘ ʨʠʩ.1 ʧʦʢʘʟʘʥʳ 

 

ʩʦʦʪʚʝʪ

ʩʪʚʫʶ

ʱʠʝ 

ʠʟʤʝʥʝ

ʥʠʷ 

ʩʜʚʠʛʦ

ʚʦʡ 

ʜʝʬʦʨʤ

ʘʮʠʠ. 

ɺʠʜʥʦ, 

ʯʪʦ ʢʨʠʚʳʝ ʷʚʣʷʶʪʩʷ ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʶʱʠʤʠ. 

ʆʜʥʘʢʦ, ʦʥʠ ʠʤʝʶʪ ʨʘʟʥʳʝ ʤʘʢʩʠʤʫʤʳ. ʕʪʦ ʨʘʟʣʠʯʠʝ 

ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʦʙʨʘʪʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʪʝʤʧʝʨʘʪʫʨʝ ʟʘʢʘʣʢʠ [1-3]. ʕʪʦ 

ʨʘʟʣʠʯʠʝ ʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʨʘʟʥʳʭ ʩʜʚʠʛʦʚʳʭ ʜʝʬʦʨʤʘʮʠʡ ʧʨʠ ʨʘʟʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʟʘʢʘʣʢʠ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʪʣʠʯʠʠ ʦʪ ʇʇ ʚ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʦʙʣʘʩʪʠ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ ʩʜʚʠʛʦʚʦʡ ʜʝʬʦʨʤʘʮʠʠ ʨʘʟʣʠʯʥʳ.  

 2. ʇʫʩʪʴ ʚ ʦʪʩʫʪʩʪʚʠʠ ʤʦʤʝʥʪʘ ʠʤʝʶʪ ʤʝʩʪʦ ʨʘʟʣʠʯʥʳʝ ʟʥʘʯʝʥʠʷ xze , 

ʟʘʚʠʩʷʱʠʝ ʪʦʣʴʢʦ ʦʪ ʧʝʨʚʠʯʥʦʛʦ ʇʇ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ (1 0q¸ )
2 4 8

1 1 2 3xz xz xzce c e ceè øF = + +ê ú. ʅʘ ʨʠʩ.2 ʧʦʢʘʟʘʥʘ ʵʚʦʣʶʮʠʷ ʚʪʦʨʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʧʦʨʷʜʢʘ. ʇʨʠ 1 20; 0q q> > ʛʨʘʬʠʢ ʠʥʚʝʨʪʠʨʫʝʪʩʷ. 

3. ɺʚʠʜʫ ʠʟʙʳʪʦʯʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʄ=0, ʥʘ ʪʨʝʪʴʝʤ ʫʯʘʩʪʢʝ ʚ 

ʦʙʨʘʟʮʝ ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʦʝ ʩʥʷʪʠʝ ʚʝʣʠʯʠʥʳ ʧʝʨʚʠʯʥʦʡ ʩʜʚʠʛʦʚʦʡ 

ʜʝʬʦʨʤʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʥʘʧʨʷʞʝʥʠʝ ʠ ʚʝʣʠʯʠʥʘ xze  ʫʤʝʥʴʰʘʶʪʩʷ, ʘ ʟʘʪʝʤ 

ʠʤʝʝʪ ʤʝʩʪʦ ʠʭ ʨʦʩʪ ʠ ʧʝʨʝʭʦʜ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʩʦʩʪʦʷʥʠʝ.  

 
1. ɹ.ɹ. ʉʪʨʘʫʤʘʣ, ɸ.ʈ. ʂʠʣʴʤʘʤʝʪʦʚ, ɸ.ɸ. ʄʘʟʠʣʢʠʥa, ɸ.ʉ. ɻʦʨʥʘʢʦʚʘ, ʆ.ɹ. 

ʌʘʙʨʠʯʥʘʷ, ʄ.ʁ. ʂʨʠʛʝʣʴ, ɼ. ʈʘʬʘʡʷ, ʄ.ʌ. ɹʫʣʘʪʦʚ, ɸ.ʅ. ʅʝʢʨʘʩʦʚ, ɹ. ɹʘʨʝʮʢʠ. 

ʇʠʩʴʤʘ ʚ ɾʕʊʌ, 111 (2020) 674. 

2. B.B Straumal, A. R. Kilmetov, Anna Korneva, P. Zieba, Yuri Zavorotnev, 

Leonid Metlov, Olga Popova, Brigitte Baretzky. Crystals. 11 (2021) 766. 

  

 
ʈʠʩ.1. ɿʘʚʠʩʠʤʦʩʪʠ 

ʚʝʣʠʯʠʥʳ ʩʜʚʠʛʦʚʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʦʪ ʯʠʩ-ʣʘ 

ʦʙʦʨʦʪʦʚ ʧʨʠ ʨʘʟʥʳʭ 

ʪʝʤʧʝʨʘʪʫ-ʨʘʭ ʦʪʞʠʛʘ. 

ʉʧʣʦʰ-ʥʘʷ ʣʠʥʠʷ ï 

570
0
ʉ, ʧʫʥʢʪʠʨʥʘʷ ï 

950
o
ʉ 

 

 

ʈʠʩ.2. ʇʦʚʝʜʝʥʠʝ 

ʚʝʣʠʯʠʥʳ ʩʜʚʠʛʦʚʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʚ ʩʣʫʯʘʝ 

1 20; 0q q> < 

ʈʠʩ.3. ʇʦʚʝʜʝʥʠʝ 

ʚʝʣʠʯʠʥʳ ʩʜʚʠʛʦʚʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʚ ʩʣʫʯʘʝ 

1 0q>  
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʉʊʈʋʂʊʋʈʓ ʀ ʆʎɽʅʂɸ 

ʊɽʇʃʆʇʈʆɺʆɼʅʆʉʊʀ ʆɼʅʆʉʊɽʅʅʓʍ ʋɻʃɽʈʆɼʅʓʍ 

ʅɸʅʆʊʈʋɹʆʂ ʉʆ ʉʊʈʋʂʊʋʈʆʁ ʉɺʀʊʂɸ-ʈʋʃʆʅɸ 

ɿʘʨʠʯʥʷʢ ʖ.ʇ.
1
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1
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1 
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ɸʥʥʦʪʘʮʠʷ. ʄʝʪʦʜʳ ʪʝʦʨʠʠ ʦʙʦʙʱʸʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ [1,2] 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʨʠʙʣʠʞʸʥʥʦʡ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʙʝʟʜʝʬʝʢʪʥʳʭ ʦʜʥʦʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ (ʆʉ ʋʅʊ = SW CNT) 

ʨʘʟʥʦʛʦ ʜʠʘʤʝʪʨʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʩʚʠʪʢʘ-ʨʫʣʦʥʘ ʚ ʧʨʦʜʦʣʴʥʦʤ ʠ ʧʦʧʝʨʝʯʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʷʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʩʚʝʨʪʳʚʘʥʠʷ.  

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʋʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ (ʋʅʊ) ʩ 

ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ ʤʝʭʘʥʠ-ʯʝʩʢʠʤʠ, ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʚ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ 

ʪʝʭʥʠʢʠ. ɿʘ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ ʩʦ ʚʨʝʤʝʥ ʦʪʢʨʳʪʠʷ ʥʘʥʦʪʨʫʙʦʢ ʨʘʟʚʠʪʠʝ 

ʪʝʭʥʦʣʦʛʠʡ ʠʭ ʩʠʥʪʝʟʘ ʧʦʟʚʦʣʠʣʦ ʩʦʟʜʘʚʘʪʴ ʋʅʊ ʜʣʠʥʦʡ ʚ ʤʠʢʨʦʤʝʪʨʳ 

(1980ï1990) [3,4 ], ʤʠʣʣʠʤʝʪʨʳ (1990ï2000) [5,6],ʩʘʥʪʠʤʝʪʨʳ (2000ï2005) [7] 

ʠ ʜʝʩʷʪʢʠ ʩʘʥʪʠʤʝʪʨʦʚ (2009ï2010 ) [8]. ɼʣʷ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ 

ʚʳʩʦʢʦʪʝʧʣʦʧʨʦʚʦʜʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʵʣʝʤʝʥʪʦʚ 

ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʥʦʪʨʫʙʦʢ ʚ ʢʘʯʝʩʪʚʝ ʘʨʤʠʨʫʶʱʝʛʦ ʠʣʠ 

ʚʳʩʦʢʦʪʝʧʣʦʧʨʦʚʦʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʥʘʥʦʪʨʫʙʦʢ ʚ ʧʨʦʜʦʣʴʥʦʤ ɚ||, ʠ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ɚƍ. 

 
              ʘ)                                                              b) 

ʈʠʩ. 1. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʫʛʣʝʨʦʜʥʦʡ ʥʘʥʦʪʨʫʙʢʠ ʩ ʪʦʣʱʠʥʦʡ ʩʪʝʥʢʠ  

ʚ ʦʜʠʥ ʘʪʦʤ ʫʛʣʝʨʦʜʘ: ʘ ï ʠʟʦʙʨʘʞʝʥʠʝ ʦʜʥʦʩʪʝʥʥʦʡ ʫʛʣʝʨʦʜʥʦʡ ʥʘʥʦʪʨʫʙʢʠ ʆʉ ʋʅʊ 

ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩʚʠʪʢʘ-ʨʫʣʦʥʘ; b ï ʫʧʨʦʱʝʥʥʘʷ ʤʦʜʝʣʴ ʩ ʨʘʚʥʦʡ ʧʣʦʱʘʜʴʶ 

ʢʚʘʜʨʘʪʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʚʜʦʣʴ 

Q|| ʠ ʧʦʧʝʨʸʢ Qƍ, ʦʩʠ ʥʘʥʦʪʨʫʙʢʠ. 

mailto:zarich4@gmail.com


ʏʝʪʳʨʥʘʜʮʘʪʘʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

çʍʠʤʠʯʝʩʢʘʷ ʪʝʨʤʦʜʠʥʘʤʠʢʘ ʠ ʢʠʥʝʪʠʢʘè  
 

~ 139 ~ 
 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʦʜʥʦʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

ʩʚʠʪʢʘ-ʨʫʣʦʥʘ ʦʙʣʘʜʘʝʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ. ʕʬʬʝʢʪʠʚʥʘʷ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʚʜʦʣʴ ʦʩʠ ʥʘʥʦʪʨʫʙʦʢ ʨʘʟʥʦʛʦ ʜʠʘʤʝʪʨʘ ʥʘʭʦʜʠʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ 300 < ɚ=f(D) < 3500 ɺʪ/(ʤ ʂ), ʘ ʧʦʧʝʨʸʢ ʦʩʠ 3.5 < ɚ=f(D) < 4.3 

ɺʪ/(ʤ ʂ)  ʠ ʩʦʧʦʩʪʘʚʠʤʘ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʧʨʦʜʦʣʴʥʦʡ ʠ ʧʦʧʝʨʝʯʥʦʡ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʥʳʭ [9,10 ]ʦʜʥʦʩʪʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʪʨʫʙʦʢ ʩʦ ʩʪʨʫʢʪʫʨʦʡ  ʮʠʣʠʥʜʨʘ  

ʀʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʦʮʝʥʦʢ ʧʦ ʧʨʦʜʦʣʴʥʦʡ ʠ ʧʦʧʝʨʝʯʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʥʘʥʦʪʨʫʙʦʢ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʩʚʠʪʢʘ-ʨʫʣʦʥʘ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʠʙʣʠʞʸʥʥʦʡ ʦʮʝʥʢʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʨʦʛʥʦʟʥʳʝ.  

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 
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ʆʪʢʨʳʪʳʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʠ ʢʠʥʝʪʠʢʠ. 

1. ʂʘʢʦʚʘ ʧʨʠʨʦʜʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʠ ʢʘʢʦʚʳ ʤʝʭʘʥʠʟʤʳ 
ʝʛʦ ʫʩʪʘʥʦʚʣʝʥʠʷ?  

2. ʅʘʩʢʦʣʴʢʦ ʥʘʜʸʞʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʨʘʚʥʦʚʝʩʥʦʡ ʠ ʥʝʨʘʚʥʦʚʝʩʥʦʡ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ? 

2.1. ʊʝʦʨʝʤʘ ʉ. ʋʣʘʤʘ [1],  ʧʣʦʭʘʷ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʴ (ill -posedness) 

ʤʝʨ ʃʝʙʝʛʘ ʚ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʦ ʩʪʦʨʦʥʳ ʤʘʪʝʤʘʪʠʢʠ. 

2.2. ɺʝʨʦʷʪʥʦʩʪʴ ʥʝ ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ ʬʠʟʠʯʝʩʢʠʭ ʧʦʥʷʪʠʡ, 

ʜʦʧʫʩʢʘʶʱʠʭ ʦʙʦʩʥʦʚʘʥʠʝ ʠʣʠ ʠʟʤʝʨʝʥʠʝ.  

2.3. ɼʝʪʝʨʤʠʥʠʟʤ ʠ ʦʙʨʘʪʠʤʦʩʪʴ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʧʨʦʪʠʚ 
ʚʝʨʦʷʪʥʦʩʪʠ ʠ ʥʝʦʙʨʘʪʠʤʦʩʪʠ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʠ ʢʠʥʝʪʠʢʠ ʚ 

ʨʘʤʢʘʭ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ. 

2.4. ʈʘʟʚʠʪʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ɹɹɻʂʀ 

ʧʨʠʚʦʜʠʪ ʢ ʥʝʟʘʤʢʥʫʪʳʤ ʩʠʩʪʝʤʘʤ ʫʨʘʚʥʝʥʠʡ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʛʠʧʦʪʝʟ ʪʠʧʘ ʧʨʠʥʮʠʧʘ 

ʦʩʣʘʙʣʝʥʠʷ ʢʦʨʨʝʣʷʮʠʡ.  

2.5. ʇʨʠʤʝʥʠʤʦʩʪʴ ʧʨʝʜʝʣʴʥʳʭ ʪʝʦʨʝʤ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ 

ʦʛʨʘʥʠʯʝʥʘ ʩʣʫʯʘʝʤ ʥʝʟʘʚʠʩʠʤʳʭ ʦʜʠʥʘʢʦʚʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ 

ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ. ʅʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʚ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʝ ʠʩʢʣʶʯʘʝʪ ʢʘʢ ʥʝʟʘʚʠʩʠʤʦʩʪʴ 

ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ, ʪʘʢ ʠ ʧʨʠʤʝʥʠʤʦʩʪʴ ʧʨʝʜʝʣʴʥʳʭ ʪʝʦʨʝʤ.  

3. ʅʘʩʢʦʣʴʢʦ ʨʝʘʣʴʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʪʦʯʥʦʛʦ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʥʮʠʧʦʚ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʢ ʨʝʰʝʥʠʶ ʤʦʜʝʣʝʡ ʨʝʘʣʴʥʳʭ ʩʠʩʪʝʤ? ɿʘ 

ʙʦʣʝʝ ʯʝʤ ʩʪʦʣʝʪʥʠʡ ʧʝʨʠʦʜ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ 

ʥʝ ʥʘʡʜʝʥʦ ʨʝʰʝʥʠʷ ʥʠ ʦʜʥʦʡ ʨʝʘʣʠʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʥʦʛʦʯʘʩʪʠʯʥʳʭ 

ʩʠʩʪʝʤ. ʆʮʝʥʢʠ ʧʦʛʨʝʰʥʦʩʪʝʡ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʠʙʣʠʞʸʥʥʳʭ ʤʝʪʦʜʦʚ 

ʥʝʠʟʚʝʩʪʥʳ. ʅʘʠʙʦʣʴʰʠʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʣʫʯʝʥʳ ʚ 

ʨʘʤʢʘʭ ʢʦʥʮʝʧʮʠʠ ʢʚʘʟʠʯʘʩʪʠʮ. 

ɺ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ, 

ʥʘʨʫʰʘʝʪʩʷ ʩʠʤʤʝʪʨʠʷ ʤʝʞʜʫ ʧʨʦʰʣʳʤ ʠ ʙʫʜʫʱʠʤ. ʍʦʪʷ ʫʨʘʚʥʝʥʠʷ 

ʜʠʥʘʤʠʢʠ ʯʘʩʪʠʮ ʠ ʧʦʣʝʡ ʠʥʚʘʨʠʘʥʪʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʝʨʘʮʠʠ ʦʙʨʘʱʝʥʠʷ 

ʚʨʝʤʝʥʠ, ʥʦ ʧʨʠʥʮʠʧ ʧʨʠʯʠʥʥʦʩʪʠ ʦʛʨʘʥʠʯʠʚʘʝʪ ʩʧʝʢʪʨ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʡ 

ʪʦʣʴʢʦ ʟʘʧʘʟʜʳʚʘʶʱʠʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ. ʇʦʵʪʦʤʫ 

ʷʚʣʝʥʠʝ ʥʝʦʙʨʘʪʠʤʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʚ ʨʘʤʢʘʭ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ 

ʪʝʦʨʠʠ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ ʠʜʝʠ ʪʨʝʙʫʝʪʩʷ ʧʦʩʪʨʦʠʪʴ ʪʝʦʨʠʶ, ʚ ʨʘʤʢʘʭ 

ʢʦʪʦʨʦʡ ʨʝʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʙʲʝʜʠʥʝʥʠʝ ʜʚʫʭ ʧʦʜʩʠʩʪʝʤ, 
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ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ï ʩʠʩʪʝʤʘ ʯʘʩʪʠʮ, ʘ ʚʪʦʨʘʷ ï ʧʦʣʝ, ʢʦʪʦʨʦʝ ʧʦʨʦʞʜʝʥʦ 

ʯʘʩʪʠʮʘʤʠ ʠ ʷʚʣʷʝʪʩʷ ʧʝʨʝʜʘʪʯʠʢʦʤ ʟʘʧʘʟʜʳʚʘʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ 

ʜʨʫʛ ʥʘ ʜʨʫʛʘ. ʋʨʘʚʥʝʥʠʷ ʵʚʦʣʶʮʠʠ ʪʘʢʦʡ ʩʦʩʪʘʚʥʦʡ ʩʠʩʪʝʤʳ ʜʦʣʞʥʳ 

ʚʢʣʶʯʘʪʴ ʫʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ ʯʘʩʪʠʮ ʚ ʧʦʣʝ, ʩʦʟʜʘʚʘʝʤʦʤ ʚʩʝʤʠ ʯʘʩʪʠʮʘʤʠ, 

ʠ ʫʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ ʧʦʣʷ.  

ɼʣʷ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʘʪʦʤʦʚ (ʤʦʣʝʢʫʣ) ʧʦʣʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ 

ʤʝʞʯʘʩʪʠʯʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʠʤʝʝʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʧʦʢʦʷʱʠʭʩʷ ʯʘʩʪʠʮ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʘʪʦʤʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʤʦʜʝʣʴʥʳʤʠ ʤʝʞʘʪʦʤʥʳʤʠ  ʧʦʪʝʥʮʠʘʣʘʤʠ 

ʦʙʱʝʛʦ ʚʠʜʘ. ʇʦʵʪʦʤʫ ʟʘʜʘʯʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʘʣʠʟʘʮʠʠ ʩʣʝʜʫʶʱʝʡ 

ʧʨʦʛʨʘʤʤʳ. 

1. ʀʩʭʦʜʷ ʠʟ ʧʘʨʥʦʛʦ ʤʝʞʘʪʦʤʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚʳʚʝʩʪʠ ʫʨʘʚʥʝʥʠʝ ʚ 
ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʜʣʷ ʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

2. ʇʨʦʚʝʩʪʠ ʨʝʣʷʪʠʚʠʟʘʮʠʶ ʫʨʘʚʥʝʥʠʷ ʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʫʨʘʚʥʝʥʠʝ 
ʨʝʣʷʪʠʚʠʩʪʩʢʦʛʦ ʧʦʣʷ. 

3. ʀʩʩʣʝʜʦʚʘʪʴ ʨʝʣʷʪʠʚʠʩʪʩʢʫʶ ʜʠʥʘʤʠʢʫ ʩʠʩʪʝʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

ʯʘʩʪʠʮ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʳ ʠ ʯʘʩʪʠʯʥʦ ʦʧʫʙʣʠʢʦʚʘʥʳ [2ï7] ʨʝʟʫʣʴʪʘʪʳ 

ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʡ ʧʨʦʛʨʘʤʤʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ.  

¶ ʀʩʩʣʝʜʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʤʦʜʝʣʝʡ ʩʠʩʪʝʤ ʘʪʦʤʦʚ ʩ ʟʘʧʘʟʜʳʚʘʶʱʠʤʠ 
ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤʠ ʤʝʞʜʫ ʥʠʤʠ ʠ ʚʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥ 

ʙʝʟʚʝʨʦʷʪʥʦʩʪʥʳʡ ʤʝʭʘʥʠʟʤ ʜʦʩʪʠʞʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚ ʵʪʠʭ ʩʠʩʪʝʤʘʭ, ʪ. ʝ. 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ ʨʝʘʣʠʟʘʮʠʠ ʥʫʣʝʚʦʛʦ 

ʥʘʯʘʣʘ ʪʝʨʤʦʜʠʥʘʤʠʢʠ.  

¶ ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʩʠʩʪʝʤʘʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʯʘʩʪʠʮ ʚʦʟʥʠʢʘʝʪ ʩʠʥʵʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. 

¶ ɼʦʢʘʟʘʥʦ, ʯʪʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ ʠʤʝʝʪ ʤʝʩʪʦ 
ʥʝ ʪʦʣʴʢʦ ʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤ ʧʨʝʜʝʣʝ, ʥʦ ʠ ʚ ʩʣʫʯʘʝ 

ʤʘʣʦʯʘʩʪʠʯʥʳʭ ʩʠʩʪʝʤ (few-body systems)  
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʌɸɿʆɺʓʍ ʇɽʈɽʍʆɼʆɺ ɺ ʂʈʀʉʊɸʃʃɸʍ ʅʀɹɸʊ 

ɹɸʈʀʗ ʉʊʈʆʅʎʀʗ, ʃɽɻʀʈʆɺɸʅʅʓʍ ʀʆʅɸʄʀ ʊʋʃʀʗ ʀ 

ɻʆʃʔʄʀʗ 

ɿʚʘʨʠʯ ʄ.ʉ.
 1
, ʂʠʩʣʦʚʘ ʀ.ʃ.

1,2
, ʉʝʨʛʝʝʚʘ ʆ.ʅ. 

1
, ʉʦʣʥʳʰʢʠʥ ɸ.ɺ.

1
, ʃʳʢʦʚ ʇ.ɸ.

3
, 

ʀʚʣʝʚʘ ʃ.ʀ. 
3
 

1
ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʚʝʨʴ 

2 
ʈʦʩʩʠʡʩʢʘʷ ʘʢʘʜʝʤʠʷ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʣʫʞʙʳ ʧʨʠ 

ʧʨʝʟʠʜʝʥʪʝ ʈʌ, ʊʚʝʨʴ  
3 
ʌɻɹʋʅ ʌʀʎ çʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈʦʩʩʠʡʩʢʦʡ 

ʘʢʘʜʝʤʠʠ ʥʘʫʢè (ʀʆʌ ʈɸʅ) 

e-mail: mariasergeevna27092014@gmail.com 

 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (e) ʚ ʢʨʠʩʪʘʣʣʘʭ 

ʥʠʦʙʘʪ ʙʘʨʠʷ ʩʪʨʦʥʮʠʷ (SBN61) ʙʝʩʧʨʠʤʝʩʥʳʭ ʠ ʣʝʛʠʨʦʚʘʥʥʳʭ ʧʨʠʤʝʩʷʤʠ 

ʪʫʣʠʷ (Tm) ʠ ʛʦʣʴʤʠʷ (ʅo). ʂʨʠʩʪʘʣʣʳ ʧʦʣʫʯʝʥʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ 

ʩʧʦʩʦʙʦʤ ʉʪʝʧʘʥʦʚʘ ʠʟ ʨʘʩʧʣʘʚʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʦʪ 0,5 ʜʦ 2,0 ʚʝʩ.%  

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʢʩʠʜʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ [1]. ʆʙʨʘʟʮʳ 

ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʝ ʧʣʘʩʪʠʥʳ ʧʦʣʷʨʥʳʭ ʩʨʝʟʦʚ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 20 ÁC ʜʦ 120 ÁC ʥʘ ʯʘʩʪʦʪʝ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʦʣʷ 1 ʢɻʮ. ʉʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘʥʠʷ ʠ ʦʭʣʘʞʜʝʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 

1 ÁC ʚ ʤʠʥʫʪʫ.  

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʧʨʠʤʝʩʝʡ Tm ʠ Ho ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʘ ʪʘʢʞʝ ʢ ʫʤʝʥʴʰʝʥʠʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʨʠʤʝʩʥʳʭ 

ʦʙʨʘʟʮʘʭ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʦʙʣʘʩʪʠ ʂʶʨʠ. ʅʘʠʙʦʣʴʰʝʝ ʨʘʟʤʳʪʠʝ 

ʤʘʢʩʠʤʫʤʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʙʨʘʟʮʘʭ SBN61 

ʩ ʧʨʠʤʝʩʴʶ ʛʦʣʴʤʠʷ ʠ ʩ ʜʚʦʡʥʦʡ ʧʨʠʤʝʩʴʶ Ho+Tm (ʨʠʩ.1).  

 
ʈʠʩ 1. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʜʣʷ ʦʙʨʘʟʮʦʚ SBN: 

ʢʨʠʚʘʷ 1 ï ʙʝʩʧʨʠʤʝʩʥʳʡ SBN61, 2 ï SBN61:0,5%Tm, 3 ï SBN61:1%Tm, 4 ï SBN61:2% 

Tm, 5 ïSBN61:0,5% Ho +1,0%Tm 

mailto:mariasergeevna27092014@gmail.com
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ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ Tmax, ʚʝʣʠʯʠʥʳ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ὑ ʧʨʠ Tmax ʠ ʰʠʨʠʥʳ ʦʙʣʘʩʪʠ ʂʶʨʠ ʜʣʷ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ 

ʦʙʨʘʟʮʦʚ SBN. ɿʘ ʚʝʣʠʯʠʥʫ ʦʙʣʘʩʪʠ ʂʶʨʠ ʧʨʠʥʠʤʘʝʪʩʷ ʠʥʪʝʨʚʘʣ ʪʝʤʧʝʨʘʪʫʨ 

Ū, ʚ ʢʦʪʦʨʦʤ ʟʥʘʯʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʫʤʝʥʴʰʘʝʪʩʷ ʚ 0,9 

ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʝʝ ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ.  
ʊʘʙʣʠʮʘ 1 

SBN-61 pure 0,5 % 

Tm2O3 

1% Tm2O3 

[2] 

2 % Tm2O3 

[2] 

0,5 % 

Ho2O3 + 1 

% Tm2O3 

0,5 % 

Ho2O3 

Tmax 
0
C 85 77 75 68 90 110 

Ů (Tmax) 14000 6600 9000 8500 4500 2250 

Ū, 
0
C 13 18 24 30 50 27 

 

ʋʚʝʣʠʯʝʥʠʝ ʦʙʣʘʩʪʠ ʂʶʨʠ ʠ ʫʤʝʥʴʰʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʣʝʛʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ SBN61 ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ ʨʦʩʪʦʤ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʚ ʨʘʩʧʦʣʦʞʝʥʠʠ ʢʘʪʠʦʥʦʚ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʥʳʭ ʠʦʥʦʚ ʪʫʣʠʷ ʠ ʛʦʣʴʤʠʷ. 

ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ SBN61, 

ʣʝʛʠʨʦʚʘʥʥʳʭ ʪʫʣʠʝʤ ʠ ʛʦʣʴʤʠʝʤ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠʤʝʩʥʳʝ ʠʦʥʳ ʤʦʛʫʪ 

ʥʘʭʦʜʠʪʴʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʣʦʞʝʥʠʷʭ, ʘ ʠʤʝʥʥʦ ʚ ʯʝʪʳʨʝʭ 

ʨʘʟʣʠʯʥʳʭ ʢʘʪʠʦʥʥʳʭ ʩʦʩʪʦʷʥʠʷʭ [3]. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʡ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ 

ʵʣʝʤʝʥʪʘʨʥʳʝ ʷʯʝʡʢʠ ʩʪʘʥʦʚʷʪʩʷ ʥʝʠʜʝʥʪʠʯʥʳʤʠ ʠ ʧʘʨʘʤʝʪʨʳ, 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ ʤʝʥʷʶʪʩʷ ʦʪ 

ʦʜʥʦʡ ʷʯʝʡʢʠ ʢ ʜʨʫʛʦʡ ʠʣʠ ʦʪ ʦʜʥʦʛʦ ʤʠʢʨʦʫʯʘʩʪʢʘ ʢ ʜʨʫʛʦʤʫ, ʯʪʦ ʠ 

ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʤʳʪʠʶ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ. ɺʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʙʳʣʦ ʪʘʢʞʝ 

ʦʙʥʘʨʫʞʝʥʦ ʥʘʣʠʯʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʤʘʢʩʠʤʫʤʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʨʠ ʥʘʛʨʝʚʝ ʠ ʦʭʣʘʞʜʝʥʠʠ [2], ʯʪʦ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ-ʨʝʣʘʢʩʦʨʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ 

æʊ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ Tm. 
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ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʥʠʪʨʠʜ ʘʣʶʤʠʥʠʷ ʛʘʣʣʠʷ (AlGaN) ʧʨʝʜʩʪʘʚʣʷʝʪ 
ʩʦʙʦʡ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʥʠʪʨʠʜʘ ʘʣʶʤʠʥʠʷ (AlN) ʠ ʥʠʪʨʠʜʘ ʛʘʣʣʠʷ (GaN). 
ɹʣʘʛʦʜʘʨʷ ʝʛʦ ʫʥʠʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ ʠ ʠʭ ʪʝʧʣʦʚʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʰʠʨʦʢʦʤ 
ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʵʪʦʪ ʤʘʪʝʨʠʘʣ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʠ ʩʦʟʜʘʥʠʠ 
ʫʩʪʨʦʡʩʪʚ ʩʦʚʨʝʤʝʥʥʦʡ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʩʷ ʘʥʘʣʠʟ 
ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʧʣʝʥʦʯʥʳʭ ʦʙʨʘʟʮʦʚ AlN ʠ AlGaN ʥʘ 
ʤʦʜʫʣʠʨʦʚʘʥʥʦʝ ʩʚʝʪʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ.  

ʆʙʨʘʟʮʳ ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ AlN ʠ AlGaN, ʵʧʠʪʘʢʩʠʘʣʴʥʦ 
ʚʳʨʘʱʝʥʳ ʤʝʪʦʜʦʤ ʭʣʦʨʠʜ-ʛʠʜʨʠʜʥʦʡ ʵʧʠʪʘʢʩʠʠ ʥʘ ʧʦʜʣʦʞʢʘʭ SiC/Si. 
ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 
ʤʠʢʨʦʩʢʦʧʠʠ ʙʦʢʦʚʳʭ ʩʢʦʣʦʚ ʦʙʨʘʟʮʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʩʣʦʠ AlN ʠ AlGaN, ʠʭ 
ʪʦʣʱʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 7 ʤʢʤ ʠ 3 ʤʢʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠʯʝʤ ʧʣʝʥʢʘ AlGaN 
ʩʦʩʪʦʠʪ ʠʟ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʪʦʥʢʠʭ (70 ʥʤ ʠ ʤʝʥʝʝ) ʩʣʦʝʚ Al xGa1-xN ʩ 
ʧʝʨʝʤʝʥʥʳʤ ʩʦʩʪʘʚʦʤ, ʪʘʢ, ʯʪʦ ʩʣʦʠ ʚʙʣʠʟʠ ʧʦʜʣʦʞʢʠ ʩʦʩʪʦʷʪ ʧʨʘʢʪʠʯʝʩʢʠ 
ʠʟ ʯʠʩʪʦʛʦ GaN ʩ ʚʝʩʴʤʘ ʤʘʣʳʤ ʩʦʜʝʨʞʘʥʠʝʤ AlN. 

ʇʦʩʢʦʣʴʢʫ ʧʣʝʥʦʯʥʳʝ ʛʝʪʨʦʩʪʨʫʢʪʫʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʩʣʦʠ 
ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ ʠʣʠ ʣʠʥʝʡʥʳʭ ʧʠʨʦʵʣʝʢʪʨʠʢʦʚ, ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ 
ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠ, ʪʘʢ ʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠ ʘʢʪʠʚʥʳ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʦʙʨʘʟʮʦʚ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ ʩʚʝʪʦʚʳʭ 
ʧʦʪʦʢʦʚ, ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʠʤʧʫʣʴʩʘʤʠ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ. ʀʩʪʦʯʥʠʢ 
ʠʟʣʫʯʝʥʠʷ ï ʣʘʟʝʨ, ʠʟʣʫʯʘʶʱʠʡ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 980 ʥʤ. ʌʦʨʤʘ 
ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʦʪ ʩʪʨʫʢʪʫʨʳ AlN/SiC/Si ʥʘ ʧʝʨʠʦʜʠʯʝʩʢʠ 
ʤʦʜʫʣʠʨʦʚʘʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʯʘʩʪʦʪ ʜʦ 1000 ɻʮ ʥʦʩʠʪ 
çʚʩʧʳʰʝʯʥʳʡè ʭʘʨʘʢʪʝʨ: ʚ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʩʚʝʪʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʘ ʪʘʢʞʝ ʧʦ 
ʝʛʦ ʦʢʦʥʯʘʥʠʶ ʧʦʷʚʣʷʝʪʩʷ ʙʳʩʪʨʦ ʚʦʟʨʘʩʪʘʶʱʠʡ ʠʤʧʫʣʴʩ ʪʦʢʘ ʩ 
ʧʦʩʣʝʜʫʶʱʠʤ ʨʝʟʢʠʤ ʩʧʘʜʦʤ ʜʦ ʥʫʣʷ. ɺ ʦʙʣʘʩʪʠ ʯʘʩʪʦʪ ʤʦʜʫʣʷʮʠʠ ʩʚʝʪʦʚʦʛʦ 
ʧʦʪʦʢʘ 1000 ɻʮ ʠ ʚʳʰʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʣʘʢʩʘʮʠʦʥʥʳʡ ʩʧʘʜ ʪʦʢʘ ʚ ʠʤʧʫʣʴʩʳ 

ʩʚʝʪʘ ʠ ʟʘʪʝʤʥʝʥʠʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʧʘʜʘ 3,2Ö10
ï5

 ʩ. ʕʪʦ ʚʨʝʤʷ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʝ ʪʝʧʣʦʚʦʡ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ ʦʙʨʘʟʮʘ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ ~10
ï3

 ʩ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʡ ʩʠʛʥʘʣ ʥʝʣʴʟʷ ʩʚʷʟʘʪʴ ʩ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʤ. ɼʨʫʛʠʤ 
ʧʨʠʟʥʘʢʦʤ ʪʦʛʦ, ʯʪʦ ʵʪʦʪ ʩʠʛʥʘʣ ʠʤʝʝʪ ʥʝʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ 
ʷʚʣʷʝʪʩʷ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʝʛʦ ʘʤʧʣʠʪʫʜʳ ʦʪ ʯʘʩʪʦʪʳ ʤʦʜʫʣʷʮʠʠ ʩʚʝʪʦʚʦʛʦ 
ʧʦʪʦʢʘ. ʕʪʦʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʦʪʢʣʠʢ ʠʤʝʝʪ ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ ʠ, ʧʦ 
ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥ ʚʦʟʙʫʞʜʝʥʠʝʤ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʢʦʥʪʘʢʪʥʦʡ 
ʦʙʣʘʩʪʠ ʧʣʝʥʦʢ AlN ʩ ʧʦʜʣʦʞʢʦʡ SiC/Si. 
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ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦʟʜʝʡʩʪʚʠ ̫ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ 
ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʫ AlGaN/SiC/Si ʧʦʢʘʟʘʣʠ ʥʘʣʠʯʠʝ ʩʠʛʥʘʣʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ 
ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ. ʅʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ ʤʦʜʫʣʷʮʠʠ ʦʪ 1 ɻʮ ï 10 ɻʮ 
ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʦʪʢʣʠʢʘ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʳʙʨʦʩ ʪʦʢʘ 
ʢʘʢ ʚ ʥʘʯʘʣʝ ʪʝʧʣʦʚʦʛʦ ʠʤʧʫʣʴʩʘ, ʪʘʢ ʠ ʧʦ ʝʛʦ ʦʢʦʥʯʘʥʠʶ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 
ʨʝʟʢʠʤ ʩʧʘʜʦʤ ʪʦʢʘ ʜʦ ʥʫʣʷ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ 
ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʧʝʨʠʦʜ ʤʦʜʫʣʷʮʠʠ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʤʥʦʛʦ ʙʦʣʴʰʝ 
ʪʝʧʣʦʚʦʡ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ ʩʣʦʷ, ʘ 
ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʦʪʢʣʠʢ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 
ʧʣʝʥʢʠ, ʪ.ʢ. ʝʛʦ ʚʝʣʠʯʠʥʘ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 
ʪʝʤʧʝʨʘʪʫʨʳ. ʄʘʢʩʠʤʫʤ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ (ʘʤʧʣʠʪʫʜʘ ʚʳʙʨʦʩʘ ʪʦʢʘ) 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʣʘʩʪʠ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. 
ʇʦʩʣʝʜʫʶʱʠʡ ʩʧʘʜ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʠ ʜʘʣʴʥʝʡʰʠʡ ʚʳʭʦʜ ʥʘ 
ʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʫʤʝʥʴʰʝʥʠʷ ʜʦ ʥʫʣʷ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ-
ʦʭʣʘʞʜʝʥʠʷ. 

ʅʘ ʯʘʩʪʦʪʝ 100 ɻʮ ʠ ʚʳʰʝ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʦʪʢʣʠʢ ʥʝ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 
ʥʫʣʝʚʦʛʦ ʟʥʘʯʝʥʠʷ. ʇʨʠ ʵʪʠʭ ʯʘʩʪʦʪʘʭ ʪʝʧʣʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦ 
ʧʦʨʷʜʢʫ ʚʝʣʠʯʠʥʳ ʧʝʨʠʦʜʫ ʤʦʜʫʣʷʮʠʠ. ɼʣʷ ʩʚʝʪʦʚʦʛʦ ʠ ʪʝʤʥʦʚʦʛʦ 
ʧʨʦʤʝʞʫʪʢʦʚ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʝʥʢʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʥʝʣʠʥʝʡʥʦ, 
ʥʦ ʥʝ ʜʦʩʪʠʛʘʝʪ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʡ 
ʪʦʢ ʥʝ ʦʩʣʘʙʝʚʘʝʪ ʜʦ ʥʫʣʷ. ʅʘ ʯʘʩʪʦʪʝ ʤʦʜʫʣʷʮʠʠ 1000 ɻʮ ʠ ʚʳʰʝ ʬʦʨʤʘ 
ʩʠʛʥʘʣʘ ʩʪʘʥʦʚʠʪʩʷ ʙʣʠʟʢʘ ʢ ʧʨʷʤʦʫʛʦʣʴʥʦʡ. ʕʪʦʪ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ 
ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʝʨʠʦʜʘʤʠ, ʤʝʥʴʰʠʤʠ, ʯʝʤ ʭʘʨʘʢʪʝʨʥʘʷ ʪʝʧʣʦʚʘʷ 
ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ ʩʣʦʷ. ʆʧʠʩʘʥʥʦʝ ʚʳʰʝ 
ʧʦʚʝʜʝʥʠʝ ʦʪʢʣʠʢʘ, ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʤʦʜʫʣʠʨʦʚʘʥʥʳʤ ʪʝʧʣʦʚʳʤ ʧʦʪʦʢʦʤ, 
ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʝʛʦ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʨʦʠʩʭʦʞʜʝʥʠʠ. 
ʀʟʤʝʥʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʦʪʢʣʠʢʘ ʚ ʜʚʘ ʨʘʟʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʤʦʜʫʣʷʮʠʠ 
ʦʪ 1 ʜʦ 1000 ɻʮ ʷʚʣʷʝʪʩʷ ʝʱʝ ʦʜʥʠʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʦʡ 
ʧʨʠʨʦʜʳ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʧʝʨʝʭʦʜʘ ʦʪ ʨʝʞʠʤʘ ʦʜʠʥʦʯʥʦʛʦ ʠʤʧʫʣʴʩʘ 
(ʥʠʟʢʠʝ ʯʘʩʪʦʪʳ) ʢ ʨʝʞʠʤʫ ʨʝʛʫʣʷʨʥʦʛʦ ʥʘʛʨʝʚʘ (ʚʳʩʦʢʠʝ ʯʘʩʪʦʪʳ), ʢʦʛʜʘ 
ʩʠʛʥʘʣ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʷ ʜʝʡʩʪʚʠʷ ʪʝʧʣʦʚʦʛʦ ʠʤʧʫʣʴʩʘ. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʨʘʩʯʠʪʘʥʘ ʚʝʣʠʯʠʥʘ ʧʠʨʦʢʦʵʬʬʠʮʠʝʥʪʘ, 

ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ 7 ʤʢʂʣÖʤ
ï2
ʂ
ï1
, ʯʪʦ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ, ʯʝʤ ʜʣʷ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʘʩʪʠʥ, ʩʦʜʝʨʞʘʱʠʭ ʪʦʥʢʠʝ ʩʣʦʠ AlGaN [1]. ʅʠʟʢʠʝ 
ʟʥʘʯʝʥʠʷ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʪʨʫʢʪʫʨʳ ʠʟ ʯʝʨʝʜʫʶʱʠʭʩʷ 
ʩʣʦʝʚ AlGaN, ʚʳʨʘʱʝʥʥʳʭ ʥʘ ʧʦʜʣʦʞʢʘʭ SiC/Si, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʩʚʷʟʘʥʳ 
ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʦʩʪʘ ʵʪʠʭ ʩʪʨʫʢʪʫʨ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʨʦʩʪ 
ʢʘʞʜʦʛʦ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʦʜʩʣʦʷ ʧʨʦʠʩʭʦʜʠʪ ʩ ʠʟʤʝʥʝʥʠʝʤ ʦʨʠʝʥʪʘʮʠʠ 
ʧʦʣʷʨʥʦʡ ʦʩʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʟʜʝʡʩʪʚʠʝ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, 
ʯʪʦ ʩʤʝʱʝʥʠʝ ʟʘʨʷʜʦʚ ʚ ʩʦʩʝʜʥʠʭ ʩʣʦʷʭ ʧʨʦʠʩʭʦʜʠʪ ʥʘʚʩʪʨʝʯʫ ʜʨʫʛ ʜʨʫʛʫ, ʠ 
ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʬʠʢʩʠʨʫʝʤʳʡ ʪʦʢ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʥʝ ʩʣʦʞʝʥʠʷ, ʘ 
ʚʳʯʠʪʘʥʠʷ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʪʦʢʘ ʢʘʞʜʦʛʦ ʠʟ ʧʦʜʩʣʦʝʚ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 
1. ʉʦʣʥʳʰʢʠʥ ɸ.ɺ., ʉʝʨʛʝʝʚʘ ʆ.ʅ., ʐʫʩʪʦʚʘ ʆ.ɸ. ʠ ʜʨ. // ʇɾʊʌ. 2021. ʊ. 47. ˉ 20. 
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ʇʦʩʪʨʦʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʤʦʜʝʣʝʡ ʪʨʦʡʥʳʭ ʩʠʩʪʝʤ ʟʥʘʯʠʪʝʣʴʥʦ 

ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʧʨʦʪʝʢʘʶʱʠʭ ʵʪʘʧʘʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʬʦʨʤʠʨʫʶʱʝʡʩʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ. ɺ 

ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥʳ ʩʠʩʪʝʤʳ ʉaO-SiO2-Al2O3 ʠ MgO-

SiO2-Al2O3. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʤʦʜʝʣʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʦʛʨʘʥʷʶʱʠʭ ʙʠʥʘʨʥʳʭ ʩʠʩʪʝʤʘʭ, 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʧʝʨʚʠʯʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩ ʫʯʝʪʦʤ ʭʘʨʘʢʪʝʨʘ ʧʣʘʚʢʦʩʪʠ 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʩʠʩʪʝʤʝ ʙʠʥʘʨʥʳʭ ʠ ʪʨʦʡʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [1]. ʅʘ ʦʩʥʦʚʝ 

ʵʪʠʭ ʜʘʥʥʳʭ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʩʭʝʤʘ ʤʦʥʦ- ʠ ʥʦʥʚʘʨʠʘʥʪʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ, 

ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʠʟʫʯʘʝʤʳʭ ʩʠʩʪʝʤʘʭ. ʄʦʜʝʣʴ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤ rʩʦʟʜʘʝʪʩʷ 

ʧʫʪʝʤ ʧʦʵʪʘʧʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘ ʛʨʘʥʠʮʘʭ ʬʘʟʦʚʳʭ ʦʙʣʘʩʪʝʡ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠ ̫ʩʘʤʠʭ ʬʘʟʦʚʳʭ ʦʙʣʘʩʪʝʡ.  

ʉʠʩʪʝʤʘ ʉaO-SiO2-Al 2O3 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 16-  ʁ ʥʦʥʚʘʨʠʘʥʪʥʳʤʠ 

ʧʨʝʚʨʘʱʝʥʠʷʤʠ. ʄʦʜʝʣʴ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ ʩʠʩʪʝʤʳ ʉaʆ-ɸl2ʆ3-Siʆ2 

ʚʢʣʶʯʘʝʪ: 15 ʧʦʚʝʨʭʥʦʩʪʝʡ ʣʠʢʚʠʜʫʩʘ, ʢʫʧʦʣ ʨʘʩʩʣʘʠʚʘʥʠʷ, 128 ʣʠʥʝʡʯʘʪʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ 16 ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʥʦʥʚʘʨʠʘʥʪʥʳʭ ʪʦʯʝʢ (ʨʠʩ. 1ʘ). ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʠ ʫʯʠʪʳʚʘʣʦʩʴ 

ʦʙʨʘʟʦʚʘʥʠʝ 10-ʪʠ ʙʠʥʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (R1=C3S, R2=C2S, R3=C3S2, R4=CS, 

R5=A3S2, R6=C3A, R7=C5A3, R8=Cɸ, R9=CA2, R10=CA6) ʠ ʜʚʫʭ ʪʨʦʡʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ (R11=C2AS ʠ R12=CAS2).  

ɺ ʩʠʩʪʝʤʝ MgO-SiO2-Al 2O3 ʧʨʦʪʝʢʘʶʪ 11 ʥʦʥʚʘʨʠʘʥʪʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ. 

ʄʦʜʝʣʴ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ ʬʦʨʤʠʨʫʶʪ 10 ʧʦʚʝʨʭʥʦʩʪʝʡ ʣʠʢʚʠʜʫʩʘ, ʢʫʧʦʣ 

ʨʘʩʩʣʘʠʚʘʥʠʷ, 75 ʣʠʥʝʡʯʘʪʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, 11 ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, 

51 ʬʘʟʦʚʘ ̫ʦʙʣʘʩʪʴ (ʨʠʩ. 1ʙ). ʕʪʘ ʩʠʩʪʝʤʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʯʝʪʳʨʝʭ 

ʙʠʥʘʨʥʳʭ (R1=M2S, R2=MS, R3=A3S2, R4=MA) ʠ ʜʚʫʭ ʪʨʦʡʥʳʭ (R5=M4A5S2, 

R6=M2A2S5) ʩʦʝʜʠʥʝʥʠʡ. 

ʅʘ ʦʩʥʦʚʝ ʧʦʩʪʨʦʝʥʥʳʭ ʤʦʜʝʣʝʡ ʬʘʟʦʚʳʭ ʜʠʘʛʨʘʤʤ ʩʠʩʪʝʤ ʉaO-SiO2-

Al 2O3 ʠ MgO-SiO2-Al 2O3, ʚʢʣʶʯʘʶʱʠʭ ʠʭ ʧʦʣʥʦʝ ʪʦʧʦʣʦʛʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ, 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʪʨʘʝʢʪʦʨʠʡ ʬʘʟ, ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʚʝʨʪʠʢʘʣʴʥʳʝ 

ʜʠʘʛʨʘʤʤʳ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʦʙ ʵʪʘʧʘʭ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ. ʅʘʧʨʠʤʝʨ, ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʨʘʩʧʣʘʚʘ, ʟʘʜʘʥʥʦʛʦ ʚ ʦʙʣʘʩʪʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 2CaOÖSiO2 (R2) ʩʠʩʪʝʤʳ CaO-SiO2-Al2O3 ʮʝʥʪʨʦʤ ʤʘʩʩ G 

(ʨʠʩ. 2ʘ), ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʧʷʪʴ ʬʘʟʦʚʳʭ ʦʙʣʘʩʪʝʡ L+R2, L+R2+R3, L+R3, 

L+R3+R4, R3+R4+R11 ʠ ʧʣʦʩʢʦʩʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʪʨʦʡʥʦʡ ʵʚʪʝʢʪʠʢʠ ɽ2, ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʝʡ ʮʝʧʦʯʢʦʡ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ: L­R2
1
, 

L+R2­R3
ʨ
, L­R3

1ʧ
, L­R3

eʧ
+R4

eʧ
, L­R3

E2
+R4

E2
+R11

E2
 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 
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ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ R3
ʨ
, R3

1ʧ
, R3

eʧ
, R4

eʧ
, R3

E2
, R4

E2
, R11

E2 
(ʨʠʩ. 2ʙ). 

ʇʦʩʢʦʣʴʢʫ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʥʘ ʩʠʤʧʣʝʢʩʝ R3R4R11, ʪʦ 

ʢʨʠʩʪʘʣʣʳ R2 ʚ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ, ʧʦʣʥʦʩʪʴʶ ʨʘʩʭʦʜʫʷʩʴ ʚ ʭʦʜʝ 

ʧʝʨʠʪʝʢʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. 
 

 
ʈʠʩ. 1. ʇʨʦʝʢʮʠʠ ʬʘʟʦʚʳʭ ʜʠʘʛʨʘʤʤ ʩʠʩʪʝʤ CaO-SiO2-Al 2O3 (ʘ) ʠ MgO-SiO2-Al 2O3 (ʙ). 

 

 
ʈʠʩ. 2. ʌʨʘʛʤʝʥʪ ʩʠʩʪʝʤʳ CaO-SiO2-Al 2O3 ʠ ʧʫʪʴ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʜʣʷ ʩʦʩʪʘʚʘ G (ʘ); 

ʜʠʘʛʨʘʤʤʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ ʜʣʷ G (ʙ). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʦʩʟʘʜʘʥʠʝʤ ʌɻɹʋʅ 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʉʆ ʈɸʅ, ʧʨʦʝʢʪ ˉ 0270-2024-

0013. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 
1. ʊʦʨʦʧʦʚ ʅ.ɸ., ɹʘʨʟʘʢʦʚʩʢʠʡ ɺ.ʇ., ʃʘʧʰʠʥ ɺ.ɺ., ʂʫʨʮʝʚʘ ʅ.ʅ., ɹʦʡʢʦʚʘ 

ɸ.ʀ. ɼʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʩʠʣʠʢʘʪʥʳʭ ʩʠʩʪʝʤ. ʉʧʨʘʚʦʯʥʠʢ. ɺʳʧ. 3. 

ʊʨʦʡʥʳʝ ʩʠʣʠʢʘʪʥʳʝ ʩʠʩʪʝʤʳ. ʃʝʥʠʥʛʨʘʜ: ʅʘʫʢʘ. 1972. 
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ʂ ɼʀʅɸʄʀʂɽ ʉʀʉʊɽʄʓ ʂʃɸʉʉʀʏɽʉʂʀʍ ʏɸʉʊʀʎ ʀ ʇʆʃɽʁ 

ɿʫʙʢʦʚ ɺ.ɺ.
1
, ʄʘʡʬʘʪ ɼ.ɸ.

1
, ɿʫʙʢʦʚʘ ɸ.ɺ.

2 

1 
ʌɻɹʆʋ ɺʆ çʊʚʝʨʩʢʦʡ  ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

2  
ʌɻɹʆʋ ɺʆ çʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

e-mail: Zubkov.VV@tversu.ru 

 

 ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʡ (ʥʝʢʚʘʥʪʦʚʦʡ) ʬʠʟʠʢʠ ʚʩʷʢʘʷ ʩʠʩʪʝʤʘ 

ʩʦʩʪʦʠʪ ʠʟ ʯʘʩʪʠʮ ʠ ʧʦʣʝʡ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʳʭ ʵʪʠ ʯʘʩʪʠʮʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ. ɼʠʥʘʤʠʢʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʠʩʪʝʤʦʡ ʯʘʩʪʠʮ ʠ 

ʧʦʣʷʤʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʜʠʢʪʫʝʪ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤ. 

ɼʠʥʘʤʠʢʘ ʥʘ ʤʠʢʨʦʫʨʦʚʥʝ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʝʪ ʵʚʦʣʶʮʠʶ ʥʘ 

ʤʘʢʨʦʫʨʦʚʥʝ. ʆʜʥʘʢʦ ʧʦʧʳʪʢʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʚʳʚʦʜʘ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʠʟ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʥʘʪʘʣʢʠʚʘʶʪʩʷ ʥʘ ʥʝʧʨʝʦʜʦʣʠʤʳʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ  ʪʨʫʜʥʦʩʪʠ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʚ ʩʚʦʝ ʚʨʝʤʷ ɼʞ. ɻʠʙʙʩʦʤ 

ʛʝʥʠʘʣʴʥʳʡ ʤʝʪʦʜ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʧʦʟʚʦʣʠʣ ʥʘʤʥʦʛʦ ʧʨʦʜʚʠʥʫʪʴʩʷ 

ʚ ʨʝʰʝʥʠʠ ʵʪʦʛʦ ʚʦʧʨʦʩʘ. ʅʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʪʘʢ ʠ ʦʩʪʘʣʠʩʴ 

ʥʝʨʝʰʝʥʥʳʤʠ ʜʦ ʩʠʭ ʧʦʨ. ʆʜʠʥ ʠʟ ʥʠʭ ï ʢʘʢʦʚʘ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʘʷ ʧʨʠʯʠʥʘ 

ʧʝʨʝʭʦʜʘ ʩʠʩʪʝʤʳ ʢ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤʫ ʨʘʚʥʦʚʝʩʠʶ?  

 ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ [1-3] ʩʦʚʤʝʩʪʥʘʷ ʵʚʦʣʶʮʠʷ ʧʦʣʷ ʠ ʯʘʩʪʠʮ ʧʨʠʚʦʜʠʪ 

ʚ ʠʪʦʛʝ ʢ ʩʦʩʪʦʷʥʠʶ ʨʘʚʥʦʚʝʩʠʷ. ɼʣʷ ʧʨʦʷʩʥʝʥʠʷ ʚʦʧʨʦʩʘ ʥʫʞʥʦ ʟʘʧʠʩʘʪʴ 

ʫʨʘʚʥʝʥʠʷ ʵʚʦʣʶʮʠʠ ʧʦʣʝʡ ʠ ʯʘʩʪʠʮ, ʘ ʟʘʪʝʤ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ, ʢʘʢ 

ʠʟʤʝʥʷʝʪʩʷ ʵʥʝʨʛʠʷ ʯʘʩʪʠʮ ʩʦ ʚʨʝʤʝʥʝʤ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʵʪʦ ʩʜʝʣʘʪʴ 

ʜʦʚʦʣʴʥʦ ʪʨʫʜʥʦ. ʆʜʥʘʢʦ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʩʚʦʡʩʪʚʝʥʥʳʝ ʪʘʢʦʡ 

ʵʚʦʣʶʮʠʠ, ʧʦʣʫʯʠʪʴ ʚʦʟʤʦʞʥʦ. 

 ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʘʤʠ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʠʩʪʝʤʳ 

ʯʘʩʪʠʮ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʯʝʨʝʟ ʚʝʢʪʦʨʥʳʝ ʙʝʟʤʘʩʩʦʚʳʝ ʧʦʣʷ, ʘ ʯʝʨʝʟ 

ʩʢʘʣʷʨʥʳʝ ʤʘʩʩʠʚʥʳʝ ʧʦʣʷ. ʇʦʣʫʯʝʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʩʠʩʪʝʤʳ 

ʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ ʫʨʘʚʥʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʝ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʵʥʝʨʛʠʠ 

ʩʠʩʪʝʤʳ ʯʘʩʪʠʮ. ʇʦʢʘʟʘʥʘ ʩʚʦʡʩʪʚʝʥʥʘʷ ʵʪʠʤ ʫʨʘʚʥʝʥʠʷʤ ʥʝʦʙʨʘʪʠʤʦʩʪʴ.  
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ʂʀʅɽʊʀʏɽʉʂʀɽ ʋʈɸɺʅɽʅʀʗ ɼʃʗ ʉɻʃɸɾɽʅʅʓʍ ʌʋʅʂʎʀʁ 

ʈɸʉʇʈɽɼɽʃɽʅʀʗ ʉ ʋʏɽʊʆʄ ʕɺʆʃʖʎʀʀ ʉʂɸʃʗʈʅʆɻʆ ʇʆʃʗ 
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 ʅʘʤʠ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʦʧʠʩʘʥʠʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʷʛʢʦʡ 

ʤʘʪʝʨʠʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʧʨʦʮʝʜʫʨʳ ʩʛʣʘʞʠʚʘʥʠʷ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ  ʜʠʥʘʤʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ, ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ ʨʘʙʦʪʘʭ 

ʃ.ʉ. ʂʫʟʴʤʝʥʢʦʚʘ [1]. ɺ ʠʜʝʡʥʦʤ ʠ ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʣʘʥʝ ʤʝʪʦʜ ʂʫʟʴʤʝʥʢʦʚʘ 

ʭʦʨʦʰʦ ʘʧʨʦʙʠʨʦʚʘʥ ʢʘʢ ʚ ʥʘʰʠʭ ʨʘʙʦʪʘʭ [2], ʪʘʢ ʠ ʚ ʨʘʙʦʪʘʭ ɸʥʜʨʝʝʚʘ [3].   

ɺ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʂʫʟʴʤʝʥʢʦʚʘ [2] ʙʳʣʠ 

ʚʚʝʜʝʥʳ ʩʛʣʘʞʝʥʥʳʝ ʜʝʪʝʨʤʠʥʠʩʪʠʯʝʩʢʠʝ ʤʥʦʛʦʯʘʩʪʠʯʥʳʝ ʬʫʥʢʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʶʱʠʝʩʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴʶ 

ʪʝʥʟʦʨʥʳʭ ʬʫʥʢʮʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʪʫ ʠʣʠ ʠʥʫʶ ʩʪʝʧʝʥʴ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʯʘʩʪʠʮ ʩʨʝʜʳ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʦʧʠʩʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʤʷʛʢʦʡ 

ʤʘʪʝʨʠʠ ʚ ʨʘʤʢʘʭ ʨʘʟʚʠʪʦʛʦ ʥʘʤʠ ʤʝʪʦʜʘ ʩʚʦʜʠʪʴʩʷ ʢ ʧʦʠʩʢʫ ʦʜʥʦʯʘʩʪʠʯʥʳʭ 

ʪʝʥʟʦʨʥʳʭ ʬʫʥʢʮʠʡ.  

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʠʩʘʥʠʷ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʩ ʫʯʝʪʦʤ ʩʦʚʤʝʩʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʡ 

ʵʚʦʣʶʮʠʠ ʯʘʩʪʠʮ ʠ ʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʳʭ ʦʥʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ. ʇʨʠ ʪʘʢʦʤ ʦʧʠʩʘʥʠʠ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʚʝʜʝʥʠʷ ʥʠʢʘʢʠʭ 

ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʛʠʧʦʪʝʟ ʠ ʧʨʝʜʧʦʣʦʞʝʥʠʡ. 

ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʝʪʦʜ ʪʝʥʟʦʨʥʳʭ ʬʫʥʢʮʠʡ ʧʨʠʤʝʥʝʥ ʢ 

ʦʧʠʩʘʥʠʶ ʯʘʩʪʠʮ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʩʪʘʚʥʦʛʦ ʩʢʘʣʷʨʥʦʛʦ 

ʧʦʣʷ, ʢʦʪʦʨʦʝ ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʩʣʫʯʘʝ ʩʚʦʜʠʪʩʷ ʢ  ʜʚʦʡʥʦʤʫ ʧʦʪʝʥʮʠʘʣʫ 

ʖʢʘʚʳ, ʦʪʚʝʯʘʶʱʝʤʫ ʠʩʧʦʣʴʟʫʝʤʦʤʫ ʚ ʪʝʦʨʠʠ ʤʷʛʢʦʡ ʤʘʪʝʨʠʠ 

ʤʝʞʯʘʩʪʠʯʥʦʤʫ ʧʦʪʝʥʮʠʘʣʫ. 
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ʂʆʈʈɽʃʗʎʀʗ ʈɽʃɸʂʉʆʈʅʓʍ ʉɺʆʁʉʊɺ ʀ ʈɽɿʆʅɸʅʉʅʆʁ 

ɼʀʉʇɽʈʉʀʀ ʋ ʉɽɻʅɽʊʆʕʃɽʂʊʈʀʏɽʉʂʆʁ ʂɽʈɸʄʀʂʀ BATIO 3 ɺ 

ʆɹʃɸʉʊʀ ʌɸɿʆɺʆɻʆ ʇɽʈɽʍʆɼɸ 

ʀʚʘʥʦʚ ɺ.ɺ.
1
, ʄʘʣʳʰʢʠʥʘ ʆ.ɺ.

1
, ʂʠʩʣʦʚʘ ʀ.ʃ.

1
 

1
ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʚʝʨʴ 

e-mail: Olga.Malyshkina@mail.ru 
 

ʇʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʘʤ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʠ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʝʨʘʤʠʢʠ, ʭʘʨʘʢʪʝʨʥʳ ʨʝʟʦʥʘʥʩʥʳʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʩʧʝʢʪʨʳ [1], ʧʨʠʯʠʥʘ ʧʦʷʚʣʝʥʠʷ ʢʦʪʦʨʳʭ ï ʥʘʣʠʯʠʝ ʩʠʣʴʥʳʭ ʠʥʝʨʮʠʦʥʥʳʭ 

ʵʬʬʝʢʪʦʚ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʨʝʣʘʢʩʦʨʥʳʭ ʩʚʦʡʩʪʚ 

ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʡ ʦʪʢʣʠʢ ʢʝʨʘʤʠʢʠ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ ï 

ʪʠʪʘʥʘʪʘ ʩʪʨʦʥʮʠʷ (BaxSr1-xTiO3) ʩ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʪʨʦʥʮʠʷ, 

ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʫ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʨʝʣʘʢʩʦʨʥʳʭ ʩʚʦʡʩʪʚ.  

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʝʨʘʤʠʢʠ BaxSr1-xTiO3, 

ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ, ʩ ʭ = 0,9; 0,8 ʠ 0,75. 

ʀʟʤʝʨʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʧʨʦʚʦʜʠʣʦʩʴ LCR ʤʝʪʦʜʦʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʘʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʠʟʤʝʨʠʪʝʣʷ ɺʝʢʪʦʨ-175. 

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʨʘʙʦʪʝ ʦʙʨʘʟʮʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʪʨʦʥʮʠʷ ʚ ʢʝʨʘʤʠʢʝ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʤʳʪʠʶ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ. ʋ ʩʦʩʪʘʚʘ Ba0,9Sr0,1TiO3 ʢʨʦʤʝ ʦʩʥʦʚʥʦʛʦ ʤʘʢʩʠʤʫʤʘ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʪʦʨʦʛʦ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ (ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʨʝʣʘʢʩʦʨʥʳʭ ʩʚʦʡʩʪʚ), ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʘʥʦʤʘʣʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʢʝʨʘʤʠʢʠ 

ʯʠʩʪʦʛʦ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ. ʋ ʩʦʩʪʘʚʘ Ba0,8Sr0,2TiO3 ʜʦ ʯʘʩʪʦʪʳ 700 ʢɻʮ ʩʜʚʠʛ 

ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ ʦʪʩʫʪʩʪʚʫʝʪ, ʠ ʪʦʣʴʢʦ ʥʘ 1 ʄɻʮ ʤʘʢʩʠʤʫʤ ʩʤʝʱʘʝʪʩʷ ʚ 

ʩʪʦʨʦʥʫ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ.  
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ʈʠʩ. 1. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʝʨʘʤʠʢ 

Ba0,9Sr0,1TiO3 (ʘ), Ba0,8Sr0,2TiO3 (ʙ)ʠ Ba0,75Sr0,25TiO3 (ʚ) ʥʘ ʨʘʟʥʳʭ ʯʘʩʪʦʪʘʭ. 

ɺ ʪʦʞʝ ʚʨʝʤʷ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʦʩʪʘʚʘ Ba0,75Sr0,25TiO3 ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʘʣʠʯʠʠ ʫ ʥʝʛʦ 

ʨʝʣʘʢʩʦʨʥʳʭ ʩʚʦʡʩʪʚ. 
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 ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʩʧʝʨʩʠʠ ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʨʠʩ. 2) ʧʦʢʘʟʘʣʦ ʥʘʣʠʯʠʝ ʨʝʟʦʥʘʥʩʥʦʡ ʜʠʩʧʝʨʩʠʠ (ʦ ʯʝʤ, 

ʩʦʛʣʘʩʥʦ [1], ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʭʘʨʘʢʪʝʨ ʯʘʩʪʦʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʝʸ 

çʫʭʦʜè ʚ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʦʙʣʘʩʪʴ). ʇʨʠʯʝʤ ʨʝʟʦʥʘʥʩʥʘʷ ʜʠʩʧʝʨʩʠʷ ʠʤʝʝʪ 

ʤʝʩʪʦ ʪʦʣʴʢʦ ʫ ʩʦʩʪʘʚʦʚ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʨʝʣʘʢʩʦʨʥʳʭ ʩʚʦʡʩʪʚ. ʊʦʛʜʘ ʢʘʢ ʫ 

Ba0,75Sr0,25TiO3 ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʡ ʦʪʢʣʠʢ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʜʠʩʧʝʨʩʠʠ 

ʨʝʟʦʥʘʥʩʥʦʛʦ ʪʠʧʘ ʠʤʝʝʪ ʤʝʩʪʦ ʪʦʣʴʢʦ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ 

ʧʘʨʘʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʘʟʳ.  
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ʈʠʩ. 2. ʏʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ (ʘ) ʠ ʤʥʠʤʦʡ (ʙ) ʯʘʩʪʝʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʝʨʘʤʠʢ Ba0,9Sr0,1TiO3 (ʘ), Ba0,8Sr0,2TiO3 (ʙ)ʠ Ba0,75Sr0,25TiO3 (ʚ) ʧʨʠ ʨʘʟʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 
1. ʇʦʧʣʘʚʢʦ ʖ.ʄ. ʌʠʟʠʢʘ ʜʠʵʣʝʢʪʨʠʢʦʚ. ʂʠʝʚ: ɺʠʱʘ ʰʢʦʣʘ. ɻʦʣʦʚʥʦʝ 

ʠʟʜ-ʚʦ.ï 1980.ï 400 c. 
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ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ 

ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʝʨʘʤʠʢʠ (Ca0,28Ba0,72)0.25(Sr0,61Ba0,39)Nb2O6  

(CSBN25).  ʆʙʨʘʟʮʳ CSBN25 ʩʧʝʢʘʣʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 1150, 1250, 1300 ʠ 

1350Áʉ. ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʣʦʪʥʦʩʪʴ ʠ 

ʦʜʥʦʨʦʜʥʫʶ ʩʪʨʫʢʪʫʨʫ ʟʝʨʝʥ ʚ ʦʙʲʝʤʝ ʦʙʨʘʟʮʘ, ʠʤʝʶʪ ʤʘʪʝʨʠʘʣʳ, ʩʧʝʯʝʥʥʳʝ 

ʧʨʠ 1300Áʉ [1]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨ 1150 ʠ 1250Áʉ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʟʝʨʝʥ, ʪʠʧʠʯʥʦʡ ʜʣʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʢʝʨʘʤʠʢ. ʊʦʛʜʘ ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ ʩʧʝʢʘʥʠʷ ʧʨʠ 1350
ʦ
ʉ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʛʨʝʚ 

ʦʙʨʘʟʮʘ ʠ ʚʤʝʩʪʦ ʢʨʠʩʪʘʣʣʠʪʦʚ ʚʦʟʥʠʢʘʝʪ ʩʪʨʫʢʪʫʨʘ, ʥʘʧʦʤʠʥʘʶʱʘʷ 

ʘʤʦʨʬʥʫʶ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʨʠʩ. 1ʘ) ʠ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ (ʨʠʩ. 1ʙ) ʦʙʨʘʟʮʦʚ CSBN25, ʩʧʝʯʝʥʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ.  

a  ʙ  
ʈʠʩ 1. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʘ) ʠ 

ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ (ʙ) CSBN25 ʩʧʝʯʝʥʥʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1250Áʉ 
 

ʈʘʟʤʳʪʳʡ ʤʘʢʩʠʤʫʤ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʦʪʦʞʜʝʩʪʚʠʪʴ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʂʶʨʠ, ʠʤʝʶʪ 

ʦʙʨʘʟʮʳ CSBN25, ʩʧʝʯʝʥʥʳʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 1300 ʠ 1350Áʉ. ʋ ʦʙʨʘʟʮʘ, 

ʩʧʝʯʝʥʥʦʛʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1250Áʉ, ʤʘʢʩʠʤʫʤ ʩʣʘʙʦ ʚʳʨʘʞʝʥ. ʇʨʠʯʝʤ 

ʥʘʠʙʦʣʴʰʝʝ ʠʟʤʝʥʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʦʙʨʘʟʮʘ CSBN25 ʩʧʝʯʝʥʥʦʛʦ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1300Áʉ.  

ɼʣʷ ʠʟʫʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʠʨʦʢʦʵʬʬʠʮʠʝʥʪʘ ʦʙʨʘʟʮʳ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣʠ ʧʦʣʷʨʠʟʦʚʘʥʳ ʧʦʩʪʦʷʥʥʳʤ ʧʦʣʝʤ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ 

500B/ʤ. ʆʙʨʘʟʝʮ, ʩʧʝʯʝʥʥʳʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1150Áʉ ʧʦʣʷʨʠʟʦʚʘʪʴ ʥʝ 
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